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Expressing the Results of the Surface Water Quality Monitoring in Lagoons of the El
Padrino Mining Project in Linguistic Categories Using the Grey Clustering
Methodology of the Fuzzy Logic System
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Abstract: Mining activities are perceived by the population as an activity that degrades the water quality in the
area in which it takes place; likewise, the communication of the results of the monitoring campaigns is unclear as it is
not expressed in corresponding linguistic categories for the transmission and understanding of the information. The grey
clustering methodology is a discipline within the fuzzy logic system that allows linguistic expression based on
numerical variables, allowing the results to be stated appropriately for human communication. EI Padrino mining
project is located in Ancash. It is in the evaluation process, as part of the baseline study that has carried out the
monitoring of surface water quality in the lagoons of the study area. The values obtained for the classification
coefficients express the water quality of the lagoons as excellent, acceptable, and slightly polluted. The position of the
evaluation points expresses natural processes of contamination in the lagoons Milpo and s/n2. The information obtained
will be useful for the communication of the monitoring campaigns' results to the inhabitants of the study area. Due to
the research focus, it will be of interest both for the development of future research on environmental engineering and
linguistics.
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1. Introduction The baseline is part of the Environmental Impact
assessment necessary for the approval of the projects in
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Peru. Referring to mining projects, water is an important
component due to the associated conflict. In particular,
surface water like streams, rivers, lakes, wetlands,
estuaries, lagoons, and coasts supports human life and
industrial production. They are more susceptible to
contamination by it. Water pollution in the area of
mining projects is due, in part, to the introduction of
heavy metals into the aquatic system as a result of the
weathering of soils and rocks, as well as the elimination
of liquid effluents, land runoff, and leachates that
transport chemicals related to mining activity, as well as
atmospheric deposition.

Monitoring activities are a means to understand and
subsequently improve aquatic habitats. The analysis of
quality data helps quantify environmental changes and
serves to develop better management practices for
decision-making.

However, the results of the monitoring activities
cannot be adequately expressed and transmitted to the
population in the study area. They are not represented by
appropriate  linguistic expressions but rather in
independently measured parameter values that do not
allow the transmission of the processes: natural
conditions or initial conditions related to water bodies.

The EI Padrino Mining Project is located on the
surface land of the Aquia Rural Community, in the Aquia
District, Bolognesi Province, Ancash department. The
Pachapaqui Town Center is the closest to the Project area
(6.20 km) and is an Annex of the Rural Community of
Aquia, and approximately 72 km (in a straight line) to the
southeast is the city of Huaraz. It is located mainly on the
Andes Mountains western flank in the sierra sector,
basically formed by a strip of hills, mountains, and snow-
capped mountains covered with moraine deposits, at an
average altitude that varies between 4000 to 4800 meters
above sea level. The operations will be carried out on the
surface lands of the Aquia Rural Community, in the
Aquia District, Bolognesi Province, Ancash department
[3].

The methodology selected for evaluating the surface
water monitoring data for the lagoons in the El Padrino
mining project area is due to the advantages of applying
fuzzy logic methods. One of the techniques within this
approach for solving problems where one starts from a
referential position is the grey clustering method, where
the elements are grouped in a comprehensive
clusterization coefficient vector [4]. Clustering in
coefficient vectors is appropriate for quantitative
evaluation problems under a set of parameters of
different meanings and dimensions over traditional
Avristotelian logic methodologies [5].

The research objective is to determine the surface
water quality of the set of lagoons in the studied area of

the El Padrino mining project and express the results as a
linguistic expression. The surface water quality is
assessed by comparing analytically determined
monitoring data based on physicochemical parameters
with threshold values allowed in legislation packages or
internationally  established  pollution index [6].
Understanding and integrating users' opinions in the
design and communication to them allows addressing
important  challenges during the environmental
assessment of mining projects. Transmitting the
information in adequate terms allows obtaining the
community's support to avoid the rejection and
development of socio-environmental conflicts [7].

In this paper, Section Il develops the state-of-the-art
review related to the application of the grey clustering
method in the evaluation of water quality. Section IlI
details the methodological procedure for the application
of the grey clustering method. The case study and related
calculations are developed in Section IV. The results and
their discussion are presented in Section V, and the
conclusions are developed in Section VI.

2. Literature Overview

As stated in [8], the grey clustering method was used
because of the difficulty of assessing estuaries for
nitrogen pollution when there is little monitoring
information and the access to it is complicated. They
proposed a reliable tool for decision-making. For this, the
following indices were used: Grey Nitrogen Management
Priority Index, which assesses the need for a nitrogen
pollution management system, and Grey Land Use
Pollution Index, which evaluates the anthropic pressure
in the estuaries of the Gulf of Mexico that are considered
threatened by anthropogenic nitrogen pollution. The use
of the methodology proved to generate an efficient tool
for decision making with limited resources, and the
method can be used in the field of other pollutants.

