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Abstract—Currently, the evaluation of water quality is a topic
of global interest, due to its socio-cultural, environmental and
economic importance, but in recent years this quality is
deteriorating due to inadequate management in the conservation,
disposal and use of water by the competent authorities, private-
state entities and the population itself. An alternative to
determine the quality of a water body in an integrated manner is
the Grey Clustering Method, which was used in this study taking
as an indicator the Prati Quality Index, with the objective of
making an objective analysis of the quality of the water bodies
under study. The case study is the Lower Watershed of the
Huallaga River, located between the region of Loreto and San
Martin, along which 12 monitoring stations were established to
evaluate its surface water quality, through the analysis of 7
parameters: pH, BOD, COD, Total Suspended Solids (TSS),
Ammonia Nitrogen, Substrates and Nitrates. Finally, it was
determined that the water quality of eleven monitoring stations
in the Lower Huallaga River Watershed are within the
""Uncontaminated" category, while one monitoring station is
within the "Highly Contaminated™ category of the Prati Index,
this due to its proximity to a landfill. The results obtained in this
study, could be useful for the authorities responsible for the
protection and sustainable conservation of the Huallaga River
Watershed, in order to propose appropriate measures to improve
its quality, additionally, this study could be a reference for future
studies since the proposed method allowed to prioritize the
quality level of the water bodies and identify critical areas.

Keywords—Water quality; prati index; grey clustering method,;
protection and sustainable conservation

I.  INTRODUCTION

The various activities that have been carried out in the
lower watershed of the Huallaga River have motivated the
evaluation of water quality [1], since this watershed is used to
supply the indigenous communities and surrounding urban
areas [2].

The present study is carried out in the lower Huallaga
River Watershed, located in the districts of Loreto and San
Martin in which twelve monitoring points have been taken
from the "Participatory Monitoring Report on Surface Water
Quality in the Huallaga River Watershed" [2], which were
taken into account due to the proximity of some activity
carried out within the area of the lower Huallaga River
Watershed. For the calculation of the water quality index, the

Prati index [3] was chosen and for the discussion of results it
was compared with the national standard ECA agua [4].

The water quality evaluation was done using the Grey
Clustering methodology based on the gray system theory [5],
which due to the scarcity of data uses an artificial intelligence
approach [6]. This methodology, because it solves problems
with scarce data, allows its application to other fields of
research [7].

The objective of this study is to evaluate the water quality
in the lower Huallaga river watershed using the Grey
Clustering methodology [5], which allows us to fully assess
the 7 parameters of the Prati index [3] considering 12
monitoring points that cover the area of the lower Huallaga
river watershed [2].

This study has the following structure, it begins in
Section | with the introduction, in Section Il is detailed the
literature review, after that is visualized in Section IlI, the
Grey Clustering methodology, continues with Section IV that
describes the case study. Section V presents the results and
discussions. Finally, Section VI explains the conclusions.

Il. LITERATURE REVIEW

In the research work entitled "Evaluation of water quality
in a watershed in Cusco, Peru using the Grey Clustering
method", they analyzed water quality in an area of mining
influence zone located in the Chonta and Milos micro
watershed using the Grey Clustering method, for which they
established six monitoring stations. The parameters evaluated
were pH, OD, STS, iron and manganese. It was concluded that
only one monitoring station was contaminated despite being a
discharge of treated industrial water from a cyanide
destruction plant [8].

In the article entitled "Application of fuzzy logic to
determine the quality of water bodies in the Rimac River
Watershed", they analyzed the quality of five water bodies in
the Rimac River Watershed which belong to Category 1 A2-
Population and Recreation using the Grey Clustering method.
To select their monitoring points they took data from a
Technical Report on Water Quality Monitoring in the Rimac
River Watershed prepared by the ANA in 2013. After
evaluating the parameters of ph, %02, BOD, COD, STS, NH3
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and NO3, they concluded that the Rimac River Watershed has
an unpolluted water quality [9].

In the research paper entitled "Application of Grey
Clustering Method Based on Improved Analytic Hierarchy
Process in Water Quality Evaluation”, they proposed a Grey
Clustering method based on an improved analytical hierarchy
process to evaluate the water quality of the Qingshui River in
Duyun City, by sampling three water periods (periods of
abundant, normal and deficient flow) in 4 sections of the river.
It was concluded that the water quality of the river belongs to
the superclass 111 according to its regulations, and according to
this the contamination is not serious [10].

In the article entitled "Research on Comprehensive
Evaluation of Air Quality in Beijing Based on Entropy Weight
and Grey Clustering Method", they proposed a Grey
Clustering method with entropy weight to evaluate air quality
in Beijing, in order to obtain more objective results. The
parameters evaluated were PM2.5, PM 10, NO2 and SO2 for
three consecutive quarters. It was concluded that Beijing air
quality in the first quarter is better than the second and third
quarters and that the entropy weight enriched and improved
the Grey Clustering method [7].

