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ABSTRACT

The Paraiba doSu river lower reach was monitored monthly between August 199% and July 1996. This gudy was
aimed a evaluating the temporal dynamics of dissolved nitrogen andphosphorus and its main controlli ng factors.
Minimum and maximum observed values were as follows: N-NO, - 0.08/0.51; N-NO3 - 21/57; N-NH," - 1.4/6.7:
DON - 4.986.0 DIN -24.5/60.9 P-PO,* - 0.431.66 DOP - 0.05/0.92; pH - 6.2/7.8, Dissolved Oxygen - 6.4/10.1;
Conductivity - 48/74; Temperature - 20.5/31.1 (Nutrients - uM; Dissolved Oxygen - mg/l; Conductivity - pScm;
Temperature - °C). Discharge presented acharacteristic seasond variation, showing a peak in January. Increasing
P-PO,%, DOP, N-NH," and N-NO, concentrations with increasing dscharges could be associated to the partial
floodng o inumerous fluvial islands and flooddains and to the agricultural practices of sugar cane crops that
during the wet season could transfer nitrogen ard phospharus compoundsto the fluvial chamel.
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INTRODUCTION soluble and particulate products that result of its

interadion with the biota (Sioli, 1975. Among

Rivers are landscgpe integrating comporents and
recave the whoe load of transported material
from the drainage basin in which they are inserted.
Variations observed in river flows depend onthe
rainwater that predpitates in its reception aress.
After its entrancein the drainage basin, the part of
the water that doesn't come badk to the amosphere
by evapotranspiration can read the fluvial system
by overland flow, througtflow and goundwvater
baseflow. In its pathway through the soil-rock
complex until reading the fluvia channdl, the
water caries everything that can be mohili zed by
its physicd or chemicd adion, including the
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these produwcts are nitrogen and phaphaus
compourds.

The main natural sources of nitrogen for the
aguatic e@systems are: rain, organic and inorganic
material of allochthonots origin and fixation o
moleaular nitrogen (Esteves, 1998. The human
intervention in the nitrogen biogeochemicd cycle
occurs through three main paths: (i) atmospheric
emissions, mainly through the burning d fossl
fuels, that come badk to the ewmsystems by
predpitation; (ii) agricultural pradices, with the
use of nitrogen fertilizers, whose portion nd
assmilated by the ailtures is leaded for the
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groundvater, notably in the form of nitrate; (iii)
release of domestic sewers and industrial effluents
in the water-bodes, withou previous treament
(Odum, 1988. From the aquatic emsystems point
of view, the first two paths aa as diffuse sources
of nitrogen, while the last is charaderized as a
purctual source

The disslved phasphaus present in cortinental
aquatic emsystems has origin in natural and
artificial sources. Among the natural sources,
rocks of the drainage basin congtitute the main
phaosphate source After the phosphate release, by
the weahering d primary minerals of the rock, its
distribution in the aguatic e®msystems ocaursin the
dislved and particulate forms.

Other natural fadors that alow the phosphate
inpu can be pointed, such as the particulate
material present in the d@mosphere and the
phosphate resulting o the demmposition o
allochthonotws organisms. The more important
artificial sources of phosphate ae domestic and
industrial sewers,  detergents,  agricultural
fertilizers and particulate material of industrial
origin, contained in the atmosphere. Espedally in
indwstrialized and densely popuated aress, the
artificial sources of phosphate ae more important
than the natural ones (Esteves, 1998). The mining
and pocessng d phosphate for fertilizers
production crede serious problems of locd
palution. Therefore, the excess of dislved
phosphate in freshwaters, resulting from the
incressing vdume of urban-induwstrial  and
agricultura effluents is, today, of a grea concern
(Odum, 1988.

This gudy was aimed at studying the temporal
dynamics of dislved nitrogen and phephausin
the Paraiba do Sul river lower read, evaluating its
main cortrolli ng fadors.

MATERIALSAND METHODS

The Paraiba do Sul River (PSR) has 1.145 km of
extension and drains a 55.400 km” area (DNAEE,
1983 Roso et. a., 1997). This river crosss one
of the most induwstrialized and inhabited Braazli an
regions, S& Paulo and Rio de Janeiro states,
flowing into the Atlantic Ocean. Alongthe murse
of PR, its waters are used to irrigate and suppy
several cities, anong them are Rio de Janeiro and
Campos dos Goytacazs, recaving dfferent types
of indwstrial and uban effluents, rich in nitrogen
and phaphaus. The PR lower read (100 km of
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extension) is a wide dluvia plain locaed in the
north of Rio de Janeiro State and it is charaderized
by amost 200000 ha of sugar-cane aops and
pastures, assciated to the dcohd and sugar
industries. The main PR tributaries are the rivers
Pomba, Muriaé ad Dois Rios (Figure 1).

