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ABSTRACT

The development of water quality indices (WQIs), duly modified and using a small
number of parameters, may be of great economic use. The purpose of this work was to
develop a WQI with a reduced number of parameters (WQI ), in relation to what is used
in the Brazilian state of Minas Gerais (WQIigam), in the basin of the Doce River. Four
different scenarios were analysed, with the absence of the following parameters for the
calculation of the WQI.a: BOD, E. coli and phosphate; BOD and E. coli; BOD, E. coli
and total solids (TS); BOD, E. coli, phosphate and TS. The redistribution of the weight
attributed to the eliminated parameters was done according to the following methods: (i)
in weighted form, through optimisation of the correlation between the WQIeq and the
WQIigam; (i1) based on the cluster analysis. The best scenario found was that of the
WQIq considering only DO, pH, temperature variation, nitrates and turbidity, with the
weights being redistributed based on cluster analysis. This scenario maintained
satisfactory performance, with a minimum difference being observed between WQIigam
and WQI,q, in terms of management purpose. The WQI .4 as proposed makes it possible
to establish a monitoring control system operating in real time in the Doce river basin, as

all the parameters considered can be obtained with the use of multiparameter probes.

INTRODUCTION

Over the last few years, water quality has been a
major cause for concern throughout the world. Among the
consequences of the increase in the water footprint as
necessary for human activities, we have the adverse effects
on the availability of drinking water for different uses
(Fraga et al., 2020; Shah et al., 2019). According to the
Brazilian National Waters Agency (ANA), over 100
thousand kilometres of sections of Brazilian rivers have
their quality at risk due to the organic loads that have been
poured into the water bodies (ANA 2020). This means that
water quality has become a top priority as a way to ensure
health and public safety (Dao et al. 2020).

Regular monitoring of water quality is very
important for efficient management of water resources. On
carrying out the monitoring, the environmental authorities
usually implement methods that supply a generalised
appraisal of surface water and group them into categories
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according to their state of quality (Yotova et al. 2021).
This assessment is usually implemented based on water
quality indices (WQIs), this being a tool often used to
combine and convert the values of many environmental
variables into one single number, which is able to reflect
the quality of the water in many different classes (Zotou et
al. 2020). In this way, water quality can be easily
compared between different regions, instead of the
confrontation between the numerical values of different
environmental parameters (Nayak et al. 2020). Indeed, the
application of the index allows discretion with regard to
water quality, both by the interested public, as also by
competent authorities that draw up public policies
(Avigliano & Schenone, 2016).

The NSF index is known internationally, as well as
being the most publicised. This index was developed by
Brown et al. (1970) using the technique known as Delphi —
an opinion research study to extract information from
specialists in the area. In Brazil, this index is currently
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used by authorities responsible for the management of
water resources in the state of Minas Gerais (Minas Gerais
Water Management Institute — IGAM) with some changes
(IGAM 2020). However, the high number of parameters to
be obtained in the process to establish the water quality
index generates financial costs, as well as environmental
impacts arising from the analytic subproducts generated by
the process (Oliveira et al. 2018a). The use of minimum
indices simplifies the assessment of water quality for
monitoring purposes (Oliveira et al., 2018a; Wu et al.,
2018). Based on the use of fewer parameters, the use of
minimum indices is even more beneficial, especially in
emerging countries, as this reduces the analytic cost of
measurement of analytic parameters (Wu et al., 2018; Pak
et al., 2021). Results of the minimum WQI as calculated
based on the NSF WQI have shown themselves to be
highly linearly correlated, which shows that the minimum
index approach is powerful when it comes to the quick
establishment of the WQI (Wu et al. 2018). Well aware of
the importance of the use of minimum indices, especially
for emerging countries, in this work the main aim was to
develop a water quality index with a reduced number of
parameters (WQIq) which is practical, easy to obtain, and
equivalent to the one currently practised in the state of
Minas Gerais (WQlLigam).

Considering that the analysis of certain parameters
may take a long time and incur significant labour costs, as
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well as costs with purchase of chemical reagents and
laboratory infrastructure, we propose an WQI,.q that, apart
from being easier to obtain — as parameters are obtained
directly using multiparameter probes —, also makes it
possible to set up a monitoring control system in real time,
thus allowing an increased frequency of water quality
monitoring in the basin of the Doce River.

