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ABSTRACT

The present study aimed to evaluate water quality attributes in micro-watersheds under
different soil uses. Therefore, four micro-watersheds under the following vegetation cover
were selected: pasture, primary forest reforestation, forest, and coffee plantation. Surface and
underground water sampling was performed bimonthly between February and December
2014, where thermotolerant coliforms, dissolved oxygen, total nitrogen, phosphorus, turbidity,
temperature, pH, biochemical demand for oxygen and total solids were analyzed. Descriptive
analyses of each variable were performed during dry and rainy periods, and the values were
compared with the normative standards established by Brazilian legislation. Water Quality
Indices (WQIs) were also calculated for each collection site. All sites presented some type of
nonconformity with human consumption standards. The highest WQI values were found in
the forest area micro-basin, followed by the coffee plantation and pasture area micro-basins,
highlighting the importance of forested areas for water quality.

Keywords: water resources, water quality, vegetation cover.

Creative Commons License. All the contents of this journal, except where otherwise noted, is licensed under a Creative Commons Attribution License.



2/10 Pastro MS, Cecilio R, Zanetti S, Amaral A, Garcia G

Floresta e Ambiente 2018; 25(3): 20160330

1. INTRODUCTION

Intense population growth and the search for
economic development have increased pressure on
natural resources, especially on water, resulting in
a reduction in the quality of many springs and the
emergence of a significant challenge for mankind:
to ensure water availability, at a quality suitable for
multiple uses for both current and future generations.
This is a challenge recognized by the National Water
Resources Policy (PNRH - Politica Nacional de Recursos
Hidricos) and highlighted as one of its main objectives
(Brasil, 1997).

Despite having significant water resources, a
crisis in water availability has emerged in Brazil. Asa
historical process, the replacement of native forests
by extensive agricultural and pasture areas has led to
changes in the hydrological cycle, resulting in changes
in water availability and quality. These innumerable
interventions in natural cycles and their consequences
have stimulated studies into water quality related to
land use and occupation. Through these studies, it has
been possible to observe how different soil uses interfere
in differently with water quality (Perazzoli et al., 2013;
Pinto et al., 2012; Vanzela et al., 2010).

Several variables are used in water quality studies,
necessitating a technical synthesis of the data via the
Water Quality Index (WQI), which is widely used in
Brazil and provides information that is more accessible
and comprehensible for the general public (Almeida &
Schwarzbold, 2003; ANA, 2014; Von Sperling, 2005).
The Index was created by the National Sanitation
Foundation and adapted by the Environmental
Company of the state of Sdo Paulo, and has been used
by sanitation companies and studies related to water
monitoring and quality diagnostics such as the one by
Batalha et al. (2014).

Throughout the Brazilian historical process, the
Atlantic Forest biome was one of the most degraded.
However, despite this, the State of Espirito Santo has
few studies related to land use and water quality. Among
the twelve drainage basins that exist in this state, the
Itapemirim River Basin stands out as the main support
for development in the south of the state, serving 14%
of the population.

Therefore, given the importance of studies on land
use and soil occupation in the management of water

resources and the economic, social and environmental
relevance of the Itapemirim River Basin in the State of
Espirito Santo, the present study aimed to evaluate the
water quality in micro drainage basins with different
vegetation covers located in the municipality of Alegre-ES,
and belonging to the Itapemirim River Basin.

2. MATERIAL AND METHODS

The study area is located in the Corrego Horizonte
Sub-basin (Figure 1), located in the city of Alegre-ES
in the south of Espirito Santo State, belonging to
the Itapemirim River Basin. According to Koppen’s
classification, the region’ climate type is “Cwa’, Humid
subtropical, with cold and dry winters (Alvares et al.,
2013).

The studies were conducted in four micro-basins,
which were selected due to presenting characteristics
representative of the basin to which they belong and
for being close together and therefore subject to
similar climatic conditions (Figure 1). The basins differ
according to soil use including pasture, reforestation,
forest and coffee plantation.

Regarding the pasture micro-basin, water samples
were collected from the spring (PS), from the lentic
environment (PLe) and the lotic environment (PLo).
Sampling of underground water (RU) was only possible
from the reforestation area micro-basin. The micro-basin
in the forest area has been a natural reforestation area
for 50 years, classified as Semi-deciduous Seasonal
Forest, and in this case, samples were taken from the
underground water (FU) and the lentic environment
(FLe). For the coffee plantation micro-basin, water
samples were collected from the lentic environment
(CLe) and from the spring (CS).

