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Abstract.- In Ecuador, rural areas face challenges in accessing safe drinking water due to the 15 

contamination of water sources by wastewater or agricultural runoff, which turns water into a vehicle 16 

for potentially pathogenic microorganisms. In the present study, a microbiological assessment was 17 

carried out in three communities of the Calvas Canton, analyzing total coliforms, protozoan cysts, 18 

and helminth eggs present in drinking water to identify critical contamination sites. A total of 19 19 

samples were processed to evaluate total coliforms and Escherichia coli using the multiple-tube 20 

fermentation method, and two samples were analyzed to detect intestinal parasites through basic 21 

microscopy. None of the samples met permissible limits established by Norma Técnica Ecuatoriana 22 

INEN 1108:2014 to be considered safe. Eight sites showed contamination >1600 MPN/100ml, both 23 

for total coliforms and E. coli. Eighteen resistant structures belonging to four genera of helminths and 24 

three cystic structures corresponding to three genera of protozoa were identified. Microbiological data 25 

were visualized through concentration mapping. It was concluded that drinking water in these 26 

communities is unsafe due to high levels of contamination. Therefore, it is recommended to: (i) 27 

implement water treatment technologies, (ii) promote health education, (iii) protect water sources, 28 

and (iv) strengthen monitoring and institutional support to ensure access to safe water in vulnerable 29 

communities.  30 

Key words: Water quality, coliforms, rurality, E. coli, helminths, protozoa. 31 

 32 

Resumen.- En Ecuador, las zonas rurales enfrentan retos en el acceso a agua segura por la 33 

contaminación de fuentes hídricas con aguas residuales o escorrentía de cultivos, lo que convierte al 34 

agua en un transporte de microorganismos potencialmente patógenos. En el presente estudio, se 35 

realizó un diagnóstico microbiológico en tres comunidades del cantón Calvas, analizando coliformes 36 

totales, quistes de protozoarios y huevos de helmintos presentes en el agua de consumo para 37 

identificar sitios críticos de contaminación. Se procesaron 19 muestras para evaluar coliformes totales 38 

y Escherichia coli mediante el método de fermentación multitubo, y dos muestras para detección de 39 

parásitos intestinales por de microscopía básica. Ninguna de las muestras cumplió con los límites 40 

permisibles según la Normativa Técnica Ecuatoriana INEN 1108:2014 para ser segura. Ocho 41 

localidades mostraron contaminación >1600 NMP/100ml para coliformes totales y E. coli. Se 42 

identificaron 18 estructuras de resistencia de cuatro géneros de helmintos y tres estructuras quísticas 43 

de tres géneros de protozoarios. También se generaron mapas con las concentraciones microbianas. 44 

Se concluye que el agua de consumo en estas comunidades no es segura debido a altos niveles de 45 

contaminación. Finalmente, se recomienda i) aplicar tecnologías de tratamiento de agua, ii) promover 46 

educación sanitaria, iii) proteger las fuentes hídricas y, iv) fortalecer el monitoreo y apoyo 47 

institucional para garantizar el acceso a agua segura en comunidades vulnerables. 48 

Palabras clave: Calidad de agua, coliformes, ruralidad, E. coli, helmintos, protozoarios. 49 

 50 
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Access to safe drinking water is a basic human need. However, in rural areas around the world, public 52 

services that provide this essential resource are inadequate. In 2022, it was reported that 2.2 billion 53 

people did not have access to safely managed drinking water for their daily needs (United Nations 54 

2023). In Latin America, despite an abundance of water resources in relation to its surface area and 55 

population, has a relatively low coverage of drinking water services (Tribunal Latinoamericano del 56 

Agua 2004; BID and CEPAL 2018). In Ecuador, only 48.5% of the rural population had access to 57 

safe drinking water in 2019 (INEC 2019). Currently, studies conducted in the country on drinking 58 

water focus on reservoirs and treatment plants that generally supply the water resources only to urban 59 

areas and nearby peripheries (Baque-Mite et al. 2016; Levy et al. 2021; Molina et al. 2024; Vinueza 60 

et al. 2021). In contrast, the few studies conducted in rural areas have revealed that water often does 61 

not meet microbiological safety (Sánchez and Guangasig 2023). 62 

For water to be considered safe for consumption, it must meet a series of physical, chemical, and 63 

microbiological standards to prevent risk to human health. To establish this, a microbiological 64 

analysis is needed to identify the presence of microorganisms capable of altering the characteristics 65 

of an environment or ecological niche, resulting in possible harmful consequences to humans or the 66 

ecosystem (Prieto 2017). To determine whether the water is safe, results of the microbiological 67 

analyses must be compared with the permissible limits of a current regulation. Among the 68 

microorganisms capable of causing waterborne diseases are bacteria, viruses, protozoa and helminths. 69 

