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A ctions by the U.S. Environmental 
Protection Agency (U.S. EPA) and 
other federal agencies have signifi -

cantly reduced the use of lead in automotive 
gasoline, paint, lead-soldered food contain-
ers, and new water system components over 
the past 40 years. Through the collective ef-
fort of federal agencies in partnership with 
local, state, and tribal governments, blood 
lead levels (BLLs) measured in children have 
fallen steadily from the 1970s to the 2020s 
(Egan et al., 2021; President’s Task Force, 
2016). One indicator of the success of lead 
mitigation e� orts is the Centers for Disease 
Control and Prevention’s (CDC) reduction of 
the blood lead reference value (BLRV) from 
5.0 to 3.5 μg/dL in October 2021 (Ruckart et 

al., 2021). The BLRV is a population-based 
measurement of the 97.5th percentile of BLLs 
of U.S. children ages 1–5 years. Reduction in 
the BLRV refl ects the decline in BLLs among 
the children most exposed to lead in the U.S.

Despite this progress, lead exposure in 
children remains a signifi cant public health 
concern. More than one half million children 
ages 1–5 years in the U.S. have detectable 
BLLs and an estimated 6–10 million lead ser-
vice lines still connect homes to public drink-
ing water systems (Cornwell et al., 2016). 
Racial disparities in childhood BLLs persist, 
with higher BLLs observed in non-Hispanic 
Black children as compared to non-Hispanic 
White children from 1999 to 2016 (Breysse et 
al., in press).

To address the remaining lead exposure 
issues in our country, U.S. EPA (2021) devel-
oped the draft Strategy to Reduce Lead Expo-
sures and Disparities in U.S. Communities to 
set goals for an all-of-U.S. EPA and whole-of-
U.S.-government plan to strengthen public 
health protections, promote environmental 
justice, and address legacy lead contamina-
tion for communities with the greatest expo-
sures. Key components of this strategy hinge 
on the use of science-based approaches to 
identify lead exposure hotspots, determine 
site-specifi c cleanup levels, sequester lead in 
contaminated soil, identify drinking water 
lead service lines for replacement, optimize 
corrosion control for pipes and plumbing fi x-
tures, and support the revisiting of lead rules 
and guidance in dust, soil, water, and air.

Identifying High Lead Exposure 
Locations
Public health professionals tasked with pri-
mary prevention must know where lead 
exposure problems remain and what the key 
sources of lead exposure are in those loca-
tions to proactively prevent and mitigate 
lead exposures and track where progress has 
been made in reducing lead exposure (Figure 
1). U.S. EPA recently published methods for 
identifying lead exposure hotspots at the cen-
sus tract level for targeting actions (Xue et al., 
2022; Figure 1). For locations where there 
are BLL data, U.S. EPA developed two meth-
ods of identifying hotspots: 1) a top 20th per-
centile method identifying census tracts with 
the highest prevalence of elevated BLLs and 
2) a geospatial cluster analysis method.

U.S. EPA also explored methods for using 
exposure-related lead indicators for locations 
lacking statistically robust and representative 
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BLL data. These surrogate indicators are largely
based on data from the U.S. Census and Ameri-
can Community Survey. For example, U.S.
EPA’s EJScreen Lead Paint Index (www.epa.gov/
ejscreen) and a recent statistical model (Schultz
et al., 2017) are based on housing age, race,
and income variables. The U.S. Department
of Housing and Urban Development’s (HUD)
Deteriorated Paint Index predicts risk based on
pre-1980 homes with large areas of deteriorat-
ing paint based on microdata from the Ameri-
can Community Survey and the American
Housing Survey (Garrison & Ashley, 2021).

U.S. EPA, HUD, and CDC recently col-
laborated on a state-of-science summary of
publicly available methods, data, and maps
for identifying lead hotspots in the U.S. The
summary provides descriptions and refer-
ences for currently available lead indices, BLL
data, and environmental data. It also identi-
fies environmental data gaps and data acces-
sibility needs to improve our ability to iden-
tify these hotspots (Zartarian et al., in press).

