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INTRODUCTION

Lagoons are one of the world’s most impor-
tant ecosystems because of the natural heritage 
they contain. They provide a range of ecosystem 
goods and services, including habitats for many 
endemic aquatic species and birds, resting and 
breeding grounds for a wide variety of migratory 
birds, scenic landscape beauty, and ecosystem ser-
vices for the communities directly dependent on 
these ecosystems [Guswa et al. 2014]. However, 
these ecosystems become vulnerable to various 
sources of pollution. The water quality in these 
ecosystems is determined by various interactions 

of natural and anthropogenic factors [Lake et al. 
2017]. The increase in industrial, fishing, agricul-
tural and recreational activities generate changes 
in water quality due to cumulative effects, caus-
ing great economic and ecological losses [Lee et 
al. 2018]. 

In most Latin American countries, the water-
shed management is inadequate and water pol-
lution is a major concern [Alvarez-Mieles et al. 
2013]. The main pollutants identified include 
heavy metals, which are very harmful due to their 
toxicity, persistence and possible bioaccumulation 
and biomagnification in the food chain. In Peru, 
as in other countries, the aquatic pollution levels 
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ABSTRACT
The spatial-temporal variability characterizing the water quality of high Andean lagoons for tourist use was evalu-
ated using multivariate statistical methods during 2017 and 2018. The water samples were collected from 14 sam-
pling sites, with three replicates each. The water quality indicators determined were: pH, temperature, DO, COD, 
BOD5, P, N, Fe, Cu, Cr, Cd, Pb, Zn and chlorophyll-a. The flat cluster analysis (k R cluster) according to Ward’s 
algorithm showed six significantly differentiated groups (α=0.01). In turn, the real similarity profile (SIMPROF) 
moves markedly away from the obtained low permutation with a large excess of Euclidean similarity with a Pi 
value of 0.627. The PCA showed that the first two components recommended by the sedimentation analysis (Scree 
test) indicated 61.52% of the total variation of the observations. According to the Spearman range correlation se-
lection criterion, the variables that best interpret the sample distributions are COD, DTS, P, Cd and Zn with a cor-
relation of 0.893, the DTS being the most important variable with a correlation value of 0.795. The PERMANOVA 
analysis according to the flat cluster factor indicated that at least one of the groups is different from the others in 
relation to the levels of physicochemical characteristics studied. Therefore, all the configured groups are statisti-
cally different, demonstrating that each lagoon is different in relation to its physicochemical indicators, according 
to the season in which it is found.
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are increasing rapidly [Eda and Chen 2010; Mon-
roy et al. 2014]. The availability of good quality 
water is affected by the intensification of anthro-
pogenic activities that undermine the suitability 
of water for its various uses as well as affect the 
human well-being and health, biotic integrity, the 
functioning of ecosystems and their services.

The high Andean lagoons in the Junín region 
are used mainly for the cultivation of Oncorhyn-
chus mykiss and tourist activity. The Tragadero, 
Paca and Ñahuinpuquio lagoons are used exclu-
sively for tourism. The great flow of tourists that 
arrive at Tragadero Lagoon comes for bird watch-
ing, since this body of water is a reference sta-
tion for migratory birds. In the three lagoons, the 
tourist activity has given rise to urban expansion 
generated by human settlement and industries of 
different kinds. This exerts strong pressure on 
the water quality of these ecosystems due to the 
construction of drains, dumps, silos, animal hus-
bandry and extraction of water for various uses.

The water quality assessment has been imple-
mented by government institutions for some years 
[MINEN Ministry of the Environment 2017]. To 
date, conventional methodologies are still being 
used to monitor the spatial-temporal variations in 
the physicochemical water quality. The measure-
ment of multiple indicators in different sectors 
and sampling sites with several repetitions gener-
ates a complex data matrix with a large number 
of physical-chemical indicators, which is often 
difficult to provide a representative and reliable 
estimation conclusion. In recent years, suitable 
methods have been developed for analysing and 
interpreting this complex data set, such as mul-
tivariate methods [Rencher and William 2012]. 
These methods are widely used in the interpreta-
tion of complex data matrices in the assessment 
of water quality, as they allow both to identify 
the spatial and temporal patterns of variation in 
water quality.

