
ABSTRACT
The detection of infectious viral particles in the excreta of infected people and the elucidation 
of the tropism of Sars-Cov-2 by other organs, including the digestive tract, raised health 
concerns, given the hypothesis of contagion via the fecal-oral route. While the debate on this 
hypothesis remains open and an increasing number of studies support this path of contagion, 
mainly through the ingestion of contaminated water, there is a growing concern about the 
health risk of poor communities, especially in developing countries. However, solar water 
disinfection (SODIS) can be an alternative for remediation of the contagion of Sars-Cov-2 
through the water-mediated fecal-oral route. In this work, the e�ectiveness of SODIS as an 
alternative for remediation of Sars-Cov-2 contagion through water is critically reviewed. We 
found that the biological properties of Sars-Cov-2, namely, the stability of the genome, and 
the ability to remain infectious in environmental water matrices, with the precariousness of 
sanitation infrastructure and drinking water supply, make the chances of contamination by 
Sars-Cov-2 through drinking water to be high. SODIS is able to ensure the inactivation of 
Sars-Cov-2 in water, and can be e�ectively applied as an emergency and permanent measure 
to provide safe drinking water to underprivileged communities.
 
Keywords: Fecal-oral contagion through water; Ultraviolet radiation; Heat; Waterborne
viruses.
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INTRODUCTION
     Covid-19, caused by (Severe Acute Respiratory Syndrome) 
Sars-Cov-2, known to be predominantly contracted by the 
mouth, nose and eyes (WHO 2020; PETRONIO; MARCO; 
COSTAGLIOLA, 2021) is by far the most infectious and 
devastating disease caused by a coronavirus, even compared 
to Sars-Cov-"1" (November 2002 to August 2003) and 
Mers-Cov (April 2012 to date) (MEO et al., 2020; XIE; 
CHEN, 2020).
    It has been reported that the viral genome (CHEN et al., 
2020; KIM et al., 2020; ZHENG et al., 2020; YANG et al., 
2021) as well as viable and infectious viral units (XIAO et al., 
2020b; ZHANG et al., 2020) of Sars-Cov-2 are present in the 
stools of symptomatic or asymptomatic infected persons 
(TIAN et al., 2020; YANG et al., 2021), including persons 
with negative results for nasopharyngeal swab tests (LING et 
al., 2020; XIAO et al., 2020b). Sars-Cov-2 has also been 
detected in different body fluids, including urine from infect-
ed people (KIM et al., 2020). All these facts and the detection 
of the Sars-Cov-2 genome in sewage (ARSLAN; XU; 
EL-DIN, 2020; AHMED et al., 2021; BALDOVIN et al., 
2021) and in different bodies of fresh water such as rivers that 
receive sewage and groundwater reservoirs (GUERRE-
RO-LATORRE et al., 2020; MAHLKNECHT et al., 2021) 
have triggered a global health alarm, given the real risk of 
fecal-oral transmission of Sars-Cov -2 (DING; LIANG, 2020; 
LANGONE et al., 2021; SUNKARI et al. 2021).
     The hypothesis raised by the fecal-oral transmission of 
Sars-cov-2 remains an important matter of open debate, and 
requires further research to be performed for validation or 
discarding (ARSLAN; XU; EL-DIN, 2020; DONDE et al., 
2021; GWUENZI, 2021; SUNKARI et al., 2021). The magni-
tude of concern associated with this hypothesis becomes high 
when considering the contexts of underprivileged communi-
ties, which lack adequate sanitation infrastructure capable of 
removing Sars-Cov-2 and other pathogens from the water 
cycle (ARSLAN; XU; EL-DIN, 2020; SUNKARI et al., 
2021). In these societies, a waterborne disease attributed to 
the ingestion of water contaminated by fecal microorganisms 
remains a harsh and challenging reality (BAIN et al., 2014).
     
      Although the concern about the ingestion of pathogenic 
viruses transmitted by water is based on the illness of the 
exposed people, the ingestion of water contaminated by 
Sars-Cov-2 still could not be associated with diseases or 
symptoms of Covid-19 (although the gastrointestinal manifes-
tations were reported (CHEUNG et al., 2020; CHOLANKER-
IL et al., 2020). The main concern with the fecal-oral route of 
contamination by Sars-Cov-2 mediated by water is based on 
the fact that it can allow the maintenance of the circulation of 
the virus in the environment; since the virus can replicate in 
the cells of the digestive tract of infected people (DING; 
LIANG, 2020).

    Although the risk of contagion by Sars-Cov-2 through water 
was considered low (WHO, 2020), based on the fact that 
sewage treatment systems have effectively removed

 Sars-Cov-2 from the water (RIMOLDI et al., 2020), as well 
as, because there are no reports of detection and isolation of 
infectious Sars-Cov-2 in sewage (ABOUBAKR; 
SHARAFELDIN; GOYAL, 2021; LANGONE et al., 2021) 
and also, because other coronaviruses have not been previous-
ly reported in groundwater (WHO, 2017). Although this 
position is correct, it is most assertive for urban contexts in 
developed countries with modern sanitation infrastructure and 
that function properly (GWENZI, 2021). The lack of reports 
of detection and isolation of infectious Sars-Cov-2 in sewage 
has been attributed to its rapid inactivation (BIVINS et al., 
2020; 

     RIMOLDI et al., 2020; LANGONE et al., 2021) given the 
complex composition of sewage, which includes the presence 
of various chemical substances, such as detergents and disin-
fectant residues (CHAUDHARY et al., 2020). In developing 
countries, basic sanitation infrastructure, such as the sewage 
network, is scarce and, when present, is obsolete, works under 
pressure and far above its capacity, and is generally not 
connected to a sewage treatment plant (SUNKARI et al., 
2021). These facts, combined with the problem of the precari-
ousness of the drinking water treatment and distribution 
system, makes the probability of contagion by Sars-Cov-2 
through the fecal-oral route to be high in developing coun-
tries, especially in suburban and rural areas. A practical exam-
ple of conditions that favor waterborne transmission of 
Sars-Cov-2, including a water-mediated fecal-oral route in 
developing countries, is described by (SIDDIQUI et al., 
2020).

     Recent evidence consistently suggests that the less polluted 
the water matrix, the viral genome remains stable for a long 
time (AHMED et al., 2020) and remains infectious for longer, 
with low temperatures having a dilating effect in this period 
(OLIVEIRA et al. 2021) (Table 1). This leads to an obvious 
thought that the persistence time of viability of Sars-Cov-2 in 
untreated drinking water may be relatively longer and, there-
fore, the probability of contagion may be relatively greater 
than suggested. This probability increases if water is collected 
from rivers, springs, lakes and shallow wells located in areas 
where people use latrines, as underprivileged communities 
often consider this water ready for immediate consumption, 
provided it looks good and has an imperceptible or tolerable 
odor (VERHEYEN et al., 2009; BAIN et al., 2014; ISLAM, et 
al., 2016; CHAÚQUE et al., 2021b). It was pointed out that 
free-living amoebas (FLA) are normally present in these 
waters, and the interaction of viruses with AFL can result in 
greater viral persistence and environmental spread 
(CHAÚQUE; Rott, 2022). 

Table 1 - Persistence of Sars-Cov in the aqueous matrix at different 
temperatures
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 Sars-Cov-2 from the water (RIMOLDI et al., 2020), as well 
as, because there are no reports of detection and isolation of 
infectious Sars-Cov-2 in sewage (ABOUBAKR; 
SHARAFELDIN; GOYAL, 2021; LANGONE et al., 2021) 
and also, because other coronaviruses have not been previous-
ly reported in groundwater (WHO, 2017). Although this 
position is correct, it is most assertive for urban contexts in 
developed countries with modern sanitation infrastructure and 
that function properly (GWENZI, 2021). The lack of reports 
of detection and isolation of infectious Sars-Cov-2 in sewage 
has been attributed to its rapid inactivation (BIVINS et al., 
2020; 

     RIMOLDI et al., 2020; LANGONE et al., 2021) given the 
complex composition of sewage, which includes the presence 
of various chemical substances, such as detergents and disin-
fectant residues (CHAUDHARY et al., 2020). In developing 
countries, basic sanitation infrastructure, such as the sewage 
network, is scarce and, when present, is obsolete, works under 
pressure and far above its capacity, and is generally not 
connected to a sewage treatment plant (SUNKARI et al., 
2021). These facts, combined with the problem of the precari-
ousness of the drinking water treatment and distribution 
system, makes the probability of contagion by Sars-Cov-2 
through the fecal-oral route to be high in developing coun-
tries, especially in suburban and rural areas. A practical exam-
ple of conditions that favor waterborne transmission of 
Sars-Cov-2, including a water-mediated fecal-oral route in 
developing countries, is described by (SIDDIQUI et al., 
2020).

     Recent evidence consistently suggests that the less polluted 
the water matrix, the viral genome remains stable for a long 
time (AHMED et al., 2020) and remains infectious for longer, 
with low temperatures having a dilating effect in this period 
(OLIVEIRA et al. 2021) (Table 1). This leads to an obvious 
thought that the persistence time of viability of Sars-Cov-2 in 
untreated drinking water may be relatively longer and, there-
fore, the probability of contagion may be relatively greater 
than suggested. This probability increases if water is collected 
from rivers, springs, lakes and shallow wells located in areas 
where people use latrines, as underprivileged communities 
often consider this water ready for immediate consumption, 
provided it looks good and has an imperceptible or tolerable 
odor (VERHEYEN et al., 2009; BAIN et al., 2014; ISLAM, et 
al., 2016; CHAÚQUE et al., 2021b). It was pointed out that 
free-living amoebas (FLA) are normally present in these 
waters, and the interaction of viruses with AFL can result in 
greater viral persistence and environmental spread 
(CHAÚQUE; Rott, 2022). 

Table 1 - Persistence of Sars-Cov in the aqueous matrix at different 
temperatures

reviewed, in light of the available evidence on the stability 
and resistance of Sars-Cov in a liquid medium (focusing on 
water) under different conditions, with an emphasis on 
temperature and ultraviolet (UV) radiation. The feasibility of 
using SODIS as a remediation strategy for possible 
Sars-Cov-2 contagion via the fecal-oral route is discussed.

Lack of Basic Sanitation and Risk of Ingest-
ing Sars-Cov-2 with Water

     Basic sanitation is essential to people's health and is a quali-
fier for well-being in human settlements, and its accessibility 
is a minimum requirement of human dignity (EDITORIAL, 
2018).

     The detection of the Sars-Cov-2 genome in feces (LIN et 
al., 2015; LING et al., 2020; MARTÍNEZ; PÉREZ; MOYA, 
2020), in sewage (AHMED et al., 2021) and in several fresh-
water bodies, including underground and surface reservoirs 
for drinking water, as well as river water, is well documented 
(GUERRERO-LATORRE et al., 2020; MAHLKNECHT et 
al., 2021). The presence of the Sars-Cov-2 genome in ground-
water was correlated with the concentration of sucralose in the 
water, showing the infiltration of sewage into the soil 
(MAHLKNECHT et al., 2021). All of this, as well as the 
isolation of infectious viral particles from urine (SUN et al., 
2020) and stools (XIAO et al., 2020a; ZHANG et al., 2020) 
has triggered a global health alarm given the hypothesis of 
fecal-oral transmission of Sars-Cov-2, and generated a great 
scientific debate (ARSLAN; XU; EL-DIN, 2020; DING; 
LIANG, 2020; GUERRERO-LATORRE et al., 2020; JONES 
et al., 2020; GWENZI, 2021; SUNKARI et al., 2021).

    However, fecal-oral transmission of various waterborne 
pathogens, including viral enteropathogens, is endemic in 
developing countries (VERHEYEN et al., 2009; BAIN et al., 
2014; UPFOLD; LUKE; KNOX, 2021). This is because about 
2 billion people worldwide still draw water from a source 
contaminated by feces (WHO, 2019). Most of these people 
live in poor countries in Africa (53%) and Southeast Asia 
(35%) and, although this phenomenon also occurs in urban 
areas (12%), it is predominant in rural areas (41%) (BAIN et 
al., 2014). As a result, gastrointestinal diseases associated 
with the consumption of contaminated water cause about 
829,000 deaths annually worldwide, and more than half of 
them (485,000) are caused by diarrhea (WHO, 2022a). It is 
important to note that in these countries the number of deaths 
are commonly underreported, as cases are generally underre-
ported, as access to health services and technological resourc-
es to diagnose diseases, including Covid-19, remains 
problematic (OKEKE, 2011; ODIH et al., 2020). This finding 
is confirmed by the fact that most of the studies that reported 
the presence of Sars-Cov-2 in various environmental matrices  
including water were carried out in developed countries 
(PANDEY et al., 2021).

   In developing countries, the precariousness or lack of 
infrastructure for sanitation and treatment and distribution of 
drinking water stands out among the main factors that favor 

(*) Autoclaved. (a) Time required reducing 2 log10 in Sars-Cov-2 viability. 
(b) Time required reducing 1 log10 in Sars-Cov-2 RNA stability. TºC: 
temperature.

     This situation demands that measures to guarantee access 
to safe drinking water be included among the urgent and prior-
ity interventions in the fight against Covid-19. These 
measures need to be effective, accessible and affordable, 
especially when designed to be implemented in the contexts 
of developing countries and underserved communities, at a 
time when the Covid-19 pandemic is severely shaking the 
global economy and creating more barriers to investments in 
sanitation.
    Solar water disinfection (SODIS) is a promising method 
that satisfies these requirements, as it is effective, accessible 
and cheap, as it essentially uses solar radiation, which is a free 
and abundant source of energy in most low-income countries 
(PICHEL; VIVAR; FUENTES, 2019). The inactivation of 
waterborne microorganisms belonging to all health interest 
groups, including viruses, has been widely reported through 
SODIS (GILL; PRICE, 2010; MCGUIGAN et al., 2012; 
PICHEL; VIVAR; FUENTES, 2019; SOBOKSA et al., 2020). 
Inactivation of environmental resistance structures of bacteria 
and protozoa (e.g. Bacillus subtilis spores, Cryptosporidium 
parvum oocysts, and Acanthamoeba spp. cysts) has also been 
reported (GÓMEZ-COUSO et al., 2009; HEASELGRAVE; 
KILVINGTON, 2011; CHAÚQUE et al., 2021a). Further 
more, the use of SODIS has been implicated in the consider-
able reduction of cases of waterborne diseases (BITEW et al., 
2018; SOBOKSA et al., 2020) and in the induction of the state 
of immune resilience against gastrointestinal diseases (CON-
ROY et al., 2001; SSEMAKALU et al., 2014; SSEMAKALU 
et al., 2020).

