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Abstract Little is known about the physical and mental
health outcomes of adults in the low-income, predomi-
nantly Black city of Flint, Michigan, following the city’s
water crisis which began in April 2014 after austerity
policies led to the city switching its water source. We
investigate these dynamics using data from a longitudi-
nal community-based cohort in Flint. Between June and
November 2019, surveys were administered at nine
public sites across Flint. Nested models were employed
to assess relationships between respondent demo-
graphics, including race/ethnicity, and self-report of
clinician-diagnosed blood lead levels (BLLs) and vari-
ous physical symptoms and mental health outcomes,
including depression/anxiety (PHQ-4) and psychologi-
cal trauma (PC-PTSD-5). Of the 331 respondents (mean
age: 47.9 + 16.5), most were women (58.6%) and Black
(57.7%). In total, 10.0% self-reported elevated BLLs,
with borderline significantly higher reports among
Blacks (p = 0.07). Skin rashes (58.1% vs. 33.9%, p <
0.01), hair loss (45.5% vs. 30.3%, p = 0.01), and nausea
(35.6% vs. 20.2%, p = 0.1) were significantly higher
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among Blacks versus Whites. Additionally, 29.0% and
26.3% of respondents met trauma and depression/
anxiety criteria, respectively. Increasing physical symp-
toms was associated with psychological trauma (OR
2.1, p < 0.01) and depression/anxiety (OR 1.9, p <
0.01). In closing, Flint adults, particularly Blacks, expe-
rienced deleterious physical and mental health outcomes
following the city’s water crisis that appear to represent
a substantial burden of excess cases. Further research is
needed on how austerity impacts community health in
economically distressed urban cities and ways to gener-
ate capacity to identify and curb adverse consequences.

Keywords Flint water crisis - Health disparities - Lead
exposure - Environmental epidemiology - Psychological
trauma

Abbreviation
BLL Blood lead level

Introduction

The role of historic socioeconomic and political mar-
ginalization in the genesis of public health issues in
urban communities reflects a key tenet in the fundamen-
tal causes theory (Link & Phelan, 1995). The 2014 water
crisis in the low-income, predominantly Black city of
Flint, Michigan, was triggered by an austerity-focused
decision from an unelected, state-appointed “emergency
manager” to switch the city’s water source from Lake
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Huron to the Flint River to lower municipal water costs
[28]. The crisis was marked by widespread contamina-
tion of Flint’s water supply with lead (Pb), an invisible,
odorless neurotoxin, and other harmful bacteria and
contaminants, including carcinogenic trihalometh-
anes and Legionella, which has since been linked
to over 100 deaths in Flint [4, 39]. Mere days after
the water source switch, Flint’s residents began rais-
ing concerns to city officials that their tap water was
discolored, odorous, and poor-tasting but were
largely ignored [4, 7].

Some 5 years after the crisis’ initiation and Flint’s
switch back to its original water source, guidance
around the consumption of tap water in the city has
remained ambiguous, with direction from the Environ-
mental Protection Agency and local government and
healthcare officials often at odds and contradictory
[37]. Indeed, official recommendations for Flint resi-
dents have ranged from guidance to completely avoid
water consumption, to use water filters, and to only use
water for certain purposes, such as washing hands and
brushing teeth, but not other purposes, such as drinking
or bathing children [12].

The preventive public health focus in Flint has largely
keyed-in on the known socio-cognitive and developmen-
tal deficits associated with lead exposure in adolescents
and fetuses exposed in utero [33, 34]. This focus has
derived from observed increases in blood lead levels
(BLLs) among Flint children in the crisis’ aftermath
[14]. Far less attention has been placed on the water
crisis-related impacts on Flint adults. Elevated BLLs,
linked to liver, kidney, and central nervous system dam-
age in adults [52], constitute a similarly concerning public
health issue. We address this gap here, using data from an
observational community-based study conducted with
Flint adults. A better understanding of potential water
contamination-related impacts on Flint adults could illu-
minate acute and chronic health consequences, and dis-
parities therein, while also furnishing context for potential
health patterns among Flint children as they age.

