
Systems & Management 14 (2019), pp 1-12

PROPPI / LATEC 
DOI: 10.20985/1980-5160.2019.v14n1.1363

EVALUATION OF THE TROPHIC STATE INDEX AND WATER QUALITY 
PARAMETERS IN THE RESERVOIR OF THE SÁ CARVALHO HYDROELECTRIC 

POWER PLANT, MINAS GERAIS, BRAZIL

Marluce Teixeira Andrade 
Queiroz
marluce.queiroz@bol.com.br 
University Center East of Minas 
Gerais - Unileste, Ipatinga, Minas 
Gerais, Brazil

Carolina Andrade Queiroz
carolanq@yahoo.com.br
National Institute of Social Security 
- INSS, Ipatinga, Minas Gerais, 
Brazil

Felipe Andrade Queiroz
felipeandradeq@yahoo.com.br
University Center East of Minas 
Gerais - Unileste, Ipatinga, Minas 
Gerais, Brazil

Gildayne Figueiredo Benigno
gildayne_benigno@yahoo.com.br
University Center East of Minas 
Gerais - Unileste, Ipatinga, Minas 
Gerais, Brazil

ABSTRACT

The aim of this study was to evaluate the influence of soil use on the water qua-
lity of the reservoir of the Sá Carvalho Hydroelectric Plant (UHE-Sá Carvalho, acronym in 
Portuguese), Antônio Dias municipality, Piracicaba River Basin (BHRP, acronym in Portu-
guese), Minas Gerais, Brazil. Secondary data were obtained from the reports of the Envi-
ronmental Research Laboratory of Companhia Energética de Minas Gerais (CEMIG), in the 
dry season (August) and rainy (November). In this context, points were selected for collec-
ting water samples from the reservoir, which represented different conditions in relation 
to depth. Physicochemical parameters were measured: temperature, dissolved oxygen, 
electrical conductivity, pH, total nitrogen, total phosphorus, turbidity and total dissolved 
solids. The results showed seasonal variation, and the relevance of the contribution basin 
was detected. In addition, they showed significant differences in collection points closer 
to the top of the reservoir compared to those located at the bottom of the reservoir. The 
environmental variables showed significant oscillations, with turbidity varying between 
88.6 NTU and 3.6 NTU in the rainy and dry seasons, respectively. The reservoir showed 
good conditions for dissolved oxygen contents during the entire sampling period. The 
minimum value was 7.6 mg/LO2 in the dry season and 4.4 mg/LO2 in the rainy season. 
This approach is concluded by suggesting intensification of conservation programs in the 
reservoir and the contribution basin.

Keywords: Hydroelectric reservoir; Water quality; Use of the soil; Mitigation.
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1. INTRODUCTION

The aquatic bodies present a great variety in their uses. 
From this perspective, it is possible to highlight the genera-
tion of energy from the bus that allows the transformation 
of potential hydraulic energy into electric. It is an enter-
prise with a lower production of greenhouse gases com-
pared to the use of fossil fuels. In addition, it has a higher 
level of safety when compared to nuclear power plants 
(Fearnside, 2015).

Hydropower reservoirs have other positive aspects, 
such as the regulation of river hydrology, minimizing the 
risks of floods and very low flows, and favoring the imple-
mentation of waterway corridors and irrigation projects. In 
addition, it identifies the multiple uses of water resources, 
such as sports and tourism (Figueirêdo et al., 2007).

In contrast, unfavorable aspects are also observed. Els 
(2014) informs that the environmental distortions related 
to the bus reach ecological and social dimensions from 
the moment of its installation in the water body. The re-
searcher points out the negative aspects derived from the 
flooding of areas of native flora, arable land and historical 
and cultural heritage, as well as the displacement of pop-
ulations. Nogueira et al. (2015) report that the cumulative 
effects of deforestation rebound on other ecosystems re-
lated to the water body. Silva et al. (2015), on the other 
hand, highlight the changes in the physical-chemical pa-
rameters of water; the elevation of toxic metal contents; 
and the increase of nutrient concentrations, with reflexes 
in any catchment basin.

The conditions regarding soil use and occupation also 
affect nitrogen and phosphorus concentrations in the lake 
of the hydroelectric dams, and may culminate with the 
trophic water body (Barros et Fearnside, 2015). These ele-
ments are macronutrient essences for aquatic phottrophs; 
however, when in excess, they can increase exponentially 
the populations of algae, bryophytes, pteridophytes and 
macrophytes (Jorcin et al., 2009). 

