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ABSTRACT

Total phospharus concentration was used to define the trophic state of the main sub-basins of the midde Rio Doce,
in Minas Gerais Sate (southeast Brazl) and plysical, chemical, and microbiological variables of water were
andyzed duing 2000 to 20QL. The study evaluated changes in water quality caused by seasonality and human
activities. Water temperature, conductivity, pH, total alkalinity, disolved oxygen, and concentrations of NH4-N,
NO»-N, NOz-N, total-N, PO4-P, total-P, DOC, and chlorophyll-a were measured in seven rivers stretches (sampling
stations). Total yeadts, faecal and total coliforms, and heterotrophic bacteria were also determined. The studied
areas were mnsdered to be under oligotrophic to eutrophic condtions. The variables that presented highest
positive correlation with faecal coliforms were total-P and total-N, and heterotrophic bacteria density was
identified as a goad parameter to dfferentiate the ecosystems. These results suggested the inclusion o the trophic
level and the digtinct activities within a watershed as important elements when propasing conservation and
restoration areas.
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INTRODUCTION have not been studied enough and there are only a
few data avaibble that can support the definition for
The disordered human occupation o the  conservation and management policies (e. g. Barbosa
drainage basins has drastically modified the et al., 1997, Barbosa and Callisto, 2000. Water uses
aquatic ecosystems mainly by accderating the  and socio-econamic aspects of the drainage basin are
deposition of nutrients in water bodes. Due to ~ fundamental elements for the understanding o the
the increasing need to use water resources inthe  ongoing processes within aquatic ecosystems and for
last decades, the evaluation of eutrophication  definition o strategies for conservation and
impact in lotic ecosystems is imperative (Kelly — management pdliticies of aquatic environments
and Whitton, 1998 Wetzd, 1991). Although (Tundisi and Barbosa, 1999.
lotic emsystems are abundant in Brazil, they  Inputsof allochthorous material from industrial
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and dmestic effluents, associated with other
human activities in densely occupied watersheds
have been changing significantly the water
quality as well as the eological conditions of
the rivers. This refleds considerably on the
composition and  structure  of  aquatic
communities and their interactions, as
demonstrated previously by Barbosa et al.
(1997 for the major sub-basins of the middle
Rio Doce, in the State of Minas Gerais. Thus,
characterization o the major nutrients levels,
trophic state, and composition and structure of
aguatic communities constitutes essential tods
to deted different types of impact as a way to
propose mitigation and conservation measures.

Traditionally, the characterization o trophic
status of an aguatic ecosystem involves
determination of nutrient concentrations, mainly
phosphorus and nitrogen, and can be
complemented with information on variables
such as chlorophyll-a concentration and water
transparency (OECD, 1982 Salas and Martino,
1991). The quality of the water has been
routinely evaluated by measuring physical and
chemical variables, without considering the
important role played by the eisting aquatic
biota. The presence of bacteria of the coliform
group is considered an indicative of potencial
health risks and is a widely used microbial
method for monitoring water quality (Greenberg
et al., 1998. Several studies have focused on the
occurrence of yeasts rdated to wastewater
(Simard, 1971 Hagler and Mendonca-Hagler,
1981 showing that yeast counts can be a
monitoring method that can complement
coliform counts also refleding eutrophication
(Hagler and Ahearn, 1997). Salas and Martino
(1991 have used the concentration of total
phosphorus to define the level of human impact
on aguatic environments and consider it as the
most appropriate variable index for tropical

environments. However, its application to lotic
environments gill needs further and conclusive
studies.

In an attempt to identify, among the components of
the «isting biota, potential indicators of the trophic
status of the water, the present study had as the
major objedive to characterize the trophic status of
the main sub-basins of the middle Rio Doce using
physical, chemical and microbiological variables.
This qudy also aimed at determining changes in
water quality caused by human activities in arder to
propose the including of trophic indices to evaluate
the restoration d degraded areas.

