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ABSTRACT 

The current research project carried out in the Santo Domingo Lagoon of the Cotopaxi National Park, a 

Protected Area that is located in the canton of Mejia, province of Pichincha, and retains their transcendental 

goal to determine the water quality from the application of bioindicators and physical-chemical and 

microbiological laboratory analysis. 

They obtained results about the quality of water using bioindicators according to the methodology used 

(scientific induction, inductive, deductive, measurement, quantitative), where samples were taken at five 

specific points of entry and exit of the lake body in April, May and June, making use of water quality 

identification techniques for tolerance; Biological Monitoring Working Part (BMWP/Col.), Ephemeroptera, 

Plecoptera, Tricoptera (EPT), Andean Biotic Index (ABI), and Biotic Index of Families (IBF). Meanwhile, 

the environmental quality indices were used for the physical, chemical and microbiological analysis: DINUS 

- Fundación Nacional de Saneamiento (NFS), defining that the water conditions are wrong or contaminated.

By contrast, from the application of the BMWP/Col. and ABI indices, the water quality pertains to waters of

questionable and critical condition.

However, with the application of the BMWP/Col. and ABI indices, it was defined that the water quality

corresponds to waters of doubtful and critical condition, which are, in conclusion, very contaminated waters.

On the other hand, one of the techniques for using bioindicators from the IBF index yielded a different result

in areas of apparent organic contamination, determining that the Santo Domingo Lagoon demonstrates an

"excellent" indicator.

Keywords: water, analysis, bioindicators, quality, indices, lagoon. 
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INTRODUCTION 

Ecuador, recognized as one of the megadiverse countries on the planet due to its varied geography and 

geographic location, hosts a wide range of climates and ecosystems. Promoting the preservation of these 

valuable natural resources at our disposal is imperative. 

The Ecuadorian Environment Ministry, in their commitment to promoting the conservation of ecosystems and 

their valuable goods and services, manages the National System of Protected Areas (SNAP), intending to 

ensure their care, preservation and sustainable management. 

In this context, the Santo Domingo lagoon, located within the System of Protected Areas of Ecuador, 

specifically in the Cotopaxi National Park (PNC), has been identified as the object of the present investigation. 

Surprisingly, up to this point, no previous research has been conducted in this environment, which lends 

significant value to the present study in its efforts to promote the conservation of the water resource it houses. 

In addition, the findings of this investigation will be of great use in making decisions regarding the use and 

exploitation of this resource, taking into account aspects such as environmental care and protection, 

preservation, human health, a guide for sustainable management, ecological condition indicators, contribution 

to scientific knowledge and awareness and education1. 

The main objective of this investigation is to collect precise information on water quality in Laguna Santo 

Domingo. For this purpose, various tools were employed, using macroinvertebrates and physical-chemical 

and microbiological analysis, which provided an accurate diagnosis of the conditions of the lake environment.  

The methodology used included indices such as BMWP/Col, ICA - NFS, ICA-DINIUS, I. ABI and I. IBF, 

which facilitated obtaining data on the water quality of Laguna Santo Domingo. The results indicated that the 

waters of this lake can be used for recreational purposes, which is supported by their membership in the 

National System of Protected Areas (SNAP)2. 

It is essential to mention that the execution of this research faced various difficulties and challenges, including 

the remote location, adverse weather conditions, and the problematic access routes to the lake, which is 

situated at an altitude of 4005 meters above sea level. 
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MATERIALS AND METHODS 

Inductive Method 

The observation was strategically planned to draw universal conclusions from the specific data gathered 

within the study area, namely the Santo Domingo Lagoon in Cotopaxi National Park. 

Deductive Method 

With this method, the data from water samples collected at Santo Domingo Lagoon during fieldwork were 

analyzed to generalize to other fields, based on logical reasoning or conjecture, and propose conclusions. 

Method of scientific induction 

It was carried out from the study of the Santo Domingo Lagoon of the Cotopaxi National Park through this 

scientific induction that facilitated the support of empirical methods such as the observation of biodiversity in 

the surroundings of the study area. 

It was carried out from the species register to determine the abundance and sensitivity, from the degree of 

tolerance to pollution, through the scientific study of the collected species. 

Measurement method 

A precise observation was made of the presence of a specific property and quality of each species observed in 

each of the sampling points that were carried out in the Santo Domingo lagoon, attributing numerical values, 

levels of tolerance and relationships to evaluate them, which allowed represent them adequately, in the results 

of the present investigation. 

Quantitative method 

This method was carried out in the count of each individual identified in the study area, the classification into 

categories according to the taxonomic characteristics found and the valuation of the water quality index, 

elaborating calculations by recording data from figures.  

Descriptive research 

The results of the water samples obtained in April and June 2018 from Laguna Santo Domingo were 

interpreted correctly, and the following types of studies were included: investigative and laboratory analysis. 

The quantitative and qualitative indicators obtained through the collection of species were classified. The 

information was organized in distribution tables, that is, the description, record, analysis and interpretation of 

the actual nature, the relevant, characteristic, specific and distinctive aspects of each species found to 

determine their classification. 
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Explanatory research 

By conducting this type of study focused on the application of different indicators (I. ICA-NSF, I. EPT, I. 

ABI, I. BMWP/Col, ICA-DINIUS and I. IBF), applied and identified methods to obtain accurate information 

on water quality of Laguna Santo Domingo in the period of evaluation April (rainy), May (transition) and June 

(dry - summer). 

An explanatory investigation was developed because the Santo Domingo Lagoon is poorly studied and has 

little information; primordial in the study of macroinvertebrates allowed us to obtain data that facilitates 

determining their water quality. 

Bibliographic research 

This type of research allowed us to obtain necessary information about the water quality of Santo Domingo 

Lagoon since it provided the knowledge for the development of the research project, including the formulation 

of hypotheses and comparison of results obtained. Information about macroinvertebrate species was sought 

through various means such as book reviews, bibliographic references, the internet, etc., 3. 
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Field Investigation 

The study was conducted directly in the natural environment where the phenomenon under investigation 

occurs. This involved the collection of water samples and macroinvertebrates. 

