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The webinar will begin promptly at 12:00 pm ET,
9:00 am PT

* You have two options for accessing the webinar

1. Listen to the broadcast audio If your computer is
equipped with speakers

2. Call into the conference line: 303-248-0285
Required conference ID: 6102000

= For any question or issues, please emall
serdp-estcp@noblis.org or call 571-372-6565
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Welcome and Introductions

Rula A. Deeb, Ph.D.
Webinar Program Coordinator
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Webinar Agenda

Webinar Logistics

Dr. Rula Deeb, Geosyntec Consultants (5 minutes)
Overview of SERDP and ESTCP
Dr. Andrea Leeson, SERDP and ESTCP (5 minutes)

Bioavailability of Contaminants in Soils: Overview of SERDP and
ESTCP Funded Research and Recommendations
Dr. Hans Stroo, SERDP and ESTCP (10 minutes + Q&A)

PAH Interactions with Soil and Effects on Bioaccessibility and
Bioavailability to Humans
Ms. Yvette Lowney, Alloy LLC (20 minutes + Q&A)

Mechanisms and Permanence of Sequestered Lead and Arsenic in
Soils: Impact on Human Bioavailability
Dr. Nicholas Basta, The Ohio State University (20 minutes + Q&A)

Final Q&A session

SERDP and ESTCP Webinar Series (#44)
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How to Ask Questions

Type and send guestions at

any time using the Q&A panel

Chat with Presenter:

Question| " Send I
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In Case of Technical Difficulties

» Delays In the broadcast audio
 Click the mute/connect button
e Walt 3-5 seconds
 Click the mute/connect button again

o |f delays continue, call into the conference line
— Call into the conference line: 303-248-0285
— Required conference ID: 6102000

= Submit a question using the chat box

SERDP and ESTCP Webinar Series (#44) 7
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SERDP and ESTCP
Overview

Andrea Leeson, Ph.D. g
SERDP and ESTCP
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SERDP

» Strategic Environmental Research and
Development Program

» Established by Congress in FY 1991
 DoD, DOE and EPA partnership

» SERDP Is a requirements driven program
which identifies high-priority environmental
science and technology investment
opportunities that address DoD reguirements

* Advanced technology development to address
near term needs

* Fundamental research to impact real world
environmental management

SERDP and ESTCP Webinar Series (#44) 9
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ESTCP

= Environmental Security Technology
Certification Program

= Demonstrate innovative cost-effective
environmental and energy technologies

e Capitalize on past investments
 Transition technology out of the lab

* Promote implementation
 Facilitate regulatory acceptance

SERDP and ESTCP Webinar Series (#44) 10



Program Areas

1. Energy and Water
Environmental Restoration
Munitions Response

Resource Conservation and
Climate Change

. Weapons Systems and
Platforms -

> W

ol
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DOD = EPA = D

Environmental Restoration

= Major focus areas

 Contaminated
groundwater

o Contaminants on ranges
e Contaminated sediments
 WWastewater treatment

* Risk assessment

SERDP and ESTCP Webinar Series (#44)
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SERDP and ESTCP Webinar Series

Date Topic

el eglelsiiralo ks Novel Coatings Systems for Use as High
Performance Chemical Resistant Powder Topcoats

Blelecinglelsl S 2A0lsH Advances in the Assessment and In Situ Treatment
of Contaminated Sediments

January 12, 2017 Award Winning Projects: Energy and Water
January 26, 2017 Award Winning Projects: Weapons Systems and
Platforms

February 9, 2017 Award Winning Projects: Environmental
Restoration

scliElgAaeRviiyas Award Winning Projects: Resource Conservation
and Climate Change

March 9, 2017 Award Winning Projects: Munitions Response

SERDP and ESTCP Webinar Series (#44)
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Presentation Notes
Our webinar series will be highlighting research and demonstration efforts from each of the 5 Program Areas. As you can see, our webinars will cover a broad range of topics, with upcoming topics covering waste to energy technologies, DNAPL source zone management, energy audits and sustainable materials.


SERDP and ESTCP Webinar Series

For upcoming webinars, please visit

http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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Our webinar series will be highlighting research and demonstration efforts from each of the 5 Program Areas. As you can see, our webinars will cover a broad range of topics, with upcoming topics covering waste to energy technologies, DNAPL source zone management, energy audits and sustainable materials. The next Energy and Water webinar will be on October 6 on cyber security requirements. 

You can find detailed information and register for upcoming webinars at this link. I hope you enjoy the webinar today.

…Turn back to Rula…
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Bioavailability of Contaminants in Soils:
Overview of SERDP and ESTCP Funded
Research and Recommendations

Hans Stroo, Ph.D. /ﬂfﬁw‘;
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Presentation Notes
Brief overview of SERDP/ESTCP efforts over past decade.


