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Executive Summary

Polycyclic aromatic hydrocarbons (PAHs) are often detected in many sediments adjacent to sites
where industrial processes have operated. By their nature, PAHs are very hydrophobic, and tend
to be tightly bound to the organic materials within sediments, making them unavailable for
exposure to aquatic organisms. As a result of this binding phenomenon, there is often no
correlation between the measured total PAH concentrations in sediments and those
concentrations that adversely affect benthic organisms. Rather, these adverse effects are
correlated to the dissolved-phase PAHs that are detected in sediment pore water. In spite of
these observations, most PAH-contaminated sediment sites are evaluated and managed based on
the total PAH concentrations determined on whole sediment samples.

To be protective of the environment and at the same time provide a more realistic process for
evaluating the risks of PAHs to benthic organisms, a framework was developed by the U.S. EPA
(EPA) entitled Evaluating Ecological Risk to Invertebrate Receptors from PAHs in Sediments at
Hazardous Waste Sites (EPA-600-R-06-162F)(U.S. EPA, 2009). This framework proceeds in a
sequential tiered manner, as follows:

1. Tier 1: Conduct an assessment of PAH bioavailability based on the analysis of whole
sediments, using either empirical guidelines as screening levels or by modeling sediment
pore water concentrations using equilibrium partitioning. If Tier 1 values are exceeded,
action can be taken or, alternatively, a Tier 2 analysis can be conducted;

2. Tier 2: Conduct an assessment of PAH bioavailability based on the direct analysis of
interstitial waters, i.e., pore water, of sediment. If significant bioavailable concentrations
are detected, then action can be taken or, alternatively, a Tier 3 analysis can be
conducted; and

3. Tier 3: Conduct sediment toxicity testing which reflects the bioavailability of the PAHs
that are measured in the whole sediment. If there is significant toxicity, then there is a
probable risk of adverse effects and appropriate action should be taken.

Note that the process can stop after completion of any tier of the framework, although it is
possible that additional remedial action may be required since each level of analysis generally
provides a more accurate assessment of the risk associated with the impacted sediment.

Traditionally, PAHs in sediments have been assessed through a comparison to screening
levels/guidelines (i.e., Tier 1 analysis). A more site-specific assessment involves the use of the
equilibrium partitioning theory to estimate pore water PAH concentrations from the whole
sediment concentrations, followed by a comparison of pore water concentrations to published
water-based effects levels. However, this approach has been shown to overestimate the impact
of PAHs to benthic organisms in industrialized, urban waterways, because the partitioning
coefficients used for this calculation generally do not account for the presence of anthropogenic
carbon. It has been shown that anthropogenic carbon is more sorptive of PAHs than naturally-
occurring organic carbon, which is the basis for the partition coefficients that are found in the
literature.
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Aquatic toxicity testing (i.e., a Tier 3 analysis) is another site-specific approach for assessing the
effects of PAH impacts on benthic organisms. While aquatic toxicity tests reflect the
bioavailability of the whole sediment PAHs, they do not take into account the presence of other
contaminant effects, and are generally expensive, time consuming, and often difficult to
interpret.

The EPA framework recognizes the need for a more precise, site-specific assessment and
proposes the characterization of dissolved-phase PAHs in the sediment pore water as a measure
of bioavailability that can be used to predict the toxicity of whole sediment PAHs to benthic
organisms (i.e., a Tier 2 analysis). To this end, a consortium of industries called the Sediment
Contaminant Bioavailability Alliance (SCBA) developed a laboratory method to directly
determine the concentrations of PAHs in dissolved sediment pore water (EPA method SW-8272
and ASTM provisional method D-7363-07). These concentrations are compared to published
water-based effects levels. To date, the SCBA has analyzed over 250 sediment samples at 18
industrial sites, mostly manufactured gas plants and aluminum smelters. The method utilizes
solid-phase microextraction (SPME) on a very small sample of sediment (20 ml to < 40 ml) to
provide PAH concentration data of sediment pore water, which has been shown to be correlated
to the results of aquatic toxicity tests.

This demonstration project was designed to assess whether the SCBA protocol was applicable to
Department of Defense (DoD) sites. Sediments at the Washington Navy Yard (WNY) in
Washington DC were targeted for this demonstration, since they contain PAHs at concentrations
which exceed published screening levels, and do not contain high concentrations of other
potential compounds which might affect the health of benthic organisms. Fifteen surficial
sediment samples were collected from the WNY and analyzed for total PAHs, pore water PAHs
using SPME, total organic carbon (TOC), soot organic carbon (SOC), and general physical and
chemical parameters. In addition, acute (i.e., survival) and chronic (i.e., growth) toxicity was
assessed in a 28-day test involving the freshwater amphipod Hyalella azteca. A detailed analysis
of the carbon types in four of the sediments was also conducted to provide more information on
the processes involved in bioavailability of PAHs in sediments.

All of the sediments collected from the WNY had total PAH concentrations which exceeded the
published screening levels (the total and probable effects levels of 1.6 and 22.8 mg/kg,
respectively). However, the aquatic toxicity tests indicated that there was only one sample with
reduced survival of H. azteca. The use of equilibrium partitioning to estimate pore water PAH
concentrations did not result in a more accurate assessment of adverse effects when compared to
the results of the aquatic toxicity test. However, the pore water PAHs directly analyzed using
SPME did accurately predict the response of H. azteca observed in the aquatic toxicity tests. The
detailed carbon analysis showed that the sediment sample exhibiting toxicity contained soot
carbon, but was coated in oil, which prevented PAHs from partitioning into the sediment carbon.

This demonstration showed that the SPME analytical method and bioavailability assessment
protocol developed by the SCBA may be applicable to PAHs associated with DoD sites, and that
the results of this analysis are consistent with an industry database that was developed using
several other PAH-impacted sediment sites.






1.0 INTRODUCTION

11 BACKGROUND

The Department of Defense (DoD) currently has environmental liabilities associated with
polycyclic aromatic hydrocarbon (PAH) impacted sediments at many of their sites. The
magnitude of these liabilities is determined by assessments of the ecological risks that are
represented by these impacted sediments. One of the primary goals of these ecological risk
assessments 1s to determine what concentration of PAHs can remain in the sediments without
causing an unacceptable risk to the environment. Studies of the bioavailability of sediment-
bound PAHs and their toxicity to aquatic organisms have shown that the use of the total PAH
concentrations in the sediment to predict toxicity often overestimates the ecological risk, which
can lead to additional remediation costs with no additional reduction in risk. The observed lack
of toxicity at elevated total PAH concentrations in sediments has been attributed to the fact that
these compounds are much more strongly bound to sediment organic carbon than is assumed by
the standard equilibrium partitioning model, reducing their bioavailability to the receptor
organisms.

In 2003, the EPA produced a document entitled Procedures for the Derivation of Equilibrium
Partitioning Sediment Benchmarks (ESBs) for the Protection of Benthic Organisms: PAH
Mixtures (EPA-600-R-02-013). This document provides a framework for assessing the
environmental impact of sediment PAHs on benthic organisms. The document suggests that
benthic organisms are most sensitive to pore water PAH concentrations and not total bulk
sediment PAH concentrations. Since PAHs are generally metabolized by most benthic
organisms (i.e., they do not bioaccumulate), and these organisms by definition are in intimate
contact with sediments, they were selected as appropriate environmental receptors by which
PAH-induced effects could be measured. This document presents an analytical method for
accurately measuring the dissolved-phase concentrations of PAHs in sediment pore water and
demonstrates the ability to use these data to accurately predict the survival of a benthic organism
when exposed to these impacted sediments. These results are compared to alternative
assessment approaches that involve the comparison of whole sediment PAH concentrations to
published screening levels as well as the use of equilibrium partitioning (EqP) as a means to
estimate the concentrations of PAHs in sediment pore water from the concentrations in the solid-
phase (i.e., whole) sediment. In both approaches where the PAH concentrations in pore water
available (measured or estimated) the pore water PAH concentrations are then related to
threshold ambient water criteria (AWQC) which were derived to assess dissolved-phase impacts
to benthic organisms. In the case of PAHs, the effect is general (i.e., non-specific) and is termed
hydrocarbon narcosis. This document also presented a probability distribution of benthic
invertebrate final acute values, indicating which organisms would be most susceptible to PAH
impacts.

Historically, the major problem with the determination of pore water PAH concentrations by
traditional means (i.e., direct centrifugation of sediment to isolate the pore water) is that a very
large volume of sediment is required. In addition, the pore water that is collected in this manner
may contain PAHs associated with particulate and dissolved organic carbon, in addition to the
truly dissolved pore water PAHs. This confounds the assessment since it has been shown that it
is the concentration of dissolved pore water PAHs which correlate with effects of PAHs to
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benthic organisms. Furthermore, the traditional EqP method of estimating pore water PAH
concentrations from bulk sediment concentrations assumes that the organic carbon in the bulk
sediment is similar to naturally-occurring organic matter. However, in most industrialized and
urban waterways of the United States, another carbon phase (black carbon or soot carbon) is
ubiquitous. This soot carbon more tightly sequesters PAHs than naturally-occurring organic
carbon, and thus the equilibrium partitioning coefficients from the literature which are used to
estimate pore water concentrations from bulk sediment often overestimate the pore water PAH
concentrations by up to four orders of magnitude. When these derived pore water concentrations
are related to effects-level water concentrations for benthic organisms, they in turn overestimate
the potential toxicity of the sediment to these organisms.

To better predict the impact of sediment PAHs to benthic organisms, an industry-led
organization, the Sediment Contaminant Bioavailability Alliance (SCBA)', was formed to
develop an analytical method to 1) directly determine dissolved-phase PAH concentrations in
sediment pore water, thus alleviating the need to model or predict pore water PAH
concentrations based on equilibrium partitioning from multiple phases of carbon that might be
present, 2) enable the collection of a very small quantity of sediment (20 to 40 ml), and 3)
provide low detection limits in the analysis of PAHs in pore water (pg/ml or ppt). The method
developed by the SCBA is EPA SW-846 Method SW-8272 and ASTM Method D-7363-07
(provisional), which utilizes solid-phase microextraction (SPME). This method has the
advantage that direct pore water PAH concentrations can be compared directly to effects-based
water concentrations to determine PAH impacts to benthic organisms.

In 2009, the EPA produced a white paper as an addendum to the 2003 EPA PAH ESB document
(U.S. EPA, 2003), entitled Evaluating Ecological Risk to Invertebrate Receptors from PAHs in
Sediments at Hazardous Waste Sites (EPA-600-R-06-162F)(U.S. EPA, 2009). This white paper
addresses the failure of EqP to accurately predict pore water PAH concentrations in the presence
of soot/black carbon and acknowledges that direct measurements of pore water PAHs values (i.e.
solid-phase microextraction or SPME) is a more selective tool for assessing narcotic effects of
PAHs on benthic organisms (see Figure 1-1). In this document, the EPA recognizes the direct
measurement of pore water concentrations of PAHs as a viable tool for determining PAH
exposures to benthic organisms. The Tiered approach presented in Figure 1-1 indicates that
these measurements alone may be sufficient to predict potential effects to the benthic community
(i.e., aquatic toxicity testing may not be necessary).

In total, the SCBA collected sediment samples from 18 sites (> 250 sediment samples), mostly
from former manufactured gas plant sites owned by utility industries, or former and current
aluminum smelters. A protocol was developed whereby sediment solid and pore water phases
were analyzed for PAHs, and the sediment was subjected to benthic organism aquatic toxicity
testing using an appropriate test species. A direct correlation was observed between the pore
water PAH concentrations as analyzed using the SCBA method to effect-level concentrations for
benthic organisms, thus providing two legs of the Sediment Quality Triad (SQT) where sediment
chemistry is represented by pore water PAH concentrations. Note that these tests were
conducted using the amphipod Hyalella azteca, and in some cases were also conducted using the
midge Chironomous dilutans. In all cases, H. azteca was more sensitive to PAH impact than C.

! The SCBA was formed through an alliance of National Grid, ALCOA, the Northeast Gas Association, and
RETEC/ENSR/AECOM. The SCBA is no longer operative, having met its goals (development of an EPA and
ASTM test method); however, the SCBA database can be accessed through Mr. Nicholas Azzolina of Foth
Infrastructure and Environment, LLD, at (920)496-6783 or: NAzzolina@foth.com .
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dilutans.  The purpose of conducting the ESTCP demonstration/validation was to observe the
ability of this chemical method to accurately predict the acute and chronic toxicity of PAH-
impacted sediments to benthic invertebrates organisms at a DoD site.

Probable
Assessment of Yes Risk
PAH Bicavailability of Adverse
Tier 3 Based on —_,| Significant Effects
Toxicity Testing Toxicity?
(e.g., Amphipod toxicity tests)
No
Yes
Assessment of —
PAH Bioavailability Bs_lgmﬁ_tlzalr:lt
Tier 2 Based on Analysis || Pl0avaliable
of Interstitial Waters Cogc;enttraggns
(e.g.‘ SPME) efecied?

@

Yes

Assessment of
‘ PAH Bioavailability Is Guideline Exceeded?
Tier 1 Based on Analysis [

of Whole Sediments No
(e.g., EqP, empirical guidelines)
Figure 1-1. Conceptual Tiered Approach to Deter mine Risk of Adverse
Effects Dueto PAHsin Sediments (Source: U.S. EPA. 2009).

1.2 OBJECTIVE OF THE DEMONSTATION

The demonstration tests the applicability of a direct pore water analysis method for PAHs, the
results of which were compared to toxic units (i.e., pore water concentrations divided by final
chronic values) that result in hydrocarbon narcosis from PAHs to benthic organisms. As such,
this method provides a site-specific estimate of PAH bioavailability in the lower Anacostia River
sediments, and provides a direct comparison to aquatic toxicity test results utilizing H. azteca as
a model benthic invertebrate species. This project served three purposes:

1. The project data supports the development of site-specific management strategies for
sediments in the Anacostia River immediately adjacent to the Washington Navy Yard
(WNY),

2. The project data supports a demonstration of this SPME analytical methodology that
provides an important and cost effective sediment characterization tool for DoD site
managers both at and beyond the WNY, and

3. The project data was combined with the existing SCBA database to support changes in
the current regulatory paradigm for managing PAH-impacted sediments, which compares
total PAH concentrations to published sediment quality guidelines.
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Specific objectives of the demonstration project were to:

1. Use the SPME analyses of sediment pore water to predict the bioavailability of PAHs in
freshwater sediments collected from the WNY site,

2. Compare the predicted bioavailability the impacted sediment PAHs to the actual
measured toxicity of the sediment to the freshwater amphipod Hyalella azteca, and

3. Use these data to develop technical/regulatory guidance for the management of PAH-
impacted sediments that incorporates the use of the site-specific estimates of PAH
bioavailability for the purpose of predicting toxicity, assessing risk, and making more
informed sediment management decisions.

1.3 REGULATORY DRIVERS

Remediation and management of contaminated sediments is often technically difficult and can be
very expensive when large volumes of impacted sediments require treatment. The National
Research Council (NRC) recently reviewed the implications and science regarding the
bioavailability of contaminants in sediments, and determined that there is a need to improve risk-
based assessments by including more explicit consideration of bioavailability processes (NRC,
2003). The SERDP and ESTCP Expert Panel Workshop on Research and Development Needs
for the In-Situ Management of Contaminated Sediments (SERDP and ESTCP, 2004) also
identified bioavailability as part of the following high priority research needs:

1. Develop and validate tools and techniques to assess site-specific bioavailability, and

2. Develop understanding of how sediment geochemical composition influences
contaminant partitioning and bioavailability.

More recently, the SERDP-ESTCP Expert Panel Workshop on Research and Development
Needs for Understanding and Assessing the Bioavailability of Contaminants in Soils and
Sediments (SERDP and ESTCP, 2008) listed the need to better understand the nature, extent and
behavior of PAHs in contaminated sediments at DoD sites.

The current approach to assessing the effect of PAH contamination in sediments is to implement
one or more of the legs of the EPA Sediment Quality Triad (SQT), which consists of a weight-
of-evidence evaluation of total chemical analysis, laboratory aquatic toxicity tests, and field
benthic community surveys. For the total chemical analysis leg of the SQT, total PAH sediment
concentrations are either directly compared to sediment quality guidelines/screening values or
used to calculate equilibrium sediment benchmarks (ESBs) using the EPA equilibrium
partitioning and hydrocarbon narcosis models. However, it has been shown that total PAH
concentrations in bulk sediment may greatly overestimate the potential for sediments to be
classified as toxic to aquatic organisms when using these methods. A more accurate method to
predict toxicity to aquatic organisms is to use the bioavailable fraction, rather than the total
concentration, of the contaminants in the sediments. PAHs in sediment pore water are closely
related to the bioavailable fraction in sediments (U.S. EPA, 2003).

EPA has recommended that contaminant bioavailability be considered in the assessment of the
residual risk that remains following the dredging, capping, or monitored natural recovery of



sediments (U.S. EPA, 2005; U.S. EPA, 2003). However, there is little guidance and no standard
methods for determining the bioavailability of hydrophobic organic contaminants in sediments.
This project demonstrates and validates a sediment characterization protocol for PAHs, one class
of hydrophobic organic chemicals, that provides the analytical tools to generate site-specific
bioavailability data at DoD sites. The demonstration also serves as technical guidance to use the
results of direct pore water analysis and aquatic toxicity testing to make more informed and cost-
effective sediment management decisions at DoD facilities impacted by PAHs.

The expected benefits of this technology are:

1. More accurate predictions of sediment toxicity and risk and the establishment of less
conservative, site-specific remedial objectives, which will lead to reductions in the
overall cost of sediment management (i.e., less volume of sediment requiring treatment),

2. Accurate assessments of PAH bioavailability, which will support improved evaluations
of the efficacy of the remedial strategies that have been identified by the EPA in their
recent guidance for sediment remediation at hazardous waste sites (U.S. EPA, 2005), i.e.,
monitored natural recovery (MNR), active/passive capping, and dredging,

3. Improved management of residual risk after the completion of MNR, active/passive
capping and dredging of sediments and during the evaluation of beneficial reuse
alternatives for dredged sediments, and

The results of this work will also provide the DoD with a technical protocol that will assist in
formulating work plans and interpretation consistent with EPA guidance for sediment
remediation at hazardous waste sites (U.S. EPA, 2005).



20 TECHNOLOGY
The concepts behind the direct pore water analysis approach used in the demonstration are
presented in this section.

21 TECHNOLOGY DESCRIPTION

Studies of the bioavailability and toxicity of PAHs in sediments have shown that aqueous
concentrations in pore water and aquatic toxicity are frequently much lower than expected based
on predictions from total PAH concentrations.  Consequently, sediments with high
concentrations of PAHs often lack observable toxicity to sediment dwelling organisms (Bender
et al., 1987; Hawthorne et al., 2007; Paine et al., 1996). For example, the toxicity of PAHs to the
freshwater aquatic amphipod H. azteca was not related to the concentration of total PAHs
determined using standard EPA extraction methods despite total PAH concentrations ranging
from 4 to 5,700 mg/kg (Hawthorne et al., 2007) and no correlation could be shown between the
concentration of total PAHs in sediments and toxicity to the marine amphipod Rhepoxynius
abronius at an aluminum smelter in British Columbia, despite PAH concentrations up to 10,000
mg total PAH/kg sediment (Paine et al., 1996).

The observed lack of toxicity at high sediment PAH concentrations is attributed to the fact that
these compounds are more strongly bound to sediment organic carbon than is assumed by the
standard equilibrium partitioning model. PAHs sorbed to anthropogenic sources of “hard” or
“black” organic carbon (e.g. charcoal, soot, coal or coke fines, or coal tar pitch) are more
strongly sorbed and therefore less bioavailable to aquatic organisms than PAHs associated with
natural sources of “soft”, or natural organic carbon (Accardi-Dey and Gschwend, 2002; Ghosh et
al., 2001; Talley et al., 2002). Although these particles generally account for a very small
fraction of the sediment mass, they appear to control the release and bioavailability of PAHs. For
example, detailed characterization of the sediment carbon, including petrographic identification
and measurements of pitch content, showed that for sediment samples collected from MGP sites,
light density particles dominated by “hard” carbon comprised 10-20% of the total mass of the
sediment but contained 70-95% of the total PAHs (Talley et al., 2002).