In this context and considering that water 
quality is one of the important factors in hu-
man health and ecosystems. It is necessary and 
important to have reliable information on the 
threat faced by the water quality of Tragadero, 
Paca and Ñahuinpuquio lagoons in order to direct 
management strategies and control of water re-
source contamination. In this sense, the objective 
of this study was to evaluate the spatial-temporal 
variability of the water quality of high Andean 

lagoons for tourist use through multivariate sta-
tistical methods, during 2017 and 2018.

MATERIAL AND METHODS

Description of study area

The lagoons considered in the study are locat-
ed in the Mantaro river basin in the Central Andes 
of Peru, between latitudes: 10° 34̍ S – 13° 35̍ 
S and longitudes: 73° 55̍ W – 76° 40̍ W [Cus-
todio et al. 2018]. Tragadero and Paca lagoons 
are located in the Jauja province of the Junín re-
gion (Figure 1). The Paca Lagoon is located at 
3418 meters above sea level, has an extension 
of 21.40 km² and a capacity of 85000 m³. Hotels 
and restaurants were established at the southern 
end of the lagoon. During the weekends, a large 
number of tourists arrive to enjoy the scenery and 
walk through its waters. The Tragadero Lagoon 
is located at an altitude of 3460 meters above sea 
level, in the micro watershed of the Yanamarca 
River. It has a sub-humid climate, with an average 
temperature of 11.9°C and an annual rainfall of 
704 mm. The central part of the lagoon is covered 
by Scirpus californicus and Eichhornia crassipes. 
The depth of the water is variable and depends on 
the rainy season and its tributary. It has an aver-
age depth of 1.2 m at most sampling points, ex-
cept in the central part where the depth is 2.5 m. 
The Ñahuinpuquio lagoon is located in the prov-
ince of Chupaca at 3430 masl, has a maximum 
depth of 25 m, extension of 600 m long by 400 m 
wide, with an average temperature of 12°C.

Selection criteria and location 
of sampling stations

The criteria for the location of the sampling 
stations were defined according to the represen-
tativeness of the area in terms of the influence 
of tourist activity. In the Tragadero and Ñahuin-
puquio lagoons, four sampling stations were es-
tablished in each of them and six in Paca Lagoon 
six. The stations coincide for in situ determina-
tion of the physicochemical water indicators and 
water sampling for indication of nitrates, total 
phosphorus, COD, BOD5, heavy metals and chlo-
rophyll-a. All stations were georeferenced using a 
GPS satellite positioner.
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COLLECTION AND ANALYSIS OF WATER 
SAMPLES 

Determination of physicochemical 
indicators in situ and chlorophyll-a

The water samples were collected at 14 sam-
pling stations, with three repetitions at each, dur-
ing 2017 and 2018. Dissolved oxygen (DO), dis-
solved total solids (DTS), electrical conductivity 
(EC), temperature and pH were determined in situ 
using portable Hanna Instruments (HI 991301 
Microprocessor pH/temperature, HI 9835 Micro-
processor Conductivity/ TDS and HI 9146 Micro-
processor dissolved oxygen). The water samples 
were also collected at a depth of 20 cm in two-
litre bottles for the determination of nitrates, total 
phosphorus, chemical oxygen demand (COD), 
biochemical oxygen demand (BOD5) and heavy 
metals. They were previously treated with a 1:1 
solution of hydrochloric acid and rinsed with 

distilled water. The water samples were also col-
lected in amber vials for the determination of 
chlorophyll-a. The preservation and transport of 
the water samples to the laboratory for analysis 
were performed according to the standard method 
[APHA 2012]. 

