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Biological Review of 2009 Experimental Data on
Cosco Busan Oil Effects on Herring

Part 1: Test and Data Validation

Jack Q Word, Meg R Pinza, Lucinda S Word, Susan D Watts, Tracy Schuh

|EXEcuTIVE SUMMARY

Cluster of Herring
Three principal quality asEwaigesreview mqumes are addressed in this report relative to

the experimental program performed by NOAA/BML in 2009. Interpretation of the data
output from these studies is dependent on assessing data qualifications before
relationships between adverse biological responses can be assigned to any particular
cause, including petroleum. The following QA/QC inquiries are addressed separately;
concluding statements are made based on the outcome of the following investigations:

1. Are the tests of acceptable quality to validate the performance of the experimental
runs?

a) Were test organisms healthy? Did test conditions provide for adequate
health during experiments?

b) Were the experiments isolated from extraneous sources which may
contribute to the toxicity relationships observed?

2. Are the test conditions maintained within guidelines established for early life stage
tests?

3. Are the experiments repeatable?

Question 1. Test data must be validated by demonstrating that the test organisms were
of appropriate health and sensitivity and that the laboratory conducting the test can
perform the test under ideal conditions. Test validation for early life history studies with
developing eggs and larvae require that a minimum of 65% of the developing organisms
hatch successfully as normal larvae. The laboratory control treatment is a surrogate to
determine if the test organisms are healthy and if laboratory testing conditions support
adequate water quality to maintain health for the duration of the test period. The
laboratory control was only performed for experimental runs 3 and 4. The laboratory
control for experiment 3 attained adequate normal hatching (77.7%) whereas experiment
4 did not achieve minimum standards. This determination validates experiment 3 and
indicates that the test population for experiment 3 was healthy and that the laboratory
conducted the tests appropriately for only this experiment.

Because of the complexity of the experimental design, a second ‘method’ control was
used for these studies. These controls (“clean” controls with or without transmission of
ultraviolet light) established whether the generator column procedures maintained
outdoors were under sufficient control to allow the experiments to be conducted without
introducing experimental artifacts. These controls were used for all four experiments but
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only the first experiment had adequate normal hatching (91 and 88% for clean UVB and
UVT respectively).

These test results indicate that data from Experiment 1 are the most useful data for
evaluation. Although a laboratory control was not performed for this test, the clean control
indicated that the outdoor column generation procedure did not produce artifacts that
impacted the test results. Experiments 2-4 had inadequate control or experimental control
survival to normal hatching indicating that the data produced during these experiments is
flawed and that experimental artifacts were associated with the outdoor testing
procedures reduced normal development. It is unfortunate that experiment 1 was treated
as a ‘dry run’ of the procedure and did not have chemistry samples collected. The
remaining tests (experiments 2-4) do not pass quality control evaluation and their test
results would not be accepted by ASTM, USEPA, WDOE, or Standard Methods.

Question 2. Standard test procedures have been developed for early life history fish
testing for multiple species of fish, including Pacific herring. These protocols indicate
standard water quality conditions that must be maintained in order to minimize the
potential of laboratory artifacts reducing the value of the information that is collected. The
factors that may have contributed to the failure of the generator column testing (oil
exposures) were several. It is incumbent upon a laboratory to demonstrate or discuss
these conditions to indicate why they would not cause adverse effects that invalidate the
tests. Those pertinent discussions and documentation have not been released by the
laboratories performing the experiments.

One condition that negated acceptable control for water quality assurance is the lack of
temperature control with ranges of >15°C. This trend of temperature exceedence was
observed daily during the conduct of the tests and greatly exceeded the acceptable range
of £3°C over 24h periods as recognized by ASTM, Standard Methods, WDOE and
USEPA. Rapid change in temperature is a stress that is not allowed for biological testing
performed for regulatory purposes. Additionally, there was a significant amount of time
the temperature also exceeded maximum levels acceptable for herring tests (18°C).
Temperatures above this range have been found to adversely affect Pacific herring
obtained from San Francisco Bay. Both the maximum and the rate of change in
temperature demonstrate that the outdoor generator column work in 2009 was flawed and
resulted in conditions that could contribute to the extremely low survival and normal
hatching rates observed for experiments 2-4.