However, the Ecuadorian standards for potable water “Norma Técnica Ecuatoriana (NTE) INEN 70 

1108:2014” only considers indicator groups or index microorganisms such as thermotolerant 71 

coliforms, Giardia spp. and Cryptosporidium spp. (Ríos-Tobón et al. 2017).  72 

The coliform group consists of facultative anaerobic organisms that ferment lactose and produce gas, 73 

potentially comprising up to 10% of the intestinal microbiota in humans and animals. Therefore, their 74 

presence in aquatic environments is often associated with fecal contamination (Michra et al. 2018). 75 

Escherichia coli is the most clinically relevant species in this bacterial group, with six pathogenic 76 

serotypes known (enterohemorrhagic [EHEC], enterotoxigenic [ETEC], enteropathogenic [EPEC], 77 

enteroinvasive [EIEC], enteroaggregative [EAEC], and diffusely adherent [DAEC]) that can cause 78 

bacteremia, gastrointestinal and urinary tract infections (Hunter 2003; Nowicki et al. 2021).  In the 79 

case of further complications, these infections may cause death (Rabiu et al. 2022). On the other hand, 80 

protozoa are typically found as cysts, while helminths appear as eggs in water samples. These 81 

structures remain viable in the water for months and are resistant to both desiccation and chlorination 82 

(Grau-Pujol et al. 2021). In humans, they cause diarrheal diseases that primarily affect 83 

immunocompromised patients and children (Grau-Pujol et al. 2021; Ríos-Tobón et al. 2017). 84 

Continuous consumption of water with biological waste (animal and human feces and urine) is known 85 

to harm the health of consumers, increasing their risk of gastrointestinal diseases (Hunter 2003; 86 

Risebro et al. 2012). Among children, it is a key factor in the prevalence of chronic malnutrition. 87 

Early childhood diarrhea, particularly persistent cases, is strongly linked to growth faltering, with 88 

effects observed from 18 months up to several years later (Guerrant et al. 2002). Undernourished 89 

children experience more frequent and prolonged diarrheal episodes, creating a vicious cycle in which 90 

both conditions reinforce each other, further aggravated by enteric diseases that impair nutrient 91 

absorption (Guerrant et al. 2002). In Ecuador, 10,799 cases of poisoning due to consumption of food 92 

and water contaminated by microorganisms were documented in the latest report presented by the 93 

ministry of Public Health of Ecuador (MSP 2024). Additionally, in 2023 it was reported that 46% of 94 

malnourished children in rural areas of the country consume water contaminated with E. coli, and in 95 

Loja province this percentage is 31,6% (INEC 2023). 96 

Despite progress in expanding water services, access to safe drinking water remains a key determinant 97 

of quality of life in rural communities (ONU Ecuador 2023). In the province of Loja, data on non-98 

potable water sources is scarce and largely informal (Alcaldía de Calvas and Aguilera 2018; ARCA 99 

2023). In rural areas of Calvas canton, the absence of public water and sanitation systems forces 100 

residents to use rivers and springs, whose quality is unknown. This knowledge gap prevents an 101 

accurate understanding of the real situation in the rural sector, which means that new projects aimed 102 

at improving the quality of drinking water for these people are not proposed. Consequently, this study 103 
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sought to evaluate the microbiological quality of drinking water in three rural communities of Calvas 104 

canton, located in the province of Loja, during February 2024, in order to determine its safety and 105 

identify the areas with the highest contamination levels. 106 

 107 

Materials and Methods 108 

The study was carried out in the communities of Guara, Chaquizhca, and Bellamaria located in the 109 