     In the present article, the effectiveness of SODIS to inacti-
vate viruses, focusing on Sars-Cov-2 in water is critically 
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 (30-50 m) and only 1.7% (> 50 m). Ngasala; Masten; Phani-
kumar (2019) found that 65% of the wells were less than 15 m 
from a septic tank, and all wells at a mean distance of 13.4 m.  
Abebe et al. (2020) found that 51.8% of the wells were up to 
15 m away and the rest (482%) were up to 25 m from the pit 
latrine, however Chaúque et al. (2021b) found that 100% of 
the wells were located between 7 and 25 m from the nearest 
pit latrine.

     In general, the smaller the depth of the well and the lateral 
distance between the well and the latrine, as well as the less 
clayey the soil, the greater the likelihood that the water will 
have a high load of microbial contamination (ISLAM et al., 
2016; CHAÚQUE et al., 2021b).

     Although few countries have established in their legislation 
the minimum allowable distance between a groundwater 
source and a treatment or deposition point for faecal material 
(for example, latrine, aseptic tank, drain that receives feces, 
etc.) the standardized values are very varying from 3 to 100 m 
(PARKER; CARLIER, 2009). The tolerance of shorter 
distances by certain legislation suggests that these countries 
have a high degree of precarious sanitation and drinking water 
supply infrastructures.

     The lateral distance between a well and a source of fecal 
contamination considered by the authors to be the most ideal 
varies from 30 to 50 m (GRAHAM; POLIZZOTTO 2013; 
MARTÍNEZ-SANTOS et al., 2017; OTAKI et al., 2021). The 
minimum distance of 30 m is suggested as safe against bacte-
rial contamination (MARTÍNEZ-SANTOS et al., 2017; 
NGASALA; MASTEN; PHANIKUMAR, 2019) and chemi-
cal substances (CALDWELL; PARR, 1937; VINGER; 
HLOPHE; SELVARATNAM, 2012) and 50 m against viruses 
(VERHEYEN et al., 2009; OTAKI et al., 2021) (Figure 1). 
However, the implementation of these distances is practically 
impossible in the context of urban and peri-urban settlements 
in developing countries, which are often characterized by 
densely populated unplanned settlements, where each family 
occupies a small courtyard and has its own pit latrine and 
shallow well.

Figure 1 - Lateral distances traveled by microorganisms and chemi-
cals from latrines in relation to the guidelines for separating latrines 
and water source. (a) B. coli, (b) total coliform, (c) coliforms, (d) fecal 
coliforms, (e) total and fecal coliforms, (f) adenovirus and rotavirus, (g) 
chemical stream (nitrate, nitrite, and chloride), (h) nitrate, (i) nitrogen, 
(j) salt tracer.

the consumption of contaminated water. In the urban environ-
ment, the sewage network is generally obsolete (PANDEY et 
al., 2021) and spills raw sewage into surface waters (ANA-
KHASYAN et al., 2012; RIMOLDI et al., 2020; SUNKARI et 
al., 2021). Peri-urban environments are typically character-
ized by densely populated unplanned settlements, which lack 
adequate sanitation infrastructure including safe and 
sufficient water sources for everyone (KAYEMBE et al., 
2018; GWENZI, 2021). In rural and especially peri-urban 
settlements, the main source of drinking water is predomi-
nantly shallow wells and surface waters are also used for 
potable purposes, mainly in rural areas. The water collected 
from these sources is commonly considered ready for imme-
diate consumption (without treatment), as long as it has a 
good visual aspect and an imperceptible or tolerable odor. In 
addition, septic tanks (mainly in urban and peri-urban areas), 
as well as latrines (in peri-urban and rural areas) are the main 
sanitation strategies in place, used by communities and 
promoted by governments (DEEN, 2014; WHO, 2022b). In 
rural areas of many developing countries, open defecation 
remains a common practice (KAYEMBE et al., 2018; BHATT 
et al., 2019; SUN; HAN, 2021), with around 673 million 
people across the world still defecates outdoors (WHO, 
2022b).
    The discharge of raw sewage into surface waters has been 
largely implicated in severe contamination of rivers, lakes 
(GWENZI, 2021; UPFOLD; LUKE; KNOX, 2021) and 
groundwater (HUO et al., 2021). The presence of different 
microorganisms, including enteric viruses (LIN et al., 2015; 
POTGIETER et al., 2020), as well as the Sars-Cov-2 genome 
in river water has been attributed to fecal contamination 
(GUERRERO-LATORRE et al., 2020; RIMOLDI et al., 
2020). The presence of different types of enteropathogenic 
viruses, including enteric viruses in water sources has been 
extensively reviewed (GIBSON, 2014; UPFOLD; LUKE; 
KNOX, 2021).
   Although the use of septic tanks and mainly latrines is 
celebrated, as it considerably improves local sanitation and 
excrement management, compared to outdoor desertion, in 
addition to helping to meet the goals set out in UN objective 
6. Their impact on improving health remains questionable 
(PUJARI et al., 2012). These have been seriously implicated 
in the contamination of groundwater accessed through wells 
(VERHEYEN et al., 2009; GRAHAM; POLIZZOTTO, 2013; 
KAYEMBE et al., 2018; LUTTERODT et al., 2018; 
HOUÉMÉNOU et al., 2020), and the prevalence of gastroin-
testinal diseases (BORCHARDT et al., 2003; FONG et al., 
2007; CRAUN et al., 2010).

      The distance between the well and a latrine or septic tank, 
as well as the depth and characteristics of the soil are deter-
mining factors for fecal contamination of water. In peri-urban 
settlements in developing countries, the vast majority of wells 
are less than 30 m from latrines (DZWAIRO et al., 2006;

MARTÍNEZ-SANTOS et al., 2017; NGASALA; MASTEN; 
PHANIKUMAR, 2019; CHAÚQUE et al., 2021b). 
Martínez-Santos et al. (2017) found the following spatial 
distribution of wells and latrines: 86.5% (0-30 m), 11.8%  
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the consumption of contaminated water. In the urban environ-
ment, the sewage network is generally obsolete (PANDEY et 
al., 2021) and spills raw sewage into surface waters (ANA-
KHASYAN et al., 2012; RIMOLDI et al., 2020; SUNKARI et 
al., 2021). Peri-urban environments are typically character-
ized by densely populated unplanned settlements, which lack 
adequate sanitation infrastructure including safe and 
sufficient water sources for everyone (KAYEMBE et al., 
2018; GWENZI, 2021). In rural and especially peri-urban 
settlements, the main source of drinking water is predomi-
nantly shallow wells and surface waters are also used for 
potable purposes, mainly in rural areas. The water collected 
from these sources is commonly considered ready for imme-
diate consumption (without treatment), as long as it has a 
good visual aspect and an imperceptible or tolerable odor. In 
addition, septic tanks (mainly in urban and peri-urban areas), 
as well as latrines (in peri-urban and rural areas) are the main 
sanitation strategies in place, used by communities and 
promoted by governments (DEEN, 2014; WHO, 2022b). In 
rural areas of many developing countries, open defecation 
remains a common practice (KAYEMBE et al., 2018; BHATT 
et al., 2019; SUN; HAN, 2021), with around 673 million 
people across the world still defecates outdoors (WHO, 
2022b).
    The discharge of raw sewage into surface waters has been 
largely implicated in severe contamination of rivers, lakes 
(GWENZI, 2021; UPFOLD; LUKE; KNOX, 2021) and 
groundwater (HUO et al., 2021). The presence of different 
microorganisms, including enteric viruses (LIN et al., 2015; 
POTGIETER et al., 2020), as well as the Sars-Cov-2 genome 
in river water has been attributed to fecal contamination 
(GUERRERO-LATORRE et al., 2020; RIMOLDI et al., 
2020). The presence of different types of enteropathogenic 
viruses, including enteric viruses in water sources has been 
extensively reviewed (GIBSON, 2014; UPFOLD; LUKE; 
KNOX, 2021).
   Although the use of septic tanks and mainly latrines is 
celebrated, as it considerably improves local sanitation and 
excrement management, compared to outdoor desertion, in 
addition to helping to meet the goals set out in UN objective 
6. Their impact on improving health remains questionable 
(PUJARI et al., 2012). These have been seriously implicated 
in the contamination of groundwater accessed through wells 
(VERHEYEN et al., 2009; GRAHAM; POLIZZOTTO, 2013; 
KAYEMBE et al., 2018; LUTTERODT et al., 2018; 
HOUÉMÉNOU et al., 2020), and the prevalence of gastroin-
testinal diseases (BORCHARDT et al., 2003; FONG et al., 
2007; CRAUN et al., 2010).

      The distance between the well and a latrine or septic tank, 
as well as the depth and characteristics of the soil are deter-
mining factors for fecal contamination of water. In peri-urban 
settlements in developing countries, the vast majority of wells 
are less than 30 m from latrines (DZWAIRO et al., 2006;

MARTÍNEZ-SANTOS et al., 2017; NGASALA; MASTEN; 
PHANIKUMAR, 2019; CHAÚQUE et al., 2021b). 
Martínez-Santos et al. (2017) found the following spatial 
distribution of wells and latrines: 86.5% (0-30 m), 11.8%  

Source: GRAHAM; POLIZZOTTO (2013). Reproduced with permission 
from Environmental Health Perspectives.
     

    The establishment of a minimum standard distance between 
a well and a source of contamination is based on the minimum 
travel time that the microorganism must spend to leave the 
source of fecal inoculum until reaching the groundwater 
source. The minimum desirable travel time is 25 days (PARK-
ER; CARLIER, 2009) during which microorganisms are 
expected to lose viability before reaching the water source 
(ARGOSS, 2001; MARTÍNEZ-SANTOS et al., 2017). This 
time depends on the nature and granulometry of the soil, the 
time during which the microorganism can remain stable and 
viable, as well as the size of the microorganism to move 
through the soil pores (HERNANDEZ-CORTAZAR et al., 
2017; MENA-RIVERA; QUIRÓS-VEGA, 2018; HOUÉMÉ-
NOU et al., 2020). The fact that the diameter of the viral 
particle, including Sars-Cov-2 (about 60 to 140 nm) (ZHU et 
al., 2020) is much smaller than the bacterial indicators, for 
example Escherichia coli (about 500 nm of width and length 
2,000 nm), the travel time will be much shorter, while the 
distance covered will be considerably longer than estimated 
based on bacteria. Thus, the frequency and burden of contami-
nation of wells by viruses will be high, above expectations 
(OTAKI et al., 2021), since viruses are easier to move through 
soil pores due to their smaller size, and generally these are in 
greater numbers than bacteria in water contaminated by feces 
(ROSARIO et al., 2009).

The detection of the Sars-Cov-2 genome in samples of 
groundwater contaminated by feces (MAHLKNECHT et al., 
2021) combined with all previous discussion answers 
positively to the question: Sars-Cov-2 from feces, can reach 
groundwater? In addition, the fact that the sludge in the 
latrines is normally free of disinfectants and soaps, as well as 
the fact that the temperature of the groundwater is low, 
increases the stability and viability of Sar-Cov-2 (OLIVEIRA 
et al., 2021) and the possibility of ingesting viable viruses 
when consuming untreated contaminated groundwater.
The ability of Sar-Cov-2 to remain viable for a considerably 
long time in a medium with a varied pH range, including very 
alkaline and acidic media (CHAN et al., 2020), similar to the 
gastric environment. In addition to the ability to multiply 
throughout the gastrointestinal tract (DING; LIANG, 2020; 
TIAN et al., 2020; XIAO et al., 2020b), associated with the 
consumption of untreated water collected from wells and 
rivers, greatly increases the chances contagion and persistence 
of the water-mediated fecal oral contamination cycle.
Taking into account the whole discussion so far, it is safe to 
say that the possibility of contagion by Sars-Cov-2 via water 
is very high, and probably has been occurring, and dramatical-
ly in contexts in developing countries where sanitation 
remains problematic, and coexistence of latrines and wells 
still persists (DEL BRUTTO et al., 2021; LIU et al., 2021). In 
these countries the situation is aggravated because the scarce 
infrastructures for the treatment and distribution of drinking 
water are often not able to adequately eliminate viruses from 
the water cycle (GIBSON et al., 2011; RIZK; ALLAYEH, 
2018).