Eilers et al. (2011) reinforce that the biological phenom-
enon has been widely studied, allowing a science about its 
causes and consequences, although little is known about 
the critical concentrations of the nutrients that trigger the 
process. Environmental distortion, in general, culminates 
with the prevalence of cyanobacteria species to the detri-
ment of other species. These organisms are endowed with 
mobility in environments with high turbidity and, there-
fore, can use nutrients present in deeper layers and then 
return to the euphotic zone (Güntzel et al., 2012). 

Several genera of these algae are endowed with the ca-
pacity to produce neurotoxins and/or hepatotoxins that 

affect human health, thus constituting obstacles for water 
treatment companies, especially when there is an occur-
rence of environmental conditions conducive to their pro-
liferation in the aquatic environment (Roche et al., 2010). 
Among these conditions, it is widely accepted by microbi-
ologists and limnologists who study the proliferation of the 
algae community, that nutrient load, water retention time, 
stratification and temperature are the main factors influ-
encing the formation and intensity of blooms (Belli et al., 
2014). For Fuentes et Petrucio (2015), the consequences 
of these problems include the probability of rapid death of 
phytoplankton, which also presents as an obstacle because 
it leads to the depletion of dissolved oxygen in the water 
column, triggering the death of fish and other aerobic or-
ganisms.

Güntzel et al. (2010) reinforce that the elevation of the 
hydrogen ion concentration [H+] contributes to the pre-
dominance of the reducing conditions, increasing the tox-
icity of many chemical elements that thus become more 
soluble, such as the toxic metals and the reduction of the 
capacity to recycle the organic matter, leading to accumu-
lation of debris and sediment. Mitigation of impacts, pres-
ervation of water quality and maintenance of multiple uses 
of the reservoir depend on its proper management and the 
use of appropriate environmental management techniques 
(Coelho et al., 2011).

For the above, diagnoses were made regarding the wa-
ter quality in the lake of the Sá Carvalho Hydroelectric Plant 
(UHE-Sá Carvalho) located in the middle section of the Pira-
cicaba River Basin (BHRP) in Antônio Dias, Minas Gerais. It 
is worth noting that BHRP is characterized by intense eco-
nomic exploitation (iron and steel, forest extraction, etc.) 
and high population density (Queiroz et al., 2015). The re-
sults of the physico-chemical parameters came from the 
reports pertaining to the calendar year 2014, produced th-
rough the certified laboratories of Companhia Energétida 
de Minas Gerais (CEMIG), meeting the highest standards of 
precision regarding its precision and accuracy.

2. THEORETICAL REFERENCE

2.1. Water classes 

In Brazil, the Resolution of the National Environmen-
tal Council (CONAMA) No. 357/2005 establishes that the 
fresh waters are those with salinity ≤ 0.5%, a condition in 
which the BHRP falls. In addition, that legislation establi-
shes quality classes for inland water. These are the set of 
water quality conditions and standards required to meet 
prevailing current or future uses. In compliance with these 
guidelines, the following classes are presented in Chart 1.
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Chart 1. Classes of river water and destination

Class Destination

Special

a) Supply for human consumption, with disinfection;
b) Preservation of the natural balance of aquatic com-

munities;
c) The preservation of aquatic environments in integral 

protection conservation units.

1

a) Supply for human consumption after simplified 
treatment;

b) Protection of aquatic communities;
c) Recreation of primary contact, such as swimming, 
water skiing and diving, according to CONAMA No. 

274/2000;
d) The irrigation of vegetables that are consumed raw 
and of fruits that develop close to the ground and that 

are ingested raw without film removal;
e) Protection of aquatic communities in Indigenous 

Lands.

2

a) Supply for human consumption after conventional 
treatment;

b) Protection of aquatic communities;
c) Recreation of primary contact, such as swimming, 

water skiing and diving, according to CONAMA Resolu-
tion No. 274/2000;

d) Irrigation of vegetables, fruit trees and parks, gar-
dens, sports and leisure fields, with which the public 

may come into direct contact;
(e) Aquaculture and fishing activity.

3

a) Supply for human consumption after conventional or 
advanced treatment;

b) Irrigation of tree, cereal and forage crops;
c) Amateur fishing;

d) Recreation of secondary contact;
e) The watering of animals.

4 a) Navigation;
b) The landscape harmony

Source: CONAMA, 2005a

2.2. Trophic state

To know the trophic degree in a hydroelectric reservoir, it 
is possible to calculate the Trophic State Index (TSI), which in-
dicates the external inputs of nutrients from the launch of do-
mestic sewage, industrial effluents and agricultural residues. 
In addition, trophic conditions are also influenced by specific 
characteristics of the reservoir, such as retention time, flow 
rate and hydrological regime. The investigation of the envi-
ronmental conditions is important, as it supports the environ-
mental planning that aims at the control of eutrophication 
and use of the water body (Fernandes et al., 2017).

