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Abstract

Water is one of the main sources of human exposure to microbiological hazards. Although 

legislation establishes regulatory standards in terms of fecal indicator bacteria to assess the 

microbiological quality of water, these do not necessarily predict the presence of pathogens such 

as parasites and viruses. Better surveillance and management strategies are needed to assess the 

risk of pathogens waterborne transmission. We established a baseline dataset to characterize river 

water quality, identify changes over time, and design a rational monitoring strategy. Data from a 

year-long monthly monitoring campaign of the polluted Arenales River (Argentina), were 

analyzed to statistically correlate physicochemical and microbiological variables, the seasonal and 

longitudinal variation of the water quality and determine the similarity between study sites. The 

measured variables (sixteen) reflected the deterioration in the river quality through the city. 

Different viruses and parasites found did not correlate with the concentration of total and 

thermotolerant coliforms. There was significant seasonal variation for temperature, turbidity, 

conductivity, dissolved oxygen, enterococci, and norovirus. Strong correlations between some 

variables were found; we selected eight variables (dissolved oxygen, conductivity, turbidity, total 

and thermotolerant coliforms, Enterococcus, and adenovirus and Microsporidium as viral and 

parasitological indicators, respectively) for future monitoring. There was similarity between the 

monitoring locations, which were grouped into four clusters validated by cophenetic correlation 

and supported by discriminant analysis. This allowed us to reduce the number of sites, from eleven 

down to five. Sixty seven percent of the total variance and the correlation structure between 

variables was explained using five principal components. All these analyses led to a new long-

term systematic monitoring scheme A rational monitoring strategy based on the selection of the 

most suitable monitoring points and of the most significant variables to measure, will result in 

optimal use of the limited resources available to adequately protect public and environmental 

health.
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1. Introduction

Water is the one of the main sources of human exposure to microbiological hazards. 

Pathogens are introduced into surface waters through different pathways such as industrial 

effluent, raw and treated sewage, stormwater and animal manure runoff, in addition to 

industrial and household solid waste disposal (van den Berg et al., 2005). Although 

Argentina has no specific legislation establishing limits for the presence of microbial 

organisms in surface water, International Standards from the Pan American Health 

Organization (PAHO) and from the European Community (EC) (Hederra, 1996; CEU-

revised Bathing Water Directive, 2006; Kay et al., 2004; WHO, 2003) are used as models. 

In these regulations only bacterial indicators are designated (total and thermotolerant 

coliforms, enterococci and Escherichia coli) to assess the microbiological quality of water. 

However, these bacterial indicators do not accurately predict the presence of other pathogens 

such as protozoa, non-culturable pathogenic bacteria, and enteric viruses (Jiang et al., 2006; 

Noble and Fuhrman, 2001; Lipp et al., 2001). Therefore, specific monitoring for those 

pathogens should also be performed.

Over one hundred different species of viruses have been described in human and animal 

excreta (Melnick, 1984) and isolated from sewage water (Cukor and Blacklow, 1984). 

Between 105 and 1011 virus particles per gram of stool are excreted in the feces (Farthing, 

1989). Enteric viruses are a major public health problem due to their low dose required for 

infection; the risk of infection is between 10- and 10,000-fold greater than a bacterial 

infection in similar situations of exposure (Haas et al., 1993). Although enteric virus 

infections are generally associated with gastroenteritis and diarrhea in vulnerable groups, 

these fecal-oral transmitted viruses may also cause other infections and diseases that have 

high mortality rates (Melnick, 1990; Kocwa-Haluch, 2001; Nwachuku and Gerba, 2006) and 

even chronic diseases (Peng and Hagopian, 2006). Emergence of waterborne outbreaks of 

enteric viruses is well documented in the literature (Gerba et al., 1996; Boccia et al., 2002; 

Mena and Gerba, 2009). Numerous investigations have associated virus polluted water-

related recreational activities (swimming, canoeing, fishing, etc) with gastrointestinal 

disease (Hoebe et al., 2004; Sinclair et al., 2009), but only a small proportion of outbreaks 

were reported and investigated (Craun, 1991).

Some human viruses may be used as indicators of viral contamination (Pina et al., 1998; 

Albinana et al, 2009; Wyn-Jones et al., 2011). The strongest candidates seem to be 

adenovirus (AdV), norovirus (NV), and enterovirus (EV); polyomavirus was also suggested 

(McQuaig et al., 2009). Human AdV are commonly found in urban rivers and drinking 

water (Castignolles et al., 1998; Van Hereden et al., 2003). From the 51 serotypes known, 

only 40 and 41 have been recognized as a major cause of childhood diarrhea. AdVs have 

been identified by the Environmental Protection Agency (EPA, USA) as candidates for 

identifying human contamination in drinking water because they have shown to be more 
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stable in water compared to other viruses and may be resistant to disinfection systems for 

drinking water (Thurston-Enriquez et al., 2003). On the other hand, NV are the most 

common cause of gastroenteritis in adults (Maunula et al., 2005) and also have a high 

incidence in children. They were reported to be responsible for approximately 10–30 million 

illnesses per year in the United States (Caro et al., 2001). NVs have recently been identified 

in aquatic environments such as wastewater effluents and rivers (Ueki et al., 2005; van den 

Berg et al., 2005). Several studies have documented their presence in recreational waters 

(Puig et al., 1994; Fuhrman et al. 2005; Donaldson et al., 2005). Despite extensive research, 

no unique universal indicator virus has been identified as yet and specific environmental 

characteristics may promote the existence of a particular indicator virus from the study site 

(Skraber et al., 2004).