In the research work entitled "Environmental conflict
analysis using an integrated grey clustering and entropy-
weight method: A case study of a mining project in Peru"”,
they proposed an approach for ECA using the Grey Clustering
and entropy weighting method to evaluate the social impact of
a mining project in northern Peru. Information was collected
through interviews with three groups: rural population, urban
population and specialists. Three levels of social impact were
established in the surveys: positive, negative and normal. It
was concluded that for the urban population, rural population
and specialists groups, the project would have a positive,
negative and normal impact, respectively. In addition, it was
concluded that the proposed method showed practical results
and potential for application to other types of projects [11].

I1l. METHODOLOGY

A. Choice of Index

The Patri Water Quality Index was chosen because it
considers criteria to evaluate physicochemical parameters,
which are relevant to determine contamination in water
bodies. Seven of the 13 parameters included in the Prati Index
will be evaluated. This index also has ranges for each variable.
Table 1V shows the range of the Prati index of the seven
parameters evaluated and Table Il shows the levels of
contamination according to the Prati scale [3].

B. Grey Clustering Analysis Methodology

This new methodology focuses on the problems that exist
with small and scarce data, thus avoiding uncertain
information. The method is based on developing functions of
Whistenization of Grey Cluster [5].

It is developed in several areas of research; in this case, the

methodology will be used to determine the quality of the water.

Application of Grey Clustering
functions (CTWF) [5].

through triangular
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Step 1: Establish the midpoints of the standard criteria data
intervals, obtaining values for: A1, A2...and AS.

Step 2: Determine the sized values of the sampling data
and the standard criteria data.

Step 3: Determine the
Whitenizacion for each criterion.

triangular  functions of

The number of triangular functions is related to the water
quality index levels for this case. Five functions are proposed
since they are five classes on the Prati scale (A1, A2...and A5),
which are obtained from Eq. 1, 2 and 3, and in addition Fig. 1
shows the graph of the triangular functions.

y

A

Fig. 1. Graph of the Triangular Functions.
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Step 4: Determine the weight of the criteria by using the
harmonic mean, which will be calculated with Eq. 4.
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Step 5: Find the clustering coefficients using Eq. 5.
o = Xj- ff (xip); (5)
Step 6: Find the maximum clustering coefficient to define
which class each station belongs to, applying Eqg. 6.
maxlskss{aik} = O-ik*
(6)
IV. CASE STUDY

This study will focus on the evaluation of the surface water
quality of the Huallaga lower watershed, located between
Loreto region and San Martin as shown in Fig. 2.
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Fig. 2. Monitoring Stations Location Map in the Huallaga Lower Watershed.

In recent vyears, its water quality has significantly
deteriorated, generating conflicts between the population and
the responsible authorities. Given this situation, since 2013 the
ANA has been identifying the main polluting sources, for
subsequent monitoring of water quality with the active
participation of the population [3].

The main sources of contamination are associated with the
domestic sewage discharge, industrial and untreated municipal
wastewater, and also with the bad disposal of solid waste,
product of the development of agricultural, energy, industrial
activities and Wastewater Treatment Plant (WWTP) [14].

A. Definition of Study Objects

The monitoring points were obtained from the
"Participatory Monitoring Report of the quality of surface
water in the Huallaga river watershed" carried out in the
period February - March 2019 by the National Water
Authority [2]. In Fig. 2 shows the location of the monitoring
stations.

From the participatory monitoring report that was carried
out in the Huallaga river watershed [2], for this case study, 12
monitoring points were chosen, located in the lower Huallaga
river watershed, which are shown in Table I.

B. Definition of Evaluation Criteria or Parameters

This study will evaluate 7 water quality parameters of the
lower Huallaga river watershed, in the different monitoring
stations, previously identified by National Water Authority
(ANA by its Spanish acronym). Table Il describes these
parameters.

The field data were obtained from the ‘Participatory
Monitoring Report of the quality of surface water in the
Huallaga river watershed” [2] according to the monitoring
stations mentioned in Table I.

Table 111 details the data of the seven parameters in each
monitoring station.