Measured PAH partitioning coefficients between sediment organic carbon and water (Koc) were
determined using 114 historically-contaminated and background sediments. The Koc values
calculated from the measured pore water data ranged from 10 to 1000 times higher than literature
Koc values that are commonly used for environmental modeling (i.e., the literature values
overestimated the actual PAH concentrations in pore water) (Hawthorne et al., 2006; Figure 2-2).
A mechanistic model for understanding the deviation from literature Koc values suggests
differential PAH particle loading within the sediment carbon matrix, and the EPA has proposed
using partitioning coefficients that are specific for “hard” soot-like and “soft” natural organic
carbon to improve estimates of PAH bioavailability (U.S. EPA, 2000; U.S. EPA, 2003).
However, these adjustments often do not improve the ability to predict the aquatic toxicity of the
impacted sediment (Hawthorne, et al., 2007b; McDonough and Azzolina, 2010).
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Figure 2-2. SPME pore water versus porewater calculated using equilibrium partitioning

To eliminate the uncertainty in pore water concentrations using published equilibrium
partitioning coefficients, a method to directly analyze PAHs in pore water has been developed.
An industry-led organization, the Sediment Contaminant Bioavailability Alliance (SCBA), was
formed to develop an analytical method to 1) directly determine dissolved-phase PAH sediment
pore water concentrations, thus alleviating the need to model or predict pore water PAH
concentrations based on equilibrium partition from multiple phases of carbon that might be
present, 2) enable the collection of a very small quantity of sediment (20 to 40 ml), and 3)
provide low detection limits in the analysis of PAHs in pore water (pg/ml or ppt). The method
developed by the SCBA is EPA SW-846 Method SW-8272 (see Appendix B) and ASTM
Method D-7363-07 (provisional; see Appendix C), and utilizes solid-phase microextraction
(SPME).

SPME has been used to directly estimate PAH bioavailability and predict the toxicity of PAHs in
contaminated sediments with much greater accuracy than can be achieved by comparing total
PAH concentrations to sediment screening guidelines (Hawthorne et al., 2007; Hawthorne, et al.,
2002; Hawthorne, et al., 2005a; Hawthorne et al., 2005b). The pore water concentrations
measured by SPME are expressed in terms of toxic units (TUs), as defined by the EPA
procedures for the derivation of equilibrium partitioning sediment benchmarks (U.S. EPA,



2003)'. The TUs strongly correlate with survival of the freshwater amphipod H. azteca, the
freshwater midge Chironomous dilutus, and the marine amphipod Leptochirus plumulosus
(Hawthorne etal., 2007). The individual PAH TUs are summed over a sediment sample to arrive
at a total PAH TU. A TPAH TU<I indicates no probable impact to benthic organisms, while a
TPAH TU>1 indicates a potential impact to benthic organisms (U.S. EPA, 2003).

It should be noted that the SPME that is utilized in this method is not the biomimetic SPME
which has been extensively reported in the peer-reviewed literature (i.e., that which is being
evaluated in ESTCP Project ER-0624: Demonstration and Evaluation of Solid Phase
Microextraction for the Assessment of Bioavailability and Contaminant Mobility). Rather, the
SPME of this method is being used strictly as an analytical tool to measure PAHs at very low
detection limits (picograms/liter) in small samples (1.5 mL) of pore water (Hawthorne et al.,
2005b). In fact, this SPME method is the only method available to achieve these detection limits
using such small sample volumes. As an alternative to applying this SPME method to ex situ
samples of sediment pore water to estimate the bioavailable PAHs in a sediment, other
researchers are examining the field deployment and retrieval of passive SPME samplers
(Hawthorne et al., 2005b). Ultimately, the method of choice for estimating bioavailability of
PAHSs, or any hydrophobic organic chemical in sediment, will be based upon the performance,
ease of implementation, and costs of these various measurement techniques.

22 TECHNOLOGY DEVELOPMENT

A significant benefit of this dem/val project is the ability of the DoD to leverage the prior and
on-going R&D investment being made by the SCBA. The SCBA has invested over $10 MM in
the development of the SPME analytical methods and the characterization of over 250 sediment
samples from 18 contaminated sites. The SCBA has initiated communications and technology
review with various state regulatory agencies and the EPA, has conducted several technical
workshops for regulatory agencies in 2007 and 2008, has presented results at symposia and
conferences, and has obtained an EPA SW-846 method number and a provisional ASTM method
number for the analytical method.

The addition of the ESTCP data will help establish the robustness of this pore water approach
and will expedite regulatory acceptance and development of EPA guidance on its use for
generating site-specific estimates of PAH bioavailability to predict toxicity and to characterize
the risk of contaminated sediments. As such, this research will help attain state and federal
agreement on the use of sediment bioavailability measurements for more accurate sediment
characterization, development of less conservative risk—based cleanup objectives, and the more
effective management of residual risks following the completion of sediment management using
monitored natural recovery (MNR), active and passive caps, and dredging.

23 ADVANTAGESAND LIMITATIONSOF THE TECHNOLOGY
The expected benefits of this technology are more accurate assessments of sediment toxicity and
risk and the establishment of less conservative, site-specific remedial objectives, which will lead

Y A TU is the concentration of an individual PAH in sediment pore water divided by the published final chronic
value (FCV) for that PAH. The FCV for individual PAHs is presented in EPA (2003), and is a water-based
concentration derived from experimental results on benthic organisms.



to reductions in the overall cost of sediment management (i.e., less volume of sediment requiring
treatment). The accurate bioavailability assessments obtained by using this technology will also
support improved designs and efficacy evaluations of the remedial strategies that have been
identified by the EPA in their recent guidance for sediment remediation at hazardous waste sites
(U.S. EPA, 2005), i.e., MNR, active/passive capping, and dredging. This method can also be
used for the improved management of residual risk after the completion of MNR, active/passive
capping and dredging of sediments and during the evaluation of beneficial reuse alternatives for
dredged sediments.

There is little risk associated with applying the sediment characterization assessment protocol at
field sediment sites since similar studies have been conducted at 18 industrial sites, to date. A
generic bioavailability assessment work plan was developed for the conduct of these field studies
in New York. This work plan was reviewed by the state regulators prior to its use at utility and
aluminum field sites.

The analytical method has received complete EPA and provisional ASTM approval (EPA SW-
846 method 8272 and ASTM D-7363-07). Final ASTM approval is pending the results of inter-
laboratory validation studies. Regulatory acceptance and approval of this analytical method are
necessary for the broad application and use of this sediment characterization protocol at DoD
facilities across the United States.

However, the estimation of bioavailable PAHs based on SPME analyses to predict sediment
toxicity has not yet received regulatory acceptance at either the state or Federal level. The
SCBA also recognized these risks and has focused much of its efforts of the last five years on
conducting work to mitigate both of them. The addition of the data from this demonstration will
contribute significantly to this ongoing effort.

The SPME method has been researched and verified for predicting PAH bioavailability in
sediments at sites where these compounds were the predominant contaminant. However, the
applicability of this approach to sites containing complex mixtures of contaminants has not yet
been validated. The extension of the work to this application may require toxicity identification
evaluations (TIEs) to resolve any confounding toxicity test results.

Costs associated with the SPME pore water methodology have not yet been standardized,
although selected commercial U.S. laboratories have been conducting this method (e.g., Test
America and Meta Environmental). As with all chemical methods, the cost of analysis needs to
be balanced with overall expected benefits of conducting the analysis. A major component of
the research used to develop the SPME pore water method has been to reduce uncertainty in
cost/benefit site analysis.



3.0 PERFORMANCE OBJECTIVES

Performance objectives for this demonstration are provided in Table 3-1. The performance
objectives were met using a technical task structure that has been developed for this project, and
which is complimentary to the task structure that has been used within the SCBA case studies. A

discussion of each of the performance objectives is provided.

Table 3-1: Performance Objectives.

Performance
Objective

Data
Requirements

Success Criteria

Results

Quantitative Perfor mance Objectives

Confirm the presence of
impacted sediments at
the site that are toxic to
the aquatic test

Standard sediment
aquatic toxicity
testing

Range of
survival/growth of H.
azteca from no impact to
severe impact (i.e., acute

Range in H. azteca
response was obtained
(no impact to acute

organisms toxicity) toxicity)
Range of total PAH
Confirm the presence of concentrations above Sediment total PAH

sediment PAHs in the
biologically-active zone
of the site

Standard sediment
PAH analysis

and below screening
criteria (i.e., PEL of 22.8
mg/kg)

concentrations ranged
from 14 to 600 mg/kg

Validate the use of the
analytical method to
estimate the
bioavailability of
sediment-bound PAHs
by predicting aquatic
toxicity

Aquatic toxicity
results and toxic units
(TUs derived from
individual pore water
PAHSs and their
respective final
chronic values (FCV)

A quantitative
correlation will exist
between sediment pore
water toxic units based
on the concentration of
34 PAHs and the results
of aquatic toxicity tests
using the amphipod H.
azteca.

A good correlation was
observed for the data,
consistent with the
existing SCBA database

Qualitative Performance Objectives

Develop a tiered, risk-
based approach to
management of PAH-
impacted sediment based
on direct chemical
measures of PAH

Aquatic toxicity and
pore water PAH
concentrations from
the SCBA database

A presentation of this
risk-based approach will
be made to
representatives of State

Resulting data was used
to comment on the EPA
Draft White paper,
resulting in substantial
white paper revisions that
includes pore water

bioavailability and the as well as the ESTCP | and F§deral regulatory testing as a second tier
. dem/val agencies. . . .

hydrocarbon narcosis analysis (prior to aquatic
model toxicity testing)

Conduct an inter- Final inter-laboratory
Assist the SCBA in laboratory validation A final ASTM method analysis will be
securing final ASTM fth thodol number will be in place | completed by the Fall of
approval of the SPME S A;]r“nl\/el odology by the end of Calendar 2010 and the ASTM
pore water method 0 A ) Year 2007 Standard method should

specifications be in place in Spring 2011
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Perfor mance
Objective

Data
Requirements

Success Criteria

Results

Quantitative Perfor mance Objectives

Transfer the technology
to Navy RPMs and risk
assessors

All ESTCP
demonstration and
SCBA results will be
presented at various
forums

Technical presentations
will be made to the
appropriate
organizations.

A generic work plan,
QAPP, and technical
/regulatory guidance for
Navy sites will be
generated.

A web-based tool to
facilitate access to the

Presentations were made
to various organizations.
The demonstration
provided a generic work
plan, QAPP, and
technical/regulatory
guidance for Navy sites.
The web-based tool is
under development, and
will be finalized based on

project results for Navy
personnel will be
developed.

the accepted Final Report

31 PRESENCE OF IMPACTED SEDIMENTS

The presence of sediments containing PAHs at concentrations having impact on an aquatic test
species was tested by conducting a standard 28-day toxicity evaluation using the amphipod
Hyalella azteca. Aquatic toxicity text endpoints included mortality (i.e., percent survival) and
growth. The goal was to obtain sediment samples from the area adjacent to the WNY which
exhibited impacts to the aquatic test species ranging from no impact to acute/chronic impacts.
Of the 15 collected sediment samples, one exhibited a reduced survival and one exhibited
reduced growth. All other samples did not impact the test species. Therefore, the performance
objective was successful in that a range of biological responses was obtained.

3.2 PRESENCE OF SEDIMENT PAHSs

The WNY site was selected based on past characterization data which indicated 1) the presence
of PAHs at a concentrations exceeding the probable effects concentration (PEL) of 22.8 mg/kg,
and 2) the lack of other constituents which might cause a negative impact on the benthic
community. A total of 36 sediments were field collected and pre-screened for total PAH
concentrations. Fifteen of these sediments were selected for final study based on a range of PAH
concentrations. The PAH concentrations ranged from 14 mg/kg to 600 mg/kg.

3.3 BIOAVAILABILITY ESTIMATION

Pore water PAHs were directly analyzed on the final 15 sediment samples. Pore water PAH
concentrations were compared to Final Chronic Values (FCV) for each individual PAH, resulting
in a toxic unit (TU) for that PAH in each sample (i.e., PAH/FCV = TU). A TU>1 indicates a
potential for negative impact to benthos. The individual TUs were summed for each sediment
sample (18 parent and 16 alkylated PAHs) to compute a PAH34 TU. PAHs4 TUs were plotted
against percent survival of the H. azteca. This plot was superimposed on an identical plot that
included the entire SCBA database, which had been fit using probit analysis to depict the dose-
response curve. This exercise demonstrated that the direct pore water analysis conducted at the
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WNY was able to correctly predict the survival of H. azteca and was consistent with the previous
data that had been generated at the 18 other field demonstration sites of the SCBA. Also, as was
the case with the SCBA database, there was no correlation at the WNY between total sediment
PAHs, pore water PAHs, and growth of H. azteca.

34 RISK-BASED APPROACH TO SEDIMENT MANAGEMENT

Several activities were completed related to the implementation of a risk-based approach to PAH
sediment management using the direct pore water method. These were partially funded by
ESTCP, and partially funded by the industry partners of the SCBA. These activities included
discussion with state regulators on the potential acceptance of the SPME porewater method, as
well as a response to a Federal Register Notice by the EPA on the evaluation of sediment PAHs
with regards to their impact to benthic organisms. More detail on these activities is presented in
Section 6.4 of this document.

35 ASTM METHOD APPROVAL

The provisional ASTM method is required to undergo a more exhaustive inter-laboratory
evaluation that uses the analytical method to generate a minimum of seven independent data sets
for a set of control samples prepared by a custodial laboratory. ESTCP provided partial funding
for this ASTM approval process, which was used to set up the program and identify participating
laboratories. More information on this activity is presented in Section 6.5 of this document.

36 TECHNOLOGY TRANSFER TO NAVY RPMsAND RISK ASSESSORS
The technology transfer performance objective is divided into three parts:

e Technical presentations
e Technical/regulatory guidance
e Development of a Web-based tool

The results of these activities are presented in Section 6.6 of this document.
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4.0 SITE DESCRIPTION

A description of the WNY sediment site and lower Anacostia River is provided in this section.

4.1

SITE SELECTION CRITERIA

AECOM defined site selection criteria to serve as a basis for screening candidate sites for the

bioavailability assessment case studies of the project.

These criteria and their relative

importance to the selection process are provided in Table 4-1. Using the information that was
made available to AECOM by the site personnel and other interested parties, an evaluation of the
site was completed. For comparison purposes, also shown in Table 4-1 are the final sampling
results from the WNY that are relevant to each of the selection criteria.

Table4-1. Site Selection Criteria and Final Sample Results.

Relative
I mportance
Parameter Preferred (1-5with 1 Final Sampling Results
Value -
being
highest)
: 100 - 1x10°

Contaminant of Concern — PAHs 1 Range of 14.4 to 600 mg/k

ug/kg (ppb) s Se
Well-characterized Site Yes 1 Yes
PAHs Identified as Risk Drivers Yes 1 Yes
Interest of Site Manager High 1 High
Anthropogenlc Carbon in Present 1 SOC was measured in all samples
Sediment

Low (below
Concentration of VOCs toxicity 5 Overall low levels from previous

levels, if studies

possible)
Sediment Texture Silt/Clay 2 Silt/Clay

Low (below .
Concentration of Metals toxicity levels 2 Ove?all low levels from previous

. . studies

if possible.
Presence of Free-phase None 3 None observed
Hydrocarbons
Water Depth <50 feet 4 ~10 ft

. WNY is currently on the NPL list

EPA CSTAG Site Yes 4 but is not a CSTAG site
Located within ASTSWMO or Yes 4 Yes

ITRC State
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Available site data which were reviewed included sediment concentrations and toxicity
information from 35 databases that were compiled by NOAA (http://mapping.orr.noaa.gov/
website/ portal/Anacostia River/); a 2003 U.S. Fish and Wildlife Service report entitled
Assessing the Bioavailability of Organic Contaminants in the Anacostia River Using Semi-
permeable Membrane Devices and Filter-feeding Clams; a 2001 report from the Academy of
Natural Sciences entitled Sediment Transport: Additional Chemical Analysis Study, Phase IlI;
documents from the Anacostia Watershed Toxics Alliance (AWTA), and data collected during
the Phase I sediment characterization at the WNY in 2006.

Previous studies have shown that PAH concentrations in this part of the Anacostia River varied
from 100 to 211,000 ppb (Figure 4-1). This was an appropriate range for the demonstration. The
PAH concentrations are based on measuring the 16 parent PAHs (PAH;s), not the 34 NOAA
PAHs that the SCBA program would normally use to screen a site (PAH34). The fluoranthene to
pyrene ratios for some of the historical sediment samples were greater than 1, suggesting a
pyrogenic source of the PAHs such as coal carbonization. Work done previously by the SCBA
(case studies at 18 different sediment sites) has shown that these types of samples generally have
low bioavailability.

The freshwater PEC for PAH,¢ in sediment is 22,800 ng/kg. Based on the data from the SCBA
database, this sediment screening value is only able to accurately predict toxicity to H. azteca
48% of the time because not all of the PAHs are bioavailable. In contrast, the measurement of
pore water PAH34 concentrations is able to accurately predict toxicity to H. azteca 90% of the
time (Hawthorne, et.al., 2007). The final PAH,¢ concentrations at the site ranged from 14 to 600
mg/kg.

Status of Site Characterization

The WNY sediments have been well characterized, with the last sampling occurring in 2006 as a
Phase I site characterization. Several sediment samples have been analyzed from the areas
associated with the Washington Gas and Light (WG&L) and General services Administration
(GSA) sites; however, these areas have not been adequately characterized. It was expected that
the highest concentrations of PAHs would be found in the area associated with the WG&L site,
due to past manufactured gas plant operations.

PAHs Identified as Risk Driver

The Anacostia Watershed Toxics Alliance (AWTA) indicated that PAHs are a risk driver, in that
fish tumors that have been observed in the river are being associated with the presence of the
PAHs. Although the PAH concentrations are not particularly high, the lack of adequate sampling
near the WG&L site suggests that higher concentrations of PAHs, typical of most MGP sites,
may be present in this area.

Presence of Anthropogenic Carbon

TOC levels in the sediment samples were correlated with PAH concentrations, which suggests
that anthropogenic carbon is present in the sediment. As noted previously, a site with
anthropogenic carbon present is highly desirable. Given the correlation between TOC levels and
PAH concentrations, the history of the WNY as a manufacturing facility, the history of the
WG&L site as a manufactured gas plant site, and the urban runoff that continually enters the
Anacostia River in this area through local outfalls and other upstream sources, there was ample
reason to believe that anthropogenic carbon was present in the sediment.
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Sediment Texture

A silt/clay composition was preferred for the demonstration site although the technical approach
can deal with the full range of sediment textures. The sediments in the WNY area of the
Anacostia River generally consist of silt and clay.

Concentrations of Metalsand VOCs

The Anacostia River does not have high levels of other contaminants of concern. Previous
studies indicated that metal concentrations are generally very low. A few of the samples just
barely exceeded the PEC for copper and one of the samples barely exceeded the PEC for nickel.
Other than those few samples, the metals concentrations were below probable effects
concentrations (PECs) except for lead. Lead concentrations exceeded the PEC in greater than
50% of the sediment samples collected and could be a possible cause of toxicity to H. azteca.
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However, no acid volatile sulfides data was available and without these data it was not possible
to determine whether or not lead is likely to be available for partitioning in the pore water. PCB
concentrations were also fairly low in this area, with a maximum concentration of 12 ppm. There
have not been any reported elevated levels of VOCs in the river sediments.

Free Phase Hydrocarbons

Based on preliminary conversations about the site and on the preliminary review of the sediment
data, there did not appear to be significant amounts, if any, of free-phase hydrocarbons present in
the sediment.

Water Depth
The water depth in the specified areas is generally less than 10 ft, which is within the range of
the site selection criteria.

EPA or ASTSWMO/ITRC State Site

Environmental concerns in the Anacostia River are being addressed by the Anacostia Watershed
Toxics Alliance (AWTA) which is a group of stakeholders led by EPA Region 3, and which
includes NOAA, the U.S. Fish and Wildlife Service, the U.S. Park Service, the U.S. Corps of
Engineers, and the District of Columbia Department of the Environment (DDOE). The DDOE
has local jurisdiction over the river sediments and is a participant in the ITRC. The
demonstration results were shared with the ITRC-SCBA regulatory advisory team, which
consists of regulators from five ITRC states (WA, OR, NY, NJ, and MA).

4.2 TEST SITEHISTORY/CHARACTERISTICS

The demonstration site is located in the lower Anacostia River, which is tidal and also is a
depositional area of the river. The area of the test includes sediments adjacent to WG&L, WNY,
and the Southeast Federal Center (SEFC) operated by the GSA. Numerous sewer outfalls from
the District of Columbia also occur in this area. Additional information about these areas, and
the Anacostia River in general, can be found at NOAA’s Anacostia River Watershed Database
and Mapping website (http://mapping.orr.noaa.gov/website/portal/AnacostiaRiver/). In addition,
the Anacostia Watershed Toxics Alliance (AWTA), a consortia of various stakeholders, provides
information on contaminants and contaminant sources within the watershed
(http://www.epa.gov/oswer/onecleanupprogram/anacostia.htm).

