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Abstract
The aim of the present study was to determine the environmental characteristics and water
quality of a drainage basin impacted by human activities in order to obtain quantitative
information for helping the development of environmental management politics of soils,
lakes, rivers and water resources. Physicochemical properties and concentrations of metals
were determined in different water samples. Dissolved oxygen, pH, turbidity, color, ammonia,
phosphorus, phenol, copper, silver, lead, cadmium and iron differed from levels considered
acceptable by international regulations, indicating potential environmental pollution due to
land occupation and the improper disposal of domestic, industrial and agricultural waste. The
leaching of pollutants from the soil to bodies of water was also found. Total dissolved solids,
salinity, suspended solids, nitrate, nitrite and zinc levels were lower than the limits imposed
by international regulations, but have been increasing over time. Urbanization,
industrialization and agricultural processes in drainage basins significantly affect the natural
characteristics of the environment, leading to an increase in the concentrations of pollutants
and a reduction in the quality of water, plants and soils. As pollutants in drainage basins
generally enter into soils, rivers, lakes and ocean, it is necessary to obtain quantitative
information about the human impacts in the water quality for developing environmental
management politics aiming to preserve the water resources.
Keywords: Environment, Drainage basin, Water resources, Metal, Management
1. Introduction
The water crisis of the 21st century is the result of the improper management of resources
(Rogers et al., 2006; Wang et al., 2016) and is associated with both water bioavailability and
high demand. Other problem is the lack of effective environmental management politics for
the preservation of drainage basins (Somlyody & Varis, 2006). The improper disposal of
domestic waste in water and soil has significantly contributed to the increase in the
environmental pollution of drainage basins in urban areas due to the presence of inorganic
and organic compounds and the bioaccumulation of these compounds in the natural
environment (Mauad et al., 2015). Urban anthropogenic activities alter the water quality of
drainage basins due to the influence on the biogeochemical mechanisms of the natural system
(Machado et al., 2009; Al-Naimi et al., 2015).
The monitoring of the physicochemical properties of water in drainage basins can be used to
determine anthropogenic sources of pollution and concentrations of metals (Brazil, 2005;
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Read et al., 2015). The essential parameters for establishing water quality are pH, dissolved
oxygen and organic matter (Netto et al., 2013). Different temperatures and intensities of solar
radiation also exert an influence on natural physicochemical properties (Netto et al., 2013).
While pH is an indicator of water quality, the type of soil indicates the degree of acidity or
alkalinity (Netto et al., 2013). Levels of dissolved oxygen vary depending on seasonal
conditions, temperature, photosynthetic activity, water turbulence and flow rate (Pouyat et al.,
2006). Oxygen levels decrease in the presence of suspended solids and biodegradable organic
matter contained in domestic and industrial waste (Chai et al., 2015). The decomposition of
organic matter in bodies of water can lead to a significant reduction in dissolved oxygen and
pH due to the formation of carbonic acid (Chai et al., 2015).
Determining the physicochemical properties and concentrations of metals in a drainage basin
is important to monitoring and preserving the natural environment. Drainage basins in urban
areas are significantly affected by anthropogenic actions, such as disorderly land occupation,
a lack of basic sanitation measures, the improper disposal of pollutants, inefficient drainage
systems, deforestation and the impermeabilization of soil due to paving and construction
activities (Bhardwaj et al., 2010). Thus, the aim of the present study was to determine the
environmental characteristics and water quality of a drainage basin impacted by human
activities and assist in the definition of environmental policies directed at the management
and monitoring of water during the land occupation processes. Physicochemical properties
were determined, such as temperature, dissolved oxygen, conductivity, pH, total dissolved
solids, salinity, turbidity, apparent color, phenol, suspended solids, nitrate, nitrite, ammonia,
phosphorus and chemical oxygen demand. Levels of copper, silver, lead, cadmium, iron and
zinc were also determined in different water samples.
2. Materials and Methods
2.1 Drainage Basin
The drainage basin studied is located in an urban area of the city of Lages in the state of
Santa Catarina in southern Brazil. The geographic coordinates are 27º47' S, 50º17' WGr
(mean altitude: 938 m; total area: 2722 hectares). The drainage basin has a mesothermal
climate with a mean temperature of 22 °C and well-distributed rainfall. The region has
slightly wavy ground and a maximum altitude of 1067 m. The predominant vegetation is
mixed rainforest.
2.2 Water Sampling
Water samples were collected from 57 different points (springs, confluences and intermediate
points). Each point was identified using the ArcGis® 10.1 software program in a
georeferenced environment overlapping orthophotocharts (Figure 1). Twenty-three springs,
twenty-six points of confluence and eight intermediate points were sampled.
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Figure 1. Water sample points in the drainage basin
Data on the hydrographic system, orthophotos and digital ground models on a scale of
1:10000 were studied. Samples were collected on sunny days with a mean temperature of
20 °C and the absence of rain and wind. Each sample was collected using a specific water
bottle and stored in a polyethylene flask under refrigeration to preserve the physical, chemical
and biological properties. Physicochemical properties were determined immediately after
sampling using an Ysi Professional Plus multiparameter probe. These properties were
determined again in the laboratory for confirmation.
2.3 Physicochemical Properties
Temperature, dissolved oxygen, conductivity, pH, total dissolved solids, salinity, turbidity,
apparent color, phenol, suspended solids, nitrate, nitrite, ammonia, phosphorus and chemical
oxygen demand were determined in the laboratory for each water sample using standard
methods for the examination of water and wastewater (Apha, 1999). Color, turbidity,
suspended solids and chemical oxygen demand were determined in raw samples using a
Spectroquant Nova 60 Merck spectrophotometer. Ammonia, phosphorus, nitrate, nitrite and
phenol were determined in samples filtered through a Millipore membrane system prior to
analysis by UV-vis spectrophotometry.
2.4 Metal Concentrations
The samples were prepared for the determination of metals using standard methods for the
examination of water and wastewater (Apha, 1999). Briefly, 100.0 mL of well-mixed,
acid-preserved water samples were placed in 125.0-mL Erlenmeyer flasks and 5.0 mL of
concentrated nitric acid were added to each flask. The flasks were placed on a hot plate and
376
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heated slowly to 120 °C. After reaching a sample volume of 10.0 to 20.0 mL, the remaining
solutions were cooled to room temperature and transferred to 100-mL flasks, which were then
filled to the maximum volume with Milli-Q® water. The samples were stored in amber glass
vials prior to the determination of copper, silver, lead, cadmium, iron and zinc by flame
atomic absorption spectroscopy (Spectrometer AAS 932 Plus - GBC, IL, USA; air-acetylene
flame, 0.0200 mg L-1 detection limit).
2.5 Descriptive Statistics
Descriptive statistic analysis was performed with the aid of the STATISTIC® 7.0.
3. Results and Discussion
3.1 Physicochemical Properties
Tables 1a-b show the physicochemical properties of the water samples collected from the
drainage basin studied. Dissolved oxygen, ammonia, phosphorus, phenol, pH, turbidity and
color differed from levels considered acceptable by international regulations, indicating that
the water is unsuitable for consumption. The water of the drainage basin studied goes through
various soils, lakes and rivers until entering the Atlantic Ocean (Figure 2). Consequently, this
contaminated water can increase the environmental pollution indices of different regions. In
general, this study will be very important for proposing appropriate environmental
management politics that avoid pollutions in Brazil. This study can also be an example for
other countries that worry with anthropologic activities near drainage basins in urban and
industrial areas. Moreover, the polluted water of a drainage basin brings up health problems
to animals and humans.
Table 1a. Physicochemical properties of the water samples collected from the drainage basin
studied. T: temperature, DO: dissolved oxygen, DTS: dissolved total solids, SS: suspended
solids, COD: chemical oxygen demand
T
(°C)
Minimum
17.3
Maximum 25.1
Mean
19.9
Median
19.7
SD
1.53
CV (%)
7.65
Asymmetry 0.87
Kurtosis
1.00

