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Abstract Due to the concern with the quality of hydric
resources, the monitoring is essential to evaluate and
identify the anthropogenic and environmental interfer-
ences in a quantitative and qualitative level. In order to
assist the interpretation of the water status of hydric
bodies, the gathering of analytical data often considers
the Water Quality Index (WQI). This index transforms
technical information in description of the water quality
status, highlighting the effectiveness of its use and guid-
ing the decision-making process when necessary. The
aim of this research is to assess the water quality of a
region in Sdo Paulo State, Brazil, by means of the WQI
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of Jaguari and Atibaia Rivers. The period of intense
drought, which affected the Brazilian southeast in
2014, was evaluated and compared to the mean values
recorded from October 2009 to March 2015, correlating
the values of Escherichia coli and the biochemical ox-
ygen demand (BOD). One hundred nine samples were
collected, being 53 from dry seasons, between October
and March, and 56 from rainy seasons, between April
and September. The WQIs in Jaguari and Atibaia
Rivers, during dry season, were of 42.2 (medium) and
36.7 (bad), respectively. The same pattern was regis-
tered for the dry season, for both rivers, with indices
values of 40.1 for Jaguari River (medium) and 34.9 for
Atibaia River (bad). This research presented the need of
an effective evaluation of the environmental quality and
preservation by competent organs for both rivers. Due to
the detected conditions, special attention should be giv-
en to the Atibaia River.

Keywords Water quality index - Escherichia coli -
Biochemical oxygen demand - Jaguari River- Atibaia
River

Introduction

Water, essential to life, has been a concerning matter in
the world, depending on its quantity and quality, and in
some areas, conflicts are in evidence because of it. In
addition to its irregular distribution, which limits devel-
opment in several regions of the planet, the hydric stress
is becoming a hazard in cities far from traditionally arid
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regions. With the volume and constant reuse, surface
water, when available, requires prior sanitary treatment
to be use for public supply. This fact is a consequence of
the accumulation of harmful chemicals from disordered
anthropogenic actions. The discharges of urban and
industrial effluents, without proper treatment, are the
major responsible for the deterioration of aquatic envi-
ronments (Oliveira et al. 2012).

The Southeast of Brazil, located on the tropical re-
gion, has high population occupation, industry, and
agriculture, with consequently increased use of its wa-
ters. In this region, where the rivers Jaguari and Atibaia
are located, surface freshwater is becoming scarce.

The Atibaia River, located near the municipality of
Paulinia, suffers great anthropogenic influence from
several sources of contamination. Among these sources
contributing to this pollution are: domestic effluents
(many times untreated), chemical and cellulose indus-
tries, and an oil refinery. Moreover, this pollution may
also be associated to urban and rural diffuse loads from
agriculture, livestock, and mining, especially the exploi-
tation and commercialization of sand. Each of these
examples represents a kind of characteristic pollutant
that is carried by water (Leite et al. 2013).

The Jaguari River Basin covers an extensive area
occupied by agricultural and livestock activities. The
basin is under greater influence of the diffuse pollution,
which is generated by land use and features intense
degradation of its riparian forest.

The volume of freshwater from the mentioned rivers
depends mainly on the rainy and warm season, occur-
ring from October to March. Days with heavy rainfall
are common in this period, causing flood events. The
remaining months of the year (April to September)
comprise the dry season, with lower temperatures.
Thus, the region has only two defined seasons: rainy/
warm and dry/cold.

However, researchers alert to the climate change
phenomenon, typified by extreme, intense droughts,
and poorly distributed rainfall that has caused serious
imbalances on the Planet.

Obregon et al. (2014) evaluated the rainfall occurring
in the Metropolitan region of Sdo Paulo, SP, Brazil,
approximately 100 km far away from the municipality
of Paulinia. The authors compiled data from the
Meteorological Station of Sao Paulo, SP obtained dur-
ing the years 1973 to 1997 and concluded that pluviosity
alterations have been occurring since 1950 and that
more heavy rainfall has recently become more evident,
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damaging the region, which is not adequately prepared
to stand these changes. In 1950, there were three events
with heavy rainfall (over 50 mm), while in the years
2000 to 2014, these events have increased 2—5 times.