The measurement of the TSI makes it possible to clas-
sify the reservoir in different degrees of trophic, that is, 
it evaluates the water quality for nutrient enrichment and 
its effects, among them the excessive growth of algae and 
macrophytes (CETESB, 2009). 

Von Sperling (1996) reports that the TSI by Carlson 
(1977) allows the limnological evaluation, indicating with 
good approximation the level of nutritional enrichment of 
the water body by incorporating three indicators: water 
transparency, chlorophyll a and total phosphorus concen-
tration. The evaluation of this indicator allows establishing 
connections with other criteria, such as dissolved oxygen, 
biomass and composition and concentration of phyto-
plankton and zooplankton.

Considering the four variables cited for the calculation 
of the TSI of Toledo et al. (1990) - chlorophyll a, total phos-
phorus, orthophosphate and water transparency - curren-
tly only two apply in the calculation of Lamparelli (2004), 
chlorophyll a and total phosphorus. This is because the va-
lues of transparency can often not be representative for 
the trophic state, since it can be affected by the high turbi-
dity due to suspended mineral material and not only by the 
density of planktonic organisms (Jorcin et al., 2009).

2.2.1. Trophic Status Index

In this study, the applied indices were: the one pro-
posed by Carlson (1977), having been modified by Toledo 
et al. (1983) and Toledo (1990), which considers water 
transparency measurements by means of the Secchi disk 
(m), the total phosphorus concentration (μg.L-1), the or-
thophosphate concentration (μg.L-1) and the concentra-
tion of chlorophyll a (μg.L-1); and the Lamparelli index 
(2004), which considers only chlorophyll a (μg.L-1) and 
total phosphorus (μg .L-1), as proposed by CETESB (2009). 
High values related to these variables contribute to the 
excessive growth of adhered aquatic macrophytes that 
can interfere in the navigation, aeration and transport 
capacity by the channel. Thus, these indicators allow 
the classification of aquatic bodies in different degrees 
of trophic, that is, they allow evaluating the quality of 
the water in terms of nutrient enrichment and its effect 
related to the excessive growth of algae, or the potential 
for the proliferation of these photosynthetic organisms 
(Cotovicz et al., 2017).

The TSI was obtained from Equation 1 (Carlson, 1977; 
Lamparellli, 2004):

TSIPTotal = 10x[6-[(0,42-0,36. (lnPtotal) /ln2)] (Equation 1)

Thus being: Ptotal = concentration of total phosphorus on 
the water surface.

In addition, the Chlorophyll-a Trophic State Index (TSI-
-Cla) was measured, as presented in Equation 2 (Carlson, 
1977, Lamparellli, 2004):
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TSI (Cla) = 10x [6-((-0,7-0,6x(lnCla))/ln 2)]-20 (Equation 
2)

Thus being: Cla = concentration of chlorophyll-a on the 
water surface.

It should be emphasized that the results relevant to 
phosphorus (TSIPTotal) should be understood as a measure 
of the eutrophication potential, considering that the nu-
trient presents itself as a trigger of the biochemical pheno-
menon. On the other hand, the measurement of the TSI-
-Cla, in turn, probabilistically measures the response of the 
water body to the proliferation of algae in the localities of 
this study belonging to the UHE-Sá Carvalho reservoir.

In addition, according to the guidelines of the environ-
mental agencies, the simple averages corresponding to the 
weighting (TSI) were obtained, given the concentrations 
of total phosphorus and chlorophyll a used in the calcu-
lation of TSIPTotal and TSI-Cla, for all samplings performed, 
as shown in Equation 3 (Carlson, 1977, Lamparellli, 2004):

TSI = [TSIPTotal + TSI-Cla] ÷ 2 (Equation 3)

These indicators made possible the classification of the 
aquatic body into six different trophic categories (CETESB, 
2011): ultra-oligotrophic, oligotrophic, mesotrophic, eutro-
phic, super-eutrophic and hypereutrophic (Table 1). Coelho 
et al. (2011) emphasize the importance of diagnosing the 
aquatic body indicating the potential extent of anthropo-
genic sources capable of unbalancing the environment in 
the long term, leading to adverse reactions to the biotic 
components belonging to that habitat.

Thus, when the information was available, with consis-
tent data of total phosphorus and chlorophyll-a, the mean 
of the two indexes was adopted, satisfactorily encompas-
sing the cause and effect of the process (Tundisi et al., 
2015). 

