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Priority, Multimedia Issue

. Lead (Pb) is a toxic legacy contaminant; significant
progress but remains a public health priority: no safe
level in children

. ~250,000 children have blood lead levels (BLLs) > the
Centers for Disease Control and Prevention (CDC)
reference level (5 ug/dL)

. Multimedia exposures: water, soil, dust, food and air LEAD EXPOSURE CAN #anteocsaint
OCCUR THROUGH...

. Aging infrastructure (Pb in pipes, paint) is ongoing

. Maximizing risk reductions requires multimedia

exposure assessment and coordinated approaches




Federal Programs and Efforts

> 2016 report on Key Federal Programs to
Reduce Childhood Lead Exposure and
Eliminate Associated Health Impacts

Programs to
Reduce Childhood

» New federal lead strategy under ol

and Eliminate

President’s Task Force on Environmental B e oacts
Health Risks and Safety Risks



https://ptfceh.niehs.nih.gov/features/assets/files/key_federal_programs_to_reduce_childhood_lead_exposures_and_eliminate_associated_health_impactspresidents_508.pdf
https://www.epa.gov/newsreleases/epa-administrator-pruitt-invites-nations-leaders-join-epa-efforts-reduce-childhood-lead

Areas of Pb Research Being Discussed

- Identify highest risk communities across the US

- Identify sources of Pb in children’s environments and relative
contribution of these sources to BLLS

- Assess relative contribution of various exposure pathways (water, soil,
dust, food, air) to BLLs to inform effective exposure reduction strategies

- ldentify the most effective approaches to prevent childhood Pb exposure

- Identify effective interventions to mitigate the health effects of Pb
exposure

- Evaluate effectiveness of key programs and policies to prevent Pb
exposure



Examples of EPA Pb Effort

EPA Program and Regional Offices
- Federal Pb Strategy (Office of Children’s Health Protection)

- EPA Pb Disparities Team (Office of Chemical Safety and Pollution Prevention)
- Pb priority in EJ2020 Plan (Office of Environmental Justice)

- Global Alliance to Eliminate Lead Paint with the World Health Organization
and the United Nations Environment Program (Office of Tribal and International

Affairs)

EPA Office of Research and Development

- Physiologically based pharmacokinetic (PBPK) modeling (e.g., EPA’s
Integrated Exposure Uptake Biokinetic (IEUBK) model)

- Pb bioavailability and soil/dust ingestion research

- Water Pb monitoring and modeling

- Multimedia Pb exposure-dose modeling: “Children's Lead Exposure:
a Multimedia Modeling Analysis to Guide Public Health Decision-
Making,” Environmental Health Perspectives, 2017



Develop and apply an innovative Pb modeling approach, considering the
National Drinking Water Advisory Council’s recommendation to develop a
“Household Action Level” (HAL) for Pb in drinking water

Determine drinking water Pb concentrations that could keep specified
percentiles of national BLL distributions of different aged children below
specified BLL, for various scenarios.

Evaluate modeled predictions using CDC National Health and Nutrition
Examination Survey (NHANES) and other BLL data; quantify relative
contributions by each media/exposure pathway; identify key inputs.




Multimedia Pb Modeling Approach

Input Databases Exposure Algorithims Exposure Output:
* Real-world Activity Data:Census, = Calculate Individual Exposure Available Intake by Route
NHANES & CHAD Diaries Time Profiles by Pathway (ng/day)
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Summary of Main Model Inputs

Zartarian et al., EHP, 2017, DOI: 10.1289/EHP1605.

Dietary Pb Data from FDA Total Diet Study Age N Men S S0h  GM GSD  75th 95 99th
Intake (ug/day) 2007-13 (TDS) & J Spungen, 0-6Momh 1072 070 098 030 027 475 091 271 347
FDA_CSFAN UﬂpUbllShed data 1 Year 2226 2.58 1.84 217 200 216 341 5.83 763
i i 2 Year 1788 344 203 3.06 2385 1.94 449 7123 846
for recipe mapping, Method 3Yewr 1160 354 206 318 298 189 463 726 843
4 Year 1240 3.57 216 3.18 300 1.87 455 7125 863
from Xue et al" 2010 EHP 5 Year 1066 3.85 218 343 331 1.77 4383 7.86 952
6 Year 1086 3.80 202 351 329 1.76 4384 7.55 830
Soil and Dust Empirical distribution from . .
Pb ConCS HUD AHHS 2005-2006 data Media House age N Mean Std Median  GM GSD fited log mean fitted log Std 75th 95th 99th
(ppm) hitpiportalud govhudportalidocy 42 S E T mmim e m om m e
id= il I . . . . . . . . . .
ments/huddoc?id=AHHS Reportpdf I S5 5 57 R0 N2 0w a;;  1os s s ews
Soil/Dust Ozkaynak et al., 2011, Risk e ————
Of b k 4 § d
|ngesti0n AnalySiS 2 %total 452 588 258 259 30 146 201 276
3 mgtotal 517 642 3.1 289 32 168 220 304
(mg/day) 4 mgtotl 578 755 340 316 32 197 268 364
5 mgtoal 626 798 379 344 32 204 270 380
6 mgtoal 543 761 304 292 32 183 252 357
Water NHAN ES 2005_20012 age (years) N mean std p50 GM GSD p75 p95 p99
Consumption SOy e sm o S a0 a0 e mr 19
1 1792 247 247 219 151 3.3 306 690 1148
(m I / d ay) 2 1948 300 312 251 176 3.4 360 909 1424
3 1272 316 313 257 193 3.1 398 917 1640
4 1358 320 333 261 197 3.2 404 874 1434
5 1196 364 366 303 213 35 447 1037 1802
6 1306 377 353 332 228 35 480 1067 1601
Absolute IEUBK Default 30% for soil&dust; 50% for water&food

