
1 

 

EE6839 1 

Tap Water Lead Monitoring through Citizen Science: Influence of Socioeconomics and 2 

Participation on Environmental Literacy, Behavior, and Communication 3 

Sarah Jakositz1, Roozbeh Ghasemi2, Bridie McGreavy3, Haiying Wang4, Scott Greenwood5, and 4 

Weiwei Mo6 5 

1 CDM Smith Inc., 670 North Commercial Street, Suite 208, Manchester, New Hampshire, United States, 6 
jakositzsa@cdmsmith.com  7 
2 Department of Civil and Environmental Engineering, University of New Hampshire, 35 Colovos Road, Durham, 8 
New Hampshire, United States, roozbeh.ghasemi@unh.edu   9 
3 Department of Communication and Journalism, University of Maine, 438 Dunn Hall, Orono, Maine, United States, 10 
bridie.mcgreavy@maine.edu  11 
4 Department of Statistics, University of Connecticut, 215 Glenbrook Rd., Storrs, Connecticut, United States, 12 
haiying.wang@uconn.edu  13 
5 Seacoast School of Technology, 40 Linden Street, Exeter, New Hampshire, United States, sgreenwood@sau16.org  14 
6 Department of Civil and Environmental Engineering, University of New Hampshire, 35 Colovos Road, Durham, 15 
New Hampshire, United States (corresponding author). weiwei.mo@unh.edu  16 
 17 

Abstract 18 

Citizen science have been increasingly applied in environmental monitoring projects as a way to 19 

address large-scale social-environmental problems, including a lack of awareness of such 20 

problems as well as the capacity for using science to inform decision making. While studies have 21 

found that citizen science can help improve environmental literacy and engage participants, 22 

knowledge about the extent of such changes in environmental literacy and behaviors as well as 23 

how these changes are influenced by participants’ socioeconomic characteristics remains limited. 24 

In response, we developed a contest-based citizen science study focused on drinking water 25 

quality data collection and education. We sought to understand how socioeconomic 26 

characteristics affect participant knowledge in the context of drinking water quality and lead 27 

contamination, willingness to take preventative actions to improve health protection, and 28 

frequency of communication about water quality issues with those around them. Comparison of 29 
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pre- and post-surveys showed statistically significant increases in participants’ likelihood to 30 

communicate about drinking water. With regards to knowledge, this project showed success in 31 

improving scientific literacy relating to key lead information, and overall provided self-assessed 32 

educational benefits to those who participated. This project demonstrates that citizen science 33 

methods could be used to actively engage and inform participants in water quality monitoring 34 

efforts, creating a more scientifically literate and active public. 35 

 36 

Key Words: Crowdsourcing, drinking water quality, citizen science, socioeconomics, 37 

knowledge, action, communication 38 

 39 

Introduction 40 

Over the last decade, citizen science has been increasingly applied in environmental monitoring. 41 

Citizen science is a method to address large-scale problems at a low cost, utilizing the collective 42 

efforts of independent, widely distributed participants who help with data collection (Howe 43 

2006, Jeppesen and Lakhani 2010, Malone et al. 2010). By using the resources and knowledge of 44 

community volunteers, the cost, time, and labor needs associated with sample collection and 45 

analysis are reduced. This allows for increased efficiency in monitoring activities which allows 46 

for improved allocation of public resources (Bonney et al. 2009, Silvertown 2009). Researchers 47 

have also found that citizen science can serve as a venue to improve environmental literacy and 48 

engage participants in environmental decision making (Bonney et al. 2009, Den Broeder et al. 49 

2016). For example, (Brossard et al. 2005) evaluated the Birdhouse Network, an informal 50 

science education project of the Cornell Laboratory of Ornithology, and found that the project 51 

had a positive impact on participants’ knowledge of bird biology. Similarly, Cronje et al. (2011) 52 
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saw significant science literacy gains after people participated in invasive species monitoring 53 

training. Nerbonne and Nelson (2004) saw greater knowledge and involvement in civic processes 54 

for citizens involved in volunteer macroinvertebrate monitoring groups. However, knowledge 55 

about the extent of such changes in environmental literacy and behaviors as well as how these 56 

changes are influenced by participants’ socioeconomic characteristics remains limited. 57 

 58 

Of the previous citizen science-based environmental monitoring studies, many have focused on 59 

natural resources and ecosystems (Bonney et al. 2009, Bonney et al. 2014, Conrad and Hilchey 60 

