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Abstract

Context: Federal law requires property owners to disclose the presence of known lead-based
paint and/or lead hazards to potential home buyers and renters in homes built before 1978.

Objective: Using 2015-2016 randomized survey data, we measured lead and radon knowledge,
awareness, and exposure avoidance practices. Setting: Home buyers from 4 US states (lllinois,
Minnesota, North Carolina, and Ohio). Participants: 477 recent, single-family pre-1978 dwelling
home buyers.

Main Outcome Measure(s): Predictors of the home buyer decision to purchase the home
during the entire home buying experience based on their understanding of health issues related to
lead-based paint and radon exposure.

Results: Personal networks (22%) and real estate agents (21%) were the most common sources
of health-related lead information. Many home buyers (77%) reported that their awareness of lead
did not affect their purchasing decision, and 78% could not confirm that their homes were tested
for lead. Respondents who understood lead-related health effects were 5.4 times more likely (95%
Cl, 1.7-17.5) to have their decision to buy a home affected when their real estate agent discussed
lead-based paint issues. Many home buyers reported either they did not remember (37%) or

did not sign (20%) the federal law requirement that property owners reveal known lead paint

corresponding author: tdignam@cdc.gov.

Disclaimer:

The findings, conclusions and views expressed in this manuscript are those of the authors and do not necessarily represent the views,
policies or official position of the Centers for Disease Control and Prevention.

Conflict of Interest Declaration:
T Dignam, A Neri, and MS Gallaway declare they have no actual or potential competing financial interests. W.D. Flanders is a
co-owner of Epidemiologic Research & Methods, LLC which provides consulting services for various clients.

Access to data:
Limited, de-identified survey data are available from the Centers for Disease Control and Prevention.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dignam et al.

Page 2

hazards to prospective buyers before a property is sold. Home buyers with awareness of health
issues caused by radon were 1.7 times (95% CI, 1.4-2.1) more likely than those who understood
lead-related health issues to have their decision to buy the home affected.

Conclusion: Real estate agents play an important role to increase awareness of potential lead-
based paint health issues when people buy older homes. Home buyer knowledge, awareness, and
practice of radon exposure prevention was greater compared to lead exposure prevention. More
than half of home buyers did not sign or remember signing lead disclosure paperwork.

Introduction

The United States banned the manufacture and consumer use of lead-based paint in 1978.
However, numerous homes were finished with paints containing lead pigments before
enactment of that legislation. More than half of owner-occupied homes were built before
1980, and approximately 38% were built before 1970.1 The most common sources of

lead exposure are lead paint; lead-contaminated dust, soil, and water; and lead containing
products.2 However, deteriorating lead-based paint and lead dust is found in poorly
maintained older housing, housing undergoing renovation or repainting without the use of
lead safe work practices, and is the primary source of lead exposure among US children.34
No safe blood lead level has been identified.® Potential lead exposures in older homes are
exacerbated through construction, remodeling, and other procedures that circulate lead dust
and expose old paint layers that might contain lead.®

In 1992, the US Congress passed the Residential Lead-Based Paint Hazard Reduction Act
(known as Title X). Section 1018 of Title X requires the US Department of Housing

and Urban Development (HUD) and the US Environmental Protection Agency (EPA) to
promulgate a lead paint disclosure rule. The rule (adopted in 1996) requires that buyers

and renters of residential dwellings built before 1978 be notified by the seller or landlord
that exposure to lead could result from past use of lead-based paint at the property.’:8
Federal law requires home sales to include (1) an EPA, HUD, and Consumer Product Safety
Commission-approved information brochure on identifying and controlling lead-based paint
hazards (“Protect Your Family From Lead In Your Home”); (2) disclosure of any known
information concerning the presence of lead-based paint and/or lead-based paint hazards

in the home; (3) an attachment to the contract, or language inserted in the contract, that
includes a lead warning statement and confirms that the seller has complied with all
notification requirements; and (4) a 10-day period to conduct a paint inspection or risk
assessment for lead-based paint hazards if so desired by the buyer or seller.8

Radon, another potential hazard in the home, is an odorless and colorless radioactive

gas. Radon is the leading cause of lung cancer among nonsmokers and is responsible

for approximately 21 000 lung cancer deaths annually.® Lead and radon in homes can be
mitigated and treated, but part of their danger is that they can go unnoticed by the residents.
Home buyers who are more knowledgeable about potential risks from lead and radon in their
homes might be more likely to test their homes for both.10.11

To understand residential home buyers’ lead and radon knowledge, attitudes, and protection
behaviors, we built upon the findings of Neri and colleagues.12 Those researchers assessed
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radon-related knowledge, attitudes, and behaviors among recent home buyers in 4 states:
Illinois, Minnesota, North Carolina, and Ohio. The present study focused on survey
questions about lead Title X requirements. These states have enacted policies that offer
awareness and protection from lead and radon during the home-buying process. Illinois
and Ohio have enacted laws to support Title X lead disclosure during the home buying
process.1314 Minnesota and North Carolina have worked to increase awareness and
compliance of Title X through their lead poisoning prevention programs.1%16 For radon
exposure prevention, all 4 states require that previously identified levels of radon be
disclosed at the time of purchase. Illinois and Minnesota also mandate disclosures and
education regarding radon.1718 Ohio’s residential property disclosure form lists lead-based
paint and radon.1®

The Flint, Michigan, water crisis was during the home buyer survey period, which occurred
during July 2015 through January 2016.20 We hypothesized that the lead contamination of
drinking water in Flint and subsequent intense media coverage raised national awareness
about the harmful effects of lead exposure. We investigated if this increased awareness of
lead exposure might differ among home buyers before and after the dates of the Flint water
crisis. To assess the potential effect of the Flint water crisis media coverage on participant’s
lead knowledge, attitudes, and behaviors, we compared data for pre- and post-Flint water
crisis periods (before September 24, 2015, and on or after that date).