STUDY AREA

This gudy was caried aut in the medium stretch o
the Rio Doce basin, State of Minas Gerais, southeast
Brazil. Water samples were collected in 7 stations
(table 1), representative of the sub-basins of the
rivers, with different order number according to the
method d Strahler (Gordon et al., 1992).

These easystems (Fig. 1) were chosen because they
permitted comparative studies, given that strong
differences were found in the environmental
characteristics of the sampling stations, due to
different degrees of human activities (Paula et al.,
1997).

The Caraca river flows almost entirdy inside an
Environmental Protection Area (Caraca Natural
Park) and it is considered as a “reference” to the
basin, given it is sibmitted to minimum
anthropogenic  activity. The other rivers are
submitted to different types of human influence,
such as catle rising, mining, domestic and industrial
effluents. Extensive areas with Eucalyptus spp
plantations are found in the basin o some
environments (ex.: Santa Barabara and Piracicaba).

Table 1 - Geographyc locali zation and arder number of the 7 sampling station in the midd e Rio Doce basin.

River | L ocation | Order
Caraca 20°06 00’S 43’29 09'W 2nd
Santa Bérbara 19°5001'S 43°21' 14'W 5
Peixe 19°44'35'S43°01'16'W 4"
Severo 19°36'57'S 42°50 50°'W 3
Piracicaba 19°2925'S 42°31'08'W 6"
Ipanema 19°2814'S42°32 01'W 3
Doce 19°1912°S42°21'52°W 70
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Ipanema river has great part of its course
canalized and receive domestic and industrial
effluents and Rio Doce receives discharges of all
other rivers. The sampling station in this river
was localized downstream the Escura falls,
which according to Barbosa et al. (1997 is very
important to recover its water quality, mainly
through an efficient re-oxygenation o the water.

METHODS

Measurements and samplings of the abowe
described rivers were dore during the rainy and
dry seasons of 2000 and 2001 (January and
August, respectively). The water temperature,
eledric conductivity, pH and dissolved axygen
were measured “in situ”, with a multiprobe
(Horiba, mod. U-22). At these places, water
samples were colleaed to determine the contents
of dissolved aganic carbon (TOC-500
Shimadzu); total nitrogen, nitrate-nitrogen,
nitrite-nitrogen and total akalinity (Madkereth
e al., 1978; ammonium-nitrogen (Grasshoff,
1976; total phosphorus and soluble reactive
phosphorus  (Golteeman e  a., 1978.
Chlorophyll-a concentration was obtained after
filtration d total samples in Schleicher and
Schuell GF 50-A membranes and determination
according to Lorenzen (1967).

For microbiological analyses, the surface water
samples were taken directly into sterile glass
bottles and returned to the lab in ice within 8 h
for processng. Total and faecal coliforms were
determined using standard most probable
number methods (MNP) and heterotrophic
bacteria counts were made using the pour plate
method on NWRI agar (Heterothrophic plate
count agar - HPCA) (Greenberg et al., 1998.
For total and faecal coliforms determination,
water sample dilutions 10%, 10% and 10° were
used. For the yeasts counts (CFU) aliquots of 0.1
ml of the samples were plated in triplicates on
YM agar (1.0 % glucose, 0.5 % peptone, 0.3 %
yeasts extract, 0.3 % malt extract, 2.0 % agar, 10
mg chloramphenicol). Plates were incubated at
25°C and yeasts counts were obtained after 3 to
5 days as described in Kurtzman and Fdl
(1998.

Linear corrdation analyses was used to verify
the influence of abiotic variables on

microorganisms community. Principal component
analysis (PCA) was used in the treatment of the
abiotic and bictic data. The following variables were
not transformed and used in the matrix: temperature,
pH, dedrical conductivity, disolved axygen, total
alkalinity, Total-P, Total-N, tota and faecal
coliforms, yeasts and heterotrophic bacteria counts.

RESULT S AND DISCUSS ON

During the sampling periods, precipitation varied
between 0.0 mm (July 200Q 2001 and 59.2 mm
(January 2000 (Data obtained from Instituto
Mineiro de Gesto das Aguas — |GAM/SIMGE).