Bioavailability


http://portal.hud.gov/hudportal/documents/huddoc?id=AHHS_Report.pdf
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Estimated Contribution of Exposure Pathways to BL

National-Scale Analysis using Multimedia Pb Modeling
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Zartarian et al., EHP, 2017, DOI: 10.1289/EHP1605.

70-80

80-90  90-100

Soil/dust ingestion can be
significant for most vulnerable
populations at the national scale

Estimates for US residential
population; analysis not designed
for specific at-risk populations or
households

Limitations and uncertainties of
this national scale analysis,
including available data for model
inputs

Contributions from pathways are
highly dependent on scenarios

being considered 10



elow SeC|f|ed Values

BLL 5 pg/dL
@ 97.5t %ile

BLL 3.5 pg/dL
@ 95t %ile

BLL 5 pg/dL

Age Group @ 95 %ile

0 to 6 months

old

1to <2 years

old

2 to <6 years
old

Oto 7 years

old

Exposure BLL 3.5 pg/dL
Scenario @ 97.5t" %ile
Water Only 13.1 ppb
Aggregate 3.7 ppb
Water Only 25.1 ppb
Aggregate *
Water Only 23.6 ppb
Aggregate *
Water Only 20.1 ppb
Aggregate *

19.3 ppb
15.8 ppb
37.7 ppb
5.4 ppb
35.0 ppb
2.8 ppb
29.5 ppb

4.7 ppb

* BLL will not be below targets even with O ppb Pb in water

Zartarian, Xue, Tornero-Velez, Brown, EHP, 2017, DOI: 10.1289/EHP1605.

14.1 ppb
6.9 ppb
30.9 ppb
2.5 ppb
29.4 ppb
1.1 ppb
27.3 ppb

2.2 ppb

20.8 ppb
17.4 ppb
46.0 ppb
14.2 ppb
43.6 ppb
12.1 ppb
41.0 ppb

12.9 ppb



Strengths
eRepresents an advance in science

Multimedia Pb analysis uses 2 published, evaluated models

Population-based, probabilistic, multimedia approach enhances understanding of
relationship between Pb in drinking water and BLLs

Uniquely reports percent contribution to children’s BLL by exposure pathway,
population percentile, and age group

Sensitivity analyses identify key factors, media, and exposure pathways
Multimedia Pb Modeling estimates compare well against CDC NHANES BLL data
Approach can be applied to other environmental media to inform decision-making
considering exposures aggregated from multiple media

eReflects scientific input from external peer reviewers

Limitations
eRequires selecting a BLL benchmark; CDC reference level may change
eRequires detailed input data (e.g., distributions rather than point estimates)

Uncertainties and limitations in data for key variables

eCurrently intended for national scale analyses

12



Exposure to Lead

As is the case of other sources of Pb,
the exposure to lead in drinking water
has many factors

Water quality factors
* Lead dissolution (water quality, treatment
changes, pipe conditions (e.g., biofilms))
 Lead particulate release (flow, disturbances)

Plumbing configuration and use factors
* Lead Sources (pipe & plumbing materials)
* Pipe lengths, diameter and arrangements
* Fixtures & appliances (where)
* Customer usage patterns: when, where and by
whom; daily/weekly/monthly variations
* Flow rates (how much and stagnation times)

!

S —— m i e ———
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Sampling

There are many ways of sampling for lead in drinking water

* Each technique tells a different part of the story

First Draw - Regulatory (US)

- TreatmentAssessment o jnfortunately, none of them can fully define
Random Daytime - Regulatory (UK) . T
Sampling IS exposure, especially of an individual
Fixed Stagnation - Regulatory (Ontario) ) _ ]
Time - Treatment Assessment * An online real-time method does not exist
Fully Flushed - Lead Source Assessment

- Treatment Assessment —, particulate lead is particularly problematic in
Sequential Sampling - Lead Source Assessment

measuring

Automatic Composite - Exposure Assessment

Proportional * It is important that health effects projects choose
ManuaI_Composne - Exposure Assessment the appropriate (best) sampling technique
Proportional

Particle Stimulation - Lead Type Assessment ) ) . ] ) )

Sampling  Bioavailability questions persist, especially for
Service Line - Lead Source Assessment pa rticulates

Sampling

Whole Flow Capture - Exposure Assessment




Science of Lead in Drinking Water

Complex scientific issues remain between
water quality and lead scale chemistry

* The highest Pb concentrations come from water that has remained stagnant in the Pb
service line for extended periods of time (overnight) or from particulate release events
which are highly variable in nature.

