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The management of water quantity and quality is, especially nowadays, extremely 

important due to pollution and climate change. Granting a viable source of accessible 

and potable water prevents risk of diseases and promotes wealth in societies. 

Therefore, the monitorization of water courses is imperative to control water quality as 

many organisms are waterborne transmissible. Parasites like Giardia spp. and 

Cryptosporidium spp. are capable of causing health problems to both humans and 

animals, potentially leading to death in immunocompromised individuals. These 

parasites are monoxenous and consist in two well adapted phases to thrive in nature: 

the (oo)cyst stage which confers resistance and the trophozoite/sporozoite stage which 

corresponds to the replicative stage. As most countries focus on bacterial analysis and 

as, by Portuguese law, the detection of parasites is limited due to law-decree 152/2017, 

laboratories do not, routinely, evaluate this parasitological parameter. 

The objective of this thesis was to understand if these protozoa were correlated with 

physical/microbiological parameters such as Turbidity, Temperature and Escerichia coli, 

doing a characterization of 6 water courses (Douro, Paiva, Ferreira, Ferro, Vizela and 

Ovil). 

The detection of (oo)cysts was made via fluorescence microscopy following a method 

based on the “US Method 1623: Cryptosporidium and Giardia in Water by 

Filtration/IMS/FA”-EPA and the commercial system Filta-Max Xpress by IDEXX. 

It was inferred that, in general, the number of (oo)cysts is positively correlated with each 

other, Escerichia coli and turbidity and negatively correlated with temperature. The 

results were as expected, since all three organisms come from the intestinal tract of 

animals and humans. In addition, high turbidity and low temperatures are associated to 

a rainier and colder weather – thus promoting lixiviation for both protozoa. 

Further studies should contemplate a molecular characterization of the (oo)cysts 

identified, since only some species/strains can cause disease to humans. 

 

Keywords: Giardia, Cryptosporidium, Water quality, Legislation, Physical/Microbiological 

parameters 

  



FCUP 
Giardia and Cryptosporidium in natural waters: 

Characterization of water courses and correlation with physical/microbiological parameters 

 

4 

 

 
 

Resumo 

A gestão da quantidade e qualidade da água é, especialmente nos dias de hoje, 

extremamente importante devido à poluição e às mudanças climáticas. A garantia de 

uma fonte viável de água acessível e potável evita o risco de doenças e promove 

prosperidade nas sociedades. 

Portanto, a monitorização dos cursos de água é imprescindível para controlar a 

qualidade da água, pois muitos microrganismos são transmitidos através desta matriz. 

Parasitas como Giardia spp. e Cryptosporidium spp. são capazes de causar problemas 

de saúde a seres humanos/animais e potencialmente levar à morte em indivíduos 

imunocomprometidos. Ambos os parasitas são monoxenos e consistem em duas fases 

bem-adaptadas para prevalecer na natureza: o estágio de (oo)cisto que confere 

resistência e o estágio de trofozoíto/esporozoíto, que corresponde à fase de replicação. 

Como a maioria dos países se concentra na análise bacteriana e como, pela lei 

portuguesa, a deteção de parasitas é limitada pelo decreto-lei 152/2017, os laboratórios 

não avaliam este parâmetro parasitológico por rotina. 

O objetivo desta tese foi entender se estes protozoários apresentavam correlação com 

parâmetros físicos/microbiológicos como a Turvação, Temperatura e Escerichia coli, 

caracterizando 6 cursos de água (Douro, Paiva, Ferreira, Ferro, Vizela e Ovil). A deteção 

de (oo)cistos foi feita via microscopia de fluorescência seguindo um método baseado no 

“US Method 1623: Cryptosporidium and Giardia in Water by Filtration/IMS/FA” - EPA e 

na metodologia do sistema comercial Filta-Max Xpress da IDEXX. 

Foi inferido que, em geral, o número de (oo)cistos está positivamente correlacionado 

entre si, Escerichia coli e turvação e negativamente correlacionado com a temperatura. 

Os resultados foram esperados, uma vez que todos os três organismos provêm do trato 

intestinal de animais e humanos. Adicionalmente, alta turvação e baixas temperaturas 

estão associadas a um tempo mais chuvoso e frio – promovendo a lixiviação de ambos 

os protozoários. 

Estudos futuros devem contemplar uma caracterização molecular dos (oo)cistos 

identificados, uma vez que apenas algumas espécies/estirpes são capazes de provocar 

doença no ser humano. 

 

Palavras-chave: Giardia, Cryptosporidium, Qualidade da água, Legislação, Parâmetros 

físicos/microbiológicos  
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Objectives 

The aim of this work was: 

-to better understand the life cycle and the ecology of both parasites, the diseases they 

cause and methods to minimize these risks; 

-to characterize six streams, comparing the number of (oo)cysts of Giardia and Crypto 

in a 10-year panorama (2010-2020); 

-to elaborate correlations between the number of (oo)cysts with physical and 

microbiological parameters such as turbidity, temperature and E. coli; 

-to evaluate the current national law, by establishing a comparison with that of other 

countries and drawing the necessary conclusions. 



FCUP 
Giardia and Cryptosporidium in natural waters: 

Characterization of water courses and correlation with physical/microbiological parameters 

 

13 

 

 
 

Introduction 

 

Water quality decay throughout the years 

Anthropogenic actions are the main cause of terrestrial and aquatic degradation. Poor 

management of resources, associated with climatic changes, lead to a vast set of 

negative effects. Take as example the water quality. For instances, the contamination of 

water courses can bring serious consequences (Fazal et al., 2018). Contaminants such 

as heavy metals, pesticides from agricultural activities, excrements due livestock, oils 

and dyes could disrupt the well-functioning of the ecosystem, therefore affecting not only 

the wilderness but humans as well (Raj et al., 2018; Zhao et al., 2018). 

In the next years, due population rising, it is expected additional pressure on hydric 

resources to suppress human needs. Although climate changes have impact on the 

water availability and its quality, the anthropogenic interaction with the ecosystem poses 

as an even greater threat over the past 20.000 years since human actions also 

accelerate climate changes potentiating the decrease in water availability and quality 

(Craig et al., 2019; Race et al., 2019; Wol et al., 2018). 

Water security concerns are influenced, directly and indirectly, by population growth, 

density and urbanization/industry (Craig et al., 2019). 

 

Importance of water quality 

Water’s treatment, delivery and quality monitorization are of great importance in order to 

protect population and preventing contaminations. An immediate available and safe 

water source has a positive influence on public health, diminishing certain risks whether 

it’s used for consumption, agriculture or recreational purposes. For instances, an 

appropriate water supply/sanitation network associated with a better management could 

improve economic growth, reducing health related expenses and poverty. In fact, let’s 

not forget that great civilizations thrived near water courses making the most of this 

resource and that safe, accessible and affordable water (including sanitation) is a 

recognized human right (Griffiths, 2008; WHO, 2019). 

On the contrary, the poor management of water could lead to severe droughts and 

contaminations, causing health risks and, in ultimate case, death. Water acts as a vector 

for many transmissible diseases and plays an important role on the life cycle of parasites 
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such as Giardia spp. and Cryptosporidium spp. which could cause giardiasis (only G. 

duodenalis) and cryptosporidiosis, respectively (WHO, 2019; Ali et al., 2004). 

 

Livestock impact on parasites transmission 

Giardia and Cryptosporidium are two genera of zoonotic protozoa of significant health 

concern, which may be a threat to public health. A vital part of both life cycles occurs in 

water, as the transmission is made via faecal-oral route. Forage food and water, which 

is ingested by the animals, may be contaminated leading to disease. Infected animals 

will then amplify the numbers of pathogens and contaminate the environment with 

(oo)cysts which leave the system through feces and potentially contaminating water 

courses, increasing the risk of other animal and human infection. The animals act as 

pathogens reservoirs, generally not showing obvious signs of disease or clinical 

symptoms, yet ultimately spreading Cryptosporidium and Giardia. In fact, several studies 

indicate that domestic animals and livestock contribute with significant levels of faecal 

contamination creating a positive correlation with this parameter and diarrheal disease 

in humans  (Daniels et al., 2015; Herrero et al., 2009; Wardrop et al., 2018). 

 

Diseases report 

Water acts as a vector for many infectious diseases which increase the percentage of 

morbidity/mortality around the world, causing more than 2.2 million deaths per year, 

affecting more people each passing day with, for example, diarrhea and gastrointestinal 

diseases. 

Between 1991 and 2008, relatively to the worldwide waterborne outbreaks, 11% were 

caused by parasites. Adding up, the outbreaks caused by parasitic protozoan are 

responsible for 1.7 billion cases of diarrhea worldwide, provoking 842,000 deaths 

annually, being children under 5 years old the most affected. 

Among the most common parasitic waterborne diseases are Cryptosporidiosis and 

Giardiasis with a total of 30,000 cases reported every year in the United States alone. 

Usually, transmission occurs via faecal-oral route due ingestion of contaminated water 

and food which contain (oo)cysts of Giardia/Crypto from both human and/or animal 

feces. 

According to the number of cases reported worldwide, North America and Australasia 

represent the most affected areas, being Cryptosporidium spp. responsible for 239 

outbreaks (63%) while Giardia duodenalis caused 142 (37%). 



FCUP 
Giardia and Cryptosporidium in natural waters: 

Characterization of water courses and correlation with physical/microbiological parameters 

 

15 

 

 
 

Between 2011 and 2016, there’s no report of any outbreak caused by other protozoan 

parasite besides the already mentioned. Cryptosporidiosis and giardiasis, when 

considered together, exhibit a considerable and increasing global burden and impair the 

ability of infected people to achieve their full potential, both developmentally and socio-

economically. 

Public health and disease outbreak monitoring requires reliable surveillance and 

notification systems. As many infectious diseases have common characteristics, such as 

an absence of symptoms and self-limiting courses, underestimation may occur. 

It should also be considered that the monitorization and surveillance systems, including 

the water treatment in drinking water treatments plants (DWTP), are different whether is 

a developed or a in development country. 

In developing countries, where gastrointestinal infections are suspected to be grossly 

underreported, it is at least partly due to their endemic characteristics. Furthermore, the 

infrastructure for providing safe drinking water is fragmentary or absent and there are 

high endemic levels of waterborne disease. 

Many developed countries put major focus on bacterial and viral infections, and therefore 

only a few or no parasitic protozoa are included in operational surveillance systems. In 

the USA and Europe, despite having developed national systems of waterborne disease 

surveillance in comparison to under-developing countries, many infectious diseases 

continue to be underreported (Efstratiou et al., 2017; Esther et al., 2018). 

 

Giardia and Crypto ubiquity 

The transmissive stages are environmentally robust and therefore ubiquitous in aquatic 

habitats having been found in sludge, irrigation and reclaimed waters, recreational areas, 

and in DWTP and wastewater treatment plants (WWTP). 

Being so, there’s an associated risk whether in drinking water and in ingestion of 

agriculture products. To aggravate this problem, it has been established that the 

infectious doses, both for Cryptosporidium parvum and Giardia duodenalis, can be as 

low as 10 (oo)cysts. 

Therefore, the association between the ubiquitous presence of these parasites and the 

low infectious doses have become a serious and problematic situation for the water and 

sanitary authorities responsible for providing safe drinking water supplies for human 

consumption and animal as well. 

Although these pathogens are included as category B biodefence agents on the National 

Institutes of Health list in numerous countries, there is no specific legislation for the 
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routine monitoring of drinking water sources, recreational waters or wastewater reuse for 

these parasites. 

Therefore, an update of the current law, namely in Portugal, is required in order to 

routinely analyze these parameters and diminish potential health risks (Castro-hermida 

et al., 2010). 

 

Giardia/Crypto life cycles and related information 

 

GIARDIA 

Giardia is a flagellated protozoan parasite, belonging to the Metamonada phylum, which 

is responsible for giardiasis.  This organism can cause severe and protracted diarrhea 

that can lead to malabsorption and not proper development of children. Although 

approximately half of the infected people are asymptomatic and the infection frequently 

resolves spontaneously, both the duration and symptoms of giardiasis are highly variable 

(Plutzer et al., 2010). 

 

Species and assemblages 

Giardia was first discovered by Antony van Leeuwenhoek in 1681. However, was only 

recognized as a human pathogen in the 60s, after outbreaks and its identification in 

travelers. 

Currently, six Giardia spp. are recognized which include Giardia agilis in amphibians, 

Giardia ardeae and Giardia psittaci in birds, Giardia microti and Giardia muris in rodents, 

and Giardia duodenalis (Giardia intestinalis, Giardia lamblia) in mammals. The only 

species that affects humans is G. duodenalis which can be also found in other mammals 

like pets and livestock (Ryan & Cacciò, 2013). It is considered a multispecies complex 

with at least eight distinct assemblages or groups of strains, from A to H. 

A and B represent potentially zoonotic assemblages (Plutzer et al., 2010) being found in 

both humans and animals. Assemblages A and B are subdivided into eight sub-

assemblages (AI to AIV, BI to BIV) that show preferences for human or animal hosts. 

The remaining six assemblages (C to H) are host-specific being C and D found in canids, 

assemblage F in cats, assemblage E in livestock, assemblage G in rats, and assemblage 

H in marine mammals. In addition to genetic dissimilarities, the variants of G. lamblia 

also exhibit phenotypic differences, such as different growth rates and drug sensitivities 

(Alexander et al., 2013; Avendaño et al., 2019; Barquero et al., 2019; Birkeland et al., 

https://pt.wikipedia.org/wiki/Sarcomastigophora
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2010; Demircan et al., 2019; Efstratiou et al., 2017b; Hijjawi et al., 2018; Lora-suarez et 

al., 2019; Plutzer et al., 2010; Ryan & Cacciò, 2013). 

 

Life cycle/molecular mechanisms 

G. lamblia life cycle involves two major stages with the capacity to survive in very different 

and inhospitable environments: the trophozoite, which is the replicative stage, and the 

cyst, which is the infective stage. The cystic form can endure in fresh water at 4ºC for 

months (Birkeland et al., 2010). Giardia inhabits the small intestines of humans and other 

animals living mainly in the duodenum. Can also be found colonizing the jejunum and 

the ileum. Once considered a cryptobiotic form, it is now known that the cyst has 15% of 

the oxygen consumption of trophozoites and can pass through the stomach and excyst 

in the small intestine by taking advantage of host conditions. 

Infection starts by the ingestion of cysts, which are transmitted from faecally 

contaminated water/food. The cysts, when exposed to acidic conditions in the stomach, 

begin the process of excystation. This phenomenon consists in the gradually opening of 

cysts and the consequent release of excyzoites, being a complex cellular awakening 

from dormancy.  However, non-cystic forms must only emerge after the passage is 

complete or will not endure. 

After being exposed to higher pH and host proteases, the quadrinucleate excyzoite 

emerges and the nutrient-rich small intestine suffers colonization. By undergoing 

cytokinesis, the excyzoite produces two trophozoites with transcriptionally active nuclei. 

Trophozoites have a pear-shaped body, two nuclei, two median rods, four pairs of 

flagella, a pair of median bodies and a large ventral sucking disc (cytostome). The 

cytostome is of extreme importance, allowing the attachment of trophozoites in the small 

intestine walls. Undergoing repeated mitosis and by feeding of small host molecules, 

trophozoites may remain in this organ for weeks to years. Another way to obtain energy 

consists in anaerobic glycolysis, resembling bacteria in terms of metabolic genes and 

pathways (Alexander et al., 2013; Birkeland et al., 2010; Efstratiou et al., 2017b).  
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During colonization, 

some trophozoites 

continue towards 

the end of the 

gastrointestinal 

tract. Therefore, in 

order to survive 

outside the host, 

they must encyst. 

