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ABSTRACT
Introduction. High-Andean lakes represent vital sociocultural, economic, and 
environmental assets for local communities and are ecologically significant ecosystems 
that require protection and conservation. Understanding their limnological characteristics 
is key to guiding both conservation and sustainable use strategies. Objectives. To assess 
the limnological characteristics of  three high-Andean lakes in Quiruvilca, La Libertad 
region, Peru, located in an area influenced by mining activities. Materials and Methods. 
Semiannual sampling was conducted between 2017 and 2019. Measurements included 
physicochemical parameters—temperature, conductivity, pH, dissolved oxygen (DO), 
oxygen saturation, and transparency—as well as concentrations of  heavy metals in water 
and sediments. Aquatic macroinvertebrates were identified to the family level. Water 
quality was evaluated using the Biological Monitoring Working Party (BMWP) index and 
the Andean Biotic Index (ABI). Descriptive statistics, ANOVA, and correlation analyses 
were applied to explore trends and variability. Results. The average values recorded for 
the physicochemical parameters were temperature of  12.6 ºC, pH of  4.5, conductivity of  
20.4 μS/cm, dissolved oxygen (DO) of  6.5 mg/L, oxygen saturation of  99.8%, and water 
transparency ranging from 0.37 to 3.0 meters. Heavy metals—arsenic, copper, mercury, and 
lead—exceeded permissible thresholds. The most abundant macroinvertebrate families 
were Corixidae, Dytiscidae, Hyalellidae, Planariidae, and Chironomidae. Conclusions. 
The lakes exhibited relatively stable limnological conditions but moderate contamination 
levels. Despite supporting aquatic life, the water is unsuitable for human or livestock 
consumption. Remediation strategies are therefore necessary to mitigate contamination 
risks.
RESUMEN
Introducción. Las lagunas altoandinas constituyen un patrimonio sociocultural, económico 
y ambiental para las comunidades locales, además de ser ecosistemas ecológicamente 
relevantes que requieren protección y conservación. El conocimiento de sus características 
limnológicas es fundamental para orientar estrategias de conservación y aprovechamiento 
sostenible. Objetivos. Evaluar las características limnológicas de tres lagunas altoandinas 
ubicadas en Quiruvilca, región La Libertad, Perú, en una zona con influencia minera. 
Materiales y Métodos. Se realizaron muestreos semestrales entre 2017 y 2019. Se 
midieron parámetros fisicoquímicos (temperatura, conductividad, pH, oxígeno disuelto, 
saturación de oxígeno y transparencia), así como las concentraciones de metales pesados 
en agua y sedimentos. Se identificaron macroinvertebrados acuáticos a nivel de familia. La 
calidad del agua se evaluó mediante los índices BMWP (Biological Monitoring Working 
Party) y ABI (Índice Biológico Andino). Se aplicaron análisis descriptivos, ANOVA y 
correlaciones para explorar tendencias y variabilidad. Resultados. Los valores promedios 
registrados paras los parámetros físicos químicos fueron, temperatura de 12,6 ºC, pH de 
4,5, conductividad de 20,4 μS/cm, Oxígeno Disuelto de 6,5 mg/L, Saturación de Oxígeno 
de 99,8% y transparencia entre 0,37 y 3,0 m. Los metales pesados (Arsénico, Cobre, 
Mercurio y Plomo) excedieron los límites permisibles. Las familias de macroinvertebrados 
más abundantes fueron Corixidae, Dysticidae, Hyalellidae, Planariidae y Chironomidae. 
Conclusiones. Las lagunas presentaron condiciones limnológicas relativamente estables, 
pero con niveles moderados de contaminación. Aunque aún sustentan vida acuática, el 
agua no es apta para el consumo humano ni animal. Por tanto, es necesario implementar 
estrategias de remediación para reducir los riesgos asociados a la contaminación. 
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INTRODUCTION

High-Andean wetlands are critical ecosystems located on elevated plateaus across the Andes in Chile, 
Argentina, Peru, and Bolivia. These environments function as true oases, sustaining life in otherwise arid 
regions, and exhibit ecological dynamics that differ markedly from lowland tropical lakes due to their altitude 
and prevailing climatic conditions (1) (2) (3). In recent decades, these aquatic systems have been increasingly 
impacted by anthropogenic pressures, including growing demands for water, food, and land. These pressures 
are linked to population expansion, unplanned urban development, and intensified economic activity. Such 
trends have sparked concern over the sustainability of  water and land resources, particularly given projections 
of  a 50% increase in global food demand and a 30% rise in clean water consumption by 2030—factors 
expected to further aggravate water scarcity (4). 

Under these conditions, it is imperative to foster greater awareness and understanding of  sustainable water 
management, especially in tropical developing countries where challenges related to water quality and 
supply are particularly acute (5). Due to their high environmental heterogeneity, high-Andean wetlands are 
classified as fragile multifunctional ecosystems (6). This heterogeneity results from complex interactions 
between geomorphology, climate, precipitation, hydrological regimes, and fluvial systems (2) (7). Consequently, 
monitoring both biological diversity and physicochemical characteristics is essential for evaluating water 
quality (8) (9) (10).

Human activities—such as agriculture, urban development, dam construction, and hydrological alterations—
frequently lead to changes in environmental conditions that affect the abundance and diversity of  aquatic 
macroinvertebrates (11) (12). Given their sensitivity to such environmental shifts, the richness and abundance 
of  benthic macroinvertebrates are widely recognized as effective biological indicators of  ecosystem health. 
As a result, research on the distribution patterns of  these organisms in high-Andean ecosystems has gained 
increasing importance (13).