Presentation Outline

* [ntroduction and background
= Status of SERDP/ESTCP projects
= Remaining R&D needs

WHITE PAPER

Bioavailability of Contaminants in Soils and Sediments:
Status and Recommendations

SERDP/ESTCP White Paper

FEBRUARY 2016

SERDP and ESTCP Webinar Series (#44) 16


Presenter
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I’m providing an introduction to the terms and concepts used throughout this webinar, and a background on SERDP’s overall initiative in this area. Several related projects will be briefly described, and I will end with a short summary of remaining research needs.

This presentation is taken from a 2016 White Paper, available at SERDP/ESTCP website, at the link given at the end of my section.
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Soll Effects on Bioavailability

{ Biological Membrane ]
Bound C <

Contaminant

./ Absorbed
Contaminant

Site of Biological

Association A Dissociation B \ in Organism Response
Released
Contaminant B

Bioavailability Processes (A, B, C, and D)

A B&C D E
Contaminant Contaminant Passage Across Circulation Within Organism,
Interactions Transport to Physiological Accumulation in Target
Between Phases Organism Membrane Organ, Toxicokinetics

NRC, 2003. Bioavailability of Contaminants in Soils and Sediments
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Presentation Notes
A convenient starting point for this webinar is the 2003 National Research Council report, which concluded that bioavailability could be an important consideration in some conditions, but that a better understanding and better tools for measuring bioavailability were needed. The NRC report laid the groundwork for including bioavailability processes in setting risk-based criteria for sites, but it also pointed out the need for more research. 

A key figure in the NRC report illustrated the processes occurring in the environment that can reduce the amount of a contaminant that is absorbed by an organism. Note that strong sorption or sequestration of chemicals by soil particles can reduce the eventual uptake by organisms, and that several processes can occur outside an organism or inside the gut that will affect the eventual uptake. Note also that internal processes (E) can affect the ultimate toxicity or carcinogenicity.
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Value of Bioavallablility in Risk
Assessment

Adjusted for Relative Bioavailability (RBA)

Absorbed from soill

Absorption from medium used in
toxicity study

RBA =

Direct Relationship of RBA to Risk-Based
Criteria

SERDP and ESTCP Webinar Series (#44) 18
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Using Relative Oral Bioavailabllity In
Human Health Risk Assessment

Can be used in Exposure Assessments

Exposure, ., ... = CSXIRXEFXEDX FIXRBA
(RBA-adjusted) BW x AT

...0r In the Toxicity Assessment

Reference Dose(RBA_adjusted) = IlngDA
Cancer Slope Factor = CSF x RBA

(RBA-adjusted)

SERDP and ESTCP Webinar Series (#44) 19
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Bioavailability of Inorganics in Soill:

Top 5 DoD Targets

EPA = DDE
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From NAVY, Army, Air Force,
RMIS and CERCLIS Databases
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Lead (33%) > Arsenic (18%) > Chromium (10%) >

Cadmium and Antimony (7%)
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Source: Ruby, 2005 (ER-1165)
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Presentation Notes
One of the first steps was to identify DoD’s most important inorganic contaminants from a risk perspective. Mike Ruby compiled information from DoD and EPA databases in 2005.

The Big 5 for soils that exceeded human health criteria are shown in red. These exceedances generally were due to the potential for exposure through oral ingestion of soil.


S B SERDP ¢

Bioavallability and Bioaccessibility

Soil
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(2.
In Vitro
Bioaccessibility

In Vivo Bioavailability

$3,000-$30,000/Sample

$100-$250/Sample

Source: Lowney


Presenter
Presentation Notes
SERDP’s efforts have focused on development and validation of in vitro assays, because they are much less costly and time-consuming than animal testing.

It is important to realize these in vitro tests can only measure bioaccessibility – the potential for chemicals to be released through dissolution from the soil particles and thus be accessible for absorption by an organism. Measuring bioavailability – actual uptake by an appropriate living organism - is the gold standard. However, the costs and time for in vivo testing limit the usefulness of bioavailability in risk assessment and monitoring, so reliable in vitro tests would be very helpful.


s #ASERDP ESTCP
Status of SERDP/ESTCP Efforts

Workshop Recommendations

= |n vitro assays for arsenic
« ER-1742 (Basta): Sequestration of lead and arsenic

 ER-200916 (Griffin and Lowney): In vitro lead and
arsenic assays

« ER-200517 (Hawkins): Predict metal bioaccesibility
» Cost-effective assays for DoD-relevant organics
« ER-1743 (Lowney): In vitro methods for PAHs

= Bioavailability guidance

* ITRC: sediments (2015) and solls (2017)
- http://itrcweb.org/Team/Public?teamID=70

SERDP and ESTCP Webinar Series (#44) 22
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These are specific recommendations from a workshop SERDP convened in 2008. That report is also on the serdp-estcp.org website. Several projects were Projects funded in each area are identified on this slide and the next. 

