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Background/Approach: In recent years, we have been evaluating the historic use of polycyclic aromatic hydrocarbon (PAH)

containing clay targets at Navy/Marine skeet ranges for purposes of exposure characterization and risk assessment, with a
focus on PAH composition, soil-skeet partitioning, and bioavailability associated with incidental digestion of such soils. Relative
bioavailability (RBA) is a frequently used risk characterization approach that is indicative of the amount of PAH available to an
organism divided by the amount of PAH extracted using organic solvent(s). In the absence of digestive bioavailability or uptake
information, the RBA value is typically assigned a value of 1, which can be overly conservative by up to an order of magnitude
in many cases. The conventional approach consists of feeding trials using site-specific PAH-contaminated soils to ascertain the
uptake of PAHs by the organism itself. However, such an approach is cost and time-prohibitive, resulting in a need for
development of better tools and methodologies that provide a faster and cheaper means to characterize the biological uptake
of PAHs from soils. A central goal of our efforts is to explore strategies to more efficiently determine an accurate RBA value for
skeet and PAH-associated soils at these ranges.
Our efforts have been focused on evaluating two approaches that can be used to characterize the PAH bioavailability, a

Physiologically Based Extraction Test (PBET) that extract PAHs from soil using a simulated digestive matrix, and a
commercially-available polyethylene passive sampling device (PSD) that determines freely-dissolved PAHSs in soil.

Technical Objectives: Determine the polycyclic aromatic hydrocarbon (PAH)

« PBET RBA
« Passive sampler

clean-up levels.

composition of clay targets and the relative bioavailability in soil using:

equivalent RBA

Benefits: Will provide sites with an improved ability to discern clay target particles
from soil, and fate and transport of PAHSs.

* Provide more realistic/site specific RBAs for PAHs and not default RBAs
* Provide technical information that RPMs can use to negotiate lower risk based

« Cost savings for the Navy could be significant as there are multiple sites
requiring potential clean up. At a rate of approximately $200-300/CYD, this

would cost over $1-1.5M per site.
« Reduced site clean-up could result in saving of $400K-$1.2M per site.

/Relative Bioavailability

For a given environmental exposure:

RBA = PAHs absorbed by humans /PAHs by
EPA standard extraction

« Standard Extraction — EPA 3541 or 3545
extraction with a 8270C GCMS; Extraction
Chemicals — acefone & n-hexane

 Current assumed RBA = 1; Studies

k suggest actual RBA~0.1t0 0.76

~
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Jason M. Conder, Melissa Grover (GeoSyntec Consultants, Huntington Beach CA)

Example clay target (a), fragmented clay target (b),
and soil containing clay target fragments (c).

Skeet Range

* Average contamination range is 6
acres/ site.

« At least 35 of the 60 US Naval
Installations have skeet ranges

« Atleast 10 of 18 US Marine
Installations have skeet ranges

» Multiple ranges/location is common
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ﬁrimary factors impacting RBA:

Bioavailability of PAHs bound to skeet fragment
Differentiation of skeet & soil particles
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Average urinary excretion rate of B(a)P metabolites (sum of 3- and 9-
hydroxy B(a)P) for 2 mice consuming 5 different clay target-impacted

Average of 560
million targets
used per year in
the USA since
1970
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Example Former Skeet Range Areas

Developed Areas — Corry Station
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PBET (a) and passive sampling (b) approaches to Skeet and soll particle size analysis soils versus the concentration of B(a)P in PBET extract (a) and the
evaluate chemical availability of B(a)P in soil Variety of extraction methods/chemicals concentration of freely-dissolved (Cfree) B(a)P in soll (b)
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Results/Lessons Learned: PBET and passive sampling approaches were developed, optimized and evaluated for soils contaminated with PAHs. Preliminary results indicate that soil-\
associated PAHs are much less available than soils spiked with petroleum- and solvent-borne PAHSs, respectively. The PBET and PSD results from skeet-PAH soils have also been
compared on the basis of benzo(a)pyrene with results of dose-response and RBA estimates from feeding trials using those same soils. The use of these tools appears to be a valuable
approach for purposes of determining bioavailability of PAHs in soils for accurate RBA estimation and risk characterization. We are currently evaluating a broader suite of PAH-

\_ Impacted soils to assist in the development of a robust empirical model for correlating RBA estimates from PBET and PSDs with RBA estimates from feeding trials.
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