Limnological studies in tropical lakes—based on variables such as pH, dissolved oxygen, turbidity, and 
nutrient concentrations—are commonly used to assess environmental quality and guide sustainable use (14). 
These variables also serve as predictors of  biological community composition (15). Advances in technology, 
such as the development of  limnological sensors and reduced costs of  analytical equipment, have allowed 
researchers to collect broader and more temporally extensive environmental data (14). 

In Peru, however, progress in the classification, evaluation, and national inventory of  wetlands has been 
limited. While the Ministry of  the Environment has estimated that rivers, lakes, and lagoons cover 2,320,256 
ha, floodplain tropical forests 15,361,839 ha, and high-Andean wetlands only 548,174 ha, the latter represent 
a much smaller surface area and are therefore more vulnerable to pollution—especially from mining activities 
(13) (16).

In the district of  Quiruvilca, located in the province of  Santiago de Chuco, La Libertad region, Peru, 
several high-Andean lakes are situated in a landscape impacted by mining, agriculture, livestock, and road 
infrastructure (13). These pressures have resulted in socio-environmental conflicts linked to the degradation 
of  lake water quality, which is vital for the survival of  local communities that depend on these ecosystems.
It is therefore essential to investigate the limnological characteristics of  these lakes and quantify the 
concentrations of  heavy metals—such as lead (Pb), arsenic (As), and cadmium (Cd)—that may be introduced 
through mining activity. This information is crucial for evaluating water quality and for designing appropriate 
conservation or remediation strategies. Accordingly, the objective of  this study is to characterize the 
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limnological conditions of  three high-Andean lakes in Quiruvilca, Peru, determine the degree of  heavy metal 
contamination, and analyze the structure of  macroinvertebrate communities as indicators of  environmental 
quality.

MATERIALS AND METHODS 

Study Area. The lakes known as Las Verdes 1, 2, and 3 are located 140 km east of  the city of  Trujillo, in the 
district of  Quiruvilca, La Libertad region, Peru. Lake 1 is 169 m from Lake 2, Lake 2 is 174 m from Lake 
3, and Lake 1 is 438 m from Lake 3. Lake Las Verdes 1 is located at 7°58′40.94″S and 78°14′41.45″W at an 
elevation of  4079 m a.s.l.; Lake Las Verdes 2 at 7°58′36.06″S and 78°14′29.97″W, 4081 m a.s.l.; and Lake Las 
Verdes 3 at 7°58′41.81″S and 78º14′19.24″W, at 4099 m a.s.l. Their surface areas are 2.767, 0.274, and 0.306 
hectares, respectively. All three lakes have irregular morphologies and glacial origins, occupying nearly the 
entire floor of  a high-Andean plateau. They are considered small-basin lakes, surrounded by herbaceous 
vegetation (Figure 1).

Figure 1. Geographic location of  Las Verdes 1, 2, and 3 lakes in Quiruvilca, La Libertad region, Peru. Source: 
Google Earth.

Sampling Procedures. Water sampling followed the methodology established in section 6.5.2 of  the National 
Protocol for Monitoring the Quality of  Surface Water Bodies, issued by the National Water Authority of  Peru under 
the Ministry of  Agriculture and Irrigation (17), along with guidance from previous research methodologies (18) 

(19).

In each lake, two fixed sampling stations were established: one near the dam or shoreline, and the other at the 
center of  the limnetic zone. Samples were collected at depths between 20 and 30 cm on a semiannual basis 
from 2017 to 2019. Surface water was collected using a pre-cleaned 10-liter bucket, rinsed with lake water 
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prior to sampling. The water was then transferred into pre-rinsed containers and kept refrigerated during 
transport to the laboratory.

Sampling was conducted at the surface layer only, as the lakes are shallow, exposed to strong winds, located 
above 4000 m a.s.l., and thus considered polymictic. This classification was confirmed during pilot studies 
using vertical profiles of  physicochemical parameters, which showed a homogeneous water column. Measured 
parameters included temperature (T), conductivity (C), pH, dissolved oxygen (DO), and oxygen saturation 
(OS). 

In December 2019, ten sediment samples were collected using 250 mL self-sealing bags, following the Soil 
Sampling Guide standards (20). Samples were taken from the center of  each lake during the first week of  
December. Sediments were collected with a Van Veen grab sampler (sampling area: 0.05 m²) and transported 
under refrigeration for further analysis. Chemical analysis was performed using Inductively Coupled Plasma 
Optical Emission Spectroscopy (ICP-OES) to determine concentrations of  heavy metals (arsenic, cadmium, 
chromium, copper, mercury, lead, and zinc). These concentrations were compared against the Canadian 
Sediment Quality Guidelines for the Protection of  Aquatic Life (21).

Physicochemical and Biological Parameters. Water quality data from 2017 to 2019 were obtained using a 
HACH HQ40d multiparameter probe, which measures temperature, conductivity, pH, and dissolved oxygen, 
and is calibrated with certified standards. Transparency was measured using a Secchi disk (22). 

Heavy metal concentrations in water and sediment. Heavy metals were quantified following the US-
EPA 1994 guidelines, while total nitrogen was analyzed using the APHA-AWWA-WEF Method 4500 N 
(22nd edition, 2012) (23). The results were interpreted based on threshold values established in the Interim 
Sediment Quality Guidelines (ISQG) and the Probable Effect Level (PEL).

