Removal of Escherichia coli from biological effluents using
natural and artificial mineral aggregates
M Miranda-Ríos1, VM Luna-Pabello1*, MT Orta de Velásquez2 and JA Barrera-Godínez1

Facultad de Química, Universidad Nacional Autónoma de México, Ciudad Universitaria, México D. F. 04510, México
2
Instituto de Ingeniería, Universidad Nacional Autónoma de México, Ciudad Universitaria, México D. F. 04510, México
1

Abstract
Ability for disinfecting sterile biological effluents inoculated with Escherichia coli ATCC 25922 at concentrations of
105 CFU/mℓ, using a natural mineral aggregate (NMA) and artificial mineral aggregates (AMA’s) consisting of individual
oxides as Fe2O3, Cu 2O y Ag2O and combined oxides as Fe2O3-Cu 2O, Fe2O3-Ag2O, Cu 2O-Ag2O, Fe2O3-Cu 2O-Ag2O, contained
in alginate beads, was compared. The results indicate that Ag2O and Fe2O3-Ag2O, Cu 2O-Ag2O combinations, as well as
NMA, inactivated 100% of E. coli in 30 min, whereas the oxides mixture, Fe2O3-Cu 2O-Ag2O, took 13 min. It was observed
that redox potential values were closely related to the disinfection level achieved. The advantage resulting from using
alginate beads was that these allow the formation of AMA, which has higher disinfectant ability relative to NMA.
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Introduction
Biological effluents from domestic wastewater treatment are
required to be disinfected before reuse (Liberti et al., 2000)
because they still contain microorganisms of intestinal origin,
such as helminth ova and faecal coliform bacteria. Escherichia
coli is a bacterium of enteric origin whose occurrence and
abundance allows for its use in defining the sanitary quality of water and wastewater. The World Health Organization
(WHO, 1989) has established a maximum level of 1 000 faecal
coliforms unit (FCU)/100 mℓ for Category A water quality.
Chlorination is the most widely used wastewater disinfection
method, even though it has a drawback due to the formation
of trihalomethanes and organochlorinated compounds which
are carcinogens. An alternative disinfection method is the use
of some metals, either alone or combined, such as Fe, Cu or
Ag in the solid state (Davies and Etris, 1997; You et al., 2005),
in ionic form (Craig, 2001; Jiang et al., 2006a; Silva-Martínez
et al., 2004; Silvestry-Rodriguez et al., 2007), in combination
with UV light (Kim et al., 2008) or as formulations where
metal ions of Al, Cu or Ag are added to a solid matrix like
zeolites (Rivera-Garza et al., 2000; De La Rosa-Gómez et al.,
2008), ceramic material (Kim et al., 2004), silicates (Kawashita
et al., 2003), colloids and metal nanoparticles (Chaloupka et
al., 2010; Cho et al., 2005; Choi et al., 2008; Li et al., 2008),
polymers (Lukhele et al., 2010) or biopolymers (Yi et al.,
2003). However, experiences in using metals for disinfecting
wastewater have been few, and mainly consist of using metal
ions in combination with other chemical disinfectants, such as
chlorine, hydrogen peroxide or peracetic acid (PAA). These
combinations of disinfectants have been applied to influents
from advanced primary treatment (APT), biological effluents
or raw water (Pedahzur et al., 1995; Orta de Velásquez et al.,
2008; Luna-Pabello et al., 2009). In most cases, for achieving
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total inactivation of test microorganisms, contact time tends to
be large, i.e. up to 2 h (Table 1).
Mineral aggregates present an opportunity for improvement. Mineral aggregates may contain metals such as Fe, Cu
and Ag at their different oxidation states, thus increasing their
germicidal effect. These metals contribute to inhibition of the
cellular respiration process, due to the inactivation of –SH radicals of respiration enzymes, the interruption of the electrontransfer chain and DNA and RNA disruption (Davies and Etris,
1997; Silva-Martínez et al., 2004; Holt and Bard, 2005; Sharma
et al., 2005; Yamanaka et al., 2005; Silvestry-Rodriguez et al.,
2007; Park et al., 2009; Chaloupka et al., 2010). Natural mineral
aggregates (NMAs) have shown germicidal activity but they
exhibit drawbacks such as not having a homogeneous composition and containing undesirable metals such as As and Pb
(Miranda-Ríos and Luna-Pabello, 2002-2003).
A possible matrix to make artificial mineral aggregates is
sodium alginate, which is a natural ionic polysaccharide having
many applications in the food and pharmaceutical industries
(Braccini and Pérez, 2001). Alginate has been used for immobilising biomolecules and also is a strong chelating agent for
metals. With most divalent cations, it produces gels that are
heat irreversible (Park et al., 2007).
Based on the above, the objective of this study was to
determine the contact time required to disinfect a biological
effluent containing E. coli, at initial concentrations of 105 CFU/
mℓ, using silver shot, copper shot, natural mineral aggregates
(NMA’s) and artificial mineral aggregates (AMA’s) formed
with Fe2O3, Cu 2O, Ag2O, separated or combined.

Experimental
Sterile biological effluent: The biological effluent was obtained
from Ciudad Universitaria UNAM, located at the southern
zone of Mexico City. Two hundred litres were collected from
the effluent of the activated sludge system, before it passes
through the sand filter, and was subjected to physicochemical
analysis as described by Eaton et al. (2005), and then sterilised
by autoclaving at 1.1 kg/cm 2, 120ºC for 15 min.
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