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ABSTRACT 

Mitigating Stigma Associated with Recycled Water: Aquifer Recharge and 
Trophic Levels

Keywords: Stigma, recycled water, aquifer recharge, trophic levels

Stigmatization of water and food products can constrain markets and prevent the 
implementation of scientifically safe solutions to environmental problems, such 

as water scarcity. Recycled water can be a cost-effective, dependable, and safe 
solution to water shortages, however, consumers generally either require a large 

reduction in price to purchase and eat products made with recycled water or 
reject such products outright. If emerging sustainable agricultural technologies, 

such as recycled water are to be used to address growing water shortages 
worldwide, policymakers and industry stakeholders must identify effective 

strategies for mitigating stigma. Using field experiments involving 1,420 adult 
participants, we test the effectiveness of two stigma-mitigating techniques. We 
also successfully demonstrate a novel twist to the collection of representative 

samples in non-hypothetical experimental settings and compare the results to a 
more traditional field experiment that recruited participants at a large public 
gathering. The analysis of these different samples suggests a common finding: 

passing recycled water through a natural barrier, such as an aquifer, removes the 
stigma consumers would otherwise attach to it. We also find that the trophic 

level an organism occupies in the food chain influences stigmatizing behavior. 
The greater the steps in the food chain between an organism and the use of 

recycled water, the less it is stigmatized. These results have important 
implications for efforts to promote large-scale potable and non-potable recycled 

water projects and the use of recycled water in the agricultural industry.
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Abstract

Stigmatization of water and food products can constrain markets and prevent the 
implementation of scientifically safe solutions to environmental problems, such as water 

scarcity. Recycled water can be a cost-effective, dependable, and safe solution to water shortages, 
however, consumers generally either require a large reduction in price to purchase and eat 

products made with recycled water or reject such products outright. If emerging sustainable 
agricultural technologies, such as recycled water are to be used to address growing water 

shortages worldwide, policymakers and industry stakeholders must identify effective strategies 
for mitigating stigma. Using field experiments involving 1,420 adult participants, we test the 
effectiveness of two stigma-mitigating techniques. We also successfully demonstrate a novel 

twist to the collection of representative samples in non-hypothetical experimental settings and 
compare the results to a more traditional field experiment that recruited participants at a large 
public gathering. The analysis of these different samples suggests a common finding: passing 
recycled water through a natural barrier, such as an aquifer, removes the stigma consumers 
would otherwise attach to it. We also find that the trophic level an organism occupies in the 

food chain influences stigmatizing behavior. The greater the steps in the food chain between an 
organism and the use of recycled water, the less it is stigmatized. These results have important 
implications for efforts to promote large-scale potable and non-potable recycled water projects 

and the use of recycled water in the agricultural industry.
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Stigmatization of water and food products by consumers can limit the tools available to 

policymakers, agricultural producers, and the food industry to respond to environmental 

challenges (Edelstein, 2004; Roth, 2007). Stigma arises when consumers perceive food products 

as risky to use or consume despite the overwhelming scientific evidence that they are safe 

(Gregory, Flynn and Slovic, 1995; Walker, 2001; Ellen and Bone, 2008; Potts and Nelson, 2008; 

Kanter, Messer, and Kaiser, 2009). One of the primary barriers to widespread use of sustainable 

supply side solutions to water scarcity, such as recycled water – wastewater treated to standards 

that make it safe for drinking and irrigation – is the stigma attached to it (Hartley, 2006; Lazarova 

et al., 2013; Ormerod and Scott, 2013). Recycled water can be a feasible and cost-effective means 

to satisfy the growing demand for water (Chen et al., 2013) because it can provide a dependable 

and safe alternative source. While potable recycled water projects have been successfully 

implemented in Big Spring and Wichita Falls, Texas and Fountain Valley, California (Martin, 

2014), consumer concerns have derailed similar efforts. Projects to provide potable recycled 

water were indefinitely delayed or cancelled in Tampa, Florida, Brownwood, Texas, and South 

Queensland, Australia, because of the “yuck factor”, a phycological feeling of disgust invoked by 

consumer perceptions of recycled water going directly from toilet to tap (Sedlak, 2014; Morgan 

and Grant-Smith, 2015; Rozin et al., 2015; Hummer and Eden, 2016; Wester et al. 2016). 

The use of recycled water for irrigation has also struggled to gain acceptance. Recent 

studies examining consumer preferences for produce irrigated with recycled water have shown 

that U.S. consumers either require a large reduction in price to purchase these foods relative to 

produce irrigated with water from conventional or unspecified sources, or rejected these foods 

outright (Ellis et al., 2018; Savchenko et al., 2018) . These findings have been consistent for a 
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wide variety of produce, both those high in water content, such as strawberries (92%), spinach 

(92%), broccoli (91%), and baby carrots (87%), as well as those lower in water content, such as 

grapes (81%), dates (60%), and almonds (6%) (Barreveld, 1993; Bastin and Kenken, 1997; 

Almond Board of California, 2014). While there currently is no mandatory irrigation water 

labeling for produce, an increase in marketers labeling food based on the ‘freshness’ of irrigation 

could contribute to stigmatization of foods produced with recycled water similar to the negative 

effects of labeling of other food processes perceived as risky by consumers (Savchenko et al., 

2018; Messer, Costanigro, and Kaiser, 2017). Results from Ellis et al. (2018) and Savchenko et al. 

(2018) indicate a consumer backlash could occur if the use of recycled irrigation water becomes 

more well-known by consumers. Both studies also found that messaging about the 

environmental benefits of recycled water did not alleviate consumer concerns. Thus, the strategy 

outlined by Zilberman, Kaplan, and Gordon (2018) of ‘green’ retailers voluntarily labeling a 

product to signal its sustainability to consumers will likely not be successful in the case of 

recycled irrigation water. Therefore, it is critical from the perspective of policymakers and 

industry stakeholders to identify strategies that can effectively alleviate consumer concerns about 

various uses of recycled water so it can be a viable solution to water scarcity.

