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Abstract: This paper presents research conducted in the direction of analyzing the efficiency of
filters used for drinking water intended for domestic consumption, with effects on the water quality
gained from the public distribution network. A basic method that uses accessible techniques, such as
optical microscopy and tests that involve the use of existing products on the consumer market, was
developed regarding the filtration capacities of the main filters existing on the market—a method
that has advantages, such as speed and ease of application, a unitary character in obtaining samples,
low costs, and high efficiency. The technique approached is that of microscopy, and the samples used
were taken from the laboratory tests made on the mentioned filters, using a specific experimental
stand designed to support laboratory tests by using chosen filter cartridges. The research results
obtained were analyzed to make a classification from the perspective of filtration efficiency, in terms
of using statistical analysis tools (mathematical models and methods processed in MATLAB software).
Moreover, by using a certain type of application based on specific mathematical algorithms, which
takes into account some influential factors with a decisive role on household consumers, it was aimed
to identify the optimal filter element for acquisition and use in its own regime. The aim of the study
was to identify the optimal filter cartridge from the perspective of quality–price ratio.

Keywords: drinking-water quality; water distribution network; drinking-water filters; water
pollutants; laboratory experimental tests; microscopic analyses; statistical analysis; Global Utility and
ELECTRE method

1. Introduction

Water is the main resource consumed by all living beings. Regarding human beings, it
has a significant role to play in maintaining a high level of health in terms of the quality of
drinking water consumed from various sources of supply (public distribution networks,
natural springs, surface water, bottled water, etc.). Although there are several alternative
sources of drinking water available in most parts of the world, each has its advantages
and disadvantages. All countries with a medium and high degree of development provide
drinking water through public distribution networks to which almost all citizens have
access. However, the quality of drinking water consumed by people differs and depends
on several factors, such as its source and degree of purity, the existence of sewage treatment
and treatment plants, and the existence of modern equipment to ensure compliant physical–
chemical parameters of the water managed by the supplying companies, of the efficient
distribution, and of the transport logistics for the drinkable water, etc. [1–4].

About primary sources of drinking water, such as the direct use of surface run-off
water, it can be said that they are underdeveloped areas isolated worldwide and require
priority in the construction of drinking-water treatment and supply networks. According
to Moldovan et al. [5], “the radon activity concentrations in surface waters is low, usually
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below 1 Bq/L, while in groundwater vary from 1 to 50 Bq/L for rock aquifers in sedimentary
rocks, 10 to 300 Bq/L for wells dug in soil, and 100 to 50,000 Bq/L in crystalline rocks”.
The use of water directly from underground sources is sustainable but has the major
disadvantage of limited locations of existing natural springs, the effort of moving and
transporting limited amounts of water, and lack of control over its purity [6]. On the other
hand, the purchase and use of bottled drinking water has the disadvantage of a relatively
high purchase price (compared to running water, and this also includes the need to travel
for purchase and transport it), the need to store it in limited quantities, and last but not least,
from an ecological perspective, PET (polypropylene terephthalate) packaging being a major
source of environmental pollution. In a study conducted in 2018, led by Mason et al. [7],
it was stated that from a total of 260 water bottles processed, approximately 93% showed
some sign of microplastic contamination. This has a negative impact on human health
and also on the environment [8,9]. Moreover, it was stated that by decreasing losses and
increasing the recycle rate, the effect of global warming could be reduced by 14.5% and
18.9% respectively [10]. In these circumstances, it is clear that where it is viable, the water
provided by public networks is consumed directly or in culinary preparations (without
including the water needed for housekeeping), so it is imperative to focus on some effective
methods of increasing the quality for this type of product [11].

In Romania or abroad, water quality is influenced by direct inputs, such as a factory
or treatment plants, or by nutrients and pesticides from agriculture and pollutants released
into the air by industry. Although in many areas, through government involvement and
appropriate local or national policies or using their own sources, the companies responsible
for providing drinking water have ensured a high degree of drinking-water quality at the
treatment plant or at the distribution point, this quality often differs from that of water
at the terminus point (place of consumption). It happens due to water contamination by
several agents, including microbiological (microorganisms, microfauna developed inside
the distribution pipes) or mechanical (particles resulting from metal oxidation or erosion,
detached from the walls of the pipes, mineral sediments, etc.) ones. This fact can be
explained in several ways, such as the age and condition of the drinking water distribution
system, the type of materials used for existing pipes, the costs of replacing network elements
(both financial and technical through large-scale works, which would require the cessation
of supply, blocking of traffic arteries, long duration, and so on) [12–15].