Intermittent rainfall is the main cause of diffuse pol-
lution of urban and rural origin. This pollution involving
organic and inorganic matter is derived, in part, from
solid residues, sediments, industries, automobiles, and
animals.

During dry season, mineral nitrogen may accu-
mulate in the soil, and at the onset of rainfall, high
nutrient loads are dragged to the river (Skoulikidis
and Amaxidis 2009). The main cause of diffuse
pollution generated by anthropogenic action is the
increase of organic and inorganic loads, generating
sludge resulting from the conversion of native veg-
etation of the river basin in agricultural and urban
areas (Amorim et al. 2006; Dodson and Lillies
2001). Moreover, in small proportion are the site-
level disturbances, such as proximity to roads and
highways (Nelson and Booth 2002), the distance to
the forest cover (Houlahan and Findlay 2003), the
deforestation of riparian forest (Lammert and Allan
1999; Meador and Goldstein 2003), as well as the
impact related to recreational activities (Kashian and
Burton 2000) that may have primordial effects on
the biotic community in the absence of changes in
basin-wide land uses. The characteristics of a hard
problem and diffuse water pollution provide a clear
example of such a challenge.

Changes in land use and land cover (LULC) have
been recognized as stressors of aquatic ecosystems and
drainage areas (Hamel et al. 2013; Bu et al. 2014). Some
of the most relevant effects are the reduced biodiversity
and the impacts on the quality and quantity of water
(Bedford 1999; Teixeira et al. 2014).

Tropical rivers are subject to great variability in vol-
ume induced by the rain. The river waters are not
stagnated, but are subject to unidirectional current and
have variable flow, in addition to suffering the influence
of drainage conditions (Chapman 1996).

In Brazil, the classification and environmental guide-
lines for the framework on surface water bodies and
water quality standards, seeking to improve environ-
mental conditions, are being constantly reviewed by
resolution of the National Environment Council
(CONAMA 357/2005).

Several authors have studied the water quality parame-
ters generating important data that needs to be interpreted



Environ Monit Assess (2016) 188: 263

Page 3 of 14 263

(Rodrigues 1998; Pesce and Wunderlin 2000; Strieder
et al. 2006; Kannel, et al. 2007; De Rosemond et al.
2009; Zanini et al. 2010; Lumb et al. 2011; Pinto Filho
et al. 2012; Moura et al. 2013; Mostafaei 2014; Sharma
etal. 2014; Cayax et al. 2014; Salla and Ghosh 2014; Amé
and Pesce 2015; Lobato et al. 2015.

Among the difficulties to analyze these data are the
selection of which variables can be used as an indicator of
water quality. This selection must clearly reflect the chang-
es in the aquatic environment arising from its use and that
is under the influence of climatic, geological, size, and
shape of drainage basins (Toledo and Nicolella 2002).

In order to facilitate the analysis and management of
the hydrographical basin, the National Sanitation
Foundation (NSF-USA) created, in 1970, the Water
Quality Index (WQI), aiming at summarizing the nu-
meric variation of physical, chemical, and biological
parameters to a total value of quality (Brown et al.
1972). The WQI is a valuable information tool for
different segments of industry, agriculture, environmen-
tal managers, and the general public. The Oregon
Department of Environmental Quality (DEQ) uses the
WQI to assess and report water quality trends for its use
to the regulatory offices and to the public (Cude 2001).

The WQI is calculated by means of the product of n
parameters (q) related to its significance by a numeric
coefficient w, being Y ;w; = 1

WOl = [lg;"

When added to the formula, the values of each pa-
rameter generate numeric values, which allow the refer-
ential attribute of water classification, according to its
preponderant value.

The WQI original developed by NFS was adapted to
the Brazilian reality by CETESB. However, WQI may
induce the evaluations with less acuity of parameters
involving, for example, the human health. That is why it
is important to analyze each of the parameters of the
series of analysis of the WQI (Barros et al. 2012).