The transit from 

neutral pH and low 

bile concentration 

near the epithelial 

cells to higher pH 

and high bile 

concentration of the 

small intestinal 

lumen appear to be 

crucial stimuli for 

encystation. 

This phenomenon consists in the formation of new cysts. In comparison to excystation, 

it is a slower and less synchronous process as not every cell differentiates immediately. 

Furthermore, the consumption of oxygen decreases along the process (Avendaño et al., 

2019; Birkeland et al., 2010; Ryan & Cacciò, 2013). 

Encystation is characterized by the appearance of large encystation-specific vesicles 

that contain cyst wall components, such as leucine-rich repeats which are important 

structural proteins. When cysts exit the host through feces, they become instantly 

infectious, are remarkably stable and can endure in the environment for months. As a 

result of this, environmental contamination can lead to the contamination of drinking 

water and food. In recent years, molecular techniques that mainly based on 

housekeeping genes such as glutamate dehydrogenase (gdh), 16S ribosomal RNA (16S 

rRNA), triosephosphate isomerase (tpi), and b-giardin (bg) have been progressively 

used for characterizing G. intestinalis infections in humans and animals. Thus, molecular 

characterizations of G. intestinalis in species and subtype levels provides insights on the 

epidemiology behavior and the potential zoonotic risks. Routine diagnosis of Giardia spp. 

is mainly through microscopic examination or molecular techniques (Alexander et al., 

Figure 1 – Giardia life cycle. Source: CDC 
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2013; Avendaño et al., 2019; Barquero et al., 2019; Birkeland et al., 2010; Demircan et 

al., 2019; Efstratiou et al., 2017b; Hijjawi et al., 2018; Lora-suarez et al., 2019; Ryan & 

Cacciò, 2013). 

 

 

Available treatments 

A panoply of agents with clinical properties can be used to treat Giardia infections. Within 

Nitroimidazoles class, metronidazole has been the most studied. It acts by utilizing the 

anaerobic metabolic pathways present in the parasite, and when inside, the cell receives 

electrons thanks to the proteins ferredoxins existent in Giardia. The electrons are 

important in order to reduce the nitro group, activating the drug, causing DNA damage, 

inhibition of trophozoite respiration and ultimately death. 

Other agents like Quinacrine, which inhibits the synthesis of nucleic acids and 

Furazolidone, which damage important cellular components due toxicity of reduced 

products can also be used against giardiasis (Gardner & Hill, 2001). 

 

 

CRYPTO 

Cryptosporidium is a protozoan parasite, belonging to the Apicomplexan phylum, which 

infects a large range of vertebrates, including humans, causing cryptosporidiosis. 

It is recognized as one of the four main causes of diarrhea in young children contributing 

to early childhood mortality worldwide. 

Major losses in livestock may occur, as the disease causes profuse diarrhea leading to 

considerable economic losses in young calves and lambs in industrialized agriculture. 

The transmission of this disease occurs via faecal-oral route by direct contact with 

contaminated faecal samples from an infected host or indirectly through contaminated 

water or food. 

In individuals who have their immune system normally operating with no constraints, the 

disease is usually self-limiting. Although, it can be life threatening or fatal among 

malnourished and immunocompromised patients (Das et al., 2019; Lippuner et al., 

2018). 

 

Species 

Cryptosporidium was first described in 1907 by Edward Tyzzer, when Cryptosporidium 

muris was isolated from the gastric glands of mice. 
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At the moment, several species of Cryptosporidium have been recognized (Šlapeta, 

2013). 

Among them, the most common are C. andersoni (cattle), C. baileyi (chicken and some 

other birds), C. canis (dogs), C. felis (cats), C. galli (birds), C. meleagridis (birds and 

humans), C. molnari (fish), C. muris (rodents and some other mammals), C. wrairi 

(guinea pigs), C. saurophilum (lizards and snakes), and C. serpentis (snakes and 

lizards). The species that most affect humans are C. hominis and C. parvum, being the 

later a significant cause of disease in cattle as well and, thus, a parasite of substantial 

zoonotic concern (Lippuner et al., 2018).  For both these species there are 8 subtype 

families being Ia, Ib, Id, Ie, IIa, IIc, IId and IIe  (Khalil et al., 2017; Xiao et al., 2004). 

 

Life cycle/Molecular mechanisms 

To better understand the mode of action of this parasite and implications it may have in 

organisms, specially humans, turns imperative the study and investigation of its complex 

and multi-staged life cycle, specifically at molecular level. 

Genetic modelling provides important information on the development stages and 

mechanism of pathogenicity of the parasite. Unlike Giardia, Crypto presents a sexual 

phase. Therefore, recombination occurs between genetically distinct strains (Das et al., 

2019), leading to the appearing and spreading of adapted and virulent subtypes. 

Crypto is considered an invasive parasite, occupying an internal position in the cell. 

However, it recruits an external vacuole which remains inside the host’s cells. As said 

before, cystic forms have great resistance and can endure in the environment for long 

periods. This is due the fact of its complex lattice structure composed by a surface 

glycocalyx layer, carbohydrates, fatty acids and aliphatic hydrocarbons, hydrophobic 

proteins and an inner glycoprotein layer (Bones et al., 2019; Das et al., 2019).  

Cryptosporidium oocysts continued persistence in the environment, combined with high 

shedding, characterize the potential health threat of these organisms. Similarly to 

Giardia’s, infection starts with the ingestion of an oocyst. After excystation, four motile 

sporozoites with gliding motility are released. Invasion occurs, with more frequency, in 
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the distal ileum 

where pH is slightly 

alkaline and the 

temperature is 

around 37ºC 

(Bones et al., 2019; 

Lippuner et al., 

2018). 

When the 

attachment to the 

membrane cell 

occurs, the 

sporozoite is 

enveloped and 

differentiates into a 

replicative 

trophozoite. Along 

this process, the 

nucleus grows and 

the parasite turns more rounded. Adding up, vacuoles are recruited to the infected 

location, occurring fusion and the consequent formation of the “parasitophorous” 

vacuole. It is then formed a “feeder organelle”, which connects the parasite to the host. 

Afterwards, replicative trophozoites suffer asexual merogony generating type I meronts, 

each containing six to eight type I merozoites. When released, some type I merozoites 

continue by developing into replicative trophozoites while others differentiate into type II 

meronts, each containing four type II merozoites. This step represents the beginning of 

the sexual stage, as these type II merozoites develop into undifferentiated gametes upon 

cell invasion, and will then develop into macrogamonts or microgamonts, the latter of 

which produces microgametes. The fertilization of macrogamonts by microgametes form 

zygotes which then may differentiate into thin-walled oocysts or thick-walled oocysts. 

The thin-walled will excyst and continue the replication cycle within the same host (auto-

infection), while the thick-walled are shed into the environment, initiating a new life cycle 

(Bones et al., 2019; Das et al., 2019; Khalil et al., 2016; Lippuner et al., 2018).  

Resourcing to in vitro assays and scanning electron microscopy, it was concluded that 

after 24h of infection trophozoite development occurred, type II merozoites appeared 

after 48h of infection and gametes were found after 96h (Bones et al., 2019). 

Figure 2 – Cryptosporidium life cycle. Source: CDC 
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Cryptosporidium spp. have streamlined metabolism and reduced biosynthetic pathways. 

Specially C. parvum and C. hominis lack canonical mitochondria, instead having remnant 

ones, called mitosomes. These are small, circular, double membrane bound structures, 

which, morphologically, are similar to mitochondria, although lack ATP synthesizing 

capability and their own genome. 

Rhoptries, dense granules and micronemes, which are organelles common in the 

apicomplexans, are found in the invasive sporozoite and merozoite stages. Polar rings 

are also found in the apical region. 

Intracellular stages generally show a loss of most of the organelles seen in invasive 

stages, including the micronemes, rhoptries and dense granules. Notable is the presence 

of dense granules containing amylopectin, ribosomes, a Golgi apparatus, and an 

endoplasmic reticulum. 

As referred before, Cryptosporidium presents simplified metabolic pathways and minimal 

energy production being its genome reduced compared with other enteric 

apicomplexans. 

Considering a collection of morphological and phylogenetic similarities, Cryptosporidium 

has been reclassified from a coccidian to a gregarine. The genus Cryptosporidium is 

currently the sole member of the newly described Cryptogregaria subclass. Key 

similarities supporting this new Cryptosporidium/gregarine lineage include exhibiting 

large extracellular gamonts, changing cell architecture to adapt to diverse environment, 

its unique intracellular but extra-cytoplasmic niche and the lack of an apicoplast. 

Comparative RNA-Seq analysis can be exploited to uncover critical molecules and 

pathways in enteric parasite development (Bones et al., 2019; Lippuner et al., 2018). 

Diagnosis of cryptosporidiosis is based upon oocysts visualization or detection of 

Cryptosporidium spp. DNA or antigens (Khalil et al., 2016). 

 

 

Available treatments 

There’s no effective vaccines or drug-based intervention strategies to eradicate 

Cryptosporidium. There’s only one FDA-approved drug treatment, nitazoxanide, which 

resolves diarrhea after three or four days of treatment in most immunocompetent 

individuals, but shows little efficacy in young children and immunocompromised 

individuals such as HIV/AIDS patients. New opportunities to uncover targets for drugs 

are inherent in the availability of genome sequence databases for C. parvum and C. 

hominis and the development of technologies for the genetic manipulation of the former 

parasite. 
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Therefore, the focus consists on disease prevention. Identification of contaminated 

reservoirs, mode of transmission, improvement of sanitation network and water 

treatment are crucial to prevent transmission and control the disease (Das et al., 2019; 

Forward, 2016; Lippuner et al., 2018). 

 

 

Identification Methods 

Monitorization and characterization of both Giardia and Cryptosporidium are two 

fundamental steps to evaluate epidemiological risks and to specify different strains 

present in the environment. Traditional methods based on microscopy, antibodies and 

enzymes, although widely used, do not have the capacity to distinguish genetic 

differences. The differentiation between species and assemblages is important, not only 

to characterize the affected area and infection source, but also to give us insights on the 

potential risk for humans since only some species are capable of causing diseases. 

Conventionally, the diagnosis of Cryptosporidium and Giardia relies mostly on the 

morphological properties of (oo)cysts present in samples which are visualized through 

microscopy techniques, complemented by acid-fast staining, immunofluorescence assay 

and immunomagnetic separation procedures with monoclonal or polyclonal antibodies. 

Therefore, further development occurs targeting both speed, sensitivity and specificity, 

as the already referred methods may be tedious, costly and partly non-species specific 

(Esther et al., 2018; Xiao & Feng, 2017). 

 

Conventional techniques 

 

Microscopic methods 

The microscopy-based methods have been extensively used for the detection of 

Cryptosporidium oocysts and Giardia cysts in environmental water, food, faecal and/or 

tissue samples. The morphological features of both cannot form the base for 

identification and differentiation using light microscopy. Therefore, different staining 

procedures have been used to aid in the clear distinction of (oo)cysts from co-existing 

protists and for excluding similarities from the environmental or faecal debris. Many 

staining procedures like the Ziehl-Neelsen, “negative staining technique” of Heine, 
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Kinyoun's acid-fast technique and malachite green may be used (Esther et al., 2018; Jex 

et al., 2008).  

 

Immunological assays 

Immunological methods offer several advantages over light microscopy in terms of 

sensitivity and specificity for the detection of Crypto oocysts and Giardia cysts in diverse 

types of samples. Direct fluorescent-antibody (DFA/DIF), Immunofluorescence assays 

(IFA), combined with immunomagnetic separations (IMS) and fluorescent-monoclonal-

antibody detection have all been used frequently for the detection of these parasitic 

protozoans (Esther et al., 2018; Jex et al., 2008). 

 

Immunofluorescence assay utilizing immunomagnetic separation 

purification 

Immunomagnetic separation is a purification procedure that uses magnetic beads coated 

with specific antibodies for the respective antigens. The beads are mixed in test samples 

to bind Crypto and/or Giardia, and then parted from the matrix when a magnetic field is 

applied. The pathogens are then analyzed by different immunofluorescence assays, 

based on preferences. This method is frequently used for the isolation and detection in 

environmental samples like surface water and wastewater. 

Even though there are high recovery efficiencies and precision with this technique, the 

antibody-based method does not provide species or genotype identification. 

Immunomagnetic separation and immunofluorescence assays have been criticized for 

being time-consuming, labour-intensive, expensive and for requiring a high level of 

analytical expertise. However, the application is much better than traditional methods 

and their application is far more precise (Esther et al., 2018; Mccuin, Bukhari, Sobrinho, 

& Clancy, 2001). 

 

Enzyme-linked immunosorbent assays 

Enzyme immunoassays use antibodies for the qualitative detection of Giardia and Crypto 

specific antigens in preserved stool specimens. These tests are more sensitive than 

conventional staining techniques and are easier to perform as well as more economical 

with shorter detection times. The ELISA assay can be particularly useful in laboratories 

not accustomed to diagnosing Giardia or Crypto regularly in epidemiologic studies as 

well as in need of diagnostic standardization. The drawbacks include the occurrence of 

false-positive results. In general, most of the immunoassays are not sensitive for 
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environmental samples due to the poor recoveries and insufficient recognition of targeted 

antigen by various antibodies. This is due to complex matrices present in environmental 

water (Esther et al., 2018; Hijjawi et al., 2018). 

 

Flow cytometry 

Flow cytometry has the advantages of automation, objectivity, and can analyze many 

thousands of cells per second. The flow cytometry quantitatively measures the optical 

characteristics of cells as they are presented in a single file in front of a focused light 

beam. The cells are introduced into the flow cell with a present sheath flow. With a 

suitable fluorescent reagent, it is possible to distinguish Crypto oocysts and Giardia 

cysts. 

An optimized FC protocol for (oo)cysts provides an accurate, fast, simple and automated 

detection method for clinical diagnosis and water analysis. An improved staining method 

by exposing the epitopes to the monoclonal antibody in suspension facilitates the 

identification of (oo)cysts.   

A flow cytometric detection approach along with IMS was used for the detection of 

Giardia cysts in spiked water samples with a 90% recovery. Flow cytometry has been 

coupled with qPCR (real-time quantitative PCR) to quantify the concentrations of 

different pathogens such as Cryptosporidium and Giardia in wastewaters and its 

receiving river water. The present method can be employed to access the wastewater 

treatment efficiency and its ecological impact on receiving surface water (Barbosa & 

Costa-de-oliveira, 2008; Esther et al., 2018; Jex et al., 2008). 

 

Molecular techniques 

As said before, due its sensitivity and specificity, molecular tools allow the differentiation 

between species and assemblages within both groups of protozoa.  

Advanced characterization of human-pathogenic species or genotypes can be used in 

case linkage, tracking of virulent subtypes, and assessment of disease burdens 

attributable to different transmission routes. The advantages include the identification of 

the host-specificity of the recovered (oo)cysts strains/species and the identification of the 

specific source and severity of infections in epidemiological surveillance studies, and 

most importantly, the species genotyping for employing preventive measures, 

predominantly in the case of any outbreak (Esther et al., 2018; Jex et al., 2008). 
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Fluorescence in situ hybridization (FISH) 

Fluorescence in situ hybridization consists in the hybridization of a fluorescent labelled 

oligonucleotide (probe) with the targeted DNA/RNA of the organism. The FISH technique 

has been considered as a powerful tool for phylogenetic, ecological, diagnostic and 

environmental studies in microbiology. This method can help in revealing the 

mechanisms of survival and infection at the cellular level. The method, based on species-

specific probes, has been applied for the detection of Cryptosporidium and Giardia 

(oo)cysts in environmental samples. 

