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ABSTRACT

Knowing the quality of water resources is fundamental to guarantee its different functions
in the environment. In this sense, this study highlighted the relationship between land use
and occupation with water quality, since the objective was to assess water quality in two
rural properties in the municipality of Guatambu in the state of Santa Catarina, Brazil.
Five points for analysis and their geographic coordinates were demarcated in each
property using the Global Positioning System (GPS) and inserted into the Quantum GIS
(QGIS) software for spatial assessment. For the water quality analysis of each point, the
following parameters were determined: pH, electrical conductivity, dissolved oxygen,
color, turbidity, alkalinity, chlorides and biochemical oxygen demand. According to these
results, the Bascaran surface water quality index (SWQIg) was estimated. As
demonstrated by the results, both properties presented an SWQIg ranging from “medium”
to “good”. However, when comparing the points intended for human consumption with
the Brazilian Decree 2,914 of December 2011, it was found that the color and turbidity
parameters were in disagreement in some cases. However, these two parameters can
easily vary. In addition, it was noted that points classified with SWQIg "good" have a
better protection area when compared to points classified with SWQIg "medium".

Keywords: Water quality, Bascaran index, Physicochemical parameters.
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RESUMO

Conhecer a qualidade dos recursos hidricos é fundamental para garantir as suas diversas
funcGes no ambiente. Nesse sentido, este estudo destacou as relacbes entre 0 uso e
ocupacdo do solo com a qualidade da 4gua, uma vez que o objetivo foi avaliar a qualidade
da &gua em duas propriedades rurais no municipio de Guatambu no estado de Santa
Catarina, Brasil. Cinco pontos para analise e suas referidas coordenadas geograficas
foram demarcados em cada propriedade através de Global Positioning System (GPS) e
inseridos no software Quantum GIS (QGIS) para a uma avaliacdo espacial. Para a analise
da qualidade da agua de cada ponto foram determinados os seguintes parametros: pH,
condutividade elétrica, oxigénio dissolvido, cor, turbidez, alcalinidade, cloretos e
demanda bioquimica de oxigénio. Com estes resultados, estimou-se o indice de qualidade
das aguas superficiais de Bascaran (IQASg). Conforme demonstrado pelos resultados,
ambas as propriedades apresentaram um IQASg variando de “médio” a “bom”.
Entretanto, ao comparar os pontos destinados ao consumo humano com a Portaria 2.914
de dezembro de 2011, verificou-se que os parametros cor e turbidez estavam em
desacordo em alguns casos. No entanto, estes dois parametros podem facilmente sofrer
variagOes. Além disso, foi constatado que os pontos classificados com 1QASg “bom”
possuem melhor area de protecédo quando comparados aos pontos classificados com IQAg
“medio”.

Palavras-chave: Qualidade da 4gua, indice de Bascaran, Parametros fisico-quimicos.

1 INTRODUCTION

Urbanization and industrialization have caused an increase of water pollution. In
developing countries, this problem is even greater, as the water and sanitation
infrastructure is unable to meet population growth?. Currently, around 2.2 billion people
do not have access to safe managed water services worldwide?. Therefore, the evaluation
of water resources and the management of their quality is essential for a sustainable
community to be reached.

In agriculture, the excessive chemicals usage, such as fertilizers and pesticides,
and the improper disposal of wastewater are some anthropic activities that significantly
reduce water quality®*. In addition, runoff is largely affected by land use, resulting in
impacts on water bodies. Therefore, it emphasizes the need for studies that assist in the
qualitative monitoring of these resources®.

In this sense, the evaluation of water quality can be performed through its
physical, chemical and biological parameters. However, in order to perform a good
environmental diagnosis, it is also necessary to apply technologies that allow a spatial
view of the entire system. A commonly used tool is Geographic Information Systems
(GIS)®". This technology has been the target of increasing use in environmental planning

with strong adherence to the management of water resources®.
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Accordingly, the objective of this study was to analyze the water quality of two
rural properties in the municipality of Guatambu to estimate a qualitative classification
index. For this estimate, the following parameters were evaluated: electrical conductivity
(EC), pH, dissolved oxygen (DO), color, turbidity, alkalinity, chlorides and biochemical
oxygen demand (BOD).

2 MATERIAL E METHODS
2.1 STUDY AREAS

The study area was the municipality of Guatambu, located in the west of the state
of Santa Catarina (SC), Brazil, as shown in Figure 1. The city has successfully developed
the family farming model and for this reason the most intense agricultural activities in the
municipality are poultry, dairy cattle and pig farming, as well as the planting of soybeans
and corn. In rural properties, it is common to have wells or sources of water intake for
human and animal consumption. The location of these water source points is often
problematic, since they are close to livestock and plantation areas. During the cultivation
of crops, chemical fertilizers and animal waste are used, which can seriously contribute

to degrade water quality.

Figure 1. Location of the study areas.

Municipality of
Guatambu

Brazil

® Property A
) Property B
— Watercourses

] State of Santa
Catarina

Source: Authors.