C. Definition of Grey Classes

The water quality of the lower Huallaga river watershed
will be evaluated, under the contrast with the regulations of
the Environmental Quality Standards for Water (ECA by its
Spanish acronym) established in DS 004-2017-MINAM [4] in
category 3 and category 4, which corresponds to irrigation of
vegetables and drinks of animals and conservation of the
aquatic environment, respectively.
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TABLE I. LOCATION IN UTM COORDINATES OF MONITORING STATIONS
Coordinates UTM WGS 84
Stations Description
|East (m) North (m)

Huallaga River - Approximately 200m upstream from
R-Hual35 embarkation port Chazuta 875175 9213222

Quebrada Tununtunumba - Approximately 400m upstream
Q-Tunul from embarkation port Banda de Chazuta 378855 9213627
R-Para3 mrglrl]:g:rr?v?rver - Approximately 400m before tribute to the 377086 9349348
R-Hual39 E;rzzlrl]zgirljlé?\r/e—rApprOX|mately 700m after tribute to the 375207 9362794

. Shishinahua River - Approximately 180m before tribute to
R-Shis1 the Huallaga River 395311 9376198
i Quebrada Simui-Approximately 500m downstream from the

Q-Simul Fundo 3 Hermanitos dump 373684 9343895
L-Azull Laguna Azul- Approxmately 20m from Sauce district 365213 9260076

wastewater pumping chamber
L-Azulé Approximately in the center of the Blue Lagoon 365497 9259275
Q-Pintl g:eggzzisﬁ’lzu):acu - Approximately 250m before tribute to 357468 9321311

) Caynarachi River - Approximately 50m upstream of the

R-Caynl carriage bridge (Caynarachi district) 357828 9300124
R-Cayn?2 gg;r/jr;alrgartiglgslver - Approximately 20m from Santiago de 389783 9312799

Rio Huallaga - Approximately 200m downstream from
R-Hual36 embarkation port of the town Papaplaya 413176 9313998

TABLE Il.  WATER QUALITY CRITERIA
Parameters Unit
pH -
DBO mg/L
DQO mg/L
Ammonia Nitrogen mg/L
Total Suspended Solids mg/L
Chlorides mg/L
Nitrates mg/L
TABLE Ill.  FIELD DATA
Stations Criteria pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) STS (mg/L) NO3 (mg/L) CI (mg/L)
P1 8.37 1.05 6 6.126 412 16.2 0.631
P2 7.73 1.05 26 0.062 87 0.261 0.512
P3 6.79 1.07 21 0.082 566 13.46 0.493
P4 6.85 1.06 18 0.059 113 2.097 0.951
P5 8.06 3 23 0.003 367 3.263 0.597
P6 7.29 24 97 3.77 12 32.07 0.045
P7 8.4 4 20 0.003 7 112.6 0.076
P8 8.45 2 13 0.03 7 116 0.073
P9 6.93 1.06 11 0.115 46 0.43 0.204
P10 8.45 1.08 42 0.08 24 0.005 501
P11 7.7 1.06 11 0.097 79 0.386 824.4
P12 7.8 1.07 15 0.044 152 0.554 19.83
484|Page

www.ijacsa.thesai.org




(IJACSA) International Journal of Advanced Computer Science and Applications,

In this sense, the Prati Index will be used, which originally
includes 13 parameters, but in this study only 7 parameters
will be used.

In addition, this index establishes six levels of water
contamination, but due to lack of information, only five levels
will be used in this study, which are described in Table 1V and
the range of criteria in Table V.

D. Calculations using Grey Clustering

1) Step 1: Determination of center points: The central
point of the semisum of the range of the Prati Index will be
determined for the five classes (Not contaminated,
Acceptable, Moderately contaminated, Contaminated and
highly contaminated) of the parameters pH, BOD, COD, NH3,
SS, NO3 and CI (see Table VI).

2) Step 2: Data dimensioning: As the evaluated
parameters are in different units, the data must be standardized
or normalized to homogenize the work. The standard Prati
data will be sized and then the sampling data.

TABLE IV.  WATER CONTAMINATION LEVELS - PRATI INDEX

Vol. 12, No. 1, 2021

a) For Prati Standard Data: The mean of the standard
data is obtained for each parameter, which is detailed in
Table VII.

Each value is divided by its respective mean, obtaining
Table VIII.

b) For Sample Data: In the same way, the sample data
is dimensioned. In this case, the data of the parameters are
divided by the mean of the data correctly, which were
calculated in the dimensioning of the Prati data, obtaining
Table 1X and Table X.

CLASS Contamination level Quiality color
M Not contaminated
A2 Acceptable
A3 Moderately contaminated
s Contaminated
As Highly contaminated
TABLE V. RANGE OF THE PRATI INDEX CRITERIA
PRATI INDEX RANGES
Criteria Class
Vi 22 A3 4 A5

pH 6.5-8.0 8-8.4 8.4-9.0 9-10.1 >10.1
DBO (mg/L) | 0.0-1.5 1.5-3.0 | 3.0-6.0 6.0-12.0 >12
DQO (mg/L) | 0-10 10-20 20-40 40-80 >80
NH; (mg/L) 0-0.1 0.1-0.3 | 0.3-0.9 0.9-2.7 >2.7
STS (mg/L) 0-20 20-40 40-100 100-278 >278
NO3 (mg/L) 0-4 4-12 12-36 36-108 >108
Cl (mg/L) 0-50 50-150 | 150-300 300-620 >620