Viable cells of the targeted organism present large quantities of rRNA, providing a 

potential target for nucleic acid probes (Esther et al., 2018; Jex et al., 2008; Xiao & Feng, 

2017). 

 

Genotyping tools 

PCR (Polymerase Chain Reaction) is a widely used molecular technique with many 

applications due its variants. It is possible to design specific primers for conserved 

sequences and therefore, obtaining more general information related to the genus or, for 

instances, designing specific primers for variable regions (polymorphisms) and therefore, 

obtaining information on the species and genotypes. Although conventional PCR was 

intensively used in early investigations for genotyping, because of its narrow detection 

range, has been being replaced with improved methods. For example, the PCR-RFLP 

tool using nested PCR targeting the small subunit (SSU) rRNA is a more specific method 

which can be used in genotyping Cryptosporidium. In Giardia, more polymorphic genes 

like bg, gdh and tpi are targeted by PCR techniques. 

More recently, qPCR, which allows the real-time monitoring of DNA amplification, is 

being used in genotyping both Giardia and Cryptosporidium. Not only this technique 

allows the differentiation between species, it also has been used in quantifying Crypto 

oocysts and distinct assemblages A, B and E in G. duodenalis. 

qPCR assays have previously been described to target the SSU rRNA gene to detect all 

members of the Cryptosporidium genus. The amplified SSU rRNA region covers the 

major region of genotype variability in the gene, allowing identification of nearly all 

Cryptosporidium spp. and genotypes through sequence analysis of the PCR product.  

This technique allows the detection of multiple infections by G. duodenalis genotypes. In 

fact, epidemiological studies have shown that assemblage B affects more humans than 

assemblage A, possibly revealing differences at virulence level (Esther et al., 2018; 

Hijjawi et al., 2018; Xiao & Feng, 2017). 
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Subtyping tools 

Subtyping tools can be used to assess intra-species diversity of C. parvum and C. 

hominis. Therefore, it is possible to comprehend the behaviour of the epidemiology in 

affected areas, possible zoonotic transmissions and infection sources during 

cryptosporidiosis outbreaks. Most subtyping tools are based on sequence analysis of the 

gene encoding the 60 kDa glycoprotein (gp60), which is known to be involved in invasion 

by Cryptosporidium spp. 

The gp60 gene is highly polymorphic, categorizing C. parvum and C. hominis each into 

multiple subtype families by nucleotide sequence differences. 

Within each subtype family, subtypes differ from each other mostly in the number of tri-

nucleotide repeats region downstream of the signal peptide sequence of the gene. 

In G. duodenalis is possible to differentiate between sub-assemblages by analyzing the 

sequence of the PCR products of tpi, gdh, and bg genes and searching for single 

nucleotide polymorphisms (SNPs). 

Apparently, there’s an host adaption regarding assemblage A being  A1 mostly found in 

animals, A2 mostly in humans, and A6 almost exclusively in wild ruminants (Esther et 

al., 2018; Hijjawi et al., 2018; Xiao & Feng, 2017). 

 

Multilocus typing tools 

Because of the likely occurrence of genetic recombination among isolates, results of 

gp60-based subtyping may not be enough to reflect intra-species diversity of 

Cryptosporidium spp. in disease endemic areas. To increase the resolution of gp60-

based subtyping and facilitate population genetic studies, multilocus fragment (MLFT) or 

sequence (MLST) typing tools have been developed for C. parvum and C. hominis. 

These tools largely target variable-number tandem-repeats  (VNTR), more specifically 

microsatellite and minisatellite repeats (Esther et al., 2018; Xiao & Feng, 2017). 

 

Comparative genomic analysis 

Whole genome sequences data are available at public databases, which turns possible 

the analysis of the complete genome. Despite the high sequence similarity (~97%) 

between C. parvum and C. hominis genomes, comparative analyses have identified 

some differences in gene content between the two major human-pathogenic 

Cryptosporidium species. The gene gains and losses mainly occur in the subtelomeric 

regions of several chromosomes. 
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WGS data are available for isolates of assemblages A, B and E in G. duodenalis. Results 

of comparative analysis have shown significant differences among the three genotypes 

in genome size, gene content, gene arrangement, nucleotide sequences, and surface 

molecule repertoires (Esther et al., 2018; Xiao & Feng, 2017). 

 

 

Water treatment methods 

Infections transmitted by drinking water are due the sub-optimum treatment present in 

the DWTP. As already referred, both parasites, especially Cryptosporidium, are highly 

resistant and therefore, not effectively removed or inactivated by conventional water 

treatment processes. Outbreaks have been reported through drinking water that met the 

legal quality standards, including the WHO Guidelines for Drinking Water Quality and the 

European Drinking Water Directive  (Burnet, Penny, Ogorzaly, & Cauchie, 2014; Ramo, 

Cacho, Sánchez-acedo, & Quílez, 2017). 

 

Pre-treatment 

The removal of (oo)cysts is significatively influenced by pre-treatment. With reduced 

turbidity present in water, the overall performance is improved. 

With pressurized filtration, a multilayer method using anthracite and layers of sand with 

different granulometries, it is possible to significatively reduce water turbidity. 

Ozone is a strong oxidant, used in water treatment plants usually at dosages between 2 

and 5mg/L to enhance coagulation for subsequent removal of natural organic matter, 

inorganic colloids or particles, and algal species. Pre-oxidation of raw water, using 

ozone, substantially reduces the protozoa concentrations by damaging the 

structure/membranes of (oo)cysts (Hsu & Yeh, 2003; Yuri et al., 2019). 

 

Coagulation-flocculation 

Coagulation is a primary processing step used to hasten the agglomeration of fine 

particles, preceding flocculation. Both combined promote a solid–liquid separation by 

destabilizing dissolved and colloidal impurities, producing large floc aggregates which 

are then removed in further steps. Aluminum, iron-based salts or organic polymers are 

the most common water treatment coagulant chemicals. Precipitate enmeshment is 

considered the optimal mechanism of coagulation for removal of protozoan cysts in water 

treatment systems (Betancourt & Rose, 2004). 
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Clarification 

The CoCoDAFF process (Counter Current Dissolved Air Flotation and Filtration), 

combines within a single step two treatment stages. Flotation permits that the flakes 

formed in the previous step are dragged to the surface by microbubbles while filtration 

consists in the entrance of clean water into the filter directly. The filter is formed of sand 

and anthracite, capturing small solid substances, which were not dragged in flotation. 

This process has high efficiency being more appropriate than sedimentation for the 

removal of protozoan (oo)cysts (Betancourt & Rose, 2004). 

 

Disinfection 

Disinfection consists in the elimination or inactivation of the infectious organisms present 

in the matrix. Water disinfection is accomplished with chemical or physical disinfectants 

being the most common chlorine (added to water as a gas or solid), a process referred 

as chlorination. Although Giardia can be eliminated by high concentrations of 

disinfectant, Crypto has greater resistance and could be infectious even after 18h 

chlorine exposure. 

Ultraviolet may also be used as an alternative. It is a physical process, therefore do not 

need chemical input, and has been shown to be highly effective in the inactivation of 

protozoa. It requires relatively short contact times and no record of UV disinfection by-

products. However, it may be affected by turbidity and there’s no lasting residual 

disinfection effect which is important to maintain the microbiology water quality until it 

reaches consumers’ houses. 

C. hominis oocysts present sensitivity to UV radiation, exhibiting 90% inactivation at 3 

mJ/cm2 UV (Betancourt & Rose, 2004; Bones et al., 2019). 

 

 

Historical perspective regarding water quality 

As said before, water acts as a vector for many waterborne diseases. 

In times preceding the treatment of natural waters, many municipalities were responsible 

for safeguarding freshwater reserves to supply the population with the minimum possible 

risk. In the impossibility of achieving this, they tried to choose a catchment site that 

presented favorable conditions for the exploitation of drinking water. This concept still 

applies until today since catchment locations are (or should be) in specific places to 
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diminish outbreaks and to cut costs on water treatment and transportation (Baldursson 

& Karanis, 2011; Griffiths, 2008).. 

Therefore, with lack of knowledge and little to no treatment, part of the population (still 

occurs in development countries and in isolated regions which use wells for own 

consumption) obtained its drinking water from open surface waters and wells of 

compromised quality. As expected, many outbreaks were reported like the famous case 

of the Broad Street pump in 1854 in London caused by Vibrio cholerae. 

With the introduction of piped water, sanitation and water treatment methods such as 

chlorination and filtration, mortality caused by waterborne diseases significantly reduced 

and the differences regarding death rates between poor and rich, practically disappeared 

(Baldursson & Karanis, 2011; Griffiths, 2008). 

The reduction of waterborne diseases requires political commitment and the consequent 

enforcement of regulations policies, specific exploitation sources having in consideration 

the local characteristics, wastewaters treatment and proper sanitation network, properly 

trained labor and finally, adequate capital. When one of these conditions is not verified, 

the potential risk of waterborne diseases increases. 

For example, in Tajikistan, due to a shortage of funds for chlorination, a typhoid outbreak 

occurred in the capital Dushambe. 

Another outbreak, caused by Cryptosporidum, occurred in the city of Milwaukee due to 

an intrusion of wastewaters into waters for human consumption (Baldursson & Karanis, 

2011; Griffiths, 2008). 

 

In Portugal, due to more appropriate 

treatment methods and 

scientifical/technological 

advancements, drinking water has 

significatively increased in quality, 

complying with all the parameters 

established in the current 

legislation.  

Graphic 1 - Water quality throughout the years in Portugal. 
Source: PORDATA 
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Legislation 

 

Water Framework Directive (WFD) 

The Water Framework Directive (Directive 2000/60/CE of the European Parliament and 

of the Council, of 23 October 2000) is the main instrument of the European Union's water 

policy, establishing a plan of action the protection of inland surface waters, transitional 

waters, coastal waters and underground. It was transposed into national law through 

Law No. 58/2005, of december 29. 

 

Drinking Water Directive 

The Drinking Water Directive (Council Directive 98/83/EC of 3 November 1998 on the 

quality of water intended for human consumption) concerns the quality of water intended 

for human consumption. Its objective is to protect human health from adverse effects of 

any contamination of water intended for human consumption by ensuring that it is 

wholesome and clean. The Directive laid down the essential quality standards at EU 

level. A total of 48 microbiological, chemical and indicator parameters must be monitored 

and tested regularly. In general, World Health Organization's guidelines for drinking 

water and the opinion of the Commission's Scientific Advisory Committee are used as 

the scientific basis for the quality standards in the drinking water. 

When translating the Drinking Water Directive into their own national legislation, Member 

States of the European Union can include additional requirements e.g. regulate 

additional substances that are relevant within their territory or set higher standards. 

Member States are not allowed, nevertheless, to set lower standards as the level of 

protection of human health should be the same within the whole European Union. 

 

In Portugal 

-Previous legislation  

Previous legislation, including Law-Decree 243/2001 of September 5 and Law-Decree 

no. 306/2007 of august 27, mention the identification of Cryptosporidium only if 

Clostridium perfrigens is present on samples. However, it makes no reference to Giardia. 
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It is established the water quality regime for human consumption, reviewing the 

aforementioned Law-Decree, which transposed into the domestic legal order Council 

Directive 98/83/CE, from november 3rd. 

“6 - Caso se verifique o incumprimento deste valor paramétrico, deve ser investigado 

todo o sistema de abastecimento para identificar existência de risco para a saúde 

humana devido à presença de outros microrganismos patogénicos, por exemplo, o 

Cryptosporidium. Os resultados de todas as investigações devem ser incluídas no 

relatório trienal.” 

 

-Current legislation 

According to current legislation, Law-Decree no. 152/2017 of december 7, the search 

and identification of cysts/oocysts of Giardia/Cryptosporidium is imperative only if 

Clostridium perfrigens is found during laboratory analysis. 

The parametric value of C.perfrigens must be 0, including spores. 

The present Law-Decree amends the water quality regime for human consumption by 

transposing Directives 2013/51/EURATOM and 2015/1787 (Decreto-Lei 152/2017, 7 

dezembro, Diário da República). 

“5) Caso se verifique o incumprimento deste valor paramétrico, deve ser investigado 

todo o sistema de abastecimento para identificar a causa e avaliar o risco para a saúde 

humana devido à presença de outros microrganismos patogénicos, por exemplo, o 

Criptosporidium e ou a Giardia. Os resultados de todas as investigações devem ser 

comunicados à ERSAR para serem incluídos no relatório trienal.” (DR ambiente, 2017) 

 

In Spain 

According to royal decree 140/2003 of February 7, water is considered fit for 

consumption when there’s not any type of microorganism, parasite or substance in 

concentrations capable of putting in danger human health. The permitted concentrations 

must comply with the established parametric values specified in both parts A and B of 

the annex I or with the parametric values excepted by the health authority, determined 

in the analysis, and without prejudice to the provisions of article 27.7. 

The legislation only mentions Crypto, neglecting Giardia: “Cuando la determinación sea 

positiva y exista una turbidez mayor 5 UNF se determinarán, en la salida de ETAP o 

depósito, si la autoridad sanitaria lo considera oportuno, Cryptosporidium u otros 

microorganismos o parasitos”. (last reviewed in 01/08/2018) (Sanidad, 2003) 
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In Germany 

The Drinking Water Ordinance (TrinkwV), which translates the 1998 EC Drinking Water 

Directive into national law, specifies and regulates the duties incumbent on the water 

suppliers and monitoring authorities, the microbiological and chemical parameters as 

well as radiological requirements that must be tested for and the frequency that drinking 

water must be monitored. Relatively to parasitology, the principle is equal to Portugal's 

and the identification of both microorganisms is only necessary if C. perfrigens is 

identified. 

According to the Infection Protection Law (Infektionsschutzgesetz (IfSG)), direct or 

indirect evidences which indicate an infection must be reported to the Health federal and 

social security ministery (Bundesministerium für Gesundheit und soziale Sicherung) 

(Chemlin, 2004; Umweltbundesamtes, 2001). 

 

In United Kingdom 

According to the Water Supply (Water Quality) Regulations of 2000 No. 3184, which only 

mentions Cryptosporidium, its monitorization “was obligatory when there was or 

continued to be a significant risk from oocysts in water supplies”. This risk assessment 

refers to a potential place where oocysts could be present due its characteristics; 

weather events which may alter the water courses properties; when new facilities 

(DWTPs) or methods for disinfection were tested in order to supply certain zones (Water 

regulations UK, 2000). 

 

More recent legislation, the Water Supply (Water Quality) Regulations of 2016 No. 614, 

makes no reference to any of the zoonotic parasites. Only mentions that “the water must 

not contain— (i) any micro-organism (other than a parameter listed in Schedule 1) or 

parasite at a concentration or value which would constitute a potential danger to human 

health.” (Water regulations UK, 2016). 