The determination of chlorophyll-a was 
performed with the Aquaprobe AP-5000 mul-
tiparametric water quality probe using the 
2000/5000-CPHYLL optical electrode. Previ-
ously, the sensitivity of the electrode was estab-
lished with a calibration solution of 500 µg/L of 
WT Rhodamine, prepared from 200 g/L of stock 
solution using deionized water. 

Determining heavy metals

The preparation of the sample consisted in 
boiling 250 ml of water to a final volume of 100 
ml. Then, 5 ml of ultra-pure hydrochloric acid 
(supplied by Merck Germany) was added in order 

Figure 1. Location of sampling stations in the lagoons evaluated
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to achieve complete oxidation and reduce inter-
ferences that could be caused by organic matter. 
The sample was brought to the boil again (un-
til the water was consumed). It was cooled and 
then 10 ml of distilled water was added, filtered 
and gauged in a 100 ml pan with 1% nitric acid 
[APHA/AWWA/WEF 2012]. The concentration 
of copper, zinc, iron, lead, cadmium and chromi-
um (mg/L), was determined with the method of 
atomic absorption spectrophotometry by flame, 
according to the methodology recommended by 
FAO [Custodio et al. 2019], using an AA-6800 
Atomic Absorption Spectrophotometer, Shimad-
zu brand. Previously, the calibration curve was 
elaborated from the standard solutions for Pb, Cu, 
Fe, Zn, Cd and Cr supplied by Merck with the 
highest purity level (99.98%).

Data analysis 

The data were analyzed through Primer V 
7 and PAST V 3.0 software. The authors deter-
mined the presence of groups with the similarity 
profile test (SIMPROF), which were tested spa-
tially and temporally [Clarke et al. 2008], verify-
ing the dissection of subgroups by means of hier-
archical cluster analysis for non-parametric anal-
ysis [Gray et al. 1988]. From the value defined by 
the number of groups generated a priori, the flat 
grouping (k-R grouping) was used; which uses a 
combination of ANOSIM R and similarity analy-
sis (SIMPROF) to determine the optimal value of 
k (number of groups) in which the samples should 
be grouped, all in accordance with the similarity 
measures of Euclidian distances.

Once the SIMPROF groups were defined 
and analyzed, the analysis of main components 
(PCA) of normalized data of the physicochemical 
parameters of water [Yoon et al. 2016] was car-
ried out to generate perceptual maps. The Scree 
plot analysis allowed access to the components 
that explain the greater variability in the data 
and with it determine the distances of similarity 
between the groupings by sites. PERMANOVA 
analysis [Beyer et al. 2011], using unrestricted 
permutations of normalized data, was performed 
to test the significant differences given by the 
SIMPROF analysis. Peer testing was employed 
to determine which sites given by the SIMPROF 
cluster were significantly different. Spearman cor-
relation coefficients were tested for each element 
concentration in the samples by zones and sea-
son [Wunderlin et al. 2001], as it is more robust 

to nonparametric distributions. BEST analysis 
was used to select the subsets of data in a matrix 
that best correspond to the multivariate pattern 
of samples to identify which individual abiotic 
variables, and which ranges of their values, ap-
pear to be responsible for discriminating between 
different groupings of assemblages. 