DO
(mg/L)
0.70
6.99
3.76
4.24
1.53
40.6
-0.45
-0.72

Conductivity
(µS/cm)
98.90
392.6
201.1
182.9
74.20
36.90
0.470
-0.910

pH

DTS
(mg/L)
5.19 72.80
8.05 274.3
6.84 145.7
7.14 133.2
0.86 54.40
12.5 37.30
-0.90 0.520
-0.49 -0.770
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Salinity
(mg/L x 10-6)
0.05
0.20
0.11
0.10
0.04
38.8
0.47
-0.80

Turbidity
(uT-FAU)
1.000
289.0
31.40
16.00
42.00
133.7
4.380
25.20
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Table 1b. Physicochemical properties of the water samples collected from the drainage basin
studied
Color
(uC-Hz)

SS
(mg/L)

Nitrate
(mg/L)

Nitrite
(mg/L)

Ammonia Phosphorus
(mg/L)
(mg/L)

COD
(mg/L)

Phenol
(mg/L)

Minimum

0.500

2.000

0.020

0.03

0.05

0.010

0.09

0.005

Maximum

327.0

237.0

1.410

0.33

8.95

0.530

53.9

0.060

Mean

62.30

44.40

0.230

0.08

1.92

0.120

14,2

0.020

Median

45.50

24.00

0.140

0.06

0.71

0.040

9.97

0.021

SD

64.30

50,80

0.270

0.05

2.14

0.150

12.6

0.011

CV (%)

