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Abstract

:

The Brazilian Cerrado biome provides relevant ecosystem services for Brazil and South America, being strategic for the planning and management of water resources as well as for agribusiness. The objective was to evaluate the water quality along the course of the Córrego da Formiga in a virgin portion of the Brazilian Cerrado, the relationship of land use with physical-chemical and biological parameters of the water, and the inflow of the tributary. Five water collection points were defined (between the source and mouth) and observed on a quarterly scale in 2015, water samples were collected and analyzed for physical-chemical and biological parameters in the laboratory, and flow measurements were performed at the same point and day of water collection. To identify and quantify land use and land cover (LULC) in the watershed, an image from the Landsat8-OLI satellite was obtained, and other geomorphological data from hypsometry (Topodata-INPE) were obtained to generate the slope, basin delimitation, and contribution area for each water collection point. The LULC percentages for each area of contribution to the water collection points were correlated with the physical-chemical and biological parameters of the water and submitted to multivariate analysis (PLS-DA) for analysis and grouping among the five analyzed points. Changes in water-quality patterns were more pronounced concerning the time when the first and last sampling was performed (rainy period) and may be influenced by the increase in the volume of water in these periods. The stream flow is highly variable over time and between points, with the lowest recorded flow being 0.1 L s−1 (P1) and the highest being 947.80 L s−1 (P5). Córrego da Formiga has class III water quality (CONAMA resolution 357), which characterizes small restrictions on the use of water for multiple uses. The soil cover with native vegetation is just over 12%, while the predominance was of the classes of sugar cane (62.42%) and pasture (19.33%). The PLS-DA analysis allowed separating the water analysis points between P1, P2, P3, and P5, while P4 was superimposed on others. It was also possible to verify that the parameters that weighed the most for this separation of water quality were pH, alkalinity_T, alkalinity_h, calcium, and hardness, all with a tendency to increase concentration from the source (P1) to the mouth (P5). As for water quality, it was also possible to verify that points P2 and P5 presented better water-quality conditions.
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1. Introduction


Water is the most important element for life on earth. According to refs. [1,2], in the last 100 years, with the exponential population growth and the exploitation increase of water resources for different purposes, water has become increasingly scarce, and hence, water management policies must be adopted for an efficient use and water conservation.



In Brazil, in spite of the large water volumes stored in the country, water is not an inexhaustible resource, and water management strategies must be adopted for a sustainable use [3]. The National Water Resources Policy-PNRH, Law 9433 of 1997 [4], addresses the water resources management in the country in order to guarantee the multiple water use as well as emphasizes the adoption of the watershed as the geographical element for planning and management of Brazilian waters [5,6,7,8].



In Brazil, water is an abundant resource although presenting an uneven spatial distribution, with regions of the country subject to water scarcity, while other regions present water resources in large quantities [9,10,11,12]. Thus, it ends up becoming a socio-economical problem, threatening life preservation at different regions of the country [13]. In addition, there are limitations to the use and consumption of potable water imposed by the lack in management (e.g., improper disposal of effluents and industrial waste, indiscriminate use in agriculture, and the wastewater effluent discharge), which jeopardize water hydrochemical quality [14,15,16,17].



Multiple water uses in agriculture, public supply, hydropower generation, various industrial uses, tourism, fishing, aquaculture, navigation, mining, health, and economic exploitation practices in a watershed can affect water availability and/or quality [18,19,20,21,22,23]. Among of all these sectors, agriculture stands out in terms of the highest water consumption, mainly for irrigation. Ref. [24] reported that all sectors that use water benefit, from food production to energy generation, from the implementation of sustainable water use and protection policies.



The Cerrado biome provides a variety of ecosystem services such as water provision, climate regulation, and biodiversity conservation for the Brazilian Midwest Plateau [25]. In the region, one of the biggest disputes over water allocation is played by the agricultural sector (region of the largest agricultural hub in the country) as a result of the territorialization of agribusiness [26,27,28]. Thus, it is expected that ongoing land-use changes at the Brazilian Central Plateau can strongly influence the water quality and quantity in its headwaters and springs in near future.



