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Abstract: Lead poisoning is a preventable condition that continues to affect thousands of children
each year. Given that local governments and municipalities are eligible to apply for federal funds to
perform lead remediation in low-income family homes, we sought to understand how lead poisoning
knowledge levels may affect the uptake of these funds. We recruited and conducted 28 in-depth, semi-
structured interviews with community members from Lancaster County in the state of Pennsylvania
in the USA. We audio-recorded and transcribed each interview, and analyzed each transcript for
salient themes. The interviewed participants displayed a varying degree of knowledge about lead
and lead poisoning. Most of the participants were unaware of the lead paint remediation funds.
Participants learned about lead from various sources, such as social media, and personal experiences
with lead poisoning appeared to enhance knowledge. Some participants assumed lead poisoning
prevention would be addressed by other stakeholders if necessary, including healthcare professionals
and landlords. The results of this study suggest that in order to increase the timely uptake of the
remediation funds, community-based organizations should design interventions that aim to increase
awareness and knowledge about lead poisoning and lead poisoning prevention. These interventions
should be tailored for different audiences including community members, healthcare professionals,
and landlords.

Keywords: childhood lead poisoning; knowledge levels; blind trust; HUD grant; Lancaster, PA;
residential lead paint remediation; social media

1. Background

Childhood lead poisoning is a pervasive issue in the United States, affecting the
lives of approximately half a million children ages six and under [1]. In 2014, the water
contamination crisis in Flint, Michigan, brought the issue of lead poisoning to the attention
of the mainstream media and into the minds of the public [2]. The Centers for Disease
Control and Prevention has not determined a safe blood lead level and recommends that
children with blood lead levels greater than 5 µg/dL receive case management services [3].
Childhood lead exposure has been linked to brain and nervous system damage, delayed
growth and development, and learning and behavioral challenges [4]. Elevated blood
lead levels have been associated with lower educational attainment, antisocial behavior,
and higher hyperactivity scores in children [5]. Disparities in childhood lead poisoning
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illustrate the inequities that persist in society, as lead poisoning disproportionately affects
low-income, minority, and refugee communities [6,7].

While lead poisoning is both a national and global concern, Lancaster County, in
the state of Pennsylvania, USA, provides a notable case study for this issue. In 2018,
Lancaster County had a significantly higher rate of childhood lead poisoning compared
to the state of Pennsylvania (6.80% vs. 4.09%) [8]. Lead-based paint was banned in the
United States in 1978; in Lancaster County, 27% and 59% of homes were built before 1950
and 1980, respectively [9]. For this reason, attempts to mitigate childhood blood lead levels
in Lancaster County are often focused toward lead paint remediation in older homes. In
addition to lead paint, low testing rates in Lancaster contribute to untreated lead poisoning.
In Lancaster, only 9.89% of children under the age of six years received a blood lead test
in 2017 [10]. Limited funding in relation to the number of homes with lead-based paint
is often a key challenge in performing lead remediation work [11]. In 2016, the United
States Department of Housing and Urban Development (HUD) awarded Lancaster County
a $1.33 million Lead Hazard Control (LHC) grant [12]. This grant provided funding to
support lead paint remediation efforts in low-income homes in which a child under the
age of six resided, or visited for more than six hours a week.

Despite the acquisition of HUD LHC funds, rates of lead poisoning remain high and
uptake of HUD grant funds remains slow. The health belief model [13] outlines that for
individuals to act on a health concern, they must have a perceived susceptibility and
severity, as well as a sense of perceived benefits. In the presence of these factors, a cue to
action and self-efficacy are required for beneficial behavioral change. This study aimed
to investigate caregivers’ knowledge levels of lead poisoning, the factors that influence
those levels, and reasons for the initially slow uptake of the HUD funding. Our main goal
was to analyze parents’ sources of information about lead, concerns about lead exposure,
and personal experiences with lead poisoning. In doing so, we ascertained how and when
individuals obtained information and whether their knowledge increased their willingness
to abate their homes of lead paint. This information will provide insight into how health
messaging and advertisements for future lead remediation funding can truly reduce the
burden of lead poisoning.

2. Materials and Methods

Through this study, approved by the Institutional Review Board of Franklin and
Marshall College, we aimed to understand the factors that contributed to the initial slow
uptake of the HUD LHC grant awarded to Lancaster County, Pennsylvania, for residential
lead remediation.

In June 2016, the City of Lancaster in the state of Pennsylvania, USA, was one of
23 recipients (1 health department, 11 cities, 9 counties, and 2 states) representing 15 states
that received funding from HUD to remediate homes: a total of $52.6 million was disbursed.
The City of Lancaster received $1.33 million dollars to remediate lead-based paint in
100 homes over a period of three years. About $700,000 dollars were to be administered
by the City of Lancaster in Lancaster County and $600,000 was to be administered by
Lancaster County Housing and Redevelopment Authority to remediate lead-based paint
in homes in the city and outside the city (but within the county), respectively. The funds
were available to anyone (tenant, homeowners living in the homes, and landlords) who
fit the low-income definition as defined by HUD; for landlords, the income eligibility was
determined by the income of the tenants. Landlords were required to contribute towards
the remediation costs. In June 2017, a local Lancaster newspaper reported that only two
households had applied for the funds [14].

Between February and May 2018, researchers trained in qualitative interviewing tech-
niques recruited participants from two Head Start locations, a Healthy Beginnings Plus
office for pregnant women receiving medical assistance, the Women, Infants and Children
(WIC) Nutrition Program office, and through door-to-door solicitation in downtown Lan-
caster. The research team selected these locations due to the likelihood that individuals
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frequenting these venues would meet the eligibility criteria for both this study and the
HUD grant. Individuals over the age of 18 years who were caregivers of a child or children
under the age of six years, including pre-natal, were eligible to participate in this study.
Additionally, through word of mouth referrals from key informants, we contacted several
landlords. However, only two landlords were interested in participating in the study.

