
79                Acta Limnol. Bras., 19(1):79-91 , 2007

Mass balance estimation of nitrogen, carbon, phosphorus and total
suspended solids in the urban eutrophic, Pampulha reservoir, Brazil.

TORRES 1,  I .C;  RESCK 1,  R .P.  & PINTO-COELHO2,  R .M.

1  Pós Graduação em Ecologia Conservação e Manejo da Vida Silvestre. Lab. Gestão Ambiental de

Reservatór ios,  Dept .  Biologia Geral ,  ICB-UFMG, Belo Hor izonte,  Minas Gerais ,  CEP: 31270-010,

Braz i l .  e -mai l :be lactor res@netscape.net
2  Lab.  Gestão Ambienta l  de Reservatór ios ,  Depto .  B io log ia  Gera l ,  ICB-UFMG,  Be lo  Hor izonte ,

Minas Gerais ,  CEP: 31270-010,  Brazi l .  e -mai l : rmpc@. icb.ufmg.br

ABSTRACT: Mass balance estimation of nitrogen, carbon, phosphorus and total suspended solids in the
urban eutrophic, Pampulha reservoir, Brazil. This article deals with the estimation of the nutrient
retention capacity of a small tropical reservoir. The main objective of this study was to
estimate the mass balance of water, essential nutrients (carbon, nitrogen and phosphorus)
and total suspended solids and to determine which tributary have the major contribution
of maintaining the poor water quality of the reservoir. Seven main streams, a central point
in the reservoir and its outlet were sampled monthly from January 1998 to December 1998.
Nutrient inputs were higher during the rainy season. Pampulha reservoir retained most of
the incoming nutrients (nitrogen and phosphorus) and exported particulate organic carbon
in the rainy season. The lower residence time found for total phosphorus and the high
retent ion percentage found for  th is e lement suggest  that  i t  is  the l imi t ing nutr ient  in
Pampulha. Finally, the study identified two tributaries that contribute to the bulk of nutrient
input as well as organic matter, and consequently, to the water quality degradation of the
reservoir: the Ressaca/Sarandi and Água Funda streams.
Key-words: Pampulha, reservoir, eutrophication, nutrients, mass balance.

RESUMO: Estimativas de balanço de massa de nitrogênio, carbono, fósforo e sólidos totais em suspensão
em um reservatório urbano, reservatório da Pampulha, Brazil. Este artigo trata da estimativa de reten-
ção de nutrientes de um pequeno reservatório tropical. O objetivo principal deste estudo
foi est imar o balanço de massa da água, nutr ientes essenciais (carbono, ni t rogênio e
fósforo) e sólidos totais em suspensão, e determinar qual tributário tem a maior contribui-
ção na manutenção da baixa qualidade de água do reservatório. Sete tributários, um ponto
central e o efluente da represa foram amostrados mensalmente de janeiro a dezembro de
1998. O reservatório recebeu as maiores quantidades de nutr ientes durante a estação
chuvosa (Novembro a Março), reteve a maior parte dos aportes externos de nitrogênio e
fósforo e exportou carbono orgânico particulado. O menor tempo de residência encontra-
do para o fósforo bem como a al ta taxa de retenção encontrada para esse nutr iente
sugere seu papel como elemento limitante para a biota do sistema. Finalmente, o estudo
identificou dois tributários que seriam responsáveis pela grande parte do aporte externo
de nutrientes e, conseqüentemente, pela deterioração da qualidade de água do reservató-
rio: os ribeirões Ressaca/Sarandi e Água Funda.
Palavras-chave: Pampulha, reservatório, eutrofização, nutrientes e balanço de massa.

Introduction

In  recent  decades,  the est imat ion of
nutr ient input through streams into lakes
and reservoirs and nutrient mass balance
have become an essential element in most
programs a iming the recovery and
preservation of these ecosystems (Carney
et  a l . ,  1993;  Vadenboncouer,  1994;
Straskraba et al., 1995; Young et al., 1996;
Holas et  a l .,  1999) .  Usual ly ,  s t reams that
have a la rge amount  o f  anthropogenic

activity in their basins carry a higher nutrient
load. This increase of nutrient input through
tributaries is frequently the major cause of
severa l  ecological  d is turbances in lent ic
water bodies (Krug, 1993; Straskraba et al .,
1995; Noges et al., 1998).

