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ABSTRACT

We evaluated the water quality conditions and their relationships with the land cover/use throughout the entire Ipanema Stream 
Watershed (ISW), also considering temporal differences. Thirteen water quality variables were evaluated in fourteen sampling stations 
located in rural, peri-urban, and urban zones in both dry and rainy seasons from 2015 to 2018. A PCA was performed to detect which 
variables explain most of  the data variability and to detect spatial and/or temporal trends in ISW water quality. The four PCs explained 
74% of  the data variability, but strong relationships with environmental variables were only observed in the two main components. PC1 
was related to nutrients, alkalinity, BOD, electrical conductivity, DO, and pH, while PC2 was related to total suspended solids (TSS) 
and chlorophyll-a. A spatial pattern related to sampling stations and land uses was observed, but no temporal pattern was identified. 
Ammoniacal-N and TSS were most important variables (loading values >│0.75│), and showed higher values in urban zone probably 
due to inadequate sewage discharge. Ipanema Stream did not show a self-purification capacity, and the high TSS concentrations in 
rural mainstream ask for riparian zone restoration. These management actions for water quality improvement would even contribute 
to the recovery of  Doce River.

Keywords: Surface water; Urban expansion; PCA; Ammoniacal-N; Suspended solids.

RESUMO

Avaliou-se as condições de qualidade da água e suas relações com cobertura e uso do solo ao longo de toda a Bacia Hidrográfica do 
Ribeirão Ipanema (BHRI), considerando também as diferenças espaciais e temporais. Treze variáveis foram avaliadas em quatorze estações 
amostrais localizadas nas zonas rural, periurbana e urbana nas estações seca e chuvosa, de 2015 a 2018. A Análise de Componentes 
Principais (ACP) foi aplicada para detectar quais variáveis melhor explicam a variância dos dados e para detectar possíveis tendências 
espaciais e/ou temporais na qualidade da água da BHRI. Os quatro CPs explicaram 74% da variação dos dados, mas relações fortes com 
as variáveis ambientais ocorreram apenas nos dois primeiros componentes principais. CP1 foi relacionado com nutrientes, alcalinidade, 
DBO, condutividade elétrica, OD e pH; e CP2 foi relacionado com sólidos totais suspensos (STS) e clorofila-a. Foi observado um 
padrão de distribuição espacial com base nas zonas de uso do solo e nas estações amostrais, no entanto nenhum padrão temporal 
foi identificado. N-amoniacal e STS foram as variáveis mais importantes (valores de loadings > │0,75│). Eles apresentaram valores 
elevados na zona urbana provavelmente devido ao lançamento inadequado de esgoto. O Ribeirão Ipanema não mostrou capacidade 
de autopurificação e as elevadas concentrações de STS na zona rural do rio principal clamam pela restauração da mata ripária. Essas 
ações de manejo para a melhoria da qualidade da água podem contribuir na restauração do Rio Doce.

Palavras-chave: Águas superficiais; Expansão urbana; ACP; N-amoniacal; Sólidos suspensos.
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INTRODUCTION

The ecological quality of  aquatic systems, including those 
used as water resources, is directly impacted by anthropic activities, 
mainly due to the replacement of  natural vegetation by human 
occupation (for agriculture, urbanization, etc.), the reduction 
or alteration of  riparian vegetation, and the direct pollution by 
the sewage discharge. The effects of  land cover/use on aquatic 
ecosystems have been well reported and some patterns were 
observed, such as the changes in the flux and concentration 
of  suspended solids and nutrients (specially phosphorus and 
nitrogen) (e.g., Cunha et al., 2019; Pärn et al., 2018), and changes 
in composition and integrity of  the biota (e.g., Krynak & Yates, 
2018; Tromboni et al., 2019). Additionally, other forms of  matter 
and energy have been released into water bodies by humans, as 
toxic metals, thermal energy, pathogens, pesticides, chloride, 
sulfate, and organic solvents, damaging the ecological integrity 
of  these environments and limiting their potentials for different 
uses (Akhtar et al., 2021; Chaudhry & Malik, 2017; Khatri & Tyagi, 
2015; Le Moal et al., 2019; Walker et al., 2019).

Some patterns related to the land cover/use can be also 
observed in their influences on aquatic environments, such as 
the common record that water bodies located in urban areas are 
more polluted than those found in rural areas. The decrease of  
the natural vegetation cover and increasing industrialization, soil 
waterproofing, and sewage discharge are typical from urban areas 
and contribute to the input of  contaminants into the aquatic systems 
(Chaudhry & Malik, 2017; Khatri & Tyagi, 2015; Richardson & 
Soloviev, 2021).

A watershed is the most adequate unit for environmental 
large-scale studies, since it contains all interactions between physical, 
chemical, and biological elements, including the relationships 
between terrestrial and aquatic ecosystems (Cheng et al., 2014). 
Thus, for water quality diagnosis and monitoring programs, the 
sampling design should cover the entire watershed whenever 
possible, mainly for management purposes (Wang et al., 2016). 
However, the large spatial dimensions of  the watersheds are 
frequently a limiting factor for the studies due to human resources, 
logistics, and financial difficulties.

A diagnosis and monitoring program should be focused 
on the environmental variables that are more sensitive to potential 
impacts, and in sampling stations that represent the watershed 
variations, always considering the watershed as study unit. In this 
way, multivariate statistical techniques are commonly applied to 
large databases to optimize future studies/monitoring programs. 
The PCA (Principal Component Analysis) is one of  the most used 
tools for establishing the sampling design in environmental research 
(e.g., Bega et al., 2022; Cecconello et al., 2018; Centeno et al., 2023; 
Passos et al., 2021). Olsen et al. (2012) reinforced that PCA is a 
suitable method for this purpose in studies of  aquatic systems, 
since it can recognize the major pollutants that cause relevant 
changes in water quality.

In 2015, Doce River Basin was highlighted internationally 
due to the worst socioenvironmental disaster occurred in Brazil. 
The collapse of  a mining dam from Samarco released 43 million 
m3 of  iron ore tailings in the basin, impacting 668 km of  
watercourses from a tributary of  the Doce River to the Atlantic 
Ocean (Carmo et al., 2017). The water quality in Doce River 

Basin was impacted by anthropic occupation (erosion, sewage 
discard, mining, and agriculture) even before the dam rupture (e.g. 
Fraga et al., 2020), but some studies reported that total suspended 
solids, turbidity, and toxic metals significatively enhanced after 
the disaster (Kütter et al., 2023). Although most studies are 
focused on Doce River, researches focused on the water quality 
of  tributaries are also important, since these systems contribute 
to the basin recovery.

