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ARTICLE INFO ABSTRACT

Handling editor: Jason Michael Evans Water quality indices (WQIs) are numeric parameters that summarize the overall quality status of freshwaters
compared to quality standards by aggregating multiple physicochemical data into a single value. Among the
available WQIs in the literature, several criticalities were recognized including: (a) mathematical complexity of
the computation, (b) lack of inclusivity, (c) arbitrary weight assignment method, and (d) site-specificity of most
of the indexes. The proposed index, the Chemical Water Quality Index (CWQI), aims to overcome these flaws and
provides a computation based on simple mathematic equations that are easily manageable on spreadsheet
software. The computation is divided into two steps: (i) parametrization of the variables and (ii) index deter-
mination. The parametrization consists of assigning a score (s) from ~1 to 10 to each chemical variable based on
(i) measured concentrations and (ii) quality targets (e.g., the limits provided by the European legislation for
drinking waters). In the second step, a weight (w), directly proportional to the score (s), is assigned to each
parameter, allowing to overcome any bias related to subjective assignments from the user. The resulting CWQI
ranges from ~1 (very good quality) to 10 (extremely poor quality). The reliability and accuracy of the CWQI
were assessed by (i) applying the computation to 1,810 waters and (ii) comparing our results with another
available WQI. The CWQI outputs showed an optimal response with the number of variables exceeding the
quality target with high correlation coefficients (r = 0.94; R? = 0.89). Due to the simplicity of its computation,
the absence of arbitrariness in the weightage of selected variables, and the independence of the proposed
approach regarding the choice of the chemical parameters, CWQI can be easily and universally applied.
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1. Introduction

Water shortage represents one of the major environmental and social
issues that humanity must face in the upcoming years. The effects of
climate change together with the increase of anthropogenic pressure, e.
g., population growth, expansion of industrial activities, and increasing
agricultural activities, are strongly endangering the water resource in
terms of both quantity and quality. Consequently, the presence of toxic
pollutants of different natures (organic, inorganic, or biological) makes
surface water and groundwater unfit for drinking purposes in many
places of the world (e.g., Ray, 2011; Yolcubal et al., 2016; Basheer,
2017; Gupta et al., 2021; Torres-Martinez et al., 2021; Taussi et al.,
2022; Linhoff, 2022). Hence, correct management coupled with the
quality assessment of the water resources is a paramount step to
implement water protection and addressing its possible usage (e.g.,

drinking, irrigation, and/or industrial).

The most common tool used to evaluate the water quality status is
the application of water quality indices (WQIs), i.e., numeric parameters
that summarize the overall quality status of freshwaters compared to
standard values (e.g., national, or international guidelines for drinking
waters) by aggregating multiple physicochemical (or biological) data
into a single value.

The first WQI was elaborated by Horton in 1965 (Horton, 1965) and
since then several new and updated WQIs have been computed (e.g.,
Brown et al., 1970; Prati et al., 1971; Dinus, 1987; Saffran et al., 2001;
Vasanthavigar et al., 2010; Centeno et al., 2023). A detailed and critical
review of the available and most used WQIs in literature, from the
Horton index to the most recent formulations, is presented by Kachroud
et al. (2019) and Uddin et al. (2021).

The generic formulation of a WQI is divided into four steps
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(Kachroud et al., 2019): (i) selection of the variables, (ii) their trans-
formation into a common scale, (iii) weightage, and (iv) aggregation of
the variables and computation of the index. Among the available WQIs,
several criticalities can be recognized, including (a) the mathematical
complexity of the computation; (b) the lack of inclusivity, since several
water quality indexes are formulated for specific sets of variables (Uddin
et al., 2021, and reference therein) preventing the inclusion of other
parameters (Ma et al., 2020) such as emerging chemical pollutants (e.g.,
pesticides, pharmaceuticals, metalloids); (c) the weighting assignment,
which is generally evaluated taking into account the relative importance
of each parameter on water quality and it is frequently based on arbi-
trary criteria that strongly influence the final index values (e. g.,
Vasanthavigar et al., 2010); (d) the site specificity of most of the indexes,
since WQIs are generally developed on single-case studies and therefore
cannot be generalized or directly applied in different areas (Kachroud
et al., 2019; Centeno et al., 2023).