Some scholars highlight the benefits and trade-offs related to ecosystem services policies implementation, with the inclusion of end users in a participatory approach in order to guarantee hydrological protection of headwaters and natural springs [29]. In this sense, The Brazilian National Water and Sanitation Agency (ANA) created the Water Producer Programme (WPP) in the early 2000s, which has been systematically disseminated in the Cerrado region and might progressively reverse the current water-scarcity local scenario if adequately implemented. WPP is a payment for ecosystem services (PES) scheme focusing on the preservation of natural forested areas and afforestation at small watersheds. In spite of the large number of studies addressing water availability and environmental services at the Brazilian Cerrado, there is still a lack of studies focusing on the impact of land-use occupation on the region headwaters.



This study sought to analyze the spatiotemporal variability of streamflow and water quality of the Córrego da Formiga, at the Brazilian Cerrado, and its association with dilution processes, suspended sediments, and climate regimes (e.g., precipitation, temperature, and humidity patterns). Aspects related to the Brazilian Official Standards for water use [30] are also addressed. This resolution classifies Brazilian water bodies for the proper use of water and establishes conditions and standards for effluent disposals.



Hence, this investigation aimed to evaluate the relationship between land-use occupation and water availability at a small headwater watershed at the Brazilian Central Plateau, taking into account physical, chemical, and biological processes in addition to their interconnection to the hydrological regime at the spring. It is expected that the present results could contribute to guidelines towards the sustainable development of the Brazilian Cerrado.




2. Material and Methods


2.1. Study Area Characterization


The work was carried out at Córrego da Formiga Watershed in the southern mesoregion of the Goiás State, Brazil (Figure 1). Monitoring stations have been implemented along the main watercourse, distributed from the head to the river outlet, in the municipality of Quirinópolis. According to the Köppen and Geiger climate classification, the climate is Aw―Savannah, with a dry season in winter [31,32]. The municipality is located 521 m above sea level and has a mean temperature of 24.30 °C with a mean annual rainfall of 1531 mm [33]. The Córrego da Formiga presents permanent preservation areas (APP) along its course, comprising gallery forests and Cerrado vegetation totaling an area of 582,536 ha of native vegetation [34].



The Córrego da Formiga is located more specifically in the Confusão do Rio Preto micro-region, which represents an important economic region of Quirinópolis. The main water uses from the watershed are basically for domestic, agricultural, animal watering, and aquaculture use.




2.2. Land-Use and -Cover (LULC) Mapping


Land-use and land-cover data for the study region, for the year 2015, was obtained through the geographic base available on the MapBiomas [34]. The region and land-use product were selected and downloaded. Data are available in raster form (30 m × 30 m) from the processing of Landsat-8 images and were cut to the area of interest and converted to vectors (polygons).



The land-use classes present in the file were kept, and through the QGIS 3.10 software, area calculations were performed for each land-use class as well as image clipping for the contribution section subareas (S1, S2, S3, S4, and S5). After the clippings and area calculation, the data were stored in the attributes table of the vector file, which allowed exporting to a spreadsheet and other statistical analyses.




2.3. Field Monitoring and Water-Sampling Methods


Water-quality monitoring was carried out at five sampling stations (Figure 1) for physical-chemical and biological assessments. At the same locations, hydrological control sections have been implemented for streamflow measurements, adopting a quarterly frequency (March, June, September, and December) in 2015.



The analyzed water parameters were physical-chemical and biological, following the quality parameters adopted by CONAMA Resolution n°357/2005 [30]. For such collections and station location definition, the Córrego da Formiga microbasin was divided into sub-areas in order to consider the area and influence of the tributaries on the streamflow. The watershed was divided into (sequentially distributed) water collection stations to be considered, namely P1: 18°26′30″ S, 50°255′12″ W; P2: 18°27′51″ S, 50°24′29″ W; P3: 18°29′19″ S, 50°25′09″ W; P4: 18°31′03″ S, 50°25′42″ W; and P5: 18°32′22″ S, 50°27′24″ W, represented to the east (P1), in the hydrological section (S1), the second (P2) in the hydrological section (S2), and so on, until the fifth point (P5) in the hydrological section (S5), located at the mouth of the Córrego da Formiga, tributary to the Rio Preto [35], represented in Figure 1.



For mapping, the database of the Goiás State Statistics and Geographic Information System [36] was used. The software QGIS v.3.10 was applied to identify the drainage channels and delimitation of the studied microbasin, and the GPS signal receiver–Garmim, model Etrex 20, was adopted for georeferencing field measurements.