The Ipanema Stream Watershed (ISW) is a subwatershed 
of  Doce River Basin. It practically drains the entire surface area 
of  Ipatinga city (Est of  Minas Gerais State in Brazil), which has 
the largest population and urban area in the Metropolitan Region 
of  Steel Valley (the second largest metropolitan region in Minas 
Gerais, with 778,983 habitants, according to Instituto Brasileiro de 
Geografia e Estatística, 2023). Some studies were already performed 
in Ipanema Stream, but all of  them were based in analyses focused 
on just one sampling station, generally close to the stream mouth 
(e.g., Medeiros et al., 2012; Petrucio et al., 2005). The localization 
of  these sampling points represents the entire watershed, but more 
detailed information based on multiple samplings in spatial and 
temporal terms is necessary to better understand the functioning 
of  this system, and for adequate management.

Based on three major aspects: (i) land cover/use influences 
water quality, (ii) PCA is a suitable method to identify the most 
important variables for ecosystem dynamics, and (iii) no study 
using broad scales were done in ISW, this study aims to evaluate 
the surface water quality in ISW and its relationship with different 
land use/cover types. The PCA method was employed to search for 
differences/trends on spatial and/or temporal scales. The results 
will be useful in helping detect the main sites/periods that need 
management for water quality maintenance/improvement in ISW.

METHODS

Study area, water sampling, and analyses

The Ipanema Stream is the main lotic system of  a 
subwatershed (ISW) from Doce River Basin. The ISW drains 
145 km2, which corresponds to 87.2% from the total area of  
Ipatinga city (Minas Gerais, Brazil). In 2022, Ipatinga population 
was estimated in 227,731 people, with a density of  1,381.16 people.
km-2, and an urban area covering approximately 33% of  the city 
(Instituto Brasileiro de Geografia e Estatística, 2023). The local 
climate is hot semihumid tropical (Aw, KÖPPEN), with effectively 
two typical periods: a rainy (October–April) and a dry (May–
September) seasons. The average annual rainfall in the region 
is 1,208 mm, and the average annual temperature is 24 °C (data 
from meteorological database by CENIBRA SA in 19°19’09.9”S 
42°23’41.4”W, from 1985 to 2015).

To evaluate spatial differences in the ISW, we collected 
superficial water from 14 sampling stations distributed along the 
mainstream (Ipanema Stream) and some tributaries to represent 
up, middle, and downstream regions of  the watershed, also aimed 
to evaluate temporal variations in the water characteristics. Since 
there was financial restrictions and little funding, the samplings did 
not cover all sampling stations every year, and temporal analyses 
were not a primary focus in this study. Thus, every year four 
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or five stations were sampled five or six times, always covering 
the dry and rainy seasons. To characterize the entire watershed, 
we changed the set of  stations sampled at each year along the 
sampling period, from 2015 to 2018. Samplings were extended 
for a longer period (one more year) in MR2 and MP3 stations. 
The sampling stations were categorized based on land use zones: 
rural, peri-urban, and urban. A general description of  each sampling 
station is presented in Table 1, codes are used to differ the type 
of  streams (T: tributary; M: mainstream) and land use zone (R: 
rural; P: peri-urban; U: urban). Figure 1 shows the localization of  
sampling stations and the land cover in the watershed.

Water temperature, pH, dissolved oxygen (DO), and electrical 
conductivity (EC) were measured in situ via a multiparameter 
probe (HI98194, ®Hanna or YSI – Professional Plus, ®Yellow 
Springs). Water samples were kept refrigerated until laboratory 
processing (filtration, freezing, and storage) for posteriori analysis.

The water filtration was carried out via GF-3 (Macherey-
Nalgen®) glass microfiber filters. The filters were used to quantify 
total suspended solids (TSS) via gravimetric method. The filtered 
water was used to analyze dissolved nutrients via spectrophotometric 
methods, and color via Spectroquant Merck method (NOVA 60 or 
PHARO 300 spectrophotometers by MERCK®). Ammoniacal-N 
(N-NH3 + N-NH4) was quantified via phenate method, and nitrite 
(N-NO2) was quantified via sulfanilamide/N-(naphthyl) method. 
Nitrate (N-NO3) was first transformed into nitrite via cadmium 
reduction, and quantified as the difference between the total nitrite 
in the reduced sample and the original nitrite concentration in 
the water. Alkalinity, biochemical oxygen demand (BOD), total 
phosphorus (TP), and turbidity were analyzed using a fraction of  
nonfiltered water. They were measured, respectively, via (i) titration 
with 0.02 M sulfuric acid, (ii) respirometric BOD measuring system 
Oxitop®, (iii) molybdenum blue spectrophotometric method after 
sulfuric acid-nitric acid digestion, and (iv) in model bench-top 
turbidimeter (2100Q HACH®) or by Spectroquant Merck method 
(NOVA 60 or PHARO 300 spectrophotometers by MERCK®). 

For chlorophyll-a analysis, the filtration was performed using 
GF-5 (Macherey-Nalgen®) glass microfiber filters, which were 
frozen and submitted to the acetone extraction, followed by 
centrifugation, and quantification via spectrophotometric method. 
All laboratory analysis were performed according to standardized 
methods (American Public Health Association, 2012).

Principal Component Analysis and correlation

A Principal Component Analysis (PCA) was performed 
to identify the main variables that characterize the water quality 
variations in ISW. The PCA was used because it reduces a set 
of  variables to a smaller group that is more representative of  
the total variability. This new dataset contains new orthogonal, 
uncorrelated variables, called principal components (PCs). 
The PCs are generated via diagonalizing a symmetric correlation 
or covariance matrix. The variances and coefficients of  the PCs 
are, respectively, eigenvalues and eigenvectors of  the sample 
matrix. They are linear functions of  the original variables, and the 
sum of  their variances are equal to that of  the original variables. 
The PCs are obtained in descending order of  maximum variance. 
Thus, PC1 explains the maximum of  the total data variability, the 
PC2 explains the maximum of  the remaining total data variability, 
and is not correlated with the PC1, PC3 explains the maximum 
of  the remaining total data variability, and it must be uncorrelated 
with the first and second PCs, and so on until the number of  PCs 
is equal to the number of  original variables (Jolliffe & Cadima, 
2016; Olsen et al., 2012).

The PCA was performed in the free software PAST 
4.2 (Hammer et al., 2001). The data was Log10-transformed 
(Log10(x+1), where x is an individual value for each variable) for 
standardization of  data and based the analysis on the correlation 
matrix. The PCA matrix corresponded to 88 cases (samples) and 
16 variables (water variables plus categoric variables: climate season, 

Table 1. Description of  sampling stations (identified by codes) in Ipanema Stream Watershed.
Code Description Coordinates Sampling period Land use zone
MR1 One of  the water sources from Ipanema Stream, which 

has the highest flow.
19°25’00.0”S 42°39’05.0”W 2015 Rural

MR2 Ipanema Stream at the confluence of  the creeks 
Ipanemão, Ipaneminha, and Tribuna.