A considerable seasonal temperature variation was
shown (Table 2), with the lowest value (12.7°C)
registered during the dry season (winter) in Caraca
river.

This river also exhibited the lowest pH values (4.0)
and the highest concentrations of disslved axygen
(9.9 mg/L). Ipanema river showed the lowest
concentration d oxygen (< 2.0mg/L) and the highest
conductivity (375 uS/cm) and alkalinity values (2.1
meqCO,/L). Chlorophyll-a concentrations were low
in all rivers (0.7-27.5 ug/L), except in Severo river
during the rainy season, when the highest value was
observed (53.5ug/L). Ipanema river showed the
highest values of tota-N (5,988ug/L), NH4N
(3,320ug/L), total-P (843ug/L), PO,P (455ug/L),
silica (5.5mg/L) and DOC (13.7mg/L) and among
the sampled rivers, it showed the highest impact
possbly due to the deposition o untreated domestic
and industrial effluents (Table 3). Caraca river, on
the other hand, was corsidered the most preserved
environment, presenting low values of total-N
(48.6ug/L), NHs-N (5.4ug/L), total-P (4.7ug/L) and
PO,-P (2.0ug/L).

The stechiometrical ratios between total nitrogen and
total phosphorus (N/P) during the rainy season, only
in the first year, suggest a limitation by nitrogen
(N/P < 9, acoording to Vollenweider, 1983in Salas
and Martino, 1991, except in Caraga river, where
high ratios in both sampling years (N/P = 97.7 and
52.8) were registered. During the two dy seasons,
higher N/P ratios were observed in all of the rivers,
showing a limitation by phosphorus, except in
Ipanema (N/P = 7.4 and 7.1 respedively) and Caraca
rivers (N/P = 4.4).
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Source Paulaet d. (1997) modified.
Figure 1 - Location of the sub-basin and respedive sampling stations (1- Caraga, 2- Santa Bé&rbara,

3- Peixe, 4- Severo, 5- Piracicaba, 6- Ipanema and 7- Doce) in the midde Rio Doce
basin, Minas Gerais State-Brazil.
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Table 2 - Abictic variables (maximum and minimum values of temperature, pH, detric conductivity, dissolved

oxygen, akalinity, chlorophyll-a and dissolved organic
during therainy and dry seasons of 2000and 2001.

cabon) of the sub-basins of the midde Rio Doce basin,

Rivers Temp. pH Cond. D.O. Alkal Chlo. DOC
&c uSecm mg/L meg/L ug/L mg/L
Rainy Min-Max | Min-Max | Min-Max | Min-Max| Min-Max | Min-Max | Min- Max
Caraga 16.0- 193 40-52 9.0-16.0 6.5-9.9 0.0 29-37 39-124
Sta. 231-256 6.6-7.0 390-583 5.0-9.8 01-04 6.4-86 22-36
Bérbara
Peixe 220-248 6.4-75 620-63.0 6.2-87 02-04 7.5-187 25-75
Severo 228-245 6.5-74 255-26.0 6.2-9.3 01-0.3 27-535 18-10.0
Piracicaba 26.4-275 71-76 750- 1204 38-76 0.2-05 16-20.3 27-43
Ipanema 27.1-290 74-75 2830-3754 08-20 0.7-21 27-43 9.3-13.7
Doce 26.6-283 6.8-7.6 54.0- 1078 54-90 0.2-05 6.4-155 32-40
Dry
Caraga 12.7-17.9 5.2-6.6 10-9.2 7.7 0.0 5.1 19
Sta. 193-221 6.8-6.9 6.0- 61.5 5.6-7.6 04 37 0.9
Bérbara
Peixe 154-198 6.4-6.6 9.0-57.9 6.1-7.6 04 16 15
Severo 155-193 6.3- 6.4 20-27.9 32-79 0.3 5.9 0.7
Piracicaba 21.6-26.1 6.8-6.9 1215-148.0 7.3 04 275 19
Ipanema 259-270 6.8-7.3 3220-35%.0 03-04 17 0.7 9.3
Doce 219-239 6.6 888-1010 32-82 04 8.6 17

