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Lead (Pb) Exposures have been Trending Downwards

Lead Poisoning Prevention Policies

Lead in U.S. children ages 1 to 5 years: Median and 95th percentile
concentrations in blood, 1976-2014
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Data: Centers for Disease Control and Prevention, National Center for Health Statistics and National Center httpS://WWW.epa.gOV/SVStem/ﬁ|eS/documentS/2022‘
for Environmental Health, National Health and Nutrition Examination Survey 11/Lead%205trategv 1.pdf
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Assistance Requests to EPA/ORD

EPA/OW request to determine drinking water Pb
concentrations to keep children’s blood levels below
specified levels

A Section 508-conformant HTML version of this article

Resea rCh is available at https://doi.org/10.1289%/EHP1605.

Children’s Lead Exposure: A Multimedia Modeling Analysis to Guide Public Health
Decision-Making

Valerie Zartarian,' Jianping Xue," Rogelio Tornero-Velez,' and James Brown’

'U1.S. Environmental Protection Agency. Office of Research and Development, Research Triangle Park, North Carolina, USA

BACKGROUND: Drinking water and other sources for lead are the subject of public health concerns around the Flint, Michigan, drinking water and
East Chicago, Indiana, lead in soil crises. In 2015, the U.S. Environmental Protection Agency (EPA)'s National Drinking Water Advisory Council
(NDWAC) recommended establishment of a “health-based. household action level” for lead in drinking water based on children’s exposure.
OBJECTIVES: The primary objective was to develop a coupled exposure—dose modeling approach that can be used to determine what drinking water
lead concentrations keep children’s blood lead levels (BLLs) below specified values, considering exposures from water, soil, dust, food, and air
Related objectives were to evaluate the coupled model estimates using real-world blood lead data. to quantify relative contributions by the various
media, and to identify key model inputs.

METHODS: A modeling approach using the EPA’s Stochastic Human Exposure and Dose Simulation (SHEDS)-Multimedia and Integrated
Exposure Uptake and Biokinetic (IEUBK) models was developed using available data. This analysis for the U.S. population of young children
probabilistically simulated multimedia exposures and estimated relative contributions of media to BLLs across all population percentiles for sev-
eral age groups.

ResuLTs: Modeled BLLs compared well with nationally representative BLLs (0-23% relative error). Analyses revealed relative importance of soil
and dust ingestion exposure pathways and associated Pb intake rates; walter ingestion was also a main pathway, especially for infants.

ConcrLusions: This methodology advances scientific understanding of the relationship between lead concentrations in drinking water and BLLs in
children. It can guide national health-based benchmarks for lead and related community public health decisions. hitps://doi.org/10.128%EHP1605

Zartarian, V., Xue, J., Tornero-Velez, R. and Brown, J., 2017. Children’s lead exposure: A
multimedia modeling analysis to guide public health decision-making. Environmental
health perspectives, 125(9), p.0970009.

EPA/OCSPP/HUD.gov request to determine residential Pb in
soil and dust concentrations to keep children’s blood levels
below specified levels

Science of the Total Environment 905 (2023) 167132
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Children's lead exposure in the U.S.: Application of a national-scale, |
probabilistic aggregate model with a focus on residential soil and dust lead

(Pb) scenarios

V.G. Zartarian®, J. Xue”, E. Gibb-Snyder® ", J.J. Frank®, R. Tornero-Velez , L.W. Stanek *

* U.S. Environmental Protection Agency, Office of Research and Development, Center for Public Health and Environmental Assessment, United States of America

® Retired, formerly U.S. Environmental Protection Agency, Office of Research and Development, Genter for Public Health and Environmental Assessment, United Stares of
America

© U.S. Environmental Protection Agency, Office of Research and Development, Office of Science Adviser, Policy, and Engagement, United States of America

4 U.5. Environmental Protection Agency, Office of Research and Develop Center for G ional Toxicology and Exposure, United States of America

Zartarian, V.G., Xue, J., Gibb-Snyder, E., Frank, J.J., Tornero-Velez, R. and Stanek, L.W., 2023.
Children's lead exposure in the US: Application of a national-scale, probabilistic aggregate
model with a focus on residential soil and dust lead (Pb) scenarios. Science of the Total
Environment, 905, p.167132.