To characterize the topographic model of the region, altimetry data were obtained in raster format, with terrain altimetry data obtained through the geographic database at TOPODATA. The data are structured in squares compatible with the 1:250,000 articulation, thus in sheets of 1° latitude by 1.5° longitude. Based on the altimetry data, the images were processed to obtain the slope and hypsometry map (Figure 1) corresponding to the Formiga watershed, using the QGIS 3.10 software.



The water samples were collected, stored, and sent to the laboratory of the Sanitation Concessionaire of the Goiás State (SANEAGO/GO), located in the Santa Helena de Goiás municipality. The procedure for collecting, packaging, and transporting the water samples followed laboratory standards.



The analyzed parameters were water temperature (in situ) (Ta), total coliforms (Colif T), Escherichia coli (Escher coli); fluorine; total alkalinides (Alkalinide T); bicarbonated alkali (Alcal hCO); aluminum (Al); hardness (Dur); chloride (chloride); nitrate; nitrite; calcium (Ca); magnesium (Mg); dissolved oxygen (DO); biochemical oxygen demand (BOD); total iron (Fe); manganese (Mn); organic matter (OM); turbidity; apparent color (color); hydrogenic potential (pH); total dissolved solids (STD) and electrical conductivity (Condut). The water-quality analysis methodology used was based on the “Standard Methods for the Examination of Water and Wastewater” [37], whose results were based on CONAMA–Resolution n° 357 of 17 March 2005, which classifies bodies of water into classes for multiple uses.



For flow measurements at the Córrego da Formiga, the manual float method was adopted, which is recommended for water courses that have small extension and low discharge velocities, as it is a simple and low-cost method [38]. At the spring, the direct volumetric method was used [39], as there was no regular cross-section of a drainage channel required to apply the float method.



After the flow velocities data assessment, the mean transverse (width) and vertical (depth) lengths were measured, and the total streamflow was estimated through the Equation (1):


     Q =     P ( m )   ×   L ( m )   ×   D ( m )   ×   0   . 8     Time   ( s )    ,  



(1)




where Q—discharge in m3 s−1, L s−1; P—mean depth (m); L—mean width (m); D—distance adopted for velocity measurement (m); discharge correction coefficient—0.8 for channels with sandy beds [40].



Flow measurements were carried out at the same locations and on the same day as the water sampling, thus allowing the joint analysis of the water-quality parameters and the streamflow rates of the Córrego da Formiga. The samples consist of 23 variables as described above, with sampling representing four distinct periods (March, June, September, and December 2015) at five monitoring stations (P1, P2, P3, P4, and P5), thus resulting in 20 sample units.




2.4. Rainfall Characteristics of the Studied Area


In order to assess the rainfall influence on the hydrologic response of the studied tributaries, a rainfall survey was carried out from 1 January 2015 to 31 December 2015, the period corresponding to the field study. Five points were selected referring to the experimental field locations. The rainfall products were obtained from the Climate Hazards Group InfraRed Precipitation with Station Data (CHIRPS), covering 50° S–50° N (and all longitudes). CHIRPS product incorporates indoor climatology and satellite imagery with a spatial resolution of 0.05° × 0.05° (5.55 km × 5.55 km) comprising a rainfall dataset time series of more than 35 years, starting from 1981 to the present, with a daily data periodicity.



The data were obtained from the Climate Engine Platform (a platform for processing images from CHIRPS, as well as providing specific georeferenced data), available at the following address: https://clim-engine-development.appspot.com/fewsNet, (accessed on 15 January 2016). Data from CHIRPS have been already validated for Brazilian Cerrrado conditions [41].




2.5. Statistical Analysis


Multivariate analysis, through PLS-DA (Partial Least Squares Discriminant Analysis) treatment, was applied to the experimental data through the metabo Analyst 4.0 [42] online analysis, available at the following link: https://www.metaboanalyst.ca/ (accessed on 13 March 2016). The data treatment from the PLS-DA, that is, regression by partial least squares, comprises pairwise comparisons to perform the classification of a group of samples and whether or not they belong to a certain class. Clustering results are obtained from regressions estimated and tested by the input data model adopted [43].



Based on the multivariate analysis, the groupings (similar or not) between the sampling points were tested as well as which parameters have greater and lesser weight (weight scale) to differentiate the water quality among the experimental points.



For correlation analysis between water quality, Pearson r parameters were calculated and classified according to [44], in which null correlation (0.0 < r < 0.1); weak correlation (0.1 < r < 0.3); mean correlation (0.3 < r < 0.5); strong correlation (0.5 < r < 0.8); and very strong correlation (0.8 < r < 1.0) are assumed.