Protozoan parasites are also responsible for various illnesses. Waterborne outbreaks of 

gastroenteritis have economic consequences related to the illnesses, but also produce a crisis 

in terms of confidence in the quality of the water sources and treatment. Many parasites that 

are transmitted by the fecal–oral route have been found in water (Dowd et al, 1998), but 

probably Cryptosporidium and Giardia are the most common ones (Gardner et al, 2001; 

Rose et al, 1996, Rose et al, 2002). They have been reported in wastewater (Mayer and 

Palmer, 1996), superficial water (Horman et al, 2004) and streambeds (Searcy et al, 2006), 

indoor pools (Schets et al, 2004), and drinking water (Hashimoto et al, 2002), living freely 

or in biofilms. Cryptosporidium caused the largest outbreak (400,000 people ill) ever 

documented in the U.S. when a drinking water treatment plant in Milwaukee (WI) 

malfunctioned (Mac Kenzie et al. 1994). Another very common protozoon, amoebae, 

present a double risk because they are pathogenic but can also transport amoeba-resistant 

strains of bacteria, viruses, and occasionally fungi, which can survive and grow after 

internalization and return safely to the environment (Greub and Raoult, 2004). When they, 

as well as other parasites, are confronted with severe environmental conditions that threaten 

their survival, they convert to cysts that are resistant to chlorination, adverse pH, osmotic 

pressure, and temperature.

Better surveillance and management strategies are needed to assess the risk of waterborne 

transmission of pathogens, and effective wastewater treatment is critical to protect the public 

health against epidemic enteric microbial infections. Oftentimes people have many questions 

regarding the quality of water resources like inland lakes, rivers, and streams. To find the 

correct answers it is necessary to measure some variables. Frequent issues at the moment of 

planning a monitoring scheme are the location and number of monitoring points to select, 

along a river for example, the number of samples to analyze to be representative of a place, 

the water volume needed to have meaningful results, whether the samples should be 

individually grabbed or be composite, the periodicity of sampling, and the number of 

variables necessary to measure in order to answer the questions without wasting scarce 

resources. Although different monitoring programs can be designed depending on the goals 

sought and the availability of resources, standardized procedures have already been 

developed and published (GWA, 2009; Eaton et al, 2005). The aims of this work were to 

establish a baseline dataset to characterize river water quality, to identify changes over time, 

and to design a better strategy for the rational monitoring in the future. The Arias-Arenales 
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River (called simply the Arenales River subsequently), which crosses the city of Salta in 

Argentina, was selected as a model for this study. The results obtained from a year of 

monthly monitoring were analyzed to evaluate correlation between physicochemical and 

microbiological variables, the seasonal and longitudinal variation of the river quality, and 

the similarity between the studied sites. From that analysis we were able to identify the most 

relevant variables to be measured and the most suitable monitoring sites in order to design a 

rational scheme to check the river and/or discharges in the future to control (and eventually 

to correct) microbial pollution and to protect the public and environmental health.

2. Materials and Methods

2.1. Study area and sampling sites

The Arias-Arenales River belongs to the Juramento-Salado watershed in Salta, in the 

northwest of Argentina, and is subject to a seasonal fluctuation in water flow: very high flow 

during the rainy season in the summer (November to April) and very low during the dry 

season in the winter (May to October). At its source it runs west to east through a semi-rural 

area where the main uses are for water supply, agricultural irrigation, recreational activities, 

and livestock maintenance. Then it crosses the city of Salta in a south-east direction, 

discharging into the General Belgrano Reservoir located in the south, providing 

hydroelectric energy and water for different uses at downstream locations. When crossing 

the city, the river receives the impact of point and non-point source pollution (stormwater, 

illegal raw sewage, industrial effluents, and illegal solid waste disposal in Salta’s poorest 

areas, which developed unplanned through the years). Eleven points along the river as it 

crosses the city (12.5 Km), were initially identified as critical (Figure 1). Monthly 

monitoring was performed during 13 months (from February of 2009 to February of 2010). 

Five of the points (P) monitored were directly located on the river, while the other six 

corresponded to channels that discharge directly into the river. Briefly, P1 and P2 were 

selected as low-pollution controls on the Arias and Arenales Rivers, respectively, before 

entering the city; P3, P7, P8, and, P9 are stormwater sources flowing into the river; P4 is on 

the Isasmendi Creek at the confluence with the Arias River where a beef packing plant is 

located; P5 was a major discharge of untreated sewage; P6, on the river, is a recreational 

area called Parque Los Sauces (with picnic tables, grills, and a place for children to play); 

P10 and P11, on the river, are upstream and downstream of the wastewater treatment plant 

(WWTP) and municipal landfill.

2.2. Physicochemical variables and bacteriological analysis

Physicochemical variables including temperature, pH, turbidity, conductivity, salinity, and 

dissolved oxygen were measured in situ using a multiparametric equipment Horiba U-10 

(Japan).

Three hundred milliliter water samples were collected in sterile bottles, kept refrigerated at 4 

°C and taken to the laboratory for bacteriological analysis. Total and thermotolerant 

coliforms were determined by the multiple tubes method in MacConkey broth (48 h at 37 

and 44 °C, respectively), applying the Most Probable Number Method (Eaton et al, 2005). 
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E. coli (Method 1103.1) and enterococci (Method 1106.1) were determined using the 

Membrane Filtration Method (EPA, 2002).