Therefore, equipping and using end-to-end drinking-water-filtration systems is an
effective solution for ensuring the high quality of drinking water consumed by house-
hold consumers.

In this context, the aim of this paper was, on the one hand, to test the filtering capacity
regarding a series of household filters available on the consumer market. It was made
possible by setting up an experimental stand to test the filters under similar conditions,
using microscopic techniques to identify polluting impurities and statistical analysis tools
to interpret the data obtained.

On the other hand, the aim was to identify the optimal filter element for the household
consumer by using mathematical models based on a series of factors that have a major
influence on household consumers [16–18]. The results of these analyses were followed
by the application of optimization methods in decision making, which have the role of
validating the results obtained and providing the necessary information based on which
household consumers perceive the importance of water consumption with high-quality
parameters, the existence of easy possibilities but also efficient and economical solutions to
ensure this quality, and, based on scientific results, their ability to decide to invest optimally
in the quality filtration–price ratio while achieving the high-quality level of drinking water
consumed, a requirement of the proposed desideratum.

The innovative element consists of achieving a classification by identifying the position
of the filters, from the perspective of the quality–price ratio, oriented in two directions:
(1) high quality at the expense of price and (2) low price at the expense of quality. These
results were obtained by running the mathematical models that were used.
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The identification of the optimal filtering cartridge from the filtering capacity–purchase
price ratio point of view presents interest due to the economic situation of Romania’s
citizens. According, for example, to the “GfK Purchasing Power Europe 2020” study,
Romania is 31st in the European rankings when it comes to average per capita purchasing
power; more specifically, Romania is around 60% below the European average. Moreover,
Romania also has a very large gap between rich and poor. Hence, there are rich people who
would be interested only in the results of the water-quality filtration regardless of the filter
price, while the poor people are highly interested in the ratio between the water-quality
filtration–price to make an informed decision and save money, if possible, especially since
the cartridges are consumables. Obviously, the poor people could not afford to buy more
filters and take them to a laboratory to be analyzed. Therefore, the analysis encompassed
in this research is performed for different weights of the two considered criteria (quality
filtration and price) in order to cover the interests of the Romanian citizens with different
purchasing power.

2. Materials and Methods

As the results of the research are addressed to the general public who consume
drinking water supplied through public distribution networks in Romania, the main five
types of filters for mechanical filtration of this water were analyzed. The selection criteria
of the studied filter cartridges were based on (1)accessibility for the general public, and this
criterion is met, as they are found on the market in the offer of large specialty stores, with
the purchase price reflecting the easy possibility to be purchased and replaced as often as
necessary, and (2) last but not least, the technical–functional characteristics about the most
important construction and filtration aspects, such as the materials of which they are made
or the filtration capacity and the service life.