3. Results and Discussion


3.1. Analysis of Flow and Land-Use and -Cover in the Córrego da Formiga


Streamflow discharges for the five monitoring stations in the Córrego da Formiga are presented in Figure 2. It can be observed that from July to October 2015, there was a streamflow decrease at all locations. The lowest discharge corresponds to the dry period, which causes a reduction in the water volume at the spring and at head of the watershed.



It can be observed that in March and December 2015, there was a significant increase in the flow at the spring. This process occurs as a result of the rainfall regime, with regular and frequent events. Such rainfall regime is also associated to changes in water quality, as presented later. Moreover, rainfall–runoff relationships are strongly depended on land use at the sub-basins. Table 1 presents the land use at the watershed, obtained from the [34] product.




3.2. Statistical Analysis of Water-Quality Parameters


In Table 2, the analysis of variance (ANOVA) for the water physical-chemical and biological parameters of the Córrego da Formiga is presented. The total coliform parameters, Escherichia coli, chloride, nitrate, magnesium, and fluorine were statistically different (p < 0.05), while the other parameters remained the same for the studied period: two during the dry season and two in the rainy season. The results come from the relationship with the differences between points 1 to 5, verified by the test of means (Tukey’s test).



Table 2 represents the test of means for the water physical-chemical and biological parameters. The most significant parameters were fecal coliforms for the four analyzed periods as well as chloride and magnesium. Fluoride, nitrate and Escherichia coli also exhibited variations but only for the last field campaign; that is, the changes were more accentuated in relation to the time when the first and last sampling was carried out, which may be influenced by the increase in discharge, contributing to sediment transport and increasing suspended material concentrations due to overland flow.



According to the ANOVA procedure (Table 3) it can be observed that the parameters Coliforms T, Escher coli, fluorine, chloride, nitrate and magnesium, showed significant differences according to the sampling time at the Córrego da Formiga, with mean values of 2380 (June) to 13,280 (December); 319 (September) to 8500 (March); 0 (March) to 0.094 (December); 1.10 (June) to 6.50 (March); 0.0 (December) to 0.52 (March); and 0.776 (September) to 3.596 (June), respectively. Such result corroborates the study carried out by [45], who highlighted that the concentration of fecal coliforms and Escherichia coli depends on the sediments mixture at the bed of water courses, on sediment transport by overland flow, and on the hydrological regime.



According to the results of the partial least squares discriminatory analysis (PLS-DA), there is a tendency towards positive values, whose spatial evaluation indicates interference through the adopted parameters. The PLS-DA analysis indicates different water-quality patterns for points 1, 2, 3, and 5, while point 4 overlaps with 3 and 5 (Figure 3A). The results allow us to verify that the adopted indicators successfully differentiate water-quality behaviors between the source (P1) and the outlet (P5) of the Córrego da Formiga. The total variance of the CP1 and CP2 components are 22.2 and 13.7%, respectively (Figure 3A).



Figure 3A,B point out a difference among the analyzed sampling points since points 1, 2, 3, and 5 are different, and point 4 is equal to points 3 and 5, as it presents an overlap, which means that the water quality is different at each sampling point. Figure 3C presents, in descending order, the parameters according to their importance for the separation of samples in terms of water quality (Figure 3A). The parameters pH, total alkalinity, alkalinity hCO, and calcium presented the higher relevance, while TDS, BOD, manganese, fluorine, and nitrate were those with lower weight.



It is also observed from Figure 3C that some parameters increased from P1 (source/spring) to P5 (mouth/outlet), such as total alkalinity, alkalinity hCO, and calcium, while other parameters decreased from upstream to downstream in the same sequence of points, such as OM and fluorine.



The parameters iron, chloride, OM, aluminum, nitrite, turbidity, and fluoride were more representative at points 1 and 2 at the head of the watershed. P1, located at the outlet of S1, is closer to an urban perimeter, and P2, which is influenced by S2, is between the transition of the urban sector and the rural zone. In addition to the urbanization adjacent to these points, there are highly representative uses of fish farming and pasture (Table 3). The parameters of magnesium, electrical conductivity (EC), and total dissolved solids (TDS) tend to present higher values at the initial points (1 and 2) of the watercourse.



