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Finding ways to augment drinking 

water supplies is a pressing research 

focus, especially in arid regions. 

However, ensuring that recycled 

water is safe to reuse as a source for 

drinking water means that water 

recycling processes must effectively 

inactivate all pathogens. Viral 

pathogens are of particular concern 

because of the potential health risks 

they present. “Human enteric viruses, 

such as noroviruses and adenoviruses, 

cause waterborne gastrointestinal 

diseases and outbreaks (e.g., diarrhea) 

in both children and adults,” says  

Dr. Rishi Parashar, one of the 

principal investigators of this project. 

“Although advanced treatment 

technologies such as membrane 

filtration, ozonation, and disinfection 

can reduce the virus concentration to 

required levels for potable reuse, it  

is still difficult to detect these viruses 

at low concentrations and they  

can still be infectious at low 

doses” (Sundaram et al., 2020). 

The goal of the project “Use of 

Viral and Genetic Marker Surrogates 

to Assess Transport of Human 

Enteric Viruses in Water Reclamation 

Systems” is to improve current viral 

monitoring techniques used in 

wastewater treatment to ensure that all 

viral pathogens can be effectively 

inactivated in water reclamation 

systems intended for drinking water. 

“Wastewater treatment plants use 

various mechanisms to remove viruses 

from wastewater, including adsorption, 

retention in membranes and biofilms, 

breakdown in bioreactors, and 

disinfection processes,” Parashar 

explains. “However, non-enveloped 

enteric viruses have a double-stranded 

structure that makes them generally 

resistant to these types of mechanisms. 

For example, adsorption to solids can 

be effective in removing viruses from 

wastewater, but this can provide a 

degree of protection to the viral 

particles and reduce their inactivation 

rate.” This project is funded through 

the NIWR 104(g) National 

Competitive Grant and it addresses  

the NIWR research priority area of 

water-related hazards and public health. 

This is a highly competitive grant that 

is awarded nationally to only six 

projects each year.  

The project team—which includes 

Drs. Rishi Parashar and Lazaro Perez 

of Desert Research Institute (DRI),  

Use of  Viral and Genetic Marker Surrogates 

to Assess Transport of  Human Enteric 

Viruses in Water Reclamation Systems  

This project is funded through the National Institutes for Water 

Resources (NIWR) 104(g) grant. 
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To specifically target human 

enteric viruses, the team will extract 

samples from raw and reclaimed 

wastewater, and then concentrate 

the samples to determine the types 

of enteric viruses present. The 

researchers will then collect RNA 

and DNA from the concentrated 

samples to create a sequence of viral 

gene markers that can be used as 

surrogates. “This is a highly 

conservative method because the 

lack of a gene marker in the treated 

wastewater eliminates even the 

remotest possibility of the presence 

of pathogenic viruses following 

treatment,” Parashar explains.  

“We anticipate this method will  

help verify the viral pathogen  

log-reduction values [LRV] for 

individual treatment processes and 

the treatment train.”  

Once the viral surrogates are 

characterized, the researchers will 

assess the survival and transport of 

enteric viruses in the environment. 

Wastewater treatment plants use a 

(Project Spotlight continued) 

Drs. Subhash C. Verma and Krishna 

Pagilla of the University of Nevada, 

Reno (UNR), and Dr. Todd Caldwell 

of the United States Geological 

Survey (USGS)—is comprised of 

experts in virology, water 

reclamation for potable reuse, and 

modeling flow and transport 

processes in soil aquifer systems. 

Over the course of the project, they 

will conduct molecular, lab, and field 

experiments, as well as develop 

models to identify and characterize 

the best surrogates for human 

enteric viruses. “Current viral 

monitoring is based on detecting 

bacterial viruses and male-specific 

[MS2] and somatic coliphages 

because of their size and high 

density in wastewater,” Parashar 

says, “but their low occurrence in 

human feces and other aquatic 

environments despite their frequent 

detection in wastewater indicates 

their unsuitability as surrogates of 

human enteric viruses” (Kitajima  

et al., 2014; Sinclair et al., 2012; 

Hornstra et al., 2018).  