Characterization of SODIS and its Effect on 
Virus Viability

    Solar disinfection (SODIS) is an effective, inexpensive and 
worldwide accessible method of microbiological water 
treatment, which can be used to provide drinking water to 
communities without access to safe managed drinking water 
sources (MCGUIGAN et al., 2012; MBONIMPA et al., 2018; 
CHU et al., 2019; PICHEL; VIVAR; FUENTES, 2019; 
MORENO-SANSEGUNDO et al., 2021). Conventional 
SODIS is a household method in which contaminated water is 
poured into a transparent container (usually PET bottles ~ 2 L) 
and exposed to direct sunlight for at least 6 or 12 hours on 
days with clear or partly cloudy skies (cloud of ~ 50 % of 
coverage), respectively (ASIIMWE et al., 2013; PICHEL; 
VIVAR; FUENTES, 2019). 
Although SODIS involving batch disinfection using ± 2 L 
PET bottles is predominantly reported (FISHER; IRIARTE; 
NELSON, 2012; HARDING; SCHWAB, 2012; CAR-
RATALÀ et al., 2015; POLO et al., 2015) approaches involv-
ing larger reactors (5-25 L) are also reported (UBOM-
BA-JASWA et al., 2010; KEOGH et al., 2015; POLO-LÓPEZ 
et al., 2019). Similarly, continuous flow disinfection prLo-
cesses based on SODIS (GILL; PRICE, 2010; POLO-LÓPEZ 
et al., 2011), solar pasteurization (SOPAS) (DUFF; HODG-
SON, 2005; BIGONI et al., 2014; DOBROWSKY et al., 
2015; CARIELO; TIBA; CALAZANS, 2016; AMARA et al., 
2017; MANFRIDA; PETELA; ROSSI, 2017; DOMINGOS et 
al., 2019) or hybrid systems, are also reported (MONTEAGU-
DO et al., 2017; CHAÚQUE et al., 2021a).
    The literature presents an abundant record of evidence of 
the effectiveness of SODIS in inactivating microorganisms 
belonging to all taxa, including bacteria (DEJUNG et al., 
2007; HEASELGRAVE; KILVINGTON, 2010; MORE-
NO-SANSEGUNDO et al., 2021), fungi (LONNEN et al., 
2005, SICHEL et al., 2007), protozoa (LONNEN et al., 2005; 
HEASELGRAVE; KILVINGTON, 2010) and virus 
(HEASELGRAVE; KILVINGTON, 2012; CARRATALÀ et 
al., 2015; POLO et al., 2015). A considerable reduction in the 
viability or total inactivation of forms of environmental 
resistance has also been reported, including bacterial spores 
(LONNEN et al., 2005; DEJUNG et al., 2007; BOYLE et al., 
2008) and protozoan (oo)cysts (MCGUIGAN et al., 2006; 
GÓMEZ-COUSO et al., 2009; HEASELGRAVE; KILVING-
TON, 2011; GARCÍA-GIL et al., 2020a). Inactivation of 
several groups of pathogenic or surrogate viruses, including 
coxsackievirus-B5, poliovirus-2, hepatitis A virus, echovirus 
11, adenovirus type 2, murine norovirus (MNV-1), as well as 
bacteriophages (MS2 and ϕX174) have been reported 
(HARDING; SCHWAB, 2012; HEASELGRAVE; KILVING-
TON, 2012; CARRATALÀ et al., 2015; POLO et al., 2015). A 
summary of the viruses transmissible by ingesting contami-
nated water as well as their profile of inactivation by SODIS 
is shown in Table 2. Some phages are also included, because 
in addition to being better indicators of water contamination 
by enteric viruses than bacterial indicators (MCMINN; ASH-
BOLT; KORAJKIC, 2017; LIAN et al., 2018), their routine 
use in monitoring drinking water quality is appreciable, as it is 
less expensive and technically less demanding than other 
viruses.
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Table 2 - Pathogenic waterborne viruses or surrogate and their profile 
of inactivation by SODIS
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TARGET 
VIRUS 

SUNLIGH
T 

CONTAINER UV DOSE 
(w/m2) 

T ºC TIME 
(hours) 

INACTIVATI
ON 

REFERENCE 

log. % 
Coxsackievirus 
B5 

Simulated Polystyrene 
dish 

550 45 1 4.5 99.9 
Heaselgrave; 
kilvington, 2012 

Hepatitis A 
virus (HAV) 

Simulated Polystyrene 
dish 

550 45 2 4 99.9 

Natural PET bottles 828 40 b 8 2.5 83.4 Polo et al., 2015 

Poliovirus type 
2 (NCPV 503) 

Simulated Polystyrene 
dish 

550 45 1 4.2 99.9 Heaselgrave; 
Kilvington, 2012 

Simulated Polystyrene 
dish 

850 25 4 4.3 100 
Heaselgrave et al., 
2006 Simulated Polystyrene 

dish 
850 40 6 3.6 100 

Poliovirus type 
3 (PV3) 

Simulated Open reactor 6528 x 103 20 6 5.6 99.9 
Love et al., 2010 Simulated Open reactor 

(UVB filter) 
8173 x 103 20 8 0 0 

Simulated Open reactor 194 20 6 3 75 Silverman et al., 2013 
Murine 
Norovirus 
(MNV-1) 

Natural PET bottles 828 40 b 8 2 66.7 Polo et al., 2015 
Natural PET bottle 50 42.5 b 6 1.4 26.4 Harding; Schwab, 2012 Natural + (a) PET bottle 50 42.5 b 6 1.7 32 

Rotavirus 
Simulated Quartz glass 6800 x 103 20 2.5 3 99.9 

Wegelin et al., 1994 Simulated Quartz glass 5000 x 103 30 1.8 3 99.9 
Simulated Quartz glass 1900 x 103 40 0.7 3 99.9 

Adenovirus 
type 2 
(HAdV2) 

Simulated Open reactor 13055 x 103 20 12 3.1 99.9 
Love et al., 2010 Simulated Open reactor 

(UVB filter) 
8173 x 103 20 8 0 0 

Simulated 
UVA 

Pyrex glass 26.9 20 24 2 40 

Carratalà et al., 2013 Simulated 
UVB 

Pyrex glass ~ 13.9 7 5 ~ 4 ~ 80 

Simulated Open reactor 194 20 6 2.1 52.5 Silverman et al., 2013 
Simulated PET bottle 1340 22 6 3 50 Carratalà et al., 2015 

Echovirus 11 
(EV) 

Simulated PET bottle 1340 22 6 1.5 30 Carratalà et al., 2015 

Phage f2 
Simulated Quartz glass 9000 x 103 20 3.3 3 99.9 

Wegelin et al., 1994 Simulated Quartz glass 5100 x 103 30 1.9 3 99.9 
Simulated Quartz glass 3500 50 1.3 3 99.9 

Phage ϕX174 Simulated PET bottle 1340 22 6 0.25 4.1 Carratalà et al., 2015 

Phage MS2 

Simulated PET bottle 1340 22 6 > 6 > 85 Carratalà et al., 2015 Simulated PET bottle 180 40 2 3 7 
Simulated Open reactor 8703 x 103 20 8 1.5 50 

Love et al., 2010 Simulated Open reactor 
(UVB filter) 

8173 x 103 20 8 0 0 

Natural PET bottle 50 42.5 b 6 5.5 88.7 Harding; Schwab, 2012 Natural + (a) PET bottle 50 42.5 b 6 > 6.2 c 100 
Natural PET bottle 617 48 b 34.3 3 99.9 Fisher; Iriarte; Nelson, 

2012 Natural + (d) PET bottle 617 48 b 4.12 3 99.9 
Simulated Open reactor 194 20 6 2.2 55 Silverman et al., 2013 
Simulated Open reactor 5580 x 103 25 2 0.5 8.3 

Theitler et al., 2012 Simulated Glass reactor 0 59 2 1.23 20.5 
Simulated Open reactor 

(UVA+B) 
5580 x 103 59 2 2.2 36.7 

Phage PRD1 Simulated Open reactor 194 20 6 2.9 72.5 Silverman et al., 2013 

Phages F-RNA Natural Open tank 685 14 39.9 3 99.9 Sinton et al., 2002 Natural Open tank 687 14 37.5 3 99.9 

Phage P22 Natural UVB 
transparent 

610 39 b 2 3 99.9 Davies et al., 2009 

 



(a) Lemon juice (15 mL/L). (b) Maximum temperature. (c) Reached limit of 
detection for the assay. (d) Sodium Percarbonate (100 mg Na2CO3·1.5H2O2) 
+ Citric acid (100 mg C₆H₈O₇-). 

   Microbial inactivation during SODIS occurs due to the 
synergistic effect of UV radiation (UVA - 320-400 nm and 
UVB - 280-320 nm) and thermal energy (infrared 760 - 1400 
nm) from the sun (CASTRO-ALFÉREZ; POLO-LÓPEZ; 
FERNÁNDEZ-IBÁÑEZ, 2016; CASTRO-ALFÉREZ et al., 
2017; MBONIMPA et al., 2018; MORENO-SANSEGUNDO 
et al., 2021), and the speed of microbial inactivation increases 
with increasing water temperature, predominantly from 30 ºC 
to ~55 ºC (CASTRO-ALFÉREZ et al., 2017; VIVAR et al., 
2017; NWANKWO; AGUNWAMBA; NNAJI, 2019; 
CHAÚQUE et al., 2021a). Heat above the optimum tempera-
ture for microbial growth compromises microbial integrity 
during SODIS, inducing the denaturation of structural and 
functional proteins (CASTRO-ALFÉREZ et al., 2017; 
VIVAR et al., 2017).

Optical inactivation of microorganisms occurs essentially in 
three different ways: both by direct action as well as by the 
indirect endogenous and indirect exogenous action of solar 
radiation in the UVA and UVB spectrum (Figure 2). Direct  
photoinactivation (caused mainly by UVB) occurs when a 
photon of radiation is absorbed by the photosensitive mole-
cules of the microorganism (e.g., genome, flavins derived 
from porphyrins, NADH, proteins), compromising its chemi-
cal and functional structure, due to the damage that has 
occurred directly at the photon absorption site (SABINO et 
al., 2020). Indirect photoinactivation (mainly attributed to 
UVA and visible light (400 - 700 nm)) is that which occurs 
when the sensitizer (e.g., nitrate, nitrite, photocatalytic metal 
complexes) located within (endogenous) or outside the micro-
organism (exogenous) absorb a photon and sensitize the 
generation of reactive photogenerated products (RPGP) (e.g., 
O3•-, •OH, 1O2, CO3• -, H2O2, O2•-) which in turn cause 
damage to microorganisms. UVB radiation is also involved in 
indirect mechanisms of microbial damage (LIU et al., 2015; 
MATTLE; VIONE; KOHN, 2015; WANG et al., 2015; 
NELSON et al., 2018). Details on the mechanisms of microbi-
al photoinactivation are presented in the appropriate literature 
(NELSON et al., 2018).

Figure 2 - Solar photoinactivation model in viruses showing damage 
mechanisms and the contribution of different radiation components to 
the inactivation rate (Designed through BioRender).  

     Although viral inactivation during SODIS can be attributed 
to the indirect damage triggered by UVA radiation (DEJUNG 
et al., 2007; HARDING; SCHWAB, 2012), it results mainly 
from direct damage due to the absorption of photons from 
UVB radiation, as shown for the MS2 phage (CARRATALÀ 
et al., 2013; MATTLE; VIONE; KOHN, 2015; NELSON et 
al., 2018). Despite the increase in water temperature, consid-
erably accelerating viral inactivation (WEGELIN et al., 1994; 
CARRATALÀ et al., 2015; POLO et al., 2015; LIAN et al., 
2018; MORENO-SANSEGUNDO et al., 2021), ultraviolet 
radiation has greater importance in the synergy of inactivation 
during SODIS (THEITLER et al., 2012; POLO et al., 2015). 
In addition, the physical-chemical composition of water has a 
determining effect on the magnitude of the effectiveness of 
SODIS (SILVERMAN et al., 2013; LINDEN; MURPHY, 
2017).

Inactivation of Sars-Cov-2 by Means of 
Heat

    The literature shows that coronaviruses, mainly Sars-Cov, 
are very sensitive to the increase in the temperature of the 
medium (KIM et al., 2020a; BURTON et al., 2021; LOVE-
DAY et al., 2021; PARSA et al., 2021). The results of different 
studies show that the rate of thermal inactivation of Sars-Cov 
is influenced by the matrix (Table 3), as also reported for most 
groups of microorganisms, including viruses (ESPINOSA et 
al., 2020).
It has been reported that exposure to a temperature of 50-56 
°C for 10-90 minutes is sufficient to reduce about 4-6 logs10 
in Sars-Cov viability. (DARNELL et al., 2004; KARIWA; 
FUJII; TAKASHIMA, 2006; BIVINS et al., 2020; PASTORI-
NO et al., 2020). While the rate of inactivation of Sars-Cov 
increases with increasing temperature, the exposure time 
required to inactivate more than 6 logs10 drops to about 2-30 
minutes, when the temperature reaches 75 ºC (DUAN et al., 
2003; DARNELL et al., 2004; RABENAU et al., 2005; 
BIVINS et al., 2020).

Table 3 - Sars-Cov heat inactivation profile
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TºC: temperature. PBS: Phosphate Buffer Solution

    The thermal inactivation of the virus occurs mainly due to 
the denaturation of the secondary structures of the proteins, 
which can alter the conformation of the virion proteins 
involved in binding and replication process (LELIE; 
REESINK; LUCAS, 1987; SCHLEGEL; IMMELMANN; 
KEMPF, 2001; POPAT; YATES; DESHUSSES, 2010). 
Although the morphological deformation of Sars-Cov-2 can 
occur due to exposure to UV radiation, especially if the expo-
sure is long (≥ 10 min) it is more pronounced after thermal 
inactivation (65 ºC for ≥20 min), where the rupture of the 
virus can also be observed (Figure 3) (LOVEDAY et al., 
2021).

Figure 3 - Electron microscopy image, showing the morphological 
changes (shape and size) of Sars-Cov-2 inactivated by UVC radiation 
(upper line) and by heat (lower line)

Source: LOVEDAY et al. (2021), with permission: http://creativecom-
mons.org/licenses/by/4.0/.

    During conventional SODIS, where a transparent bottle 
(usually ~2 L PET bottle) is exposed to direct solar radiation, 
maximum temperatures ranging from 38 to 49 ºC are normal-
ly achieved (FISHER; IRIARTE; NELSON, 2012; HARD-
ING; SCHWAB, 2012; POLO et al., 2015; VIVAR et al.,

 2017). When low-cost collectors are used, higher tempera-
tures (45 - 55 ºC) are generally achieved in less exposure time, 
and larger volumes of water can be processed daily (UBOM-
BA-JASWA et al., 2010; BEATTIE et al., 2019). On the other 
hand, in medium-cost solar pasteurization systems (SOPAS), 
considerably higher temperatures ranging from 60 to 90 ºC 
are easily achieved, including in continuous or semi-continu-
ous flow systems (BIGONI et al., 2014; DOBROWSKY et al., 
2015; STRAUSS et al., 2016; CARIELO et al., 2017, 
CHAÚQUE et al., 2021a). In these systems, relatively large 
volumes of water (30 - 315 L) can be disinfected daily by each 
disinfection unit (DUFF; HODGSON, 2005; CARIELO; 
TIBA; CALAZANS, 2016; CARIELO et al., 2017; DOMIN-
GOS et al., 2019).
Considering all this, it is safe to say that the inactivation of 
sars-cov-2 in water through SODIS and SOPAS is safely 
achieved, during the 6 hours of minimum recommended 
exposure time. The inactivation of the vast majority of other 
pathogenic viruses of oral fecal transmission can also be 
safely achieved in disinfection processes based on thermal 
radiation from the sun (LINDEN; MURPHY, 2017).