Macroinvertebrate Monitoring. Aquatic macroinvertebrates were collected semiannually from 2017 to 
2019 using two sampling methods along the shoreline. The first involved a Surber-type kick net (250 µm mesh 
size) for semi-quantitative analysis, composed of  polyester monofilament. The second method was manual 
collection from different substrates following Roldán’s protocol (24), which includes sweeping sandy substrate 
and removing material from rocky and macrophyte-covered areas directly into collection jars. Sampling 
accounted for both dry season (DS) and rainy season (RS) periods. Specimens were preserved in glass jars 
containing 70% ethanol and later identified in the laboratory using a ZEISS Stemi 508 stereomicroscope. 
Taxonomic identification to the family level was performed using keys by Domínguez & Fernández (25) and 
Huamantinco & Ortiz (26). Water quality assessment based on macroinvertebrates was conducted using the 
Biological Monitoring Working Party index adapted for Colombia (BMWP/Col) (24) and the Andean Biotic Index 
(ABI) (27) (28).

Data Analysis. Descriptive data analysis was carried out using Microsoft Excel 2016. Bar graphs were 
used to visualize the results. To assess the significance of  variation in physicochemical parameters by lake, 
year, and sampling station, a multifactorial analysis of  variance (ANOVA) was applied. Pearson’s multiple 
correlation analysis was used to explore relationships between parameters, both with a significance level of  α 
= 0.05.  Statistical processing was carried out using Statgraphics Centurion XVII (29). 
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RESULTADOS

Physicochemical Parameters

The results of  the physicochemical parameters measured in the three studied lakes are summarized in (Table 
1).

Table 1. Average physicochemical parameters of  Las Verdes 1, 2, and 3 lakes from 2017 to 2019.

Lake  Sampling poin  Year  T (°C)  EC 
(μS/cm)  pH OD 

(mg/L)  OS (%)  Transparency (m)  

Verde 1  

S 

2017  12.8  13.3  4.0 6.3 100.9  

0.50  2018  13.4  14.6  4.2 6.6 102.5  

2019  11.1  56.1  4.8 6.6 96.7  

C 

2017  14.1  15.3  4.5 6.8 104.2  

3.00  2018  10.3  16.7  4.0 6.1 93.2  

2019  10.2  36.4  4.4 6.6 94.9  

Verde 2  

S 

2017  14.0  15.3  4.5 6.3 100.9  

0.38  2018  14.2  22.5  4.4 6.4 98.1  

2019  12.2  17.1  4.4 6.6 96.7  

C 

2017  14.5  29.8  4.4 6.5 103.5  

2.70  2018  10.7  15.1  4.0 6.3 99.8  

2019  11.45  16.1  4.2 6.45  98.25  

Verde 3  

S 

2017  13.8  16.0  4.5 6.4 104.0  

0.37  2018  13.9  16.6  4.7 6.5 103.8  

2019  12.3  17.2  49 6.5 99.7  

C 

2017  14.0  17.2  5.0 6.6 103.6  

3.00  2018  11.2  15.5  4.5 6.2 97.6  

2019  11.75  16.5  4.7 6.35  98.65  

 
T = Temperature; EC = Electrical conductivity; DO = Dissolved oxygen; OS = Oxygen saturation, C = 
center. S=Shoreline

Water temperature (T) values (Table 1), ranged from 10.2 to 14.5 °C, with a total variation of  4.3 °C. The 
lowest temperature was recorded in 2019 at Lake Las Verdes 1, while the highest occurred in 2017 at Lake Las 
Verdes 2. The overall mean temperature across the three lakes was 12.55 °C, with a coefficient of  variation of  
11.8%, indicating moderate variability. Electrical conductivity (EC) ranged from 11.0 to 56.1 μS/cm, with the 
highest value in Lake Las Verdes 1 and the lowest in Lake Las Verdes 3. The total range was 42.8 μS/cm, and 
the mean conductivity was 20.4 μS/cm, with a coefficient of  variation of  52.17%, reflecting a high degree 
of  variability in this parameter. pH values ranged from 4.0 to 5.0, with a mean of  4.45 and a coefficient of  
variation of  6.69%. Higher pH values were observed in Lakes Las Verdes 2 and 3, while Lake Las Verdes 1 
recorded the lowest values, confirming acidic conditions in all three lakes.
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Dissolved oxygen (DO) concentrations ranged from 6.1 to 6.8 mg/L, with a mean of  6.45 mg/L and a 
coefficient of  variation of  2.69%, indicating low variability among the lakes. Oxygen saturation (OS) ranged 
from 93.2% in Lake Las Verdes 1 (2018) to 104.2% in the same lake (2017), with a mean of  99.83% and a 
variation coefficient of  3.34%, also reflecting low variability.

Transparency values varied substantially, ranging from 0.37 to 3.0 m. The lowest value was recorded at the 
shoreline of  Lake Las Verdes 3, and the highest at the center of  that same lake and Lake Las Verdes 1. The 
total range was 2.63 m, and the mean transparency was 1.66 m. With a coefficient of  variation of  75.2%, 
transparency was the most variable parameter measured, generally higher at lake centers than at the shorelines.

The multifactorial analysis of  variance (ANOVA) revealed statistically significant differences in physicochemical 
parameters among the three lakes, monitoring years, and sampling locations, as summarized in (Table 2).

Table 2. Multifactorial analysis of  variance (ANOVA) for the average physicochemical parameters 
of  Las Verdes lakes from 2017 to 2019. 

