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OUR CONSERVE MISSION

To facilitate the adoption of 
transformative on-farm treatment 
solutions that enable the safe use of 
nontraditional irrigation water on 
food crops.
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CONSERVE AT A GLANCE

CONSERVE: A Center of Excellence at the Nexus of Sustainable Water Reuse, Food, and Health was established in 2016 
through a $10 million grant from the United States Department of Agriculture (USDA) National Institute for Food and 
Agriculture (NIFA)  to the University of Maryland School of Public Health. A long-term goal of USDA-NIFA is to “solve 
critical water resource problems in rural and agricultural watersheds across the United States”. Within this framework, 
CONSERVE employs a systems approach to evaluate the availability (quantity and quality) of nontraditional irrigation water 
sources (e.g. recycled water, brackish water, return flows) that could be used to help agricultural producers conserve 
groundwater; identify the socio-behavioral, economic and regulatory factors that impact the use of these sources; and 
develop, implement, and evaluate on-farm water treatment technologies for the safe and successful use of nontraditional 
irrigation water. We then share this new knowledge with agricultural and non-agricultural communities, and employ 
experiential education to teach, train, and inspire future leaders.

There are multiple unique strengths to CONSERVE. Our exemplary 
and diverse team includes researchers, extension specialists 
and educators from two U.S. regions: the Mid-Atlantic and the 
Southwest as well as partners from Israel’s Arava Institute for 
Environmental Studies (an international leader in agricultural water 
reuse). We continually seek to partner with water reuse leaders 
from academia, government, industry and non-profit sectors. 
Our proven collaborative capacity speaks well for the success 
of CONSERVE and will allow us to maximally leverage existing 
resources. Our focus on the Mid-Atlantic and Southwest regions 
highlights two diverse climates that are in different stages of 
need for nontraditional irrigation water sources. Specifically, the 

Mid-Atlantic is currently not experiencing serious water shortages, and the integration of new irrigation water sources 
and emerging on-farm water treatment technologies at this time represents a proactive approach to agricultural water 
security. In contrast, the Southwest region is experiencing severe water shortage crises, and thereby represents a need 
for reactive solutions to water insecurity. 

This report provides an overview of the progress of CONSERVE 
throughout our second year of funding. 

OUR CONSERVE MISSION

To facilitate the adoption of 
transformative on-farm treatment 
solutions that enable the safe use of 
nontraditional irrigation water on 
food crops.

OUR CONSERVE VISION

A national resource bringing together 
research, outreach, and education to 

effectively reduce the nation’s agricultural 
water challenges that are exacerbated 

by climate change.
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Characterizing the Availability and Quality of Nontraditional Irrigation 
Water Sources

Mapping Nontraditional Irrigation Water Sources 

CONSERVE researchers have gathered data 
on all wastewater discharging facilities in 
four states within our focus area: Arizona, 
California, Delaware and Maryland. The 
data from Arizona and California have been 
uploaded to a new geospatial (mapping) 
platform developed by CONSERVE researchers. 
Currently, the mapping platform contains 
information on over 2,300 discharging facilities, 
as well as data on cropping activities, 
hydrology, and soil layers. This novel geospatial 
platform will support the development of a 
decision support system that can be used by 
farmers to evaluate whether it is feasible for 
them to consider using nontraditional water 
sources to irrigate food crops.

Characterizing the Quality of Nontraditional Irrigation  Water Sources 

CONSERVE researchers conducted field sampling at 17 sites in the Mid-Atlantic and Southwest including water 
reclamation sites, non-tidal freshwater rivers, brackish rivers, ponds, vegetable processing facilities and farms employing 
return flows.  In total, over 1,800 samples were collected; processed; analyzed for bacterial indicators, pathogens and 
chemical constituents; and sent for 16S rRNA sequencing and metagenomic shotgun sequencing. These data will result in 
the most comprehensive microbial, chemical and physical characterization of nontraditional irrigation water sources that 
has ever been carried out in the U.S.

individual nontraditional irrigation water samples were collected in the Mid-Atlantic and Southwest 
and tested for all CONSERVE microbiological, physical and chemical water quality parameter.
All water samples were managed by the Data Core’s state-of-the-art Laboratory Information 
Management System (LIMS) that was custom-designed for CONSERVE.