Alternative sources of drinking and irrigation water are desperately needed. In the United 

States, 130 million people currently suffer from moderate to severe water scarcity at least one 

month a year (Mekonnen and Hoekstra, 2016). These water shortages have an outsized effect on 

the agricultural industry.  For example, the western United States, one of the most water stressed 

regions of the country, accounts for 74% of the total irrigated acres and 81% of total irrigation 

withdrawals (Person and Morris, 2019). Conditions are expected to worsen due to climate 

change that will continue to cause shifts in global weather patterns exacerbating the differences 
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between wet and dry regions (Intergovernmental Panel on Climate Change, 2014). Parts of 

the western United States are expected to be particularly hard hit. Drought conditions in the 

Southwestern and Central plains of the United States are predicted to exceed those of the driest 

centuries of the last millennium (Cook, Ault, and Smerdon, 2015). 

In this paper, we analyze data from two framed field experiments. The first (Study I) 

involved 314 adult participants from the mid-Atlantic (Delaware, Maryland, New Jersey, and 

Pennsylvania). The second (Study II) involved a representative sample of 1,106 adult participants 

from across the United States that intentionally oversamples participants from the mid-Atlantic 

so that a direct comparison with Study I could be made. We test the effectiveness of two 

strategies to mitigate stigma associated with recycled water – passage through a natural barrier 

(an aquifer) and information about the trophic level of food products. Our experimental design 

allows us to measure the effectiveness of these stigma-mitigating techniques in a non-

hypothetical, demand-revealing setting using a representative sample of U.S. adult consumers 

and the results suggest that both methods are effective at mitigating stigma. These findings are 

particularly timely as both federal and state policymakers focus on increasing the use of recycled 

water in the United States. This is evidenced by the recent release of the National Water Reuse 

Action Plan by the U.S. Environmental Protection Agency aimed to encourage adoption of 

recycled water by municipalities across the U.S. and plans to build five water recycling projects in 

California, Hawaii and Texas with the support of $16.98 million provided by the U.S. Bureau of 

Reclamation (U.S. Bureau of Reclamation, 2019). Finally, we provide useful insights about 

recruitment of a representative sample online while running field experiments. 

 First, we evaluate whether passing recycled water through a natural barrier, such as an 

aquifer, alleviates the stigma associated with it. Such indirect potable water reuse projects inject 
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recycled water into an underground aquifer, where it is stored for some time before being 

withdrawn to undergo processing in a traditional water treatment plant. While several indirect 

potable reuse projects have been implemented in the United States, they have had mixed success. 

Some, such as the East Valley Water Recycled Project in Los Angeles, California, failed miserably 

due to public opposition (Lim and Safford, 2019) while others, such as the Groundwater 

Replenishment system in Orange County, California, are currently operating (Orange County 

Water District, 2019). Despite some successful indirect potable reuse projects, it is not clear 

whether passing recycled water through a natural barrier reduces consumer concerns, 

information that is necessary for the success of future large-scale recycled water projects. We are 

not aware of any prior study that has explored the stigma-mitigating effects of passing recycled 

water through a physical environmental barrier in a non-hypothetical demand-revealing 

experimental setting in which the study participants’ decisions have real outcomes. 

 Second, we examine whether the trophic level of a food product affects consumers’ 

concerns about recycled water. Trophic level refers to an organism’s place in the food chain. 

Plants are categorized as trophic level one because they generally do not consume other living 

organisms. Cattle, being herbivores, are categorized as trophic level two as they consume 

organisms from tropic level one. The sequence of plants being irrigated with recycled water and 

then consumed by cattle represents a type of processing that increases the degree of separation 

between recycled irrigation water and the beef and dairy products produced from the cattle. 

There is some evidence that a greater number of processing steps, between the food a consumer 

purchases and the recycled water used in its production, can have a destigmatizing effect. 

Savchenko et al. (2019b), for example, showed that simple processing, such as drying and 

liquefying, could alleviate some consumers’ concerns about the use of recycled irrigation water 
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for food products. Lease, MacDonald, and Cox (2014) likewise found that cooking meatballs 

prepared with recycled water removed the stigma. Thus, a product’s trophic level could also act 

as a stigma-mitigating barrier in consumers’ minds against the negative effects they associate 

with recycled water. This would have far greater implications for the use of recycled water in 

agricultural production than the postproduction food processing methods of drying, liquifying, 

and cooking with heat. If produce irrigated with recycled water has less stigma attached to it than 

potable recycled water, and the products and byproducts of herbivores have even less, then the 

implementation of recycled water resources should be first focused on animal feed operations 

first rather than on potable drinking water. To our knowledge, this is the first study to test the 

effect of a product’s trophic level on the stigma attached to it because of the use of recycled water 

in its production. 

Prior studies have identified disgust, safety concerns, and a natural tendency to avoid 

unfamiliar products (neophobia) as significant factors contributing to the stigmatization of 

recycled water and consumer responses to its potable and non-potable uses (Savchenko et al., 

2019a). Using functional magnetic resonance imaging, Ellis et al. (2019) provided 

neuroeconomic evidence that disgust is part of consumers’ reactions to recycled water and that it 

is not readily dissipated by behavioral interventions such as videos on the benefits of recycled 

water. Instead, disgust tends to linger, and mitigation strategies appear to make other aspects of 

consumers’ decision processes, such as how the choice affects society and their self-images, more 

important. Wester et al. (2016) similarly found that how recycled water was framed and 

presented to consumers determined how much they were consciously disgusted by it. There is 

also evidence that the stigma attached to the water and foods produced with it can be partially 

mitigated through branding and behavioral interventions, like exposure to information and 
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messaging (Marette et al., 2010; McFadden and Huffman, 2017; Savchenko et al., 2018; Ellis, 

Savchenko, and Messer, 2019).

Several studies found that showing or simply telling people about the number of steps 

between the water they were drinking and a contaminant, such as municipal waste, lead, or a 

sterilized cockroach, that was once in contact with the water, reduced consumers’ stigmatization 

(Rozin et al., 2015; Kecinski et al., 2016; Hui and Cain, 2017; Kecinski and Messer, 2018). 