According to the results obtained from the water-quality analysis, the Córrego da Formiga has class III water quality; that is, it is restricted for some uses, such as irrigation of crops that are consumed directly (e.g., fruits, vegetables), aquaculture and fishing activities, recreation from direct contact (e.g., bathing), and human consumption, with the latter requiring conventional or advanced water treatment. The results pointed to a stable profile regarding to environmental parameters for water-quality levels.



Turbidity showed a tendency to increase during the rainy periods (March and December) with mean values from 22 to 25 µT, while the mean values for the driest months (June and September) varied from 7 to 12 µT. Ref. [46] found turbidity level values ranging from 0–20 NTU for clean water during the dry season, while for in the turbid condition during the rainy season, the values were >50 NTU.



Surface runoff and erosive processes caused by rainfall events increase soil transport to springs and watercourses [22], a behavior also verified by [47]: during the rainy season, higher turbidity values were observed, decreasing water quality.



Parameters such as color, nitrate (NO3), nitrite (NO2), dissolved oxygen (DO), biochemical oxygen demand (BOD), total iron (Fe), manganese (Mn), and total coliforms (Escherichia coli) presented values above those established for Class III, according to Conama Resolution No. 357/2005 [30]. For these parameters, there is a relationship among color, Fe, and Mn, and the results pointed to an increase in the concentration of Fe and Mn in the water, which are responsible for the accentuated value of the color. It may represent the dissolution of rocks and minerals in the water or the impact of domestic, industrial, or agricultural effluents. Since such results refer to dry periods, the water dilution factor (self-purification) is reduced for lower flows and velocities.



With respect to OD and BOD, the data were divergent at the first collection station. Regarding the first parameter, the values were higher than the limit value established by [30], being linked to the presence of excess organic matter in a way that might impact the local aquatic life. For BOD, all points sampled were within the standards established by the Conama Resolution, and the results indicated an acceptable water quality.



Regarding the biological parameters, the total coliform values for all points sampled complied with [30], with no measurement above the standards established for class III water bodies. However, for the concentrations of Escherichia coli, the results pointed out indexes above those allowed, suggesting contamination by pathogenic microorganisms (fecal contamination). Therefore, for human consumption and domestic water supply, conventional treatment prior to its use and consumption is required. The other parameters are not directly related to the environmental assessment of Córrego da Formiga but represent interference factors that must be analyzed when dealing with potability standards and treatment systems for human consumption or irrigation, namely alkalinity, hardness, and chlorides.



Flow measurements (Figure 1) showed spatiotemporal variation from the springs to the outlet as a result of both overland flow (during rainfall events) and the anthropic impacts as well as water uses. When relating the streamflow to the water-quality parameters, it was verified that the seasonal variation defines the watershed hydrological water regime, reaching more critical discharges in the dry periods (September) and higher during the rainy months (March and December).



Extreme discharge values in the Córrego da Formiga reflect the water quality through physical-chemical parameters such as turbidity, electrical conductivity, dissolved oxygen, pH, and total dissolved solids, as they are directly related to the water dilution factor. In addition, such hydrological regimes trigger other environmental problems, such as contamination by carrying materials and silting, related to other indicators such as the BOD, iron and manganese, total coliforms, and Escherichia coli parameters.





4. Conclusions


Regarding the analyzed stations, the regions that presented better water-quality conditions were stations P2 and P5. At point P2, the region has pastures around the spring, with preserved and isolated permanent protection areas (PPA).



Regarding the water quality, better water quality was found during the dry season. The most expressive values were for March and September, which ends and starts the rainy cycle in the region, respectively.



The percentage of soil cover has an influence on water-quality parameters, with emphasis on the pH of the water, which has a high positive correlation with the sugarcane class (r = 0.956) and Cerrado (r = 0.868) and a high negative correlation with pasture (r = 0.911) and urban area (r = 0.841).



The water source flow is greatly influenced by the seasonality of the rains, with a significant decrease in the most critical period (September) even though the water quality has an improvement in the parameters evaluated, and although there is a decrease in the flow, there is also less carryover and influence of land uses adjacent to the spring.



The soil cover with native vegetation is just over 12%, while the predominance is of the classes of sugar cane (62.42%) and pasture (19.33%).