The variables analyzed were: thermotolerant
coliforms, dissolved oxygen, total nitrogen, PO,*,
turbidity, total solids, temperature, pH and biochemical
oxygen demand (BOD). Water sampling was performed
bimonthly from February 2014 to December 2014,
totaling 48 samples. Sampling was always conducted
after a drought period of at least three days in order
to minimize the influence of precipitation at the
collection site. One-liter polyethylene bottles were used
for collection, with sterilization performed only for
microbiological analysis (thermotolerant coliforms).
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Figure 1. Micro-basins studied in the Corrego Horizonte Sub-basin in 2014: (a) location; (b) micro-basin under
pasture; (c) micro-basin under reforestation; (d) micro-basin under forest; (e) micro-basin under coffee plantation.

A triple rinsing of the bottles was performed for the
other analyses using water from the sampling site.
Surface water sampling methods followed NBR 9898
(ABNT, 1987). The samples were conditioned in
polystyrene boxes with ice for preservation from the time
of collection until being transported to the laboratory.

Temperature and dissolved oxygen (DO) were
obtained directly in the field with a portable oximeter
(Hanna, HI 4196). The pH and thermotolerant
coliforms were analyzed immediately upon arrival at
the laboratory, with the first being measured using a
bench potentiometer (Marconi, PA 200). Phosphorus
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and total nitrogen were analyzed using multiparameter
equipment (Hanna HI 83214), with results obtained
right after reading.

Determination of thermotolerant coliforms followed
the most probable number (MPN) methodology, also
known as multi-tube technique, as described in the
“Standard methods for the examination of water and
waste water” (Eaton et al., 2005). BOD was determined
by iodometric titration in accordance with NBR 12614
(ABNT, 1992). The solids series was obtained by the
gravimetric method in accordance with NBR 10664
(ABNT, 1989).

Thermotolerant coliform analyses were carried
out in the Laboratory of Aquatic Ecology Production
of Plankton of the Federal Institute of Espirito Santo,
Campus Alegre. The other analyses were carried out
in the Laboratory of Water Resources of the Federal
University of Espirito Santo, Campus Jeronimo Monteiro.

Two averages were calculated for each variable
under analysis; one for the dry period and another
for the rainy season, and then represented in tables
for consideration and analysis of the behavior of each
variable at all sampling sites.

Equation 1 was used to calculate the Water Quality
Index (WQI). It has also used in other studies related
to water quality in Espirito Santo (Souza, 2011;
Agrizzi, 2012; Bertossi et al., 2013; Menezes et al.,
2013). The weights established for each WQI variable
were assigned according to Chart 1, in which the
classification of the water bodies was carried out using
the range assigned to the State where the study areas
are inserted (Chart 2).

WQI:Q(ql.)W' M

in which: WQI: water quality index, dimensionless
ranging from zero to 100; q.: quality of the i-th variable,
dimensionless ranging from zero to 100 obtained from
the respective quality chart according to its measurement
(analysis result); w,: weight corresponding to the i-th
variable, fixed according to its importance for the
overall conformation of quality, dimensionless value
between 0 and 1 and the sum of ‘w’ of all parameters
is equal to 1 (Equation 2):

i}WfZl )

Chart 1. WQI - Water Quality Parameters and their
respective weights.

Variable Weight (w)

Dissolved oxygen 0.17
Thermotolerant coliforms 0.15
pH 0.12
BOD 0.10
Water temperature 0.10
Total nitrogen 0.10
Phosphorus 0.10
Turbidity 0.08
Total solids 0.08

Source: CETESB (2014).

Chart 2. WQI range classification.

WQI-CETESB ranges

80-100 Excellent
52-79 Good
37-51 Fair
20-36 Bad
0-19 Poor

Source: ANA (2014).

The q, of the DO was determined according to
the CETESB recommendations (2014), based on
the conversion of the DO value into DO Saturation
Percentage (Equations 3 and 4).