Washington Gas and Light Company

The WG&L site covers an area of approximately 19 acres, and includes property owned by
Washington Gas, the National Park Service (NPS), the Washington DC Government, and the
U.S. Army Corps of Engineers (USACE). The portion of the site owned by WG&L formerly
contained the East Station MGP, which started operating in 1888. Operations continued until
1948, when WG&L converted to natural gas. Between 1948 and 1983, the plant was used only
intermittently for periods of peak gas demand during winter months. Demolition of the MGP
was completed in 1985 and the oil tanks were removed in 1997. In 1993, WG&L installed a
two-story brick building containing offices and a groundwater treatment system.

The NPS property along the river is used principally by the D.C. Department of Public Works
Street Maintenance Division to store and maintain heavy equipment. Small portions of the NPS

property located under and east of the 11" Street Bridge are accessible to the public and mainly
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used by a rowing club. The 18.8 acre parcel owned by the USACE is adjacent to the river and
used as a staging area for the removal of floating debris from the Anacostia and Potomac rivers.

Since 1976, WG&L has been pumping and treating groundwater to remove dense non-aqueous
phase liquid (DNAPL) and dissolved organic constituents of DNAPL. There have been limited,
but incomplete, sediment investigations of PAHs associated with the WG&L site in the
Anacostia River. Petroleum spills impacted the river from a Petroleum facility (Stuart
Petroleum) located behind the WG&L site sometime in the 1960°s and again in the early 1980’s.

Washington Navy Yard

WNY is the oldest continuously operated Navy facility in the United States. It currently
occupies 71.5 acres in the District of Columbia, and is bordered by the Anacostia River to the
south, the SEFC to the west, public housing to the north, and WG&L East to the east. The
facility was opened officially on October 2, 1799, and ship building and repair operations were
ongoing by 1822. During the 1800’s, ordnance production, research, and other industrial
activities were prevalent at the yard. In 1886, the WNY was redesignated as the Naval Gun
Factory. During the next 20 years, considerable expansion of the WNY occurred, and
production of ordnance remained the primary operational activity at the facility during this time.
Significant areas of adjacent marshlands were filled to accommodate the WNY.

In the 1940’s, the primary role of the WNY shifted from production of ordnance to
administrative activities. Although administrative activities became a large function of the
WNY, all ordnance production was still monitored or tested at the facility. To accommodate the
expanded activity, new administrative and research facilities were constructed on the eastern
portion of the property. In 1961, the WNY officially became an administrative facility.
Activities currently conducted at the WNY include administration, supply and storage, and
training. An historic center that is open to the public is also currently located there.

Records documenting the wastes generated during the ordnance production or the various other
industrial processes that occurred at the WNY have not been located, however, based on the
description of the documented operations at the WNY, the typical wastes generated were
determined. These wastes would include metals used in ordnance production and paint-spraying;
solvents use in cleaning; cyanide and phenols use in the cooling process; creosote used in wood
treatment, petroleum products and wastes; and PCB-containing oils in storage tanks and
electrical equipment. Contamination also likely occurred during storage and handling of raw
materials. The storm water system draining the facility is contaminated with metals and PCBs,
which can be attributed to the industrial processes and ordnance production that historically
occurred at the facility. The storm water system leads to nine outfalls that empty into the
Anacostia River. Sediment sampling of the river shows metals, PAHs, and PCB contamination.
In addition, volatile and semi-volatile contaminants have been found in soils throughout the
facility. The WNY is on the EPA’s National Priority List (NPL) as a hazardous waste site.

Southeast Federal Center (SEFC)

The SEFC is located to the west of the WNY, and comprises approximately half of the original
124-acre WNY site. PAHs, PCBs, and heavy metals have been detected on site and in the
Anacostia River sediments. Remedial actions that are already underway or completed include:
removal of contaminated sediments (heavy metals and PCBs) from four stormwater outfalls,
including the primary storm sewer outfall onsite (December 1988), remediation or razing of 12
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buildings contaminated with PCBs, heavy metals and asbestos; remediation of soil hot spots at
11 sites contaminated with heavy metals and PCBs; and renovation of the seawall along the
Anacostia River.

PAHsin Sediments

PAHs in sediments have been reported from various studies within the test area of the Anacostia
River. Previous studies show a range of 0.1 to 211 mg TPAH/kg sediment, while this ESTCP
demonstration showed a range of 14 to 600 mg/kg.

The Freshwater Probable Effects Concentration (PEC) for TPAHs is 22.8 mg/kg. Based on
previous studies, there are sediments containing TPAH concentrations in this area of the
Anacostia River which exceed the regulatory standard. It should be noted that deposition of
sediments from upriver is constantly occurring in this area. It has been estimated that
approximately one inch of new sediment is deposited in this area every ten years (Kris Murthy,
WG&L, personal communication), and that this area of the lower Anacostia River is often
referred to as the depositional area of the river.

4.3 PRESENT OPERATIONS

Today the Navy Yard houses a variety of activities. It serves as headquarters, Naval District
Washington, and houses numerous support activities for the fleet and aviation communities.
There is currently a Phase I sediment investigation ongoing at the site.
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5.0 TEST DESIGN

This section presents the planning, sampling, and data analysis requirements of the
demonstration. These discrete technical elements of the demonstration are described below.

Historical Data Review, ldentification of Sample Locations and Collection of Sediment
Samples: The Project Team reviewed the historical sediment data from the area in front of and
adjacent to the WNY site and identified preferred sampling locations for both impacted and
reference sediment samples. A total of 36 sediment samples were collected as part of the
demonstration.

Chemical Screening of Sediment Samples: The 36 sediment samples were rapidly analyzed
(sonication) for total PAH34 concentrations to ensure that a broad range of PAH impacts are
included in the demonstration. Based on these chemical screening results, 15 samples were
selected for detailed chemical and biological testing.

Detailed Chemical Characterization of Sediment Samples: Total sediment and SPME pore
water PAH concentrations were determined on each sediment sample. Basic characteristics of
the sediment samples were also determined including grain size distribution, pH, and ammonia.
TOC and SOC were determined for use in estimating pore water PAH concentrations using
equilibrium partitioning.

Aquatic Toxicity Testing and Comparison with Toxicity Predictions Based on Estimates of
Bioavailability: The acute (survival) and chronic (growth) toxicity of the selected sediment
samples to the freshwater amphipod H. azteca were determined in a 28-day test. The SPME
analysis results for the PAHs in the sediment pore water were converted to toxic units (TU),
which were summed to produce a total toxic unit for the 34 PAHs of interest (i.e., TU34). The
toxicity test results were plotted against the pore water TU34 to investigate the existence of a
dose-response relationship. As previously discussed, this data set was compared to the existing
SCBA data set to show the similarity in the relationship between aquatic toxicity and pore water
PAH concentrations.

Characterization of Sediment Carbon: The carbon types within a subset of four of the sediment
samples were characterized to evaluate the potential for particle-scale binding of PAHs, which
would provide support for a mechanistic interpretation of the observed bioavailability and
toxicity data.

51 CONCEPTUAL EXPERIMENTAL DESIGN

The demonstration consisted of applying the SCBA protocol for evaluating PAH impacts to the
benthic community in surficial sediments (biologically-active zone) at the Washington Navy
Yard. This protocol consists of the following steps:

e Historical review of existing sediment PAH data

e Selection of sediment sampling locations, including background/reference sample
locations
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e Sampling of surficial sediments and preparation (e.g., debris removal, on-site screening
and mixing) for shipment to the analytical laboratories
e Rapid screening of sediments samples for total PAHs (i.e., extraction by sonication)
e Selection of subset of sediments for detailed analysis:
1. Total PAHs (soxhlet extraction)
Pore water PAHs using SPME
Total organic carbon (TOC)
Soot organic carbon (SOC)
Aquatic toxicity (survival and growth)
6. Other physical and chemical parameters
e Selection of four sediments for detailed carbon analysis
e Creation of a total PAH toxic unit for each sediment sample
1. Correlation of sediment PAH TUs to aquatic toxicity results
= Total PAHs and survival of H. azteca;
= Pore water PAH TUs4 estimated using equilibrium partitioning and
survival of H. azteca; and
= Pore water PAH TUj;4 from direct SPME analysis and survival and growth
of H. azteca
e PAH concentrations in total sediment and pore water, and the aquatic toxicity results,
were evaluated in combination with default screening levels to make conclusions about
potential impacts to the benthic community (weight-of-evidence approach)

ol

52 BASELINE CHARACTERIZATION

Previous sediment total PAH concentrations, as well as site characteristics, were evaluated for
suitability for the demonstration (see Section 4.0). Based on this information, twenty-five
sediment sampling sites were selected based on past total PAH concentration data (Table 5-1).
Note that 36 sediments were actually sampled due to the ease of sampling at this site (see Section
5.6.2 and Table 5-2). These sample locations included six original reference sites (AR20
through AR25).

53 TREATABILITY OR LABORATORY STUDY RESULTS
There was no pre-testing or analysis conducted as part of this demonstration, and therefore no
treatability studies or laboratory studies were conducted prior to the field sampling effort.

54 DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS
No technology components were utilized for this demonstration.

55 FIELD TESTING
No field testing activities were undertaken for this demonstration.

56 SAMPLING METHODS

This section presents the procedures that were used to conduct field work to assess the
bioavailability and toxicity of PAHs in aquatic sediments. The sediment sampling activities
conformed to EPA and ASTM standard methods where appropriate (ASTM, 2000a; ASTM,
2000b; U.S. EPA, 2001).
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Table 5-1. Sample Selection L ocations Based on Past PAH Analysis.

Total
AEICDOM Study Name Latitude | Longitude PAH
(ug/kg)
1996 WA Gas - East Station
ARO1 Project 38.873621 | -76.988472 | 167700
1996 WA Gas - East Station
ARO02 Project 38.873131 | -76.989395 | 211300
1996 WA Gas - East Station
ARO3 Project 38.872885 | -76.989846 | 87100
AR04 1999 WA Navy Yard RI 38.871890 | -76.991090 | 3710
ARO5 2006 CH2M HILL 38.87115 | -76.9918759 | 21519
ARO06 2006 CH2M HILL 38.87062 | -76.9928324 | 14950
ARO7 2006 CH2M HILL 38.87104 | -76.9942267 | 11980
AROS8 1999 WA Navy Yard RI 38.871390 | -76.995180 | 1670
ARO09 2006 CH2M HILL 38.871783 | -76.995172 | 10170
AR10 2006 CH2M HILL 38.87151 | -76.9959437 | 645
AR11 2006 CH2M HILL 38.87197 | -76.9959667 | 28710
AR12 1999 WA Navy Yard RI 38.871470 | -76.996970 | 100
AR13 2006 CH2M HILL 38.87222 | -76.9967964 | 48915
AR14 2006 CH2M HILL 38.872 -76.9978566 | 14568
AR15 2006 CH2M HILL 38.87249 | -76.997822 | 23401
ARI16 1999 WA Navy Yard RI 38.872360 | -76.998470 | 122600
AR17 2006 CH2M HILL 38.87258 | -76.9983521 | 68400
AR18 1999 WA Navy Yard RI 38.872320 | -76.999440 | 2410
AR19 1995 Washington Navy Yard 38.872596 | -77.000445 | 58210
AR20 1999 WA Navy Yard RI 38.881030 | -76.971270 | 11790
1996 WA Gas - East Station
AR21 Project 38.877126 | -76.980504 | 12130
AR22 2006 CH2M HILL 38.87212 | -76.9905851 | 10680
AR23 2006 CH2M HILL 38.87186 | -76.9906543 | 8170
no data - across from SD60
AR24 (AR14) 38.869296 | -76.996076 | NA
AR25 no data - downstream reference | 38.869877 | -77.004342 | NA

5.6.1 Sample Station Access

AECOM personnel collected surface sediment samples using a 21 ft boat equipped with a Ponar
dredge, subcontracted with TG&B Marine Services, Inc. (TG&B). TG&B was responsible for
mobilization and demobilization of the boat. Three AECOM personnel were on site for sediment
sampling and processing. No utilities were needed to process the samples.

21



All sediment sampling and sample processing was conducted by AECOM. TG&B provided the
sampling boat and crew to launch and operate the boat. The sampling boat was provided by
Spencer Oceanographic Services, Inc. All personnel performing the fieldwork were certified for
hazardous materials operations (OSHA 40-hour Hazwoper training, with up-to-date 8-hour
refresher classes) and worked under the Site-specific Health and Safety Plan (HASP) provided in
Appendix D.

An AECOM sediment sampling crew accessed the sediment sample locations using the boat and
secured the sediment samples using procedures that have been used at other sites during previous
sediment sampling events. The boat was anchored while the sample was collected. The vessel
was mobilized in such a way as to minimize the potential for disturbance of the sediment and
surface water via wave or propeller action.

5.6.2 Sample Station L ocations

The original demonstration work plan indicated that 25 samples would be collected. However,
sample collection was rapid at this site, thereby allowing the collection of 36 samples at no extra
cost to the project. The 36 sediment sample locations are listed in Table 5-2. All sediment
samples were surface grab samples. Sample locations were selected based on historical data (see
Section 5.1 Baseline Characterization). Sample locations included those locations identified
during previous sampling efforts as having the highest PAH concentrations, as well as locations
expected to have lower and intermediate PAH concentrations. Field reference samples were
collected as samples AR20 through AR25. The field reference samples were chosen in order to
establish background levels in the river. Because the river is heavily industrialized it is not clear
if the field reference samples represented true clean reference samples, but at a minimum they
illustrated the PAH background concentrations present in the river surrounding the site.

Sample locations were designated coordinates of latitude and longitude. A differential GPS unit
was used to position the sampling personnel at the sample station coordinates provided in Table
5-2, and daily station checks were conducted to confirm the unit was reporting accurately. No
obstructions, such as boulders or cobbles, were encountered during sampling, and therefore no
sample location changes were made in the field.
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Table 5-2. Sediment Samples and Those Selected for Further Analysis.

sample ID Selected for GPS GPS Water Field Description
P Toxicity Testing| Latitude!) | Longitude” |Depth (ft) E

ARO1 28 524180 76 59,3067 86 SB'::\{IV: soft SILT, thick organic layer, leaves, twigs, snail
Dark brown silty CLAY, trace very fine grain sand, suspected

AR02 of 38 52.3876 76 59.3627 9.5 black product, some gravel, moderate hydrocarbon-like
odor, moderate sheen
Dark brown medium grained GRAVEL, little sand, trace

ARO03 of 38 52.3748 76 59.3851 4 large pebbles, visibly suspected product, slight hydrocarbon-
like odor, trace sheen

AR04 38523140 76 59.4671 8.4 Brown SILT, trace organics, slight hydrocarbon-like odor

AR0S of 38522674 76 59.5119 11.5 Brown SILT, organic layer, leaves, twigs

ARG 28 52 2365 76 59,5727 13 Brown SILT, s.ome organics, leaves, twigs, slight
hydrocarbon-like odor, trace sheen

ARO07 of 38 52.2632 76 59.6514 13.6 |Brown SILT, organic layer, moderate hydrocarbon-like odor

AROS af 28 522834 76 59,7122 154 Erown SILT, trace organics, snail shells, slight hydrocarbon-
like odor
Brown SILT, dense organic layer, leaves, sticks, twigs,

ARy 3 2200 fLe 18 visible black product/staining, slight hydrocarbon-like odor

AR1O af 28 52 2905 76 59,7567 175 Brc?w.n SILT, organic Iayer-le.aves, sticks, visibly black
staining, slight hydrocarbon-like odor

AR11 3852.3183 76 59.7587 13.7 |Brown SILT, organic layer-leaves, sticks

AR12 28 52 2905 76 59.8303 198 Brown SILT, cgrganlc material-leaves, sticks, slight
hydrocarbon-like odor

AR13 of 38 52.3336 76 59.8076 13.4 |Dark brown SILT, heavy organic debris, twigs, leaves, shells
Dark brown SILT, some organic debris, twigs, leaves, shells,

AR14 of 38 52.3201 76 59.8713 17.6 |trace suspected black product by org material, slight
hydrocarbon-like odor
Dark brown silty CLAY, moderate organic matter-sticks,

AR15 38 52.3486 76 59.8691 13.8 |some trash-plastic, trace suspected product, slight
hydrocarbon-like odor

AR16 3 28 523316 76 59,9360 14 Dark brown silty CLAY, heavy organic matter-sticks, leaves,
some suspected product
Brown SILT, some organic matter-leaves, twigs, snail shells,

AR17 of 38 52.3636 76 59.9417 151 plastic, suspected trace product/black staining, slight
hydrocarbon-like odor

AR 28 52 3411 76 59,9679 193 I?;:v:;osrlLT and CLAY, trace organics, slight hydrocarbon-

AR19 38 52.3566 77 00.0281 19.5 |Dark brown SILT, some suspected product

AR20 3852.8016 76 58.2947 9.2 Brown SILT, dense organic layer-leaves, twigs
Brown SILT, dense organic layer-peat, leaves, twigs, shells,

AR ! ik i PR trace black staining, slight hydrocarbon-like odor

AR22 28 52 3260 76 59 4362 10 tBr;c:;:n very fine SILT, many organics-sticks, leaves, some

AR23 3852.3102 76 59.4329 12.5 Brown SILT, trace organics-leaves, roots

AR 28 52 1553 76 59,7653 187 Brown SILT, trace qrganlcs-leaves, sticks, black staining,
slight hydrocarbon-like odor

AR25 3 28 521930 77 00,2612 222 Brown SILT, trace organic m.aterlal, some suspected black
product, slight hydrocarbon-like odor
Brown coarse SAND, some silt, fine pebbles, dense organics|

AR26 o 38 51.3340 76 59.9135 16.8 |sticks, leaves, cobbles, suspected black product, slight
hydrocarbon-like odor, trace sheen

AR27 3 28 52 6513 76 59,5209 55 Brown SIITT, little fine grain sand, some organic material-
leaves, sticks

AR28 38 524841 76 59.1255 10.8 |Brown SILT, organic layer-leaves, twigs

AR29 38 524515 76 59.2358 11.6 |Brown SILT, dense organic matter-leaves, sticks, shells

AR30 28 52 3579 76 59.2817 04 Brown silty CITAY, trace organics-leaves, twigs, slight
hydrocarbon-like odor

AR31 38 52.3467 76 59.3343 13.7 |Brown SILT, trace very fine grain sand

AR32 28 52 2429 76 59.8043 175 Brown SILT, t.race black staining/suspected product, slight
hydrocarbon-like odor

AR33 28 52 2709 76 59.8772 18 IIiBI:zv:r)ndj‘;lLT, organic layer-leaves, twigs, slight hydrocarbon-

AR34 38 52.2773 76 59.9542 18.1 Brown SILT, slight hydrocarbon-like odor

AR35 38 52.3484 77 00.0015 18.8 |Brown SILT

AR36 of 38 52.3416 77 00.0925 18 Brown SILT, trace organics, slight hydrocarbon-like odor

Mgps latitude and longitude are in NAD 1983 degrees, decimal-minutes

23



5.6.3 Field Measurements

Upon arrival at each sampling station, field measurements of water quality and water depth were
collected. Water depth was recorded by measuring the depth-to-sediment from the surface of the
water, with an accuracy of 0.1 feet. Two sets of field measurements of water quality collected at
each station. One measurement was taken near the water surface, approximately 1 foot below the
water surface, and a second measurement was taken within 3 feet of the top of the sediment
surface. The water quality parameters measured in the field included the following:

* Temperature (degrees Celsius)
* Dissolved Oxygen (mg/L)

- pH

* Salinity (ppt)

Turbidity (NTU)

* Conductivity (wumhos/cm)

5.6.4 Sediment Sample Collection for Chemistry and Toxicity Testing

Approximately 12 liters of surface sediment, obtained from 0 to 10 centimeters below the
sediment surface, were collected from each sample station. A ponar grab sampler (standard size)
was used for collecting sediments. The ponar grab sampler is suitable for collecting soft
sediments and also for harder sediments containing significant quantities of sand, gravel, and
firm clay. The sample depth for this device is from 0 to 10 centimeters. The ponar grab sampler
was lowered and raised from the sediment surface via a hand-winch and cable. The ponar size

2
was 0.093 m .
Ponar samples were visually inspected to ensure that the following conditions were satisfied:

» The sampler was not overfilled so that the sediment surface was touching the top of the
sampler

* Overlying water was present (indicates minimal leakage)

» The overlying water was clear or not excessively turbid

» The sediment-water interface was intact and relatively flat, with no sign of channeling or
sample washout

* The desired depth of penetration was achieved

* There was no evidence of sediment loss (incomplete closure of the sampler, penetration
at an angle, or tilting upon retrieval)

Care was exercised during sample collection to avoid problems such as loss of fine-grained
surface sediment from sample washout upon ascent of the sampler. After the sample was
collected, the sampling device was lifted slowly off the bottom, then steadily raised to the
surface at a speed of approximately not more than 1 foot per second.