The grey clustering method was applied to evaluate
water quality with the information generated in 2008 on
the monitoring campaigns of the water quality of the
Fenchuan River [9]. The results obtained served as a
reference for water use management and the
environmental protection of the water body based on the
seriously polluted degree determined for the river based
on the Standards of surface water quality GB3838-2002.

Because of the deficiency of the classical method for
water quality evaluation, the method of grey grouping
relationships was proposed for the evaluation of the
Suzhou River [10]. The traditional evaluation was
compared to the grey clustering method, giving a more
objective result due to a clustering ratio coefficient. This
method proved to be more objective by applying the
relationship between the data on the categorization
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provided by the Standard surface water quality GH2B1-
2002.

The grey clustering method was applied in 20 sections
of the Suzhou River [11]. The model application was
determined by the deficiency of the traditional methods
for evaluating the environment quality under the
conditions of presenting a low amount of information.
The standards used for the evaluation corresponded to the
Standards of surface water quality GH2B1-2002. The
method application proved to be feasible and simple due
to an algorithm of high processing capacity.

The fuzzy synthetic assessment methods were
compared to the grey clustering method in thirteen
sections of the city of the Three Gorges reservoir area.
Both methods proved to be more reliable than the
traditional method [12]. They had a more practical and
powerful application since it made possible to generate
proposals for the management of contamination in the
reservoir area.

Mathematical tests were carried out in 2007 to
determine the influence of equal weights in applying the
weighting of the functions determined in the grey
clustering process as water quality criteria, referring to
the GB3838-88 legislation [13]. The grey clustering
methods were compared to the assignment of weights
with the traditional grey clustering method. A strong
influence on the consideration of equal weights in
neighboring classes was determined, which results in
different categorizations for the selected monitoring
information.

3. Research Methodology

The methodology used to determine water quality and
the degree of contamination of the lagoons in the study
area of the El Padrino mining project is called Grey
Clustering Analysis, which is found within the fuzzy
logic system. This discipline is based on a logical system
of artificial intelligence in which the variables are words
instead of numbers, closer to human intuition and
reasoning. Within this discipline, expressions are used
that are neither totally true nor completely false [14].

The grey clustering analysis methodology was
developed in conjunction with the applied Prati index,
which is based on determining the quality of surface
water based on the effect of contamination rather than
quantifying the pollution factor [15].

Both were developed together to process the
monitoring data for determining the initial quality of the
set of lagoons in the study area that is part of the lands of
the rural community of Aquia. The linguistic

determination of the water quality status in the lagoons
allows an anticipated, fluent, and understandable
communication with the community.

2.1.Grey Clustering Analysis Methodology

The methodology is carried out according to a group
of criteria, a group of classes, and a set of objects. Once
defined, the steps of the method are as follows [16].
Step 1: Determining the center points

Define center points Al, A2, and As of each of the
grey-classes.
Step 2: Non-dimension data

Given that in the evaluation of water quality, the
indices have a different meaning, it is not possible to
proceed with the calculation directly to solve this
problem; the values of the objects are divided by the
average of the central data of each grey class that
corresponds to the value medium standard.
Step 3: Determine the Triangular Functions and Values

Set the triangular functions according to the grey-
classes. In this way, the correspondence rules are
obtained. It is shown in Figure 1.

y

A

1

y=r y=f7 y=1}F y=f"

Ay Az A3 An
Fig. 1 Triangular functions [17]

The correspondence rule for triangular functions is
presented in Equations 1-3.
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Step 4: Determining the Criteria Weights

This step is added to the revised methodology as it
provides an objective criterion for the clusterization
vector weighting. It is calculated according to the
harmonic mean of the central data of the grey classes by
Equation 4 [18].

e

nf=—-1 4
j Eﬁzlj—}c (4)
Step 5: Determine the Classification Coefficient
Determination of the clusterization vector ¢_i"k for
objects i, i=1, 2, ..., m, in the grey classes k, k=1, 2, ...,

s, is defined by Equation 5.

Ga'k = Z;’l=1 f}k (xi'j)'nj (%)

Step 6: Results using Max. Clustering coefficient
max(, .« {0} = of, then the value representing the
object's membership in the associated grey class is
chosen.

4, Case Study

This mining project is located on the lands of the rural
community of Aquia in the department of Ancash.

The study area was delimited during the surface water
monitoring campaigns during the environmental impact
study preparation.

The methodology was applied to ten surface water
monitoring points located in the lagoons of the El
Padrino mining project study area, shown in Figure 2.