 

 

 

Legislation outside the WFD (European Union) 

 

In Brazil 

According to Brazilian law, CONSOLIDATION ORDINANCE No. 5 OF SEPTEMBER 28, 

2017 article 31, it is established that: “Art. 31. Os sistemas de abastecimento e soluções 
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alternativas coletivas de abastecimento de água que utilizam mananciais superficiais 

devem realizar monitoramento mensal de Escherichia coli no(s) ponto(s) de captação 

de água. (Origem: PRT MS/GM 2914/2011, Art. 31) 

§ 1º Quando for identificada média geométrica anual maior ou igual a 1.000 Escherichia 

coli/100mL deve-se realizar monitoramento de cistos de Giardia spp. e oocistos de 

Cryptosporidium spp. no(s) ponto(s) de captação de água. (Origem: PRT MS/GM 

2914/2011, Art. 31, § 1º) 

§ 2º Quando a média aritmética da concentração de oocistos de Cryptosporidium spp. 

for maior ou igual a 3,0 oocistos/L no(s) pontos(s) de captação de água, recomenda-se 

a obtenção de efluente em filtração rápida com valor de turbidez menor ou igual a 0,3 

uT em 95% (noventa e cinco por cento) das amostras mensais ou uso de processo de 

desinfecção que comprovadamente alcance a mesma eficiência de remoção de oocistos 

de Cryptosporidium spp. (Origem: PRT MS/GM 2914/2011, Art. 31, § 2º) 

§ 4º A concentração média de oocistos de Cryptosporidium spp. referida no art. 31, § 2º 

deve ser calculada considerando um número mínino de 24 (vinte e quatro) amostras 

uniformemente coletadas ao longo de um período mínimo de um ano e máximo de dois 

anos. (Origem: PRT MS/GM 2914/2011, Art. 31, § 4º)” (Ministério Saúde, 2006; 

Promoção & Saúde, 2017) 

 

In United States of America 

The USA Environmental Protection Agency has established regulation on drinking water 

requirements for states and public water systems. It is denominated Surface Water 

Treatment Rules (SWTRs) and has the objective to provide protection from microbial 

pathogens, minimizing derived health risks mainly by filtration and disinfection 

processes. According to SWTRs of June 1989, which applies to all public water systems 

(PWSs) using surface water sources or ground water sources under direct influence of 

surface water (GWUDI), already “Establishes maximum contaminant level goals 

(MCLGs) for viruses, bacteria and Giardia lamblia”. 

The InterimEnhancedSWTRS of December 1998, which applies to all PWSs and GWUDI 

that serve 10000 or more people, “sets a MCLG of zero for Cryptosporidium and 2-

log Cryptosporidium removal requirements for systems that provide filtration.” It also 

“requires that watershed protection programs address Cryptosporidium for system that 

are not required to provide filtration”. 

The LongTerm1EnhancedSWTRs of January 2002, which applies to all PWSs and 

GWUDI serving fewer than 10000 people, also “Sets a maximum contaminant level goal 

(MCLG) of zero for Cryptosporidium and 2-log Cryptosporidium removal requirements 
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for systems that provide filtration”. “It also requires that watershed protection programs 

address Cryptosporidium for system that are not required to provide filtration.” 

The Longterm2EnhancedSWTRs of January 2006, which applies to all PWSs that use 

surface water or GWUDI, “Targets additional Cryptosporidium treatment requirements to 

higher risk systems” (EPA, 2016). 

 

In Australia 

According to National Water Quality Management Strategy - Australian Drinking Water 

Guidelines 6 2011 (Version 3.5 Updated August 2018): “No guideline value is set for 

Cryptosporidium/Giardia due to the lack of a routine method to identify human infectious 

strains in drinking water. If such a guideline were established, it would be well below 1 

organism per litre and would involve testing of impractically large volumes of water.” It is 

also recommended “a multiple barrier approach from catchment to tap to minimize the 

risk of contamination. Protection of catchments from human and animal wastes is a 

priority. Operation of barriers should be monitored to ensure effectiveness.” These 

guidelines also include that in extreme weather conditions “investigative testing may be 

required (e.g., heavy rainfall, increased turbidity, treatment failure)”. 

If these parasites are identified, laboratories are required to notify cases of 

cryptosporidiosis/giardiasis to the local Public Health Unit under the Public Health Act, 

2010. Public Health Units investigate cases and review possible sources of infection to 

prevent further spread (Water & Management, 2018). 

 

In Canada 

According to the Guidelines for Canadian Drinking Water Quality of April 2019, regarding 

enteric protozoa, is described a “health-based treatment goal of a minimum 3 log removal 

and/or inactivation of cysts and oocysts. Depending on the source water quality, a 

greater log removal and/or inactivation may be required. Treatment technologies and 

source water protection measures known to reduce the risk of waterborne illness should 

be implemented and maintained if source water is subject to faecal contamination or if 

Giardia or Cryptosporidium have been responsible for past waterborne outbreaks” 

(Health Canada, 2019). 
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Reused wastewater 

Being potable water a scarce resource, strategies to minimize its use or to use it more 

efficiently have become more present each passing day. Therefore, wastewater from 

WWTPs, within certain parameters, could be used for many activities including 

agriculture, urban and industrial washing. 

Although its use could diminish the over excessive use of potable water, it is important 

to evaluate its quality and potential risks that may be associated in order to protect public 

health. For instances, the presence of pathogens, like these protozoa, is common in raw 

and improperly treated wastewater. 

In Portugal, according to law-decree no. 119/2019 of august 21, it is established that 

wastewaters must be reutilized whenever possible in order to diminish pressure on hydric 

resources. Therefore, this reutilization of water is supported by the principle “fit-for-

purpose”, which means that types of wastewaters according to its status (A to E) will 

have specific uses and receptors areas. The status of wastewaters is also defined on 

the present law-decree as well as multiple barriers to minimize risks. 

Regarding water quality in terms of parasitology, it is referred that the number of eggs 

from intestinal parasites, namely helminths, must be inferior to 1 no./L and the sampling 

frequency is fortnightly. However, Giardia and Crypto are not referred. Its inclusion would 

be important since both these parasites are more resistant than helminths and, therefore, 

capable of enduring long periods in the receptor areas where wastewaters are 

discharged (Razzolini, Breternitz, Kuchkarian, & Bastos, 2020; República, 2019).  

 

Literature regarding correlations 

Investigations related to the Giardia and Crypto correlations with physical-

chemical/microbiological parameters have been resulting in incoherent results. Some 

papers present significative correlations while others the opposite. The results are not 

conclusive and linear. 

E. coli and coliforms are bioindicators for the water quality in microbiological terms being 

routinely monitored. E. coli, being a thermotolerant coliform, indicates recent faecal 

contamination, and therefore a potential risk for public health, regardless of whether 

specific pathogens as the enteric protozoa are observed. However, its absence does not 

necessarily indicate that pathogens are also absent, although some studies found 

significative correlations (Burnet et al., 2014; Dyke, Ong, Prystajecky, Isaac-renton, & 

Huck, 2016; Richard et al., 2016). Total coliforms are not faecal specific and, therefore, 
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cannot be used to indicate faecal contamination (or the potential presence of enteric 

pathogens). 

 

In surface waters sources 

In general, few correlations are reported between protozoa and faecal indicators. This is 

due the fact both group of organisms present different survival rates in the environment, 

variations in the sampling location/volume and the methodology applied may have 

different percentages of recovery. Watershed characteristics, including sources and 

levels of faecal contamination and geochemical factors, may also influence the 

correlation between faecal indicators and protozoa, leading to site-specific differences 

(Health Canada, 2019). 

 

In groundwater sources 

Intestinal enterococci were reported to be positive correlated with enteric protozoa, 

although faecal indicator organisms showed no significative results (Health Canada, 

2019). 

 

Treated drinking water 

Analysis of treated drinking water is important in order to verify the treatment efficacy. 

As said before, the commonly used faecal indicator organisms give an idea of the water 

quality and if the treatment process has no flaws. However, due to its resistance when 

compared to (oo)cysts, their absence does not necessarily mean that Crypto and Giardia 

are also absent. As evidence, (oo)cysts have been detected in filtered, treated drinking 

water meeting existing regulatory standards and have been linked to waterborne disease 

outbreaks (Dorner, 2014; Efstratiou et al., 2017a; Richard et al., 2016). Despite these 

limitations, the presence of E. coli in water leaving a treatment plant signifies that 

treatment has been inadequate, and there is an increased risk that pathogens, including 

enteric protozoa, may be present in treated drinking water (Health Canada, 2019). 

 

According to the study of Dorner (2014), which focus was centered on the seasonal 

trends regarding hydrological and climate data it was reported a significative correlation 

between Giardia and temperature, resulting in a pattern. 

The referred study  by Dyke (2016) appoints significative correlations between Crypto 

with E. coli, turbidity and river flow. It was also emphasized the fact that animals act as 

reservoirs through genotyping analysis. 
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According to the author Richard (2016), and statistically speaking, there were 

significative correlations between both parasites with faecal coliforms and fluoride at the 

0,05 level. 

The present study  by Burnet (2014) found significant correlations between the parasites 

and other forms of faecal pollution. They reported that both parasites were significant 

associated with each other and that Giardia had significant correlations with E. coli, 

turbidity and conductivity. 

 

Reasons to choose those parameters 

As all three parameters are frequently monitored, they were easy to retrieve and to 

establish a connection with protozoa (oo)cysts numbers. 

The microbiological parameter E. coli, a bacterium belonging to the Enterobacteriaceae 

family, presents some similarities with both parasites. They colonize the lower 

gastrointestinal tract of endothermic organisms and are released through feces, 

contaminating nearby areas, suffering, ultimately, lixiviation to water courses. Therefore, 

it would be expected that all three organisms were positively correlated. 

Temperature and turbidity are two physical parameters and the objective was to 

understand if higher or lower values interfere with the number of (oo)cysts. It would be 

logical that with lower temperature and higher turbidity, the number of both protozoa 

would rise. These conditions are associated to a rainier weather, when temperature is 

usually lower, thus promoting lixiviation and increased run-off of both parasites, 

culminating in the contamination of water courses.  
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Mandatory reporting diseases 

Cryptosporidiosis and giardiasis belong to the list of mandatory communicable 

transmissible diseases. When confirmed, the information related to these diseases must 

be notified to SINAVE (Sistema Nacional de Vigilância Epidemiológica). 

SINAVE is a public health surveillance system that identifies risk situations, collects, 

updates, analyzes and disseminates data on communicable diseases and other public 

health risks, as well as preparing contingency plans in the event of emergency situations, 

including public calamity. 

It allows the operation of a nationwide network, involving doctors, public health services, 

laboratories, health authorities and other entities from the public, private and social 

sectors, whose participants contribute to a national information system allowing the 

physician to notify in real time the occurrence of a communicable disease to the local 

health authority for the implementation of prevention and control measures, limiting the 

spread of the disease and the occurrence of additional cases. It also functions as an 

instrument for the continuous monitoring of the occurrence of communicable diseases 

with mandatory reporting in Portugal. 

According to dispatch no. 5855/2014 of may 5, it is obligatory the use of the platform 

SINAVE in order to report these transmissible diseases and other public health risks. 

 

 

Epidemiological report regarding 2017 in Europe 

 

GIARDIA 

In 2017, 19437 confirmed cases were reported by 24 countries in the EU/EEA with an 

overall rate of 5.5 per 100000 population.  The highest number of confirmed cases was 

reported by the United Kingdom, followed by Germany accounting for 44% of all 

confirmed giardiasis cases. Belgium had the highest rate of 17.6 per 100 000 population, 

followed by Estonia and Sweden at 12.2 and 11.4 per 100 000 population respectively. 

The majority (60.1%) of giardiasis cases with reported information were domestically 

acquired except in three Nordic countries, where 71%–83% of the cases were travel-

associated.  

The number of confirmed giardiasis cases has been increasing in the EU/EEA from 

2013–2017. A higher number of cases were reported from August–October with a peak 
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in September. There was a smaller peak in March and a higher number of cases reported 

over the year due to one more country (Belgium) starting to report monthly data in 2017. 

Of the 18 329 confirmed cases with information on gender, 56% were males and 44% 

were females, corresponding to a male-to-female ratio of 1.3:1, with males 

overrepresented in every age group. The highest notification rate per 100 000 population 

was detected in the age group 0–4-years (17.6 for males and 14.9 for females). This age 

group accounted for 3 261 (18%) of the 18 327 cases with information on age. The 

notification rate decreased with age and was lowest in persons ≥ 65 years of age (3.0 

per 100 000 population in males and 2.3 in females). 

Giardiasis is the most reported among the five food and waterborne parasitic diseases 

under mandatory EU surveillance. Surveillance of giardiasis covers the entire population 

in most EU/EEA countries, although studies reveal lack of reporting mainly in Eastern 

Europe. One-fourth of EU Member States do not have surveillance systems for giardiasis 

and do not report cases.  

While the EU/EEA notification rate was stable from 2013–2017, the annual number of 

cases increased steadily. In 2017, Belgium continued to report the highest notification 

rate for giardiasis, following an increase in 2016 mainly due to the additional involvement 

of a large laboratory (ECDC Report, 2019b). 

 

CRYPTO 

Of the 25 EU/EEA countries reporting for 2017, 21 countries reported 11 449 

cryptosporidiosis cases, of which 11 418 (99.7%) were confirmed. The number of 

confirmed cryptosporidiosis cases reported for 2017 was lower than the number reported 

for 2016 (n = 13 664) and translated to a notification rate of 3.2 per 100 000 population. 

Germany, the Netherlands and the UK accounted for 71% of all confirmed cases, with 

the UK alone accounting for 44%. 

Contrary to the overall decrease in 2017, the rates in reporting Nordic countries 

increased, in Finland more than 3-fold and in Norway by almost 50%, compared to 2016.  

In 2017, cryptosporidiosis case reports followed the same seasonal pattern as in 

previous years. The distribution of cases was bimodal, with an increase in April and a 

peak in September. A large proportion of these peaks are attributable to cases from the 

UK (64% in April and 55% in September), where this seasonal pattern is predominant.  

Age and gender data were available for 88% of confirmed cryptosporidiosis cases. The 

highest notification rate was observed in the age group 0–4 years, with 13.8 confirmed 

cases per 100 000 males and 11 per 100 000 females. The highest notification rate in 

that age group was reported by Ireland (75.3 cases per 100 000 population), followed by 
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Belgium (34.5) and the UK (28.3). Thirteen of the 22 countries for which rates could be 

calculated reported fewer than 1 case per 100 000 population in this age group.  

The overall male-to-female ratio was 0.9:1 and varied by age group. There were more 

boys among children 0–4 years of age (male-to-female ratio 1.3:1) and more women of 

reproductive age with a male-to-female ratio of 0.5:1 in the age groups 15–24 and 25–

44 years (ECDC Report, 2019a).  

 

 

Water courses characterization 

 

Douro 

Douro river is one of the longest Iberian rivers traveling 927km with a source at 1700 

meters of altitude in the “Sierra de Urbión” and having its mouth located at Porto, on the 

Atlantic coast of Portugal. The drainage basin covers 97,290 km2, with 80% in Spain 

and the remaining 20% in Portugal. 

The basin is bordered to the north by the river basins of Leça, Ave, Cávado, Nalón, Sella, 

Deva and Nansa; to the east by the Ebro river basin and to the south by the Tagus river 

basins, Mondego and Vouga. 

The Douro river basin has a great climatic diversity, reflecting its great extension and 

high variety in morphological terms. Therefore, two climatic sets can be distinguished. 

The western sector, formed by the Sousa, Tâmega and Paiva sub-basins, which also 

includes the entire coastal strip of the basin, reflects a maritime climate. 

The eastern sector, formed by the Tua, Sabor and Côa sub-basins, reflects conditions 

associated to continental climates. 

The wide climatic, morphological and substrate variations that characterize the vast 

territory covered by the Douro hydrographic region allow it to function as a support for a 

high fauna and floristic diversity including species classified as vulnerable or endangered 

and endemics. 

