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1 Environmental Radiation: Comparing Risk Thresholds and Im-
proving Risk Assessment M.E. Bates, US Army Corps of Engineers,
Environmental Lab, Engineer Research and Development Center; L.]J.
Valverde, US Army Corps of Engineers, Headquarters; J.T. Vogel, US Army
Corps of Engineers, Environmental Lab, Engineer Research and Develop-
ment Center; I. Linkov, US Army Corps of Engineers, Engineer Research
and Development Center. In the months following the March 2011 nuclear
disaster at the Japanese Fukushima I nuclear power plant, the eyes of the
public, worldwide, turned a new scrutiny towards nuclear policy. In the
United States, this scrutiny often focuses on the US Nuclear Regulatory
Commission (NRC) and questions whether current regulations adequately
protect the public from risks of nuclear harm. The question of appropriate
risk protection can be addressed in two parts, asking whether current regula-
tory risk thresholds are reasonable and asking whether the calculated risks
being compared to the thresholds accurately capture the risk inherent in the
system. To address the first question, NRC risk benchmarks are compared
with those of other public agencies. A comparison with agencies not under
particular public scrutiny finds NRC risk thresholds among the most con-
servative of the assessed agencies, suggesting that NRC’s current regulatory
framework is consistent with broader social ideals. Learning from the lessons
in Japan, the second question implies that, at least in the Fukushima sce-
nario, the true risks of disaster were likely underestimated in the nuclear risk
calculations. To improve nuclear risk assessment, the accident suggests that it
is important to bring systemic reasoning to the risk management process and
evaluate the resilience of the system to minimize the potential for surprise.

2 Human Health Risks of Petroleum Coke as Fuel for Electric Power
Generation B. Magee, ARCADIS; C. Ryan, K. Gordon, A. Bielecki, New
Brunswick Power Corporation. The New Brunswick Power Corporation
sought regulatory approval for a performance project with a mixture of
petroleum coke and heavy fuel oil (HFO) as fuel at their electric power
generation station in Lorneville, New Brunswick. Petroleum coke is a less
costly fuel than HFO, but the human health risks posed by handling of
petroleum coke and emissions from the combustion of the petroleum coke/
HFO mixture required detailed assessment. A comprehensive multipathway
human health risk assessment was performed in accordance with United
States Environmental Protection Agency (USEPA) combustor risk assess-
ment guidance. The results of this risk assessment demonstrated that use

of petroleum coke as fuel was acceptable, and the performance project was
undertaken. Data from emissions testing performed during the combustion
of the fuel mixture were subsequently used to update the risk assessment in
support of environmental permits to allow use petroleum coke/HFO as a
routine fuel. This presentation will present the results of the risk assessment
showing that petroleum coke is an environmentally acceptable fuel. In addi-
tion, in response to worker concerns about the handling of petroleum coke,
a comprehensive literature review was performed, and a toxicological dossier
on petroleum coke was prepared. The presentation will summarize the major
findings of the literature review.

3 Incorporating Multi Criteria Decision Analysis in an Integrated

Life Cycle Sustainability Assessment of Palm Oil Biodiesel Y. Manik,
Univ of Maine, Research Group of Industrial Ecology, LCA and System
Sustainability (IELCASS); A. Halog, Univ of Maine, Research Group of
Industrial Ecology, LCA and System Sustainability (IELCASS), Univ of
Maine, Assistant Professor of Industrial Ecology and LCA. In the next few
decades, worldwide production of palm oil demand is estimated to increase,
particularly as an anticipation of the worldwide biodiesel demand. The
massive growth of palm oil is causing enormous potential environmental
problems, such as climate change, eco-toxicity, loss of biodiversity as well

as societal issues like land conflicts and workers rights. On the other hand,
palm oil industry contributes significantly to the GDP and creates employ-
ment for millions of workers nationwide. In the pursuit of sustainable
development, an integrated life cycle sustainability assessment framework is
needed to enable to support policy and regulation formulation as well as for
operational decision making. This study aims to demonstrate how various
techniques, such as Life Cycle Assessment, Life Cycle Costing enhanced
with Ecological Economics approach, and Social Impact Assessment are
combined altogether to develop an integrated instruments that will be em-
ployed as a decision making tool within a Multi Criteria Decision Analysis
of the integrated life cycle sustainability asessement of palm oil biodiesel, in
which the multidimensionality of the sustainability goals and the complexity
of socio-economic aspects are taken into account.

4 Modeling Aeolian Transport of Contaminants for Long-Term Risk
Assessment: Sensitivities to Succession, Disturbance and Future Climate
].]. Whicker, Los Alamos National Laboratory, Waste and Environmental
Services; T. Kirchner, New Mexico State Univ; B.D. David, J.P. Field, Univ
of Arizona, School of Natural Resouces and Dept of Ecology and Evolution-
ary Biology. Aecolian processes dominant redistribution of contaminated
soil from protected, nonpublic areas to non-protected, public areas in
semiarid sites. Wind transport rates are controlled by vegetation cover, yet
long-term changes in vegetation associated with cycles of disturbance and
succession is ignored by current sediment transport models. An empirically-
based wind transport model (VMTran-Vegetation Moderated Transport)
was developed to predict contaminant transport over 1000-year regulatory
periods. VM Tran simulates transport considering vegetation succession and
ecosystem disturbances of three types (surface fire, crown fire, and drought-
induced plant mortality) using disturbance rates for current and projected
future climate. Simulation results for a Dept of Energy landfill show about
20% of surface contamination was transported offsite in 1000 years without
considering disturbances whereas disturbances raised the amount eroded to
about 80% of original concentration. More than 90% was eroded offsite
under predicted future climate changes. Thus, consideration of vegetation
succession and ecosystem disturbance is critical when evaluating public risk
for long-term stewardship.

5 Application of Decision-analytic Methods to Evaluate the Practicabil-
ity of Green Roofs on DOD Buildings D. Wang, Carnegie Mellon Univ;
A.C. Bourne, US Army Corps of Engineers, New England District; Z.A.
Collier, I. Linkov, US Army Corps of Engineers, Engineer Research and
Development Center. In the effort to comply with current sustainability
initiatives, like the Army’s net zero strategy for energy, water, and waste, De-
partment of Defense (DOD) installations are faced with numerous options
to meet environmental goals while continually upholding their missions.
Among other innovative technologies, green roofs have the potential to be
effective in reducing energy consumption, reducing storm water runoff,

and improving water quality in addition to a host of other environmental
benefits. Since green roof technologies are relatively new, there isn't extensive
documentation on how to determine if installing a green roof is the right
choice for specific installation needs, or how to make tradeoffs between
various roof design parameters. In order to determine the practicability of
green roof installation on new and existing DOD buildings, an integrated
decision framework is proposed. This framework assesses the need for green
roof installation, and the scope and engineering design of such projects from
the standpoint of cost-effectiveness, landscape position, potential energy
and water savings, and other sustainability efforts already in place. It uses
multi-criteria decision analysis (MCDA) to compare green roofs with other
innovative technologies, as well as to evaluate alternative green roof designs.
Use of this logical and explicit decision-analytic tool will provide structure to
the overall green roof evaluation process and will help installation managers
to make informed and appropriate roof choices for a specific building.

6 Environmental Monitoring using a Probabilistic-Possibilistic Ap-
proach M. Ragheb, Univ of Illinois at Urbana-Champaign, Dept of
Nuclear, Plasma and Radiological Engineering. An approach for Environ-
mental Monitoring through a coupled Probabilistic-Possibilistic formulation
is presented. Probability density functions based on sensors data, measure-
ments and observations are coupled to membership functions, based on
numerical or statistical modeling and defining the desired operational levels
of the associated variables in the form of an information granule: g = (X)

is (Y), where X is a measurable or observable quantity or random vari-

able subject to the laws of probability theory, and Y is a linguistic variable,
semantic or agreed-upon meaning; quantifiable by simulation, modeling or
expert opinion and subject to the laws of possibility theory. Examples of g
can be the propositions: g; = (radionuclide concentration) is (excessive), g, =
(radiation level) is (tolerable). Use of the Algebra of Logic allows a descrip-
tion of the overall environmental or ecological system operation and the
connections among its subsystems in the form of an Operational Tree as
the complement of a Fault Tree. In the definition of g, X is represented by a
probability density function (pdf) px(u), and Y is a fuzzy variable repre-
sented by a membership function py(u). The Performance Level, PL, or
the degree of truth of the proposition g can be estimated as the mathemati-
cal expectation of the observable X, as a value over the unit interval [0,1].
For continuous and discrete functions it can be estimated as: PL = [ py(u)
px(wdu, PL = ¥ py;(u)px;(u). Estimation of the performance levels of the
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subsystems as well as the overall system allows for objective monitoring and
assessment of its status. Evolution of effective monitoring would include
learning from incidents, evaluation and correction of process safety, and the
development of methodologies for anticipating and predicting accidents
from the observation of their precursors and thus avoiding their occurrence
rather than reactively responding to them.

7 Relative Risks of Radionuclide Releases: Nuclear vs. Coal-Fired Power
Plants S. Zemba, Cambridge Environmental Inc. Comparisons of the
environmental impacts of power generation al Comparisons of the envi-
ronmental impacts of power generation alternatives are multi-dimensional,
and can involve difficult comparisons of very different types of effects (e.g.,
climate change from due to emissions from fossil-fuel facilities, potential
large-scale radionuclide releases from nuclear power plants, and ecological
effects of hydro-electric projects). However, even “apples to apples” compari-
sons are sometimes ignored because some impacts are not widely recognized.
Coal-fired power plants, responsible for a large share of worldwide electric-
ity generation, emit radionuclides to the atmosphere in stack emissions,

but do not garner the considerable attention focused on accidental releases
of radioactivity from nuclear power plants. Coal contains trace levels of
various radionuclides; when coal is combusted in power generation facili-
ties, it creates a source of radionuclide emissions to the atmosphere which
emissions then deposit and accumulate in soil. To compare, the effects of
these emissions with the effects of more widely recognized atmospheric
releases of radionuclides, our presentation will build on a detailed risk assess-
ment of soil contamination found in the aftermath of the 1986 Chernobyl
accident, using the “no action” exposure estimates based on Cs!37 uptake
into agricultural products. Comparative estimates of radioactivity releases,
combined with consideration of land use patterns, food production data,
and other information will then be used to extrapolate the Chernobyl study
to make order-of-magnitude estimates of human health risks associated with
the recent accident at the Fukushima nuclear power plant. We will then
compare these risks with cumulative risk estimates constructed for long-term
emissions from a hypothetical conventional coal-fired power plant, based on
available emissions information from the literature and the application of
multi-pathway risk assessment methods, including air dispersion and deposi-
tion modeling, soil mixing and accumulation, and uptake into agricultural
products from soil.

8 We're Still Cleaning Up After the Manhattan Project: Lessons Learned
Some Seventy Years Later K.G. Keil, S.M. Bousquet, US Army Corps of
Engineers, Buffalo District. The Formerly Utilized Sites Remedial Ac-

tion Program (FUSRAP) has its origins in the Manhattan Project, when,

in 1942, the US Army Corps of Engineers began development of the first
atomic bomb. At that time, the Federal Government contracted with private
industries, mostly in the northeastern US, to perform the uranium extrac-
tion, refining, and milling necessary to make an atomic weapon. It was not
until several years later, after World War II ended, that these functions were
transitioned to newly-created national laboratories. In the meantime, in

the haste and secrecy of the war effort, the radioactive by-products of this
weapons production began to leave its footprint on the industrial sites and
the surrounding environment. Today, operating under FUSRAP and the
CERCLA principles, the US Army Corps of Engineers is responsible for
addressing residual contamination at 22 of these sites, 11 of which reside
within the Buffalo District’s boundaries. Using case studies and examples
from these sites, this presentation will explore the time, effort, and cost
incurred while characterizing and communicating environmental impacts
and human health risks from the residual radiation to the surrounding
public and stakeholders. In addition, the time, effort, cost, and risk reduc-
tion involved in remediating these sites to currently acceptable standards
will be explored. Questions addressed will include: For those sites which
have undergone public health assessments, dose reconstructions, or cancer
surveys, do these other evaluation tools corroborate or contradict the CER-
CLA risk assessments used to make remedial action decisions conducted

for the site, or risk perception of the site? What are the costs and benefits to
human health and the environment in characterizing and remediating each
of these sites? How are environmental impacts and benefits weighed vs. hu-
man health issues in the cleanups? What are the relative risks across the sites,
and how does that impact priority of cleanup among the sites? What are the
real vs. perceived risk drivers at the site, and how does risk perception affect
the cleanup? What is reasonable future land use, and how does that impact
cleanup decisions? Who (or what) benefits most from these cleanups?
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9 A SETAC Pellston Workshop on the Risks from Pesticides to Pol-
linators: State of the Science T. Steeger, USEPA, Environmental Fate

and Effects Division; E Streissl, European Food Safety Authority (EFSA),
PRAPeR Dept; A. Alix, Ministry of Agriculture, DGAI — SPRSPP

— SDQPV — BRMMI; T. Moriarty, USEPA; D.L. Fischer, Bayer CropSci-
ence, Global Development North America, Dept of Ecotoxicology; C.
Lee-Steere, Sole Trader; R. Fischer, Bundesamt fiir Verbraucherschutz und
Lebensmittelsicherheit (BVL); M. Miles, Dow Agrosciences, Field Effects
and Exposure; R. Johnson, Univ of Nebraska — Lincoln, Dept of Entomol-
ogy; M. Fry, American Bird Conservancy; C. Brittain, Leuphana Univ of
Liineburg, Institute of Ecology and Environmental Chemistry. In recent
years, a number of countries have reported declines in native and managed
pollinators. Modern crop management practices, which often include the
use of plant protection products or pesticides, have been identified as a po-
tential factor responsible for these declines. To ensure the safety of pesticides
regulatory authorities have adopted a number of measures, including requir-
ing an assessment of the potential impact of these products on a broad range
of taxa in the agricultural environment. Included in these assessments are
the potential impacts of pesticides to terrestrial arthropods such as pollinat-
ing insects and honey bees (Apis mellifera) in particular. Consistent with the
objectives of the Pellston workshop, participants considered risk assessment
strategies for supporting a regulatory decision-making and risk management
process for assessing the risks of pesticides to pollinators. The risk assessment
process is typically tiered, iterative, and consists of three phases: problem
formulation, analysis (exposure assessment and effects assessment) and risk
characterization. This presentation will provide a broad overview of the risk
assessment process employed by regulatory authorities globally in support of
their decision making.

10 Exposure Characterization — Report of the Exposure Workgroup
froom the SETAC Pellston Workshop on Assessing the Risk of Pes-
ticides to Pollinators ].D. Wisk, BASF Corporation, Ecotoxicology; J.
Pistorius, Julius Kuhn-Institut, Institut fiir PAanzenschutz in Ackerbau und
Griinland; M. Beevers, California Agricultural Reseach, Inc.; R. Bireley,
California Dept of Pesticide Regulation; Z. Browning, Browning’s Honey
Company, Inc.; M. Chauzat, French Agency for Food, Environmental and
Occupational Health Safety; A. Nikolakis, Bayer CropScience; J. Overmyer,
Syngenta Crop Protection, LLC, Ecological Sciences, Americas; R. Rose,
United States Dept of Agriculture, Animal and Plant Health Inspection
Service; R. Sebastien, Health Canada Pest Management Regulatory Agency;
B.E. Vaissiere, French National Institute for Agricultural Research; M.
Vaughan, Xerces Society for Invertebrate Conservation. In the Workshop
exposure workgroup, participants reviewed the various ways that honey
bees (Apis mellifera) and non-Apis bees can be exposed to both non-systemic
and systemic pesticides. Techniques that are employed to measure pesticide
residues in matrices relevant for assessing bee exposure were summarized,
and higher-tier semi-field and field study designs for refining bee expo-

sure assessments were discussed. For tier 1 contact exposure estimates to
foliar-applied products, published insect residue data can be used to develop
an exposure nomogram where exposure estimates can be calculated based
on application rates. For predicting oral exposure for sprayed products,
participants proposed forming an industry coalition to compile pollen and
nectar residue data from both published and proprietary studies to develop
a nomogram that can be used to predict concentrations in pollen and nectar
based on field application rates. Recognizing the limited field pollen and
nectar residue data available for systemic compounds applied as seed treat-
ment coating or soil applications to develop exposure models, participants
recommended the proposal by the ICPBR for a default value of 1 mg/kg

in pollen and nectar, as a Tier 1 point estimate of exposure for a screening-
level assessment. Semi-field or tunnel tests using bee-attractive crops like
Phacelia, oilseed rape, mustard or buckwheat are recommended to refine
the oral exposure assessments for honey bee colonies to both systemic and
non-systemic products sprayed on foliage. Semi-field studies are also recom-
mended for assessing exposure to systemic pesticides used as seed dressings
or applied as soil treatments. However, the actual crop being assessed should
be used, as there may be different rates of uptake, distribution and metabo-
lism of a compound in different plant species. Semi-field and field exposure
studies can also be conducted using solitary nesting non-Apis bees such

as blue orchard bees (Osmia lignaria) or alfalfa leafcutter bees (Megachile
rotundata). Studies conducted with Megachile can also be used to evaluate
potential dermal and/or oral exposure via contaminated nesting material.
For assessing exposure to sprayed pesticides or systemic pesticides used as a



MONDAY PLATFORM ABSTRACTS

seed treatment, or applied as a soil treatment or trunk injection, field studies
can also be conducted with the above non-Apis species to evaluate worst-case
exposure because of the limited foraging range of these species.

11 Laboratory Assessment of Pesticide Hazards to Honey Bees and
Non-Apis Bees ]. Plugfelder, Agroscope Liebefeld-Posieux ALP; J. Frazier,
Penn State Univ; P. Aupinel, INRA, Unite experimentale d’entomologie; P.
Bachman, Monsanto Company; A. Decourtye, INRA, Lab Neurobiologie;
C. Scott-Dupree, Univ of Guelphy, School of Environmental Sciences; A.
Dinter, Dupont de Nemours Deutschland; J. Ellis, Univ of Florida, Ento-
mology; V. Grim, Hembholtz Centre for Environmental Research, Ecological
Modeling; Z. Haung, Michigan State Univ, Entomology; R. C F Nocelli,
CCA-UFSCar, Ciencias Biologicas; H. Thompson, Central Science Lab; B.
Warren-Hicks, Consultant. For the risk assessment of pesticides to honey-
bees the laboratory assessment of hazards is the first step in a tiered testing
approach. Tier 1 testing is conducted under controlled conditions with
defined criteria on groups and individual bees and larvae to yield statistically
valid determinations of the intrinsic activity of active ingredients. These tests
proiduce an LD50 for acute contact and topical exposure, NOEC for chron-
ic toxicity to adults and to bee larvae as the basis for a differentiated risk
assessment if the product is a foliar spray or a systemic pesticide. Extrapolat-
ing these effects observed on individual bees to effects on the whole colony
remains a major challenge. We suggest harmonizing the test procedures that
are well developed, along with acknowledging an urgent need for the adapta-
tion of new methods and provide perspectives on methods requiring further
development and research. Extending similar tests to non-Apis bees requires
further protocol development and standardization, along with agreements
on which species offer the most advantages for laboratory, semi-field, and
field testing. Sub-lethal impacts of pesticides on adults and larvae of both
Apis and non-Apis bees are being documented in the scientific literature, but
we still do not know to which extent Apis mellifera can serve as a surrogate.
This needs to be defined and the development of a tiered test system for non
Apis species requires significant effort and is a high research priority.

12 A SETAC Pellston Workshop on the Risks from Pesticides to Pollina-
tors: Report of the Risk Assessment Breakout Group A. Alix, Ministry
of Agriculture, DGAL — SPRSPP — SDQPV — BRMMI. The intent of the
global SETAC Pellston workshop was to bring together the best available
science regarding exposure and effects assessment methodologies for honey
bees (Apis mellifera) and non-Apis bees and to provide specific recommenda-
tions for determining the potential risk to insect pollinators from pesticide
products in a cost effective way. The workshop intended to characterize
exposure routes and produce related tiered standardized test method(s) to
assess exposure from systemic and non-systemic pesticide products to bee
species. Hazard endpoint(s), applicable to risk assessment for the honey bee,
and tiered standardized test method(s) to consistently identify and measure
hazard endpoint(s) were defined. A risk assessment process that can serve

at both a screening-level and as a basis for more refined assessments where
needed was proposed. The fourth objective of the workshop was to evalu-
ate information on risk of pesticides to non-Apis bees. The resulting risk
assessment process is predicated on first defining protection goals, and then
identifying the appropriate assessment endpoints, i.e., explicit expressions
of the actual environmental value that is to be protected, which can be used
toward evaluating those goals. In developing this risk assessment process,
breakout group members relied heavily on recommendations provided by
other workshop breakout groups on exposure assessment and effects (hazard
and field) assessment. The ratio of exposure to effects remains the basis of
the risk assessment process defined in this section and is consistent with the
regulatory processes reflected at the Pellston workshop. The risk assessment
process then progresses towards higher tiers, which aim at evaluating the
potential impact in the field, under more realistic exposure conditions. The
highest tier approaches, i.e., full field studies, are intended to reproduce
expected conditions of exposure for bees relative to how products will ulti-
mately be used. These studies will be used to characterize the potential level
of risk and identify the choice of risk management measures, if needed.

13 Measuring Pollinator Exposure to Imidacloprid from Hardwood
Trees Treated to Control the Asian Longhorned Beetle ]. Pettis, USDA/
ARS Bee Research Lab ; .D. Johnson, Univ of Maryland, Dept of Toxicol-
ogy; P. Lewis, USDA,APHIS,PPQ; R. Rose, USDA,APHIS,PPQ,EDP.
Animal and Plant Health Inspection Service (APHIS) has undertaken

an eradication program to remove and prevent the further spread of

Anoplophora Glabripennis, the Asian longhorned beetle (ALB) in New
York City. Several hardwood species can serve as host for ALB and imida-
cloprid (IMI) is used to treat uninfected trees in ALB infested areas in part
to save the trees and prevent expansion of beetle range. In Staten Island,
trunk injections of imidacloprid, a neonicotinoid, were used because the
water table is high and water contamination by the soluble pesticide could
be significant, whereas in the drier soils in the boroughs of Queens and
Brooklyn soil injections of the twenty+ susceptible species of trees were
more appropriate. We chose red maple, Acer rubrum, as our target tree as
pollinators use the nectar and pollen of this tree during the early spring and
it is a dominant species in this area. Imidacloprid and six of its metabolites,
were monitored in red maple flowers, pollen collected by honey bee hives
placed in the immediate areas, and red maple leaves over a 6-year treatment
protocol to assess the environmental presence of the pesticide as a potential
threat to foraging honey bees, a non-target species. Results show that soil
injected trees had higher amounts of IMI in flowers than trunk injected
trees. IMI partitioned mostly to the leaves as expected since this systemic
pesticide moves through the xylem (Sur and Stork,2003) but flowers had
detectable amounts suggesting that phloem transport also takes place but at
a slower rate. Male flowers had higher amounts than female flowers. Pollen
loads collected by honey bees placed at the test sites had detectable levels of
imidacloprid. Repercussions on honey bee health will be discussed.

14 Examples of Higher-tier Studies — Semifield Studies A. Schur,
FEurofins-GAB GmbH, Ecotoxicology, Eurofins Agroscience Services; L.
Tornier, Eurofins Agroscience Services. The existing European guideline
OEPP/EPPO No. 170 (4) for honey bee (Apis mellifera L.) testing of plant
protection products are used as basis for tests under laboratory, field and
semi-field conditions. In the presentation methods and results of tests
under semi-field conditions will be summarized and discussed. The OEPP/
EPPO No. 170 (4) guideline was mainly developed in the northern part of
Europe. In the past years, higher tier tests were more adapted to the needs
of testing pesticides in the southern European zone and in different kinds of
crops. However, within such tests different parameters, such as bee mortal-
ity, flight intensity in the crop, behaviour of the bees and the conditions of
the colonies and brood development are assessed before as well as after the
application of a plant protection product. Within the presentation different
kinds of methods according to the guideline will be presented which are
used in different kinds of crops, e.g., Phacelia tanacetifolia, winter oil-seed
rape, citrus, melon, peach as well as in the northern, central and southern
part of Europe. In addition, results will be shown generated within the
studies for the water-treated or untreated control, the toxic reference treat-
ment (dimethoate) in comparison to different kinds of test compounds. The
results of the mortality, flight intensity and bee colony assessments shows,
that there is a wide range in the results assessed in different studies, but

also within the replicates of the same treatment group of one study. This
causes difficulties in the evaluation of results and in the risk assessment of

a compound. Beside standard tests including the above mentioned param-
eters, studies are often combined with the assessment of residues in e.g.,
nectar and pollen, detailed assessments on behaviour and sub-lethal effects,
detailed assessments on brood development and the comparison of different
treatment scenarios (e.g., pre-ﬂowering application, evening application
compared).

15 Large-scale Field Study to Assess Side-effects of the Insecticide
Spirotetramat to Honey Bee Colonies Under a Realistic Field Scenario
in a Melon Crop T. Stadler, Laboratory of Environmental Toxicology-
IMBECU-CONICET, Institute of Medicine and Experimental Biology;
H.J. Schnorbach, Bayer CropScience BCS AG-D-AD; C. Maus, Bayer
CropScience BCS AG-ACO-M-PS. Spirotetramat (Movento®) is an
insecticide which acts as a lipid biosynthesis inhibitor that is being used on
a great variety of crops to control a broad spectrum of sucking pests. An
intrinsic larvicidal potential of the compound was shown in lower tier tests
with artificial exposure conditions (confinement or feeding of very high
concentrations). In order to achieve higher-tier data to conduct a scientifi-
cally sound risk assessment of actual field use, a replicated large-scale field
trial design was developed to test for potential side effects under realistic use
conditions of the product. The study was conducted in western Argentina.
Two application scenarios were tested. In particular brood development was
evaluated, but other endpoints such as mortality, foraging activity and hive
weight development were also assessed. Nine field plots at least 3 km apart
were randomly assigned to receive either treatment scenario 1 (4 x 75 g a.s./
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ha), treatment scenario 2 (2 x 88 g a.s./ha) or control (water) applications
(i.e., 3 replicates per treatment group). Two bee hives were set up per plot.
Each hive contained a queen-right colony of ca. 18,000 bees. The hives were
set up on the plots 2.5 weeks before the first brood assessment. Four further
weekly in-field brood assessments were conducted, starting 5 days after the
first application. Study duration was nine weeks. No adverse effects were
recorded during the study. The comb area containing brood of all stages
fluctuated in the control as well as in treatment groups on the different as-
sessment days, indicating the typical natural variability of this endpoint. No
treatment-related effects on brood and colony strength were found, nor were
there any treatment-related differences in mortality. Likewise, foraging activ-
ity, nectar and pollen storage and hive weight development were unaffected
in both treatment groups. It is therefore concluded that the tested uses of
spirotetramat on melons are reasonably safe to honey bees. The results of the
study reveal that replicated honey bee field studies conducted under practi-
cal agricultural conditions provide an excellent tool to reliably assess the

risk of plant protection products to bees, as they provide maximum realistic
insights in a holistic approach that monitors the exposed bee colonies along
with all relevant environmental factors influencing its health, and are at the
same time capable to overcome the natural variability of the testing system.

16 Do Reported Levels of Pesticides in Hive-stored Pollen Pose a
Serious Risk to Honey Bees? D.L. Fischer, Bayer CropScience, Global
Development North America, Dept of Ecotoxicology; C. Henderson, Univ
of Montana, Bee Alert Technologies, Inc. Several recently published studies
have used multi-residue analytical methods to screen samples of pollen
stored in bee hives for presence of pesticides. These papers have sometimes
suggested the levels and frequency of pesticide detections are alarming and
emphasized that because residues of multiple pesticide active ingredients
commonly co-occur in samples, synergistic toxic effects may be occurring.
The occurrence of systemic pesticides in hive samples is sometimes empha-
sized as reason for additional concern. We applied risk analysis methods for
honey bees and pesticides recently developed by the ICPBR Bee Protection
Group to evaluate whether recently published measurements of pesticide
levels in hive-stored pollen pose a serious risk to honey bees. Our analysis
indicates the reported chemical exposures likely pose minimal risks to honey
bees. This was true for the individual chemicals assessed one at a time as well
as for a worst-case theoretical mixture containing a 95 percentile concen-
tration for every chemical in the respective data sets. Contrary to what has
often been assumed, our analysis revealed that systemic pesticides are found
less frequently and at lower levels in hive-stored pollen than non-systemic
pesticides, and risk estimates for systemic compounds were if anything lower
than for non-systemic pesticides. Our analysis indicates that one should not
assume a serious risk exists based on the mere presence of residues in bee
hive samples. A risk analysis, such as that presented here, needs to be under-
taken before conclusions about risk can be drawn.

17 In Vivo and In Vitro Estrogenicity and GC/MS/MS and LC/MS/MS
Quantification of Estrogens in Aqueous Mixtures of Raw and Pelletized
Poultry Litter L.T. Yonkos, Univ of Maryland, Wye Research and Educa-
tion Center; D.]J. Fisher, Univ of Maryland, Wye Research and Education
Center; E.A. Friedel, Univ of Maryland, Wye Research and Education Cent-
er; V.S. Wilson, USEPA, ORD, NHEERL, TAD, Reproductive Toxicology
Branch, USEPA, Office of Research and Development; S.R. Hutchins,
USEPA, ORD, GWERD; J.M. Lazorchak, USEPA, Office of Research and
Development, National Exposure Research Laboratory, USEPA, Molecular
Ecology Research Branch; T.V. Reddy, USEPA, NERL; N.W. Shappell,
USDA-ARS-RRVARC, Biosciences Research Lab, USDA-ARS; PA. Van
Veld, Virginia Institute of Marine Science; R.C. Hale, Virginia Institute of
Marine Science, Environmental and Aquatic Animal Health. Abundance,
degradation, and bio-activity of estrogens were examined in aqueous solu-
tions of poultry litter from three Delmarva broiler integrators, a pelletized
litter sample, a biosolids sample from a regional WWTD and an estrone
(E1) positive control allowed to stand static for 28 days. Litter and biosolids
samples were generated to be analogous to organically fertilized agricultural
runoff. Estrogens, 17f-estradiol (E2) and E1, were quantified in aqueous
samples via GC/MS/MS and LC/MS/MS at day 0, 9, and 28. Likewise,
estrogenicity was investigated using a pair of in vitro assays (E-screen and
Kpjuo) on days 0, 9, and 28 and in vivo by exposing mature male fathead
minnows (Pimephales promelas) continuously (day 0 — 9) to investigate vitel-
logenin (Vtg) induction (plasma protein and liver Vtg mRNA). All three
raw litter samples showed a significant increase in E1 and E2 between day
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0 and day 9 before decreasing by day 28. In vitro estrogenicity showed a
corresponding increase to day 9 with EEQ (E2 equivalent) levels paralleling
E2 concentrations measured via GC/MS/MS. All litter samples (raw and
pelletized) induced Vg with plasma protein and mRNA concentrations cor-
relating strongly with peak (day 9) E2 concentrations. Increases in estrogens
between day 0 and day 9 are likely explained by microbial deconjugation

of glucuronide and sulfate groups to produce native/bioactive E1 and E2.
Results indicate that fecal estrogens can persist and estrogenicity actually
increase in aqueous solutions days to weeks after introduction. Results and
implications to natural waters will be discussed.

18 Sex Differentiation as a Target of Endocrine Disrupting Compounds
in Early Life Stage Fathead Minnows (Pimephales promelas) ].K. Leet,
Purdue Univ, Forestry and Natural Resources; J.J. Amberg, United States
Geological Sciences, Upper Midwest Environmental Sciences Center; A.
Olmstead, US Environmental Protection Agency, Mid-Continent Ecol-

ogy Division; G.T. Ankley, USEPA, Office of Research and Development,
National Health and Environmental Effects Research Laboratory, Mid-Con-
tinent Ecology Division; L.S. Lee, Purdue Univ, Dept of Agronomy Crop,
Soil & Environmental Sciences; M.S. Sepulveda, Purdue Univ, Forestry &
Natural Resources and School of Civil Engineering, Purdue Univ, Forestry
& Natural Resources. The occurrence of endocrine disrupting chemicals
(EDCs) in concentrated animal feed operation (CAFO) waste, and the po-
tential effects of these chemicals on aquatic ecosystems have been of recent
concern. There is evidence that exposure to EDCs during enhanced win-
dows of sensitivity can lead to alterations in fish sex differentiation. Fathead
minnows (Pimephales promelas) are commonly used as a model fish species
in endocrine disruption studies, however limited knowledge exists on mo-
lecular pathways associated with sex differentiation in early life stages of this
species. A method has been developed to determine genetic sex in early life
stage fathead minnows by use of a sex-linked DNA marker. Changes in the
expression of genes important in sex differentiation (cyp19a, sox9, dmrtl)
could be used as a way to evaluate effects of EDCs on gonadal development
and sex differentiation. For example, cyp19a expression doubles in females
from 10 to 15 days post hatch (dph) and is 6 fold higher by 20 dph, but
does not significantly change in males during this time. This period in devel-
opment has also been found to be a sensitive window for fathead minnows
exposed to EDCs. We hypothesize that the expression of cyp19a and other
genes involved in sex differentiation and gonad development will be altered
in a sex specific manner when fathead minnows are exposed to androgens,
estrogens, or mixtures of EDCs during sex differentiation. Preliminary data
from our lab show that fathead minnow embryos exposed to trenbolone (a
potent synthetic androgen) respond with significant alterations in expression
of such genes. Evaluation of these molecular markers in combination with
this new method of sex identification is being used for developing efficient
tools to evaluate sex specific responses of EDCs on early life stage fish. These
tools will help us gain knowledge of the molecular pathways controlling

sex differentiation in fathead minnows and how EDCs may alter these
processes.

19 Endocrine-disrupting Potency of By-products in Flame Retardants

P. Leonards, Institute for Environmental Studies, VU Univ, Chemistry

& Biology, VU Univ, Institute for Environmental Studies; S. Brandsma,

VU Univ, Institute for Environmental Studies. Some brominated flame
retardants (BFRs) have unintended negative effects on the environment and
human health (e.g., endocrine effects). Some of them show a strong bioaccu-
mulation in aquatic and terrestrial food chains, some are very persistent, and
some show serious toxicological effects such as endocrine disruption. During
the last decade an increasing number of reports have presented evidence of
these negative effects caused by specific BFRs. Less toxic alternatives appear
to be available already but comprehensive information on their possible
toxicological effects and exposure are lacking. The European Commission-
funded project ENFIRO investigates halogen-free substitution options for
specific BFRs resulting in a comprehensive dataset on viability of produc-
tion and application, environmental safety, risk assessment, and a life cycle
assessment. In total 15 halogen-free flame retardants (HFFRs), consisting of
metal-, organic-, and nano-based FRs, as substitution options for decaBDE,
TBBP-A, and brominated polystyrenes were selected. These HFFRs were
assessed in a toxicity screening to provide information on the hazard char-
acterization. Toxicity profiling of the 15 HFFRs and 3 BFRs was carried

out with a battery of in vitro assays (e.g., cytotoxicyt, thyroid hormone
disruption, estrogenicity, androgenicity, mutagenicity) and showed that
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three organic HFFRs had estrogenic potency. These HFFRs were chemically
fractionated on polarity and the fractions re-tested in the estrogenic in vitro
assay. Compounds present in the active fractions were chemically identified
with LC-MS, LC-ToFMS and GC-ToFMS, and showed that not only the
flame retardants but also by-products in the flame retardant product were
responsible for the estrogenic potency. In conclusion, the combination of
mode of action screening and chemical identification is a powerfull tool to
study and identify potential endocrine disrupting chemicals.

20 Regulation of the Transcriptional Control of the Largemouth Bass
Vitellogenin Receptor by Androgens and Waste Water Effluent Mixtures
G.A. Dominguez, Univ of Florida, Center for Environmental and Human
Toxicology; K.J. Kroll, N. Denslow, Univ of Florida, Physiological Sciences;
T. Sabo-Attwood, Univ of Florida, Dept of Environmental and Global
Health. There is increasing concern surrounding the presence of androgenic
compounds in environmental settings such as effluents of industry and waste
water treatment (WWT) facilities. Although numerous investigations have
revealed the physiological effects on female fish, such as decreased fecundity,
reduced egg size and spawning events, exposed to androgen-related and —
suspected compounds minimal studies have explored specific mechanisms of
action. While major efforts have focused on estrogen disruption in teleosts
through estrogen-driven mechanisms of vitellogenin (VTG) production in
the liver, fewer studies have focused on pathways that control yolk accumu-
lation into growing oocytes, a process essential for successful reproduction.
One gene important to proper egg development is the vitellogenin receptor
(VTGR) as it sequesters circulating vitellogenin (VTG) into developing
oocytes. To begin to address the molecular mechanisms that control the
transcription of this gene, we cloned the full length cDNA and partial pro-
moter for the VIGR of largemouth bass. Using quantitative real-time PCR
we show maximal expression of the VIGR in gonadal tissues during pri-
mary oocyte stages of growth whereas the levels decrease during VI'G stages
of oocyte development when maximal VTG synthesis is observed. Further
analysis using reporter gene assays driven by a partial VTGR promoter reveal
activation by androgens including 11-ketotestosterone (11-KT, 100 nM)
and trembolone (100 nM) whereas estrogens failed to produce a response.
Furthermore, extracts collected from a waste water effluent holding pond
also showed similar activation by comparison to 11-KT and trembolone.
Inhibition of these androgenic responses was diminished with co-exposure
to the androgen receptor antagonist flutamide. Outcomes of these studies re-
veal, for the first time, that androgens, not estrogens, control the expression
of VIGR in female fish which is mediated through androgen receptors and
may be a target of complex environmental mixtures. These mechanisms may
also explain endpoint effects observed in female fish exposed to androgens
and androgen-containing mixtures and highlight the importance of elucidat-
ing the role of androgens in females and endocrine disrupting capacity of
proper egg development.

21 Intersex Fish Influenced by Factors Other than Municipal Waste-
water Effluent K. Kellock, Univ of Georgia, Interdisciplinary Toxicology
Program; C. Jennings, P. Ely, USGS Georgia Cooperative Fish and Wildlife
Research Unit; B. Trushel, USGA Georgia Cooperative Fish and Wildlife
Research Unit; R. Bringolf, Univ of Georgia, Interdisciplinary Toxicology.
Recent reports of intersex fish (males with oocytes in their testicular tissue)
in water bodies around the world have stimulated widespread concern about
the effects that chemicals are having in the environment. Estrogens and es-
trogen mimics in the aquatic environment are known to induce intersex and
other forms of endocrine disruption in fish. Intersex fish can have decreased
sperm production, decreased sperm motility and decreased fertilization suc-
cess compared to histologically ‘normal’ male fish. Recently, a high incidence
of intersex fish were reported in some rivers in the southeastern US but to
date, a systematic evaluation of the extent, severity, and causes of intersex
fish has not been completed in Georgia. Therefore, our objectives were to (1)
assess intersex condition in black bass collected from rivers and impound-
ments across Georgia, and (2) determine estrogenic potency (a measure of
the estrogens and estrogen-like substances) of surface waters where fish were
collected. Fish (N>15) and water samples were collected near municipal
wastewater effluent discharges in each of four rivers and from a river that
receives no major wastewater effluent discharges. Fish were also sampled
from 11 impoundments with no major wastewater inputs to determine if a
natural ‘background’ rate of intersex could be established for fish from rela-
tively unpolluted water bodies. Gonads from all fish were examined and the
incidence and severity of the intersex condition were compared among sites.

The overall percentage of intersex for male bass collected in rivers was 11%
while 52% of male fish collected from impoundments were intersex. Inci-
dence of intersex varied substantially (0-100%) among impoundments and
surface area of the impoundment was a strong predictor of incidence. Sever-
ity of intersex also varied among impoundments but was not predicted by
surface area. Potency of estrogens in surface waters was determined by use of
an in vitro yeast-based reporter gene (YES) assay. The specific mechanism(s)
causing intersex remain unknown, but the high incidence of intersex males
in some impoundments suggests that factors other than municipal wastewa-
ter are involved.

22 Mode of Action-based Screening of Endocrine Disrupting Chemicals
in Wastewater Effluents R. Marfil-Vega, USEPA, ORISE Research Partici-
pant to the National Risk Management, Univ of Cincinnati; M.A. Mills,
USEPA, National Risk Management Research Laboratory; S.F. Nakayama,
National Institute for Environmental Studies, Center for Environmental
Health Sciences; M.W. Hornung, M. Gilbert, K.M. Crofton, USEPA,
National Health and Environmental Effects Research Laboratory; K.B.
Paul, The Hamner Institutes for Health Sciences, Institute for Chemical
Safety Sciences, Integrated Systems Toxicology Division, NHEERL, ORD,
USEPA; K. Tadele, USEPA, Student Services Contract at National Risk
Management Research Laboratory. Endocrine disruption encompasses

the disturbance of different metabolic pathways, comprising the nuclear
receptors for steroid and thyroid hormones, among many others. Emerging
contaminants both from natural and industrial origin, such as the steroid
and thyroid hormones themselves, commercial and industrial chemicals,
and pharmaceutical and personal care products (PPCPs) that are known

to be endocrine disruptors are often detected in environmental samples.

An ongoing multi-laboratory and multi-disciplinary effort to monitor and
characterize emerging contaminants in wastewater treatment plant effluents
is aimed at determining the endocrine disrupting activity of these effluents,
and the specific chemicals that may undetlie these effects. Synthetic pro-
gestagens, which are agonist of the progesterone receptor, are used for oral
contraception, alone or in combination with synthetic estrogens. Combined
formulations present a higher amount of progestagens than estrogens;
therefore, there is an elevated potential risk for progestagens to reach the
environment from wastewater treatment plants discharges. In regard to the
thyroid hormone, the complexity of its homeostasis allows for structurally
diverse chemicals that may disrupt its different biological endpoints. Known
thyroid disruptors, such as perchlorate, thiouraciles, thiocianates, PCBs,
dioxins, furans, and pesticides, are commonly found in the environment.
But other chemicals that may be present in wastewater effluents (thyroid
hormones, benthiazoles and some PPCPs ) need to be considered to account
for the total thyroid disruption activity of these samples. In the current
work, we will be presenting the initial results from monitoring progestogens
and selected thyroid disruptors in wastewater effluents, in combination with
the chemical quantification of the disruption potency of the effluents against
a battery of in vivo and in vitro bioassays (i.e., thyroid gland explant culture
assay, thyroid peroxidase inhibition assay, and human pregnane-X and pro-
gesterone cell-based nuclear receptor reporter assays).

23 Application of the Transthyretin Binding Assay in Effect-Directed
Analysis of Sediments: Identification of Thyroid Hormone Disrupting
Compounds M. Lamoree, Institute for Environmental Studies, VU Univ,
Chemistry & Biology, Institute for Environmental Studies, Chemistry &
Biology; T. Hamers, Institute for Environmental Studies, VU Univ; E.
Simon, BioDetection Systems; P. Leonards, Institute for Environmental
Studies, VU Univ; J. Weiss, Joint Research Centre — European Commission.
In Effect-Directed Analysis (EDA), (in vitro) bioassays, sample fractiona-
tion techniques and chemical analysis are used in an iterative manner

in order to identify the compounds that are responsible for an observed
biological/toxicological effect. In EDA studies, various bioassays have been
implemented that have an endpoint related to endocrine disruption, with
the emphasis on estrogenic and androgenic effects. To extend the scope of
EDA, we have used the radioligand T4*-TTR binding assay (shortly, TTR
assay) to determine the thyroid hormone like (TH-like) activity to direct our
fractionation for the identification of unknown thyroid hormone disrupting
environmental contaminants. From a human and animal health perspective,
the thyroid function is vital for the normal development of the central nerv-
ous system of the fetus. To assess what classes of environmental toxicants

are capable of interfering with the thyroid hormone system, an inventory
of the different classes of compounds with reported TH-like activities was
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made. Compounds that are known to influence the thyroid system are,
among others, hydroxylated polybrominated diphenyl ethers, hydroxylated
polychlorinated biphenyls and triclosan. More recently, also polyfluorinated
compounds were shown to have moderate TH-like activities. In the frame-
work of the EU funded Modelkey project we have carried out EDA studies
at several locations connected with European river systems using a variety of
bioassays. Sediment extracts were fractionated using sequential reversed and
normal phase liquid chromatography. In the course of this project, we iden-
tified several different classes of environmental toxicants in fractions of the
responsive sediment extracts, by conventional gas chromatography coupled
with mass spectrometric detection as well as liquid chromatography coupled
with high resolution mass spectrometry. A selection of these compounds was
tested in the TTR assay in order to assess whether they were responsible for
the observed TH-like activity in the fractions of the sediment extracts.

24 The Role of Sediment in the Bioavailability of Steroid Hormones
17b-Estradiol and Trenbolone ]. Sangster, Univ of Nebraska — Lincoln,
Dept of Civil Engineering; S. Bartelt-Hunt, Univ of Nebraska, Civil
Engineering; N. Conoan, Univ of Nebraska — Omaha, Dept of Biology;
A.S. Kolok, Univ of Nebraska Medical Center, Environmental, Agricultural
and Occupational Health. There is growing concern about the impact of
steroidogenic compounds in aquatic systems. Steroids released into the
environment have been shown to sorb to sediments in aquatic environ-
ments, however other studies have suggested that steroids can move through
sediment beds, and that fish and other aquatic organisms can facilitate

this mobility. In this study, we investigated the effect of sediment-associ-
ated 17B-estradiol and trenbolone on vitellogenin expression in fathead
minnows, a ubiquitously distributed freshwater organism. Two natural
sediments were selected to represent a diversity of soil properties, one
predominantly clay and one predominately sand. Sediment contaminated
with either trenbolone or 17B-estradiol was placed in a glass aquaria along
with 20 sexually mature female (trenbolone) or male (17B-estradiol) fathead
minnows. Both positive (aqueous steroid) and negative (lab water) control
experiments were performed. Ten fish were randomly collected from each
tank at 7 days with the remaining harvested at 14 days. Livers and gonads
were collected from each individual and relative hepatic vitellogenin (Vtg)
expression was quantified using ribosomal L8 as a normalization standard.
After exposure to 17B-estradiol-contaminated sediments, male fathead min-
nows exhibited no inappropriate expression of Vtg relative to the negative
control group reguardless of the sediment type used. By comparison, female
fathead minnows exposed to sediment-associated trenbolone did exhibit a
reduction in Vtg expression relative to negative controls when the clay sedi-
ment was used. However, female fathead minnows exposed to trenbolone
associated with sand exhibited no inappropriate expression of Vg relative to
the negative control. Taken together, we observed differential bioavailability
for an estrogenic compound (17B-estradiol) and an androgenic compound
(trenbolone) when associated with sediment. Additionally, differential bio-
availabilty was observed for trenbolone depending on sediment type. Liquid
chromatography tandem mass spectroscopy will be performed on sediment
extracts and water samples obtained over the exposure period to evaluate
steroid desorption and transformation over the exposure period.

25 Adverse Outcome Pathways: Definition and Utilization G.T. Ankley,
USEPA, Office of Research and Development, National Health and Envi-
ronmental Effects Research Laboratory, Mid-Continent Ecology Division.
A challenge for both human health and ecological toxicologists is the trans-
parent application of mechanistic (e.g., molecular, biochemical, histological)
data to risk assessments. The adverse outcome pathway (AOP) is a concep-
tual framework designed to meet this need. Specifically, AOPs portray causal
and predictive linkages between molecular-cellular disruption (initiation of a
toxicity or disease pathway) and adverse outcomes of regulatory significance
in individuals or populations. Collecting, analyzing and communicating
toxicological data through the use of AOPs enhances aspects of risk assess-
ments related to extrapolation of chemical effects across biological levels of
organization, species and chemical structures. AOPs also provide a platform
for assessing cumulative risk of chemical mixtures. This presentation will
provide an overview of the AOP concept relative to other frameworks (e.g.,
mechanism/mode of action, toxicity pathways), review the outcomes of vari-
ous meetings and workshops focused on the development and application
of AOPs, and present an overview of utility of the concept in different risk
assessment/regulatory scenarios. The contents of this abstract do not reflect

USEPA policy.
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26 Establishing Adverse Outcome Pathways of Thyroid Hormone
Disruption in an Amphibian Model M.W. Hornung, USEPA, National
Health and Environmental Effects Research Laboratory; S.J. Degitz, ].E.
Tietge, US Environmental Protection Agency, Mid-Continent Ecology
Division. The Adverse Outcome Pathway (AOP) provides a framework for
understanding the relevance of toxicology data in ecotoxicological haz-

ard assessments. The AOP concept can be applied to many toxicological
pathways including thyroid hormone disruption. Thyroid hormones play

a critical role in vertebrate morphological and neural development, and are
important for maintenance of multiple physiological functions. Control

of thyroid hormones is conserved across vertebrates via regulation by the
hypothalamic-pituitary-thyroid axis (HPT). It has been well-established
that disruption of the ability of the HPT axis to maintain normal levels of
thyroid hormones can occur through exposure to various anthropogenic
chemicals in the environment. Understanding the capacity of these chemi-
cals to disrupt thyroid hormone levels and produce an adverse effect in the
organism is critical for making sound risk assessment decisions. Further-
more, linking the initial molecular event in which a chemical interacts with
the biological target to the processes leading to the adverse outcome, can
provide a basis for developing predictive chemical structure activity relation-
ships for thyroid hormone disruption. The molecular initiating events that
can lead to decreased circulating thyroid hormone include inhibition of
iodide uptake by the thyroid via the sodium-iodide symporter, inhibition of
thyroid peroxidase which directly catalyzes the production of hormone, and
induction of thyroid hormone metabolizing enzymes, including the thyroid
hormone deiodinases. The amphibian provides an excellent model for devel-
oping AOPs that cover the various potential pathways to thyroid hormone
disruption because amphibian metamorphosis is dependent upon thyroid
hormone and is an easily quantified apical endpoint. The development and
application of in vitro, ex vivo, and in vivo assays as they are applied to un-
derstanding disruption of thyroid hormone regulation in vertebrates will be
presented. These assays include in vitro enzyme assays that measure the abil-
ity of a chemical to directly inhibit thyroid hormone synthesis, ex vivo assays
that may be used to assess thyroid hormone release and metabolism, and
final confirmation of an adverse effect with an in vivo metamorphosis assay.
Developing a suite of AOPs for thyroid hormone disruption can provide an
integrated set of mechanistic tools for identifying and verifying potentially
active chemicals. This abstract does not necessarily reflect EPA policy.

27 From Molecular Mechanism of Action to Ecological Risk Assess-
ment: The Aryl Hydrocarbon Receptor and Avian Species Sensitivity to
Dioxin-like Compounds S.W. Kennedy, Univ of Ottawa, Dept of Biology,
Environment Canada, National Wildlife Research Centre; R. Farmahin,
Univ of Ottawa, Dept of Biology, Environment Canada, National Wild-
life Research Centre; D. Crump, Environment Canada, National Wildlife
Research Centre; G.E. Manning, Univ of Ottawa, Dept of Biology; S.P.
Jones, Environment Canada, National Wildlife Research Centre; S.J.
Bursian, Michigan State Univ, Dept of Animal Science; T.B. Fredricks,
Monsanto Company; J.P. Giesy, Univ of Saskatchewan, Biomedical Veteri-
nary Sciences & Toxicology Centre, Michigan State Univ, Dept of Animal
Science; M.]J. Zwiernik, Michigan State Univ, Dept of Animal Science; M.E.
Hahn, Woods Hole Oceanographic Institution; S.I. Karchner, Woods Hole
Oceanographic Institution, Biology. An important goal of environmental
toxicology is the development of methods that allow prediction of the sen-
sitivity of wild species to adverse effects of environmental contaminants. We
are conducting studies to determine if it is possible to predict the sensitivity
of any wild avian species to the embryotoxic effects of any ‘dioxin-like’ com-
pound (DLC) based on a detailed molecular and biochemical understanding
of how DLC:s interact with the aryl hydrocarbon receptor 1 (AHRI). A
series of laboratory studies were conducted using AHR1-dependent reporter
gene expression assays, AHR1 binding assays, primary hepatocyte cultures
and egg injection studies. The results of these studies, in combination with
sequence information for the AHRI ligand binding domain (LBD) of 75
bird species, were used to develop an approach for predicting the sensitiv-
ity of birds to polychlorinated dibenzo-p-dioxins (PCDDs), dibenzofurans
(PCDFs) and biphenyls (PCBs). The results indicate that the sensitivity of
avian species to DLCs can be predicted from the AHR1 LBD genotype.
This research represents an example of how the knowledge of the fundamen-
tal mechanisms of action of a class of environmental chemicals can be used
to develop methods of use for environmental risk assessment.
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28 Building Chemical Categories for Ecotoxicological Endpoints T.
Schultz, Univ of Tennessee; R. Diderich, OECD. There is discontinuity
between chemical and biological spaces so substances, which are “similar”

in molecular structure, are often dissimilar in terms of their toxicity. This
difference leads to difficulties in forming toxicologically meaningful groups,
especially for chronic endpoints. Identification of a consistent pattern of
toxic effects via a chemical category increases the confidence in the reliability
of the results for all category members. However, this is predicated on a
priori binning the chemical into the correct category. Thus, category forma-
tion is the key to category-based assessments. Most scientific and regulatory
decisions are made using a weight of evidence approach using all available
and relevant information. Using a weight of evidence approach requires

the identification of information needs which are endpoint specific. The
question becomes how does one identify a mechanistically plausible and
transparent means of organizing information to characterize the weight of
evidence and provide a basis for testable hypotheses for a chemical category.
The Adverse Outcome Pathway (AOP) has been put forth as a way of
building categories for complex endpoints by integrating the sciences that
explain each important element of the complexity. This is more transparent
and internally consistent to each endpoint as it can be the result of a causal
chain of effects that are dependent on the chemical structure, the biological
response processes for the species, sex and life stage, as well as the exposure
scenario. AOP-based categories shift the emphasis away from statistical
similarity to intrinsic chemical and biological activity. They aid in develop-
ing hypotheses which can be tested. They encourage expert discussion about
chemical and toxicity mechanisms and modes of action. And, they enable all
chemicals in the category to be assessed in a defensible manner when only a
few members are tested. AOPs are useful in assessing ecological health where
the focus is on the health of populations and not so much the individual,
where protection of the population focuses on shorter-term survival and
longer-term reproduction, and where protection of ecosystems are often
based on surrogate species testing with the effects extrapolated to many taxa
and species.

29 Experimental Approaches to Systematic Discovery and Develop-
ment Reproductive Adverse Outcome Pathways in Fish D.L. Villeneuve,
USEPA, Mid-Continent Ecology Division; G.T. Ankley, USEPA, Office

of Research and Development, National Health and Environmental Ef-
fects Research Laboratory, Mid-Continent Ecology Division; D. Bencic,
USEPA, Office of Research and Development; T. Collette, USEPA, National
Exposure Research Laboratory; S. Edwards, USEPA; D. Ekman, USEPA,
National Exposure Research Laboratory; N. Garcia-Reyero, Jackson State
Univ, Dept of Chemistry; J.M. Lazorchak, USEPA, Office of Research and
Development, National Exposure Research Laboratory, USEPA, Molecular
Ecology Research Branch; E.J. Perkins, US Army, Engineer Research and
Development Center, Environmental Laboratory, Environmental Processes
and Effect Division. Adverse outcome pathways (AODPs) are conceptual
frameworks that portray causal and predictive linkages between key events
at multiple scales of biological organization, providing connectivity between
molecular initiating events at the cellular level (e.g., initiation of toxic-

ity pathways) and adverse outcomes of regulatory significance (i.e., at the
individual and/or population level). Proposals to make greater use of high
throughput in vitro screening, quantitative structure-activity relationships,
and other types of alternative data for screening, prioritization, and hazard
assessment are dependent, in part, on the ability to identify major adverse
outcome pathways, and develop associated assays and computational tools
for predicting and ranking chemical hazards. This presentation will describe
a program of research that was undertaken to systematically discover,
characterize, and develop AOPs for reproductive toxicity in fish and other
vertebrates. Specifically, it illustrates how hypothesis-based experimentation
anchored to conceptual systems models can guide AOP development. It also
examines ways in which toxicogenomic data (i.e., transcriptomics, metabo-
lomics) can be used to accelerate discovery of novel AOPs and improve

our understanding of AOPs in a dynamic systems context that considers
feedback processes and intersections/interactions between multiple path-
ways. Although the examples will focus on AOPs for reproductive toxicity in
fish, the concepts employed are broadly applicable to a wide range of other
adverse outcomes and model systems. The contents of this abstract neither
constitute nor reflect official USEPA policy.

30 New Predictive Computer and In Vitro Based Tools in Ecologi-
cal Risk Assessment for Faster and More Effective Prioritization of

Chemicals T. Steeger, USEPA, Environmental Fate and Effects Division;
M. Panger, USEPA, Environmental Fate and Effects Division. The US
Environmental Protection Agency (USEPA) Office of Pesticide Programs
(OPP) currently relies heavily on in vivo testing where data are largely based
on measurement endpoints directly linked to reproduction, growth, and
survival. OPP is committed toward increased use of in vitro methods and
computer-based predictive models that allow more efficient use of resources
and reduce the number of animals used in testing. The Adverse Outcome
Pathway (AOP) concept spirited by the USEPA Office of Research and De-
velopment (ORD) Mid-Continent Ecology Division provides a framework
for linking initial molecular or cellular effects measured by in vitro assays

to an adverse outcome of relevance in risk assessment (i.e., effects seen in
individuals or populations). This conceptual framework, once sufficiently
developed, would better enable risk assessors to make use in vitro methods
and information collected at multiple levels of biological information to
estimate whole organism and population-level effects. Until libraries of data
demonstrating linkages between molecular initiating events, key events

and apical endpoints are developed, the utility of in vitro methods may

be limited to identifying degradates of concern and possibly prioritizing
the chemicals needing expedited reviews. The AOP concept though will
lead to greater qualitative and eventually quantitative use of in vitro, high
through-put (HTP) assays in risk assessment. This presentation will provide
an overview of the current and future use of these tools in the ecological risk
assessment of conventional pesticides.

31 Impact of the Polychaete Worm Nereis Diversicolor on Mercury
Speciation in Intertidal Mudflats T. Sizmur, Univ of Reading, Soil
Research Centre, Soil Science Dept; S. Edmonds, Acadia Univ, Biodiver-
sity Research Institute; A. Godfrey, Acadia Univ; J. Canario, INRB IP/
IPIMAR; A. Redden, M. Mallory, G. Gibson, N. O’Driscoll, Acadia Univ.
Central Nova Scotia is a biological mercury (Hg) hotspot as evidenced by
elevated Hg concentrations in organisms feeding at higher trophic levels.
The Minas Basin in the Bay of Fundy, Nova Scotia is home to the highest
tidal amplitudes in the world giving rise to extensive intertidal mudflats.
Some areas of mudflats in the Minas Basin contain elevated concentrations
of methyl mercury (MeHg), due to the availability of inorganic matter and
to the reduction of Fe(IIl) and/or SO during organic matter oxidation by
sediment microorganisms. Recent observations indicate a change in the ecol-
ogy of the mudflats leading to an increase in the abundance of polychaete
worms such as Nereis diversicolor. N. diversicolor feed on organic detritus and
microorganisms associated with surface sediments and live in permanent U-
or Y-shaped burrows which they ventilate and oxygenate with fresh seawater,
increasing the sediment-water interface by up to three times. Sediments
were collected from four intertidal mudflats in the Minas Basin at Wolfville
(MeHg: 569 pg ¢!), Windsor (MeHg: 546 pg g'!), Hantsport (MeHg: 358
pg g!) and Kingsport (MeHg: 448 pg g!) and incubated 10 Nereis diversi-
color (collected from the Wolfville site) in microcosms containing 300 g of
sediments alongside worm-free control microcosms for 14 days. Hg(II) and
MeHg concentrations were determined in samples taken from surface and
bulk sediments of all treatments and sediments from the oxygenated burrow
walls of the worm-inhabited Wolfville and Windsor treatments. MeHg con-
centrations in the surface sediments were consistently lower than in the bulk
samples. The percentage of MeHg in surface samples of worm-inhabited
microcosms decreased in Wolfville (1.5 to 1.2 %) and Windsor (1.4 to 0.8
%) sediments compared to the worm-free treatments. However, %MeHg

in burrow walls of worm-inhabited Wolfville (1.6 %) and Windsor (1.2 %)
treatments were similar to surface sediments of control treatments. This re-
search indicates that the worms reduced MeHg concentrations in the surface
sediment, possibly due to feeding and bioaccumulation in their tissues. In
addition mercury was demethylated in the burrow walls due to ventilation
of burrows with aerated seawater and subsequent aeration of the surround-
ing sediment. This has important implications for mercury biogeochemical
cycling in coastal ecosystems.

32 Comparison of Mercury Localization, Speciation, and Histology in
Multiple Fish Species from Caddo Lake, a Fresh Water Wetland ]. Smith,
Univ of North Texas; M.M. Chumchal, Texas Christian Univ, Biology Dept;
J. Schulmeier, Dermatopathology Associates; G. Verbeck, Univ of North
Texas; B.W. Matherne, Univ of North Texas, Dept of Biological Sciences; B.
Barst, Université du Québec, INRS-ETE; A. Roberts, Univ of North Texas.
Mercury (Hg) contamination is a global problem with implications for both
ecosystem and human health. Concentrations of Hg in Caddo Lake (TX/
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LA, USA) fish are within the range of those reported by other authors to
result in reduced fitness and reproduction. Measures of melanomacrophage
aggregates (MA) in fish have been correlated with exposure to a variety of
environmental contaminants including Hg and also vary in tissue of resi-
dence based on fish species. Mercury has been shown to accumulate in MA
in gar from Caddo Lake. However, the mechanistic relationship between
MA and Hg is unknown. Gar from Caddo Lake show very high proportions
of inorganic mercury in the liver, a tissue that, in gar, has extensive MA.
Bass from Caddo Lake show much lower levels of inorganic mercury in liver
than gar, and have no discernable MA. This study examined the livers and
spleens of wild fish from Caddo Lake to determine associations between MA
content, mercury speciation, localization, and tissue histology. Liver, spleen,
and muscle samples from spotted gar (Lepisosteus oculatus), largemouth bass
(Microprerus salmoides), channel catfish (Zctalurus punctatus) and bowfin
(Amia calva), were collected from wetland habitat types. Evidence was
sought for liver and spleen pathology association with mercury concentra-
tion and speciation in liver and spleen. Laser ablation ICP-MS was used to
compare Hg accumulation between MA and histologically unremarkable
parenchyma cells in liver and spleen.

33 Modelling Mercury Biomagnification Through Acidic Lake Food
Webs M. Clayden, Canadian Rivers Institute, Univ of New Brunswick,
Biology Dept; B. Wyn, North South Consulting; K. Kidd, Canadian Rivers
Institute, Univ of New Brunswick, Biology; J. Kirk, D. Muir, Environment
Canada, Water Science and Technology Directorate; N. O’Driscoll, Acadia
Univ, Dept of Earth and Environmental Sciences. Kejimkujik National
Park is a relatively remote and pristine area in southwestern Nova Scotia,
Canada. Nonetheless, it receives mercury (Hg) and acidifying pollutants in
precipitation due to its location downwind of industrial and urban centres
in the northeastern United States and southern Canada. As such, the pH of
lakes in the park has declined beyond naturally low levels, and Kejimkujik
has been identified as a hotspot of biological Hg contamination in North
America. Between 2006 and 2010, we conducted food web studies on

11 lakes in the park with a range of physical and chemical characteristics.
Our aims were: 1) to compare Hg biomagnification in these lakes to near
neutral systems; and 2) to determine whether chemical characteristics (e.g.,
pH, trophic status, metals) explained any among-lake differences in Hg
biomagnification or its concentrations in lower trophic levels. To do this,
we measured methyl Hg (MeHg) and total Hg (THg) in zooplankton,
macroinvertebrates, fishes, sediments and water, as well as sources of energy
(using S and C isotope ratios) and trophic position (using N isotope ratios)
of the biota, and chemical characteristics of the lakes. As in other studies, we
used the linear regression slope of log Hg versus N isotope ratios to model
Hg biomagnification through the food web of each lake. Although our
study lakes are acidic and oligotrophic (pH 4.6 — 6.0, total phosphorus (TP)
0.006 — 0.014 mg/L), regression slopes ranged from 0.16 + 0.01 to 0.23
+0.01 (R?=0.72-0.91; p < 0.001), similar to those from more neutral
and eutrophic freshwater systems. We found that food web biomagnifica-
tion of Hg was negatively correlated with trophic status across lakes (total
nitrogen (TN), r=-0.72 p = 0.018; TP, r = -0.71, p = 0.022). Levels of Hg
at the base of the food webs were also negatively related to TN (r = -0.66, p
=0.039) and pH (r = -0.81, p = 0.005), but positively related to dissolved
organic carbon (r = 0.80, p = 0.006), and some metals (e.g., aluminium,
r=0.88, p <0.001). Our results suggest that Hg biomagnification and its
concentrations at the base of the food web and in fish are affected by chemi-
cal characteristics of the lakes. Further research will compare whether food
web structure, including sources of energy, also influence Hg concentrations
in the biota of these lakes.

35 Measurements and Model Results of Mercury Air-Sea Exchange
Near Bermuda A.L. Soerensen, Harvard Univ, Departmen of Environ-
mental Health; E. Sunderland, Harvard Univ; R. Mason, M. Andersson, P.
Balcom, Univ of Connecticut. New global modeling results show evasion
of elemental Hg (Hg(0)) from the ocean is comparable in magnitude to
direct anthropogenic emissions. Results show that 80% of the Hg load
deposited to the ocean surface reenters the atmosphere as the result of air-sea
exchange, while 20% will accumulate in the subsurface ocean. Efforts to
understand air-sea exchange on a global scale are currently constrained by
sparse measurement data. However, the possibility of simultaneous measure-
ments of Hg(0) in air and water now makes it possible to calculate air-sea
exchange with a high temporal resolution and to validate model simulations
of concentrations and fluxes at the air-sea interface. Here we compare air-sea
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exchange based on cruise observations and model simulations with a 3-hour
average temporal resolution. Measurements of dissolved Hg(0) in seawater
and total atmospheric gaseous mercury (TGHg) are from four cruises in the
West Atlantic Ocean between 2008-2010. Seawater Hg(0) was estimated
from equilibrium air concentrations determined every 5 minutes with a
Tekran 2537A and collected using a continuous sparging set-up with a

high water/air flow ratio that ensured gas:water equilibrium (seawater flow
was 10-16 L/min and the Hg air flow 1.5 L/min). Water concentrations
were calculated from these measured air concentrations using Henry’s law.
Atmospheric concentrations were measured every 5 minutes using another
Tekran 2537A. Results show average atmospheric cruise concentrations of
1.4-2.3 ng/m3. Measured average seawater Hg0 concentrations ranged from
0.06-0.14 pM during the cruises, while the corresponding fluxes of Hg0 to
the atmosphere predicted from the observational data were between 10-24
pmol/m2/hr, depending on wind speed and water temperature. Comparison
of these observations to modeled results from the surface-slab ocean simula-
tion for Hg in the GEOS-Chem biogeochemical model shows reasonable
agreement. The model underestimates seawater concentrations in coastal
regions and during a strong summer storm. We discuss recent improvements
to the model to improve overall performance and present sensitivity results
from a various air-sea exchange parameterizations.

36 The Presence and Measurement of Organic Mercury Species in the
Arctic Troposphere PA. Baya, H. Hintelmann, Trent Univ, Environmental
and Life Sciences. Mercury (Hg) is a persistent atmospheric pollutant that
exhibits long range transport and bio-accumulates in the aquatic ecosystem
in the form of monomethylmercury (MMHg), the toxic form of mercury.
The sources and fate of MMHg in the ecosystem and the contribution of
the atmosphere is however still unclear. Even if the atmosphere is the major
pathway of Hg contamination in the arctic, the direct and indirect atmos-
pheric MMHg contribution to the aquatic ecosystem is not well understood
due to the lack of known reliable measurement methods for organic Hg in
the atmosphere. In the arctic open waters where there is net deposition of
Hg, DMHg can be volatilized from surface water as suggested in various
studies. The atmospheric DMHg may quickly degrade to MMHg and is
then potentially deposited to snow packs on ice fields or back to open wa-
ters. Such a behavior would make DMHg a major source of MMHg to the
arctic ecosystems. To establish the presence of organic Hg species in arctic
troposphere, an analytical method was developed. The method is based on
species specific Hg isotopic dilution and online ethylation of MMHg from
air samples and trapping of ethylated MMHg and DMHg on Tenax traps.
This study presents for the first time concentrations of organic mercury
species (monomethylmercury and dimethylmercury) in the arctic lower
atmosphere (Hudson Bay and Canadian Archipelago) measured during the
CGCS Amundsen expedition in summer 2010. The Hudson Bay airshed

is dominated by MMHg ranging from 3.9 — 8.1 (mean = 5.5 * 2.0, n=5)
pg/m?, while concentrations of DMHg ranged from < LOD to 1.6 (mean
=0.8 £ 0.6, n = 4) pg/m>. In the high Arctic however, DMHg concentra-
tions are highest ranging from 1.8 to 9.6 (mean = 4.3 £ 2.1, n = 12) pg/m?>.
MMHg levels were significantly lower than those measured in Hudson Bay
ranging from < LOD to 5.2 (mean = 1.7 + 1.7, n = 12) pg/m>.These find-
ings support the hypothesis that organic mercury species can be volatilized
from the ocean and contribute directly to MMHg bio-accumulation in the
arctic ecosystem. The concentrations of organic Hg in water as well as the
extent of DMHg photodegradation may be important factors affecting the
organic Hg species concentrations. The potential sources and factors affect-
ing organic Hg species concentrations and compositions in arctic air will be
further discussed in the presentation.

37 Methylmercury Cycling in High Arctic Wetlands: What Are the
Controls on MeHg Production? 1. Lehnherr, Univ of Waterloo, Earth
and Environmental Sciences; V.L. St Louis, Univ of Alberta, Biological Sci-
ences; J.L. Kirk, Research Scientist, Environment Canada; C.A. Emmerton,
Univ of Alberta, Biological Sciences; J.D. Barker, Ohio State Univ. Some
freshwater fish in the Arctic contain levels of methylmercury (MeHg) that
pose health risks to Inuit peoples harvesting these species as traditional
food. In temperate regions, wetlands are known sources of MeHg; however,
the importance of wetlands to Hg methylation in the Arctic is unclear and
the sources of MeHg to arctic freshwater ecosystems are still unidentified.
The objective of this study was to quantify MeHg production in wetland
ponds near Lake Hazen (81°N) in the Canadian Arctic and determine the
biogeochemical controls on MeHg production. To quantify net in-pond
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production of MeHg during the summer seasons of 2005, 2007 and 2008,
mass-balance budgets were constructed for two wetland ponds (Ponds 1 and
2) by measuring external MeHg inputs from atmospheric deposition, MeHg
losses from photodemethylation, and changes in MeHg storage in the water
column. MeHg inputs from precipitation were small (0.026-0.051 ng/
m2/d). Photodemethylation was a sink for 77-122% of MeHg produced in-
pond, and was controlled by the attenuation of UV-A radiation in the water
column. In-pond MeHg production ranged from 14-40 ng/m?/d in Pond

1 and 1.7-1.9 ng/m?/d in Pond 2, comparable to what has been reported
for temperate lakes and wetlands. Flooding of the Pond 1 wetland in 2008
due to rising water levels in nearby Lake Hazen resulted in increased MeHg
production. Additionally, potential rates of Hg(II) methylation were quanti-
fied in intact sediment cores (n=29) from a number of ponds using Hg
stable-isotope tracers to identify the factors controlling MeHg production.
Potential methylation rates were high and exhibited nearly as much intra-site
as inter-site variability. Sediment MeHg concentrations were significantly
correlated to methylation potential and sediment total-Hg concentrations.
Furthermore, pond water MeHg concentrations were positively correlated
with sediment MeHg concentrations, indicators of anaerobic microbial
decomposition of organic matter (pCH4, NH4*/NOj" ratio), and negatively
correlated with UV-A exposure and particulate carbon. However, no correla-
tion with sulfate was observed. Our results demonstrate that Arctic wetland
sediments are sources of MeHg comparable to freshwater sediments in tem-
perate latitudes and that MeHg concentrations in water are controlled by
production in sediments — itself a function of anaerobic microbial activity,
methylation potential and Hg(Il) availability — as well as photodemethyla-
tion in the water column.

38 In Situ Optical Measurements as Proxies for Stream Mercury ].
Shanley, G. Aiken, B. Pellerin, J. Saraceno, US Geological Survey; A.
Riscassi, Univ of Virginia; C. Driscoll, Syracuse Univ; B. Beramaschi, US
Geological Survey. Recent advancements in inexpensive in situ optical
sensors permit continuous measurements that reveal information about the
quantity and quality of stream organic matter. Due to the close relation
between organic matter and mercury transport, we have applied in situ fluo-
rescing dissolved organic matter (FDOM) as a proxy to generate continuous
time series of aqueous mercury (Hg) concentrations. Typically only about
2% of organic matter fluoresces, but the measurement is highly sensitive and
fairly specific to the fraction of DOM that is associated with Hg transport.
We have measured FDOM in three northeastern USA forested research
catchments and compared in situ FDOM to total dissolved Hg concentra-
tions in discrete samples. Correlations of dissolved total Hg with in situ
FDOM were somewhat lower than anticipated due to occasional interfer-
ence of FDOM by high turbidity. However, with accurate and continuous
turbidity measurements, one can compensate for this source of error. Opti-
cal turbidity measurements have the added advantage of serving as a proxy
for particulate organic matter, which is often highly correlated to particulate
Hg, the dominant form of Hg export in some streams. By combining these
proxies, it is possible to quantify the majority of Hg flux in these streams.
Because dissolved and particulate Hg both vary strongly but not always
predictably with flow, these high frequency optical proxies greatly improve
the accuracy of Hg flux calculations.

39 Molecular Mechanisms of Interest in Nanomaterial Toxicity in
Aquatic Species: Beyond Oxidative Stress R. Klaper, Univ of Wisconsin-
Milwaukee, School of Freshwater Sciences, Great Lakes Water Institute;

D. Arndt, Univ of Wisconsin-Milwaukee, Great Lakes Water Institute,
School of Freshwater Sciences; J. Crago, Univ of Wisconsin-Milwaukee,
Great Lakes Water Institute; E Goetz, Univ of Wisconsin-Milwaukee,
School of Freshwater Sciences; J. Chen, Univ of Wisconsin-Milwaukee,
Chemistry. Much of the focus of nanotoxicology to date has been on the
impact of various particle types on acute mortality in various model systems.
Mechanistic information on how a nanomaterial may cause toxicity has

had a significant focus on oxidative stress. However, oxidative stress assays
provide limited information regarding how an organism may interact with
a particle type and how nanomaterials may differ in their interactions with
organisms. Different molecular mechanisms may be triggered depending on
nanomaterial chemistry. This presentation will discuss how nanomaterials
with differing structure and surface chemistry differ in their impact on the
molecular profiles of the model organisms Daphnia and rainbow trout. Sev-
eral carbon-based nanomaterials were used in exposures including fullerenes
(nCyp) and single-walled carbon nanotubes as well as fullerenes modified

with hydroxylation and -Cyclodextran, and single walled carbon nanotubes
modified with PEG, carboxylic acid and NH,. We have also tested the metal
oxide titanium dioxide. Our research has shown that the environmental
impact of manufactured nanomaterials clearly differs with nanomaterial

and concentration and the mechanisms triggered by each nanomaterial also
differs. In Daphnia, genomic expression data were gathered using high-
throughput sequencing and monitored across particle types and exposure
concentrations and durations using QPCR of individual genes to determine
potential mechanisms that may be acting across different exposure types.
Nanomaterial exposure causes the up or down regulation of genes associ-
ated with several important pathways that include oxidative stress but other
important functions as well such as immune response, growth and molting,
protein synthesis, reproduction and others. In rainbow trout microarrays

of important immune genes indicate differences in the number of genes

and expression profiles across particle types. In both studies we have found
that individual gene expression and global patterns differ with nanomate-
rial functionalization or surface chemistry indicating that surface chemistry
may be more important than just core chemistry in determining molecular
responses of aquatic species to nanomaterials.

40 The Effects of Metal Nanoparticles on ROS Production and De-
velopmental Processes in Marine Organisms S. Gilbert, Univ of North
Carolina at Charlotte, Dept of Biology; M. McCarthy, Univ of North
Carolina at Charlotte; L. Marston, North Carolina State Univ; D. Carroll,
Wake Forest Univ, Center for Nanotechnology and Molecular Materials; N.
Levi-Polyachenko, Wake Forest Univ, Dept of Plastic and Reconstructive
Surgery; A. Ringwood, Univ of North Carolina at Charlotte. The impor-
tance of evaluating the biological effects of engineered nanoparticles on
marine invertebrates is becoming increasingly evident. The manufacture and
use of nanoparticles continues to rise and the probability of these nanoparti-
cles entering the aquatic ecosystem is increasing. Thus, the purpose of these
ongoing studies is to characterize the toxicity of various metal nanoparticle
preparations on developmental forms of oysters, Crassostrea virginica and sea
urchins, Arbacia punctulara. Studies are being conducted with embryos and
larvae of both species to examine and compare the effects of metal nano-
particles on protostomic and deuterostomic development. Newly fertilized
oyster and sea urchin embryos were exposed to three types of silver nano-
particles (seeds, prisms, and plates) over a range of concentrations, and then
the percent normal development as well as reactive oxygen species (ROS)
levels were assessed. Older sea urchin and oyster larvae were also exposed

to a range of silver nanoparticle concentrations for 7 days and growth was
assessed. Silver nanoparticles resulted in a change in ROS production in
embryos, and there was evidence of shape dependent differences in toxicity.
Similar studies were also conducted using TiO, nanoparticles. These basic
studies are essential for addressing the potential impacts of engineered nano-
particles on fundamental developmental and cellular processes.