The sampling station, locaed at the end d PR
watershed (Campos dos Goytacaze municipality),
was monitored monthly between August 1995and
July 1996 The transversal sedion o the river was
subdvided in three subsedions, where the depths
were determined. To measure the water spead in
different depths (one m below the surface in the
middle and ore m abowve the bottom), flowmeters
(General Oceanic moddl 2030 were used and the
instantaneous discharge cdculated. Samples were
colleded in eat subsedion with a Van Dorn
bottle & a depth of approximately one meter.
Samples were transferred to pdyethylene flasks
and transported to the laboratory in an icebox. In
the laboratory aiquas were filtered in GF/F
membranes with a porosity of approximately 0.70
pm. The dissolved material (<0.70 um) was dored
in clean pdyethylene flasks and maintained frozen
until the determinations were performed.

Portba River
Nt

Paraiba do Sul

Dois Rios River .
River

10 Km
Seale |—jun

Figure1l- Study area and sampling station.

Physico-chemical parameters such as pH,
conductivity and temperature were measured in
situ. pH was determined by a portable
potentiometer with a glass electrode (Digimed
model DM-PV). Conductivity was determined by
a portable conductivimeter (WTW model LF 96)
and temperature measured with a thermometer.
Aliquots collected for determination of dissolved
oxygen were preserved in the field and analyzed
following the method of Winkler.

Braalian Archives of Biology and Technology



Silva, Ménica ApareddaLeite ¢ a.

The determinations of N-NO, and N-NOs;*  were
performed by Flow Injedion Analysis System
(ASIA-ISMATEC). Concentrations of dissolved
organic nitrogen (DON) and dsolved organic
phosphaus (DOP) were determined by digestion
with paassum persulfate, in akaline condtions
for DON and add condtions for DOP.
Determinations of N-NH,” and P-PO*
concentrations were performed, respedively, by
the indoplena and molybidic add methods. The
methoddogies used are described in details in
Carmouze (1994).

The results presented in this dudy are average
values of the samples of sub-superficial water
colleded in ead subsedion. The detedion limits
for the determined nurients were: N-NO, = 0.05
UM; N-NO;” = 0.1 uM; DON = 0.8 uM; DOP =
0.05pM; P-PO,* =0.05puM; N-NH," = 0.5 uM.

RESULTSAND DISCUSSION

Instantaneous  discharges in  the studied
hydrologicd yea are presented in the Figure 2,
where it can be observed that the discharge
presented a charaderistic seasonal variation, with
pe&ks in January. Minimum and maximum values
found for this parameter were 200 m*/s and 2600
m°/s, respedively.
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Figure 2 - Discharge variation in the lower portion of
the PR

Costa (19949 analyzed PSR discharge data from
1934to 1992calleded by National Department of
Water and Eledric Energy (DNAEE) in a station
located at Campos dos Goytacaze. According to
him, the highest discharges, ranging from 2,000 to
5000 m®s, occurred between December and
March, while the lowest discharge values, from
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200 to 500 m*/s, were found ketween July and
September. Compared to the discharge data
obtained by Costa (1994, the studied yea was
considered to bedry.

Physico-chemicd parameters are shown in Table
1. Water temperature presented a defined pattern
of annual variation, with a minimum vaue of 20.5
°C in the winter and maximum of 311 °C in the
summer, coincident with discharge variation. pH
was lightly basic, with an average value around
7.2. The highest concentrations of disslved
oxygen were observed in the dry period. Thistrend
was probably due to a deaease of suspended

particulate material, leading to a larger
transparency of the water column and,
consequently, to an incresse of primary
productivity.

Table 1 - Tempora variation of physico-chemicd
parameters in the lower portion of the Paraiba does Sul
River.