The region presents many areas with national protection status as the parque natural de 

Montesinho, parque natural do Alvão, parque natural do Douro internacional, the reserva 

natural da Serra da Malcata and the lagoa de Paramos. The last one, also known as 

Barrinha de Esmoriz, due its ornithological diversity and herpetological interest is 

considered an important protected area. 
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The characteristic vegetation of the region is composed of oaks, chestnut and sardinian 

forests, alternating with meadows. In the plateau zones, herbaceous communities 

associated with agricultural fields often occur, with black oak tree hedges. 

Regarding fauna, it is worth mentioning the gliding prey, which find one of their preferred 

habitats in the Douro International region, which, together with the surrounding Sabor 

and Maçãs rivers, is a key area for the conservation of the Iberian Peninsula rupicolous 

avifauna. 

The Douro estuary has some salt marsh areas important for the preservation of aquatic 

vegetation and avifauna. The Avintes and Valbom sands are of great ornithological 

importance, while the S. Paio basin has a high floristic and faunal diversity. 

The average annual precipitation is 1030 mm, ranging from a maximum of about 2500 

mm to a minimum of about 400 mm. The geology of the Portuguese part of the Douro 

basin is predominantly made up of very deformed granitoid and metasedimentary units. 

The occurrence of detrital materials is very insignificant, except for Veiga de Chaves, the 

Vilariça Valley and the area between Espinho and southern Porto. 

In geomorphological terms, the region covered by the Douro basin is characterized by 

four large geomorphological units, namely, plateau surfaces, mountains, valleys and 

estuary. The Douro flows into a funnel-shaped estuary, where it’s located a sandbar that 

moves according to the energetic resultant of the marine and fluvial currents. By causing 

waves to break off the bar, it minimizes wave erosion over the sandbank and reduces its 

height when entering the estuary (Cunha et al., 2019; “Região hidrográfica do douro 

(rh3),” 2016). 

 

 

Paiva 

Paiva River rises in Serra de Leomil, more specifically in Pera Velha belonging to the 

municipality of Moimenta da Beira and flows into Douro in Castelo de Paiva. On the left 

bank is situated the vila de Fornos and on the right bank there is the vila de Souselo, 

Cinfães. 

It is classified as a Site of Community Importance in the Natura 2000 Network. 

The hydrographic basin of Paiva River, which is a sub-catchment of the Iberian Douro 

River basin, covers an area of approximately 780 km2, located in the north of Portugal. 

Topography is characterized by a craggy relief where altitudes vary between 1360m and 

40m. 
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Precipitation is higher around the river's spring with 2650mm/yr while around the basin's 

outlet has a value of 1240mm/yr. 

Paiva River flows in a valley with soft slopes, with predominance of bushes, agricultural 

fields and meadows; in its middle section it runs in a valley embedded with brushwood 

and pine stains; on the banks alternate rocky stretches with outcrops and stone banks 

and stretches with land margins, presenting well-maintained and developed riparian 

vegetation. 

In terms of water quality, the river is considered one of the best in Europe. It 

encompasses an important area for the conservation of the water mole and an important 

wolf passage/connection area between the Montemuro, Freita/Arada and Lapa/Leomil 

mountains and the Mões pack.  

The main threat comes from the invasion by acacias and frequent monocultures of 

eucalyptus, implementation of small and large hydroelectric projects and punctual cases 

of extraction and washing of aggregates (Fonseca, Fernandes, Fontainhas-fernandes, 

Monteiro, & Pacheco, 2016). 

 

Ferreira 

Ferreira river rises from multiple springs in Chã de Ferreira, whose main spring is in 

Freamunde in the Jóia place and flows into the Sousa river. 

On its course of 43km, it passes through the localizations of Lordelo, Rebordosa, 

Sobrado, Campo, Valongo São Pedro da Cova and Foz de Sousa. 

Along its route there are two wastewater treatment plants, one in the municipality of 

Paços de Ferreira and another in the municipality of Gondomar. 

Close to its origin, the river is affected by polluting industries from different areas, 

influencing its water quality. 

 

Ferro 

A tributary of Vizela, Ferro is a small watercourse, flowing in a small valley, where 

agricultural fields dominate, but where sections with steep slopes appear locally. 

In the headland areas, the margins are well maintained with alders, willows and, in some 

sections, with poplars and plane trees, as support for the marginal vines; downstream of 

Fafe, alternate sections with well-preserved riparian vegetation, essentially with alders, 

sections with visible situations of margin degradation and sections in which the 

vegetation consists of the herbaceous layer and the support trees of the marginal vines. 
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The river presents good water quality in the upstream areas. However, downstream, a 

decrease in water quality can be observed with indicators of organic and chemical 

pollution, compromising its capacity to support aquatic fauna, namely fish. 

 

Vizela 

Vizela River rises in Alto de Morgaír, Gontim, municipality of Fafe, and is a tributary of 

the Ave river. 

Along its route, in the northeast-southwest direction, it successively bathes the 

municipalities of Fafe, Felgueiras, Guimarães, Vizela and Santo Tirso having a dam 

located in Queimadela. 

The mouth of Vizela, with margins between the Vila das Aves and Rebordões, converges 

on the left bank of the Ave river in the municipality of Santo Tirso. 

Its name derives from the Latin word Avicela, which can mean “small river” or “small bird” 

because it is a tributary of the river Ave. Vizela River springs at an elevation above 700 

meters in altitude and will flow into the River Ave, about 40 km upstream of Vila do 

Conde. Both on its banks and on its two main tributaries, the Ferro and Bugio rivers, 

important industrial units, large consumers/users of water, are installed. 

It is a medium-sized watercourse that runs in a misfit valley, where agricultural fields 

dominate. Vegetation consists of brushes, oaks, pines and eucalyptus patches and the, 

in general, well preserved, due the high cover of riparian vegetation. Occurrence of otter, 

gray wagtail and Iberian frog may be noticed along the margins. 

The substrate is granitic alternating with steep and leveled areas. 

Water quality is reasonable in the middle and upper sections, however, in the lower 

sections there are situations of degradation and the significant presence of solid debris 

at the bed margins. 

 

Ovil  

The hydrographic basin of the river Ovil has its origin in the Loureiro stream, Loivos do 

Monte in Baião. It is delimited by the Aboboreira and Castelo mountains of granite 

formation. 

The river Ovil has its mouth on the Douro river, more specifically in Manso, Ribadouro. 

Govê stream represents the most important water line feeding the river. Many places 

which belong to the council of Baião are located along the basin being Loivos do Monte, 

São João de Ovil, Campêlo, Govê, Grilo, Santa Leocádia, Ancêde and Ribadouro. 
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Figure 3 – Geographical map presenting the location of  water reservoirs, supply network and DWTPs contemplating allusive images to 
each one of them. 
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Materials and Methodology 

 

(OO)CYSTs detection and counting 

The methodology adopted is based on the “US Method 1623: Cryptosporidium and 

Giardia in Water by Filtration/IMS/FA”-EPA and the commercial system Filta-Max Xpress 

by IDEXX. 

After sampling and consequent filtration, elution is carried out with a buffer solution 

obtaining a volume of approximately 450mL. Following step consists in a centrifugation 

of the sample where the supernatant had been previously aspirated remaining a total 

volume of 8mL. 

Then, the pellet is added to a solution containing two buffers and magnetic beads with 

monoclonal antibodies anti-Crypto and anti-Giardia. Samples are then mixed for 1 hour 

minimum and then proceeded to the first immunomagnetic separation. 

The separation is executed with a magnet which attracts the magnetic beads, parting 

them from the solution.  The supernatant is discarded, the beads washed with a buffer 

solution and then transferred to an Eppendorf. The tube goes in another magnet, 

proceeding to the second immunomagnetic separation, where the supernatant is also 

discarded remaining only the beads with the antibodies and, supposedly, the (oo)cysts. 

The third and final immunomagnetic separation consists in the addition of HCl 0,1N in 

order to break the ligation between antibody-(oo)cysts. This way, the supernatant 

becomes the content of interest and then is transferred to a slide already containing 

NaOH 1N to neutralize the pH of the solution. 

After a 24h drying period, it is applied one drop of Agua-Glo on each sample and the 

slide goes into a moistened petri dish which is put under 37ºC temperature for 30 

minutes. Then, the mounting mean is applied to the samples with the respective 

fluorescence reagent. 

Concluding all these steps, the sample is ready to be observed by epifluorescence 

microscopy with a 200x ampliation and then the number of Giardia cysts and Crypto 

oocysts is noted. 

The results are presented no. (oo)cysts/10L of water. 

In parallel, a positive control with antigens is made to evaluate the state of the reagents 

and a negative control with ultra-pure water to mislead possible contaminations. 
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Possible interferences in the results 

 

Turbidity 

The sample turbidity, derived by organic/inorganic, may interfere with the concentration, 

separation and detection steps. 

 

Microalgae (Phytoplankton) 

Species of microalgae and other organisms with forms and sizes similar to (oo)cysts, 

may also present fluorescence and when visualized could potentially be counted, 

originating false positives. 

 

Sampling and transportation 

Sampling was made between 2010 until 2020. The volume of each sample varies 

between 10L to 100L. 

Samples are stored at 5ºC sheltered from light. 

 

Reagents 

A)  Buffer solution (450mL per sample): 

Preparation of 10L of buffer solution: 

-Add 50 tablets of PBS – Phosphate Buffered Saline (Sigma - Aldrich) to 9,9L of ultrapure 

water and agitate for 10min; 

-Add 0,1mL of Tween20 and agitate more 10 minutes: 

-Add distilled water until final volume is 10L. 

B) Dynabeads GC-Combo Kit (Dynal Biotech): 

-Magnetic Dynabeads anti-Giardia; 

-Magnetic Dynabeads anti-Cryptosporidium; 

-SL Buffer A 10x; 

-SL Buffer a 1x (made from 1ml Buffer A 10x plus 9ml of distilled water); 

-SL Buffer B 10x. 

C) Hydrochloric acid, HCL 0,1N; 

D) Sodium hydroxide, NaOH 1M; 

E) Aqua-Glo G/C Direct Comprehensive Kit (A100 FLK) Waterborne: 

-Postive control PC101; 

-Fluorescence reagente; 

-Counterstain; 
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-Mounting mean M101, 

-Wash buffer WB101. 

 

Equipments: 

-Scale; 

-Peristaltic pump for filtration; 

-Peristaltic media separation pump for aspirating the supernatant; 

-Hettich Rotanta 460 centrifuge; 

-Compressor; 

-Computer; 

-Cell counter; 

-Elution station Filta-Max XPress (IDEXX); 

-Incubator at 37ºC; 

-Refrigerator at 5ºC; 

-Housing Filta-Max XPress (IDEXX); 

-Hose; 

-Micropipettes; 

-Olympus BX41 epifluorescence microscope; 

-MPC - Large magnet for L10 Dynal tubes; 

-MPC - Small magnet for 1.5 mL microtubes; 

-10L container for the buffer solution; 

-Rotor; 

-Sampling kit; 

-Dynal tubes L10. 

 

Materials 

-Filta-Max XPress filters (IDEXX); 

-Conical bottom 500 mL bottles (corning tubes); 

-Slides and slides for microscopic observation; 

-Current laboratory supplies; 

-1.5 mL microtubes; 

-Absorbent paper; 

-Glass Pasteur pipettes; 

-Petri dishes; 

-Micropipette tips; 
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-10L capacity plastic containers; 

-50 ml conical tubes (falcon);  

 

Sample filtration 

Filtration in Lab 

The Housing (equipment which contains the filter) connects with the Sampling kit and 

the hose which is already notched in the peristaltic pump programmed with a pressure 

of 2,0L/min (Fig. 4). 

The pump is activated, filtering the sample. During the filtration, the container is shaken 

in order to homogenize the sample.  

 

 

 

 

 

 

 

 

 

The manual filtration at the Lab presents setbacks: 

-Sample of 30L is collected in 3 containers of 10L each (Fig. 5); 

-Spending on containers (non-reusable); 

-Ergonomics of harvest operators; 

-Little sample volume; 

-Lack of storage conditions in the Laboratory; 

-More lab work time; 

-Disclosure of results later.  

 

Local Filtration 

Fixed systems 

To carry out the sample concentration by filtration in fixed systems (Fig. 6 and 7), it was 

evaluated whether there was an alternative tap (by-pass), permanently connected to the 

filtration. 

Before starting the filter installation procedures, the tap was opened and allowed to drain 

with maximum flow long enough to eliminate any type of deposit in the pipes. 

Figure 4 – Peristaltic pump for sample filtration. 
Figure 5 - 10L containers used for sampling and 
filtration. 
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1- The collection tap was closed and all accessories were unscrewed. 

2- The Housing was prepared (Fig. 8). 

3- The Housing was notched (Fig. 9). 

4- The hose was connected to the filtration system (Fig. 10). 

 

5- The hose was slowly opened until a maximum flow rate of 2L/min was obtained 

(Fig. 11). 

6- Water flowed until a volume of 100L or 1000L was reached. 

7- The hose was closed, and the volume filtered noted. 

8- The housing was removed with a capsule to diminish potential volume losses 

(Fig. 12/13). 

9- The housing was transported to the laboratory.  

 

Figure 7 – Fixed systems taps. Figure 6 - Fixed systems taps 

Figure 8 – Housing preparation. Figure 9 – Housing notching. Figure 10 – Hose connection. 

Figure 11 – Digital flowmeter. Figure 12– Housing packaging Figure 13 – Housing packaging. 
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Portable system 

At the collection points where it was not possible to install fixed filtration systems, the 

samples were filtered using portable systems. 

 

1 - The pump is turned on 

The intake hose was filled with water (hose 

with yellow float) to facilitate the priming of the 

pump. 

The intake hose was attached to the pump. 

The screw cap was removed from the pump 

body and the body was filled with water to 

prime the pump (this procedure is mandatory). 

2 - Housing was prepared 

3- The housing was notched (Fig. 14). 

4- The tap of the pump and by-pass was opened 

The tap of the pump and the 100% by-pass was opened, the control-matic button 

(accessory placed on the top of the pump) was pressed to start the pump. When there 

was too much air in the intake hose, the pump could stop and, in that case, it was 

necessary to press the control-matic switch again to start the pump again. This 

procedure was repeated as often as necessary.  

5 - The bypass tap was closed 

The bypass tap was closed slowly, until a 

water filtration of up to 2 L/min was reached 

(perform this procedure with a clock and the 

meter installed in the system - for every 30 

seconds, pass a maximum of 1 liter of water 

in the flowmeter – Fig. 15). If with the tap of 

the by-pass all open, the flow rate exceeds 2 

liters per minute, the tap of the pump was 

closed until reaching the desired value.  

6- Water flowed until a volume of 100L or 1000L was reached. 

7- The hose was closed, and the volume filtered noted. 

8- The housing was removed with a capsule to diminish potential volume losses. 

9- The housing was transported to the laboratory. 

 

Figure 14 – Portable system for local sampling filtration 
with the Housing already notched. 

Figure 15 – Analogical flowmeter. 
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Sample elution 

The required amount of buffer solution was previously prepared. Approximately 

400/500mL was required for each sample. The elution station and the compressor (with 

a pressure of 5 bar) were switched on by opening the respective taps. The housing was 

disconnected from the hose and fitted to the elution station (Fig. 16 and 17). 

 

 

 

 

 

 

 

 

 

Sample centrifugation 

Before centrifugation, the corning tubes with the sample were weighed on a scale and 

equilibrated with distilled water. Once balanced, they were centrifuged at 2000 rpm for 

20 minutes. Then, the supernatant was aspirated (Fig. 18) with a separation pump, 

leaving an 8 mL pellet (Fig. 19). 