41 Phototoxicity of TiO, Nanoparticles Under Solar Radiation is
Dependent on Solar UV Spectrum H. Ma, A. Brennan, US Environmen-
tal Protection Agency, Mid-Continent Ecology Division; S. Diamond, US
Environmental Protection Agency, MED. Titanium dioxide nanoparticles
(nano-TiO,) are currently used in a broad range of applications from photo-
catalysts to personal-care products. Phototoxicity of these nanoparticles has
become an important concern as some forms can be readily photoactivated
under environmental UV radiation (i.e., solar radiation) and generate reac-
tive oxygen species (ROS). In this study, photocatalytic ROS production
and phototoxicity of nano-TiO, (Aeroxide P25) to Daphnid magna were in-
vestigated under different solar UV spectrum by applying a series of spectral
filters (i.e., standard window glass, microscope slide, petridish glass, acrylic
glass, 345 nm, 360 nm, and 400 nm cutoff filters) within a solar simulator.
Photocatalytic ROS production was measured by APF [3’ (p-aminophenyl)
fluorescein] assay, a fluorescent-based ROS assay with great specificity to
OHe. Phototoxicity was evaluated by immobilization of D. magna. Intracel-
lular ROS production was determined by H,DCFDA assay. Microscope
slide, petridish glass, and standard window glass, which gradually block
UVB (280-320 nm), had no impact on photocatalytic ROS production

by nano-TiO,; whereas the 345 nm and 360 nm cutoff filters, and acrylic
glass (with an approximate cutoff at 380 nm), which gradually block UVA
(320-400 nm) from solar radiation, decreased ROS production by 8%,
31%, and 94%, respectively, as compared to no filter, at 1000 ppb TiO,.
The 400 nm cutoff filter decreased ROS production by 100%, proving the
band gap theory concept for TiO, nanoparticles, that only wavelength at
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or below 388 nm can induce photoactivation. The impact of these spectral
filters on phototoxicity of nano-TiO, was well in agreement with their
impact on photocatalytic ROS generation of the nanoparticles. Standard-
ized to control (no filter treatment), immobilization of D. magna by 500
ppb nano-TiO, under different filters showed the following order: no filter
(100%) > standard window glass (92%) > 345 nm cutoff (57%) > 360 nm
cutoff (15%) > acrylic glass (4%) > 400 nm cutoff (0%). A linear correlation
was found between ROS production of nano-TiO, and its phototoxicity

to D. magna (r=0.97, n=5, p< 0.001), suggesting that photocatalytic ROS
production may be a predictor of phototoxicity for these nanoparticles.
Intracellular ROS production was consistent with D. magna immobilization,
indicating oxidative stress was involved in the phototoxicity. Findings from
this study demonstrate that phototoxicity of nano-TiO, can occur under
natural solar radiation and variation of solar radiation spectrum may have
significant impact on phototoxicity of these nanoparticles.

42 Nanoparticle Uptake in Freshwater Aquatic Macrophytes Is Size
and Species Dependent B. Glenn, Clemson Institute of Environmental
Toxicology; S.A. White, Clemson Univ, Clemson Institute of Environmen-
tal Horticulture; S.J. Klaine, Clemson Univ, Institute of Environmental
Toxicology (CU-ENTOX). Partitioning of 4nm and 18nm spherical gold
nanoparticles (AuNPs) to aquatic macrophytes was investigated in vivo.
Three morphologically distinct macrophytes were studied. Myriophyllum
simulans Orch. and Egeria densa Planch. are submerged aquatic vascular
plants while Azolla caroliniana Willd. is a free-floating aquatic fern. Since
aquatic plants absorb the majority of their nutrients from the water column;
it is logical to hypothesize that they may absorb nanomaterials in suspen-
sion. Each plant was exposed to nominal concentrations of 250pg/L AuNPs
for 24hrs. Macrophytes were harvested at 6 time-points (1,3,6,12,18 and
24hrs), dried and then analyzed for gold concentration via inductively cou-
pled plasma mass spectrometry. Concentrations were normalized to whole
plant dry tissue mass. Here we show absorption of AuNPs via root uptake
was size and species dependent. Electron microscopy revealed that 4nm and
18nm AuNPs adsorbed to the roots of each species. Root tissue was sec-
tioned and transmission electron microscopy indicated that 4nm and 18nm
AuNPs were absorbed by A. caroliniana, however only 4nm AuNPs were
absorbed by M. simulans. Egeria densa did not absorb AuNPs of either size.
AuNPs were confirmed in tissue using energy-dispersive X-ray spectroscopy.
AuNP absorption by plants may be a function of salinity tolerance of each
species.

43 Disruption of Intestinal Microbiota in Fish After Ingestion of Some
NPs Indicates Potential for Effects of Dietary NP Exposure on Organism
Health T. Henry, Univ of Plymouth, School of Biomedical and Biological
Sciences, School of Biology; D. Merrifield, Univ of Plymouth, School of
Biomedical and Biological Sciences. Nanoparticles are used in some food
and food packaging applications and ingestion NPs can occur in organisms.
In addition, food consumed by organisms can be contaminated by NPs if
NPs are released into the environment. Ingested NPs could cause toxicity

if they are absorbed and transported within organisms to vulnerable tissues
and the issue of whether NPs are absorbed across epithelial membranes is a
significant focus within the emerging discipline of nanotoxicology. However,
it is possible that negative effects of NPs can occur in organisms without ab-
sorption of the particles across epithelial membranes. We evaluated whether
ingested NPs [Cu-NPs, Ag-NPs, Cy, and single walled carbon nanotubes
(CNTs)] incorporated into food pellets could affect the intestinal epithelium
or microbial community structure within the gut of adult zebrafish. Ze-
brafish food (pellets) were prepared containing NPs (500 mg/kg food), and
control food supplemented with either CuSO,4 or AgNOj (equivalent metal
concentrations) or carbon black (equivalent carbon concentrations), and a
control food without added metal or carbon. Adult zebrafish were fed for

14 d and intestines were sampled for assessment of microbial community:
bacterial DNA extraction, PCR amplification of the 16S rRNA V3 region,
separation of PCR products by DGGE analysis, and sequence analysis.
Presence of lesions and absorption of NPs across intestinal epithelia were
assessed by EM. No treatment effects on food palatability, feeding rate, fish
behavior or mortality occurred; and no evidence of NP absorption was ob-
served. Changes in intestinal microbial community structure were minimal
for all Ag treatments relative to the control (similarity coefficients >91%),
but Cu treatments caused substantial alteration of community structure (<
65% and < 43% similarity relative to control, for Cu and Cu-NP treatments
respectively). For the metal NPs, Cu-NP treatment had greatest effect on
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microbial community structure and inhibited some endogenous and benefi-
cial bacterial strains to non-detectable levels and was clearly more disruptive
than elemental Cu exposure. Analysis of effects of carbon NPs on microbio-
ta and intestinal epithelia are ongoing. The potential for some types of NPs

to change intestinal microbial community structure could affect nutritional

status, ability to defend against pathogens, and overall organism health.

44 Interactions of Cgg, Multi-Wall Carbon Nanotubes (MWCNT), and
Single Wall Carbon Nanotubes (SWCNT) with Natural Organic Matter,
Bacteria and Biofilms ].R. Lawrence, M.]. Waiser, Water Science and
Technology Directorate, Environment Canada; G. Swerhone, Water Sci-
ences and Technology Directorate, Environment Canada; V. Tumber, Water
Science and Technology Directorate, Environment Canada; J. Roy, Water
Science and Technology Directorate, Environment Canada; A. Paule, Uni-
versité de Toulouse, EcoLab Laboratoire d’écologie fonctionnelle; J.J. Dynes,
Canadian Light Source Inc; D.R. Korber, Univ of Saskatchewan, Food and
Bioproducts Sciences. The commercial production of nanoparticles (NP)
(those with at least one dimension < 100 nm) has generated a need for
research to support regulation of the nanotechnology sector. In the current
study, scanning transmission x-ray microscopy (STXM) at the C 1s edge
was used to study the fate of a variety of carbon nanomaterials in a complex
natural river biofilm, demonstrating rapid aggregation and extensive coating
with lipo-protein and carbonates. Although modified by sorption processes,
these carbon-based materials were shown, using confocal scanning laser
microscopy, conventional and molecular analyses, to have significant effects
on community structure and function. Microbial biofilm communities were
developed in rotating annular reactors during continuous exposure to 500
ug L1 of each nanomaterial. Microscopy observations indicated that the
communities were visibly different in appearance with changes in abundance
of filamentous cyanobacteria, in particular. Microscale analyses indicated
that fullerene did not significantly impact algal, cyanobacterial or bacterial
biomass. In contrast, MWCNT exposure resulted in a significant decline in
algal and bacteria biomass. Interestingly, the presence of SWCNT prod-

ucts significantly increased algal biomass but had no significant impact on
cyanobacterial or bacterial biomass. Thymidine incorporation indicated that
bacterial production was significantly reduced by all nanomaterials with the
exception of fullerene. Biolog assessment of community carbon utilization
patterns revealed few significant effects. PCA and ANOSIM analyses of
denaturing gradient gel electrophoresis (DGGE) results indicated that the
bacterial communities exposed to fullerene were not different from the con-
trol, the MWCNT and SWNT-OH differed from the control but not each
other, whereas the SWCNT and SWCNT-COOH both differed from all
other treatments and were significantly different from the controls. Fluores-
cent lectin binding analyses also revealed changes in microbial community
structure during exposure to all tested nanoproducts. Observations indicated
that at 500 ug L1, carbon nanomaterials significantly altered microbial com-
munity structure and function, supporting the need for further evaluation of
their effects in aquatic habitats.

45 Effects of Silver Nanoparticles on Filter-feeding Tadpoles in Differ-
ent Source Waters C.M. Fridgen, M. Xenopoulos, Trent Univ, Biology;
C. Metcalfe, Trent Univ, Environmental and Resource Studies. Engineered
silver nanomaterials (nAg) are widely used in a variety of products and have
the potential to be released into the aquatic environment. Recent research
has shown variable toxicity of nAg to aquatic organisms, which could be
due to a range of factors, including the release of silver ion, the capping
agent and the chemical composition of the water. In this study, we tested for
the acute toxicity of a carboxy-functionalized capped nAg with a reported
particle size of 2-10 nm sold by ViveNano (Toronto, ON, Canada) and
AgNOj; on the common bull frog tadpole (Rana catesbieana) reared in water
from seven different sources (2 rivers, 2 natural ponds, 2 urban storm water
ponds) and dechlorinated tap water. LCs, (96 h) values for the nAg varied
significantly between water sources, ranging from 141436 pg/L (tap water)
to 474221 pg/L (pond water). In all source waters, AgNOj at 100 pg Ag/L
caused greater mortalities to the tadpoles than nAg at 200 pg Ag/L. How-
ever, in one source water (i.e., natural pond) with especially high dissolved
organic carbon (DOC), AgNOj was not toxic. Out of all water parameters
assessed (ph, common ions and nutrients) DOC was the only factor which
showed correlation with the fate and toxicity of Ag. For treatments with
AgNO3, tadpole mortality was significantly reduced with increasing DOC
(r=-0.94, p=0.001), but DOC had no significant effect on nAg toxicity.
Using ICP-OES, we measured total Ag in the water column and tadpoles
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at 0 and 96-hrs of exposure to nAg and AgNO;. The amount of total silver
that persisted in the water over 96 hrs was positively correlated with DOC
(r=0.71, p=0.008) in the AgNOj treatments, but persistence was not related
to DOC in the nAg treatments. Whole-body Ag content in the tadpoles
was linearly correlated with mortality rate in the AgNOj treatment (7=0.72,
=0.012) but not in the nAg treatments. These data indicate that nAg is not
as acutely toxic as AgNOj to the tadpoles and that DOC has little effect on
the toxicity of this carboxy-functionalized material. While the free silver ion
may be a toxic component of nanosilver products, trends for toxicity and
fate of a carboxylated nano silver products did not follow the same trends

as was observed with AgNO;. More research will be conducted looking at
chronic exposure of the carboxylated silver nanoparticles in various exposure
waters.

46 Silver Nanoparticle Toxicity to Atlantic Killifish and Zebrafish in
Complex Environmental Media: Laboratory, Mesocosm and Microcosm
Studies A.]. Bone, Duke Univ, Nicholas School of the Environment; C.W.
Matson, Duke Univ, CEINT, Baylor Univ, Environmental Science; B.
Colman, Duke Univ, CEINT; R.T. DiGiulio, Duke Univ, Nicholas School
of the Environment, CEINT. The increasing use of silver nanoparticles in
consumer products and industrial applications has created concern over their
inevitable release into the aquatic ecosystem. In this study, the effect of com-
plex environmental media on silver nanoparticle toxicity was investigated
using gum arabic coated silver nanoparticles (Ag-GA NP), polyvinylpyrol-
lidone coated silver nanoparticles (Ag-PVP NP), silver nitrate (AgNO;)
treated mesocosms containing sediment and aquatic plants modeled after
North Carolina wetlands. A follow up microcosm experiment was used to
investigate the role of different sources of dissolved organic material (DOM)
on silver nanoparticle toxicity. Surface water samples were taken from the
mesocosms at 24 hours after dosing and compared to lab-incubated samples
prepared by spiking water taken from untreated control mesocosms with
Ag-GA NP, Ag-PVP NP and AgNOs in the lab at the same concentrations
observed in the mesocosms at 24 hours. Mesocosm samples and lab-incu-
bated samples were compared using acute toxicity testing for mortality to
early life stage Adantic killifish (Fundulus heteroclitus) and zebrafish (Danio
rerio). Any differences in the toxicity between the lab-incubated water and
the mescosm water could thus be attributed to the more complex environ-
ment created by introducing plants, sediment and general environmental
conditions such as sunlight in addition to the natural water chemistry. In
general, lab-incubated samples were more toxic than samples taken from the
mesocosms. However, for Ag-PVP NP, mesocosm samples were more toxic
than lab-incubated samples, indicating that an environmental factor unique
to the mesocosms is causing increased toxicity of Ag-PVP NP. In addition,
for mesocosm samples, both Ag-GA NP and Ag-PVP NP were more toxic
than AgNOj on an equal mass basis. Therefore, the complex media is acting
differently on Ag* to reduce its toxicity in a manner that does not translate
to Ag-GA or Ag-PVP NP. Microcosm experiments using the same particles
with four environmental scenarios (water only, sediment + water, plants +
water, and plants+sediment+water) indicate that plants are the strongest
protective factor and that sediment may have contributed to the increased
toxicity of Ag-PVP NP These results suggest that conventional laboratory
testing and equation of silver nanoparticles to ionic silver on a mass basis
may be inadequate for silver nanoparticle risk assessment.

47 Integration of Density Dependence and Concentration Response
Models Provides an Ecologically Relevant Assessment of Populations
Exposed to Toxicants S. Raimondo, US Environmental Protection Agency,
Gulf Ecology Division, National Health and Environmental Effects Labora-
tory; H. Rutter, Student Services Contractor to USEPA; C.R. Jackson, B.
Hemmer, US Environmental Protection Agency. The assessment of toxic
exposure on wildlife populations involves the integration of organism level
effects measured in toxicity tests (e.g., chronic life cycle) and population
models. These modeling exercises typically ignore density dependence,
primarily because information on density dependence functional forms is
lacking for most species. The interactions between population density and
toxicant exposure can be synergist or antagonistic, resulting in either under
or overestimation of toxicant effects based on low density toxicity tests and
density independent models. To explore the relationship between population
density dependence and toxicant concentration, we simulated the exposure
of a density dependent sheepshead minnow (Gyprinodon variegatus) popula-
tion to five chemicals of various modes of action (estradiol, trenbolone,
trifluralin, chlordane, pentachlorophenol). The functional form of density

dependence was derived from laboratory density manipulation experi-
ments that modeled the influence of adult density on juvenile survival and
growth and adult survival and reproduction. Concentration-response models
were developed from the chronic toxicity tests for all endpoints within

each chemical where significant effects were measured. For each chemical,
exposure was simulated across a wide range of densities and concentra-
tions, applying density dependent mechanisms and concentration response
curves at each density-concentration combination. The relationship between
density and toxicant concentration for each chemical was modeled and
described using population growth rate (PGR) contours. These contours
identify compensatory and synergistic responses over a range of densi-

ties and concentrations for each chemical and demonstrate alterations to
"carrying capacity” (PGR = 0) relative to stress and density, which provides
the boundary of a population’s tolerance to the model stressor. This work
demonstrates how the integration of intraspecific interactions and organ-
ism toxicant response can provide a more ecologically relevant assessment of
population response to toxicant exposure.

48 A Framework for Integrated Fish Monitoring: An Example Based
on 20 Years of Data for Perch N. Hanson, Univ of Gothenburg, Dept

of Plant and Environmental Sciences; L. Forlin, Univ of Gothenburg,

Dept of Zoology; A. Larsson, Univ of Gothenburg, Dept of Plant and
Environmental Sciences. Environmental monitoring is performed to
provide information that can be used by environmental managers to protect
ecological resources. Chemical and physical measurements have for a

long time been used as the primary source of information. However, such
measurements are not helpful when environmental degradation is caused
by unexpected chemicals or processes. Biological measurements can be used
to get an integrated picture of all stress that affects the ecosystem. Sub-or-
ganismal biomarkers provide information about the health and exposure of
individuals, and can be used as early warning signals for new or unexpected
chemicals. Biomarkers may also give some information about the cause of
the stress. However, the ecological services that we want to protect are per-
formed by populations. Therefore, effects on the population level may have
higher relevance for management. The population level integrates everything
that affects the population, including non chemical stress. A drawback with
the population level is that it is difficult to establish causal relationships to
identify the stressor. Fish are used frequently for environmental monitoring.
Different types of strategies for fish monitoring include chemical measure-
ments in fish tissue, biomarker responses, and the size and structure of fish
populations and communities. All these parts are included in the program
for Integrated Fish Monitoring, which is a part of the Swedish Environmen-
tal Monitoring Program. This program was started to provide reference data
for investigations of potentially contaminated sites. However, the reference
data has not been used to the extent that was intended. One of the reasons
for this is that there is no guidance on how to integrate the responses of

the different measurements in a way that is informative for environmen-

tal managers. Based on the program for Integrated Fish Monitoring, we
have developed a framework for integrating responses from five lines of
evidence (LOE); contamination, eutrophication, biomarkers of exposure,
fish physiology, and the population level. Each of the five LOE provides
important information about the health of the aquatic ecosystem. Based on
the available data, each of the five LOEs is determined to be either affected
or not affected, resulting in 32 possible outcomes. To aid risk assessors and
environmental managers, a decision matrix was set up with interpretations
and recommended action for each of the 32 possible outcomes.

49 Endocrine Disruption in an Urban Estuary and its Catchment
Drains D. Webb, Curtin Univ, Environment and Agriculture. The Swan-
Canning Estuary (SCE) is of environmental and cultural importance to

the population of Perth, Western Australia. Like all urban estuaries it has
become increasingly eutrophic marked by annual algal blooms due to over
or incorrect application of fertilisers. Fish, and recent dolphins, deaths

have highlighted other water quality issues potentially due to non-nutrient
contamination. Furthermore, there has been a decline in the populations of
several fish species such as cobbler and Perth herring as well as the almost
disappearance of the western school prawn (Metapenaeus dalli) from the
estuary. A pilot study in catchment drains discharging to the SCE show
evidence of endocrine disruption and impaired DNA repair pathways in
freshwater shrimp (Palaemonetes australis). There was a strong bias towards
females in all drains, and intersex was above the normal incidence in crus-
taceans at several sites. Biomarker and intersex results recorded in this study

SETAC North America 32"d Annual Meeting | 15



MONDAY PLATFORM ABSTRACTS

have implications for the long term health of all crustacean species within
the influence of the types of contaminants measured in the estuary and its
tributary drains. Studies using male Gambusia holbrooki have identified

fish with impaired gonopodial development adding to the evidence of the
presence of endocrine disrupting chemicals in drainage to the SCE. Because
of the scope of global climate change further stresses will be added to com-
munities already impacted by anthropogenic disturbances. Investigations are
planned to study both direct and indirect biological effects to aquatic biota
due to changes predicted to occur in the SCE and its surrounding catch-
ment as a result of declining stream flows.

50 Mercury Bioaccumulation in Elasmobranchs N.J. Kutil, Roger
Williams Univ, Marine Biology; M. Soto, Roger Williams Univ, Marine
Biology, UNAM, Instituto de Ciencias del Mar y Limnologia. Mercury
(Hg) is a toxic environmental contaminant that bioaccumulates in fish tis-
sues, including numerous marine species. Cartilaginous fish of the subclass
Elasmobranchii are important ecological constituents of marine ecosystems,
yet the fate of Hg contaminants in their body tissues is largely unknown. In
this study, four species of elasmobranchs: little skate (Raja erinacea), winter
skate (R. ocellata), smooth dogfish (Mustelus canis), and spiny dogfish, (Sg-
ualus acanthias) were collected from the Rhode Island/Block Island Sound,
and the Hg content (ppm wet wt) of white muscle tissue was analyzed using
automated combustion atomic absorption spectrometry. Diet and feeding
habits for each species were also assessed by stomach content and stable ni-
trogen (d'°N) and carbon (d'3C) isotope analyses. Mean Hg concentrations
differed significantly among species, with highest levels measured in smooth
dogfish (mean Hg = 0.768 ? 0.154 ppm, 7 = 10), followed by spiny dogfish
(mean Hg = 0.324 ? 0.049 ppm, 7 = 23) and skates (mean Hg = 0.100 ?
0.012 ppm, 7 = 36 and 0.064 ? 0.005 ppm, 7 = 23 for little and winter
skate, respectively). The Hg concentration of skate muscle tissue did not
vary by body weight, suggesting that Hg does not bioaccumulate in these
species. Conversely, smooth and spiny dogfish both bioaccumulate Hg with
respect to body size, although smooth dogfish have a higher Hg content
relative to spiny dogfish. The elevated Hg concentration of smooth dogfish
may be explained by their higher trophic level status, as determined from
d15N signatures (mean d'°N = 13.55 2 0.81, 11.93 2 0.58, 12.43 2 0.59,
and 12.71 ? 0.83 for smooth dogfish, spiny dogfish, little skate, and winter
skate, respectively). The enriched d'3C values of skates and smooth dogfish
indicated benthic foraging (range of mean d'3C =-16.39 ? 0.35 t0 -17.69 ?
0.42), which was further confirmed by the dominance of decapod crusta-
ceans in the stomach contents. Conversely, squid and butterfish were the
principal prey of spiny dogfish, and the contribution of these pelagic prey
was reflected in the depleted d'3C signature (mean d'3C = -21.98 + 0.82).
In future work, the effect of habitat use and Hg concentrations of principal
prey will be examined to better understand bioaccumulation patterns among
the elasmobranch species.

51 Exposure of Cutthroat Trout to Carbaryl Following Application to
Control Burrowing Shrimp — The Rest of the Story C. Grue, Washing-
ton Cooperative Fish and Wildlife Research Unit, Univ of Washington,
School of Aquatic and Fishery Sciences; J. Grassley, C. Elfes, A. Troiano,
Univ of Washington. Labenia et al. (2007: Marine Ecology Progress Series
329:1-11) suggest the carbaryl exposures they used in laboratory studies
with cutthroat trout (Oncorhynhcus clarki clarki) and resultant adverse effects
are likely to occur in Willapa Bay and Grays Harbor, Washington, following
application of the insecticide to control burrowing shrimp thereby threaten-
ing local cutthroat trout populations. We captured cutthroat trout within
channels adjacent to oyster beds before and after operational applications of
the insecticide (8.97 kg of carbaryl [ai]/ha). Trout were captured during day-
light high and low tides using gill nets and beach seines, respectively at -48,
-24, 6, 24, 30, 54 and 72 h following applications in July 2007 and 2009.
Fish were placed in wet ice in the field and frozen (-40 C) prior to brain
acetylcholinesterase (AChE) assays. Maximum average enzyme inhibition

in 2007 was 16% (n=2 fish) compared to controls (#=7) and occurred at 30
h post application; enzyme activity at other time points post spray was less
than + 10% (»=11). Similarly, in 2009 in which two applications separated
by 3 days were monitored, maximum inhibition was 18% (7=2) compared
to controls (7=23) at 24 h after each of the two applications. Enzyme activ-
ity at other time points post spray was also less than + 10% (7=50). Results
were similar to those reported previously for juvenile Chinook with maxi-
mum inhibition of 10% compared to controls. AChE inhibition in both
species was significantly lower than that likely associated with the reductions
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in swimming endurance and predator avoidance observed by Labenia and
her co-workers. We conclude cutthroat trout are unlikely to be exposed to
the concentrations and durations of exposure used by the authors in their
experiments, and given spatial and ecological contexts, indirect effects of
sufficient magnitude to adversely affect cutthroat trout populations in the
Bay are unlikely.

52 Vulnerabilities of Atlantic Sturgeon and Shortnose Sturgeon to
PCB126 and TCDD Induced Early Life-stage Toxicities 1. Wirgin, New
York Univ School of Medicine, Dept of Environmental Medicine; N.K.
Roy, New York Univ School of Medicine, Environmental Medicine; R.C.
Chambers, NOAA, Northeast Fisheries Science Center. Abundances of
most sturgeon species worldwide are severely depleted. Overharvest, habitat
alteration, and pollution are often cited as the three primary reasons for
this decline, however, empirical demonstration of the effects of chemical
toxicants are lacking. Shortnose sturgeon was federally listed as endangered
in 1973 under the US Endangered Species Act and most populations of
Atlantic sturgeon are currently under consideration for a similar designation.
Populations of both species from several Atlantic coast estuaries are exposed
to high levels of PCBs and PCDDs including those from the Hudson River
PCBs Superfund site, however the vulnerabilities of their early life-stages

to these AHR agonists have yet to be empirically evaluated. Initially, we
partially characterized the cytochrome P4501A (CYP1A) gene and measured
its expression in larvae of both species exposed under controlled conditions
to graded doses of PCB126 and TCDD. We found that CYPIA expres-
sion was significantly inducible in both species at nominal water exposure
concentrations as low as 10 ppt and 1 ppt, respectively. We also analyzed
survivorship, hatching success and rate, and morphological alterations from
these exposures in both species. Survival to hatching declined but days to
hatching of survivors was accelerated at the highest doses of TCDD and
PCB126. A syndrome of morphological toxic responses was also observed
including shorter fish, yolk-sac edema, and retarded eye development at
higher contaminant concentrations. However, post-hatching lifespan on
yolk reserves alone (i.e., a food-free environment) was not affected by dose
of toxicant. Our studies demonstrate that young life-stages of both species
are dose sensitive to these two AHR agonists at environmentally relevant
concentrations.

53 Identification of Genes Related to Copper Metabolism in the South
American Cyprinodontiform Fish Poecilia vivipara E.S. Silva, ]. Zanette,
A. Bianchini, Universidade Federal do Rio Grande — FURG, Instituto de
Ciéncias Bioldgicas. South American cyprinodontiform fish like Poecilia
vivipara are potential candidates to be used as model species in toxicology. It
is well accepted that the copper transporter (Ctr-1) and Cu-ATPase (ATP7)
membrane proteins primarily regulate copper uptake and transport in verte-
brates. Using Polymerase Chain Reaction (PCR) with degenerated primers,
cloning and sequencing approach we sought for 2 vivipara nucleotide
sequences homologous to those key genes involved in copper homeostasis.
Ctr-1 is an integral membrane protein composed of three domains and in-
volved in copper uptake. We identified a 139 nucleotides sequence for Ctr-1
in P vivipara. This sequence showed 92% identity when compared to the
known corresponding region of the Ctr-1 of the cyprinodontiform Fundulus
heteroclitus. This allowed us to do the preliminary annotation of this new se-
quence. Also, a 266 nucleotides sequence was found for ATP7 in P vivipara.
This sequence shared 74 and 81% identity with the corresponding region of
the ATP7A and ATP7B of the perciform Sparus aurara, respectively. Altered
levels of environmental copper are assumed to be associated with changes

in the transcript levels for the identified genes. RACE methodology is now
being used to obtain the full-length sequences for Ctr-1 and ATP7 in P
vivipara. Also, copper exposure experiments to characterize the regulation
of the new identified genes at the transcriptional level are being performed
using RT-qPCR. [Supported by Brazilian CNPq (INCT-TA) and CAPES
(Ciéncias do Mar)].

54 Effects and Adaptations in Estrogen Signaling Pathways in New
Bedford Harbor Killifish G.V. Callard, S.R. Greytak, K.A. Cotter, Boston
Univ, Biology; D. Nacci, USEPA, ORD, NHEERL, Atlantic Ecology Divi-
sion. Reproducing the complexities of environmental contamination in

a laboratory setting has been a critical barrier to understanding long term
effects and adaptations to environmental endocrine disrupting chemicals.
The killifish population at a highly contaminated Superfund site (New
Bedford Harbor, MA; NBH), in comparison with killifish at a nearby clean
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site (Scorton Creek, MA; SC), has proven to be an extremely valuable
resource. The history of pollution in NBH indicates exposure to PCBs,
heavy metals and other contaminants for ~50 yr (-20 generations). Survival
has been ascribed to acquired resistance to dioxin-like chemicals that induce
toxicity through AhR signaling pathways but survival alone cannot account
for the reproductive success of the NBH population. Molecular markers
and standard reproductive parameters indicate that NBH fish are exposed
to an estrogenic environment and display evidence of endocrine disruption.
To investigate the possibility that chronic exposure to NBH pollutants leads
to adaptations in estrogen signaling pathways, we cloned and character-
ized the two Cyp19 (aromatase) and three Esr (estrogen receptor) genes in
killifish. Despite a high degree of polymorphism in sequences of all five
genes, no obvious site-related changes were identified. Paradoxically, NBH
as compared to SC larvae overexpress ERo0 mRNA 5-fold; however, they are
hyporesponsive to administered estrogen, as measured by inducibility of the
ERat gene. One interpretation for this discrepancy is that the ERo. mRNA
pool in NBH fish has a large fraction of mRNAs that are untranslatable or
encode non-functional isoforms. Although our present understanding of
endocrine disruption focuses on dysregulation of transcription, advances in
molecular endocrinology indicate that transcription and splicing are func-
tionally coordinated and regulated. Currently, we are testing the hypothesis
that exposure to environmental chemicals can impact splicing decisions

on estrogen responsive genes, and thereby alter the quantity and quality of
ERa transcripts. Whether dysregulation of Esr! splicing is adaptive in an
estrogenic environment and somehow related to the hyporesponsiveness
phenotype of NBH fish remains to be investigated. Supported by research
grants from NOAA (WHOI) National Sea Grant College Program and
NIEHS P42ES07381.

55 Coupling Diffusive Gradient in a Thin Film Probe and IC-ICP-MS
for the Simultaneous Determination of CH;Hg* and ng" Y. Hong,
Johns Hopkins Univ, Geography and Environmental Engineering; E. Rifkin,
Nationa Aquarium Baltimore, National Aquarium Conservation Center; E.
Bouwer, Johns Hopkins Univ, Geography and Environmental Engineering.
Mercury (Hg) is a metal contaminant that is highly toxic, globally ubiq-
uitous, and environmentally persistent. A great need exists for monitoring
CH;Hg* and Hg?* concentrations in environments for assessing the risks
associated from Hg in ecosystems. However, analysis of Hg is challenging
due to lengthy analytical procedures, numerous potential artifacts, and the
high cost of the usual techniques that employ USEPA Methods 1630 and
1631 for CH3Hg* and total Hg, respectively. As an alternative to the current
Hg monitoring procedures, we combined a diffusive gradient in thin film
technique (DGT) and ion chromatography — inductively coupled plasma

— mass spectrometry (IC-ICP-MS) for the in situ measurement of labile
CH;Hg* and Hg?* in water. Both CH;Hg* and Hg?* diffused through an
agarose diffusive layer and accumulated in a resin layer, then the mercury
species were extracted using acidic thiourea solution to form stable thiourea-
Hg complexes that were separated and detected via a cation exchange
column and ICP-MS. The effective diffusion coeflicients for the CH;Hg*
and Hg?* complexes in the agarose diffusion layer in the presence of chloride
and DOC were evaluated from laboratory experiments. The DGT probes
were deployed in several different water bodies, such as river, estuarine, and
saline environments. The method detection limits are 0.1 and 0.5 ng L-1 for
CH;Hg" and Hg?*, respectively, for 4 weeks deployment with 0.5 mm dif-
fusive layer. The DGT coupled to IC-ICP-MS technique can measure time
averaged labile CH3;Hg* and Hg?* concentrations simultaneously in water
and can be used to study the bioavailability of the mercury species, making
it useful as an in situ monitoring tool.

56 PAH Analytical Techniques and Impacts on Risk Assessment E.J.
Martin, CH2M HILL Canada; C.D. Sandau, TRIUM Environmental

Inc. Polycyclic aromatic hydrocarbons (PAHs) constitute a large group

of chemicals that are formed during incomplete combustion of organic
substances. They can be anthropogenic in origin — burning of coal, oil &
gas, tobacco — or form naturally in the environment — volcanoes, forest fires.
Due to the numerous sources, PAHs are ubiquitous in the environment.
PAHs are often found at contaminated sites. They are a contaminant of
concern at approximately 60% of National Priorities List (NPL) sites and
are ranked eighth on the 2007 CERCLA priority list of hazardous sub-
stances. A number of standard laboratory techniques are available to identify
the composition, distribution, and abundance of PAHs in various environ-
mental media including the United States Environmental Protection Agency

(USEPA) method 8270C which uses gas chromatography/mass spectrom-
etry (GC/MS). However, more sensitive techniques for measurement of
PAHs have also been developed including isotope dilution high-resolution
mass spectrometry (ID-HRMS). We have conducted a study to compare

a standard analytical method (EPA Method 8270C) to a more sensitive
method (ID-HRMS) for monitoring PAHs in soil. Our results indicated
that the frequently used standard laboratory methodology (EPA 8270C)
consistently overestimated PAH concentrations in soil as compared to the
more sensitive ID-HRMS technique which was found to be more accurate
and more precise. Using the benzo[a]pyrene toxic equivalency (BaP TEQ)
scheme, it was found that the BaP TEQ values generated using the standard
laboratory technique were much greater that those from the more sensitive
technique. These findings may have important implications for contami-
nated site risk assessment. Risks associated with exposures to PAHs in soil
(via inadvertent ingestion, dermal contact and inhalation of soil/dust) are
directly proportional to measured PAH concentrations. Any errors/inaccura-
cies in the determination of PAH concentrations will consequently impact
the calculation of risk. Thus, use of more sensitive laboratory techniques for
PAH measurements will reduce uncertainty and provide for a more accurate
understanding of site conditions and liability.

57 A Sensor Array for Rapid Screening of Dissolved Hydrocarbons in
Sea Surface Waters A. Ross, X. Qi, E. Crooke, C. Stalvies, D. Fuentes, S.
Armand, A. Revill, A. Taluker, CSIRO. Recent oil release events at Deep-
water Horizon in Gulf of Mexico block MC252, and Montara in Australia,
have outlined the need to rapidly survey the hydrocarbon content of near
surface water over large geographic areas of the ocean surface in order to
measure water quality. Conventional oceanographic approaches involve wa-
ter sampling and measurement at predetermined stations, often through the
deployment of conductivity, depth and temperature (CTD) profilers with
attached Niskin bottle water sampling apparatus. The analysis of water sam-
ples for hydrocarbons can use a number of extraction methods followed by
gas chromatography or gas chromatography and mass spectrometry. These
methods and analysis permit the detailed determination and quantification
of individual gaseous, volatile and higher molecular weight hydrocarbons
compounds, however analysis can take several hours. Hydrocarbon sensors
have been recently developed for marine applications. These sensors have
both low hydrocarbon detection limits in the parts per million to parts per
trillion range and rapid measurement cycle times in the order of seconds to
minutes. In addition the devices are ruggedized for field deployments. These
sensors include fluorimeters tuned for the detection of poly-aromatic hydro-
carbons (PAH) and sensors for volatile organic compounds (VOC) tuned
for the low molecular weight hydrocarbons. These sensors offer the potential
to provide rapid, spatial and temporal sampling and detection; however they
do not provide detailed hydrocarbon compositional data. Separate sampling
and analytic techniques for hydrocarbon analysis are described in the accom-
panying poster. In this paper the design and implementation of an arrayed
sensor system in an underway configuration combined with onboard com-
plimentary conventional analysis is described. In response to the Deepwater
Horizon oil release a hydrocarbon sensor array system comprising Chelsea
Aquatracker, Contros and Trios flourimeters was deployed and operated for
over 80 days in the in the Gulf of Mexico. Data was acquired covering over
8,998 linear nautical miles (~16,664 line kms) from June 5% to the Septem-
ber 15™ 2010 during and after the MC252 spill. This data was mapped and
reported to the Unified Area Command daily. During this time the system
was successfully operated in various sea states and in environments ranging
from riverine to oceanic waters, and from pristine waters through to waters
with oil slicks at the surface.

58 Laboratory Processing of Incremental Samples: Options and Data
Effects M. Bruce, TestAmerica, Technical Director; M. Heskett, L. Penfold,
TestAmerica. The Interstate Technology and Regulatory Council ITRC)
team on Incremental Sampling Methodology (ISM) has been working

for nearly three years to assemble guidance to improve the quality of site
characterization. The ISM guidance document public release and training
sessions are planned for early 2012. This presentation provides an overview
of the current status on the near final ISM guidance related to laboratory
sample processing options and how analytical data is affected by the various
processes. ITRC is a state run organization that develops consensus guidance
for environmental issues. Alaska and Hawaii have widely adopted the use of
ISM for site characterization. Other states such as Missouri and Ohio have
used ISM on limited number of sites. A few states [Texas, Florida, New
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Jersey, Michigan, Wisconsin and Iowa] currently have regulations that pro-
hibit the use if composite based sampling techniques such as ISM. The Dept
of Defense and US Army Corps of Engineers in particular has devoted many
resources to the development of ISM and is also a significant contributor to
this ITRC team. In addition to other state and federal regulatory representa-
tives, this guidance is also being developed by engineering firms, consultants
and state, Univ, government and commercial laboratories. The overall goal
of ISM is to provide an accurate estimate of the mean concentration for each
contaminant of concern within each decision unit. SW-845 Method 8330B
is the best known guidance for laboratory processing of incremental samples.
The ITRC guidance includes other analyte groups such as metals, PCBs,
volatile organic compounds and semivolatile organic compounds. The spe-
cific laboratory processes used affect the retention of analytes, contamination
from sample processing equipment and other samples and subsampling rep-
resentativeness. These processes have different effects on the final analytical
data. This presentation will summarize the low bias, high bias and precision
effects of the moisture modification, grinding and subsampling processes.
The laboratory processing options include air drying, water addition, field
moist options, freeze drying, disaggregation, milling, fractional scoops, riffle
splitting, rotary sectorial splitter, 1 and 2-dimensional slabcake. Applica-
tion of standard quality assurance principles is discussed as well laboratory
certification options.

59 Partitioning of PCBs in Neutral Lipids, Polar Lipids and Proteins of
a Fish K. Maenpaa, M. Leppanen, Univ of Eastern Finland, Dept of Biol-
ogy; E Tigistu-Sahle, Univ of Helsinki, Dept of Biosciences; K. Figueiredo,
Univ of Eastern Finland, Dept of Biology; R. Kakela, Univ of Helsinki,
Dept of Biosciences. Lipids are the dominant force in determining organic
contaminant accumulation in aquatic organisms because hydrophobic
organic chemicals (HOC:s) partition mainly into lipid phase. Therefore,
lipid normalized tissue concentrations have helped to reduce variation

in tissue residues between different species and aid in understanding of
contaminant toxicity and distribution in food webs. However, partition-
ing of contaminants between different lipid classes is not very well known.
Lipid composition contributes to variation in bioaccumulation potential
and neutral storage lipids are thought to be the most important lipid class
for HOCs. On the other hand, polar membrane lipids are the target for
HOC toxicity and knowing the concentration in membrane lipids would
greatly improve the risk assessment of HOCs. We have applied silicone
(polydimethylsiloxane) equilibrium approach to estimate silicone in olive
oil, phosphatidylcholine and albumin partition ratios for carbon 14 labelled
PCB-153 and PCB-77 in purpose to characterize HOC distribution in
storage lipid, membrane lipid and protein fractions. PCB distribution was
dominated by olive oil (78-82%) while phosphatidylcholine (11-20%) and
albumin (2—-8%) had lower share. The method is tested with the extracted
native PCB contaminated pikeperch oil. Simultaneously, we will determine
storage lipid, membrane lipid and protein fractions in fish. If the native and
labelled PCBs show the same equilibrium ratios in silicone fish oil system,
we can calculate PCB concentrations for all native congeners in these three
main sorbing phases. The approach can be applied in dose-response studies
of membrane toxicity and bioaccumulation models.

60 Low-cost High-throughput Analytical Method for Polychlorod-
ibenzo-p-dioxins, Polychlorodibenzofurans and Polychlorobiphenyls in
Fish Tissue B. Subedi, Baylor Univ, Dept of Chemistry and Biochemistry,
Dept of Biology, Dept of C; S. Usenko, Baylor Univ, Dept of Environ-
mental Science. To increase the samples throughput, enhanced pressurized
liquid solid phase extraction was developed incorporating pressurized liquid
extraction and all independent clean-up techniques. USEPA methods of
polychlorodibenzo-p-dioxins, polychlorodibenzofurans (PCDD/Fs), and
polychlorobiphenyls (PCBs) analysis in fish tissue include the independent
silica gel, fluorsil, alumina, and celite/carbopak column cleanup techniques
following extraction. Under improved method, fish composites (10 g) were
extracted and cleaned simultancously using alumina, fluorsil, silica gel,
celite, and carbopak (10:10:5:5:0.5 g/g). Cleaned extracts were concentrated
and analyzed through high resolution gas chromatography negative chemical
ionization mass spectrometry. Adsorbents and solvents were optimized to
separate PCDD/Fs and PCBs. The average recoveries (7=3) of individual
PCBs in dichloromethane: hexane (1:1 v/v) extracts were within 90-103 +
4.7% and individual PCDD/Fs in toluene extracts were within 72-100 +
7.3%. Samples preparations time and solvents were reduced as much as 80%
and 67%, respectively.
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61 Buoy-Borne, Real-Time Sensing and Time-Resolved Sampling Of
Hydrophobic Organic Chemicals In Onondaga Lake R. Oakes, State
Univ of New York, College of Environmental Science and Forestry, Dept

of Chemistry; J.P. Hassett, SUNY College of Environmental Science and
Forestry, Dept of Chemistry; J.M. Croskrey, SUNY College of Environ-
mental Science and Foresty, Dept of Chemistry; M.M. Giardono, D. Salley,
SUNY College of Environmental Science and Forestry, Dept of Chemistry.
Traditional methods for extracting and detecting trace organic contaminants
in water are limited in many ways. Grab samples only represent one mo-
ment in time, limiting their temporal scope, and a large amount of time and
effort is needed to collect enough water to achieve the needed low detection
limits. This research utilizes a submerged, stirred extraction cell containing
small diameter, therefore high surface area to volume ratio, semi-permeable
membrane polydimethylsiloxane (PDMS) tubing to extract and concentrate
dissolved hydrophobic contaminants in situ. Hydrophobic compounds
dissolved in the water diffuse across the membrane into a solvent stream.
Diffusion rate is equivalent to 17 L/day of water extracted, achieving a
concentration factor of nearly 200. The extract is pumped through an on-
board absorbance and fluorescence detector for real-time detection and into
24 hour composite collection vials for retrieval and laboratory analysis. Two
solar-powered buoy-borne systems that generated real-time data on the pres-
ence and concentrations of trace hydrophobic organic contaminants were
deployed in Onondaga Lake, Syracuse, NY, from August to December of
2010. One buoy was located at the southern end of the lake downwind of a
chlorobenzene source and above sediments contaminated with PAHs, gaso-
line components, and coal tar. Data were collected continuously onboard
the buoys and transmitted via radio to shore. Absorbance and fluorescence
data demonstrated that during high wind events, the wave action disturbed
the sediments and increased the dissolved concentrations of these contami-
nants in Onondaga Lake. This was further confirmed by GC-MS analysis
of the composite extracts, which also provided information on individual
compounds.

62 Evaluation and Calibration of a Rapidly Equilibrating Polymer
Coated Glass (POG) Sampler for Screening Priority Chemicals S. Genu-
aldi, Environment Canada, Science and Technology Branch; T. Harner,
Environment Canada, Atmospheric Science and Technology Directorate.
Polymer coated glass samplers (POGs) consist of a thin layer of ethylene
vinyl acetate (EVA) coated on a glass fiber filter or aluminum foil substrate.
Calibration of the sampler was performed through an eight week indoor
uptake study using six different film thicknesses ranging from < 0.1 to
20um. Actual air concentrations were measured using weekly lo-volume

air samples, polyurethane foam (PUF) disks, and sorbent-impregnanted
polyurethane foam disks (SIPs). Depuration compounds were coated onto
the POG sampler prior to deployment and used to calculate sampling rates.
These consisted of labeled polychlorinated biphenyls (PCBs), organochlorine
pesticides (OCPs), and perfluorinated compounds (PFCs). The samplers
were also evaluated for their use as a rapid screening tool for assessing
exposure to PCBs, OCPs, PFCs, and siloxanes in indoor air. Analysis was
performed using thermal desorption gas chromatography/mass spectrometry
(TDS-GC-MS). The POG shows promise due to its relatively low cost and
ease of deployment and it applicability to a range of priority chemicals. The
ability to alter the film thickness and hence the sorption capacity of the
POG allows for a versatile sampler that can be used under varying sampling
conditions and deployment times.

63 Observation-based Distribution, Inventories and Fluxes of PCBs in
and Across Key Arctic Ocean Compartments O. Gustafsson, A. Sobek,
D. Carrizo, Stockholm Univ. The predictability of future distribution

and exposure of PCBs in the Arctic hinges centrally on the quality of our
understanding of the present-day distribution and processing of PCBs in
the Arctic system. The first part will present pan-Arctic observations of the
PCB distribution and inventories in key compartments such as the polar
mixed layer, sea ice, shelf sediments and all the major subsurface water
masses. Next, observation-derived fluxes across key system boundaries such
as surface ocean settling fluxes, pan-Arctic river export and shelf sediment
burial will be presented. A synthesis of these results will provide information
on their internal geochemical/budget consistency. Finally, the plausible effect
of Arctic change scenarios on PCB distribution and fate will be discussed

in the context of our present understanding of PCBs in the contemporary
Arctic Ocean system.
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64 A Global 3-D Model to Simulate Long-range Transport of PAHs: Ap-
plication to Arctic Contamination C. Friedman, Massachusetts Institute
of Technology, Center for Global Change Science; N.E. Selin, Massachu-
setts Institute of Technology, Engineering Systems Division. We simulate
the long-range transport of polycyclic aromatic hydrocarbons (PAHs) to

the Arctic under present and future climate using a global 3-D chemical
transport model (GEOS-Chem). PAHs reach the Arctic environment by
long-range atmospheric transport. We present initial results from model
development for the PAHs phenanthrene, pyrene, and benzo[4]pyrene,
focusing on episodic transport to the Arctic and sensitivity to temperature
and other meteorological parameters. This work represents the first effort

at modeling PAHs globally taking into account episodic transport events.
Results are compared with previous efforts to model atmospheric transport
of PAHs, which have either relied on multimedia box models or regional
models focusing on specific sources or receptors, or used coarse-scale general
circulation models (GCMs) not capable of capturing individual meteoro-
logical events that could lead to episodic transport from specific sources.
Improved parameterizations of gas-particle partitioning, atmospheric
reactivity, and wet and dry deposition are developed. Initial results show
that model-predicted annual average concentrations correlate well with
land-based measured concentrations for phenanthrene, pyrene, and benzo[4]
pyrene, but are biased low. We apply these results to identify the importance
of various remote source regions to particular Arctic locations compared to
local sources, and to calculate the importance of episodic transport to the
Arctic. We additionally show results for temperature sensitivity and initial
calculations for PAH transport to the Arctic in a changing climate.

65 The Role of Snow and Ice on the Fate of Persistent Organic Pol-
lutants in the Arctic Marine Environment C. Halsall, Lancaster Univ,
Lancaster Environment Centre; S. Del Vento, G.P. Codling, Lancaster Univ,
Lancaster Environmental Centre; L. Ahrens, Environment Canada, Sci-
ence and Technology Branch; R. Ebinghaus, GKSS Research Centre. This
presentation will explore current knowledge on the behaviour of chemical
pollutants in sea-ice and sea-ice snow, placing concentrations in context
with other studies and examining the role of ice in delivering pollutants to
marine waters. During the International Polar Year there were several field-
based programmes that examined persistent chemicals in snow and ice in
the Arctic. These studies were undertaken for different purposes, either (1),
to construct pollutant time-series to relate accumulation in ice with known
chemical use/emissions; or (2), to examine chemical transfer processes

in transient seasonal snow and sea-ice. Understanding (2) is particuarly
important in the context of a ‘warming Arctic’ as changes to snow and ice
systems will in turn affect the timing and loading of pollutants to surface
waters. Results from field work conducted in the Canadian Arctic show the
presence of PBDEs, PCBs, OC pesticides and C5-C13 perfluorocarboxylates
(PFCAs) and PFOS in the remote marine snowpack at levels comparable

to other recent studies. Levels of hydrophobic contaminants in wind-blown
snow measured from late winter to early melt are, in the main, related to the
physical properties of the sampled snow, rather than seasonal changes in air
temperature (--25°C to 0°C) with little evidence to support a hypothesis
that contaminant levels change markedly in sea-ice snow with increasing air
temperatures prior to melt. Concentrations of hydrophobic POPs measured
in snow and sea-ice (expressed as melt-water equivalents) show marked
enrichment compared to levels measured in beneath-ice seawater (ratio of
snow-ice/seawater) although this enrichment declines as melting commenc-
es. In contrast, several PFCAs, including PFOA, where found at surprisingly
high concentrations in beneath-ice seawater both prior to and during
ice-floe breakup, with levels of PEFOA up to 300 pg/L in some samples, com-
parable to or higher than concentrations found in the overlying snowpack
and ~3-fold higher than observations in mid-Atlantic surface water. A small
number of first-year sea-ice samples also revealed high concentrations of
PFCAs, implying a possible enrichment process at the ice-seawater interface.
The results of these findings will be extrapolated in the context of ongoing
changes to the cryosphere, with the loading of chemicals attributable to
marine snow and ice compared to direct deposition to ‘ice-free’ waters. Areas

of uncertainty will be highlighted.

66 Accumulated Contaminants in Ice Cores from Svalbard: Consid-
erations of a Future Source to the Environment M. Hermanson, Univ
Center on Svalbard, Arctic Technology; E. Isaksson, Norwegian Polar
Institute; C. Teixeira, Environment Canada; D. Muir, Environment Canada,
Aquatic Ecosystem Protection Research Division, National Water Research

Institute. Since 1998 we have analyzed various persistent organic con-
taminants in ice cores collected from two ice fields on Svalbard, including
Holtedahlfonna (2005) to the west and Austfonna (1998) to the east, about
220 km apart, roughly west-cast. The results from Holtedahlfonna, the

most comprehensive data set, include analysis of 220 different compounds
in four compound classes including PCBs, BFRs, current-use (CUP) and
legacy pesticides (LP), and halobenzenes. Compounds from these groups
cover vapor pressures (VP) ranging over 8 orders of magnitude (from 2.87

x 107" kPa to 2.95 x 10” kPa), and include compounds considered to be

too volatile to be deposited (1,3-dichlorobenzene) and others once thought
to be too non-volatile for long-range transport (decabromodiphenyl ether,
BDE-209). Compounds observed at Holtedahlfonna also have OH. reaction
rates suggesting atmospheric lifetimes ranging from one day (Chlorpyrifos)
to nearly one year (g-HCH), the former usually considered to be too short
for long-range transport. All of these 4 compounds, representing extremes of
VPs and atmospheric lifetimes, are present in greater abundance than nearly
any other throughout the Holtedahlfonna core (and in greater abundance
than ¥ PCB), showing that a wide range of organic contaminants needs to
be considered when postulates are made of what contaminants will be re-
leased if this ice melts, and in what environmental matrix they will be found.
Results from Austfonna, which includes only pesticides, suggest variability in
net contaminant deposition: in comparison to Holtedahlfonna, where 9 of
47 analyzed CUPs were found, Austfonna shows net deposition of 21 CUPs
of 26 analyzed. The most abundant of the CUPs found at Austfonna and
not Holtedahlfonna includes a series of neurotoxic organophsophorus (OP)
pesticides. Our investigations into sources using long-term (10-year) average
air mass trajectories show seasonal and long-term shifts in source regions to
these two sampling sites, suggesting a high level of complexity in evaluat-
ing the burden of organic contaminants on Svalbard that will be released as
these ice masses melt.

67 Bioaccumulation of POPs in a Top Predator, the Osprey, in Alpine
Regions of Western Canada ].E. Elliott, Environment Canada, Pacific
Wildlife Research Centre, Science and Technology Branch, Canadian
Wildlife Service; M. Guigueno, K.H. Elliott, J. Levac, Univ of Manitoba;
M. Wayland, Environment Canada; C.A. Morrissey, Univ of Saskatch-
ewan; D.C. Muir, Environment Canada. Due to climate change, chemicals
that accumulated in glaciers through evaporation from warm regions and
subsequent condensation in cold regions are being released into alpine
environments. To examine the role of glacial geography in determining con-
tamination of wildlife in alpine ecosystems, we measured persistent organic
pollutants and mercury in apex predators, ospreys (Pandion haliaetus) breed-
ing in 16 watersheds in western Canada. Despite living in environments far
from point sources of contamination, ospreys in Canadian alpine lakes had
significant levels of DDT, PCBs, toxaphene and mercury. After accounting
for proximate factors such as trophic level and lipid content, HCB, chlor-
dane, mercury, PCBs decreased with watershed size and toxaphene, DDT,
HCB and mercury decreased with watershed size divided by lake size. Once
trophic level was factored, ospreys feeding in large watersheds that drain into
relatively large, lower elevation lakes with less glacial input had higher levels
of contamination. Toxaphene, mercury, HCB, and DDT all decreased with
the amount or proportion of glaciation while toxaphene and chlordane de-
creased with elevation. Thus, foraging ecology (trophic level) and geography
explained significant portions of the large variation in osprey contaminant
levels in western Canada, but the geographical variation was not consistent
with the idea that the patterns in contaminants were determined by current
long-range transport or glacial melt. Rather, we suggest that contaminants
largely melt out during annual snow pack melt and bioaccumulate at lower
elevation lakes, especially lakes with poor drainage. Our study highlights
the importance of understanding how biological processes integrate physical
patterns when studying the environmental chemistry of wildlife.

68 Empirical Investigation into the Fate of Organic Contaminants
During Snowmelt in a Sub-Arctic Snowpack C. Halsall, Lancaster Univ,
Lancaster Environment Centre; G.P. Codling, Lancaster Univ, Lancas-

ter Environmental Centre; M. Bergknut, Umea Univ; K. Wiberg, Univ

of Umea, Dept of Chemistry; S. Del Vento, Lancaster Univ, Lancaster
Environmental Centre; H. Laudon, Swedish Univ of Agricultural Sciences
(SLU), Dept of Forest Ecology and Management; M. Tysklind, Univ of
Umea, Dept of Chemistry. To understand the role of the seasonal snowpack
in providing atmospherically derived organic contaminants to northern
catchments a study was undertaken at the Krycklan Catchment Study
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(KCS) site in northen Sweden (64°14’N, 19°46’E). For the KCS, snowmelt
provides ~-66% of the the annual stream flow and is therefore likely to make
a signifcant input to contaminant loads to catchment headwaters. The

fate of snow-associated contaminants during the melt period is not fully
understood, with some chemicals possibly undergoing a first ‘flush’ during
initial melt while others may re-partition back to the air or to particulate
matter and hence be retained in the pack until final melt. In this study two
approaches were taken: (i) a doping study utilising a group of chemicals

of varying physical-chemical properties (PCBs, OC pesticides, PBDEs,
organophosphorus insecticides and perfluorosulphonates (PESAs)) that were
artifically introduced into a surface snow layer of an aged snowpack and
their movement tracked every 24 hours over a five day period; (ii) a time-
series of ‘native’ contaminant concentrations in snow (PCBs, OC pesticides,
PBDEs and PFCAs) achieved over 14 days during the melt period. From
the doping study (conducted in semi-enclosed metal tubes sunk vertically
into the snow) mass recoveries of the chemicals from the snow and captured
meltwater were in the order of PESAs>PBDEs>PCBs=0OCs, indicating that
volatile compounds can be lost to the atmosphere. Chemical movement
down the snow column was rapid for several of the 24 h periods, with an
even distribution of chemicals down the length of the snow column as well
as detected in meltwater collected at the base of the snowpack. For the ‘na-
tive chemicals’, PCBs showed a decline from >1 ng/L (in fresh snowfall) to
< 0.3 over the 14 day period with most of the decline attributable to the loss
of tri- and tetra-chlorinated homologues. Levels of PFOA ranged from < 10
—200 pg/L and PFOS < 3--100 pg/L, with concentrations generally higher
at the base of the snowpack. Unlike PCBs, concentrations of PFOS, PFOA
(and other PFCAs) did not decrease uniformly in the melting snowpack and
were retained right up to final melt with implications regarding the extent
and timing of chemical release to meltwater runoff.

69 Partitioning of Persistent Organic Pollutants Between Sediments
and Benthic Deposit Feeders in Western Antarctic Peninsula L. Zhang,
Univeristy of Rhode Island, Graduate School of Oceanography; R. Lohm-
ann, Univ of Rhode Island, Graduate School of Oceanography. Studies
have shown that previously deposited persistent organic pollutants (POPs)
are being released from glaciers due to global warming. The melting glaciers
are believed to be the secondary source of POPs to the Western Antarctic
Peninsula (WAP) coastal regions. These POPs have been found to bioac-
cumulate along the food web into Antarctic penguins which body levels of
DDTs have not declined since 1970s. Hydrophobic POPs should not only
be present in the pelagic food web, but also be transported downward with
sinking particulate organic matter into sediments. Thus, it is important to
investigate the concentrations of POPs in the sediments of the WAP and
their transfer along the benthic food web. Benthic biota can take up POPs
through contact with porewater and/or via ingestion of sediment particles.
The uptake pathway is closely related to the animals’ feeding strategies. Pre-
vious studies have found at certain locations that the partitioning of POPs
between filter feeding organisms and porewater were at equilibrium and
thus POPs porewater concentration can be used to predict body burdens at
that specific site. This might not be true for deposit feeders which not only
continuously exchange POPs with surrounding porewater, but also ingest
sediment particles indicating a potential for bioaccumulation. As part of an
ongoing collaborative research to study the impact of climate change on the
transport of POPs in the Antarctic marine food web, surface sediments (0-5
cm depth) and subsurface/ surface deposit feeding holothurians samples
were collected at five different locations from north to south along WAP.
PCB concentrations (12 congeners) were highest at the tip of WAP at 0.5
ng/g dry weight and decreased towards the interior of Antarctic continent
to 0.03 ng/g. However, the PCB concentrations in the lipids of deposit
feeders did not reflect this trend. Porewater concentrations were assessed
with passive samplers to determine if an equilibrium partitioning model can
be used to predict POP concentrations in benthic deposit feeders in WAP.
The results provide a better understanding of the transfer of POPs into the
Antarctic benthic food web as well as the site-specific risk assessment of
sediments.

70 Indoor Dust and the Pet Dog: PBDEs, PCBs, and Pesticides C.
Orazio, US Geological Survey, Columbia Environmental Research Center;
C. Grimm, Smithsonian National Zoological Park, Center for Species
Survival; N. Diggs, Smithsonian Migratory Bird Center, National Zoologi-
cal Park, Smithsonian Conservation Biology Institute; S. Tan, Smithsonian
National Zoological Park, Center for Species Survival; K. Feltz, K. Echols,
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US Geological Survey, Columbia Environmental Research Center; P. Marra,
Smithsonian Migratory Bird Center, National Zoological Park, Smithsonian
Conservation Biology Institute; P. Peterman, US Geological Survey, Colum-
bia Environmental Research Center. House dust and blood serum from the
family’s pet dog were collected from rural and suburban homes near Wash-
ington DC to assess levels of polybrominated diphenyl ethers (PBDEs),
PCBs, and organochlorine pesticides. Pre-weighed clean dry glass fiber filters
were used to swipe dust from high surfaces. Care was taken to prevent dust
contamination of the dog blood samples (#=18) during collection and analy-
sis. The breed of dog, sex, age (2—13 years), weight (13-90 Ibs), dog food
(not analyzed in this study), current medications, daily time spent outdoors
(0.25-12 hrs), and dog bedding material were recorded. Dust (0.013-0.055
g) and blood serum (3 g) samples were processed separately, accompanied
by appropriate quality control samples, including blank spiked filters and
bovine serum blanks. Following extraction, purification and fractionation,
the dust and blood extracts were analyzed by GC/MS and isotope dilution
GC/high resolution MS for 41 PBDE congeners, 21 pesticides, and PCB
congeners. As expected, based on other dust studies, the levels and patterns
of PBDE congeners in the house dusts varied. PBDEs were at quantifiable
levels in 12 of the 18 dog blood samples, with PBDE-47 and PBDE-209
levels that ranged from 16-80 and 60-300 ng/g lipid-wt, respectively. The
predominant PBDEs in the dog bloods were 47, 99, 100, and 209. A linear
trend existed for dog blood and dust levels of PBDE 209. The highest level
of PBDE-209 in dust of 11,100 ng/g corresponded to 300 ng/g lipid-wt in
the dog blood. Dust levels of total-PCBs ranged from 20-3168 ng/g but
were less than 2,000 ng/g lipid-wt in the dog blood samples. Three of the 18
dogs had detectable residues of chlordane: The dog from the home with the
highest indoor dust level of total-chlordane (22,000 ng/g) had the highest
blood level of oxychlordane (219 ng/g lipid-wt). Exposure to PBDEs, PCBs,
and pesticides via the diet also can contribute to residue levels in the dog
blood; recently Venier and Hites (2011) reported that different brands of
dog food do not play an important role in the concentrations of PBDEs.
The results of our study indicate that levels of certain contaminants in
indoor dust correlate to levels in the family dog.

71 Evaluating Exposure to BDE-47 in Homes: Impact of Couch
Construction, Temporal Variability and Variability in Measurement
Methods D. Bennett, UC Davis, Public Health Sciences. BDE-47 is used
as a flame retardant in furniture foam. Our objectives were to determine 1)
if the type of furniture upholstery in a home influences the air concentration
of BDE-47 measured in an air sample collected in a home, 2) determine

the temporal variability in air and dust concentrations, and 3) determine

the differences in measured concentration in dust by measurement method.
We quantitatively measured bromine in furniture and determined BDE-47
air and dust concentrations at multiple time points in California homes.
First, a portable XRF (X-ray fluorescence analyzer) was used in 68 homes,
measuring bromine to a depth of approximately 0.5 cm, representing the
foam concentration when placed on the surface. Multiple sub-sections (i.c.,
seat and back cushions, backing, throw pillows) of both the largest and most
frequently used (if different) couch or chair in the main living area were
tested, with a preliminary mean bromine concentration of 7030 ppm (SD =
8220). Bromine concentrations, multiplied by the respective section’s surface
area, were summed to calculate the potential source strength. As an alterna-
tive, a small sample of foam from the seat cushion was removed if accessible
(i.e., there was a zipper) and the participant agreed (52% of households) and
analyzed by a semi-quantitative Elisa method to determine if BDE-47 was
present (72% of samples above LOD). A passive air sampler (PUF) was left
in the home for 30 days and the PUF was extracted and analyzed for BDE-
47 (preliminary mean concentration of 61.4 mg/m? (SD=84)). To analyze
the data, homes were divided into two groups: (1) those with couches with
a thicker resistance layer between the cushion and air, either leather (24% of
homes) or an additional upholstery liner (18% of homes), and (2) all others.
The slope of the correlation between the bromine source strength and the
BDE-47 air concentration was lower for those homes categorized as having
a thicker resistance layer, suggesting the potential for less exposure. Further
studies should be conducted to determine if XRF combined with couch
construction may be a useful, low-cost indicator of exposure and applicable
to other flame retardants. Second, air and dust measures were collected ap-
proximately 1 year apart in 56 homes to evaluate temporal variability. Third,
measured concentrations will be compared between two different investiga-
tor collected methods and between an investigator collected method and
vacuum cleaner samples.
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72 Characterization of Two Chiral Current-use Residential Pesticides

in the Indoor Environment E.M. Ulrich, US Environmental Protection
Agency, National Exposure Research Laboratory, Methods Development
and Applications Branch; Q. Wang, Student Contractor to the USEPA;

D. Stout, USEPA. Pesticides are applied to the interior of homes, schools,
places of business and employment to control a variety of pests. Residential
pest control practices may result in chemical residues located in close prox-
imity to daily activities and potentially serve as a source of exposure. The
primary routes of exposure after indoor pesticide application are inhalation,
dermal, and ingestion all of which contribute to the aggregate exposure of
occupants. Crack and crevice application of several current-use pesticides has
allowed evaluation of important exposure routes, fate and transport within
the unoccupied USEPA Indoor Air Research House in North Carolina. Two
of these pesticides, fipronil and cis-permethrin, were studied to determine
temporal and spatial trends of their enantiomers. Many pesticides, including
fipronil and permethrin, are typically formulated and applied as a racemic
mixture (equal amount of enantiomers). Differences in the pesticidal efficacy
of enantiomers may offer an opportunity for “greener” enantiomer enriched
formulations which allow for an equally effective but lower concentration of
active ingredient. Because enantiomers can have differential toxicity, it is im-
portant to thoroughly understand exposure to accurately assess the potential
risk from different enantiomers. Chiral pesticides are not frequently studied
in indoor settings, creating a data gap for exposure and risk assessments. In
this study, selected carpet, surface wipe, indoor air, and deposition coupon
samples collected in several rooms of the Research House were analyzed
using enantioselective gas-chromatography/mass spectrometry. Preliminary
analysis of the enantiomer fraction (EF) data reveals that both pesticides
were primarily racemic or near racemic (fipronil EF= 0.47-0.51; cis-perme-
thrin EF= 0.45-0.55). Indoor environments are not thought to have many
opportunities for enantioselective degradation or processes, which seems

to be confirmed by these findings. However, cis-permethrin had a broader
range of EF values, which may indicate some enantioselective degradation,
which is usually attributed to biological interactions. Temporal and spatial
trends of the EF values will also be discussed.

73 Traditional and Forensic Signatures of Indoor Air S. Emsbo-
Mattingly, New Fields Environmental, Forensics Practices, LLC; A. Uhler,
NewFields. Environmental scientists recognize the highly variable nature of
indoor air. It is greatly affected by the life style of the human inhabitants, the
building materials, the quality of the outdoor air, and, occasionally, vapor
intrusion. This presentation features a series of case studies that use patterns
of TO15 analytes to contrast human activities in residential, recreational,
commercial, and industrial environments. The differentiation of source
signatures benefits greatly from TO15 methods (GC/MS) designed for tradi-
tional and forensic hydrocarbon analytes with trace level detection limits. Of
particular interest is the close between outdoor and indoor air. In addition,
the case studies help demonstrate how the effects of environmental weather-
ing help identify the dominant sources of indoor air contaminants. The
compounds that appear in outdoor and indoor air include benzene, toluene,
ethylbenzene, xylenes, styrene, naphthalene, indane, indene, and many other
aliphatic, aromatic, and heteroatomic volatile organic compounds (VOCs).
These data emphasize the importance of outdoor air sampling and help
optimize the sample collection and data interpretation strategies.

74 Relationship Between House Dust and Indoor Air Concentrations:
Applying Partitioning Theory to Empirical Data R. Dodson, L. Perovich,
J. Brody, R. Rudel, Silent Spring Institute. Individuals encounter a wide
range of pollutants in indoor environments, and semivolatile organic com-
pounds (SVOCs), which are found both in the gas and condensed phase, are
of particular interest because they can be redistributed over time from their
original source to indoor air, dust, and surfaces. House dust and indoor air
samples were collected in 50 California homes: 40 homes in Richmond, CA
and 10 homes in Bolinas, CA. Seventy-six SVOCs were analyzed in both air
and dust: 24 polycyclic aromatic hydrocarbons (PAHs), 3 polychlorinated
biphenyls (PCBs), 2 polybrominated diphenyl ethers (PBDEs), 36 pesticides
and 11 phthalates. Overall, we detected 40 target analytes in both house
dust and indoor air above method reporting limits. Empirical data were used
to explore theoretical partitioning relationships between air and dust to eval-
uate whether gas-phase air concentrations can be used to predict house dust
concentrations. Specifically, gas-phase only concentrations were estimated
from total air (particulate and gas phase) concentrations, assuming equilib-
rium and using residence-specific particulate concentrations. Correlation

analyses revealed significant associations between gas-phase air and dust con-
centrations for several phthalates, pesticides and PBDE 47. Predicted dust
concentrations, which were estimated using gas-phase air concentrations,
fraction of organic matter, octanol-air partition coefficient, and dust density,
and measured dust concentrations were strongly correlated (R? - 0.7).
Understanding partitioning relationships between air and dust will advance
our understanding of exposure pathways in the indoor environment; can be
used to prioritize exposure measures in large-scale epidemiological studies;
and can be used in conjunction with simple, consistent exposure measure-
ment methods, such as a passive air sampler, to fully characterize the indoor
environment.

75 Air-Solid and Solid-Solid Partitioning of Phthalates in the Indoor
Environment H. Hwang, Univ of California, Davis, Dept of Civil and
Environmental Engineering; H. Kim, Univ of California, Civil and Environ-
mental Engineering. Indoor air and floor dust are severely contaminated by
phthalates, which are added to variety of household consumer products such
as plastic floor mats, wall papers, carpets, and furniture. Indoor exposure to
phthalates has been linked to many adverse health effects such as respiratory
disease (e.g., asthma, weezing) and atopic dermatitis. To investigate how
phthalates in PVC based plastic floor mats are transferred to indoor air and
floor dust, two different chamber studies were conducted. A piece of vinyl
flooring mat was placed inside of a metal chamber, which was maintained at
20 °C. Volatilized phthalates were ventilated with continuous flow of nitro-
gen gas and captured using activated carbon columns, which were replaced
regularly for time-series measurement. As expected, gas phase release of di-
ethylphthalate and dibutylphthalate was significantly higher than the release
of diethylhexylphthalate. Gas-phase concentrations of diethylphthalate and
dibutylphthalate increased quickly so it is recommended to ventilate indoor
air more frequently to minimize indoor exposure to these more volatile
phthalates through inhalation. To compare the transfer of phthalates from
mats to dust through solid-air-solid partitioning and solid-solid partitioning,
sieved outdoor soil particles were placed on the top of a piece of mat and a
piece of aluminum foil placed in a closed metal chamber 24 hours without
ventilation. Almost all diethylhexylphthalate was transferred to soil particles
through direct contact and gas phase transfer was negligible. In the case of
diethylhexylphthalate, more frequent floor vacuuming is recommended to
reduce the exposure through dust ingestion.

76 Impact of Plants on Volatile Organic Compounds (VOCs) in Indoor
Environments W.]. Doucette, Utah State Univ, Utah Water Research Labo-
ratory; J. Chard, Utah State Univ. Concerns about the potential build up of
volatile organic compounds (VOCs) in indoor air first increased as energy
conservation methods minimized the introduction of outdoor air. VOCs in-
cluding many with documented short- and long-term adverse health effects,
are emitted by a wide array of products including: paints, paint strippers,
fuels, cleaning supplies, pesticides, building materials, office equipment, and
adhesives. These products can release VOCs during use and to lesser extent,
when they are stored. Indoor air concentrations of VOCs vary widely,
depending on construction materials and specific consumer products within
the building but concentrations of most VOCs are consistently higher
indoors than outdoors. The use of ornamental plants has been suggested

as a simple, unobtrusive, aesthetically pleasing, and cost effective method
for sampling and purifying indoor air. The waxy surface of the leaves has

the potential to provide a good surface for the passive capture of VOCs.
However, the efficiency of capture has not been well characterized and plants
themselves give off VOCs. In addition, damp soils can provide an environ-
ment for the growth of microorganisms that can impact allergic individuals.
By actively drawing air through the root-zone while providing sufficient
water and nutrients, a simple bioreactor can be created that can potentially
remove VOC:s in indoor air through sorption and/or aerobic biodegrada-
tion while significantly reducing the potential for allergen production. A
flow-through glass and stainless plant growth chamber was constructed to
evaluate VOC removal. Potted plants, non-planted controls or plant tissues
were placed inside the chamber while one or more representative VOCs
found in indoor environments were introduced at environmentally relevant
concentrations. Mass balance calculations were performed by comparing
the measured concentration of chemical introduced into the chamber to
that existing the chamber. In addition, the ability of plants to act as passive
samplers was evaluated and compared to conventional passive and active
sampling methods.
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77 The Measured Relationship Between Aggregate Material Emission
Rates and Building Ventilation Characteristics for Indoor Pollutants R.
Maddalena, Lawrence Berkeley National Laboratory, Department of Indoor
Environment; E Micallef, Lawrence Berkeley National Laboratory and Uni-
versity of Malta, Department of Physics; N. Aquilina, University of Malta,
Department of Physics; T. McKone, University of California, Berkeley,
University of California and Lawrence Berkeley National Laboratory. Con-
cerns about the potential build up of volatile organic compounds (VOCs)
in indoor air first increased as energy conservation methods minimized the
introduction of outdoor air. VOCs including many with documented short-
and long-term adverse health effects, are emitted by a wide array of products
including: paints, paint strippers, fuels, cleaning supplies, pesticides, build-
ing materials, office equipment, and adhesives. These products can release
VOC:s during use and to lesser extent, when they are stored. Indoor air
concentrations of VOCs vary widely, depending on construction materi-

als and specific consumer products within the building but concentrations
of most VOC:s are consistently higher indoors than outdoors. The use of
ornamental plants has been suggested as a simple, unobtrusive, aesthetically
pleasing, and cost effective method for sampling and purifying indoor air.
The waxy surface of the leaves has the potential to provide a good surface
for the passive capture of VOCs. However, the efficiency of capture has not
been well characterized and plants themselves give off VOCs. In addition,
damp soils can provide an environment for the growth of microorganisms
that can impact allergic individuals. By actively drawing air through the
root-zone while providing sufficient water and nutrients, a simple bioreac-
tor can be created that can potentially remove VOC:s in indoor air through
sorption and/or aerobic biodegradation while significantly reducing the
potential for allergen production. A flow-through glass and stainless plant
growth chamber was constructed to evaluate VOC removal. Potted plants,
non-planted controls or plant tissues were placed inside the chamber while
one or more representative VOCs found in indoor environments were intro-
duced at environmentally relevant concentrations. Mass balance calculations
were performed by comparing the measured concentration of chemical
introduced into the chamber to that existing the chamber. In addition, the
ability of plants to act as passive samplers was evaluated and compared to
conventional passive and active sampling methods.

77.5 Anniston PCB Site: Implications of Field and Laboratory Bioac-
cumulation Results to an Ecological Risk Assessment B. Anthony,
ARCADIS, Blasland Bouck and Lee; J. Meyer, ARCADIS US, Inc.; D.
Ludwig, H. Douglas, M. Shivell, A. Fowler, ARCADIS. Choccolocco Creek
and the associated floodplain are part of the Anniston PCB Site (the Site)
located in portions of Calhoun and Talladega counties, near Anniston, Ala-
bama. The creek and floodplain are part of Operable Unit 4 (OU-4) for the
Site and include over 5,000 acres that line a 35-mile long portion of Choc-
colocco Creek. PCB concentrations were measured in benthic invertebrate
tissue and co-located sediment from nine locations within Choccolocco
Creek and three reference locations. Additionally, bioaccumulation of PCBs
from 12 Site sediments, two reference sediments, and a laboratory control
sediment was investigated in the laboratory through 28-day exposures of a
freshwater oligochaete worm (Lumbriculus variegatus) to whole sediment.
The laboratory bioaccumulation tests were performed in two phases by the
US Army Corps of Engineers, in basic accordance with American Society for
Testing and Materials (ASTM) and US Environmental Protection Agency
(USEPA) guidance using sediment collected from various locations in the
creek. Relationships between PCB concentration in sediment and tissue
were evaluated in both the field-derived biota and sediment data and in the
laboratory bioaccumulation studies. The results of the field measurements in
benthic invertebrate tissues and laboratory studies will be used to estimate
benthic invertebrate tissue concentrations in the ecological risk assessment
foodweb models for OU-4. The predicted tissue concentrations from both
approaches and the associated uncertainties will be discussed.

78 Anniston PCB Site: Implications of Sediment Toxicity-Testing
Results to an Ecological Risk Assessment ]. Meyer, ARCADIS US, Inc.;
B. Anthony, ARCADIS, Blasland Bouck and Lee; D. Ludwig, H. Douglas,
A. Fowler, ARCADIS. Choccolocco Creek and its floodplain are part of the
Anniston PCB Site (the Site) located in portions of Calhoun and Talladega
counties, near Anniston, Alabama. The creck and floodplain are part of
Operable Unit 4 (OU-4) for the Site and includes over 5,000 acres that line
a 35-mile long portion of Choccolocco Creek. Chronic toxicity tests were
conducted on 26 sediment samples (20 from the Site and 6 from a reference
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area), together spanning a wide range of combinations of total PCBs and to-
tal organic carbon concentrations and a single laboratory control sediment.
Test organisms were a freshwater amphipod (Hyalella azteca; 42-d tests)

and a freshwater midge (Chironomus dilutus; life-cycle tests). The tests were
performed by the US Geological Survey and the US Army Corps of Engi-
neers, in basic accordance with American Society for Testing and Materials
(ASTM) and US Environmental Protective Agency (USEPA) guidance. The
sediments were selected to develop a concentration response relationship
based on organic carbon normalized PCB concentrations. Threshold-effects
concentrations of PCBs were calculated from the concentration-response
relationships for survival, growth, and reproduction endpoints, and were
compared to threshold effects concentrations (TECs) and probable effect
concentrations (PECs) in published "consensus-based" sediment quality
guidelines for freshwater systems. Concentrations of other chemicals were
also evaluated to help explain observed sediment toxicity. From those results,
the most sensitive of the traditional endpoints will be identified and used

to evaluate ecological risk associated with OU-4 sediments. Uncertainties
associated with using Site-specific sediment toxicity testing results versus

published TECs and PECs will also be discussed.

79 Overview of the Anniston PCB Site: History and Remedial Investi-
gation P Scully, USEPA, Region 4 Superfund; E.g., Macolly, Solutia Inc.,
Remedial Projects; M. Greenberg, USEPA, Environmental Response Team;
A. Fowler, ARCADIS; S. Thoms, USEPA, Region 4 Superfund. The An-
niston PCB site (the Site) is located in northeast Alabama. Polychlorinated
biphenyls (PCBs) were produced at the Solutia Anniston Facility from 1929
until 1971. The environmental management of the Site is being addressed
through a CERCLA Remedial Investigation/Feasibility Study process for
three operable units (OUs) that extend over approximately 40 stream miles
and 6,000 acres of floodplain. Soil, ground water, and air sampling were
conducted to assess risks to human health at the Facility (OU-3). Soil,
ground water, sediment, surface water, air and biota data are being used to
assess risks to human health and ecological receptors in the residential and
non-residential (largely commercial) portions (combined OU-1/0U-2)
and less developed, downstream areas (OU-4) of the Site. The floodplain
of OU-4 is predominantly comprised of agricultural and forested lands and
includes approximately 5,000 acres that surround 35 miles of creek. The
range of pathways and the large study area introduce unique challenges
within both the human health and ecological risk assessments. The remedial
investigation for OU-4 has used a characterization area/exposure unit (CA/
EU) approach to streamline the floodplain soil characterization and risk
assessment processes. Sediment toxicity and bioaccumulation testing for
sediments have been performed to assist in risk management decisions for
the Site. This presentation will cover these challenges and will summarize
and discuss highlights of the remedial investigation.