The first two recommendations were for assays for arsenic and DoD-relevant organic compounds. Nick Basta and Yvette Lowney will be discussing the projects in this area, both shown in red. Both projects were initiated in response to a 2010 Statement of Need on “Contaminant Interactions with Soil Components and their Impacts on Bioavailability”. 

A third recommendation was for guidance on use of bioavailability in risk assessments. SERDP participated in the ITRC team that recently produced guidance on sediments, and is currently working with a separate ITRC team on guidance for using bioavailability in soils. 


s #ASERDP ESTCP
Status of SERDP/ESTCP Efforts

= \/a

e E
R

Workshop Recommendations (Cont’d)

Id soll limits for DoD contaminants

R-1210 (Lanno): Eco-SSLs for PAHs, TNT,
DX and metals

e E

R-1770 (Trainor): Bioavailability of lead and

antimony

» Remediation to reduce bioavailability

 ER-1351 (Banks): Phosphate mixtures to treat
lead and arsenic

 ER-1350 (Jardine): Novel amendments to treat
metals

SERDP and ESTCP Webinar Series (#44) 23
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One project has addressed ecological soil screening levels for DoD contaminants, with bioavailability being a key driver of the ultimate EcoSSL values.

Dr. Thomas Trainor recently completed a project examining lead and antimony bioavailability on firing ranges. That project recently produced a separate webinar, available on the SERDP website.

Two projects have tested remediation methods designed to reduce bioavailability. These have involved use of phosphates for Pb and amendment with iron for As.
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Predicting Bioaccessibility
from Soll Properties
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Allows screening level predictions used in
Soil Bioaccessibility Tool (SBAT)
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Presentation Notes
It may be helpful to use soil properties to estimate the likely impacts of bioavailability on risks at a specific site, prior to any testing, or perhaps even in place of site-specific testing.

Initial work by Phil Jardine showed promise for this approach, with two key graphs showing the effects of OC and iron oxide contents on the bioaccessibility of CrVI and AsV, respectively. 

The SBAT has been developed based on these types of results, and Dr. Basta will describe some of the testing done to validate this approach.
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Remaining R&D Needs

= Validate Iin vitro models for treated solls
e Little data on solls treated for lead and arsenic

» Evaluate dermal exposure to cPAHs
 Methods and dose-response relationships

= Validate the mouse model for metals
 Less costly than swine, but needs validation

SERDP and ESTCP Webinar Series (#44) 25
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For additional information, please visit
https://serdp-estcp.org/Featured-
Initiatives/Cleanup-Initiatives/Bioavailability

Speaker Contact Information
hans@strooconsulting.com; 541-301-3583
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All of this information and more is available at SERDP’s Bioavailability Initiative web page at the link given. Thank you.
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Q&A Session 1

$SERDP ¢

DOD = ERPA = DOE




SERDP and ESTCP Webinar Series

PAH Interactions with Soil and Effects on
Bioaccessibility and Bioavailability to
Humans

Yvette W. Lowney S48
Alloy, LLC BXEE
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SERDP Project ER-1743
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Presentation Outline

* |mpetus for study

= Some of key research components
= Results of the effort

» |mplications for risk assessment

SERDP and ESTCP Webinar Series (#44) 29
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Sources of PAHs to Solls

SERDP $ESTCP

Type PAH Source Primary PAH-bearing Materials
Natural Forest fires Soot, char
Grass fires Soot, char
Volcanic eruptions Soot, char
Oil seeps Weathered crude oil
Industrial | Manufactured gas plants Coal tar, pitch, coal, char, soot
Coking operations Coal tar, coal, coke, soot
Aluminum production Coal tar pitch (making and disposing of anodes)
Foundries Coal tar pitch, creosote, fuel oil (used in making sand casts), soot
Wood treating Creosote
Refineries Soot, various NAPLSs (crude oil, fuel oil, diesel, etc.)
Carbon black manufacture Soot, oil tar
Fuel spills and/or disposal Various NAPLs (crude olil, fuel oil, waste oll, diesel)
Non- Skeet Coal tar pitch or bitumen (used as binder in targets)
Industrial | Asphalt sealants Coal tar
Sources | Landfills Creosote (treated wood), soot, char
Incinerators (municipal, hospital) | Soot
Open burning Soot, char
Fire training Soot
Fires Soot, char
Auto/truck emissions Soot

SERDP and ESTCP Webinar Series (#44)
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Presenter
Presentation Notes
Consider

PAHs come in carbonaceous source materials, of which there are a finite number (4 general categories/types): soot, char, coal tar pitch, petroleum.
Industrial are high concentration.  Natural & non-industrial more widespread but lower level.