We further identify broader symptomatology associ-
ated with elevated bacteria and heavy metals in water,
including skin rashes and hair loss, both of which have
been reported in Flint post-water source switch [37] and
can be physically painful, contribute to stigmatization,
signal harmful underlying health conditions, and be-
come chronic [17, 42]. We also assess patterns of emo-
tional agitation/irritation and nausea, which have been
linked to acute contamination with metals [20, 54].

Additionally, we examine mental health outcomes in
the population. Excess mental health morbidity in the
first year following an environmental and public health
disaster is approximately 20% [5]. Further, the scope of
psychological comorbidities may be amplified in racial/
ethnic minority communities that already face dispro-
portionately high levels of mental illness and trauma
[16, 18], as observed in post-Hurricane Katrina in New
Orleans [21].

Prior work on the Flint water crisis has focused
primarily on outcomes recorded in the early years of
the crisis [1, 13, 14, 48]. This narrow focus has preclud-
ed a richer understanding of physical and mental health
symptoms manifesting over both acute and long-term
exposure windows, specifically among adults in Flint,
our focus here.

Methods
Study Overview and Design

The Flint Community Engagement Project is a longitu-
dinal, observational community-based research project,
currently in its first wave, focused on the structural
antecedents and health consequences of the Flint water
crisis. Surveys for this observational study were con-
ducted in-person between June 2019 and November
2019 by two trained Flint residents. To increase the
likelihood of recruiting a sample reflecting the racial/
ethnic and socioeconomic diversity of Flint neighbor-
hoods and potential spatial variation in patterns of water
contamination [14, 44], surveys were administered at
nine sites across the City of Flint, roughly covering each
primary intercardinal direction and four of the city’s
seven primary zip codes (Fig. 1). The nine sites included
venues such as libraries, a laundromat, a cafe, and a bus
station in the City of Flint.

To be eligible to participate in the survey, individuals
had to (1) be at least 18 years of age; (2) have lived in
Flint for at least one full calendar year between April 25,
2014 (the date of the water source switch) and the date
of the survey; (3) speak English; and (4) be able to
provide written informed consent.

Predictors and Outcome Construction

The primary focus of the analysis was investigating self-
report of and results of being screened for BLLs and
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1

48504 (72)]

48532 (17)

Fig. 1 Map of the seven zip codes that comprise the City of Flint,
with the city boundaries outlined in Black. Zip code numbers are
labeled; the number of respondents residing in that zip code is

having particular health and mental symptoms at some
point before or after the date of the water source switch
(i.e., April 25, 2014). We assessed several primary
health outcomes shown to be associated with elevated
lead exposure in adults, including increased emotional
agitation and nausea (intestinal issues) [20, 52]. To
address potential issues with recall bias [6, 9, 45], re-
spondents were asked if they had regularly experienced,
before and afier the date of the city’s water source
switch, more emotional agitation and nausea than would
be “normal” for them (i.e., prior to the water source
switch), with a specific contextual emphasis on frequen-
cy and intensity of the symptom. Respondents were
asked these questions, using, where appropriate, refer-
ences to media attention, government hearings, etc., as
memory flashpoints [9, 46]. Patterns of skin rashes and
hair loss were similarly queried.

@ Springer

48507 (30)
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*

given in parentheses. Survey site locations are indicated by red
stars. In total, our sample consisted of 331 residents of Flint,
Michigan, who were surveyed in June-November 2019

We also measured feelings of depression and anxiety,
via the brief validated PHQ-4 scale [27], in view of how
frequently these feelings were experienced. Responses
to PHQ-4 questions ranged from “Not at all” to “Nearly
every day” over the past 2 weeks. Respondents were
classified as having depression or anxiety if they scored
6 or higher on the PHQ-4 [22]. Further, trauma symp-
tomatology, in association with potential distress arising
from presumed impacts, the specter of the crisis and
feelings of betrayal and devaluation, was assessed using
a modified version of the brief validated PC-PTSD-5
scale, with respondents classified as exhibiting “proba-
ble” trauma if they scored 3 or higher [40]. Here, re-
spondents were asked to respond affirmatively (either
“Yes” or “No”) to having experienced a particular
trauma-associated behavior (e.g., rumination about the
water crisis) or feeling related to the water crisis.
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Additionally, social network size was assessed as a
potential protective factor. Social networks were mea-
sured as the individuals whom the respondent indicated
they went to discuss or “vent to” [47] about the water
crisis. We also assessed how much time had elapsed
between the date of the water source switch (April 25,
2014) and when the respondent first became aware of or
heard there were “problems” with the city’s water (e.g.,
by noticing discolored water coming from their faucets,
hearing about water issues via local news, etc.).