For the calculation of WQI, the CETESB (2010)
considers the following parameters: Escherichia coli,
hydrogen ion potential (pH), biochemical oxygen de-
mand (BODs 5¢ec), total nitrogen (TN), total phosphorus
(TP), turbidity (Tb), total solids (TS), and dissolved
oxygen (DO). According to their importance in the
general evaluation, each of these parameters receives a
numeric coefficient (w;), which will be integrated to the

final calculation of the WQI. Other countries also
adopted the formulation of the WQI, adapting to their
region. The several regulations differ in the importance
of each parameter, according to Table 1.

The Brazilian Agency of Environment and Hydric
Resources (CPRH 2013), based on the analysis of qual-
ity parameters, formulated indices for water monitoring
applied to Brazilian lentic and lotic environments.

The WQI has been widely applied and accepted in
European, African, and Asian countries (Singh et al.
2013). Sharma et al. (2014) reported the presence of 30
water quality indices, used in different regions, with a
number of variables from 3 up to 72. The value of NSF
ranges (WQI) from (0-100) and the streams are classified
as very bad, bad, medium, good, or excellent (Table 2).

The WQL, in its several weighing, allows to infer in the
general water quality and. even if with a reasonable index,
may present some parameter that does not contemplates
the requirements for a save public supply water.

Material and methods
Characterization of the study area
The municipality of Paulinia has two main rivers, the

Jaguari and Atibaia, and presents a Human Development
Index (HDI) of 0.847, according the United Nations

Table 1 Quality parameters and their respective numeric coeffi-
cients, according to several WQI’s

Parameter (g;) Numeric coefficient (w;)

Index Leon CETESB NSF - USA
México (2010) (Brown et al.
(Dinius 1987) 1970)

E. coll. - 0.17 0.16

BOD 550c 0.14 0.11 0.11

Total nitrogen (TN) 0.13 0.11 0.10

Total phosphorus (TP)  — 0.11 0.10

Total solids (TS) 0.10 0.09 0.07

Turbidity (Tb) 0.11 0.09 0.08

Dissolved oxygen (DO) 0.21 0.19 0.17

Temperature (T) - - 0.10

pH 0.14 0.13 0.11

Non-toxic ionic 0.17 - -

ammonia
Sum of weights 1.0 1.0 1.0
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Table 2 Score on WQIs with reference standards

Quality levels NSF - USA Oregon

Ledén México
(Brown et al. 1970) (Dunnette 1979) (Dinius 1987)

British Columbia
(Ministry of
Environment, 1996)

CETESB (2010) Alberta (CCME 2001)

Excellent 90<100 90<100 90<100
Good 70<89 85<89 70<89
Medium 50<69 80<84 50<69
Bad 25<49 60<79 25<49
Very bad 0<24 <60 0<24

60<100 80<100 96<100
44<59 52<79 81<95

18<43 37<51 66<80

04<17 20<36 46<65

0<03 0<19 0<45

Development Program, PIB of ca. U$2000 and 26,000
per capita (IBGE 2010). The region presents tropical
climate, annual precipitation of 1320.8 mm, annual av-
erage of 110.07 mm, with mean temperature variation of
16 to 30 °C.

Besides, the region presents a biggest industrial pole
of Latin America, with several chemical and petrochem-
ical industries, and the biggest petroleum refinery
concerning the production of processed petroleum.

The municipality of Paulinia is occupied 9 % by
perennial cultures, 29 % by non-perennial cultures,
8 % by pastures, 2 % by natural vegetation, and 0.5 %
by reforestation (Leite et al. 2013). The most widespread
culture is sugar cane, followed by orange, manioc, corn,
and horticultural products.

Sampling points location

The sampling points in the rivers Jaguari and Atibaia
were defined in the municipality of Paulinia, SP, Brazil
since the water from upstream serves as public supply to
several towns (Fig. 1).