According to the objectives of the investigation, the established was executed to be able to perform the 

determination of the sampling points in the work area, using programs like GPS, Google Earth Pro, SAS 

Planet, and ArcGIS; this enabled the monitoring of macroinvertebrate species and the collection of water 

samples from both the main inlet and outlet of the tail. 

Observation 

Direct observation was conducted in the study area (Santo Domingo Lagoon), where macroinvertebrates and 

water samples were collected, respectively, to obtain the most effective data for the research. 

Structured observation was carried out with the help of appropriate technical elements such as forms, charts, 

and tables. 

Field observation: Field observation was performed during the collection of species and in-situ water 

sampling at Santo Domingo Lagoon. 

Water Sampling (physical-chemical and microbiological analysis): A representative portion of a water 

mass was extracted to examine various characteristics. The Ecuadorian technical standard INEN 20169:98 

specifies that sample containers for physical-chemical and microbiological analysis should be wide-mouthed 

containers, jars, or bottles made of either plastic or glass. 

Protocol for taking water samples for physical-chemical and microbiological analysis 

Field phase 

The following protocol was applied with the sampling points identified for taking water samples in the main 

inlet and outlet of the lake of Santo Domingo immersed in the Cotopaxi National Park on April 9 and June 20, 

2018. 

Filling the container. 

The water sampling was carried out in compliance with the Ecuadorian Technical Standard INEN 20169:98. 

To achieve this, the bottles from Laguna Santo Domingo were sterilized with water three times. Afterward, 

the bottles were filled and sealed underwater to eliminate air, preventing interaction with the gaseous phase 

and agitation during transportation to the laboratory. 

Identification sample. 

The water samples were identified and labeled with their respective date, time, point and place of sampling 

from which they were taken, allowing no margin of error in the laboratory. 
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Conservation technique 

The samples obtained on the different sampling days were kept at 2 ºC and 5 ºC, kept in a cooler with a certain 

amount of ice that allowed them to reach said temperature; in contrast, the samples were transported to the 

laboratory. 

Transportation sample 

The containers with the water samples were protected and sealed to prevent them from deteriorating or losing 

any part of them during transport from the Santo Domingo Lagoon to the cities of Ambato (April) and 

Sangolqui (June), where they were found in the laboratory. During transportation, the samples were placed in 

a safe place to protect them from light and kept in a cool environment, separating each sample in a different 

impermeable container. 

Laboratory stage 

Reception sample to the laboratory.  

The samples were transported to the laboratory in the cities of Ambato and Sangolqui. The samples obtained 

from the monitors in April -09 and June -20, 2018 were preserved and deposited in refrigerators under 

conditions established in the Ecuadorian Technical Standard INEN 20169:98, preventing any external 

contamination and change in their content. 

PHYSICS CHEMICALS MICROBIOLOGICAL 

Color total alkalinity Fecal coliforms 

electrical conductivity Chlorides Total coliforms 

pH DBO5  

Solids in suspension DQO  

Temperature tough  

Turbidity Phosphate total  

 Nitrogen (N)  

 Nitrites (NO2)  

 Nitrate (NO3)  

 dissolved oxygen  

 potassium (K)  

 Sales dissolves  
Table 1. Physical parameters, chemical and microbiological. 

Collection of samples for the analysis of macroinvertebrates. 

Field phase 

The field phase was carried out in April - 09, May - 10 and June - 20 of 2018. At each sampling point, a 

transect of 30 to 50 meters was established, from which various specimens were collected for the respective 
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samples. The collection technique with red Surber used a 250 μm aperture mesh with an area of 0.1 m2. This 

involves capturing the individuals, the same ones who were identified in the laboratory; if they used multiple 

bottles, each one was labeled with the date, time and point of sampling; therefore, in all the bottles in the 

monitoring and, or control area, the individuals of each group were identified and counted to obtain the total 

number of individuals (abundance) and do the same with all the bottles in the sampled area. 

The technique involves introducing the net into the lake at a determined sampling point. He removed to remove 

and hit the substrate dynamically with his feet for approximately one minute. This was repeated in the five 

monitoring points in the Santo Domingo Lagoon, where the established climatic seasons (precipitation, 

transition and dry season) were monitored. 

To obtain more precise information about the water quality conditions of the Santo Domingo Lagoon, the 

presence of macroinvertebrates, they will be collected in the Surber network if the macroinvertebrates are 

separated from the other animals with the help of Entomological forceps. The separated specimens were placed 

in bottles previously labeled with 96% alcohol for each sample. During the water body sampling, information 

was recorded in a notebook: geographic coordinates, date, time of sampling, climate, habitat, and description 

of the water body, among others. 

With the help of the identification sheet, they grouped similar individuals, if they resembled which group they 

belonged to, and counted how many specimens each group had. This process was repeated with the 

macroinvertebrates collected in the other bottles from the different points. 

The plates for identifying macro specimens will facilitate the identification of the most common groups found 

in rivers, estuaries and lagoons. 

The Figure of each species of macroinvertebrate identified in the Santo Domingo lagoon allowed for obtaining 

the following information: 

● Scientific classification. 

● Local numbers. 

● Figures or drawings that indicate the type of food and the place where you live. 

● Furthermore, a number indicating the sensitivity of each macroinvertebrate to pollution 
 

Laboratory stage 

Once the samples of macroinvertebrates were transported to the laboratory, they used materials such as: a 

stereo microscope, Petri dishes and entomological tweezers to analyze the samples of aquatic 

macroinvertebrates obtained from the water body of Laguna Santo Domingo. 
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The specimens were identified in terms of order, family and gender with the help of field guides and relevant 

photographic guides 4. The samples allowed quantitative and qualitative analysis of each of the sampling 

points. 

Sampling frequency 

The field trips for the different samplings were carried out during the wet (April), transition (May) and dry 

(June) seasons of 2018, whose frequency of sampling was carried out once for me during a previously 

established period, where they have collected the samples for subsequent analysis. 

