
The use of urban wastewater for agriculture can also be considered as a strategy to reduce water demand for irrigation and is common practice in many countries. The World Health Organization (WHO)  
developed microbiological guidelines for wastewater used for agriculture and suggested health protection measures for farmers and consumers (WHO, 2006).  
In Spain, water reuse standards (Real Decreto 1620/2007) have been defined. However protozoan parasites are not included in these standards. 
 
The contamination of waters with protozoan pathogens as Cryptosporidium and Giardia, capable of causing gastro intestinal illness in both animals and humans, and the usage of sewage water for 
agricultural purposes poses a serious threat to millions of people worldwide (Plutzer and Karannis, 2016). 
 
 
 
 
 
 
 
 
 
 
This study was carried out to detect the presence of Cryptosporidium and Giardia by microscopy and molecular techniques, qPCR, in a secondary effluent used for irrigation (when tertiary treatment is 
not working) from a wastewater treatment plant (WWTP).  
 
   
 
 
 
 
 
 
 
 
 
 
  

   

Seven samples from secondary effluent from a WWTP were collected. Volumes of 10L 
were filtered through Pall Envirocheck HV filters and obtained pellets were 
centrifuged at 3,500 rpm for 15 min.  
 
Cryptosporidium oocysts and Giardia cysts were analyzed by using Immunomagnetic 
Separation (IMS) and Immunofluorescence Microscopy (IFA). The analytical procedure 
was based on ISO 15553 (2006). All positive samples by IFA microscopy were screened 
for the presence of Cryptosporidium and Giardia by qPCR.  
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In the secondary WWTP effluent Cryptosporidium counts ranged from 32 to 1 oocysts while Giardia counts ranged between 93 to 6 cysts. 
Despite the concentrations of Crytosporidium oocysts and Giardia cysts recovered in secondary WWTP effluent, successful genetic characterization was only possible for 71% and 14% of microscopy-
positive samples for Giardia and Cryptosporidium, respectively. C. hominis was detected in one sample and Giardia duodenalis genotype A was detected in five samples (Table 1, Table 2 and Figure 1). 

 

 

Transmission of cysts and oocysts of 
these pathogens  is possible via the 
fecal-oral route, through ingesting 
contaminated foodstuffs or via 
water-based transmission.  

Table2. Giardia cysts from secondary effluent (Envirocheck+IMS+IFA 
protocol) and qPCR ß-giardin gene genotypes A and B. 

Table1. Cryptosporidium oocysts from secondary effluent 
(Envirocheck+IMS+IFA protocol) and qPCR C.hominis and C.parvum 
polymorphic loci. 

 

Total DNA was extracted from 500 µl of water concentrate sediment using UNEX 
protocol with a modification. To facilitate disruption of cysts and oocysts, a sample 
homogenization step was included using the FastPrep-24® Instrument at speed 6.5 
(4,000 rpm) for a total of 120s as recommended by Shields et al. (2013) before starting 
the UNEX protocol.  
 
DNA was finally purified using OneStep™ PCR Inhibitor Removal Kit (Zymo Research, 
Irvine, CA). The qPCR using the TaqMan fluorogenic detection system was used for the 
detection of C. hominis and C. Parvum (Jothikumar et al 2008) and, G. duodenalis 
genotypes A and B (Alonso et al 2011). 

 Figure 1. Cryptosporidium  and Giardia (Oo(cysts ). A. Dark field; B. 
DIC + DAPI ; C. DIC + FITC; D. DIC 
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CONCLUSIONS   

Secondary treated effluents used as irrigation water in the open fields, can provide a source of waterborne protozoan parasites.  This practice is commonly used for agricultural irrigation purposes  and 
poses a significant source of infection to humans, through the consumption of raw produce.  
Wastewater reuse legislation must be reconsidered in order to assess  the presence of waterborne protozoan pathogens Cryptosporidium and Giardia.  
 
 
 
 

                     Cryptosporidium oocysts/10 L (WWTP ) 

Sample 
ISO 1553 

Cryptosporidium 
oocysts/10 L 

qPCR  
Cryptosporidium 

hominis 

qPCR  
Cryptosporidium 

parvum 

March 2015 32 + NDa 

June 2015 1 ND ND 

October 2015 2 ND ND 

December 2015 12 ND ND 

February 2016 5 ND ND 

July 2016 4 ND ND 

November 2016 1 ND ND 

           Giardia cysts/10 L (WWTP) 

Sample 
ISO 1553 

Giardia cysts/10 L 

qPCR  G. 
intestinalis 
genotype A 

qPCR  G. 
intestinalis 

genotype Bb 

March 2015 45 NDa ND 

June 2015 93 + ND 

October 2015 6 ND ND 

December 2015 20 + ND 

February 2016 86 + ND 

July 2016 59 + ND 

November 2016 27 + ND 
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The role of water and food, particularly fresh produce as source for these protozoan is now well-
recognized as documented in trace back-outbreak investigations (Nguyen et al 2016). Previous field 
studies showed the presence of Cryptosporidium oocysts and Giardia cysts in vegetables and irrigation 
water samples (Amorós et al 2010).  
 
Cryptosporidium and Giardia may be capable of causing disease with low infective doses although they 
may not be sufficient for detection. Concentration, purification and detection are the three key steps in 
all of the methods that have been approved for the routine monitoring of waterborne protozoa. 