Factor  T (ºC)  EC (μS/cm)  pH  DO (mg/L)  OS (%)  Transparency (m)  

Year  0.0005*  0.0974  0.0811  0.1887  0.0292*  -----  

Lake  0.0160*  0.1474  0.0149*  0.5792  0.2403  0.0000*  

Sampling point  0.0023*  0.7181  0.3305  0.6253  0.3538  0.0000*  

 
T = Temperature; EC = Electrical conductivity; DO = Dissolved oxygen; OS = Oxygen saturation; (*) = 
Indicates statistically significant variation (p < 0.05).

The physicochemical parameter that exhibited the greatest variation was temperature, which showed 
statistically significant differences across all three factors: spatially within individual lakes, between lakes, 
and temporally across the monitoring years. In contrast, conductivity and dissolved oxygen did not exhibit 
significant spatial or temporal variation. pH remained consistent over time and across sampling points, but 
varied significantly among lakes, indicating differing levels of  acidity in each system. Oxygen saturation did 
not vary among lakes or sampling points, but did show significant interannual variation, indicating temporal 
differences. Although transparency values were generally similar, this parameter varied significantly both 
among lakes and between sampling points.

The Pearson correlation analysis (Table 3), showed no statistically significant relationships among most of  
the measured physicochemical parameters. However, a significant positive correlation was found between 
temperature and oxygen saturation, indicating that these two variables were closely related across the study 
period.

http://dx.doi.org/10.15649/2346075X.4951
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Table 3. Results of  Pearson’s multiple correlation analysis for the average physicochemical 
parameters of  Las Verdes lakes from 2017 to 2019.

 

Parameter   T (ºC)  
EC 

(μS/cm)  
pH  

DO 

(mg/L)  
OS (%)  

T  (ºC)  R  —      

p - value  —      

CE  (μS/cm)  R  - 0.2620  —     

p - value  0.2936  —     

pH  R  0.2951  0.2771  —    

p - value  0.2345  0.2656  —    

DO  (mg/L)  R  0.3441  0.3163  0.4337  —   

p - value  0.1621  0.2010  0.0721  —   

OS  (%)  R  0.8234 ***  - 0.3284  0.2688  0.3819  —  

p - value  0.0000  0.1833  0.2807  0.1179  —  

Transparency  (m) 
R  - 0.3782  - 0.0453  - 0.1143  - 0.0915  - 0.1815  

p - value  01217  0.8582  0.6515  0.7181  0.4710  

T = Temperature; C = Electrical conductivity; DO = Dissolved oxygen; OS = Oxygen saturation; (***) = 
p < 0.001.

As shown in (Table 3), most of  the correlations among physicochemical parameters were weak (30)  and not 
statistically significant (p > 0.05), indicating low interdependence among them. Transparency was notable 
for presenting negative correlations with all other parameters, ranging from weak to moderate in magnitude. 
The only strong and statistically significant correlation (R > 0.7) was found between temperature and oxygen 
saturation (R = 0.8234; p = 0.0000), suggesting that, under the conditions of  this study, an increase in 
temperature is associated with a significant rise in oxygen saturation in the water of  the high-Andean lakes. 
In terms of  water quality, the concentrations of  nitrogen and lead were found to exceed the permissible 
limits for lakes and lagoons established by Peruvian environmental legislation (31). 

According to Peruvian environmental quality standards (ECA), the permissible limit for total nitrogen in 
lakes and lagoons is 0.315 mg/L. In this study, all measured values exceeded this threshold. The highest 
concentration was recorded at the center of  Lake Las Verdes 2 (2.13 mg/L), while the lowest was found at 
the shoreline of  Lake Las Verdes 3 (0.34 mg/L), which had the overall lowest nitrogen levels among the three 
lakes (Figure 2).
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For lead, the ECA limit is 0.001 mg/L; however, the concentrations recorded were well above this value. 
Notably, Lake Las Verdes 3 showed the highest lead levels, with 0.05322 mg/L at the center and 0.00675 
mg/L at the shoreline. Similarly, Lake Las Verdes 1 exhibited elevated concentrations, ranging from 0.01352 
mg/L at the center to 0.00357 mg/L at the shoreline (Figure 2). In contrast, concentrations of  arsenic and 
cadmium remained below the ECA thresholds established by Peruvian legislation, which are 0.01 mg/L and 
0.004 mg/L, respectively (Figure 2). 

Figure 2. Levels of  nitrogen, arsenic, cadmium, and total lead in the water of  Las Verdes 1, 2, and 3 
lakes. Permissible ECA thresholds are indicated by dotted lines

Arsenic concentrations in sediment remained below the PEL (Probable Effect Level) threshold of  17.0 mg/
kg in most cases. A value of  8.7 mg/kg was reported at the center of  Lake Las Verdes 3. However, significantly 
elevated concentrations were found in Lake Las Verdes 1, with 200.0 mg/kg recorded at the center and 
78.9 mg/kg at the shoreline, far exceeding the permissible limit (Figure 3). Cadmium concentrations in 
the sediment samples from the studied lakes did not exceed the PEL threshold of  3.5 mg/kg in any case. 
However, in Lake Las Verdes 1, values slightly surpassed the ISQG limit of  0.6 mg/kg, with maximum 
concentrations of  0.7959 mg/kg at the center and 0.7582 mg/kg at the shoreline (Figure 3). Chromium was 
detected at low levels in all samples, remaining well below both the ISQG (37.3 mg/kg) and PEL (90.0 mg/
kg) reference thresholds. The highest value was recorded at the shoreline of  Lake Las Verdes 3 (3.2 mg/kg) 
(Figure 3). In the case of  copper, the highest concentrations were found in Lake Las Verdes 3, with 134.95 
mg/kg at the shoreline and 39.86 mg/kg at the center. These were followed by Lake Las Verdes 1, with 85.57 
mg/kg at the shoreline and 43.19 mg/kg at the center. Although most sampling points exceeded the ISQG 
limit of  35.7 mg/kg, none of  the values surpassed the PEL threshold of  197.0 mg/kg (Figure 3).

http://dx.doi.org/10.15649/2346075X.4951
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Figure 3. Concentrations of  heavy metals (Arsenic, cadmium, chromium, and copper) in sediment 
samples, compared to the reference values established by the ISQG (Interim Sediment Quality 
Guidelines) and the PEL (Probable Effect Level). C=center, S= shoreline.