103.2

114.2

117.8

64.3

111.1

132.1

88.7

41.22

Asymmetry 2.890

2.140

3.050

2.88

1.190

1.350

0.98

-0.095

Kurtosis

4.350

10.50

10.2

0.690

0.490

0.32

-0.819

8.650

SD: Standard deviation, CV: Coefficient of variation

Figure 2. Water path of the drainage basin studied
Temperature exerts a significant influence on the metabolic activity of microorganisms, the
velocity of chemical reactions and the solubility of substances (Tran et al., 2013), leading to
differences in variables such as pH, turbidity and color. Anthropogenic activities near
drainage basins also affect the turbidity and color of water. Moreover, high ammonia,
phosphorus and phenol concentrations are indicative of the influence of anthropogenic inputs
and consequent environmental pollution. As the concentration of dissolved oxygen increased
due to the influence of the variation in temperature, it is possible to conclude that the natural
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activities of microorganisms are not significant enough to contribute to the increase in
environmental pollution. However, anthropogenic inputs play an important role in the
environmental degradation of the drainage basin studied. Lower temperatures were found in
the springs due to presence of vegetation and less sunlight.
Dissolved oxygen is essential for aerobic aquatic beings and its level in river water depends
on temperature, salinity, water movement and atmospheric pressure. The concentration
decreases at lower temperatures and during the decomposition of organic matter by
microorganisms (Said et al., 2004). Dissolved oxygen concentrations in the drainage basin
studied differed from those considered suitable by international regulations, which was
associated with the presence of algae and organic matter from anthropogenic sources. Oxygen
concentrations from 4.0 to 5.0 mg L-1 were determined in some water samples, which can
cause the death of aerobic beings (Neto et al., 2013). Moreover, oxygen concentrations were
lower than 4.0 mg L-1 in 70 % of the drainage basin, indicating that the water is unsuitable for
fishes or other aerobic living beings. Anthropogenic sources and irregular land occupation are
predominant factors in the environmental pollution of drainage basins. The dissolved oxygen
concentrations in the confluence and intermediate points located in urban areas (P5, P26, P27,
P28, P29, P30, P40, P42, P48, P49, P50 and P54) were lower than 2.0 mg L-1, indicating
significant environmental degradation. Most of these points are near areas of domestic and
industrial waste discharge. The lowest oxygen concentration was determined at P50 (0.70 mg
L-1), which is located in a region with a high population density.
Conductivity values at points P8 and P12 were lower than 100 µS cm-1. Maximum
conductivity (392.6 µS cm-1) was determined at P28. Different conductivity values in various
points of a drainage basin are associated with the improper disposal of domestic, industrial or
agricultural waste (Pereira et al., 2012). The coefficient of variation was 36.93 % and
minimum, maximum and average conductivities were 98.9, 392.6 and 201.11 µS cm-1,
respectively. Conductivity levels higher than 100 µS cm-1 indicate environmental degradation
(Brazil, 2005; Libânio, 2010).
The turbidity values ranged from 1.000 to 289 NTU, with coefficient of variation of 133.7 %.
Turbidity values higher than the acceptable limit for natural water were determined in
confluences near urban areas due to the larger number of anthropogenic sources. This result is
the consequence of the lack of environmental management regarding water and domestic
sewage disposal. The improper disposal of domestic sewage in drainage basins increases the
emerging pollutant concentration and environmental degradation. High turbidity values are
associated with the decomposition of organic and inorganic matter by aerobic and anaerobic
microorganisms (Pinheiro et al., 2014).
After the decomposition process, bioavailable organic matter decreases the pH of the water
due to the production of organic acids and carbonic gas (Oliveira et al., 2009). pH values are
important to the determination of water quality and the type of soil in a drainage basin. For
instance, the pH of water considered of quality excellent ranges from 6.0 to 9.0 (Brazil, 2005).
Values lower than 6.0 were determined at the confluence points indicated by P37, P38 and
P39. Livestock and agricultural activities in these areas constitute two anthropogenic sources
379
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that may be altering water quality. Values lower than 6.0 were also determined at spring
points P8, P9, P10, P11, P12, P13, P14, P15 and P16 due to the presence of domestic and
agricultural waste near the water. The variation coefficient of 12.5 % indicates that the pH in
the natural environment of the drainage basin studied is the result of anthropogenic activities,