MATERIAL AND METHODS
Area of study

The basin of the Doce River lies in Southeastern
Brazil, between the states of Minas Gerais and Espirito
Santo. This river basin is part of the Southeast Atlantic
river basin, and lies between latitudes 17°45' and 21°15'
South, and longitudes 39°30' and 43°45' West. The Doce
River starts in the state of Minas Gerais, and is then taken
to the coastline of the state of Espirito Santo, flowing into
the Atlantic Ocean (Figure 1) (ANA 2013). It has a total
drainage area of some 86,715 km? Within the state of
Minas Gerais, the Doce River basin is divided into six
Units for Planning and Management of Water Resources
(UPGRHEs) (see Figure 1): River Basin Committees of the
Piranga River (DO1), Piracicaba River (DO2), Santo
Antdnio River (DO3), Suacui River (DO4), Caratinga River
(DOS), and the Manhuagu River (DO6) (ANA 2013).
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FIGURE 1. Map of the location of the water basin of the Doce River and its subdivision into UPGRHs.

The basin of the Doce River houses a population of
some 3.3 million people, distributed in 229 different
municipalities, of which 203 are in the state of Minas
Gerais and 26 in the neighbouring state of Espirito Santo.
This is a river basin with a diverse range of economic
activities, such as livestock raising, mining, industrial,
service provision, and electrical energy generation. The
basins of the Piranga and Piracicaba rivers (DO1 and

DO2) have the highest industrial GDP and account for
some 48% of the total population of the total basin of the
Doce River. In DO2, we have 50% of the total basin of the
Doce River, and here we highlight industrial activities and
extraction of iron ore (ANA 2013). For the reasons
mentioned before, the basin of the Doce River, especially
the units on the Piranga and Piracicaba rivers, were chosen
as an area of study in the present paper.
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Database

For the development of the WQIq that shall be
equivalent to WQILigam, made use of the database on
quality of surface water, as made available at the
InfoHidro portal. This information is supplied by the
Minas Gerais Water Management Institute (IGAM), which
has monitored the quality of surface and underground
waters of the state of Minas Gerais since 1997 — known as
the ‘Minas Gerais Waters Project’. At present, IGAM has
sixty-four (64) sampling stations in its qualitative
monitoring network in the basin of the Doce River, of
which fifteen are at the Piranga River UPGRH and thirteen
are at the UPGRH of the Piracicaba River (IGAM 2020).
Taken together, these two UPGRHs account for 44% of
the stations in the river basin. For assessment of water
quality, 56 parameters are taken into consideration,
including the nine used for the calculation of the WQIigam.

In general, environmental data bring censured and
lost values (Ngouna et al. 2020). To avoid any possible
problems with statistical analysis, we have proceeded with
the preparation of the database. In the pre-treatment of the
censured values, the methodologies used were those used
in works such as McLaughlin & Flinders (2016) and
Oliveira et al. (2018a). According to this methodology, the
values found below the minimum limit for detection are
replaced by half the minimum limit for detection. In
contrast, the values above the maximum as measured by
the institution responsible are maintained (Oliveira et al.,
2018a; Oliveira et al., 2018b). In the case of lost data, any
sample that did not present one of the nine parameters, or
did not show any parameters at all, were excluded. Well,
in this academic paper we sought to simulate the absence
of certain parameters in a controlled manner. In this study,
we worked on the data of DO1 and DO2, considering the
period between 2009 and 2015.

Preparation of WQlIred
Parameters to be adopted in WQlIrea

After the prior treatment of the data came the
preparation of the WQIq equivalent to the WQIigam.
Initially, the WQIicam was calculated for each point as
sampled on the treated database. For this reason, we used
[eq. (1)] HIGAM 2020).

WQloa = | [a (M
i=1

In this equation, WQIigam — Water Quality Index,
ranging from 0 to 100; q; — quality of the parameter i,
obtained through the average specific quality curve; w; —
weight assigned to the parameter, due to its importance in
quality, between 0 and 1; n — number of parameters.
IGAM adopts the weights for dissolved oxygen (DO),
thermotolerant coliforms / E. coli, pH, biochemical oxygen
demand (BOD), temperature variation (AT), phosphates,
nitrates, turbidity, and total solids (TS) equivalent to: 0.17;
0.15; 0.12; 0.10; 0.10; 0.10; 0.10; 0.08 and 0.08,
respectively. The parameter of temperature variation is
constant, and at a value of 92 (IGAM 2020). The
classification of water quality was made based on that
adopted by IGAM, meaning that the levels of excellent,
good, fair/average, poor and very poor are assigned to point

score brackets as follows: 90 < WQI < 100, 70 < WQI <90,
50 <WQI<70,25 <WQI<50 e WQI <25, respectively.