Water quality indices 

ICA 

The ICA applied for the evaluation of the constituents that affect the water quality for their different uses and 

to summarize this evaluation in a simple value that served as a way to communicate and represent the water 

quality of the Santo Domingo lagoon. An Index of water quality (ICA) indicates the degree of water 

contamination in a specific sampling date and is expressed as a percentage of pure water; being so, highly 

contaminated water presents an ICA close to or equal to 0%, in contrast, water in excellent conditions will 

have an index close to 100% 2. 

The NSF index (1978) is fundamental in the equation: 

𝑁𝑁𝑁𝑁𝑁𝑁 = ∑ 𝑁𝑁𝐼𝐼𝑖𝑖 ∗ 𝑊𝑊𝑖𝑖
9
𝑖𝑖=1      Formula 1 

why, 

● SI is from the subscript of the variable 𝑖𝑖, y; 

● Wi is from the weighted weight of subindex 𝑖𝑖 (Otto, 1978). 

Variables 
Valor WI- 

NSF (1978) units 
Dissolved oxygen 0.17 mg/l 

Fecal coliforms 0.16 NMP/100 ml 
pH 0.11 a. pH 

DBO5 0.11 mg/l 
nitrates 0.10 mg/l 

Total phosphorus 0.10 mg/l 
∆t  °C o f  

e q u i l i b r i u m  0.10 ºC 
Turbidity 0.08 UNT 

Total solids 0.07 mg/l 

Table 2. ICA NSF established pesos and units. 
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Index of NSF (1978) 
Color quality Rank 

Excellent 91-100 blue 
Suitable 71-90 green 

Environmental 51-70 yellow 
Wrong 26-50 orange 

Evil 0-25 a stream 
Table 3. Characterization of results based on the NSF Index. 

 
ICA - DINIUS 

The study was carried out with the application of this index for the extensive use of physical, chemical and 

microbiological parameters, which allowed a detailed analysis of the water quality of the Santo Domingo 

Lagoon, concerning the tourist advantage, as it is found inside a protected area. 

From the quality index of Dinius (1987), it is determined as: 

𝐼𝐼𝐼𝐼𝐼𝐼 = ∏ �𝑄𝑄𝑖𝑖
𝑊𝑊𝑖𝑖�𝑛𝑛

𝑖𝑖=1   Formula 2 

why, 

● 𝑊𝑊𝑖𝑖, represents the specific weights established for each parameter (𝑖𝑖) And weighing between 0 y 1, of 

such a manner that it fulfills a summation that corresponds to one; 

● 𝑄𝑄𝑖𝑖, means the quality of the parameter (𝑖𝑖) taking into account the concentration between (1 − 100); 

● 𝑃𝑃𝐼𝐼, symbolizes the multiplication of the variables Q elevated to the 𝑊𝑊𝑖𝑖
5. 

Index of Dinius (1987) 

Color In detail 
Recreational Use 

Rank In detail 
blue excellent 

quality 70 – 100 Any sport aquatic 

 
green 

Quality acceptable  
50 - 70 

Restrict immersion sports; caution ingests 

dad the possibility of 
bacteria 

yellow Contamination   high 40 - 50 Doubtful for water contact 

orange Contaminated 30 - 40 Avoid contact 

golden Heavy contamination 20 - 30 Visible contamination, avoid proximity 

a stream Contaminated 
excess 00 – 20 Unacceptable for recreation 

Table 4. Characterization of results based on the Dinius Index. 
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Analysis EPT 

It was used to identify the presence of Ephemeroptera, Plecoptera, and Trichoptera in the Santo Domingo 

Lagoon, to determine the water quality of the said lake, Table of macroinvertebrate assessment and the 

following formula. 

The calculation consists of dividing the corresponding Number of EPT present in the sample according to the 

total number of organisms: 

I. EPT= (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
𝑁𝑁

)100    Formula 3 

why, 

● 𝐼𝐼.𝐸𝐸𝑃𝑃𝐸𝐸 = 𝐸𝐸𝑃𝑃𝐸𝐸 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼; 

● 𝑁𝑁𝐸𝐸𝑃𝑃𝐸𝐸 =Total Number of EPT individuals in the sample; 

● 𝑁𝑁 =Total number of individuals in the sample.  

Continuing with the research, it was removed to evaluate the results obtained with the detailed values 

according to this Table of Sensibility. 

CLASS ETP RATE (%) WATER QUALITY COLOR 

1 75 - 100 very suitable blue 

2 50 - 74 suitable green 

3 25 - 49 fair orange 

4 0 - 24 wrong a stream 

Table 5. Sensitivity of the macroinvertebrates. 

 

Index BMWP/COL. 

The BMWP/Col Index (Biological Monitoring Working Party) was used, from which values from 1 to 10 

were assigned to macroinvertebrates identified at the family level. Those who do not tolerate the loss of water 

quality will be given high scores; in contrast, those who endure the loss of quality have low scores. 

The total scores of all those found in a site were proportional to the value of the water property of Laguna 

Santo Domingo. 
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FAMILY SCORE 
Lampyridae, Lymnessiidae (Hydracarina), Psephenidae, Ptilodactylidae, 

Blepharoceridae, Perlidae, Polythoridae, Polymitarcidae, Oligoneuriidae, 

Euthyplociidae, Anomalopsychidae, Unionidae, Hydroptilidae, Hydridae, 

Calamoceratidae, Odontoceridae, Glossossmatidae, Atriplectididae, Rhyacophilidae. 

 
10 

Chordodidae, Gordiidae, Ampullariidae, Xiphocentronidae, Philopotamidae, 

Hydrobiosidae, Megapodagrionidae, Gomphidae, Coenagrionidae, Pyralidae, 

Leptophlebiidae, Ephemeridae, Simuliidae, Scirtidae, Hirudinae, Gyrinidae. 

 
9 

Chilinnidae, Leptoceridae, Helicopsychidae, Hidropsychidae (Leptonema y 

Smicridea), Lestidae, Calopterygidae, Veliidae, Saldidae, Pleidae, Hebridae, Geriidae, 

Caenidae, Baetidae, Dixidae, Dytiscidae, Dryopidae, Pseudothelphusidae, 

Alaemonidae. 

