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ABSTRACT

The first experimental field in Spain for low-cost wastewater treatment was constructed in 1998 in Mansilla de las Mulas
(Leon). The project was funded by the Diputacion de Ledn and was run scientifically by the Department of Ecology at the
University of Leon until 1999. The objective of the field was to compare performances and to study the biological fundamen-
tals of systems such as constructed wetlands and algal ponds which had been adapted for wastewater treatment in rural areas.
The experiences carried out on constructed wetland systems proved that macrophytes had a significant role in the treatment of
diluted wastewaters. The role of vegetation varied depending on the technology used, being important for organic matter remo-
val in free water surface systems, whereas plants were only significant for nutrients and faecal bacteria in subsurface flow
systems. There were no differences among plant species in the performance of free water surface systems. Algae-based
systems such as high rate algal ponds proved to be a highly efficient technology for wastewater disinfection. Studies on decay
and inactivation of faecal bacteria and parasites (helmiths and protozoan oocysts) demonstrated for the first time that the
physico-chemical conditions created by the algae are powerful mechanisms for pathogen destruction. Wastewater treatment
plants are technologically-confined ecosystems in which limnological studies should be further encouraged both examining
basic knowledge on natural species and processes and leading to a better understanding of the biological foundations for their
design and operation.

Key words: wastewater, natural systems, constructed wetlands, high rate algal ponds, macrophytes, algae, nutrients, faccal
bacteria, helminths, protozoa.

RESUMEN

La Universidad de Leon establecio en 1998 un proyecto de investigacion con la Diputacion Provincial cuya principal materia-
lizacion fue la construccion del primer campo experimental en depuracion de bajo coste en nuestro pais. El objetivo del
campo experimental fue el de estudiar, a escala experimental, diferentes procesos de bajo coste, entre ellos los humedales
construidos y los lagunajes de alta carga. El presente trabajo resume los principales resultados de las investigaciones realiza-
das después de diez aiios de experiencias. Las plantas demostraron tener un papel significativo en humedales que tratan aguas
residuales diluidas. Dicho papel fue diferente dependiendo de la tecnologia. En sistemas de flujo sub-superficial las plantas
demostraron influir significativamente sobre la eliminacion de nutrientes y bacterias fecales, sin embargo en sistemas de flujo
superficial dicho efecto fue insignificante, siendo sin embargo importante sobre la eliminacion de materia organica. La espe-
cie de planta utilizada demostro no ser una variable importante en el funcionamiento de los sistemas de flujo superficial. Los
experimentos realizados en lagunajes de alta carga demostraron que las condiciones fisico-quimicas creadas en dichos siste-
mas eran responsables de la inactivacion del 50-90 % de los organismos patogenos e indicadores fecales estudiados. Los tra-
tamientos biologicos de aguas residuales deben entenderse como ecosistemas tecnologicamente confinados en los que el
conocimiento de su estructura y funcionamiento es aun excesivamente escaso en comparacion con la importancia que repre-
sentan para el medio ambiente.

Palabras clave: aguas residuales, sistemas naturales, humedales, lagunajes de alta carga, algas, macrofitos, nutrientes, bacte-
rias fecales, parasitos, protozoos.
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INTRODUCTION

The biology of wastewater treatment plants is an
important aspect of applied limnology. It includes
a wide variety of aquatic organisms, from viruses
to fishes, and their interactions and processes in
relation to the fate and degradation of conventio-
nal and industrial water pollutants. Unfortunately,
limnologists have paid much less attention to this
field than chemical or civil engineers, and even
today much of the biological research in this field
is not performed by limnologists.

Wastewater treatment plants are technically-
confined ecosystems in which design and opera-
tional variables have to be carefully controlled
for the adequate selection of the organisms res-
ponsible for pollutants removal. Wastewater
treatment plants are biotechnological reactors
working under the same principles of other reac-
tors (e.g. antibiotics production) with some
important differences. First, they are biologically
open systems. The continuous input of propagu-
les is an important process for the system. The
second aspect is that the quantity and quality of
food (i.e. wastewater) is highly variable.