which is in agreement with studies conducted in other drainage basins (Siqueira et al., 2012).
The watercolor in a drainage basin increases in the presence of iron, manganese, organic
matter, algae and industrial/domestic waste (Netto et al., 2013). The watercolor in 11 springs,
seven confluences and one intermediate point was higher than that considered acceptable by
international regulations (Brazil, 2005). High coloration levels at points P5, P9, P14, P16 and
P56 were associated with the excess organic matter from anthropogenic sources.
The ammonia concentrations in water samples collected from points P7 (spring), P26, P27,
P29, P30, P33, P41, P54, P55 (confluences), P45, P46, P47, P48, P49 and P50 (intermediate
points) were higher than those considered acceptable by international regulations. Higher
ammonia concentrations were determined in water samples with a low level of dissolved
oxygen. This result is the consequence of irregular land occupation in urban areas of the
drainage basin studied. Domestic and industrial waste constitutes a constant source of
anthropogenic pollution, whereas the flow of compounds of a natural origin on the soil
surface is a seasonal phenomenon controlled by climate conditions (Bhardwaj et al., 2010). A
high ammonia concentration in a natural environment indicates potential environmental
pollution by nitrate and nitrite (Amneera et al., 2013).
Phosphorus concentrations ranged from 0.010 to 0.530 mg L-1, which are higher than the
values considered acceptable by international regulations, indicating that eutrophication is
taking place in the drainage basin studied (Kemerich et al., 2012). A high phosphorus
concentration is also an indication of rock dissolution, the leaching of contaminated soil,
organic matter decomposition and anthropogenic inputs from agricultural fertilizers as well as
the improper discharge of livestock and domestic effluents (Machado et al., 2009). The
phosphorus concentrations at points P7, P14 and P15 (springs) increased due to the growth of
surrounding urban areas, indicating contamination due to human impacts on the environment.
Riparian woodlands adsorb and remove phosphorus from water and low densities of such
forests near springs determine an increase in phosphorus concentrations in water (Pinheiro et
al., 2014). Lower phosphorus concentrations were determined at points P10, P11, P38, P39,
P43 and P52 due to high density of riparian woodlands. The coefficient of variation for
dissolved phosphorus levels was 132.1 %.
The mean chemical oxygen demand (COD) in the water samples collected from the drainage
basin studied ranged from 0.09 to 53.9 mg L-1. COD values higher than 20.0 mg L-1 are
characteristic of polluted water by either urban or industrial waste (Borges et al., 2003). Most
points in the drainage basin studied had a COD higher than that considered acceptable by
international regulations. For instance, the COD at points P41 (confluence) and P5 (spring)
were 53.8 and 24.2 mg L-1, respectively. High COD levels are associated with the
decomposition of organic matter by aerobic and anaerobic microorganisms.
Significant phenol levels were also determined in the water of the drainage basin studied. For
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instance, concentrations at points P9 and P41 were 0.0054 and 0.060 mg L-1, respectively,
which are higher than values considered acceptable by international regulations, indicating
contamination from anthropogenic sources, since phenol is not bioavailable in the
environment. The pollution of drainage basins by phenol commonly results from the
improper disposal of waste from paper, cellulose, mining, refinery, steel and coal-based
energy production industries. Phenols are toxic to aquatic life even at low concentrations,
altering water quality and the flavor of fish meat. Human intoxication by phenol can cause
nausea, vomiting, oral pain and stomachache (Aker et al., 2016). The phenol concentration in
water should be lower than 0.0030 mg L-1 (Brazil, 2005).
3.2 Metal Concentrations
Table 2 shows the statistical results of the concentrations of metals in the water samples
collected from the drainage basin studied. Copper concentrations ranged from 0.046 (P7) to
1.347 mg L-1 (P39). Copper is naturally found in the environment. However, its bioavailable
concentration is increased due to agricultural activities and fertilizer leaching processes in
soils (Barros et al., 2009). High pH values and low water flow increase the adsorption of
copper in plants and sediments (Bambic et al., 2006), increasing its bioaccumulation and
toxic effect.
Table 2. Statistical results of the concentrations of metals in the water samples collected from
the drainage basin studied
Copper
(mg L-1)
Minimum 0.046
Maximum 1.347
Mean
0.370
Median
0.310
SD
0.241
CV (%)
66.01
Asymmetry 1.740
Kurtosis
4.160