In addition, the TSI of the UHE-Sá Carvalho reservoir was 
related to other physico-chemical parameters (pH, electri-

cal conductivity, etc.), making possible the relevant diagno-
sis to the externalities with repercussions for the environ-
mental safety of the BHRP. 

3. METHODOLOGY

3.1. Study area

The selection of the UHE-Sá Carvalho reservoir for the 
development of this study is justified by its location, and is 
influenced by urban and agropastoral areas, making it pos-
sible to exemplify the anthropic contribution in the hydric 
pollution of hydroelectric reservoirs, which is related to the 
entry of nutrients into the aquatic bodies. This project inte-
grates planning pertinent to the development of the regio-
nal energy system, affecting and carrying the hydrological 
cycle of the BHRP. Rodrigues et al. (2013) point out the va-
rious socioeconomic repercussions that affect the regions 
related to hydroelectric dams.

The length of the dam UHE-Sá Carvalho reaches, in An-
tônio Dias and Severo, 112m and 34m, in this order, while 
the maximum height is quite similar in the two locations: 
15m and 14m. The reservoir volume corresponds to only 
1,38hm³ (Antônio Dias), four generating units and installed 
capacity of 78MW, making UHE-Sá Carvalho one of the lar-
gest in the region of BHRD-MG (CEMIG, 2014). 

The construction of the hydroelectric plant affected the 
forest formation of the region, the Atlantic Forest, vege-
tation cover that has been the target of megassiviculture, 
with deforestation rate of 457 Km2/year; the remaining ve-
getation corresponds to about 22.25% (Schäffer et Proch-
now, 2002).

Machado et al. (2014) reinforce that deforestation is a 
preponderant coadjuvant factor in relation to the syner-
gic and cumulative effects from the hydroelectric use. The 
depth of the UHE-Sá Carvalho reservoir was affected due 
to the mean flow rate and sediment volume retained. The 

Table 1. Classification of trophic status for reservoirs according to Lamparelli (2004)

Trophic State TSI Weighting Secchi-S (m) TSI-PTotal (mg.m-3) TSI-Cla (mg.m-3)
Ultraoligotrophic IET£47 0,5 S ≥2,4 PTotal≤8 Cla ≤ 1,17

Oligotrophic 47<IET£52 1 2,4>S≥1,7 8<PTotal≤19 1,17<Cla≤ 3,24
Mesotrophic 52< IET ≤59 2 1,7>S≥1,1 19<PTotal≤52 3,24<Cla≤11,03

Eutrophic 59< IET ≤63 3 1,1>S≥0,8 52<PTotal≤120 11,03<Cla≤30,55
Supereutrophic 63< IET ≤67 4 0,8>S≥0,6 120<PTotal≤233 30,55<Cla≤69,05

Hypereutrophic IET>67 5 0,6>S 233<PTotal 69,05<Cla
Source: CETESB, 2011.
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increase in the sediment drag originates from the preca-
riousness of the conservation practices pertinent to the 
soil. It is worth mentioning that the National Institute for 
Space Research (INPE, 2015, acronym in Portuguese) re-
ports that the State of Minas Gerais presents itself as the 
federal unit with a high prevalence of accidental burnings. 
In addition, cultivation techniques still make use of fires, 
especially among producers with lower purchasing power. 
Coivara eliminates essential nutrients for plants, such as 
phosphorus, nitrogen and potassium, contributing to soil 
depletion and extermination of large native areas. It should 
be noted that agriculture currently has a share of the na-
tional economy of 26.5%, placing the country in a position 
evidenced as an exporter at the level of global reality (Ca-
tela et Gonçalves, 2013). 

Table 2. Characteristics of the UHE-Sá Carvalho reservoir

Technical Parameters Antônio Dias Severo
Maximum level of the top  

of the gate 373,03m 370,5m

Normal maximum level 372,93m 369,50m
Minimum Operating Level 371,43m 366,00m

Quota threshold of the gate 375m 371,35m
Reservation volume at the 

maximum level 1,80hm3 0,098 hm³

Reservation volume  
at normal level 1,73hm3 0,0793 hm³

Minimum Operating Volume 0,77hm3 0,0326 hm³
Operating volume 0,96hm3 0,0467 hm³

Dead volume 0,7hm³ 0,0326hm³
Source: CEMIG, 2014.

The energy efficiency of the UHE-Sá Carvalho is around 
95%, and is dependent on the series of natural flows and 
the average long-term flow rate related to the pluviometric 
indexes in the region (CEMIG, 2014). The main characteris-
tics of the reservoir are shown in Table 2.