Statistical Analysis and Methods

We performed descriptive analyses for all pertinent
outcomes and predictors, both overall and stratified by
race, and studied unadjusted differences by race using
Kruskal-Wallis tests [24]. Our analysis focused on nine
key health-related outcomes: (1) amount of time (in
months) it took to become aware of potential water
quality issues following the water source switch; (2)
whether or not the respondent took a blood lead test;
(3) whether or not the respondent reported a clinician
diagnosing them with an elevated BLL (using any
threshold suggested by their clinician); (4) if they expe-
rienced skin rashes; (5) hair loss; (6) nausea; or (7)
emotional agitation; (8) and what they exhibited in
depression/anxiety symptomatology (PHQ-4); or (9)
trauma (PC-PTSD-5). In addition, we counted respon-
dents’ overall number of potential lead and water con-
taminant exposure symptoms (including skin rashes,
hair loss, nausea, and emotional agitation) as the 10th
outcome.

For multivariable modeling, we considered the pre-
dictors age, gender, race, eligibility for public benefits,
educational attainment, employment status, number of
children in respondent’s care, years lived in the City of
Flint, size of the respondent’s social network, and zip
code. We did not include health insurance as a predictor
because the overwhelming majority of participants
(92.9%) had health insurance.

To address potential issues in causal structure [15],
we fit a series of nested generalized linear models for
each of our 10 outcomes, consisting of predictors of
interest and necessary adjuster variables. We considered
relevant pairwise interactions when the main effects
were statistically significant. A complete list of the
models we fit is provided in Supplementary Table 1;
model choices were entirely guided by the causal dia-
gram provided in Supplementary Figure 1. Because

effect estimation was the primary interest, no variable
selection was performed. There was minor missingness
in our data. To address the missing data, we used mul-
tiple imputation by chained equations. Twenty-five im-
puted datasets were generated using chained equations
on all predictors and outcomes, then the models were fit
on each imputed dataset, and then the results for each
model were combined across the 25 imputed datasets
using Rubin’s rules [43].

To assess the potential for spatial correlation, we
conducted Moran’s I tests for spatial correlation on the
zip code level for all outcomes, both unadjusted and
adjusted for race, sex, and age [31]. Results are given in
Supplementary Table 2. These tests showed little evi-
dence of residual spatial correlation beyond what was
accounted for by race, sex, and age, so we did not pursue
a spatial random effects analysis. Instead, we used a
spatial fixed effects analysis, using zip code as a predic-
tor in all models. For all modeling, we collapsed the
geographically contiguous zip codes of 48502 and
48503 and the geographically contiguous zip codes of
48507 and 48532 due to small sample sizes in these zip
codes.

Because of the large number of models fit, we used
the false discovery rate (FDR) threshold to assess the
significance of our model results and thus correct for
multiple testing [3]. All analyses were conducted in R
version 3.6.2 (R Core Team, 2019). The code used to
conduct this analysis can be found at https://github.
com/elizabethchase/Flint Community Engagement.
Study procedures were approved by the Institutional
Review Board at the University of Chicago.
Respondents provided written consent and were given
a $15 gift card for completing the survey.

Results

In total, 331 individuals participated in the survey. Re-
spondent demographics are presented in Table 1, both
overall and stratified by race. Briefly, the mean age (+
SD) of respondents was 47.9 (+ 16.5) years and majority
of the sample were women (N = 194, 58.6%). The traits
of the recruited sample were comparable to U.S. Census
estimates in terms of race/ethnicity and general socio-
economic status [53]. The sample was predominantly
Black (N = 191, 57.7%) and a plurality (N = 125,
37.8%) had a high school degree or less. Most (62.2%)
respondents indicated that they currently were eligible
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for public benefits, and 60.1% (N = 199) were single.
Overall, 45.6% of the sample participants (N = 151)
were employed. Black and other race individuals were
significantly less likely to have completed a college
degree than Whites (p < 0.01) and were more likely to
be eligible for public benefits (p = 0.06). Most respon-
dents lived in zip code 48503 followed by zip code
48504 (Fig. 1). On average, respondents had lived in
Flint for an average of 34.3 (+ 19.1) years and had lived
in the city in the immediate periods after the switch. The
average amount of time that respondents indicated had
passed since they first became aware of a potential
problem with their tap water was 4.9 (+ 6.1) months.