The calculation of WQI,.q follows the same line of
thought as for WQIigam, but some of the parameters have
been removed from the calculations. We have analysed
four different scenarios for the calculation of WQIreq,
namely: i) absence of the parameters BOD, E. coli and
phosphates; ii) absence of the parameters BOD and E. coli;
iii) absence of parameters BOD, E. coli and TS; iv)
absence of the parameters BOD, E. coli, phosphates and
TS. In each of these scenarios, there was also the
assessment of the presence and absence of the temperature
variation parameter, because the quality of such a
parameter is always constant.

On selecting the parameters to be part of WQlyeq,
the key factor for the decision was the practicality of
obtaining the data. The parameters DO, pH, nitrates,
phosphates and turbidity can also be measured with the use
of multiparameter water quality probes. Temperature is also
easily obtained and measured; however, the quality thereof
is always constant. For this reason, there was analysis of
inclusion and non-inclusion of this parameter in the
calculation of WQI,.4, in each scenario as here considered.

In the case of TS, it can be easily obtained
indirectly through other parameters that are measured with
the use of probes. This means that, for the calculation of
the WQIeq, the TS were obtained through the sum of total
solids in suspension (TSS) — estimated by the models as
obtained in Oliveira et al (2018b) — and total dissolved
solids (TDS) — estimated by the relationships established
between TDS and electrical conductivity (EC) as presented
by Walton (1989). This author has proposed conversion
factors between the measurement of EC and TDS (k)
which range from 0.50 to 0.75, according to the value of C
as measured. The & factor of 0.50 is used for low values of
electrical conductivity, while it is raised to k = 0.75 with
the increase in this water quality parameter (Walton 1989).

Distribution of the weights of missing parameters

On leaving out parameters from the calculation of
WQI, the weights of the missing parameters need to be
redistributed to that the sum of the weights (w;) is equal to
1, as shown by Wu et al. (2018). In this academic paper,
the weights have been reallocated in three different ways:
1) weights redistributed in weighted form among the other
parameters; ii) weights redistributed between the other
parameters through optimisation of the correlation between
the WQIq and the WQIiganm; iii) weights redistributed
based on cluster analysis of the parameters used in the
calculation of the WQLigam. In cases where there is
absence of the temperature variation parameter, in all cases
the decision made was to carry out the distribution of the
weight of this parameter in a weighted fashion, for the
other parameters. The redistribution of the weights through
optimisation of the correlation between the WQI,.q and the
WQIigam was carried out through using the iterative
method. There was a search of distribution of the weights
for the other parameters, seeking to obtain the highest
possible value for the correlation between the WQl,eq and
the WQIigam, while respecting the condition that the sum
of these weights should equal 1.

One significant development in recent years has
been the introduction of multivariate statistical analysis,
specifically cluster analysis, to identify the parameters that
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are important in the assessment of water quality (Fraga et
al., 2020; Rahman et al., 2020; Pak et al., 2021). For the
execution of cluster analysis, there was the standardisation
of the data with a view to equivalence of the different
parameters for water quality, as recommended by
Kassambara (2015). In the standardisation process, for
each parameter of water quality and each element within
the sample, the values observed were subtracted from the
mean and then divided by the standard deviation. Later,
the Euclidean distance was used to measure the
dissimilarity between the parameters of water quality.
Ward’s algorithm was used to group the parameters.

Classification bands for WQIreq

The classification of water quality based on the
WQI.q was carried out using the value bands as set for the
WQI. Two alternative classifications were also considered:
i) BAND I — using the correlation between the WQI,.q and
the WQIigam — this means that models were obtained,
correlating the WQIigam with each one of the best
scenarios of the WQI,q, after which the values of the WQI
for the bands in the models were applied, so as to obtain
new bands; ii)) BAND II — there was a verification of
points of the WQIligam found in each WQI class, and later
these percentages were applied to the points of the WQl eq
in a hierarchical way, meaning that the values that limited
one class and another started to be defined as a new band.
The values of the reduced indices were appraised using

EEXCELLENT

GOOD m®mFAIR

Pearson’s ‘r’ correlation coefficient. There was also a
verification of the equivalence of the reduced indices with
the WQIigam considering the percentage of points with
compatibility and incompatibility of classes.