3.2 Sampling and analytical procedures

For the physico-chemical parameters, the sampling 
techniques, the preservation, and the analyzes used in 
this study, it was taken into account the CEMIG Manual of 
Procedures for Collection and Methodologies for Water 
Analysis (2014) and the Standard Methods of the Exami-
nation of Water and Wastewater (Rice et al., 2012). The 
marginal samplings were carried out on the surface of the 
water body, collected at 20cm from the water depth. Sam-
ples from the interior of the reservoir were obtained by a 
transversal profile of three distinct depths: surface (S), half 
of the trophic zone (ZF), and bottom (F) (CEMIG, 2014).

The monitoring carried out by CEMIG’s specialized tech-
nicians took place in 13 distinct points, ten of them loca-
ted in Rio Piracicaba, MG, in campaigns carried out in the 
dry season (August) and in the rainy season (November) 
of 2014, allowing the monitoring of physical and chemical 
indicators in different depths (Table 3).

The parameters ambient temperature, water tempe-
rature, dissolved oxygen, electrical conductivity, turbidity 
(TNTU), and pH were measured in loco, by means of mul-
tiparameter probe, with ten replicates at each point. For 
the evaluation of the other indicators (total phosphorus, 
total nitrogen, etc.), there were also ten samplings in each 

Table 3. Water quality monitoring stations in the UHE-Sá Carvalho reservoir

Station Description Water course* Coordinates

SC-LI 01S Start of the amount of Antônio Dias reservoir, located in an 
urban area, close to the central city bridge Rio Piracicaba** 19º39’48.60”S

42º52’46.00”O
SC-LI 02S

SC-LI 02ZF
SC-LI 02F

Antônio Dias Reservoir about 500m from the bus located in 
urban area Rio Piracicaba** 19º38’39.70”S

42º50’59.30”O

SC-LI 03S
SC-LI 03ZF
SC-LI03F

Severo Reservoir about 300m from the bus Ribeirão Severo** 19º38’15.40”S
49º22’60”O

SC-LI 04S
SC-LI 04ZF
SC-LI 04F

Reduced flow rate upstream of the powerhouse Rio Piracicaba** 19º38’11.30”S
48º18’60”O

SC-LI 05S
Downstream of the powerhouse Rio Piracicaba**

19º38’2.20”S
SC-LI 05ZF 42º48’19.80”O
SC-LI 05F

Source: CEMIG, 2014. 
* The Piracicaba River Basin (BHRP, acronym in Portuguese), Minas Gerais, Brazil 

** Lotic watercourse
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of the monitoring stations of the reservoir. The samples 
were stored in sterilized containers and Styrofoam boxes 
containing ice in order to guarantee their integrity during 
the conditioning period until the tests were carried out in 
the accredited laboratory, with the average temperature 
of 4°C being respected, according to technical parameters 
(CEMIG, 2014).

3.3 Parameters of interpretation of results

The interpretation of physicochemical and biological re-
sults pertinent to the water quality and trophic condition of 
the UHE-Sá Carvalho reservoir was carried out considering 
the current federal and state laws, CONAMA Resolution 
No. 357/2005 and COPAM/CERH Normative Resolution No. 
01/2008 for Class 2 freshwater rivers. It is worth mentio-
ning that BHRP received this framework according to the 
updates outlined in the framework report of the National 
Water Agency (ANA, acronym in Portuguese); In this way, 
the body of water can be used for the supply for human 
consumption, after conventional treatment, protection of 
aquatic communities, irrigation of vegetables, aquaculture 
and fishing activity (CEMIG, 2014).

4. RESULTS AND DISCUSSION

4.1. Rainfall precipitation and reservoir level

The monitoring of the physical-chemical conditions in 
the UHE-Sá Carvalho reservoir occurred during drought 
(August/2014) and rainy season (November/2014), show-
ing different values for the lake level (Table 4) with re-
percussions on the TSI. Queiroz et al. (2016) report that 
the regulation of the lake in hydroelectric reservoirs oc-
curs through the opening of the floodgates to contain the 
floods; therefore, no variations greater than 1% are iden-
tified and the conditions for normal operation of the hy-
droelectric project are preserved, guaranteeing the normal 
supply for system users. This condition was also identified 
in this study.

Table 4. Sampling period and lake level in the UHE-Sá Carvalho 
reservoir.

