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Introduction
Semi-arid regions have particularities in terms of water dynamics 

during the year. In terms of world classification, semiarid rivers are 
those with the lowest continuity indices, due to the interruption of 
connectivity between upstream and downstream, between the river 
course and the floodplain and/or adjacent riparian areas, the vertical 
discontinuity to groundwater and the temporal discontinuity by the 
influence of seasonality. Therefore, the intermittent and temporary 
stretches can be called discontinuous.¹

Non-perennial rivers have attracted significant attention due to the 
progressive increase in water demand and pollution, river engineering 
side effects and climate change. The non-perennial rivers in semiarid 
regions cease to flow spatiotemporally along their course.² Scientific 
literature employs diverse terminology to hydrologically describe 
nonperennial rivers, such as ephemeral, intermittent, temporary, and 
dry rivers.³,²

The predominance of low rainfall and dry and hot climate for 
most of the year, makes the hydrography of the semiarid region 
fragile, being insufficient to maintain water levels in perennial rivers 

in the long periods of absence of rainfall, with the exception of the 
São Francisco River, which due to its hydrological characteristics, 
where its sources are outside the perimeter of droughts, enables it 
to be maintained throughout the year. Rainfall is normally poorly 
distributed and occurs irregularly, mainly due to peculiarities of its 
climatic characteristics, because the region has historically faced 
serious problems related to the scarcity of rainfall, which provides 
severe and prolonged drought in much of the region.4

Strong evaporation is another characteristic of such regions, a 
factor that has effects on water dynamics and exchanges between 
rivers, as well as on stagnant water or reduced velocity in the 
riverbed.5,6 According to the Köppen-Geiger the climate classification 
is BSh (hot semi-arid climate - steppe) and the rainfall regime is 
marked by scarcity, marked spatial-temporal irregularity and long 
periods of drought, where most precipitation generally occurs in three 
months, with an annual average of less than 800 mm.7

In the Brazilian Northeastern semi-arid region, the temporal 
variability of precipitation often causes situations of water scarcity. 
In this scenario, reservoirs play an important role in flow regulation, 
making the excess flow of the rainy season compensate existing 
deficits during the dry season.8 In semiarid regions at low latitudes, 
dams and the artificial year-round use of rivers make up the main 
source of water for domestic, industrial and agricultural consumption.9 
Water scarcity refers to the imbalance between the supply of water 
resources and demand.10,11

According to Cunha et al.12 and Marengo, Torres and Alves13 a 
higher frequency of severe droughts will likely make the Brazilian 
Northeast region more vulnerable to droughts in the near future. 
These projections suggest the occurrence of more frequent and 
intense droughts, in addition to a tendency towards desertification 
in the region. These conditions lead to an increase in evaporation 
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Abstract

The hydrographic basins inserted in the Brazilian semi-arid region tend to aridization and 
intermittency due to climatological and geological conditions, suffering great anthropic 
pressure and experiencing seasonal changes in water quality. The aim of this study was to 
analyze the seasonal variation of the water quality in an intermittent river perennified by 
hydraulic work: a case study of the Terra Nova river basin (TNRB), located in the state of 
Pernambuco, Brazil. Physical, chemical and biological parameters were analysed. Water 
samples were collected at eight sampling points in the TRNB, from 2009 to 2022, totaling 
26 campaigns. The Water Quality Index (WQI) adapted by the Environmental Sanitation 
Technology Company of the State of São Paulo (CETESB) was applied. The results were 
evaluated spatially and temporally. It was observed that in most campaigns there was no 
water at the monitoring points, both in the rainy season (77.8%) and in the dry season 
(73.5%). During the sampling period the WQI ranged from Excellent (81) to Bad (24) in the 
TNRB. Point Q06 stood out from the others, presenting the only WQI classified as Excellent. 
With regard to seasonality, the dry season ranged from Excellent (81) to Bad (24), while 
in the rainy season it ranged from Good (78) to Bad (22). To improve water quality it is 
necessary to invest in basic sanitation in the TNRB municipalities, environmental recovery, 
environmental education and monitoring with the aim of mitigating conflicts and impacts.
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from reservoirs and rivers, affecting irrigation and agriculture. 
Demonstrating, therefore, the growing need to mitigate the effects of 
drought and the development of initiatives that foster coexistence with 
the semi-arid region, such as the operation of the São Francisco River 
Integration Project (SFRIP), which aims to guarantee the water supply 
for the socioeconomic development of the states of the Northeast 
Brazil most vulnerable to droughts.14