This study explores the associations between knowledge, attitudes, and behaviors
specifically related to lead (and the relationship to radon); influence on home-buying
decisions; sources of home buyer knowledge; and whether the purchased homes abided
by the federal lead disclosure rule (as reported by home buyers).

Data collection

US states were eligible for inclusion in the study if they had cities with at least 750 single-
family home sales the year before recruitment (ie, 2014). To assess radon attitudes among
recent home buyers, states with differing radon policies were considered for inclusion. Ten
states had existing radon notification policies that required buyers, sellers, and real estate
agents involved in the purchase of single-family homes to receive an informational brochure
about radon and sign an acknowledgment that the property had or had not been tested

for radon, and 23 states had existing professional certification policies that required radon
mitigation professionals to be licensed by a state agency.?!

In brief, a 27-question, paper-based survey was administered to recent single-family home
buyers in 4 states regarding their knowledge, attitudes, and protection practices about radon
and lead. After considering eligibility criteria, 4 states were selected for the survey: Illinois,
Minnesota, North Carolina, and Ohio. Between July 2015 and January 2016, 750 addresses
from each state were randomly selected from publicly available lists of home sales. Total
single-family home sales reported during this period were approximately 56 000 (lllinois),
29 500 (Minnesota), 48 500 (North Carolina), and 50 500 (Ohio). Respondents were sent
materials that offered a $15 incentive to reply either online or by returning a hardcopy of
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a paper-based survey in the mail. Households that did not return the initial survey were
contacted 2 more times, with the final time by signature-required receipt. The 27-question
survey collected demographic information (ie, home buyer age, sex, race, ethnicity, and
educational level) and answers to individual questions (ie, yes/no, multiple choice, open-
ended, and Likert scale) regarding knowledge, attitudes, and practices about radon and lead.
Additional details about the data collection methods have been previously described.12

Data management and analysis

Because the study focused on home buyers’ eligible for lead disclosure law notification,

we limited most of our analyses of responses to lead and radon questions to home

buyers who bought homes built before 1978 (n = 477). In the full dataset (N = 995),

we assessed the relationship of lead-content home buyer responses related to health issues
and the home buying process by year the residence was built (pre-1978 vs. post-1977).
Descriptive statistics and bivariable analyses were used on demographic and lead-based
survey questions. We defined the “pre-Flint” period as home buyer surveys completed before
September 24, 2015, and surveys completed on or after September 24, 2015, as “post-Flint.”
This date aligns with the release of Dr Hanna-Attisha and colleagues’ study about increased
blood lead levels among children in Flint, Michigan, resulting from switching the source for
municipal water.22 To assess potential recall issues, we analyzed the time difference between
the home purchase date and this survey interview date.

Our main variable of interest was measured with the question, “Did your understanding of
the health issues related to lead-based paint affect your decisions at any point during the
home buying process?”. With this question, home buyers were given the prompt, “...for
example, did you consider lead-based paint issues when looking for and deciding on which
home to buy”? The question covered the entire home buying experience culminating with
the purchase of the home that triggered the survey. We performed chi-square tests to assess
the relationship of responses to the question. We conducted bivariable analyses to examine
predictors of responses to whether home buyers reported signing lead disclosure paperwork
during closing (ie, the federal lead disclosure rule).”:8

Respondents were asked identical lead and radon questions related to health issues and

the home buying process. To compare the identical lead and radon questions related to
health issues around the home buying experience among persons who bought homes built
pre-1978, we used chi-square tests, prevalence ratios, and 95% confidence intervals (Cls).
To compare identical lead questions about health issues and the home buying process among
home buyers who bought homes built pre-1978 and post-1977, we calculated prevalence
ratios.

We conducted multivariable regression analyses to determine factors that predicted
respondent answers to five lead-specific questions. Predictive models were finalized through
backward elimination and assessed for multicollinearity with the variance inflation factor
(VIF). The 5 questions for these models were (1) whether the home buyers’ understanding
of health issues related to lead-based paint affected their purchase, (2) whether real estate
agents discussed lead-based paint with the home buyer, (3) whether the home had been
tested for lead-based paint, (4) whether the home buyer signed lead-based paint disclosure
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paperwork, and (5) whether the home buyer received any educational brochures about
lead-based paint. Multiple regression analyses controlled for potential confounding from
demographic factors (ie, sex, race, ethnicity, age, and education). Lead-radon joint models
were assessed to explore associations between radon-specific and lead-specific questions. A
test of proportions analyzed homes built pre-1978 to homes built post-1977 for radon- and
lead-specific questions against the same 5 questions used for the multivariable regression
models.