Calvas County, province of Loja (Figure 1). Together, these communities comprise a total population 110 

of 216 inhabitants, of whom 30 are children under 13 years of age and 27 are elderly adults. The 111 

sampling was conducted from February 5 to 9, 2024 based on NTE INEN 1105:1986. This standard 112 

pertains to the sampling methodology and sample transport for analysis of microbiological parameters 113 

in drinking water (INEN 2012). The sampling methodology varied depending on whether the 114 

collection was conducted in the pipeline, tank, or river. A total of 19 duplicate samples, each with a 115 

volume of 75 ml, were collected for analysis of total coliforms and E. coli. Additionally, a total of 116 

two duplicate samples, each with a volume of 500 ml, were collected for confirmation of the 117 

presence/absence of protozoan eggs and helminth cyst (Table 1). 118 

To sample the eggs of helminths and cysts of protozoa, a phytoplankton net was positioned against 119 

the river current for at least 10 minutes. The collection was transferred to a sterile 500 ml container 120 

and 2-3 ml of 10% formaldehyde was added to preserve relevant structures (Ferrario et al. 1995; 121 

Secretaría de Comercio y Fomento Industrial 1999). 122 

At least one tank and/or piped sample was collected from the school in all three communities. The 123 

houses participating in the study were chosen considering their availability of water and proximity to 124 

the community's center. Two rivers near the communities of Bellamaria and Guara were also sampled. 125 

 126 

Report of total coliform and E. coli. - The multi-tube fermentation method was employed to analyze 127 

members of the coliform group. Fluorocult medium was used for the analysis and three dilution ratios: 128 

1:1, 1:10 and 1:100. A set of 15 tubes per sample (5 tubes per dilution) was used and incubated for 129 

24 to 48 hours at 35 ºC (American Public Health Association 1989). Total coliform results were 130 

determined by observing a color change of the medium from yellow to blue, with intermediate shades 131 

indicating a positive result. For E. coli detection, a positive sample for total coliforms was exposed 132 

to UV light, fluorescence indicated a positive result. Confirmation of E. coli was achieved by adding 133 

a couple of drops of Kovacs reagent to confirm the positive indole reaction (Merck 2024). 134 

The qualitative results were quantified by determining the Most Probable Number (MPN) method. 135 

The number of positive results for each dilution was compared to McCrady's table (Standard Methods 136 

9221) (American Public Health Association 1989). The validation of the culture media was performed 137 

by inoculating two sets of tubes for each batch used, one with distilled water and the other with a 138 

McFarland 0.5 standard with E. coli. Sample processing was carried out within a maximum of 4 hours 139 

after collection. 140 

 141 

Report of helminth eggs and protozoan cyst.- The samples were left to settle for 48 hours before 142 

analysis to allow for the spontaneous precipitation of parasitic structures and dissolved solids in the 143 

water. Subsequently, the supernatant was discarded, leaving a total volume of 100 ml. A volume of 144 

3 ml of Lugol's iodine was added to 100 ml of the sample before microscopic examination using glass 145 

petri dishes and a 40X objective lens (Terashima et al. 2009). Sample processing was conducted three 146 

weeks after collection, during which the samples were refrigerated at 4 ºC. 147 

 148 

Statistical analysis.- All analyses were performed (mean, median, standard deviation and Shannon 149 

diversity index) using RStudio (version 2024.12.1+563) running R (version R-4.5.0). Total coliform 150 

and E. coli concentrations were represented by bar charts, organized by community and sampling 151 

matrix. To evaluate the concentrations, descriptive statistics including mean, median, mode, and 152 

standard deviation were calculated for each community. To enhance the interpretation of variability 153 

across locations, error bars were used to graphically display the dispersion of values. 154 
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For the analysis of helminth eggs and protozoan cysts, the Shannon diversity index was applied. The 155 

classification thresholds for the diversity index were established based on researcher-defined criteria, 156 

considering acceptable ranges for wastewater quality (the presence of two parasitic structures 157 

corresponds to a Shannon index value of 0.693), as outlined by the World Health Organization (WHO 158 