Therefore, the filters subject to analysis according to the material structure of the filter
cartridge of which they are composed are named as follows (these are shown in Figure 1 [19],
ordered according to the description and according to the manufacturers’ specifications):
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Figure 1. Analyzed filters: (a) Ceramic filter cartridge used for mechanical filtration of particles such
as rust, sand, or other impurities, up to 0.3 µm. The maximum operating temperature is 30 ◦C. It
can improve taste and smell from the water and has a resin component. (b) Polypropylene filter
cartridge obtained by melting and expanding polypropylene; it can retain mechanical impurities
(sand, rust, etc.) with the size up to 5 µm. The maximum operating temperature is 40 ◦C. (c) Wash-
able filter cartridge retains impurities (sand, coal dust, sludge, rust, and other sediments) up to
70 µm. It has the advantage of reusing by washing. The maximum operating temperature is 70 ◦C.
(d) Pressed activated carbon cartridge obtained by carbon-block technology; it can retain impurities
or organic substances up to 1 µm and remove chlorine from the water (unpleasant taste and smell).
The maximum operating temperature is 45 ◦C. It can improve taste and smell from the water but
can also remove heavy metals. (e) Fabric filter cartridge made of polypropylene retains mechanical
impurities (sand, rust, etc.) up to 25 µm. The maximum operating temperature is 45 ◦C. It can remove
the bacteria and heavy metals from water. All have the same manufacturer, who is based in Poland,
and they are imported in the European Union. All tested cartridges supported a water pressure of up
to 8 (bar), but the test was performed at the mains pressure, with a constant value below this limit.
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The filter cartridges manufacturers’ prescriptions also indicate the recommendation
to use these filter cartridges within 6 months from the date of installation or at a quantity
of 3 m3 of drinking water consumed (passed through). To be able to test the five filter
cartridges under similar conditions, until the maximum service life is reached, an experi-
mental stand was developed, modeled, and built for this purpose (shown in Figure 2). The
experimental stand consists of the following components: (1) support table with adjustable
legs; (2) mains water inlet hose; (3) water-quantity meters; (4) water-pressure regulating
valve; (5) water-pressure indicator; (6) drinking-water filter (consisting of filter housing
and removable filter cartridge); (7) filtered water outlet hose; and (8) double-acting wa-
ter tap (post-filtration flow regulation and post-filtration impurity retention on auxiliary
support—absorbent paper).
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Figure 2. Experimental stand for testing the drinking water filters.

The drinking-water supply company that was targeted for the experimental tests is
“Somes, Water Company S.A.” (Gherla, Romania) (see Supplementary Materials, Figure S2),
and the test point, where the experimental stand was connected to the drinking water
supply network is Gilău village, where the supplied drinking-water treatment plant is also
located, and thus, the distance of water transport to the test point was considerably reduced.
It should also be noted that this distribution company provides one of the highest-quality
types of water nationwide [20,21]; however, its quality at the endpoint (end consumer) may
suffer, and there is a real interest in improving it through efficient methods, such as the use
of filter cartridges.

From a technical point of view, after connecting the stand to the water network, each
filter cartridge was inserted into the housing intended for them on the experimental stand
and through each one was passed the amount of 3 m3 of water. At the time of reaching
the maximum service life recommended by the filter cartridges manufacturers, an equal
amount of filtered water of 50 cm3 was collected. Using porous absorbent paper support
with a density of 80 gr/m2, these were impregnated with the amount of water taken and
filtered by the five tested cartridges (two samples on identical absorbent support).

Subsequently, they were allowed to dry in a room with controlled humidity and tem-
perature, and after 5 h of the expected time to reach ambient conditions, the samples were
isolated for analysis under a microscope. Figure 3a,b shows images of water samples taken
after filtration, respectively, and of absorbent paper samples impregnated and prepared for
microscopic analysis.
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Figure 3. (a) Post-filtration water samples; (b) samples of impregnated filter paper.

Samples of absorbent paper impregnated with post-filtration tested water were sub-
jected to microscopic analysis to identify the type-size of mechanical deposits resulting
from residual particles in the filtered water.

About the filtering capacity declared by the tested filter cartridge manufacturers, the
microscopy technique used is optical. Thus, the Optika 10/0.25 microscope with magnifica-
tion power×100 was used to analyze the samples of absorbent paper impregnated with the
tested water, and the computer program Cooling Tech was used for the scalar calibration
and interpretation of the microscopic samples. The microscope is shown in Figure S1 (see
Supplementary Materials).

After sampling and microscopic processing of the analyzed samples, the recorded
results were interpreted from a statistical point of view. The methods were, on the one
hand, used to determine a hierarchy of test cartridge test results in terms of the size and
agglomeration density of the post-filtration residual particles in relation to the filtration
capacity declared by the manufacturer. The Microsoft Excel program was used to compile
this register, and the results are presented in tabular form. For interpretation of the results
and to identify the efficiency of the filter cartridges in order to support household consumers
to invest in the purchase of filter cartridges, the Kriging method was applied.

From the economic point of view, there are several reasons in favor of estimating
the residual particle dimensions resulting after testing filters. The most important one is
that testing a large range of filters is a time-consuming process, and usually, it involves
significant costs. Therefore, estimating the dimensions of the residual particles is a viable
option because consumers are not interested in exact values but want to have a general
idea in order to make an informed decision.