TABLE VI.  CENTRAL POINTS OF THE PRATI INDEX RANGES
Parametro PRATI INDEX STANDARD DATA
Clase A P A3 Ay s
pH 7.25 8.2 8.7 9.55 10.4
DBO (mg/L) 0.75 2.25 4.5 9 135
DQO (mg/L) 5 15 30 60 90
NH; (mg/L) 0.05 0.2 0.6 18 3
STS (mg/L) 10 30 70 189 308
NO; (mg/L) 2 8 24 72 120
Cl (mg/L) 25 100 225 460 695

TABLE VII. MEAN OF THE STANDARDS DATA OF THE PRATI INDEX
iteri PRATI INDEX STANDARD DATA
CCT':sSna Al A2 A3 py:! AS MEDIA
pH 7.25 8.2 8.7 9.55 10.4 8.82
DBO (mg/L) 0.75 2.25 45 9 135 6
DQO (mg/L) 5 15 30 60 90 40
NH3 (mg/L) 0.05 0.2 0.6 1.8 3 1.1
STS (mg/L) 10 30 70 189 308 121.4
NO3 (mg/L) 2 8 24 72 120 45.2
CI (mg/L) 25 100 225 460 695 301
TABLE VIIl. DATA DIMENSIONING
Criteria DATOS ADIMENSIONADOS
Class M e A3 'y As
pH 0.8220 0.9297 0.9864 1.0828 1.1791
DBO (mg/L) 0.1250 0.3750 0.7500 1.5000 2.2500
DQO (mg/L) 0.1250 0.3750 0.7500 1.5000 2.2500
NH; (mg/L) 0.0442 0.1770 0.5310 1.5929 2.6549
STS (mg/L) 0.0824 0.2471 0.5766 1.5568 2.5371
NO; (mg/L) 0.0442 0.1770 0.5310 1.5929 2.6549
ClI (mg/L) 0.0831 0.3322 0.7475 1.5282 2.3090
TABLE IX. MEAN OF THE ACTUAL DATA
Station DBO DQO NH3 STS NO3 Cl
Criteria pH (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
P1 8.37 1.05 6 6.126 412 16.2 0.631
P2 7.73 1.05 26 0.062 87 0.261 0.512
P3 6.79 1.07 21 0.082 566 13.46 0.493
P4 6.85 1.06 18 0.059 113 2.097 0.951
P5 8.06 3 23 0.003 367 3.263 0.597
P6 7.29 24 97 3.77 12 32.07 0.045
P7 8.4 4 20 0.003 7 112.6 0.076
P8 8.45 2 13 0.03 7 116 0.073
P9 6.93 1.06 11 0.115 46 0.43 0.204
P10 8.45 1.08 42 0.08 24 0.005 501
P11 7.7 1.06 11 0.097 79 0.386 824.4
P12 7.8 1.07 15 0.044 152 0.554 19.83
MEDIA | 8.82 6.0 40 11 121.4 45.2 301
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TABLE X.  REAL DATA DIMENSIONING

REAL DATA DIMENSIONING FROM EACH MONITORING POINT
Criteria Station

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
pH 0.9490 | 0.8764 0.7698 0.7766 0.9138 0.8265 0.9524 0.9580 0.7857 0.9580 0.8730 0.8844
DBO (mg/L) | 0.1750 | 0.1750 0.1783 0.1767 0.5000 4.0000 0.6667 0.3333 0.1767 0.1800 0.1767 0.1783
DQO (mg/L) | 0.1500 | 0.6500 0.5250 0.4500 0.5750 2.4250 0.5000 0.3250 0.0275 1.0500 0.2750 0.3750
NH3 (mg/L) 5.4212 | 0.0549 0.0726 0.0522 0.0027 3.3363 0.0027 0.0265 0.1018 0.0708 0.0858 0.0389
STS (mg/L) 3.3937 | 0.7166 4.6623 0.9308 3.0231 0.0988 0.0577 0.0577 0.3789 0.1977 0.6507 1.2521
NO3 (mg/L) | 0.3584 | 0.0058 0.2978 0.0464 0.0722 0.7095 2.4912 2.5664 0.0095 0.0001 0.0085 0.0123
Cl (mg/L) 0.0021 | 0.0017 0.0016 0.0032 0.0020 0.0001 0.0003 0.0002 0.0007 1.6645 2.7389 0.0659

3) STEP 3: Determination of triangular functions: The
Grey Clustering method is applied to analyze the different
criteria and comprehensively evaluate the water body. They
are triangular functions and are divided into five classes: A1,
A2, A3, A4 and AS. The following describes for the criteria
"pH" its triangular functions with their respective
correspondence rules and their graph (see Fig. 3).

