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Bioavailability of Organic Chemicals for
Retrospective Risk Assessment: Measurement,
Applications and Communication

1 Presentation of the newly standardized soil quality TRIAD
approach, with special focus on the inclusion of bioavailability

J. Roembke, ECT Oekotoxikologie GmbH, J. Bernard, DIN Berlin, J.
Harmsen, Alterra, Wageningen-UR / CALM

Recently, ISO standardized the performance of the TRIAD approach as a
method to ensure the quality of the site-specific ecological risk assess-
ment of soil contamination (originally, the TRIAD was developed for
sediments). The norm ISO 19204 is based on experiences made in The
Netherlands, Great Britain and Denmark as well as in other parts of the
world (e.g. Brazil). The term TRIAD relates to three Lines of Evidence
(LOE): chemistry, toxicology and ecology. Each of these LOEs is
performed on three tiers (screening, refined screening, detailed assess-
ment) with increasing complexity of the tests to be performed. In view

of the nature of this International Standard the investigation procedure

is described on a general level, but details of technical procedures for

the actual assessment are given in related technical standards (e.g.

ISO 15799, ISO 17616). In ecological risk assessment, the effects of soil
contamination on the ecosystem are related to the intended land use and
the requirements that this use sets for properly functioning soil. The

ISO Standard describes the basic steps relating to a coherent tool for a
site-specific risk assessment with opportunities to work out site-specific
details. Inclusion of bioavailability improves the applicability of the
TRIAD approach. In this contribution we will give a short overview on
the soil quality TRIAD ISO standard, starting with simple approaches to
link it with existing generic soil values (based on total concentrations) in
the screening tier. Indicators for actual and potential bioavailability refine
the tier. For organic chemicals passive sampling and Tenax/cyclodexrine
are suitable tools comparable to 0,001 mol/l CaCl2 and 0,43 mol/l HNO3
for heavy metals. Because the two other LOE’s (toxicology and ecology)
are also directly related with bioavailability a more balanced TRIAD is
obtained. Finally, on the detailed assessment level more complex methods
might be used, such as chemical models, or the use of more site specific
organisms. Advanced or complex methods and experimental designs are
not excluded. Currently, practical experience with the soil quality TRIAD
approach is still limited, but in the light of a growing tendency to skip the
use of total concentrations in soil ecological risk assessment (e.g. in the
context of prospective risk assessment) it is expected that this situation
will change in the foreseeable future. However, this expectation depends
highly on further legal developments.

2 Use of Equilibrium Passive Sampling Devices for Measuring
Bioavailable PAH and Related Heterocyclic Compounds

K. O’Neal, CH2M; X.R. Xia, North Carolina State Univ/ CCTRP/CVM;
X. Kong, P. Lazaro, D. Shea, North Carolina State Univ

Passive sampling devices (PSDs) that are allowed to reach equilibrium
with water or water-particle slurries have shown promise in estimating
the readily desorbable and potentially bioavailable fraction of polycyclic
aromatic hydrocarbons (PAHs). To make further progress toward this
goal, we measured the equilibrium polymer-water partition coefficients
for 85 PAHs and related heterocyclic compounds and for 27 oxygen-
ated- and nitro-PAHs (O/N-PAH) using polyoxymethylene (POM) as

a non-depleting sorbent phase. Our measured partition coefficients
(KPOM) are in good agreement with previously published values for the
USEPA “PAH-34" list and our data set extends the values to a much larger
and more useful group of PAH and O/N-PAH degradation products. We
used both a static-renewal water-only exposure and a sediment-water
slurry exposure to measure KPOM and found good agreement between
the two methods. Our measured log KPOM values were linearly cor-
related to log KOW (12 = 0.96 for static-renewal experiment and r2 =
0.93 for sediment-water slurry). We then measured dissolved PAH in a
sediment-water slurry, using PAH-contaminated sediment from the field,

and compared the POM method to solid-phase microextraction (SPME)
for measuring freely dissolved PAH. The POM provided data for 72 PAH
and O/N-PAH compounds compared to only 3 PAH for the SPME owing
to the much lower detection limits of the POM method. Furthermore, to
provide toxicological relevance to our chemical measurements, we con-
ducted experiments with oil and creosote contaminated sediment pre- and
post-remediation and found, with some exceptions, that the PAH con-
centrations in sediment-water slurry measured using the POM was well
correlated with accumulation in freshwater mussels, providing strong
evidence that the POM method measures only the bioavailable fraction of
PAH in the sediment.

3 Using Passive Sampling to Measure Site Specific Partitioning and
Refine Sediment Risk Assessment

H. Xia, U. Ghosh, Univ of Maryland Baltimore County / Chemical
Biochemical and Environmental Engineering

PAHs and PCBs are listed as the chemicals of potential ecological
concerns for South Wilmington Wetlands. The objectives of this study
were to evaluate the site specific porewater concentration and sediment
partitioning constants for PAHs and PCBs using polyethylene passive
samplers, and to assess the site-specific bio-concentration factor (BCF)
through PCB bioaccumulation in freshwater invertebrates. Results were
used to refine the sediment preliminary remediation goals (PRG) based
on two ecological receptors: toxicity to benthic invertebrates and bioac-
cumulation in the Spotted Sandpiper. Finally, a steady state cap design
model was used to examine the performance of a soil cap, as a potential
remediation approach. For PAHs, the site specific sediment partitioning
constants (Koc) were 1-2 orders of magnitude higher than the generic
values used in preliminary assessments, which resulted in higher revised
PRGs than initial ones based on the protection of benthic invertebrates.
The estimated PRG based on benthic exposure is more restrictive com-
pared to exposure to the Spotted Sandpiper as PAHs do not bio-magnify
and primarily pose problems for benthic invertebrates. For PCBs, nearly
1 order of magnitude higher site-specific Koc was observed than generic
values. Bioaccumulation of PCBs in worms followed the typical behavior
and was consistent with generic correlations for organism uptake, which
could be largely explained based on PCB sediment porewater concentra-
tion. For PCBs, exposure to the Spotted Sandpiper resulted in a more
restrictive PRG compared to benthos based PRGs. Overall, site-specific
assessment of PAH and PCB partitioning in sediments was able to refine
risk assessment for South Wilmington Wetlands and develop more
realistic PRGs. Conventional estimation of porewater concentration using
generic organic carbon partition constants was not predictive of bioaccu-
mulation in worms. PRG derived from generic values could be orders of
magnitude different from those based on site specific measurement. Also,
the PRG for the same contaminant could be orders of magnitude different
based on different receptors. Thus, selection of appropriate ecological
receptor is crucial in risk assessment. Finally, the cap modeling results
indicated that application of a soil cap with 5% organic carbon was able
to achieve the revised remediation goals, by reducing (over 90%) of the
sediment toxicity, and exposure of benthic and avian species to PAHs,
PCBs and pesticides.

4 A probabilistic framework for evaluating the likelihood of toxicity
in sediments based on site-specific partitioning and passive sampling
methods

A.A. Brennan, Univ of Minnesota Duluth; N.W. Johnson, Univ of
Minnesota Duluth / Civil Engineering

A probabilistic decision framework was developed to demonstrate how
SPME-derived Cy,, measurements for PAHs can be used to evaluate

the accuracy of risk management decisions in moderately contaminated
sites where the toxicity of sediments is uncertain. The framework builds
upon tiered assessment approaches by incorporating a measure of the
likelihood that concentrations found at moderately contaminated sites are
protective of benthic organisms. Results of a probabilistic analysis illumi-
nate large variability in the effective partitioning values for total organic
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carbon and black carbon, and demonstrate that any single, deterministic
partitioning prediction implicitly provides protection to some likelihood.
Until standard passive sampling methods are widely accepted and imple-
mented or partitioning behavior of PAHs is understood more fully and
can accurately predict porewater concentrations for all sediments, a sta-
tistical framework for using site-specific SPME-derived K¢ partitioning
distributions can provide a cost-effective, nuanced option for predicting
risk in a range of sediment types. The proposed decision framework
provides flexible statistical guidance for moving through tiered assess-
ment approaches that incorporate 1) screening level targets of predicted
interstitial water concentrations (Cy,.) from bulk sediment concentrations
(Ciotar) and site-specific SPME-derived Kq ¢ partitioning distributions

2) SPME-derived Cy,, estimates of bioaccumulation and toxicity and

3) actual biological (toxicity or bioaccumulation) testing. The decision
framework was developed and applied in the context of data collected
from a pilot project utilizing navigational dredged materials for creation
of shallow water habitat in one of the Great Lakes Areas of Concern: the
St. Louis River Estuary in Duluth, MN, USA. Results suggest that areas
of moderate contamination stand to gain the most from direct measures
of Cy,. during initial stages of assessment.

5 Development of Invertebrate Bioaccumulation Factors for
Polychlorinated Biphenyls

H. McChesney, ARCADIS; N. Bonnevie, ARCADIS / Environmental
Sciences, Assessment, and Planning; P. Anderson, S. Walls, ARCADIS

Predictive ecological risk assessments rely on numerous assumptions
regarding the uptake of chemicals by receptors. Bioaccumulation of
chemicals from soil to biotic tissue is a primary uncertainty when predict-
ing exposure to receptors in the food web. In the absence of site-specific
tissue data, an increased understanding of chemical bioaccumulation at
lower trophic levels can greatly increase the predictive ability of ecologi-
cal risk assessments to allow for more refined evaluation of potential
ecological risk. When evaluating potential ecological risk to PCBs in
soil, it is often necessary to derive estimates of PCB concentrations in
invertebrates, such as earthworms. At the base of the trophic pyramid,
estimates of PCB concentration in earthworms and other invertebrates
affect predicted exposure and potential risk associated with PCBs at all
trophic levels. Commonly used literature-based BAFs have been devel-
oped from PCB uptake data derived from limited laboratory and field
datasets. However, these BAFs may not account for site-specific factors
that can significantly alter uptake of PCBs such as congener composition,
weathering, and site-specific abiotic or biotic factors. To evaluate the
potential effect of these considerations on uptake estimates, we reviewed
the literature on PCB bioaccumulation by invertebrates and assembled a
database of PCB bioaccumulation data that included information regard-
ing specific congeners or Aroclors, as well as weathering, biotic, and
abiotic parameters. We used available data from sites with similar PCB
structure and site conditions to model soil-invertebrate bioaccumulation.
As it is not always feasible to obtain site-specific uptake data and develop
site-specific soil to earthworm BAFs, the use of BAFs modeled for spe-
cific congeners and site conditions can reduce uncertainty and increase
the predictive ability of ecological risk assessments.

6 Assessing Bioavailability of High Molecular Weight Hydrocarbons
in Weathered Soils from Intra-aggregate Pore Size Distributions

S. Ghoshal, A. Akbari, McGill Univ / Civil Engineering

The assessment of bioavailability of hydrophobic organic contaminants
(HOC:s) to microorganisms is of great interest in a priori assessments

of bioremediation rates and extents. Several different paradigms have
been used to assess the microbial availability of HOCs and to estimate
remediation endpoints. For example, the rate and extent of physicochemi-
cal mass transfer of HOCs from contaminated soils to the aqueous phase
have been commonly used to assess bioavailability, because it is gener-
ally understood that only aqueous phase contaminants are bioavailable to
microorganisms. However, poorly soluble high molecular weight organic
compounds, such as those present in certain fractions of petroleum

liquids, are often degraded only by direct contact of bacteria with the
oil-water interface or by micellar solubilization and/or emulsification by
biosurfactants excreted by bacteria near oil-water interfaces. In weathered
petroleum-contaminated soils, a significant fraction of poorly soluble
hydrocarbons reside in sub-micron sized pores of soil aggregates. Given
that the bacteria are typically larger than these pores, direct contact with
those hydrocarbon fractions are not expected, and hydrocarbons present in
larger pores are not considered as bioavailable. We have developed a X-ray
microcomputed tomography technique, supplemented by gas adsorption
and mercury porosimetry measurements, that can be used to characterize
a broad range pore size distributions in soil aggregates to enable estima-
tion of bioaccessible pore volumes. Our recent investigations however
suggest that an approximate size of bacteria may results in incorrect
estimation of microbial bioavailability. Our detailed experimental studies
demonstrate that certain growth conditions and bacterial properties cause
aggregation of bacteria, which results in bacterial entry only into pores

5 microns and larger; while in situations where there is active bacterial
growth near pore mouths, bacteria in early growth stages can enter pores
as small as 0.4 microns. These findings provide a basis for estimating
bioaccessible pore volumes which can then be used towards rational
assessments of bioremediation endpoints in porous soil aggregates.

7 Are depletive and passive samplers interchangeable exposure met-
rics to estimate interstitial water concentration?

S. Nutile, Southern Illinois Univ Carbondale / Zoology; A. Harwood,
Alma College / Environmental StudiesBiology; F.L. Sinche, K. Huff’
Hartz, Southern llinois Univ Carbondale / Center for Fisheries
Aquaculture and Aquatic Sciences; P.F. Landrum, Southern Illinois Univ,
M.J. Lydy, Southern Illinois Univ-Carbondale / Center for Fisheries
Aquaculture and Aquatic Sciences

It is well recognized that defining bioavailability is essential for accu-
rately estimating exposure in risk assessments. Bioavailability- and
bioaccessibility-based metrics, such as passive samplers and Tenax
extractions, respectively, provide accurate exposure estimates of contam-
inants in sediments by representing the chemical fraction that is, or will,
become available for biological uptake. Use of passive samplers under
equilibrium conditions is time consuming, but use under non-equilibrium
conditions requires modeling and extrapolation. Additionally, defining
the bioaccessible fraction through estimates of the rapidly desorbing
fraction (F,,p,) with sequential Tenax extractions can take days to weeks.
Single-point Tenax extractable concentrations, however, represent F,,
and provide accurate estimates of bioaccessibility. As the link between
Tenax extractable concentrations and interstitial water concentration

at equilibrium (Cyy) is not well defined, few risk assessments utilize

this method. This study examined the relationship between bioavail-
ability- and bioaccessibility-based techniques by comparing F,,, SPME
fiber concentrations, and 24 h single-point Tenax extractions by using
estimates of Cy as a comparative media. Comparisons of SPME fibers at
equilibrium to F,,, estimated from full desorption curves by calculating
Cw yielded a strong linear regression, suggesting both bioavailability and
bioaccessibility are driven by F,,,. Since single-point Tenax extractions
are more convenient than quantifying F,, using full desorption curves

or using SPME fibers at equilibrium, comparisons of Cyy calculated
using single-point Tenax extractions and SPME fibers were made to
understand if estimates of F,,, provided by single-point extractions were
comparable to full desorption curves and passive samplers. A significant
linear regression was found, demonstrating that 24 h single-point Tenax
extractions provide operationally defined estimates of Cyy at equilib-
rium similar to that of passive samplers. The slope of this regression

line, however, is dependent on the length of the Tenax extraction, as 24

h extractions represent desorption from F,,, as well as the slow and very
slowly desorbing fractions. Therefore, both bioavailability- and bioacces-
sibility-based exposure metric estimates are controlled by F.,,, provide
similar estimates of Cjy at equilibrium, and as such, should be consid-
ered complementary tools for use in risk assessments.
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8 Single-point Tenax extractions: An effective but underutilized tool
in sediment risk assessments

A. Harwood, Alma College / Environmental StudiesBiology; S. Nutile,
Southern Illinois Univ Carbondale / Zoology; F.L. Sinche, K. Huff Hartz,
Southern Illinois Univ Carbondale / Center for Fisheries Aquaculture
and Aquatic Sciences, P.F. Landrum, Southern Illinois Univ; M.J. Lydy,
Southern Illinois Univ-Carbondale / Center for Fisheries Aquaculture
and Aquatic Sciences

Numerous studies have utilized the single-point Tenax extractable con-
centration to evaluate bioaccumulation potential of hydrophobic organics.
Ultimately, the Bioaccumulation Tenax Model, which relates the 24 h
Tenax extractable concentration to lipid normalized tissue concentra-
tions, was developed. This model now contains over 750 data points,
representing several compound classes and species. Despite the apparent
robustness of this model, Tenax is still not a widely recognized method
for sediment assessments. One reason for this is the limited information
on the consistency of this method across sediments, experimental meth-
odologies, and compound classes. The objective of the current study was
to evaluate which variables can influence the consistency and applicabil-
ity of Tenax extractable concentrations to evaluate bioaccumulation. We
determined that in most cases the Tenax extractable concentrations were
consistent regardless of Tenax to organic carbon ratios or Tenax mass.
The relationship between the 24 h Tenax extractable concentration and
the rapidly desorbing fraction also was unaffected by Tenax to organic
carbon ratios, hydrophobicity, organic carbon content of sediments, and
only slightly impacted by aging time. However, while Tenax extractable
concentrations can be related to mortality, caution is advised when using
Tenax extractable concentrations to estimate bioaccumulation when sedi-
ments are toxic; therefore, selection of appropriate endpoints is essential
to optimally utilizing this technique. This further demonstrates that 24 h
single-point Tenax extractions are a robust method for evaluating bioac-
cumulation potential in sediments and are a powerful underutilized tool
for risk assessments of hydrophobic organics.

Uncharted Waters: Field Ecotoxicology in Remote
Locations on Limited Resources

9 An Ecotoxicological Voyage into Central Asia

D.D. Snow, Univ of Nebraska / School of Natural Resources; A.S. Kolok,
Univ of Nebraska — Omaha / Nebraska Watershed Network; S. Bartelt-
Hunt, Univ of Nebraska-Lincoln / Civil Engineering; B. Uralbekov,
al-Farabi Kazakh National Univ; N. Mamilov, al-Farabi Kazakh National
Univ / Biology and Biotechnology; M.K. Sellin Jeffries, Texas Christian
Univ / Dept of Biology

When conducted in developing countries, ecotoxicological research may
be particularly challenging. Here, we present lessons learned from a
recent reconnaissance mission to Kazakhstan to highlight such challenges
and offer potential solutions. In our experience, the researcher is likely

to confront an environment in which there is little technical or logistic
support for field work. Furthermore, extensive and sophisticated sample
collection, preparation and processing that field scientists typically enjoy
in developed countries is often not possible. Even the taken for granted
background information, such as maps and traveling details, may either
be unavailable or available only in a language and format that dramati-
cally limits utility. Due to these limitations, it is important to plan ahead
early, and to incorporate the expertise of locals into the travel plans and
coordination. If the travelers include those who have not experienced the
culture, landscapes and uncertainty of an expedition to a foreign country,
then it is also critical that group members be continually involved in the
planning and inevitable change of plans. With respect to data collection, it
may be important to collect data that encompasses trace level organic and
inorganic contaminants, as well as biological tissues and field measure-
ments, particularly if the expected contaminants are uncertain. In spite of
the risks, the rewards of a successful field expedition to a foreign country

are considerable and the lessons learned will ultimately pave the way to
better understanding of how to best manage aquatic ecosystems both for a
growing global community and shrinking planet.

10 Documenting water quality in the Syr Darya River Basin — the
utility of passive sampling

S. Bartelt-Hunt, Univ of Nebraska-Lincoln / Civil Engineering; D.D.
Snow, Univ of Nebraska / School of Natural Resources; B. Uralbekov, al-
Farabi Kazakh National Univ; A.S. Kolok, Univ of Nebraska — Omaha /
Nebraska Watershed Network; M.K. Sellin Jeffries, Texas Christian Univ
/ Dept of Biology, N. Mamilov, al-Farabi Kazakh National Univ / Biology
and Biotechnology; E. Hoehn, Univ of Nebraska-Lincoln; J. Sallach,
Univ of Nebraska-Lincoln / Civil Engineering

The Syr Darya River originates in the Tian Shan Mountains in
Kyrgyzstan and eastern Uzbekistan and flows through southern
Kazakhstsan to what remains of the Aral Sea. The river basin in
Kazakhstan and Uzbekistan is an area of intensive agricultural produc-
tion, and annual use of pesticides and insecticides in the lower region
has been estimated at 34,000 to 52,000 metric tons. In June and October
2015, we conducted a sampling campaign along the Syr Darya to evaluate
the occurrence of pesticides, insecticides, metals and radionuclides to
better eludicidate the water quality impacts from intensive agricultural
practices and mining activity in the region. A variety of metals were
detected including vanadium, uranium, iron, copper and zinc, generally
showing increasing concentrations with distance downstream. Analysis
of water and sediment samples demonstrated the occurrence of lindane,
trifluralin and residues of legacy pesticides including 4,4-DDE. Passive
organic chemical integrative samplers (POCIS) were deplyed in the Syr
Darya. A variety of compounds were detected in both grab samples and
POCIS including neoicotinoid and organophosphorus insecticides, as well
as triazine and chloroacetanilide herbicides. Though a POCIS was lost at
one location, a larger number of compounds were detected in the POCIS
extracts when compared to the grab samples, indicating the potential
utility of passive sampling in remote locations or when contaminant
concentrations are not well understood.

11 An ecotoxicological reconnaissance in Central Asia: Assessment
of biomarker responses in wild-caught roach (Rutilus rutilus)

G.S. Nystrom, Texas Christian Univ / Biology,; D.D. Snow, Univ of
Nebraska / School of Natural Resources; A.S. Kolok, Univ of Nebraska

— Omaha / Nebraska Watershed Network; S. Bartelt-Hunt, Univ of
Nebraska — Lincoln / Dept of Civil Engineering; B. Uralbekov, al-Farabi
Kazakh National Univ; N. Mamilov, al-Farabi Kazakh National Univ /
Dept of Biology and Biotechnology; M.K. Sellin Jeffries, Texas Christian
Univ / Dept of Biology

With increasing global demand for agricultural products, countries of the
developing world, such as Kazakhstan, have been pressured to implement
strategies for intensive agricultural production. Some strategies have led
to a variety of environmental disasters, one of the worst being the recent
dewatering of the vast Aral Sea. Water diversion from the Syr and Amu
Darya rivers since the 1950s to supplement agricultural production in
the arid region has not only caused the subsequent dewatering of the
Aral Sea, but has led to the wholesale collapse of the Sea’s historically
important fishery. Recent investigations have revealed the residues of
both modern and legacy pesticides (e.g. 4,4-DDE, a metabolite of the
pesticide DDT), heavy metals (e.g. vanadium), and radionuclides in the
Syr Darya watershed, potentially arising from agricultural runoff, min-
ing and changing land uses. The goal of this reconnaissance project was
to assess the biological implications of contaminants in the Syr Darya
watershed. This was accomplished by taking physical measurements (i.e.
mass, length, condition factor, GSI, and HSI) and tissue (i.e. liver, brain,
gonad, gill) samples from roach fish (Rutilus rutilus) at three sites along
the Syr Darya. Tissue samples were analyzed for genes considered to be
biomarkers of chemical exposure. Quantitative PCR analysis of these
tissues revealed the altered expression of genes perceived as indicators
of a generalized stress response (e.g. heat shock protein 70, superoxide
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dismutase), and xenobiotic metabolism (e.g. cytochrome p450 enzyme
1A). The implications of these findings will be discussed in the context of
land use and chemical residues. In keeping with the session’s theme, we
will also discuss some of the difficulties and resolutions associated with
collecting biological samples in remote regions of Kazakhstan.

12 Development of a native pencil catfish (Trichomycterus areolatus)
as a freshwater environmental sentinel of pollution in Chile

JM. Ali, Univ of Nebraska Medical Center / Environmental, Agricultural
and Occupational Health; A.S. Kolok, Univ of Nebraska — Omaha /
Nebraska Watershed Network

Much of the country of Chile is a desert environment with unique and
challenging problems relative to the discipline of ecotoxicology. Here,
the rivers run a relatively short distance from their origins in the Andean
Mountains to the Pacific Ocean and are separated by miles of desert.
Despite their remote locations in the Andes many of these river systems
are subject to intensive utilization by mining, industry and agriculture
that contribute to their degradation. We have identified a native envi-
ronmental sentinel for investigating pollutants in the scarce freshwater
ecosystems of Chile. Trichomycterus areolatus, is a native pencil catfish
found in streams throughout Central Chile and is an ideal candidate for a
sentinel organism due to its relative abundance and intimate interaction
with both the sediment-water interface. We sequenced the adult tran-
scriptome of T. areolatus using tissue samples collected from the Choapa
River in Coquimbo (Region IV), Chile. Based on this data, we identified
differences in hepatic gene expression downstream of pollution sources
along the Choapa River in January 2015. Among other site specific
changes in hepatic gene expression, we found defeminization of female
specimens collected downstream of areas with intense agricultural activ-
ity. Additionally, male specimens collected near the city of Salamanca
showed an upregulation in hepatic expression of CYP1A. However,
challenges remain with implementing this species as an environmental
sentinel including a lack of knowledge about its reproductive strategy,
typical feeding behaviors and life history.

13 Vitellogenin detection and quantification in blood plasma and
surface mucus of a range of Australian freshwater and marine fishes

K.L. Hassell, J. French, The Univ of Melbourne / Centre for Aquatic
Pollution Identification and Management CAPIM; V.J. Pettigrove, The
Univ of Melbourne / Zoology; R. Moeller, TECOmedical AG; M. Hennies,
TECOdevelopment GmbH; M. Wippermann, TECOmedical AG

Research on the impacts of endocrine disrupting chemicals (EDCs) to
Australian fishes is restricted to just a few studies due largely to a lack of
tools, resources and limited local expertise. Australia, like many other
locations that have limited ecotoxicology resources, also exhibit harsh
environmental conditions (ie. long periods of drought) and have unique
flora and fauna. For these reasons, research to establish the sensitivities
of local, native species is necessary to determine realistic estimates of
risks from EDCs in these environments. However, there are currently no
specific tests for Australian species, which, combined with an underly-
ing lack of fundamental knowledge of the reproductive physiology in
most native fishes, creates challenges when trying to measure endocrine
disruption in environmental monitoring and laboratory-exposure stud-
ies. Measurement of the yolk-protein precursor, vitellogenin (VTG) is a
widely used and well established biomarker for assessment of exposure

to estrogenic endocrine disrupting chemicals. Globally, the induction of
VTG in juvenile and male fish is used in standardised testing guidelines
(eg. OECD, USEPA) to infer exposure to sewage-derived estrogens and
other xenoestrogens (eg. Bisphenol A, nonylphenol), in well described,
model species such as zebrafish, fathead minnows, carp, roach and
rainbow trout. The measurement of VTG is predominantly carried out by
enzyme-linked immunosorbent assay (ELISA), using antibodies that have
been developed for specific test species, however, the production of VTG
antibodies is costly, time consuming and has animal ethics considerations
and is therefore not a viable option for development in multiple Australian
fish species. Here we report the use of two commercially available

ELISA Kkits for quantitative measurement of VTG in blood plasma and
surface mucus of several fish species sampled from rivers and estuaries
around Melbourne, Australia. Successful testing has been done on native
species from several fish families, including Sparidae, Tetraodontidae,
Percichthyidae, Gobidae and Eleotridae, as well as introduced species
from Cyprinidae and Percidae. This study demonstrates the utility of
applying existing tools to non-standard test species in order to progress
research into endocrine disruption impacts in Australia, despite the lack
of local tools and resources.

14 Grocery Store Ecotoxicology: Mercury in food fish from two
major river systems in Colombia

A.S. Kolok, Univ of Nebraska — Omaha / Nebraska Watershed Network

It is not uncommon for modern mining to occur in remote regions of the
world. One such region is the Nechi River near El Bagre in northeastern
Colombia. The Nechi River watershed is known for its gold deposits and
both artisanal and industrial mining operations extract the resource from
the river sediments. A considerable amount of elemental mercury is used
in the extraction process, and there is concern that mercury contamina-
tion can occur both occupationally and environmentally. Relative to
environmental contamination, it is possible that large predatory fish, such
as whiskered catfish, can biomagnify mercury in their muscle making

the meat toxic if consumed. Efforts to sample large fish from the local
rivers are thwarted by the lack of reliable transportation locally and by
the limitations in the type of equipment that can reliably be transported

to such remote regions. Under these conditions, a successful strategy that
can be employed is to sample fish collected for human consumption, either
by the local fishers as they bring their catch to market or directly from

the market place itself. Using this strategy, we attempted to determine
whether fish from the Nechi River were more contaminated with mercury
than the nearby La Miel River, a tributary of the Magdalena River where
there are no pronounced gold deposits. Six different fish species were
collected from each river system and in general the fish from the Nechi
had higher levels of mercury in their tissues than did those from La Miel.
More importantly, the levels of mercury found in the Nechi were highest
in muscle tissue from two different species of Pimelodid, or whiskered,
catfish. It seems likely that species from the Pimelodid family can be used
as environmental sentinel organisms relative to mercury contamination.
Furthermore, it seems plausible that fish collected at local fish markets can
be very useful to evaluate mercury contamination on a watershed scale.

15 Challenges in assessing chemical contamination of water in resource
poor countries: Lessons learned during field sampling in Haiti

J.H. Bisesi, H. Sit, L.L. Jackson, Univ of Florida / Environmental and
Global Health; S. Robinson, Univ of Florida / Envirionmental and Global
Health; N. DeStefano, Duke Univ; L. Ferguson, Duke Univ / Dept of Civil
and Environmental Engineering; T. Sabo-Attwood, Univ of Florida /
Environmental Global Health

The large majority of outreach efforts in resource poor countries are
focused on infectious diseases that plague these areas. But unregulated
chemical use and discharge, and inadequate treatment infrastructure may
also lead to chemical contamination risks to aquatic organisms as well
as animals and humans that use contaminated water sources for drink-
ing, cooking, and cleaning. Additionally, many chemical contaminants
are known to exacerbate infectious disease, which may contribute to the
epidemic disease outbreaks around the world. Yet little work has been
done to characterize the presence and potential environmental health
risks of aquatic chemical contaminants in resource poor countries. Haiti
is located on the island of Hispaniola and is recognized as the poorest
country in the western hemisphere. It has been plagued with widespread
environmental health issues resulting from poor infrastructure, little
regulation, lack of education, and a receding economy. In Haiti, little
attention has been paid to chemical contaminants in aquatic systems,
therefore, our team set out in the spring of 2015 and 2016 to conduct
small scale surveys of contaminants in surface and subsurface waters.
Two techniques were implemented to assess the presence of organic
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contaminants: high throughput hormone receptor bioanalytical assays

for screening of endocrine activity and non-target mass spectrometry for
identification of chemicals present in these waters. Initial results from
these assays indicate the presence of low levels of numerous chemical
contaminants including estrogenic chemicals, pesticides, pharmaceuti-
cals, and plasticizers. Results from these studies will be used to prioritize
future sampling and be matched with future exposure assessments to
inform risk analysis for Haitian populations. Many challenges were
encountered during these studies including import/export, logistical,

and infrastructure issues that will be addressed during this presentation.
Lessons learned from our work in Haiti are useful as toxicological assess-
ments in underdeveloped settings gain traction in support of improving
ecosystem and human health.

16 Ecotoxicological Research in Remote and International Settings:
Challenges and Solutions

C.R. Propper, F.A. von Hippel, M. Shuman-Goodier, C.L. Buck,
Northern Arizona Univ / Biological Sciences

Ecotoxicological research in remote and/or international settings is
fraught with challenges and rewards. However, research efforts in these
locales is critical to establish the effects of contaminants on both human
and environmental health. We will discuss lessons learned from three
investigator perspectives including both obstacles and solutions while
working in remote areas around the world. Establishing collaborations
across distance and culture involves language, technical, legal, and
cultural challenges. Working with local collaborators with culturally
relevant experience is critical. Second, training in cross-cultural sensitiv-
ity relevant to the research site, as well as basic language skills, build
foundations with local research partners and the community. Gaining
the confidence of the support people on site is fundamental to navigat-
ing the regulatory rules involving transportation, permitting, and sample
collection. Planning needs to include concrete emergency preparation for
potentially life threatening situations such as infectious diseases, politi-
cal instability, catastrophic events, and dangerous animals. Building a
knowledge-base and support system requires site visitation, collaborator
and support staff meetings, and evaluation of field conditions. Site visita-
tion also enables the collection of preliminary data and the identification
of suitable model species necessary for successful grant applications.
Creative funding solutions often require combinations of support from
diverse granting resources to promote project sustainability; grant
resource examples include non-governmental organizations, international
aid agencies, local and federal grant programs, and the home institution.
A challenge for the research community is educating funding agencies
regarding the hurdles and need for ecotoxicological research in remote
locations and developing countries. Collectively these approaches will
facilitate research and therefore broaden our understanding of the impact
of pollution on a global scale.

Exposure, Effects and Fate of New Organic
Contaminants in Aquatic Ecosystems

17 Advances in the fugacity modeling of emerging substances in
aquatic ecosystems

M.J. Bock, P.C. Fuchsman, Ramboll Environ

Fugacity modeling was proposed by Don Mackay as a comprehen-

sive framework to model the fate of substances in the environment. In
fugacity modeling virtually all important processes can be included: (1)
partitioning, (2) bioaccumulation, (3) degradation and synthesis reactions,
(3) advection and diffusion, (6) loadings to the environment, and many
other processes. Since its inception, the application of fugacity model-
ing has evolved from simpler to more complex systems. Early fugacity
models described processes on a continental scale. Later models moved
to smaller units such as lakes, drainage basins and watersheds. Other
fugacity models have been developed to characterize processes such as
wastewater treatment and the land application of biosolids. In recent years

we have applied fugacity based models to the prediction of the ecological
risks due to the disposal of consumer products and substances of emerg-
ing concern. Substances such as triclosan and bisphenol A have been
recently evaluated to characterize risks to aquatic systems. Earlier models
utilized WWTP models, watershed scale fate and transport models to pre-
dict the steady state concentrations in abiotic media, and food web based
bioaccumulation models to predict dietary and tissue concentration. In an
effort to more accurately capture geographic variability we have moved
to smaller model units, and more recent models have been reparametrized
to link the units together using a flow network. The flow network links
upstream model units to downstream model units and more faithfully
simulates the movement of substances through a drainage basin. We have
also developed additional model algorithms that not only incorporate the
degradation of substances but also include the fate of these degradation
products in the simulations. The primary challenges to effective fugacity
modeling are (1) the accurate estimation of chemical characteristics such
as K. and media specific degradation rates, (2) pathway specific loadings
of point and diffuse sources to abiotic media, and (3) the characterization
of the model units including the volume of surface water, surface soil, and
sediment, surface water flow and flow pathways, and the boundaries of
each model unit. The use of these models provides a means by which the
risks associated with substance can be assessed in the absence of compre-
hensive monitoring data.

18 Temporal trends of PBDEs and emerging flame retardants in
endangered beluga whales from the St. Lawrence Estuary (Canada)
A. Simond, UQAM / Biological Sciences; M. Houde, Environment and
Climate Change Canada / St Lawrence Center; V. Lesage, Fisheries and
Oceans Canada; J. Verreault, Université du Québec a Montréal / Dept of
Biological Sciences

Located downstream of several large cities, the St. Lawrence Estuary
(Eastern Canada) has over the years become a highly contaminated area
by halogenated flame retardants (HFRs). Each summer, many whale spe-
cies migrate into the St. Lawrence Estuary for feeding. Due to their high
trophic level, certain toothed and baleen whales from this area are highly
exposed to HFRs including polybrominated diphenyl ethers (PBDEs) and
several other HFRs. A study reported a significant increase in blubber
PBDE concentrations in stranded beluga whales (Delphinapterus leucas)
from the St. Lawrence Estuary between 1987 and 1997, followed by a
plateau up until 2007. Although St. Lawrence belugas have been pro-
tected from hunting since 1979, this population has not recovered and was
reclassified as endangered in 2014. This might be partly explained by high
exposure to HFRs and other contaminants. We investigated the variations
of 35 PBDE congeners and 12 emerging HFRs (e.g., Hexabromobenzene
(HBB) and dechlorane-related compounds) in the blubber of 50 stranded
male belugas found along the Estuary and Gulf of St. Lawrence between
1997 and 2013. We also examined the occurrence of these HFRs in 11
stranded male and female minke whales (Balanoptera acutorostrata)
from the St. Lawrence as well as 6 male belugas from Nunavik (Canadian
Arctic) collected as part of the traditional hunt. PBDEs were the most
abundant HFRs in all three whale populations and 6 emerging HFRs
were quantified in the majority of samples. ZPBDE concentrations in
blubber of St. Lawrence belugas were 3- and 5-fold greater than minke
whales and Arctic belugas, respectively. Overall, concentrations of
emerging HFRs in belugas from the St. Lawrence were notably greater
compared to the two other populations, with the exception of Dechlorane
plus (DP) and Dec-604 Component B that were greater in Arctic belugas.
No significant trend of PBDEs was found in St. Lawrence belugas during
this 17-year period. In contrast, concentrations of HBB and Chlordene
plus decreased slightly from 1997 to 2013, while DP increased up until
2000 and decreased slightly thereafter. Age and diet (i.e., stable car-

bon and nitrogen isotope signatures) of whales did not influence HFR
concentrations. Despite several years of PBDE regulations, blubber

levels of PBDEs in St. Lawrence belugas have remained unchanged. The
occurrence of alternative HFRs in these cetaceans warrants continuous
monitoring of these substances.
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19 Mass Balance Study of Lake Michigan for Organic Pollutants in
2010-2015

J. Guo, Univ of lllinois — Chicago / School of Public Health; M. Venier,
Indiana Univ /SPEA; S. Westenbroek, USGS / Wisconsin Water Science
Center; A. Li, Univ of Illinois at Chicago / School of Public Health; R.A.
Hites, Indiana Univ / School of Public Environmental Affairs

This study revisits and updates the Lake Michigan Mass Balance Study
that was conducted by federal, state, university, and private-sector
researchers between 1994 and 1996. The current work combines recent
data from Lake Michigan tributary water, air, open lake water, and sedi-
ment to calculate an updated mass balance for polychlorinated biphenyls
(PCBs), brominated flame retardants (BFRs), and organophosphate esters
(OPEs). The fluxes or loads of tributary, open lake water, air, and sediment
sources were calculated and compared to produce an approximate present-
day mass balance. Water samples, including both the dissolved and
particle phases, were collected every three weeks in 2015 from the Grand,
Kalamazoo, St. Joseph, and Lower Fox Rivers and from the Indiana
Harbor and Ship Canal. Air samples, including both particle and vapor
phases, were obtained from Chicago and Sleeping Bear Dunes every 12
days as part of the United States’ Integrated Atmospheric Deposition
Network (IADN). Open lake water samples were previously analyzed in
the Hites laboratory in conjunction with Environment Canada. Sediment
data were obtained from the Great Lakes Sediment Surveillance Program.
Tributary sample concentration ranges in 2015 for PCBs, BFRs, and OPEs
were 0.5-50 ng/L, 0.2-3.7 ng/L, and 0.4-150 ng/L, respectively. Significant
differences in mean concentrations were found among the five rivers;

the Indiana Harbor and Ship Canal had the highest mean concentrations
for the three groups of compounds. Preliminary results suggest that the
Chicago remains the main source of atmospheric deposition to Lake
Michigan for many of these compounds. The concentrations of PCBs and
some BFRs measured in our study were less than that measured/computed
by previous studies, possibly indicating a downward trend.

20 Linear and cyclic volatile methylsiloxanes in blood of freshwater
and marine piscivorous wildlife from Canada

D.G. Wang, Dalian Maritime Univ / Dept of Environmental Science and
Engineering; S. de Solla, Environment and Climate Change Canada

/ Ecotoxicology and Wildlife Health Division; M. Lebeuf, Maurice
Lamontangne Inst. / Maurice Lamontagne Inst; T. Bisbicos, Environment
and Climate Change Canada / Water Science and Technology
Directorate; G. Barrett, Environment and Climate Change Canada /
Wildlife and Landscape Science Directorate; M. Alaee, Environment and
Climate Canada / Water Science and Technology Directorate

Cyclic and linear volatile methylsiloxanes (VMS) substances are widely
used as ingredients for cosmetic and personal care products including anti-
perspirant, baby products, shampoo, nail polishes, etc. Blood of piscivorous
wildlife (snapping turtles, double-crested cormorants, and grey seals),

was collected in Canadian freshwater and marine ecosystems. A modi-
fied quick, easy, cheap, effective, rugged, and safe (QuEChERS) method
was developed to measure VMS in blood, using large-volume injection
with gas chromatography-mass spectrometry (LVI-GC-MS). Cyclic VMS
hexmethylcyclotresiloxane (D3), octamethylcyclotetrasiloxane (D4),
decamethylcyclopentasiloxane (D5), and dodecamethylcyclohexasiloxane
(D6) were present in blood of all three species. Linear VMS were only
found in seal blood in one contaminated site. For most animals, D5 was
the dominant compound, with mean concentrations ranging between 0.143
and 7.39 ng/g ww. Further, D5 showed the largest spatial variation for each
species, as all showed elevated D5 concentrations in contaminated sites
compared to the reference sites. Our data indicated that local urban sources
of VMS contribute significantly to the observed D5 concentrations in free
ranging wildlife. Given that the blood:air partition coefficient of VMS is
low but the lipid:water partition coefficient is very high, diet is likely the
main source of VMS to piscivorous wildlife. The presence of cyclic VMS
in the blood of three species from different taxonomic groups in marine vs
freshwater ecosystems demonstrates that these chemicals are ubiquitous in
aquatic biological systems.

21 Scenario analysis of the persistence of linear and cyclic volatile
methylsiloxanes in aquatic environments using multimedia models

D. Panagopoulos, Stockholm Univ / Dept of Applied Environmental
Science; A.H. Kierkegaard, Stockholm Univ / Dept of Environmental
Science and Analytical Chemistry ACES; A. Jahnke, Helmholtz Centre

Jfor Environmental Research — UFZ / Cell Toxicology;, M. MacLeod,

ITM — Stockholm Univ / Dept of Environmental Science and Analytical
Chemistry ACES

Volatile methylsiloxanes (VMS) are a group of organosilicon chemicals
that consist of SiO-chains in cyclic or linear ordinance and have methyl
groups attached to the silicon atoms. Because of their widespread use

in personal care products, cyclic and linear volatile methylsiloxanes
(cVMS and IVMS) have been found at considerable levels in air, surface
waters, sediments and aquatic organisms. In surface waters and sedi-
ments, the residence times of VMS are primarily controlled by their
sorption to organic carbon, characterized by their organic carbon/water
partition ratio (Kc). Kozerski et al.! reported a log Ko value of 5.17 for
decamethylcyclopentasiloxane (Ds) and in a previous study? we mea-
sured log Ko of 6.12. To explore the implications of such differences in
partitioning behavior, we modeled the fate of cVMS and IVMS in generic
scenarios using the equilibrium criterion model (EQC) and in a regional
scale scenario in Adventfjorden, Svalbard, Norway. Using the Ko mea-
surements of Kozerski et al.! in the EQC model the overall residence time
for D5 was 203 d, while using the Ky measurements of Panagopoulos

et al.2 the overall residence time was more than 3 times longer at 676

d. Similarly, in the regional scenario when using a log Ko of 5.17 the
overall residence time for Ds was 225 d, while using a log K¢ of 6.12 the
overall residence time was 534 d. The one log unit higher K¢ substan-
tially increased the residence times of D5 such that their residence times
in sediment exceeded the persistence (P) criterion for sediment set by
REACH and the 100-day criterion for overall persistence suggested by
Webster et al.? The modeling results underline the large influence of

Koc when estimating the persistence of VMS in aquatic environments.
(1) Kozerski et al. Environ. Toxicol. Chem., 2014, 33, 1937-1945. (2)
Panagopoulos et al. Environ. Sci. Technol., 2015, 49, 12161-12168 (3)
Webster et al. Environ. Toxicol. Chem., 1998, 17, 2148-2158

22 Polyhalogenated carbazoles in sediments of the Great Lakes:
natural or anthropogenic?

A. Li, J. Guo, Univ of Illinois at Chicago / School of Public Health, S.
Zhou, Zhejiang Univ of Technology / School of Environment; T. Lin,
Univ of lllinois Chicago / School of Public Health; H. He, Nanjing Univ
/ School of the Environment; Z. Li, Univ of Illinois at Chicago / School
of Public Health; P. Ranasinghe, Clemson Univ / School of Public
Health; S. Hosseini, S. Bonina, Univ of Illinois Chicago / Dept of Civil
and Materials Engineering; M.B. Corcoran, Univ of lllinois Chicago

/ Dept of Earth and Enviromental Science; C. Smalley, Univ of Illinois
at Chicago / Dept of Earth and Enviromental Science; K. Rockne, Univ
of Illinois at Chicago / Dept of Civil and Materials Engineering; N.C.
Sturchio, Univ of Delaware / Dept of Geological Sciences; J. Giesy,
Univ of Saskatchewan / Dept of Veterinary and Biomedical Sciences and
Toxicology Centre

Aromatic organohalogens may originate from both natural and anthro-
pogenic sources, and can be either detrimental or beneficial to the
ecosystem and humans. To date, synthesized persistent and bioaccumu-
lative organohalogens have received most attention in environmental
monitoring. Evidence is mounting that known anthropogenic organohalo-
gens compose only a small fraction of the total organohalogens found in
the environment. In recent years, increasing detection of polyhalogenated
carbazoles (PHCZs) has caused concern. PHCZs resemble polyhalo-
genated dibenzofurans in chemical structure with a planar molecular
conformation that promotes toxicity. As such, PHCZs are termed nitro-
genated dioxins and are considered as novel persistent organic pollutants.
The sources of PHCZs found in the environment remain unknown

and have been debated. The objective of this work was to gain insights
into the origin of PHCZs found in natural waters. Ponar grab and core
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sediment samples were collected from the Great Lakes of North America,
including Lakes Michigan, Superior, Huron, Erie and Ontario. The
samples were analyzed and characterized for PHCZs using gas chroma-
tography coupled with single- or triple-quadrupole mass spectrometry.
The total accumulation of 26 PHCZs in the sediment is >3,000 tonnes,
which exceeds those of known anthropogenic organic pollutant groups

by orders of magnitude. Spatial and temporal patterns differ significantly
among PHCZ congeners and among lakes. Based on their spatial and
temporal trends as well as principle component analyses, both natural and
anthropogenic sources are present. In particular, the majority of PHCZs
found in the sediment of Lake Michigan is believed to have formed
naturally. A number of “emerging” PHCZs deserve further monitoring

as their deposition to the sediment has been increasing in recent decades.
Lower substituted PHCZs may form from in situ dehalogenation of those
with more halogens. Anthropogenic sources appear to exist, particularly
for the emerging and some light molecular mass congeners.

23 A Chronological Record of Organophosphate Ester Deposition in
Sediment

A.O. De Silva, TE. Peart, C. Spencer, Environment and Climate Change
Canada; D.C. Muir, Environment and Climate Change Canada / Aquatic
Contaminants Research Division,; P.A. Fair, NOAA National Ocean
Service

Organophosphate esters (OPEs) are used as flame retardants and plas-
ticizers in a variety of products. OPEs have been measured in surface
sediments, however, their temporal trends , inferred from dated sedi-
ment cores, have not previously been determined. In this study, OPEs
were determined in surface sediments from depositional zones of Lake
Ontario and from Charleston Harbor area from South Carolina. Twelve
of 22 OPEs were detected with >60% frequency in Charleston harbor
sediments with tris (2-chloroisopropyl) phosphate (TCPP; 12 ng/g dry
wt), tris(n-butyl) phosphate ( TnBP; 13 ng/g dw) and ethylhexyl-diphenyl
phosphate (EHDPP; 8.7 ng/g dw) predominating. TCPP and TnBP also
represented a major proportion of total OPEs in surface sediments from a
core collected from the urban influenced western basin of Lake Ontario
but were less prominent in more remote central lake site. Analysis

of dated cores from the two Lake Ontario sites showed exponential
increases in depositional fluxes of 6 OPEs, including TCPP and TnBP,
starting post-2000, possibly due to their growing use related to the phase
out of polybrominated diphenyl ethers. Other OPEs had parabolic deposi-
tion profiles in the central basin suggesting maximum deposition in the
1990s. This is also the first chronological depositional analysis of OPEs
in sediment cores in the Great Lakes and suggests emissions to aquatic
environments are increasing.

24 Transcript, protein, and metabolite responses in rainbow trout
(Oncorhynchus. myKkiss) exposed to TBBPA-DBPE

D. Simmons, Univ of Waterloo / Biology; J. Sherry, Environment and
Climate Change Canada / Water Science Technology Directorate; B.
Chandramouli, J. Cosgrove, SGS AXYS

The Chemical Management Plan (CMP) has identified
Tetrabromobisphenol A bis(2,3-dibromopropyl ether) (TBBPA-DBPE)
as a replacement flame retardant with the potential to enter the Canadian
aquatic environment. There is concern that TBBPA-DBPE might also
pose a risk of disrupting the endocrine systems of exposed organisms.
The present experiment was designed to assess the sub-lethal effect(s)

of TBBPA-DBPE in juvenile rainbow trout in order to identify potential
sub-lethal mechanistic pathways. The fish were exposed to waterborne
TBBPA-DBPE in a flow-through design. TBBPA-DBPE was delivered
to the tanks by peristaltic pumps to maintain consistent concentrations.
Nominal exposure concentrations were: 0 uM ; 0.001-; 0.01-; 0.032-; and
0.1-uM. There were three separate exposures; one for 2 days, another for
10 days, and the last for 21 days. Eight fish were housed per tank, with
three replicate tanks per exposure concentration for a grand total of 225
fish. We performed analysis of liver transcripts from fish exposed for 21
days, as well as shotgun analysis of plasma proteins and targeted analysis

of plasma metabolites on fish from all exposures. We shall present a syn-
thesis of the data from our multi-omics approach to gain insights onto the
potential mode of action of TBBPA-DBPE in fish.

Environmental Chemistry

25 Two dimensional 1H and 13C-NMR characterization of atmo-
spheric size segregated organic aerosols

M. Chalbot, Univ of Alabama at Birmingham / Environmental Health
Sciences; S. Siddiqui, Univ of Arkansas for Medical Sciences; I.
Kavouras, Univ of Alabama at Birmingham

Atmospheric aerosol is a complex mixture of primary and secondary
particles originating from anthropogenic and biogenic sources. Organic
aerosols (OA) constitute from 50 up to 80% of atmospheric acrosol and
play a very important role in the global climate acting as cloud condensa-
tion nuclei, atmosphere’s oxidative burden and human health. Despite

its significance, only 20% of OA is chemically characterized. In a recent
review paper (Environmental Pollution, 2014,191, 232-249), we, for the
first time, synthesized and critically evaluated the findings of NMR stud-
ies on OA, identified knowledge gaps and areas of research. These key
issues included: optimization of sampling and analysis protocols, struc-
tural characterization of aqueous OA / humic-like substances and source
apportionment. Proton and Carbon-NMR spectroscopy is an emerging
method used to characterize environmental exposures to specific types of
organic compounds. We applied 1D 'H and 2D mononuclear 'H-'H, and
heteronuclear 'H-3C NMR to determine the chemical composition of the
water-soluble fraction of size segregated organic aerosol collected with

a 5-stage (plus backup) cascade impactor at the following size intervals:
<0.49, 0.49-0.96, 0.96-1.5, 1.5-3.0, 3.0-7.2 and 7.2-30 pm. In this paper
we discuss the functional group composition and source markers content
of size-segregated aerosols, and the size distribution of biogenic and
anthropogenic organic markers. Characteristic signals attributed to humic
substances, carbohydrates, polyols, aromatic and aliphatic carboxylic
acids were found with different contributions for each size fractions.
Differences in the nature and contribution of sources, including soil, traf-
fic exhausts and biomass burning, and in atmospheric processes during
the same season were also revealed by functional group characterization.

26 Analysis of air monitoring data of cyclic volatile methylsiloxanes
S. Xu, Dow Corning Corporation / Health and Environmental

Sciences; N.A. Warner, NILU — Norwegian Inst for Air Research /
Environmental Chemistry; J.A. Durham, Dow Corning Corp. / Health
and Environmental Sciences, D. McNett, Dow Corning Corporation

Due to their heavy use, cyclic volatile methylsiloxanes (cVMS) are under
increased regulatory and scientific scrutiny. In last few years, the fate,
transport and distribution of these compounds have been studied both by
multimedia environmental fate modeling and also by the environmental
monitoring. The objective of this project was to compare the air monitor-
ing data of cVMS with their model predictions and to identify the critical
data gaps in our understanding of the major environmental processes
regulating the transport and distribution of cVMS in the global atmo-
sphere. The published modeling assessments included both simple steady
state simulations and time variable analysis at the global scales using both
hypothetical and realistic release scenarios. The air environmental moni-
toring data are from Northern American and European including sites
heavily impacted by human activities and the remote Arctic locations.
The temporal and spatial patterns of cVMS concentrations in air were
generally in a good agreement with the modeling predictions. However,
the spatial gradient of air concentration of all three cVMS were much
steeper than the spatial gradients predicted by the models. The biggest
inconsistency with the model predictions was the spatial trends in the
concentration ratios of various cVMS (e.g. D5/D6) measured at different
locations. Further analysis suggested that the above discrepancy between
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the field data and model predictions could be attributed mainly to the pos-
sibility of the additional degradation mechanism in air that has not been
recognized and incorporated in any of the current modeling assessments.

27 Use of Cholic Acid as a Surrogate Internal Standard for Steroid
Hormone Quantitation in the Whale Blubber Matrix

M. Hayden, Texas Tech Univ/TIEHH / Environmental Toxicology;

R. Bhawal, J. Escobedo, C. Harmon, Texas Tech Univ / Center for
BioTechnology Genomics; D. Klein, Texas Tech / Environmental
Toxicology; S. San-Francisco, M. Zabet-Moghaddam, Texas Tech Univ
/ Center for BioTechnology Genomics, C. Godard-Codding, Texas Tech
Univ / Dept of Environmental Toxicology The Inst of Environmental and
Human Health

The International Whaling Commission Scientific Committee has
stressed the critical need for studies on reproductive status of the western
gray whale (Eschrichtius robustus) population, which it currently desig-
nates as critically endangered. Biopsy samples from western gray whales
off Sakhalin Island have been collected in collaboration with Russian
scientists since 2011. These samples provide precious material amenable
to hormone, genetic or stable isotope analyses as previously reported
(Gendron et al. 2015, Bickham et al. 2015, Bickham et al. 2013). Yet, with
the current ELISA methodology to quantitate steroid hormones from the
blubber matrix, limitations include challenges associated with the small
amount of biopsy tissue available and cross-reactivity within the assay.
Here, we report on a development of the quantitation of progesterone,
testosterone, and cortisol via LC-MS/MS analysis in gray whale blubber.
Samples from stranded eastern gray whales collected in 1997-2011 were
homogenized, extracted for steroids, filtered, evaporated, and dissolved
in 50 puL of a 60:40 solution of LC-MS grade water:acetonitrile with 0.1%
formic acid. Samples were spiked with a surrogate internal standard of

5 nM cholic acid for the purposes of quantitation, diluted 1:10, and 1

ul was injected onto a C18 reversed-phase column. A 300 nL/min flow
rate was used in the chromatography with nanospray ionization into the
Thermo LTQ XL linear ion trap mass spectrometer. Preliminary method
development include 1) steroid hormone detection from a 50 mg ww
blubber sample and 2) cholic acid validation as a viable internal standard
for quantitation. Standard curves for cortisol, testosterone, and progester-
one quantitation were generated using cholic acid as a surrogate internal
standard with the following concentrations: 0.05 nM, 0.1 nM, 0.5 nM,

1 nM, 5 nM, and 10 nM. Cholic acid concentration was held constant

at 5 nM and concentrations were reported as peak area ratios. The use

of surrogate internal standards is very useful (Kunze et.al 2015), and
cholic acid was chosen due to its steroidal structure and lack of measur-
able accumulation in the blubber samples tested. The small sample mass
(50 mg) required for this new methodology for blubber steroid hormone
analysis is compatible with biopsy collection in western gray whales and
allows for concomitant genetic and stable isotope analyses. Methodology
optimization to increase the number of detectable steroid hormones is
underway.

28 The dissipation and transport of the glyphosate additive polyoxy-
ethylene tallow amine (POEA)

D. Tush, M.M. Maksimowicz, M. Meyer, USGS / Organic Geochemistry
Research Laboratory

The surfactant POEA is an ingredient in many glyphosate formulations-
-the most widely applied agricultural herbicide in the world. POEA is
toxic to many aquatic organisms and is often the primary factor of the
toxicity of glyphosate formulations. The fate of POEA applied to agricul-
tural fields and the potential transport of POEA into aquatic systems are
generally unexplored research topics. A multiyear study of an active row
crop field in Indiana documented that POEA, glyphosate, and a degrada-
tion product of glyphosate (AMPA, aminomethylphosphonic acid) persist
from year to year with some dissipation from the top 15 cm of the field
but little migration into deeper soil. The detection of POEA, glyphosate,
and AMPA in stream bed sediments from agricultural and urban water-
sheds in Georgia, Hawaii, lowa, Mississippi, North Carolina, and South

Carolina indicate the dissipation of these compounds from the application
site leads to their transport into nearby surface waters. This is the first
study to simultaneously analyze a primary formulation surfactant, the
active ingredient, and the major degradate of glyphosate formulations in
agricultural soils and corresponding stream bed sediments.

30 Separation and analysis of single walled carbon nanotubes in
estuarine sediments using density gradient ultracentrifugation with
NIRF and ICP-MS

K. Liu, Duke Univ / Chemistry; M.D. Montario, Duke Univ / Civil

and Environmental Engineering; D. Plata, Yale Univ / Chemical
Environmental Engineering; L. Ferguson, Duke Univ / Dept of Civil and
Environmental Engineering

Sensitive and reliable quantification and characterization methods are
needed to facilitate the ecological risk assessment of carbon nanotubes,
including single-walled carbon nanotubes (SWCNT) in the aquatic
environment. These analyses are particularly challenging because of the
association of SWCNT with particulates (e.g. sediments) and the resulting
complexity of samples. Near infrared fluorescence spectroscopy (NIRF)
has been used to make sensitive measurements of SWCNT in marine
sediments, but this technique is not sensitive to all SWCNT types. Metal
catalysts are widely used in synthetic production of SWCNTs, leading
to total metal content ranging from 5 - 30%. Therefore, by monitoring
the metal types and metal:metal ratio along with monitoring elemental
carboncontent, SWCNTSs can, in principle be quantified in environmen-
tal samples using ICP-MS. Background metals from sediment present
challenges to such analyses, however. Thus, we have applied density
gradient ultracentrifuge (DGU) to isolate and separate SWCNT in sedi-
ment extracts prior to both NIRF and ICP-MS analysis. Several types of
SWCNTs (arc discharge, CoMoCat, and HiPCO) were spiked and sub-
sequently extracted from estuarine sediments. SWCNTs were separated
into different bands after DGU, primarily into two distinct horizons (one
showed near infrared fluorescence, while the other did not). Two
techniques,near-infrared spectroscopy (NIRF) and ICP-MS, were applied
for quantitation of SWCNTs in these bands. Results indicate excellent
separation of SWCNT from interferences in sediments.We have also dis-
covered an apparent disconnect between the metal catalyst particles and
SWCNT during density gradient ultracentrifuge separation. It is

clear that the SWCNT (within the NIRF band) is not physically associ-
ated with metal catalyst. This result was confirmed using single-particle
ICP-MS. Although DGU separation seems to be an outstanding method
for isolating SWCNT from aquatic sediment for analysis, ourcurrent
findings indicate that metal fingerprints derived from residual cata-

lyst may not be a good tracer for SWCNT occurrence and fate in marine
sediments, as the associated metal catalyst particles in SWCNT prepara-
tions might be transported in different ways relative to the SWCNT.

31 Determining the Dissolution Rate of Nanomaterials in the
Aquatic Environment by Ultra-Centrifugation

J. Coleman, US Army Engineer Research and Development Center; N.
Hartmann, DTU Technical Univ of Denmark / Dept of Chemistry and
Biology, L. Thornton, Univ of North Texas / Biology, K.L. Willett, Univ
of Mississippi / Pharmacology; J.A. Steevens, USGS / Environmental
Laboratory

The environmental fate and toxicity of nanomaterials are highly influ-
enced by their dissolution kinetics (rate of solubility) and equilibrium
solubility (amount of dissolved material). Solubility is material-depen-
dent, but not as such an inherent property. In addition to the material
properties, dissolution also depends on the water chemistry of the
surrounding media (e.g. ionic strength, ligands, pH, organic matter and
temperature). For other nanomaterials, the following parameters will
also influence solubility: particle size, state of aggregation and particle
coating. It is important to understand nanomaterial dissolution to be able
to predict their fate and behavior in the environment. Also, information
on particle dissolution is important in the interpretation of toxicologi-
cal test results. The authors are currently leading the development of
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Organization of Economic Cooperation and Development (OECD) stan-
dard guidance for determining the dissolution rate of metal nanoparticles.
Here we propose a screening study testing up to 3 concentrations of nano-
materials and 3 pH levels for 24 hr in 5 mM sodium bicarbonate water

to determine those particles which undergo rapid dissolution such that
their ecotoxicity potential is practically indistinguishable from soluble
forms. If only partial or no dissolution occurs, a full study is proposed to
determine dissolution kinetics and incorporate specific conditions such
as media composition, concentration, and pH level lasting up to 28 days.
Phase separation methods were tested and we determined that ultra-cen-
trifugation was preferable compared to ultrafiltration and dialysis due to
the potential for adsorption to membranes/filtration media and the ability
to reduce variability. We have found that polypropylene or high density
polyethylene resulted in less adsorption compared to polycarbonate and
glass. The results of these studies will be used to develop a draft protocol
for dissolution ring tests in the development of a standardized guidance
for dissolution rate and ultimately support the environmental hazard clas-
sification of metal nanoparticles.

32 Determination of lead in American woodcock (Scolopax
minor) feathers and bone with temporal analysis and lead source
determination

A.D. French, Texas Tech Univ/TIEHH / Environmental Toxicology;
D. Sullins, Kansas State Univ / Division of Biology; W. Conway, Texas
Tech Univ / Natural Resource Management; D. Klein, Texas Tech /
Environmental Toxicology

Lead (Pb) concentrations are known to exceed biologically relevant
thresholds in American woodcock (Scolopax minor). This may be con-
tributing to their negative population trend. Woodcock are susceptible to
Pb accumulation through ingesting earthworms, contaminated soil, and
Pb shot. Although lead shot was banned for use on waterfowl, it is pos-
tulated to be the primary source of elevated Pb in American woodcock.
Lead determination was performed using primary feathers (P2), second-
ary feathers (S14) and wing bones from juvenile woodcock. This allowed
for a temporal study because the three sample types provide information
on natal origins, migration routes and lifetime Pb accumulation, respec-
tively. All samples were analyzed for total Pb concentration by using an
inductively couple plasma — mass spectrometer. Isotope ratios of 206207pp
and 2082207Ph were calculated to determine the sources of Pb woodcock
are exposed to. Elevated Pb concentrations (> 4 ppm) were found in 19%
of the feathers, with 24% having concentrations > 20 ppm. Approximately
60% of the feathers with elevated Pb were P2 feathers, indicating Pb
accumulation is slightly greater at woodcock natal origins. Isotope ratios
in both the P2 and S14 feathers overlap with ratios from multiple envi-
ronmental sources including coal emissions, gasoline, zinc smelting, and
various types of Pb shot. The data collected confirm that woodcock are
exposed to elevated Pb concentrations. While Pb shot is a possible source
of Pb in woodcock, further research is needed to accurately determine the
source of Pb in birds with elevated Pb concentrations.

Wildlife Ecotoxicology: From Food Chain Exposure
to Population Effects

33 Thyroid Pathology in Deer Mice (Peromyscus maniculata) from a
Reclaimed Mine Site on the Oil Sands

J. Smits, Univ of Calgary / Dept of Ecosystem and Public Health Faculty
of Veterinary Medicine; A.R. Movasseghi, Univ of Saskatchewan / Prairie
Diagnostic Service, J. Rodriguez-Estival, UCLM-CSIC / IREC

Free living small mammals are sensitive, useful and available sentinels
which can be studied to evaluate ecological and health risks from pol-
lutants. Information from this small mammal-based investigation may
provide insights at higher levels in the food web, and have implication
ergarding sustainability of local ecosystems. The extraction of bitumen
in areas of northeastern Alberta, Canada, has been associated with the
release of complex mixtures of metals, metalloids, polycyclic aromatic

compounds, and other compounds to the environment. In previous stud-
ies of northern rodents during the spring breeding season, we observed
that deer mice (Peromyscus maniculata) from a reclaimed mine site

had higher renal levels of cobalt (Co), selenium (Se), and thallium (T1)
compared to the deer mice from a reference site in the same region, but
beyond the range affected by airborne deposition of most industry related
contaminants. This increased exposure to metals plus other unmeasured
contaminants was associated with poorer body condition, smaller testis
mass, and increased oxidative stress which was determined through
vitamin A and glutathione redox status in both the liver and testes.

These findings stimulated further investigation into the health effects,
specifically histopathological examination and hormone production of
the thyroid glands. Information or reports of naturally occurring thyroid
disease in wild animals in general, and in small mammals specifically,

is extremely limited. We therefore investigated the structure and func-
tion of the thyroid glands and thyroid hormone levels of the deer mice
captured on reclaimed and reference sites on and near mining areas on the
Athabasca oil sands in Alberta. Mice from the reclaimed site had marked
thyroidal changes including follicular cell proliferation and decreased
colloid in the follicles compared to animals from the reference site. The
abnormal follicular hyperplasia was significantly correlated with higher
oxidative stress (p=0.02), as was decreased thyroidal colloid produc-

tion (p=0.05). Thyroid hormones, both thyroxine and triiodothyronine,
were higher in animals with greater oxidative stress (p=0.01) indicating
increased metabolic demands from the contaminant related oxidative
pressures. This work confirms the value of a combination of endocri-
nological, histologic and oxidative stress biomarkers for providing a
sensitive and meaningful biological measure of the cost of contaminant
exposure in native small mammals on the oil sands.

34 Influence of PAH exposure and diet on metabolomic responses of
double crested cormorants

S. de Solla, P. Thomas, Environment and Climate Change Canada

/ Ecotoxicology and Wildlife Health Division; V.S. Langlois, S.J.
Wallace, Royal Military College of Canada / Chemistry and Chemical
Engineering; J. Cosgrove, B. Chandramouli, SGS AXYS

Field based studies have the unenviable challenges typical of uncontrolled
experiments; confounding factors, difficulty in establishing cause-effect
relationships, and causal factors that were not considered during the
experimental design. In this study, we investigated the putative differ-
ences in metabolomic responses of double crested cormorants from 3
colonies in relation to differences in airborne exposure to polycyclic
aromatic hydrocarbons (PAHs), dietary exposure to POPs, and diet.
Earlier research indicated that airborne exposure to PAHs increased the
incidence of mutations in double-crested cormorants that were breed-
ing in Hamilton Harbour relative to those from a Lake Erie reference
site; further, alterations in gene expression in the putative p53 (tumor
suppression gene) pathway were observed. We examined the metabolo-
mic responses from cormorant chicks from each colony, using 3 tissues
(blood, liver, lung). Over 200 metabolites, including acylcarnitines,
amino acids, glycerophospholipids, hexose, sphingolipids, and biogenic
amines, fatty acids, and bile acids, were measured by flow injection- or
liquid chromatography-tandem mass spectrometry. Although all three
tissues easily differentiated the three colonies, the majority of differences
observed were between the Lake Erie colony and the other two Hamilton
Harbour colonies. Based upon estimates of diet using regurgitates and
stable isotopes (C,N), most of the differences in metabolomics responses
appear to be due to diet, as opposed to either airborne PAH exposure, or
dietary exposure to POPs. Metabolomics are a useful tool in determining
responses of wildlife in field studies where there are multiple, sometimes
confounding, stressors including contaminant exposure and ecological
drivers.
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35 Neurotoxic impacts of mercury on Arctic Barnacle goslings,
raised in moderately contaminated terrestrial habitats in the Arctic

N. van den Brink, Wageningen Univ / Dept of Toxicology; I.B. Scheiber,
Univ of Groningen / Centre for Ecological and Evolutionary Studies
Behavioural Ecology and Selforganization; M.E. de Jong, Univ

of Groningen / Arctic Centre; A. Arini, McGill Univ; J. Komdeur,

Univ of Groningen / Groningen Inst of Evolutionary Life Sciences
Behavioural and Physiological Ecology; N. Basu, McGill Univ / Dept of
Environmental Health Sciences; H.H. van den Berg, Wageningen Univ /
Toxicology Dept; M.J. Loonen, Univ of Groningen / Arctic Center

Although the Arctic is remote, it is contaminated by mercury from
different sources. Via long range transport, mercury is transported for
from lower latitudes to the Arctic via the atmosphere. Additionally, local
human activities may also result in contamination. For instance, mining
activities have resulted in elevated levels of mercury in the surroundings
of the mining areas. The focus of mercury related research in the Arctic
has mainly been on marine ecosystems, which are regarded most at

risk. Risks associated with mercury in terrestrial ecosystems have been
less studied. In the current presentation we will present a pilot-study in
which we herded Barnacle goslings in a contaminated mining site and

a control site near Ny-Alesund, Spitsbergen. Herding the goslings made
it possible to perform a controlled field study, quantifying the accu-
mulation of mercury in the goslings. Soil in the mining area contained
significant higher concentrations of total mercury than the control site.
This was also the case for the vegetation (approx. 2.2 times higher in the
mining site than the control site). Each group of goslings grazed approxi-
mately 3-4 hours per day in their assigned area. At night and during bad
weather conditions they were kept in pens. The goslings that grazed in
the mine impacted area showed increased levels of total mercury in the
liver in comparison to the control group (p < 0.05). Concentrations were
relatively low, possibly due to growth dilution due to growing feath-

ers. Nevertheless, dopamine receptor levels in the brains of the goslings
were significantly related to the hepatic total mercury concentrations.
Furthermore, the behaviour of the goslings from the mine-exposed group
was significantly different than from the controls. The exposed goslings
showed significantly more jumps during controlled observation periods.
This study indicates that, although exposure of organisms to mercury

in terrestrial Arctic ecosystems may be relatively low, it still results in
neurotoxic effects and even effects on the organisms’ behaviour. In case
of barnacle goslings this may have grave consequences when e.g. interac-
tions between parents and goslings are affected. This warrants for further
studies, integrating mechanistic biochemical ecotoxicological observa-
tions with ecological relevant observations in behaviour and other fitness
parameters.

36 Assessment of Lead and Pesticide Exposure in the Declining
Population of Red-breasted Goose (Branta ruficollis) Wintering in
Eastern Europe

R. Mateo, UCLM-CSIC / Instituto de Investigacion en Recursos
Cinegeticos; N. Petkov, Bulgarian Society for the Protection of Birds;
A. Lopez Antia, J. Rodriguez-Estival, UCLM-CSIC / IREC; A.J. Green,
EBD-CSIC / Wetland Ecology

The red-breasted goose Branta ruficollis is a globally threatened species
(IUCN Vulnerable) and the only European goose species currently in
decline. Working on the wintering grounds on the Black Sea Coast,

we address two potential causes of decline of this species for the first
time: lead poisoning, and contamination from pesticides. We quanti-

fied the densities of spent Pb shot in three wetlands used by the geese in
north-east Bulgaria, and analysed the Pb concentration in the faeces of
red-breasted geese and the more abundant greater white-fronted geese
Anser albifrons, using Al concentration as an indicator of soil ingestion.
Pb shot densities in sediments were low, and we found no evidence for Pb
shot ingestion in red-breasted geese. On the other hand, we found that the
geese were feeding on wheat whose seeds were treated with four fungi-
cides: thiram, tebuconazole, difenoconazole and fludioxonil. Using data
on the daily food intake, we estimated the exposure levels of the geese

to these fungicides, both by measuring the concentrations remaining on
seeds and by estimating the amount used to coat the seeds at the time of
sowing. We found that the estimated ingestion rates for both geese spe-
cies exceeded the recognized hazardous doses for thiram, and to a lesser
extent for tebuconazole, which indicates that some pesticides may be
playing a previously overlooked role in the decline of red-breasted geese.