All analyses were completed using R software (R Foundation for Statistical Computing,
Vienna, Austria) and SAS, version 9.3 (SAS Institute Inc., Cary, NC). Statistical significance
was regarded as 2-sided, P < .05. We report odds ratios (OR) and 95% confidence intervals
(CI). In the multivariable analyses, variables with a VIF = 10 were removed from the models
due to potential multicollinearity.

This study was reviewed and approved by the CDC Human Subjects Review Board
(protocol No. 6491) and the US Office of Management and Budget (OMB No. 0920-1051).
The 4 participating states deferred to the CDC Human Subjects Review Board approval.

The overall survey (N = 995) response rate was 33%. Response rates varied significantly
(P<.001) by state, with North Carolina and Minnesota having the highest response rates.
Most responses (48%) resulted from the first mailing. Compared with 2015 census data,
this respondent group had a higher proportion of non-Hispanic/Latino, White and younger
persons with college degrees.

Demographics and housing information

The pre-1978 home buyers’ analytic sample (n = 477) was 52% female, 87% non-Hispanic/
Latino, and White persons (84%). More than half of respondents (57%) were aged 25 to

44 years and most had a college degree (65%). All but 3 of the 477 (99%) respondents

were not first-time home buyers. For 44% (n = 208) of home buyers, this was their second
home purchase. For 41% of respondents, this was their third, fourth, or fifth home purchase.
Among respondents, 94% (n = 446) said their purchase did not involve special homeowner’s
association paperwork (eg, articles of incorporation, declaration, any recorded covenants and
restrictions, bylaws, HOA seller disclosure/resale addendum, etc.). Most of the homes were
purchased during summer or fall (64%). More respondents were from Minnesota (39%),
with the fewest being from Ohio (17%; P < .001). Seventy one percent (71%) of respondents
purchased their home after the Flint water crisis. Many homes purchased (68%) were built
during 1940-1977 and 20% were built during 1920-1939.

Federal lead disclosure rule

Of persons who bought homes built before 1978, 42% reported signing (or seller signing)
lead disclosure paperwork during closing, 20% reported not signing, and 37% were

unsure (Table 1). Signing lead disclosure paperwork did not vary by state of purchase
(Supplemental Table 1). Signing lead disclosure paperwork also did not vary by season of
purchase, educational achievement, age of house, or other demographic information (results
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not shown). Respondents who previously owned 5 or more homes were more likely to report
they signed lead disclosure paperwork when compared with home buyers purchasing their
first or second home (OR = 3.0; Cl, 1.1-8.0; Table 2).

Knowledge and attitudes of health issues caused by lead and radon exposure

Nearly all home buyers purchasing homes built before 1978 (98%) reported knowledge

of health issues caused by lead-based paint. Similar broad knowledge about health issues
caused by radon (90%) were observed. Respondents who said they knew of health effects
from lead exposure reported their sources of information were from family, friends,
neighbors, and co-workers (22%); real estate agents (21%); or television/web sites (20%;
Table 3). The most common “other” source of information were health care providers (n =
17). The three most common sources of information about health issues caused by radon
were real estate agents (59%), home inspectors (57%), and family, friends, neighbors, and
co-workers (38%). Although real estate agents were the most frequent source of knowledge
for radon-aware respondents, only about half of these respondents (51%) confirmed that
their real estate agent discussed lead-based paint with them (results not shown). Slightly
more than half of respondents (n = 101, 21%) said their pre-1978 home was tested for lead
or they were unsure of any lead tests conducted (n = 159, 33%). Home inspectors (30%)
were the most frequent group to recommend lead-based paint testing among the 101 home
buyers who tested their homes. Only 37% of respondents reported receiving lead-based
paint educational brochures at inspection or closing. A greater percentage (44%) knew of
contractors in the area who deal with lead (Table 3). Home buyers were asked to rank the
factors that they would consider if they needed a contractor to fix a lead-based paint problem
in the home they just purchased. The most important factors were contractor certification
by a state or national organization (30%), referral from a trusted person or source (25%),
provision of a cost estimate for testing or repairs (17%), and prior experience testing or
fixing lead problems (17%; results not shown). The impact of the Flint water crisis media
coverage was not significant in the final models.

Predictive factors for home purchase decision based on lead knowledge, attitudes, and

practices

Twenty-two percent (n = 107) of pre-1978 home buyers stated that knowledge of lead-
related issues affected their home buying decision. Among these respondents, 47% (n =
50) reported knowledge of lead-based paint helped them decide to take necessary action to
repair and 46% (n = 49) reported knowledge that lead-based paint was present helped them
decide. Seventy-seven percent (n = 368) of pre-1978 home buyers stated that knowledge
of lead-related issues did not affect their home buying decision. Among these respondents,
most (85%, n = 311) reported they had the knowledge that lead-based paint was present;
however, this did not influence their home buying decision. In bivariable analyses, home
buyers purchasing a home in any season except summer were more likely to state that
their understanding of lead-based health issues affected their home purchase. Respondents
from North Carolina (OR = 4.6; 95% ClI, 1.7-12.6) and respondents whose home purchase
involved homeowner association paperwork (OR = 4.5; 95% ClI, 1.3-16.2) were more
likely to state that their understanding of lead-based health issues affected their home
purchase (Table 1). In unadjusted analyses, home buyers had 5.1 times the odds (95% ClI,

J Public Health Manag Pract. Author manuscript; available in PMC 2025 April 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dignam et al.

