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A wastewater tertiary treatment system based on membrane ultrafiltration and fed with secondary-treated
municipal wastewater was evaluated for its Giardia cyst and Cryptosporidium oocyst removal efficiency. Giardia
duodenalis (assemblages A and B) and Cryptosporidium parvum were identified in feed water but were found in
filtered water only during occasional failure of the filtration system.

Treated wastewater can be utilized as an alternative water
source for agricultural irrigation, but advanced treatment is
required to minimize its potentially negative impact on public
health. In particular, chlorine-based disinfection tools cannot
destroy the resistant stages of protozoan parasites Giardia and
Cryptosporidium (7, 11), and there is an urgent need for spe-
cific treatments to remove these protozoa from wastewater.
Membrane technologies have a strong potential in this re-
spect, and ultrafiltration (pore size of 0.002 to 0.1 �m) can
achieve complete removal of protozoan cysts (4 to 15 �m)
by physical sieving (2, 16). This is especially interesting for
wastewater reclamation and makes it possible to avoid
chemical disinfection and consequent possible formation of
toxic by-products (14).

In a previous investigation, a pilot-scale membrane system
was evaluated for reuse of treated wastewater in irrigation and
gave very good performances in terms of suspended solids and
bacterial removal (17). This work refers to the same experi-
mental plant and reports results on (i) the presence of Giardia
cysts and Cryptosporidium oocysts in well water used for irri-
gation in southern Italy and in secondary-treated wastewater
from urban areas, (ii) the (oo)cyst removal efficiency of the
tertiary treatment system based on membrane filtration, and
(iii) the presence of (oo)cysts in soil and vegetables irrigated
with well water and water filtered by the above-mentioned
method.

Wastewater tertiary treatment was carried out at the pilot
scale by membrane ultrafiltration using a submerged hollow-
fiber system. All details of the pilot plant, equipped with a
Zenon ZeeWeed membrane module (Zenon Environmental
Inc., Canada), were provided in a previous article (17). A
simplified scheme of the pilot plant is shown in Fig. 1. The

permeate after filtration was collected and stored in six tanks
(5 m3 each). Although each irrigation required about 15 m3 of
water, a total stored volume of 30 m3 was always available in
order to match the continuous plant operation with the dis-
continuous demand for treated water for irrigation and to have
a buffer of treated water in case of possible equipment failures.
The test field was located about 100 m from the pilot plant and
was connected to the storage tanks by a pipeline. In this ex-
perimental field, 2-year studies were carried out to compare,
on four crops in succession (fennel, lettuce, chicory, and pro-
cessing tomato), two types of water: tertiary filtered municipal
wastewater and well water commonly used for irrigation.

Giardia cyst and Cryptosporidium oocyst detection in water
and wastewater was performed according to the ICR proto-
zoan method for Giardia cysts and Cryptosporidium oocysts
(20), except that all centrifugation steps were performed at
1,800 � g for 15 min. Briefly, 50-liter samples were filtered
through a yarn-wound cartridge filter of 1-�m nominal porosity.
The fluid obtained from filter washing was concentrated by
centrifugation, and the sediment was subjected to Percoll-su-
crose (specific gravity, 1.10) flotation. (Oo)cysts were identified by
immunofluorescence (IF), using a commercially available kit
(Meridian Diagnostics, Cincinnati, Ohio) and a fluorescence mi-
croscope (Nikon) at �400 magnification. Most samples were also
subjected to molecular analysis after genomic DNA extraction
using a QIAamp DNA stool mini kit (QIAGEN). For Giardia
spp., a nested-PCR procedure was carried out to amplify a
130-bp region from the small-subunit ribosomal DNA by use of
the primers RH11 and RH4 (10) and the primers GiarR and
GiarF (18). Regarding Cryptosporidium spp., an �400-bp re-
gion of the N-terminal domain of the COWP gene was ampli-
fied by a seminested PCR using the primers CRY15D and
CRY9D (19) and the primer CRYINT2D (15). For both
Giardia and Cryptosporidium spp., positive and negative con-
trols were included in each batch of PCR. The final products
were visualized on 2% agarose gel with ethidium bromide.
PCR products were then purified using a NucleoSpin extract
(Macherey-Nagel) purification kit and sequenced by the MWG
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DNA sequencing service (MWG Biotech AG, Germany). The
obtained sequences were aligned using Clustal W and com-
pared with those available in GenBank for Giardia and Cryp-
tosporidium species and genotype identification.

In a first set of experiments, the presence of Giardia cysts
and Cryptosporidium oocysts was investigated in secondary-
treated municipal wastewater after activated sludge and sedi-
mentation. Giardia cysts were found in four of four wastewater
samples at a concentration of 1.83 � 103 � 1.81 � 103/liter
(mean � standard deviation). These samples were also PCR
positive and after sequencing were determined to belong to the
Giardia duodenalis assemblages A (three isolates) and B (one
isolate). Cryptosporidium oocysts were detected in two of four
of the same samples at a concentration of 5.62 � 101 � 8.06 �
101/liter (mean � standard deviation). These microscopically
positive samples were successfully amplified by PCR and se-
quenced, aligning with the Cryptosporidium parvum COWP
sequence available in GenBank.

The secondary-treated wastewater was used as feed water for
the tertiary treatment based on membrane filtration. Table 1
shows the results in terms of Giardia cysts and Cryptosporidium
oocysts detected by IF and PCR in filtered water. In the first
period of this investigation, from February 2004 to February
2005, preliminary results indicated a good (oo)cyst removal
efficiency of Giardia cysts by the ultrafiltration system (99.98%,
3.6 log), while the Cryptosporidium oocyst removal results were
limited by the low amount in the feed and in the permeate.