Although the proximity among these rivers, they belong
to different hydrographical basins, suffering different influ-
ences (Fig. 2). The sampling point 1, in the Jaguari River
(P1), is located at 22°41' 48.6” (S) 47° 07’ 21.1" (W) and the
sampling point 2, in the Atibaia River (P2), is located at 22°
44'22.1" (S) 47° 07" 41.4" (W) (Mariano et al. 2010).

Sampling period

The sampling period comprised <66 months, beginning
in October 2009 and ending in March 2015, totalizing
109 sampling campaigns, being 53 samples from rainy
period and 56 from dry period. Depending on the cli-
matic conditions, the sampling campaigns were per-
formed in intervals of 15 or 25 days.

@ Springer

The sampling in the Jaguari and Atibaia rivers, per-
formed in rainy and dry periods, and the number of
collected samples, according to the temporal identifica-
tion, are presented in Table 3.

Sampling procedures

Water sampling in the rivers composed of 10 sub-samples
collected from the right edge to the left edge of each point
(CETESB 1998). Polyethylene gallons of 10 L were used,
and samples were preserved and processed according to
APHA (2005). All the analyzed parameters were realized
with replicates.

Analysis of water quality parameters

The samples were analyzed according to chemical,
physical, and biological parameters, according to the
Standard Methods APHA (2005), in the Laboratory of
Teaching and Research in Water Toxicity, Institute of
Biosciences, University of Sdo Paulo State (UNESP),
Campus Rio Claro, SP, Brazil.

The precipitation data (mm) of the region were ob-
tained from the Room of Telemetric Data Situation
(RTDS) of the Hydrographical Basin Committee
Agency of Piracicaba, Capivari and Jundiai rivers
(CBH-PCJ) and used to compare rainy and dry periods.

For the calculation of WQI of this study, the E. coli,
BOD 55¢oc, pH, temperature (T), turbidity (Tb), total
solids (TS), total nitrogen (TN), total phosphorus (TP),
and dissolved oxygen (DO) were analyzed. The BOD
and E. coli parameters were selected in this evaluation
and correlated to the values of WQIL.

Calculation of the Water Quality Index

The WQI calculations were performed applying the data
of the chosen parameters in worksheets. These
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Fig. 1 Sampling points location and cartographical evidences of the extension of Atibaia and Jaguari rivers

worksheets belong to the Database Management
System, called Water Quality Calculation System
(WQCS) of the National Environmental Program
(PNMA 1I 2005). The WQCS combines the calculated
values of the WQLI. Interpretation of the results followed
the classification presented in Table 2.

Statistical analysis

Considering that there is no normality of the data, the
statistical analysis was performed using techniques of
“non-parametric statistics,” which makes no assump-
tions about the distribution of data (Connover 1980;
Hollander et al. 2013).

The statistical analysis to compare the average values
between the two periods was performed using the non-
parametric Kruskal Wallis method, considering 5 %

Fig.2 a Jaguari River: with clear
water, dominance of agricultural
activity influence; b Atibaia
River: with muddy waters, under
the influence of chemical,
petrochemical, agricultural, and
urban activities

significance. In order to determine significant differ-
ences among the periods, for post hoc tests in pairs,
when the Kruskal Wallis test results in some differences
between groups, the Dunn test (Dunn 1964) with Holm
correction was performed (Holm 1979).

Results and discussion

According to the Brazilian legislation (CONAMA
357/2005), river waters containing until 1000
E. coli (MPNx102xmL™"), 5.0 mg O,xL" of
DBO are amenable to treatment for public supply.
The CETESB (2010) classifies the waters accord-
ing to the ranges of values determined by WQI as
presented in Table 2.