5.6.5 Field Observations

Field personnel recorded the sample station designation as well as observations of the physical
characteristics of the sediment that were encountered at each sampling station, and the physical
characteristics of the study area. Information that was recorded included:

» Presence of fill material, coal or coke, or asphalt- or tar-like materials at the shoreline
» Presence or absence of aquatic vegetation
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+ Sediment color, texture, and particle size
» Odor and presence of sheens or non-aqueous phase liquids (NAPL)

5.6.6 SampleLocation Mapping
After each sample was collected, the station was located so that the site could be re-sampled in
the future, if necessary. The mapping included the following:

» Recording of the latitude and longitude identified using a GPS receiver

* A hand-plotted estimate of the location on a field map of the study area

* Photo documentation of the significant features on the shore as location references

+ Addition of notes to the field map showing any important site features that had a bearing
on the sediment condition (e.g. pipe outfalls or subsurface debris)

5.6.7 Sample Processing Procedures

Sediments collected at each station were placed into a clean, 5-gallon plastic bucket. The bucket
was labeled with the sample station designation and transported to shore. The sample was
homogenized in the field by screening and mixing so that there was consistency in the sub-
samples that were sent to each laboratory.

Sample homogenization was conducted as follows:

» Sediments in the bucket were first mixed by hand using a chemically inert, stainless steel
spoon or spatula;

* The sediment sample was screened to remove oversized material. Materials such as
twigs, shells, leaves, stones, pieces of wood, and vegetation were removed by hand and
the sediment was press sieved through a #5 mesh sieve (4 mm openings) with a spatula;,
and

* The sediment sample was then homogenized using an electric drill mounted mixing
paddle. The paddle was used to thoroughly mix the sediment in the bucket.

Following homogenization, samples were split and placed into glass jars having Teflon-lined lids
for submittal to the appropriate laboratories. Each jar was properly labeled with the name of the
study site, the sample station designation, the time of collection, the date of collection, and name
of collector. Following sample homogenization, glass jars were kept at 4°C. Sample handling
requirements for each testing laboratory are presented in Table 5-3.
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Table 5-3. Sample Handling Requirements.

Holding
Sample Container Minimum Time
P Matrix Par ameter Qty ) Preservation® from L aboratory®
Type Type Volume
Sample
Date
Toxicity . Amphipod Toxicity (H. azteca) o @
Tests Sediment 28-day chronic test TBD glass 2L Cool to 4°C 28 days ERDC
Chemical/ Dissolved pore water PAHs
Physical Pore Water | (parent compounds and estimate | TBD %) %) 28 days"?
Character of alkylated compounds)
ization Total Organic Carbon TBD Cool to 4°C 28 days” EERC
Soot Carbon TBD 28 days"”
. glass 8 oz.
Total sediment PAHs: Parent & @
TBD 28 days
Sediment alkylated (34 compounds)
edimen Percent Solids TBD glass 2 oz. Cool to 4°C 28 days®
Grain Size TBD glass 16 oz. NA STL
pH TBD lass 8 0z Cool to 4°C ASAP
Ammonia TBD & ' 28 days"”
Surface Surface pH, Temperature, Conductivity, . .
Water Water Salinity, DO, Turbidity TBD field field field 15 min. Field

Notes: (1) All glass jars had Teflon-lined lids

(2) Test were initiated within 28 days of sample collection

(3) Samples requiring thermal preservation were maintained at 2° - 6° C.
(4) EERC-Energy & Environmental Research Center

(5) ERDC - Engineering Research & Development Center

(6) STL Severn Trent Laboratories (now Test America)
(7) Pore water samples were generated in the EERC laboratory from the sediment samples
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5.6.8 Field and Sample Documentation

This section presents the documentation procedures that were used during sample collection and
handling, including field documentation, a description of the designations that were used for the
samples, chain-of-custody (COC) procedures, and equipment documentation.

Field Documentation. All measurements and observations discussed above for both the field
sampling and field processing of the sediments were recorded on a field form. Copies of the field
forms are included in the final project report as Appendix E.

Sample Designations. Individual sediment samples were designated as follows:

+ Sediment Samples. Sediment samples were numbered according to the numbering system
outlined in Table 5-2; and

» Background Sediment Samples. Background sediment samples were distinguished only
by their sampling location.

Sample COC (Chain of Custody). To establish the documentation necessary to trace the sample
possession from the time of sample collection to final analysis, a COC record was completed for
each sample, and is included as Appendix F. The COC record contains the following
information:

+ Sampling station identification

» Sampling date and time

* Identification of sample collector

» Sample identification

» Sample description (type and quantity)

* Analyses to be performed

* Signatures of persons involved in the chain of possession
 Date and times of possession

Field Quality Assessment and Quality Control (QA/QC) Procedures. All QA/QC procedures
are defined in the project-specific Quality Assurance Project Plan (QAPP), which is attached as
Appendix G.

Equipment Decontamination

Sediment processing and decontamination of equipment was performed on shore, at the
Buzzard’s Point Marina, with permission of the U.S. Park Service. All equipment used to collect
or process the sediment samples was decontaminated between uses. The decontamination
consisted of brushing/wiping sediment from the equipment, cleaning with Alconox, followed by
a site-water rinse. Since NAPLs were not encountered, an acetone cleaning was not required.

5.6.9 Sediment Sample Analysis

Table 5-4 provides a summary of the chemical, physical, and bioavailability tests that were
performed as part of the initial sample screening and detailed characterization. Table 5-5
provides method references for the tests and the laboratories that conducting the analyses.
Chemical/physical tests that were completed for the sediment samples are described in the
remainder of this section. A project-specific QAPP, which describes QA/QC procedures for the
laboratory analyses, is included as Appendix G. All analytical/testing laboratories which were
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used in the demonstration were included as performers in the project.

Table 5-4. Analytical Testing Program.

Sample Matrix Parameter Purpose L aborator
Type y
. O . .. Direct
Bloavajlabl I ity Sediment Amphipod toxicity (H. azteca) Measurement of | ERPC
Characterization 28-day chronic test .
PAH toxicity
Total and Soot Organic octl.l :;3§§;iiatlon EERC
Carbon (SOC) .
organic matter
Total Solids STL
Sediment Grain size Potential STL
Chemical/Physical pH confounding ~ 1=or
L factors affecting
Characterization . .
Ammonia interpretation of  ["g[
toxicity data
Characterization of Sediment UMBC
Carbon
Pore SPME total dissolved PAHs Chemical test for EERC
Water (parent compounds and estimating PAH
estimate of alkylated) bioavailability
Temperature .
pH General Field YSI
Field Surface Dissolved oxygen environmental 16\/?2 0 Field
M easur ement Water Conductivity quality eter ;)r
Salinity parameters equivalent
Turbidity

EERC - Energy & Environmental Research Center - University of North Dakota
ERDC - Engineering Research and Development Center
STL - Severn Trent Laboratories, Inc., Burlington, VT (now Test America)
UMBC -University of Maryland — Baltimore County
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Table5-5. Laboratory Methods.

Method
Parameter Method Reference(s) Laboratory
[Hawthorne, 2005b],
;F;ze:ciﬁfan d Sonication for 4 hrs. in 1:1 methylene [U.S. EPA
analvsis — chloride:acetone mixture followed by EPA/600/R02/013, EERC
ys! GC/MS analysis. 2003], [NOAA,
screening level
1998]
Sohxlet extraction in methylene chloride: [Hawthorne, 2005b],
Total PAHs parent followed by GC/MS usine Selected Ton [U.S. EPA
& alkylated (34 otlowed by using sefected fo EPA/600/R02/013, | EERC
Monitoring (SIM) for measuring parent and
compounds) 2003], [[NOAA,
alkylated PAHs
1998]
Centrifugation and flocculation followed [Hawthorne et al.,
PAH extraction — by solid phase microextraction (SPME) and | 2005a], [Hawthorne, EERC
pore water GC/MS analysis for measuring parent and | 2005b], [NOAA,
alkylated PAHs 1998]
Sample acidified to remove carbonates,
Total Organic followed by analysis using a Leeman CE44
Carbon (TOC) Elemental Analyzer modified for sediment [Hawthorne, 2001] EERC
analysis. (triplicate analyses on sediments)
Soot Organic TOC following pretreatment at 375° C for | [Gustafsson et al., EERC
Carbon (SOC) 24 hrs. [i.e., heat stable TOC] 1997]
[U.S. EPA, 1983],
[U.S. EPA, CLP
Percent Solids STL SOP IN623 SOW OLM04.2/4.3], | STL
[U.S. EPA, CLP
SOW ILMO05.2]
Grain Size ASTM Methods D422-63 and D421-85 [ASTM, 1990] STL
pH in Sediment U.S. EPA SW-846 Method 9045C [U.S. EPA, 1996] STL
Ammonia U.S. EPA Method 350.2 [U.S. EPA, 1983] STL
Sediment toxicity Amphipod (H. azteca) toxicity 28-day [U.S. EPA., 2000] ERDC

test

chronic test

EERC — Energy & Environmental Research Center, ND
STL — Severn Trent Laboratories, Inc., Burlington, VT (now Test America)
ERDC — Engineering Research and Development Center, Vicksburg, MS

5.6.10 Sediment Characterization
Fifteen of the original 36 sediment samples were selected for further characterization based on
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preliminary total PAH analysis. Details regarding the specific methods that were used to
generate these data are and are discussed below.

Carbon and Grain Size Analysis of Sediments. Total organic carbon (TOC) and soot carbon
(SOC) were determined on air-dried sediment samples using a Leeman Labs model CE440 15
elemental analyzer as described in the literature (Gustafsson et al., 1997; Accardi-Dey and
Gschwend, 2002). Total solids and grain size were determined using EPA Method 160.3 and
ASTM Method D-422-63/D421-85, respectively (U.S. EPA, 1983; ASTM, 2005).

Analysis of 18 Parent and 16 Alkylated PAHs (NOAA 34 PAHSs) in Sediment and Sediment
Pore water. Preliminary estimates of PAH concentrations on each of the original 36 sediment
samples were performed by mixing 2 g of the wet sediment with 2 g of sodium sulfate and
extracting with 20 mL of 1:1 acetone/methylene chloride for 18 h in a bath sonicator, and
analyzing the extracts for PAHs4. Total PAHs (PAH34), consisting of 34 parent and alkylated
compounds, were analyzed in all sediment and pore water samples using GC/MS with selected
ion monitoring (SIM). The analysis of parent and alkylated PAHs was conducted using the
method originally developed by the National Oceanographic and Atmospheric Administration
(NOAA) [NOAA, 1998] with additional response factors developed for quantification of
alkylated PAHs [Hawthorne et al., 2005b]. All standard and sample peak areas were normalized
to the d-PAH internal standards ranging in size from naphthalene-d8 to benzo[ghi]perylene-d12.
When no deuterated analog of a PAH was available, the d-PAH with the closest molecular
structure was used (e.g., benzo[a]pyrene-d12 was used as the internal standard for benzo[e]
pyrene). The parent d-PAH was used for the related alkyl PAHs (except for methylnaphthalene-
d10). Quantification was based on the peak areas of the molecular ions (compared to those of the
relevant d-PAH internal standards) and the relative response factors as previously reported
(Hawthorne et al., 2005; Hawthorne et al., 2006). Peak identities were routinely verified by
analyzing representative extracts in the full scan GC/MS mode.

Pore Water PAHSs in Sediment. Pore water samples were prepared fresh daily by transferring a
20 ml to 40 mL of the sediment/water slurry to a “certified clean” 40 mL glass “VOA” vial and
centrifuging for 30 min at 1000g. This typically resulted in 10-15 mL of pore water that could
be

gently collected with a pipette. Flocculation of the water samples was performed twice with a 10
wt % solution of alum (aluminum potassium sulfate) added to the water at a 1:40 ratio. A few
drops of 1 M NaOH was added to the vials, after which it was mixed to induce flocculation. The
vial was centrifuged again for 30 min and the supernatant water was collected with a pipette. The
pore water sample was then split into four 1.5 mL aliquots that were placed into new 2-mL
silanized glass autosampler vials (Agilent, Wilmington, DE) containing a precleaned (sonicated
overnight in acetone) 7-mm Teflon coated stir bar. The d-PAH internal standards were
immediately added to the sample. The samples were then subjected to SPME analysis within a
few minutes of preparation to ca. 4 h after preparation (for the fourth replicate sample). Daily
blank and calibration water samples were prepared in the same manner with 1.5 mL of HPLC-
grade water (Fisher Scientific, Pittsburgh, PA).

PAH concentrations in pore water samples were determined following solid-phase
microextraction (SPME) using an Agilent model 5973 GC/MS equipped with a 60-m Agilent
HP-5 MS column (0.25 um film thickness, 250 um i.d.) operated in the selected ion mode for the
molecular ions of the target PAHs and d-PAHs which were added to the pore water samples as
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internal standards (Hawthorne et al., 2005).

Aquatic Toxicity Testing

PAH toxicity was determined directly by measuring survival and growth of the freshwater
amphipod H. azteca'. Amphipod survival and growth was assessed using the standard 28-day
chronic toxicity test. Following the 28-d sediment exposure period, the surviving amphipods
were characterized. Comparisons of survival and dry weights among treatments were conducted
using statistical techniques, i.e., arc sine (square root) transformed values subjected to either the
parametric Dunnett’s Test or non-parametric Many-One Rank Test procedures of Steel. All
statistical comparisons were made at a 95% confidence level (p< 0.05).

Characterization of Sediment Carbon

Four sediment samples were selected to perform a detailed particle-scale assessment of PAH
location and binding. These samples were selected to span the range of low to high contaminant
availability as measured by the SPME analysis of the sediment pore water. The detailed
assessment of contaminant association included size and density separation of particulate organic
matter in sediments, particle-scale PAH measurements, and petrographic characterizations to
identify the nature of the organic matter responsible for PAH binding. Identification of the
geochemical nature of the sediment carbon, specifically the presence of coal, coke, lampblack,
pitch, and tar help to explain any differences in site-specific values of PAH partitioning from
what would have been estimated using standard empirical correlations. The proposed methods to
perform this assessment were conducted as part of other ESTCP ([ESTCP ER-0510] Sediment
project at Hunter’s Point) and SERDP ([SERDP CU-1095] — Assessment and Prediction of
Biostabilization of Polycyclic Aromatic Hydrocarbons (PAHs) in Sediments) projects and are
described in the literature (Ghosh et al., 2000).

General Chemistry, Physical Analysis Methods, and Field Measurements

Analysis of sediment grain size, pH, and ammonia was conducted on samples subjected to
toxicity testing. Field measurements of surface water parameters were also be made at the time
of sediment sampling. These parameters include temperature, pH, dissolved oxygen,
conductivity, salinity and turbidity. These data were collected using a Field YSI 6280 field meter
or its equivalent. These data provide measures of general environmental quality, which can be
useful when interpreting the chemistry and toxicology test results.

5.6.11 Data Interpretation

Toxic units (TU) were calculated for each individual PAH in the sediment pore water according
to the method presented in EPA (2003). The individual TUs for each PAH were summed to
form a total PAH TU.

Probit and Logistic Regression Analysis. One of the performance objects of the demonstration
was the ability of the PAH TUjs, as calculated from the measured SPME pore water
concentrations, to predict toxicity to the amphipod H. azteca. A dose-response relationship
relating the survival of H. azteca versus the sample total PAH TU was evaluated on the existing
SCBA database using probit and logistic regression analysis. The Probit model goodness-of-fit
was evaluated on the existing SCBA database using the p-values for the Pearson and likelihood
ratio chi-square at the 95% confidence level. The lower 95th tolerance level for 90% survival and

! Reproduction was not examined as a bioassay endpoint because of the degree of variability associated with this test
and the inability to effectively use the data to make any sediment management decisions.
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upper 95th tolerance level for 10% survival were calculated to quantify predictions of toxicity
(i.e., no toxicity, uncertain or potential toxicity, and likely toxicity). The relationship between the
PAH pore water concentrations and growth from the SCBA database was also analyzed using
regression analysis. The survival data for the WNY sediments was plotted against the following
parameters:

e Bulk sediment PAH;4 concentration

o Estimated PAHss pore water concentration (expressed at TUss) using equilibrium
partitioning theory and adjustment for total organic carbon (TOC)

e Estimated PAH pore water concentration (expressed as TUs4) using equilibrium
partitioning theory and adjustment for total organic carbon (TOC) and soot organic
carbon (SOC)

e Pore water PAH34 concentrations (expressed at TU34) determined by SPME analysis

In addition, H. azteca growth data were plotted against whole sediment PAH ;¢ concentrations
and SPME pore water PAH34 concentrations (expressed as TU34). To aid these data comparison,
they were superimposed on the historical SCBA data set to investigate conformity to the dose-
response relationship that had been previously determined using the entire industry field
database.

5.6.12 Experimental Controls

Experimental controls consisted of the collection of six field reference site sediment samples, of
which two were used in the final data analysis (i.e., final 15 samples). The field reference areas
were selected based on the results of historical sediment sampling and location upstream, cross
stream, or downstream from the site did not contain significant quantities of target analytes.

57 SAMPLING RESULTS
This section of the document presents the findings of the demonstration. These results are
discussed in the following order:

e General sediment physical and chemical properties: grain size, TOC, SOC, ammonia, and
pH

Bulk sediment PAH chemistry

Pore water PAH chemistry

Aquatic toxicity results: Survival and growth of Hyalella azteca (28-day test)

Total organic carbon (TOC) and soot organic carbon (SOC)

Carbon chemistry: detailed carbon chemistry of selected sediments

The measures of PAHs in sediments were correlated with the aquatic toxicity results to provide a
weight-of-evidence analysis of the effects of sediment PAHs on the benthic community. The
detailed carbon analysis explored the effect of sediment carbon type on pore water PAH
chemistry (i.e., bioavailability).

Thirty-six samples locations were originally sampled. These samples were subjected to a rapid
total PAH analysis (extraction by 16 hour sonication). The results of that analysis were used to
select 15 sediment samples (including 2 reference samples) containing a range of total PAH
concentrations (Table 5-2). The following sections discuss the chemical and physical analysis of
the 15 final sediment samples selected for study.
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5.7.1 General Sediment Physical and Chemical Properties

Sediment grain size was generally silty-clay, with the exception of samples AR03, AR16, and
AR26, which were predominantly sandy (Table 5-6). pH values ranged from6.9 to 7.2 standard
units, and ammonia ranged from 37.1 to 595 mg/kg. Sample ARO3 had a relatively low
ammonia concentration (37.1 mg/kg) which reflects the sandier nature of this sediment sample.
The complete laboratory report for the general sediment physical and chemical properties is
provided in Appendix H.

Table 5-6. Sediment Grain Size and Basic Chemistry.

Grain Size Data Basic Chemistry
sample | Grave | COArse| Medium | Fine | o\, Clay | Solids | Ammonia
() | Sand | Sand | Sand ey |96y | () | (mgkg) | PM
(%) (%) (%)
ARO2 4.9 6.5 9.6 12.5 22.9 43.7 48.5 225 7.1
ARO03 7.7 17.4 47.0 21.2 5.2 1.4 80.8 37.1 7.2
ARO5 0.1 0.5 1.7 30.3 49.6 17.9 47.6 303 6.9
ARO7 0.0 0.0 0.2 4.2 69.6 26.0 39.6 309 6.9
AR08 0.0 0.0 0.1 04 66.9 32.6 37.6 315 6.9
AR10 0.0 0.1 0.1 0.7 59.1 40.0 38.7 335 6.9
AR13 20.2 6.7 12.0 14.5 31.2 15.5 33.8 595 6.5
AR14 0.3 0.3 0.3 1.9 51.1 46.0 354 271 6.8
AR16 35 6.1 13.4 447 21.4 10.9 43.1 136 6.9
AR17 19.7 9.0 8.4 14.3 25.8 22.8 34.4 161 7.1
AR21 3.6 1.2 1.3 6.0 60.3 27.6 27.2 431 6.9
AR25 0.0 0.0 04 1.8 61.9 359 38.4 408 6.9
AR26 14.9 9.6 19.2 42.3 8.1 6.0 48.7 123 7.1
AR27 0.1 04 1.2 27.6 52.3 18.4 48.1 182 6.9
AR36 0.0 0.0 0.1 2.7 71.0 26.2 36.9 325 7.0

5.7.2 PAH Chemistry

The 15 samples selected for detailed study were analyzed by EERC for the total extractable and
pore water concentrations of the 34 National Oceanographic and Atmosphere Administration
(NOAA) PAHs, which include 18 parent and 16 groups of alkylated PAHs, subsequently
referred to as PAH34. The 16 U.S. EPA priority pollutant PAHs (PAH,6) are a subset of the
PAH34. The complete laboratory report from EERC is provided in Appendix I, and the PAH
chemistry is discussed in the following sub-sections. A summary of the total bulk sediment PAH
concentrations as well as the SPME PAH pore water concentrations is provided in Table 5-9,
along with the results of the aquatic toxicity testing.