19°26’12.0”S 42°36’55.0”W 2015 Rural
2016
2017

TR1 Mouth portion from Ipanemão Creek in rural zone. 19°25’42.0”S 42°38’25.0”W 2016 Rural
TR2 Mouth portion from Ipaneminha Creek in rural zone. 19°23’46.98”S 42°38’15.70”W 2016 Rural
TR3 Mouth portion from Tribuna Creek in rural zone. 19°24’32.0”S 42°36’57.0”W 2016 Rural
TR5 Mouth portion from Morro Escuro Creek in rural zone. 19°26’57.0”S 42°36’04.0”W 2017 Rural
TP4 Mouth portion from Barra Alegre Creek in rural zone. 19°25’16.0”S 42°35’30.0”W 2017 Peri-urban
MP3 Ipanema Stream downstream from the confluence of  the 

creeks Limoeiro and Tribuna.
19°27’07.1”S 42°34’47.5”W 2017 Peri-urban

2018
TU6 Mouth portion from Taúbas Creek in urban zone. 19°27’45.0”S 42°33’13.0”W 2018 Urban
TU7 Mouth portion from Forquilha Creek in urban zone. 19°26’35.0”S 42°33’43.0”W 2018 Urban
TU8 Mouth portion from Bom Jardim Creek in urban zone. 19°28’08.0”S 42°33’49.0”W 2018 Urban
MU4 Ipanema Stream upstream from Ipatinga downtown at 

Iguaçu District in urban zone.
19°28’13.0”S 42°32’57.0”W 2018 Urban

MU5 Ipanema Stream at Ipatinga downtown. 19°28’42.0”S 42°31’16.0”W 2015 Urban
MU6 Mouth portion from Ipanema Stream. 19°29’20.0”S 42°30’20.0”W 2015 Urban
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land use zone and sampling station). Nitrite was not used because 
it presented very low values, frequently lower than the detection 
limit of  the method. Twenty-four cases were excluded from the 
analysis because some variables were not measured. Thus, the 
final PCA matrix showed a 66 × 16 form.

Based on the correlation matrix, a Pearson correlation 
analysis was also carried out to identify the possible significant 
correlations among the water quality variables. Previously to these 
analyses, the data normality was verified by Shapiro-Wilk test at 
a significance level of  5%.

As proposed by Liu et al. (2003), we adopted the terms 
‘strong’ (> 0.75), ‘moderate’ (< 0.75 – > 0.5), and ‘weak’ (< 0.5 – 
> 0.4) for PCA’s factor loadings and Pearson’s coefficients.

RESULTS AND DISCUSSION

Physical and chemical variables relevance on general 
conditions of  the ISW

Except for nitrate, the availability of  nutrients was moderately 
(< │0.75│ and >│0.50│) or strongly correlated (>│0.75│) to 
some environmental variables (Table 2), which suggest their 
relevance in determine the water condition. It was observed a 
strong correlation between ammoniacal-N and TP (r = 0.839, p 
= 0.000), and both nutrients were moderately correlated to EC 
(ammoniacal-N: r = 0.676, p = 0.000; TP: r = 0.641, p = 0.000). 
These significant positive Pearson’s correlations reinforced that 
there is a large amount of  sewage discharge in ISW, producing a 

concomitant increase on the concentrations of  the different nutrients 
and in EC, since these nutrients are present in the water as ions.

Differently from nutrients, the water quality variables related 
to particulate fraction of  solids (TSS, turbidity, and chlorophyll-a) 
did not show moderately or strongly correlations, exhibiting 
Pearson correlation coefficients <│0.50│ (Table 2).

The water quality variables showed high standard deviation 
(Table 2), suggesting broad ranges in spatial and/or temporal scales 
in ISW, and reinforcing the importance of  monitoring programs 
that considering multiples sampling points and sampling periods.

Even only some variables have presented strong to moderate 
relationships each other, we considered all thirteen water quality 
variables measured for the PCA analysis, since they can indicate 
different sources of  pollution in water degradation, and exhibit 
spatial or temporal patterns.

The thresholds of  70% of  cumulative explained variance 
and eigenvalues ≥ 1 are usually predefined to decide how many 
PCs should be retained and considered meaningful (Jolliffe & 
Cadima, 2016; Olsen et al., 2012). Using this approach for the 
PCA applied to ISW data, the four main PCs explained 74% of  
the total variance of  the original dataset, and only the two main 
components explaining more than 55% and showing eigenvalues 
ranging from 5.42 to 1.16 (Table 3). These results also agree with the 
observations obtained by Olsen et al. (2012) in their review about 
the use of  PCA to evaluate water quality in rivers. These authors 
demonstrated that the “number of  meaningful PCs identified” 
and “the variance explained meaningful PCs by” ranged 2-6 and 
48-98%, respectively.

Figure 1. Localization of  the Doce River Basin in Brazil (A) and localization of  the Ipanema Stream Watershed in Doce River Basin 
(B). Sampling stations and land cover in Ipanema Stream Watershed (C). 
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Guedes et al. (2012) and Passos et al. (2021) argued that 
the highest loadings are the most significant variables for each PC. 
In the studies focused on surface water quality, high loading for a 
variable indicates that it is an important component to a pollution 
source or a specific process, the opposite occurs for low loading 
(Olsen et al., 2012). Based on the two main components, our data 
showed that all variables were moderately or strongly correlated 
to at least one of  the two main PCs (Table 3). For example, 
TSS was weakly related to PC1, but showed a correlation of  
-0.866 with PC2. Liu et al. (2003) emphasized that variables 
with loading values higher than│0.75│should have a strong 
influence on the environmental process indicated by the PC. 
For the dataset of  Ipanema Stream, the PCA showed loading 
values higher than │0.75│for alkalinity, ammoniacal-N, and EC 
in PC1, and TSS in PC2, but no strong correlations occurred in 
PC3 or PC4 (Table 3).

The results indicated that PC1 is related to nutrient availability, 
while PC2 is related to suspended solids and chlorophyll-a (Table 3). 
Therefore, PC1 corresponds to nutrient load from domestic 
sewage and uses of  nitrogenous and phosphate compounds 
in other activities. The PC1 also showed that the high input of  
nutrients (TP, ammoniacal-N, and nitrate) results in high biological 
demand for oxygen (high BOD), and consequently a decrease in 
dissolved oxygen concentrations (low DO values). These variables 
and correlations (both in PC1 and PC2) are well documented 
in the urban stream syndrome (Richardson & Soloviev, 2021; 
Walsh et al., 2005).

Supporting the urban stream syndrome showed by PC1, 
ammoniacal-N and TP had a strong and positive Pearson’s 
correlation coefficient (r = 0.839, p = 0.000), which was the highest 
coefficient observed (Table 2). BOD and DO presented weak 
correlations (<│0.50│) with these nutrients, but the coefficients 

Table 2. Pearson Correlation Matrix, mean, and standard deviation (S.D.) for water quality variables from Ipanema Stream Watershed 
surface water.