Lead concentrations exceeded the ISQG guideline in most sampling points, except at the shoreline of  Lake 
Las Verdes 2 (31.421 mg/kg) and at the center of  Lake Las Verdes 3 (9.649 mg/kg). The PEL limit for lead 
(91.3 mg/kg) was exceeded at the center of  Lake Las Verdes 2 (91.399 mg/kg) and at the shoreline of  Lake 
Las Verdes 3 (100.47 mg/kg) (Figure 4). Mercury exceeded all established limits, with values above both 
the ISQG (0.17 mg/kg) and the PEL (0.486 mg/kg). The highest concentrations were observed in Lake Las 
Verdes 1, with 1.49 mg/kg and 1.50 mg/kg at the center and shoreline, respectively. Elevated levels were 
also recorded at the center of  Lake Las Verdes 2 (1.31 mg/kg) (Figure 4). Zinc concentrations were well 
below the ISQG (123 mg/kg) and PEL (315 mg/kg) thresholds across all samples. The highest values were 
found in Lake Las Verdes 3 (73.50 mg/kg at the shoreline), followed by Lake Las Verdes 1 (50.13 mg/kg at 
the center) (Figure 4)
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Figure 4. Concentrations of  heavy metals (Lead, Mercury and Zinc) in sediment samples, compared 
to the reference values established by the ISQG (Interim Sediment Quality Guidelines) and the PEL 
(Probable Effect Level). C=center, S= shoreline.
 
Macroinvertebrate assemblages, summarized in (Table 4), by family, year, lake, and season (dry season [DS], 
rainy season [RS]), revealed consistent dominance by Corixidae (Hemiptera) and Dytiscidae (Coleoptera) in 
Lake Las Verdes 1 across all years (2017–2019). Notably, Planariidae emerged as the second most abundant 
group during the 2019 dry season.
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Table 4. Taxonomic identification of  aquatic macroinvertebrates used as water quality indicators in 
Lakes Las Verdes 1, 2, and 3.

Family 
Verde 1 Verde 2 Verde 3 

2017 2018 2019 2017 2018 2019 2017 2018 2019 
DS RS DS RS DS RS DS RS DS RS DS RS DS RS DS RS DS RS 

Corixidae 17 18 18 11 14 17 17 18 18 11 14 17 10 9 11 9 5 16 

Dysticidae 20 12 17 14 7 11 20 12 17 14 7 11 26 6 17 11 6 10 

Glossiphoniidae 0 15 0 3 0 6 0 15 0 3 0 6 0 7 5 2 0 0 

Chironomidae 14 0 14 0 23 7 14 0 14 0 23 7 0 15 19 10 29 0 

Planariidae 0 15 0 25 26 20 0 15 0 25 26 20 48 34 33 48 34 49 

Hydrachnidae 0 0 19 15 0 10 0 0 19 15 0 10 0 0 0 0 0 0 

Simulidae 15 0 0 0 0 7 15 0 0 0 0 7 1 3 0 6 0 4 

Tipulidae 0 0 0 6 0 7 0 0 0 6 0 7 0 0 0 0 0 0 

Ephydridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 3 7 

Stratiomyidae 0 4 0 15 0 5 0 4 0 15 0 5 0 0 0 0 0 0 

Ceratopogonidae 14 16 14 0 0 0 14 16 14 0 0 0 0 9 0 0 0 4 

Hydrobiosidae 8 0 0 0 2 4 8 0 0 0 2 4 0 0 0 3 0 2 

Glossosomatidae 0 3 0 5 0 2 0 3 0 5 0 2 0 9 0 4 0 5 

Hyalellidae 11 17 2 6 28 0 11 17 2 6 28 0 14 8 2 5 24 0 

Tubificidae 0 0 15 0 0 4 0 0 15 0 0 4 0 0 15 0 0 3 

Total Family 7 8 7 9 6 12 7 8 7 9 6 12 5 9 7 10 6 9 

 
Data represent absolute abundance. DS=Dry season; RS= rainy season

In Lake Las Verdes 2, Dytiscidae was the most abundant family during the 2017 dry season, while Corixidae 
dominated in the rainy season. By 2019, Planariidae became the most abundant family in both seasons, 
accompanied by a notable increase in Hyalellidae during the dry period. In contrast, Lake Las Verdes 3 
exhibited lower macroinvertebrate family diversity, with Planariidae consistently dominating across all three 
study years (2017–2019). Water quality assessments using the BMWP/Col and ABI indices reflected these 
ecological patterns, highlighting differences among the lakes (Table 5).
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Table 5. Water quality classification based on the Biological Monitoring Working Party index 
adapted for Colombia (BMWP/Col) and the Andean Biotic Index (ABI) for Las Verdes 1, 2, and 3 
lakes.