5.7.2.1 Bulk PAH Chemistry

Total PAH;s and PAH34 concentrations are presented in Table 5-7. TPAH;¢ concentrations
ranged from 14.4 to 600 mg/kg in these samples. The two field reference samples (AR21 and
AR25) had PAH;¢ concentrations of 38.5 and 21.9 mg/kg, respectively. Total PAH34
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concentrations in the bulk sediment samples ranged from 38.9 to 2009 mg/kg. All of these
sediment samples exceed the freshwater threshold effects level of 1.6 mg PAH/kg sediment. The
DC Department of the Environment (DDOE) currently uses the TEL as a TPAH screening
concentration. According to that criteria, the area covered by these sediment samples would
have to be remediated or subjected to further (i.e., higher tier) analysis. Many other U.S. states
use the freshwater probable effects level (PEL) of 22.8 mg PAH/kg sediment as a screening
level. However, it can be seen that almost all of the sediments within the areas of the WNY in
this study also exceed that screening level.

5.7.2.2 Pore water PAH Chemistry

Pore water PAH34 concentrations are presented in Table 5-8. Concentrations of PAH,¢ in pore
water ranged from 0.078 (AR16) to 114 ug/L (AR02). Concentrations of PAH34 in pore water
ranged from 0.078 (AR16) to 677 ug/L (AR02). Pore water PAH concentrations are related to
observed effects on benthic organisms through a final chronic value (FCV), which is derived
from an Ambient Water Quality Criteria (AWQC) value (EPA, 2003). To make this comparison,
pore water PAH concentrations are converted to toxic units (TU), where the TU is the individual
PAH concentration/individual PAH FCV. The individual PAH TUs are then summed to provide
a total PAH TU (i.e., PAH;s TU or PAH3;4 TU). The EPA recognized the contribution of
alkylated PAHs to toxicity to benthic organisms, and recently provided evidence that TU PAH34
should be used rather than TU PAH ¢ (U.S. EPA, 2009) due to the low FCV (final chronic value)
associated with the alkylated PAHs..
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Table 5-7. Sediment Total PAH Concentrations and TUs Based on Equilibrium Partitioning.

AROZ AROS AROS ARO7 AROS

Sediment PAHs ‘I‘I‘Iﬂﬂ_{ﬂ) Mﬁn Stﬂev. N Mean Std Dev. N Mean Std Dev. N Mﬂ Std_l:)eu. N Mean Std Dev. N
naphthalene 12.4 0.680 4 0.726 0.535 4 0.221 0.017 4 0.125 0.014 4 0.142 0.015 4
2-methylnaphthalene 11.6 0.784 4 0.935 0.741 4 0.201 0.007 4 0.135 0.005 4 0.132 0.010 4
1-methyinaphthalene 5.58 0.156 4 1.66 0,808 4 0,109 0.023 4 0.071 0,008 4 0,068 0.005 4

C2 naphthalenes 137 1.84 4 3.29 1.15 4 1.38 0.268 4 .07 0.067 4 1.10 0.062 4

C3 naphthalenes 98.2 2.36 L 1.60 0.491 4 1.19 0.045 L .45 0.063 4 0.933 0.073 4

C4 naphthalenes 57.0 1.72 4 0.743 0.286 4 1.39 0.171 4 1.84 0.096 4 1.09 0.125 4

acenaphthylene 17.1 1.67 L 0.275 0.220 4 0.317 0.058 e 0.26E 0.034 4 0.328 0.035 4

acenaphthene 48.5 2.21 L 1.10 0.333 4 0.266 0.078 E 0.16 0.011 4 0.146 0.013 4

fluorene 23.5 0.688 4 0.550 0.079 4 0,322 0.069 4 0.211 0.014 4 0.169 0.007 4

C1 fluorenes 48.7 1.08 4 0.823 0.343 4 0.674 0.110 4 0.555 0.011 4 0.525 0.024 4

C2 fluorenes 72.2 4.21 4 1.50 0.713 4 2.87 0.279 4 2.65 0.183 4 2.48 0.172 4
C3 fluorenes ND ND ND ND ND ND ND ND ND MND ND ND ND ND ND
phenanthrene 99.7 1.31 L 2.22 0.952 4 2.71 0.908 - 1.84 0.152 4 1.51 0.059 4
anthracene 58.1 2.25 < 1.668 0.705 4 .61 0.539 - 0.904 0.071 4 0.863 0.041 4

C1 phenanthrenes/anthracenes 148 5.95 4 2.52 1.09 -1 2.36 0.489 L 1.74 0.087 4 1.36 0.047 4
C2 phenanthrenes/anthracenes 289 17.3 4 3.02 1.66 4 5.02 0.530 4 7.01 0.397 4 5.29 0.139 4
C3 phenanthrenes/anthracenes 152 B8.78 4 2.75 1.45 4 7.61 0.835 4 7.30 0.322 4 5.87 0.054 k
C4 phenanthrenes/anthracenes 28.8 485 4 0.595 0.321 4 2.42 0.324 L 2.00 0.050 4 1.93 0,252 L
fluoranthens 57.0 0.825 4 1.68 1.58 4 515 1.83 4 3.61 0.218 4 2.95 0.207 ]

pyrene 92.9 1.77 4 1.77 1.21 4 4.27 1.42 4 3.13 0.185 4 2.62 0.153 4

C1 fluoranthenes/pyrenes 121 A4.76 4 1.66 0.852 ] 3,82 0.912 4 2.56 0.113 ] 2.32 0.051 4
benz[alanthracene 20.8 0.506 0.663 0.522 4 1.91 0.637 1.31 0.085 1.16 0.076 L]
chrysene 34.2 1.13 1.18 0.765 3 3.74 0.933 2.50 0.102 2.4 0.328 4

C1 chrysenes 98.2 3.00 4 2.61 1.18 4 6.84 1.30 4 423 0.183 4 4.01 0.315 4

C2 chrysenes 80.6 4.42 4 ND MND ND 6.78 0.688 4 4.26 0.114 4 4,46 0.262 4
C3 chrysenes 31.4 3.78 4 ND ND ND ND ND MND ND ND ND ND ND ND
C4 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[b+k]fluoranthene 27.8 0.925 4 1.25 0.872 4 6.45 1.41 4 3.00 0.084 4 3.03 0.342 4
benzole]pyrene 13.1 0.693 < 0.617 0.337 4 2.18 0.438 4 1.14 0.036 4 1.18 0.156 4
benzolalpyrene 37.7 1.92 ! 0.872 0.568 L 3.97 1.08 2! 1.91 0.093 4 1.82 0.140 4
perylene 7.66 0.610 4 0.208 0.140 L 0.954 0.232 4 0.843 0.045 4 0.857 0.080 4

indeno[1,2 3-cd]pyrene 29.9 0.876 4 0.295 0.248 4 2.53 0.647 4 2.60 0.076 4 2.76 0.113 4
dibenz[ahlanthracene 716 0.425 < ND ND ND ND ND ND 0.508 ND 1 ND ND ND
benzo[ghi]perylens 241 0.852 4 0.424 0.265 4 2.36 0.547 4 1.74 0.050 4 1.80 0.125 4

Total PAH45 (mg/kg) 500 9.56 4 14.4 7.42 4 358 10.0 4 23.4 1.03 4 21.8 1.40 4

Total PAHa, (Mafkg) 2009 55.1 4 389 12,9 4 81.6 15.0 4 623 219 4 555 2.50 4
Ratio PAHg/PAHz4 0.30 0.01 4 0.37 013 4 0.43 0.05 4 0.38 0.01 4 0.39 0.01 4
Toxic Units (TUay) 31 0.8 4 6.8 2.2 4 3.2 0.6 4 21 0.1 4 2.0 0.09 4

ND - MNon detected
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Table 5-7. Sediment Total PAH Concentrationsand TUs Based on Equilibrium Partitioning (continued).

ART0 AR13 AR14 AR16 ART7
Sediment PAHs (mg/kg) Mean Std Dev. N Mean Std Dev. N Mean Std Dev. N Mean Std Dev. N Mean Std Dev. N
naphthalene o176 | o007 a 547 10.7 4 0177 | 0022 7 0289 | 0.101 a 0196 | 0020 ]
2-methylnaphthalene 0.154 0.007 4 2.45 467 4 0.151 0.008 4 0.236 0.075 4 0172 0.009 4
1-methylnaphthalene 0.083 0.007 4 1.42 2.72 4 0.073 0.010 4 0.169 0.083 4 0.100 0.003 4
C2 naphthalenes 1.55 0.145 4 4.90 7.64 4 1.91 0.045 4 1.72 0.365 4 1.56 0.139 4
C3 naphthalenes 0.751 0.091 4 2.71 3.93 4 0.664 0.047 4 1.05 0.324 4 1.24 0.314 4
C4 naphthalenes 1.25 0117 4 2.05 1.78 4 1.01 0.079 4 1.50 0.479 4 1.49 0.625 4
acenaphthylene 0.400 0.030 4 0.657 0.607 4 0539 0.193 4 0.348 0.042 4 0.281 0.022 4
acenaphthene 0.163 0.009 4 151 29.7 4 0.162 0.008 4 0.252 0.081 4 0.289 0.099 4
fluorene 0.240 0.007 4 8.63 16.5 4 0.233 0.009 4 0.400 0.120 4 0.345 0115 4
CA fluorenes 0.451 0.038 4 6.61 12.0 4 0476 0.037 4 0.535 0.093 4 0.596 0.099 4
C2 fluorenes ND ND ND 884 127 4 ND ND ND ND ND ND 250 | 0452 7]
C3 fluorenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
phenanthrene 1.81 0.042 4 50.2 93.3 4 1.84 0.239 4 2.45 0.707 4 318 1.25 4
anthracene 120 | 0093 4 321 603 4 166 | 0.450 4 163 | 0413 4 175 | 0699 4
C1 phenarthrenes/anthracenes | 175 | 0.075 4 253 %3 a 192 | 0188 4 239 | 0712 4 214__| oar1 4
C2 phenanthrenes/anthracenes | 422 | 0.369 4 243 401 4 460 | 0580 4 5.68 .42 4 683 | 00958 4
C3 phenanthrenes/anthracenes 642 0.249 4 19.8 23.5 4 6.80 0.825 4 8.19 1.80 4 7.42 1.46 4
C4 phenanthrenes/anthracenes 235 0.358 4 3.85 3.89 4 1.93 0.251 4 2.65 0.588 4 253 0.623 4
fluoranthene 3.55 0.086 4 21.3 87.5 4 4.00 0.282 4 5.03 1.56 4 5.85 23 4
pyrena 3.20 0.063 4 427 734 4 456 1.96 4 4.46 1.30 4 5.20 1.89 4
C1 fluoranthenes/pyrenes 270 0.155 4 377 66.3 4 4.00 0.880 4 3.68 0.889 4 422 1.64 4
benz[a]anthracene 1.45 0.080 4 237 42.0 4 224 0.513 4 2.04 0515 4 288 1.19 4
chrysene 293 0.153 4 29.4 48.6 4 4.22 0.778 4 3.61 0.734 4 4.47 1.52 4
C1 chrysenes 474 0143 4 48.4 79.2 4 695 1.64 4 6.22 1.14 4 810 243 4
C2 chrysenes 489 | 0202 7] 333 50.2 4 644 | 0865 4 6.38 141 ] 8.12 248 7]
C3 chrysenes ND ND ND 387 ND 1 ND ND ND ND ND ND ND ND ND
C4 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[b+k]fluoranthene 386 | 0036 4 425 67.0 4 526 | 0950 4 460 | 082 4 5.56 1.46 4
benzo[e]pyrene 161 0.035 4 114 16.8 a 208__| 0302 4 186 | 0337 a4 222 | 0620 7]
benzo|a]pyrene 245 | 0046 4 33.0 546 4 350 | 0676 4 302 | 0634 4 377 | 0966 7]
perylene 1.20 0.031 4 &.70 10.9 4 1.43 0177 4 1,22 0.186 4 1.42 0.292 4
indeno1,2,3-cd]pyrene 288 | 0194 4 281 479 4 386 | 0399 4 322 | 0804 ] 361 0875 4
dibenzfahlanthracene 0552 | 0084 4 568 10.0 4 0761 | 0160 4 0589 | 0.100 4 ND ND ND
benzo[ghi]perylene 208 0.085 4 16.8 26.5 4 254 0.230 4 2.29 0.430 4 255 0.637 4
Total PAH1s (Mg/kg) 269 | 052 4 385 669 4 35.6 5.63 4 34.2 8.06 4 40.0 12.1 4
Total PAHsy (ma/kg) 61.0 1.37 4 635 1070 4 75.6 11.1 4 i 17.6 4 90.6 216 4
Ratio PAH;/PAH3 0.4 <0.1 4 0.54 0.06 4 0.47 0.01 4 0.44 0.01 4 0.44 0.04 4
Toxic Units (TUss) 2.2 0.05 4 18 30 4 25 0.35 4 15 0.35 4 3.4 0.79 4

ND - Non detected
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Table5-7. Sediment Total PAH Concentrations Based on Equilibrium Partitioning (continued).

AR21 AR25 AR26 AR27 AR36

|__Sediment PAHs (mg/kg) | Mean Std Dev. N Mean Std Dev. N Mean Std Dev. N Mean Std Dev. N Mean Std Dev. N
P e e r—

naphthalene 0.186 0.014 4 0.153 0.010 4 0.585 0.169 4 0.113 0.008 4 0.209 0.033 4
2-methylnaphthalene 0.178 0.011 4 0.136 0.002 4 0.548 0.175 4 0.108 0.0 4 0.188 0.016 4
1-methylnaphthalene 0.102 0.010 4 0.087 0.005 4 0.455 0.164 4 0.063 0.009 4 0.093 0.006 4
C2 naphthalenes 1.52 0174 g 1.34 0.156 4 2.56 0.655 4 0.882 0.138 4 1.57 0.121 4
C3 naphthalenes 1.72 0.133 4 0.714 0.069 4 213 0.429 4 0.716 0.109 4 1.09 0.137 4
C4 naphthalenes 1.94 0.097 4 0.979 0.147 4 1.97 0.393 4 0.826 0.141 4 1.23 0.046 4
acenaphthylene 0.351 0.048 g 0.293 0.033 4 0.477 0.192 4 0.308 0.117 J 0.312 0.009 4
acenaphthene 0.204 0.009 4 0.130 0.010 4 0.610 0,122 4 0.110 0.010 4 0.163 0.008 4
fluorene 0.315 0.004 4 0.176 0.007 4 0.989 0.135 4 0.168 0.015 4 0.238 0.012 4
C1 fluorenes 0.754 0.028 4 0.373 0.048 4 1.55 0774 4 0.430 0.055 4 0.613 0.030 4
C2 fluorenes 3.37 0.435 4 ND ND ND 421 1.86 4 1.95 0.186 4 2.86 0.227 4
C3 fluorenes ND ND ND ND ND ND ND ND ND ND ND WD ND WD ND
phenanthrene 2.43 0.154 4 1.49 0.080 4 7.83 3.89 4 1.55 0.210 4 1.92 0.113 4
anthracene 1.46 0.090 4 0.873 0.058 4 293 1.29 4 0.901 0.057 4 1.20 0.041 4
C1 phenanthrenes/anthracenes 2.50 0.208 4 1.46 0.133 4 4.34 1.31 4 1.44 0.098 4 1.93 0.085 4
C2 phenanthrenes/anthracenes 5.26 0.403 4 3.67 0.257 4 11.3 2.78 4 3.32 0.496 4 4.57 0.316 4
C3 phenanthrenes/anthracenes 9.09 0.4 4 553 0.307 4 10.8 3.93 4 517 0.808 4 7.66 0.330 4
C4 phenanthrenes/anthracenes 2.69 0.353 4 1.98 0.453 4 2.67 0.638 4 1.59 0.348 4 2.73 0.385 4
fluoranthene 512 0.343 4 2.99 0.129 4 11.8 5.89 4 3.46 0.499 4 3.74 0.223 4
pyrene 4.4 0.323 4 2.69 0.103 4 9.32 456 4 2.95 0.351 4 3.35 0.156 4
C1 fluoranthenes/pyrenes 4.43 0.297 4 213 0.074 4 7.09 2.55 4 2.89 0.539 4 3.68 0.184 4
benz[alanthracene 1.93 0.068 4 1.20 0.041 4 3.95 2.45 4 1.34 0.133 4 1.55 0.099 4
chrysene 3.94 0.127 4 2.26 0.036 4 8.1 4.46 4 2.61 0.198 4 3.00 0.161 4
C1 chrysenes 7.39 0.183 4 3.85 0.156 4 10.3 531 4 472 0.992 4 554 0.299 4
C2 chrysenes 7.4 0.222 4 4.31 0.281 4 8.31 3.10 4 477 1.26 4 6.48 0.278 4
C3 chrysenes ND ND ND ND ND ND 4.05 1.22 4 ND ND ND ND ND ND
C4 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[b+k]fluoranthene 5.87 0.443 4 3.15 0.121 4 7.24 4.38 4 4.58 0.233 4 5.50 0.367 4
benzo[e]pyrens 210 0.129 4 1.28 0.050 4 2.56 1.46 4 1.42 0.069 4 1.63 0.106 4
benzo[a]pyrene 4.1 0.343 4 2.05 0.090 4 4.06 2.57 4 295 0.260 4 3.4 0.261 4
perylene 1.04 0.054 4 1.15 0.054 4 1.12 0.649 4 0.644 0.033 4 1.01 0.034 4
indeno[1,2 3-cd]pyrene 3.73 0.240 4 2.40 0.066 4 3.90 235 4 232 0.194 4 3.1 0.151 4
dibenz[ahjanthracene 0.624 0.093 4 0.408 0.024 4 0.968 0.618 4 0.431 0.048 4 0.528 0.067 4
benzo[ghilperylene 2.76 0.114 A1 1.68 0.088 4 2.54 1.50 4 1.92 0.232 il 2.23 0.131 4
Total PAH;s (mg/kg) 385 219 4 219 0.775 4 65.4 33.6 4 257 1.78 4 30.5 1.68 4
Total PAHs4 (mg/kg) 91.0 4.68 4 50.9 237 4 141 57.2 4 56.7 5.95 4 73.4 3.65 4
Ratio PAH¢/PAHs, 0.42 0.00 4 0.43 0.01 4 0.45 0.07 4 0.46 0.03 4 0.42 0.00 4
Toxic Units (TUsy) 23 0.12 4 1.7 0.08 4 1.7 0.66 4 2.4 0.25 g 2.1 0.10 4

ND - Mon detected
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Table 5-8. Sediment SPME Pore Water PAH Concentrations and TUS.

AROZ ARO3 ARO5 ARO7 AROG
Sediment SPME Pore Water PAHs /L Mean Std Dev N Mean Std Dev N Mean Std Dev N Mean Std Dev N Mean Std Dev N
naphthalene 1.24 0.176 8 0.087 0.012 4 ND ND ND ND ND ND ND ND ND
2-methylnaphthalens 0.439 0.075 8 0.055 HND 1 ND ND ND ND ND ND ND ND ND
1-methyinaphthalens 1.74 0.117 8 0.301 0.020 4 ND ND ND MND ND ND ND ND ND
C2 naphthalenes 821 15.8 8 1.31 0.073 4 ND ND ND ND ND ND ND ND ND
C3 naphthalenes 61.3 16.9 8 1.38 0.164 4 ND ND MDD MND MND ND ND ND ND
C4 naphthalenes 253 4.89 8 MND MND MND ND ND MDD MD MND MND MND ND MDD
acenaphthylene 8.24 1.20 8 0.148 0.021 4 ND ND MO 0.043 0.025 4 ND ND MO
acenaphthene 45.1 2.92 8 0.619 0.037 4 ND ND MDD 0.072 0.018 4 0.080 0.048 4
fluorene 146 1.99 8 0.216 0.028 4 ND ND ND 0.076 0.020 4 0.064 0.038 4
C1 fluorenes 120 1.71 8 0.638 0.074 4 ND ND ND ND ND ND WD ND ND
CZ2 fluorenes 6.51 1.12 8 ND ND ND ND ND ND ND ND ND ND ND ND
C3 fluorenes ND ND WD ND ND ND ND ND ND ND ND ND ND ND ND
phenanthrene 27.7 5.96 8 0.194 0.011 4 0.108 0.018 4 0.134 0.020 4 0.068 0.040 4
anthracene 3.05 0.487 8 0.076 0.013 4 ND ND ND ND ND ND ND ND ND
C1 phenanthrenes/anthracenes 205 5.96 8 0.439 0.050 4 ND ND ND MND ND ND ND ND ND
C2 phenanthrenes/anthracanes 8.07 4. 40 8 0.305 0.039 4 ND ND ND ND MND ND ND ND ND
C3 phenanthrenes/anthracanes 2.7 0.206 4 ND ND ND ND ND ND ND ND ND ND ND ND
C4 phenanthrenesfanthraczenes 2.22 0.302 4 ND ND ND ND ND MND ND ND ND ND ND ND
flusranthene 473 1.99 8 0.088 0.001 4 0.031 0.006 4 0.060 0.008 4 MND ND MND
myrene 790 354 8 0124 0.006 4 ND ND MO 0.049 0005 2 MO N MO
C1 fluoranthenas/pyrenes 418 2.29 8 ND ND ND ND ND ND ND ND ND ND ND ND
benz[alanthracene 0.367 0.160 8 ND ND ND ND ND ND MND ND ND ND ND ND
chrysene 0.343 013 8 ND ND ND ND ND ND ND ND ND ND ND ND
C1 chrysenes 0.155 0.023 4 ND ND ND ND ND ND ND ND ND ND ND ND
C2 chrysenes ND ND WD ND ND ND ND ND ND MND ND ND ND ND ND
C3 chryssnes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C4 chrysenes ND MND MDD ND ND ND ND ND ND MND ND ND ND ND ND
benzo[b+k]flucranthene 0.237 0.050 4 ND MND MDD ND ND MDD MD MND ND ND ND MDD
benzo[e]pyrene 0.262 0.058 4 ND ND MND ND MND MO ND ND MND MND ND MND
berzo[a]pyrene 0.450 0.089 4 ND MND ND ND ND ND ND ND ND ND ND ND
perylene 0.024 0 004 4 ND ND MO ND ND ND ND ML ND MO ND ND
indeno[1.2 3-cd]pyrene ND MDD ND ND ND ND ND ND ND ND ND ND ND ND ND
dibenz[ahlanthracene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[ghilperylene ND ND WD ND ND ND ND ND WD MND ND ND ND ND ND
SPME PAH;g (Lg/lL) 114 18.7 8 1.55 0.070 4 0139 0015 4 0.408 0.086 4 0.212 01 4
SPME PAHy4 (Lol ) 677 51.0 4 5.94 0.228 4 0139 0.015 4 0.409 0.088 4 0212 011 4
SPME Toxic Units [TUay) 52 57 4 0.43 0.Cc3 4 0.01 0.00 4 0.02 0.00 4 0.01 0.00 4

ND - Non detected
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Table 5-8. Sediment SPME Pore Water Concentrations and TUs (continued).