RESULTS AND DISCUSSION

Table 1 shows the mean and standard devia-
tion of water quality indicators of tourist lagoons 
(Paca, Tragadero and Ñahuinpuquio) in the Cen-
tral Andes of Peru, according to the sampling pe-
riod (2017 and 2018). The mean pH of the water 
during this period ranged from 6.78 in the Paca 
Lagoon to 8.74 in the Tragadero Lagoon, placing 
it in the D level range according to the Philippine 
water quality standard for navigable use [De-
partment of Enviroment and Natural Resources 
Philippine 2016]. Likewise, the average pH ob-
tained was compared with the guidelines for wa-
ter intended for human consumption of the World 
Health Organization [WHO 2011], with the cri-
teria for aquatic life of the Canadian Council of 
Ministers of the Environment [CCME 2007], and 
with the environmental quality standards for wa-
ter of the Ministry of the Environment of Peru 
[MINEN 2017], the latter two revealing that pH 
is in the natural range for life and its various uses. 
However, they exceeded the range of the WHO 
guidelines (6.5–8.5). According to this interna-
tional organization, the pH has a direct impact 
on the users of recreational activities; very low 
or very high values can lead to harmful effects 
on the skin and eyes [WHO 2003]. It is impor-
tant to maintain the pH values above six so that 
the higher percentage of nitrogen during the de-
nitrification process is not released in the form 
of nitrous oxide, as this has a negative impact on 
the quality of the aquatic environment [Custodio 
et al. 2018]. In addition, no significant differ-
ences in pH values were found between sites and 
sampling period.

Electrical conductivity (EC) ranged from 
215 µS/cm in the Ñahuinpuquio lagoon to 
295 µS/cm in the Tragadero lagoon; the high-
est average EC values were recorded during 
the year 2018. However, these values do not 
exceed the water quality standards of the MIN-
EN for its various uses; nor do they exceed the 
values of the Philippine norm for navigable use 
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(0–1500 µS/cm) [Department of Enviroment and 
Natural Resources Philippine 2016; WHO 2011]. 
The increase in the average EC values recorded 
during 2018 is due to the scarce rainfall in the 
Central Andes of Peru during that year and to the 
extraction of water carried out by the local pop-
ulation in the periods of absence of rainfall for 
irrigating the agricultural areas. The decrease in 
the water level tends to concentrate ions and, as a 
consequence, increase the EC [Kara et al. 2017]. 
The DTS values ranged from 2.10 mg/L in Ña-
huinpuquio lagoon to 9.40 mg/L in Tragadero la-
goon, with mean values that followed this behav-
ior. However, these results in the three lagoons 
are low compared to the WHO quality standards 
[WHO 2006], which indicate that the concentra-
tions below 600 mg/L are generally considered 
good for human consumption.

The recorded BOD5 and COD values showed 
a range of variation between the sampling sites of 
the three lagoons. In particular, the Tragadero la-
goon recorded the values that exceeded the water 
quality standards for recreational activities of the 
MINEN, above all, in the sites near the tributary 
river, which provides wastewater from the human 
settlements located along the river. These results 
reveal organic contamination and are supported 
by Goher et al. (2014) who refer to urban and in-
dustrial wastewater inputs as important sources 

of organic pollutants. The DO values at all sam-
pling sites in the three lagoons were in the range 
of Peruvian water quality standards and CCME 
[CCME 2007] water quality criteria for the suit-
ability of aquatic life. The temperature data re-
corded in the three lagoons were uniform in most 
of the evaluated sites, with the exception of the 
Tragadero lagoon, where a higher temperature 
was recorded. 

The nitrate values recorded in the evaluated 
lagoons did not exceed the threshold value of the 
MINEN water quality standards for its various 
uses, including the recreational use of primary or 
secondary contact. In contrast, the total phospho-
rus values recorded during the evaluation period 
greatly exceeded those standards for its various 
uses (0.0035 mg/L), with mean values ranging 
from 0.04 to 1.50 mg/L. The total phosphorus 
values recorded during the evaluation period ex-
ceeded those standards for its various uses (0.0035 
mg/L), with the mean values ranging from 0.04 to 
1.50 mg/L. The total phosphorus values record-
ed during the evaluation period exceeded those 
standards for its various uses (0.0035 mg/L), with 
mean values ranging from 0.04 to 1.50 mg/L. 
These results would be revealing the eutrophica-
tion problem that the Tragadero Lagoon is expe-
riencing. The average values of Chlorophyll-a re-
corded in the three lagoons exceeded the national 

Table 1. Mean and standard deviation of water quality indicators in high Andean lagoons for tourist use during 
2017 and 2018