80 Results of a One-Year Fish Consumption Survey in Alabama ].
Schell, Exponent; E. Ebert, Integral Consulting; J. Loper, The Loper Group;
N. Wilson, M. Wacksman, A. Fowler, ARCADIS. To support a human
health risk assessment for Operable Unit 4 (OU-4) of the Anniston PCB
Site, a one-year intercept survey along Choccolocco and Snow Creeks was
conducted. The survey collected site-specific information about the extent
of usage of the creeks for fishing, locations fished, species and sizes of fish
harvested for consumption, methods used to prepare and cook them, rates
at which they were consumed, and demographic characteristics of the

user population. The survey used interview and “weighting” approaches
demonstrated to be effective at other locales. The survey was conducted

on 101 survey days, representing 27% of available days during the one-
year period. The sampling days were selected based on a stratified random
sample method that accounted for season, time of week, location and time
of day. In total, only 72 anglers were observed during the one-year survey
period and 52 of those individuals completed interviews. After correcting
for avidity bias, it was estimated that a total population of 173 anglers fish
the OU-4 portions of the creek each year. The interviewed anglers fished an
average of four months during the year and took an average of two fishing
trips during a typical four-week period. Estimated trips per year ranged from
1 to 54 with an average rate of seven trips per year. Based on the interviews
conducted, anglers were successful at harvesting fish for consumption on
15% of the fishing trips taken and only three of the 52 anglers interviewed
at the end of their trip had harvested fish for consumption. Consumption
rates, which were estimated for each angler who had harvested fish, were
based on the mass of fish harvested by trip end, an edible portion of 30%,
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the reported frequency of fishing trips, the average success rate, and the
number of persons to share in consumption. Currently, a fish consumption
advisory is in effect for the creek. The estimated annualized average fish con-
sumption rates estimated from this study ranged from 0.14 g/day to0 7.9 g/
day with a mean rate of 2.9 g/day. These estimated consumption rates were
consistent with those reported for a similar small water body in Alabama
that had no advisory at the time of the survey, indicating that suppression of
resource utilization is not occurring.

81 Anniston PCB Site: Human Health Risk Assessment Status T.
Woods, E. Sevold, J. Walsh, Avatar Environmental, LLC; K. Koporec, P.
Scully, USEPA Region 4. The human health risk assessment for the operable
unit 4 (OU-4) area of the Anniston PCB Site in Anniston, AL, is being con-
ducted. OU-4, the largest of the OUs associated with the Site, encompasses
the length of Choccolocco Creek and its floodplain from the confluence
with Snow Creek, including the backwater area and upstream on Snow
Creek to Highway 78, to Lake Logan Martin. PCBs are the primary Site
contaminant. Over the years, the Choccolocco Creek and its floodplain have
become contaminated as a result of the operations that have occurred at the
Solutia, Inc. plant upstream in Anniston, where PCBs were produced from
1929 through 1971. Environmental investigations have been performed at
the plant and its’ surroundings for the past 30 years. The affected media in
OU4 include floodplain soil, creek sediment, fish, and possibly agricultural
products grown or raised in the floodplain. The objective of the HHRA is

to estimate the health risks as a result of actual or hypothetical contact with
the affected media. Likely routes of exposure include incidental soil inges-
tion, dermal contact with soil and contaminant absorption, ingestion of fish
caught from the Choccolocco Creek, and ingestion of agricultural products.
The analytical data used in the HHRA were collected in 2007 and 2009

for the purpose of the HHRA and reflect the best estimation of current
contaminant concentrations. Based on the current contaminant levels and
assumptions on the types of activities that could result in exposure, ingestion
of fish caught in the Choccolocco Creek appears to be the exposure pathway
that would result in the highest levels of health risk. Even though there has
been a ‘do not consume’ advisory in place for fish in this stream for many
years, EPA requires that sitt HHRAs be conducted without consideration
of induced restrictions on human exposures. The contamination levels in
the floodplain do not appear to result in elevated risk levels assuming a
recreational exposure scenario. Potential consumption of fruits, vegetables,
and/or livestock grown/raised in floodplain soils could be a health risk
concern pending the implementation of the proposed conservation corridor.
The HHRA will be re-visited once the status of the conservation corridor is
clearly understood.

82 Anniston PCB Site: Problem Formulation for the Baseline Ecologi-
cal Risk Assessment along Choccolocco Creek M.S. Greenberg, USEPA,
Environmental Response Team; S.R. Thoms, USEPA, Region 4, Superfund
Division, Waste Division, Office of Technical Serv, Superfund Support
Branch; D. MacDonald, MacDonald Environmental Sciences Ltd.; D.
Charters, USEPA, Environmental Response Team; C.G. Ingersoll, USGS,
Columbia Environmental Research Center; PL. Scully, USEPA; W. Lorentz,
USACE; M. Huston, USFWS; A. Fowler, D. Ludwig, ARCADIS. The An-
niston PCB site is located in northeast Alabama and the CERCLA Remedial
Investigation/Feasibility Study is being conducted in multiple phases across
three operable units (OUs) including the facility (OU-3), residential and
non-residential (predominantly commercial) areas (OU-1/OU-2), and
Choccolocco Creek and its floodplains (OU-4). The screening level ecologi-
cal risk assessments (SLERAs) were completed for OUs-1/2/3 and OU-4

in 2005 and 2006, respectively. Polychlorinated biphenyls (PCBs) were
identified as the primary contaminant of potential concern (COPC) for
ecological receptors. Several metals were identified as being present above
ecological screening thresholds used in the SLERA and other hazardous sub-
stances were also identified as potentially contributing to ecological risk. The
results of the OU-4 SLERA and Phase 1 OU-4 investigations were used to
develop the problem formulation of the baseline ecological risk assessment
(BERA) and an adaptive management process for COPCs in the OU-4
portion of the Site. The baseline problem formulation (BPF) covers the
terrestrial, riparian, and aquatic habitats of OU-4. Key ecological receptors
were identified from these habitats to develop assessment and measurement
endpoints for decision making at the site (including the in-creek portions
of OU-1/0U-2). The assessment endpoints include terrestrial and aquatic
plant communities, terrestrial and benthic invertebrate communities, fish

communities, birds, mammals, amphibians, and reptiles. Measurement
endpoints include environmental sampling, toxicity testing, and exposure
modeling to evaluate effects on survival, growth, and reproduction. This
presentation will summarize the environmental data from completed inves-
tigations on OU-1/OU-2 and OU-3, Phase 1 OU-4 sampling, the results of
the SLERAs, and how this information was collectively used to develop the
BPF for Choccolocco Creek. A status update for the nearly completed Phase
2 investigations will also be provided.

83 Childhood Exposure to PCBs from Dietary Supplements Con-
taining Fish Oils ]. Ashley, Philadelphia Univ, Institute for Textile and
Apparel Product Safety; J. Ward, ICQ — USA; C. Anderson, Philadelphia
Univ, School of Science and Health; M. Schafer, L. Zaoudeh, D. Velinsky,
Academy of Natural Sciences. Children’s dietary supplements containing
fish oils have become a popular means of increasing children’s intake of poly-
unsaturated fatty acids (PUFAs). However, there is growing concern that the
levels and potential health effects of lipophilic organic contaminants such as
polychlorinated biphenyls (PCBs) may diminish some of the health benefits
associated with daily consumption of fish oil supplements. In this study,
thirteen over-the-counter children’s fish oil supplements were analyzed for
PCBs and daily exposures were calculated. Concentrations of t-PCBs ranged
from 0.4 to 20.0 ng/g wet wgt and were low compared to our recent study
of adult fish oil supplements (3.1 to 264 ng/g wet wgt). Based on manufac-
turers’ recommended dosages, a child’s daily intake of PCBs would range
from 2.8 to 50.3 ng/day. Daily consumption of fish oil supplements expose
children to PCBs, albeit at low levels. In comparison to ingestion of fresh or
frozen fish to gain equivalent amounts of PUFAs contained in supplements,
children’s fish oil dietary products may decrease daily PCB exposure.

84 Choccolocco Creek Conservation Corridor — Watershed Protection
Through Proactive and Permanent Institutional Controls E.G. Macolly,
Solutia Inc., Remedial Projects; J. Loper, The Loper Group; M. Shivell,

A. Fowler, ARCADIS. Choccolocco Creek and its floodplain are part of
Operable Unit 4 (OU-4) of the Anniston PCB Site located in Calhoun and
Talladega counties in Alabama. The floodplain includes over 5,000 acres
adjacent to 35 miles of Choccolocco Creek. This presentation describes the
development and implementation of a Conservation Corridor including
planning and design activities, challenges associated with implementation,
current status and the benefits of a watershed-based protection project in the
long-term remedial resolution of a complex floodplain site. The Conser-
vation Corridor was designed using a GIS database including tax parcel
information and years of investigation data. The GIS was used to evaluate
the extent of the Corridor, identify land parcels essential to the success of the
program, and prioritize the parcels to maximize watershed protection in the
shortest timeframe. Tax parcels were ranked based on distance downstream
from the Anniston/Oxford area, Creek frontage and acreage within the
Corridor footprint. The resulting Conservation Corridor is implementa-
ble, protective of the undeveloped nature of the Creek and floodplain,
protective of the existing land uses and landowner rights in perpetuity. The
Conservation Corridor is being implemented in a phased approach through
a non-profit land trust that manages over 150,000 acres of conservation
land in Georgia and Alabama. The initial phase focuses on a 10 mile section
of the floodplain downstream of the urbanized portions of Anniston and
Oxford. Much of this first phase (842 of ~1,500 planned acres) is under
easement or ownership by the land trust. The land trust hopes to extend the
Corridor downstream to the Coosa River and upstream into the Talladega
National Forest. While the Conservation Corridor is a standalone project
implemented to protect the Creek and its riparian floodplain, there are
many additional benefits. These include increased educational and recrea-
tional opportunities and a role in the selection of a remedial solution. The
Corridor also acts as a focal point for local land owners and other stakehold-
ers to drive a range of watershed improvement projects. By limiting future
development adjacent to the Creek and keeping farm animals from entering
the Creek, the Corridor is a direct mechanism for improving habitat and
water quality. The Conservation Corridor is also a long-term land-use
institutional control that will be an integral part of the selected remedy for

OU-4.

85 Assessing the Bioavailability of Parent and Alkylated-PAHs Us-
ing Passive Samplers in Petroleum Oil-Impacted Sediment Treated by
Activated Carbon Y. Choi, Y. Cho, R.G. Luthy, Stanford Univ, Dept

of Civil and Environmental Engineering. Alkylated-polycyclic aromatic
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hydrocarbons (PAHs) are known to constitute about 90% of total PAHs in
petroleum oil. Yet they are seldom studied in petroleum oil-impacted sites
because of the difficulty in characterizing the large number of compounds
that fall in this category. In this study, we have developed a rigorous analyti-
cal technique to characterize 20 different groups of alkylated-PAHs, ranging
from Cl1- to C4-PAHs, as well as 18 individual parent-PAHs, using gas
chromatography-mass spectrometry (GC-MS) in a selective ion monitoring
(SIM) mode. Polyethylene (PE) passive samplers were employed to enhance
the measurability of aqueous concentrations, which is indicative of the bio-
available fraction of the compounds. The analytical procedure we developed
has been used to study the reduction in aqueous concentrations of PAHs

by activated carbon amendment in a petroleum oil-impacted sediment. The
sediment sample had a concentration of 11.6 mg/kg as parent-PAHs and
114 mg/kg as alkylated-PAHs. The amendment of 5% (sediment dry weight
basis) activated carbon, 75-300 um in grain size, reduced the uptake in PE
samplers by 82% and 74%, respectively, for parent- and alkylated-PAHs
after 8 weeks of thorough mixing. The effect of activated carbon amendment
was greatly enhanced by using a finer activated carbon particles. Using an
activated carbon grain size of < 32 um, the reduction of PE uptake increased
up to 98.9% for both parent- and alkylated-PAHs. Additional experiments
are underway to study the activated carbon performance in long-term tests
and to measure the PE-water partitioning coefficients of PAHs that will be
used to correlate the PE uptake with aqueous concentrations.

86 Reducing Bioavailability at the Sediment Water Interface by Active
and Passive Thin Capping — Field Testing in Norway E. Eck, Norwegian
Geotechnical Institute, Environmental Technology; A. Oen, Norwegian
Geotechnical Institute, Dept Environmental Engineering; G.D. Breedveld,
Norwegian Geotechnical Institute, Univ of Oslo, Institute for Geosciences;
M. Schaanning, Norwegian Institute for Water Research; G. Cornelissen,
Norwegian Geotechnical Institute. In order to study the effectiveness of
thin layer capping with active and passive materials in reducing the bio-
availability persistent organic pollutants (POP) at the sediment surface,

six different test plots have been constructed and subsequently monitored
in contaminated Norwegian fjords. As a part of this study both placement
success chemical availability (as sediment to water flux) and benthic fauna
health where monitored. Here we focus on flux of freely dissolved PAHs,
dioxins and TBT from capped and uncapped seabed sediments. Outside the
TBT contaminated Fiskerstrand ship yard on the west coast two test plots
where constructed: 7 cm thick cap of fine grained limestone slurry and 7
cm thick cap of fine grained limestone slurry mixed with activated carbon
(AC). In the dioxin contaminated Grenlandfjords on the south east coast

of Norway four different test plots where constructed; 5 cm thick crushed
limestone cap, 5 cm clean clay cap, 2 cm cap with clean clay mixed with AC
at two different water depths 30 m and 100 m. On each of these plots three
infinite sink benthic flux chambers where deployed to monitor the release of
POPs from the seabed to the overlying water. The infinite sink benthic flux
chambers work by enclosing a volume of water and an area of the seabed
and collects POPs on an infinite sink material (triolin filled Polyethylene
membranes or silicon rubber sheets) inside the chamber. By extracting and
measuring the amount of POPs collected on the infinite sink the flux can be
calculated from the enclosed seabed area and the deployment time (Eek et
al. 2010 ES&T Vol. 44). The measured flux, within a year after capping, was
lower on all capped test plots compared to flux from the test plots before
capping or from adjacent uncapped reference fields, and showed that the
flux was reduced by 75 — 99 % by a passive capping layer of 5 cm or more.
However, at the fields with 2 cm AC containing cap, only a 55 — 63 %
reduction was found. The greater influence of bioturbation in the thinner
capping layers and the slow mass transferee of POPs from sediment particles
to AC particles is a likely explanation to these observations.

87 Bioaccumulation of Highly Hydrophobic Organohalogen Flame
Retardants in Sediment to the Oligochaete, Lumbriculus variegatus

B. Zhang, State Key Laboratory of Organic Geochemistry, Guangzhou
Institute of Geochemistry, Chinese Academy of Sciences; J. You, State Key
Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry,
Chinese Academy Sciences, State Key Laboratory of Organic Geochemis-
try. Recent studies reported that highly hydrophobic organohalogen flame
retardants, such as decabromodiphenyl ether, decabromodiphenyl ethane,
and dechlorane plus, which had log Kow values greater than 9, were ubiqui-
tous in the environment. Due to their hydrophobicity, organohalogen flame
retardants tended to be associated to sediment and high concentrations of
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these contaminants have been widely detected in sediment in the Pear] River
Delta (PRD), South China. However, studies on their bioavailability to ben-
thic organisms were limited. In the current study, bioavailability of the three
target halogenated flame retardants was assessed by exposing the oligochaete,
Lumbriculus variegatus to both spiked and field-contaminated sediments.
The spiked sediment was dosed in two different concentrations of the target
compound while the field sediment was collected from an electronic waste
recycling site in the PRD. Meanwhile, the freely dissolved chemical concen-
trations in sediment porewater were also measured using matrix solid-phase
microextraction. The uptake and depuration curves in the bioaccumulation
tests showed that these highly hydrophobic contaminants were bioavailable
to the worms. On the other hand, the freely dissolved concentrations of the
contaminants in porewater were very low indicating ingestion of sediment
particles may be the major uptake routes for these highly hydrophobic
organohalogen flame retardants.

88 Use of SPME Fiber and Tenax Methods to Predict the Toxicity

of Pyrethroids in Field Sediments A.D. Harwood, Southern Illinois
Univ, Zoology; M. Lydy, Southern Illinois Univ Carbondale, Fisheries

and Illinois Aquaculture Center and Dept of Zoology; D. Weston, Univ

of California, Dept of Integrative Biology. The presence of pyrethroids

in both urban and agricultural sediments at levels lethal to invertebrates
has been well documented. However, variations in bioavailability among
sediments make accurate predictions of toxicity based on whole sediment
concentrations difficult. A proposed solution to this problem is the use

of bioavailability-based estimates such as SPME fibers and Tenax beads.
Previous research has demonstrated that both methods serve as accurate
predictors of bioavailability and mortality. This study compared three meth-
ods to predict bioavailability and ultimately toxicity: field-deployed SPME
fibers, laboratory-exposed SPME fibers, and a 24 hour Tenax extraction.
The objective was to compare the ability of these methods to predict the
toxicity of pyrethroid contaminated field sediment to three benthic species
Hyalella azteca, Chironomus dilutus, and Hexagenia sp. Six sites in central
California with known pyrethroid contamination were chosen. At each site,
six Plexiglas holders containing SPME fibers encased in copper mesh were
deployed and approximately 4 liters of sediment was collected. Standard

10 day toxicity evaluations were conducted on the six sediments for the
three species in concurrent separate exposures. In addition, SPME fibers
were exposed to sediments, a 24 hour Tenax extraction was performed, and
pyrethroid sediment concentrations were determined using standardized
laboratory methods. All SPME fibers were exposed for 42 days to ensure
they had reached equilibrium. All six sediments were toxic to at least one
species. Typically, H. azteca were the most sensitive followed by Hexagenia
and C. dilutus. For both Tenax and SPME extracted concentrations a bio-
available toxic unit was calculated (SPME or Tenax concentration/sediment
LC50). This value was then correlated to mortality for each method, includ-
ing standard toxic units for the bulk sediment concentrations. The study
demonstrates the applicability of bioavailability-based toxicity estimates
versus standard methods.

89 Bringing (Bio)accessibility Extractions to the Next Level — Combin-
ing Mobilisation Medium and Infinite Absorption Sink V. Gouliarmou,
Aarhus Univ, National Environmental Research Institute, Environmental
Chemistry and Microbiology; E. Edelmann, A.P. Loibner, Univ of Natu-
ral Resources and Applied Life Sciences, Agrobiotechnology — IFA Tulln;

C. Collins, Reading Univ, Soil Research Center; P. Mayer, Aarhus Univ,
National Environmental Research Institute. Soil bioaccessibility extraction
techniques are generally simple dissolution experiments, where the fraction
of compounds that is transferred to the medium is measured and considered
to be bioaccessible. However, such techniques can lead to an underestima-
tion of bioaccessibility, since they do not account for the consumption of
contaminants by either degradation or absorption. It is therefore crucial to
develop practical bioaccessibility extraction approaches that combine both
mobilisation and consumption processes. The mobilisation medium can

be chosen to either maximize desorption without attacking the matrix or
even to simulate the relevant organism conditions. A sorbent can act as an
infinite diffusion sink for continuously removing the mobilized contami-
nants from the medium. Initially, we combined cyclodextrin extraction with
a polymer of poly(dimethylsiloxane) and activated carbon which lead to the
contaminant trap method1. This contaminant trap is a practical and simple
approach for the isolation and quantification of the desorption resistant
contaminants in soils, its main limitation being that it is not possible to
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back extract from the polymer. The next step was to find a polymer material
and format that can act as infinite sink and allow simple back extraction.
Silicone rods were chosen, which are already used in silicone rod extraction
and passive sampling. This resulted in a better and more relevant bioacces-
sibility extraction approach and simplified the analytical procedures. The
silicone rods were applied to both cyclodextrin solutions and artificial diges-
tive fluids, using PAHs as model compounds. Passive dosing2 was applied
to determine the free fraction and partitioning of PAHs in cyclodextrin and
digestive fluids, which in turn was used for sink dimensioning. Valida-

tion experiments with spiked cyclodextrin and digestive fluids confirmed

an efficient trapping of PAHs by the silicone rod. References (1)

Mayer, P; Olsen, J. L.; Gouliarmou, V.; Hasinger, M.; Kendler, R.; Loibner,
A. P. Environmental Science & Technology,2011,45(7), 2932-2937. (2)
Birch, H.; Gouliarmou, V.; Lutzhoft, H. C. H.; Mikkelsen, P. S.; Mayer, I
Analytical Chemistry 2010, 82, 1142-1146.

90 Sediment Quality Guidelines in British Columbia, Canada ]. Ar-
blaster, Simon Fraser Univ, Resource and Environmental Management; FA.
Gobas, Simon Fraser Univ, School of Resource and Environmental Man-
agement (Faculty of Environment); M.G. Ikonomou, Institute of Ocean
Sciences. Current methods used to derive Sediment Quality Guidelines
(SQG) in Canada do not account for the biomagnification of chemicals in
marine food chains, resulting in SQGs that are insufficiently protective of
upper trophic level organisms such as marine mammals, birds and humans.
The Biota-Sediment Accumulation Factor (BSAF=C;y/ Cyedimend) quantifies
the relationship between concentrations in organisms and the sediment and
can be applied in risk assessment or to derive SQGs that by accounting for
biomagnification of chemicals are more protective of ecosystems. Here, we
investigate the use of BSAF for guideline development in B.C. using empiri-
cal data and bioaccumulation modeling. PCB data for four sites on the B.C.
coast was used to derive BSAFs, assess how protective of upper trophic level
populations current guidelines are and to derive new SQG. A west coast bio-
accumulation model was developed for additional species and human health
risk assessment. Empirical BSAF values are highest for Dungeness Crabs and
Harbor Seals, but are highly variable both within and between sites. Species
with similar trophic position show similar BSAF values indicating that spe-
cies-specific traits do not play a significant role in BSAFs. The model shows
good agreement with empirical data in Vancouver and the Strait of Georgia,
but less so in Victoria and the Central Coast where BSAFs are lower. Apply-
ing empirical and model derived BSAF values for risk assessment shows that
current guidelines fail to protect the majority of Orca whale, Stellar sea lion
and harbor seal populations based on toxicological reference values. Current
guidelines also do not ensure fish and shellfish populations are below Tissue
Residue Guidelines for human consumption. SQGs back-calculated from
relevant endpoints for human health, marine mammal population health
and to meet Chinook salmon tissue residue guidelines ranged from 0.002
pg/kg dw to 2.7 pglkg dw — substantially lower than the current B.C. SQG
of 20 pg/kg dw.

91 Improving Predictability of Sediment-Porewater Partitioning Models
using Trends Observed with PCB-Contaminated Field Sediments S.B.
Hawthorne, Univ of North Dakota, Energy and Environmental Research
Ctr; D.J. Miller, C.G. Grabanski, Univ of North Dakota, Energy and Envi-
ronmental Research Center; H.H. Arp, Norweigen Geotechnical Institute,
Environmental Engineering. More than 1900 sediment-water partitioning
coefficients were measured for 58 polychlorinated biphenyl (PCB) congeners
in 53 historically-contaminated sediments collected from 10 urban and
rural waterways in the United States and Canada. Freely-dissolved porewater
concentrations were determined using passive sampling with polyoxymeth-
ylene. Measured total organic carbon (TOC)/water partitioning coefficients,
KTOC, ranged from one to nearly three orders-of-magnitude higher than
typical literature values based on spiking experiments and model predic-
tions. Although total PCB concentrations ranged from 0.08 to 194 mg/kg,
the more highly-contaminated sediments showed only slightly lower KTOC
values than less-contaminated sediments. No correlation was observed
between log KTOC values and sediment TOC, black carbon (BC), or BC/
TOC fractions (+° typically < 0.1). Utilizing a two-carbon model incorpo-
rating anthropogenic BC did not improve predictions over a one-carbon
TOC model. A comparison of models recently validated for historically
contaminated sediments showed that a coal-tar poly-parameter linear-free
energy relationship (PP-LFER) and the Raoult’s Law model were successful
at predicting average log KTOC values, without the need for any calibration

or fitting (within a factor of 10 more than 90 % of the time, and within a
factor of 30 more than 99 % of the time). Predictions were further improved
by the introduction of a Weathering Factor (WF) that accounts for the
relative depletion of lower molecular weight congeners due to weathering
processes (e.g., desorption, degradation). Highly weathered sediments (with
a WF near 1) tended to follow the coal-tar PP-LFER and Raoult’s Law
model the closest. Fresher sediments (with WF

92 Modeling trade-offs between pollutant sorption and biodegrada-
tion in biochar-amended soils D. Werner, Newcastle Univ, Civil Eng.

and Geosciences; K.M. Bushnaf, Newcastle Univ; S. Puricelli, S. Saponaro,
Politecnico di Milano. Biochar addition to soil is being investigated as a
novel technology to remediate polluted sites. A critical consideration is

the impact of biochar on the intrinsic microbial pollutant degradation,

in particular at sites polluted with a mixture of readily biodegradable and
more persistent organic pollutants. Pollutants bound in the micropores of
carbonaceous sorbents such as biochar or activated carbon become less acces-
sible for bio-uptake by soil organisms, bacteria or plants, and the addition of
activated carbons or biochars thereby reduces the transfer of these pollutants
from soil into the terrestrial food-chain. This occlusion may, however, also
reduce the pollutant’s availability for microbial break-down and increase
persistence. On the other hand, biochar addition to degraded soil has been
shown to improve the soil structure and fertility and microbial cell numbers.
Because of these antagonistic effects, the effect of biochar on the microbial
degradation of soil pollutants cannot be readily anticipated. We therefore
studied the impact of biochar (2% on dry weight basis) on the volatile
petroleum hydrocarbon intrinsic biodegradation in an aerobic sandy soil
with batch and column studies. The soil-water partitioning was enhanced in
the biochar-amended soil and petroleum hydrocarbon vapour migration was
retarded accordingly. The Kd value of toluene increased 36 times, because
of the ability of this compound to interact via n-7 electron forces with the
aromatic surface of the biochar. Additional methyl-groups on the aromatic
ring appear to interfere with these interatomic interactions, since m-xylene
and 1,2,4-TMB did not show a comparable enhancement in their Kd value
in the biochar-amended soil. We employed a numerical pollutant fate model
to interpret measured VOC concentration profiles in soil with and without
biochar amendments at various distances from a NAPL source. The column
study indicated similar total petroleum hydrocarbon degradation in soil with
and without biochar, greater volatilisation of all petroleum hydrocarbons
from soil without biochar and greater biodegradation of linear, branched
and cyclic alkanes in soil with biochar. We conclude that the total petro-
leum hydrocarbon degradation rate was controlled by a factor other than
substrate availability in the soil we investigated, and the reduced availability
of monoaromatic hydrocarbons in biochar amended soil led to greater bio-
degradation of the other petroleum compounds.

93 Relationship Between the BCF, BAF and the TMF EA. Gobas, Simon
Fraser Univ, School of Resource and Environmental Management (Faculty
of Environment); A.R. Brisebois, Simon Fraser Univ, Resource and Environ-
mental Management; H.A. Leslie, Institute for Environmental Studies, VU
Univ; P Leonards, Institute for Environmental Studies, VU Univ, Chem-
istry and Biology, VU Uniy, Institute for Environmental Studies. There is

a reasonable degree of consensus among bioaccumulation scientists on the
use of Trophic Magnification Factors (TMF) as “conclusive” evidence of the
bioaccumulative nature of chemicals in the environment. However, regula-
tory criteria for the determination of whether a substance is bioaccumulative
mostly rely on the use of the Bioconcentration Factors (BCF), measured in
laboratory tests. In this paper, we present the results from laboratory, field
and modeling studies aimed at testing the hypothesis whether the BCF is

a good predictor of the TME Our studies involved (i) the compilation of
BCFs for a range of potentially bioaccumulative substances through litera-
ture studies; (ii) a field study of the food-web bioaccumulation of the same
substances in Western Scheldt Estuarine food-web aimed at determining

the TMF in food-webs containing both water and air-breathing organisms;
(iii) a modeling study aimed at formulating and exploring the relationship
between the BCF and the TME We conclude that the BCF can be a useful
predictor of the TMF for a range of chemicals with specific chemicals char-
acteristics and under specific ecological conditions. We also conclude that
there are two major types of “exceptions” where the BCF does not provide
accurate information about the bioaccumulative nature of chemicals in the
environment. The first exception deals with substances that show a relatively
low BCF but have a high TME The second exception is for chemicals that
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exhibit a high BCF in laboratory tests, but which do not show biomagnifica-
tion in food-webs and have a low TME Supported by model calculations,
we propose a set of simple rules that may be useful in the interpretation of
laboratory based bioconcentration factors in terms of their bioaccumulative
nature in the environment. These rules may be helpful to regulators involved
in bioaccumulation assessments and to scientists that apply bioconcen-
tration studies to study the bioaccumulative nature of chemicals in the
environment.

95 In Situ Mercury Uptake by Aquatic Invertebrates in the South
River, Virginia ].R. Flanders, W.J. Reese, G. Murphy, URS Corporation;
R.G. Stahl, DuPont Company, Corporate Remediation Dept, Principal
Consultant. The relative importance of mercury uptake through aque-

ous and dietary pathways is critical to understanding the movement and
biomagnification of mercury from physical media and primary producers to
aquatic consumers. Aqueous and dietary uptake of inorganic mercury (IHg)
and methylmercury (MeHg) by aquatic invertebrates were assessed along

a gradient of mercury concentrations in physical media (surface water and
sediment) in the South River, Virginia. The study design included a seven-
day uptake period for mayfly nymphs (i.e., Maccaffertium sp.) and crayfish
(i.e., Orconectes sp.) transplanted from a reference river and deployed in
microcosm chambers containing cobble, pebble, and gravel substrates. The
dietary treatment contained substrates colonized with native epiphytic com-
munities to provide food resources for study organisms, while the aqueous
treatment contained uncolonized substrates. The microcosm chambers were
designed to facilitate surface water and pore water exchange. Co-located
measurements of IHg and MeHg in physical media and primary producers
were collected on day-0 and day-7 of the study period. In addition, resident
mayfly nymphs and crayfish were collected on day-0. The experiment was
performed in spring and summer to determine seasonal effects on uptake.
Preliminary results indicate that uptake of both IHg and MeHg by mayfly
nymphs were significantly greater than by crayfish for both seasons, treat-
ments, and study sites. Furthermore, uptake of IHg and MeHg by mayfly
nympbhs did not differ consistently among seasons or uptake pathways.
However there were significant differences between study sites.

96 TVA Kingston Ash Spill: A Preliminary Weight-of-Evidence for
Aerial Insectivores Exposed to Selenium and Other Metals S. Young, T.
Schlekat, D. Jones, A.R. Stojak, ARCADIS; T.H. Henry, Tennessee Valley
Authority; N.E. Carriker, TVA Kingston Ash Recovery Project, Kingston
Fly Ash Recovery Project. The December 2008 Kingston ash spill spawned
predictions of dire effects on the aquatic ecology in the region as a result
of bioaccumulation of ash-related constituents. Tennessee Valley Authority
(T'VA) proactively developed a comprehensive and integrated research pro-
gram to evaluate the potential for adverse environmental effects of the spill.
One aspect of that work focused on accumulation and effects of ash-related
constituents on aerial-feeding insectivores consuming emergent aquatic
insects from the Kingston river system. This consisted of assessing potential
risks to aerial-feeding insectivorous birds and mammals, as represented by
the tree swallow (Zachycineta bicolor) and gray bat (Myotis grisescens). This
talk focuses on the assessment for tree swallows, which have been shown to
be a useful indicator of bioaccumulative constituent exposures. Tree swal-
lows feed on emergent aquatic insects whose larval forms may accumulate
constituents from submerged sediments. Thus, tree swallows may exhibit
adverse effects of constituents transferred from the sediment to terrestrial
systems. Three types of data are available for tree swallows: dietary expo-
sure models, measured body burdens, and population survey results. The
food web model used a combination of standard and site-specific factors

to estimate conservative and realistic dietary exposures. Notable is the use
of measured metal concentrations in adult mayflies (Hexagenia bilineata).
Body burden samples and field survey data were obtained from nest boxes
in the vicinity of the spill and at reference reservoirs. Several tree swallow
colonies were established in 2009 and 2010 and evaluated for exposure and
reproductive productivity. Nests were monitored regularly and accessed
multiple times to obtain egg and nestling samples. Metal and metalloid
concentrations were evaluated relative to spill proximity and sediment data
as measures of exposure to ash-related constituents. Selenium tissue con-
centrations were compared with literature data to estimate potential effects.
Parameters such as clutch size and hatchling success are direct measures

of potential population-level effects. The preliminary weight-of-evidence
suggests that although exposure to some ash-related constituents is elevated
in the river system, potential adverse effects are not clearly evident. This
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presentation highlights key findings and discusses the relative strengths and
weaknesses of the various lines of evidence.

97 Bioaccumulation of PCBs and PBDEs in Marine Zooplankton
from the Strait of Georgia, British Columbia, Canada H. Frouin, N.
Dangerfield, Fisheries and Oceans Canada, Institute of Ocean Sciences;

R. MacDonald, Fisheries and Oceans Canada, Institute of Ocean Sci-
ences; P Shaw, Environment Canada, Science Division; P. Ross, Fisheries
and Oceans Canada, Institute of Ocean Sciences. The accumulation of
polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers
(PBDEs) in plankton plays a significant role in the transport and fate of
these compounds in aquatic food webs. We collected water samples at three
stations in the Strait of Georgia to measure concentrations of 204 PCB
and 61 PBDE congeners. Samples were collected at both near surface and
near bottom in each of four seasons over a one year period. In an effort to
capture movement in and out of the system, a minimum of one tidal cycle
was sampled with InfiltrexTM in situ samplers. Zooplankton samples were
collected vertically from the water column using a SCOR plankton net
with 255 um cod end. PCBs and PBDE:s in water samples were analyzed
in two fractions, representing dissolved (XAD) and particle-bound (0.7
pm; GF/F). The spring phytoplankton bloom may explain higher plankton
PCB and PBDE concentrations in the June samples. The PCB/PBDE ratios
were higher in dissolved phase than in particle-bound phase, this partition-
ing being partly related to chemical properties of the PCBs and PBDE:s.
This was particularly evident for the “heavier” BDE-209, which partitioned
preferentially onto particles. The PCB pattern was dominated by tri- and
tetra-PCB compounds in both dissolved and particle-bound fractions and
by penta- and hexa-PCB compounds in zooplankton. BDE-47, -99, -100
and -209 dominated in environmental matrices and zooplankton. Principal
components analysis (PCA) further revealed a congener-related pattern
difference between zooplankton, dissolved and particle-bound fractions,
highlighting the importance of particles in driving fate of organic con-
taminants in both environmental and biological matrices. The logBAFLWs
(Bioaccumulation factor on a lipid weight basis) for PCBs and PBDEs
versus octanol-water partition coefficient (logKow) relationship was near 1:1
for POPs within the log Kow range of 5 to 7. A curvilinear model provided
a better relationship between these two variables when POP compounds
with log Kow > 7 were included, suggesting that POPs ~ log Kow 5 to 7 in
zooplankton are at equilibrium with water and that physical partitioning,
rather than biotransformation, is the major factor governing POP profiles
in marine zooplankton. Given increasing PBDE concentrations over recent
decades, and the persistence of PCBs in the environment, this uptake by
zooplankton represents an important prelude to further food web-based
biomagnification.

98 Spider Mediated Trophic Transfer of PCBs from Aquatic to Ter-
restrial Food Webs D. Delach, Clemson Univ, Environmental Toxicology;
C.M. Lee, Clemson Univ, Environmental Engineering and Earth Sciences
Dept; D. Walters, USGS, Fort Collins Science Center, Ecologist. Trophic
transfer within the Lake Hartwell, Twelve Mile Creek watershed has been
documented from the sediment to biofilms to fish, resulting in concentra-
tions above 2ppm, which is the limit established by the FDA for sale of
commercial seafood in the US. There is also transfer from the aquatic to the
terrestrial components of the ecosystem. Emergent insects that develop in
the sediment function as biovectors of contamination when they are cap-
tured by riparian spiders. This directs the PCB contamination to predators
such as lizards, amphibians and birds. Risk of potentially harmful PCB levels
to such predators increases as the spiders constitute higher percentages of the
diet and as PCB concentrations increase. Sampling from a variety of spider
families has indicated that the enantiomeric fraction of chiral congeners

as measured by GC-ECD differs for families and over the contamination
gradient. Sediment concentrations of 15ng/g have been measured, resulting
in a bioaccumulated concentration of up to 2400ng/g in spiders with en-
antiomeric fractions (EFs) that differ from their prey sources. For example,
Chironomus dilutus have racemic EFs (0.50) for PCB congeners 91 and 95,
whereas Tetragnathidae spiders have significantly nonracemic EFs at 0.28 for
PCB 91 and 0.25 for PCB 95. Spiders have yet to be included in trophic
transfer studies despite their important role mediating the transfer from
aquatic to terrestrial food webs. With a global distribution, terrestrial and
aquatic insect prey sources, and unique trophic placement, their potential
use in toxicological studies can create opportunities to assess spatial and
temporal differences in biotransformation.
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99 Trophic Transfer of Decamethylcyclopentasiloxane (D5) in Aquatic
Food Webs in Comparison to Polychlorinated Biphenyl Materials
(PCB-153 and PCB-180) D.E. Powell, Dow Corning Corporation,
Health & Environmental Sciences, Dow Corning Corporation, Health

& Environmental Sciences (C03101); R.M. Seston, J.A. Durham, K.B.
Woodburn, Dow Corning Corporation, Health & Environmental Sciences.
The potential of a chemical substance to accumulate in aquatic organisms
and to increase in concentration with increasing trophic level are criteria
used to classify substances as being persistent, bioaccumulative, and toxic
(PBT). Bioaccumulation is the accumulation of a substance in the tissues

a living organism through any route. Biomagnification is the increase in
concentration of a substance in living organisms that are separated by a
single trophic level step on a food chain. Trophic magnification, which
describes the increase in concentration of a substance in living organisms
that occupy successively higher trophic levels within a food web, is used to
assess bioaccumulation and biomagnification of chemicals in the environ-
ment. Sediments and aquatic organisms were analyzed to evaluate trophic
magnification of decamethylcyclopentasiloxane (D5; CAS No. 541-02-6) in
the freshwater food web of Lake Pepin (Minnesota, USA) and in the marine
food web of Oslofjord (Norway). Isotopic signatures for the stable isotope
of nitrogen (1’N) and carbon (1*C) were used to identify trophic level posi-
tions occupied by the organisms and to evaluate the flow of carbon in the
food webs. Additional samples from Lake Pepin were also analyzed for the
polychlorinated biphenyl materials 2,2°,4,4°,5,5 -hexachloro-1,1’-biphenyl
(PCB-153; CAS No. 35065-27-1) and 2,2’,3,4,4’,5,5-heptachloro-1,1’-bi-
phenyl (PCB-180; CAS No. 35065-29-3), which are "legacy” chemicals that
are both known to bioaccumulate in aquatic organisms and biomagnify in
aquatic food webs. Concentrations of D5 in Lake Pepin and Oslofjord were
greatest in the lowest trophic levels and significantly decreased up the food
web, with the lowest concentrations being observed in the highest trophic
levels. In contrast, concentrations of PCB-153 and PCB-180 in Lake Pepin
were lowest in the lowest trophic levels and highest in the highest trophic
levels. These results indicated that trophic dilution of D5, not biomag-
nification, was occurring across the aquatic food webs. The high level of
agreement for results between Lake Pepin and Oslofjord demonstrated that
trophic dilution of D5 was not related to differences in the environment
(freshwater vs marine) or to exposure.

100 Trophodynamics of Polychlorinated Biphenyls and Polybromi-
nated Diphenyl Ethers in Coastal Waters Food Web from Surabaya City,
Indonesia M. Ilyas, Ehime Univ, Center for Marine Environmental Studies
(CMES), Environmental Chemistry; A. Sudaryanto, L.E. Setiawan, Agency
for the Assessment & Application of Technology, Technology Center for
Marine Survey; A.S. Riady, Ehime Univ, Center for Marine Environmen-

tal Studies (CMES), Environmental Chemistry; C.K. Hyeon, Kyung Hee
Univ, Environmental Science and Engineering; T. Isobe, Ehime Univ, Senior
Research Fellow Center; S. Takahashi, Ehime Univ; S. Tanabe, Ehime Uniy,
CMES, Environmental Chemistry. Biomagnification of polychlorinated
biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) was studied
in the coastal waters food web from the highly industrialized city of Sura-
baya, Indonesia. We measured the concentrations of PCBs (62 congeners)
and PBDEs (42 congeners) as well as carbon and nitrogen stable isotope
ratios in wild fish and shellfish (7=33) from Surabaya coastal waters to elu-
cidate the contamination status, trophic positions in food web and trophic
magnification factors (TMFs) of the contaminants. Concentration ranges
and median of PCBs and PBDEs were 84-1600 (410) ng ¢! Iw and ND-43
(5.6) ng g1 lw, respectively. BDE-47 and -209 were the predominant PBDE
congeners in most of the samples. BDE-209 was particularly detected

in benthic species, indicating the bioaccumulation of BDE-209 associ-

ated with sediment. On the other hand, CB-153, -138 and -180 were the
predominant congeners of PCBs in fish tissues. Concentrations of PCBs and
PBDE: in biota were significantly correlated with lipid contents (p < 0.001).
The TMFs of PCBs and PBDEs indicated that most of PCBs and PBDEs
were not biomagnified in the biota of the present study, including total
PCBs, CB-153, -138; total PBDEs, BDE-47, -153 and -209, for which the
TMFs values were 0.95, 0.97, 0.91; 0.69, 0.86, 0.89 and 0.65, respectively.
However, CB-180 and -170 have TMFs > 1 (1.4 and 1.3), suggesting that
these congeners are biomagnified in the coastal water food web of Surabaya.
This study reported for the first time the biomagnification characteristics of
organic contaminants in coastal ecosystem from Surabaya City, Indonesia.

101 A Case Study of Regional Ecological Risk Assessment Based on
Land Use Analysis in Beijing G. Xiurui, Beijing Univ of Technology,
College of Environmental and Energy Engineering; C. Dongsheng, H.
Hongwei, C. Shuiyuan, Beijing Univ of Technology. Ecological Risk Assess-
ment (ERA) has been focused by researchers recently. Regional Ecological
Risk Assessment (RERA) could be an effective way to describe and assess the
adverse effect to ecosystems from environment pollutions, human activi-
ties or nature disasters on regional scale. Its objective is to providing the
support for the regional risk management. Generally, RERA can be divided
into 4 parts: risk receptor analysis, risk source analysis, exposure and hazard
analysis and risk characterization, etc. This paper conducted a RERE study
in Beijing. It can be reclassified into 5 categories of representative ecosystems
for the 16 kinds of land-use in Beijing as risk receptors, which are forest,
lawn, cultivated field, water and urban area. By screening and identifying all
the risk sources in Beijing it was determined that drought, air pollution and
dust were the main risk sources, for which the spatial distribution, intensity
and probability were analyzed. For the exposure and hazard analysis, this pa-
per chose the ecological loss index to reflect the ability of receptors to resist
the disturbance. AHP (Analytic Hierarchy Process) was employed to assess
the weights of main risk sources. Risk characterization can get the compre-
hensive ecological risk value for each county in Beijing, according to which
5 levels of ecological risk were divided by ArcGIS software. The results
showed that the value of ecological risk ranged from 0.0027-0.0535, with
Miyun, Huaishou and Yanging being of highest risk, downtown area being
of lowest risk, and Fangshan, Tongzhou and Shunyi being of middle risk. It
can be concluded that the risk assessment results lied in the 95% confidence
interval by the uncertainty analysis. Finally, some policy suggestions for the
ecological management measures for local government were presented.

102 An Integrated Risk Assessment Framework to Advance Environ-
mental Quality and Species Recovery Initiatives at the Watershed Scale
R. Johnston, US Navy, Marine Environmental Support Office-NW/; J.
Brandenberger, Battelle Pacific NW Division-MSL. Integrated ecosystem
assessments for large ecosystems have a critical need to identify and rank
risk drivers to ensure that recovery actions are focused on the most urgent
and important problems. Effective ecosystem management and recovery
will require a rigorous and holistic assessment of the relative risks by relating
sources of stress like toxic loadings, hypoxia/anoxia events, nuisance species,
and loss of habitat to the structure and function of the food web and the
critical provisioning and sustaining ecological processes needed to obtain
ecosystem recovery. To address this need, an integrated risk assessment con-
ceptual model framework is proposed that links the sources of stress (threats
and drivers) to secondary stressors (environmental media and structures)
and identifies the pathways (pressures and processes) by which primary

and food web receptors can be impacted. The framework allows identifica-
tion of assessment endpoints, measurement endpoints, and available data
sources that can be used to assess relative ecological and human health risks.
Application of a numerical modeling framework linking watershed scale
processes to the food web and cumulative net ecosystem benefit will improve
the risk assessment by increasing the capacity to assess risks to higher levels
of ecological organization (population and community) and allow spatially
explicit characterizations of risk to be developed. Regional or watershed scale
approaches are necessary to properly bound and address the complexity of
the problem and develop meaningful management actions. The framework
encompasses and harmonizes requirements for three of the major regulatory
drivers for ecosystem recovery — restoration (ESA), cleanup (CERCLA),

and water quality improvement (CWA). By providing an effective feedback
between what is causing risk and actions to manage risk, the framework also
supports adaptive learning and improves the understanding needed for effec-
tive ecosystem management.

103 Assessing Ecological Risk Over Large Geographic Scales with Spa-
tial Applications of Eco-Epidemiology K. Kapo, Montani Run, LLC; S.
Dyer, The Procter & Gamble Company, Central Product Safety, The Procter
& Gamble Company, Miami Valley Innovation Center. Integration of exist-
ing data resources (e.g., local, state, and federal agencies, trade associations,
etc.) for the identification and prioritization of ecosystem stressors over large
geographic scales is a practical first-tier strategy for meeting the challenge of
regional watershed management. Spatial applications of eco-epidemiology,
in which geographic patterns of biological and diverse environmental param-
eters (e.g., percent effluent, habitat, river size, landcover, etc.) are related and
expressed in quantitative terms of relative ecological risk, provide a desktop
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approach for integrating and utilizing multiple agency data products and
modeling resources. This presentation provides an overview of recent appli-
cations of a spatial analysis approach using weights-of-evidence and logistic
regression, focusing on a statewide eco-epidemiological assessment of fish
and invertebrate communities of Ohio. A 2000-2008 database of biological,
habitat, chemical, toxicological, demographic, and other landscape factors
from multiple agency resources linked to hydrologic features was analyzed
to delineate stressor-response associations and ecological risk models at
statewide and ecoregional geographic scales. The assessment of ecological
risk from a holistic, large-scale perspective allowed for the evaluation of

risk of specific chemicals within the realistic context of multiple ecosystem
stressors, such as physical habitat stress. Variation in analysis design by pre-
dominant land use, stream size, and biological endpoints (species, traits, and
community indicies) provided a spatially explicit, comprehensive screening-
level assessment of ecological risk that can serve as guidance for targeted
assessment at the site-specific level. Such an analysis was found useful for
determining experimental design requirements for investigating causal
relationships of chemicals emanating from municipal wastewater treatment
plants, such as those from consumer products.

104 Integrated Multiple Stressor Regional Risk Assessment for the
South River and Upper Shenandoah River, VA W.G. Landis, Western
Washington Univ, Institute of Environmental Toxicology, Western Washing-
ton Uniy, Institute of Environmental Tox. & Chem.; K. Kolb Ayre, Western
Washington Univ, Institute of Environmental Toxicology; A.J. Markiewicz,
Western Washington Univ, Institute of Environmental Toxicology; J. Stin-
son, H.M. Summers, Western Washington Univ, Institute of Environmental
Toxicology. An integrated risk assessment has been performed for the South
River from the area just upstream of Waynesboro VA to the uppermost part
of the Shenandoah River. Six risk regions have been delineated. The area is

a site of historic mercury contamination from synthetic fiber production in
Waynesboro. Other sources of other stressors include urban and agricultural
run-off, channelization, erosion, and contaminated sediments and biota.
The current iteration of the relative risk model (RRM) incorporating the
hierarchical patch dynamics paradigm was used to construct a conceptual
model, designate risk regions, create a ranking system and calculating risks
to the stakeholder derived endpoints and impacts. In concert with this effort
a Bayesian network was constructed based upon the framework of the RRM
and using the same risk regions, sources, stressors, habitats and impacts.

The use of the Bayesian network allows a straightforward calculation of
management requirements to reduce risk in each of the six risk regions.
Atypically, the current source of the Hg contamination is the environment
itself. The warm water fish species have been found to have consistently high
tissue concentrations downstream of the original source. Temperature may
also be a risk factor affecting fish reproduction. Nutrients from upstream

of Waynesboro also may be contributing to risk to a variety of endpoints.
Although intensively studied for a number of years, the lack of data from
upstream and from within the watershed are contributing to the uncertain-
ties in the risk estimates. Much of the information regarding non-point
sources has to be inferred from remote sensing estimates of the various types
of land-cover for the risk regions. This research program identifies risks and
demonstrates the benefits of an integrated risk, research and management
program in the restoration of watersheds at a regional scale.

105 Perfluorinated Compounds in Surface Waters from Northern Chi-
na: Comparison to Level of Industrialization T. Wang, Research Center
for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China, State Key Lab of Urban and Regional Ecology; C. Chen,
Chinese Academy of Science, Research Center for Eco-Environmental
Sciences; J.E. Naile, Univ of Saskatchewan, Dept of Veterinary Biomedi-

cal Sciences and Toxicology Centre; J. Khim, Korea Univ; Y. Lu, Chinese
Academy of Sciences; J.P. Giesy, Univ of Saskatchewan. Inclusion of Per-
fluorooctane Sulfonate (PFOS) into the Stockholm Convention has, because
of its exemptions, has resulted in increased annual production of PFOS-
containing chemicals in China to accommodate domestic and overseas
demands. Accordingly, concern about environmental contamination with
perfluorinated compounds (PFCs), such as PFOS, has been arisen. However,
little information is available on the status and trends in the distribution,
sources and risk of PFCs in aquatic environments of China. In the present
study, forty two surface water samples collected from five regions with dif-
ferent levels of industrialization were monitored for concentrations of PFCs
by use of solid phase extraction and LC/MS/MS. Mean concentrations
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(maximum concentration) of PFOA and PFOS, which were the dominant
PFCs, were 1.2 (2.3) and 0.16 (0.52) ng/l for Guanting, 1.2 (1.8) and 0.32
(1.1) ng/l for Hohhot, 2.7 (15) and 0.93 (5.7) ng/! for Shanxi, 6.8 (12) and
2.6 (11) ng/l for Tianjin, 27 (82) and 4.7 (31) ng/l for Liaoning, respec-
tively. The greatest concentrations of PFCs (121 ng/l), PFOA (82 ng/l) and
PFOS (31 ng/l) were observed in Liaoning, which might originate from
tributaries of the Liaohe River, the most polluted watershed in Northeast
China. While, concentrations of PFCs in the Guanting and Hohhot regions
were 3 to 20 fold less than those from Tianjin and Liaoning. This result is
consistent with little contribution of PFCs being released from agricultural
and non-industrial activities. The magnitudes of mass flow for PFOA and
PFOS in decreasing order were: Guanting < Hohhot < Tianjin < Liaoning <
Shanxi and Guanting < Hohhot < Shanxi < Tianjin < Liaoning. The larger
mass flows of PFOS were accompanied by relative larger magnitudes of
PFOA. Concentrations of both PFOA and PFOS in waters from all regions
were less than suggested allowable concentrations. However, the relatively
greater concentrations of PFCs in Tianjin and Liaoning suggest that further
studies characterizing their sources and potential risk to both humans and
wildlife are needed.

106 Application of Multiple Index Development Approaches to Benthic
Invertebrate Data from the Virginian Biogeographic Province, USA M.
Pelletier, National Health and Environmental Effects Research Laboratory,
USEPA, Dept: ORD NHEERL AED; A. Gold, Univ of Rhode Island,
Natural Resource Science; L. Gonzalez, Univ of Rhode Island, Computer
Science and Statistics; C. Oviatt, Univ of Rhode Island, Graduate School of
Oceanography. Benthic invertebrate indices have commonly been uti-

lized to assess benthic invertebrate communities. These indices have been
constructed using different techniques, but have shown different levels

of application success. For example, the EMAP Virginian Province Index
did not perform well in a smaller estuarine complex. Similarly, the Chesa-
peake Bay Benthic Index of Biotic Integrity did not perform well outside

of Chesapeake Bay, despite multiple metric and good habitat separation.

In this study, we assembled multiple variables (metrics) from the literature
and applied different methods of index compilation to explore the relative
strengths and weaknesses of the indices. Three different approaches were uti-
lized -- two multimetric indices (Chesapeake Bay approach and the Mebane
approach) and a logistic regression technique. The data were subdivided by
habitat (salinity and grain size) and indices compiled using the same initial
group of benthic metrics. Each approach was examined for its classification
accuracy for both reference and impaired sites for the entire Virginian Prov-
ince. The Chesapeake Bay approach did not perform well in this study. In
contrast, another multimetric approach, the Mebane approach, performed
well, as did the logistic regression approach. Both techniques have promise
for index development and could be useful in applying a biological condi-
tion gradient to estuaries.

107 Integrated Assessment of Sediment Contamination by Anthro-
pogenic Pollutants in a Semi-enclosed Bay in Korea S. Hong, Korea
Ocean Research & Development Institute, Oil and POPs research group;
W. Shim, U. Yim, Korea Ocean Research and Development Institute, Oil
and POPs research group; S. Ha, Korea Ocean Research and Development
Institute; U. Yim, Korea Ocean Research and Development Institute, Oil
and POPs research group; D. Lim, J. An, N. Kim, Korea Ocean Research
and Development Institute. Marine environment is the ultimate sink for
land based anthropogenic pollutants. After the adsorption to the suspended
particles, the contaminants sink and stay remained at the bottom sediment
for a long time. Benthic biota will eventually pickup these residues and
biomagnify through the food web. In order to assess the contamination
status and identify the priority substances in Masan Bay, intensive sedi-
ment sampling was conducted and organic and inorganic contaminants
were analyzed. Additionally, benthic amphipod toxicity test was conducted
as well. The spatial distribution of contaminants clearly revealed the fact
that sewage treatment plant outfall and industrial waste output from the
inner bay are major pollution sources. After the implementation of “Total
Pollution Loads Management System (TPLMS)’ to this bay in 2008, the
overall trend in sediment contamination decreased except for PBDE. In
order to assess the pollution status of this bay in an integrative way, sedi-
ment quality index (SQI) was prepared from the chemical data. The SQI
was calculated using two functions viz. ‘scope’ (the number of variables that
do not meet guideline objective) and ‘amplitude’ (the magnitude by which
variables exceed guideline objective) based on sediment quality guideline
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(SQG) values from Canada, USA and Australia/New Zealand. The overall
status of this bay is fair’ or ‘good’. Among the targeted chemicals, TBT and
heavy metals were identified as the priority chemicals influencing the SQI
values in Masan Bay. The SQI values were strongly influenced by the target
variables (compounds) and their sediment quality guideline values. High
copepod toxicity was also observed near the STP outfall and inner most part
of the bay, which matched well with the spatial distribution pattern of toxic
chemicals. However, some samples with high copepod toxicity didn’t show
high exceedance of SQG, implying co-contaminants, other than the target
chemicals influence the motility.

108 The Use of a Bayesian Network to Model the Risks of Mercury
Contamination to Fish and Other Vertebrates in the South River,
Virginia H. Summers, W. Landis, Western Washington Univ, Institute

of Environmental Toxicology and Chemistry. The South River watershed
in western Virginia has had a history of mercury contamination from past
industrial practices. An environmental risk assessment of the effects of the
mercury contamination was conducted using Bayesian networks. A concep-
tual model has been created for the effect pathways connecting the sources
of mercury to the potential environmental impacts by examining the expo-
sure through various habitats. From this conceptual model, a three-tiered
Bayesian network was created for mercury impacts, which included sources
of mercury contamination, habitats and direct/indirect toxicological effects
on fish, amphibians, mammals and birds. Each parameter in this model
consisted of four different risk levels: zero, low, medium and high. A method
for evaluating data quality was created that characterizes their applicability
to the stakeholder defined endpoints and potential uncertainties in order to
categorize the potential for risk within each parameter. A series of distri-
butions of data specific to the South River study area were used to create
cumulative probability tables that were linked within the Bayesian network
to calculate overall risk to stakeholder endpoints. The method was initially
applied to a single endpoint, the risk to smallmouth bass (Micropterus
dolomieu), for which the largest amount of sampling data exists. The model
was expanded to other fish, amphibians and birds. A sensitivity analysis was
conducted to identify the effect pathways with the greatest influence on
smallmouth bass survival. The results of the analysis will inform future deci-
sions for the restoration and management of the South River watershed.

109 SETAC Gulf of Mexico Oil Spill Focused Topic Meeting: I. Summa-
ry on Ecosystem and Risk Assessment W.L. Goodfellow, EA Engineering
Science & Technology, Inc.; M.S. Greenberg, USEPA, Environmental
Response Team; B. Vigon, SETAC North America; G. Schiefer, SETAC
North America. The SETAC Gulf of Mexico Oil Spill Focused Topic Meet-
ing was held April 26-28, 2011 in Pensacola, FL, USA, attracting more
than 250 participants. The meeting provided a multi-stakeholder forum

for exchange of current and developing knowledge on key aspects of the
spill and attracted a diverse group of oil spill assessors and responders with
expertise in ecology, toxicology, chemistry, modeling and tracking of oil,
technology development, emergency response, environmental management
and risk communication. The assessment of the environmental impacts
from the oil spill were presented in several sessions including the ecosystem
effects of oil spills; risk and damage assessment; and seafood contamination,
safety and human health issues. This first of two talks will summarize the
discussions from these sessions related to the ecosystem assessment, risk and
damage assessment and seafood safety and human health sessions. Included
in this presentation will be a summary of the discussions on the assump-
tion of the use of dispersants and the net environmental benefit analysis.
These discussions indicated that the participants felt that a rigorous analysis
of the risks and benefits of dispersant use in spill response is warranted,
given the myriad of receptors and habitats, exposure regimes, and modes

of effect. Developing better information to support decisions on the use of
oil dispersants will require a holistic and integrated approach. Regarding
seafood safety, the results presented indicated that seafood samples were
100-1000 times below levels of concern for PAHs and dispersant markers.
A segment of one panel discussed the adequacy of the equivalency ap-
proach used, in that the number and relative toxicity of the individual PAH
compounds taken into account results in a lower margin of safety than was
claimed/presented in public forums (still below thresholds but less than the
reported 100 to 1000 times). It was also asserted during the meeting that
even though health agencies have determined based on extensive data that
Gulf seafood is safe to eat, many people don’t accept that. This presentation
will highlight these and other key findings, data gaps and future research

needs identified within meeting sessions and panel discussions that focused
on ecosystem impacts, ecological and human health risk associated with the

Gulf of Mexico oil spill.

110 SETAC Gulf of Mexico Oil Spill Focused Topic Meeting: II.
Summary on Current Response Technology and Capabilities M.S.
Greenberg, USEPA, Environmental Response Team; W.L. Goodfellow, EA
Engineering Science & Technology, Inc.; B. Vigon, SETAC North America;
G. Schiefer, SETAC North America. The SETAC Gulf of Mexico Oil Spill
Focused Topic Meeting was held April 26-28, 2011 in Pensacola, FL, USA.
The meeting provided a multi-stakeholder forum for exchange of current
and developing knowledge on key aspects of the spill and attracted a diverse
group of oil spill assessors and responders with expertise in toxicology, chem-
istry, modeling and tracking of oil, technology development, emergency
response, environmental management and risk communication. Successful
oil spill response relies on a multi-disciplinary approach and the application
of numerous response techniques that may include subsea containment,
remote sensing, mechanical recovery, surface and subsea use of dispersants,
in situ burning, and natural attenuation. These techniques are each most
efficient under a different conditions (e.g., oil properties, release scenarios,
environmental conditions) and should all be evaluated for their applicabil-
ity in dynamic spill response situations. An understanding of oil fate and
transport is a key input factor needed for this evaluation. Current knowledge
on oil transport indicated that this occurred in the Gulf within two main
regimes: a subsea plume of dispersed particles (< 100 um) and associated
dissolved compounds; and a surface plume (>1 mm). The fate of the oil
within these regimes (e.g., degree of weathering, bioavailability, oiling of
shorelines and the sea bottom) was different as evidenced by the monitor-
ing, chemistry, and environmental forensics data that were presented during
the meeting. Several panel discussions centered on improving or increasing
the effectiveness of the response toolbox, and how to better choose among
response actions. Other discussions identified a combination of needs from
higher resolution data on particle size distributions to a variety of fate and
effects modeling issues. Some modeling conversations focused on environ-
mental compartments that are not well understood, while others discussed
overall improvements to the multi-media integrated models themselves.
There was consensus that a better understanding of oil fate will also improve
our ability to predict ecosystem-level effects of the spill. This presentation
will highlight these and other key findings, data gaps and future research
needs identified within meeting sessions and panel discussions that focused
on control and abatement techniques, oil fate and transport measure-

ment and modeling, oil tracking technology, and response technology
effectiveness.

114 Species Composition, Distribution and Abundance of Megafauna
in the Vicinity of MC252 During August 2010 and March 2011 M.
Benfield, Louisiana State Univ, Oceanography and Coastal Sciences; R.
Putt, Environmental Consultant; M. Valentine, Louisiana State Univ. This
presentation will provide data from two independent surveys conducted in
close proximity to the Macondo well BOP. From Aug—Sep 2010, two ROVs
were used to survey the distribution and abundance of megafauna at 5 sites
around the MC252 well. Five sites were located 2000 m due N,W,S, E of
the well and 500 m N of the well. Two of these sites (2000 m N, W) were
resurveyed during March 2011. A series of radial 250m transects on bearings
separated by 15° (Aug 2010) or 30° (Mar 2011) were conducted. Densi-
ties of benthic and demersal megafauna were quantified at each site. The
sites were dominated by seastars, sea pens, crustaceans (shrimp, crabs, and
squat lobsters), and a variety of fish species. Comparisons with independ-
ent, qualitative, pre-spill ROV surveys conducted during Feb/Mar 2010 at
MC252 suggest similar species dominated before and after the spill. Statisti-
cal comparisons among sites will be summarized to compare mean densities
for dominant taxa.

116 Modifications to Diets Greatly Affect Outcomes in the Amphibian
Metamorphosis and the Fish Short Term Reproduction Assays H. Krue-
ger, Wildlife International, LTD, Aquatic Toxicology; J. Claude, Wildlife
Internaitonal, LTD, Aquatic Toxicology; T. Ross, S. Gallagher, Wildlife
International, LTD; S. Schneider, S. Palmer, E.M. Burgess, Wildlife Inter-
national, LTD, Aquatic Toxicology; T. Springer, Wildlife International Ltd;
A. Leopold, Leopold Ecotox Services, Wildlife International Ltd.; M. Jaber,
Wildlife International, LTD. Slight modifications to the diets specified

in the new test guidelines for both the Fish Short Term Reproduction and
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Amphibian Metamorphosis Assays improved our ability to meet the per-
formance and validity criteria of the tests. In our laboratory, we found that
strict adherence to the feeding regimes of both guidelines was too restrictive.
For the fish assay, we could not consistently meet the fecundity requirements
using the feeding regime from the guideline. Feeding trials were performed
comparing the fish guideline diet of frozen adult brine shrimp to a modified
diet that combined newly hatched brine shrimp with commercial flake food.
Fish were better able to sustain reproductive output under the modified diet,
which has allowed us to more consistently meet guideline acceptance crite-
ria. Feeding trials with tadpoles compared the guideline rates of Sera Micron
diet to ¥2 those amounts. Use of the guideline rates for amphibians resulted
in accelerated growth and development with more frogs being pushed into
later stages of development (greater than NF Stage 60) at test termination.
A high incidence of tail curvature or scoliosis in tadpoles also was observed
at the guideline rate. By reducing the feeding rate to approximately ¥2 the
guideline rate, the amount of tail curvature or scoliosis was greatly reduced
and tadpoles were at developmental stages that better fit the acceptance
criteria of the guideline.

117 Summation of Historical Control Data for Both the Amphibian
Metamorphosis Assay and the Fish Short Term Reproduction Assay

K. Coady, The Dow Chemical Company, Toxicology & Environmental
Research and Consulting, Michigan State Univ, Zoology Dept; R.]J. Currie,
The Dow Chemical Company, Toxicology, Environmental Research and
Consulting; T. Marino, C. Lehman, The Dow Chemical Company; V.].
Kramer, Dow AgroSciences, LLC; J. Thomas, L. McFadden, The Dow
Chemical Company; G.M. Klecka, The Dow Chemical Company, Toxicol-
ogy and Environmental Research Dept. The amphibian metamorphosis
assay (AMA) and the fish short term reproduction assay (FSTRA) are both
Tier 1 tests in USEPA’s Endocrine Disruptor Screening Program. In the Tier
1 battery of tests, the AMA is intended to assess the potential activity of test
chemicals on the hypothalamus-pituitary-thyroid (HPT) axis of developing
African clawed frogs (Xenopus laevis), while the FSTRA is intended to assess
both (anti-)estrogenic and (anti-)androgenic activity as well as potential ac-
tivity in the hypothalamus-pituitary-gonad (HPG) axis of fathead minnows
(Pimephales promelas). Our lab has run eleven AMA and eleven FSTRA
tests over the last several years, and historical control data from these tests
are summarized and compared to the USEPA and the Organisation for
Economic Co-operation and Development validation data sets. Variability
in the measured endpoints is assessed and the ramifications for the study
designs, test performance criteria, and interpretations of findings are consid-
ered for each assay.

118 EDSP Implementation: Impact of OSRI Acceptance and Path For-
ward for Ecotoxicology Assays W. Jones, M. Leggett, CropLife America;
M. Kern, Bayer CropScience; C.J. Borgert, Applied Pharmacology and
Toxicology. In response to congressional mandates in 1996, EPA devel-
oped the endocrine disruptor screening program (EDSP) with the intent to
identify chemicals with the potential to interact with the estrogen, andro-
gen, or thyroid systems. EDSP is a tiered approach with Tier I providing the
screening battery and Tier II providing more definitive multi-generational
studies. In late 2009, EDSP was officially implemented with the receipt of
testing orders for the chemicals on the first screening list, the majority being
pesticide active ingredients. Chemicals selected for screening are subjected
to a battery of 11 assays. Test order recipients could choose to utilize existing
information- also called Other Scientifically Relevant Information (OSRI)

— in lieu of generating new data for a sub-set or the entire Tier I battery.

Of the 50+ pesticide registrants, 61% provided OSRI for the in vivo EDSP
Tier I studies. Of those that cited OSRI for the Amphibian Metamorphosis
assay and the Fish Short Term Reproduction Assay, the USEPA rationale

for acceptance and rejection of the OSRI will be discussed; only 4% of the
Fish Short Term Reproduction Assay waivers and 13% of the Amphibian
Metamorphosis Assay waivers were accepted. Understanding the agency’s
rationale for accepting or rejecting data submitted as OSRI will be increas-
ingly important as this rationale directly affects animal use and the overall
resource burden of the EDSP program. Of emphasis will be how consist-
ently the OSRI was evaluated, what were the missing endpoints within the
OSRI submitted and to what extent would other assays in the Tier I battery
address those endpoints (or other Part 158 studies). The discussion will
include challenges associated with the Amphibian Metamorphosis Assay and
the Fish Short Term Reproduction Assay according to the prescribed Series
890 Test Guidelines (including performance criteria). With the focus of
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this first phase of EDSP on data-rich pesticides, learning’s from this listing
of chemicals can help industry, USEPA and other stakeholders on the path
forward.

119 Comparative Sensitivity of Fish to EDSP Testing and Standard
USEPA Pesticide Testing C. Habig, Exponent, Inc., Compliance Services,
Inc., Principal Scientist; . Whatling, Cheminova, Inc., Senior Manager of
Regulatory Science. EPA has recently initiated endocrine disruptor screen-
ing testing on chemicals to determine whether the test chemicals display
effects on selected endocrine systems. A key tenant of the new requirement
for endocrine testing is that organisms are highly sensitive to endocrine-
active substances, and thus, effects due to these types of substances may

be missed in USEPA’s standard pesticide guideline testing. Tier I endo-
crine testing consists of a battery of in vitro and in vivo assays designed to
determine whether the test compounds interact with either the reproductive
system or thyroid-mediated processes. These assays include two assays in-
volving non-target organisms, the fish short-term reproduction test and the
amphibian metamorphosis test. USEPATs initial list of compounds required
to undergo endocrine disruptor (EDSP) testing primarily consisted of pesti-
cides. Relatively full data sets were already available for the majority of these
pesticides, including mammalian and avian reproduction testing, fish early
life stage testing, daphnid and mysid lifecycle testing, and, in some cases,
fish full lifecycle testing and/or field testing (mesocosms). While some of the
EDSP test endpoints differ from those evaluated in these standard guideline
tests, some of the endpoints are either the same, or essentially similar. This
presentation reviews the results of EDSP testing on an OP insecticide using
fathead compared to previous results from a fish early life stage study with
rainbow trout, and results from preliminary fathead minnow full lifecy-

cle testing. The current chronic toxicity risk assessment endpoint for this
compound is based on the results of a trout early life stage (ELS) test. The
preliminary fathead minnow full life stage testing indicated that fathead
minnows are substantially less sensitive to this OP than trout. Results of the
trout ELS indicated that the most sensitive endpoint was fish growth (length
and weight). Results of the EDSP testing confirmed that fathead minnows
are less sensitive than trout to this OP. Moreover, the fathead EDSP results
indicated that length and weight were still the most sensitive endpoints, but
at concentrations substantially higher than in trout. There were no effects on
the reproductive endpoints assayed in the EDSP study at test concentrations
that did not elicit observable toxicity in the test organisms.

120 Results of Tier 1 Screening of the USEPA Endocrine Disruptor
Screening Program Compared to Data Generated for Pesticide Registra-
tion A. Blacker, C. Banman, M. Dobbs, Bayer CropScience; L.S. Ortego,
Bayer CropScience, Ecotoxicology; L. Sheets, Bayer CropScience. Pesti-
cides are among the first compounds undergoing Tier 1 testing in USEPA’s
Endocrine Disruptor Screening Program (EDSP). The Tier 1 testing bat-
tery consists of 11 assays designed to identify whether a chemical has the
potential to interact with the estrogen, androgen or thyroid pathways of the
endocrine system. Under the Federal Insecticide, Fungicide and Rodenticide
Act and subsequent amendments, comprehensive toxicology and ecotoxicol-
ogy testing is required for registration of a pesticide. The data generated in
the registration process includes sub-chronic and chronic testing evaluating
growth, development and reproduction in multiple species and provides
valuable information on whether a compound has potential endocrine
activity. However, Tier 1 assays do include endpoints, e.g., receptor binding,
vitellogenin, which are not measured in the current data requirements for

a pesticide registration. Comparisons of Tier 1 results to toxicity data for
registration purposes will be provided using specific examples, and utility

of the 11 Tier 1 screens will be discussed in relation to existing datasets for
pesticides.

121 Application of an Integrated Testing Strategy to the USEPA Endo-
crine Disruptor Screening Program Could Reduce Aquatic and Other
Animal Testing C. Willett, P. Bishop, People for the Ethical Treatment

of Animals, Regulatory Testing; K. Sullivan, Physicians Committee for
Responsible Medicine. To maximize efficiency and reduce the number of
animals used in testing, new approaches to generating and evaluating toxic-
ity data for chemicals are needed to cope with the ever-increasing demands
of new programs like the US Environmental Protection Agency’s (USEPA)
Endocrine Disruptor Screening Program (EDSP). One such approach
involves the use of an integrated testing and evaluation strategy based on
the specific properties and activities of a chemical. In this approach, testing
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is organized according to the type of information generated. At each step,
the information is then reviewed and used to target any potential further
testing, until the information necessary for hazard or risk assessment has
been generated. Such an integrated strategy, whether applied to existing or
future programs, can promote efficient use of resources and save animals. We
compare the numbers of tests that will be performed and animals used in the
first phase of the current EDSP with what the outcome could have been if
the proposed strategy had been used for three randomly selected chemicals.

122 Cross-Species Extrapolation of EDC Toxicity: Consequences for
Screening Programs G.T. Ankley, USEPA, Office of Research and Devel-
opment, National Health and Environmental Effects Research Laboratory,
Mid-Continent Ecology Division; L.E. Gray, USEPA. Many structural and
functional aspects of the vertebrate hypothalamic-pituitary-gonadal (HPG)
axis are known to be highly conserved, but the full significance of this from
a toxicological perspective has received comparatively little attention. High-
quality data generated through development and validation of different Tier
1 tests for the USEPA Endocrine Disruptor Screening Program (EDSP)
offer a unique opportunity to compare responses of mammals versus fish

to chemicals that affect shared pathways within the HPG axis. This analysis
used data from 12 different chemicals that act (primarily) as estrogen recep-
tor agonists (170-ethynylestradiol, methoxychlor, Bisphenol A), androgen
receptor agonists (methyltestosterone, 17f-trenbolone), androgen receptor
antagonists (flutamide, vincolozolin, p,p>DDE) or inhibitors of different
steroidogenic enzymes (ketoconazole, fadrozole, fenarimol, prochloraz) that
had been tested in the 21-d fathead minnow assay and in one or more of the
other four in vivo (rat) Tier 1 screens (Uterorophic, Hershberger, male and
female pubertal assays). Each of the 12 chemicals was identified as endo-
crine-active by two or more of the five Tier 1 assays, indicating excellent
coverage of the HPG pathways of concern. The fathead minnow assay was
positive for all the test chemicals. The consequences of these observations

in terms of screening efforts like the USEPA EDSP will be discussed. The
contents of this abstract do not reflect USEPA policy.

123 The Development of Quantitative Weighting Factors for Use in a
Weight of Evidence Framework for the Evaluation of Endocrine Activ-
ity C. Borgert, Applied Pharmacology & Toxicology, Inc.; E. Mihaich,
Environmental and Regulatory Resources, LLC; L. Ortego, Bayer CropSci-
ence; K. Bentley, DuPont Crop Protection; C. Holmes, BASF Corporation;
S. Levine, Monsanto Company; S. Marty, Dow Chemical Company; B.
Neal, Exponent; R. Becker, American Chemistry Council. We previously
developed a conceptual framework for conducting weight of evidence
(WoE) evaluations of endocrine screening and testing data (Borgert et al.,

in press). The framework was designed to be broadly applicable, but with an
emphasis on data emerging from the USEPA’s Endocrine Disruptor Screen-
ing Program (EDSP), and specifically tailored to accommodate endpoints
measured in the eleven Tier 1 Endocrine Screening Battery (ESB) assays.
The framework calls for a transparent process whereby specific hypotheses
are formulated and data quality is evaluated with respect to overarching sci-
entific principles, including primary validity of the measurements, reliability
of data reporting, and probative capability of the study design to evaluate
causation. The framework also calls for assigning quantitative weighting
factors to assay endpoints (WREL) that reflect their relevance for deciding
specific hypotheses. This is an important step in the WoE framework as it
explicitly recognizes the fact that some assays are very specific and sensitive
for evaluating certain hypotheses related to endocrine activity but may be
irrelevant for evaluating others. For example, an increase in thyroid follicular
hyperplasia as assessed in the amphibian metamorphosis assay would be
expected to have a very high WREL for evaluating the hypothesis that a
chemical has potential thyroid antagonist activity, but would have a very low
WREL for evaluating the hypothesis that a substance has potential estrogen
or androgen agonist or antagonist activity. The framework recommends
that WREL values be derived as numerical weighting factors based on the
predictive value of the endpoint for actual endocrine activity in vivo, which
would typically be determined in chronic reproductive and developmental
toxicity tests, i.e., EDSP Tier 2 tests. This predictive value, however, may be
difficult to evaluate until results for a test set of chemicals are available from
the ESB and can be compared to results of Tier 2 tests. As an interim step,
however, provisional WREL values can be derived based on a rank ordering
of relevance for each hypothesis. This rank ordering should also be based on
data, but will necessarily involve considerable scientific judgment. An ex-
ample derivation of rank ordered WREL values for evaluating Tier 1 EDSP

hypotheses is presented, with particular emphasis on endpoints measured in
the fish screening and frog metamorphosis assays.

124 A Comparison of Fish BCFs Obtained for Pharmaceuticals as per
OECD 305 and Estimated BCFs Obtained Using the Reduced Sampling
Method L.A. Constantine, Pfizer, Inc., Pharmacokinetics, Dynamics and
Metabolism. Understanding whether an active pharmaceutical ingredient
is likely to be taken up from the aquatic environment by fish and bioac-
cumulate has triggered the need to conduct bioconcentration studies in fish.
Such studies are typically considered appropriate for pharmaceuticals having
a logD value > 3 and required, as per the EMA Guideline, for pharmaceuti-
cals having logD values > 4.5. The standard OECD Guideline 305 includes
an exposure (uptake) phase followed by a post-exposure (depuration) phase
typically equal to %2 the duration of the uptake phase. During the uptake
phase, ranging between 14 and 60 days, water and fish samples are analyzed
periodically until steady state has been established and the depuration phase
may be initiated. During the depuration phase, analysis of water and fish
samples continues until a plateau has been reached. Based on the sampling
schedule outlined in the guideline, >100 fish per study may be required to
determine a kinetic bioconcentration factor (BCF). In a effort to reduce

the number of fish required to obtain a BCE an approach to estimating the
aquatic bioconcentration factor using reduced sampling has been developed
(Springer, et al.2008). This reduced sampling approach aims to estimate
BCFs using a minimum number of sampling time points and therefore a
reduced number of fish. The goal of this project is compare the BCFs of
several active pharmaceuticals obtained through standard OECD 305 test
methods with those BCFs determined using the approach of estimating
aquatic bioconcentration factors using the reduced sampling method.

125 Derivation of Screening Values for Ecological Risk Assessment

of PPCP Releases from CSOs into the Gowanus Canal, Brooklyn, NY
S.D. Baker, GEI Consultants, Inc., Ecotoxicologist/ Wildlife Biologist; N.E.
Paden, GEI Consultants, Inc., Ecological Division; N. Love, C. Claytor,
S.M. Pargee, GEI Consultants, Inc; R.W. Gensemer, GEI Consultants,

Inc, Ecological Division. Screening values were derived for pharmaceutical
and personal care products (PPCPs) as part of a Screening Level Ecological
Risk Assessment (SLERA) to evaluate the potential for ecological risks in

the Gowanus Canal due to loadings from combined sewer overflow (CSO)
discharges. For each media sampled (i.e., water and sediment), conserva-
tive screening values for PPCPs detected at least once were derived. When
available, previously-generated, risk-based thresholds from national or inter-
national government documents (e.g., US Environmental Protection Agency
[EPA] and Canadian Council of Ministers of the Environment) which have
undergone peer- and public-review were used; however, very few such efforts
have been conducted for PPCPs. For PPCPs without existing thresholds, the
primary literature was searched for relevant toxicity data. The approach used
to derive screening values depended on the amount of relevant toxicity data
available for a given PPCP. Several PPCPs had limited available toxicity data,
but in a few cases, many data for several species were available. If data were
not available from the literature, thresholds of toxicity as predicted by EPA’s
ECOSAR model (EPA 2003) were used as screening values. In general,
sediment toxicity data were less available than those for surface water, so
sediment screening values could be derived from available toxicity data for
only a few chemicals. Therefore, sediment screening values were generally
estimated from surface water screening values using organic carbon parti-
tion coefficients (Koc) and the fraction of organic carbon (foc) to predict
equilibrium partitioning between sediment and overlying water. The detailed
processes and decision-making criteria used to derive surface water and sedi-
ment screening values for almost 30 PPCPs will be presented.