 
8 

Planariidae, Dugessidae, Melaniidae, Hydrobiidae, Planorbidae, Ancylidae, 

Neritidae, Polycentropodidae, Naucoridae, Aeshnidae, Notonectidae, Mesoveliidae, 

Corixidae, Tricorythidae, Leptohyphidae, Dixidae, Psychodidae (Maruina), 

Staphylinidae, Imidae. 

 
7 

Nepidae, Corydalidae, Hydrometridae, Gelastocoridae, Belostomatidae, 

Dolichopodidae, Lutrochidae, Limnichidae, Atyidae, Hyalellidae, Sialidae, 

Libellulidae. 
6 

Thiaridae, Tabanidae, Stratiomydae, Empididae, Haliplidae (Haliplus), 

Curculionioidea: Brachyceridae (Neochetin; Neohydronomus). 5 

Chrysomelidae, Hydraenidae, Hydrophilidae, Noteridae, Sphaeridae, 

Ceratopogonidae, Tipulidae, Sphaeridae, Lymnaeidae 4 

Cylicobdellidae (Blanchardiella), Culicidae, Muscidae, Sciomyzidae, Physidae 3 

All families except Tubificidae: Tubifex, Chironomiidae (Chironomus ROJO) 

Ephydridae, Syrphidae 2 

Tubificidae (Tubifex) 1 
Table 6. System for Determining Biological Monitoring Index - BMWP (Biological Monitoring Working Party Score System) 
- Adaptation for Colombia. 

 

 

CLASS QUALITY BMWP/Col SIGNIFICANCE COLOR 
I SUITABLE >150 

101-120 
Wáter spotless 

cleans 
blue 

II ACCEPTABLE 61-100 Wáter slightly 
contaminated 

green 
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III DOUBTFUL 6-60 Wáter moderately 
contaminated 

yellow 

IV0 CRITICAL 16-35 Highly 
contaminated 

waters 

orange 

IV VERY CRITICAL <15 Wáter strongly 
contaminated 

a stream 

Table 7. Biological Quality of Water – Index BMWP/Col. 
 
Index ABI 

The Andean Biological Index made it possible to determine the quality of the water, which was determined 

through the use and identification of macroinvertebrates as natural aquatic bioindicators, assigning values 

from 1 to 10 to each family and the total sum of these values given in the identification stage of the 

macroinvertebrates from a specific value of the ABI index. 

Understanding that this value should be divided by the resulting Figure of rates found at the monitoring site 

where the investigation is being conducted 6. 

FAMILY SCORE 

Athericidae, Blepharoceridae, Leptophlebiidae, Oligoneuriidae,Polythoridae, 

Gripopterygiidae, Perlidae, Anomalopsychidae, Calamoceratidae, 

Helicopsychidae, Odontoceridae. 
10 

Calopterygidae, Gomphidae, Hydrobiosidae, Leptoceridae,Philopotamidae, 

Polycentropodidae, Xiphocentronidae. 8 

Leptohyphidae, Glossosomatidae, Limnephilidae 7 

Hyalellidae, Aeshnidae, Coenagrionidae, Libellulidae, Hydroptilidae, 

Ancylidae. 
6 

Dryopidae, Elmidae, Hydraenidae, Lampyridae, Psephenidae, Ptilodactylidae, 

Scirtidae, Simuliidae, Tipulidae, Corixidae, Gerridae, Naucoridae, 

Notonectidae, Veliidae,Hydropsychidae (Leptonema y Smicridea), Dugesiidae. 

5 

Arrenuridae (Arrenurus), Hydrachnidae (Hidrachna), Limnocharidae 

(LimnocharesAmerican), Ceratopogonidae, Dixidae, Dolichopodidae, 

Empididae, Limoniidae, Stratiomyidae, Tabanidae, Baetidae, Belostomatidae, 

Pyralidae. 

4 

Glossiphoniidae, Ciprididae (Strandesia), Ciprididae (Plesiocypridopsis), 

Dytiscidae, Gyrinidae, Hydrophilidae, Staphylinidae, Psychodidae (Maruina), 

Sphaeridae, Mytilidae, Lymnaeidae, Planorbidae, Hydrobiidae. 

3 

Chironomiidae (Chironomus ROJO), Culicidae, Ephydridae, Muscidae 2 
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Tubificidae (Tubifex), Athericidae 1 
Table 8. Valorization of macroinvertebrates according to the ABI index. 

A score that allowed determining the water quality according to the Andean Biotic Index (ABI). 

CLASS 
QUALITY 

FROM WATER SCORE SIGNIFICANCE COLOR 

I very suitable >96 
Spotless water, which has not been 

altered 
blue 

II well 59 – 96 Water slightly contaminated green 

III fair 35 – 58 
Contaminated waters, the source 

of contamination is unknown yellow 

IV opposite 14 – 34 Highly contaminated waters orange 

V terrible <14 Hardly contaminated waters a stream 

Table 9. Score for the determination of water quality according to the ABI index. 

 
Índice IBF (Biotic Index of Families) 

The IBF index made it possible to evaluate the water quality of the Santo Domingo Lagoon, so this family 

biotic index was calculated as a weighted average of the abundance of different species of benthic 

macroinvertebrates. The weighting value measures the tolerance that each group presents to organic pollution. 

For each family, the tolerance score is multiplied by the number of individuals, and then the results of all 

families are added together 7. 

To be able to use the IBF index, the following formula is used: 

𝑰𝑰𝑰𝑰𝑰𝑰 = �∑𝒏𝒏𝒊𝒊∗ 𝑻𝑻𝒊𝒊
𝑵𝑵

�       Formula 4 

where: 

● 𝑁𝑁 =The total number of individuals in the sample; 

● 𝐼𝐼𝑖𝑖 = number of individuals per taxa;  

● 𝐸𝐸𝑖𝑖 =Weighting value assigned to each taxa.       