AR10 AR13 AR14 AR16 AR17
Sediment SPME Pore Water PAHs /L Mean Std Dev N Mean Std Dev N Mean Std Dev N Mean Std Dev N Mean Std Dev N
naphthalene ND ND WD ND ND ND ND ND ND MND ND ND ND ND ND
2-methylnaphthalens ND ND WD ND ND ND 0.024 0.004 4 MND ND ND ND ND ND
1-methyinaphthalens ND ND WD 0.043 0.010 4 0.028 0.005 4 ND ND ND ND ND ND
C2 naphthalenes ND ND ND ND ND ND ND ND ND ND ND ND 0.475 0.093 4
C3 naphthalenes ND MND MDD ND ND ND ND ND MDD MND MND ND 0.389 0.071 4
C4 naphthalenes ND MND MDD MND MND MND ND ND MDD MD MND MND MND ND MDD
acenaphthylene ND ND MND ND ND ND ND ND MO ND ND MND ND ND MO
acenaphthene ND MO D ND MND MND ND ND MDD MND MND ND ND ND MDD
fluorene ND MO MO 0.068 0.017 4 ND ND ND ND ND MO MND ND ND
C1 fluorenes ND MND ND ND ND ND ND ND ND MND ND ND WD ND ND
CZ2 fluorenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C3 fluorenes ND ND WD ND ND ND ND ND ND MND ND ND ND ND ND
phenanthrene 0.058 0.012 4 0.103 0.008 4 0.081 0.011 4 0.029 0.005 4 0.146 0.051 4
anthracene 0018 0012 3 0.021 0.006 4 0.017 0.004 4 0.011 0.002 4 ND ND ND
C1 phenanthrenes/anthracenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C2 phenanthrenes/anthracanes ND ND ND ND ND ND ND ND ND ND MND ND ND ND ND
C3 phenanthrenes/anthracenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C4 phenanthrenesfanthracenes ND ND MND ND ND ND ND ND MND ND ND ND ND ND ND
flusranthene 0.042 0.003 4 0.049 0.005 4 0.050 0.005 4 0.023 0.007 4 0.052 0.011 4
myrene 0.036 0007 4 0.041 0.008 4 0.041 0005 4 0.015 0.002 4 MO ND MO
C1 fluoranthenas/pyrenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benz[alanthracene ND MDD WD ND ND ND ND ND ND MND ND ND ND ND ND
chrysene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C1 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C2 chrysenes ND ND WD ND ND ND ND ND ND MND ND ND ND ND ND
C3 chryssnes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C4 chrysenes ND MND MDD ND ND ND ND ND ND MND ND ND ND ND ND
benzo|b+k]fluoranthene ND MND MDD ND MND MDD ND ND MDD ND MND ND ND ND MDD
benzo[e]pyrene ND MO MND ND ND MND ND MND MO ND ND MND MND ND MND
berzo[a]pyrene ND MO MDD ND MND ND ND ND ND MND ND ND ND ND ND
perylene ND ND ND ND ND MO ND ND ND ND ML ND MO ND ND
indeno[1.2 3-cd]pyrene ND MDD ND ND ND ND ND ND ND ND ND ND ND ND ND
dibenz[ahlanthracene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[ghilperylene ND ND WD ND ND ND ND ND WD MND ND ND ND ND ND
SPME PAH;g (Lg/lL) 0151 0035 4 0.281 0.016 4 0190 0015 4 0.078 0.012 4 0197 0.061 4
SPME PAHy4 (Lol ) 0.151 0035 4 0.324 0.020 4 0.241 0.011 4 0.078 0.012 4 1.08 0175 4
SPME Toxic Units [TUay) 0.01 0.00 4 0.02 0.C0 4 0.02 0.00 4 0.01 0.00 4 0.07 0.01 4

ND - Non detected
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Table 5-8. Sediment SPME Pore Water Concentrations and T Us (continued).

AR21 AR25 AR26 ARZ7 AR36
Sediment SPME Pore Water PAHs /L Mean Std Dev N Mean Std Dev N Mean Std Dev N Mean Std Dev N Mean Std Dev N
naphthalene ND ND ND ND ND ND 0.079 0013 4 ND ND ND 0.082 0.023 4
2-methylnaphthalene ND ND ND ND ND ND 0.015 0.001 4 ND ND ND ND ND ND
1-methylnaphthalene ND ND ND ND ND ND 0.031 0.005 4 ND ND ND ND ND ND
C2 naphthalenes ND ND ND ND ND ND 0.412 0.044 4 ND ND ND ND ND ND
C3 naphthalenes ND ND ND ND ND ND 0.293 0038 4 ND ND ND ND ND ND
C4 naphthalenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
acenaphthylene ND ND MND 0.031 0.008 4 ND ND MO ND ND MND ND ND MO
acenaphthene ND ND ND 0.044 0.038 4 ND ND ND 0.052 0.018 4 ND ND ND
fluorene ND MO MO ND ND MND 0.058 0.008 4 ND ND MO 0.032 0012 4
C1 fluorenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C2 fluarenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C3 fuorenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
phenanthrene 0.060 0.010 4 0.045 0.013 4 0.080 0.003 4 ND ND ND 0.049 0.006 4
anthracene ND ND ND ND ND ND ND ND ND ND ND ND 0.011 0.004 4
C1 phenanthrenes/anthracenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C2 phenanthrenes/anthracanes ND ND ND ND ND ND ND ND ND ND MND ND ND ND ND
C3 phenanthrenes/anthracenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C4 phenanthrenesfanthracenes ND ND MND ND ND ND ND ND MND ND ND ND ND ND ND
flusranthene 0.03 0.005 4 0.030 0.007 4 0.074 0.004 4 0.025 0.012 4 0.038 0.001 4
myrene 0.02 0005 4 0.026 0004 4 0.049 0005 4 0.023 0.011 4 0.025 0 004 4
C1 fluoranthenas/pyrenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benz[alanthracene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
chrysene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C1 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C2 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C3 chryssnes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
C4 chrysenes ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[b+k]fluoranthene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[e]pyrene ND MO MND ND ND MND ND MND MO ND ND MND MND ND MND
benzo[a]pyrene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
perylene ND ND ND ND ND MO ND ND ND ND ML ND MO ND ND
indeno[1,2 3-cdlpyrene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
dibenz[ahlanthracene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
benzo[ghilperylene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SPME PAH;g (Lg/lL) 0114 0016 4 0.178 0.019 4 0.340 0018 4 0.100 0.015 4 0.236 0.034 4
SPME PAHy4 (Lol ) 0114 0016 4 0.176 0.019 4 1.09 0024 4 0.100 0.015 4 0.236 0034 4
SPME Toxic Units [TUay) 0.01 0.00 4 0.01 0.C0 4 0.08 0.00 4 0.01 0.00 4 0.01 0.00 4

ND - Non detected
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5.7.3 Agquatic Toxicity Testing

The aquatic toxicity tests used the amphipod Hyalella azteca in a 28-day testing regime. Both
acute and chronic endpoints were determined (i.e., survival as well as growth). The results of the
H. azteca toxicity tests conducted on the sediments adjacent to the WNY were statistically
compared to the results from the reference samples (Table 5-9). These results indicate a reduced
survival of one sediment sample (AR02 at 18.3 +/- 16%) and a reduced growth of one sediment
sample (ARO3 at 0.20 +/- 0.05%). Note that growth was not measured on the sample with
reduced survival. Both of these samples are located at the northern end of the WNY, at the
boundary of the Washington Gas former MGP site. This site is also the location of the M street
combined sewer outfall (CSO). It is not certain if the reduced survival/growth in this area is due
to impacts from the CSO, MGP site, operations at the WNY, or a result of deposition of PAH-
contaminated suspended particulates from upstream sources. Note that PAHs associated with
suspended particulates originating from upstream sources in the Anacostia River have been
previously quantified. Since the WNY sediments are in a depositional region of the Anacostia
river, many of the PAHs analyzed in the surficial sediments at the WNY may have been
transported from off-site source areas. Aquatic toxicity test results and statistical analysis are
provided in the ERDC report as Appendix J.
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Table5-9. Aquatic Toxicity Test Resultswith Summarized Total and Pore Water Concentrations.

Total SPME Hyalella azteca (28 day)
Sample Type | Sample PAH Potre Survival (%) Growth (mg dry wt./or ganism)
(mg/kg) Vﬁz Sig | Mean® | SD” | N°| Sig | Mean® | SD.” |N°
CONTROL AR Control NA NA 100 0.0 6 0.26 0.05 6
REFERENCE AR21 38.5 0.010 88 7.5 6 0.44 0.09 6
REFERENCE AR25 21.9 0.010 95 5.5 6 0.26 0.04 6
TEST ARO02 600 62.1 i 8.3 16 6 + 0.29 0.13 6
TEST ARO3 14.4 0.427 88 10 6 * 0.20 0.05 6
TEST ARO5 35.8 0.010 95 5.5 6 0.26 0.06 6
TEST ARO7 23.4 0.021 88 16 6 0.32 0.06 6
TEST AR08 21.8 0.007 93 10 6 0.34 0.13 6
TEST ARI10 26.9 0.013 92 10 6 0.36 0.06 6
TEST AR13 385 0.020 95 5.5 6 0.40 0.05 6
CONTROL AR Control NA NA 88 12 6 0.30 0.03 6
REFERENCE AR21 38.5 0.010 77 14 6 0.42 0.07 6
REFERENCE AR25 21.9 0.010 88 9.8 6 0.33 0.03 6
TEST AR14 35.6 0.017 93 5.2 6 0.30 0.04 6
TEST ARI16 34.2 0.007 93 5.2 6 0.38 0.03 6
TEST AR17 40.0 0.066 95 5.5 6 0.31 0.06 6
TEST AR26 65.4 0.062 73 37 6 0.46 0.06 6
TEST AR27 25.7 0.007 63 50 6 0.37 0.06 6
TEST AR36 30.5 0.012 90 15 6 0.36 0.08 6

* Arithmetic mean
® Standard deviation

¢ Number of replicate beakers per treatment (sample)

* Statistically different from the pooled field reference samples, AR21 and AR25

(p<0.05)

* Statistically different from the laboratory performance control

(p<0.05)

" Significant for survival and therefore not included in statistical analysis of growth or

reproduction

Comparisons of survival and dry weights among treatments were conducted with the Wilcoxon/Bonferroni and Bonferroni Adj. t
procedures (U.S. EPA, 2000). Statistical tests for comparison of survival and growth compared to the pooled field reference
samples and laboratory control were conducted using CETIS™
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5.7.4 Organic Carbon
TOC ranged from 0.9 to 11.1% and SOC ranged from 0.2 to 6.4%, with a SOC/TOC ratio
ranging from 0.1 to 0.6, indicating varying amount of anthropogenic carbon in the sediments
(Table 5-10). Sediment sample AR03 showed a reduced TOC concentration relative to the other
14 sediment samples, reflecting its sandier constitution. Organic carbon chemistry results are
provided in Appendix L.

Table5-10. Sediment TOC and SOC.

Organic Carbon
Sample Sediment TOC | Sediment Soot %?Zoallx?g Ratio
(wt. %) C (wt. %) Carbon (mg/L) SOC/TOC
ARO2 9.4 3.7 15.5 0.4
ARO3 0.9 0.2 4.8 0.2
ARO05 3.3 0.3 4.1 0.1
ARO7 39 0.4 6.9 0.1
AR08 3.7 0.4 4.5 0.1
AR10 3.7 0.3 3.4 0.1
AR13 4.9 0.7 33 0.1
AR14 3.9 0.4 4.1 0.1
AR16 6.6 1.6 2.8 0.2
AR17 3.5 0.6 4.0 0.2
AR21 5.0 0.3 12.8 0.1
AR25 3.9 0.5 4.2 0.1
AR26 11.1 6.4 3.5 0.6
AR27 3.0 0.3 7.9 0.1
AR36 4.5 0.5 5.0 0.1

5.7.5 Detailed Carbon Chemistry

Four of the 15 sampled sediments were selected for a more detailed analysis of the type of
carbon present, based on total bulk PAH concentrations, pore water PAH concentrations, SOC
concentrations, and H. azteca survival, to provide a range of characteristics found at the WNY.
The properties of the selected samples are listed in Table 5-11, and are summarized as:

e ARO2: high bulk sediment PAH;¢ and TU PAH34, high SOC, and low H. azteca survival
e ARO3: low bulk sediment PAH;¢, a relatively high pore water TU PAHs4, a reduced
growth of H. azteca, and low TOC and SOC

e ARI13: high bulk sediment PAH;s and low pore water TU PAH;4 and high percent
survival of H. azteca
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e ARI16: moderate bulk sediment PAH ¢ and low pore water TU PAHj34, and high SOC.

A summary of the type of organic carbon associated with each of the four sediment samples is
presented in Table 5-12. The full suite of analytical results is provided as the UMBC report in
Appendix K.

Table 5-11. Properties of the Four Sediment Samples Used for Detailed Carbon Analysis.

Hyalella Azteca (28 day)
Sample P-LOL?L% PLOI:?L% SPME Toc SOC .
porewater | Wt % Wt % Survival Growth
ID | (mgkg) | (makg) | "L e | T | gy
UMBC | (UND) mean | n mean |n
9.4+ 3.70+
AR02 | 886473 800 62.2 0.12 0.13 83+16 | 6 [0.29£0.13 | 6
0.88+ 0.18+
ARO3 1542 19.2 0.427 0.14 0.03 88+ 10 | 6 | 0.20£0.05 | 6
4.89+ 0.67+
ARI3 44+4 514 0.020 0.26 0.30 9555 | 6 | 0.40+0.05| 6
6.64+ 1.64+
AR16 45+ 8 45.6 0.007 0.32 0.8 93+52 | 6 | 0.3840.03 | 6
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Table 5-12. Petrographic Compositional Analysis of the Sediment Organic Particle
Fraction in the Size Range of 0.25 - 1.0 mm.

SAMPLE NAME AR-02 AR-03 AR-13 AR-16
Volume % Volume % Volume % Volume %
Carbons
Softened Coal 2.2 2.2 ---
High Vol. Bituminous Coal 14.8 0.4 4.6
Medium Vol. Bituminous Coal 7.8 0.8 0.6
Low Vol. Bituminous Coal 4.8 1.0 0.4 14
Anthracite Coal 9.4 14.0 1.8
Oxidized Coal 2.2 4.6 0.6 1.2
Coal Inerts 0.6 0.2 1.6
Total Coal 41.8 23.2 1.0 11.2
Metallurgical Coke 9.2 5.4 6.0
Depositional Carbon on Coke 0.4 0.4 ---
Burnt Coke 0.4 ---
Coked Inert 1.8 0.2 2.0
Carbon Black 1.2
Charcoal 1.0 1.2
Graphite 0.8 0.2
Total Coke/Carbon 14.0 6.8 0.0 9.4
Coal Tar Pitch Low to Medium QI 3.6 1.0
Coal Tar Pitch High QI 3.0 1.0 0.8
Coal Tar Pitch Coating/Mixed 2.6 -—-
Cenosphere 1.0 0.2 0.8
Gum or Tar - 1.6 0.6 1.0
Total Byproduct Related 10.2 2.6 2.6 1.8
Woody Plant Material (cellular structure) 2.8 5.4 12.2 11.8
Green Plant Material (cellular structure) 6.2 17.0 47.8 32.6
Total Plant Material 9.0 224 60.0 44.4
Mineral Matter
Groundmass Minerals 8.4 20.8 18.8 8.2
Groundmass Mineral Coating Plant/Carbon 5.0 1.4 2.2 1.2
Groundmass Mineral Mixed - Plant/Carbon 34 1.2 1.2 0.2
Glassy Slag 3.2 8.4
Slag with Metallics 2.2 -—-
Quartz 0.4 1.2 ---
Transparent Mineral --- 1.4 1.0 2.8
White Grainy Mineral w/ red & green -—- 5.4 -—-
Mineral Inclusions
White Mineral with Milky to Grainy Texture --- 5.8 10.2
Pyrite 0.8 0.2
Iron Oxide 0.8 1.8 0.4
Plant Like Structure w/Mineral Matter Walls 6.6
Diatom 1.6 7.0 4.6 1.8
Total Mineral Matter 25.0 45.0 36.4 33.2
Grand Total 100.0 100.0 100.0 100.0
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5.7.6 Interpretation of analytical results

The sediment PAH chemistry and aquatic toxicity test results were compared in order to provide
a weight-of-evidence approach for indicating whether surficial sediments at the WNY could have
a potential impact on the benthic community. The interpretation consisted of the following
comparisons:

Bulk sediment PAH;¢ to the aquatic toxicity results

Bulk sediment PAH34 to the aquatic toxicity results

SPME pore water PAH34 to the aquatic toxicity results
EqP-estimated pore water PAH34 to the aquatic toxicity results

5.7.6.1 Bulk sediment PAH comparison to survival of H. azteca

A comparison of the bulk sediment PAH concentration to the survival of H. azteca is presented
in Figure 5-2 for PAH;¢ and Figure 5-3 for PAH34. Note that the gray squares indicate data
previously collected in the SCBA program. It can be seen from this comparison that although
there is a difference in PAH ;¢ between the sample with reduced survival (AR02 at 600 mg/kg)
and the non-toxic sample with highest total PAH concentration (sample AR13 at 385 mg/kg)
both of these concentrations are well above generic screening levels. Also note that the use of
the TEL and PEL screening values (1.6 and 22.8 mg/kg, respectively) would result in almost all
of the PAH,¢ samples exceeding the screening values, and all of the PAH;4 samples exceeding
the screening values.
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Figure5-2. Bulk Sediment PAH;s Compared to H. azteca Survival.
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Figure5-3. Bulk Sediment PAH3, Compared to H. azteca Survival.

increases the total PAH concentration, so that the use of this summation value will result in a
greater probability of exceeding the TEL/PEL screening values.

5.7.6.2 Pore water PAH comparison to survival of H. azteca

The relationship between SPME pore water PAH34 expressed on a TU basis and survival of H.
azteca is presented in Figure 5-4. Note that the expression of pore water concentrations in terms
of TUs creates a larger spread between the non-toxic samples and the toxic sample. In addition,
all non-toxic samples occur at a TU PAH34 < 1, while the toxic sample (AR02) occurs at a TU
PAH34 > 1. The previous SCBA data (gray squares) follow a pattern which was modeled using
probit analysis (see the solid line in Figure 5-4). The WNY SPME pore water TU PAH34 and
survival data conform to this model.