2006). 159 

 160 

Map generation.- ArcGIS Pro software (version 3.3.2) was used for map development. This 161 

geographic information system facilitated the creation of visually intuitive maps displaying the 162 

reported biological contamination concentrations in the study areas. 163 

 164 

Results  165 

The three communities considered in the study are located approximately five km apart, with their 166 

population centers around the schools. The houses included in the study were either part of these 167 

population centers or located just a few meters away. In the community schools, both pipelines and 168 

tanks were installed; however, only the tank at the school in Bellamaria remained operational. The 169 

tanks in the schools of Guara and Chaquizhca were no longer functional due to damage, and therefore, 170 

they could not be sampled. The water pipelines selected for sampling at each school were 171 

predominantly the ones used by children when leaving the restroom or returning to class after recess. 172 

Regarding the characteristics of the samples for the analysis of total coliforms and E. coli from 173 

pipeline and tank sources, these were generally colorless and odorless, with no turbidity. Only the 174 

samples labeled CTU01, CTN01 and CTN02 showed slight turbidity. On the other hand, the samples 175 

from the rivers were odorless but exhibited slight brown turbidity. As for the samples intended for 176 

the analysis of helminth eggs and protozoan cysts, they were odorless, with visible brown turbidity 177 

and sediment composed of clay and sand typical of the backwash filtration process in rivers. 178 

 179 

Total coliform and E. coli.- The concentrations of contamination by total coliforms and E. coli 180 

ranged from 28 MPN/100 ml to >1600 MPN/100 ml. These values indicated that the water from 181 

pipelines, tanks, and rivers is not suitable for human consumption. The differentiation of 182 

contamination levels, based on the sampling matrix and the communities is illustrated below (Figure 183 

2). 184 

In the case of the piped water, eight samples were collected in duplicate (three from Guara, two from 185 

Chaquizhca, and three from Bellamaria). Some pipelines supplying water to the households were 186 

located outside the homes; from these points the water was transported to the kitchens using pots, 187 

pitchers and containers, or consumed directly from the flowing outlet. The contamination 188 

concentrations in this matrix, for both analyzed parameters, ranged from 28 MPN/100 ml to >1600 189 

MPN/100 ml. 190 

In relation to the tanks, plastic or concrete storage containers were observed either near the houses or 191 

inside the kitchens. Tanks located inside the homes showed fewer sediments at the bottom. A total of 192 

nine samples from this sample type were processed in duplicate (three from Guara, three from 193 

Chaquizhca, and three from Bellamaria). Contamination by total coliforms was reported, ranging 194 

from 195 MPN/ 100 ml to >1600 MPN/100 ml; for E. coli, concentrations ranged from 33 MPN/100 195 

ml to >1600 MPN/100 ml. 196 

At the Guara community school, concentrations of 445 MPN/100 ml for total coliforms and 123 197 

MPN/100 ml for E. coli were recorded. In the Chaquizhca community school, concentrations >1600 198 

MNP/100 ml were detected for both total coliform and E. coli. In the Bellamaria community school, 199 

total coliform concentrations >1600 MPN/100 ml were observed in both matrices, while E. coli 200 

concentrations reached 309 MPN/100 ml in the pipeline and 975 MPN/100 ml in the tank. 201 

 202 

Helminth eggs and Protozoan cysts.- This analysis restricted samples to those from the rivers due 203 

to the requirement of filtering a minimum of 100 liters of water. In the Pichinamaca stream, a total of 204 

10 helminth eggs were identified, belonging to the genera Taenia, Ascaris and Ancylostoma, along 205 

with three protozoan cysts from the genera Balantidium, Isospora, and Cryptosporidium. In the 206 
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Catamayo river, nine helminth eggs were detected, corresponding to the genera Taenia and 207 

Paragonimus (Table 2).  208 

The identification of the detected genera was based on the determination of differential morphological 209 

traits described in the literature. The characteristics considered included size, shape, composition of 210 

external layers, and the distribution of intracellular material (Chai 2007; Ladín and Pacheco 2014). 211 

 212 

Statistical analysis. - The average concentrations of total coliforms and E. coli per community 213 

exceeded the permissible limit for fecal contamination to be considered suitable for human 214 

consumption. In the community of Guara, the mean concentration was 815.71 MPN/100 ml with a 215 

median of 540 MPN/100 ml and the highest standard deviation of 761.29 MPN/100 ml. In 216 