The Chemical Water Quality Index (hereafter, CWQI) presented in
this paper, aims to overcome the most common problems since it is
based on simple mathematic equations easily manageable on common
spreadsheet software (e.g., Excel) and it relies on a weight assignment
procedure that allows to erase any arbitrariness. Moreover, its formu-
lation is flexible and can include any possible chemical parameters,
allowing an easy application to virtually any case study. To verify the
reliability and accuracy of the proposed index, almost two thousand
waters were tested with the CWQI, and the results were compared with
another water quality index widely used in the literature (Vasanthavigar
et al., 2010).

2. Limitations of available WQIs and advantages of the CWQI

The development of the CWQI aims to facilitate the water quality
status computation and minimize or avoid the criticalities highlighted in
other WQIs. As far as the selection of variables is concerned, most of the
WQIs are based on a fixed number of (chemical, physical, and biological)
variables, generally comprised between 8 and 11 (Uddin et al., 2021).
Therefore, their formulation does not allow the inclusion of additional
parameters that may be crucial in water quality evaluation (Ma et al.,
2020). Trace elements (e.g., As, Mn, Cr), that can be potentially toxic
and/or radioactive, are rarely considered in common WQIs (Uddin et al.,
2021), thus representing a strong limitation since they can be extremely
hazardous for both humans and ecosystems. Similar considerations can
be extended to emerging contaminants (i.e., pesticides, pharmaceuti-
cals, microplastics, and pathogens) which are related to domestic dis-
charges, hospital effluents, industrial wastewaters, agricultural runoffs,
livestock and aquaculture, and landfill leachates. Water contamination
due to emerging pollutants is always more frequent in industrial and
agricultural areas (Deblonde et al., 2011; Venturi et al., 2015; Basheer,
2018; Slejko et al., 2019; Morin-Crini et al., 2022; Kumar Mishra et al.,
2023).

The weighting assignment represents the most influential step to-
wards the final calculation of the index; hence a correct evaluation is
fundamental since a wrong weightage (i.e., giving a parameter more
importance than it merits or the opposite) can affect the entire calcu-
lation and produce unreliable results leading to an eclipsing problem
(Ott, 1978), a major issue that was recognized in many WQIs models
(Uddin et al., 2021). Generally, the weight is estimated on the relative
importance of each parameter on water quality and assigned following
different procedures. Most of the WQIs assign unequal weights to the
different variables, e.g., the Horton (1965) and Bascaron (Pesce and
Wunderlin, 2000) Indexes. Other indexes assign an equal weight to each
parameter (e.g., Oregon Index; Dunette, 1979; Cude, 2001) or some
models do not involve the weighting step, e.g., the Canadian Council of
Minster of the Environment (Saffran et al., 2001) and the Smith (1990)
Indexes. The weight computation can be carried out either by applying
different mathematical equations involving the use and the aggregation
of different sub-indexes or following the evaluation from a panel of
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experts and/or directly by the user (Uddin et al., 2021 and references
therein).

A further problem is represented by the specificity of the indices.
Indeed, they strongly depend on the water body they were computed for,
and WQIs that were tested for rivers and streams may not be suitable to
evaluate lakes or groundwaters (Uddin et al., 2021). Additionally, since
most of the indexes were only tested on a restricted number of case
studies (Centeno et al., 2023) their application in different contexts
worldwide is not always feasible.