2.3. Water concentration for parasitological and viral analysis

The number of parasites and viruses in environmental waters may be enough to produce 

illness but too low to reach the detection limit of the methods used, thus a concentration step 

is required. The concentration procedure described previously by Rajal et al. (2007a) was 

followed with small modifications. Briefly, 20 L-water samples were collected and spiked 

with PP7 (ATCC 15692-B2), bacteriophage of Pseudomonas aeruginosa, to a final 

concentration of 106 gene copies (gc) per mL. PP7 was used as an external control to 

calculate the efficiency of the concentration process and to assess for inhibition in PCR 

(Rajal et al, 2007a). The samples were filtered through two stainless-steel sieves (74 and 37 

μm) to remove solids and received into the feed tank. From there, the water was pumped 

(using a peristaltic pump Apema BS6D) through the ultrafiltration unit with a 50,000 MW 

membrane cut-off (Microza AHP 1010, Pall Life Sciences, East Hills, NY) until the volume 

was reduced to about 30 mL. Two elution steps with 0.05 M glycine/NaOH (pH 7.0) and 

0.1% Tween 80 were performed to recover material bound to the tubing in order to increase 

the recovery. The final concentrated sample, 50-70 mL, consisted of the mixture of the 

eluate from the ultrafiltration unit plus the final retentate.

2.4. Parasitological analysis

Twenty milliliters of the concentrated water sample were filtered through three layers of 

gauze to eliminate microscopic particles or remains that could be confused with parasites. 

After that the sample was split in two fractions, each of which was further concentrated by 

two methods: Sheather sucrose flotation (Sheather, 1923) and sedimentation by 

centrifugation using the Charles Barthelemy method, as modified by Bacigalupo and Rivero 

(Magaró, 2011). The pellet obtained after centrifugation (1000 rpm, 5 min) was resuspended 

in 10% sucrose solution and then preserved to avoid loss of material according to the 

following procedures: i) in 10% formol, ii) in sodium acetate-acetic acid-formalin (SAF) 

fixative (Yang and Scholten, 1977), and iii) in merthiolate-iodine-formaldehyde (MIF) 

(Sapero and Lawless, 1953).

The identification of trophozoites, cysts, oocysts, and larvae was performed by direct 

microscopic examination (1000x) of the preserved samples. Wet-mount preparations with 

Lugol’s solution were used to identify trophozoites and cysts from Entamoebas, 

Dientamoeba fragilis, Balantidium coli, Trichomonas, Giardia, helminths eggs or larvae 

like Enterobius vermicularis (formerly Oxyuris vermicularis), Ascaris lumbricoides, and 

oocysts from Isospora belli. Wet-mount preparations with eosin or methylene blue were 

used to identify Cyclospora oocysts and with modified safranin for Cryptosporidium and 

Microsporidium spores. Permanent trichrome stained (Weber et al, 1992) mounts were also 

prepared from the original concentrated sample or from the preserved samples in formol and 

SAF to detect protozoa and microsporidia spores.

Helminth eggs count was performed by the Stoll quantification method (Stoll and Hausheer, 

1926). The detection of larva from Ancylostoma duodenale, Necator americanus, and 
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Strongyloides stercorali was performed by culture on a strip of filter paper in an upright tube 

containing a shallow reservoir of water (Harada and Mori, 1955).

2.5. Virological analysis

The concentrated water samples were analyzed for three different viruses: adenovirus 

(AdV), enterovirus (EV), and Norovirus Genotype II (NV). Samples were also analyzed for 

the spiked PP7 as a process control.

Viral nucleic acids were extracted from 140 μL of each concentrated sample using the 

Qiagen Viral RNA Kit (Qiagen, Valencia, CA) according to the manufacturer’s directions. 

A final volume of 80 μL was obtained as eluate. Several dilutions of the nucleic acid 

extracted from each water samples were performed in order to check for inhibition.

To produce cDNA for the RNA viruses (EV, NV, and PP7) a commercial kit (Invitrogen 

Superscript III) was used. Ten microliters of the nucleic acids extracted were added to 30 μL 

of the reaction mixture, giving final concentrations of: 1 RT buffer, 500 μM dNTPs, 5 mM 

MgCl2, 2 U/μL RNaseOUT, 10 U/μL SuperScript III, and 2.5 ng/μL of random hexamers. 

cDNA was synthesized by incubating the mixture at 50 °C for 50 min, followed by another 

incubation step at 85 °C for 5 min to inactivate the RT enzyme. The detection and 

quantification of all the targets was performed by real-time PCR (ABI PRISM 5700 

Sequence Detection System, Applied Biosystems). Each 25 μL of PCR reaction mixture 

contained 12.5 μL of commercially available 2 TaqMan Universal PCR Master Mix 

(Applied Biosystems), 5 μL of the DNA sample (for AdV) or cDNA (for EV, NV, and PP7), 

primers and probe, and water to complete the volume. The four sets of primers and probes 

used for the quantitative detection of each virus are compiled in Table 1. Standard 

amplification conditions were used: 2 min at 50 °C, 10 min at 95 °C, and 40 cycles of 15 s at 

95 °C, and 60 s at 60 °C.

A 10-fold serial dilution of plasmid DNA containing the target sequences was used to make 

a standard curve for each virus. The threshold cycles (Ct) were calculated using baseline 

values of 6 to 15 and a threshold of 0.05. The viral concentrations for each sample were 

calculated from the Cts of the qPCR reactions without inhibition taking into account the 

standard curve and the recovery for PP7.

2.6. Data Analysis to redesign the monitoring strategy

The abundant information obtained from the monitoring scheme followed was analyzed to 

assess for redundancy in order to reduce the number of variables to be measured and 

monitoring points required in a future systematic surveillance of the water quality. Kruskal-

Wallis and Wilcoxon tests were performed to study the seasonal and spatial behavior of the 

variables measured, respectively.