2313

1812

wastewater discharging facilities have been mapped on our GIS platform, that focuses on 
characterizing the availability of nontraditional irrigation water sources in Arizona, California, 
Maryland, and Delaware
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Zero-valent iron (ZVI) biosand filtration

The CONSERVE team has developed an innovative ZVI 
filtration system that is low cost, low energy, and shows 
promising results with regard to removing both chemical 
and microbial constituents from recycled water sources. 
To date, successful greenhouse-based experiments have 
been completed and the first ZVI field-scale trial will be 
conducted at the UMD Wye Research and Education 
Center in 2018. 

UV and ozone-based technologies

CONSERVE researchers have evaluated whether plant 
antimicrobial treatments can inactivate foodborne 
pathogens in vitro and on produce or induce these 
microorganisms to enter into a viable but non-culturable 

(VBNC) state. This study was conducted because previous investigations have shown that 
chemical based sanitizers such as chlorine can induce bacteria to go into a VBNC state. 
Even though they are not culturable, if ingested by a human host, these bacteria could still 
cause infections. The foodborne pathogens evaluated included Escherichia coli O157:H7, 
Salmonella enterica and Listeria monocytogenes. Iceberg lettuce was treated with three 
plant extracts, three plant essential oils and three active components of essential oils in the 
wash water. The results showed that all plant antimicrobials actually inactivated the three 
pathogens. None of the antimicrobials tested induced any of the pathogens to enter into a 
VBNC state both in vitro and on produce. These results are important in understanding the 
efficacy of plant antimicrobials for produce wash water treatment. 

Developing Innovative Treatment Technologies to Improve the Quality of 
Nontraditional Water Sources Used to Irrigate Food Crops



6

Understanding the Factors that Influence the 
Adoption of Nontraditional Irrigation Water Sources

Social, Behavioral and Economic Factors

Throughout CONSERVE Year 2, more than 900 participants have participated in four experiments examining consumer 
preferences for traditional vs. nontraditional irrigation water sources. This is in addition to the 1,400 consumers that 
participated in five experiments during the first funding year. Consumer preferences for three new products were 
examined (dates, clementines, 
cotton t-shirts), adding to the 
total of 17 products that were 
examined during the first year 
(strawberries, blueberries, 
spinach, broccoli, olive oil, 
olives, dried olives, grapes, 
grape juice, raisins, baby 
carrots, almonds, seaweed 
salad, seaweed snacks, 
seaweed noodles, red and 
white wine). 

adult subjects participated in four economic 
experiments in the U.S. examining consumer 
preferences for foods grown with traditional vs. 
nontraditional irrigation water sources

states researched to compile the existing laws detailing 
water reuse for irrigating food crops (Maryland, 
Virginia, Delaware, and California)

900

4



7

Legal, Regulatory, and Policy Frameworks

CONSERVE research on state water law includes: California, Arizona, Virginia, Maryland and Delaware. The research 
in these states highlights the disparity in water laws from state to state driven by two main factors. First, in terms of the 
history and availability of water, Western states with greater water scarcity issues still adhere to a “prior appropriation” 
model whereby original water rights holders have superior rights to those who come after. As the west developed from 
frontier to modernity, this appropriation foundation has been modified to accommodate the huge increase in population 
and agriculture development, moving water rights toward a use-based approach, e.g., residential use gaining superior 
rights over other uses. For example, California’s surface water allocation system has built upon a hybrid system of 
appropriation and riparian-based rights toward a permit-based, localized control system that can take into account 
fluctuations in demand on a region by region or local basis, prioritizing domestic use. Layered on top of these water rights 
issues, for Arizona in particular, are regional and international water right agreements that allocate water between states 
and between the United States and Mexico. Arizona, due to its aridity and booming population growth, not surprisingly 
has developed a comprehensive legal framework for non-traditional or recycled water. In the eastern states reviewed, the 
foundation of water rights is based on proximity or a “riparian rights” system where landholders abutting water sources 
have rights to extract. As populations in the area increased, water scarcity has developed on a local level and has led 
to more variance in local water extraction policies, particularly in Virginia. Generally, rights to groundwater in Maryland, 
Virginia and Delaware are not limited, i.e. land owners are entitled to extract unlimited amounts of ground water as long as 
it is put to reasonable use (not wasteful). For surface water, a permitting system for large amounts of water extraction has 
replaced pure riparian rights of unlimited usage. While groundwater extraction is typically unlimited in these states (the 
“American Rule”) provided the water extracted is put to a beneficial use, there are two groundwater management areas in 
Virginia, comprising 15 counties, which require permits for extraction. 