126 Environmental Impact Analysis of 10 Active Pharmaceutical Ingre-
dients with QSARs L. Geerts, Flemish Institute for Technological Research
NV (“VITO”); I. Van Ginneken, B. Mertens, Janssen Pharmaceutical
Companies of Johnson & Johnson; D.]. Caldwell, Johnson & Johnson. An
environmental risk assessment is required for all new marketing authori-
sation applications of medicinal products. The risk assessment follows a
stepwise approach. As a start a base set on aquatic toxicology and fate of
the active pharmaceutical ingredient (API) has to be generated. This base
set can be generated by tests performed according to the standard OECD
guidelines, but before doing so the potential effects on aquatic organisms
and the environmental fate can be calculated to screen for possible alerts.
Structure activity relationships (SAR) are methods for estimating properties
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which provide information on intrinsic hazards of chemicals, while reducing
time, monetary cost and animal testing. Ten APIs from multiple therapeu-
tic categories were evaluated using EpiSuite. Model results were compared
to measured values. QSARs are shown to be a reliable tool for screening
environmental properties of APIs. All the test result on (non) ready bio-
degradability were confirmed by the predictions of the Biowin model. All
the ecotoxic substances were identified by Ecosar. The acute toxicity is in
line with the measured values (74%) or overestimated (26%) by the model.
For the chronic toxicity, the lowest chronic value determines the PNEC
and hence the outcome of the risk characterisation. The calculated lowest
chronic value for each API is in line with the measured value or lower. For
the Ecosar classes considered for these 10 APIs, the main parameter in the
algorithm is the log Kow: the higher the log Kow, the lower the ecotoxicity
value. It could be argued for the salts to provisionally use the measured log
Kow in order to refine the overestimation and avoid underestimation of the
ecotoxicity by the model. For the APIs with only covalent bonds the results
with measured and calculated ecotoxicity are in the same order of magni-
tude. As part of an intelligent testing strategy within risk assessment, QSAR
predictions can deliver added value to other non-test methods such as in
vitro tests, read across and a weight of evidence approach in order to replace
animal testing where justified and to secure a high level of safety for man
and the environment.

127 Pharmaceuticals at Sites Affected by Contamination: A UK Ap-
proach to Assessing Risk to Human Health K. Baker, J. White, B. Magee,
ARCADIS. The UK has a well developed framework for the assessment of
risks to human health and the environment from land contamination. This
includes good practice guidance on deriving Health Ciriteria Values (HCV),
or acceptable daily intakes, for use in quantitative risk assessment and to
generate clean-up criteria. However, limited guidance is provided within
the framework to assist in developing HCVs where suitable toxicological
studies are not readily available. For facilities involved in the production of
pharmaceuticals, the absence of data required to derive HCVs in line with
the good practice guidance has resulted in poor, or even no, assessment of
the potential risks from these compounds where present in soil or ground-
water following leaks or spills. A case study for a site in the UK is presented,
which overcame these difficulties by calculating HCV utilizing Minimum
Therapeutic Doses, an approach initially proposed by the UK Drinking
Water Inspectorate. The use of the methodology enabled assessment of risk
to human health from 11 pharmaceutical compounds, including phenobar-
bital, chlorpromazine and molindone, and the derivation of clean-up goals
to assist in the remediation process.

129 Environmental Risk Assessment of Ionisable Organics T. Gouin,
Unilever, Safety and Environmental Assurance Centre; V. Coombe, Astra
Zeneca; J.E Ericson, Pfizer Inc, Environmental Sciences, PDM; B. Hid-
ding, BASF; J. Ryan, GlaxoSmithKline; K. Silverman, Merck & Co., Inc.,
Global Safety & the Environment; B. Simon-Hettich, Merck KGaA. The
environmental release of ionisable organic compounds (where behaviour
depends on pH, ionic strength, etc.) represents a number of challenges

for risk assessors who must select relevant and appropriate test endpoints
using methods that have historically been used with more neutral lipophilic
compounds. ECETOC have thus established a Task Force to review the
current understanding and available literature on partitioning property data
of ionisable organic compounds at environmentally relevant pHs, including
estimation methods for these properties. It is anticipated that the output of
the task force will lead to suggestions and recommendations for improved
methods for predicting the environmental concentration of ionisable organic
compounds in aquatic environments. To date, the work of the Task Force
has emphasised the need for better generic environmental fate models, with
appropriate soil and water properties, and other parameters required for
effective environmental risk assessment of ionisable compounds. Preliminary
findings include identification of the key parameters needed to better predict
the bioavailability of ionisable organic compounds, which are shown to be
strongly influenced by the physical-chemical properties of the substance,

for instance, pK, and log K, as well environmental properties such as pH.
Modelling activity is supported from data assembled for a physical-chemical
property database for ionisable organic compounds used as pharmaceuti-
cals. Using the best available property data a sensitivity analysis has been
performed using a number of environmental fate models to determine how
variability in environmental input parameters influence the predicted envi-
ronmental concentration and ultimately the bioavailabilty of a substance.
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Recommendations on where future research priorities should be targeted are
summarized.

130 Magnifying Perceived Risk: Trace Concentrations of Pharmaceu-
ticals in Surface and Drinking Water Have No Demonstrated Human
Health Impact D.]. Caldwell, Johnson & Johnson; E Mastrocco, Pfizer,
Inc.; . Anderson, ARCADIS. Media reports have indicated the presence
of pharmaceuticals in surface and drinking water with no details given on
actual concentration. For some pharmaceuticals, such as steroid hormones,
inaccurate field measurements reported in scientific journals have led to
reports of “high concentrations” that are called ‘environmentally-relevant’
when they are not. Speculation about potential adverse effects from such ex-
posures has produced undue concern and the potential risk from surface and
drinking water exposure to pharmaceuticals is exaggerated. With the media
frequently focusing on contraceptives use when discussing the endocrine
issue, public perception is being swayed and the regulatory community is
considering unwarranted risk management actions to address the presence
of trace concentrations of pharmaceuticals with potentially costly conse-
quences. While not as extensively evaluated as the steroid hormones, reports
of detection of other pharmaceuticals in surface and drinking water and the
selective reporting of these studies have contributed to the misconception
that pharmaceutical exposure is of great consequence to humans. A detailed
review of monitoring and effects data demonstrates human exposures to
pharmaceuticals in surface and drinking water are minor and well below
available acceptable daily intake values. We conclude that there is negligible
impact on human health from exposure to trace concentrations of pharma-
ceuticals in surface and drinking water.

131 Unique Challenges in the Health Risk Assessment of Antibiotic
Resistance Genes in the Environment A. Pruden, Virginia Tech, Via
Dept of Civil and Environmental Engineering. Recent research has clearly
revealed that human activities have a profound impact on the levels of
antibiotic resistance in the environment. Wastewater treatment plants and
animal feeding operations have been identified as two major contributors
of elevated antibiotic resistance genes observed in impacted water bodies.
However, the risks to human health imposed by environmental sources of
antibiotic resistance remain elusive. Clearly, the rates of resistance among
critical pathogens have been increasing at a global level, and antibiotic resist-
ance remains as one of the most critical human health threats of our time.
Unfortunately, current risk models are not adequate to assess the human
health risks posed by antibiotic resistance genes. Typical risk assessments are
based on fundamental dose-response relationships, which are not directly
applicable to antibiotic resistance genes. Antibiotic resistance genes can per-
sist independent of a host and transform new bacterial hosts. They may also
establish among the natural gastrointestinal flora of humans and livestock,
thus resulting in a latent risk of onset of an antibiotic resistant infection.
Furthermore, within environmental reservoirs, the elevated background

of resistance elements increases the probability that pathogens will acquire
resistance and contribute to an overall higher background resistant pathogen
exposure rate. Some exposure routes to consider include: ingestion of drink-
ing water and dermal and respiratory contact during bathing or recreational
water activites. The purpose of this presentation will thus be to outline the
critical steps needed to move forward in the development of a risk assess-
ment for antibiotic resistance genes in the environment.

132 Cytochrome P450 CYP2- and CYP17-like Genes in the Mangrove
Opyster Crassostrea brasiliana: Insights on Mechanism of Phenanthrene
Toxicity in Bivalves K.H. Luchmann, T. Dorrington, UFSC, Bioquimica;
A.C. Bainy, Universidade Federal de Santa Catarina, Bioquimica. Polycyclic
aromatic hydrocarbons (PAHs) have been recognized as typical inducers

of cytochrome P450 (CYP) superfamily in vertebrates, which has become

a common biomarker of PAH exposure. A limited number of studies are
available on CYP modulation in bivalve. We show the presence of three new
putative CYP genes from the mangrove oyster Crassostrea brasiliana and
changes in their expression following short-term exposure to phenanthrene.
CYP homologues were searched against the C. brasiliana EST database and
sequences with identity >40% were annotated using blastx algorithm. Se-
quences corresponding to CYP2, CYP3 and CYPI7 families were identified
and transcript levels were evaluated by qPCR in the gill and digestive gland
of oysters exposed for 24 h to 100pg and 1000pg of phenanthrene. Phen-
anthrene (1000pg) induced expression of CYP2-/ike gene in both tissues,
while CYP17-like was induced in the gill. The largest change in response
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to 1000pg phenanthrene were the induction of CYP2-like (-11-fold) and
CYP17-like (-9-fold) in gill. Although also induced in digestive gland,
CYP2-like mRNA levels were much less responsive (-2-fold induction) to
1000pg phenanthrene. In contrast to the other genes, CYP3-/ike was not
induced by phenanthrene in any of the tissues or concentration. The tissue-
specific response of CYPI7-like and the higher transcripts of CYP2-like in
gill suggest an important function of this tissue in PAH biotransforma-
tion for bivalve mollusks. These results represent the first insight into CYP
transcript responses of C. brasiliana with potential applicability in field
surveys. Further studies are necessary to address roles for CYPs providing a
better understanding of the biotransformation process in bivalve mollusks.

Support: CNPq INCT-TA,FAPESC

133 DNA Damage from Aflatoxin B1 but not Benzo[a]pyrene in Cae-
norhabditis elegans: A Case Study of Evolution of Genotoxicity M.C.
Leung, Duke Univ, Nicholas School of the Environment , Duke Univ, grad-
uate student; J.V. Goldstone, Woods Hole Oceanographic Institution; W.A.
Boyd, National Toxicology Program, Biomolecular Screening Branch; J.H.
Freedman, National Institute of Environmental Health Sciences, Laboratory
of Toxicology and Pharmacology; J.N. Meyer, Duke Univ, Nicholas School
of the Environment. The nematode Caenorhabditis elegans is emerging as a
useful model in toxicology, but there is little information on how it responds
to different promutagenic compounds. We carried out experiments to
elucidate the capacity of C. elegans to metabolically activate two important
human promutagens via CYPs — aflatoxin B; (AFB,), a naturally occurring
mycotoxin found in foods such as corn, peanuts, various other nuts, and
cottonseed and metabolized in mammals by CYP1, CYP2, and CYP3 family
enzymes; and benzo[a]pyrene (BaP), an environmental pollutant produced
by incomplete fossil fuel combustion and metabolized in mammals by CYP1
family enzymes. Phylogenetic comparisons identified CYP2 and CYP3
family enzymes in C. elegans, but not CYP1 family enzymes. While exposure
to AFB; resulted in significant DNA damage in C. elegans, exposure to BaP
produced no detectable damage. To further test whether BaP exposure gen-
erates bulky DNA adducts, the toxicities of AFB; and BaP were compared
in nucleotide excision repair (NER)-deficient (xpa-1) and NER-proficient
(N2) strains of C. elegans. Exposure to AFB; inhibited growth more in xpa-1
than N2 nematodes, but the growth-inhibitory effects of BaP were indis-
tinguishable in the two strains. In addition, a CYP-nicotinamide adenine
dinucleotide phosphate reductase—deficient strain (emb-8) of C. elegans was
found to be more resistant to the growth-inhibitory effect of AFB; exposure
than N2, showing that the AFB,-mediated growth inhibition resulted from
CYP-mediated metabolism. Together, these results indicate that C. elegans
lacks biologically significant CYP1 family—mediated enzymatic metabolism
of xenobiotics. Finally, AFB; was found to selectively target mitochondrial
DNA in C. elegans, which suggests a conserved mechanism of intracellular
partitioning in nematode and mammalian species. The results also suggest

a broader cross-species genotoxicity of the naturally-occurring AFB; as
compared to the man-made BaP, possibly due to the selective pressure on the
detrivoric, AFB;-producing mold species.

134 Identification and Expression of Genes in Response to Anthropo-
genic Stressors from the Estuarine Sea Anemone Nematostella Vectensis
A.M. Reitzel, Woods Hole Oceanographic Institution, Biology; J.V.
Goldstone, Woods Hole Oceanographic Institution; M.]. Jenny, Univ of
Alabama; A.M. Tarrant, Woods Hole Oceanographic Institution. Estuar-
ies are heavily impacted by a broad range of anthropogenic contaminants
including metals, aromatic hydrocarbons, pesticides, and pharmaceuticals.
The fate of estuarine communities depends upon the ability of resident
organisms to deploy molecular and physiological responses to a combina-
tion of anthropogenic and natural stressors. Previous research has provided
a wealth of data describing these mechanisms in fish and crustaceans, but
we currently lack sufficient data on what mechanisms a majority of resident
organisms, particular infaunal species, deploy to combat environmental
stressors. We conducted bioinformatic surveys to identify the suite of genes
from the estuarine sea anemone Nematostella vectensis that are potentially
involved in stress responses (“defensome”). Broadly, these studies support a
hypothesis that many genes are ancient and were present in the Cnidarian-
Bilaterian ancestor. Secondly, we studied the relative toxicity of diverse
chemicals to Nematostella. Thirdly, we employed molecular techniques,
including transcriptional profiling and quantitative PCR, to determine the
effects of toxic metals and hydrocarbon pollutants on gene expression for
further insight into gene function. We have identified several genes that

may be useful bioindicators of environmental stressors. Together, these data
provide an integrated view of the molecular mechanisms deployed by an
infaunal invertebrate and provide an informative reference for studies of
related species of conservation concern, particularly hard corals.

135 Mitochondrial Fitness, Gene Expression, and Hypoxic Stress in a
Hybrid Population of the Killifish, Fundulus heteroclitus PA. Flight,
Brown Univ, Ecology and Evolutionary Biology; D. Nacci, USEPA, ORD,
NHEERL, Adlantic Ecology Division; D. Champlin, USEPA; A. White-
head, Louisiana State Univ, Dept of Biological Sciences; D.M. Rand, Brown
Univ, Ecology and Evolutionary Biology. The physiological link between
oxygen availability and mitochondrial function is well established. However,
whether or not fitness variation is associated with mitochondrial genotypes
in the field remains a contested topic in evolutionary biology. In this study
we draw on a population of the teleost fish, Fundulus heteroclitus, where
functionally distinct subspecies hybridize, likely as a result of past glacial
events. We had three specific aims: 1) to infer the age of the split between
the subspecies using mtDNA sequences; 2) to determine the effect of
mtDNA genotype on survivorship of male and female fish under hypoxic
stress; 3) to determine the effect of hypoxic stress, sex and mtDNA genotype
on gene expression. Our results are consistent with previous studies suggest-
ing the split between £ heteroclitus is more than an order of magnitude older
than the last glacial maximum (-700 kya). We found a highly significant
effect of sex on survivorship under hypoxic conditions (=0.0022), but no
significant effect of mtDNA genotype. Gene expression analyses revealed
hundreds of transcripts differentially regulated by sex and hypoxia. Mito-
chondrial transcripts were among those influenced by hypoxic stress, and
the mtDNA control region was the most highly suppressed transcript under
conditions of hypoxia (P=9.40x10-8). Effects of mtDNA sequence varia-
tion on expression were limited, however a potentially important epistasis
between mtDNA and a nuclear-encoded mitochondrial translation protein
was discovered. Overall, these results confirm that mitochondrial regulation
is a major component of hypoxia tolerance and further suggest that purify-
ing selection has been the predominant selective force on mitochondrial
genomes in these two subspecies.

136 Molecular and Biochemical Response in the UV-B Damaged
Copepod, Tigriopus japonicus ]. Lee, Hanyang Univ Graduate School,
Dept of Chemistry; J. Rhee, Hanyang Univ, Dept of Molecular and
Environmental Bioscience; Y. Lee, Sangmyung Univ, Dept of Green Life
Science. The copepod mitochondrial genome showed a high divergence
between biogeographically-isolated conspecific strains, indicating that there
might be low DNA repair ability, resulting in accumulating mutation on the
genome. To examine DNA repair ability and damage response, we measured
photoreaction and dark repair ability after UV-B irradiation, and found that
the intertidal copepod, Tigriopus japonicus has significantly poor activity

for DNA repairs. To examine the ability of molecular chaperoning protein,
heat shock proteins upon DNA damage, we performed acute toxicity test
for UV-B radiation and measured ROS level and antioxidant enzyme (GR,
GPx, SOD, GSH, and GST) activity after exposure to UV-B (12 and 24

k] m-2) for 48 h in the copepod 7. japonicus. Subsequently, transcriptional
changes in hsp families (hsp10, 20, 20.7, 40, 60, 70, 70p, 900, and 105)
were further investigated in stress-exposed groups. As results, the LD50
value for UV-B radiation was measured at 23.12 and 26.42 k] m-2 in the
male and female copepod for 48 h. ROS level was significantly increased at
UV-B-exposed copepod. Activities of antioxidant enzymes were also highly
elevated at both stressors-exposed copepods, indicating that UV-B can
induce oxidative stress by generating ROS and stimulate the involvement
of antioxidant enzymes as defense mechanisms against their toxicity. In
experiment with UV-B radiation, the expression of hsp20 mRNA was firstly
appeared at 6 k] m-2 and followed by hsp70 and hsp900t at 9 k] m-2. Most
of hsps mRNA expression was significantly increased in dose-dependent
manners. The expression of hsp10, hsp40 and hsp60 mRNA was not modu-
lated until 15 kJ m-2, but rather down-regulated at 18 k] m-2 and more,
indicating that high dose of UV-B may cause cellular damage in this species.
This study will be helpful to obtain a better understanding on molecular
mechanisms of protective action against UV-B stress in this species.

137 Multiple Stressors: The Impact of Fasting and 17(-estradiol on
Organ Mass and Gene Expression in Fathead Minnows (Pimephales
promelas) A.M. Jessick, Univ of Nebraska Medical Center, Dept of

Biology; A.S. Kolok, Univ of Nebraska Medical Center, Environmental,
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Agricultural and Occupational Health. The central aim of this study was to
examine the levels of expression of estrogen responsive genes in fed and fast-
ing fathead minnows, (Pimephales promelas). Two different experiments were
conducted in this study. In the first, adult females were either fed or fasted
for 7 days. Fasted fish experienced significant reductions in liver and kidney
mass, but not in the relative mass of the ovary or the brain. Furthermore,
fasting did not significantly influence the hepatic expression of the estrogen-
responsive gene vitellogenin. In the second study, male minnows were
exposed to fasting, 17-estradiol (E2) and to both treatments simultane-
ously. Adult males fasted for 7 days demonstrated significant reductions in
liver mass, but gonad and kidney mass remained proportional to body mass,
while relative brain mass actually increased during fasting. When exposed to
E2, fed males significantly over-express the estrogen-responsive gene VIG,
but fasted males exposed to E2 are not significantly different from that in
unexposed males. No significant difference was observed in ER-0t expression
between E2 exposed fed and fasted males compared to unexposed males,
but the fed and fasted controls were significantly different. Based upon the
results, the interaction between the expression of estrogen responsive genes
and fasting differs between males and females. Females maintain normal
expression levels of these genes in the face of fasting, whereas the estrogen-
induced males demonstrate inappropriate expression of these genes, which
appear to be compromised when the fish are fasting.

138 Population Genetic Monitoring for Toxicant Effect Based on
Tolerance Evolution Y. Tanaka, H. Mano, National Institute for Environ-
mental Studies, Research Center of Environmental Risk; H. Tatsuta, Univ
of the Ryukyus, Dept of Ecology and Environmental Science. Evolution of
tolerance to a pollutant chemical in a natural population of organisms gives
direct evidence of the examined population to have suffered adverse effect
by the chemical because the tolerance evolution of a population is solely
brought about by selection pressure that removes sensitive individuals or
genotypes from the population. Despite the advantage in using the tolerance
evolution as a monitoring tool of chemical pollution in the field, such ap-
proach is not relevant for a quantitative impact evaluation because observed
differences in the tolerance between a contaminated and an uncontaminated
site are rarely connected to the ecological risk that burdens the population.
Applying the theory of evolutionary ecology and quantitative genetics into
the tolerance evolution, we attempted to estimate the selective force that

is needed to maintain the observed difference in the tolerance between
populations. For this aim, we made a heuristic assumption for the evolution-
ary analysis of tolerance: the strength of tolerance induced by a genotype

to a particular compound is positively associated with fitness cost of the
tolerance, and the joint action of selection induced by the cost and selection
favoring higher tolerance achieves the optimization of the total fitness that
takes into account the fitness gain by the tolerance and the fitness cost due
to the tolerance. The fitness gain by the tolerance means reduced toxicity

of a specific exposure concentration in comparison to sensitive individuals,
and can be quantified by the life table toxicity data. As a case study of such
an approach, we detected inter-population differences of the fenvalerate
tolerance among natural populations of a water flea (Daphnia galeata) in
Kasumigaura Lake (Japan) and an agricultural reservoir near to this lake.
There was a statistically—signiﬁcant negative association, among isofemale
clones, between tolerance values and intrinsic population growth rates under
the null exposure. With the fitness optimization, we derived an estimate of
stationary exposure level of the chemical (all compounds that exhibited co-
tolerance with this chemical) as 15 ppb, and concluded that the examined
population of this species had been suffering the population-level effect that
corresponded to 1/4 reduction of the intrinsic population growth rate. The
indicated level of the population-level effect may have considerably reduced
the probability of persistence of the population.

139 UV-B Modulates DNA Damage Responses in the Monogonont
Rotifer, Brachionus orientalis ]. Lee, Hanyang Univ, Dept of Chemistry,
Hanyang Univ Graduate School, Dept of Chemistry; J. Rhee, Hanyang
Univ; E. Won, Hanyang Univ, Dept of Environ Mar Science; B. Kim,
Hanyang Univ, Dept of Chemistry. To understand the effect of UV-B
radiation on the rotifer, Brachionus orientalis, several parameters including
24-h survival rate, population growth rate, and ROS level were measured
after exposure to a wide range of UV-B doses. To check the expression of
other important inducible genes such as replication protein A (RPA), DNA-
dependent protein kinase (DNA-PK), Ku70, Ku80, and heat shock proteins
(hsps) after UV-B radiation, we observed dose- and time-dependency at 2 kJ/
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m?.We also examined 13 Asp genes for their roles in the UV-B damaged ro-
tifer. Results showed that UV-B remarkably inhibited the population growth
of B. orientalis. The level of intracellular reactive oxygen species (ROS) was
high at 2 kJ/m?, suggesting that 2 kJ/m? would already be toxic. This result
was supported by other enzymatic activities, such as GSH levels, glutathione
peroxidase, glutathione S-transferase, and glutathione reductase. For dose
dependency, low doses of UV-B radiation (2, 4, and 6 kJ/m?) significantly
up-regulated the examined genes (e.g., RPA, DNA-PK, Ku70, and Ku80).
For the time course study, RPA genes showed immediate up-regulation but
returned to basal or lower expression levels compared to the control 3 h after
UV-B exposure. The DNA-PK and Ku70/80 genes significantly increased,
indicating that they may be involved in repairing processes against a low
dose of UV-B exposure (2 kJ/m?). At the basal level, the hsp900.1 gene
showed the highest expression, and followed by hsp10, hsp30, hsp60, and
hsc70, and hsp90P in adults (w/o egg). In eggs, the hsp10 gene was expressed
the highest, and followed by Asp30, hsp27, hsp900.1, and hsp60 genes. In
real-time RT-PCR array on rotifer Asp genes, low doses of UV-B radiation

(2 and 4 kJ/m?) showed up-regulation of several hsp genes but most of the
hsp genes showed down-regulation at 8 kJ/m? and higher, indicating that
significant Hsp-mediated cellular damage already occurred at low doses. For
the time course study of four hsp genes (hsp20, hsp27, hsp70, hsp900.1), they
showed a significant correlation for UV-B radiation (2 kJ/m?). In this paper,
we demonstrated that UV-B radiation would affect growth retardation with
up- or down-regulation of some important genes in DNA replication, repair
process, and chaperoning. This finding provides a better understanding of
molecular mechanisms involved in UV-B-mediated cellular damage in the
rotifer, B. orientalis.

140 The pH Dependence of Natural Organic Matter Sorption to
Nanoparticles and Its Ability to Disperse Particles in Aqueous Solu-
tions D Mwaanga, Clemson Univ, Environmental Toxicology; E. Carraway,
Clemson Univ, Environmental Engineering & Earth Sciences, Clemson In-
stitute of Environmental Toxicology. Several studies have demonstrated that
natural organic matter (NOM) can reduce toxicity of most toxic chemicals
through sorption /complexation processes. In the area of nanoecotoxicolgy,
this has also been demonstrated. The sorption of NOM on to the nanopar-
ticles has further been lauded for particle dispersion and hence lessening the
effect of particle aggregation. In this study, the particle dispersion of NOM
on both sonicated and nonsonicated TiO, nanoparticles at different pH
values was examined. The study further examined the sorption of NOM to
TiO, at the same pH values. The dynamic light scattering (DLS) technique
was used to characterize the aggregates. The PALS Zeta potential analyzer
was used to estimate surface charge. The total organic carbon was measured
by the Total Organic Carbon Analyzer- Shimadzu (TOC-VCPH). The
results indicated that the particle dispersion by NOM is pH dependent and
is more pronounced at higher pH, but least at pH values close to the point
of zero charge (PZC) for the TiO, particles. The ability of NOM to disperse
nonsonicated particles was found to be mild. As expected, the sorption re-
sults showed that the least amount of NOM is sorbed at higher pH, despite
the observation that the highest dispersion occurred at higher pH.

141 Impact of ZnO Nanoparticles on the Dynamic Energy Budgets

of the Marine Mussel Mytilus galloprovincialis E.B. Muller, Univ of
California, Marine Science Institute; R.M. Nisbet, Univ of California,
Ecology, Evolution and Marine Biology; S.K. Hanna, H.S. Lenihan, Univ
of California, Bren School of Environmental Science and Management; R.J.
Miller, Univ of California, Marine Science Institute. Traditional methods
for the analysis of toxicity data are limited in scope, as conclusions drawn
from such analyses typically depend on the choice of endpoint, exposure
duration and/or laboratory conditions, such as feeding regime. These limita-
tions are overcome with Dynamic Energy Budget (DEB) theory, a powerful
tool to integrate the impact of environmental conditions and toxic effects
on the production of individual organisms. The results of a DEB based
analysis are independent of endpoint and exposure duration. We use DEB
theory to analyze the sublethal effects of ZnO nanoparticles on the marine
mussel Mytilus galloprovincialis. We exposed individuals of different sizes to
ZnO nanoparticles (nominal concentrations in the range of 0-2 mg/l) in
laboratory-controlled conditions for 3 months. To fully specify the dynamics
of toxicant exchange and energy budgets, we measured Zn tissue concentra-
tions, Zn clearance rates, increase in shell length, production of somatic and
reproductive biomass, respiration and feeding rates. Because mortality was
only significant at the highest exposure level, mussels were exposed to the
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full range of sublethal concentrations of ZnO nanoparticles. Biomass pro-
duction and increase in shell length declined and tissue Zn levels increased
with increasing ZnO exposure levels, indicating that our data are amenable
to DEB analysis. We will show how the results of this analysis can be used to
project the impact of toxicants on the long-term population growth rate.

142 Investigating the Mechanisms Underlying the Effects of Titanium
Dioxide Nanoparticles on Two Species of Freshwater Phytoplankton

K. Kulacki, Univ of California — Santa Barbara, Ecology, Evolution, and
Marine Biology, Univ of California Santa Barbara, Earth Research Institute;
S. Bennett, Univ of California Santa Barbara, Bren School of Environmental
Science and Management; B. Cardinale, Univ of Michigan, School of Natu-
ral Resources & Environment. Titanium dioxide (n-TiO,) is one of the
most widely produced and well-studied types of nanomaterial. Despite this,
we lack a basic understanding of how this material impacts the structure
and function of natural ecosystems. Here we report the results of a labora-
tory experiment in which we exposed two of the more common species

of freshwater phytoplankton — Chlamydomonas moewusii and Scenedesmus
quadricauda — to increasing concentrations of n-TiO, (0, 1, and 100 mg
L) to examine how n-TiO, influences algal growth. n-TiO, reduced the
growth of C. moewusii at 100 mg L1, in part because n-TiO, decreased rates
of primary production. There were also signs of physiological stress in this
alga, as higher intra-cellular chlorophyll content suggested cells were limited
by light. In contrast to the effects of n-TiO, on C. moewusii, high concen-
trations of n-TiO, (100 mg L!) enhanced the growth of S. quadricauda.
We could not find clear evidence of a mechanism to explain this growth
stimulation, as there were no signs of altered metabolism or physiology that
might indicate photo-stimulation. There was no evidence that n-TiO, was
degrading organic matter in a way that might release limiting nutrients, nor
was there evidence that n-TiO; reduced bacterial metabolism in a way that
might release algae from competition. Our study reveals the potential for
contrasting effects of n-TiO; on different species of algae. We were able to
identify several mechanisms that might underlie the impacts of n-TiO, to
C. moewusii, and we were able to eliminate several potential mechanisms to
explain the stimulatory effects on S. quadricauda.

143 Acute and Chronic Toxicity of Nanoparticle and Ionic Forms of Sil-
ver to Daphnia pulex E. Costa, Wilfrid Laurier Univ; J. McGeer, Wilfrid
Laurier Univ, Dept of Biology. The objective of this research is to compare
the effect of ionic (Ag*) and nanoparticle silver (nAg) on acute and chronic
uptake and toxicity in Daphnia pulex. Exposure solutions were prepared

and characterized by solution ultrafiltration (e.g., Ag content in < 450nm, <
100nm, < 10nm, and < Inm fractions) and dissolution techniques to assess
the content of Ag* and nAg. Acute toxicity tests were standard 48 h expo-
sures to determine lowest observed effect concentrations (LOECs) and 50%
effect concentrations (EC50s). The time-course of bioaccumulation was
measured (whole organism dry weight basis) at the LOEC concentration

for either Ag* or nAg LOEC:s to assess uptake (48 h) and depuration (48 h).
Daphnia (n = 12) were sampled at time 0, 1, 3, 6, 12, 24, and 48 h in both
phases to measure whole-body Ag, Na, and Cl. As well, short-term (3 h)
uptake kinetics were also measured via exposure to concentrations ranging
from 0 to 1 ug/L Ag* or nAg. Chronic toxicity tests were standard 21 d ex-
posures to determine survival (LC50) and reproductive (EC50) effects. The
acute EC50 for Ag* (0.78 ug/L + 0.1 95% CI) and nAg (0.83 ug/L + 0.27
95% CI) were similar but uptake kinetics differed. Short-term nAg accumu-
lation was linear (7° = 0.95), indicating a non-carrier (diffusion) uptake and
Ag* accumulation was hyperbolic following Michaelis-Menton kinetics (°
=0.95), indicating carrier-mediated transport. For the uptake and depura-
tion studies (48 h), Daphnia accumulated nAg at a faster rate than Ag* but
depurated Ag* faster than nAg. Therefore, the results show different uptake
processes for the two forms of silver even though the effect endpoints are
similar. Exposure solution characterization by ultrafiltration supported the
finding that dissolution of nanoparticles to form ionic silver in solution does
not play a significant role in nAg toxicity. This research was supported by the
NSERC-NRC-BDC Nanotechnology Initiative.

144 Reproductive Effects and Bioaccumulation in an Estuarine Crusta-
cean, Americamysis bahia, Following Chronic Exposure to Multi-walled
Carbon Nanotubes E.R. Roberts, Univ of Georgia, Environmental Health
Science; M.C. Black, Univ of Georgia, Dept of Environmental Health Sci-
ence; M.E. DeLorenzo, NOAA, National Ocean Service, Dept of Marine

Ecotoxicology. Large amounts of carbon nanotubes are currently being

manufactured, which will lead to an increase of nanomaterials into the
environment through accidental spills or known releases. Previous research
has used acute toxicity tests to assess the potential toxicity of CNTs to inver-
tebrates and fish. However, little information is available on the toxicity of
nanomaterials following chronic exposures of aquatic organisms, particu-
larly in marine and estuarine environments. Here, we report the adverse
chronic effects of multi-walled carbon nanotubes (MWCNTs) on 7 day old
Americamysis babia (formally Mysidopsis bahia), an estuarine crustacean,

in a water-only system. Four concentrations were tested (0.1 mg/L to 10
mg/L), assessing mortality, maturation stage, and bioaccumulation of 14C-
MWCNTs as endpoints. Within 24 hours, MWCNTs were visible in the
gut tracks of individuals exposed to the 10 mg/L concentration, which was
confirmed as bioaccumulation through liquid scintillation counting. No
significant mortality was noted at any concentration; however, a decrease in
sexually mature individuals was present at the higher exposure concentra-
tions. The percentage of sexually immature individuals increased from 20%
of the total population in controls to 60% in organisms exposed to 10 mg/L
MW(CNTs. The experiment will be repeated to test the sensitivities of A.
bahia at an earlier (0 day old) and later life stage (14 day old). Although

the concentrations used in this experiment were high relative to expected
environmental concentrations, continuous exposure of MWCNTs could
result in a delayed maturation time of A. bahia over time, potentially causing
population declines.

145 Using Radiolabels for Investigating the Bioaccumulation and In-
teraction Effects of 14C-SWNT and 3H-Ponasterone A in Leptocheirus
plumulosus AN. Parks, Duke Univ, Nicholas School of the Environment;
P. Schierz, Duke Univ, Dept of Civil and Environmental Engineering, Duke
Univ, Pratt School of Engineering; R.M. Burgess, USEPA, Atlantic Ecology
Division, National Health and Environmental Effects Research Labora-
tory, USEPA; K.T. Ho, L.M. Portis, USEPA, Atlantic Ecology Division;

M. Perron, Brown Univ, School of Engineering; M. Pelletier, National
Health and Environmental Effects Research Laboratory, USEPA, Dept:
ORD NHEERL AED; K. Washburn, Univ of South Carolina, Arnold
School of Public Health; G.T. Chandler, Univ of South Carolina, Dept of
Environmental Health Sciences; L. Ferguson, Duke Univ, Dept of Civil and
Environmental Engineering, Duke Univ, Nicholas School of the Environ-
ment, Pratt School of Engineering. The development of single-walled
carbon nanotube (SWNT) technologies and products continues to increase,
and with this comes greater risk of environmental release through waste
discharge and product use. During waste treatment, released SWNT will
co-occur with other molecular contaminants such as endocrine disruptors,
which may adsorb to the surface of SWNT due to its black carbon like
behavior. Therefore, it is important to study the interactions of SWNT with
microcontaminants. We have previously assessed the bioaccumulation of
pristine SWNT in two benthic estuarine invertebrates (Ampelisca abdita and
Americamysis bahia) via ingestion of sediment and food (algae Cyclotella sp.
and brine shrimp Artemia salina) amended with SWNT. Near infrared fluo-
rescence (NIRF) spectroscopy was used as a sensitive and specific detection
method to quantify and characterize SWNT. This study showed uptake of
SWNT from amended algae in non-depurated amphipods (35-50 pg/g dry
tissue), but the depurated amphipod body burdens were below the detection
limit (< 1.4 pg/g dry dissue). Although NIRF spectroscopy provides more
detailed SWNT characterization and can be used to analyze environmental
samples, radiolabels offer a lower detection limit (0.044 pg/g) for laboratory-
based bioaccumulation studies. To capture this greater sensitivity, a parallel
study was performed exposing Leprocheirus plumulosus to sediment and food
(Isochrysis galbana) amended with YC-SWNT at nominal concentrations

of 10 pg/g and 100 pg/g. After a 28-day exposure, depurated and non-dep-
urated amphipods exposed to 100 pg/g sediment, displayed body burdens
(0.3-0.65 pg/g dry tissue and 3-7 pg/g dry tissue, respectively) significantly
different from controls. The dual-label, mixed-contaminant system was
tested using “C-SWN'T (100 pg/g) and the ecdysteroid *H-Ponasterone A
(1 ngl/g), each individually and in a mixture. A second form of black carbon
(coconut charcoal) was used as a positive control. After a 28-day sedi-

ment exposure, the bioaccumulation of each contaminant in Leprocheirus
plumulosus was determined. Results of these experiments will be presented in
the context of the relative effects on the bioavailability and bioaccumulation
by benthic deposit-feeding organisms of SWNT and microcontaminants
present in the environment as mixtures.
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146 Bioaccumulation and Trophic Transfer of Nanoparticles to
Leptocheirus plumulosus B. Jackson, Dartmouth College, Dept of Earth
Sciences; C. Chen, Dartmouth College, Dept of Biological Sciences. The
bioaccumulation and trophic transfer of CDSe quantum dots (QDs)

and Ag nanoparticles (AgNPs) to L. plumulosus was assessed in a series of
exposure and toxicity tests conducted in waters of varying salinity. Trophic
transfer was investigated by exposing the amphipods to nanoparticles in

the presence or absence of the algae, Lochrysis galbana. The relative particle
size distribution of the nanoparticle in the water column; aggregated,
dispersed, dissolved, was assessed by filtration at 0.45 and 0.2 pm and
ultra-centrifugation at 3KDa. Animals were exposed to nanoparticles for 96
hrs and allowed to depurate for 24 hrs. Body burden of nanoparticles were
assessed by digestion and ICP-MS analysis. Exposures were compared with
an equivalent concentration of dissolved metal ion (Cd for the QDs). Ag-
NPs aggregated readily at salinities of 5, 10 and 20%eo. Bioaccumulation of
AgNPs was greater for 10nm particles than 50nm particles but less than an
equivalent concentration of dissolved Ag. No differences in bioaccumulation
were observed at higher salinities. Mortality was only observed for dissolved
Ag at 5%o. No differences were observed in the presence or absence of algae.
QDs remained dispersed (or < 0.45 pm) at 20%o salinity. Bioaccumulation
of QDs was greater than equivalent dissolved Cd both in the presence and
absence of algae. However, mortality was much greater in the presence of
algae. Laser ablation ICP-MS was used investigate qualitative differences in
QD assimilation between exposure routes.

147 Multi-generational Impacts of Carbon Nanomaterial Exposure

on the Model Organism Daphnia magna D. Arndt, Univ of Wisconsin-
Milwaukee, School of Freshwater Sciences, Great Lakes Water Institute;

R. Klaper, Univ of Wisconsin-Milwaukee, School of Freshwater Sciences,
Great Lakes Water Institute. We examined how carbon nanomaterial core
structure and surface chemistry influence the toxicity of these materials to
the progeny of an exposed F;, generation of Daphnia magna. F(y daphnids
were exposed to various types of carbon nanomaterials with different core
structures and functionalizations. Chronic toxicity was measured on the
parent population by evaluating mortality and reproductive parameters over
a 21-day period. The neonates produced by the Fj generation were raised for
an additional 21-day period and mortality and reproduction were assessed.
This was repeated for the next 3 generations of Daphnia. Data indicate that
some carbon nanomaterials can have an impact on the reproductive capac-
ity of future generations of daphnids from exposed parents. These results
indicate that a single generation exposure may have an impact on future
generations of organisms. Future experiments will look at the mechanism
by which nanomaterial exposure may impact these subsequent generations
of daphnids after a parental exposure, including methylation of DNA in the
promoter regions of relevant genes.

148 Dyes, Old Contaminants that Still Need Toxicological Evaluation
G.A. Umbuzeiro, UNICAMP, FT; H. Freeman, North Carolina State Univ,
College of Textiles. Colours are part of our life. Everything that surrounds
us are naturally or artificially colored. Dyes have been used all around the
world in textiles, food, hair, plastics, houses, vehicles, cosmetics and other
products. In the past they were metal based products. Because of the high
toxicity and persistence of metals in the environment they were substituted
by organic compounds, that are biodegradable. Thousands of different dyes
are produced and in use these days. Because they are visible in very low
concentrations, we believed that they would not be present in hazardous
amounts. But when dyes from different colours are mixed a brownish to
grey colour is obtained, sometimes difficult to be noticed when reaching a
water body. In general dyes are very complex organic molecules. The most
abundant group are the azodyes, that are produced from aromatic amines.
Several aromatic amines has proven to be carcinogenic and are now prohib-
ited. We thought that dyes would be degraded in the biological treatment
and only the detection of their former aromatic amines would be enough
to evaluate their possible hazard. But recently this paradigm was proved to
be wrong, different dye transformation products, such as the PBTAs were
found in rivers. They were even more mutagenic than the parental dyes and
are colotless. Different dyes as well their transformation products have been
found in rivers, sediments, treated effluents, sludges and even in drinking
water. Thin layer chromatography, although an old and not sophisticated
technique was key for their detection. HPLC methods are now under
development to quantify dyes and their transformation products that are
present in the environment in ppb to ppt concentrations. The majority of
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the detected compounds were not yet tested for ecotoxicity or genotoxicity
and other important endpoints. It is now impossible to estimate the risks
regarding the exposure of those compounds because no consistent hazard
evaluation is available in the literature. Another key information is that the
commercial dye products can contain more than 50% of impurities, other
dyes and aromatic amines, and are usually sold in unknown surfactants, also
not propetly evaluated. Dyes, although old contaminants can be considered
emergent compounds and should be properly tested before being released
into the environment.

149 First Stages in the Ecological and Human Health Assessment of
Aromatic Azo and Benzidine-based Compounds on Canada’s Domestic
Substances List ].R. Hill, A. Okonski, Environment Canada, Govern-
ment of Canada, Ecological Assessment Division; B. Aikawa, S. Blechinger,
M. Gagne, K. Hughes, Health Canada, Government of Canada, Exist-

ing Substances Risk Assessment Bureau. In June 2010, the Government

of Canada published a Notice of intent to assess the potential health and
ecological risks of approximately 350 aromatic azo- and benzidine-based
substances on Canada’s Domestic Substances List. Substances included in
this assessment are among those identified as priorities for action through
the Domestic Substances List Categorization process. The aromatic azo- and
benzidine-based substances are those which may break down to certain
aromatic amines of concern (including benzidines). Some substances within
this class or substances similar to those included in this class have been
identified by other jurisdictions as a concern due to the potential cleavage
of the azo bonds that can lead to the release of aromatic amines that are
known or possible carcinogens or genotoxicants. In addition, recent data
gathering initiatives have confirmed some of these substances are found in
imported consumer products (e.g., clothing, leather products) in Canada.
The Government of Canada will apply weight-of-evidence and precaution in
decision making. Accordingly, where data are limited and where considered
appropriate, assumptions with a reasonable level of conservatism will be
applied in the risk assessment. For example, assumptions may be applied
regarding the potential for these substances to degrade or metabolize to
simple aromatic amines, to migrate or leach from finished products, or to be
dermally absorbed from products in contact with the skin. A general scope
of the approach will be outlined with focus on chemical clustering based

on structural similarities, common functional uses, and physical-chemical
properties of these substances. Potential data gaps will be identified and
discussed.

150 Assessing the Bioaccumulation Potential of Substances with Low
Bioavailability: Benchmarking a Dispersible Colorant M. Bonnell, En-
vironment Canada, New Substances Division, Science and Risk Assessment
Directorate; J. Hill, Environment Canada. A general lack of empirical data
at the time of categorization of the Canadian DSL (20006) required that,
from an ecological standpoint, evidence from quantitative structure-activity
relationship (QSAR) models be used to fill data gaps. While this approach
was a practical means to accomplishing the prioritization of thousands

of chemicals, key ecological hazard properties (i.e., bioaccumulation and
ecotoxicity) may be incorrectly predicted for substances with a potentially
low to very low bioavailability. We will demonstrate this potential for error
using a dispersible colorant and illustrate how its bioavailability and reactiv-
ity compares with a benchmark PCB and a solvent dye and how it contrasts
with an acid dye. Data from molecular dimensions, physical-chemical prop-
erties, metabolism potential, dietary assimilation efficiency, bioconcentation
factor (BCF), biomagnification factor (BMF), biota-soil accumulation factor
(BSAF) and ecotoxicity are compared and contrasted with the benchmark
chemicals. When these lines of reasoning are considered, it can be shown
that internally consistent evidence point towards a low bioaccumulation
potential of this disperse dye governed principally by low bioavailability to
aquatic organisms.

151 Effect of Photoelectrochemical Chlorination and Conventional
Chlorination on Mutagenicity Reduction of CI Disperse Blue 291 Dye
M.B. Zanoni, UNESP, Analytical Chemistry; G.A. Umbuzeiro, UNICAMP,
FT; R.L. Oliveira, G.J. Zucollo, UNESD, Analytical Chemistry. Guilherme
Julidgo Zocolo!, Rafael Leite de Oliveira!, Gisela de Aragio Umbuzeiro?,
and Maria Valnice Boldrin Zanoni! 'Electroanalytical Chemistry Labo-
ratory — Dept of Analytical Chemistry — UNESP — Univ of Sio Paulo
State, Brazil ? Environmental Ecotoxicology and Microbiology Labora-
tory — LEAL, Faculty of Technology, Univ of Campinas, Limeira, SP, Brazil



MONDAY PLATFORM ABSTRACTS

Abstract The CI disperse Blue 291 dye, 2-[(2-Bromo-4,6-dinitrophenyl)
azo]-5-(diethylamino)-4-methoxyacetanilide) is a commercial azo dye highly
used in textile industry for dyeing of polyester. The present work evaluates
the chlorination process effect on dye treatment using photoelectrocatalytic
process and conventional chlorination. The removal of CI Disperse Blue 291
dye from wastewater of textile industry was investigated and the generated
by products were monitored by using spectrophotometry, chromatographic,
organic carbon, mass spectra analysis and mutagenicity assays. The process
efficiency was compared with conventional chlorination process com-
monly adopted in DWTP. CI Disperse Blue 291 dye was almost completely
mineralized and is mutagenicity was removed under optimized conditions
of photoelectrocatalysis using Ti/TiO,, using both NaCl as sodium sulfate
as supporting electrolytic solution in a short time scale treatment (120

min). The results indicate that byproduts generated by photoelectrocatalytic
chlorination are free of amine substituent, which seems to be the key for its
mutagenicity.

152 The Toxicity of Commercial Dye Disperse Red 1 and His Main
Fraction Dye to Estuarine Copepod M. Artal, Univ of Campinas; A. Al-
buquerque, Univ of Campinas, Av. Conego Manuel Alves, 220; G. Lotufo,
US Army Engineer Research and Development Center; G. Umbuzeiro,
Univ of Campinas. Azo dyes are the most abundant and representative class
of dyes. Commercial forms of these compounds are mostly a mixture of the
main dye, surfactant and other dyes. Components of the commercial dye
Disperse Red 1 were separated by TLC (thin-layer chromatography) and the
main fraction, corresponding to CI Disperse Red 1 were about 60% of the
mixture. We compared the acute toxicity of the main fraction and the com-
mercial dye using the estuarine copepod Nitokra sp. Both the commercial
dye and the fraction were dispersed with ultrasound sonication for 8 min
because they are poorly soluble in salt water. The acute toxicity tests were
performed in quadruplicate, 10 organisms per replicate, with marine recon-
stituted water (salinity 20), photo-period 12-12h at 23°C for 96 hours with
adults. We tested 6 concentrations ranging from 0.03 to 30 mg.L'!, and a
negative control, for both samples. After exposure the immobility of organ-
isms was recorded with the aid of a dissecting microscope and the EC50
was calculated by Trimmed Spearman-Karber method. Sensitivity tests were
performed monthly with zinc sulfate as a reference toxicant and the aver-
age value is 3.3 mg.L'! (N=8). Acute median-effect concentrations (EC50,
96h) for Commercial dye Disperse Red 1 and its main dye were virtually
identical, 0.13 mg.L'! and 0.14 mg.L", respectively. If only the main dye
was responsible for the toxicity effect of the commercial product, the EC50
for the commercial product would be lower than that observed for the main
dye. Therefore we suggest that the toxicity of commercial dye Disperse Red
1 is caused by CI Disperse Red 1 as well as other components in the mix-
ture. The isolated surfactant and the other dyes present in the commercial
product are being tested under the same conditions. These results highlight
the importance of testing the commercial product and not only the main
substance before approving the products for use.

153 Application of Organic Dye Measurements in Airport Stormwater
Runof as Tracers for Assessing Runoff of Aircraft Deicing/Anti-icing
Fluids L. Ferguson, Duke Univ, Dept of Civil and Environmental Engi-
neering, Duke Univ, Nicholas School of the Environment, Pratt School of
Engineering, Dept of Civil & Envionmental Engineering; S.R. Corsi, US
Geological Survey, Water Resources Division. Aircraft deicing and anti-icing
fluids are used extensively during winter weather events at airports to mini-
mize risks of ice/snow-related safety incidents. The widespread use of these
fluids, which contain a number of potentially hazardous organic contami-
nants (including glycols, benzotriazloles, surfactants, and colorants) has led
to significant concern over their impacts on surface waters and groundwaters
in proximity to airports. To date, it has been difficult to trace the contribu-
tion of deicers vs. anti-icing fluids (which are more toxic) to stormwater
loads of BOD and other markers of organic contaminant concentrations.
We have taken advantage of the unique and relatively class-specific dyes used
in deicer/anti-icer fluids in order to trace inputs of these two major types of
deicing fluids to surface waters. Results indicate that dye identity and con-
centration are unique between anti-icing and deicing fluids. Tartrazine was a
commonly observed “yellow” dye in Type IV anti-icing fluids, while Orange
IT and Sunset Yellow FCF were the most prevalent dye type in Type I deic-
ing fluids. Measurement of these dyes in surface waters and runoff samples
indicates that they can be used as a reliable tracer for deicing and anti-icing
fluid inputs to stormwater.

154 Biodegradation and Toxicity of the Reactive Azo-dye Remazol

Red by Brevibacterium sp Strain Isolated from Activated Sludge of

the Textile Industry E. Franciscon, Faculty of Technology, State Univ

of Campinas, Laboratério de Ecotoxicologia e Microbiologia Ambiental
“Prof. Dr. Abilio Lopes”; L.R. Durrant, Faculty of Food Engineering, State
University of Campinas, Department of Food Science; Gisela Umbuzeiro,
UNICAMP, FT. Azo dyes account for the majority of all dyes produced and
have been the most commonly used synthetic dyes in the textile, food, paper
making, color paper printing, leather and cosmetic industries. The main azo
dye possess the function azo as group chromophoric, are characterized by the
presence of one or more azo bond -N=N - on the aromatical systems. Under
usual dyeing conditions these dyes don’t bind to fibers what results in color-
ed effluents. Dyes removal is desired, not only by esthetic reasons, but also
because many azo dyes and their derived products are toxics to aquatic life
and mutagenic to humans. Although activated sludge has been extensively
used on industries this treatment has not been effective and dyes are ad-
sorbed in the biomass, being later disposed in landfills, contaminating these
wide areas. Trying to solve these problems, Brevibacterium sp., a bacterial
strain isolated from activated sludge of textile industries near Campinas (ST,
Brazil) was cultivated with growth medium plus Reactive azo-dye Remazol
Red RR (RBN 198) in static conditions. The dye degradation was deter-
mined by UV-visible spectrophotometer and confirmed by Total Organic
Carbon (TOC) reduction. The degradation products were also character-
ized by HPLC- MS techniques, and their toxicity measured using Daphnia
similis. Brevibacterium sp. strain degraded completely the dye present in the
medium in 24 hs and after 7 days the reduction in TOC was ~70%. The
Daphnia similis tests were carried out in a 1:4 dilution of the original super-
natant concentration, because 100% mortality occurred in the undiluted
and 1:2 diluted dye media. Untreated dye showed immobility of 47% at a
dilution of 1:4. Samples take from static culture was less toxic, immobility ?
13%. The HPLC- MS reveleted possible compounds of the RR198 azo dyes
biodegradation, in the sample: 4-chloro-N-o-tolyl-1,3,5-triazin-2-amine; so-
dium 4-aminonaphthalene-2-sulfonate and 3,6-dimethyl-7-(o-tolyldiazenyl)
naphthalen-1-amine. The results demonstrate that the static process using

a Brevibacterium sp. was successful in achieving a complete decolourization
and partial degradation of azo dyes. The acute toxicity for Daphnia similis
after treatment revealed to be lower than untreated dye, indicating the high
potential of the bacterium for the use in azo dyes removal.

155 The Carcinogenic Potential of a Black Dye Commercial Product
(BDCP) in Rats Subcutaneously Exposed R.O. de Lima, Universidade
Estadual de Maringd — UEM; G.E. Fontes, Unesp; G.A. Umbuzeiro,
UNICAMBP, FT; D.E Salvadori, UNESP. Azo dyes are used and sold as
commercial products. They contain, besides surfactants, impurities such as
other dyes and aromatic amines. Water contamination by dyes is a matter
of concern because they have been found in river waters, sediments, sludges
and drinking waters. The components of a black dye commercial product
(BDCP), Disperse orange 37, Disperse blue 373 and Disperse violet 93 were
tested positive for mutagenicity in the Salmonella microsome assay and were
detected in Cristais river in Brazil. The source of the dyes in the river was
identified as a textile plant upstream the intake of a Water Treatment Plant.
The textile plant efluent showed a high mutagenic effect in the Salmonella
assay; potentially carcinogenic activity was also detected in the aberrant
crypt foci assay in rats orally treated. Herein, we investigated the carcino-
genic potential of the BDCP in distal colon of male Wistar rats. Aberrant
crypt foci assay was used to estimate the frequency of preneoplastic lesions.
The animals were subcutaneously exposed at doses of 25, 40 or 60 mg/kg
b.w. After 6 weeks no significant effects on animal body weight gain and
water and food consumption (p > 0.05) were observed. However, significant
increase of aberrant crypt foci and aberrant crypts (AC) were found in those
rats subcutaneously treated with the highest dose of BDCP. In conclusion,
the results demonstrated the carcinogenic potential of BDCP and also
highlight that actions must be taken to prevent human exposure to this
compound. Toxicokinetics of those compounds are still poorly understood
and further studies are required to understand how the dyes can be activated
in mammals. Supported by CNPq.

156 Detection and Spatial Imaging of Heavy Metals in Feathers Using
an Electron Probe Microanalyzer ER. Wolter, Fayetteville State Univ,
Biological Sciences. Using birds as environmental indicator species and
analyzing their feathers for accumulated toxic elements is a well-established
protocol (Burger 1994). A number of studies have attempted to address
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the distribution of external versus internal metal contamination of feathers
(Dauwe, et al. 2003; Ek, et al. 2004; Jaspers, et al. 2007). However, tradi-
tional chemical assays, such as atomic spectroscopy, condense and consume
the entire sample during analysis; thereby, creating two fundamental issues:
(1) it is difficult to differentiate findings between bioaccumulation inside
and atmospheric deposition on the outside of a feather, and (2) these meth-
ods destroy the sample; thus, they are not available for subsequent analyses
or for imaging spatial detection. Consequently, this proof of concept study
explores the applications of novel avian ecotoxicology research techniques
and procedures by using an electron probe microanalyzer (EPMA) to detect,
spatially describe, and quantify both the internal and external variation of
heavy metals in a single feather. An extensive literature review indicates that
this research approach has not been investigated previously. The objectives
for the presented portion of this study are two-fold: (1) to determine if and
how feathers could be mounted for electron probe microanalyses; (2) to
determine if heavy metals may be both detected in a feather sample using
wavelength dispersive spectroscopy (WDS) and displayed in detailed images.
Primary flight feathers of an adult Carolina Wren (7hryothorus ludovicianus)
and an adult Red-eyed Vireo (Vireo olivaceus) were obtained through the
mist netting of live birds known to be nesting and foraging in habitats found
within an EPA listed Superfund site in North Carolina. Findings showed
that feather samples mounted in an epoxy resin and appropriately polished
could be EPMA analyzed. Additionally, using WDS allows for spatial detec-
tion imaging of arsenic, mercury, lead, and cadmium. To address challenges
related to quantifying amounts of detected elemental x-rays, continued ex-
ploration of applying this analytical method applied to feathers is necessary.

157 Optimization of Stirbar Sorptive Extraction for the Study of Water
Accommodated Fractions of Diesel/Biodiesel via Gas Chromatogra-
phy Mass Spectrometry R. McCreary, Univ of Texas at El Paso, Dept of
Chemistry; W. Lee, Univ of Texas-El Paso. Accidental release of diesel and
biodiesel from handling, processing, and consumption is a continued threat
for the aquatic environment. Studies have shown that the presence of these
fuels can have adverse health effects on a variety of organisms. Due to the
continuing demand for diesel and increasing demand for biodiesel, it is im-
perative that an efficient, effective, and environmentally conscious method
be developed to extract and analyze the presence of these compounds in
fresh water and sea water accommodated fractions (FWAF & SWAF) so
that toxicity of such constituents and concentrations can be addressed.

The objective of this study is to implement green chemistry in an analyti-
cal method by using stir bar sorptive extraction-thermal desorption-gas
chromatography/ mass spectrometry (SBSE-TD-GCMS). Using practically
no solvent, SBSE offers great sensitivity for a variety of organic compound at
found at very low concentration in aqueous matrices, potentially applicable
in monitoring as well as identifying different suppliers and types of oil.
Organic compounds—fatty acid methyl esters (in biodiesel) and alkanes (in
diesel)—that remain in fresh and sea water will be analyzed. Optimization of
this method involved using different methanol concentration and varying
stirring time in SBSE process. The results of the optimized conditions and
the profiles of water accommodated fractions of these fuels will be presented.

158 A Gas Chromatography/Triple Quadrupole Mass Spectrometry
Based Method for Determination of Hydrophobic Organic Contami-
nants in Freshwater and Seawater H. Zhang, National Univ of Singapore,
Dept of Civil and Environmental Engineering; S. Bayen, B.C. Kelly,
National Univ of Singapore, Dept of Civil and Environmental Engineer-
ing. The occurrence of hydrophobic organic contaminants (HOCs) such

as polychlorinated biphenyls (PCBs), DDTs and chlordanes in aquatic
environments is an important ecological and public health issue due to their
capabilities of bioaccumulation and adverse biological effects. Conventional
analytical methods using gas chromatography single quadrupole mass spec-
trometry (GC-MS) is often limited due to high matrix interfaces and relative
low selectivity. A potentially more robust approach is to employ gas chro-
matography triple quadrupole tandem mass spectrometry (GC-MS/MS).
Detailed information regarding GC-MS/MS based methods for the analysis
of HOG: is scarce. The purpose of this study was to develop GC-MS/

MS method for quantifying individual PCBs, organochlorine pesticideds
(OCPs) and synthetic musk fragrances (SMFs) in freshwater and seawater
following solid phase extraction. Target analytes included PCBs with 2-10
chlorine atoms, OCPs such as endosulfan, hexachlorocyclohexanes (HCHs),
chlordanes and aldrin, and synthetic nitro and polycyclic musks such as

musk ketone and musk xylene, galaxolide (HHCB) and tonalide (AHTN).
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Precursor and product ions were chosen according to the results of MS1

full scan and Product Ion scan, respectively. MRM results using different
collision energies were compared to obtain optimal collision energy for each
MRM transition. Dwell time was optimized using system software. Perfor-
mance characteristics including linearity, limit of detection (LOD) and limit
of quantification (LOQ) were calculated and evaluated. Freshwater and sea-
water samples, collected at various locations around Singapore were filtered
through 1 pm glass fiber filters. Filtrates and filters were spiked with 13C or
deuterated mass-labeled surrogate internal standards. Solid phase extraction
with C;g Empore Disks and sonication extraction were applied to filtrate
and filter, respectively, to determine freely dissolved and particulate bound
chemical concentrations. A series of spiking experiments were conducted

to validate the developed GC-MS/MS method and determine method
detection limits (MDLs) of individual target analytes. Observed concentra-
tions and patterns of PCBs, OCPs and SMFs in Singapore’s freshwater and

marine environments are reported and discussed.

159 Improved Affinity Extraction of Emerging Contaminants from
Water E. Papastavros, D. Hage, Univ of Nebraska-Lincoln, Dept of
Chemistry; D. Snow, Univ of Nebraska-Lincoln, Water Sciences Laboratory,
School of Natural Resources; D. Cassada, Univ of Nebraska-Lincoln, Water
Sciences Laboratory, School of Natural Resources. Emerging contami-
nants are chemical compounds that have not traditionally been thought

of as pollutants. They comprise a wide range of compounds, including
pharmaceuticals, hormones and endocrine disrupting compounds. Emerg-
ing contaminants are typically found in surface and groundwater in trace
amounts and have agricultural, municipal and industrial sources. They are
of concern because their effects on the environment and on human health
are not fully understood. A novel, affinity-based extraction method for

these compounds is being developed and preliminary results indicate the
potential for its use with environmental samples. In this method, a serum
protein is immobilized onto a chromatographic support and placed in a
column used to selectively bind desired analytes. Liquid chromatography-
tandem mass spectrometry (LC/MS/MS) is commonly used for the analysis
of environmental samples with solid phase extraction (SPE) being used for
the extraction and concentration of analytes. However, more efficient and
selective methods of extraction are sought because of the complexity of
wastewater matrices. Immunosorbents are other affinity-based extraction
methods that have been successful in such applications but require expensive
antibodies. Serum proteins such as bovine serum albumin (BSA), which
were used in the majority of this work, offer a lower cost alternative that can
still bind strongly to various emerging contaminants. The BSA extraction
column used in these experiments had only a slightly lower binding capacity
than a C;g column of the same dimensions but had much higher retention
for certain pharmaceuticals, hormones and pesticides and could bind to a
wide range of such compounds.

160 A Comparison of Three Sediment Extraction Procedures: Acceler-
ated Solvent Extraction, Microscale Solvent Extraction, and Shaker
Extraction J.R. Thorn, E.S. Barrows, K.P. Cushing, D.M. Schumitz, K.M.
Mclnerney, Battelle, Applied Research and Laboratory Operations; E. Webb,
Astrix; C. Cooper, Battelle, Statistics and Information Analysis. Green
chemistry or sustainable chemistry involves the use of chemical products
and processes that reduce or eliminate the use or generation of hazardous
substances. In the analysis of environmental sample matrices for organic
contaminants, the benefits of using green chemistry technologies--reduced
waste and use of energy and resources--translate into less solvents, reagents,
and prep time. EPA and many scientific organizations promote green chem-
istry through their projects and programs including educational activities
and research and development. But how do the results of sample analyses by
green chemistry extraction methods compare to results of samples processed
using the traditional sample extraction techniques? Four samples of riverine
sediment having varying levels of contamination were extracted using three
extraction techniques: accelerated solvent extraction (ASE®), EPA Method
3545A; microscale solvent extraction (MSE), EPA Method 3570; and an or-
bital shaker table procedure. Final extracts from these sediment samples were
analyzed by gas chromatography-mass spectroscopy operated in selected

ion monitoring mode (GC/MS-SIM) for polynuclear aromatic hydrocar-
bons (PAHs), both parent PAHs and alkylated compounds, and by GC/
MS-SIM for polychlorinated biphenyl (PCB) congeners. Each sample was
analyzed in triplicate allowing for evaluation of replicate analyses. Sample
analytical results generated by each of the three procedures were used to
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assess reproducibility, comparability, sensitivity, and cost. Reproducibility
was determined by the relative standard deviation (RSD) of the triplicate
analyses using each procedure. Comparability was determined by a statisti-
cal comparison of the triplicate analyses using all of the procedures. The
impact of differing sample masses employed by each procedure on analytical
sensitivity was determined using the achieved laboratory detection limits.
To compare sample preparation costs of each procedure, consumption of
laboratory solvents and reagents, as well as labor hours were also considered.
Our investigation summarizes these factors to present a comparison of ASE
and MSE green chemistry methods to traditional sample extraction.

161 Tracking Hypoxic Conditions via Mo Accumulation: The Influence
of N Loading and Local Residence Time W.S. Boothman, US Environ-
mental Protection Agency, Office of Research and Development, National
Health and Environmental Effects Research Laboratory; L. Coiro, M.
Abdelrhman, W.G. Nelson, US Environmental Protection Agency. One ap-
proach to developing nitrogen (N) criteria for coastal waters is to determine
quantitative relationships between N loading and ecological effects, such as
hypoxia. Hypoxia may vary significantly within estuaries, making it difficult
to document over large spatial and temporal scales. Accumulation of molyb-
denum (Mo) in surface sediments has been proposed as an indicator of the
duration of hypoxia in overlying waters, providing a metric to evaluate the
relationship between varying N loads and the occurrence and duration of
hypoxic conditions in more than a dozen southeastern New England (USA)
estuaries. Nitrogen loads were calculated for each estuary based on water-
shed land use. Because effects of nitrogen are expected to vary with residence
time of the nitrogen within estuaries, N loads were normalized in each
estuary for volume and local residence times (LRT) derived from hydrody-
namic modeling to account for tidal flushing. Multiple sampling sites were
selected within each estuary to span a range of normalized N loading, and
surface sediments collected at each site for Mo analysis. A linear relationship
between the concentration of Mo in surface sediments and the annual dura-
tion of hypoxia (defined as dissolved oxygen concentrations below 2.8 mg/L)
was derived for southeastern New England estuaries and used to convert Mo
concentrations to average annual duration of hypoxia. This presentation will
illustrate the spatial distribution of hypoxia derived from the Mo data and
the quantitative relationships between N load, residence time and extent/
frequency of hypoxia. By combining these relationships with knowledge of
hypoxia tolerance in local or critical species, this approach may be useful to
evaluate criteria for nitrogen loading in coastal waters.

162 A Comparison of Total Nitrogen Measurement Techniques in
Surface Fresh Water A. Jones, Clemson Univ, Institute of Environmental
Toxicology; E. Carraway, Clemson Univ, Environmental Engineering &
Earth Sciences, Clemson Institute of Environmental Toxicology. Total
nitrogen (TN) concentrations are of great importance in surface waters
because TN is a controlling factor in the total productivity of the system. A
major goal has been the replacement of the Kjeldahl nitrogen analysis, which
is laborious and generates toxic wastes. The work presented here compares
the Kjeldahl method to the alkaline persulfate digestion method, with three
different detection methods, and to nitrogen combustion with a silicon
diode detector. The three alkaline persulfate digestion methods presented are
ion chromatography (IC) with conductivity detection, cadmium reduction
with colorimetric detection, and cadmium reduction with IC-conductivity
detection. The nitrogen combustion method requires very little sample
treatment prior to analysis and is not labor intensive, however the alkaline
persulfate digestion methods require some sample treatment prior to analy-
sis. Surface water samples from small, wadeable streams in South Carolina
comprise the majority of the analyses and range from 0.1 mg/I TN to 5 mg/I
TN (n=200). Regression analysis, analysis of variance, and error analysis are
used to assess the performance of the different methods. Results indicate
that the alkaline persulfate digestion method yields better recoveries of total
nitrogen in surface water samples than nitrogen combustion, but may not be
a complete replacement for the Kjeldahl method.

163 Using Whale Earwax Plugs as a Matrix for Reconstructing Con-
taminant Profiles in a Marine Ecosystem E. Robinson, Baylor Univ, The
Institute of Earth, Ecological, and Environmental Sciences; S. Trumble, Bay-
lor Univ, Dept of Biology; S. Usenko, Baylor Univ, Dept of Environmental
Science. Chemical trends and profiles that have been reconstructed from
matrices, such as sediment and ice cores, have provided a wealth of informa-
tion regarding contaminant behavior and environmental fate, periods of

stress, and climate change. Like all mammals, whales excrete wax into their
ear canals; however, whales accumulate their earwax over their lifetime (-20
to 100 yrs) and form layered earwax plugs similar to a sediment core. There-
fore, whale earwax plugs may represent a marine matrix capable of recording
and archiving a whale’s lifetime contaminant profile. An analytical method
for identifying historic and current-use pesticides, polychlorinated biphenyls
(PCBs), and polybrominated diphenyl ethers (PBDEs) in lipophilic whale
earwax was developed. A method was developed using pressurized liquid
extraction, an accelerator solvent extractor (ASE), to extract contaminants
from ~0.5 g of each layer of sectioned earwax. In-cell ASE cleanup sorbents,
silica gel, alumina oxide basic and acidic, florisil, and celite, were optimized.
The contaminants were analyzed using gas chromatography-mass spectrome-
try with electron capture negative ionization. Results indicated a gray whale’s
earwax plugs were a viable matrix since pesticide and PCB contaminant
profiles were identified in its chronologically layered earwax plugs.

164 Method Validation and Identification of Halogenated Flame
Retardants in Great Lakes Fish ].J. Pagano, State Univ of New York-
Oswego, Environmental Research Center; B. Crimmins, Clarkson Univ;
M. Milligan, SUNY Fredonia, Dept of Chemistry; T.M. Holsen, X. Xia, P
Hopke, Clarkson Univ. Industrial chemists have been very busy producing
numerous flame retardant chemicals and mixtures to replace polybrominated
diphenyl ethers (PBDE) and associated technical mixtures DE-71™, DE-
79™, and DE-83™. Several of these replacement halogenated flame retardant
compounds have been previously detected in Great Lakes water, sediment,
air, and biota. Many of the halogenated flame retardants have yet to be
identified in the environment, but are candidates based on their produc-
tion volume, persistence, bioaccumulative potential and toxicity. Analysis
of these legacy, emerging, and reemerging contaminants is complicated by
the formation of intermediates and losses during routine sample processing,
analysis, and/or environmental degradation. It is unclear if the many of the
by-products are impurities during the manufacture or degradation products
formed in the environment. As part of the Great Lakes Fish Monitoring and
Surveillance Program (GLFMSP) we analyzed whole fish composite samples
for several halogenated flame retardants in the Great Lakes top predators
utilizing both low and high resolution gas chromatographic and mass spec-
trometric methods.

165 Analysis of Synthetic Musk Compounds in Great Lakes Fish M.
Milligan, SUNY Fredonia, Dept of Chemistry; B. Moore, SUNY Fredonia;
X. Xia, B. Crimmins, P. Hopke, Clarkson Univ; J. Pagano, SUNY Oswego.
As part of the USEPA sponsored Great Lakes Fish Monitoring and Surveil-
lance Program (GLFMSP), we are analyzing whole fish composites collected
at different sites from all five of the Great Lakes for a suite of contaminants
such as Hg, PCBs, PBDEs, and organochlorine pesticides. Recently, we have
embarked on full scan MS screening and SIM mode targeted analyses of
new and emerging chemicals of concern, such as new-generation bromi-
nated flame retardants, industrial chemical intermediates, polysiloxanes, and
synthetic musks. In this work, we report on preliminary results of synthetic
musk compounds found in Great Lakes Lake Trout fish tissue. Seven
synthetic musk compounds were chosen for analysis: galaxolide, tonalide,
celestolide, phantolide, traseolide, musk ketone, and musk xylene. Five gram
whole fish homogenates were extracted using Accelerated Solvent Extraction
(ASE), followed by preliminary clean-up using automated gel permeation
chromatography. The synthetic musk compounds were further isolated using
a de-activated silica gel column, followed by GC/MS-EI analysis. The pre-
dominate musk compounds detected in Great Lakes fish were galaxolide and
tonalide, known to be the two highest volume synthetic musk compounds.
Total synthetic musk concentrations in whole fish ranged from about 3

to 10 ng/g, with L. Ontario demonstrating the highest concentrations.
Additionally, the profiles of these eight compounds in Great Lakes fish are
very similar to what has been previously measured in air and dissolved water
samples in the Great Lakes.

166 Current Use Flame Retardants: Chemicals Used in Polyurethane
Foam and Their Measurements in Indoor Environments H.M. Stapleton,
Duke Univ, Nicholas School of the Environment; S. Klosterhaus, San Fran-
cisco Estuary Institute; A. Keller, PL. Ferguson, Duke Univ; S. van Bergen,
East Bay Municipal Utility District; E. Cooper, Duke Univ; T.F. Webster,
Boston Univ School of Public Health; A. Blum, Green Science Policy
Institute. Polybrominated diphenyl ethers (PBDEs) were a class of additive
flame retardant chemicals used to reduce the flammability of resins and
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polymers used in a variety of consumer products, particularly polyurethane
foam found in furniture. Due to their persistence, bioaccumulation po-
tential, and potentially toxic, PBDEs have been, or are currently slated for,
phase-out in different regions of the world. Despite the phase-out, flamma-
bility standards still exist for a number of different products and now other
types of halogenated flame retardant formulations are increasingly being
used as replacements for PBDEs. Over the past several years our laboratory
has analyzed more than 100 polyurethane foam samples collected from both
general furniture items (e.g., chairs, couches, etc) and baby products (e.g.,
nursing pillows, car seats, strollers, sleep positioners, etc.), to identify the
most common flame retardants used in these products. Our research indi-
cates that a majority of products containing polyurethane foam, and which
are sold in the United States, are treated with several types of chlorinated
organophosphate flame retardants (OPFRs). Tris (1,3-dichloroisopropyl)
phosphate (TDCPP), is the most common flame retardant detected in
foam. One brominated flame retardant mixture known as Firemaster® 550
(FM 550), was also detected in approximately 20% of the products tested.
FM 550 is a mixture containing both non-halogenated organophosphates
such as triphenyl phosphate (TPP), and iso-aryl phosphate isomers, and two
brominated compounds that we refer to as TBB (tetrabromobenzoate) and
TBPH (tetrabromophalate). Two chlorinated organophosphate flame retard-
ants not previously documented in the environment were also identified,
one of which is commercially sold as V6 and contains tris (2-chloroethyl)
phosphate (TCEP) as an impurity. These current use-flame retardant chemi-
cals have also been detected in indoor dust collected from homes along the
castern US Levels of these current-use flame retardants in indoor dust are
often comparable to the levels of PBDEs, and suggest that human exposure
to these new flame retardants is similar to PBDE:s.

167 Emerging Organohalogen Contaminants and Comparative Spati-
otemporal Trends and Sources in Herring Gulls From the Great Lakes
R.]. Letcher, Carleton Univ, Dept of Chemistry, Environment Canada, Sci-
ence and Technology Branch, Ecotoxicology and Wildlife Health Division,
Great Lakes Institute for Environment, Canadian Wildlife Service; D. Chen,
W.A. Gebbink, Carleton Univ, Chemistry; S. Chu, L.T. Gauthier, P. Martin,
C.E. Hebert, Science and Technology Branch, Environment Canada; C.D.
Weseloh, Canadian Wildlife Service, Environment Canada. Environment
Canada’s Great Lakes Herring Gull Monitoring Program (GLHGMP) has
been ongoing for more than 30 years, where eggs are collected annually from
fifteen colony sites. Up until recently, for contaminant monitoring purposes
these collected eggs have been used largely for spatiotemporal monitoring of
legacy, organochlorine contaminants. However, over the last 4 years, recently
collected and archived GLHGMP egg samples have been heavily utilized

for screening for priority and previously unknown (to wildlife) pollutants,
and subsequently for retrospective examinations of spatiotemporal trends
and sources of new substances that may be of health concern to wildlife

in the Great Lakes basin. The herring gull has been well-proven to be an
excellent biomonitoring species, and although feeds on mainly an aquatic
diet, has been shown over the last several decades (depending on the colony
in question) and using chemical tracers such as stable carbon and nitrogen
isotopes, to be feeding increasingly on terrestrial food sources. As a result,
and considering the source of emerging organohalogen contaminants, such
dietary changes are being shown to be increasingly useful in elucidating the
source of such contaminants to herring gulls. In the present study, we will
examine the growing number of bioaccumulative, chlorinated, brominated
or fluorinated substances, including flame retardants, surfactants, metabo-
lites and degradation products, being identified in herring gulls (eggs), and
the comparative levels, patterns, spatial and temporal trends.

168 NOAA’s Enhanced Great Lakes Mussel Watch Program: Monitoring
Contaminant Levels in Mussels at Historic Mussel Watch Sites and Areas
of Concern (AOC) K. Kimbrough, NOAA, Mussel Watch Program. The
Mussel Watch Program (MWP) monitors the status and trends of chemi-
cal contamination in US coastal waters, including the Great Lakes using
bivalve mollusks. In the Great Lakes, zebra and quagga mussels (Dreissena
sp.) are the sentinel bivalves used for MWP monitoring. In 2009 and 2010
the MWP expanded its program into Areas of Concern (AOCs) in Lakes
Erie, Ontario, Huron, Michigan, and Superior. Results will be presented for
legacy contaminants, bivalve histopathology, and contaminants of emerg-
ing concern (CECs). Specifically, data will be presented that highlight the
magnitude of 2009-2010 levels relative to historic data for the nation. A
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comparison will also be made between AOCs and ambient MWP sites to
characterize the range of concentrations found in this study.

169 Perfluoroethylcyclohexane Sulfonate and Other Perfluorinated
Surfactants in the Great Lakes Aquatic Ecosystem A.O. De Silva, Envi-
ronment Canada, Water Science and Technology Directorate; C. Spencer,
Environment Canada, Water Science and Technology Directorate; S.R. de
Solla, Environment Canada, Science and Technology Branch; R. Letcher,
Environment Canada; D. Muir, Environment Canada, Aquatic Ecosys-
tem Protection Research Division, National Water Research Institute; B.
Scott, Environment Canada, Water Science and Technology Directorate;
S.B. Gewurtz, Environment Canada, Dept of Geography; S. Backus,
Environment Canada; P.V. Hodson, Queen’s Univ, School of Environmen-
tal Studies. Since Giesy and Kannan’s seminal report of perfluorooctane
sulfonate (PFOS) in biota in the Great Lakes basin in 2001, several studies
have focused on researching perfluorinated chemicals (PFCs) in the Great
Lakes. Previous research on PFCs has focused on chemicals with aliphatic
perfluorocarbon geometry. Here we present data on a relatively unknown
cyclic PFC, perfluoroethylcyclohexane sulfonate (PFECHS). PFECHS was
first highlighted by Howard and Muir as a chemical of commerce that is
likely persistent and bioaccumulative. Chemical inventories indicate that
PFECHS was used in North America and Europe as an erosion inhibitor
in aircraft hydraulic fluid but other applications may be possible. Here,

we measured ng/L levels of PFECHS in the water from the Great Lakes.
Highest concentrations were in L. Michigan and lowest in L. Superior.
Lake trout from all the lakes and American eels from L. Ontario indicated
consistent PFECHS levels in trout from L. Ontario and Erie (mean 2.5
ng/g w/w whole body homog.). In eel homog., PFECHS was 1.1-4.4 ng/g
and in liver, 4.2 -39 ng/g, approx. 20x < PFOS, indicating that like other
PFCs, PFECHS has a propensity for liver accumulation. PFC-containing
aqueous-film-forming foam (AFFF) for fuel-based fire suppression is one
likely source of certain compounds in the Great Lakes. High concentra-
tions of PFOS (ave 2 ppm) were in the plasma of snapping turtles from L.
Niapenco, Ontario. L. Niapenco is downstream of an international airport
along the Welland River, eventually draining into L. Ont. Spatially resolved
sampling of water and benthic inverts here suggested the airport being a
dominant PFOS, perhaps due to AFFF usage. PFECHS showed a similar
gradient from the airport, suggesting aircraft hydraulic fluids may indeed be
a major application of PFECHS.