Lake Year Season 
BMWP /Col ABI 

Value  Condition Valor Condición 

Verde 1 

2017 
Dry 24+4.9 Severely Polluted  16+4.8 Poor 

Wet 44+5.7 Doubtful – Moderately Polluted  34+5.3 Fair 

2018 
Dry 29+6.1 Severely Polluted  22+5.3 Poor  

Wet 45+5.0 Doubtful – Moderately Polluted  36+4.1 Fair 

2019 
Dry 25+6.1 Severely Polluted  15+5.9 Poor  

Wet 40+3.7 Doubtful – Moderately Polluted  31+4.7 Fair 

Verde 2 

2017 
Dry  45+4.1 Good – Slightly Polluted  33+3.5 Fair 

Wet 47+4.4 Good – Slightly Polluted  37+2,3 Fair 

2018 
Dry  33+5.2 Doubtful – Moderately Polluted 25+3.3 Fair 

Wet 51+3.4 Good – Slightly Polluted 42+3,7 Fair 

2019 
Dry  41+4.1 Doubtful – Moderately Polluted 29+2.9 Poor 

Wet 64+3.1 Good – Slightly Polluted 50+2.9 Fair 

Verde 3 

2017 
Dry  38+3.1 Doubtful – Moderately Polluted 24+3,4 Poor 

Wet 53+2.5 Doubtful – Moderately Polluted 40+3.8 Fair 

2018 
Dry  36+3.7 Doubtful – Moderately Polluted 25+4.1 Poor 

Wet 54+4.1 Doubtful – Moderately Polluted 37+3.9 Fair 

2019 
Dry  34+3.6 Severely Polluted 21+4.2 Poor 

Wet 53+3.7 Doubtful – Moderately Polluted 38+3.7 Fair 

 
Overall, the studied lakes exhibited a range of  water quality conditions, classified as critical (heavily polluted), 
questionable (moderately polluted), and good (slightly polluted).

According to the BMWP/Col index, Lake Las Verdes 2 was the least polluted, showing good water quality in 
most cases, with only one questionable condition reported during the dry season of  2018. In contrast, Lake 
Las Verdes 1 had the highest levels of  pollution, with critical conditions recorded during the dry seasons of  
all three years and questionable quality during the rainy seasons. Lake Las Verdes 3 was generally classified 
as moderately polluted throughout the study period, with a single critical condition reported during the dry 
season of  2019.
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Based on the ABI index, the general condition of  the three lakes ranged from fair to poor. Only one 
good condition was recorded for Lake Las Verdes 2 during the rainy season of  2019, along with two poor 
conditions, making it the lake with the lowest level of  contamination. The remaining two lakes presented 
50% fair and 50% poor conditions, indicating moderate levels of  pollution.

RESULTS

Water temperature (T) values (Table 1), ranged from 10.2 to 14.5 °C, with a total variation of  4.3 °C. The 
lowest temperature was recorded in 2019 at Lake Las Verdes 1, while the highest occurred in 2017 at Lake Las 
Verdes 2. The overall mean temperature across the three lakes was 12.55 °C, with a coefficient of  variation 
of  11.8%, indicating moderate variability.

Electrical conductivity (EC) ranged from 11.0 to 56.1 μS/cm, with the highest value in Lake Las Verdes 1 and 
the lowest in Lake Las Verdes 3. The total range was 42.8 μS/cm, and the mean conductivity was 20.4 μS/
cm, with a coefficient of  variation of  52.17%, reflecting a high degree of  variability in this parameter.
pH values ranged from 4.0 to 5.0, with a mean of  4.45 and a coefficient of  variation of  6.69%. Higher pH 
values were observed in Lakes Las Verdes 2 and 3, while Lake Las Verdes 1 recorded the lowest values, 
confirming acidic conditions in all three lakes.

Dissolved oxygen (DO) concentrations ranged from 6.1 to 6.8 mg/L, with a mean of  6.45 mg/L and a 
coefficient of  variation of  2.69%, indicating low variability among the lakes. Oxygen saturation (OS) ranged 
from 93.2% in Lake Las Verdes 1 (2018) to 104.2% in the same lake (2017), with a mean of  99.83% and a 
variation coefficient of  3.34%, also reflecting low variability.

Transparency values varied substantially, ranging from 0.37 to 3.0 m. The lowest value was recorded at the 
shoreline of  Lake Las Verdes 3, and the highest at the center of  that same lake and Lake Las Verdes 1. The 
total range was 2.63 m, and the mean transparency was 1.66 m. With a coefficient of  variation of  75.2%, 
transparency was the most variable parameter measured, generally higher at lake centers than at the shorelines.
A multifactorial ANOVA (Table 2), revealed statistically significant differences in physicochemical parameters 
across lakes, years, and sampling locations. Temperature showed significant spatial and temporal variation.
 
In contrast, conductivity and dissolved oxygen did not vary significantly between lakes or across years. pH 
remained stable over time and across locations, but differed significantly among lakes. Oxygen saturation 
varied significantly between years but not spatially. Transparency, although generally similar, showed significant 
differences both among lakes and between sampling points.

Pearson correlation analysis (Table 3), indicated that most relationships among physicochemical parameters 
were weak and not statistically significant (p > 0.05), suggesting low interdependence. Transparency showed 
weak to moderate negative correlations with all other variables. The only strong and statistically significant 
correlation (R = 0.8234; p = 0.0000) was between temperature and oxygen saturation, indicating that increases 
in temperature were associated with higher oxygen saturation under the study conditions.