>

‘C L,8/n3)
C'l=s/nil

; R R 3 .
Fig. 2 Monitoring points in waters in the study area of the El Padrino
mining project

4.1. Definition of the Study Obijects

The monitoring points were established during the
preparation of the baseline of El Padrino EIA. These are
part of a surface water monitoring campaign, and the
lagoons were taken into account due to their importance

for the rural community of Aquia.

Table 1 shows the description and geo references of
all the study objects selected for the grey-clustering
method evaluation.

Table 1 Surface water monitoring points in the EI Padrino project

study area
Coordinates UTM
WGS84 )
Code  Station Description as Altitude
(msnm)
East North
Income lagoon s
PL LL.shsh G o9%f! 277,372 8'896,829 4650
S.L.Sh-  Outcome lagoon s
) n P 277,290 8'896,905 4637
Center lagoon s
P3  CLshsh gn s 277,378 8'896,902 4648
P4 L sh2 '”C"”;j"n'zagoon 277,450 8'896,285 4838
PS5 S.Lsh2 o”tc"g/‘ﬁz'agoon 277,486 8'896,243 4855
P6  C.Lsn2 Ce”ti;n'gg""” 276,654 8'898,640 4440
S.L. Outcome lagoon R
Pl wilbo Miloo 277,447 8'897,000 4672
C.L. Center lagoon s
P8 Milmo Milpo 277,364 8'897,113 4664
P9 C.Ls/nl Ce”tgn'igoon 277,410 8'897,095 4669
PI0  ClLgnz  CeMerlagoon o6 ogp 8'898,760 4358

s/n3

4.2. Definition of Evaluation Criteria

For the quality evaluation, five parameters were taken
on the Prati scale considering the interest that exists in
the presence of heavy metals associated with mining, the
pH variations that could result from mining activity, and
biological parameters of contamination.

Table 2 presents the evaluation criteria to be used and
their coding to develop the grey clustering methodology.

Table 2 Parameters for the evaluation to grey clustering methods

Parameters Coding
Hydrogen potential (pH) C1
Dissolved ammonia (NH,) C2
Manganese (Mn) C3
Iron (Fe) C4
De Biochemical Oxygen Demand (DBOs) C5
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4.3. Definition of Grey Classes

The classes have been selected from the Prati index
that already presents an approach in the form of intervals
called Excellent, Acceptable, Slightly Contaminated,
Contaminated, and Heavily Contaminated. The selection
of these five classes is based on a comprehensive
evaluation effect as a whole of the water body. The
classes, criteria, and intervals are set out in the Prati
index according to Table 3.

Table 3 Intervals proposed in the Prati index

Level

Criteria . -
Slightly Heavily
Excellent  Acceptable polluted Polluted Polluted
C1 (pH 6580 8084 8490 9101 >10.1

units)

C2 (ppm) 0-0.1 0.1-0.3 0.3-0.9 0.9-2.7 c
C3 (ppm) 0-0.05 0.05-0.17 0.17-0.5 0.5-1 >1.0
C4 (ppm) 0-20 20-40 40-100 100-278 >278
C5 (ppm) 0.0-1.5 1.5-3.0 3.0-6.0 6.0-12.0 >12.0

C3(ppm)  0.025 0.11 0.335 0.75 1.165
C4 (ppm) 10 30 70 189 308
C5 (ppm) 0.75 2.25 45 189 135

Step 2: Non-dimension data

Due to the degree of disparity between the magnitude
and the significance between the parameters, the
monitoring data is dimensioned to provide constant
values for the grey clustering method calculation.

The monitoring data generated for the baseline study
is as follows, according to the information presented by
SRK Consulting, which can be seen in Table 5.

Table 5 Surface water monitoring data in lagoons of the El Padrino
project study area

4.4, Estimate Using Grey Clustering

Step 1: Determining the center points

The central points for the grey classes of the Prati
scale were calculated as the arithmetic means of the
intervals; likewise, the central value of the Heavily
Contaminated class was calculated as an extrapolation
between the two previous values so that the arithmetic
mean of the Central value of the Severely Contaminated
and Lightly Contaminated classes will result in the
central value of the Contaminated class [19].

Table 4 presents the value of the central points
according to the grey-clustering methodology.

Table 4 Central points the intervals of the Prati index

Objects C1l C2 C3 C4 C5
P1 8.7 0.055 0.002 3 2.6
P2 8.7 0.08 0.00005 3 2.6
P3 8.6 0.05 0.00005 3 2.6
P4 8.4 0.6 0.0011 10 2.6
P5 8.8 0.5 0.0014 12 2.6
P6 7.9 0.23 0.006 4 2.6
P7 8.2 0.017 0.00005 3 2.6
P8 8.1 0.0007 0.00005 3 2.6
P9 8.3 0.15 0.0011 3 2.6
P10 8.2 04 0.004 3 2.6

Objects A A, A A 4,
C1(pHunits)  7.25 8.2 8.7 9.55 10.4
C2 (ppm) 0.05 0.2 0.6 18 3.0

The normalization of the data obtained in the
monitoring campaigns is required; the said normalized
data are presented in Table 6.