S {3SERDP ESTCP

DOD = EPA = DOE

Technical Objective

» EPA default is to assume that the RBA of PAHSs in soil is 100%
« Assumes absorption from soil equivalent to absorption from spiked food
= EXisting research supports site-specific adjustments
= Literature still limited
 Isolated sites
« Unproven methods
* High concentrations
=  Qur study

* Provide information on
the bioavailability of PAHs from soll

o Effect of different sources of PAHS
o Effect of different soil characteristics

» Effect of different concentrations — within the range of environmental
relevance

= This new information and assessment tools will support more
accurate HHRA, which may result in higher cleanup goals and more
cost-effective, health- -protective remediation plans for PAHs in soils

Abstract

Number of
Publications

Publication Year

SERDP and ESTCP Webinar Series (#44) 31
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44 studies published or reported since the early 90s
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Technical Approach

spiked soils

Construct and weather PAH-

1

Soil-Chemical Interactions

Initial physiologically-

“releasable fractions” for
e PAH Sources

* Soil Characteristics

« PAH Concentration

based extraction
testing

Select research substrates
for
oral and dermal research

! !

v

Relative oral Dermal
bioavailability absorption
feeding studies flux studies

Correlate with oral

In vitro method
development:

RBA

SERDP and ESTCP Webinar Series (#44)

RBA = relative oral bioavailability
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Presenter
Presentation Notes
Large Project, discussion of full scope impossible in short presentation.  Going to focus on three major components of the effort.
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DOD = EPA = DOE M

Technical Approach

Construct and weather PAH-
spiked soils

l

Soil-Chemical Interactions Initial physiologically- Select research substrates
“releasable fractions” for based extraction for
e PAH Sources testing oral and dermal research
 Soil Characteristics 1 1
» PAH Concentration
Relative oral Dermal
bioavailability absorption
v feeding studies flux studies
In vitro method ‘
development:

Correlate with oral
RBA

SERDP and ESTCP Webinar Series (#44) RBA = relative oral bioavailability 33
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Large Project, discussion of full scope impossible in short presentation.  Going to focus on three major components of the effort.
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DOD = EPA = DOE

Technical Approach

Construct Solls for Characterization

Synthetic Spiked Soils

« ASTM Synthetic Soil (70% sand,
20% kaolin, 10% peat moss)

Alter Content of Geosorbents

e 2.0% coal dust
* Reduce peat to 1%

PAH Sources

Mixture of PAHS in

Solvent « Reduce clay to 2%
Black Carbon Spike
Soot : : :
_ Spike Soils with PAH Sources
Skeet Spike
NAPL Spike
Fuel Oil Weather Soils for 2 Months

Assess PAH Chemistry and
Bioavailability, and
Bioaccessibility

SERDP and ESTCP Webinar Series (#44)
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Presentation Notes
First task to discuss.
Bottom line: Develop test substrates that mimic the range of geosorbents and PAH source materials found in DoD site soils.
PAH source materials of relevance to DOD.  Based on ASTM synthetic soil.  Use coal dust as BC.  Manipulate soil constituents to assess importance of TOC, clay, BC, and PAH source material.


DOD = EPA = DOE

Constructed Soills

Sources, Soil Characteristics, PAH Concentrations

Test Soil Matrix (ASTM synthetic soil; 70% sand, 20% kaolinite, 10% peat)

PAH

Sources

Solvent
spike

Soot

Skeet
Particles

Fuel Oil

0.1, 1.0,
10, 100

0.1, 1.0,
10, 100

0.1, 1.0,
10, 100

0.1, 1.0,
10

ASTM ASTM
soil soil
plus 2 peat
percent content
charcoal reduced
HIES to 1%
0.1,1.0, 1.0
10
1.0 —
1.0 —
0.1,1.0, 1.0
10

ASTM ASTM soil ASTM
soil kaolinite soil peat
kaolinite replaced with replaced
content | montmorillonite with
reduced humus
to 2%
1.0 1.0 1.0
1.0 — —

SERDP and ESTCP Webinar Series (#44)