Indeed, the CWQI proposed in the present study was designed to (a)
include any chemical parameters based on data availability or at the
user’s discretion, (b) rely on a weightage method exclusively related to
the concentrations of each parameter in the water, considering the
correspondent quality target value, allowing to overcome any bias
related to the subjective assignments from the user, and finally (c)
provide accurate outcomes. The fulfillment of the last requirement was
tested using 1,810 waters of different types (e.g., bottled waters, tap
waters, springs, rivers, groundwaters, and thermal waters).

3. Materials and methods
3.1. Variables parametrization

The first step in the development of CWQI consists in the selection of
the variables to be included in the index computation and, since they
may be reported in different scales, a transformation (or parametriza-
tion) phase is required. The choice of the variables is at the user’s
discretion. We suggest considering, at least, the two main physico-
chemical parameters, i.e., pH and electrical conductivity (EC, when not
available can be computed from total dissolved solids (TDS) according to
eq. (1), Walton, 1989), and major anions and cations, i.e., fluorine (F),
chlorine (Cl™), nitrate (NO3), sulfate (SO%’), sodium (Na*) and water
hardness (h expressed in °F, French degrees following eq. (2)), since
these are the main water parameters/components and are always
regulated due to their toxicity when they exceed the quality target
(WHO, 2017).

TDS (total dissolved solids)

07 €8]

computed EC =

(2.39 % Ca) + (4.118 * Mg)

h= o ; CaandMginmg/L (2)

To have a better and multi-comprehensive characterization of the
water quality status, the inclusion of trace elements (e.g., As, B, Cr, Cu,
Mn) is highly recommended since some of them are extremely toxic and
hazardous to humans, vegetation and aquatic life even when present in
low concentrations (Costa and Klein, 2008; Bakirdere et al., 2010;
O’Neal and Zheng, 2015; Kolarova and Napiorkowski, 2021; Prakash
and Verma, 2021).

The parametrization consists in assigning a score (s) from 1 to 10 to
each variable based on measured value/concentration and quality tar-
gets, the latter represented by the European quality standards for
drinking waters (EU Directive 2020/2184/EC, 2020). For the score as-
signments, two functions were developed. The first one (eq. (3)) is
applicable to all variables for which the quality target is a specific
concentration value not to be exceeded (hereafter, A-variables type),
and the second (eq. (4)) for pH, for which the quality target is repre-
sented by a range of values (i.e., 6.5 to 8.5).

o 10 ) _ measured value
5= 1 + 6.714¢2234(0.148—a)’

= R* =0.94
“ reference value ( 09 ) )

10

Spr = W/ b= |75 7[7Hmeasm‘ed‘

(R* =0.93) 4

Egs. (3) and (4) were derived by fitting the values shown in Sup-
plementary Materials (SM1) according to the following sigmoid
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equation (eq. (5)):

a—p

1+ qem(c—x) (5)

yx)=p+

were f is the lower asymptote (in this case, set equal to zero), a is the
upper asymptote (in this case, set equal to 10) and x value corresponds
to the ratio between the measured concentration of each variable and
the corresponding quality target in the case of A-type variables (i.e., a in
eqg. (3)), and the absolute value of the difference between the central
value (arithmetic mean) of the quality target range and the measured
value for pH (i.e., b in eq. (4)). The other three unknown parameters in
eq. (5) (g, m and c) were determined through a least squares iterative
procedure for finding the best-fitting curve to the given set of points. The
fitting curve was forced to pass through (1,5) and for every value of the
variable x higher than 3, y(x) will always equal 10.

3.2. Weight assignments and index computation

As previously mentioned, the weightage is one of the main problems
affecting the WQIs final computation since an incorrect weight assign-
ment can lead to an overestimation or underestimation of the index.
According to the proposed CWQI, the weight (w) assigned to each
parameter is directly proportional to the score (s), obtained in the pre-
vious step, following eq. (6):

Wy = ®)
28

i=1

where w, indicates the weight of the parameter x, Sy is the score
computed for the parameter x and the denominator is the sum of the
scores of all the n parameters considered. This formulation gives to the
parameter a relative importance that only depends on the parameter
concentration (or value) measured in the sample and the corresponding
quality target, avoiding any arbitrary assignment made by the single
user or further complex mathematical computations (Kachroud et al.,
2019; Uddin et al., 2021).