The countings of total and faec coliforms were
higher in general during the rainy season (Table
4). The highest densities of total coliforms were
recorded in rivers Piracicaba and Ipanema (>160
x 10° MPN/100mL) and the lowest countings, in
river Caraga (<2 x 10° MPN/100mL). For faecal
coliforms the same variation was observed, with
the highest values recorded in river Ipanema (>
160 x 16 MPN/100mL) and the lowest
countings in river Caragca (< 2 x 10°
MPN/100mL). The highest values for
heterotrophic bacteria were registered during the
rainy season in rivers Santa Barbara, Peixe and
Severo (300 x 16 CFU/mL). The highest yeasts
countings was recorded in Piracicaba river (460
CFU/mL) during the dry season and in Severo
river (190CFU/mL) during the rainy season.

The characterization o the trophic status
according to the classfication proposed by Salas
and Martino (1997) is dhown in Table 4. The
results showed a clear seasordl variation in the
trophic status for the magjority of the studied
rivers, except for Ipanema river, which was
characteristically hyper-eutrophic and Caraga

river, a typical oligotrophic environment, during
both seasons (Table 5). Rivers Peixe, Piracicaba and
Doce could be classfied as eutrophic during the
rainy season and meso-eutrophic during the dry
season. Severo river could be considered eutraphic
during the rainy season and oligotrophic in the dry
season when the quality of its waters who
considerably improved. Although they were not
guantified in this research, these variations
demonstrated the importance of the contributions of
allochthonous material and the consequent seasonal
variations.

Accordingto linear correlation analyses the variables
that presented highest positive corrdation with
faecal coliforms were total-P and total-N (r > 0.80).
The first two axes of the PCA accounted for 69.2 %
of thetotal variance (Fig. 2A). The factor 1 (52.3 %)
was negatively correlated with dssolved axygen
concentrations and positively corrdated with total
nitrogen and phosphorus, conductivity and total and
faecal coliforms. Axis 2 was positively correlated
with heterotrophic bacteria and pH.
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Table 3 - Nutrient concentration (maximum and minimum values) of the sub-basins of the middle Rio Doce basins,
during therainy and dry seasons of 2000and 2001.

Rivers Tot-P PO4-P Tot-N NH 4N NOs-N NO,-N N/P
Ho/L Ho/L Ho/L Ho/L Ho/L Ho/L
Rainy Min - Max Min - Max Min - Max Min - Max Min - Max Min-Max | Min-Max
Caraca 47-6.7 20-38 3515-461.3 169-183 9.0-16.1 19-42 528-97.7
Sta Babara 17.4-136.9 13-6.2 3934-8495 206-129.5 439-132.9 38-85 6.2-22.6
Peixe 529-1708 111-193 1,181-1,358 263-4733 875-3375 136-171.0 80-223
Severo 14.7 - 469.7 12-78 2341 -1,836 94-326 233-68.3 29-35 39-158
Piracicaba 80.2-2403 108-118 1,197-1217 672-3083 1408 - 702.9 95-127 50-15.1
Ipanema 7727-8126 687-2102 5341-5491 1557-3,320 119-415 27-283 6.8- 6.9
Doce 639-318.3 5.0- 63.9 8732-1,240 235-2358 924-2835 6.4-6.9 39-137
Dry

Caraca 7.6-108 32 481-103.8 54-14.2 82-288 16-18 44-136
Sta Babara 16.8-25.2 42-6.2 2843-372.3 158-27.6 168- 167.3 29-36 148-17.0
Peixe 958-1255 621-735 1894 -1957 1920-369.1 435-902.9 768-1932 159-1938
Severo 228-259 36-9.7 2260-277.7 55-30.1 153-1224 20-24 9.9-10.7
Piracicaba 849-1059 185-237 1621-1842 2361-279.7 1375-721.7 282-308 153-217
Ipanema 7607 -843.3 3513-4555 5641 -5988 1063 -1,547 15-78 73-17.1 71-74
Doce 61.0-68.7 182-29.7 6916-806.8 555-77.0 262- 3124 6.3-7.7 113-117

