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The rapid global spread of  

SARS-CoV-2, the virus that causes 

COVID-19, has made finding 

effective ways to monitor and track 

community viral spread a critical 

research priority. “Tools for the 

detection and tracking of microbial 

pathogens in human communities 

have undergone a dramatic 

transformation in recent years,” 

explains Dr. Duane Moser, one of the 

principal investigators (PI) of this 

project. “Although older approaches 

such as agar-plate-based coliform 

testing for indicator bacteria still have 

their place, molecular-based 

approaches are increasingly becoming 

the gold standard for monitoring 

environmental pathogens, particularly 

for organisms that cannot be 

easily cultured, such as protozoa 

and viruses.” 

(Continued on the following page ) 

Use of  Ultrafiltration and Quantitative 

Polymerase Chain Reaction to Identify the 

Presence of  SARS-CoV-2 within Sewage Effluent 

Master’s student Victoria Wuest performing ultrafiltration of wastewater samples for 

SARS-CoV-2 analysis in the DRI Pathogen Lab. The work is being performed in a 

biosafety cabinet and under biosafety protocols (photo by Ali Swallow). 

This project is funded through the National Institutes for Water Resources  

(NIWR) 104(b) grant. 

https://www.dri.edu/nwrri/
https://www.dri.edu/nwrri/
mailto: Suzanne.Hudson@dri.edu
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To achieve the project aims, 

significant upgrades were made to 

the Environmental Microbiology 

Laboratory at DRI’s Las Vegas 

campus to accommodate  

SARS-CoV-2 work practices. A 

small laboratory in this space was 

converted and maintained at 

Biosafety Level 2 status so that the 

work could be conducted safely.  

Air-handling systems were modified 

to generate negative room pressure 

and workflow and personal 

protective equipment (PPE) 

protocols were instated to protect 

the researchers. An additional degree 

of safety was afforded by requiring 

that all open-sample manipulations 

be conducted inside a biosafety 

cabinet, which provides HEPA-

filtered air and UV sterilization. 

Upgrades were made to improve the 

lab’s analytical capacity, such as 

ultrafiltration equipment; an 

automated RNA extraction and 

purification system; and the use of 

standardized, off-the-shelf kits 

(Project Spotlight continued) 

The focus of the project “Use of 

Ultrafiltration and Quantitative 

Polymerase Chain Reaction to 

Identify the Presence of SARS- 

CoV-2 within Sewage Effluent” was 

to develop and test sampling and 

analysis protocols using quantitative 

polymerase chain reaction (qPCR) to 

identify and quantify SARS-CoV-2 

in wastewater. This project was 

supported by Coronavirus Aid, 

Relief, and Economic Security 

(CARES) Act funding and included 

co-PIs Dr. Brittany Kruger, 

Dr. Xuelian Bai, Dr. Erick Bandala, 

Dr. Sean McKenna, and Chuck 

Russell, as well as students Dr. Leena 

Cycil, Molly Devlin, Victoria Wuest, 

and Natasha Sushenko. The goals  

of this project were to determine if 

the virus could be detected in 

wastewater from rural communities 

in Nevada, if qPCR could accurately 

quantify the virus in wastewater 

samples, and if common wastewater 

treatment technologies effectively 

remove the virus from wastewater. 

Wastewater samples provide a 

better understanding of community 

viral spread and allow more efficient 

viral tracking among large numbers 

of people over time with less direct 

contact, which is more efficient than 

one-off clinical testing. “Wastewater 

surveillance provides an integrated 

sample, so signals released by a small 

proportion of a community or even 

an individual can be detected at any 

combined effluent source without 

needing to sample all members of 

that community,” Moser explains. 

“If even one person in a small 

community is shedding virus into  

the wastewater, assuming our 

detection methods are sufficiently 

sensitive, we can detect these  

events and take measures to protect 

the community.” 

targeted to detect SARS-CoV-2. “Viral 

load in wastewater effluent increases in 

direct correspondence with infection 

rates in near-real-time and the qPCR-

based methods have proven 

remarkably efficient for detecting 

SARS-CoV-2 in wastewater,” Moser 

says. “The beauty of this method is 

that it does not simply detect a nucleic 

acid target, it also provides an accurate 

assessment of the number of copies of 

a target in your original sample. 

Because a virus has only one copy of 

its genome, we can determine the 

number of viral particles per liter in 

every sample by determining the 

concentration of copies of indicator 

genes per liter of water.” 