2011, Dickinson et al. 2012, Jollymore et al. 2017, Pandya 2012, Shirk et al. 2012, Silvertown 61 

2009, Snik et al. 2014, Trumbull et al. 2000, Wiggins and Crowston 2011), while the monitoring 62 

of drinking water quality is a relatively untapped field. In the U.S., issues such as aging 63 

infrastructure and the increased detection of legacy and emerging contaminants require the 64 

continued development of drinking water treatment and monitoring solutions to better protect 65 

public health (EPA, 2015). Lead, for example, remains a recurring problem for communities. 66 

Around 20% of lead exposure in the U.S. comes from contaminated drinking water (EPA, 2018). 67 

This is partly because of the limited public resources available for continuous and widely-spread 68 

water quality monitoring at the consumer taps. A few recent citizen science-based drinking water 69 

monitoring studies occurred in response to the Flint water crisis (Goovaerts 2019, Jakositz et al. 70 

2019, Roy and Edwards 2019). These studies investigated the effectiveness of the citizen science 71 

approach in monitoring water quality at the consumer taps. However, they did not study the 72 

influence of participation on the behavior and knowledge changes of participants to inform 73 

future designs of drinking water quality monitoring programs.  74 

 75 
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Other studies have investigated participants’ changes in attitudes, behavior, and/or knowledge 76 

through a citizen science program. For example, Crall et al. (2013) examined how invasive 77 

species training affects participants’ knowledge about science and behavior towards the 78 

environment, and modest changes were found in both areas. Seymour and Haklay (2017) studied 79 

participation patterns in environmental volunteering and citizen science projects. Jordan et al. 80 

(2011) investigated changes in participants’ knowledge and behavior towards invasive plants. 81 

They found that participants’ knowledge of relevant issues increased and participants reported 82 

changes in their behavior with respect to invasive plants, specifically in the area of 83 

communicating with other people about invasive plants. Most literature explores participant 84 

changes after engaging in outreach opportunities in which educators and/or researchers are 85 

directly interacting with participants (Adelman et al. 2000, Anderson et al. 2000, Bogner 1999, 86 

Brossard et al. 2005, Cockerill 2010, Crall et al. 2013). However, none of these studies have 87 

examined participant’s knowledge and behavior changes in a drinking water quality monitoring 88 

setting. While many drinking water-related citizen science projects have recorded participants’ 89 

demographic information to evaluate recruitment success (Goovaerts 2019, Jakositz et al. 2019, 90 

Roy and Edwards 2019), to our knowledge none have analyzed the effect of demographic 91 

information on citizen’s behavior and/or knowledge related to the subject. Understanding 92 

participants’ changes helps researchers target specific audiences or adjust their methods in order 93 

to reach a wider spectrum of participants and achieve the maximum social impact (West and 94 

Pateman 2016).  95 

 96 

Building on this prior research, our study applied citizen science to drinking water monitoring at 97 

the consumer taps to understand how participation in such a project can potentially affect 98 
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participants’ knowledge about drinking water quality and lead contamination, willingness to take 99 

preventative actions to improve health protection, and frequency of communication about water 100 

quality issues with those around them. We also investigated how the participants’ socioeconomic 101 

characteristics are linked to their changes. This project aims to provide an enhanced 102 

understanding regarding whether and how the citizen science method could be used to actively 103 

engage and inform citizen participants in water quality monitoring efforts, creating a more 104 

scientifically literate and active public.  105 

 106 

Methods 107 

Data analyzed in this study were collected through a tap water lead-testing project that took place 108 

in a New Hampshire city from August through November 2018. The lead-testing project 109 

distributed sampling packets primarily through five informational kiosks placed at highly 110 

trafficked locations across the city. Each sampling packet contained a 50-mL sample vial, 111 

sampling instructions, a sample information sheet, and a pre-survey, all housed in a pre-paid 112 

mailing envelope. Citizen participants were instructed to bring the packet home, collect a sample 113 

of their home’s tap water according to instructions, and complete the sample information sheet 114 

and pre-survey. The participants could either return their completed packet to a kiosk or mail it 115 

to researchers at the University of New Hampshire (UNH) using the pre-paid mailing envelope. 116 

All samples received were assumed to be valid. Researchers at UNH then preserved and 117 

analyzed returned samples for lead concentrations using an Inductively Coupled Plasma Mass 118 