The interpolation method used in this study for estimating the residual particle di-
mensions for the five filters is called Kriging, and it has been successfully used in several
different applications [22–24]. When using this method, a surrogate model is built based
on a predictor that uses the criterion of minimum mean squared for prediction errors.
The weights given to the input values are not all equal, with the ones given to the data
closer to the prediction point being larger. The efficiency of this interpolation comes from
allowing correlated errors and adapting the used weights whenever a new prediction is
necessary [25].

This interpolation technique was implemented in the MATLAB toolbox called DACE
(Design and Analysis of Computer Experiments). This toolbox allows the users to choose
between regression models with polynomials of orders 0, 1, or 2.

In addition, the correlation model can be one of the seven models included in Table 1.
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Table 1. Correlation models [26].

Name Cj (θ, dj), where dj = aj − bj

EXP exp(−θj |dj|)

EXPG exp(−θj |dj|θn+1), where 0 < θn+1 ≤ 2

GAUSS exp(−θj dj
2)

LIN max{0, 1 − θj |dj|}

SPHERICAL 1 − 1.5ξj + 0.5ξj
3, where ξj = min{1, θj |dj|}

CUBIC 1 − 3ξj
2 +2ξj

3, where ξj = min{1, θj |dj|}

SPLINE S(ξj), where ξj = θj |dj|

The correlations are of the following form:

C(θ, a, b) =
n

∏
j=1

Cj
(
θ, aj − bj

)
(1)

where a and b are two n-dimensional points, and θ is a n− dimensional parameter.
The spline correlation model is given as follows:

S
(
ξ j
)
=


1− 15ξ j + 30ξ3

j , i f 0 ≤ ξ j ≤ 0.2

1.25
(
1− ξ j

)3, i f 0.2 < ξ j < 1
0, i f ξ j ≥ 1

(2)

The first step in estimating the values of the residual particle dimensions resulting
after using water filters is creating a file with the input data consisting of the values of
the filter capacity for the five filters included in this research and the corresponding five
values of the maximum residual particle dimension. After checking if the input data are
correct, the software creates the Kriging surrogate model based on that data. The first step
in creating the model consists of normalizing the data, and it is followed by computing the
distances and the regression matrix. Once the surrogate model is built, the prediction of
the value for the residual particle dimension for a filter with a different capacity (that has
not been tested) can be made.

On the other hand, the aim was to determine the optimal filtering capacity–acquisition
cost ratio in order to highlight the optimal filter cartridge from the mentioned perspective.
This desideratum is of real interest in the influence of the decision of the purchase and use
by domestic users of this type of product to the detriment of the use of bottled water, for
example, in PET-type packaging and with much higher costs.

When the consumer is faced with a choice between existing water filters on the market,
this can be done in relation to several criteria, such as the size of the residual particles and
the price of the filter. The choice between the filters tested for this paper was made using
two methods: the Global Utility method and the ELECTRE method. Last but not least, it
should be noted that the results obtained by applying these two methods come in addition
to the results obtained through microscopic analysis and by applying the Kriging method
and also represents the validation of research on the proposed desideratum.

Therefore, both methods facilitate the choice of the optimal variant and constitute a
logical support for anticipating the advantages of different possible modes of action [27].
The optimal variant in the case of the Utility Method is established according to different
decisional criteria and importance coefficients, and the utility of a variant is calculated
according to the economic consequence of a variant depending on a decisional criterion.

The information base is presented in a matrix in the form of Table 2.
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Table 2. Matrix of values.

Criteria c1 c2 . . . cj . . . cn

Coefficients of importance k1 k2 . . . kj . . . kn

Variants

V1 a11 a12 . . . a1j . . . a1n

V2 a21 a22 . . . a2j . . . a2n

. . . . . . . . .

Vi ai1 ai2 . . . aij . . . ain

. . . . . . . . .

Vm am1 am2 . . . amj . . . amn

First of all, the values aij are converted in utilities uij (which are recorded in a table
similar to Table 2). Then, for each criterion Cj, j=1, . . . ,n, the minimum value aj min is
determined and also the maximum value aj max. Within each criterion, utility 1 is given to
the “best” value aij and utility 0 to the lowest value. For the rest of the values, the utilities
uij are calculated:

- In the case of maximum criteria: uij =
aij−ajmin

ajmax−ajmin

- In the case of minimum criteria: uij =
ajmax−aij

ajmax−ajmin
.