Page 7

2.0-13.1) to have their decision to buy a home affected when the real estate agent discussed
lead-based paint during the home buying experience. Respondents who knew of available
lead-abatement contractors had 2.1 times the odds (95% Cl, 1.3-3.4) to state that their
understanding of lead-based health issues affected their home purchase (Table 3). After
adjustment for season and state of purchase, home buyers had 5.4 times the odds (95%

Cl, 1.7-17.5) to have their decision to buy the home affected when the real estate agent
discussed lead-based paint during the home buying experience. Similarly, home buyers had
1.8 times the odds (95% Cl, 1.2-2.7) to have their decision to buy the home affected when
contractors who work on lead-based paint were available in the area (Table 4).

Comparison of lead and radon knowledge, attitudes, and practices among home buyers
who bought homes built pre-1978

Home buyers were asked 5 identical questions each about lead and radon. Among the
pre-1978 home buyers, 107 (22%) stated that knowledge of lead-related issues affected
their home buying experience. However, significantly more (39%; £ < .001) pre-1978 home
buyers reported that their understanding of radon-related issues affected their purchase
decision (Table 5). Home buyers with awareness of health issues caused by radon were

1.7 times (95% Cl, 1.4-2.1) more likely than those who understood lead-related health
issues to have their decision to buy the home affected. Real estate agents were 1.4 times
(95% Cl, 1.1-1.8) more likely to discuss radon issues compared to lead-related issues.
Buyers and sellers were 1.5 times (95% ClI, 1.2-1.8) more likely to sign radon disclosure
paperwork compared to signing lead disclosure paperwork. Similar significant differences
were observed for radon compared to lead for receipt of educational brochures and
awareness of contractors who address remediation and repair issues (Table 5). Respondents
who signed lead and radon paperwork were more likely (OR = 1.57; 95% CI, 1.01-2.46)
than those who did not to report that they received radon- and lead-related educational
brochures. Multivariable models showed no significant differences in knowledge, attitudes,
and protective practices among lead and radon knowledgeable respondents.

Comparison of respondents purchasing homes built pre-1978 and post-1977, by 5 lead-
content questions

Respondents who bought homes built pre-1978 were less likely (OR = 0.87; 95% ClI,
0.69-1.09) than those who bought homes built post-1977 to have their decision to buy

the home influenced by health issues caused by lead exposure. Respondents who bought
homes pre-1978 were more likely (OR = 1.14; 95% ClI, 0.98-1.32) than those who bought
homes post-1978 to be aware of contractors who test for and fix lead-based paint issues.

As anticipated, respondents who bought homes built pre-1978 were significantly more likely
(OR =1.32; 95% ClI, 1.15-1.52) than those who bought homes built post-1977 to have their
real estate agent discuss lead-based paint issues. Similarly, respondents who bought homes
built pre-1978 were significantly more likely than those who bought homes built post-1977
to have signed lead disclosure paperwork (OR = 1.47; 95% CI, 1.23-1.75) and significantly
more likely to receive educational lead brochures during inspection or closing (OR = 1.80;
95% Cl, 1.45-2.23) (Supplemental Table 2).

J Public Health Manag Pract. Author manuscript; available in PMC 2025 April 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dignam et al.

Page 8

Discussion

This is the first study we are aware of that examines lead exposure home buyer knowledge,
attitudes, and behaviors associated with the purchase of pre-1978 homes. Our multistate
study of recent pre-1978 home buyers shows that virtually all were aware of health issues
associated with lead exposure. One explanation may be that virtually all respondents were
not buying their first home and had more opportunity to learn about household lead exposure
health issues. This knowledge is higher than reported in a previous study. In that report,
among 282 homeowners in 3 greater Omaha, Nebraska, neighborhoods, 50% to 71%
reported seeing or receiving information about lead poisoning.23 We hypothesized that
home buyer’s knowledge of health issues caused by lead would be higher among home
buyers purchasing after the Flint water crisis. However, in multivariable analysis, we did
not observe any differences among home buyers based on awareness created by the media
coverage.

More than half of our sample of recent pre-1978 home buyers reported not signing or
being unsure of signing (or seller not signing) lead disclosure paperwork during closing.
This identifies possible collaboration for agencies like EPA, HUD, and health departments
to increase Title X compliance. A national survey of 1035 US residents conducted during
2020-2021 found that lead exposure risk was not an issue of high concern among the
general US population.24 This finding contextualizes the opportunity that exists to make
home buyers aware of potential lead exposure risks. In our study, home buyers not signing
lead disclosure paperwork was consistent across all respondent demographic and survey
questions, except for one. Home buyers with five or more previous home purchases were
more likely to report that documentation of the lead disclosure process occurred. We did
not find any studies indicating that persons with previous home buyer experience are more
aware of the lead disclosure rule.

