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Lead (Pb) Exposures have been Trending Downwards

Lead Poisoning Prevention Policies

• Historical regulatory actions driving down Pb

• Federal Lead Action Plan
https://www.epa.gov/lead/federal-action-plan-reduce-
childhood-lead-exposure

• Bipartisan Infrastructure Law
https://www.epa.gov/infrastructure/water-infrastructure-
investments

• EPA Strategy to Reduce Pb Exposure and 
Disparities in U.S. Communities

https://www.epa.gov/system/files/documents/2022-
11/Lead%20Strategy_1.pdf

Presented at Society of Toxicology Workshop  
Get the Lead Out: The Persistent Problem of Lead Exposure from Soil, Dust, and Water 
SOT San Antonio, March 13, 2018 

https://www.epa.gov/lead/federal-action-plan-reduce-childhood-lead-exposure
https://www.epa.gov/lead/federal-action-plan-reduce-childhood-lead-exposure
https://www.epa.gov/infrastructure/water-infrastructure-investments
https://www.epa.gov/infrastructure/water-infrastructure-investments
https://www.epa.gov/system/files/documents/2022-11/Lead%20Strategy_1.pdf
https://www.epa.gov/system/files/documents/2022-11/Lead%20Strategy_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

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.097009.

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

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.
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SHEDS Probabilistic Aggregate Exposure Modeling Approach
(Stochastic Human Exposure and Dose Simulation)

V.G. Zartarian, J. Xue, R. Tornero-Velez, J. Brown, 
2017, Children's Lead Exposure: a Multimedia 
Modeling Analysis to Guide Public Health Decision-
Making, Environmental Health Perspectives, DOI 
number: 10.1289/EHP1605.

Determine max. daily average soil, dust, and soil and dust that could keep 
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 media, 
for different ages.

(2) uptake

(3) biokinetic

IEUBK

(1) exposure

(4) GM centered output,
 Apply GSD 

https://www.epa.gov/superfund/lead-superfund-sites-software-and-
users-manuals#overview



7

SHEDS-Multimedia Provided Probabilistic Input to IEUBK  

X                            =                    
Dietary Lead Intake 
(ug/day)

Dietary Absorption 
Fraction 

Available Lead Intake 
(ug/day)

X                          X                           =                  Water Intake 
(L/day)

Lead Water 
Conc (ug/L)

Water Abs 
Fraction 

Available Lead Intake 
(ug/day)

X                          X                           =                  Soil Intake 
(g/day)

Lead Soil Conc 
(ug/g)

Soil Abs 
Fraction   

Available Lead Intake 
(ug/day)

X                          X                           =   
               
Dust Intake 
(g/day)

Lead Dust Conc 
(ug/g)

Dust Abs 
Fraction 

Available Lead Intake 
(ug/day)

Total GI Available Lead Intake 
(ug/day)

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

IEUBK SOIL & DUST GUI
(intakes & levels)  

IEUBK Bioavailability GUI

(1)    µ
(µg/day) 

(2)   Apply age-specific regression equations to relate uptakes to  blood lead levels 
(µg/dL)

� 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝜇𝜇𝑔𝑔
𝑑𝑑𝑑𝑑𝑑𝑑  𝑋𝑋 𝐴𝐴𝐴𝐴𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 
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IEUBK Regression Fits by Age (month)

Blood Pb (µg/dL) = βo + β1 Uptake + β2 Uptake2 + β3 Uptake3 + e
R2~ 0.999
 

Single month chosen as representative  
for each age interval

interval month

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

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP1605
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 Applied EPA’s probabilistic, national-scale aggregate lead (Pb) model: SHEDS-Pb

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

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

 Objective -- 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 μg/dL or 4 
to 5 μg/dL) for soil-only, dust-only and aggregate Pb exposure scenarios

9

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

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

https://doi.org/10.1016/j.scitotenv.2023.167132
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Model 
Scenarios and 
Data Sources 
AHHS I:  1146 homes, 101 PSU
(2005 – 2006)
AHHS II:  700 homes, 78 PSU
(2018 – 2019)

Soil Pb concentrations
Dust Pb loadings 

Fourth Six-Year Review: 
data provided by 
states/primacy agencies 
through the Information 
Collection Request (ICR) for 
Six-Year Review 4 covering 
from January 2012 through 
December 2019.