Chaquizhca, the highest mean value that was observed was 1327.5 MPN/100 ml, with a median of 217 

1600 MPN/100 ml and the lowest standard deviation of 461.17 MPN/100 ml. Conversely, in 218 

Bellamaria, the lowest mean concentration was reported at 722.71 MPN/100 ml with a median of 219 

725.71 MPN/100 ml and a standard deviation of 681.89 MPN/100 ml. The mode in all three 220 

communities was 1600 MPN/100 ml. These data were visualized using error bar plots to illustrate the 221 

variations in concentration (Figure 3). 222 

The Shannon diversity index was applied to quantify the biodiversity of river sampling points on the 223 

presence of protozoan cyst and helminth eggs. The complexity of the microbial population is 224 

determined by both the number of species detected and their relative abundance.  225 

Regarding microbial diversity, water samples were classified according to Shannon diversity index 226 

values; diversity was considered low if the index value was ≤ 0.5, moderate if ≤ 1.0, high if ≥ 1.1, 227 

and very high if ≥ 2.0. According to the reported data, the sampling point located in the Pishinamaca 228 

stream exhibited high diversity, with a Shannon-Weaver index value of 1.411. In contrast, the 229 

Catamayo river, located near the community of Bellamaria, showed moderate diversity with a value 230 

of 0.687 (WHO 2006). 231 

 232 

Geospatial analysis.- The maps allowed the identification of critical areas in terms of contamination. 233 

In the case of total coliforms and E. coli, the data confirm that the community of Chaquizhca exhibits 234 

higher MPN/100 ml concentrations compared to Guara and Bellamaria. Most of the intermediate 235 

contamination ranges are in Bellamaria, suggesting that fecal contamination in this area is moderate 236 

in comparison to the other communities. This trend is consistent across both microbiological 237 

parameters analyzed. 238 

The following map presents the distribution of the genera identified in the samples, represented by 239 

pie charts corresponding to each sampling location. In the north, within the Catamayo river, a lower 240 

parasitic diversity is observed, characterized by the predominance of Taenia spp. This may be 241 

attributed to the larger flow volume of the river, which could reduce the representativeness of the 242 

sampling area with respect to the river´s overall diversity. In contrast, in the southeastern region, the 243 

Pishinamaca stream exhibits greater diversity, while still showing a predominance of Taenia spp. 244 

This pattern is likely associated with a narrower tributary that receives higher contamination loads 245 

due to its proximity to the surrounding communities. 246 

 247 

Discussion 248 

None of the processed samples met this standard, which sets the permissible limit for fecal coliforms 249 

at < 1.1 MPN/100 ml and requires the absence of Giardia spp. and Cryptosporidium spp. in 1 L of 250 

water. These results are alarming, as they demonstrate that children are exposed to high 251 

concentrations of potentially harmful microorganisms at home and at school. 252 

It is essential to raise awareness about the importance of drinking water quality in rural communities 253 

and its implications for short- and long-term public health. While access to water services is a central 254 

topic in public policy, it is concerning that the water reaching households fails to meet the minimum 255 

safety standards established by Ecuadorian regulation (NTE INEN 1108:2014). 256 

A study conducted in 2014 evaluated whether the water supply sources in Cariamanga parish, the 257 

cantonal capital of Calvas, met the minimum parameters for safe consumption. Results showed that 258 
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total coliform concentrations at two of three sampling sites reached 510 and 520 MPN/100 ml during 259 

the rainy season, rising to 580 MPN/100 ml in the dry season. Fecal coliform levels ranged from four 260 

to nine MPN/100 ml (Cueva et al. 2014). Compared to the present study, which found levels between 261 

28 and >1600 MPN/100 ml for both total coliforms and E. coli, the contamination of water sources 262 

appears to have significantly worsened. 263 

Based on the results obtained, the community with the highest bacterial counts was Chaquizhca, 264 

suggesting that this area experiences the most severe fecal contamination, likely linked to the 265 

pollution of water supply sources. In Guara, a high degree of variability was observed, associated 266 

with differences in concentrations reported between sampling matrices. Specifically, the counts 267 

reported in the river (primary water source) differed from those found in household storage systems 268 

(tanks and pipelines), possibly due to preliminary household-level disinfection practices. Finally, 269 

