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The successful detection of the MS2 phage in waste water indicates 
that other viral contaminants also should be detectable. Both, 
qualitative and quantitative detection methods will be applied to 
monitor virus elimination in laboratory studies and in field samples 
taken at Jordan Valley waste water infiltration test sites. 
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Virus detection via 
(A) cDNA synthesis followed by 
(B) Polymerase Chain Reaction (PCR).

After pre-concentration, RNA was extracted, and RNA concentrations 
were determined photometrically. cDNA was generated, and the resulting 
cDNA sample was applied to qualitative PCR. MS2 bacteriophages were 
detected  according to Dreier et al. (2005). 
MS2 bacteriophages were additionally detected by quantitative real time 
PCR. For this approach the standard curve method was applied. 

Modification of the cation-coated filter method.

The cation-coated filter method described for fresh- and tap water 
samples by Haramoto et al. (2005) was modified in order to detect 
MS2 bacteriophages in waste water treatment plant (WWTP) effluents. 
First tests were performed with 1L of WWTP effluent spiked with MS2-
bacteriophages. Since the membrane filters instantly blocked, a pre-
filtration step (folded filter) was added. Flasks were additionally 
rinsed with NaOH to recover phages adsorbed to the inside (Butot et 
al. 2007). The filtrate achieved by the cation-coated filter method was 
further concentrated in two additional steps to 20μL. 

Recovery of MS2 nucleic acids. 

Dilution series of MS2 bacteriophages gained from pure cultures were 
prepared in drinking water (1L respectively). Samples were 
concentrated to 20μL with the advanced cation-coated filter method, 
and RNA was extracted. RNA concentrations of the input and of the 
eluted samples were determined photometrically. Recovery yields of 
MS2 phage nucleic acids between 76 and 93% were obtained.  
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8.78x1013.51x1021.41x1035.63x1032.25x1049x104
pfu/sample

Detection of MS2 bacteriophages in WWTP effluents. 

WWTP effluents (1L respectively) were spiked with MS2 phages in 
different concentrations (plaque forming units, pfu) determined in 
cultivation tests. Samples were concentrated with the advanced 
cation-coated filter method and analyzed by PCR. A detection limit of 
288 pfu/L  was determined.

The method proved to 
be suitable for virus 
detection in WWTP 
effluents.

As part of the SMART Jordan Valley project (SMART, 2007), new 
integrated approaches for water management, aquifer recharge, and 
waste water reuse are developed. Decentralized membrane bioreactor 
technologies combined with consecutive subsoil conditioning are 
studied with respect to the removal of persistent organic pollutants 
(POPs) and pathogenic organisms. 
Monitoring the elimination of pathogenic organisms is a pre-requisite for 
developing sustainable waste water reuse approaches. Since current 
cultivation methods are not available or extremely time consuming for 
viral pathogens, in our study molecular biological approaches are 
developed. In first experiments, MS2 bacteriophages were used as model 
organisms. 
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Cation-coated filter method. 

M      1     2     3     4     5     6     7     8 
M – Marker
1 – positive control
2 – 3x105

3 – 2x104

4 – 1x103

5 – 5x102

6 – 288
7 – 144
8 – no template control

In addition, the quantitative real time PCR for the detection of MS2 
bacteriophages in WWTP effluents was established. 

(1)(1) DenaturationDenaturation
(2)(2) PrimerPrimer--AnnealingAnnealing
(3)(3) ElongationElongation
(4)(4) RepeatRepeat