The final step is the index computation in which all the single scores
and weights are aggregated together producing a single number that will
summarize the overall water quality status. The CWQI uses a weighted
geometric average, since a multiplicative aggregation was found to be
more suitable because it allows to reduce the eclipsing problem and to
produce more reliable results with respect to an additive aggregation
(Brown et al., 1973; Bhargava, 1983; Kachroud et al., 2019). The CWQI
index is computed as it follows, eq. (7):

n

cwor = [[s" %)

i=1

Hence, according to the proposed approach, in the worst-case sce-
nario where S; = 10 Vi € [1; +o0] (eq. (8)), the limit of the function will
always tend asymptotically to 10.

; Wi g _
n 1—l>IJIrloo E S[ - n 1—1>IJIrloc CWQI =10 (8)

On the other hand, the calculated CWQI will be ~1 for high quality
waters. This mean that the CWQI will be comprised between ~1 (very
good chemical quality) and 10 (extremely poor chemical quality)
regardless of the number of the variables involved.

3.3. CWAQI testing towards universal application

Site-sensitivity and water body dependence represent two further
limits found in the already published WQIs that prevent their applica-
tion in other areas. The calibration phase is an innovative and necessary
step that allows the application of the CWQI computation worldwide
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and to any water body.

For this purpose, a calibration test was performed to evaluate the
response of the CWQI to various types of waters both in terms of type (e.
g., bottled waters, tap waters, springs, rivers, groundwaters, and thermal
waters) and elemental abundances. In the calibration test, 1,810 waters
(Table 1), from different datasets available in the literature and
belonging to different regional and hydrogeological contexts (i.e., 1050
from Italy and 760 from other European countries), were evaluated with
respect to the quality targets provided by the European Union legislation
for drinking waters (EU Directive 2020/2184/EC, 2020). The following
parameters were included in the computation: pH, EC, F~, Cl~, NO3,
SO7~, Na™, and hardness (for each water sample), while trace elements
were selected upon their availability in the considered datasets
(Table 1), since it was proven that this approach is independent on the
choice of the variables (eq. (8)).

To verify the reliability of the proposed index, the results obtained
with the CWQI application were then compared with those resulting
from the WQI formulated by Vasanthavigar et al. (2010), hereafter VQI,
which is widely used in literature (e.g., Gaagai et al., 2023; Manu et al.,
2023). The VQI was chosen since it is also characterized by a simple
computation and allows the inclusion of the desired variables (eq.
(9.1)-(4)), although it uses an additive aggregation formula, more
influenceable by the eclipsing problem, and the weights are assigned at
user’s discretion so that its determination can be biased. The VQI grows
from O to beyond 300 and the water quality classes are defined as fol-
lows: excellent (<50), good (50-100), poor (100.1-200), very poor
(200.1-300) and water unsuitable for drinking purposes (>300).

VoI = Z s, 9.1)
i=1

SL;i=W;x q; (9.2)

where SJ; is the sub-index of the ith parameter, q; is the rating based on
the concentration of the ith parameter, Wj is the relative weight of the ith

Table 1

Summary of the datasets used in the testing phase. Number of waters analyzed
(Nwaters), study area, literature reference and available trace elements are
reported.