Researchers reviewed the study aims and consent process with all interested indi-
viduals prior to conducting semi-structured interviews with all consenting participants.
Interviews included between one to three participants. At least two researchers were
present for each interview. The primary interviewer asked the protocol questions and
any appropriate probing questions, while the secondary interviewer took notes and asked
clarifying questions. Participants also completed a brief demographic data collection sur-
vey. Contingent upon participant consent, interviewers audio-recorded the conversations
to ensure transcript accuracy. Interviews lasted between 5 and 35 min. Research staff
conducted the majority of interviews in English. One interview was conducted in Swahili
with the help of a certified interpreter.

Each interview was concluded with a debrief session: the primary interviewer pro-
vided the participant(s) with an educational infographic document outlining sources of
lead, strategies to mitigate lead consumption and exposure, and how to interpret blood lead
test results. Information about lead poisoning prevention resources available to Lancaster
residents was shared with the participants. Interviewers reviewed this document with
each participant and answered any follow-up questions. Participants were given a $20 Visa
gift card at the end of the interview for their participation.

Research team members transcribed most audio files (n = 23) and QSR International’s
NVivo Transcription [15] services transcribed the remaining files (n = 5). Research staff
reviewed transcripts (n = 28) against their corresponding audio file to ensure accuracy.
Researchers implemented deductive methods to develop an initial set of codes, tested these
codes with a sample of the study data, and revised the set of codes using inductive methods.
The principal co-investigators (M.C., S.E.) participated in three rounds of coding to achieve
a final Kappa score of 0.82 (Round 1 Kappa score = 0.24; Round 2 Kappa score = 0.75). After
achieving a sufficient Kappa score, the principal co-investigators coded the transcripts
using QSR International’s NVivo 12 software [15] and analyzed the data by theme.

Since only two landlords were interviewed and saturation was not reached, these
transcripts were excluded from the analysis.

Ethical Considerations

The study and the corresponding materials, including the consent form and interview
protocols, were approved by the Institutional Review Board of Franklin and Marshall
College (Code: #R_xo4vZpN8x1u0hJD). All participants gave consent to be part of the
study by signing a consent form detailing the purpose of the study and the potential
benefits and risks. All participants consented to having their interview audio-recorded and
also consented to the use of their data in an aggregated and de-identified format.

3. Results

The demographic characteristics of the 33 participants from the 28 interviews are
summarized in Table 1. Not all participants provided information for each demographic
question. The participants ranged in age from 19 to 56 years old: mean age 31.94 years
(standard deviation (SD) 9.99). The sample consisted of 90% females (n = 28). Over one-
third of participants (38.7%, n = 12) identified as white and almost one-third of participants
(32.3%, n = 10) identified as black. The average number of children per participant was 2.29
(SD 1.18), multiple participants were pregnant and one participant was caring for their
grandchild. More than one quarter (26.6%, n = 8) of the sample had attained post-secondary
education. The majority of participants (88.5%, n = 23) reported earning an annual salary of
less than $40,000. Additionally, the majority of the participants (79.3%, n = 23) were renting
the property in which they lived. Most participants (60%, n = 18) did not know the age
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of the house or if the house had lead-based paint; however, over half of the participants
(57.1%, n = 16) observed chipping, peeling, and cracking paint in their homes. The coding
and analysis of the interview transcripts revealed several themes described below, all
related to knowledge about lead poisoning.

Table 1. Demographic characteristics of participants.

Characteristic n Percent Mean; SD

Age (n = 31) 31.94; 9.99

Gender (n = 31)
Male 3 9.7%
Female 28 90.3%

Marital Status (n = 30)
Single 21 70%
Married 6 20%
Co-habiting 3 10%

Education Level (n = 30)
Associates Degree 4 13.3%
Bachelor’s Degree 4 13.3%
Grade 10–12 18 60%
Grade 7–9 1 3.3%
Other 3 10%

Number of Children * 28 2.29; 1.18

Race/Ethnicity (n = 31)
Black 10 32.3%
Hispanic 5 16.1%
White 12 38.7%
Multiracial 3 9.7%
Other 1 3.2%

Age of Home (n = 30)
Before 1950 8 26.7%
Between 1950–1978 3 10%
After 1978 1 3.3%
Don’t know 18 60%

Income Level ($) (n = 26)
Less than 19,999 14 53.9%
20,000–29,999 6 23.1%
30,000–39,999 3 11.5%
40,000–49,999 1 3.9%
50,000–59,999 1 3.9%
60,000–69,999 0 0.0%
70,000–79,999 1 3.9%

Residence Status (n = 29)
Renting 23 79.3%
Homeowner 3 10.3%
Renting and Homeowner 3 10.3%

Home painted with lead-based paint?
Yes 5 17.9%
No 8 28.6%
Do not know 15 53.6%

Observed any peeling, chipping, or cracking paint?
Yes 16 57.1%
No 12 42.9%

* One participant reported caring for a grandchild and multiple other participants reported being pregnant.
Grandchildren and unborn children were not included in the mean number of children or standard deviation
(SD) calculations.

