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No ano de 2007, águas superficiais foram coletadas a partir de 21 pontos de amostragem na 
cidade de Barcarena, Região Norte, Brasil: um ponto de amostragem localizado em um pequeno 
córrego que recebe descarga de resíduos a partir da indústria de beneficiamento do caulim e deságua 
no Rio Curuperê, três pontos de amostragens localizados próximos de fontes que emergem na 
margem esquerda e deságuam no Rio Curuperê, nove pontos de amostragem no Rio Curuperê, 
que deságua no Rio Dendê, e oito no Rio Dendê, afluente da margem esquerda do Rio Pará. Para 
todas as amostras de água foram quantificadas 14 variáveis físico-químicas e níveis de 12 metais. 
Os resultados nos pontos próximos das fontes do Rio Curuperê apresentaram perfil físico-químico 
e níveis de metais típicos para águas superficiais e esses valores foram utilizados como referência 
para comparar e identificar possíveis alterações nas características químicas para os demais 
pontos de amostragem. Quando os resultados das fontes do rio Curuperê foram comparados 
com os resultados do ponto próximo a descarga de resíduos industriais foram observadas fortes 
alterações nos valores de 6 variáveis físico-químicas (pH, condutividade elétrica (EC), total de 
sólidos suspensos (TDS), nitrogênio amoniacal (N-NH4), sulfato (SO4) e salinidade) e aumento 
em magnitude dos níveis de quatro metais (Al, Fe, Mn e Zn), caracterizando que esses resíduos 
eram descarregados no ambiente sem tratamentos adequados. Os resultados nos demais pontos de 
amostragem demonstraram que estas condições anômalas também foram encontradas ao longo dos 
Rios Curuperê e Dendê, principalmente durante a maré baixa. A partir desta caracterização química 
das águas foram identificadas condições prejudiciais aos ecossistemas aquáticos e potencial risco 
à saúde da população local que usa os rios para consumo, recreação e transporte.

In 2007, surface waters were collected from 21 sampling points in Barcarena City in Northern 
Region of Brazil: one sampling point located in a stream that receives discharge of wastewater 
from a kaolin processing industry and flows into the Curuperê River, three sampling points located 
near sources that emerge on the left bank and flow into the Curuperê River, nine sampling points 
in Curuperê River, which flows into the Dendê River, and eight in Dendê River, a tributary on the 
right bank of the Pará River. For all water samples were quantified 14 physicochemical variables 
and levels of 12 metals. The results in the points near the sources of the Curuperê River presented 
physicochemical profile and metal levels which are typical of surface waters being used as reference 
to compare and identify possible changes in the chemical characteristics of the other sampling 
points. The comparison between the results obtained for the sources of the Curuperê River and 
the ones for the point near the discharge of industrial wastewater revealed strong changes in the 
values of 6 physicochemical variables (pH, electrical conductivity (EC), total dissolved solids 
(TDS), sulfate (SO4), ammoniacal nitrogen (NH4-N) and salinity) and an increase in magnitude 
of the levels of four metals (Al, Fe, Mn and Zn). These facts characterized that the wastewaters 
were discharged into the environment without adequate treatment. Results in other sampling sites 
showed that these anomalous conditions were also found along the Curuperê and Dendê Rivers, 
especially during low tide. This chemical characterization of the waters allowed to identify harmful 
conditions to aquatic ecosystems and potential health risk for the local people, who use the rivers 
for drinking water, recreation and transportation.

Keywords: surface water, environmental impacts, industrial wastewater, kaolin, Amazon, 
multivariate analyses
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Introduction

The industrialization process accelerated since the last 
century increased the pressure on the environment from 
the intensive use of mineral resource and large amount 
of wastewater discharged into bays, rivers and lakes. In 
these drainages, the knowledge of the physicochemical 
conditions and the measurements of the metal levels in 
surface waters are control information which is relevant 
to environmental preservation and maintenance of life.1-7

Kaolin is a type of clay rich in kaolinite that is 
economically important and has several applications, 
including as paper coating, component in ceramics and 
refractory materials, disperser for paints, in rubber articles 
and in preparing insecticides and chemical fertilizers.8 

The size, structure and shape of its particles influence its 
rheological properties, opacity, impression and whiteness. 
The specifications for its use are based on the method for 
preparation or industrial purification, which depends on the 
specific physical and chemical characteristics desired.9 The 
stages of the industrial processing of the kaolin produce 
solid wastes mixed with strongly acidic wastewaters 
(pH < 3) and high concentration of metals, such as Al, Cd, 
Cr, Fe and Zn.10-11

Ineffective, interrupted or inappropriate treatments for 
neutralization and reducing of the metals concentration and 
other toxic components may transport kaolin wastewater 
into bays, lakes and rivers. In these conditions, the physical 
and chemical characteristics of the surface waters are 
abruptly modified with the possibility of immediate 
damage to aquatic ecosystems, reduction in diversity and 
the disappearance of species that are more sensitive to 
such changes.12-16 There is a simultaneous increase in the 
concentration of dissolved metals in the water and later 
in the accumulation of those substances in sediments 
and aquatic organisms.17-24 These metal compounds can 
be absorbed or ingested by aquatic microorganisms and 
biomagnify along the food chain. In this way to the top of 
the chain, the accumulation can cause physiological damage 
to living creatures and pose risks to human health.25-34

