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Drinking water has and will continue to be at the foundation of our nation’s well-being and there is a growing interest in United States (US) drinking water quality. Nearly 30% of the United States population obtained their water from community water systems that did not meet federal regulations in 2019. Given the heavy interactions between society and drinking water quality, this study integrates social constructionism, environmental injustice, and sociohydrological systems to evaluate local awareness of drinking water quality issues. By employing text analytics, we explore potential drivers of regional water quality narratives within 25 local news sources across the United States. Specifically, we assess the relationship between printed local newspapers and water quality violations in communities as well as the influence of social, political, and economic factors on the coverage of drinking water quality issues. Results suggest that the volume and/or frequency of local drinking water violations is not directly reflected in local news coverage. Additionally, news coverage varied across sociodemographic features, with a negative relationship between Hispanic populations and news coverage of Lead and Copper Rule, and a positive relationship among non-Hispanic white populations. These findings extend current understanding of variations in local narratives to consider nuances of water quality issues and indicate opportunities for increasing equity in environmental risk communication.
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1 INTRODUCTION
The United States Safe Drinking Water Act has contributed to one of the safest drinking water supplies in the world. Despite the general reliability and accessibility of drinking water infrastructure for communities across the United States, inequitable provision of adequate drinking water persists Allaire et al. (2018), McDonald and Jones (2018). Community Water Systems (CWS) serve 94% of the United States population, yet 28% of water systems experienced at least one water quality violation in 2019, based on the United States’ Environmental Protection Agency’s (USEPA) Safe Drinking Water Act (SDWA) United States Environmental Protection Agency (2021).
The disproportionate distribution of safe drinking water and perceptions of those affected can be partially understood through the lens of social constructionism. In this research, social constructionism is defined as the analysis of social processes which contribute to the development of epistemologies and knowledges Burningham and Cooper (1999). Often applied to understand the creation and legitimization of social phenomena, social constructionism can play an important role in human behavior related to environmental degradation and the maintenance of inequity and power differentials. For example, theorists have applied social constructionism to understand climate science denial, and environmental sustainability Prasad (2019); Longo et al. (2021). When considering injustices in drinking water quality, individuals with more power may construct and legitimize explanations for existing environmental inequities for those with lesser power. This results in an ongoing and constitutive narrative that not only normalizes but also maintains the inequitable distribution of environmental risks Grove et al. (2018). Thus, the social constructionism of poor drinking water quality can pose significant and compounding risks to communities with greater proportions of low-income individuals and people of color. The USEPA defines environmental justice as “the fair treatment and meaningful involvement of all people regardless of race, color, national origin, or income, with respect to the development, implementation, and enforcement of environmental laws, regulations, and policies” United States Environmental Protection Agency (2022). Environmental justice requires that all communities have “the same degree of protection from environmental and health hazards” and “equal access to the decisionmaking process to have a healthy environment in which to live, learn, and work United States Environmental Protection Agency (2022). The latter half of this definition is important because it highlights the agency necessary for all individuals to define their interpretation of healthy and thriving communities.
An important part of how people define healthy and just communities is how they discuss environmental issues with one another. Media coverage of water quality narratives is a one example of social constructionism because it captures community perceptions of environmental risk in literary form. However, patterns in social constructionism do not singularly define the ongoing disproportional distribution of water quality risks in communities. Rather, water quality narratives pose the opportunity to extend theories of social constructionism into the field of socio-hydrology to understand environmental justice (Figure 1). The field of socio-hydrology highlights the complicated interactions and interdependencies between humans, water systems, and our physical surroundings (Sivapalan et al., 2012; Madani and Shafiee-Jood, 2020). By studying the inequities of coupled human-water systems, researchers gain a broader understanding of social, behavioral, and developmental impacts of water management. Thus, integrating social constructionism, environmental injustice, and sociohydrological systems would enable critical nuances into understanding and mitigating environmental risk in communities.
[image: Figure 1]FIGURE 1 | Water quality narrative analysis lies at the intersection of environmental justice, social constructionism, and socio-hydrology.