Spectrometer (ICP-MS) in accordance with EPA 200.8 (Brockhoff et al. 1999). The lead results 119 

along with information and online resources related to lead in drinking water, its health effects, 120 

action level, and the steps to minimize exposure, as well as a link to an online post-survey made 121 
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using Qualtrics® were sent to participants via email. For those samples that exceed the EPA’s 122 

advisory level of 15 ppb, we offered retesting. Participants who opted to retest samples were 123 

asked to follow the same methods as the original sampling event, and an additional instruction 124 

sheet was provided in the retest sample kit. Contact information was provided with both the 125 

original and retest samples for participants to reach out if they had questions regarding the 126 

instructions. A more detailed description of the project design can be found in Jakositz et al. 127 

(2019). 128 

 129 

Out of approximately 800 packets distributed, the project received 149 returned packets with 136 130 

packets containing pre-surveys that had more than 50% of all questions answered. All 131 

participants who submitted a packet were asked to complete a post-survey, and 41 post-surveys 132 

were submitted with more than 50% questions answered. Of the 41 post-surveys, 34 were 133 

matched with their participant’s respective pre-survey for comparison. Descriptive and bivariate 134 

statistics were conducted using R. 135 

 136 

Analysis of participants’ environmental literacy  137 

To analyze the influence of the project on the participants’ environmental literacy, five true-or-138 

false questions were included in both pre- and post-surveys. The design and the narrative of these 139 

questions were identical in both surveys. Figure 1 provides the questions and response options 140 

that were presented to participants. Particularly, two questions related to the health impacts of 141 

lead, one question related to how most lead contamination enters drinking water, one question 142 

related to methods of removing lead from drinking water, and one question related to federal 143 
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regulations regarding lead in drinking water. For each of these questions, participants were given 144 

three choices: true, false, or don’t know. They were also advised not to guess the answer.  145 

 146 

All 136 aggregate pre-survey responses, 38 out of the 41 aggregate post-survey responses, and 147 

all 34 matched survey responses have more than 50% of the five statements in Figure 1 148 

answered, and hence were included in our analyses of the participants’ environmental literacy. 149 

We first calculated and visualized the percent distributions of participants who provided correct, 150 

incorrect, and missing answers for each statement for both the aggregate and the matched pre- 151 

and post-survey data. A correct answer is when a participant correctly identified whether a listed 152 

statement is true or false. An incorrect answer is when a participant either misidentified the 153 

correctness of a statement or if they selected “Don’t Know”. An overall percent distribution was 154 

also calculated for all statements combined. 155 

 156 

We then used the 34 matched responses to evaluate the level and the statistical significance of 157 

the participants’ changes on environmental literacy before and after participating in the project. 158 

The level of change was indicated by the LoC score calculated using Equation 1 below.  159 

𝐿𝑜𝐶 =  √∑ (𝑃𝑖,𝑝𝑟𝑒 − 𝑃𝑖,𝑝𝑜𝑠𝑡)2𝑛
𝑖=1        (Equation 1) 160 

Where LoC is the level of change score for a specific statement in Figure 1; i is an index of 161 

participants’ responses based on the aforementioned interpretation by the authors (correct, or 162 

incorrect); n is the total number of possible responses, which equals to 2 for the environmental 163 

literacy survey question; Pi,pre is the percent of participants who give i response to the statement 164 

of consideration in the pre-survey; and Pi,post is the percent of participants who give i response to 165 

the statement of consideration in the post-survey. An overall LoC score was also calculated 166 
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based on the overall percent distributions of participants’ interpreted responses to all 5 167 

statements combined. The statistical significance of the participants’ changes was evaluated by 168 

the p-values obtained from the McNemar test, with p-values below or equal to 0.05 indicating a 169 

statistically significant change. The McNemar test is suitable for matched nominal datasets with 170 

binary response categories. Missing answers were not considered in this test as they do not 171 

reflect actual environmental literacy changes. To run the McNemar test, we first created 172 

contingency tables based on the matched pre- and post-survey responses for each of the 173 

statements listed in Figure 1. An example contingency table is provided in Table 1. An overall 174 

contingency table was also created by summing up the contingency tables for individual 175 

statements. A detailed list of all contingency tables can be found in the supporting information 176 

(SI). The McNemar test was run by the mcnemar.test() function with continuity correction 177 

embedded in the “stats” package in R.  178 

 179 

We also investigated how an individual’s socioeconomic characteristics might affect their 180 

changes in environmental literacy after participating in the project. We again used the 34 181 

matched pre- and post-survey responses for this analysis. An individual’s change was scored by 182 

the number of statements with a different response in the matched pre- and post-surveys. 183 