170 Polychlorinated Biphenyl Congeners in Chicago Air and Lake
Michigan Air and Water in 2010 Z. Rodenburg, Univ of Iowa. Polychlo-
rinated biphenyl (PCB) concentrations in air and Lake Michigan water near
Chicago declined rapidly following the production ban of Aroclors over 30
years ago. However, since the early 1990s, concentrations of these chemicals
have remained relatively constant. During summer of 2010, a field sampling
expedition was conducted on Lake Michigan aboard the EPA R/V Lake
Guardian approximately 5 km off the coast of Chicago. High-volume air
and water samples were collected using Amberlite XAD-2 resin as an adsorp-
tion media and quartz fiber filters to collect particles in both phases. Passive
air samples using polyurethane foam discs (PAS-PUF) were also collected
throughout Chicago and surrounding suburban environments. All samples
were extracted via accelerated solvent extraction and analyzed for 209 PCB
congeners using tandem mass spectrometry. Quality assurance and control
strategies utilized blanks, sample replicates, surrogate standards, internal
standard methods and analysis of standard reference materials. Concentra-
tion data elicited from each sample was used to calculate instantaneous PCB
congener fluxes across the air-water interface at the Lake Michigan loca-
tion. The results were then used in conjunction with an ongoing regional
transport model to predict the effect of specific emissions from the city of
Chicago on the magnitude of PCB deposition to Lake Michigan.

171 Comparison of In Silico and Environmental Measurements for
Identifying New, Emerging, and Re-emerging Chemicals of Concern
in the Great Lakes D. Muir, Environment Canada, Aquatic Ecosystem
Protection Research Division, National Water Research Institute; A. De
Silva, B. Lee, Environment Canada; P. Howard, SRC, Inc., Environmental
Science Center. A wide range of organic chemicals (-350 substances not
including structural isomers/congeners) have been reported in Great Lakes
air, waters, waste effluents, sediments and biota over the past 15 years (see
Klecka et al RECT 2010 for a list of 326 chemicals). The major classes of

detected are current use pesticides (CUPs), pharmaceuticals, steroids and
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hormones, alkylphenol ethoxylates, antioxidants, synthetic musks, perfluori-
nated chemicals, polybrominated diphenyl ethers, and other halogenated
and organophosphorus flame retardants. Most of the chemicals have been
registered since the 1980s under Food and Drug and Pesticide legislation,

or on the Toxic Substances Control Act (TSCA) inventory or Canada’s
Domestic Substances List, in the case of high production volume "industrial
chemicals". Given their relatively long term use and recent discovery they
might be better termed "re-emerging” rather than "emerging". Their recent
identification in environmental media is mainly the result of application

of innovative analytical chemistry with a focus on structural analogs of
previously identified compounds and application of new techniques such

as LC-MS/MS. But this list represents only a small fraction of the possible
chemicals that could enter the Great Lakes. There are thought to be more
than 30,000 "industrial" organic chemicals in wide commercial use (>~1
tly) as well as about 3000 pharmaceuticals and 1000 CUPs. If their possible
degradation products, byproducts, and impurities, are included the list

of individual analytes expands enormously. Recently, Howard and Muir
(EST 2010;2011) identified 610 organics from a list of 22,263 commercial
chemicals and also 364 out of 3193 pharmaceuticals that had potential for
persistence and bioaccumulation in the Great Lakes region using U.S EPA
EPISuite software and expert judgment. Of the 610 industrial chemicals,
62% were halogenated and 8% were siloxanes, while most the pharmaceu-
ticals were substituted aromatics. In general, the identified chemicals had
molecular structures associated with low rate of biodegradation such as
adjacent halogens, cyclics, perfluorinated, cyclic siloxanes, multiple aromatic
rings, and relatively high log Kow of 3 to 8. Most of the 350 substances
previously measured in the Great Lakes, or in Great Lakes urban effluents,
were among the 974 chemicals we identified independently, indicating the
value of applying "in silico" approaches provided that structural information
is available.

172 Human Nail and Hair Analysis as Biomarker of Exposure to
Perfluoroalkyl Compounds W. Liu, Dalian Univ of Technology, School
of Environmental Science and Technology; Y. Jin, Dalian Univ of Tech-
nology. Extensive human exposure to perfluoroalkyl compounds (PFAA)
together with their persistence and various toxicities have arisen increasing
concern. A noninvasive method would improve exposure assessment for
large population, especially the children susceptible to contaminants. The
aim of the study was to assess the use of PFAA measurements in human
nail and hair as biomarker of exposure to PFAAs. Fingernail, toenail, hair,
and blood samples were collected from 28 volunteers. The PFAA concentra-
tions were determined by high performance liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS). Significant correlation was observed
between PFAA concentrations in nails, hair, and serum. And nail PFAA level
was higher than the serum levels. The accumulation of PFAA in nails and
hair, together with their advantages in noninvasive sampling and ability of
reflecting long-term exposure made nail and hair PFAA attractive biomark-
ers of exposure.

173 Determinants of Serum PFC Levels in Pregnant Women: Results
from the Chemicals, Health and Pregnancy (CHirP) Study in Vancouver,
Canada G.M. Webster, Univ of British Columbia, School of Population
and Public Health, School of Environmental Health; M. Shoeib, S. Lee,

T. Harner, Environment Canada, Atmospheric Science and Technology
Directorate; J.W. Martin, Univ of Alberta, Dept of Laboratory Medicine
and Pathology; K. Teschke, Univ of British Columbia, School of Population
and Public Health. Perfluorinated compounds (PFCs) have been used as
stain, grease and water repellents in consumer products for more than 50
years. Despite their ubiquitous presence in human serum, the sources and
pathways of PFC exposure are poorly understood. Most studies have relied
on simulated exposures, or have considered measured PFC levels in a small
number of exposure media (e.g., only diet, or only air and dust). Few studies
have examined relationships between measured PFC exposures and serum
PFC levels for the same individuals. This study examined associations be-
tween a broad range of potential exposures measured at the individual level
(i.e., diet, personal characteristics, indoor exposures and PFCs in indoor
dust) and serum PFC levels in 152 pregnant women enrolled in the Van-
couver (Canada) — based CHirP study. Data on participants’ diets, personal
characteristics and indoor exposures (e.g., contact with consumer products
and time activity patterns) were collected by questionnaire, and PFCs were
measured in vacuum cleaner dust from participants’ homes. General linear
models were used to identify the most important determinants of serum

PFHxS, PFNA, PFOA and PFOS. Final models suggested that pork-based
foods, raw fish or shellfish, and food packaging (e.g., microwave and movie
theatre popcorn containers) were significant independent predictors of
certain PFCs in serum. Parity was strongly and negatively associated with

all four PFCs. Ethnicity, time spent in cars, flight time, mattress age, use of
stain repellents on carpets, and spot use of stain removers were also predic-
tive of at least one PFC. Dust levels of PFNA and the PFOS-precursor,
N-methyl perfluorooctane sulfonamidoethanol (NMeFOSE), were also
associated with serum PFNA and PFOS, respectively. These results suggest
that both food packaging and bioaccumulation (e.g., into pork, fish and
shellfish) contribute to dietary PFC exposures. Associations with pork-based
foods are novel and warrant further investigation. The strong negative rela-
tionships with parity, suggesting maternal excretion across the placenta and/
or through breastfeeding, underline concerns about fetal and infant expo-
sures to PFCs during critical phases of development. Associations of serum
PFCs with time spent in cars and airplanes, as well as with stain repellents
used on carpets are also novel, and raise questions about the use of PFCs and
their precursors in vehicle and airplane interiors, and in post-market carpet
care liquids.

174 Human Detoxification of Perfluorinated Compounds D.A. Birk-
holz, ALS Laboratory Group, Research and Toxicology; S. Genuis, Univ

of Alberta, Clinical Associate Professor Faculty of Medicine. There has

been no proven method thus far to accelerate the clearance of potentially
toxic pefluorinated compounds (PFCs) in humans. PFCs are a family of
commonly used synthetic compounds with many applications including
repelling oil and stains on furniture, clothing, carpets, and food packaging,
as well as in the manufacturing of polytetrafluoroethylene (e.g., Teflon) —a
non-stick surfacing often used in cookware. Some PFCs remain persistent
within the environment due to their inherent chemical stability and are
very slowly eliminated from the human body due, in part, to enterhepatic
re-circulation. Exposure to PFCs is widespread and some sub-populations,
living in proximity to, or working in fluorochemical manufacturing plants,
are highly contaminated. PFC bioaccumulation has become an increasing
public health concern as emerging evidence suggests reproductive toxicity,
neurotoxicity, hepatotoxicity, and that some PFCs are considered to be likely
human carcinogens. A case history is presented where an individual with
high concentrations of PFCs in serum provided a) sweat samples after use of
sauna; and b) stool samples before and after oral administration of each of
two bile acid sequestrants — cholestyramine (CSM) and saponin compounds
(SPCs). Stool samples before and after use of a cation-exchance zeolite
compound were also examined. PFCs found in serum were not detected

in substantial quantities in sweat, nor in stool prior to treatment. Minimal
amounts of PFOA, but no other PFCs were detected in stool after SPC use;
minimal amounts of PFOS, but not other PFCs were detected in stool after
zeolite use. All PFCs congeners found in serum were detected in stool after
CSM use. Serum levels of all PFCs subsequently declined after regular use
of CSM. Further study is required, but this presentation suggests that CSM
therapy may facilitate gastrointestinal elimination of some PFCs from the
human body.

175 Legacy and Novel Brominated Flame Retardants in Indoor Dust
from India: Characteristics and Implications G. Devanathan, Ehime
Univ, Center for Marine Environmental Studies (CMES); T. Isobe, Ehime
Univ, Senior Research Fellow Center (SRFC); A. Subramanian, Ehime Univ,
Center for Marine Environmental Studies; N. Kajiwara, National Institute
for Environmental Studies, Research Center for Material Cycles and Waste
Management; K. Asante, Ehime Univ, Center for Marine Environmental
Studies; G. Suzuki, National Institute for Environmental Studies, Research
Center for Material Cycles and Waste Management; S. Takahashi, S. Tanabe,
Ehime Univ, Center for Marine Environmental Studies. Brominated flame
retardants (BFRs) including polybrominated biphenyl ethers (PBDEs) and
hexabromocyclododecanes (HBCDs) are a group of chemicals which have
been widely used in various consumer products to avoid fire accidents. Un-
fortunately, these chemicals can migrate from products to environment and
ultimately reach humans. Concerns have risen as BFRs share similar proper-
ties with well-known toxic chemicals such as dioxins and polychlorinated
biphenyls (PCBs). As a result, the production and use of these chemicals
have been banned/regulated in Europe, North America and parts of Asia
but most developing countries are yet to start such actions due to the avail-
ability of limited baseline dataset on these chemical contaminants. Elevated
levels of BFRs were reported in air and dust from indoors than outdoor
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environments and fears stared as we spend most time indoors. Therefore,
the present study focused on elucidating the contamination status of BFRs
and assessing human exposure through dust samples collected from differ-
ent microenvironments including e-waste recycling buildings, commercials
premises and residential areas in India. Significantly higher (p< 0.05) levels
of contaminants such as PCBs, PBDEs, 1,2-bis (2,4,6-tribromophenoxy)
ethane (BTBPE) and decabromodiphenyl ethane (DBDPE) (median: 7100,
48000, 65000 and 120 ng/g dust, respectively) were found in dust samples
from e-waste recycling locations than commercial (median: 23, 460, 220,
and 67 ng/g dust, respectively) and residential buildings (median: 13, 1000,
48 and 15 ng/g dust, respectively), suggesting that a major emission source
of PCBs and BFRs is the crude e-waste recycling/dismantling activities in
India. Levels of HBCDs were relatively low in dust from e-waste recycling
buildings (median: 8 ng/g) than residential dust (median: 30 ng/g) indicat-
ing the wide use of HBCDs in textiles and other household materials than
electrical and electronics products in India. Estimated daily intakes of BFRs
via dust ingestion were much higher for toddlers than adults, particularly
population involved in e-waste recycling activities are of great concern. More
detailed studies of pollution sources and pathways are needed in order to
reduce the exposure levels.

176 First Assessment of Human Exposure to Indoor Organic Con-
taminants in Pakistan N. Ali, Antwerp Univ, Pharmaceutical Sciences,
Toxicology Centre; N.V. Eede, A. Dirtu, H. Neels, A. Covaci, Univ of
Antwerp, Toxicology Centre. Ingestion of indoor dust has been recently
acknowledged as an important of exposure to indoor organic contaminants.
Here, we investigated the presence of polybrominated diphenyl ethers
(PBDE:s), novel brominated flame retardants (NBFRs), organophosphates
esters (OPEs), polychlorinated biphenyls (PCBs), and organochlorine
pesticides (OCPs) in indoor dust from rural homes and mosques in Gujrat,
Pakistan. Dust samples were collected from homes living room floors (7 =
31) and from mosque hall (z = 12). PBDEs, NBFRs, PCBs and OCPs were
quantified using a GC-ECNI/MS method, while a GC-EI/MS method was
employed for the determination of OPEs. Low concentrations were observed
for most of the investigated contaminants. Hexachlorocyclohexanes (HCHs)
and DDTs were the most prevalent OCPs with median concentrations

0.7 ng/g and 22 ng/g, respectively. PBDEs were only minor constituents

in the investigated samples and the most important contributor was BDE
209 (median 40 ng/g). For NBFRs decabromodiphenyl ethane (DBDPE)
(median 15 ng/g) was highest contributor followed by 1,2-bis(2,4,6-
tribromophenoxy)ethane (BTBPE) (median 3 ng/g). OPEs were present in
higher levels than other contaminants with tri-(2-butoxyethyl)-phosphate
(TBEP) and tri-phenyl-phosphate (TPP) having medians of 66 ng/g and
110 ng/g, respectively. Using log transformed data; a two-sample t-test was
applied to study correlation between homes and mosques dust. PBDEs and
NBFRs showed a significant positive correlation (p< 0.05), which indicates
similar source of emission for BFRs in indoor environment. Surprisingly,
levels of HCHs, DDTs and PCBs Congener CB 153 showed a positive cor-
relation (p< 0.05) for both homes and mosques dust samples, indicating that
a plausible source of contamination could be dust brought in with shoes.
For OPEs, TBEP, TnBP, and TPP showed positive correlation (p< 0.05) sug-
gesting similar sources of contamination in indoor dust. Over all the results
show that the profile of homes and mosque indoor dust were not very dif-
ferent. One way ANOVA followed by Dunnett’s post hoc test showed that
the levels of investigated analytes were significantly different and lower than
Romania, Belgium and New Zealand dust samples, indicating the variable
use of these chemicals in different societies. To author’s knowledge, this is
the first study to document the presence of indoor organic contaminants in
Pakistani dust.

177 US Toddlers Exposure to PBDEs H.M. Stapleton, Duke Univ,
Nicholas School of the Environment; S. Eagle, Duke Univ; A. Sjodin,
Center for Disease Control and Prevention; T.F. Webster, Boston Univ
School of Public Health. Polybrominated diphenyl ethers (PBDEs) are a
class of persistent and bioaccumulative flame retardants that are known to
be associated with adverse effects on thyroid regulation and neurodevelop-
ment. While a large research effort has focused on adult exposure to PBDEs,
less is known about children’s exposure and body burdens. In order to better
understand factors affecting childrens exposure, we conducted a study which
sought to determine if body burdens of PBDEs were significantly associated
with house dust and/or PBDE residues on hand wipes collected from the
children, and to determine if body burdens were associated with gender,
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age, race, and education level of the parents. Blood samples, hand wipes and
house dust were collected from children between the ages of 12-36 months
and who resided in the central North Carolina area between 2009-2010. A
short questionnaire was administered by a research associate which collected
information on the child’s physical and behavioral characteristics, informa-
tion on breast feeding, and information on the parents race and education
levels. PBDEs were detected in every serum sample and the most abundant
congeners were those associated with the PentaBDE mixture. Concentra-
tions ranged from 5.2 to 745 ng/g lipid with a geometric mean value of
46.7 ng/g lipid. When PBDE levels were separated into tertiles by age of
the child, PBDE levels were significantly higher (p< 0.05) in the oldest age
group (>24 months) relative to the youngest age group (~12-18 months).
Significant associations were also observed between PBDE levels and race
and maternal education level, with higher levels observed in African Ameri-
cans relative to Caucasians, and lower PBDE levels observed with higher
maternal education levels. In addition, significant correlations were observed
between the serum levels of BDE 47 and residues of BDE 47 measured on
hand wipes (r = 0.60; p< 0.0001) and with BDE 47 levels in house dust
(r=0.40; p< 0.001). No associations were observed between PBDE levels and
duration of breast feeding as an infant. These data suggest that children’s ex-
posure to PBDEs from house dust appears to be a leading exposure pathway
in toddlers, and not diet or breast milk exposure. Minorities and families
with lower educational levels are also at higher risk to exposure to this class
of contaminants.

178 Occurrence of Metabolites of Organophosphate Flame Retardants
and Plasticizers in Human Urine N. Van den Eede, Univ of Antwerp,
Pharmaceutical Sciences; A.C. Dirtu, Toxicological Centre, Univ of
Antwerp, Dept of Pharmaceutical Sciences; E. Dirinck, P. Jorens, Univ
Hospital of Antwerp; H. Neels, Univ of Antwerp, Pharmaceutical Sciences;
A. Covaci, Univ of Antwerp. Organophosphate esters (OPEs) are used

as flame retardants and plasticizers in a wide range of consumer products.
Because of their increased use in the last decade, they are now highly abun-
dant in the indoor environment. Human exposure to OPEs would occur
via indoor air and indoor dust, both in which increased levels have been
reported. Exposure to these chemicals may therefore be high and needs to
be monitored. OPEs are metabolized in the liver to dialkyl phosphates or
diaryl phosphates (DAP), depending on the structure of the parent com-
pound. These DAPs can be traced in human urine and can serve to monitor
human exposure to OPEs. The aim of this study was to determine urinary
concentrations of DAPs in obese persons who were monitored before and
after a reducing diet or bariatric surgery. Six DAPs were quantified, namely
bis(1-chloro-2-propyl) phosphate (BCPP), bis(2-butoxyethyl) phosphate
(BBEP), bis(2-chloroethyl) phosphate (BCEP), diphenyl phosphate (DPP),
bis(1,3-dichloropropyl) phosphate (BDCPP) and di-(is0/n-)butyl phosphate
(DBP) which are metabolites of the corresponding triester OPEs. Weak
anion exchange solid phase extraction was used to extract DAPs from urine,
followed by their separation by liquid chromatography on a Kinetex HILIC
150 x 2.1 mm x 2.6 pm column. Analysis was performed by tandem mass
spectrometry in electrospray negative ionization mode. DAPs were quanti-
fied on four deuterium-labeled internal standards using multiple reaction
monitoring. DAP concentrations were normalized to creatinine levels to
compensate for the urine volume. The resulting data were analyzed using
non-parametric statistical tests for relations between the levels of DAPs

and gender or age group. Time dependent relations were investigated for
concentrations of DAPs before the surgery/diet (#=95) with results of 3
months after the surgery/diet (#=55) and 6 months after the surgery/diet
(7=39). The creatinine normalized levels were also compared to results from
Germany and the United States. Further, the profiles and concentrations of
DAPs in urine were compared with the levels and profiles of OPEs in Bel-
gian and European indoor air and dust, which are the main exposure routes
of humans to OPEs.

179 Predictors of TDCPP Metabolite in Office-Worker Urine C.C.
Carignan, Boston Univ School of Public Health, Dept of Environmental
Health; E. Cooper, Duke Univ, Environmental Sciences and Policy; D.].
Watkins, Boston Univ School of Public Health, Dept of Environmental
Health; A.J. Fraser, Harvard Univ, Dept of Medicine; W. Heiger-Bernays,
M.D. McClean, Boston Univ School of Public Health, Dept of Envi-
ronmental Health; H.M. Stapleton, Duke Univ, Nicholas School of the
Environment ; T.E Webster, Boston Univ School of Public Health, Dept of
Environmental Health. Tris(1,3-dichloro-2-propyl) phosphate (TDCPP)
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was removed from use in children’s pajamas over three decades ago for
health reasons, however, is currently used as a flame retardant replacement
for PentaBDE in polyurethane foam. Our aims were to characterize office
worker exposure to TDCPP by measuring the urinary metabolite bis(1,3-di-
chloro-2-propyl) phosphate (BDCPP) using a newly developed bioassay and
examine possible predictors of exposure. Urine collected from Boston office
workers (7=29) was analyzed for BDCPP using LC/MS-MS and adjusted
for specific gravity. Dust samples were analyzed for TDCPP using GC/MS.
We detected BDCPP in 100% of urine samples at concentrations ranging
from 62 to 1,760 pg/ml and a geometric mean (GM) of 408 pg/ml. We de-
tected TDCPP in 99% of the dust samples with the highest concentrations
in vehicles (GM=12,500 ng/g) as compared to offices (GM=6,060 ng/g) and
homes (GM=4,210 ng/g in main living area; GM=1,400 ng/g in bedroom).
TDCPP concentrations in dust were not associated with vehicle age (1-13
years) suggesting use in vehicles over many years. Based on the scatterplots,
we identified a positive but non-significant trend between urinary BDCPP
and TDCPP in office dust (r=0.24, p=0.21) that was not observed for dust
from the home or vehicle. Removal of two influential points strengthened
this association (7=0.45, p=0.02), suggesting that TDCPP in offices may
contribute to office worker exposure. Independent of dust levels, average
urinary BDCPP was 71% lower in workers from a newly constructed build-
ing (p=0.003), suggesting that exposure may be affected by other building
characteristics. Additionally, handwashing was associated with reductions

in urinary BDCPP concentration (p=0.095). Controlling for handwashing,
workers with offices in a newly constructed building had average BDCPP
urine concentrations 68% lower than workers with offices in older buildings

(p=0.01).

180 Environmental Cancer Epidemiological Case Study Gibraltar H.
Sanderson, Aarhus Univ, Environmental Science, National Environmental
Research, Dept of Policy Analysis; P. Fauser, Aarhus Univ, Environmental
Science. This environmental epidemiological study assessed the relative
cancer risk and the role of environmental factors herein in Gibraltar com-
pared to the rest of the EU. The study was commissioned by the Gibraltar
government in 2008. The study conducted a weight-of-evidence analysis

on credible and available environmental data relative to the reported cancer
registry data. Air quality parameters and TBT in the drinking water supply,
from desalinated sea water to tap water will be shown as special case-studies.
The main cancers types comprising the majority of cancers will be reviewed
in light of the environmental exposures. The study found that the cancer
incidence rates are within the normal ranges of the rest of the EU. The levels
of carcinogens in Gibraltar ambient air are within the normal ranges of what
is found in the air in cities in the rest EU and within the guideline values

of the EU.The study also uncovered significant uncertainties in relation to
assignment of carcinogenecity to endocrine disrupting compounds, which
have not so far been reflected in the regulatory appreciation of e.g., TBT car-
cinogenecity. The study results was presented to the government of Gibraltar
earlier this year.

181 Carcinogenic and Non-carcinogenic Health Risks Associated with
Former Manufactured Gas Plants (MGP) R. DeHate, GEI Consultants,
Inc., Senior Risk Manager; D. Murray, B. Conte, GEI Consultants, Inc.
Regulatory agencies are focused on assessing the potential for soil vapor
intrusion (SVI) to adversely affect indoor air and the risk posed to occupants
of residential and commercial properties overlying and surrounding former
MGPs. This study evaluated the potential for SVI at 10 commercial build-
ings and 26 single family and multi-family residential properties overlying
and/or adjacent to three former MGPs in Long Island, New York. The find-
ings were compared to federal and state background data sets. The results
did not identify evidence of MGP-related soil vapor intrusion from any of
the 36 sites regardless of depth to water table or proximity to MGP source
tar or dissolved phase plumes. In addition, risks were calculated based on
maximum and mean concentrations for benzene, toluene, ethylbenzene, and
xylenes measured in ambient air, , soil vapor, and indoor air samples. These
chemicals were selected based on frequency of detection within the data sets.
Hazard Indices for non-carcinogenic risk were calculated using the study
results and the mean, maximum and 95% percentile concentrations from
background data bases. Carcinogenic risks associated with benzene were
calculated using both the measured mean and maximum study results and
the mean, maximum and 95™ percentile concentrations from background
data bases. Hazard Indices for exposures near MGPs were less than 1 or
were comparable to the regulatory mean and maximum background levels.

Cancer risks for residential exposures near MGPs ranged from 1.93x10-6 to
3.68x10-5. However, background residential benzene exposure not related
to former MGP sites ranged from 9.9x10-6 to 3.59x10-3. Cancer risks
from exposure to benzene concentrations near MGPs were equivalent to or
less than cancer risks estimated for a background residence in the northeast
United States. No increased health risks were associated with occupied resi-
dential or commercial properties overlying or surrounding MGPs.

182 Risk Factors to Blood Dioxin Concentrations in Vietnamese Citi-
zens Living Near Agent Orange Hot Spots at Da Nang and Bien Hoa,
Vietnam D.T. Pham, Univ of Wyoming, Dept of Zoology and Physiology
(3166); H.M. Nguyen, Office of the National Steering Committee 33; T.
Boivin, Hatfield Consultants; H.L. Bergman, Univ of Wyoming, Dept of
Zoology & Physiology. Agent Orange was one of a number of defoliants
used by the US military in Vietham from 1961-1971; this herbicide was
contaminated with dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin, or TCDD).
There are a number of major dioxin “hot spots” resulting from the use, dis-
tribution and spillage of herbicides at former US military bases in Vietnam.
Recent studies at the former Da Nang and Bien Hoa airbases, completed by
Hatfield Consultants and the Vietnamese Ministry of Natural Resources and
Environment (MONRE), have found very high TCDD concentrations in
soils, sediments, fish, human blood and human breast milk, with concen-
trations in all media greatly exceeding international standards. Elevated
dioxin concentrations in the food chain are likely sources of human dietary
exposure, posing a very serious health risk for the Vietnamese population liv-
ing near these hot spot sites. Human health effects are now well documented
for US military veterans and include prostate cancer, leukemia and Type II
diabetes among other disease syndromes in adults. Possibly even more wor-
risome for the continuing exposure of the human population in Vietnam,
physical and mental birth defects in children have been linked to TCDD
exposure in utero and via breast milk. Based on measurements of blood di-
oxin and results of epidemiological surveys conducted at Da Nang and Bien
Hoa by Hatfield and MONRE, we completed multiple linear regressions to
assess importance of several risk factors contributing to blood dioxin levels.
Important factors assessed included age, living or working at the contami-
nated sites, consumption of contaminated foods and lifestyle factors. Results
of these and related analyses will be presented.

184 Assessment of Indoor Air Impacts From Naphthalene Associated
With Vapor Intrusion at MGP Sites R. DeHate, GEI Consultants, Inc.,
Senior Risk Manager; B. Skelly, GEI Consultants, Inc. Naphthalene is a
constituent of coal tar and often a contaminant found at former Manu-
factured Gas Plant (MGP) sites. Development at these sites has resulted in
residential and commercial areas with potential exposures from vapor intru-
sion adversely affecting indoor air of residences and buildings. Naphthalene
is routinely analyzed in soil vapor intrusion assessments for properties over-
lying and surrounding former MGP sites. The United States Environmental
Protection Agency and the State of California have both proposed a draft
unit risk factor for naphthalene. Naphthalene exposure from vapor intrusion
may be a public health risk. The purpose of this study was to evaluate three
sites located in the northeast United States to determine the frequency of
naphthalene detection in indoor air. A total of 79 properties were included
in the study. A total of 546 indoor air samples were analyzed for naph-
thalene by EPA Method TO-14A or TO-15. The properties were sampled
on 161 occasions and some properties were sampled up to 14 times. At
residential properties indoor air samples were collected in basements and
crawl spaces, and in occupied areas such as living rooms and bedrooms.

At commercial properties indoor air samples were collected in basements,
sump rooms, storage closets and common areas such as lobbies, classrooms,
and offices. The number of samples for each property ranged from three to
twenty-eight depending on the size of the building, with an average number
of four samples collected from each location. A typical sample collection in-
cluded indoor air testing in the basement area, living room (with a duplicate
sample) and a bedroom. These data were then used to evaluate exposure and
assess public health risks. Naphthalene concentrations ranged from 0.26 to
51 microgram per cubic meter of air. Only 3 of the 546 indoor air samples
detected naphthalene above the ninety-fifth percentile background value of
12 microgram per cubic meter of air. These 3 detections could be explained
by sources of naphthalene not associated with vapor intrusion. Naphthalene
was detected in less than 1% of the indoor samples. Naphthalene vapor
intrusion impacting indoor air was not a public health risk among the 79
properties built on or near the former MGP sites.
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185 Advantages and Complexities of Tissue-Based Cleanup Goals K.
Godtfredsen, T. Deshler, Windward Environmental LLC; S. Replinger,
Windward Environmental, LLC, Environmental Scientist. Recently, the
concept of developing tissue-based cleanup goals has been receiving more at-
tention. Although it makes sense to link cleanup goals as directly as possible
to the remedial action objective of interest (e.g., reducing risks to seafood
consumers), caution needs to be exercised in the development and applica-
tion of tissue-based goals at sediment sites. Tissue-based goals, coupled with
post-remedy monitoring, are best seen in the light of risk communication,
which serves an important public benefit. For a number of reasons, however,
tissue-based goals should not be used as preliminary remedial goals. Specifi-
cally, concentrations of bioaccumulative chemicals in fish, crab, and clam
populations can be highly variable as a result of numerous environmental
factors, many of which are difficult to predict, much less control. In addi-
tion, the derivation of "background" and risk-based goals for tissue must

be carefully considered, particularly for "market basket" seafood ingestion
scenarios. This presentation will acknowledge the allure of developing tissue-
based cleanup goals but also outline key uncertainties and complexities at
sediment sites.

186 Utility of Polytopic Vector Analysis (PVA) as a Tool for Differenti-
ating Background Concentrations of Metals from Site-Related Metals
Concentrations S. Huntley, ERM, Sediments and Watershed Integrated
Management (SWiM) Polytopic vector analysis (PVA) is a multivari-

ate statistical procedure originally developed within the geologic sciences,
primarily for oil exploration, but in recent years has been employed for
fingerprinting a variety of environmental contaminants, most notably
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and poly-
chlorinated biphenyls (PCBs). PVA differs from more traditional statistical
fingerprinting tools such as principal components analysis (PCA) in that it is
an "unmixing" model that (1) identifies the number of source end members
in the system, (2) quantifies the chemical composition (e.g., fingerprint) of
each end member, and (3) determines the relative contribution of each end
member to each sample. For sites that are potentially contaminated with
metals, PVA may be a powerful tool for differentiating background metals
concentrations from site-related metals concentrations. Results are discussed
for several site metals datasets in the context of complicating factors includ-
ing (1) contributions from both natural and anthropogenic background, (2)
potentially different geologic lithologies occurring in varying proportions in
different samples, and (3) multiple onsite or offsite sources that cannot be
explained by either natural or anthropogenic background.

187 Potential Impacts of Climate Change on the Ecology of Dengue
and its Mosquito Vector the Asian Tiger Mosquito (dedes albopictus) R.
Erickson, Texas Tech Univ, Dept of Environmental Toxicology, TIEHH/
Texas Tech Univ, graduate student; K. Hayhoe, Texas Tech Univ, Dept

of Political Science; S. Presley, Texas Tech Univ, Dept of Environmental
Toxicology; K. Long, L. Allen, Texas Tech Univ, Dept of Mathematics and
Statistics; S. Cox, Texas Tech Univ, Dept of Environmental Toxicolgy. Shifts
in temperature and precipitation patterns caused by global climate change
may have profound impacts on the ecology of certain infectious diseases. We
examine the potential impacts of climate change on the transmission and
maintenance dynamics of dengue, a resurging mosquito-vectored infectious
disease. In particular, we project changes in dengue season length in three
cities: Atlanta, GA; Chicago, IL; and Lubbock, TX. These cities are located
on the edges of the range of the Asian tiger mosquito within the United
States. We use a disease model that explicitly incorporates mosquito popula-
tion dynamics and high-resolution climate projections. Based on projected
changes under the SRES Alfi (higher) and B1 (lower) emission scenarios,

as simulated by 4 global climate models, we found that projected warming
shortened mosquito lifespan, which in turn decreased the potential dengue
season. These results illustrate the difficulty in predicting how climate
change may alter complex systems.

188 The Effects of Suspended Sediment on Two Strains of Walleye
(Sander vitreus) Eggs and Fingerlings B.C. Suedel, US Army Engineer
Research and Development Center, CEERD-EP-R, US Army Engineer
Research and Development Center, Environmental Laboratory, Waterways
Experiment Station EP-R; C.H. Lutz, J.U. Clarke, C.G. Doug, US Army
Engineer Research and Development Center. Restrictions on dredging
operations via environmental windows are hindering dredging operations in
the Great Lakes and other areas of the United States. Sediment resuspension
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is often cited as a concern leading to restricted dredging schedules, and is
exemplified by walleye (Sander vitreus) in western Lake Erie. To address this
concern, research was conducted to determine whether suspended sedi-
ments affect walleye eggs and fingerlings, mimicking sediment resuspension
during dredging operations. In a series of laboratory experiments, hatchery
collected northern and southern strain walleye eggs and fingerlings were
exposed to multiple levels of suspended sediment collected from western
Lake Erie. Newly laid eggs and 45-60 day old fingerlings from two different
hatcheries were exposed separately in the Fish Larvae and Egg Exposure Sys-
tem (FLEES) at the US Army Corps of Engineers, Engineer Research and
Development Center, Vicksburg, MS. Target concentrations of suspended
sediment were 0, 100, 250 and 500 mg/L to mimic suspended sediment
concentrations near dredging operations; concentrations were maintained
in a flow-through system for three days. After exposure, the eggs were trans-
ferred to hatching cups and allowed to hatch. Larvae hatched from exposed
eggs and fingerlings were visually inspected for defects, documented, and
preserved. The FLEES maintained consistent NTU levels in the expo-

sure chambers during each experiment. Data indicated no overt effects of
suspended sediment on either egg hatch success or fingerling survival for
either of the northern and southern strains. Gross anatomy and morphology
analyses of exposed larvae and fish fry yielded no observable effects. These
effects data will better inform the setting of environmental windows for this
species in Lake Erie.

189 Evaluation of Ongoing Versus Legacy Sources Contributing to
Elevated Bioaccumulatives in Hepatopancreas of Dungeness Crabs From
Victoria Harbour, BC W.R. Hovel, Weston Solutions, Inc., Anchor QEA;
M. Larsen, B. Lamoureux, Anchor QEA; G. Watson, Transport Canada; E.
Shankie, Public Works and Government Services Canada; D. Kettlewell,
SNC-Lavalin Environment; P. Allard, C. Mackintosh, Azimuth Consult-
ing Group Inc. A Dungeness crab hepatopancreas consumption advisory

is currently in effect in Victoria Harbour, BC as a consequence of elevated
concentrations PCBs, dioxins, and furans within crabs. Human health

risk assessment has indicated potential risks to consumers who frequently
consume whole crab as a result of elevated PCBs and dioxin/furan concen-
trations in the crab hepatopancreas. In addition to localized areas of legacy
sediment contamination, elevated concentrations of bioaccumulatives have
been measured at some stormwater outfalls; however, the relative contribu-
tion of ongoing waterborne sources versus legacy sediment sources to the
Victoria Harbour food web is unknown. For purposes of long-term manage-
ment of Victoria Harbour sediment, this study was designed to evaluate the
relative contribution of ongoing sources to the crab tissues such that the
need and extent of sediment remediation and risk management decisions
can be further evaluated. Water, sediment, and multiple organisms from
Victoria Harbour were collected and analyzed for PCBs and dioxin/furans.
To assess data prior to food web modeling, data were analyzed for spatial
and temporal trends, PCB and dioxin/furan composition patterns including
identification of key risk drivers in crab, and relationships among media.
PCBs were measured in surface water during both sampling events, with
the highest concentrations (2.4 ng/L) during the wet weather (December)
event, at multiple locations, suggesting contribution from ongoing sources.
Sediment PCB concentrations decreased towards the harbour mouth. Sedi-
ment PCB composition patterns were similar throughout the harbour with
one exception; higher concentrations of the less chlorinated congeners were
measured in one localized area. In biota, spatial patterns in PCBs varied by
species; no spatial variability in crab hepatopancreas PCB concentrations or
composition patterns was observed. Greater spatial variation in bioaccumu-
lative concentrations was measured in shiner perch. Veneridae family and
Macoma nasuta clam PCB concentrations demonstrated downward trends
towards the harbour mouth, and were significantly correlated with sediment
and water PCBs, indicating the potential contribution from both sources.
Food web bioaccumulation modeling, which includes species-specific spatial
averaging considerations, is underway to further evaluate contribution from
different sources. Results will be discussed in the context of the risk manage-
ment strategy.

190 An Integrated Evaluation of Methods and Approaches for Assessing
Bioavailability of Contaminants in Sediments N. Bonnevie, ARCADIS,
Risk Assessment and Ecological Services; D. Rigg, J. Gravenmier, M.
Beauchemin, T. Tannuzzi, B. DeShields, . Doody, ARCADIS. Decisions
regarding the management of contaminated sediments need to consider

the potential risks from exposure to chemicals, which are controlled by
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various biological, chemical and physical factors internal and external to the
ecosystem including the bioavailability of the chemicals in the sediments.
Approaches for assessing bioavailability on a site-specific basis are inconsist-
ent and too often decisions regarding risks and ultimately remediation are
based on generic information or the total concentration of a contaminant(s)
in sediments. This can result in an overestimation of risk from particular
chemicals, leading to unnecessary remediation. In addition, for those sites
where an assessment of bioavailability is performed, future conditions of the
site are sometimes not adequately considered. This is becoming an increasing
concern given the present focus on habitat/ecosystem restoration as part of
or following remediation. In recent years a variety of sampling and analytical
tools--both empirical and mechanistic--have been developed to evaluate the
bioavailability of contaminants in sediments, helping to focus the investi-
gation on those contaminants or exposure pathways that are most critical
and providing a more realistic evaluation of risks. Although some of these
methods are still not standardized (e.g., in situ water column samplers, use
of in situ SPMDs, analysis of black carbon, analysis of pore water through
SPME), in many instances small and inexpensive additions to a sampling
program (e.g., adding pore water, total organic carbon, grain size, AVS/
SEM, or other measures) can provide valuable data for evaluating factors
that influence bioavailability. In this presentation, we will discuss recent
developments in the field of bioavailability and their potential implications
on both the evaluation of risks and on decisions regarding the need for or
extent of remediation. We will describe key advantages and disadvantages
of the more popular approaches, such as bioaccumulation models and nor-
malization techniques and consider the increased evolution and utilization
of sampling tools focused on understanding bioavailability. Case examples
will be used as appropriate to illustrate key issues and considerations. In ad-
dition, we will discuss and provide examples regarding the need to consider
potential future conditions in an ecosystem as part of the bioavailability
assessment and, ultimately, the remedy selection process.

191 Adantic RBCA Version 3 and Tier I Ecological Standards M.
Poirier, Atlantic PIRI (Partnership in Risk Based Corrective Action); R.
Mroz, Environment Canada. Adantic Partnership in Risk Based Correction
Action (RBCA) Implementation (Atlantic PIRI) is the multi-stakeholder
committee who develops and assists in the ongoing delivery of RBCA in

the four Adantic Provinces. PIRI has a mandate to establish risk-based ap-
proaches to manage petroleum contaminated properties in Atlantic Canada.
In 1999, Adantic PIRI adapted the RBCA process, originally developed

in the United States, to conditions typically present in Atlantic Canada.
Atlantic RBCA has been used as the process for the development of Tier

I and Tier IT petroleum hydrocarbon assessment/remediation standards
protective of human health. The Atlantic RBCA process is supported by two
main components: 1) the regulatory-endorsed philosophy of risk assessment,
risk management and a tiered approach to remediation; and 2) a technical
tool kit (composed of a software model, supporting technical guidance and
applicable provincial legislation, regulations, and policy guidance). Since
2007, Adantic PIRI has also been developing Atlantic RBCA Tier I stand-
ards for the protection of ecological receptors with the goal of updating and
revising existing ecological receptor screening documentation. A Task Group
of scientific subject matter experts from across Canada was formed and
developed, adapted and validated ecological based petroleum hydrocarbon
criteria for soil, groundwater, surface water and sediment using best available
scientific modeling tools. Subsequent sediment toxicity testing validated the
modeled predictions. Included with the recent release is a scientific rationale
document describing how these standards were adapted and developed.

In 2011, the RBCA Tool Kit for Atlantic Canada, Version 3 software and
User Guidance were released. Online technical training for users of Atlantic
RBCA and updates to ecological receptor screening documentation were
also released as key components of Atlantic RBCA implementation in the
region. Highlights of Atlantic RBCA Version 3 will be presented including
a focused presentation of the scientific rationale used to develop ecological
based Tier I standards for petroleum hydrocarbons.

192 Monitoring the Efficacy and Potential Environmental Effects of
In Situ Remediation C. Menzie, Exponent, Inc., Exponent, Principal;
U. Ghosh, Univ of Maryland Baltimore County, Civil & Environmental
Engineering. Activated carbon has been used in a number of pilot stud-
ies to remediate sediments contaminated with hydrophobic chemicals
such as polychlorinated biphenyls (PCBs), methyl mercury, pesticides, and
polycyclic aromatic hydrocarbons (PAHs). The efficacy of remediation has

been evaluated by measures of accumulation into passive sampling devices,
pore-water measurements, bioaccumulation into organisms exposed to
sediments taken to the laboratory, and bioaccumulation into organisms in
the field. Results show that these measures provide various perspectives on
the risk-reduction potential of in situ remediation. At the scales of pilot
studies an important field factor is the "edge effect” that occurs because the
pilot study scale is often considerably smaller than the site. For this reason,
monitoring needs to be able to recognize the existence and confounding
effect of this factor. The presence of edge effects makes some measures of ef-
ficacy more reliable than others. The edge effect will diminish as the scale of
treatment increases. Modeling also provides a tool for assessing the potential
influence of in situ treatment on food-web transfer of the contaminants. A
critical aspect of in situ monitoring is the assessment of the potential effects
of amendments on the biological communities. Current work involves a
combination of laboratory toxicity studies, field community studies, and
re-colonization studies. Effects need to be judged within a relative risk
framework where the potentially adverse effects of in situ treatment are
compared to the potential impacts of alternative remediation approaches.
To that end, the EPA’s Sediment Management Guidance has been adapted
as a framework for comparing the ecological and other costs and benefits
of alternative remedial approaches. This paper presents the results of several
completed and ongoing in situ treatment projects involving amendment
with activated carbon.

193 Measures of Remedy Effectiveness for the Ottawa River Environ-
mental Dredging Project M.A. Mills, USEPA, National Risk Management
Research Laboratory; R. Brenner, USEPA Office of Research and Develop-
ment, National Risk Management Research Laboratory; J.M. Lazorchak,
USEPA, Office of Research and Development, National Exposure Research
Laboratory, Molecular Ecology Research Branch; K. Fritz, USEPA, Office
of Research and Development, National Exposure Research Laboratory; J.
Meier, USEPA, National Exposure Research Laboratory — SEE Program;

A. Mucha, S. Cieniawski, USEPA, Great Lakes National Program Office;
D. Walters, US Geological Survey. Contaminated sediments pose risks to
human health and the environment. Managing these risks generally involves
three options, dredging, capping, and monitored natural recovery. Develop-
ing measures (or metrics) of the near- and long-term effectiveness of these
remedies is an active area of research within USEPA and other research
organizations. We provide an overview of multiple lines of evidence being
developed at Ottawa River, a direct tributary of Lake Erie in Toledo, OH.
Environmental dredging under the Great Lakes Legacy Act authority was
conducted in 2010 in the lower five miles of river near its mouth. ORD in
collaboration with GLNPO, USGS, OEPA, and NOAA are conducting a
study to identify appropriate and effective metrics and tools to monitor the
effectiveness of the remediation and recovery of the system. Specific areas on
the river were targeted for removal to various depths depending on remedial
objectives for selected contaminants (primarily PCBs, PAHs, and lead). The
lines of evidence include physical, chemical, and biological measures that
evaluate the recovery on various temporal and spatial scales. Results pre-
sented are for pre-, during- and intermediate post-dredging and include data
on fish and invertebrate body burden PCB/PAH concentrations, bullhead
blood and liver DNA damage, an invertebrate Index of Biotic integrity, pas-
sive samplers, as well as other chemical and physical indicators.

194 Development of Sediment Remediation Effectiveness Guidance

for the Great Lakes Legacy Act Program A.P. Mucha, US Environmen-
tal Proection Agency, Great Lakes National Program Office; M.A. Mills,
USEPA, National Risk Management Research Laboratory; S. Cieniawski,
USEPA, Great Lakes National Program Office. The Great Lakes Legacy Act
is a contaminated sediment management program focused on Great Lakes
Areas of Concern. To better assess whether the Great Lakes Legacy Act re-
medial actions are effective in meeting its remedial goals and improving the
health of the aquatic ecosystem, a guidance document is being developed for
use at Legacy sites. Building upon several completed assessments at Legacy
remediation sites that have already taken place, the guidance document
seeks to provide a decision-making approach, rather than a compendium of
methods. While the guidance is specific to Legacy Act sites, the document
benefitted greatly from a multi-Agency workgroup that reviewed, critiqued,
and helped shape the guidance. Key findings, the approach recommended,
and the process used to develop the guidance will be presented, along with
case studies for sites where this assessment approach has been implemented.
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195 Interactions Among the Biology of American Eel (Anguilla
rostrata), Exposure to Dioxin-like Compounds, Embryotoxicity, and
Recruitment .M. Casselman, Queen’s Univ, Biology; R.S. Brown, Queen’s
Univ, Dept of Chemistry; J.D. Byer, Queens Univ; V. Hodson, Queen’s
Univ, School of Environmental Studies; M. Alaee, Environment Canada;
C.M. Couillard, Fisheries and Oceans Canada, Institut Maurice Lamon-
tagne; M. Lebeuf, Fisheries and Oceans Canada, Maurice Lamontagne
Institute; N. Bols, Univ of Waterloo, Dept of Biology. The American eel
(Anguilla rostrata) is an endangered species in Ontario. Since the 1980s,
recruitment of juveniles to L. Ontario declined exponentially, large yellow
eels disappeared, and the commercial fishery was closed. One possible cause
is the embryotoxicity of dioxin-like compounds (DLCs) that eels accumu-
late during their growth phase in L. Ontario. Eels accumulate DLCs to the
same extent as lake trout (Salvelinus namaycush), and trout reproductive
failure has been tied to DLC accumulation, among other factors. The eel

is semelparous, reproducing once after a 6-mo migration from L. Ontario
to the Sargasso Sea, during which feeding stops, tissues are catabolized to
sustain migration and oocyte maturation, and lipid stores (20-30% ww)
are transferred to oocytes. Eels are also panmictic; eggs and leptocephali are
distributed randomly by currents to estuaries and rivers along the east coast
of N. America, as far north as Greenland. This phase is initiated by lipids
derived maternally. Thus, embryotoxicity and lower recruitment may result
from lipid-soluble DLCs. Upon transformation to glass eels and entry to
the St. Lawrence R., eels begin a 5-15 y migration up to Cornwall, ON,
arriving as juveniles at a dam where a counting ladder provides an index of
recruitment. After passing the dam, the eels reside in the upper St. Lawrence
R. and L. Ontario for up to 25 y, before maturing sexually and returning
to the Sargasso to spawn. This extended life cycle means that eels recruiting
to L. Ontario in the 1980s—90s were spawned from parents that integrated
the contaminant history of L. Ontario from the 1960s—70s, the period of
highest contamination. The extended life cycle of eels, their trophic status,
and their high lipid content predict a high sensitivity to DLCs, which are
persistent, bioaccumulative, and highly toxic to fish embryos.

196 Spatial Trends of Legacy Persistent Organic Pollutants in Eels

].D. Byer, Queens Univ; M. Alaee, Environment Canada; R.S. Brown,
Queens Univ, Dept of Chemistry; M. Lebeuf, Fisheries and Oceans Canada;
S. Backus, M. Keir, G. Pacepavicius, Environment Canada; S. Trottier,
Fisheries and Oceans Canada; PV. Hodson, Queen’s Univ, School of Envi-
ronmental Studies. World-wide, freshwater eel (Anguillid sp.) populations
have undergone severe decline. Persistent organic pollutants (POPs) are
currently under consideration as one of many possible causes, related to a
reduction in embryo viability following exposure to several classes of POPs.
Legacy POPs such as polychlorinated biphenyls (PCBs), polychlorinated
naphthalenes (PCNs), organochlorine pesticides (OCPs), polybrominated
diphenyl ethers (PBDEs), polychlorinated dibenzo-p-dioxins and diben-
zofurans are ubiquitous in the environment and the focus of this study.
American eel (Anguilla rostrata) were collected between 2007-2009 from
seven locations in Canada and one in the United States (Hudson River,
NY). European eel (Anguilla anguilla) from one location in Belgium served
as a positive control to assess the current risk of POPs toxicity to eels.
Concentrations of individual POPs classes varied greatly between locations,
but the general concentration order was PCBs > OCPs > PBDEs >> PCNs >
PCDD/Fs for all locations. In eels collected at Canadian locations, the mean
XPCBs ranged from 26.2 to 403 ng/g ww, and the XPBDEs ranged between
2.29 and 23.6 ng/g ww. There was an apparent gradient from west to east
across eastern Canada, with higher concentrations occurring in eels collected
in Lake Ontario (western most sampling site), most likely related to higher
levels of urbanization and industrialization. The XPCNs varied between 18.1
and 354 pg/g ww for all locations. The Canadian samples showed the same
west to east gradient in concentration. The Belgian and US samples had
similar PCN concentrations to the Lake Ontario eels. PCDD/Fs, dI-PCBs,
and PCNis that had available toxic equivalent factors in the literature, were
used to calculate 2,3,7,8-TCDD toxic equivalence (TEQs) for fish. The
geometric mean for total TEQs ranged from 0.77 to 3.59 pg TEQ/g ww for
Canadian collection sites, and 4.44 and 8.18 pg TEQ/g ww for the US and
Belgian locations, respectively. The estimated no observable effects threshold
for lake trout is 5 pg TEQ/g ww. If eels have similar sensitivity to TCDD as
lake trout, the current risk of embryo toxicity from POPs is moderate-low.

197 Temporal Trends (1988-2008) of Chemical Contamination in
American Eel Captured in Lake Ontario M. Lebeuf, Fisheries and Oceans
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Canada, Maurice Lamontagne Institute; J. Byer, Queen’s Univ; M. Alaee,
Environment Canada; S. Trottier, M. Raach, Fisheries and Oceans Canada;
S.R. Brown, J.M. Casselman, PV. Hodson, Queen’s Univ. American eels
(Anguilla rostrata) that grow to maturity in Lake Ontario are known to be
highly contaminated with persistent organic pollutants (POPs). This raised
the question of the possible role of chemical contamination in the decline
of eel recruitment to Lake Ontario in the 1980-90’s. However, information
on temporal trends of POPs in Lake Ontario eels is lacking. This study aims
to provide temporal trend data for legacy POPs including polychlorinated
biphenyls (PCBs), polychlorinated dibenzo-p-dioxins and furans (PCDD/
Fs). Polybrominated diphenyl ethers (PBDEs), a class of chemicals more
recently regulated in Canada, were also analysed in eels. The temporal trend
study was based on three groups of eels captured in Lake Ontario in 1988,
1998 and 2008. Each group of eels was comprised of ten females, averaging
20 years of age, collected between June and July. Each eel was homogenized
prior to being analysed. Mean lipid content in the 2008 eel homogenates
was significantly lower than in 1988 and 1998. A similar trend was observed
in legacy POPs where the contamination was significantly lower in 2008,
up to 3 fold, than in previous years. Lipid normalisation did not change

the observed temporal trends. Toxic equivalents (TEQs) calculated from
PCDD/F, non-ortho and mono-ortho PCB concentration data, using fish
toxic equivalency factors, revealed the same trends. The results did not show
the decrease of POPs contamination generally reported in sediments and
biota between 1988 and 1998 in Lake Ontario. Even more surprising, the
same trend was observed for PBDE contamination among the three groups
of eels. Most temporal trend studies of PBDEs in biota report an increase
until about 2000 followed by a steady state or a slow decrease. In summary,
concentrations of all the organohalogen chemicals investigated were not dif-
ferent in eels collected in 1988 and 1998 but were significantly higher than
in eels collected in 2008. Results of isotopic ratios 8N and 8!3C indicated
that eels collected in 2008 are at a lower trophic level compared to 1988
and 1998 eels. These unexpected temporal trends and difference in trophic
level suggest that although the three groups of eels were collected in Lake
Ontario, they may have grown in different areas of the lake or tributaries.

198 Perfluorinated Surfactants in American Eels A.O. De Silva, Envi-
ronment Canada, Water Science and Technology Directorate; S. Backus,
Environment Canada; P.V. Hodson, Queen’s Univ, School of Environmental
Studies. Globally, freshwater eel populations have declined. In Ontario, the
American eel (Anguilla rostrata) is classified as an endangered species due to
a severe decline in recruitment to Lake Ontario. It has been hypothesized
that chemical contamination may be a factor in the decline. As part of a
larger group evaluating the persistent organic pollutants burden in eels,

we measured perfluorinated compounds (PFCs) in American eels, col-
lected between 2007-2009 collected at several locations in Canada and the
US, and for comparison, European eels (Anguilla anguilla) from Belgium.
Analytes consisted of perfluorocarboxylates (PFCAs) and perfluorosulfonates
(PFSAs) including a newly detected cyclic perfluorosulfonate. Analysis by
LC-MS/MS indicated that the dominant PFC congener was perfluorooctane
sulfonate (PFOS), comprising 70-85% of the sum of PFCAs and PFSAs. In
whole body homogenates, the sum of PECAs and PFSAs ranged from 40 to
160 ng/g wet weight with the exception of eels from 3 locations which were
less contaminated (< 20 ng/g sum). In those 3 locations, PFOS constituted
< 50% of the perfluorinated acid burden. Concentrations in eels from the
St. Lawrence River were comparable to those from a site in Belgium. Liver
concentrations were also measured since it has been previously established
that PFSAs and PFCAs preferentially accumulate in serum and liver. Wet
weight concentrations of PFCAs and PFSAs were 2 to 3 x higher in liver
compared to whole body homogenate, similar to previous observations in
trout. The concentrations observed in eels from Lake Ontario and the St.
Lawrence River were approximately 2x higher than in other top predators
from the same location, lake trout and walleye.

199 Dioxin-like Contaminants May No Longer Be a Risk to the
American Eel (Anguilla rostrata) in Lake Ontario S.J. Kennedy, Queen’s
Univ, graduate student; ].D. Byer, Queens Univ; M. Alaee, Environment
Canada; R.S. Brown, Queen’s Univ, Dept of Chemistry; J.M. Casselman,
Queen’s Univ, Biology; V. Hodson, Queen’s Univ, School of Environmen-
tal Studies. Starting in the 1980s, recruitment of American eel (Anguilla
rostrata) to Lake Ontario declined by 99%, resulting in the closure of the eel
fishery in Ontario. The decline followed peak contamination of predatory
fish species with persistent organic pollutants and recruitment failure of lake
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trout associated with high tissue concentrations of dioxin-like compounds.
To determine if dioxin-like compounds might also explain the eel recruit-
ment problem, we tested the toxicity of eel extracts to embryos of Japanese
medaka (Oryzias latipes). Sexually maturing, large yellow and silver eels were
sampled in 2007 and 2008 from five locations in eastern Canada, including
Lake Ontario, and from the Hudson River (US) and Canal Dessel-Schoten
(Belgium) as positive controls. Medaka eggs were injected immediately after
fertilization with 1 or 10 nL of eel extract, and scored for signs of toxicity
after 11 d. Only extracts from Canal Dessel-Schoten eels caused effects con-
sistent with dioxin-like toxicity in Japanese medaka embryos, indicating that
dioxin-like contamination may no longer be a problem in Lake Ontario.
However, this conclusion is tentative because medaka are somewhat less
sensitive to dioxins than lake trout, and significant mortalities and reduced
hatching among treatments at the highest exposure doses suggest that other
co-extracted, non-dioxin-like contaminants may affect embryo survival.
Compared to the 1980s, the lower concentrations of dioxin-like compounds
in sexually-maturing eels implies that recruitment of juvenile eels to L.
Ontario should be increasing. This is consistent with a small, but growing
number of juveniles climbing the St. Lawrence River eel ladders at Cornwall,
Ontario from 2003 to 2009.

200 Embryotoxic Potential of Persistent Organic Pollutants Ac-
cumulated by American Eels (Anguilla rostrata) from Lake Ontario
Between 1988 and 2008 C. Rigaud, Université du Québec A Rimouski;
C.M. Couillard, Fisheries and Oceans; J. Pellerin, Université du Québec A
Rimouski; B. Legare, Fisheries and Oceans; PV. Hodson, Queen’s Univ; J.D.
Byer, Environment Canada. Since the early 1980’s, the St. Lawrence River
American eel (Anguilla rostrata) population is undergoing a dramatic decline
associated with recruitment failure, possibly related to the embryotoxic
potential of persistent halogenated hydrocarbons (PHHs) which are ac-
cumulated in eel tissues and transferred to the eggs. To test this hypothesis,
organic extracts were prepared from American eels captured in Lake Ontario
in 1988, 1998 and 2008. Extracts from 5 individuals eels per sampling year
were concentrated into triolein and then injected into embryos (N=35 per
eel extract) of a marine model fish, the mummichog (Fundulus heteroclitus),
at 0 day post-fertilization (DPF). Embryos were exposed to 10 EEQ/g

(Eel EQuivalent per gram of embryo). Survival, growth, malformations,
hatching success, cytochrome P4501A induction (EROD activity) and
behaviour of Fundulus larvae were evaluated at 16 DPE While survival and
hatching success were not impacted by any eel extract, a significant increase
in the prevalence of craniofacial deformities as well as a significant reduc-
tion in growth and prey capture ability were observed with extracts from
1988 and 1998 eels. All extracts significantly induced EROD activity with
lower induction for 2008 extracts compared to the older ones. Our results
suggest that, during the 80’s and the 90’s, PHHs accumulated in American
eel tissues have reached concentrations potentially toxic to their offsprings.
Experiments with lower charges (0.5 to 10 EEQ/g), evaluation of interspe-
cies sensitivity to PHHs and histological analyses (cerebral apoptosis, brain
and retinal damages) are underway.

201 Effects of Contaminants on the Reproductive Success of American
Eels A. Carey, K. Oliveira, Univ of Massachusetts Dartmouth, Dept of
Biology; A. Roe, US Fish and Widlife Service; W. Hable, Univ of Mas-
sachusetts Dartmouth, Dept of Biology. The recent decline in worldwide
populations of Anguillid eels is thought to be caused by pollution, overfish-
ing, climate change, and/or habitat destruction. American eels, Anguilla
rostrata, are known to inhabit contaminated rivers for the majority of their
lives until they migrate to the ocean to spawn. Due to their unique catadro-
mous life cycle, mature adults are not accessible for study and little is known
about the effects of contaminants on fertilization and larval development.
Using methods similar to the maturation of Anguilla japonica, A. rostrata
males and females were artificially matured with weekly hormone injections.
Using these procedures, our objectives were to (1) examine the maternal
transfer of environmental contaminants to the eggs, (2) examine the effects
of contaminant load on the fertility of females, and (3) examine the effects
of polychlorinated biphenyls (PCBs) on the reproductive success of male
eels. To examine the maternal transfer of contaminants to the eggs, ovulated
eggs and muscle tissue are being analyzed for PCBs, dioxins and furans,
pesticides, polybrominated diphenyl ethers, and metals. Results, to date,
provide important baseline data and will facilitate development of a model
for predicting parental contaminant contribution to offspring. To examine
the effects of contaminant load on the reproductive potential of females,

time to full maturation, ovulation, and fertilization success were evaluated
and will be compared to the contaminant load in eggs. To examine the effect
of PCBs on male gametogenesis, fertilization, embryogenesis and early larval
development, males were co-injected with 2 different concentrations (1.0 or
10 pg/fish) of PCBs. Fertilization success and embryogenesis were assessed
24 hours post fertilization (PF), 24 hours PE, and 48 hours PE Prelimi-
nary results show that males injected with 10 pg of PCBs exhibited lower
reproductive success and produced embryos with disrupted early embry-
onic development. Fertilization success was significantly lower in embryos
fertilized with sperm from males injected with 10 ug PCBs compared to the
controls. Our results will shed light on whether environmental contaminants
are contributing to the decline of A. rostrata. These findings will be impor-
tant for future conservation efforts and the management of the American
eel, an ecologically and commercially important species.

202 Impacts of Habitat Contamination on the Health of Declining
American and European Eel Populations P._Couture, INRS, Centre Eau
Terre Environnement; C.M. Couillard, Fisheries and Oceans Canada, Insti-
tut Maurice-Lamontagne; L. Bernatchez, Universite Laval, Département de
Biologie; PG. Campbell, INRS-Eau, Terre et Environnement, INRS-ETE,
INRS, Centre Eau Terre Environnement; F. Pierron, CNRS; M. Baudri-
mont, Université Bordeaux 1, Station marine d’Arcachon; H. Budzinski,
Université Bordeaux 1, Institut des Sciences Moléculaires; P. Elie, CEMA-
GREE Unité Ecosystemes Estuariens et Poissons Migrateurs Amphihalins;
S. Dufour. Muséum National d’Histoire Naturelle, UMR BOREA. The
European and American eels are two economically, ecologically and cultur-
ally important fish species currently considered in decline and, in the case
of the European eel, threatened by extinction. The role of pollution in the
decline of these fish is still largely unknown. This new research project is a
joint initiative of researchers from Québec and France. Its general objec-
tive is to examine the relationships between pollution, both inorganic and
organic, and the health of Atlantic eels in the Gironde and the St. Lawrence
Estuaries. Indeed, contaminants released in water by urban, industrial, min-
ing and agricultural activities accumulate in yellow eels during their long
phase of somatic growth and could affect their growth rate as well as cause
tumors and lesions. Furthermore, during their reproductive migration, silver
eels mobilize their energy reserves to fuel migration and for gonad matura-
tion. Accumulated contaminants could then be released massively and cause
toxicity in the adult or be transferred to embryos. The first objective of this
study is therefore to test the hypothesis that contaminants exert a selective
pressure on eel populations that will translate into differences in genotypic
composition between populations from clean and contaminated sites, using
454 pyro-sequencing to identify SNP markers. The second objective is to
understand the influence of the contamination of habitats where yellow

eels grow on energy accumulation, metabolic capacities, growth, tissue and
cell damage and histopathology, using a range of molecular, biochemical
and physiological approaches including the development of a microarray.
The third objective is to evaluate the effects of contaminant mobilisation
and redistribution on health indicators (oxidative damage, histopathology,
genotoxicity), migratory capacities (metabolism, condition) and gonad
maturation (hormonal and histological changes, gonad contamination and
follicular atresia) of female silver eels. Ultimately, this research, conducted
in partnership with key government agencies, will improve our capacity to
favour the restoration of Atlantic eel populations, through the development
of informed management policies."
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203 Reducing Uncertainty in Risk Assessment: Lessons Learned from
Studying Transfer of Organic Contaminants from the Abiotic to the
Biotic Compartment H. Selck, Roskilde Univ, Dept of Environmental,
Social and Spatial Change; D. Salvito, Research Institute for Fragrance
Materials, RIFM; V. Forbes, Univ of Nebraska Lincoln, School of Biologi-
cal Sciences. Potential hazards and risks of new and existing chemicals

are assessed by regulatory agencies based on their P (persistance) and B
(bioaccumulation) and T (toxicity) potential. Being able to accurately
identifying PBT substances is therefore key to protect human health and

the environment. The focus of this presentation will be on the importance
of environmental and physiological factors for affecting bioaccumulation
including biotransformation of organic contaminants in the aquatic envi-
ronment and thus for their persistence. Examples will include results from a
range of experiments performed in collaboration with the Research Inst. for
Fragrance Materials (RIFM) using different sediment-associated fragrance
materials (FMs), sediment-dwelling deposit-feeders, and different sediment-
organic contents. Here we focus on: 1. effects of varying organic matter
content in the sediment; 2. impact of species dependent biotransformation
differences for the fate (accumulation, biotransformation) of sediment-
associated FMs. These studies support the conclusion that the materials
presented in the examples are not PBTs. Due to their feeding strategy (ingest
massive volumes of sediment) and a digestive system optimized to extract
organic material from sediment, deposit-feeders may increase the amount of
contaminants taken up from the gut. However, since these organisms, gener-
ally, also show high biotransformation capacities which evidently will reduce
the body-burden (BB) of organic contaminants, focusing solely on BB will
significantly underestimate accumulation and thus increase the uncertainty
of e.g., BAE Since benthic communities may play an important role both

in the remobilization of sediment-associated organic compounds but also

by affecting their fate (bioturbation, biotransformation) this will also have
implications for the way we evaluate the persistence of organic contaminants
in risk assessment. To improve reliability of current risk assessment of PBT
substances we need to focus future research on factors affecting P and B and
focus on the transfer from the abiotic to the lower trophic level as this gener-
ates the basis for further B assessment.

204 Exploiting Relationships Between Metrics of Biouptake in Fish

to Improve Laboratory to Field Extrapolation D. Mackay, Trent Univ;
E Gobas, Simon Fraser Univ; J. Arnot, Univ of Toronto Scarborough.
Biouptake of organic chemicals in a variety of organisms is of continuing
scientific and regulatory interest. Metrics such as BCE, BAE, BME BSAF
and TMF are widely measured, some in laboratory tests and some by field
monitoring. Considerable progress is being made in determining and inter-
preting these quantities. Applying simple and well-accepted mass balance
models of uptake and clearance for fish shows that these metrics are closely
related thus providing an opportunity, for example, to extrapolate more
accurately from a laboratory BCF to a field BAF and a field BME These
relationships are discussed and it is shown that a combination of laboratory
and field data with a model can provide a powerful quantitative description
of the biouptake phenomena for both scientific and regulatory purposes.
Further, the relatively high degree of reproducibility achievable in laboratory
tests could be better exploited for deducing field conditions and effects by
some simple modifications to existing test protocols. Suggestions are made
for such modifications, for gathering more accurate and relevant chemical
properties and physiological parameters of the test organisms and for design-
ing test and sampling programs using tentative advance uptake/clearance
models. This could lead to an improved overall biouptake test strategy and
to improved risk assessments.

205 Passive Dosing, Passive Sampling and Benchmarking in Fish
Bioconcentration Tests M. McLachlan, Stockholm Univ, Dept of Ap-
plied Environmental Science; M. Adolfsson-Erici, G. Akerman, A. Jahnke,
Stockholm Univ; P. Mayer, Aarhus Univ, National Environmental Research
Institute; M. MacLeod, Stockholm Univ. The OECD 305 protocol for
determining the bioconcentration factor (BCF) in fish is long, costly, and
test animal intensive. Commonly an uptake phase of 28 days is followed by
a depuration phase of up to 56 days, and a minimum of 40 fish are required.
In addition, inter-laboratory precision of the results is not high. In an effort
to improve quality while reducing the costs and test animal requirements,
several innovative techniques were developed and tested including: —Passive
dosing to maintain constant freely dissolved concentration of the target
chemicals during the exposure phase —In-tissue passive sampling of the
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target chemicals in the fish during the elimination phase —Internal bench-
marking via simultaneous exposure of the fish to a chemical with known
bioaccumulation behaviour. This led to a revised protocol shortened uptake
and elimination phases (4/10 days), and a reduced number of fish (8). The
revised protocol and the OECD 305 protocol were run for 10 chemicals us-
ing rainbow trout. Good agreement was found between the BCFs measured
with the two methods. This supports the feasibility of reducing the cost and
animal requirements of fish bioconcentration experiments. In addition to
the methodological improvements provided by the passive dosing system,
method precision was much improved thanks to the internal benchmark-
ing. The revised protocol should be particularly useful in assessing whether
chemicals lie above or below regulatory thresholds, as the internal bench-
marking facilitates the determination of relative bioaccumulation behaviour.

206 Use of Isolated Trout Hepatocytes to Predict Measured Hepatic
Clearance and Whole-animal Bioconcentration Factors for Six Pol-
yaromatic Hydrocarbons K.A. Fay, PN. Fitzsimmons, A.D. Hoffman,
J.W. Nichols, US Environmental Protection Agency, ORD, NHEERL,
Mid-Continent Ecology Division. Hepatic metabolism is an important
determinant of chemical bioaccumulation in fish. Consequently, measured
in vitro hepatic metabolism may improve model predictions of bioac-
cumulation. In this study, fresh and cryopreserved trout hepatocytes were
used to measure in vitro intrinsic clearance (CLin vitro,int) of six polyaro-
matic hydrocarbons. These CLin vitro,int values were then extrapolated to
the intact organ and compared to measured levels of clearance (CLH) by
isolated perfused trout livers. To facilitate these comparisons, hepatocellular-
ity scaling factors were determined for male and female trout. In addition,
solid phase microextraction (SPME) methods were employed to determine
unbound chemical concentrations in the isolated liver preparation. Gener-
ally, the hepatocytes performed well in predicting CLH rates exhibited by
perfused livers. Although hepatocellularity values were higher for female
trout than for males, predicted CLH values for the six compounds did not
differ substantially. Finally, CLH values determined using both hepatocytes
and isolated perfused livers were extrapolated to the whole animal and incor-
porated into a one-compartment bioconcentration model. Model-predicted
bioconcentration factors (BCF) were then compared to measured values

for strain- and temperature-matched trout. Preliminary results suggest that
predicted BCF values are within the range of observed values.

207 Predicting Field Variation of PCB Bioaccumulation in a Temperate
Fish Population Under Steady State and Non-steady State Conditions
K. Drouillard, University of Windsor, Great Lakes Institute for Environ-
mental Research. Much of the field of bioaccumulation has focussed on
hazard assessment and establishing the potential for laboratory organisms to
accumulate contaminants above regulatory criteria such as the BCF 5000
rule, to validate global predictions of food web bioaccumulation models or
to measure trophic magnification factors at the food web scale. There have
been fewer attempts to understand field variation of bioaccumulation met-
rics as it applies at the population scale in an indicator species and establish
the magnitude and causes of field variability required for risk assessment
purposes. More recently, non-steady state bioaccumulation dynamics have
been recognized to occur in fish populations and yet field sampling designs
rarely consider the implications of non-steady state bioaccumulation by
fish or how this contributes to field variation in bioaccumulation metrics.
‘This study used a modelling approach to contrast steady state and non-
steady simulations of congener specific PCB bioaccumulation in a yellow
perch population. The non-steady state bioaccumulation model, coupled
with Monte Carlo analysis, considered uncertainty propagation among
toxicokinetic parameters, seasonal changes in growth and weight loss and
environmental heterogeneity in water and food contamination to simulate
seasonal trends in PCB bioaccumulation, likelihood of achieving steady
state for congeners of different hydrophobicity and to test whether model
uncertainty would mask seasonal trends under realistic field sampling
designs. Results of these simulations are contrasted against steady state
model predictions to highlight where steady and non-steady state models
predict different bioaccumulation patterns, for example congener ratios with
age, to recommend sampling designs that could distinguish between steady
and non-steady state bioaccumulation and to evaluate the implications of
non-steady state bioaccumulation dynamics to field variability of chemical
bioaccumulation.



TUESDAY PLATFORM ABSTRACTS

208 A Framework to Improve In Vivo Biotransformation Rate Constant
Estimation ]. Arnot, ARC Arnot Research & Consulting Inc., Univ of
Toronto Scarborough, Dept of Physical and Environmental Sciences; T.N.
Brown, Helmholtz Centre for. Environmental Research UFZ, Dept of
Analytical Environmental Chemistry; E. Papa, Univ of Insubria, QSAR Res.
Unit Environ. Chem/Dep. Structural Functional Biology , Univ of Insubria,
DBSF; P. Gramatica, Univ of Insubria, QSAR Res. Unit Environ. Chem.
Ecotox./Dep.Structural & Functional Biology; W. Janzen, G. Schuurmann,
Helmholtz Centre for Environmental Research UFZ; S. Dimitrov, Prof.

Dr. Assen Zlatarov Univ, Dept of Comp. and Inform. Technologies, Univ
of Zlatarov, Dept of Comp. and Inform. Technologies; O. Mekenyan, Prof.
Dr. Assen Zlatarov Univ, Laboratory of Mathematical Chemistr; B. Meylan,
P. Howard, Syracuse Research Corporation. Mass balance bioaccumulation
models are required for bioaccumulation, exposure and risk assessment and
to compare laboratory and field bioaccumulation metrics (e.g., BCE, BAE,
BME TMF). The whole body primary metabolic biotransformation rate
constant (kM) is a key bioaccumulation parameter required by the models
and measured data are limited; therefore, reliable Quantitative Structure-
Activity(Property) Relationships (QSA(P)Rs) are needed. A framework to
improve kM estimation that maximizes the value of existing laboratory and
field bioaccumulation information and provides intelligent testing strategies
for future research is outlined and described. An empirical in vivo kM data-
base for fish has been developed and various QSA(P)Rs are being developed
and evaluated using different QSAR methods. The different QSA(P)Rs can
be compared against the empirical data and against each other to identify
potential sources of error in the existing database and merits and limitations
of different QSA(P)R methods (e.g., for particular classes of chemicals and
functional groups). This aspect of the framework is analogous in many ways
to a laboratory “ring test” for chemical testing methods. A comparison of the
different QSA(P)R predictions for thousands of organic chemicals provides
the opportunity to identify chemicals with structural elements that are not
currently well predicted for priority laboratory testing (in vivo and in vitro)
in a defensible and efficient manner. New bioaccumulation testing data can
then be obtained to expand the existing kM database and the domain of ap-
plicability in a second generation of QSA(P)Rs. This framework is expected
to result in reduced animal testing, reduced uncertainty in kM estimation,
reduced uncertainty in bioaccumulation, exposure and risk assessment, and
improved data to compare laboratory and field bioaccumulation metrics.

209 Connecting Uncertainty, Weight of Evidence, Data Consistency and
Precaution for the Regulatory Assessment of Bioaccumulation M. Bon-
nell, Environment Canada, New Substances Division, Environment Canada,
Science and Risk Assessment Directorate. There are significant obstacles to
developing a standard approach to making decisions on the bicaccumulation
potential of a substance that can be adopted by all regulatory authori-

ties. This is because an authority’s approach will likely consider or weight
evidence differently depending on regulatory context (e.g., the weighting

of legal vs. non-legal metrics), the relevancy of different bioaccumulation
metrics (e.g., in silico vs. in vitro vs. in vivo results) and how bioaccumula-
tion is defined by a regulatory authority. Regulatory decision-making is

also a "normative” process; that is, it incorporates considerations that are
based on societal values. Therefore, probably the most important aspect of
decision-making is that the process be transparent and reproducible to the
degree feasible when using a normative process. This paper will discuss one
possible approach to arrive at decisions on the bioaccumulation potential

of substances from a regulatory perspective. In this approach, uncertainty is
established based on the "strength of inference" a piece of information has to
address the question posed by a null hypothesis (e.g., BCF or BAF is below
the criterion value). The strength of inference is related to the quality and
quantity of available data, and impacts both the weight given to individual
pieces of information and the overall level of precaution applied in making
the regulatory decision. The weighting of data can be performed using a
qualitative or quantitative ranking method. As there can be many lines of
evidence for bioaccumulation, the consistency between data or lack thereof
should be examined. Lack of consistency adds to the overall level of uncer-
tainty while greater consistency has the opposite impact. Precaution is linked
to the degree of uncertainty when weighing evidence to test a hypothesis. In
particular, a higher degree of precaution is used when the spread of uncer-
tainty suggests that a false negative is possible in the above null hypothesis.
A hypothetical chemical will be used to illustrate the above concepts using a
qualitative weighting approach and data consistency matrix.

210 Dispersants Evaluation, Use and Environmental Concentrations
during the DWH Incident A.D. Ahnell, BP GUIf Coast Restoration
Organization, Science, Technology, Environment & Regulatory Affairs;
G.M. Coelho, D.V. Aurand, Ecosystem Management & Associates, Inc.; J.S.
Brown, Exponent Inc.; L. Bruce, BB, GCRO. This presentation will provide
the context for evaluation and continued use of the dispersants applied to
surface oil via aircraft and applied subsurface at the point of oil release. In
combination, these data sets support the initial product selection and the
large scale dispersant operations that provided an overall net environmental
benefit during the spill response and were a key component of the response.
The use of aerial dispersant applications as part of BP’s initial spill response
was one component of the pre-approved dispersant use plan. As applica-
tion of Corexit products escalated in the initial phase of the response, BP
and the USEPA tested additional dispersant products on the NCP list for
efficacy and toxicity, but none performed significantly better and there were
no significant differences in product toxicity to standard test species. Further
support for continued use came from near-surface and sub-surface water
sampling. Monitoring data by USCG SMART teams and BP contractors
showed that dispersant applications to surface slicks created dispersed oil in
the upper water column that rapidly diluted to levels that were not acutely
toxic to standard test species in laboratory toxicity tests. Once subsea disper-
sant application was shown to be effective during initial tests, a monitoring
plan commenced to collect data on the nature and extent of the subsurface
dispersed oil. Particle size analysis and surface observations support disper-
sant effectiveness while dissolved oxygen concentrations showed only small
decreases from enhanced biodegradation, and none exceeding the 2 mg/L
lower limit set by USEPA. A large majority of the water samples collected
and later analyzed by GC/MS showed oil and dispersant concentrations
were orders of magnitude below acute toxicity effects thresholds for marine
life. Data collected during the DWH incident provide significant insights
into the net environmental benefit offered by surface and subsea dispersant
applications use. Further research should use the DWH incident data as
context in selecting environmentally meaningful exposure regimes in when
designing toxicology and biodegradation studies of physically and chemi-
cally dispersed oil. Due to the complexity of the topic and breadth of the
information presented an extended time period is requested.