Aquat ic  systems may have qui te
dif ferent roles in the cycl ing of nutr ients,
as they can act  as “sources”  o f  nut r ient
exportation or as “sinks” in case they absorb
or retain most of  the incoming nutr ients,
respect ive ly  (Krug,  1993;  Svendsen &
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Kronvang, 1993;  Noges et  a l. ,  1998) .  In
Brazi l ,  a large number of reservoirs have
been built for several purposes in the last
for ty  years .  In  many cases,  rap id
eutrophication has been observed, and this
process is usual ly related to the input of
unt reated wastewater .  This  rapid
eutrophicat ion may be related to the fact
that  these systems have a h igher  a
capabil i ty to retain the incoming nutrients
as compared to s imi lar  systems in  the
temperate zone.

The diversion of untreated wastewater
in to f reshwater  systems is  a  common
practice in Brazil as well as in many other
tropical areas. The large input of organic
load, nutrients and industrial pollutants has
been responsib le  for  the rap id
eutrophication and ecological degradation
in several  Brazi l ian reservoirs .  The most
cited cases are the Paranoá Reservoir (Bran-
co & Senna, 1996;  S tar l ing e t  a l . ,  2002) ,
Billings Reservoir (Sendacz, 1984), the Lobo
and Bar ra  Boni ta  Reservo i rs  (Ca l i ju r i  &
Tundisi, 1990; Matsumura-Tundisi & Tundisi,
2005) and several small  reservoirs in the
Northeastern semi-arid region (Huszar et al.,
2000, Bouvy et al., 2000).

The eut rophica t ion o f  Pampulha
reservoir was detected and characterized
by Giani et al. (1988) in the early eighties.
P in to -Coelho ( 1998)  prov ided fur ther
evidence for the increasing eutrophication
of  th is  reservoi r  dur ing the 1990 ’s .
Eutrophicat ion problems in this reservoir
have their origin in its hydrographic basin
and are primarily caused by the diversion
of untreated wastewater in i ts t r ibutar ies
(von Sperling, 1997; Pinto-Coelho & Greco,
1999) .  The assessment  of  the externa l
nutrient input, and of the fate of this load
in a small tropical reservoir, is essential to
the bet ter  unders tanding of  the
eut rophicat ion dynamics in  th is  k ind of
system. This  is  a  key e lement  for  the
development of strategies for the recovery
of the reservoir and could serve as a model
to be applied in similar systems elsewhere.

The main object ives of this research
were: 1) to estimate seasonal variations in
the external inputs and output of nutrients
and total suspended solids; 2) to estimate
the annua l  mass ba lance for  par t icu la te
organic carbon,  inorganic n i t rogen,  to ta l
phosphorus, total solids and water volume
in order  to  tes t  whether  the Pampulha
reservoir is acting as a “sink” or a “source”
for these nutrients and solids; 3) to measure
the retention time of these nutrients in the

reservo i r  and ident i fy  pat terns o f
accumulation or loss; 4) identify the majors
tributaries responsible of nutrients input into
the reservoir.

The study area
The Pampulha reservoir is located in

the nor thern par t  of  Belo Hor izonte c i ty ,
Brazil (43º56’47”W and 19º55’09”S). It has a
volume of 8.52 mi l l ion m3 and a sur face
area of 208 ha (CPRM, 2001). Its maximum
depth is 14 m and the mean depth is 4.1 m
(CPRM, 2001 ;  von Sper l ing ,  1999) .  The
hydrographic basin has an area of 9,790
ha, including the lake contribution area (820
ha) (CPRM, 2001). Eight main streams flow
into the reservoir :  s t ream Mergulhão (A) ,
Ti juco (B) ,  Ressaca (C) ,  Sarandi (C) ,  Água
Funda (D), Baraúna (E), Associação Atlética
Banco do Brasil (AABB) (F) and Olhos D’Água
(G) (Champs, 1992) (Fig. 1). These tributaries
have quite different basin areas (from 71 to
6152 ha) and host different human activities.
Thei r  d ischarges (out f lows)  range f rom
0.003 to 1 .63 m3s - 1,  wi th  not iceable
var ia t ions between dry and wet  ( ra iny )
seasons (Tab.  I ) .  According to SUDECAP
(1997) the main environmental problems of
these sub-basins are:

A)  Mergulhão:  The s t reambed and
marg ins are covered by open concrete
gal lery in about 30% of  the tota l  length.
There is  a  moderate human occupat ion.
Riparian vegetation is partially present. This
stream receives treated wastewater as point
contamination.

B)  T i juco:  This s t ream is complete ly
covered by ce l lu la r  concrete  ga l le ry.  I t
rece ives a d iverse ar ray of  non-poin t
contaminat ion sources that  inc lude:
domest ic  sewage,  garbage d isposal  and
erosion.