Processes that have been effective are filtration, boiling, and dilution, and multiple redundant 

treatments were found to be more effective in reducing stigma than any singular treatment 

(Kecinski et al., 2016). In a hypothetical, stated-preference study, Rozin et al. (2015) found that 

allowing the recycled water to filter through a natural system, such as an aquifer, for ten years 

before treating it and introducing it as drinking water had a similar effect. Likewise, in a survey of 

California residents, Hui and Cain (2017) showed that informing residents that their local aquifer 

was recharged with recycled water partially abated their visceral reactions to it. Several unique 

features of our study design set our paper apart from the previous literature. Unlike prior studies, 

our analysis relies on data collected in an incentive-compatible experimental setting, where 

consumers made real decisions that involved spending real money and purchasing products 

made with different types of recycled water. This enables us to incentivize study participants to 

reveal their true preferences and avoid hypothetical bias present in stated-preference research 

(Penn and Hu, 2018). In addition, our analysis uses a representative sample of adult consumers 

across the United States, strengthening external validity of our results.    

The results of our two studies contribute to the growing body of literature on ways to 

mitigate stigma associated with potable and non-potable uses of recycled water in several 

important ways. First, using a revealed preference method instead of hypothetical surveys, we 
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find that passing recycled water through an aquifer before using it for drinking and 

irrigation removes the stigma attached to it. This finding is particularly important for the success 

of large-scale recycled water projects and is timely because policymakers in the United States are 

currently considering several large-scale projects that will produce and pass recycled water 

through aquifers for potable and non-potable uses (WaterWorld, 2018, 2019). Second, our 

analysis provides evidence that consumers view foods produced from trophic level two 

organisms that ate feed crops irrigated with recycled water as having significantly fewer negative 

qualities than recycled water. That is, in the minds of consumers, a food crop possesses the same 

qualities and contagions as the water with which it is irrigated, but the animals that eat those 

plants do not, or at least not to the same extent. A valuable finding for agricultural producers and 

the food industry as it implies that consumers will not stigmatize products such as meat and 

cheese because the animals’ food was irrigated with recycled water. It also assists policymakers 

who are encouraging agricultural producers to expand their use of recycled water for irrigation 

by alleviating producers concerns about whether consumers will accept the resulting meat and 

dairy products. These findings introduce two additional strategies policymakers and industry 

stakeholders can use in their efforts to mitigate the stigma associated with recycled water.

 This paper also contributes to the methodological literature on how to recruit a 

reasonably representative sample of adult consumers in experimental studies (Coppock, 2018; 

Brink, Lee, and Pyzoha, 2019; Boas, Christenson, and Glick, 2020). Study II replicated the 

incentive-compatible design of Study I but converted the in-person field experiments into an 

online experiment. A novel twist to data collection that we show to be an effective way to collect 

representative samples in non-hypothetical experimental settings. In doing this we were able to 

evaluate the robustness of convenience sampling. Consumers from the mid-Atlantic (Delaware, 
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Maryland, New Jersey, and Pennsylvania), the four states where most participants from Study I 

were drawn, were oversampled in Study II so that a direct comparison could be made between 

the two studies. These findings are particularly relevant for studies that involve non-hypothetical 

purchase decisions involving actual products as they have traditionally only been conducted in-

person.

Experiment Design

Method

We conducted two framed field experiments to assess the impact of stigma mitigation strategies 

on consumer preferences for potable recycled water and foods produced with recycled water. 

Study I was conducted with participants from the mid-Atlantic region of the US, while Study II 

collected a sample of consumers representative of the entire United States. Both experiments 

relied on a revealed-preference, single-bounded, dichotomous-choice design. Dichotomous-

choice designs use a posted-price mechanism, which mimics consumers’ usual purchasing 

decisions – when presented with a product, they choose either to purchase it at the listed price or 

not. Formally, each participant i was offered a purchase opportunity j at listed price P and chose 

either to make a purchase (D = 1) or pass on the opportunity (D = 0):

When the price, Pij, was less than or equal to participants’ expected utility, EUij, they purchased 

the product. When Pij was greater than participants’ expected utility, they chose not to purchase 

the product. In line with Fehr and Rangel (2011), the decision value (expected utility), EUij for 

participant i’s purchase opportunity j was generated by integrating attributes, 
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such as product and water type, over all purchase opportunity dimensions K, such as taste, 

healthfulness, sense of disgust, and self-image. The model assumes that

where C_j is a vector of attributes for dimension k of purchase opportunity j, and W_ij is a vector 

of weights participant i applies to each dimension of purchase opportunity j. Each stigma 

mitigation strategy, s, aimed to affect how a participant generated a value for a product’s attribute 

(water type) and how the attribute was weighted. When computing expected utility, each stigma 

mitigation strategy either minimized some dimension of the attribute, such as disgust, or 

emphasized a dimension, such as the product’s separation from the perceived contagion. Taking 

this into account, Equation 2 becomes:

Study I 

Study I was conducted at three locations in New Castle County, Delaware - a motor vehicle 

office, a large shopping mall, visited by close to 20 million people a year, and a farmer’s market 

(an indoor facility open year-round that sells discount foods and hosts a flea market). We 

employed convenience sampling in multiple field locations to collect a sample of adult 

consumers that was more representative of the general population than would be possible using 

the standard approach of recruiting undergraduate students for experiments conducted in a 

university laboratory. The selected experiment locations are all frequented by a diverse array of 

consumers (see table 1). In addition, the shopping mall and the farmer’s market are heavily 

patronized by consumers from surrounding states, particularly Maryland, New Jersey, and 
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Pennsylvania (see figure 1). The experiment was successfully completed by 314 adult participants, 

producing 4,710 observations.