 

 

  

Figure 16 – Housing attachment to the 
Elution station. 

Figure 17 – Schematic of the Elution station. 

Figure 18 - Aspiration of the supernatant. Figure 19 – Remaining pellet. 
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Immunomagnetic separation 

With a micropipette, the pellet was transferred from the 

bottom of the corning tube to an L10 tube (Fig. 20). 1 ml 

of SL Buffer A 10X and 1 ml of SL Buffer B 10X were 

added. Then 100 μL of anti-Cryptosporidium magnetic 

Dynabeads and 100 μL of anti-Giardia magnetic 

Dynabeads were added. The SL Buffer A 10X was left at 

room temperature 15 to 20 minutes before being added 

because when it leaves the refrigerator at 4 or 5 ºC it 

tends to form crystals.  

L10 tubes with samples were placed on the rotor at a 

speed of 18 rpm for at least one hour (Fig. 21). 

The L10 tubes were removed from the rotor and placed 

on the MPC Large magnet and the magnet was then 

gently rocked for approximately 2 minutes in order to 

make the first immunomagnetic separation.  

With the magnet facing upwards, the L10 tube 

supernatant was poured into a 10 mL tube, taking 

care not to throw away the magnetic Dynabeads. 

1 ml of SL Buffer A 1X was added to the L10 tube, 

over the magnetic Dynabeads and stirred gently. 

With a Pasteur pipette, the magnetic Dynabeads 

were removed from the L10 tube and then transferred to a 1.5 mL microtube, in which it 

was placed in the small magnet in order to make the second immunomagnetic 

separation. 

The magnet was stirred for 2 minutes and then the supernatant was removed leaving 

only the magnetic Dynabeads conjugated with the antibodies and eventually with Giardia 

cysts and Cryptosporidium oocysts in the microtubes. 

50 μL of 0.1N HCl was added to each sample breaking the ligation between antibodies 

and the (oo)cysts. 

The microtubes were vortexed for 10-15 seconds and rested 5 minutes.  

The microtubes were again placed in the small magnet MPC to proceed to the third 

immunomagnetic separation. 

The magnet was stirred again and then the supernatant was removed from each 

microtube onto a slide that already contained 5μL of 1M NaOH. 

The slides then dry for 24 hours at room temperature. 

Figure 20 – L10 tubes with the samples 
and antibodies before the rotor. 

Figure 21 – L10 tubes during rotation. 
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Sample coloring 

After 24 hours, a drop of fluorescence reagent (Aqua-Glo) was placed. 

The slide was placed in a moistened petri dish and put under 37ºC for 30 minutes (Fig. 

22). The supernatant was removed from the slide and drained. Then, a drop of 

Counterstain C101 Aqua-Glo (Fig. 23) was applied to each sample and rested for 

approximately 2-3 minutes. The slide was washed with Wash buffer WB101, applying 1 

or 2 drops close to the slide well. With absorbent paper, excess buffer was removed from 

the slide. It dried for approximately 5 minutes. A drop of M101 Aqua-Glo Mounting 

Medium was applied to each well of each slide and covered with a coverslip. 

 

 

Positive and negative controls 

For the positive control, a drop of PC101 Aqua-Glo Positive Control was placed on a 

slide and then that slide was treated like all other slides with sample. For the negative 

control, 50 μL of distilled water was placed on a slide and then treated like all other slides 

with sample.  

 

  

Figure 22 – Slide with the sample after 30min 
under 37ºC. 

Figure 23 – Sample with a drop of counterstain reagent. 
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Microscopic analysis 

The slides were observed under the epifluorescence microscope at 200X magnification 

(Fig. 24), corresponding to a 10X ocular and 20X objective. The entire slide well was 

observed, running in a zigzag pattern and listing Giardia cysts and Cryptosporidium 

oocysts (Fig. 25 and 26). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: The steps of elution, centrifugation and purification were performed in a single 

working day.  

Expression of results: The results were expressed in number of Giardia cysts and 

Cryptosporidium oocysts per 10 liters of water (N/10L). 

 

  

Figure 24 – Slide on the microscopic plate ready for analysis. 

Figure 25 – Photography of Cryptosporidium oocysts. Figure 26 – Photography of Giardia cysts. 
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E. coli concentration 

The enumeration of E. coli is made through the Most Probable Number (MPN) method 

in which Quanti-TrayTM multi-well galleries are used. The great majority of E. coli strains 

are -D-galactosidase/-D-glucuronidase positive and therefore metabolize O-

nitrophenyl--D-galactopyranoside/4-methyl-umbeliferyl--D-glucuronide (ONPG/MUG) 

substrates, respectively. When ONPG is degraded the color of the sample turns yellow. 

When MUG is degraded, the color of the sample turns fluorescent under UV. Therefore, 

to be enumerated as E. coli, it must comprehend these two steps. 

The method consists in the addition of a dehydrated mean containing ONPG/MUG 

substrates to a 100mL water sample. After homogenization, the sample is poured in the 

Quanti-tray gallery which is then sealed and put to incubate at 36ºC ± 2ºC for 18-22h. 

The MPN is calculated from the number of positive wells (yellow and fluorescent) 

accordingly to a defined Table. The entire method is performed under aseptic conditions. 

 

Turbidity measuring 

Turbidity consists in the transparence reduction of a liquid caused by the presence of 

non-dissolved particles. Therefore, the method compares the light intensity scattering of 

the sample with a standard reference suspension, under certain conditions. Thus, higher 

the intensity of scattered light, higher the turbidity. 

To execute the assay, it is necessary to shake the sample gently to ensure a 

representative measurement. The sample is then poured into the glass cell, which must 

be absent of any scratches or air bubbles which interfere with the reading. The cell must 

be handled properly to avoid fingerprints. It is then inserted in the nephelometer to 

proceed with the measurement and the results are expressed in NTU. 

 

Temperature measuring 

The temperature is determined with a calibrated thermometer with a sensitivity of 0,1ºC 

or less. The equipment must be periodically verified in terms of precision by comparing 

it with a calibrated one. 

The procedure is quite simple and includes the removal of the protective tube and the 

immersion of the thermometer´s extremity in the water previously collected in a container 

or directly in the water stream with reduced flow of running water, avoiding the existence 

of air bubbles (Air can interfere with the reading). 

The button is then turned on and when thermal balance is established, the temperature 

is read and presented in Celsius with one decimal place. 
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Statistical Analysis 

To infer about possible significant correlations between the studied parameters, Kendall 

tau correlation coefficient was used for all six rivers. 

It was also executed the non-parametric Kruskal-Wallis test in order to evaluate possible 

significant differences between water courses. 

Two hypotheses were made: 

H0: The distribution of the parameters is the same across all water courses. 

H1: The distribution of one or more parameters significantly differ between water 

courses. 

Data obtained was analyzed using IBM SPSS Statistics version 26.0 for Windows 

software. 

The threshold for considering statistical significance was established for a p-value lower 

than 0.05.  



FCUP 
Giardia and Cryptosporidium in natural waters: 

Characterization of water courses and correlation with physical/microbiological parameters 

 

58 

 

 
 

Results and discussion 

The following results comprise a 10-year panorama containing data on the number of 

(oo)cysts of both parasites, as well as the temperature, turbidity and E. coli concentration 

values of the respective samples. The results come from six rivers where water is 

collected and subsequently treated to provide a safe source for human consumption. 

Raw waters can be filtered up to 100L, approximately. Thus, the sample is more 

representative of the place to be analyzed. However, the filter can clog before reaching 

the desired volume. The housing is then removed and the filtered water value is noted. 

The results are expressed in N/10L. 

Only raw water results are presented, as they contain relevant values from a statistically 

point of view which can be compared and evaluated. 

 

Results related to the number of Giardia cysts and Cryptosporidium 

oocysts on the rivers Douro, Paiva, Ferreira, Ferro, Vizela and Ovil 

 

Douro River 

The highest recorded value for Giardia was observed in May of 2011 (74,3 cysts/10L). 

Graphic 2 – Giardia and Cryptosporidium values between 2010-2020 in Douro river. 

74,3 
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The highest recorded value for Cryptosporidium was observed in January of 2016 (6,3 

oocysts/10L). 

 

 

Paiva River 

The highest recorded value for Giardia was observed in November of 2014 (28,7 

cysts/10L). 

The highest recorded value for Cryptosporidium was observed in October of 2017 (2,0 

oocysts/10L).  

Graphic 3 - Giardia and Cryptosporidium values between 2010-2020 in Paiva river. 
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Ferreira River 

The highest recorded value for Giardia was observed in February of 2010 (1390,00 

cysts/10L). 

The highest recorded value for Cryptosporidium was observed in October of 2016 (28,55 

oocysts/10L). 

  

Graphic 4 - Giardia and Cryptosporidium values between 2010-2020 in Ferreira river. 

1390,0 136,2 97,0 
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Ferro River 

The highest recorded value for Giardia was observed in February of 2010 (180 

cysts/10L). 

The highest recorded value for Cryptosporidium was observed in February of 2010 (30 

oocysts/10L).  

Graphic 5 - Giardia and Cryptosporidium values between 2010-2020 in Ferro river. 

180,0 144,4 

111,7 
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Vizela River 

The highest recorded value for Giardia was observed in May of 2010 (178,6 cysts/10L). 

The highest recorded value for Cryptosporidium was observed in May of 2010 (4,3 

oocysts/10L).  

Graphic 6 - Giardia and Cryptosporidium values between 2010-2020 in Vizela river. 

178,6 
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Ovil River 

The highest recorded value for Giardia was observed in March of 2014 (232 cysts/10L). 

The highest recorded value for Cryptosporidium was observed in July of 2016 (2,5 

oocysts/10L). 

  

Graphic 7 - Giardia and Cryptosporidium values between 2010-2020 in Ovil river. 

232,0 63,0 
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Correlations between Crypto/Giardia (oo)cysts and the 

physical/microbiological parameters on the rivers Douro, Paiva, 

Ferreira, Ferro, Vizela and Ovil 

 

In order to assess what’s the most adapted coefficient to use, it was necessary to check 

if the obtained data followed some specific assumptions, principally a normal distribution. 

Therefore, resourcing to SPSS Statistics, the Kolmogorov-Smirnov and Shapiro-Wilk 

tests were executed to test the normality for all six water courses. Being the null 

hypothesis that data follows a normal distribution and with a statistically significant p 

value <0,05, when values are lower than 0,05, that hypothesis is rejected. Thus, it is 

inferred that the data follows a non-normal distribution. 

 

Douro River 

 

According to Table 1, only the variable Temperature follows a normal distribution. 

Therefore, there’s no distribution homogeneity. 

  

Tests of Normality Douro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Giardia ,352 41 ,000 ,501 41 ,000 

Crypto ,248 41 ,000 ,660 41 ,000 

E.coli ,327 41 ,000 ,467 41 ,000 

Temperatura ,135 41 ,056 ,914 41 ,005 

Turvação ,335 41 ,000 ,499 41 ,000 

a. Lilliefors Significance Correction 

 

Table 1 – Normality tests regarding Douro river. 
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Paiva River 

 

The results for this water course (Table 2) are similar with the previous one, being 

temperature the only variable following a normal distribution. 

 

Ferreira River 

 

Once again, all variables except temperature, follow a non-normal distribution (Table 3). 

 

  

Tests of Normality Paiva 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Giardia ,239 42 ,000 ,736 42 ,000 

Crypto ,259 42 ,000 ,657 42 ,000 

E.coli ,335 42 ,000 ,399 42 ,000 

Temperatura ,091 42 ,200* ,947 42 ,050 

Turvação ,361 42 ,000 ,272 42 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Table 2 – Normality tests regarding Paiva river. 

Tests of Normality Ferreira 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Giardia ,392 38 ,000 ,242 38 ,000 

Crypto ,382 38 ,000 ,399 38 ,000 

E.coli ,305 38 ,000 ,646 38 ,000 

Temperatura ,088 38 ,200* ,974 38 ,524 

Turvação ,300 38 ,000 ,558 38 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Table 3 – Normality tests regarding Ferreira river. 
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Ferro River 

 

In this water course, all the variables reject the null hypothesis, meaning they all follow 

a non-normal distribution (Table 4). 

 

 

 

Vizela River 

 

Similarly to the previous river, the null hypothesis is rejected in all variables (Table 5). 

 

  

Tests of Normality Ferro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Giardia ,282 25 ,000 ,628 25 ,000 

Crypto ,455 25 ,000 ,291 25 ,000 

E.coli ,193 25 ,017 ,833 25 ,001 

Temperatura ,252 25 ,000 ,831 25 ,001 

Turvação ,392 25 ,000 ,360 25 ,000 

a. Lilliefors Significance Correction 

 

Table 4 – Normality tests regarding Ferro river. 

Tests of Normality Vizela 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Giardia ,295 24 ,000 ,566 24 ,000 

Crypto ,242 24 ,001 ,722 24 ,000 

E.coli ,386 24 ,000 ,568 24 ,000 

Temperatura ,255 24 ,000 ,867 24 ,005 

Turvação ,402 24 ,000 ,406 24 ,000 

a. Lilliefors Significance Correction 

 

Table 5 – Normality tests regarding Vizela river. 
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Ovil River 

 

The variable temperature remains sole in following a normal distribution by not rejecting 

the null hypothesis (Table 6). 

 

In the attempt to normalize the data, previous transformations were made including the 

square-root (SQRT), sine (SIN) and the 10-logarithm (LOG10). However, none of the 

transformations were effective to normalize all variables. This procedure was followed 

for all water courses and the outcome was the same as presented (see Annex). 

As the data do not follow a normal distribution, the non-parametric Kendall-Tau-b 

coefficient was chosen, as it does not rely on any assumptions on the distributions. This 

coefficient also comprehends some characteristics favoring the obtained data and it is 

not as restrictive as other coefficients. Kendall’s coefficient can be used for ordinal and 

continuous variables with few and repeated values (many zeros). It also determines 

whether there is a monotonic relationship between variables. As such, it is desirable that 

data appeared to follow a monotonic relationship, however it is not a strict assumption 

or one that it’s often able to assess. It is considered the non-parametric alternative to the 

Pearson’s correlation coefficient (Laerd Statistics, 2018). 

 

The correlations results vary from -1 to 1, being -1 a negative perfect correlation and 1 a 

perfect positive correlation.  The closer the values are to those already mentioned, the 

stronger the correlation is either in a negative or positive way. All significant results are 

signalized with an asterisk. 

  

Tests of Normality Ovil 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Giardia ,347 34 ,000 ,374 34 ,000 

Crypto ,175 34 ,010 ,845 34 ,000 

E.coli ,259 34 ,000 ,650 34 ,000 

Temperatura ,106 34 ,200* ,972 34 ,530 

Turvação ,190 34 ,003 ,766 34 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Table 6 – Normality tests regarding Ovil river. 
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Correlation of Douro River 

Table 7 – Correlations regarding Douro river. 