The Flint Drinking Water Crisis is an example of the media’s role in water quality issues. The local media helped to shed light on ongoing environmental injustices, eventually leading to federal policy changes (DelToral, 2015; Egan and Spangler, 2016; Jackson, 2017). Flint’s struggle for safe drinking water revealed the inextricable relationship between environmental justice and social constructionism. Moreover, the complex relationships between social relationships and social-hydrological systems. For example, local newspaper outlets such as The Flint Journal provided consistent coverage of public discussion and community struggles, which amplified the voices of community organizers and families affected by lead poisoning resulting in a national dialogue about drinking water quality in the United States. Thus, the narratives that local news reporters collect and distribute play a significant role in how individuals perceive risk and can help to garner a response to local water quality issues.
Given the role of social constructionism and coupled socio-hydrological systems in environmental injustice, local newspapers serve as an invaluable source of data for studying the social aspects of drinking water. Previous studies have used local news and social media platforms to understand water-related matters. Analyses of local water narratives have uncovered patterns of substandard water in Mobile Home Parks (Pierce and Gonzalez, 2017), unequal stewardship expectations for Indigenous peoples (Lam et al., 2017), and shared frustration and health concerns among families affected by lead pollution (Ekenga et al., 2018). Although previous research has utilized local news and social media platforms to assess important water-related matters, all were dependent on an analytical process called content analysis, which requires manual coding of each article to understand overarching trends. While such research methods are valuable, the time and resources necessary to read and code each newspaper generally results in fewer articles being analyzed, which can limit the geographic and temporal range of the evaluations. Moreover, while targeted research on the topic of drinking water narratives exists, a more systematic, national approach is lacking.
More recently, researchers have applied text analytics to newspaper articles (Gunda, 2018). Text analytics is a data-driven approach that uses natural language processing to analyze millions of articles for trends and patterns that would not have been previously feasible (Moreno and Redondo, 2016). Applying computational methods to text data results in a much broader understanding of local newspaper narratives and allows researchers to evaluate temporal and spatial trends arising from local variation. In doing so, data-based approaches informed by theory can provide a more robust understanding of risks to drinking water quality across regions.
The aims of this study were to leverage text analytics to 1) evaluate temporal and regional trends of water pollution-related articles in local news and 2) examine the relationship between local water violations and potential political, economic, and sociodemographic variables on water-related news coverage. Pollution is evaluated through water quality violations, which are assessed using SDWA rule violations. This study provides a data-driven approach to understanding media patterns and their relationship with social and physical differences across the United States, allowing for a broader understanding of patterns and trends than previous case studies. Lastly, our findings underline the importance of local journalism in water quality issues, highlighting the salience of community news coverage amidst environmental risks.
2 METHODOLOGY
This study utilized a dataset of water-related newspaper articles downloaded from LexisNexis for the years 2009–2017. Sociodemographics and water quality violations were obtained from publicly available data sources. Data sources, processing, and analyses strategies are discussed in the following subsections (Figure 2). All data processing and analyses were conducted in RStudio [v.1.3.1056].
[image: Figure 2]FIGURE 2 | Summary of methods to construct, process, and analyze data sources.
2.1 Data Sources
A dataset of water-related newspaper articles—created by downloading any local news source article from LexisNexis that mentioned the word “water” within the United States- was used for this study (Gunda, 2018). In total, there were 413,690 news articles (published between 2009 and 2017) across 25 news sources that were evaluated for this study. Metadata for each article such as city of publication and date published is also provided in the corpus (Supplementary Table S1). Sunday household distribution (at the county-level) was downloaded for each of the newspaper sources using the Alliance for Audited Media’s (AAM) Media Intelligence Center (Alliance for Audited Media, 2021). Sunday distribution was chosen because it was available for all news sources, whereas availability of distribution data for the remaining days of the week was highly variable.
A list of primary regulated drinking water contaminants were compiled from the National Primary Drinking Water Regulations (NPDWR) per the SDWA (US EPA, 2021). In total, there were over 90 contaminants that address several aspects of drinking water quality, such as surface water treatment, disinfectants and disinfection byproducts, inorganic and organic chemicals, and radionuclides.