@ Springer
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Table 3 Temporal characteriza-

tion of sampling campaigns and Rainy season ~ Month/year Numberof Dry Month/year Number of
number of samples collected in samples season samples
the rainy and dry periods

SR1 10/2009 to 03/2010 10 SD1 04/2010 to 09/2010 11

SR2 10/2010 to 03/2011 8 SD2 04/2011 to 09/2011 7

SR3 10/2011 to 03/2012 8 SD3 04/2012 t0 09/2012 13

SR4 10/2012 to 03/2013 9 SD4 04/2013 t0 09/2013 13

SR5 10/2013 to 03/2014 9 SD5 04/2014 to 09/2014 12

SR6 10/2014 to 03/2015 9

Evaluation of rainy periods

The monitoring data revealed that, in the sampling cam-
paign performed in 2009, in rainy period (SR1), higher
valued E. coli (MPNx 102 xmL™") were registered, in
both rivers, and Atibaia River (49.5) presented the higher
contamination in comparison to Jaguari River (22.5).

Between the years 2009 and 2015, from 109 collect-
ed samples, in the rainy and dry seasons, the percentages
of E. coli in disagreement with the legislation in the
Jaguari River were respectively of 64.1 and 46.4 %,
while in Atibaia River was of 75.5 and 66.1 %.

Abrupt changes in the BOD values in Atibaia River
were recorded. These variations are due to other specific
pollution sources, which were not originating from dif-
fuse pollution carried out by rain. The water of the
Atibaia River crosses areas densely populated and of
intense anthropogenic activities, receiving high pollutant
loads of organic and inorganic matter reflected in BOD
values. It was possible to verify that, for the parameter
BOD, 95 % of the samples collected in rainy period
presented values in disagreement with the legislation.

In the rainy period of 2009 (SR1), the highest average
rainfall (214 mm) was recorded, presenting a WQI of
41.0 (regular) to the Jaguari River and of 34.0 (bad) to
Rio Atibaia. In the period SR1, from 10 sampling per-
formed in the Jaguari and Atibaia rivers, for the E. coli
8/10 and 10/10 and for DBO 6/10 and 8/10 were in
disagreement to the Brazilian legislation CONAMA
357 (2005). In the period SR6 for both rivers, the DBO
was in disagreement to the Brazilian legislation and in the
periods SR1 to SR6, the values (%) of WQI were of 30.2
and 60.4 % in Jaguari and Atibaia rivers, respectively. In
these periods, all analyzed samples were in disagreement
to the Brazilian legislation for the DBO (Table 4).

Regarding the WQI, Jaguari River is considered, most
of the time, presenting regular quality. However, the values
of E. coli do not comply the requirements of the
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environmental control agency. Spearling (2005) empha-
sizes that the original purpose of the WIQ was to commu-
nicate the environmental managers and the interested pub-
lic about the conditions of environmental quality.
However, the parameter E. coli evaluated in 109 sampling
campaigns demonstrate that the WQI often does not reflect
the sanitary quality of the waters. Due to deficiency of
riparian vegetation, Jaguari River, especially in sectors of
intensive agricultural and livestock activity, presents lower
WQI values. This effect is explained by the presence of
diffuse sources of pollution (organic and mineral sources
used in soil fertilization) carried by rain.

According to the Kruskal Wallis test, with the WQI
as the dependent variable, it is possible to verify that
there are significant differences between the rainy pe-
riods, only for Atibaia River (p=0.001), and these dif-
ferences are not recorded for Jaguari River. Using the
post hoc Dunn’s test, it is possible to register that the
statically significance of 5 % occurs in the period SR6,
in relation to the periods SR2 and SR4. The period SR6
presents mean and median values of WQI considerably
lower when compared to the others, as presented in
Fig. 3 (obs: the symbol+represents the average of the
values).

Regarding E. coli, there is a significant difference
(p=0.0005) only for Atibaia River, in rainy periods.
This difference occurs when comparing the period
SR3 to the periods SR1 and SR2 once the period SR3
presents the lowest mean value of E. coli, as presented in
Fig. 4.