Integration projects between basins are developed around the 
world, perhaps as the most controversial alternative due to its complex 
implications, in an attempt to solve this problem. The connection 
usually occurs to transfer water from a region that is abundant to another 
region that is scarce, causing social, economic and environmental 
impacts that must be fully considered in the elaboration of such 
a project to achieve the maximum benefits in the region.15,16 That 
transposition implies a conflict between the management committee 
of the São Francisco waters and the Federal Government, since the 
central role of this committee, which is contrary to transposition, was 
disregarded.17

In Brazil, other experiences in transpositions between river basins 
have as an example the High Tietê-Baixada Santista and River 
Piracicaba-High Tietê Systems (Cantareira System), in São Paulo, in 
addition to the transposition of the Paraíba do Sul river, involving the 
states of Rio de Janeiro, São Paulo and Minas Gerais. In the Northeast, 
there is the Curema-Mãe d’Água System for the Várzeas de Souza, 
Paraíba (associated with the transposition of the São Francisco), and 
the transfer of the Paraguaçu River to supply the Metropolitan Region 
of Salvador.18

In this sense the São Francisco River Integration Project with 
the Northeast Northeastern Watersheds is a water infrastructure 
initiative. Two independent systems, called North Axis and East Axis, 
will collect water from the São Francisco between the Sobradinho 
and Itaparica dams, in the State of Pernambuco. Compounds canals, 
water pumping stations, small reservoirs and hydroelectric power 
plants for self-supply, these systems will meet to the supply needs 
of 390 municipalities of the semi-arid region, the Agreste region of 
Pernambuco and the Metropolitan Region of Fortaleza. The benefited 
river basins are the following: the Jaguaribe River, in Ceará; from 
the Piranhas-Açu river, in Paraíba and Rio Grande from North; the 
Apodi river, in Rio Grande do Norte; the Paraíba river, in Paraíba; the 
Moxotó, Terra Nova and Brígida rivers, in Pernambuco, in the São 
Francisco river basin.19

In arid and semi-arid areas freshwater resources are very limited, 
and their deficiency has become a critical apprehension worldwide. 
According to Trajano et al.,20 a strategic tool for territorial management 
is the management of water resources and for these purposes, the 
hydrographic basins, as they are catchment areas of water and various 
anthropic activities, are adopted as physical units of recognition, 
characterization and evaluation. Monitoring water resources quality 
is a basic requirement to ensure its sustainability.

Materials and methods
The Terra Nova River, tributary of the São Francisco River, located 

in the semi-arid region of Pernambuco, has a length of 40 km, with 
its sources located on the boundary of the State of Ceará. Its fluvial 
regime is intermittent throughout its course. The study area is located 
between 7º 40’20” and 8º 36’57” South latitude, and 38º 47’04” and 
39º 35’ 58” West longitude.

According to the Pernambuco Water and Climate Agency (APAC, 
n.d.),21 the Terra Nova river basin has an area of 4,887.71 km², which 
corresponds to 4.97% of the state’s area. The basin’s drainage area 
involves 12 municipalities, of which 3 are fully located in the basin 
(Cedro, Salgueiro and Terra Nova), 2 have headquarters within the 
basin (Serrita and Verdejante) and 7 are partially situated (Belém do 
São Francisco, Cabrobó, Carnaubeira da Penha, Mirandiba, Orocó, 
São José do Belmonte and Parnamirim).

According to the Köppen’s classification, the region has a hot 
semi-arid climate (BSh). The rainfall of the Brazilian semi-arid 
region is marked by space-time variability, which, associated with 
low annual totals over the region, results in the frequent occurrence of 
days without rain, that is, dry spells, and consequently, in “drought” 
events.22 The wet period comprises the months of March to June, with 
an average annual precipitation of 568 mm. The dry period, with little 
or no precipitation, runs from July to February.23

The present study analyses the seasonal variation of nine water 
quality variables (pH, turbidity, biochemical oxygen demand, total 
phosphorus, total nitrogen, water temperature, chlorophill-a, total 
solids and thermotolerant coliforms) from 8 sampling points in a 
watershed located in the Brazilian semiarid from 2009 to 2022, 
totalling 26 campaigns Table 1,2 & Figure 1.