In addition to water quality terms, we also compiled data regarding drinking water violations, sociodemographics, and political tendencies. Drinking water rule violations for the counties receiving news coverage were downloaded from the USEPA’s Safe Drinking Water Information System (SDWIS) covering a range of January 2009 to December 2017 (United States Environmental Protection Agency, 2021). County-level sociodemographic data were obtained from American Community Surveys (ACS) 5-year estimates (2009–2018) (US Census Bureau, 2021); these were queried using the TidyCensus package [v. 0.9.9.5] (Walker, 2020). Political tendencies were captured using county-level presidential election data describing the number of Republican votes in the past 2008–2016 presidential election, relative to the article’s publication date (MIT Election Data and Science Lab, 2018).
2.2 Data Processing
Evaluation of these articles for water quality-related issues was facilitated using key term identification (Silge and Robinson, 2017). Five SDWA rules were chosen for this analysis (Supplementary Table S1, S2). The five rules analyzed were: 1) Lead and Copper Rule (LCR); 2) Disinfection Byproducts (DBP) Rule; 3) Radionuclides (RN) rule; 4) Volatile Organic Chemicals (VOC) Rule; and 5) Total Coliform Rule (TCR). The corpus was filtered for any articles containing one or more contaminants monitored under each of these five SDWA rules.
To evaluate the corpus for the five SDWA rules, key term identification, an analytical approach that identified whether a list of words are within text data was used (Krauthammer and Nenadic, 2004). After filtering for the primary regulated contaminants, there were 42,764 articles in the corpus that mentioned a primary contaminant monitored per the SDWA rule. However, some of these articles included colloquial variations of “lead” (i.e., “lead author” and “lead attorney”). To address these issues, bigram analysis was conducted to further filter the remaining articles. Bigram analysis generates 2-word phrases/combinations which researchers can use to understand the relationships between word pairs (Silge and Robinson, 2017). After generating the bigrams, articles that only pertained to contaminant issues (e.g., “lead pipes” or “lead testing”) were retained, while nonpertinent terms (e.g., “lead author” or “lead attorney”) were not. The final filtered corpus contained 11,562 articles. With the final filtered corpus, summaries of coverage (i.e., tallies) each of the five SDWA rules, total as well as across different newspapers and over time were created.
For the community variables, normalization was conducted to calculate proportions. For example, the sociodemographic variables were divided by the county’s total population to reflect the proportion of 1) non-Hispanic white; 2) Black; 3) American Indian and Alaska Native (referenced as “American Indian” hereafter); 4) Hispanic individuals; and 5) foreign-born individuals who speak Spanish at home. Additionally, the ACS workforce population value was used to calculate proportion of individuals employed in agriculture, mining, fishing, or logging. Publication dates were matched with the most recent presidential election cycles during the study period (i.e., 2008, 2012, and 2016) to capture the proportion of Republican votes compared to total votes within each county. For example, an article published in 2010 was assigned to the 2008 presidential election.
These datasets were merged to create two datasets for analysis, one capturing temporal patterns in violations and the other capturing sociodemographics (Figure 2). The first dataset contained counts of both newspaper articles and violations for each SDWA rule (stratified by publication and year) while the second dataset contained newspaper article counts, sociodemographics, political leanings, and rule violations for each SDWA rule. For the latter, total newspaper counts by SDWA rule were joined with median annual SDWA rule violations and sociodemographics (for counties receiving Sunday newspaper distribution), and analyzed at the county-level for each newspaper’s distribution.
2.3 Data Analyses
Several methods were employed to explore patterns in news coverage over different geographies (e.g., EPA regions and county news distributions) and time. First, SDWA rules were visualized for the entire dataset, followed by annual publications stratified by SDWA rule. To evaluate patterns in publication, correlations between different SDWA rules were calculated. SDWA rule coverage was also visualized at the USEPA regional level, to explore regional trends of water quality-related news. The relationship between SDWA rule violations and SDWA news coverage was examined using proportionality, over both the entire study period and annually. The influence of physical and sociodemographic patterns on SDWA news coverage was explored using univariate quantile regressions. Predictors included SDWA violations occurring within the counties receiving news distribution; proportion of non-Hispanic white, Black, Hispanic, and American Indian populations; proportion of foreign born Spanish-speaking individuals; proportion of the working population employed in agricultural, mining, fishing, and logging; and the proportion of Republican voters.