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13
1 Alk. 1
2 BOD 0.548 *** 1
3 Chl. 0.062 0.004 1
4 Color 0.655 *** 0.496 *** -0.105 1
5 DO -0.373 ** -0.296 * -0.122 -0.383 ** 1
6 EC 0.772 *** 0.420 *** 0.221 0.375 ** -0.315 ** 1
7 NH4-N 0.769 *** 0.440 *** 0.161 0.443 *** -0.416 *** 0.676 *** 1
8 NO3

- 0.463 *** 0.265 * 0.400 *** 0.292 ** -0.205 0.406 *** 0.368 ** 1
9 pH 0.580 *** 0.279 * 0.209 0.365 ** -0.183 0.402 *** 0.478 *** 0.383 ** 1
10 Temp. 0.575 *** 0.443 *** 0.028 0.710 *** -0.412 *** 0.512 *** 0.365 ** 0.429 *** 0.540 *** 1
11 TP 0.706 *** 0.375 ** -0.017 0.324 ** -0.350 ** 0.641 *** 0.839 *** 0.254 * 0.392 *** 0.232 1
12 TSS -0.029 0.023 0.404 *** -0.028 -0.01 0.114 0.015 0.300 * -0.227 -0.072 -0.064 1
13 Turb. 0.380 ** 0.353 ** 0.138 0.421 *** -0.151 0.357 ** 0.410 *** 0.442 *** 0.078 0.246 * 0.326 ** 0.470 *** 1

Mean 31.52 2.9 2.67 9.58 5.64 73.5 0.260 0.235 7.06 23.1 0.095 13.76 8.8
S.D. 27.82 6.2 3.66 23.70 2.09 63.2 1,209 0.379 0.81 3.1 0.235 100.88 25.5

Alk.: Alkalinity; BOD: Biochemical Oxygen Demand; Chl.: Chlorophyll-a; DO: Dissolved Oxygen; EC: Electrical conductivity; NH4-N: Ammnoniacal-N; NO3
-: 

Nitrate; Temp.: Temperature; TP: Total Phosphorus; TSS: Total Suspended Solids; Turb.: Turbidity. *p ≤ 0.05; **p ≤ 0.01; and ***p ≤ 0.001. Bold values: r ≥ 0.500.

Table 3. Loadings values of  Principal Component Analysis (PCA) for the four main components for Ipanema Stream Watershed 
surface water.

Variables PC1 PC2 PC3 PC4
Alkalinity -0.911 0.138 0.089 0.050
Ammnoniacal-N -0.833 0.040 0.362 0.219
Biochemical Oxygen Demand (BOD) -0.636 0.086 -0.279 0.170
Chlorophyll-a -0.190 -0.668 0.309 -0.469
Color -0.705 0.203 -0.523 0.012
Dissolved Oxygen (DO) 0.516 -0.083 0.094 0.018
Electrical conductivity (EC) -0.797 -0.066 0.247 0.064
Nitrate -0.587 -0.463 -0.055 -0.331
pH -0.619 0.224 0.201 -0.536
Temperature -0.706 0.185 -0.428 -0.370
Total Phosphorus (TP) -0.730 0.154 0.459 0.368
Total Suspended Solids (TSS) -0.076 -0.866 -0.152 0.197
Turbidity -0.533 -0.495 -0.286 0.387
Eigenvalue 5.42 1.84 1.21 1.16
% Explained variance 41.66 14.18 9.27 8.95
% Cumulative explained variance 41.66 55.84 65.11 74.06
Bold values are ≥│0.50│.
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were, respectively, positive (ammoniacal-N: r = 0.44, p = 0.000; 
TP: r = 0.38, p = 0.002) and negative (ammoniacal-N: r = -0.42, 
p = 0.001; TP: r = -0.35, p = 0.004), as expected. Thus, the higher 
nutrient concentrations resulted in higher demand for oxygen and, 
consequently, lower oxygen concentrations in the water.

Nitrogenous fertilizers used in agriculture (as ammonium 
sulfate, ammonium nitrate, and urea) and sewage discharge are the 
main sources of  ammoniacal-N (NH4

+ + NH3) in water systems. 
In domestic sewage, ammoniacal-N has much higher concentrations 
than nitrate, which is also related to the ammonification process, 
that it is the first process occurring during the reduction of  organic 
nitrogen (Edwards et al., 2024; Ghaly & Ramakrishnan, 2015). 
As expected, the ammoniacal-N showed higher concentrations 
than nitrate in the urban sampling stations, although nitrate was 
also abundant in some of  them (Figure 2A).

The balance between ammonium and ammonia is influenced 
by pH and temperature. Ammonia is positively correlated to 
these variables, thus higher ammonia concentrations will occur 
when pH and temperatures values are higher, which increase the 
risk of  ammonia intoxication by the biota (Edwards et al., 2024; 
Purwono et al., 2017). This situation may be occurring in the Taúbas 
(TU6) and Bom Jardim (TU8) creeks since these stations were 
characterized by higher ammoniacal-N concentrations and higher 
pH values. Other sampling stations, as TR3 and MU6, showed 
high pH, but lower concentrations of  ammoniacal-N (Figure 2). 
The Brazilian (Brasil, 2005) and the regional (Minas Gerais, 2022) 
legal limits for ammoniacal-N concentrations were compared with 
the values observed in TU6 and TU8. All samples from TU6 and 
70% of  the samples from TU8 presented concentrations on 
average three times higher than the legal limit (3.0 mg.L-1 for pH 
≤ 7.5; 2.0 mg.L-1 for 7.5<pH≤8.0; 1.0 mg.L-1 for 8.0<pH≤8.5; 
0.5 mg.L-1 for pH>8.5).

The total suspended solids were negatively related to 
PC2 (-0.866), and therefore low values in PC2 indicate high mass 
of  suspended solids in the water. PC2 was also negatively related to 
chlorophyll-a concentration (-0.668), which is an indirect measure 
of  phytoplankton biomass, a component of  the suspended 
particulate matter in surface waters. The TSS concentration in 
surface waters is related to terrestrial surface runoff  and influenced 
by land use/cover. In the rural zones, the input of  solids in surface 
waters comes from agricultural and livestock activities, whereas 
the input in urban zones come from domestic sewage, erosion 
process, solid waste, and non-planned urban occupation (Khatri 
& Tyagi, 2015; Lollo, 2016).

Spatial characterization of  ISW by land use zones 
and sampling stations

The relationship between water quality and land use/cover 
was evidenced by PC1 × PC2 score plots (Figure 3). The type 
of  land uses (rural, peri-urban, and urban) was segregated by 
PC1 (nutrient axis), with positive values for rural and peri-urban 
zone, and negative values for urban zone.

The PC1 × PC2 scores plotted by land use zone indicated 
that whereas surface waters in rural zone tend to present lower 
nutrients availability and electrical conductivity values, and higher 
DO concentrations, the urban zone waters present opposite trends. 