3.1. Knowledge

Each participant discussed their level of knowledge regarding lead and its health
effects. Participants provided both accurate and inaccurate responses to questions con-
cerning sources of lead. Water, paint, and toys were the most commonly reported accurate
sources of lead, while pens and pencils were the most commonly reported inaccurate
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sources of lead. Some participants were unaware of lead, its health effects, and/or the
HUD grant, while others initially reported low levels of lead knowledge yet provided
accurate information about lead later in the interview. For example, when asked what they
know about lead, one participant stated “nothing, really”, but when asked about potential
sources of lead the participant cited paint as a potential source. Conversely, some partici-
pants reported familiarity with lead and were highly confident in their knowledge of the
subject, yet they reported inaccurate information. For example, some participants were
confident that pencils were one of the main sources of lead, even though that information
is inaccurate.

Knowledge was a ubiquitous theme, including a lack of knowledge, inaccurate knowl-
edge, and accounts of how knowledge influenced participants’ actions and concerns. The
data revealed complex insights concerning the influence of knowledge, or lack thereof,
on participants’ intentions to address lead poisoning and apply for the HUD funding.
There are factors that influence knowledge, including sources of information, concerns,
and experiences, and factors that are influenced by knowledge, including actions and
expectations. Participants directly and indirectly discussed the multifaceted influence of
knowledge on their awareness, and concern, of lead poisoning throughout their responses.

3.2. Sources of Information

Participants identified a variety of sources from which they gained knowledge on
lead and its health effects. Participants commonly mentioned the following sources: social
media, medical providers’ offices, offices of service providers such as WIC, friends, and
family. For example, when asked from where they learned about lead, a participant stated:

“ . . . through WIC and the family doctor is where, but I didn’t know as much until I
became a mom myself about the testing and when to do it. But actually, on Facebook there
is a girl who also rents, and her child had very high levels and it was very dangerous and
she had to go to the hospital and they’d keep an eye on that child because the levels [were]
way out of control, it was the house they were renting.”

This response highlights social media as a source of information and demonstrates the
impact of reading or hearing stories of individuals who have experienced lead poisoning.
When asked the same question, another participant stated:

“Um, I guess just from, uh, from having kids just kind of hearing about it from schools
and uh, just to be aware of it from doctors and pediatricians and stuff like that.”

These responses capture a variety of both the formal and informal sources of informa-
tion participants commonly referenced.

3.3. Lead Exposure Concerns

Interviewers asked participants if they were concerned that their child(ren) may
be exposed to lead. Participants’ lead concerns were frequently associated with water
quality. Multiple participants expressed concern about their water quality, particularly
when asked about their knowledge of the lead-contaminated water in Flint, Michigan. An
interviewer asked a participant aware of the lead poisoning that took place in Flint if they
were concerned about their local water, to which the participant stated:

“Yeah we don’t drink it. I buy, well that doesn’t mean anything, but I buy bottled water
and I, even my daughter, I don’t give her faucet [water], I buy her baby water. We don’t
drink faucet water. But what’s the difference because we’re bathing in it, and what’s the
difference because we cook with it, which I never really thought about. I’ll boil potatoes in
it, but I won’t drink it. That’s weird.”

When asked if their decision to prioritize consuming bottled water was due to lead
concerns or other health issues, the participant replied:

“Um, just lead and you just don’t know what’s in the water nowadays but probably lead
[is] not the biggest concern, it’s just I don’t drink water, it tastes funny anyway and with
them talking about bringing a pipeline to Lancaster, I don’t know, I buy bottled water.”
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Participants frequently mentioned water quality concerns as opposed to other sources
of potential lead exposure, such as soil.

In some instances, participants expressed concern and suggested that their concerns
about lead were initiated by their participation in the study interview. For example, when
asked if they were concerned that their child may be exposed to lead, one participant stated:

“Right now, yes, because you’re doing a study it makes me wonder what’s going on. I am
going to research it after I get out of here, ask a bunch of questions about it.”

3.4. Lead Poisoning Experiences

While participants shared their general knowledge and concerns regarding lead and
lead poisoning, they often mentioned personal experiences that influenced their lead poi-
soning knowledge levels. Several participants shared stories describing the effects of lead
poisoning they had seen in their own children or family members’ children. Participants
described observing symptoms of lead poisoning, such as speech delays, hyperactivity,
excessive crying, and attention deficit hyperactivity disorder (ADHD). Furthermore, par-
ticipants described lead poisoning as something that they were unaware of until it had
affected their family. One participant reflected on the experience of her son having high
lead levels, and said:

“But now that my son has it, I’m like searching stuff up online, like I’m real big on
it now.”

She continued to share how her experience increased her knowledge of lead poisoning
and the threat it poses, which she has since used to bring awareness to friends, stating:

“As a matter of fact, I was just talking to my friend about it, because she was like ‘My
daughter’s real bad’ and I was like ‘Oh because my son has behavioral issues too, why
don’t you get her tested for lead.’ Cause she just moved into her own place and stuff, so I
was like ‘Yeah get your place checked, go to your doctor and get her tested and stuff, see if
she got it and stuff.’”

3.5. Blind Trust

Following lines of questioning regarding lead exposures, concerns, and testing, a
theme of blind trust emerged among some participants. These participants stated that
they had assumed if lead poisoning was an issue that warranted concern, then someone
would have made them aware. Participants shared their trust in doctors to test children for
anything important without prompting, such as blood lead levels. Many also noted their
belief that lead exposure was no longer an issue since lead was removed from paint several
decades ago.

When asked about her child’s exposure to lead and the child’s testing history, one
participant stated:

“Don’t the doctors like check for lead and stuff? That’s what I would’ve thought that the
doctors check for it because I wouldn’t know for a fact like I wouldn’t know unless the
doctors would tell me?”

Several other participants described a trust in their children’s doctors to test for lead
levels, without prompting, if it was in fact an issue that warranted concern. Participants
also trusted landlords to take initiative and precautions to avoid dangers associated with
potential sources of lead in the home.

