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1. Project Aims and Significance 

The goal of this proposal is to use the presence of the SARS-CoV-2 in wastewater as a 
surveillance tool for Covid-19 monitoring in communities. The current pandemic Covid-19 is 
caused by the SARS-CoV-2, a virus similar to the SARS-CoV-1 that causes severe acute 
respiratory syndrome (SARS) [1]. According to the data published by the World Health 
Organization (WHO), the current outbreak has infected over 4 million people globally, with 
over 295,000 confirmed death. The main transmission routes are through respiratory droplets 
and direct contacts. However, current evidence suggests that SARS-CoV-2 may be excreted in 
feces, regardless of diarrhea. Several studies have detected the viral RNA fragments in Covid-
19 patients’ fecal matter throughout their illness and after recovery [2, 3]. Even though the risk 
of contracting the disease through feces of an infected person is believed to be low, the release 
of SARS-CoV-2 into wastewater could still pose a risk to the public health, especially if the 
virus is only partially removed in wastewater treatment plants.  

In addition, the result of this study can provide critical information in wastewater-based 
epidemiology (WBE). WBE is known to provide real-time information on establishing 
exposure to certain agents such as pesticides and pathogens, incidence of specific diseases, and 
determination of certain lifestyle consequences in populations [4]. The concentration of SARS-
CoV-2 in wastewater can be applied in WBE to understand the prevalence of viruses among 
the population served by the wastewater treatment plant. Given the shortage of Covid-19 test 
kits, this can be particularly helpful to estimate the spread of the disease in a community, 
because asymptomatic individuals who are not tested could also excrete the virus and release 
them into wastewater [5]. As a result, the objectives of this study include: (1) determining the 
presence of the SARS-CoV-2 in raw sewage, and (2) establishing a method to estimate the 
spread of Covid-19 in communities with the concentration of SARS-CoV-2 in wastewater.   
2. Methods 
Task 1: Wastewater collection 

Wastewater will be collected from 
wastewater treatment plants around the state 
of Arkansas. Table 1 shows the counties in 
the state with over 100 confirmed cases of 
Covid-19. Raw sewage samples will be 
collected from the wastewater treatment 
plant in the largest city from each county 
(also shown in Table 1). First batch of 
samples will be collected from Lincoln, 
Pulaski, and Washington county on a 
biweekly basis for two months. Grab 
samples of 500 mL wastewater after bar 
screen from each treatment plant will be 
collected. The samples can be stored in -20ºC 
for up to two months. The subsequent sample 
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collection from the rest of the locations listed in Table 1 will follow the schedule shown in 
Table 2. The selection of the sampling locations will be dependent on the detection of SARS-
CoV-2 in wastewater from the first batch of samples. It is expected all locations will be 
sampled at least once during the project period. Certain “hot zones” will be sampled more 
frequently. 
Task 2: Covid-19 measurement in wastewater 

100 mL of wastewater samples will be concentrated via the electronegative filtration 
method according to protocols established in Kitajima et al. [6]. The concentrates will then be 
extracted for RNA using RNeasy PowerWater Kit from Qiagen following the manufacturer’s 
instruction. The RNA extracts will be stored in -20ºC until subsequent process. 

The extracted RNA will be measured in RT-qPCR for the concentration of SARS-CoV-2 
following the recently published protocol [7]. The primers and probe used to detect the virus 
are F-CACATTGGCACCCGCAATC, R-GAGGAACGAGAAGAGGCTTG, and 
P-FAM-ACTTCCTCAAGGAACAACATTGCCA-BHQ1. The primers and gBlocks gene 
fragments will be purchased from Integrated DNA Technologies and used as standards. iTaq™ 
Universal Probes One-Step Reaction Mix from Bio-Rad will be used for reaction mixtures. 
The cycling parameters are 50 °C for 10 min for RT; 95 °C for 3 min and 45 cycles of 95 °C 
for 15 s, 58 °C for 30 s. All RT-qPCR assays will be performed in triplicates using a Bio-Rad 
CFX Connect System. The total number of viral RNA copies in each sample will be calculated.  
Task 3: Result interpretation 

The prevalence of Covid-19 infection within the community serviced by the wastewater 
treatment plant will be estimated using the equation developed by Ahmed et al. [8]. The virus 
concentration will also be compared with the confirmed cases of Covid-19 in the area. 
3. Timeline (Table 2) 

The duration of the proposed project is set to one year initially. A continuation could be 
considered if the virus can be detected in over 20% of the wastewater samples collected. At 
the end of the project period, one manuscript summarizing the obtained results and the final 
report will be prepared and submitted in August 2021. 

Table 1. Detailed timeline of the proposed tasks (August 2020 – July 2021) 

Task 
Month 

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

Task 1. Wastewater 
Collection             

Task 2. Virus Quantification             

Task 3. Result Interpretation             

4. Budget Summary and Outcome 
The budget breakdown is shown in Table 3. The total cost is $39,600, which equals to 

$3,300 per month for 12 months. The PI plans to support one PhD student from this proposal, 
and publish at least one journal article with the results produced in high impact factor 
journals such as Environmental Science and Technology. In addition, the PI plans to build on 
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this study to formulate future proposals to submit to federal agencies such as the National 
Science Foundation. 

Table 3: The budget breakdown of the proposed project. 

Item Cost Justification 

Stipend for one Ph.D student $20,400 12 months @$1,700/month 

Summary salary for PI $5,402 0.5 month @97,233/month 

Fringe benefits $2,205 6.61% for GRA and 15.86% for PI 

Materials and supplies $9,093 RNA extraction and RT-qPCR kits 

In-State Travel $2,500 Sample collection trips 

Total $39,600 $3,300 per month 
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