14.62—0.3898 Temp +
C, =| 0.006969 Temp> —

; (1-0.0000228675 Al)™'*" (3)
0.00005896 Temp®

PSO = 100% &)

in which: Cs: concentration saturation of dissolved
oxygen, mg L''; Temp: water temperature; °C; Alt: altitude,
m; PSO: percentage saturation of dissolved oxygen;
%; and DO: concentration of dissolved oxygen in the
water, mg L.

3. RESULTS AND DISCUSSION

Mean values for rainy and dry periods of the water
quality variables monitored at each sampling point
for the studied micro-basins are presented in Table 1.

When analyzing the values presented in Table 1 in the
present study, we can highlight that only underground
water was found in the micro-basin under reforestation
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Table 1. Mean values for rainy and dry periods of water quality variables analyzed in the studied micro-basins.

Collection site

Parameter Period
PS Ple Plo RU FU Fle Cle CS
Rai 5.64 55.33 12.00 168.00 5.47 59.07 17.13 0.37
Turbidity (UNT) i
Dry 1.00 208.57 20.02 - 1.71 27.70 6.64 0.19
Rain 146 250 226 863 123 162 151 106
Total solids(mg L") Y
Dry 130 436 263 - 118 106 119 107
Rainy 26.2 25.8 25.7 26.3 26.7 28.7 27.3 26.4
Temperature (°C)
Dry 25.0 23.2 22.4 - 25.3 25.1 25.5 25.0
H Rainy 5.7 6.5 6.9 5.5 5.8 6.9 6.5 5.9
P Dry 5.9 6.5 7.1 - 5.9 7.1 6.7 5.9
. Rainy 740 9620 3867 103 12 5867 3540 733
Colif. termot.(MPN L)
Dry 7313 10200 2507 - 2 1333 1193 200
Rainy 1.80 3.10 3.39 3.66 3.31 4.35 3.17 2.76
DO (mgL")
Dry 1.55 2.79 3.01 - 3.28 4.87 3.56 3.32
Rainy 1.55 3.96 1.68 4.18 3.34 7.51 1.06 2.32
BOD (mg L")
Dry 1.48 5.71 2.88 - 2.52 6.72 1.84 1.92
Rainy 0.23 0.64 0.28 1.13 0.17 2.88 0.33 0.48
N (mg L")
Dry 0.43 2.23 0.07 - 0.57 1.77 0.07 1.07
Rainy 0.59 0.17 0.30 0.33 0.35 0.40 0.27 0.39
PO (mgL")
4 Dry 0.35 1.21 0.11 - 0.24 0.53 0.30 0.48

PS: micro-basin under pasture (spring); Ple: micro-basin under pasture (lentic environment); Plo: micro-basin under pasture (lotic
environment); RU: micro-basin under reforestation (underground water); FU: micro-basin under forest (underground water); Fle:
micro-basin under forest (lentic environment); Cle: micro-basin under coffee plantation (lentic environment); CS: micro-basin

under coffee plantation (spring).

(and only in the sampling carried out during February
and April). In this same micro-basin, Bertossi et al. (2013)
conducted a water quality study in 2011, where it was
possible to collect underground as well as superficial
water during dry and rainy periods. An important fact
to be highlighted is that the area was still covered by
pasture during the study period with the presence of
goats, sheep and cattle. The results of Bertossi et al.
(2013) and from the present study point to a notable
reduction in water availability in this area which may
have been influenced by below-average precipitation
in 2014, and by the planting of a tree species that had
a positive role in mitigating the effects of surface run
off. These however, also reduced the spring’s supply
due to increased evapotranspiration. Castro & Lopes
(2001) argue that when evapotranspiration is greater
than the annual precipitation with a more notable effect
in some months of the dry season, cultivation of some
plants can reduce spring water volume.

Regarding the variables, a general trend toward
higher turbidity and total solids values in the rainy
period was verified at most water collection sites, as
also observed by Franco & Hernandez (2009), which
may be due to rainwater transporting larger amounts

of sediments into the springs, elevating turbidity and
total solids. However, lotic and lentic environments of
the micro-basin under pasture showed inverse behavior,
with higher values during dry periods. This occurred
because cattle had free access to these waters (as also
observed by the high values of coliforms), associated
with the fact that in periods with less rainfall, spring
flow and water courses are reduced (Valente & Gomes,
2004), which can result in higher sediment concentration,

and consequently higher turbidity.