211 Deepwater Horizon Long-Term Monitoring Study Shows
Continuing Depletion of PAH in Oil and Sediment Samples from
MC252-Impacted Areas ].S. Brown, Exponent Inc.; L. Cook, Exponent;
A. Ahnell, BP — GCRO. After the Deepwater Horizon (DWH) accident,
certain Louisiana shorelines were impacted by MC252 oil. During the
DWH response, the Long-Term Monitoring Program (LTM) was imple-
mented by the Incident Command to study oiled shorelines in the absence
of clean-up or remediation treatments to evaluate the natural weathering
and biodegradation of MC252 in shoreline environments. The LTM study
sites selected included key sensitive habitat types of the coastal region im-
pacted by MC252 oil including: salt marsh, tidal channel marsh, phragmites
marsh, mangrove, and shell berm. Additionally, un-oiled shoreline segments
were selected as reference sites to characterize background hydrocarbons in
marsh, mangrove, and shell berm habitats. Oil and sediment samples were
collected at each site from the high tide, upper intertidal, and lower inter-
tidal areas. Multiple sampling surveys were performed at each site to study
changes over time. Samples were analyzed for polycyclic aromatic hydrocar-
bons (PAH), total and saturated petroleum hydrocarbons (TPH and SHC),
and geochemical biomarkers (steranes and triterpanes). Sediment samples
were also analyzed for total organic carbon (TOC) and grain size. Over a

six month period, changes in PAH and SHC concentrations and chemical
signatures in the oil and sediment samples were assessed to determine the
processes acting on the petroleum hydrocarbons in each habitat type. Deple-
tion of key chemical parameters was calculated for individual PAH, summed
PAH, and summed alkanes using the conserved biomarker hopane, in com-
parison to fresh MC252 crude oil. MC252 impacted shoreline areas showed
losses of PAH associated with dissolution, evaporation, biodegradation, and
photo-oxidation. The majority of the depletion associated with dissolution,
evaporation, and photo-oxidation likely occurred during the transport of
the oil to the impacted areas. The earliest samples collected from these sites
showed greater than 90% depletion for total PAH in all oil and sediment
samples. Depletion of heavy PAHs (4-6 rings) and alkanes was not as rapid
as total PAH and thus provided an extended range with which to observed
trends with time. Continued depletion of heavy PAHs and alkanes was
noted at several of the LTM sites, with further evidence of biodegradation.
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212 Identifying and Characterizing a Polar and Recalcitrant Fraction
in Weathered Macondo 252 Well Oil C. Aeppli, C.A. Carmichael, R.K.
Nelson, C.M. Reddy, Woods Hole Oceanographic Institution, Dept of
Marine Chemistry and Geochemistry. To investigate weathering of oil from
the Deepwater Disaster one year later, we collected oil-soaked sand patties
along the coasts of Mississippi, Alabama, and Florida as well as the Chan-
deleur Islands. These sand patties were easily found by searching for the
orange-hue of the oil that was observed immediately after the spill. Analysis
of the solvent extracts by gas chromatography with flame ionization detec-
tion (GC-FID), gas chromatography with mass spectrometry (GC-MS),
and comprehensive two-dimensional gas chromatography (GCxGC) first
confirmed by biomarker analysis that the oil was from the Macondo Well,
that there were only traces of aromatic hydrocarbons, and that compounds
with less than 17 carbons were no longer present. Furthermore, our analyses
revealed that the oil-soaked sand patties generally contained less than 10%
of solvent-extracted mass. Interestingly, only half of the extractable mass
could be characterized by gas chromatography, presumably the other 50% of
the material being too polar to be analyzed by GC. To investigate the polar
nature of the extracts, we then analyzed the carbon, hydrogen, nitrogen,
sulfur, and oxygen content. The whole extract from one sample contained
10% oxygen by mass while the original oil contained < 1% detectable
oxygen. These results suggests that either abiotic or biotic oxygenation of the
spilled oil caused such dramatic changes in the spilled. In addition, standard
silica gel chromatography showed that the extract was evenly distributed
between the saturated fraction and the polar fraction (eluting with hexane
and dichloromethane/methanol, respectively). Together these results show
that considerable weathering has occurred within one year since the spill.

In order to identify the nature and products of such degradation processes,
we plan to further characterize these polar fractions using infrared spectros-
copy and liquid chromatography MS analysis. Nevertheless, this study has
shown significant losses of hydrocarbons as well as changes consistent with
oxygenation. Given the significant mass, and the so far poor understanding
of the environmental fate of the described polar fraction, our findings imply
that using commonly applied techniques solely based on GC amenable frac-
tions to assess the environmental impact of the Deepwater Horizon incident
may lead to a significant overestimation of natural oil attenuation.

213 Laboratory Measurements of Dissolved and Droplet PAHs in
MC252 Oil-Water-Dispersant Mixtures Inform Partitioning After
Deepwater Horizon Oil Spill P. Bochm, Exponent, Environmental &
EcoScience Group, Exponent, Environmental Group, Exponent, Inc., En-
vironmental & EcoScience sGroup; K. Murray, Exponent, Senior Scientist;
D. Shea, North Carolina State Univ, Dept of Biology. The bioavailability
of and risk from polycyclic aromatic hydrocarbons (PAH) from crude oil

in water are dependent on whether they are dissolved or associated with
droplets or particles. To adequately characterize the dissolved fraction of oil
and its PAH constituents in a water sample and avoid the over-estimation of
the dissolved PAH concentrations, any whole/droplet/particulate oil must
be accounted for. There are two possible approaches to this problem: 1) the
oil and water can be physically separated for analysis, or 2) the amount of
the dissolved PAH can be calculated from the measured data from un-
fractionated samples using properties of PAH chemistry. To evaluate and
understand the advantages and limitations of each approach, a series of
laboratory experiments were conducted, and the results were compared to
samples which were physically fractionated in the field after the Deepwater
Horizon oil spill. Seawater and oil and seawater, oil, and dispersant mixtures
were generated in the laboratory and then sampled. A whole, unfraction-
ated sample was collected as were samples separated into particulate and
dissolved fractions using two methods employed on ships during the field
program. Alkanes and PAHs were measured in the dissolved and particulate
fractions and corresponding unfractionated samples. Tested methods include
the modified Payne filtration method (Payne et al. 1999) which uses a glass
fiber filter to capture particles and direct analysis of the dissolved fraction in
the filtrate and the Large Volume Sampler which utilizes a vortex separator
and 0.45 pm filters for particulate analysis and sorption to a PUF cartridge
to determine the dissolved concentrations. Results showed that an excel-
lent mass balance in the experimental system (i.e., we could account for
100% of the material when comparing whole, unfractionated water samples
to the sum of the fractions in the processed aliquot of the same sample).
Reproducibility was good within each method though the composition of
the fractions trapped by the filter (droplet) and passed through the filter

("dissolved") varied somewhat owing to differences in filter sizes. In no case

50 | SETAC North America 32"d Annual Meeting

did the "dissolved fraction" resemble the water soluble fraction generated
using standard WAF procedures. The analytical results were used to develop
a method to calculate particulate concentrations from unfractionated water
samples based on constant oil composition and minimally soluble individual
oil components.

214 Rapid Biodegradation of Aromatic and Saturated Hydrocarbons
Associated with MC252 Oil in the Water Column and on the Shorelines
of the Gulf of Mexico R. Atlas, Univ of Louisville, Univ of Louisville,
Dept of Biology; P. Boehm, Exponent, Environmental & EcoScience
Group, Exponent, Environmental Group, Exponent, Inc., Environmental
& EcoScience sGroup; L. Cook, Exponent, 1 Clock Tower Place. Physical
and chemical dispersion of the MC252 oil released into the Gulf of Mexico
between April 20 and July 15, 2010 resulted in detection of fine droplets

at approximately 1100-1300 meters that generally moved in a southwest-
erly direction while larger droplets moved to the surface and formed a

slick, with some of the oil moving northward and eastward to shorelines.
Evidence for the biodegradation of the oil comes from detailed chemistry
measurements using GC-MS analyses. These analyses showed a decreasing
ratio of C17/pristane and C18/phytane as the oil moved away from the
wellhead at 1100-1300 meters. Analyses based upon ratios of phenanthrenes
and dibenzothiophenes and on ratios of high molecular weight aromatics
and aliphatics to the conserved hopane confirmed extensive biodegrada-
tion of the aliphatic and polycyclic aromatic hydrocarbons in the deep sea.
The extent of measured biodegradation was higher in the deep sea than in
surface oil slicks where higher oil concentrations and lower surface area may
have limited rates of biodegradation. Oil that spread out on shorelines also
showed evidence of extensive biodegradation. The indigenous microorgan-
isms were well-adapted to oil biodegradation. Microbial biodegradation

of the oil removed many of the toxic components and reduced the overall
impact of the oil released from the well.

215 Microbial Gene Functions Enriched in the Deepwater Horizon
Deep Sea Oil Plume ]. Zhou, Univ of Oklahoma. The Deepwater Hori-
zon oil spill in the Gulf of Mexico is the deepest and largest offshore spill
in US history and its impacts on marine ecosystems are largely unknown.
Here, we used GeoChip-based high throughput metagenomic technology to
show that the microbial community functional composition and structure
were dramatically altered in a deep-sea oil plume resulting from the spill.
GeoChip 4.0 contains more than 135,000 probes from 152,000 genes
involved in C, N, S and P cycling, organic contaminant degradation, metal
resistance, antibiotic resistance, stress responses, metal resistance, virulence,
bacterial phage-mediated lysis, and soil beneficial microorganisms. A variety
of metabolic genes involved in both aerobic and anaerobic hydrocarbon
degradation were highly enriched in the plume compared to outside the
plume, indicating a great potential for intrinsic bioremediation in the deep-
sea. Various other microbial functional genes relevant to carbon, nitrogen,
phosphorus, sulfur and iron cycling, stress responses, metal resistance,

and bacteriophage replication were also enriched in the plume. Together,
these results suggest that the indigenous marine microbial communities
were capable of adaptation and succession in response to the oil spill and
they could play a significant role in biodegradation of oil spills in deep-sea
environments.

216 Surface Dispersion and Biodegradation of the Macondo MC252
Crude Oil DS. Daling, SINTEE, Marine Environment Technology.; O.G.
Brakstad, SINTEF; E. Leirvik, SINTEFE, Materials and Chemistry, Marine
Environmental technology. At the Pencacola Seatac meeting in April, 2011,
a weathering study was performed, including a weathering experiments in
the SINTEF flume, where a high degree of natural dispersion were observed
within 12 hours when the fresh released oil was exposed to simulated break-
ing wave sea conditions. Two series of follow-up experiments have recently
been performed in the SINTEF flume weathering basin in order to get more
detailed measurements of the droplet size distribution generated from the
surfacing oil both due to natural dispersion under breaking wave conditions,
and chemically enhanced dispersions by using low dosages of Corexit 9500.
A LISST-100X Laser Particle Sizer, a particle visual microscope (PVM) and
a high resolution camera were use for documenting the droplet size distri-
bution. The oil loading used in the flume experiments were reflecting a”
realistic” dispersed oil concentrations (20 — 100 ppm) that can be obtained
in the upper meter of the surface water column in the field short time after
a re-dispersion of the surface oil slick. Physically and chemically dispersed
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flume experiment samples were collected for studies of dispersed oil bio-
degradation. Samples were distributed into closed vials and incubated for a
period up to 2 months at the relevant GoM sea surface temperatures (30-32
0C) with continuous agitation. The samples were removed for analyses at
pre-defined intervals. Some samples were used as “abiotic” controls by ad-
dition of biocide (HgCl2). The biodegradability of various oil components
(alkanes, aromatics, iso-prenoides) were determined by comparing the result
from biotic versus the abiotic samples using GC-FID and GC-MS. In addi-
tion, the biodegradability of 10-20 pm thick oil films (also representative for
“metallic” oil films) immobilized on hydrophobic absorbents were examined
in closed vials with normal pre-conditioned (30-32°C)seawater and with

a biodegradation period of up to 28 days. Fabrics with immobilised oil

in sterile seawater were used as controls (seawater poisoned with HgCl2).
Fabrics were removed for analyses at pre-defined intervals for oil extraction
and analyses by GC-FID and GC-MS. Biodegradation was determined

by comparison of results from biotic samples and abiotic controls and also
compared to previous similar experiment with other crude oils under other
( North Sea) environmental conditions. The results from this surface disper-
sion and biodegradation study will be presented.

217 Natural Oil and Gas Seeps and Oil Slicks in the Mississippi Canyon
Protraction Area: Origins and Historical Baseline before the DWH In-
cident PD. Carragher, BP GUIf Coast Restoration Organization, Science,
Technology, Environmental and Regulatory Affairs; A. Kornacki, Weather-
ford , BP GCRO, 1315 West Brooklake; C. Scherschel, BP, BP, 1315 West
Brooklake; R. Frost, BP, Upstream Technology, 1315 West Brooklake. Oil
and gas seepage is a pervasive occurrence in the Gulf of Mexico that has
existed for many millions of years. This paper will trace the transport of
hydrocarbons from deep in the earth to the sediment water interface, and
then to their ultimate fate as a natural surface slick is weathered. Seep data
obtained from before the DWH oil spill will be reviewed to provide a view
of the baseline or naturally existing system. With the advent of deepwater
exploration, data exists that enables us to establish the geological origin of
the petroleum in natural seeps that forms at depths of greater than 15,000ft
below the surface; track the oil and gas migration to the seabed, often along
the sides of salt domes; map and visualize the expression of the seeps in

the shallow sediments and at the sea floor; and, in the case of gas seeps in
particular, document their rise through the water column. Naturally occur-
ring surface oil slicks are detectable by satellite and other remote sensing
capabilities. Carbonate hardgrounds of biological origin are formed by, and
sustained for periods of time by seeping hydrocarbons. Other fauna anchor
on these hardgrounds and build complex and diverse deepwater communi-
ties. Sediments in the vicinity of natural seeps contain complex mixtures that
may include some or all of the following components; — fresh oil, biode-
graded oil, hydrocarbon gases of thermal and/or microbial origin, and recent
organic matter. Quantitative methods that separate the relative contribution
of these components have been applied to more than a hundred deep water
sediment samples that pre-date the DWH incident. Preliminary interpreta-
tion of these data will be presented. Natural seepage may be continuous or
occur in a series of geyser-like eruptions, and over time this episodic process
creates a variety of seabed craters and other features. Preliminary results of an
AUV survey covering an area of natural seeps will be presented to illustrate
these conditions. Naturally occurring surface oil slicks are present on the
surface of the sea in the vicinity of the Mississippi Canyon Protraction area.
Preliminary results from a satellite based study documenting the location,
size and area of these natural slicks will be presented, along with examples
of the tie to natural seepage on the seafloor and the deep subsurface origin.
Supporting material will be presented in the accompanying posters.

218 Introduction of a Quantitative Label-free, Non-gel Based Prot-
eomic Method for Use in Aquatic Ecotoxicological Study of Small Fish
Species K. Ralston-Hooper, Visiting Dupont Research Scientist at Duke
Univ, Nicholas School of the Environment ; R. Hoke, DuPont, Haskell
Global Centers; D.L. Villeneuve, USEPA, Mid-Continent Ecology Divi-
sion; G.T. Ankley, USEPA, Office of Research and Development, National
Health and Environmental Effects Research Laboratory, Mid-Continent
Ecology Division, USEPA, Mid-Continent Ecology Division; M. Turner,
E. Soderblum, A. Moseley, Protecomics Core Facility, Institute for Genome
Science & Policy, Depts of Cell Biology, Medicine, and Neurobiology, Duke
Univ Medical Center; L. Ferguson, Duke Univ, Dept of Civil and Envi-
ronmental Engineering, Duke Univ, Nicholas School of the Environment
, Pratt School of Engineering, Dept of Civil & Envionmental Engineering.

Two-dimensional electrophoresis remains one of the most exploited tech-
niques for protein separation but significant limitations are associated with
this gel-based method. This particular technique remains cumbersome, time
consuming, and results in the identification of a small number of proteins
(30-50% of proteome). A non-gel, label-free, high throughput technique
could facilitate the realization of the full potential of proteomics in ecotoxi-
cology. Our goal is to apply an open, unbiased, label free, non-gel based
proteomics technique to determine differentially expressed proteins in the
fathead minnows (FHM), Pimephales promelas. Initial research has dem-
onstrated that proteins were successfully extracted, digested, and analyzed
using ultra pressure liquid chromatography coupled with mass spectrometry
followed by spectral search against NCBI Actinopterrygii (ray-finned fishes)
database. The number of unique proteins in brain, gonad, and liver samples
were 159, 155, and 167, respectively. Many of these proteins were associ-
ated with metabolic and cellular processes. This method was then applied to
examine differential proteomic profiles of FHM exposed to the potent anti-
estrogen, Fadrozole (FAD), at concentrations of 0, 0.04, and 1 pg/L. Liver
tissues of exposed organisms were extracted, digested, and analyzed. These
differentially expressed proteins provide valuable insight into how endocrine
disrupting compounds (EDC) perturb the CYP pathway resulting in adverse
effects. The overall goal of this project is to serve as a “proof-of-concept”
evaluation of ecotoxicologically-relevant tissues using a label-free, non-gel
based proteomics method. This high throughput proteomics technique cou-
pled with other “omic” technologies will provide a systems biology approach
to examine mechanism of action of environmental contaminants.

219 Leveraging Semantic Integration of Web and Experimental
Resources in Interpreting Toxicology Data M.M. Hindle, A. Riazanov,
Univ of New Brunswick, Dept of Computer Science & Applied Statistics;
C.J. Martyniuk, Univ of New Brunswick, Canadian Rivers Institute and
Dept of Biology; C.J. Baker, Univ of New Brunswick. In order to interpret
experimental omics data, toxicologists are faced with a bewildering array

of disconnected bioinformatics databases and tools. For example, tools for
microarray analysis, gene annotation, functional gene set enrichment, and
network analysis. Drawing together web tools and resources is frequently
an unnecessary and frustrating technical exercise in identifying links across
database records and the connecting input and output formats of tools.
Interpreting experimental omics data in the context of the current available
knowledge and methodologies from a single query platform with explicit
semantics would be a valuable asset for ecotoxicology in the analysis of their
DNA, transcriptomics, proteomic, and metabolomic experimental data. We
have created 30+ SADI semantic web services, resources and tools pertinent
to the interpretation of omics toxicological data. These services expose a
wide range of algorithms, domains and databases: sequence alignment and
protein domain finding tools (e.g., BLAST, HMMR3, and InterProScan),
databases containing experimentally validated protein functions (e.g., ZFIN
and MGI), and central repositories of sequence and microarray data (e.g.,
GEO and NCBI-RefSeq). All these services can be leveraged through queries
submitted to a SHARE web client. This paradigm provides a single access-
point on the web for a toxicologist to submit semantically rich queries,
which are answered using appropriate databases and tools. This frees the
toxicologist from learning unnecessary details concerning tool interfaces,
and the semantic idiosyncrasies of databases. It also has the potential to re-
veal otherwise hidden links between experimental data and is readily scalable
to high throughput omics data. We present a series of exemplar queries for
toxicology, which facilitate the interpretation of transcriptomics data in the
context of public knowledge and current tools. These queries include com-
mon tasks, specific to a user’s experimental data set, such as the annotation
of probes with the gene ontology for a custom fish microarray experiment.
The example queries also address broader open-world queries, such as the
impact of a toxicant on the transcriptome, which is based on evidence

in published data. These queries demonstrate how a toxicologist can use
semantic web services to better understand their data using the most recent
public knowledge, and view their results in the context of other published
experimental results.

220 Metabolomic Insights into Thyroid Hormone Action and Disrup-
tion C. Helbing, Univ of Victoria, Dept of Biochemistry & Microbiology;
M. Lesperance, L. Lu, Univ of Victoria; J. Han, C. Borchers, UVic-Genome
BC Proteomics Centre; R. Ng, M. Takhar, Univ of British Columbia; N.
Veldhoen, Univ of Victoria; R.C. Skirrow, G. van Aggelen, Pacific Envi-
ronmental Sciences Centre, Environment Canada. Frog tadpoles require

SETAC North America 32"d Annual Meeting | 51



TUESDAY PLATFORM ABSTRACTS

appropriate thyroid hormone signalling to undergo metamorphosis into a
froglet. Exogenous administration of thyroid hormones to young tadpoles
induces a precocious metamorphosis and substances that alter thyroid
hormone action will impact this postembryonic developmental process. Very
litcle is known about serum-associated metabolites within the tadpole that
change in response to thyroid hormone and identification of key metabolites
could serve as effective biomarkers for thyroid hormone disruption. We
injected premetamorphic Rana catesbeiana (American bullfrog) tadpoles
with 10 nM 3,5,3’-triiodothyronine in the presence and absence of exposure
to nanosilver and analyzed the serum metabolites after 2 days post-injection.
Serum metabolites were liquid/liquid extracted into organic and aqueous
phases following protein precipitation and analysed using direct infusion-
Fourier transform ion cyclotron resonance mass spectrometry (DI-FTICR
MS). The same samples were also examined with ultra performance liquid
chromatography (UPLC) -MS using BEH C-8 and HSS-T3 columns.
Metabolites were ionized by electrospray and detected in both positive-ion
and negative-ion modes. We identified over 10,000 metabolite features

with both techniques. Metabolites identified in lipid metabolism, bile acid
synthesis, and nucleotide metabolism were found to be differentially present
using nonparametric and correspondence analyses, suggesting that these
pathways are important targets for thyroid hormone action. The utility of a
serum metabolite approach for the detection of thyroid hormone disruption
will be discussed.

221 Assessment of the Relative Contribution of Wastewater Treatment
Plant Effluents to the Adverse Impacts on Fish Health — A Genomic
Approach D. Martinovic-Weigelt, Univ of St. Thomas, Dept of Biology,
USEPA, Mid-Continent Ecology Division, Mid-Continent Ecology Divi-
sion, Univ of St. Thomas, Biology; A. Mehinto, Univ of Florida; J. Miller,
St. Cloud State Univ, Biosciences, St. Cloud State Univ; N.D. Denslow,
Univ of Florida, Dept of Physiological Sciences and Center for Environmen-
tal and Human Toxicology; H. Schoenfuss, St. Cloud State Univ, Aquatic
Toxicology Laboratory, St. Cloud State Univ, Dept of Biological Sciences
MS-273 'The effects of wastewater treatment plant (WWTP) effluents on
fish were studied at three locations, selected to represent a variety of treat-
ment technologies, population sizes and geographic distributions. At each
location, a mobile exposure laboratory trailer was set up to conduct 48-hr
exposures of male fathead minnows to the wastewater effluent, and upstream
and downstream receiving waters. Following the exposures we analyzed gene
expression in the livers using a 15,000 gene microarray developed specifi-
cally for fathead minnows. Gene expression in fish was altered when they
were exposed to WWTP effluents or to the surface water collected either
upstream or downstream of WWTPs. One of the prominent observations
made in the microarray study was that all the effluents had an effect on
genes that regulate iron metabolism and immune responses in fish. Overall,
WWTP effluents had an effect on gene expression that was more similar

to downstream sites than to upstream sites, suggesting a detectable effluent
signature at all of the downstream sites. These findings suggest that WWTPs
are an important contributor to aquatic pollution, and that they have
potential to adversely impact multiple physiological pathways important for
an organism’s fitness (immune system functioning, reproductive success and
aerobic metabolism), which is consistent with the complex composition of
WWTP effluents. We are currently integrating the results of this study with
longer term exposures (4, 8, 14 d), conducted at the same locations, in an
attempt to determine if the observed effects on gene expression can be re-
lated to the apical endpoint effects (e.g., histopathology, reproductive health,
plasma vitellogenin, and secondary sex characteristics).

222 Histaminergic Signaling in the Central Nervous System of Daphnia
and a Role for it in the Control of Phototactic Behavior M. McCoole,
The Univ of Louisiana at Monroe, Dept of Toxicology; K. Baer, The

Univ of Louisiana at Monroe, College of Pharmacy; A. Christie, Mount
Desert Island Biological Laboratory. Daphnia magna and Daphnia pulex
are well-established model organisms in the fields of ecotoxicology and
toxicogenomics. Among the many assays used for determining the effects of
environmental and anthropogenic stressors on these animals is monitoring
for changes in their phototactic behavior. In most arthropods, histamine
has been shown to play a key role in the visual system. Currently, nothing is
known about histaminergic signaling in either D. magna or D. pulex. Here,
a combination of immunohistochemistry and genome mining was used

to identify and characterize the histaminergic systems in these daphnids.

In addition, a behavioral assay was used to assess the role of histamine in
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their phototactic response to ultraviolet (UV) light exposure. An extensive
network of histaminergic somata, axons and neuropil was identified via
immunohistochemistry within the central nervous system of both daphnids,
including labeling of putative photoreceptors in the compound eye and pro-
jections from these cells to the brain. Mining of the D. pulex genome using
known Drosophila melanogaster proteins identified a putative ortholog of his-
tidine decarboxylase (the rate-limiting biosynthetic enzyme for histamine),
as well as two putative histamine-gated chloride channels (hclA and hclB
orthologs). Exposure of D. magna to cimetidine, an H, receptor antagonist
known to block both hclA and helB in D. melanogaster, inhibited their nega-
tive phototactic response to UV exposure in a reversible, time-dependent
manner. Taken collectively, our results show that an extensive histaminergic
system is present in Daphnia species, including the visual system, and that
this amine is involved in the control of phototaxis in these animals.

223 Metabolite Profiling and Receptor Binding Assay Provide Direct
Physiological Evidence of Androgen Receptor Antagonism by Bisphenol
A in Fish D. Ekman, USEPA, National Exposure Research Laboratory; P
Hartig, M. Cardon, T. Collette, E. Durhan, E. Gray, K. Jensen, M. Kahl,
Q. Teng, D. Villeneuve, G. Ankley, USEPA. Widespread environmental
contamination by bisphenol A (BPA) has created the need to fully define
the mode(s) of action (MOA) of this pollutant in order to properly assess
risk. Long recognized as an estrogen receptor (ER) agonist, BPA has recently
also been suggested as having androgen receptor (AR) antagonistic proper-
ties. However, direct physiological evidence of this activity has not yet been
established. In order to address this deficiency, we employed a metabolomic
approach using in vivo exposures of fathead minnows (FHM) to BPA either
alone or in co-exposure with 17b-trenbolone (TB), a strong AR agonist.
Changes in liver metabolite profiles in female FHM in response to these
exposures were determined using high resolution "TH-NMR spectroscopy
and multivariate and univariate statistics. Using this approach, we observed
direct evidence of the ability of BPA to mitigate the impact of TB exposure,
consistent with an anti-androgenic mode of action. In addition, urinary
metabolite profiles in male FHM exposed to BPA revealed signatures similar
to those produced by exposure to the recognized antiandrogens vinclozolin
and cyproterone acetate. Finally, an in vitro transcriptional activation assay
was used to confirm the AR antagonistic activity of BPA to the FHM AR.
The results of these varied analyses (both in vivo and in vitro) provide several
strong lines of evidence for ascribing an anti-androgenic MOA to BPA in
addition to the established ER agonism.

224 Effects of Bisphenol A on the Ovarian Transcriptome of Two Small
Fish Species D.L. Villeneuve, USEPA, Mid-Continent Ecology Division;
N. Garcia-Reyero, Jackson State Univ, Dept of Chemistry; L. Escalon,

US Army Engineer Research and Development Center, Environmental
Laboratory; K.M. Jensen, USEPA, Mid-Continent Ecology Division; J.
Cavallin, USEPA; E. Makynen, E. Durhan, M. Kahl, L. Thomas, USEPA,
Mid-Continent Ecology Division; E.J. Perkins, US Army, Engineer Research
& Development Center, Environmental Laboratory, Us Army Engineering
Research & Development, Environmental Processes & Effect Division; G.T.
Ankley, USEPA, Office of Research and Development, National Health

and Environmental Effects Research Laboratory, Mid-Continent Ecology
Division, USEPA, Mid-Continent Ecology Division. Bisphenol A (BPA)

is a high production volume chemical widely used in the manufacture of
polycarbonate plastics, epoxy resins, and many other commercial products.
BPA has long been characterized as a xenoestrogen, and recent work suggests
potential additional modes of endocrine action. To improve our understand-
ing of the potency and diversity of BPA’s effects at the molecular level, effects
of the chemical on ovarian transcript profiles as well as targeted endpoints
with endocrine/reproductive relevance were examined in two fish species,
fathead minnow (Pimephales promelas) and zebrafish (Danio rerio), exposed
in parallel using matched experimental designs. Four days of waterborne
exposure to 10 pg BPA/L caused significant vitellogenin induction in both
species. However, zebrafish were less sensitive to effects on hepatic gene
expression and steroid production than fathead minnow and the magnitude
of vitellogenin induction was more modest. The concentration-response at
the ovarian transcriptome level was non-monotonic and violated assump-
tions that underlie proposed methods for estimating hazard thresholds from
transcriptomic results. However, the non-monotonic profile was consistent
among species and there were nominal similarities in the functions associ-
ated with the differentially expressed genes, suggesting potential activation
of common pathway perturbation motifs in both species. Overall, the results
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provide an effective case study for considering the potential application of
ecotoxicogenomics to ecological risk assessments and provide novel com-
parative data regarding effects of BPA in fish. The contents of this abstract
neither constitute nor reflect official USEPA policy.

225 eMICE 2011 — An Environmental Metabolomics Intercomparison
Exercise D. Bearden, National Institute of Standards and Technology, Ana-
lytical Chemistry Division, National Institute of Standards and Technology;
M.R. Viant, J. Byrne, NERC Biomolecular Analysis Facility — Birmingham
Node; A. Boroujerdi, T. Schock, National Institute of Standards and Tech-
nology, Analytical Chemistry Division. Previous results of an international
intercomparison exercise for NMR-based environmental metabolomics
showed that NMR metabolome analysis yields robust results with consistent
trends in metabolite-based biomarker identification among laboratories. This
type of demonstrated comparability strengthens confidence in the concept
as the technique is considered for regulatory environmental studies. Based
on the lessons learned from the first effort, a second exercise was developed,
and updated data collection and processing protocols were used, together
with a considerably larger number of international participants, to further
investigate the comparability and suitability of NMR-based metabolomics
data for environmental research, assessment and regulatory roles. The exer-
cise design emphasizes the steps that occur after sample collection and initial
sample preparation. The samples used for the exercise were a set of simpli-
fied artificial metabolite mixtures and a set of fish muscle extracts from a
marine aquaculture feeding study. The data collection protocol was extended
to include 2-dimensional (2D) JRES spectra and additional measurements
involving temperature calibration and signal-to-noise ratios. In the end,

13 labs contributed 16 data sets from instruments operating at 4 differ-

ent magnetic field strengths. Factors to be evaluated in the exercise include
the final stages of sample preparation, NMR data collection at multiple
NMR-field strengths, quantitative evaluation and multivariate data analysis
(principal component analysis). Several data quality evaluation protocols

for multivariate data sets have been utilized to assess participants” success
with the exercise. This presentation will provide an analysis of the second
intercomparison results.

226 Application of EPA Guidelines in a Bioavailability-based As-
sessment of Ambient Water Quality Criteria for Zinc D.K. DeForest,
Windward Environmental LLC; E.J. Van Genderen, International Zinc
Association, Assistant Manager, Environment. The United States Environ-
mental Protection Agency’s (EPA’s) current ambient water quality criteria
for zinc in fresh water are hardness-based and were last updated in 1995.
Since then, two significant advancements have been made regarding the
assessment of zinc toxicity to aquatic organisms. First, the acute and chronic
ecotoxicity databases have been complemented by several new studies and
taxonomic groups, thereby satisfying the EPA's minimum phylogenetic
diversity requirements for chronic zinc toxicity (chronic criteria were
historically derived using an acute-to-chronic ratio). Second, several acute
and chronic biotic ligand models (BLMs) for zinc have been developed
and validated for fish, invertebrates, and algae. Considered together, the
objective of this effort was to develop a zinc BLM that could efficiently
predict both acute and chronic toxicity from published studies that evalu-
ated a wide range of water chemistries (e.g., dissolved organic carbon, pH,
hardness). Although several of the published zinc BLMs demonstrated
good predictions for the available datasets, a unified model was objectively
generated by averaging the biotic ligand binding constants for zinc (Zn?*)
and competing cations (Ca?+, Mgz*, Na*, H*) from all studies. Moreover,
toxicity predictions were further improved by optimizing the biotic ligand
binding constant for the ZnOH?* species. Only the critical accumulation
parameter for each species/endpoint was changed during the auto-validation
of each BLM (published or unified). Following selection of the optimized
model, normalized species sensitivity distributions (using geometric mean
critical accumulation concentrations for each species/exposure type) were
constructed for eight water types for the estimation of 5t percentile effect
concentrations (analogous to EPA’s final acute values and final chronic
values). A comparison of results from this assessment and historical criterion
derivation practices will be discussed.

227 A Retrospective Analysis of Manganese in Lake Trout (Salvelinus
namaycush) Otoliths: Links to Reproductive Failure L.C. Carroll, Univ
of Manitoba, Dept of Environment and Geography, Fisheries and Oceans
Canada, Freshwater Institute, Freshwater Institute, Univ of Manitoba,

Environment and Geography; N. Thebeau, Ministry of Natural Resources,
Red Lake District; N. Halden, Univ of Manitoba, Dept of Geological
Sciences; M. Hanson, Univ of Manitoba, Dept of Environment and Geogra-
phy, Univ of Manitoba, Faculty of Environment; V. Palace, Dept of Fisheries
& Oceans Canada, Dept of Fisheries and Oceans. Microchemical analysis
of an increasing number of trace elements in fish otoliths has become an
important tool to determine environmental exposure. Over the last decade

a decline in abundance of the lake trout (Salvelinus namaycush) popula-

tion of Red Lake, Ontario has been documented, coincident with apparent
recruitment failure. Since 2001 spawning assessments, surveys, and bioassays
focussed on the trout’s primary breeding shoals in Red Lake’s Pipestone Bay
have been conducted to attempt to discover the causal agent for the ongoing
recruitment failure. The Red Lake area has a history of gold mining so that
metals associated with this industry warrant attention. Manganese (Mn)

is associated with mining, and previous water quality data from Red Lake
show elevated concentrations. Mortality was also associated with Mn in an
acute toxicity study performed by local authorities. An analysis of Mn in
archived lake trout otoliths (1963-2008) was performed using laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS). Manganese
concentrations in otolith from lake trout captured from Red Lake and from
two reference sites (Trout Lake and Confederation Lake) were compared to
determine if temporal variations supported a role for Mn in recruitment fail-
ure. Over a ten year period Mn concentrations in otoliths obtained from the
three lakes were: Pipestone bay: 0.00 — 6.61ug/g; Trout Lake: 0.00 — 4.24
pg/g; Confederation Lake: 0.00 — 10.19 pg/g. There were significant differ-
ences (P < 0.001) in yearly Mn concentration in all three lakes. It appears
that Mn is incorporated into otoliths at low concentrations. Mn concentra-
tions were highest in otoliths from Confederation Lake compared to the
other two lakes. Even though Mn concentrations were low, peaks associated
with certain time periods could be discerned. There was no mining activity
directly on Red Lake or Trout Lake, however, elevated Mn concentrations
were measured in otolith sections corresponding to the period between 1980
and 1990. These results do not allow Mn to be ruled out as a causal agent of
lake trout recruitment failure in Red Lake.

228 Application of a Multi-metal BLM to Predict Toxicity in Metal
Contaminated Sediments from the TSMD. 1 — Background, Sampling,
and Analysis Methods W. Brumbaugh, US Geological Survey, Columbia
Environmental Research Center; C.G. Ingersoll, USGS, Columbia Envi-
ronmental Research Center; J.M. Besser, US Geological Survey, Columbia
Environmental Research Center; N.E. Kemble, US Geological Survey,
Columbia Environmental. Research Center, USGS — Biological Resources
Division, Columbia Environmental. Research Center; D. MacDonald,
MacDonald Environmental Sciences Ltd.; R. Santore, HDR|HydroQual;
A. Ryan, HDR/HydroQual; P. Paquin, HDR|HydroQual. The Tri-State
Mining District (TSMD) is an historic lead and zinc mining area that
includes portions of Kansas, Missouri, and Oklahoma, USA. Historic min-
ing activities in the area have resulted in contamination of surface water,
groundwater, sediments, and flood plain soils by lead, zinc, and other heavy
metals. As part of an advanced screening level ecological risk assessment
being conducted by the US Environmental Protection Agency (USEPA), we
conducted comprehensive chemical analyses and whole-sediment toxicity
assessments for stream sediments collected from 76 locations within the
TSMD. Sediments were analyzed for grain size, fraction of organic carbon
(foc), acid-volatile sulfide (AVS), simultaneously-extracted metals (SEM),
total recoverable metals, polycyclic aromatic hydrocarbons, and organochlo-
rine compounds. Pore water, sampled by centrifugation/filtration just before
onset of 28-d toxicity testing with the amphipod Hyalella azteca and by in
situ dialysis (peepers) on days 7 and 28 during testing, was analyzed for dis-
solved organic carbon, major cations and anions, and trace metals. For this
project, availability of high quality sediment pore water data which includes
a comprehensive list of metals, as well as factors known to affect metal bio-
availability allowed us to perform Biotic Ligand Model (BLM) calculations
on sediment pore waters. To perform these calculations, the existing BLM
was modified to allow simultaneous simulations for individual metals such
as Cd, Cu, Ni, Pb, and Zn. This combined simulation allowed the model to
consider chemical interactions between metals, including chemical competi-
tion for binding sites on organic and inorganic ligands. This presentation
serves as an introduction to the companion presentation that describes the
results of the BLM calculations.
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229 Application of a Multi-Metal BLM to Predict Toxicity in Metal
Contaminated Sediments from the TSMD: Pt. 2 — BLM Modeling R..
Santore, A.C. Ryan, P. Paquin, HDR|HydroQual; C.G. Ingersoll, USGS,
Columbia Environmental Research Center; W. Brumbaugh, J.M. Besser,

US Geological Survey, Columbia Environmental Research Center; N.E.
Kemble, US Geological Survey, Columbia Environmental. Research Center,
USGS - Biological Resources Division, Columbia Environmental. Research
Center; D. MacDonald, MacDonald Environmental Sciences Ltd. A variety
of methods are available for estimating potential risks associated with metals
in sediments, including empirically based guidelines (e.g., TECs and PECs)
for total concentrations in bulk sediments, and comparison of mechanisti-
cally based guides (e.g., SEM and AVS) with or without consideration of
sediment organic matter. When pore-water metal concentrations and general
water chemistry is available, comparisons against water quality criteria are
possible according to equilibrium partitioning theory. For this project, 76
sediment samples collected across a gradient of metal contamination from
the Tristate Mining District in Missouri, Kansas and Oklahoma were evalu-
ated using 28-d whole-sediment toxicity tests with the amphipod Hyalella.
Sediments were characterized with high quality sediment pore-water data
and whole-sediment data including a comprehensive list of metals, as well

as factors known to affect metal bioavailability (Brumbaugh et al.), which
allowed us to perform Biotic Ligand Model (BLM) calculations on sediment
pore waters . To perform these calculations, the existing BLM was modified
to allow simultaneous simulations for metals including Cd, Cu, Ni, Pb,

and Zn. This combined simulation allowed the model to consider chemical
interactions between metals, including chemical competition for binding
sites on organic and inorganic ligands. Interactions between metals on biotic
ligand sites were also incorporated. For these samples, BLM results indicated
that observed toxicity was most likely to be associated with Cd, Pb, and Zn.
Since these metals are all associated with inhibition of calcium ion uptake,
the assumption in the multiple-metal BLM is that their interactions occur
on the same biotic ligand site, and their effects are additive. In general, the
BLM running all metals simultaneously and considering Cd, Pb, and Zn
effects in a dose-additive way produced a better comparison with observed
toxicity than the BLM with any one metal alone. Performance of the BLM
for identifying which samples were toxic was compared with other sedi-
ment screening methods such as the use of TECs, PECs, and SEM-AVS and
was generally more accurate in differentiating sediments where toxicity to
Hyalella azteca was observed.

230 Metal Classification Using a Unit World Model: Assessing Removal
Rates from the Water Column and Remobilization from Sediment with
Ticket-UWM K.]J. Rader, Mutch Associates, LLC, Manhattan College,
Civil and Environmental Engineering; R.F. Carbonaro, Manhattan College,
Civil and Environmental Engineering, Manhattan College, Dept of Civil
and Environmental Engineering; K.J. Farley, Manhattan College, Civil and
Environmental Engineering, Manhattan College, Civil & Environmental
Engineering. In the European Union, regulations pertaining to Classifica-
tion, Labeling, and Packaging (CLP) of chemical substances/mixtures follow
the United Nations Globally Harmonized System (UN GHS). Recently, an
update to the classification system for metals and sparingly soluble metal
compounds (SSMC) has been proposed that includes a new paradigm for
long-term aquatic hazard assessment. Included in the update is a provision
for demonstrating removal from the water column to assess the “persistence”
of metals. In analogy to organic chemicals, removal of the “persistent”
classification for metals requires greater than 70% removal within 28 days.
However, unlike organic chemicals where removal from the water column
can occur via degradation, metal removal occurs through sorption/precipi-
tation and sedimentation processes which transfer metal to the sediment.
Therefore, removal of the “persistent” classification for metals requires one to
demonstrate not only rapid removal from the water column, but also limited
remobilization potential from sediment. A unit world model for metals in
lakes, TICKET-UWM, has been developed that builds on screening-level
hazard assessment calculations for organic chemicals. This model considers
key processes affecting metal transport, fate, and toxicity—several of which
are unique to metals. These include complexation by aqueous ligands such
as dissolved organic carbon (DOC), adsorption to particulate phases such

as particulate organic carbon (POC) and iron/manganese oxides, bind-

ing to biological receptors (biotic ligands), dissolution kinetics of metal
powders, cycling of organic matter and sulfide production in lakes, and
transport of dissolved metals and solids between the water column and
sediment. To assess its use as a screening-level aquatic hazard assessment
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tool, the TICKET-UWM was used to simulate removal rates of several
metals including Cu, Ni, Zn, and Pb from the water column of a general-
ized lake system and from actual lakes. In general, both model-predicted and
observed removals exceeded 70% in 28 days. The TICKET-UWM was able
to reproduce observed water column copper dynamics reasonably well. Re-
mobilization assessments suggest that feedback from the sediment for single
dose events has a generally limited impact on water column concentrations.
Metal precipitation with sulfide in sediment is important for sequestering
metals and preventing loss to the water column via diffusive fluxes.

231 The Use of Biotic Ligand Models in Environmental Risk Assess-
ments: An European Perspective P._Van Sprang, ARCHE. Recently EU
risk assessment reports on copper, nickel and zinc has been finalized and
adopted. In the environmental effects assessment chapter chronic toxicity
data for different trophic levels have been compiled and thoroughly screened
for the derivation of the species sensitivity distribution (SSD). Safe threshold
concentrations are subsequently calculated as the lower 5% percentile of the
SSD. In addition, for all metals mentioned bioavailability corrections using
chronic Biotic Ligand Models (BLM) were used to normalize the chronic
effects data of the SSDs for different selected EU water conditions at both
the local and regional scale and compared with monitoring data of dissolved
metal. This presentation aims at providing an overview of the approaches
used in Europe for a tiered bioavailability correction for the metals Cu, Ni
and Zn. The differences in strategy used between the EU and US for the
development and validation of BLM will be highlighted. Furthermore the
presentation will focus on the predictability and applicability of the BLMs
towards different surface water conditions and for different species. Finally,
the incorporation of the bioavailability correction into the EU regulatory
context will be presented.

232 The Use of Multi-Linear Regression to Derive Site-Specific Water
Quality Criteria for Metals: A Complementary Approach to the Biotic
Ligand Model K.V. Brix, Univ of Miami, RSMAS, Marine Biology and
Fisheries; D.K. DeForest, Windward Environmental LLC; L.M. Tear,
Windward Environmental; A.C. Ryan, HDR|HydroQual; M. Grosell, Univ
of Miami, RSMAS; W.J. Adams, Rio Tinto, Product Stewardship. Over

the past 15 years there has been a concerted effort to develop Biotic Ligand
Models (BLMs) for the derivation of site-specific US-based Water Quality
Criteria (WQC) or European Environmental Quality Standards (EQS) for
metals. BLMs are now available for a range of metals and are widely applied
in ecological risk assessments. In Europe, both regional and national water
quality criteria are under development that will incorporate BLMs, and in
North America the USEPA has promulgated a BLM-based WQC for Cu in
freshwater. Despite its availability, to date, no state in the US has adopted
this new criterion into its numeric standards. There are likely a number

of reasons for this, but the perception that the BLM is too complicated is
frequently cited as a reason for lack of adoption at the state level and the
USEPA has postponed development of BLM-based WQC for other metals
as a result. To address this issue, we developed a complementary approach to
the BLM, which begins by using the BLM framework to identify key water
quality parameters influencing metal toxicity. These key parameters are then
used to develop simple multi-linear regression (MLR) models that predict
metal toxicity on a species-specific basis. Regressions from species-specific
MLRs are then pooled in a manner analogous to the pooling of slopes used
in previous US-based hardness-dependent WQC. The resulting final criteria
equations are equivalent in form with hardness-dependent WQC equations,
but with one or two additional terms (typically dissolved organic carbon and
pH). Comparison of MLR-based versus BLM-based WQC for Cu, Ni, Pb,
and Zn indicates MLR performance is comparable to the BLM. We suggest
that this MLR-based approach, which includes a mechanistic foundation
like the BLM, but requires less input data and has an output that is similar
to the widely acceptable hardness-dependent WQC, may be more amenable
to adoption at the state level.

233 Transformation/Dissolution Studies on Tungsten Metal and Com-
pounds, with Speciation of the T/D Solutions ].M. Skeaff, D.J. Hardy,
CANMET-MMSL, Natural Resources Canada. Speciation is held to be

a key factor in controlling the ecotoxicity of metals in solution. We have
applied the UN Transformation/Dissolution Protocol (T/DP) for Metals
and Sparingly Soluble Metal Compounds to examine the T/D characteris-
tics of W metal and several W compounds at pH 6 and 8.5 at loadings of
1, 10 and 100 mg/L: sodium tungstate, Na2WO4.2H2O; yellow tungsten



TUESDAY PLATFORM ABSTRACTS

trioxide, WO3; three samples of tungsten carbides, WC; tungsten metal,
W; ammonium paratungstate (APT), (NH4)10(H2W12042).4H20;
ammonium metatungstate (AMT), (NH4)6(H2W12040).6H20, and
blue tungsten oxide, WOx (x assumed to be 2.9). All presented a degree

of reactivity with the aqueous media in terms of total dissolved W and the
WO42- anion. The generally good agreement between the concentrations
of total dissolved W and the WO42- anion suggested that all dissolved W
existed primarily in the form of the WO42- anion. Based on the percent-
age of W in the compound dissolved at 28 days and 1 mg/L loadings, the
solubility rankings are: Na2WO4.2H20 -~ (NH4)10(H2W12042).4H20
~ (NH4)6(H2W12042).4H20 > WO3 > WOx > W metal > WC For the
tungsten carbides at pH 6, we were able to develop a regression correlation
of seven-day WO42- concentrations to surface area loading: log (WO42-,
micro g/L) = -2.2388 + log 1.0287 log (A, mm2/L) (n = 27; 12 = 0.987) in
which A is the measured surface area loading of tungsten carbide. We pro-
vide worked examples of how the T/D data could be used to derive hazard
classification outcomes for these W compounds and metal. The T/D data
enable producers to submit these classification outcomes to regulatory agen-
cies to ensure compliance with environmental protection measures.

234 Timing and Mechanism of Cell Death Induction and Alteration

of Thymocyte Development upon Exposure to DES and Methoxychlor
Metabolite, HPTE C. Broussard, The Univ of La Verne, Univ of La Verne,
Biology, Univ of La Verne, Professor of Biology; E Mourad, The Univ of La
Verne; P. Escalante, The Univ of La Verne, Biology; H. Johnson, D. Sortil-
lon, C. Broussard, K. Pierce, The Univ of La Verne. Endocrine disrupting
chemicals (EDCs) include a class of molecules that act as agonists or antago-
nists of the estrogen receptor or other hormone receptors. High production
volume EDCs like pesticides and chemicals such as bisphenol A find their
way back into the environment after their intended use. The prevalence of
these chemicals poses a risk to aquatic and terrestrial organisms. Perhaps the
most vulnerable populations are developing embryos, as events that occur
during development can have long term consequences for the resulting adult
organism. Studies in the last ten years have indicated that EDCs not only
alter the reproductive system, the brain, and behavior, but may also impact
immune responsiveness. We were interested in probing the mechanism of
action of EDCs on the development of the immune system. Previously,

we investigated the effects of diethylstilbestrol (DES) and hydroxyphenyl-
trichloroethane (HPTE) on embryonic thymocyte development and found
that both appear to induce cell death and alteration of differentiation. Here
we report on a recent investigation of the timing and mechanism of DES-
and HPTE-induced immune effects in an in vitro thymocyte differentiation
assay. In the current study, thymocyte apoptosis was probed using Annexin
V and PI staining, as well as a chromatin condensation assay, in cultures
established with varied periods of exposure to EDCs. The signaling status
of thymocytes was probed by CD5 surface staining. Results indicate a short
exposure duration for induction of apoptotic effects and possible selective
targeting of thymocyte populations for death. This research is supported by
NIEHS ES017345-01. The opinions expressed in this work are solely the

authors’.

235 Associations of Perfluorochemicals (PFCs) with Immune, Bio-
chemical and Hematological Parameters in Bottlenose Dolphins P Fair,
NOAA, National Ocean Service; T. Romano, Mystic Aquarium; T. Hulsey,
Medical Univ of South Carolina; J.S. Reif, Colorado State Univ, Dept of
Environmental and Radiological Health Sciences, College of Veterinary
Medicine and Biomedical Sciences; G.D. Bossart, Georgia Aquarium;

J. Adams, NOAA, National Marine Fisheries Service; M. Houde, Envi-
ronment Canada; D. Muir, Environment Canada, Aquatic Ecosystem
Protection Research Division, National Water Research Institute; C.D.
Rice, Clemson Univ; A. Schaefer, Harbor Branch Oceanographic Institu-
tion at Florida Adantic Univ; PM. Margie, Univ of Las Vegas. Despite the
widespread occurrence of perfluorochemicals (PFCs), very little is known
regarding the impact of these contaminants on the health of wildlife popula-
tions. This study, therefore, investigated the relationship between PFCs

and health/immune parameters in two populations of Atlantic bottlenose
dolphins. A repeated cross-sectional comprehensive health assessment study
was conducted during the summers of 2003-2005 near Charleston, SC
(CHS; n=80) and the Indian River Lagoon, FL (IRL; n=82). Correlative
data analysis stratified by site examined relationships between PFC levels in
serum and immune, biochemical and hematology parameters. Significant
relationships between immunological measures were observed with Y PFC,

as well as individual PFCs including PFOS. B cell proliferation and numbers
of CD2+, CD4+, CD19+, CD21 and MHCII+ cells were positively cor-
related with PFC levels in CHS dolphins. Similar results were observed for
IRL dolphins with two of these parameters: B cell proliferation and numbers
of CD21+ cells. PEC levels were also positively associated with lymphocyte
numbers, CPK, ALD, cholesterol, TIBC, iron, and triglycerides and negative-
ly with eosinophils in CHS dolphins. ALT, ALE, BUN, BUN/creatine, Ca,
CPK, and LDH were positively correlated with PFC levels in IRL dolphins.
Serum proteins exhibited negative relationships with PFC concentrations.
The number of significant associations with PFCs and the strength of these
relationships were higher in CHS dolphins likely corresponding with their
higher PFC concentrations. Bioaccumulation of PFC contaminants in dol-
phins may modulate immune responses and alter hematological and serum
analytes and pose a threat to the health and viability of these populations.

236 Immunotoxic Effects of Persistent Organic Pollutant Exposure on
Juvenile Northern Leopard Frogs (Lithobates pipiens) T.L. Cary, Univ of
WI — Madison, Forest and Wildlife Ecology, Univ of WI-Madison, Zoology,
Univ of WI-Madison, Forest and Wildlife Ecology; Y. Tsai, Univ of Wis-
consin, Forest and Wildlife Ecology; W.H. Karasov, Univ of WI — Madison,
Forest and Wildlife Ecology. Immunotoxicology is an emerging field and
has the potential to increase knowledge regarding sublethal toxicity of con-
taminant exposure, including alterations in disease susceptibility. Worldwide
presence of persistent organic pollutants such as polybrominated diphe-

nyl ethers (PBDE) and polychlorinated biphenyls (PCB) have prompted
increased interest in studying the potential immunotoxicity of these com-
pounds. We conducted a dietary tadpole exposure study in order to assess
how environmentally relevant levels of PBDEs impact the immune function
of post-metamorphic frogs. Beginning at the free-swimming stage, Lithobates
(Rana) pipiens tadpoles were exposed to DE-71, a pentabromodiphenyl
ether mixture, at environmentally relevant levels (0, 1.0, 6.1, 71.4, 634
ng/g) through metamorphic climax. To assess how DE-71 exposure affects
the adaptive immune response, we used an enzyme-linked immunosorb-
ent assay (ELISA) to measure specific-IgY production in post-metamorphic
frogs following immunization with keyhole limpet hemocyanin (KLH).
Additionally, a similar ELISA method was used to determine total anti-
body production of both IgY and IgM isotypes. DE-71-exposed frogs had
decreased secondary antibody response to KLH compared to unexposed
frogs (p= 0.024), however, total IgY and IgM antibody production were

not altered by PBDE exposure (p= 0.355 and 0.328, respectively). These
findings lend evidence that larval exposure to PBDEs may influence specific
antibody production in juvenile L. pipiens, but may not affect circulating
levels of non-specific antibodies. To further analyze how persistent organic
contaminants influence immune function in amphibians, we are currently
conducting a dietary exposure to PCB-126, a known immune suppresor in
other taxa. These results will be forthcoming, and discussed in comparison
with the effects of DE-71 exposure.

237 Epizootic Shell Disease in American Lobsters from Long Island
Sound Associated with Reduced Immunecompetancy and not Con-
taminant Exposure A. McElroy, Stony Brook Univ, School of Marine

and Atmospheric Sciences; M. Homerding, Skokomish Tribe; G. Taylor, B.
Allam, Stony Brook Univ, School of Marine and Atmospheric Sciences. Ep-
izootic Shell Disease (ESC) is known to affect American lobsters (Homarus
americanus) along the northeast coast of the US Forming erosional pits in
the exoskeleton, ESD decreases the economic value of the lobster catch and
in extreme cases can be lethal. First documented in 1997 in the waters off
southern Rhode Island, prevalence and geographic distribution of disease in-
cidence seems to be expanding. In New York waters, prevalence exceeds 20%
of individuals in Eastern Long Island Sound (ELIS), but is barely detectable
in the more contaminated waters of Western Long Island Sound (WLIS). As
part of a larger consortium of researchers investigating the etiology of ESD
in New England, we sought to assess immune capacity of lobsters with and
without shell disease and the relative immune capacity of individuals from
the ELIS and WLIS populations. Lobsters from Maine were also evaluated
as a reference population. A large suite of defense factors were examined
including: hemolymph antimicrobial activity and bacterial load, shell
thickness, as well as a number of hemocyte parameters such as cell counts,
phenoloxidase activity, reactive oxygen species production, and phagocytic
activity. Despite high inter-individual variability in defense-related factors,
multivariate analyses showed that lobsters from ELIS presented signifi-
cantly reduced immune performance relative to lobsters from either WLIS
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or Maine. Disease severity was negatively correlated with several immune
parameters suggesting that the disproportionately high prevalence of ESD

in ELIS may be related, at least in part, to reduced immunocompetency of
ELIS lobsters. These data support the importance of evaluating multiple
components of immune response when evaluating disease susceptibility, and
suggest that despite significantly elevated exposure to contaminants, WLIS
lobsters have developed resistance to ESD and possibly other infectious dis-
eases. Funding was provided through RI Sea Grant and the Lobster Research
Initiative.

238 Immune Response of Rainbow Trout (Oncorhynchus mykiss)
Coexposed to Benzo[a]pyrene and Aeromonas salmonicida L.]. Phalen,
N.S. Hogan, G.Z. MacDonald, K. Thorpe, M.R. Vandenheuvel, Canadian
Rivers Institute, Univ of Prince Edward Island, Biology. Environmental
toxicants such as polycyclic aromatic hydrocarbons (PAHs) are thought to
be immunosuppressive. This study aimed to determine whether the use of
four rainbow trout leukocyte-specific antibodies coupled with fluorescence
assisted cell sorting analysis (FACS) could detect changes caused by the
PAH benzo[a]pyrene (B[4]P) to the immune response elicited by rainbow
trout in response to inactivated Aeromonas salmonicida (A.s.). Fish were
exposed intraperitoneally to 2.5 or 25 mg B[a]P/kg BW simultaneously
with formalin inactivated A.s. for 1, 3 or 7 days in two replicate trials.
Absolute erythrocyte and leukocyte counts were measured in blood using

a DiOC staining technique coupled with FACS. Leukocytes were isolated
from spleen, peritoneum, head kidney and blood, stained using fluores-
cently labelled antibodies to determine the proportions of B-cells, T-cells,
thrombocytes and myeloid cells using FACS. Liver monoxygenase enzyme
activity and fluorescent bile metabolites were used to evaluate exposure. Bile
metabolites showed consistent exposure proportional to dose though there
were differences in liver monoxygenase activity trends between trials. An
approximate 25% decrease of the number of total leukocytes in whole blood
was observed at high dose on day 7 only in Trial 1. A decrease in B-cell pro-
portions was found at the high dose on day 3 and 7 in spleen (-10% each)
and at low and high dose on day 7 in peritoneum (~16% and 21% respec-
tively). A decrease in percentages of viable cells was found at high dose on
days 3 and 7 in peritoneum (-13% and ~40% respectively) and head kidney
(-4% and ~6% respectively). An approximate 26% increase in the number
of myeloid cells was seen at high dose on day 7 in peritoneum. These results
imply that leukocytes die at the site of injection in the peritoneum and that
movement of B-cells from spleen populations could be resulting in splenic
B-cell depletion.

239 Titanium Dioxide Nanoparticles Modulate Innate Inmune Re-
sponse and Increase Mortality of Fish Exposed to Bacterial Pathogen

B. Jovanovic, Iowa State Univ, Biomedical Sciences; K. Kimura, Iowa State
Univ; D. Palic, Iowa State Univ, Dept of Biomedical Sciences. Previously
we have demonstrated that titanium dioxide nanoparticles (nano-TiO,)

can change function of neutrophils in fish models both in vitro and in vivo.
Neutrophils are primary sentries for bacterial infection in healthy individu-
als, and their role is to entrap and kill the invading pathogens. Here, we
investigate how fish (Pimephales promelas), immunocompromised by nano-
TiO,, respond to accompanying infection of Aeromonas hydrophila bacteria.
Briefly, fish exposed to low environmentally relevant sublethal concentration
of nano-TiO, coupled with A. hydrophilla infection displayed 50-90% mor-
tality of experimental population. On the contrarily, control group exposed
only to A. hydrophilla have only 10% mortality, while nano-TiO, treated
group and no treatment group do not show any sign of mortality or morbid-
ity. The results are coupled with histopathology reports and ICP-MS analysis
of nano-TiO, distribution in fish organism with particular outline on
hematopoietic organs. In conclusion, environmentally relevant concentra-
tion of manufactured nano-TiO, has potential to obliterate fish populations
by impairing their immune response toward bacteria during possible disease
outbreaks in aquatic ecosystems. This is by our knowledge the first attempt
in Science to understand the interplay between nanoparticles, immune
system and bacterial infection in any animal model.

240 Immuntoxicity of Atrazine and Nonylphenol in Rainbow Trout
(Oncorhynchus mykiss): A Tale of Inmune Function, Disease Challenge
and Genomics L.K. Shelley, Simon Fraser Univ, PHD student; P.S. Ross,
Fisheries and Oceans Canada, Institute of Ocean Sciences; K.M. Miller,
K.H. Kaukinen, Fisheries and Oceans Canada, Pacific Biological Station;
C.J. Kennedy, Simon Fraser Univ, Dept of Biological Sciences. Microarray
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technologies are increasingly being used to examine changes in gene expres-
sion in fish following exposure to either pathogens or chemicals individually,
but have rarely been applied in immunotoxicological studies in which
responses to both pathogen and chemical exposures are considered together.
Atrazine and nonylphenol are commonly identified contaminants in aquatic
habitats, however, relatively few studies have considered the potential impact
of these suspected endocrine disrupters on immune function. Rainbow
trout, Oncorhynchus mykiss, were exposed to either atrazine (555 pg/L) or
4-nonylphenol (18 pg/L) for four days, followed by a one hour immersion
challenge with the bacterial pathogen Listonella anguillarum. Fish were
then monitored for pathogen-related mortality for fourteen days. Blood

and tissue samples taken before and after disease challenge revealed both
contaminant and disease-related changes to plasma cortisol concentrations,
hematocrit, leukocyte differential and spleen somatic index. In addition,
4-nonylphenol treatment increased mortality of fish three fold following the
disease challenge. Liver samples from the control, atrazine and nonylphenol
groups were used in 32K salmonid microarrays (cGRASP, 32K version 1) to
assess genomic responses to both chemical exposure and chemical + disease
challenge treatments. Results reveal significant changes in liver gene tran-
scription following all treatments which may be related to the alterations in
physiological indicators and the increase in disease susceptibility of treated
fish. Overall, this study provides insight into the molecular mechanisms un-
derlying the physiological effects of both atrazine and nonylphenol exposure
in fish, with microarray technology providing considerable new insight into
the immunotoxicity of contaminants in fish.

241 Assessment of Inmune Gene Expression and Tiypanosoma carassii
Infection in Goldfish Exposed to Naphthenic Acids and Oil Sands
Process Water M.O. Hagen, S. Mitchell, B.A. Katzenback, A. Oladiran, E.
Garcia, M. Karpman, D. Beauparlant, Univ of Alberta, Biological Sciences;
M. Gamal-El Din, D.W. Smith, Univ of Alberta, Civil and Environmental
Engineering; J. Martin, Univ of Alberta, Laboratory Medicine and Pathol-
ogy and Public Health Sciences; M. Belosevic, Univ of Alberta, Biological
Sciences. The separation of bitumen from the oil sands generates large
quantities of oil sands process water (OSPW), which cannot be released
into the environment, until it is successfully remediated. In this study, we
exposed goldfish for up to 12 weeks to either commercial NAs or aged
OSPW using a real-time continuous flow exposure apparatus. We measured
the gene expression of three pro-inflammatory cytokines (IFNg, IL1-b1,
and TNFa-2), anti-inflammatory cytokine IL-10, and pro-inflammatory
cytokine receptors (IFNR1-1, IFNR1-2, TNFR1, TNFR?2), in the gill,
kidney, and spleen of the exposed fish using quantitative-PCR (qPCR). We
observed a general up-regulation of IFNg, IL1-b1, and TNFa-2 gene expres-
sion after acute (one week) exposure of fish to either commercial NAs or
OSPW. Sub-chronic (12 weeks) exposure of fish to NAs caused a significant
down-regulation in immune gene expression in fish exposed to higher doses
(10 and 20 mg/L of NAs). In contrast, gene expressions in fish exposed to
aged OSPW were similar to those of non-exposed controls. In general, there
were no differences in gene expression of pro-inflammatory cytokine recep-
tors between exposed and non-exposed fish except for the kidney, where the
gene expressions of TNFR1 and TNFR2 were up-regulated and IFNG1-1
was down-regulated after sub-chronic exposure to OSPW. To determine
whether goldfish host defense was affected by exposure to 5 mg/L and 20
mg/L of NAs, fish were infected with a blood parasite Trypanosoma carassii
and their ability to control the infection and immune gene expression docu-
mented. After acute exposure to NAs (one week), fish exhibited significantly
higher parasitemia compared to non-exposed controls. In contrast, after
sub-chronic (60 days) exposure of fish to NAs, fish had higher parasitemia
and greater mortality compared to non-exposed controls. Thus, the exposure
of goldfish to NAs elicited a significant enhancement in pro-inflammatory
gene expression and increased resistance to parasitic infection after acute ex-
posure to NAs or OSPW, and down-regulation of immune gene expression
and increased susceptibility to parasitic infection after sub-chronic exposure

to NAs or OSPW.

242 Fungicides: Shifts in Registration and Usage in the United States
G. Orrick, S. Hill, USEPA, Office of Pesticide Programs. Registration and
usage of fungicides have shifted over the past decade. As a result, some new
fungicides have become widely used, which may influence fungicide occur-
rence in water bodies. Fungicide usage patterns over the past ten years will
be presented with a focus on the new fungicides introduced to the market
during this time period. The environmental fate and toxicity properties
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of historical and new fungicides will also be summarized, compared, and
contrasted.

243 Occurrence of Fungicides in Surface Waters Across the USA K.
Kuivila, K.L. Smalling, M. Hladik, J. Orlando, T. Reilly, US Geological
Survey. Fungicides are pesticides designed to control fungal diseases, and
tend to be understudied during routine monitoring of contaminants in
aquatic environments. Used on a wide variety of crops, fungicides are typi-
cally applied repetitively throughout the growing season. Other uses include
landscape maintenance, turf, and applications by homeowners. Chloro-
thalonil, a broad-spectrum fungicide, has been widely applied for over 50
years, but recently the registration and use of other new fungicides has

been increasing. Most fungicides are moderately hydrophobic (log Kow of
2.5-4.5) and are persistent in water and sediments. To better understand the
environmental occurrence of fungicides, methods were developed to analyze
34 current-use fungicides in water and sediments by using gas chromatog-
raphy/mass spectrometry. Method detection limits for all compounds were
in the low ng/L range for water and pg/kg range for sediments. In a series
of studies from eight different states across the United States, surface-water
samples (water n = 321 and sediment n = 89) were collected from a variety
of agricultural-use settings (leafy greens, potatoes, rice, strawberries, and
stonefruit orchards). Overall, twenty fungicides were detected in water

and sediments. Two fungicides, azoxystrobin and boscalid, were detected
primarily in water. Azoxystrobin was detected in 55% of water samples and
at the highest concentration (128 pg/L), while boscalid was detected the
most frequently (65% of samples) and at a maximum concentration of 3.60
pg/L. Three fungicides (chlorothalonil, myclobutanil, and pyraclostrobin)
were found frequently in both water (detection frequency from 12 to 25%)
and sediments (detection frequency from 15 to 27%). Tebuconazole was
detected only in sediment (17% of samples) and at the highest concentra-
tion (1.38 mg/kg). Future studies, in collaboration with toxicologists, will
include the analysis of fungicides in aquatic organisms to link measured
tissue concentrations to potential effects.

244 Fungicides and Current Use Herbicides in the Western Basin of
Lake Ontario (Canada) Monitored Using POCIS Passive Samplers C.D.
Metcalfe, Trent Univ, Environmental & Resource Studies, Trent Univ, Dept
of Environmental & Resource Studies; H. Li, Trent Univ, Water Quality
Centre; PA. Helm, Ontario Ministry of the Environment, Environmental
Monitoring and Reporting Branch. Fungicides are discharged into the
aquatic environment with municipal wastewater and they are also trans-
ported into the aquatic environment in urban and agricultural runoff. In
this study, we evaluated the spatial distribution of fungicides, as well as some
current use herbicides in the near shore zone of the western basin of Lake
Ontario and in urban creeks discharging into the basin by using passive
sampling with the polar organic chemical integrative sampler (POCIS).
Passive sampling provided estimates of time-weighted average concentra-
tions of contaminants over a deployment period of 28 days. Sampling rates
(Rs) of the target compounds into POCIS determined in static assays at
20°C ranged from 0.293 + 0.032 L/d for myclobutanil to 0.648 + 0.042 L/d
for climbazole, except for Rs < 0.1 L/d for the herbicides, 2,4-D, dicamba
and mecoprop and the fungicide, methyl-thiophanate. In POCIS sam-

plers deployed at near shore stations and in urban creeks, the fungicides,
azoxystrobin, myclobutanil and chloroneb, and the herbicide, dicamba were
not detected at any of the monitoring sites. Carbendazim was detected in
POCIS deployed at all stations; often accumulating to pg amounts over the
deployment period. Several azole fungicides (fluconazole, propiconazole,
tebuconazole, climbazole), as well as methyl-thiophanate and iprodione
were also detected in POCIS. For all fungicides but methyl-thiophanate

and carbendazim, the target compounds co-occurred with meprobamate, a
persistent prescription pharmaceutical that was monitored in POCIS as an
indicator of contamination by municipal wastewater. Note that clotrimazole,
a widely used anti-fungal agent applied to the skin was only detected at one
location, but this compound has been shown to be effectively removed by
wastewater treatment. The presence of methyl-thiophanate, iprodione and
carbendazim can probably be attributed to their use as anti-fungal biocides
in agriculture and for the treatment of lawns and turf. The presence of
several herbicides accumulated in POCIS in large amounts (i.e., atrazine,
diuron, mecoprop) indicates that urban and/or agricultural runoff is the
source of these contaminants. Time-weighted average concentrations of the
fungicides and herbicides in water will be calculated using the Rs values
determined in the laboratory.

245 Fungicide Use in US Crop Production M. Leggett, CropLife Ameri-
ca; L. Gianessi, CropLife Foundation; W. Jones, CropLife America. A large
majority of fruit and vegetable production in the US is reliant on the use

of fungicides to protect them from destruction by plant pathogenic fungi.
Fungicide applications, largely copper and sulfur have been a necessary part
of agricultural production since the early 1900s. Synthetic fungicides have
been applied to US crops since the early 1950’s. Approximately 100 million
pounds of fungicide are applied to US Crops annually in an ongoing strug-
gle to stem the onset of plant disease. There are approximately 600 different
compounds known as fungicides that can be grouped into 13 or more
distinct classes with respect to mode of action. Of these, there are currently
about 150 that are formulated and sold in commercial products globally.
Application of compatible mixtures of fungicides is a common and recom-
mended practice which is critical for effective disease control and to the
maintenance of effectiveness of newer systemic and more specific fungicides
since fungicide resistance can develop quickly if not well managed. The
availability of varied disease control options facilitates effective management.
Often non-chemical options for disease control are weak or non-existent,
applications to some crops are often made repeatedly throughout the grow-
ing season. As with other pesticide compounds, the development process
for fungicides includes extensive toxicological, fate and ecotoxicological
testing prior to registration. In addition to current and changing patterns of
use there are considerations in risk assessment that are somewhat unique to
fungicides. New disease pressures and new patterns of use of fungicides are
emerging that should be considered in the management of fungicides.

246 Toxicity, Sub-lethal Effects and Potential Modes of Action of

Select Fungicides for Freshwater Fish and Invertebrates A.A. Elskus,

US Geological Survey, S.O. Conte Anadromous Fish Research Labora-

tory; K. Kuivila, K.L. Smalling, US Geological Survey. Relatively few data
are available on the effects of fungicides on non-target organisms in the
aquatic environment, despite decades of agricultural and urban use. Given
the basic modes of action through which fungicides exert toxic effects
(mitosis and cell division, nucleic acids synthesis, respiration, amino acids
and protein synthesis, signal transduction, lipids and membrane synthesis,
sterol biosynthesis in membranes, glucan synthesis, melanin synthesis in cell
wall, host plant defense induction, multi-site contact activity, with some
whose mode of action is still unknown), one might expect these chemicals
to be potent toxicants for all biological life. Indeed, an increasing number
of studies report dramatic, and in some cases severe, effects of fungicides on
fish and invertebrates at environmentally relevant concentrations. A series of
complimentary studies are measuring the occurrence of fungicides in various
use-settings across the USA. The fungicides selected for review are those
detected most frequently and at the highest concentrations: azoxystrobin,
boscalid, chlorothalonil, cyprodinil, fenarimol, fenbuconazole, fludioxinil,
iprodione, myclobutanil, propiconazole, pyraclostrobin, pyrimethanil, tebu-
conazole, vinclozolin, and zoxamide. The presentation will review published
literature, including striking fungicide effects on non-target organisms (fish
and aquatic invertebrates), such as azoxystrobin effects on invertebrate com-
munity structure, fish respiration and reproduction, chlorothalonil alteration
of fish immune function, the endocrine-disrupting activities of the P450-
demethylase-inhibiting fungicides, and the presence and toxicity of boscalid,
a recently introduced fungicide increasingly detected in waterways bordering
agricultural settings. We also will discuss potential modes of action, sensitive
organisms and life-stages, and data gaps.

247 Fungicide-induced Declines of Freshwater Biodiversity Modify
Ecosystem Functions and Services ]. Rohr, Univ of South Florida, Dept
of Integrative Biology; T. McMahon, N. Halstead, L. Martin, T. Raffel, J.
Romansic, Univ of South Florida; R. Boughton, Archbold Biological Sta-
tion; P. Crumrine, Rowan Univ; S. Johnson, Univ of Florida. Despite the
widespread use of fungicides, we know little about their impacts on freshwa-
ter ecosystems. Fungicides can be toxic to a variety of freshwater organisms,
leading to possible negative effects on biodiversity and potential changes in
ecosystem properties. However, research on indirect effects of contaminants
on ecosystem properties is virtually nonexistent. We treated freshwater
mesocosms with a solvent control or 1x or 2x the expected environmental
concentration (EEC, ~164 pg/L) of chlorothalonil, the most commonly-
used fungicide in the US, and quantified 34 community-level and 11
ecosystem-level responses to test for indirect effects of this chemical on
ecosystem functions mediated by changes in biodiversity. We also conducted
laboratory dose-response studies to examine how chlorothalonil influenced
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survival, immunity, and corticosterone levels of amphibians, a highly im-
periled freshwater group. In the mesocosms experiment, chlorothalonil did
not significantly affect the survival of the macroarthropod community but
the EEC increased the mortality of amphibians (nearly 100% mortality),
gastropods, zooplankton, algae, and a macrophyte, resulting in a significant
reduction in taxonomic richness. Chlorothalonil also significantly affected
ecosystem functions and services, reducing decomposition rates, decreasing
water clarity, elevating dissolved oxygen, and increasing net primary produc-
tivity as a result of algal blooms. A path analysis supported a model whereby
both top-down (reduction in algal herbivores) and bottom-up (reduction in
macrophytes) effects of chlorothalonil facilitated the algal bloom late in the
experiment, which drove the shift in ecosystem functions. In the laboratory
experiments, the ~EEC caused 100% mortality of all four amphibian species
tested within 24h, and 1/10000th of the EEC caused significant mortality
of two species. Three species showed a non-monotonic dose-response, with
low and high concentrations causing significantly greater mortality than
intermediate concentrations and controls. For Cuban treefrogs, corticoster-
one exhibited a similar non-monotonic dose response and chlorothalonil
concentration was negatively associated with liver tissue and immune cell
densities (< 17.6pug/L). This work emphasizes the need to further link
contaminant-induced changes in biodiversity to altered ecosystem functions
and to re-evaluate the safety of chlorothalonil to biodiversity.

248 Effects of Fungicide Formulations on Ecosystem Function in Playas
and Adjacent Native Grasslands and Croplands S. Swain, Oklahoma
State Univ, Zoology; L.M. Smith, Oklahoma State Univ; J.B. Belden, S.T.
McMurry, Oklahoma State Univ, Dept of Zoology. Fungicides are used
throughout the world to combat pathogenic fungi. They are commonly used
on a large variety of crops and although they are meant to be used to fight
fungal infections only when necessary, they are often applied throughout

the growing season. The use of fungicides has dramatically increased in the
past decade, particularly in the highly cultivated Great Plains of the USA.
Fungicides, such as Quilt and Headline, which are relatively new classes of
fungicides, are also EPA labeled to promote plant yield and health, leading
to excess spraying of fungicides. In addition, runoff and drift during aerial
application could contaminate surrounding landscapes, notably playas in the
Plains area. The effects of Quilt and Headline on non-target fungal species
such as beneficial decomposers have yet to be studied, specifically in playas
of the High Plains (HP). Therefore, soil from playas and their adjacent up-
lands throughout the HP in native grassland and cropland will be collected
and used to monitor effects on non-target fungal species by measuring er-
gosterol 7 and 14 days post fungicide application (at levels of 0, .1x, 1x and
10x the label rate). Ergosterol is a sterol only found in fungi and is a useful
tool to measure fungal biomass and is targeted by propiconazole, an active
ingredient in Quilt. In order to monitor mitochondrial processes, respiration
will be measured using an alkaline trap method with an airtight container
and NaOH capturing carbon dioxide evolved by the microorganisms. Simi-
lar to ergosterol measurement, respiration will be sampled with the same
levels of fungicides. Both fungicides contain strobilurins whose mode of
action targets fungal metabolism. Measuring respiration and ergosterol will
monitor the effect of fungicides on the carbon cycling processes in HP pla-
yas, with emphasis on the difference between native grassland and cropland
playa responses. Results will be presented on fungal biomass and respiration
as these are key ecosystem functions affecting most ecosystem services.

249 Sublethal Effects of Strobilurin Fungicides on Development and
Growth of Larval Great Plains Toads (Bufo cognatus) E.A. Hooser,

S.T. McMurry, J.B. Belden, Oklahoma State Univ, Dept of Zoology; L.M.
Smith, Oklahoma State Univ. Use of strobilurin fungicides has increased
in the past few years to control disease outbreaks and in part, because of
proclaimed plant yield benefits. As with most pesticides, drift and over-
spray during aerial applications, and runoff following storm events, can
lead to contamination of non-crop areas, including wetlands embedded in
agricultural fields. Pesticide concentrations at these off-site locations would
be expected to be lower than concentrations intended for crop applications,
and unlikely to cause mortality in non-target organisms. In this study we
examined the sublethal effects of three strobilurin fungicides, Headline®,
Stratego®, and Quilt®, on developmental rate and body size at metamorpho-
sis of Bufo cognatus tadpoles. These metrics are good indicators of individual
fitness and have implications for population viability. These endpoints are
also relevant as the mode of action for the active ingredients is inhibition
of cellular respiration and ATP acquisition. Thus, time to metamorphosis
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and body size (growth) were chosen as they represent processes hindered by
insufficient energy reserves. Tadpoles were exposed to sublethal concentra-
tions of each fungicide continuously throughout the larval period, starting
at Gosner stage 25 and terminating at stage 46. A replicated (n=0) static
renewal system was used throughout the exposure period. Results from

this experiment extend previous acute toxicity studies and provide the only
known data on sublethal effects in an amphibian model.

250 Biotransformation of Polyfluorinated Chemicals in the Environ-
ment — Thinking Beyond the Conventional Wisdom of Hydrocarbon
Biochemistry N. Wang, E.I. du Pont De Nemours & Co., Inc., E.I. du
Pont de Nemours & Company; R.C. Buck, B. Szostek, PW. Folsom, L.M.
Sulecki, PK. Cooper, J. Gannon, E.I. du Pont de Nemours & Company.
Perfluorinated alkyl carboxylates (PFCAs) and sulfonates (PFSAs) are widely
detected in the environment due to their broad and historical applications.
The sources of PFCAs and PFSAs found in the environment include direct
emissions and indirect precursor degradation. The 8:2 fluorotelomer alcohol
(8:2 FTOH, C8F17CH2CH2OH) is a key raw material used in the manu-
facture of FTOH-based products and its biotransformation leads to PFCAs
and polyfluorinated carboxylic acids. Recently, 8:2 FTOH-based products
and longer-chain analogs are being replaced with shorter chain length
products based on 6:2 FTOH (C6F13CH2CH2OH). Our work indicates
that biotransformation of 6:2 FTOH and 8:2 FTOH in various environ-
mental matrices (e.g., soil and activated sludge) leads to two major classes of
transformation products: perfluorinated carboxylic acids and 4:3, 5:3 and
7:3 polyfluorinated acids [x:3 acids, F(CF2)nCH2CH2COOH, n = 4, 5 or
7]. The pathways leading to PFCA formation and x:3 acid further degra-
dation by microbes in the environment are markedly different and much
more complex than the ones predicted based on the molecular structures

of 6:2 FTOH, 8:2 FTOH, and x:3 acids as well as metabolic pathways of
hydrocarbon analogs. The PFCA formation and x:3 acid further degrada-
tion are via novel “one-carbon removal mechanisms” instead of microbial
o.- and §3-oxidation. The first key step for 0t~ and £-oxidation is to activate

a polyfluorinated acid by acyl-CoA synthetase to form a thioester such as
5:3 acid-CoA ester, followed by four enzymatic steps to form corresponding
one- or two-carbon shorter fluorinated acids. However, our experimen-

tal evidences with high-resolution mass spectrometry analysis show that
polyfluorinated acids such as 5:3 acid cannot be activated by acyl-CoA syn-
thetase for subsequent o.- and §3-oxidation. Instead, 5:3 acid can be directly
decarboxylated to form one-carbon shorter 4:3 acid via “one-carbon removal
mechanisms”. This is the first report that carboxylic acids can be decarboxy-
lated without the need to be activated by acyl-CoA synthetase. The multiple
carbon-fluorine bonds of 5:3 acid prevent it to be activated but perhaps

also provide intrinsic free energy for the decarboxylation without activa-
tion leading to 5:3 acid further degradation. The details of the “one-carbon
removal mechanisms” and bioenergentics of 5:3 acid biotransformation will
be discussed.