Inactivation of Sars-Cov-2 by UV Radiation

     The literature shows that Sars-Cov is highly susceptible to 
UV radiation (KARIWA; FUJII; TAKASHIMA, 2006; 
WANG et al., 2015; NELSON et al., 2018; SABINO et al., 
2020; MOHAN et al., 2021). Studies show that the Sars-Cov 
photoinactivation rate varies depending on the type of UV 
radiation (A, B or C). The rate of inactivation decreases as the 
wavelength increases, so that, as we move from UVC to UVA 
radiation, the longer the exposure time and the radiation dose 
required to achieve the same log10 reduction in viral viability 
(Figure 5) (DARNELL et al., 2004; HEILINGLOH et al., 
2020; MINAMIKAWA et al., 2021).

Figure 4 - Sars-Cov-2 photoinactivation profile by different types of UV 
radiation (UVC - 265 nm, UVB - 280 nm and UVA - 300 nm)
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TARGET MATRIX TºC EXPOSURE 
TIME (min) 

REDUCTION 
(log10) 

REFERENCE 

Sars-Cov-1 

DMEM 
56 90 6 

DARNELL et al., 2004 65 60 6 
75 30 6 

PBS 
56 20 4 

DARNELL; TAYLOR, 2006 
65 10 4 

Culture 
medium 

56 90 6 
DUAN et al., 2003 67 60 6 

75 30 6 

MEM 
60 30 5 RABENAU et al., 2005 

56 60 7 KARIWA; FUJII; TAKASHIMA et al., 
2006 

Sars-Cov-2 

Sewage 

50 15 5 

BIVINS et al., 2020 
70 2 5 
56 10 6.65 
70 5 5.34 

Cell 
supernatant 

56 30 > 5 

PASTORINO et al., 2020 
60 60 > 5 
95 15 > 6 

Serum 
56 30 > 5 
60 60 > 5 

 1 
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Source: modified from MINAMIKAWA et al. (2021), with permission: 
http://creativecommons.org/licenses/by/4.0/.

     Most studies that evaluated the effectiveness of UV radia-
tion in inactivating Sars-Cov used UVC and showed that 
inactivating Sars-Cov-2 can be achieved by exposure to low 
UV doses, such as 0.016 mJ/cm2, during exposure times 
ranging from fractions of seconds to minutes (Table 4). The 
number of inactivated log10 increases with increasing UVC 
dose and exposure time (BIASIN et al., 2021; PATTERSON 
et al., 2020; SABINO et al., 2020).
Nicastro et al. (2021) estimated that UV-B/A photons have a 
powerful virucidal effect on Sars-Cov-2, and that solar radia-
tion in temperate regions at midday during the summer is able 
to inactivate about 63% of viral particles (1.5 x 103 
TCID50/mL) in less than 2 minutes of exposure.

Table 4 - Sars-Cov inactivation profile by UV radiation

   Few studies have evaluated the effectiveness of UVA and 
UVB radiation in inactivating Sar-Cov (DARNELL et al., 
2004; HEILINGLOH et al., 2020; MINAMIKAWA et al., 
2021). Darnell et al. (2004) reported 0 log10 of inactivation of 
Sars-Cov-1 suspended in Dulbecco's modified Eagle medium 
(DMEM) exposed to 2,133 mJ/cm2 of UVA radiation for 15 
minutes. Heilingloh et al. (2020) reported one log10 (16% of 
the initial dose) of inactivation of Sars-Cov-2 suspended in 
DMEM containing 10% fetal bovine serum (FBS), exposed to 
0.54 mJ/cm2 for 9 minutes. However, Minamikawa et al. 
(2021) reported the inactivation of 5 log10 (99.9% of the 
initial dose) of Sars-Cov-2 suspended in phosphate buffer 
solution with 2% FBS (PBS- 2% FBS) exposed to 23.0 
mJ/cm2 of UVA radiation for 30 seconds. Inactivation of 5 
log10 (99.9%) of Sars-Cov-2 suspended in PBS-2% FBS was 
also reported when the viruses were exposed to 3.0 mJ/cm2 of 
UVB radiation for 30 seconds (MINAMIKAWA et al., 2021). 
Wondrak et al. (2021) demonstrated that exposure of 

SARS-CoV-2 to simulated solar radiation (UVA - 5.34  
mJ/cm2 s, UVB - 0.28 mJ/cm2 s) induces the loss of virus 
infectivity (2log10 of PFU - plaque forming units) for Vero 
and Calu-3 human epithelial lung cells. These authors also 
reported that SARS-CoV-2 exposed to simulated solar UV 
radiation (receiving a UVB dose of 480 mJ/cm2) does not 
trigger stress response gene expression caused by viral infec-
tion in human lung epithelial cells Calu-3. 
The greater virucidal effect of UVC and UVB radiation is 
explained by the fact that they trigger direct damage to the 
genome and viral proteins (NELSON et al., 2018; SABINO et 
al., 2020).
    The rate of viral inactivation also varies depending on the 
absorbance of the medium, the lower the absorbance the better 
the transmittance and consequently the rate of viral inactiva-
tion. Thus, a better rate of inactivation of Sars-Cov-2 is 
expected during SODIS, since water generally exhibits low 
absorbance (similar to PBS) than many test media used in the 
studies (NELSON et al., 2018; MINAMIKAWA et al., 2021).
In natural conditions suitable for SODIS, high doses of UV 
radiation (UVA and UVB) are usually measured (Table 2). 
During conventional SODIS (using PET reactors), the inacti-
vation of 5.5 and 3 log10 (88.7 and 99.9%) of Phage MS2 
(which is an indicator of contamination by viruses of fecal 
origin (LECLERC et al., 2000)) in the water matrix was 
reported by exposure to 500 and 617,000 mJ/m2 (FISHER; 
IRIARTE; NELSON, 2012; HARDING; SCHWAB, 2012).
Considering all this, and also the synergy of heat and UV, as 
well as the exposure time of 6 hours (for conventional 
SODIS), it is safe to consider that the inactivation of 
Sars-Cov-2 can be achieved safely during SODIS, and thus 
provide safe drinking water for human consumption.

Use of SODIS in the Remediation of Conta-
gion by Sars-Cov-2 Through Water

     The use of SODIS is strongly recommended as an alterna-
tive to provide safe water to underprivileged populations, 
including in emergency situations as it is effective and cheap, 
since solar radiation is free, and PET bottles (normally used as 
reactors) can be collected in the local selective disposal 
without monetary cost and reused after proper cleaning. In 
rural areas where the availability of PET bottles is relatively 
low, supply of reactors may be necessary.

  The implementation of SODIS can be done as previously 
described in the literature (MCGUIGAN et al., 2012; BUSSE 
et al., 2019; POLO-LÓPEZ et al., 2019). In summary, the 
water to be treated (including groundwater (MAHLKNECHT 
et al., 2021) will need to be poured until about 85% of a trans-
parent PET bottle is filled, so the bottle must be closed tightly 
and shaken vigorously for at least 30 seconds. Then, the 
remaining volume must be completed and the bottle exposed 
(lying down, preferably on a reflecting surface) to direct solar 
radiation for at least 6 hours (preferably counted from 10 am) 
before being ingested. Polypropylene (PP) buckets of up to 20 
L can be used as reactors to process relatively larger volumes 
of water, without prejudice to the effectiveness of SODIS. 
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TARGET 
UV 

NATURE 
(nm) 

UV 
INTENSITY 

(mJ/cm2) 
MATRIX EXPOSURE 

TIME 
Log10 

REDUCTION 
REDUCTION 

(%) REFERENCE 

Sa
rs

-C
ov

-1
 

UVA 2.133 
DMEM 

15 min NA 0 DARNELL et 
al., 2004 UVC 

(254) 4.016 15 min 5 100 

UVC 0.040 Saline 
solution < 2 min NI 100 ANSALDI et al., 

2004 

UVC 
(254) 4.016 

PBS 40 min 5 100 
DARNELL; 

TAYLOR, 2006 
Culture 
medium 

(DMEM) 
15 min 3 100 

UVC 
(260) 324 Culture 

medium 60 min 6 100 DUAN et al., 
2003 

UVC 
(254) 0.134 MEM 

15 min 5.3 70.7 KARIWA; 
FUJII; 

TAKASHIMA et 
al., 2006 

60 min 6.3 84 

Sa
rs

-C
ov

-2
 

UVC 
(254) 

20 PBS NI 3.9 55.7 PATTERSON et 
al., 2020 40 7 100 

UVC 
(~280) 

3.75 
PBS 

1 min 0.9 87.4 INAGAKI et al., 
2020 37.5 10 min 3.1 99.9 

75 20 min 3.3 100 

UVC 
(254) 

3.7 
DMEM NI 

3 50 BIASIN et al., 
2021 16.9 6 100 

84.4 6 100 

UVC 
(254) 

0.016 

DMEM-
HG 

0.01 s 1 90 

SABINO et al., 
2020 

0.706 0.32 s 2 90 
6.556 2.98 s 3 99.9 

31.880 14.49 s 4 99.99 
108.71 49.42 s 5 99.999 

UVC 3.7 DMEM NI 3 100 BIASIN et al., 
2021 16.9 DMEM NI 9 100 

UVC 
(265) 1.8 EMEM- 30 s 5 99.9 

MINAMIKAWA 
et al., 2021 

UVB 
(280) 3.0 FBS 2% / 

PBS-FBS 30 s 5 99.9 

UVA 
(300) 23.0 2% 30 s 5 99.9 

UVC 
(254) 1.94 DMEM – 

10% FBS 9 6 100 HEILINGLOH 
et al., 2020 UVA 

(365) 0.54 DMEM – 
10% FBS 9 1 16.7 

UV B 
(285) 480* PBS NI 2 a 100 WONDRAK et 

al., 2021 
DMEM: Dulbecco’s Modified Eagle’s Medium. DMEM-HG: DMEM High Glucose. EMEM: Eagle’s Minimal Essential Medium. NA: not 
achieved. NI: not informed. FBS: Fetal bovine serum. PBS: Phosphate Buffer Solution. (*) Cumulative UV dose. (a) Plaque forming units. 

 1 

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.10

     These reactors can be used for up to 9 months before they 
need to be replaced with new buckets, but thinner-walled 
buckets (usually those with a capacity of up to 5 L) will need 
to be replaced within 5 months of use (POLO-LÓPEZ et al. 
2019). The efficacy of PP buckets in disinfecting large 
volumes of water contaminated by viruses, bacteria and proto-
zoa is explained by the fact that this material is permeable to 
UVA radiation, as well as UVB; PET bottles are practically 
impervious to UVB (Figure 6) (BUSSE et al., 2019; 
POLO-LÓPEZ et al., 2019).
     Transparent polycarbonate (PC) bottles of up to 19 liters 
can also be used to disinfect large volumes of water, as these 
have proved to be as effective as 2-liter PET bottles in field 
conditions, in tests carried out on three different continents 
(KEOGH et al., 2015).
     Reactors made of polymethylmethacrylate (PMMA) are 
also suitable to be used to disinfect the previously mentioned 
volumes, and a similar or relatively higher efficiency is 
expected, as this material exhibits high UV transmittance 
(about 97% for UVA and UVB) and relatively higher than 
PET, PP and PC (Figure 6) (GARCÍA-GIL et al. 2020b).

Figure 5 - Transmittance for solar radiation of the materials recom-
mended for SODIS reactors. PMMA - polymethylmethacrylate, PET - 
polyethylene terephthalate, PC - polycarbonate, PP – polypropylene

Source: GARCÍA-GIL et al. (2020b), with permission: https://creativecom-
mons.org/licenses/by/4.0/.

    On slightly sunny days (with cloudiness up to 50%), it is 
recommended to add small doses of chlorine-based disinfec-
tant before exposing the reactors to the sun. Although the 
ultraviolet radiation generally available under these condi-
tions is relatively low, it is high enough to induce chlorine 
photolysis, resulting in the production of various reactive 
oxidants (e.g., O3ˉ, OHˉ, O2ˉ) which in turn accelerates the 
inactivation of microorganisms (ZHOU et al., 2014; REMU-
CAL; MANLEY, 2016; CHAÚQUE; ROTT, 2021a). The 
acceleration of microbial inactivation by the generation of 
reactive oxidants in water during SODIS can also be achieved 
by the integration of solar disinfection methods based on 
photocatalytic nanomaterials (LEE et al., 2009; ALROUSAN 
et al., 2012; HELALI et al., 2014; SNOW; PARK, 2014; 
MAC-MAHON et al., 2017; RYBERG; CHU, 2018; SHEK-
OOHIYAN et al., 2019).

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)

     Water disinfection methods based on solar radiation can be 
used not only as a palliative alternative to combat contamina-
tion by waterborne pathogens, including in an emergency, 
such as the covid-19 pandemic. They can also be used to 
provide large-scale drinking water on a permanent basis or 
until the adoption and installation of systems based on other 
water treatment strategies becomes more appropriate. Readers 
interested in details on the mechanisms for applying SODIS 
as a large-scale public drinking water strategy are directed to 
the appropriate literature (CHAÚQUE; ROTT, 2021b; 
CHAÚQUE et al., 2022). Briefly, high-performance continu-
ous-flow solar disinfection systems need to be built for this 
purpose, so disinfection technologies based on SODIS and 
SOPAS, as well as photothermal and photocatalytic nanoma-
terials will need to be combined to allow the processing of a 
large volume of water per unit of time. These systems can be 
used to install a solar water treatment plant, connected to a 
drinking water supply network.