Lead Screening, BLLs, and Physical Health Symptoms
and Outcomes

Descriptive statistics on lead, physical health symptoms,
and other outcomes, both overall and stratified by race,
are presented in Table 2. A total of 119 (39.7%) respon-
dents indicated that they had a BLL screening at some
point after the water source was switched (i.e., at some
point between April 25, 2014 and the survey date). Of
these respondents, 31 (10.3%) indicated that a clinician
had diagnosed them with elevated BLLs after April 25,
2014 (the date of the water source switch). In
univariable analysis, Whites were significantly less like-
ly to have been screened for BLLs than Blacks (25.7%
vs. 47.6%, p = 0.01), and White respondents were less
likely to report elevated BLLs than Black respondents
(4.6% vs. 13.6%, p = 0.07).

In model results (Table 3), once we adjusted for other
demographic characteristics; however, there were few
significant predictors of the length of time to noticing/
hearing about there being a problem with their tap water,
whether or not the respondent received BLL screening,
or had elevated BLLs. Whites were less likely to be
screened for elevated BLLs (OR 0.4, p = 0.06) and to
report elevated BLLs (OR 0.4, p = 0.47) than Blacks.
Furthermore, men were less likely than women to be
screened for blood lead (OR 0.5, p = 0.11).

Respondents had an average of 1.7 (+ 1.4) self-
reported symptoms out of the four assessed symptoms
(skin rashes, hair loss, nausea, and emotional agitation).
Skin rashes were the most commonly reported symp-
tom, with almost half the sample reporting skin rashes—
more than would be considered normal for them—after
the water source switch. Blacks were significantly more
likely to report skin rashes (58.1% vs. 33.9%, p < 0.01),
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hair loss (45.5% vs. 30.3%, p = 0.01), nausea (35.6% vs.
20.2 %, p = 0.1), and emotional agitation (44.0% vs.
30.3%, p = 0.04) than Whites, and Blacks had a signif-
icantly higher total number of symptoms than Whites
(1.9vs. 1.2, p<0.01).

After fitting multivariable models to adjust for con-
founders (Table 3), there were several significant pre-
dictors of symptoms. Whites were significantly less
likely to report skin rashes than Blacks (OR 0.4, p =
0.03), even when adjusting for other predictors. Men
were significantly less likely than women to report hair
loss (OR 0.3, p < 0.01), and for each additional month
before noticing there was a problem with the water, the
odds of subsequently reporting hair loss increased by
10% (p = 0.01). Respondents who were eligible for
public benefits were 2.6 times as likely to report agita-
tion (p = 0.03) as respondents who were not eligible for
public benefits. In addition, there was evidence of an
association between all the symptoms; reporting nausea
increased the odds of reporting rashes 3.5 times (p =
0.01), the odds of reporting hair loss 2.6 times (p =
0.06), and the odds of reporting agitation 4.0 times (p
= 0.01), while reporting rashes, hair loss, or agitation all
significantly increased the odds of reporting nausea.

Viewing the symptoms in total, and adjusting for
confounders, being a man reduced the reported number
of symptoms by 30% (p = 0.01). White respondents
reported 30% fewer symptoms than Black respondents
(p = 0.02), while respondents who were eligible for
public benefits reported 40% more symptoms than re-
spondents who were not eligible for benefits (p = 0.02).
In addition, individuals who reported elevated BLLs
had 1.5 times as many symptoms on average as respon-
dents who did not report elevated BLLs (p = 0.03).