Individuals that do not show any changes in any of the five statements would be scored 0, while 184 

individuals that show changes in all five statements would be scored 5. Six types of 185 

socioeconomic characteristics were considered, including age, household income, education, 186 

gender, housing ownership, and children. These socioeconomic characteristics were recoded 187 

based on Table 2. F-tests based on the one-way ANOVA were then run to assess the statistical 188 

significance between each of the recoded socioeconomic variables and the participants’ changes 189 
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in their responses. The F-test was selected because of its higher efficiency as compared to a non-190 

parametric alternative. We used the p-values from the F-tests to assess the level of statistical 191 

significance, with p-values below or equal to 0.05 indicating a statistically significant 192 

correlation. The F- test was run by the aov() function in R. 193 

 194 

Analysis of participants’ responses towards potential tap water quality red flags 195 

In the pre-survey, participants were asked, “How often do you contact your drinking water 196 

utility?” to determine the frequency that participants communicated with their utility. Using Chi-197 

square analysis, with variables re-coded as dichotomous, we tested the association between this 198 

question and participants’ responses to the question, “How would you rate the quality of your 199 

drinking water at home?” to determine the relationship between perceptions about drinking water 200 

quality and intentions to contact the utility. 201 

 202 

In an effort to understand participant’s responses towards potential lead issues in tap water, we 203 

asked participants, “Imagine your water quality results indicate that you have lead in your 204 

drinking water. How likely are you to take the following actions in response to learning about 205 

lead in your water?” In the post-survey, we then asked participants, “Now that you have your 206 

water quality results, how likely are you to take the following actions in response to the lead in 207 

your drinking water?”. By comparing the matched responses between the pre- and post-surveys, 208 

we were able to examine the potential changes of participants’ actions in response to their 209 

knowledge of the actual water quality. Figure 2 provides the format of the question as displayed 210 

in the pre- and post-survey. We provided six potential responses to drinking water quality issues 211 

based upon their prominence in literature. We also included a space where participants could add 212 



10 

 

other potential responses. However, none of the survey responses provided additional actions 213 

beyond the six that we provided. The surveys asked the participants to rate each of the responses 214 

on a Likert scale from highly unlikely, unlikely, neutral, likely, to highly likely.  215 

 216 

Overall, 135 out of the 136 aggregate pre-survey responses, 35 out of the 41 post-survey 217 

responses, and 30 out of the matched survey responses have at least half of the six actions in 218 

Figure 2 scored, and hence were included in our analyses of the participants’ responses towards 219 

potential tap water quality red flags. It has to be noted that a participant is removed from the 220 

matched survey dataset if they do not meet the inclusion criteria for either their pre- or the post-221 

survey responses. Similar as described in Section 2.1, we first calculated and visualized the 222 

percent distributions of highly unlikely, unlikely, neutral, likely, highly likely, and missing 223 

responses for each of the actions included in Figure 2 for both the aggregate and the matched 224 

pre- and post-survey data. An overall percent distribution was also calculated for all actions 225 

combined. Particularly, the percent distribution of the “Do nothing” action was reversed (e.g., 226 

“highly unlikely” was counted as “highly likely”, and vice versa) in the overall distribution 227 

calculation, given its opposite direction as compared to the other actions. 228 

 229 

We then used the 30 matched responses to evaluate the level and the statistical significance of 230 

the participants’ changes in their responses. The level of change calculation followed a similar 231 

procedure as shown in Equation 1, expect that i index became the 5 possible responses (highly 232 

unlikely, unlikely, neutral, likely, and highly likely) to each action. An overall LoC score was 233 

also calculated based on the overall percent distributions calculated previously for the matched 234 

responses (with the “Do nothing” responses reversely counted). The statistical significance of the 235 
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participants’ changes was evaluated by the p-values obtained from the McNemar-Bowker test, 236 

with p-values below or equal to 0.05 indicating a statistically significant change. The McNemar-237 

Bowker test is a generalized form of the McNemar test, which is suitable for matched nominal 238 

datasets with more than 2 possible response categories. A similar contingency table is needed as 239 

an input to the McNemar-Bowker test. However, given the high frequency of zero occurring in 240 

the contingency table with the 5 response categories, we combined some of these response 241 

categories before running the test. Specifically, the original highly unlikely and unlikely 242 

responses were merged as one category, and the original highly likely and likely responses were 243 

also merged. An overall contingency table was created by summing up the contingency tables for 244 

individual actions except for “Do nothing”. The remaining actions were assumed to be 245 

independent from each other. A detailed list of all contingency tables can be found in the SI. R 246 

utilizes the same function to run the McNemar-Bowker test as the McNemar test. 247 