In addition to the general research on water law in the subject states, initial research has also been completed on the legal 
treatment of non-traditional or recycled water in Delaware, Maryland, Virginia, Arizona, and California. The primary focus 
of state efforts regarding recycled water have initially focused on categorizing the original use of the water, the processes 
required to treat water and the subsequent uses of the water relying on a classification system for the recycled water. For 
example, Maryland has developed regulations to allow for water to be treated in municipal facilities and, depending on 
the level of treatment, are then allowed for specific purposes such as commercial use, landscape irrigation, agriculture 
(non-food and food crops distinguished). Arizona has developed regulations for on-site greywater reuse while Maryland 
has not. Research is nearly completed on how states would likely treat non-traditional water sources that are not currently 
addressed under state law taking into consideration how the prior appropriations based system in western states or the 
riparian rights based system in eastern states (as well as the permitting systems developed on top of these foundations) 
will affect the development of regulations of decentralized or on-site water recycling systems. 
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Communicating the 
Message: Outreach and 
Extension

During the course of Year 2, The Extension 
team has engaged in multiple activities and 
completed outputs to further CONSERVE’s 
long-term outcome of shifting grower 
and consumer attitudes, and facilitating 
the on-farm adoption of transformative 
technologies that enable the use of 
nontraditional irrigation water sources. 

To continue the project objective of 
completing a grower needs assessment 
survey, the Extension team has collected 802 completed surveys. This work will help address an important knowledge gap 
regarding farmers’ views and concerns related to nontraditional water used to irrigate agricultural crops eaten raw. 

A short-term outcome is generation of data on knowledge and concerns related to nontraditional irrigation water sources 
from agricultural communities. We have completed a preliminary regional comparison of the needs assessment survey 
data and have found that the Mid-Atlantic and Southwest regions differ in almost all topics covered by the survey. 
The two regions were significantly different in terms of all demographic characteristics surveyed (age, race, ethnicity, 
gender). Primary water source, concern about water availability, importance of nontraditional water, and willingness to 
supplement with nontraditional water sources all differed significantly between the two regions. Regional differences had 
the biggest impact on the willingness to supplement with nontraditional water compared to size of farm and primary water 
source. Interestingly, there was no difference in the way respondents in each region answered questions about access to 
nontraditional water source and willingness to supplement with nontraditional water sources if the water quality was as 
good as or better than their current water source. Water quality and health were the largest areas of concern related to 
nontraditional water sources in both regions. 

We also expanded our survey respondents and continue outreach to agricultural and non-agricultural communities 
through a publication summarizing our needs assessment. The article has been published in 16 agriculturally-related news 
outlets, social media sites, and e-newsletters. To better represent the Southwest in the need’s assessment survey, farmers 
markets, Farm Bureaus, extension specialists, and other agriculture and water related organizations helped disseminate 
the survey. 

We are also producing multimedia materials that address the medium term outcome of development of active-learning 
based educational modules. The products currently being developed include: 1) a virtual lab of water sampling; and 2) 
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a video explaining how humans and food are both integral 
components within the water cycle.  We are developing case 
studies in both the Mid-Atlantic and Southwest regions to 
highlight agricultural producers that are already using recycled 
water to irrigate forage or produced crops. These case studies 
will be a mix of written case studies that can be printed as hard 
copies and soundbooks that can be posted online. 