Turbidity values measured were within the
limits established by CONAMA Resolution 357 for
classes 2 and 3 (Brasil, 2005), except for the points Ple
(dry period) and RU, which presented values greater
than 100 UNT. In the first case, as mentioned above,
the high values may have been due to the tendency for
sediment concentration during the dry period, especially
in lentic environments, in addition to the presence of
cattle. In the second case, the well at a shallow depth
(approximately 1.5 meters), resembling subsurface
run off waters, probably influenced water quality since
soil has a filtering function retaining sediment from
deeper layers (Amaral et al., 2003).
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When comparing exclusively the micro-basins, the
lowest turbidity and total solids values were found in
those under forest and coffee plantation, reinforcing
the importance of forests in reducing sedimentary
supply to water on one hand, and the consequent
decrease in turbidity described in other studies such
as by Donadio et al. (2005), Fernandes et al. (2014)
and Tucci & Clarke (1997), on the other. Micro-basin
waters under forest and coffee plantation regimes
showed little variation in these two variables during
rainy and dry periods due to the presence of vegetation,
which reduces surface runoff and sediment transport
into the micro-basins.

On the other hand, the highest turbidity and total
solids values were found for the underground water
of the micro-basin under reforestation.

The water temperature ranged from 25.7 °C t0 28.7 °C
in the rainy period, and from 22.4 °C to 25.8 °C in
the dry period. All points showed a tendency for
lower values in the dry period, probably influenced
by the lower air temperatures in the region since they
correspond to the period between the months of June
to October. Regarding the springs, the mean values for
the micro-basin under coffee plantation were very close
to those under pastures. This trend was also observed
by Pinto et al. (2012) when analyzing springs under
the same type of soil in a different region.

Among the areas studied, the pH reached values
from 5.5 to 6.9 and from 5.9 to 7.1 in the rainy and
dry periods, respectively. By analyzing each point
individually, a slight variation during the year was
observed, with values for groundwater, surface water
and springs within the range of variation found by
Menezes et al. (2013), Bertossi etal. (2013) and Agrizzi
(2012), respectively, who conducted studies with waters
in the same municipality as the present study. Spring
and underground environments presented lower pH.
The waters from the other environments remained
within the optimal standards within the range of
6t0 9, as established by CONAMA Resolution n° 357
(Brasil, 2005).

Thermotolerant coliforms ranged from
12 MPN L to 9.620 MPN L in the rainy period and
from 2 MPN L to 10.200 MPN L in the dry period.
The highest values were observed in the micro-basin
under pasture, including the spring, which results from
the presence of cattle throughout the year. The presence

of these animals found close to the spring could explain
the high concentration at this point in the dry period.
In the same municipality, Agrizzi (2012) also observed
high total coliforms values in springs with presence of
cattle. Likewise, in analyzing the water quality between
agricultural land and a wildlife conservation zone,
Pereira et al. (2012) found that the former presented
higher values in relation to the latter due to the presence
of cattle in the agricultural area.

Dissolved oxygen (DO) ranged from
1.80 mg L' to 4.35 mg L' in the rainy period, and
from 1.55 mg L* to 4.87 mg L in the dry period.
Spring and underground water DO values were lower
in each micro-basin, a characteristic inherent to this
type of water (Agrizzi, 2012). In the micro-basin under
pasture, higher values were observed at the Plo site in
comparison with the Ple site, which is due to the higher
water velocity in the lotic environment which favors
atmospheric oxygen transfer to the water by diffusion
processes, as also reported by Arcova & Cicco (1999).
The micro-basin under forest presented higher DO values
compared to the others, as also reported by Pereira et al.
(2012). The ideal minimum concentration for DO is
5 mg L* according to CONAMA Resolution No. 357
for class 2 (Brasil, 2005). Thus, all the collection points
had low DO values. The presence of thermotolerant
coliforms in all collection points may have influenced
the results, since microorganisms use oxygen to degrade
organic matter. The micro-basin under pasture, for
example, had the highest rates of coliforms and the
lowest DO values.