Recommendations for Future Studies

  Although most studies corroborate positively with the 
hypothesis of water-mediated fecal-oral contagion of 
Sars-Cov-2, this issue remains an open debate, therefore, 
further studies evidencing the presence of Sars-Cov-2 in 
freshwater rivers, lake and groundwater are still needed. The 
viability and infectivity of viruses in these water bodies also 
need to be characterized.
The implication of the spatial coexistence of pit latrines and 
shallow wells in relation to the presence of Sars-Cov-2 in 
water needs to be explored. Developing country contexts 
where fecal water contamination remains endemic is an ideal 
field for such studies.
The evidence for the effectiveness of solar disinfection of 
water contaminated with Sars-Cov-2 under real sunny condi-
tions is invaluable.

CONCLUSIONS
This review aimed to evaluate the effectiveness of the applica-
tion of solar water disinfection (SODIS) as a remediation 
strategy against Sars-Cov-2 contagion through the fecal-oral 
route mediated by drinking water.
The evidence available to date strongly suggests that there is a 
high possibility of contagion by Sars-Cov-2 through ingestion 
of contaminated water, especially in settlements with no 
access to adequate sanitation infrastructure and safely 
managed drinking water services.
SODIS is able to inactivate Sars-Cov-2 in water and is there-
fore an applicable strategy for remediation of possible conta-
gion from ingestion of contaminated water.

Acknowledgments
The authors thank CAPES for the scholarship granted to Beni 
Chaúque.

Declaration of Interests
All authors report no conflicts of interest relevant to this 
article



Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.11

REFERENCES
ABEBE, A.M. et al. Latrine utilization and associated factors 
in mehal meda town in North Shewa zone, Amhara region, 
Ethiopia. BioMed Research International, id.7310925, p.1-9, 
2020. https://doi.org/10.1155/2020/7310925.

ABOUBAKR, H.A.; SHARAFELDIN, T.A.; GOYAL, S.M. 
Stability of SARS-CoV-2 and other coronaviruses in the 
environment and on common touch surfaces and the influence 
of climatic conditions: A review. Transboundary and Emerg-
ing Diseases, v.68, n.2, p.296-312, 2021. https://-
doi.org/10.1111/tbed.13707.

AHMED, F. et al. First detection of SARS-CoV-2 genetic 
material in the vicinity of COVID-19 isolation Centre in 
Bangladesh: Variation along the sewer network. Science of 
The Total Environment, v.776, id.145724, p.1-8, 2021. 
https://doi.org/10.1016/j.scitotenv.2021.145724.

AHMED, W. et al. Decay of SARS-CoV-2 and surrogate 
murine hepatitis virus RNA in untreated wastewater to inform 
application in wastewater-based epidemiology. Environmen-
tal Research, v.191, id.110092, p.1-9, 2020. https://-
doi.org/10.1016/j.envres.2020.110092.

ALROUSAN, D.M.A. et al. Solar photocatalytic disinfection 
of water with immobilised titanium dioxide in re-circulating 
flow CPC reactors. Applied Catalysis B: Environmental, 
v.128, p.126-134, 2012. https://doi.org/10.1016/j.ap-
catb.2012.07.038.
AMARA, S. et al. Legionella disinfection by solar concentra-
tor system. Renewable & Sustainable Energy Reviews, v.70, 
p.786-792, 2017. https://doi.org/10.1016/j.rser.2016.11.259.

ANAKHASYAN, E. et al. Cross-contamination of distributed 
drinking water as the cause of waterborne outbreaks in Arme-
nia 1992-2010. Journal of Water, Sanitation and Hygiene for 
Development, v.2, n.3, p.146-156, 2012. https://-
doi.org/10.2166/washdev.2012.054.

ANSALDI, F. et al. SARS-CoV, influenza A and syncytial 
respiratory virus resistance against common disinfectants and 
ultraviolet irradiation. Journal of Preventive Medicine and 
Hygiene, v.45, n.5-8, p.5-8, 2004. Available in: https://stat-
i c - e u . i n s a l e s . r u / f i l e s / 1 / 1 3 7 6 / 11 7 2 4 1 2 8 / o r i g i -
nal/SARS-CoV_influenza_A_and_syncitial_respiratory_vir.
pdf. Accessed: 06/04/2021.

ARGOSS - Assessing the risk to groundwater from on-site 
sanitation. Guidelines, British Geological Survey Commis-
sioned Report: NERC®. CR/01/142. 2001. 97p. Available in: 
http://nora.nerc.ac.uk/id/eprint/20757/1/ARGOSS%20Manu-
al.PDF. Accessed in: 06/04/2021.

ARSLAN, M.; XU, B; EL-DIN, M.G. Transmission of 
SARS-CoV-2 via fecal-oral and aerosols-borne routes: 
Environmental dynamics and implications for wastewater

management in underprivileged societies. Science of The 
Total Environment, v.743, id.140709, p.1-7, 2020.  https://-
doi.org/10.1016/j.scitotenv.2020.140709.

ASIIMWE, J.K. et al. Field comparison of solar water disin-
fection (SODIS) efficacy between glass and polyethylene 
terephalate (PET) plastic bottles under Sub-Saharan weather 
conditions. Journal of Water Health, v.11, n.4, p.729-737, 
2013. https://doi.org/10.2166/wh.2013.197.

BAIN, R. et al. Global assessment of exposure to faecal 
contamination through drinking water based on a systematic 
review. Tropical Medicine & International Health, v.19, n.8, 
p.917-927, 2014. https://doi.org/10.1111/tmi.12334.

BALDOVIN, T. et al. SARS-CoV-2 RNA detection and 
persistence in wastewater samples: An experimental network 
for COVID-19 environmental surveillance in Padua, Veneto 
Region (NE Italy). Science of The Total Environment, v.760, 
id.143329, p.1-7, 2021. https://doi.org/10.1016/j.scito-
tenv.2020.143329.

BEATTIE, A. et al. Solar water disinfection with parabolic 
and flat reflectors. Journal Water & Health, v.17, n.6, 
p.921-929, 2019. https://doi.org/10.2166/wh.2019.174.

BHATT, N. et al. What motivates open defecation? A qualita-
tive study from a rural setting in Nepal. Plos One, v.14, 
id.0219246, p.1-15, 2019. https://doi.org/10.1371/jour-
nal.pone.0219246.

BIASIN, M.et al. UV-C irradiation is highly effective in 
inactivating SARS-CoV-2 replication. Scientific Reports, 
v.11, n.6260, p.1-7, 2021.  https://-
doi.org/10.1038/s41598-021-85425-w.

BIGONI, R. et al. Solar water disinfection by a Parabolic 
Trough Concentrator (PTC): flow-cytometric analysis of 
bacterial inactivation. Journal of Clean Production, v.67, 
p.62-71, 2014.   https://doi.org/10.1016/j.jcle-
pro.2013.12.014.

BITEW, B.D. et al. The effect of SODIS water treatme nt 
intervention at the household level in reducing diarrheal 
incidence among children under 5 years of age: a cluster 
randomized controlled trial in Dabat district, northwest Ethio-
pia. Trials, v.19, n.412, p.1-15, 2018.  https://-
doi.org/10.1186/s13063-018-2797-y.

BIVINS, A. et al. Persistence of SARS-CoV-2 in water and 
wastewater. Environmental Science & Technology Letters, 
v.7, n.12, p.937-942, 2020. https://doi.org/10.1021/acs.es-
tlett.0c00730.

BORCHARDT, M.A. et al. Incidence of enteric viruses in 
groundwater from household wells in Wisconsin. Applied and 
Environmental Microbiology, v.69, n.2, p.1172-1180, 2003. 
https://doi.org/10.1128/aem.69.2.1172-1180.2003.

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.12

BOYLE, M. et al. Bactericidal effect of solar water disinfec-
tion under real sunlight conditions. Applied and Environmen-
tal Microbiology, v.74, n.10, p.2997-3001, 2008. https://-
doi.org/10.1128/AEM.02415-07.

BURTON, J. et al. The effect of heat-treatment on 
SARS-CoV-2 viability and detection. Journal of Virological 
Methods, v.290, id.114087, p.1-5, 2021. https://-
doi.org/10.1016/j.jviromet.2021.114087.

BUSSE, M.M. et al.  Responses of Salmonella typhimurium 
LT2, Vibrio harveyi, and Cryptosporidium parvum to UVB 
and UVA radiation. Chemical Engineering Journal, v.371, 
p.647-656, 2019. https://doi.org/10.1016/j.cej.2019.04.105.

CALDWELL, E.L.; PARR, L.W. Ground water pollution and 
the bored hole latrine. Journal of Infect Disease, v.61, n.2, 
p.148-183, 1937. Available in: https://www.-
j s t o r . o r g / s t a b l e / p d f / 3 0 0 8 9 2 2 3 . p d f ? c a s a _ t o -
ken=Q4X5-l2R6_cAAAAA:LSRzhboozmjrsRO70p_MTJ0f
3rFNzQS4vz1mHFEOG2ZkmS-g4oZyEgymwsLXddq9uTC
r4ilvnv7__RC9wQHOfLRbjNevRXR1aba4CxxLpZlyRcPIx
_RPMQ. Accessed in: 06/04/2021.

CARIELO, G. et al. Solar water pasteurizer: Productivity and 
treatment efficiency in microbial decontamination.  Renew-
able Energy, v.105, p.257-269, 2017.  https://-
doi.org/10.1016/j.renene.2016.12.042.

CARIELO, G.; TIBA, C.; CALAZANS, G.M.T.  Solar 
pasteurizer for the microbiological decontamination of water. 
Renewable Energy, v.87, p.711-719, 2016. https://-
doi.org/10.1016/j.renene.2015.11.012.

CARRATALÀ, A. et al. Environmental effectors on the inacti-
vation of human adenoviruses in water. Food and Environ-
mental Virology, v.5, p.203-214, 2013. https://-
doi.org/10.1007/s12560-013-9123-3.

CARRATALÀ, A. et al. Solar disinfection of viruses in 
polyethylene terephthalate bottles. Applied and Environmen-
tal Microbiology, v.82, n.1, p.279-288, 2015. https://-
doi.org/10.1128/AEM.02897-15.

CASTRO-ALFÉREZ M. et al. Mechanistic modeling of UV 
and mild-heat synergistic effect on solar water disinfection. 
Chemical Engineering Journal, v.316, p.111-120, 2017. 
https://doi.org/10.1016/j.cej.2017.01.026.

CASTRO-ALFÉREZ, M.; POLO-LÓPEZ, M.I.; FERNÁN-
DEZ-IBÁÑEZ, P. Intracellular mechanisms of solar water 
disinfection. Science Report, v.6, n.38145, p.1-10, 2016. 
https://doi.org/10.1038/srep38145.

CHAN, K.H. et al. Factors affecting stability and infectivity 
of SARS-CoV-2. The Journal of Hospital Infection, v.106, 
n.2, p.226-231, 2020. https://doi.org/10.1016/j.-
jhin.2020.07.009.

CHAUDHARY, N.K. et al. Fighting the SARS CoV-2 
(COVID-19) pandemic with soap. Preprints, p.1-19, 2020. 
https://doi.org/10.20944/preprints202005.0060.v1.

CHAÚQUE, B.J.M. et al. A new continuous-flow solar water 
disinfection system inactivating cysts of Acanthamoeba 
castellanii, and bacteria. Photochemical & Photobiological 
Sciences, v.20, p.123-137. 2021a. https://-
doi.org/10.1007/s43630-020-00008-4.

CHAÚQUE, B.J.M. et al. Spatial arrangement of well and 
latrine and their influence on water quality in clayey soil – a 
study in low-income peri-urban neighborhoods in Lichinga, 
Mozambique. Journal of Water, Sanitation & Hygiene for 
Development, v.11, n.2, p.241-254, 2021b. https://-
doi.org/10.2166/washdev.2021.137.

CHAÚQUE, B.J.M.; BRANDÃO, F.G.; ROTT, M.B. Devel-
opment of solar water disinfection systems for large-scale 
public supply, state of the art, improvements and paths to the 
future – A systematic review. Journal of Environmental 
Chemical Engineering, v.10, n.3, id.107887, 2022. https://-
doi.org/10.1016/j.jece.2022.107887.

CHAÚQUE, B.J.M.; ROTT, M.B. Photolysis of sodium 
chloride and sodium hypochlorite by ultraviolet light inacti-
vates the trophozoites and cysts of Acanthamoeba castellanii 
in the water matrix. Journal Water Health, v.19, n.1, 
p.190-202, 2021a. https://doi.org/10.2166/wh.2020.401.

CHAÚQUE, B.J.M.; ROTT, M.B. Solar disinfection (SODIS) 
technologies as alternative for large-scale public drinking 
water supply: Advances and challenges. Chemosphere, v.281, 
id.130754, 2021b. https://doi.org/10.1016/j.chemo-
sphere.2021.130754.

CHAÚQUE, B.J.M.; Rott, M.B. The role of free-living amoe-
bae in the persistence of viruses in the era of severe acute 
respiratory syndrome 2, should we be concerned? Revista da 
Sociedade Brasileira de Medicina Tropical, v.6, n.55, id. 
e0045, 2022. https://doi.org/10.1590/0037-8682-0045-2022.

CHEN, Y. et al. The presence of SARS-CoV-2 RNA in the 
feces of COVID-19 patients. Journal of Medicinal Virology, 
v.92, n.7, p.833-840, 2020. https://doi.org/10.1002/-
jmv.25825.

CHEUNG, K.S. et al. Gastrointestinal manifestations of 
SARS-CoV-2 infection and virus load in fecal samples from a 
Hong Kong cohort: Systematic review and meta-analysis. 
Gastroenterology, v.159, n.1, p.81-95, 2020. https://-
doi.org/10.1053/j.gastro.2020.03.065.

CHOLANKERIL, G. et al. High prevalence of concurrent 
gastrointestinal manifestations in patients with severe acute 
respiratory syndrome Coronavirus 2: Early experience from 
California. Gastroenterology, v.159, n.2, p.775-777, 2020. 
https://doi.org/10.1053/j.gastro.2020.04.008.

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



CHU, C. et al. Water disinfection in rural areas demands 
unconventional solar technologies. Account of Chemical 
Research, v.52, n.5, p.1187-1195, 2019. https://-
doi.org/10.1021/acs.accounts.8b00578.