A female caregiver explained this trust, saying:

“Ok, yeah, and we have a pretty good landlord so I think he would be up on it, he’s not
like a slumlord who’s just like ‘uh we don’t care- get you outta there and get somebody
else in there, he’s not like that.”

Another participant described her lack of awareness of lead levels in Lancaster and
assumption that lead exposure was no longer an issue to keep in mind, explaining:
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“I’m not aware of any, anything like that. I think it’s because they say it’s supposed to
be banned I guess and you’re supposed to change it but I don’t worry about it because
I expect people that rent or, you know, have their own homes to actually look for, go to
Lowe’s and look for lead-free paint.”

These responses help to explain the low levels of testing in Lancaster, as well as the
low levels of interaction with the HUD grant.

3.6. Knowledge as a Cue for Action

The information shared during the debrief session was well-received by participants—
participants unanimously noted that the information provided was extremely helpful.
Additionally, participants shared that this newfound information would lead them to
actions, such as thinking of their child’s potential exposure to lead on a daily basis, actively
sharing information with friends and family, remediating homes of lead, and getting their
child(ren) tested. Most participants expressed guilt and surprise that they had not known
about lead poisoning earlier and were eager to share their learned knowledge with friends
and family.

One participant, who was in the process of applying for the HUD grant, indicated
that the information would motivate her to urgently complete the grant application. This
participant said:

“Yeah, yeah I will actually complete the form and send it in to do what I have to do in my
home. Definitely.”

Uptake of the HUD grant may be facilitated by increasing awareness of the effects of
lead poisoning and associated mitigation practices.

3.7. Residential Lead Paint Remediation Grant

A few participants knew about the HUD LHC grant. These participants either had a
child who had been diagnosed with a high blood lead level, and hence had undergone a
home inspection and abatement as per the current guidelines, or they knew of someone
who had their home remediated through the HUD LHC program. One participant, whose
child had been diagnosed with an elevated blood lead level, and whose home had been
recently abated, did not know that these funds were available, nor did they know the
eligibility criteria. Some participants, who had never heard of the HUD LHC grant, were
interested in applying for the funds. However, a few were not interested because they
trusted the landlord would address the problem, or they visually assessed the paint in the
home and concluded it was in good condition because there was no chipping, peeling, or
cracking paint.

The majority of participants, even those with high lead poisoning knowledge levels,
had never heard of the HUD LHC grant for lead abatement. Upon learning about the
grant, most of these participants, predominantly renters, assumed that they would not
meet the eligibility criteria. They thought only landlords or homeowners could apply and
expected they would need the permission of the landlord to apply for these funds. This
assumed criteria affected the interest of many participants, as they believed their landlords
would not be interested in participating in the process. Additionally, some participants
were concerned about how much they would have to contribute to the cost of the lead
abatement.

Generally, participants’ responses supported the following reasons for why the general
population was not applying for the funds: residents do not know about the grant and the
eligibility criteria, and people do not know if they have lead in their home, as illustrated
by this quote from a participant “they [Lancaster residents] probably don’t know that it [the
HUD LHC grant] is available, or they don’t know about the lead in their homes.” Furthermore,
one participant highlighted that the uncertainty and unanswered questions about the
abatement process could contribute to initial slow uptake rates, stating:
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“If it’s free, that would be basically it, like, if the pricing, like is it free. Um, the
convenience of it, like do we have to leave the home? Is it a one-day thing or is it over
several days? How long is it going to take? Are we allowed to come back in the home?
You know, stuff like that.”

4. Discussion

The findings of this study suggest that lead knowledge levels vary among Lancaster
residents: some participants had impressive lead knowledge levels, and others did not
know much about lead. The low lead knowledge levels observed in our study are consistent
with previous qualitative and quantitative studies [16–19]. Interestingly, in our study, a
subset of individuals who considered themselves knowledgeable about lead reported
inaccurate information about the subject. This subset of individuals may be at a heightened
risk of lead poisoning because they may be less likely to advance their knowledge or pay
attention to messaging and outreach about lead and the HUD LHC grant to remediate
their homes. This presents a unique challenge for public health practitioners. Public health
efforts should aim to identify incorrect knowledge and develop educational interventions to
disseminate accurate knowledge on lead and lead poisoning. Dissemination of information
will also develop residents’ confidence and self-efficacy to adopt preventive measures and
to share information.

Such information dissemination should employ conventional media, such as television,
radio, and newspapers, that have been observed to be effective for motivating changes in
health behaviors such as tobacco use, condom use, physical activity, and sun protection [20–23].
It is worthy to note that none of the participants in our study mentioned these avenues as
sources of lead poisoning information. Rather, participants mentioned more personalized
sources of information including physicians, social service organization representatives, social
media, and friends and family who have experienced lead poisoning. Since the accuracy
of information from some of these sources is unregulated and cannot be verified, public
health messaging should adopt various readily accessible media for lead poisoning and
prevention information dissemination. For example, in Hartford, Connecticut, a public–
private partnership utilized billboards, signs on city buses, bus shelters, sanitation trucks, and
milk cartons, and created videos and an art display to promote lead poisoning prevention.
These efforts resulted in 45% of the population taking action to prevent lead poisoning [24].