A second set of water quality parameters were out of QC bounds: dissolved oxygen
saturation and the concordant response of pH. Dissolved oxygen saturation greatly
exceeded 100% (maximum of 431%) for experiments 3 and 4; dissolved oxygen was not
assessed for experiments 1 and 2. ASTM recommends that dissolved oxygen saturation
be maintained between 60 and 100% to minimize gas-bubble disease. This saturation
was greatly exceeded probably due to the release of oxygen by algae during the day
(oxygen use by algae in the dark was not assessed) and also resulted in pH drift.

The third water quality issue was salinity. The target salinity for optimum growth and
hatching success of herring is 16%.. However, it has been noted that salinities during a
spawn event should be mirrored in laboratory tests. The 2009 column studies were
conducted at 22%.. The combination of temperatures in excess of 18°C and salinities in
excess of 16%o0 are have been demonstrated to produce adverse effects.



The last water quality related issue was the algal fouling on the outer surfaces of the
developing eggs. Photographs of the developing eggs showed extensive coverage of
algae on the outer surface of eggs that should be essentially transparent. The algal
blooms were extensive and occurred on the slides containing the embryos in sufficient
densities to not only influence the water quality measures but also most likely affected the
osmotic regulation during embryonic growth by covering the chorion. The algal densities
intensified over time (experiment 4 = experiment 3>experiment 2>experiment 1). This
fouling of the eggs demonstrates that the outdoor generator columns and the presence of
the fouling on controls as well as treatment containers create another problem with
interpreting the results of all experiments.

All of these factors indicate that the testing procedure employed during 2009 was unable
to maintain acceptable water quality limits. Lack of control of these factors contributes
significantly to the poor results in the outdoor laboratory controls. The indoor controls
indicate that acceptable herring response could be obtained under controlled conditions
for one of the test (experiment 3) but the outdoor generator columns were not under
control except perhaps in experiment 1 that did not have water quality measured or
chemistry samples taken to demonstrate exposure of the eggs to oil from the columns.

Question 3. Treatments with Alaska North Slope Crude petroleum (ANS) were used as a
‘positive’ control. This source of petroleum has well-characterized response patterns
using the assessment endpoints that were evaluated. These assessment endpoints
included body axis defects, pericardial and yolk sac edema, head to trunk angle, and
pigmentation differences. Successful demonstration of the expected responses based on
chemical concentrations in the tissues of test organisms exposed to ANS would suggest
that the data produced even in the presence of the artifacts indicated above might provide
useful conclusions. The ANS syndrome could not be replicated in these experiments.
Treatments with an urban control (without addition of oil) showed a gradient of effects,
some remarkably similar to the oiled treatments and the clean control.

Conclusion: Based on the poor survival to normal hatching in controls (lab and clean
control generator) these data would not be acceptable for use in regulatory programs
conducted by USEPA and state agencies. The range in water quality characteristics are
extreme and laboratories conducting tests with this lack of control are obligated to explain
why the data is not compromised in technical reports provided for these regulatory
programs. This species (Pacific herring) is not a test species that has been used in many
regulatory programs but it is used in the state of Washington as a standardized test
organism for regulatory programs, it has been used extensively in Alaska for experimental
work on the effects of petroleum, and it has been used as an experimental fish for a wide
range of investigations. The NOAA/BML studies indicate that the organism can be used
under laboratory conditions and adequate survival can be obtained (experiment 3). It also
was found to be able to develop and successfully hatch into normal larvae using the
experimental generator columns (experiment 1). Unfortunately, chemistry samples were
not taken for experiment 1 so a direct measurement of response to tissue concentrations
of petroleum cannot be made and the generator column work for experiment 3 provided
very poor development and survival to normal hatch for the experimental controls (<37%).
Part 2 of the report on the 2009 generator column work will examine the measurement
endpoints that were collected and develop a best fit multiple regression statistical



assessment of the probable causes of the low survival and adverse responses that were
observed in 2009.