In terms of  water quality, nitrogen and lead concentrations exceeded the permissible limits for lakes and 
lagoons established by Peruvian legislation (28). The limit for total nitrogen is 0.315 mg/L. In this study, all 
values surpassed that threshold, with the highest concentration (2.13 mg/L) observed at the center of  Lake 
Las Verdes 2, and the lowest (0.34 mg/L) at the shoreline of  Lake Las Verdes 3.
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For lead, the legal limit is 0.001 mg/L, yet all recorded concentrations were substantially higher. Lake Las 
Verdes 3 had the highest lead levels, with 0.05322 mg/L at the center and 0.00675 mg/L at the shoreline. 
Lake Las Verdes 1 also showed elevated levels, from 0.01352 mg/L at the center to 0.00357 mg/L at the 
shoreline. In contrast, arsenic and cadmium concentrations in water remained below the ECA thresholds 
(0.01 mg/L and 0.004 mg/L, respectively).

In sediments, arsenic concentrations were generally below the PEL threshold of  17.0 mg/kg, with 8.7 mg/
kg reported at the center of  Lake Las Verdes 3. However, Lake Las Verdes 1 showed critically high values: 
200.0 mg/kg at the center and 78.9 mg/kg at the shoreline, far exceeding permissible levels.
Cadmium concentrations in sediment did not exceed the PEL limit of  3.5 mg/kg, although Lake Las Verdes 
1 slightly surpassed the ISQG threshold of  0.6 mg/kg, with 0.7959 mg/kg at the center and 0.7582 mg/kg 
at the shoreline.

Chromium levels remained low across all sites, well below ISQG (37.3 mg/kg) and PEL (90.0 mg/kg) 
thresholds. The highest concentration (3.2 mg/kg) was found at the shoreline of  Lake Las Verdes 3.
Copper concentrations were highest in Lake Las Verdes 3 (134.95 mg/kg shoreline; 39.86 mg/kg center), 
followed by Lake Las Verdes 1 (85.57 mg/kg shoreline; 43.19 mg/kg center). Most values exceeded the 
ISQG guideline (35.7 mg/kg), but none surpassed the PEL threshold (197.0 mg/kg).

Lead in sediment exceeded ISQG in most samples, except at the shoreline of  Lake Las Verdes 2 (31.421 mg/
kg) and the center of  Lake Las Verdes 3 (9.649 mg/kg). The PEL limit (91.3 mg/kg) was surpassed at the 
center of  Lake Las Verdes 2 (91.399 mg/kg) and the shoreline of  Lake Las Verdes 3 (100.47 mg/kg).

Mercury concentrations exceeded both ISQG (0.17 mg/kg) and PEL (0.486 mg/kg) thresholds in all affected 
sites. The highest levels were observed in Lake Las Verdes 1 (1.49 and 1.50 mg/kg at center and shoreline, 
respectively) and in Lake Las Verdes 2 (1.31 mg/kg at the center).

Zinc levels remained below guideline thresholds (ISQG: 123 mg/kg; PEL: 315 mg/kg). The highest 
concentration was observed at the shoreline of  Lake Las Verdes 3 (73.50 mg/kg), followed by Lake Las 
Verdes 1 (50.13 mg/kg at the center).

Macroinvertebrate assemblages (Table 4), organized by family, year, lake, and season (dry [DS], rainy [RS]), 
revealed consistent dominance by Corixidae (Hemiptera) and Dytiscidae (Coleoptera) in Lake Las Verdes 1 
across all years (2017–2019). Planariidae ranked second during the 2019 dry season. In Lake Las Verdes 2, 
Dytiscidae dominated during the 2017 dry season, while Corixidae dominated in the rainy season. By 2019, 
Planariidae became the most abundant group in both seasons, with a notable increase in Hyalellidae during 
the dry season. In contrast, Lake Las Verdes 3 exhibited lower macroinvertebrate diversity, with consistent 
dominance of  Planariidae throughout the study period.

Biological water quality assessments using the BMWP/Col and ABI indices (Table 5), reflected these 
ecological patterns. The lakes exhibited a range of  water quality conditions, from good (slightly polluted) to 
critical (Severely polluted).

According to the BMWP/Col index, Lake Las Verdes 2 showed the best conditions, with mostly good quality 
and only one questionable rating during the 2018 dry season. Lake Las Verdes 1 had the poorest quality, with 
critical conditions in all dry seasons and questionable ratings during rainy seasons. Lake Las Verdes 3 was 
consistently classified as moderately polluted, except for one critical condition in the 2019 dry season.
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The ABI index showed a general water quality status ranging from fair to poor. Lake Las Verdes 2 registered 
the best condition (good) during the 2019 rainy season, along with two poor conditions. The remaining lakes 
exhibited 50% fair and 50% poor conditions, indicating moderate pollution levels.

DISCUSSION 

The analysis of  physicochemical parameters revealed that temperature exhibited the greatest variability, 
depending on the monitoring year, the sampling location within each lake, and differences among lakes 
(Table 1). These fluctuations were primarily influenced by seasonal changes, the geographic location of  each 
lake, and variation in water temperature with depth, which affected readings at different sampling points. The 
average temperature of  12.55 °C is consistent with findings from a study on sixteen high-Andean lakes in 
the Rímac and Mantaro river basins, which reported a mean temperature of  12 ± 1 °C. Furthermore, those 
authors indicated an optimal temperature range for lake ecosystems between 11 and 13 °C (32). Therefore, 
temperatures above this range could negatively impact the biological components of  these ecosystems, as 
observed in 2017, when temperatures of  14 °C or higher were recorded in three lakes.

In contrast, the mean water conductivity was 20.4 μS/cm, significantly lower than values reported for other 
high-Andean lakes in Peru, such as 177 μS/cm in a lake in the Lima region and 250 μS/cm in four Peruvian 
high-Andean lakes (33). This low conductivity is characteristic of  freshwater systems (33) and indicates a limited 
presence of  dissolved electrolytes necessary for conducting electrical currents, confirming the freshwater 
nature of  the studied lakes.