The comparison between the SPME pore water PAH concentrations and the survival of H. azteca
shows that sediments with moderate amounts of PAHs are generally not toxic to benthic
invertebrates in the lower Anacostia River. The U.S. Fish and Wildlife Service conducted a
sediment triad study in the lower Anacostia River, consisting of 10-day survival and growth test
using H. azteca and C. dilutus, bulk sediment PAH concentrations, and benthic community
surveys collected at 20 sampling stations. The study concluded that only one of the 20 stations
had a high probability of benthic degradation due to sediment-associated contaminants. This
sample was located just south of the WNY, near the Southeast Federal Center (SEFC). One of
the sediment samples located near AR02 did not show any reduced survival or growth of the test
species, but scored low on a benthic index of biotic integrity (B-IBI), indicating that the sample
area was in a degraded condition. However, this benthic community assessment did not correlate
with chemical or toxicological results (McGee, et.al., 2009).

Traditionally, when bulk sediment PAH concentrations exceed a tier 1 screening level (i.e., TEL
or PEL), the next tier analysis is to compare pore water chemistry to FCVs. In this case, pore
water TUs are calculated using equilibrium partitioning, whereby the bulk sediment
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concentrations are adjusted to TOC, and then multiplied by the published equilibrium
partitioning coefficient to estimate pore water PAH concentrations. These estimated pore water
concentrations are then converted to TUs, and summed to provide a total PAH TU. The
relationship between estimated pore water PAH TUs and survival of H. azteca is presented in
Figure 5-5. Two important insights are evidenced on this figure: 1) All of the sediment samples
have TUs > 1, although only one was found to be toxic to H. azteca, and 2) there is still
considerable scatter in the data (both the WNY data and the SCBA database) which makes any
sort of competent prediction of aquatic toxicity from EqP-estimated pore water analysis not
practical - although there is some separation between samples in the WNY data, the separation is
not sufficient to be of much predictive use. Figure 5-6 shows the relationship between the
published EPA equilibrium partitioning coefficients (LKoc) and the site-specific equilibrium
partitioning coefficients for sample AR02 (the sample showing toxicity to H. azteca). The EPA
values overestimate the LKoc for the alkylated PAHs (a higher LKoc indicates a lower
bioavailability). These results differs from the majority of samples within the SCBA database,
where the EPA Koc values are generally much lower than site-specific Koc values. This might
be related to the observation that an oil phase is present in some of the samples, where the
partitioning coefficient from an oil phase will be lower than that from a soil carbon. It has been
shown previously that the alkylated PAHs provide much of the toxicity of these compounds to
benthic organisms (U.S. EPA, 2009).
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Figure5-4. SPME Pore Water TU PAH3, Compared to H. azteca Survival.

Attempts have been made to incorporate the soot organic carbon (SOC) fraction into the
estimation of PAH pore water concentrations (see EPRI, 2005). Although this additional step
may better represent the relationship with aquatic toxicity tests, the comparison often does not
add any additional information when there are multiple types of SOC, which occurs in most
industrial/urban waterways. For the WNY data, McDonough and Azzolina (2010) estimated
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%Survival H. azteca (28-day)

PAH pore water concentrations using published equilibrium partitioning coefficients based on
soot organic carbon (EPRI, 2005). The estimated PAH TUs do not match well with the actual
SPME PAH TUs, and fail to recognize the increased TUs found in the only toxic sample
(ARO2)(Figure 5-7).
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Figure5-5. EqP-estimated Pore Water TU PAH3, Compared to H. azteca Survival.
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Figure5-7. TU PAH3, Estimated Using EqP and SOC (Ln Kbc TU PAH34) and
from SPME Pore Water Analysis(Ln PW TU PAH3y).

5.7.6.2 Pore water PAH comparison to growth of H. azteca

The growth of H. Azteca was compared to the total PAH,¢ and the TU PAH;34 concentrations for
all samples, and is presented in Figures 5-8 and Figure 5-9. The SCBA dataset indicates no
correlation between growth of H. azteca and either total PAH;¢s or TU PAH34 over the range of
samples included in the program (gray squares). There was also no correlation between these
variables in the WNY dataset. However, one sample (AR03) was found to have statistically
reduced growth. This sample had the lowest total PAH¢ concentrations, but the highest TU
PAHj34 concentration, although it was slightly less than a TU of 1 (note that sample AR02 was
not included in the analysis since it showed statistically reduced survival). Sample ARO03 is
located proximate to sample AR02, which was the only sample observed to induce toxicity in H.
azteca. Factors in the low growth of H. azteca in sample ARO3 are the sandy nature of the
sediment, as well as low TOC and SOC.
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Figure5-9. SPME Pore Water TU PAH3, Compared to Growth of H. azteca.

5.7.6.3 Detailed Carbon Analysis

The four sediments selected for detailed carbon analysis differed considerably in the distribution
of PAHs within the carbon types present. Sample AR02 (high bulk sediment PAH;¢ and TU
PAHj34, high SOC, and low H. azteca survival) PAHs were predominantly in the coal and wood
fraction, with a smaller amount in the coke fraction. Sample AR03 (low bulk sediment PAH
and high pore water TU PAHj34, and a reduced growth of H. azteca) PAHs were predominantly in
the coal fraction, with a smaller amount in the coke fraction, although the majority of the sample
was comprised of heavy density mineral particles. Sample AR13 (high bulk sediment PAH¢
and low pore water TU PAH34 and high H. azteca survival) PAHs were distributed between the
coal and pitch fractions. Sample AR16 (moderate bulk sediment PAH 4, and low pore water TU
PAHs;4, and high SOC) PAHs were distributed between the coal, coke and wood fractions, with a
small amount in the sand fraction (Figure 5-10).
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Figure 5-10. Total PAH Concentrations in the Particulate Fraction of Four Sediment
Samples.

A detailed description of the carbon type in each of the four sediments is as follows:

Sample AR02: Sample AR02 was the only sample to show reduced survival of H. azteca, and
the only sample to have a SPME pore water TU PAH34 >1. The total PAH34 concentration in
this sample is 886 mg/kg. This sediment sample is odorous and a sheen of oil was visible on the
top of the overlying water indicating that an excess free phase of tar/oil was present that causes
high pore water toxic units and H. azteca mortality. Clays and silt are the most abundant
component of the sediment and a majority of the PAHs are associated with this fine fraction as
expected for a sediment with a free oil phase that can coat particle surfaces and be enriched in
the finer size mineral fraction. It is important to note that this sediment also had the highest TOC
and SOC of all the sediment samples. Petrography analysis revealed an abundance of coal and
coke derived particles in the organic fraction. However, in the presence of a free oil phase, the
black carbon particles are inactivated and behave no different from wood particles as evidenced
by similar PAH concentrations on wood and coal particles in this sediment. The interpretation of
the role of black carbon on PAH partitioning in sediment needs to be interpreted carefully when
there is free oil phase present as discussed in detail by Hong et al. (2003). In summary, the
toxicity of sediment PAHs to H. azteca in this sample is a function of the free oil phase coating
which negates the effect of SOC on sequestering PAHs. This result explains why the TU PAH34
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modeled using EqP with the addition of SOC was unable to predict the toxic effect (see
discussion in Section 5.7.6.2)

Sample ARO3: This sediment was the only sample which showed reduced growth of H. azteca,
although SPME pore water TU PAH34 was less than 1.0. This sediment is made up of coarse
sandy particles and contains low PAHs (15 mg/kg) compared to other samples tested in this
report. More than 59% of the sediment constitutes heavy and larger than 1 mm particles and the
sum of light sediment mass is less than 1%. A majority of the PAHs in this sediment is
associated with the heavy density mineral particles which may explain why, in this sediment
with the lowest PAH concentration, the pore water TUs (0.427) is higher than some of the other
sediments with higher PAH concentrations. Although this sample contains some coal and coke
particles in the organic fraction, the overall abundance of organic particles is small as indicated
by the low TOC value of 0.88%. It is highly likely that the low growth of H. azteca in this
sample is a function of the particle-size distribution influence on the ability of the sediment to
effectively sequester PAHs.

Sample AR13: The subsample used for organic characterization at UMBC contained 44 mg/kg
PAHs, compared to 504 mg/kg measured in the subsample used by EERC for pore water
analysis. Thus, the results of the various characterization studies for this sample will need to be
interpreted with caution. This sediment was a mixture of various sized particles with a large
fraction of wood debris. More than 50 % of total PAH in this sediment is associated with the
light density 0.25-1.0 mm sized particles which comprises only 4 % of total sediment mass.
Within this size fraction, coal and weathered pitch particles had the highest PAH concentration
(600-1000 mg/kg) which was about 2 orders of magnitude higher than the PAH concentration on
wood particles. This sediment sample exemplifies a case where the coal and pitch particles
exhibit high sorption capacity for PAHs, as expected, and which are the primary reservoirs of
PAHs in the sediment. As expected, this sediment has a low pore water PAH concentration and
TU, and was non-toxic to H. azteca (95% survival).

Sample AR16: This sediment is similar to AR13 in PAH concentration and distribution among
particle classes. A majority of the PAHs in this sediment are associated with the light density
0.25-1.0 mm sized particles which comprises only 5% of total sediment mass. However, the
total PAH concentration on individual particle types in this sediment is much lower compared to
that in sample AR13. Wood particles in this sediment appear to have similar PAH concentration
compared to coal and coke particles. However, petrography analysis reveals that some of the
wood particles are partially charred to form charcoal that can have a high affinity for PAHs. As
expected based on the low PAH concentration and abundance of strongly sorbing coal, coke, and
charcoal particles, this sediment has a low pore water PAH concentration and TU, and was non-
toxic to H. azteca (93% survival).

The results from particle separation and organic characterization of the WNY sediment samples
support the observations of strong sorption of PAHs to sediment and reduced toxicity to H
azteca. The strong sorption is explained by the association of PAHs with coal, coke, charcoal,
and weathered pitch particles found in the sediment when the sorption capacity of the
geosorbents is not attenuated by the presence of a free oil phase. Presence of an excess oil phase
in sediment can complicate interpretations using black carbon analysis as the sole tool to assess
PAH bioavailability and toxicity in sediments. However, because a mechanistic understanding of
the contaminant partitioning phenomena is not required, pore water PAH analysis and toxic unit
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calculation provides an accurate assessment of PAH availability in sediments even within the
complex interactions between different geosorbent forms and a free oil phase in sediment.

5.8 Practical Application of the Demonstration Results

The demonstration results showed that the direct analysis of pore water PAH concentrations
using SPME , in conjunction with the tiered approach presented in the EPA’s White Paper
entitled Evaluating Ecological Risk to Invertebrate Receptors from PAHSs in Sediments at
Hazardous Waste Sites (EPA-600-R-06-162F) (U.S. EPA, 2009), was able to accurately quantify
the effect of sediment-bound PAHs to a benthic test species. Other methods to estimate this
effect, such as the use of generic screening levels and pore water concentrations derived from
bulk sediment concentrations based on equilibrium partitioning theory (with and without the
inclusion of a black carbon phase) were not able to predict the actual effect on the survival of H.
azteca. The practical application of these results are summarized in Figures 5-11 through 5-13,
which present an aerial plan view of the effects of using the suggested tiered approach to
characterizing PAH impacts to these sediments:

1. Tier la (Figure 5-11): Compare bulk sediment PAH concentrations to the threshold
effects levels (TEL) or probable effects levels (PEL). Using this approach suggests that
all but two of the sediment samples near the WNY would result in adverse effects to the
benthic community;

2. Tier 1b (Figure 5-12): Estimate pore water PAH concentrations using equilibrium
partitioning, and compare pore water PAHs with final chronic values (FCV) to derive
toxic units (TU) and predict toxicity using the hydrocarbon narcosis model — This
approach suggest that all of the sediment samples near the WNY are potentially toxic to
benthic organisms;

3. Tier 2 (Figure 5-13): For samples exceeding a screening level or a TU of 1.0 in the Tier 1
analysis, conduct a direct analysis pore water PAH concentrations, and compare the pore
water concentrations with the FCV to derive TUs — This analysis provides results that are
totally counter to the Tier 1 results, suggesting that only one of the sediment samples
would be toxic to H. azteca; and

4. Tier 3 (Figure 5-13): For samples exceeding a critical TU threshold (as determined based
on the development of a site-specific dose-response curve (i.e., toxicity versus pore water
TUs)), this tier involves conducting aquatic toxicity tests using an appropriate test
species. At the WNY, the aquatic toxicity testing yielded results that were identical to
the results of the Tier 2 analysis prediction.

The result of the Tier 2 and Tier 3 analysis above indicated that, based on the proposed EPA
approach, the Tier 3 analysis would never have been required at an actual site since none of the
pore water samples exceeded the threshold TU value.
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6.0 PERFORMANCE ASSESSMENT

This section presents the results of the study and how they relate to the original performance
objectives. The original performance objectives are presented and discussed in Section 3.0. The
following performance objectives were presented in the demonstration:

1. Quantitative Performance Objectives
a. Confirm the presence of impacted sediments at the site that are toxic to the
aquatic test organisms
b. Confirm the presence of sediment PAHs in the biologically-active zone of the site
c. Validate the use of the SPME pore water analytical method to estimate the
bioavailability of sediment-bound PAHs by predicting aquatic toxicity
2. Qualitative Performance Objectives
a. Develop a tiered, risk-based approach to management of PAH-impacted sediment
based on direct chemical measures of PAH bioavailability and the hydrocarbon
narcosis model
b. Assist the SCBA in securing final ASTM approval of the SPME pore water
method
c. Transfer the technology to Navy RPMs and risk assessors

6.1  Confirm the presence of impacted sediments at the site that are toxic to the aquatic
test organisms

The presence of sediments containing PAHs at concentrations having impact on an aquatic test
species was tested by conducting a standard 28-day toxicity evaluation using the amphipod
Hyalella azteca. Aquatic toxicity text endpoints included chronic (survival) and acute (growth)
endpoints. The goal was to obtain sediment samples from the area adjacent to the WNY which
exhibited a range of impacts to the aquatic test species. Of the fifteen studied sediment samples,
one (ARO02) exhibited a reduced survival and one (AR03) exhibited reduced growth. These data
were used to construct dose-response (i.e., toxicity versus PAH concentration [on a TU basis])
figures. The relationship between H. azteca survival and TU PAH34 is shown in Figure 5-4. The
data are consistent with the probit fit (dose-response relationship) that was been developed using
the sediment samples collected during the SCBA project.

6.2  Confirm the presence of sediment PAHsin the biologically-active zone of the site
The WNY site was selected based on past characterization data which indicated 1) the presence
of PAHs at a concentrations exceeding the probable effects concentration (PEL) of 22.8 mg/kg,
and 2) the lack of other constituents which might cause a negative impact on the benthic
community in surficial sediment samples. The bulk sediment PAH;¢ concentrations ranged from
14 mg/kg to 600 mg/kg in the 15 samples used for this study (Table 5-7). The range of PAH
values above and below the PEL allowed for an analysis of whether sediments containing PAHs
exceeding the PEL are truly toxic to freshwater amphipods.
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6.3  Validatethe use of the analytical method to estimate the bioavailability of sediment-
bound PAHs by predicting aquatic toxicity

Pore water PAHs were directly analyzed on the final 15 sediment samples. Individual PAH pore
water concentrations were divided by their Final Chronic Values (FCV) to generate a toxic unit
(TU) for that PAH in each sample (i.e., PAH concentration/FCV = TU). The TUs for individual
PAHs were summed for each sediment sample (18 parent and 16 alkylated PAHs) to arrive at a
total PAH TU (i.e., TU34). Total PAH TUs were plotted against percent survival of the H.
azteca. The resulting relationship was consistent with the previously collected data from other
PAH-contaminated sites, and conformed to a probit dose-response relationship, with the result
that the direct pore water analysis was able to correctly identify toxicity to H. azteca (Figure 5-
4). The WNY data presented in this report follow the expected outcomes from the U.S. EPA
publications concerning equilibrium sediment benchmarks for PAHs (U.S. EPA, 2003; U.S.
EPA, 2009), in that direct measures of pore water PAHs are more representative of biological
effects than bulk sediment concentrations and/or predictions of pore water concentrations using
the equilibrium partitioning model.

This study confirms that the analytical protocol developed by the SCBA program, and used in
this demonstration, is a valuable tool for evaluating protection to benthic resources.

6.4 Develop atiered, risk-based approach to management of PAH-impacted sediment
based on direct chemical measures of PAH bioavailability and the hydrocarbon narcosis
model

ESTCP provided partial funding, in conjunction with funding provided by the SCBA industry
partners, for several activities related to the implementation of a risk-based approach to PAH
sediment management using the direct pore water method.

First, the Interstate Technology Regulatory Council (ITRC) was funded to identify five state
regulators who formed a Regulatory Advisory Team to provide insights from the regulatory
community concerning the acceptance of the SPME method. The regulators were:

e Gary Buchanan New Jersey DEP

e Paul Craffey Massachusetts DEP
¢ Gardiner Cross New York DEC

e Brad Helland Washington DOE

e Jennifer Peterson/Angie Obery Oregon DEQ

Two face-to-face meetings were held with the ITRC regulators, as well as two conference calls.
No written output was expected, in order to minimize the regulator’s time commitment. The
results of the discussions indicated a general willingness by the regulators to accept a tiered risk-
based approach for evaluating PAH impacts in sediments, where the direct pore water method
could be used to predict aquatic toxicity after a site-specific correlation of pore water PAHs and
aquatic toxicity test results had been determined. This site-specific correlation is developed by
simultaneously characterizing pore water concentrations and toxicity of 20 to 30 sediments and
using these results to generate a dose-response curve for the site. In addition, the ITRC
regulators indicated that that they would like to see both acute and chronic aquatic toxicity data
(i.e., survival and growth), as well as the use of more than one benthic species used for the
aquatic toxicity test.
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Second, in the Fall of 2007, the EPA listed a Federal Register Notice [Federal Register Volume
72, No. 41, Friday March 2, 2007 pp. 9522-9523] with a 30-day public comment period on the
draft document titled Evaluating Ecological Risk to Invertebrate Receptors from PAHSs in
Sediments at Hazardous Waste Sites [EPA/600/R-06/162]. This document was intended as an
addendum to the EPA ESB PAH document (U.S. EPA, 2003). The draft document did not
include any relevant information on the effect of anthropogenic carbon on the disconnect
between pore water estimated using equilibrium partitioning and a direct analysis of pore water.
The members of SCBA submitted a 100 page response which presented the results of the SPME
pore water method and its ability to accurately predict effects to benthic organisms in aquatic
toxicity tests, as well as literature to support the claim that equilibrium partitioning using default
partitioning coefficients is not able to accurately estimate PAH pore water concentrations in the
presence of anthropogenic carbon. The U.S. EPA completed a total revision of the document,
which was published in 2009 as Evaluating Ecological Risk to Invertebrate Receptors from
PAHSs in Sediments at Hazardous Waste Sites (EPA-600-R-06-162F). The recommendations of
this publication include a tiered site-specific evaluation of sediment PAHs, where direct pore
water analysis was specified one way to estimate bioavailability (see Figure 1-1 in Section 1.0 of
this report).

6.5 Assist the SCBA in securing final ASTM approval of the SPME porewater method
The provisional ASTM method is required to undergo a more exhaustive inter-laboratory
evaluation before it can be designated as an ASTM standard method. The interlaboratory study
required the generation of a minimum of seven independent analytical datasets on a set of control
samples that are prepared and managed by a custodial laboratory. These data are used to analyze
the precision and bias of the method, which are used as metrics to determine if the method
warrants designation as a standard method. ESTCP provided partial support for this ASTM
approval process. This funding was used to set up the program and identify participating
laboratories. As of the writing of this report, four laboratories (Meta Environmental, Inc., Test
America, Inc., Alpha Woods Hole, and the University of Maryland — Baltimore County) have
been selected and are conducting concurrent analyses of the study samples. Each lab is
providing two independent operators, which will yield a total of eight analytical datasets. The
current schedule has the sample analyses completed in May 2010 and the initial presentation of
the data to ASTM in June 2010. ASTM will initiate the balloting of the method and it is
anticipated that the method will become an ATM standard method as of January or June 2011.

6.6  Transfer thetechnology to Navy RPMsand risk assessors
This performance objective is divided into three parts:

e Technical presentations
e Technical/regulatory guidance
e Development of a Web-based tool

Technical presentations using the demonstration data were made to the Navy Risk Assessment
Work Group (RAW) and the TriServices Environmental Risk Assessment Work Group
(TSERAW). The demonstration was presented to the Washington Navy yard RPM (Armalia
Berry-Washington) in two phases: 1) Phase 1: Demonstration workplan and 2) Phase 2: Formal
presentation of project results. In addition, the workplan and project results were presented to
the Anacostia Watershed Toxics Alliance (AWTA) on two separate occasions. The AWTA is an
EPA-led organization of stakeholders concerned with the environmental health of the Anacostia
River (http://www.epa.gov/oswer/onecleanupprogram/anacostia.htm).1)
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The following presentations on this study were made:

Work Plan Presentations:

Determination of Sediment Polycyclic Aromatic Hydrocarbon (PAH) Bioavailability
Using Supercritical Fluid Extraction (SFE) and Ultra-Trace Pore water (UTP) Analysis.
Tri-Service Environmental Risk Assessment Work Group. January 17, 2007. NAVBASE
Ventura County — Port Hueneme, CA. Oral presentation by S. C. Geiger.