Indicator
Ñahuinpuquio Paca Tragadero WQS Peru

International 
standards

2017 2018 2017 2018 2017 2018 MINEN CCME WHO

pH 7.75±0.08 7.97±0.11 6.78±0.06 7.94±0.07 7.53±0.62 8.74±0.041 9.0–6.5 9.0–6.5 8.5–6.5

EC (µS/cm) 234.59±19.40 274.82±12.94 245.07±5.36 281.56±2.42 264.34±14.43 290.12±5.01 1000.0 NA NA

COD (mg/L) 13.25±0.51 30.68±0.73 12.58±0.43 12.61±0.34 15.35±0.15 47.53±2.56 30 NA NA

BOD5 (mg/L) 3.10±0.09 8.27±0.20 3.61±0.41 3.04±0.18 12.37±0.49 12.35±0.47 5.0 NA NA

D0 (mg/L) 7.11±0.08 7.09±0.07 7.19±0.07 7.05±0.15 5.80±0.23 6.12±0.07 ≥ 5.0 5.5–9.5 NA

Temperature (°C) 12.26±0.24 11.36±0.29 10.66±0.13 14.61±0.82 16.64±0.52 17.26±0.43 Δ 3 15 NA

DTS (mg/L) 2.35±0.22 2.75±0.06 2.84±0.09 3.21±0.23 8.99±0.634 5.14±0.47 1000 500 600

Total phosphorus (mg/L) 0.76±0.00 0.74±0.00 0.04±0.00 0.01±0.0.00 1.50±0.00 1.07±0.00 0.035 NA NA

Nitrates (mg/L) 1.48±0.01 1.55±0.04 0.37±0.02 0.09±0.01 0.81±0.06 0.47±0.03 10 NA NA

Total iron (mg/L) 0.02±0.002 1.50±0.044 0.04±0.042 0.45±0.035 0.02±0.004 0.59±0.362 5.0 NA 0.003

Total copper (mg/L) 0.03±0.020 0.04±0.005 0.06±0.008 0.05±0.010 0.04±0.012 0.04±0.012 0.1 1.00 NA

Total chrome (mg/L) 0.0001±0.000 0.0001±0.000 0.0002±0.000 0.0001±0.000 0.0002±0.000 0.0002±0.000 0.011 NA NA

Total cadmium (mg/L) 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000 0.00025 NA NA

Total lead (mg/L) 0.0003±0.000 0.0002±0.000 0.0003±0.000 0.0002±0.000 0.000±0.000 0.000±0.000 0.0025 0.01 0.003

Total zinc (mg/L) 0.066±0.006 0.077±0.005 0.065±0.008 0.079±0.008 0.068±0.004 0.081±0.008 0.12 5.00 NA

Chlorophyll-a (mg/L) 0.016±0.004 0.015±0.004 0.010±0.002 0.016±0.007 0.009±0.001 0.009±0.002 0.008 NA NA

NA: Not applicable.
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quality standard (0.008 mg/L). The values for 
iron, copper, chromium, cadmium, lead and zinc 
did not exceed the threshold value of the MINEN 
water quality standards for recreational use, nor 
the WHO guidelines for human consumption, 
except for the recorded iron values.

The Spearman correlation analysis in Table 2 
shows the levels of significantly high positive cor-
relation between variables. The EC has a positive 
correlation with the variables pH, COD, BOD5, 
temperature, DTS, Fe, Cd and Zn. The affinity of 
EC with DTS would be due to the decomposition 
and mineralization of organic materials, which 
would be increasing conductivity levels [Venkate-
sharaju 2010]. The indicator that has the greatest 
number of correlations with the other indicators is 
DO, which correlates negatively with EC, COD, 
BOD5, temperature, DTS, P, Cd and Pb. The ef-
fect of the DO and pH reduction would explain 
the chemical transformations of some metals that 
would modify the distribution of trace metals in 
several chemical fractions [Khalid 1978], some 
of them salts, increasing the values of EC.