In the decade of 1980, the producers of alumina, 
aluminum ingot, fertilizer and processed kaolin in 
manufacturing plants in Barcarena City (Pará State, 
Brazil) were attracted by government incentives, energy 
availability, easy access to river water and port structure, 
with the construction of the Port of Vila do Conde on the 
right bank of the Pará River in the Amazon estuary. In this 
area, a kaolin processing industry has set up its production 
nearby Curuperê and Dendê Rivers and wastewater from 
tailing ponds were discharged into the Curuperê River. 
This river flows into the Dendê River, a tributary of the 

Pará River. After this industrial process was installed, the 
riverside communities in the region began to report to 
the environmental and health authorities changes in the 
water characteristics of the Curuperê and Dendê Rivers, 
disappearance of aquatic species and occurrence of skin 
irritations after primary contact with river water.35

In this study, possible environmental impacts on the 
Curuperê and Dendê Rivers due to discharge of industrial 
kaolin wastewater were evaluated taking into account 
physicochemical variables and metal levels of the surface 
water. In this context, the association between the chemical 
properties of water on the specific environment and 
statistical methods, as hierarchical cluster analysis (HCA), 
principal component analysis (PCA) and correlation 
analysis, was done. These models can be effectively used 
to delineate the natural characteristics of the environment 
and possible geochemical dispersion of pollutants due to 
industrial wastewater discharges.36-46

Experimental

Study area

The Curuperê River is a small drainage that originates 
in tailing ponds of kaolin processing plant. Near banks 
of the Curuperê River are located the communities of 
Curuperê (01o34’49”S and 48o45’17”W) and Canaã 
(01o34’45”S and 48o45’52”W). Its riparian forests are 
well preserved and along almost its entire extent, the river 
is covered over by vegetation. Local inhabitants use the 
Curuperê River waters as via of transport in small boats, 
for leisure and subsistence fishing. The Dendê River 
begins in an environmental preservation area (01o33’54”S 
and 48o44’58”W) and its riparian forests have largely 
been substituted by other species due to the action of the 
population that lives along its banks. Since its origins to 
its mouth at the Pará River, the Dendê River flows in the 
natural course through the communities of the industrial 
neighborhood (01o34’09”S and 48o45’25”W), Ilha São 
João (01o34’27”S and 48o45’55”W) and Praia do Conde 
(01o34’01”S and 48o46’01”W). The tidal conditions in the 
Pará River provide a double meaning to the water flow in 
the Curuperê and Dendê Rivers and influence physical and 
chemically the water properties of both drainages. At high 
tide, waters invade from the Pará River and water currents 
in the Dendê and Curuperê Rivers are directed from their 
mouths back towards their sources with a resulting increase 
in water volume and retention of the waters springing up at 
the sources. At low tide, the water flowing in the Dendê and 
Curuperê Rivers are inverted and carry all of the material 
from their sources to the Pará River.
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Sampling

In order to assess environmental impacts in the 
Curuperê and Dendê Rivers due to discharge of industrial 
kaolin wastes, duplicate water samples were collected at 
a point immediately above the discharge of the effluent 
from the settling ponds (IR1), next to three sources (NS1, 
NS2 and NS3) located on the banks of the Curuperê River, 
nine sampling points on the Curuperê River (C1 to C9) and 
eight in the Dendê River (D1 to D8). In the Curuperê and 
Dendê Rivers, the sampling points were collected at high 
(H) and low (L) tides.

For metal analysis, samples were collected in 
polypropylene bottles with 1 L capacity and good sealing, 
all previously washed with 10% HNO3, deionized water, 
dried and kept isolated from external contamination until 
the moment of sampling. After sampling, all samples were 
stored at 4 oC and immediately sent for analysis.

Analytical methods

For these samples, 14 physicochemical variables 
were measured: pH, temperature (T), electrical 
conductivity (EC), total dissolved solids (TDS), salinity 
(SALT), color (COLOR), total suspended solids (TSS), 
turbidity (TRB), nitrates (NO3-N), nitrites (NO2-N), 
ammoniacal nitrogen (NH4-N), phosphate (PO4), 
sulfates (SO4) and sulfide (S). For the same samples, 
the concentrations of 12 metals were determined: 
aluminum (Al), barium (Ba), cadmium (Cd), cobalt (Co), 
chromium (Cr), copper (Cu), iron (Fe), manganese (Mn),  
nickel (Ni), lead (Pb), vanadium (V) and zinc (Zn).

Levels for pH, T, EC, SALT and TDS were determined 
using HANNA HI-9828 model multiparameter probes. The 
electrodes were calibrated moments before sampling with 
HI-769828-0, HI-769828-1, HI-769828-2 and HI-769828-3 
coded standard solution, all from the HANNA brand.