3 RESULTS
There were over 11,500 articles mentioning an SDWA rule published from 2009 to 2017 (Supplementary Table S1). The five rules chosen for this analysis (Lead and Copper Rule (LCR), Disinfection Byproducts (DBP rule), Radionuclides (RN) rule, Volatile Organic Chemicals (VOC) rule, and Total Coliform Rule (TCR)) were covered in over 7,000 articles across a total of 25 news sources from 24 different states (Supplementary Table S1). Below, we describe in greater detail the temporal and regional differences observed for the five selected rules.
Coverage of water-related news articles varied significantly by rule and region. Coverage of LCR was most prevalent, followed by DBP, RN, VOC, and TCR (Figure 3). Annual rates of publication also varied by rule, with some showing a general downward trend (VOC, TCR, and RN). DBP and LCR fluctuated more over time (standard deviation (SD) = 43.9 and 251, respectively; Supplementary Table S3), and a noticeable spike in LCR-related articles occurred in 2016 (Figure 3).
[image: Figure 3]FIGURE 3 | (A) Total number of articles published. (B) Annual percentage of news articles across 5 SDWA rules, 2009-2017. Generally, LCR was most discussed within the news articles, with a prominent increase occurring in 2016. Note: LCR = Lead and Copper Rule, DBP = Disinfection Byproducts Rule, RN = Radionuclides Rule, VOC = Volatile Organic Chemicals Rule, TCR = Total Coliform Rule.
News coverage for each of the five rules showed a relationship with coverage of the other four rules. For example, articles published on LCR correlated with articles related to TCR and DBP. Similarly, the publication of VOC-related articles were correlated with news articles mentioning RN (Table 1).
TABLE 1 | Median, range, and correlation between coverage of SDWA rules. Articles including LCR were likely to be published with TCR and DBP, while VOC articles tended to be published more frequently with RN.
[image: Table 1]The number of water quality-related newspaper articles published was highly variable by region (Figure 4). For example, coverage of LCR was the greatest in USEPA regions 2 and 10 while coverage of DBP was greatest in region 5. RN, on the other hand, was more widely discussed in regions 3 and 8. The share of articles published that mention VOC were greatest in region 8, while TCR was most frequent in USEPA regions 1 and 9 (Figure 4).
[image: Figure 4]FIGURE 4 | Regional News Coverage by Rule, 2009–2017. News coverage of LCR was high in all regions, while coverage of DBP, RN, VOC, and TCR varied by USEPA region. Note: LCR = Lead and Copper Rule, DBP = Disinfection Byproducts Rule, RN = Radionuclides Rule, VOC = Volatile Organic Chemicals Rule, TCR = Total Coliform Rule.
When considering by news source, different nuances emerge. For example, LCR was generally the most covered across the newspapers, with the exception of RN in the Richmond Times Dispatch (USEPA Region 3), and DBP in Dayton Daily News (USEPA Region 5) and Lincoln Journal Star (USEPA Region 7) (Supplementary Figure S1). VOC was covered most frequently in the Denver Post (USEPA Region 8). Across all five rules, Dayton Daily News (USEPA Region 5) published the most water quality-related articles in the given time period, with a total of 1,073 articles published, and an average of 119 articles per year. In contrast, The Columbian (USEPA Region 1) published the least articles over the time period, with only 12 articles in the observed time period (averaging 1.3 articles per year).
In addition to evaluating patterns in news coverage, we also evaluated the relationship between local water violations and water-related news article publication. Although LCR-related articles dominated the majority of water-related news coverage, this rule had the lowest percentage of violations of all rules assessed (Figure 5). Contrastingly, VOC and TCR, which had the majority of violations, were discussed far less (Figure 5).
[image: Figure 5]FIGURE 5 | Proportion of violations occurring relative to proportion of news coverage among the 5 SDWA rules. LCR received a significant proportion of news coverage among the five SDWA rules, despite receiving the least proportion of violations. Note: LCR = Lead and Copper Rule, DBP = Disinfection Byproducts Rule, RN = Radionuclides Rule, VOC = Volatile Organic Chemicals Rule, TCR = Total Coliform Rule.