1,x €[0,0.8220]

0.9297 —x

i) = ——
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0,x ¢ [0.8220,0.9864]

x — 0.8220
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In the same way, the functions and graphs are proposed for
the remaining criteria. Next, Table XI shows the result of the
data evaluated in each of the triangular functions of the
criteria, for each sampling station.

4) STEP 4: Determination of the weight of the criteria or
parameters: Objective weights are assigned through the use of
"Harmonic Mean".

From the standard dimensioned data, this data is inverted
and added for each class (lambda 1, 2, 3, 4 and 5) as a result,
Table XII is generated and the weights of each parameter
criterion are shown in the Table XIII.

5) STEP 5: Determination of the clustering coefficient:
Now each value of the parameter is multiplied by its
respective weight for each class (lambda 1,2,3,4 and 5) and
the total of the function is added. For each point, 5 values will
be obtained, one per function and the result is shown in
Table XIV.

6) STEP 6: Results using Max. Clustering coefficient: The
results of each station are evaluated, the highest of the values
defines the class and the level of water contamination for the
monitoring point from which the sample was obtained. The
Classes are related to a Pollution Level, the relationship is the
following Table XV.

The results of the maximum clustering coefficient are
shown in Table XVI.
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Fig. 3. Graph of the Triangular Functions for the Criterion "pH".
TABLE XI.  RESULT OF THE DATA EVALUATED IN THE GREY CLUSTERING FUNCTIONS FOR EACH MONITORING STATION

P1

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L)
flj(x) 0,0000 0,8000 0,9000 0,0000 0,0000 0,0000 1,0000
2j(x) 0,6596 0,2000 0,1000 0,0000 0,0000 0,4876 0,0000
f3j(x) 0,3404 0,0000 0,0000 0,0000 0,0000 0,5124 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 0,0000 0,0000 1,0000 1,0000 0,0000 0,0000

P2

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L)
f1j(x) 0,4949 0,8000 0,0000 0,9194 0,0000 1,0000 1,0000
2j(x) 0,5051 0,2000 0,2666 0,0806 0,0000 0,0000 0,0000
f3j(x) 0,0000 0,0000 0,7334 0,0000 0,8572 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,1428 0,0000 0,0000
5(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

P3

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L)
flj(x) 1,0000 0,7868 0,0000 0,7861 0,0000 0,0000 1,0000
2j(x) 0,0000 0,2132 0,6000 0,2139 0,0000 0,6587 0,0000
f3j(x) 0,0000 0,0000 0,4000 0,0000 0,0000 0,3413 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 0,0000 0,0000 0,0000 1,0000 0,0000 0,0000

P4

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L)
f1j(x) 1,0000 0,7932 0,0000 0,9397 0,0000 0,9834 1,0000
2j(x) 0,0000 0,2068 0,8000 0,0603 0,0000 0,0166 0,0000
f3j(x) 0,0000 0,0000 0,2000 0,0000 0,6386 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,3614 0,0000 0,0000
5j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000

P5

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L)
fLj(x) 0,1476 0,0000 0,0000 1,0000 0,0000 0,7891 1,0000
2j(x) 0,8524 0,6666 0,4666 0,0000 0,0000 0,2109 0,0000
f3j(x) 0,0000 0,3334 0,5334 0,0000 0,0000 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 0,0000 0,0000 0,0000 1,0000 0,0000 0,0000

P6
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CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L)
f1j(x) 0,9582 0,0000 0,0000 0,0000 0,9004 0,0000 1,0000
2j(x) 0,0418 0,0000 0,0000 0,0000 0,0996 0,0000 0,0000
f3j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,8319 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,1681 0,0000
5j(x) 0,0000 1,0000 1,0000 1,0000 0,0000 0,0000 0,0000
P7
CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L)
f1j(x) 0,0000 0,0000 0,0000 1,0000 1,0000 0,0000 1,0000
2j(x) 0,5996 0,2221 0,6666 0,0000 0,0000 0,0000 0,0000
3j(x) 0,4004 0,7779 0,3334 0,0000 0,0000 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,1541 0,0000
5(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,8459 0,0000
P8
CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L)
flj(x) 0,0000 0,1668 0,2000 1,0000 1,0000 0,0000 1,0000
2j(x) 0,5000 0,8332 0,8000 0,0000 0,0000 0,0000 0,0000
f3j(x) 0,5000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0833 0,0000
5j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,9167 0,0000
P9
CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L)
f1j(x) 1,0000 0,7932 1,0000 0,5663 0,0000 1,0000 1,0000
2j(x) 0,0000 0,2068 0,0000 0,4337 0,6000 0,0000 0,0000
f3j(x) 0,0000 0,0000 0,0000 0,0000 0,4000 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
P10
CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L)
fLj(x) 0,0000 0,7800 0,0000 0,7997 0,3000 1,0000 0,0000
2j(x) 0,5000 0,2200 0,0000 0,2003 0,7000 0,0000 0,0000
f3j(x) 0,5000 0,0000 0,6000 0,0000 0,0000 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,4000 0,0000 0,0000 0,0000 0,8254
5j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,1746
P11
CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L)
f1j(x) 0,5265 0,7932 0,4000 0,6867 0,0000 1,0000 0,0000
2j(x) 0,4735 0,2068 0,6000 0,3133 0,0000 0,0000 0,0000
f3j(x) 0,0000 0,0000 0,0000 0,0000 0,9244 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,0756 0,0000 0,0000
5j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0000
P12
CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L)
flj(x) 0,4206 0,7868 0,0000 1,0000 0,0000 1,0000 1,0000
2j(x) 0,5794 0,2132 1,0000 0,0000 0,0000 0,0000 0,0000
f3j(x) 0,0000 0,0000 0,0000 0,0000 0,3108 0,0000 0,0000
f4j(x) 0,0000 0,0000 0,0000 0,0000 0,6892 0,0000 0,0000
5j(x) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
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TABLE XII.  INVERSE OF THE DIMENSIONED STANDARD DATAS
Criteria M | X | 2 Ay As
Class