The samples were filtered using HA (ester-cellulose) 
0.45 mm Millipore brand membranes. The NO3-N, 
NO2-N, NH4-N, SO4, PO4 and S levels were determined 
using DIONEX model ICS2000 ion chromatography. 
The COLOR, TRB and TSS parameters were quantified 
utilizing a model DR-4000 UV-Vis spectrophotometer, 
from HACH. Concentrations of Al, Ba, Cd, Co, Cr, Cu, Fe, 
Mn, Ni, Pb, V and Zn metals were determined utilizing an 
inductively coupled plasma atomic emission spectroscopy 
(ICP‑OES), model Vista-MPX CCD Simultaneous, from 
VARIAN. For each analysis, 5 mL of filtrate were injected 
using a VARIAN brand SPS-5 automatic sampler, and 
control of operating conditions was managed by the 
ICP-Expert Vista software. The quality control of the 
methodology was assessed using SRM-1643e certified 
water samples and excellent analytical recoveries were 
obtained for all metallic elements, as seen in the data 
presented in Table 1.

Statistics treatment

Data analysis
All data are presented as the mean ± standard deviation. 

Student’s two-sample t-test was employed for statistical 
analysis of the data. The significance level was set at 
P  <  0.05. MINITAB® release 14 (2003) was used for 
statistical analysis.47

Table 1. Analytic quality control for metal analysis in sample water (n = 10)

Metal Average / (mg L-1) Range / (mg L-1) aSRM-1643e / (mg L-1) LODb / (mg L-1) Recovery / %

Al 0.139 0.134-0.142 0.142 ± 0.009 0.003 98.025

Ba 0.545 0.538-0.549 0.544 ± 0.006 0.003 100.22

Cd 0.007 0.006-0.007 0.007 ± 0.001 0.001 101.21

Co 0.027 0.025-0.029 0.027 ± 0.000 0.003 99.29

Cr 0.021 0.019-0.022 0.020 ± 0.000 0.002 101.37

Cu 0.023 0.022-0.024 0.023 ± 0.000 0.002 99.21

Fe 0.099 0.098-0.102 0.098 ± 0.001 0.003 101.16

Mn 0.039 0.037-0.040 0.039 ± 0.000 0.002 98.99

Ni 0.062 0.061-0.064 0.062 ± 0.001 0.002 99.74

Pb 0.019 0.018-0.020 0.020 ± 0.000 0.001 98.57

V 0.038 0.037-0.038 0.038 ± 0.001 0.003 100.03

Zn 0.077 76.13-79.76 0.078 ± 0.002 0.002 98.50

aCertified Reference Materials traceable to NIST; blimit of detection (LOD = 3 RSD/a), RSD (relative standard desviation) for 10 measures of the analytic 
white solution and a is angular coefficient of the calibration curve.
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Pre-processing of the data
Before applying the multivariate methods to the 38 

samples under study, each calculated property (variable) 
was auto scaled. In the auto scaling method, each variable 
is scaled to a mean of zero and a variance of unity. This 
method is very important because each variable is weighted 
equally and this provides a measure of the ability of a 
variable to discriminate classes of samples. With this 
method, we can compare all variables at the same level 
although each presents different units.48,49 

Multivariate methods

Hierarchical cluster analysis (HCA)
The HCA technique examines the distances between 

the samples in a data set and represents this information 
as a two-dimensional plot called a dendrogram. The HCA 
method is an excellent tool for preliminary data analysis. It 
is useful for examining data sets for expected or unexpected 
clusters, including the presence of outliers. It is informative 
to examine the dendrogram in conjunction with PCA as they 
give similar information in different forms. In HCA, each 
point forms a single cluster initially and then the similarity 
matrix is analyzed. The most similar points are grouped 
forming one cluster and the process is repeated until all 
the points belong to a unique group.50,51 

Principal component analysis (PCA)
PCA is a multivariate statistical technique and the central 

idea of PCA is to reduce the dimensionality of a data set 
that presents a large number of interrelated variables, while 
retaining as much as possible of the variation present in the 
data set. This is achieved by transforming the original data 
set to a new set of variables, called the principal components 
(PC), which are not correlated between themselves, and 
are ordered so that the first PC retains most of the variation 
present in all of the original variables. Three general aspects 
can be attained when PCA analysis is employed: (i) the 
original set of variables can be reduced to a smaller set that 
accounts for most of the variance in the data set, (ii) PCA can 
search the data for qualitative and quantitative distinctions 
in situations where the number of data available is quite 
large and (iii) PCA can be used to test hypotheses about the 
qualitative and quantitative distinctions in the data set.50,51

Results and Discussion

Evaluation of the Curuperê sources

Table 2 lists the results of the physicochemical 
parameters and metal levels in the surface waters for three 

streams located near the sources in the Curuperê River 
(NS1, NS2 and NS3). These results profiled water with 
weak acidity, low levels of salinity, conductivity, turbidity 
and color, and minimum concentrations for metals and other 
variables (TDS, TSS, NO3-N, NO2-N, NH4-N, PO4, SO4, 
S) . Comparing these levels with previous values obtained 
for other Amazonian rivers and with surface water limits 
allowed by Brazilian legislation, no anomalous values was 
observed. Therefore, these results show that the chemical 
characteristics of water drained into the Curuperê River 
from these sources were not altered by the discharge of 
industrial wastewater.52,53