Removing Lead From
Drinking Water
The Lead and Copper Rule Revisions (U.S.
EPA, 2022a) require water systems to estab-
lish service line (i.e., water supply lines to
homes and businesses) inventories and pro-
actively replace lead and galvanized service
line pipes. U.S. EPA scientists in the O�ce
of Research and Development (ORD) have
developed noninvasive methods based on
sampling tap water to help speed up iden-
tifying these pipes (Hensley et al., 2021;
Lytle et al., 2018). In addition, ORD sci-
entists provide technical support to states,
consultants, and water system operators to
help them reduce the release of lead from
pipes and plumbing fixtures. The ORD
Small Drinking Water Systems Webinar
Series (www.epa.gov/water-research/small-
drinking-water-systems-webinar-series)
and Annual U.S. EPA Drinking Water Work-
shops provide state of the art training on
lead service line identification, optimizing

corrosion control, and evaluating the e�-
cacy of point-of-use water filters (Doré et
al., 2021; Harmon et al., 2022; Liggett et
al., 2022; Schock et al., 2021). ORD also
recently reviewed field analyzers used for
rapidly quantifying lead in drinking water
samples and provided recommendations for
their use (Doré et al., 2020).

Remediating Lead in Soil
Contaminated soil remains a critical driver of
elevated BLLs, especially for young children
who are exposed by hand-to-mouth contact
and by ingestion of dust and soil (Özkaynak
et al., 2022; Zartarian et al., 2017). Reme-
diating soil lead is associated with declines
in BLLs in children (Klemick et al., 2020;
Mielke et al., 2019; Ye et al., 2022), therefore
understanding soil lead levels and various
remediation approaches is critical for envi-
ronmental health practitioners.

ORD has developed rapid and cheap meth-
ods to estimate how much lead at a particular
site can be absorbed when ingested by people
or taken up by plants (Bradham et al., 2016,
2017; Griggs et al., 2021; Misenheimer et al.,
2018). The integrated biokinetic exposure
and uptake model can be used by environ-
mental professionals to estimate specific site
cleanup levels (U.S. EPA, 2022b). ORD has
also shown that the addition of soil amend-
ments like phosphate can be used to form
long-lasting insoluble mineral complexes
that help to sequester the lead in the soil,
and that new ways to lock up the lead in soil
might help reduce removal cleanup e¤orts
and costs (Bradham et al., 2018; Karna et al.,
2020; Sowers et al., 2021).

Moving Onward
In many ways, lead is the opposite of emerg-
ing chemical contaminants—it is a well char-
acterized developmental and adult toxicant
that a¤ects multiple human organ systems.
Lead sources in the environment are also well
known; one indicator of this understanding is
the myriad laws and rules that regulate lead
(President’s Task Force, 2016). Yet repeatedly,
it is the legacy chemical that draws our atten-
tion to public health emergencies in places
(e.g., Flint, Michigan; Syracuse, New York;
and East Chicago, Indiana) where exposure
resulting from lead in drinking water, old
housing, and contaminated soil still a¤ects
children and their families.

Example of Mapping Locations With a High Prevalence of Elevated
Blood Lead Levels (EBLLs)

Mapping locations with a high prevalence of EBLLs helps public health practitioners target remediation, outreach, 
and educational resources and provides a compelling way to visualize success in lead exposure reduction actions. 
Reproduced with author permission from Xue et al., 2022.
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U.S. EPA is currently revisiting six di
 erent
lead standards or guidance that a
 ect lead lev-
els in dust, soil, water, aviation fuel, and paint.
For this multimedia contaminant, however,
collaborations are critical to ensuring success.
U.S. EPA and its fellow agencies are working
to eliminate this preventable environmental
health hazards (Breysse et al., 2022). We will
continue to provide tools and data so environ-
mental health practitioners at the local level
can identify and remediate remaining envi-
ronmental lead sources in the places where we
live, work, learn, and play (Figure 2).