Values represent target concentration of BaP

35



S $YSERDP

DOD = EPA = DO

Soil-Chemical Interactions
Technical Approach

= Used aqueous equilibrium p  Aqueous Equilibrium
teStlng Pﬁﬁ@i - Experiments
= Assessed strength of — )
binding between PAHs and I o= Csou/ Cunrer
soil components Freely dissolved | CwaTer = Crou / Keow
= Full suite of EPA Priority A (G
Pollutant PAHs
= Varied

 PAH source
« Soll characteristics (NOM, BC,

clay)
 PAH concentration (saturation
effects)

SERDP and ESTCP Webinar Series (#44) 36
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Single dose in soil and food 
food cuz we want to know the absorption from soil relative to absorption from food.  
Single doses so that there’s no induction. (not the right design for a toxicity study or chronic exposure study, but our focus is simple absorption, so it IS the right design for our objectives
Measure tritium label in blood (captures parent compound and metabolites). 
Collect data on other tissues with the goal of copareing those data against the blood AUC data 
Using jugular vein cannulated rats.
Adduct and metabolic profile work is highly experimental.
As study progresses, data may point direction to a cold PAH in vivo model.
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DOD = EPA = D

Soil-Chemical Interactions
Effect of Source Materials on PAH Partitioning

Modeled Ko Measured Ko
- oc ® soil + solvent  # soil + soot Results demonstrate
| ™™0C+BC ® 5oil + fueloil  ® soil + skeet &
T 15 Cestter s effect of source
e c++ % o+ T+ material on binding of
2 ®* ,e_ PAHstosoil: soot or
2 5 s *—- == " skeetas PAH sources
a0 i - - = . .
= e +++t L resulted in much
T+ iv: 3V v= stronger binding of
3 | P PAHSs to soll, and
“e-- lower dissolution
2
Phenanthrene Pyrene Benzo(a)pyrene Benzo[ghi]perylene

SERDP and ESTCP Webinar Series (#44) Xia et al., 2016. Environ. Sci. Technol. 50: 3444-3452 37
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DOD = EPA = DOE

Soil-Chemical Interactions
Effect of Black Carbon on PAH Partitioning

180

160

M solvent

u fuel oil

soot

M skeet

140 -

120 -

100 -

80 -

60 -

Ky in soils with charcoal
Kp in soils without charcoal

40 -

20 -

SERDP and ESTCP Webinar Series (#44)

Results demonstrate
effect of adding black
carbon (BC) on binding
of PAHSs to soil:
Addition of charcoal
resulted in higher
binding to soil for every
PAH source material

Xia et al., 2016. Environ. Sci. Technol. 50: 3444-3452 38
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Soill-Chemical Interactions
Conclusions

= PAH source material governs PAH partitioning
« Understanding PAH source(s) in contaminated soil can help
iInform whether a bioavailability investigation would be useful
= Black carbon content can substantially increase solil K,
* |In situ remediation with black carbon amendments can
substantially reduce PAH bioavailability
= Other solil characteristics and PAH concentration had
small or no effects on PAH partitioning

= Soll partitioning models and further details on
partitioning coefficients of individual soil components
and their sorptive interactions are provided in Xia et al.
(2016)

SERDP and ESTCP Webinar Series (#44) Xia et al., 2016. Environ. Sci. Technol. 50: 3444-3452 39
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In Vivo Study

Technical Approach

= Need standardized in vivo model for site
assessment

= Animal studies required for regulatory
acceptance

* Need data for range of soils with diverse
characteristics and contaminant sources

= Animal data needed to assess predictive
value of in vitro method
e Our focus was to develop methods that can be

used to examine bioavailability at environmentally
relevant PAH concentrations (low ppm)

SERDP and ESTCP Webinar Series (#44) 40
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Presentation Notes
Point: In vivo work is the key to regulatory acceptance of this study.
Committed to development of an animal model that will provide reliable data at the soil concentration range of interest for the project.
Key component to gaining regulatory acceptance of the concept that soil characteristics result in decreased RBA of PAHs from soil (EU/Canadian regulatory systems more willing to rely on extraction testing. All feedback from EPA is that they will continue to expect the phenomenon to be demonstrated in an animal model, and that any in vitro method would have to be demonstrated as predictive of animal data in order to gain acceptance for use in risk assessment.
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In Vivo Study
Technical Approach (Cont'd)

= 3H radiolabel allowed for

quantitative evaluation in *H-BaP Spike in food
COnCentl’atIOH range Of 3H-BaP in PAH Source Material in Soil
environmental relevance l' Library of Soils
. Sources
u USG Of Sma” anlmal allowed Single oral doses of varying size Soil Characteristics
. ngher “r g;iﬂ \\jr:\ PAH Concentrations
 Lower waste i el
 Consistent with animal in critical \
toxicity study AUC of 3H in Blood
= Matrix of study soils similar to g
chemical characterization task z /N
. = Time =—
e PAHS in solvent
e PAHS in soot — :AUG ,
e PAHSs in fuel oil o AUCder