Wastewater treatment was also of interest for
Ramon Margalef, who described them as “forced
ecosystems” in which an intensification of pro-
cesses occurs with a production in excess of their
organisms (Margalef 1983). These systems have
contributed to scientific knowledge in important
aspects of microbial ecology and taxonomy, for
instance of filamentous bacteria, nitrogen and
phosphorus biological removal or protozoan eco-
logy and taxonomy (Seviour & Blackall 1999).

Wastewater treatment systems can be classi-
fied depending on their electric requirements and
maintenance costs in one of two types. The “con-
ventional systems” (activated sludge, biofilters)
require a substantial number of pumps, aerators
or other devices for their functioning. The second
types are “low-cost systems” (trickling filters,
stabilization ponds, constructed wetlands). In the
latter type, minimum electric requirements and
maintenance costs are necessary, although a
much larger surface is required for their installa-
tion. These characteristics make low-cost systems
a sustainable option in most rural areas. The re-

search on their biological foundations is an
important objective for applied limnology. As the
scientific coordinator of the activities carried out
at the Experimental Field for Low-cost sanitation
in Mansilla de las Mulas from 1988 to 1999, here
I present the main outcomes of the research
carried out by the group during that time.

THE EXPERIMENTAL FIELD

In 1988 I was asked to propose ideas on how to
manage the funds that the Diputacion Provincial
de Leon was planning on investing in wastewater
treatment studies. The knowledge gained at that
time in one of the first masters in Spain on
Environmental Engineering at the Cantabria
University, the limnological background of the
Ecology Department at Leon University, and
the fact that the Diputacion is an administrative
body focused on promoting the development of
rural areas, gave me the idea of proposing the
construction of the experimental field, the first
in Spain, to compare performances, economic
costs and the biological fundamentals of low-
cost wastewater treatment plants. No studies
were available at that time on low-cost wastewa-
ter treatment systems and specially, on the biolo-
gical basis of processes occurring in them. The
location of the field was decided among villages
surrounding the city of Ledn on the following
criteria: i) the proximity to the University of
Ledn, ii) the availability of a municipal area
large enough for construction, iii) the vicinity to
the area of a sewage system with enough flow
for the experiments, and iv) the absence of
industrial or heavily loaded wastewaters.
Climatic conditions in Ledn province are a limit-
ing factor for the design of wastewater treatment
plant. Low temperatures in winter (mean tempera-
ture of the coldest month: 5 °C) means systems
must be larger than in other parts of Spain.
Moreover, wastewater is much diluted in our rural
areas as a consequence of the deficient construc-
tion of sewers and the entrance of water from urban
wells. Also, wastewater is recycled for use, either
directly from the sewer or indirectly by using water
from polluted rivers and streams. Thus, the study of
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Figure 1. A view of the experimental field. High rate algae ponds in the bottom left. Stabilization pond in the middle and pilot
tanks for constructed wetlands research on the top. Vista del campo experimental. Lagunajes de alta carga (parte inferior), lagu-
naje convencional de maduracion (centro) y tanques piloto para experimentacion con macréfitos acudticos (parte superior).

the use of low-cost systems is warranted. Having in
account previous considerations, the systems selec-
ted for experimentation fulfilled the following
requirements: i) to be low cost systems with regard
to operation and management, ii) they should be an
adequate technology considering the climatic con-
ditions in Leon province, iii) they should priorize
the study of systems with good pathogen removal
efficiency since wastewater reuse is a common
practice in rural areas. I outlined the construction
project with advice from the Departments of
Environmental Engineering at the Universities of
Cantabria and Polytechnic University of Barcelona
and the Fondation Universitaire Luxembourgeoise.
The construction project was finally designed in
collaboration with the engineer from the Dipu-
tacion, César Roa. I decided first on a macrophyte-
based system due to the scientific background on
aquatic plants available at the Department of
Ecology, through the expertise of Drs. Camino and
Margarita Fernandez-Alaez. The experimental lay-
out was based on that previously built by Radoux
(Radoux & Kemp 1982) in Viville (Belgium), and
adapted to our particular conditions (Bécares 1989,
Bécares et al. 1989). Other pilot-plant systems con-
sidered were a conventional facultative pond and a
high rate algal pond (Fig. 1).