For dwellings built before 1978, HUD makes available to real estate agents a seller’s
information disclosure attachment to the closing contract, or language inserted in the
contract, that includes a lead warning statement and confirms that the seller has complied
with all notification requirements.2® This lead-based paint and/or lead-based paint hazards
disclosure contains signature lines for the seller, buyer, and real estate agent. However, in
our sample, more than half of recent home buyers did not sign or did not recall signing such
a document. Timing of signing might be a potential reason some home buyers are not sure
they signed lead disclosure paperwork. Weissman (2006) reports that a common way real
estate agents avoid complying with Title X is by attaching the seller’s property disclosure
statement (containing the lead-based paint disclosures) to the contract after the contract is
signed by all parties.28 In this situation, the buyer is presented with the decision to buy

the home before receiving the lead-based paint disclosures. Real estate agents perform the
perfunctory requirements of ensuring lead disclosure paperwork is filled out and providing
lead and radon educational material (often grouped in with other materials).

Our analysis focused on predictors of the home buyer decision to buy the home based on
their understanding of health issues related to lead-based paint exposure. Only 22% said
this knowledge affected their home buying decision, which was the outcome variable. We
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identified two predictors affecting the home buyer decision to purchase the home: (1) a real
estate agent who discussed lead-based paint during the home buying experience and (2)
home buyer awareness of contractors in the area who work on lead-based paint.

Real estate agents are important partner in the home buying experience. They were the
second most frequent source of home buyer information about health information related
to lead exposure (and the most common for radon health information). During the time

of this study, home buyers utilized real estate agents 88% of the time and they were
considered a “very useful” source of information 79% of the time.2” A 2013 study of
homeowners noted from focus groups that real estate agents are trustworthy sources for
carbon monoxide education.?8 A study by Phoenix and colleagues looked at the effects

of educating licensed real estate agents about lead hazards.2? The researchers found that
after training, real estate agents were more likely to act with greater concern for the home
buyer’s welfare regarding reduction of lead hazards. Real estate agents have an opportunity
to encourage lead testing and potential remediation during the time of home sales. The Ohio
Lead Advisory Council includes an appointed member from the Ohio Real Estate Trade
Organization.39 This provides opportunity for discussion related to transparency about lead
information during real estate transactions (personal communication with John Belt, Ohio
Bureau of Environmental Health and Radiation Protection, February 5, 2024).

We did not identify previous studies describing home buyer awareness of contractors
influencing the decision to buy an older home. However, home buyers receiving Title X
lead disclosure information have increased probability to perform lead testing.10

Respondents who bought homes built before 1978 consistently reported more awareness,
knowledge, and practice of radon exposure prevention than of lead exposure prevention.
These areas concerned 5 questions about (1) the home buying process, (2) real estate agent
discussion about lead and radon, (3) signing disclosure paperwork at closing, (4) receipt of
lead and radon brochures, and (5) knowledge of contractors who test and repair for lead and
radon. The reason for increased radon knowledge, awareness, and practice compared with
that for lead is unclear. At the time of the survey, Illinois and Minnesota had state radon
notification policies and Illinois and Ohio had state-managed radon professional licensure
requirements.2 Those policies and requirements might have contributed to increased radon
awareness, knowledge, and practice in the study sample. Radon policies require buyers,
sellers, and real estate agents involved in the purchase of single-family homes to receive
radon informational brochures and sign an acknowledgement that the property had or had
not been tested for radon. Radon professional certification policies require radon mitigation
professionals to be licensed by a state agency. Another possible reason for increased home
buyer attention to radon compared to lead is the fact that all 4 survey states are mostly
located in EPA radon zones 1 and 2. Zone 1 has the highest potential for indoor radon
exposure and zone 2 has moderate exposure potential.3! This fact might have the effect of
increased awareness among real estate agents and home buyers. Cost may be another factor
contributing to the difference. Residential lead testing and abatement cost is generally higher
compared to residential radon testing and mitigation. Depending on the location and size of
home, certified residential lead inspection can cost $500 to $2500.32:33 Home buyers can
also expect to pay an additional $20 to $100 if they want their drinking water tested for
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presence of lead by a certified laboratory.3# The average cost for certified residential lead
paint abatement work in Baltimore averages $7,600.3° Professional residential radon testing
costs range from $50 to $150.36 Licensed professional radon mitigation can cost between
$800 and $2500.17:37 To assist home buyers with lead testing and abatement costs by
licenses professionals, Ohio enacted a lead abatement tax credit program capped at $10,000
per taxpayer and per eligible pre-1978 dwelling.38 This program began in 2020.

We found one state-to-state difference among home buyers. In North Carolina, respondents
who understood the health issues related to lead-based paint had their home buyer decision
affected more than were respondents from the other 3 states. Analyzing, interpreting, and
understanding the effects of differences in state policies and attributing them to home

buyer responses is complex. Future studies can analyze differences by state to determine

if state policies influence home buyer behavior and knowledge. Regardless of current state
lead disclosure policies, real estate agents are valuable partners for communication of home-
related health issues to home buyers and sellers. Their interaction with buyers and sellers can
help to bring about outcomes to decrease lead exposure and be a resource for lead-abatement
contractors. Ohio has developed and is using its own residential property disclosure form,
which includes checklists for lead-based paint and radon.1® The North Carolina Lead-Based
Paint Hazard Management Program, which is funded and authorized by EPA, provides
education related to disclosure, which might have an even broader reach.3°

As expected, compared with persons who bought homes built post-1977, persons who
bought homes built pre-1978 were more likely to have discussed lead issues with their real
estate agent, signed lead disclosure paperwork, and received educational brochures during
inspection or closing. Regardless of when the house being purchased was built, we did not
find differences in whether the home buyer’s decision to purchase the home was affected by
health issues caused by lead exposure or knowledge of contractors in the area who test for
and fix lead-based paint issues.