Mental Health, Anxiety, and Trauma

Descriptive statistics on mental health/anxiety out-
comes, as measured by the PHQ-4 [27], can be found
in Table 2. Eighty-seven (26.3%) individuals were clas-
sified as exhibiting depressive or anxious symptoms. In
modeling results in which we adjusted for confounders
(Table 3), individuals who reported “Other” employ-
ment (neither employed, unemployed, or retired) had
5.4 times the odds of experiencing depression/anxiety as
employed individuals (p = 0.02). Increasing symptoms
was a significant predictor of experiencing depression/
anxiety. For each additional symptom, the odds of
depression/anxiety increased 1.9 times (p < 0.01).
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Table 1 Baseline characteristics of 331 residents from Flint, MI, gathered in June-November 2019

Characteristic Overall Black race Other race White race P value
N 331 191 31 109
Age (mean (SD)) 47.9 (16.5) 47.6 (16.2) 46.0 (16.4) 48.8 (17.1) 0.68
Gender (N (%)) 0.7
Woman 194 (58.6) 114 (59.7) 18 (58.1) 62 (56.9)
Man 136 (41.1) 77 (40.3) 13 (41.9) 46 (42.2)
Transgender woman 1(0.3) 0(0.0) 0(0.0) 1(0.9)
Education (N (%)) <0.01
Less than high school 24 (17.3) 10(5.2) 4(12.9) 10(9.2)
High school 101 (30.5) 66 (34.6) 12 (38.7) 23 (21.1)
Some college 100 (30.2) 60 (31.4) 10 (32.3) 30 (27.5)
Associates 47 (14.2) 30 (15.7) 2(6.5) 15 (13.8)
College degree or more 59 (17.8) 25 (13.1) 3(9.7) 31 (28.4)
Employment status (N (%)) 0.18
Employed 151 (45.6) 98 (51.3) 15 (48.4) 38 (34.9)
Unemployed 78 (23.6) 45 (23.6) 7 (22.6) 26 (23.9)
Retired 71 (21.5) 35(18.3) 6(19.4) 30 (27.5)
Other 28 (8.5) 11 (5.8) 309.7) 14 (12.8)
Missing 3(0.9) 2 (1.0) 0(0.0) 1(0.9)
Eligible for/receives public benefits (V (%)) 0.06
Yes 206 (62.2) 125 (65.4) 20 (64.5) 61 (56.0)
No 109 (32.9) 58 (30.4) 7 (22.6) 44 (40.4)
Don’t know/unsure 16 (4.8) 8(4.2) 4(12.9) 4(3.7)
Marital status (N (%)) 0.19
Married 66 (19.9) 34 (17.8) 6(19.4) 26 (23.9)
Separated 66 (19.9) 32 (16.8) 9 (29.0) 25(22.9)
Single (never married) 199 (60.1) 125 (65.4) 16 (51.6) 58 (53.2)
Number of children in care (mean (SD)) 0.9 (1.3) 0.9 (1.5) 1.2 (1.3) 0.6 (1.0) 0.03
Years lived in Flint (mean (SD)) 343 (19.1) 38.5 (16.8) 272 (19.5) 29.0 (21.0) <0.01
Network size (mean (SD)) 3022 3.1 2.0) 292.3) 3.0 (2.6) 0.89

Results are presented overall and stratified by race; p values come from unadjusted Kruskal-Wallis tests to compare differences by race

Ninety-six (29.0%) individuals exhibited symptoms of
trauma. Once again, individuals who reported “Other”
employment were substantially more likely to report
trauma (OR = 6.6, p = 0.01), and the number of symp-
toms was a significant predictor of trauma symptom-
atology (OR 2.1, p < 0.01).

Discussion
To our knowledge, this is the first study using a cross-

sectional, community-based sample to assess self-
reported BLLs and water contamination-related

symptoms and mental health outcomes among adults
in Flint following the water crisis. Overall, our study
highlights a substantial burden of elevated BLLs in the
aftermath of the crisis and a multitude of health impacts
among Flint adults that could be associated with the
city’s water contamination, and some notable differ-
ences according to race and socioeconomic status.
Roughly 10% of our sample self-reported being diag-
nosed by a clinician with elevated BLLs in the years
following the crisis, a rate substantially higher than
national estimates among adults which range from 1%
to 5%, depending on the BLL threshold used [50, 52].
We have a reason to suspect that our estimate may be an
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Table 2 Prevalence of health and psychosocial outcomes among 331 residents from Flint, MI, gathered in June-November 2019