C) Ressaca and Sarandi: This is an area
of  in tense human occupat ion.  Both
tributaries suffer from point and non-point
contamination sources. The most important
point contamination sources are the input
of sewage from the Contagem county in-
dustrial district and the input to Sarandi of
the leachate from the municipal land fill of
Belo Hor izonte c i ty.  The non-poin t
contamination sources come from domestic
sewage, diffuse garbage disposal on stream
margins and high sediment inputs caused
by super f ic ia l  e ros ion.  Sand ext rac t ion
occurs along its margins. Both streams join
each other forming a single channel before
reaching the reservoir.
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Source: SUDECAP (1997).

Table I: Drainage areas of Pampulha’s reservoir tributaries and mean outflow in wet and dry season.

Figure 1 :  Map of  Pampulha reservoi r  (H )  hydrographic bas in wi th sub-bas in d iv is ions:  (A )  Mergulhão
stream, (B)  Ti juco stream, (C)  Ressaca/Sarandi streams, (D) Água Funda stream, (E)  Baraúna
stream, (F) Associação Atlét ica Banco do Brasi l  (AABB) stream, (G) Olhos D’Água stream and
the outlet ( I ) .

Mean Outflow (m3.s-1) 
Stream Drainage Area (ha) 

Wet season Dry season 

Mergulhão 340 0.041 0.029 

Tijuco 180 0.029 0.021 

Ressaca/Sarandi 6170 1.632 0.651 

Água Funda 1680 0.539 0.058 

Baraúna 190 0.035 0.026 

AABB 120 0.004 0.003 

Olhos D'Água 290 0.045 0.010 

Total 8970 2.326 0.798 
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D)  Água Funda:  Most  o f  r ipar ian
vegetation was recently removed. The basin
is  a f fec ted most ly  by non-po in t
contamination of domestic wastewater and
garbage.  Sand ext ract ion is  in  progress
along its margins.

E )  Baraúna:  Th is  area has r ipar ian
vegetation and low human occupation.

F)  AABB: Most contaminat ion here is
der ived f rom non-po in t  sources .  Some
sediment  input  as wel l  as domest ic
wastewater discharges occurs within this
basin.

G) Olhos D’Água: There has been the
removal of all riparian vegetation. The stream
is completely covered with cellular concrete
galleries and receives heavy pollution from
non-treated domestic sewage water.

The climate of the region is divided in
two seasons: 1) a wet season from October
through March and 2)  a dry season f rom
April through September. It is classified as
t ropical  b -2 type (Ferre i ra ,  1992) .  Annual
mean precipi tat ion is around 1 ,480.0 mm
(CPRM, 2001 ) .  Mon th ly  a i r  t empera tu res
usual ly  range between 18 (May-Ju ly )  and
23 ºC (October-February) .

Materials and methods

A monthly sampling program covered
the seven main s t reams:  Mergulhão (A ) ,
Tijuco (B), Ressaca/Sarandi (C), Água Funda
(D), Baraúna (E), AABB (F) and Olhos D’Água
(G), a central station in the reservoir (H) and
the outlet at the dam (I). The samplings were
conducted from January 1998 to December
1998 (Fig. 1). Ressaca and Sarandi streams
were sampled together at  the si te where
these two streams form a single channel
that reaches the reservoir.

In the reservoir, samples were collected
in a central station, at the depth of 1 m. In
al l  other s i tes,  samples were taken from
the sur face.  Unf i l te red samples for  to ta l
phosphorus analysis were also frozen upon
reaching at the laboratory. All the analyses
were done with replicates.

At the laboratory, 0.5 L al iquots were
vacuum f i l tered us ing pre -weighed
Schleicher & Schüll GF-50 filters (47mm of
diameter). The fi l trate was frozen for later
chemical analysis. The filters were used for
the determinat ion of  suspended sol ids .
Samples for particulate carbon analysis were
filtered on a 1 mm pre-combusted fi ltrated
“Kieselguhr” ( infusory earth) layer on a GF

fi l ter. This pre-combusted si l ica layer can
retain al l  sestonic part ic les,  including as
many as 90% of all free living bacteria (Simon
& Tilzer, 1987). The dried samples were hot
d igested to measure chemica l  oxygen
demand (COD) .  Es t imat ion of  par t icu la te
organic carbon (POC) was determined by
measuring COD as described by Torres et
a l .  ( 1998) ,  us ing the open ref lux method
(Greenberg et al., 1992).