RESULTS AND DISCUSSION
Quality of the waters of the Doce river basin

A preliminary analysis of water quality in the basin
of the Doce River was carried out, considering DO1 and
DO2. Figure 2 shows the percentage of points within each
class of WQIGam, considering the complete data series and
considering each year monitored. We see that, between the
years of 2009 and 2015, the water quality was reasonable —
63% of the points showed a ‘Fair’ classification, while
29% were “Good” and 8% were “Poor”. The analysis for
each year shows that there is no homogeneous quality
profile for the river basin. The quality of the water was
hampered, in most cases, due to the parameters of turbidity
and E. coli, due to the launching of treated effluents or
sanitary sewage poured in natura in waterbodies. This is
because the quality of these parameters, obtained through
the specific medium quality curve, on average, was
respectively 20 and 55. IGAM (2020) says that WQI is,
above all, sensitive to contamination by sewage, as E. coli
is an important indicator of faecal contamination (Grieco
et al. 2017), while turbidity is also linked to bacterial
contamination (Katarzyté et al. 2018).
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Monitored Points (%)
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FIGURE 2. Water quality in the Doce River basin — WQligam.

Water quality index with a reduced number of parameters — WQlIred

Redistribution of weights in a weighted fashion

The scenarios were simulated by suppressing the parameters as previously listed, and redistributing the weights in a
weighted fashion among the other parameters, a procedure also followed by IGAM (2020). Table 1 shows the Pearson
correlation coefficient for the connection between the WQI,.q and the WQIigam, as well as the percentage of points that show

compatibility and incompatibility of classes with the WQIigam.
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TABLE 1. Pearson’s Correlation Coefficients for the WQIq and the WQIigam and percentage of points with compatibility and
incompatibility of classes — WQIeq calculated considering the redistribution of the weights, in a weighted fashion for the

other parameters.

Missi Classes that were Qver- U.n der-
issing Parameters r maintained (%) estimated estimated
(%) (%)
BOD, E. coli and phosphates 0.73* 22 78 0
BOD, E. coli, phosphates and AT 0.73* 27 73 0
BOD and E. coli 0.75* 21 79 0
BOD, E. coli and AT 0.75* 23 77 0
BOD, E. coli and total solids 0.75* 20 80 0
BOD, E. coli, total solids and AT 0.75% 22 78 0
BOD, E. coli, phosphates and total solids 0.73* 21 79 0
BOD, E. coli, phosphates, total solids and AT 0.73* 24 76 0

*: Significant correlation at a probability level of 0.001 by the t-test.

For Momber et al. (2017), 0 <|r|<0.19 indicates a
very weak correlation, while 0.20 < | r | < 0.39 suggests a
weak correlation; 040 < | r | < 0.59, a moderate
correlation; 0.60 < | r | < 0.79, a strong correlation; and
0.80 < |r | < 1.0, a very strong correlation. Therefore, we
see that each of the eight scenarios involving the WQIreq
and the WQIigam are strongly correlated, this correlation
being both positive and statistically significant.
Considering only the strong correlation, the application of
WQIeq, calculated based on the redistribution of weights
in a weighted manner, just as an indicator of the profile
regarding the quality of the waters, would be of great
importance for the management of water resources.
Indeed, should there be the observation of any non-
conformity in the water quality, then analyses with greater
precision could be carried out so that, then, management
plans could be drawn up. However, we see that, even
though the WQI.q has a strong correlation with the
WQIigawm, the percentage of points that stayed in the class
was low. The WQI.q overestimated the quality of the
water at most of the points. Therefore, for the finalisation
of the management, the WQI,cq should be improved.