The nonparametric Spearman test was applied in order to find associations between the 

physicochemical and microbiological evaluated variables. Moreover, to explain the 

variability and to study the structure of these associations between variables a principal 

component analysis/factor analysis (PCA/FA) was performed. The original variables were 

transformed into new uncorrelated ones called principal components (PCs). FA followed 
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PCA and its goal was to reduce the contribution of the less significant variables obtained 

from PCA. This purpose was accomplished by rotating the axis defined by PCA and 

constructing new variables called varifactors (VFs). Varimax rotation distributes the PC 

loadings such that the dispersion is maximized by minimizing the number of large and small 

coefficients (Richman, 1986).

In addition, water quality data sets were subjected to two other multivariate statistical 

analyses: cluster analysis (CA), discriminant analysis (DA).

CA was performed including all the physicochemical and microbiological variables 

evaluated, excluding E. coli, which had lower number of records. A dendrogram was built 

using a hierarchic method, in order to gather the different monitoring points in clusters 

(Nnane et al., 2011). To validate the clusters obtained the cophenetic correlation coefficient 

was calculated (Sokal, 1986). DA was also applied to discriminate between naturally 

occurring groups (Wunderlin et al., 2001). In addition, DA possible to assess whether a 

small group of variables emerged from the correlation analysis, PCA/FA and descriptive 

statistics can describe satisfactorily the groups formed (Shrestha and Kazama, 2006). 

Statistical analyses were performed with InfoStat software (Di Rienzo et al., 2010).

3. Results and Discussion

3.1. Water quality variables and seasonal analysis

The dataset obtained from water quality variables was divided in two seasonal groups 

according to the records of rainfall for the period studied. The dry season (DS) spanned from 

April to October of 2009 with 31.9 mm rainfall, while the wet season (WS) included 

February and March 2009 and the period from November 2009 to February 2010 with 818.3 

mm of rainfall. A total of 117 samples were analyzed (including the river and discharges), 

62 during the dry season and 55 during the wet season. Some points could not be monitored 

during the DS because of lack of water in the river. The descriptive statistics for all the 

water quality variables, including physicochemical, bacteriological and viral levels variables 

were determined (Table 2). A Kruskal-Wallis test for two seasons was performed. Seasonal 

variations were statistically significant for temperature, turbidity, conductivity, dissolved 

oxygen, enterococci, and norovirus genogroup II (see p-values, Table 2).

The WS includes spring and summer months with high temperatures and shallow water 

bodies. Rains were intense (high precipitation in a short time), leading to rapid increases of 

flow rate, resuspension and transport of sediments. High river flow turbulence (sample sites 

in the river) increased turbidity and showed a significant difference between seasons (p-

value = 0.0003). Conversely, monitoring points located on the drainage channels did not 

show significant differences in turbidity values for different seasons (p-value = 0.3430) due 

to the lower sediment transport in concrete channels. The dilution of organic matter and 

pollutants due to precipitations, and the increasing turbulence, allowed a significant 

increment in dissolved oxygen concentration during the WS. Drainage channels had lower 

values of DO than points located in the river (p-value <0.0001) becoming potential sources 

of water contaminants; P5 was one of the sites that presented the lowest values of DO (mean 

= 1.58 mg O2/L; data not shown). The dilution effect mentioned before, also explains the 
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statistically significant reduction of conductivity during WS at the points located on the river 

and at the drainage channels. These channels showed significantly higher values of 

conductivity compared to those obtained in the river (p-value= <0.0001) and P5 showed a 

higher conductivity (mean = 0.630 mS/cm). It is well known that microorganisms interact 

with sediments and that those that are adsorbed can be resuspended after a storm-surge 

(Marino and Gannon, 1991; Kebabijian, 1994) and during increased stream flow (Crabill et 

al., 1999). In some cases, these sediments can be reservoirs for coliforms (Doyle et al., 1992; 

Crabill et al., 1999) giving them longer persistence. Higher persistence of pathogens in the 

environment leads to enhancing the risk of infection. Despite of the studies cited before the 

increment of flow rate caused by rainfall, produced a significant increase only for 

enterococci concentration; however this microorganism was always found in lower 

concentration than the others, therefore, stochastic effects could be present.

The densities of total and thermotolerant coliforms were high, reaching in many points 

values that are commonly found in raw sewage discharges (Berg et al., 1978; Dudley et al, 

1980). There are various legislations setting limits for microbiological contamination in 

water according to the uses. For recreational waters, Argentina has adopted guidelines levels 

according to international standards (SRHN, 2003). The European Union indicates for total 

coliform that they should not exceed 10,000 CT/100 mL but establishes a lower level guide 

(500 CT/100 mL) determined with a minimum of 15 days for primary contact (EC, 1975). 

Fecal coliforms should not exceed 2,000 FC/100 mL, although the level guide establishes 

the value of 100 FC/100 mL. In the case of Enterococcus and E. coli, the United States 

Environmental Protection Agency (USEPA) established for recreational waters a limit of 61 

CFU/100 mL and 235 CFU/100 mL, respectively (USEPA, 1986). The concentration of 

AdV found in discharges and in the river water samples showed no significant difference 

between seasons, similar to what was observed by Pina et al. (1998). The reason of this 

could be that AdV groups can be eliminated in the feces for months or even years (Jiang, 

2006). Only a few samples, not seasonally impacted, were positive for EV. Conversely, the 

NV were highly seasonal, and all positive cases (also few) were found during the dry season 

(autumn and winter), behavior also reported by other authors (Lopman et al, 2003; Sakon et 

al., 2007) and associated with the epidemiology of gastrointestinal illness due to this virus 

(Ike et al., 2006).