Table 1 Identification and localization of the sampling points monitored in the TNRB during the study period

SP County Place Water 
Body Fuse Altitude 

(m)
UTM Coordinates (m)

E N

Q05 Cabrobó Terra Nova reservoir (Projected) Lentic 24L 366 461034.8 9086220

Q06 Terra 
Nova Terra Nova reservoir - axis of the dam Lentic 24L 367 458862 9090348

Q07 Terra 
Nova Terra Nova River - upstream of the dam Lotic 24L 363 458862 9090348

Q08 Cabrobó Serra do Livramento reservoir Lentic 24M 413 464964 9091402

Q09 Sertânia Mangueira reservoir Lentic 24M 413 475406 9091402

Q10 Sertânia Negreiro reservoir Lentic 24M 499 481021 9106263

Q11 Sertânia Milagres reservoir Lentic 24L 515 492599.3 9127011

Q12 Jati Jati Reservoir Lentic 24M 482 498.935 9.148.052

Source: CMT ENGENHARIA AMBIENTAL (2016)24
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Table 2 Data from the monitoring campaigns and the respective dates, years and seasons

Campaign Data Year Season
1 March to April 2009 rainy
2 July to August 2009 dry
3 February to March 2010 rainy
4 May to June 2010 dry
5 October to November 2010 dry
6 February to March 2011 rainy
7 May to July 2011 dry
8 August to September 2011 dry
9 October to November 2011 dry
10 January to March 2012 rainy
11 April to May 2012 rainy
12 July to August 2012 dry
13 November 2012 dry
14 January to March 2013 rainy
15 September to October 2013 dry
16 February to April 2014 rainy
17 August to October 2014 dry
18 February to May 2015 rainy
19 August to October 2015 dry
20 April to June 2016 dry
21 August to November 2016 rainy
22 March to June 2017 dry
23 August to December 2017 dry
24 September to December 2018 dry
25 March to June 2019 dry
26 November to February 2020 dry

Figure 1 Sampling points in the TNRB.

Source: Cláudia Oliveira.

The average annual precipitation in the region ranges from 500 to 
1,100 mm, with great irregularity in the interannual rainfall regime, 
which presents a standard deviation greater than 40% in relation to 
annual averages, estimated at 579 mm. The rains are poorly distributed 

throughout the year, due to a short rainy season, generally between 
March and July, and an extended period with little rain, in the rest of 
the months of the year.24
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The physical-chemical and microbiological parameters were 
analyzed in 26 monitoring campaigns. These data were obtained from 
the SFRIP water quality monitoring reports (Basic Environmental 
Plan - PBA 22), provided as a conditional of the Brazilian Institute of 
the Environment by the Ministry of Regional Development (MDR) in 
the period between 2009 and 2022. The parameters (pH, Temperature, 
Turbidity, Electrical Conductivity, Salinity, Dissolved Oxygen, Total 
Dissolved Solids) were obtained by reading the Horiba multiparameter 
probe model U-53G/10 serial number 6DNOKJ76.

Anthropogenic action, either in concentrated form (domestic 
waste, organic contamination, industrial, heavy metals) or diffused 
(agricultural pesticides), contributes to the introduction of compounds 
into water, affecting its quality. Therefore, the way man uses, occupies, 
and manages the soil in the basin has a direct impact on water quality.24

The conceptual terms of water quality are not exclusively linked 
to its state of purity, but to its physical, chemical and biological 
characteristics. Monitoring these characteristics is essential for 
obtaining information related to environmental conditions, especially 
in watersheds, serving as a subsidy for decision-making aimed, above 
all, at the conservation and sustainable use of water.25

The physical and chemical parameters of water play a significant 
role in classifying and assessing water quality. It is the basic duty of 
every individual to conserve water resources.26

The need for greater knowledge and control of temporal and spatial 
variability led to the development of water quality indices.27 Currently, 
several methodologies can be used to monitor watercourses. Among 
them, the Water Quality Index (WQI) stands out, developed by the 
National Sanitation Foundation (NSF, 2010)28 and the WQI that was 
adapted by the Company of Environmental Sanitation Technology of 
the State of São Paulo (CETESB).