This study is subject to several limitations. The response rate of 33% is lower than reported
for other mail survey response rates (50%).40 Respondents might not be representative

of the 4 states surveyed, and generalizability of these results should be interpreted with
caution. Home buyers were not asked if they had children. We speculate that respondents
with children might be more likely to be concerned about lead-based paint disclosure and
remember signing lead disclosure paperwork; however, we were not able to analyze this
information. We were not able to obtain the purchase price of the home. We would have
liked to assess the relationship between purchase price and whether real estate agents
discussed lead-based paint with the home buyer. The survey did not ascertain the home
buyer’s intended use of the property. While it is possible that a small proportion of homes
may have been for investment, it is likely that a large majority of these would have been
excluded from the sample. All purchased properties excluded names where the buyer was
listed as something other than a person (e.g., corporation or Limited Liability Company).
Lastly, as with most surveys, self-reported data might be subject to social desirability in
responses or recall bias.
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Conclusion

With lead still present in tens of millions of homes and lead dust the main source of lead
exposure among children, increasing the number of home buyers who acknowledge, and
sign lead disclosure paperwork is important to potentially prevent lead exposure. During the
home buying experience, the role that real estate agents play and home buyer awareness of
local contractors who work on lead-based paint are important influences in the decision to
buy the home. Further study is needed to understand why home buyers in our sample did
not sign lead disclosure paperwork as required by state and federal guidelines. Home buyers
had greater knowledge, awareness, and practice of radon prevention than of lead prevention,
suggesting the need to further study the discrepancy and to strategize about ways to increase
knowledge, awareness, and practice of lead exposure prevention. Future studies may focus
on homeowners with young children in more racially diverse locations. A cohort study is

an appropriate study design to assess if homeowners improved their home environment (eg,
employed lead safe repairs).
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Implications for Policy & Practice

With lead still present in tens of millions of homes and lead dust the main
source of lead exposure among children, increasing the number of home
buyers who acknowledge, and sign lead disclosure paperwork is important to
potentially prevent lead exposure.

Environmental health professionals are important partners to strengthen lead
paint disclosure compliance since their work focuses on developing and
implementing programs to minimize risks and eliminate hazards in the built
and natural environment.

Collaboration among agencies like CDC, EPA, HUD, and health departments
may also increase implementation of Title X compliance.

During the home buying experience, real estate agents are an important
influence on the decision to buy the home. Including real estate agent trade
association members on health department housing advisory committees may
strengthen collaboration to address housing-related human health.

Home buyers had greater knowledge, awareness, and practice of radon
prevention than of lead prevention, suggesting the need to further study the
discrepancy and to strategize about ways to increase knowledge, awareness,
and practice of lead exposure prevention.
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TABLE 1

Demographics of Recent Buyers of Homes Built Before 1978 and Effect of Understanding of Health Issues
Related to Lead on Purchase (N = 477)

Characteristic Number Understanding of the health issues related
(%) to lead-based paint affected homebuyer
decision to purchase home

Odds Ratio (95% CI)

Gender
Male 227 (47.6) | 0.79 (0.4-1.5)
Female 246 (51.5) | Ref
Missing 4(1.4) | N/A
Age (years)
<25 7(15) | NIA
25-44 273 (57.2) | Ref
45-64 145 (30.4) | 0.3 (0.1-0.7)
65+ 38(8.0) | 1.0(0.3-3.3)
Missing 14 (2.9) | N/A
Race
White 402 (84.2) | Ref
Black of African American 9(1.9) | 2.3(0.1-37.9)
Asian 8(1.7) | N/A
Native Hawaiian or Other
Pacific Islander 4(1.4) | N/A
Prefer not to answer 9(19) | 0.9(0.1-5.3)
Missing 45(8.9) | N/A
Ethnicity
Hispanic or Latino 11(2.3) | 1.3(0.1,15.0)
Not Hispanic or Latino 413 (86.6) | Ref
Missing 53 (11.1) | N/A
Education
< High school 21(4.4) | 1.4(0.4-5.2)
Some college 79 (16.6) | 0.50(0.2-1.3)
College degree 311 (65.2) | Ref
Prefer not to answer 10(2.1) | N/A
Missing 56 (11.7) | N/A

Season of home purchase

Spring (March-May) 107 (22.0) | 3.4(1.3-9.3)
Summer (June-Aug.) 175 (36.6) | Ref

Fall (Sept.-Nov.) 130 (27.2) | 4.2(1.6-9.3)
Winter (Dec.-Feb.) 61 (12.8) | 4.2(1.4-13.1)
Missing 4(14) | N/A