FAMILY TOLERANT 

Athericidae, Blepharoceridae, Leptophlebiidae, Oligoneuriidae, 

Corydalidae, Gripopterygiidae, 
Perlidae, Anomalopsychidae, Leptoceridae 

10 

Aeshnidae, Calopterygidae, Cordulidae, Gomphidae, Lestidae, Libellulidae, 

Glossosomatidae, Philopotamidae 
8 

Ecnomidae, Hydrobiosidae, Limnephilidae, Polycentropodidae 7 

Hyalellidae, Hydroptilidae, Ancylidae 6 

http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/
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Clinical Biotec, Universidad Católica del Oriente (UCO) and Universidad Nacional Autónoma de Honduras (UNAH) 
 

FAMILY TOLERANT 

Dryopidae, Elmidae, Simuliidae, Hydropsychidae (Leptonema y Smicridea), 

Dugesiidae 
5 

Arrenuridae (Arrenurus), Hydrachnidae (Hidrachna), Limnocharidae 

(Limnochares americana), Curculionioidea: Brachyceridae (Neochetina; 

Neohydronomus), Haliplidae (Haliplus), Psephenidae, Ceratopogonidae, 
Dixidae, Empididae, Limoniidae, Psychodidae (Maruina), Stratiomyidae, 

Tabanidae, 
Baetidae, Caenidae, Belostomatidae, Sialidae 

4 

Glossiphoniidae, Dytiscidae, Gyrinidae, Hydrophilidae, Corixidae, 

Gerridae, Notonectidae, Sphaeridae, Mytilidae, Lymnaeidae, Physidae, 
Planorbidae 

3 

Chironomiidae (Chironomus ROJO), Culicidae, Ephydridae 2 

Tubificidae (Tubifex), Syrphidae 1 

Table 10. Tolerance values of macroinvertebrates from the Biotic Index of Families. 

 
CLASS IBF ENVIRONMENTAL CHARACTERISTICS COLOR 

I 0.00-3.75 Very suitable, undisturbed blue 

II 3.76-4.63 Well, moderately disturbing green 

III 4.64-6.12 Regular, disturbing yellow 

IV 6.13-7.25 On the contrary, perturbed orange 

V 7.26-10.00 Evil heavily disturbed a stream 

Table 11. Quality classes for the Biotic Index of Families. 

 

 
 
 
 
 
 
 
Instruments and materials 

 
INSTRUMENTS TO BE USED MATERIALS TO USE 

http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/
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Field notebooks 
Data sheet 

Sampling card 
Photo camera 

Laboratory analysis 
GPS (System of Terrestrial 

Positioning) 
Microscope 

Sterilized containers for samples 100ml and 

1000ml 
wolf 

Seals and labels 
Pinch 

Red Surber 
Industrial alcohol 96% 

gloves 
Permanent markers 

Mask 
Rubber boots 
Nylon sieve 

Dropper 
Microscope 
Petri dishes 

Camera 
Table 12. Instruments and materials that were used in the research project. 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

Analysis ICA – INSF - April 
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SAMPLE WATER (1): MAIN ENTRANCE SANTO DOMINGO LAGOON – APRIL 2018 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. NFS Analysis - April - Q Values – Entrance. 

 
The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 

52mg/L), (OD – 3.7 mg/L), (CF – 1800 NMP/100mL), (NO3 – 25 mg /L), (pH – 7.7 UnpH), (Tº - 3.8 ºC), 

(ST – 364 mg/L), (PO4 – 0.31 mg/L), (Tz – 12.3 NTU), and according to ICA Test - INSF we have that the 

quality of the water of Laguna Santo Domingo has an index value of 42.52 giving as a result a wrong 

qualification, each one of this qualification and, or weighting corresponding to each one of the parameters: 

DBO evil, OD evil, CF evil, NO3 wrong, pH excellent, T° suitable, ST average, PO4 suitable, and Tz 

suitable. 

 

 

SAMPLE WATER (2): EXIT SANTO DOMINGO LAGOON – APRIL 2018 

 

Index calculated based on 9 parameters 
      

Excellent Good Fair Poor Very poor  
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Figure 2. NFS Analysis - April - Q Values - Exit. 

The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 

67mg/L), (OD – 3.2 mg/L), (CF – 1620 NMP/100mL), (NO3 – 30 mg /L), (pH – 7.8 UnpH), (Tº - 3.8 ºC), 

(ST – 258 mg/L), (PO4 – 0.45 mg/L), (Tz – 11.8 NTU) , according to the ICA Test - INSF we have that the 

quality of the water of the Santo Domingo Lagoon has an index value of 41.53 giving as a result a wrong 

qualification, each one of this qualification and, or weighting corresponding to each of them parameters: 

DBO evil, OD evil, CF evil, NO3 wrong, pH suitable, T° suitable, ST medium, PO4 medium, and Tz 

suitable.

 
 
 

- Analysis ICA – DINIUS - April 

SAMPLE WATER (1): MAIN ENTRANCE SANTO DOMINGO LAGOON – APRIL 2018 
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Figure 3. DINIUS Analysis, April - Q Values - Entrance. 
 
The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 

52mg/L), (OD – 3.7 mg/L), (CE – 518.88 µΩ/cm), (CF – 1800 NMP/100mL), (CT – 2400 NMP/100mL), 

(NO3 – 25 mg/L), (Col – 25 Unid.), (Tº - 3.8 ºC), (Alc – 174 mg/L), (Dur. – 125mg/L), (Cl – 28 mg/L), and 

according to ICA Test – Indice DINIUS the water quality of Laguna Santo Domingo is 37.66, resulting in 

classification as contaminated, since it is evaluated for recreational use, for which each qualification and, or 

weighting of each parameter is: OD evil, DBO wrong, CE average, pH suitable, CF wrong, CT wrong, NO3 

average, Col average, T° evil, Alc medium, Dur medium y Cl excellent.  
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SAMPLE WATER (2): EXIT SANTO DOMINGO LAGOON - APRIL 2018. 

 

 
 

Figure 4. DINIUS Analysis, April - Q Values - Exit. 