Months Temperature pH Conductivity Dissolved

(°C) (uSem)  Oxygen

(mg/L)
A 25.9 7.8 74 10.1
S 24.3 7.6 70 8.3
o) 25.0 75 66 8.0
N 22.4 7.8 67 7.4
D 28.6 7.4 62 7.0
J96 27.1 7.0 48 7.4
F 31.1 7.4 53 6.4
M 29.0 7.1 55 7.0
A 25.8 7.3 51 8.4
M 21.0 6.6 55 8.3
J 22.4 6.9 62 8.4
J 20.5 6.2 61 8.7

Water conductivity had an inverse relationship
with the discharge, probably assciated to the
dilution effed by the rainwater. This parameter
can be used as an indicaor of theionic force of the
environment, which is mainly controlled by the
abundance of larger cations (Ca®*, Mg®, Na" and
K" and anions (SO, CI° and HCO3).
Consequently, the studied micronurients $oud
follow the dilution tendency observed for
conductivity. On the other hand, as the PR
system is under intense human presare, the
dynamics of these dements can be significantly
aff ected by anthropogenic sources.
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The N-NOs” concentrations did not present a dea
pattern of seasonal variation (Figure 3), althougha
lower value has been observed in the discharge
pe&k. This presented an inverse behavior of that of
pH, suggesting a possble participation d the locd
agricultural sources in the addificaion d the
fluvial waters. According to Ovalle (personal
communicaion), the dkalinity in this period also
presented a pronourced reduction, indicaing a
dedine of the system’s buffer capadty.

N-NOs (M)

D J9% F M A M J J
Months

A S o N

Figure 3 - Temporal variation of N-NOs in the lower
portion of the PSR.

Figures 4, 5, 6 and 7 show the temporal variations
of N-NH,, N-NO,, DOP and P-PO/,
respedively. The devation of the concentration of
these nutrients with the discharge increase can be
asciated to the partial flood d numerous fluvial
islands and flooded marginal aress, where aquatic
maaophyte detritus are acawmulated duing the
dry season. The large oscill ations of the water
level and the mnsequent variation of flooded area
lead to a dynamic interadion process between
aquatic and terrestrial environments. Thus, the
terrestrial environment can ad as a source of
nitrogen and phephaus to the river water.
Ancther source ca be @aociated to the
agricultural pradices of the sugar-cane allture
(burning, harvesting, fertilization and irrigation)
which can transfer nitrogen and phosphaus
compourds to the fluvia channel, espedally
during the rainy period. The burning o sugar-cane
cultures before the harvest transfers large anourts
of nitrogen from the soil -vegetation system to the
atmosphere. Only a fradion of the nitrogen from
the fertilizers applied to the alltivated lands is
asdmilated by the altures, and a significant
amourt can read the fluvia channd through the
groundvater or superficial run-off. In addition,
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irrigation is made using a mixture of river water
and sub-prodwcts of the dcohd and sugar
indwstries, which are rich in nitrogen and
phosphaus, and can padentidly, read the river.
Also, the inpu of domestic sewage of several
cities is a @ntinuows uUrce of nutrients that
bewmes particularly important during the months
of low discharge.
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Figure 4 - Tempora variation of N-NH," in the lower
portion of the PSR.
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Figure 5 - Tempora variation o N-NO, in the lower
portion of the PSR.
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Figure 6 - Temporal variation of DOP in the lower
portion of the PSR.
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Figure 7 - Temporal variation of P-PO,> in the lower
portion of the PSR.

Tempora variation o disolved arganic nitrogen
is presented in Figure 8. The decrease of the
concentration d this nutrient in the period of
higher discharges, as well as its increment during
the periods of lower discharges, suggested that the
inpu of untreged damestic sewers might be
strondy influencing the dynamics of disolved
organic nitrogen in the fluvial system. According
to Golterman (1975, among the sources of
nitrogen to the auatic environment, stand ou
those of human origin derived from agriculture,
humans excretes and detergents.

Disslved inorganic nitrogen forms are shown in
Figure 9, which showed that NID was
predominantly under the form of nitrate (abou
8%%). In the month of higher discharge, a dight
deaease of N-NO;5; and an increase of the relative
contribution o N-NO, and N-NH," occurred. The
incresse of DIN under nitrite axd ammonium
forms in the period of higher discharge possbly
occurred due to the oxygen level reduction,
deaeasing the dficiency of nitrification rocess
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Figure 8 - Tempora variation of DON in the lower
portion of the PSR.
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Figure9 - Temporal variation of the percentage of NID
formsin the lower portion of the PR.