Related to the BOD values, there are significant
differences only in rainy periods in the Jaguari River
(p=0.0367). The results obtained by Dunn’s test indi-
cated that the differences in Jaguari River occurred most
significantly among the periods SR4 and SR6
(p=0.005). In Fig. 5, it is possible to observe that the
mean values of period SR6 were higher if compared to
the mean values of period SR4.
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Table 4 WQI analysis in the rainy period for Jaguari and Atibaia rivers, related to E. coli (MPN x 102 x mL™"), BOD (mg O, x L"), mean
of precipitation (mm), and number of samples in disagreement with the Brazilian legislation

Season rainy Parameters Jaguari river Atibaia river Precipitation
WQI E. colix 10° DBO WQI E. colix 10° DBO

SR1 Mean 41.0 22.5 8.2 34.0 49.5 11.8 214.0
Standard deviation 6.3 49.8 5.8 4.0 96.2 35 120.0
Disagree 1/10 8/10 6/10 8/10 10/10 8/10 -

SR2 Mean 43.0 11.0 9.5 38.0 9.7 20.0 181.0
Standard deviation 7.2 18.7 4.7 6.0 10.8 17.0 174.0
Disagree 4/8 4/8 7/8 5/8 7/8 8/8 -

SR3 Mean 39.4 73 13.2 41.0 1.0 13.0 153.0
Standard deviation 3.8 9.2 7.3 5.0 0.3 5.0 57.0
Disagree 3/8 8/8 7/8 1/8 2/8 8/8 -

SR4 Mean 44.6 1.9 6.3 42.0 2.9 9.0 145.0
Standard deviation 6.1 1.1 5.0 4.0 1.5 7.0 72.0
Disagree 0/9 3/9 5/9 3/9 7/9 7/9 -

SRS Mean 434 1.1 10.6 34.0 2.1 12.0 44.5
Standard deviation 34 0.6 4.1 5.0 0.7 3.0 342
Disagree 1/9 5/9 9/9 9/9 9/9 9/9 -

SR1 to SRS Mean 2009/2010 423 8.8 9.6 37.8 13.0 13.2 147.5
Standard deviation 2.8 21.4 1.2 6.0 0.2 4.0 58.1
Disagree 13/44 28/44 34/44 26/44 35/44 40/44
Disagree (%) 24.5 50.9 64.2 49.1 66.0 75.5

SR6 Mean 41.7 3.6 15.0 31.0 35 19.0 134.0
Standard deviation 7.6 29 3.0 3.0 3.0 7.0 109.0
Disagree 3/9 6/9 9/9 6/9 59 9/9 -

SR1 to SR6 Total mean 422 79 10.5 36.7 11.5 14.1 1453
Disagree (%) 30.2 64.1 81.1 60.4 75.5 92.5

Evaluation of dry periods

In the dry periods, SD1 to SDS, E. coli decrease in the
Jaguari River to 50 % in relation to the rainy periods
SR1 to SR2, which are in accordance to Oliveira and
Cunha (2014).

In the dry periods, SD1 to SD5, E. coli decreased in
Jaguari river to 50 % in relation to the rainy periods SR1
to SR2, which are in accordance to Oliveira and Cunha
(2014), who stated that, during the rainy season, there is
an increase of bacteria. Those authors found out that the
increase in the pluviosity may interfere in the sanitary
conditions, independently on the punctual or diffuse
pollution.

The study verified that the increased precipitation
interferes in the sanitary conditions, independently of
the point or diffuse pollution. For the parameter E. coli,

the statistically significant difference occurred in Jaguari
River, in the dry period (p=0.048). The application of
the Dunn’s test highlighted the difference among the
periods SD3 and SD5 (p=0.047).

The statistical confidence level of 95 % revealed that
the period SD3 presented quantitative values of E. coli,
higher than the period SD5. The decreasing concentra-
tion of E. coli highlighted a slight sanitary improvement,
in the WQI in Jaguari River waters (Table 5).

The data presented in Table 5 indicate that, in the dry
season, the region covered by the rivers Jaguari and
Atibaia had low rainfall (60.8 mm) and other factors,
which are not considered in this study, may influence the
evaluation of the WQL

The mean values of periods SR1 to SRS, with mean
values of precipitation of 143.5 mm, correspond to the
warmer season and coincide with the most intense

@ Springer
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Fig.3 Boxplot of WQI values by S -
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precipitations. From 2010 to 2013, a decreasing precip-
itation average was recorded, making the precipitation
in 2014 an atypically dry period, with high hydric scar-
city, comparable to the mean values obtained in the dry
period (44.5 and 44.0 mm), respectively.