Thus, as discussed above about the urban stream syndrome, the 
surface waters in urban zone have poor water quality and are 
vulnerable to eutrophication (Fia et al., 2015; Menezes et al., 

Figure 2. Average concentration and standard deviation of  water 
quality variables in surface water at sampling stations in Ipanema 
Stream Watershed. (A) Ammoniacal-N and Nitrate, and (B) pH. 
Dashed lines in (B) represent the legal tolerable range of  pH 
values established for Brazilian (Brasil, 2005) and regional (Minas 
Gerais, 2022) scales.

Figure 3. PC1 versus PC2 scores from the PCA performed with 
the dataset of  surface water in Ipanema Stream Watershed. Samples 
were categorized by sampling stations and by land use zone (color 
unfilled dots: rural; gray dots: peri-urban; filled dots: urban). 
Quadrants were identified by the Roman numbers inside plot.
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2016; Porto et al., 2017). A better water condition in rural zone 
is also expected, since the rural sampling stations in this study 
had smaller drainage area, consequently less pollution sources 
and anthropic interference (lower population density and larger 
area covered by native vegetation). Conversely, the urban zone 
had greater population density, and consequently an intensive 
negative interference on the environment by, for example, sewage 
discharge, soil compaction, and waterproofing (Lollo, 2016; Souza 
& Gastaldini, 2014).

The samples segregated by land use zone (PC1) were also 
segregated by sampling station in PC2, which means that even in 
the same land use zone (same PC1 range), the sampling points 
showed particularities, mainly due to different TSS values, related 
to PC2 (Figure 3). In this approach and analyzing the graph of  
PC1 × PC2 scores by quadrants (I, II, III and IV), clusters of  
sampling stations were observed, which allowed us to detect trends, 
although some stations had their samples distributed between 
more than one quadrant.

The quadrant I is related to better water quality conditions, 
characterized by lower availability of  nutrients, lower BOD values, 
and higher DO concentrations (PC1), besides lower values of  
TSS and chlorophyll concentrations (PC2). The lower availability 
of  nutrients and higher DO concentrations in the rural zone was 
discussed above, and the lower suspended solid concentrations 
improved this good water quality condition. All sampling stations 
in rural zone were dispersed in quadrant I, except by MR1 (water 
spring) and MR2, which were dispersed in the opposite quadrant 
(IV) by PC2, due to their higher TSS concentrations (Figure 3). 
This condition may be a negative consequence of  the riparian 
zone deforestation for pasture and agricultural activities. Since the 
vegetation at riparian zone acts as a buffer for surface runoff, the 
deforestation intensifies this process, increasing the input of  solid 
material to aquatic environments, which affects the water quality 
and accelerate siltation, producing negative ecological impacts 
(Graziano et al., 2022; Vera Mercado & Engel, 2021).

The urban sampling stations were completely clustered 
in quadrants II and III (Figure 3), associated to negative values 
in PC1 and related to poor water quality conditions, as discussed 
above. MU5 and MU6 were completely clustered in quadrant III, 
and showed PC2 values lower than -1.5, consequently showing 
higher TSS concentrations and the worst water quality conditions 
(Figure 3). Some samples of  MU4 were also dispersed in quadrant 
III, with PC1 values lower than -1.0. This indication of  poor water 
quality is expected since this sampling station covers practically 
the entire drainage area of  the Ipanema Stream and its main 
tributaries, including those draining urban areas. Thus, the most 
polluted loads are already influencing MU4, and the sampling 
stations downstream MU4, including the stream mouth (MU6), 
still receive meaningful load of  TSS. These poor conditions at 
downstream indicate that Ipanema Stream has low self-purification 
capacity in relation to the input of  pollutants it receives nowadays. 
For monitoring and management purposes, it is important to 
consider that the capacity of  self-purification is affected by many 
factors beyond the levels of  pollutants, such as hydrological, 
biological, and other chemicals variables (Šaulys et al., 2020). 
Further, the problems are not only restricted to Ipanema Stream 
since these poor water quality conditions probably have negative 

effects on Doce River. This condition reinforces the necessity 
of  watershed management actions to improve the water quality 
conditions in ISW, contributing to the effects of  programs for 
the restoration of  Doce River.

TP4 scores were more scattered in PC1 × PC2 plot, and 
the samples were not clustered. The values were generally closer 
to 0 in relation to PC1, they were similar to the samples from the 
other peri-urban station (MP3), except by one that exhibited a 
very low PC1 value, as observed for TU6 samples (Figure 3). This 
outlier likely resulted from an effluent discharge just upstream of  
TP4, observed at the time sampling was performed.

Despite TU6 and TU8 samples did not segregate from 
the other urban stations (except MU5 and MU6), and did not be 
grouped near the lowest PC2 values, these stations exhibited the 
lowest PC1 values (Figure 3), i.e. their worst water quality conditions 
are more related to BOD, nutrients, and DO concentrations. 
Moreover, as previously discussed, these conditions could be 
harmful for the biota due to the possibility of  intoxication by 
ammonia. Thus, we suggest that more attention would be paid 
by the sanitation programs focused on these urban tributaries 
and reinforce that it is essential to eradicate any domestic sewage 
discharge without previous treatment.

The relationship between water quality and land use/
cover was also evidenced through PCA analysis followed by 
factor analysis (FA/PCA) by Guedes et al. (2012). The authors 
evaluated the Middle Pomba River, also located in the State of  
Minas Gerais/Brazil, but in another large basin – São Francisco 
Basin. In that study, PCA was explained by 3 PCs (74.4%), 
and showed that nutrients and suspended solids were the 
most meaningful variables. The water quality variations were a 
consequence of  contamination by untreated sewage, diffused 
pollution, and water erosion in the watershed. These results are 
similar to those described in the present study. Our results are 
also similar to Fraga et al. (2020), who used a large database from 
a monitoring program performed by Minas Gerais Government 
in 64 sampling stations from Doce River Basin, between 2010 to 
2017. Since this monitoring program have no sampling point 
situated in ISW, our results are interesting to contribute to an 
expansion in the knowledge about Doce River Basin. The most 
meaningful variables were TSS, EC, ammoniacal-N, BOD and 
chlorophyll-a, which exhibited strong relation (> 0.70) to FA/
PCA components. These variables were associated to erosion, 
runoff  (mainly from agriculture), and domestic sewage discharge. 
Some toxic metals were also considered important in Fraga et al. 
(2020) study, but these variables were not measured in our study.

Temporal characterization of  ISW by climate 
seasons

Although spatial differences (land use zones and sampling 
stations) in ISW were evident and showed strong relationships 
with land use/cover and their pollution sources, no temporal 
pattern (climate seasons) was observed. Furthermore, the PC1 × 
PC2 scores plot by climate seasons did not present any dots 
clustering, either with PC1 or PC2 (Figure 4).

In a previous study performed in Doce River Basin, 
Fraga et al. (2020) reported that climate seasonality was important 
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to determine water quality variations. Likewise, Passos et al. (2021) 
affirmed that it is expected to observe higher concentrations of  
solids in suspension during rainy season compared to dry season 
due to the well-known relationship of  solids runoff  and rainfall. 
Even PC2 showed a strong correlation to TSS, we did not observe 
any seasonal difference on scores scattering for ISW water quality 
data. Thus, the water quality seems to be more dependent of  
spatial than temporal differences in ISW.