Total suspended solids were measured
grav imetr ica l ly ,  us ing methodology
presented in APHA (Greenberg et al., 1992).
Tota l  phosphorus was determined by
spectrophotometer method (Murphy & Riley,
1962) .

Ammonium was measured according to
Chaney & Marbach (1962)  and ni t r i te and
nitrate followed Mackereth et al. (1978). The
inorganic n i t rogen was est imated by the
sum of  ammonium,  n i t ra te  and n i t r i te
concentrat ions.

Al l  the fol lowing calculat ions for the
estimative of water and nutrients mass ba-
lances were conducted using flow rate data
collected on tributaries and outflow in 1985
by a C i ty  Admin is t ra t ion Of f ice named
SUDECAP (SUDECAP, 1997).

Monthly estimates of input and output
( I /O,  kg.month - 1)  were  obta ined by
mult iplying tr ibutary outf lows (F.R., m3.s - 1)
by the nutrient concentrations (N.C., g.m -3 )
at each collection site, as follows:

10
days.month * 86400 * NC *FR =I/O

3
     [Eq1]

The annual input of each tributary (AIT,
ton.year - 1)  was est imated as the sum of
month ly inputs (kg .month - 1)  f rom the
tributaries (January/98 to December/ 98) and
the results were converted to tons:

 MI  = AIT 12
1∑                             [Eq2]

The year was div ided into two main
seasons ca l led:  “wet  season”  and “dry
season”.  Months with rainfal l  h igher than
100 mm were considered the “wet season”
( January,  February ,  March,  October ,
November,  and December )  (CPRM, 2001 ) .
Averages of wet months and dry months
were determined to estimate the inputs in
the “wet season”  and in the “dry season”
as follows:
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6

 WMI = IPW
6
1∑

                         [Eq3]

where: IPW= average of wet season
(kg.month -1)WMI= monthly inpt in wet season
(from October to March) in kg.month - 1

  
6
DMI  = IPD

6
1∑

                          [Eq4]

where: IPW= average of wet season
(kg.month -1)WMI= monthly inpt in wet season
(from October to March) in kg.month - 1

The mass balance (MB,ton.year - 1)  was
est imated by the di f ference between the
to ta l  input  ( IT,  kg.month - 1)  and the dam
output (OT kg.month - 1). Nutrients and solids
input  due to  the cont r ibu t ion o f
subterranean waters, superficial runoff, and
their loss to the biota and/or sediment were
not considered.

10
OT  -IT =MB 3

6
1

12
1 ∑∑                      [Eq5]

Part ial water balance (WMB, m3.year - 1)
was estimated by the dif ference between
the sum of tributary input (m3.month - 1) plus
the direct precipi tat ion into the reservoir
surface (RR, m3.month - 1)  and the outflow.

 OT-RR)  (trib.  =WMB 12
1

12
1 ∑+∑            [Eq6]

Estimation of direct precipitation into
the reservoir (R.R., m3.year - 1) was made by
multiplying the reservoir area (R.A., m3)  by
the total annual rainfall (mm.month -1). Water
input through subterranean waters, super-
ficial runoff, and its loss through evaporation
were not included.

10
rainfallmonthly  *RA =RR 3

12
1∑            [Eq7]

Water, nutrients and solids retention ti-
mes were measured as follows: step 1: The
pool of nutrient availability in the reservoir
(RP,  kg )  was est imated by mul t ip ly ing

reservoi r  water  vo lume (WV,  m 3)  by  the
nutrient concentration (NC, g.l - 1) .

 WV* NC=RP                            [Eq8]

S tep 2 :  the annual  input  f rom a l l
tributaries for a given nutrient (AIT, kg.day- 1)
was est imated by adding the input  o f
nutr ients from different seasons ( IPW and
IPD,  kg.day - 1)  fo r  each t r ibu tary  and
expressing the final result in kilograms per
day:

IPD)  (IPW  =AIT 7
1 +∑                   [Eq9]

Retent ion t ime (RT,  days )  was
determined by the ra t io  of  the reservoi r
nutrient availability (RP, kg) to the input from
tributaries (AIT, kg.day - 1) .

 AIT
RP =RT                               [Eq10]

All the results were later converted to
tons.

Results

Seasonal Mass Balance
The Pampulha reservoir had dif ferent

seasonal patterns for export and retention
accord ing to  the var iab le  (nut r ien t )
considered (Tab. I I ) .  These patterns were
strongly influenced by rainfall. The reservoir
re ta ined to ta l  suspended sol ids ,  to ta l
phosphorus and inorganic nitrogen in both
wet and dry seasons.  However ,  these
retention values were usually higher during
the rainy season. Export rates occurred only
for part iculate carbon (Tab. I I )  during the
rainy season.