Figure 2 shows the grouping given by the flat 
cluster analysis (k R cluster) for the sampling 
stations in the tourist lagoons grouped accord-
ing to Ward’s algorithm. This decisive grouping 
dendrogram is based on the physicochemical 
indicators of water quality and Euclidean dis-
tances. The dendrogram shows six significantly 
differentiated groups (α=0.01) that coincide with 
the interaction of the sampling station and season 

factors. In other words, the six groups formed by 
the analysis agree with what is preset at the time 
and space level. The average distance of the val-
ues in relation to their centroid was 78.95; which 
is too high to define the groups, since they are 
chosen to minimize the sum of the average ranges 
of samples for the other members of their group 
[Clarke 2008]. 

Figure 3 shows that the real similarity profile 
(SIMPROF) moves markedly away from the low 
permutation obtained with a large excess of high 
and very low Euclidean similarities with a Pi val-
ue of 0.627 and at a significance level of 0.01. 
This result reveals that there are highly differen-
tiated groups at a multivariate level. The impor-
tance of the SIMPROF analysis and flat cluster 
application enabled to identify the behavior of the 
data, as well as organize and select the groups of 
interest for a better analysis. The results reveal 
that the Tragadero lagoon for both seasons pres-
ents two highly differentiated groups at a Euclid-
ean distance of cut 15. In order to determine the 
characteristics of the indicators in study that de-
fine the difference of these groups, we proceeded 
with the principal components analysis (PCA).

The principal components analysis showed 
that the first two components recommended by 
the sedimentation analysis (Scree test) indicated 
61.52% of the total variation of the observations, 
presenting the first component with a value of 
41.85% (Figure 4).

Table 2. Correlation of Spearman between water quality indicators of lagoons of tourist use in the central region 
of Peru

Indicator pH EC COD BOD5 DO T° DTS P N Fe Cu Cr Cd Pb Zn Chlorophyll-a

pH 3E-05 0.003 0.122 0.057 0.001 0.108 0.495 0.809 3E-05 0.199 0.884 0.114 0.605 0.005 0.957

EC 0.705 0.013 0.022 0.015 0.000 0.001 0.670 0.487 0.002 0.150 0.332 0.016 0.468 0.008 0.653

COD 0.546 0.465 0.000 0.013 0.013 0.227 0.000 0.000 0.068 0.014 0.399 0.030 0.405 0.432 0.266

BOD5 0.299 0.431 0.743 0.005 0.025 0.003 0.000 0.045 0.784 0.131 0.175 0.007 0.220 0.803 0.011

DO -0.363 -0.457 -0.462 -0.512 0.000 0.000 0.000 0.355 0.977 0.079 0.145 0.000 0.033 0.288 0.054

Temperature 0.574 0.659 0.466 0.422 -0.799 0.000 0.009 0.865 0.849 0.024 0.141 0.000 0.188 0.126 0.159

DTS 0.310 0.577 0.236 0.547 -0.651 0.744 0.122 0.071 0.796 0.690 0.018 0.000 0.129 0.381 0.023

P 0.134 0.084 0.702 0.720 -0.616 0.484 0.299 0.000 0.180 0.004 0.091 0.001 0.018 0.380 0.031

N 0.048 -0.137 0.643 0.382 -0.182 -0.034 -0.346 0.644 0.752 0.043 0.612 0.852 0.777 0.475 0.999

Fe 0.700 0.555 0.350 0.054 0.006 0.038 -0.051 -0.261 0.063 0.926 0.130 0.576 0.426 0.003 0.333

Cu -0.250 -0.279 -0.458 -0.293 0.338 -0.427 -0.079 -0.523 -0.385 0.018 0.185 0.236 0.586 0.634 0.345

Cr -0.029 0.190 0.166 0.264 -0.283 0.285 0.442 0.326 -0.100 -0.293 -0.258 0.009 0.790 0.457 0.120

