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Afternoon everyone
The title of my presentation is assessing the presence of SARS-CoV-2 in wastewater and health implications for WWTP workers and water reuse.
This study is part of a bigger WRC funded project on HEALTH RISKS ASSOSCIATED WITH OCCUPATIONLA EXPOSURE TO BIOLOGICAL AND CHEMICAL CONTAMINANTS AT WWTPs AND RW USE SITES.
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 Detection of SARS-CoV-2 RNA in wastewater in the context of WBE.

 Potential health risks to workers at WWTPs and reuse of treated wastewater effluents?

 Viable/infectious SARS-CoV-2 has not been isolated from wastewater.

 No reported cases of COVID-19 transmission through wastewater.

 According to the WHO, current treatment technologies are able to inactivate the virus.

 A few studies demonstrate the persistence of viable SARS-CoV-2 in spiked wastewater.

 Assessing potential occupational risks is relevant.

 Empirical evidence is needed to better understand the behaviour of SARS-CoV-2 in wastewater

environments.

Background 
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The detection of SARS-CoV-2 RNA in wastewater in the context of WBE as a tool to track the spread of the virus in communities has raised questions regarding potential health risks to workers at WWTPs and the reuse of treated wastewater effluents.
To the best of our knowledge, viable SARS-CoV-2 has not been isolated from wastewater to date and there are no reported cases of COVID-19 transmission though wastewater.
Furthermore according to the World Health Organisation, current treatment technologies employed at WWTPs  are able to inactivate the virus and the risk to potentially exposed workers and the environment is considered to be low.

Nevertheless, a few studies have demonstrated the persistence of viable SARS-CoV-2 in spiked wastewater highlighting the relevance of assessing potential occupational risks.
And the need for more empirical evidence to better understand the behaviour of SARS-CoV-2 in wastewater environments.





What we set out to do

 Assess the presence and removal of SARS-CoV-2 RNA in wastewater at three WWTPs in Gauteng (A, B, C).

 Assess viability/infectivity of SARS-CoV-2 in wastewater.

 Determine genetic diversity of detected SARS-CoV-2 genetic fragments.

Influents Primary sludge Activated sludge SST effluent Final effluents

Contact surface swabs
(machine casings and stair railings) 

Bioaerosol samples 
Pre-loaded PTFE filters (45 mins, 4L/min) 

Sampling points along treatment train
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STUDY AIMS
In this study, we assessed the presence/prevalence and indicative removal of SARS-CoV-2 genetic fragments in wastewater at three WWTPs in Gauteng hereafter designated as Plant A, B, and C.
We also aim to assess viability/infectivity of SARS-CoV-2 in wastewater: This will help us to address the concern on potential health risks to wastewater workers and implications for water reuse 
As well as determine genetic diversity of detected SARS-CoV-2 genetic fragments circulating at the time of sampling

To achieve these objectives/aims, we collected wastewater samples (grab or composite depending on the arrangements with plant personnel) at several points along the treatment train as indicated in the flow diagram over a period of 15 weeks between July and November 2020.
We also collected contact surface swabs and bioaerosol samples at the aeration basins of two of the treatment plants that use surface aeration in the bioreactors to assess----- and -----, respectively. 
Specifically, swab samples were collected -------- and bioaerosols were taken above the aeration basins using personal samplers onto pre-loaded PTFE filters for 45 mins at a flow rate of 4L/min.
Just to note: All wastewater and swab samples were collected during the first 10 weeks of sampling while bioaerosol samples were collected from week 11 to week 15 due to delays in lab consumable supplies.
All samples were kept and transported in cooler boxes with ice packs and stored temporarily at -70oC until analysis.





Sample handling 

Sample collection
Stored temporarily at 4 oC

Water sample 
(Grab/composite)

Contact surface swab 
samples Bioaerosol samples

Concentration
(Skimmed-milk flocculation)

Infectivity assay  

Elution
(Rotary shaker in PBS)

Real time RT-qPCR
TaqPath Covid-19 kit

RNA extraction
(MagMax viral pathogen kit)

Store  at
-70 oC until extraction
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All samples were analysed for SARS-CoV-2 RNA presence and relative concentration levels as per this workflow

Wastewater samples with the exception of sludge samples, were concentrated using the skimmed-milk flocculation method while swab and bioaerosol samples did not require any pre-treatment prior to RNA extraction.
We used the TaqPath COVID-19 kit which targets for the N, S, and ORF1ab genes. 
Positive WW samples will be used in the infectivity assay, I will come back to this at the end of my talk.