The first principal component scores contrasted
the rich from poarer rivers, in terms of organic
matter, mainly TN and TP (Fig. 2B) and the
send principal component scores contrasted
the higher and the lower values for heterotrophic
bacteria. It was interesting to note the &istence
of an overlaping among streams sampled in
winter and summer. In aher words, different
seasons were hot clearly separated by both axis.

The quality of the waters in the midde Rio
Doce:

Due to the several human actions within the
watershed (e. g. mining, siderurgy, Eucalyptus
plantations, celulose industry, and discharge of
untreated sewage), most water of the midde
stretch o Rio Doce were heavily polluted. A
particularly interesting example was provided by
the sub-basin of Piracicaba river, where the
major siderurgy and mining complexes of Minas
Gerais gate were located. According to CETEC
reports (1998, this river received only in 1992
ca. 80,000 m®> of untreated effluents and ca.
93,205 Kg/day of total suspended solids, which
rendered ca. 71,855 Kg/day of chemical oxygen
demand (COD), ca. 9558 Kg/day of
biochemical oxygen demand (BOD), and a
toxicity of ca. 7,500 equitox/day.

In a previous gudy conducted in the same
sampling areas, Barbosa & al. (1997 found
similar values to that measured in this work for
temperature, pH, eectric conductivity, dissolved
oxygen and total alkalinity. However,

chlorophyll-a values during both wet and dy periods
were lower. The concentrations of nitrogen and
phosphorus reported during this previous sudy were
lower than the ones recorded in the present study.
The recorded increase in the concentrations of
ammonium-nitrogen, soluble reactive phosphorus,
and total phosphorus in Ipanema river during both
sampled periods deserves attention since they refled
the high loads of untreated sewage of the
municipality of Ipatinga. However, this stuation
could be peded to be reverted soon due to the
operation of a sewage treatment plant from
September 2001

Microorganisms and the trophic status of the waters
in the middle Rio Doce:

In an attempt to assciate information on
representative groups of the biota, and stressthe use
of organisms in the characterization of water quality,
the presence of microorganisms (faecal and
heterotrophic bacteria) in rivers could be considered
as potential indicators of the trophic status of these
aguatic ecosystems. Although Huszar et al. (1998
suggested the use of phytoplankton species
composition as a more sensitive trophic status
definition in lakes, for lotic ecosystems this
community was not probably the most appropriated,
mainly due to the considerable washout during the
rainy season. The recorded dhta clearly showed the
existence of significant corrdations (Fig. 2A)
between the levels of total phosphorus and ritrogen
and faecal coliforms. The inclusion o these
microorganisms, as well as heterotrophic bacteria, in
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the characterization of the trophic status was
suggested here as a posshility for incorporating
some biological information in the current
clasdfication o trophic status of streams and
rivers.  High corrdation between  total
phosphorus and faeca coliforms were also
reported by Rosa e al. (199Q 1995 and
Morais et al. (1996 in lentic environments
in the Lagoa Santa plateau, State of Minas
Gerais. The observed correlation suggested the
possbility of using the variables faecal
coliforms and heerotrophic bacteria &
complementary parameters, which would allow
a better definition o the trophic state of an
environment. These biological variables would
be particularly important in aquatic systems

631

receiving high arganic loads, as demonstrated for the
majority of the river stretches within the middle Rio
Doce basin, showing high concentrations of total
phosphorus and high densities of faecal coliforms
and heterotrophic bacteria. An inverse corrdation
was observed for well-preserved environments that
showed lower values of phosphorus, coliforms, and
bacteria, here represented by Caragariver.