The directional relationship between news coverage and violations was further evaluated at an annual scale. Despite the large number of violations attributed to VOC, TCR, and DBP from 2009 to 2017, few articles were published during these time periods. LCR, on the other hand, were discussed widely, spiking in 2016 with more than 1,500 articles published (Figure 6).
[image: Figure 6]FIGURE 6 | Number of violations and articles published by rule, 2009–2017 (Note varying y-axes). Except for LCR, the correlation between violations and news coverage was generally poor. Note: LCR = Lead and Copper Rule, DBP = Disinfection Byproducts Rule, RN = Radionuclides Rule, VOC = Volatile Organic Chemicals Rule, TCR = Total Coliform Rule.
Univariate regression analyses evaluated the relationships between physical (i.e., violations) and sociodemographic drivers. All five SDWA rule violations did not have a relationship with water-related news (Figure 7; Supplementary Table S4). However, the relationship between coverage and racial/ethnic sociodemographics showed different patterns. The proportion of non-Hispanic white individuals had a positive relationship on coverage of LCR- and TCR-related coverage, with negative directionality for RN and positive for DBP and VOC (Supplementary Table S4). This means that communities with greater non-Hispanic white populations receive more news coverage on the topics of LCR and TCR, and tend to have less coverage on the topics of RN, and more coverage on the topics of DBP and VOC. In contrast, the proportion of Hispanic and Black individuals generally had a negative direction with rule coverage, with the exception of RN, which had a positive direction (Supplementary Table S4). This means that communities with greater Hispanic and Black populations tend to receive less coverage about LCR, TCR, DBP, and VOCs, and more on the subject of RN. Lastly, the proportion of American Indian highly varied in direction and beta across all five rules (Supplementary Table S4). This suggests the proportion of American Individuals in a community and the topics of coverage it will receive can vary widely by contaminant.
[image: Figure 7]FIGURE 7 | Univariate quantile regression results showing news coverage as a function of physical and sociodemographic drivers for each rule. The beta values (i.e., coefficients) reflect the direction of influence of the different co-variates. A negative direction between violations and news coverage was observed, while relationships between news coverage and sociodemographic, cultural, economic, and political relationships varied. Note: LCR = Lead and Copper Rule, DBP = Disinfection Byproducts Rule, RN = Radionuclides Rule, VOC = Volatile Organic Chemicals Rule, TCR = Total Coliform Rule.
Cultural, economic, and political variables also had varying associations with news coverage of water quality issues. For example, the proportion of foreign born Spanish-speaking individuals had a negative direction with all coverage types but VOC (Figure 7; Supplementary Table S4). This suggests that communities with a larger proportion of Spanish-speaking households tend to receive less news coverage on all contaminants, except for VOC. Contrastingly, the proportion of individuals employed in industrial activities had a positive direction on all coverage types. This means that the greater the proportion of working individuals employed in industry, the more they tend to receive water related news coverage. Lastly, the proportion of Republican voters had a positive relationship with DBP-related coverage and varied for the other four rules (Figure 7; Supplementary Table S4). This suggests that a greater proportion of Republican-voting individuals will receive more water quality news coverage on the topic of DBPs.
4 DISCUSSION
The aims of this study were to elucidate patterns in news coverage of drinking water quality issues, with a focus on potential relationships between associated physical (i.e., violations) and sociodemographic variables. Our analyses also examined water quality spatially and temporally, with attention to national trends over 2009 to 2017. Our results suggest several notable findings, such as the inequitable news coverage of drinking water quality issues among Black and Hispanic communities. Additionally, our work revealed positive directions with political and economic variables that are contrary to other findings. Discussion of these findings, and the implications of our results are below.