3.2. Water quality along the river

Previous studies performed on the river (in water and sediments) have shown increasing 

concentrations of some ions and trace elements, some of them in concentrations that affected 

the aquatic life, and the presence of various microorganisms including bacteria and parasites 

(Musso, 2000). The impact of these pollutants on the population (who uses the river for 

multiple purposes as hygiene, irrigation, and also recreation) is significant. Thus, high rates 

of diarrhea and parasitosis cases are present (Aramayo et al, 2009). The river showed an 

important deterioration in the water quality when passing through the city, which was 

observed with each variable studied. To illustrate this, the concentrations of dissolved 

oxygen (decreasing) and thermotolerant coliforms (increasing) along the river are presented 

in box plots (Figure 2). The strong DO drop during the dry season (Figure 2A) was probably 

caused by the concentration effect of organic matter and other pollutants due to lack of 
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precipitation. Conversely, there was not significant difference between seasons for FC 

(Figure 2B).

The Wilcoxon test was applied for all of the variables studied to find critical points of 

contamination along the river (Table 3). P-values lower than 0.05 indicated significant 

differences for the variable measured between two consecutive monitoring points, 

suggesting the existence of events that may have caused disturbances located between them 

(i.e. between P6 and P10). The reduction of water quality was particularly remarkable 

between P10 and P11, due to the WWTP, which discharges most of the raw sewage directly 

into the river, when for operational failure it can not process them (Seghezzo, 2004) or when 

the capacity of the plant is exceeded, especially in the summer. Also, the global impact of 

passing through the city was evaluated by comparing a monitoring point before the entrance 

of the river into the city (P2) and the last point located after the WWTP (P11). The impact of 

pollution sources was stronger for the DS while it was attenuated for the WS due to dilution 

effect.

The same statistical test (Wilcoxon) was applied for monitoring points located in discharges 

and after them on the river to assess if the channels were potentially responsible of the 

pollution. Thus, P3, P4 and P5 were compared to P6, and P7, P8 and P9 were compared to 

P10. P5 proved to be the most relevant source of pollution in almost all of the variables 

exerting considerable influence on P6. Neither P7, P8 nor P9 seemed to be the cause of the 

increase in the conductivity and bacterial concentration, nor the reduction of dissolved 

oxygen between P6 and P10. As there was no additional point source of contamination these 

results suggested that the main pollution source was diffuse and spread along that section of 

the river. About eighty percent of the city of Salta (the main city of the province) has 

sanitation, and no more than fifty percent of the water used is transported and treated in the 

water treatment plant located in the south of the city. Numerous garbage dumps and small 

sewage effluent discharges from illegal urban settlements were identified on the sides of 

river.

3.3 Parasitological analysis

At least three different types of parasites were found in each of the 117 samples tested. The 

following genus and species were identified: Enterobius vermicularis, Dipylidium caninum, 

Giardia lamblia, Hymenolepsis nana, Microsporidium spp., Entamoeba histolytica, 

Entamoeba coli, Dientamoeba fragilis, Trichomonas spp., Trichostrongylus spp., 

Cyclospora, Cryptosporidium spp., Fasciola hepatica, Ascaris lumbricoides, Necator 

americanus, Amoebae spp., Trichiuris trichiura, Strongyloides stercoralis, Endolimax nana, 

Blastosistis hominis, and Balantidium. Yeast, fleas, and mites were also found although they 

were not the object of the study.

The most frequently parasites detected were Microsporidium spp. (82 positive, 70%), 

Entamoeba coli (79 positive, 68%), Ascaris lumbricoides (74 positive, 63%) and Enterobius 

vermicularis (71 positive, 61%). One of these four parasites was found in at least 

approximately 90% of the analyzed samples. Microsporidium spp., the most prevalent, 

showed significantly higher concentrations during the DS (p-value = 0.0008), for which it 

can be considered as a good parasitological indicator, and Enterobius vermicularis was 
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significant during WS (p-value = 0.0040). Entamoeba coli and Ascaris lumbricoides did not 

show significant differences between seasons.

Microsporidium was reported for the first time in 1997 when Enterocytozoon bieneusi was 

found in the river Seine in France (Sparfel et al, 1997). After that Encephalitozoon 

intestinalis and Enterocytozoon bieneusi were detected in surface water, groundwater, and 

also wastewater (Dowd et al, 1998). That it was found in wastewater is not surprising since 

this pathogen, as most of the other parasites, is shed in human feces and urine (Dowd et al, 

1998). Unfortunately, the Arenales River receives raw sewage at different points and 

effluents with insufficient treatment from the WWTP (Seghezzo, 2004; personal 

communication, 2009). In addition, spores of these organisms are potentially resistant to 

disinfection, similar to other protozoan parasites, such as Giardia spp. cysts and 

Cryptosporidium spp. Oocysts (John et al, 2005). On the other hand, the size suggests that 

they transport in sandy porous media governed by colloid-transport processes (Brusseau et 

al, 2005).