Over the course of the experiment, participants were offered fifteen purchase opportunities 

consisting of five products produced with three different types of water (see experiment instructions in 

Appendix A). Participants were presented with these products and entered their responses using tablet 

computers running Python based software. All products, with their branding labels removed, were 

displayed in a central location during the experiment so participants could view and compare them. In 

the instructions, participants were told they would earn $10 for their time and that they should think of 

this money as a bank from which they could withdraw money to purchase products. To make the 

decisions incentive-compatible and to encourage participants to carefully consider each purchase 

opportunity independently, administrators informed participants that one of their purchase decisions 

would be randomly selected for implementation at the end of the experiment and that each decision 

was equally likely to be binding. The purchase opportunities were presented on a single page to prevent 

bias related to the discovered preference hypothesis (Plott, 1996) and the order of their presentation 

was randomized across participants to avoid ordering effects . This enabled participants to change any 

decision after contemplating all purchase opportunities.  

The three types of water used in the experiment to explore the stigma-mitigating effect of 

passing recycled water through a physical barrier were (1) —groundwater (a conventional source for 

potable and irrigation water), (2) recycled water (a stigmatized solution to water scarcity), and (3) 

groundwater drawn from an aquifer recharged with recycled water (a stigmatized water source that has 

passed through a physical barrier). Below are the definitions presented to 
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participants at the beginning of the experiment and at the top of the purchasing opportunities 

page:  

Recycled water is highly treated wastewater from various sources such as domestic sewage, 

industrial wastewater, and storm water runoff.

Groundwater is a source of fresh water that lies in aquifers beneath the land surface.

An aquifer is an underground body of rock that contains or can transmit groundwater.

Aquifer recharge is a process that replenishes groundwater stored in aquifers.

The five products presented to participants – bottled water,  fresh spinach, lamb chops, 

cheddar cheese, and hot chocolate mix – tested the effect a product’s trophic level (see figure 2), 

and therefore, the degree of separation from recycled water, had on consumers’ stigmatization of 

the product. Trophic levels technically do not apply to bottled water since water is a chemical 

substance rather than an organism. Therefore, we refer to water here as belonging to trophic level 

zero. Spinach, as a primary producer in the food chain, or in other words, an organism that 

converts energy (e.g. light) into organic matter, belongs to trophic level one. Lamb chops, cheddar 

cheese (made with milk from cows), and hot chocolate mix (made with dehydrated milk from 

cows) belong to trophic level two as byproducts of herbivores. 

Bottled water was included as one of the products so that a direct comparison could be 

made between consumers’ stigmatization of a type of water and of a product produced with it. 

Spinach was included as the trophic level one product and lamb chops, cheddar cheese, and hot 

chocolate mix were included as the trophic level two products because these were the products 

whose water source we could verify. Best practices in experimental economic research do not allow 

deception (Rousu et al., 2015). Thus, each product had to be produced with the type of 
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water it was labeled with in the experiment. This requirement constrained our choice of 

products at trophic levels one and two. 

The purchase opportunities in the experiment were phrased to emphasize a product’s trophic 

level and described the water used as either “recycled water,” “groundwater,” or “groundwater 

from an aquifer recharged with recycled water” in the following questions.

1. Do you want to purchase 16 ounces of bottled [recycled water] for $_____?

2. Do you want to purchase approximately 8 ounces of spinach irrigated with [recycled

water] for $_____?

3. Do you want to purchase approximately half a pound of lamb chops from lamb that grazed

on grass irrigated with [recycled water] for $_____?

4. Do you want to purchase an approximately one-pound block of cheddar cheese made with

milk from a cow that grazed on grass irrigated with [recycled water] for $_____?

5. Do you want to purchase approximately 16 ounces of hot chocolate mix made with

powdered milk from a cow that grazed on grass irrigated with [recycled water] for $_____?

The price in each purchase decision was randomly drawn from a normal distribution ranging 

from $0.01 to $10.00 , with a standard deviation of one-half of the mean price . Mean prices were 

obtained from the most recently available national mean prices and were adjusted to 2017 levels 

using the U.S. Bureau of Labor Statistics’ Consumer Price Index for All Urban Consumers: Food 

and Beverages.

Once the purchase decisions were made, the software presented participants with a survey (see 

Appendix B) that collected their demographic information. After completing the survey, 

participants rolled a digital die displayed on the screen to randomly determine which of 
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their purchase decisions would be implemented. If during the experiment a participant chose 

yes to purchasing the product in the randomly selected binding option, they were given the 

product and the remainder of the $10 participation fee after deducting the product’s cost. 

Thus, if the listed price was $4, the participant received the product and the remaining $6. 

However, if during the experiment a participant chose not to buy the product in the randomly 

selected binding option, then they received the $10 participation fee and no product because 

they chose not to purchase the product.

Study II

To strengthen the external validity and check the robustness of Study I’s results, we conducted 

a second non-hypothetical, demand-revealing experiment. Study II replicated the design of 

Study I but collected a representative sample of adult consumers from the entire United States. 

We were able to do this by employing a novel twist to data collection that demonstrates an 

effective way to collect representative samples in non-hypothetical experimental settings. 

Delaware, Maryland, New Jersey, and Pennsylvania, the four states where most participants 

from Study I were drawn, were oversampled so that a direct comparison could be made 

between Study I and II. 

Prior to data collection, a power analysis using parameter estimates from Study I and 

involving 1,000 simulations of the experiment was conducted to ensure Study II was fully 

powered. The results indicated that at the 80% power level, a sample of 543 participants was 

needed to detect changes that are statistically significant at the 1% level or less for the key 

trophic level and water type treatments. Study II was successfully completed by 546 adult 

participants in Delaware, Maryland, New Jersey, and Pennsylvania and 560 adult participants 
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across the remainder of the United States (see figure 1) for a total of 1,106 participants, 

producing 19,908 observations. 

To obtain a nationally representative sample, the in-person field experiment was 

converted into an online experiment administered through Qualtrics. As in Study I, participants 

were told at the beginning of the experiment that their purchasing decisions were real and one of 

them would be randomly selected for binding implementation. We maintained incentive-

compatibility by also informing participants that they would receive their cash and/or products 

through the mail at the conclusion of the experiment. Participants were then asked to provide a 

valid mailing address. Those who provided invalid mailing addresses were removed from the 

sample as they were not making real purchasing decisions with real money if they could not 

receive the cash and/or products.