Subsequently, the global utility UGi is calculated for each decision variant Vi:

UGi = ∑ k juij (3)

where, finally, the variant with the maximum global utility is chosen.
The ELECTRE method is based on choosing the optimal variant that outperforms

the other variants by calculating the utilities for each decision optimization criterion, by
assigning the importance coefficients, and by calculating the concordance and discordance
coefficients [28].

First of all, the decisional variants and the afferent consequences are established by
taking into account a set of criteria that condition their appearance. Then, the utilities are
determined as in the method presented above. The next step is to establish the concordance
indices between two decision variants, according to the formula:

C
(
Vg, Vh

)
=

∑ k∗j
k1 + . . . + km

(4)

where ∑ k∗j is the sum of the importance coefficients of the criteria for which the following
restriction is observed: U

(
Vg
)
≥ U(Vh).

Next, we proceed to the determination of the discordance indices with the formula:

D
(
Vg, Vh

)
=

{
0, if U

(
Vg
)
≥ U(Vh)

1/αmax
∣∣U(Vg

)
−U(Vh)

∣∣, otherwise
(5)

where α = maximum gap between minimum and maximum utility.
Finally, the classification of variants is based on the difference between the indices of

concordance and those of discordance [29].
The two used methods, ELECTRE and Global Utility method, are both part of the

group of multicriteria decision methods. ELECTRE is a more elaborated method whose
first step consists of using the Global Utility method for computing the utility of each
variant. The method does not stop there, having the advantage that it takes into account
both the concordance and the discordance relations between the variants, therefore offering
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a better assessment of the progress of one variant over another. In this research, the results
of the Global Utility method are presented due to the fact that they are computed as an
intermediary result in the ELECTRE method. Furthermore, it is interesting to compare the
results obtained with the two methods: the same filters occupy the first position, but some
filters are the first choice for more combinations of price and filter capacity weights.

3. Results
3.1. Microscopic Analysis of the Samples Taken

Once the test cycle of the filters used on the experimental stand was completed, and the
absorbent paper samples were impregnated with post-filtration water and then dried under
identical conditions of temperature and humidity, these were subjected to type-dimensions
analyses regarding the mechanical particles deposited after filtration [30].

As a benchmark in the development of the analysis of the sample, it started from
the microscopy of a paper sample impregnated with unfiltered water (coming as a direct
source) from the distribution network used and also as a supply for the experimental stand.
Figure 4a shows the results obtained from this microscopic analysis. Residual particle
deposits up to 0.177 mm was identified.
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Figure 4. (a) Unfiltered water deposits sample; (b) ceramic filter water deposits sample.

Furthermore, the order of the samples microscopic analysis was based on the filtering
capacity of the tested filter cartridges. Therefore, Figure 4b shows the results of the micro-
scopic analysis for the particles resulting from the water filtration with the ceramic filter
cartridge. Residual particle deposits up to 0.006 mm were identified.

Figure 5a shows the results of microscopic analyses for deposited particles filtered by
the polypropylene filter cartridge, and Figure 5b shows the results of microscopic analysis
of particles resulting from water filtration with the activated carbon filter cartridge. It was
observed that there were residual particle deposits up to 0.011 mm in the case of water
filtered with a polypropylene filter cartridge and with dimensions up to 0.017 mm in the
case of filtered water with an activated carbon filter cartridge.
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Figure 5. (a) Polypropylene filter water deposits sample; (b) activated carbon filter water deposits sample.

Figure 6a shows the results of microscopic analysis for particle deposits from filtered
water by the fabric filter cartridge, and Figure 6b shows the microscopic analysis results
of particle deposits resulting from filtered water with washable filter cartridge. It was
observed residual particle deposits up to 0.026 mm in the case of water filtered with the
fabric filter cartridge and with dimensions up to 0.046 mm in the case of water filtered with
the washable filter cartridge.
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Figure 6. (a) Fabric filter water deposits sample; (b) washable filter water deposits sample.