The calculation of the WQI is composed of physical-chemical and 
microbiological parameters, which mainly reflect the contamination 
of water bodies caused by the release of domestic sewage, and the 
standards used in the development of this index are related to the 
quality of water for public supply purposes.29 In this context, the 
evaluation of physical, chemical and biological characteristics, 
mainly with regard to water quality, aims to gather a large amount of 
information in a way that allows prompt interpretation and recognition 
of trends over time and space. However, a high number of parameters 
makes it difficult to analyze and disseminate the quality of the water 
body, especially for a lay public.30

Due to this fact, the WQI have been incorporated and applied in 
the monitoring of water quality, in the last decades in different parts of 
the world. The index is a mathematical tool used to transform several 
parameters into a single magnitude, which represents the level of water 

quality. The use of an WQI is practical and is a driving guideline, as 
any water quality monitoring program generates a large number of 
analytical data that need to be presented in a synthetic format, so that 
they describe and represent in an understandable and meaningful way 
the current status and trends in water quality.31–33

Although the classification of water quality depends on its 
destination (irrigation, human consumption, industrial use, etc.), it is 
always important to have information on its composition as complete 
as possible, both in terms of the number of the analyzed parameters 
and in relation to the spatial and temporal coverage of the monitoring 
frequency.34 Like any tool, the use of a WQI has advantages and 
disadvantages. Among the advantages, obtaining water quality from 
several parameters with different units in a single number that is 
easier to understand and be used by government authorities in making 
decisions about the use, destination and treatment of water. Likewise, 
its determination easily allows obtaining information on the temporal 
nature and spatial evolution of water quality in a given basin, as 
well as the comparison between different basins. The fact that some 
information is “lost” in the process of calculating the index stands 
out, for example, the presence of high levels of a certain pollutant, 
going unnoticed when the indicator assumes many parameters for its 
determination.34

The WQI is calculated by the weighted production of water 
qualities corresponding to the variables that make up the index (Table 
3). The following Equation 1 is used:

1
IQA=

n wi
i

i
q

=
∏

 
                                                                     Equation 1

where:

WQI: Water Quality Index, a number between 0 and 100;

qi: quality of the ith parameter, a number between 0 and 100, obtained 
from the respective “average quality variation curve”, depending on 
its concentration or measurement and, 

wi: weight corresponding to the ith parameter, a number between 0 
and 1, assigned in due to its importance for the global conformation of 
quality, being that Equation 2:

1
1

n

i
i

w
=

=∑                                                                                Equation 2

on what:

n: number of variables included in the WQI calculation.

From the calculation carried out, the quality of the raw water can 
be determined, which is indicated by the WQI, varying on a scale 
from 0 to 100, represented in Table 4. If the value of any of the nine 
variables is not available, the WQI calculation is unfeasible.

Table 3 Parameters used to calculate the WQI

Parameter Unit Weight 
(wi)

Maximum Value Allowed by CONAMA Resolution 357/2005 for watercourses 
Class 2

Dissolved Oxygen (DO) mg.L-¹ 0.17 > 5 mg.L-¹
Thermotolerant coliforms NMP.100 mL-¹ 0.15 1000 NMP.100 mL-¹
pH - 0.12 6.0 a 9.0
Biochemical oxygen demand (BOD) mg.L-¹ 0.10 5 mg.L-¹
Water Temperature ºC 0,10 40 ºC
Total Nitrogen (TN) mg.L-¹ 0.10 1.27 mg/L for lentic environments and 2.18 mg/L for lotic environments 
Total Phosphorus (TP) mg.L-¹ 0.10 0.03 mg.L-¹
Turbidity UNT 0.08 100 UNT
Total Solids mg.L-¹ 0.08

Source: CETESB (2017)35
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Table 4 Classification of water quality according to the adapted WQI.

Value Classes
80 ≤ WQI ≤100 Excellent
52 ≤ WQI <80 Good
37 ≤ WQI <52 Acceptable
20 ≤ WQI < 37 Bad
0 ≤ WQI < 20 Very Bad

Source: CETESB (2017).35

Initially, the data referring to the parameters and watersheds 
related to the water quality indicators were organized in spreadsheets 
in Excel. Subsequently, descriptive statistical analyzes were carried 
out to verify the differences between the statistics of the water quality 
variables according to the years 2009 and 2022. To analyze the 
rainfall, a correlation analysis was performed between the years and 
between the dry and rainy seasons. The boxplot graphics were made 
in SPSS v. 20 to identify the spatial and temporal differences of the 
variables under study.