Flint, Michigan, water crisis impact
Pre-Flint (before Sept. 24,2015) 139 (29.1) | Ref
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Characteristic Number Understanding of the health issues related
(%) to lead-based paint affected homebuyer
decision to purchase home
Odds Ratio (95% CI)
Post-Flint (after Sept. 23,2015) 338(70.9) | 1.2(0.5-2.7)
Home buyer location
Ilinois 99 (20.8) | Ref
Minnesota 187 (39.2) | 1.5(0.6-4.0)
North Carolina 112 (23.5) | 4.6 (1.7,12.6)
Ohio 79 (16.5) | 0.57(0.1-2.5)
Year home built
<1900 9(1.9) | N/A
1900-1919 46 (9.6) | 1.3 (0.4-4.4)
1920-1939 96 (20.1) | 1.1(0.4-3.2)
1940-1959 166 (34.8) | 1.3 (0.5-3.1)
1960-1977 160 (33.5) | Ref
First-time home buyer
Yes 3(0.6) | NIA
No 473 (99.1) | N/IA
Missing 1(0.3) | N/A
Buyer or seller signed paperwork during closing to indicate specifically
whether the home contained lead-based paint
Yes 201 (42.1) | 1.7 (0.7-4.2)
No 97 (20.3) | Ref
Unsure 175 (36.7) | 1.9 (0.7-4.9)
Missing 4(0.9) | N/A
Home purchase involved special homeowner association paperwork
Yes 23(4.8) | 45(1.3-16.2)
No 446 (93.5) | Ref
Missing 8(1.7) | N/A
Number of homes previously owned
0-1 211 (44.2) | 2.9 (0.9-9.5)
2-4 194 (40.7) | 1.8 (0.5-5.9)
5+ 68 (13.7) | Ref
Missing 4(14) | N/A

Abbreviations:
N/A = Not applicable or estimate too unstable

Ref = Referent category
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Bivariable Analysis of the Relationship Between Signing Lead Disclosure Paperwork with Number of

TABLE 2

Previously Owned Homes Built Pre-1978 (N = 477)

“Did you or the sellers have to sign any Chi- Pvalue | Odds Ratio (95%
paperwork during the closing to indicate squared® Confidence
specifically whether lead-based paint was Interval)
present?”
Number of homes previously owned 5.46 0.05

0-1 Ref

2-4 0.95 (0.5-1.8)

5+ 3.0(1.1-8.0)

Missing N/A

a. . . . ’
Chi-square test used to compare the means between signing lead disclosure paperwork and number of homes previously owned
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Page 19

Home Buyer Knowledge, Awareness, and Safety Practice of Lead Hazards and Sources of Lead-related

Information (N = 477)

Characteristic Number Understanding of the health issues
(%) related to lead-based paint affected
homebuyer decision to purchase home
Odds Ratio, 95% Confidence Interval
Aware of health issues related to lead-based paint
Yes 466 (97.6) | Ref
No 9(1.9) | 0.7 (0.08-6.1)
Missing 2(05) | N/A
Source of information of health issues related to lead-based paint*
Family member, friend, neighbor, coworker 262 (22.1) | 2.8(1.3,6.4)
Real estate agent 251(21.2) | 27(1.2,6.1)
Television / Web advertisement 235(19.8) | 0.96 (0.47,2.0)
Home inspector 217 (18.3) | 1.8(0.87,3.8)
Contractor (home repair/remodeling) 111 (9.4) | 1.1(0.48,25)
Professional lead testing company 18 (1.5) | 1.0(0.26, 4.0)
Other 91(7.7) | 0.51(0.20, 1.3)
Understanding of the health issues related to lead-based paint affect homebuyer
decisions at any point during the home buying process
Yes 107 (22.4) | N/A
No 368 (77.1) | N/A
Missing 2(05) | N/A
Understanding of health issues related to lead-based paint affected decision
during the home buying process (n = 107)
Yes, knowledge of lead-based paint was present helped decide during homebuying 49 (45.8) | N/A
process
Yes, knowledge of lead-based paint helped decide whether action was needed to 50 (46.7) | N/A
repair/remediate
Yes, other reason 4(3.7) | N/A
Missing 4(3.7) | NA
Understanding of health issues related to lead-based paint did not affect decision
during the home buying process
Had no knowledge of lead and did not influence homebuying decision 5(1.4) | N/A
Did not think lead was a concern and did not influence homebuying decision 15(4.1) | N/A
Had knowledge of lead-based paint and did not influence homebuying decision 311 (84.5) | N/A
No, other reason 23(6.3) | N/A
Missing 14 (3.8) | N/A
Real estate agent discussed lead-based paint with homebuyer that lead to
purchase of home
Yes 244 (51.2) | 5.1 (2.0-13.1)
No 162 (34.0) | Ref
Unsure 63 (13.2) | 0.58 (0.06-5.3)
Missing 8(1.6) | 2.3(0.21-26.2)
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Characteristic Number Understanding of the health issues
(%) related to lead-based paint affected
homebuyer decision to purchase home
Odds Ratio, 95% Confidence Interval
Home tested for presence of lead-based paint
Yes 101 (21.2) | 1.9(0.91-4.1)
No 212 (44.4) | Ref
Unsure 159 (33.3) | 1.0(0.42-2.5)
Missing 5(1.1) | N/A
i’gson who recommended home be tested for presence of lead-based paint (n =
Home inspector 30(29.7) | Ref
Real estate agent 12 (11.9) | 1.2 (0.23-6.4)
Home seller 18 (17.8) | 2.0(0.32-12.3)
Self (survey respondent) 18 (17.8) | 1.5(0.30-7.5)
Lead paint professional 2(1.9) | N/A
Other 15 (14.9) | 0.38(0.06-2.4)
Missing 6(6.0) | N/A
Homebuyer received brochure(s) about lead-based paint during home inspection
or closing
Yes 176 (36.9) | 1.8(0.83-4.1)
No 167 (35.0) | Ref
Unsure 130 (27.2) | 1.5(0.60-3.7)
Missing 4(0.9) | N/A
Contractors who test for and fix lead-based paint issues are available in your
area
Yes 210 (44.0) | 2.1 (1.3-3.4)
No 4(0.9) | N/A
Unsure 259 (54.2) | Ref
Missing 4(0.9) | N/A
Contractors who test for and fix lead-based paint issues in area are certified by
the state or a national organization (n = 210)
Yes 74 (35.2) | 1.2(0.61-2.3)
No 1(0.5) | N/A
Unsure 117 (55.7) | Ref
Missing 18 (8.6) | N/A