The design of the Qualtrics version of the experiment largely replicated the original Study 

I design. However, to further test the robustness of the findings in Study I, we added an 

additional product option. In Study I, lamb chops were used as a trophic level two product 

because at that time no other type of meat was known to be produced with all three types of 

water. However, lamb is one of the least commercially popular meats in the United States (U.S. 

Department of Agriculture, Economic Research Service, 2020), and participants' preferences for 

lamb could potentially affect their purchasing decisions. To address this concern, after Study I 

was conducted, cattle ranches using each of the three water sources were identified, enabling us 

to include sirloin steak as an additional trophic level two product. This expanded the number of 

purchase opportunities from fifteen to eighteen. Like the original fifteen, the three additional 

options were phrased to emphasize the product’s trophic level and described the water used as 
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either “recycled water,” “groundwater,” or “groundwater drawn from an aquifer recharged with 

recycled water” in the following question. 

Do you want to purchase approximately 6 ounces of sirloin steak from cattle that grazed on grass 

irrigated with [recycled water] for $_____?

We also updated the mean prices and standard deviations of the products to reflect the 

most recently available national mean prices . The demographic questions concerning age, sex, 

employment, political affiliation, ethnicity, household income, and educational attainment were 

moved to a pre-experiment survey so that participants could be screened to obtain a 

representative sample. The post-experiment survey was also streamlined to reduce cognitive load 

(see Appendix B). 

Each participant in Study I and II was randomly assigned to either a control group or one 

of three social marketing treatment groups. The results of these between subject treatments were 

null in both Study I and II. Including the dummy variables for the social-marketing treatments in 

the analysis described below does not change the coefficients of interest and the Akaike’s 

Information Criterion (AIC) and Bayesian Information Criterion (BIC) both indicate that not 

including them in the models is the better fit. Further discussion of the between subject social 

marketing treatments can be found in Appendix C of this paper.
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Results

Study I

Summary statistics for the demographic characteristics of the Study I sample are presented in table 1. 

While the sample is representative regionally and nationally based on sex, it is skewed towards 18 to 34-

year-old, non-white consumers earning $49,999 of less annually. It also over sampled those with some 

college education while under sampling those with a high school diploma or less and those with a 

bachelor’s degree. Figure 3 displays the percent of participants who, when given the opportunity, 

purchased (vertical axis) products produced with each type of water within a given price range 

(horizontal axis). The top pane of figure 3 suggests that participants did not distinguish between 

groundwater and groundwater drawn from an aquifer recharged with recycled water. However, the 

percent of consumers willing to purchase products produced with recycled water was consistently lower 

across all price ranges.  

Since the data collected in the experiment is binary (yes/no purchase decisions), we used a logit 

model to analyze the effects of the stigma-mitigation strategies. To account for the within-subject design 

(fifteen observations per participant), a logit model was estimated with a random effects’ specification 

(Charness, Gneezy, and Kuhn 2012; Duffy et al., 2019) and clustered standard errors:
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where μi ~ N(0, σ2
μ) and εij ~ N(0, σ2), Wij is a vector of dummy variables for irrigation water type, Tij is 

a vector of dummy variables for trophic levels, and Xi is a matrix of control variables that can include 

how frequently participants generally consume each product and their demographic characteristics.

The estimates and Wald test results from Equation 4 are reported in tables 2 and 3, respectively. 

Our analysis involves multiple simultaneous comparisons, which increases the likelihood of a Type I 

error. To account for the family-wise error rate and guard against the rejection of a true null 

hypothesis, we used a Bonferroni correction of the Wald test probability values . We find that 

participants prefer (p≤0.001) groundwater and groundwater drawn from an aquifer recharged with 

recycled water over recycled water for potable and irrigation purposes. 

Our results also show that there is no significant difference (p=1.000) in participants’ 

preferences for groundwater and groundwater drawn from an aquifer recharged with recycled water. 

These findings indicate that passing recycled water through an aquifer before using it for drinking and 

irrigation can remove the stigma associated with recycled water. 

We find that the frequency of a participant’s consumption of trophic level one (spinach) and 

two (lamb chops, cheddar cheese, hot chocolate mix) products has a statistically significant (p≤0.006) 

and positive effect on participants’ likelihood of purchasing a product. However, the frequency of 

participants’ consumption of trophic level zero products (bottled water) has no statistically significant 

effect ( p=0.071). This is likely because healthy adults regularly drink water on a daily basis and ‘daily’ 

was the most frequent category of consumption participants could choose. 
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Other control variables that were tested, such as sex, age, ethnicity, household income, 

educational attainment, political affiliation, having a child under 18 in the household, previous 

knowledge about the different types of water, whether a participants grows their own food, the 

type of water participants most often drink, and experimental site had no statistically significant 

effect on participants’ purchasing decisions. 

To determine whether a product’s trophic level can have a mitigating effect on the stigma 

associated with recycled water, we estimated an iteration of Equation 4 that included a matrix of 

interaction terms between trophic level and water type (Wij Tij). 

The regression results for Equation 5 are reported in table 2. Wald tests for Equation 5 are 

presented in table 4 . We find no significant difference in consumers’ preferences for the trophic 

level zero (bottled water) and trophic level one (spinach) products regardless of water type 

(p=0.073 for groundwater, p=0.223 for groundwater drawn from an aquifer recharged with 

recycled water, and p=0.097 for recycled water). This suggests participants did not view plant 

crops as a barrier between them and the water they were irrigated with. For all water types, we 

find that participants prefer (p≤0.003) the products from trophic level two (lamb chops, cheddar 

cheese, and hot chocolate mix) over the product from trophic level zero (bottled water). This 

indicates that the herbivores in trophic level two provide enough separation from the recycled 

irrigation water to mitigate consumers’ stigma. While the plant crop possesses the same level of 

stigma as the water with which it was irrigated, the animal that eats that crop inherits significantly 

less stigma. 
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Study II

The data from Study II was divided into two fully powered subsamples—the four oversampled states of 

Delaware, Maryland, New Jersey, and Pennsylvania, and the rest of the United States. Descriptive 

statistics for the demographic characteristics of both subsamples are presented in table 1. Both 

subsamples are representative of their respective regions based on educational attainment, ethnicity, 

household income, and age. The rest of the United States subsample is also representative based on sex, 

while the Delaware, Maryland, New Jersey, and Pennsylvania subsample has a slight overrepresentation 

of females. 