Correlations Douro 

 Ano Giardia Crypto E.coli Temperatura Turvação 

Kendall's 

tau_b 

Ano Correlation Coefficient 1,000 -,027 -,248* ,023 -,145 -,159 

Sig. (2-tailed) . ,812 ,029 ,839 ,198 ,161 

N 41 41 41 41 41 41 

Giardia Correlation Coefficient -,027 1,000 ,309** ,366** -,369** ,270* 

Sig. (2-tailed) ,812 . ,005 ,001 ,001 ,014 

N 41 41 41 41 41 41 

Crypto Correlation Coefficient -,248* ,309** 1,000 ,246* -,014 ,156 

Sig. (2-tailed) ,029 ,005 . ,026 ,901 ,159 

N 41 41 41 41 41 41 

E.coli Correlation Coefficient ,023 ,366** ,246* 1,000 -,403** ,342** 

Sig. (2-tailed) ,839 ,001 ,026 . ,000 ,002 

N 41 41 41 41 41 41 

Temperatura Correlation Coefficient -,145 -,369** -,014 -,403** 1,000 -,217* 

Sig. (2-tailed) ,198 ,001 ,901 ,000 . ,048 

N 41 41 41 41 41 41 

Turvação Correlation Coefficient -,159 ,270* ,156 ,342** -,217* 1,000 

Sig. (2-tailed) ,161 ,014 ,159 ,002 ,048 . 

N 41 41 41 41 41 41 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

Focusing statistically significant correlations and analyzing line by line (Table 7), it is 

possible to infer that the number of Crypto oocysts presents a declining trend over the 

years. 

Giardia establishes a significant positive correlation with Crypto, E. coli, Turbidity and a 

significant negative correlation with Temperature. This means that with a higher number 

of Giardia cysts, the number of Crypto oocysts, E. coli concentration and turbidity tend 

to be higher while temperature tends to be lower in this water course. 

The number of Crypto oocysts is also significant positively correlated with E. coli 

concentration. 

The E. coli concentration is significant negatively correlated with Temperature and 

significant positively correlated with Turbidity, meaning that with a higher E. coli 

concentration, temperature tends to be lower while turbidity tends to be higher. 

The water Temperature is significant negatively correlated with Turbidity. That is, with 

higher temperatures, turbidity tends to be lower. 
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Correlation of Paiva River 

Table 8 – Correlations regarding Paiva river. 

 

According to statistically significant correlations (Table 8), it possible to infer that the 

number of Giardia cysts are significant positively correlated with the number of Crypto 

oocysts, E. coli concentration and significant negatively correlated with water 

Temperature. Based on the results, this means that with a higher number of cysts, the 

number of oocysts and bacterium concentration tend to be higher, while temperature 

tends to be lower. 

The number of Crypto oocysts is also significant positively correlated with E. coli 

concentration. 

The previous is significant negatively correlated with Temperature and significant 

positively correlated with Turbidity, meaning that with a higher E. coli concentration, 

temperature tends to be lower while turbidity tends to be higher. 

The Temperature is significant negatively correlated with Turbidity, which means that 

with higher temperatures, turbidity tends to be lower. 

Correlations Paiva 

 Ano Giardia Crypto E.coli Temperatura Turvação 

Kendall's 

tau_b 

Ano Correlation Coefficient 1,000 -,056 -,022 ,122 -,201 ,039 

Sig. (2-tailed) . ,616 ,849 ,275 ,070 ,727 

N 42 42 42 42 42 42 

Giardia Correlation Coefficient -,056 1,000 ,471** ,436** -,292** ,151 

Sig. (2-tailed) ,616 . ,000 ,000 ,007 ,164 

N 42 42 42 42 42 42 

Crypto Correlation Coefficient -,022 ,471** 1,000 ,262* -,174 ,006 

Sig. (2-tailed) ,849 ,000 . ,021 ,122 ,956 

N 42 42 42 42 42 42 

E.coli Correlation Coefficient ,122 ,436** ,262* 1,000 -,484** ,304** 

Sig. (2-tailed) ,275 ,000 ,021 . ,000 ,005 

N 42 42 42 42 42 42 

Temperatura Correlation Coefficient -,201 -,292** -,174 -,484** 1,000 -,236* 

Sig. (2-tailed) ,070 ,007 ,122 ,000 . ,029 

N 42 42 42 42 42 42 

Turvação Correlation Coefficient ,039 ,151 ,006 ,304** -,236* 1,000 

Sig. (2-tailed) ,727 ,164 ,956 ,005 ,029 . 

N 42 42 42 42 42 42 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Correlations of Ferreira River 

 

Table 9 – Correlations regarding Ferreira river. 

Correlations Ferreira 

 Ano Giardia Crypto E.coli Temperatura Turvação 

Kendall's 

tau_b 

Ano Correlation Coefficient 1,000 -,214 -,073 -,100 -,316** ,149 

Sig. (2-tailed) . ,070 ,541 ,395 ,007 ,209 

N 38 38 38 38 38 38 

Giardia Correlation Coefficient -,214 1,000 ,411** ,339** ,221 ,357** 

Sig. (2-tailed) ,070 . ,000 ,003 ,051 ,002 

N 38 38 38 38 38 38 

Crypto Correlation Coefficient -,073 ,411** 1,000 ,164 ,083 ,147 

Sig. (2-tailed) ,541 ,000 . ,154 ,472 ,202 

N 38 38 38 38 38 38 

E.coli Correlation Coefficient -,100 ,339** ,164 1,000 ,087 ,461** 

Sig. (2-tailed) ,395 ,003 ,154 . ,443 ,000 

N 38 38 38 38 38 38 

Temperatura Correlation Coefficient -,316** ,221 ,083 ,087 1,000 ,145 

Sig. (2-tailed) ,007 ,051 ,472 ,443 . ,204 

N 38 38 38 38 38 38 

Turvação Correlation Coefficient ,149 ,357** ,147 ,461** ,145 1,000 

Sig. (2-tailed) ,209 ,002 ,202 ,000 ,204 . 

N 38 38 38 38 38 38 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Regarding significant correlations (Table 9), it is possible to infer that Temperature 

presents a declining trend over the years. 

Giardia forms a significant positive correlation with Crypto, E. coli and Turbidity. That is, 

with a higher number of Giardia cysts, the number of Crypto oocysts, E. coli 

concentration and turbidity values tend to be higher as well. 

E. coli forms a significant positive correlation with turbidity, meaning that with a higher 

concentration of this bacterium, turbidity tends to be higher. 
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Correlation regarding Ferro River 

 

Table 10 – Correlation regarding Ferro river. 

 

Focusing the only significant correlation (Table 10), it is possible to infer that Giardia 

establishes a significant positive correlation with Crypto, meaning that with a higher 

number of cysts, the number of oocysts tends to be higher as well. 

Despite the fact there’s only one significant correlation, it is showed that Giardia and 

Crypto both form a positive correlation with E. coli and Turbidity. 

In addition, Temperature forms a negative correlation with Turbidity. 

  

Correlations Ferro 

 Ano Giardia Crypto E.coli Temperatura Turvação 

Kendall's 

tau_b 

Ano Correlation Coefficient 1,000 -,130 -,123 -,106 ,197 -,245 

Sig. (2-tailed) . ,382 ,418 ,478 ,185 ,102 

N 25 25 25 25 25 25 

Giardia Correlation Coefficient -,130 1,000 ,392** ,268 ,003 ,176 

Sig. (2-tailed) ,382 . ,007 ,062 ,981 ,223 

N 25 25 25 25 25 25 

Crypto Correlation Coefficient -,123 ,392** 1,000 ,062 -,149 ,112 

Sig. (2-tailed) ,418 ,007 . ,672 ,311 ,450 

N 25 25 25 25 25 25 

E.coli Correlation Coefficient -,106 ,268 ,062 1,000 ,010 ,258 

Sig. (2-tailed) ,478 ,062 ,672 . ,944 ,075 

N 25 25 25 25 25 25 

Temperatura Correlation Coefficient ,197 ,003 -,149 ,010 1,000 -,071 

Sig. (2-tailed) ,185 ,981 ,311 ,944 . ,623 

N 25 25 25 25 25 25 

Turvação Correlation Coefficient -,245 ,176 ,112 ,258 -,071 1,000 

Sig. (2-tailed) ,102 ,223 ,450 ,075 ,623 . 

N 25 25 25 25 25 25 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Correlations regarding Vizela River 

 

Table 11 – Correlations regarding Vizela river. 

Correlations Vizela 

 Ano Giardia Crypto E.coli Temperatura Turvação 

Kendall's 

tau_b 

Ano Correlation Coefficient 1,000 -,228 -,121 -,370* ,127 -,244 

Sig. (2-tailed) . ,132 ,432 ,015 ,406 ,112 

N 24 24 24 24 24 24 

Giardia Correlation Coefficient -,228 1,000 ,212 ,163 ,048 ,173 

Sig. (2-tailed) ,132 . ,154 ,264 ,747 ,242 

N 24 24 24 24 24 24 

Crypto Correlation Coefficient -,121 ,212 1,000 ,082 -,226 ,102 

Sig. (2-tailed) ,432 ,154 . ,582 ,133 ,498 

N 24 24 24 24 24 24 

E.coli Correlation Coefficient -,370* ,163 ,082 1,000 ,066 ,199 

Sig. (2-tailed) ,015 ,264 ,582 . ,655 ,179 

N 24 24 24 24 24 24 

Temperatura Correlation Coefficient ,127 ,048 -,226 ,066 1,000 -,022 

Sig. (2-tailed) ,406 ,747 ,133 ,655 . ,881 

N 24 24 24 24 24 24 

Turvação Correlation Coefficient -,244 ,173 ,102 ,199 -,022 1,000 

Sig. (2-tailed) ,112 ,242 ,498 ,179 ,881 . 

N 24 24 24 24 24 24 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Similarly to the previous water course, there’s only one significant correlation (Table 11), 

being a negative one between E. coli and the variable Years. Therefore, it is inferred that 

the concentration of E. coli presents a declining trend over the years. 

Although not being significative, Giardia and Crypto form positive correlations with each 

other, E. coli and Turbidity. 

The variable Temperature establish a negative correlation with Turbidity, once again. 
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Correlations regarding Ovil River 

 

Table 12 – Correlations regarding Ovil river. 

Correlations Ovil 

 Ano Giardia Crypto E.coli Temperatura Turvação 

Kendall's 

tau_b 

Ano Correlation Coefficient 1,000 ,090 ,173 -,238 -,079 ,021 

Sig. (2-tailed) . ,473 ,176 ,059 ,529 ,869 

N 34 34 34 34 34 34 

Giardia Correlation Coefficient ,090 1,000 ,161 ,140 -,163 ,149 

Sig. (2-tailed) ,473 . ,190 ,247 ,177 ,218 

N 34 34 34 34 34 34 

Crypto Correlation Coefficient ,173 ,161 1,000 -,033 ,138 -,154 

Sig. (2-tailed) ,176 ,190 . ,788 ,264 ,211 

N 34 34 34 34 34 34 

E.coli Correlation Coefficient -,238 ,140 -,033 1,000 ,123 -,105 

Sig. (2-tailed) ,059 ,247 ,788 . ,313 ,389 

N 34 34 34 34 34 34 

Temperatura Correlation Coefficient -,079 -,163 ,138 ,123 1,000 -,308* 

Sig. (2-tailed) ,529 ,177 ,264 ,313 . ,011 

N 34 34 34 34 34 34 

Turvação Correlation Coefficient ,021 ,149 -,154 -,105 -,308* 1,000 

Sig. (2-tailed) ,869 ,218 ,211 ,389 ,011 . 

N 34 34 34 34 34 34 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

The only significant correlation for this water course includes the variables Temperature 

and Turbidity (Table 12). Being a significant negative correlation, it is inferred that with 

higher temperatures, turbidity tends to be lower. 

Regarding non-significant correlations, it is possible to infer that Giardia establishes a 

positive correlation with Crypto, E. coli and Turbidity.  
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CONSENSUS 

 

In a general way, and analyzing all correlations tables simultaneously, it is possible to 

infer that Giardia and Crypto both establish a positive correlation with each other, E. coli 

and Turbidity and a negative correlation with the variable Years and Temperature. 

Therefore, when there are more cysts in the water, the number of oocysts, the 

concentration of E. coli and turbidity values tend to be higher as well. 

On the other hand, the temperature tends to be lower. 

As all micro and biological variables come from animals’ intestinal tract, it was expected 

that they were correlated with one another. 

The results for temperature and turbidity were also expected. In my point of view, lower 

temperatures and higher values of turbidity do not affect, directly, the number of 

(oo)cysts. However, the causes of these conditions do. Seasons of greater precipitation 

are usually associated to lower annual temperatures in Portugal. Therefore, the 

consequent run-off, lixiviation and suspension of sediments create higher values of 

turbidity. Thus, more organisms, including both protozoa and bacterium E. coli, are 

dragged/lixiviated to nearby water courses with the potential to reach our consumption 

water. In addition, the turbidity values can be influenced by the discharge of dams, such 

as in the Douro river. The sudden increase in turbidity can have different ecological 

consequences, always depending on the sediments that are accumulated at the bottom 

of the reservoirs which are then resuspended. 

 

It was also observed that, over the studied years, the number of both parasites has been 

in a declining trend in most of these water courses. Due to the expansion and upgrades 

of the basic sanitation networks and the consequent improvement in the treatment of 

effluents in WWTP, in theory, an increasement in the water quality of rivers would be 

expected. 

Regarding the climatic changes phenomenon, the increasing temperatures (Graphic 8), 

periods of severe droughts and lesser precipitation (Graphic 9) noted in Portugal may 

decrease lixiviation and run-off of these organisms. Therefore, studies contemplating the 

evolution of precipitation and run-off recorded in Portugal associated to water 

contamination from parasites and other pathogens must be assessed.  
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Graphic 8 – Average air temperature in Porto. 
Source: PORDATA 

Graphic 9 – Total precipitation in Porto. 
Source: PORDATA 
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Kruskal-Wallis test representing the rivers Douro, Paiva, Ferreira, 

Ferro, Vizela and Ovil 

 

A Kruskal-Wallis test was executed in order to assess possible significant differences 

between water courses in terms of distribution. Being a non-parametric test, it can be 

used with the present data as it is not necessary to follow a normal distribution. 

However, some assumptions must be attended which include that the dependent 

variables must be ordinal or continuous, the independent variable should consist of two 

or more categorical independents groups (Six water courses) and the observations must 

be independent. 

According to table 13, it is possible to infer that the null hypothesis is rejected for all 

variables, meaning their distribution significantly differs across all water courses (Ponto 

de Amostragem). 

 

Table 13 – KW test regarding the six water courses. 

 

Hypothesis Test Summary 

 Null Hypothesis Test Sig. Decision 

1 The distribution of Giardia is the 

same across categories of Ponto 

de Amostragem. 

Independent-Samples 

Kruskal-Wallis Test 

,000 Reject the null hypothesis. 

2 The distribution of Crypto is the 

same across categories of Ponto 

de Amostragem. 

Independent-Samples 

Kruskal-Wallis Test 

,003 Reject the null hypothesis. 

3 The distribution of E. coli is the 

same across categories of Ponto 

de Amostragem. 

Independent-Samples 

Kruskal-Wallis Test 

,000 Reject the null hypothesis. 

4 The distribution of Temperatura is 

the same across categories of 

Ponto de Amostragem. 

Independent-Samples 

Kruskal-Wallis Test 

,000 Reject the null hypothesis. 

5 The distribution of Turvação is the 

same across categories of Ponto 

de Amostragem. 

Independent-Samples 

Kruskal-Wallis Test 

,000 Reject the null hypothesis. 

Asymptotic significances are displayed. The significance level is ,050. 
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With the obtained results, it is known there’s significantly differences. However, it is not 

known between which water courses those differences occur. Therefore, a Dunn-

Bonferroni post hoc test was executed. 