Nuaters  Area Reference Trace elements

255 Vicano-Cimino Volcanic Cinti et al. (2014) Al, B, Fe and Mn
District
215 Eastern Sabatini Volcanic Cinti et al. (2017) Al, B, Fe and Mn
District
114 Gioia Tauro coastal Plain Vespasiano et al. Al B, Fe and Mn
(2023)
34 Porretta Terme Tassi et al. (2022) As, Fe and Mn
hydrothermal system
30 Metauro River coastal Plain Nisi et al. (2022) As, B, Cr, Cuand
Mn
17 Montecatini thermal system Capecchiacci et al. As, Cr, Cu and
(2015) Mn
37 Argo Avezzano and Caiazzo Rufino et al. (2022) B, Cu, Mn, Ni
plains and U
18 Lessini’s Mountain thermal Lelli et al. (2022) B, Fe and Mn
area
34 Po Plain’s shallow aquifers Sciarra et al. (2013) B, Fe, Mn and U
35 Campidano Plain Frau et al. (2020) As, B, Mn and
Pb
104 Umbria and South Tuscany Frondini (2008) Fe and Mn
aquifers
36 Arno river and tributaries Nisi et al. (2008) As, Cr, Cu and
Mn
52 Bottled and tap waters from Apollaro et al. (2019) As, Cr, Cu and
Calabria Mn
21 Mt. Amiata former mining Lazzaroni et al. As, Hg and Sb
area (2022)
808 European stream and Salminen et al. As, B, Cr,Cue
surface waters (2005) Mn
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parameter and n is the number of parameters.
W;j and q; are computed as follows:

W,' = n— (9.3)
Wi
Ci
= %100 0.9

where w; is the weight assigned to each parameter, C; is the concentra-
tion of each chemical parameter in the water sample (in mg/L) and S; is
the drinking water standard for each parameter (in mg/L) according to
the considered legislation or guidelines.

Moreover, to prove the influence of the subjective weightage method
on the VQI computation, the comparison was performed under three
different conditions: C; (geochemical weightage, each weight assigned to
the parameter based on their relative importance in affecting water
quality and that will be used to test the CWQI reliability and efficiency),
C, (overestimation of trace elements) and C3 (underestimation of trace
elements), according to Table 2.

Finally, for those elements with contents below detection limit (DL),
the value corresponding to DL/2 was used in the computation (Helsel
and Gilliom, 1986).

4. Results and discussion

According to the results obtained in the testing phase (Fig. 1), the
CWQI outcomes are classified as follows (Table 3). Waters are defined as
good when the CWQI is below or equal to 2, these waters generally do
not show any parameters above the quality target and therefore they
may be considered for drinking purposes, obviously upon microbiolog-
ical analyses. Since the number of variables considered in the CWQI
computation was limited (10-13 parameters) concerning the possible
number of parameters that can be determined in a water sample,
although higher than the variables generally included in other WQIs
(Uddin et al., 2021), as a precautionary measure the classification term
excellent was not included. It is also worth noticing that some water
showed CWQI <2 despite having one parameter higher than the corre-
sponding quality target (Fig. 1). However, in most of these cases the
variables exceeding the target are represented either by pH, since the
range considered as optimal in our computation was narrow (6.5-8.5),
or by hardness. Therefore, this may not represent a limit in their possible
use as drinking waters, since bottled waters on the worldwide markets
are usually characterized by a pH lower than 6.5 or higher than 8.5, as
well as hardness values above 31 °F (Birke et al., 2010; Frengstad et al.,
2010; Dinelli et al., 2010; Raco et al., 2013; Daniele et al., 2019).

The chemical quality status of waters showing a CWQI comprised
between 2.01 and 4.00 is classified as fair, indicating a medium to low
quality. Thus, these waters may be used for irrigation or industrial
purposes, and in some cases, they may be evaluated for drinking usage

Table 2

Summary of the weights assigned to each parameter for the VQI computation
under three different conditions: C; (geochemical weightage), C, (over-
estimation of trace elements) and C3 (underestimation of trace elements).

Variable C;_geochemical C,_traces Cs_traces
weightage overestimation underestimation
EC 4 2 4
F 5 4 3
Cl 4 2 4
NO3 5 4 3
S04 3 1 3
Na 3 1 3
Hardness 2 1 3
Trace 5 5 1
elements
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after specific treatment steps (e.g., dilution or potabilization). For
4.01<CWQI< 6.00, the water is defined as poor. In this case, water is not
suitable for drinking purposes since one or more parameters exceed the
quality target. Other uses (e.g., industrial) may be evaluated depending
on elemental abundances.