2.2 SAMPLING POINTS

The two rural properties were named herein as property A and B. In each of them,
5 collection points were established to assess the water quality, which were identified as
Al, A2, A3, A4, A5, B1, B2, B3, B4 and B5 and had the geographic coordinates
determined with the aid of a Global Positioning System (GPS). The definition of the
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sampling points considered water springs, places where the water is used for human
consumption and places for the watering of animals. Both properties were delimited in
satellite images kindly provided by the Association of Municipalities in the West of Santa
Catarina (AMOSC) using the Quantum Gis software (QGIS).

2.3 SAMPLING

The water samples were collected following the procedures reported in the
practical water analyses manual of the National Health Foundation (FUNASA)Y.
Polyethylene bottles with, properly sterilized and with a volume of 500 mL, were used
for sampling. For each point, three completely filled and properly identified bottles were
used. Immediately after collection, the samples were stored in a dark and refrigerated
atmosphere. The meteorological conditions of the 24 hours preceding the collection were
also considered, since the occurrence of rain, for example, can alter some analyzed

parameters.

2.4 PHYSICOCHEMICAL ANALYSES

The analyses were performed less than 24 hours before the time of collection. The
parameters analyzed were: EC, pH, DO, color, turbidity, alkalinity, chlorides and BOD.
The values of pH, EC, DO, color and turbidity were determined in duplicates by pH meter,
conductivity meter, oximeter, colorimeter and turbidimeter, respectively. All devices
used in these analyses were previously calibrated. The quantification of alkalinity and
chlorides was performed according to the specific procedures reported by the National
Health Foundation (FUNASA)!. BOD was indirectly determined by the DO
concentration, which was quantified shortly after collection and 5 days later; during this

period the samples remained stored at 20 ° C and protected from light.

2.5 SURFACE WATER QUALITY INDEX

According to the analyses of the parameters aforementioned, it was possible to
estimate the surface water quality index (SWQI) of each rural property. The calculation
was performed using the Bascaran method (SWQIg), as reported in other works'? > by

Equation 1

Y Ci*P;

where Ci and Pi are the percentage and weight, respectively, which are tabulated

according to the determined value of each parameter’®. K is an adjustment constant
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according to the visual aspect of the waters, attributed through the following scale: 1.0
for clear waters without apparent contamination; 0.75 for slightly colored waters, foams
and/or slight unnatural apparent turbidity; 0.50 for waters with a contaminated appearance
and with a strong odor and 0.25 for dark waters with fermentations and odors. Depending
on the value of the SWQIg, which can vary from 0 to 100, the evaluated water can be
classified qualitatively as very bad, bad, medium, good or excellent'>*°,

3 RESULTS AND DISCUSSION

Properties A and B have areas of 10.2 and 194.9 hectares, respectively. Figure 2
shows the sampling points at both locations. The points A1 and A2 comprise two water
springs used for human consumption, while the water spring located at point A3 only
contributes to supplying the adjacent reservoir. At points A4 and A5 are the other two
reservoirs on the property used for animals watering. In relation to property B, points B2
and B3 represent water springs used for animals watering, while the water spring in point
B4 is intended for human consumption. Points B1 and B5 are reservoirs, and the latter is
utilized for fish farming.

Figure 2. Sampling points on property A (left) and property B (right).
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— Watercourse
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Source: Authors.

The results of the parameters analyzed at properties A and B are shown in Table

1 and Table 2, respectively. The pH values for both properties indicate acidic waters.
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Generally, the normal pH range for surface water is between 6.5 and 8.5, but a reduction

of around 5.2 is expected for waters in contact with atmospheric carbon dioxide (CO2)*°.

In addition, another factor that influences the pH of these waters is the acidic soils

leaching and the decomposition of organic matter present when producing organic

acids'’. The EC values of the points sampled on property B were similar. In property A,

points A3 and A4 showed a higher EC compared to the others, although this increase is

still in line with the range of values for this parameter in surface waters (10 to 100 uS -

cm-1)*8. Thus, the low EC values reported herein indicate that there is not an high amount

of dissolved salts, because the stronger the flow of the electric current, the greater the

conductivity®®.

Table 1. Physicochemical analyses of the sampled points on property A.

Sampling Point

Parameter Al A2 A3 A4 A5
pH 5.04 5.13 6.00 5.45 6.25
Electrical Conductivity (uS-cm™) 25.65 23.85 48.85 41.50 36.50
Colour (HU) 16.15 10.80 377.10 134.15 685.35
Turbidity (NTU) 8.5 2.5 435 155 86.5
Alkalinity (mg-L™* CaCOs) 14.30 12.35 23.72 16.40 20.11
Chloride (mg-L?) 7.42 8.59 6.40 9.56 7.60
Dissolved Oxygen (mg-L?) 6.52 6.07 7.26 6.57 7.28
Biological Oxygen Demand (mg-L?) 0.28 0.17 0.49 0.44 0.56

Table 2. Physicochemical analyses of the sampled points on property B.