802

25

growers completed our needs 
assessment that was administered 
throughout the Mid-Atlantic and 
Southwest. This work will help 
address an important knowledge 
gap regarding farmers’ views and 
concerns relating to nontraditional 
water used to irrigate food crops 
eaten raw.

regional conferences were attended 
by the CONSERVE Extension team 
to disseminate CONSERVE material 
and engage with key stakeholders 
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Inspiring the Next Generation of Leaders Engaged in Sustainable Water 
Reuse on Food Crops 

What do our children know about water for growing food?

CONSERVE researchers have polled the public to consider the 
following situation: As our population increases, we need to 
produce more food to feed everyone. But the amount of water on 
or planet stays the same. In fact, as the population grows, more 
and more water is used and contaminated. Scientists are working 
to find new ways to clean and conserve water to grow food. Public 
interest among children was measured concerning basic topics, 
decontamination of water, and knowledge of basic and scientific 
language surrounding the subject.  

Overwhelmingly, children under the age of 18 self-reported that 
they were interested in learning more about the right water to grow 
foods.  Children under the age of 18 self-reported their familiarity 
with terms like reclaimed, drought, and irrigation. The same 
participants were asked if there is no rain, what water would be 
acceptable to use on food crops if it was to be decontaminated 
before use. Data are being used to inform the wording used in 
educational materials.

CONSERVE Scholars at work

The goals of the CONSERVE Undergraduate Summer Internship 
Program are to: (1) Train the next generation of leaders 
engaged in sustainable water reuse; (2) Help students develop 
skills in systems-based thinking; and (3) Provide traditionally 
underrepresented and disadvantaged undergraduate students 
with research training and career development to enhance their 
potential to go on to graduate studies. CONSERVE has created 
opportunities to introduce interns to systems-based thinking 
by connecting them with the CONSERVE Scholars working on other projects and providing them with educational 
opportunities to learn more about the research of CONSERVE and its impacts. In Year 2, 7 Summer Interns worked in 
CONSERVE labs around the country to develop the interns’ skills and abilities. Students were also exposed to guidance 
on finding and assessing the right graduate program, the steps required for applying to these schools, and financing 

7

24

undergraduate students 
participated in the CONSERVE 
Summer Internship Program 
with CONSERVE teams 
around the country. A primary 
goal of the program is to 
support Science, Technology, 
Engineering and Math (STEM) 
training among students from 
underrepresented minority 
groups and/or disadvantaged 
backgrounds

CONSERVE Scholars 
participated in a data 
management workshop at 
SESYNC (A National Socio-
environmental Synthesis 
Center funded by the National 
Science Foundation), where 
scholars were introduced 
to collaborative workflows 
for managing data in team 
research projects
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this education. Lastly, each intern 
provided oral presentations on their 
experiences during the internship, 
giving them the opportunity to hone 
their presentation skills. 

Our CONSERVE scholars (graduate 
students, postdoctoral fellows, and 
technical staff) have continued 
monthly teleconferences, allowing 
each scholar the opportunity 
to present their work to other 
scholars. In Year 2, CONSERVE 
also planned and executed a two-
day long training workshop for 
Scholars that was held at SESYNC 
(a National Socio-Environmental 
Synthesis Center). Scholars 
were introduced to collaborative 
workflows for managing data in 
team research projects, the use of 
R as an open-source software for 
data management and analysis, 
and the concept of open data, with 
an emphasis on where and how 
to identify secondary data that 
could complement the primary data 
being gathered through CONSERVE 
activities. The most immediate 
output was the training of the 
participating CONSERVE scholars, 
and the intended outcome is for 
them to apply these new skills to 
their graduate training and research 
within CONSERVE.
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CONSERVE Team Working in the Field

Above Left : CONSERVE Scholars sample 
water at Mid-Atlantic sites. 

Above RIght : A CONSERVE Scholar samples 
water in the West Bank.

Bottom Left: A hydroponic tomato system at 
the Arava Institute in  Southern Israel. 
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Bottom Left: A CONSERVE scholar in the lab 
at the University of Maryland Eastern Shore 
(UMES).

Bottom Right: The CONSERVE Mid-Atlantic 
Extension team collecting needs assessment 
data at a meeting.

Top Left: The CONSERVE Southwest team sampling. 