Table 2 also presents the physicochemical results and 
dissolved metal concentration obtained for the point after 
discharge of industrial wastewater (IR1) into the Curuperê 
River. At this point, the levels of acidity (pH 2.6), EC 
(2195.0 µs cm-1), SALT (1.22 mg L-1), TDS (1091.0 mg L-1), 
NH4-N (1740.0 mg L-1), SO4 (1900.0  mg  L-1), Al 
(2.742 mg L-1), Fe (10.687 mg L-1), Mn (0.343 mg L-1) 
and Zn (0.398 mg L-1) were much higher than the ones 
recorded from the sources and suggest the inefficiency or 
absence of physical and chemical treatments of the effluents 

Table 2. Physicochemical parameters and metal concentration obtained 
for the water of three sources and point after discharge of industrial 
wastewaters into the Curuperê River

Parameters NS1 NS2 NS3 IR1

pH 5.30 5.40 6.10 2.60

T / oC 27.80 27.55 28.00 29.80

EC / (µs cm-1) 17.9 15.2 40.3 2195.0

TDS / (mg L-1) 8.8 7.8 20.1 1091.0

SALT / (mg L-1) 0.00 0.00 0.00 1.22

TRB (NTU) 2 2 1 14

TSS / (mg L-1) 2 5 4 18

COLOR / (Pt L-1) 13 1 1 84

NO3-N / (mg L-1) 0.085 0.070 0.055 0.015

NO2-N / (mg L-1) 0.007 0.008 0.006 0.014

NH4-N / (mg L-1) 0.255 0.160 0.100 1.740

PO4 / (mg L-1) 0.175 0.080 0.050 0.220

SO4 / (mg L-1) 4.0 1.0 8.0 1900.0

S / (mg L-1) 0.003 0.002 0.001 0.014

Al / (mg L-1) 0.338 0.225 0.029 2.742

Ba / (mg L-1) 0.015 0.031 0.015 0.064

Cd (mg L-1) 0.004 0.001 0.020 0.001

Co / (mg L-1) 0.001 0.001 0.001 0.001

Cr / (mg L-1) 0.001 0.001 0.001 0.001

Cu / (mg L-1) 0.001 0.001 0.001 0.001

Fe / (mg L-1) 0.341 0.158 0.337 10.687

Mn / (mg L-1) 0.002 0.002 0.002 0.343

Ni / (mg L-1) 0.012 0.001 0.001 0.001

Pb / (mg L-1) 0.025 0.002 0.001 0.001

V / (mg L-1) 0.002 0.002 0.002 0.002

Zn / (mg L-1) 0.005 0.014 0.005 0.398
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before being transported into the environment. In these 
conditions, depending on their frequency, discharge volume 
and capacity for geochemical dispersion of pollutants, those 
industrial wastewater can alter the chemical characteristics 
of surface water in the Curuperê River, with harmful 
effects on the aquatic species that are sensitive to such 
changes.30,54-57 Another important aspect to be noted is that 
this strong acidity and high ion concentration in the waters 
from IR1 point are chemical conditions that accelerate 
rock weathering processes with leaching and transporting 
of metallic ion components of soils in the region. This can 
contribute towards bioavailability of toxic substances that 
would otherwise be naturally immobilized in the mineral 
crystal structure.54,58-62

Assessment of surface waters

The physicochemical parameters and metal levels 
obtained for all points in the Curuperê and Dendê Rivers are 
presented in Tables 3 and 4. These data were added to the 
values found in Table 2 and evaluated by HCA (Figure 1). 
Additionally, the same data were analyzed using PCA 
(Figures 2 and 3).

Cluster analysis was applied to the data auto scaled, 
the normalized Euclidean distance was used to calculate 
the sample similarities and a hierarchical agglomerative 
procedure (Ward’s methods) was employed to establish 
the cluster. The results obtained are shown as a dendogram 
in Figure 1. In this dendogram, the vertical lines represent 
the sampling points and the horizontal lines represent 
the similarities between samples in terms of normalized 
Euclidian distances which originate from the cluster 
analysis between samples and a group of samples, and 
between groups of samples.

Initially, in the dendrogram presented in Figure 1, the 
clustering formation could be observed in groups 1 and 2 
with normalized Euclidean distance of 48.87. This strong 
separation suggests distinct influences on the chemical 
characteristics of each group that requires further details 
and discuss.