 248 

Given the difference in the question asked in the pre- and post-survey as shown in Figure 2, we 249 

investigated how the lead results the participants received might affect their changes in the pre- 250 

and post-survey responses. We again used the 30 matched pre- and post-survey responses for this 251 

analysis. An individual’s change was scored by the number of actions with a different response 252 

in the matched pre- and post-surveys. Individuals that do not show any changes in any of the six 253 

actions would be scored 0, while individuals that show changes in all six actions would be scored 254 

6. Individuals’ lead results were recoded based on Table 3. A F-test was then run to assess the 255 

statistical significance between the lead results and the participants’ changes in their responses. 256 

We used the p-values from the F-test to assess the level of statistical significance, with p-values 257 

below or equal to 0.05 indicating a statistically significant correlation. We also conducted a 258 
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qualitative analysis on those participants who received a relatively high lead result of above 10 259 

ppb.  260 

 261 

Analysis of participants’ communication about water quality 262 

To analyze the influence of the project on the participants’ likelihood to communicate with their 263 

social network about water quality, we asked the participants to identify their frequency of 264 

talking about drinking water quality with different groups. Figure 3 provides the questions and 265 

response options that were presented to participants. The same question was presented in both 266 

pre- and post-surveys. It has to be noted that none of the survey responses provided additional 267 

social groups beyond those that we provided. 268 

 269 

Overall, 134 out of the 136 aggregate pre-survey responses, 36 out of the 41 post-survey 270 

responses, and 32 out of the matched survey responses have more than half of the five social 271 

groups in Figure 3 scored, and hence were included in our analyses of the participants’ 272 

communication about water quality. We first calculated and visualized the percent distributions 273 

of never, rarely, sometimes, often, every time, and missing responses for each of the social 274 

groups included in Figure 3 for both the aggregate and the matched pre- and post-survey data. 275 

We then used the 32 matched responses to evaluate the level and the statistical significance of 276 

the participants’ changes in their communication after participating in the project. The level of 277 

change calculation followed a similar procedure as shown in Equation 1, expect that i index 278 

became the 5 possible responses (never, rarely, sometimes, often, and every time) to each social 279 

group. An overall LoC score was also calculated based on the percent distributions of 280 

participants’ responses to all 5 social groups combined. The statistical significance of the 281 
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participants’ changes was evaluated by the p-values obtained from the McNemar-Bowker test, 282 

with p-values below or equal to 0.05 indicating a statistically significant change. We combined 283 

the original “Never” and “Rarely” responses as one category, and the original “Often” and 284 

“Every Time” responses as another category to create the contingency tables used for the 285 

McNemar-Bowker test. An overall contingency table was also created by summing up the 286 

contingency tables for all 5 social groups. A detailed list of all contingency tables can be found 287 

in the SI. 288 

 289 

We also investigated how an individual’s socioeconomic characteristics might affect their 290 

changes in communication after participating in the project. We used the 32 matched pre- and 291 

post-survey responses for this analysis. An individual’s change was scored by the number of 292 

social groups with a different response in the matched pre- and post-surveys. Individuals that do 293 

not show any changes in their communication with any of the five groups would be scored 0, 294 

while individuals that show changes in their communication with all five groups would be scored 295 

5. These socioeconomic characteristics considered follow Table 2. F-tests were then run to assess 296 

the influence of each socioeconomic variable on the participants’ changes in their 297 

communication. We used the p-values to indicate the level of statistical significance, with p-298 

values below or equal to 0.05 indicating a statistically significant correlation.  299 

 300 

Results and Discussions 301 

Participants’ environmental literacy on lead in drinking water 302 

In the aggregate pre-survey results (n=136), 77.3% of responders indicated that they knew where 303 

their water came from and were able to indicate the source as the city’s water treatment plant 304 
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(45.6%), a community shared well (7.4%), or a private well (24.3%). 5.1% of responders 305 

indicated that they did not know where their water came from. The high missing response rate of 306 