PA A :
e SHEDS Probabilistic Aggregate Exposure Modeling Approach

(Stochastic Human Exposure and Dose Simulation)

Input Databases Exposure Algorithims Exposure Output:
e Real-world Activity Data:Census, ¢ Calculate Individual Exposure Available Intake by Route
NHANES & CHAD Diaries Time Profiles by Pathway (ug/day)

* Monte Carlo sampling

* Media Concentration
Distributions:
Water, Soil, Dust, Food, Air

Clan'fabl'(':fe ¢ Population Exposure: Available Intake
o Water Soil & Dust Apply Route by Exposure Route and age group
* Exposure Factor Distributions | Specific —~ 100
(e.g. soil/dust ingestion rate) g ] { Absorption e>
o ] [ Fraction 83T ¢ /]
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| Diet Air &5 T N
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t, Time t, t; Time t Percentile

Modeled BLL vs. Water Pb Concentration Intakes for all media
(water-only exposure scenario; 97.5t" percentile) by Gl route; Compute
Total Uptake for Gl Uptake & add
012 . . Uptake by Air
3 — Estimating BLL:
3 e Grou
:‘210 0—00-96 mont:s (I"glday)
* o—01 to <2 years i
5. A2 to <6 years e Population Exposure: Total
3 Available Intake by age group
2 Convert to BLL
Tl T st Apply Regression 100
a sl Equations Derived —_
™ Ly yre - L girom IEUBK 2% 10
N aKe W

§ 4 o BLLs % !é, 1 yZ
il 2 . b i i i . i . | %g // .

0 5 10 15 20 25 30 35 40 45 50 £S04 V.G. Zartarian, J. Xue, R. Tornero-Velez, J. Brown,

Daily Averaged Water Pb Concentration (ppb) £ . ' . .
0o 2017, Children's Lead Exposure: a Multimedia

D ine Max. Daily A Household Tap W: ; . . . . . .

poermine Max Dalv ¢ ‘c’f,[fl‘giee"p“;eLL°bi,oav§’targ§; Percentile Modeling Analysis to Guide Public Health Decision-

(same approach can apply to soil and dust Pb concs.) Making, Environmental Health Perspectives, DOI

number: 10.1289/EHP1605.

Determine max. daily average soil, dust, and soil and dust that could keep
n BLL below reference values
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‘Roughly’ Use SHEDS-Multimedia as Probabilistic Input to the Integrated
Exposure Uptake Biokinetic Model for Lead (Pb) in children (IEUBK)

IEUBK Exposure compartment GUI maps
Pb conc to Intake by mediaq,
for different ages.

E%

1) exposure .
() exp £

Site Specific Soil Dust Data

=8
Soil/DustIngestion Weighting Factor (percent sail) 45

Outdoor Soil Lead Concentration (g, o)

| |
I
Max Abs Coeff and Med\a—ﬁrgdﬁc
‘assivelACtive K3t Lead intake Rates,

Indoor Dust Lead Concentration g/ g)

]
- ) Constant Yalue 200

- 2 -R t

@ Constant Value foo E358

) Vatiable Values =
O Variahle Yalues Help?

@ Multiple Source Analysis Set

Multiple Source Awvg: 150

(2) uptake

Soil{Indoor Dust Concentration [[lg/g)

AGE [Years)
0-1 1-2 2 34 45 55 67
Outdoor Soil Lead Levels: |ZDD | |2DD \ |2DD | ‘200 ||2DD | ‘200 | |2uu | (3) biOhinetiC
Indoor Dust Lead Levels: |150 | |150 \ |150 | ‘150 ||150 | ‘150 | |150 |
Amount of Saoil/Dust Ingested Daily (g/day)
11 1-2 2 AGE WZ:’S) 45 56 -7 E: g:m ;’:;Lln?r::inhbreThanQECunpmem
Total Dust + Soil Intake: 0.085 0135 0135 0135 0100 0.080 0.085

Gl Yalues/Bioavailahility

Gl { Bio Change Values

(4) GM centered output,
6 Apply GSD

https://www.epa.gov/superfund/lead-superfund-sites-software-and-
6| users-manuals#foverview
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SHEDS-Multimedia Provided Probabilistic Input to IEUBK

IEUBK SOIL & DUST GUI [ \
(intakes & levels) Dietary Lead Intake }

X Dietary Absorption _ [ Available Lead Intake }
Site Specific Soil Dust Data (== _ (ug/daY) FraCtlon (Ug/day)
Soil/DustIngestion \Weighting Factor (percent soil) 45
)
Outdaar Soil Lead Concantration (1g/g) Ir\dnmsustLea\d/C‘nh:emrmmh(uzg[l/;) Water Intake Lead Water x Water AbS _ Available Lead Intake
I ©) ConstantValug -—RESE‘ . —
emsmtee  (F] L/da Conc (ug/L Fraction
(L/day) (ug/) (ug/day)
@® Mulliple Source Analysis
ultiple Source Awvg 150
Sotinoor st oncentaton /o) Soil Intake X Lead Soil Conc X Soil Abs = Available Lead Intake
b e (g/day) (ug/g) Fraction (ug/day)
Qutdoor Soil Lead Levels: 200 200 200 200 200
Indoor Dust Lead Levels; 150 150 150 150 150 .
Dust Intake Lead Dust Conc Dust Abs = Available Lead Intake
Amount of Soil/Dust Ingested Daily (g/day) rottrens /da T / Fraction (ug/day)
g/day 8/8
0-1 1-2 23 34 45
Total Dust + Soil Intake: 0.08s 0138 0138 0138 0100 K /