 

 

Dunn-Bonferroni Post-Hoc Test 

 

The pairwise comparisons results, originated from the Dunn-Bonferroni test, are next 

presented for each variable individually. Being KW a rank-based non-parametric test, the 

medians of each water course for the respective variable were used, including the 

standard deviations for better representation. All significances values have been 

adjusted by the Bonferroni correction for multiple tests and the results presented in 

graphs for easier interpretation. 

 

Giardia 

According to the results (Graphic 10), Douro, Paiva and Ovil do not, statistically 

speaking, significantly differ from each other. The later, also do not differ from Ferreira, 

Ferro and Vizela, which also do not differ from each other. 
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Graphic 10 – Post-hoc test regarding the variable Giardia. 



FCUP 
Giardia and Cryptosporidium in natural waters: 

Characterization of water courses and correlation with physical/microbiological parameters 

 

78 

 

 
 

Crypto 
For this variable (Graphic 11), it is possible to infer that Ferro and Vizela do not differ 

from the remaining water courses in terms of distribution. However, Douro, Ferreira and 

Ovil significantly differ from Paiva. 

 

 

 

 

 

 

 

 

 

 

 

 

 

E. coli 

Based on Graphic 12, Douro and Paiva do not differ from each other. However, they do 

differ significantly when compared to the remaining rivers. 
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Graphic 12 – Post-hoc test regarding the variable E. coli. 

Graphic 11 – Post-hoc test regarding the variable Crypto. 
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Temperature 

As it is possible to infer (Graphic 13), Douro, Paiva, Ferro and Vizela do not significantly 

differ from each other. The same occurs with Ferreira and Ovil. 

Although, both groups significantly differ when compared. 

 

 

 

 

 

 

 

 

 

 

 

 

Turbidity 

According to Graphic 14, Ferro and Vizela do not significantly differ from the remaining 

water courses. The same occurs between Douro/Ferreira and Paiva/Ovil. Significant 

differences are present between the two later groups. 
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Graphic 13 – Post-hoc test regarding the variable Temperature. 
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Graphic 14 – Post-hoc test regarding the variable Turbidity. 
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CONSENSUS 

 

By analyzing the graphs all together, it is inferred that Ferreira river contemplates high 

values for Giardia, Crypto, E. coli and Turbidity and low values for Temperature. For 

these parameters and results presented, it is considered the worst river in terms of water 

quality. 

On the other hand, Paiva river presents low values for Giardia, Crypto, E. coli and 

Turbidity and high values for temperature, making it the best river in terms of water quality 

for the studied parameters and results obtained. 

Therefore, these results are in line with previous ones, reinforcing the idea that the three 

organisms are positively correlated and that more turbidity and less temperature are 

recorded where contamination tends to be higher, in these specific water courses. 

For these results and for these specific water courses, in terms of water quality, Ferreira 

comes in last while Paiva achieves first place. 

 

Limitations 

As observed, in a general way, the parameters were correlated as expected. However, 

some rivers weren’t so linear (despite also presenting expected values). 

Therefore, it is necessary to bear in mind the size of the rivers in terms of length, riverbed 

and width, dilution capacity and nearby industries that may influence these parameters 

directly. 

The Douro River, being an international river, is exposed to great anthropogenic 

disturbance. However, the quality of the water in this river in the sampling area, which 

coincides with the place where water is collected for further treatment and distribution for 

human consumption, in the Crestuma-Lever reservoir, municipality of Vila Nova de Gaia, 

is quite reasonable, despite the numerous and possible sources of disturbance to which 

this river is subjected. The flow of the river and its current explain this acceptable quality, 

since the river has an enormous dilution capacity and, on the other hand, its constant 

and continuous current allows that there is no significant stagnation of the water body 

along its course, which would promote the accumulation of polluting debris and increase 

the spread of pollution. Although the sampling site is located in a reservoir, exposed to 

the aforementioned stagnation of the water body, it is located almost at the end of its 

course, where the flow is greater and thus with more dilution capacity. 
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On Paiva River, sampling is in Castelo de Paiva, where water is collected for treatment 

and later distributed for human consumption. This river is characterized by excellent 

water quality, which is also reflected in the studied parameters. This water quality is 

justified by the places this river crosses, being more isolated places, without major 

anthropogenic intervention and even being protected by the Natura 2000 Network, 

corresponding to a Site of Community Interest. 

On Ferreira River, sampling is in Paços de Ferreira, where water is collected for 

treatment and later distributed for human consumption. Despite the sampling being close 

to the origin, this river already has some pollution indicators, being reflected in the 

obtained results. This pollution can be originated by the embedding territory of the river, 

which includes several potentially polluting industries, and by its small flow, mainly at the 

source. 

The Ferro and Vizela rivers have very similar characteristics in terms of water quality, 

being natural, as they pass through similar and sometimes contiguous territories. 

Downstream of the water intake for treatment and distribution for human consumption, 

which takes place in the two rivers, the Ferro River flows into the Vizela River, thus being 

its tributary. These rivers cross places with a lot of agricultural land, being an important 

factor that can explain their pollution of agricultural origin. Furthermore, both rivers suffer 

disturbances from some textile industries. The fact that these two rivers have a very low 

flow, also increases their rapid change in water quality when present to a source of 

contamination. 

As in the other analyzed rivers, Ovil River has its sampling in the same place of water 

collection for treatment and later distribution for human consumption, in Baião. This river 

crosses many agricultural lands, which is an important factor that can explain its pollution 

of agricultural origin. 

 

Furthermore, although the parameters were always measured on the same day, 

operators could have measured temperature/turbidity and sampled water for E. coli 

concentration analysis in a different period compared to the housing withdrawal, creating 

some time discrepancy which could influence the linearity of results. 

However, 10 years of results present consistency and accuracy to the analysis. 

 

Legislation 

Although both parasites are already referred by Portuguese Law, their analysis and 

identification are not obligatory, only if C. perfrigens is present.  
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This assumes that if the water treatment process is efficient at removing C. perfringens 

spores, then, in theory, it also eliminates Giardia cysts and Cryptosporidium oocysts. 

However, it does not take into account the fact that C. perfringens spores may be absent 

from the source natural (raw) water and therefore not detected in the water after 

treatment and that C. perfringens spores are less resistant to treatment than 

Cryptosporidium and Giardia (oo)cysts. On the other hand, there is also no supporting 

data linking the appearance of C. perfringens in treated water with the simultaneous 

appearance of Cryptosporidium and/or Giardia. This reveals a gap in the law, which does 

not stipulate the obligation to research Giardia and Cryptosporidium, either in natural 

(raw) water of origin or in treated water. 

Countries like USA and Canada have a stricter and more complete legislation regarding 

water quality in terms of parasitology. It directly refers both protozoa and contemplates 

that the elimination or inactivation of (oo)cysts must be assured. Furthermore, special 

attention is given to areas where the risk of contamination is greater. 

Despite the limitations present in the legislation and the non-routinely identification of 

parasites, water treatment companies in the listed European countries do so on their 

own initiative in order to preserve water quality and public health.  
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Conclusion 

Giardia and Cryptosporidium are responsible for many outbreaks (see Annex) and the 

diseases they cause are neglected in many countries. Not only because of the similar 

symptoms to other diseases, but also due the lack of proper legislation and 

monitorization. 

Therefore, changes in the law are necessary and monitorization programs must be 

implemented in order to diminish health problems. Afterall, both diseases belong to the 

list of mandatory communicable transmissible diseases and, when diagnosed, must be 

notified and registered in SINAVE due its capacity of endangering public health. 

It was evidenced, over a period of 10 years, that both parasites are correlated with a 

series of parameters, being rainier and colder seasons more problematic. This 

information could be useful and serve as basis for critical and necessary changes in the 

present law-decree or, in a less ambitious view, as a starting point for more studies 

regarding the effects of biotic/abiotic factors on the number of these protozoa. 

Furthermore, a molecular characterization of the (oo)cysts identified should be 

assessed. As aforementioned, only some species/assemblages are capable of 

interfering with human health. Thus, it would be of extreme importance to know which 

ones are most common in rivers, especially those that are exploited for human 

consumption.  
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ANNEX 

Attempts to normalize the data – DOURO, PAIVA, FEREIRA, FERRO, VIZELA and OVIL 

 

Tests of Normality Douro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SQRT.Giardia ,235 41 ,000 ,767 41 ,000 

SQRT.Crypto ,144 41 ,032 ,896 41 ,001 

SQRT.E.coli ,214 41 ,000 ,745 41 ,000 

SQRT.Temperatura ,140 41 ,043 ,916 41 ,005 

SQRT.Turvação ,247 41 ,000 ,675 41 ,000 

a. Lilliefors Significance Correction 

 

Tests of Normality Douro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SIN.Giardia ,136 41 ,056 ,884 41 ,001 

SIN.Crypto ,152 41 ,018 ,917 41 ,006 

SIN.E.coli ,195 41 ,000 ,817 41 ,000 

SIN.Temperatura ,153 41 ,017 ,899 41 ,002 

SIN.Turvação ,130 41 ,078 ,914 41 ,004 

a. Lilliefors Significance Correction 

 

 

 

 

 

Tests of Normality Douro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

LOG.Giardia ,278 41 ,000 ,675 41 ,000 

LOG.Crypto ,233 41 ,000 ,705 41 ,000 

LOG.E.coli ,162 41 ,009 ,889 41 ,001 

LOG.Temperatura ,141 41 ,039 ,914 41 ,005 

LOG.Turvação ,266 41 ,000 ,631 41 ,000 

a. Lilliefors Significance Correction 
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Tests of Normality Paiva 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SQRT.Giardia ,184 42 ,001 ,888 42 ,001 

SQRT.Crypto ,208 42 ,000 ,874 42 ,000 

SQRT.E.coli ,218 42 ,000 ,743 42 ,000 

SQRT.Temperatura ,095 42 ,200* ,944 42 ,040 

SQRT.Turvação ,240 42 ,000 ,521 42 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Tests of Normality Paiva 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SIN.Giardia ,123 42 ,114 ,939 42 ,027 

SIN.Crypto ,210 42 ,000 ,773 42 ,000 

SIN.E.coli ,195 42 ,000 ,849 42 ,000 

SIN.Temperatura ,160 42 ,009 ,879 42 ,000 

SIN.Turvação ,269 42 ,000 ,657 42 ,000 

a. Lilliefors Significance Correction 

 

 

 

 

Tests of Normality Paiva 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

LOG.Giardia ,220 42 ,000 ,805 42 ,000 

LOG.Crypto ,252 42 ,000 ,675 42 ,000 

LOG.E.coli ,102 42 ,200* ,982 42 ,753 

LOG.Temperatura ,100 42 ,200* ,941 42 ,031 

LOG.Turvação ,277 42 ,000 ,424 42 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Tests of Normality Ferreira 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SQRT.Giardia ,253 38 ,000 ,573 38 ,000 

SQRT.Crypto ,267 38 ,000 ,690 38 ,000 

SQRT_E.coli ,212 38 ,000 ,807 38 ,000 

SQRT_Temperatura ,067 38 ,200* ,983 38 ,816 

SQRT_Turvação ,225 38 ,000 ,798 38 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

Tests of Normality Ferreira 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SIN.Giardia ,123 38 ,154 ,912 38 ,006 

SIN.Crypto ,109 38 ,200* ,949 38 ,085 

SIN_E.coli ,167 38 ,009 ,891 38 ,001 

SIN_Temperatura ,151 38 ,028 ,911 38 ,005 

SIN_Turvação ,211 38 ,000 ,842 38 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

Tests of Normality Ferreira 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

LOG.Giardia ,128 38 ,117 ,866 38 ,000 

LOG.Crypto ,353 38 ,000 ,501 38 ,000 

LOG_E.coli ,103 38 ,200* ,943 38 ,053 

LOG_Temperatura ,066 38 ,200* ,983 38 ,828 

LOG_Turvação ,254 38 ,000 ,746 38 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Tests of Normality Ferro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SQRT.Giardia ,170 25 ,060 ,848 25 ,002 

SQRT.Crypto ,300 25 ,000 ,568 25 ,000 

SQRT.E.coli ,148 25 ,162 ,959 25 ,387 

SQRT.Temperatura ,266 25 ,000 ,798 25 ,000 

SQRT.Turvação ,267 25 ,000 ,607 25 ,000 

a. Lilliefors Significance Correction 

 

Tests of Normality Ferro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SIN.Giardia ,175 25 ,048 ,922 25 ,057 

SIN.Crypto ,237 25 ,001 ,871 25 ,005 

SIN.E.coli ,191 25 ,019 ,889 25 ,011 

SIN.Temperatura ,220 25 ,003 ,798 25 ,000 

SIN.Turvação ,233 25 ,001 ,817 25 ,000 

a. Lilliefors Significance Correction 

 

 

 

 

 

Tests of Normality Ferro 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

LOG.Giardia ,163 25 ,086 ,871 25 ,005 

LOG.Crypto ,406 25 ,000 ,370 25 ,000 

LOG.E.coli ,178 25 ,039 ,861 25 ,003 

LOG.Temperatura ,278 25 ,000 ,759 25 ,000 

LOG.Turvação ,167 25 ,071 ,899 25 ,017 

a. Lilliefors Significance Correction 
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Tests of Normality Vizela 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SQRT.Giardia ,222 24 ,003 ,836 24 ,001 

SQRT.Crypto ,125 24 ,200* ,917 24 ,051 

SQRT.E.coli ,285 24 ,000 ,785 24 ,000 

SQRT.Temperatura ,272 24 ,000 ,832 24 ,001 

SQRT.Turvação ,285 24 ,000 ,638 24 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

Tests of Normality Vizela 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SIN.Giardia ,131 24 ,200* ,915 24 ,045 

SIN.Crypto ,189 24 ,027 ,903 24 ,025 

SIN.E.coli ,176 24 ,052 ,846 24 ,002 

SIN.Temperatura ,206 24 ,010 ,796 24 ,000 

SIN.Turvação ,256 24 ,000 ,768 24 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

 

Tests of Normality Vizela 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

LOG.Giardia ,209 24 ,008 ,877 24 ,007 

LOG.Crypto ,227 24 ,003 ,752 24 ,000 

LOG.E.coli ,199 24 ,015 ,849 24 ,002 

LOG.Temperatura ,275 24 ,000 ,826 24 ,001 

LOG.Turvação ,313 24 ,000 ,569 24 ,000 

a. Lilliefors Significance Correction 
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Tests of Normality Ovil 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SQRT.Giardia ,212 34 ,000 ,725 34 ,000 

SQRT.Crypto ,110 34 ,200* ,957 34 ,203 

SQRT.E.coli ,215 34 ,000 ,843 34 ,000 

SQRT.Temperatura ,086 34 ,200* ,973 34 ,549 

SQRT.Turvação ,138 34 ,098 ,897 34 ,004 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

Tests of Normality Ovil 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

SIN.Giardia ,117 34 ,200* ,931 34 ,034 

SIN.Crypto ,119 34 ,200* ,915 34 ,012 

SIN.E.coli ,142 34 ,080 ,918 34 ,014 

SIN.Temperatura ,131 34 ,149 ,894 34 ,003 

SIN.Turvação ,215 34 ,000 ,715 34 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

 

Tests of Normality Ovil 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

LOG.Giardia ,221 34 ,000 ,774 34 ,000 

LOG.Crypto ,163 34 ,022 ,862 34 ,001 

LOG.E.coli ,146 34 ,064 ,942 34 ,070 

LOG.Temperatura ,088 34 ,200* ,972 34 ,526 

LOG.Turvação ,170 34 ,014 ,824 34 ,000 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Outbreaks (Efstratiou et al., 2017a) 
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