Corresponding Author: Andrew M Geller,
Senior Science Advisor, Immediate Office
of the Assistant Administrator, O� ce of
Research and Development, U.S. Environ-
mental Protection Agency, 109 TW Alexan-
der Drive, Mail Code D305-01, Research Tri-
angle Park, NC 27711.
Email: geller.andrew@epa.gov.

References
 Bradham, K.D., Diamond, G.L., Nelson,

C.M., Noerpel, M., Scheckel, K.G., Elek,
B., Chaney, R.L., Ma, Q., & Thomas, D.J.
(2018). Long-term in situ reduction in soil
lead bioavailability measured in a mouse
model. Environmental Science & Technol-
ogy, 52(23), 13908–13913. https://doi.
org/10.1021/acs.est.8b04684

Bradham, K.D., Green, W., Hayes, H., Nelson,
C., Alava, P., Misenheimer, J., Diamond,
G.L., Thayer, W.C., & Thomas, D.J. (2016).
Estimating relative bioavailability of soil
lead in the mouse. Journal of Toxicology
and Environmental Health, Part A, 79(24),
1179–1182. https://doi.org/10.1080/15287
394.2016.1221789

Bradham, K.D., Nelson, C.M., Kelly, J.,
Pomales, A., Scruton, K., Dignam, T.,
Misenheimer, J.C., Li, K., Obenour, D.R., &
Thomas, D.J. (2017). Relationship between
total and bioaccessible lead on children’s
blood lead levels in urban residential Phil-
adelphia soils. Environmental Science &
Technology, 51(17), 10005–10011. https://
doi.org/10.1021/acs.est.7b02058

Breysse, P.N., Cascio, W.E., Geller, A.M.,
Choiniere, C.J., & Ammon, M. (in press).
Targeting coordinated federal e
 orts to
address persistent hazardous exposures to
lead. American Journal of Public Health.

Cornwell, D.A., Brown, R.A., & Via, S.H.
(2016). National survey of lead service line
occurrence. Journal–American Water Works
Association, 108(4), E182–E191. https://
doi.org/10.5942/jawwa.2016.108.0086

Doré, E., Formal, C., Muhlen, C., Williams,
D., Harmon, S., Pham, M., Triantafylli-
dou, S., & Lytle, D.A. (2021). E
 ective-
ness of point-of-use and pitcher fi lters at
removing lead phosphate nanoparticles
from drinking water. Water Research, 201,
Article 117285. https://doi.org/10.1016/j.
watres.2021.117285

Doré, E., Lytle, D.A., Wasserstrom, L., Swert-
feger, J., & Triantafyllidou, S. (2020). Field
analyzers for lead quantifi cation in drink-
ing water samples. Critical Reviews in Envi-
ronmental Science and Technology, 51(20),
2357–2388. https://doi.org/10.1080/10643
389.2020.1782654

Egan, K.B., Cornwell, C.R., Courtney, J.G., &
Ettinger, A.S. (2021). Blood lead levels in
U.S. children ages 1–11 years, 1976–2016.
Environmental Health Perspectives, 129(3),
Article 037003. https://doi.org/10.1289/
EHP7932

Examples of Where Lead Is Present and Regulated Where We Live,
Work, Learn, and Play

Science from the U.S. Environmental Protection Agency supports further regulation and remediation of lead levels in 
dust, soil, paint, water, and air. Reducing lead exposure in all these environments requires partnerships among federal, 
state, tribal, and local governments and community-based organizations.

FIGURE 2

Drinking Water 

Air��Industry��e.g., 
6melters, /ead Acid 
Battery 0anufacturers 

Food, Dishes, 
Cookware, 8tensils 

Worker Protection,
:orkplace (xposure, 
7ake-+ome /ead  

3HGLDWULF�CDUH��
BORRG�/HDG�7HVWLQJDXVW��3DLQW��6RLO

Schools and
Childcare

Aviation )uel (Airports)