Cd 0.305 0.451 0.412 0.499 -0.674 0.731 0.687 0.579 0.037 -0.110 -0.232 0.485 0.145 0.907 0.004

Pb 0.102 -0.143 0.164 0.239 -0.403 0.256 0.294 0.443 0.056 -0.157 0.108 0.053 0.282 0.771 0.863

Zn 0.517 0.490 0.155 -0.049 -0.208 0.296 0.172 -0.172 -0.141 0.535 0.094 -0.147 -0.023 0.058 0.527

Chlorophyll -0.011 -0.089 -0.217 -0.474 0.369 -0.274 -0.427 -0.409 0.000 0.190 0.185 -0.300 -0.531 -0.034 0.125

Significant correlation (p˂0.05).
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Flat clustering shows the groups predefined 
by spatial-temporal factors and reveals that these 
groups are significantly different from each oth-
er. These were labeled as follows: the Tragadero 
lagoon (Tg) for 2017 with label B and for 2018 
with label C, both differentiated at a value of 5.5 

Euclidean distance as shown in Figure 5. The la-
goons of Paca (Pc) and Ñauhinpuquio (Ñn) for 
the year 2017 have the label D and F, respec-
tively. These groups differ significantly from their 
counterparts for the 2018 season, labeled with 
A and E.

Figure 2. Cluster analysis of tourist use lagoon sampling stations according to Ward’s algorithm, differentiated 
by flat clustering (k R cluster)

Figure 3. Similarity profile frequency (SIMPROF) for significant structure tests testing the predefined 
grouping (gaps)

Figure 4. Sedimentation analysis for selection of principal components according to the eigenvalue size
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The first two components indicate a good in-
terpretation of the perceptual map in relation to 
the original values, and that the distributions of 
the data conform to particular physicochemical 
indicators. The PC 1 with a variation percentage 
of 41.55% shows that there is a marked differ-
ence between two groups; those of the Tragadero 
lagoon and those of the other two lagoons. The 
directions of the vectors of the indicators under 
study indicate that this lagoon differs from the 
others because it has contrasts with the rest of 
the lagoons. It is observed that the highest posi-
tive charges for PC1 are given by BOD5 (0.347), 
Cd (0.344), temperature (0.324), DTS (0.334), P 
(0.325) and the highest negative charges are giv-
en by DO (-0.36). This analysis indicates that the 
distributions of the observations are given in spe-
cial degree by these indicators; that is to say that 
high values are found in the Tragadero lagoon in 
relation to the other lagoons for BOD5 (Table 1). 
Together, PC1 indicates that the Tragadero la-
goon for both seasons has very low DO values, in 
relation to the others.

The second major component shows strong 
negative charges for the vectors of the indica-
tors pH (-0.356), EC (-0.388), Fe (-0.50) and Zn 
(-0.42). This result would explain the distribu-
tion of the groups for component 2, separated at a 
distance of about 5.5, generating 4 differentiated 
groups for these two components. The effect of 
temporal and spatial factors on the assessed gaps 
is evident. It was observed that groups B and C 
of the Tragadero Lagoon are different from the 
other groups and reveal a greater concentration 

of heavy metals with a tendency to increase with 
time, showing that the anthropogenic pressure ex-
erted on the lagoons is gradual and increases from 
one year to the next. Since the distance is highly 
significant, it can be inferred that pollution is very 
high for each tourist season that this lagoon sup-
ports, in relation to the Paca and Ñahuinpuquio 
lagoons. It is observed that for component 1, 
the difference is short but significant, separating 
around 2.8 according to the Euclidean distance, 
adjusting with the flat cluster analysis. The obser-
vations of the Paca lagoon for 2017 have the label 
D and the Ñahuinpuquio lagoon for the same year 
has the label F (Figure 5). The separation of their 
pairs for 2018 maintains significant difference but 
increases their values for the vectors of the physi-
cochemical indicators, assimilating to the effect 
of the time for the Tragadero lagoon, revalidat-
ing the assumption that the tourist activity in the 
evaluated lagoons tends to follow a similar be-
havior, possibly to the number of people who visit 
them, the amount of waste thrown or other factors 
outside the tourist context such as the agricultural 
activity and the tributary of sanitary mouths.