37 The catbird is the new chicken: high sensitivity to a dioxin-like
compound in a wildlife species

M.L. Eng, Univ of Saskatchewan / Toxicology, C.A. Bishop, Environment
and Climate Change Canada / Wildlife Research Divsion Science and
Technology Branch; D.E. Crump, S. Jones, Environment and Climate
Change Canada; T. Williams, Simon Fraser Univ / Dept of Biological
Sciences; K.G. Drouillard, Univ of Windsor / Great Lakes Inst for
Environmental Research; J.E. Elliott, Environment and Climate Change
Canada / Science Technology Branch

Avian toxic equivalency values used for risk assessments of dioxin-like
compound (DLC) contaminated sites are based on chicken toxicity testing;
however, to date, no wildlife species in North America has been verified
to be as sensitive as the chicken. Recently, the Gray catbird (Dumetella
carolinensis), a North American songbird, was predicted to be highly
sensitive to DLCs based on genotyping of the aryl hydrocarbon receptor
(AHR1) ligand binding domain. The objectives of this study were to test
the sensitivity of the Gray catbird to the embryotoxic effects of a dioxin-
like PCB (PCB-126), and to compare the induction of hepatic CYP1A4/5
mRNA expression between the catbird and the chicken following PCB-
126 exposure. Eggs were collected from the South Okanagan Wildlife
Management area in British Columbia, Canada, injected with 0.5 pl/g of
the vehicle control (DMSO) or one of four PCB-126 concentrations (0.71,
5.36, 11.42 and 39.98 ng/g egg), and artificially incubated to hatch. We also
injected chicken eggs with DMSO, 0.01, 0.1, 0.5, or 1 ng PCB-126/g egg,
and incubated until hatch to assess induction of CYP1A4/5 mRNA expres-
sion by PCB-126; this had not been previously assessed for chickens.
There was a dose-dependent increase in catbird embryo mortality with a
calculated LD50 of 1.35 ng PCB-126/g egg (95% CI = 0.34 to 2.54 ng/g),
which falls within the range of published LD50 values for the chicken

(0.4 to 2.3 ng/g egg). There was significant induction of both CYP1A4

and CYP1AS mRNA in catbird hatchlings from the 0.71 ng PCB-126/g
egg dose group. Similarly, in chickens there was significant induction of
CYP1A4 and CYP1AS starting at 0.5 ng PCB-126/g egg. Catbird CYP1A4
induction was 257-fold at 0.7 ng/g and 486-fold at 5.36 ng/g, and CYP1AS
induction was 55-fold at 0.71 ng/g and 87-fold at 5.36 ng/g. In the chicken
at Ing/g, CYP1A4 induction was 106-fold, and CYP1AS5 induction was
52-fold. For both catbirds and chickens, CYP1A4 was much more induced
than CYP1AS, which is typical of highly sensitive species. The results of
this study demonstrate that the gray catbird is at least as sensitive as the
chicken to DLCs, based on both embryotoxicity and CYP1A4/5 mRNA
induction. This is the first instance of a North American wildlife species
being confirmed to be highly sensitive to DLCs.

38 Continuing Immunological and Reproductive Impairments in
Great Lakes Colonial Waterbirds Breeding in Contaminated Sites in
Michigan during 2010-16

K. Grasman, D. Bouma, S. Hughes, R. Warners, Calvin College / Dept of
Biology; M. Annis, US Fish and Wildlife Service; J. Moore, US Fish and
Wildlife Service / Interior; L.L. Williams, US Fish & Wildlife Service

This study assessed effects of contaminants, primarily PCBs and PCDDs,
on immune function and reproduction in fish-eating birds in the Saginaw
Bay and Raisin River Areas of Concern (AOCs) and Grand Traverse Bay
during 2010-16 under the Great Lakes Restoration Initiative-Fish and
Wildlife Service AOC program. Saginaw Bay sites included two herring
gulls colonies (Confined Disposal Facility (CDF) and Little Charity
Island), two Caspian tern colonies (CDF and Charity Reef/L. Charity
Island) and one black-crowned night heron colony (CDF). Herring gulls
were studied in the River Raisin AOC at the Detroit Edison Monroe
Power Plant on the western shore of Lake Erie and in Grand Traverse
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Bay on Bellow Island. Reference sites were in the lower St. Mary’s River
(gulls on Pipe Island Twins and terns on Two Tree Island) and on Chantry
Island, Lake Huron (herons). Gull nests were marked during egg-laying,
and viability was assessed during late incubation using an embryonic
viability detector sensitive to heartbeat and movement. Embryonic
nonviability in herring gulls in the Saginaw Bay and River Raisin AOCs
(7.0% for the CDF, 7.0% for L. Charity, and 8.7% for Monroe) was higher
than at the reference site (3.3%). Infertility was the primary cause of
nonviability at the reference site. Both elevated infertility and embryonic
mortality contributed to nonviability in AOCs. Two gull chicks at Monroe
and one embryo on the CDF had crossed bills, a deformity associated
with PCBs and PCDDs. In the Saginaw Bay AOC chick productivity was
substantially below reference values in 3/5 years for Caspian terns on the
CDF (with complete reproductive failure in 2015), 2/3 years for Caspian
terns on Charity Reef and L. Charity Island, 1/6 years for herring gulls
on the CDF, and 1/5 years for herring gulls on L. Charity Island. In the
River Raisin AOC, productivity was very poor in 3/6 years, with com-
plete reproductive failure during 2010. In herring gull chicks the mean
phytohemagglutinin (PHA) skin response for T-cell mediated immunity
was suppressed 53-57% at both AOCs and 50% in Grand Traverse Bay.
This response was suppressed 46-50% in Caspian terns and 39% in
black-crowned night herons in the Saginaw Bay AOC. Mean antibody
responses were at least two-fold lower in herring gull chicks at both
AOCs and in Grand Traverse Bay. Ongoing immunological and repro-
ductive impairments at these contaminated sites are consistent with the
effects of persistent pollutants, such as PCBs and PCDDs.

39 Environmental contaminants associated with bioindicator
response in tree swallows nesting in US and Binational Great Lakes
Areas of Concern

T.W._Custer, C.M. Custer, K. Aagaard, USGS / Upper Midwest
Environmental Sciences Center; R.A. Erickson, USGS — UMESC /
Upper Midwest Environmental Sciences Center;, P.M. Dummer, USGS
/ Upper Midwest Environmental Sciences Center; C.W. Matson, Baylor
Univ / Environmental Science; E. Bigorgne-Vizade, ANSES / Unit of
Chemical Substances Risk Assessment Dept; E. Oziolor, Baylor Univ

/ Environmental Science; N.K. Karouna-Renier, S.L. Schultz, USGS-
Patuxent Wildlife Research Center / Beltsville Lab

From 2010 to 2014 tree swallow (Tachycineta bicolor) nestlings were
collected from 69 sites in the Great Lakes basin including multiple sites
within 27 Areas of Concern (AOCs) and nine nearby non-AOC sites.
Polychlorinated biphenyl (PCB) and polybrominated diphenyl ether
(PBDE) concentrations were measured in nestling carcasses and stomach
contents. Polycyclic aromatic hydrocarbon (PAH) concentrations were
measured in nestling stomach contents and perfluorinated compounds
(PFCs) were measured in plasma. EROD activity and oxidative stress

(8 measures) were measured in liver tissue. Chromosomal damage
(DNA CV) was measured in red blood cells. Significant differences
among sites and among AOCs were noted for all of the bioindicators. To
identify the relative importance of contaminants to the various bioindica-
tors, redundancy analysis was conducted. A model based on individual
nestling values for PCBs, PCB TEQs, PFCs, PFOS and PBDEs (N = 230)
indicated that the amount of variability within the bioindicators was sig-
nificantly explained by PCBs (P=0.003) and PBDEs (P=0.025). Among
the bioindicators, as EROD activity increased and the TBARS response
decreased, the concentrations of PCBs and PBDEs increased. DNA CV
and 7 other measures of oxidative stress were not associated with the
contaminants measured. A second model based on dietary site means for
alkylated PAHs (aPAHs), parent PAHs (pPAHs), PBDEs, and PCBs (N=
55) was significant. However, none of the contaminants predicted a sig-
nificant amount of the variability. Concentrations of pPAHs did have the
lowest significance value (P = 0.14) among the contaminants measured
and sample size may have contributed to the lack of significance. A third
model based on individual sibling egg values, which included measures
of PBDEs, PCBs, PCB TEQs, dioxins/furans, dioxin/furan TEQs, and
selected pesticides (8 total) (N = 220) was significant and indicated that

only dioxin/furan TEQs explained a significant (P = 0.02) amount of
the variability in the data. As EROD activity increased and the TBARS
response decreased, the concentrations of dioxin/furan TEQs increased.

40 Pharmaceutical and personal care product exposure in ospreys in
Chesapeake and Delaware Bays: largely a clean bill of health, is this
a surprise?

T. Bean, Univ of Maryland, College Park / Environmental Science

and Technology; B.A. Rattner, USGS-Patuxent Wildlife Research Ctr

/ Beltsville Lab; R. Lazarus, USEPA / Office of Pesticide Programs;

B.W. Brooks, S.R. Burket, Baylor Univ / Environmental Science;, W.W.
Bowerman, Univ of Maryland / Dept of Environmental Science and
Technology

Concerns over potential exposure and effects of pharmaceuticals and per-
sonal care products (PPCPs) in non-target wildlife have grown as a result
of population level effects in fish (e.g., synthetic hormones) and Asian
vultures (i.e., diclofenac). In Chesapeake (CB) and Delaware Bays (DB),
wildlife were adversely affected by some environmental contaminants
during the 20™ century. The piscivorous osprey (Pandion haliactus) has
been used as a sentinel of estuarine health for decades. Between 2011 and
2015, osprey eggs (n= 65 for CB and 27 for DB) and nestling plasma (n=
69 for CB and 29 for DB) were collected and analyzed by MS for PPCPs.
Methoxytriclosan was detected in 17 of 65 CB eggs (0.4-7.4 ng/g egg
ww) from CB, but levels of this degradant are orders of magnitude below
concentrations associated with triclosan toxicity in higher vertebrates.
The antihypertensive diltiazem was detected above method detection
limits (MDL) in all plasma samples from CB (0.56-8.63 ng/mL), while 22
other analytes were not. In DB only 2 of 20 analytes were detected above
MDL (analgesic acetaminophen in 22 of 29 samples, 1.42-3.95 ng/mL
and the NSAID diclofenac, 2 of 29 samples, 2.33, 3.73 ng/mL). Analysis
of water samples (analytes detected: CB = 18 of 23, d DB =7 of 20) and
osprey forage fish (CB =8 of 23, DB = § of 20) indicated exposure to
multiple pharmaceuticals that did not bioaccumulate in ospreys. While it
is of interest that we observed greater concentrations (p< 0.05) in areas
with industry and urbanization, it is unlikely statistical significance
extends to ecological risk. In all cases, osprey plasma concentrations were
2-3 orders of magnitude below human therapeutic plasma concentrations
(diltiazem = 400 ng/mL, acetaminophen = 5000 ng/mL and diclofenac
=500 ng/mL). There was no evidence that exposure to PPCPs correlated
with effects at the molecular (oxidative DNA damage) through population
levels (productivity adequate to sustain the populations in both estuar-
ies). A literature review of wildlife and PPCPs revealed our negative data
are perhaps part of a trend indicating PPCP exposure of wildlife is orders
of magnitude below effects levels in mammals. Beyond a few instances
of population level effects (fish and Gyps vultures), existing data and
read-across approaches suggest that adverse effects in wildlife should
only result in exposed species with vastly different metabolic pathways or
receptive sensitivities than found in laboratory mammals and humans.

Assessing Risks of Pesticides to Federally Listed
(Threatened and Endangered) Species at a National
Level — Part 1

41 Process and criteria for efficient assessment of pesticide risk to
endangered species

JM. Giddings, B.D. McGaughey, Compliance Services International

Assessment of pesticide risk to endangered and threatened (listed) species
on a national scale is a conceptual and logistical challenge. The assess-
ment process must be able to discriminate degrees of risk efficiently across
a large number of listed species so that resources can focus on species for
which pesticide use has the greatest likelihood of harming individuals and
populations. Because risk can never be entirely precluded, explicit protec-
tion goals and objective scientific criteria are a critical foundation for
regulatory decisions. The risk criteria should address both the magnitude
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and probability of potential effects; small effects can be tolerated with
greater frequency than large effects. The process used in the recent EPA
Biological Evaluations (BEs) of 3 organophosphorus insecticides relied
extensively on estimated exposure concentrations (EECs) derived using
screening-level exposure models, which were taken at face value with
virtually no consideration of the probability of those concentrations occur-
ring within the habitat of any given species. Moreover, the BEs failed to
distinguish species at high risk from those at lower risk; instead, they
concluded that nearly all listed species (including plants) were at risk from
these insecticides and required evaluation by the US Fish and Wildlife
Service and National Marine Fisheries Service. The process for assessing
risk to listed species can be much more efficient if the first step includes

a standard screening-level ecological risk assessment (comparable to the
process that has been used for decades to make pesticide registration
decisions) to eliminate taxonomic groups of low concern from further
investigation. Decisions on risk to individual species should then be made
in the context of objective criteria using a weight of evidence analysis that
effectively categorizes species according to the level of risk.

42 A Risk Assessment Process for Establishing Negligible Risk
Earlier in National-Scale Endangered Species Assessments

M.E. Kern, Waterborne Environmental, Inc. / Ecotoxicology Risk
Assessment; N. Snyder, Waterborne Environmental, Inc.; J. Amos,
Waterborne Environmental, Incorporated / Geospatial Data
Technologies; K.E. Kapo, Waterborne Environmental, Inc.

The stepwise endangered species risk assessment process detailed in

the Interim Approach combined with more recent approaches com-
municated by the Federal Agencies (hereafter referred to as “Agency
Methods”) in the draft Organophosphate Biological Opinions has yielded
useful insights regarding the utility and practical limitations of these
methods for risk assessment screening purposes. Agency Methods, while
conservative by design, do not clearly incorporate opportunities to take
advantage of readily-available information and simple strategies that can
optimize the screening ability of the process while maintaining adequate
conservatism desired for listed species protection. When strictly follow-
ing Agency Methods, the number of listed species and habitats where risk
is presumed, and therefore require a jeopardy evaluation, is excessive but
the level of species relevance and best use of data lacking. As a result, the
effectiveness of a tiered assessment process is greatly reduced. Further,
the boundary between approaches and refinements used in Step 1 (“May
Affect/No Effect”) and Step 2 (“Likely/Not Likely to Adversely Affect)
can become unclear and even irrelevant due to the iterative nature of risk
assessment. Regardless of the formal step outlined, there is a practical
continuum of refinements and approaches that can be applied to effects
and exposure analyses to establish negligible risk earlier in the risk
assessment. The framework and decision criteria used within the frame-
work should not be such that “Likely to Adversely Affect” decisions are
commonly reached due to arbitrary limitations without fully utilizing
available species habitat and biological data, species relevant exposure
estimates, and surrogate ecotoxicity data. To that end, a systematic pro-
cess for efficiently and effectively determining negligible risk for species
and their habitats early in an assessment is presented. The approach is
based on a set of fundamental “best-practices” developed from experi-
ence in conducting listed species assessments.

43 Interim Methods Used in the Biological Evaluations to Estimate
Risk to Individuals of Threatened and Endangered Species from the
Use of Pesticides

M.A. Panger, USEPA / Office of Pesticide Programs; A. Blankinship,
USEPA; T. Hawkes, National Marine Fisheries Service; N. Golden, US
Fish & Wildlife Service / Ecological Services

The National Marine Fisheries Service (NMEFES), U.S. Department of
Agriculture (USDA), U.S. Environmental Protection Agency (USEPA),
and U.S. Fish and Wildlife Service (USFWS) have developed interim
approaches to determine the potential impact to individuals of threatened
and endangered species from the use of pesticides at the national level.

In April of 2016 draft Biological Evaluations (BEs) using the interim
approach for three pilot chemicals (chlorpyrifos, diazinon, and mala-
thion) were released for public comment. Additionally, a workshop was
held in the summer of 2016 to allow for additional input from the public
and stakeholders on specific technical issues (e.g., exposure in flowing
waterbodies, geospatial and process refinements to the interim method,
and weight of evidence). This presentation provides an update on the BEs
based on the continuing work of NMFS, USDA, USEPA, USFWS; public
comments; and the stakeholder workshop.

44 Assessing Risks to Plants Under the Endangered Species Act
Process

S. Pollack, L. Laniawe, US Fish and Wildlife Service; E. Donovan,
A. Blankinship, USEPA; D.H. Baldwin, NOAA Fisheries / Northwest
Fisheries Science Center

The U.S. Fish and Wildlife Service, National Marine Fisheries Service,
and U.S. Environmental Protection Agency have been developing an
approach for evaluating risk from pesticides to federally listed threatened
and endangered plants and their designated critical habitats. Currently
there are approximately 900 threatened and endangered plants and 450
critical habitat areas associated with these plants that encompass a variety
of taxonomic groups (flowering plants, lichens, ferns, other allies), life
history traits, and habitat types. A unique challenge to developing the
methods for this diverse group of organisms has been utilizing existing
toxicity data on insecticides, where the mechanism of action in plants

is poorly understood, and there are few data available. An additional
challenge for these plant reviews was to consider not just direct effects to
the plants themselves but also indirect effects from reliance on pollina-
tor or seed dispersal mechanisms which may also be unknown or poorly
understood for many species. An overview of the current methods and
specific challenges to these assessments such as use of plant toxicity data,
assumptions related to overlap of species ranges with pesticide use, and
the identification of pollinators, will be discussed.

45 Estimating the proportion of a bird population exposed to a
single pesticide

N. Golden, US Fish & Wildlife Service / Ecological Services; K.V.
Garber, USEPA / Office of Pesticide Programs Environmental Fate and
Effects Division, J. Connolly, USEPA; S. Pollack, A. Raabe, US Fish and
Wildlife Service; T. Hooper, NOAA — NMFS

The United States Environmental Protection Agency, in collaboration
with the US Fish and Wildlife Service and National Marine Fisheries
Service recently drafted national level biological evaluations for endan-
gered and threatened (listed) species potentially exposed to chlorpyrifos,
diazinon and malathion. In these draft biological evaluations, it was
concluded that these chemicals have the potential to cause mortality

or sublethal effects to individuals of most listed species. The risk and
confidence in these conclusions are high for listed birds given the high
acute toxicity of chlorpyrifos and diazinon to these species, known
reproductive effects of malathion, and the likelihood that exposures in
treated fields and adjacent areas will be of the magnitude where toxic-

ity is observed for all three pesticides. The draft biological evaluation
was conducted to determine if exposure to these chemicals was likely to
cause an adverse effect to at least one individual of a listed species over
the course of the 15 year action. In order to move to the next phase of the
pesticide consultation process, it is necessary to derive an estimate of the
number of individuals within the population that are likely to be exposed
to the pesticide each year. We examine variable exposure scenarios by
considering pesticide use as described on labels as well as potential fac-
tors that may impact the spatial extent of use over time, such as rotation
of crops, proportion of crop historically treated, and application timing.
This range of exposure scenarios is overlaid with biological information
for species that influence the geographic and temporal distribution within
its range. Information such as preferred habitat types, timing of breeding,
migration, and feeding habits of different life stages are incorporated into
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the analysis to better predict the likely number of listed individuals that
could encounter pesticide exposure(s). A case study with the least bell’s
vireo (Vireo bellii pusillus) and applications of diazinon is presented.

46 Use of population modeling in national Endangered Species Act
Consultations with Pesticides

J.A. Spromberg, Earth Resources Technology Inc. Contractor with NOAA
Fisheries / Northwest Fisheries Science Center; S.A. Hecht, NOAA /
National Marine Fisheries Service; G.E. Noguchi, US Fish and Wildlife
Service / Ecological Services; K.V. Garber, USEPA / Office of Pesticide
Programs Environmental Fate and Effects Division

A Biological Opinion (BO) is a statutory requirement under the
Endangered Species Act (ESA) when a Likely to Adversely Affect
determination triggers a consultation by the U.S. Fish and Wildlife
Service or the National Marine Fisheries Service (Services) to assess
potential impacts on a federally-listed endangered or threatened species.
The purpose of a BO is for the Services to determine whether a federally
proposed action jeopardizes the continued existence of a listed species or
adversely modifies (or destroys) designated critical habitat. Because the
focus of the BO is at the population and species scales, population models
can be useful in assessing potential outcomes that result from an action.
A National Academy of Sciences Panel Report discussed and supported
the use of population models as a component of ecological risk assess-
ments in the context of BOs regarding the U.S. Environmental Protection
Agency’s pesticide registration program. This presentation will describe
the role population models may play in pesticide BOs for assessing risks
to populations of listed species. We will also discuss population model
structures and capabilities, data requirements (representing species biol-
ogy and life history as well as quantitative links between and pesticide
exposures and effects), uncertainties, and limitations of model use. Where
applicable, population models can inform specific lines of evidence
included in a BO. Such models include those applied in Pacific salmonid
BOs on several current-use pesticides as well as others being assessed.

47 Species-specific refined endangered species risk assessment for
static aquatic habitats: Part 1, exposure

L. Padilla, Stone Environmental, Inc.; M.F. Winchell, Stone
Environmental, Inc. / Environmental Systems Modeling; P. Whatling,
FMC Corporation; S. Teed, Intrinsik Environmental Sciences Inc.

The current USEPA approach to static aquatic exposure modeling at
Step 2 of their interim process for national endangered species assess-
ments uses simplified assumptions about water body characteristics, the
surrounding landscape, and agronomic practices. The USEPA approach
considers generalized aquatic habitat dimensions, a homogeneously
cropped watershed with 100% cropped area, up to two weather time
series, one soil profile, and one pesticide application date pattern per
crop group and HUC2. The same predictions of pesticide concentrations
derived from these generalized assumptions are assigned to all of the
species within a given HUC2 regardless of the location of that species
range with respect to different agricultural crops, weather, and soils.
The refined exposure modeling approach presented here for malathion
focuses on quantitatively accounting for observed variability in envi-
ronmental and agronomic factors that impact the potential pesticide
exposures to endangered species. For each species, probability distribu-
tions of application timing, weather, soil and slope conditions, and crop
configurations around ponds are sampled to generate on the order of 1000
30-year Pesticide Root Zone Model (PRZM)/Variable Volume Water
Model (VVWM) realizations. Each realization is composed of multiple
PRZM simulations, with the number of simulations being determined
by the cropping pattern complexity around a given pond. The refined
approach led to more realistic predictions of pesticide concentrations
for a wide range of environmental conditions in unique species ranges.
Assuming 100% treated area, concentrations for many species were two
to three orders of magnitude lower than suggested by the USEPA Step

2 analysis. Accounting for actual treated area based on eight years of
recent malathion use data resulted in more realistic concentrations. This

methodology is readily reproducible and extensible to assess aquatic spe-
cies across the United States. Risk results corresponding to the exposure
concentrations generated by the probabilistic approach are the topic of a
companion presentation.

48 From Biological Evaluation to Biological Opinion: What to
expect next with the National Pesticide Consultations

S.A. Hecht, NOAA / National Marine Fisheries Service; K. Myers, US
Fish and Wildlife Service; M.A. Panger, USEPA / Office of Pesticide
Programs

Current national pesticide consultations are transitioning from evaluating
effects to individuals of threatened and endangered species and individual
features of their critical habitats (assessed in Biological Evaluations), to
evaluating effects on populations, species, and their critical habitat desig-
nations (assessed in Biological Opinions). In both documents, ecological
risk assessments are used as the organizing framework to determine
whether and to what degree the registration of a pesticide as described

by current labels affect listed species and their habitats. In April 2016,
draft Biological Evaluations for chlorpyrifos, diazinon, and malathion
were released for public comment. Each concluded that hundreds of
threatened and endangered species and their critical habitats were “likely
to be adversely affected”, thus triggering the next step of the Endangered
Species Act consultations, a Biological Opinion for each of the pesticides.
The Biological Opinions will also consider the adverse effects in the
context of the environmental baseline, status of the species and their criti-
cal habitats, and cumulative effects to determine whether species would
be jeopardized and/or their critical habitats would be adversely modified
by registration of each pesticide. Since completing the draft Biological
Evaluations, staff from the U.S. Environmental Protection Agency,

U.S. Fish and Wildlife Service, and National Oceanic Atmospheric
Administration’s National Marine Fisheries Service (Agencies) began
evaluating risk assessment methodologies for determining whether spe-
cies would be jeopardized and whether designated critical habitat would
be adversely modified. An update on the Agencies’ progress will be pro-
vided that includes conceptual frameworks, key concepts, methodologies,
and weight of evidence approaches.

History and Role of SETAC in the Advancements in
Environmental Chemistry and Aquatic Toxicology

49 Fire on the water and other stories: The genesis of the science of
ecotoxicology

B.A. Stubblefield, Oregon State Univ / Environmental and Molecular
Toxicology; T.J. Norberg-King, USEPA / NHEERL/Mid-Continent
Ecology Division

In the 1950’s, 1960’s, and 1970’s, a variety of social, economic, and
environmental factors in the US led to public concerns regarding
environmental quality and public safety. The need to address questions
regarding the environmental effects resulting from man’s activities and
the development of methods and tools with which to address these ques-
tions became important during this period. Responses to these concerns
led to a number of activities including: the creation of the EPA and the
development and implementation of a variety of environmental regula-
tions (e.g., Clean Water Act, Toxic Substance Control Act, Clean Air
Act); the development of training programs at universities for educating
toxicologists and environmental chemists; the conduct of a great deal of
research in academic, industry and government laboratories aimed at the
evaluation of environmental contaminants, development of data to satisfy
regulatory requirements, and the derivation of criteria/standards; and
actions associated with evaluation and clean-up of contaminated sites.
Historical perspectives and driving factors will be discussed as they relate
to the current state of the science.
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50 SETAC?s role in promoting environmental chemistry
D. Mackay, Trent Univ / Chemistry

It may not be fully appreciated that SETAC has played a major role

in the evolution of the chemistry of contaminants, especially organic
contaminants. That evolution continues today and aspects of this evolu-
tion are described from a personal perspective. The American Chemical
Society (ACS) sponsored a 1964 report “Cleaning our Environment” the
Chemical Basis for Action that documented those issues and made 72
recommendations for scientific action. It did not cite or mention Rachel
Carson’s earlier “Silent Spring” that had generated considerable hostility
from the chemical industry! As clean up progressed and gross examples
of pollution were successfully mitigated, concern focused more on lower
concentration of contaminants and more subtle toxic effects. Clearly there
was a need for closer collaboration between chemists, ecologists and toxi-
cologists but there were limited opportunities for professional scientific
dialogue. The formation of SETAC in 1979 prompted by professionals
from the chemical industry and wildlife toxicologists changed all that.
Especially enlightened were a group from Dow Chemical Co. (notably
Gene Kenaga) who realized that there was a need to better understand
quantitatively and thus manage chemicals introduced to the environ-
ment. Fundamental to the proposed structure of SETAC was required and
enlightened and equal involvement of professionals from government,
industry (including consultants and National Laboratories) and academics
and especially their students. The SETAC recipe has proved highly suc-
cessful professionally to environmental chemists by providing a common
venue for meeting and publishing scientific findings. It has expanded to
the Global professional society that we enjoy today. The founders and the
volunteers who supported their vision were truly visionary and have had
a major impact on and understanding of environmental chemistry and its
linkages to toxicology.

51 SETAC’s role in promoting environmental chemistry through
Quantitative Structure Activity/Property Relationships. A
— Correlations

P.H. Howard, SRC, Inc.

As noted by the two previous talks by Don Mackay, SETAC has played a
major role in the evolution of the chemistry of contaminants, especially
organic contaminants. That evolution continues today. In these two pre-
sentations, the major role of SETAC in developing correlations between
molecular structure and properties will be reviewed. As noted in a brief
review letter to the editor in the 1985 issue of ET&C by Robert Lipnick,
researchers first started noticing a correlation between physical properties
of a chemical and toxicity in the 1890’s: in 1893, Charles Richet found cor-
relation between water sol. and toxicity to fish for 7 organic chemicals; in
the late 1890’s Overton and Meyer found an increase in oil/water partition
correlated to an increasing toxicity in a variety of organisms. By the mid
1960’s Corwin Hansch and collaborators proposed QSARs using octanol/
water partition coefficient (Kow) using linear free energy relationships
(LFERS); the latter approach dates back to the mid 1930’s. Right around
the formation of SETAC, researchers such as Veith and Konemann were
finding correlationships between Kow and fish bioconcentration and
toxicity. About the same time, it was apparent to the USEPA that the
Toxic Substance Control Act (TSCA) would require assessments of tens
of thousands of new and present commercial chemicals that had very
little physical/chemical or toxicity information. As noted by Lipnick in
his letter to the editor, so many QSAR papers were submitted to the 4t
annual meeting of SETAC, that another session had to be added and these
sessions continued. Because of the focus of SETAC, QSARs in SETAC
focused on physical/chemical properties, environmental fate, and ecologi-
cal toxicity. Valuable collections of the correlations were published such as
one by Gene Kenaga, the first SETAC president, on BCF and soil sorption
— Ecotox Environ Safety 4: 26-38, 1980. Another was an extensive book
by Warren Lyman and David Rosenblatt with support from U.S. Army

— Handbook of chemical property estimation methods 1982, reprinted in
1990. That book reviewed many of the correlations between structure and
properties — MP, BP, VP, Henry’s Law constant, water solubility, Kow,

BCEF, soil adsorption, biodegradation, photolysis, hydrolysis, volatilization
from water, etc. An update of that book was published in 2000 by a variety
of authors with Don Mackay and Bob Boethling. These correlations will
be reviewed in chronological order.

52 Water Quality Criteria: The history and development of a regula-
tory tool to protect aquatic systems

B.A. Stubblefield, Oregon State Univ / Environmental and Molecular
Toxicology; R.J. Erickson, USEPA / ORD NHEERL Mid Continent
Ecology Division

Central to most regulatory schemes aimed at the control of waterborne
contaminants for the protection of aquatic life in fresh and marine
waters is the development and enforcement of numerical chemical limits.
These values are designed with the intent to be protective of most, or all,
organisms in aquatic environments. In the US initial efforts aimed at the
development of water quality criteria/standards can be traced initially

to the California State Water Quality Control Board in 1952 and later

to the 1963 McKee and Wolf reference from that same organization.
Subsequently the USEPA, or its predecessor organization, published

it’s “rainbow” of criteria books starting in 1968 with the “Green Book”,
followed by the 1973 “Blue Book”, the 1976 “Red Book” and finally

the 1986 “Gold Book.” The procedures used to derive these values have
evolved over the years but generally rely on data from acute and chronic
laboratory-based toxicity tests developed with a range of representative
surrogate species. These data are subsequently evaluated using defined
statistical procedures to derive “protective” numerical values. The history
of the development of these procedures will be discussed.

53 A Retrospective on the Adoption and Application of Whole
Effluent Testing in the US

T.J. Norberg-King, USEPA / NHEERL/Mid-Continent Ecology Division

The Clean Water Act (CWA) establishes the structure for regulating
discharges of pollutants into the waters of the United States and regulat-
ing quality standards for surface waters. The CWA Act was significantly
reorganized and amended in 1972 and gave EPA the authority to imple-
ment pollution control programs such as setting wastewater standards
for the industry and water quality standards for contaminants in surface
waters. However, the approach of applying water-quality criteria to
control the release of chemicals into water bodies could not cover all
potentially toxic pollutants in an effluent nor did it predict biological
effects in the receiving waters. Increased production, use and ultimately,
environmental releases of synthetic industrial chemicals and a grow-

ing public awareness of environmental issues during this time made the
application of aquatic toxicity analyses to discharges a natural step. As
the CWA made it unlawful to discharge any pollutant from a point source
into navigable waters unless a permit was obtained through the National
Pollutant Discharge Elimination System (NPDES) permit program; and
in 1984, EPA issued a national policy, Policy for the Development of
Water Quality-Based Permit Limitations for Toxic Pollutants, that pro-
posed the use of toxicity data to assess and control the discharge of toxic
substances to surface waters. Use of acute toxicity tests for effluents test-
ing became routine as the tests provide a more direct estimate of the safe
concentration of effluents in receiving waters. New methods to estimate
chronic toxicity were developed for effluent testing and validated in field
studies and interlaboratory studies. During this time, EPA introduced
new test methods with new species, such as the 3-brood Ceriodaphnia
dubia test along with abbreviated early life stage tests for other species
(fathead minnow, mysid shrimp, inland silverside, sheepshead min-

now and more). In this presentation, I will touch on the highlights of the
development of the use of whole effluent toxicity and field validation of
the method to support the NPDES program. This presentation will cover
the highlights of the method development and application to discharges
of the US, along with highlighting the vetting of the science through
SETAC which in turn supported environmental management decisions.
Disclaimer: This presentation does not necessarily reflect the views or the
policies of the USEPA.
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54 SETAC as Matchmaker Between Chemists and Toxicologists:
Two Personal Examples

D. Mackay, Trent Univ / Chemistry

There was a growing realization in the 1970s that organic contami-

nants did not respect the convenient boundaries between the traditional
physical and regulatory media of air, water, soils and sediments. Images
from the Moon landings clearly showed the need to address the whole
planetary system of linked media, not just its detailed contaminated parts.
The concept of chemical fate in connected “unit worlds” employing the
fugacity concept was warmly supported within SETAC, especially by
Dow Chemical Co. resulting in the emergence of multimedia fate and
transport models that now have the potential to treat chemical behavior at
scales ranging from small ponds to regional, continental and even global
scales. There is increasing scientific and regulatory acceptance that such
models can provide a sound basis for predicting and managing chemical
fate, especially when coupled with emerging information technologies for
data storage, analysis and open dissemination. Second is a brief review
of bioconcentration that was originally a puzzling phenomenon noted

by Rachel Carson and others. This proved to be a beautiful example of
how SETAC brought together scientists from diverse backgrounds in
chemistry, biology and ecology to establish our present understanding of
bioaccumulation, biomagnification and trophic magnification in a variety
of ecosystems and species.

55 SETAC s role in promoting environ. chem. through Quantitative
Structure Activity/Property Relationships. B — Computer assisted
calculations

P.H. Howard, SRC, Inc.

Initially in the late 1970’s and early 1980’s, correlations were made
between Kow and BCF, fish toxicity, or fate properties. This required that
you have a measured Kow value or do a hand calculation to estimate the
value. Examples of some of these early hand calculations will be given.
One of the earliest computer programs to estimate a property (in this case,
Kow) from the chemical structure was CLOGP from Leo and Hansch at
Pomona College. This program would take the chemical structure entered
as a Simplified Molecular Input Line Entry System (SMILES) string

and the computer would add or subtract the coefficients of the atom or
functional group fragments to give the estimate. Different investigators
used different chemical descriptors and correlated then to numerous prop-
erties. For example, Kier and Hall used molecular connectivity indices
(MClIs); Syracuse Research Corp/EPA used hand selection of atom/func-
tional group coefficients while other groups used computer programs to
select atom/fragments; many of the programs in the OECD Toolbox use
degradation pathway rules; and other researchers use molecular orbital
calculations (the latter could take long periods of time until computers got
faster). Development of the correlation between the chemical descriptor
and the activity/property/degradation values used a variety of statistical
approaches (linear and non-linear regression, neural networks, partial
least squares, etc. The number of end points that could be estimated grew
as papers were presented at the SETAC annual meeting and published

in ET&C. A brief listing of these programs and endpoints with a little
history of when they were developed and their methodology will be pre-
sented — these include Daylight software, CHEMEST, ECOSAR, SPARC,
EPISuite,™ ACD, ChemAxon, ChemSpider, and the OECD Toolbox.
Future needs for QSARs will be discussed.

56 A Retrospective on the Development and Use of Toxicity
Identification Evaluations for Whole Effluent Toxicity (WET)
Applications

T.J. Norberg-King, USEPA / NHEERL/Mid-Continent Ecology Division
Whole effluent toxicity (WET) testing is a major component of USEPA’s
Integrated approach to water-quality—based toxics control and a

complement to aquatic-life—chemical-specific criteria and biological
assessments. Regulatory authorities have been encouraged to use all

of these tools to prevent the discharge of toxic pollutants to protect the
nation’s waterways. To determine what causes the toxicity observed in the
WET test, the EPA-Duluth Laboratory began developing various labora-
tory methods in the early 1980s. We used the WET test(s) to identify the
cause(s) of toxicity in effluents under the complex effluent toxicity testing
program and applied developing TIE techniques to effluents tested during
field studies and in the laboratory. The general procedures were described
in freshwater TIE methods manuals for wastewaters and receiving waters.
At the same time, USEPA-ORD established a technology transfer center
for the water-quality—based permits, technical assistance, and TIEs at
Duluth. During this period, numerous refinements of the methods and new
approaches for the TIE methods were developed. Many of the chemicals
identified through TIEs were not covered under the chemical-specific
limits included in NPDES permits or were not expected to cause toxicity
at concentrations present. EPA also developed TIE techniques for marine
waters using the freshwater TIE approach as a model yet incorporated
guidance on the interaction of seawater with the TIE manipulations. These
methods have been applied, and further advanced through numerous
applications by industry and consulting laboratories. This presentation
will cover the highlights of the method development along with highlight-
ing the vetting of the science through SETAC, which in turn supported
environmental management decisions. Disclaimer: This presentation does
not necessarily reflect the views or the policies of the USEPA.

Deepwater Horizon Oil Spill — The Discoveries and
Outreach

57 Sharing the science behind the spill: The partnership of the Gulf
of Mexico Sea Grant programs & the Gulf of Mexico Research
Initiative (GoMRI)

E.S. Maung-Douglass, Louisiana Sea Grant — LSU / Louisiana Sea
Grant; L. Graham, Mississippi-Alabama Sea Grant Consortium, C.
Hale, Texas Sea Grant; S. Sempier, Mississippi-Alabama Sea Grant
Consortium; M. Wilson, UF/IFAS Florida Sea Grant Extension

Deepwater Horizon oil spill occurred in 2010 off the coast of Louisiana
(USA) and continues to be the largest accidental release of oil on record.
While scientists from various sectors (e.g., research initiatives, gov-
ernment, environmental consulting) are making major advances in
understanding the implications of the incident, effectively communicating
those scientific findings continues to be challenging. Two years ago, the
Gulf of Mexico Sea Grant programs partnered with the Gulf of Mexico
Research Initiative (GoMRI). The resulting outreach program extends oil
spill science to target audiences who could utilize oil spill science in deci-
sion-making and/or who depend on the Gulf for their livelihood. These
target audiences include, but are not limited to, emergency responders,
natural resource managers, elected officials, fishermen, and tourism-
dependent businesses. Since 2014, our program has met with more than
1000 people within our target audiences from communities across the
Gulf of Mexico. Based on our assessment of their needs, we work col-
laboratively with scientists from all sectors to help us create scientifically
accurate extension publications and informational seminars that are a
synthesis of published literature from a wide range of areas (e.g., seafood
safety, impacts to aquatic life, fate of oil and dispersants). As our program
enters its second phase in Fall 2016, we will share approaches used and
lessons learned during Phase I, including the need to connect audiences
that have not traditionally worked to improve communication during
future spills, and unexpected challenges encountered while working with
our target audiences and disseminating the science of the spill. More
depth on deliverables, program structure and evaluation, as well a peek at
what is to come in Phase II of the program will be shared.
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58 Polycyclic aromatic hydrocarbons in white shrimp following the
Deepwater Horizon accident: community-based science from south-
east Louisiana

J. Wickliffe, Tulane Univ; D. Nguyen, Mary Queen of Vietnam
Community Development Corporation;, M. Wilson, B. Simon, J. Howard,
Tulane Univ; S. Frickel, Brown Univ

The Deepwater Horizon Oil Spill had a profound impact on communi-
ties living and working along the US Gulf Coast. One could easily argue
that the impacts were felt well beyond the US in myriad ways including
research, science, policy, and how those are interconnected. Among those
most deeply impacted were our fishing and seafood harvesting communi-
ties. Generally speaking, research intensive academic institutions and
surrounding seafood-reliant communities do not have “shovel-ready”
working relationships. Specifically, those that would allow them to jointly
respond to environmental health issues during and immediately follow-
ing a coastal disaster. This was not the case as we report our research
results here. We worked as a team (academic researchers and shrimpers)
to develop a plan to address paramount concerns regarding the quality

of white shrimp that could or would be harvested in 2010 immediately
following the capping of the Macondo well. This was done in a culturally
appropriate and transparent manner to produce high quality scientific
results (i.e. publishable) and meaningful information to our local seafood-
reliant communities. In short, we developed a sampling strategy that
addressed community- and fisherfolk-specific concerns and used analyti-
cal chemistry to determine the presence and quantity of 81 polycyclic
aromatic hydrocarbons (both pyro- and petro-genics) in white shrimp
from distinct sites in southeast Louisiana. Very few PAHs were detected
in white shrimp collected in November 2010, consistent with the findings
of other researchers and health agencies. Survey data regarding con-
sumption behaviors specific to heavy consumers (Vietnamese-American
shrimpers and their local community) were used to develop relevant and
comprehensive probabilistic risk assessments. No unacceptable health
risks were found even among the heaviest consumers with respect to
PAHs with known toxicities. Together, the results of this community-
based research project were effectively communicated back, including
translations into Vietnamese, to this and other communities. In addition,
research results have also been published in peer-reviewed scientific
journals. While working with communities as part of a research effort
requires patience, time, and energy, our work clearly demonstrates that it
can produce meaningful results for all stakeholders that are involved.

59 Risk Messaging and Public Perception Among Gulf Coast
Residents After the Deepwater Horizon Oil Spill

A.S. Kane, Univ of Florida / Dept of Environmental and Global Health

Developing and delivering meaningful risk communications for vulner-
able or impacted communities presents dynamic and often multifaceted
challenges for researchers. In response to Gulf coast community concerns
regarding safety of inshore-harvested seafood after the DWH oil spill, we
conducted analytical toxicology for oil spill-related contamination in fish,
shrimp, blue crab and oyster, and discerned seafood consumption rates
for Gulf coast residents relative to these same seafood categories. This
presentation describes approaches taken to provide risk messaging and
hazard communications back to participating communities. Many study
participants were seafood workers who depend on ecosystem services for
their livelihood, and personal identity relative to their multigenerational
culture and heritage fisheries. Loss of ecosystem services to seafood
working communities, where regular work and remuneration are essential
to support families and businesses, can make community members more
vulnerable, i.e., less resilient in coping with adverse events and adapt-
ing. A case study approach portrays how outreach materials for these
communities was developed and delivered by a team of scientists in
concert with community partners. Two primary tenets were considered
to develop outreach and hazard communication content for communities
that were both affected by the oil spill and suffered declines or collapses
in their fishery resources: (1) know your audience, and (2) know your
audience. Piloting of outreach materials with community partners and

residents provided feedback essential to refocusing and better target-

ing content to foster clarity and meaningfulness for coastal residents.
Community engagement in all phases of the study proved an important
component of this community-based research to build trust essential to
perceiving scientists as a resource, understanding how background levels
of PAHs and DOSS in their seafood were not related to the spill, nor their
fishery collapse, and valuing scientists’ contributions to the community.
Understanding different perspectives between and within communities,
relative to environmental issues and perception of risk, is vital to messag-
ing science in support of community resiliency, and contributing to the
sustainable health of residents and their coastal environments. Supported,
in part, by grant from the National Institute of Environmental Health
Science (U19 ES020683).

60 Mining the Traditional Ecological Knowledge of Gulf of Mexico
Communities to Help Unravel the Legacy of the Deepwater Horizon
Oil Spill

D. Wetzel, Mote Marine Laboratory / ELF; J. Reynolds, Mote Marine
Laboratory

The Deepwater Horizon oil spill tragedy happened over six years ago,
with long lasting impacts on the affected environment and the people who
live there. As is expected after such an environmental disaster, a number
of studies have been or are being conducted to assess a range of physical,
chemical and biological issues, including but not limited to factors that
influenced movement and distribution of the oil, the fate of the spilled oil
and dispersant, and the effects of oil and dispersant on exposed habitats
and organisms. Studies have also been conducted that have addressed the
socio-economic and human health impacts on the residents of the impacted
areas. However, this effort, as in most environmental research, has typi-
cally occurred in the absence of any community input or even awareness.
Granted, the execution of research must be done using principles of proper
scientific process, which does not require an engagement of local com-
munities. However, the coastal communities of the Gulf of Mexico are
deeply dependent on healthy ecosystems and living resources for their
survival and well-being, and whereas they rely less than scientists on writ-
ten documents or scientific analyses, they possess unusual insights into
types, extent and causes of environmental changes. They can be produc-
tive and valuable partners in developing research initiatives by providing
traditional environmental knowledge (TEK) that non-local scientists will
never have. Community based participatory research benefits scientists
significantly by providing historic environmental information, which is
usually not formally documented, but rather is orally passed down through
the generations. Archival of videos and diary notes from community mem-
bers collected during and after the Deepwater Horizon spill, documenting
daily observations of a major spill, are yet untapped resources that can still
be used to help understand the environmental impacts from the spill. A
partnership between a multidisciplinary group of scientists and communi-
ties directly impacted by environmental changes takes considerable time in
which to achieve trust, extra communication, and a willingness to explore
alternative ways of understanding nature and the natural environment.
That effort is worthwhile both scientifically and societally, to better assess
and solve environmental problems, manage and regulate natural resources,
and promote compelling environmental awareness.

61 Oiled Vision: Understanding Fishes’ Visual Response to Oil Spills
through Research and Film

E.K. Barnes, Univ of North Texas; D. DiNicola, Univ of Miami RSMAS;
J.T. Magnuson, Univ of North Texas / Biology; M. Levin, Univ of North
Texas / Dept of Media Arts, J. Stieglitz, Univ of Miami — RSMAS /
Division of Marine Biology and Fisheries; M. Grosell, Univ of Miami /
Deaprtment of Marine Biology and Ecology; A.P. Roberts, Univ of North
Texas / Dept of Biological Sciences Inst of Applied Science

The Deepwater Horizon oil spill resulted in a variety of issues concerning
both environmental and human health and consequently had extensive cov-
erage by the press during clean-up efforts. Research on the ramifications
of the spill is still being undertaken six years later. This project centers
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on a charismatic gamefish potentially affected by the spill, mahi-mahi
(Coryphaena hippurus). Mahi-mahi are dependent on vision for feeding,
schooling, spawning, and predator avoidance, like many other large pelagic
sportfish. The immediate effects of oiling on juvenile mahi-mahi vision
were the focus of research and the basis for a short film. As humans are a
highly visual species, the film is designed to make the mahi dealing with
visual impairment and deformities caused by oil exposure, relatable. When
the eyesight of another animal is failing, the volume of the loss can be
understood by the public because of how dependent humans are on vision.
The film covers an aspect of the research following the Deepwater Horizon
oil spill in a way that helps viewers understand the effects in a new and
engaging way; through the eyes of a fish. This research was made possible
by a grant from The Gulf of Mexico Research Initiative.

62 How research in oil and surfactant toxicity helped create a com-
munity outreach program in southern Louisiana

C. Green, Louisiana State Univ; J.A. Nyman, Louisiana State Univ /
School of Renewable Natural Resources

Large amounts of oil spill and wetland research is virtually unintelligible
to non-scientists. We are attempting to help non-scientists understand
some of this research. Although no spills are preferred, the public is
concerned that many current oil-spill clean-up products are only slightly
better than the spill effects alone. The public also express concerns about
the overall toxicity of the ecosystems they live and work in. Initially,

we planned to share information with non-scientists at fishing rodeos
within coastal Louisiana, however, that proved unworkable. We then
prepared and posted videos on YouTube and also offered public meet-
ings. Our outreach team conducted a series of informational workshops
at libraries in Louisiana and recorded metrics of attendance and par-
ticipation. These initial meetings provided incomprehensible jargon to
small audiences but later meetings have been better suited and to larger
audiences. Collaborations with LSU’s Coastal Roots program, Louisiana
SeaGrant and its network of extension agents, and creating a Facebook
page to assist in advertising the YouTube videos and public meetings has
increased our ability to interface with the community. The team has also
conducted a two-day workshop for high school science teachers intended
to help them create curriculum for oil and surfactant related topics within
their courses. These workshops are a mixture of demonstrations, relevant
classroom experiments, and lectures. Printed materials distributed at
events complement our oral presentations and demonstrations. To date
we have brochures that detail importance of fish physiology and how
surfactants in everyday life and their use. We have created videos to
detail how toxicologist determine acute toxicity and have created a brief
video to inform people about the use of aquatic organisms in toxicology
testing. We continue to be challenged when we try to teach non-scientists
information, however, we believe that we have discovered what works
and what does not work within our community.

63 Post-settlement conclusions of the Trustee toxicity testing
program conducted in support of the Deepwater Horizon Natural
Resource Damage Assessment

J.M. Morris, M.O. Krasnec, C. Lay, H. Forth, R. Takeshita, J. Lipton, Abt
Associates; M L. Gielazyn, NOAA / co USEPA Region IV

A settlement resolving civil claims in excess of $20B with BP was
finalized in April 2016, six years after the Deepwater Horizon (DWH)
disaster. Since 2010, we have designed, implemented and managed the
Trustee toxicity testing program for the DWH Natural Resource Damage
Assessment. This program included over 600 toxicological bioassays and
related chemical characterizations. The objectives of the program were to
determine the toxicity of DWH oil, dispersed oil, and dispersant to native
and surrogate species in the Gulf of Mexico. To that end, we developed

a large study matrix with over 35 species of fish and invertebrates and a
variety of lethal and sublethal endpoints. Samples of DWH oil represent-
ing four distinct degrees of weathering and one dispersant (COREXIT
9500) were tested through a variety of different exposure routes includ-
ing water accommodated fractions, surface sheens, direct oil exposure,

sediment, and dietary. We also investigated the effects of additional
environmental stressors including photo-induced toxicity. The studies
were conducted by Abt Associates and NOAA scientists along with over
24 principal investigators from collaborating university, government,
and private laboratories. We will discuss our more unique discoveries
and how information from this program is being reported to the public
through various presentations, data portals, and documents.

64 Sublethal impacts of the Deepwater Horizon oil spill on pelagic
top predators from the Gulf of Mexico — communicating science to a
broad audience

M. Grosell, Univ of Miami / Deaprtment of Marine Biology and Ecology;
D. DiNicola, Univ of Miami RSMAS; J. Stieglitz, Univ of Miami — RSMAS
/ Division of Marine Biology and Fisheries; Y. Wang, RSMAS Univ of
Miami; E. Mager, Univ of North Texas / Dept of Biological Sciences; D.
Nelson, R.M. Heuer, Univ of North Texas; D. Crossley, Univ of North
Texas / Dept of Biology; L. Schlenker, RSMAS, Univ of Miami / Marine
Biology and Ecology; C. Pasparakis, Univ of Miami, P. Perrichon, Univ
of North Texas; J.T. Magnuson, Univ of North Texas / Biology; L.E.
Sweet, Univ of North Texas / Dept of Biological Sciences; A.P. Roberts,
Univ of North Texas / Dept of Biology Inst of Applied Science; D.D.
Benetti, Univ of Miami / Dept of Marine Ecosystems and Society

A wide range of sublethal effects have been observed in mahi-mabhi fol-
lowing exposure to surface slick oil obtained from the 2010 oil spill in
the Gulf of Mexico. These sublethal effects include, but are not limited
to, reduced swim performance, impaired ability to avoid oil, impaired
visual acuity, reduced stroke volume and cardiac output in adults as

well as larvae, increased embryonic metabolic rate and energy deple-
tion. An overview of these effects, many of which are observed after
brief exposures (< 24 hours) at low and environmentally relevant PAH
concentrations (< 10 pg total PAHs/1) will be presented. While these
sublethal effects may impair ecological fitness and long term survival,
they are difficult to relay to a broad lay audience due to the complexity of
the findings. We employ a range of outreach strategies, including social
media, hands-on demonstrations at various events, school visits, and web-
based video media to disseminate our findings to the broader public. In
addition, we are currently developing and testing a web-based interactive
teaching module aimed at grades 4-12 on aerobic swim performance.

In this web-based teaching module, students at various levels will be

able to use real data to perform simulated experiments. As part of the
simulations students will select experimental animals and experimental
conditions and be introduced to data analysis and complex physiological
considerations. The web-based simulation module is paired with lesson
plans to assist teachers in tailoring teaching to their students’ grade level
and includes an assessment of the knowledge gain obtained by the stu-
dents after having completed the module. The assessment is paired with
detailed demographic data allowing for direct evaluation of impact of this
outreach effort. This research was made possible by a grant from The
Gulf of Mexico Research Initiative. Data are publicly available through
the Gulf of Mexico Research Initiative Information & Data Cooperative
(GRIIDC) at https://data.gulfresearchinitiative.org.

Scientific Advances Supporting Aquatic Life Water
Quality Criteria Derivation — Part 1

65 An Overview of USEPA’s Approach to Revising the 1985
Guidelines for Deriving Aquatic Life Criteria

M. Elias, K. Gallagher, USEPA / Office of Water

The USEPA Office of Water will provide an overview and update of the
steps being taken to revise the 1985 Guidelines for Deriving Numerical
National Water Quality Criteria for the Protection of Aquatic Organisms
and Their Uses (Stephan et al. 1985). The presentation will discuss out-
comes of the Invited Expert Meeting on Revising Guidelines for Deriving
Numerical National Water Quality Criteria, which occurred in September
of 2015 and which represented a first major step in the Guidelines revision

7'h SETAC World Congress/SETAC North America 37" Annual Meeting | 21



MONDAY PLATFORM ABSTRACTS

process. Development steps that have occurred since that time will be
detailed along with the planned process forward. The focus will be on a
discussion of the two defining objectives that have been identified for the
revision: 1) Developing a larger number of criteria more rapidly for the
broader protection of aquatic life, and 2) Refining methods for deriving
state-of-the-science criteria through comprehensive analyses. The first
objective reflects the recognition that thousands of chemicals enter the
environment from anthropogenic activities. Because rigorous testing of
all chemicals is infeasible, there is a need to efficiently derive criteria
using approaches to estimate safe environmental concentrations with lim-
ited empirical data. The second objective reflects that for a smaller group
of chemicals, criteria development may be scientifically complex, and
deriving robust criteria may require extensive study. This presentation
represents an introduction and overview to the broader session, which
provides an opportunity to further the discussion with the international
scientific community on topics and issues relevant to the development of
criteria for the protection of aquatic life.

66 Chemical standard derivation for the protection of aquatic life: A
guided world tour

C.E. Schlekat, NiPERA; G. Merrington, A. Peters, wca; D. Leverett,
WCA-Environment Ltd

Global regulations striving to protect aquatic ecosystems typically share
goals with respect to levels of environmental protection, but fundamental
differences exist within the methodologies, data selection decisions, and
implementation strategies used by different jurisdictions to achieve regu-
latory goals. This presentation focuses on approaches used by Australia,
Canada, the European Union, and the United States of America to
develop chemical-specific standards intended to protect aquatic life. At
the highest level, these jurisdictions agree that chemical standards play a
role in maintaining biodiversity, preventing ecosystem degradation, and
protecting endangered species. However, the ways in which these differ-
ent jurisdictions implement chemical standards and the degree of regional
heterogeneity within a given jurisdiction varies considerably. From the
scientific perspective, all approaches share the use of laboratory ecotoxic-
ity data as the basis for determining a chemical standard. The different
jurisdictions vary in the consideration of laboratory ecotoxicity data at
several levels, including the relative importance of acute and chronic
data, appropriate statistical endpoints (e.g., preferences for EC10, EC20,
No Observed Effects Concentrations, etc.), the relevance of data from
specific taxonomic groups (e.g., unicellular algae), and acceptance of
data from native versus non-native species. Most jurisdictions recognize
probabilistic approaches like Species Sensitivity Distributions (SSDs), but
minimum data requirements allowing the use of SSDs, and the models
used in data analysis, show jurisdictional differences. Refined approaches
accounting for the derivation of regional- and site-specific chemical stan-
dards are increasingly recognized (e.g., bioavailability-based approaches
for metals), although the level of sophistication (e.g., hardness-based
approaches versus full bioavailability normalization) and approaches for
implementation vary. Jurisdictions also depart with approaches used to
quantify and manage uncertainty, e.g., consideration of multiple lines of
evidence, such as field and mesocosm data; and, the use of assessment/
uncertainty factors in criteria determination. A case study comparing
current approaches for determining quality standards for nickel will be
used to highlight the similarities, differences, and possibilities for harmo-
nization among these different jurisdictions.

67 Could ecological thresholds of toxicological concern (eco-TTCs)
be used to support development of ambient water quality criteria?

S.E. Belanger, The Procter & Gamble Company / Environmental
Stewardship and Sustainability Organization; M.G. Barron, USEPA

/ Gulf Ecology Division; T.J. Norberg-King, USEPA / NHEERL/Mid-
Continent Ecology Division; M.R. Embry, ILSI Health & Environmental
Sciences Institute

The Threshold of Toxicologic Concern (TTC) is an approach used for a
decades in human hazard assessment. A TTC establishes an exposure

level for a chemical below which no appreciable risk to human health

is expected based upon a de minimis value for toxicity identified for
many toxicologically similar chemicals. The TTC concept applied in an
environmental context (eco-TTC) has been proposed to be a Predicted
No-Effect Concentration (PNEC) for ecological communities and
establishes a concentration expected to have a de minimis probability that
effects would be observed for a given group of compounds. Chemical
grouping could be defined by mode of action, functional use, or some
other relevant criterion. TTCs and eco-TTCs use a form of statisti-

cal distribution analysis highly similar to that of a Species Sensitivity
Distribution, except that an eco-TTC is based on distributions of PNECs
for groups of compounds rather than distributions of test organism
endpoints for a specific chemical. Similarly, chemical tolerance distribu-
tions (CTDs) are defined as distributions of response values (LC50’s or
NOEC:s) for a specific taxonomic units (e.g., algae, invertebrates, fish, or
even specific species) within a chemical group. In this presentation we
develop eco-TTCs and CTDs and compare the results to water quality
criteria values for existing chemicals using approaches from the US and
Canada. Based on these results we provide recommendations for what
role eco-TTCs or CTDs could play in developing new ambient water
quality criteria for chemicals lacking sufficient data to develop chemical-
specific values. Disclaimer: This presentation does not necessarily reflect
the views or the policies of the US Environmental Protection Agency.

68 Deriving Water Quality Criteria Using Mode of Action Models:
ppLFER Target Lipid Model of PAH and Narcotic Toxicity as an
Example

D.M. Di Toro, Univ of Delaware / Civil and Environmental Engineering

The EPA technical quidelines for developing aquatic water quality
criteria were a seminal contribution. They provided a clear solution to the
problem of incorporating varying species sensitivity (protecting at the
Sth percentile most sensitive specie) as well as other important consid-
erations (minimum database, frequency of compliance and duration

of exposure). However they are limited to one chemical. The purpose

of this paper is to suggest that this problem can be overcome by using
models that apply comprehensively to all the chemicals in a single mode
of action. The polyparameter target lipid model (ppTLM) is an example
of such a model. There are two crucial characteristics that make this
model, or, for that matter, any model, practical for criteria development.
(1) The model requires a species specific parameter that is chemical
independent. For the TLM, it is the critical target lipid body burden — the
organism lipid normalized concentration that causes 50% mortality. It
has been found to be applicable to all chemicals that have the same toxic
mode of action, namely type I and II narcosis. (2) The model requires a
chemical specific parameter that is species independent. For the TLM,

it is the partition coefficient between the target lipid and water, KLW. It
is assumed to apply to all organisms that have the same mode and site of
action — namely concentrations in the target lipid that produce the same
toxicity at the same molar concentration (mmol/kg lipid). It is estimated
using either the octanol-water partition coefficient and chemical class
corrections for the original TLM, which applies only Type I narcotics, or
a polyparameter linear free energy relationship (ppLFER) that estimates
KLW using a Abraham model, which applies to both Type I and Type 11
(polar narcotics). The ppTLM can be used to derive HCS concentrations
since the species sensitivity distribution is the probability distribution of
the critical body burdens. Therefore the ppTLM can serve as a prototype
for models of modes of action that share the same characteristics: species
sensitivity parameter(s) that apply to all chemicals in the MoA class; and
chemical binding parameter(s) that apply to all species being considered.
The correct additivity model follows from these characteristics. The cri-
teria for PAHs and other classes of narcotic chemicals will be compared
to criteria derived using the single chemical EPA methodology.
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69 State-of-Science Approaches to Determine Sensitive Taxa for
Water Quality Criteria Derivation

M. Willming, ORISE/USEPA / Gulf Ecology Division, C. LaLone, USEPA
/ Mid Continent Ecology Division; S. Raimondo, M.G. Barron, USEPA /
Gulf Ecology Division

Current Ambient Water Quality Criteria (AWQC) guidelines specify
pre-defined taxa diversity requirements, which has limited chemical-
specific criteria development in the U.S. to less than 100 chemicals. A
priori knowledge of sensitive taxa to toxicologically similar groups of
chemicals should facilitate more rapid development of AWQC by focus-
ing data collection on the most sensitive aquatic species or taxonomic
groups. Two tools available for determining the sensitivity of taxa include
Web-based Interspecies Correlation Estimation (Web-ICE; www?3.
epa.gov/webice/) and Sequence Alignment to Predict Across Species
Susceptibility (SeqAPASS; https:/seqapass.epa.gov/seqapass/). Web-ICE
estimates acute toxicity to aquatic organisms with limited or no test data
based on log-linear regression models of the sensitivity of a surrogate
and predicted taxon. Web-ICE generated species sensitivity distributions
can then identify sensitive taxa and estimate toxicity values. SeqAPASS
determines species similarity in aligned amino acid sequences of specific
molecular targets, including functional domains such as the ligand-
binding domain of a biomolecule responsible for the toxic action of a
chemical. Susceptible taxa are identified based on sequence similarity

to a known sensitive query species. Linking these two tools would also
allow for determining insensitive taxa or groups of general similarity, so
that data collection efforts could be optimized towards those species that
would drive criteria derivation. Application of state-of-the-science tools
such as SeqAPASS and Web-ICE, along with grouping toxicologically
similar chemicals by mode of action or molecular initiating event, should
facilitate development of the next generation of AWQC.

70 Application of adverse outcome pathway-based tools to ambient
water quality criteria development

D.L. Villeneuve, G.T. Ankley, USEPA / National Health and
Environmental Effects Research Laboratory, C. LaLone, USEPA / Mid
Continent Ecology Division; D.R. Mount, USEPA / ORD NHEERL
Mid-Continent Ecology Division Duluth; J.E. Tietge, USEPA / Office of
Research and Development National Health and Environmental Effects
Research Laboratory Mid-Continent Ecology Division; D.J. Hoff, USEPA
/ ORD NHEERL Mid-Continent Ecology Division

Increasing numbers and diversity of chemical contaminants are being
detected in ambient surface waters. States, regions, and communities
across the US are faced with the issue of understanding which chemi-
cals may warrant concern and at what concentrations. Integrating new
scientific data streams and predictive approaches into the process of
numeric water aquatic life criteria development offers the potential to
develop more criteria, for more chemicals, more rapidly. For example,
well established models of non-polar narcosis provide an effective esti-
mate of “baseline” toxicity. Emerging data streams from high throughput,
pathway-based, toxicity testing programs provide broad spectrum screen-
ing for more specific modes of action that may result in deviations from
“baseline” toxicity predictions (i.e., excess toxicity). The adverse outcome
pathway (AOP) framework provides a scientifically credible basis for
linking specific pathway-perturbations to predicted hazard and facilitates
systematic consideration of taxa and life stages likely to be sensitive.
Application of this information can facilitate more targeted and hypothe-
sis-driven approaches to the collection of data for use in numeric criteria
development. It can also support interim application of appropriate AOP-
based prediction models in cases where empirical data are lacking. While
these approaches will be subject to error and uncertainty, they offer the
ability to provide a scientifically-based preliminary estimate of levels of
concern, which can immediately guide priority setting and programs at
the state and regional level while criteria are refined through the gradual
application of stronger data sets and more tailored and sophisticated

modeling. Examples illustrating how these tools can be integrated to aid
rapid numeric criteria derivation will be presented. The contents of this
abstract neither constitute nor necessarily reflect USEPA policy.

71 Potential Applications of Weight of Evidence Methods to Water
Quality Criteria

G.W. Suter, S. Cormier, USEPA / National Center for Environmental
Assessment

When more than one piece of evidence is available to address a problem,
it may be appropriate to weigh the evidence. Evidence may be weighed
to derive quantities or qualities. When multiple estimates are available
for the same quantity, the quantitative weighing is termed meta-analysis.
Currently, when deriving water quality criteria, multiple test results for a
species and multiple tests of species in a genus are combined as geometric
means. One might quantitatively weight those values before averaging,
as in inverse variance weighting. Qualitative weight of evidence may

be used, as with human health benchmarks, to determine what mode of
action or route of exposure is applicable (e.g., is it an endocrine disrupter;
is dietary exposure significant). When deriving criteria using field data,
qualitative weight of evidence may be used to determine whether the
exposure-response relationship is causal and whether it is significantly
confounded. It may also be used to determine whether a field-derived
value for one region is applicable to another. The ultimate application

of weight of evidence would be to choose among or combine potential
criteria derived by different methods (e.g., conventional toxicity tests,
microcosms, mesocosms, field surveys, or models). Finally, weight is

the opposite of uncertainty. Therefore, qualitative weighting of a body
of evidence, based on consideration of relevance and reliability, can be
used as an expression of the confidence in a value or conclusion that goes
beyond the scatter that is quantified by statistical uncertainty. The views
expressed in this abstract are those of the authors and do not necessarily
represent the views or policies of the USEPA.

72 A Retrospective Evaluation of the USEPA’s Guidelines for
Ambient Water Quality Criteria Development Given What We Now
Know

D.K. DeForest, K.E. Croteau, R.C. Santore, A.C. Ryan, J. Toll, Windward
Environmental LLC

Many of the USEPA’s ambient water quality criteria (AWQC) were
initially developed in the 1970s and early 1980s, and the USEPA’s cur-
rent guidance for deriving AWQC was released in 1985. Over the last
30+ years, AWQC for a large number of constituents have been either
newly developed or updated. The large increase in toxicity datasets now
available for a large number of constituents provides an empirical basis
for assessing the 1985 AWQC derivation guidance and whether any
aspects of guidance should be considered for modification. We conducted
a retrospective evaluation of criteria and toxicity data for representative
constituents in different chemical classes to evaluate several questions,
such as: (1) Are the minimum data requirements for taxonomic diversity
(i.e., the “8-family rule”) adequate given what we now know from the
much broader empirical toxicity data available? (2) Should the minimum
data requirements vary by chemical class given our understanding of
mode of action? (3) Should end points beyond survival, growth, devel-
opment, and reproduction be more explicitly considered in criteria
development rather than inconsistently evaluated as “other data”? In this
presentation we will provide our current thinking on these and other
topics pertinent to the question of whether updates to our 31-year old
Guidelines for Deriving Numerical National Water Quality Criteria for
the Protection of Aquatic Organisms and Their Uses should be considered
based on what we have learned in the intervening years.
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Advancing -Omics into Regulatory Frameworks:
Case Studies and Perspectives

73 Applying population genomics to environmental regulations

J. Shaw, Indiana Univ / The School of Public and Environmental Affairs
and The Center for Genomics and Bioinformatics, L. Turner, Indiana
Univ / The School of Public and Environmental Affairs; N. Keith,
Indiana Univ — Bloomington / School of Public and Environmental
Affairs; C. Jackson, S. Glaholt, Indiana Univ / The School of Public and
Environmental Affairs; J. Colbourne, Univ of Birmingham / Biosciences
College of Life and Environmental Sciences

Differences in inter-individual response are described by variation in
environments and genomes that combine to give rise to phenotypic varia-
tion observed in populations. Environmental genomics provides tools

for understanding these features that offer links to phenotypes, which

are in-line with proposed changes in regulatory toxicology. In this talk
we draw from recent environmental genomic case studies to explore

how environmental stress contributes to genome variability, influences
the fate of genetic variation in populations, and over micro-evolutionary
time scales determines the fate of phenotypes. These studies contribute
to and make use of maturing genomic tool kits for the killifish, Fundulus
heteroclitus, and the water flea, Daphnia pulicaria. Using these animal
models we explore how functional variation in gene expression and gene
regulatory networks contributes to phenotypic plasticity, and influence
homeostasis in response to environmental change, and how environment-
induced alterations in the magnitude and distribution of gene copy
number (CNV) in natural populations contributes to adaptations to
extreme environments. We will discuss the importance of understand-
ing genome variation and the evolutionary forces that shape it in light of
environmental regulations.

74 How consistent are we? Inter-laboratory comparison for male
fathead minnows exposed to 17a-ethinylestradiol

A. Feswick, Univ of New Brunswick Saint John / Biology; M. Isaacs,

Univ of New Brunswick Saint John; A. Biales, USEPA / National
Exposure Research Laboratory; R. Flick, USEPA / EMMD / National
Exposure Research Laboratory; D.C. Bencic, USEPA / National
Exposure Research Laboratory; R. Wang, USEPA / Ecological Exposure
Research Division; L.L. Brown, Environment and Climate Change
Canada / Environmental Toxicology; M. Augustine, A. Loguinov, Univ of
California — Berkeley / Nutritional Science and Toxicology, F. Falciani,
P. Antczak, J. Herbert, Univ of Liverpool / Inst of Integrative Biology;,
K.J. Kroll, C. Lavelle, V. Dang, Univ of Florida / Physiological Sciences;
L. Escalon, Us Army Engineer Research & Development Center / Inst for
Genomics Biocomputing and Biotechnology,; C. Vulpe, Univ of Florida,
Gainesville / Physiological Science; G.C. van Aggelen, Environment and
Climate Change Canada / Toxicology,; N.D. Denslow, Univ of Florida /
Physiological Sciences, N. Vinas, Midsouth Regional Chapter / Inst for
Genomics Biocomputing and Biotechnology,; C.J. Martyniuk, Univ of
Florida / Physiological Sciences; K.R. Munkittrick, COSIA

Transcriptomic approaches are widely used to examine effects of aquatic
contaminants in both laboratory and field studies. Fundamental questions
remain however for defining the limits of the technology and how it may
be used in environmental monitoring programs. Uncertainties exist as to
how molecular initiating events translate into adverse effects at the popu-
lation level, as well as how large a magnitude or transcriptome response
constitutes an adverse effect (threshold). Also debated are the most
appropriate metrics for quantifying an “omics” response (e.g. fold change,
intensity, p-value, pathway, or network). If omics technologies are to be
established in governmental programs for environmental monitoring and
risk assessment, they must adhere to rigorous standardization that ensures
reliability and consistency. To investigate this, male fathead minnows
(FHM), a widely used aquatic species for toxicity testing, were exposed
to 25 ng/L EE2 for 96 h, and six independent laboratories received frozen
livers to conduct a transcriptome analysis. Independent laboratories were

free to use different processing and analysis packages to analyze the
dataset. Data were also analyzed using a common method. Congruence
was ~50% across laboratories when it came to identifying differentially
expressed targets. This was not surprising given the flexibility in methods
used to detect differentially expressed transcripts. The range in the mag-
nitude of response of the transcriptome was variable across laboratories,
with some laboratories reporting a smaller dynamic range than others

for transcript fold change. However, when transcripts were ranked by

fold change across laboratories, there was a strong positive relationship
(R2=>0.9, p<0.001). Most important from a regulatory or monitoring
standpoint was that, when a core group of estrogen responsive genes were
singled out and located in each dataset, all laboratories save few excep-
tions were consistent in identifying the genes as differentially expressed;
the laboratories also showed high congruence in estimating magnitude

of response across a range of fold changes. This was true regardless of
whether a single unified approach or independent data analyses were
used. These transcripts were selected to encompass a range of fold change
responses from dramatic (>20-fold) (e.g. vitellogenin, estrogen receptor 1)
to more subtle a response (< 1.5 fold) (i.e. BOP1, Block of Proliferation 1).
These data suggest that transcripts responsive to a chemical stressor can
be consistently identified across laboratories, in designs that allow flex-
ibility in the methods used. The results of this study suggest that omics
technologies can be used to advance environmental monitoring efforts
under a yet to be developed standardization framework.