Consumer Products 
�e.g., Children’s 
3roducts,�Cosmetics, 
-ewelry

/HDG�6HUYLFH�/LQH

*RRVHQHFN

3OXPELQJ�)L[WXUHV

Soil��5esidential, 
Agricultural,�,ndustrial, 
0ine :aste, Superfund 
6LWHV



December 2022 • �our1al o) E18,ro1me1tal Healt+ 49

Garrison, V.E.H., & Ashley, P.J. (2021). Iden-
tifying jurisdictions at risk of containing 
housing units with deteriorated paint: 
Results and targeting implications for the 
US Department of Housing and Urban 
Development. Journal of Public Health Man-
agement & Practice, 27(6), 546–557. https://
doi.org/10.1097/PHH.0000000000001191

Griggs, J.L., Thomas, D.J., Fry, R., & Brad-
ham, K.D. (2021). Improving the predic-
tive value of bioaccessibility assays and 
their use to provide mechanistic insights 
into bioavailability for toxic metals/met-
alloids—A research prospectus. Journal of 
Toxicology & Environmental Health, Part B: 
Critical Reviews, 24(7), 307–324. https://
doi.org/10.1080/10937404.2021.1934764

Harmon, S.M., Tully, J., DeSantis, M.K., Schock, 
M.R., Triantafyllidou, S., & Lytle, D.A. 
(2022). A holistic approach to lead pipe 
scale analysis: Importance, methodology, 
and limitations. AWWA Water Science, 4(2), 
e1278. https://doi.org/10.1002/aws2.1278

Hensley, K., Bosscher, V., Triantafyllidou, S., 
& Lytle, D.A. (2021). Lead service line 
identification: A review of strategies and 
approaches. AWWA Water Science, 3(3), 
e1226. https://doi.org/10.1002/aws2.1226

Karna, R.R., Noerpel, M.R., Nelson, C., Elek, 
B., Herbin-Davis, K., Diamond, G., Brad-
ham, K., Thomas, D.J., & Scheckel, K.G. 
(2020). Bioavailable soil Pb minimized by 
in situ transformation to plumbojarosite. 
Proceedings of the National Academy of Sci-
ences of the United States of America, 118(3), 
e2020315117. https://doi.org/10.1073/pnas.
2020315117

Klemick, H., Mason, H., & Sullivan, K. 
(2020). Superfund cleanups and chil-
dren’s lead exposure. Journal of Environ-
mental Economics and Management, 100, 
Article 102289. https://doi.org/10.1016/j.
jeem.2019.102289

Liggett, J., Baribeau, H., Deshommes, E., 
Lytle, D.A., Masters, S.V., Muylwyk, Q., 
& Triantafyllidou, S. (2022). Service line 
material identification: Experiences from 
North American water systems. Journal–
American Water Works Association, 114(1), 
8–19. https://doi.org/10.1002/awwa.1841

Lytle, D.A., Schock, M.R., & Triantafylli-
dou, S. (2018). Identify lead plumbing 
sources to protect public health. Opflow, 
44(3), 16–20. https://doi.org/10.5991/OPF.
2018.44.0027

Mielke, H.W., Gonzales, C.R., Powell, E.T., 
Laidlaw, M.A.S., Berry, K.J., Mielke, P.W., Jr., 
& Egendorf, S.P. (2019). The concurrent 
decline of soil lead and children’s blood 
lead in New Orleans. Proceedings of the 
National Academy of Sciences of the United 
States of America, 116(44), 22058–22064. 
https://doi.org/10.1073/pnas.1906092116

Misenheimer, J., Nelson, C., Huertas, E., 
Medina-Vera, M., Prevatte, A., & Bradham, 
K. (2018). Total and bioaccessible soil 
arsenic and lead levels and plant uptake in 
three urban community gardens in Puerto 
Rico. Geosciences, 8(2), 43. https://doi.
org/10.3390/geosciences8020043

Özkaynak, H., Glen, G., Cohen, J., Hubbard, H., 
Thomas, K., Phillips, L., & Tulve, N. (2022). 
Model based prediction of age-specific soil 
and dust ingestion rates for children. Jour-
nal of Exposure Science & Environmental 
Epidemiology, 32(3), 472–480. https://doi.
org/10.1038/s41370-021-00406-5