The Best analysis shows a better profile analy-
sis of the distribution of the samples in relation to 
the vectors. According to the Spearman’s range 
correlation selection criterion, it was found that 
the indicators that best interpret the sample dis-
tributions are COD, DTS, P, Cd and Zn with a 
correlation of 0.893; DTS is the most important 
indicator of water quality deterioration for gen-
eral recreational use [Cude, 2001], with a correla-
tion value of 0.795. In analogy to these results, 

Figure 5. Perceptual map of principal components analysis based on the physical – stan-
dardized chemical indicators of lagoons of tourist use according to SIMPROF
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the PCA referring to these main indicators was 
blocked (Figure 6), finding that the disintegra-
tion of the observations in PC1 is influenced by P, 
DTS and Cd, being the Tragadero lagoon (groups 
B and C) the one with the highest concentration 
levels of these indicators. These results coincide 
with the greater anthropogenic pressure that this 
lagoon supports, such as tourism, agricultural 
activity, cattle ranching and urban activities 
in general.

The Permutational Multivariate Analysis of 
Variance (PERMANOVA) analysis according to 
the flat cluster factor shows a statistical signifi-
cance (a = 0.05), indicating that at least one of 
the groups is different from the others, in relation 
to the physicochemical indicators studied. Table 
3 shows that all the groups given by the flat clus-
ter analysis are significantly different and each 
gap is different in relation to their physicochemi-
cal indicators indistinctly in the year in which 
they are found.

CONCLUSIONS

In this study it was corroborated that the previ-
ously defined spatiotemporal grouping shows sig-
nificant differences at a multivariate study level. 
This is adjacent to the flat cluster analysis, which 
groups the observations in the same way, indicat-
ing that the effect of the interaction of spatiotem-
poral factors significantly influences the physi-
cochemical quality of the water in the lagoons 
exposed to tourist activity.

Multivariate analysis revealed that tourism 
contributes to the increase in concentrations of 
DTS, phosphates and some heavy metals such 
as cadmium. These three indicators significantly 
explain the spatial differences of the gaps under 
study. The PCA showed that the importance of 
physicochemical indicators changes from one 
assessment period to another and that the indica-
tors that most contribute to the variation in water 
quality in a given period might contribute less or 
not at all in another period. For the temporal dif-
ferences, visible in PC2, it was observed that the 

Table 3. PERMONVA analysis of two pairs of water quality indicators
Indicator Pc2017 Tg2017 Ñn2017 Pc2018 Tg2018 Ñn2018
Pc2017
Tg2017 0.0045
Ñn2017 0.0047 0.0275
Pc2018 0.0031 0.0052 0.0043
Tg2018 0.0056 0.0333 0.0300 0.0046
Ñn2018 0.0060 0.0264 0.0297 0.0054 0.0284

Figure 6. Perceptual map of principal components analysis based on the physico-
chemical indicators of water quality that best represent the distribution
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COD level and Zn concentrations define the dif-
ferences between the groups. 

The results show that the different anthropo-
genic activities carried out around the lagoons 
must be taken into account, since they signifi-
cantly influence the physicochemical quality. In 
addition, they reveal that the use of multivariate 
statistical analysis methods is suitable for inter-
preting complex water quality data sets and un-
derstanding the changes related to time and space. 
Therefore, these results will contribute to alerting 
the authorities, initiating the recovery procedures 
for the Tragadero Lagoon, given the negative re-
sults, and replicate the care taken in groups D and 
F of the Ñahuinpuquio Lagoon, whose indices are 
low in relation to the other lagoons, but whose 
anthropogenic activity is similar to that of groups 
B and C.
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