The viral particle load reduction and inactivation efficiency was evaluated semi-quantitatively using Ct values (Ct values ≤ 40 being considered positive for SARS-CoV-2 RNA) and quantitatively (relative) using the standard curve method and expressed as genomic copy equivalents/ml (GCE/ml). 



Sampling week and site

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A B C A B C A B C A B C A B C A B C A B C A B C A B C A B C B C B C B C B C B C
Total positive

S
am

pl
e 

Ty
pe

Influent 26/35 (74%)

Primary sludge 26/26 (100%)

Activated sludge 19/29 (66%)

Secondary settling tank 

effluent 

20/28 (71%)

Final treated effluent 16/28 (57%)

Contact surface swab 4/16 (25%)

Bioaerosol 0/10 (0%)

Total positive
111/172 (65%)

Key

Results
1. SARS-CoV-2 detection (presence/absence) summary 
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Table 1 shows a summary of the detection of SARS-CoV-2 RNA for all samples collected during the 15-week sampling period.
65% showed positive results for SARS-CoV-2 RNA for at least one gene target 
Overall, primary sludge samples showed the highest positive samples followed by influent, SST effluent, activated sludge, and final effluent. 
WWTP A was the only plant whose final treated effluent maintained a positive detection status over the 10 weeks with the exception of week 9. 
A quarter of the contact surface swab samples showed positive results reflecting potential transfer of SARS-CoV-2 genetic material from activated sludge onto commonly touched surfaces at WWTPs.
All bioaerosol samples did not show detectable levels of SARS-CoV-2 RNA despite evidence of its presence in associated influent and activated sludge samples



Gene copy equivalents/ml for SARS-CoV-2 positive samples from WWTP A, B and C for week 5.

2. Fate of SARS-CoV-2 genetic fragments in wastewater
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This graph shows the relative concentration of SARS-CoV-2 gene copy equivalents in the wastewater and swab samples collected during weeks 1-5 
Some of the samples from weeks 1, 2 and 3 were not quantified hence the gaps in the graph.
Generally, a decrease in gene copies was observed between process points for all three plants, however, this was not always consistent as some final treated effluents showed spikes above those of preceding samples for example plant A and C. 






Work in progress
 Infectivity assay trials

 Lab spiked samples

 Field samples

 Whole genome sequencing for diversity determination

Spiked with wastewaterControl

Vero E-6 cells 5 Days post infection
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Therefore, to answer the question on health risks implications to WW workers, we are currently working on infectivity assays using freshly collected RT-PCR positive samples as well as laboratory spiked untreated and final treated samples.



 A majority of the samples reflected positive results for SARS-CoV-2 RNA.

 Treatment processes were capable of supporting the decay SARS-CoV-2 RNA complete removal

was not achieved.

 Presence of SARS-CoV-2 genetic fragments in swab and activated sludge samples important to

note.

 Potential risks to wastewater workers remain to be determined.

 Positive detection of viral RNA alone does not point to a health risk in wastewater workers or reuse

of treated effluents.

Conclusion
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A majority of the samples analysed in this study reflected positive results for SARS-CoV-2 RNA.
In addition, the detection of SARS-CoV-2 RNA in the final treated effluent suggests that treatment processes were inadequate for complete removal. 
The concurrent presence of SARS-CoV-2 gene fragments in swab and activated sludge samples will be an important point to note along with future infectivity results as these will be pivotal in elucidating worker infection risk
With regards to potential risks to workers, it remains to be determined on whether viable and infective SARS-CoV-2 can be isolated from RT-PCR positive samples
It is important to note that positive detection of viral RNA alone does not point to a health risk in wastewater workers or reuse of treated effluents. Therefore, caution should be exercised when disseminating information so as not to raise false alarms and unnecessary fear. 




Thank you

• Tshwane Wastewater Treatment Operations

• WRC Reference Group members

• Dr Tanusha Singh

• Don Jambo 
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