= AUC in blood is “gold standard” for
assessing bioavailability

SERDP and ESTCP Webinar Series (#44) 41
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In Vivo Study

diet. Addition of
charcoal to soll
further reduced
bioavailability

o

Results
= 25- Results
-‘02 i ®- Food- Solvent (Reference) demonstrate lower
£ 204} —@— Baseline Soil- Solvent - . o
c —@— Baseline Soil+Charcoal- Solvent bloavallablllty of
2 15 E 10 ppm BaP weathered soils BaP from soils
= -
s | E when compared to
& 101 §§ the same dose In
8 5}
O
o)
e,
m

0 24 48 72 96 120 144
Time (hours)

Effect of Soil Characteristics on PAH RBA from Soils

SERDP and ESTCP Webinar Series (#44) Roberts et al., 2016. Environ. Sci. Technol. 50 (20): 11274-11281 42



Summary of Data on RBA of BaP from Soill

In Vivo Study
Results (Cont’d)

PAH Source Solvent Soot Fuel Qil
BaP AUC AUC AUC
Soil Matrix [(ppm)a|(nCi hr/ml)) RBA |(nCi hr/ml)) RBA | (nCi hr/ml) RBA
Baseline Soil 1 455+30 056 | 442+27 054 529+ 3 0.65
(BSS) 10 413+17 | 051 | 550%+26  0.67 785 £ 97 0.96
100 | 426+25 | 055 | 192+13 | 0.23 869 + 119 1.06
Food o 817 + 28
BSS +Charcoal 10 103+16 | 0.13 171+ 4 0.21 249 £ 24 0.31
Reduced Clay | 10 33549 | 041 — — 698 + 40 0.85
Reduced Peat | 10 —° —° — — 621 + 70 0.76

a BaP concentrations correspond to doses of 0.5, 5.0 or 50 yug/dose

b BaP in food at concentrations of 1, 10 and 100 ppm

¢ Not evaluated due to evidence of BaP degradation during weathering

SERDP and ESTCP Webinar Series (#44)

Roberts et al. Environ. Sci. Technol., 2016, 50 (20), pp 11274-11281
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In Vivo Study

Conclusions and Implications for HHRA

= Animal model provided reliable data on RBA of PAHSs
« Soil at environmentally-relevant concentrations
(1-100 ppm)
» Results indicate PAH source material has impact on
RBA as measured in animal model
e Fuel oil higher
e Soot sources lower

= Varying peat and clay content of soil had little impact
= Addition of 2% charcoal to soil resulted in reduced

RBA

e Suggests that soil amendments may be effective at affecting
RBA

SERDP and ESTCP Webinar Series (#44) 44
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In Vitro:In Vivo Correlation
Technical Approach
= Goal: Assess ability of bench-top extraction methods
to predict the RBA as measured in animals
= |nitial extraction testing
= Validation against animal data
» Testing of library of 15 soils from RBA study

= Five different extraction conditions
* Physiologically-based

extraction

n-Butanol

EPA Method 3550C

ScintiVerse scintillation fluid

Solid phase absorption sink
(silicon)

SERDP and ESTCP Webinar Series (#44) 45
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Presentation Notes
Point: In vivo work is the key to regulatory acceptance of this study.
Committed to development of an animal model that will provide reliable data at the soil concentration range of interest for the project.
Key component to gaining regulatory acceptance of the concept that soil characteristics result in decreased RBA of PAHs from soil (EU/Canadian regulatory systems more willing to rely on extraction testing. All feedback from EPA is that they will continue to expect the phenomenon to be demonstrated in an animal model, and that any in vitro method would have to be demonstrated as predictive of animal data in order to gain acceptance for use in risk assessment.
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DOD = EPA = DOE

In Vitro:In Vivo Correlation
Results (Cont'd)

n-Butanol vs. Mean RBA
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DOD = EPA = DOE

In Vitro:In Vivo Correlation
Results (Cont’d)
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In Vitro:In Vivo Correlation
Conclusions

= Library of solls with RBA values provided
strong basis for evaluation of IVIVC

» Results indicate that physiologically-based
method provides reasonable estimation of
RBA as measured In vivo

= Results from extraction testing with n-
butanol shows even better correlation with
RBA measurements
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DOD = EPA = DOE

Overall Research Conclusions

= Source of PAH contamination to soils has significant impact on soil-
chemical interactions and bioavailability

 Indicates that bioavailability adjustments are likely to be appropriate for
HHRA of many PAH-contaminated sites