Other parasitic causal agents of waterborne zoonotic disease (Schuster and Visvesvara, 

2004; Fayer, 2004; Ashbolt, 2004) found in the Arenales river have also been reported 

previously in water: Entamoeba coli, Entamoeba histolytica, and Dientamoeba fragilis in 

surface water and wastewater (Sukprasert et al, 2008; Ayed et al, 2009); Enterobius 

vermicularis, Ascaris spp. eggs, Entamoeba histolyca cysts and Giardia spp. cysts in 

irrigation water used for vegetables and fruits (Erdogrul and Sener, 2005; Ayed et al, 2009); 

cysts of Giardia lamblia, Entamoeba histolytica, adult stages of G. lamblia, Balantidium 

coli, Enterobius vermicularis, Ascaris lumbricoides, Trichuris trichiura, Strongyloides 

stercoralis and Enterobius vermicularis in water stored in overhead tanks for drinking and 

cooking (Jonnalagadda and Bhat, 1995); Giardia lamblia, Blastocystis hominis, Entamoeba 

coli, Cyclospora cayetanensis, Cryptosporidium spp., and Balantidium coli in ditches and 

wells and together with Endolimax nana in raw and cooked vegetables (Pérez-Cordón et al, 

2008); Cryptosporidium in surface water (Stinear et al, 1996); Hymenolepsis nana in 

wastewater (Ayed et al, 2009). Fasciola hepatica has been detected in lettuce in Peru 

(Pérez-Cordón et al, 2008) and associated with drinking water through epidemiological 

studies (Esteban et al, 2002; Nouri et al, 2008).

According to Torgerson and Macpherson (2011) the global burden for most parasitic 

zoonoses is not yet known but probably has a similar human disease burden to any one of 

the big three human infectious diseases: malaria, tuberculosis or HIV. Most of the parasites 

found here are in general treated as waterborne parasites (Karanis et al, 2007) even though 

we did not find specific reports on the detection of Dipylidium caninum, Trichomonas, 

Necator americanus, and Trichostrongylus in water.

3.4 Virological analysis

All the monitoring points, with the exception of P4, were positive at least once for the 

detection of any of the viral groups analyzed (Figure 3). About 45% of the samples were 

positive for AdV, found more often than NV (9%), and EV (8%). AdVs were detected 

almost ubiquitously in various monitoring points at high concentrations (2.6 104 – 2.6×107 

gc/L) compared to other reports (Rajal et al., 2007b; Kishida et al., 2012), while the 
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presence of NVs (3.1×104 – 6.9×105 gc/L) and EVs (5.1×104 – 1.8×106 gc/L) was restricted 

to channels P5, P7, and P8 (only NV) and to only two monitoring points in the river, P10 

and P11, which presented the worse microbiological quality of the river section studied.

AdV was uniformly detected all through the year, while all the positive samples for NV 

were found only during the dry season (fall, winter). Recent studies conducted in the 

European Community and in Brazil obtained similar results for the prevalence of AdV and 

NV in fresh and marine waters used for recreational activities (Wyn-Jones et al., 2010; 

Miagostovich et al., 2008). No significant seasonal difference was found in this study for 

EV, which may be due to the low number of positive samples. Conversely, the Center for 

Disease Control and Prevention (CDC, US) showed a marked seasonality for summer-

autumn for this virus (Khetsuriani et al., 2006).

Besides its prevalence, ubiquity and lack of seasonality, other characteristics have been 

described that encourage the use of AdV (over other proposed viruses) as a viral indicator 

for environmental waters. Some AdVs showed the greater resistance to the traditional 

disinfection process by UV light and chlorination (Gerba et al. 2002; Thurston-Enriquez et 

al., 2003) and higher stability in various polluted waters including wastewater (Enriquez et 

al., 1995). As a DNA virus, AdV do have lower mutation rates than RNA viruses, thus 

allowing the use of highly specific molecular tools (e.g. PCR primers) to properly detect its 

presence and abundance by techniques such as qPCR, which is the most used methodology 

nowadays (Haramoto et al., 2010). Other advantages over RNA viruses are that the 

manipulation is easier and costs are lower. Additionally, the ability to specifically detect 

human AdV using qPCR allows tracking the human fecal contamination (Jothikumar et al., 

2005).

3. 5 Correlation analysis, principal component analysis (PCA) and factor analysis (FA)

The dataset was divided into four subgroups, obtained by separation between data from 

monitoring points on the river or drainage channels and between data obtained during the 

WS or during the DS (Table 4). The nonparametric Spearman test was applied in order to 

find associations between evaluated variables. Such correlations would allow decreasing the 

number of variables required to measure by selecting some that could serve as indicators of 

others, therefore providing the same information. In this sense, measurement of total and 

thermotolerant coliforms, traditionally used as indicators of the microbiological quality of 

water, could not predict the presence of pathogens like viruses and parasites, which was also 

reported by other authors (Harwood et al., 2005; Bonadonna et al., 2002). In this study, they 

were correlated with other bacteria and with viruses only for the DS and for the river 

monitoring points, while there was not correlation at all with the parasites that were mostly 

found.

From the main correlations found it is interesting to mention that the decrease of DO is 

related to increasing bacterial contamination in the river for both seasons (WS and DS), 

while the conductivity seems to be associated with viral contamination. Variables expressing 

the concentration of bacteria showed a close relationship between the various measurements 

made; TC and FC were associated with the presence of virus, especially AdV, in the river 

but not in the discharges. Thus, TC and FC can not be used to predict viral contamination. 
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The three viral groups were strongly related. The parasites did not show any significant 

relationship to predict their presence.

The largest number of significant relationships appear in the subgroup of data from 

monitoring points located on the river. In the case of drainage channels, only a small number 

of significant relationships were observed, probably due to the varied and fluctuating nature 

of discharges carried (later attenuated by the river). A higher number and stronger 

correlations appeared during the DS (low flow rate).

