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Highlights 
• Sewage surveillance is a powerful tool for tracing and quantifying SARS-CoV-2 in a population 
• Pensives, pen-size passive samplers are reliable solution in small bore lateral connections 
• Normalisation of # SARS-CoV-2 allows quantitative comparison 

 

Introduction 
Wastewater surveillance or wastewater based epidemiology (WBE) for SARS-CoV-2 has seen a rapid 
development since early 2020 (Bivins et al., 2020). WBE has dominantly been applied at the scale of 
wastewater treatment plants (wwtp) given the ease of reliable sampling at inlet works of wwtp. However, 
also at a much smaller spatial scale of individual buildings WBE could be very beneficial in (early) detection 
or the continuation of outbreaks. Examples in literature are monitoring at university campuses (Gibas et al. 
2021, Harris-Lovett et al. 2021), at schools (Gutierrez et al. 2021) and at nursing homes (Davo et al. 2021). 
In these studies the sampling method varies from grab sampling to passive sampling and (time 
proportional) composite sampling used autosamplers. The sampling method at individual buildings has to 
be able to deal with the high variability in wastewater production. Grab sampling, Moore swabs, time 
dependent and flow proportional sampling have been reported in literature, albeit very often without 
critical notice of the impact of the sampling method on the outcome of the WBE applied at individual 
buildings. Moreover, there are hardly any examples in literature of studies that properly normalise the 
SARS-CoV-2 concentrations measured in the qPCRs. Consequently, most studies applying WBE at smaller 
spatial scales only give qualitative results. In this abstract, we propose a method which is capable of 
quantitative WBE at small spatial scales, such as pumping stations of small sewer districts and individual 
lateral connections.  
 

Methodology 
 
Study sites 
The sewer system of the business district Papendorp (Utrecht, the Netherlands) is served by two pumping 
stations (North and South). Wastewater at both pumping stations is sampled (24h flow-proportional 
composite samples) using auto samplers. During the same 24h periods passive samplers are applied at both 
pumping stations as well as at7 lateral house connections of office buildings in the area. The results of the 
measurements at the pumping stations are used to compare passive sampling with flow proportional 
sampling.  The results at the lateral connections are used for source-tracking as well as to relate possible 
SARS-CoV-2 concentrations in sewage to the number of people working in the office buildings. This paper 
focuses on the monitoring techniques as well as on the practical experience with applying passive samplers 
in small bore lateral connections.  
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Development of passive sampler 
Schang et al. (2021) have tested and developed a range of passive samplers for WBE of SARS-CoV-2. A 
torpedo style passive sampler was used as a starting point for monitoring SARS-CoV-2 in lateral 
connections. During an earlier project, we have applied these torpedo style passives (length of 200 mm and 
a diameter of 30 mm, containing several cotton buds (Qtips) and lab grade electronegative filter paper) in 
lateral connections. Experience showed that the water level in lateral connections often does not exceed 1 
cm, meaning that the passive sampler is not fully submerged during a wastewater flush. In order to 
overcome this, we miniaturised the torpedo into a pen sized passive sampler, the ‘pensive’, figure 1. The 
pensive has a length of 180 mm and a diameter of approximately 10 mm. 
 
Comparison of passive sampler and flow proportional sampling 
To validate the passive samplers, ‘pensive’ style passives have been positioned in the pumping well of a 
pumping station alongside a state of the art flow proportional autosampler. The samples (Qtips of passive 
sampler and water samples from flow proportional sampler) have been analysed in the lab. 
 
Laboratory analyses and normalisation 
A qPCR has been applied using the N2-genes of SARS-CoV-2, MHV for quality control and CrAssphage for 
normalisation (see Langeveld et al. submitted). CrAssphage is known to be shedded by a large proportion of 
the population and is present in wastewater in relative stable amounts, rendering CrAssphage an excellent 
parameter to normalise the concentration of SARS-CoV-2 RNA in wastewater. Normalising with CrAssphage 
allows easy comparison of 24 h composite sewage samples and the pensive passive samplers. 
 

Results and discussion 
The developed ‘pensive’ and its application in a lateral house connection is shown in figure 1. The pensives 
typically show some fouling with toilet paper and dirt after 24 h deployment in a house connection of an 
office building, but do not result in blockage of the house connection. 
 

 
Figure 1. Torpedo style passive sampler and ‘pensive’ style passive sampler (left). Application of pensive in lateral house connection 
(middle and right). The metal pole is fixed on the wall of the manhole and the horizontal metal bar keeps the pensive positioned 
well inside the house connection.  

 
The pensives give comparable results to the 24 h flow composite water samples and seem to be even more 
sensitive in picking up a SARS-CoV-2 signal. Detailed results are available and will be presented at the ICUD, 
but not shown in this abstract as they are under embargo until presentation of the results to the Dutch 
Ministery of Public Health at the end of the project in August 2021.  
 

Conclusions and future work 
This abstract shows the first results of a monitoring project that aims at giving insight in the presence of 
SARS-CoV-2 in the wastewater of office buildings, while at the same time developing experience with the 
application of passive samplers in house connections. The preliminary results show that pensives are at 
least as sensitive in picking up SARS-CoV-2 signals as a state of the art autosampler using 24h flow 
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proportional sampling. In addition, the normalisation with CrAssphage facilitates comparison with sewage 
samples analysed at other locations irrespective of the applied sampling methods, such as passive or flow 
proportional sampling. These findings contribute to the further development of WBE as an important tool 
in managing the COVID-19 pandemic. 
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