combination of adsorption and 

disinfection processes to inactivate 

enteric viruses. For example, 

aboveground water reclamation 

systems use oxidation, membrane 

separation, adsorption, and 

disinfection. Water intended for 

groundwater recharge is treated using 

advection and dispersion, adsorption, 

and decay processes. “Advection and 

dispersion processes are highly 

dependent on soil properties, which 

are largely characterized by tracer 

experiments,” Parashar says. “Sorption 

to soil is determined by the shape and 

length of viruses, soil properties, and 

factors such as flow rate and ionic 

strength. To account for the 

complexities in understanding how 

viruses migrate in soil aquifer 

treatment systems, we must use 

laboratory experiments, field studies, 

and model evaluations” (Haramoto  

et al., 2018; Schijven and Simunek, 

2002; Cheng et al., 2007). Soil column 

experiments are one of the laboratory 

experiments the researchers will use to 

Sequencing of the virome present in municipal wastewater showed multiple plant viruses that can be used as a genetic marker  

of water quality. Samples (S1-24) collected over six months were subjected to genomic material extraction and sequencing  

to identify all the viruses through a microbe identification pipeline. Relative copies of the viral genome are depicted through  

the heatmap (figure courtesy of Subhash C. Verma). 
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(Project Spotlight continued) 

assess viral fate and transport. The 

columns will replicate the soil, water, 

and temperature of a soil aquifer 

treatment site, which will allow the 

team to collect valuable data on the 

degradation and transport the viral 

surrogates in saturated and 

unsaturated soil. Currently, the 

researchers are developing the design 

of the column experiments as well as 

their process plan, which they will 

hone using common viral surrogates 

and eventually tailor to the specific 

genetic marker surrogates.  

A key component of the National 

Competitive Grants is to build 

collaboration between university 

scientists and USGS. This project 

provides researchers from DRI and 

UNR the opportunity to work 

closely with Dr. Caldwell of USGS. 

“Dr. Caldwell will assist the project 

team with designing and 

constructing the soil column 

experiments and provide expert 

guidance on inflow/outflow 

boundary conditions and the 

required instrumentation,”  

Dr. Parashar says. The project will 

also provide opportunities for 

collaboration with other 

stakeholders, including Truckee 

Meadows Water Authority and 

Washoe County, on future research 

topics such as managing aquifer 

recharge, storage, and recovery.  

Another important focus for all 

NWRRI research projects is to 

provide the next generation of 

scientist opportunities to gain 

unique skills in water resources 

research. This project will support 

two PhD students (one advised by 

Dr. Parashar at DRI and the other 

co-advised by Drs. Verma and 

Pagilla at UNR). “The students will 

have the opportunity to work on a 

highly interdisciplinary project that 

combines hydrology, microbiology/

virology, and wastewater treatment 

technologies, as well as gain 

experience in quantitative science 

and experimental methods,” 

Parashar says. “The project also 

includes an early-career professional, 

Dr. Lazaro Perez, who will work on 

the virus transport column 

experiments and modeling studies.” 
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“This is a highly conservative method because the lack of a gene marker in the treated 

wastewater eliminates even the remotest possibility of the presence of pathogenic  

viruses following treatment. We anticipate this method will help verify the viral pathogen 

log-reduction values [LRV] for individual treatment processes and the treatment train.”  

– Rishi Parashar 
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Student Interview: Hyejeong Lee  
We asked graduate student 

Hyejeong Lee, who worked on the 

NWRRI project “Trace Element 

Compositions in Spring Waters in 

Southern Nevada,” about her current 

studies and plans for the future. 

Here’s what she had to say: 

1) What field are you currently 

studying and what sparked your 

interest in that field? 

I am currently studying 

geochemistry. My interest in this field 

was first sparked by a simple, idle 

curiosity of the chemistry of local 

water sources and the concentration 

of metals in water. 

2) What point are you at in  

your studies? 

I’m currently compiling all my 

collected data and comparing my 

data with the previously studied data. 

I’m also working on my thesis and 

plan to graduate in fall 2022. The 

working title of my thesis is “Study 

of Trace Elements in Southern 

Nevada Spring Waters and Lakes.” 

3) What research projects are you 

currently working on and what 

research are you doing? 

My current research project is a 

trace element analysis of selected 

spring water samples in southeastern 

Nevada. Because water chemistry can 

provide information on the bedrock 

types, groundwater movement, and 

potential sources of 

the recharging water, 

evaluating the metal 

compositions of these 

springs will help 

identify whether the 

springs are supplied  

by different aquifers. 

The elemental 

compositions of 

spring waters will then 

be used to test the 

hypothesis that 

different springs in 

southern Nevada 

share the same 

groundwater source 

(i.e., aquifer). 

4) What do you hope 

to learn more about 

from this project?  

Because determining 

between a warm and 

cold thermal spring is 

difficult, I hope to 

learn more about finding an accurate 

baseline to compare spring discharge 

temperatures to better understand 

stressed groundwater systems and 

track water sources. 

5) What are you looking forward  

to most about working on this 

project? 