Table 6 Standardized data from the information obtained from the monitoring points

Objects P1 P2 P3 P4 P6 pP7 P8 P9 P10

c1 0,986 0,986 0,975 0,952 0,998 0,896 0,930 0918 0,941 0,930
C2 (ppm) 0,049 0,071 0,044 0,531 0,442 0,204 0,015 0,001 0,133 0,354
C3 (ppm) 0,004 0,000 0,000 0,002 0,003 0,013 0,000 0,000 0,002 0,008
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C4 (ppm) 0,025 0,025 0,025 0,082 0,099 0,033 0,025 0,025 0,025 0,025
C5 (ppm) 0,433 0,433 0,433 0,433 0,433 0,433 0,433 0,433 0,433 0,433
Table _7 ShOWS the norma_lization process of the fi(x) 0,00 0,94 1,00 1,00 0.00 0.42
central points carried out according to the grey-clustering i
procedure. fi(x) 0,00 0,06 0,00 000 0.85 0.15
fi(x) 1,00 0,00 0,00 0,00 0.15 0.33
Table 7 Normalized data from the Prati scale .
2 2 2 2 2 fl(x) 0,00 0,00 0,00 0,00 0.00 0.00
o 082 093 0.99 o8 118 fi(x) 0,00 0,00 0,00 0,00 0.00 0.00
c2 0.04 0.18 053 159 265 P2 Cl1 C2 C3 C4 C5 Result
c3 0.05 023 0.70 157 244 fi(x) 0,00 0,78 1,00 1,00 0.00 0.45
ca 0.08 0.25 058 159 254 fi(x) 0,00 0,22 0,00 0,00 085 022
cs 0.13 0.38 058 1.50 2.25 fi(x) 1,00 0,00 0,00 0,00 0.5 0.33
) _ _ fi(x) 0,00 0,00 0,00 0,00 0.00 0.00
Step 3: Determine the Triangular Functions and )

Values fi(x) 0,00 0,00 0,00 0,00 0.00 0.00
FunctionsforC1 _ _ PE ClI C2 C3 C4 C5 Result
The triangular functions corresponding to the first -

criterion are generated using equations (1)(2)(3). fi=) 0,00 097 1,00 1,00 0.00 0.46

Equations 6-10 are used to determine the first criterion. fi(x) 0,25 0,03 0,00 000 0.85 0.23

1 x € [0,0.082]
F00 = 222« € (0.82.093) (6) f(x) 0,75 0,00 0,00 0,00 0.15 0.25
0 xel[0.93. +o) fi(x) 0,00 0,00 0,00 0,00 0.00 0.00
= v € (082,0.93] fi(x) 0,00 0,00 0,00 0,00 0.00 0.00
flo2 = o= x €(0.93,0.99) (7 P4 Cl C2 C3 C4 C5 Result
0 re[0,082] U [0.99.+oc]
f(x) 0,00 0,00 1,00 0,99 0.00 0.46
== xe(093,099] fi() 0,63 0,00 000 001 085 0.36
— | LOB— 3
FO3 =225 5 2 (099.0.08) ®) £i) 037 1,00 0,00 000 0.15 0.38
0 xel0093] U108 +m)
f(x) 0,00 0,00 0,00 0,00 0.00 0.00
o x € (0.99,1.08] fi(x) 0,00 0,00 0,00 0,00 0.00 0.00
fl)4 = |2 x €(1.08,1.18) ) P5 Cl C2 C3 C4 C5 Result
0 xel0099UlL18 +oo) £ 0,00 0,00 1,00 0,89 000 0.37
L0 e (1.08,1.18) fi(x) 0,00 0,25 0,00 0,11 0.85 0.23
(1 §
5= - 11 10 .
Flx) 1 x e[L18, +w) (10) fix) 0,91 0,75 0,00 0,00 0.15 0.48
0 x € [0,1.08]
Table 8 is generated using equations (6) - (10) and fi(x) 0,09 0,00 0,00 000 0.00 0.02
replacing the oversized values of the monitoring data
. L fi(x) 0,00 0,00 0,00 0,00 0.00 0.00
presented in Table 6. The value of the functions is added !

according to equation (5), resulting in each of the P6 Cl1 C2 C3 C4 C5 Result

clustering vector values for the monitoring points. £ 031 000 1,00 1,00 000 041

Table 8 Calculation of weighting functions fi(x) 0,69 093 0,00 0,00 0.85 0.55
P1 C1 C2 C3 C4 C5 Result f;(:l:] 0,00 0,07 0,00 0,00 0.15 0.04
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fi(x) 0,00
fi(x) 0,00