The reliance on social media as a source of information might explain why participants
were more concerned about lead in water and not in paint. Water quality was a significant
concern. We attribute this concern level to the publicity of the Flint water crisis; nationwide,
in the first six months of 2016, there were about 750 articles in the top five newspapers and
over 2.1 million tweets about this crisis [25]. This increased publicity may have influenced
participants’ concerns regarding lead in water. However, a report by the Environmental
Protection Agency and other researchers notes that most lead poisoning cases are attributed
to lead-based paint, rather than water [26–29]. Because sources of exposure to lead can
differ over time and across geographical areas, comprehensive and continual lead exposure
education is essential to reducing the incidence of lead poisoning. Before the water crisis in
Flint (January–September 2013), 2.4% of children had elevated blood levels. During the
same time frame in 2015, after the switch in water source, this rate doubled to 4.9% [30].
In comparison, in the calendar years 2013 and 2015, the rates of lead poisoning among
children tested in Lancaster County were 8.7% and 8.9%, respectively [31,32].

As is the case with other diseases, such as sexually transmitted infections and breast
cancer [33–35], we found that caregivers who had personal experiences with lead poisoning
were more likely to want to learn more about lead poisoning and the available funds for
lead remediation. Usually, personal experiences with lead poisoning indicate a missed
opportunity for primary prevention and hence the need for the use of different media to
increase awareness is apparent. Among those with no exposure, it is likely that optimistic
bias is at play. Individuals believe that negative things are more likely to happen to others,
which subsequently leads to the underestimation of one’s own risk [36]. This was observed
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in a study by Wolde et al., in which 80.35% of Jersey City residents felt they were at a lower
risk of exposure to lead-based paint compared to the average New Jersey state resident,
even though the rate of lead poisoning in the state of New Jersey is lower than the rate of
lead poisoning in Jersey City [37]. Public health practitioners are challenged with the design
of interventions to address this unrealistic optimism and to increase primary prevention of
lead poisoning through the uptake of funds for residential lead paint remediation.

Participants in the study were confident that other entities (physicians, landlords, and
the government) would be invested in their health and well-being. Blind trust has been
observed with other health conditions, such as seasonal influenza, where patients are more
likely to get the seasonal influenza vaccine if their physician recommends it [38]. In a study
assessing patient–physician relationships, 30% of individuals reported completely trusting
their physicians to put their medical needs above all considerations, while only 10% did
not trust their physician at all [39]. Yet, studies show that physicians do not necessarily
follow blood lead level screening guidelines. In a Wisconsin study of Medicaid-enrolled
children, only 32% of children received the recommended blood lead tests [40]. Medicaid
guidelines mandate universal screening of all enrollees at 12 and 24 months. In another
study, 48% of doctors in Nevada did not strictly adhere to testing guidelines [41]. These
studies, coupled with our findings, suggest that individuals who completely trust and
rely on their physician’s prompting might not be receiving adequate blood lead testing.
Therefore, they are not accessing the information about lead poisoning prevention that
would accompany the test. To improve communication about lead poisoning prevention
and treatment, public health efforts should be collaborative and target physicians, edu-
cators, and landlords. In their studies, Gettens et al. and Phoenix et al. demonstrate the
efficacy of educational interventions addressed at the medical community and real estate
community, respectively [42,43]. Such efforts will likely increase rates of primary and
secondary prevention of lead poisoning.

Our findings also demonstrate that after the debriefing, when interviewers shared
detailed information about lead poisoning exposure, effects, testing, prevention, and the
HUD LHC grant, some individuals were immediately motivated to act. This is aligned
with the findings from Kegler and Malcoe’s study, which demonstrated that individuals
with higher lead knowledge levels also possessed higher self-efficacy to adopt preventive
measures including hand washing, having children play on safe surfaces, and cleaning
with a damp cloth [44]. Similarly, in a study measuring breast cancer screening rates, indi-
viduals with a high knowledge level of breast cancer were more likely to get screened [45].
This suggests that interventions targeting increased lead knowledge levels, coupled with
information about the availability of the remediation funds, can potentially increase the
motivation to remediate homes with lead-based paint. Interventions to increase the use
of the HUD LHC grant funds can adopt a social marketing approach to disseminate this
information [46,47].

This is the first study of this nature that has been conducted in the City of Lancaster,
a city that has had a consistently high prevalence of lead poisoning among the small
proportions of individuals who receive testing. The qualitative nature of the study limits
the generalizability of the findings; however, public health practitioners in Lancaster
can utilize these findings to develop contextually appropriate interventions to increase
awareness about the HUD LHC grant and residents’ lead poisoning knowledge. Future
communications should address lead exposure, effects, testing, and prevention, and should
target a variety of groups including physicians, social service professionals, landlords,
educators, and residents.

5. Conclusions

The findings of the interviews with Lancaster residents suggest that knowledge levels
about lead poisoning sources, effects, and preventive practices vary. The key factors that
emerged as influencing lead knowledge were experiences with lead and concerns about
lead. Information about lead and lead poisoning was obtained from multiple sources
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including family members, healthcare providers, social welfare service providers, and
social media. On the other hand, these interviews revealed that information about the
HUD LHC grant is not reaching most of the population who would benefit from residential
lead remediation: providing knowledge about lead poisoning and/or the HUD LHC grant
served as a cue for action. The individuals who were not motivated by the HUD LHC grant
are likely trusting other responsible groups, such as physicians and landlords, to address
the issue. The findings suggest a need for tailored interventions and indicate potential use
of a social marketing framework may be helpful to increase knowledge about lead. The
development and design of interventions, in collaboration with local governments and
community-based organizations, may increase uptake of funds and primary prevention of
childhood lead poisoning. Furthermore, these interventions should be tailored to different
audiences including healthcare professionals, landlords, and early childhood educators.