The second and third panes of figure 3 show the percent of consumers willing to purchase 

products produced with different types of water in the two subsamples collected during Study II. Similar 

to what we found in Study I, figure 3 suggests that although consumers may not differentiate between 

groundwater and groundwater from an aquifer recharged with recycled water, the percent of 

participants willing to purchase products produced with recycled water tends to be lower across all price 

ranges. To test this, we estimated Equation 4 for each subsample. Regression results are presented in 

table 2 and the corresponding Wald test results are reported in table 3. Study I’s findings were largely 

replicated using a nation-wide sample. In both subsamples, participants prefer groundwater and 

groundwater drawn from an aquifer recharged with recycled water over recycled water for potable and 

irrigation purposes (p≤0.004 for Delaware, Maryland, New Jersey, and Pennsylvania subsample, 

p≤0.015 for the rest of United States subsample). Results also show that there is no statistically 

significant difference in participants’ preferences for groundwater and groundwater drawn from an 

aquifer recharged with recycled water (p=0.097 for Delaware, Maryland, New Jersey, and Pennsylvania 

subsample, p=1.000 for the rest of United States subsample). 
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The results from both subsamples also indicate that passing recycled water through an aquifer 

before using it for drinking and irrigation can remove the stigma associated with recycled 

water, consistent with Study I findings. 

Consistent with Study I’s results, consumption frequency of trophic level one (spinach) 

and two (lamb chops, cheddar cheese, hot chocolate mix) products have a statistically 

significant and positive effect on participants’ likelihood of purchasing a product (p≤0.015 for 

Delaware, Maryland, New Jersey, and Pennsylvania subsample, p=0.000 for the United States 

subsample). Participants' consumption frequency of trophic level zero (bottled water) remains 

insignificant (p=0.058 for Delaware, Maryland, New Jersey, and Pennsylvania subsample, 

p=0.220 for the rest of United States subsample) similar to Study I findings. 

To check the robustness of Study I’s trophic level findings, we estimated Equation 5 for 

both subsamples (see table 2 for regression results). Wald test results for Equation 5 are 

displayed in table 4 and indicate that a product’s trophic level has a stronger mitigating effect 

on the stigma associated with recycled water than Study I suggested. For all water types, we 

find that participants prefer (p≤0.027 for Delaware, Maryland, New Jersey, and Pennsylvania 

subsample, p≤0.013 for the United States subsample) products from trophic level one 

(spinach) over those from trophic level zero (bottled water) and trophic level two (lamb chops, 

cheddar cheese, hot chocolate mix, and sirloin steak). These results imply that plant crops 

irrigated with recycled water do not inherit all the stigma attached to recycled water itself and 

the animal that eats the plant crop inherits even less. Each trophic level above recycled water is 

a barrier that significantly reduces participants concerns about the negative effects of recycled 

water.  
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Effects of Drought and Environmental Views on Purchasing Decisions 

The post-experiment survey in Study II included questions regarding the frequency of 

drought experienced by participants and whether they perceive the types of water used in our 

analysis as environmentally friendly. To examine whether these factors impact consumers’ 

purchasing decisions, we estimated an expanded version of Equation 4 that included a variable for 

drought frequency ranging from one (never experience drought) to five (year-round drought), 

dummy variables indicating participants’ perceptions of a specific water type and interactions of 

these variables with water types (see table 5). Regression results reported in column 1 of table 5 

suggest that participants from the Delaware, Maryland, New Jersey, and Pennsylvania subsample 

who live in a community with a higher frequency of drought are more likely to make a purchasing 

decision (p=0.021). However, the frequency of drought in their community has no impact on their 

likelihood to purchase products produced with recycled water or groundwater drawn from an 

aquifer recharged with recycled water (p≥0.436). This result is not surprising considering these 

four states are in a region of the United States that is historically water rich. Interestingly, 

participants from the rest of the United States subsample with a higher frequency of drought in 

their community were more likely to purchase products produced with groundwater drawn from 

an aquifer recharged with recycled water (Recharged*Drought Frequency, 0.163, p=0.057). This 

suggests that as droughts become more common in consumers’ communities, their willingness to 

purchase products made with this type of water may increase. 
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Wald test results reported in table 6, (generated from the regression estimates presented in 

columns 2 and 4 of table 5) show that participants in both subsamples who view recycled water as 

environmentally friendly were more likely to purchase (p=0.000) products produced with it than 

participants who did not share this view. Participants who held this view were also more likely to 

purchase (p≤0.014) products made with groundwater drawn from an aquifer recharged with 

recycled water than their counterparts. However, viewing groundwater drawn from an aquifer 

recharged with recycled water as environmentally friendly had no significant effect (p≥0.303) on 

the purchasing decisions of participants from either subsample. 

Finally, we also explored the role of a set of demographic characteristics on consumers’ 

purchasing decisions. As noted above, the demographic characteristics tested in Study I did not 

have significant effects on participants’ purchasing behavior. This is true for Study II as well. The 

control variables sex, age, ethnicity household income, political affiliation and presence of a child 

under 18 in the household had no statistically significant effects on participants’ purchasing 

decisions. 

Discussion 

Policy Implications 

The analysis presented in this paper shows evidence of the effectiveness of two strategies to 

mitigate stigma associated with recycled water. As the number of states and water utilities actively 

exploring the feasibility of water recycling projects (U.S. Environmental Protection 
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Agency, 2018) grows rapidly, so does the need to understand how to gain public acceptance of 

recycled water and to evaluate cost-benefit tradeoffs of water recycling projects for potable and 

non-potable purposes. Our finding that consumers are much more likely to accept recycled water 

for potable and irrigation purposes if it first passes through a natural barrier, such as an aquifer, 

provides valuable, and most importantly, actionable information for decision makers. Given that 

public acceptance of recycled water is critical for successful implementation of water recycling 

projects, our analysis suggests that decision makers should focus on indirect potable and non-

potable water recycling projects that alleviate the stigma attached to recycled water. 