In group 1, there are three clusters. In the first one 
(subgroup A), all points in the streams located near the 
sources of the Curuperê River (NS1, NS2 and NS3) were 
allocated. The Euclidean distance of only 4.28 between 
these points suggests a strong homogeneity of these 
data confirming previous observations presented in the 

Table 3. Physicochemical parameters and metal concentration obtained for the surface waters of the Curuperê River

Parameters LC1 LC2 LC3 LC4 LC5 LC6 LC7 LC8 LC9 HC1 HC2 HC3 HC4 HC5 HC6 HC7 HC8 HC9

pH 2.80 3.30 3.60 3.60 3.70 3.65 3.70 3.90 4.20 3.70 4.90 6.40 6.45 6.60 6.70 6.90 6.05 6.10

T / oC 25.85 25.85 25.70 25.85 25.85 24.65 26.25 25.90 23.60 29.05 29.00 29.35 29.45 29.45 29.70 29.55 30.00 30.00

EC / (µs cm-1) 1609.5 1412.0 1243.0 1153.0 1033.5 883.5 1000.0 648.0 296.8 1433.0 367.0 129.0 119.0 80.0 86.0 76.0 89.0 74.0

TDS / (mg L-1) 804.0 705.5 621.0 576.0 516.0 441.5 499.5 324.0 198.8 716.0 183.5 64.4 59.7 39.9 42.9 38.0 94.6 87.0

SALT / (mg L-1) 0.80 0.70 0.60 0.60 0.50 0.40 0.50 0.30 0.10 0.70 0.20 0.10 0.10 0.10 0.10 0.10 0.10 0.10

TRB / (NTU) 10 14 9 13 17 20 15 18 31 18 31 30 27 26 27 25 23 29

TSS / (mg L-1) 6 6 9 10 8 11 9 12 20 13 10 14 16 19 18 15 30 18

COLOR / (Pt L-1) 39 43 41 66 73 89 65 87 157 102 161 146 152 154 149 139 203 166

NO3-N / (mg L-1) 0.020 0.018 0.020 0.017 0.015 0.015 0.013 0.010 0.010 0.100 0.090 0.120 0.098 0.100 0.100 0.100 0.100 0.130

NO2-N / (mg L-1) 0.001 0.001 0.005 0.001 0.005 0.001 0.001 0.001 0.003 0.004 0.005 0.003 0.003 0.009 0.024 0.034 0.006 0.004

NH4-N / (mg L-1) 0.510 0.445 0.305 0.370 0.345 0.230 0.360 0.245 0.320 0.275 0.310 0.325 0.315 0.310 0.300 0.330 0.125 0.105

PO4 / (mg L-1) 0.190 0.240 0.430 0.350 0.150 0.100 0.062 0.250 0.230 0.290 0.210 0.220 0.260 0.170 0.180 0.124 0.183 0.203

SO4 / (mg L-1) 1680.0 1650.0 775.0 780.0 765.0 760.0 805.0 745.0 705.0 2275.0 1455.0 460.0 480.0 260.0 295.0 255.0 325.0 350.0

S / (mg L-1) 0.008 0.009 0.015 0.012 0.007 0.006 0.011 0.009 0.020 0.118 0.110 0.115 0.014 0.013 0.017 0.017 0.031 0.026

Al / (mg L-1) 2.324 2.003 1.633 1.307 1.284 1.264 1.194 1.301 1.188 2.123 0.906 0.601 0.569 0.269 0.765 0.557 0.338 0.239

Ba / (mg L-1) 0.084 0.068 0.057 0.051 0.057 0.062 0.063 0.030 0.025 0.015 0.045 0.027 0.066 0.054 0.027 0.031 0.015 0.015

Cd / (mg L-1) 0.002 0.001 0.001 0.001 0.005 0.001 0.001 0.011 0.001 0.003 0.007 0.001 0.012 0.001 0.001 0.001 0.004 0.004

Co / (mg L-1) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.003

Cr / (mg L-1) 0.002 0.001 0.001 0.001 0.005 0.001 0.002 0.001 0.001 0.001 0.001 0.004 0.001 0.001 0.001 0.001 0.001 0.001

Cu / (mg L-1) 0.001 0.002 0.001 0.001 0.001 0.002 0.001 0.024 0.002 0.001 0.001 0.001 0.003 0.001 0.001 0.001 0.001 0.001

Fe / (mg L-1) 9.930 8.915 9.915 9.722 10.008 8.612 8.994 6.223 2.007 4.331 1.292 1.287 1.272 0.255 0.152 0.282 0.341 0.321

Mn / (mg L-1) 0.278 0.273 0.231 0.232 0.226 0.224 0.245 0.201 0.134 0.202 0.160 0.121 0.006 0.002 0.009 0.005 0.002 0.002

Ni / (mg L-1) 0.013 0.015 0.008 0.009 0.006 0.007 0.007 0.004 0.006 0.010 0.005 0.004 0.004 0.003 0.001 0.003 0.012 0.009

Pb / (mg L-1) 0.101 0.056 0.054 0.045 0.051 0.052 0.048 0.037 0.039 0.074 0.064 0.035 0.049 0.036 0.037 0.034 0.025 0.015

V / (mg L-1) 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

Zn / (mg L-1) 0.271 0.294 0.321 0.191 0.233 0.257 0.229 0.180 0.169 0.237 0.221 0.202 0.014 0.013 0.025 0.017 0.005 0.005
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discussion of the sources in Table 2. In the second one 
(subgroup B), all points in low tide of the Dendê River 
(LD1 to LD8) were placed with Euclidean distance of 
6.4 between them, suggesting a strong homogeneity in 
the chemical characteristics as recorded for subgroup A. 
In last cluster (subgroup C), with normalized Euclidean 
distance of 10.48 between all points, all points in high tide 
of the Dendê River (HD1 to HD8) and most points in high 

tide of the Curuperê River (HC4 to HC9) were allocated. 
However, the increase of the Euclidean distance between A, 
B and C (17.05) suggests the existence of some chemical 
characteristics differentiating these subgroups.