Author Contributions: Conceptualization, H.O.; Data collection, H.O., M.C., S.B., and M.K.; Tran-
scription, N.S., M.C., and S.E.; Initial Data Analysis, N.R., E.F.-J., S.E., N.S., K.G., and H.O.; Final
Data Analysis, M.C., S.E., and H.O.; Data Curation, H.O., Writing—Original Draft Preparation, S.E.,
M.C., N.R., N.S., E.F.-J., K.G., M.K., and H.O.; Writing—Review and Editing, S.E., M.C., and H.O.;
Writing—Final review and approval, S.E., M.C., N.R., N.S., E.F.-J., K.G., M.K., S.B., and H.O.; Project
Administration, H.O.; Funding Acquisition, H.O. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding; however, the work was funded by internal
funds from Franklin and Marshall College. Funding for open access was provided by the Franklin &
Marshall College Open Access Publishing Fund.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. The study and the corresponding materials, including the consent form
and interview protocols, were approved by the Institutional Review Board of Franklin and Marshall
College (Code: #R_xo4vZpN8x1u0hJD).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to confidential agreement included
in the consent form. Participants were assured that data would only be available to researchers on
the team.

Acknowledgments: We extend our gratitude to all Lancaster residents who participated in this
study. We recognize and appreciate Emily Ritchey, Brittany Mokshefsky, and Sarah Scheuring
for their contribution towards data collection and/or preliminary data analysis. We thank Dawn
Horst, Kim Sullenberger, Megan Sillers, Mike McKenna, and the Community Action Partnership
of Lancaster County in their assistance in providing interviewing spaces and a warm referral to
participants. We also thank Zipporah Ngarama for the interpretation services offered. The authors
are grateful to Franklin and Marshall College for the funds to conduct this study and the associated
publication costs.

Conflicts of Interest: The authors have no competing interests nor conflicts of interest to declare.

Abbreviations

HUD Department of Housing and Urban Development
WIC Women, Infants and Children
LHC Lead Hazard Control
ADHD Attention Deficit Hyperactivity Disorder

References
1. Centers for Disease; Control and Prevention. Blood lead levels in children aged 1–5 years-United States, 1999–2010. MMWR

Morb. Mortal Wkly. Rep. 2013, 62, 245–248.



Int. J. Environ. Res. Public Health 2021, 18, 652 11 of 12

2. Ruckart, P.Z.; Ettinger, A.S.; Hanna-Attisha, M.; Jones, N.; Davis, S.I.; Breysse, P.N. The Flint Water Crisis: A Coordinated Public
Health Emergency Response and Recovery Initiative. J. Public Health Manag. Pract. 2019, 25 (Suppl. 1), S84–S90. [CrossRef]
[PubMed]

3. Centers for Disease Control and Prevention. Advisory Committee on Childhood Lead Poisoning Prevention. In Low Level Lead
Exposure Harms Children: A Renewed Call for Primary Prevention; Centers for Disease Control and Prevention: Atlanta, GA, USA, 2012.

4. Hauptman, M.; Bruccoleri, R.; Woolf, A.D. An Update on Childhood Lead Poisoning. Clin. Pediatr. Emerg. Med. 2017, 18, 181–192.
[CrossRef] [PubMed]

5. Chandramouli, K.; Steer, C.D.; Ellis, M.; Emond, A.M. Effects of early childhood lead exposure on academic performance and
behaviour of school age children. Arch. Dis. Child. 2009, 94, 844–848. [CrossRef]

6. Braun, J.M.; Hornung, R.; Chen, A.; Dietrich, K.N.; Jacobs, D.E.; Jones, R.; Khoury, J.C.; Liddy-Hicks, S.; Morgan, S.; Vander-
beek, S.B.; et al. Effect of Residential Lead-Hazard Interventions on Childhood Blood Lead Concentrations and Neurobehavioral
Outcomes: A Randomized Clinical Trial. JAMA Pediatr. 2018, 172, 934–942. [CrossRef]

7. Caron, R.M.; Tshabangu-Soko, T.; Finefrock, K. Childhood lead poisoning in a Somali refugee resettlement community in New
Hampshire. J. Community Health 2013, 38, 660–669. [CrossRef] [PubMed]

8. PA Department of Health. 2018 Childhood Lead Surveillance Annual Report; PA Department of Health: Harrisburg, PA, USA, 2020.
9. Mapping the Average House Age by County. Available online: https://personalfinancedata.com/2016/09/11/mapping-average-

house-age-county/ (accessed on 4 November 2020).
10. Pennsylvania Department of Health. 2017 Childhood Lead Surveillance Annual Report; PA Department of Health: Harrisburg,

PA, USA, 2018.
11. Wiltz, T. HUD Spends Millions on Lead Abatement. Why Are Public Housing Authorities Still Struggling? Available online:

https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2019/12/17/hud-spends-millions-on-lead-abatement-
why-are-public-housing-authorities-still-struggling. (accessed on 24 November 2020).

12. U.S. Department of Housing and Urabn Development. Fiscal Year 2016 Lead Based Paint Hazard Control Grants; U.S. Department of
Housing and Urabn Development: Washington, DC, USA, 2016.

13. Skinner, C.S.; Tiro, J.; Champion, V.L. The Health Belief Model. In Health Behavior: Theory, Research, and Practice; Glanz, K.,
Rimer, B.K., Viswanath, K.V., Eds.; Wiley: San Francisco, CA, USA, 2015; pp. 75–94.

14. Baldrige, S. Few Takers so far for $600,000 in Federal Lead-Abatement Funds for Lancaster County; LNP: Lancaster, PA, USA, 2017.
15. QSR International NVivo Data Analysis Software. Available online: https://www.timberlake.co.uk/software/nvivo.html

(accessed on 24 November 2020).
16. Bogar, S.; Szabo, A.; Woodruff, S.; Johnson, S. Urban Youth Knowledge and Attitudes Regarding Lead Poisoning. J. Community

Health 2017, 42, 1255–1266. [CrossRef] [PubMed]
17. Mahon, I. Caregivers’ knowledge and perceptions of preventing childhood lead poisoning. Public Health Nurs. 1997, 14, 169–182.