The mean values of precipitation in the dry periods of
2009 and 2013 slightly increased. However, in 2014,
these values significantly decreased, culminating in a
severe drought ravaging the studied region, as presented
in Fig. 6, which presents the mean values of precipita-
tion and temperatures. The data obtained for Jaguari and
Atibaia rivers are related to same variables due to the
geographical proximity of those rivers.

Fig. 4 Boxplots of E. coli by
rainy periods in the Atibaia River
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The WQI presents significant differences among the
dry periods (p=0.015) only for Atibaia River, with no
differences for the Jaguari River. These differences, in
Atibaia River, occur between the periods SD3 and SD1
and also between the periods SD3 and SD5. Figure 7
records the periods SD5 and SD1 presented the higher
values of WQL, in comparison to the period SD3, which
had the lowest median between the periods studied.

The parameter BOD presented statistically signif-
icant differences among the dry periods in the
Jaguari River (p=0.0455). According to Dunn’s test,
the major difference occurred between the periods
SD1 and SD3 (p=0.02) and there is also a

Atibaia - Rainy Periods (y-bar limited)

300000

200000
T

E coli

50000 100000

0

o

%—4—*4—%

15000 20000

E.coli
10000

——
'

'

'

'

T — o
oo T

Lo L =
L — -
T 1T 1T 1

5000

P1R

@ Springer

P3R P5R P1R P3R P5R

Period Period



Environ Monit Assess (2016) 188: 263

Page 9 of 14 263

Fig. 5 Boxplot of BOD by rainy
periods in the Jaguari River

difference between periods SD1 and SD4 (p=0.04).
In Fig. 8, it is possible to observe that the mean
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values of BOD for the periods SD3 and SD4 were
higher when compared to the others. For Atibaia

Table 5 WQI analysis in the dry period for Jaguari and Atibaia rivers, related to E. coli (MPN x 10> x mL "), BOD (mg O, x L"), mean of
precipitation (mm), and number of samples in disagreement with the Brazilian legislation

Season Dry Parameters Jaguari River Atibaia River Precipitation
WQI E. colix 10° DBO WQI E. colix 1(° DBO

SD1 Mean 443 2.5 7.0 39.1 12.8 12 40.0
Standard deviation 4.8 3.6 3.0 5.0 15.5 4.0 24.0
Disagree 0/11 511 10/11 6/11 8/11 10/11

SD2 Mean 353 2.8 7.0 31.9 23.1 143 49.0
Standard deviation 5.5 2.0 3.0 4.9 21.1 6.9 44.0
Disagree 3/7 57 6/7 57 77 717

SD3 Mean 41.0 7.5 14.0 38.1 53 12.6 72.0
Standard deviation 7.9 11.0 9.0 6.0 8.6 4.3 84.0
Disagree 6/13 9/13 12/13 513 6/13 13/13

SD4 Mean 40.0 1.3 13 375 10.2 11.8 99.0
Standard deviation 5.8 1.1 8.0 4.7 12..2 5.4 72.0
Disagree 0/13 713 12/13 10/13 13/13 12/13

SDI1 to SD4 Mean 40.2 4.0 10.3 36.7 12.8 12.7 65.0
Disagree 9/44 26/44 40/44 27/44 34/44 42/44
Disagree (%) 20.5 59.1 90.6 48.1 70.3 95.5

SD5 Mean 39.9 0.3 10.0 27.9 54 17.4 44.0
Standard deviation 10.9 0.2 4.0 6.3 7.8 5.9 49.0
Disagree 2/12 0/12 10/12 10/12 8/12 10/12 -

SD1 to SD5 Total mean 40.1 2.9 10.2 349 11.4 13.6 60.8
Disagree (%) 19.6 46.4 89.3 49.8 66.1 929 -
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Fig. 6 Mean values of
precipitation and temperature, for
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River, there were no statistically significant differ- The parameter E. coli presented significant dif-

ences for the parameter BOD between the periods ference for both Jaguari River (p=0.0009) and

SD1 and SDS, with 5 % significance.