In group 2, there are two clusters. In first one (subgroup 
D), with normalized Euclidean distance of 12.03, it was 
possible to allocate the point in the stream (IR1) where 
occurs the discharge of industrial wastewater and, in 

Table 4. Physicochemical parameters and metal concentration obtained for surface waters of the Dendê River

Parameters LD1 LD2 LD3 LD4 LD5 LD6 LD7 LD8 HD1 HD2 HD3 HD4 HD5 HD6 HD7 HD8

pH 6.10 6.20 6.05 5.05 4.20 4.60 6.05 6.70 5.20 5.35 6.05 6.45 6.50 6.60 6.75 6.80

T / oC 30.00 28.60 29.00 30.50 30.60 30.80 30.65 30.85 28.60 28.90 29.40 29.55 29.65 29.45 29.35 29.50

EC / (µs cm-1) 99.8 126.3 173.8 203.5 210.0 214.5 235.5 41.1 291.5 270.0 151.0 86.1 74.9 57.7 81.1 59.4

TDS / (mg L-1) 50.3 63.2 87.0 102.5 105.1 107.5 119.7 20.6 145.5 134.9 75.5 43.1 36.8 28.8 40.5 29.7

SALT / (mg L-1) 0.01 0.01 0.01 0.03 0.10 0.10 0.01 0.01 0.10 0.10 0.10 0.01 0.01 0.01 0.01 0.01

TRB / (NTU) 31 22 28 26 28 27 31 32 28 28 34 39 40 38 41 41

TSS / (mg L-1) 11 12 19 15 14 14 22 21 19 17 25 31 33 30 33 32

COLOR / (Pt L-1) 98 121 160 142 154 146 169 165 148 147 177 199 208 142 211 216

NO3-N / (mg L-1) 0.030 0.020 0.010 0.010 0.011 0.017 0.020 0.018 0.102 0.100 0.112 0.100 0.100 0.099 0.097 0.100

NO2-N / (mg L-1) 0.004 0.006 0.001 0.004 0.003 0.001 0.003 0.002 0.008 0.006 0.008 0.008 0.014 0.010 0.008 0.009

NH4-N / (mg L-1) 0.105 0.095 0.092 0.078 0.081 0.076 0.075 0.074 0.315 0.330 0.340 0.350 0.360 0.370 0.350 0.380

PO4 / (mg L-1) 0.180 0.178 0.182 0.075 0.070 0.065 0.060 0.010 0.070 0.100 0.090 0.050 0.080 0.110 0.060 0.070

SO4 / (mg L-1) 375.0 400.0 250.0 450.0 650.0 550.0 450.0 350.0 133.5 50.5 42.0 26.0 22.5 13.5 22.5 24.0

S / (mg L-1) 0.004 0.004 0.013 0.008 0.009 0.018 0.018 0.017 0.017 0.018 0.026 0.031 0.031 0.028 0.021 0.032

Al / (mg L-1) 0.158 0.209 0.406 0.659 0.943 0.830 0.312 0.121 0.640 0.446 0.185 0.347 0.324 0.378 0.106 0.291

Ba / (mg L-1) 0.087 0.059 0.081 0.090 0.076 0.063 0.064 0.041 0.027 0.048 0.022 0.046 0.041 0.043 0.016 0.028

Cd / (mg L-1) 0.008 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.003 0.002 0.019 0.001 0.014 0.001 0.019 0.001

Co / (mg L-1) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Cr / (mg L-1) 0.002 0.002 0.001 0.001 0.001 0.005 0.001 0.001 0.001 0.001 0.001 0.008 0.001 0.008 0.001 0.001

Cu / (mg L-1) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Fe / (mg L-1) 0.251 0.262 0.311 1.252 1.267 0.984 0.292 0.225 0.135 0.392 0.051 0.146 0.323 0.188 0.230 0.213

Mn / (mg L-1) 0.060 0.066 0.079 0.099 0.116 0.085 0.060 0.004 0.028 0.010 0.004 0.002 0.002 0.002 0.002 0.002

Ni / (mg L-1) 0.009 0.011 0.008 0.001 0.001 0.003 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Pb / (mg L-1) 0.031 0.023 0.027 0.036 0.056 0.034 0.026 0.011 0.001 0.001 0.001 0.001 0.009 0.001 0.001 0.001

V / (mg L-1) 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

Zn / (mg L-1) 0.079 0.093 0.084 0.167 0.200 0.131 0.016 0.034 0.017 0.018 0.005 0.065 0.005 0.067 0.024 0.036

Figure 1. Dendrogram of the CA according to Ward’s method showing 
the clustering formation for the Curuperê and Dendê rivers.