* Porosity and solubility of lead scale will differ greatly among utilities.
* Pb can adsorb/desorb from iron or galvanized pipe corrosion scales.

* Corrosion control techniques (e.g., orthophosphate) seem to have different impacts on
different Pb sources (service lines, solder and brass fixtures).

* Water quality changes due to treatment or extended stagnation can significantly impact
corrosion.

 EPA ORD has analyzed hundreds of pipes and has provided corrosion control advice to
communities and states across the country. How can this unique expertise be better
transferred to the states?




Premise Plumbing-Configuration and Lead Sources

“Control” Boundary

16



to Identify Lead Sources

Brass BrassHl‘Vleter Service Water
Elevated iron and lead Interior | . .
/ suggests particles. Plumbing gzg;’gst Shutoff mainPlumbing Inspection
100|u-x|-x|-||-|-|:-N'1'|""|"1
3 —e— Round 1(2-24-16) S —e— Round 1 (2-24-16) |
L —e— Round 3 (7-12-16) 1 : —&— Round 3 (7-12-16)
—=— Round4(9-16-16) | 20 —&— Round 4 (9-16-16)
80 |- & Round 5 (11-12-16) | i ¢ Round 5 (11-12-16)
§ 1 Eﬁ 200 s
g o0f Lead 1 &
£ Lead service line in 5 150 k- N
5 unknown region likely. § .
g ' =
o 40 10 i
= | 1 & 100 @ _
O ‘ 12 ¢
20 s *-g ] i
o > oo
0 9 1'::’:1’ L 1 L l L 1 1 l 1 1 1 1 0 i 1 L L L l A A i i | L L L L l i 1 1 i
0 5 10 15 20 0 5 10 15 20
Cumulative Volume (L) Cumulative Volume (L)

Two lead sources: 1) Associated with iron corrosion — likely particulate
lead, 2) From the lead service line — likely dissolved lead.
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~entrations by Sampling Method

Three sampling methods

e First draw results from this
limited study are lower because
method does not capture water
from lead service line

* High variability in results for
Composite and Random
Daytime sampling, but mean

0 — — i values similar
Camposite First Draw RDT

(n=12) (n=8) (n=12)

Lead Concentration, pg/L
IIII|III||IIII|IIII|IIII|IIII|IIII|IIII||III

From “A Simulated Household Plumbing System to Understand * These results are for one water

Water Quality and Corrosion,” Cahalan and Lytle, Proceedings gua | ity and one lead scale
of the AWWA Annual Conference, 2017. condition

18



Situational Issues

Water Quality Impacts

Problem: Water quality changes can result in Pb release

Examples: Abandoned homes and treatment changes
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Situational Issues

Water Quality Impacts

Problem: Water quality changes can result in Pb release

Examples: Abandoned homes and treatment changes

18O (v 7

. R
Treatment changes/Variable oo [T Anewmacie g | 3
Water Quality o ’ .
3 120 | © E =
* Similarly, variations in water ¥ N ! %: ! E
quality can also result in 5 ; £ | 3
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Premise Plumbing Modeling

Modeling water use in homes has

potential to incorporate intrinsic T = 27 St
uncertainty & variability into exposure N | l—,;a, ,,,,,,
predictions S ¥
Data [ A Models L 3 Results
Representative EPANET model Statistical predictions
distributions of hydraulic of “average Pb
and water quality factors Water usage model concentrations” &
(Pb sources, premise exposure for

plumbing, appliances, Pb equilibrium model individuals

water treatment, water
chemistry, pipe conditions)




e EPA ORD’s multimedia Pb modeling analysis advances scientific
understanding of the relationship between Pb levels in drinking water
and BLLs in infants and young children, and it can inform a risk
communication for lead in drinking water.

e While model evaluation provides confidence in the results, more up-to-
date data and information on key model inputs and BLLs would help
refine model estimates for quantifying and reducing uncertainties, and
focusing on specific at-risk populations.

e Exposure studies with novel water Pb monitoring and modeling

approaches are needed to address the spatial and temporal variability of
household Pb water concentrations.

22



Potential Research Going Forward

G
» Identifying high Pb risk communities and key
factors using available data, models and indices

* Improving multimedia exposures models to
better understand contributions from various
sources and pathways to blood lead levels

* Improving data (using measurement methods
and models) for key model inputs such as water,
soil, dust Pb concentrations; water/soil/dust
ingestion rates; bioavailability

e Applying models, methods, data to inform
decisions for risk prevention, mitigation,
communication




Questions for Discussion

* Do these research areas resonate with states’
science needs? Are there others?

 EPA ORD has extensive experience in lead research
in both sampling and modeling - working at the
national, state, community and residence level.
How can we better continue to work with states to

(( i@&i reduce lead exposure?
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