For values of the CWQI included between 6.01 and 8.00, the water is
classified as very poor, whilst for values of the index higher than 8.01, the
water is defined as extremely poor. Both these classification terms indi-
cate that the water quality is extremely and irreversibly compromised
and therefore its use is not recommended since it may be harmful to
humans, vegetation, and aquatic life. As can be observed in Fig. 1, the
CWQI increases in agreement with the number of parameters that do not
meet the quality target for each tested sample, indeed the correlation
coefficients (Pearson r, Rz) showed a very strong linear association be-
tween the two terms (Table 4).

The reliability and the efficiency of the CWQI were evaluated by
comparing the outcomes with the VQI (Vasanthavigar et al., 2010)
under Cj conditions (Table 2). The results are reported in Fig. 2 and the
full datasets are available in Supplementary Material (SM2).

In most of the tested waters, the results obtained with the CWQI
computation tend to agree with the outcomes obtained by applying the
VQI, although the aggregation function and the weightage method used
in the VQI calculation caused an underestimation and/or an over-
estimation of the index in several cases. Additionally, the first limit that
can be highlighted for the VQI computation is the impossibility of
including the pH in the quality evaluation.

For example, all the waters with no parameters above the quality
target are classified as excellent according to the VQI, whereas some of
these waters showed a CWQI above 2 and sometimes approaching the
value of 4 (Fig. 1), meaning that despite no variable exceeds the quality
target, a few parameters may be close to the limit. The overestimation of
the water quality following the VQI is due to the use of an additive
aggregation function which is more likely to suffer the eclipsing problem
than a multiplicate aggregation function (Kachroud et al., 2019). As a
matter of fact, throughout almost the entire dataset, the VQI produces
lower values compared to the CWQI thus overestimating the overall
quality status; hence, the CWQI overperforms the VQI by offering a more
balanced and reliable outcome.

The major disagreements between the two indexes were determined
by the different weightage methods. Since in the VQI computation, the
weight of each parameter is assigned by the user, major components,
such as sodium, sulfate, and chlorine, are generally weighted less
compared to trace elements. Consequently, when the chemical quality
status of water is exclusively endangered by those elements (with low
concentrations of trace elements), the VQI produces a strong over-
estimation of the quality. Indeed, waters with three parameters above
quality standard are classified as excellent, and waters up to six param-
eters exceeding the limit are defined as good (Fig. 3). In these cases, the
VQI computed under conditions C3 (i.e., underestimation of trace ele-
ments) agrees slightly better with the CWQI.

On the contrary, the weightage method used for the CWQI compu-
tation gives the parameter a relative importance only depending on the
concentration of that parameter in the water with respect to its quality
target. Hence, for the CWQI the weights are not established a priori but
are recalculated for each parameter every time a new water is tested.
Thus, the CWQI outcomes grow together with the number of variables
above the quality standard, showing an optimal response. The same
trend is not always granted by the VQI, which shows lower correlation
coefficients (Table 4). This may represent a fault of the VQI calculation
that should be considered when dealing with water management.
Consequently, for those cases where the chemical quality of the water
depends on parameters to which lower weights are assigned, the VQI has
more chances to provide an incorrect result with respect to the CWQL.
These results clearly show that the CWQI overcomes those in-
consistencies and/or uncertain results of the VQI in most of the cases
tested.
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Fig. 1. Box-plot describing the variation of the Chemical Water Quality Index with respect to the number of variables above quality targets. Horizontal dashed blue

lines indicate the chemical quality classes proposed for the CWQI.

Table 3

The proposed chemical quality ranking classes based on the CWQI outcomes are presented. Possible use for water resource and correspondent classification according

to VQI computation are also reported.