pH 1,2166 1,0756 1,0138 0,9236 0,8481

DBO (mg/L) 8,0000 2,6667 1,3333 0,6667 0,4444
DQO (mg/L) 8,0000 2,6667 1,3333 0,6667 0,4444

NH; (mg/L) 22,6000 5,6500 1,8833 0,6278 0,3767

STS (mg/L) 12,1400 4,0467 1,7343 0,6423 0,3942

NO; (mg/L) 22,6000 5,6500 1,8833 0,6278 0,3767

Cl (mg/L) 12,0400 3,0100 1,3378 0,6543 0,4331
SUMA 86,5966 24,7656 10,5192 4,8091 3,3175

TABLE XIIl. WEIGHTS OF EACH CRITERION OR PARAMETER
WEIGHTS OF EACH CRITERION BY WATER QUALITY LEVEL
Criteria M A, A3 Ay As
Class

pH 0,0140 0,0434 0,0964 0,1920 0,2556

DBO (mg/L) 0,0924 0,1077 0,1268 0,1386 0,1340

DQO (mg/L) 0,0924 0,1077 0,1268 0,1386 0,1340

NH; (mg/L) 0,2610 0,2281 0,1790 0,1305 0,1135

STS (mg/L) 0,1402 0,1634 0,1649 0,1336 0,1188

NO; (mg/L) 0,2610 0,2281 0,1790 0,1305 0,1135

Cl (mg/L) 0,1390 0,1215 0,1272 0,1361 0,1305

TABLE XIV. RESULTS OF THE FUNCTIONS FOR EACH STATION

P1

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) STS (mg/L) NO3 (mg/L) CI (mg/L) Result
f1j(x) 0,0000 | 0,8000 0,9000 0,0000 0,0000 0,0000 1,0000 0,2961
2j(x) 0,6596 | 0,2000 0,1000 0,0000 0,0000 0,4876 0,0000 0,1722
3j(x) 0,3404 | 0,0000 0,0000 0,0000 0,0000 0,5124 0,0000 0,1245
f4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 | 0,0000 0,0000 1,0000 1,0000 0,0000 0,0000 0,2323
P2

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) STS (mg/L) NO3 (mg/L) Cl (mg/L) Result
f1j(x) 0,4949 | 0,8000 0,0000 0,9194 0,0000 1,0000 1,0000 0,7208
2j(x) 0,5051 | 0,2000 0,2666 0,0806 0,0000 0,0000 0,0000 0,0906
3j(x) 0,0000 | 0,0000 0,7334 0,0000 0,8572 0,0000 0,0000 0,2343
4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,1428 0,0000 0,0000 0,0191
5j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
P3

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) STS (mg/L) NO3 (mg/L) CI (mg/L) Result
f1j(x) 1,0000 | 0,7868 0,0000 0,7861 0,0000 0,0000 1,0000 0,4309
2j(x) 0,0000 | 0,2132 0,6000 0,2139 0,0000 0,6587 0,0000 0,2866
3j(x) 0,0000 | 0,0000 0,4000 0,0000 0,0000 0,3413 0,0000 0,1118
f4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 | 0,0000 0,0000 0,0000 1,0000 0,0000 0,0000 0,1188
P4

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) STS (mg/L) NO3 (mg/L) Cl (mg/L) Result
f1j(x) 1,0000 | 0,7932 0,0000 0,9397 0,0000 0,9834 1,0000 0,7283
2j(x) 0,0000 | 0,2068 0,8000 0,0603 0,0000 0,0166 0,0000 0,1260
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3j(x) 0,0000 | 0,0000 0,2000 0,0000 0,6386 0,0000 0,0000 0,1306
f4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,3614 0,0000 0,0000 0,0483
5j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
P5