However, the presence of (oo)cysts in the permeate suggested
the need for complete examination of the filtration plant and
the membrane module for possible failures, since the mem-
brane nominal porosity (0.03 �m) should guarantee complete
(oo)cyst removal. A thorough test of the system revealed the
imperfect sealing of a connection on the permeate extraction
pipeline, which had probably caused partial leakages of the
wastewater contained in the filtration tank, with consequent
contamination of the permeate.

After a complete overhaul of the pilot plant, 10 permeate
samples were collected between April 2005 and July 2006 and
tested negative for the presence of Giardia cysts and Crypto-
sporidium oocysts, thus indicating the effectiveness of the mea-
sures adopted. All of these samples were also subjected to
nested PCR for Giardia and Cryptosporidium and tested neg-
ative (Table 1).

Moreover, Giardia cysts belonging to G. duodenalis assem-
blage A were present in 2 of 19 water samples collected be-
tween June 2004 and July 2006 from a phreatic well used for
irrigation (Table 1).

In addition, soil samples, collected as cylinders at a depth of
0 to 10 cm, were taken from the areas watered with well water
(16 samples) or filtered water (16 samples). To search for
(oo)cysts in soil, 30 g of the soil samples was diluted in 50 ml
of buffered detergent solution and vortexed by magnetic stir-
ring for 15 min. The suspension was then filtered through a
double gauze. After further washing of the gauze with buffered

FIG. 1. Scheme of the membrane filtration pilot plant.

TABLE 1. Giardia cysts and Cryptosporidium oocysts detected by direct IF microscopy and PCR in filtered water (FW)
before and after plant overhaul and in well water

Type of water

Giardia Cryptosporidium

No. of samples
positive/no. of

samples examined
by IF

Mean no. of
cysts/liter

(�SD)

No. of samples
positive/no. of

samples examined
by PCR

No. of samples
positive/no. of

samples examined
by IF

Mean no. of
oocysts/liter

No. of samples
positive/no. of

samples examined
by PCR

FW before plant overhaul 9/13 0.43 � 0.1 2/3 1/13 0.2 0/1
FW after plant overhaul 0/10 0 0/10 0/10 0 0/10
Well water 2/19 0.55 � 0.07 2/8 0/19 0 0/8
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detergent solution, the filtrate was centrifuged at 1,800 � g for
10 min. Then, the pellet was clarified by Percoll-sucrose and
parasites were identified by IF as described above. Giardia cysts
(53.5/10 g) and Cryptosporidium oocysts (82/10 g) were found in
one sample watered with well water, while (oo)cysts were never
found in soil samples watered with filtered wastewater.

Finally, 22 different vegetable samples, 11 irrigated with
filtered water and 11 with well water, were collected at har-
vesting time. After extensive washing of 100 g from all items
with buffered detergent solution, the washing water was cen-
trifuged at 1,800 � g for 15 min, the pellet was subjected to
Percoll-sucrose flotation, and then (oo)cysts were identified by
IF. All of these samples were negative for the presence of
Giardia cysts, while Cryptosporidium oocysts were found in two
samples (lettuce and fennel) watered with filtered water before
the definitive overhaul of the filtration plant.

Regarding the agreement between immunofluorescence mi-
croscopy and PCR for (oo)cyst detection, the results obtained
with Giardia were in accordance in all but two well water
samples, one IF positive (with low cyst concentration) and
PCR negative and the other IF negative but PCR positive. For
Cryptosporidium, only one sample of filtered water that tested
IF positive with very low oocyst numbers was found to be PCR
negative.

The results of the present study suggest that the membrane
filtration system under investigation is useful for removal of
potentially pathogenic protozoan cysts from wastewater to be
used in agriculture. This confirms previous investigations
showing that ultrafiltration membranes provide high log re-
moval of Cryptosporidium oocysts and Giardia cysts (12, 13),
also in the context of the U.S. EPA Environmental Technology
Verification (ETV) program (http://www.epa.gov/etv/pdfs/vrvs
/02_vr_zenon_or.pdf; http://www.epa.gov/etv/pdfs/vrvs/02_vs
_zenon_pa.pdf).

In the present work, higher concentrations of Giardia cysts
than Cryptosporidium oocysts were found in municipal waste-
water. This confirms previous studies on wastewater carried
out in Italy (5) and suggests a high circulation of Giardia
infection in humans. In this respect, giardiasis and cryptospo-
ridiosis are not notifiable diseases in Italy and epidemiological
data are based on specialized studies which suggest an overall
prevalence of Giardia infection of 2.7% (8). Regarding cryp-
tosporidiosis, 1.7% of 359 immunocompetent hospitalized chil-
dren with enteritis were infected in southern Italy (3), but a
higher prevalence (11%) was found in human immunodefi-
ciency virus-infected adult patients before the introduction of
highly active antiretroviral therapy (4). In addition, our results
have demonstrated that Giardia cysts present in well water
commonly used for irrigation belonged to zoonotic assem-
blages A and B, thus suggesting a possible risk for human
health from this water source for irrigation (1, 6).

Finally, the results of this investigation underline the impor-
tance of continuous monitoring of the ultrafiltration system
integrity by searching for (oo)cysts in the permeate in order to
allow rapid detection of possible failures in the filtration plant.
It should also be noted that the search for (oo)cysts in re-
claimed water cannot be surrogated efficiently by the search for
other indicator organisms, such as Clostridium perfringens, as
was previously reported (9).

In conclusion, the tested ultrafiltration system gave good

results in terms of Giardia and Cryptosporidium removal from
wastewater for irrigation, suggesting that membrane-based
technologies are suitable for water reclamation in semiarid
areas, which often lack natural water resources.
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