16.2% may indicate that a higher percentage of people may not know where their water comes 307 

from than just those who reported. 308 

 309 

Overall, respondents had high content knowledge about important health-related issues with lead 310 

in drinking water related to the physical impacts and risks to reproductive health prior to 311 

participating in the project (Figure 4). However, in the aggregate pre-survey results (n=136), 312 

around 38% of respondents did not know if boiling water was an effective method of removing 313 

lead from drinking water, and 10% falsely indicated that boiling does remove lead. Similarly, in 314 

the aggregate pre-survey results, around 51% of respondents did not know if the EPA regulates 315 

lead in public drinking water and 14% falsely indicated that the EPA does not regulate lead in 316 

public drinking water. These two points represent opportunities for sharing relevant information 317 

about lead regulation and protection measures. Comparing both the aggregate and the matched 318 

pre- and post-survey results, we observe consistent improvement in participants’ content 319 

knowledge about lead in drinking water after participating in the project. Knowledge about the 320 

human health effects of lead consumption was high and consistent in both the pre- and post-321 

surveys in both aggregate and matched results (S1 and S2 in Figure 4). The highest level of 322 

change was observed in knowledge about the efficacy of boiling water as a strategy (S5 in Figure 323 

4), followed by knowledge about how lead enters drinking water through pipe corrosion (S3 in 324 

Figure 4), and about the role of the EPA in regulating drinking water (S4 in Figure 4), though 325 

these changes were not statistically significant based on our criteria. Nevertheless, when all 326 

statements were combined, the level of change becomes statistically significant with a p-value of 327 
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0.0162. These results indicate that a project such as ours may contribute to changes in content 328 

knowledge about drinking water quality and the effectiveness of specific strategies to flush, 329 

filter, and remove lead. 330 

 331 

The F-test shows none of the socioeconomic variables considered have statistically significant 332 

correlations with the participants’ changes in the pre- and post-survey responses (Table 4), with 333 

housing ownership and education having the relatively low p-values.  334 

 335 

In addition to the above question, when asked whether this project improved participants’ 336 

understanding about lead in drinking water in the post-survey, 81.0% of participants answered 337 

“Yes” and 16.7% answered “No”. This indicates that this project has a positive effect in 338 

educating a majority of participants on the concerns about lead in drinking water and potential 339 

ways to mitigate them. This suggests that methods like those employed in this project may be 340 

useful in achieving public education recommendations set forth by the National Drinking Water 341 

Advisory Council (EPA, 2016). 342 

 343 

Participant responses towards potential tap water quality red flags  344 

In the pre-survey, participants were asked, “How often do you contact your drinking water 345 

utility?” 98.4% of the aggregate pre-survey respondents, both well water and public supply, 346 

indicated that they never contact their water utility, and 90.3% of participants on the public water 347 

supply indicated that they never contact their public water utility. Only ten respondents, six of 348 

them on public water, indicated that they ever contact their public water utility (Table 5). This 349 

demonstrates gaps in communication between citizens and drinking water utilities, as nearly all 350 
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citizens indicate that they never contact their public water utility, even when this is their main 351 

water supply. This question was compared with the participants’ responses to the pre-survey 352 

question, “How would you rate the quality of your drinking water at home?” and there was no 353 

statistical significance between perception about drinking water quality and intention to contact 354 

the utility (rs=0.10 via Spearman’s Rho). This suggests that even if people think their water is 355 

unsafe, they still may not contact their utility, indicating a potential lack of knowledge about 356 

“who to contact” about water quality concerns. 357 

 358 

When asked about what they would do if they learned they had lead in their drinking water in the 359 

pre-survey, participants indicated that they would be most likely to flush their tap water and 360 

install a filter in both aggregate and matched results (Figure 5). There were also a significant 361 

percent of participants indicated that they are highly likely or likely to tell their neighbors about 362 

the problem or to conduct additional research in both aggregate and matched pre-survey 363 

responses. Participants indicated that they would be least likely to do nothing or move to a new 364 

home in both aggregate and matched pre-survey results. In the post- survey, participants had 365 

learned about their actual water quality results, and they were asked about how they will respond 366 

to their actual water quality outcomes. It has to be noted that a majority of the households 367 

participated in this project had a drinking water lead level of below 15 ppb – the Lead and 368 

Copper Rule’s Action Level (Table 3). Hence, not surprisingly, a relatively significant level of 369 

change was observed in the “Do nothing” option in the matched responses. While the matched 370 

participants are much more likely to do nothing after receiving their results, they are less likely 371 

to install a filter (LoC = 0.5395) or tell their neighbors about the problem (LoC = 0.4434) with 372 

high statistical significance. No statistically significant changes were observed on flushing the 373 
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tap, conducting additional research, or moving to a new house. Nevertheless, there is a high 374 

statistical significance in changes in the remaining individual actions, including “Do nothing” 375 