Gl Values/Bioavailability

TRW Homepage

<

ug
Z [SHEDSpathway <@> X

Gl/ Bin Change Valuss hitp. epa.gov/superiund/heslth/contami

Total Gl Available Lead Intake
ABSpathway ] (ug/day)

IEUBK Bioavailability GUI

(1) Convert distribution of available intakes (ug/day) to age-specific uptakes

o mms o | bede

W p i o

- (2) Apply age-specific regression equations to relate uptakes to blood lead levels
TR Homepage:  hitp./ s, eps, ov/supetfundheslt srts/lead/indenim ( “g / d L)
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Blood Pb (ug/dL) = B, + B, Uptake + 8, Uptake? + B, Uptake? + e

R2~ 0.999

IEUBK Regression Fits by Age (month)

IEUBK
Age
Interval Age
(year) (months) Bo B1 B2 B3
05-1 7 1.65E-02 5.76E-01 -0.00153335 B8.15E-06
0.5-1 8 1.23E-02 5.61E-01 -0.001399098 6.82E-06
05-1 9 7.86E-03 S5.47E-01 -0.001307607 6.01E-06
05-1 10 7.34E-03 5.33E-01 -0.001183272 4.98E-06
05-1 11 4.30E-03 5.20E-01 -0.001083946 4.22E-06
05-1 12 2.25E-03 5.08E-01 -0.001015513 3.81E-06
1-2 13 2.42E-03 5.06E-01 -0.000951316 3.28E-06
1-2 14 2.04E-03 4.95E-01 -0.000858982 2.59E-06
1-2 15 2.96E-03 4.82E-01 -0.00079005 2.25E-06
1-2 16 1.10E-03 4,69E-01 -0.000739067 2.03E-06
1-2 17 2.27E-03 4.57E-01 -0.000676297 1.70E-06
1-2 18 -3.11E-04 4.47E-01 -0.000637203 1.53E-06
1-2 19 2.41E-03 4.37E-01 -0.00058901 1.26E-06
1-2 20 -1.18E-03 4.30E-01 -0.00058145 1.35E-06
1-2 21 7.61E-04 4.21E-01 -0.000532441 1.06E-06
1-2 22 5.65E-04 4.14E-01 -0.000514162 1.04E-06
1-2 23 -1.68E-03 4.08E-01 -0.000498463 9.98E-07
1-2 24 2.72E-04 4,03E-01 -0.0004837 9.56E-07
2-3 30 1.23E-03 3.79E-01 -0.000425113 B8.45E-07
3-4 42 6.58E-04 3.35E-01 -0.000370716 6.24E-07
a4-5 54 6.36E-04 3.36E-01 -0.000337753 5.44E-07
5-6 66 1.65E-03 3.13E-01 -0.00027834 3.57E-07
b-7 78 1.32E-04 2.88E-01 -0.000230444 3.08E-07

IEUBK: Bioav 100%, Air 0 ug/m3, Mat 1 ug/dl

Blood Lead, ug/d|

Single month chosen as representative
for each age interval

Lead Upta:i;e. ug/day

0-0.5 3

0.5-1 9

0-1 6
1-2 18
2-3 30
3-4 42
4-5 54
5-6 66
6-7 78

EPA/OW 2017 https://ehp.niehs.nih.gov/doi/full/10.1289/EHP1605
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g - EPA/OCSPP/HUD.gov request to determine residential Pb soil and

Pb dust concentrations to keep children’s blood levels below
specified levels

= Applied EPA’s probabilistic, national-scale aggregate lead (Pb) model: SHEDS-Pb

» Used updated model inputs (e.g. AHHS Il data from HUD) and scenarios of interest to HUD
and EPA

= Considered 15 combinations of input data sources; focused on 2 scenarios a priori

= Obijective -- conduct 4 types of analyses:

1) determine estimated BLLs of children based on aggregate exposures for specified
nationally representative background Pb concentrations in multiple environmental media