The PLS-DA analysis allowed separating the water analysis points between P1, P2, P3, and P5, while P4 was superimposed on others. It was also possible to verify that the parameters that weighed the most for this separation of water quality were pH, alkalinity_T, alkalinity_h, calcium, and hardness, all with a tendency to increase concentration from the source (P1) to the mouth (P5). As for water quality, it was also possible to verify that points P2 and P5 presented better water-quality conditions.
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Figure 1. Geographic location of the study region: Brazil (a), State of Goias (b), Córrego da Formiga watershed in the municipality of Quirinópolis (c), drainage and water collection points (d), land use and cover (e), terrain slope (f), and altimetry (g). 
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Figure 2. Streamflow discharges (L s−1) at Córrego da Formiga, Quirinópolis/GO, Brazil. 
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Figure 3. Results of the multivariate analysis of components 1 and 2 of the PLS-DA (A), model weights and parameters (B), importance order and weights (scores) of the evaluated parameters (C), and accuracy and model performance (D) for the water physical-chemical and biological parameters of the Córrego da Formiga, Quirinópolis—GO, Brazil. Note: * significant at 5%. 
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Table 1. Land-use percentages, by control section (contribution area) to the monitoring stations in the Córrego da Formiga microbasin—Quirinópolis, Brazil.
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	S1
	S2
	S3
	S4
	S5
	2015 ha





	Water bodies
	0.00
	0.90
	1.15
	0.55
	0.15
	7.26



	Sugar cane
	0.00
	21.20
	58.80
	59.50
	62.43
	2936.17



	Cerrado
	7.40
	10.90
	12.60
	16.30
	12.39
	582.54



	Pasture
	42.80
	48.10
	18.60
	15.40
	19.40
	909.46



	Agriculture
	0.00
	0.00
	0.00
	2.50
	1.58
	74.90



	Other uses
	0.00
	6.30
	4.30
	3.10
	2.20
	106.13



	Urban
	49.80
	12.60
	4.50
	2.60
	1.86
	87.40



	Total
	100.00
	100.00
	99.95
	99.95
	100.01
	4703.90



	Area (ha)
	93.00
	554.60
	1899.10
	3303.90
	4703.80
	



	Area %
	1.98
	11.79
	40.37
	70.24
	100.00
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Table 2. Summary of analysis of variance (QM mean squares) and mean values of parameters indicative of water quality, monitored as a function of time, of Córrego da Formiga, Quirinópolis—GO, Brazil.
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Time

	
Means Test






	
FV

	
QM

	
Residue

	
CV (%)