75 Industrial perspective on environmental genomics for monitoring
biodiversity and key species

D. Lyon, Shell Oil Co. / Shell Health Risk Science Team; G. Whale, Shell
Health / Shell Health; S. Blight, A. Minard-Smith, Battelle Memorial Inst;
C. Phillips, Texas Tech Univ, J. Bickham, Battelle Memorial Inst

The oil and gas industry uses biodiversity assessments to determine
baseline conditions and potential impacts during operations. These
assessments are often part of a larger environmental monitoring program
and vary according to application, but in general, the environmental
monitoring programs are labor- and time-intensive. For example, with
offshore drilling operations, benthic sediments are partly characterized
by isolating organisms via sieving large grab samples and identifying
them. This process is costly, time-consuming, and reliant on the avail-
ability of qualified taxonomists. Alternative methods for biodiversity
assessments would alleviate some of the cost and time pressures and
provide a safety net in the event the traditional analyses are inconclu-
sive. One such alternative method is the analysis of environmental DNA
(eDNA), which refers to DNA extracted from environmental samples
from organisms that inhabit or shed cells and waste in that. We are cur-
rently assessing the potential for eDNA methods to provide equivalent
or supplementary information as traditional environmental monitoring
methods. The analysis of eDNA permits the detection and identification
of eukaryotic and/or prokaryotic organisms without direct observation
or capture. Molecular approaches like DNA barcoding and eDNA could
potentially be less expensive, safer, and more comprehensive than tradi-
tional monitoring methods. Shell is interested in the eDNA approach for
biodiversity assessments and for species monitoring, and it has under-
taken preliminary research to determine the utility and applicability of
eDNA analysis. This presentation will discuss the pilot projects using
eDNA for sediment assessment and species monitoring. Based on these
analyses, eDNA could be used for supplementing traditional monitor-
ing programs. There are several limitations to this approach, such as the
biases introduced by PCR amplification, the reliance on the barcoding
database for species identification, and the uncertain provenance and
longevity of DNA. The promise and limitations of this approach will be
discussed from an industry perspective.

24 | 7th SETAC World Congress/SETAC North America 37th Annual Meeting



MONDAY PLATFORM ABSTRACTS

76 Transcriptional (RNA-seq) and metabolic (MS/MS) profiling
reveals host-microbiome interactions during adaptation to chronic
pesticide exposure

J.B. Brown, Lawrence Berkeley National Laboratory / Molecular
Ecosystems Biology; S. Langley, K. Wan, S. Morris, G. Karpen, A.
Snijders, J. Mao, Berkeley Lab; M.R. Viant, Univ of Birmingham / School
of Biosciences; S. Celniker, Berkeley Lab

Chronic pesticide exposure affects over one hundred million people
world wide each year, and costs in excess of $1.2B per year in the United
States alone. In metazoans, chemical exposures impact both the host and
the microbiome. The host genome encodes several thousand enzymes,
while the microbiome, in higher bilaterians, encodes millions, and many
chemicals, including collateral dietary pesticides, resist host metabolism
and are transformed exclusively by microbes. Hence, health affects of
pesticide exposures may be moderated by microbial metabolism. We
applied a multi-omics, systems biology approach to map host-microbiome
interactions during chronic pesticide exposure in two distant metazoans,
the model organisms Mus musculus and Drosophila melanogaster. We
studied the widely used herbicides paraquat, atrazine and glyphosate,
and observed changes in host gene expression, microbiome community
architecture, and the gut metabolome that occur during low (10X DWEL)
and high (1/10% LC50) dietary exposures. In both species, all three
compounds remodel gut microbiomes (16S and metagenomic profiling).
In mouse, impacts on the gut microbiome are dependent on host genetic
background: GWAS on microbial abundances reveals that numerous
microbiome quantitative trait loci (mbQTLs) are coincident with genes
involved in inflammatory bowel diseases and cancer. Some microbial
clades are completely extinguished by herbicide exposure, and these are
replaced by expansions of microbes with overlapping metabolic strate-
gies. In both species, atrazine disrupts expression programs (RNA-seq)
for genes involved in cholesterol and lipid biosynthesis and transport,
and metabolomics (MS/MS) analysis reveals that these disruptions affect
numerous glycerophosphocholines. Therefore, the impacts of atrazine
exposure on some biosynthetic processes are conserved between mouse
and fly, across 600 Myr of evolution and in radically different microbial
backgrounds. Further, all pesticide exposures resulted in neuromuscular
phenotypes detectable through machine learning on open-arena behav-
ioral imaging data. This analysis, though preliminary, already points
toward both metabolic and transcriptional markers that could be screened
in human and other chordate populations exposed to pesticides.

77 Developmental neurotoxic effects of pesticides, MeHg, and
PFHxS combining behavior and cognitive studies with metabolomics
and proteomics

P. Leonards, VU Univ, Inst for Environmental Studies / Inst for
Environmental Studies IVM; H. Viberg, I. Lee, S. Buratovic, Uppsala
Univ; S. Jung, Proteome Sciences, P. Eriksson, Uppsala Univ

Worldwide, serious concern has arisen about the increased incidence

of learning and developmental disorders in children. Various recent
epidemiological studies have indicated that exposure to low doses of
environmental biologically active contaminants during human develop-
ment can have deleterious effects on cognitive development in childhood.
The EU-funded project DENAMIC investigates neurotoxic effects (e.g.
learning and developmental disorders) of low-concentration mixtures of
pesticides and a number of common environmental pollutants in children.
In the current study the aim was to investigate the behaviour and cogni-
tive effects of pesticides, methylmercury, and perfluorohexane sulfonate
(PFHxS) exposure in mice and to further study the underlying molecular
mechanisms of the observed effects using metabolomics and proteomics.
Male mice were exposed to a single dose of pesticides (chlorpyrifos, car-
baryl, cypermethrin, endosuldfan), methylmercury or PFHXS at postnatal
day 10. Behaviour effects were studied at the adult age of 2 to 4 months.
The studies showed that all chemicals can cause developmental neuro-
toxic effects, even after a single exposure which was given at a vulnerable
period of brain development. The cognitive and behaviour tests showed
that the early life exposure of the compounds can alter adult spontaneous

behavior and cognitive function. Interesting the chemicals had different
modes of action causing the same apical endpoint (increased spontane-
ous behaviour). Targeted and untargeted metabolomics and proteomics
studies were carried out in brain tissues of cerebral cortex and hippo-
campus. Biochemical networks were mapped for each brain tissue using
MetaMapp and Cytoscape. Metabolomic and proteomic analysis showed
that a limited number of metabolites and proteins were down or upregu-
lated, and that most were regulated in hippocampus. The strongest effect
was found for PFHxS. Regulated metabolites and proteins were mostly
related to axons/neurons, mitochondria, purine pathway, NADPH/NAPD
activity, ATP/ribonucleotide metabolic processes. In general, the results
showed that the cholinergic system was affected. A positive correlation
was found between the levels of the neurotransmitter acetylcholine and
acetylcarnitine in hippocampus; it has been suggested in literature that
an increase of acetylcarnitine can give a spontaneous release of ace-
tylcholine. The developmental toxic effects might cause neurological/
neurodegenerative disorders/diseases.

78 Metabolomics in the Assessment of the Health of Sentinel Species
in the Great Lakes

B. Chandramouli, SGS AXYS; H. Butler, SGS AXYS / Metabolomics; T.
Watson-Leung, Ontario Ministry of the Environment / Aquatic Toxicology
Unit; S. Kleywegt, Ontario Ministry of the Environment & Climate
Change / Standards Development Branch; P.A. Helm, Ontario Ministry
of the Environment & Climate Change / Environmental Monitoring and
Reporting Branch; S.S. Huang, SGS AXYS / Metabolomics; J. Cosgrove,
SGS AXYS

Pollutants enter the Great Lakes in Southern Ontario through a variety

of sources including wastewater treatment plants (WWTP) and local
industries. A diverse set of contaminants has been detected within this
environment including metals, pharmaceuticals, PCBs, PAHs and pes-
ticides. The number and range of such compounds presents a significant
challenge in both monitoring the effectiveness of regulatory changes
implemented to reduce pollution loads and in assessing biological effects
and risks. Transcriptomic, proteomic, and metabolomic measurements of
sentinel species that have been exposed to environmental samples from
affected sites provide an opportunity to evaluate early biological impacts
in a controlled laboratory setting and to correlate these biological effects
with measured contaminant levels. Such data can provide valuable insight
into prioritizing and refining future contaminant measurement strategies,
and can inform regulatory approaches. In this set of studies, rainbow
trout and hexagenia sp. were exposed to surface water, effluent, and sedi-
ment (hexagenia only) collected at various sites and WWTPs in Lake Erie
and Lake Ontario. Exposures were performed in a laboratory setting with
each exposure lasting 48 hours. Concentration values of 219 metabo-
lites, including amino acids, biogenic amines, Y hexose, fatty acids,

bile acids, acylcarnitines, sphingomyelins, and glycerophospholipids,
were measured in rainbow trout liver and whole hexagenia. In parallel,
concentrations of PCBs, PAHs, metals, and a diverse set of environmen-
tal contaminants were measured in the exposure media. Univariate and
multivariate statistical techniques, such as ANOVA, PCA, and OPLS-DA,
were used to identify metabolites varying between the different location/
concentration groups and to correlate metabolite changes with available
water quality and contaminant concentration data. Preliminary analysis
indicates that metabolomic differences can be identified in rainbow trout
and hexagenia exposed to control samples compared with those exposed
to effluent. Furthermore, the metabolomic effects of effluent from specific
sites within Lake Ontario are distinct. Likewise, hexagenia sediment
exposures show distinct metabolomic differences after exposure to field
samples versus exposure to clean sediment. This work is part of a multi-
omic study on exposure and effects of industrial and urban inputs in the
Great Lakes.
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79 Transcriptomic response of Mytilus larvae to simultaneous cop-
per and ocean acidification exposure

M. Hall, A.Y. Gracey, Univ of Southern California / Marine Biology and
Biological Oceanography

Future changes in ocean chemistry will have an unclear effect on metal
toxicity to marine organisms. In particular, very little is known about
the combined effects of ocean acidification and metal exposure at the
molecular level. High throughput sequencing technologies will allow us
to screen for robust biomarkers of metal toxicity that are effective even
as ocean acidification progresses. Our past work has identified tran-
scriptional biomarkers of copper exposure in mussel larvae and adults.
This research revealed a set of genes with dose-responsive expression
that are indicative of copper exposure and correlate well with morpho-
logical abnormality. In the current study we tested the consistency of
known copper-responsive transcriptional profiles under simulated ocean
acidification, and explored novel biomarkers of co-exposure to copper
and ocean acidification. We exposed California mussel (Mytilus califor-
nianus) embryos to a range of seven copper concentrations and two CO,
concentrations (400 ppm and 800 ppm) for 48 hours, the crucial time
period of early development. At 48 hours, larval survival and proportion
of normal development were determined. 30 larval samples spanning our
range of copper and CO, concentrations were sequenced on an [llumina
HiSeq 4000. Both copper and CO, concentrations influenced survival
and normal development, and animals slightly benefited from exposure
to elevated CO, concentrations. The transcriptomes revealed that dose-
responsive gene expression profiles were evident at both high and low
CO, concentrations. While many genes exhibited consistent expression
profiles in both CO, treatments, a subset of genes responded in a unique
way to copper stress under future OA conditions. High throughput
expression data like this will be vital to develop appropriate and reliable
toxicity assays that will still be effective in coming decades.

80 Characterization of gene regulatory networks that coordinate
early adaptive response to environmental stress in Daphnia magna

L. Orsini, Univ of Birmingham, J.B. Brown, Lawrence Berkeley National
Laboratory / Molecular Ecosystems Biology,; O. Solari, Univ of California
Berkeley / Statistics; S. He, D. Li, Univ of Birmingham, R. Podicheti,
Indiana Univ Bloomington / Molecular Ecosystems Biology;, J. Colbourne,
Univ of Birmingham / Biosciences College of Life and Environmental
Sciences; L. De Meester, Katholieke Universiteit Leuven / Biology

The modulation of mRNA levels through transcriptional and post-tran-
scriptional regulation is among the earliest cellular responses to changing
environmental conditions. We analyzed the immediate-early response

of three Daphnia magna genotypes to 12 environmental challenges,
including 6 biotic and 6 abiotic stressors, lasting between 4 to 24 hours
via a genome-wide transcription profiling (RNA-seq). Each exposure was
imposed to mimic ecologically relevant conditions that Daphnia encoun-
ters in the natural environment, and hence are within the known adaptive,
non-toxic regimes for this organism. We find that most differentially
expressed genes are modulated in a genotype-specific manner and in
response to only one or a few conditions. However, genes are organized
into co-responsive modules, and these are coherently co-expressed across
numerous conditions and genetic backgrounds. Transcripts associated
with adaptation to genotoxic conditions provide straightforward biomark-
ers of abiotic perturbations, and the specific cohort of responsive genes
provides insight into the mode of action of the toxicant. Remarkably, we
find transcriptional signatures of diapause in response to stressors as
early as 4 hours, indicating that the decision to generate ephippial eggs

is made almost immediately upon the transduction of environmental
challenges. Condition-specific transcriptional modules also provide an
opportunity to discover genes of previously unknown functions, as they
are broadly enriched for poorly conserved or recently evolved genes,

and this study constitutes the first evidence of biological rolls for several
hundred genes. This survey of stress response in a keystone ecological
species provides insight into the gene regulatory networks that coordinate
early (< 24h) adaptive response to environmental stress.

Status and Trends of the Landscape-Scale Mercury
Problem in South Florida and the Everglades

81 History, Trends and Management Implications of Florida’s
Mercury Problem

T. Lange, Florida Fish & Wildlife Commission / Fresh Fish Research;
D.G. Rumbold, Florida Gulf Coast Univ / Depart of Marine and
Ecological Sciences

Mercury (Hg) bioaccumulation in fish and wildlife from the Everglades
has been a concern since the mid 1970’s when first identified as an issue
within Everglades National Park. Concerns expanded during the 1980’s
as sport fish with Hg concentrations well over 1 mg/kg were found
within the Everglades Protection Area (EPA). Elevated Hg concentra-
tions in fish and wildlife are an important endpoint within the Everglades
mercury cycle and reflect relatively high rates of atmospheric deposi-
tion of inorganic Hg coupled with wetland and coastal ecosystems that
efficiently produce methylmercury (MeHg). MeHg, the more toxic form
of Hg, Bioaccumulates efficiently in aquatic food webs reaching levels of
concern to human and wildlife health. In 1992, an Interagency Mercury
Science Program, consisting of federal, state, and private entities, was
tasked with informing managers on Everglades restoration strategies

to prevent a worsening of the Hg problem. An important component of
this program, monitoring of fish and other vertebrate species, revealed
significant declines in Hg biomagnification during the late 1990’s — early
2000s. Yet concentrations remain at levels exceeding criteria for the pro-
tection of human health and within the range of potential effects to fish
cating wildlife both within the EPA and downstream estuaries. Moreover,
spatial gradients in water quality and biogeochemistry continue to
produce “hotspots” where both the production and bioavailability of
MeHg favor efficient bioaccumulation. Surveys of Hg in fish and wildlife
of south Florida within the past five years have revealed Hg concentra-
tions as high as 3.31 mg/kg in the muscle tissue of a largemouth bass
(Micropterus salmoides), 4.5 mg/kg in a blacktip shark (Carcharhinus
limbatus), 93.6 mg/kg in feathers of osprey (Pandion haliaetus caroli-
nensis), and 100 mg/kg in fur of a panther (Puma concolor coryi). In
2013, the Florida Department of Environmental Protection developed a
state-wide, Total Maximum Daily Load (TMDL) for Hg that called for an
86% reduction of anthropogenic emissions for the protection of human
and wildlife health. Currently the primary mitigation strategy in the
Everglades is through consumption advisories for fish and wildlife which
urge reduced consumption of 13 freshwater species, >69 marine species,
and 2 wildlife species. Future management approaches should be sought
that incorporate the spatial, temporal, and ecological variability of Hg
biogeochemistry.

82 The Contribution of Emissions Sources and Atmospheric
Deposition to Mercury in South Florida and the Everglades

K. Vijavaraghavan, G. Yarwood, R. Morris, Ramboll Environ

Atmospheric deposition constitutes a potentially major source of loading
of mercury to terrestrial and aquatic ecosystems in South Florida. The
three main forms of inorganic atmospheric mercury are emitted in differ-
ent fractions from various anthropogenic and biogenic sources and have
different wet and dry deposition characteristics. The deposition contribu-
tion to mercury contamination in the Everglades is due to a combination
of mercury emitted from local, regional and other world-wide emission
sources. In particular, gaseous elemental mercury undergoes long-range
transport and is converted to gaseous oxidized mercury through various
mechanisms such as in thunderstorms in Florida. The resulting divalent
mercury undergoes rapid deposition over South Florida and gets methyl-
ated to organic mercury, thus contributing to the mercury contamination
in the Everglades. The paper will summarize our current understanding
of the relative contributions of emission sources to mercury deposition

in South Florida through an examination of both modeling results and
monitoring data for wet and dry deposition.
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83 Everglades Human Health Risk Assessment for Mercury

D.M. Axelrad, Florida A&M Univ / Inst of Public Health; C. Jagoe,
Florida A&M Univ / School of the Environment; T.R. Lange, Florida Fish
and Wildlife Conservation Commission; C.D. Pollman, Aqua Lux Lucis

Human exposure to mercury, a neurotoxicant, is primarily from con-
suming fish contaminated with methylmercury (MeHg). MeHg which is
far more bioaccumulative than is inorganic mercury, is most frequently
produced in water bodies from inorganic mercury being converted by
naturally-occurring sulfate-reducing bacteria to MeHg; MeHg then
concentrates up the aquatic food chain. Mercury is by far the leading
cause for fish consumption advisories in the USA and in Florida. Current
fish consumption advisories for the Everglades recommend that anglers
limit and, in some cases refrain, from consuming 13 freshwater spe-

cies, several marine and estuarine fish species, pig frogs and alligators.
Recreational anglers who eat their catch are a subpopulation potentially at
increased risk of mercury exposure. Current fish consumption advisories
may not be sufficiently protective for those that consume higher than
average amounts of fish and game, including some ethnic groups and
subsistence fishers. This issue is particularly relevant in Florida with its
widespread, elevated fish mercury levels. Accordingly, there is a need to
better quantify their exposure to accurately assess the human health risks.
Previous studies done in Florida took place in the 1990s and focused on
fisher people in the freshwater Everglades. Yet, in southwest Florida,
consumption of marine species by recreational anglers is expected to
significantly outweigh consumption of freshwater species over the long
term. In this presentation, human health risk assessments for various sce-
narios for consumption of Everglades fish and wildlife will be discussed.
As well, possible explanations for the elevated mercury levels in Florida
fish as these relate to options for managing human exposure to MeHg will
be presented. Additionally, current State efforts to limit anglers’ exposure
to MeHg along with possible additional options will be considered.

84 Everglades REMAP 2014: Findings for Mercury and Other
Biogeochemically Related Pollutants

P. Kalla, USEPA / Region Laboratory; D. Scheidt, USEPA / Water
Protection Division; P. Betts, USEPA / Region Laboratory; P. Lorenzo,
Florida International Univ / Southeast Environmental Research Center
SERC; G. Liu, Y. Cai, Florida International Univ / Dept of Chemistry
Biochemistry and Southeast Environmental Research Center

The Everglades Regional Environmental Monitoring and Assessment
Program (REMAP) is a probability-based, multi-media survey that the
U.S. Environmental Protection Agency (EPA) has conducted to describe,
explain, and predict conditions throughout the public Everglades fresh-
water flow-way since 1995. The latest survey was in the wet season of
2014, when we sampled 119 locations. In addition to mercury, sulfur and
phosphorus have been constituents of concern in REMAP because of
their relationship to mercury toxicity and bioaccumulation, among other
effects. In 2014 there was half as much methyl mercury in surface water
as in the previous complete survey, done in 2005. (2014 median = 0.099
ng/l, 2005 = 0.200). There was also less total mercury in surface water,
but not in proportion to the difference in methyl mercury (total mercury
median of 1.5 ng/l vs. 2.1). The decline in total mercury probably reflected
regional and global declines in atmospheric deposition. The mosquitofish
(Gambusia affinis), a forage fish ubiquitous in the Everglades, is used in
REMAP to assess mercury levels in consumers. In 2014 there was a little
over one-third as much mercury in mosquitofish system-wide compared
to 2005 (median of 33 ng/g vs. 87). Mercury bioaccumulation hotspots
remained, with 13% of the system above EPA’s predator protection

level of 77 ng/g. In 2014, 26% of the greater Everglades study area had
sulfate concentrations in surface water in the range reported to stimulate
mercury methylation (2 — 20 mg/1), contrasting with 37% in 2005. Only
63% of the area had < 1 mg/l, which is the Comprehensive Everglades
Restoration Plan goal, and only 18% remained at background level (0.022
mg/l, the REMAP analytical method detection limit). Total phosphorus
in soil was unchanged, with the median value being 390 mg/kg. REMAP
data show that parts of the Everglades with high phosphorus and sulfur

may favor mercury methylation, but that they may also have food webs
that are sufficiently degraded by these pollutants so as to inhibit mercury
bioaccumulation. The remaining mercury hotspots represent places in the
landscape where both processes are enhanced.

85 Contrasting Biogeochemical Conditions at Two Everglades
Locations with Historically Elevated Mosquitofish (Gambusia hol-
brooki) Mercury Concentrations

F. Dierberg, J. Potts, M. Jerauld, T. DeBusk, N. Larson, DB
Environmental, Inc

Southern Water Conservation Area (WCA)-2A and northern WCA-3A
contain similar ridge and slough marsh communities, characterized by low
P concentrations and abundant calcareous periphyton. However, marked
biogeochemical differences exist between the two regions, which may
affect the active mercury (Hg)/methylmercury (MeHg) cycling processes
in each area. Both regions at times have been considered “hot spots”, since
elevated mercury concentrations have been measured in fish, though with
considerable temporal variability. We compared biogeochemical factors
(i.e., Hg, MeHg, sulfate (SO,), iron (Fe), and dissolved organic carbon
(DOC) concentrations) between and within monitoring locations in these
regions: U3 (WCA-2A) and DB-15 (in NW WCA-3A), where a long record
exists of elevated Gambusia Hg. Surface waters (SW) at U3 had higher
dissolved (diss) Hg (1.0-2.3 ng/L) and diss MeHg (0.1-1.0 ng/L) than at
DB-15 (0.5-2.4 ng/L diss Hg; < 0.6 ng/L diss MeHg). In marked contrast,
detritus (floc) MeHg averaged 2.2-6.1 ng/g dry at DB-15 and 0.5-2 ng/g
dry at U3, and was related to Gambusia tissue Hg. Typically, SW DOC
was higher at U3 (23-57 mg/L) than DB-15 (14-37 mg/L), and was among
the strongest explanatory variables for MeHg in water and biotic matrices
(e.g., floc, Gambusia) within and between sites. However, the aromaticity
of DOC was not correlated with SW Hg or MeHg concentrations at either
site. Sulfate was much higher at U3 (15-32 mg/L) than DB-15 (< 1.5 mg/L
S0O,). Concomitantly, at U3 porewater (PW) sulfide was elevated (1.6-4.9
mg/L) and oxidation reduction potential (ORP) was depressed (about

-100 mV) compared to DB-15 (< 0.2 mg/L and about 0 mV, respectively).
However, neither detrital MeHg nor SW dissolved MeHg were correlated
to SW sulfate concentration at either site. Diss Fe, especially in PW,

was much higher at DB-15 (1-4 mg/L) than U3 (< 0.04 mg/L), but was

not correlated with MeHg at either site. The elevated Hg concentrations
documented in biotic matrices at both U3 and DB-15 demonstrate that Hg
methylation and bioaccumulation can occur under diverse biogeochemical
conditions, particularly with respect to sulfate availability. This detailed
temporal assessment shows a strong linkage between DOC concentrations
and SW Hg and MeHg concentrations within and among sites. In addition,
our preliminary data suggest that food web and other ecological differ-
ences exist between the two sites, which may contribute to higher biotic
Hg concentrations at DB-15.

86 Sulfate in the Everglades — Sources and the effect of source reduc-
tions on Gambusia Hg concentrations

C. Pollman, Univ of Florida, Gainesville / Geological Sciences

Elevated concentrations of mercury (Hg) in a broad spectrum of
Everglades biota have long been recognized as environmental and public
health concerns. While the Hg problem ultimately is driven by atmo-
spheric inputs, its biogeochemical cycling and trophic transfer is governed
by a variety of physical, chemical and biological factors. Similar to many
aquatic ecosystems, key amongst those factors are dissolved organic
carbon (DOC) and sulfate. Sulfate dynamics can play a critical role in

Hg cycling because methylation of Hg in freshwater aquatic ecosystems

is governed in large part by the activity of sulfate-reducing bacteria that
use sulfate as the terminal electron acceptor to metabolize organic mat-
ter under anaerobic conditions (Gilmour, 2011). Atmospheric emissions
source-receptor modeling indicates that only a small fraction of Hg
deposited in the Everglades originates within Florida, and the occurrence
of DOC is a ubiquitous and natural feature of the Everglades landscape.
Sulfate concentrations however are greatly perturbed relative to pre-
anthropogenic levels, and reflect enhanced contributions from atmospheric
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emissions of SO, and land management practices using sulfate as a soil
amendment in the EAA draining into the Everglades. Thus — of the three
key variables governing Hg cycling in the Everglades — controlling sulfate
is perhaps the only viable option for mitigating the Hg problem. This
paper has two major components. First, [ use solute tracers to identify and
quantify the contributions of a third source of sulfate to the Everglades —
viz. discharges of connate seawater into major Everglades canals draining
the EAA. This source, which relates to the hydrologic alterations and
practices actively used within the EAA, is thus an anthropogenic source
which must be considered in evaluating sulfate control strategies. For the
second component of this paper, I explore the sulfate management ques-
tion by using a structural equation model to predict the effect of various
reductions of sulfate on expected Hg concentrations in Gambusia spp.
across the Everglades. This model, which was developed by Pollman
(2014), incorporates two critical features that necessarily must be included
in any statistical model of Hg cycling — the non-linearity between sulfate
and methylation; and mediated inter-variable relationships. Predicted
changes in Gambusia Hg will be examined both spatially, and with respect
to overall shifts in cumulative distribution.

87 Trends, Hotspots and driving factors of mercury within the
Everglades Ecosystem

P. Julian, Florida Dept of Environmental Protection / Office of
Ecosystem Projects; B. Gu, South Florida Water Mgmt District / Water
Resources; K. Weaver, Florida Dept of Environmental Protection / Water
Quality Standards; A.L. Wright, Univ of Florida / Soil and Water Science

Mercury (Hg) methylation and bioaccumulation is a major environ-
mental issue in the Greater Everglades Ecosystem since the late 1970s.
Areas of elevation Hg concentrations in fish, soil and water can be found
through the Everglades system. These areas have been operationally
defined as hotspots however no formal, data driven criteria has been
developed to define Hg accumulation hotspots. Biological hotspots can
be defined as Hg tissue concentrations above a particular wildlife tis-
sue threshold/criteria. Alternatively, hotspots can statistical be defined
using geostatistical methods to delineate hotspot occurrence and extent,
however this approach is data intensive. This presentation will discuss
general trends and patterns of Hg concentrations observed in biotia,
atmospheric wet deposition and surface water within the freshwater
Everglades Ecosystem. Also this presentation will discuss biological
hotspot identification and biogeochemical cycling of Hg. Since Water
Year (May 1 — April 30) 1989 to present, Hg tissue concentrations in
Largemouth Bass (Micropterus salmoides L.) has been highly variable
with no significant trend apparent from sampling locations across the
EPA. Meanwhile, lower trophic level species including sunfish (Lepomis
spp.) and mosquitofish (Gambusia spp.) Hg tissue concentrations remain
relatively high and variable with several stations experiencing significant
increases in sunfish tissue Hg concentration and decreasing trends seen in
mosquitofish Hg concentration. Meanwhile, wet deposition of Hg, the pri-
mary source of Hg, has remained relatively constant through the period
of record. Recent studies have discussed geostatistical identification of
soil Hg hotspots within the Everglades ecosystem, nutrient stoichiomet-
ric control of biological hotspots and the interaction of sulfur, iron and
organic carbon within hotspot and non-hotspot locations. Although the
state of Florida has adopted a statewide Hg TMDL, more work is needed
to better understand and predict Hg dynamics, especially in the context
of water quality conditions within the Everglades ecosystem. However,
without a quantum step in our ability to link surface water conditions,
microbial dynamics, ambient methyl-Hg and biota Hg levels, there is no
way to justify any complimentary ecosystem-wide, parameter specific
management strategy to reduce Hg risks.

88 Reduction of Sulfate Loading May Mitigate Methylmercury
Production in the Everglades
W. Orem, D.P. Krabbenhoft, G. Aiken, USGS; C. Fitz, EcoLandMod, Inc.

Unnaturally high sulfate loading to the Everglades is one of the key factors
controlling methymercury (MeHg) production and bioaccumulation in

the ecosystem. Background concentrations of sulfate in surface water of
the Everglades are typically very low (0.05 — 1 mg/L) and do not support
significant levels of microbial sulfate reduction and mercury methylation.
Discharge of canal water containing high levels of sulfate (60-70 mg/L long
term average) into the Everglades, however, has elevated sulfate concentra-
tions in at least 60% of the ecosystem. The elevated sulfate levels stimulate
sulfate reduction and MeHg production. The sulfate contamination
originates from the Everglades Agricultural Area (EAA) from agricultural
use of sulfur, organic soil oxidation, and other sources. Modeling, and

field and experimental studies suggest that reducing sulfate loading can
have dramatic impacts on MeHg production in the ecosystem. A modi-

fied version of the Everglades Landscape Model that incorporates sulfate
and MeHg production modules has shown that a 37% reduction in sulfate
loading to the Everglades dramatically reduces the risk of MeHg produc-
tion by about 20-50% in large areas of the Water Conservation Areas and
Everglades National Park (ENP). Greater reductions of sulfate have even
more significant impacts on MeHg risk. Between 1999-2002, an area of the
central Everglades, formerly a “hot spot” for MeHg production accumula-
tion in fish and wading birds, saw a reduction in sulfate levels from 10 mg/L
to background levels (0.05 mg/L) due to rerouting of water accompanying
Everglades restoration. In response to the decrease in sulfate concentra-
tions, MeHg levels in water decreased dramatically from 0.8 to 0.1 ng/L,
with accompanying changes in MeHg levels in fish and birds. Experimental
studies using lab microcosms and field mesocosms also demonstrate that
reducing sulfate loading reduces MeHg production. Approaches to reduce
sulfate loading to the ecosystem must be multifaceted, and include: (1) Best
management Practices (BMPs) on sulfate use in agriculture in the EAA,

(2) approaches for reducing organic soil oxidation in the EAA, (3) reducing
intrusion of sulfate-rich groundwater, especially in cracked canal bottoms,
(4) modifying stormwater treatment areas for more efficient removal of
sulfate, and (5) transporting sulfate-contaminated canal water by sheet flow
through marsh areas to sensitive parts of the ecosystem (e.g. ENP).

Soil Contaminants: Fate, Bioavailability, Environ-
mental Toxicology and Risk Assessment — Part 1

89 Assessing the ecotoxicity of constituents in dredged marine sedi-
ment contaminated with TPH and heavy metals for its beneficial
reuse as soil

K. Kim, M. Kim, Seoul National Univ; H. Chae, Hyundai Engineering &
Construction Co., Ltd / Research Development Division; E. Kim, Seoul
National Univ; K. Nam, Y. Choi, Seoul National Univ / Dept of Civil and
Environmental Engineering

A significant amount of dredged marine sediment is produced worldwide
by navigation dredging. The dredged sediment can be reused in many
ways such as base materials for construction fill and habitat creation.
Prior to the beneficial reuse of the dredged marine sediment in terrestrial
environment, any potential negative effects of natural and anthropogenic
constituents in the sediment on terrestrial receptors should be evaluated
and if needed, the sediment should be treated to minimize the effects.
This study considered salinity, TPH and heavy metals as constituents in
dredged marine sediment potentially toxic to terrestrial receptors. Each
constituent was sequentially removed from a dredged marine sediment
sample highly impacted by TPH and heavy metals to determine the
significance of each as eco-toxicological parameters. The salinity was
removed by washing the sediment with deionized water (2 hr, 180 rpm,
1:5 solid-liquid ratio) and TPH was removed by solvent extraction (20 min,
180rpm, 1:6 soild-liquid ratio) and thermal desportion (300?, 1 hr). Heavy
metals were removed by a soil washing procedure (1.5 M H,SOy,, 1:3 soil
liquid ratio). After the treatment, the sediment was analyzed for concen-
tration of salinity, TPH and heavy metals, and heavy metal speciation. A
toxicity test using Hordeum vulgare was conducted to assess the effect of
each constituent on terrestrial receptors after sequential remediation of
the sediment. Based on the toxicity test, the salinity reduction in sediment
resulted in significant increase in germination and growth of H.vulgare,
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but the removal of TPH by solvent extraction did not have a positive effect.
The toxicity test using H. vulgare after TPH removal by thermal treat-
ment and heavy metal removal by acid treatment is underway to assess the
effect of each treatment. Acknowledgement: This study received substan-
tial support from the Geo-Advanced Innovative Action (GAIA) Project of
the Korea Environmental Industry & Technology Institute (KEITT).

90 Screening-level ecological risk assessment for beneficial reuse of
dredged marine sediment

M. Kim, K. Kim, Seoul National Univ, Y. Ji, Hyundai Engineering and
Construction / Research and Development Division, Y. Choi, K. Nam,
Seoul National Univ / Dept of Civil and Environmental Engineering

Researches on beneficial reuse of dredged marine sediment has been
developed recently. It is important to estimate the environmental impact of
dredged marine sediment on terrestrial ecosystem, however the ecological
risk of dredged marine sediment has been rarely assessed. In this study,
screening-level ecological risk assessment was conducted in order to bene-
ficially reuse dredged marine sediment as soil. Heavy metals (i.e., Cu, Zn,
Cd, Pb, Cr, Ni) which are commonly found in dredged marine sediment
were selected as target comtaminants. Toxicological data of heavy metals
were collected from ECOTOX of US Environmental Protection Agency
(USEPA), Canadian Council of Ministers of the Environment (CCME)
and some technical papers. Screening process was conducted in order to
verify the quality of toxicological information regarding the statement of
experimental conditions, endpoint reported, and the statistical analysis
used. Stochastic approach (for Cu, Zn, and Cd) and deterministic approach
(for Pb, Cr, and Ni) were both used according to the number of screened
toxicological information in order to calculate predicted no effect con-
centration (PNEC). The PNEC values are suggested as the range with the
uncertainty factor from 1 to 5. Calculated PNEC values of Cu, Zn, Cd, Pb,
Cr, Niare 17.8 —39.7,45.9 - 102.7,2.3 - 5.2, 16.7—37.5, 12.3 - 27.5, 16.7 —
37.5 mg/kg, respectively. This study derived hazardous quotients of the six
heavy metals using PNEC value and site-specific predicted environmental
concentration (PEC) of each heavy metal. The hazard quotient (HQ) of
Cu, Zn, Cr, Pb and Ni were higher than unity indicating a possibility of
ecological risk of the five heavy metals when the dredged marine sediment
is applied in terrestrial environment. Accordingly, remediation processes
and a higher-level ecological risk assessment would be needed for the
recycling of the dredged marine sediment.

91 Human exposure to wastewater-derived pharmaceuticals in fresh
produce: Data from a randomized controlled clinical trial

B. Chefetz, The Hebrew Univ of Jerusalem / Soil and Water Sciences; G.
Fedorova, Univ of South Bohemia in CB / Laboratory of Environmental
Chemistry and Biochemistry; G. Tadmor, The Hebrew Univ of Jerusalem
/ Soil and Water Sciences; O. Paltiel, The Hebrew Univ of Jerusalem /
Braun School of Public Health and Community Medicine Hadassah

Fresh water scarcity has led to increased use of treated wastewater as an
alternative source for crop irrigation. Concerns have been raised regarding
pharmaceutical exposure via treated wastewater. Our aim was to assess
whether carbamazepine, an anticonvulsant drug highly persistent in waste-
water, is present in commercially available treated wastewater-irrigated
produce, and whether human exposure to carbamazepine occurs via inges-
tion of this produce. In this study we follow the exposure path: wastewater
--> irrigation water --> soil --> crops --> consumers. We recruited 34 vol-
unteers aged 18-63 years (20 women and 14 men) to a single blind crossover
trial. Group I (n=22) was randomized to receive treated wastewater-produce
followed by fresh water-irrigated produce; Group II (n=12) received fresh
water irrigated-produce followed by supermarket-purchased produce. Each
exposure period lasted one week. During the trial, subjects filled food
frequency questionnaires and provided urine samples. Carbamazepine and
metabolite levels were measured in produce and human urine, following
development of a novel method to extract and measure metabolites in urine
matrix. We assessed the proportion of individuals with urinary levels above
the LOD or LOQ and area under the curve over the study period. Treated
wastewater-irrigated produce exhibited substantially higher carbamazepine

levels than fresh water-irrigated produce. At baseline, urinary carbam-
azepine was undetectable in 13, between LOD and LOQ in 12, and >LOQ
in 9 subjects. Following seven days of consuming treated wastewater
irrigated-produce all Group I members exhibited quantifiable levels of car-
bamazepine, while in Group II the distribution remained unchanged from
baseline (between group P< 0.001). Area under the curve of carbamazepine
excretion was markedly higher in Group I versus II (P< 0.0001). Urine
levels return to baseline following the exposure periods. This study demon-
strates “proof of concept” that human exposure to pharmaceuticals occurs
through ingestion of commercially available treated wastewater-irrigated
produce, providing data which could guide policy and risk assessments.

92 Composting studies in Estonia

E. Haiba, Tallinn Univ of Technology, Tartu College / Dept of Techology;
L. Nei, Tallinn Univ of Technology Tartu College / Dept of Env Protection

This work is addressed to the application of biosolids and especially sew-
age sludge as a major resource in composting. Safe disposal of sewage
sludge is one of the major environmental concerns. A considerable drop
in the use of P fertilisers can be followed since early 1990s and due to
this fact crop production in Estonia takes place largely at the expense of
soil P resources. One of the ways of increasing the fertility of agricul-
tural lands is to use nutrient-rich sewage sludge. Unfortunately, this may
cause several undesired consequences due to biological and chemical
contaminants present in this matter. The presence of some widely used
pharmaceuticals, as ciprofloxacin (CIP), norfloxacin (NOR), ofloxacin
(OFL), sulfadimethoxine (SDM) and sulfamethoxazole (SMX), was
evident in sewage sludge of the two Estonian largest cities, Tartu and
Tallinn. The concentrations of pharmaceuticals decreased significantly
after sewage sludge digestion and composting (in most experiments their
concentrations decreased by 95% or more during 4 months of compost-
ing), but they were still present in detectable amounts. Sewage sludge
co-composting experiments with sawdust, peat and straw showed the
degradation of FQs and SAs. Additions of sawdust clearly speeded up
this process, whereas the mixtures with peat and straw performed lower
abilities to decompose pharmaceutical residues. The presence of pharma-
ceuticals in our study affected the microbial community composition of
the compost that resulted in lower microbial activity values and affected
fungal-to-bacterial ratios in composts. In the end of the experiment the
fungi dominated over bacteria in composts with added pharmaceuticals
(60-70%). In compost where pharmaceutical residues were not added bac-
teria dominated over fungi (65%). Novel methodologies were developed
and experiments conducted to study the potential accumulation of fluo-
roquinolones (FQ) and sulfonamides (SA) by food plants — taken up from
the soil fertilized with sewage sludge or its compost. It has been shown
that due to the low adsorption of SAs on soil particles they are “free” to
migrate into plants. Different behaviour is characteristic to FQs as they
are accumulated in sludge. Recent years have also shown certain progress
in vermicomposting work, in studies involving microbial activity change
during composting, and in using compost in afforestation.

93 Pentachlorophenol, chlorinated dioxins and furans in soil sur-
rounding utility poles on the Kenai National Wildlife Refuge in Alaska

L.A. Verbrugge, US Fish and Wildlife Service / Fisheries and Ecological
Services; L. Kahn, J. M. Morton, US Fish and Wildlife Service / Kenai
National Wildlife Refuge

A local electric utility company maintains above-ground transmission lines
within the Kenai National Wildlife Refuge under U.S. Fish and Wildlife
Service-issued right-of-way permits. Most supporting poles have been
treated with commercial pentachlorophenol mixtures known to contain
trace amounts of chlorinated dioxins and furans. These contaminants can
migrate from treated poles to surrounding soils, posing potential risks to
human health and ecological receptors. To characterize risk and ensure
best management practices for pole replacement and/or removal, we col-
lected surface soil samples near twelve utility poles for measurement of
pentachlorophenol, chlorinated dioxin and furan congeners, and selected
polycyclic aromatic hydrocarbons. There were six sets of paired poles; each
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pair consisted of a pole installed in the 1950s and a pole installed within
the past twenty years that were located near each other. A representative
background sample was collected for each pair. Samples were collected

at 0 cm, 25 cm and 50 cm from each pole. Pentachlorophenol, dioxin and
furan concentrations in soil were quite high at the base of each pole, and
diminished approximately an order of magnitude from 0 cm to 25 cm, and
again from 25 cm to 50 cm out from the pole. When expressed in terms of
2,3,7,8-tetrachlorodibenzo-p-dioxin toxicity equivalents, the average soil
concentrations were 15.2, 5.17 and 1.52 parts per billion at 0, 25 cm and 50
cm distances from the pole, respectively (dry weight). Pentachlorophenol
concentrations were 1800, 160, and 18 parts per million at zero, 25 cm and
50 cm distances from the pole, respectively (dry weight). Contaminant
levels near the poles are orders of magnitude above screening levels for risk
to both human and ecological receptors, warranting a more comprehensive
risk assessment. This issue presents complex challenges for state environ-
mental regulators, public land managers, and utility providers who strive to
manage risk and protect human health and the environment, while continu-
ing to provide electricity to Alaskan communities at a reasonable cost.

94 North of 60: Linking Herbicide Persistence to Soil Ecological
Risk Along Transmission Right-of-Ways in the Yukon Territory

A. Jimmo, Univ of Saskatchewan / Soil Science; K. Stewart, S. Siciliano,
Univ of Saskatchewan / Toxicology Group and Dept of Soil Science

Mechanical techniques, including brushing and mowing, are currently

the only control methods used on transmission right-of-ways (ROWs) in
the Yukon Territory. Primary issues with mechanical methods include
increased density and regrowth of target species. Long-term vegetation
control along transmission ROWs in the Yukon Territory may be improved
through incorporating different management practices. These practices
could integrate mechanical and chemical vegetation management with
regional or site-specific techniques, such as ecological manipulation.
Specifically, incorporating herbicides into the vegetation management
program could improve long-term effectiveness, reduce environmental
risk and decrease management costs. Therefore, obtaining a greater
understanding of the impact of herbicides on the soil from the perspective
of a northern terrestrial ecosystem is key in making informed vegetation
management decisions. The persistence and toxicity of Garlon® XRT (tri-
clopyr) and Arsenal® Powerline (imazapyr) in soils was assessed at five
ROW locations representative of the main ecoregion types where ROWs
occur within the Yukon Territory. Soils from four sites were collected

at 1, 30 and 365 days after treatment (DAT) to determine persistence of
herbicides for each of three application methods (backpack spraying, cut
stump and point injection). Soils from a fifth site were collected as soon
as herbicides had dried and at 1, 3, 7, 14, 21, 30 and 60 DAT. Increased
sampling intervals were added in order to better determine the half-life

of each herbicide in Yukon Territory soils. Herbicide residues are being
extracted using traditional methods which vary for each herbicide. Results
from the persistence testing will be linked to a species sensitivity distribu-
tion (SSD) created by a series of dose response tests, including three soil
invertebrates, two non-target plant species and four soil enzymes, in refer-
ence soils from each field site. Preliminary results suggest that herbicide
residues persist longer in northern regions than in temperate regions,
however, these residues are below the protective herbicide concentration,
or the concentration that impacts less than 25% of the soil community.

95 Evaluation of the environmental fate and ecotoxicological impact of
the pesticide chlorpyrifos in soil for improvement of its risk assessment

V._Storck, INRA Dijon / Agroecology; L. Lucini, Catholic Univ of

the Sacred Heart; F. Ferrari, AEIFORIA; E. Papadopoulou, Univ of
Thessaly; S. Nikolaki, Univ of Patras / Dept of Environmental and
Natural Resources Management; P. Karas, D. Karpouzas, Univ of
Thessaly; M. Trevisan, Catholic Univ of the Sacred Heart / Inst of
Agricultural and Environmental Chemistry; F. Martin-Laurent, INRA of
Dijon / Agroecology

Pesticides protect crops from various pests but can also harm non-
target organisms. To minimize risks for the environment and human

health, a huge amount of studies are carried out and evaluated during

the authorization process of each pesticide. However, the prediction

of the environmental fate and ecotoxicological impact of a pesticide
remains difficult. Several 100 formerly used pesticides are now banned
because unexpected risks emerged decades after their authorization. Risk
assessment documents of the organophosphate insecticide chlorpyrifos
(CHL) particularly lack information about its degradation and potential
transformation products in soil, and its impact on non-target microorgan-
isms supporting soil ecosystem services with impact at the global scale.
Within the frame of a large European Marie Curie project, we studied
the environmental fate of CHL in a lab-to-field dissipation study by (i)
quantifying CHL and its main transformation product 3,5,6-trichloropyr-
idinol (TCP), (ii) screening for known and new transformation products,
and (iii) measuring its sorption to soil. Furthermore, the ecotoxicologi-
cal impact of CHL on the soil bacterial community was estimated by

(i) [llumina next-generation sequencing of 16S rDNA amplified from
extracted soil DNA, and (ii) monitoring the adaptation of soil microor-
ganisms to repeated CHL exposure by analysis of CHL mineralization.
Main results are (i) the identification of known and one new transfor-
mation products of CHL, (ii) no effect of CHL on the diversity of the
bacterial community in our lab-to-field experiment, (iii) but adaptation to
repeated CHL exposure as shown by improved CHL mineralization and
by microbial diversity analysis. For further research on CHL biodeg-
radation and as potential candidates for bioremediation, we isolated a
CHL-degrading bacterial consortium.

96 So the Soil is Contaminated...Now What?
T. Phillips, exp Services Inc.

The environmental risk assessment process in Ontario has become an
exercise in exposure control as opposed to facilitating truly scientific, sta-
tistically-based risk analyses, environmentally sound decisions, or smart
risk management. Risk-adverse provincial policies, misplaced authority,
and the booming condominium industry have driven out science and

the opportunity for learned practitioners to make sound judgements,
particularly with regards to the management of contaminated soils and
protection of ecological health. Moreover, efforts to ensure fully unbiased
decision-making have resulted in an onerous administrative process that
has nothing to do with environmental protection, but makes claims to
that effect. This presentation will outline several “flaws” in the execu-
tion of Ontario Record of Site Condition (RSC) Regulation 153/04 from
the perspective of how the mandated risk assessment process in Ontario
differs from the practice as it is taught by academics, and endorsed by
professional toxicologists and the SETAC membership.

Environmental Application of Cell-Based and High-
Content Screening Assays for Monitoring Program
and Risk Assessment

97 In vitro endocrine activity screening of waste and river waters
from the Brussels Region, Belgium using the BG1Luc4E2 CALUX
Bioassay

K. Van Langenhove, Vrije Universiteit Brussel / Analytical Environmental
GeoChemistry,; T. Reyns, Scientific Inst of Public Health Belgium; T.
Vandermarken, Vrije Universiteit Brussel / Analytical Environmental
GeoChemistry, P. Servais, Université Libre de Bruxelles; M.S. Denison,
Univ of California / Dept of Environmental Toxicology; J. Van Loco,
Scientific Inst of Public Health Belgium,; M. Elskens, Vrije Universiteit
Brussel / Analytical Environmental GeoChemistry

Presence of endocrine disrupting or active chemicals in waterways is an
ever growing global problem as evidenced by the WFD (2013/39/EU)
who prioritized some model estrogenic chemicals into their watch list.
Analyzing these substances typically involves separation chromatography
coupled to mass detection at high cost per sample. However, perform-

ing a first screening of water samples using in vitro assays that detect
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endocrine selective ligands can help prioritize monitoring sites at lower
cost. We therefore studied a highly impacted and urbanized river (Zenne
River, Brussels, Belgium) that is composed of up to 50% in WWTP efflu-
ent downstream. We collected river water and influent and effluent of 2
major WWTPs (North and South) discharging to the river and a hospital
effluent in order to gain more knowledge on their fate upon reaching this
urban river. To accomplish this we collected water samples on a monthly
basis during 1 year, performed SPE clean-up on the dissolved water
phase, and analyzed these extracts using the BG1Luc4E?2 in vitro trans-
activational bioassay to detect endocrine agonist activity. Concentrations
of activity (BEQs) are reported as mass E2-equivalent concentrations.
One of the most interesting features observed is that activity levels in

the river tend to increase along the flow of the river, ranging from 1.34ng
E2-eq./L to 3.80ng E2-eq./L at the most downstream site. Effluent levels
of the two WWTPs (1.47 and 2.55ng E2-eq./L) displayed similar activity,
but are able to drive activity variations depending on the river flow and
their relative contribution there to. Influent values of the WWTPs and
hospital ranged 1 to 2 orders of magnitude higher and pose real concern
when untreated wastewaters are released into the river during combined
sewer overflow events, which occur frequently in this water system and
urban area. Furthermore, by implementing this monitoring program

we obtained (annual averaged) in vitro activity results that surpass the
limits proposed by the EU WFD (0.4ng/L for E2 and 0.035ng/L for EE2).
Keeping in mind there is no clear-cut extrapolation or correlation between
these effect-directed analyses and the chemically based limits, our results
indicate this river system is highly impacted with endocrine activity and
the responsible agents need characterization.

98 Combining cell-based bioassays, chemical analysis and mixture
modelling for water quality monitoring

B. Escher, Helmholtz Centre for Environmental Research GmbH — UFZ /
Cell Toxicology, W. Brack, Helmholtz Centre for Environmental Research
UFZ / EffectDirected Analysis; F.D. Leusch, Griffith Univ — Smart Water
Research Centre / School of Environment and Smart Water Research
Centre; P.A. Neale, Griffith Univ / Smart Water Research Centre, R.
Altenburger, Helmholtz Centre for Environmental Research UFZ/
Bioanalytical Ecotoxicology

Surface waters and drinking water may be impacted by a wide variety of
organic contaminants, including pesticides, pharmaceuticals, industrial
compounds and by-products of treatment processes. Cell-based bioas-
says have been applied for many years to complement chemical analysis
for water quality monitoring, but similar to chemical analysis where the
selection of target compounds remains a point of discussion, so is the
choice of the appropriate biological endpoints and bioassays. Reporter
gene assays are popular because they target selected individual nuclear
receptors or transcription factors and can be adapted to a well reproduc-
ible, high-throughput screening format. The endpoints chosen should be
anchored in the framework of the adverse outcome pathways and include
several steps of the cellular toxicity pathways, including xenobiotic
metabolism, molecular initiating events, adaptive stress responses and
cytotoxicity. Here we present a strategy to select appropriate endpoints
and apply them to several case studies focusing on the application of
these tools for water quality assessment in wastewater, surface water and
drinking water. Case studies were drawn from both the European Union
project SOLUTIONS, which aims to produce solutions for legacy, pres-
ent and future chemicals that pose a risk to both ecosystems and human
health in European water resources, and from international efforts to
harmonise the application of bioanalytical tools for evaluation of water
recycling and reuse. Mixture toxicity modelling using the bioanalytical
equivalent approach was applied to better link the results of the cell-based
bioassays with chemical analysis. The case studies showed that for most
endpoints the detected chemicals could only explain a small proportion of
the effect, which supports the application of bioanalytical tools comple-
mentary to chemical analysis for water quality monitoring.

99 Application of the Attagene FACTORIAL™ assay to character-
ization of surface waters from a nationwide assessment of streams

B.R. Blackwell, ORISE / National Health and Environmental Effects
Research Laboratory; G.T. Ankley, USEPA / National Health and
Environmental Effects Research Laboratory,; P. Bradley, USGS / SAWSC;
K. Houck, USEPA / National Center for Computational Toxicology; S.

Li, D.L. Villeneuve, USEPA / National Health and Environmental Effects
Research Laboratory

Bioassays can be used to evaluate the integrated effects of complex
mixtures from both known and unidentified contaminants present in
environmental samples. However, such bio-monitoring approaches have
typically focused only on one or a few pathways (e.g. estrogen recep-

tor, androgen receptor) despite the fact that the chemicals in a mixture
may exhibit a range of biological activities. High-throughput screen-

ing approaches that can rapidly assess samples for a broad diversity of
biological activities offer a means to provide a more comprehensive char-
acterization of complex mixtures. The Attagene Factorial™ platform is a
high-throughput, cell based assay utilized by USEPA’s ToxCast Program,
which provides high-content assessment of over 90 different gene regula-
tory pathways and all 48 human nuclear receptors (NRs). This assay has
previously been used in a preliminary screening of surface water extracts
from sites across the Great Lakes. In the current study, surface waters
samples from 38 sites were collected, extracted, and screened through
the Factorial assay as part of a USGS nationwide stream assessment. All
samples were evaluated in a six point, 3-fold dilution series and analyzed
using the ToxCast Data Pipeline (TCPL) to generate dose-response curves
and corresponding half-maximal activity concentration (AC50) estimates.
A total of 27 assay endpoints responded to extracts from one or more
sites, with up to 14 assays active for a single extract. The four sites in
four different states with the greatest number of active endpoints, ranging
from 10 to 14, all were associated with anthropogenic wastewater inputs.
Across assay endpoints, pregnane X response element (PXRE), aryl
hydrocarbon (Ahr), and estrogen response element (ERE) were the most
commonly activated endpoints, at 38, 33, and 25 sites, respectively. The
results highlight the applicability of cell based, high-throughput assays,
specifically the Attagene Factorial assay, to screening level prioritization
of environmental sites or of biological pathways that may be adversely
impacted. The contents of this abstract neither constitute, nor necessarily
reflect, official USEPA policy.

100 Application of ToxCast to Evaluate Potential Biological Effects
from Organic Contaminants in Great Lakes Tributaries

S.R. Corsi, USGS / Water Resources Division; L. De Cicco, USGS /
Office of Water Information; D.L. Villeneuve, USEPA / National Health
and Environmental Effects Research Laboratory; B.R. Blackwell, ORISE
/ National Health and Environmental Effects Research Laboratory; A.
Baldwin, USGS / Water Resources Division; D.A. Alvarez, USGS-CERC
/ Physiology and Biochemistry; A. Schroeder, Univ of Minnesota-
Crookston / Math Science and Technology; G.T. Ankley, USEPA /
National Health and Environmental Effects Research Laboratory; P.
Lenaker, USGS / Water Resources Division

With the development of “high throughput™ in vitro biological assays,
screening-level information on potential adverse biological effects is avail-
able for a rapidly increasing number of chemicals. The USEPA ToxCast
program has now evaluated several thousand chemicals with more than
800 assays. The original intent of this data was to evaluate potential for
human health effects, but it is now being extended to evaluate potential
for environmental health effects given that ToxCast is based on evaluation
of endpoints that are not necessarily organism dependent. The R software
package ToxEval was developed as a screening tool to use ToxCast results
for evaluation of potential adverse biological effects from trace organic
chemicals in water samples. Using ToxEval, trace organic chemical data
from water samples and passive samplers collected at 57 Great Lakes
tributaries from 2010-2013 were examined to determine which tributaries
had the greatest potential for adverse biological effects, with prioritization
of the most influential contaminants. Results are being used as part of the
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Great Lakes Restoration Initiative to focus current and future investi-
gations that will help understand likely adverse outcome pathways in
organisms, and to formulate possible remediation strategies.

101 Use of cell-based receptor assays to screen for endocrine disrupt-
ing chemicals and infer potential toxicity in California waters

A.C. Mehinto, Southern California Coastal Water Research Project

/ Dept of Toxicology,; D. VanDervort, Southern California Coastal

Water Research Project; K.J. Kroll, Univ of Florida / Physiological
Sciences; S.M. Bay, Southern California Coastal Water Research Project
/ Toxicology Dept; N.D. Denslow, Univ of Florida / Physiological
Sciences; K.A. Maruya, SCCWRP

In vitro cell assays are being considered as bioanalytical screening tools for
water quality assessment. Recent studies have shown that they can be used
to benchmark water of different qualities, suggesting they can provide valu-
able information in monitoring programs to identify sites requiring further
chemical and toxicity analyses. In this study, commercially available cell
assays previously optimized for water quality screening were applied to
detect endocrine disrupting chemicals (e.g. estrogens and glucocorticoids)
in various aqueous samples from California (USA). Results revealed that
secondary treated wastewater effluents had the highest levels of endocrine
activity while the majority of freshwater streams analyzed showed little to
no bioactivity. To further evaluate the potential of bioscreening cell assays
to predict toxicity, a study was conducted to characterize the relationship
between in vitro and in vivo responses induced by estrogenic chemicals.
Larvae and juveniles of the inland silverside, Menidia beryllina were
exposed to two estrogenic chemicals and biological endpoints including
growth and gene expression changes were evaluated. Our findings indicate
that in vivo effects occur at concentrations higher than in vitro responses,
thus highlighting the potential of cell assays as screening tools for both
occurrence and adverse effects of chemicals in the environment.

102 The Pro-Inflammatory Properties of Sediment Extracts from
a Creosote-Contaminated EPA Superfund Site: Inflammation as a
Form of Immunotoxicity

C.D. Rice, Clemson Univ/ Biological Sciences; R.A. Silva, Clemson Univ
ENTOX / Biological Sciences

The southern branch of the Elizabeth River, near Portsmouth Virginia,
USA, is one of the most polluted sub-estuaries in North America, and

home to the well-studied Atlantic Wood (AW) EPA superfund site. Prior to
closure in 2014, this site was heavily contaminated with creosote, met-

als, and hydrocarbons. The chemical profile and developmental toxicity of
sediment waters, as aqueous extracts, from the AW site has been exten-
sively studied for over 20 years by other labs using Fundulus heteroclitus
(Atlantic killifish). Based on decades of experimental research using a
variety of mammals and fish, many of the contaminants found at the AW
site are predicted to be highly carcinogenic and immunotoxic. Through past
collaborations with others, we showed that adult AW killifish collected in
situ had severe hepatic lesions, including hepatoblastoma and hepatocellular
carcinoma, as well as suppressed circulating antibody responses. We also
showed that innate immune functions were higher in AW fish, including
elevated expression of COX-2, suggesting a pro-inflammatory environ-
ment. To further determine the potential of AW matrices to modulate
innate immune function(s), this study used the mouse macrophage cell line
RAW264.7 as an in vitro model. This cell line is very well characterized
and a common in vitro model system for understanding macrophage-related
inflammation profiles in immunotoxicology and immunopharmacology.
Compared to reference sediment extracts, filter-sterilized aqueous AW
sediment extracts induced inducible-nitric oxide synthase (iNOS) and
cyclo-oxygenase-2 (COX-2), as well as nitric oxide and IL-6 secretion, at
levels higher than induced by standard lipopolysaccharide (LPS, endotoxin)
treatments alone. This enhanced pro-inflammatory property of AW extracts
is due, in large part, to high levels of endotoxin(s)s (or similar TLR ligands),
as polymyxin-B ameliorates this effect. Finally, using a commercially
available limulus lysate assay, we show that bacterial endotoxin levels are
significantly higher in AW extracts compared to reference extracts. These

data suggest that such high induction of pro-inflammatory activity by con-
taminated sediment extracts is an expected form of toxicity that should be
considered in future environmental immunotoxicology studies.

103 Assessment of Potential Environmental and Health Impact of
Coal Ash Spill in Dan River, North Carolina

J. Lan, Northeastern Univ; X. Wen, M. Hu, S. Rahman, S. Kakarla, A.
Gu, Northeastern Univ / Dept of Civil and Env Engineering

On Feb 2, 2014, the third-largest coal ash spill of U.S. occurred at Eden,
N.C., spewing large amount of coal ash and contaminated water into the
Dan River. After the spill, parameters such as TOC and trace elements
were monitored by USEPA and Duke Energy, and showed elevated trace
elements such as As, Cd, Se and Sr in river water, sediment and soil. The
concerns of short and long term impacts of the spill demand investigation
of fate and transport of toxic substances released from the ash, as well

as the associated toxicity and implied ecological and health risks. This
project aims to provide a fast and initial toxicity assessment of Dan River
water and sediment with spatial and temporal resolution, using a quantita-
tive toxicogenomics-based in vitro assay platform in both yeast and
human cells. Toxicity related to genotoxicity, oxidative stress, chemical
stress, protein damage and apoptosis were evaluated using proteomics or
transcriptional assays. The toxicity profiles allowed for integrated mul-
tivariate statistical tools to reveal temporal and spatial patterns, and the
relationship with chemical properties. Surface water and sediment sam-
ples from eight sites up- and downstream of the spill at three time points
over five months were assessed. Compared to control location upstream
of the spill, there seemed to be elevated toxicity in the middle part of the
river downstream of the spill, especially for Anglers Park and Milton.
Similar trend was also observed for trace elements, with relatively high
concentration of As at Anglers Park. Toxicity associated with chemical
stress (chemical transport, membrane and cell wall) and general stress
(apoptosis, cell signaling and metabolism) were significantly enriched,
which was consistent with expected effects of trace elements such as As
and Pb. Statistical and correlation analysis, as well as “iceberg” metal
mixtures confirmed that that the toxicity detected by yeast library was
mainly contributed by the detected trace elements. Dissolved organic
matters characterized by TOC and fluorescence spectroscopy seemed

to only contribute small portion of the toxicity effects detected in this
study. The results suggested potential ecotoxicological implications of
trace elements in the coal ash. This study demonstrated the cost-effective
toxicogenomics-based in vitro assay platform as an effective toxicity
method for timely and informative water quality monitoring, as urgently
needed by incidents like N.C. coal ash spill.

104 Quantitative Toxicogenomics Assay Revealed the Impact of
Disinfection Technologies On Effluent Toxicity

N. Gou, A. Gu, Northeastern Univ / Dept of Civil and Env Engineering;
A. Jia, Univ of Arizona; S.A. Snyder, Univ of Arizona / Chemical and
Environmental Engineering

The current water and wastewater treatment effectiveness assessment
that focuses on targeted contaminants concentration measurements alone
is insufficient because it cannot detect the complex risks resulted from
mixtures of many contaminants and transformation products (TPs) in

the water. This study applied a novel, fast, and cost-effective quantitative
toxicogenomics-based approach for evaluation of the toxicity evolution
of wastewater effluents disinfected by different technologies, including
chlorination, chloramination, ozonation, UV as well as combination of
UV and H,0,. The impact on overall toxicity, measured by Microtox test
and toxicogenmics assay, varied among different disinfection technolo-
gies. The toxicogenomics approach showed consistent yet more sensitive
results than Microtox test, therefore resulted less sample enrichment.
Moreover, the toxicogenomics assay revealed technology-specific toxicity
profiles, indicating distinct nature among disinfection technologies and
associated specific mixtures of TPs. Chlorination and ozonation showed
the highest toxicity reduction efficiency while chloramination is the worst
that actually led to significant increase in the effluent toxicity. Although
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UV treatments showed no significantly effects on overall toxicity reduc-
tion, the toxicity profiles exhibited unique patterns specific to UV that
suggested the presence of DNA-damaging TPs. Combination of UV with
H,0, seemed to remove the DNA-damaging substances that generated

by UV-treatment alone. To further evaluate the contributions of targeted
CECs residues to the overall effluent toxicity, we conducted iceberg
experiment that compared the toxicity of artificial mixture of 26 CECs
detected in the effluent to those of real effluents. The results showed that
for most samples, the targeted CECs in the effluents likely only explain
part of the whole water toxicity, indicating that the production of toxic
TPs. In addition, it highlights the insufficiency of water quality monitor-
ing based on targeted contaminants concentration measurements alone. In
summary, this study demonstrated that toxicogenomics-based assay could
not only help to evaluate the impact of technology on overall effluent tox-
icity, but also reveal potential causal agents and toxicity evolution nature.
In company with chemical analysis, this quantitative toxicogenomics
approach can help to provide guidance on technology optimization,
implementation for effluent risk reduction.

Integrating Life Cycle, Risk and Alternatives
Assessment with Exposure Modeling for Chemical
Decision-Making

105 Impact of oil spill on a palm oil plantation: a Life Cycle

Assessment (LCA) study

A. Onwurah, Univ OF Nigeria, NSUKKA / Environmental Management;
A.C. Okoye, Nnamdi Azikiwe Univ, Awka / Dept of Environmental Services

Ecosystems could be wild or managed and in both cases they can serve
as sources of food, recreation and even employment. The above then
suggests that, ecosystems are prerequisite for health and life. In poor
countries, especially in rural areas, the health of rural communities may
directly depend on locally productive ecosystems as oil palm plantation
by providing sources of some forms of livelihood. An ecosystem could
negatively be impacted by pollution as in the case of an oil spill incident
that affected Owaza oil palm plantation, Abia State, Nigeria. The Owaza
local community’s dependent on this plantation (ecosystem) for liveli-
hood is apparent but very fundamental. This paper offers a Life Cycle
Assessment (LCA) methodology which hinges on valued ecosystem
components (VECs) as suitable indicators for impact assessment of the
oil spill incident that affected Owaza oil palm plantation. In this work we
considered a goal function of ecosystems which is to maximize the dissi-
pation of ecosystem productivity by maximizing the biological functions
of the biotic components of the ecosystem such as communities of plants
and animal species found within. These functions include photosynthe-
sis by green plants, biological nitrogen fixation (BNF) by diazotrophic
bacteria, and aeration of soil by burrowing activity of earthworms. Crude
oil spill impact may decrease ecosystem productivity by decreasing
chlorophyll level or inhibiting the sunlight energy-harvesting capacity of
chloroplast, reduction in fixed soil nitrogen/nutrient cycling and mortality
rate/burrowing activity of earthworms. Within this theoretical frame-
work, an assessment of the impact of crude oil spill in Owaza oil palm
plantation was carried out by measuring the capacity of the palm trees
(in terms of chlorophyll content) to trap light energy. The technique of
measuring solar energy trapping potential of chlorophyll (the palm trees),
coupled with impediment on VECs was considered a promising tool.
Once operational, it could offer a quick and cheap alternative to evaluate
crude oil spill impacts in any terrestrial ecosystem of any size. Integration
of the above into an ISO compatible LCA framework may be explored.

106 Joint Uncertainty and Sensitivity Analyses for improved and
aligned LCA and RA

S. Cucurachi, Univ of California, Santa Barbara / Bren School of
Environmental Science Management; Y. Qin, K. Garner, S. Suh, A.A.
Keller, Univ of California Santa Barbara / Bren School of Environmental
Science and Management

Several works have signaled the need of integrating the life cycle assess-
ment (LCA) and risk assessment (RA) methodologies, due to several
common aspects. In this contribution, we show that a powerful way to
reach the integration between LCA and RA is through guaranteeing that
the output uncertainty and the input parameters influence on the output
uncertainty are carefully studied, and communicated. Even though the
topic has been attracting increasing attention of practitioners and experts,
there is still a lack of understanding and a limited use of the available
statistical tools. In this contribution, we introduce a Monte-Carlo protocol
to jointly conduct uncertainty and global sensitivity analyses for both
LCA and RA models. We focus on a newly developed multi-media fate
and transport model, CLiCC-o. Fate and transport models are at the

basis of the impact assessment phase of LCA, but are also directly used
to characterize human and ecological safety in RA of chemicals. The
output of CLiCC-o can be, in fact, directly compared with risk factors,
or, alternatively, connected to an effect and exposure model to calculate
characterization factors for LCA impact assessment. We use CLiCC-o as
a test case. CLiCC-o has 89 environmental parameters and 12 chemi-

cal properties as inputs, and is further defined for 22 compartments (e.g.
air, freshwater, marine water) and 6 geographical archetypes (e.g. San
Francisco Bay). The outputs of the model are daily concentrations in the
22 compartments and geographies. The model inputs are correlated, the
model is highly nonlinear, and highly multiplicative. We show that jointly
tackling uncertainty and sensitivity is fundamental to guaranteeing that
the modeler has a complete understanding of: (1) the uncertainty of the
model outputs (2) the structure of the model and (3) the importance of
uncertain model inputs and the interaction among them. The combined
use of LCA and RA techniques may further be fostered by such a plat-
form. The protocol helps setting rules and a common shared procedure
that puts the uncertainty and sensitivity analyses practice in the field of
LCA in line with the practices that are more common in RA community,
thus de facto improving the value of the information that the tools provide
to decision-makers.

107 What do LCA, Decision Analysis, and Community Resilience
have in common? Beyond the Chemical Exposure Models

C. Stahl, USEPA Region III

This presentation will discuss two related topics around the concept of
doing multi-criteria environmental assessments that include non-chem-
ical stressors as a step toward nurturing community resilience. These
topics are: 1) The importance of distinguishing science from non-science
components in LCA and decision analysis, and 2) psychosocial effects

as an example of a non-chemical stressor that could be made part of a
quantitative assessment. Both of these will be illustrated using a case
example, using a first principles-directed approach, the Multi-criteria
Integrated Resource Assessment (MIRA). What do we want to assess?
How to assess the environmental condition of an area subject to mining or
drilling? What are the factors that go into answering these questions and
are they all purely scientific? Likely not. Much of what is actually missing
isn’t science but how we use the science, a subjective but (hopefully) not
arbitrary decision. Making this distinction between what is science and
what is not increases our capability to seek more appropriate approaches
to fill in gaps. Do we run an exposure model, build a new model or tool,
conduct an expert elicitation or better understand stakeholder needs and
values? As we talk about gap-filling, what are the data for non-chemical
stressors, such as psychosocial effects? How can we avoid committing
the sin of measuring what we can instead of measuring what is impor-
tant; and how can we avoid perpetuating this into our decision making?
Communities often name psychosocial effects as some of their most
important concerns and yet, statutory and regulatory requirements,
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Agencies, and exposure models do not address them. Aside from the
discomfort of considering a non-chemical stressor that is viewed as amor-
phous, untestable, or subjective, excuses about lack of studies or data are
often used to justify excluding these kinds of stressors. However, if we
change how we think about indicators, it is possible to think quantita-
tively about qualitative things. We talk broadly about seeking to achieve
resilience. However, achieving resilience is not limited to those param-
eters that are described by the outputs from chemical exposure models.
Resilience isn’t just for the hippie tree-huggers. Learn how your technical
and scientific knowledge can be part of the solution set.

108 Integrating risk metrics into Life Cycle Assessment using rapid
exposure modeling for consumer products: Air freshener case study

S.A. Csiszar, Oak Ridge Inst for Science & Education at USEPA /
National Risk Management Research Laboratory; D.E. Meyer, K.L.
Dionisio, USEPA / National Exposure Research Laboratory,; P. Egeghy,
USEPA / Office of Research and Development; K.K. Isaacs, P.S. Price,
USEPA / National Exposure Research Laboratory; K.A. Scanlon, AAAS
Science & Technology Policy Fellow hosted at USEPA; C. Tan, K.
Thomas, D. Vallero, USEPA / National Exposure Research Laboratory;
J.C. Bare, USEPA / National Risk Management Research Laboratory

A case study was performed to explore methods to integrate high-
throughput risk-based screening into life cycle assessment (LCA) for
consumer products. It has been recognized that combining LCA and

risk assessment (RA) can lead to more comprehensive assessments.

LCA evaluates multiple impacts such as climate change, land use, and
human health impacts associated with a product, system, or service.
Single chemical human health RA (HHR A) evaluates the probability of
adverse response associated with human exposures to a given chemi-

cal. One difference between LCA- and R A-based exposure calculations
is that in LCA calculations are conducted based on a functional unit of
the product being studied and in RA dose estimates are often based on
exposure to all sources of a chemical. One interesting application of the
combination of LCA and HHRA is the analysis of consumer products, to
account for environmental sustainability metrics for a product alongside
human health risks associated with exposures to chemicals in the prod-
uct. Exposures to chemicals associated with consumer products can be
substantially larger via indoor and near-person pathways (near-field) com-
pared to exposures resulting from releases to the outdoors. This implies
that for many chemical-product combinations there may be a higher prob-
ability of risk from near-field chemical sources compared to chemicals
released outdoors. Methods to prioritize and screen chemicals for risk are
becoming available and are based on high-throughput exposure model-
ing and screening toxicity data; however these methods have yet to be
incorporated into LCA. 1,4-dichlorobenzene (p-DCB) in an air freshener
was used as the chemical-product combination in the case study. LCA
human health impact scores were calculated for p-DCB based on typical
household use of an air freshener. High-throughput risk-based screening
was based on use of p-DCB in all relevant product types. Both methods
indicated that exposure to p-DCB was dominated by near-field exposure
pathways by at least two orders of magnitude. The risk-based screen-

ing also suggested that exposure to p-DCB was dominated by consumer
product sources other than the air freshener. This case study can be used
to inform the methodological integration of LCA with risk-based screen-
ing methods and to further investigate how results from risk metrics can
be incorporated into the interpretation of LCA results taking into account
other environmental impacts.