2) compare results from 1) vs. CDC NHANES 2009-2016 BLLs for model evaluation

3) determine the level of Pb in residential soil and dust that can result in a given
percentage of children below a specified BLL(s), considering aggregate multimedia Pb
exposures

4) calculate the soil and dust increment for one unit increase in BLLs (2.5 to 3.5 pg/dL or 4
to 5 pg/dL) for soil-only, dust-only and aggregate Pb exposure scenarios

- EPA/ OCSPP/HUD.gov https://doi.org/10.1016/j.scitotenv.2023.167132



https://doi.org/10.1016/j.scitotenv.2023.167132

regression equation based on IEUBKv2

o EPA Scenario Background Soil and Dust Pb Concs. Background Drinking Water Pb Dust Loading to Concentration Soil and dust
A\ Y 4 = Concentrations (LTC) Conversion ingestion rates
I
E\n\grzgnmental Protection 2022 Initial = SO | AHHS 1 — First American Healthy Homes Second Six-Year Review of Existing Pb NAAQS Risk and Exposure Ozkaynak et al. 2011
e Survey (HUD, 2011) National Primary Drinking Water Assessment (EPA, 2007)
Regulations- 6YR-2 ¢ (EPA, 2010)
2022 Sensitivity | AHHS | @ Second Six-Year Review of Existing Bevington et al., 2021 model #16 Ozkaynak et al. 2022
MOdeI Analyses —S1 National Primary Drinking Water
S . d Regulations
cenarios an S2 AHHS | Second Six-Year Review of Existing Pb NAAQS Risk and Exposure Ozkaynak et al. 2022
National Primary Drinking Water Assessment
Data Sources Regulations
AHHS I: 1146 homes, 101 PSU S3 AHHS 11 ® - Second American Healthy Homes Fou.rth Six Year Rew‘ew‘ of Existing Pb NAAQS Risk and Exposure Ozkaynak et al. 2022
b Survey (HUD, 2021) National Primary Drinking Water Assessment
(2005 - 2006) .
Regulations — 6YR-4 ¢ (EPA, 2022b)
AHHS II: 700 homes, 78 PSU - - — -
sS4 AHHS I Fourth Six-Year Review of Existing Bevington et al., 2021 model #16 Ozkaynak et al. 2022
(2018 — 2019) . . L
National Primary Drinking Water
Soil Pb trati Regulations
o! concgn rations S5 AHHS I AHHS Il (Bradham et al., 2022) Pb NAAQS Risk and Exposure Ozkaynak et al. 2022
Dust Pb loadings
Assessment
S6 AHHS 11 AHHS 11 Bevington et al., 2021 model #16 Ozkaynak et al. 2022
S7 AHHS | + AHHS Il AHHS 11 Bevington et al., 2021 model #16 Ozkaynak et al. 2022
S8 AHHS | + AHHS II AHHS 1I Pb NAAQS Risk and Exposure Ozkaynak et al. 2022
. . Assessment
Fourth Six-Year Review:
. S9 AHHS | + AHHS II AHHS I Pb NAAQS Risk and Exposure von Lindern et al. 2016
data provided by A ;
states/primacy agencies S10 AHHS | + AHHS Il AHHS I Bss?ssmen I., 2021 model #16 Lind I
through the Information + evington et al., mode von Lindern et al.
Collection Request (ICR) for P - — 2016
Six-Year Review 4 covering S11 AHHS | + AHHS I Pb NAAQS Risk and Exposure Exposure Factor
from January 2012 through Assessment Handbook 2017 (US
December 2019. EPA, 2017b)
S12 AHHS | + AHHS I AHHS 1I Bevington et al., 2021 model #16 Exposure Factor
Handbook 2017
S13 AHHS | + AHHS I Fourth Six-Year Review of Existing Bevington et al., 2021 model #16 Ozkaynak et al. 2022
National Primary Drinking Water
Regulations
S14 same as S7 with new SHEDS-IEUBK linkage
regression equation based on IEUBKv2
S15 same as S13 with new SHEDS-IEUBK linkage

EPA/ OCSPP/HUD.gov https://doi.org/10.1016/j.scitotenv.2023.167132
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Simple statistics for all scenario simulation results, 1 to <2-year-olds