(p=0.0011), “Install a filter” (p=0.0029), “Tell my neighbors about the problem” (p=0.0351), as 376 

well as the overall change when all individual actions except for “Do nothing” are combined 377 

(p=0.0000). A relatively high percentage of participants indicated they would flush the tap even 378 

after knowing lead results, indicating a desire to take certain actions for precaution.  379 

 380 

The F-test found that lead result is not a statistically significant indicator of participants’ changes 381 

in their pre- and post-survey responses (p=0.8830). When taking a closer look at the participants 382 

who received a relatively high lead results of above 10 ppb, the two participants that had a lead 383 

level of above the Lead and Copper Rule’s Action Level of 15 ppb indicated high likelihood to 384 

take actions in both their pre- and post-survey responses. For the two participants that had a lead 385 

result of between 10-15 ppb, one was a lot less likely to take actions overall, while the other was 386 

notably less likely to install a filter but slightly more likely to flush the tap. This may suggest that 387 

these participants may not be as concerned with their lead results as they are below the Action 388 

Level, a potential danger of assigning a limit that may not necessarily be indicative of exposure 389 

health implications.  390 

 391 

Participant communication about water quality 392 

In both the aggregate and matched pre- and post-survey results, the groups that participants most 393 

frequently communicated with regarding water quality were family and friends (Figure 6). This 394 

makes sense as these are the groups that participants likely have the most contact with. Also, 395 

previous research found that the strongest motivation for participation in this project was to 396 
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protect the health of oneself and one’s family (Jakositz et al. 2019), which may also explain why 397 

family was the group most frequently communicated with. Participants were least likely to 398 

communicate with strangers and colleagues. This may suggest that most conversation about 399 

drinking water quality takes place in or around the home. 400 

  401 

Comparing the matched pre- and post-survey results, notable positive changes in participants’ 402 

communication about water quality were observed. The highest increase in communication was 403 

observed with the colleagues and neighbors, both with statistical significance (p=0.0226 and 404 

0.0303, respectively). High levels of changes were also observed with the family and friends 405 

groups, despite not meeting our criteria of statistical significance. Communication with the 406 

strangers group has the least change and do not have quantifiable statistical significance. When 407 

all social groups are combined, the overall level of change is statistically significant (p=0.0020).  408 

 409 

Our F-test shows none of the socioeconomic variables considered have a statistically significant 410 

effect on the participants’ changes in their communications about water quality (Table 6), with 411 

whether having children under the age of 6 in the household having the lowest p-value.  412 

 413 

Conclusions 414 

This project demonstrated that a well-designed citizen science approach can be used to engage 415 

participants in water quality activities that both benefit the citizen and the researchers. With 416 

regards to participants’ content knowledge about lead in drinking water, this project 417 

demonstrated success in improving participants’ scientific literacy relating to key lead 418 

information, and overall provided educational benefit to those who participated. This contributes 419 



19 

 

to previous literature that shows that citizen science can be a meaningful way of increasing 420 

environmental and science literacy (Crall et al., 2013; Jordan et al., 2011), providing new 421 

information about how citizen science data on drinking water can contribute to these kinds of 422 

changes. Participants are mostly likely to flush their taps and install a filter towards potential 423 

water quality red flags, and least likely to do nothing or move to a new house. It was notable that 424 

most participants would be willing to take preventative actions to protect their health against 425 

water quality concerns, even with a knowingly low lead level in the household. We also found 426 

that participants that had a lead result of between 10-15 ppb may become less likely to take 427 

actions, indicating a potential danger of assigning a limit that may not necessarily be indicative 428 

of exposure health implications. However, this is based on two participants results and may not 429 

be generalized. Comparing pre- and post-surveys showed statistically significant increases in 430 

participants’ likelihood to communicate about drinking water with neighbors and colleagues, 431 

while change in communication with strangers is the least significant.  432 

 433 
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Table 1. An example contingency table based on matched pre- and post-survey responses for the 544 

4th statement listed in Figure 1. This table serves as an input to the McNemar test. Numerical 545 

values in the table shows the participant counts based on their responses in the pre- and post-546 

surveys.  547 

Responses 
Correct in 

post-survey 

Incorrect in 

post-survey 

Correct in 

pre-survey 
4 12 

Incorrect 

in pre-

survey 

7 9 

 548 

  549 
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Table 2. Socioeconomic variables considered in this study and their recoding scheme. 550 

