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Abstract
Efficiency of UV-light to inactivate microbial indicators, Salmonella Typhi and Acanthamoeba spp. was studied in three
different biological secondary effluents. Even though effluents differed in terms of their total suspended solids content,
transmittance and particle size distribution, the UV-light dose required to fulfil WHO agricultural water reuse criteria was the
same (30 mW·s/cm 2), because the particle content with sizes >40 µm was similar and very small. Using this dosage, 3 log of
Salmonella Typhi and faecal enterococci were also inactivated. To avoid faecal coliform and Salmonella Typhi photoreactivation, the UV dose had to be doubled and in the process 2.5 log of Acanthamoeba spp. were also inactivated. This is interesting
because its presence in wastewater, pathogenicity and resistance to conventional disinfection processes has been reported
in the literature. Additionally, it was found that the faecal coliforms’ inactivation rate constant was the lowest one of all the
bacteria studied (Salmonella Typhi and faecal enterococci), suggesting the limitation of this indicator when several kinds of
pathogens are present, as is the case in developing countries.
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Introduction
In 2001, water-borne diarrheic diseases represented 13% of
the 15 million deaths caused by all types of infectious diseases
worldwide, 74% occurring in children under the age of 5 in the
developing world (Hinrichsen and Robey, 2000). One of the
main causes of diarrhoea is the consumption of crops irrigated
with polluted water. It is estimated that at least 20 x106 ha in
50 countries are irrigated using wastewater and that 10% of the
crops consumed in the world are produced this way, although
for some countries, such as Thailand, consumption may be as
high as 90% (Carr et al., 2004; Scott et al., 2004). There are no
estimates of the amount of crops produced using polluted water
but it is reasonable to assume that the figures could be much
higher than those presented for wastewater. This is of particular concern for developing countries because, on the one hand,
higher concentrations of a wider variety of organisms (bacteria,
viruses, protozoa, and helminth ova) are present in wastewater
compared to developed countries’ wastewater (Jiménez et al.,
2001), and on the other hand, it is frequently cited in the literature that the behaviour of pathogens during disinfection is not
properly modelled by common microbial indicators (Chang et
al., 1985; Ashbolt et al., 2001).
Salmonella Typhi is one such pathogen usually present in
wastewater produced in developing countries and in high concentrations. This bacterium is responsible for typhoid fever, a
disease transmitted through the ingestion of polluted water
or food which is very common worldwide. It is estimated that
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12.5 million people worldwide are infected annually. In Mexico
alone, 7 481 cases of typhoid fever were reported in 2002; by
comparison, there were 400 cases in the United States, 200 in
the UK and 90 in France (WHO, 1998; CDC, 2001).
Protozoa are another group of micro-organisms contained
in wastewater. The pathogenic enteric protozoa compromise
the health of millions of people and contribute significantly to
diarrhoeal disease morbidity. Their prevalence varies between
2 and 5% in developed countries while in developing ones it is
20 and 30% (Norhayati et al., 2003). It is currently perceived
that Cryptosporidium (mainly) and Giardia (occasionally) are
the only emerging protozoan pathogens, but there are many others in wastewater, depending on the local health situation. One
example is Acanthamoeba spp. which is a non-faecal pathogenic
protozoan found in a variety of environments and isolated from
wastewater used to irrigate crops in Mexico (Maya, 2000). Its
mode of infection is believed to be via skin lesions or through
the respiratory tract rather than oral ingestion, occurring mainly
in immuno-compromised individuals or young children. It can
cause diseases in farmers if they come in direct contact with
wastewater, as frequently happens in areas where non-treated
wastewater is used for irrigation and in the general population
when sprinkler irrigation is used or when children play in the
open canals transporting wastewater. Moreover, wastewater and
polluted soil have been described as pathogen reservoirs that
pollute crops during cultivation by splashing or through windblown dust or by direct contact with fruits. Although rare, Acanthamoeba infections can cause death, as has been reported in the
USA, Australia and Europe, which are countries with enough
institutional capacity to track down the disease (Dreelin, 2005).
The sanitary importance of Acanthamoeba resides in its
pathogenicity and resistance to conventional disinfection processes (Martínez and Visvevara, 1997). UV-light disinfection is
an efficient method for inactivating bacteria, viruses and some
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