0,00
0,00

0,00
0,00

0,00
0,00

0.00
0.00

0.00
0.00

P7 C1

Cc2

C3

C4

C5

Result

fi(x) 0,00
£ (x) 1,00
fi(x) 0,00
fi(x) 0,00
fi(x) 0,00

1,00
0,00
0,00
0,00
0,00

1,00
0,00
0,00
0,00
0,00

1,00
0,00
0,00
0,00
0,00

0.00
0.85
0.15
0.00
0.00

0.46
0.52
0.02
0.00
0.00

P8 C1

Cc2

C3

C4

C5

Result

flx) 0,11
fi(x) 0,89
fi(x) 0,00
fi(x) 0,00
fi(x) 0,00

1,00
0,00
0,00
0,00
0,00

1,00
0,00
0,00
0,00
0,00

1,00
0,00
0,00
0,00
0,00

0.00
0.85
0.15
0.00
0.00

0.46
0.45
0.03
0.00
0.00

P9 C1

C2

C3

C4

C5

Result

fi{x) 0,00
fix) 0,82
fi(=) 0,18
fi{x) 0,00
fi(x) 0,00

0,34
0,66
0,00
0,00
0,00

1,00
0,00
0,00
0,00
0,00

1,00
0,00
0,00
0,00
0,00

0.00
0.85
0.15
0.00
0.00

0.42
0.50
0.08
0.00
0.00

P10 C1

C2

C3

C4

C5

Result

£} 0,00
fi(x) 1,00
fi(x) 0,00
£} (=) 0,00
fi(x) 0,00

0,00
0,50
0,50
0,00
0,00

1,00
0,00
0,00
0,00
0,00

1,00
0,00
0,00
0,00
0,00

0.00
0.85
0.15
0.00
0.00

0.40
0.45
0.15
0.00
0.00

Step 4: Estimate the Criteria Weights

The weights of the criteria have been carried out
according to equation (4), and the values shown in Table

9 are assigned according to the calculation.

Table 9 Weight of the criteria according to the grey classes

C3 1,51 1,22 0,96 0,91 0,83
C4 0,96 1,14 1,17 0,92 0,80
C5 0,63 0,75 0,90 0,95 0,90

Step 5: Estimate the Classification Coefficient

According to the calculations presented in the
previous step, clustering vectors are obtained for each
monitoring point whose values are presented in Table 10.
The highlighted values correspond to the highest value of
the clustering coefficient in each vector corresponding to
each monitoring point.

Table 10 Weight clustering vector of monitoring points

A, A, A 2, A
P1 0.42 0.15 0.33 0.00 0.00
P2 045 022 0.33 0.00 0.00
P3 o046 023 0.25 0.00 0.00
P4 0.46 0.36 0.38 0.00 0.00
P5 037 023 0.48 0.02 0.00
P6 041 055 0.04 0.00 0.00
P7 0.46 0.52 0.02 0.00 0.00
P8 0.46 0.45 0.03 0.00 0.00
P9 042 050 0.08 0.00 0.00
P10 040 045 0.15 0.00 0.00

Step 6: Results using Max. Clustering coefficient

Next, Table 11 presents the maximum clustering
coefficient that indicates each object belonging to the
established intervals.

Table 11 Weight clustering vector of the monitoring point

A A, A A, a,
c1 0,10 0,30 0,69 1,32 171
c2 1,79 1,59 127 0,90 0,76

2,
P1 0.42
p2 0.45
P3 0.46
P4 0.46
P5 0.37
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P6 0.41
p7 0.46
P8 0.46
P9 0.42
P10 0.40

5. Results and Discussion

5.1. Concerning the Case Study

The results obtained are presented in Table 12 for the
different monitoring points according to the Prati index
and the clustering coefficient.

Table 12 Results table of the grey clustering method

Point Name  Coefficient Level

P1 I.L. Sh-Sh 0.42 Excellent
P2 S.L.Sh-Sh 0.45 Excellent
P3  C.LSh-Sh 0.46 Excellent
P4 I.L. s/n2 0.46 Excellent

P5 S.Ls/n2 0.48  Slightly polluted

P6 C.Ls/n2 0.55 Acceptable
P7  S.L. Milpo 0.52 Acceptable
P8  C.L. Milpo 0.46 Excellent

P9 C.Ls/nl 0.50 Acceptable
P10 C.Ls/n3 0.45 Acceptable

The lagoon s/n2 goes through a contamination process
from the entrance to its exit from the system; a similar
process occurs in the Milpo lagoon. The communication
of these points is pertinent because they show that there
are natural or anthropogenic processes that originate this
condition prior to the mining project operation.