	
May

	
June

	
September

	
December




	
Coliforms T

	
103,678,000.000 *

	
24,434,000

	
58.09

	
8500.0 AB

	
2380.0 A

	
9880.0 AB

	
13,280.0 B




	
Escher coli

	
78,121,488.266 *

	
11,881,513.9

	
133.10

	
8500.00 B

	
1056.0 A

	
319.60 A

	
483.60 A




	
Alkalinity

	
33.789087 ns

	
26.113220

	
21.00

	
23.600 A

	
24.400 A

	
27.800 A

	
21.556 A




	
Fluoride

	
0.010620 *

	
0.000015

	
15.49

	
0.000 A

	
0.006 A

	
0.000 A

	
0.094 B




	
Alkali hCO

	
57.342420 ns

	
23.758220

	
20.45

	
23.600 A

	
24.400 A

	
27.800 A

	
19.556 A




	
Aluminum

	
0.000784 ns

	
0.000374

	
97.85

	
0.0312 A

	
0.0264 A

	
0.0188 A

	
0.0026 A




	
Hardness

	
54.066667 ns

	
26.300

	
21.82

	
22.400 A

	
28.400 A

	
21.600 A

	
21.600 A




	
Chloride

	
26.450000 *

	
5.05625

	
59.96

	
6.500 B

	
1.100 A

	
4.50 AB

	
2.900 AB




	
Nitrate

	
0.276000 *

	
0.01250

	
46.58

	
0.520 B

	
0.340 B

	
0.100 A

	
0.000 A




	
Nitrite

	
0.000060 ns

	
0.000024

	
111.68

	
0.0068 A

	
0.0002 A

	
0.0076 A

	
0.0028 A




	
Calcium

	
8.940195 ns

	
4.501357

	
22.53

	
9.138 A

	
11.382 A

	
8.495 A

	
8.658 A




	
Magnesium

	
6.714072 *

	
1.207553

	
51.39

	
2.238 AB

	
3.596 B

	
0.776 A

	
1.944 AB




	
DO

	
1.543333 ns

	
12.85675

	
119.92

	
3.800 A

	
2.720 A

	
2.880 A

	
2.560 A




	
BOD

	
0.252125 ns

	
0.857875

	
136.71

	
1.000 A

	
0.660 A

	
0.540 A

	
0.510 A




	
Iron

	
0.384538 ns

	
3.033698

	
74.99

	
2.210 A

	
2.230 A

	
2.732 A

	
2.118 A




	
Manganese

	
0.025333 ns

	
0.01100

	
58.27

	
0.280 A

	
0.120 A

	
0.180 A

	
0.140 A




	
OM

	
15.301833 ns

	
3.14000

	
116.96

	
0.000 A

	
0.000 A

	
3.020 A

	
3.040 A




	
Turbidity

	
3.040 ns

	
60.244825

	
49.04

	
20.220 A

	
12.956 A

	
15.968 A

	
14.160 A




	
Color

	
13,852.657833 ns

	
44,523.1707

	
181.72

	
104.680 A

	
193.22 A

	
76.980 A

	
89.580 A




	
pH

	
193.220 ns

	
0.300552

	
8.18

	
6.672 A

	
6.652 A

	
6.790 A

	
6.692 A




	
TDS

	
18.047618 ns

	
8.772277

	
9.94

	
27.794 A

	
32.008 A

	
28.714 A

	
30.666 A




	
Conductivity

	
57.673833 ns

	
32.8515

	
10.64

	
50.560 A

	
57.660 A

	
51.480 A

	
55.760 A








* represent significance at 0.05 probability by the F test; ns, not significant; CV, coefficient of variation. Means followed by the same letter on the line indicate that there is no statistical difference at 5% probability by Tukey’s test.
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Table 3. Values of Pearson’s correlation (r) of water-quality parameters and land uses of Córrego da Formiga, GO, Brazil.
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	Colif T
	Escher coli
	Fluor
	Alcal T
	Alcal hCO
	Al
	Dur
	Chloride
	Nitrate
	Nitrite
	Ca
	Mg
	OD
	DBO
	Fe
	Mn
	OM
	Turbidity
	cor
	pH
	STD
	Condut





	ColifT
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Escher coli
	0.314
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Fluor
	0.414
	−0.284
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Alcal
	0.181
	0.083
	−0.340
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Alcal hCO
	0.055
	0.127
	−0.484
	0.912
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Al
	−0.108
	0.194
	−0.487
	−0.038
	0.056
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Dur
	−0.211
	0.050
	−0.220
	0.431
	0.409
	−0.034
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Chloride
	0.282
	0.404
	−0.209
	−0.294
	−0.176
	0.476
	−0.371
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Nitrate
	−0.421
	0.418
	−0.617
	0.038
	0.137
	0.540
	0.253
	0.242
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	Nitrite
	0.429
	0.215
	−0.214
	0.046
	0.086
	0.420
	−0.348
	0.643
	0.068
	
	
	
	
	
	
	
	
	
	
	
	
	



	Ca
	−0.173
	0.111
	−0.214
	0.440
	0.418
	−0.001
	0.994
	−0.342
	0.286
	−0.346
	
	
	
	
	
	
	
	
	
	
	
	



	Mg
	−0.281
	0.122
	−0.082
	−0.086
	−0.103
	0.173
	0.769
	−0.256
	0.358
	−0.326
	0.761
	
	
	
	
	
	
	
	
	
	
	



	OD
	0.143
	0.069
	−0.105
	0.221
	0.302
	−0.048
	0.170
	−0.097
	0.326
	−0.114
	0.201
	−0.006
	
	
	
	
	
	
	
	
	
	



	DBO
	−0.091
	−0.004
	−0.121
	−0.217
	−0.135
	0.011
	−0.140
	0.016
	0.375
	−0.199
	−0.117
	−0.080
	0.746
	
	
	
	
	
	
	
	
	



	Fe
	0.183
	0.029
	−0.058
	−0.096
	−0.038
	0.592
	−0.293
	0.340
	−0.026
	0.582
	−0.293
	−0.021
	−0.429
	−0.399
	
	
	
	
	
	
	
	



	Mn
	0.047
	0.407
	−0.233
	−0.027
	0.041
	0.303
	−0.033
	0.338
	0.365
	0.349
	−0.017
	0.071
	0.124
	0.181
	0.198
	
	
	
	
	
	
	