For this project, the researchers 

collected samples from three different 

community wastewater systems in 

southern and central Nevada. The 

samples were taken from wastewater 

before it entered the treatment facility, 

as well as from the final or primary 

treated effluent. In laboratory 

Master’s students Natasha Sushenko (seated) and Victoria Wuest in the DRI 

Pathogen Lab reviewing the RNA to cDNA protocol for processing wastewater 

samples for SARS-CoV-2 analysis (photo by Ali Swallow).  
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(Project Spotlight continued) 

calibrations using wastewater spiked 

with harmless laboratory surrogates 

for SARS-CoV-2, the DRI 

laboratory consistently achieved 

detection limits of less than 50 viral 

particles per liter. “This shows that 

the method is both quantitative and 

very sensitive,” Moser explains. The 

effectiveness of this method means 

that it isn’t just limited to SARS- 

CoV-2. “This method should work 

for any virus or bacterium of interest 

as long as we know their genetic 

sequence,” Moser adds. “In fact,  

we developed this method  

before anyone had even heard of 

COVID-19 to track viruses of fecal 

indicator bacteria in reuse water 

during a 2018 DRI/UNLV Joint 

Postdoc Program project.”  

The project also provided a 

valuable proof-of-concept for 

concentrating environmental 

samples that can be used to inform 

public health in Nevada. “This 

project demonstrated a number of 

approaches for 

effectively converting a 

dilute environmental 

sample into 

concentrates suitable 

for qPCR testing or 

genomic sequencing 

using standardized 

clinical approaches,” 

Moser says. “Many 

useful insights were 

obtained from our pilot 

studies and will carry 

forward into our new 

work. In particular, we 

showed that this 

approach is amendable 

to wastewater 

surveillance in rural 

communities. For 

example, we determined 

that the Beatty 

Wastewater Treatment 

Plant very effectively 

removes SARS-CoV-2, 

which provides confidence that 

treatment plants are not spreading 

the virus into waterways.”  

The success of the method used  

in this project set the stage for other 

projects to address the needs of  

rural areas, which have been 

understudied in the community  

spread of SARS-CoV-2. “Currently, 

larger municipalities are doing a good 

job of surveilling wastewater, but more 

remote communities are little 

surveilled or not surveilled at all,” 

Moser explains. “An obvious 

application for our method is to target 

strain-specific full-genome sequencing 

efforts to rural communities in 

Nevada. This can help track new 

variants in understudied areas and 

enable actionable intelligence for 

public health departments that serve 

rural communities, assuming data can 

be turned around quickly enough.” 

Understanding the presence and 

spread of COVID-19 in wastewater 

also provides valuable insights into 

improvements that might need to be 

Master’s student Natasha Sushenko working in the new 

biosafety hood in the DRI Pathogen Lab. She is setting up 

the viral RNA extraction reaction being applied to the 

ultrafiltration/ultracentrifugation concentrate of 

wastewater (photo by Ali Swallow).  

Postdoc researcher Leena Cycil (left) and PhD student Molly Devlin (right) in  

the DRI Pathogen Lab setting up quantitative PCR (qPCR) reactions to detect  

SARS-CoV-2 cDNA from wastewater extracts (photo by Ali Swallow).  



PI Moser in the DRI Pathogen Lab holding a viral concentrate prior to the final RNA 

extraction step (photo by Ali Swallow).  

Page 4  Nevada Water News  Volume 8,  I ssue 1  

(Project Spotlight continued) 

made to wastewater treatment 

processes. “One of the aims of our 

new NWRRI project focusing on 

monitoring SARS-CoV-2 in rural 

wastewater systems, which is based on 

the methods assessed in this project, 

is to sample multiple steps of the 

wastewater treatment process to 

determine which steps most 

effectively remove the virus,” Moser 

explains. “This may be more 

important than it initially seems 

because different communities  

use different wastewater treatment 

technologies depending on 

their resources.”  

This project also set the stage for a 

successful proposal to the General 

Frederick Lander Foundation. “The 

Lander project was conceived around 

the philosophy that we should find a 

way to use this new approach for 

SARS-CoV-2 testing in wastewater to 

help people and better document 

blank spots on the SARS-CoV-2 

distribution map,” Moser says. 