The present results emphasized the fact that
propositions for restoration and conservation
measures on river stretches under human impacts
must consider the watershed as the unit for studies
and interventions. In addition, the definition of the
trophic state would be an essential tod for the
implementation o any appropriate measure.

Table 4 - Countings (maximum and minimum values) of total and faec coliforms, yeasts and heterotrophic
bacteria of the sub-basins of the middle Rio Doce basins, during the rainy and dry seasons of 2000and 200L.

Total Coliforms Faeal Coliforms Y easts Heterotrophic Bacteria
Rivers MPN/100ml x 10° MPN/100ml x 10° __ CFU/mI CFU/mI x 10°
Rainy Dry Rainy Dry Rainy Dry Rainy Dry

Min-Max | Min-Max | Min-Max | Min-Max | Min-Max | Min-Max | Min-Max | Min - Max
Caraga N.D -2 <2-4 N.D - <2 <2-2 N.D 3-15 N.D N.D - 74
Sta. Barbara  <2-28 <2-22 2-22 <2-2 N.D-30 N.D - 390 75->300 70-73
Peixe <2-2160 7 <2-30 11-2 N.D-20 2-3 18->300 23-179
Severo >160 2-8 160 <2-7 33-190 10- 26 48->300 23-50
Piracicaba 160 N.D-2160 3.4-50 N.D-9 N.D - 16 N.D - 460 N.D - 49 N.D - 59

Ipanema =160 >160 160 35- 160 10-43 6- 393 78-160  473->300
Doce 24-30 34-30 8-30 34-22 6- 10 6-26 20-64 34- 85

* N.D= Not detected

Table5 - Trophic state dassfication of the sub-basins of the middle Rio Doce, according to the modd proposed by
Salas and Martino (1981).(in brackets, limits for the trophic categories of total phosphorus concentration).

Trophic State (Salasand Martino, 1991)

Rivers Oligotrophic (23,1) Mesotrophic (39,6) Eutrophic (1187)

Rainy Dry Rainy Dry Rainy Dry

Caraca 47-6.7 7.6-10.8

Sta. Bé&rbara 174 168- 252 1369

Peixe 529 958 1708 1255

Severo 147 228-259 4697

Piracicaba 80.2 849- 1059 2403

| panema 7727-812.6 76Q7 - 843.3

Doce 63.9 610- 687 3183
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Figure 2 - Correlations of biotic and abiotic parameters with the first two axes of principal
component analysis (A) and score didributions of streans smpled in different
seasons along the first two principal components axes (B).
TEMP=temperature; COND=Conductivity; DO=Dis®lved oxygen; TP=Tota
phosphurus;, TN=Total nitrogen; FC=faea coliforms, TC=total coliforms;

HH=nheterotrophic bacteria;

CAR=Caragag STB=Santa Bérbara; PEI=Peixe;SEV=Severo; PIR=Piracicaba;

IPA=Ipanema; DOC=Doce

1= rainy200Q 2= dry200Q 3= rainy2001; 4= dry2001

RESUMO

A concentragdo de fésforo total foi utilizada
para determinar o grau de trofia das principais
sub-bacias do trecho médio da bacia do Rio
Doce, em Minas Gerais, e varidveis fisicas,
guimicas e microbiolégicas da &ua foram
analisadas nos periodos de chuva e seca durante
0s anos de 2000 e 2001 O estudo visou
determinar mudancas na qualidade da &ua
causadas pela sazoralidade e por diferentes
atividades antropicas. As dareas estudadas
variaram de oligotréficas a eutréficas. As
variavels que apresentaram as maiores
correlagbes positivas com a densidades de
coliformes fecais foram as concentragdes de
nitrogénio e fésforo total, além disso, bactérias
heterotréficas mostrou-se capaz de diferenciar
0s ambientes. Estes resultados sigerem a
inclusdo do gau de trofia e da caracterizacéo
das atividades antrépicas na bacia, como
ferramentas importantes para a proposicdo de
medidas de reauperagdo e conservagdo de
trechos de rios sujeitos aimpactos antropicos.
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