APPLICATION OF CONSTRUCTED
WETLANDS FOR WASTEWATER
TREATMENT

Constructed wetlands are based on the use of
plants for the treatment of wastewater. Depen-
ding on the type of plants, the systems can
include submerged plants (limnophytes, e.g.
Myriophyllum spp., Ceratophyllum spp.), emer-
gents (helophytes, Typha spp., Scirpus spp.,
Phragmites spp.) or floating plants (pleustophy-
tes, Lemna spp., Eichhornia spp., Salvinia
spp.). Because of the presence of surface water,
the systems are classified as free-water surface
(FWS) systems, in which a small depth of water
(approximately 25-30 cm) is maintained on the
top of the soil, or subsurface flow (SSF) when
water is a few centimetres below the soil level.
According to flow type the systems are classi-
fied as horizontal or vertical flow systems. The
combination of plant species and flow types has
produced different technologies.The most com-
mon combine FWS with horizontal flow or SSF
with horizontal or vertical flow. Detailed des-
criptions on these technologies can be found in
several books and manuals (Hammer 1989,
Moshiri 1993, Reed et al. 1995, Kadlec &
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Knight 1996, Vymazal et al. 1998, Young et al.
1998, Kadlec et al. 2000). An up-to-date
synthesis on these systems can be found in
Garcia J. et al. (2004). The first experiences in
Spain on constructed wetlands for wastewater
treatment were carried out in Murcia in the 80’s
using Phragmites in small tanks (Moreno
1989), followed by our work in Mansilla de las
Mulas. At present there are about ten different
groups in Spain working on the subject. The
experiments conducted by Garcia and collabo-
rators are probably the most widely embracing
(e.g. Garcia J. et al. 2003, 2004)

Have plants a significant role in constructed
wetlands for wastewater treatment?

The removal of organic and inorganic matter
and bacteria from wastewater carried out by
macrophytes has been explained through seve-
ral mechanisms, such as sedimentation, mecha-
nical filtration or nutrient assimilation by
plants. Their roots may also serve as substrates
for attached bacteria degrading and taking up
nutrients and organic carbon (Brix, 1995). The
latter process is favoured by oxygen release
into the rhizosphere (Gersberg et al., 1986),
and by plant exudates (Stengel, 1985). Despite
this evidence, there is still controversy about
the mechanisms of functioning of macrophytes
for wastewater treatment in constructed
wetlands. Some researchers have found waste-
water treatment is improved in the presence of
macrophytes (Rogers et al. 1991, Farah-
bakhshazad et al. 1995), while other studies
have not detected significant differences in
treatment results between planted and unplant-
ed systems (Tanner et al., 1995). Nevertheless,
comparisons between studies are difficult
because they utilize diverse aquatic plant spe-
cies, wastewaters and flows. One of our first
objectives was therefore to test if plants had
any significant role under the climatic condi-
tions and wastewater characteristics in the pro-
vince of Leon. Experiments were carried out in
both FWS and SSF systems. Further details on
the experiments and results are available in
Ansola (1994) and Garcia (2002).