3.2. Statistical Interpretation of the Obtained Results

In order to make possible the implementation of the statistical analysis methods
that allow the achievement of the desideratum consisting in establishing a hierarchy
based on the results of the filter cartridge tests and microscopic analyses in terms of the
size and agglomeration density of the post-filtration residual particles in relation to the
filtration capacity declared by the manufacturer (by applying mathematical regression and
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correlation models), and respectively, the identification of the optimal filtering cartridge
from the filtering capacity–purchase price ratio (using the decision support methods), the
processed data were centralized and are presented in Table 3.

Table 3. Centralized data on filtering capacity, tests and analyses results, and the purchase price.

Filter Type and Filtration Size (Indicated by the Manufacturer) (mm)

Ceramic Polypropylene Washable Pressed Activated
Carbon Fabric Unfiltered Test

Sample
0.0003–0.009 0.005–0.013 0.02–0.07 0.01–0.019 0.025–0.029 1

Number of
particles

identified
1 2 5 3 4 4

Linear
particle size

(average)
Average Maximum Average Maximum Average Maximum Average Maximum Average Maximum Average Maximum

(mm) 0.006 0.006 0.0105 0.011 0.021 0.046 0.017 0.017 0.02 0.026 0.076 0.177
Purchase

price
(lei/filter
cartridge)

25 7 12 15 6

To estimate the residual particle dimensions resulting after using water filters, the
software developed based on the Kriging interpolation method was used as follows:

Call: val = KrigingTest (x);
Input: x = the filter capacity required to be evaluated;
Output: val = predicted value of the residual particle dimension.
Before actually building the Kriging model and using it to estimate the dimensions

of the residual particles of untested filters, the correlation and regression models proper
for the given input data set had to be chosen. Thus, filters 2, 3, and 4 were, one at a
time, eliminated from the input data set, being considered as test points, while the others
were used as input data. Tests were performed for all possible combinations between the
correlation and regression models. The best estimation with an error of 3.65% was obtained
when using the regression model with a polynomial of order 0 and spline correlation
model. For this combination, the estimated values for the residual particles for filters with
the capacity 0.009 and 0.1 were computed using the surrogate Kriging model, and the
results are encompassed in Figure 7 (plotted in red line). The smallest error of 3.99% using
a regression model with a polynomial of order 2 was obtained for the cubic correlation
model, and for this combination, the estimated values are plotted with yellow line. The
smallest error of 5.5% using a regression model with a polynomial of order 1 was obtained
for the exponential correlation model, and the estimated values for the residual particle
dimensions are presented in purple line.

Another aspect that presents interest is choosing the best filter between the ones avail-
able to consumers but concerning more criteria and not only the filter capacity. Obviously,
each criterion might have a different weight for each consumer, and therefore, it would
lead to different choices. The classification of the tested filter options was performed for
all weight combinations (kd, kp), where kd is the weight of the dimensions of the residual
particles, and kp is the weight of the price, kd, kp ∈ [0, 100], kd + kp = 100. The prices of the
filters are included in Table 3. Using these prices as well as the residual particle dimensions
determined experimentally for each tested filter, the results are presented in Figure 8 using
the Global Utility method and in Figure 9 using the ELECTRE method for each possible
combination of weights (considering a step of 10%).



Int. J. Environ. Res. Public Health 2022, 19, 4085 11 of 15
Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 11 of 15 
 

 

 
Figure 7. Estimated values using a model with a polynomial regressions and correlation models. 

As it can be seen in Figure 7, the estimated values of the maximum particle dimension 
increase with respect to the increase in the filtration capacity, as expected. However, the 
increase is associated with slope changes in the graph of the estimated values when the 
estimation is performed using the regression model with a polynomial of order 2 and cu-
bic correlation model and using the regression model with a polynomial of order 1 and 
exponential correlation model. 

 
Figure 8. Filter classification with respect to different criteria weight combinations using the Global 
Utility method. 

Figure 7. Estimated values using a model with a polynomial regressions and correlation models.

Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 11 of 15 
 

 

 
Figure 7. Estimated values using a model with a polynomial regressions and correlation models. 

As it can be seen in Figure 7, the estimated values of the maximum particle dimension 
increase with respect to the increase in the filtration capacity, as expected. However, the 
increase is associated with slope changes in the graph of the estimated values when the 
estimation is performed using the regression model with a polynomial of order 2 and cu-
bic correlation model and using the regression model with a polynomial of order 1 and 
exponential correlation model. 