Based on my collected samples and 

data, I’m looking forward to 

characterizing spring water sources 

and mixing pathways because 

multiple studies have used the 

geochemical signature of spring 

waters to determine recharge  

sources and track flow paths in the 

Las Vegas region. 

6) What are your goals for the 

next steps in your studies/career? 

In my studies, I expect to compile 

a complete suite of metal element 

compositions, ranging from lithium 

Photo courtesy of Hyejeong Lee  

“In my career, I would like to continue on in the field of water chemistry to address water quality issues 

due to the rapid population growth in Las Vegas, as well as collaborate with the United States Geological 

Survey, the Las Vegas Valley Water District, and Desert Research Institute to find solutions for meeting 

the demands on our limited water supply and explore other sources of water.” – Hyejeong Lee  



Events List  

SEG AAPG International Meeting for Applied Geoscience 
& Energy 
August 28-September 1, 2022 
Houston, TX 
imageevent.org/2022/ 
 
Meeting the Challenges of Groundwater in Fractured Rock 
September 12-13, 2022 
Burlington, VT 
www.ngwa.org/detail/event/2022/09/12/default-
calendar/22sep5017 
 
65th Annual AEG Meeting 
September 12-17, 2022 
Las Vegas, NV 
www.aegannualmeeting.org/ 
 
NWRA Fall Week of Water 
September 19-22, 2022 
Reno, NV 
www.nvwra.org/ 
 
GSA Connects  
October 9-12, 2022 
Denver, CO 
community.geosociety.org/gsa2022/home 
 
2022 ASA, CSSA, SSSA International Annual Meeting: 
Communication and Public Engagement for Healthy 
People and a Healthy Planet 
November 6-9, 2022 
Baltimore, MD 
www.acsmeetings.org/ 

 
AWRA 2022 Annual Water Resources Conference 
November 7-9, 2022 
Seattle, WA 
www.awra.org/Members/Events_and_Education/
Events/2022_Annual_Conference/2022_AC.aspx 
 
Groundwater Week 
December 6-8, 2022 
Las Vegas, NV 
groundwaterweek.com/ 
 
AGU Fall Meeting 2022 
December 12-16, 2022 
Chicago, IL 
www.agu.org/Fall-Meeting 

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

to uranium, from springs in Moapa 

Valley and the upgradient valleys in 

southern Nevada. 

In my career, I would like to 

continue on in the field of water 

chemistry to address water quality 

issues due to the rapid population 

growth in Las Vegas, as well as 

collaborate with the United States 

Geological Survey, the Las Vegas 

Valley Water District, and Desert 

Research Institute to find solutions for  
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meeting the demands on our limited 

water supply and explore other 

sources of water. 

7) Do you have a favorite dish 

that you like to make and why is 

it your favorite? 

I love pasta with truffle oil. It 

wasn’t my favorite when I first 

smelled the truffle oil, but now it’s 

one of my favorite dishes because 

of the rich, creamy taste.  

8) What is something that we 

might not know about you 

(hobbies, interests, etc.)? 

My secret hobby is watching 

social/history documentaries in 

different languages. Even if I don’t 

understand the language, I enjoy 

watching them over and over again  

to see their point of view. ◼ 

(Student Interview continued) 

Photo by Jackson Crews 

https://www.imageevent.org/
https://community.geosociety.org/gsa2022/home
https://groundwaterweek.com/


Success and the dedication to quality research have established the Division of Hydrologic Sciences at Desert 

Research Institute (DRI) as the Nevada Water Resources Research Institute (NWRRI) under the Water 

Resources Research Act of 1984 (as amended). DRI administratively houses and logistically supports the 

operations of the NWRRI.  

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

under Grant/Cooperative Agreement No. G21AP10578.  

 

About DRI 

The Desert Research Institute (DRI) is a recognized world leader in basic and applied environmental research. Committed to scientific 

excellence and integrity, DRI faculty, students who work alongside them, and staff have developed scientific knowledge and innovative 

technologies in research projects around the globe. Since 1959, DRI’s research has advanced scientific knowledge on topics ranging from 

humans’ impact on the environment to the environment’s impact on humans. DRI’s impactful science and inspiring solutions support 

Nevada’s diverse economy, provide science-based educational opportunities, and inform policymakers, business leaders, and community 

members. With campuses in Las Vegas and Reno, DRI serves as the nonprofit research arm of the Nevada System of Higher Education. 

For more information, please visit www.dri.edu. 

 

 

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: Crepuscular rays emanating from clouds on Ward 

Mountain near Ely, Nevada, during DRI Weather Modification 

Program fieldwork. Photo by Jesse Juchtzer. 
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Events list, page 5: A sego lily in the Quinn Canyon Range, Nevada, by 

Jackson Crews. 
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