According to Odum (1988, the inorganic N:P
ratio wsually foundin streams and rivers is abou
28. However, the ratios found in Paraiba do Sul
River were higher, except for the period o larger
discharges (Figure 10). The fad that the lowest
atomic N:P ratios have been foundin the summer
can be related to an accéeration in the process of
phosphaus reminerdizaion dwe to the
temperature increase, which intensifies the
metabolism of the microorganisms (Pomeroy,
196Q Ryther and Dustan, 1971, Nowichi and
Nixon, 1985. The highest phosphaus vaues
found in the summer can be @sciated to the
bottom organic matter mineralization by baderia
and microzoodankton under high temperatures,
resulting in fast mixture in the water column
(Nixon, 1981).
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Figure 10 - Temporal variation of the @omic ratio of
inorganic N:P in the lower portion of the PR.
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Table 2 presents the average values of nutrients
concentrations foundin the lower portion of PR
watershed and compares them with netural and
impaded rivers in the Sepetiba Bay, RJ (Guandu
River, Guarda River, Sd0 Francisco Channel and
Cac® River) and MarickGuarapina Lagoon
system, RJ (Vigéario, Ubatiba and Carangugjo
Rivers). Nutrient concentrations in the present
study were abowve the levels described for
unpdluted rivers. On the other hand, when
compared to rivers aubmitted to intense human
presaures, one ould olserve that PR had lower
values for all parameters, except for nitrate that
presented an average @ncentration within the

range found for Sepetiba Bay and Marica
Guarapina basin. Although these values were
lower than those of impaded rivers, the @omic
N:P ratios (inorganic) were within the range found
for several watersheds under urban, indwstrial and
agricultural influence (~ 10 to 100, Billen et al.,
1997).

Nitrate results suggested the eistence of intense
nitrification poceses during aganic matter
mineralizaion, and a pronourced cortribution of
the locd agricultural sources to the PR water.
Rezande (1993, working in a system under strong
industrial influence dso observed the dfed of
nitrification processes in the studied annual cycle.

Table 2 - Comparison among the values found in this gudy with the one of natural and impaded rivers (UM).

Parameters a b c d VR UR CR PR
N-NH," 1.6 1.0 57.0 8.7 135 24.2 51 3.9
N-NOs 8.9 7.1 32.2 28.9 49 15.1 4.5 34.1

DOP o L . o . L L 0.4
P-PO* 0.4 0.3 15 0.5 6 3.2 14 0.8
N-NO, o o o o 11 3.4 0.7 0.2

DON 37.5 18.6 44.4

(a) Average pondered by the discharge in 60 not polluted rivers (Meybeck and Helmer, 1989); (b) Global average for not paluted rivers
(Meybeck and Helmer, 1989); (c) Annual average of the Guandu River and Guarda River (Rezende, 1993; Meybeck, 1993); (d) Annual average
of the S8o Francisco Channel and Cacdo River (Rezende, 1993; Meybedk, 1993); (VR) Vigério River, (UR) Ubatiba River, (CR) Caranguejo

River (Figueiredo, 1995).

RESUMO

O Rio Paraiba do Sul foi monitorado mensalmente
na sua por¢éo inferior, entre agosto de 1995 e
julho e 1996 objetivando estudar a dindmica
temporal de nitrogénio e fésforo dsolvidos e
avaliar seus principais fatores controladores. Os
valores minimos e maximos ohservados para os
parametros anali sados foram os seguintes: N-NO,
- 0,08/0,51; N-NOs - 21/57; N-NH;" - 1,4/6,7;
Nitrogénio Organico Dislvido (NOD) - 4,9/86,0;
Nitrogénio Inorganico Disolvido (NID) -
24,5/60,9; P-PO,* "~ - 0,43/1,66; Fésforo Organico
Disslvido (POD) - 0,050,92, pH - 6,2/7,8;
Oxigénio Disslvido - 6,4/10,1; Conddividade -
48/74; Temperatura - 20,5/31,1 (Nutrientes - uM;
Oxigénio Disolvido - mg/l; Condudividade -
uS/cm; Temperatura - °C). A vaz® apresentou
uma variac® sazonal caraderistica, com pico de
descarga em janeiro. A elevac® das concentragdes
de P-PO,° , POD, N-NH;" e N-NO, com o

aumento da vaz® pock etar asociada a
inundac® parcial de numerosas ilhas fluviais e
aress dlagaveis e & préticas agricolas da aulturade
cana-de-aqica que durante o periodo & chuva
pock transferir compostos de nitrogénio e fésforo
parao canal fluvial.
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