BOD ranged from 1.06 mg L to 7.51 mg L in the
rainy period and from 1.48 mg L' t0 6.72 mg L'in the dry
period. BOD values for the micro-basin under pasture
tended to be higher in the dry period, as evidenced
by Souza (2011) who monitored the water quality of
a micro-basin under pasture of the same sub-basin
as the present study. In this case, the concentration
of organic matter during the dry season, including
bovine feces, increased BOD. Only the PS, Cle, Plo
(rainy period) and CS (dry period) points had BOD
values below 2.00 mg L™ (reference value), indicating
unpolluted water in relation to this variable. The high
values measured in the lentic environment of the forest
basin could be the result of decomposing leaves and
fruit that fall from the trees and that are transported
to the water, similar to what was observed in the same
micro-basin by Bertossi et al. (2013). Lower BOD
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values were observed for underground and spring

waters compared to surface water for all micro-basins.

Total nitrogen ranged from 0.17 mg L to 2.88 mg L™
in the rainy period and from 0.07 mg L t0 2.23 mg L'in
the dry period. An oscillation in the total N concentration
was observed in the micro-basin under pasture along
the watercourse. The highest values at the Ple point
resulted from the tendency of lentic environments
to concentrate sediment and elements in the water.
This can also be observed in the lentic environment
of the micro-basin under forest. By comparing the
micro-basins, those under pasture and forest had the
highest total nitrogen values, which is partly due to the
presence of cattle in the first area and to wild animals
in the second. This corroborates Agrizzi (2012), who
found higher total nitrogen values in micro-basins, which

were predisposed to a greater circulation of animals.

In the study areas, PO,* ranged from 0.17 mg L
t0 0.59 mg L™ in the rainy period and from 0.11 mg L™
to 1.21 mg L in the dry period. The phosphate level
analysis can be related to the DO variable, as described
by Esteves (1998). According to this author, phosphate
ions can be released into the water column under
low oxygen concentrations or anaerobic conditions.
This relationship becomes more evident at the Ple point,
where a higher PO,* value was observed in comparison
to the other collection sites, which was coincident
with the lowest DO values at this point. Phosphorus

concentration varied little between the micro-basins,
with the exception of the Ple point, as mentioned.

By analyzing the results of Souza (2011), when
the micro-basin under reforestation was still covered
by pasture, it was possible to notice differences in
the results between different uses. In that study, total
P concentration was 0.07 mg L in the rainy season;
therefore lower than that found in the present study.
The increase in total P values may be related to the
presence of a forest, which favors the presence of
organic matter such as leaves, branches and fruit.
In analyzing the same micro-basins under forest and
coffee plantations, the same author found superficial
water values equal to 0.13 and 0.08 mg L™! for the first
area, and equivalent to 0.11 and 0.03 mg L™ for the
second during dry and rainy periods, respectively.
In the underground water under forest area, they found
0.15and 0.03 mg L™ of total phosphorus for dry and rainy
periods. By comparing these results with the present
research, an increase in values is observed. This may
also be due to the presence of organic matter deposited
over time that gradually increased phosphorus levels.

WQICETESB
falling between the good and bad classes, as shown
in Table 2.

values ranged from 30 to 70, therefore

It can be observed that among the studied micro-basins,
the area under forest had the highest WQI’s, followed
by micro-basins under coffee plantation, pasture and
reforestation, respectively. Similarly, in analyzing

Table 2. Water quality indexes (WQI,,,) of surface and underground waters of the studied micro-basins.
Microbasin Sampling point Period WQI ;s Class
D 49 fai
Spring (PS) .ry ar
Rainy 55 good
D 30 bad
Pasture Lentic (Ple) .ry a.
Rainy 42 fair
D 53 d
Lotic (Plo) .ry g00
Rainy 54 good
. Dry - -
Reforestation area Underground (RU) . .
Rainy 43 fair
D 70 d
Underground (FU) .ry go0
Rainy 53 good
Forest Dr 62 ood
Lentic (Fle) . H £
Rainy 58 good
D 59 d
Spring (CS) .ry go0
. Rainy 57 good
Coffee plantation
) Dry 58 good
Lentic (Cle) .
Rainy 54 good
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micro-basins under different soil uses, Pinto et al.
(2012) found the same sequence of water quality.