Fig. 7 Boxplot of the WQI by
dry periods in Atibaia River
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Fig. 8 Boxplot of BOD by dry g o
periods in Jaguari River
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the differences occurred among the period SD5
and the periods SDI1, SD2, and SD3. In the
Atibaia River, the difference occurred among the
periods SD2 and SD3. In Fig. 9, it is possible to
observe that, for Jaguari River, period SD5 record-
ed lower value of E. coli when compared to the
other periods (especially the periods SD1 to SD3),
while, for Atibaia River, the lower value was
recorded in the period SD3 and the highest in
the period SD2.

Fig. 9 Boxplots of E. coli by dry
periods for Atibaia and Jaguari

Jaguari - Dry Periods

Classification of average levels of water quality

Values of the parameters E. coli and BOD that exceeded
the limits established by environmental legislation, in most
of the samplings, negatively adversely affected the water
quality of the Atibaia and Jaguari rivers. The analytical
data obtained in this research demonstrate the need for
immediate administrative measures of water management
for sustainable use of these rivers in the study area. Table 6
presents the scores and classification of the average levels
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Table 6 Classification of the average levels of water quality of the
rivers Jaguari and Atibaia, from October 2009 to March 2014

Season Jaguari River Atibaia River

WQI Classification WQI Classification

SR1 43.0 Medium 33.8 Bad
SR2 39.4  Medium 34.8 Bad
SR3 353 Bad 339 Bad
SR4 41.0 Medium 39.7 Medium
SR5 40.0 Medium 335 Bad
SR6 39.9 Medium 26.7 Bad
SD1 443  Medium 39.1 Medium
SD2 353 Bad 31.9 Bad
SD3 41.0 Medium 38.1 Medium
SD4 40.0 Medium 37.5 Medium
SD5 39.9 Medium 279 Bad
Mean 39.19 Medium 3426 Bad
Standard Deviation 2.7 43

of water quality of the rivers Jaguari and Atibaia, from
October 2009 to March 2014, in rainy (SR1 to SR6) and
dry (SD1 to SD6) periods, according to CETESB (2010).

The rivers Jaguari and Atibaia presented average
levels from regular to bad quality from October 2009
to March 2015. The Jaguari River presented two bad
classifications. The Atibaia River presented five bad
classifications in the rainy period and two bad during
the dry period. The WQI indications of regular for both
rivers are numerically very close to the bad WQI.

The results presented in Table 6 indicate that the Jaguari
River has more stability related to its quality (SD=2.7) than
Atibaia River, which is more venerable in rainy period.

In addition, by examining a detailed description of the
sub-indices of E. coli and BOD in the rivers, it was
possible to observe that, for some periods, the rivers
presented alarming values in relation to the sanitary quality
of their water. This research verified the need of a better
environmental management, as can be observed in the
standard deviations presented in Table 6, considering that
the hydrographical basin of both rivers supply a population
of more than five million inhabitants, which may have
health issues due to the water quality of these rivers.

Final considerations

Considering the WQI classification, according to the
Canadian and Mexican models, the Brazilian

@ Springer

environmental councils, associated with the hydric quality
councils, must continue to intensively invest in the quality
control of the WQI, considering E. coli as reference,
monitoring the waste water treatment and the diffuse
pollution. The diffusion pollution may be minimized by
the intense reforestation of riparian forests and environ-
mental education concerning the water.

Classification levels of Brazilian WQI (CETESB) are
considerably different from most countries standards.
Because of this, the classifications based in Brazilian
WQI are sometimes fragile and overestimate the water
quality, instead of revealing possible problems.

It is possible to conclude that analysis based only in
the nine parameters for the WQI calculation are not
sufficient to ensure the sanitary adequacy of the water
body for its use determined by the environmental agency.
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