CONROY, R.M. et al. Solar disinfection of drinking water 
protects against cholera in children under 6 years of age. 
Archives of Disease in Childhood, v.85, n.4, p.293-5, 2021. 
https://doi.org/10.1136/adc.85.4.293.

CRAUN, G.F. et al. Causes of outbreaks associated with 
drinking water in the United States from 1971 to 2006. Clini-
cal Microbiology Reviews, v.23, n.3, p.07-528, 2010. https://-
doi.org/10.1128/CMR.00077-09.

DARNELL, M.E. et al. Inactivation of the coronavirus that 
induces severe acute respiratory syndrome, SARS-CoV. 
Journal of Virological Methods, v.121, n.1, p.85-91, 2004.  
https://doi.org/10.1016/j.jviromet.2004.06.006.

DARNELL, M.E.; TAYLOR, D.R. Evaluation of inactivation 
methods for severe acute respiratory syndrome coronavirus in 
noncellular blood products. Transfusion, v.46, n.10, 
p.1770-1777, 2006.  https://-
doi.org/10.1111/j.1537-2995.2006.00976.x.

DAVIES, C.M. et al. Solar radiation disinfection of drinking 
water at temperate latitudes: inactivation rates for an 
optimised reactor configuration. Water Research, v.43, n.3, 
p.643-52, 2009. https://doi.org/10.1016/j.watres.2008.11.016.

DEEN, T. UN vows to eliminate open defecation by 2025. 
Human Rights: Poverty, Health, Sanitation. Our World: Inter 
Press Service, Tokyo, 29 May 2014. Available in: https://our-
world.unu.edu/en/un-vows-to-eliminate-open-defeca-
tion-by-2025. Accessed in: 03/05/2021.

DEJUNG, S. et al. Effect of solar water disinfection (SODIS) 
on model microorganisms under improved and field SODIS 
conditions. Journal of Water Supply: Research and Technolo-
gy-Aqua, v.56, n.4, p.245-256, 2007. https://-
doi.org/10.2166/aqua.2007.058.

DEL BRUTTO, O.H. et al. SARS-CoV-2 RNA in swabbed 
samples from latrines and flushing toilets: A case-control 
study in a rural Latin American setting. The American Journal 
of Tropical Medicine and Hygiene, v.104, n.3, p.1045-1047, 
2021. Advance online publication. https://doi.org/10.4269/ajt-
mh.20-1380.

DING, S.; LIANG, T.J. Is SARS-CoV-2 also an enteric patho-
gen with potential fecal-oral transmission? A COVID-19 
virological and clinical review. Gastroenterology, v.159, n.1, 
p.53-61, 2020.  https://doi.org/10.1053/j.gastro.2020.04.052.

DOBROWSKY, P.H. et al. Efficiency of a closed-coupled 
solar pasteurization system in treating roof harvested rainwa-
ter. Science and The Total Environment, v.536, p.206-214, 
2015. https://doi.org/10.1016/j.scitotenv.2015.06.126.

DOMINGOS, M. et al. A new automated solar disc for water 
disinfection by pasteurization. Photochemistry & Photobiolo-
gy Science, v.18, n.4, p.905-911, 2019. https://-
doi.org/10.1039/c8pp00316e.

DONDE, O.O. et al. COVID-19 pandemic: Water, sanitation 
and hygiene (WASH) as a critical control measure remains a 
major challenge in low-income countries. Water Research, 
v.191, id.116793, p.1-6, 2021. https://-
doi.org/10.1016/j.watres.2020.116793.

DUAN, S.M. et al. Stability of SARS coronavirus in human 
specimens and environment and its sensitivity to heating and 
UV irradiation. Biomedicine and Environment Science, v.16, 
n.3, p.246-255, 2003. Available in: https://www.besjour-
nal.com/article/id/d73449fd-b491-4458-9738-f1297a7f1040. 
Accessed in: 06/04/2021.

DUFF, W.S.; HODGSON, D.A. A simple high efficiency solar 
water purification system. Solar Energy, v.79, p.25-32, 2005.  
https://doi.org/10.1016/j.solener.2004.10.005.

DZWAIRO, B. et al. Assessment of the impacts of pit latrines 
on groundwater quality in rural areas: A case study from 
Marondera district, Zimbabwe. Physical and Chemistry of the 
Earth, Parts A/B/C, v.31, n.15-16, p.779-788, 2006. https://-
doi.org/10.1016/j.pce.2006.08.031.

EDITORIAL. We need to talk about crapping. Nature Micro-
biology, v.3, id.1189, p.1, 2018. https://-
doi.org/10.1038/s41564-018-0287-3.

ESPINOSA, M.F. et al. Systematic review and meta-analysis 
of time-temperature pathogen inactivation. International 
Journal of Hygiene and Environmental Health, v.230, 
id.113595, p.1-9, 2020. https://-
doi.org/10.1016/j.ijheh.2020.113595.

FISHER, M.B.; IRIARTE, M.; NELSON, K.L. Solar water 
disinfection (SODIS) of Escherichia coli, Enterococcus spp., 
and MS2 coliphage: Effects of additives and alternative 
container materials. Water Research, v.46, n.6, p.1745-54, 
2012. https://doi.org/10.1016/j.watres.2011.12.048.

FONG, T.T. et al. Massive microbiological groundwater 
contamination associated with a waterborne outbreak in Lake 
Erie, South Bass Island, Ohio. Environmental Health Perspec-
tives, v.115, n.6, p.856-864, 2007. https://doi.org/10.1289/e-
hp.9430.

GARCÍA-GIL, A. et al. Kinetic modeling of the synergistic 
thermal and spectral actions on the inactivation of Cryptospo-
ridium parvum in water by sunlight. Water Research, v.185, 
id.116226, p.1-9, 2020a. https://-
doi.org/10.1016/j.watres.2020.116226.

GARCÍA-GIL, Á. et al. Material selection and prediction of 
solar irradiance in plastic devices for application of solar 
water disinfection (SODIS) to inactivate viruses, bacteria and 

Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.13

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



protozoa. Science and The Total Environment, v.730, 
id.139126, p.1-9, 2020b. https://doi.org/10.1016/j.scito-
tenv.2020.139126.

GIBSON, K.E. et al. Evaluation of human enteric viruses in 
surface water and drinking water resources in Southern 
Ghana. The American Journal of Tropical Medicine and 
Hygiene, v.84, n.1, p.20-29, 2011. https://doi.org/10.4269/ajt-
mh.2011.10-0389.

GIBSON, K.E. Viral pathogens in water: occurrence, public 
health impact, and available control strategies. Current Opin-
ion in Virology, v.4, p.50-57, 2014. https://doi.org/10.1016/j.-
coviro.2013.12.005.

GILL, L.W.; PRICE, C. Preliminary observations of a contin-
uous flow solar disinfection system for a rural community in 
Kenya. Energy, v.35, n.12, p.4607-4611, 2010. https://-
doi.org/10.1016/j.energy.2010.01.008.

GÓMEZ-COUSO, H. et al. Efficacy of the solar water disin-
fection method in turbid waters experimentally contaminated 
with Cryptosporidium parvum oocysts under real field condi-
tions. Tropical Medicine & International Health, v.14, n.6, 
p.620-627, 2009. https://-
doi.org/10.1111/j.1365-3156.2009.02281.x.

GRAHAM, J.P.; POLIZZOTTO, M.L. Pit latrines and their 
impacts on groundwater quality: a systematic review. 
Environment and Health Perspective, v.121, n.5, p.521-530, 
2013. https://doi.org/10.1289/ehp.1206028.

GUERRERO-LATORRE, L. et al. SARS-CoV-2 in river 
water: Implications in low sanitation countries. Science of 
The Total Environment, v.743, id.140832, p.1-5, 2020. 
https://doi.org/10.1016/j.scitotenv.2020.140832.

GWENZI, W. Leaving no stone unturned in light of the 
COVID-19 faecal-oral hypothesis? A water, sanitation and 
hygiene (WASH) perspective targeting low-income countries. 
Science of The Total Environment, v.753, id.141751, p.1-17, 
2021. https://doi.org/10.1016/j.scitotenv.2020.141751.

HARDING, A.S.; SCHWAB, K.J. Using limes and synthetic 
psoralens to enhance solar disinfection of water (SODIS): A 
laboratory evaluation with Norovirus, Escherichia coli, and 
MS2. The American Journal of Tropical Medicine and 
Hygiene, v.86, n.4, p.566-572, 2012. https://-
doi.org/10.4269/ajtmh.2012.11-0370.

HEASELGRAVE, W. et al. Solar disinfection of poliovirus 
and Acanthamoeba polyphaga cysts in water - a laboratory 
study using simulated sunlight. Letters in Applied Microbiol-
ogy, v.43, n.2, p.125-130, 2006. https://-
doi.org/10.1111/j.1472-765X.2006.01940.x.

HEASELGRAVE, W.; KILVINGTON, S. The efficacy of 
simulated solar disinfection (SODIS) against coxsackievirus, 

poliovirus and hepatitis A virus. Journal of Water Health, v.10, 
n.4, p.531-8, 2012. https://doi.org/10.2166/wh.2012.128.

HEASELGRAVE, W.; KILVINGTON, S. The efficacy of 
simulated solar disinfection (SODIS) against Ascaris, Giardia, 
Acanthamoeba, Naegleria, Entamoeba and Cryptosporidium. 
Acta Tropical, v.119, n.2-3, p.138-143, 2011. https://-
doi.org/10.1016/j.actatropica.2011.05.004.

HEASELGRAVE, W.; KILVINGTON, S. Antimicrobial 
activity of simulated solar disinfection against bacterial, 
fungal, and protozoan pathogens and its enhancement by 
riboflavin. Applied and Environmental Microbiology, v.76, 
n.17, p.6010-6012, 2010. https://doi.org/6010-6012. 
10.1128/AEM.00445-10.

HEILINGLOH, C.S. et al. Susceptibility of SARS-CoV-2 to 
UV irradiation. American Journal of Infection Control, v.48, 
n.10, p.1273-1275, 2020. https://-
doi.org/10.1016/j.ajic.2020.07.031.

HELALI, S. et al. Solar photocatalysis: A green technology 
for Escherichia coli contaminated water disinfection. Effect 
of concentration and different types of suspended catalyst. 
Journal of Photochemistry and Photobiology A: Chemistry, 
v.276, p.31-40, 2014. https://doi.org/10.1016/j.jphotochem-
.2013.11.011.

HERNANDEZ-CORTAZAR, I.B. et al. Presence of Toxo-
plasma gondii in drinking water from an endemic region in 
southern Mexico. Foodborne Pathogens and Disease, v.14, 
n.5, p.288-292, 2017. https://doi.org/10.1089/fpd.2016.2224.

HOUÉMÉNOU, H. et al. Degradation of groundwater quality 
in expanding cities in West Africa. A case study of the unregu-
lated shallow aquifer in Cotonou. Journal Hydrology, v.582, 
id.124438, p.1-43, 2020. https://doi.org/10.1016/j.jhy-
drol.2019.124438.

HUO, C. et al. Groundwater contamination with the threat of 
COVID-19: Insights into CSR theory of Carroll's pyramid. 
Journal of King Saud University - Science, v.33, n.2, 
id.101295, p.1-8, 2021. https://doi.org/10.1016/j.jk-
sus.2020.101295.

INAGAKI, H. et al. Rapid inactivation of SARS-CoV-2 with 
deep-UV LED irradiation. Emerging Microbes & Infections, 
v.9, n.1. p.1744-1747, 2020. https://-
doi.org/10.1080/22221751.2020.1796529.

ISLAM, M.S. et al. Safe distances between groundwa-
ter-based water wells and pit latrines at different hydrogeolog-
ical conditions in the Ganges Atrai floodplains of Bangladesh. 
Journal of Health, Population, and Nutrition, v.35, n.26, p.26, 
2016. https://doi.org/10.1186/s41043-016-0063-z.

JONES, D.L. et al. Shedding of SARS-CoV-2 in feces and 
urine and its potential role in person-to-person transmission

Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.14

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.15

 and the environment-based spread of COVID-19. Science of 
The Total Environment, v.749, id.141364, p.1-17, 2020. 
https://doi.org/10.1016/j.scitotenv.2020.141364.

KARIWA, H.; FUJII, N.; TAKASHIMA, I. Inactivation of 
SARS coronavirus by means of povidone-iodine, physical 
conditions and chemical reagents. Dermatology, v.212, s.1, 
p.119-123, 2006. https://doi.org/10.1159/000089211.

KAYEMBE, J.M. et al.  High levels of faecal contamination 
in drinking groundwater and recreational water due to poor 
sanitation, in the sub-rural neighbourhoods of Kinshasa, 
Democratic Republic of the Congo. International Journal of 
Hygiene and Environmental Health, v.221, n.3, p.400-408, 
2018. https://doi.org/10.1016/j.ijheh.2018.01.003.

KEOGH, M.B. et al. Capability of 19-L polycarbonate plastic 
water cooler containers for efficient solar water disinfection 
(SODIS): Field case studies in India, Bahrain and Spain, Solar 
Energy, v.116, p.1-11, 2015.  https://doi.org/10.1016/j.solen-
er.2015.03.035.

KIM, J.M. et al. Detection and isolation of SARS-CoV-2 in 
serum, urine, and stool specimens of COVID-19 patients from 
the Republic of Korea. Osong Public Health and Research 
Perspectives, v.11, n.3, p.112-117, 2020. https://-
doi.org/10.24171/j.phrp.2020.11.3.02.

KIM, Y.I. et al. Development of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) thermal inactivation 
method with preservation of diagnostic sensitivity. Journal of 
Microbiology, v.58, p.886-891, 2020a. https://-
doi.org/10.1007/s12275-020-0335-6.

LANGONE, M. et al. SARS-CoV-2 in water services: 
Presence and impacts. Environmental Pollution, v.268, 
id.115806, p.1-13, 2021. https://doi.org/10.1016/j.en-
vpol.2020.115806.