CWOQI Classification Possible use VQI
value correspondent
<2.00 good water may be considered for drinking purposes, upon microbiological analyses excellent
2.01-4.00 fair water may be considered for irrigation or industrial usage, water may be evaluated for drinking purposes, upon microbiological ~ good
analyses and treatment is necessary (e.g., dilution, purification) poor
4.01-6.00 poor water not suitable for drinking purposes, other uses may be evaluated depending on elements concentrations poor
very poor
6.01-8.00 very poor water quality is extremely damaged, the use is not recommended. very poor
unsuitable
8.01-10 extremely water quality is irreversively damaged, the use is not recommended. unsuitable
poor

The testing phase also highlighted a limitation for the CWQI which is
represented by those waters characterized by a limited number of var-
iables that strongly exceed the quality target. In those specific cases, the
result produced by the CWQI computation was underestimated since the
maximum score assigned to a parameter is 10 when that parameter
overcomes the quality target at least 3 times. This flaw was detected for

Table 4

Summary of correlation coefficient (Pearson r, R?) used to evaluate the CWQI
and VQI indexes’ response to the increase of variables that do not meet the
quality standards. Correlation coefficients were applied to (i) the entire dataset
and (ii) to the median values of the indexes computed for waters characterized
by the same number of variables above quality standards.

CWOQI VQI
N of variables above quality target
Pearson (r) 0.94 0.36
(entire dataset)
R squared (R?) 0.89 0.13
(entire dataset)
Pearson (r) 0.98 0.86
(median values)
R squared (R?) 0.96 0.73

(median values)

19 water samples out of the 1,810 tested (1.05% of the total cases) that
were classified as fair, while they were defined according to VQI as poor,
very poor, or unsuitable. It is worth mentioning that those waters were
characterized by the presence of some elements exceeding the reference
value at least 20 times and therefore their indexing may not be necessary
since their chemical status is clearly damaged, and as Horton already
pointed out during his first index formulation “water containing such
substances, therefore, is considered not eligible for index rating” (Hor-
ton, 1965; Kachroud et al., 2019).

5. Conclusions

In this paper, we presented a new simple, fast, and flexible method to
compute an index able to summarize the water chemical quality status:
the chemical water quality index (CWQI).

The CWQI presented strong advantages compared to the other in-
dexes available in the literature: (i) the inclusivity of the variables, as
shown in eq. (8) any parameter can be considered in the computation
overcoming the lack of inclusivity found in most WQIs; (ii) the simple
and unbiased weightage method; (iii) the universal applicability without
limitations due to site-specificity and water body dependence. The high
reliability, replicability, and efficiency of the CWQI were proven and
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are reported in log10 scale and horizontal red lines indicate the quality classes.

tested by evaluating the quality status of 1,810 waters of different types
belonging to various geological and hydrological contexts. The results
showed an optimal correlation between the CWQI outcomes and the
number of parameters exceeding the quality target (r = 0.94), allowing
the definition of clear and univocal quality classes (i.e., good, fair, poor,
very poor and extremely poor). The results obtained confirmed that the
CWQI may represent a powerful tool to assess the chemical quality
status of any kind of water in any environment, supplying an important

instrument in the water management field.

Although in our test the waters were evaluated concerning the Eu-
ropean guidelines, the resulting CWQI is strongly related to the number
of parameters above the reference values, therefore its computation can
be applied using different national or international guidelines as refer-
ence values and always maintaining unchanged the quality classes used
for the classification.

Although the index is defined as a chemical one, the method and the
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formulation used for the CWQI do not prevent the inclusion of variables
of different nature (e.g., physical, biological, and/or microbiological), i.
e., any variable that can be parametrized following eq. (3) and eq. (4)
may be included in the computation. Lastly, the CWQI formulation is
extremely flexible, and it may not be limited to water, indeed, the
applicability of the proposed method to different matrices is currently
under evaluation and testing.
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