Silver
(mg L-1)
0.008
0.242
0.150
0.180
0.080
52.05
-0.570
-1.200

Lead
(mg L-1)
0.051
0.368
0.180
0.180
0.070
38.21
0.220
0.170

Cadmium
(mg L-1)
0.003
0.188
0.080
0.080
0.050
57.08
0.180
-0.590

Iron
(mg L-1)
0.392
4.738
1.560
1.400
0.900
57.74
1.370
2.490

Zinc
(mg L-1)
0.001
0.089
0.040
0.040
0.020
56.93
0.260
-0.370

SD: Standard deviation, CV: Coefficient of variation

Studies on the adsorption of copper to organic matter in drainage basins have demonstrated
that the pH value and amount of particulate organic matter alter the distribution of copper in
the water column (Scheffer et al., 2007). The mean copper concentration in the water of the
drainage basin studied was higher than the median value, indicating asymmetrical distribution.
Copper concentrations in 56 water samples were higher than that considered acceptable by
international regulations (Figure 3). This indicates that the water is improper for consumption
without prior treatment. The variability in the copper concentrations (coefficient of variation:
66.01%) is the result of human impacts on the environment. The findings demonstrate
leptokurtic distribution with concentrations around the mean value, as described for other
drainage basins (Júnior, 2004).
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Figure 3. Copper concentrations in 57 water samples collected from the drainage basin
Silver concentrations ranged from 0.008 (P5) to 0.242 (P44) mg L-1. Silver occurs naturally at
low concentrations in the environment. However, its concentration increases significantly due
to industrial activities involving the production of photographic film and electronic devices.
This metal is potentially toxic at high concentrations (Bendassolli et al., 2003). The silver
concentration of 0.008 mg L-1 at P5 (spring) was lower than the limit imposed by
international regulations. However, most of water samples had concentrations higher than the
acceptable level due to the anthropogenic inputs in the drainage basin studied. Table 2 and
Figure 4 show the mean silver concentrations at each point, with negative asymmetry in
relation to the median. Significant variability in the data and platykurtic distribution were also
found as described elsewhere (Júnior, 2004).

Figure 4. Silver concentrations in 57 water samples collected from the drainage basin
Lead concentrations ranged from 0.051 (P43) to 0.368 mg L-1 (P30). The human activities
responsible for lead contamination include the petroleum, paint, dye, ceramic, arms and
vehicle battery industries (Paulino et al., 2008). Lead can enter the environment naturally
through volcanic emissions and weathering (Mather, 2015). This metal is a neurotoxin that
accumulates in muscular tissue, bone and viscera, damaging the central nervous system and
causing brain disorders in animals (Paulino et al., 2005). Lead concentrations higher than that
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considered acceptable by international regulations were found in all water samples studied.
High lead levels are associated with incineration processes and the improper disposal of
metallurgy waste in the drainage basin studied. Moreover, lead can enter the environment
through of the disposal of urban waste containing electronic devices. Table 2 and Figure 5
show a symmetric mean lead distribution around the median value. As the coefficient of
variation was lower than 40 %, certain homogeneity in the experimental data and leptokurtic
distribution were confirmed as described elsewhere (Alves et al., 2008).