Results
During the dry season, the water temperature ranged from 22.35°C 

to 30.88°C, while in the rainy season it ranged from 25.08°C to 
31.8°C. According to the data collection platform PCD Salgueiro 
(APAC 2009-2022),36 in the period between 2009 and 2022, the 
average annual precipitation was 533.14 mm, varying between 230.9 
mm and 839.0 mm (Table 5).

Table 5 Annual variation of rainfall in the TNRB during the study period

Year Average annual 
rainfall (mm)

Average monthly 
rainfall (mm)

2009 771.2 24.88
2010 504.9 42.08
2011 494.6 41.22
2012 230.9 19.24
2013 386.3 32.19
2014 529.1 44.09
2015 494.6 41.22

2016 378.8 31.57
2017 331.8 27.65
2018 756.4 63.03
2019 511.2 42.6
2020 686 57.17
2021 549.2 45.77
2022 839 69.92

According to Silva37 the frequency of rainfall below the historical 
average has intensified in the Basins of the North Axis of the 

Transposition of the São Francisco River, especially after the 1990s. 
Which is indicative of the trend towards an increase in drought events 
in the region, which coincides with the increase in the frequency of El 
Niño and the influence of SST anomalies on precipitation variability.

According to the Plan for Conservation and Use in Surrounding 
Reservoirs (PACUERA) of the Terra Nova river basin,24 as all the 
existing rivers in the basins and thalwegs affluent to the reservoirs 
in question are temporary or intermittent, it can be considered that 
the proposal for framing the water bodies is constituted by the five 
reservoirs: Terra Nova (Q05, Q06, and Q07), Serra do Livramento 
(Q08), Mangueira (Q09), Negreiros (Q10) and Milagres (Q11), all 
members of the Terra Nova river basin, is the same as the transposed 
water of the São Francisco River, that is, class “2”.

In certain campaigns, the parameters Thermotolerant Coliforms, 
pH, BOD, total nitrogen, total phosphorus, turbidity and total 
dissolved solids showed values above the maximum limit allowed by 
the National Environmental Council - CONAMA Resolution 35738 for 
Class 2 rivers (Table 6).

Table 6 Seasonal variation of parameters monitored in the TNRB

Parameter Unit Dry Rainy
Thermotolerant 
Coliforms NMP / 100 mL-¹ 1.8 – 28,000 1.8 – 130,000

pH - 4.11 – 9.23 7.22 – 8.42

BOD mg.L-¹ 0.68 – 42.00 1.00 – 24.30

Total Nitrogen mg.L-1 0.18 – 5.00 0.50 – 29.12

Total 
Phosphorus

mg.L-¹ 0.10 – 4.32 0.08 – 0.70

Water 
Temperature ºC 22.35 – 30.88 25.08 – 31.80

Turbidity NTU 0.84 – 832.00 0.02 – 112.90

TDS mg.L-¹ 43.00 – 1,961.00 34.00 – 812.00

TSS mg.L-¹ 2.67 – 627.00 13.33 – 428.00

Dissolved 
Oxygen mg.L-¹ 3.00 – 17.00 2.00-10.00

In the dry season, thermotolerant coliforms ranged from 1.8 to 
28,000 MPN / 100 mL-¹ and during the rainy season, ranged from 1.8 
to 130,000 MPN / 100 mL-¹.

The WQI classes of each sampling point can be seen in Table 
7. It is noteworthy that the dry class, despite not being an index of 
water quality, means that there was no water at the time of collection. 
Therefore, it was not possible to evaluate the WQI. Another category 
Not Calculated is due to parameters with a value lower than the 
quantification limit of the analysis equipment (<LQ) or not detected 
value (ND).