Period
Pluvio-
metry 
(mm)

Lake level 
(m)1

Lake level 
(m)2

August/2014 175 372,15 366,87
November/2014 208 372,98 368,79

Source: CEMIG, 2015 
1Dam on the Piracicaba River, in Antônio Dias 

2Dam in Severo riverside, in Antônio Dias 

4.2. Index of Trophic State and physical-chemical 
parameters of the water of the UHE-Sá Carvalho 
reservoir

The evaluation of the UHE-Sá Carvalho reservoir in the 
light of the Carlson TSI (1977), modified by Toledo et al. 
(1983), indicated an oligotrophic condition with a minimum 
value corresponding to 47.8 in SC-LI01-S and maximum of 
65.7 in SC-LI05-S in the rainy season (Figure 1). In the dry 
season (August), the results were smaller, explaining the 
importance of the contribution basin with intensification 
as to the nutrient drag in periods with high rainfall (Bateni 
et al., 2013).

Figure 1. Index of Trophic State in the sampling stations of the 
UHE-Sá Carvalho reservoir

Vertical axis: Trophic State Index (TSI); Horizontal axis: Sampling Stations; 
Legend: August; November

The trophic condition of the UHE-Sá Carvalho reservoir, 
that is, the nutrient load detected was impaired through 
the decomposition of the vegetal material after the filling 
of the reservoir. From the stabilization of the system, this 
condition came to occupy a secondary position. For the 
consolidated system, the contribution of each taxpayer be-
comes even more outstanding. It is a body of water that 
receives uninterrupted influence from the formation basin 
and soil occupation (agriculture, industry, population den-
sity, margin conservation, and rainfall), adding values to its 
physical-chemical parameters and, thus, affecting the sur-
face and groundwater quality (Els, 2014).

Sperling (2009) reports that eutrophication depends 
on the relationship between nitrogen and phosphorus 
acting as limiting. The researcher reports that if the N:P 
ratio is considerably higher than 16, there is an indication 
that phosphorus is the limiting nutrient. In the same way, 
it can be considered that if the N:P ratio is considerably 
lower than 16, the nitrogen will be the limiting nutrient. 
In this study, it was found that in the dry season, in all 
sampling stations, phosphorus behaved as the limiting 
nutrient; while in the rainy season, nitrogen behaved as 
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a limiting nutrient in SC-LI01, SC-LI02ZF, SC-LI04S and SC-
-LI05S (Table 5).

Table 5. Relationship between nitrogen and phosphorus (N: P) in 
the monitoring stations of the UHE-Sá Carvalho reservoir during 

dry and rainy periods

Sample  
station

Relation N:P  
(August/2014)

Relation N:P  
(November/2014)

SC-LI01 28,67 8,57
SC-LI02S 50,0 17,5

SC-LI02ZF NA* 2,67
SC-LI02F 130 35
SC-LI03S NA* 20

SC-LI03ZF NA* 55
SC-LI03F 40 23,33
SC-LI04S 20 2,5
SC-LI05S 45 11,67

* NA - Not Applied

The detection of nitrogen as a limiting nutrient in the 
rainy season explained the relationship between the effect 
of surface runoff and sediment load from agricultural areas 
and inadequately disposed solid waste near the borders of 
the BHRP. It was also identified that hypsometry (Figure 2) 
and the discharge of untreated domestic sewage directly 
into the Piracicaba River by diffuse sources also allowed 
the elevation of total nitrogen contents in the reservoir wa-
ters. Sperling (2009) and Sperling et al. (2008) state that, in 
general, the contribution through sewage is much higher 
than that generated by urban drainage.

Figure 2. Hypsometry of BHRP 
Source: IGAM, 2015.

The results showed that the total nitrogen load reached 
the peak value of 0.07mgN/L in SCLI01 in the rainy season, 
while in the dry season it was only 0.03mgN/L in SCLI01 
and SCLI03F (Figure 3). Machado et al. (2015) reinforce the 

interference of rainfall in the increment of this nutrient in 
function of several mechanisms, such as the biofixation 
performed by bacteria and cyanobacteria present in the 
water bodies, which incorporate the atmospheric nitrogen 
in their tissues, contributing to the presence of organic ni-
trogen in the waters; the chemical fixation, a reaction that 
depends on the presence of light, also entails the presence 
of ammonia and nitrates in the waters, since the rain trans-
ports these substances, as well as the drag of the particles 
containing organic nitrogen to the water bodies. 