Bellamaria, which exhibited the lowest mean contamination level, may have reduced exposure to 270 

contamination from its water source. It is important to note that the limited number of collected 271 

samples may introduce some bias in estimating the overall contamination level within each 272 

community. Nevertheless, the results are considered sufficiently representative to conclude that the 273 

drinking water currently consumed by these communities is unsafe. 274 

Escherichia coli plays a critical role in the microbiological assessment of water quality due to its 275 

ecological niche compatibility with various pathogens. It is therefore considered both an index 276 

organism (from the genus Salmonella) and an indicator organism (for fecal coliforms) (Food and 277 

Agriculture Organization of the United Nations [FAO] 2011; González-Mendoza et al. 2015). Cattle, 278 

particularly bovines, are the primary reservoir for several serotypes of E. coli (Bettelheim et al. 2005; 279 

Hoyle et al. 2021). These strains colonize the gastrointestinal tract of the animals, resulting in feces 280 

that serve as a significant source of environmental and foodborne contamination (Bettelheim et al 281 

2005). Numerous outbreaks have been linked to cross-contamination of food or water with bovine 282 

feces (Bettelheim et al 2005; Costa et al. 2024). Among the most extensively studied and impactful 283 

cases are those caused by the O157:H7 strain, which is known to cause severe renal and neurological 284 

damage, and can lead to death, particularly in children and the elderly due to serious complications 285 

(LeBlanc 2008; Smith et al. 2014). Its presence in this study warrants further investigation, as the 286 

high concentrations reported suggest the possible presence of other potentially harmful 287 

microorganisms.  288 

The reported concentrations are of concern, as infections caused by enteric bacterial pathogens can 289 

cause symptoms such as diarrhea, nausea, and vomiting (Wells et al. 2023). These infections can also 290 

weaken the immune system, particularly in infants, who frequently present with malnutrition 291 

diagnoses due to complications (Petri et al. 2008; Wells et al. 2023).  292 

In contrast, protozoan cysts and helminth eggs represent an aspect that has not yet been addressed in 293 

any published study on water quality in the province of Loja. According to the World Health 294 

Organization (2006), untreated wastewater typically contains between two and five resistant parasitic 295 

structures (protozoan cyst and helminth eggs) per 64.9 L per day. In this study, river water samples 296 

showed between 9 and 13 such structures in a 10-minute sampling period. Based on this and in 297 

accordance with INEN standard 1108:2014, the water is deemed unfit for human consumption. 298 

Although only one Cryptosporidium cyst was detected, the findings confirm a high and persistent 299 

level of biological contamination in the water source. 300 

According to current secondary environmental legislation helminth eggs must be absent in water 301 

intended for irrigation or recreational use (Ministry of Environment, Water and Ecological Transition 302 

2015). The river water analyzed in this study exhibits high contamination levels, which hinder routine 303 

agricultural and recreational activities, thereby posing a health risk to local communities. 304 

Helminth eggs and protozoan cysts serve as indicators of fecal contamination in water sources. Their 305 

presence is commonly studied in wastewater before and after treatment. Protozoan cysts can remain 306 

viable in water for a minimum of two days and up to seven months, whereas helminth eggs can 307 

survive from 107 days to as long as 1.5 years (WHO 2006). The presence of these organisms in 308 

drinking water poses a significant health risk, particularly for children, as they are more vulnerable 309 

to the effects of the effects of intestinal parasitic infections. In children, intestinal parasitic infections 310 
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can lead to delayed physical and cognitive development due to appetite loss, nutrient malabsorption, 311 

and damage to the intestinal mucosa (Celi et al. 2019). 312 

Prevalence and proliferation of microorganisms in water intended for human consumption are 313 

primarily caused by the presence of organic matter. Organic waste-especially feces and urine from 314 

animals and humans- is a major contaminant of water sources. In addition to introducing 315 

microorganisms into the environment, it provides soluble nutrients such as organic molecules and 316 

salts that support microbial growth and reproduction (Salazar Coello et al. 2018; Vega Herrera 2019). 317 