Figure 5. Lead concentrations in 57 water samples collected from the drainage basin
Cadmium concentrations ranged from 0.003 to 0.188 mg L-1. The values at P11 and P19
(springs) and P45 (intermediate point) were lower than the limit imposed by international
regulations. However, concentrations for most water samples were higher than those
considered acceptable (Figure 6). The highest cadmium concentration was determined at P16
(spring). High cadmium concentrations in drainage basins are associated with the leaching of
sedimentary rock, volcanic activities and human impacts on the environment (Usepa, 2001).
The main anthropogenic sources of cadmium pollution are associated with the mining,
metallurgy and petroleum extraction industries. Moreover, domestic waste can have cadmium
due the improper disposal of electronic devices and batteries. Considering the absence of
metallurgic and petroleum extraction activities in the region of the drainage basin studied, it
can be suggested that the cadmium contamination of the environment is directly associated
with the improper disposal of domestic waste containing emerging pollutants. The
distribution coefficient and kurtosis values indicate 57 % variability in the experimental data
and platykurtic distribution of cadmium (Table 2 and Figure 6).
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Figure 6. Cadmium concentrations in 57 water samples collected from the drainage
basin
Total iron concentrations were 0.392 and 4.738 mg L-1 at P13 (spring) and P28 (confluence),
respectively. All values were higher than those considered acceptable by international
regulations due to human impacts on the environment. These concentrations are also
associated with the biogeochemical composition of rocks and sediments in the region of the
basin hydrographic. Iron and manganese are found in natural water due to soil and rock
leaching processes (Azevedo & Chasin 2003) as well as the improper disposal of domestic
and industrial waste (Ilo, 1997). The most common anthropogenic sources of iron are mining,
foundry, petroleum and domestic waste (Ilo, 1997). The total iron concentration in natural
soil depends on the physicochemical properties of rock and degrees of weathering (Mather,
2015). The presence of iron and manganese yields water with a yellow coloration and high
turbidity due to the precipitation of metal oxides and hydroxides (Richter & Netto 1991). The
values of the total iron concentrations shown in Table 2 and Figure 7 indicate positive
asymmetry, 57 % variability in the experimental data, heterogeneity of the values and
leptokurtic distribution.

Figure 7. Total iron concentrations in 57 water samples collected from the drainage
basin
384
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Zinc concentrations ranged from 0.001 to 0.089 mg L-1 in the drainage basin studied. All zinc
concentrations were lower than the limit imposed by international regulations. In view of this,
it was not shown a graphic with the total zinc concentrations in different sampling points.
Zinc is an essential mineral for living beings that participates in important biological
functions (Santos et al., 2011). Zinc deficiency can cause growth retardation, delayed sexual
maturation, infection and diarrhea (Hambidge & Krebs 2007). In contrast, the excessive daily
ingestion of zinc can cause ataxia, lethargy and copper deficiency (Paulino et al., 2007). Zinc
naturally occurs in the crust of the earth at an average concentration of 75.0 mg L-1, with 5.0
to 770.0 mg L-1 found in soils (Emsley, 2001). Symmetrical variability in the experimental
data and platykurtic distribution were found for naturally occurring zinc in the drainage basin
and no anthropogenic sources of this metal were identified during the experimental studies.
4. Conclusion
The environmental pollution of drainage basins due to the improper disposal of domestic and
industrial waste modifies physicochemical properties and concentrations of metals in bodies
of water. Moreover, environmental degradation has significantly increased due to leaching
processes and the absence of riparian forests. The mean pH, dissolved oxygen, turbidity, color,
ammonia, phosphorus and phenol values in the water of the drainage basin studied were
higher than those considered acceptable by international regulations. Mean total dissolved
solids, salinity, suspended solids, nitrate, nitrite and zinc values were lower than the limits
imposed by international regulations, but have been gradually increasing over time. The most
polluted drainage basins are located near areas with a high population density and the
degradation of such systems is the result of the improper disposal of domestic waste
containing emerging pollutants. High concentrations of metals, such as copper, silver, lead,
cadmium and iron, were also determined, indicating an increase in environmental pollution
due to presence of electronic devices in domestic waste. It is necessary to monitor and
characterize the water of drainage basins near urban areas for the definition of environmental
management strategies. The environmental monitoring and management of drainage basins
are important to the establishment of public politics aimed at avoiding the improper disposal
of solid and liquid wastes in soil and water and preserving natural water sources. This can
avoid the pollution of soils, lakes, river and ocean in some situations.
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