Organic matter and nutrient removal
in subsurface flow systems

SSF pilot-scale tanks 0.6 m? in volume and with
a surface of 1.1 m? were planted with Scirpus
lacustris growing on siliceous gravel. These
systems were compared with treatments in
which S. lacustris was grown in hydroponic cul-
ture, and with only gravel. The average diameter
of gravel was 6 mm, and porosity was calculated
as 35 %. Two replicates of each treatment were
used and all received the same wastewater.
Hydroponic cultures were designed to work
under plug-flow hydraulic regime by means of
deflectors, and plants were supported using a
small roll of garden net of 2 cm pore. Details on
the experiments and results are available in Soto
et al. (1999a, 1999b, 2000).

Organic matter and suspended solids

Plants do not take up organic matter but foster
the growth of organisms in the rhizosphere
which could help on such task (Brix 1994). In
our experiments, removal rates for biological
oxygen demand (BODjs) and suspended solids
(SS) were slightly higher in summer than winter
but no statistically significant differences were
found when comparing winter/summer or plan-
ted/unplanted conditions. In accordance with
other authors (Tanner et al. 1995), absence of
differences between tanks could be due to two
reasons. First, solids (organic matter) accumula-
te in the first third of the system, mostly at the
head of the tanks (Tanner & Sukias 1995).
Therefore, efficiency is potentially independent
of plant presence. Second, BOD loads were very
low, below 3 g/m?2 d. Tanner ef al. (1995) found
this value to be the limit for detecting signifi-
cant plant effects on BOD removal.

Nitrogen. Ammonia

A strong positive correlation was found between
ammonia surface loading and removal rate (Soto
et al. 1999a, 1999b). Removal rate was signifi-
cantly higher (P<0.05) in planted tanks and also
higher in summer than winter. Planted tanks remo-
ved 50 % more ammonia than unplanted under
winter conditions (0.145 g/m? d.), and about 63 %
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more in summer conditions (0.297 g/m? d). This
means that plant activity in summer was only res-
ponsible for 13 % of the ammonia uptake (i.e.
0.152 g/m? d), while other mechanisms unrelated
to plant uptake but linked to plant presence, were
responsible for the rest of the removal observed.

Nitrogen. Nitrate

Nitrification effectively occurred in both plan-
ted and unplanted tanks. Unplanted tanks were
marginally more effective than those with
plants in the removal of nitrate (differences
were not statistically significant). The ratio
C:N (as BOD5:TN) was 2.42 in winter, and
3.55 during summer, high enough for denitrifi-
cation to occur (Radtke, 1995). Nitrogen accu-
mulation by plants was calculated in about
30 % of the TN removed into the planted
system, including the N accumulated in sub-
merged parts, while the remaining 70 % was
likely removed by the microbial pool and lost
through denitrification (Soto ef al. 1999a).

Phosphorus

It is generally accepted that the mechanisms for
phosphorus removal are more related to gravel
surface processes, such as physical adsorption and
chemical precipitation by Ca or Fe (see, for exam-
ple, Nichols, 1983; Richardson, 1985; Faulkner
and Richardson, 1989), than to biological proces-
ses, such as uptake by plants and microorganisms.
However, and similarly to that found by Faulkner
and Richardson (1989), the comparison between
planted and unplanted systems showed that the
removal rate of reactive phosphorus (SRP) and the
removal efficiency were higher in planted than
unplanted tanks. According to this, macrophytes
were directly involved in the removal of 29 % of
TP in winter and 47.3 % in summer (i.e. 0.024 and
0.057 g/m? d removed, respectively). These diffe-
rences were statistically significant in summer.

The effect of plants in free-water surface flow
systems

In systems with subsurface water flow, substrate
hydraulic conductivity is an important design
parameter. Wastewater interacts directly with

the rhizosphere, and roots have additional func-
tions apart from being the physical support for
the biofilm. Nevertheless, in FWS systems, the
hydraulic conductivity of the gravel bed and
therefore the role of the rhizosphere is negligi-
ble (Kadlec and Knight, 1996). The main role of
macrophytes is to provide additional surface for
the development of a biofilm on the submerged
parts of plants. Comparing planted and unplan-
ted tanks, Ansola et al. (1993, 1995) proved that
planted tanks were significantly different from
control plots with regards to DBO, COD and
total phosphorus, but no differences were found
between planted and unplanted tanks with
regards to nitrogen forms (ammonia, nitrates,
organic nitrogen) nor phosphates. Differences
between FWS and SSF in the type of substances
removed (nutrients in SSF, organic matter in
FWS) are evidence that plants have a passive
role in the superficial-flow systems, acting as a
physical support for bacterial growth on their
submerged leaves and stems.