Figure 3. Total nitrogen content at collection points at UHE-Sá 
Carvalho reservoir

Vertical axis: Total Nitrogen; Horizontal axis: Sampling Stations; Legend: 
August; November

Sperling (2009) and Sperling et al. (2008) report that 
nitrogen and phosphorus are found in feces and urine, in 
food waste, detergents, and in other by-products of hu-
man activities. The detection of phosphorus as a limiting 
nutrient in the dry season has adverse repercussions that 
include the decrease of water transparency, episodes of 
algae outflows, increased turbidity during the dry season 
and the incidence of unpleasant odors. In accordance with 
CONAMA Resolution No. 357/2005, for Class 2 waters, the 
maximum permitted values (VMP) of total phosphorus (Pto-

tal) corresponds to 0.03 mg.L-1 in lentic environments and 
0.05 mg.L- in intermediate environments with residence 
time between 2 and 40 days and direct tributaries of lentic 
environment. Therefore, analyzing this environmental pa-
rameter for the reservoir, the VMP corresponding to 0.05 
mgP.L- was considered. In this sense, values were extrapo-
lated to VMP in the rainy season in SC-LI01 and SC-LI05S 
(Figure 4).

In this study the access of cattle was detected around 
the reservoir, which explains the relevance of the evalua-
tion of the contamination of water with microorganisms 
existing in excretions from these animals. Fregonesi et al. 
(2006) point out that, among these microorganisms, only 
Escherichia coli is exclusively fecal in origin, and is always 
present in high densities in the feces of humans, mammals 
and birds and rarely found in water or soil that has not re-
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ceived this type of contamination. Thus, fecal coliforms are 
used as a standard for the microbiological quality of surfa-
ce water intended for supply, recreation, irrigation and fish 
farming (CETESB, 2009). In addition, the authors reinforce 
the exacerbation of the risk associated with the possibility 
of the presence of pathogenic microorganisms. 

Figure 4. Total phosphorus at the collection points of the UHE-Sá 
Carvalho reservoir

Vertical axis: Total Phosphorus; Horizontal axis: Sampling Stations; Le-
gend: August; November

The findings of this study showed the elevation of ther-
motolerant coliform content in the rainy season, showing 
a relation with the contribution of contamination from 
the BHRP (Figure 5). The results obtained for the points 
SCLI-04S (Piracicaba river) and SC-LI05S (Piracicaba river), 
which presented the highest values, showing the contribu-
tions of sanitary evictions and manure (livestock) from the 
basin of tributary contribution of the reservoir, should be 
highlighted.

 

Figure 5. Thermotolerant coliforms at the collection points of 
UHE-Sá Carvalho reservoir

Vertical axis: Thermotolerant Coliform; Horizontal axis: Sampling Sta-
tions; Legend: August; November

It was verified, as a favorable point in the UHE-Sá Car-
valho reservoir, that turbidity values were much lower 

than the limit of 100NTU (Figure 6), according to CONAMA 
357/2005. However, the elevation detected in the rainy 
season in SC-LI04S, corresponding to 89.6NTU, probably 
associated to the bottom sediments that are revolved and/
or carried from the banks (Amaral et al., 2008). 

Figure 6. Turbidity at the collection points of the UHE-Sá 
Carvalho reservoir

Vertical axis: Turbidity (NTU); Horizontal axis: Sampling Stations; Legend: 
August; November

The BHRP is the main external source of material carried 
to the reservoir, playing a controlling role in both the rise 
and decrease of total dissolved solids (STD, acronym in Por-
tuguese). Figure 7 shows that in the reservoir the highest 
result was detected in SC-LI03S in the dry season (67mg/L), 
all of which were well below the limit established by CONA-
MA Resolution 357/2005, which is 500mg/L. Said sampling 
point is located in one of the dendritic and protected arms 
of the bus, characterized by low hydrodynamic and high 
residence time (CEMIG, 2014).

Figure 7. Total dissolved solids (TDS) at the collection points of 
the UHE-Sá Carvalho reservoir

Vertical axis: TDS; Horizontal axis: Sampling Stations; Legend: August; 
November
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Another aspect analyzed was the charge of the anionic 
surfactants detected in wastewater containing saponacea. 
CONAMA Resolution 357/2005 establishes the VMP of 
0.50 mg/L LAS for tensioactive substances that react with 
methylene blue. In this study, the maximum value of 0.29 
mg/L LAS was identified in the dry season. Such a condi-
tion demands vigilance. The surfactants interfere in the 
aeration rates, by reducing the surface tension of the me-
dium, decreasing the residence time of the air bubbles in 
the aquatic environment. In this sense, it is important to 
intensify the actions related to the control of dispersion of 
detergents in the aquatic environment. Thus, the control 
measures should be directed to reduce the phosphate con-
centration in the formulations of those products, with the 
main purpose of minimizing the trophic condition of rivers, 
lakes and waterways (Quevedo et Paganini, 2011). 