[CrossRef] [PubMed]
18. Mehta, S.; Binns, H.J. What do parents know about lead poisoning? The Chicago Lead Knowledge Test. Pediatric Practice

Research Group. Arch. Pediatr. Adolesc. Med. 1998, 152, 1213–1218. [CrossRef] [PubMed]
19. Polivka, B.J. Rural residents’ knowledge of lead poisoning prevention. J. Community Health 1999, 24, 393–408. [CrossRef]
20. Keller, S.N.; Brown, J.D. Media interventions to promote responsible sexual behavior. J. Sex. Res. 2002, 39, 67–72. [CrossRef]

[PubMed]
21. Marcus, B.H.; Owen, N.; Forsyth, L.H.; Cavill, N.A.; Fridinger, F. Physical activity interventions using mass media, print media,

and information technology. Am. J. Prev. Med. 1998, 15, 362–378. [CrossRef]
22. Smith, B.J.; Ferguson, C.; McKenzie, J.; Bauman, A.; Vita, P. Impacts from repeated mass media campaigns to promote sun

protection in Australia. Health Promot. Int. 2002, 17, 51–60. [CrossRef] [PubMed]
23. Wakefield, M.A.; Loken, B.; Hornik, R.C. Use of mass media campaigns to change health behaviour. Lancet 2010, 376, 1261–1271.

[CrossRef]
24. McLaughlin, T.J.; Humphries, O., Jr.; Nguyen, T.; Maljanian, R.; McCormack, K. “Getting the lead out” in Hartford, Connecticut:

A multifaceted lead-poisoning awareness campaign. Environ. Health Perspect. 2004, 112, 1–5. [CrossRef]
25. Pew Research Center. Searching for News. The Flint Water Crisis. 2017. Available online: https://www.journalism.org/essay/

searching-for-news/ (accessed on 4 November 2020).
26. Duggan, M.J.; Inskip, M.J. Childhood exposure to lead in surface dust and soil: A community health problem. Public Health Rev.

1985, 13, 1–54.
27. EPA. Superfund record of dicision (EPA Region. 5): Forest Waste DIsposal Site, Genesse County, Michigan; U.S. Environmental Protection

Agency: Washington, DC, USA, 1986.
28. Lanphear, B.P.; Matte, T.D.; Rogers, J.; Clickner, R.P.; Dietz, B.; Bornschein, R.L.; Succop, P.; Mahaffey, K.R.; Dixon, S.;

Galke, W.; et al. The contribution of lead-contaminated house dust and residential soil to children’s blood lead levels. A
pooled analysis of 12 epidemiologic studies. Environ. Res. 1998, 79, 51–68. [CrossRef]

29. Manton, W.I.; Angle, C.R.; Stanek, K.L.; Reese, Y.R.; Kuehnemann, T.J. Acquisition and retention of lead by young children.
Environ. Res. 2000, 82, 60–80. [CrossRef]

http://doi.org/10.1097/PHH.0000000000000871
http://www.ncbi.nlm.nih.gov/pubmed/30507775
http://doi.org/10.1016/j.cpem.2017.07.010
http://www.ncbi.nlm.nih.gov/pubmed/29056870
http://doi.org/10.1136/adc.2008.149955
http://doi.org/10.1001/jamapediatrics.2018.2382
http://doi.org/10.1007/s10900-013-9661-5
http://www.ncbi.nlm.nih.gov/pubmed/23456687
https://personalfinancedata.com/2016/09/11/mapping-average-house-age-county/
https://personalfinancedata.com/2016/09/11/mapping-average-house-age-county/
https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2019/12/17/hud-spends-millions-on-lead-abatement-why-are-public-housing-authorities-still-struggling.
https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2019/12/17/hud-spends-millions-on-lead-abatement-why-are-public-housing-authorities-still-struggling.
https://www.timberlake.co.uk/software/nvivo.html
http://doi.org/10.1007/s10900-017-0378-8
http://www.ncbi.nlm.nih.gov/pubmed/28528525
http://doi.org/10.1111/j.1525-1446.1997.tb00289.x
http://www.ncbi.nlm.nih.gov/pubmed/9203842
http://doi.org/10.1001/archpedi.152.12.1213
http://www.ncbi.nlm.nih.gov/pubmed/9856432
http://doi.org/10.1023/A:1018738404876
http://doi.org/10.1080/00224490209552123
http://www.ncbi.nlm.nih.gov/pubmed/12476260
http://doi.org/10.1016/S0749-3797(98)00079-8
http://doi.org/10.1093/heapro/17.1.51
http://www.ncbi.nlm.nih.gov/pubmed/11847138
http://doi.org/10.1016/S0140-6736(10)60809-4
http://doi.org/10.1289/ehp.6391
https://www.journalism.org/essay/searching-for-news/
https://www.journalism.org/essay/searching-for-news/
http://doi.org/10.1006/enrs.1998.3859
http://doi.org/10.1006/enrs.1999.4003


Int. J. Environ. Res. Public Health 2021, 18, 652 12 of 12

30. Hanna-Attisha, M.; LaChance, J.; Sadler, R.C.; Champney Schnepp, A. Elevated Blood Lead Levels in Children Associated With
the Flint Drinking Water Crisis: A Spatial Analysis of Risk and Public Health Response. Am. J. Public Health 2016, 106, 283–290.
[CrossRef]

31. Pennsylavania Department of Health. 2013 Childhood Lead Surveillance Annual Report; Pennsylavania Department of Health:
Harrisburg, PA, USA, 2014.