Top Right: The CONSERVE Southwest Extension team 
collecting needs assessment data at a meeting.
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CONSERVE Year 2: Communicating Our Message

Peer-Reviewed Publications to date:

Betancourt, W. Q., I. L. Pepper and C. P. Gerba. 2016. Managed aquifer recharge systems for natural and sustainable 
wastewater reclamation and reuse technology: Health concerns associated with human viruses (USA). In: Safe use of 
Wastewater in Agriculture: Good Practice Examples. H. Hettiarachchi and R. Ardakanian, Ed. United Nations University 
Institute, Dresden, Germany. pp. 3-20. 

Betancourt, W. Q. and C. P. Gerba. 2016. Rethinking the significance of reovirus in water and wastewater. Food Environment 
Virology 8:161-173. 

Chopyk, J., Allard, S., Nasko, D.J., Bui, A., Mongodin, E.F. and Sapkota, A.R., 2018. Agricultural freshwater pond supports 
diverse and dynamic bacterial and viral populations. Frontiers in Microbiology, 9, p.792.

Gerba, C. P., W. Q. Betancourt and M. Kitajima. 2017. How much virus 
reduction is needed for recycled water: A continuous changing need for 
assessment? Water Research 108:25-31.

Gerba, C. P., Betancourt, W. Q., Kitajima, M., & Rock, C. M. 2018). Reduc-
ing uncertainty in estimating virus reduction by advance water treatment 
processes. Water research, 133, 282-288. 

Kulkarni P, Olson N, Raspanti G, Rosenberg Goldstein R, Gibbs SG, Sapko-
ta A, Sapkota AR. 2017. Antibiotic concentrations decrease during waste-
water treatment but persist at low levels in reclaimed water. International 
Journal of Environmental Research and Public Health. Jun 21;14(6).

Rosenberg Goldstein RE, Kleinfelter L, He X, Micallef SA, George A, Gibbs SG, Sapkota AR. 2017. Higher prevalence of 
coagulase-negative staphylococci carriage among reclaimed water spray irrigators. Science of the Total Environment. 
595(1):35-40.

7

64

4

peer-reviewed articles published that feature CONSERVE research

conference presentations by CONSERVE team members

videos or other multimedia generated by CONSERVE team members
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Develop CONSERVE field demonstration sites 
where we scale up and implement water 
treatment interventions in the field and integrate 
research, education and extension programming 
around these sites.

Hydrological models that were developed in year 
2 will be used to better analyze the study area 
and evaluate the incorporation of nontraditional 
sources as new irrigation water sources in the 
study area.

Perform batch and flow-through column 
experiments to evaluate the effectiveness of 
ZVI treatment. E. coli inactivation rates will be 
obtained from the batch study and percent E. 
coli removal will be quantified through column 
experiments using pulse inputs.  The results will 
be compared to and help explain data from the 
field trial.

Publish a large group of CONSERVE manuscripts in 
a Special Issue of Environmental Research.  

Study the following issues: (1) what is driving 
consumers stigma towards nontraditional water; 
(2) how does social pressure affect consumer 
preferences toward nontraditional water; and 
(3) how is stigma towards nontraditional water 
successfully mitigated.  

Analyze and report on the outputs from the various 
consumera perceptions survey efforts that have 
been implemented to-date.  

Publish a report that will answer the initial 
question of what do growers feel and know about 
reused water resources.   

Complete U.S. legal research and draft first 
report, synthesizing the research to date into a 
comprehensive analysis of the domestic treatment 
of recycled water and non-traditional water 
resources.  

Develop products and materials (outputs) based 
on CONSERVE research, information from advisory 
panels and stakeholders (inputs), and needs 
assessment that will be benefit stakeholders and 
the public (outcomes). 

Develop material for 5 half-day workshops to 
educate growers and extension faculty on 
CONSERVE findings.

CONSERVE Planning for  Year 3:



CONSERVE was awarded to the University of Maryland School of Public Health and is  
supported by the United States Department of Agriculture-National Institute of Food and  

Agriculture, Grant number 20166800725064.

conservewaterforfood.org

Follow us:
www.facebook.com/CONSERVEwaterforfood

https://twitter.com/CONSERVE_center