109 Human health risk evaluation from chemical exposure in an
LCA context — ProScale

T. Rydberg, IVL Swedish Environmental Research Inst; E. Lundstrém
Belleza, IVL Swedish Environmental Research Inst / Dept of Applied
Environmental Science; J. Lexén, C. Loh Lindholm, IVL Swedish
Environmental Research Inst; Q. de Hults, BASF SE / European
Construction Competence Center; P. Saling, BASF SE / Sustainability
Strategy; P. Coérs, E. Van Miert, Solvay SA; A. Wathelet, Solvay SA /
LCA; T. Tiemersma, X. Weinbeck, DSM Engineering Plastics B.V; M.
Glockner, Deutsche Bauchemie e.V.; N. Amann, Wacker Chemie AG;
P. Ashford, R. Norriss, Anthesis Group; D. Koelsch, Bayer Technology
Services GmbH; C. Karafilidis, Covestro Deutschland AG

Increasingly, various stakeholders require information on eco/toxicity
aspects of products beyond regulatory requirements for chemicals, e.g.

in the framework of Life Cycle Assessment (“LCA”). There is currently
no methodology available which fully satisfies the requirements of the
industry and other stakeholders in this context, but requirements are
often based on lists for priority substances without evaluating their risk
in specific applications. This calls for a performance based indicator that
can be used and communicated within LCA’s, Environmental Product
Declarations (“EPD’s”) and Product Environmental Footprints (“PEF’s”).
The work presented here is performed in an ongoing project, ProScale,
for developing a method for comparing hazard and exposure potential

to chemicals constituents of products in a life cycle perspective. The
primary intended use is a performance indicator to be provided as addi-
tional information in LCA and particularly in PEF and EPD according

to the international standards ISO 14025 and EN15804 alongside other
LCA impact categories. The ProScale partners are: BASF, Covestro,
Deutsche Bauchemie, DSM, IVL, Kingspan, Solvay. The project runs in
its current phase until end of 2016. The method developed aims to be a
science-based, transparent, pragmatic and generally applicable methodol-
ogy for a toxicological exposure assessment of products, and should be
characterized by: (i) assess the relevant direct exposure potential along
the whole life cycle; (ii) use existing data, e.g. REACH based; (iii) allow
comparison in relation to technical performance; and (iv) be relevant for
business-to-business and business-to-customer communication.In brief,
the method is starting from the product ingredients and combines hazard
factors and exposure factors for each substance and life cycle stage. The
chosen approach for the hazard factor is based on H-phrases, as these are
readily available. An ongoing challenge is to refine this approach through
the application of a potency factor based on, e.g., derived no-effect levels
(DNEL) or occupational exposure limits (OEL). The chosen approach for
the exposure factor is to make use of exposure modelling tools available,
such as ECEtocTR A or similar for occupational exposure and ConsExpo
for consumer exposure. An ongoing challenge here is to safeguard that
different modelling tools used for different exposure give compatible
results. Initial results based on case studies will be presented.

110 Elements from hazard, exposure, and life-cycle to inform an
integrated approach for assessing alternatives

A.M. Mason, American Chemistry Council / CPTD; B. Howard,
American Chemistry Council / Value Chain, R. Ehrlich, American
Chemistry Council; S. Arnold, The Dow Chemical Company; T.
Kingsbury, TKingsbury LLC

The community working to assess alternative ingredients and products
face a variety of challenges to balance sometimes competing goals
including 1) reduction of the risk associated with chemical ingredients; 2)
rewarding chemicals and products that are designed using the principles
of green engineering and chemistry; 3) viewing multiple impacts across
the spectrum of life cycle stages, all the while 4) maintaining functional
and economic performance. Overall, any alternative chemical or product
must perform similarly or better than its predecessor, be measurably safer
for the user and the environment, and have an economic profile compara-
ble to the chemical or product it replaces. Full alternative assessments as
currently practiced involve a substantial amount of expert resources, data,
and time so it is important that there is a screening approach to focus
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resources on viable candidates. Given the broad spectrum of functional
roles chemicals and products play, there is currently no “best” solution
that will work in all circumstances. This work suggests a set of concepts
and elements useful for a screening-level evaluation that directly responds
to the question or problem and provides relevant information to the deci-
sion at hand. The goal is to suggest conceptual elements and approaches
to relate risks with life cycle environmental impacts and to discuss the
challenges and possibilities when working toward a process for integrated
decision-making. A series of case studies or examples will be used to
illustrate the concepts.

111 Integrating Exposure into Chemical Alternatives Assessment
Using a Qualitative Approach

B. Greggs, Soleil Consulting, LLC; S. Arnold, The Dow Chemical
Company; T.J. Burns, Novozymes; P. Egeghy, USEPA / Olffice of
Research and Development; P. Fantke, Technical Univ of Denmark /
Quantitative Sustainability Assessment Division; B. Gaborek, DuPont;
L.G. Heine, Lauren Heine Group LLC; O. Jolliet, Univ of Michigan;

C. Lee, ExxonMobil / Dept of Tox Enviro Chemistry; D.C. Muir,
Environment and Climate Change Canada / Aquatic Contaminants
Research Division; K. Plotzke, Dow Corning / Health Environmental
Sciences; J.P. Rinkevich, SciVera LLC; N. Sunger, West Chester Univ; J.
Tanir, HESI; M. Whittaker, ToxServices LLC

Most alternatives assessments (AA) published to date are largely
hazard-based rankings, and as such may not represent a fully informed
consideration of the advantages and disadvantages of possible alterna-
tives. With an assessment goal of identifying an alternative chemical that
is more sustainable, other attributes beyond hazard are also important,
including exposure, risk, life-cycle impacts, performance, cost, and
social responsibility. Building on the 2014 recommendations by the U.S.
National Academy of Sciences to improve AA decisions by includ-

ing comparative exposure assessment, the HESI Sustainable Chemical
Alternatives Technical Committee, which consists of scientists from
academia, industry, government, and NGOs, has developed a qualita-
tive comparative exposure approach. Conducting such a comparison

can screen for alternatives that are expected to have a higher human

or environmental exposure potential, which could trigger a higher-
tiered, more quantitative exposure assessment on the alternatives being
considered, minimizing the likelihood of regrettable substitution. This
talk will demonstrate an approach for including chemical- and product-
related exposure information in a qualitative AA comparison. Starting
from existing hazard A As, a series of three chemical-product application
scenarios were examined to test the concept, to understand the effort
required, and to determine the value of exposure data in AA decision-
making. The group has developed a classification approach for ingredient
and product parameters to support comparisons between alternatives as
well as methodology to address exposure parameter relevance and data
quality. The ingredient parameters include a range of physicochemi-

cal properties that can impact routes and magnitude of exposure, while
the product parameters include aspects such as exposure pathways, use
pattern, frequency/duration of use, chemical concentration in product,
and use volume, accessibility, and disposal. Key learnings, challenges,
and opportunities for further work will also be presented. The views
expressed in this presentation do not necessarily reflect the views or poli-
cies of the U.S. Environmental Protection Agency.

112 Hazard and Exposure Assessment Screening in Alternatives
Assessment

H. Plugge, 3E Company

Establishing functionally equivalence criteria for a chemical/product

of concern is a first step in alternatives assessment. Whether de novo
designed or selected from the library of existing chemicals, all alterna-
tives will need to undergo a hazard assessment and exposure assessment
screening phase. Different hazard assessment methodologies provide
apples and oranges as effects making it very hard to compare overall
impacts from different alternatives. The presentation will demonstrate a

hybrid scientific data/classification approach to hazard screening /assess-
ment, using a composite scoring system for each individual aspect of
health effects. Screening of health effects using this methodology would
allow the non-expert to derive a preliminary hazard screening. One of the
outcomes of this screening would be the identification of datagaps and
data anomalies. A near simultaneous step would be the performance of
an exposure screening where preliminary simplified exposure assess-
ment data are derived allowing the calculation of a relative risk screening.
Again the units here are consistent in a simplified assessment such as this,
allowing easy summation for each alternative. More user input would be
required here to allow the establishment of realistic exposure scenarios.
Preliminary life cycle considerations can also be reviewed at this stage,
although not required under the new TSCA regulations. This risk (= expo-
sure * hazard) screening process only weeds out the really much worse
alternatives. In addition significant datagaps will be identified. Hence

a feedback cycle with screening is established — as datagaps are filled
(using Read Across and QSAR among others) , the screening assess-
ment will become more accurate. The number of alternatives which are
about equal (or better) than the initial chemical/product, will hopefully

be whittled down to about three. A detailed assessment is then to follow
using additional data analytics and data gap filling techniques to derive as
complete a database as possible with the available resources.

New and Persistent Contaminants in the Environ-
ment from the Reuse of WWTP Effluent Streams

113 Identification of Emerging Contaminants from a Waste Water
influenced water body Using High Resolution Accurate Mass LC/MS
and Statistical Analysis

T Anumol, Agilent Technologies Inc.; L. Kennedy, Mansfield Univ; J.
Zweigenbaum, Agilent Technologies, Inc

Historically pristine sources of water are under increasing threat of con-
tamination from a plethora of point and non-point discharges. With over
15,000 new chemicals introduced daily it is impractical and economically
unfeasible to monitor each one. Non-targeted methods using high resolu-
tion accurate mass MS can identify many compounds, but the contents
of these discharges are not often available in databases. Determination
of what components are significant and focused identification of these
compounds are critical, but difficult given the variability of environmen-
tal samples from the same sampling points at different times. This work
examines LC/HRMS data of two creeks in Pennsylvania that feed into
the Susquehanna river which is the drinking water source for millions

of Americans in the north east. The creeks are impacted by agricultural
runoff, fracking and a wastewater plant discharge and were monitored
over 6 months using multivariate statistics to determine compounds

that should be monitored. 6 creek samples, a sample of the wastewater
effluent discharging into the creek, filed and lab blanks were collected
and then analyzed using automated online solid phase extraction and an
LC-QTOF/MS. Initial Non-targeted analysis using the accurate mass
pseudo-molecular ions and fragments of real LC peaks co-eluting against
the custom database gave positive identification including pharmaceu-
ticals, pesticides, personal-care products and others using databases

and libraries. A statistical analysis of the samples was performed to find
different features in each sample. PCA of the statistically significant
compounds showed that the wastewater effluent replicates formed a
tight group well separated in the first principle component from all other
groups. The creek sample downstream was slightly separated from the
final effluent but well separated from the upstream creek samples. All
blanks formed a tight group well separated from the others. The PCA
analysis demonstrates that the statistical procedures can distinguish
compounds found at the different points of collection. The non-targeted
database analysis also demonstrates that although compounds of interest
can be determined, there are many more compounds that cannot using a
limited database and statistical analysis will assist in identifying relevant
and ‘emerging’ contaminants to be monitored in the future.
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114 Wastewater Recycling in Antarctica — Challenge of Micro-
contaminant Assessment by Passive Sampling

M. Allinson, The Univ of Melbourne / School of Chemistry; G. Allinson,
RMIT Univ/School of Science, K. Kadokami, The Univ of Kitakyushu;,
M. Packer, Australian Antarctic Division, S. Gray, Victoria Univ, P.
Scales, The Univ of Melbourne

The Australian Antarctic Division (AAD) operates Australia’s Davis
station in the Antarctic and has decided to install a new advanced water
treatment plant (AWTP) in conjunction with a secondary wastewater plant
to ensure discharges to the environment meet world’s best practice. The
AWTP was tested during 2014-16 using water from a municipal wastewa-
ter treatment plant in Tasmania to see whether it was capable of producing
potable water and a non-toxic brine concentrate that can be discharged
with minimal environmental impact. The process requirements of the
AWTP are small (~20 kL/day) and although the inputs to the plant are
source defined because of the known community size and chemical
manifests, without the dilution achieved in large scale WWTPs there

is potential for spikes in chemical contaminants. One of the challenges

for the AWTP is to adequately meet the risks associated with chemicals
(single chemicals and mixtures) in its product water. One option is to use
passive sampling. In 2015-16, we deployed Chemcatcher passive samplers
in the Feed Water, RO concentrate (environmental discharge) and Final
Product Water (recycled water). The passive samplers were deployed for
one month, with water sampling on the day of deployment and retrieval
the following month when a new passive sampler was deployed. This
process was undertaken for consecutive months in the autumn of 2015,
and then again for 2 months in the winter of 2016. Each passive sampler
replicate contained either an Empore™ SDB-XC or an Empore™ C18FF
disk, respectively, covered by a polyethersulphone (PES) or Omnipore rate
limiting membrane (to stop the receiving phase becoming saturated too
quickly). Two multi-residue chromatographic-mass spectrometric methods
and a range of recombinant receptor-reporter gene bioassays were used to
screen trace organic chemicals (TrOCs), toxicity and receptor activity of
the water and passive sampler extracts. This paper will discuss the poten-
tial environmental and human health risks of the chemicals observed in
water and passive sampler extracts, and the suitability of passive sampling
for monitoring the performance of the AWTP in Antarctica.

115 Interactions between dissolved organic matter, organic pollut-
ants and carbon nanotubes in the environment

M. Engel, The Hebrew Univ of Jerusalem; B. Chefetz, The Hebrew Univ
of Jerusalem / Soil and Water Sciences

In recent years, herbicides and pharmaceuticals have been frequently
detected in aquatic environmental systems. Their presence poses a major
threat and therefore efforts must be invested in expanding our knowledge
on the behavior of such pollutants in the aquatic environment and in
exploring prospective applications for their removal. Carbon nanotubes
(CNTs) have drawn special attention in light of their superior adsorptive
capabilities. Furthermore, their increasing use will inevitably lead to
their release into environmental systems where they may interact with
organic pollutants and dissolved organic matter (DOM). Adsorption of
organic compounds by CNTs has been widely examined, but the effects
of DOM on adsorption under different solution conditions have been
rarely addressed. Hence our main objective was to research the influence
of DOM on adsorption of the herbicide atrazine and anticonvulsant drug
lamotrigine by CNTs in varying solution conditions and introduction
stages of DOM. This study shows that atrazine and lamotrigine com-
pete over the same adsorption sites. However atrazine was a far more
effective competitor than lamotrigine, suggesting there are adsorption
sites preferentially occupied by atrazine. The presence of DOM greatly
suppressed adsorption of both pollutants. For example, in the midst of
their adsorption isotherms, adsorption of atrazine decreased by 94%, and
that of lamotrigine by 69%, at high concentration of DOM, respectively.
This may be attributed to competition or blockage of adsorption sites by
DOM. However, decrease in adsorption of lamotrigine may also be allo-
cated to the formation of a stable DOM-lamotrigine complex with lower

affinity to the CNTs. Increased stability of lamotrigine (and not atrazine)
was demonstrated by its enhanced solubility in DOM solution (solubil-
ity of lamotrigine was increased by up to 70% in DOM solution). When
the CNTs were first exposed to DOM, adsorption of both pollutants was
greatly suppressed. But when the pollutant was given the initial advan-
tage, its’ adsorption still decreased after DOM was added to solution.
This finding implies there are DOM molecules with higher affinity to the
CNTs which can replace the adsorbed pollutant and force its’ release back
into solution. Our findings will advance the understanding of interactions
between organic compounds and CNTs in environmental systems con-
taining DOM and improve the potential employment of CNTs in organic
pollutant removal technologies.

116 Occurrence and Mass Balance of Fipronil & its Degradates in
Wastewater and Biosolids of Eight Wastewater Treatment Plants in
Northern California

A. Sadaria, Arizona State Univ ; S.D. Supowit, Arizona State Univ /
Biodesign Center for Environmental Security; R. Sutton, San Francisco
Estuary Inst; K. Moran, TDC Environmental, LLC; J. Teerlink,
California Dept of Pesticide Regulation; R.U. Halden, Arizona State Univ
/ Biodesign Center for Environmental Security

Fipronil is a phenylpyrazole insecticide used primarily in urban areas for
outdoor and subterranean pest control and pet flea treatment. Recently it
has been shown to adversely affect sensitive non-target aquatic inver-
tebrate species at low part-per-trillion concentrations (< 100 ng/L), and
also has been identified as a chemical of concern in the global collapse
of honeybee colonies. The objectives of this study were to (i) conduct a
mass balance assessment during activated sludge treatment; (ii) evaluate
the occurrence and fate of fipronil and four of its major degradates during
treatment, at eight wastewater treatment plants (W WTPs) of Northern
California sampled under low-flow drought conditions. Analytes were
determined by liquid chromatography tandem mass spectrometry (LC-
MS/MS). Mass balance was conducted at a conventional WWTP located
in southwestern U.S. and based on flow-weighted samples collected on
five consecutive days. Aqueous phase total fipronil appeared to pass
through treatment, as mean daily loads of total fipronil related com-
pounds in aqueous phase of raw sewage versus treated effluent (p = 0.29)
were virtually unchanged. In the eight studied WWTPs, fipronil and its
sulfone and sulfide derivatives were detected with 100% frequency in all
influent and effluent samples, with concentrations ranging between 13-88
ng/L, 1-28 ng/L, and 1-5 ng/L, respectively. Fipronil amide, a product

of fipronil hydrolysis, was absent in all influent samples but detectable

in effluent of seven of the plants at concentrations ranging between 1-4
ng/L, suggesting hydrolysis during biological treatment. When taking
into account the mass of fiproles associated with particulate matter, a
small fraction of the total fiprole loading (35 +11%) partitioned into sludge
and thus was removed but not degraded during wastewater treatment.
Overall, 65 +11% of the total mass of fipronil related compounds entering
the plants remained were discharged in treated effluent to surface waters.
Concentrations of fipronil compounds detected in sludge ranged between
0.1-91 pg/kg dry weight. The ratio of sulfone and sulfide degradates

to fipronil was higher in biosolids when compared to raw wastewater.
Results suggest that none of the treatment processes examined in this
work provide significant fiprole degradation, resulting in unwanted insec-
ticide presence in both treated effluent and sludge.

117 Kinetics of carbamazepine uptake, transformation, and
metabolism in cucumber plants and its drug-drug interaction with
lamotrigine

M. Goldstein, M. Shenker, B. Chefetz, The Hebrew Univ of Jerusalem /
Soil and Water Sciences

Carbamazepine is a common drug used for the treatment of seizures in
epilepsy patients. Carbamazepine is found at low mg/L levels in many
sources of drinking water, and in fresh water and treated wastewater used
for crop irrigation. Its nonionic state and log Kow of 2.45 make it easy

to cross membranes, and to be translocated in the plant predominantly
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with the transpiration stream, thus accumulating mostly in the leaves. In
past studies, we have demonstrated the uptake, translocation, accumula-
tion and metabolism of carbamazepine in several cropsin different soils
irrigated with treated wastewater. A number of carbamazepine metabo-
lites are known to be as pharmacologically active as the parent compound
and in some cases may be of toxic nature, thus highlighting the need

to follow metabolism of pharmaceutical compounds in plants. In this
study a timeline of the uptake and translocation of carbamazepine and
the formation of several of its metabolites were established over a time
period of 96 hours for cucumber plants grown under hydroponic culture.
Drug-drug interaction with lamotrigine, also used in the treatment of
epilepsy, was evaluated. A linear increase in carbamazepine concentra-
tion in both roots and shoots was found and the rate of uptake was shown
to be at a lower rate than water uptake, indicating its permeability is lower
than reported in past publications. As well as the parent compound, we
were able to identify and quantify several of its metabolites. The main
metabolites found were 10,11-epoxide-carbamazepine (which is a reactive
and pharmacologically active compound), 10,11-dihydroxy-carbamaze-
pine, 2-hydroxy-carbamazepine and 3-hydroxy-carbamazepine. These
are also the main products of carbamazepine metabolism in the human
liver. Enhanced root metabolism was identified between 72-96 hours
pronounced by an elevated 10,11-epoxide-carbamazepine concentration
in the plant sap. In the presence of lamotrigine, lower concentrations of
10,11-epoxide-carbamazepine were found in the plant material, indicat-
ing decreased metabolism caused by drug-drug interaction. This data is
of great importance for further understanding plant uptake and metabo-
lism of xenobiotics — their formation and accumulation in different plant
compartments.

118 Comparison of the relative efficacy of two cost effective sampling
approaches for fingerprinting VOC emissions from land-disposed
sewage sludge wastes

T. Telkamp, H. Juntunen, L. Leinen, Dakota State Univ / Chemistry /
College of Arts and Sciences,; R. Honour, The Precautionary Group;

R.C. Hale, Virginia Inst of Marine Science / Aquatic Health Sciences; M.
Gaylor, Dakota State Univ / Chemistry / College of Arts and Sciences

About 8 million dry tons of sewage sludge is generated annually in the
US, with well over half now disposed on agricultural and forested lands
as soil amendments known euphemistically as “Biosolids.” Though
containing beneficial nutrients for plant growth, sludge also contains
complex mixtures of volatile organic compounds (VOCs) that generate
odoriferous and toxic emissions. Indeed, we have observed first hand the
stifling odors, as well as acute toxicity of large-scale sludge disposal to
resident macrobiota of the sensitive rainforests of the Puget Sound water-
shed. Though ecotoxic impacts are a primary concern, it is the repugnant
odors that are most obvious to and disconcerting for the public and which
have escalated concerns for the safety of this practice. Measuring volatile
emissions from sludge in situ is challenging, typically requiring complex
and costly apparatus. To address this problem, we hypothesized that
simple low-density polyethylene plastic strips could be deployed at sludge
disposal sites to characterize associated VOC emissions for minimal

cost and sampling effort. To evaluate their potential for this, we con-
ducted a controlled headspace exposure assay to assess the capacity for
these simple devices to effectively sample sludge-associated VOCs and
provide diagnostic fingerprints thereof. For comparison, we also evalu-
ated the efficacy of simple headspace sampling using gas tight syringes.
While both approaches revealed emissions of complex VOC mixtures
(e.g. hydrocarbons, halogenated hydrocarbons, phenols, ethers, amines,
organosulfides, plasticizers and personal care product constituents, etc.)
in the ppb to ppm range, each yielded distinct VOC fingerprints. These
findings demonstrate the prospective utility of these very simple sampling
approaches to provide low cost/low effort diagnostic fingerprints of VOC
emissions from land-disposed sewage sludge.

119 Behavior of polyfluorinated alkyl substances, including PFOS
and PFOA, in wastewater systems: Experiences from multiple stud-
ies in North America

B. Chandramouli, R.D. Grace, SGS AXYS

Poly- and per- fluorinated alkyl substances (PFAS) including perfluorooc-
tanoate (PFOA) and perfluorooctanesulfonate (PFOS) are ubiquitous in
the environment due their persistence, and the widespread historical and
continuing use of a variety of fluorinated chemicals in applications rang-
ing from fire fighting, mist suppression, food packaging, stain and water
resistance application in clothing, and more. Analytical and regulatory
attention has focused primarily on PFOS and PFOA, and more recently,
on other per- and polyfluorinated compounds in groundwater and other
contamination associated with fluorinated compound manufacture, AFFF
sites, and industrial sites. WW TP plants also have significant loadings of
PFAS, including a wide variety of more complex polyfluorinated com-
pounds that may transform into perfluorinated carboxylic acids (PFCAs)
and perfluorinated sulfonic acids (PFSAs) that can be more persistent in
the environment than the precursors. These transformations have been
observed in both ambient conditions, and in wastewater treatment plants.
Therefore, understanding the fate, transformation and mass balance

of PFAS through the wastewater treatment process is critical. Current
research indicates an increase in PFCAs and PFSAs through conventional
wastewater treatment processes, and potential for formation of PFCAs
and PFSAs from a wide variety of chemistries, including fluorotelomer
alcohol and sulfonate based products. In this work, PFAS occurrence and
behavior from multiple studies in WWTP processes in North America is
summarized. All analytical work was carried out using isotope dilution/
surrogate standard quantitation LC-MS/MS techniques that provided
recovery correction and accounting for matrix effects. This enabled
robust cross- compartment and inter-study comparisons, partitioning
calculations, mass balance studies and more. The analysis of WWTP
components presented specific analyte challenges, primarily matrix sup-
pression, which was identified and compensated for using isotope dilution
and other analytical techniques.

120 Comparing the environmental input of emerging contaminants
from conventional and alternative WWTPs: a targeted and suspect
screening study

A.D. McEachran, North Carolina State Univ / Forestry and
Environmental Resources; R. McMahen, USEPA; S. Newton, USEPA

/ Dept of Applied Environmental Science ITM; M.J. Strynar, USEPA /
National Exposure Research Laboratory; D. Shea, North Carolina State
Univ; E. Nichols, NC State Univ / Forestry and Environmental Resources

Wastewaters are a well-defined source of emerging contaminants into the
environment. Conventional, tertiary wastewater treatment systems do not
effectively remove many emerging contaminants, including pharmaceuti-
cals and perfluorinated compounds, resulting in the discharge of chemical
contaminants into waterways. Forest-water reuse systems are alterna-
tive wastewater treatment systems that infiltrate municipal, industrial,
and agricultural wastewater through forest soils via slow-rate irrigation.
Forest-water reuse systems provide ecosystem service benefits and are
lower cost and energy than conventional treatment systems and have
recently been investigated as to their pharmaceutical input. However, to
better understand their role as a source of emerging contaminants, these
systems need to be directly compared to conventional systems. In this
study, both a quantitative, targeted and qualitative, suspect screening
approach were utilized at a forest-water reuse system and conventional
tertiary wastewater treatment system to better understand how emerging
contaminant input from a forest-water reuse system compares to a con-
ventional system. Quantitatively, greater concentrations and total mass
flow of pharmaceuticals was exhibited downstream of the conventional
treatment system. From a suspect screening standpoint, more confirmed
chemicals were present, and at a greater relative abundance, downstream
of the conventional system as well. This data shows that forest-water
reuse systems can reduce the environmental input of emerging contami-
nants to a greater degree than conventional systems.
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Chemical, Biological and Instrumental Methods for
Detecting Harmful Algae and Their Natural Toxins

121 Prevalence of cyanotoxin microcystin-LR in sediments in
California’s Stream Pollution Trends (SPoT) Program and potential
toxicity to invertebrates

K. Siegler, Univ of California — Davis / Environmental Toxicology;

E. Stanfield, California State Univ Monterey Bay; B.M. Phillips,

B.S. Anderson, Univ of California — Davis / Dept of Environmental
Toxicology, J.P. Voorhees, Univ of California Davis / MPSL
Environmental Toxicology; L. McCalla, Univ of California Davis; S.
Zamudio, Univ of Califorina Davis; R.S. Tjeerdema, Univ of California —
Davis / Environmental Toxicology

Cyanobacterial harmful algal blooms (CHABs) are an emerging threat to
drinking water resources. Microcystis cyanobacteria can release hepatotox-
ins which affect diverse taxa. Microcystins are stable cyclic heptapeptides
that may persist in the environment for weeks to months in water and
sediments. Most monitoring efforts have focused exclusively on water
samples. California’s Stream Pollution Trends (SPoT) Program monitors
100 base of the watershed sites to assess long term trends in toxicity, con-
taminants and land use. In collaboration with California State University
Monterey Bay, SPoT has identified microcystin-LR presence in sediments
monitored statewide using modified extraction methods and quantified
using enzyme-linked immunosorbent assay (ELISA). Microcystin-LR was
detected in 31% (n = 108) of the samples in 2014 and 13% (n = 96) in 2015.
Microcystins were found in sediments from diverse habitat types and land
uses. In both years, a subset of sites were analyzed in an inter-laboratory
method validation study, using ELISA as well as LC-MS. By evaluating
sediments at the base of major watersheds throughout the state, SPoT pro-
vides a baseline assessment for microcystin-LR prevalence and occurrence
statewide. In order to assess the ecological implications of algal toxins in
streambed sediments, studies are underway to determine the potential for
chronic toxicity to aquatic invertebrates and bioaccumulation with10 d
Microcystis exposures using the midge Chironomus dilutus. In addition,
experiments evaluating toxicity of anatoxin-a from Phormidium sp. to the
amphipod Hyalella azteca, midge C. dilutus, and cladocera Ceriodaphnia
dubia will be presented and discussed.

122 Method Development, Monitoring, and Occurrence of
Microcystins in Ambient Water

D. Tettenhorst, USEPA / NERL; J. Allen, A. de la Cruz, J. Shoemaker,
USEPA / Office of Research and Development

The occurrence and intensity of cyanobacterial harmful blooms have
become increasingly common over the last few decades. Cyanobacteria
are a worldwide concern in areas with eutrophic water conditions.
Cyanotoxins generated from cyanobacteria are harmful ecologically,
cause economic impact, and are a public health threat. The accurate
detection of harmful cyanotoxins has become increasingly important

in the protection of human and ecological health. The USEPA has taken
steps to improve the analytical methodology available for the detection
and quantification of cyanotoxins. Specific steps include developing
methods for cyanotoxins in drinking and ambient water and providing
standardized detection and analysis methods for emerging cyanotox-
ins of concern. EPA recently developed Method 544 for determination
of microcystins (MCs) in drinking water using solid phase extraction
(SPE) and liquid chromatography/tandem mass spectrometry (LC/MS/
MS). Method 544 has been modified for use in ambient water. A review
of these methods will be presented with a summary of the challenges
associated with method development and modifications for ambient water
analysis. A monitoring study for cyanotoxins was conducted in a local
Ohio lake in 2015 and again in the summer of 2016. Total MC (extracel-
lular + intracellular toxin) concentrations for thirteen MC congeners at
several sites within the lake were measured. A summary of MC concen-
trations in water samples will be presented, including congener type and
the frequency of detection. A comparison of concentrations measured

by LC/MS/MS and enzyme-linked immunosorbent assay (ELISA) will
be presented, along with a comparison of data from the 2015 and 2016
sampling seasons. In a separate but related study, water samples will also
be collected from various lakes or rivers around the United States with
moderate to severe cyanobacteria blooms. Data will be presented from
these samples for MC concentration, congener profile, and comparison to
ELISA concentration.

123 Comparative measurement of microcystins in diverse surface
waters using ADDA-ELISA, LC-MS/MS, and MMPB techniques

T. Sanan, United States Environmental Protection Agency / National Risk
Management Research LaboratoryW ater Supply and Water Research
Division Treatment Technologies Evaluation Branch; D. Lytle, USEPA /
Office of Research and Development

The measurement of microcystins, cyanotoxins associated with cyano-
bacterial blooms which are increasingly prevalent in inland waters, is
complicated by the diversity of congeners which have been observed

in the environment. At present, more than 150 microcystin congeners
have been identified, and this poses a significant challenge to analytical
methods intended to assess human health risks in surface and drinking
water systems. The most widely employed analytical method at present is
the ADDA-ELISA technique which is potentially sensitive to all micro-
cystins, but it is primarily intended as a semi-quantitative method, and
questions have been raised regarding the potential for cross-reactivity and
false positives. LC-MS/MS methods targeting specific congeners, such
as USEPA Method 544, are intended for use as a secondary confirma-
tion following a positive ELISA response, but these techniques can target
only those congeners for which commercial standards are available.
Accordingly, they are not suitable for ascertaining the safety of a given
water sample, given the potential for omitting unknown microcystin con-
geners which may be present. An alternative approach involves oxidative
transformation of microcystins to a common product, 2-methyl-3-me-
thoxy-4-phenylbutyric acid, or MMPB. Measuring MMPB by LC-MS/
MS can potentially provide a metric for the sum of all microcystin
congeners present in a sample, subject to the efficiency and overall yield
of conversion. The present study discusses the results from the applica-
tion of the MMPB method, applied in conjunction with ADDA-ELISA
and individual congener measurement using LC-MS/MS, to measure
microcystins in bloom-impacted surface water samples obtained from
multiple sites across the United States. Results of toxin measurements
will be compared between sites and analytical techniques, and optimized
conditions for the MMPB procedure will be presented.

124 Cyanotoxin occurrence associated with cyanoHAB events on an
inland reservoir

J. Allen, J. Shoemaker, USEPA / Office of Research and Development, J.
Lu, USEPA ORD Cincinnati; J.W. Santo Domingo, USEPA / Cincinnati;
C.T. Nietch, M. Elovitz, USEPA / Water Supply and Water Resources
Division; D. Tettenhorst, USEPA / NERL; K. Daniels, USEPA / Water
Supply and Water Resources Div; S. Guglielmi, Pegasus Technical
Services Inc. / co USEPA Cincinnati; M. Varner, USEPA ORD; T. Neyer,
Clermont County, OH

A monitoring approach combining wet chemistry and high frequency
(HF) water quality sensors has been employed to improve our understand-
ing of the ecology of an inland reservoir with a history of cyanoHAB
events. Lake Harsha is a multi-use reservoir managed by the USACE in
southwest OH that has experienced an increase in cyanoHAB frequency
and intensity. Nutrient, algal taxa, chlorophyll-a, and physico-chemical
data have been collected on the lake since 2010 at three week intervals.
Beginning in 2014 in cooperation with Clermont County Drinking
Water Division, a high frequency monitoring program was implemented
to complement the tri-weekly data and provide DWTP operators time-
relevant information regarding source water quality. High frequency data
included in vivo fluorescence and physico-chemical parameters and were
collected at two locations. These data, coupled with microcystin (MC)
analyses demonstrated the utility of HF data for tracking the cyanoHAB
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status of the reservoir. It was also apparent that MC concentrations were
potentially underestimated as MC sampling did not coincide with bloom
peaks indicated by the HF data. To better characterize the cyanobacterial
population and both intracellular and extracellular MC production, an
intensive sampling regime was implemented in 2015 and 2016 including
LC-MSMS analysis of select MCs, cylindrospermopsin, and anatoxin-a,
MC ELISA quantification, molecular analyses, inhibition assay, nutrients,
chlorophyll-a, and total organic carbon. Samples were collected weekly
except during the initial bloom in June, when samples were collected
daily. This approach allowed for the characterization of the cyanobacte-
rial population dynamic and greatest periods of MC production. Data and
observations for the period 2014-2016 will be presented.

125 New fluorometer uses the parameter ‘unbound phycocyanin’ as
an early warning system for cyanobacterial T& O compounds and
cyanotoxins

C. Moldaenke, A. Dahlhaus, H. Dahlhaus, bbe Moldaenke GmbH; S.
Kiippers, B. Santiago-Schiibel, Forschungszentrum Jiilich GmbH

New type of fluorometer uses the parameter ‘free PC’ (‘unbound phy-
cocyanin’) as an early warning system for the appearance of difficult to
treat cyanobacterial T&O compounds and cyanotoxins The concept of a
new spectral fluorometer is demonstrated. This instrument is designed

to estimate the potential risk of the appearance of T&O compounds resp.
cyanotoxins from cyanobacteria in raw and drinking water online. Goal
of the research was to investigate the correlation between the appearance
of Geosmin, 2-MIB and/or other taste and odor (T&O) compounds from
cyanobacteria, any cyanotoxins by the detection of the presence of ‘free
phycocyanin’. ‘Free phycocyanin’ describes that part of the cyanobacteria
marker pigment ‘phycocyanin’ which is not energetically bound to chloro-
phyll anymore due to lysis and cellular stress. The disrupted phycocyanin
has might still be intracellular in a lysed cell with affected membranes

but often has already left the cell (extracellular). This lysis can be caused
by senescence, mechanically strongly treated raw water or oxidants resp.
disinfectants in drinking water treatment plants. Oxidants and disinfec-
tants will affect the cell walls and the cell lysis starts delayed after a certain
period of time. T&O compounds the free PC will leave the cells accord-
ingly at the same time; the free PC can be used as an indicator. The method
has proven its potentials in the lab already applying mechanical treatment
and oxidants to cyanobacteria cells. The estimation of risk described here
depends on the cyanobacteria concentration in raw water, its physiological
state and the effects of the treatment steps in the water works.

126 Harmful algal bloom smart device application: using image
analysis and machine learning techniques for early classification of
harmful algal blooms

M. Waters, Northern Kentucky Univ / Mathematics Statistics; J.M.
Lazorchak, J. Allen, USEPA / Olffice of Research and Development; M.
Kannan, Northern Kentucky Univ / Biological Physical Sciences

Reports of toxic cyanobacterial blooms, also known as Harmful Algal
Blooms (HABS) have increased drastically in recent years. HABS impact
human health from causing mild allergies to liver damage and death. The
Ecological Stewardship Institute (ESI) at Northern Kentucky University
is developing a smart device application that will permit accurate and
quick identification of potential HABS. This new application, titled HAB
APP, will be used to assist identification of HABS in recreational and
drinking water supplies. Using support vector machine computer learning
algorithms, the smart device extracts a color histogram from an image and
compares it with a pre-loaded trained model of images for classification.
More specifically, the algorithm distinguishes between relatively harmless
green and potentially harmful blue-green algae. The algorithm will be
extended to classify images taken from cameras situated at a nearby lake
and along the Ohio River and will include other classes of algae.

127 Effects of eutrophication in fish from Brazilian water supply
reservoir

S. Calado, Univ Federal do Parand / Ecologia e Conservagdo; T.P. Leite,
Univ Federal do Parana / Farmacologia; G. Santos, Univ Federal do
Parana / Dept of Genetics; J. Wojciechowski, Univ Federal do Parand;
H. Silva de Assis, UFPR / Pharmacology

Reservoirs are water bodies that are used to power energy, water sup-

ply and recreation. These anthropogenic activities have caused several
problems and environmental impacts in the aquatic ecosystems, which
are associated with the eutrophication. Eutrophication results in algae
and cyanobacteria blooms. Irai Reservoir is used to water supply and

is located in southern Brazil. The aim of this study was to monitor the
water quality in the Irai Reservoir, the potential toxic effects and depura-
tion of cyanotoxins on Geophagus brasiliensis. Water samples and fish
samples were collected in Irai Reservoir from September 2015 to May
2016. Water samples were used to qualitative and quantitative analyses
of phytoplankton and quantification analyses of cyanotoxins. Fish were
divided in two groups. The first one was called “site group”, which were
euthanized after been sampled. The second group was called “depuration
group”, which was submitted to depuration experiment for 90 days. This
experiment was divided in 7, 15, 30 and 90 days. Blood samples were
taken to comet assay and liver and kidney tissues were removed in order
to measure effects using biomarkers such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), glutathione S-transferase
(GST), glutathione reduced (GSH), lipoperoxidation (LPO), metallothio-
nein (MT) and comet assay. Phytoplankton samples showed dominance
of Microcystis aeruginosa e Dolichospermum planctonicum, both toxic
cyanobacteria. Cyanotoxins quantification is being analyzed. Our results
suggested recovery of the antioxidant system and reduction of cellular
and DNA damage. GPx and GSH activities increased when lipid damage
decreased, indicating a protective effect. Likewise the DNA damage

in the blood decreased in 90™ day, but the liver damage increased in

15t and 30™ day, and it was recovery in 90™ day. This result suggested
biotransformation in metabolites that can cause damage. Furthermore, in
the 30t day the GST activity increased. According to our multifactor and
ordination analysis, the depuration starts in 15" day of the experiment
and the set of the biomarkers was effective to show the differences among
the groups. Therefore, aquatic organisms are exposed to contaminants
mixture in Irai Reservoir and the monitoring of water quality in this area
is needed to minimize the risks to the human health and to the aquatic
environment.

128 Analysis and Occurrence of Marine Biotoxins in the Catalan
Coast of Spain at the Western Mediterranean Sea

D. Barcelo, C. Bosch, J. Sanchis, M. Farre, IDAEA-CSIC /
Environmental Chemistry

Marine biotoxins are secondary metabolites synthetized by phytoplankton
and bacteria. The toxic properties of these compounds have a negative
influence in the growth, reproduction and survival of certain species.
Moreover, they can bioaccumulate along the food chain!. Therefore, their
presence is an issue of concern, especially when harmful algal bloom
(HAB) takes place. The objective of this study is to assess the occur-
rence and distribution of 18 toxins pertaining to 4 groups of marine
biotoxins in the coastal waters of Catalonia, Spain. The toxins selected
for this study were: Azaspiroacids (azaspiracid-1, AZAl; azaspiracid-2,
AZA2; azaspiracid-3, AZA3; azaspiracid-4, AZA4; and azaspiracid-5,
AZAS); and related pectenotoxins (pectenotoxin2, PTX?2), yessotoxins
(yessotoxin, YTX; and homoyessotoxin (hY TX); okadaic acid (OA) and
related dinophysistoxins (dinophysistoxin-1, DTX1); domoic acid, DA;
saxitoxins (neosaxitoxin, NEO) and related gonyautoxins (gonyautoxin-2,
GTX2; gonayutoxin-3, GTX3; gonyautoxin-5, GTXS; decarbamo-
ylgonyautoxin-2, dcGTX2; decarbamoylgonyautoxin-3; dcGTX3;
N-sulfocarbamoylgonyautoxin-2, C1; N-sulfocarbamoylgonyautoxin-3,
C2); and tetrodotoxin, TTX. Therefore, the first objective was to develop
and validate a multiresidue analytical method based on solid phase
extraction (SPE) followed by High performance liquid chromatography
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coupled to high-resolution mass spectrometry (HPLC-HRMS) using a
Q-Exactive (Thermo Fisher Scientific) hybrid quadrupole—Orbitrap mass
spectrometer with an electrospray ionization source operated in positive
and negative modes. The method detection limits were in the range of 0.52
to 0.14 pg/l, exhibiting good reproducibility and linearity. Afterwards,
surface seawater samples collected at 20 different locations along the
Catalan coast (NE of Spain) were analyzed. In each sampling site, water
samples were collected inside and outside marinas. Okadaic acid was the
prevalent compound found in 90% of the samples witn concentrations
ranging from 2.10 to 1778.10 ng/l. Acknowledgement: This work was sup-
ported by the by the European Union through the projects Sea-on-a-chip
(FP7-OCEAN-2013-614168) and Bravoo (FP7-OCEAN-2013-614010).

215 Century Approaches for Cross-Species
Extrapolation in Toxicity Assessment

129 A Cell-Free Neurochemical Assay to Screen Chemicals across
Fish, Birds, and Mammals

N. Basu, McGill Univ / Dept of Environmental Health Sciences, A.

Arini, McGill Univ; J. Head, K. Mittal, McGill Univ / Dept of Natural
Resource Sciences, P. Dornbos, Michigan State Univ; J. Rutkiewicz,
Univ of Michigan; B.M. Armstrong, C.A. Murphy, Michigan State Univ /
Fisheries and Wildlife

An estimated 30,000+ commercial chemicals are believed to possess
neurotoxic properties. As current animal studies are expensive, time-
consuming, and overlook many at-risk organisms, development of new
screening methods is required. In vitro, cell free assays have potential

as relatively inexpensive, screening mechanisms to flag neurotoxic
compounds. The objective of this study was to advance a cell-free,
neurochemical-based screening assay platform, and to apply it to study
20 species of birds, fish, and mammals, and screen against ~900 chemi-
cals. In Phase 1 of this project, we screened 80 known environmental
chemicals (metals, pesticides, personal care products, flame-retardants)
against key receptors and enzymes from the glutamatergic, GABAergic,
dopaminergic, and cholinergic neurochemical pathways, and did so in
multiple taxa including fish (king mackerel, yellowfin tuna, goldfish, rain-
bow trout, perch), birds (bald eagle, Japanese quail, chicken, zebra finch),
mammals (river otter, mink, pilot whale, common dolphin, narwhal,
ringed seal, polar bear), and biomedical species (rat, mouse, human). In
Phase 2 of this project we took a sub-set of Phase 1 “hits” and derived
concentration-response curves. In Phase 3 of this project, we focused

on a subset of species and neurochemical endpoints, and screened the
USEPA EIK library of 800 chemicals. In this presentation, in addition to
presenting our results we will 1) elaborate on the execution of such cell
free assays and discuss ‘pros and cons’ of our screening method; and 2)
discuss a strategy by which large volumes of in vitro data outputs may be
modeled to predict individual-based adverse outcomes pathways.

130 Cross-species extrapolation of uptake and disposition of organic
chemicals in fish using a multi-species physiologically based toxico-
kinetic model

M. Brinkmann, Univ of Saskatchewan — Toxicology Centre / Dept of
Ecosystem Analysis; C. Schlechtriem, Fraunhofer IME Inst for Molecular
Biology and Applied Ecology / Bioaccumulation and Animal Metabolism;
M. Reininghaus, RWTH Aachen Univ / Biologie; K. Eichbaum, RWTH
Aachen Univ / Dept of Ecosystem Analysis, S. Buchinger, Federal Inst of
Hydrology / Dept Biochemistry Ecotoxicology, G. Reifferscheid, Federal
Inst of Hydrology,; H. Hollert, RWTH Aachen Univ / Dept of Ecosystem
Analysis; T. Preuss, Bayer CropScience / Environmental Modelling

The potential to bioaccumulate is generally considered an unwanted
substance property. Consequently, chemical legislations, such as the
European REACH regulation, require the chemical industry to provide
bioconcentration data for chemicals that are produced or imported at
volumes exceeding 100 tons per annuum, or if there is concern that a sub-
stance is persistent, bioaccumulative and toxic. To fill the existing data

gap for chemicals below this stipulated volume without the need for addi-
tional animal experiments, physiologically based toxicokinetic (PBTK)
models can be used to kinetically predict whole-body bioconcentration as
well as internal concentrations of neutral organic chemicals in different
fish tissues. PBTK models have been developed for many different fish
species with promising results. In this study, we developed PBTK models
for zebrafish (Danio rerio) and roach (Rutilus rutilus) and combined
them with existing models for rainbow trout (Onchorhynchus mykiss),
lake trout (Salvelinus namaycush) and fathead minnow (Pimephales
promelas). The resulting multi-species model allows for cross-species
extrapolation of the bioaccumulation potential of neutral organic com-
pounds. Predictions were compared with experimental data and were
accurate for most substances. Our model holds strong potential for the
probabilistic risk assessment of a chemical’s bioaccumulation potential
with special emphasis on cross-species extrapolation of sensitivity.

131 Applying phylogenetic methods to interspecific toxicity
extrapolations

D.B. Buchwalter, NC State Univ / Dept of Biological Science; M.D. Poteat,
Oak Ridge National Laboratory / Environmental Sciences Division

The tremendous diversity of chemicals used in commerce coupled

with the tremendous biodiversity of life on Earth guarantees that we

will always be data deficient with respect to understanding chemical
hazards to biota. Recent investment in high-throughput (and reduction-
ist) approaches to understanding toxicity is further diverting limited
resources from whole animal toxicity evaluation. Thus, the need for
rational methods for interspecific toxicity extrapolation is substantial. The
manifestation of toxicity is a complex trait resulting from a combination
of subordinate traits related to absorption, distribution, metabolism and
excretion (ADME) and target site sensitivity. The analysis of species traits
in other disciplines (e.g. evolutionary biology, ecology) has demonstrated
that the tendency for related species to share common traits is ubiquitous.
The development of statistical approaches based on the phylogenetic
relatedness of species allows us to quantify the relationship between
phylogeny and traits of interest. In this talk, we present an overview of
these phylogenetic approaches and efforts by our group to apply them to
subordinate traits related to trace metal absorption and excretion vary
across faunal groups. We further examine variation in carbaryl toxicity
across faunal groups, demonstrating strong phylogenetic linkages with
toxicity. Together, these results show proof-of-concept that phylogenetic
approaches can be fruitful in interspecific toxicity extrapolations.

132 Improving toxicity extrapolation using molecular sequence simi-
larity: A case study of pyrethroids and the sodium ion channel

M. Willming, ORISE/USEPA / Gulf Ecology Division; C. LaLone, USEPA
/ Mid Continent Ecology Division; M.G. Barron, USEPA / Gulf Ecology
Division

A significant challenge in ecotoxicology has been determining chemical
hazards to species with limited or no toxicity data. Currently, extrapola-
tion tools like USEPA’s Web-based Interspecies Correlation Estimation
(Web-ICE; www3.epa.gov/webice) models categorize toxicity estima-
tion between the surrogate and predicted species by broad taxonomic
groups. Toxicity predictions between more distantly related taxa have
greater uncertainty, thus identifying variations in sensitivity across
taxonomic levels may improve extrapolation. Because species sensitivity
is a function of phylogenetic relatedness, understanding conservation of
a chemical’s molecular target can likely inform cross-species predictions
of sensitivity based on whole organism toxicity data. EPA’s Sequence
Alignment to Predict Across Species Susceptibility (SeqAPASS; https:/
seqapass.epa.gov/seqapass/) tool can be used to determine cross-species
molecular target similarity by comparing protein sequences to a known
susceptible query species. The goal of this work was to explore the
relationship between sequence similarity of key functional domains

of the voltage-gated sodium channel, derived from SeqAPASS, and
curated, mode of action specific, acute toxicity data for pyrethroids to
improve correlation based toxicity extrapolation. Sequence similarity was
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determined at the species, genus, and family level to identify variability
in sensitivity at each taxonomic level. These analyses showed that spe-
cies sensitivity to pyrethroids was correlated with the sodium channel
gate and ion transport domains across taxa. These results will be used
to improve cross-taxa toxicity extrapolation models and reduce uncer-
tainty in predictions by grouping species with similar molecular target
sequences and chemicals with the same molecular initiating event.

133 Comparison of toxicological and transcriptional pathway point
of departure responses for five chemicals across five divergent
species

E.J. Perkins, L. Burgoon, K.B. Donohue, US Army Engineer Research
and Development Center / Environmental Laboratory; N. Vinas,
Mississippi State Univ / Environmental Laboratory; N.D. Barker, Bennett
Aerospace, Inc.; A.M. Mayo, Badger Technical Services, Inc.; X. Guan,
Bennett Aerospace, Inc.; P. Chappell, M.S. Wilbanks, US Army Engineer
Research and Development Center / Environmental Laboratory

Many efforts are underway to replace animal testing with in vitro assays
or animal test models (e.g. fish embryos, Daphnia magna, Caenorhabditis
elegans, or human cell lines). To better understand conservation of
toxicological response across divergent species, we exposed C. elegans,
Daphnia magna, zebrafish embryos and liver differentiaed human plurip-
otent stem cells to chemicals known to impact specific targets [flusilazole
and hexahydro-1,3,5-trinitro-s-triazine (RDX)], an endocrine disruptor
(bisphenol A), and a thyroid disrupter (perfluorooctanesulfonic acid),
and a liver and hemoglobin toxicant [2,4,6-trinitrotoluene (TNT)]. In our
comparison synchronized stage L3 C. elegans were exposed for 24 hr to
a range of chemical concentrations, 48h old D. magna were exposed in
aqueous media for 48h, 6 hr post fertilization zebrafish embryos exposed
for 96hr, and differentiated liver cells were exposed for 24hrs. Mortality,
morphological, and behavioral endpoints were monitored where applica-
ble. We also examined changes in transcriptomes in response to chemical
exposure in each species. Using transcriptomic data, we identified dose
responsive pathways consistent with modes of action pathways and
Adverse Outcome Pathways (AOP) known to be associated with each
chemical. We then developed points of departure representing genes

in those pathways to compare conservation of genes and pathways to
toxicological responses across species. In general, pathway based point
of departures occurred at lower concentrations than apical effects in all
species. Across species, both pathways and toxicological sensitivity were
more highly conserved within phylogenetically close alternative animal
models. The data suggests that using transcriptional pathway based
approaches can inform applicability and extrapolation of toxicological
data from one species to another, thereby supporting better development
of animal testing models.

134 Predictivity of the ToxCast ER model to non-mammalian in
vivo reproductive endpoints measured in environmentally relevant
species

K.A. Connors, Procter & Gamble / Global Product Stewardship; R.
Judson, USEPA / Office of Research Development; M. Martin, USEPA /
National Center for Computational Toxicology

The USEPA’s Endocrine Disruptor Screening Program (EDSP) has

been charged with screening thousands of chemicals for their potential

to affect the endocrine systems of humans and wildlife. In vitro high
throughput screening (HTS) assays have been proposed as a way to
prioritize chemicals for EDSP Tier 1 screening. A recently developed
computational network model of the estrogen receptor (ER) pathway inte-
grated 18 in vitro HTS ER assays within the ToxCast research program
and made bioactivity predictions for 1812 chemicals. This computational
model is strongly correlated with the in vivo rodent uterotrophic assay.
This analysis was performed on 103 of the 1812 chemicals in the ToxCast
ER model due to the availability of curated uterotrophic data. By contrast,
the USEPA’s ECOTOX knowledgebase contains 235 chemicals with
population-level or vitellogenin effects with an overlap of 121 of the

1812 ToxCast ER model chemicals. This additional chemical coverage

allows for additional assessment of model performance. However, it is
unclear how the in vitro HTS assays, generated in mammalian cell- lines
and mammalian receptors, correlate with in vivo effects in environmen-
tally relevant species (e.g. fish). Previous work demonstrated ER model
concordance with population-level and vitellogenin effects with sensitivi-
ties of 0.76 and 0.80, respectively. It should be noted that there were no
entries for vitellogenin or population-level effects on mammalian species
within ECOTOX. Given the species diversity within each reproductive
category, the analysis was repeated considering each vertebrate group
separately. Thus, the ER model had greatest sensitivities in predict-

ing fish>amphibians>>birds for both population-level and vitellogenin
effects. Test species was explored as a possible confounding factor.
When fish vitellogenin data (48 species, 79 chemicals) was limited to
only include standard fish experimental species (4 species, 67 chemicals),
sensitivity increased from 0.80 to 0.86. This is likely due to a combination
of data availability, experimental design, experimental reproducibility,
and potential species variation in response. Given the high sensitivity
between particular ecological endpoints and the current ER model, future
work will look to incorporate existing ecological endpoint data into the
ER model to improve and expand chemical prioritization and testing
decisions.

135 In Vitro Activation of AHR2, but not AHR1, is Predictive of In
Vivo Sensitivity to Dioxin Across Phylogenetically Diverse Species of
Fish

J.A. Doering, Univ of Saskatchewan / Toxicology Centre; S. Wiseman,
Univ of Lethbridge / Biology; J. Giesy, Univ of Saskatchewan / Dept of
Veterinary and Biomedical Sciences and Toxicology Centre; M. Hecker,
Univ of Saskatchewan / School of the Environment and Sustainability and
Toxicology Centre

Adverse effects of exposure to dioxin-like compounds (DLCs) in verte-
brates are primarily driven by activation of the aryl hydrocarbon receptor
(AHR). However, mechanisms for the great differences in sensitivity to
these effects among species of fish were unknown. Therefore, this study
1) investigated sensitivities to activation by the model DLC, 2,3,7,8-tet-
rachlorodibenzo-p-dioxin (TCDD), of AHR1s and AHR2s among seven
species of fish known to differ in sensitivity to TCDD by almost 40-fold,
and 2) characterized the relationship between in vitro sensitivity to acti-
vation of AHRs to TCDD and in vivo sensitivity of embryos to TCDD.
All AHR1s and AHR2s were activated in a concentration-dependent
manner by exposure to TCDD. There was no significant linear relation-
ship (R? = 0.24) between ECsy of AHR1 and LDs, of embryos. However,
a highly significant positive linear relationship (R? = 0.96) was observed
between ECsos of AHR2s and LDsgs of embryos. The slope and y-inter-
cept for this linear relationship for AHR2 of fishes is not statistically
different from the slope and y-intercept for the previously determined sig-
nificant linear relationship among ECs, of AHR1 and LDs, of embryos of
birds to TCDD. Results of this study suggest that sensitivity to activation
of AHR2, but not AHR1, mediates adverse effects of and sensitivity to
TCDD among phylogenetically diverse species of fish with a comparable
relationship as previously demonstrated for AHR1 of birds. This co-rela-
tionship resulted in a single equation for predicting sensitivity to TCDD
across distantly related species of oviparous vertebrates from ECss of
AHRs. This mechanism-based biological model has the potential to guide
more objective ecological risk assessment of DLCs for species of fish that
are not easily studied, including threatened or endangered species.

136 Development of an Adverse Outcome Pathway for Progesterone
Receptor Agonism Leading to Reproductive Failure in Fish

M. Overturf, Univ of Louisiana at Monroe / Biology; J.C. Anderson, Univ
of Ontario Inst of Technology / Faculty of Science; D.A. Holdway, Univ of
Ontario Inst of Tech / Science

Environmental toxicology research involving pharmaceuticals has
increased greatly over the last 10-15 years. Several of these compounds
have been extensively researched due to their potential impacts to the
endocrine system of aquatic organisms. The main focus of endocrine
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disruption research has centered on how estrogenic and androgenic com-
pounds interact with the endocrine system to elicit reproductive effects.
Synthetic progestins have only recently been investigated in which these
compounds display negative reproductive consequences in teleost spe-
cies. Using a cross-species extrapolation approach, the development of
an adverse outcome pathway (AOP) for progesterone receptor agonism
and its relationship to reproductive failure in fish can be constructed. The
use of progesterone receptor homology and mammalian receptor binding
affinities of synthetic progestins aid in the prediction of negative impacts
of synthetic progestins in fish. The goal of this presentation is to present
both qualitative and quantitative data for the support of the development
of an AOP for progesterone receptor agonism as it relates to reproductive
impairments in fish.

Assessing Risks of Pesticides to Federally Listed
(Threatened and Endangered) Species at a National
Level — Part 2

137 Update on Methods Used to Estimate Aquatic Pesticide
Exposure to Threatened and Endangered Species

C. Peck, C.M. Rossmeisl, J. Carleton, USEPA; T. Hawkes, National
Marine Fisheries Service; R. DeWitt, NOAA; G.E. Noguchi, US Fish and
Wildlife Service / Ecological Services

Since 2013, the Environmental Protection Agency (USEPA), the National
Marine Fisheries Service (NMFS), the U.S. Fish and Wildlife Service
(USFWS), and the U.S. Department of Agriculture (USDA) have been
developing methods to evaluate exposure and risk on a national scale to
aquatic threatened and endangered species resulting from pesticide appli-
cations. The methods were released for public review in April of 2016
with the publication of the draft Biological Evaluations (BEs) for three
pilot chemicals (chlorpyrifos, diazinon, and malathion). Public comments
were solicited and a stakeholder workshop was held to address some of
the more complicated issues presented in the pilot BEs, such as exposure
predictions in flowing waterbodies. This presentation will provide an
overview of methods developed and updated by the Agencies for assess-
ing aquatic species exposure in advance of the release of the final BEs for
the pilot chemicals in December 2016.

138 Characterizing Pesticide Exposure to Threatened and
Endangered Species with GIS

R. DeWitt, T. Hooper, NOAA — NMFS; K. Paul, US Fish and Wildlife
Service; G.E. Noguchi, US Fish and Wildlife Service / Ecological
Services; J. Connolly, S. Lennartz, USEPA

The National Marine Fisheries Service, U.S. Fish and Wildlife Service,
and U.S. Environmental Protection Agency (EPA), with input from the
U.S. Dept of Agriculture (USDA), are developing a national framework
for determining the effects of EPA registered pesticides on species and

their critical habitats listed under the U.S. Endangered Species Act (ESA).

Here we describe the process used to spatially characterize pesticide
exposure to listed species and their designated critical habitats. We gener-
ate pesticide use-site footprint layers that represent application sites for
agricultural and non-agricultural label uses. The Cropland Data Layer
(produced by USDA) was used to produce 11 nationwide agricultural use
layers. Additional data sets such as the National Land Cover Database
(NLCD) were used to generate the non-agricultural use layers. The
use-site layers were then expanded to incorporate the off-site transport
of pesticides via runoff, drift, and downstream dilution. The resulting
layers were then overlaid with species’ range and designated critical
habitat to determine where species’ co-occur with each use. Knowledge
of species life-history and distribution, as well as pesticide application
rates, timing and methods are used to characterize species’ spatial and
temporal exposure within their range. Examples of this GIS-based expo-
sure analysis will be presented by using the smalltooth sawfish (Pristis
pectinate), listed as endangered in 2003, as a case study. The abundance

of smalltooth sawfish in US waters has decreased dramatically over the
past century (currently 5% of historical levels). This presentation will also
explore some of the uncertainties inherent in the spatial data associated
with species range, depiction of use sites, and pesticide exposure.

139 Refined pesticide exposure modeling for endangered species in
flowing water habitats

M.F. Winchell, Stone Environmental, Inc. / Environmental Systems
Modeling; N. Pai, L. Padilla, Stone Environmental, Inc.; R. Srinivasan,
Texas A&M Univ; P. Havens, Dow AgroSciences LLC; J.M. Giddings,
Compliance Services International

In their recent Biological Evaluations for three organophosphate insecti-
cides, the USEPA concluded that improved pesticide exposure modeling
approaches are needed for simulating pesticide exposure in flowing water
habitat. To address this need, a species-specific, spatially distributed
watershed scale exposure modeling approach at the 12-digit hydrologic
unit code (HUC12) resolution was applied to evaluate chlorpyrifos expo-
sure to flowing water habitats. Over 80,000 HUC12 watersheds cover the
continental United States, including streams and rivers representing the
low, medium, and high flow generic habitats proposed by the USEPA and
the Services. The modeling approach combined the PRZMS model, the
traditional field scale landscape model used by the EPA, and the Soil and
Water Assessment Tool (SWAT) watershed scale water quality model.
The PRZMS5 model was applied in a distributed manner to represent the
variability in landscape and agronomic conditions within each HUC12
watershed. The parameterization of the PRZMS5 simulations incorpo-
rated best available spatial datasets describing the land use and cropping
patterns, soils, and weather. The timing of chlorpyrifos applications was
based on regional agronomic practices and varied across watersheds,
reflecting differences driven by field conditions, resource availability, and
pest pressure. Conservative estimates of the percent of crops treated with
chlorpyrifos were also included. The PRZMS simulations provided sur-
face runoff, erosion, and pesticide fluxes entering each HUC12 stream,
while the SWAT model simulated realistic time-varying baseflow contri-
butions to streamflow for each HUC12 watershed, providing a significant
improvement to the assumption of constant baseflow. The channel system
modules of SWAT simulated the downstream routing of the HUC12-level
stream inputs. In-channel pesticide environmental fate processes were
accounted for, including water and benthic degradation, equilibrium
partitioning, settling and resuspension, and volatilization. The uncer-
tainty in several parameters affecting chlorpyrifos environmental fate,
baseflow, and channel routing were addressed by generating an ensemble
of model simulations representing the expected range of these param-
eters. Probability distributions of chlorpyrifos exposures were derived for
each species range and habitat type and can be used in combination with
probabilistic effects determinations to inform risk characterization for the
chemical.

140 Toxicity of Pesticide Mixtures in Midwest Streams

M. Shoda, USGS; W.W. Stone, USGS / Indiana Water Science Center; L.
Nowell, USGS / California Water Science Center

In order to understand the vulnerabilities of streams in the Midwest and
make decisions about areas that may need more intensive monitoring,

an understanding of how pesticide mixtures occur in streams and their
influence on biological communities is necessary. The Pesticide Toxicity
Index (PTI) is a tool for assessing relative toxicity of pesticide mixtures
to fish, benthic invertebrates and cladocera in stream water. It is a robust
screening tool that incorporates the ability to assess multiple pesticides at
once, which is how organisms encounter pesticides in a natural envi-
ronment. The Watershed Regressions for Pesticides (WARP) models

use multiple linear regression to identify watershed characteristics that
are used as explanatory variables to predict concentration statistics for
individual pesticides in streams. WARP methodology was used in this
case to develop models using data from one hundred sites in the Midwest,
sampled in May-August of 2013. The highest calculated PTI was modeled
for these sites using watershed variables including toxicity-weighted
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agricultural use intensity, land use, agricultural management practices,
soil properties, precipitation and hydrologic characteristics. A unique
model to predict stream PTI was generated for fish, benthic invertebrates
and cladocera. Toxicity-weighted use-intensity was an explanatory vari-
able common to each of the models and the only variable that directly
represents a pesticide source term. Some of the differences in significant
explanatory variables between models as well as the differences in model
performance may be related to the different pesticides that contributed
the most to the highest calculated PTI values. The models were evaluated
with independent data, not limited to the Midwest, and found to perform
reasonably well with no clear bias. The WARP-PTI models for fish, ben-
thic invertebrates and cladocera were also used to estimate the probability
of exceeding a threshold PTI in Midwest streams. These models provide
a low resource way to assess PTI at unmonitored streams in the Midwest
and provide insight into how pesticide mixtures in streams influence
biological communities.

141 Refining Co-occurrence and Proximity Analyses for Endangered
Species Assessments

A.R. Frank, Compliance Services International

The FIFRA Endangered Species Task Force (FESTF) has contributed

to the USEPA’s endangered species and pesticide assessment process

for nearly 20 years. Throughout this time, FESTF’s efforts have been
focused on aggregating, improving, analyzing, and providing data to

the USEPA to inform their assessments. The recent release of USEPA’s
Draft Biological Evaluations, including national-level endangered species
assessments, on the first three organophosphates through the registration
review program, illustrated the need for improved and refined processes
and methods that can enhance efficiency and accuracy while meeting spe-
cies protection and agricultural goals. The FESTF has aggregated various
data sets that can be used to develop a realistic portrayal of agricultural
practices, their relationship to species presence, and the mitigating effect
of certain environmental and species characteristics. This presentation
will explore ways to refine and improve upon USEPA’s Action Area
definition, species ranges, and the resulting co-occurrence and proximity
analyses.

142 Mitigation of Pesticide Drift from Aerial Applications by
Riparian Vegetation

G. Tuttle, Washington State Dept of Agriculture / Natural Resources
Assessment Section; G. Bahr, Washington State Dept of Agriculture;

M. Bischof, Washington State Dept of Agriculture / Natural Resources
Assessment Section; T. Coffey, Washington State Univ / Dept of
Mathematics and Statistics; J. Demory, M. Drennan, Washington State
Dept of Agriculture; J. Hancock, Washington State Dept of Agriculture
/ Natural Resources Assessment Section; K. McLain, Washington State
Dept of Agriculture; A. Nickelson, Washington State Dept of Agriculture
/ Directors Office

In 2015, the Washington State Department of Agriculture conducted a
targeted monitoring study to assess the effectiveness of riparian vegeta-
tion at reducing pesticide loading to streams during aerial applications
of the organophosphate insecticide malathion. Applications took place

at blueberry fields in Whatcom County, Washington. Two control sites
(with no dense woody vegetation) were compared to three vegetated

sites (with mature riparian vegetation). Vegetation was characterized

by height, width, species diversity, and canopy cover. Site and channel
geometry was also measured at each site. Eight total malathion applica-
tion events were monitored at; four each at control and vegetated sites.
Pesticide movement was monitored using depositional samplers at the
field edge, the beginning of the riparian vegetation, and the center of the
stream. Based on statistical modeling by Washington State University,
instream malathion deposition was significantly lower at vegetated sites
than control site. The site and vegetation characteristics that most reduced
instream malathion deposition were increased distance from field (both
to vegetation and to water) and increased canopy angle and canopy cover.
This analysis predicted that an additional 26% reduction of instream

malathion deposition could be achieved by either increasing the distance
between the field and the beginning of the riparian vegetation by an addi-
tional 0.6 m or increasing canopy cover by an additional 9%. The benefits
that riparian vegetation can have for habitat and water quality are already
well known. This evidence that riparian vegetation is also effective at
reducing drift into streams from aerial pesticide applications makes
installation of more riparian buffer vegetation even more important.

143 Implementing an Integrated Pesticide Use Enforcement System
in California

J. Haasbeek, CaliCo Solutions LLC; D. Marciano, California Dept of
Pesticide Regulation; J. Gless, California Agricultural Commissioners
and Sealers Association

The California Department of Pesticide Regulation (DPR) and the
California Agricultural Commissioners and Sealers Association
(CACASA) have been working together over the past several years to
develop integrated management systems for restricted materials permit-
ting, pesticide use reporting, and compliance and enforcement activity
tracking. The most recent addition to the Pesticide Use Enforcement
(PUE) program is a mobile inspection application that provides field
inspectors with immediate access to data from numerous sources within
the pesticide regulatory domain, including permitting, licensing, labeling,
use reporting, and enforcement. This presentation will highlight the ben-
efits gained from compiling information from these different programs
and discuss the difficulties encountered and solutions found over the
course of the project implementation.

144 Testing a “Net Conservation Benefit” Approach for Pesticides
Using a Small-Scale Pilot for Listed Threatened and Endangered
Species

D. Campbell, Syngenta / Dept of Regulatory Affairs; A. DeLucia, L.
Peterson, Syngenta Crop Protection

Enacted in 1973, the Endangered Species Act (ESA) is intended to
protect animals and plants determined to be endangered or threatened
with extinction. Courts have ruled that pesticide registrations conducted
under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA)
are actions subject to the ESA. The scale and scope of these assessments
are daunting and unprecedented; under FIFRA, EPA Office of Pesticide
Programs registers (permits) pesticides after review of the extensive sci-
entific data set required by Congress, conducting comprehensive reviews
of thousands of environmental and human health studies on more than
1000 active ingredients used in more than 19,000 formulated products
that are used across broad geographies. EPA and the Services are cur-
rently attempting to chart a workable process for FIFRA consultations
under ESA, which has been an overwhelming task given legal, scien-
tific and procedural complexities. An approach is needed that reduces
complexity, results in true landscape-level improvements for endangered
species habitats and allows for a transparent and predictable approach

to FIFRA/ESA consultations. Recent presidential memoranda direct
federal agencies to incorporate into their decision-making the beneficial
ecological services provided by landscape level conservation, and the
use of conservation improvement as a mitigation option. Our goal is to
conduct a small-scale pilot to test such a net conservation benefit program
in this context. Our approach involves: Concept development through
interaction with a wide array of experts on endangered species, habitat
improvement programs, ESA and FIFRA law, government, farmers and
other pesticide users. Selection of the agricultural pest-control practices,
species and geographies of the pilot Development of a regulatory frame-
work for demonstration during the pilot that will relate potential pesticide
impacts (after avoidance and minimization measures inherent in FIFRA
registrations) with on-the-ground habitat improvement work. Measures
of successes and areas for improvement and adjustments to the pilot. The
presentation describes the overall pilot approach and presents the status
and results achieved as well as plans going forward.
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Everglades and Wetlands Science Part 1: Ecology
and Contaminants in Ever-Changing Ecosystems

145 Mercury contamination in sharks and the relationships between
mercury concentrations in various shark tissues

J. O’'Bryhim, Univ of Georgia — Savannah River Ecology Laboratory; D.
Adams, Florida Fish & Wildlife Commission / Fish and Wildlife Research
Inst; J. Spaet, King Abdullah Univ of Science and Technology / Red Sea
Research Center; G.L. Mills, Univ of Georgia / Savannah River Ecology
Lab; S.L. Lance, Univ of Georgia / Savannah River Ecology Laboratory

Mercury (Hg) exposure poses a threat to both fish and human health.
Sharks are known to bioaccumulate Hg, however, little is known regard-
ing how Hg is distributed between different tissue types (e.g. muscle
regions, fins, liver, kidney, other organs). We evaluated total mercury
(THg) concentrations from eight muscle regions, four fins, and five
organs from two different shark species, bonnethead (Sphyrna tiburo)
and silky shark (Carcharhinus falciformis) to determine the relationships
of THg concentrations between and within tissue groups. THg concen-
trations were highest in the eight muscle regions with no significant
differences in THg concentrations between the different muscle regions
and muscle types (red and white). Significant relationships were found
between THg concentrations in dorsal axial muscle tissue and the fin
inner core, liver, kidney, spleen and heart for both species as well as the
THg concentrations between the dorsal fin trailing margin and the heart
for C. falciformis and all other sampled tissue types THg concentrations
for S. tiburo. We then tested for THg concentrations in shark, ray, and
fish meat (muscle) being sold in two open-air markets in San Jose, Costa
Rica. THg concentrations were highest in Sphyrna zygaena (3.50 + 0.47
ppm wet wt) followed by Carcharinus limbatus (2.50 + 0.78 ppm wet
wt), and were the lowest in the fish labeled “Corvina” (0.06 + 0.05 ppm
wet wt). Using the relationships between muscle and liver tissue we were
able to estimate THg concentrations (ppm dry wt.) for the livers of these
sharks using the known muscle THg concentrations. S. zygaena, which
is listed as “vulnerable” by the [UCN — had the highest estimated THg
liver concentrations (up to 4.67ppm dry wt.). The elevated Hg levels in
the muscle tissues and internal organs (liver) of this species and the other
shark sampled have the potential to negatively impact both the health and
conservation status of this species as well as having potentially serious
health risks to consumers of these products.