Figure 2. Principal component score plot (PCA) considering both tide 
conditions.
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sequence from the IR1 point, the most points in low tide 
of the Curuperê River (LC1 the LC7). The second one 
(subgroup E), with normalized Euclidean distance of 
10.15, It was allocated the last two points in low tide of the 
Curuperê River, located farthest from the IR1 point, and 
the three points in high tide of the Curuperê River, located 
closer to the IR1 point.

The analysis for the two subgroups (D and E) allocated 
in group 2 suggests a good correlation between the chemical 
characteristics of waters in the stream (IR1), where occurs 
the discharge of wastewater, and waters for all points on 
the low tide (LC1 to LC9) plus a few points on the high 
tide (HC1 to HC3) of the Curuperê River. As the waters 
near the discharge point showed chemical characteristics 
with anomalous levels in some physicochemical variables 
and levels of metals, the formation of this group in the 
dendrogram (Figure 1) indicates that these anomalous 
levels have also modified the chemical characteristics 
on the waters of the Curuperê River. However, the small 
differences that resulted in the formation of subgroups 
D and E may be associated with factors such as distance 
from the discharge point and solvating power in high tide 
of the Curuperê River. Otherwise, the analysis of the three 
subgroups (A, B and C) allocated in group 1 suggests 
the existence of good relationship between the chemical 
characteristics recorded in the waters of streams (NS1, 
NS2 and NS3) near the sources of the Curuperê River with 
the waters in all points in the low (LD1 to LD8) and high 
tides (HD1 to HD3) of the Dendê River and few points 
(HC4 to HC9) in the high tide of the Curuperê River. As 
the waters of streams near the sources showed optimal 
physicochemical characteristics and low concentrations 
of metals, the formation of this group in the dendrogram 
(Figure 1) also indicated that changes in the Curuperê 
River, associated with the discharge point, could be diluted 
keeping the chemical characteristics in the Dendê River. 

However, the small differences between subgroups A, B and 
C may be associated with the environmental characteristics 
at each sampling point. The points in the subgroup A are 
near to the sources and, despite the small volumes of water, 
did not received the carrying of suspended materials or 
substance leached sufficient to modify the physicochemical 
characteristics and metal levels in these waters. For some 
points in subgroup B, on the low tide of the Dendê River, 
there is the carrying of suspended materials or leaching 
of substances from the Curuperê River, these factors are 
sufficient to promote small differences in the chemical 
characteristics of water in these points. In subgroup C were 
allocated only points during the high tide of both rivers and, 
in this condition, the waters of these rivers are mixed by 
by waters of the Pará River.

This distinction between groups was also observed 
by PCA. PCA was performed in the auto scaled data. 
The PCA results show that the first component (PC1) is 
responsible for 56.63% of variance in the data (Figure 2). 
Considering the first (PC1) and second (PC2) components, 
the accumulated variance increases to 43.6%. In Figure 2, 
it is observed that PC1 provides for good separation with 
the allocation of almost all of the points for group 1 in 
the first and third quadrants and almost all for group 2 in 
the second and fourth quadrants. Complementarily, PC2 
(10.6%) allows for separation of subgroups A, B and C 
identified in group 1 and D and E that make up group 2.

Those data were crossed through a new loading plot-
type PCA as presented in Figure 3. In this graph it was 
observed that the differentiation of the physicochemical 
profile in the points allocated to group 1 are strongly 
associated with levels of seven physicochemical 
parameters: T, COLOR, TSS, TRB, NO3-N, NO2-N 
and pH. Nonetheless, in the group 2, the differentiation 
in their characteristics is strongly associated with the 
physicochemical parameters and metal concentrations 
previously cited in the analysis in Table 3 (EC, TDS, 
SALT, NH4-N, PO4, SO4, Al, Fe, Mn and Zn). However, 
an influence of Ni and Pb concentrations appears 
(Figure 3), mainly associated with points LC1 to LC7 
at low tide on the Curuperê River. A characteristic 
in the IR1 point (Table 3) was strong acidity, but not 
high concentrations of Ni and Pb were recorded. These 
low levels of Ni and Pb in point IR1 suggest that low 
concentrations of these metals in the points from LC7 
to LC1 may be associated the solubilization of these 
metals in Curuperê riverbed, probably due to leaching 
processes of rocks in the aquatic environment due to the 
carrying acidic water.

Through the PC in Figure 2, it may also be observed 
that HC1, HC2, HC3, LC8 and LC9 points, all of them 

Figure 3. Principal component loading plot (PCA) considering both tide 
conditions.
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allocated in subgroup E of group 1, are dispersed between 
the second, third and fourth quadrants, with differentiation 
strongly influenced by PC2. This confirms the observations 
already cited above in the dendrogram (Figure 1), through 
which it was identified that those points are located in 
zones for mixing and dilution of running waters with a 
reduction in levels of physicochemical parameter and metal 
concentration that characterize points in group 2.