The tributaries Ressaca/Sarandi and the
Água Funda always contr ibuted with the
h i ghes t  va l ues  o f  t he  ex t e rna l  l oad  o f
total  suspended sol ids (wet,  96.3 %; dry,
94.2 %) ,  par t iculate organic carbon (wet ,
97 .3  % ;  d ry ,  94 .8  % ) ,  to ta l  phosphorus
(wet ,  99.2 %; 98.5 dry,  %) and inorganic
nitrogen (wet, 99.2 %; dry, 97.9 %) (Tab. II).

Some streams suffered large variations
in the nutrient loads when contrasted the
wet  and dry  seasons whi le  o thers  have
smal l  seasonal  var ia t ions in  the i r
contr ibut ions (Tab.  I I ) .  The Água Funda
stream presented the largest var iat ion in



 TORRES, I.C. et al.             Mass balance estimation of nitrogen, carbon, phosphosrus ...84

water f low (Tab. I )  and consequent ly the
highest discrepancy in monthly export rates
of nutrients. The amount exported by this

st ream dur ing wet  season increased 9.5
times for POC and 12.0 times for suspended
solids, respectively.

Table I I : Total sol ids and nutr ient exports (part iculate organic carbon, total  phosphorus and dissolved
inorganic nitrogen) of tr ibutaries and mass balance (ton.month - 1)  estimation during wet and dry
season, in Pampulha reservoir, 1998.

Annual Mass Balance
Annual  water  ba lance showed that

Pampulha reservoi r  receives more water
than it exports, with a difference of 19.4 x

10 3 m 3.year - 1 (5 .8% of  re tent ion ) .  The
tributaries responsible for the highest inflow
were Ressaca/Sarandi (70.01 %), fol lowed
by Água Funda (16.81 %) (Fig. 2).

Figure 2:  Annual water balance (m3.year - 1)  schematic drawing of Pampulha reservoir, 1985.

*Italic values indicate export of particulate carbon during rainy season (see equation 5).

Input 
Total Suspended 

Solids 
Particulate 

Organic Carbon 
Total 

Phosphorus 

Dissolved 
Inorganic 
Nitrogen 

 Wet Dry Wet Dry Wet Dry Wet Dry 

Mergulhão  2.99 2.15 0.39 0.50 0.02 0.03 0.240 0.32 

Tijuco 1.62 0.67 0.18 0.11 0.004 0.006 0.045 0.04 

Ressaca/Sarandi 183.08 58.78 39.47 13.26 5.79 2.63 41.06 18.41 

Água Funda 42.09 3.47 4.93 0.51 0.55 0.01 6.104 1.04 

Baraúna 1.27 0.52 0.27 0.06 0.005 0.002 0.008 0.009 

AABB 0.41 0.10 0.05 0.03 0.003 0.002 0.011 0.005 

Olhos D'Água 2.13 0.33 0.31 0.05 0.01 0.003 0.076 0.02 

Total Input 233.59 66.03 45.60 14.51 6.38 2.76 47.54 19.85 

Outlet (Output) 159.27 29.76 52.72 9.41 1.37 0.37 16.11 7.68 

Balance 
 (input - output) 

74.32 36.27 7.12* 5.11 5.01 2.39 31.43 12.17 
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The retention capacity of the reservoir
for  tota l  suspended sol ids and essent ia l
nu t r i en ts  was  con f i rmed on  an  annua l
bas is  (F igs .  3 ,  4 ,  5  and  6 ) .  Fo r  to ta l

suspended sol ids,  the reservoi r  reta ined
36 .9  % o f  the  incoming  to ta l  so l ids ,
total izing 1.8 x 103 ton.year - 1 (Fig. 3) .

Figure 3: Annual total suspended solids mass balance (ton.year-1) schematic drawing of Pampulha reservoir,
1998.

Figure 4: Annual total  phosphorus mass balance ( ton.year - 1)  schematic drawing of Pampulha reservoir,
1998.
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Even  h ighe r  re ten t ion  p ropor t ions
were found for ni t rogen and phosphorus.
The relative amounts of retained nutrients
were  64 .7  % and  80 .9  % fo r  i no rgan ic
n i t rogen  and  to ta l  phosphorus ,
respectively (Figs. 4 and 5) .  The external
load  o f  to ta l  phosphorus  and  ino rgan ic

nitrogen to the lake were 54.9 and 404.4
ton.year - 1,  respect ively.