The processed results are easier to interpret and
communicate, unlike the data presented by SRK
Consulting. The change due to natural processes in the
gaps translated into a linguistic expression is not evident.

The results obtained from the water quality study
carried out on the Fenchuan River in China, applying the
Grey Clustering methodology, determined that the said
water body was contaminated to different degrees. Its
quality decreased from the main upper channel to
downstream caused by the inadequate development of
agricultural activity [9]. Although the results obtained in
the Milpo lagoon show similar behavior concerning
pollution levels, it cannot be directly attributed to the

development of an anthropogenic activity or influence. In
this particular case, a decrease in the water quality of the
lagoon is evidenced naturally. Therefore, an unfavorable
change in the water quality of a body is related to
anthropogenic activities and purely natural processes.

5.2. Concerning the Methodology

Unlike a direct application of the Prati index that
would provide us with a qualification of the status for
each parameter, the application of grey clustering allows
the translation into a comprehensive classification of
each of the monitoring points, now being fully
categorized, as well as representing more simply the state
of water quality, which allows obtaining results whose
approximation to reality is greater.

Weighting functions are a key part of the proper
development of this method. An error in the definition of
the functions would completely change the results of the
investigation. However, the correct development of the
method allows obtaining direct results of quick and easy
interpretation.

Likewise, the method has a varied field of application.
Such as the quality of surface and groundwater to the
prediction of air quality, among others.

6. Conclusions

The surface water quality in the lagoons of El Padrino
mining project presents a quality categorized between
slightly ~ contaminated, acceptable and excellent
depending on the monitoring point, in addition to
presenting the development of natural contamination
processes evidenced in the changes of category in the
entrance and exit of the lagoons being an important
precedent in the baseline of the environmental impact
study. Likewise, with the categorization obtained, it is
now easier to communicate the status of the quality of
water bodies to the community than to present the
monitoring data used as an input, making it difficult to
understand the quality status.

The methodology enables to reach a category that is
much easier to communicate, unlike the initial
monitoring data. Categorization in a linguistic term
allows for easier communication supported by the use of
a fuzzy logic method.

From this work, the evaluation of water quality
evolution in the project study area can be developed in
the future. Once its operations have been approved, it
will be possible to process the results of future
monitoring campaigns and obtain tools with which the
population can interpret the evolution processes of the
water quality of the lagoons in the project area. Likewise,
the presented methodology can be applied to other
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projects in general, considering the evaluation of the
parameters contained in the Prati index.

References

[1] JIANG, X., WANG, W., WANG, S., ZHANG, B., & HU,
J. Initial identification of heavy metals contamination in
Taihu Lake, a eutrophic lake in China. Journal of
Environmental Sciences (China), 2012, 24(9): 1539-1548.
https://doi.org/10.1016/S1001-0742(11)60986-8

[2] JIANG, J., TANG, S., HAN, D., FU, G., SOLOMATINE,
D., & ZHENG, Y. A comprehensive review on the design
and optimization of networks for surface water quality
monitoring. Environmental Modelling and Software, 2020,
132: Article ID 104792.
https://doi.org/10.1016/j.envsoft.2020.104792

[3] SRK Consulting. Estudio de Impacto Ambiental Detallado
del Proyecto Minero El Padrino Ancash — Peru. Estudio de
Impacto Ambiental El Padrino, 2020, 1: 23-25).

[4] FENYI, D. & JUNJUAN, L. & BIN, L. Study on improved
grey integrated clustering method and its application.
Proceedings of the 2009 IEEE International Conference
on Grey Systems and Intelligent Services, GSIS 2009:
702-707. https://doi.org/10.1109/GSIS.2009.5408220

[5] WANG, P., ZHAO, W., ZHANG, F., & PENG, Z. An
Integrative Method for the Evaluation of Network Attack
Effectiveness Based on Grey System Theory. Handbook of
Research on Interactive Information Quality in Expanding
Social Network Communications, 2015, Chapter 17: 275-
287. https://doi.org/10.4018/978-1-4666-7377-9.ch017

[6] HAYAL, B., & HULYA, B. Environmental Determinants
of Surface Water Quality Based on Environmetric
Methods. Environment and Ecology Research, 2018, 6(2):
120-124. https://doi.org/10.13189/eer.2018.060204

[7] OKUMAH, M., YEBOAH, A. S.,, & BONYAH, S. K.
What matters most? Stakeholders’ perceptions of river
water quality. Land Use Policy, 2020, 99, Article ID:
104824. https://doi.org/10.1016/j.landusepol.2020.104824

[8] TEMINO-BOES, R., ROMERO-LOPEZ, R., IBARRA-
ZAVALETA, S. P., & ROMERQO, I. Using grey clustering
to evaluate nitrogen pollution in estuaries with limited
data. Science of the Total Environment, 2020, 722, Article
ID: 137964.
https://doi.org/10.1016/j.scitotenv.2020.137964