In Figure 2, it was observed that HC1 point presents 
chemical characteristics of surface waters similar to 
those for IR1 point. The observation may be founded on 
the geographical proximity between those points and the 
inversion in flow during high tide. Together, those are 

factors that can lead to higher retention at HC1 point of 
the industrial waste load discharged at IR1 point during 
high tide. At the points that make up subgroup D, all 
of them in the second quadrant in the PC in Figure 2, 
a detachment was observed in relation to IR1 point in 
the fourth quadrant. Those observations may also be 
explained by the condition of the tide. Because LC1 to 
LC7 points were sampled at low tide of the Curuperê 
River, the discharge of wastewaters at IR1 point undergoes 
geochemical dispersion with a gradual dilution process as 
it approaches the river mouth. In other words, from the 
waters natural flow in the Curuperê river occur the waste 
transporting to the Dendê river.

Figure 4. Strong Pearson positive correlation between the pH values and six physicochemical variables obtained for Curuperê River.
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Figure 5. Strong Pearson negative correlation between the pH values and four physicochemical variables obtained for Curuperê River.

The levels of Al, Fe, Mn, Ni, Pb and Zn were, for all 
sampled points of the river at low tide Curuperê (LC1 
to LC9), higher than the maximum levels recommended 
for Class II freshwaters by the Brazilian Environmental 
Legislation.63 In this Legislation, the freshwaters of 
Class II are intended for human consumption, protection 
of aquatic communities, recreation, irrigation, aquaculture 
and fishing activity. These altered levels were also recorded 
in the points near sources during high tide the Curuperê 
River (HC1 to HC3) and, to a lesser degree, for some 
points at low tide the Dendê River. The levels of some 
physicochemical variables in surface waters for the same 
points that showed abnormal levels of metals were also 
indicative of environmental impacts, with emphasis on 
levels of acidity and conductivity about thousand times 
higher than recommended for Class II freshwaters. These 
conditions were unfavorable to the protection of aquatic 
communities and are not recommended for recreation or 
human consumption.64-66

Figures 2 and 3 highlight the fact that the wastewaters 
discharged at IR1 point were responsible for changes in the 
characteristics of Curuperê River waters of almost all points 
at low tide and some of the points at high tide. For better 
understanding, those changes specifically in the Curuperê 
River (Figures 4, 5 and 6) present the correlation matrixes 

between the results observed for the physicochemical 
parameters and the metal concentrations.

Figure 4 highlight a strong positive correlation between 
pH and levels of T, TRB, TSS, COLOR, NO3-N and NO2-N 
(it was considered correlated variables as being those that 
possess correlation coefficients above 0.70). Those results 
demonstrate that the larger the distance from IR1 point, the 
more pH increases, with a resulting reduction of acidity and 
increase in the levels of T, TRB, TSS, COLOR, NO3-N and 
NO2-N. Otherwise, there was a strong negative correlation 
between pH, strong acidity, and levels of the variables EC, 
TDS, SALT and SO4 in surface waters of the Curuperê 
river (Figure 5).

Figure 6 highlights the fact that in the Curuperê waters 
there was a strong negative correlation between pH and 
concentrations of Al, Fe, Mn, Ni, Pb and Zn. From these 
graphs, it was observed that the high acidity is strongly 
correlated with the increase of levels for those metals in 
the waters of the Curuperê River. Figure 6 makes clear 
that the high acidity extends throughout almost all points 
at low tide on the Curuperê River, although that effect is 
less at high tide points. One fact to be highlighted was a 
good correlation between the strong acidity and increased 
levels of these metals (Al, Fe, Mn, Zn, Ni and Pb) in the 
surface waters of the Curuperê river.
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Figure 6. Bi-dimensional illustration between the pH values and concentration (mg L-1) for four metals levels with good Pearson correlation obtained for 
Curuperê River.

Conclusions

The industrial wastewater discharged near IR1 point 
presents characteristics that set them apart from results for 
the sources of the Curuperê River and suggest that those 
wastewaters were not treated in an appropriate manner 
before discharging into the Curuperê riverbed.

The wastewater discharge has drastically modified the 
chemical characteristics of the Curuperê River waters. 
Those environmental impacts represent risks to the 
health population, which uses those waters for recreation, 
transportation and their own supply. Other risks may be 
associated with modifications in the abiotic environment 

that may result in the biomagnification of metallic 
components throughout the food chain affecting people.

The discussions of the results by multivariate analysis 
combined with correlation data were sufficient to identify 
and characterize the environmental impacts on Curuperê 
river. These impacts were of lesser intensity in the Dendê 
river. However, the results demonstrated that during high 
tide the impacts were minimized with dilution of the 
pollutant load through daily flooding of the Curuperê and 
Dendê Rivers. Despite that lessening of impacts, high tide 
conditions were not sufficient for diluting all of the impacts, 
with strong alternations occurring principally at HC1, HC2 
and HC3 points in the Curuperê River.
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These results encourage further discussions on the 
processes of vertical mining in the Amazon, from which 
are discharged large volumes of effluents into water bodies. 
Decision-making are necessary to prevent damage to 
ecosystems and potential risks for human health caused by 
environmental exposure to toxic substances.
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