In order to explain the variability and to study the correlation structure between variables a 

PCA/FA was performed on the standardized data set (15 variables, E. coli was excluded) to 

eliminate the effect of data measurement scales. According to Kim and Muller (1987), only 

PCs having eigenvalues > 1 were considered significant. PCA yielded five PCs with 

eigenvalues > 1, explaining 67% of the total variance in water quality data set. Five VFs 

were obtained by FA performed on the PCs.

Following the criteria of Liu et al. (2003) the factor loadings were classified as “strong”, and 

“moderate”, corresponding to absolute loading values of >0.75 and 0.75-0.50, respectively. 

VF1 (eigenvalue 3.33), explaining 22% of total variance, had strong negative loading on 

dissolved oxygen, strong positive loadings on total and thermotolerant coliforms, and 

moderate positive loadings on conductivity. VF1 represented the impact of contamination 

from human activities on river. The inverse relationship between dissolved oxygen and 

microbiological variables was caused by discharges and disposition of organic waste on the 

Arenales River. This organic waste is decomposed by aerobic bacteria in a process that 

consumes oxygen and produces proliferation of bacterial groups. Increased conductivity 

values also stem from discharges and disposition of pollutants on the river. VF2 (eigenvalue 

2.47), explaining 16% of the total variance, represented the impact of parasites in the river 

water quality. VF3 (eigenvalue 1.75), explaining 12% of the total variance, had strong 

negative loading on turbidity, moderate negative loading on temperature, and moderate 

positive loading on pH. This factor explains seasonal relations, during the WS coinciding 

with the spring and summer seasons, intense rains led to rapid raise of flow rate, 

resuspension and transport of sediments increasing turbidity in the river.

VF4 (eigenvalue 1.40), explaining 9% of total variance, had strong negative loadings on 

norovirus and moderate negative loadings on enterococci. Finally, VF5 (eigenvalue 1.15) 

explaining the lowest variance (8%), had moderate positive loadings on enterovirus.

3.6 Cluster analysis (CA) and discriminant analysis (DA)

A dendrogram was built using the Ward method, and squared Euclidean distances were 

calculated as a measure of similarity (Nnane et al., 2011). Four major clusters were built 

(C1, C2, C3, and C4) obtaining a cophenetic correlation coefficient of 0.851. A high 

cophenetic correlation (>0.85) indicates that the classification obtained by the clustering 

method is a reasonably faithful representation (Sokal, 1986).

Cluster 1 (C1) consists of four monitoring points, three of them located in the river (P1, P2, 

and P6) and the remaining (P4) belonging to a stream that flows into the River. C1 includes 
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the three points on the river that showed less deterioration of water quality variables. From 

this group, P6 is a good candidate to be monitored since it is a recreational area.

Cluster 2 (C2) included only discharges that do not seem to be the most important sources of 

contamination. However, P7 was selected to be a representative monitoring point of the 

cluster because it showed the higher number of positive detects for viruses and also because 

it has permanent flow. Cluster 3 (C3) only includes P10, which is a potential candidate to be 

monitored because it is located at the end of the city and before the discharge from the 

WWTP. Cluster 4 (C4) was constituted only for the monitoring points that showed the worse 

quality variables. P5 was a raw sewage discharge, while P11 is on the river after the 

discharge of the WWTP. Monitoring P11 would allow us to obtain information about the 

quality of the river at that point and also to control the impact of the WWTP upon the 

quality of water.

The group of clusters with strong homology allows the introduction of reliable criteria to 

choose a sampling site that represents a group and, therefore, the establishment of 

monitoring strategies to reduce the amount of work that has to be done. According to this 

analysis, the eleven monitoring points could be reduced to only the proposed four: P6, P10, 

P7, and P11. In addition, we suggest including also either P1 or P2 as a control of the water 

condition before it enters the city. By the application of this analysis the monitoring points 

(and the resources involved) can be reduced to half without losing significant information.

Discriminant analysis was implemented in standard and reduced mode after grouping into 

four clusters (C1, C2, C3, C4) as obtained through cluster analysis (Table 5). Standard mode 

using 15 discriminant variables (E. coli was excluded) yielded the cross-classification matrix 

assigning more than 87% observations correctly, supporting the natural structure of the 

clusters generated by the CA. Similar level of correct observations were obtained in a 

Japanese river basin (Shrestha and Kazama, 2006). In the reduced mode, eight variables 

were included based on the correlation analysis, established regulations for microbiological 

water quality, seasonality, frequency, and ubiquity results for viruses and parasites 

(conductivity, dissolved oxygen, turbidity, enterococci, total coliforms, thermotolerant 

coliforms, adenovirus, and Microsporidium sp.). The cross-classification matrix showed 

82% correct assignations. Thus, the proposed variables were adequate to discriminate 

between the clusters allowing that few of them explain large variations in water quality.

4. Conclusions

The following general strategy applied in this work was successful; therefore we 

recommend it to develop a long-term systematic monitoring scheme: 1) To identify the 

potential critical points to monitor; 2) To periodically monitor the selected points measuring 

physicochemical and microbiological variables; 3) To analyze the seasonal and spatial 

variability; 4) To assess the correlation between variables; and 5) To analyze the similarity 

between the different monitoring points.
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The experimental results obtained during monthly monitoring of the river for a full year 

allowed us to construct a comprehensive database on the characteristics and behaviour of the 

Arenales River. Statistical analysis performed, led us to conclude that:

• The studied variables reflected the deterioration in the water quality when passing 

through the city. The comparison of two adjacent (upstream and downstream) 

monitoring points allowed the detection of significant differences between 

variables that could indicate a particular type of contaminant being discharged at 

the river between those two points. Identifying the location of such sources 

facilitates their mitigation or correction.