The temporal and regional trends of water-quality related articles revealed several noteworthy insights. Overall, the publication of water-related news articles were most prominent for LCR, followed by DBP, RN, VOC, and TCR, (Figure 3). Over time, there was a noticeable increase in LCR coverage in 2016, reflecting national coverage of the Flint Water Crisis (Jackson, 2017). The dominance of LCR-related coverage could be stemming from the immediate, long-term health consequences of this rule, which negatively impacts infants and children, a vulnerable population that garners significant empathy among the public (Ekenga et al., 2018; Levallois et al., 2018). We also found that LCR and DBP were more likely to be published in tandem, which could be due to their connections to public water system maintenance, whereas RN, VOC, and TCR are the result of industrial or agricultural activity (US EPA, 2009). This divide may exist because the consequences of treatment and maintenance (i.e., LCR and DBP) are viewed as necessary investments for safe drinking water (Tanellari et al., 2015), whereas contaminants related to economic growth (i.e., RN, VOC, and TCR) may be less frequently discussed within the news, especially when communities are reliant on those sources of income (Griffin and Dunwoody, 1995).
Regional patterns in coverage could be attributed to local variations in contaminant sources. We found that USEPA regions 2 and 10 had the greatest percentage of water-related LCR coverage, while DBP-related coverage was greatest in region 5 (Figure 4). The high coverage of LCR in region 2 may be related to New York and New Jersey’s aging infrastructure, which has resulted in elevated lead levels in the past (Lytle et al., 2020; American Society of Civil Engineers, 2021). USEPA region 5, on the other hand, is often characterized by its tendency to over-apply fertilizers and its limited wastewater infrastructure, which could describe the high coverage of DBP in this region (Tuser, 2021). High coverage of RN and VOC in USEPA regions 8 and 3 could be due to the mining and oil and gas production in these areas (United States Energy Information Administration, 2021). Lastly, coliform is often a consequence of agricultural production, which explains its prevalent coverage within USEPA regions 1 and 9, the latter of which has a significant amount of agricultural land (Cooley et al., 2014) (Figure 4).
In addition to the uneven coverage in water quality over time and space, we found a noticeable disconnect between actual violations and local news coverage (Figure 6). Overwhelmingly, LCR was covered more frequently, despite having the smallest share of violations. Meanwhile, VOC and TCR had a significant share of total violations, yet received the least news coverage. This finding is important because local newspapers play an important role in relaying public health risks (De Coninck et al., 2020). Due to the role that local news plays in social constructionism, the lack of coverage for pertinent local water quality concerns may pose a risk to community awareness and responses (Brittle and Zint, 2003; O’Shay et al., 2020). Thus, failure to publish pertinent details regarding local water quality may pose risks to a community’s health, in addition to its ability to organize and respond to unsafe drinking water.
Patterns between news coverage and potential sociodemographic drivers revealed additional insights (Figure 7). Counties receiving news coverage with larger percentages of non-Hispanic white populations had a positive directional relationship with water quality-related news publications, while counties with a larger proportion of Hispanic and Black populations had a negative direction. The difference in risk communication may pose threats to environmental justice, as Black and Hispanic community members are often those most affected by environmental pollutants. Local coverage of environmental risk is indispensable as it informs environmental justice movements (Kern and Kovesi, 2018; Malin and Ryder, 2018; Mohai, 2018). American Indian populations can be diverse in terms of CWS infrastructure, tribal lands, and primacy, which may explain the disparate results found among news coverage (Table 2). For example, the positive direction between American Indian communities and DBP and VOC rules may be a reflection of different water practices, including independent tribal Water Quality Standards (WQSs) and Treatment as a State (TAS), which allow tribes to determine their own water usage and water quality standards (Diver, 2018). Meanwhile, the negative relationship between American Indian communities with TCR, RN, and LCR news coverage may point to the constraints of tribal WQS, which are less effective for non-point source pollution (Diver, 2018). Future research would benefit from studying local variations in news coverage among several different American Indian communities.
Similar to other environmental and health research (Schwarzenbach et al., 2010; Gilligan et al., 2018; Grossman et al., 2020), we observed a relationship between news coverage and political leanings. Specifically, we show a positive relationship between DBP-related coverage and Republican voters water quality news coverage. Previous literature has shown that political leanings can capture multiple endogenous interactions, such as income inequality and populations density (Gilligan et al., 2018). Amongst communities with greater proportions of conservative voters, the positive correlation with drinking water news coverage could be related to political and economic advantages that may be associated with maintaining water resources for community employment opportunities Barnett (2019). Thus, future research could explore the relationship and framing of political leanings and water quality narratives. This might be reflective of the importance of maintaining local economies and water quality/quantity for the sake of future generations, regardless of political affiliation.