CONCLUSIONS

The surface water quality of  Ipanema Stream Watershed 
was clearly related to land use/cover in the region. An evident 
spatial pattern was detected based on land use zones and sampling 
stations by PCA method. Nevertheless, no temporal pattern was 
detected. Nutrients, especially ammoniacal-N, and suspended 
solids were the main variables explaining the spatial variance 
of  the water quality in ISW. The urban waters exhibited the 
worst water quality conditions, which is in line with the stream 
river syndrome.

Urban tributaries seem to contribute significantly to the 
degradation of  Ipanema Stream, despite official data indicate 
that 97.7% of  the city’s sewage is adequately treated (Instituto 
Brasileiro de Geografia e Estatística, 2023). Thus, special 
attention must be paid to disposal of  sanitary sewage into the 
storm drainage network. The eradication of  this source of  
pollution seems promising to water quality improvement in 
ISW and indirectly in Doce River, since Ipanema Stream did 
not show significant self-purification capacity for the current 
input of  pollutants.

Although urban zone seems to be more relevant in ISW, 
more attention must be paid to the rural zone, mainly in mainstream, 
since showed low nutrients concentration but high total suspended 
solids. Thereby, preservation and management actions to riparian 
vegetation restoration seem to be a good choice to improve the 
water quality, especially in rural zone.

ACKNOWLEDGEMENTS

We thank UEMG for a research grant (PQ 01/2022) 
provided to G. V. R., FAPEMIG for a scholarship (5.261/15) 
provided to J. E. F.B., Instituto Interagir for logistical support, 
and CENIBRA SA for meteorological data availability.

REFERENCES

Agência Nacional de Águas e Saneamento Básico – ANA. (2017). 
Base hidrográfica ottocodificada da Bacia do Rio Doce 1:50.000/1:100.000. 
Retrieved in 2024, March 10, from https://metadados.snirh.gov.
br/geonetwork/srv/api/records/96c91888-6888-466f-8b1e-
f43921d169c7

Akhtar, N., Ishak, M. I. S., Bhawani, S. A., & Umar, K. (2021). 
Various natural and anthropogenic factors responsible for water 
quality degradation: a review. Water, 13(19), 2660. http://doi.
org/10.3390/w13192660.

American Public Health Association – APHA. (2012). Standard 
methods for the examination of  water and wastewater. Washington, D.C.: 
American Public Health Association (APHA), American Water 
Works Association (AWWA), Water Environment Federation (WEF).

Bega, J. M. M., Albertin, L. L., & Oliveira, J. N. (2022). Development 
of  water quality index as a tool for urban water resources 
management. Environmental Science and Pollution Research International, 
30(7), 18588-18600. http://doi.org/10.1007/s11356-022-23513-8.

Brasil. Conselho Nacional de Meio Ambiente – CONAMA. 
(2005, 17 de março). Resolução CONAMA nº 357, de 17 de 
março de 2005. Diário Oficial [da] República Federativa do Brasil, 
Brasília. Retrieved in 2023, August 9, from http://pnqa.ana.gov.
br/Publicacao/RESOLUCAO_CONAMA_n_357.pdf

Carmo, F. F., Kamino, L. H. Y., Tobias Junior, R., Campos, I. C., 
Carmo, F. F., Silvino, G., Castro, K. J. S., Mauro, M. L., Rodrigues, 
N. U. A., Miranda, M. P. S., & Pinto, C. E. F. (2017). Fundão 
tailings dam failures: the environment tragedy of  the largest 
technological disaster of  Brazilian mining in global context. 
Perspectives in Ecology and Conservation, 15(3), 145-151. http://doi.
org/10.1016/j.pecon.2017.06.002.

Cecconello, S. T., Centeno, L. N., & Guedes, H. A. S. (2018). Water 
quality index modified by using multivariate analysis: a case study 
of  Pelotas Stream, RS, Brazil. Engenharia Sanitaria e Ambiental, 
23(5), 973-978. http://doi.org/10.1590/s1413-41522018165394.

Centeno, L. N., Cecconello, S. T., Vieira, R. R., Guedes, H. A. S., 
Reichardt, K., & Timm, L. C. (2023). Methodological proposal 
for the establishment of  a water quality index using multivariate 
analysis based on Brazilian legislation. Environmental Earth Sciences, 
82(8), 196. http://doi.org/10.1007/s12665-023-10847-w.

Chaudhry, F. N., & Malik, M. F. (2017). Factors affecting water 
pollution: a review. Journal of  Ecosystem & Ecography, 7(1), 225-231. 
http://doi.org/10.4172/2157-7625.1000225.

Figure 4. PC1 versus PC2 scores from the PCA performed 
with the dataset of  surface water in Ipanema Stream Watershed. 
Samples were categorized by climatic seasons.

https://doi.org/10.3390/w13192660
https://doi.org/10.3390/w13192660
https://doi.org/10.1007/s11356-022-23513-8
https://doi.org/10.1016/j.pecon.2017.06.002
https://doi.org/10.1016/j.pecon.2017.06.002
https://doi.org/10.1590/s1413-41522018165394
https://doi.org/10.1007/s12665-023-10847-w
https://doi.org/10.4172/2157-7625.1000225


RBRH, Porto Alegre, v. 29, e25, 2024

von Rückert et al.

9/10

Cheng, G., Li, X., Zhao, W., Xu, Z., Feng, Q., Xiao, S., & Xiao, H. 
(2014). Integrated study of  the water–ecosystem–economy in the 
Heihe River Basin. National Science Review, 1(3), 413-428. http://
doi.org/10.1093/nsr/nwu017.

Cunha, D. G. F., Magri, R. A. F., Tromboni, F., Ranieri, V. E. L., 
Fendrich, A. N., Campanhão, L. M. B., Riveros, E. S., & Velázquez, 
J. A. (2019). Landscape patterns influence nutrient concentrations 
in aquatic systems: citizen science data from Brazil and Mexico. 
Freshwater Science, 38(2), 365-378. http://doi.org/10.1086/703396.

Edwards, T. M., Puglis, H. J., Kent, D. B., Durán, J. L., Bradshaw, 
L. M., & Farag, A. M. (2024). Ammonia and aquatic ecosystems: 
a review of  global sources, biogeochemical cycling, and effects 
on fish. The Science of  the Total Environment, 907, 167911. http://
doi.org/10.1016/j.scitotenv.2023.167911.

Fia, R., Tadeu, H. C., Menezes, J. P. C., Fia, F. R. L., & Oliveira, L. 
F. C. (2015). Qualidade da água de um ecossistema lótico urbano. 
Revista Brasileira de Recursos Hídricos, 20(1), 267-275. http://doi.
org/10.21168/rbrh.v20n1.p267-275.