Conversely ,  the reservoi r  expor ted
organic matter as at tested by the annual
mass balance of particulate organic carbon.
The output of  par t iculate organic carbon
was 372.8 ton.year - 1 (Fig. 6).

Figure 5:  Annual dissolved inorganic nitrogen mass balance (ton.year - 1 )  schematic drawing of Pampulha
reservoir ,  1998.

Figure 6:  Annual part iculate organic carbon mass balance ( ton.year - 1 )  schematic drawing of Pampulha
reservoir ,  1998.
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The key role of the streams Ressaca-
Sarandi for the external loading of suspended
matter and nutrients was confirmed by the
mass balance considering the annual basis.
Despite the contribution of 70% of the total
volume of the incoming water f rom al l
tributaries, these two streams are responsible
for more than 85% of the total external load
of particulate organic carbon, total phosphorus
and inorganic nitrogen. (Fig. 4, 5 and 6).

Residence Times
The turnover t imes for most nutrients

and suspended mat te r  were  lower  than
the  re ten t ion  t ime  o f  the  wa te r  i n  the
reservoir, estimated in 76.8 days (Tab. III ) .
To ta l  phosphorus  had  the  lowes t
res idence t ime ( 15 .6  days ) ,  fo l lowed by
inorganic nitrogen (29.5 days). The highest
residence time for nutrients was found for
part iculate organic carbon (65.1 days).

Parameters 
Reservoir 

(ton) 

Tributaries 

(ton.day-1) 

Retention Time 

(days) 

Dissolved Inorganic Nitrogen 33.25 1.13 29.5 

Total Phosphorus 2.37 0.15 15.6 

Particulate Organic Carbon 64.76 0.99 65.1 

Total Suspended Solids 220.05 4.96 44.4 

Water 11.3 x 106 14.7 x 104 76.7 

 

Table III: Nutrients, solids and water retention time estimation in Pampulha reservoir,  1998.

Discussion and conclusion

Nutrients are introduced into lakes and
reservoirs through tributary discharges, su-
per f ic ia l  and subter ranean runof f  and
atmospheric deposition (Krugg, 1993). In a
study of phosphorus cycling in 16 lakes of
I re land and a long the Scot t ish border ,
Gibson et al. (1996) reported that in all ca-
ses the main phosphorus sources for lakes
were tributary input and rainfall. Considering
smal l  and shal low reservoi rs  wi th lower
res idence t imes,  such as the Pampulha
reservoir, the contribution of river discharges
is usually higher than other sources.

The nutr ient load from r ivers usual ly
depends on two main factors: flow rate and
geology of the drainage basin (Wetzel, 2001).
However ,  many other  factors such as
ra in fa l l ,  r iver  management  as wel l  as
anthropogenic act ivi t ies in the watershed
such as agriculture, industry and housing
also play an important role in establishing
the nutrient load of a river (Wetzel, 2001).
Additionally, the nutrient input from rivers
is in f luenced by the r iver ’s  own nutr ient
retention capabil i ty which is higher under
low flow conditions or in areas where there
is an abundance of aquatic plants (Svendsen
& Kronvang,  1993) .  Retent ion has an
important influence in the nutrient dynamics
in aquatic systems (Svendsen & Kronvang,
1993) .

Waters f lowing f rom lakes and
reservoi rs  wi l l  have d i f fe rent  nut r ient
concentrations comparing to the incoming
tributaries due to the biological, chemical
and phys ica l  proper t ies  o f  those
ecosystems (Straskraba et al .,  1995) .  The
nature and proport ion of  product ion and
consumpt ion processes are essent ia l ly
di f ferent  in lakes and reservoirs (Wetzel ,
2001). The importance of metabolic proces-
ses occurr ing in the water column in the
pelag ic  reg ion of  a  lake ,  such as the
product ion o f  phytop lankton or  nut r ien t
excret ion f rom inver tebrates ,  is  usual ly
much h igher  than s imi lar  processes
occurring in rivers (Wetzel, 1996).