LECLERC, H. et al.  Bacteriophages as indicators of enteric 
viruses and public health risk in groundwaters. Journal of 
Applied Microbiology, v.88, n.1, p.5-21, 2020. https://-
doi.org/10.1046/j.1365-2672.2000.00949.x.

LEE, I. et al. Photochemical and Antimicrobial Properties of 
Novel C60 Derivatives in Aqueous Systems. Environment 
Science & Technology, v.43, n.17, p.6604-6610, 2009. 
https://doi.org/10.1021/es901501k.

LELIE, P.N.; REESINK, H.W.; LUCAS, C.J. Inactivation of 
12 viruses by heating steps applied during manufacture of a 
hepatitis B vaccine, Journal of Medical Virology, v.23, n.3, 
p.297-301, 1987. https://doi.org/10.1002/jmv.1890230313.

LIAN, Y. et al. MS2 coliphage and E. coli UVB inactivation 
rates in optically clear water: dose, dose rate and temperature 
dependence. Water Science and Technology, v.78, n.10, 
p.2228-2238, 2018. https://doi.org/10.2166/wst.2018.509.

LIN, C.H. et al. Precise genotyping and recombination detec-
tion of enterovirus. BMC Genomics, v.16, s.8, p.1-12, 2015. 
https://doi.org/10.1186/1471-2164-16-S12-S8.

LINDEN, K.; MURPHY, J.R. Physical Agents. In: ROSE, 
J.B.; JIMÉNEZ-CISNEROS, B. (eds). Water and Sanitation 
for the 21st Century: Health and Microbiological Aspects of 
Excreta and Wastewater Management (Global Water Patho-
gen Project). (HAAS, C. (eds), Part 4: Management of Risk 
from Excreta and Wastewater - Section: Disinfection), Michi-
gan State University, E. Lansing, MI, UNESCO, p.1-25, 2017. 
Available in: https://www.waterpathogens.org/sites/default/-
files/Physical%20Agents_4.pdf. Accessed in: 06/04/2021.

LING, Y. et al. Persistence and clearance of viral RNA in 2019 
novel coronavirus disease rehabilitation patients. Chinese 
Medicinal Journal, v.133, n.9, p.1039-1043, 2020. https://-
doi.org/10.1097/CM9.0000000000000774.

LIU, L. et al. Pit latrines may be a potential risk in rural China 
and low-income countries when dealing with COVID-19. 
Science of The Total Environment, v.761, id.143283, p.1-9, 
2021. https://doi.org/10.1016/j.scitotenv.2020.143283.

LIU, Y. et al. Inactivation mechanisms of Cryptosporidium 
parvum oocysts by solar ultraviolet irradiation. Environmen-
tal Science: Water Research & Technology, v.1, n.2, p.188-98, 
2015. https://doi.org/10.1039/C4EW00079J.

LONNEN, J. et al. Solar and photocatalytic disinfection of 
protozoan, fungal and bacterial microbes in drinking water. 
Water Research, v.39, n.5, p.877-883, 2005. https://-
doi.org/10.1016/j.watres.2004.11.023.

LOVE, D.C.; SILVERMAN, A.; NELSON, K.L. Human 
virus and bacteriophage inactivation in clear water by simulat-
ed sunlight compared to bacteriophage inactivation at a south-
ern California beach. Environmental Science & Technology, 
v.15, n.44, p.6965-70, 2010. https://-
doi.org/10.1021/es1001924.

LOVEDAY, E.K. et al. Effect of Inactivation Methods on 
SARS-CoV-2 Virion Protein and Structure. Viruses, v.13, n.4, 
p.562, 2021. https://doi.org/10.3390/v13040562.

LUTTERODT, G. et al. Microbial groundwater quality status 
of hand-dug wells and boreholes in the Dodowa area of 
Ghana. International Journal of Environment. Research and 
Public Health, v.15, n.4, p.730, 2018. https://-
doi.org/10.3390/ijerph15040730.

MAC-MAHON, J. et al. Solar photocatalytic disinfection of 
E. coli and bacteriophages MS2, ΦX174 and PR772 using 
TiO2, ZnO and ruthenium based complexes in a continuous 
flow system. Journal of Photochemisty and Photobiology B: 
Biology, v.170, p.79-90, 2017. https://doi.org/10.1016/j.jpho-
tobiol.2017.03.027.

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



MAHLKNECHT, J. et al. The presence of SARS-CoV-2 RNA 
in different freshwater environments in urban settings deter-
mined by RT-qPCR: Implications for water safety. Science of 
The Total Environment, v.784, id.147183, p.1-13, 2021. 
https://doi.org/10.1016/j.scitotenv.2021.147183.

MANFRIDA, G.; PETELA, K.; ROSSI, F. Natural circulation 
solar thermal system for water disinfection. Energy, v.141, 
p.1204-1214, 2017. https://doi.org/10.1016/j.ener-
gy.2017.09.132.

MARTÍNEZ, I.E.H.; PÉREZ, L.R.; MOYA, M.C. Presence of 
SARS-Coronavirus-2 in the ileal mucosa: Another evidence 
for infection of GI tract by this virus. Gastroenterology, v.159, 
n.4, p.1624-1625, 2020. https://doi.org/10.1053/j.gas-
tro.2020.05.101.

MARTÍNEZ-SANTOS, P. et al. A survey of domestic wells 
and pit latrines in rural settlements of Mali: Implications of 
on-site sanitation on the quality of water supplies. Internation-
al Journal of Hygiene and Environmental Health, v.220, n.7, 
p.1179-1189, 2017. https://-
doi.org/10.1016/j.ijheh.2017.08.001.

MATTLE, M.J; VIONE, D.; KOHN, T. Conceptual model 
and experimental framework to determine the contributions of 
direct and indirect photoreactions to the solar disinfection of 
MS2, phiX174, and adenovirus. Environment Science 
Technology, v.49, n.1, p.334-42, 2015.  https://-
doi.org/10.1021/es504764u.

MBONIMPA, E.G. et al. Ultraviolet A and B wavelength-de-
pendent inactivation of viruses and bacteria in the water. 
Journal of Water Health, v.16, n.5, p.796-806, 2018. https://-
doi.org/10.2166/wh.2018.071.

MCGUIGAN, K.G. et al. Batch solar disinfection inactivates 
oocysts of Cryptosporidium parvumand cysts of Giardia 
muris in drinking water. Journal of Applied Microbiology, 
v.101, n.2, p.453-463, 2006. https://-
doi.org/10.1111/j.1365-2672.2006.02935.x.

MCGUIGAN, K.G. et al. Solar water disinfection (SODIS): A 
review from bench-top to roof-top. Journal of Hazardous 
Materials, v.235-236, p.29-46, 2012. https://-
doi.org/10.1016/j.jhazmat.2012.07.053.

MCMINN, B.R.; ASHBOLT, N.J.; KORAJKIC, A. Bacterio-
phages as indicators of faecal pollution and enteric virus 
removal. Letters in Applied Microbiology, v.65, n.1, p.11-26, 
2017. https://doi.org/10.1111/lam.12736.

MENA-RIVERA, L.; QUIRÓS-VEGA, J. Assessment of 
drinking water suitability in low income rural areas: a case 
study in Sixaola, Costa Rica. Journal of Water Health, v.16, 
n.3, p.403-413, 2018. https://doi.org/10.2166/wh.2018.203.

MEO, S.A. et al. Novel coronavirus 2019-nCoV: prevalence, 
biological and clinical characteristics comparison with 

SARS-CoV and MERS-CoV. European Review for Medical 
and Pharmacological Science, v.24, n.4, p.2012-2019, 2020. 
https://doi.org/10.26355/eurrev_202002_20379.

MINAMIKAWA, T. et al. Quantitative evaluation of 
SARS-CoV-2 inactivation using a deep ultraviolet light-emit-
ting diode. Scientific Reports, v.11, n.5070, p.1-9, 2021. 
https://doi.org/10.1038/s41598-021-84592-0.

MOHAN, S.V. et al.  SARS-CoV-2 in environmental perspec-
tive: Occurrence, persistence, surveillance, inactivation and 
challenges. Chemical Engineering Journal, v.405, id.126893, 
p.1-21, 2021. https://doi.org/10.1016/j.cej.2020.126893.

MONTEAGUDO, J.M.et al. A novel combined solar pasteur-
izer/TiO2 continuous-flow reactor for decontamination and 
disinfection of drinking water. Chemosphere, v.168, 
p.1447-1456, 2017. https://doi.org/10.1016/j.chemo-
sphere.2016.11.142.

MORENO-SANSEGUNDO, J. et al. SODIS potential: A 
novel parameter to assess the suitability of solar water disin-
fection worldwide. Chemical Engineering Journal, v.419, 
id.129889, p.1-12, 2021. https://-
doi.org/10.1016/j.cej.2021.129889.

NELSON, K.L. et al. Sunlight-mediated inactivation of 
health-relevant microorganisms in water: a review of mecha-
nisms and modeling approaches. Environmental Science: 
Processes & Impacts, v.20, p.1089-1122, 2018. https://-
doi.org/10.1039/c8em00047f.

NGASALA, T.M.; MASTEN, S.J.; PHANIKUMAR, M.S. 
Impact of domestic wells and hydrogeologic setting on water 
quality in peri-urban Dar es Salaam, Tanzania. Science and 
The Total Environment, v.686, p.1238-1250, 2019. https://-
doi.org/10.1016/j.scitotenv.2019.05.202.

NICASTRO, F.et al. Solar UV-B/A radiation is highly effec-
tive in inactivating SARS-CoV-2. Scientific Reports, v.11, 
id.14805, p.1-11, 2021. https://-
doi.org/10.1038/s41598-021-94417-9.

NWANKWO, E.J.; AGUNWAMBA, J.C.; NNAJI, C.C. 
Effect of radiation intensity, water temperature and 
support-base materials on the inactivation efficiency of solar 
water disinfection (SODIS). Water Resource Management, 
v.33, p.4539-4551, 2019. https://-
doi.org/10.1007/s11269-019-02407-4.

ODIH, E.E. et al. Could Water and Sanitation Shortfalls Exac-
erbate SARS-CoV-2 Transmission Risks? The American 
Journal of Tropical Medicine and Hygiene, v.103, n.2, 
p.554-557, 2020. https://doi.org/10.4269/ajtmh.20-0462.

OKEKE, I.N. Divining without Seeds: The Case for Strength-
ening Laboratory Medicine in Africa. 1. ed., Ithaca, NY: ILR/ 
Cornell University Press. 2011. 240p. Available in: 
https://d119vjm4apzmdm.cloudfront.net/open-access/pdfs/97

Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.16

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.17

80801460906.pdf. Accessed in: 06/04/2021.

OLIVEIRA, L.C. et al. Viability of SARS-CoV-2 in river 
water and wastewater at different temperatures and solids 
content. Water Research, v.195, id.117002, p.1-8, 2021. 
https://doi.org/10.1016/j.watres.2021.117002.

OTAKI, Y. et al. Hygiene risk of waterborne pathogenic virus-
es in rural communities using onsite sanitation systems and 
shallow dug wells. Science of The Total Environment, v.752, 
id.141775, p.1-7, 2021. https://doi.org/10.1016/j.scito-
tenv.2020.141775.

PANDEY, D. et al. SARS-CoV-2 in wastewater: Challenges 
for developing countries. International Journal of Hygiene 
and Environmental Health, v.231, id.113634, p.1-7, 2021. 
https://doi.org/10.1016/j.ijheh.2020.113634.

PARKER, A.; CARLIER, I. National regulations on the safe 
distance between latrines and waterpoints. DEW Point, p.1-6, 
2009. Available in: https://assets.publishing.service.gov.uk/-
m e -
dia/57a08b3c40f0b652dd000ba6/DEWPoint_A0304_Nov20
09_National_regulations_safe_distance_latrines.pdf. 
Accessed in: 06/04/2021.

PARSA, S.M. et al. Effectiveness of solar water disinfection 
in the era of COVID-19 (SARS-CoV-2) pandemic for 
contaminated water/wastewater treatment considering UV 
effect and temperature, Journal of Water Process Engineering, 
v.43, id.102224, p.1-12, 2021. https://doi.org/10.1016/j.-
jwpe.2021.102224.

PASTORINO, B. et a. Heat inactivation of different types of 
SARS-CoV-2 samples: what protocols for biosafety, molecu-
lar detection and serological diagnostics? Viruses, v.12, n.7, 
735, 2020. https://doi.org/10.3390/v12070735.

PATTERSON, E.I. et al.  Methods of Inactivation of 
SARS-CoV-2 for downstream biological assays. The Journal 
of Infect Diseases, v. 222, n.9, p.1462-1467, 2020. https://-
doi.org/10.1093/infdis/jiaa507.

PETRONIO, G.P.; MARCO, R.D.; COSTAGLIOLA, C. Do 
Ocular Fluids Represent a Transmission Route of 
SARS-CoV-2 Infection? Frontiers in Medicine, v.7, 
id.620412, p.1-5, 2021. https://-
doi.org/10.3389/fmed.2020.620412.

PICHEL, N.; VIVAR, M.; FUENTES, M. The problem of 
drinking water access: A review of disinfection technologies 
with an emphasis on solar treatment methods. Chemosphere, 
v.218, p.1014-1030, 2019. https://doi.org/10.1016/j.chemo-
sphere.2018.11.205.

POLO, D. et al. Solar water disinfection (SODIS): Impact on 
hepatitis A virus and on a human Norovirus surrogate under 
natural solar conditions. International Microbiology, v.18, 
p.41-9, 2015. https://doi.org/10.2436/20.1501.01.233.

POLO-LÓPEZ, M.I. et al. Microbiological evaluation of 5 L- 
and 20 L-transparent polypropylene buckets for solar water 
disinfection (SODIS). Molecules, v.24, n.11, p.2193, 2019. 
https://doi.org/10.3390/molecules24112193.

POLO-LÓPEZ, M.I.et al. Elimination of water pathogens 
with solar radiation using an automated sequential batch CPC 
reactor. Journal of Hazard Materials, v.196, p.16-21, 2011. 
https://doi.org/10.1016/j.jhazmat.2011.08.052.