The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 

67mg/L), (OD – 3.2 mg/L), (CE – 376.6 µΩ/cm), (pH – 7 ,8 UnpH), (CF – 1620 NMP/100mL), (CT – 2150 

NMP/100mL), (NO3 – 30 mg/L), (Col – 20 Unid.), (Tº - 3.8 ºC), (Alc – 165 mg/L), (Dur. – 117mg/L), (Cl – 

24 mg/L), and according to ICA Test – DINIUS Index the water quality of Laguna Santo Domingo is 37.61, 

resulting in classification as contaminated, since it is evaluated for recreational use, for which each 

qualification and, or weighting of each parameter is: OD evil, DBO evil, CE medium, pH suitable, CF 

wrong, CT wrong, NO3 wrong, Col medium, T° evil, Alc medium, Dur medium and Cl excellent.

 
 
 
 
 
 
 
 
 
 
 

 
Index calculated based on 12 parameters 

      
Excellent Good Fair Poor Very poor  
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Analysis ICA – INSF - June 

SAMPLE WATER (3): MAIN ENTRANCE LAGUNA SANTO DOMINGO - JUNE 2018. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. NFS Analysis - June - Q Values - Entrance. 
 
The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 

21mg/L), (OD – 69.58 mg/L), (CF – 140 NMP/100mL), (NO3 – 115 mg /L), (pH – 6.3 UnpH), (Tº - 6.8 ºC), 

(ST – 9 mg/L), (PO4 – 10 mg/L), (Tz – 121 NTU), and according to ICA Test - INSF the water quality of 

Laguna Santo Domingo is wrong has an index value of 40.47, being each one of this rating and, or weighting 

corresponding to each of the parameters: DBO evil, OD suitable, CF wrong, NO3 evil, pH average, T° 

average, ST suitable, PO4 evil, and Tz evil. 

 

 

 

Index calculated based on 9 parameters 
      

Excellent Good Fair Poor Very poor  
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SAMPLE WATER (4): EXIT SANTO DOMINGO LAGOON - APRIL 2018 
 
 

 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. NFS Analysis - June - Q Values – Exit. 

The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 22.32 

mg/L), (OD – 68.53 mg/L), (CF – 140 NMP/100mL), (NO3 – 116 mg/L), (pH – 6.6 UnpH), (Tº - 6.3 ºC), 

(ST – 9 mg/L), (PO4 – 10 mg/L), (Tz – 119 NTU), and according to ICA Test - INSF we have that the quality 

of the water of Laguna Santo Domingo has an index value of 41.64 giving as a result a rating of wrong, each 

one of this rating and, or weighting corresponding to each of them parameters: DBO evil, OD suitable, CF 

wrong, NO3 evil, pH suitable, T° medium,  ST suitable, PO4 evil, and Tz evil.

 
 

 

 

Index calculated based on 9 parameters 
      

Excellent Good Fair Poor Very poor  

ICATEST  
Parameters versus Q value 
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Analysis ICA – DINIUS – June 

SAMPLE WATER (3): MAIN ENTRANCE SANTO DOMINGO LAGOON - JUNE 2018 
 

 
 
 
 

Figure 7. DINIUS Analysis, June - Q Values – Entrance. 

 
The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 21.42 

mg/L), (OD – 69.58 mg/L), (CE – 19 µΩ/cm), (pH – 6.3 UnpH), (CF – 140 NMP/100mL), (CT – 1600 

NMP/100mL), (NO3 – 115 mg/L), (Col – 75 Unid.), (Tº - 6.8 ºC), (Alc – 112 mg/L), (Dur. – 124 mg/L), (Cl 

– 19.74 mg/L), in where, according to the result of the ICA Test – DINIUS Index, the water quality of Laguna 

Santo Domingo is contaminated has an index value of 38.20, since it is evaluated for recreational use, for 

which each qualification and, or weighting of each parameter is: OD average, DBO wrong, CE excellent, 

pH medium, CF medium, CT medium, NO3 wrong, Col wrong, T° evil, Alc medium, Dur medium y Cl 

excellent.

 
Index calculated based on 12 parameters 

      

Excellent Good Fair Poor Very poor  

ICATEST  
Parameters versus Q value 

 

ICATEST  
Parameters versus Q value 
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SAMPLE WATER (4): EXIT SANTO DOMINGO LAGOON - JUNE 2018 
 

 

 

 

 

 

 
 
 
 
 
 

 

 

 
 

Figure 8. DINIUS Analysis, June - Q Values – Exit. 

The results obtained according to the analyzed parameters, the following values were obtained: (DBO – 

22.32mg/L), (OD – 68.53mg/L), (CE – 19 µΩ/cm), (pH – 6, 6 UnpH), (CF – 140 NMP/100mL), (CT – 1585 

NMP/100mL), (NO3 – 116 mg/L), (Col –71 Unid.), (Tº - 6.3 ºC), (Alc – 112mg/L), (Dur. – 124mg/L), (Cl – 

18.40 mg/L), and according to ICA Test – Index DINIUS we have that the quality of the water of Santo 

Domingo Lagoon has a value of an index of 39.93 result a qualification of contaminate, since it is evaluated 

for recreational use, for which each qualification and, or weighting of each parameter is: OD average, DBO 

wrong, CE excellent, pH well, CF average, CT medium, NO3 wrong, Col wrong, T° evil, Alc medium, Dur 

medium and Cl excellent. 

 

 

 

 

 

Index calculated based on 12 parameters 
      

Excellent Good Fair Poor Very poor  

ICATEST  
Parameters versus Q value 
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Comparison of results between the ICA DINIUS and NFS in the Santo Domingo Lagoon 

Main Water Inlet, April and June 

 APRIL JUNE QUALIFICATION 

ICA-NFS 42,52 40,47 Wrong (26 - 50) 

ICA- DINIUS 37.66 38.2 Contaminated (30-40) 
Table 13. Results, ICA DINIUS and ICA NFS. 

 
Figure 9. Comparison between ICA DINIUS and ICA NFS. 