The Pampulha reservoi r  showed a
pat tern o f  accumula t ion of  inorganic
nut r ients  and expor ta t ion of  organic
par t icu la te  carbon (wet  season) .  Th is  is
probably the result of metabolic activit ies
occurring in the lake. The accumulation and
subsequent  expor ta t ion o f  par t icu la te
carbon can be part ia l ly explained by the
high primary production rate in this reservoir.
In a recent survey, Araújo & Pinto-Coelho
(1998) measured a maximum value of 206
mg C.m -2.day -1 for the primary production of
phytoplankton in th is  reservoi r .
Furthermore, the reservoir usually has dense
populations of the macrophyte Eichhornia
crassipes. The primary production of this
macrophyte in  the reservoi r  reached a
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maximum of  22.17 g .dw.m - 2 .day - 1 (Greco,
1996;  P in to -Coelho & Greco,  1999) .
Never the less ,  the h igh f igures found for
pr imary product ion of phytoplankton and
macrophytes are not  the only  fac tors
responsible for the accumulation of organic
matter in the reservoir.

Other source of carbon in this lake may
be the super f ic ia l  runof f  (garbage
accumulat ion) .  Nevertheless, there is st i l l
no in format ion about  the carbon or ig in
(autochthonous versus a lochthonous)  as
well as there are no precise determinations
about  the b iochemica l  nature  o f  the
sestonic components present in the water
column of this reservoir .  Only with those
data, i t  wil l  be possible to know the real
or ig in  o f  the expor ted carbon f rom th is
system.

This study showed that the tributaries
a lso br ing cons iderab le  amounts  o f
inorganic nutrients to the lake. This allows
a significant development of the microbial
community. Torres et al .  (1998) compared
the contributions of primary producers and
non pigmented seston for the avai labi l i ty
of part iculate carbon in the water column
of the reservoi r .  They found that  the
cont r ibut ion of  non p igmented sestonic
carbon for  the overa l l  ava i lab i l i ty  o f
particulate carbon in the water column was
higher than 70% for most occasions. Araú-
jo & Pinto-Coelho (1998) have also shown
that, despite having high values of primary
production, the phytoplankton alone does
not support the energetic requirements of
zooplankton in the reservoir. They estimated
the assimilation of the zooplankton to reach
levels as high as 486 mg C.m-2 day-1, a value
that  cou ld not  be suppor ted by pr imary
product ion of  phytoplankton a lone.  As a
consequence, the accumulation of organic
matter in Pampulha reservoir is probably not
only a result of high primary production of
phytoplankton and macrophytes but also a
result of the production due to the microbial
food chain.

Lakes and reservoirs often act as “traps”
for inorganic nutrients. This study showed
that Pampulha reservoir clearly acts as a
“trap” for nitrogen and phosphorus. Studying
lakes in the Czech Republic, Straskraba et
al. (1995) found a phosphorus retention time
varying between 7 to 604 days. According
to authors stratified and deep reservoirs are
very e f fec t ive t raps for  phosphorus .
Apparently, shallow and eutrophic tropical
reservoirs have similar properties as well.

Cordeiro Netto & Dutra Filho (1981), in a study
of  phosphorus mass ba lance in  the
eut rophic  lake Paranoá (Braz i l ) ,  found a
phosphorus input  o f  approx imate ly  1 15
ton.year - 1 wi th a retent ion of  80% of th is
amount in the reservoir. This percentage is
very similar to the retention value found in
the present study, 81% (Fig. 7). In another
study in Lago das Garças (Brazil), an urban
reservo i r  tha t  as  wel l  as  the Pampulha
reservoi r  possesses h igh eut rophicat ion
indexes,  Henry et  a l .  (2004)  found
phosphorus retention of approximately 3.96
ton.year - 1,  around 61% of  the tota l  input ,
corroborating the tendency of high retention
of  these nut r ient  in  eut rophic  urban
reservoirs.

There is  addi t iona l  ev idence
suggesting the high affinity for phosphorus
by the planktonic community of Pampulha
reservoir. Pinto-Coelho (1994) found a spatial
pattern in the distr ibution of N:P ratios of
sestonic  mater ia l  o f  the reservoi r  that
increased from regions near to the Ressa-
ca/Sarandi stream (N:P= 41) to the dam region
(N:P= 53). These spatial differences in N:P
ratios and the lower retention time for this
element found in the present study indicate
that phosphorus is more rapidly assimilated
than ni t rogen and that this should be an
indicat ion of the l imit ing potent ial  of this
nutrient to the productivity in the reservoir.

An earlier study has also demonstrated
the key ro le  o f  f ree - l iv ing heterot rophic
bacter ia  in  the in terna l  cyc l ing of
phosphorus in Pampulha reservoir (Pinto-
Coelho et al., 1997). In this study, the high
af f in i ty  o f  bacter iop lankton for  the P
excreted by zooplankton was found,
indicating that the microbial community is
ab le  to  prompt ly  absorb the so lub le
phosphorus recycled by consumers. In this
sense,  the f ree - l iv ing bacter ia  of  the
reservoir together with primary producers
are very e f fect ive in  removing the
phosphorus f rom the inorgan ic  pool ,
trapping it in the food chain.