 Indirect potable and non-potable reuse projects can play an important role in integrated 

water management increasingly employed by municipalities and water utilities in the U.S. to 

manage rising water demand through diversification of water supply and simultaneous 

implementation of measures to reduce demand. Such projects also have the potential to be 

implemented at scale and provide substantial volumes of high-quality water in a cost-effective 

manner. For example, Groundwater Replenishment System (GWRS) facility in Orange County 

Water District in California supplies enough potable water for 600,000 residents in the northern 

and central parts of Orange County. The annual cost of groundwater recharge with recycled water 

at GWRS was $0.39/m3 ($478/AF) in 2010 compared to the cost of treated imported water that 

was $0.65/m3 ($800/AF) (Lazarova, 2013). While cost-effectiveness of indirect potable reuse 

(IPR) projects is largely site-specific, recycled water produced through IPR is generally less 

expensive than other alternative sources of water supply such as desalination (Cooley and 

Phurisamban, 2016) or importing water (Lazarova, 2013). It is however, more expensive that 

direct potable reuse (DPR) that conveys recycled water directly into an existing water supply 

system avoiding the additional costs associated with passing the water through a physical 
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environmental barrier both in large coastal communities (Cooley and Phurisamban, 2016) and 

in small-to-medium sized arid inland communities (Herman et al., 2017). However, the cost of 

public opposition to such projects is likely to be high.

 Although estimates of capital and operational costs associated with recycled water 

projects are available, lack of economic valuation related to social costs and benefits of these 

projects precludes comprehensive economic analyses (Declercq et al., 2020). This implies that 

the benefits associated with implementation of water recycling projects such as decreases in 

pollution discharge, improvements in groundwater quality or mitigation of stigma related to 

recycled water are not taken into account when policymakers weigh the cost-benefit trade-off 

of different water recycling schemes. 

 To help inform cost-benefit analyses of water recycling projects, we use a 

representative sample of the entire United Sates to quantify the value of stigma-mitigating 

practice of passing recycled water through a physical barrier. Specifically, we estimate U.S. 

consumers’ mean willingness-to-pay (WTP) for products produced with three types of water 

under our analysis (table 7). U.S. consumers’ mean WTP for recycled water is significantly 

smaller ($0.2, p<0.001) than both the mean WTP for groundwater drawn from an aquifer 

recharged with recycled water and for groundwater ($0.9, p<0.001). Though WTP for 

groundwater ($1.3) is higher than that for groundwater drawn from an aquifer recharged with 

recycled water, this difference is not statistically significant (p<0.06). These mean WTP values 

confirm our earlier analysis that consumers stigmatize recycled water and products produced 

with it, but also provide an economic value consumers place on stigma-mitigation technique 

of passing recycled water through a physical barrier. These estimates can be used in cost-

benefit analyses of indirect potable and non-potable water reuse projects. 
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The second stigma mitigation strategy that we tested revealed that herbivores (trophic level 

two) eating plant crops irrigated with recycled water adequately reduce consumers’ negative 

associations with recycled water . This finding aligns with conclusions by Whiting et al. 

(2019) that little or no stigma attaches to inedible crops such as cotton while significant 

stigma attaches to fresh produce such as strawberries. Future research should explore if 

‘green’ retailers could charge a premium for these products by voluntarily labeling them and 

signaling their sustainability. Our results show that plant crops irrigated with recycled water 

inherit all the stigma attached to recycled water itself, while the animal that eats the plant 

crop does not inherits the stigma. Therefore, it acts as a barrier that significantly reduces 

participants concerns about the negative effects of recycled water.  These results also have 

important policy implications suggesting that agricultural producers should focus on using 

recycled water for feed and non-edible crops. In 2018, only 1.9% of 55,938,795 irrigated acres 

in the United States were irrigated with recycled water (U.S. Department of Agriculture, 

2018). Given that in California, for example, the cost of non-potable recycled water, including 

the construction of a separate distribution system to deliver it to customers, is cheaper than 

construction of direct and indirect potable water recycling schemes (Cooley and 

Phurisamban, 2016), our result suggests an opportunity to substantially expand the use of 

recycled water without cause consumer backlash. 

 Finally, our analysis showed that as consumers experience more frequent droughts in 

their communities, their willingness to purchase produce made with groundwater drawn 

from an aquifer recharged with recycled increases. This result is intuitive and may explain in 

part why indirect and direct potable recycling projects are primarily located in semi-arid 

areas. 
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Recruitment of Representative Samples in Experimental Settings  

 Findings from field experiments that rely on convenience sampling are often subject to 

criticism as they may produce results that are not representative of the general population and lack 

external validity (Coppock, 2018). In Study II we employed a novel twist in data collection to 

recruit a sample representative of the general population of the United States based on gender, 

educational attainment, household income, political affiliation, ethnicity, and age. The experiment 

in Study II was converted from an in-person field experiment to an online experiment 

administered through Qualtrics. We maintained incentive-compatibility of the experiment by 

soliciting mailing addresses from participants and informing them that they would receive their 

cash and/or products through the mail at the conclusion of the experiment. We successfully 

replicated the results of Study I, using a nationally representative sample collected in Study II. This 

result supports previous studies that obtained consistent estimates from convenience and national 

samples (Coppock, 2018). It also contributes to the growing number of studies on replicability of 

experiments across different platforms such MTurk, Qualtrics and YouGov. 