In the case of total coliform and E. coli analyses, it is likely that the water source, distribution systems, 318 

or storage containers are continually exposed to such contamination due to limited resources for the 319 

maintenance of the distribution system. This would explain why all the samples analyzed showed 320 

elevated levels of total coliforms and E. coli. Furthermore, protozoan cysts and helminth eggs are 321 

directly associated with contamination from fecal matter. 322 

Additionally, soil leachates resulting from the excessive use of chemical fertilizers in agriculture may 323 

exacerbate the problem (Salazar Coello et al. 2018; Vega Herrera 2019). Leaching is the process by 324 

which water transports nutrients and organic matter from the soil into nearby water sources (Ferrari 325 

Noll 2018). This phenomenon is particularly impactful on rivers, as they often run alongside or near 326 

agricultural fields in local communities. 327 

 328 

Conclusion and Recommendation 329 

This study indicates that the sampled area requires immediate intervention to improve drinking water 330 

quality, with the goal of strengthening the public health system. The most highly contaminated sites 331 

were the riverine sample and the Chaquizhca community. Therefore, it is recommended that water 332 

reaching households undergo preliminary treatment before consumption, to prevent high microbial 333 

loads from compromising the health of community members. In the case of river water, direct 334 

consumption should be avoided, as traditional household treatment methods are not effective in 335 

removing complex structures such as protozoan cysts and helminth eggs. 336 

It is also recommended that future studies include a microbiological assessment of the springs that 337 

serve as water sources for the communities, and that household sampling coverage be expanded. 338 

Furthermore, it is suggested that future phases incorporate culture-independent methodologies to gain 339 

a deeper understanding of microbiome diversity and its potential impact on community health. 340 
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FIGURES 4 
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Figure 1. Map of the communities of Guara, Chaquizhca, and Bellamaria locations by sample type. 6 

7 
Figure 2. Mean concentrations (MPN/100 ml) of total coliforms and E. coli by sample type across to 8 

sampled communities. 9 
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Figure 3. Mean bacterial concentration per community with standard deviation bars. 12 
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 TABLES 4 

Table 1. Location of sampling points in pipeline, tank, and river systems by community. 5 

  House code Sample code Latitude Longitude 

 

 

T 

A 

N 

K 

 

GUARA 

GA106 GTN 01 -4,252669 -79,577886 

* GTN 02 -4,248089 -79,580523 

CQ218 GTN 03 -4,238073 -79,586661 

 

CHAQUIZHCA 

CQ 326 CTN 01 -4,229987 -79,591505 

CQ 307 CTN 02 -4,229702 -79,591036 

CQ 506 CTN 03 -4,229201 -79,589730 

 

BELLAMARIA 

BMESC BTN 01 -4,195695 -79,610661 

BM302 BTN 02 -4,194776 -79,61039 

BM201 BTN 03 -4,198075 -79,619829 

P 

I 

P 

E 

L 

I 

N 

E 

 

GUARA 

GAESC GTU 01 -4,253091 -79,57867 

GA221  GTU 02 -4,248640 -79,584110 

CQ411 GTU 03 -4,237737 -79,58516 

CHAQUIZHCA CQESC CTU 01 -4,228044 -79,587687 

CQ 507 CTU 02 -4,228775 -79,589026 

 

BELLAMARIA 

BMESC BTU 01 -4,195695 -79,610661 

BM213 BTU 02 -4,20634 -79,60918 

BM305 BTU 03 -4,185882 -79,610003 

R 

I 

V 

E 

R 

 Pishinamaca 

stream (GUARA) 

 

- 

 

GAR 01 

 

-4,246301 

 

-79,579589 

Catamayo river 

(BELLAMARÍA) 

- BAR 01 -4,177247 -79,614902 

Note: * Recently constructed house not yet registered in the CISeAL database. 6 

 7 

Table 2. Taxa of helminth eggs and protozoan cysts identified in river samples.  8 

Location Classification Taxa Number of 

structures 

 

 

 

Pishinamaca stream 

(GUARA)   

 

 

Helminth eggs 

Taenia spp. 6 

Ascaris spp. 2 

Ancylostoma spp. 1 

 

Protozoan cysts 

Balantidium spp. 1 

Isospora spp. 1 

Cryptosporidium spp. 1 

Catamayo river 

(BELLAMARÍA) 

Helminth eggs Taenia spp. 5 

Paragonimus spp. 4 
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