Scenario Background Soil and Dust Pb Concs. Background Drinking Water Pb 
Concentrations

Dust Loading to Concentration 
(LTC) Conversion 

Soil and dust 
ingestion rates

2022 Initial – S0 AHHS 1 – First American Healthy Homes 
Survey (HUD, 2011)

Second Six-Year Review of Existing 
National Primary Drinking Water 
Regulations- 6YR-2 c (EPA, 2010) 

Pb NAAQS Risk and Exposure 
Assessment (EPA, 2007)

Ozkaynak et al. 2011

2022 Sensitivity 
Analyses – S1

AHHS I ᵃ Second Six-Year Review of Existing 
National Primary Drinking Water 
Regulations 

Bevington et al., 2021 model #16 Ozkaynak et al. 2022

S2 AHHS I Second Six-Year Review of Existing 
National Primary Drinking Water 
Regulations 

Pb NAAQS Risk and Exposure 
Assessment 

Ozkaynak et al. 2022

S3 AHHS II b  - Second American Healthy Homes 
Survey (HUD, 2021)

Fourth Six-Year Review of Existing 
National Primary Drinking Water 
Regulations – 6YR-4 d (EPA, 2022b)

Pb NAAQS Risk and Exposure 
Assessment

Ozkaynak et al. 2022

S4 AHHS II Fourth Six-Year Review of Existing 
National Primary Drinking Water 
Regulations

Bevington et al., 2021 model #16 Ozkaynak et al. 2022

S5 AHHS II AHHS II (Bradham et al., 2022) Pb NAAQS Risk and Exposure 
Assessment

Ozkaynak et al. 2022

S6 AHHS II AHHS II Bevington et al., 2021 model #16 Ozkaynak et al. 2022
S7 AHHS I + AHHS II AHHS II Bevington et al., 2021 model #16 Ozkaynak et al. 2022
S8 AHHS I + AHHS II AHHS II Pb NAAQS Risk and Exposure 

Assessment
Ozkaynak et al. 2022

S9 AHHS I + AHHS II AHHS II Pb NAAQS Risk and Exposure 
Assessment

von Lindern et al. 2016

S10 AHHS I + AHHS II AHHS II Bevington et al., 2021 model #16 von Lindern et al. 
2016

S11 AHHS I + AHHS II AHHS II Pb NAAQS Risk and Exposure 
Assessment

Exposure Factor 
Handbook 2017 (US 
EPA, 2017b)

S12 AHHS I + AHHS II AHHS II Bevington et al., 2021 model #16 Exposure Factor 
Handbook 2017

S13 AHHS I + AHHS II Fourth Six-Year Review of Existing 
National Primary Drinking Water 
Regulations

Bevington et al., 2021 model #16 Ozkaynak et al. 2022

S14 same as S7 with new SHEDS-IEUBK linkage 
regression equation based on IEUBKv2

- - ---
S15 same as S13 with new SHEDS-IEUBK linkage 

regression equation based on IEUBKv2
- - -

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

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


11

Model Evaluation Results
Simple statistics for all scenario simulation results, 1 to <2-year-olds

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

https://doi.org/10.1016/j.scitotenv.2023.167132
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Model Evaluation Results
Relative errors (%) for all scenario simulations, 1 to <2-year-olds

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

https://doi.org/10.1016/j.scitotenv.2023.167132
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Results for maximum daily average household Pb concentrations (ppm) 
that could keep BLL below specific reference values for Scenario 7

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

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

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP1605
https://doi.org/10.1016/j.scitotenv.2023.167132
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