The methodology of calculation of the IGAM
considers the premise that, in the absence of parameters E.
coli or DO, one proceeds with the calculation of the WQI
for a certain sampling point. In relation to the
concentration of E. coli, this is probably due to the fact
that this is a parameter of high concentration in the region
of the study (Serrano et al. 2020). The non-inclusion of E.
coli in the reduced index could have jeopardised the good
equivalence between the index as proposed and the index
as currently practised, as the quality of the water in the
Doce River basin was in many cases harmed, mostly due
to the presence of E. coli, for having, on average, the
lowest quantity (q = 20). However, the option made was
not to include this parameter, as its analysis takes a lot of
time and incurs significant costs with labour, acquisition of
reagents, and laboratory infrastructure.

Srivastava & Kumar (2013) proceeded to calculate
the WQI using the additive form of the original index, as

proposed by Brown et al. (1970). On eliminating the BOD
parameter and redistributing the weight among the other
parameters in a weighted manner, these authors could
observe a small difference in the value of the WQI;
however, they were able to confirm the conformity of
classes. It is also worth mentioning that Srivastava &
Kumar (2013) showed results of suppression of only one
parameter in one specific point. In this academic paper, we
simulated the suppression of between three and five
parameters, which could have jeopardised the result, but
was necessary in order to reach the target as proposed for
the present work.

Redistribution of weights through optimisation of
correlation

Seeking to improve the equivalence between
WQIed and WQIigam, we proceeded with the analysis of
the same scenarios for suppression of parameters, as
previously listed. In this case, the weights were
redistributed among the other parameters through the
optimisation of the correlation between the WQI,.q and the
WQIigam. The new results showed that the reduced indices
also have strong positive correlations with the WQIigam —
a small increase in the Pearson correlation coefficient,
being between 0.74 and 0.76, with all correlations
significant. It was also confirmed that there was a
significant reduction of percentage of points, in
compliance of classes with the WQIigam — the percentage
of points where the classes were maintained ranged from
12 % to 13 %.

Redistribution of weights by cluster analysis

According to the cluster, the weights of the missing
parameters were distributed to those parameters ‘closer
by’. In Figure 3, we can see the dendrogram of quality
parameters, for the water used in the calculation of the
WQI. The temperature variation parameter is not present,
as it is not measured, with the adoption of a constant value.

Engenharia Agricola, Jaboticabal, v.42, n.3, e20220006, 2022



Amanda R. M. de Oliveira, Alisson C. Borges, Greicelene J. da Silva, et al.

10 40 70

DO

Euclidean Distance
pH

Nitrate

FIGURE 3. Dendrogram of the parameters for water quality.

The results shown in Figure 3 allow the grouping of
the parameters in two distinct groups, as follows: i) DO,
nitrates, and pH; ii) TS, turbidity, £. coli, BOD, and
phosphates. In the second group, with turbidity being the
only parameter not to be suppressed in any of the four
simulated scenarios, it was decided to assign all the
weights of the missing parameters to this parameter. In
Table 2, we can see the correlation matrix for the weighted
value of the quality (qi*") of the parameters for water
quality. Based on the results, we see that the distribution of

TS

7
i

Turbidity
E. coli

BOD
Phosphate

the weights of the missing parameters for turbidity was the
best option, as the value of ' of the parameters
eliminated in the calculation of the reduced indices showed
a significantly better correlation with the qi*' of turbidity.
In Table 3, we present the Pearson correlation coefficient
for the WQI,eq calculated considering the redistribution of
weights based on cluster analysis and the WQligawm, as well
as the percentage of points that presented compatibility
and incompatibility of classes with the WQIigam.

TABLE 2. Pearson Correlation between the values of weighted qualities (q;*") of the parameters of water quality in the basin of

the Doce River.

Quality Parameters DO E. coli pH BOD  Nitrates Phosphates AT Turbidity
E. coli 0.10%*
pH 0.10* 0.03
BOD 0.08* 0.10* -0,.01
Nitrates -0.02 -0.01 -0.26%  0.08
Phosphates -0.04 0.25* -0.07  0.17* 0.19*
AT 0.00 0.00 0.00 0.00 0.00 0.00
Turbidity -0.09*  0.34* 0.11*  0.10* -0.15%* 0.52* 0.00
TS -0.03 0.28* 0.05 0.15% -0.03 0.48%* 0.00 0.65*

Note: In bold, we present the best correlations for the missing parameters.
*: Correlation is significant at a probability level of 0.05 according to the t-test.