*
Among persons who reported “yes” to having heard about health issues related to lead (n = 1,185). Percentages do not total to 100% due to home

buyer ability to choose more than one response.

Abbreviation: N/A = Not applicable or estimate too unstable
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Multivariable analysis of the relationship between homebuyer understanding of health issues related to lead-
based paint on the decision to purchase home with home buying process activities, among homes built

pre-1978, adjusted for season and state of purchase (N = 477)

Understanding of the health issues related to lead- Chi- Pvalue | Odds Ratio (95%
based paint affect homebuyer decision to squared?® Cl)
purchase home
“Did any real estate agent discuss lead-based paint with you during the home buying 10.3 0.016
experience that led to the purchase of this home?”
Yes 5.4 (1.7-17.5)
No Ref
Unsure 0.75 (0.07-7.9)
Missing 2.7 (0.18-39.9)
“Has the home you bought been tested for lead-based paint?” 4.29 0.117
Yes 2.3(0.94-5.7)
No Ref
Unsure 0.95 (0.32-2.8)
Missing N/A
“Did you or the sellers have to sign any paperwork during the closing to indicate 0.520 0.915
specifically whether lead-based paint was present?”
Yes 1.1(0.38-3.3)
No Ref
Unsure 1.5 (0.47-4.5)
Missing N/A
“Did you receive any brochures about lead-based paint during the negotiation or closing?” | 0.332 0.847
Yes 0.98 (0.38-2.5)
No Ref
Unsure 1.3(0.44-3.8)
Missing N/A
“Are contractors who work on lead-based paint available in your area?” 20.24 0.005
Yes 1.8 (1.2-2.7)
No NA
Unsure Ref
Missing NA

a. . . . . -
Chi-square test used to compare the means between understanding of health issues related to lead-based paint on the decision to purchase home

with home buying process variables.
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TABLE 5

Relationship of Lead- and Radon-content Home Buyer Questions Related to Health Issues and the Home
Buying Process, Among Homes Built Pre-1978, (N = 477)
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Lead and Radon Knowledge, Lead Radon Prevalence Chi-squared
Awareness, and Practice Number Number Ratio (95% CI) | (df), P value
Questions (%) (%)
Understanding of the health issues related to radon/lead-based paint affect 56.0 (1), <.0001
homebuyer decisions at any point during the home buying process

Yes 107 (22.4) | 186 (39.0) | 1.7 (1.4-2.1)

No 368 (77.1) | 290 (60.8)

Missing 2(0.5) 1(0.2)
Real estate agent discussed radon/lead with you during the homebuying 112.5 (4), <.0001
experience that led to the purchase of this home

Yes 244 (51.2) | 272(57.0) | 1.4 (1.1-1.8)

No 162 (34.0) | 156 (32.7)

Unsure 63 (13.2) 45 (9.4)

Missing 8 (1.6) 4(0.9)
Buyer or seller signed paperwork during closing to indicate specifically 43.9 (4), <.0001
whether the home contained radon/lead-based paint

Yes 201 (42.1) | 236 (49.5) | 1.5(1.2-1.8)

No 97 (20.3) | 117 (24.5)

Unsure 175 (36.7) | 122 (25.5)

Missing 4(0.9) 2(0.5)
Homebuyer received brochures about radon/lead during home inspection 211.1 (4), <.0001
or closing?

Yes 176 (36.9) | 213 (44.7) | 2.3 (1.8-3.0)

No 167 (35.0) | 160 (33.5)

Unsure 130 (27.2) | 103 (21.6)

Missing 4(0.9) 1(0.2)
Contractors who test for and fix radon/lead-based paint issues are 119.5 (4), <.0001
available in your area

Yes 210 (44.0) | 354 (74.2) | 4.5 (2.7-7.5)

No 4(0.9) 2(0.5)

Unsure 259 (54.2) | 118 (24.7)

Missing 4(0.9) 3(0.6)
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