• There was significant seasonal variation for temperature, turbidity, conductivity, 

dissolved oxygen, enterococci, and norovirus genogroup II and the reasons related 

were discussed above.

• Different viruses and parasites were found and they did not correlate with the 

concentration of total and thermotolerant coliforms. Adenovirus was ubiquitous 

and was selected for the future as viral indicator, while Microsporidium was 

selected as parasitological indicator.

• Strong correlations between some variables were found mainly for the points 

located on the river and during the dry season. This allowed us to select some 

variables as indicators of others, reducing the number of them (from sixteen to only 

eight) that need to be measured in future regular monitoring. The most relevant and 

sensitive of the physicochemical characteristics were dissolved oxygen, 

conductivity, and turbidity (especially during the wet season). The most relevant 

and sensitive of the microbiological quality indexes were the detection of total and 

thermotolerant coliforms (the latter especially important during the dry season), 

enterococci, adenovirus, and Microsporidium.

• There was similarity between the monitoring points, which were grouped in four 

clusters that were validated by the cophenetic correlation and also supported by 

discriminant analysis. One point per cluster was selected as representative, thus 

reducing the number of sites that need to be analyzed in future regular monitoring. 

For the particular case of the Arenales River we suggest to include only the points 

P2 (as quality control for the river water entering the city), P6 (a recreational site), 

P7 (as a representative discharge), P10 and P11 (as a control of the impact of the 

WWTP and to know the quality of the river water leaving the city). The eight 

selected variables were adequate to discriminate between the clusters allowing that 

few of them explain large variations in water quality.

• By the principal component analysis and factor analysis we were able to explain 

67% of the total variance and to study the correlation structure between variables 

that were involved in five principal components.

Summarizing, the statistical analysis of all the information led us to develop a new 

monitoring scheme completely different than the protocol used to initiate the study. This 

new scheme (including only five points instead of eleven and measuring only eight variables 

instead of sixteen) is a rational monitoring strategy since it is based on the selection of the 
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most suitable monitoring points and also of the most significant variables to measure, which 

will result in an optimal use of the limited resources available.
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Highlights

• The seasonal and longitudinal variations of the river water quality were 

analyzed

• Correlation analyses allowed identify the most relevant variables to be 

measured.

• From similarity analysis the most suitable monitoring sites were identified.

• A general strategy for long-term systematic monitoring is suggested.

• The new monitoring scheme involves a more rational use of the resources 

involved.
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Figure 1. 
Geographical representation of the area under study: (a) Province of Salta in Argentina, (b) 
Capital Department in the Province of Salta, (c) Area of study in Salta City, main city of the 

Capital Department, (d) Monitoring points (P1-P11) along the Arias-Arenales River and 

wastewater treatment plant (WWTP). The ellipses correspond to points on the river while 

the rhombi correspond to points of discharges to the river.
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Figure 2. 
Monitoring points located on the river (P1, P2, P6, P10, and P11) for wet and dry seasons. 

A. Concentration of dissolved oxygen. B. Concentration of thermotolerant (or fecal) 

coliforms. The bottom and top of the box are the 25th and 75th percentiles. The whiskers 

represent 5 and 95 percentiles. The black bar indicates the median and the black square 

shows the mean.
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Figure 3. 
Detection of adenovirus (AdV), enterovirus (EV), and norovirus genotype II (NV) in 

samples from the monitoring points (P1-P11) under study. Positive results are expressed as 

ratios (positive samples/total tested samples) and as a percentage.
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Figure 4. 
Cluster analysis (Ward’s hierarchical method) for the eleven monitoring sites based on 

microbial and physicochemical variables. Four mayor clusters (C1, C2, C3, and C4) were 

formed.
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Table 1

Forward (FP) and reverse (RP) primers and TaqMan probes (TP) used for the detection of all the viral targets 

by real-time PCR: PP7, adenovirus (AdV), enterovirus (EV), and norovirus genotype II (NV).

Virus Oligonucleotide Sequence (5′-3′)a
Final

Concentration Reference

PP7

PP7R-247f (FP) GTTATGAACCAATGTGGCCGTTAT 1000 nM

Rajal et al., 2007
PP7R-320r (RP) CGGGATGCCTCTGAAAAAAG 1000 nM

PP7R-274p (TP) FAM-CGGTGGTCAACGAGGAACTGGAAC-TAMRA 300 nM

JTVXF (FP) GGACGCCTCGGAGTACCTGAG 250 nM

AdV
JTVXR (RP) ACIGTGGGGTTTCTGAACTTGTT 250 nM

Jothikumar et al., 2005
JTVXP (TP) FAM-CTGGTGCAGTTCGCCCGTGCCA-BHQ 150 nM

EV

Ev1 (FP) GATTGTCACCATAAGCAGC 500 nM

Fuhrman et al., 2005
Ev2 (RP) CCCCTGAATGCGGCTAATC 400 nM

Ev-probe (TP) FAM-CGGAACCGACTACTTTGGGTGTCCGT-BHQ 120 nM

NV-GIF (FP) CGYTGGATGCGNTTYCATGA 400 nM

NV

NV-GIR (RP) CTTAGACGCCATCATCATTYAC 400 nM

Kageyama et al., 2003NV-GIP(1) (TP) FAM-AGATYGCGATCYCCTGTCCA-TAMRA 300 nM

NV-GIP(2) (TP) FAM-AGATCGCGGTCTCCTGTCCA-TAMRA 100 nM

a
FAM=6-carboxy fluorescein; BHQ= black hole quencher; TAMRA= 5-c arboxytetramethylrhodamine
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