« Especially for sources such as soot, coal tar pitch (e.g., skeet)
= Soil characteristics
(esp. BC) affects PAH

binding to soil and
bioavailability
« Potential implications for

soil amendment technologies

= |n vitro methods show
good correlation with RBA
from animal studies

 Currently no regulatory
standing

* Useful screening method for
sites

SERDP and ESTCP Webinar Series (#44)  Ruby et al., 2016. Environ. Sci. Technol. 50: 2151-2164 50
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Mechanisms and Permanence of
Sequestered Lead and Arsenic in Soils:
Impact on Human Bioavailabllity

Nicholas Basta, Ph.D. [
The Ohio State University
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Presentation Outline

= Why use bioavailability?

* Mechanisms of sequestered arsenic In
soils and impact on human bioavailability

* Long-term permanence of lead
remediation

= Conclusions
= Validation of in vitro methods for DoD sites

SERDP and ESTCP Webinar Series (#44) 55



Why Use Bioavallability in Assessment?

* To prevent very costly, unnecessary
remediation action of ecologically destructive
excavation and replacement of soll

SERDP and ESTCP Webinar Series (#44)
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DOD = EPA = DO

Remediation Cost Savings can be Huge

» Bioaccessibility and Bioavailability: The Great Opportunity Not
Realized (so far) — Dr. Mark Richardson, Health Canada

= Average remedial cost savings needed = $564,000/site; cost
overrun (saving needed) for all sites = $2.1 billion

= Application of bioaccessibility/bioavailability testing in FCSAP
can save $2 billion (the cost overrun)

SERDP and ESTCP Webinar Series (#44) 57
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Objectives

= Arsenic (As)

 To evaluate five cost effective laboratory
methods to predict site specific bioavailability
of As for adjusting exposure in site specific risk
assessment

* Lead (Pb)

e Evaluate the long-term permanence of Pb
contaminated soil remediated by phosphorus
soll amendments (i.e., remediation based on
reduced Pb bioavalilability)

SERDP and ESTCP Webinar Series (#44) 58



Mechanisms of Sequestered Arsenlc
In Solls and Impact on Human
Bioavailability

27 As-Contaminated Soils

‘As Speciation As Bioavailability " In Vitro Gl Studies
As Bioaccessibility

Statistical Analysis
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Biological and Chemical Processesand
Long-Term Permanence of Lead
Remediation

Two Pb-remediated soils at EPA site and DOE site

Biological Processes

SERDP and ESTCP Webinar Series (#44) 60
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DOD = EPA = D

Contaminant Sources for Arsenic Studies

Source No. Soils Soil As Concentration (mg/kg)

Pesticide 3 Minimum Maximum Mean Median oQth
Orchard 5 Percentile
Mining 10 162 12483 2209 464 6924
Spiked 3

Glass 2

Making

Tailings 2

Smelter

Reference 1

Material

Total 27

SERDP and ESTCP Webinar Series (#44) 61
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DOD = EPA = DOE

Arsenic Speciation Results
Soll Influences Bioavaillability of Soil Arsenic

PCA of As Mineralogy and Swine RBA

,| Ca-FeAs

33 kﬁb As

i As sulfide pesticide

RBAAs
Princlple Comonent 2

36

-4 -3 -2 -1 0 1 2 3

Principle Component 1

Dominant Adsorbed As (V)

Ca-Fe As > Pb As pesticide 2 adsorbed As (V) > As sulfides
Consistent with As bioaccessibility of Menuier et al. (2012)
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In Vitro Bioaccessible (IVBA) Arsenic
Results

* Five In vitro methods previously correlated
with bioavailable arsenic

e U.S. EPA 9200/SBRC (Australia) —“Glycine”
method

 OSU IVG, UBM (EU), RMC PBET (Canada);
CAB (California)

= CAB > OSU IVG, UBM, PBET = Glycin
Gastric IVBA > Intestinal IVBA

SERDP and ESTCP Webinar Series (#44) 063
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DOD = EPA = DOE

Correlations with In Vivo Results

Mouse RBA As vs. IVBA

Method Glycine PBET UBM OSU CAB
Slope 0.74 0.74 0.81 0.85 0.72
Y Intercept 13.6 14.2 8.70 10.9 -2.48
2 0.82 0.82 0.84 0.89 0.73

Swine RBA As vs. IVBA

Method Glycine PBET UBM OSU CAB
Slope 0.71 0.80 0.89 1.09 0.64
Y Intercept 18.3 17.5 14.3 12.6 5.17
2 0.60 0.63 0.67 0.73 0.65