146 Assessment of total mercury burden in the American alliga-
tor (Alligator mississippiensis) at Merritt Island National Wildlife
Refuge (MINWR), Florida

J. Dorsey, Marine Biomedicine and Environmental Sciences; F. Nilsen,
J.A. Bowden, National Inst of Standards and Technology / Environmental
Chemical Sciences Division; S.E. Long, National Inst of Standards

and Technology / Analytical Chemistry Division; R. Lowers, NASA /
Environmental Sciences; L.J. Guillette, Medical Univ of South Carolina /
Marine Biomedicine and Environmental Sciences OBYGYN

Mercury is a ubiquitous environmental contaminant that is transported
globally via atmospheric circulation. Mercury is toxic in all forms, but
the organic form has the ability to bioaccumulate within the tissues of
apex predators to concentrations that can be detrimental to these organ-
ism’s health and fitness in the environment. While many studies focus on
seasonal atmospheric deposition trends, studies regarding the seasonal
variation of total mercury concentrations in organismal tissues are lim-
ited. By comparing seasonal atmospheric and organismal trends, we can
determine how fluctuating concentrations influence seasonal behaviors of
large predators. Using a long-term sampled population of American alliga-
tors (Alligator mississippiensis), we investigate some lingering questions
in regard to mercury accumulation and sampling in wild animals. These
questions are, if the mercury concentration in an apex predator varies
seasonally; if the seasonal variation demonstrated by the atmospheric
deposition of mercury is predictive to what is found in apex predators;

if both sexes fluctuate similarly with respect of mercury concentration;

and, if altered health status is indicative of a higher mercury concentra-
tion. To answer these questions, we monitored a constant population of
American alligators located at the Merritt Island National Wildlife Refuge
in Titusville, Florida, for their mercury concentrations over 7 years.
Taking into account the genders, health status, and recaptured individuals,
we used precise analytical measurements, spatial analysis, and multiple
comparison statistics to identify any significant trends in the present
population. We find that there is a statistically significant difference in
mercury concentration seasonally, as well as a statistically significant
difference in the mercury concentrations of animals with altered health
statuses and that total mercury trends that directly correlate with seasonal
wet deposition rates for healthy alligators. We present these findings from
a model wild population of apex predators to demonstrate the complexity
of opportunistic sampling of wild populations as well as lend insight into
the effect of seasonal behaviors on samples collected.

147 Effects of trophic position and wetland hydroperiod on mercury
accumulation in amphibian larvae

S.L. Lance, Univ of Georgia / Savannah River Ecology Laboratory; M.
Winzeler, A. Coleman, Univ of Georgia; C. Tapia, Nova Southeastern
Univ; P. Walkup, Wofford College; D. Scott, Univ of Georgia

Bioaccumulation of mercury (Hg) in aquatic food chains is of global
concern for wildlife and human health. Previous studies on freshwater
fish have demonstrated that Hg accumulation is higher in fish at higher
trophic levels in semi-permanent hydroperiod wetlands. The frequency of
wetland drying can be positively correlated with Hg accumulation; how-
ever, fish only persist in wetlands with infrequent drying. Amphibians,
on the other hand, include species adapted to a full range of wetland
hydroperiods. Wetland drying and refilling may occur one or more times
a year, infrequently every few years, or never in the case of permanent
ponds. It is unknown whether Hg accumulation in amphibians is also
correlated with hydroperiod. Our objectives were to determine the effects
of both wetland hydroperiod and trophic position on Hg levels in larvae
of three amphibian species: mole salamanders (Ambystoma talpoideum),
marbled salamanders (A. opacum) and southern leopard frogs (Lithobates
sphenocephalus). Southern leopard frogs are herbivorous and breed in
short to intermediate hydroperiod wetlands. Both salamander species
have carnivorous larvae that switch from zooplankton to larval amphib-
ians and aquatic insects during development. Marbled salamanders
specialize in wetlands that hold water for no more than 4 to 7 months
while mole salamanders require wetlands to hold water for a minimum of
5 months for larvae to complete development. We collected larvae from
25 wetlands on the United States’ Department of Energy Savannah River
Site near Aiken, S.C. The wetlands represented a range of hydroperiods
assessed by a drying score in a previous study. We used a DMA 80 Hg
analyzer to measure mercury in 230 freeze-dried, homogenized samples.
Overall, both frogs and salamanders in shorter hydroperiod wetlands
accumulated more Hg than their counterparts in longer hydroperiod
wetlands. Surprisingly, the herbivorous frogs accumulated more Hg

than carnivorous salamanders. Within mole salamanders, young of the
year larvae accumulated less than pacdomorphic larvae that feed at a
higher trophic level. From this study it appears that amphibians inhabit-
ing shorter hydroperiod wetlands may be at a higher risk of experiencing
the toxic effects of Hg. In addition, herbivorous tadpoles that graze near
the wetland sediments may accumulate more Hg than salamander larvae
feeding at higher trophic levels, indicating that feeding ecology as well as
trophic position may influence Hg uptake.

148 From egg to fledge: Partitioning effects of mercury exposure on
reproduction in Great Egrets (Ardea alba)

LA. Rodriguez, N.E. Vitale, S. Orzechowski, P. Frederick, Univ of
Florida / Wildlife Ecology and Conservation

Reproduction in birds is thought to be one of the most sensitive processes
affected by mercury (Hg) exposure. Many mechanisms may be involved,
including teratogenesis, endocrine disruption, and effects on parental care.
Partitioning these effects of Hg has proved elusive in part because the
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effects are difficult to study in the same individuals or nests, and in part
because effects may be subtle and difficult to assess in complex natural
settings. The Everglades (Florida, USA) has a history of mercury contami-
nation that is both temporally and geographically highly variable, making
this a good “laboratory” for understanding effects of Hg on a wide-ranging
piscivorous bird. In this study, we used nondestructive micro-sampling of
egg albumin to determine Hg concentrations before the embryo developed
and subsequently sampled the resultant chicks at later stages using blood
and feather tissue through fledging. Samples were taken from the 2" laid
egg (0-5 days) and subsequently from blood (= 35-45 days) and feathers

(= 46-60 days) from the same individual in coastal and inland colonies.
We sampled albumin from a total of 102 eggs from seven colonies across
the Everglades during 2015. No statistical differences were observed in
Hg concentrations between coastal and inland colonies in any sampled
matrix, and we found no correlation between Hg concentration in albumin
and hatching success. However, colony-averaged nest survival (surviv-

ing until fledging) was negatively correlated with Hg concentrations from
egg (albumin; GLM; p =0.0016), but not to Hg concentration in blood and
feathers of chicks. Further, sampled nests with average Hg concentrations
in albumin lower than 0.4 mg/kg had nest survival probabilities of 90-95%;
in contrast, sampled nests with average Hg concentrations over 0.75 mg/
kg had survival probabilities of 42-57%. This information collectively
suggests that egg Hg concentrations are affecting nest success, though

not through teratogenesis or hatchability. Instead, we suggest that egg Hg
is reflective of parental Hg exposure, and that Hg effects on nest success
resulted primarily from deficits in parental behavior.

149 Environmental Contaminants Continue to be a Threat to the
Endangered Florida Panther

M. Cunningham, Florida Fish and Wildlife Conservation Commission;
J. Mercer, Florida Gulf Coast Univ; D. Onorato, Florida Fish and
Wildlife Conservation Commission; D. Jansen, National Park Service;
B. Clemons, Florida Fish and Wildlife Conservation Commission; A.
Brandon, N/A; D.G. Rumbold, Florida Gulf Coast Univ / Depart of
Marine and Ecological Sciences

The Florida panther is a subspecies of puma whose population has been
reduced to an isolated remnant population occupying the Everglades and
Big Cypress ecosystems of South Florida. Research to investigate the
decline of this apex predator identified a number of putative or confirmed
morbidity and mortality factors including anthropogenic and intraspecific
trauma, inbreeding depression, infectious diseases, and environmental
contaminants. Contaminants detected in panthers included mercury (Hg),
organochlorines (OC; p,p’-DDE, p,p’-DDT, p,p’-DDD, oxychlordane,
dieldrin, heptachlor epoxide, mirex, cis-nonachlor, and trans-nonachlor),
polychlorinated biphenyls (PCBs; congeners 18, 66, 118, 153, 105, 138,
187, 128, 180, 170, 195, and 206), and anticoagulant rodenticides (brodi-
facoum, bromodialone). Concentrations of Hg, OCs, and PCBs were
highest in panthers occupying the Everglades ecosystem (ENP), and Hg
levels appear to be increasing in some areas. Individual panthers continue
to have high Hg burdens, especially in ENP. Although the sample size

for ENP is small, concentrations up to 100 ppm have been detected in
panthers sampled 2004-2013. Additionally, elevated levels —up to 67 ppm
— were detected in southern Big Cypress National Preserve 2008-2013.
Restoration of historic water flow and/or shifts in diet may be responsible
for this apparent increase. Although white-tailed deer and feral swine are
the primary prey species in the northern portion of their range, raccoons
comprise an increasingly larger proportion of their diet in the southern
portion. This greater dependence on raccoons may result in increased
exposure to those contaminants that bioaccumulate through the aquatic
food chain. The impacts of these contaminants on panther health and
reproduction are unknown. Some panthers with undiagnosed mortalities
had elevated Hg, OC, and PCB concentrations at the time of death. More
commonly, contaminants likely work additively or synergistically with
other stressors to impact panther health and reproduction.

150 Pesticides increase infectious disease by disrupting the
microbiome

JR. Rohr, S. Knutie, C. Wilkinson, Univ of South Florida / Dept of
Integrative Biology

Animals are colonized extensively by a community of microbes, which
are collectively called the microbiota. Studies suggest that gut bacteria
play a role in the development and maintenance of the host immune sys-
tem, which likely affects their susceptibility to parasites. For example, our
previous work demonstrates that an early-life disruption in the microbiota
increases parasite susceptibility in frogs. However, we know little about
how “real world” environmental stressors, such as chemical contami-
nants, play a role in these interactions. We tested whether the early-life
gut microbiota mediates the effect of contaminants on subsequent parasite
susceptibility in Cuban tree frogs (Osteopilus septentrionalis), a species
that is common throughout Florida and the Everglades. Tree frog tadpoles
were assigned to one of four chemical treatments crossed with either ster-
ile (autoclaved) pond water (to manipulate the microbiota) or non-sterile
pond water media (to offer a natural source of microbes). For the chemical
treatments, tanks received the fungicide chlorothalonil (1.64 pg/L), the
insecticide chlorpyrifos (6.68 pg/L), the insecticide imidacloprid (11.9
ng/L), or acetone solvent control for 7 days. After metamorphosis, frogs
were exposed to common parasitic gut nematodes in genus Aplectana.
Frogs exposed to sterile pond water had a lower relative abundance and
diversity of gut bacteria and, when challenged with worms, they had

5-6 times the prevalence as the pond water controls. All three pesticides
had similar effects as sterile pond water, increasing infection prevalence
by 5-6 fold relative to the non-polluted, non-sterile pond water con-

trols. Thus, our results suggest that amphibian microbiota mediates the
effect of chemical contaminants on subsequent parasite susceptibility.
Transcriptomic analyses are underway in an effort to link pesticide-
mediated changes to the microbiome to immune gene expression and also
changes in immunity to long-term reductions in resistance to infections.

Plastic Debris: From the Continent to the Sea

151 Evaluating Wastewater Effluent as a source of microplastics to
the aquatic environment

S. Ziajahromi, Griffith Univ Smart Water Research Centre / Griffith
School of Environment; P.A. Neale, Griffith Univ / Smart Water Research
Centre; L. Rintoul, Queensland Univ of Technology, F.D. Leusch, Griffith
Univ — Smart Water Research Centre / School of Environment and Smart
Water Research Centre

In recent years the aquatic environment has been widely affected by
microplastics released from various sources and microplastics with a
suspected wastewater origin have been detected in marine and freshwater
environments in the Europe, US and Australia. However, the amount of
microplastics entering the aquatic environment via wastewater effluent
discharge remains poorly understood. In this study, we developed a novel
sampling device to sample microplastics from wastewater in the size
range of >500 to 25um. An efficient sample processing method was also
applied to improve the sampling of microplastics in wastewater and to
minimize the false detection of microplastics. We quantified and charac-
terized microplastics in the wastewater effluent of three major wastewater
treatment plants in Australia with different treatment processes including
primary, secondary and advanced (reverse osmosis) treatment. Primary
effluent contained on average 1.5 microplastic particles per liter, with
lower concentrations of 0.4 and 0.2 particle/L detected in the secondary
and advanced treated effluents, respectively. The results also revealed that
the dominant particle form were fibers followed by granular particles,
which are assumed to originate from textiles and cleansing products.
Micro-FTIR confirmed the type of quantified microplastic polymers,
which mostly included, PET, and polyethylene This study indicates the
importance of wastewater effluent as a source of microplastics to the
aquatic environment, particularly given the large daily effluent discharge
of the studied wastewater treatment plants.
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152 Quantitative and qualitative analysis of microplastics in waste-
waters, river and estuarine waters

D. Barcelo, [IQAB-CSIC / Dept Environmental Chemistry; G.F.
Schirinzi, M. Llorca, IDAEA-CSIC: M. Farre, IDAEA-CSIC /
Environmental Chemistry

Plastic residues constitutes an emerging problem for the aquatic environ-
ment including river, estuaries and coastal areas. Their presence is not
only an aesthetic problem since they also can imply harmful damages
for the coastal areas and the socioeconomic activities linked to these
regions. Microplastics (MPLs) are defined as small particles of plastic in
the millimetre to sub-millimetre size range (< 5 mm) and high densi-
ties (e.g., 100 000 items per m3). In addition, MPLs are suspected to be
accumulated and potentially they can enter the food chain. However, their
potential occurrence and impact have not been well investigated. One

of the reasons for this being the lack of quantitative analaytical methods
in the environment. On the other hand, while the study of the impact

of plastic debris in marine environment has been considered for years,
the impact of smallest fractions as MPLs and nanoplastics, have been
poorly studied in the aquatic environment in general, and in freshwater
ecosystem in particular. In this context, the main objective of this work
was to develop a combined analytical approach for the characterization
and quantitative analysis of MPLs. Two polymers were selected among
the more frequently used in consumer products: high-density polyeth-
ylene (HDPE) and polystyrene (PS). In this platform presentation this
combined approach using Infra red spectroscopy (IR), comprehensive
two-dimensional gas chromatography coupled with Time-of-Flight mass
spectrometry (GCxGC-TOF/MS), matrix-assisted laser desorption/
ionization coupled to time-of-flight (MALDI-TOF) and liquid chroma-
tography coupled to high-resolution mass spectrometry (LC-HRMS)
using an Orbitrap instrument will be presented and compared in terms
of ionization, sensitivity and qualitative information. Among the dif-
ferent techniques, IR spectroscopy was the less sensitive technique, in
particular when it was applied to real samples. Regarding to MALDI-
TOF, semi-quantitative measurements were achieved but with limits of
quantification (LOQ) higher than mg/L. That means that this could be an
excellent technique after an improved extraction and pre-concentration
steps or for biota samples that usually have higher concentrations of
MPLs. LC-HRMS presented so far the best results in terms of quantita-
tive analysis with instrumental limits of quantification (LOQ), between
10 and 100 ppb. Finally, the combined approach was applied to study the
occurrence of MPLs in the Delta Ebro River (NE of Spain). The analysis
of real water samples from the Ebro Delta detected the presence of PE

in influent and effluent WWTP at concentrations of 3.18 and 0.35 mg/
Kg, respectively. In addition, the presence of this MPL has been also
confirmed in the emissary of St. Carles de la Rapita as well as in near
drainage channels and in three different points of Bahia del Fangar.

As regards to the analysis of non-polar semi-volatile plasticizers, the
presence of phthalates has been confirmed in all analysed samples The
diferent analytical techniques employed will be presented and discussed
as well as the results obtained in different real samples from the Ebro
river and delta. This work was financially supported by the Spanish
Ministry of Economy and Competitiveness, INTEGRA-COAST project
(CGL-2014-56530)

153 Sources, Fate and Microbial Interactions of Microplastic
Particles in Urban Rivers

J. Kelly, Loyola Univ Chicago / Biology, T.J. Hoellein, Loyola Univ

Chicago; S.A. Mason, The State Univ of New York at Fredonia; A.R.
McCormick, M.G. London, Loyola Univ Chicago; J.W. Scott, Illinois
Sustainable Technology Center

Microplastic particles (< 5 mm) are an environmental contaminant of
emerging concern, as recent studies have documented microplastic in
marine habitats worldwide. Microplastic sources include fragmentation
of larger plastic items, industrial manufacturing pellets, personal care
products, domestic cleansers, and synthetic textiles. Rivers have been
suggested as a major source of microplastic to global oceans, but there are

few measurements of microplastic concentrations or movement in fresh-
water ecosystems. Our work has documented high microplastic fluxes

in urban rivers in the Chicago metropolitan region, ranging from 15,000
to more than 4 million particles per day, and we have identified waste-
water treatment plant effluent as a point source of microplastic. Using

a longitudinal survey, we demonstrated that microplastic can be trans-
ported long distances in a river (> 2 km) and can accumulate to very high
concentrations in urban river sediment (10,000 times higher than water
column). We also observed dense bacterial colonization of microplastic
in urban rivers, and used high-throughput sequencing of 16S rRNA genes
to analyze the taxonomic composition of microplastic-attached bacterial
communities. Microplastic-attached bacterial communities were distinct
in taxonomic composition from communities in associated natural
habitats, e.g. water column, seston and benthos. The taxonomic composi-
tion of microplastic-attached bacterial communities supports domestic
wastewater as a point source of microplastic, as microplastic supported
high abundances of bacterial taxa associated with human gastrointesti-
nal infections. Bacterial taxa linked to plastic decomposition were also
abundant on microplastic particles, and shifts in microplastic community
composition with distance from the WWTP suggest succession towards
a ‘stream-like’ bacterial community and away from a ‘“WWTP-like’
bacterial community. These results indicate that microplastic represents
a novel habitat for bacterial communities and may play a role in dispersal
of bacterial taxa within riverine ecosystems. Furthermore, our work sug-
gests that rivers play a major role in the global microplastic life cycle, but
the retention, export, and ecological interactions of microplastic in lotic
ecosystems are understudied.

154 Microplastic Ingestion By Shape in Several Species of Fish from
Lake Ontario

K. Munno, D. Jackson, Univ of Toronto / Ecology and Evolutionary
Biology; P.A. Helm, Ontario Ministry of the Environment & Climate
Change / Environmental Monitoring and Reporting Branch; D.G. Poirier,
Ontario Ministry of the Environment / Laboratory Services Branch; R.
Chong-Kit, S. Bhavsar, S. Petro, Ontario Ministry of the Environment &
Climate Change

Microplastics, plastics less than five millimetres in size, come from sev-
eral sources including industry, consumer products and the breakdown
of larger plastics resulting in a number of possible shapes. The anthropic
origin of microplastics suggests abundance will increase with increasing
proximity to major urban centres. Therefore, Lake Ontario is expected to
have relatively high abundance of microplastics. To investigate their prev-
alence in fish digestive tracts relative to the environment, water samples
and fish were collected from three sites in Lake Ontario (Humber Bay,
Toronto Harbour and Hamilton Harbour) in 2015. Lab-cultured fish were
also exposed to microplastics through diet for a period of 24-48 hours to
determine whether ingested microplastics were retained in the digestive
tract. Results compare differences in excretion relating to shape. Results
indicate that various shapes lead to differences in short-term retention
for lab-raised fish. The shapes retained in the highest frequencies differ
between species. This suggests that various forms of microplastics may
accumulate in the digestive system of several fish species following direct
ingestion. Preliminary results from field-collected fish suggest fibres are
most prevalent in the digestive tract. These results will be compared to
water samples collected from the same locations to determine whether
certain shapes are more prevalent in fish digestive tracts relative to the
surrounding environment, and which sources may contribute most heav-
ily to the microplastic abundance from these locations. The accumulation
and retention of microplastics may cause physical harm and nutritional
issues typically associated with macroplastics. Information regarding

the most problematic shapes of microplastics and the associated poten-
tial sources will aid in informing management decisions and policy
development.
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155 Manageable sources of microplastics to the “sweetwater seas”

P.A. Helm, Ontario Ministry of the Environment & Climate Change
/ Environmental Monitoring and Reporting Branch; G. Zimmer, E.
Nicholls, Ontario Ministry of Environment and Climate Change; M.
Stones, Univ of Guelph

Microplastic particles (MPPs), plastic particles less than 5 mm in size,
present in Great Lakes waters (the sweetwater seas) became a widely
publicized issue in 2012, at the same time pressures to remove plastic
microbeads from personal care products took hold. However, sampling in
the Great Lakes has shown that there are other sources of microplastics
entering the lakes from the urban landscape that have commercial and
manageable origins. For example, in conducting surface water manta
trawls in 2014 in water waters adjacent to the city of Toronto, we found
that a portion of the up to 6.7 million particles per square kilometer were
comprised of plastic in the forms of polystryene foam, and rigid plastic
particles resembling shavings, cuttings, and twistings, and were likely
generated by mechanical means. In the current study, we will highlight
findings of nearshore Lake Ontario surface water manta net sampling in
2015 that aimed to isolate wastewater and riverine (runoff) inputs within
the waters of Humber Bay adjacent to Toronto, as well as river and waste-
water treatment plant effluent sampling for inputs to the waterfront. The
watersheds adjacent to the Humber Bay area of the Toronto waterfront are
known to have a relatively high density of plastics businesses. Findings
indicate that waste streams from producers of plastic products are entering
wastewater treatment plants and stormwater runoff with subsequent dis-
charge to the lake. This suggests that management strategies that improve
best practices that control generation and loss of fine plastic by-product
particles within commercial enterprises will further reduce plastics found
in the lakes, in addition to anticipated changes from microbeads.

156 Plastics and other anthropogenic debris in freshwater birds
from Canada

E. Holland, Acadia Univ / Biology; M. Mallory, Acadia Univ; D. Shutler,
Acadia Univ / Biology

Plastics in marine environments are a global environmental issue. Plastic
ingestion is associated with a variety of deleterious health effects in
marine wildlife, and is a focus of much international research and moni-
toring. However, little research has focused on ramifications of plastic
debris for freshwater organisms, despite marine and freshwater environ-
ments often having comparable plastic concentrations. We quantified
plastic and other anthropogenic debris in 340 individuals of 17 freshwater
bird species collected across Canada. We determined that freshwater
birds had similar rates (11.2%) of plastic ingestion to many marine bird
species. This work established that plastics and other anthropogenic
debris are a genuine concern for management of the health of freshwater
ecosystems, and provides a baseline for the prevalence of plastic debris
ingestion in freshwater birds in Canada.

157 Assessment of Plastic Ingestion and Persistent Organic Pollutant
Concentrations in Sea Turtles from the Pelagic Realm of the Pacific
Ocean

K.E. Clukey, Univ of Hawaii at Manoa / Natural Resources and
Environmental Management; C.A. Lepczyk, Univ of Hawaii and Auburn
Univ; G.H. Balazs, NOAA National Marine Fisheries Service / Pacific
Islands Fisheries Science Center; T.M. Work, USGS National Wildlife
Health Center / Honolulu Field Station; Q. Li, Univ of Hawaii at Manoa;
J. Lynch, National Inst of Standards and Technology / Chemical Sciences
Division

Plastic debris is a growing concern for many marine organisms due to
entanglement, ingestion, and exposure to toxic chemicals. We hypoth-
esized that ingestion of plastic debris is a potential source of exposure

of persistent organic pollutants (POPs) to threatened pelagic Pacific

sea turtles. We necropsied 38 sea turtles [3 leatherback (Dermochelys
coriacea), 3 loggerhead (Caretta caretta), 6 green (Chelonia mydas) and
26 olive ridley (Lepidochelys olivacea)] that were incidentally captured

in Hawaiian and American Samoan longline fisheries and quantified the
amounts and characteristics of plastics in their gastrointestinal tracts.
Ingested plastic was found in 87% (n = 33) of the turtles. Mean mass of
ingested plastic in all turtles sampled was 9.68 g with a range of 0.0185

g to 64.2 g amongst turtles that ingested plastic. Juvenile green turtles
ingested significantly more plastic than other species. Adipose samples
from 25 of the turtles (2 loggerhead, 6 green, 17 olive ridley), were
analyzed for 83 polychlorinated biphenyls (PCBs), 20 organochlorine
pesticides, 32 brominated flame-retardants and hexabromocyclododecane
(HBCD). We analyzed differences among species, sex, and correlations
with turtle length and capture locations. Total dichlorodiphenyltrichlo-
roethanes (DDTs) were the predominant POP in both loggerhead (mean

= 18.3 ng/g wet mass) and olive ridley (15.8 ng/g wet mass) turtles, and
the second highest POP class in green turtles (1.80 ng/g wet mass). Total
PCBs were the predominant POP in green turtles (2.71 ng/g wet mass),
yet had lower concentrations than olive ridley and loggerhead turtles.
Green turtles had the highest concentrations of a-HBCD (1.46 ng/g wet
mass). Among olive ridley turtles, few sex differences were seen in POP
concentrations. Concentrations of several POPs increased with straight
carapace length of olive ridleys, suggesting bioaccumulation through age.
A geographic gradient was observed with concentrations of several POPs
increasing with distance from the equator. Plastic ingestion is extremely
common in sea turtles and effects of toxic chemicals could have detri-
mental effects on their health and survival. Amounts of ingested plastic
were unrelated to POP concentrations, suggesting that sea turtle exposure
to POPs is predominately through their natural food chain. Additionally,
our data provide important baseline POP concentrations for Pacific sea
turtles, as this area has not been extensively monitored.

158 Marine microplastics as potential indicators of the
Anthropocene

J.A. Ivar do Sul, Federal Univ of Rio Grande / Oceanographic Insitute;
M. Costa, Federal Univ of Pernambuco / Dept of Oceanography; G.
Fillmann, FURG Univ Federal do Rio Grande; I. Santos, Southern Cross
Univ

Marine microplastic pollution is an emerging class of marine pollution
that is receiving exponential attention from the scientific community
mainly in the current decade. Most concern is related to their accumula-
tion on pelagic habitats, and their environmental impacts to the marine
biota their and, more recently, the potential contamination of humans
through food resources. Recent surveys showed that plastics are wide-
spread over marine habitats including oceanic trenches and deep sea
sediments. Transport and deposition of microplastics over the ocean

floor are very slow but efficient processes similar to marine snow, ‘faecal
express’ route and minerals loading; therefore, deep seas are the ultimate
repository of microplastics in marine habitats. Because they are highly
persistent (i.e., not easily degradable and not completely biodegradable)
and clear long-lived on human time-scale, it is expected that they will
persist in deep sea sediments for longer periods (i.e., centuries to millen-
nia), being potentially preserved in geological records. Cold temperatures
and the lack of UV radiation within the continental shelf — deep ocean
gradient magnify plastics preservation. Since plastics have only been pro-
duced in large quantities after the I1 World War, plastic longevity was only
inferred through short-time laboratory experiments. As a result, and even
more over future, plastics are being incorporated into sediments creating
a completely new plastic-rich sediment that mark and identifies human’s
activities in measurable stratigraphic layers. Regardless of representing
one of the most ubiquitous marine pollution forms, microplastics are also
a likely indicators of the Anthropocene, a new Epoch to be established
within the Geological Time Scale. A number of signs — all anthropogenic
in nature, including plastic — are showing that the Anthropocene is indeed
stratigraphically distinct from the Holocene. If this premise is confirmed,
plastics will be in future ‘technofossils’ which are trace fossils produced
by humans, remaining in the environment for geological time-scales and
not for human time-scales as they have been treated until now.
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Scientific Advances Supporting Aquatic Life Water
Quality Criteria Derivation — Part 2

159 Bringing More “Eco” Into Ecotoxicological Guidance for the
Development of Water Quality Guidelines for Metals/Metalloids

S.N. Luoma, Univ of California, Davis / John Muir Inst of the
Environment

Existing USEPA criteria for most metals and metalloids in freshwater
and salt water are built from toxicological approaches that were initially
developed before 1985 and refined thereafter. New knowledge of aquatic
geochemistry as it affects metal toxicity has been a major focus refining
these criteria and is increasingly incorporated into at least some of the
criteria in order to add flexibility in dealing with site-specific conditions.
A robust “parallel literature” also developed over the last thirty years that
illustrates biological and ecological shortcomings in the existing criteria.
Unlike geochemistry, nearly all of this literature is formally excluded
from consideration by the minimum data requirements for developing
criteria. Here it is proposed that a systematic assessment is needed to
determine whether a more comprehensive consideration of biological and
ecological understanding could help better achieve flexibility as well as
more efficiently and effectively protect the environment. Freshwater and
saltwater criteria for cadmium and copper will be evaluated as an exam-
ple to demonstrate some guidelines useful in evaluating the compatibility
of the existing criteria with the more comprehensive literature. Questions
that will be addressed in the evaluation of the criteria include: Was
chronic toxicity, relevant to population processes, adequately addressed?
If not what are the implications? Is the justification for species sensitivity
robust and is it consistent with field knowledge of such sensitivities? Are
the criteria credible when compared with dissolved concentrations known
from modern geochemical analyses of contaminated and uncontami-
nated waters? How do the criteria compare to studies that include dietary
exposure? Are the guidelines justifiable based upon field observations
that meet criteria for appropriate effects analysis? How do they compare
to robust field or integrated laboratory-field observations? A comprehen-
sive evaluation following modified guidelines of this sort could identify
criteria least compatible with the full literature and thus most in need of
reform. Methodologies and models will be discussed that could be used
in a new generation of guidelines that better links biology, ecology and
ecotoxicology as well as field observations and laboratory assays.

160 The disconnection between the laboratory and field in under-
standing the effects of metals on aquatic insects prompts the need to
modernize WQC

D.B. Buchwalter, NC State Univ / Dept of Biological Science

The distributions of species that populate natural systems are often quite
different in composition from the distributions of species that populate
toxicity datasets. Particularly noteworthy is the extent to which aquatic
insects are under-represented in toxicity datasets relative to their impor-
tance in nature and in ecological monitoring programs. Remarkably, data
from only 1 insect species is required for the generation of water quality
criteria despite the fact that there are over 7,000 known aquatic insect
species in North America alone. When aquatic insect data are examined
for trace metal toxicity, it would appear that they are generally insensi-
tive to metals. However, aquatic insects are often some of the first species
to disappear from metal-contaminated sites. In fact, typical laboratory
results would indicate that insects only respond to dissolved metals at
concentrations orders of magnitude larger than those found in the most
insect-depleted contaminated sites. Even with mounting evidence high-
lighting the obvious disconnect between laboratory toxicity tests and field
observations regarding metal toxicity to aquatic insects, water quality
criteria for metals continues to rely primarily on toxicity values derived
from short term dissolved-only exposures. In this talk, I will discuss four
key reasons why such tests don’t provide relevant data for this important
faunal group, focusing upon recent advances in our understanding of
bioaccumulation and mechanisms of toxicity.

161 Mesocosms: Old techniques can provide new insight on aquatic
life criterion development

T.S. Schmidt, USGS / Colorado Water Science Center; C. Mebane, USGS
/ Water; L.S. Balistrieri, USGS

Aquatic life critera aim to protect 95% of all species in aquatic ecosys-
tems and those terrestrial organisms dependent on organisms originating
in aquatic ecosystems. These ecosystems are dominated both in num-
bers and diversity by aquatic insects, however, the data used to develop
aquatic life criterion rarely include aquatic insects. In part this is because
crustacean, amphipods, zooplankton, and some diptera are easily cul-
tured in the lab while most aquatic insects have long lives and complex
life histories not suitable for aquaria. Further, beaker-scale toxicologi-

cal evaluations using standard toxicity testing organisms are criticized
for their lack of ecological relevance. We suggest that mesocosms are a
technology that can bridge these knowledge and credibility gaps. Here
we present data from a series of experiments conducted in the Aquatic
Experimental Laboratory, a USGS mesocosm facility located in Fort
Collins, Colorado. These data suggest that mesocosm experiments of the
effect of aqueous contaminants are replicable, can produce concentration-
response curves, and allow for the measure of direct and indirect effects.
Thus, ecological, and not just toxicological, endpoints can be evaluated in
mesocosm tests. Finally, mesocosm data are extrapolated to multiple field
datasets showing that this type of information is reliably transferable to
the ecosystems. As a result, mesocosm results can produce beaker-scale
type response metrics in ecologically relevant exposure scenarios that are
more easily transferable to real ecosystems than standard bioassays. As
new technologies and techniques are pursued to advance criterion devel-
opment into the next century, old techniques might be worth revisiting.

162 Field-based Methods for Developing Water Quality Benchmarks
for Specific Conductivity

S. Cormier, USEPA / National Center for Environmental Assessment; L.
Zheng, TetraTech

Protection and restoration of conditions that support aquatic life requires
chemical and physical benchmarks, standards, or criteria to set loading
limits and clean up goals. In 2011, the USEPA published a field-based
method for developing an annual average chronic benchmark for specific
conductivity (SC). Biological and SC data were used to estimate the
extirpation concentrations of a mixture of ions dominated by bicarbonate
and sulfate anions. SC levels that lead to 95% extirpation of more than
one hundred benthic aquatic invertebrate genera were calculated and used
to develop an extirpation concentration distribution to identify the SC
that leads to extirpation of 5% of genera. The model was validated with
independent data sets and met the characteristics of probable causation.
Additional analyses have supported and corroborated the method and it
is an EPA-approved method for developing water quality benchmarks.
However, the method was silent on parameters usually associated with
implementation of benchmarks and water quality criteria. Since 2011,
additional methods have been developed to calculate a maximum expo-
sure limit to complement the continuous exposure benchmark. Duration
and frequency parameters have been evaluated. Methods have been
designed for situations where large data sets of biological and chemical
data are not available. These field-based methods are becoming a practi-
cal option for estimating benchmarks for common pollutants such as
major ions. The views expressed in this abstract are those of the authors
and do not necessarily represent the views or policies of the USEPA.

163 Integrating mesocosm experiments and field data to develop
water quality criteria for contaminants in aquatic ecosystems

W.H. Clements, C. Kotalik, Colorado State Univ / Fish Wildlife and
Conservation Biology

The limitations of single species toxicity tests for predicting effects of
contaminants on aquatic ecosystems have been well described in the

literature. For certain classes of stressors in which direct toxicological
effects are unlikely (e.g., nutrients, suspended sediment, deposition of
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iron colloids) or in which standard test organisms are highly tolerant (total
dissolved solids), field-derived exposure-response relationships have been
used to establish standards. Mesocosm experiments provide an ecologi-
cally realistic alternative to laboratory toxicity tests while controlling

for the confounding variables associated with field-based approaches. In
addition to providing mechanistic insights into stressor-response relation-
ships, mesocosm experiments can be coupled with field assessments to
address important policy issues. [ will present results of two large-scale
studies in which mesocosm experiments were integrated with field-based
approaches to validate current water quality criteria or benchmarks. In
the first example we used field data from spatially extensive surveys of
over 300 Colorado streams to establish concentration-response relation-
ships between trace metals and macroinvertebrate community structure.
These data were supported by a set of 24 stream mesocosm experiments
that allowed us to develop community-level EC20 values for metals.

In the second example mesocosm experiments were used to validate

a field-based benchmark for conductivity and to quantify the effects

of major ions on natural aquatic insect assemblages. This benchmark

has been criticized because of the potential influence of confounding
variables and the difficulty demonstrating a causal relationship between
elevated conductivity and benthic macroinvertebrate responses. Results
showed considerable variation among endpoints and salts; however, we
observed significant conductivity-response relationships for all major ions
tested. These findings demonstrate the strength of integrating descrip-
tive, field-based approaches with mesocosm experiments to establish
causal relationships and to identify safe concentrations of contaminants in
aquatic ecosystems.

164 Beakers, buckets, and brooks: utility of mesocosm-type studies
in aquatic life criteria derivation and validation

C. Mebane, USGS / Water

Since 1985, aquatic life criteria in the USA have been derived using a
species-sensitivity distribution (SSD), wherein laboratory toxicity test
data derived with a single-species exposed to a single-substance are pre-
sumed to adequately represent tolerances of natural communities. While
the 1985 aquatic life criteria guidelines allow that microcosm or field data
could be invoked to lower a SSD-based calculation, the guidelines did
not support the direct use of microcosm or field data to derive criteria.
However in practice, only once (1987 with selenium) has a national
criterion known been changed based on field data, and recent national
criteria documents have ignored community or field data altogether.

In contrast, mesocosm or field data are required to validate SSD-based
predicted no-effect concentrations (PNECs) under the European Union
Water Framework Directive (WFD) and may be used to generate data
for the Japan Chemical Substances Control Law. This presentation will
illustrate examples where field or experimental ecosystem data have or
could be used in conjunction with traditional SSDs, including generat-
ing individual species sensitivity data with aquatic insects that would be
infeasible to develop from standard laboratory testing.

165 Censoring as a Tool for Optimizing Data Usage in Region-
Specific Species Sensitivity Distributions for Hypoxia

J. Carrick, TIEHH / Dept of Environmental Toxicology; T. Anderson,
South Central Regional Chapter / Dept of Environmental Toxicology The
Inst of Environmental and Human Health; J.D. Maul, Syngenta Crop
Protection / Dept of Environmental Toxicology The Inst of Environmental
and Human Health

Hypoxia has emerged as a significant environmental issue for the

Gulf of Mexico aquatic ecosystem. This study used species sensitivity
distributions (SSDs) to evaluate hypoxia sensitivity among marine and
tidally-influenced fish and invertebrates of Texas. Representative models
require a broad, unbiased sample of species sensitivity data as input.
Unfortunately, it is often the case that sensitivity data are only available
for a small number of species. The low quantity of data for DO sensitivity
among Texas species provided an ideal setting in which to explore meth-
ods for increasing the amount of available, standardized data (e.g., acute

LC50s). One approach to increasing data quantity is to relax standards
for data quality. For example, rapid toxicity testing has been adopted as

a way of obtaining approximate sensitivity data on a large number of
species. Since smaller sample sizes are used in such toxicity tests, they
often result in indeterminate LC50s which can only be expressed as
censored values (i.e., less-than, greater-than, or interval values). The cur-
rent study also relaxes the requirements for data quality as a tradeoff for
data quantity; however, an alternate source of censored data is explored
— that is, censored data implicit in non-standardized data. Conversion
of non-standardized point values into standardized censored values was
investigated as a method of maximizing the use of available sensitivity
information in the construction of parametric SSDs. Application of this
approach increased sample size of the fish dataset from 10 species to 14
species, and the invertebrate dataset from 4 species to 5 species. Inclusion
of censored data also shifted HC5s (the concentration protective of 95%
of species) upward and downward by varying amounts, although the dif-
ferences were not significant. The implications of the study are twofold.
First, the study identifies a potential store of information that can be used
to supplement low quantity datasets used to construct SSDs. Second, it
identifies information that may be unintentionally ignored. Authors have
discouraged the common practice of discarding censored data. This study
demonstrates that even in datasets where censored data are apparently
absent, censored data may still be ignored because that information is
concealed in non-standardized point values. Furthermore, the results

of this study may be valuable in establishing protective DO levels and
assessing risk in the Gulf of Mexico.

166 Development of Chemical Thresholds for Situations where Good
Ecological Status is unlikely to be achieved

A. Peters, G. Merrington, wea; L. Ceriani, wca consulting / Inst

for Environment and Sustainability IES; C. Schlekat, NiPERA; P.
Whitehouse, Environment Agency / Evidence; F. Van Assche, IZA; C.
Cooper, International Zinc Association / Dept of Marine Sciences; J.
Denton, RioTinto; A. Boullemant, Rio Tinto / Lergacy Management

In the UK, and also likely in some other parts of the European Union,
there are challenges in regard to meeting statutory Environmental Quality
Standards (EQS) thresholds which are considered to be consistent with
good ecological status. As the EQS is a regulatory bright line — you pass,
or you fail, it is difficult to gauge the impact status of the waterbody

from a chemical perspective. It is also difficult to show that any improve-
ment measures taken in response to EQS failure actually result in a real
improvement, because there are no thresholds for lower levels of protec-
tion, i.e. an improvement is only registered if the EQS is met. Therefore,
thresholds which reflect lower levels of ecological quality could be

useful communication tools when looking to demonstrate improvements
towards the EQS in situations where meeting it is aspirational. Three
metals Fe, Ni and Zn were selected for this study, and three methods
were identified to derive “less-than-good” thresholds for lower levels of
protection, and for a possible application as targets for impacted envi-
ronments — i) the use of a higher potentially affected fraction (PAF),

from the Species Sensitivity Distribution (SSD) used for EQS deriva-
tion, that is hazardous to e.g. 10, 25% of the ecosystem (HC10, HC25),

ii) the derivation of an SSD based on a higher effect level (e.g. EC20 or
EC50 for chronic effects, rather than EC10 or NOEC), iii) and lastly, the
derivation of thresholds directly from ecological data for a relevant metric
(e.g. invertebrate abundance and diversity) where related field data are
available, using a quantile regression analysis. Because of lack of data,
the second method based on a higher effect levels could not reliably
provide any sort of conclusion. Nevertheless, less-than-good thresholds
as bioavailable HC10 and HC25 metal concentrations were derived from
experimental data, and were compared with bioavailable ecological
thresholds estimated using benthic macroinvertebrate metrics. Ecological
monitoring data of phytobenthos and macrophytes were also used as sup-
porting information. Overall, preliminary results indicated that the use of
a less-than-good threshold such as the hazardous concentration to 10% of
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all species, instead of the currently adopted 5% threshold, would likely
be sufficient to ensure an adequate level of protection to ensure the good
status of the ecology of the waterbody, i.e. plants, invertebrates, and fish.

Novel Mechanisms of Nanomaterial Toxicity
Through Direct Exposure or Indirect Interactions
with Environmental Components — Part 1

167 Long term memory (LTM) formation as a non-invasive endpoint
to assess copper oxide nanoparticles toxicity in the snail Lymnaea
stagnalis

V_Ricottone, T. Henry, Heriot-Watt Univ / School of Life Sciences; K.
Lukowiak, Univ of Calgary / Hotchkiss Brain Inst Faculty of Medicine;
TF. Fernandes, Heriot-Watt Univ / School of Life Sciences

L. stagnalis has been widely used as a model species in the investiga-
tion of linkages between neurobiology, behaviour, learning and memory.
The ability of animals to learn and remember enables them to adapt to
environmental changes, however, if under stress, their ability to learn and
long term memory (LTM) formation may be affected. Because memory
is dynamic, stress can positively or negatively alter LTM formation.

We hypothesized that stress induced by exposure to nanomaterials, can
alter LTM formation in L. stagnalis,and therefore the normal behaviour
response to the environment would change. To investigate this hypoth-
esis, we applied a novel assessment method to detect the effect of chronic
exposure (30 days) to CuO nanoparticles (NPs) on LTM formation using
the freshwater snail, L. stagnalis. Two endpoints were assessed: aerial
respiration behaviour and LTM following operant conditioning in the
presence of CuO NPs. Results show that aerial breathing behaviour is
not affected at the exposure concentrations range (0-250 pg L! Cu) of the
CuO NPs investigated. However, LTM tests were carried out only for the
samples collected from controls and 50, 100 and 150 pg L' Cu exposure
vessels. Snails exposed at higher concentrations were not responsive

to the operant conditioning necessary to perform the LTM test. Data
collected from the test performed on the control organisms showed the
ability of the snails to learn and form LTM. However, after 30 days of
exposure to CuO NPs at a concentration of 150 g L™! Cu, snails were not
able to learn or form memory. Overall, these findings are in accordance
with our previous experiments. Chronic exposure to CuO NPs demon-
strated that at concentrations higher than 200 ug L™! Cu, snails show both
lethal and sublethal effects in terms of changes in weight and significant
decreases in fecundity parameters. In conclusion, we propose this novel
approach as a sensitive method to evaluate the toxicity of nanomaterials.
Indeed, results obtained are comparable with those obtained with more
conventional methods, where costs and numbers of animals used are
considerable higher. This research project is funded by the European FP7
project SUN “Sustainable Nanotechnologies”.

168 Enhanced toxicity of environmentally transformed ZnO
nanoparticles relative to Zn ions in the epibenthic amphipod
Hyalella azteca

H.C. Poynton, Univ of Massachusetts, Boston / School for the
Environment; J. Unrine, Univ of Kentucky / Plant and Soil Sciences, C.
Chen, Univ of Kentucky; K. Major, B. Blalock, Univ Of Massachusetts
Boston / School for the Environment; S. Alexander, Univ Of
Massachusetts Boston

As ZnO nanoparticles (NPs) make their way into the aquatic environment
water chemistry will influence their fate, transport, and extent of their
dissolution. Although the fate and transport of ZnO NPs is complex, sedi-
mentation is expected in most surface water environments, which will put
benthic organisms, including the amphipod Hyalella azteca, at particular
risk. In addition, ZnO NPs undergo a complex set of transformations

in the environment, including pH dependent changes in speciation and
solubility and transformations into phosphates, sulfides and carbonates.
The goal of our research is to determine the relative toxicity and uptake

of environmentally transformed ZnO NPs to H. azteca and reveal the
chemical and physical factors responsible for the differences in toxicity.
H. azteca were exposed to ZnSO4, pristine ZnO NPs, and environ-
mental aged ZnO NPs which resulted in three types of particles: 30 nm
ZnO-Zn3(PO4)2 core-shell structures, micron scale hopeite-like phase
Zn3(PO4)2*4H20), and ZnS nano-clusters. Exposure conditions included
a synthetic freshwater only, increased salinity (3 ppt), and the presence
of sediment, with a final exposure where animals were contained within
mesh baskets to prevent burrowing in the sediment. Although charac-
terization of the aged particles has shown decreased dissolution of these
particles in freshwater, phosphate-aged ZnO NPs had increased toxicity
relative to other particles. Saltwater decreased the toxicity of ZnSO4

and all the ZnO NPs, with the greatest reduction in the phosphate-aged
particles. In sediments, all treatments are about an order of magnitude
less toxic, but when H. azteca are placed in mesh baskets to prevent bur-
rowing, the toxicity is only reduced 3-5 fold relative to the sediment free
exposures. Finally, the sulfide aged particles (ZnS nano-clusters) have
the greatest reduction in toxicity in the sediment exposures, suggest-

ing binding and possible sequestration of the particles by the sediments.
These results confirm previous studies demonstrating that H. azteca is
very sensitive to ZnO NPs and the increased toxicity of ZnO NPs relative
to ZnSO4 suggest particle-specific effects or enhanced uptake of Zn from
the NPs. Because H. azteca is one of the most sensitive organisms to ZnO
NPs, there is an urgent need to understand the processes that govern the
differential toxicity of these particles. Ongoing studies will address this
need by measuring bioaccumulation and biokinetics.

169 Evaluating the novel mechanisms of toxicity of complex nanoma-
terials across organisms and the impact of organic matter and media
components

R. Klaper, Univ of Wisconsin-Milwaukee / School of Freshwater
Sciences; J. Bozich, Univ of Wisconsin, Milwaukee / SES; J. Crago, Texas
Tech Univ/TIEHH / Environmental Toxicology The Inst of Environmental
and Human Health TIEHH, B. Curtis, School of Freshwater Sciences
Univ of Wisconsin Milwaukee; V. Feng, Augsburg College; I. Gunsolus,
Univ of Minnesota; M. Hang, Univ of Wisconsin Madison,; R. Hamers,
Univ of Wisconsin Madison / Dept of Chemistry; C. Haynes, Univ

of Minnesota; E. Melby, Battelle Pacific Northwest Laboratories;

N. Niemuth, Univ of Wisconsin — Milwaukee / School of Freshwater
Sciences; D. Olson, School of Freshwater Sciences Univ of Wisconsin
Milwaukee,; G. Orr, Pacific Northwest National Laboratory; C. Murphy,
Univ of lllinois Urbana-Champaign; T. Qiu, Univ of Minnesota; X.
Zhang, Univ of lllinois at Urbana Champaign

Although a variety of nanomaterials have been evaluated for their
potential safety, there are questions as to how to use this information

to predict the next generation of materials which may be more complex
and different in composition. In order to create nanomaterials that are
environmentally benign it will be necessary to understand the fundamen-
tal molecular interactions that occur between a variety of nanomaterials
as well as a variety of organisms in order to minimize negative adverse
outcomes. In the Center for Sustainable Nanotechnology (CSN) we are
studying several types of next generation materials including complex
metal mixture nanomaterials being developed for batteries (includ-

ing NMC, LiCo and variations of these with differing ratios of metals),
NP-polymer combinations, carbon based materials, and ligand-nanopar-
ticle combinations that vary in their charge (AuNP-PAH, AuNP-MPA).
For several of these materials we have found evidence of nanomaterial
specific responses that are different than the surface ligands on the
materials or the ions that may be released during the exposures. These
molecular changes include alterations of metabolic pathways, detoxifica-
tion, growth and reproduction, as well as cell surface functions that may
provide insight on the mechanism as well as location of interaction of the
nanoparticle with the cells of the organism. We have also compared these
results across multiple model organisms in the CSN that represent pelagic
as well as sediment dwelling model species. We find significant differ-
ences in toxicity across models that are also associated with variation
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in molecular responses across organisms. This variation may be in part
due to differences in the cellular chemistry across species and associated
sensitivies. For example vertebrates are more sensitive to manganese and
therefore altering concentrations of this metal in battery materials has
significant consequence. However, differences seen across model organ-
isms have also been found to be partly due to the different environmental
conditions or experimental conditions for each of these species including
the presence of organic matter, differences in ions present, or pH which
can lead to different states of the nanomaterial present during exposures.
The implications for deriving conclusions about the molecular effects of
nanomaterials and safety limits across the environment based on different
model species will be discussed.

170 Estimating Graphene Oxide Exposure and Biomarker Response
in Aquatic Systems

D.C. Bouchard, USEPA / EMMD; X. Chang, USEPA, NRC Associate;
M. Henderson, USEPA / NERL; S. Martin, Oak Ridge Inst for Science
Education at USEPA; C.D. Knightes, USEPA / Natl Exposure Research
Laboratory,; B. Avant, Student Services Contractor; R. Zepp, USEPA /
National Exposure Research Laboratory

Anticipated applications and production volumes of graphene family
nanomaterials have raised concerns about their potential release into the
environment. Graphene oxide (GO) is a promising member of the gra-
phene family due to its aqueous solution-based manufacturing utility and
its role as a precursor to the synthesis of other graphene-based nanoma-
terials. GO structure is similar to that of 2-D graphene sheets, but differs
in that its basal plane is populated with hydroxyl and epoxy groups, and
its edges with carboxyl groups. Due to its high oxygen content, GO has
been shown to be readily dispersible in the water column, leading to
concerns about its transport and subsequent toxicity in surface waters. In
addition, studies have indicated that GO phototransforms under sunlight
irradiation to yield a wide array of products with differing transport and
toxicity characteristics. These photoproducts include not only trans-
formed GO nanoparticles but also a solubilized fraction of oxygenated
PAHs resulting in the potential for complex exposures that include direct
GO exposures as well as indirect exposures to GO photoproducts. In this
report, an approach for estimating GO transport, transformation, and
biomarker response in surface waters is detailed. GO transport and mass
distribution in the water column and in sediments is modeled through
application of the Water quality Analysis Simulation Program (WASPS)
recently updated to include nanoparticle attachment kinetic parameters.
The potential toxic effects of estimated environmental concentrations are
then interpreted using two different nanomaterial exposure biomarker
protocols utilizing model membrane systems and metabolomics profiling.
Model membrane systems include DOPC/DOEPC supported bilayers as
well as bilayers derived from fathead minnow (Pimephales promelas) cell
membrane extracts. GO interactions with model membrane systems are
quantified using quartz crystal microbalance deposition measurements.
GO-model membranes interactions are compared with fathead minnow
metabolomic profiles to assess the potential ecotoxicity of GO in fresh
surface waters.

171 Fish gastrointestinal tracts influence the sorption of organic
contaminants to single-walled carbon nanotubes

T. Sabo-Attwood, J.H. Bisesi, T. Ngo, B. Castillo, Univ of Florida

/ Environmental and Global Health; C. Lavelle, Univ of Florida /
Physiological Sciences; S. Robinson, Univ of Florida / Envirionmental
and Global Health; H.M. Crosby, Univ of Florida; N.B. Saleh, Univ of
Texas / Dept of Civil Architectural and Environmental Engineering; L.
Ferguson, Duke Univ / Dept of Civil and Environmental Engineering;
N.D. Denslow, Univ of Florida / Physiological Sciences

Increases in production and commercial use of single-walled carbon
nanotubes (SWCNTs) may lead to their release into aquatic environments.
While SWCNTs have been shown to be fairly inert, they exhibit high sorp-
tion affinity for hydrophobic contaminants that may already be present

in aquatic environments. It has been hypothesized that these interactions

may reduce oral bioavailability however evidence from our laboratory
suggests that sorbed contaminants may still be bioavailable. The synthetic
estrogen, ethinyl estradiol (EE2) sorbs to SWCNTs with high affinity,

but these mixtures still cause binding and activation of estrogen recep-
tors in vitro, indicating that EE2 maintains bioactivity either through
desorption or by preserved interaction with receptors. To determine if
these results translate to systemic responses in fish with variable GI tracts,
largemouth bass and fathead minnows were orally exposed to mixtures

of SWCNTs and EE2. Bass contain a low pH stomach whereas minnows
lack a stomach and maintain a relatively neutral pH (7.4) throughout the
intestine. Forty eight hours following exposure of fish to EE2-SWCNT by
gavage, hepatic vitellogenin mRNA expression was measured as a clas-
sic biomarker of estrogenic exposures. Results indicate that EE2 fails to
remain sorbed to SWCNTs in fish gastrointestinal systems, irrespective of
gastrointestinal physiology, as vitellogenin levels were induced by EE2 in
the presenc e of the SWCNTSs. As we have obserbed that the SWCNTs do
not cross the intestinal epthelium, these resulst imply that the EE2 desorbs
from the SWCNTSs and is absorbed where it can circulate to the liver and
iduce vitellogenin expression. A similar observation was noted in a longer
term study where bass were fed SWCNTs-EE2 for 12 weeks. Finally, to
begin to elucidate the mechanism of desorption of EE2 from SWCNTs

in the GI system we examined the ability of several gut proteins (trypsin,
chymotrypsin and pepsin) to displace EE2 from SWCNTs using radiola-
beled binding assays. In preliminary studies, trypsin seemed to displace
EE2 from the SWCNTSs more effectively than other proteins, suggesting
that such proteins can imapct EE2-SWCNTs in a protein specific manner.
Overall, results of this work futher our understanding of interactions of
SWCNTs and contamiants already present in our aquatic environments
which is essential for determining the potential organism and ecosystem
health risks of these materials.

172 Characterization of the key mechanisms influencing bioavail-
ability of PAHs adsorbed to carbon nanotubes in the aquatic
environment

E.N. Linard, P. van den Hurk, Clemson Univ / Biological Sciences; S.J.
Klaine, Clemson Univ / Clemson Inst of Environmental Toxicology

Concurrent with the high applicability of carbon nanomaterials (CNM) in
a variety of fields and the potential use for pollution remediation, there is
the inevitable release of CNMs into the environment. Due to CNMs’ high
adsorption affinity for organic contaminants (OC), there is significant
concern that CNMs will act as “contaminant transporters.” While adsorp-
tion of contaminants from CNMs play a significant role in the ultimate
fate of adsorbed compounds, there is little conclusive information charac-
terizing the relationship between adsorption behavior and bioavailability
of CNM-adsorbed contaminants. Carbon nanotubes (CNTs) are some

of the most commonly used CNMs and though CNTs morphology and
adsorbate chemical characteristics are strongly influential of adsorption
behavior, it has yet to be established how such factors influence bioavail-
ability of the adsorbed contaminant. The goal of the present research

was to characterize the bioavailability of a model class of organic
contaminants, polycyclic aromatic hydrocarbons (PAHs), adsorbed to
CNTs as a function of adsorption behavior focusing on the influence of
CNT morphology and PAH physicochemical characteristics. Adsorption
isotherms of a suite of PAHs to CNTs and graphene were established in
conjunction with quantifying the bioavailability of the adsorbed PAH to
Pimephales promelas (fathead minnow)using bile analysis via fluores-
cence spectroscopy. Experimental results demonstrated that the presence
of CNTs and graphene similarly reduced the bioavailability of adsorbed
linear PAHs by ~60%, but only reduced the bioavailability of adsorbed
angular PAHs by ~25% and 0%, respectively. This indicates that bioavail-
ability of angular PAHs adsorbed to CNTs is more susceptible to the CNT
“surface curvature” effect than linear PAHs. Normalization of adsorption
capacity to PAH hydrophobicity and the corresponding bioavailability
data further suggest that there may be a size threshold; PAHs beyond a
certain size and width will remain more bioavailable than smaller yet less
hydrophobic PAHs. While adsorbate hydrophobicity is arguably the most

7'h SETAC World Congress/SETAC North America 37t Annual Meeting | 51



MONDAY PLATFORM ABSTRACTS

influential characteristic driving adsorption behavior, bioavailability of
CNT-adsorbed PAHs, and potentially other planar organic molecules, is
strongly influenced by the compounds’ molecular configuration and size.
This study provides insight into both the potential risk of environmental
CNTs and the effectiveness of such materials for pollution remediation.

173 Goldfish (Carassius auratus) immune responses to intravenously
injected polymer-coated TiO2 nanoparticles

V.A. Ortega, Univ of Alberta / Dept of Biological Science; D. Boyle,
Plymouth Univ; J. Hodgkinson, Univ of Alberta / Biological Sciences;
M. Belosevic, Univ of Alberta; J.L. Stafford, G. Goss, Univ of Alberta /
Biological Sciences

Evidence of nanoparticle (NP) effects on immune cell function has been
demonstrated using in vitro models in previous studies that report both the
over-activation of pro-inflammatory responses, and suppression of others.
Our group has also demonstrated modified immune effects for both cell
lines and isolated primary goldfish neutrophils when exposed in vitro to
polymer-coated metal-oxide NPs. However, the translation of these effects
to in vivo models has not yet been explored. Despite a lack of informa-
tion of in vivo immune effects, it has been shown that when NPs enter
circulation in fish, the vast majority is deposited into kidney and spleen
tissues, which in fish are the major hematopoietic organ and where many
innate immune cells reside. Thus, there is an increased opportunity for
neutrophils and macrophages in these organs to interact and be affected by
tissue-accumulated NPs. In this study we have sampled kidney and spleen
tissues and isolated kidney neutrophils and macrophages at 0, 1, 7, 14

and 28 days from mature goldfish (Carassius auratus) injected with either
polymer-coated TiO, (1 pg/g) or Cortland’s saline (control). Preliminary
results show significant and long-term deposition of Ti metal in the

kidney and spleen, increased kidney and spleen tissue damage, increased
responsiveness of kidney neutrophils and changes in the expression of
various pro- and anti-inflammatory related genes in TiO,-injected fish. We
also show a differential response in the capacity of TiO,-exposed fish to
clear a known pathogen during a 28-day infection challenge. Results from
our study demonstrate that NP exposure can significantly impact a fish’s
capacity to appropriately activate numerous immune functions during an
infection and this may affect their long-term health and viability.

174 Release of polymer additives and plasticizers from polycarbon-
ate- and epoxy-SWCNT nanocomposites

M.D. Montaiio, Duke Univ / Civil and Environmental Engineering;

R. Lankone, Johns Hopkins Univ; H. Fairbrother, Johns Hopkins

Univ / Dept of Chemistry; L. Ferguson, Duke Univ / Dept of Civil and
Environmental Engineering

Single-walled carbon nanotubes (SWCNTs) have shown considerable
promise as filler materials in polymer composites as a result of their
excellent mechanical, thermal, and electrical properties. Upon use and
subsequent entry into the environment via waste streams, it will be
important to ascertain the potential for both carbon nanotube release;

as well as, how SWCNTs influence the release of polymer additives and
plasticizers from these composites. In this study, we investigated how
incorporation of SWCNTs affects the release of plastic additives such as
bisphenol A and nonylphenol from polycarbonate and epoxy SWCNT
composites under environmentally relevant scenarios. Polymer coupons
of varying SWCNT mass loading were subjected to simulated weather-
ing scenarios (e.g. room temperature, elevated temperature, UV light
exposure) in both EPA moderately hard water and TCLP extraction
media. Aliquots of leachates in the media were taken every 24 hours over
the course of five days and were analyzed by LC-MS/MS for polymer
additives, while carbon nanotube quantification was carried out by near
infrared fluorescence spectroscopy and single particle ICP-MS. Our find-
ings have demonstrated that although the mass loading of SWCNTSs in
the polymer plays a minimal role in the release of BPA from PC-SWCNT
composites, the extraction media significantly impacts the release of BPA
from polycarbonate, with releases of BPA leaching exceeding 100ppb
over a 48hr time period. Differences in the leaching behavior in different

media is likely due to the susceptibility of polycarbonate to hydrolysis at
elevated or depressed values of pH. Additionally, single particle ICP-MS
has shown minimal release of the SWCNTs from the polymer matrix.
Future research plans to incorporate fluorescent CNTs into the polymer
matrix in order to quantify SWCNT release by near infrared fluorescence.

Mercury Fate and Biogeochemistry

175 Elemental Mercury: Its uniqueness makes it beautiful yet deadly

H. Gonzalez Raymat, Florida International Univ; G. Liu, Y. Cai, Florida
International Univ / Dept of Chemistry Biochemistry and Southeast
Environmental Research Center

Since ancient times, mercury has fascinated humankind because it has a
silver color, it is liquid at room temperature, and it dissolves gold. Due to
its fascinating and unique properties, mercury has been used throughout
the history for different applications such as barometers, thermometers,
electrical switches, fluorescent light bulbs, and ballast for submarines.
Mercury is a special element because its chemistry is different compared
to other elements. Mercury is considered a global pollutant because mer-
cury in its elemental form has an atmospheric residence time in the range
of six months to one year allowing it to travel for long distances, it can be
bioaccumulated and biomagnified through the food chain, and in elevated
concentrations is highly toxic to humans. Its toxic effects were already
known in the 19t century where it was related the occupational exposure
of mercury with the Mad Hatter Disease. The first case of severe meth-
ylmercury poisoning was discovered in Minamata city, in 1956 where
people consumed large amounts of fish and shellfish that were contami-
nated with methylmercury from the wastewater release of the chemical
factory Chisso Corporation to the Minamata bay. The health effects that
provoked methylmercury in the people of Minamata were damage to the
central nervous system including loss of vision, hearing and speech dam-
age, cerebellar ataxia, and equilibrium disturbance among others. The
Minamata disaster and other disasters of mercury poisoning led to the
creation of the Minamata Convention Treaty in 2013 whose objective is to
protect the human health and the environment from anthropogenic emis-
sions and releases of mercury and mercury compounds. The principal
objective of this paper is to evaluate several aspects of Hg® behavior and
fate in the environment to provide a better understanding of the chemi-
cal processes taking place. This review is important because Hg is an
important species in the Hg biogeochemical cycling and its behavior in
the environment is not well understood.

176 Mercury concentrations, exposure modeling, and isotopic source
tracking of mercury in the marine-caged fish farms, South China

X Xu, Univ of Georgia; W. Wang, The Hong Kong Univ of Science and
Technology / Biology

Provinces along the coast of South China have experienced an unprec-
edented growth in its marine-caged fish industry. We sampled commonly
eaten species from two cage-cultured fish farms at the Fujian Province.
Total mercury (THg), methylmercury (MHg), and stable mercury

(Hg) isotopes were analyzed for fish muscle, sediments, and fish feeds.
Reported 3292Hg and A®°Hg values indicated mass dependent/indepen-
dent fractionations (MDF/MIF). THg concentrations of the 14 species
were all lower than the human health screening value (300 ng/g, wet).
There were no statistical differences in Hg concentrations between the
cage-cultured and wild caught fish, but the %MHg in cage-cultured fish
were lower due to their shorter food chains. Assuming a body weight

of 60 kg, the human dietary MHg intake associated with red seabream,
Japanese seabass, orange spotted grouper, or eightbar grouper exceeded
the USEPA’s reference dose (0.1 ug/kg-day). The sediment §202Hg were
low (-1.45%o to -1.23%o) but the A*°Hg (-0.04%o to 0.01%o0) were nearly
zero. Given its small percentage of MHg (< 3%), it is inorganic Hg that
presented such low §202Hg values, suggesting both atmospheric deposi-
tion and microbial activities contributed to the negative MDF signatures.
The MIF signatures indicated an industrial Hg source to this region. Hg
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isotopic values in fish muscle were dominated by diet with pellet-fed fish
presenting lower 3292Hg and A®°Hg values than the viscera-fed fish. The
log-MHg concentrations and %MHg positively correlated with §202Hg
values, but not A’Hg values. This is because MIF did not occur during
metabolic processes and only reflected the signatures of their diets, so fish
eating similar food maintained similar A!°Hg values. Marine-caged fish
farms are unique ecosystems, with large input of industrial sources, high
DOC, weak photochemical reactions, strong microbial activities in the
sediments, high density and simple feeding activities. Though most spe-
cies had low Hg concentrations, the consumption of several carnivorous
fish (e.g., grouper) were of concern. Pellets and viscera feeds provided the
major source of Hg to the farmed fish. We suggest using fish feeds, such
as shrimp, with low Hg concentrations as an alternative food. With the
increasing production of caged-fish in China, our results demonstrate the
need for a detailed exposure modeling and risk assessment of Hg through
consumption of marine-caged fish.

177 Kinetics of mercury accumulation and its short-term effects
towards freshwater biofilms

S. Le Faucheur, P. Dranguet, V. Slaveykova, Univ of Geneva / Section of
Earth and Environmental Sciences Inst Forel

Freshwater biofilms are communities of microorganisms, which accu-
mulate and transform Hg, notably through its reduction, methylation

and demethylation. The present study aimed to get further mechanistic
understanding on Hg and biofilm interactions and focused on the biologi-
cal parameters that control Hg accumulation in biofilms. To that end,

two biofilms of different ages were exposed to ~150 pM Hg (precisely
measured) for 24 h in light and temperature controlled conditions using
microcosms. Hg uptake kinetics of biofilms were examined with the
measurements of non-extractable (obtained after a washing step with
cysteine; proxy of intracellular) inorganic and methyl-Hg contents as

a function of time. Hg short-term effects were also analyzed at the
genomic, physiological and community levels. The old biofilm was
characterized by a biomass per cm? twice higher than the young biofilm.
However, no significance difference was found in their percentage of
biotic fraction and chlorophyll a content. The young biofilm was charac-
terized by a higher abundance of the merA gene and a lower abundance of
the hgcA gene than the old biofilm. Finally, taxonomic analysis revealed a
difference at the microorganism community levels, especially for micro-
algae. Hg uptake was characterized by rapid kinetics, within minutes, for
both biofilms. However, the Hg uptake rate constant of the young biofilm
was 10 times higher than that of the old biofilm, probably due to the
diffusion limitation of Hg towards microorganisms by the larger thick-
ness of the EPS matrix of the old biofilms. As such, Hg accumulation in
the young biofilm plateaued after 2 h of Hg exposure whereas a linear
increase of Hg accumulation was observed during the 24 h of exposure
in the old biofilms. Algal communities were strongly affected by that
short Hg exposure with a decrease in the chlorophyll a content and in the
percentage of Chlorophyta present in both biofilms. Effects on bacteria
communities were visible at the genomic level with an increase of the
merA gene and community level with the increase of Cyanobacteria
percentage. The present study evidenced the rapid response of biofilms to
Hg exposure in term of accumulation and effects and highlights their pos-
sible use as bioindicators of exposure and effects of Hg towards aquatic
microorganisms in contaminated freshwaters.

178 Trophic magnification of mercury in aquatic food webs: world-
wide patterns and drivers

K.A. Kidd, Univ of New Brunswick,; L. Campbell, Saint Marys Univ

/ Dept of Environmental Science; M. Chumchal, Texas Christian

Univ; T Jardine, Univ of Saskatchewan / School of Environment and
Sustainability and Toxicology Centre; R. Lavoie, Royal Military College
of Canada / Biology

The increase in mercury (Hg) concentrations in aquatic organisms with
increasing trophic level (measured using d'>N), known as the trophic
magnification factor (TMF), averages approximately 8 times for methyl

Hg, but ranges from 1 to 64 times across diverse food webs. Based on

an analysis of 69 food web studies conducted in the last 20 years (before
2013) in marine and freshwater systems, we previously showed that some
of this variation is related to latitude, with Arctic food webs having higher
TMFs (~10 times) than those from the tropics (~4 times), possibly due

to effects of slow growth in animals from the former food webs. Also,
areas with high Hg inputs (via atmospheric deposition) tend to have food
webs that exhibit lower trophic magnification of this metal, thus lessen-
ing risk from exposure in these otherwise contaminated food webs. Yet
most of the variation in TMFs across systems remains unexplained. Here
we revisit and add new data to this global dataset to further explore these
patterns and drivers. We identified an additional 74 studies completed
between 2013 and 2016 for potential inclusion in the database. These
include studies on under-represented systems such as hydroelectric
reservoirs that are known to lead to high Hg in predatory fishes upon dam
construction. Given ongoing Hg emissions, deposition and transforma-
tions and the Minamata Convention, understanding Hg behavior in food
webs at global scales allows for critical links to be made between system
characteristics and top predators in food webs that can be used to identify
areas at greatest risk from legacy inputs or those that may respond more
quickly to global reductions in Hg emissions.

179 Mercury concentrations in northern pike in the Flin Flon,
Manitoba area: spatial and temporal responses to smelter closure

M. Evans, Environment and Climate Change Canada; J.L. Kirk,
Environment and Climate Change Canada / Aquatic Contaminants
Research Division; D.C. Muir, J. Wiklund, J. Keating, A. Gleason,
Environment and Climate Change Canada; X. Wang, Environment and
Climate Change Canada / Aquatic Contaminants Research Division

The Flin Flon (Manitoba) copper-zinc smelter was a major metal emitter
with an estimated 20 tonnes/yr of mercury released to the atmosphere
over the late 1970s to early 1980s. Copper (Cu), cadmium (Cd), mercury
(Hg) and zinc (Zn) exceeded Canada’s CCME probable effects level
guidelines for sediments in several lakes within 8 km of the smelter and
did not approach baseline until ca. 70 km distant. However, Hg concen-
trations in northern pike were lowest in lakes closest to the smelter and
highest in two of four lakes 75-85 km distant. Low Hg concentrations in
pike close to the smelter were attributed to the inhibition of Hg methyla-
tion by metals at toxic concentrations. Metal emissions later declined
with improvements in plant design; the smelter closed in 2010. Our study,
conducted over 2008-2015, is investigating spatial and temporal trends

in Hg concentrations in lake food webs and focusses on northern pike.
Despite major improvements in smelter operation, Cu, Cd, Hg, and Zn
concentrations in lake sediments close to the smelter are 1.4-2.0 times
higher than in the early 1980s and concentrations in distant lakes 1.1-2.0
times higher. These increases are attributable to immense metal reserves
on the landscape which continue to enter the lakes through re-emission
and runoff pathways. Moreover, Hg concentrations have increased in pike
in two lakes close to the smelter, i.e., from 0.09+£0.06 pg/g to 0.25+0.16
ug/g for Phantom Lake and 0.12+0.07 pg/g to 0.33+0.19 pg/g for Meridian
Lake. These increases suggest that Hg methylation rates at the sediment
water interface have increased, possibly because metals have become

less toxic with chemical weathering (in the lake and watershed). Percent
methyl Hg, a measure of Hg methylation rates, was 2-3% in lake water
and similar to lakes (2-6%) in the Thompson area where sediments are
not contaminated with metals. Hg concentrations in pike in Lake 1, 74 km
to the northeast, have increased slightly (0.18+0.07 pg/g in 1982 versus
0.25+0.14 pg/g) and more so at McClurg Lake (0.63+£0.37 pg/g versus
1.00+0.53 png/g); increases may be related to warming trends and chang-
ing water chemistry. Pike condition factor was similar in 1982 (0.68+0.13)
and 2008-2015 (0.68+0.08) as was age (5-7 years) with no spatial patterns
related to smelter distance; this suggests that high metal concentrations in
sediments have had little impact on pike growth rates and longevity.
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180 Mercury Accumulation in Laurentian Great Lakes Fish: Are
Global Mercury Inputs Affecting the Great Lakes Ecosystem?