Mechanisms responsible for bacteria removal
in constructed wetlands

Similarly to previous researches (Gersberg et
al. 1990a, Rivera et al. 1995, Tanner et al.
1995, Loveridge et al. 1995), from differences
between planted and unplanted systems it can
be concluded that macrophytes also play an
active role in the removal of microorganisms
from wastewater. Rooted biofilms provide a
better substrate than gravel surfaces for micro-
bial activity (Loveridge et al. 1995). Cons-
tructed wetlands are more efficient than con-
ventional systems in the removal of bacteria
but generally less efficient than stabilization
ponds (Garcia & Bécares 1997). The compari-
son of planted and unplanted systems generally
showed a higher rates of bacteria removal in the
presence of plants, although results were highly
variable and were dependent on plant type,
hydraulic design and wastewater characteristics
(Hammer 1989, Tanner et al. 1995).

Several mechanisms have been proposed, and
on occasion demonstrated, to be responsible for
bacteria removal. Oxygen production and bacte-
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rial activity in the rhizosphere (Brix 1987,
1997), sedimentation, filtration and adsorption
(Gersberg et al. 1989, Williams et al. 1995) are
commonly cited mechanisms in the literature.
Decamp & Warren (1998) and Rivera et al.
(1995) have pointed bacterivory as a key mecha-
nism in CW, as microfaunal densities and preda-
tory activity were higher in the presence of
plants in their experiments. Excretion of anti-
bacterial compounds by plants is another con-
troversial mechanism frequently cited in the
literature, but not yet clearly proved. Plants
modify the soil microenvironment and probably
release substances which enhance the develop-
ment of specialized bacterial on its rhizosphere
(Hatano et al., 1993). Commonly cited papers,
such as those by Seidel (1955, 1976), Gopal &
Goel (1993), Ottova et al. (1997) and others
have not been able to prove a direct effect of
plants on bacteria inhibition but have found that
plant presence is related to higher bacteria
reductions. There is evidence showing that some
plants produce secondary metabolites with anti-
bacterial properties (e.g. Dellagreca et al.
2001), although their role in wastewater treat-
ment has still to be proved.

An important part of our studies at the
Experimental Field were focused on determi-
ning and quantifying the mechanisms involved
in bacteria and pathogen removal by constructed
wetlands. Studies comparing the role of Scirpus
lacustris in planted and un-planted subsurface
flow tanks (Garcia ef al. 1999, Soto et al. 2000)
showed that planted tanks were more efficient at
removing microbes (up to 99.9 %) than unplan-
ted tanks. There were statistical differences bet-
ween planted and control conditions (p<0.01)
for total coliforms, faecal streptococci and total
heterotrophs, and removal rates were higher in
summer than winter. Antibacterial activity
potentially exerted by plants was not detected by
using filtered effluents from planted tanks as
dilution water for total bacterial growth in the
influent (Garcia et al. 2004). Predation, as a
potential mechanism for bacteria removal was
also evaluated in these systems (Garcia et al.
2004). Decamp et al. (1999) found a higher
ciliate abundance and predatory activity in plan-

ted than unplanted gravel wetlands. In our tanks,
results showed that the abundances of ciliates
and flagellates, the only bacterivorous orga-
nisms found, were much lower than reported in
other similar systems (Decamp et al. 1999,
Panswar and Chavalparit 1997). Differences in
abundance in planted and unplanted tank were
statistically significant for flagellates but not for
ciliates. The presence of plants increased proto-
zoan abundance, which could be another reason
for the higher bacteria removal in planted
systems (Garcia ef al. 2004).