Table 7 Spatial analysis of water quality in the TNRB

Geral Q05 Q06 Q07 Q08 Q09 Q10 Q11 Q12 Total %
Excellent 0 1 0 0 0 0 0 0 1 0.48
Good 1 8 3 2 0 0 0 0 14 6.73
Acceptable 0 4 6 0 0 0 0 0 10 4.81
Bad 0 2 7 0 0 0 0 0 9 4.33
Very bad 0 0 0 0 0 0 0 0 0 0
Dry 21 6 6 23 23 25 26 26 156 75
Not Calculated 4 5 4 1 3 1 0 0 18 8.65
Total 26 26 26 26 26 26 26 26 208 100
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In the TNRB, the WQI of point Q06 varied between Excellent 
(81) and Bad (24), having stood out from the others during the 7th 
monitoring campaign (dry period). Eight samples were classified as 
Good class. Four in the Acceptable class. Two in Bad. In 6 campaigns 
the point was dry and in 5 it was not possible to calculate the WQI.

At point Q07, the WQI varied from Good (70) to Bad (22) during 
the sampling period. Three samples were classified as Good, 6 as 
Acceptable and 7 as Bad. In 6 campaigns the point was dry and in 4 it 
was not possible to calculate the WQI.

Point Q08 only had water in two campaigns and the WQI remained 
in the Good class (77-72). In the other campaigns the point remained 
dry.

At point Q09 there was only water during campaigns 24, 25 and 
26, but it was not possible to calculate the WQI due to the phosphorus 
having a value below the limit of quantification.

At point Q10 there was only water during campaign 26, but it was 
not possible to calculate the WQI due to the thermotolerant coliforms, 
which presented a value below the quantification limit.

At points Q11 and Q12 it was not possible to calculate the  WQI, as 
there was no water in any of the 26 monitoring campaigns (Figure 2).

Figure 2 Spatial variation of WQI in TNRB during the sampling period.

Even in periods considered historically rainy, there were campaigns 
in which there was no water at the monitored points (Table 8). Only in 
the 20th campaign did the projected Terra Nova reservoir (Q05) reach 
100% of its capacity.

Table 8 Seasonal variation in water quality in the TNRB

WQI Rainy Dry

N % N %

Excellent 0 0 1 0.7

Good 7 9.7 7 5.1

Acceptable 4 5.6 6 4.4

Bad 4 5.6 5 3.7

Very Bad 0 0 0 0

Without water 56 77.8 100 73.5

Not Calculated 1 1.4 17 12.5

Total 72 100 136 100

In the dry period, the WQI in the TNRB ranged from Excellent 
(81) to Bad (24) and during the rainy season it ranged from Good (78) 
to Bad (22) (Figure 3). There was no data normality according to the 
Shapiro-Wilk test.

Figure 3 Seasonal variation of the WQI in TNRB during the sampling period.

During the TNRB monitoring, the following anthropogenic 
impacts were identified around the monitored points by the field team 
(Table 9).

Table 9 Anthropogenic activities developed in the TNRB

Point Local Anthropogenic activities

Q05
Terra Nova 
(projected) 
Reservoir

Presence of grazing animals.

Q06
Terra Nova 
Reservoir – 
dam axis

Pier, private pumps collection, human 
occupation, pasture animals, power 
transmission lines, agricultural activities on 
the reservoir bed, animal husbandry, animal 
watering, artisanal fishing, rural properties, 
human supply, fish mortality, fish salting, 
release of raw sewage and presence of odor.

Q07

Terra Nova 
river – 
downstream 
of the 
Terra Nova 
reservoir

Human occupation, pasture animals, presence 
of a bank of rooted floating and submerged 
macrophytes, fish mortality, discharge of 
sewage and presence of odor, dumping of 
solid urban and construction waste, presence 
of grazing animals, pig farming on the banks 
of the river, presence of oily waste, wet 
passage, power transmission lines and effluent 
discharge.

Q08
Serra do 
Livramento 
reservoir

Presence of grazing animals.

Q09 Mangueira 
reservoir

Human occupation. Presence of grazing 
animals.

Q10 Negreiro 
reservoir

Presence of grazing animals.

Q11 Milagres 
reservoir

As there was no water at this point during 
the 26 campaigns, no anthropogenic activities 
were mentioned.

Q12 Jati reservoir
As there was no water at this point during 
the 26 campaigns, no anthropogenic activities 
were mentioned.