TABLE 3. Pearson correlation coefficients for WQIeq and WQIigam and percentage of points with compatibility and
incompatibility of classes — the WQI,q calculated considering the redistribution of the weights, based on cluster analysis.

Missi Classes that were Qver- U-n der-
issing Parameters r maintained (%) estimated estimated
(%) (%)
BOD, E. coli and phosphates 0.71%* 54 37 9
BOD, E. coli, phosphates and AT 0.71%* 50 37 13
BOD and E. coli 0.73* 52 43
BOD, E. coli and AT 0.72%* 55 39
BOD, E. coli and total solids 0.72* 55 38
BOD, E. coli, total solids and AT 0.72% 48 39 13
BOD, E. coli, ph(?sphates and total 0.70% 50 36 14
solids
BOD, E. coli, phosphates, total %
solids and AT 0.70 43 34 18

*: Correlation is significant at the probability level of 0.001 by the t-test.

Engenharia Agricola, Jaboticabal, v.42, n.3, e20220006, 2022
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Based on analysis of Table 3, we see that every one
of the eight scenarios of WQI.q and WQIigam show strong
correlation, this correlation being positive and statistically
significant. It is provisionally said that the best scenario
corresponds to the calculation of the WQI in the absence
of the parameters BOD, E. coli and TS, as this scenario
provides the greatest percentage of points in compliance
for classes and has one of the highest Pearson correlation
coefficients. This means a better equivalence with the
WQIicam. However, one obstacle for the application of this
type of calculation, which includes parameters DO, pH,
temperature variation, phosphates, nitrates, and turbidity,
would be the increase in the price of monitoring due to the
measurement of phosphate content, which is carried out
using costly probes.

This means that, analysing the data shown in Table
3, we see that one good alternative is the calculation of the
WQI in the absence of the parameters: BOD, E. coli,
phosphates and TS, as the difference, both in terms of
correlation coefficient as also in terms of percentage of
points in compliance with classes, is very small compared
with the method mentioned previously. This factor is an
advantage for emerging countries that have limited
financial resources. We also mention that, in the
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consideration of the parameter of temperature variation,
even though this is a parameter that shows little variation,
the same has little influence on the practicality of a
reduced index. This was therefore considered to be able to
get better correlations between the WQI.q and the
WQIigam and better percentages of class conformities
(Table 3).

Classification bands for the WQIea

In Figure 4a, we see the classification of water
quality through the use of the WQIq based on the bands
adopted by the IGAM. Through an analysis of the
classification we can see that, despite the two scenarios as
previously described having a better equivalence with the
WQIigam, they still show a significant overestimate
regarding the water quality. We see that, in general, the
water quality of the basin of the Doce River has been
overestimated. For the two scenarios of the WQI.q, we
have seen an increase in points with a ‘Good’
classification from 29% (WQIigam) to more than 50%
(WQI,q) and a reduction in those receiving a classification
of ‘Fair’ from 63% to less than 35%. In addition, over 5%
of the points showed a classification of ‘Excellent’.

B Waters inappropriate for conventional freatm ent seeking public water supply

Waters appropriate for conventional treatment seeking public water supply
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FIGURE 4. Water quality in the basin of the Doce River between 2009 and 2015, shown in three classes, namely WQligam and
the two best scenarios for WQIeq (a) and the meaning of water quality for management of water resources in the basin of the
Doce river, between 2009 and 2015, based on calculation by the WQIicam and by the two best scenarios for WQIeq (b).

This overestimate of water quality was also
reported by Naveedullah et al. (2016). The authors have
also proposed a minimum index made up of five
parameters: DO, EC, turbidity, temperature, and pH, and
have checked that the index also showed an overestimation
of water quality, backing up the results obtained in this
academic work. However, Naveedullah et al. (2016) found
a better equivalence between the reference index and the
minimum index, that can be ascribed to the difference in
the reference WQIL. In this work, we used the WQI as
currently practiced by IGAM, which had its origin in the
WQI as proposed by Brown et al. (1970). The authors as
previously mentioned used the Bascaran index as their
reference. The way in which each one is calculated, and
the parameters selected, may have favoured the obtaining
of better equivalence. In addition, in this work, different
from the work discussed, there was the analysis of a long
data period (7 years), and a hydrographic basin with highly
diversified activities.