Outcome Overall Black race  Otherrace =~ White race P value
N 33] 191 31 109
Screened for blood lead levels after April 25, 2014 (N (%)) 0.01
Yes 131 (39.6) 91 (47.6) 12 (38.7) 28 (25.7)
No 179 (54.1) 90 (47.1) 18 (58.1) 71 (65.1)
Unsure 13(3.9) 7(3.7) 0(0.0) 6(5.5)
Missing 8(24) 3(1.6) 1(3.2) 4(3.7)
Elevated BLLs after April 25, 2014 (N (%)) 0.07
Yes 33 (10.0) 26 (13.6) 2(6.5) 5(4.6)
No 280 (84.6) 156 (81.7) 27 (87.1) 97 (89.0)
Unsure 5(1.5) 4(2.1) 1(3.2) 0(0.0)
Missing 13(3.9) 5(2.6) 1(3.2) 7(64)
Skin rashes after April 25, 2014 (N (%)) <0.01
Yes 159(48.0) 111 (58.1) 11(35.5) 37 (33.9)
No 160 (48.3) 76 (39.8) 18 (58.1) 66 (60.6)
Unsure 5(1.5) 2(1.0) 1(3.2) 2(1.8)
Missing 7(2.1) 2(1.0) 1(3.2) 4(3.7)
Hair loss after April 25, 2014 (N (%)) 0.01
Yes 134 (40.5) 87 (45.5) 14 (45.2) 33 (30.3)
No 180 (54.4) 99 (51.8) 17 (54.8) 64 (58.7)
Unsure 9(2.7) 3(1.6) 0(0.0) 6(5.5)
Missing 8(24) 2(1.0) 0(0.0) 6(5.5)
Nausea after April 25, 2014 (N (%)) 0.1
Yes 102 (30.8) 68 (35.6) 12 (38.7) 22 (20.2)
No 193 (58.3) 101 (52.9) 18 (58.1) 74 (67.9)
Unsure 8(24) 5(2.6) 0(0.0) 3(2.8)
Missing 28 (8.5) 17 (8.9) 1(3.2) 10(9.2)
Emotional agitation after April 25, 2014 (N (%)) 0.04
Yes 127 (38.4) 84 (44.0) 10 (32.3) 33(30.3)
No 163 (49.2) 84 (44.0) 20 (64.5) 59 (54.1)
Unsure 11(3.3) 4(2.1) 0(0.0) 7(64)
Total symptoms (mean (SD)) 1.7(1.4) 1.9(1.4) 1.5(1.7) 1.2 (1.3) <0.01
PTSD = Yes (%) 96 (29.0) 60 (31.4) 11 (35.5) 25(22.9) 0.21
Depression/anxiety (%) 0.15
Yes 87 (26.3) 53 (27.7) 7 (22.6) 27 (24.8)
No 223 (67.4) 121 (63.4) 24 (77.4) 78 (71.6)
Missing 21(6.3) 17 (8.9) 0(0.0) 4(3.7)

Results are presented overall and stratified by race; p values come from unadjusted Kruskal-Wallis tests to compare differences by race.
Total symptoms are how many skin rashes, hair loss, nausea, and emotional agitation the respondent reported. Note that PTSD is assessed by
the PC-PTSD-5 and depression/anxiety is assessed by the PHQ-4

underestimate, especially among men, as more than half
(54.1%) of our sample did not get screened for BLLs
and thus may have unknowingly had elevated BLLs.
Further, of note, significantly fewer White respondents
reported getting screened for elevated BLLs. Given that
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this finding was not impacted by the inclusion of other
factors in the model, such as eligibility for public ben-
efits, this suggests that other factors, likely social or
cultural, were at play. Specifically, White respondents
may have had lower threat perception [2, 25, 51],
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signaling that they did not believe the water crisis to be a
serious threat to their health. Conversely, their limited
screening could have reflected fatalistic views [36, 49]
or beliefs that screenings were not an effective means of
detecting BLLs or providing a basis for mitigation [8,
29]. Additionally, roughly half of all respondents report-
ed skin rashes, 40% reported emotional agitation and
hair loss, and approximately a third of respondents
reported experiencing nausea post-crisis. Further, being
Black was a significant predictor of reporting more total
symptoms, suggesting that Whites experienced fewer or
less pronounced symptoms.