P ercentage higher

than the level
S cenario sample size mean std  median 7 oth O5th 97.3h gm ged 3.5ugd o ug'dl
MHANES BLL 541 1.42 1.35 1.03 1.67 3.65 oo 1.05 1.95 7.0 3.0
50 J000 1.27 1.25 0.5 1.53 3.17 4.35 0.98 20 0.0 1.5
51 J000 1.56 1.19 1.25 1.82 3.61 4.2l 1.29 1.88 0.8 2.1
52 J000 1.24 1.23 1.03 1.63 3.21 423 1.05 1.97 2.9 1.8
53 J000 1.21 0.98 0.5 1.45 2.96 3.60 0.57 1.51 4.8 0.5
S4 J000 1.44 1.16 1.12 1.60 3.44 4.58 1.16 1.51 7.4 1.8
59 J000 1.12 0.95 0.&7 1.36 2.66 3.47 0.90 1.51 3.5 0.7
=6 J000 1.24 1.08 1.04 1.64 3.29 4.05 1.07 1.4 6.3 1.5
o7 J000 1.39 1.21 1.07 1.67 2.24 428 1.10 1.4 8.7 1.7
ot 3000 1.15 0.92 0.51 1.39 271 3.52 0.92 1.92 2.0 0.8
55 J000 1.81 1.8 1.24 2.06 2.19 6.60 1.33 209 12.4 2.3
510 J000 2.24 2.25 1.58 2.61 8.12 5.07 1.67 208 19.8 7o
511 J000 1.76 1.81 1.21 2.01 498 6.75 1.30 209 13.0 2.0
512 J000 215 208 1.53 2.49 272 5.07 1.62 203 18.2 7.0
513 J000 1.45 1.12 1.13 1.77 .43 425 1.17 1.8 [ 1.5
514 J000 1.42 1.12 1.11 1.74 3.62 463 1.13 1.84 7.6 1.8
515 J000 1.47 1.15 1.15 1.77 3.09 244 1.18 1.8 .1 1.6

4=57 515=513 with newlEUBK regression coeficients
EPA/ OCSPP/HUD.gov https://doi.org/10.1016/j.scitotenv.2023.167132

L
—
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Model Evaluation Results

Relative errors (%) for all scenario simulations, 1 to <2-year-olds

Relative errors (%)

Scenario sample size mean o0th 92 5th 95th g7.5th gm Mid high
S0 3000 -10 -9 -4 -13 -21 -1 10 13
S1 3000 11 22 20 4 -13 18 17 12
S2 3000 6 0 0 -12 -24 4 3 12
S3 3000 -15 -8 -7 -19 -35 -1 12 20
o4 3000 2 9 7 £ A7 6 2 10
S5 3000 -21 -15 -18 27 37 -18 18 28
S6 3000 6 1 2 -10 27 -2 3 13
S7 3000 -2 4 4 8 -23 1 3 12
S8 3000 -19 -12 -14 -26 -37 -16 16 29
S9 3000 27 20 47 42 23 22 24 37
S10 3000 o8 o4 84 68 46 o4 o6 66
S11 3000 24 17 22 36 22 19 20 37
512 3000 21 48 74 of 46 49 20 29
S13 3000 2 10 9 £ -23 7 6 13
S14 3000 0 8 10 -1 -16 4 4 9
S15 3000 4 12 12 2 -20 9 8 11

12| EPA/ OCSPP/HUD.gov https://doi.org/10.1016/j.scitotenv.2023.167132



https://doi.org/10.1016/j.scitotenv.2023.167132

<EPA

United States
Environmen tal Protection
Agency

Results for maximum daily average household Pb concentrations (ppm)
that could keep BLL below specific reference values for Scenario 7

Age group BLL: 3.5 pg/d.  BLL: 3.5 pg/dl.  BLL: 5 pg/dL BLL: 5 pg/dL
95th percentile  97.5th percentile 95th percentile  97.5th percentile

1 to<2y-old
dust 160 140 240 210
soil 90 70 220 180
dust & soil 300 210 530 380

2 to<6y-old
dust 140 110 210 150
soil 120 80 220 160
dust & soil 290 210 470 340

EPA/ OCSPP/HUD.gov https://doi.org/10.1016/j.scitotenv.2023.167132

Scenario 7
13|
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Strengths

e SHEDS-Pb can estimate children's BLLs over the range of all population percentiles for
multiple children's age groups. Sensitivity analyses can identify key factors, media, and
exposure pathways. The modeled BLL results compared well with children's NHANES BLLs
for the numerous sensitivity analysis scenarios conducted.

Limitations

* SHEDS-Pb does not capture scenarios of extremely high exposure (e.g., children with pica
behavior) because other behavioral factors related to soil Pb and dietary intake (i.e.,
home or community gardening and homesteading, hunting with Pb-based ammunition,
and/or subsistence practices) are not captured.

* Insufficient data to implement 2-stage Monte Carlo

EPA/OW 2017 https://ehp.niehs.nih.gov/doi/full/10.1289/EHP1605
T EPA/ OCSPP HUD.gov https://doi.org/10.1016/j.scitotenv.2023.167132
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