251 Concentrations and Biomagnification of Perfluorinated Com-
pounds in Lake Food Webs in the Canadian High Arctic G. Lescord,
Canadian Rivers Institute, Univ of New Brunswick, Biology Dept; K.
Kidd, Canadian Rivers Institute, Univ of New Brunswick, Biology; D.
Muir, A. De Silva, M. Williamson, C. Spencer, Environment Canada.
Perfluorinated compounds (PFCs) can be found in air, sediment, seawater
and biota across the Canadian High Arctic, however previous studies on
PFC biomagnification have focused on the marine systems. Due to the
remote location of Arctic systems and the relative stability of PFCs, it is
hypothesized that Arctic lakes receive most of their PFCs from long range
transport and atmospheric deposition. Once PFCs are deposited onto
these lakes, they are bioaccumulated by lower trophic level organisms and
biomagnify up the food webs to Arctic char. The main goal of this study is
to determine the concentrations and biomagnification of various PFCs in
the food webs of six lakes on Cornwallis Island, Nunavut. Two of these lakes
(Meretta and Resolute) are located next to an airport, a local point source
of contamination due to the past use of PFOS compounds for fire fighting.
The remaining four lakes receive all PFC inputs atmospherically, offering

a unique opportunity to compare the two contaminant sources within the
same region. The six lakes were sampled repeatedly for sediments, inver-
tebrates, and fish during and after the annual snow melt in July 2010 and
2011. Water samples were collected periodically to assess temporal changes
in PEC concentrations. All samples were analyzed for a range of PFCs and
the food web was characterized using stable isotopes; nitrogen isotopes were
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used to assess trophic level and carbon and sulfur isotopes were used to
assess energy source. Rates of PFC biomagnification through the food web
will be quantified and compared among lakes through regression analysis.
PFOS was the dominant PFC in adult char from all lakes. The mean PFOS
detected in Meretta and Resolute Lake char muscle was 30 fold higher than
in the four atmospherically supplied lakes (32.42 vs. 0.79 ng/g wet weight).
Other notable PFCs in the char were PFNA and PFOSA (means of 0.72
+/-0.21, 0.79 +/- 0.27 nglg, respectively) in Meretta Lake and PFPeA and
PFNA (means of 0.21 +/- 0.08, 0.16 +/- 0.07 ng/g, respectively) in fish from
the four remote lakes. In water, mean PFOS concentrations were 300 times
greater in Meretta and Resolute Lakes than in the other four lakes (25,021
ng/L vs. 77 ng/L, respectively). In the atmospherically contaminated lakes,
the dominant PFC was PFOA (mean of 265 +/- 39 ng/L). All other PFC
analyses sediments and biota are ongoing. Results from this study will im-
prove our understanding of the concentrations of PFCs in Arctic lakes and
offer critical baseline information for future studies.

252 Dietary Bioaccumulation of Perfluorinated Phosphonates (PF-
PAs) and Perfluorinated Phosphinates (PFPiAs) in Juvenile Rainbow
Trout, Oncorhyncus mykiss H. Lee, Univ of Toronto, Chemistry, Univ

of Toronto, Dept of Chemistry, Univ of Toronto; S.A. Mabury, Univ of
Toronto, Dept of Chemistry; A.O. De Silva, Environment Canada, Water
Science & Technology Directorate, Environment Canada, Water Science
and Technology. Perfluorinated phosphonates (PFPAs) and perfluorinated
phosphinates (PFPiAs) are high-production volume fluorinated surfactants
used as leveling and wetting agents in waxes, coatings, and cleaning fluids.
Recent observations of the PFPiAs at sub pg/L concentrations in human
sera confirm human exposure to commercial products containing these
fluorinated surfactants. Waste release of such products from domestic,
commercial, and industrial sources may contribute to the load of these
chemicals in aquatic systems. In fact, the PFPAs were observed in Canadian
surface waters and wastewater treatment plant (WWTP) effluents, while
the PFPiAs were observed in WWTP sludge. The present study examines
the bioaccumulation potential of PFPAs and PFPiAs in juvenile rainbow
trout (Oncorbyncus mykiss) through dietary exposure under flow-through
conditions. Fish were administered a daily dose (1.5% body weight) of
commercial fish feed containing a mixture of C6, C8, and C10 PFPAs or a
mixture of C6/C6, C6/C8, and C8/C8 PFPiAs, all prepared with authentic
standards provided by Wellington Laboratories (Guelph, ON). Control fish
were given non-dosed feed. Whole body concentrations were determined
by extracting and analyzing whole fish in triplicate at timepoints during

the 25-day exposure and 30-day depuration phases to calculate analyte-
specific bioaccumulation factors, elimination rate constants and half-lives.
The relationship between substitution at the phosphonate and/or phosphi-
nate headgroup and extent of bioaccumulation will be explored through
comparison of bioaccumulation factors calculated for each PFPA and PFPiA
congener. The important role of the acid headgroup in driving the differen-
tial accumulation of perfluorocarboxylates (PFCAs) and perfluorosulfonates
(PFSAs) in biological tissues has been previously reported. PFSAs have been
demonstrated to bioaccumulate to a greater extent than their PFCA analogs
of equal perfluorinated chain length in rainbow trout. The bioaccumulation
potential of PFPAs and PFPiAs, also perfluorinated acids, is predicted to
vary with headgroup and chain length.

253 Investigating the Biological Fate of Fluorotelomer Unsaturated
Acids and Aldehydes A. Rand, Univ of Toronto, graduate student, Univ
of Toronto, Chemistry; S. Mabury, Univ of Toronto. Fluorotelomer
unsaturated acids and aldehydes (FTUCAs and FTUALSs) are intermediate
metabolites that form from the biotransformation of fluorotelomer alcohols
(FTOHys), found as impurities in commercial fluorinated surfactants and
polymers. Studies have shown that these commercial products can also bio-
logically transform to yield FTOHs, which further metabolize to ultimately
produce PFCAs. PFCAs are persistant and potentially toxic, however, previ-
ous work suggests that the PFCA precursors may actually be more toxic than
PFCAs themselves. The purpose of this current study was to assess the reac-
tivity of FTUCAs and FTUALSs with model proteins. In vitro experiments
were carried out in an aqueous buffer system (pH 7.4), where FTUCAs and
FTUALs of varying fluorinated chain lengths were reacted with apomyoglo-
bin and human serum albumin to determine 1) whether these metabolites
react with nucleophilic residues within proteins and 2) their covalent bind-
ing stochiometry, using direct injection time-of-flight mass spectrometry

(TOF-MS). The FTUALS formed one adduct with apomyoglobin while in

comparison, the FTUCAs were not reactive. This finding demonstrated the
selectively of FTUCAs towards biological nucleophiles containing cysteine.
Previous work determining the reactivity of the unsaturated intermediates
with amino acids also showed that reaction rates depended upon the amino
acid: cysteine >> histidine > lysine >> arginine. FTUCAs and FTUALSs were
also spiked into in vitro cellular systems to determine the extent of protein
binding in the presence of these reactive intermediates. This is the first study
which probes the reactivity of FTUCAs and FTUALSs with nucleophiles
other than thiol groups, further elucidating their fate within biological
systems.

254 Perfluorinated Compounds in a US National Effluent Sampling
S.E Nakayama, National Institute for Environmental Studies, Center for
Environmental Health Sciences; M.A. Mills, USEPA, National Risk Man-
agement Research Laboratory; R. Marfil-Vega, USEPA, ORISE Research
Participant to the National Risk Management , Univ of Cincinnati; K.
Tadele, US Environmental Protection Agency, National Risk Management
Research Laboratory; A.L. Batt, USEPA Office of Research and Develop-
ment, National Exposure Research Laboratory; M. Kostich, USEPA Office
of Research and Development, EERD; J.M. Lazorchak, US Environmental
Protection Agency, Office of Research and Development, USEPA Office
of Research and Development, National Exposure Research Laboratory,
USEPA, Molecular Ecology Research Branch. Mounting evidence suggests
that municipal wastewater is one of the primary sources of perfluorinated
compounds (PFCs) to the aquatic environment. As there is no treatment
technology to date proven to efficiently remove the PFCs during drink-
ing water treatment, it is extremely important to characterize nationally
representative wastewater effluents in order to evaluate the extent of PFC
occurrence and assess their impact on ecosystem and humans. Fifty large
municipal wastewater treatment plants in the United States were identi-
fied from the 2004 Clean Watershed Needs Survey. These plants produce
about 16% of all the municipal wastewater in the US. A one-time grab

or 24-h composite sample (total of 9 litres) of finished effluent from each
plant were collected by EPA Regional or Plant personnel, then shipped to
EPA — Cincinnati laboratory. For each effluent sample, the concentration of
perfluorinated compounds were quantified along with selected pharmaceu-
ticals, steroid hormones, alkylphenolic compounds, Bisphenol A, and the
estrogenic potential in a fish assay. For PFCs analysis, solid phase extraction
method was employed coupled with liquid chromatography tandem mass
spectrometry. Perfluorinated compounds were found in most of the effluents
in a wide range of concentrations. The result from the national effluent
study will be discussed in the presentation.

255 Sources of Perfluorooctanoate in Remote Locations ].P.Benskin,
AXYS Analytical Services Ltd; L. Ahrens, Environment Canada, Science
And Technology Branch; D. Muir, Environment Canada, Aquatic Ecosys-
tem Protection Research Division, Environment Canada, National Water
Research Institute; C. Spencer, Environment Canada, Aquatic Ecosystem
Protection Research Division; B. Rosenburg, Fisheries and Oceans Canada,
Arctic Aquatic Research Division; G. Tomy, Dept of Fisheries & Oceans
Canada, Dept of Fisheries & Oceans; H. Kylin, Swedish Univ of Agricul-
tural Sciences, Aquatic Sciences and Assessment; R. Lohmann, Univ of
Rhode Island, Graduate School of Oceanography, Univ of Rhode Island;
V. Phillips, Univ of Regina, Dept of Biology; V. StLouis, Univ of Alberta,
Biological Sciences; A.O. De Silva, Environment Canada, Water Science &
Technology Directorate, Environment Canada, Water Science and Tech-
nology; J.W. Martin, Univ of Alberta, Dept of Laboratory Medicine and
Pathology. The extent to which historical (i.e., electrochemically fluori-
nated) and contemporary (i.e., telomer) manufactured perfluorooctanoate
(PFOA) contribute to concentrations in remote environments is widely
debated. So too is the dominant mechanism of long-range transport. Here,
relative contributions of historic and contemporary-manufactured PFOA
were assessed in seawater samples from the Arctic, Atlantic, and North

and Norwegian Seas, as well as in dated alpine sediment cores from the
Canadian Rockies, using an established isomer profiling technique. Eastern
Atlantic PFOA was largely (83 — 98%) historic; but this decreased to as
lictle as 33% close to the Eastern US seaboard. PFOA in the Norwegian Sea
was also near exclusively historic, but the relative contribution decreased

to ~50% near the Baltic Sea. In the Arctic, a spatial trend was observed
whereby PFOA in seawater originating from the Atlantic was predominantly
of historic origin (up to 99%), whereas water in the Archipelago (i.e., from
the Pacific) was predominantly of contemporary origin (as little as 17%
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historic). Perfluorinated carboxylate isomer profiles (C7-C13 perfluoroalkyl
chain lengths) in dated alpine sediment cores were exclusively linear and
temporal trends from the 1950s-2008 were consistent with fluorotelomer
emissions estimates over this time. Taken together, these results suggest that
atmospheric deposition of contemporary-PFOA, or related precursors, is the
dominant source of PFOA to the Canadian Arctic Archipelago (and western
Arctic), while historically manufactured PFOA and direct oceanic transport
is the dominant source of PFOA to the North Atlantic Ocean. Observations
of contemporary PFOA in coastal regions, coinciding with elevated PFOA
concentrations, suggests that continued production of PFOA is increasing
the burden of this contaminant in the world’s oceans.

256 Spatial Distribution and Loadings of Particle Sorbed and Dissolved
Perfluorinated Compounds in the Basin of Tokyo Bay Y. Zushi, National
Institute for Environmental Studies, Center for Environmental Measure-
ment; E Ye, Yokohama national Univ, Graduate School of Environment

and Information Sciences; M. Motegi, K. Nojiri, S. Hosono, Center for
Environmental Science in Saitama; T. Suzuki, Y. Kosugi, K. Yaguchi, Tokyo
Metropolitan Institute of Public Health; S. Masunaga, Yokohama national
Univ. A number of studies on perfluorinated compound (PFC) pollution

in water environment have been reported. However, the information on
many types of PFCs including their partitioning behavior in water environ-
ment is limited. We analyzed over 30 types of PFCs including precursors
both in dissolved phase and particle solid phase in 50 samples of river water
collected from entire part of Tokyo Bay basin. PFCs were detected from
suspended solids (SS) with the range of < 0.003 — 4.4 ng/L (0.11 — 2470 ng/
g-dry SS). The concentrations of PFCs in SS (ng/L) were one to two order(s)
of magnitude lower than that of PFCs in dissolved phase. The predominant
PFCs in SS were PFOS (median: 0.24 ng/L), PENA (median: 0.17 ng/L)
and PFUnDA (median: 0.12 ng/L). Longer chain PFCAs (C12 — C17) were
frequently detected above LOQ from SS samples (56 — 80%) whereas those
in dissolved phase were lower than LOQ (> 60% samples) in most samples.
Relatively high levels of PFCs (total of 35 PECs) in SS were observed in
urbanized area, such as building and traffic area. The concentration of
PFCAs including PFOA and PFNA were significantly correlated with the
geographic index such as artificial area (R2 of linear regression curve in
double logarithmic plot: 0.09 — 0.55). On the other hand, PFOS and FOSA
were significantly correlated with arterial traffic area (R2 in double loga-
rithmic plot: 0.29 — 0.55). Those spatial trends were similar with the case

in dissolved PFCs, though R2 in regression analysis were lower compared
with the case in dissolved PFCs. The dissolved PFCs were more appropriate
indicator to obtain the information on PFC sources. We have estimated the
loadings of PFCs into Tokyo Bay from 6 main rivers and found that more
than 90% of total PFCs flowed into Tokyo Bay as dissolved phase. However,
40.0 — 83.5 % of long chain PFCAs, such as PFDoDA, PFTrDA, PFTeDA
and PFPeDA were transported as particle phase. Rain runoff event might in-
crease the loadings of PFCs in SS. We should pay more attention to particle
phase PFCs, especially for longer chain PFCs.

257 Temporal Changes Over Twenty Years of Perfluoroalkyl Sulfonates
and Carboxylates in Herring Gull Eggs from Sites Across the Lauren-
tian Great Lakes W.A. Gebbink, Carleton Univ, Dept of Chemistry; R.J.
Letcher, Carleton Univ, Dept of Chemistry, Environment Canada, Science
and Technology Branch, Ecotoxicology and Wildlife Health Division, Sci-
ence and Technology Branch, Environment Canada, Great Lakes Institute
for Environme, Canadian Wildlife Service; C.E. Hebert, Environment
Canada, Science and Technology Branch, Ecotoxicology and Wildlife
Health Division; C. Weseloh, Environment Canada, Environment Conser-
vation Branch. We investigated the temporal trends of perfluorocarboxylic
(PFCA) and sulfonic acids (PFSAs) and selected precursors in herring gull
eggs from seven colony sites across the Laurentian Great Lakes of North
America. The herring gull eggs collected in 1990 and 1997 to 2010 (1 pool
of 13 eggs per year per site) were screened for PFCAs (C6-C15), PFSAs (C4,
C6, C8, C10), fluorotelomer unsaturated acids (6:2, 8:2, 10:2 FTUCAs),
fluorotelomer alcohols (6:2, 8:2, 10:2 FTOHs) and perfluorosulfonamides
(PFOSA and NMeFOSA). Declines in Y,PFSA concentrations occurred

in egg pools from all the colonies, which was significant for Agawa Rocks
(Lake Superior) and Channel-Shelter Island (Lake Huron); however,
concentrations increased significantly for Toronto Harbour (Lake Ontario).
Perfluorooctane sulfonate (PFOS) dominated the PFSA pattern in the

eggs at all colonies and all years, ranging from 79.9 to 99.4%. Declining
concentrations of PFOS in the eggs from most colonies could be related to
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the phase out of PFOS and its precursors in 2002 by the 3M Company;
however, the increasing concentrations at Toronto Harbour might be a result
from being close to highly urbanized areaa. PFOSA (PFOS precursor) was
detected in the eggs between 1990 and 2006; post-2006 PFOSA was below
detection limit at all the colonies. Declining concentrations were observed
between 1990 and 2006 at all the colonies with the exception of Agawa
Rocks and Channel-Shelter Island. The Y PFCA concentrations increased
significantly in the eggs from Agawa Rocks, Fighting Island (Detroit River),
Niagara River, and Toronto Harbour. The eggs from Gull Island (Lake
Michigan), Channel-Shelter Island and Chanatry Island (Lake Huron)
showed no significant changes during 1990 and 2010. The PFCA pattern
was dominated by PFDA, PFUnA, PFDoA, and PFTrA, and generally

the patterns were consistent among years and colonies. PFCA precursors
(FTOHs and FTUCAs) were below detection limit in the egg pools from
all years and colonies. Environmental degradation of these precursors could
explain the increasing trends of PFCAs as production volumes of these
telomer based compounds are still increasing. Declining concentrations of
the C8 PFOS, PFOA and PFOSA, might be a result of the 2002 phase out
of the C8 chemistry by 3M in North America. However, increasing produc-
tion volumes of fluorotelomer based compounds, and degradation of these
compounds to PFCAs might explain increasing trends of PFCAs.

258 Hydrocarbons and Legacy Organochlorine Pesticides and PCBs

in Sediments from Terminos Lagoon, Mexico B. Ramirez-Vargas,
EPOMEX, Universidad Autonoma de Campeche; E. Cach-Perez, Campe-
che Autonomous Univ/EPOMEX Center; L. Alpuche Gual, Campeche
Autonomous Univ/EPOMEX Center, Centro Epomex; G. Gold-Bouchot,
Cinvestav Unidad Merida, Marine Resources. As a part of a pilot project to
enhance Mexico’s capabilities for coastal monitoring a sampling was carried
out in Terminos Lagoon, in the Southern Gulf of Mexico. This is Mexico_
largest coastal lagoon, located at the stuary of the Grijalva-Usumacinta river
system that accounts for 35 % of total freshwater runoff in Mexico and

is the second in the Gulf of Mexico. A total of 60 sampling stations were
planned in a probabilistic design, stratifying in six subareas using the hydro-
logical and sedimentological characteristics of the lagoon. Fish, water and
sediments were collected for a wide variety of chemical and biological analy-
ses, but here only the results for hydrocarbons and pesticides in sediments
are presented. Results indicate that there are significant differences between
the six areas, and that the number of sampling stations can be decreased.
Results are discussed in terms of the fraction of stations exceeding the ERL
and ERM guidance values. This is important for coastal management.

259 Levels and Distribution of Polychlorinated Biphenyls In The Vicin-
ity of Chinese Great Wall Station, Antarctica Q. Zhang, Y. Li, Research
Center for Eco-Environmental Sciences, Chinese Academy of Sciences,
State Key Laboratory of Environmental Chemistry and Ecotoxicology; P.
Wang, D. Geng, G. Jiang, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences. The Antarctica is considered to be a clean
and pristine area due to less anthropogenic activities. However, more and
more studies have reported the detection of various POPs in the Antarctic
environment. In this study, various environmental samples including air
(high-volume air samples and PUF-disk passive air samples), soil, sediment,
lichen and moss were collected in the vicinity of Chinese Great Wall Sta-
tion on the King George Island, Antarctica, in the austral summer between
December 2009 and February 2010, to investigate the levels and distribu-
tion of polychlorinated biphenyls (PCBs) in this remote area. The analysis
of PCBs was performed using high-resolution gas chromatography coupled
with high-resolution mass spectrometry (HRGC/HRMS) with an isotope-
dilution method. The air concentrations of total PCBs ranged between
82-167 pg m-3 from high volume air sampling, and were dominated by
light homologues (Di to Tetra-CBs). There was a 1-3 fold deviation of PCB
concentrations between the active and passive sampling data. Therefore,
PUF-disk passive air sampling can be used to assess PCBs distributions

in the Antarctica atmosphere, although the wind speed are always high
during the sampling campaigns. The three sampling sites closing to several
Antarctic Research Stations showed higher PCB concentrations than the
other two sites, which may reflect potential influence from human activities.
In the soil and sediment samples, PCB concentrations were in the range

0f 60.1-1436 pg g-1 dry weight (dw). In the lichen and moss, they were
between 404-745 pg g-1dw and 406-952 pg g-1dw, respectively, of which
no significant difference was observed between the grass types. The most
abundant isomers were the lower chlorinated CBs in all the samples except
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for the dropping-amended soils from Ardley Island, where HxCBs domi-
nated. Furthermore, the indicator CBs, CB-118, -138 and -153 were of
high concentrations besides CB-28 in all the samples, which might indicate
local source exist (e.g., biotic activities). Notably, CB-11 was significantly
detected, the higher ratio of CB-11 in the natural soil than in the dropping-
amended soil suggested different source from biotic activities. Therefore, the
contamination profiles indicated long-range atmospheric transport could be
the main source of PCBs in King George Island; however, it was also appar-
ently influenced by local sources (e.g., research station, tourism and biotic
activities).

260 Polycyclic Aromatic Hydrocarbons in Continental Shelf Sedi-

ment of China: Implications for Anthropogenic Influences on Coastal
Marine Environment L. Liu, Guangzhou Institute of Geochemistry; J.
Wang, Health Canada; Y. Guan, South China Normal Univ; E.Y. Zeng,
Guangzhou Institute of Geochemistry, State Key Lab of Organic Geochem.
Sediment samples collected from the continental shelf of China, embrac-
ing Yellow Sea, inner shelf of the East China Sea, and the South China Sea,
were analyzed for polycyclic aromatic hydrocarbons (PAHs), from which the
potential influences of terrestrial anthropogenic activities on the coastal ma-
rine environment were assessed. The concentrations of anthropogenic PAHs
(Z19PAH, List S1 in the Supporting Information) were 27_220 ng/g dry
weight, with a mean of 90 ng/g. An alongshore decreasing trend of X19PAH
concentrations was observed in the inner shelf sediment of the East China
Sea, suggesting fluvial input was the major source of PAHs in the region. On
the other hand, sediment PAHs in Yellow Sea and the SCS were principally
derived from atmospheric deposition. Compositional pattern analyses sug-
gested that Yellow Sea sediments were dominated by high molecular weight
(5-6-ring) PAHs, accounting for 50_72% (average: 60%) of total PAHs,
whereas low molecular weight PAHs contributed to 42_96% (average: 66%)
of total PAHs in the South China Sea sediment. This spatial variability of
PAH compositions was ascribed to the regional climatic divergence and/or
regional source profiles. The generally higher X19PAH levels (27_220 ng/g
with a mean of 110 ng/g) in the Yellow Sea sediment than those in the SCS
sediment (28_210 ng/g with a mean of 75 ng/g) were probably resulted
from larger emissions of PAHs from domestic coal combustion and coke
industry in North China than in South China.

261 Spatial Variability of Factors Influencing the Distribution of
Triclosan in Sediments and Water of an Urbanized Estuarine Embay-
ment D.R. Katz, M. Cantwell, J. Sullivan, USEPA, Atlantic Ecology
Division; M. Perron, Brown Univ, School of Engineering; M. Charpentier,
Raytheon Company; R.M. Burgess, USEPA, Atlantic Ecology Division,
National Health and Environmental Effects Research Laboratory, USEPA,
USEPA. Triclosan (TCS) is a broad spectrum anti-microbial compound
added to many consumer and personal care products. TCS enters water
bodies primarily through wastewater treatment plant (WWTP) effluent and
may be introduced by combined sewer overflows or surface water runoff. In
estuarine waters, TCS adsorbs onto particles and may be preserved for long
periods of time after deposition to sediments. The spatial variability and
factors influencing deposition of TCS in marine ecosystems are the subjects
of this research with a focus on Greenwich Bay, a sub-estuary of Narragan-
sett Bay, Rhode Island. Sample locations were chosen using a statistically
randomized, tessellated hexagonal grid design. After extraction and cleanup,
sediment and water samples were derivatized and analyzed by GC/MS-EL
Overall, results show a high correlation to the sediment organic carbon
content (r2 = 0.79). Locally elevated sediment concentrations of TCS in
Greenwich Cove, which directly receives efluent from a local WWTD,
provide evidence that it is a major source of TCS to the area. Dissolved
water concentrations were spatially variable, suggesting there may be other
discrete sources of TCS to Greenwich Bay, or that additional factors outside
the sub-embayment may have a role in TCS flux to this area. A sediment
core collected from the center of the bay shows a sustained decline in TCS
concentration from approximately 1990 to the present. This corresponds
with increases in sewer connections and improvements in WWTP technolo-
gies employed in the watershed.

262 Quondam Times Orcharding Creates Modern DDT-Problems A.
Ruus, Norwegian Institute for Water Research (NIVA), Norwegian Inst. for
Water Research, N.I.V.A., Norwegian Inst. for Water Research; N. Green,
NIVA; A. Maage, NIFES; C.E. Amundsen, Bioforsk; M. Schoyen, J. Skei,
NIVA. The Serfjord (Western Norway) has a long history of agriculture

(since the 13th century), as well as industry (since the early 20th century).
DDT was used as an insecticide in the orchards along the fjord shortly after
World War IT and until 1970, when it was banned as a general pesticide in
Norway. Environmental concerns followed later and The Norwegian State
Pollution Monitoring Program has been continuous in the fjord since 1979.
It has inter alia comprised analyses of different contaminants in mussels, fish
and sediments. Since the early 1990s, elevated concentrations of DDT were
found in mussels and fish. Furthermore, on some locations DD T-concentra-
tions in mussels increased towards present day, despite the discontinuation
of use. In 20006, the highest concentrations were encountered so far, cor-
responding to approximately two orders of magnitude higher concentrations
than what is regarded as a Norwegian background. Analyses of sediment
core sections also showed increased input of DDT to the fjord towards
present day. Shifts in climatic parameters (e.g., precipitation), as well as a
decline in atmospheric sulphate deposition, followed by increased amounts
of soil dissolved organic carbon, may have contributed to these observations.
These findings show that although agreements and regulation of hazardous
substances decrease or terminate their release to the environment, other fac-
tors may come into play that counter the effect of lowered concentrations in
environmental samples.

263 The Fate of Organochlorine Contaminants in Seabirds from an
Arctic Colony: Bioaccumulation, and Transfer to Coastal Nesting Sites
and Predators K.L. Foster, Trent Univ, Dept of Chemistry; M.L. Mallory,
Environment Canada, Canadian Wildlife Service; L. Hill, J.M. Blais, Univ
of Ottawa, Program for Chemical and Environmental Toxicology. Seabirds
accumulate contaminants from the prey that they consume, and thus are
frequently used as biomonitors of marine contaminants. Seabirds also serve
as a contaminant link or vector of marine-derived contaminants to coastal,
terrestrial regions near their nesting sites, where they deposit these contami-
nants in their carcasses, partially digested food and excreta. In the present
study, the bioaccumulation of organochlorine contaminants by northern
fulmars (Fulmarus glacialis) from a colony at Cape Vera, Devon Island

in the Canadian High Arctic (76°15’'N, 89°14"W), and the subsequent
transfer of these accumulated contaminants to coastal environments and
terrestrial predators of the birds, are examined. Measured organochlorine
concentrations and associated fugacities are presented for the liver, carcasses,
and digesta collected along sections of the digestive tract including prey. Seg-
menting the digestive tract enabled a snap shot of contaminant fate within
the birds, including contaminant uptake from prey items into the bird, and
contaminant metabolism, through stages of digestion. Carcass contaminant
concentrations are seldom monitored for seabirds, yet we have demonstrated
their utility in assessing the transfer of marine contaminants to terrestrial
predators such as the Arctic fox (Alopex lagopus). Elevated concentrations
of contaminants in avian stomach oils, which are used to feed chicks and for
defensive purposes, increase chick exposure and are relevant to bioaccumula-
tion in young seabirds. The benefits of considering both concentrations and
fugacities are demonstrated and provide information on the absorption and
distribution of chemicals within the fulmars and contaminant transfer to
offspring and predators.

264 Quantitative Determination of Pharmaceutically Active Com-
pounds in Singapore’s Marine Environment S. Bayen, National Univ

of Singapore, Dept of Civil and Environmental Engineering; H. Zhang,
National Univ of Singapore, Dept of Civil and Environmental Engineering,
National Univ of Singapore; M. Desai, National Univ of Singapore, Tropical
Marine Science Institute; B.C. Kelly, National Univ of Singapore, Dept of
Civil and Environmental Engineering. The discharge of pharmaceutically
active compounds (PhAC’s) into the environment via household, municipal
and industrial wastes is a pressing public health issue. Some of these chemi-
cals have been reported as toxic to aquatic organisms in the literature and
high environmental concentrations may cause toxic effects. Here, we present
the development of analytical methods for the quantitative determination of
several PhAC’s in surface waters, sediments and biota from Singapore’s ma-
rine environment. Target analytes include common human pharmaceuticals
such as Atorvastatin, Carbamazepine, Citalopram, Diltiazem, Diphenhy-
dramine, Fluoxetine, Norfluoxetine, Propanolol, Sertraline, Thiabendazole,
Trimethoprim, Venlafaxine, Warfarin and Gemfibrozil. We conducted a
comprehensive field survey of surface waters, sediments and organisms at
various locations from Singapore’s coastal marine environment. Seawater
samples were filtered/extracted using a filtration apparatus containing glass

fibre filters and solid-phase extraction (SPE) disks. Both acidic (pH=2) and
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neutral (pH=7) extractions were tested and evaluated. We report distinct
performances of each extraction protocols for the various analytes. Marine
sediments and tissue samples were extracted using solvent extraction fol-
lowed by SPE. Identification and quantification of target compounds was
performed using liquid chromatography-electrospray ionization tandem
mass spectrometry (LC-ESI-MS/MS). 13C or deuterated mass-labeled
standards were used for quantification (isotope dilution). Results of analyte
recovery tests, procedural blanks and replicate sample analyses demonstrate
generally good performance of the methods for the majority of target
analytes. We encountered significant matrix effects (ionization suppression
and enhancement), highlighting the need for careful quality control/assur-
ance and utilization of mass-labelled surrogate standards. The significance of
the occurrence, levels and patterns of various PhACs in Singapore’s marine
environment are discussed.

265 Development and Evaluation of a Multimedia Environmental Fate
Model for Phthalate Esters in the False Creek, British Columbia G.
Zandpoor, Simon Fraser Univ, Dept of Biological Science, Simon Fraser
Univ; H. Lai, Simon Fraser Univ; M.G. Ikonomou, Dept of Fisheries and
Oceans, Institute of Ocean Sciences; EA. Gobas, Simon Fraser Univ, School
of Resource and Environmental Management (Faculty of Environment),
Simon Fraser Univ. Di-phthalate esters (DPEs) are widely used commercial
chemicals. Their main application is as plasticizers. DPEs are high volume
production substances that have been observed to be present in environ-
mental media from many locations around the world. There is concern over
the potential impacts of di-phthalate esters and their main metabolites,

the mono-alkyl phthalate esters (MPEs), in wildlife and humans. This
concern is partly caused by the lack of a quantitative understanding of the
environmental fate of these chemicals in the environment. To improve the
understanding of the relationship between the release of DPEs into environ-
ment and resulting concentrations of DPEs and MPEs in abiotic and biotic
media, we developed and tested a multimedia environmental fate and food
web model to describe the distribution and transformation of DPEs and
MPE:s in an aquatic ecosystem. To test the model, we conducted a field
study of the distribution of DPEs and MPEs in a marine Inlet in Vancou-
ver, Canada. In this presentation, we present the model, describe the field
study and discuss the performance of the model. We demonstrate that the
calculated sediment water partition coeflicients (organic carbon normalized)
are in good agreement with the corresponding independently measured
values for both DPEs and MPEs. The only exception was dimethyl phthalate
(DMP). Both model calculated and observed bioaccumulation factors of
DPEs and MPE in fish and benthic invertebrate species are also presented.
The model was applied to assess the combined loadings of DPEs into the
Inlet and to assess the real-world half-life time of DPEs and MPEs in an
aquatic environment. The multimedia mass balance environmental fate
model in conjugation with a food web model provides a better understand-
ing of the distribution and transformation of DPE in aquatic ecosystems.
The model can be used in other aquatic environments, with their own sys-
tem specific and chemical specific parameters. The model is expected to be
useful for preliminary ecological risk assessment in order to predict exposure
concentrations, internal body burdens and possible remediation targets.

266 Measurement of Nanoparticles in Food and Biological Samples R.
DPeters, RIKILT, Wageningen Univ, Residues & Contaminants; S. Weigel,
H. Bouwmeester, RIKILT, Wageningen Univ. A variety of nanomateri-

als are being used in consumer products, in food packaging materials,

in some food supplements and even some food products; e.g.titanium-,
iron- and zinc oxides, silver and silica. As a consequence, diffusion into the
environment and direct and indirect consumer exposure to nanoparticles

is likely. Detection and characterization of nanoparticles in products, food,
biological and environmental samples is an essential part of understand-

ing the potential benefits as well as the potential risks of the application of
nanoparticles. Silica is added to food items as an anti-caking agent known
as E551. While this normally exists of micro-sized particles the material is

a nano-formulated material with primary particle sizes in the nano-range.
Hydrodynamic chromatography combined with ICPMS (HDC-ICPMS) is
used to determine silica nanoparticles in food items and in models mimick-
ing human digestion to determine the biological availability of nano-sized
silica. Using HDC-ICPMS the presence of nano-sized silica in several food
items could be shown and subsequent measurements in the biological model
systems indicate that this nano-sized silica remains available after diges-
tion. Single particle ICPMS (SP-ICPMS) is used as a screening tool for
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nanoparticles in food and biological samples. In SP-ICPMS nanoparticles
in the sample are introduced into the ICPMS plasma producing a plume of
analyte ions resulting in a signal spike in the mass spectrometer. From this
the particle size, size distribution and concentration can be calculated. The
method was validated using the NIST gold reference materials 8011, 8012
and 8013 and tested for the determination of other nanoparticles such as
silver, titanium-, iron- and cerium oxide, and silica. It is used in practice for
the determination of gold, silver and titanium oxide nanoparticles in food
supplements, in translocation experiments with cellular monolayers, and in
biological samples from digestion model studies. In addition, the method
was used to detect silver nanoparticles in the livers of rats that were exposed
to silver nanoparticles through their food.

267 Nanoecotoxicological Research Tools: Current State of Affairs and
Future Needs R. Tantra, National Physical Laboratory, Division of Analyti-
cal Sciences. Nanomaterial characterisation is integral to understanding the
toxicological implications of such materials in the environment. The accu-
racy and reliability of data will be crucial if we are to understand the toxicity
of nanomaterials and subsequently control the risk by monitoring key pa-
rameters linked to toxicity. Knowing what to measure and how to measure

it are the main challenges. In this talk, we will be presenting an overview

of progress in the use of various techniques, which are being used to obtain
a comprehensive set of characterisation parameters under the PROSPEcT
LINK project. This project represents the UK’s contribution to a recent
OECD (Organisation for Economic Co-operation and Development)
sponsorship programme for the testing of manufactured (CeO2 and ZnO)
nanomaterials, in relation to their potential risk of damage to the aquatic en-
vironment. We will discuss the various techniques employed (from routine
based tools such as SEM, CPS disc centrifuge, Doppler Microelectrophoresis
to more state-of-the art techniques such as TOF-SIMS) their advantageous
and limitations in their applications in nanoecotoxicological research. Our
findings have shown that although existing characterisation tools are of some
use in a research setting, there is no doubt that new platforms and reference
materials are very much required. In particular, for the purpose of clas-
sification and regulating nanomaterials, the development and validation of

high-throughput platform is needed.

268 Speciation Analysis of Silver Nanoparticles and Silver Ions in
Environmental Waters and Antibacterial Products ]. Liu, J. Chao, S. Yu,
R. Liu, Z. Tan, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences. The rapid growth in the commercial use of silver
nanoparticles (AgNPs) will inevitably increase silver exposure in the environ-
ment and the general population, and development of methods for analysis
of AgNPs is needed. We developed a method for the separation, identifica-
tion, characterization and determination of trace AgNPs in environmental
waters. AgNPs were selectively concentrated from environmental water
samples without disturbing their sizes and shapes by Triton X-114 (TX-
114)-based cloud point extraction (CPE). The enrichment factor was 100
and the recoveries from various environmental samples were in the range

0f 57-116% at 0.1-146 pg/L spiked levels of AgNPs. The AgNPs precon-
centrated in the TX-114-rich phase were identified by TEM/SEM-EDS/
UV-Vis spectrum, and quantified after microwave digestion by ICP-MS
with a detection limit of 0.006 pg/L. This proposed method can be adopted
to track of AgNPs in environment. The TX-114-based CPE was also used
as an efficient separation approach for the speciation analysis of AgNPs

and Ag+ in antibacterial products and environmental waters. AgNPs were
quantified by determining the Ag content in the TX-114-rich phase with
ICP-MS after digestion, the total silver content was determined by ICP-MS
after digestion, and the total Ag+ concentration was obtained by subtracting
the AgNP content from the total silver content. The limits of quantification
(S/N = 10) were 0.4 pg/kg for AgNDPs, 3 pg/kg for total Ag+, and 0.2 pg/kg
for total silver, respectively. This proposed method is applicable for studying
the transformation of AgNPs in environment and the toxic effects of AgNPs
and Ag+. To elucidate the toxical roles of the freely dissolved Ag+ and the
AgNP-adsorbed Ag+, hollow fiber supported liquid membrane (HFSLM)
extraction was coupled with ICP-MS for speciation analysis of Ag+. Two
extraction modes of HFSLM, the negligible depletion extraction and the
full depletion extraction, were coupled to ICP-MS for analyzing the freely
dissolved Ag+ and the total Ag+ content, respectively. The AgNP -ad-
sorbed Ag+ was obtained by the difference between the total and the freely
dissolved Ag+ content. The recoveries of total Ag+ in AgNPs dispersions
ranged from 86% to 98% at spiking levels of 10 ppb and 20 ppb Ag+. The
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detection limits of freely dissolved Ag+ and total Ag+ were 0.9 ppb and 1.5
ppb, respectively.

269 Nanomaterial Release from Products is not Related to Hazard
Data: Methods and Data Lacking S. Froggett, (consultant) Center for
Risk Science Innovation and Application, ILSI Research Foundation; R.A.
Canady, Center for Risk Science Innovation and Application, ILSI Research
Foundation. Advances in incorporation of engineered nanomaterials
(ENM) into composites have occurred in tandem with the identification of
possible hazards of the pristine ENM prior to compositing. However, review
of research of release of ENM from nano-composites conducted for the Na-
noRelease project (www.ilsi.org/ResearchFoundation/Pages/NanoReleasel.
aspx) shows little attention is being paid to ENM release from the compos-
ites. Consequently, it is not clear whether potential risks of that material are
informed by current ENM hazard research. A crucial finding of the review is
that our understanding of the risks associated with uses of nanomaterials will
continue to be insufficient until substantial progress is made on methods to
measure ENM release from uses of ENM. In the available reports, consumer
products containing nano-silver, nano-titania and carbon nanotubes have
been investigated under several exposure scenarios, including, weathering,
abrasion, UV and washing. The data show three possible release scenarios:
nanoscale particles of some kind (almost always, similar to materials without
added ENM), nano-scale particles with some carrier matrix and some ENM
(often), and finally, ENM alone (rare). This review of the nanomaterial
release literature illustrates a data gap relevant to the field of environmental
risk assessment. Perhaps most critical, our review suggests that fate and
transport modeling, exposure assessment, and risk assessment frameworks in
general for ENM uses should not be based on pristine engineered nanoparti-
cles, but rather should be based on the released composites of ENM and the
carrier matrix.

270 Comparison of Two Separation Techniques, Asymmetrical Field
Flow Fractionation and Hydrodynamic Chromatography, for Mixtures
of Gold Nanoparticles E. Gray, Colorado School of Mines, Environmen-
tal Science and Engineering; T. Bruton, Arizona State Univ; p. westerhoff,
Arizona State Univ, Arizona State Univ, School of Sustainable Engineering
and The Built Environment; R. Halden, R. Halden, Arizona State Univ;

J. Ranville, Colorado School of Mines, Chemistry and Geochemistry,
Colorado School of Mines; C. Higgins, Colorado School of Mines, En-
vironmental Science and Engineering; P. Herckes, Arizona State Univ. In
recent years concern has been raised over the potential for environmental
release of engineered nanoparticles (ENDPs) as a result of increased ENP use
and production. Robust methods to detect and characterize these ENDs

in environmental samples are still being developed. This paper compares
two techniques currently applied to ENPs; hydrodynamic chromatography
(HDC) and asymmetrical flow field flow fractionation (AF4), both coupled
with inductively coupled plasma mass spectrometry (ICP-MS). The goal of
this study was to determine and compare the detection limit, resolution, and
recovery obtained when separating mixtures of gold particles using common
flow parameters, using each technique. The limit of quantification for both
techniques is approximately 5 mg/L and the limit of detection is an order
of magnitude lower at 500 pg/L. AF4 is capable of separating mixtures of
5,20, 50 and 100 nm gold ENPs with greater resolution than HDC. These
resolution differences are most pronounced at the lower size range of 5 to
20 nm. Sample recovery ranged from 67 to 81 percent for HDC while
AF4 recovery values range from 31 to 68 percent. The elevated sample loss
observed using AF4 results from both reversible and irreversible particle at-
tachment to the semipermeable membrane used in the AF4 channel.

271 Novel Approaches for the Detection of Single Walled Carbon Nano-
tubes in Environmental Matrices P Schierz, Duke Univ, Dept of Civil and
Environmental Engineering, Duke Univ, Pratt School of Engineering; A.N.
Parks, P. Ferguson, Duke Univ. Single-walled carbon nanotubes (SWNT)
are considered a new class of emerging environmental contaminants. Fate
and toxicity studies rely heavily on reliable analytical methods to detect
SWNT in environmental matrices at environmentally relevant concentra-
tions [ppb-level]. NIRF spectroscopy has advanced as a highly selective and
information-rich technique for sensitive detection and structural charac-
terization of SWNT materials. We have demonstrated the capabilities of

this technique through the quantitative analysis of SWNT in sediment and
biotic matrices at environmentally relevant concentrations. The analytical
power of NIRF allows for the structural characterization of SWNT samples

before and after toxicity, bioavailability and fate studies. Furthermore,

for an assessment of the environmental fate of SWNT such as transport
behaviour and bioavailability, structural information including shape, length
distribution andagglomeration state are essential. Our approach to address
these analytical challenges is the use of asymmetric field flow field fractiona-
tion AF4 as a separation method prior to NIRF spectroscopic analysis to
determine SWNT length distribution and to reduce matrix complexity

by separation of NOM and SWNT. Metal catalyst residues (e.g., Co, Mo,
Ni, Fe, etc.) are known to be associated with SWNT as a byproduct of the
manufacturing process. We have examined the potential of AF4 coupled
with inductively coupled plasma-mass spectrometry (AF4-ICP-MS) to trace
CoMoCat SWNT in environmental samples from the presence of residual
Co and Mo metal catalysts. The use of AF4-NIRF and AF4-ICP-MS in
concert will facilitate a more thorough understanding of the environmental

fate, transport, and behavior of SWNT.

272 Screening Waters Impacted by Municipal Wastewater for Metal-
bearing Nanoparticles by Single Particle-Inductively Coupled Plasma
Mass Spectrometry E.M. Heithmar, US Environmental Protection
Agency, Office of Research and Development, National Exposure Research
Laboratory, USEPA, Research Chemist; S.A. Pergantis, Univ of Crete,
Chemistry; E.M. Siska, Student Services Contractor to EPA. Metal — and
metal oxide- based engineered nanomaterials are being increasingly used in
consumer products in either intentionally or incidentally dispersible forms,
and their release into municipal wastewater streams is inevitable. In order
to obtain an estimate of their current occurrence and an upper-bound of
their concentration in waters impacted by municipal wastewater, a rapid
method for screening these waters is required. We have previously presented
a preliminary application of single particle-inductively coupled plasma
mass spectrometry (SP-ICPMS) for the screening-level analysis of surface
water for metal-bearing nanoparticles. In this study, we apply SP-ICPMS
to analysis of water significantly impacted by municipal wastewater. The
increased continuous background and matrix effects associated with the
more complex matrix and methods for mitigating these will be discussed.
The benefits of recently introduced instrumentation on the analysis will be
demonstrated. In addition to targeted determination of silver-, titanium-,
and cerium-bearing nanoparticles, a novel approach to rapidly screen for a
range of metals will be presented. Results for several water samples taken
immediately downstream from municipal wastewater treatment plants in the

US will be presented.

273 Comparison of Nanoparticle Characterisation Methods Using
Specifically Tailored Multimodal Particle Suspensions A. Jamting, Na-
tional Measurement Institute, Nanometrology Section; V.A. Coleman, H.J.
Catchpoole, M. Roy, J. Herrmann, National Measurement Institute. Un-
derstanding the impact of engineered and naturally occurring nanoparticles
on environmental and biological systems is of critical importance, particu-
larly when assessing risks. In order to evaluate the impact, nanoparticle
systems need to be fully characterised to correlate physico-chemical proper-
ties with observed effects. It is therefore essential that the characterisation
instrumentation is rigorously understood in terms of detection sensitivity,
measurement range and validity. The National Measurement Institute
Australia has established a comprehensive nanoparticle characterisation labo-
ratory and is developing expertise in a range of characterisation methods for
nanomaterials. One of the complexities of this area of investigation is that
different instruments measure different physical properties or measurands to
derive particle size. Here we present results from a range of measurements
on multimodal suspensions of well characterised materials to highlight

the benefits and limitations of different particle sizing instrumentation.

The techniques investigated include dynamic light scattering, differential
centrifugal sedimentation, transmission electron microscopy, asymmetric
flow field-flow fractionation coupled with static and dynamic light scattering
detectors, nanoparticle tracking analysis and a recently developed instrument
based on single particle measurements using a micro-channel resonator,
providing ultra high-resolution mass sensing.

274 Cumulative Impacts of Mountaintop Mining on an Appalachian
Watershed T. Lindberg, R. Di Giulio, Duke Univ, Nicholas School of the
Environment ; E. Bernhardt, Duke Univ, Biology. Surface mining is the
dominant driver of land cover and land use change in Northern and Central
Appalachia. Some watersheds in West Virginia have more than 25% of their
area covered by surface mine permits. Studies show that at 10% there is a

SETAC North America 32"d Annual Meeting | 63



TUESDAY PLATFORM ABSTRACTS

decline in biodiversity and water quality. Our study system on the Upper
Mud River in West Virginia, USA has been extensively mined since the
1970’s. From its headwaters to a point 14km downstream, 49% of the 56sq.
km watershed has been impacted by surface mining. During our study we
found average stream conductivity to be 10 to 15 times greater than typical
unmined Appalachian streams. During four monthly surveys we sampled
the stream 52 times at 15 sites and found that average stream conductiv-

ity increased from 156 pS cm-1 upstream of mining activity to 1525 pS
cm-1downstream of the last impacted tributary. Our synoptic approach to
sampling the Upper Mud River was novel in that we were able to capture
water chemistry data from the headwaters above all current and histori-

cal surface mining, within each affected tributary and then from points
upstream and downstream of each confluence. At this scale we were able to
show conclusively the cumulative impacts on mainstem water quality due
to multiple inputs from watersheds that receive surface mine effluents. To
further quantify the connection between surface mining and water quality
we utilized spatial analysis to measure the areal upstream proportion of the
watershed that was surface mined at 15 sampling points on the mainstem
and then correlated that to the measured concentrations of mining related
pollutants and conductivity. We found that increasing concentrations of
sulfate, selenium, magnesium, calcium, and others were significantly corre-
lated (R2>0.85, p< 0.0001) to the amount of upstream mining disturbance.
Median conductivities had a correlation of 0.96 meaning almost all of

the change in conductivity from upstream to downstream sites could be
explained by the amount of upstream surface mine activity in the watershed.
We also provide evidence that although reclamation of these mines may
provide some decrease in the mobilization of nitrogen and seleniums; it ap-
pears that dissolution of weathering related minerals that contribute to high
conductivity in the receiving stream remain high decades after reclamation.

275 Longitudinal Effects of Coal Mining/Valley Fills on Benthic Inver-
tebrate Communities of Streams in Southern West Virginia S.P. Canton,
GEI Consultants, Inc., Ecological Division; J.S. Lynch, GEI Consultants,
Inc; R'W. Gensemer, GEI Consultants, Inc, Ecological Division; G.D.
DeJong, C.E Wolf, GEI Consultants Inc. We sampled the benthic macroin-
vertebrate populations of 12 streams in southern West Virginia, including
nine streams with valley fills present in the upper reaches and three reference
streams with no mining impacts. The proposed ecological impacts of coal
mining/valley fill (CM/VF) operations on benthic invertebrate communi-
ties have been linked primarily to elevated concentrations of total dissolved
solids, but spatial variability in water quality and benthic communities is
poorly understood in these systems. The goal of this study was to determine
the nature and extent of potential impacts that exist from the valley fill

and associated impoundment and the downstream extent of those impacts.
Parameters analyzed included density, number of taxa, number of EPT

taxa, and relative abundance of mayflies, concurrent with matching water
quality parameters (i.e., temperature, conductivity, calcium, potassium, so-
dium, magnesium, carbonate, bicarbonate, sulfate, chloride, pH, hardness,
nitrate-N, and selected metals), habitat, periphyton, and detrital parameters.
Longitudinal differences between sites on the same stream and between
CM/VF and reference streams were observed, with some streams showing
improvement in metric values in a downstream direction. Most inverte-
brate parameters were significantly different between CM/VF and reference
streams at the most upstream site but were not significantly different at the
most downstream site. Correlations between invertebrate metrics and water
quality and habitat parameters were observed. Analysis of the pooled water
chemistry data indicated that most of the differences observed between CM/
VF and reference sites were statistically significant (p < 0.01). CM/VF sites
had significantly higher median values than reference sites for bicarbonate,
calcium, chloride, magnesium, nitrate, potassium, selenium, sodium, sulfate,
conductivity, hardness, pH, and temperature. We conclude that invertebrate
assemblages in streams below valley fills did, indeed, differ from those in
reference streams in some respects, with invertebrates often being abundant
in both types of streams but having fewer taxa and EPT taxa represented

in CM/VF streams. Overall, it appears the composition of the invertebrate
assemblages observed in these streams varies as a result of a combination of
ionic chemistry, soil characteristics related to iron and aluminum, substrate
characteristics, and channel features related to erosion.

276 Do Water Quality and Habitat Conditions Affect Macroinverte-

brate Communities in Headwater Streams in Southern West Virginia?
S.P.Canton, GEI Consultants, Inc., Ecological Division; G.D. DeJong,
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R.W. Gensemer, GEI Consultants, Inc. We described the benthic inver-
tebrate communities inhabiting the extreme upper reaches of headwater
streams in the coal mining region of southern West Virginia. These
headwaters are representative of ephemeral or intermittent steams where
mountaintop coal mining/valley fill (CM/VF) operations occur. The
proposed ecological impacts of CM/VF operations on benthic invertebrate
communities have been linked mostly to elevated concentrations of total dis-
solved solids, but direct loss of headwaters communities is also of concern.
Most ecological studies conducted in the extreme headwaters of freshwater
streams focus primarily on terrestrial/aquatic linkages and not the compo-
sition of the aquatic communities. Therefore, we sampled 12 headwater
streams in three different protected natural areas of southern West Virginia
to evaluate the natural variability of their benthic invertebrate communi-
ties. A diverse benthic invertebrate community was found, consisting of at
least 129 benthic invertebrate taxa. Variability analyses revealed low levels
of similarity between the invertebrate communities in headwaters streams.
Benthic habitat was similar among sites, with the same kinds of habitat
features occurring at most sites. Correlation analyses of water chemistry
parameters (conductivity, calcium, potassium, sodium, magnesium, carbon-
ate, bicarbonate, sulfate, chloride, pH, hardness, nitrate-N, and selected
metals) with benthic invertebrate metrics (number of taxa, number of EPT
taxa, percent EPT taxa, and Ephemeroptera abundance) showed that water
chemistry parameters were not strong predictors of the benthic invertebrate
metrics. The strongest relationship was a negative correlation between potas-
sium concentration and the number of EPT taxa. Only two correlations
between water chemistry and invertebrate community parameters were
statistically significant (p < 0.050), both involving potassium concentrations.
There were no significant correlations between conductivity and any benthic
invertebrate metric. pH was low (< 6.0) at some sites where EPT taxa were
not encountered as frequently, but this was not a consistent pattern. Our
study suggests that the taxa encountered and levels of dissimilarity between
the invertebrate communities in headwaters streams with otherwise similar
habitat and water quality are consistent with the hypothesis that headwaters
communities are established opportunistically from a larger regional pool of
organisms.

277 In Situ Quantification of Major Ions to Improve Detection/Reme-
diation of Threats to Environmental Health A. Mueller, H. Hemond,
Massachusetts Institute of Technology, Dept of Civil and Environmental
Engineering. It is well known that the quantity and balance of major

ions has profound effects on ecosystem structure and health and can drive
changes in natural floral and faunal species. Unfortunately, ecological studies
are often forced to rely exclusively on indicator measurements, such as pH
and electrical conductivity, when completing in situ assessments due to the
high cost of traditional grab sampling campaigns. This generally leads to
availability of only incomplete and low-resolution data which may not pro-
vide the information necessary to diagnose or remediate threats to specific
ecosystems. One such historical example was identification of the causes of
stream acidification: while sulfate deposition was initially suspected, further
research pointed to substantial contributions from nitrogen species as well.
In contrast, data covering the full spectrum of dissolved ionic species and
available in real-time would provide researchers the ability to lead high-
resolution, adaptive sampling campaigns from the start, resulting in more
precise identification of problem regions and better targeted grab sampling
should high accuracy lab analysis be required. To address this gap, we have
undertaken development of an in situ instrument for real-time identification
of dissolved ion species, initially targeting both the dominant ionic species
and those frequently involved in eutrophication processes, specifically: Na*,
K+, Ca?*, Mg?*, NH,*, Cl;, NO3-, SO4%*, CO3?, and H*. This instrument
relies primarily upon ion selective electrode technology, coupled with novel
signal processing algorithms that allow mixed responses to be successfully
decoupled. Relevant environmental parameters, e.g., temperature and
electrical conductivity, are measured simultaneously and provide additional
information to improve the accuracy of the signal processing results. An
initial test of this combined hardware/software technique has been under-
taken using data provided by the US Geological Survey, collected over the
past 50 years using traditional sampling techniques. Response of instrument
hardware to similar samples allows simulation of sensor responses to all
points in this 50-year data set. Samples are then run through the software
algorithm with results analyzed for both accuracy and precision over a wide
range of ionic concentrations.
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278 Total Dissolved Solids Concentrations of Tecolote Creek, San
Diego, CA; Effects on Sentinel and Native Species B.]. Mastin, Weston
Solutions, Inc., Natural Resources; S. Gruber, Weston Solutions, Inc.,
Weston Solutions; W. Isham, Weston Solutions, Inc., Natural Resources.
Identification and measurement of ionic strength as a causative agent of
toxicity is difficult due to site-specific, species-specific, and ion-specific
responses by freshwater biota. Concentration and composition of ionic
strength are influenced by the localized topography and geology of the
drainage, atmospheric deposition, changes in land use, storm water manage-
ment, irrigation, agricultural activities, industrial effluents, salting of roads,
and other anthropogenic activities which can alter the associated hydrology
of the watershed. For example, researchers have documented that if un-
treated, increased TDS concentrations of oilfield produced waters, hydraulic
frack fluids, and mine drainages were the causative agent of toxicity to
downstream biota and a primary source of benthic community impair-
ment. lonic strength will increasingly influence biotic diversity in sensitive
arid and semi-arid regions as climate patterns continue to shift our regional
water balances. Recently, several states (e.g., Florida and West Virginia) have
adopted water quality criteria which address the importance of monitoring
ionic strength for the protection of freshwater biota. The objective of these
experiments was to measure potential effects of total dissolved solids (TDS)
concentrations of Tecolote Creek (an urbanized watershed in San Diego,
CA) during dry weather on both native and sentinel laboratory species that
represent the macroinvertebrate diversity and sensitivity residing within the
Tecolote Creek Watershed. Serial dilutions (i.e., six concentrations) were
prepared with high conductivity water (> 5,000 to 11,000 pS/cm) collected
from Tecolote Creek tributaries and diluted with water from an un-urban-
ized reference creek (approximately 300 pS/cm). Toxicity bioassays with
sentinel laboratory species included Ceriodaphnia dubia (48-h survival and
7-d reproduction), Hyalella azteca (48-h survival), Chironomus tentans (48-h
survival), Rhapidocelis subcapitata (96-h growth), and an Isonychia spp.
(48-h survival) and native test organisms including both an Ephemeroptera
(mayfly) and Plecoptera (i.e., stonefly) species (48-h survival). C. dubia
reproduction was the most sensitive endpoint to increased ionic strength
compared to H. azteca and C. tentans survival which was not observed to

be affected in this high TDS water. Preliminary results of water chemistry
and benthic community assessment will also be discussed as part of this
presentation.

279 Potential Impacts from Short-duration Exposures to Storm Water
Runoff on the Rocky Intertidal Community of a Marine Preserve S.
Gruber, Weston Solutions, Inc., Weston Solutions; D. McCoy, Weston
Solutions, Inc.; B.J. Mastin, Weston Solutions, Inc., Natural Resources; R.
Kolb, City of San Diego. As part of a larger study for the City of San Diego,
Weston Solutions assessed the impacts of storm water on the rocky intertidal
biological community in the La Jolla Area of Special Biological Significance
(ASBS), a designated marine preserve. The assessment used a triad approach:
water chemistry, toxicity to native marine species, and algal and biological
surveys. Conditions during a storm event at the La Jolla ASBS were com-
pared to a coastal reference site (Cabrillo National Monument), which is not
influenced directly by storm water runoff. Water samples were collected for
chemical and toxicological analyses at the La Jolla site over the course of a
storm event (i.e., pollutograph) directly from a storm drain outfall as well as
from the ocean receiving waters in the ASBS rocky intertidal habitat. Storm
water samples were used in the laboratory to mimic the exposure to storm
water that marine test species (e.g., abalone, sea urchins, diatoms, bivalves,
and mysid shrimp) would experience over a tidal cycle (i.¢., 6-h storm water
exposure followed by a seawater flush for the duration of the test). Chem-
istry results showed that, during low tide, concentrations of pyrethroid
pesticides and some metals at the La Jolla site were similar to those in storm
water runoff and greater than LC50s of native marine organisms. Salinity at
the La Jolla site was less than 3 ppt in the receiving waters during low tide,
but never fell below 32 ppt at the reference site during the same storm event.
Toxicity results indicate that short-term exposure (6 hours) to storm water
runoff is toxic to marine organisms and exposure to fresh water during a
storm may have more of an impact than exposure to pesticides and metals
associated with the storm water outfall. Biological surveys showed distinct
differences between the La Jolla ASBS and reference sites, possibly reflect-
ing the long-term exposure to storm water runoff over several decades. The
results have important implications for managing storm water discharges

to ocean receiving waters and the ASBS with respect to new regulations
designed to protect the beneficial uses of this important coastal habitat.

280 Short-term and Long-term Exposure Impacts of Diluted Desalina-
tion Brine Discharge to Various Biological Receptors S. Bodensteiner,
Weston Solutions, Inc., Weston Solutions. Available disposal options for
the high-salinity sidestream generated during the desalination process (i.e.,
brine) is a key limiting factor with construction of seawater desalination
plants. If there is not a nearby or co-located wastewater treatment plant
generating fresh water effluent available to blend with a high salinity brine
stream, then a desalination plant must rely on ambient seawater to dilute the
brine to an ecologically innocuous salinity level. This is commonly accom-
plished by blending brine with either receiving water intake or cooling water
discharge from a co-located power plant. Seawater reverse osmosis desalina-
tion plants are typically designed for recovery of 45% to 55% as fresh water,
leaving a brine discharge salinity of approximately twice that of marine
receiving waters. The operational costs for seawater desalination plants is
therefore influenced by the volume of ambient seawater necessary to dilute
the brine to a level that does not pose any significant threat to marine life
within the discharge environment. Although it has been demonstrated that
salinity levels up to 57 parts per thousand have not caused statistically signif-
icant changes to the overall function and quality of the aquatic environment
in the discharge area, most desalination plants are restricted by discharge
permit criteria that are based on toxicological impacts to single sensitive
receptors. This study evaluates the impacts of varying brine discharge dilu-
tions to critical life stages of several biological receptors in both short-term
and long-term exposure scenarios. The suite of receptors was a mix of species
accustomed to either hard surface or sandy bottom substrates in order to
represent the two most common marine discharge environments. In addi-
tion to a comprehensive assessment of short and long-term exposure impacts
to brine diluted with ambient seawater, the study also investigated potential
effects of different ion ratios within the standard suite of Total Dissolved
Solids (Ca, Mg, Na, Cl and SO,). This component was included to assess
the differences in ecological impact between brine discharges diluted with
ambient seawater and those diluted with effluent from wastewater treatment
plants. In general, the occurrence of significant impacts was driven primarily
by the type of life stage evaluated.

281 Case Study of Effluent Discharged in Transition Zone of Freshwater
and Estuaries W.L. Goodfellow, EA Engineering Science & Technology,
Inc.; W. McCulloch, EA Engineering, Science & Technology, Inc., Dept

of Ecotoxicology; M.K. Chanov, EA Engineering, Science and Technology,
Inc., Dept of Ecotoxicology. Industrial wastewater containing total disolved
solids that are discharged to estuaries or rivers are often conplicated by the
regulatory classification of the ecosystem. In situations that are in this transi-
tion from freshwater to estuarine systems, the organisms that are used for
the whole effluent toxicity assessment are typically not organisms that are
found in this system and the WET test is not always an indicator of the ef-
fluent’s risk to the environment. Through the presentation of this case study,
this paper will present the potential impacts of a TDS discharge to a large
river in an upper estuary and provide recommendations and observations for
these effluent discharge situations.

282 Linking Science and Policy to Inform Global Mercury Negotiations
N.E. Selin, Massachusetts Institute of Technology, Engineering Systems
Division. Global negotiations to address the risks posed by mercury are
informed by scientific input of different forms, from peer-reviewed scientific
papers to structured scientific assessments to informal science-policy dia-
logue. Recent insights from global-scale mercury modeling are highlighted
in the context of ongoing negotiations towards an international, legally-
binding mercury instrument. In particular, the role of historical versus
present-day sources is highlighted, focusing on the long-term prospects for
mercury exposure reductions. Additionally, the process by which science
informs international mercury negotiations is examined and illustrated.
Results from multiple iterations of a role-playing simulation focused on
mercury are used to draw lessons about the uses and effectiveness of the
provision of scientific information to international negotiators. Results are
used to suggest potential avenues for scientific participation in the final two
sessions of the global mercury negotiations.

283 Climate Change as a Driver for Mercury Bioaccumulation in
Aquatic Ecosystems: Implications for Mercury Emission Control Under
a Changing Climate E Wang, Univ of Manitoba, Centre for Earth Ob-
servation Science, Dept of Environment and Geography. The stubbornly
high and spatiotemporally variable concentrations of mercury (Hg) in Arctic
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marine mammals have been a major subject of scientific research and policy
debate. There is no doubt that Hg emission from anthropogenic activities
in southern latitudes has played a major role in Hg contamination in Arctic
marine ecosystems. What makes the Hg contamination phenomenon in the
Arctic especially puzzling is, however, the apparent lack of an atmospheric-
biological dose-response relationship in recent decades. Based on extensive
research in the Arctic Ocean, we recently published a hypothesis that, under
a rapidly changing climate, internal post-depositional processes within the
system can overtake external emission sources in controlling Hg bioac-
cumulation in aquatic ecosystems. This hypothesis is further supported by
new data from the Arctic Ocean and the Equatorial Pacific Ocean where
climate-induced changes in the cryosphere and marine primary productivity,
respectively, are shown to significantly modify the atmospheric Hg loadings.
This shift in the paradigms in driving Hg bioaccumulation suggests that
during a rapidly changing climate, emission control of Hg will be followed
by long delays before ensuing reduction is seen in food-web Hg levels. The
response lag makes it all the more urgent for the UNEP treaty to control
further loading of Hg (and potentially other types of contaminants) into key
environmental reservoirs. It also highlights the need of partnerships among
scientists, policy-makers and local communities to develop short- and long-
term adaptation and remediation strategies before the effectiveness of Hg
emission control is realized.

284 Global Mercury Trends and Local Ecosystem Recovery L. Levin,
Electric Power Research Institute, Air Toxics Health & Risk Assessment;

K. Lohman, Environ Corp. As national steps are taken to reduce mercury
emissions to the atmosphere, one issue remains unresolved: how much and
how quickly will domestic ecosystems respond to reduced emissions from
distant and nearby sources and the resulting changes in atmospheric deposi-
tion. Aquatic fish populations act as band-pass filters for mercury deposition
and methylation over time, serving as interannual transfer systems for
methylmercury mass within the system. Local and regional emission changes
may be overlain by longer-range opposing trends in emissions and complex
responses in water bodies and ecosystem receptors. Recent work by the
HTAP (Hemispheric Transport of Air Pollutants) conference and other
researchers shows how sensitive and with what rate local ecosystems may
respond to global and local changes.

285 Integrating Knowledge to Inform Mercury Policy: The IKIMP
Initiative J. Holmes, M.N. Gardner, T.A. Mather, D.M. Pyle, M.L.

Witt, Univ of Oxford, Dept of Earth Sciences. It is essential that national
and international initiatives to reduce the risks posed by mercury in the
environment are informed by the best scientific knowledge of the sources

of mercury in the environment and the options for reducing future human
exposure to mercury. This paper will summarise the outputs of a project un-
dertaken over the last three years at the Univ of Oxford to develop, integrate
and present this knowledge to inform policy making at UK, European and
global levels. Effective action to address anthropogenic emissions of mercury
requires an understanding of the relative contributions of anthropogenic and
natural sources, in particular from primary emissions to the environment
such as crustal degassing. An updated national inventory has therefore been
developed for the UK, identifying mercury sources and waste streams, and
evaluating the adequacy of current monitoring arrangements. At a global
level, an improved understanding of natural reservoirs of mercury, exchange
fluxes between them, and the impact of climate change has been sought.
Following evaluation of uncertainties in anthropogenic emissions of mer-
cury, the project has focused on a review of mercury arising from the oil and
gas industries. Policies are being developed nationally and internationally

to withdraw mercury from the socio-economic system, requiring options

to be developed for mercury storage and disposal. The current state of
development of these storage/disposal technologies has been reviewed, and

a decision framework has been developed which has informed discussions
associated with the United Nations Environment Programme’s initiative to
develop a global instrument on mercury. A key aim of the project has been
to enhance the availability of relevant information and understanding to
policy processes at national and international levels. The paper will reflect on
our experience of policy engagement over the last three years.

286 Mercury Remediation in Kazakhstan: Exploring Interactions
Between Nanoscale Zero-valent Iron and Sulfate-reducing Bacteria A.
Kajenthira, Harvard Univ, Harvard Kennedy School; I. Thompson, Oxford
Univ, Dept of Engineering Science; A. Crossley, Univ of Oxford, Dept of
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Materials; M.N. Gardner, Univ of Oxford, Dept of Earth Sciences. The
ecological and human health risks posed by the volatility of mercury in the
environment are undeniable. Although UNEP’s internationally binding
treaty on the use of mercury is anticipated in early 2013, the global legacy
of mercury contamination has necessitated continued research into efficient
and cost-effective remediation technologies. This study focused on the re-
mediation of a groundwater mercury plume associated with the Khimprom
Plant in Kazakhstan, and evaluated the potential of nanoscale zero-valent
iron (nZVI) particles for the immobilization of Hg(Il) in aqueous media.
Although nZVT has shown substantial potential for the remediation of chlo-
rinated organic solvents and heavy metals, its possible adverse effects on the
bioavailability of other toxins or nutrients, as well as other indirect ecosys-
tem effects, are largely unknown. More specifically, nZVI has been reported
to have the potential for cell membrane disruption in E. coli, but its possible
influence on obligate anaerobes — such as the sulfate-reducing bacteria that
form the largest biological component of the global mercury cycle — remain
unclear. Further, as the proliferation of sulfate-reducing bacteria can be
highly sensitive to the bioavailability of iron, the application of nZVI could
impact both mercury and iron concentrations within the environment. This
study evaluates the impact of nZVI on the growth of a model sulfate-reduc-
ing bacterium: Desulfovibrio desulfuricans subsp. desulfuricans (DSM 6949),
and measures aqueous iron concentrations following nZVI amendment with
the goal of establishing the utility of nZVI as a Hg(II) remediation technol-
ogy. It was found that nZVT had little or no significant detectable impact on
bacterial growth kinetics when applied at concentrations of up to 100 mg/L.
In addition, although aqueous Fe(II) ions resulted from the Hg(II)-nZVI
sorption process, total Fe concentrations in solution returned to pre-amend-
ment concentrations following the growth of DSM 6949 to maximum
culture capacity. It was consequently hypothesized that aqueous Fe(II) ions
were metabolized during the growth of DSM 6949. A complementary reme-
diation approach for the Khimprom Plant that utilizes both nanoscale Fe(0)
and sulfate-reducing bacteria could therefore enhance the overall potential
for mercury immobilization while minimizing environmental impact.

287 Methylmercury as a Brain Drainer P Grandjean, Univ of Southern
Denmark, Environmental Medicine. The fetus and the child are particularly
vulnerable to pollution. The fetus shares the mother’s exposure and accumu-
lated body burdens of pollutants, and many chemicals are transferred to the
infant via human milk. In addition, during early life, cell differentiation and
organ development must happen in a particular sequence and at particu-

lar times to create optimal functions of the mature organism. The brain is
uniquely sensitive to toxicity during development, and adverse effects can
have serious consequences, as we depend on the integrity of the complete
organ for optimal functioning. Because there is only one chance to develop
a brain, even doses that are safe for adults may, if occurring during early
development, cause permanent IQ loss. Research on neurobehavioral deficits
in humans relies on ‘natural’ experiments and faces many obstacles, in part
because the best evidence requires prospective studies of birth cohorts lasting
at least until school age. Because of the paucity of data, there has been a
tendency to ignore risks of developmental neurotoxicity caused by methyl-
mercury and other chemicals known to be hazardous to the human nervous
system. However, during the last 10 years or so, methylmercury exposures
previously thought to be safe have been reliably linked to adverse effects on
brain development in children. As the children grow, the full impact of the
toxicity is becoming apparent. We have now followed a Faroese birth cohort
up to age 22 years and demonstrated that the methylmercury-associated
effects do not disappear. So the neurodevelopmental delay must now be
recognized as a permanent brain drain. The methylmercury experience is a
reminder that research is unlikely to provide a sufficient basis for decision-
making in regard to pollutants, especially since chemical substances are

not systematically screened for neurotoxicity. As optimal brain function is
crucial to each individual as well as to society, new and precautionary ap-
proaches are required both for research and for decision-making on chemical
testing and control.

288 US State Mercury Initiatives Demonstrate Need For Global Action
To Reduce Mercury Pollution And Highlight Successful Strategies C.M.
Smith, Massachusetts Dept of Environmental Protection, Office of Reseacrh
and Standards. Mercury (Hg) total maximum daily load (TMDL) analyses
for New England (NE), NY, NJ and MN indicate that anthropogenic

Hg inputs to freshwaters may need to be reduced up to 98% to achieve
statewide targets for freshwater fish consumption. Due to air transport,
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reductions in regional, national and global sources are needed. Many states
are pursuing aggressive Hg reduction strategies and coordinate activities
through the Environmental Council of States Quicksilver Caucus (QSC),
a consortium of interstate organizations, and regional initiatives such as the
New England Governors and Eastern Canadian Premiers Hg Action Plan
(MAP). States have considerable flexibility to address environmental issues
and have taken many steps to address Hg sources that exceed federal require-
ments. For example, the MAD, adopted in 1998, established a long-term
goal of virtually eliminating Hg pollution sources in the region. The MAP
uses an adaptive management approach and includes emission reduction
milestones of 50% by 2003 and 75% by 2010 vs. a mid-1990s baseline
(achieved); and, by 2010, use of amalgam separator pollution controls by
95% of dental offices (achieved by most jurisdictions). The MAP also in-
cludes pollution prevention, outreach and monitoring elements. A regional
Hg Task Force (MTF) was established to coordinate MAP implementa-
tion, adjust elements of the MAP and report on progtess to senior political
and environmental leaders. Under the MAP stringent emission limits have
been adopted for many sources including coal-fired power plants (e.g., MA
regulations will require 95% control by 2012). NE states also adopted Hg
products legislation requiring manufacturers to label Hg-added products
and to: phase-out unnecessary uses; notify of ongoing sales; and, enhance
recycling, of Hg-added products. Monitoring of Hg levels in freshwater
fish in MA demonstrates improvement coincident with reduced local and
regional emissions but levels remain too high. To address global sources that
contribute significantly to Hg deposition the MTF and QSC are providing
input to the USEPA and State Dept on the global Hg agreement negotia-
tions. States have advocated for improved inventories of Hg releases and
uses; improved monitoring; comprehensive multimedia planning that
crosses traditional discipline and agency boundaries; adaptive management
approaches; overarching stretch goals with measureable milestones; and
reporting mechanisms to track progress.

289 Wetlands — Implication on the Global Mercury Pollution ]. Ca-
nario, IPIMAR, Aquatic Environment Dept, INRB IP/IPIMAR, Aquatic
Environment and Biodiversity; C. Vale, INRB IP/IPIMAR. The overall
goal of the UNEP Global Mercury Partnership is to protect human health
and the global environment from the release of mercury and its com-
pounds by minimizing and, where feasible, ultimately eliminating global,
anthropogenic mercury releases to air, water and land. Besides the decrease
on mercury emissions in the northern hemisphere in the last decade, the
amount of mercury circulating in the environment is still of great concern.
This issue assumes a major problem in ecosystems, which due to their physi-
cal/chemical/biological characteristics, exchange mercury species mainly Hge
(mercury volatile) and MeHg (methylmercury) with the atmosphere and
food web, respectively. Wetlands, particularly salt-marshes, are among these
key ecosystems where these Hg transformations and Hg escape occur. Mer-
cury studies in Portuguese salt-marshes showed that salt-marsh plants and
the surrounding rizhosphere environment are important areas of mercury
retention and methylation. Levels of up to 30% of MeHg in salt-marsh sedi-
ments contrasting to the 0.01% of MeHg in non-vegetated ones and higher
concentrations of both Hg and MeHg in root biomass poses a serious debate
about whether salt-marshes are efficient for Hg phytoremediation. Ad-
ditional studies in Portuguese salt-marsh plants in contaminated areas also
showed that macrophytes are important sources of Hg to the atmosphere.
Mercury vegetation-air fluxes measured in two salt-marsh plant species
showed Hge emissions during three consecutive days, indicating that these
ecosystems can act also as an important natural mercury source. The export
nature of these ecosystems for mercury has been shown. These findings have
serious implications on mercury pollution especially concerning mercury
fate and speciation in wetland contaminated areas. Based on our work we
believe that the definition of a global mercury policy must take into account
wetland areas which occupied up to 9 million km? of earth surface therefore
incorporating these ecosystems in the UNEP monitoring and assessment
mercury programs. Two types of measures should be envisaged. Encourage
better understanding of mercury transformation and fluxes in key areas of
the world, namely wetlands and areas where mercury is used in industrial
processes. Improve technologies to reduce the mercury emissions and to
sequestrate mercury in inorganic forms.

290 Terrestrial Ecological Risk Assessment to Support RCRA Facility
Management Decisions at the Hanford Nuclear Reservation L. Williams,
Integral Consulting Inc.; B. Tiller, Environmental Assessment Services; M.

Connelly, Washington River Protection Solutions. The Inner Area of the
Hanford Nuclear Reservation’s Central Plateau is a 10-square mile mosaic of
industrialized areas and highly fragmented and often disturbed sagebrush-
steppe habitat. The Inner Area has been used for nuclear fuel processing
and waste management and waste disposal activities, including several tank
farms that collectively had received 53 million gallons of radioactive waste.
Past spills and leakages at the tank farms are suspected of releasing up to 1
million gallons of mixed radioactive and non-radioactive materials to surface
and subsurface soils. Waste Management Area C is an 8.5-acre tank farm
that is undergoing a RCRA facility investigation and cleanup pursuant to
closure within the next few years. An ecological risk assessment is being
undertaken for Waste Management Area C to evaluate threats to terrestrial
habitat that may be associated with past releases of chemicals and radionu-
clides under a no-action cleanup alternative. The ecological risk assessment
uses a site and receptor-specific approach that integrated requirements in
EPA, DOE, and Washington State regulations or guidance. Plant, inverte-
brate and wildlife species that are indigenous to the Columbia Plateau were
selected as receptors of interest. Risk will initially be evaluated by compari-
son of ecotoxicity thresholds with contaminant concentrations in soils. A
secondary line of evidence based on tissue chemistry for small mammals
collected in the vicinity of the tank farm will be used to assess risk to higher
trophic level predators. The terrestrial ecological risk assessment approach
will also be used to help define site-specific cleanup goals, to facilitate selec-
tion of corrective action alternatives and to assist in evaluating post-closure
conditions associated with an engineered soil cover.

291 Evaluation of Biointrusion in Support of Remedial Planning for
the Central Plateau of the US Dept of Energy Hanford Site B. Sam-

ple, Ecological Risk Inc.; P Seeley, Cenibark International, Inc.; J. Lowe,
CH2M HILL Plateau Remediation Company; M. Markin, CH2M Hill.
Remediation of the Central Plateau of the Hanford Site requires definition
of the remedial depth (i.e., the point of compliance). Under the State of
Washington Model Toxic Control Act (MTCA), the point of compliance
for terrestrial ecological considerations can be adjusted based on site specific
conditions, the assumed biologically active zone (6 ft) or at the standard
point of compliance assuming no institutional controls (15 ft). This study
was undertaken to identify and bound the biologically active soil zone as

an appropriate point of compliance. Literature on animal burrowing and
plant rooting depths was identified. Considerable primary data are available
for depths to which ants, mammals, and plants may exploit the surface soil
column at the Hanford Site and other comparable locations. The maximum
depth observed for harvester ants (Pogonomyrmex spp.) was 270 cm (8.9 ft),
with only trivial excavation below 244 cm (8 ft). Badgers (Zaxidea taxus) are
the deepest burrowing mammal at the Hanford Site, with maximum burrow
depths of 230 cm (7.6 ft); all other mammals did not burrow below 122

cm (4 ft). Shrubs are the deepest rooting plants with rooting depths to 300
cm (9.8 ft) for antelope bitterbrush (Purshia tridentata). Two of the most
abundant shrub species did not have roots deeper than 250 cm (8.2 ft).