In Figure Nº9, it is expressed that in the months that water samples were taken for subsequent analysis (April 

and June), from the main entrance of the Santo Domingo lagoon, the results obtained were similar with ranks 

of between 37 and 42, justifying that the two indices determine that the water quality is wrong and, or 

contaminated. 

Main Water Outlet, April and June. 
 
 
 
 
 

 
Table 14. Results, ICA DINIUS and ICA NFS. 

 
 
 
 

 APRIL JUNE QUALIFICATION 

ICA-NFS 41,53 41.64 Wrong (26 - 50) 

ICA- DINIUS 37,61 39.93 Contaminated (30-40) 

  

Comparison between ICA DINIUS and NFS- Main entrance 

43 
42 
41 
40 
39 
38 
37 
36 
35 
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Figure 10. Comparison between ICA DINIUS and ICA NFS - Exit. 

 
In Figure Nº 10, it is determined that in April and June, when the water samples were obtained from the main 

outlet of the lake, the results obtained were of a rank between 37 and 41, being similar to the results obtained 

from the analysis of the main entrance of the river, arguing that the two indices determine that the quality of 

the water is poor and, or contaminated. 

 
Analysis of macroinvertebrates index EPT 
 
In the monitored months (April, May and June), no families belonging to the EPT group (Ephemeroptera, 

Plecoptera and Trichoptera) were identified, so this index cannot be applied to determine the water quality 

index. 

BMWP/Col index analysis: 
 
In Table Nº 15, the water quality values are observed through the BMWP index with their respective class 

for each month of sampling (April, May and June). 

 APRIL MAY JUNE 

BMWP 24 30 37 

CLASS IV IV III 

QUALITY Critique Critique Doubtful 
Table 15. Water quality through the BMWP index. 

 

 

  

Comparison between ICA DINIUS and NFS - Salida 
42 
41 
40 
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  39.93  
39 
38 
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In Table No. 15, it is stated that in the months of April and May, values were obtained with a similarity range 

of 24 and 30, which determine a class IV, indicating that the water is in a state of critical quality. In June, the 

index value was 37, resulting in the water quality being considered doubtful, corresponding to moderately 

contaminated waters. 

According to the BMWP index, for April, 424 species were registered, among which 6 tolerant and sensitive 

families were identified, among them the sensitive families with values of 6 the Hyalellidae family, followed 

by the tolerant families with values of between 5 y 1: Notonectidae, Lymnaeidae, Cylicobdellidae, 

Glossiphoniidae and Tubificidae. 

In the middle of May, the BMWP index was determined for 309 species of 7 families identified, tolerant and 

sensitive, among them the sensitive families with values of 6, such as the Hyalellidae family and increasing 

the Libellulidae family, followed by the tolerant families with values from between 5 and 1: Notonectidae, 

Tipulidae, Cylicobdellidae, Glossiphoniida and Oligochaeta. 

The result obtained from the BMWP index for June was determined based on 338 species from 8 identified 

families, both tolerant and sensitive. The sensitive families to pollution, such as Hyalellidae, Notonectidae, 

Libellulidae, and Planariidae, had values of 7 and 6, respectively. This was followed by pollution-tolerant 

families with values ranging from 4 to 1: Cylicobdellidae, Glossiphoniidae, Tubificidae, and Lymnaeidae. 

This result differs from previous months, as an additional family sensitive to pollution was identified. 

ABI Index Analysis: 
 
In Table Nº 16, the water quality values are observed through the ABI index with their respective class for 

each month of sampling (April, May and June). 

 APRIL MAY JUNE 

ABI 21 29 32 

CLASS IV IV IV 

QUALITY Opposite Opposite Opposite 
Table 16. Water quality through the biological index ABI. 

Table Nº. 16 shows that similar values were obtained in April, May, and June, ranging between 21 and 32, 

categorizing it as Class IV, indicating poor water quality. 

In April, according to the tolerance values of the ABI index, tolerant and sensitive families were identified, 

among them the family with a value of 6 such as Hyalellidae, followed by the tolerant families with values 

of between 5 y 1: Notonectidae, Lymnaeidae, Cylicobdellidae, Glossiphoniida and Tubificidae. 
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In May, two sensitive families with values of 6 were identified: Hyalellidae and Libellulidae, followed by 

five families tolerant to pollution with values of between 5 and 1, those Notonectidae, Tipulidae, 

Cylicobdellidae, Glossiphoniida and Tubificidae. 

For June, eight families have been collected, of which two are sensitive to contamination, registered with 

values of six, those Hyalellidae and Libellulidae, continuing with the tolerant families which are primarily 

with values of between 5 and 1: Cylicobdellidae, Notonectidae, Glossiphoniidae, Tubificidae, Lymnaeidae, 

Planariidae.

Comparison between BMWP Index and ABI Index 

Table Nº 17 shows the water quality values between the BMWP and ABI indexes observed in the three 

months of study (April, May and June). 

 APRIL MAY JUNE 

BMWP 24 30 37 

ABI 21 29 32 
Table 17. Index BMWP and Index ABI. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Comparison between BMWP and ABI indexes. 

In Figure Nº11, it is shown that, in April, May and June, similar results were obtained between 21 and 37, 

proving that the two indices determine that the water quality is critical and, or doubtful. 

IBF Index Analysis 
 
In Table No. 18, the water quality values are displayed using the IBF index along with their respective 

classifications for each month of sampling (April, May, and June). 
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 APRIL MAY JUNE 

IBF 3,033 2,974 3,021 

CLASS I I I 

QUALITY excellent excellent excellent 
Table 18. Water quality through the IBF biological index. 

In Table Nº 18, it is shown that in April, May, and June, similar values ranging from 3.021 to 3.033 were 
obtained, indicating a Class I rating. This means the water is of excellent quality, with no apparent organic 
contamination. 
According to the application of the IBF index, in April, tolerant and sensitive families were identified, 

recording a sensitive family with a value of 6, the Hyalellidae family, followed by the tolerant families with 

values of between 3 and 1 those Notonectidae, Lymnaeidae, Cylicobdellidae, Glossiphoniida and Tubificidae.