POPAT, S.C.; YATES, M.V.; DESHUSSES, M.A. Kinetics of 
inactivation of indicator pathogens during thermophilic anaer-
obic digestion. Water Research, v.44, n.20, p.5965-5972, 
2010. http://dx.doi.org/10.1016/j.watres.2010.07.045.

POTGIETER, N. et al. Human Enteric Pathogens in Eight 
Rivers Used as Rural Household Drinking Water Sources in 
the Northern Region of South Africa. International Journal of 
Environmental Research and Public Health, v.17, id.2079, p., 
2020. https://doi.org/10.3390/ijerph17062079.

PUJARI, P.R. et al. Assessment of the impact of on-site 
sanitation systems on groundwater pollution in two diverse 
geological settings - a case study from India. Environment 
Monitoring Assessment, v.84, p.251-263, 2012. https://-
doi.org/10.1007/s10661-011-1965-2.

RABENAU, H.F. et al. Stability and inactivation of SARS 
coronavirus. Medical Microbiology and Immunology, v.194, 
n.1-2, p.1-6, 2005. https://-
doi.org/10.1007/s00430-004-0219-0.

REMUCAL, C.K.; MANLEY, D. Emerging investigators 
series: the efficacy of chlorine photolysis as an advanced 
oxidation process for drinking water treatment. Environment 
Science: Water Research & Technology, v.2, n.4, p.565-579, 
2016. https://doi.org/10.1039/C6EW00029K.

RIMOLDI, S.G. et al. Presence and infectivity of 
SARS-CoV-2 virus in wastewaters and rivers. Science of The 
Total Environment, v.744, id.140911, p.1-8, 2020. https://-
doi.org/10.1016/j.scitotenv.2020.140911.

RIZK, N.M.; ALLAYEH, A.K. Multiplex semi-nested 
RT-PCR for genotyping of rotaviruses group A in Giza tap 
water Egypt. Asian Journal of Water, Environment and Pollu-
tion, v.15, n.2, p.217-221, 2018. https://doi.org/10.3233/A-
JW-180034.

RYBERG, E.C.; CHU, C.; KIM, J.H. Edible Dye-Enhanced 
Solar Disinfection with Safety Indication. Environment 
Science and Technology, v.52, n.22, p.13361-13369, 2018. 
https://doi.org/10.1021/acs.est.8b03866.

SABINO, C.P. et al. UV-C (254 nm) lethal doses for 
SARS-CoV-2. Photodiagnosis and Photodynamic Therapy, 
v.32, id.101995, p.1-2, 2020. https://doi.org/10.1016/j.pdp-
dt.2020.101995.

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



SCHLEGEL, A.; IMMELMANN, A.; KEMPF, C. Virus 
inactivation of plasma‐derived proteins by pasteurization in 
the presence of guanidine hydrochloride. Transfusion, v.41, 
n.3, p.382-389, 2001. https://-
doi.org/10.1046/j.1537-2995.2001.41030382.x.

SHEKOOHIYAN, S. et al. Enhancing solar disinfection of 
water in PET bottles by optimized in-situ formation of iron 
oxide films. From heterogeneous to homogeneous action 
modes with H2O2 vs. O2 - Part 2: Direct use of (natural) iron 
oxides. Chemical Engineering Journal, v.360, p.1051-1062, 
2019. https://doi.org/10.1016/j.cej.2018.10.113.

SICHEL, C. et al. Effect of UV solar intensity and dose on the 
photocatalytic disinfection of bacteria and fungi. Catalysis 
Today, v.29, n.1-2, p.152-160, 2007. https://-
doi.org/10.1016/j.cattod.2007.06.061.

SIDDIQUI, R. et al. SARS-CoV-2: The Increasing Impor-
tance of Water Filtration against Highly Pathogenic Microbes. 
ACS Chemical Neuroscience, v.11, n.17, p.2482–2484, 2020. 
https://doi.org/10.1021/acschemneuro.0c00468.

SILVERMAN, A.I. et al. Sunlight inactivation of human 
viruses and bacteriophages in coastal waters containing 
natural photosensitizers. Environment Science and Technolo-
gy, v.47, n.4, p.1870-8, 2013. https://-
doi.org/10.1021/es3036913.

SINTON, L.W. et al. Sunlight inactivation of fecal indicator 
bacteria and bacteriophages from waste stabilization pond 
effluent in fresh and saline waters. Applied Environment 
Microbiology, v.68, n.3, p.1122-1131, 2002. https://-
doi.org/10.1128/aem.68.3.1122-1131.2002.

SNOW, S.D.; PARK, K.; KIM, J.H. Cationic Fullerene Aggre-
gates with Unprecedented Virus Photoinactivation Efficien-
cies in Water. Environment Science and Technology Letters, 
v.1, p.290-294, 2014. https://doi.org/10.1021/ez5001269.

SOBOKSA, N.E. et al. Effectiveness of solar disinfection 
water treatment method for reducing childhood diarrhoea: A 
systematic review and meta-analysis. BMJ Open, v.10, n.12, 
id.038255, p.1-11, 2020. https://doi.org/10.1136/bmjop-
en-2020-038255.

SSEMAKALU, C.C. et al. Influence of solar water disinfec-
tion on immunity against cholera - a review. Journal Water 
Health, v.12, n.3, p.393-398, 2014. https://-
doi.org/10.2166/wh.2014.158.

SSEMAKALU, C.C. et al. Solar inactivated Vibrio cholerae 
induces maturation of JAWS II dendritic cell line in vitro. 
Journal Water Health, v.18, n.4, p.494-504, 2020. https://-
doi.org/10.2166/wh.2020.040.

STRAUSS, A. et al. Comparative analysis of solar pasteuriza-
tion versus solar disinfection for the treatment of harvested 
rainwater. BMC microbiology, v.6, n.289, p.1-16, 2016. 

https://doi.org/10.1186/s12866-016-0909-y.

SUN, J. et al. Isolation of infectious SARS-CoV-2 from urine 
of a COVID-19 patient. Emerging Microbes and Infections, 
v.9, n.1, p.991-993, 2020. https://-
doi.org/10.1080/22221751.2020.1760144.

SUN, S.; HAN, J. Open defecation and squat toilets, an 
overlooked risk of fecal transmission of COVID-19 and other 
pathogens in developing communities. Environmental Chem-
istry Letters, v.19, p.787-795, 2021. https://-
doi.org/10.1007/s10311-020-01143-1.

SUNKARI, E.D. et al. Sources and routes of SARS-CoV-2 
transmission in water systems in Africa: Are there any sustain-
able remedies? Science of The Total Environment, v.753, 
id.142298, p.1-10, 2021. https://doi.org/10.1016/j.scito-
tenv.2020.142298.

THEITLER, D.J. et al. Synergistic effect of heat and solar UV 
on DNA damage and water disinfection of E. coli and bacte-
riophage MS2. Journal of Water Health, v.10, n.4, p.605-618, 
2012. https://doi.org/10.2166/wh.2012.072.

TIAN, Y. et al. Review article: gastrointestinal features in 
COVID-19 and the possibility of faecal transmission. Alimen-
tary Pharmacology and Therapeutics, v.51, n.9, p.843-851, 
2020. https://doi.org/10.1111/apt.15731.

UBOMBA-JASWA, E. et al. Investigating the microbial 
inactivation efficiency of a 25 L batch solar disinfection 
(SODIS) reactor enhanced with a compound parabolic collec-
tor (CPC) for household use. Journal of Chemistry and 
Technology and Biotechnology, v.85, n.8, p.1028-1037, 2010. 
https://doi.org/10.1002/jctb.2398.

UPFOLD, N.S.; LUKE, G.A.; KNOX, C. Occurrence of 
human enteric viruses in water sources and shellfish: a focus 
on Africa. Food and Environmental Virology, v.13, p.1-31, 
2021. https://doi.org/10.1007/s12560-020-09456-8.

VERHEYEN, J. et al. Detection of adenoviruses and rotavi-
ruses in drinking water sources used in rural areas of Benin, 
West Africa. Applied and Environmental Microbiology, v.75, 
n.9, p.2798-2801, 2009. https://-
doi.org/10.1128/AEM.01807-08.

VINGER, B.; HLOPHE, M.; SELVARATNAM, M. Relation-
ship between nitrogenous pollution of borehole waters and 
distances separating them from pit latrines and fertilized 
fields. Life Science Journal, v.9, n.1, p.402-407, 2012. Avail-
able in: http://www.lifesciencesite.com/ls-
j/life0901/059_8040life0901_402_407.pdf. Accessed in: 
29/04/2021.

VIVAR, M. et al. Separating the UV and thermal components 
during real-time solar disinfection experiments: The effect of 
temperature. Solar Energy, v.146, p.334-34, 2017. https://-
doi.org/10.1016/j.solener.2017.02.053.

18

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



WANG, W. et al. Advances in photocatalytic disinfection of 
bacteria: Development of photocatalysts and mechanisms. 
Journal of Environment and Science, v.34, p.232-47, 2015. 
https://doi.org/10.1016/j.jes.2015.05.003.

WANG, X.W. et al. Study on the resistance of severe acute 
respiratory syndrome-associated coronavirus. Journal of 
Virological Methods, v.126, n.1-2, p.171-177, 2005. https://-
doi.org/10.1016/j.jviromet.2005.02.005.

WEGELIN, M. et al. Solar water disinfection; scope of the 
process and analysis of radiation experiments. Journal of 
Water Supply: Research and Technology - Aqua, v.43, n.3, 
p.154-169, 1994. Available in: https://www.do-
ra.lib4ri.ch/eawag/islandora/object/eawag:3023. Accessed in: 
29/04/2021.

WHO - World Health Organization. Drinking-water. News-
room | Fact sheets | Detail, 21 March 2022a. Available in: 
https://www.who.int/news-room/fact-sheets/detail/drink-
ing-water. Accessed in: 06/04/2022.

WHO - World Health Organization. Guidelines for drink-
ing-water quality: fourth edition incorporating the first adden-
dum. Geneva: World Health Organization®. Licence: CC 
BY-NC-SA 3.0 IGO. 2017. 631p. Available in: 
h t t p s : / / a p p s . w h o . i n t / i r i s / b i t s t r e a m / h a n -
dle/10665/254637/9789241549950-eng.pdf;jsessionid=2045
96F2298DB23A12CB42420B3DE613?sequence=1. 
Accessed in: 03/05/2021.

WHO - World Health Organization. Results of round II of the 
WHO international scheme to evaluate household water 
treatment technologies. Geneva: World Health Organiza-
tion®. Licence: CC BY-NC-SA 3.0 IGO. 2019. 80p. Available 
in: https://apps.who.int/iris/bitstream/han-
dle/10665/325896/9789241516037-eng.pdf?sequence=1&is
Allowed=y. Accessed in: 29/04/2021.

WHO - World Health Organization. Sanitation. Newsroom | 
Fact sheets | Detail, 21 March 2022b. Available in: https://ww-
w.who.int/news-room/fact-sheets/detail/sanitation. Accessed 
in: 06/04/2022.

WHO - World Health Organization. Water, sanitation, 
hygiene, and waste management for SARS-CoV-2, the virus 
that causes COVID-19. UNICEF: Interim guidance, 29 July 
2020. Number of reference: WHO/2019-nCoV/IP-
C_WASH/2020.4, p.1-15. Available in: https://www.who.int/-
publications/i/item/WHO-2019-nCoV-IPC-WASH-2020.4. 
Accessed in: 03/05/2021.

WONDRAK, G.T. et al. Solar simulated ultraviolet radiation 
inactivates HCoV-NL63 and SARS-CoV-2 coronaviruses at 
environmentally relevant doses. BioRxiv: The Preprint Server 
for Biology, p.1-28, 2021. https://-
doi.org/10.1101/2021.06.25.449831.

XIAO, F. et al. Evidence for gastrointestinal infection of 
SARS-CoV-2. Gastroenterology, v.158, n.8, p.1831-1833.e3, 
2020b. https://doi.org/10.1053/j.gastro.2020.02.055.

XIAO, F. et al. Infectious SARS-CoV-2 in feces of patient 
with Severe COVID-19. Emerging Infectious Diseases, v.26, 
n.8, p.1920-1922, 2020a. https://-
doi.org/10.3201/eid2608.200681.

XIE, M.; CHEN, Q. Insight into 2019 novel coronavirus - An 
updated interim review and lessons from SARS-CoV and 
MERS-CoV. International Journal of Infectious Diseases, 
v.94, p.119-124, 2020. https://-
doi.org/10.1016/j.ijid.2020.03.071.

YANG, Q. et al. Just 2% of SARS-CoV-2-positive individuals 
carry 90% of the virus circulating in communities. MedRxiv: 
The Preprint Server for Health Sciences, p.1-24, 2021. 
https://doi.org/10.1101/2021.03.01.21252250.

ZHANG, Y. et al. Isolation of 2019-nCoV from a stool speci-
men of a laboratory-confirmed case of the coronavirus disease 
2019 (COVID-19). China CDC Weekly, v.2, n.8, p.123-124, 
2020. https://doi.org/10.46234/ccdcw2020.033.

ZHENG, S. et al. Viral load dynamics and disease severity in 
patients infected with SARS-CoV-2 in Zhejiang province, 
China, January-March 2020: retrospective cohort study. The 
BMJ, v.369, n.1443, p.1-8, 2020.  https://doi.org/10.1136/b-
mj.m1443.

ZHOU, P. et al. Enhanced inactivation of Cryptosporidium 
parvum Oocysts during solar photolysis of free available 
chlorine.  Environment and Science Technology Letters, v.1, 
p.453-458, 2014.  https://doi.org/10.1021/ez500270u.

ZHU, N. et al. China novel coronavirus investigating and 
research team: A novel coronavirus from patients with pneu-
monia in China, 2019. The New England Journal of Medicine, 
v.382, n.8, p.727-733, 2020. https://doi.org/10.1056/NEJ-
Moa2001017.

Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.19

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)



Mozambican Journal Of Applied Sciences | https://mjas.ispg.ac.mz July, 2022 | Volume 1 | Issue 1.20

CHAÚQUE, B., J., M et al 2022 Efficacy of solar disinfection (SODIS)