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) STS (mg/L) NO3 (mg/L) CI (mg/L) Result
f1j(x) 0,1476 | 0,0000 0,0000 1,0000 0,0000 0,7891 1,0000 0,6080
2j(x) 0,8524 | 0,6666 0,4666 0,0000 0,0000 0,2109 0,0000 0,2072
3j(x) 0,0000 | 0,3334 0,5334 0,0000 0,0000 0,0000 0,0000 0,1099
4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 | 0,0000 0,0000 0,0000 1,0000 0,0000 0,0000 0,1188
P6

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L) Result
f1j(x) 0,9582 | 0,0000 0,0000 0,0000 0,9004 0,0000 1,0000 0,2787
2j(x) 0,0418 | 0,0000 0,0000 0,0000 0,0996 0,0000 0,0000 0,0181
3j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,8319 0,0000 0,1489
f4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,1681 0,0000 0,0219
5j(x) 0,0000 | 1,0000 1,0000 1,0000 0,0000 0,0000 0,0000 0,3815
P7

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L) Result
f1j(x) 0,0000 | 0,0000 0,0000 1,0000 1,0000 0,0000 1,0000 0,5402
2j(x) 0,5996 | 0,2221 0,6666 0,0000 0,0000 0,0000 0,0000 0,1217
3j(x) 0,4004 | 0,7779 0,3334 0,0000 0,0000 0,0000 0,0000 0,1794
4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,1541 0,0000 0,0201
5j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,8459 0,0000 0,0960
P8

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L) Result
f1j(x) 0,0000 | 0,1668 0,2000 1,0000 1,0000 0,0000 1,0000 0,5741
2j(x) 0,5000 | 0,8332 0,8000 0,0000 0,0000 0,0000 0,0000 0,1976
3j(x) 0,5000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0482
4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0833 0,0000 0,0109
5j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,9167 0,0000 0,1041
P9

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L) Result
f1j(x) 1,0000 | 0,7932 1,0000 0,5663 0,0000 1,0000 1,0000 0,7275
2j(x) 0,0000 | 0,2068 0,0000 0,4337 0,6000 0,0000 0,0000 0,2193
3j(x) 0,0000 | 0,0000 0,0000 0,0000 0,4000 0,0000 0,0000 0,0659
4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
5j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
P10

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) Cl (mg/L) Result
f1j(x) 0,0000 | 0,7800 0,0000 0,7997 0,3000 1,0000 0,0000 0,5838
2j(x) 0,5000 | 0,2200 0,0000 0,2003 0,7000 0,0000 0,0000 0,2055
3j(x) 0,5000 | 0,0000 0,6000 0,0000 0,0000 0,0000 0,0000 0,1242
f4j(x) 0,0000 | 0,0000 0,4000 0,0000 0,0000 0,0000 0,8254 0,1678
5j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,1746 0,0228
P11

CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L) Result
f1j(x) 0,5265 | 0,7932 0,4000 0,6867 0,0000 1,0000 0,0000 0,5578
2j(x) 0,4735 | 0,2068 0,6000 0,3133 0,0000 0,0000 0,0000 0,1789
3j(x) 0,0000 | 0,0000 0,0000 0,0000 0,9244 0,0000 0,0000 0,1524
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f4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0756 0,0000 0,0000 0,0101
f5j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 1,0000 0,1305
P12
Result
CRITERION pH DBO (mg/L) DQO (mg/L) NH3 (mg/L) SS (mg/L) NO3 (mg/L) CI (mg/L)
f1j(x) 0,4206 | 0,7868 0,0000 1,0000 0,0000 1,0000 1,0000 0,7396
2j(x) 0,5794 | 0,2132 1,0000 0,0000 0,0000 0,0000 0,0000 0,1558
£3j(x) 0,0000 | 0,0000 0,0000 0,0000 0,3108 0,0000 0,0000 0,0512
f4j(x) 0,0000 | 0,0000 0,0000 0,0000 0,6892 0,0000 0,0000 0,0921
15j(x) 0,0000 | 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
TABLE XV. PRATI INDEX LEVELS Furthermore, considering a study conducted in Cuzco [8],
which mentions that the anthropogenic activity generated
CLASS Contamination level Quality color contamination of the surrounding banks through the effluents
P Not contaminated emitted, in the case of study, and mainly at point P6, there is a
A Acceptable landfill of Fu_ndo_ 3 herma_mltos and this is probably the cause
. of the contamination of this study area.
A3 > Moderately contaminated
IS Contaminated Finally, according to the evaluation of water bodies in the
S Highly contaminated Rimac River basin [9], where 5 representative monitoring