The pH values recorded in the Las Verdes lakes suggest acidic water conditions, with a slight but statistically 
non-significant increase in pH at locations with higher temperatures (Table 2). Variability in pH was not 
significant across sampling points (Table 2), but rather differed among lakes, likely due to their specific 
geochemical characteristics. pH fluctuations may be related to the edaphic conditions (34) of  the aquatic 
systems or potentially to wastewater inputs (6). pH is one of  the most critical physicochemical variables, as 
it influences other water quality parameters, particularly metal concentrations, through its role in chemical 
processes such as solubility and acid-base reactions (35).

Regarding water transparency, measurements across the three lakes indicated low turbidity (Table 1), with 
Secchi depth readings just beyond 1.7 m in Lake Las Verdes 1 and up to 3.1 m in Lake Las Verdes 3. 
Transparency may be influenced by water mixing and turbulence (35), solar radiation, optical attenuation, 
suspended particles, and phytoplankton abundance (36).

Dissolved oxygen (DO) levels consistently exceeded 6 mg/L across all sampling years and lakes, showing 
no significant variation (Table 2). These values meet the minimum standard set by Peruvian regulations 
(5 mg/L) for supporting aquatic life. DO levels, closely linked with temperature, are essential for species 
richness and the distribution of  benthic macroinvertebrate families (37). Oxygen saturation in the three 
lagoons ranged from 93.2% at 10.3 °C to 104.2% at 14.1 °C (Table 1). A significant positive correlation was 
found between temperature and oxygen saturation, indicating that higher temperatures were associated with 
increased oxygen levels in the water (Table 3). This pattern is ecologically important, as it affects aquatic 
life and ecosystem functioning. Values between 80% and 125% are favorable for aerobic organisms (38), and 
the observed values fall within this range. However, oxygen saturation typically decreases as temperature 
increases (39). The opposite trend observed here may reflect eutrophication in Las Verdes lagoons, likely 
caused by anthropogenic nutrient inputs, especially nitrogen (40). Elevated nitrogen concentrations support 
this interpretation, though further study is needed. 
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Concentrations of  heavy metals in both sediments and water exceeded quality standards for four of  the six 
metals analyzed (arsenic, copper, mercury, and lead), suggesting contamination from nearby mining activities 
(Figure 3 and Figure 4). Heavy metals interfere with nutrient uptake in aquatic plants, inhibiting growth 
and reducing macroinvertebrate diversity. They are toxic, non-biodegradable, and bioaccumulative, posing 
risks to aquatic life and human health (41). These results contrast with previous studies reporting lower heavy 
metal concentrations in high-Andean lake sediments, except for chromium (42), highlighting the elevated 
impact in the Las Verdes lakes, likely due to mining operations. Mining-impacted water bodies often receive 
metal contaminants through leachates and waste discharge (43), aligning with reports of  acute lead poisoning 
cases in humans linked to these lakes.

In terms of  macroinvertebrate diversity (Table 4), greater abundance and family richness were observed in 
2018 and 2019, while no significant differences were recorded in 2017. According to water quality indices, the 
lakes are classified as moderately to slightly polluted. The most abundant families were Corixidae (Hemiptera) 
and Dytiscidae (Coleoptera), which are also commonly reported as dominant insect groups in freshwater 
ecosystems (44). In contrast, Chironomidae, the most abundant family in lakes of  the Mantaro River basin 
(6), ranked fifth in abundance in this study, suggesting variability in macroinvertebrate family composition 
among high-Andean lake systems. Another frequently observed family was Hyalellidae—amphipods of  the 
order Peracarida—typically found in aquatic vegetation, feeding on decomposing organic matter (45). Species 
of  this genus inhabit a wide range of  freshwater environments, from sea level to elevations above 4,000 m (46).

The aquatic macroinvertebrates identified in this study mostly belong to low-scoring families according 
to the BMWP/Col and ABI indices, indicating a degraded water quality status, with the lakes considered 
highly polluted under these indices (Table 5). It is well-established that biological communities undergo 
natural cycles and respond to various physical, chemical, and biological stressors (47). Consequently, the 
quality of  high-Andean aquatic environments varies in relation to the diversity of  benthic macroinvertebrate 
communities, as observed across different regions of  the Andean range (6) (48).

Finally, this study faced limitations due to restricted access to the study area, seasonal weather conditions, 
and difficulties in collecting deep-water samples. These constraints underscore the need for future research 
with expanded depth profiles and a more detailed assessment of  eutrophication processes and their driving 
factors.

CONCLUSIONS 

The high-Andean lakes of  Quiruvilca (Peru) showed stable physicochemical properties, with temperature 
displaying the greatest temporal and spatial variation. The lakes were acidic, with low conductivity, limited 
transparency, and sufficient dissolved oxygen to support aquatic life. High levels of  heavy metals in water 
and sediments, mainly from mining activities, indicated pollution with potential risks to environmental and 
human health.

Despite the contamination, diverse macroinvertebrate families were recorded—particularly Corixidae, 
Dytiscidae, Hyalellidae, Planariidae, and Chironomidae—demonstrating the tolerance of  some species to 
polluted conditions.

The BMWP and ABI indices classified the lakes as moderately polluted, suggesting that their waters were 
unsuitable for human or animal use. These findings highlighted the need for remediation of  both water and 
sediments to ensure safe and sustainable use by local communities.
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