Continuing, nearly a third of the sample reported
either depression or anxiety (as measured by the PHQ-
4 [27]) and/or trauma (as measured by the PC-PTSD-5
[40]), reflecting a steep and broad mental health toll
potentially associated with functional impairment [22,
35]. In a study with a random sample of patients in the
United States, PHQ-4 results indicated that 23.3% of
patients had mild elevations, 10.6% had moderate ele-
vations, and 4.6% had severe elevations [22]. Further,
while the PC-PTSD-5 has not been conducted with a
random sample, the authors of the measure conducted a
study with US veterans, finding that 26.4% had proba-
ble PTSD (using a cutoff of 3) [40]. Both sets of esti-
mates, in comparison to our results, suggest a substan-
tially elevated burden of mental health sequelaec among
Flint adults.

Furthermore, we found that the total number of
symptoms experienced was a statistically significant
predictor of both depression/anxiety and trauma. This
finding suggests that the magnitude of health
outcomes—that is, the scope—likely contributed to
greater feelings of emotional distress or anguish [10]
and are consistent with one study previously reporting
that perceived water quality was associated with PTSD
symptoms among Flint residents [23].

Importantly, results from this work indicate that the
average time that had passed from the date of the water
source switch until residents became aware of potential
problems with their tap water was roughly 5 months.
This indicates that many residents may have unknow-
ingly consumed tap water that was contaminated for an
extended period, thus heightening their likelihood of
experiencing some of the adverse health outcomes indi-
cated in this work.

There are some limitations to this research. First, the
sample was not randomly selected. However, efforts
were made to ensure broad coverage of the Flint

population and to capture the racial/ethnic and socio-
economic diversity in the city, by recruiting at nine
separate community sites spread widely across the city.
Second, data on symptoms were self-reported and thus
not subject to clinical verification. Additionally, there is
the possibility of recall bias, given that the initiation of
the water crisis was multiple years before the data col-
lection period. However, simultaneously, the recency of
our research allowed for a salient measure of the poten-
tial impact of residents’ prolonged exposures to the
city’s contaminated water. Also, we did not survey Flint
residents who may have moved out of Flint in the
immediate years after the crisis. This “out-migration”
population could have differed from our sample in terms
of demographic traits and/or in ways related to water
crisis-related impact and risk. Nonetheless, because out-
migration remained fairly steady in the years following
the crisis [32], and because most adult residents in Flint
have lived in the city since their birth or adolescence
[32, 38], we project that this dynamic likely would not
have substantively impacted our findings. Finally, it is
not possible to directly link or imply causation between
the symptoms reported here and the water contamina-
tion. For example, many factors, including paint and
soil-based lead exposures [19, 30], may be linked to
the pattern of elevated BLLs that we observed. Howev-
er, this analysis provides some valuable insights into
broader, excess physical and mental health outcomes
experienced by Flint adults, and potential forthcoming
consequences for children in the city, which are sub-
stantially beyond what would typically be estimated.

In conclusion, the acute and potentially long-term
health issues highlighted in this assessment punctuate
the need for continued testing of water quality in Flint
and ongoing epidemiologic surveillance of the munici-
pal water’s potential instigation of new adverse health
cases and exacerbation of existing adverse health out-
comes. More broadly, in consideration of the fundamen-
tal causes [26] of the Flint water crisis, it is imperative
that attention be paid to the broader macrosocial forces,
many of which have racist and classist antecedents [11,
41], that contributed to the emergence of unsound, un-
democratic austerity policies in the city prior to the
crisis. It is these forces that ultimately laid the ground-
work for the devaluation of Flint’s water and negligence
towards residents’ health. Moreover, there is a stark
need for more inclusivity in urban planning in the city,
independent oversight, and transparency around pro-
spective issues in community health. These foci on
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macro and meso-level dynamics will be necessary to
increase civic trust and, in turn, should help reduce
resident distress that is derived from perceptions of
deleterious institutional action and inaction.

Supplementary Information The online version contains sup-
plementary material available at https://doi.org/10.1007/s11524-
021-00525-2.
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