 While this method proved effective and demonstrates a means to collect representative 

samples in non-hypothetical settings, it came with additional financial costs. Collecting the Study II 

sample cost approximately 14% more per participant than the Study I sample. These additional 

costs were due to Qualtrics’ fee for recruiting participants and the postage and materials to send 

participants their cash and/or products through the mail. This method of data collection also took 

considerably longer. In Study I, it took three days to collect data from 314 participants—a rate of 

nearly 105 participants per day. For Study II, it took 63 days to collect data from 1,106 participants, 

a rate of less than 18 participants per day. Part of this deceleration in the rate of data collection is 
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because Study I used convenience sampling and Study II was targeting nationally representative 

demographic quotas. Another aspect, however, was that we were asking participants in an online 

experiment for their mailing addresses. This resulted in a large portion of individuals contacted 

about participating providing invalid addresses and an even greater number declining to 

participate. One of the strengths of in-person field experiments is the legitimacy that an 

administrator’s presence lends the experiment. Future studies that employ this novel twist to data 

collection could try asking participants for their email addresses instead of their mailing addresses. 

Participants may be more willing to provide an email address over the internet and are able to 

receive payment through it using services such as PayPal or Venmo. Mailing addresses for those 

that actually purchase products could then be solicited through email. 

Conclusion

Stigmatization of water and food products can constrain markets, preventing implementation of 

scientifically safe solutions to environmental problems such as water scarcity. Though recycled 

wastewater can be a cost-effective, dependable, and safe solution to water shortages, consumers, on 

average, either require a large reduction in price to purchase foods produced with recycled water or 

reject them outright. This negative response arises from a psychological reaction of disgust induced 

by the perception that the water goes directly from toilets to taps. Previous studies have provided 

evidence that such stigmatization can be partially reduced by behavioral interventions such as labels 

that provide positive information about recycled water and messaging that explains the 

environmental benefits of using this water. However, those mitigation strategies do not typically 

eliminate consumers’ feelings of disgust. Instead, how recycled water is framed and presented to 
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consumers determines how much they are consciously disgusted. Therefore, we explore 

mitigation strategies that stress the barriers between a consumer and the contagions associated 

with recycled water.

 In a field experiment and an online experiment involving 1,420 adult participants, we 

tested several stigma-mitigation strategies using a revealed-preference, incentive-compatible 

mechanism. We find that consumers prefer products produced with groundwater and 

groundwater drawn from an aquifer recharged with recycled water over ones produced with 

recycled water and that there is no statistical difference in consumers’ preferences for the two 

water sources. This indicates that passing recycled water through a natural barrier, such as an 

aquifer, before using it for drinking and irrigation significantly mitigates the stigma consumers 

attach to the resulting food products. 

 We also find that the trophic level of an organism affects the degree of stigma 

consumers attach to products derived from it. Our results indicate that consumers do not view 

the consumption of recycled water by plants (trophic level one) as an adequate barrier against 

their negative associations with the water. Food crops appear to be associated with the same 

level of stigma as the water with which they are irrigated. Consumption of those plants by 

herbivores, on the other hand, appears to provide adequate separation and significantly 

reduces their concerns about the effects of recycled water. These findings introduce two 

additional strategies policymakers and industry stakeholders can use in their efforts to mitigate 

the stigma associated with recycled water. We also employed a novel twist to data collection in 

our online experiment that demonstrates an effective way to collect representative samples in 

non-hypothetical experimental settings. 
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 Our findings provide valuable and, more importantly, actionable information for policymakers, 

water utilities, and the agricultural and food industries. Our analysis shows that consumers are much 

more likely to accept recycled water for potable and irrigation purposes if it first passes through a 

natural barrier, such as an aquifer. Recharging aquifers with recycled wastewater would not only 

remove the stigma attached to recycled water, but also contribute to solving the growing environmental 

problem of saltwater intrusions into aquifers. Such artificial groundwater recharging is used by some 

water districts in California (CASA, 2019; Orange County Water District, 2019), but the success of the 

projects has been mixed because of some public opposition to recycled water. Our findings provide 

valuable information for policymakers and planners who are promoting these types of large-scale water 

recycling projects. However, additional research is needed to see if consumers’ responses to potable 

drinking water from an aquifer recharged with recycled water depends on whether they obtain their 

water from a municipal system, that further treats the water before it reaches taps, or from individual 

wells, that only provide further treatment when an in-home filtration system is installed. 

 Our finding that the use of recycled water in agriculture is most accepted by consumers as 

irrigation for crops fed to herbivores, such as cattle, rather than applied directly to plants intended for 

human consumption, is crucial for agricultural producers and the food industry in determining how to 

incorporate recycled water into their operations. This finding aligns with conclusions by Whiting et al. 

(2019) that little or no stigma attaches to inedible crops such as cotton while significant stigma attaches 

to fresh produce such as strawberries. Statistically, fresh produce irrigated with recycled water is as 

stigmatized as the water. If widespread adoption of recycled irrigation water is to succeed, producers 

should use it primarily for feed and for non-edible crops rather than for produce when possible.
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subject matter areas: 

Subject Matter Areas 
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Food and Agribusiness Management and Marketing International Agricultural Trade 

Natural Resource Management Price and Demand Analysis 

Rural and Community Development  Statistical Analysis and Research Methods 

The department’s research in these areas is part of the organized research program of the Delaware 
Agricultural Experiment Station, College of Agriculture and Natural Resources. Much of the research is 
in cooperation with industry partners, the USDA, and other State and Federal agencies. The 
combination of teaching, research, and service provides an efficient, effective, and productive use of 
resources invested in higher education and service to the public. Emphasis in research is on solving 
practical problems important to various segments of the economy. 

The mission and goals of our department are to provide quality education to undergraduate and 
graduate students, foster free exchange of ideas, and engage in scholarly and outreach activities that 
generate new knowledge capital that could help inform policy and business decisions in the public and 
private sectors of the society. APEC has a strong record and tradition of productive programs and 
personnel who are engaged in innovative teaching, cutting-edge social science research, and public 
service in a wide variety of professional areas. The areas of expertise include: agricultural policy; 
environmental and resource economics; food and agribusiness marketing and management; 
international agricultural trade; natural resource management; operations research and decision 
analysis; rural and community development; and statistical analysis and research methods. 

60



  

APEC Research 

Reports are published 

by the Department of 

Applied Economics 

and Statistics, College 

of Agriculture and 

Natural Resources of 

the University of 

Delaware.  

 

 

 

 
 

61


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