“Indigenous communities were being 

underserved in terms of SARS-CoV-2 

surveillance, so our aim was to ask if 

this method could help people.” The 

Lander project has two goals. The 

first is ask if Indigenous communities 

are interested in allowing the project 

team to test their water systems for 

the virus, and then share the data they 

collect. The second overlaps with 

“This project demonstrated a number of approaches for effectively converting a  

dilute environmental sample into concentrates suitable for qPCR testing or genomic 

sequencing using standardized clinical approaches. Many useful insights  

were obtained from our pilot studies and will carry forward into our new work.”  

– Duane Moser 

those of a new collaborative NWRRI 

effort between DRI and the UNLV 

Nevada Institute for Personalized 

Medicine (NIPM), which focuses on 

a strain-specific SARS-CoV-2 

analysis of samples from across rural 

Nevada. This work is a partnership 

with Dr. Edwin Oh at the NIPM. 

DRI’s role is to provide samples 

from Indigenous community and 

rural wastewater systems at critical 

time points for full genomic 

sequencing. These samples will be  

a significant contribution to the  

larger NIPM efforts to identify new 

variants and track their spread across 

the Southwest. ◼ 
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and Todd Caldwell (USGS Carson 

City) on this grant for their project 

“Use of Viral and Genetic Marker 

Surrogates to Assess Transport of 

Human Enteric Viruses in Water 

Reclamation Systems.” 

This project seeks to address 

potential water hazards posed by the 

presence of enteric viruses in water 

reuse applications. Enteric viruses 

are a diverse group of viruses (such 

as picornaviruses, rotaviruses, and 

noroviruses) that are present in 

surface water and wastewater. 

Molecular assays will be developed 

in the early stages of the project to 

detect viral pathogens through stable 

genetic marker surrogates. The study 

will further assess the suitability of 

using these genetic markers in 

potable reuse water treatment trains 

and soil and aquifer treatment for 

Events List 

2022 NWRA Annual Conference Week  
January 31-February 3, 2022  
Las Vegas, NV  
www.nvwra.org/2022-annual-conference-week 

Ocean Sciences Meeting 2022 
February 27-March 4, 2022 
Virtual 
www.aslo.org/osm2022/ 

118th Annual Meeting of the Cordilleran Section 
March 15-17, 2022 
Las Vegas, NV 
www.geosociety.org/GSA/Events/Section_Meetings/
GSA/Sections/cd/2022mtg/home.aspx

2022 AWRA Geospatial Water Technology Conference  
March 21-23, 2022  
Austin, TX  
www.awra.org/Members/Events_and_Education/
Events/2022_GIS_Conference/2022_GIS_Conference.aspx 

International Conference on Water Resources Management 
and Sustainability: Solutions for Arid Regions 
March 22-24, 2022 
Dubai, United Arab Emirates 
conferences.uaeu.ac.ae/expo2020_wms/en/index.shtml 

2022 AWRA Spring Conference  
April 25-27, 2022  
Tuscaloosa, AL  
www.awra.org/Members/Events_and_Education/Events/
2022_Spring_Conference/2022_Spring_Conference.aspx  

18th Annual Truckee River Field Study Course 
May 5 & 6, 2022  
Reno, NV  
www.nvwra.org/2022-truckee-river-tour  

AbSciCon  
May 15-20, 2022  
Atlanta, GA  
www.agu.org/abscicon (Continued on page 7) 

Please keep an eye on the event websites for changes in conference schedules. 