T M. Holsen, H. Zhou, C. Zhou, B. Crimmins, Clarkson Univ / Civil and
Environmental Engineering

Lake Trout (Salvelinus namaycush) and walleye (Sander vitreus) are
collected from two sites within each lake, every other year, and total
mercury (HgT) is measured as part of the Great Lakes Fish Monitoring
and Surveillance Program (GLFMSP). Previous analyses of Hg concen-
tration trends at these locations were inconsistent, with concentrations at
some locations increasing, some decreasing and some not changing. This
updated trends analysis indicates that at nearly all sampling locations,
HgT concentrations are decreasing with the exceptions of the shallow
(nearshore) site in Lake Michigan and the deep (offshore) site in Lake
Huron, which showed increasing Hg concentrations. Apparent increasing
trends at these two locations are likely the result of older fish present in
the size class collected as well as possible localized deposition emanating
from nearby industrial centers. These results in conjunction with signifi-
cant reductions in water column Hg; decreases in Hg(0) concentrations in
air over the lakes over the past 7-10 years, and declining trends in Hg wet
deposition at most locations near the Great Lakes over the past 10 years
suggest that environmental regulations enacted by U.S. and Canada are
having positive effects in the Great Lakes ecosystem and that increasing
global anthropogenic emissions are not overwhelming regional controls
and significantly impacting mercury concentrations in the Great Lakes.
Analysis of stable Hg isotope results, which is a new tool in Hg research
that can help discern differing Hg sources, pathways and processes will
also be presented.

181 Gaseous mercury flux from salt marshes is mediated by solar
radiation, temperature, and moisture

T. Sizmur, Univ of Reading / Geography and Environmental Science;

G. McArthur, Acadia Univ; D.A. Risk, St Francis Xavier Univ / Earth
Sciences; R. Tordon, Environment and Climate Change Canada; N.J.

O’Driscoll, Acadia Univ / Dept of Earth and Enviromental Science

Salt marshes are ecologically sensitive ecosystems where mercury meth-
ylation and biomagnification can occur. Understanding the mechanisms
controlling Gaseous Mercury Flux (GMF) from salt marshes is important
to predict the retention of Hg in coastal wetlands and project the impact of
environmental change on the global Hg cycle. We monitored GMF from
a remote salt marsh over 9 days which included three cloudless days and
a4 mm rainfall event. We observed a cyclical diel relationship between
GMF and solar radiation. When measurements at the same irradiance
intensity are considered, GMF was greater in the evening when the sedi-
ment was warm than in the morning when the sediment was cool. This

is evidence to suggest that both solar radiation and sediment temperature
directly influence the rate of Hg(II) photoreduction in salt marshes. GMF
could be predicted from solar radiation and sediment temperature in
datasets collected during cloudless days (R% = 0.99), and before (R =
0.97) and after (R2 = 0.95) the rainfall event but could not account for the
lower GMF after the rainfall event (in contrast to greater GMF from soils
after rainfall events) that we propose is due to increased photooxidation
or decreased photoreduction in chloride-dominated aqueous solutions.

182 Methylmercury entry and accumulation in the food web of a
semi-arid river-reservoir system

C. Eagles-Smith, J.J. Willacker, USGS / FRESC; J. Chandler, Idaho
Power Company, D.P. Krabbenhoft, USGS; J. Naymick, Idaho Power
Company; G. Clark, USGS

Water management can be a major driver of mercury (Hg) bioaccumu-
lation and risk, particularly in semi-arid western environments where
available water resources are managed for often competing environmen-
tal and societal uses. Reservoirs in particular have been associated with
elevated mercury bioaccumulation because of the effects of reservoir
management on the biogeochemical factors regulating mercury cycling
and bioaccumulation. The Snake River ecosystem is among the most

heavily managed rivers in the US. It receives substantial agricultural
drainwater and contains a series of reservoirs along its 1700 km extent.
As part of a multidisciplinary effort to understand the drivers of mer-
cury cycling and biomagnification along the Snake River we examined
temporal and spatial patterns of methylmercury concentrations at the
base of the food web (zooplankton and benthic invertebrates), as well

as bioaccumulation through the fish community. Preliminary results
indicate that fish Hg concentrations were substantially elevated in the
reservoirs in comparison to upstream and downstream river segments. In
the reservoirs, methylmercury concentrations in zooplankton exceeded
those of benthic invertebrates but there was strong temporal variability

in zooplankton methylmercury concentrations. Zooplankton concentra-
tions were lowest in early spring (March/April) and midsummer (July/
August), and highest in late spring (May/June) and late summer/early fall
(September/October). Although relative changes over time in zooplankton
methylmercury concentrations were consistent throughout the study area,
there was substantial site-to-site variation during any given sampling
event, and concentrations varied by up to 3-fold across sites. Sites that
were strongly stratified with substantial hypolimnetic development had
higher zooplankton methylmercury concentrations than unstratified sites,
thus we evaluated zooplankton methylmercury concentrations within
discrete depth strata. Zooplankton methylmercury concentrations were
substantially higher at depths that were near the thermocline than those
from the upper epilimnion. However, diel sampling suggested that verti-
cal zooplankton migration may be transporting methylmercury from
lower depths to the upper epilimnion, increasing potential exposure to
fish and other higher order consumers. Our preliminary results suggest
that seasonally dynamic processes influence methylmercury cycling
through the Snake River food web.

Soil Contaminants: Fate, Bioavailability,
Environmental Toxicology and Risk Assessment —
Part 2

183 The long term effects of trace metals on soil microbial functions:
Biological and chemical implications

P. Garvey, Univ of Saskatchewan / Soil Science; S. Siciliano, Univ of
Saskatchewan / Toxicology Group and Dept of Soil Science

Soil microbial functions are vital for maintaining soil health. There is

a lot of evidence showing that soil microbial functions are affected by
trace metal contamination in the short term, but that over time they are
restored. The long term effect of trace metals on soil microbial functions
are however poorly understood. Much of the available data on adapta-
tion is derived from studies focused on European agricultural soils. This
study used North American soils across a range of land-uses to identify
differences in the adaptation rate and sensitivity. This study aimed at
evaluating the methods used to assess the hazards from trace metals using
spiked soils. First soils (n=18) were spiked with zinc (Zn) and copper
(Cu),8 doses were applied. Then dose-response curves were determined
for soil nitrification and enzyme activity (dehydrogenase; arylsulphatase
and acid phosphatase). This showed land-use was a factor (P < 0.01)
effecting the toxicity of Zn & Cu. Boreal forest soil nitrification rates
were the most sensitive end-point to Zn (EC50 = 202 + 44 mg kg'!) and
Cu (EC50 = 197 + 23 mg kg'!). Across all land-uses and soil types a simi-
lar pattern of sensitivity was seen: Potential nitrification>dehydrogenase>
arylsulfatase> acid phosphatase. Soils were then monitored to identify
adaptation of these microbial functions over 180 days. All soils and
measurement end-points showed adaptation to both Zn & Cu. The rela-
tive sensitivity of each end-point remained consistent after adaptation had
occurred. Secondly this study tested whether adaptation to a server stress
(trace metals) affects resistance or resilience to a subsequent mild stress.
The resistance, resilience and relative soil stability index (RSSI) of soils
were determined for heat (60°C for 24 hrs) and moisture stress, applied as
short term secondary stresses. This showed that soils which have adapted
to Zn & Cu are not less resilient to additional stresses after adaption,
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than before recovery. This experiment suggests that metal concentration
is not a good indicator of soil microbial health but activity is. Additional
the effects of primary and secondary stresses on ecosystem functioning
are complex and dependent on the effect of the two stresses. Finally this
study assessed metal speciation of the artificially contaminated soils.
Metal speciation was determined using k-Edge X-ray absorption spec-
troscopy. Zinc k-edge EXAFS were measured at the HXMA beamline
(06-1D1) of the Canadian Light Source Inc.

184 Bioaccessibility and acute toxicity of bismuth to the earthworm
Eisenia andrei

Z. Omouri, INRS-Institut Armand Frappier; M. Fournier, INRS-Institut
Armand Frappier / ISMERUQAR; P. Robidoux, AGAT Laboratories, Ltd /
Specialty services Division

Bismuth (Bi) is increasingly used to replace lead in several industrial
applications including the production of alloys and munitions formula-
tions. However, little information is available on the environmental fate
and ecological effects of Bi. The present study describes the 14 days
acute toxicity of Bi, added as Bi citrate to a natural sandy soil, to the adult
carthworm Eisenia andrei. The total measured Bi concentrations were
298, 399.5, 431, and 469.5 mg Bi/kg dry soil. Data indicates that Bi was
toxic to E. andrei, as determined by LCs, and LOEC, i.e., 416 and 399.5
mg Bi/kg dry soil, respectively. In the presence of E. andrei for 14 d, the
bioaccessible fraction of Bi in soil, as determined in KNOs aqueous soil
extracts, increased by a factor ranging from 1.6 to 30.0 compared to those
measured at t=0. Moreover, the increase in soil Bi bioaccessibility was
accompanied by a rise in pH and with a increase in mortality of E. andrei.
For example, when Bi bioaccessibility increased from 0.262 to 7.516 mg
Bi/kg dry soil, the mortality rate increased from 0 to 79 %. We assume
that there were at least two routes by which E. andrei enhanced Bi bioac-
cessibility; one route was guided by the mobility and the biochemical
(mucus and bacteria) interactions of E. andrei with soil constituents, and
the other route was marked by the death of earthworms and the release of
the accumulated Bi from the carcass.

185 Heavy Metals Contamination at the Agbogbloshie Electronic
Waste (E-waste) Site in Ghana — Risks to Ecological and Human
Health

A. Santa, McGill Univ / Natural Resource Sciences; N. Basu, McGill Univ
/ Dept of Environmental Health Sciences

There is worldwide increase in the discarding of electrical and electronic
equipment (e-waste). Studies at e-waste recycling sites, which are mainly
situated in low- and middle-income countries, have started to document
ecosystem contamination by heavy metals and organic compounds.
Despite concerns, the extent and variability of contamination within a
site as well as potential environmental and human health risks is still
limited. The objective of this study was to evaluate surface soil at the
Agbogbloshie e-waste site (Africa’s largest e-waste recycling site) in
Accra, Ghana for 19 metals. Within Agbogbloshie, we sampled sites in
which e-waste was sorted (n=7), dismantled (n=6), and burned (n=9), as
well as in nearby community areas (n=2) and surrounding points (n=26).
The soil metal data were analyzed by calculating the enrichment factor
(EF) and geoaccumulation index (Igeo) for assessing metal contamina-
tion, and the Hazard Quotient (HQ) as a measure of health risk. EF values
between 0.5 and 1.5 indicates that the metal is from natural processes or
crustal material, while higher values indicate that the metal is from exter-
nal sources. In average high EF (132-3) was found in all the sampling sites
for Cu> Ag>Pb > Cd > Zn > As. The highest EF factors were found in
the dismantling areas (EF 362-4) followed by the areas associated with
e-waste sorting (EF 318-4) and burning (EF 160-16). For the community
sites EF values ranged between 2 and 3. While EF indicates the source of
enrichment, Igeo indicates the level of soil contamination with 0 being
uncontaminated and > 6 extremely contaminated. The samples from the
dismantling and sorting sites had the highest levels of contamination for
Cu>Ag>Pb>Cd>Zn As > Se (Igeo 8-2), followed by the burning sites
(Igeo 3-7). Soils in the community site were moderated contaminated

(Igeo <1) by Zn > Cu > Pb > Ag. Concentrations of metals also reach the
sample sites located outside the recycling area with EF > 10 and Igeo > 3
for Cu> Ag > Pb > Cd > Zn. The HQ values only exceed the unity for Pb
and Cu in the sorting and dismantling site. The Hazard Index (HI =) pre-
sented values above 1 for the 3 sites inside the e-waste. Based on EF, Igeo,
and HQ, Cu and Pb are the chemicals of greatest concern for environmen-
tal and human health, principally in the recycling areas.

186 Does Lead toxicity to the soil microbial community decrease eco-
system service quality?

FE. Awuah, Univ of Saskatchewan / Toxicology Centre; B.A. Hale, Univ

of Guelph / School of Environmental Sciences; S. Siciliano, Univ of
Saskatchewan / Toxicology Group and Dept of Soil Science

The soil biotic community provides several benefits to people. These ben-
efits are termed Ecosystem Services and include food or water provision,
and nutrient cycling. The soil microbial community forms an integral
part of these processes. Lead exposure, among other metals, inhibits the
activity and function of microbial communities which could potentially
reduce their ecosystem service performance. Preliminary experiments
have shown that lead inhibits the activity of f-D glucosidase and ammo-
nia monooxyenase enzymes. Further studies are being undertaken to
understand how this enzyme inhibition affects the xenobiotic degradation
potential, climate regulation ability and the organic matter decomposi-
tion rate of metal (Pb) stressed microbial communities. To achieve this,
100 soils have been collected from Alberta, Manitoba, Saskatchewan and
Yukon. Each of these soils will be spiked with a dose of lead nanopar-
ticles that inhibits at least 50% of B-D glucosidase activity (ECsg). Elymus
lanceolatus will be grown in the soils for two weeks per Environment
Canada’s protocol to determine the metal’s secondary effects on forage.
Forage quality will be determined by a measure of crude protein and bio-
mass. The effects of lead on the climate regulatory role of the microbial
communities will be determined by measuring CO,, CHy, N,O using

an FTIR. The lead contaminated soils will be re-spiked with glyphosate
and the degradation rate will be determined by a measure of mineralized
13CO,. The relationship between quantified sub lethal effects of lead on
microbial activity and function, and ecosystem service quality will be
established at the end of the project.

187 Revisiting the Avian Eco-SSL for Lead: Recommendations for
Revision

B.E. Sample, Ecological Risk, Inc; N. Beyer, USGS / Patuxent Wildlife
Research Center; M.S. Johnson, US Army Public Health Center /
Toxicology; R. Wentsel, Exponent Inc

The avian Eco-SSL for Pb is very low and within background for most of
the US. Site-specific risk-based remedial goals for Pb are frequently many
times greater. The extremely low nature of avian Pb Eco-SSL limits its
utility for screening purposes. Sensitivity analysis indicates that TRVs
play an inordinate role in defining Eco-SSLs. The avian TRV used for
the Pb Eco-SSL is based on reduced egg production in Japanese quail.
Additional analyses shows egg production in Japanese quail to be very
sensitive to Pb, displaying effects at doses lower than other species. The
Japanese quail TRV may bias the avian Eco-SSL low. Avian toxicity data
supporting the Eco-SSL were re-evaluated. Only studies that reported
both NOAELs and LOAELSs for reproduction, growth, and/or survival
were considered. Dose-response data and supporting information were
extracted from each study as concentrations and as dose. Response data
were recorded as reported by authors and control normalized. Dose-
response relationships were developed for dietary concentrations and
doses for reproductive, growth, and mortality effect endpoints. Effect
levels (10%, 20%, and 50%) were extracted from dose-response analy-
ses. Data were extracted from 8 studies representing 3 Pb forms and

4 species. Data were sufficient to fit curves for egg production (quail,
chicken), growth (quail, chicken), and survival (kestrel). Reproduction
was most sensitive and survival least with growth intermediate. Japanese
quail were more sensitive than chickens, displaying greater variability.

In addition, quail data were not always consistent. Limited data for turtle
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doves and kestrel suggests lower sensitivity. Chicken data appear less
variable. Concentrations toxic to chickens were consistent with levels
causing physiological effects in other birds. EC,yand EC,, thresholds

for chickens were 3.6 and 7.8 mg/kg/d. Current NOAEL based on quail
(1.63 mg/kg/d) approximates quail ED,, (1.2 mg/kg/d). Pb Eco-SSL was
recalculated based on ED;( and ED,( and with and without a bioavail-
ability adjustment. Revised avian Pb Eco-SSLs ranged from 29 to 140
mg/kg. Recommendations: 1) Mine the data in the Eco-SSL reports; 2)
Extract dose-response data/investigate relationships for other analytes; 3)
Re-calculate Eco-SSLs based on dose-response analyses.

188 Effects of chemicals on soil organisms in the field: available
methods and ecological background

J. Roembke, ECT Oekotoxikologie GmbH

According to European regulations, the effects of chemicals on soil
organisms are studied almost exclusively in the laboratory, i.e. in single-
species-tests under well-standardized but highly artificial conditions.

In case a risk cannot be excluded, higher-tier tests, i.e. field studies or
monitoring approaches could be required but in reality only the earth-
worm field test (ISO 1999) was regularly performed as part of the risk
assessment of pesticides (PPP). According to recent discussions within
the European Food and Safety Authority (EFSA) and the European
Medicines Agency (EMA), the number of more complex field studies
may increase in the foreseeable future, for two reasons. In the case of the
PPPs, new regulation (EI 1107/2009) requires the protection of biodiver-
sity — a task which has been interpreted by EFSA as the protection of
ecosystem services provided by organism communities. In the case of
VMP appropriate risk mitigation measures (RMM) have to be identified
for those parasiticides which are classified as being persistent (P), bioac-
cumulative (B) or toxic (T) in the environment. One possibility in such
cases would be a post-authorization monitoring. It is difficult to assess the
outcome of monitoring approaches, i.e. to decide whether the protection
goals are fulfilled or not (in this case whether the functions and services
provided by soil organism are provided or not). Data gained at monitor-
ing sites (e.g. the species composition of an earthworm community) has
to be compared with reference data (or Normal Operating Range (NOR)).
Such NORs have to be defined beforehand at ecologically comparable
but non-impacted sites. In other words, the composition and functions

of (temperate) soil organism communities or at least their most relevant
groups have to be known. In this presentation soil organism communi-
ties of temperate regions will briefly be described, including criteria how
to identify the most relevant organism groups and their functions (most
prominently: organic matter decomposition). Potentially useful methods
and endpoints for measuring them are presented, including sampling and
identification techniques. Special emphasis will be given on the valida-
tion and standardization of these complex methods. Finally, different
ways of presenting and evaluating the outcome of monitoring activities
will be presented, using examples from European sites.

189 Soil invertebrate avoidance behavoir from a hydraulic lubricat-
ing oil

A. Gainer, Univ of Saskatchewan — Toxicology Centre / Soil Science,
Toxicology; S. Siciliano, Univ of Saskatchewan / Toxicology Group and
Dept of Soil Science

Avoidance tests are a rapid toxicity test type in soil toxicology to assess
the influence of contaminants on organisms behaviors. Behavioral studies
are currently lacking in ecotoxicology risk assessment and can easily be
incorporated into the common risk assessment tool, the species sensitiv-
ity distribution curve. Soil invertebtrate with chemosensing abilities
avoid nonvolatile, volatile and semi volatile contaminants. Semi volatile
contaminants like petroleum hydrocarbons interfere with chemosensing
and alter the distribution and behavior of soil invertebrates populations.
Development of guidelines considering ecologically relevant endpoints
are important to maintaining ecological functioning of soil invertebrate
communities following contamination events. The EC50 values for avoid-
ance tests for numerous soil invertebrates were compared to the EC50
value for reproduction. Soil remediation guideline derived from a SSD
was determined with and without inclusion of avoidance tests to assess
how these tests influence the resulting guidelines.

190 Effect of select perfluorinated compounds on hatching success
of, and accumulation in, the house cricket (Acheta domesticus)

J. Mauricio, S. Lasee, Texas Tech Univ / Dept of Environmental
Toxicology / The Inst of Environmental and Human Health TIEHH, S.
Subbiah, A. Karnjanapiboonwong, J. Kasumba, D. Wang, Texas Tech
Univ / The Inst of Environmental and Human Health; T. Anderson, South
Central Regional Chapter / Dept of Environmental Toxicology The Inst of
Environmental and Human Health

Perfluorinated compounds (PFCs) are persistent organic pollutants.
PFCs are used in a variety of industries including aerospace, automo-
tive, manufacturing, electronics, and textiles. Multiple research studies
have provided information regarding concentrations of PFCs in human
blood, various mammals, and aquatic life. There is a noted lack of stud-
ies regarding the potential terrestrial impacts of PFC contamination. In
order to fill this gap, the effect of perfluoro-1-butanesulfonate (PFBS),
perfluro-n-octanoic acid (PFOA), perfluoro-1-hexansulfonate (PFHxS),
perfluoro-n-heptanoic acid (PFHpA), and perfluoro-n-nonanoic acid
(PFNA) on adult accumulation and egg hatching success of the house
cricket (Acheta domesticus) was studied. Fertilized cricket eggs (n=20/
replicate) were exposed to PFCs in lab-grade sand to evaluate a scenario
in which PFCs were readily bioavailable. Each treatment concentra-

tion (n = 5; from 0 to 70 pg/g) included 4 replicates except for the high
dose. Results suggest that these selected PFCs are toxic to cricket eggs at
concentrations > 42 pg/g; these toxic effects are manifested as a decrease
in hatching success. Select cohorts that successfully hatched were
reared and observed to determine gender ratio and PFC body burdens.
Initial results show that PFCs are taken up into the egg and subsequently
found in reproductive age adults depending on the chemical and the
exposure concentration. Initially, there appears to be some differences
in the accumulation of PFHxS and PFOA in adults compared to PFBS.
Understanding PFC body burdens in adult crickets following egg expo-
sure should aid in predicting the transport of PFCs through terrestrial
food webs.
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Frequent Fliers: Effects of the Deepwater Horizon
Oil Spill to Birds

191 Deepwater Horizon Oil Spill NRDA Avian Toxicity Studies
— Introduction

P.L. Tuttle, US Fish and Wildlife Service / Deepwater Horizon NRDAR
Field Office; J. Isanhart, Dept of the Interior / Office of Restoration

and Damage Assessment;, M. Hooper, USGS / Columbia Environmental
Research Center; K.A. Trust, US Fish and Wildlife Service / National
Wildlife Refuge System Pacific Region; K.A. Healy, US Fish and Wildlife
Service / Deepwater Horizon NRDAR Office

On April 20, 2010, the Deepwater Horizon (DWH) drilling rig exploded,
caught fire, and eventually sank in the Gulf of Mexico. The explosion

and fire killed 11 workers and injured 17 others. For 87 days, oil and gas
flowed uncontrolled from BP’s Macondo well, creating the largest offshore
oil spill in U.S. history. Under the Oil Pollution Act of 1990, Federal,
State, and Tribal Natural Resource Trustees are authorized to conduct

a Natural Resource Damage Assessment (NRDA) to assess injuries to
natural resources and recover damages to restore, replace, rehabilitate, or
acquire the equivalent of those resources injured by an oil spill. As part of
the DWH NRDA, the Trustees relied on two primary approaches to assess
injuries to migratory birds. The first, the Shoreline Deposition Model,
used data on the deposition of impaired and dead birds on shorelines
along with other data to estimate mortality across the affected area. The
second, the Live Oiled Bird Model (LOBM), estimated injury to birds
that were oiled, but died later in the spill timeframe. At the most basic
level, the LOBM relied on three primary inputs: 1) the numbers of birds
in affected areas, 2) the incidence and degree to which birds were oiled,
and 3) the fate of oiled birds (i.e., the likelihood a bird would die or suffer
other adverse effects). Studies were undertaken to generate LOBM inputs
for major bird groups affected by the spill. Abundance and oiling rates
were determined by aerial and/or surface-based surveys. Key to under-
standing oiled bird fate were data on DWH oil-related health effects in
field-collected birds. Specifically, the occurrence of hemolytic anemia in
birds from oiled areas was clearly important to understanding bird fate.
The Trustees therefore undertook four controlled dosing study approaches
to help characterize the breadth of toxicological effects occurring concur-
rently with documented levels of hemolytic anemia to improve oiled bird
fate predictions: 1) Oral dose-response studies; 2) External oiling dose-
response studies; 3) Metabolic, thermoregulatory, and flight performance
effects studies; and 4) Field-based flight effects studies. The following
series of presentations describe, in part, the findings of those studies.

192 Overview of Avian Toxicity Studies for the Deepwater Horizon
Natural Resource Damage Assessment

S.J. Bursian, Michigan State Univ / Animal Science; D. Cacela, Abt
Associates; F.L. Cunningham, USDA/ WS / National Wildlife Research
Center Mississippi Field Station; K. Dean, Abt Associates; B. Dorr, USDA
/ WS/ National Wildlife Research Center; C.K. Ellis, USDA National
Wildlife Research Center; C.G. Guglielmo, Univ of Western Ontario

/ Dept of Biology, K.C. Hanson-Dorr, USDA / WS / National Wildlife
Research Center; K.E. Harr, Urika Pathology LLC; K.A. Healy, US Fish
and Wildlife Service / Deepwater Horizon NRDAR Office; M. Hooper,
USGS / Columbia Environmental Research Center; K. Horak, USDA;

J. Isanhart, Dept of the Interior / Office of Restoration and Damage
Assessment; L.V. Kennedy, Western Univ / Deparment of Biology; J.
Link, Michigan State Univ / Dept of Animal Science; I. Maggini, Univ of
Western Ontario / Dept of Biology; J.K. Moye, C. Perez, Univ of Nevada,
Reno / Agriculture Nutrition and Veterinary Sciences, C.A. Pritsos, Univ
of Nevada / Agriculture Nutrition and Veterinary Sciences; S.A. Shriner,
USDA APHIS WS NWRC; K.A. Trust, US Fish and Wildlife Service /
National Wildlife Refuge System Pacific Region; P.L. Tuttle, US Fish and
Wildlife Service / Deepwater Horizon NRDAR Field Office

In the wake of the Deepwater Horizon oil spill, federal and state agencies
conducted a Natural Resource Damage Assessment (NRDA) under the

authority of the Oil Pollution Act of 1990. A component of the NRDA
included a series of avian toxicity studies. The goal of these studies was
to evaluate the impacts of low to moderate oil exposure and potentially
repeated oil exposure that did not result in short-term mortality but
might result in physiological impacts that ultimately could affect avian
survival and health. Four groups of avian toxicity studies were proposed
by experts convened by the Department of the Interior. These studies
included oral dosing studies, an external dosing study, metabolic effects
studies and field-based flight studies. The objectives of the oral dosing
studies were to develop dose-response relationships in multiple species
that could be used to predict the toxicity of oil ingested by birds following
the spill, investigate endpoints that might be linked directly or indirectly
to the occurrence of hemolytic anemia (a finding in oil-exposed wild
birds) to provide relevance to field studies and to determine oral doses
for the metabolic studies. The objective of the external dosing study was
to develop quantitative relationships between external oiling of birds
(percent cover, amount, location) and internal dose. The objectives of
the metabolic effects studies were to determine the adverse effects of
oral dosing on energetics and metabolism including flight performance,
thermoregulation, food/energy assimilation and body composition and to
measure the effects of feather oiling on flight performance. The objec-
tive of the field-based flight studies was to determine if oral and external
doses of oil affected performance in homing pigeons trained for long-
distance free flights. Results from these studies and their significance in
terms of physiological impacts that ultimately could affect avian survival
and health are provided in subsequent presentations.

193 Evaluation of blood parameters as a measure of physiological
injury to oiled birds from the Deepwater Horizon oil spill

J.A. Fallon, Virginia Tech / Fish and Wildlife Conservation; E. Smith,
Virginia Tech / Statistics; W.A. Hopkins, Virginia Polytechnic & State
Uni / Dept of Fisheries and Wildlife Sciences

The Deepwater Horizon oil spill released an unprecedented volume of
crude oil into the Gulf of Mexico. While avian mortality associated with
this and other oil spills has been documented, the sublethal physiologi-
cal effects of oil exposure on birds with moderate and light oiling is not
yet clearly understood. We found that American oystercatchers, black
skimmers, brown pelicans, and great egrets captured during the spill
with small amounts of visible oil present on their feathers suffered from
oxidative injury to erythrocytes, had decreased numbers of circulat-

ing erythrocytes, and showed evidence of a regenerative hematological
response in the form of increased reticulocytes (i.e., young red blood
cells). We found Heinz bodies present almost exclusively in birds from
sites impacted with oil during the 2010 spill — a change pathognomonic
for oxidative injury. Further, we found that packed cell volume values
were 4% to 19% lower in birds with visible oil than birds from reference
sites and that there were 27% to 40% more reticulocytes present in birds
with visible oil than birds from reference sites. Together these findings
provide evidence that modest oil exposure, based on visible oiling of
feathers, can cause hemolytic anemia. Furthermore, we found that birds
with no visible oiling captured from the area potentially impacted by the
spill also had Heinz body formation, increased numbers of reticulocytes,
and reduced packed cell volumes when compared to birds from refer-
ence sites. This observation suggests that even birds without visible oil
suffered physiological injury from the spill, with ingestion of oil or oil-
related contaminants during foraging or preening as a likely additional
route of exposure. Anemia causes a decrease in oxygen availability to
tissues, muscle fatigue, lethargy, decreased energy availability, adverse
reproductive impacts, and may have implications for survival and fitness.
In addition to the hematological effects we found in birds from areas of
potential impact, our results also indicate that visible oiling is a better
measure of potential physiological impact than circulating polycyclic
aromatic hydrocarbon concentrations in the blood, suggesting that visible
oil evaluation should be a key component of damage assessment efforts.
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194 Effects of Sub-Acute External Exposure to Deepwater Horizon
Oil in the Double-crested Cormorant

B. Dorr, USDA / WS / National Wildlife Research Center; K. Hanson-Dorr,
USDA APHIS WS NWRC / Dept of Agriculture; K. Dean, Abt Associates;
K.A. Healy, US Fish and Wildlife Service / Deepwater Horizon NRDAR
Office; J. Link, Michigan State Univ / Dept of Animal Science; K.E. Harr,
Urika Pathology LLC; K. Horak, USDA; D. Cacela, Stratus Consulting —
Abt Associates; S.J. Bursian, Michigan State Univ / Animal Science

The Deepwater Horizon (DWH) oil spill presented new challenges

in how deep-water drilling affects the environment. Key differences
affecting wildlife included that oil dispersed from 70 km offshore and
the active spill continued for several months, resulting in potential for
repeated sub-acute exposure of wildlife to oil. Previous DWH fieldwork
indicated subacute exposure to oil may result in hemolytic anemia as
well as the more typical suite of impacts of oil exposure associated with
thermoregulation, body condition, and organ injury. We evaluated physi-
ological effects in Double-crested Cormorants (Phalacrocorax auritus)
externally exposed (n=13) repeatedly to sub-acute levels (13 g/exposure)
of artificially weathered DWH petroleum crude oil compared to control
birds (n=12). Hematologic values, thermography, body weight, and inter-
nal body temperature data were collected across multiple time points and
compared using linear mixed effects regression models with a repeated
measures structure. Organ weights and tissue were collected at necropsy.
Sub-acute external exposure to oil resulted in hemolytic anemia associ-
ated with development of Heinz bodies and reduced packed cell volume.
Over the study period, we found that WBC, monocyte, and lymphocyte
counts were significantly greater (p < 0.05) in oiled birds. At necropsy,
we documented gross abnormalities in the hearts of oiled birds. Absolute
and relative liver, kidney, and gastrointestinal track weight was greater
(p <0.05) in treated cormorants, with evidence of associated oxidative
damage to both liver and kidney tissues. Internal body temperatures were
stable over the course of the study period for both control and treated
cormorants; however, infra-red thermal images of oiled cormorants indi-
cated significantly (p < 0.05) greater surface temperatures that resulted in
greater heat loss in treated cormorants. We presume increased energetic
demand to maintain internal body temperature was compensated through
observed increased food consumption in oiled birds. Both oiled and
unoiled groups maintained or gained weight during the study period. In
this study, repeated exposure to sub-acute levels of DWH oil resulted in
multiple negative physiological impacts to cormorants.

195 Using a bioenergetics model to predict increased thermoregula-
tory costs from oil exposure in Double-crested Cormorants

P. Mathewson, Univ of Wisconsin-Madison / Zoology, K. Hanson-Dorr,
USDA APHIS WS NWRC / Dept of Agriculture; W. Porter, Univ of
Wisconsin Madison / Zoology,; B. Dorr, USDA / WS / National Wildlife
Research Center

The adverse effects of oil spills on waterbirds is well documented. One
important effect is the reduction of body insulation as feather structure

is altered by exposure to oil. At the extreme, this leads to death from
hypothermia; however, there are likely sub-lethal effects such as increased
thermoregulatory costs that can draw resources away from growth,
survival, and reproduction. Here, we present a novel use of a bioenerget-
ics model to predict and quantify such chronic, sub-lethal effects. Niche
Mapper™ is a heat-balance model that uses information about an animal’s
morphology and microenvironment to calculate metabolic rates necessary
for the model animal to maintain its body temperature while accounting
for heat exchange with the environment. We validated Niche Mapper’s
performance against the physiological response of captive Double-crested
cormorants (Phalacrocorax auritus) externally exposed (n=13) repeatedly
to sub-lethal levels (13 g/exposure) of artificially weathered Deepwater
Horizon oil compared to control birds (n=12) over a 21-day period. We
measured physiological response using thermography, body weight, food
consumption, and internal body temperature data. Niche Mapper’s cor-
morant model accurately predicted surface temperatures for unoiled birds
and birds in which plumage properties were parameterized for effects of

repeated exposure to oil. We then simulated food intake in control and
oiled cormorants to compare predicted differences in food requirements
to observed food consumption. Actual food consumption after exposure
to 3-4 doses of oil was 13.2% more than unoiled birds, compared to the
model predicted 11.7%. Birds exposed to 5-7 doses of oil consumed 23.6%
more food than unoiled birds compared to a predicted 15.3% increase.
Multiple factors may account for lower predicted food consumption by
Niche Mapper, particularly at higher exposure levels. Regardless of causa-
tion, modeled estimates of increased energetic demand due to oil exposure
may be conservative with respect to actual demand. We are currently
mapping and will discuss predicted thermoregulatory costs from multiple
levels of oil exposure for cormorants across their range in the eastern
United States and how annual life history stages (wintering, migration
and breeding) may be affected by these increased energetic demands. The
ability to predict such sub-lethal effects helps to provide a more complete
understanding of the consequences of oil spills for wildlife.

196 Cardiovascular effects of Oral and Dermal Oil Toxicity Testing
in Double-Crested Cormorant (Phalacrocorax auritus)

K. Harr, T. Rupp, URIKA LLC; J. Link, Michigan State Univ / Dept of
Animal Science; F. Cunningham, National Wildlife Research Centre /
Aquaculture; K. Dean, Abt Associates, B. Dorr, USDA /WS / National
Wildlife Research Center; D. Cacela, Abt Associates; K. Hanson-Dorr,
USDA APHIS WS NWRC / Dept of Agriculture; K. Horak, USDA; A.
McFadden, Abt Associates; K. Healy, US Fish and Wildlife Service; S.J.
Bursian, Michigan State Univ / Animal Science

At necropsy, double-crested cormorants (DCCO) orally dosed with
artificially weathered Deepwater Horizon oil showed signs of cardiopathy
and extended clotting time. Methods for assessment of pathophysiologic
endpoints and functional imaging of DCCO hearts were developed.

In this study mixed-sex DCCOs had oil (test, n=13) or water (control,
n=12) applied to the breast and back feathers every 3 days, covering
approximating 20% of the body surface. Techniques modified for avian
species included echocardiography, activated clotting time, and troponin [
analyses, in addition to previously developed light and electron micro-
scopic evaluation of anemia. Activated clotting time of externally oiled
cormorants was significantly increased over control cormorants, indicat-
ing coagulopathy. Opportunistic fecal cytology comparing treated versus
control birds documented hematochezia (external blood loss through the
feces) in treated birds only. Echocardiography revealed a significantly
increased left ventricular chamber size and therefore decreased myocar-
dial contractility both between treated and control birds and treated birds
before and after oil exposure. Echocardiography also revealed significant
cardiac arrhythmia, including probable ventricular tachycardia, in treated
birds only, which could result in mortality. Troponin analyses revealed a
significantly increased plasma concentration in treated birds compared to
their pretreatment values. In summary, myocardial dysfunction, cardiac
arrhythmia, and probable coagulopathy were documented in oil-treated
birds only.

198 Oil and the Long Distance Migrant: Flight Patterns, Behavior,
and Body Mass is Altered Following Exposure to Oil from the
Deepwater Horizon Oil Spill

C. Perez, J.K. Moye, Univ of Nevada, Reno / Agriculture Nutrition and
Veterinary Sciences; D. Cacela, K. Dean, Abt Associates; K. McGlamery,
B. Sage, Univ of Nevada Reno / Dept of Agriculture Nutrition and
Veterinary Sciences; C.A. Pritsos, Univ of Nevada / Agriculture Nutrition
and Veterinary Sciences

The three month long Deepwater Horizon oil spill left thousands of birds
dead; however, the fate of thousands of other birds that were affected but
did not die as a direct result is unknown. This study used the homing
pigeon as a surrogate species for migratory birds to investigate the effects
of a single external oiling event on their flight performance. Homing
pigeons were equipped with GPS data loggers and released 100 miles
from their home loft for a series of baseline and experimental flights. After
completion of the baseline flights, MC 252 crude oil was applied to the
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wing and tail feathers of the birds in the treated group (approximately 20%
of their surface area). Repeated experimental flights followed the single
application of oil and flight performance parameters were recorded. Data
from the GPS loggers showed that lightly-oiled homing pigeons flying
repeated 100 mile flights resulted in altered flight paths, increased flight
duration and increased flight distance. The oiled birds were also unable

to regain body mass between flights to the same extent as the control
birds. These data suggest that in addition to taking more time to complete
flights, the inability of oiled birds to recover their mass between flights
would require more time spent at stopover sites, further slowing migration
and causing delayed arrival to destination sites. Delays during migration
have been shown to cause reductions in reproductive success and survival.
This work was funded in part by the U.S. Department of Interior’s Natural
Resource Damage Assessment for the Deepwater Horizon/Mississippi
Canyon 252 Oil Spill and the Nevada Agricultural Experiment Station.

Arctic Spill Science — Fate, Effects and Response

199 Modeling Oil Transport and Fate in the Beaufort Sea —
Evaluation of Implications of Response Alternatives

D.P. French-McCay, M. Gearon, Y. Kim, K. Jayko, T. Isaji, RPS ASA

To address questions and support decision-making related to the potential
fate of spilled oil in the Arctic and implications of applying potential
response options, RPS ASA has modeled oil transport and fate for hypo-
thetical spills in the Beaufort Sea using the SIMAP modeling system.
Seasonal ice cover and movement information, simulated by coupled
ice-ocean (hydrodynamic) models and from external remote sensing
data sets, were utilized in SIMAP to simulate effects of oil encountering
moving sea pack ice and fixed landfast ice, respectively. Oil moved with
the ice, or was trapped in landfast ice, when ice cover exceeded 30%.
The fate processes spreading, evaporation, volatilization, emulsifica-
tion, and surface oil entrainment were modified by ice cover exceeding
this threshold. Dissolution rates and dissolved aromatic concentrations
were affected by the processes regulated by ice interactions. Alternative
response options were simulated in summer open water and fall freeze-
up conditions: no response and (highly effective) subsea dispersant
injection. In the no-response case, surfaced oil became trapped in ice
and was transported westward north of the Alaskan coast. Effective
subsea dispersant use could eliminate this floating and ice-entrapped

oil contamination, dispersing it into deep waters. Comparing the results
assuming the two response alternatives, the water volumes affected by
dissolved aromatics (>1 ug/l) are similar; however, the dose is about an
order of magnitude higher in the dispersed-oil case, albeit much deeper in
the water column. In most areas, the densities of biota would be expected
to be higher in surface waters, as opposed to in deep waters where the
subsea dispersant-treated oil would remain. Thus, while the toxicity of
the deep-water contamination from the dispersant-treated case would

be expected to be higher than that for the similar-sized affected volume
of the no-response case, lower densities of biota at depth as compared to
in surface waters, as well as protection of wildlife from oil and volatile
emissions at the water surface, in/on ice and along shorelines, suggest
that subsea dispersant use would lower the ecological consequences of
such a catastrophic spill. However, the distributions and sensitivities of
organisms would need to be examined for locations of concern before
determining a specific response strategy and plan for a large blowout.

200 Biodegradation of Oil and Corexit 9500A by Arctic Marine
Microorganisms

K. McFarlin, Univ of Alaska Fairbanks; M. Perkins, Oregon State Univ;
J. Field, Oregon State Univ / Dept of Environmental and Molecular
Toxicology; M. Leigh, Univ of Alaska Fairbanks

Understanding the biodegradation of oil and the chemical dispersant,
Corexit 9500A, in the Arctic becomes increasingly important in areas
influenced by oil exploration. Biodegradation by indigenous microorgan-
isms is thought to be the main process contributing to the removal of oil

from the environment, and oil degradation potential has been documented
in near-shore Arctic marine environments. Combining degradation

rates with molecular microbial analyses can provide further insight into
the identity of oil- and Corexit-degrading microbes and how the Arctic
marine microbial community responds to oil and Corexit. We conducted
incubation experiments with offshore and near-shore surface seawater col-
lected in the Alaskan Arctic to quantify the biodegradation of either whole
Alaska North Slope crude oil or the surfactant components of Corexit
9500A. Incubations were conducted at 2°C with minimal nutrient addition
and sampled at 0, 5, 10, and 28 days for oil, and 0 and 28 days for Corexit
incubations. Petroleum hydrocarbons were quantified using GC/MS and
the surfactant components of Corexit 9500A were quantified by LC-MS/
MS. Next-generation sequencing of 16S rRNA genes allowed the identifi-
cation of bacteria that grew in response to either oil or Corexit 9500A. The
GeoChip microarray was used to detect and quantify genes for oil biodeg-
radation in mesocosm incubations over time. The indigenous microbial
community degraded 30% and 40% of the crude oil within 10 and 28
days, respectively. In Corexit incubations, 77% of dioctyl sodium sulfos-
uccinate (DOSS) was biodegraded within 28 days. When Arctic seawater
was incubated with either oil or Corexit 9500A, some bacterial taxa and
oil biodegradation genes increased in their relative abundance, suggesting
a potential role in biodegradation. Sulfitobacter, Polaribacter, Oleispira
and Colwellia species increased in relative abundance over the course of
the incubations in response to both oil and Corexit. Some of these genera
were also active in the biodegradation of the Deepwater Horizon oil spill.
Future studies are needed to better understand the seasonal and spatial
variability of oil and Corexit biodegradation potential in Arctic seawater
as well as in ice-covered waters.

201 Biodegradation of crude oil and impact on seawater and sea-ice
arctic microbial populations following oil spill treatments in the Arctic
C. Boccadoro, IRIS / Environment; S. Le Floch, Le CEDRE; C. Aeppli,
Bigelow Laboratory for Ocean Sciences; A. Krolicka, E. Austerheim,
International Research Inst of Stavanger IRIS; F. Chevet, Le CEDRE;

S. Ramanand, International Research Inst of Stavanger IRIS; L. Camus,
Akvaplanniva AS

The impact of a potential oil spill and response techniques on Arctic
communities and the fate of the oil in this environment need to be better
understood. The International Association of Oil and Gas Producers
(IOGP) initiated the Arctic Response Technologies Joint Industry
Program (JIP) and, as a part of an international team, is developing a

Net Environmental Benefit Analysis (NEBA) support tool for decision-
making and environmental impact assessments related to Arctic spills.
The project presented here is part of this undertaking, and focusses on oil
biodegradation and sea ice microbial communities. The emphasis is on
better understanding the biodegradation process and microbial responses
to petroleum, following different response technologies, through in situ-
exposure experiments in Svalbard. The persistence and biodegradation
of the different oil compounds in the sea ice and seawater were assessed
following a simulated oil spill and different treatment scenarios. Total
and active microbial populations in the different layers of the sea ice were
characterized, their biodegradation capabilities evaluated and specific
species and genes were quantified to evaluate the microbial response

to oil spills and the inherent ability of indigenous microorganisms to
degrade petroleum compounds. These results were combined with the oil
chemical profile to (1) evaluate the fate of this oil in Arctic sea ice/water
and (2) identify the best course of action to minimize negative impacts on
the environment. The impact of spills and of different treatment scenarios
(dispersant addition, in-situ burning, no treatment) through the ice layers
down to the water column were studied using purpose-build semi-open
mesocosm structures to perform realistic exposures in-situ. The charac-
terization and, for some species, gene quantification showed surprisingly
high bacterial numbers in pristine and contaminated sea ice. Analyses
carried out on ice cores from oil-contaminated as well as subsequently
treated sites suggest a change in microbial community structure, with an
increase in psychrophilic alkane degraders.
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202 Comparison of the Relative Sensitivity of Arctic Species to Oil and
Dispersed Oil using Total Petroleum and PAH Measures of Toxicity

W.W. Gardiner, ENVIRON / Port Gamble WA; A.C. Bejarano, Univ of
South Carolina / Dept of Environmental Health Sciences; M.G. Barron,
USEPA / Gulf Ecology Division; J.Q. Word, Ramboll-ENVIRON / Applied
Environmental Sciences

Extended periods of open water have expanded the potential opportunities
for petroleum and gas exploration and production in the Arctic, increasing
the focus on understanding the potential impacts of released oil on aquatic
organisms. In many cases, information regarding the toxicity of physically
and chemically dispersed oil to Arctic species is generally limited and has
been largely based on total petroleum hydrocarbon (TPH) measures of
toxicity. In order to better understand the sensitivity of Arctic species to
oil and chemically dispersed oil, the relative sensitivity of Arctic species
was determined by their position within empirically derived species sen-
sitivity distributions (SSDs) for a range of petroleum products. SSDs were
generated using data for acute toxicity (LC50) derived only from spiked
declining oil exposures to minimize between test variation. Toxicity

data for 35 marine species were included in this evaluation, with a total

of 8 Arctic species and 25 non-Arctic species tested in 26 different oil
products. Toxicity data for TPH, naphthalenes, or total PAHs for similar
oil product types (e.g., middle distilates, light or medium crudes) were
grouped in the SSD analyses. Based on the available toxicity data Arctic
species were found to have similar sensitivity as non-Arctic species when
based on TPH or PAH measures of toxicity.

203 Transcriptomics identifies novel adverse outcome pathways from
crude oil exposure in haddock early life history stages

E. Sorhus, Inst of Marine Research / Reproduction and Developmental
Biology;, J. Incardona, NOAA Fisheries / Env Fisheries Division, T.
Furmanek, Inst of Marine Research; N. Scholz, NOAA Fisheries; S.
Meier, Environmental Chemistry; S. Jentoft, Univ of Oslo; R. Edvardsen,
Inst of Marine Research

Crude oil spills are a worldwide ocean conservation threat. Fish are
particularly vulnerable to the oiling of spawning habitats, and crude oil
causes severe abnormalities in embryos and larvae. Full elucidation of
adverse outcome pathways (AOPs) stemming from crude oil exposure
of fish early life history stages is essential for better risk assessments
relating to expansion of oil production intoNortheast Arctic regions
such as the Lofoten archipelago in northern Norway. A key step towards
this goal is an understanding of the underlying mechanisms for devel-
opmental defects arising from crude oil exposure. We have explored

the transcriptional basis for four discrete crude oil injury phenotypes

in the early life stages of the commercially important, Arctic-spawning
species Atlantic haddock (Melanogrammus aeglefinus). These include
defects in 1) cardiac form and function, 2) craniofacial development, 3)
ion and water regulation, and 4) cholesterol synthesis and homeostasis.
First, our findings identified a direct link between disruption of calcium-
dependent contractility and cardiomyocyte proliferation though effects
of oil exposure on key cardiac signalling molecules and transcription
factors. These results thus provide the first clear molecular events link-
ing disruption of excitation-contraction coupling by crude oil to altered
cardiac morphology. Second, our data provide molecular insight into a
complex pattern of genes involved in craniofacial skeletal and muscle
development was consistent with an early effect on muscle development,
secondarily disrupting the craniofacial cartilages. Finally, additional phe-
notypes relating to accumulation of oedema and shifts of body fluid and
reduced yolk absorption were clearly linked to genes functioning in ion
and water regulation and cholesterol biosynthesis. These latter findings
suggest novel adverse outcome pathways resulting from crude oil toxicity
in developing marine fish from high northern latitudes, and in particular
identify cholesterol biosynthetic enzymes as potential bioindicators of
oil-induced injury to fish embryos. Overall, our study clarifies initiating
events for the well-established cardiotoxicity AOP, and identifies novel

AOPs affecting Arctic-spawning Gadid fish. Future studies should char-
acterize the effects of crude oil exposure on embryolarval osmoregulation
and cholesterol synthesis at higher levels of biological organization.

204 An ecosystem-based modeling system for the prediction of
potential impacts of petroleum and fisheries activities in the marine
environment

J. Carroll, Akvaplan-niva; F. Vikebo, D. Howell, Inst of Marine
Research, O. Broch, SINTEF Fisheries and Aquaculture; R. Nepstad,
SINTEF Materials and Chemistry / Monitoring and Modelling; S.
Augustine, G. Skeie, Akvaplan-niva; R. Bast, J. Juselius, UiT — The Arctic
Univ of Norway

Fisheries and petroleum resource development are concomitant in some
of the world’s most productive continental shelf seas. Much of our under-
standing of the impacts of oil spills to fisheries and the general health of
ecosystems has been acquired from a few major events. It remains a sig-
nificant challenge to link data on effects of oil on individual organisms,
mainly gathered through controlled laboratory experiments, to impacts
on the population as a whole. The advanced software tool, SYMBIOSES,
was developed to improve assessments of environmental impacts linked
to oil spill scenarios, and in particular, effects of oil spills on fish stocks
at the population level. The tool simulates the distribution and behavior of
different life stages of important commercial fish species and their prey,
effects of petroleum components on the eggs and larvae of fish and zoo-
plankton, and multi-year changes in fish populations. It allows for impacts
on larval survival to be traced through the population to observe the
effect of oil spills on overall fish stocks. As a demonstration of the utility
of such modeling tools, we will present simulation results for 38 oil spill
scenarios, releasing 18-349 x 10° metric tons of oil from a single location
on the northern Norwegian continental shelf (75.2N 32.4E). These release
amounts are comparable to the 1989 Exxon Valdez oil spill in the Gulf of
Alaska and the 1979 IxToc I oil spill in the Gulf of Mexico. We examine
survival of early life stages of cod and the resulting impacts on the cod
population. We will also demonstrate how SYMBIOSES may be used to
assess two different oil spill mitigation strategies: reducing the fishing
quota and applying dispersant. This study demonstrates the utility of
predictive ecological models to explore and inform on a key impact factor
of oil spills which, in turn, lends valuable support to science informed
decision-making and stakeholder communication.

205 Estimated Impacts of Hypothetical Oil Spills in the Alaska
Beaufort Sea on the Arctic Cod Boreogadus saida

B. Gallaway, LGL Ecological Research Associates

The effects of hypothetical spills of Alaska North Slope crude oil (ANS)
on Arctic cod Boreogadus saida in the central shelf area of the Alaska
Beaufort were evaluated using acute toxicity data; field studies of Arctic
cod larval distribution and abundance; natural mortality estimates for
Arctic cod eggs and larvae; an oil spill fate/effects model and a fecundity
hindcasting biological model. Planktonic life stages of Arctic cod were
considered the most susceptible to oil spill impacts. Multiple scales of
spill events (1,000 tons, 10,000 tomns, 100,000 tons) were evaluated for
both physically and chemically dispersed oil. The potential effects of
accidental spills of dispersant only were also evaluated. A 100,000-ton
spill of ANS treated with dispersants resulted in a toxic volume of 266
million m3 as opposed to a volume of 71 million m? for a 100,000 ton spill
of ANS not treated with dispersants. Dispersants rapidly transports large
quantities of the oil from the surface into the water column. A 100,000-
ton spill treated with dispersants resulted in estimated losses of about 2
million Arctic cod larvae remaining from an initial 87 million eggs. This
level of egg produciton represents the reproductive output of about 7,300
adult females. The population of Arctic cod age 1+ has been estimated to
range between 2 and 4 billion fish. These and other data presented herein
suggest that adult Arctic cod (age 3) populations in the Alaska Beaufort
number in the 10’s to 100’s of millions. For the time and place evaluated
(mid-shelf Alaska Beaufort Sea, mid-August) even a large spill appeared
unlikely to have the potential for major impacts on Arctic cod population.
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206 Net Environmental Benefits Analysis Supporting Oil Spill
Response in the Arctic

WIW. Gardiner, ENVIRON / Port Gamble WA; M.G. Smit, Shell Global
Solutions Int.

Oil spill response in the Arctic is complicated by extreme environmental
conditions, the presence of ice, and seasonally variable biological com-
munities. Understanding the environmental consequences of different
response strategies is critical to implementing actions that will minimize
overall impacts of an oil spill event (either from the oil or response activi-
ties). The goals are to direct response decisions towards an optimum
path for environmental recovery, and to choose options that promote
long-term recovery. In a sensitive region such as the Arctic, these goals
can be achieved using net environmental benefits analysis (NEBA) to
compare and rank the consequences of different response alternatives
and identify the potential long-term impacts of oil spill response options
while accounting for changing Arctic conditions. NEBA is a transparent
and science-based assessment process capable of incorporating a wide
range of ecological and socioeconomic considerations. Weighting func-
tions are used to place emphasis on the impacts to protected species and
less resilient habitats. Statistical methods are used to quantify changes in
ecological habitat values (e.g. fisheries habitat), social values (e.g. food
resources) and economic values (e.g. commercial fish stocks) associated
with different response options. This paper will review the use of NEBA
in cold water environments to support both oil spill response planning
and post-spill cleanup decision-making and discuss the results of recent
work to enhance and advance the applicability of NEBA tools for oil spill
response planning.

Recent Advances and Trends in Poly- and
Perfluoroalkyl Substances Research — Part 1

207 Scratching the Surface of PFASs: An attempt at closing the mass
balance using four techniques in select Papers & Textiles

A. Robel, Oregon State Univ / EMT; C.M. Butt, Duke Univ / Nicholas
School of the Environment; G.F. Peaslee, Hope College / Chemsitry, H.M.
Stapleton, Duke Univ / Nicholas School of the Environment; J. Field,
Oregon State Univ / Dept of Environmental and Molecular Toxicology

Per-and Polyfluoroalkyl substances (PFASs) have historically been char-
acterized in numerous environmental matrices, however, only a small
fraction of these compounds are included in current methods. This study
used the most inclusive PFAS methods developed, and yet indications a
number of unknown precursor compounds. Since PFASs’ accumulation
in blood and organs are due, in part, to exposure to consumer products,

a small subset of seventeen papers and textiles were analyzed using four
techniques: liquid chromatography tandem mass spectrometry (LC-MS/
MS) for 73 individual PFASs, gas chromatography mass spectrometry
(GC-MS) for 7 individual PFASs, total oxidizable precursor (TOP) assay,
and total fluorine by particle-induced gamma-ray emission (PIGE) spec-
troscopy. The TOP assay was used to quantify the presence of precursors
found in consumer products, but not represented by LC-MS/MS data by
quantifying the formation of dead-end products including perfluoroalkyl
carboxylates (PFCAs) and sulfonates (PFSAs). The net production of
PFCAs/PFSAs that could not be accounted for as forming from identi-
fied individual PFASs was used as a measure of additional precursors.
Nanomolar quantities of PFASs determined by LC-MS/MS and GC-MS
and the TOP assay were compared for papers and textiles. In addition,
TOP assay data were compared to the total fluorine content of papers
determined by PIGE. Total PFASs measured by LC-MS/MS, GC-MS,
and TOP assay accounted for less than 50% of the total PFAS present for
the majority of these papers and textiles. To account for the missing mass,
the extracted material (for LC-MS/MS) was analyzed through PIGE and
showed agreement of total fluorine present in these materials, highlight-
ing the utility of these assays for potentially obtaining mass balance on
highly-fluorinated substances on papers and textiles.

208 Current Extraction Methods Significantly Underestimate Mass
of Zwitterionic and Cationic Polyfluoroalkyl Precursors in Soil and
Sediment

K. Barzen-Hanson, S.E. Davis, Oregon State Univ / Dept of Chemistry;
J.A. Field, Oregon State Univ / Dept of Environ Molecular Toxicology

Polyfluoroalkyl precursors, especially those with cationic functional
groups, are likely to be sorbed to source zone soils and sediments where
aqueous film-forming foams (AFFFs) were routinely used for fire-fighter
training. AFFFs, containing per- and polyfluoroalkyl substances includ-
ing polyfluoroalkyl precursors, were routinely applied at military and
civilian sites. In order to characterize the sorption (partitioning) behavior
of cationic and zwitterionic precursors, batch sorption experiments were
conducted using a commercial AFFF formulation. After analyzing the
aqueous, vial, and soil phases, the mass balance could not be closed using
the current extraction method for polyfluoroalkyl precursors, which is
based on low concentrations (15-20 mM) of ammonium hydroxide or
sodium hydroxide in methanol. In order to close the mass balance, more
rigorous extraction conditions were employed. The novel extraction
method consisted of 0.5 M hydrochloric acid in methanol. With a more
concentrated acidic methanolic extraction, mass balance was achieved for
the cationic and zwitterionic precursors. The novel soil extraction method
may reveal “additional” unreported mass of cationic and zwitterionic
precursors in AFFF-impacted sites.

209 Qualitative and quantitative analysis of fluorosurfactants in
soil impacted by aqueous film-forming foam after the Lac-Mégantic
train derailment

S. Mejia, McGill Univ / Civil Engineering and Applied Mechanics; S. VO
DUY, Universite de Montreal / Chemistry; M. Desrosiers, CEAEQ, S.
Sauve, Universite de Montreal; J. Liu, McGill Univ / Civil Engineering

Aqueous film forming foams (AFFFs) rely on a mixture of hydrocarbon
and fluoroalkyl surfactants (poly- and perfluoroalkyl substances, PFAS)
to extinguish hydrocarbon fires by preventing fuel from contacting oxy-
gen. The wide use of AFFFs for accidental fires or firefighting training
has resulted in a high number of sites with elevated levels of PFAS. The
recognition of the environmental and health impact posed by some PFAS,
such as perfluorooctane sulfonate (PFOS), leads to the concern about the
potential adverse impact of AFFF release. The town of Lac-Mégantic
(Québec, Canada) was the location of a major deployment of AFFFs

after the July 2013 train derailment accident. An estimated 33,000 litres
of concentrated AFFFs were used to extinguish the fire from the spill

of millions of liters of crude oil. Though a significant amount of AFFFs
was recovered during the clean-up effort, some PFAS made their way
into River Chaudiére, the sewer system, and surrounding soil. Due to

the proprietary nature of AFFF formulation, there is a lack of informa-
tion regarding the nature of PFAS in AFFF formulation as well as their
environmental fate, behaviours and impact. To fill the knowledge gap, we
focused on PFAS identification in soil in the current study. Soil samples
were collected days after the firefighting activities as well as two years
later around the site of the accident. Soil from a biopile treatment system,
where excavated oil-contaminated soils were subject to bioremediation,
was sampled in 2015. A solvent extraction method was optimized for

34 PFAS analytes in the presence of hydrocarbons as co-contaminants.
Lac-Mégantic soil samples were extracted using the method and analyzed
both qualitatively and quantitatively using high resolution and tandem
mass spectrometry systems. A suite of approximately 60 compounds

was qualitatively detected, suggesting the possibility that the total PFAS
contamination is significantly underestimated when only compounds for
which standards are available are analyzed. Spatial and temporary pro-
files of PFAS will be presented along with the levels of co-contaminants,
and the implications for future study on the PFAS originated from AFFFs
will be discussed.
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210 Newly-identified polyfluoroalkyl surfactants in the freshwater
fish C. commersonii following AFFF deployment at the Lac-
Mégantic railway accident

G. Munoz, Universite de Montreal / Chemistry; M. Desrosiers, CEAEQ;
S. VO DUY, Universite de Montreal / Chemistry, P. Labadie, H.
Budzinski, CNRS; J. Liu, McGill Univ / Civil Engineering; S. Sauve,
Universite de Montreal

On July 6% 2013, an unmanned train derailed downtown Lac-Mégantic
(Québec, Canada), causing a spill of nearly 6 million liters of crude oil,
destroying large parts of the city center, and claiming the lives of 47
people. In the emergency response to contain the fire, the deployment

of aqueous film forming foams (AFFFs) lasted for approximately two
days and > 30,000 liters of foam concentrate were applied. At least 4 out
of the 7 firefighting formulations contained fluoroalkylated surfactants
(PFAS:s), organofluorine chemicals whose persistence, bioaccumulation
potential and adverse effects have been documented in the literature.
The present study examines the environmental occurrence of historic
and newly-identified PFASs in the benthic fish Catostomus commersonii
and sediments collected from the adjacent Lake Mégantic and Chaudiére
River (downstream from the AFFF-impacted site). 28 target and 90
suspect-target PFASs were therefore investigated using ultra-high perfor-
mance liquid chromatography polarity-switching electrospray ionization
coupled to Orbitrap mass spectrometry. Seven zwitterionic or cationic
PFASs were synthesized to provide for model analytes for method valida-
tion and semi-quantification purposes. In sediments, zwitterionic PFASs
dominated PFAS composition profiles (~94%) while perfluoroalkyl acids
(PFA As) were less prevalent (~3%). Levels of PFA As remained moder-
ate in fish muscle (e.g., PFOS: 0.36-2.5 ng g'! wet-weight), with little or
no significant temporal trend when comparing 2013 or 2014 fish samples
with 2011 archived samples. In contrast, fluorotelomer sulfonates peaked
in the immediate weeks or months that followed the accident, as did sev-
eral zwitterionic PFASs such as fluorotelomer sulfonamide betaines (8:2
FTAB, 10:2 FTAB) and fluorotelomer betaines (especially 9:3 FTB, 11:3
FTB, 7:1:2 FTB, 9:1:2 FTB and 11:1:2 FTB). With time, levels of betaine-
based PFASs gradually decreased in fish, possibly indicating attenuation
by biodegradation of the fluorine-free moiety, supported by the observa-
tion of likely FTAB metabolites such as fluorotelomer carboxylates and
fluorotelomer sulfonamides. These metabolites may convert to PFAAs in
the long-run.

211 Transport of Poly- and Perfluoroalkyl Substances in
Groundwater, Cape Cod, MA

A.K. Weber, Harvard Univ; L.B. Barber, USGS / National Research
Program; D.R. LeBlanc, USGS / New England Water Science Center;
C.D. Vecitis, Harvard Univ / John A Paulson School of Engineering and
Applied Sciences

Since the 1950s poly- and perfluoroalkyl substances (PFASs) have been
used for many applications owing to their high stability and the com-
bination of their surfactant, hydrophobic, and oleophobic properties.
Groundwater PFAS contamination has arisen as a concern because of
the widespread current and historical use of PFAS-containing aqueous
film-forming foams (AFFFs) for fire suppression. Research is needed

on PFAS transport properties in groundwater, as these contaminants
pose a unique threat to groundwater quality owing to their persistence,
bioaccumulation, ubiquity, and adverse human health effects. A site on
Cape Cod, Massachusetts, where fire training activities involving AFFF
were conducted from 1970 to 1985 has been investigated to understand
the subsurface transport of PFASs. More than 100 groundwater samples
were collected along a transect extending 1.1 km downgradient from
the fire-training area and analyzed with LC-MS/MS to visualize the
subsurface PFAS distribution along the groundwater flow path. Land
disposal from 1936 to 1995 of secondary treated wastewater effluent
onto infiltration beds located 500 m hydraulically downgradient from
the fire training area resulted in a wastewater plume that comingles with
the PFAS plume. PFAS transport properties were investigated upgradi-
ent of and within the wastewater-contaminated zone by comparing PFAS

distributions to wastewater-affected geochemical parameters such as
specific conductance, pH, temperature, and concentrations of dissolved
organic carbon, dissolved oxygen, and dissolved iron. Perfluoroalkyl
acids (PFA As) with short chain lengths and PFA A precursors exhibit
unexpected transport rates in the field when compared to results reported
in the literature and laboratory partitioning experiments conducted with
sediment cores from the field site. Distinctly different PFAS composi-
tions in shallow groundwater below the vadose zones at the fire training
area and wastewater-infiltration beds indicate that these are two compo-
sitionally different PFAS sources, suggesting that the PFAS composition
in groundwater samples can be used to identify potential sources. This
work contributes to the understanding of how PFASs migrate from point
sources and identifies some mechanisms that could impact transport.

212 Perfluoroalkyl acid concentrations in historical drinking water
samples collected from the Greater Cincinnati Region

S.F. Nakayama, National Inst for Environmental Studies / Centre

for Health and Environmental Risk Research; M. Yoshikane, IDEA

Consultants, Inc.; K. Dasu, M. Mills, USEPA / National Risk Management
Research Laboratory; M. Wright, USEPA / National Center for
Environmental Assessment; S. Ehrlich, Univ of Cincinnati / College of
Medicine

The Health Outcomes and Measures of the Environment (HOME)

Study is an epidemiological study conducted in Greater Cincinnati area
(Geraghty, et al., 2008), to examine the effects of low-level exposures

to prevalent neurotoxicants in a cohort of 400 children followed from

16 weeks of gestation to 5 years of age. As part of the study, serum and
drinking water samples were collected during 2003-2006 from each
participant’s home. Poly- and perfluoroalkyl substance (PFASs) con-
centrations were measured in serum samples of 6—8 year-old female
participants (Pinney SM, et al. 2014). Elevated concentrations of per-
fluorooctanoic acid (PFOA) were found in 94% of the participants living
in one area compared to the National Health and Nutrition Examination
Survey (NHANES) 95th percentile for children 1219 years (8.4 ng/mL),
median 22.0 ng/mL. This was speculated to be derived from an indus-
trial source upriver of the Ohio River through drinking water. Drinking
water samples were collected directly from the taps into 500-mL HDPE
containers and stored frozen until the time of lead analysis in 2007. The
samples were transferred to smaller size tubes and stored again at —20 C
until our analysis in 2016. The sample volumes were approximately 10
mL. We used a newly developed on-line solid phase extraction method to
analyse PFASs in these drinking water samples. In a pilot scale analysis
of 25 samples, median concentrations of PFOA and perfluorooctane-
suflonic acid (PFOS) were 10 and 7.6 ng/L, respectively, which were
comparable to the previously reported levels such as NHANES. The max-
imum levels for PFOA and PFOS were 108 and 98.6 ng/L, respectively.
Some of the samples exceeded the newly established US Environmental
Protection Agency (USEPA) Drinking Water Health Advisories for
PFOA and PFOS (70 ng/L combined PFOA and PFOS). The full-scale
analysis results for 400 samples will be reported and discussed in detail
for the presentation. Disclaimer: The views expressed in this abstract are
those of the authors and do not necessarily reflect the views or policies
of the USEPA. The findings and conclusions of this article are solely the
responsibility of the authors and do not represent the official views of the
National Institute for Environmental Studies, Japan.

213 Perfluoroalkyl and polyfluoroalkyl substances associated with
aqueous film forming foams in Canadian surface waters

L. DAgostino, S.A. Mabury, Univ of Toronto / Dept of Chemistry

Dozens of novel perfluoroalkyl and polyfluoroalkyl substances (PFASs)
have recently been identified in aqueous film forming foams (AFFFs), but
environmental detections of these compounds are limited and they have
not been previously detected in surface waters. Surface water samples
were collected from rivers and lakes in Southern Ontario and Nunavut,
including AFFF-impacted sites, urban rivers, and rural sites. Surface
water samples were extracted by mixed-mode weak anion exchange solid
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phase extraction in a clean lab and analyzed by UPLC-MS/MS both
quantitatively where standards were available and semi-quantitatively for
other AFFF components. Detection of AFFF components was con-
firmed by spiking surface water extracts with AFFF extracts. In terms

of electrochemical fluorination products, concentrations of perfluoro-
hexane sulfonate (PFHxS) approach those of perfluorooctane sulfonate
(PFOS) in some AFFF-impacted waters, perhaps due to degradation

of perfluorohexane sulfonamide (FHxSA)-based surfactants used in
AFFFs, which were detected in some samples. FHxSA was detected in
all AFFF-impacted and urban surface waters at concentrations from 0.04
to 20 ng/L, which indicates the relevance of PFHxS precursors in surface
waters. Pre-PFOS phase out carpet protection products are also a poten-
tial source of FHxSA. Fluorotelomer PFASs were also frequently detected
in surface waters, including 6:2 fluorotelomer sulfonate (FTSA, up to 3.0
ng/L), 6:2 fluorotelomer sulfonamide alkylbetaine (FTAB, up to 22 ng/L),
6:2 fluorotelomermercaptoalkylamido sulfonate sulfone (FTSAS-SO,, up
to approximately 1 ng/L), 6:2 fluorotelomerthioether hydroxyl ammonium
sulfoxide (FTSHA-SO) and fluorotelomer betaines (FTBs). Sampling at
multiple sites along the Welland River suggests that FTBs are particularly
persistent fluorotelomer compounds. Relatively high concentrations of
6:2 FTAB in three watersheds in the Greater Toronto Area (3.5-18 ng/L)
may imply other sources in addition to AFFF. Perfluoroalkyl carboxylate
(PFCA) profiles of surface waters were generally dominated by C5 and
C6 PFCAs over C7 and C8 PFCAs, which could reflect the switch from
8:2 fluorotelomer to 6:2 fluorotelomer PFASs in various applications.

214 Transport potential of per- and poly-fluoroalkyl surfactants in
the presence of soil organic matter

Y. Zhi, J. Liu, McGill Univ / Civil Engineering

Repeated use of Aqueous Film-Forming Foam (AFFF) at fire-fighting
training areas has resulted in groundwater pollution by a large number of
per- and poly-fluoroalkyl substances (PFASs). Management and remedia-
tion of such contaminated sites require an understanding of the transport
potential of these emerging pollutants. The mobility of perfluoroalkyl
carboxylic acids (PFCAs) and sulfonic acids (PFSAs) is controlled by
interactions with organic matter and hydrophobicity effect. For the
short-chained acids, electrostatic interaction and steric effect appear to
be important. As of today, little is known about the transport potential

of other types of zwitterionic, cationic, and anionic PFAS, which due to
their chemistry could behave very differently from PFCAs and PFSAs. In
this study, interactions between 15 PFASs and model soil organic matter
(SOM, Pahokee peat) were examined by a novel dynamic HPLC-based
column method. The PFASs under examination include not only PFCAs
and PFSAs but also fluorotelomer sulfonates (FTSs) and fluorotelomer
betaines (FTBs), which have been detected at high levels in surface and
ground water impacted by AFFFs. The PFAS elution profiles in the SOM-
packed column were constructed through collecting HPLC eluent with
the aid of a fraction collector and quantification by LC-MS/MS. Sorption
coefficients normalized by organic carbon content (K,.) were determined
based on the retention volumes of the PFASs at three Ca®" concentra-
tions and over environmentally relevant pH range. At 5 mM CaCl,, the
observed logK,. values of PFCAs (perfluoroalkyl carbon chain length,
n=3-8) and PFSAs (n =4, 6, 8) were in the range of 1.27 — 2.53, which
was largely consistent with literature values. The observed logK, values
of FTSs (n=4, 6, 8) were 1.32-2.48 and three FTBs were 1.84 —2.20.
Calcium ion has a positive impact on the sorption of anionic PFASs to
SOM with logK,, values increased by ~0.2-0.7 when CaZ* concentration
was rising from 0.5 to 50 mM. Moreover, raising pH slightly reduced
sorption of all PFASs to the SOM. The logK,,. values were decreased by
~0.22-0.58 with pH increasing from 3.8 to 8. This phenomenon is likely
caused by enhanced electrostatic repulsion between the anionic head
group of PFASs and more negatively charged organic matter surface at a
higher pH. Overall, sorption of these compounds follows a chain-length
dependence trend. The results are useful for predicting transport behav-
iors of PFAS in AFFF-impacted sites.

Environmental Chemistry Perspectives from Around
the Globe

215 Why TBT contamination still matters in South America

1L.B. Castro, Univ Federal de Sao Paulo / Instituto do Mar; G. Fillmann
Univ Federal do Rio Grande / Instituto de Oceanografia

Antifouling biocides contamination has been appraised along South
American coastal areas during the last decade with most of these studies
focused in butyltin (BT) levels and imposex occurrence (a known biomarker
of TBT contamination). Due to many national wide use restrictions, and
after the Antifouling System Convention (AFS) banning of TBT-based anti-
fouling paints issued by the International Maritime Organization in 2008,
environmental levels of TBT as well as imposex incidence begun to decline
in many areas worldwide. In South America, TBT levels and effects also
decreased in areas under the influence of commercial harbors. However,
recent studies have pointed out that impacts related to TBT usage are still
evident in sites of Argentina, Brazil, Colombia, Chile, Ecuador, Peru and
Venezuela with maritime activities related to smaller vessels (mainly fish-
ing and pleasure boats). In all cases, TBT concentrations detected were
sufficiently high to induce environmental effects. Furthermore, recent TBT
inputs have frequently been detected in many of these evaluations. This
scenario is, at least partially, caused by the absence of local regulations on
the use of TBT-based antifouling paints. Within South America, only Brazil
and Argentina have some restrictions against TBT and only Brazil and
Uruguay are signatories of the AFS convention. Even so, recent inputs have
been found in two of these countries. In addition, TBT can be easily pur-
chased by users for mixing to commercial antifouling paints to boost their
efficiency. In addition, most antifouling paints marketed in South America
do not include information on the active biocide used in their formulation,
hindering legislative and oversight actions. Thus, the implementation of
pertinent regulations, with special care about their effective application,

is crucial to lower the inputs, and consequent impacts, of BTs on South
American coastal areas as has happened in Europe and North America.