	OM
	0.484
	−0.346
	0.391
	−0.132
	−0.153
	0.123
	−0.496
	0.331
	−0.507
	0.601
	−0.499
	−0.514
	−0.252
	−0.226
	0.562
	−0.033
	
	
	
	
	
	



	Turbidity
	0.156
	0.257
	−0.133
	−0.053
	0.020
	0.584
	−0.199
	0.415
	0.262
	0.557
	−0.179
	0.057
	−0.141
	−0.068
	0.759
	0.745
	0.318
	
	
	
	
	



	Cor
	−0.027
	0.015
	−0.094
	0.134
	0.158
	0.093
	0.354
	−0.041
	0.382
	0.130
	0.353
	0.333
	0.203
	0.177
	0.174
	0.168
	0.108
	0.255
	
	
	
	



	pH
	0.133
	0.014
	−0.038
	0.804
	0.706
	−0.371
	0.497
	−0.399
	−0.023
	−0.179
	0.516
	−0.020
	0.364
	−0.084
	−0.518
	−0.083
	−0.291
	−0.321
	−0.021
	
	
	



	STD
	−0.016
	−0.020
	0.210
	0.137
	0.119
	−0.041
	0.276
	−0.426
	−0.236
	−0.339
	0.270
	0.359
	−0.378
	−0.569
	0.376
	−0.256
	−0.052
	0.052
	0.069
	−0.044
	
	



	Condut
	−0.029
	0.006
	0.229
	0.133
	0.111
	−0.100
	0.305
	−0.440
	−0.226
	−0.409
	0.298
	0.398
	−0.363
	−0.557
	0.297
	−0.234
	−0.142
	0.021
	0.047
	−0.007
	0.986
	



	Water
	−0.159
	−0.034
	−0.004
	−0.115
	−0.111
	−0.360
	0.151
	−0.002
	−0.109
	0.013
	0.117
	0.056
	0.053
	−0.169
	−0.358
	−0.200
	−0.214
	−0.430
	−0.333
	0.157
	−0.236
	−0.226



	Cane
	0.084
	0.040
	−0.031
	0.685
	0.593
	−0.407
	0.549
	−0.410
	0.053
	−0.209
	0.564
	0.071
	0.498
	0.044
	−0.641
	−0.060
	−0.373
	−0.403
	0.014
	0.956
	−0.144
	−0.111



	Cerrado
	−0.075
	−0.012
	−0.022
	0.603
	0.440
	−0.452
	0.494
	−0.386
	−0.058
	−0.211
	0.491
	0.068
	0.007
	−0.277
	−0.579
	−0.134
	−0.361
	−0.421
	−0.140
	0.868
	−0.092
	−0.048



	Pasture
	−0.032
	0.078
	0.021
	−0.653
	−0.539
	0.287
	−0.340
	0.441
	−0.105
	0.164
	−0.369
	0.078
	−0.489
	−0.145
	0.558
	0.061
	0.262
	0.315
	−0.007
	−0.911
	0.215
	0.195



	Agriculture
	0.020
	0.019
	−0.019
	0.685
	0.510
	−0.229
	0.415
	−0.383
	−0.004
	−0.229
	0.431
	0.048
	−0.093
	−0.218
	−0.340
	−0.007
	−0.230
	−0.142
	0.069
	0.765
	0.086
	0.126



	Others
	−0.065
	0.134
	−0.013
	−0.035
	−0.030
	−0.384
	0.367
	0.047
	−0.172
	−0.062
	0.322
	0.244
	−0.128
	−0.348
	−0.293
	−0.131
	−0.273
	−0.364
	−0.221
	0.126
	−0.006
	0.023



	Urban
	−0.071
	−0.128
	0.033
	−0.588
	−0.509
	0.488
	−0.654
	0.316
	0.038
	0.221
	−0.648
	−0.200
	−0.306
	0.148
	0.623
	0.079
	0.428
	0.450
	0.038
	−0.841
	0.054
	0.010







Colif T, total coliforms, Escher coli, Escherichia coli, Fluor, fluoride, Alkalinide T, total alkalinides, Alkaline hCO, bicarbonate alkalinity, Al, aluminum, Dur, hardness, chloride, chloride, nitrate, nitrite, Ca, calcium, Mg, magnesium, DO, dissolved oxygen, BOD, biochemical oxygen demand, Fe, iron, Mn, manganese, OM, organic matter, TDS, total dissolved solids, Conduct, electrical conductivity.
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