President’s Task Force on Environmental 
Health Risks and Safety Risks to Children. 
(2016). Key federal programs to reduce child-
hood lead exposures and eliminate associated 
health impacts. https://ptfceh.niehs.nih.
gov/features/assets/files/key_federal_pro
grams_to_reduce_childhood_lead_expo
sures_and_eliminate_associated_health_
impactspresidents_508.pdf

Ruckart, P.Z., Jones, R.L., Courtney, J.G., 
LeBlanc, T.T., Jackson, W., Karwowski, 
M.P., Cheng, P.-Y., Allwood, P., Svendsen, 
E.R., & Breysse, P.N. (2021). Update of the 
blood lead reference value—United States, 
2021. Morbidity and Mortality Weekly 
Report, 70(43), 1509–1512. https://doi.
org/10.15585/mmwr.mm7043a4

Schock, M.R., Lytle, D.A., James, R.R., Lal, V., 
& Tang, M. (2021). Rapid and simple lead 
service line detection screening protocol 
using water sampling. AWWA Water Sci-
ence, 3(5), e1255. https://doi.org/10.1002/
aws2.1255

Schultz, B.D., Morara, M., Buxton, B.E., & 
Weintraub, M. (2017). Predicting blood-
lead levels among U.S. children at the 
census tract level. Environmental Justice, 
10(5), 129–136. https://doi.org/10.1089/
env.2017.0005

Sowers, T.D., Bone, S.E., Noerpel, M.R., Black-
mon, M.D., Karna, R.R., Scheckel, K.G., 
Juhasz, A.L., Diamond, G.L., Thomas, D.J., 
& Bradham, K.D. (2021). Plumbojarosite 

remediation of soil aªects lead speciation 
and elemental interactions in soil and in 
mice tissues. Environmental Science & Tech-
nology, 55(23), 15950–15960. https://doi.
org/10.1021/acs.est.1c06067

U.S. Environmental Protection Agency. 
(2021). Public comment draft: EPA strat-
egy to reduce lead exposures and dispari-
ties in U.S. communities. https://www.epa.
gov/system/files/documents/2021-11/
updated-public-comment-draft-lead-strat
egy-11-16-2021.pdf

U.S. Environmental Protection Agency. 
(2022a). Revised Lead and Copper Rule. 
https://www.epa.gov/ground-water-and-
drinking-water/revised-lead-and-cop
per-rule

U.S. Environmental Protection Agency. 
(2022b). Lead at Superfund sites: Software 
and users’ manuals. https://www.epa.gov/
superfund/lead-superfund-sites-software-
and-users-manuals

Xue, J., Zartarian, V., Tornero-Velez, R., 
Stanek, L.W., Poulakos, A., Walts, A., Tri-
antafillou, K., Suero, M., & Grokhowsky, 
N. (2022). A generalizable evaluated 
approach, applying advanced geospa-
tial statistical methods, to identify high 
lead exposure locations at census tract 
scale: Michigan case study. Environmental 
Health Perspectives, 130(7), Article 077004. 
https://doi.org/10.1289/EHP9705

Ye, D., Brown, J.S., Umbach, D.M., Adams, 
J., Thayer, W., Follansbee, M.H., & Kir-
rane, E.F. (2022). Estimating the eªects 
of soil remediation on children’s blood 
lead near a former lead smelter in Omaha, 
Nebraska, USA. Environmental Health Per-
spectives, 130(3), Article 037008. https://
doi.org/10.1289/EHP8657

Zartarian, V., Poulakos, A., Garrison, V.H., 
Spalt, N., Tornero-Velez, R., Xue, J., Egan, 
K., & Courtney, J. (in press). Lead data 
mapping to prioritize US locations for 
whole-of-government exposure prevention 
eªorts: State of the science, federal collabo-
rations, and remaining challenges. Ameri-
can Journal of Public Health.

Zartarian, V., Xue, J., Tornero-Velez, R., & 
Brown, J. (2017). Children’s lead expo-
sure: A multimedia modeling analysis 
to guide public health decision-making. 
Environmental Health Perspectives, 125(9), 
Article 097009. https://doi.org/10.1289/
EHP1605