The deepest rooted forb had a maximum root depth of 240 cm (7.9 fr). All
other forbs and grasses had rooting depths of 200 cm (6.6 ft) or less. Spatial
distribution and density of roots over depths were also evaluated. These data
indicate that the biologically active soil zone in the Central Plateau does not
exceed 300 cm (9.8 ft), the maximum rooting depth for the deepest rooting
plant. The maximum depth at which most other plant and animal species
occur is substantially shallower. No mammals burrow to depths greater than
230 cm (7.6 ft). Although the maximum excavation by harvester ants is 270
cm (8.9 ft), trivial volume of soil is excavated from depths below 150 ¢cm (-5
ft). Most root biomass (>50-80%) is concentrated in the top 100 cm (3.3
ft), and at the maximum depth, only trace root biomass is present. Based on
these data, a site-specific depth of 305 cm (10 ft) is proposed for the Central
Plateau at Hanford Site as the depth in soil below which it may be reason-
ably expected that contaminants do not pose a threat to terrestrial plants or
animals.

292 Risk Based Soil Concentrations for the Protection of Wildlife at the
US Dept of Energy Hanford Site C. McCarthy, CH2M Hill, Environ-
mental Services; B. Sample, Ecological Risk, Inc.; J. Lowe, CH2M HILL
Plateau Remediation Company; M. Markin, D. Wright, H. Awata, CH2M
Hill. Risk-based soil concentrations for wildlife were developed as part

of a tiered framework for derivation and application of values to support
risk management for the US Dept of Energy Hanford Site. Generic values
were initially identified from published sources (EPA, MTCA, ORNL,
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DOE) that correspond to the no-effect based thresholds generally used in
screening-level ecological risk assessments (SLERAs) with applicability across
North America or the State of Washington. Tier 1 values were derived, still
as literature-based values, by employing the exposure dose models used in
the EPA’s EcoSSLs and DOE’s A Graded Approach for Evaluating Radiation
Doses to Aquatic and Terrestrial Biota but specifically for bird and mam-
mal species present at the Hanford Site. Tier 1 values generally correspond
to the effect thresholds that would be employed in SLERAs, Step 3b of
EPA’s Risk Assessment Guidance for Superfund, or Site-specific Terrestrial
Ecological Evaluations under MTCA. Tier 1 values are intended to dif-
ferentiate between COPECs, receptors, and locations for which a conclusion
of no unacceptable risk can be made and those for which risk may exist

but current data are insufficient to support a definitive conclusion. Tier 2
values were also developed for non-radionuclides by updating the exposure
assumptions of the Tier 1 models through integration of available Hanford
specific bioaccumulation data with that from existing data sets. Data for

soil paired with plants, terrestrial arthropods, and small mammals from the
data sets that supported existing bioaccumulation models (i.e., those from
OSWER Directive 9285.7 55 used to develop the EcoSSLs) or from other
published sources were combined with Hanford Site data to develop a set of
partially site specific bioaccumulation models. For estimating exposure from
consumption of invertebrates, only arthropod tissues were included to be
more representative of the terrestrial environments found at the Hanford site
where insects and other arthropods (e.g., spiders, etc.) are more likely to be
consumed. Use of the Tier 2 values is intended to improve risk management
decisions through the reduction of uncertainty associated with assump-
tions in the development of Tier 1 values. Tier 2 values correspond to effect
thresholds to be used in a baseline risk assessment or as preliminary reme-
diation goals (PRGs). Tier 3 values can be developed for specific localized
application but have not been developed to date.

293 Statistical Methods to Evaluate Soil Bioassay Results from Het-
erogeneous Soils and Multiple Collection Events W. Swanson, R. Ryti,
Neptune and Company, Inc.; D. Jacques, Washington Closure Hanford.
Among the lines of evidence evaluated in ecological risk assessments, bioas-
says performed with site-specific soils can be one of the most relevant and
diagnostic of the potential for adverse effects on specific receptors. However,
the results of the bioassays vary as a result of laboratory conditions (mois-
ture, light, test organism, etc) as well as various confounding factors related
to soil properties and characteristics. This paper reviews soil bioassays per-
formed to support ecological risk assessment of upland and riparian habitat
in the River Corridor portion of the Hanford Site in Washington State.
Seedling germination tests using a local native species, Sandberg’s Bluegrass
(Poa sandbergii), were conducted on surface-soil samples collected from over
50 study sites in the River Corridor. The soil samples were collected from
2005 to 2008 from a variety of study sites having a wide range of con-
tamination levels and soil characteristics. In total there were 362 different
bioassay tests evaluated for over 70 contaminants and confounding factors.
Statistical methods were used to evaluate overall bioassay trends, the impact
of confounding factors, and draw conclusions regarding adverse effect levels
of contaminants. Results for the seedling germination tests are presented to
illustrate these statistical methods and the challenges related to interpreting
results from this type of test.

294 Approach for Development of Plant and Invertebrate Preliminary
Remedial Goals for the US Dept of Energy Hanford Site B. Sample, Eco-
logical Risk, Inc.; C. McCarthy, CH2M Hill, Environmental Services; A.
Aly, Interra; J. Hansen, United States Dept of Energy. Available literature-
based soil screening values may not reflect Hanford Site specific conditions
that affect analyte specific exposure/response relationships for plants and in-
vertebrates. Use of these screening levels to guide remedial decision-making
introduces uncertainty that warrants further study. A site-specific bioassay
program, using Sandberg bluegrass (Poa secunda) 14 day post germination
and 28 day growth bioassays and springtail (Folsomia candida) 28-day re-
production and survival bioassays was conducted to address this uncertainty.
Bioassay results and paired chemistry data were collected for 70 samples (11
field controls and 59 target locations) representing a range of concentrations
of selected contaminants. A step-wise approach for evaluating these data and
deriving site-specific effect thresholds was employed. First, the distribution
of analytical chemistry was compared to existing screening benchmarks and
Hanford background concentrations to a) ensure field control samples were
less than background and b) identify analytes that may have an association
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with effects. Second, specific samples were identified as toxic using statistical
analysis (parametric and non-parametric ANOVA) to identify differences

in responses among laboratory controls, field controls, and target samples
and through the development of a ‘reference envelope’ based on background
concentrations. Third, chemistry data were integrated with bioassay results.
Correlation analyses were performed to identify analytes most associated
with observed responses. Site-specific NOECs (highest concentration at
which no effects were observed) and Apparent Effect Thresholds (lowest
concentration at which effects were observed in all samples) were devel-
oped using the ANOVA and Reference Envelope results. Fourth, regression
analyses (linear and nonlinear) were performed to quantify dose-response
relationships and to identify 20 and 50 percent effects levels. Finally, princi-
pal components analysis was conducted to identify sets of analytes associated
with observed bioassay response. The results of these analyses will be used
establish preliminary remediation goals (PRGs) that will have applicabil-

ity to soils within terrestrial environments across the Hanford Site, which
include both upland and riparian habitats.

295 The Hanford Site: Ecological Risk Evaluation of the Columbia
River L.E. Robinson, Woodard & Curran Inc.; L.C. Hulstrom, Washing-
ton Closure Hanford. As part of the on-going cleanup of DOE’s Hanford
Site in Washington State, approximately 100 miles of the Columbia River
adjacent to and downriver of the Hanford Site is being investigated and
evaluated in accordance with the RI/FS process of Superfund. Although
not technically part of the Hanford Site, the Columbia River lies adjacent
to the facility and was a source of cooling water for nuclear reactors during
the decades when the Site was operating. This presentation describes the
process used to conduct a screening level ecological risk assessment of the
main channel of the Columbia River. The study was based on both historical
data and additional surface water, porewater, sediment, island soil, and fish
tissue data collected during the recent remedial investigation. The fish sam-
pling program included the collection of composite samples of fish tissue
(fillets, kidney, liver, and carcass) from six species of resident fish. Statistical
evaluation of sediment and surface water data was used to divide the River
into four Sub-Areas, which were evaluated independently. Contaminants
of potential ecological concern (COPECs ) were selected statistically and
evaluated against no-observed-effect-level (NOEC) benchmarks. Com-
pounds exceeding NOECs were further evaluated as part of a Refinement
that considered a variety of additional factors, including LOEC values and
the number, magnitude, location, and date of LOEC exceedances. Potential
effects on fish were evaluated by histopathological examinations, plus com-
parisons of fish weight, length, condition factors, and hepatosomatic indices.

296 Overview of Biological Metrics Evaluated in the Near Shore
Environment R. Ryti, Neptune and Company, Inc.; B. Tiller, Environ-
mental Assessment Services; J. Markwiese, Neptune and Company, Inc.,
Environmental Assessment Dept; D. Jacques, Washington Closure Hanford.
The baseline ecological risk assessment for the River Corridor portion of
the Hanford Site in Washington State employed field-, laboratory-, and
literature-based lines of evidence to evaluate the potential for adverse effects
related to historical releases from plutonium production operations on
biota in the near-shore aquatic environment. This paper presents the study
design and results for one of the field measures — rock baskets that served as
artificial substrates to sample the aquatic community. Clean cobbles were
deployed in shallow water (- 2 meters) at 41 locations along more than 100
km of the Hanford Reach of the Columbia River. This included reference
sites upstream of the Hanford Site and study sites along the Hanford Site
shoreline. Benthic macroinvertebrates that had colonized the rock baskets
were collected after approximately 6 months of deployment and sorted to
family, genus, or species level. Because mollusks were of special concern,
they were identified to species. Biological information was summarized into
56 total attributes. In addition to characterizing the biota obtained from
these rock baskets, habitat and contaminant information was also obtained
for the deployment sites. Univariate and multivariate statistical tools were
used to determine if there were any overall trends in diversity and abun-
dance and if these trends could be related to habitat, contamination, or
some combination of these factors.

297 Relationships Between Heavy Metals and PCBs in Sediment and
Fish Tissue from the Hanford Reach in the Columbia River L.M. MclIn-
tosh, Woodard & Curran, Risk Assessment Services; S. McCarthy, Woodard
& Curran; L. Campe, Woodard & Curran, Risk Assessment; C. Trapp,
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Woodard & Curran, Risk Assessment Services; L. Hulstrom, Washington
Closure Hanford. An approximately 150 mile stretch of the Columbia
River in Washington State, upstream, adjacent to and downstream of the
Hanford Site (a largely decommissioned nuclear production facility operated
by the United States Dept of Energy), has been the subject of environmental
investigations for decades. Recently, as part of a remedial investigation of
the Columbia River, numerous environmental samples consisting of surface
water, sediment, island soils, and different tissue types from several differ-
ent species of fish, were collected along this river reach. The objective of

the study reported here is to ascertain patterns in and relationships among
environmental media—specifically, sediment and fish tissue-- for a variety of
chemical constituents. In particular, in-depth multivariate statistical evalu-
ation was conducted to determine the relationships of select heavy metals
(e.g., Hg, Cd, Cu, Mn, Sr and Zn) and polychlorinated biphenyls within
sediment as well as relationships of these constituents between sediment

and different tissue types of six different fish species. The implications of
this approach for using sediment data as an indicator of the uptake of these
constituents into fish tissue is also discussed.

298 An Investigation into the Extent and Biological Impacts of Endo-
crine Disrupting Chemicals (EDCs) in a Highly Efluent-Dominated
River in New England D. McDonald, K. Kipp, B. Hoskins, T. Faber,
USEPA, New England Regional Laboratory; A.L. Batt, USEPA Office of
Research and Development, National Exposure Research Laboratory; M.A.
Mills, USEPA, National Risk Management Research Laboratory; L. Zintek,
USEPA, Region 5; .M. Lazorchak, US Environmental Protection Agency,
Office of Research and Development, USEPA Office of Research and
Development, National Exposure Research Laboratory, USEPA, Molecular
Ecology Research Branch; H. Haring, The McConnell Group, ¢/o USEPA
ORD; S.F. Nakayama, National Institute for Environmental Studies, Center
for Environmental Health Sciences. The Assabet River in central Massachu-
setts is a heavily efluent-dominated river and, during low-flow conditions,
is composed almost entirely of wastewater effluent (i.e., up t0 95%). The
USEPA Regional New England Laboratory and the USEPA Office of
Research and Development Cincinnati Laboratory have been conducting a
two-year study to investigate endocrine disrupting chemicals (EDCs) in the
effluents and their potential impacts on fish in the river. During the first year
of the study, efluents from four wastewater treatment plants were analyzed
for a suite of EDCs, steroid compounds, perfluorinated chemicals (PFCs)
and other pharmaceuticals and personal care products (PPCPs). Forage fish
were collected from the river and analyzed for indicators of EDC exposure,
including histopathology and vitellogenin (i.e., egg yolk protein) induction
in male fish. Larval whole effluent toxicity exposure tests were conducted
using effluents from the plants. Of the 54 pharmaceutical analytes, 29 were
found across all four effluents, with six of those having concentrations near
1 ug/L. For the eight steroids measured, one efluent had a concentration of
ethinylestradiol at concentrations known to cause effects on fathead minnow
fecundity (@2 ng/L). Two plants had PFCs (PFOS/PFOA) at levels near the
Minnesota Pollution Control Agency Aquatic Life Criteria. Nonyl Phenols
were found at concentrations of at least 5 ug/L in all effluents. Additional
results of the first year of research will be presented.

299 Endocrine Disrupting Compounds in Wyoming Surface Waters:
Assessment of Presence, Suspected Sources and Possible Consequences
for Wyoming Fisheries E.O. Johnson, Univ of Wyoming, Dept of Zool-
ogy and Physiology; D.T. Pham, Univ of Wyoming, Dept of Zoology and
Physiology (3166); ].M. Morris, Stratus Consulting; H.L. Bergman, Univ
of Wyoming, Dept of Zoology & Physiology. We initiated this project
because of widespread reports from Europe and North America on intersex
condition and other reproductive abnormalities in fish related to presence
of measured or suspected endocrine disrupting compounds (EDCs) in
surface waters (e.g., Joebling et al. (1998) in England on wild roach, Vajda
et al. (2008) in Colorado on white sucker, and Hinck et al. (2009) on bass
in many US surface waters). These studies often point to discharges from
wastewater treatment plants (WWTPs) as the principal sources of natural
and synthetic steroids and other chemicals that can affect fish reproduction
and fish populations. But WWTP discharges are not the only sources of
EDCs. A recent report on trout from remote, high-elevation lakes in the
western US point to long-range atmospheric transport and deposition of in-
dustrial chemicals such as PCBs as the putative cause of intersex male trout
(Schwindt et al. 2009). Possibly a potential issue for Wyoming and other ru-
ral agricultural areas are recent studies of livestock manure, including those

associated with rangeland grazing, as a source of steroid hormones appar-
ently causing elevated incidence of intersex male fish (Kolodziej and Sedlak
2007). There appears to be little information about the presence of EDCs
from Wyoming surface waters or the possible presence of intersex male

fish. But our recent measurement of 11.7 ng/L (parts per trillion) 17-beta-
estradiol in the Laramie River above the Laramie WWTP discharge is a
particularly concern, given the predicted-no-effect-concentration (PNEC) of
1 ng/L 17-beta-estradiol for protection of aquatic life, as established by the
British Environment Agency (Young et al. 2004). Because of this concern,
we collected white suckers from the Laramie River approximately 10 miles
upstream from Laramie and above any WWTP discharges in this watershed
and examined gonadal tissue using H&E stain and light microscopy and
observed both oocytes and spermatogenic tissues in the same sections of
male fish gonads indicating an intersex condition. We have now expanded
this study and will report results on gonadal tissue histology and plasma
vitellogenin levels in fish and chemical analyses for EDCs in water samples
from four sites along the Laramie River, including (1) a pristine up-river site,
(2) a site downstream from potential agricultural runoff, (3) a site down-
stream from potential septic system releases, and (4) a site downstream from

the Laramie WWTP discharge.

300 Biological and Photochemical Fate of Pharmaceuticals and Their
Metabolites in WWTPs, Wetlands, UV and UV/H202 Process E. Lee,
Gwangju Institute of Science and Technology, Dept of Environmental
Science, GIST, Dept of Environmental Science and Engineering; J. Cho,
Gwangju Institue of Science and Technology, Environmental Engineering.
As pharmaceuticals have been an emerging concern for several decades,
pharmaceutical metabolites are also getting attention due to their potential
of ecotoxicological effect. Even though pharmaceutical metabolites have
been metabolized in body, some metabolites (10, 11-epoxycarbamazepine,
paraxanthine) are still pharmaceutically active and more stable than parent
compounds. However, the fate of pharmaceutical metabolites has been rarely
known compared to the parent compounds. The purpose of this study is to
provide scientific information of behavior of both pharmaceuticals and their
metabolites in various water treatment processes. In this study, overall fate
of pharmaceuticals and their metabolites was investigated in both biologi-
cal (WWTPs, and wetlands) and photochemical (UV and UV/H202)
process. Firstly, transformation of pharmaceuticals into their metabolites
was investigated in both WWTPs and constructed wetlands process to
understand the environmental fate of pharmaceuticals and their metabolites.
Various micropollutant compounds, including 12 pharmaceuticals and 11
metabolites were selected for this study. Whole analytes were measured using
Water 2695 Separations Module coupled with a Micromass Quattro Micro
triple-quadrupole tandem mass spectrometer in electrospray ionization
mode (ESI). Research revealed that most pharmaceutical compounds were
substantially eliminated by WWTP process except for atenolol (removal
efficiency at 50%) and iopromide (60%). And most of the metabolites
(4-OH-diclofenac, hydroxyl-ibuprofen, O-desmethyl-naproxen and CBZ-
100H) were more stable than the parent compounds in both WWTP

and wetlands treatment. Well-known pharmaceutically active metabolites
(paraxanthine, CBZ-EP and N-acetyl-SMZ) were also detected in treated
water. In addition, photochemical fate of pharmaceuticals and metabolites
was studied using UV and UV/H20O2 process. Among various pharmaceuti-
cals, diclofenac and sulfamethoxazole showed the highest photodegradation
rate. And their pharmaceutical metabolites showed different photodegrada-
tion rate compared to parent compounds. 4-hydroxy-diclofenac was more
susceptible to the photodegradation than the parent compound, diclofenac.
However, N-acetyl-sulfamethoxazole had conservative behaviors during
photolysis process in contrast to its parent compound, sulfamethoxazole.
This study is expected to be helpful to understand the complex behaviors of
pharmaceuticals and their metabolites in aquatic environment.

301 Endocrine Disrupting Chemicals in a US National Effluent
Sampling M.A. Mills, USEPA, National Risk Management Research
Laboratory; S.F. Nakayama, National Institute for Environmental Studies,
Center for Environmental Health Sciences; K. Tadele, US Environmental
Protection Agency, Student Contractor to National Risk Management
Research Laboratory, Student Service Contractor; A.L. Batt, USEPA Office
of Research and Development, National Exposure Research Laboratory;
J.M. Lazorchak, US Environmental Protection Agency, Office of Research
and Development, USEPA Office of Research and Development, National
Exposure Research Laboratory, USEPA, Molecular Ecology Research
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Branch; M. Kostich, USEPA Office of Research and Development, EERD.
Wastewater treatment plant (WWTP) discharges (both aquatic and solids)
are known to contain endocrine disrupting chemicals (EDCs). The long
term nature of the discharges and the linkages to in stream effects has been a
focus of research in recent years. There have been limited studies to evaluate
the scale of the issue and the relationships to the type of treatment received
within the WWTP. In, 2010-2011, USEPA ORD conducted sampling and
analyses for selected EDCS, pharmaceuticals, and fluorinated chemicals at
50 WWTPs through the United States. The largest municipal wastewater
plants in the United States were identified from the 2004 Clean Water-
shed Needs Survey. These plants produce about 16% of all the municipal
wastewater in the US. A one-time grab or 24-h composite sample (total of
9 liters) of finished aqueous effluent from each plant were collected by EPA
Regional or WWTP personnel. For each effluent sample, the concentration
of steroid hormones, alkylphenolic compounds, and Bisphenol A along
perfluorinated compounds and pharmaceuticals, and the estrogenic poten-
tial in a fish assay. The EDCs measured were found to have a great range

of concentrations and were commonly found in many efluents tested. The
result from the study will be discussed in the presentation.

302 Estrogenic Activity — A Frame of Reference for Some Foods,
Agricultural Wastewaters, and Animal Feedstuffs N.W. Shappell, USDA-
ARS-RRVARC, Biosciences Research Lab, USDA-ARS. In the last decade,
several in vitro estrogenic activity assays have been used to assess munici-
pal and agricultural wastewaters and surface waters. Some work has been
published to provide context by measuring activity from waters collected

in pristine or “control” sites, but the relative estrogenic activity of “health-
ful” foods such as milk, or rice prepared in microwavable bags had yet to be
determined. Using the E-Screen — a proliferation assay using untransfected
human mammary epithelial cells, estradiol equivalents (E2Eq) were deter-
mined for extracts of milk, rice, defatted soybean meal (animal feed), water
used to clean chicken eggs from a commercial processing facility (egg wash
wastewater) and a 1.25 mg pill of Premarin (used for human hormone re-
placement therapy). On a serving basis, E2Eq were: skim milk 31 -317 pg (8
oz, 5 different weeks of supermarket collection), vitamin D 4 pg (as fortified
in 8 oz of milk), rice 0 — 7303 pg (48 g dry rice, 6 extracts from 4 lots), folic
acid 220 pg (as fortified in 48 g rice); with no activity detected from vitamin
A, niacin or thiamin (other fortifications in milk or rice). The microwavable
bags used to prepare the rice contained 2 — 18 pg of E2Eq per serving (n =
6);, no estrogenic activity was found in 3 of 6 rice samples prepared in bags,
and in 2 of 6 rice samples prepared without bags. The variability in E2Eq of
both milk and rice is to be expected. Milk is a composite product coming
from animals at various stages of lactation with variable estrogen secretion.
The estrogenic activity in rice is most likely the result of trace mycotoxin
contamination, such as zearalenone, and therefore highly variable. To put
these values in context, Premarin contained ~300,000 pg/pill of E2Eq and
defatted soybean meal used as an animal feed contained - 120,000 pg/g dry
matter. The highest untreated egg wash wastewater contained 10 ng/L of
E2Eq, approximating the proposed lowest observable effect concentration
for E2 in fish. Analysis of egg wash wastewater from the holding lagoon
indicated a 66% reduction in E2Eq. These data provide a broader context in
which to frame past, present and future measures of estrogenic activity.

303 Fate of Triclosan and Methyltriclosan in Soil from Biosolids Ap-
plication N. Lozano, Univ of Maryland, Faculty Research Assistant; A.
Torrents, Univ of Maryland, Civil and Environmental Eng.; C. Rice, US
Dept of Agriculture, Environmental Management and Byproduct Utili-
zation Laboratory; M. Ramirez, District of Columbia Water and Sewer
Authority. Biosolids contain synthetic chemicals that have the potential to
alter soil microbial communities and disrupt endocrine functions if they
move offsite. In this study, the persistence of triclosan (TCS), an antibac-
terial compound normally found in biosolids and in soils after biosolids
applications was evaluated. The fate of its biodegradation product, Meth-
ylericlosan (MeTCS), was also examined. TCS and MeTCS concentrations
were analyzed in biosolids samples collected every two months from a large
waste water treatment plant (WWTP) over 4 years. An experimental agri-
cultural plot was treated with a single biosolid application from this plant
(average TCS and MeTCS concentrations of 15.6 + 0.6 and 0.12 + 0.01 pg
g-1 dry wt.) and surface soil samples were collected several times afterward,
over a three years period. In the experimental plot, for the first 8 months,
concentration of TCS in the soil gradually increased with maximum levels of
63.7 + 14.1 ng g-1 dry wt., far below the predicted maximum concentration
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0f 307.5 ng g-1 dry wt. After one year, TCS disappearance corresponded
with MeTCS appearance, suggesting in situ biodegradation. The results
suggest that soil incorporation and degradation processes are taking place si-
multaneously and thus soil concentrations are always far below the predicted
maximum concentration. In this study, TCS background levels are achieved
within two years. TCS half-life was determined as 104 d and MeTCS half

life was estimated to be more than 4 times this value.

304 Pharmaceuticals, Perfluorinated Compounds and Other Organic
Wastewater Compounds in Private Drinking Water Wells on Cape Cod,
Massachusetts L.A. Schaider, Harvard School of Public Health, Dept of
Environmental Health, Silent Spring Institute, Dept of Environmental
Health; R.A. Rudel, ].M. Ackerman, S.C. Dunagan, J.G. Brody, Silent
Spring Institute. The shallow aquifers of Cape Cod, Massachusetts, USA,
are vulnerable to contamination from septic systems, the area’s predominant
form of wastewater treatment, because of the porous nature of the sandy
soils and close proximity between septic leach fields and groundwater levels.
Such contamination is of concern because groundwater is the sole source

of drinking water on Cape Cod. Private wells, which serve 20% of Cape
Cod residents, may be more vulnerable to wastewater contamination than
public wells because they are located in residential areas without large buffer
zones to separate them from septic systems or other sources of groundwater
pollution. We tested for 121 organic wastewater compounds (OWCs) in 20
private drinking water wells on Cape Cod. Wells were selected through a
two-step screening process. We used GIS land use data to analyze the extent
of residential development in a zone near each of 130 wells that were volun-
teered by local homeowners. Of these, 50 wells were selected for a second
round of screening, with the goal of including wells with a range of nearby
residential development and geographic locations. Water samples from
these 50 wells were tested for two inorganic markers of wastewater, nitrate
and boron, and these results were used to a select a final list of 20 wells that
encompassed a range of concentrations, with an emphasis on wells with high
nitrate and boron. We compared the results of OWC testing in these 20
wells to those found in our recent study of Cape Cod public wells and other
US source waters. We also evaluated the ability of land use information, well
depth and concentrations of nitrate, boron, and acesulfame (an artificial
sweetener) to predict overall OWC occurrence. Findings were reported to
participating well owners, including supplemental information for interpret-
ing results, and to the general public. Our results provide some of the first
results documenting septic system impacts on drinking water supplies and
have implications for wastewater management planning and protection of
similarly vulnerable water supplies.

305 Seasonal Variation of Surface Water Veterinary Pharmaceutical
Levels in an Agricultural Watershed D. Snow, Univ of Nebraska-Lincoln,
Wiater Sciences Laboratory, School of Natural Resources, Univ of Ne-
braska, Associate Professor; D. Rus, US Geological Survey; S. Bartelt-Hunt,
Univ of Nebraska, Civil Engineering. Traces of veterinary pharmaceutical
compounds can be introduced directly to surface water through illicit or
unintentional discharge of livestock wastewater, and indirectly through
storm run-off from field receiving wastewater or biosolids application.

In areas with a high density of animal feeding operations it is difficult to
distinguish between sources and relative importance of these routes. This
study investigated the seasonal occurrence of 17 veterinary antibiotics and
growth promoters in river and tributaries draining approximately 300,000
acres of cropland with roughly 140 large livestock operations. Polar organic
contaminant integrative samplers were used to measure variation of phar-
maceutical levels in the watershed at eight locations during spring, summer,
and fall in 2008 and 2009. Time-weighted estimated average concentrations
of pharmaceuticals were estimated using uptake rates determined in a previ-
ous study. Sites with passive samplers were also equipped with continuous
monitoring equipment for water levels, conductivity, temperature, and
dissolved oxygen. Twelve of the seventeen pharmaceutical compounds were
detected in the passive samplers during the monitoring periods. Com-
pounds regularly detected in POCIS extracts include lincomycin, monensin,
sulfamethazine, tiamulin, and oxytetracycline. Compounds detected
infrequently and at concentrations less than 1 ng/L include ractopamine,
sulfachloropyridazine, sulfamethazole, sulfamethoxazole, sulfathiazole, and
tylosin. Previous evidence had suggested a spill or direct discharge to surface
water, though there was little evidence of a point source release of pharma-
ceuticals during this study. Run-off from fields fertilized with animal manure
is thought to be the major contributor of pharmaceuticals to surface water.
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306 Great Lakes, Great Laboratory: Achievements in Environmental
Chemistry D. Swackhamer, Univ of Minnesota, Environmental Health
Sciences. Environmental chemistry was largely motivated by the environ-
mental disasters of the 1950s — 1960s, including air pollution problems in
the Ohio Valley, the burning of the Cuyahoga River, and the “death” of Lake
Erie. The first account of DDT and PCBs in North America was from fish
from the Great Lakes. Many of the visible environmental problems were
concentrated in the Great Lakes basin, and much of the research that has
helped solve the problems and led to the enactment of many of our federal
environmental laws has been done in the Great Lakes. The successes include
large scale water quality modeling of phosphorus; analytical advances in
POPs measurements; PODPs fate and transport, especially the discovery of
long-range transport; greater understanding of bioaccumulation; develop-
ment of large-scale, long term monitoring programs; and more. Each of

the problems will be presented along with a case study of how Great Lakes
environmental chemistry research has made significant contributions to our
understanding of the problems.

307 Women in Environmental Chemistry: Past Accomplishments,
Present Challenges D. Delach, Clemson Univ, Environmental Toxicol-
ogy; C.M. Lee, Clemson Univ, Environmental. Engineering and Earth
Sciences Dept. Women have been among the pioneers of Environmental
Chemistry since its inception. Many women were able to overcome major
challenges to make significant contributions that continue to be important
to this day. The contributions of scientists such as Ellen Swallow Richard,
Alice Hamilton, Rachel Carson, Kathleen Taylor, Rosalyn Yallow, and Susan
Solomon will be discussed. Each of the scientists featured contributed to the
theory and technology that we use today. These women share some similar
characteristics such as passion for science and compassion for humanity that
enabled them to overcome challenges and contribute. We will discuss the
characteristics and accomplishments of women from the earliest days of en-
vironmental chemistry to the present day. We seek to answer how to inspire
future chemists to continue the progress in understanding the behavior of
contaminants in environmental systems by considering the lives of these
women.

308 Environmental Chemistry: The View From the Cupboard Under
the Stairs A. Jones, Clemson Univ, Institute of Environmental Toxicology,
Clemson Univ, Institute of Environmental Toxicolo; E. Carraway, Clemson
Univ, Environmental Engineering & Earth Sciences, Clemson Institute of
Environmental Toxicology. What is environmental chemistry? Why is it
worth poking my head out from behind the cupboard door? From impor-
tant chemists of yesteryear, to movers and shakers of today and the budding
chemists of tomorrow, this presentation takes a look at how we got here,
and where we are going in environmental chemistry from a student’s point
of view. Stuart Baird and Scott Cann described environmental chemistry

as being concerned with the chemical aspects of problems that humankind
has created in the natural environment. While that may be a succinct,
though pessimistic description, this presentation will explore the origins of
environmental chemistry as a reactionary scientific discipline. Our initial
lack of understanding of environmental processes has been replaced with
advancements in knowledge of the natural world around us. In a short time
we have come from ‘the environment will take care of it,” to ‘dilution is the
solution to pollution,” to the seemingly never-ending search for the limit of
our detection capabilities. But where do we go from here? Fortunately, our
relentless pursuit of a better understanding of the environment has led to
potential remedies to many of our environmental problems. However, as

is often the case, issues with economics and applicability at large scales still
exist. We still have much work to complete to further our understanding of
current and developing environmental problems, to make implementation
of solutions less costly, and to better communicate our science to the policy
makers and general public.

309 Equilibrium Partitioning in a Multimedia World: Past, Present and
Future D. Mackay, Trent Univ. Looking back, the author devoted three
decades to exploring the feasibility of using the equilibrium criterion of fu-
gacity to complement and help interpret various multimedia concentrations
that are measured and used by environmental chemists. Insights that can be
obtained by viewing the world of multimedia contamination through the
lens of fugacity are outlined, notably fascinating excursions into bioconcen-
tration, air-water exchange, global transport, and the ability to compile very
simple and intuitive mass balance models. Coming from a petrochemical

engineering background the author grew to love the fugacity concept but
others are understandably less enthusiastic because it is concentrations that
are measured and it is doses and body burdens that induce toxic effects: not
fugacity. The author was slow to appreciate that the closely related equilibri-
um criterion of activity has toxicological significance, especially for narcotics,
namely Ferguson’s “activity hypothesis”. Fugacity can thus describe not only
multimedia environmental fate, it can also contribute to assessing effects and
risk of effects. Looking forward, there is an opportunity for progress in four
areas: improving the determination of equilibrium parameters for a diversity
of chemicals experimentally and by computation from molecular structure:
testing and improving multimedia models of fate, transport and exposure:
testing the “activity hypothesis”: and refining passive sampling methods of
determining fugacity and activity directly in the environment and especially
within organisms.

310 The History of Environmental Chemistry — The Mackay Era and
Beyond M.L. Diamond, Univ of Toronto, Dept of Geography and program
in planning, Univ of Toronto, Dept of Geography. SETAC was founded
1979, the year Don Mackay started the fugacity legacy with “Finding Fugac-
ity Feasible” (ES&T). The context for the burgeoning field of environmental
chemistry was dire reports of global environmental catastrophe from Barry
Commoner, and Meadows et al. (“Limits to Growth” 1972) and others. The
degraded state of the lower Great Lakes, catalyzed interdisciplinary, prob-
lem-solving research amongst chemists, chemical engineers and biologists
under the aegis of the International Joint Commission. In this atmosphere
Don Mackay, with SETAC colleagues Yalkowsky, DiToro, Eisenreich et

al., marshaled the fundamental principles of chemical engineering and
chemistry, together with knowledge from other fields such as pharmaceuti-
cal sciences and toxicology, to give birth to a new integrated thinking about
environmental pollution. The prime innovations by Mackay and SETAC
colleagues, which I suggest formed a new paradigm, were explaining that the
fate and effects of organic chemicals were predictable, based on knowledge
of fundamental physical-chemical properties of the chemical together with
an understanding of the environment. I suggest that this was a paradigm
shift because this explanation moved the field beyond the phenomenologi-
cal and towards a consistent, mechanistically-based and unifying theory.
Mackay also advocated taking a multi-media approach since, in this new
paradigm, organic chemicals were transported and caused effects far from
their point of emission — the message introduced by Rachel Carson (“Silent
Spring” 1962). It was also a time of the burgeoning of North American uni-
versities, with some faculty members hired “sight unseen” and who had time
to think and explore science, without the “publish or perish” dictum. In the
intervening time, many of us have contributed to fleshing out the “fugacity”
paradigm as we do our “normal science” ( T Kuhn “The Structure of Sci-
entific Revolutions”). As with any paradigm, inconsistencies mount which,
due to our scientific culture, we tend to sweep under the carpet or use to
embellish rather than change the paradigm. As dire predictions of global
environmental catastrophe mount from the next generation of prognostica-
tors, let’s hope that we can give birth to the next paradigm that will meet the
challenges that we face!

311 The Early Days of Environmental Chemistry R.A. Hites, Indiana
Univ, School of Public & Environmental Affairs. Environmental chemistry
as a discipline developed from two directions: air pollution and water pollu-
tion. As sanitation in urban centers developed in the 19th century, a type of
civil engineer evolved; their goal was to understand the processes of treating
sewage and drinking water (and keeping the two apart). These folks became
known as sanitary engineers and had skills in both hydrology and in micro-
biology. At the same time, people realized that air pollution was a significant
problem, particularly in highly industrialized cities, and dealing with these
problems lead to some fundamental work on gas-phase chemical kinetics. In
parallel and crystalized by Rachel Carson’s 1962 book Silent Spring, interest
also developed in what were at the time called “pesticide residues.” The work
from these three rather diverse groups was being published in different jour-
nals. The sanitation engineers were typically publishing in water treatment
journals and presenting papers at civil engineering meetings. The atmospher-
ic scientists were publishing and presenting at earth sciences meetings. The
pesticide chemists were publishing in agricultural journals and presenting at
food science meetings. In many ways, this was reasonable given that the in-
tellectual and measurement tools used by these three populations were quite
different. In the 1960s, the American Chemical Society had a division called
Air, Water, and Waste Chemistry — an accurate but unappealing title. By
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the time of the first Earth Day in 1970, this division had changed its name
to Environmental Chemistry with the goal of being inclusive. About the
same time the American Chemical Society’s journal Environmental Science
and Technology was founded. These two initiatives solidified environmen-
tal chemistry as a real discipline, at least among chemists. The Society for
Environmental Toxicology and Chemistry (SETAC) was founded in 1979,
and again the goal was to be inclusive and to reach out to applied aquatic
toxicologists (on the one hand) and environmental chemists (on the other).
Initially this inclusiveness was less that fully realized; for example, the first
SETAC meeting I attended in 1984 had one half-day session devoted to

all aspects of environmental chemistry. Eventually, through the hard work
of SETAC’s Board of Directors, the annual meeting began to attract more
chemists, and it is now one of the annual highlights of the scientific confer-
ence calendar.

312 Proteomic Analysis of Colorful Oysters from Metal Contaminated
Estuary E Liu, The Hong Kong Univ of Science & Technology; W. Wang,
Hong Kong Univ of Science and Technology. Proteomic analysis of ecologi-
cally and economically important organisms is a promising novel approach
for environmental toxicology. Few proteomic studies have been applied to
natural contaminated ecosystems. We collected three populations of oysters
along a metal-contaminated estuary together with one population as the
control from a nearby pristine site. Strikingly, tissue color changed mark-
edly from white (control) to yellow, green and blue, and the increasingly
darken colors were in good agreement with a steady increase in measured
metal concentrations (Cd, Cu and Zn) in the gills. Proteomic analysis of
the gills as one of major metal targets suggested that metal overload led to
systemic dysfunctions in metabolisms of reactive oxygen species, amino
acid and protein, lipid peroxidation, cytoskeleton, and energy production.
These molecular alterations were responsible for the visible population
abnormity (e.g., tissue coloration). Meanwhile, we found a unique protein
expression signature composed of 11 altered proteins, and the signature
could successfully distinguish the population from clean and contaminated
areas and achieve perfect classification of the contaminated animals with
different levels of metals mixture exposure. More importantly, the expres-
sion abundances of 8 proteins, i.e., 26S protease regulatory subunit 6A,
actin, CRE-PGK-1, elongation factor 2, enolase, gelsolin, mitochondrial H*
ATPase a subunit and an unnamed protein, were significantly related to gill
Cu, Zn or Cd concentration. These proteins could be very useful as novel
biomarkers in environmental pollution assessment.

313 Metabolic Profiling of Calanus Finmarchicus to Study the Impact
of Waterborne Diethanolamine Exposure K.E Degnes, SINTEE Materi-
als and Chemistry; T.R. Stoerseth, SINTEF, Fisheries and Aquaculture; D.
Altin, BioTrix; H. Sletta, K. Zahlsen, S.E Borgos, B. Hansen, SINTEE
Materials and Chemistry. The metabolic impact of exposure to different
concentrations of the alkanoamine diethanolamine (DEA) on the micro-
crustacean Calanus finmarchicus was evaluated. C. finmarchicus is one

of the most important organisms in the North Atlantic Ocean due to its
significant position in the food web. This crustacean has therefore been
used as a relevant model for a numerous eco-toxicity tests performed at
SINTEF/NTNU. Thus a large database of eco-toxicological data exists

for this species. DEA has low acute toxicity (96 hrs-LC50=380mg/L), but
due to the widely use of this solvent in a considerable number of industrial
applications, it is relevant to elucidate potential sub-lethal aquatic eco-
toxicological effects of this amine. DEA is therefore a suited model chemical
for metabolic fingerprinting and metabolic profiling of C. finmarchicus. We
have previously published that DEA has an effect on the C. finmarchicus
metabolome using 1H nuclear magnetic resonance spectroscopy (NMR). In
the present study we wanted to further investigate if liquid chromatography
mass spectroscopy (LC-MS) based metabolomics could uncover sub-lethal
stress responses in C. finmarchicus that would not have been observed with
classical toxicological tests. LC-TOF and Mass Profiler Professional software
were used as diagnostic tools in order to evaluate molecular stress responses
in the test species. Metabolic fingerprinting with PCA analysis revealed
changes in metabolite profiles at concentrations fare below LC50, and these
results were confirmed by NMR. Putative metabolites were identified and
metabolites related to biosynthetic pathways that are likely to be significant
for important physiological responses were subject for further investigations.
We have in particular investigated metabolites related to the glycerophos-
pholipid metabolism. Preliminary data indicate that the metabolic profiles
of several classes of glycerophospholipids are altered in response to DEA
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exposure, but work remains in order to investigate if these changes have
biological relevance for C. finmarchicus.

314 Assessment of Cadmium Toxicity in the Liver and Gonads of Adult
Largemouth Bass (Micropterus salmoides) Using Microarrays A.C.
Mehinto, K.J. Kroll, D.S. Barber, N.D. Denslow, Univ of Florida, Dept of
Physiological Sciences and Center for Environmental and Human Toxicol-
ogy. Cadmium is one of the most common pollutants found in Superfund
sites. This heavy metal can accumulate in the aquatic environment and
interfere with fish reproduction. Research in mammals also demonstrated
that cadmium can induce hepatotoxicity. This study examined the acute
physiological changes induced by a low dose of cadmium (20 pg/kg) in the
liver and gonads of adult male largemouth bass. A 15K largemouth bass
microarray was used to examine the genes differentially regulated in both
tissues. Microarray analyses revealed that the genomic responses identified
were tissue-specific with more genes being affected in the liver than in the
gonads of the male fish. In the liver many genes related to DNA repair and
transcription were down-regulated. Oxidative stress response and a disrup-
tion of carbohydrate metabolism were also observed in the liver. Fewer genes
were differentially expressed in the gonads. Gene Ontology analysis showed
that lipid metabolism and steroid biosynthesis were significantly altered. in
this tissue Transcription-related processes were disturbed in the gonads but
the genes identified were dissimilar to those found in the liver. Although
the main biological processes disturbed by cadmium exposure can equally
be affected by other environmental toxicants, some of the genes identified
in this study have been consistently affected by cadmium and they could be
considered as potential biomarkers of cadmium exposure.

315 The Cytochrome P450 Superfamily in the Rotifer, Brachionus
orientalis: Annotation and Their Transcript Expression Analysis R. Kim,
Hanyang Univ, Dept of Chemistry; ]. Lee, Hanyang Univ, Dept of Chem-
istry, Hanyang Univ Graduate School, Dept of Chemistry. Cytochrome
P450 (CYP) genes, a large and most versatile gene family, translates essential
enzymes for the detoxification of xenobiotic chemicals and the metabolism
of drugs. To date, CYPs and those of specific activities have been charac-
terized in numerous invertebrates. However, CYPs showed a considerable
sequence divergence in allied species and little information is available about
their innate functions. For these reasons, a study on CYPs may provide us
with an opportunity to elucidate specifc functions and regulation mecha-
nisms of particular CYP genes. Since the rotifer Brachionus sp. represents an
underived metazoan species we expect it to provide evolutionarily primitive
forms of the whole CYP complement genes. This also makes it a suitable
model species for marine toxicity testing. To annotate Brachionus sp. CYDs,
we constructed phylogeny trees using Mr.Bayes v3.1.2 program. CYPs from
Brachionus sp. were divided into five distinct clans (clan 2, 3, 4, 46) and
mitochondrial groups (8 families, 8 subfamiles, and 28 isoforms). Clan 2,

3, and the mitochondrial groups showed close similarity with those of other
invertebrates, whereas Clan 4 and 46 more similar to vertebrates. To analyze
the effect of B[at]P as a strong inducer of cytotoxic stress, we exposed 10,
100, and 1000 pg/L B[oP for 24 h and measured transcript profiles by
quantitative real-time RT-PCR. Upon B[a]P exposure, CYP isoforms in-
cluding Clan 4, 46, and mitochondrial groups showed no significant mRNA
expression. However, other isoforms of Clan 2 and 3, showed a significant
up-regulation in a concentration-dependent manner. These results indicate
that these two isoforms may have an important role on the metabolism of
xenobiotics like B[0P in Brachionus sp. For further investigation of CYP
genes we measured the mRNA expression of CYP isoforms (Clan 2 and 4)
after exposure to a WAF (Water Accommodated Fraction) that was mainly
composed of PAH from heavy oil spillage in the Yellow Sea of Korea.

We also obtained the relationship of those CYP genes in the AhR-CYP
transduction pathway. The present study may provide comprehensively an-
notation of the rotifer cytochrome superfamily and indicates their putative
role in the mechanism of detoxification of environmental toxicants.

316 Use of Genome and Proteome Analysis to Reveal Toxicity Path-
ways in Rainbow Trout Exposed to the Brominated Flame Retardant
TBBPA-DBPE A. Muttray, D. Simmons, T. Neheli, S. Clarence, J. Miller,
J. Sherry, Environment Canada, Water Science & Technology Directo-
rate. Fluorescent RNA Arbitrarily Primed (FRAP)-PCR is an open-ended
exploratory tool that identifies gene expression differences without prior
knowledge of the affected genes. We employed FRAP-PCR to select genes
that clearly responded to Tetrabromobisphenol A bis(2,3-dibromopropyl
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ether) (TBBPA-DBPE) in rainbow trout (Oncorbynchus mykiss) liver. The
flame retardant TBBPA-DBPE was introduced as a replacement for other
high-volume brominated flame retardants that showed clear evidence of
carcinogenicity. Although little toxicity data is available for TBBPA-DBPE,
related chemicals have been found to be endocrine-disrupting, geno-,
hepato-, immuno- and neuro-toxic in some tests. For risk assessment pur-
poses, it is important to learn if genetic pathways linked to adverse outcomes
are affected by this flame retardant. About 100 FRAP-PCR amplification
products were identified as differentially expressed, extracted from the
differential display gels, and sequenced. Approximately half of the FRAP-
PCR products were positively identified using the BLAST algorithm. The
sequenced and identified products were entered into Ingenuity Pathway
Analysis software (IPA) to categorize them into biochemical pathways. Key
pathways and network nodes affected by TBBPA-DBPE were confirmed by
qPCR. Affected pathways included the acute phase response, cell cycle, pro-
tein metabolism, and genes for serum albumins. qPCR confirmation of the
remaining network nodes and differentially expressed genes is in progress.
Similar real-time PCR analysis of hepatocyte cultures exposed to TBBPA-
DBPE allowed us to compare in vitro to in vivo gene expression signatures.
To juxtapose genome-level responses with responses at the proteome level
we performed a qualitative protein profile of hepatocyte and plasma samples
by liquid chromatography quadrupole time-of-flight (LC-Q-TOF) mass
spectrometry. Approximately 12% of filtered Q-TOF spectral data were
positively identified as peptides from proteins in hepatocyte lysates using the
Agilent Technologies SpectrumMIill protein database search software. IPA
indicated that proteins involved in cellular development, function, mainte-
nance, assembly and organization were found in all treatments and controls.
TBBPA-DBPE-treated hepatocytes, but not controls, also expressed proteins
significantly linked to protein networks involved in endocrine system disor-
ders, molecular transport, and nucleic acid metabolism.

317 Benzene and Trichloroethylene Induce Common Mechanisms of
Toxicity in Largemouth Bass R.C. Colli-Dula, A. Alvina Mehinto, Univ
of Florida, Center of Environmental and Humand Toxicology; A. Cuenca
Navarro, IBMB-CSIC, Dept of Molecular Biology; K.J. Kroll, D. Barber,
Univ of Florida, Center of Environmental and Humand Toxicology; N.D.
Denslow, Univ of Florida, Dept of Physiological Sciences and Center for
Environmental and Human Toxicology. Benzene and trichloroethylene
(TCE), known environmental pollutants, have been detected in aquatic
systems causing adverse effects in fish. In recent years genomic tools, like
microarrays, have been useful to quantify gene expression, allowing the ex-
ploration of mechanisms of toxicity and the identification of biomarkers of
exposure and effect. The object was to use microarrays to investigate changes
in gene expression caused by exposure to benzene and TCE in largemouth
bass. Forty eight fish were individually weighed and injected IP with a single
dose of benzene and TCE (10 mg/kg b/w). After injection, the fish were
sacrificed at 48h. Livers and gonads were obtained and analyzed for gene ex-
pression changes using microarrays. The hypothesis was that concentrations
of 10 mg/kg of benzene and TCE would produce changes in sensitive genes.
In the liver 1332 and 1236 genes were significantly affected (p

318 Connecting Triclosan’s Impact on the Swimming Behavior of Larval
Fathead Minnow (Pimephales promelas) with Altered Ryanodine Recep-
tor Pathways E.B. Holland Fritsch, Univ of California- Davis, Molecular
Biosciences; R.E. Connon, Univ of California — Davis, School of Veterinary
Medicine, Aquatic Toxicology Laboratory; I. Werner, Swiss Centre for Ap-
plied Ecotoxicology, Eawag/EPFL; .N. Pessah, Univ of California, Davis,
Molecular Biosciences. The antibacterial agent triclosan is commonly found
in consumer products including toothpaste, hand soap, and textiles. As an
emerging contaminant of concern found in countless environmental samples
around the world, including wild caught fish tissue and dolphin plasma,
more and more research is beginning to address its impacts in vertebrate spe-
cies. Notably, recent research in mammalian cells has shown that triclosan
alters Ca?* signaling through the ryanodine receptor (RyR), important for
muscle function. Altered RyR functioning, due to triclosan, has not been
investigated in teleost species but could have vast effects on the overall
health and behavior of an organism. To address these effects we evaluated
time-dependent and dose-dependent impacts of triclosan on survival and
swimming behavior in correlation with altered RyR related gene expression,
protein levels and protein functional states. The nominal 7d median lethal
concentration (LC50) yas 193ug.L-1. Triclosan had a significant impact on
swimming behavior and ability after 1d that was consistent after 4d and

7d of exposure. There was a time-dependent and dose-dependent gene
expression response to the antibacterial agent, which significantly altered
the expression of the three RyR isoforms (RyR1, RyR2, and RyR3), as well
as, several genes that tightly regulate RyR activity; Dihydropyridine receptor,
Selenoprotein-N and Glutathione-Sulfur- Transferase. Interestingly, triclosan
did not increase RyR activity in whole fish homogenates suggesting that
RyR related impacts are not direct actions on the receptor. Our research
increases the understanding of triclosan’s mode of toxicity across vertebrate
species and begins to address RyR dysfunction in fish due to environmental
contaminants, which to date has only been investigated in mammals.

319 A Stress-Responsive Whole-Cell Array for Comprehensive Ecotox-
icity Analysis C. Gao, N. Gou, A. Onnis-Hayden, A. Gu, Northeastern
Univ, Civil and Environmental Engineering. Current toxicity evaluation
methods like whole effluent toxicity testing (WET) and toxicity identifica-
tion evaluation (TIE) require sophisticated and laborious procedures, as well
as long time for the test. It is desirable to develop fast and reliable assessment
methods to detect the presence and effects of toxicants. In this study, we
utilized a whole-cell array in the development of methodology in the quan-
titative measurement of the toxicological effects caused by toxicants, and in
the differentiation of toxicants by their toxicological mechanisms through
bioinformatic analysis. The array consists of a library of Escherichia coli K12
strains carrying gene promoters with transcriptional gfp fusions, covering

10 categories of known stress responses. We selected 11 potential toxicants
ranging from model chemicals such as Mitomycin C (MMC) and 4-Non-
ylphenol (4-NNP), to newly emerging nanomaterials such as nano-silver
(nAg) and single-walled nanotube (SWNT). The real-time gene expression
levels under the exposure of these chemicals were monitored over a period
of 2 hours, and transformed into a newly developed Transcriptional Effect
Level Index (TELI) to reflect the toxicological impacts. The results shows
the TELI values follow a dose-response pattern and fit logistic regression
model well (R? values near 0.9). Thus we derived endpoints such TELIs,
and TELIyorgr analogous to EC50 and NOTEL, finding close relationship
among some of them. It also shows that the contributions from different
categories of genes to overall TELI value are not equal, namely the pattern
of gene expression distribution is distinct among chemicals. These results
indicate a possibility to differentiate chemicals according to their TELI pat-
terns. We applied clustering methods such as Hierarchical Clustering (HCL)
and Self-Organizing Maps (SOM) to the samples of different chemicals with
changing concentrations, and found that 1) the samples with extreme low
or high concentrations of chemicals could be clustered together, without
distinguishing the chemical species, implying two ends of toxic effects; 2)
the other samples tend to group into subsets containing similar chemicals, 3)
the subsets with similar toxicological mechanisms tend to group together. In
conclusion, our whole-cell array could be used to measure the toxic effect of
toxicants and explore their mechanisms accordingly.

320 Growth and Bioaccumulation of Copper in Barley (Hordeum
vulgare) Exposed to Copper Oxide Nanomaterials H. McShane, McGill
Univ, Natural Resource Sciences, McGill Univ, Dept of Natural Resource
Sciences; J.K. Whalen, McGill Univ; G.I. Sunahara, NRC-Biotechnology
Research Institute, NRC-Biotechnology Research Institute; W.H. Hender-
shot, McGill Univ, Dept of Natural Resource Sciences. The replacement of
micron-sized materials with nano-sized materials in commercial applications
can increase product efficiency and reduce manufacturing costs. However,

it is necessary to ensure that the subsequent release of these novel materi-

als into the environment, either intentionally or unintentionally, has no
negative impact on exposed organisms. The current study will present results
of tests in which barley seedlings are exposed to copper oxide materials in
agricultural field soil. Commercially-available copper oxide materials with
different primary particle sizes, ranging from nano- to micron-size, and
variable specific surface area, are used to spike the soils. We report the effects
of primary particle size and specific surface area on barley root and shoot
length, total biomass and bio-accumulation of copper. We also report the
effect of the copper oxide on selected soil chemical properties relevant to
model copper transformations in the plant-soil system. These results will be
discussed in the context of current guidelines that regulate copper concen-
trations in agricultural soils.

321 Nanomaterial Contamination of Agricultural Plants ].C. White,
C. Musante, J. Hawthorne, Connecticut Agricultural Experiment Station,
Dept of Analytical Chemistry. Although the use of nanomaterials (NM)
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has increased dramatically in the past decade, the potential risks posed

to humans and the environment have been investigated only recently. A
number of studies evaluating nanomaterial exposure to a range of recep-

tors have been published but there is little information about the effects on
agricultural plants. We have previously shown that standard phytotoxicity
tests such as germination and root elongation are not sensitive enough or
appropriate when evaluating NM toxicity to terrestrial plant species and
that plant growth assays are preferred. Different Cucurbita pepo subspecies
were exposed to 100-1000 mg/L elemental (Ag, Cu, Si, Au) or carbon-based
nanomaterials (fullerenes, single and multi-walled nanotubes), as well as cor-
responding bulk material controls, in Hoagland’s solution amended with or
without humic acid (100 mg/L). Plant biomass, transpiration, solution con-
tent, and particle accumulation were determined. Nanoparticle Ag and Si
reduced plant biomass and transpiration by 30-91% compared to equivalent
bulk materials. In addition, the accumulation of Ag and Si was significantly
greater for nanoparticles than for the corresponding bulk particles. Au had
no effect on plant growth, regardless of particle size. Fullerenes had no im-
pact on plant growth in Hoagland’s solution but the presence of humic acid
in solution resulted in significant reductions in transpiration volume. Our
data clearly demonstrates differential toxicity and accumulation of several
nanomaterials relative to respective bulk particles. The finding solution
chemistry differentially impacts bulk and nanomaterial behavior highlights
the importance of evaluating NM fate and effects under environmentally
relevant conditions.

322 Effects of Metal Oxide Nanomaterials on Soil Microbial Popula-
tions and Communities: Observations and Explanations P Holden, Y.
Ge, J. Priester, R. Vukanti, A. Horst, O. Brun, J. Schimel, Univ of Califor-
nia. With their widespread manufacture and use, engineered nanomaterials
(ENMs) are increasingly expected to be transported into soils where they
may accumulate and affect soil bacterial communities that importantly
catalyze critical reactions in nutrient cycling. Questions regard the potential
for ENM:s to negatively affect soil microbes, and the degree to which effects
originate in either indirect changes to soil properties or direct effects on
cells. In this study, we exposed California grassland ecosystem surface soils to
varying concentrations of nanoTiO, and nanoZnO. We assessed the poten-
tial for direct effects to cells under controlled, well-mixed, conditions where
ENMs are fully bioavailable. We assessed the potential for altered soil water
characteristics as a measure for indirect effects of ENM addition related to
water retention. We used community profiling of genes encoding 16S rRNA
to observe shifts in diversity and composition after 15 and 60 days. Taxa that
shifted were identified by pyrosequencing. Through this study, specific taxa,
many of which are functionally important, were decreased in abundance
with increasing ENM exposure and over time. Water characteristics in TiO,-
amended soil were examined, as well as ENM effects on cell growth, to
inform the relative importance of direct, versus indirect, effects of ENMs on
soil bacterial community structure and function. Additional possible indirect
effects of ENMs to soil bacterial communities are discussed, as well as their
relative importance to altering microbial communities.

323 Toxicity Testing of ZnO Nanoparticles with Soil Organisms: The
Case-studies in NanoFATE, a FP7 EU Project S. Loureiro, Universidade
de Aveiro, Dept of Biology & CESAM; P. Tourinho, A.M. Soares, Univ of
Aveiro, Dept of Biology & CESAM; W. Tyne, L. Heggelund, M. Diez-Or-
tiz, D. Spurgeon, C. Svendsen, NERC-Centre for Ecology and Hydrology;
K. Jurkschat, Oxford Univ, Dept of Materials; PL. Kool, C.A. Van Gestel,
Vrije Universiteit, Dept of Animal Ecology. Application of Engineered
nanoparticles (ENP) in certain products means they have a route into the
environment. In case of metal based ENP, like the ones studied in Nano-
FATE (EU FP7 project), interaction with natural components, dissolution
and agglomeration will be important factors affecting their bioavailability
and possible effects. While nano-dependent behaviours of ENP may be
desirable for several commercial and industrial purposes, it remains difficult
to foresee their potential implications for how the fate and effects of ENP in
the environment may differ from those expected from metals in ionic form.
Metal oxide-based ENDPs, such as ZnO, used in personal care or cleaning
products will enter waste water treatment plants (WWTP), and pass to soil
systems upon land application of sewage sludge. Hence, knowledge on how
to assess ENP toxicity to soil organisms is crucial for developing the environ-
mental hazard assessment of these emerging substances. In this work we are
presenting some case-studies of ZnO-NP exposures to different soil organ-
isms with different life traits in natural soil. Modifications needed to dosing
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procedures and exposure validation to work confidently with nanoparticles
will be covered. These include inclusion of different “control treatments”

so ZnO-NP toxicity could be compared with the correspondent non-nano
equivalent ZnO and with ZnCl,. In initial tests with Eisenia fetida, the
reproduction EC50 for ZnO-NP was observed around 700mg Zn/kg, while
the ionic Zn form (ZnCl,) EC50 was found at 500mg/kg. Also for the
collembolan Folsomia candida, 28-d EC50 values based on Zn concentra-
tions in soil were lower for ZnCl, exposures compared to ZnO-NB, but
EC50 values based on free Zn in the soil pore water were in the same range
for both ZnO-NP and ZnCl, (10-16 mg Zn/l), suggesting that toxicity is
mainly due to free zinc. For the isopod Porcellionides pruinosus, oxidative
stress biomarkers responded to ZnO-NP exposures in soil. Although there
is a lack of information on the predicted environmental concentrations for
ZnO-ND, the case-studies with these three relevant soil organisms provide
useful information for future hazard assessment of ZnO-NP. However, other
studies undertaken in the NanoFATE project prove that once testing moves
beyond strict standard conditions and short time frames (such as pH ranges
and ageing) unforeseen and hard to explain patterns may be found in ENP
fate and effects within soil systems.

324 1H NMR Metabolomics as a Non-targeted, Molecular Level Tech-
nique to Detect Sub-lethal Earthworm Responses to Titanium Dioxide
Nanoparticles in Soil M. Whitfield Aslund, Univ of Toronto, Physical
and Environmental Sciences; H. McShane, McGill Univ, Natural Resource
Sciences, McGill Univ, Dept of Natural Resource Sciences; M.J. Simpson,
A.J. Simpson, Univ of Toronto, Physical and Environmental Sciences;

J.K. Whalen, McGill Univ, Natural Resource Sciences; W.H. Hendershot,
McGill Univ, Dept of Natural Resource Sciences; G.I. Sunahara, NRC-
Biotechnology Research Institute, NRC-Biotechnology Research Institute.
Traditional ecotoxicity tests rely on organism-level endpoints (i.e., survival,
growth, or reproduction) but may be insufficient to predict long-term
population level toxicity (e.g., immune system impairment or accumulation
of DNA damage over multiple generations). Therefore, various molecular-
and/or cellular-level toxicity tests have been developed to provide sensitive
measures of sub-lethal organism responses to contaminants. One such
emerging technique is environmental metabolomics, which provides insight
into the biochemical response of an organism to an environmental stressor
by comparing the concentrations of endogenous metabolites in a tissue or
biofluid. Changes in the metabolic profile can reveal information about the
organism’s response to contaminant exposure at the metabolic level as well
as the contaminant’s toxic mode of action. In this study, 'TH NMR-based
metabolomics was used to examine the response of Eisenia fetida earthworms
raised from juveniles to sexual maturity (20-23 weeks) in soil spiked with
either 20 or 200 mg/kg of a commercially available uncoated TiO, nanoma-
terial (nominal diameter, 5 nm). To distinguish responses specific to particle
size, soil treatments spiked with a micron-sized TiO, material (nominal
diameter, < 45 pm) at the same concentrations (20 and 200 mg/kg) were
also included in addition to an unspiked control. Multivariate statistical
analysis of the 'H NMR spectra for E. fetida tissue extracts suggested that
carthworms exhibited significant changes in their metabolic profile follow-
ing TiO, exposure for both particle sizes and that this response was less
variable when the TiO, concentration increased from 20 to 200 mg/kg. In
general, the observed earthworm metabolic response to both materials was
compatible with oxidative stress, which has been proposed as a mechanism
of toxicity related to nanoparticle exposure. In contrast, a parallel study
observed no differences in earthworm survival, reproduction, or growth fol-
lowing exposure to the same nano-sized TiO, spiked soil. This suggests that
metabolomics may be more sensitive than traditional ecotoxicity endpoints
for detecting earthworm sub-lethal responses to TiO, nanoparticles in soil
and that further molecular or cellular level assays (e.g., DNA damage, im-
mune function) should be considered to better assess organism responses to
TiO, nanoparticle exposure.

325 Ecotoxicity of Silver Nanoparticles on Stress Response Gene
Expression in Chironomus riparius P.G. Nair, S. Park, Univ. of Seoul; J._
Choi, Univ of Seoul, School of Environmental Engineering. The increased
use of silver nanoparticles (AgNDs) in various products makes it likely to
result in the release of AgNPs into the aquatic environment, which finally
leads to their accumulation in sediment. Chironomus riparius, an aquatic
midge (Chironomidae, Diptera), is extensively used as a model organism
in sediment toxicity. In this study, toxicity of AgNPs was investigated in C.
riparius using expression of stress response genes, identified from Expressed
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Sequence Tags developed by 454 pyrosequencing. The selected genes were
Heat Shock Protein 70, Transferrin, Heme oxygenase-1, Cytochrome
P4501A1, Quinone Oxidoreductase, Glutathione S-Transferase, Super-
oxide Dismutase, Catalase, Glutathione Peroxidase, and Startl genes. The
responses of these genes to AgNPs exposure were compared with higher level
effects, such as, development and reproduction. Overall results suggest that
AgNPs lead significant alteration on genes of various biological functions,
and some of them were found to be correlated with alteration on population
level effects. This work was supported by the Ministry of Education, Science
and Technology of Korea [2010-0027722].

326 Toxicity of Fullerenes (Cgp) in Sediments E.J. Petersen, NIST,
Biochemical Sciences, National Institute of Standards & Technology; K.
Pakarinen, G. Leinonen, Univ of Eastern Finland; M. T. Leppanen, J. Ak-
kanen, J. Kukkonen, Univ of Eastern Finland, Dept of Biology. Effects of
fullerene-spiked sediment on two benthic organisms, Lumbriculus variegatus
(Oligochaeta) and Chironomus riparius larvae, were investigated. Fullerene
agglomerates were prepared using a water stirring method. L. variegatus were
exposed to 10 and 50 mg fullerenes/kg sediment dry mass for 28 d. These
concentrations did not impact worm survival or reproduction compared to
the control. Feeding rates were also slightly decreased for both concentra-
tions indicating fullerenes’ disruptive effect on feeding. Chironums riparius
were exposed after allowing suspended fullerenes to settle down creating

a layer of nC on top of the sediment, another environmentally realistic
exposure method. Two food concentrations were tested (0.5 % and 0.8 %
Urtica sp.) in sediment containing fullerene masses of 0.36 to 0.55 mg/

cm? using a 10-d chronic test. In the 0.5 % food level treatment, there were
significant differences in all growth-related endpoints for fullerene exposed
organisms compared to controls. Fewer effects were observed for the higher
food treatment. Fullerene agglomerates were observed by electron microsco-
py in the gut but no absorption into the gut epithelial cells was detected in
either organism. Electron micrographs of L. variegatus also indicated that 16
% of the epidermal cuticle fibers of the worms were destroyed in the 50 mg/
kg exposures. For C. riparius, gut microvilli were damaged and significantly
shorter.

327 Method Development for Detecting Ag Nanoparticles in a Soil
Using AF4 and ICP-MS A. Whidey, Univ of South Carolina- Aiken,
Chemistry and Physics, Univ of Kentucky, Plant and Soil Sciences; ].M. Un-
rine, Univ of Kentucky, Dept of Plant and Soil Sciences, Univ of Kentucky,
Dept of Plant & Soil Sciences; P. Bertsch, Univ of Kentucky, Plant and Soil
Sciences. Products containing manufactured nanoparticles continue to
increase in use with silver as a main product choice, largely due to its anti-
microbial properties. Normal use of silver nanoparticle containing products
may lead to release of silver nanomaterials into wastewater streams. Due

to the partitioning of particles during wastewater treatment, sewage sludge
is proposed to be a main reservoir of Ag NPs. Therefore, land application

of sewage sludge biosolids creates increased concentrations of Ag NPs on
agricultural soils, leading to increased exposure to soil dwelling organisms.
Unfortunately, few techniques are available for the in situ detection and
characterization of manufactured nanomaterials in soils. We have developed
a method for detecting Ag NDPs in a sandy loam soil which includes pore
water extraction techniques as well as optimizing parameters for particle size
separation and analysis. Asymmetrical flow field flow fractionation (AF4)
was used to separate different size particles extracted from the soil pore wa-
ter, then coupled to UV-vis diode array detection, multi-angle/dynamic light
scattering (MALLS/DLS) and inductively coupled plasma mass spectrom-
etry (ICP-MS) in order to characterize Ag containing colloids based on size.
Various pore water extraction techniques have been investigated to ensure
Ag NP aggregation state is not altered when extracted from the complex soil
matrix. Investigations have also been underway to ensure that AF4 param-
eters including membrane type, external field and carrier composition do
not alter the aggregation state of the colloids. Development of methods for
detection and characterization of Ag NP partitioning between solid phases
and soil pore water is a stepping stone to understanding Ag NP behavior
and transformation within soils.

328 Modernizing Requirements for the Ecological Assessment of
Chemicals: The Move to Intelligent Testing Strategies M. Bonnell, Envi-
ronment Canada, New Substances Division, Environment Canada, Science
and Risk Assessment Directorate. The generation of data for the regula-
tory assessment of chemicals is undergoing a paradigm shift. Traditional

toxicological methods that use a large number of animals is being replaced
with alternative test methods. Mostly, this has been driven by the fact that
government and industry are now required to examine large numbers of
chemicals in their inventories for hazard properties using a relatively rapid
assessment approach. Fewer chemicals undergo the long assessment cycles
traditionally associated with legacy chemicals such as PCBs, mercury and di-
oxins. The focus of regulatory assessors today is on lesser studied practically
unknown chemicals with little or no data, let alone toxicological data. One
can imagine then the animal usage, cost and time required to test thousands
of chemicals in an inventory in order to satisfy traditional data requirements
for hazard or risk assessment. Animal rights activists, particularly in Europe,
have petitioned the European Commission to severely reduce or even
abandon animal testing for the data requirements under REACH (Registra-
tion, Evaluation, Authorization and Restriction of Chemicals). Intelligent or
integrated testing strategies (ITS) have therefore evolved to help fulfill data
needs for modern regulatory assessment with the intent of reducing animal
usage. The focus of these strategies has been on toxicity testing, but strate-
gies also exist for other endpoints in risk assessment (e.g., bioaccumulation
and biodegradation). This presentation will examine the critical tiers of an
ITS and discuss how elements within each tier, such as in silico and in vitro
methods interact to help satisfy data requirements for chemical assessment
yet also provide a weight of evidence. ITS concepts shall be presented using
bioaccumulation assessment as an example.

329 Revisiting the Relationships Between the Fish Embryo Toxicity Test
and the Acute Fish Toxicity Test (OECD 203) — New Data, New Insights
S.E. Belanger, The Procter & Gamble Company, Environmental Steward-
ship Organization, The Procter & Gamble Company, Central Product Safety
Dept; E Busquet, European Commission JRC/ IHCP/ ECVAM; T. Braun-
beck, Univ of Heidelberg, Dept of Zoology; G. Carr, Procter & Gamble; M.
Halder, European Commission JRC/IHCP/ECVAM; A. Lillicrap, NIVA; J.
Rawlings, Procter & Gamble; R. Strecker, Univ of Heidelberg, Dept of Zo-
ology; S. Walter-Rhode, UBA, German Federal Environmental Agency; A.
Gourmelon, P Amcoff, OECD. The OECD 203 Acute Fish Toxicity Test
Guideline (TG 203) is used as a basis for chemical safety assessments world-
wide. In 2005, the German Federal Environment Agency submitted a draft
TG on "Fish embryo toxicity (FET) test" to the OECD Test Guideline Pro-
gram and a supportive Background Paper. Subsequently, OECD established
the ad hoc Expert Group on the FET Test. The Expert Group concluded
that critical components to establish the utility of the Fish Embryo Toxicity
Test (FET) as an alternative to the (OECD 203) included better under-
standing of inter- and intra-laboratory variability of the method, the ease of
method transfer, and the relationship between the FET and acute fish toxic-
ity (OECD 203). The FET-acute fish relationship was previously examined
by Lammer et al. (2009); however, additional information on the domain
of applicability was needed as well as the influences of FET inter-laboratory
variability. The OECD established a Validation Management Group for the
FET, coordinated by ECVAM, to oversee a comprehensive international
validation involving several laboratories. Significant advances in knowledge
in the key areas have been gained along with a burgeoning data base of new
FET results for additional chemicals. We revisit the FET-acute fish toxicity
relationships incorporating results from the first of this two-phase validation
program. FET Inter-lab variability measured as coeflicient of variation for
seven organic compounds that ranged in toxicity between 0.3 mg/L to 12
g/L (4+ orders of magnitude) was demonstrated to be between ~5 to 50%.
Reproducibility was fairly independent of toxicity, but driven by chemical
properties. In revising the FET-acute Fish relationship we investigate the
influence of 48-hr FET data (much of the historical studies) versus 96-hr
FET data (more recent). An increase in the chemical coverage from the his-
toric relationship (n= 77 chemicals) to the current update (- 100 chemicals)
reflects a broad change in the applicability domain. The new data results in
marginal change to the older FET-fish regressions while addressing concerns
about a lack of knowledge in the FET axis. Example of species-specific rela-
tionships (e.g., zebrafish only data) versus pooled species relationships will
be also be reviewed. “Disclaimer: The opinions expressed and the arguments
employed herein are those of the authors and do not necessarily reflect the
official views of the OECD or of the governments of its member countries”.

330 Assessment of In Silico Methods to Estimate Aquatic Species
Sensitivity M.G. Barron, USEPA, Gulf Ecology Division; C.R. Jackson,
J. Awkerman, USEPA. Determining the sensitivity of a diversity of species
to environmental contaminants continues to be a significant challenge in
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ecological risk assessment because toxicity data are generally limited to a few
standard species. In many cases, QSAR models are used to estimate toxicity
in the absence of measured toxicity values. We developed species sensitivity
distributions (SSDs) and fifth percentile hazard levels (HCS5) for aquatic
species using three USEPA QSAR tools: ECOSAR (Ecological Structure
Activity Relationships; www.epa.gov/oppt/newchems/tools/21ecosar.htm),
ASTER (Assessment Tools for the Evaluation of Risk; www.epa.gov/med/
Prods_Pubs/aster.htm), and T.E.S.T. (Toxicity Estimation Software Tool;
htep://www.epa.gov/nrmrl/std/cppb/gsar/). QSAR estimates were used as in-
put into the SSD module of the internet-based toxicity estimation program
Web-ICE (http://www.epa.gov/ceampubl/fchain/webice/). In silico estimat-
ed HC5s were compared to HC5s developed from a dataset of over 14,000
toxicity records extracted from Ecotox and other sources. Preliminary results
indicated that the input LC50 values generated by the three QSAR tools
produced variable and often substantially higher estimates of acute toxicity
than measured values. In general, chemicals with narcosis-based MOAs had
the best agreement between measured and in silico estimated HC5s. Ad-
ditional research will determine if in silico methods can be used to generate
SSDs and accurate HCSs.

331 Embryotoxicity of Pulp Mill Efluent Extracts in Japanese Medaka
(Oryzias latipes) R. Orrego, Univ of Ontario Institute of Technology,
Faculty of Science, Univ of Ontario Institute of Technology, post doctoral
fellow; J. Guchardi, D. Holdway, Univ of Ontario Institute of Technol-
ogy. Effects of Chilean pulp mill effluent extracts (solid phase extraction

of untreated, primary and secondary treated pulp mill effluents), along
with steroid standards (testosterone and 17P-estradiol) and a wood extrac-
tive standard (beta-sitosterol) were evaluated on developing post-fertilized
medaka fish embryos. Our research has included a waterborne semi-chronic
exposure experiment using 24hpf (unknown sex) d-rR (orange-red) mutant
strain medaka embryos and two waterborne exposure experiments using
24hpf (unknown sex) FLFII (female leucophore free) and 72hpf FLFII
(phenotypic sex-identified) mutant strain medaka embryos. Chronic
exposure of both 24hpf d-rR and FLFII strain embryos showed similar
delay in time to hatch and decreased hatchability with no significant egg
and larvae mortality observed in all pulp mill extract exposed embryos. In
contrast, significant early hatching and increased hatchability were observed
in beta-sitosterol d-rR exposed embryos. High mortality was observed in all
testosterone exposed embryos. Severe teratogenic responses were observed
in medaka d-rR embryos in all treatments. Abnormalities included optical
deformities (micro-opthalmia, 1 or 2 eyes) and lack of development of
forebrains and hearts. Teratogenic responses such as axis malformation and
pericardial edema were observed in all treatments using 24hpf FLFII with a
high percentage related to males identified by fluorescent leucophore under
microscope. Sex-related high mortality associated with severe malformations
was observed in male and female embryos exposed to testosterone and pulp
mill. Furthermore, signs of later masculinisation were observed in females
exposed to testosterone where a slightly fluorescence of leucophores were de-
tected before death. Differences in the severity of teratogenic effects seem to
be related with the unique phenotype of each medaka mutant strains (d-rR
and FLFII). Overall, our research has indicated that Chilean pulp and paper
mill extractives caused medaka embryotoxicity (post-fertilized embryos)
irrespective of the effluent treatment and different mutant strain used. The
effects were mainly associated with delayed time to hatch, decreased hatch-
ability, and sex-related teratogenesis and mortality.

332 Linking High-Throughput In Vitro Screens with EDSP Assays: The
Casual Relationship Dilemma E. Mihaich, Environmental and Regulatory
Resources, LLC; C. Borgert, Applied Pharmacology and Toxicology, Inc.; L.
Ortego, Bayer CropScience; B. Neal, Exponent; S. Gehen, Dow Agroscienc-
es; W. Jones, CropLife America. One step in complying with Test Orders
under the USEPA’s Endocrine Disruptor Screening Program was compila-
tion of Other Scientifically Relevant Information (OSRI). The extent and
quality of OSRI was evaluated to determine what requirements were met

by existing data, and hence, which of the 11 Tier 1 Endocrine Screening
Battery (ESB) assays were needed. Many of the List 1 chemicals under ESB
Test Orders were analyzed in the EPA’s ToxCast Program, hence ToxCast
data were submitted as OSRI in lieu of conducting many similar ESB in
vitro assays, and to help support waivers for some in vivo assays. ToxCast
seeks to predict human toxicity by measuring the activity of chemicals in a
suite of some 500 cellular, biochemical and molecular assays conducted in
high-throughput mode. The concept presumes that these assays can identify
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a chemical’s ability to activate so-called ‘toxicity pathways.” In evaluating
acceptability of OSRI, EPA rejected ToxCast results claiming that the reli-
ability, responsiveness and relevance of ToxCast were undetermined and that
ToxCast does not evaluate all known endocrine targets. In rejecting ToxCast
data, EPA claimed its validation status was inferior to that of the individual
ESB assays. However, the predictive value of the in vitro ESB assays for in
vivo endocrine activity is also unknown at this time. Although EPA rejected
ToxCast data as OSRI for the ESB, it used ToxCast data to assess and deem
acceptable the risks of oil dispersants used for the Deep Water Horizon spill.
These decisions have significant implications for the use of screening assays
in regulatory programs, yet inconsistencies in application confound what
those implications might be. Both the ESB and ToxCast programs appear

to rely on correlative analyses rather than dispositive evidence that assays
individually or in combination measure precursor events or frank toxicity.
Clear and transparent criteria have yet to be defined for conducting weight
of evidence evaluations of the ESB data. Although clearly defined biological
activity is measured by most endpoints in the ESB, the ‘toxicity pathways’
ostensibly addressed by ToxCast assays are hypothetical. Despite potential
advantages offered by ToxCast methods, it will be necessary to elucidate
aspects of biological and physiological function as well as causal relationships
between biochemical events and adverse effects before these data can offer
improvements in the assessment of endocrine-mediated toxicity.

333 The DanTox-Project — Identification of Specific Toxicity and
Molecular Modes of Action of Sediment-bound Pollutants in Zebrafish
H. Hollert, RWTH Aachen Univ, Institute for Environmental Research,
Dept of Ecosystem Analysis, Institute for Environmental Research, RWTH
Aachen Univ, Deptartment of Ecosystem Analysis, RWTH Aachen Uniyv,
Inst. for Envrionmental Research; S. Peddinghaus, J. Braunig, RWTH Univ;
U. Feiler, 2German Federal Institute for Hydrology; c. Hafner, Hydrotox
GmbH; M. Hammers-Wirtz, GAIAC; N. Ho, 5Karlsruhe Institute of Tech-
nology; B. Kais, Aquatic Ecology and Toxicology Group; J. Otte, Karlsruhe
Institute of Technology; R. Ottermanns, RWTH Univ; S. Rastegar,
Karlsruhe Institute of Technology; G. Reifferscheid, German Federal Insti-
tute for Hydrology; T. Braunbeck, Aquatic Ecology and Toxicology Group;
U. Strachle, Karlsruhe Institute of Technology; S. Keiter, RWTH Univ. The
aims of the DanTox project are a) to develop a suitable testing strategy for
the assessment of bioavailable toxicants in sediments, b) to investigate th