In May, the most sensitive family recorded with a value of 8, the Libellulidae family and the least sensitive 

with a value of 6, the Hyalellidae family, and the pollution-tolerant families with values of between 3 and 1: 

Notonectidae, Tipulidae, Cylicobdellidae, Glossiphoniida and Tubificidae. 

In the last monitoring carried out in June, 8 families were recorded, according to the tolerance value of the 

IBF index; a family with high sensitivity to pollution with a value of 8 was recorded, the Libellulidae family, 

with a value of 6, the family Hyalellidae that is less sensitive and the tolerant families with values of between 

4 and 1: Cylicobdellidae, Notonectidae, Glossiphoniidae, Tubificidae, Lymnaeidae, Planariidae. 

 

DISCUSSION 

This research demonstrates the application of physical-chemical and microbiological analyses to calculate the 

Water Quality Index (WQI), specifically the National Foundation for Sanitation (NFS) Index and the DINIUS 

Index. These indices were applied to Santo Domingo Lagoon in Cotopaxi National Park, classifying water 

conditions during both rainy (April) and dry seasons (June) as poor and contaminated. These assessments were 

compared with current Ecuadorian legislation. It is worth noting that certain parameters analyzed are not 

specified in the bill (NE), making it challenging to determine compliance. For instance, dissolved oxygen 

levels fluctuate with seasonal changes. 

It is recommended not to utilize the IBF index, as it is unsuitable for this type of lacustrine system studied in 

the research. Climatic factors such as precipitation and altitude contribute to the absence of the Ephemeroptera, 

Plecoptera, and Trichoptera (EPT) groups, which are considered water quality indicators. The substantial 

variations in flow during the studied months (April, May, and June) significantly reduced the number of 
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species compared to months with lower water flow. It is essential to note that many organisms develop 

depending on the climatic conditions of the environment. 

The most common and abundant species detected at the sampling points are Notonectidae, Cylicobdellidae, 

and Hyalellidae. Families found in lower abundance include Lymnaeidae, Glossiphoniidae, Tubificidae, 

Libellulidae, Tipulidae, and Planariidae. In total, 1071 aquatic macroinvertebrates have been collected and 

classified into 9 families. According to the BMWP, ABI, and IBF methods, which indicate the degree of 

pollution tolerance, the application of the BMWP index defined the conditions of the lagoon, evaluating each 

of the identified families based on the ecology of each order and family of macroinvertebrates with the 

guidance of 8, taking into account the matrix of sensitivity of aquatic macroinvertebrates BMWP/Col. (2008), 

SENAGUA-Ecuador, the result showed that the lagoon belongs to class III and IV, indicating critical water 

conditions, meaning heavily polluted waters, and class III in June, indicating questionable water quality, or 

moderately polluted waters.  

Using the ABI index, adapted from the BMWP index for high mountain ranges due to similar values (Jacobsen, 

2008), tolerance levels were assigned based on the morphological characteristics and habitat of each family of 

macroinvertebrates, about 8. Additionally, the matrix of sensitivity of aquatic macroinvertebrates ABI was 

complemented with the standardization project of tolerance levels of aquatic macroinvertebrates by 

SENAGUA - Ecuador, yielding similar results. It was demonstrated that the lagoon is in class IV, signifying 

poor water quality, i.e., highly polluted or critical waters. On the other hand, the IBF index was applied to 

determine organic pollution without needing specific organism identification 7. 

Tolerance values for each identified family were also estimated with the help of 8. The sensitivity matrix of 

aquatic macroinvertebrates IBF and the standardization project of tolerance levels of aquatic 

macroinvertebrates by SENAGUA - Ecuador resulted in a class I rating, signifying excellent water conditions. 

Therefore, Santo Domingo Lagoon shows no apparent organic pollution. 

The pollution tolerance values estimated through the applied techniques, utilizing four biotic indices (two 

quantitative - ETP and IBF, and two qualitative - BMWP and ABI), will serve as a basis for creating a guide 

to aquatic macroinvertebrates applicable in Ecuador. In contrast, less demanding organisms may be abundant 

but do not indicate a healthy environment, resulting in lower qualitative indices 9. 

Research employing bioindicators and physical, chemical, and microbiological analyses has proven highly 

relevant in the research field. These tools aim to ensure the conservation of ecosystems and optimize economic 

resources for future investigations. Similar studies have been conducted, such as "Assessment of the 
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Ecological Health of High-Altitude Lakes in Latin America" 10 which applied bioindicators and physical-

chemical analyses, providing valuable information on the health of these ecosystems, and "Assessment of 

Biodiversity and Water Quality in Volcanic Lakes" 11 which focused on assessing water quality using 

bioindicators and physical-chemical analyses. 

 

 

CONCLUSIONS 

Through the application of the indexes NFS and DINIUS, it was determined that the water quality ranges from 

poor to contaminated. On the other hand, according to the BMWP/Col and ABI indexes, the water quality of 

Laguna Santo Domingo falls within Class III and IV, indicating critical, questionable, poor, and contaminated 

waters. However, the IBF Index established that the body of water falls into Class I, corresponding to water 

in excellent condition. Therefore, organic contamination is not apparent. 

During the research period, 1071 aquatic macroinvertebrate individuals were collected and grouped into 9 

families. The most representative groups were Notonectidae, Cylicobdellidae, and Hyalellidae. Environmental 

disturbances, such as the high altitude location and downstream position, directly and negatively affect the 

abundance of EPT families, one of the most sensitive groups to pollution. These environmental factors also 

contribute to the recent increase in abundance of those Lymnaeidae, Glossiphoniidae, Tubificidae, 

Libellulidae, Tipulidae, and Planariidae. 

The application of indices and the physical-chemical and microbiological analyses will determine the water 

quality of Santo Domingo Lagoon, which is considered critical, poor, and contaminated. The results will 

enable the relevant authorities to propose strategies for improving the quality and conservation of water 

resources. 

Through the application of the IBF index and based on the results obtained, the conclusion was reached that 

it contradicts the other water quality indices. Therefore, this index does not apply to this type of lake system. 
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