Fraga, M. D. S., Reis, G. B., da Silva, D. D., Guedes, H. A. S., & 
Elesbon, A. A. A. (2020). Use of  multivariate statistical methods 
to analyze the monitoring of  surface water quality in the Doce 
River basin, Minas Gerais, Brazil. Environmental Science and Pollution 
Research, 27(28), 35303-35318. https://doi.org/10.1007/s11356-
020-09783-0.

Ghaly, A. E., & Ramakrishnan, V. V. (2015). Nitrogen sources and 
cycling in the ecosystem and its role in air, water and soil pollution: 
a critical review. Journal of  Pollution Effects & Control, 3(2), 1-26. 
http://doi.org/10.4172/2375-4397.1000136.

Graziano, M. P., Deguire, A. K., & Surasinghe, T. D. (2022). Riparian 
buffers as a critical landscape feature: insights for riverscape 
conservation and policy renovations. Diversity (Basel), 14(3), 172. 
http://doi.org/10.3390/d14030172.

Guedes, H. A. S., Silva, D. D., Elesbon, A. A. A., Ribeiro, C. B. 
M., Matos, A. T., & Soares, J. H. P. (2012). Aplicação da análise 
estatística multivariada no estudo da qualidade da água do Rio 
Pomba, MG. Revista Brasileira de Engenharia Agrícola e Ambiental, 
16(5), 558-563. http://doi.org/10.1590/S1415-43662012000500012.

Hammer, Ø., Harper, D. A. T., & Ryan, P. D. (2001). Past: 
paleontological statistics software package for education and data 
analysis. Palaeontologia Electronica, 4, 1-9.

Instituto Brasileiro de Geografia e Estatística – IBGE. (2020). 
Monitoramento da cobertura e do uso da terra. Retrieved in 2024, March 
10, from https://www.ibge.gov.br/geociencias/informacoes-
ambientais/cobertura-e-uso-da-terra/15831-cobertura-e-uso-da-
terra-do-brasil.html?edicao=16025&t=acesso-ao-produto

Instituto Brasileiro de Geografia e Estatística – IBGE. (2023). 
IBGE Cidades: panorama Ipatinga. Retrieved in 2023, August 10, 
from https://cidades.ibge.gov.br/brasil/mg/ipatinga/panorama

Jolliffe, I. T., & Cadima, J. (2016). Principal component analysis: 
a review and recent developments. Philosophical Transactions - Royal 
Society. Mathematical, Physical, and Engineering Sciences, 374(2065), 
20150202. http://doi.org/10.1098/rsta.2015.0202.

Khatri, N., & Tyagi, S. (2015). Influences of  natural and anthropogenic 
factors on surface and groundwater quality in rural and urban 
areas. Frontiers in Life Science, 8(1), 23-39. http://doi.org/10.1080
/21553769.2014.933716.

Krynak, E. M., & Yates, A. G. (2018). Benthic invertebrate 
taxonomic and trait associations with land use in an intensively 
managed watershed: implications for indicator identification. 
Ecological Indicators, 93, 1050-1059. http://doi.org/10.1016/j.
ecolind.2018.06.002.

Kütter, V. T., Martins, G. S., Brandini, N., Cordeiro, R. C., Almeida, 
J. P. A., & Marques, E. D. (2023). Impacts of  a tailings dam failure 
on water quality in the Doce river: the largest environmental 
disaster in Brazil. Journal of  Trace Elements and Minerals, 5, 100084. 
http://doi.org/10.1016/j.jtemin.2023.100084.

Le Moal, M., Gascuel-Odoux, C., Ménesguen, A., Souchon, Y., 
Étrillard, C., Levain, A., Moatar, F., Pannard, A., Souchu, P., 
Lefebvre, A., & Pinay, G. (2019). Eutrophication: a new wine in 
an old bottle? The Science of  the Total Environment, 651, 1-11. http://
doi.org/10.1016/j.scitotenv.2018.09.139.

Liu, C. W., Lin, K. H., & Kuo, Y. M. (2003). Application of  factor 
analysis in the assessment of  groundwater quality in a Blackfoot 
disease area in Twain. The Science of  the Total Environment, 313(1-3), 
77-89. http://doi.org/10.1016/S0048-9697(02)00683-6.

Lollo, J. A. (2016). A influência do uso e ocupação do solo na 
qualidade da água. In J. H. P. Americo-Pinheiro, M. H. P. Mirante, 
& S. M. Benini (Eds.), Gestão e qualidade dos recursos hídricos: conceitos e 
experiências em bacias hidrográficas (pp. 20-39). Tupã: Editora ANAP.

Medeiros, A. O., Missagia, B. S., Brandão, L. R., Callisto, M., 
Barbosa, F. A. R., & Rosa, C. A. (2012). Water quality and diversity 
of  yeasts from tropical lakes and rivers from the Rio Doce basin 
in Southeastern Brazil. Brazilian Journal of  Microbiology, 43(4), 
1582-1594. http://doi.org/10.1590/S1517-83822012000400043.

Menezes, J. P. C., Bittencourt, R. P., Farias, M. S., Bello, I. P., Fia, 
R., & Oliveira, L. F. C. (2016). Relação entre padrões de uso e 
ocupação do solo e qualidade da água em uma bacia hidrográfica 
urbana. Engenharia Sanitaria e Ambiental, 21(3), 519-534. http://
doi.org/10.1590/S1413-41522016145405.

Minas Gerais. Conselho Estadual de Política Ambiental – COPAM. 
Conselho Estadual de Recursos Hídricos de Minas Gerais – CERH. 
(2022, 21 de novembro). Deliberação Normativa Conjunta COPAM-
CERH/MG nº 08, de 21 de novembro de 2022. Diário Oficial de 
Minas Gerais, Belo Horizonte. Retrieved in 2023, August 9, from 
http://www.siam.mg.gov.br/sla/download.pdf?idNorma=56521

https://doi.org/10.1093/nsr/nwu017
https://doi.org/10.1093/nsr/nwu017
https://doi.org/10.1086/703396
https://doi.org/10.1016/j.scitotenv.2023.167911
https://doi.org/10.1016/j.scitotenv.2023.167911
https://doi.org/10.21168/rbrh.v20n1.p267-275
https://doi.org/10.21168/rbrh.v20n1.p267-275
https://doi.org/10.1007/s11356-020-09783-0
https://doi.org/10.1007/s11356-020-09783-0
https://doi.org/10.4172/2375-4397.1000136
https://doi.org/10.3390/d14030172
https://doi.org/10.1590/S1415-43662012000500012
https://doi.org/10.1098/rsta.2015.0202
https://doi.org/10.1080/21553769.2014.933716
https://doi.org/10.1080/21553769.2014.933716
https://doi.org/10.1016/j.ecolind.2018.06.002
https://doi.org/10.1016/j.ecolind.2018.06.002
https://doi.org/10.1016/j.jtemin.2023.100084
https://doi.org/10.1016/j.scitotenv.2018.09.139
https://doi.org/10.1016/j.scitotenv.2018.09.139
https://doi.org/10.1016/S0048-9697(02)00683-6
https://doi.org/10.1590/S1517-83822012000400043
https://doi.org/10.1590/S1413-41522016145405
https://doi.org/10.1590/S1413-41522016145405


RBRH, Porto Alegre, v. 29, e25, 202410/10

Water quality and land use in Ipanema Stream Watershed (Doce River Basin/Brazil): effects of  urbanization

Olsen, R. L., Chappell, R. W., & Loftis, J. C. (2012). Water quality 
sample collection, data treatment and results presentation for 
principal components analysis–literature review and Illinois River 
watershed case study. Water Research, 46(9), 3110-3122. http://doi.
org/10.1016/j.watres.2012.03.028.