The fa te  o f  n i t rogen in  Pampulha
reservoir is the subject of some controversy.
In  a  pre l iminary s tudy,  based on two
samplings conducted in January and May
of 1997, Barbosa et al. (1998) found evidence
that this reservoir retains organic nitrogen
and exports inorganic nitrogen. In contrast,
our study clearly showed that the reservoir
is retaining inorganic nitrogen. Possibly, the
difference between previous studies in the
reservoir and ours is related to the fact that
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our study is based on a complete seasonal
cycle, permitting to identify more clearly the
fa te  o f  the inorganic  n i t rogen in  th is
reservoir.

The metabol ic pathways for ni t rogen
in the water column of Pampulha reservoir
should be fundamenta l ly  d i f fe rent  f rom
those observed for phosphorus. The cycling
of nitrogen is much more dynamic since it
involves the gaseous phase, N2 (Pinto-Coe-
lho, 2000). It is well known that several free-
living microorganisms play an important role
in this cycle. Examples of these organisms
would be the aerobic bacteria responsible
for oxidation of ammonium to nitrate and
the N2 fixing cyanobacteria and denitrifying
bacteria (Wetzel, 2001). Denitrification, with
the production of N2 should be an important
process explaining the mass balance for
nitrogen aquatic ecosystems (Duff & Triska,
1990) .

Henry et al. (1999) found evidence for
to ta l  n i t rogen expor t  in  the Jurumir im
reservoir probably due to the nitrogen fixing
cyanobacter ia .  The d i f fe rences in  the
nitrogen budget in these reservoirs may be
explained by the speci f ic composit ion of
the ex is t ing communi t ies such as the
phytoplankton (e.g: the relative importance
of  n i t rogen f ix ing organisms in  th is
community). In case of Pampulha reservoir
further investigation is required to test the
importance of nitrogen fixing organisms as
well as the importance of denitrification on
the mass balance of nitrogen.

In agreement with the study of Barbo-
sa et al .  ( 1998) ,  the present invest igat ion
conf i rmed the importance of the streams
Ressaca/Sarandi  and Água Funda as the
major sources of external nutrient input for
the Pampulha reservoir. These streams have
larger sub-basin areas, higher flow rates and
suffer from intense human interference.

A recent  invest iga t ion prov ided an
update on hydrological data of Pampulha
drainage basin (CPRM, 2001 ) .  However ,
these data were not used in the present
work since it contains new estimations of
flow rates only for the Ressaca and Sarandi
streams. These f low rates suffered some
increment, probably caused by the increase
of  so i l  impermeabi l iza t ion due the la rge
amount  o f  anthropogenic  ac t iv i ty  in  the
dra inage bas in .  Therefore ,  i t  is  qu i te
poss ib le  that  the mass ba lance here
presented may have been somewhat
underest imated for  the above ment ioned
streams. This new information, however, do

not change the most important findings of
the present work (see below).

The s tudy demonst ra ted that  the
Pampulha reservoir acts as a “sink” for total
phosphorus and inorganic  n i t rogen.
Addit ional ly ,  a c lear seasonal ef fect  was
identified on the external input of nutrients,
with higher inputs during the rainy season.
Never the less ,  the reservoi r  is  re ta in ing
suspended sol ids and essent ia l  nutr ients
(n i t rogen and phosphorus )  dur ing a l l
seasons.

The reservoi r  expor ted par t icu la te
organic carbon during the wet season. In
this sense, the rainfall is an important factor
for the improvement of the water quality of
the reservoi r  s ince i t  cont r ibutes to  the
dilution of biomass of organic suspended
mater ia l  in  the water  co lumn.  The low
residence time found for total phosphorus
(15.6 days) indicates that the reservoir has
a high turnover rate for this element. This
can be interpreted as a signal for the limiting
potent ia l  o f  th is  e lement  for  the b io t ic
production in the reservoir.

The Ressaca/Sarandi and Água Funda
is  by fa r  the most  impor tant  sources of
nutr ients and suspended sol ids into th is
reservoi r  and,  as a consequence,  every
measure concerning the management and
recovery of  Pampulha reservoi r  should
incorporate s t ra teg ies focused on the
immedia te  and susta inable  recovery o f
these streams.
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