NWRRI Project Awarded a National Competitive Grant  

The NWRRI program is excited to 

announce that a new project has been 

awarded a National Competitive Grant 

from the U.S. Geological Survey 

(USGS) and the National Institutes for 

Water Resources (NIWR). This highly 

competitive grant focuses on regional 

or interstate water issues related to 

specific program priorities identified by 

the Secretary of the Interior and the 

Institutes. The goals of the National 

Competitive Grants program are to 

promote collaboration between the 

USGS and university scientists in 

researching significant national and 

regional water resources issues, 

disseminate the results funded under 

this program, and help train scientists 

in water resources research. The 

NWRRI program would like to 

congratulate project personnel  

Drs. Rishi Parashar (DRI), Subhash 

Verma (UNR), Krishna Pagilla (UNR), 

indirect potable reuse. Current 

wastewater monitoring techniques do 

not properly represent the presence of 

pathogenic human viruses in 

reclaimed water. Having a better 

understanding of the presence of 

these pathogens is critical to ensuring 

safe wastewater reuse. This project 

addresses the NIWR research priority 

area of water-related hazards and 

public health. The researchers will use 

a broad suite of molecular, lab, and 

field experiments and mathematical 

models to collect new data to identify 

viral gene markers and assess their 

fate and transport. These data will be 

valuable for determining the potential 

hazards posed by the presence of 

enteric viruses in water intended for 

potable reuse. For more information 

about the NWRRI program and 

future funding opportunities, visit 

www.dri.edu/nwrri/. ◼ 

https://www.dri.edu/nwrri/
http://www.nvwra.org/2022-annual-conference-week
https://www.aslo.org/osm2022/
https://www.geosociety.org/GSA/Events/Section_Meetings/GSA/Sections/cd/2022mtg/home.aspx
https://www.awra.org/Members/Events_and_Education/Events/2022_GIS_Conference/2022_GIS_Conference.aspx
https://conferences.uaeu.ac.ae/expo2020_wms/en/index.shtml
https://www.awra.org/Members/Events_and_Education/Events/2022_Spring_Conference/2022_Spring_Conference.aspx
http://www.nvwra.org/2022-truckee-river-tour
https://www.agu.org/abscicon
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Postdoc Interview: Dr. Abhinav Gupta  

We asked postdoctoral fellow  

Dr. Abhinav Gupta about his current 

research and continuing research plans. 

Here’s what he had to say: 

1) What field are you currently 

studying and what sparked your 

interest in that field? 

I am currently studying watershed 

hydrology. My interests lie in the 

mathematical modeling of hydrologic 

processes using process-based and 

statistical methods. I have been 

fascinated with mathematical modeling 

since my undergraduate studies. In my 

third year of undergrad, I took a course 

in contaminant hydrology and I 

learned to model the movement of 

water and other chemicals in soil. I was 

fascinated to see how we could model 

the flows in a complex system, such  

as a soil matrix. After taking that 

course, I was convinced I wanted to  

be a modeler. 

2) What kinds of research are  

you currently working on and  

what have you learned so far from 

this research? 

My current research involves 

analyzing changes in the hydrologic 

regime across the United States using 

both statistical and physical models. 

This research is in its preliminary stage 

and more work is required before we 

learn anything new. This work has 

given me an opportunity to learn about 

the issues of long-term persistence 

(LTP) in the hydroclimatic time series. 

Long-term persistence 

means that the 

autocorrelations in the 

time series die down 

extremely slowly. The 

presence of LTP renders 

classical statistical analysis 

of the hydroclimatic time 

series inadequate. I am 

using the FARIMA 

(fractionally differenced 

autoregressive integrated 

moving average) model 

to acknowledge the 

presence of LTP in daily 

streamflow data. I have 

also learned that we still 

do not have an adequate 

physical explanation  

for the presence of LTP 

in the hydroclimatic 

time series. 

3) What do you hope to learn  

more about from the research you 

are doing? 

In the immediate future, I hope to 

learn (1) how the hydrologic regime in 

the United States is changing and (2) 

which watersheds are going through the 

regime change. The western United 

States is expected to go through a 

regime change due to climate change. 

Therefore, we need to understand how 

accurate our hydrologic models are in 

terms of developing streamflow 

projections under this new regime. My 

long-term goal is to develop 

mathematical models that can be used 

to simulate/predict streamflows 

influenced by this regime change.  

4) What do you find most 

interesting about water resources 

research, particularly working in an 

arid/semiarid environment such  

as Nevada? 

In arid regions, moisture fluxes are 

primarily controlled by the soil 

properties, which introduces 

significant nonlinearities in the system. 

This makes the modeling exercise 

more difficult than in humid/

subhumid regions. For my research 

specifically, it means that larger 

datasets are required to detect regime 

Photo courtesy of Abhinav Gupta  

“It will be exciting to see if by using the statistical models and available data we are 

able to reliably detect any changes in arid regions given that we expect changes to 

occur because of climate change.” – Abhinav Gupta 



 

SEG-AGU Geophysics of Convergent Margins 
July 12-14, 2022 
Seattle, WA 
seg.org/Events/SEG-AGU-joint-workshop-on-Convergent-
Margins 
 
Chapman Conference: Distributed Volcanism and 
Distributed Volcanic Hazards 
September 19-23, 2022  
Flagstaff, AZ 
www.agu.org/Chapmans-Distributed-Volcanism 
 
2022 Fall Week of Water Events 
September 19-22, 2022 
Reno, NV 
www.nvwra.org/2022fallweekofwater 
 
The Geological Society of America Connects 2022 
October 9-12, 2022 
Denver, CO 
community.geosociety.org/gsa2022/home 