Do the plant species matter?

It is well known that different plant species have
different resource requirements and rates of mat-
ter processing. A question here was if there were
differences among helophytes with regard to
their processing efficiency on nutrients or orga-
nic matter pollution. Scirpus lacustris, Typha
angustipholia, Iris pseudacorus, Phragmites
australis and a control without plants were
simultaneously grown in small tanks with surfa-
ce flow hydraulics. Ansola et al. (1994) did not
find differences among plant species for all
variables studied with the exception of phospha-
tes for Iris pseudacorus, which presented signi-
ficantly higher removals compared to Typha and
Phragmites. In other experiment (Ansola 1994),
compared three-way combinations of plants
(Scirpus-Iris-Phragmites, Typha-Iris-Scirpus,
TBypha-Scirpus-Phragmites) growing in separate
tanks. Results showed no differences among
combinations of plants for nutrients or organic
matter. Concerning faecal indicators and patho-
gen removal, Lopez & Bécares (1993) found that
Scirpus lacustris had higher bacteria removal
rates than the aforementioned species, as shown
by most faecal indicators used.

ALGAE-BASED SYSTEMS FOR
WASTEWATER TREATMENT

A high rate algal pond (HRAP) was the algae-
based system selected for testing under the afo-
rementioned climatic conditions in Leén. HRAP
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is a low-cost wastewater treatment system
designed to achieve two goals: the secondary
treatment of wastewater and the production of
algal biomass. The HRAP is a combination
of intensified oxidation pond and algal reactor.
Algae supply the oxygen needed for the bacte-
rial degradation of organic matter, while bac-
teria supply mineral compounds excreted to the
algae for their nutrition. The HRAP is characte-
rized by shallow depths, mechanical mixing and
short residence times, implying smaller surface
areas than those of conventional stabilization
ponds (Fallowfield & Garret 1985). HRAP
systems were first designed for wastewater
treatment by Oswald (1963, 1988), and therein-
after were used in other parts of the world.
Particulary worthy of notice are the projects by
Shelef in Israel (Shelef & Azov, 1987). The first
experiences in Spain were carried out in the
extinct Centro de Investigaciones del Agua in
La Poveda (Arganda del Rey), where studies on
algal biomass production were carried out in
outdoor pilot plants (Velasco et al. 1988).
Studies on this topic continued into the early
nineties at the Polithecnic University of
Barcelona (UPC; Garcia J., 1996). Our expe-
riences on HRAP systems followed the experi-
mental layout and pilot plant characteristics pre-
viously developed at the UPC.

The complete description of performances
and details on the experiments and their seaso-
nal and diurnal patterns are described in
Gonzalez 1999 and Gonzalez et al. (1994,
1999, 2000, 2001) and Araki et al. (2000,
2001). Experiments tested several hydraulic
detention times (10, 5 and 3 days) under both
summer and winter conditions. A water velo-
city of 15 cm/sec could be achieved in the
system by using paddle wheels at a rotational
speed of 3 r.p.m. A depth of water of 30 cm was
maintained constant during the study. The best
results for COD, BODs and solids removal
were obtained with a hydraulic detention time
of 3 days. Algal populations were dominated by
blooms of Monoraphidium contortum followed
by Scenedesmus spp. HRAP was therefore con-
sidered an adequate system for the wastewater
treatment in the Leon area, being potentially

appropriate for the treatment of heavily pollu-
ted wastewater such as that from pig farms,
which are abundant in the area.