216 Trace Metal Pollution of Suburban Roadside Surface Soil by
Road Dust

M. Fiala, Texas Southern Univ — Dept of Environmental Science and
Technology / Dept of Environmental and Interdisciplinary Sciences, H.
Hwang, Texas Southern Univ / Environmental Science

Operation of motor vehicles is one of the major sources of environmen-
tal contamination, especially in urban environments. In many urban
watersheds, tires and brake pads are significant sources of Zn and Cu,
respectively. A previous study showed Houston road dust to contain trace
metals at elevated concentrations. Houston road dust may be a significant
source of trace metals to surrounding soil through atmospheric deposi-
tion and stormwater runoff. To better understand the fate and transport
of trace metals in road dust, surface soil (2 cm) was collected 1 m from
the edge of Highway 6 approaching a traffic signal in Sugarland, Texas

at 200, 160, 100, 50, 25, 15, and 5 m from the intersection. Upon arrival
at the laboratory, samples were dried, and sieved to fractions of 500
um—1 mm, 250-500 pm, 125-250 um, 63-125 pm, and2) are low for Cu
(0.05) and Zn (0.003), and moderate for Cd (0.51), Ni (0.48), and Cr (0.53)
indicating dissimilar sources. Copper and Zn likely originate from brake
and tire wear particles, with deposition and resuspension being strongly
influenced by wind and other vehicle-related forces. Significant fractions
of Cd, Ni and Cr likely originate from concrete pavement wear. Relative
anthropogenic metal input, known as enrichment factors (EF), is calcu-
lated using surface soil sample (< 63um) collected on campus of Texas
Southern University containing Cu (20.6 pg/g), Zn (104.9 pg/g), Cr (20.3
ng/g), and Fe (0.7%). Using Fe as the normalizing element, EF for these
samples are Cu (1.7), Zn (1.5), and Cr (1.2). Due to limited uncertainty, EF
values > 1 indicate moderate anthropogenic input, with surface soil being
moderately polluted by Cu, Zn and Cr. Further studies will be completed
to determine whether traffic-related trace metals are infiltrating roadside
soil, or rather being transported through stormwater.
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217 Platinum Group Elements in Bioaccessible Fractions of Street
Dust from Toronto, Canada

C.L. Wiseman, Univ of Toronto / Toxicology Centre; J. Niu, P.
Rasmussen, Health Canada

Road dust particles capable of resuspension are important contributors
of metal contamination to local urban air and water sheds. Road dust

has been shown to be enriched with potentially toxic metals such as
cadmium (Cd) and lead (Pb). While platinum group elements (PGE),
which includes platinum (Pt), palladium (Pd), rhodium (Rh) and iridium
(Ir), are known to be accumulating in urban environments, less is known
about their concentrations in road dust. This study addresses data gaps
on environmental exposures to metals in an urban context, most notably
those associated with bioaccessible road dust fractions. In the first study
phase, PGE concentrations in coarse and fine fractions of road dust
collected in Toronto were characterized to assess spatial variability as a
function of road type and traffic volume. Samples were collected in Fall
2015 in cooperation with the City of Toronto, which uses regenerative
street sweepers that dry-fractionate dust sweeps into coarse “hopper” (<
2 mm) and fine “dust box” (ca. < 3 microns). PGEs were determined in
air-dried, sieved samples using NiS fire-assay-INAA. The results confirm
an enrichment of Pd, Pt, Rh and Ir in road dust, attributed to emissions
from automotive catalytic converters. Overall, Pd was observed to occur
at the highest relative concentrations in road dust, with a City median of
115 pg/kg, followed by Pt (median: 52 ug/kg) and Rh (median: 15 pg/
kg) and Ir (median: 0.40 pg/kg), while Os and Ru were below limits of
detection. Pd concentrations were the most variable, ranging from a low
of 16 ng/kg (local/residential road) to a maximum of 344 pg/kg (munici-
pal expressway). Fine/coarse enrichment ratios for PGE increased from
lowest to highest in the following order: Pt(2)=Pd(2)< Rh(3)< Ir(10). The
observed two-fold to ten-fold enrichment of PGE in the finer fractions of
road dust is of concern, given the greater relevance of the fine fraction to
environmental and human health. The preliminary results of this study
indicate a need to more closely examine the concentrations of potentially
toxic elements associated with fine road dust fractions. Next steps will
involve the elemental characterization of sweeps collected in Spring 2016
in the City of Toronto and the application of in vitro methods to assess the
chemical bioaccessibility of metals in road dust.

218 Biogeochemical processes occurring in forested mountain catch-
ments deduced from chemical and sulfur isotopic composition of
drainage water

A.M. Gonzalez, J.S. Schwartz, Univ of Tennessee / Dept of Civil and
Environmental Engineering

Physical catchment features influence the chemical and isotopic compo-
sition of their drainage water (streams and seeps). Lower stream orders
by definition integrate smaller drainage areas; thus, the biogeochemical
processes occurring in forested mountain catchments are reflected most
clearly in first-order streams and interflow seeps (i.e., consisting of recent
precipitation). In the Great Smoky Mountains National Park (GRSM),
grab samples of first-order stream, tributary and seep water were
analyzed for a suite of chemical parameters (e.g., pH, acid-neutralizing
capacity [ANC], and dissolved ions) and sulfur isotope composition.

A wide range of drainage water compositions were identified (low

and high sulfate content; low and high pH and ANC), but high sulfate
concentrations were not consistently associated with low pH/ANC.
Spatial distribution of drainage water with a given composition was
‘patchy:” catchments with low pH/ANC drainage water were commonly
found adjacent to those with moderate to high pH/ANC drainage water.
Drainage water composition resulting from interaction with sulfidic bed-
rock can appear similar to that resulting from deposition of acid-forming
atmospheric sulfur oxides. However, the water composition of streams
and seeps sampled in this study was not related to elevation (as expected
if atmospheric deposition was the dominant source of sulfur and acidity),
or to reductions in deposition of atmospheric sulfate. It did show some
relationship to catchment geology, specifically to the extent of exposed
sulfidic bedrock. This drainage water composition survey demonstrates

the relative importance of catchment geology in driving biogeochemical
processes that influence the character of catchment drainage water, and
shows how drainage water composition can be used to deduce catchment-
specific characteristics.

219 Colloidal-facilitated transport of nitrogen as a function of land-
use in a major river basin discharging to the Great Barrier Reef
lagoon

J. Judy, CSIRO Land and Water; J. Kirby, CSIRO / Advanced Materials
Transformational Capability Platform Land and Water; M. McLaughlin,
Univ of Adelaide and CSIRO Land and Water; M. Farrell, CSIRO
Agriculture; A. Hawdon, R. Bartley, S. Wilkinson, CSIRO Land and
Water; P. Bertsch, Univ of Kentucky / Plant and Soil Sciences

Since European settlement of Australia, sediment and nutrient loads to

the Great Barrier Reef (GBR) marine zone have increased dramatically

as a result of land-use changes, particularly agricultural intensification.
The resulting reduction in water quality has been linked to eutrophication,
loss of coastal marine biodiversity and a dramatic reduction in GBR coral
cover. Recent research has suggested that up to 87-95% of sediment < 10
um in diameter exported from the Burdekin River Basin into the GBR
lagoon is the result of the erosion of gullies, which are common landscape
features in areas used for grazing. Fine sediment can directly reduce
coastal water clarity and coral recruitment, while N has the potential to

be transported over a much larger area and further reduce water clarity by
feeding primary production. The degree to which this subsurface sediment
loss is comprised of mobile colloids is unknown, as is the degree to which
these colloids may facilitate transport of nitrogen into the GBR lagoon.
Here we examine water-dispersible colloids (WDC) collected from areas
under sugar cane and compare them to WDC collected from gullies formed
in grazing lands. Physical characteristics of WDC were assessed via
measurement of particle size/morphology, mineralogy and electrophoretic
mobility. Total N concentration associated with the WDC as well as with
<0.45 um and < 3kDa size fractions were analyzed. As "N abundance in
N from animal waste is distinct from that of N in inorganic fertilizer, the
5N natural abundance in the WDC and in the < 3kDa size fraction were
assessed to determine if colloid-associated N can be linked to specific land
uses. We anticipate that the results of this research will help refine our
understanding of N fluxes into the GBR lagoon and will contribute to the
development of improved models and land management practices.

220 Occurrence of brominated and organophosphorus flame retar-
dants in indoor dust in a Brazilian city

J. Cristale, M.R. de Marchi, Sdo Paulo State Univ UNESP / Analytical
Chemistry; T.G. Belé, Sdo Paulo State Univ UNESP; S. Lacorte, IDAEA-
CSIC / Environmental Chemistry

Indoor dust is indicated as one of the most important human exposure
routes to flame retardants (FRs). Most of data about occurrence and levels
of FRs in dust are from North American, European and Asian Countries,
but scarce data is available for countries that do not have regulatory laws
concerning fire safety of materials, as is the case of many South American
countries. In this study, eight polybrominated diphenyl ethers (PBDEs),
four new brominated flame retardants (NBFRs) and ten organophosphorus
flame retardants (OPFRs) were determined in indoor dust from different
places in Araraquara-SP (Brazil). A total of 46 samples were collected
from homes (houses and apartments), workplaces, primary schools and
cars. OPFRs, PBDEs and NBFRs were detected in 100% of the samples.
OPFRs were present at the highest concentrations, and the most abun-
dant compounds were TBOEP, TPHP, TDCIPP and TCIPP. The most
abundant brominated FRs were BDE-47, BDE-99, BDE-209, BEH-TEBP
and DBDPE. It was hypothesized in this study that soil particles blow-

ing into the indoor environment from outdoors could have a significant
dilution effect on the FR levels in house dust, but it was not confirmed
since no difference in terms of concentration was observed among house
and apartment samples. In addition, the FR distribution was also similar
among houses and apartments, and were correlated to the presence of elec-
tronic equipments, furniture and construction materials present in each
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sampling site. Primary schools presented FR levels similar/lower than
the observed in homes, except for TBOEP, that was about thirty times
higher in schools. Workplaces presented the highest FR levels, mainly for
brominated FRs, attributed to the presence of several computers and elec-
tronic equipments in these places. Most of FRs were detected in car dust
samples, and TDCIPP, TPHP, BDE-209, BEH-TEBP and DBDPE were
the most abundant compounds. An OPFR increasing tendency associated
to a PBDE decreasing was observed for newer vehicles, indicating that
international prohibition on PBDEs use is also influencing Brazilian auto
industry. In conclusion, FR levels and profiles in this study were similar
to the observed in other countries, indicating that although Brazil do not
regulates the use of FRs, these compounds are present in the commer-
cialized products, which are diffusive sources of FRs to the surrounding
environment, exposing humans to these contaminants.

221 Evaluating Primary Contaminant Pathways to Combined Sewer
Systems Discharging to the Lower Duwamish Waterway Superfund
Site, Seattle, WA

C. Greyell, D. Williston, R.A. Jack, J.H. Stern, King County / Dept of
Natural Resources and Parks

King County conducted a pilot study to examine pathways of contami-
nant sources to combined sewer basins that discharge to the Lower
Duwamish Waterway Superfund site in Seattle, Washington. In com-
bined sewer basins, both sewage (domestic and industrial wastewater)
and stormwater are normally routed to wastewater treatment facili-

ties. However, during large storm events, these basins can temporarily
route excess sewage and stormwater directly into nearby waterways as
combined sewer overflows (CSOs) to prevent sewer backups into homes
and streets. Because CSOs can be a pathway of contamination to the
waterway, understanding whether contaminants mainly enter the system
via sewage or stormwater can help guide source control activities in the
combined sewer basins, which supports the Superfund sediment cleanup
effort. From 2011 to 2013, aqueous samples were collected with autos-
amplers from two combined sewer systems along the Lower Duwamish
Waterway during both baseflow (sewage only) and stormflow conditions
(sewage and stormwater). Samples were analyzed for metals, PAHs,
phthalates, PCBs, and dioxin/furans. Flow was also measured to calculate
the average flow rate during each sampling period. Average chemical
loading rates were then estimated for each flow condition to evaluate the
primary pathway (sewage or stormwater) for each contaminant during
storm events. Stormwater was identified as the primary pathway for most
contaminants in each study basin, despite differences in land-use. The
findings of this pilot study can be used by King County to guide basin-
wide source tracing efforts in combined basins prior to CSO control.

222 Pharmaceuticals, plasticisers, perfluorinated compounds and
illicit drugs in the aquatic environment: What is their fate?

J. Wilkinson, P.S. Hooda, Kingston Univ London / Natural and Built
Environments; J. Swinden, J. Barker, S. Barton, Kingston Univ London /
Life Sciences Pharmacy Chemistry

Pharmaceuticals, personal care products (PPCPs) and other emerging
contaminants (ECs) such as plasticisers, perfluorinated compounds
(PFCs) and illicit drug metabolites are known contaminants of the
aquatic environment. Most commonly, the study of such compounds is
limited to their occurrence dissolved in river, lake or ocean waters. Few
studies assess their accumulation in suspended particulate material,
sediment, and aquatic organisms. Here, thirteen markers of anthropo-
genic contamination were selected for the study of their occurrence in
the aquatic environment. PPCPs/ECs studied included pharmaceuticals
acetaminophen, diclofenac, and ethinylestradiol, plasticisers bisphenol-
A, bisphenol-S and 4’-hydroxyacetophenone, perfluorinated compounds
(PFCs) perfluorooctanoic acid, perfluorooctanesulfonic acid, perfluo-
rononanoic acid and perfluorobutane sulfonic acid, and illicit drugs/
metabolites methamphetamine, amphetamine and benzoylecgonine.
Selected contaminants were quantified in river water (n=69), sewage
treatment works (STW) effluent (n=22), field/street drainage (n=5), bound

to SPM (n=16), river sediment (n=23), bioaccumulation in aquatic plants
Callitriche sp. (n=8) and Potamogeton sp. (n=7), amphipod crustacean
(Gammarus pulex, n=10) and the aquatic snail (Bithynia tentaculata,
n=7). Solid phase extraction followed by an in-house validated method
for liquid chromatography-tandem mass spectrometry was used for all
analysis. Extractions were carried out using ultrasonic-assisted solvent
extraction. Highest levels of pharmaceuticals were recorded in STW
effluent and typically did not exceed 1 ug/L while levels of plasticisers
and PFCs were generally higher in street runoff (typically not exceeding
2 ug/L). Accumulation was lowest in sediment and highest in Callitriche
sp. where levels of target contaminants typically did not exceed 75 ng/g
dry sediment and 250 ng/g dry plant respectively. Here we demonstrate
that quantification of PPCP/EC occurrence in river water alone is not

a sufficient assessment of these contaminants in the aquatic environ-
ment. The widespread occurrence of selected contaminants in this study
highlights the importance of less well-characterised means of exposure to
such contaminants (e.g., sediment and food sources for higher organisms).
To the knowledge of the authors, this is one of, if not the most detailed
accounting of PPCP/EC fate and distribution in the aquatic environment
conducted in the United Kingdom to date.

Alternative Approaches to Animal Testing for
Ecotoxicity Assessments — Part 1

223 Quantifying the Benefits of Using Read-Across and In Silico
Techniques to Fulfill Hazard Data Requirements for Chemical
Categories

K. Stanton, F. Kruszewski, American Cleaning Inst

Substantial benefits are realized through the use of in silico techniques to
fill data pags for structurally similar substances. Considerable experi-
ence in applying these techniques was gained under two voluntary high
production volume chemical (HPVC) programs — the International
Council of Chemical Associations’ (ICCA) (with the cooperation of the
OECD) Cooperative Chemical Assessment Programme and the USEPA’s
HPV Challenge Program. These programs led to the compilation and
publicly availability of baseline sets of health and environmental effects
data for thousands of chemicals. The American Cleaning Institute’s (ACI)
contribution to these national and global efforts included the compliation
of these datasets for 261 substances. Due to the structural similarity of
the chemicals within the categories, their environmental fate, physical-
chemical and toxicological properties are likely to be similar, which

was confirmed by examining available data from across the range of
substances in a category. This has allowed the utilization of read-across
and trend analysis techniques and qualitative structure activity relation-
ship (QSAR) tools to fill data gaps. Quantifying benefits resulting from
avoided testing through the use of in silico tools, namely, the associated
avoidance of testing costs and sacrifce ofanimals lead to estimates that,
for these 261 substances, the use of tens of thousands of test animals and
expenditures of millions of dollars were avoided.

224 Balancing the effectiveness and practicality of alternative test
endpoints for the fathead minnow fish embryo toxicity test

In recent years the fathead minnow fish embryo toxicity (FET) test has
been developed and proposed as an alternative to the larval growth and
survival (LGS), a whole effluent toxicity test utilized in the United States.
The FET test represents a positive step forward with regard to the welfare
of fish used in toxicity testing; however, the utility of the FET test is lim-
ited due to its reliance on lethal endpoints. Here, we sought to determine
whether the inclusion of sublethal metrics could enhance the FET test by
improving test sensitivity or by allowing for the prediction of adverse sub-
lethal or chronic effects. FET tests were conducted using three reference
toxicants—sodium chloride, ethanol and sodium dodecyl sulfate. Typical
FET test endpoints (i.e., coagulation, presence of heart beat, somite forma-
tion and tail detachment) were evaluated in addition to three sublethal
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endpoints — wet weight, the presence of developmental abnormalities

and the expression of genes associated with growth, stress and toxicity.
Significant reductions in growth were observed in FET tests conducted
with NaCl and EtOH, albeit only among embryos exposed to the highest
concentration of each chemical. Pericardial edema was the most com-
monly observed developmental abnormality and was found to respond to
each of the chemicals in a dose-dependent manner. Alterations in expres-
sion of a few genes related to growth and stress (i.e., igf-1, ghr and hsp70)
were also noted; however, such changes were chemical specific and tended
to only occur among embryos exposed to chemical concentrations also
capable of eliciting significant mortality. An evaluation of each of these
endpoints with regard to their practicality for FET test use (i.e., cost, time
required and experience required) suggests that growth and edema could
serve as potential FET test endpoints, while gene expression may not be as
practical given the resources required for its assessment.

225 Alternative Testing Platforms for Screening Ecological Hazards

C. Lehman, Dow Chemical Company / Toxicology and Environmental
Research and Consulting

We have developed and validated small scale, screening-level, environ-
mental toxicity assays for fish, daphnia and algae for use in our laboratory.
These assays are typically conducted in a well-plate format, and they have
reduced cost and animal use over traditional full-scale OECD or OCSPP
guideline tests. The fish screening assay utilizes fish embryos in licu of
juvenile or adult fish, thereby reducing the number of animals used for
testing, aligning with the 3 Rs of animal testing (refine, reduce, replace).
Using the three screens to determine which taxon is the most sensitive
may further reduce the need to test fish species altogether. The screens can
also be used to develop Predicted No Effect Concentrations for screening-
level risk assessments. These small scale screens have business utility as
well. Often during product development limited quantities of test material
are available, and these screens conducted in well-plates can significantly
reduce the amount of test material required for exposures, which reduces
cost and waste. Since many products that chemical companies develop

are novel chemistries, they are not always within the domain of accepted
quantitative structure activity relationships (QSARS) or other predic-

tive models. Thus, these screening level environmental toxicity assays

can provide critical toxicity information early in the process of identify-
ing candidate chemistries for further development. Frequently, product
registration packages include read-across arguments among chemical cat-
egories, which assume the ecotoxicity of a molecule is comparable to other
chemicals with similar structures. Strategically filling in gaps or uncer-
tainties in read-across arguments or checking the reliability of QSAR
models is also a potential use for these screening assays. Despite the

many advantages of these assays, only traditional assays are recognized

as reliable in compliance testing. We propose that these high-throughput
assays gain regulatory acceptance by outlining their utility, versatility, and
potential compliance advantages.

226 Possibilities for Using Fish Embryo Tests in Place of Fish Acute
Toxicity — Threshold Approach Strategies for Ecotoxicity Hazard
Determination

S.E. Belanger, J.M. Rawlings, The Procter & Gamble Company /
Environmental Stewardship and Sustainability

The Threshold Approach is a sensible strategy used by ecotoxicologists to
prioritize chemicals for testing using fish as described in OECD Guidance
No. 126. Acute testing is initially conducted using algae and Daphnia and
the lower of the two values is used to set a limit test on juvenile fish acute
toxicity testing (OECD 203 TG). If fish display no mortality, a decision is
made that the lower tested value from algae and Daphnia can be used for
hazard classification and risk assessment purposes in the absence of a full
96 hr LC50 study on vertebrates. Large savings in animal testing is the
result. With the advent of Fish Embryo Tests (OECD 236 TG) we have re-
evaluated the Threshold Approach in light of replacing acute fish tests with
fish embryo tests. A data base on comparative FET-fish acute toxicity from
Belanger et al. (2013) was extended to include algae and Daphnia in order

to address the question if similar conclusions on the utility of the Threshold
Approach would be expected if full replacement occurred. A total of 166
comparisons of Fish and FET toxicity were compiled (updating Belanger et
al. 2013) of which 79 compounds were found to have a full complement of
FET, fish, algae, and Daphnia data. An additional 128 compounds had FET,
fish and Daphnia data (no algae) and 87 compounds had FET, fish, algae
(no Daphnia). In this talk we will review the chemical coverage for each
data set and the relative rankings of acute toxicity based on geometric mean
and lowest available aquatic toxicity values in order to assist a judgement
of the appropriateness of the FET to be used as a replacement for fish in the
Threshold Approach Guidance. The expectation, given the FET-fish acute
toxicity relationship of Belanger et al. (2013) and Busquet et al. (2014) is
that the FET provides equivalent information to that of fish in this process.
Recommendations for OECD, based on our findings, will be provided.

227 Mode of Action (MOA) Assignment Classifications for
Ecotoxicology: Evaluation of Available Methods

M.R. Embry, ILSI Health & Environmental Sciences Inst (HESI); M.G.
Barron, USEPA / Gulf Ecology Division; A. Beasley, Dow / Product
Sustainability Consultant Toxicology and Environmental Research
Consulting; S.E. Belanger, The Procter & Gamble Co. / Central Product
Safety Dept; J. Brill, The Procter & Gamble Co. / Environmental
Stewardship and Sustainability; D. DeZwart, DdZ-Ecotox; B. Farr, ILSI
Health and Environmental Sciences Inst (HESI); M. Halder, A. Kienzler,
European Commission — Joint Research Centre / IHCP EURL ECVAM;
T.J. Norberg-King, USEPA / NHEERL / Mid-Continent Ecology Division;
H. Sanderson, Aarhus Univ / Environmental Science; R.M. Sternberg,
USEPA / Environmental Fate and Effects Division; P. Wilson, SANOFI

There are various structure-based classification schemes to categorize
chemicals based on MOA which have been applied for both eco and
human toxicology. With increasing calls to assess 1000s of chemicals,
some of which have little available information other than structure,
understanding how each of these MOA schemes was devised, what infor-
mation they are based on, and the limitations of each is critical. Several
groups are developing low-tier methods to more easily classify or assess
chemicals, using approaches such as the ecological threshold of concern
(eco-TTC) and chemical-activity. Evaluation of these approaches and
determination of their domain of applicability is partly dependent on the
MOA classification that is used. The objectives of this study were to evalu-
ate available MOA classification methods using a set of unique chemicals
from a large aquatic toxicity dataset, compare the various approaches, and
evaluate their utility and limitations in low-tier assessment approaches.
The most commonly used MOA classification schemes for ecotoxicology
include Verhaar and Russom (included in ASTER), both of which are used
to predict acute aquatic toxicity MOA. Verhaar is a QSAR-based system
that classifies chemicals into one of 4 classes, with a 5th “other” class,
whereas ASTER/Russom includes 8 classifications. Other methodologies
include Toxicity Estimation Software Tool (TEST), an application that
allows prediction into 5 broad MOAs, with specific MOAs as subcatego-
ries. MOAtox is a dataset of MOA assignments for >1200 chemicals that
draws from various schemes and assigns 6 broad and 31 specific acute
aquatic toxicity MOAs. Other classification systems that can provide
insight on a chemicals’ MOA include ECOSAR, EPISuite, and the OECD
QSAR Toolbox. In this study, >5600 unique CAS numbers were evaluated
using the classification and MOA schemes described above. In all of the
approaches used, a large percentage (>40%) were classified as narcotics,
with very in categories describing more specific mechanisms. However, a
large percentage of chemicals were not classified for various reasons. This
presentation will provide an overview of available MOA assignment tools,
including summarizing their technical basis, comparing consistency in
MOA classifications, and assess utility for grouping compounds in large
structurally diverse datasets. This presentation does not necessarily reflect
the views or the policies of the USEPA or European Commission.
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228 Ecological Threshold for Toxicological Concern (eco-TTC) —
Assessing the Potential of a New Tool for Environmental Hazard
Assessment

A. Beasley, The Dow Chemical Company / TERC; M.G. Barron, USEPA /
Gulf Ecology Division, S.E. Belanger, The Procter & Gamble Co. / Central
Product Safety Dept; J. Brill, The Procter & Gamble Co. / Environmental
Stewardship and Sustainability;, D. DeZwart, DdZ-Ecotox; M.R. Embry,

B. Farr, ILSI Health and Environmental Sciences Inst (HESI);, M. Halder,
A. Kienzler, European Commission Joint Research Centre / IHCP EURL
ECVAM; T.J. Norberg-King, USEPA / NHEERL / Mid-Continent Ecology
Division; H. Sanderson, Aarhus Univ / Environmental Science; R.M.
Sternberg, USEPA / Environmental Fate and Effects Division; P.W. Wilson,
Sanofi US, Inc. / Health Safety and Environment

The Threshold for Toxicological Concern, or TTC, is well-established

for assessing human safety and has been applied for a variety of end-

points including carcinogenicity, teratogenicity, and reproductive toxicity.
Recently, we have proposed an extension to the human safety TTC concept
for application in environmental situations, termed the ecological TTC or
eco-TTC. Eco-TTCs summarize the wealth of ecotoxicological informa-
tion as Predicted No-Observed Effect Concentrations (PNECs) on diverse
chemical substances in the form of statistical (probability) distributions.
Eco-TTCs can be developed that allow prediction of untested chemicals
based on structural attribute (category), mode of action, or functional use.
The approach may be useful for assessing chemicals at early tiers of the risk
assessment process, providing hazard perspective on chemicals that lack
QSARs, guiding product development discussions, and assisting read across
or category justifications. The eco-TTC approach has the potential to reduce
the need for vertebrate testing (e.g., fish) in many situations. A database
consisting of approximately 110,000 unique ecotoxicological records has
been developed based on recent assessments of published data and inter-
national chemical management programs. This toxicity data is associated
with physical chemistry data and curated taxonomic information for the
organisms tested. A process to conclude acute and chronic effects as well as
identify the PNEC for exposed ecosystems based on depth and breadth of
data have been devised, with the 5th percentile of PNECs for a compound
group defined as the ecological TTC. Several mode of action schemes

are being assessed to devise a best approach for grouping compounds.
Chemicals that are categorized as neutral organics are the most abundant

in the dataset, therefore are candidates for an initial in-depth assessment

of eco-TTC attributes. Approximately 500 chemicals in the database are
included in this analysis at this time with approximately one third having
complete acute or chronic data sets (all three taxa). The eco-TTC for non-
polar and polar narcotics is explored in depth, with additional categories
under development (phenols, esters, reactive compounds, surfactants,
pesticides, and pharmaceuticals). Eco-TTCs look to be a promising addition
to the toolkit of hazard assessment. This presentation does not necessarily
reflect the views or the policies of the USEPA or European Commission.

229 Animal Alternatives for Whole Effluent Toxicity Testing:
Perspectives from a Global Workshop

T.J. Norberg-King, USEPA / NHEERL / Mid-Continent Ecology
Division; M. Embry, ILSI; S.E. Belanger, The Procter & Gamble Co.

/ Central Product Safety Dept, T. Braunbeck, Univ of Heidelberg /
Centre for Organismal Studies; J.D. Butler, ExxonMobil Biomedical
Sciences, Inc / Environmental Toxicology and Chemistry Laboratory;
P. Dorn, PB Dorn Associates; B. Farr, ILSI Health and Environmental
Sciences Inst (HESI); P.D. Guiney, S C Johnson & Son, Inc / Molecular
and Environmental Toxicology Center; J. Hughes, USGS / Columbia
Environmental Research Center; M.K. Sellin Jeffries, Texas Christian
Univ / Dept of Biology, R. Journel, SANOFI; M. Leonard, L'Oréal
Research; J. Oris, Miami Univ / Dept of Biology; K. Ryder, UK Home
Office; H. Segner, Univ of Bern / Centre for Fish and Wildlife Health;
G.J. Van Der Kraak, Univ of Guelph; P.W. Wilson, Sanofi US, Inc. /
Health Safety and Environment; G. Whale, Shell Health

Since the 1940s, effluent toxicity testing has been utilized to varying
degrees in many countries to assess potential ecological impacts and assist

in determining necessary treatment options for environmental protection.
However, it was only in the early 1980’s that toxicity based effluent assess-
ments and subsequent discharge controls became globally important,
when it was recognized that physical and chemical measurements alone
did not protect the environment from potential impacts. Consequently,
various strategies using different toxicity tests, whole effluent assessment
techniques (incorporating bioaccumulation potential and persistence) plus
supporting analytical tools have been developed over 30 years of practice.
Numerous workshops and meetings have focused on effluent risk assess-
ment through ASTM, SETAC, OSPAR, UK competent authorities, and
EU specific country rules. Concurrent with this drive to improve effluent
quality using toxicity tests, interest in reducing animal use has risen.

The Health and Environmental Sciences Institute (HESI) organized and
facilitated an international workshop in March 2016 to evaluate strate-
gies for concepts, tools, and effluent assessments and update the toolbox
of for effluent testing methods. The workshop objectives were to identify
opportunities to use a suite of strategies for effluents, and to identify
opportunities to reduce the reliance on animal tests and to determine
barriers to implementation of new methodologies. As preparation for

the workshop, a survey was conducted to assess the use and application
of ecotoxicity-based effluent assessments. Preliminary results from this
ongoing global survey of effluent assessment strategies were presented

in May 2016 at SETAC Europe (Nantes). This talk will focus on the
highlights of the workshop, including a review the state of the science,
description of the suite of strategies being used for reducing the impact of
effluents, discussion on ways to integrate alternative approaches, and iden-
tification of opportunities to lessen the reliance on animal testing. Finally,
we will give an overview of how various countries approach effluent
testing and discuss how these approaches and data generated can integrate
into existing risk assessment methodologies. DISCLAIMER: The views,
conclusions and recommendations expressed are those of the authors

and do not necessarily represent the policies or positions of the European
Commission, Canada or USEPA.

230 TSCA Reform: New Options for Animal Testing Alternatives
J. Kneeland, A. Lewis, Gradient

The Frank R. Lautenberg Chemical Safety for the 215t Century Act
(Lautenberg Act) will change how chemicals are regulated in the

United States. The Lautenberg Act, which reforms the Toxic Substances
Control Act (TSCA), requires more careful control and more thorough
understanding of hazardous chemicals in the US marketplace. This is
consistent with many global regulatory reforms that have already been
implemented or are underway. Though many details of the Lautenberg
Act and its implementation by the United States Environmental
Protection Agency (USEPA) remain to be elucidated, some broad changes
to chemical hazard data requirements are expected. In particular, the Act
will grant USEPA expanded authority to require companies to obtain
additional chemical hazard data. In the backdrop of what are likely to

be significantly increased data needs, USEPA is simultaneously stress-
ing that companies should use alternative test methods and tiered testing
plans to reduce vertebrate animal testing, if possible. There is a global
trend toward increased use of alternative sources of hazard information,
including in vitro methods, high-throughput screening, in silico methods
such as quantitative structure activity relationships (QSARs), and chemi-
cal grouping and read-across approaches. As part of the reforms enacted
by the Lautenberg Act, USEPA will be required to develop a strategic
plan to encourage the use of these alternative information sources. This
presentation will highlight the new possibilities for taking advantage of
these approaches, as well as some of the technical challenges that are
likely to be encountered during the implementation of the new regulation.
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Modeling and Monitoring of Environmental
Pesticides Exposure: Regulatory Context and
Improvements from Science

231 Plant Uptake — From Scientific Description to Regulatory

Implementation

R. Sur, Bayer CropScience AG / Environmental Safety

Plant uptake is a crucial process for a comprehensive leaching assessment
of pesticides and their metabolites and a realistic description of plant
uptake can be critical for passing the regulatory groundwater exposure
assessment. The process of plant uptake is described by parameters like
plant uptake factor, transpiration stream concentration factor and root
concentration factor. The science behind these parameters, experimen-
tal methods of their determination and the consistent and coherent use

in leaching models is discussed. Furthermore, an overview on current
regulatory guidance, practice, und issues is given. Proposals for use of
plant uptake in regulatory leaching assessments should consider appropri-
ate endpoints derived from robust laboratory studies as higher tier option,
which provides for a pragmatic approach but protective assessment.

232 Modelling the Fate of Pesticides in European and French
Cropping Systems: Integration of Complex Cropping Practices in
the Regulatory Risk Assessment

L. Mamy, INRA; A. Boivin, ANSES; S. Lammoglia, INRA; J. Moeys, SLU
/ CKB, Dept of Soil and Environment; E. Barriuso, INRA

Modelling the fate of pesticides in the environment can help preventing
and managing soil and water contamination. In particular, groundwater
protection is a key issue for human health and resources sustainability.
At the European level, a pesticide shall only be approved if the predicted
concentrations in groundwater (PECgw) of the pesticide or of relevant
metabolites are below 0.1 pg/L. The PECgw have to be estimated using
at least two of four recommended models (MACRO, PELMO, PEARL,
PRZM) together with representative European agro-pedo-climatic
scenarios available for each crop (FOCUS scenarios). These scenarios
assume that the same crop is grown every year. This assumption can

be considered as a worst case for PECgw assessment but it does not
include crop rotation. The PECgw have to be lower than 0.1 pg/L for

at least one of the scenarios for pesticide approval. At the French level,
there are two levels of risk assessment for plant protection products
(PPP) containing the approved pesticide(s). First, PECgw are estimated
from the FOCUS scenarios. The PECgw have to be lower than 0.1 pg/L
for all representative scenarios. If not, a refined level of assessment

is required. One refinement is based on numerous French agro-pedo-
climatic scenarios (FROGS scenarios) coupled with the PEARL model.
In contrast to FOCUS scenarios, FROGS scenarios allow to define risk
mitigation measures based on specific cropping practices (i.e crop rota-
tion). In order to be as representative as possible of standard agricultural
practices, typical crop rotations of 31 French agricultural regions are
implemented in FROGS. PPP can only be approved for conditions where
PECgw are lower than 0.1 pg/L. However, while these scenarios consider
more realistic cropping systems than the FOCUS scenarios, they do not
take into account agricultural practices such as cover crops, mulch...

In addition, the representation of agricultural practices in the numerical
models remains incomplete. Therefore, new tools are needed to consider
the variability of cropping systems in risk assessment. Among the most
recent developments, the sequential use of a pesticide fate model such as
MACRO and a crop model able to simulate the growth of a large range
of crops under different agricultural practices (residues management,
tillage...) is a promising method to refine risk assessment of pesticides. In
the future, it would allow to consider more realistic cropping systems for
pesticide regulatory risk assessment.

233 Assessment of available monitoring data and modeled EEC
values for an herbicide (linuron) in the US and Canada

G. Hoogeweg, 1. Khanijo, Waterborne Environmental, Inc.; K.S. Henry,
NovaSource/Tessenderlo Kerley, Inc.; J. Akins, NovaSource Tessenderlo
Kerley Inc / Regulatory Affairs; L. Castro, Tessenderlo Kerley, Inc

The purpose of his study was to compile a dataset of monitoring data for
an herbicide (linuron) used in North America and to create a geospatial
illustration of the water monitoring locations, and to compare these results
to the outputs of standard Tier 2 models. Water quality monitoring records
were collected for a 25-year period (1986 — 2015). Over 115,000 sample
results were obtained for Canada and the US. Monitoring data for the

U.S. was available primarily online. Much of the information for Canada
was requested from regulatory agencies and other organizations, and, to a
lesser degree, available online. Of the 115,000+ records that were collected
89% are associated with the US and 11% of the monitoring data is for
Canada. A majority of the data in both the Canada and the US are for sur-
face water (~60%) and for groundwater (~39%), while results for drinking
water are less commonly reported (0.02%). About 1% of the monitoring
data indicated that the herbicide was detected. In addition to standard per-
centile assessments, geo-spatial statistics were applied to identify ranges
of sampling density for monitoring and to determine if spatial-temporal
trends are present in the data. Monitoring data were compared to standard
USEPA and PMR A modeling scenarios. The results indicated that no cor-
relation exists between modeled data and observed data for linuron.

234 Insecticides in sediment cores from a rural and a suburban area
in South China: A reflection of shift in application patterns

D. Sun, Y. Wei, H. Li, X. Yi, Guangzhou Inst of Geochemistry / Chinese
Academy of Sciences, J. You, Jinan Univ / School of Environment

A shift in pesticide application pattern has occurred in recent decades, yet
little information is available in the consequence of this shift. To better
understand how the shift is reflected in aquatic environment, two sedi-
ment cores were collected from a rural (RLY) and suburban (SGZ) river in
South China. A variety of legacy organochlorine pesticides and current-use
pesticides (CUPs), including organophosphate, pyrethroid and phenylpyr-
azole insecticides were quantified at distinct increments of the sediment
cores. Total insecticide concentrations were in the ranges of 67.6—1671

and 99.2-231 ng/g dry weight in RLY and SGZ with pyrethroids and
organochlorines being the dominant components, respectively. In general,
the shifting profile of sediment-bound insecticides from legacy organo-
chlorines to CUPs over time followed their historical application pattern,
but significant differences were noted between the temporal profiles of the
rural and suburban cores in regards to concentrations and composition of
insecticides. The observed difference between the suburban and rural cores
was synchronous with land use pattern and local economic changes. A
steep increased occurrence of CUP in the 1990s was observed in the RLY
core, which is consistent with the onset of economic growth in this area.
In contrast, the suburban SGZ area has been historically contaminated

by legacy OCPs, with fresh input of OCPs in SGZ believed to be caused
by soil erosion, caused by land reclamation activities associated with
urban expansion. The current study shows the shift in insecticide applica-
tion pattern from legacy organochlorine to CUPs leading to an elevated
CUP occurrence in the environment. It also suggests a stronger need for
understanding not only environmental fate and risk, but also how their use
pattern and land use changes impact the occurrence of pesticides.

235 Chlorpyrifos in Surface Waters of Central Valley, California:
Statistical Analysis of Environmental Monitoring Data

D. Wang, N. Singhasemanon, K. Goh, California Dept of Pesticide
Regulation

Pesticides are routinely monitored in surface waters and resultant data are
analyzed to assess whether their uses will damage aquatic eco-systems.
However, the utility of the monitoring data is limited because of the insuf-
ficiency in the temporal and spatial sampling coverage and the inability
to detect and quantify trace concentrations. This study developed a novel
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assessment procedure that addresses those limitations by combining

1) statistical methods capable of extracting information from changing
detection limits, 2) statistical resampling techniques that account for
uncertainties rooted in the non-detects and insufficient sampling cover-
age, and 3) multiple lines of evidence that improve confidence in the final
conclusion. This procedure was demonstrated by an assessment on chlor-
pyrifos monitoring data in surface waters of California’s Central Valley
(2005-2013). We detected a significant downward trend in concentrations,
which cannot be observed by commonly-used statistical approaches. We
assessed that the aquatic risk was low by using Joint Probability Curve
that works with non-detects and can differentiate indicator groups with
varying susceptibility and recovering ability. In addition, we showed

that the frequency of exceedance over ambient aquatic life water quality
criteria was affected by pesticide use, precipitation and irrigation demand
in certain periods anteceding the water sampling events.

236 Groundwater Monitoring for regulatory purposes — First steps
of a SETAC group to develop a European guidance Document

A. Gimsing, The Danish Environmental Protection Agency /

Pesticides and Gentechnology, A. Boivin, ANSES; W. Tiiting,

German Federal Office of Consumer Protection and Food Safety; J.
Agert, Bayer CropScience AG / Environmental Safety; W. Koenig,
Federal Environment Agency Germany;, J. Kreuger, Swedish Univ of
Agricultural Science / Centre for Chemical Pesticides; L. Loiseau,
Syngenta; A. Massey, Chemicals Regulation Directorate; B. Miles,
BASF SE Agrarzentrum Limburgerhof / Crop Protection Environmental
Fate Modelling; A. Newcombe, ARCADIS US Inc; R.L. Jones, Bayer
CropScience / Environmental Safety; T. Van der Linden, RIVM /
Environmental Quality; A.E. Rosenbom, Geological Survey of Denmark
and Greenland / Geochemical

The aim of the SETAC Environmental Monitoring Advisory Group on
groundwater (EMAG-GW) is to develop a guidance document on the
use of groundwater monitoring data for regulatory purposes in the EU.
Preliminary feedback on the following topics will be presented: Utilizing
monitoring data in regulatory context: Monitoring data can be used in
the regulation of pesticides, but use of such data is not straight forward.
Groundwater Monitoring “good practices™: The design of a monitoring
study and the quality of the data are key to generate valuable monitor-
ing results. The study design should be tailored to the questions that the
study is expected to answer. Interpretation of GW monitoring data and
how representative is the GW monitoring conducted: How to interpret
and use monitoring data in regulation and how to assess the representa-
tive nature of monitoring are probably the two main recurrent questions
associated with groundwater monitoring. These two questions are raised
for both compound specific monitoring studies and for public monitoring
programmes which may be available. Recommendations are needed on
how results should be used and to define what the monitoring data should
represent/cover for both types of monitoring studies/programmes. How
can these two types of monitoring complement each other?

237 Pesticide Residues in Yamuna, Hindon and Ghaggar Rivers
flowing through Vegetables, Rice and Cotton Cropping Areas

S. Thakur, K. Gulati, Amity Univ / Amity Inst of Environmental Toxicology
Safety and Management AIETSM; D. Lal, Ministry of Environment,

Forest and Climate Change / Hazardous Wastes Management; P. Jain,
Central Pollution Control Board; T. Jindal, Amity Univ / Amity Inst of
Environmental Toxicology Safety and Management AIETSM

In India cotton and paddy are the major consumers of crop protection
chemicals accounting for 50% and 18% respectively. While vegetables
consume about 9% share of the crop protection chemicals. As crops are
water intensive, it’s the quality of the water that is mostly affected by their
cultivation, by runoff chemicals in surface water. Therefore a study was
undertaken to analyze the contamination by pesticide in surface water
samples in flowing near the farms of vegetable, rice and cotton growing
areas along with survey for pesticide use by farmers. Yamuna, Hindon
and Ghaggar River streams flowing nearby vegetables, rice and cotton

crop growing areas. Samples of rivers (Yamuna, Hindon and Ghaggar)
were taken from nearby field crop surface, 2km, 2km bottom and Skm.
According to survey pesticide sprayed in vegetables, rice and cotton were
Cypermethrin and Malathion, Cypermethrin and Endosulfan, Profenofos
and Endosulfan, Ethion and Cypermethrin, Endosulfan, Chlorpyrifos
Profenofos and Cypermethrin and Cypermethrin respectively. Yamuna
River flowing nearby seasonal vegetable growing area, 45% samples were
found contaminated with organochlorine and 25% samples with organo-
phosphorous pesticides above MRL value. All the synthetic pyrethroids
analyzed were found below MRL value. Hindon River flowing nearby rice
growing area and the variety grown there was 11/21. Samples were found
contaminated with 52% by organochlorine pesticides, 25% by organo-
phosphorous pesticides and 12.5% by synthetic pyrethroids above MRL
value. Ghaggar River flowing nearby desi cotton growing area and the
variety grown there were RG-8, HD-123, 38.6% of surface water samples
were found contaminated with organochlorine pesticide, 50% by organo-
phosphorous pesticide and 10.5% by synthetic pyrethroids residues which
were above MRL value. The results are alarming and show that either
the use of banned pesticides (DDT and Endosulfan) is still continued

or they are present in surface water samples as they are very persistent.
There is need of proper extension services to educate farmers about the
judicious use of new molecules of pesticides along with Integrated Pest
Management approach to avoid contamination of water resources.

238 Pesticide residues and degradation in vegetative filter strips for
long-term environmental exposure assessments

R. Muiioz-Carpena, Univ of Florida / Agricultural Biological
Engineering; A. Ritter, Waterborne Environmental, Inc.; G. Fox,
Oklahoma State Univ / Biosystems and Agricultural Engineering; O.
Perez-Ovilla, Bayer CropScience / Environmental Safety

Understanding and being able to simulate the fate and transport of
pesticides from the application on a field, through a vegetative filter

strip (VFS), and finally to adjacent receiving water bodies is critical for
conducting environmental risk assessments. Previous research has pro-
posed a modeling approach that links the U.S. Environmental Protection
Agency’s (EPA’s) PRZM/EXAMS higher-tier environmental exposure
framework with a well-tested process-based model for VFS (VFSMOD),
but it assumed that pesticide mass stored in the VFS was not available
for transport in subsequent storm events. The objective of this research
was to update the modeling approach to consider four formulations for
degradation to accommodate different regulatory environments, and
then to determine if residues in the VFS and/or estimated environmental
concentration (EECs) differed relative to the degradation formulation.
The formulations variably consider temperature and moisture content
adjustments as proposed by the European Union and USEPA. Results
from three distinct 30-yr USEPA scenarios showed that while the type of
degradation equation was important in long-term assessments relative to
predicting residues at the beginning of each storm event, the degradation
formulation was not important relative to EECs.

Everglades and Wetlands Science Part 2: Cellular,
Genetic and Toxicological Outcomes of a Changing
Habitat

239 Infectious disease linked to climate and genetic variation in
amphibian populations of the southeastern United States

A. Horner, Univ of Central Florida / Biology, E. Hoffman, Univ of
Central Florida; A. Savage, Univ of Central Florida / Biology

Infectious disease is a well-known driver of animal declines worldwide.
North American amphibians have been impacted by to two major emerg-
ing pathogens, the fungus Batrachochytrium dendrobatitis (Bd) and
iridoviruses in the genus Ranavirus (Rv). Amphibian populations have
responded differently to these disease stressors; some populations have
declined precipitously while others persist despite ubiquitous infection.
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Environmental factors and host genetics may play important roles in
disease dynamics, but few studies incorporate both of these components
into their analyses. Our study investigates the effect of environmental
and genetic factors on Bd and Rv infection prevalence and severity in a
biodiversity hot spot, the southeastern United States. We conducted a ret-
rospective infection study on three amphibian species, using population
genetics and quantitativepathogen detection to understand how emerging
infectious pathogens have impacted natural populations. By combining
genetic factors and environmental variables into a general linear model
for species with pathogen infection, we elucidate the relative roles of host
genetics and environmental variables on predicting disease impact and
spread. We conclude that by incorporating both genetic and environ-
mental factors into conservation plans for amphibians, more effective
management strategies can be developed to help protect the Southeast’s
amphibian biodiversity.

240 Genetic and epigenetic variation in Spartina alterniflora follow-
ing the Deepwater Horizon oil spill

M. Robertson, Univ of South Florida; A. Schrey, Armstrong State Univ;
A. Shayter, Southern Illinois Univ Carbondale; C. Meals, C. Richards,
Univ of South Florida

Catastrophic events offer a unique opportunity to study rapid population
response to stress in natural settings. Following the Deepwater Horizon
oil spill, we simultaneously examined the genetic and epigenetic structure
of recovering populations of Spartina alterniflora, a keystone salt marsh
grass. In concert with genetic variation, epigenetic mechanisms like
DNA methylation may explain the high resilience ofS. alterniflora to

oil exposure, and may offer a rapid mechanism of response to severe
environmental challenges, like the Deepwater Horizon oil spill. In this
study, we quantified genetic and DNA methylation variation using AFLP
and MS-AFLP to test the hypothesis that response to oil exposure in S.
alterniflora resulted in genetically and epigenetically based population
differentiation. We found high genetic and epigenetic variation within and
among sites, and found significant genetic differentiation between con-
taminated and uncontaminated sites. In contrast, we found the majority
of the epigenetic variation occurred within sites and found no significant
genome-wide epigenetic differentiation in response to oil contamination.
However, despite the lack of genome wide patterns in DNA methylation,
we found three MS-AFLP loci (14% of polymorphic MS-AFLP loci) that
were correlated with oil exposure. Overall, our findings support geneti-
cally based response to selection from the oil spill in this system, but also
a limited role for epigenetic mechanisms in population differentiation.

241 Using an in vitro organ culture system to assess the estrogenic
effects of CWAF exposure on sex determination in the American
alligator

C. Williams, College of Charleston, D. Spyropoulos, Medical Univ of
South Carolina / Pathology and Laboratory Medicine; L. Guillette, S.
Kohno, Medical Univ of South Carolina / Obstetrics and Gynecology

Coastal aquatic ecosystems are often subject to high levels of anthropo-
genic activity and contamination. Specifically, these areas are increasingly
vulnerable to the threat of oil contamination from offshore oil spills or
pipeline ruptures. While a growing body of knowledge exists regarding
the toxicity of oil, dispersants, and their mixtures, the potential sublethal
biological impacts of dispersants and chemically-dispersed oil still merit
further investigation. The American alligator, Alligator mississippiensis,
is an ideal aquatic sentinel species due to its regional fidelity, long life as

a top predator (bioaccumulation), and its environmental sex determina-
tion, in which the temperature and/or estrogenic signals of the developing
embryo determines its sex. Exposure to estrogen and certain estrogenic
compounds in ovo can result in ovarian development at any temperature
in the alligator. This study evaluates the effects of CWAF, the chemical
enhanced water-accommodated fraction of crude oil with Corexit, on sex
determination and differentiation in the alligator by examining patterns of
key mRNA abundances involved in the sex determination process includ-
ing aromatase, anti-Miillerian hormone(AMH), sex determining region

Y-box 9(SOX9) and Forkhead box protein L2 (FOXL2). We revealed

that CWAF induced estrogenic activity at nearly 50% of the maximum
induction of the endogenous ligand 17B-estradiol (E,) in transactivation
assays with alligator estrogen receptors in vitro. To determine the effects
of CWAF at the organ level, gonad-adrenal-mesonephric (GAM) organ
complexes were isolated from A. mississippiensis embryos one day prior
to the beginning of the thermosensitive period for sex determination and
cultured at a male-producing temperature for 1-2 weeks with exposure to
media controls, CWAF, and three different concentrations of E,. After two
weeks of GAM culture, E, and CWAF exposure induced a female-like
pattern in several of the genes examined. The results of this study help to
establish a framework for assessing targeted effects of contaminants at the
receptor and organ levels, and provide important insight into the potential
adverse effects of oil and dispersant exposure on reproductive health in
aquatic wildlife as well as in humans.

242 Assessing Estrogenic Activity of the Dispersant Corexit 9500 in
Two Aquatic Reptiles, the American Alligator and Diamondback
Terrapin

N. McNabb, College of Charleston; D. Spyropoulos, Medical Univ of
South Carolina / Pathology and Laboratory Medicine; L.J. Guillette, S.
Kohno, Medical Univ of South Carolina

During the Deepwater Horizon oil spill, millions of gallons of Corexit
9500 were applied to the surface water and at the wellhead to disperse

the oil. This massive release mandates evaluation of the long-term effects
of Corexit with a focus on endocrine disruption. Estrogen signals play
critical roles in temperature-dependent sex determination (TSD) and
gonadal differentiation in some turtles and all crocodilians, in which
egg-incubation temperatures determine sex of the embryos during a
thermosensitive period (TSP). A single exposure to exogenous estrogen
during TSP leads to skewed sex ratios by inducing ovarian development,
even at a male-producing temperature. Due to this sensitivity to estrogen,
reptiles that exhibit TSD, including the American alligator (Alligator
mississippiensis) and diamondback terrapin (Malaclemys terrapin), can
be sentinel species to investigate chronic exposure to estrogenic environ-
mental contaminants. Both estrogen receptor isoforms, ESR1 and ESR2,
were cloned from the diamondback terrapin and found to be highly
homologous to painted turtle, alligator, and chicken ESRs. The cloned
ESRs were characterized using nuclear hormone receptor transactivation
assays in vitro with 17B3-estradiol and Corexit. Additionally, alligator eggs
were exposed to Corexit at 0.25, 2.5, and 25 pg/g egg weight prior to TSP
to investigate the potential endocrine disruption and estrogenic effects on
gonadal development in ovo. Gonadal tissues dissected from alligators

at one week old were analyzed using histological methods and quantita-
tive PCR to determine resulting sex ratios and understand the outcome

of developmental exposure. While Corext showed potential estrogenic
activity in vitro using transactivation assays, no significant effects on sex
ratios or testicular mRNA abundance were observed as a result of Corexit
exposure, suggesting that Corexit alone does not have strong estrogenic
activity in ovo. Further investigations are required to assist in understand-
ing the effects of Corexit exposure on the reproductive health of coastal
aquatic reptiles.

243 Exploring the epigenetic and biochemical effects of mercury
exposure in Diamondback Terrapins (Malaclemys terrapin)

F. Nilsen, National Inst of Standards and Technology / Environmental
Chemical Sciences Division; J. Schwenter, South Carolina Dept of
Natural Resources; R.D. Day, NIST / Chemical Sciences Division
Hollings Marine Laboratory; B.B. Parrott, Medical Univ of South
Carolina; J.A. Bowden, National Inst of Standards and Technology /
Environmental Chemical Sciences Group, T.B. Schock, National Inst of
Standards and Technology / Analytical Chemistry Division

Mercury is a toxic global pollutant impacting a wide variety of eco-
systems across the planet, due to the main route of transmission being
atmospheric deposition. Mercury is a potent neurotoxin known to elicit
behavioral changes and has been correlated to a myriad of adverse health

70 | 7th SETAC World Congress/SETAC North America 37" Annual Meeting



TUESDAY PLATFORM ABSTRACTS

effects, including congenital heart defects, and reproductive impairment.
Sub-lethal, physiological effects of mercury exposure have been difficult
to characterize. The Diamondback Terrapin (Malaclemys terrapin) is a
long lived, ecologically important mid- to upper trophic level predator in
coastal habitats of the Atlantic Ocean, and along the US Gulf Coast. The
natural range places this reptilian sentinel in areas historically affected
by anthropogenically produced environmental contaminants, including
mercury. These qualities make the terrapin an excellent model species for
studies of chronic exposure to mercury, as well as a sentinel species for
human exposure. In this study, we investigate physiological and epigen-
etic changes associated with two doses of chronic mercury exposure over
a two year time period on an ecologically important reptilian sentinel.
Blood samples were analyzed for total mercury content and subsequently
analyzed by LC-MS/MS for global DNA methylation patterns and by

"H NMR for metabolomic effects. DNA methylation is a well-studied
epigenetic modification that controls gene expression. When DNA
methylation patterns are changed as a result of external stimulus, altered
gene expression and dysregulation of certain cellular processes can
occur. Evaluating DNA methylation changes related to mercury expo-
sure can provide insight into the sub-lethal effects of chronic mercury
exposure. Plasma metabolomic profiles were analyzed by multivariate
and univariate techniques across doses, gender, and annual time scales.
The metabolomics data details the small molecule changes that are
taking place as a result of mercury exposure. The combination of these
two techniques allows for further elucidation of organism-environment
interactions.

244 A means to adapt, a means to disrupt: epigenome-environment
dynamics underlying sex determination and reproductive perturba-
tions in the alligator

B. Parrott, Univ of Georgia — Savannah River Ecology Laboratory

/ Odum School of Ecology,; B. Doheny, Medical Univ of South

Carolina and Hollings Marine Laboratory / Marine Biomedicine and
Environmental Sciences; L.J. Guillette, Medical Univ of South Carolina /
Marine Biomedicine and Environmental Sciences OBYGYN

Unlike traditional models for reproductive health, the American alliga-
tor is a long-lived apex predator that undergoes temperature-dependent
sex determination (TSD). Further, these animals are oviparous and

field collected eggs allow for the investigation of environmental effects
on developmental processes. Here, we use the alligator as a model to

(1) examine the role of DNA methylation patterning during TSD and

(2) investigate how exposures to endocrine-disrupting contaminants
(EDCs) during this period may alter the epigenetic landscape in a man-
ner that influences subsequent reproductive function. When compared
to their counterparts living in relatively pristine environments, alliga-
tors undergoing natural exposures to EDCs display a severely abated
ovarian transcriptional response to gonadotropin stimulation. Here, we
employ reduced-representation bisulfite sequencing to explore the sexu-
ally dimorphic DNA methylome in gonads from embryos exposed to
either male- or female-promoting temperatures. We identify numerous
temperature-dependent methylated regions within the alligator genome.
In addition, we use targeted bisulfite sequencing on the Illumina platform
to examine how DNA methylation status of the CYP19A1 promoter, a
gene displaying sexually dimorphic expression and DNA methylation
patterns, varies in field-collected embryos originating from contami-
nated environments. We find that the robustness of sexually dimorphic
CYPI19A1 promoter methylation is reduced in embryos originating from
a site contaminated with EDCs. We next probe the consequences of
developmentally inappropriate Estrogen Receptor activity on subsequent
CYPI19A1 expression and find that treatment with a selective ESR1
agonist prior to gonadal differentiation results in down regulation of
CYP19A1 in stage 27 ovaries. Results presented here suggest that DNA
methylation patterning may play an integral role in mediating the effects
of incubation temperature on sex determination and that EDCs may exert
their effects by compromising sexually dimorphic epigenetic patterns
acquired during development.

A SETAC Pellston Workshop® on Environmental
Hazard and Risk Assessment Approaches for
Endocrine-Active Substances Data

245 SETAC Pellston WorkshopTM: Environmental hazard and risk
assessment approaches for endocrine-active chemicals (EHRA)

A. Leopold, Calidris Environment BV; M. Roberts, Unaffiliated; G.T.
Ankley, USEPA / National Health and Environmental Effects Research
Laboratory; P.D. Guiney, S C Johnson & Son, Inc / Molecular and
Environmental Toxicology Center; H. Holbech, Univ of Southern
Denmark / Dept of Biology, T. Iguchi, National Inst for Basic Biology /
Molecular Environmental Endocrinology; A. Kumar, CSIRO / Center for
Environmental Contaminants Research; L.L. Lagadic, Bayer CropScience
/ Environmental Safety; P. Matthiessen, Unaffiliated; E.M. Mihaich, ER2;
J. Odum, Regulatory Science Associates; L.S. Ortego, Bayer CropScience
/ Environmental Toxicology and Risk Assessment; L. Weltje, BASF SE /
Crop Protection Ecotoxicology; J. Wheeler, Dow Agrosciences

Suspected endocrine disrupting substances (EDS) are now being evalu-
ated by several regulatory authorities. A debate is in progress about
whether or not EDS can be adequately assessed by following the stan-
dard approach involving identification of intrinsic hazards, prediction of
exposure and consequent calculation of risk or if hazard alone should be
used to decide if chemical registration can be permitted. For this rea-

son the SETAC-Pellston Workshop on Environmental Hazard and Risk
Assessment Approaches for Endocrine Active Chemicals (EHRA) was
held from the 31st of January to the 5th of Febuary, 2016. It had the follow-
ing aims: 1) resolving the scientific disagreement about how best to assess
the impact of endocrine active substances (EAS); developing guidance to
assist regulators and policy makers in their decision making and thereby
contribute to speeding up the global progress in controlling these chemi-
cals; 3)identifying areas of uncertainty and knowledge gaps. The approach
to the workshop was to identify cross-cutting issues that arose from the
six case-studies that were performed ahead of the workshop. Cross-cutting
issues emerging from the case-studies covered: improved hazard and risk
assessment (Coady et al, in review; Marty et al, in review); whether an
EDS can confidently be subjected to environmental risk assessment or
whether regulation by hazard is the most appropriate option (Parrott et al,
in review); distinguishing between endocrine- versus non-endocrine-spe-
cific responses (Mihaich et al, in review). Key questions to be addressed
to support endocrine disrupter environmental hazard and risk assessment
include: environmental exposure; effects on relevant taxa and life-stages;
delayed/multigenerational effects; dose-and concentration-reponse rela-
tionships. A proposed decision making scheme developed at the workshop
will be presented and discussed. Main conclusions of the workshop will be
presented as well as areas of future research.

246 Challenges in Assigning Endocrine Specific Modes of Action:
Recommendations for Researchers and Regulators

E.M. Mihaich, ER2; C. Schaefers, Fraunhofer-Institut / Ecotoxicology;,
D.A. Dreier, Univ of Florida / Physiological Sciences; M. Hecker, Univ
of Saskatchewan / School of the Environment and Sustainability and
Toxicology Centre; L.S. Ortego, Bayer CropScience / Environmental
Toxicology and Risk Assessment; Y. Kawashima, JAPAn NUS Co., Ltd.;
Z. Dang, RIVM / LIEC CNRS UMR; K.R. Solomon, Univ of Guelph /
School of Environmental Sciences

As regulatory programs focus on evaluating substances for their endocrine
disrupting properties, there is a need for careful study design and data
interpretation to distinguish between endocrine versus non-endocrine
specific responses. This is particularly important where specific criteria are
under development to identify endocrine disrupting properties to enable
hazard-based regulation. Irrespective of the regulatory process, most
jurisdictions use the WHO IPCS definition of an endocrine disruptor (ED),
requiring that a substance is demonstrated to cause a change in endocrine
function that consequently leads to an adverse effect in an intact organism.
Such a definition is broad, and at its most cautious, might capture many
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mechanisms that in general would not specifically be considered ED. For
instance, stress is a non-specific, neuro-endocrine response that can lead to
adverse outcomes. In addition, non-endocrine toxic mechanisms (e.g. hepa-
totoxicity, acetylcholinesterase inhibition) may operate secondarily or in
parallel to impact the endocrine system and apical endpoints downstream.
Furthermore, endocrine responses may be adaptive in nature and designed
to maintain homeostasis rather than inducing an irreversible adverse effect.
The likelihood of indirect effects is increased in (eco)toxicological studies
requiring the use of maximum tolerated dose levels, which must produce
some adverse effect. The misidentification of indirect effects as truly

ED has serious consequences in terms of triggering animal and resource
intensive testing and potentially severe regulatory consequences. A review,
based on 6 case study substances, was conducted to evaluate scenarios

that could complicate the assessment of whether or not a substance is an
endocrine disruptor. In order to achieve this objective, a weight of evidence
approach was used to evaluate available data for the case-study substances.
In this approach, the weight of evidence was based on biological plausibil-
ity, empirical support, and essentiality of key events in adverse outcome
pathways. A process is recommended where indicative (endocrine specific
and non-endocrine specific) and apical endpoints can be evaluated to inves-
tigate whether an endocrine mode of action can be conclusively assigned to
the effects observed for a given substance.

247 Uncertainties in biological responses that influence hazard or
risk approaches to the regulation of endocrine active substances

J. Parrott, Environment and Climate Change Canada / Aquatic
Contaminants Research Division; P. Bjerregaard, Univ of Southern
Denmark / Biology; K. Brugger, DuPont Crop Protection; L. Gray Jr,
USEPA / Office of Research and Development; T. Iguchi, National Inst
Jfor Basic Biology / Molecular Environmental Endocrinology; S. Kadlec,
Univ of Minnesota — Duluth / Integrated Biosciences; L. Weltje, BASF SE
/ Crop Protection Ecotoxicology; J. Wheeler, Dow Agrosciences

Endocrine Disrupting Substances (EDSs) may have certain biological
effects including delayed effects, multigenerational effects, and non-
monotonic dose response relationships (NMDRs) that require careful
consideration when determining environmental hazards. The case studies
evaluated for the SETAC Pellston Workshop™: Environmental Hazard
and Risk Assessment Approaches for Endocrine-Active Chemicals and
other key examples from the literature are discussed. EDSs can have
specific and profound effects when exposure occurs during sensitive
windows of the lifecycle (development, reproductive). This creates the
potential for delayed effects where the adverse effect becomes manifest
when exposure has ceased, possibly in a different lifestage. This under-
scores the need for testing in appropriate (sensitive) lifestages and full
lifecycle designs that capture adverse effects wherever they occur in the
lifecycle. Such tests are available in the tool box and should be employed
to derive endpoints that can be considered protective of all life stages.
Similarly, the potential for effects to be manifest in subsequent genera-
tions (multigenerational effects) has also been raised as a potential issue
in the derivation of appropriate endpoints for EDSs. However, the evi-
dence for such effects as a general issue is limited. Indeed this is reflected
in the design of new higher tier tests to assess endocrine active substances
(EAS:s) developed by the OECD and US-EPA that move to extended
one-generation designs and away from multi-generational studies for fish
and mammals. The occurrence of non-monotonic dose or concentration
response relationships is also considered a limiting factor for reliable risk
assessment of EDSs. Substantial data reviews are underway to inform

on their occurrence. However, evidence to date indicates they are more
prevalent in in vitro and mechanistic data, not often translating to adverse
apical endpoints that would be employed in risk assessment. A proposal
of how to evaluate NMDRs in the context of endocrine hazard and risk
assessment procedures is presented. If careful consideration of delayed,
multigenerational and NMDR effects are made, it is feasible to assess
environmental endocrine hazards and derive robust apical endpoints

for risk assessment procedures ensuring a high level of environmental
protection.

248 Improving environmental assessment of endocrine active
substances

K.K. Coady, The Dow Chemical Company / Toxicology Environmental
Research and Consulting; R.C. Biever, Smithers Viscient / Dept of
Environmental Toxicology; N.D. Denslow, Univ of Florida / Physiological
Sciences; M. Gross, WCA Environment, P.D. Guiney, S C Johnson &
Son, Inc / Molecular and Environmental Toxicology Center; H. Holbech,
Univ of Southern Denmark / Dept of Biology; N.K. Karouna-Renier,
USGS Patuxent Wildlife Research Center / Beltsville Lab; I. Katsiadaki,
Cefas Weymouth Laboratory / Environment and Animal Health; H.O.
Krueger, Wildlife International / Aquatic Plant and Insect Toxicology;
S.L. Levine, Monsanto Company / Global Regulatory Sciences; G.
Maack, Federal Environment Agency / Ecotoxicological Assessment; M.
Williams, CSIRO / Land and Water; J.C. Wolf, Experimental Pathology
Labs., Inc.; G.T. Ankley, USEPA / National Health and Environmental
Effects Research Laboratory

There has been substantial scientific advancement in the development
and implementation of testing, hazard and risk assessment approaches

to evaluate potential adverse effects though an endocrine mechanism. In
particular, existing test systems and frameworks that have been devel-
oped for assessing potential interaction with the estrogen, androgen,

and thyroid pathways are relatively comprehensive for identifying and
assessing endocrine effects. However, there are now opportunities to
retrospectively examine the lessons learned from the recent implementa-
tion of these efforts to improve the reliability and relevance of endocrine
assessments. Priority areas for improving endocrine screening and testing
include: Leveraging information to the extent possible from high through-
put screening assays to prioritize and inform testing programs, Using
experience with existing assays as a basis for modifying approaches

to optimize resource use, Developing additional approaches to address
species sensitivity, sensitive life-stages, and critical endpoints to improve
the predictive ability to detect an adverse effect at the population level,
and Identifying gaps that can be addressed by research to improve testing
paradigms. Example ToxCast data sets of endocrine active chemistries
will be examined to indicate the utility of high through-put screening to
prioritize and inform future testing needs. The example of fathead min-
now plasma vitellogenin concentrations across multiple Tier 1 Fish Short
Term Reproduction assays will be examined in a post-hoc power analysis
to guide future methods development. A summary of the various small
fish species used in endocrine screening and testing will be presented

to guide species selection based on preliminary chemical information.
Finally, research gaps, such as invertebrate endocrine system knowledge,
additional endocrine pathways other than estrogen, androgen, and thyroid
pathways, and other needed research in the area of endocrine activ-

ity will be suggested. Collectively, these recommendations can reduce
uncertainty in testing and assessment approaches that evaluate potential
adverse effects exerted though an endocrine mechanism.

249 Population-Relevant Endpoints in the Evaluation of Endocrine-
active Substances (EAS) for Ecotoxicological Hazard and Risk
Assessment

A. Blankinship, USEPA; S. Marty, Dow Chemical Company; J.
Chambers, Mississippi State Univ; L.A. Constantine, Pfizer, Inc. /
Pharmacokinetics Dynamics and Metabolism; W. Kloas, Liebniz Inst
of Freshwater Ecology & Inland Fish.; A. Kumar, CSIRO / Center

for Environmental Contaminants Research; L.L. Lagadic, Bayer
CropScience / Environmental Safety; J. Meador, NOAA Fisheries /
Ecotoxicology and Environmental Fish Health Program; D. Pickford,
Syngenta / Inst for the Environment; T. Schwarz, Cefas / Environmental
and Animal Health; T.A. Verslycke, Gradient

For ecological risk assessment, endocrine disrupters require the establish-
ment of an endocrine mode of action (MoA) with a plausible linkage to

a population-relevant adverse effect. Current ecotoxicolgy test methods
mostly incorporate apical endpoints, although, some also include mecha-
nistic endpoints, at the subcellular through organ level, which can help
establish an endocrine MoA. However, the link between these endpoints
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and adverse population-level effects is often unclear. Case studies of
endocrine-active substances (EAS) (tributyltin, ethinyl estradiol, perchlo-
rate, trenbolone, propiconazole, and vinclozolin) were used to evaluate
the population relevance of toxicity endpoints in various taxa according
to the OECD Conceptual Framework for Testing and Assessment of
Endocrine Disrupters. For some taxa, such as mollusks, the population
relevance of tributyltin-induced gastropod imposex is well established.
However, for other taxa, the population relevance of observed effects is
not as well understood. Furthermore, potential adaptation and recovery
processess also are important to consider when evaluating the adverse
effects of EAS exposure on wildlife populations. As our understanding
of endocrine perturbations and key event relationships improves, adverse
population-level effects will be more easily and accurately predicted. This
presentation will focus on examples of potential population relevance
from these case study chemicals as well as briefly discuss future needs to
better predict population-level effects resulting from EAS exposure.

250 Evaluating the Credibility of Histopathology Data in
Environmental Endocrine Toxicity Studies

J.C. Wolf, Experimental Pathology Labs, Inc.; G. Maack, Federal
Environment Agency / Ecotoxicological Assessment

Agencies responsible for environmental protection are tasked with
developing regulatory guidance that is based on the best available
scientific evidence. Histopathology is a common endpoint in toxicologic
bioassays; however, because of the subjective nature of this endpoint,
and the advanced level of specialized training required for its effective
utilization, the reliability of histopathology data can be inconsistent.

For the present study, a total of 189 papers that involved investigations

of endocrine active substances (EAS) were reviewed for the credibility
of their reported histopathology findings. The review process incorpo-
rated standardized criteria for article and data selection, and systematic
procedures for data evaluation and histopathology credibility (HC)
scoring. A major outcome of these efforts was the finding that 54% of the
examined papers contained histopathology data that were considered to
be either highly credible or credible, whereas such data were deemed to
be of equivocal, dubious, or no credibility in 46% of cases. The ultimate
goals of this work are to draw attention to reliability issues that can affect
the histopathology endpoint, provide recommendations to improve the
quality of this endpoint, and suggest an approach for the expeditious

and judicious use of histopathology data in weight of evidence determi-
nations required for hazard and/or risk assessment. This exercise was
conducted initially as part of a SETAC-Pellston Workshop™ entitled
“Environmental Hazard and Risk Assessment Approaches for Endocrine-
Active Chemicals (EHRA): Developing Technical Guidance Based on
Case Studies to Support Decision Making” that was held in Pensacola,
Florida, USA, from January 315 to December 5t, 2016.