The transparency (Secchi disc) corresponded to 3.0m in 
SC-LI03S in the dry season. It is a point that makes explicit 
the need to improve conservation measures in the reser-
voir. The increase in the thickness of the algal layer may 
prevent the entry of light into the water and consequently 
prevent photosynthesis by the organisms present in the 
deeper layers, thus causing algae death, the proliferation 
of decomposing bacteria and the increase of oxygen con-
sumption by these organisms. Such conditions may account 
for the reduction of the dissolved oxygen content, leading 
to the mortality of fish and other aerobic organisms. Ho-
wever, the analysis of the data showed that the reservoir 
presents good conditions related to this question.

In this study, it was verified that the UHE-Sá Carvalho 
reservoir presents dissolved oxygen contents higher than 
5mg/L, both in the rainy season and in the dry season, ex-
cept SC-LI05, which had a value of 4.4mg/L in November 
2014 (Figure 8).

Figure 8. Dissolved Oxygen (DO) in the UHE-Sá Carvalho 
reservoir.

Vertical axis: Dissolved Oxygen (mg/L); Horizontal axis: Sampling Sta-
tions; Legend: August; November

Another physical characteristic of the water affected 
by the occurrence of blooms is the pH, as can be obser-
ved in Figure 9. Throughout the monitoring, higher pH va-
lues were observed when there were also occurrences of 
blooms in one or more sampling stations. These results are 
in agreement with those presented by studies carried out 
in hydroelectric reservoirs. Azevedo (2003), Chorus et Bar-
tram (1999), Bouvy et al. (2000) and Molica et al. (2005) re-
ported that pH, neutral or alkaline, at temperatures above 
20º C are factors that benefit the occurrence of flowering 
in aquatic ecosystems.

Figure 9. pH in the UHE-Sá Carvalho reservoir.
Vertical axis: pH; Horizontal axis: Sampling Stations; Legend: August; 

November

4.3. Management practices in the UHE-Sá Carvalho 
reservoir

The UHE-Sá Carvalho reservoir fulfills the objective of 
contributing to the energy demand in the Vale do Aço re-
gion, Minas Gerais, Brazil. However, it requires investments 
to improve environmental management in its area of com-
prehensiveness.

In the period of this study, algal blooms and oxygen de-
pletion were observed in the central part of the water at 
the bottom of the lake, which requires the reduction of 
nutrient supply. Lima et al. (2017) report that mitigation 
actions include the use of mechanical, chemical, and/or 
biological processes. In addition, they point out the im-
portance of practices capable of promoting aeration of hy-
polimnion, denitrification and removal of deep water and 
macrophytes and algae - mechanical processes capable of 
revitalizing the reservoir and improving water quality. 

Fonseca et al. (2016) reinforce that the management 
of the reservoir with the use of chemical and biological 
processes can be effective and positively affect the enti-
re catchment basin. As appropriate mitigating strategies, 
researchers indicate the use of algicides, precipitation of 
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nutrients and the use of herbivorous fish, cyanophages and 
biomanipulation (a combination of living organisms, com-
monly fish that can act directly in the food chain). Another 
important action is to carry out studies on the reproductive 
behavior and biology of migratory fish species in the dam, 
which support the design of reservoir repopulation strate-
gies (Ritter et al., 2017).

5. FINAL CONSIDERATIONS

The analysis of the collected data indicated that the wa-
ters of the UHE-Sá Carvalho reservoirs presented results 
according to the limits established by CONAMA Resolution 
357/2005 and COPAM/CERH 01/2008 for Class 2 waters. 
The measurement of the TSI indicated the oligotrophic 
conditions: lakes with good transparency and productivity. 

The sample stations had adequate concentrations of 
dissolved oxygen, the values being very close to the satu-
ration concentrations of the aquatic environments. These 
conditions explain adequate balance, which favors the 
development of aquatic communities. Favorable condi-
tions were also identified in relation to the oxygen dy-
namics, usually saturated, in the upper and lower layers, 
low presence of macrophytes, and low level of impact to 
multiple uses.

The results concerning the presence of solids and tur-
bidity in the aquatic body showed low significance regar-
ding the BHRP. The low concentrations related to STDs in 
all the sampling stations are highlighted, making explicit 
the good environmental conditions of the reservoir. In 
short, there was no greater risk of water use due to chan-
ges in quality, in view of the adequacy of compliance with 
CONAMA Resolution 357/2005 in the study period.

To conclude, the relevance of this diagnosis for envi-
ronmental planning and the observation that it is neces-
sary to increase the number of samples, including the 
periods of intermediate pluviometric precipitation (low 
rainfall), and the same collection frequencies and the 
same periods should be used for conducting new work. 
In addition, the importance of practices that aim at the 
conservation of the water quality of the UHE-Sá Carvalho 
reservoir and the preservation of the native vegetation 
are ratified.
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