[9] WANG, L., LAI, K., & ZHOU, W. Application of grey
clustering method for water quality evaluation in
Fenchuan river Yan’an Baota area. ISWREP 2011 -
Proceedings of 2011 International Symposium on Water
Resource and Environmental Protection, 2011, 2: 838—
841. https://doi.org/10.1109/ISWREP.2011.5893142

[10] CHANGJUN, Z., & ZHENCHUN, H. Application of grey
relation analysis in evaluation of water quality.
Proceedings of the 2009 International Conference on
Environmental Science and Information Application

Technology, ESIAT 20009, 1: 255-257.
https://doi.org/10.1109/ESIAT.2009.38

[11] ZHU, C., & LIU, Q. Evaluation of water quality using
grey clustering. Proceedings of the 2009 2nd International
Workshop on Knowledge Discovery and Data Mining,
WKKD 2009, 803(3): 803-805.
https://doi.org/10.1109/WKDD.2009.28

[12] YUN, Y., & ZOU, Z. An improved synthetic evaluation
method on water quality evaluation in city sections of the
three gorges reservoir area. Proceedings of 2007 IEEE
International Conference on Grey Systems and Intelligent
Services, GSIS 2007: 289-293.
https://doi.org/10.1109/GSIS.2007.4443283

[13] LIU, L. I, ZHOU, J., AN, X,, YANG, L. I., & LIU, S.
Improvement of the Grey Clustering Method and Its
Application in Water Quality Assessment. Proceedings of
the International Conference on Wavelet Analysis and
Pattern  Recognition,  Beijing, = 2007:  907-911,
https://doi.org/10.1109/ICWAPR.2007.4420798.

[14] FERNANDO, L., & SERNA, C. A Model for Water and
Quality Management Using Grey Fuzzy Logic for Aburra
River. Revista Ingenierias Universidad de Medellin, 2013,
12(22): 59-74.

[15] PRATI, L., PAVANELLO, R., & PESARIN, F.
Assessment of surface water quality by a single index of
pollution. Water Research Pergamon Press, 1971, 741-
751.

[16] DELGADO, A. Why do any secondary students prefer
mathematics? A response using grey systems. Proceedings
of the 2017 International Symposium on Engineering
Accreditation (ICACIT). Lima, 2017: 1-4,
https://doi.org/10.1109/ICACIT.2017.8358082.

[17] DELGADO, A., MONTELLANOS, P., & LLAVE, J. Air
quality level assessment in Lima city using the grey
clustering method. Proceedings of the IEEE International
Conference on Automation/23rd Congress of the Chilean
Association of Automatic Control: Towards an Industry
4.0, 2019: 1-4. https://doi.org/10.1109/ICA-
ACCA.2018.8609699

[18] ZHOU, L., & XU, S. Application of Grey Clustering
Method in Eutrophication Assessment of Wetland. The
Journal of American Science, 2006, 2(4): 53-58.
https://pdfs.semanticscholar.org/c0d2/a7299aa181b259a13
8a86e49d522f8b53d88.pdf

[19] AGUIRRE, A., PALOMINO, E., & SALAZAR, G.
Aplicacion de la logica difusa para determinar la calidad
de los cuerpos de agua de la cuenca del rio Rimac (pp.).
Revista TECNIA. 2017, 27(2): 73-78.
https://doi.org/http://dx.doi.org/10.21754/tecnia.v27i1.128

BE:
[1] JIANG, X., WANG, W., WANG, S., ZHANG, B., 1 HU,

Do oI ESAL AT 4RSS Y MO0 e, RHERL


https://doi.org/10.13189/eer.2018.060204
https://doi.org/10.1016/j.landusepol.2020.104824
https://doi.org/10.1016/j.scitotenv.2020.137964
https://doi.org/10.1109/ISWREP.2011.5893142
https://doi.org/10.1109/ESIAT.2009.38
https://doi.org/10.1109/WKDD.2009.28
https://doi.org/10.1109/GSIS.2007.4443283
https://doi.org/10.1109/ICACIT.2017.8358082

114

2 kR, 2012, 24 (9) 1539-1548

https://doi.org/10.1016/S1001-0742(11)60986-8
[2] JIANG, J., TANG, S., HAN, D., FU, G., SOLOMATINE,

D., f1 ZHENG, Y., 137K /K B % M 481 T Fn b iy 4
Rk, REREA S8R, 2020, 132 : SCFE 1D 104792
https://doi.org/10.1016/j.envsoft.2020.104792

[3] SRK &8, El Padrino Ancash %A I H A1 M 5T 5
NiAFZE-FbE, El Padrino, 2020 A=EREEs2M0AFSE, , 2020