According to IGAM (2020), the classes of the
WQIigam according to the bands of WQI values, have a
meaning for the management of water resources, with the
classes ‘Excellent’, ‘Good’ and ‘Fair’ meaning that the
waters are appropriate for conventional treatment, seeking
use for public water supply. The classes known as ‘Poor’
and ‘Very Poor’ suggest water not suitable for
conventional treatment, seeking public water supply,
meaning that more advanced types of treatment are then
necessary (IGAM, 2020). In Figure 4b, we see the
classification of water quality by the WQIq, following
this prerogative.

Based on the analysis of Figure 4b, with regard to
the use of the WQI for management purposes, we see a
minimum difference between WQIigam and the two
scenarios of the WQI,4, with the quality of the water
having been underestimated in less than 2% of the sample
points. Therefore, we can say that the use of WQIq gives
feasible results, for analysis of the water quality profile.
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However, to obtain more reliable results using the WQlq,
their values should be well correlated with the index
currently practised. This means that it shall be necessary to
maintain regular monitoring of the routine with the use of
the quarterly WQIigam, as the IGAM already does, merely
to guarantee the validity of the results obtained through
prior monitoring of the WQIq.

With a view to improvement of the equivalence
between the reduced index as here developed and the
WQIigam, an attempt was made to classify water quality
through use of the new bands. Table 4 shows the new

bands for the two best scenarios of WQI 4. In Table 5, we
see the percentage of points that showed conformity and
non-conformity of classes with the WQIigam, for each of
the two best scenarios, in each of the two bands. Analysing
Table 5, we observed an increase in the percentage of
points showing conformity with the class (10% to 13%),
with the new proposed band using the percentage of points
within each class (Band II) showing the best results.
However, we advise that there be an adjustment of the new
bands occasionally, as the correlation between the
WQlLicam and the WQled may change.

TABLE 4. New classification bands for water quality with the WQI,.q = f(DO, pH, AT, phosphate, nitrate, turbidity) and

WQI.q = f(DO, pH, AT, nitrate, turbidity).

WQI:.a = f(DO, pH, AT, phosphates, nitrates, turbidity)

Level BAND I BAND II
Excellent 95* <WQI < 100* 95 <WQI <100
Good 77 <WQI < 95*% 83 <WQI <95
Fair 50<WQI<77 27<WQI <83
Poor 17 <WQI<50 20 <WQI <27

Very Poor wWQI<17 WQI<20

WQI:ea = f(DO, pH, AT, nitrates, turbidity).
BAND I BAND II

97* <WQI < 100* 97 <WQI <100

75 <WQI<97* 82 <WQI<97

46 <WQI <75 25 <WQI <82

10 <WQI <46 I5<WQI<25
WQI<10 WQI<15

*Values established manually so that 100 is not exceeded.

TABLE 5. Conformity and non-conformity based on WQI.q« = f(DO, pH, AT, phosphates, nitrates, turbidity) for Bands I and
IT; and based on WQI,.q = f(DO, pH, AT, nitrates, turbidity) for Bands I and II.

WQI:a = f(DO, pH, AT, phosphates, nitrates,

WQI:.a = f(DO, pH, AT, nitrates,

turbidity) turbidity)
BAND I BAND 11 BAND I BAND I1
Class that was maintained 65 67 65 68
Overestimated 27 18 26 15
Underestimated 8 15 9 17
CONCLUSIONS REFERENCES

The redistribution of weights based on cluster
analysis provided a better equivalence between the WQleq
and the WQIigam, being the best option for the preparation
of the WQI,eq. The best scenario is the calculation of the
WQI¢ considering only the parameters DO, pH,
temperature variation, phosphates, nitrates, and turbidity.
As an even more economic option, the calculation of the
WQIq can be made only considering the parameters DO,
pH, temperature variation, nitrates, and turbidity. The use
of the WQI,.q produced good results for the analysis of the
water quality profile of the Doce River, even though there
was some overestimation when compared to the value
obtained by the WQIligam. However, to get more reliable
results using the WQIwq, its values should be well
correlated with the index as currently practised, with the
need to maintain a regular monitoring of routine. In
addition, the WQI.q enables the establishment of a
monitoring control system in real time, as all the parameters
considered can be obtained directly, using multiparameter
probes, according to the two best scenarios.
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