Chapman Conference: Climate and Health 
June 7-10, 2022 
Washington, DC 
www.agu.org/Plan-for-a-Meeting/AGUMeetings/
Chapman-Conferences 
 
2022 June Well & Water Week 
June 13-16, 2022 
Reno, NV 
www.nvwra.org/2022-june-well-water-week 
 
UCOWR/NIWR Annual Water Resources Conference 
June 14-16, 2022 
Greenville, SC 
ucowr.org/conference/ 
 
Frontiers in Hydrology 
June 19-24, 2022 
San Juan, Puerto Rico 
www.agu.org/FIHM 
 
Fate of PFAS: From Groundwater to Tap Water 
June 21-22, 2022 
Westerville, OH 
www.ngwa.org/detail/event/2022/06/21/default-
calendar/22jun5010 
 

Events List Continued 

changes in arid regions. It will be exciting 

to see if by using the statistical models 

and available data we are able to reliably 

detect any changes in arid regions given 

that we expect changes to occur because 

of climate change. 

5) What are some of your other 

research interests? Do you have any 

goals for incorporating those interests 

into your work as you continue in 

your career? 

Two other research topics of interest 

to me are ecohydrology and physics-

informed machine learning (PIML) for 

watershed hydrology. In the near future, 

I plan to implement a PIML approach 

for watershed hydrologic processes. The 

goal is to take advantage of the power of 

machine learning (ML) while utilizing the 

best possible hydrologic knowledge 

acquired over the years. The problem is 
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that we have ML models that can give 

accurate streamflow predictions but 

violate basic hydrologic principles, 

which limits the utility of ML 

predictions for scientific studies. I 

believe that this limitation can be 

addressed by adding hydrologic 

knowledge into the ML predictions. 

Regarding ecohydrology, it is hard to 

say how much research I would 

conduct on this topic in near future. 

Currently, I am reviewing the 

literature to build a theoretical 

foundation and identify major 

research gaps. 

6) What is one of your favorite 

movies or books and why? 

My favorite book is A Happy Death 

by Albert Camus. It explores the idea 

of happiness with a backdrop of 

existentialism. Basically, the 

protagonist is conflicted by the 

contradiction between his will to live 

and being unable to find any purpose 

in life. He nevertheless actively seeks 

happiness while fully accepting his 

limitations. This story continues to 

inspire me to live happily, which is why 

it is my favorite book. 

7) If you were shipwrecked on a 

deserted island, but all your human 

needs (food, water, etc.) were taken 

care of, what two items would you 

want to have with you? 

(1) Terabytes of music and (2) a 

music system and headphones.  ◼ 

(Postdoc Interview continued) 

https://www.agu.org/Plan-for-a-Meeting/AGUMeetings/Chapman-Conferences
http://www.nvwra.org/2022-june-well-water-week
https://ucowr.org/conference/
https://www.agu.org/FIHM
https://www.ngwa.org/detail/event/2022/06/21/default-calendar/22jun5010
https://community.geosociety.org/gsa2022/home
http://www.nvwra.org/2022fallweekofwater
https://www.agu.org/Chapmans-Distributed-Volcanism
https://seg.org/Events/SEG-AGU-joint-workshop-on-Convergent-Margins


Success and the dedication to quality research have established the Division of Hydrologic Sciences (DHS) as  

the Nevada Water Resources Research Institute (NWRRI) under the Water Resources Research Act of 1984 

(as amended). As the NWRRI, the continuing goals of DHS are to develop the water sciences knowledge and 

expertise that support Nevada’s water needs, encourage our nation to manage water more responsibly, and train 

students to become productive professionals.  

DRI, the nonprofit research campus of the Nevada System of Higher Education, strives to be the world leader 

in environmental sciences through the application of knowledge and technologies to improve people’s lives 

throughout Nevada and the world.  

The work conducted through the NWRRI program is supported by the U.S. Geological Survey under 

Grant/Cooperative Agreement No. G21AP10578. 

For more information about the NWRRI, contact: 

Suzanne Hudson, Business Manager 

702-862-5464

Suzanne.Hudson@dri.edu

Charles Russell, Director 

702-862-5486

Chuck.Russell@dri.edu

Banner photo: View of Stampede Reservoir in California looking west 

across the dam in January 2020 by Jesse Juchtzer  

Pages 1-4: Project photos by Ali Swallow 

Page 6: Photo courtesy of Abhinav Gupta  
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