Pärn, J., Henine, H., Kasak, K., Kauer, K., Sohar, K., Tournebize, 
J., Uuemaa, E., Välik, K., & Mander, Ü. (2018). Nitrogen and 
phosphorus discharge from small agricultural catchments predicted 
from land use and hydroclimate. Land Use Policy, 75, 260-268. 
http://doi.org/10.1016/j.landusepol.2018.03.048.

Passos, J. B. M. C., Sousa, T. D. B., Campos, J. A., Lima, R. P. C., 
Fernandes-Filho, E. I., & Silva, D. D. (2021). Multivariate statistics 
for spatial and seasonal quality assessment of  water in the Doce 
River basin, Southeastern Brazil. Environmental Monitoring and 
Assessment, 193(3), 125. http://doi.org/10.1007/s10661-021-08918-1.

Petrucio, M. M., Medeiros, A. O., Rosa, C. A., & Barbosa, F. 
A. R. (2005). Trophic state and microorganisms community of  
major sub-basins of  the middle Rio Doce basin, southeast Brazil. 
Brazilian Archives of  Biology and Technology, 48(4), 625-633. http://
doi.org/10.1590/S1516-89132005000500015.

Porto, A. A., Oliveira, A. M. S., Saad, A. R., Vargas, R. R., Arruda, R. 
O. M., Dalmas, F. B., & Azevedo, F. D. (2017). Análise geoambiental 
aplicada ao uso da terra na bacia hidrográfica do córrego Capão 
da Sombra, Guarulhos (SP), utilizando fósforo como indicador 
de qualidade ambiental. Revista UNG – Geociências, 16(1), 6-24.

Purwono, A. R., Hibbaan, M., & Budihardjo, M. A. (2017). Ammonia-
nitrogen (NH3-N) and ammonium-nitrogen (NH4+-N) equilibrium 
on the process of  removing nitrogen by using tubular plastic 
media. Journal of  Materials and Environmental Sciences, 8, 4915-4922.

Richardson, M., & Soloviev, M. (2021). The urban river syndrome: 
achieving sustainability against a backdrop of  accelerating change. 
International Journal of  Environmental Research and Public Health, 18(12), 
6406. http://doi.org/10.3390/ijerph18126406.

Šaulys, V., Survilė, O., & Stankevičienė, R. (2020). An assessment 
of  self-purification in streams. Water, 12(1), 87. http://doi.
org/10.3390/w12010087.

Souza, M. M., & Gastaldini, M. C. C. (2014). Avaliação da qualidade 
da água em bacias hidrográficas com diferentes impactos antrópicos. 
Engenharia Sanitária e Ambiental, 19(3), 263-274. https://doi.
org/10.1590/S1413-41522014019000001097.

Tromboni, F., Lourenço-Amorim, C., Lima, V. N., Thomas, S. 
A., Araújo, M. S., Lima, R. F., Silva Júnior, E. F., Heatherly II, T., 
Moulton, T. P., & Zandona, E. (2019). Conversion of  tropical 
forests to agriculture alters the accrual, stoichiometry, nutrient 

limitation, and taxonomic composition of  stream periphyton. 
International Review of  Hydrobiology, 104(5-6), 116-126. http://doi.
org/10.1002/iroh.201801963.

Vera Mercado, J. A., & Engel, B. (2021). Multi-scale analysis of  the 
dependence of  water quality on land use using linear and mixed 
models. Water, 13(19), 2618. http://doi.org/10.3390/w13192618.

Walker, D. B., Baumgartner, D. J., Gerba, C. P., & Fitzsimmons, K. 
(2019). Surface water pollution. In M. L. Brusseau, I. L. Pepper & 
C. P. Gerba (Eds.), Environmental and pollution science (pp. 261-292). 
Amsterdam: Academic Press. http://doi.org/10.1016/B978-0-
12-814719-1.00016-1

Walsh, C. J., Roy, A. H., Feminella, J. W., Cottingham, P. D., 
Groffman, P. M., & Morgan II, R. P. (2005). The urban stream 
syndrome: current knowledge and the search for a cure. Journal 
of  the North American Benthological Society, 24(3), 706-723. http://
doi.org/10.1899/04-028.1.

Wang, G., Mang, S., Cai, H., Liu, S., Zhang, Z., Wang, L., & 
Innes, J. L. (2016). Integrated watershed management: evolution, 
development and emerging trends. Journal of  Forestry Research, 27(5), 
967-994. http://doi.org/10.1007/s11676-016-0293-3.

Authors contributions

Gabriela von Rückert: Conceptualization (leader), data curation 
(leader), formal analysis (supporting), funding acquisition (leader), 
investigation (equal), methodology (leader), project administration 
(leader), resources (leader), supervision (leader), validation 
(supporting), writing – original draft (supporting), writing – review 
& editing (equal).

Cleber Cunha Figueredo: Writing – review & editing (equal).

John Ellis de Faria Barros: Data curation (equal), formal analysis 
(equal), investigation (equal), validation (equal), writing – original 
draft (equal).

Raquel Ramos da Silva: Data curation (equal), formal analysis 
(equal), investigation (equal), validation (equal), writing – original 
draft (equal).

Editor-in-Chief: Adilson Pinheiro

Associated Editor: Ibraim Fantin da Cruz

https://doi.org/10.1016/j.watres.2012.03.028
https://doi.org/10.1016/j.watres.2012.03.028
https://doi.org/10.1016/j.landusepol.2018.03.048
https://doi.org/10.1007/s10661-021-08918-1
https://doi.org/10.1590/S1516-89132005000500015
https://doi.org/10.1590/S1516-89132005000500015
https://doi.org/10.3390/ijerph18126406
https://doi.org/10.3390/w12010087
https://doi.org/10.3390/w12010087
https://doi.org/10.1002/iroh.201801963
https://doi.org/10.1002/iroh.201801963
https://doi.org/10.3390/w13192618
https://doi.org/10.1016/B978-0-12-814719-1.00016-1
https://doi.org/10.1016/B978-0-12-814719-1.00016-1
https://doi.org/10.1899/04-028.1
https://doi.org/10.1899/04-028.1
https://doi.org/10.1007/s11676-016-0293-3