All methods predicted bioavailable arsenic for most soils

SERDP and ESTCP Webinar Series (#44) 64



Long-Term Permanence of Lead
Remediation

P Soil amendments + bioavailable P [y Low Pb bicavailability
Pb-P minerals

Phosphate-Induced Metal Stabilization (PIMS)
Camp Stanley (ER-200020)

SERDP and ESTCP Webinar Series (#44)
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DOD = EPA = DOE

Remediated Lead Is Stable

= Soil microbial fungal treatments had no effect on bioaccessible Pb
= Similar results for chemical processes and other endpoints

M F—

E’w B . pm

=

Z

220

ﬂ . e Oak Ridge Firing Range Pb remediated soil
T R
- g T

IVBA Pb, %
5583

ORIV G IVBA Ph (%)
=

Joplin Pb Smelter Pb remediated soill

:I
-
» I
1
1
:I
:I
I

......

r.a\*’a o g: 1*“ "q ‘q.vi?“ "?vﬁ’aa
b"ﬁé = ;9_1”.‘ \q .‘z'a\q. i J
:.@*‘ o
Treatments
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EPA Method 1340

70
mmm Method 1340, pH15 ® EPA Method
60 Method 1340, pH 2.5
s s OSU-IVG pH 2.5 1340 uses pH
50 - S g Mouse RBA
;\3 5 1.5
o 407 ;. = Method 1340,
D- .
< 30 pH 2.51s
™ 50 modified to pH
2.5 not 1.5
10 A :
* Treated soils are
0 N BN

P and P+fungus
Control P P + Fungus

Soil Treatment

Underestimates Reduction in Pb Bioavailability in P-Treated Soil
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Conclusions

» |VBA bioaccessibility methods provide
reliable estimates of RBA arsenic for use by
DoD site managers

= Pb in P-treated soll Is stable and soll
amendment with P Is a long term remediation
practice for Pb soils on DoD sites

= Current in vitro methods (EPA Method 1340)
may not be accurate to evaluate bioavailable
Pb and performance of for in situ soill
amendment using P remediation

SERDP and ESTCP Webinar Series (#44) 638
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Acceptance for Using Bioavailability

Technologies for Soil Risk Assessment

= State of California

e Aug 22, 2106: Recommended methodology for

evaluating site-specific arsenic bioavailability in CA
solls

 California Bioaccessibility Method (CAB)
= EPA

* In vitro method 1340 approved for Pb in 2007 will likely
be approved by EPA for As (EPA 9200)

» |nterstate Technology Regulatory Council (ITRC)

 Bioavailability in Contaminated Soil document to assist
US State Governments to implement bioavailability

(in progress - expected in November 2017)

SERDP and ESTCP Webinar Series (#44) 09



Further Validation for In Vltro Methods to
Predict Bioavailability at New Sites

Measure in vitro bioaccessible (IVBA) metal(loid) in new site soll

Enter measured IVBA metal(loid) into published
IVIVC Regression Equations determined from other soils
to predict RBA arsenic

Measure RBA As from Juvenile Swine Dosing Trial

Compare Measured in vivo RBA with Predicted RBA from in vitro

SERDP and ESTCP Webinar Series (#44) 70
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Validation of In Vitro Methods for DoD

Sites

= The Effect of Soil Properties on Toxic
Metal Bioavailabllity: Field Scale Validation
to Support Regulatory Acceptance

« ESTCP, ER-200517

e Dr. Amy Hawkins (Pl), NAVFAC Engineering
Service Center

* Ohio State University: Soil processing and
bioaccessibility testing

« University of Missouri, RBA determination
using juvenile swine model

SERDP and ESTCP Webinar Series (#44) 71
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DOD = EPA = DOE

In Vitro Methods for Arsenic and Lead

Prediction of Soil RBA Pb
Measured RBA Predicted RBA using Predicted RBA using

(juvenile swine) EPA 1340 OSU IVG
Mean 99 % 70.3 % 102 %

90% ClI  70%to 127 %

Prediction of Soil RBA As
Measured RBA Predicted RBA Predicted RBA

(Juvenile swine) OSU IVG EPA 9200

Mean 14 % 15 % 11.4 %
90% CiI 13 % to 15 %

Accurate Predictors for Soils from 2 DoD Sites

SERDP and ESTCP Webinar Series (#44) 72



The New Frontier

» Bioavailability-based in situ soil remediation using soill
amendments

50t anniversary of Star Trek

.

= Evaluating bioavailability using in vitro methods for In
situ remediated soill (i.e., P-treated soill)

SERDP and ESTCP Webinar Series (#44)
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The next webinar IS on
November 17, 2016

“Novel Coatings Systems for Use as
High Performance Chemical
Resistant Powder Topcoats”
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