Overall, the relationships found in these analyses not only suggest inequitable distribution of news coverage on the topic of drinking water violations, but also they support previous calls for environmental justice to be extended into theories of social constructionism and socio-hydrology Thaler (2021); Taylor (2000). For example, while the inequitable distribution of drinking water quality news coverage not only functions to mediate environmental health messaging to all communities, coverage that is withheld may limit the shared knowledge necessary for communities to organize effectively against environmental injustice Taylor (2000). Meanwhile, the shared social construction and legitimization of inequitable water risk distribution is an indisputable aspect of socio-hydrological systems, an area that has been overlooked to date.
Although data availability was a significant driver of the study focus, some limitations regarding content analysis, spatiotemporal evaluations, and sociodemographic features are worth highlighting. For example, key term filtering does not allow the researcher to grasp tone or the overall summary of an article. Analytical techniques, such as structural topic modeling, sentiment analysis, and Kullback-Leibler Divergence could be implemented to gain greater insights into the narratives and patterns of media coverage for water quality issues (Gunda, 2018). We were also unable to distinguish whether an article was locally authored or licensed from national news sources, which impacted our ability to filter national stories from local ones. Such metadata may explain the national spike in LCR coverage in 2016 relating to the Flint Water Crisis. In addition to text analyses limitations, analyzing the data temporally and regionally posed some challenges. For example, examining violations and news articles that occurred annually failed to fully capture the relationship between water quality violations and the series of decisions made before a news story is published (Hassell, 2021). We also acknowledge that We also acknowledge that while the variables used to combine two ACS 5-year estimates datasets to represent the study period were consistent, this approach requires revisiting due to assumptions in the initial datasets. Furthermore, counties—which were the spatial unit used for news distribution data—are often more coarse than their census or block group counterparts. Additionally, the newspaper corpus used for the analyses only had one source from the Pacific Northwest, which was not as representative as other regions in the United States. For sociodemographic analyses, future studies could further disaggregate Black into Black Hispanic and Black non-Hispanic categories to capture additional nuances within these populations.
Local journalism plays a key role in promoting this social cohesion by reminding community members that local water quality risks impact not only themselves but their neighbors, bridging many divides (Mason, 2016). Thus, this research points to the salience of local journalism in promoting a shared community awareness of drinking water quality and availability. Increasingly, however, local news platforms are being forced to reduce their budgets or close down all together (Hendrickson, 2019). Furthermore, printed news consumption is rapidly shifting towards digital platforms (Trilling et al., 2017). So future research would benefit from the inclusion of other forms of media, such as online news sources, television, social media, or radio, which all serve as highly utilized forms of risk communication (Lazrus et al., 2012; Demuth et al., 2018). Future studies could also extend beyond drinking water coverage to consider patterns in broader environmental and public health issues. Finally, while our results suggested that media coverage among readership regions with greater proportions of foreign born Spanish-speaking individuals may be less available to first-generation Spanish-speaking individuals, our study did not consider non-English news sources. Thus, additional research will be necessary to understand alternative languages of water-related media for regions with a greater proportion of foreign born Spanish-speaking individuals.
This study presented a data-driven approach aimed at understanding local newspaper coverage of water quality issues. The general disassociation between physical violations and news coverage highlights a pressing issue with regards to public health awareness and action. Addressing such issues is especially important given the economic investment needed to address ongoing infrastructural challenges within the United States (Allen et al., 2018). In addition to highlighting the disconnect with actual violations, this work also sheds light on potential social inequity within media coverage. Given that water pollution is increasingly prevalent (Hartmann et al., 2021), with significant burdens among the Black and Hispanic communities (Allaire et al., 2018; McDonald and Jones, 2018), additional attention and research is warranted. Socio-hydrological approaches that continue to elucidate the complex interactions between coupled natural and human systems will increase our understanding and possible ways to mitigate environmental risks within our communities.
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