Socioeconomic 

Variables 
Variable Levels/Values 

Variable 

Standardization 

Number of 

participants 

Age Less than 40 0 9 

Between 40 and less than 

60 

0.5 8 

More than 60 1 12 

Household income Less than $49,999 0 12 

$50,000 to $99,999 0.5 14 

More than $100,000 1 4 

Education Less than high school 

graduate, diploma  

0 1 

Less than bachelor’s 

degree 

0.5 16 

More than bachelor’s 

degree 

1 16 

Gender Male 0.25 8 

Female 0.5 24 

Other 0.75 0 

Prefer not to answer 1 1 

Housing 

ownership 

Rent 0 11 

Own  0.5 22 

Other 1 1 

Children  Have child(ren) under 6 

years old living in 

household 

0 7 

Do not have child(ren) 

under 6 years old living in 

household 

1 25 

  551 

  552 



28 

 

Table 3. Number of post-survey participants in each of three lead concentration groups. 553 

Individual Lead Result 
Number of 

participants 

< 1ppb 15 

≥1 ppb & < 10ppb 11 

≥ 10 ppb & < 15 ppb 2 

> 15 ppb 2 

Total 30 

 554 

 555 

Table 4. P-values from the F-test indicating the statistical significance of the influence of various 556 

socioeconomic variables on participants’ knowledge changes.  557 

Socioeconomic variables 
P-value from the Chi-

squared test 

Age 0.8220 

Household income 0.4950 

Education 0.1400 

Gender 0.7900 

Housing ownership 0.1080 

Children 0.4090 

 558 

 559 

Table 5. Self-reported frequency of contacting public water utility for all respondents and a 560 

subset who reported that they are on a public water supply. 561 

Contact frequency 

# based on 

all 

respondents 

% based on 

all 

respondents 

# based on 

respondents 

who are on a 

public water 

supply 

% based on 

respondents 

who are on a 

public water 

supply 

Never 124 98.4% 56 90.3% 

Every couple of years 7 5.6% 5 8.1% 

Every year 2 1.6% 1 1.6% 

Multiple times per year 1 0.8% 0 0 

Missing 2 1.6% N/A N/A 

Total 136 100% 62 100% 

 562 

 563 
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Table 6. P-values from the F-test indicating the statistical significance of the influence of various 564 

socioeconomic variables on participants’ knowledge changes.  565 

Socioeconomic variables 
P-value from the Chi-

squared test 

Age 0.3870 

Household income 0.6760 

Education 0.3100 

Gender 0.9510 

Housing ownership 0.2700 

Children 0.1840 

 566 

 567 

  568 
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Figure 1. Question included in pre- and post-surveys to understand participants’ knowledge 569 

about lead-related water quality issues. 570 

 571 

Figure 2. Pre- (a.) and post-survey (b.) questions asking participants about their likelihood to 572 

take various actions related to combating potential lead levels in their drinking water. 573 

 574 

Figure 3. Question included in pre- and post-surveys to understand participants’ likelihood to 575 

communicate with their social network about water quality. 576 

 577 

Figure 4. Response distributions in both the aggregate and matched pre- and post-survey 578 

responses that assessed content knowledge before and after the project. S1 to S5 corresponds to 579 

the five statements in Figure 1. Pre1 and Post1 indicate aggregate pre- and post-survey results, 580 

respectively. Pre2 and Post2 indicate matched pre- and post-survey results, respectively. * 581 

indicates statistically significant changes in the matched results before and after participating in 582 

the project.  583 

 584 

Figure 5. Response distributions in both the aggregate and matched pre- and post-survey 585 

responses that assessed actions taken under hypothetical and real water quality results. The six 586 

actions in this figure correspond to the six potential actions listed in Figure 2. Pre1 and Post1 587 

indicate aggregate pre- and post-survey results, respectively. Pre2 and Post2 indicate matched 588 

pre- and post-survey results, respectively. * indicates statistically significant changes in the 589 

matched pre- and post-survey responses. 590 

 591 
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Figure 6. Response distributions in both the aggregate and matched pre- and post-survey 592 

responses that assessed participants’ communication with identified social groups. The five 593 

social groups correspond to the groups identified in Figure 3. Pre1 and Post1 indicate aggregate 594 

pre- and post-survey results, respectively. Pre2 and Post2 indicate matched pre- and post-survey 595 

results, respectively. * indicates statistically significant changes in the matched pre- and post-596 

survey responses. 597 

 598 

 599 