Discussion
A possible positive impact related to the project is represented by 

the urban supply with better water quality, which results in potential 
impacts on improving the population’s health and, possibly, lower 
costs related to water treatment. Another potential positive impact of 
the transposition is related to the prospect that the exogenous water 
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made available in the region will help to boost the regional economy, 
mainly due to the reduction of restrictions on the further development/
expansion of certain activities dependent on the input water for 
their implementation. Notably, irrigated agriculture is one of these 
activities; to a lesser extent the industry.39

Negative impacts involve not only interventions in the receiving 
basins regarding aquatic biology and river drainage but also changes 
in sociocultural relations. Even before the works began, for example, 
the resettlement of populations that lived around the project and the 
land regularization around the canals, which was paralyzed by the 
Federal Public Ministry. The Ministry of National Integration cites 38 
socio-environmental programs40 provided for the Brazilian Institute 
of the Environment and Renewable Natural Resources - IBAMA’s 
conditions for implementing the transposition.

From 2010 onwards, a new period of drought began in the semi-
arid Northeast, a period that was characterized by its severity and 
long duration.41,42 This long drought period caused a series of negative 
impacts for the entire semi-arid region. Problems in urban supply, 
severe reduction in the stored volume in many reservoirs in the 
region, lack of water for irrigation and reduced harvests from rainfed 
agriculture are some of the negative consequences.39

Changes in the natural dynamics of ecosystems due to human 
action can be observed in several river basins, reflecting the need 
for integrated studies that include an understanding of the basic 
functioning of these basins.43

A very aggravating problem in the semi-arid region is the 
deficiency in basic sanitation in the region, especially in relation to 
sewage treatment, which is almost non-existent for the most part, 
which sometimes ends up being dumped directly into waterways. 
Another fact that must be considered is the diffuse pollution generated 
by agriculture. These factors have the potential to significantly harm 
the functioning of the transposition as a provider of water for human 
supply, a project of high cost and value, which cannot be neglected.4

The lack of sanitation has several negative impacts on the 
population health. In addition to harming individual health, increases 
public and private health spending on treating diseases. The World 
Health Organization (WHO) states that the main objective of sanitation 
is to promote human health, as many diseases can spread due to the 
absence of this service. Poor water quality, inadequate waste disposal, 
poor waste disposal and polluted environments are a result of the lack 
of sanitation and crucial factors for the spread of diseases.44

One of the great challenges of Brazilian sanitation is to develop 
sanitation programs in isolated communities that require independent 
solutions and different strategies that respect the natural and social 
identity of the place.45 Basic sanitation is a protective factor for life 
quality and its precariousness or non-existence compromises public 
health, social well-being and degrades the environment. For the 
environment, it represents the end of polluted sewage being released 
directly into water sources such as rivers, groundwater, wells, ground, 
etc.46

The various studies carried out in the context of the transposition 
have shown that the surrounding areas of the reservoirs are 
either already occupied by human populations or will attract new 
contingents, indicating the need to develop actions that make the use 
and conservation of these water sources compatible. The land use 
analysis around the projected reservoirs demonstrated the existence 
of several communities in their vicinity and the possibility of various 
conflicts over water use, mainly by the closest population that did not 
benefit from supply infrastructure or granted use for irrigation.4 Given 

this reality, the Environmental Program present in The Environmental 
Plan for Conservation and Use of the Reservoir Surroundings 
(PACUERA) of the Terra Nova reservoir includes Environmental 
Education activities, environmental recovery and environmental 
monitoring with the aim of mitigating conflicts and impacts.

Furthermore, it is necessary to consider the impacts of the new 
scenarios proposed with irrigated agriculture from the transposition 
waters, notably with regard to soil salinization, which can destroy not 
only the structure of the soil profile, but also its compaction and so on, 
make agricultural activities unfeasible.47

Conclusion
It was observed that in most campaigns there was no water at the 

monitoring points, both in the rainy season (77.8%) and in the dry 
season (73.5%). During the sampling period the WQI ranged from 
Excellent (81) to Bad (24) in the TNRB. Point Q06 stood out from the 
others, presenting the only WQI classified as Excellent. With regard 
to seasonality, the dry season ranged from Excellent (81) to Bad (24), 
while in the rainy season it ranged from Good (78) to Bad (22). It is 
necessary to invest in basic sanitation in the TNRB municipalities, 
environmental recovery, promote environmental education and 
monitoring with the aim of mitigating conflicts and impacts and 
improve water quality.
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