TABLE XVI. WATER QUALITY RESULTS AT MONITORING STATIONS

Estation Class A A, A3 Ay As

P1 0,2961 0,1722 0,1245 | 0,0000 0,2323
P2 0,7208 0,0906 0,2343 | 0,0191 0,0000
P3 0,4309 0,2866 0,1118 | 0,0000 0,1188
P4 0,7283 0,1260 0,1306 | 0,0483 0,0000
P5 0,6080 0,2072 0,1099 | 0,0000 0,1188
P6 0,2787 0,0181 0,1489 | 0,0219 0,3815
P7 0,5402 0,1217 0,1794 | 0,0201 0,0960
P8 0,5741 0,1976 0,0482 | 0,0109 0,1041
P9 0,7275 0,2193 0,0659 | 0,0000 0,0000
P10 0,5838 0,2055 0,1242 | 0,1678 0,0228
P11 0,5578 0,1789 0,1524 | 0,0101 0,1305
P12 0,7396 0,1558 0,0512 | 0,0921 0,0000

V. RESULTS AND DISCUSSION

It was possible to obtain the results of the evaluation of the
water quality in the lower basin of the Huallaga river, which
from the monitoring points P1, P2, P3, P4, P5, P7, P8, P9, P11
and P12 shown in Table XVI, have the category level
"Unpolluted"”, these have the lowest water quality rating of the
Prati index. However, point P6 shown in Table XVI is in the
"Highly contaminated" class, which is why it turns out to be
the worst quality monitoring point according to the Prati scale.

In addition, taking into consideration the "Participatory
Monitoring Report on the quality of surface water in the
Huallaga River Basin" [2], it results in exceeding the ECA 3-
subcategory D1 [4], in two parameters (BOD, COD), from
which it is concluded that this methodology used is reliable.

E The order of contamination of the 12 monitoring points,
from the highest to the lowest according to the results obtained
in Table XVI is shown below. P6> P12 > P4 > P9 > P2 > P5 >
P10 >P8 > P11 >P7 >P3>P1.

points are mentioned "downstream", then, from that, in the
case of study, the evaluation of 12 representative points will
be carried out, since as more monitoring points the uncertainty
about the water quality in the study area decreases
considerably and an approximate result of the quality is
evidenced. Of the water of the conditions of the section of
interest.

A. About the Methodology

Multi-criteria analysis approaches such as Delphi [12] [13]
and AHP [14][15], do not consider a degree of uncertainty,
because of the importance of the criteria they take into account
for the analysis.

In addition, in the assessment of water bodies in the Rimac
River [9], they mention that the monitoring points belong to
Category 1 A2- Population and Recreation using the Grey
Clustering method, so the methodology is similar to the
Peruvian RCTs [4], Therefore, in our study, when the results
of the application of the Grey Clustering and the results of the
participatory monitoring in the 12 monitoring points were
compared, in fact it was evident that they complied with the
RCT on water [4] in 11 of the points, and in P6 they did not
comply with national standards, thus inferring that the results
obtained were much more reliable.

Puntos dz monitorzo VE Miximo coeficienta da C.

hsterizacion

Maximo cocficiens ds €

Pl P2 P3 P4 PS5 PG F7 P8 F3  PID P11 P12

Puntos d= monitorzo

Fig. 4. Displays the Monitoring Points vs the Maximum Clustering
Coefficients.
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Finally, this method was used because according to the
study conducted on the water quality of the Qingshui River in
the city of Duyun, China [10], and compared to the results
produced by other methods, it turns out to be more scientific
and reasonable and can provide a basis for the evaluation of
water quality and the management of the water environment in
any space where it is carried out.

V1. CONCLUSION

The water quality of eleven monitoring stations in the
Lower Huallaga River Watershed is in the "Uncontaminated"
category of the Prati Index, according to the following
hierarchy from highest to lowest quality: P-12 > P-4 > P-9 >
P-2 > P-5 > P-10 > P-8 > P-11 > P-7 > P-3 > P-1, deducing
that the development of economic activities surrounding these
water bodies is not significantly affecting their quality. While
the P-6 monitoring station is in the "Highly contaminated”
category, this is due to its proximity to a dump, where
domestic, municipal and industrial waste is generally disposed
of, the most contaminating being hospital waste.

In this work, the Grey Clustering methodology will be
used, since the evaluation of water quality is the result of
multiple criteria and in many cases we work with little data
and little information, therefore, statistical methods are not
suitable for this type of evaluation because they present a
certain degree of uncertainty, however, Gray's method works
by prioritizing the criteria, that is, it calculates weights to the
criteria.

Grey Clustering gives us more reliable results, so it is
beneficial to apply this methodology in studies of water
quality, air, soil, biodiversity, landscape; as well as the
application to other fields of study such as economics,
sociology. However, it is laborious to increase the number of
monitoring points, so it could be simplified using a
programming language.
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