Parameter Sampling Point

B1 B2 B3 B4 B5

pH 6.51 5.21 5.09 6.07 6.26
Electrical Conductivity (uS-cm™) 12.40 20.81 20.14 22.81 26.00
Colour (HU) 89.95 11.10 14.65 76.80 220.75
Turbidity (NTU) 13.0 15 5.0 6.0 27.0
Alkalinity (mg-L CaCOs) 16.01 15.81 13.27 18.06 18.59
Chloride (mg-L?) 9.86 7.08 8.58 5.54 6.02
Dissolved Oxygen (mg-L™t) 7.42 6.69 6.79 6.57 7.00
Biological Oxygen Demand (mg-L?) 0.71 0.19 0.26 0.43 0.40

The color values were clearly different for the points analyzed in the two

properties. The color reflects the amount of colloidal material that water has, i.e.,

dissolved substances?. For property A, it is interesting to note that the water springs Al

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 34480-34491 apr

2021



Brazilian Journal of Development
ISSN: 2525-8761

34486

and A2 are properly protected with vegetation and there is no access for animals at these
points. On the contrary, points A3, A4 and A5 do not have adequate vegetation, and the
last two are reservoirs for watering animals. Some studies have also reported changes in
the physical-chemical characteristics of well water due to the combined effect of
evaporation and accumulation of feces and urine of herbivores?-?2, All of these factors
contribute directly to degrade the aesthetic characteristics of the water and, consequently,
to its potability. Similarly, in property B, the points with the least color are those where
the protective vegetation is preserved (B2 and B3).

The amount of suspension matter is represented by the turbidity, which, as well as
the color, is also influenced by the local preservation practices. The lack of vegetation
allows the development of erosive processes. In addition, in places with little vegetation,
precipitation contributes to the transport of substances to water resources through runoff
and percolation. Thus, it is important to maintain a natural protection barrier??,

Both alkalinity and chlorides showed low values in both properties. Alkalinity
reflects the buffering capacity of water, that is, resistance to changes in pH*!. Waters with
low alkalinity value are called “soft”*2. Low chloride values are beneficial, since high
concentrations of these ions can prevent water consumption due to the salty taste.
Moreover, high concentrations of chloride can be harmful to aquatic organisms and can
increase the mobility of other compounds, such as metals?3.

Regarding the low BOD values found at all points, they reflected the DO
concentration, which remained between 6.0 and 7.5 mg-L™, considered satisfactory. In
another study, when evaluating the main tributaries of a hydrographic basin, the authors
also found similar behavior!?,

Those points whose water is used for human consumption (A1, A2 and B4), the
values determined herein were compared with Brazilian Ordinance n° 2,914/2011, which
provides the control and surveillance procedures for the water quality for human
consumption and its potability standard®*. Accordingly, it was found that some
parameters were in disagreement. The apparent color and turbidity must have a maximum
value of 15 HU and 5 NTU, respectively. However, regarding the points analyzed, only
one had values within the limits of the aforementioned Ordinance, although it is important
to point out that both color and turbidity can easily change. In relation to the pH of these
points, only one was in the recommended range (6.0 to 9.5); the others slightly below.
Thus, none of those water springs was in full agreement with the legislation for

consumption.
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The SWQIg was determined according to the parameters evaluated. The
adjustment constant K was defined according to the visual aspect of the waters: 1.0 for
points Al, A2, A4, B2, B3 and B4 (clear waters without apparent contamination) and
0.75 for points A3, A5, B1 and B5 (slightly colored waters, foams and/or slight unnatural
apparent turbidity). Figure 3 presents the analyzed points and their respective
classifications. In this way, the SWQIg can provide an easy way to communicate an

estimate of the quality of water resources.

Figure 3. Bascaran water quality index for properties A (left) and B (right).

Bascaran Water Quality Index:
() Good quality water
( Medium quality water
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Source: Authors.

The SWQIg values varied between 57 and approximately 90 for the ten points
assessed. Through the spatial evaluation of the land use and occupation, it was possible
to verify that those points classified with SWQIg "good" have greater preservation
compared to those classified with "medium™ quality. Still, out of the five points labeled
“medium” quality, four have free access to animals, which directly interferes on water
quality, as mentioned previously. Therefore, these results emphasize the strong relation

between the quality of water resources and the forms of land use.
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4 CONCLUSION

This study showed satisfactory results regarding the water quality of the rural
properties analyzed in the municipality of Guatambu-SC, since the SWQIg classified the
points of analysis as “medium” or “good”. However, the results also showed that, due to
the anthropic influence existing in some analyzed points, some parameters (color,
turbidity and pH) were in disagreement with the Brazilian potability reference for human
consumption. The most influencing factor was land use, since the protection area was not
always effective. This contributes to leach many substances used in agriculture, which
may be responsible for the variations in the values of some parameters, directly
influencing the water quality. Thus, the vegetation recovery at the sampling points is
recommended. Additionally, the correct management and planning of the land use in the
property can also contribute significantly to the protection and improvement of water

resources.
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