(1:23-25) ,

[4] FENYI, D., JUNJUAN, L. fi BIN, L., S#HHK R
REEF1ERILNHAIZE, 2009 4F IEEE JK {43 51 58 HER
% E bR & W Ie X %, GSIS 2009 : 702-707 .

https://doi.org/10.1109/GSIS.2009.5408220
[5] WANG, P., ZHAO, W., ZHANG, F., f1 PENG, Z., T

IR ARG EIEHIM BRI GRE ik, (F Rsg
W 48 (5 Py a2 B AUE BB EAFZE M) , 2015, 17 :
275-287, https://doi.org/10.4018/978-1-4666-7377-9.ch017

[6] HAYAL, B.f1 HULYA, B.J&T¥EE S5 ikpYHF KR
BEWRERERFE, WE 54, 2018, 6 (2) : 120-

124, https://doi.org/10.13189/eer.2018.060204

[7] OKUMAH, M., YEBOAH, A. S.f1 BONYAH, S. K.
I LAY RAT 4 2 FIARAH A T it K BT B v, il
M B, 2020, 99, Sk K ID : 104824 ,

https://doi.org/10.1016/j.landusepol.2020.104824
[8] TEMINO-BOES, R., ROMERO-LOPEZ, R., IBARRA-

ZAVALETA, S. P.f1 ROMERO, |I. {# K (a5 2 E04g
FRA R O%5Y%, SRS, 2020, 722, X

L8 ID : 137964.
https://doi.org/10.1016/j.scitotenv.2020.137964

[9] WANG, L., LA, K., f1 ZHOU, W., [R{aFIEIETE en )l
SEZZ AL X K B YR, ISWREP 2011-2011 4F
KPR G- EE R IP E BT 218 504, 2011, 2 : 838-841,
https://doi.org/10.1109/ISWREP.2011.5893142

[10] CHANGJUN, Z., 1 ZHENCHUN, H. JX {4t
FERBRMEM IR, 2009 4 E BRI 5EAR 515 BRLH

K & W Ie 4, ESIAT 2009, 1 : 255-257,
https://doi.org/10.1109/ESIAT.2009.38

[11] ZHU, C., 1 LIV, Q.. ffi HI IR a5 2114k K oL,
2009 455 Je R A RN ES A 2 4 (] R AN 2318 SR,

WKKD 2009 , 803 ( 3 )
https://doi.org/10.1109/WKDD.2009.28

[12] YUN Y F ZOU Z.—Fhboidh i =W 2 X4 i Bk B4R
AT, 2007 4F IEEE JK (4% 51 5- B HEAR B E PR 1Y
it X %, GSIS 2007 289-293

https://doi.org/10.1109/GSIS.2007.4443283
[13] LIU, L. I, ZHOU, J., AN, X, YANG, L. I., f1 LIU, S.,

JRAGIR IS5 1R RO Je HAEKBRIEMN IR, /N 4T
Frop ZOR Bl [FE Pr 2 W ie sc4, dbst, 2007 @ 907-911,

https://doi.org/10.1109/ICWAPR.2007.4420798,

[14] FERNANDO, L.fil SERNA, C.ff F K (s 22 58 Xt
BT AR RLIATE AT K R B B BRAORA AR RS, 2013,

12 (22) :59-74,

[15] PRATI, L., PAVANELLO, R.fil PESARIN, F. @i
B 5 YRR BTG R K BT &, KB JE AR 52 HE AL,

1971, 741-751,

[16] DELGADO, A, AL ATA] H =2 A KR WAL 2 il
IR F% SR R, 2017 4F [E BR L2 A E BF i £
(ICACIT) Wy=WIgFE, Fl5, 2017 : 1-4, https :
//doi.org/10.1109/ICACIT.2017.8358082,

[17] DELGADO, A., MONTELLANOS, P, , #1 LLAVE,

Jo O o JREFRISEERS 22 B E/KCE AL H ) Rz
IEEE [EI PR B spb 8 F] B sh#si 55 23 i KR8
£ . % om L. MW 40 , 2019 : 14
https://doi.org/10.1109/ICA-ACCA.2018.8609699

[18] ZHOU, L., fit XU, SJK&RIKE(ER S S5 LM
MR, EEE R, 2006, 2 (4) @ 53-58,
https://pdfs.semanticscholar.org/c0d2/a7299aa181b259a138a8
6e49d522f8b53d88.pdf

[19] AGUIRRE, A., PALOMINO, E.fil SALAZAR, G.H
RS- B AR B B5R (A p,  Revista
TECNIA 2017 , 27 (1) 73-78
https://doi.org/http://dx.doi.org/10.21754/tecnia.v27i1.128

803-805