32. Pennsylavania Department of Health. 2015 Childhood Lead Surveillance Annual Report; Pennsylavania Department of Health:
Harrisburg, PA, USA, 2016.

33. Denison, H.J.; Bromhead, C.; Grainger, R.; Dennison, E.M.; Jutel, A. What influences university students to seek sexually
transmitted infection testing?: A qualitative study in New Zealand. Sex. Reprod. Healthc. 2018, 16, 56–60. [CrossRef]

34. Mimiaga, M.J.; Goldhammer, H.; Belanoff, C.; Tetu, A.M.; Mayer, K.H. Men who have sex with men: Perceptions about sexual
risk, HIV and sexually transmitted disease testing, and provider communication. Sex. Transm. Dis. 2007, 34, 113–119. [CrossRef]
[PubMed]

35. Tracy, K.A.; Quillin, J.M.; Wilson, D.B.; Borzelleca, J.; Jones, R.M.; McClish, D.; Bowen, D.; Bodurtha, J. The impact of family
history of breast cancer and cancer death on women’s mammography practices and beliefs. Genet. Med. 2008, 10, 621–625.
[CrossRef] [PubMed]

36. French, D.P.; Hevey, D. What do people think about when answering questionnaires to assess unrealistic optimism about skin
cancer? A think aloud study. Psychol. Health Med. 2008, 13, 63–74. [CrossRef] [PubMed]

37. Wolde, B.; Lal, P.; Harclerode, M.; Rossi, A. Comparative Optimism: Relative Risk Perception and Behavioral Response to Lead
Exposure. Environ. Manag. 2019, 63, 691–701. [CrossRef]

38. Verger, P.; Bocquier, A.; Vergelys, C.; Ward, J.; Peretti-Watel, P. Flu vaccination among patients with diabetes: Motives, perceptions,
trust, and risk culture—A qualitative survey. BMC Public Health 2018, 18, 569. [CrossRef]

39. Kao, A.C.; Green, D.C.; Davis, N.A.; Koplan, J.P.; Cleary, P.D. Patients’ trust in their physicians: Effects of choice, continuity, and
payment method. J. Gen. Intern. Med. 1998, 13, 681–686. [CrossRef]

40. Christensen, K.; Coons, M.J.; Walsh, R.O.; Meiman, J.G.; Neary, E. Childhood Lead Poisoning in Wisconsin. WMJ 2019, 118, 16–20.
41. Haboush-Deloye, A.; Marquez, E.R.; Gerstenberger, S.L. Determining Childhood Blood Lead Level Screening Compliance among

Physicians. J. Community Health 2017, 42, 779–784. [CrossRef]
42. Gettens, G.C.; Drouin, B.B. Successfully Changing a State’s Climate to Increase Blood Lead Level Testing. J. Public Health Manag.

Pract. 2019, 25 (Suppl. 1), S31–S36. [CrossRef]
43. Phoenix, J.A.; Green, R.D.; Thompson, A.M. Can realtor education reduce lead exposures for vulnerable populations? J. Environ.

Health 2013, 76, 28–36.
44. Kegler, M.C.; Malcoe, L.H. Results from a lay health advisor intervention to prevent lead poisoning among rural Native American

children. Am. J. Public Health 2004, 94, 1730–1735. [CrossRef] [PubMed]
45. Absetz, P.; Aro, A.R.; Sutton, S.R. Experience with breast cancer, pre-screening perceived susceptibility and the psychological

impact of screening. Psychooncology 2003, 12, 305–318. [CrossRef] [PubMed]
46. Grier, S.; Bryant, C.A. Social marketing in public health. Annu. Rev. Public Health 2005, 26, 319–339. [CrossRef] [PubMed]
47. Walsh, D.C.; Rudd, R.E.; Moeykens, B.A.; Moloney, T.W. Social marketing for public health. Health Aff. (Millwood) 1993, 12, 104–119.

[CrossRef] [PubMed]

http://doi.org/10.2105/AJPH.2015.303003
http://doi.org/10.1016/j.srhc.2018.01.004
http://doi.org/10.1097/01.olq.0000225327.13214.bf
http://www.ncbi.nlm.nih.gov/pubmed/16810121
http://doi.org/10.1097/GIM.0b013e31817c0355
http://www.ncbi.nlm.nih.gov/pubmed/18641520
http://doi.org/10.1080/13548500701243959
http://www.ncbi.nlm.nih.gov/pubmed/18066920
http://doi.org/10.1007/s00267-019-01148-9
http://doi.org/10.1186/s12889-018-5441-6
http://doi.org/10.1046/j.1525-1497.1998.00204.x
http://doi.org/10.1007/s10900-017-0317-8
http://doi.org/10.1097/PHH.0000000000000888
http://doi.org/10.2105/AJPH.94.10.1730
http://www.ncbi.nlm.nih.gov/pubmed/15451742
http://doi.org/10.1002/pon.644
http://www.ncbi.nlm.nih.gov/pubmed/12748969
http://doi.org/10.1146/annurev.publhealth.26.021304.144610
http://www.ncbi.nlm.nih.gov/pubmed/15760292
http://doi.org/10.1377/hlthaff.12.2.104
http://www.ncbi.nlm.nih.gov/pubmed/8375806

	Background 
	Materials and Methods 
	Results 
	Knowledge 
	Sources of Information 
	Lead Exposure Concerns 
	Lead Poisoning Experiences 
	Blind Trust 
	Knowledge as a Cue for Action 
	Residential Lead Paint Remediation Grant 

	Discussion 
	Conclusions 
	References