 
Figure 8. Filter classification with respect to different criteria weight combinations using the Global 
Utility method. 
Figure 8. Filter classification with respect to different criteria weight combinations using the Global
Utility method.

As it can be seen in Figure 7, the estimated values of the maximum particle dimension
increase with respect to the increase in the filtration capacity, as expected. However, the
increase is associated with slope changes in the graph of the estimated values when the
estimation is performed using the regression model with a polynomial of order 2 and
cubic correlation model and using the regression model with a polynomial of order 1 and
exponential correlation model.
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As it can be seen in Figures 8 and 9, the best filter options when also considering
price are the ones with a filter capacity of 0.009 (ceramic), 0.013 (polypropylene), and 0.029
(fabric). The one with a filter capacity of 0.009 (ceramic) is the best option only when the
price weight is 0 for the ELECTRE method or when the price weight is 0% and 10% for the
Global Utility method. Then, for both methods, the position of this filter in the consumer
preference drops as the price weight increases. For price weights between 10% and 60%
for the ELECTRE method and between 20% and 80% for the Global Utility method, the
preferred filter is the one with a filter capacity of 0.013 (polypropylene).

As the price weight increases over 60% for the ELECTRE method and over 90% for the
Global Utility method, the best option is the filter with the capacity of 0.029 (fabric).

4. Conclusions and Discussion

To achieve the main objective of the research, more exactly the identification of the
optimal filter in terms of efficiency and cost, we tested the main types of filter cartridges
used for drinking water provided from the public network [31].

For this, several steps were followed: An experimental stand was developed, which
allowed the testing of the five types of filters tested under similar conditions. After the end
of the tests, samples of filtered water were taken and used for soaking parchment supports,
which, after drying under ideal conditions, were subjected to microscopic analysis in order
to identify the type-size of residual deposits after filtration. The results of the microscopic
analyzes led to the possibility of a classification that was the basis for the application of
the mathematical calculation methods to identify the optimal quality–price ratio regarding
tested filters in terms of filtration efficiency. First, the Kriging method was used to estimate
the residual particle dimensions resulting after using water filters, and in order to make it
possible to apply, mathematical correlation and regression models were previously used,
aiming to remove from the analysis filters that did not meet the necessary criteria. The
results showed that the best estimation with an error of 3.65% was obtained when using
the regression model with a polynomial of order 0 and spline correlation model, so the
estimated values for the residual particles for filters with the capacity 0.009 and 0.1 were
computed using the surrogate Kriging. The smallest error of 3.99% using a regression
model with a polynomial of order 2 was obtained for the cubic correlation model and for
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this combination, and the smallest error 5.5% using a regression model with polynomial of
order 1 was obtained for the exponential correlation model.

The classification of the tested filter options was performed for all weight combinations
between the dimensions of the residual particles and the weight of the price. To make
this possible, two methods were applied, the results of which were mutually validated
as expected.

Both Global Utility and ELECTRE methods reflected the conclusion that the best filters
options when also considering the price, although at a low level, are the ones with a filter
capacity of 0.009 (ceramic), 0.013 (polypropylene), and 0.029 (fabric). When the share of the
price increases, the filter capacity of 0.009 (ceramic) is downgraded to the detriment of the
filter with a capacity of 0.013 (polypropylene) when using the Global Utility method and of
the filter with a capacity of 0.029 (fabric) when using ELECTRE method.

Future directions for expanding the research could be to test and analyze a wider
range of filter elements, possibly with intermediate filtering capabilities and different prices
and lifetimes, but also using drinking water from another source of public distribution
although it should be noted that this research has reflected the existence of significant
residual particle deposits even if the water from the source used is purified and treated,
and it is assumed that this product is of the highest quality provided (in terms of physical
and chemical parameters measured as being public data) but also that the distribution
network would support this quality. Another direction of research development may be
the performance of pre-filtration and post-filtration drinking-water microbiology tests
by the method of direct, closed-cell testing using cellular liquid analysis modules (for
example, using “Universal Liquid Cell-Park Systems” as a modular part of an atomic force
microscope-AFM).

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19074085/s1, Figure S1: Optical Microscope 10/0.25.;
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