The pathogen removal mechanism in
algae-systems. The role of physico-chemical
conditions

Evidence on disease transmission associated
with raw wastewater reuse, points most strongly
to the helminths and protozoa parasites as the
number one problem, with only limited trans-
mission of bacterial and virus disease (Shuval
1991). The very low doses required to produce
infection (Boutin 1982), their cosmopolitan dis-
tribution and their long persistence in the envi-
ronment (Feachmen et al, 1983) make these
organisms the main problem in wastewater
reuse, mainly in rural areas. Because of their
tough wall, these parasites are also extremely
resistant to disinfection with chlorine, mono-
chloramine and many other chemicals (Campbel
et al. 1995, Fayer et al. 1996). In recent years,
various studies in different countries have shown
that one of the most important waterborne patho-
gen is Cryptosporidium parvum, a proto-
zoan parasite causing diarroheal disease in a
wide range of vertebrates including humans
(O’Donoghue 1995). International guidelines
strongly recommend the use of low-cost, highly
efficient pathogen removal systems for wastewa-
ter treatment and stabilization ponds systems are
the most efficient for their removal (Schwardz-
bord et al. 1989, Shuval 1991). High rate algal
ponds follow basically the same removal mecha-
nisms than stabilization ponds. Both are highly
efficient according to faecal bacteria indicators
(Garcia & Bécares 1997). However, the precise
mechanisms underlying the removal of parasites
in these systems are still unclear (E1 Hamouri et
al. 1994). Several experiments were carried
out at the Experimental Field with an aim to dis-
criminating the role of ionic conditions as a
mechanism for helminths and protozoa parasites
decay, excluding other removal factors like sedi-
mentation or predation. Further details on the
experiments and the results obtained are presen-
ted in Araki et al. (2000, 2001).
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The viability of Cryptosporidium parvum oocysts
and Parascaris equorum eggs were studied in two
experimental pilot-scale High Rate Algal ponds
(HRAP) working in parallel during hydraulic
retention time (HRT) of 3 and 10 days. Semi-per-
meable bags of cellulose (14000 daltons pore
size) were used to determine the effect of the
physico-chemical environment on the infectivity
of the oocysts. Semi-permeable bags only allow
the exchange of small ions and water between the
reactor and the eggs. Viability was tested using
the method used by Caseres et al. (1987) for hel-
minths and neonatal NMRI mice inoculated intra-
grastricaly with treated and untreated C. parvum
oocysts. Results revealed that inactivation of
oocysts by HRAP was higher than in conventio-
nal wastewater treatment systems. The HRAP
physico-chemical conditions were responsible for
more than 97 % of the reduction of infection
cases in mice. The lack of differences between the
two retention times tested suggests that oocysts
lose their infectivity shortly after contact with the
water environment. With regard to the helminths,
a 60 % reduction in viability was achieved after
4 days exposure to conditions in the HRAP, rea-
ching a 90 % reduction after 10 days. The effect
of ions and general osmotic conditions on the via-
bility of nematode eggs under the HRAP water
environment was responsible for 50-60 % of egg
mortality. This implies that mortality due to the
ionic environment in the HRAP could be more
important than physical retention and other remo-
val factors potentially involved.

CONCLUSIONS

Main outcomes after ten years of research can
be summarized as follows: i) Plants have a sig-
nificant effect on wastewater treatment when
treating diluted wastewater, and are a necessary
element of the treatment system. Nevertheless,
their role depends on the type of treatment pro-
cess. Plants are relevant to nutrient removal but
not to that of organic matter in subsurface flow
systems, whereas the opposite occurs in free-
water surface systems, ii) the type of species
used in FWS systems is not important; all spe-

cies had good performances, iii) plants did not
show a direct effect on bacteria removal but
demonstrated an indirect effect through the
creation of an hostile rhizosphere environment
in turn stimulating the growth of bacterivorous
populations, iv) high rate algal ponds are an
adequate technology for wastewater treatment,
specially when bacteria removal is an important
treatment objective, v) physico-chemical condi-
tions created by the metabolism of algae is the
main mechanism responsible for the inactiva-
tion and decay of bacteria and parasites cysts.
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