Multi-ion Toxicity: Mechanisms and Effects

252 Thoughts on applying existing toxicological understanding to
risk assessment for major ions in fresh waters

D.R. Mount, R.J. Erickson, B. Forsman, T.L. Highland, R. Hockett, D.J.
Hoff, C.T. Jenson, T.J. Norberg-King, USEPA / NHEERL / Mid-Continent
Ecology Division; D.J. Soucek, Illinois Natural History Survey / Illinois
Natural History Survey

Recent research in our laboratories and many others have greatly
increased understanding of the responses of freshwater organisms to
increased concentrations of major geochemical ions (Na, K, Ca, Mg, Cl,
SO4, HCO3) in laboratory toxicity tests, stream mesocosms, and in natu-
ral streams. The lessons learned to date raise challenges to developing
assessment approaches that effectively integrate knowledge from studies
of all types. For example, studies of benthic community data from the
field suggest that the conductivity associated with changes in those com-
munities varies with the natural background in the study area, but it is not
as clear how laboratory toxicity data should be viewed or applied with

respect to varying background. Most laboratory toxicity studies involv-
ing major ions are conducted using single salts (e.g., NaCl, MgSO,), but
most exposures in natural waters involve elevation of multiple ions to
varying degrees. As a specific example, how do we interpret toxicity

data for MgSO, alone at low Ca, when in the field elevated Mg usually
co-occurs with at least some elevation of Ca as well? And further, how do
we balance the practical appeal of guidelines based on single ions (e.g., C1
or SO,) with our understanding that toxicity is a function of the complete
ionic composition of the water?

253 Can major ion uptake Kinetics and interactions inform mecha-
nisms of multi-ion toxicity in aquatic insects?

S.A. Scheibener, D. Buchwalter, North Carolina State Univ / Dept of
Biological Sciences

Despite a recent surge in interest in freshwater salinization and its con-
sequences to biodiversity, both the scientific and regulatory communities
remain relatively uninformed about the mechanisms of multi-ion toxicity.
Opinion remains divided as to whether toxicity results from particular
individual ionic concentrations, ionic ratios or total salinity/conductivity.
Even in the context of evaluating the toxicity of simple salts (e.g. sodium
chloride or sodium sulfate), we typically assume toxicity is the result of
the anionic concentration, but we don’t know that this is 100% accurate.
In the face of so many uncertainties, it is important to begin building

a fundamental physiological foundation for understanding multi-ion
toxicity. In this talk, we will present the results of ongoing studies that
examine flux rates of individual ions as a function of their concentra-
tion and the interactive effects of other ions in aquatic insects. We show
that extreme increases in Mg concentrations are required to out-compete
Ca transport. We provide some evidence for an antagonistic effect of
potassium, calcium and sulfate on sodium transport. We also compare
the kinetics of Na (as NaCl) and SO, (as Na,SO,) in Neocloeon triangu-
lifer. For both ions, transport rates continue to increase at concentrations
beyond those found in the most contaminated freshwaters, suggesting
that this species lacks regulatory capacity for controlling uptake rates as
concentrations increase. In general, transport rates of these two ions at
equimolar concentrations are 2-5 fold high for Na than for SO,,though
both have not been studied under identical ranges. We hope to also
present the results of ongoing dual-labeled isotope (33Na and 3°SO,)
experiments that assess the relationship between Na and SO, uptake rates
under ionic ratio variations.

254 The Mechanistic Toxicity of Multi-lon Exposures in Pimephales
promelas (Fathead Minnow)

K.A. Johnson, Clemson Univ / Inst of Environmental Toxicology, P. van
den Hurk, Clemson Univ / Biological Sciences; S.J. Klaine, Clemson
Univ / Inst of Environmental Toxicology

Dissolved ions have many important physiological functions within
freshwater organisms. Particularly, these ions are necessary for the forma-
tion of electrochemical gradients within cells. These gradients produce a
delicate balance that controls water homeostasis and further ion movement
within the organism. Because the internal ion concentration of freshwa-
ter organisms is typically greater than their external environment, it is
necessary for them to utilize active transport through a series of pumps
and transporters in order to maintain this homeostatic balance. However,
due to agricultural irrigation, mining activities, road-salt runoff, and other
anthropogenic sources, dissolved ion concentrations in the aquatic envi-
ronment can become significantly elevated. An increase in dissolved ion
levels ultimately leads to an increase in salinity. If the external ion concen-
tration exceeds what is physiologically tolerable for freshwater organisms,
then the ionoregulatory function or acid-base balancing capabilities of
different organs may become dysfunctional. Seven day static-renewal
exposures were conducted with chloride, sulfate, and bicarbonate as
variable single ions and in binary mixtures to investigate the underlying
mechanisms that lead to ionoregulatory impairment. These mechanisms
were evaluated by measuring carbonic anhydrase activity, Na*/K*-ATPase
activity, and major ion concentrations within individual organs important

7'h SETAC World Congress/SETAC North America 37t Annual Meeting | 73



TUESDAY PLATFORM ABSTRACTS

for ionoregulation, specifically the gill, kidney and intestines. The results
of this work provide further insight into the mechanisms of toxicity of ion
mixtures to freshwater organisms and serve as a foundation for the devel-
opment of predictive models to manage water quality.

255 Acute and Chronic Ceriodaphnia Toxicity As a Result of Ion
Imbalance and Magnesium Based Hardness

M.S. Bowersox, Tetra Tech, Inc. / Laboratory Dept; P. Siwinski, R. Shaw,
P. Spehnkouch, J.M. Diamond, Tetra Tech, Inc.

An effluent from a food and beverage manufacturer caused chronic lethal
and sub-lethal toxicity and occasional acute toxicity to Ceriodaphnia
dubia. Using recent literature, multiple lines of evidence established that
ion imbalance was the cause of observed toxicity. Due to various clean-
ing procedures in the manufacturing process and the use of magnesium
hydroxide in the treatment process, effluent hardness was in excess of
1500 mg/L and a 10:1 ratio of magnesium to calcium was often observed.
Correlation analyses implicated increased use of magnesium hydrox-

ide as the cause of toxicity. Using a simulated effluent with various ion
characteristics observed in the actual effluent, it was concluded that
magnesium was a primary cause of C. dubia acute and chronic toxicity.
When non-toxic effluent samples were treated with magnesium hydrox-
ide at concentrations similar to those observed in toxic samples, toxicity
effects were observed in the effluent. Reducing the ratio of magnesium to
calcium reduced or eliminated effluent toxicity.

256 Comparing responses and dose metrics for mayflies and daph-
nids exposed to major ion salts

D.J. Soucek, Illinois Natural History Survey; A. Dickinson, Illinois
Natural History Survey / Ecology; D.R. Mount, R.J. Erickson, R. Hockett,
USEPA / ORD NHEERL Mid-Continent Ecology Division

Field studies have shown that mayflies (Ephemeroptera) tend to be more
sensitive than other benthic macroinvertebrates to elevated levels of total
dissolved solids in streams. While work with other species has shown
that major ion toxicity is dependent on the ionic composition of the water,
little is known about how ionic composition influences responses of
mayflies to elevated major ions. We tested the toxicity of major ion salts
to the mayfly Neocloeon triangulifer using dilution waters in which we
manipulated either the concentrations of all background ions, Ca:Mg
ratios, or sodium and potassium concentrations. We also conducted

acute toxicity tests with D-mannitol and sodium gluconate to investigate
potential effects of high osmolarity in the absence of “toxic” cations

or anions (D-mannitol) or in the absence of a “toxic” anion (sodium
gluconate). Finally, we conducted full-life chronic toxicity tests with two
sodium salts. In the case of the sodium salts, expressing LC50s (acute
tests) or EC20s (chronic tests) in terms of sodium activity (mM) produced
a much narrower range of effect levels than when expressing the same
data in terms of the anion activity. Furthermore, exposing mayflies to
high osmolarity using D-mannitol resulted in a minor effect on survival,
whereas the sodium gluconate test resulted in a sodium activity effect
level similar to those produced with inorganic sodium salts. This suggests
that sodium, rather than overall osmolarity, was responsible for observed
toxicity. Comparing general trends in major ion toxicity for Neocloeon

to those observed for Ceriodaphnia dubia revealed similarities in some
cases but differences in others. For example, while Na activity appears to
be the driver of toxicity to the mayfly in sodium salt tests (NaCl, Na,SOy,
NaHCOs), for C. dubia, the mechanism of acute toxicity associated with
Na salts appears to depend on multiple ions and is closely correlated with
osmolarity. While the two species are similar in that it appears the acute
toxicity of magnesium and potassium salts may be driven by the cation as
well, the species are different in terms of their relative responses to Na,
K, and Mg. The acute toxicity of potassium to the mayfly is similar to that
of sodium on a mM activity basis, and LC50s for Na and K are ~4-fold
greater than those for Mg on a mM activity basis, whereas for C. dubia, K
and Mg LC50s are similar, and they are ~4 to 6-fold lower than those for
Na on a mM activity basis.

257 The acute and chronic toxicity of major geochemical ions to
Hyalella azteca — Ion interactions and interspecies comparisons
R.J. Erickson, D.R. Mount, B. Forsman, T.L. Highland, R. Hockett, D.J.
Hoff, C.T. Jenson, T.J. Norberg-King, USEPA / ORD NHEERL Mid-
Continent Ecology Division

We have previously reported that the acute and chronic toxicities of major
geochemical ions (Na, K, Ca, Mg, Cl, SO4, HCO3) to Ceriodaphnia dubia
can involve multiple, independent mechanisms. The toxicities of K, Mg,
and Ca salts were best related to the chemical activity of the cation, while
the toxicities of Na salts also reflected an influence of other ions and were
well correlated with osmolarity. The toxicities of Na and Mg salts were
also inversely correlated to Ca and the toxicity of K salts were similarly
inversely correlated to Na. However, research by us and others on other
freshwater species, including insects, molluscs, and fish, have shown
certain inter-species differences regarding these relationships. In this talk,
we will report on major geochemical ion toxicity to another crustacean,
Hyalella azteca. This species also shows both similarities to and differ-
ences from C. dubia. Notable similarities include a high toxicity of K,
independent action of Mg and Na salts, and a strong ameliorative effect of
Ca on the toxicities of Na and Mg salts. Notable differences included sig-
nificant variation in the relative toxicities of different salts, and sodium salt
toxicity not being correlated with osmolarity but rather suggesting a more
specific role of sodium and sulfate. Unlike C. dubia, H. azteca also shows
marked differences in the acute:chronic ratios across different salts. This
work further emphasizes the need to consider interspecies differences in
developing assessment methods for complex ion mixtures. The contents of
this abstractneither constitute nor necessarily reflect USEPA policy.

258 Progress in Predicting the Aquatic Toxicity of Mixtures of the
Major Ions Using Mechanistically Based Models

C.G. Delos, Great Lakes Environmental Center; R. Bubnyte, HDR
inc. / Water Quality Modeling; P.R. Paquin, Hydroqual / Water
Quality Modeling; K. Brix, EcoTox / Zoology; D.J. Soucek, Illinois
Natural History Survey; K.J. Farley, Manhattan College / Civil and
Environmental Engineering; W.J. Adams, Rio Tinto; J. Goodrich-
Mahoney, EPRI / Environmental Dept

This exploratory work addresses the aquatic toxicity of mixtures of the
seven major ions Ca, Mg, Na, K, Cl, SO,, and HCO;. Attempts to develop a
water quality criterion for the concentration of any single ion (for example,
Cl) and attempts to develop a criterion for the summation of ion concentra-
tions (for example, conductivity or total dissolved solids) are confounded
by the influence of the mixture composition on toxicity. Searching for
unifying principles for explaining how composition affects toxicity, this
work describes further progress in using transepithelial potential (TEP)
calculated from Nernst Equation concepts, specifically the Spangler modi-
fication of the Goldman, Hodgkin-Katz (GHK) Equation. It also considers
whether the Strong Ion Difference approach might have potential for
application. Results will be presented for model applications to a few thou-
sand toxicity test treatments from studies of mayfly, daphnids, and fathead
minnow. Model strengths and limitations will be described.

259 Predicting the Aquatic Toxicity of Mixtures of the Major Ions:
The Need for Speciation

R. Bubnyte, HDR inc. / Water Quality Modeling;, W.J. Adams, Rio Tinto;
K. Brix, EcoTox / Zoology; C.G. Delos, Great Lakes Environmental
Center; K.J. Farley, Manhattan College / Civil and Environmental
Engineering; J. Goodrich-Mahoney, EPRI / Environmental Dept; P.R.
Paquin, Hydroqual / Water Quality Modeling

The development of water quality criteria for the seven major ions Ca,
Mg, Na, K, Cl, SO,, and HCO; has proven to be a challenging endeavor.
This is because the toxicity of any individual constituent has been found
to be influenced by both the concentrations of the other dissolved solids
that are present and by mixture composition as well. One approach that
has been used to address multi-ion toxicity (MIT) is to use an integra-
tive measure (e.g., total dissolved solids or conductivity) to quantify the
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concentration of the overall mixture of major ions present, and to deal
with variations in mixture composition on a site-specific basis. Another
alternative that has had some success is to use a multi-variate statistical
modeling approach. Our efforts have pursued the problem from a dif-
ferent perspective, by computing trans-epithelial potential (TEP) based
on the internal and external concentrations of the major ions and model
parameters that are evaluated by calibration to toxicity data. The analyses
to be presented here will compare results obtained using two alternative
approaches that have been used to do this: assuming complete dissocia-
tion of the major ions (the simpler approach) versus a more detailed
approach that considers chemical speciation. The advantages and disad-
vantages of these alternative approaches will be discussed. The findings
will be illustrated using modeling analyses of MIT toxicity test results for
relatively sensitive aquatic invertebrates.

Computational Toxicology: Integrating -Omics and
Chemistry to Identify Chemicals of Environmental
Concern

260 Integrating chemical monitoring data with high-content and
high-throughput effects data to prioritize contaminants and hazards
in chemical mixtures

A. Schroeder, Univ of Minnesota-Crookston / Math Science and
Technology, D. Martinovic-Weigelt, Univ of St. Thomas, B.R. Blackwell,
ORISE / National Health and Environmental Effects Research
Laboratory; G.T. Ankley, D.L. Villeneuve, USEPA / National Health and
Environmental Effects Research Laboratory

Determining ecological risks associated with exposures to complex chemi-
cal mixtures in the environment is one of the main challenges of chemical
safety assessment and environmental protection. Effects-based monitor-
ing tools that can measure the integrated biological activity of an entire
mixture have been proposed as one of the solutions. An important limita-
tion of the effects-based approaches is that they typically do not provide
insight into which chemicals are causing the observed biological responses.
Current approaches for integrating chemical monitoring with biological
effects data will be discussed. More specifically, we will present and criti-
cally evaluate two approaches where prior knowledge regarding toxicity of
individual contaminants is combined with empirical in situ assessment to
predict toxicity of mixtures and prioritize contaminants. The first approach
involves development of knowledge assembly models (KAMs; which is
specific to the aquatic system of interest) based on chemical monitoring
data and publically available chemical-gene interaction data. Follow-up fish
transcriptomics studies and reverse causal reasoning approaches are then
utilized to prioritize risks and contaminants. The second approach utilizes
publically available high-throughput in vitro data to extract benchmark
effect concentrations for hundreds of biological targets. From these data,
exposure-to-activity ratios are calculated and integrated with empirical in
vitro effects assessment to prioritize specific chemicals for further testing
and to identify biological effects of interest. The observed or predicted
molecular-level effects data generated by these two approaches can be
integrated with adverse outcome pathway knowledge to aid extrapolation
into regulatory outcomes of concern (e.g., organism- and population-level
effects). The contents of this abstract neither constitute nor necessarily
represent official USEPA views and policies.

261 A Bayesian network model for predicting aquatic toxicity mode
of action using two dimensional theoretical molecular descriptors

JF. Carriger, TM. Martin, USEPA; M.G. Barron, USEPA / Gulf Ecology
Division

The mode of toxic action (MoA) has been recognized as a key deter-
minant of chemical toxicity but MoA classification systems in aquatic
toxicology have been limited. We developed a Bayesian network model
to classify MoA using a recently published dataset containing over

one thousand chemicals with aquatic toxicity MoA assignments. Two

dimensional theoretical chemical descriptors were generated for each
chemical using the Toxicity Estimation Software Tool. The model was
developed through augmented Markov blanket discovery from the dataset
with the MoA broad classifications as a target node. From cross valida-
tion, the overall precision for the model was 80.2% with a R? of 0.959.
The best precision was for the AChEI MoA (93.5%) where 257 chemicals
out of 275 were correctly classified. Model precision was poorest for the
reactivity MoA (48.5%) where only 48 out of 99 reactive chemicals were
correctly classified. Narcosis represented the largest class within the MoA
dataset and had a precision and reliability of 80.0%, reflecting the global
precision across all of the MoAs. False negatives for narcosis most often
fell into electron transport inhibition, neurotoxicity or reactivity MoAs.
False negatives for all other MoAs were most often narcosis. A probabi-
listic sensitivity analysis was undertaken for each MoA to examine the
sensitivity to individual and multiple descriptor findings. The results
show that the Markov blanket of a structurally complex dataset can
simplify analysis and interpretation by identifying a subset of the key
chemical descriptors associated with a MoA and provide a network clas-
sification model with reasonable prediction accuracy.

262 Computational model for Nrf2-ARE activation in Human
HepG2 cells based on whole-molecule chemical properties and
mechanistic domains

F. Melnikov, Yale Univ / Forestry and Environmental Studies Center for
Green Chemistry and Engineering Molecular Design Research Network;
L. Shen, Yale Univ / Center for Green Chemistry and Green Engineering;
A. Voutchkova-Kostal, George Washington Univ / Chemistry Dept; J.
Kostal, The George Washington Univ; J. Zimmerman, Yale Univ; P.
Anastas, Yale Univ / Center for Green Chemistry and Green Engineering

The development of in silico with high sensitivity and specificity is
instrumental to the rational design of safer commercial chemicals.
Exposure to a variety of commercial chemicals has been associated with
reactive oxygen species (ROS) imbalance and oxidative stress (OS),
implicated in adverse outcomes such as immune suppression, cancer,
neurodegenerative, rheumatoid and cardiovascular diseases. The critical
biochemical pathways involved in OS response are largely induced by
transcription at antioxidant response element (ARE), which is triggered
by covalent modification of the Keapl-Nrf2 complex. Here we present

a quantum-mechanical in silico model for ARE induction triggered by
adduct formation on the reactive. The model is based on curated in vitro
ARE assay data from the EPA’s ToxCast/Tox21 initiative, and a data set
of > 1000 plasticizers, pesticides, food additives, antimicrobials, and
discontinued pharmaceuticals. The likely mechanism for covalent inter-
action, including acylation, Michael addition, Schiff base formation, and
nucleophilic aromatic and aliphatic substitution were identified for each
chemical. Classification and Regression Tree (CART) and Support Vector
Machine (SVM) models were then developed for each one mechanistic
domain using quantum mechanical descriptors and physicochemical
properties, calculated taking into account ionization at biological pH.
We find that the effectiveness of global parameters at explaining and
predicting ARE response depended on structural domain, with several
domains showing train and test accuracy > 80% for classification into
inactive, weakly active and strongly active chemicals. The work shows
the importance of mechanistic considerations in in silico assessments and
highlights the opportunities and limitations of global molecular param-
eters when estimating in vitro biological responses.

263 Integrating multiple levels of information to support Danube
risk assessment in SOLUTIONS

P. Antczak, Univ of Liverpool / Inst of Integrative Biology; T.D. Williams,
Univ of Birmingham / School of Biosciences, T. Schulze, Helmholtz
Centre for Environmental Research — UFZ / EffectDirected Analysis
Environmental monitoring programs, such as the Water Framework
Directive in the European Union or the U.S. Clean Water Act (CWA),
have accumulated vast amounts of data on contamination and ecol-

ogy of surface waters within their respective jurisdictions. In parallel,
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chemical registration processes have resulted in a wealth of chemical
property and organism specific single chemical toxicity data. However,
it remains a great challenge to link the occurrence of chemical stressors
with the observed toxicity in the environment. The SOLUTIONS project
was envisaged to address many of these challenges and develop tools
and methodologies to support European environmental and water policy
decisions [1]. Central to the SOLUTIONS project is the focus on effect
based risk assessment using a wide selection of bioassays both in vitro
and in-vivo to establish the effects of single chemicals and complex mix-
tures [2]. A component of this large project is to establish the usability of
whole organism transcriptomics data to support bioassay results, hotspot,
and emerging pollutant identification. In this presentation we will show
the details of the SOLUTIONS project and the application of OMICs

to understand the molecular responses of Daphnia magna to chemical
stressors in the Danube River Basin. By integrating the various data
available in the SOLUTIONS consortium we are able to identify molecu-
lar responses directly linking from compound to in vitro bioassay and to
broader D. magna molecular responses in an Adverse Outcome Pathway
like paradigm. We show that utilizing available toxicological knowledge
we can identify some linkages, but that much of the observed response
remains unexplained. We show that by approaching this challenge with
an unbiased computational methodology we can identify stressors for
which little or no toxicological knowledge is available.

264 Computational Predictive Toxicology From Molecular to
Geospatial Scales: A Case Study of Inorganic Arsenic

L. Burgoon, US Army Engineer Research and Development Center /
Environmental Laboratory

Environmental contamination of drinking water sources with inorganic
arsenic may lead to increased health impacts, including cancer, diabetes,
and cardiovascular disease. We’ve used the AOPXplorer as a predic-

tive toxicology tool to enable us to predict potential adverse outcomes,
and molecular modes of action for diseases, using transcriptomic and
literature information. By coupling these predictions with data from
genome-wide association studies (GWAS), single nucleotide polymor-
phism and population occurrence information, as well as population data
from the US Census, we can begin to identify potentially susceptible
populations. By combining this information together with water quality
information, we are taking a geospatial approach to make predictions
about the likelihood of adverse health impacts at the community level. We
will also demonstrate how these models help inform decision-making by
using a game theory approach to identify the potential impacts of various
environmental and policy scenarios.

265 Shifts in microbial community composition and function due to
acid mine drainage pollution of Hengshi River (Southeast China)

S. Tang, Univ of Saskatchewan; X. Zhang, Nanjing Univ;, M. Wang, Sun
yatsen Univ; J. Giesy, Univ of Saskatchewan / Dept of Veterinary and
Biomedical Sciences and Toxicology Centre; H. Liu, Nanjing Univ;

M. Hecker, Univ of Saskatchewan / School of the Environment and
Sustainability and Toxicology Centre

Acid mine drainage (AMD) is one of the most environmentally threaten-
ing byproducts of the mining industry. Despite its extreme toxicity and
acidity, many environments receiving AMD harbor numerous acido-
philic and metal-tolerant microorganisms; however, our understanding
of the roles of geochemical factors in shaping microbial community
structure and the function of microorganisms in natural attenuation

of AMD is limited. Located in Southeast China, the Hengshi River

is continually contaminated by the Dabaoshan mine, providing an
opportunity to explore the effects of AMD-impacted environments on
microorganism community composition and function. In this study,
twenty-seven sediment samples including five controls were collected
from heavily contaminated upstream to lightly polluted downstream
sites. Geochemical, and next-generation and high-throughput sequencing
analyses were integrated to characterize the spatial distribution and func-
tion of microbial communities along the pollution gradient. Geochemical/

physicochemical parameters (e.g., pH, conductivity, total organic carbon)
of water and sediments significantly differed among samples collected
from environments that differed in their extent of contamination with
heavy metals (Cd, Cu, Zn, Pb, and As). 16S rRNA sequencing results
revealed that bacterial richness and evenness gradually increased along
the river with decreasing contaminant levels, which was supported by
beta diversity. Most abundant prokaryotic organisms in all samples
belonged to the Firmicutes and Proteobacteria phyla. Other phyla, such
as Actinobacteria, Acidobacteria, Bacteroidetes, and Nitrospirae that
have previously been reported to be characteristic for AMD contami-
nated environments were also detected in Hengshi samples. At the
genus level, Acidocella, Leptospirillum, Thiomonas, and Acidiphilium
were significantly dominant in samples from heavily contaminated
upstream, compared to the samples from downstream and reference
sites. Furthermore, comparative metagenomic analysis indicated that the
microbial communities in upstream sites harbored more genes/enzymes
for heavy metal detoxification, sulfur oxidationand tolerating low pH,
respectively, suggesting diverse metabolic capacities along the pollution
gradient of the Hengshi river. Our findings offer an initial insight into the
patterns of microbial communities structure and function along the river
system contaminated by AMD.

266 Investigating relationships between contaminant and metabolo-
mics profiles in polar bears (Ursus maritimus) from the Hudson Bay
Region of Canada

A. Morris, Carleton Univ / Chemistry, R.J. Letcher, Environment and
Climate Change Canada / Ecotoxicology and Wildlife Health Division;
M. Dyck, Government Of Nunavut / Nunavut Dept of the Environment; B.
Chandramouli, J. Cosgrove, SGS AXYS

Polar bears (Ursus maritimus) are the apex predators of the arctic

marine food web, and as such are susceptible to the bioaccumulation and
biomagnification of a wide range of persistent organic pollutants (POPs)
and contaminants of emerging concern from their food sources. Given
the wide range of modes of action of the contaminants, determining the
effect of mixtures on wildlife has proven to be a challenge for toxicolo-
gists. Using metabolomics profiling, changes in hundreds of endogenous
metabolites in the tissues of wildlife can be measured in response to
many types of stressors, including contaminant exposure. Laboratory
experiments have shown significant changes to metabolomic profiles due
to contaminant exposure in fish, but few have applied these techniques
to field studies. In the present study, tissues were collected from the
Southern (SHB) and Western Hudson Bay (WHB) polar bears (n = 41), for
the analysis of contaminants (fat and liver) and endogenous metabolites
(liver). Approximately 200 contaminants and 218 metabolites (amino
acid, biogenic amines, bile acids, fatty acids, and phospholipids) were
used to build profiles in the bears, and comparisons were made between
males and females from the SHB, and between male bears from the SHB
and WHB. Metaboanalyst™ was used to apply partial least squares
discriminant analyses (PLS-DA) in conjunction with variable importance
projection (VIP) to identify metabolites and contaminants that had a large
influence on the separation of the PLS-DA scores. Oxychlordane was

the only contaminant identified by the VIP analysis comparing males
and females, while the sum of the hexose sugars, 3 polyunsaturated fatty
acids (all n-6 fatty acids), | monounsaturated fatty acid, 1 saturated fatty
acid, and 1 phosphatidylcholine (PC) were also identified. Oxychlordane
and all of the metabolites except docosahexaenoic acid were significantly
greater in female bears over males. Between the SHB and WHB males,
only perfluoro-4-ethylcyclohexane sulfonic acid (PFEtCHxS), and 4

PCs were identified by the VIP analyses. The SHB bears had signifi-
cantly greater concentrations of PFEtCHXxS, and significantly lower
concentrations of all of the PCs than the WHB bears. Interesting to

note is that male and female metabolomic differences were related to an
organochlorine, while the two male populations were differentiated by a
perfluorinated surfactant. The potential implications for the health of the
polar bears will be discussed.
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267 Gradient of evolved resistance to contaminants in Gulf Killifish
(Fundulus grandis) populations from Galveston Bay, Texas, USA

E. Oziolor, Baylor Univ / Environmental Science; N. Reid, Univ of
California Davis; K. Young, Indiana Univ Bloomington; Z. Winfield,
Baylor Univ; S.L. Guberman, S. Usenko, Baylor Univ / Dept of
Environmental Science; J. Shaw, Indiana Univ / The School of Public and
Environmental Affairs and The Center for Genomics and Bioinformatics;
A. Whitehead, Univ of California Davis / Environmental Toxicology;

C.W. Matson, Baylor Univ / Environmental Science

The Houston Ship Channel (HSC) in Texas includes areas that have histori-
cally been found to contain substantial levels of mercury, dioxins, furans,
polychlorinated biphenyls (PCBs), and polycyclic aromatic hydrocarbons
(PAHs). We collected Fundulus grandis from contaminated areas on the
HSC, from sites expected to have intermediate contamination, and from
reference sites to establish a total of 12 lab colonies. F1 embryos from HSC
populations were up to 1,000x more resistant to PCB126- and 2-5x more
resistant to coal tar-induced cardiovascular teratogenesis. We confirmed
biparental inheritance and a genetic basis of protection through reciprocal
crosses between a reference and contaminated population, and by conduct-
ing experiments on F2 embryos for select populations. Similar to patterns
observed for Fundulus heteroclitus inhabiting polluted areas along the US
Atlantic coast, HSC populations of F. grandis exhibit a reduction of both
basal and induced cytochrome P450 1A (CYP1A) activity, suggesting a
common mechanism of adaptation. We observe a gradient of adaptation
that correlates with the level of pollution at multiple HSC sites. Thus, we
sequenced 288 individuals from 7 populations to understand the genetic
causes for this resistance. In addition, we look at contaminants in various
environmental matrices to be able to understand the chemical drivers of the
selective sweeps that we see in F. grandis populations. Such results suggest
that the HSC can serve as a “natural laboratory” to study evolutionary
processes driven by anthropogenic pollution.

Fate and Effects of Metals: Mechanisms of Toxicity

268 Role of biologically mediated boundary reactions in the bio-
availability of cadmium to freshwater phytoplankton

F. Liu, Institut National de la Recherche Scientifique Centre — Eau
Terre Environnement; C. Fortin, Univ of Quebec / INRS Eau Terre
Environnement, P. Campbell, Université du Québec, INRS / INRS Eau
Terre Environnement

Recent studies have suggested that low-molecular-weight (LMW)
ligands can enhance metal uptake by marine phytoplankton. We have
extended this work to freshwater phytoplankton and have investigated
Cd bioavailability in the presence of LMW thiols, with two green algae
(Chlamydomonas reinhardtii two strains CPCC11 and CC1690, and
Pseudokirchneriella subcapitata) and a cyanobacterium (Anabaena flos-
aquae) as our model species. Using nitrilotriacetic acid (NTA) as a metal
buffer to hold the free Cd2* concentration constant, we progressively
added cysteine to the exposure medium and determined short-term Cd
uptake rates; the Cd uptake rates remained constant and were unaffected
even when the concentrations of the cysteine-Cd complexes exceeded that
of the free Cd?". Similar results were obtained with green algae grown
with different inorganic nitrogen sources (to affect their ability to utilize
amino acids) and low zinc concentrations (to affect their ability to take up
Cd), and also for other LMW thiols, including penicillamine, mercapto-
succinic acid, dithiothreitol and glutathione. These results suggest that
the thiol-Cd complexes are not taken up by the algae and that the forma-
tion of hypothetical ternary surface complexes with the Cd transporter
molecules ‘X, e.g. cysteine-Cd-X-alga, does not contribute to overall Cd
uptake. However, when the experiments were repeated with a fixed free
Cd?* concentration, either buffered with NTA or simply complexed with
cysteine in the absence of NTA, a significantly higher Cd uptake rate was
observed in the presence of cysteine than in the control cultures (where
[Cd2"] was buffered by NTA alone). We speculate that the increased Cd
bioavailability was due to an enhancement of the free Cd?" concentration

in the boundary layer, resulting from chemical oxidation of metal-binding
ligands by oxidants released by the algae. Meanwhile, only in the nitrate-
acclimated CC1690, a significantly lower Cd uptake rate was observed

in the presence of cysteine than in its control (buffered by NTA). This
decreased Cd bioavailability may result from a decrease in the free Cd2*
concentration in the boundary layer, resulting from de-protonation of
metal-binding ligands induced by local pH enhancement as a conse-
quence of algal release of HO~. The results highlight the importance of
biologically-mediated surface processes, in addition to other well-known
abiotic processes, in determining metal bioavailability.

269 Toxicity of metal-contaminated sediments from the Upper
Columbia River, Washington, to early-life-stage White Sturgeon
(Acipenser transmontanus)

H.J. Puglis, R. Calfee, USGS / Columbia Environmental Research
Center; E.E. Little, USGS — Biological Resources Division / Columbia
Environmental Research Center

The Upper Columbia River (UCR) has been contaminated with met-

als from effluents resulting from smelter and mining activities.
Approximately 10 million metric tons of slag, in addition to liquid efflu-
ent, were released from a lead-zinc smelter in Trail, British Columbia
from 1947 until 1995, resulting in some UCR sediment metal concen-
trations being elevated above biological criteria concentrations. In the
transboundary reach of the UCR, White Sturgeon population declines
have been associated with little to no natural recruitment since the late
1960s. Copper, which is present in significant concentrations in slag,

can be mobilized from slag containing sediments and is highly toxic to
early life-stage (ELS,1.0 for three of the six sediment treatments tested.
Chronic toxic units for copper estimated with a biotic ligand model were
also >1.0 in three of the six sediment treatments with both measures of
toxic units >1.0 in two of those three treatments. Toxic units >1.0 suggest
toxicity may occur. Sturgeon exposed to sediment collected near the city
of Northport, WA, which had toxic units >1.0 for both measures, had
significant increases in mortality and significant decreases in swim-
ming activity, compared to sturgeon in the control treatment, which were
exposed to clean quartz sand. No significant effects were observed in the
other sediment treatments. This study sheds light on the relationships
between exposure to metals associated with slag and adverse effects on
the White Sturgeon population.

270 Subcellular metal partitioning in white suckers exposed to
metal-mining effluents: a relevant tool to improve risk assessment
for aquatic organisms

N. Urien, INRS-ETE / Centre Eau Terre Environnement; P. Campbell,
Université du Québec, INRS / INRS Eau Terre Environnement, L.D.
Ramilo, Stantec / Environmental Services; H. Sonnenberg, Stantec
Consulting Ltd / Environmental Services; S. Cooper, A. Caron, P.
Couture, Université du Québec, INRS / Centre Eau Terre Environnement

Discharges from metal mining operations may lead to metal accumula-
tion and toxicity in exposed aquatic species. Indeed, once metals enter
cells, they can bind to sensitive components and cause deleterious effects.
Nevertheless, metals can also be detoxified by binding to molecules
designed to sequester them and limiting their toxic effects. The objective
of this study was to assess the subcellular distribution of metals in white
suckers (Catostomus commersoni) exposed to metal-mining effluents,
and to relate metal accumulation in specific fractions to toxicity. Mature
male and female fish were collected downstream from a metal-mining
effluent and in a reference area, and metal partitioning (As, Cd, Cu, Ni,
Pb, Se and Zn) among potentially metal-sensitive fractions and detoxified
metal fractions in livers and gonads was determined after differential
centrifugation and heat-denaturation steps. The liver somatic index (LSI)
was significantly lower in exposed fish than in reference fish for males
and females, and the gonadosomatic index (GSI) was significantly lower
in exposed females. Total hepatic metal concentrations were significantly
higher in exposed fish than in reference fish, with Cd, Cu and Se being
accumulated the most; no differences between sexes were observed.
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However, marked differences in Cu, Se and Zn concentrations between
exposed male and female gonads were observed, all being lower in males.
Total metal concentrations in female gonads were significantly higher in
exposed fish compared to reference fish for Se, Cd and Cu. Subcellular
metal fractionation showed that in livers and gonads, 50% of Cd and

Cu burdens were found in the heat-stable cytosolic proteins fraction,
which includes metallothioneins. In contrast, the largest contributor to
the total Se liver and gonad burdens was the potentially metal-sensitive
heat-denaturable proteins fraction (livers, 30%; gonads, 50%), and also
the mitochondrial fraction in livers (= 15%). These results suggest that
Cu and Cd were well detoxified and regulated by white suckers, whereas
the presence of relatively high Se concentrations in potentially metal-
sensitive fractions suggests that exposed fish were subject to stress, likely
partly linked to the observed decrease of LSI and GSI. The advantages
of subcellular metal partitioning, as a tool to better identify metals of
potential concern for risk assessment, will be discussed.

271 Copper toxicity to Florida apple snail (Pomacea paludosa) and
development of a Biotic Ligand Model with P. paludosa

T. Hoang, Loyola Univ Chicago / Inst of Environment and Sustainability;
G.M. Rand, Florida International Univ / Southeast Environmental
Research Center SERC; R.C. Santore, A.C. Ryan, Windward
Environmental LLC

The long history use of copper (Cu) in South Florida has resulted in Cu
contamination in its ecosystem. Pomacea paludosa is a key species in

the South Florida ecosystem and plays an important role as a main food
source for many higher trophic organisms, including the snail kite. Our
previous studies found that P. paludosa is sensitive to Cu and the toxicity
of Cu to P. paludosa is influenced by water quality characteristics. These
results revealed that P. paludosa is a good species for the Biotic Ligand
Model (BLM). The objective of the present study is to calibrate and vali-
date the US Cu-BLM to P. paludosa in support of development of water
quality guidelines for Cu and the South Florida ecosystem, including

the Everglades. Copper toxicity tests were conducted with P. paludosa in
formulated water that had a wide range of water quality parameters and
organism age. The median lethal accumulation concentration (LAS50) and
the Cu-biotic ligand binding constant for P. paludosa were also deter-
mined. Results of the present study were used for calibrating the BLM.
In general, the BLM works well with P. paludosa. There was a strong
correlation between predicted and measured toxicity. An important note
is that organism age plays an important role in sensitivity to Cu. The snail
BLM developed in the present study can be used for development of spe-
cies sensitivity distribution in support of setting site specific water quality
criteria for Cu in the South Florida ecosystem.

272 Mechanisms of Selenium-Induced Spinal Deformities in Fish

A. Kupsco, Univ of California — Riverside; D. Schlenk, Univ of
California-Riverside / Dept of Environmental Sciences

Selenium toxicity to oviparous vertebrates is often attributed to seleno-
methionine (SeMet), which can biomagnify and be passed to offspring
through maternal transfer. Although oxidative stress is implicated

in SeMet toxicity, knowledge gaps remain in mechanisms of SeMet-
induced spinal deformities. In the present study, we use the Japanese
medaka (Oryzias latipes) model to investigate the role of oxidative stress,
cell death, and the unfolded protein response (UPR) on skeletal gene
expression and SeMet toxicity, linking localization of cellular effects to
observed abnormalities. Medaka embryos were treated with 2.5uM or
SuM SeMet for 24hr at stage 25 (48 hours post fertilization). Post treat-
ment, embryos were separated into normal, deformed (mild, moderate or
severe), or dead categories. Dichlorofluorescein staining demonstrated
oxidative stress in tails of embryos with observable spinal malforma-
tions. Furthermore, acridine orange staining for apoptosis identified
significantly more dead cells in tails of treated embryos. Gene expression
studies for the UPR suggest a role for CHOP (c/ebp homologous protein)
induced apoptosis in dead and deformed embryos after SuM SeMet,
accompanied by a decrease in PDIA4 (protein disulfide isomerase A4)

and no change in Dnajb9 (ER DNA J Domain-Containing Protein 4).
This expression was distinct from the UPR induced by well-studied ER
stress inducer, tunicamycin, which robustly activated CHOP, PDIA4 and
Dnajb9. Finally, SeMet treatment significantly decreased transcripts of
skeletal development, Collagen 2al mRNA, while increasing Runx2 in
dead and deformed embryos, without altering Twist. Results suggest that
oxidative stress, the UPR and cell death play key roles in SeMet induced
deformities and altered skeletal development factors.

273 Identification of biologic binding of uranium in Danio rerio
gonads. Impact on their functionality

Y. Eb-Levadoux, IRSN; S. Mounicou, CNRSUPPA, Laboratoire de
Chimie Analytique Bio-Inorganique et Environnement UMR 5254, O.
Simon, IRSN; C. Arnaudguilhem, R. Lobinski, CNRSUPPA, Laboratoire
de Chimie Analytique Bio-Inorganique et Environnement UMR 5254, S.
Frelon, IRSN

Uranium (U) is a radioelement naturally present at trace level (ug.L™") in
the environment. This level can increase due to geological influences or
human activities. Previous waterborne exposures of zebrafish have shown
reprotoxic effects after bioaccumulation in the gonads from 20 ugU.LL.
The objective of this work is to understand this reprotoxicity by studying:
i) the U-protein complexes present in gonad (metallomic approach) and

ii) the differences in proteome expression between exposed and control
groups (proteomic approach). Six groups of adult zebrafishes were stud-
ied: waterborne exposed to 0 and 20pg.L! of U for 5 and 20 days, with or
without reproduction after 20 days. Bioaccumulation in target organs was
performed after exposure. Metallomic approach, i.e. non-denaturing intact
uranium-protein complex study, has been developed for our samples.

A two-dimensional (pIxMW) fractionation analysis of metals (U, Fe,

Cu, Zn and P) was performed using hyphenated separations, i.e. off-gel
electrophoresis (OGE) and size exclusion chromatography (SEC) followed
by multi-elemental detection (ICP SF MS). Subsequently, identification
of potential U protein target was carried out in U-rich OGE fractions by
URPC- ESI FT MS/MS after trypsic digestion. In parallel, phosphorylated
protein distribution, as well as vitellogenin amount, were assessed using
specific staining or immunodetection after western blot, respectively.
Finally, comparison of proteome expression between zebrafish groups
was carried out by differential in gel electrophoresis (DiGE). Significant
bioaccumulation of U in gonads has been shown with a depuration effect
of reproduction event. At the molecular level, whatever the exposure con-
ditions, U mainly coeluted (87+8%) with a 40 kDa-protein of 7-8 pl, also
rich in phosphorus. That suggests a strong affinity between U and phos-
phorylated proteins. In this fraction, potential targets identified included
vitellogenin fragments, elongation factors, HSP and SOD. DiGE analysis
showed differences between control and U-exposed groups in expression
of low molecular weight-proteins that will be further characterized by MS.
Cross analysis between both approaches has now to be done to assess if
targets are common. Highlighted proteins may be candidates for ura-
nium exposure biomarker and the identification of U ecotoxicity profile.
Acknowledgements: Authors acknowledge the NEEDS-Environment
program for the funding of TARGETS project supporting this work.

274 Energy cost of metal detoxification strategies in phytoplankton
M. Lavoie, Universite Laval / Biology; J.A. Raven, Univ of Dundee /
Division of Plant Science; O. Jones, RMIT Univ; H. Qian, Zhejiang Univ
of Technology / College of Environmental Science; M. Levasseur, Laval
Univ / Biology

Microalgae use various cellular mechanisms to protect themselves
against metal toxicity. However, the efficiency of those mechanisms
can be limited since metal detoxification often remains incomplete,
even at low, non-growth inhibitory metal concentrations. If the energy
cost of metal detoxification is high, there could be a trade-off between
the cost of detoxifying these metals in the cell and the energy cost of
allowing some of these metals to spillover onto metal-sensitive sites
(Strategy 1). Alternatively, if the energy cost allocated to metal detoxi-
fication is low, phytoplankton could replace or repair proteins that are
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bound to inappropriate metals with a modest use of intracellular metal
detoxification mechanisms (Strategy 2). To gain further insights on the
strategy used for metal detoxification in phytoplankton, we performed
an extensive bioenergetics analysis of intracellular metal detoxification
mechanisms as well as of the energy cost allocated to the detoxification
of metal-induced reactive oxygen species. We considered the synthesis
of metal-binding peptides, polyphosphate, metal efflux, metal reduc-
tion, enzymatic and non-enzymatic antioxidants in wild-type marine
and freshwater eukaryotic phytoplankton based on the biochemical
mechanisms of each detoxification strategies and on experimental mea-
surements of detoxifying biomolecules in the literature. The results show
that at the onset of metal toxicity to growth, all the intracellular detoxifi-
cation strategies considered required as little as <2 % of the total cellular
energy available for growth. We conclude that phytoplankton generally
use Strategy 2 for intracellular metal detoxification.

275 Stream benthic and algal community responses to metals: an
evaluation of endpoint sensitivity using stream mesocosms

C. Kotalik, W.H. Clements, Colorado State Univ / Dept of Fish Wildlife
and Conservation Biology,; P. Cadmus, Colorado Parks and Wildlife

Larval benthic macroinvertebrate community responses to metals are
often used to assess and predict ecological impairment, however, aquatic
insect adults and algal community responses have received less atten-
tion. We evaluated both structural and functional endpoints by exposing
benthic communities to mixtures of Cu and Zn for 14 d using stream
mesocosms. We compared two streams in Colorado with past and pres-
ent EPA superfund designation, the Arkansas River (AR) and the North
Fork Clear Creek (NFCC), respectively. Measured responses included the
timing and abundance of emerging adults, algal colonization, community
metabolism, and benthic community composition. EC50 values, defined as
the metal concentration that reduced the response variable by 50%, were
estimated for each endpoint. Results show differences in larval and adult
responses within the same taxonomic groups, particularly among midges
(Chironomidae) and mayflies (Ephemeroptera); however, algal coloniza-
tion and community metabolism displayed the greatest overall sensitivity
to exposure. The relative sensitivity among the endpoints was also
different between the two communities, with the AR exhibiting greater
tolerance to metals than the NFCC. This result is likely because of differ-
ences in their respective exposure histories and community composition.
This research highlights the need to comprehensively assess exposure
effects beyond larval macroinvertebrate life stages using structural and
functional endpoints that differ in sensitivity, while acknowledging
context-dependent responses resulting from different stream assemblages.

Use of Freshwater Mollusk Toxicity Data for
Improved Conservation of Water and Sediment

Quality

276 The influence of glochidial source; including gravid mussel
collection site and year on the sensitivity of glochidia to a reference
toxicant (NaCl)

P. Gillis, Environment and Climate Change Canada / Aquatic
Contaminants Research Division

Unlike, many laboratory-cultured test organisms employed in stan-
dardized toxicity tests, the larvae of freshwater mussels (glochidia) are
typically obtained from field-collected gravid mussels. While employ-
ing naturally-sourced organisms can enhance ecological relevance, wild
organisms can potentially introduce additional variability in contaminant
response. Because the early life stages of freshwater mussels are among
the most contaminant-sensitive aquatic organisms and therefore their
responses to waterborne contaminants can influence the derivation of
water quality regulations, it is important to understand whether organ-
ism source affects toxicity endpoints. This study examined the influence
of gravid mussel source, both temporal and spatial differences, on the

response of glochidia to a reference toxicant. Acute toxicity tests with
sodium chloride and three Lampsilis species were used to determine year-
to-year variability in EC50s when mussels were collected from the same
sites in Ontario (Canada) for up to eight years. In addition, the influence
of gravid mussel collection site on glochidial toxic response was inves-
tigating by comparing salt sensitivities of one mussel species (Lampsilis
fasciola) collected from different watersheds. Significant differences in

a species’” EC50 were observed between glochidia obtained from gravid
mussels collected from different watersheds. There was less variability

in EC50s when gravid mussels were collected from the same location
over multiple years. These results illustrate that gravid mussel source can
influence the response of glochidia to waterborne contaminants, and that
spatial differences (collection site) in organism source had a stronger influ-
ence on the toxic response than temporal differences (collection year).

277 Effects of nitrate and an estrogen singly and in combination on
freshwater mussel metamorphosis

A. Moore, R.B. Bringolf, Univ of Georgia / Interdisciplinary Toxicology
Program

Water quality and contaminants have been identified as critical factors
for freshwater mussel populations, many of which are highly imperiled
throughout North America and the world. Nutrient pollution, specifically
nitrate, is one of the most prevalent causes of water quality degradation
globally, with increasing anthropogenic input from suburban and agri-
cultural runoff, municipal wastewater, and industrial waste. Additionally
there is mounting evidence that nitrate has endocrine-disrupting effects
on aquatic organisms. Nitrate often co-occurs with known endocrine
disruptors such as hormones, pointing to the need to understand how
these compounds may be interacting to affect wildlife. The poten-

tial effects of nitrate and hormones to freshwater mussels are largely
unknown, particularly during the parasitic stage of the freshwater mussel
lifecycle during which metamorphosis from larvae to juvenile occurs.
Therefore, we investigated the effects of nitrate singly and in combination
with a model estrogen on freshwater mussel larvae (glochidia) viability,
attachment success on host fish, metamorphosis success, and timing of
metamorphosis. In the first experiment we exposed Lampsilis siliquoidea
glochidia for 24 hours to environmentally relevant nitrate concentrations
(0, 50, or 250 mg/L NOs) alone and in mixture with an environmentally
relevant concentration of ethynylestradiol (EE2; 5 ng/L) before inocula-
tion on their primary host, largemouth bass (Micropterus salmoides). In
a separate experiment, we exposed largemouth bass to the same series of
nitrate and EE2 treatments for 14 days prior to inoculating with unex-
posed L. siliquoidea glochidia to determine if effects of these compounds
on metamorphosis are mediated through the host fish. Nitrate and EE2
exposure altered glochidia attachment, metamorphosis success, timing of
metamorphosis and number of juveniles produced and the relative influ-
ence of glochidia exposure compared to fish exposure will be discussed,
along with a comparison to acute toxicity values for these compounds.
Results of these studies are important for improving understanding of
the effects of these common contaminants on freshwater mussels at the
critical stage of metamorphosis and to better understand the role of water
quality in assessing habitat suitability for mussel conservation efforts.

278 Does freshwater mussel propagation method influence juvenile
chemical sensitivity?

A. Popp, NC State Univ / Applied Ecology; W.G. Cope, North Carolina
State Univ / Dept of Environmental and Molecular Toxicology; M.
McGregor, Kentucky Dept of Fish and Wildlife Resources / Center for
Mollusk Conservation; L. Koch, US Fish and Wildlife Service; T.J. Kwak,
USGS / North Carolina Cooperative Fish and Wildlife Research Unit;

T. Augspurger, US Fish and Wildlife Service / Ecological Services; J.F.
Levine, North Carolina State Univ / Population Health and Pathobiology

Freshwater mussels of the family Unionidae are ecologically important
and globally imperiled, and research is urgently needed to guide their pro-
tection and conservation. Identifying and mitigating chemical stressors is
an important part of the process, as is assessing mussel-specific sensitivity
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to pollutants to establish water quality criteria. The newly transformed
juvenile life stage has been shown to be sensitive to certain toxicants and
is often used in toxicity testing. Thus, there is a need to transform mussel
larvae (glochidia) into juveniles within a laboratory setting. Over the past
several decades, conservation aquaculture has significantly advanced
propagation techniques and long-term growth and maintenance of propa-
gated mussels. Improving standard host-fish (in vivo) infection techniques
has contributed to this success, but recently, in vitro culture methods
have made it more efficient and cost-effective to raise juvenile mussels in
the laboratory. However, ASTM International cautions against using in
vitro propagated juveniles in toxicity tests unless their relative chemical
sensitivity to in vivo juveniles is described. The objective of this study
was to evaluate the relative sensitivity of juvenile mussels produced from
both propagation methods to selected chemical toxicants. We conducted
96-hour acute toxicity tests according to the ASTM International guide-
lines with three species (Lampsilis cardium, L. abrupta, and Utterbackia
imbecillis) and six chemicals: chloride, nickel, ammonia, copper, and
aquatic herbicides Clearigate and Nautique. We calculated the median
lethal concentration (LC50) for each species-chemical combination and
compared the LC50s of the in vitro and in vivo juveniles. Statistically
significant differences in LC50 between in vitro and in vivo propagated
juveniles were observed in 8 of the 17 trials. Six of the eight statistically
different tests for a given chemical were within the intra-laboratory varia-
tion that has been demonstrated in a recently published study. Moreover,
all of these statistical differences were within the variation for inter-labo-
ratory comparisons for a given chemical in the same study, and therefore,
indicate that in vitro propagated juvenile mussels may be appropriate for
use in ASTM-based toxicity testing. The differences that we observed
were likely related to age, developmental stage, or relative condition of the
juveniles, as they appeared to become less divergent over time.

279 Sensitivity of the early-life stages of freshwater mollusks to neo-
nicotinoid and butenolide insecticides

R.S. Prosser, Environment and Climate Change Canada / Canada Centre
Jfor Inland Waters,; E. Holman, Environment and Climate Change Canada
/ Aquatic Contaminants Research Division; R. Osborne, Univ of Waterloo
/ Dept of Biology, S.A. Robinson, Environment and Climate Change
Canada / Wildlife and Landscape Science Directorate; A.J. Bartlett,
Environment and Climate Change Canada / Aquatic Contaminants
Research Division, F. Maisonneuve, Environment and Climate Change
Canada, S. de Solla, Environment and Climate Change Canada /
Ecotoxicology and Wildlife Health Division; P. Gillis, Environment and
Climate Change Canada / Aquatic Contaminants Research Division

Neonicotinoid insecticides can be transported from agricultural fields,
where they are used as foliar sprays or seed treatments, to surface waters
by surface or sub-surface runoff. Few studies have investigated the toxic-
ity of neonicotinoid or the related butenolide insecticides to freshwater
mollusk species. The current study examined the effect of neonicoti-

noid exposure to the early-life stages of the ramshorn snail, Planorbella
pilsbryi, and the wavy-rayed lampmussel, Lampsilis fasciola. Juvenile P.
pilsbryi were exposed to imidacloprid, clothianidin, or thiamethoxam for
7 or 28 d and mortality, growth, and biomass production were measured.
The viability of larval (glochidia) L. fasciola was monitored during a 48 h
exposure to six neonicotinoids (imidacloprid, thiamethoxam, clothianidin,
acetamiprid, thiacloprid, dinotefuran), or a butenolide (flupyradifurone).
The 7-d LC50s of P. pilsbryi for imidacloprid, clothianidin, and thiameth-
oxam were > 4000 pg/L and the 28-d LC50s were > 182 pg/L. Growth
and biomass production were considerably more sensitive endpoints than
mortality with EC50s ranging from 33.2 to 122.0 pg/L. The LC50s for the
viability of glochidia were > 456 pg/L for all seven insecticides tested.
Our data indicate that neonicotinoid and butenolide insecticides pose less
of a hazard with respect to mortality of the two species of mollusk com-
pared to the potential hazard to aquatic insects.

280 Toxicity of an Environmentally Relevant Suite of Major Ions
and a Trace Element on Juvenile Rainbow (V. iris) and Oyster (E.
capsaeformis) Mussels

A.T. Phipps, Virginia Polytechnic & State Uni / Fish and Wildlife
Conservation, S. Ciparis, Virginia Tech / Fish and Wildlife Conservation;
JW. Jones, US Fish and Wildlife Service; C.E. Zipper, Virginia Tech /
Dept of Crop and Soil Environmental Sciences

The Powell River in Virginia and Tennessee, USA supports diverse
freshwater mussel assemblages. Coal mining occurs in the watershed.
Throughout the river’s extent major ion and trace element concentrations are
clevated and mussels have been extirpated or are declining. We conducted
a laboratory study to assess the effects of major ions and the trace element
nickel (Ni) on growth and survival of juvenile mussels, including one com-
mon (Villosa iris) and one endangered (Epioblasma capsaeformis) species.
Mussels were exposed to environmentally relevant concentrations of major
ions and Ni, to assess the combined toxicity and the potential interaction of
Ni with HCOj;(-). Mussels were exposed to diluted pond water alone (con-
trol), with Ni only (Ni-control), and with environmentally relevant major
ion mixtures with and without Ni for 70 days. The first treatment mimicked
low-flow concentrations of Ca(2+), Mg(2+), K(+), HCO(-) and SO4(2-) in the
Powell River at a total ion concentration of 942 mg/L. The second treatment
combined the first treatment mixture with an environmentally relevant con-
centration of Ni (14 pg/L). Mussel survival differed significantly between
species, as mean survival was 84.2% for E. capsaeformis and 92.7% for V.
iris. There were no significant differences in overall survival between treat-
ments and controls for either species. Total growth showed little variation
and was not significantly different between treatments and controls. Results
suggest that major ion chronic toxicity alone or in combination with Ni is
not the primary source of toxicity for juvenile mussels in the Powell River.
The results also suggest that HCOs(-) does not increase the toxicity of Ni in
this system.

281 Chronic sensitivity of freshwater mussels to chemicals with dif-
ferent toxic modes of action

N. Wang, J.L. Kunz, USGS / Columbia Environmental Reserach Center;
C.D. Ivey, USGS — CERC / Aquatic Toxicology; D. Cleveland, USGS /
Columbia Environmental Research Center; C. Bauer, USEPA / Region V;
C. Bauer, USEPA; C. Barnhart, Missouri State Univ / Biology

Native freshwater mussels are among the most imperiled groups of
animals, experiencing significant global declines. However, mussels are
generally under-represented in toxicity databases. Studies were needed to
compile a more comprehensive toxicity database that includes a diversity
of mussel species and chemicals to compare the sensitivity of mussels to
other freshwater species, and to evaluate the degree to which existing or
proposed environmental guidance values and pollutant discharge permit
limits are protective of mussels. Over the past 15 years, we have devel-
oped, validated, and applied methods to estimate the acute and chronic
toxicity of contaminants to freshwater mussels, evaluated the sensitivity
of mussels relative to commonly tested fish (e.g., Pimephales promelas
and Oncorhynchus mykiss) and invertebrates (Ceriodaphia dubia and
Hyalella azteca), and determined the protectiveness of US Environmental
Protection Agency (USEPA) 304(a) ambient water quality criteria (WQC)
and state water quality standards (WQS) for native mussels. Here we
present the results of chronic (28- or 84-day) toxicity tests conducted
with juvenile mussels (Lampsilis siliquoidea, L. fasciola, L. abrupta,
Villosa iris, and Epioblasma capsaeformis) in water exposures to up to 14
chemicals (chronic nitrate test is ongoing). The chemicals were chosen
based on the interest of USEPA or states in developing or updating WQC
or WQS and based on different chemical classes and toxic modes of
action. Chronic toxicity data from mussels were compared to those from
other freshwater species in compiled databases. Mussel species mean
chronic values were in the low percentiles (i.e., more sensitive) of species
sensitivity distributions (SSDs) for ammonia, chloride, potassium, sulfate,
aluminum, chromium (VI), copper, lead, nickel, and zinc, but in the mid-
dle and high percentiles of SSDs for cadmium and two organic chemicals
(4-nonylphenol and azoxystrobin). Chronic values of some chemicals,
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including ammonia, chromium (VI), copper, nickel, zinc, chloride, and
sulfate, were about equal to or below the chronic WQC or WQS, indicat-
ing the WQC or WQS might not protect the mussels tested.

282 Comparing a novel Artificial Mussel and Live freshwater
Mussels to Biomonitor Trace Metals

D. Nugegoda, RMIT Univ / School of Applied Sciences; R. Stark, G.
Kibria, School of Science RMIT Univ

Mussels are routinely used in biomonitoring trace pollutants in aquatic
systems because of their sessile filter feeding lifestyle. In Australian
freshwaters only a few species of mussels exist and their population
numbers are low. Therefore using live mussels for biomonitoring trace
metals in freshwaters is problematic. This study investigated whether a
novel artificial mussel (AM) can be used as a suitable replacement for live
mussels to monitor trace metals in freshwaters. Both field and laboratory
experiments were used to evaluate the efficacy of the AM in comparison
with live mussels (LM). Three test sites were chosen in the Goulburn-
Murray Water (G-MW) systems Victoria, Australia, comprising river,
channel and drain, in conjunction with controlled laboratory experiments
at RMIT University. The native freshwater mussel, Velesunio ambiguus
was used as the comparative live biomonitor. Both AM and LM were
deployed in field trials for three months at the selected locations in the
G-MW system. In the laboratory experiments, AM and LM were exposed
to varying concentrations (as mixtures) of Cu, Pb and Zn (Cu 20-50 pg/L,
Pb 50-200 pg/L, and Zn 100-500 pg/L) over a 28 day period. The live
mussels showed preferential uptake of the essential metals Zn and Cu,
whereas all trace metals were accumulated without preference by the
AM. AM were found to be an effective replacement for native mussels in
monitoring the bioavailability of non-essential trace metals in freshwater,
however the AM did not reflect the accumulation and hence possibly

the bioavailability of essential trace metals by V. ambiguus . Results are
reviewed in terms of selective uptake and depuration of essential trace
metals by biota when compared with passive samplers including the AM.

283 Imposex of freshwater snail in Eutrophication Lake

L. An, Chinese Research Academy of Environmental Sciences / River and
Estuary and Coastal

The earlier studies showed that more than 200 marine gastropods were
induced to the occurrence of imposex because they were exposed to envi-
ronmental concentrations of organic toxins such as tributyltin [1], which
was primarily through its interaction with RXR pathway [2]. However,
rare attention was focused on other agents or freshwater gastropods. In our
present study, the imposex of Parafossarulus striatulus, which is a native
freshwater snail in China and distribution widely in lakes and ponds, was
found after migration into a eutrophication environment for 3 months. In
order to find the potential mechanism of the occurrence of imposex, the
snails were exposed to TBT, 9cis- retinoic acid (9cis-RA) and M. aerugi-
nosa under control conditions. After 2 months, as expected, the imposex
characteristic was found in females, not only in TBT- (100 ng Sn/L) and
9-cis RA (5 mg/L) groups, but also in M. aeruginosa (>108 cell/L)exposure
group, which was the dominant species in Taihu. Then, the transcriptome
and proteome were performed simultaneously to find the potential inner
molecular response mechanism although the shortage of bio-information
of gastropod. Interestingly, some key molecular signals were found which
could be used to speculate the occurrence of imposex.

Birds as Indicators of Environmental Change:
Molecular to Population Effects of Contaminant
Exposure and Other Stressors

284 Differential Gene Expression Analysis of Endocrine Effects of In
Ovo and Dietary 17p-Trenbolone on Japanese Quail Using RNA-Seq

K. Mittal, McGill Univ / Dept of Natural Resource Sciences; R.S.
Cornman, USGS / Fort Collins Science Center; P. Henry, Chesapeake
Potomac Regional Chapter; D.T. Sprague, USGS Patuxent Wildlife
Research Center; N. Basu, McGill Univ / Dept of Environmental Health
Sciences; N.K. Karouna-Renier, USGS Patuxent Wildlife Research
Center / Beltsville Lab

Endocrine active substances (EASs) such as 17B-trenbolone (17T —a
synthetic anabolic steroid), have been shown to cause reproductive
dysfunction in various aquatic and avian species. Previous studies of
Japanese quail (JQ) exposed to 17T, conducted in our lab using qPCR,
found significant changes in the expression of a select group of genes
along the hypothalamic-pituitary-gonadal-liver (HPGL) axis. To better
understand the broader effects of androgens on birds, we used RNA-Seq
to investigate changes in hepatic gene expression in JQ embryos and
adults exposed to 17BT. Finding genes that are differentially expressed
across treatments is an integral part of characterizing the mechanisms of
action of EASs. RNA-Seq is a powerful, high-throughput tool that pro-
vides a global interrogation of differential expression of transcripts and
their isoforms. Hence, the objective of this study was to identify pathways
perturbed in embryonic and adult JQ exposed to 17BT. JQ embryos were
exposed in ovo and the JQ adults were exposed in ovo and via dietary
uptake post hatch to 17BT (1 and 10 ppm). In total, 1194 genes and 2089
genes were found to be down and up regulated, respectively, in male
embryos; 304 and 698 genes were found to be down and up regulated,
respectively, in female embryos; 20 and 41 genes were found to be down
and up regulated, respectively in adult males; 23 and 40 genes were found
to be down and up regulated, respectively in adult females. In female
embryos, the peroxisome proliferator-activated receptor (PPAR) signaling
pathway was significantly affected by exposure to 17T. This suggests a
disruption of metabolic functions, affecting genes related to cholesterol
synthesis. The Gene Ontology (GO) enrichment analysis identified genes
grouped under cellular components and biological processes as being
significantly over expressed in female and male embryos. However, none
of the genes identified in this enrichment analyses were directly related
to the steroid pathways. Furthermore, in both sexes, the effects did not
translate to the adults, indicating that an inherent regulatory mechanism
might be compensating for the exogenous stress caused by trenbolone.

285 A slice of knowledge: Toxicological screening of priority com-
pounds using an avian ex vivo slice culture approach

D.E. Crump, S.P. Jones, Environment and Climate Change Canada

In vitro screening assays have helped transform toxicity testing of prior-
ity environmental chemicals and mixtures. Such assays typically utilize
primary cell cultures, immortalized cell lines or cell-free methods. The
reliance of these assays upon single cell types, genetically similar strains
of cells or a lack of cells altogether introduces challenges in terms of
extrapolating results to the whole animal. In this study, liver slices were
obtained from late-stage chicken and double-crested cormorant embryos
(n=6/species) and exposed to graded concentrations of polychlorinated
biphenyl (PCB) 126, the organic flame retardant tris methylphenyl phos-
phate (TMPP), and a complex environmental extract in 24-well culture
plates. The technique combines the throughput of a plate-based toxicity
assay with the ability to assess inter-individual variability in an intact
liver sample. Species-specific ToxChip polymerase chain reaction (PCR)
arrays were used to determine hepatic transcriptomic profiles after 24
hours of exposure. Gene expression responses were compared to those in
embryonic hepatocytes of the two species exposed to the same chemicals.
Certain pathways (e.g. phase I/II metabolism) responded concordantly
between hepatocytes and liver slices. Ultimately, this method improves
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the biological relevance of our toxicogenomics screening program,
thereby permitting the prioritization of resources towards compounds
presenting the greatest potential risk to wild avian species. However, it
will be necessary to compare these findings to whole animal exposure
studies to determine the full utility of this ex vivo screening assay.

286 Novel Brominated Polyphenyl Ether Contaminants
Competitively Interact with Thyroid Hormones for Recombinant
Avian and Mammalian Transthyretin In Vitro

K.L. Hill, Intrinsik / Dept of Biology, W.G. Willmore, Carleton Univ /
Dept of Biology; R.J. Letcher, Environment and Climate Change Canada
/ Ecotoxicology and Wildlife Health Division

Tetradecabromo-1,4-diphenoxybenzene (TeDB-DiPhOBz) is a highly
brominated additive flame retardant (FR) and an alternative FR for
2,2°,3,3°,4,4°,5,5°,6,6’-decabromodiphenyl ether (BDE-209). There are
several known commercial formulations and products containing TeDB-
DiPhOBz, however little information is available on the magnitude and
global range of its use. With 14 bromine atoms TeDB-DiPhOBz has low
bioavailability, however it can undergo rapid photolytic debromination

to e.g. tetrabromo- to heptabromo-DiPhOBz. These photodegradation
products have increased bioavailability, and toxicological concern is
therefore warranted. Interestingly, methoxylated tetra- to hexa-bromi-
nated DiPhOBz have recently been identified for the first time in eggs of
herring gull (Larus argentatus), a bioindicator species of the Laurentian
Great Lakes. These novel contaminants are thus suspected degrada-

tion products of TeDB-DiPhOBz, and metabolism studies using gull
microsomes confirm that several methoxy- and hydroxy- polybrominated
DiPhOBz compounds are formed in vitro. Virtually no toxicological data
exist for this BFR or its potential degradation products, however in vitro
chicken hepatocyte and avian PCR assays using photodegradation prod-
ucts of TeDB-DiPhOBz report some alterations in mRNA expression (e.g.
CYP1A4 involved in the metabolic pathway). The present study investi-
gates the potential thyroidogenicity of tetrabromo-DiPhOBz along with
methoxy- and hydroxy- conjugates, using an in vitro competitive protein
binding assay with both recombinant avian and mammalian thyroid
hormone transport protein transthyretin. Perturbation of thyroid hormone
transport is considered to be one mechanism of action that may affect
thyroid function, which is a major toxicological concern with PBDEs and
especially hydroxy-BDE metabolite compounds.

287 Responses in thyroid parameters of hatchling American kestrels
following embryonic exposure to priority flame retardants

K.J. Fernie, Environment & Climate Change Canada / Ecotoxicology and
Wildlife Health; P.F. Henry, USGS / Patuxent Wildlife Research Center; V.
Palace, IISD-Experimental Lakes Area; L.E. Peters, Stantec Consulting;
R.J. Letcher, Environment and Climate Change Canada / Ecotoxicology
and Wildlife Health Division; D. Sprague, USGS Patuxent Wildlife
Research Center / Beltsville Lab; T. Bean, Univ of Maryland, College Park
/ Environmental Science and Technology, B.A. Rattner, N.K. Karouna-
Renier, USGS Patuxent Wildlife Research Center / Beltsville Lab

The potential toxicity of priority chemicals is of considerable interest to
the Chemicals Management Plan of the Canadian federal government,
and the US Environmental Protection Agency. Recent priority chemicals
have included 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE; CAS
37853-59-1), and two components of the technical mixture, FireMaster
550®, specifically 2-ethylhexyl-2,3,4,5-tetrabromobenzoate (EHTBB

also abbreviated ast TBB; CAS 183658-27-7), and bis(2-ethylhexyl)-
2,3,4,5-tetrabromophthalate (TBPH; CAS 26040-51-8). While these flame
retardants occur in the environment, including in biota such as birds,
their potential effects on birds is largely unknown. Following approved
procedures, fertile eggs of captive American kestrels (Falco sparverius)
were injected with organic safflower oil (controls) or one of three doses
of BTBPE, TBB or TBPH in safflower oil into the aircell on Embryonic
Day 5 at concentrations within levels reported in wild bird eggs (10, 50 or
100 ng/g ww). The safflower oil solutions of these 3 individual chemicals
(10 and 50 ng/g) were prepared by serial dilutions of the stock 100 ng/g

dosing solution, and in sufficient volume for all egg injections. Eggs
were artificially incubated until hatching. From each hatchling, blood
was collected and organ somatic indices (SI) calculated. Total thyroxine
(TT,) and total triiodothyronine (TTs) concentrations were analyzed in
duplicate in plasma and right thyroid glands. The left thyroid glands were
assessed for histological changes, and hepatic tissue analyzed for the
outer ring deiodination activity transforming T4 to T3 (T4;~-ORD). Results
suggest that histological changes and activation of the thyroid gland
occurred in hatchlings of both sexes, but that responses to the different
exposure concentrations and chemicals were not consistent between the
sexes. Potential changes in these parameters, as well as hatching success
and deformities, in relation to the uptake of these chemicals over the
course of embryonic development, will be discussed.

288 Relative potency of polycyclic aromatic hydrocarbons (PAHs) in
birds; comparisons among congeners and species

C. Franci, A. Aleksieva, McGill Univ / Natural Resource Sciences; A.

Malinova, T. Johnston, McGill Univ; J. Brandenburg, E. Boulanger, J._
Head, McGill Univ / Natural Resource Sciences

Polycyclic aromatic hydrocarbons (PAHs) are potent contaminants that
are broadly distributed in the environment. Birds have the potential to be
exposed to high levels of these chemicals, and yet surprisingly few data
describing the relative potency of PAHs are available for avian species.
Here, we determine LD50 values for 5 PAHs in birds and explore relative
potency and sensitivity among congeners and species. Graded concen-
trations of each congener were injected into the air cell of unincubated
chicken (Gallus gallus) eggs. The eggs were artificially incubated at
37.5°C, and the embryos were monitored throughout development

and hatching. All of the PAHs that we tested caused dose-dependent
increases in embryomortality, but few other abnormalities (e.g. weight
changes, deformities, time to hatching) were observed. Critical windows
of developmental sensitivity to were identified between embryonic day
3-9 and 16-22. The rank order potency of DahA > BkF > IdP > BaP

> BaA corresponded well with previously published data for fish and
mammals, and with in vitro measure of the potency of PAHs in birds.
For example, ethoxyresorufin-O-deethylase (EROD) EC50 values from
cultured chicken embryo hepatocytes were highly predictive of the
LD50 values that we generated (p < 0.001, r2 = 0.99). In order to assess
differences in sensitivity among species, we also injected Japanese quail
(Coturnix japonica) eggs with graded concentrations of BKF, and found
that sensitivity in chicken and Japanese quail was approximately equiva-
lent. This contrasts with previous studies that suggest that dioxin-like
compounds (a related class of chemicals) are many times less potent in
Japanese quail than in chicken (e.g. 40-fold difference in sensitivity to
2,3,7,8-tetrachlorodibenzo-p-dioxin). The data presented here contribute
to our developing understanding of mechanisms underlying variability in
responses to PAHs among congeners and species.

289 Miniaturized passive air sampler: a novel tool to monitor halo-
genated flame retardants in wild birds

M. Sorais, UDAM — TOXEN / Biological Sciences; A. Rezaeli, R.
Izquierdo, Univ of Quebec at Montreal / Dept of Computer Science;
J.O. Okeme, Univ of Toronto / Physical and Environmental Sciences;
M.L. Diamond, Univ of Toronto / Dept of Earth Sciences, J. Giroux,
Univ of Quebec at Montreal / Dept of Biological Sciences; J. Verreault,
Université du Québec a Montréal / Dept of Biological Sciences

Atmospheric transport of halogenated flame retardants (HFRs) is now
well established. Added in a large range of consumer products to achieve
fire safety standards, they ultimately migrate from their commercial
substrates to the global atmosphere during their lifespan and beyond.
Considering the ubiquitous distribution and potential toxicity of a large
array of HFRs, it is crucial to understand their environmental fate and
exposure pathways. Previous studies have