The sampling point in the reforestation micro-basin
was classified as fair quality. Bertossi et al. (2013) studied
this same area and classified the underground water
in the rainy period as good, however this area was
covered by pasture. The degradation of water quality
may have mainly been due to sediment becoming more
concentrated given the aforementioned reduction of
water availability, thereby increasing turbidity and solid
values at this sampling point. For this micro-basin,
the previous pasture situation presented better WQI.
However, the beneficial functions of the forest, especially
for water quality, are considerable, which leads us to
conclude that the preponderant factor in this case was
the recent management operations carried out in the
area. The depth of the well of this micro-basin may
have also influenced the WQI. This was also observed
by Scalize et al. (2014) who found lower water quality
in shallow wells, with the monitoring well used by
Bertossi et al. (2013) being deeper and in a different
location to that used in the present study.

In spite of the good classification of the WQI’s for
most collection points, the analysis comparing the
data with the normative standards showed that all the
collection sites presented some type of nonconformity
with legislation, especially regarding their use for human
consumption, according to Ordinance No. 2.914/11
(Brasil, 2011).

The turbidity at the PS, CS and FU sampling
points remained within or near to potability standards
(< 5.0 UNT), differing from points downstream
(Ple, Plo, Cle and Fle) which exceeded the aforementioned
limits, evidencing the effect of these soil coverages
on water quality in the study area. The underground
water samples from the reforestation area remained
outside the maximum values allowed by the resolution
CONAMA n° 396 (Brasil, 2008). However, this result
may have been influenced by the shallow depth of the
well, as already mentioned.

The presence of thermotolerant coliforms was
verified at all points, being in disagreement with the
legislation (Brasil, 2011) which determines them unfit
for human consumption. The micro-basin under
pasture presented values farther from those required,
followed by the basins under forest, coffee plantation
and reforestation, with the latter only being sampled

twice during the rainy period, and only from the well.
Resolutions CONAMA n° 357/05 (Brasil, 2005) and
CONAMA n° 396 (Brasil, 2008) establish broader
limits for thermotolerant coliforms, allowing water
to be used for different purposes. Underground water
samples from micro-basins under reforestation and
forest (in the rainy period), for example, exceeded water
potability limits, yet they proved suitable for other uses:
animal consumption (with values < 200 mg.L") and
recreation (with values < 1.000 mg.L™).

According to the resolution CONAMA n° 357
(Brasil, 2005) which legislates regarding surface
water, the water from the micro-basins under forest
lentic environment (FLe) and micro-basin under
pasture (PLe) in the dry period did not meet the
limits proposed for BOD in class 2, however they were
within the limits proposed for Class 3. Other points,
including underground water, maintained values
within the permitted range (< 5.0 mg L"). Similar to
that found in the present study, Menezes et al. (2009)
found a higher frequency of nonconformity with the
norms regarding BOD for lakes, rivers and dams,
while presenting a lower frequency for underground
spring waters. This is because environments related
to the former group are more exposed to the entry of
organic matter and a consequent decrease of oxygen.

Regarding pH values, all three regulations determine
pH ranges between 6 and 9 as ideal for human
consumption. Thus, the analyses showed that all the
points corresponding to spring and underground waters
did not meet normative standards, with values below 6.
The other sampling points met the pH range required
by law. In analyzing 20 wells in the city of Alegre,
Menezes et al. (2013) found that 18.33% presented pH
below the limits established by Ordinance No. 2.914/11
(Brasil, 2011). However, according to Eaton et al. (2005),
values outside the proposed limits are not indicative of
waters posing health risks since they are within normal
limits for natural waters (pH 4 to 9).

The low DO values measured were compatible with
Class 4, except for the FLe point, which presented DO
within the limits for class 3 according to Resolution
CONAMA n° 357 (Brasil, 2005).

The results show that in spite of the usefulness of WQI
together information in order to more clearly convey it to
the public, this index may underestimate or overestimate
water quality. Therefore, individually evaluating the
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variables is very important to analyze/understand the
behavior of all variables involved.

4. CONCLUSIONS

According to the WQI values, the best water quality
indexes were found in the micro-basin under forest,
followed by the indexes obtained in micro-basins
under coffee plantation and pasture.

WQIwere best in the dry period for the micro-basins
under forest and coffee plantation regimes, and best
in the rainy period for the micro-basin under pasture.
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