Understanding and Using PAH Bioavailability Data for Effective Management of
Impacted Sediments. Anacostia Watershed Toxics Alliance (AWTA) Annual Meeting.
June 25, 2007. Washington, DC. Oral presentation by S.C. Geiger.

The Bioavailability of PAHs in the Anacostia River. July 12, 2007. Washington Navy
Yard Tier 1 Partnering Team Meeting. Washington DC. Oral presentation by S.C.
Geiger.

Determination of Sediment Polycyclic Aromatic Hydrocarbon (PAH) Bioavailability
Using Supercritical Fluid Extraction (SFE) and Ultra-Trace Pore water (UTP) Analysis.
SERDP-ESTCP Symposium. November 9, 2007. Poster presentation by D.V. Nakles.

Project Result Presentations:

Determination of Sediment Polycyclic Aromatic Hydrocarbon (PAH) Bioavailability
Using Supercritical Fluid Extraction (SFE) and Ultra-Trace Pore water Analysis. ESTCP
Internal Project Review (IPR). Arlington, VA. February 3, 2008. Oral presentation by
D.V. Nakles.

The Bioavailability of PAH Compounds in Sediments of the Anacostia River.
Washington Navy Yard Tier 1 Partnering Team Meeting. Washington DC. March 5,
2008. Oral presentation by S.C. Geiger.

Enhanced SPME Pore water Method for Characterizing Actual PAH Sediment
Bioavailability. Association of State and Territorial Solid Waste Management
Organizations (ASTSWMO) State Superfund Managers Symposium. July 29, 2008.
Phoenix, AZ. Oral presentation by S.C. Geiger.

The Determination of Sediment Polycyclic Aromatic Hydrocarbon (PAH) Bioavailability
using Direct Pore Water Analysis by Solid-Phase Microextraction (SPME) (ESTCP
Project ER-0709). SERDP-ESTCP Bioavailability Workshop. Annapolis, MD. August
20, 2008. December 4, 2008. Poster presentation by D.V. Nakles.

The Characterization of PAH Bioavailability in Sediments at the Washington Navy Yard
Anacostia Watershed Toxics Alliance (AWTA) Annual Meeting. October 28, 2008.
Washington, DC. Oral presentation by S.C. Geiger.

Applying Pore-Water Measurements to Decision-Making for PAH-Impacted Sediments”.
Society for Environmental Toxicity and Chemistry (SETAC) North America 2008
Conference. November 19, 2008. Tampa, FL. Oral presentation by S.C. Geiger.

The Determination of Sediment Polycyclic Aromatic Hydrocarbon (PAH) Bioavailability
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using Direct Pore Water Analysis by Solid-Phase Microextraction (SPME) (ESTCP
Project ER-0709). SERDP-ESTCP Symposium. Washington DC. December 4, 2008.
Poster presentation by S.C. Geiger.

The final study report contains information that will serve as a generic work plan, QAPP, and
technical / regulatory guidance that can be used as a template for applying the technology to for
other PAH-contaminated Navy sites.

A web-based tool to facilitate access to the project results for Navy personnel will be developed
by NFESC, using this final dem/val report as a guide. The web-based tool will undergo
development pending final acceptance of this demonstration report by the ESTCP Program
Office.
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7.0 COST ASSESSMENT

Cost information for implementing the bioavailability assessment for sediment-bound PAHs is
included in this section.

7.1 Cost Model

Because the demonstration concerned a higher-level phase of analysis, the cost assessment
assumes that a Phase 1 site assessment has been conducted (i.e., bulk sediment chemistry has
been determined, and a reasonable estimate that PAHs are the main driver of risk at the site is
assumed). The evaluation of Phase 1 or historical data should be made to indicate that bulk
sediment PAH concentrations exceed screening level values (i.e., sediment quality
guidelines/screening levels and/or PAH ESBs calculated from bulk sediment concentrations). At
that point, a decision needs to be made whether to continue to characterize PAH bioavailability
at the site (i.e., conduct a Tier 2 and/or Tier 3 analysis).

The cost assessment follows the Tiered site characterization process presented in EPA 2009 (see
Figure 1-1). The Tier 2 process (direct analysis of pore water PAHs) and Tier 3 process (aquatic
toxicity testing) are included in the cost assessment. It is also assumed that the sediment samples
for the Tier 2 and Tier 3 analyses will be collected at the same time (i.e., Tier 2 pore water data
will be determined within the holding times for aquatic toxicity testing).

Because the demonstration validated a laboratory method, there were no capital costs for the
project.

7.2 CostDrivers

The cost model does not include costs for conducting a toxicity identity evaluation (TIE), as it
assumes that a Tier 1 analysis has already identified the risk drivers at the site. However, under
the following condition a TIE might be warranted after conducting a Tier 2/Tier 3 assessment: if
the SPME pore water TUs < 1, but there is a significant decrease in survival/growth of one or
more of the aquatic test species that cannot be attributed to a NAPL phase or adverse sediment
conditions (i.e., gravelly or sandy textures).

The cost model assumes that only 24 sediment samples are necessary for a Tier 2/Tier 3
assessment. This number of samples may have to be adjusted upward or downward depending
on the site. Costs for implementing the SPME pore water PAH analysis for MNR, or for capping
design/integrity will vary depending on the number of samples and sampling frequency desired.

The cost model assumes that sampling depths, access to the site, and water/weather conditions
are such that the costs quoted are applicable. Excess depths (i.e., > 50 to 100ft) requiring
specialized sampling equipment, large distances from the docking area to the site that require
extra time and fuel costs, and/or adverse weather conditions requiring an extended stay at the site
will need to be factored into any final cost.

The cost model does not include labor hours spent on regulatory interaction, as this will be site,
state, and EPA-region specific.
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Table 7-1. Cost Model for a Tier 2and Tier 3 PAH Bioavailability Study.

Cost Element

Task

Costs

Project manager $150/hr x

Project Set-up and Historical data review 60 hr $9,000
Planning and project planning .
Technician $100/hr x 40 hr |  $4,000
Mob/Demob $3,000
Boat and Captain $950/day x 3 days $2,850
Sed ¢ Sampl Travel costs $1,400/person x 3 persons $4,200
iment samp'e Ponar dredge ($50/d 150
Collection (costsadjusted | Equipment rental D(.),Iflfar rte. igeG(SS S 5%}21 :1 50
to 3-day effort) ) ) tierentia ( ay)
Field equipment $2,300
Field technicians (2) x 3
Labor days x $100/hr 34,800
Shipping $800
Bulk sediment PAHs
Porewater and Sediment TOC/SOC 24 samples x
: $38,400
Analysis SPME porewater $1,600/sample
PAHs
Genraly Chemical and Grain size, total solids
Physical Properties ’ > | 24 samples x $160/sample $3,840
: NH;, pH
Analysis
Survival and growth of 24 samples x 2 species X
Aquatic toxicity testing two (2) benthic test $1.800/sample $86,400
species
Project management PM $150/hr x 80 hrs $12,000
Project Management Data validation greSCthlan $100/hr x 16 $1,600
Data analysis Technician $100/hr x 80 hr | $8,000
Operating Costs (I ndirect Office supplies and
Environmental Costs) Overhead support $1,400
Total Project Cost $182,890

Field equipment may include: glass sampling jars, 5-gallon pails with lids, estimated cell
phone charges, health and safety supplies, ice, shipping tape, paper towels, plastic wrap,
PID, sieve screens, and photographic record supplies.

Note that Aquatic toxicity test costs are for two species. Using only one test species
would reduce overall costs by $43,200.

7.3 Cost Analysis

Since the demonstration represents a case study that would be conducted at any contaminated
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sediment site, there is no increased scale of operations for applying this technology, other than
increased costs for extra sample collection and analysis.

The SPME pore water PAH method is a laboratory-based site characterization tool, and therefore
there are no associated lifecycle costs.

7.3.1 Ideal site description

The site conditions which are applicable to the SPME pore water PAH analysis are included in
the site selection criteria table (see Table 4-1). Any gross deviations from the site selection
criteria can be expected to either add significant costs, or to invalidate the method.

7.3.2 Cost analysis assumptions

The main assumption to be made when estimating the costs of implementing the SPME pore
water PAH analysis approach is how much data is needed to fully evaluate the site. For
example, if the site regulators will accept the direct pore water analysis concentrations (i.e. Tier 2
analysis) as the final arbiter of site conditions, there will be no need to conduct aquatic toxicity
testing. However, if there is still some uncertainty as to whether PAHs are the main risk drivers
at the site, an aquatic toxicity test will most likely need to be conducted with one or two test
species.

7.3.3 Cost Comparison

Alternative technologies to which the SPME pore water PAH analysis can be compared are other
methods for estimating PAH bioavailability in sediments, such as polyethylene strips (PE) and
in-situ SPME. Analytical costs associated with these methods will be similar to the SPME direct
pore water analysis method. However, if these methods are conducted in the field, then at least
one extra mob/demob and sampling trip will need to be conducted. If these methods are
conducted in the laboratory, then adequate time for equilibration of the PE or in-situ SPME
fibers with the sediment will need to be accounted for.
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80 IMPLEMENTATION ISSUES

Permits and permission to sample sediments in the Anacostia River were obtained for the site
before the scheduled sampling event. A sampling permit was obtained from the U.S. Army Corp
of Engineers. Once that permit was obtained, it was reviewed and certified by the Washington
DC Department of Water Quality. Permission for sampling was also obtained from the U.S.
National Park Service. The complexity of the permitting process required three months for final
acceptance by the appropriate regulatory agencies, and therefore time must be budgeted for
future sediment sampling projects on the Anacostia River.

The U.S. National Park Service operates a public marina at Buzzard’s Point in Washington DC.
The marina is located about one-half mile downstream of the WNY site. The U.S. National Park
Service graciously allowed the use of the marina for docking the sampling boat as well as staging
a sample process station.

The publication of the EPA white paper entitled Procedures for the Derivation of Equilibrium
Partitioning Sediment Benchmarks (ESBs) for the Protection of Benthic Organisms: PAH
Mixtures (EPA-600-R-02-013) established the effectiveness of using direct PAH pore water
measurements when assessing the effects of sediment-bound PAHs to benthic organisms.
However, many state and federal agencies still require aquatic toxicity tests be conducted
alongside of pore water analysis before making site decisions. Therefore, the acceptability of the
SPME direct PAH pore water method to regulatory agencies will need to be negotiated on a site-
by-site basis. The upcoming Interstate Technology Regulatory Council (ITRC) document on
contaminated sediment bioavailability should help regulators understand the wuse of
bioavailability measurements for site assessment and characterization.

The SPME direct pore water method has been accepted as an EPA SW-846 method SW-8272. It
has also been given an ASTM provisional method designation (D-7363-07). As of the writing of
this report, the round-robin laboratory testing required for full ASTM method establishment is
underway. The pore water analysis for this study was conducted in a combination
research/commercial analytical laboratory (EERC). Other research laboratories have conducted
this analysis (UMBC, University of New Hampshire). There are three commercial laboratories
are participating in the ASTM method approval (Test America, Alpha Woods Hole, and META)
and therefore are able to provide this analytical service. It is hoped that other commercial
laboratories will provide analytical services on this method once the full ASTM method
assignation is provided.
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Appendix A: Points of Contact

Point of Organization Phone/Fax/e-mail Role in Project
Contact
AECOM T: (703)297-9118 Final PI; project
Dr. Stephen 675 N. Washington Street F: (703)706-9409 management, data
Geiger Suite 300 steve.geiger@aecom.com analysis, writing the
Alexandria, VA 22314 final reports
Dept. of Civil and . .
. Environmental Engineering T: (412) 268-5280 Original 1, proj ect
Dr. David . . management, sediment
Carnegie Mellon University F: (412) 268-7813 .
Nakles sample collection, and
5000 Forbes Avenue dnakles@andrew.cmu.edu lizison with the SCBA
Pittsburgh, PA 15213-3890
Naval Facilities
Engineering Service Center Co-PI; project
Ms. Amy (NFESC) T : (805) 982-4890 management and
Hawkins Consultation/Information amy.hawkins@navy.mil transfer of the
Management Branch 1100 23rd technology to the DoD
Ave. Port Hueneme, CA 93030
U.S. Army Engineer Research
and Development Center )
Dr. Todd (ERDC) Waterways T: (601) 634-3626 Aquatic toxicity
: ) . F: (601) 634-3713 . .
Bridges Experiment Station (EP-R) Todd.S.Bridges@erde.us testing of the sediment
3909 Halls Ferry Rd. >-Brdg us:
Vicksburg, MS 39180-6199
Energy and Environmental T(());:\l;vzrtlgr ?)PAI%E
Dr. Stoven | Research Center (EERC) T: (701) 777-5000 gnal o dotailed
) University of North Dakota F: (701) 777-5181 Yt
Hawthorne chemical
PO Box 9018 shawthorne@undeerc.org characterization of
Grand Forks, ND 58202-9018 .
sediments
Department of Civil and
Environmental Engineering | 1. 4 0) 455 8665 Technical lead on the
Dr. Upal (UMBC) University of MD .
. F: (410) 544-6500 characterization of
Ghosh Baltimore County ughosh@umbc.edu carbon chemist
5200 Westland Blvd. & ' Y
Baltimore, MD 21250
Environmental Standards, Inc.
Mr. David 1140 Valley Forge Road T:610.935.5577 Standard physical and
The'll P.O. Box 810 F:610.935.5583 chemical analysis of

Valley Forge, PA 19482

dthal@envstd.com

sediments
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METHOD 8272

PARENT AND ALKYL POLYCYCLIC AROMATICS IN SEDIMENT PORE WATER BY
SOLID-PHASE MICROEXTRACTION AND GAS CHROMATOGRAPHY/MASS
SPECTROMETRY IN SELECTED ION MONITORING MODE

SW-846 is not intended to be an analytical training manual. Therefore, method
procedures are written based on the assumption that they will be performed by analysts
who are formally trained in at least the basic principles of chemical analysis and in the
use of the subject technology.

In addition, SW-846 methods, with the exception of required method use for the
analysis of method-defined parameters, are intended to be guidance methods which contain
general information on how to perform an analytical procedure or technigque which a
laboratory can use as a basic starting point for generation its own detailed standard
operating procedure (SOP), either for its own general use or for a specific project
application. The performance data included in this method are for guidance purposes only,
and are not intended to be and must not be used as absolute QC acceptance criteria for
purposes of laboratory accreditation.

1.0 SCOPE AND APPLICATION

1.1 The U.S. Environmental Protection Agency (USEPA) narcosis model for
benthic organisms in sediments contaminated with polycyclic aromatic hydrocarbons
(PAHS) is based on the concentrations of dissolved PAHSs in the interstitial water or pore
water in sediment. Method 8272 covers the separation of pore water from PAH-impacted
sediment samples, the removal of colloids, and the subsequent measurement of
dissolved concentrations of the 10-parent PAHs and two alkylated daughter PAHSs in the
pore water samples. This method directly determines the concentrations of dissolved
PAHSs in environmental sediment pore water, groundwater, and other water samples.
The following polycyclic aromatic hydrocarbons (PAHS) have been determined by this
method and other PAH compounds may also be amenable to analysis by this method:

Analyte CAS No*
Naphthalene 91-20-3
2-Methylnaphthalene 91-57-6
1-Methylnaphthalene 90-12-0
Acenaphthylene 208-96-8
Acenaphthene 83-32-9
Fluorene 86-73-7
Phenanthrene 85-01-8
Anthracene 120-12-7
Fluoranthene 206-44-0
Pyrene 129-00-0
Benz(a)anthracene 56-55-3
Chrysene 218-01-9

% Chemical Abstract Registry Number
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NOTE: Method 8272 is specifically for the determination of dissolved PAHSs in
interstitial water or pore water in sediment samples only. If the heavy
molecular weight PAHs that may be present in the particulates are of
concern, additional determinative extraction and analysis methods are
required to measure suspended and sediment-based (i.e., total) PAHSs.

Regulatory methods using solvent extraction have not achieved the wide
calibration ranges from nanograms to milligrams per liter and the necessary levels of
detection in the nanogram per liter range. In addition, conventional solvent extraction
methods require large aliquot volumes (liter or larger), the use of large volumes of
organic solvents, and filtration to generate the pore water. Solvent extraction entails the
storage and processing of large volumes of sediment samples and may result in the loss
of low molecular weight PAHSs in the filtration and solvent evaporation steps.

This method can be used to determine nanogram to milligram per liter PAH
concentrations in pore water. Small volumes of pore water are needed for solid phase
microextraction (SPME), only 1.5 mL per determination, and virtually no solvent
extraction waste is generated.

1.2 Lower molecular weight PAHs are more water soluble than higher
molecular weight PAHs. Therefore, PAH concentrations in pore water samples vary
widely due to differing saturation water solubilities that range from 0.2 pg/L for
indeno[1,2,3-cd]pyrene to 31,000 ug/L for naphthalene. This method can accommodate
the measurement of milligram per liter concentrations for low molecular weight PAHs
and nanogram per liter concentrations for high molecular weight PAHs, such as
benz(a)anthracene and chrysene and any other four-five ring PAHs that can be
determined by this method.

1.3 This method can achieve the necessary lower limits of quantitation,
which range from approximately 0.06 pg/L for high molecular weight PAHSs, to
approximately 9 pg/L for low molecular weight PAHSs.

1.4 Prior to employing this method, analysts are advised to consult the base
method for each type of procedure that may be employed in the overall analysis (e.g.,
Methods 3500, 3600 and 8000). For additional information on quality control
procedures, development of QC acceptance criteria, calculations, and general guidance,
analysts also should consult the disclaimer statement at the front of the manual and the
information in Chapter Two for guidance on the intended flexibility in the choice of
methods, apparatus, materials, reagents, and supplies, and on the responsibilities of the
analyst for demonstrating that the techniques employed are appropriate for the analytes
of interest, in the matrix of interest, and at the levels of concern.

In addition, analysts and data users are advised that, except where explicitly
specified in a regulation, the use of SW-846 methods is not mandatory in response to
Federal testing requirements. The information contained in this method is provided by
EPA as guidance to be used by the analyst and the regulated community in making
judgments necessary to generate results that meet the data quality objectives for the
intended application.

1.5 This method is restricted to use by or under the supervision of analysts
experienced in the use of gas chromatography/mass spectrometers and skilled in the
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interpretation of mass spectra. Each analyst must demonstrate the ability to generate
acceptable results with this method.

2.0 SUMMARY OF METHOD

2.1 Pore water is separated from wet sediment samples by centrifugation
and supernatant collection. The groundwater and tap water samples begin preparation
with the colloid removal step. Colloids are removed from the separated pore water,
groundwater, and tap water samples by flocculation with aluminum potassium sulfate
(alum) and sodium hydroxide. A second flocculation and centrifugation step, followed by
supernatant collection, completes the colloid removal.

2.2 The PAHSs are determined using SPME followed by gas
chromatography/mass spectrometry (GC/MS) analysis in selected ion monitoring (SIM)
mode. Either the use of an autosampler, or a manual approach can be used to perform
the SPME extraction and the subsequent injection of collected analytes into the GC/MS.
Isotopically labeled analogs of the target compounds are introduced prior to the
extraction, and are used as quantitation references.

2.3 The mass spectrometer is operated in the SIM mode for the molecular
ions of the target PAHs and d-PAHs to achieve low limits of detection. Analyte
concentrations are quantitated by either of two methods: (1) parent PAHSs (i.e.,
unsubstituted PAHS) for which an exact deuterated analog is not included in the internal
standard mix are quantitated by reference to a deuterated analog of a PAH with the
same number of rings as the analyte, or (2) PAHs for which an exact deuterated analog
is included in the internal standard mix are quantitated by isotope dilution.

2.4 Test Method Options: Either the use of an autosampler or a manual
approach may be used to perform the SPME extraction and the subsequent injection of
collected analytes into the GC/MS. An autosampler is much preferred over the manual
method because: (1) the autosampler yields lower and more reproducible blanks, (2) the
manual method requires the use of a stir bar that can cause sample cross-
contamination, (3) the manual method is highly labor-intensive and requires multiple
timed manipulations per analysis leading to operator fatigue and resultant errors, and (4)
the autosampler reduces the technician time required to prepare samples for a 24-hour
run sequence to approximately 3 hours, while the manual method requires 24 hour
operator attendance. Therefore, the method procedures are written assuming the use of
an autosampler, with modifications to the autosampler procedures listed for the manual
method.

241 Autosampler Method

2.4.1.1 Pore Water Separation and Preparation: Pore
water is separated from wet sediment samples by centrifugation and
supernatant collection. The groundwater and tap water samples begin
preparation with the colloid removal step. Colloids are removed from
the separated pore water, ground