\INTRODUCTION
BackGrounpo Surrounbing 2008 ano 2009 Srubies

The studies conducted by the Bodega Marine Lab (BML) and National Oceanic and
Atmospheric Administration (NOAA) in 2008 and 2009 were designed to demonstrate the
range of effects potentially caused by the Cosco Busan oil spill in San Francisco Bay in
November 2007. The spill released an estimated 54,000 gallons of oil into San Francisco
Bay. A fuel oil slick expanded over the next several days and, based on trained SCAT
team observations, was found to visibly contaminate shorelines of the Central Bay with
discontinuous patches of oil along bays and headlands (NOAA and BML 2008; Lankford
et al. 2008). Quantitative, defensible chemical and biological associations are needed to
support the hypothesis that oiling on intertidal and shallow subtidal sediments from the
spill in November of 2007 had a direct and measureable adverse effect on the
development of Pacific herring embryos into larval fish during the 2008 spawning season.
Pacific herring (CTupea pallasi) were chosen as the test species for several reasons.
First, they spawn on kelp and algae in shallow subtidal areas where surface oil is most
likely to accumulate. Second, herring have been used as a surrogate testing organism by
numerous researchers to demonstrative species sensitivity to low levels of petroleum
compounds (NOAA 2007). Third, it was suggested by NOAA and BML that these
organisms would serve as surrogate or proxy species for quantifying the amount of
damage to nearshore spawning fish species in San Francisco Bay (NOAA and BML
2008). NOAA, BML and other Trustees conducted the following activities in order to
compile relevant data needed to form the basis of a resource damage assessment.

NewFields conducted an independent data validation assessment of the images and data
provided by NOAA and BML. The assessment in this document was conducted prior to
receipt of the November 2009 report submitted by Incardona et al. (2009) although
information on the size of the donor fish from the NOAA/BML report was added during
revision.

MiLesTonEs - 2007

e Collected samples from Cosco Busan and the water column within days of the spill
(2007)

e Established a chemical ‘fingerprint’ of the Cosco Busan oil and detected the
chemical fingerprint in water samples collected from different locations within San
Francisco Bay. (Douglas 2009a)

e Characterized (semi-qualitative) the degree of oiling along shorelines and
headlands by members of NOAA's specially trained SCAT Teams (Shoreline
Cleanup and Assessment Technique) in 2007

The initial chemical results of the water column samples, collected within days of the spill,
documented the presence of identifiable Cosco Busan (CB) oil within parts of the Bay.
This oil signature could be “chemically fingerprinted” and identified at very low
concentrations in the water column after initial weathering had occurred. The SCAT
teams visually identified relative levels of shoreline oiling within the Central Bay area
(NOAA and BML 2008). It is NewFields' understanding that chemical analysis was not



performed in conjunction with the visual inspection of selected locations. These areas
were selected for further study to examine potential effects of stranded oil that might be
present during the spawning events of Pacific herring and the development of their
embryos to newly hatched larvae during the spawning season in 2008.

MiLesTonEs - 2008

e Harvested gametes from adult herring in San Francisco Bay were analyzed for
presence of PAHS. The levels of PAHs in ovaries were lower than those reported
for Puget Sound herring (NOAA and BML 2008). Gametes from adults were also
artificially fertilized and placed at shallow subtidal sites chosen by the SCAT teams
to represent potential subtidal areas that may have had various levels of oiling in
2008. Harvested naturally spawned eggs from intertidal/shallow subtidal sites
suspected to have various levels of oiling were also examined. Additionally, the
naturally spawned eggs were chemically analyzed to demonstrate exposure to the
contaminant of concern “weathered” Cosco Busan oil.

e Transported the naturally spawned eggs and the artificially spawned and subtidally
exposed eggs to a laboratory to determine developmental viability of the eggs,
embryos, and larvae. NOAA examined a subset of early embryonic stages by
dechorionation of developing embryos, whereas BML allowed a subset of eggs to
proceed to hatching under laboratory conditions.

The 2008 experiments and field/lab observations were designed to demonstrate the onset
of abnormal development and growth similar to a widely recognized syndrome of effects
documented to occur in Pacific herring as well as many other species of fish after
exposure to petroleum (Pearson et al. 1985, 1995; Brown et al., 1996; Hose et al., 1996;
McGurk et al., 1996; Norcross et al., 1996; Marty et al., 1997; Middaugh et al., 1998; Carls
et al., 1999, 2005; Heintz et al., 1999, 2000; Incardona et al., 2004, 2005, 2006, 2009).
These studies used established early life history methodologies developed for rearing and
exposing developing eggs to chemicals of potential concern until hatching. These
procedures have been developed over the past 20 years and have been standardized
during the past 10 years [ASTM 1998 for a suite of fish species, Dinnel et al. (2005, 2008)
for Pacific herring].

Multiple effects were evaluated for field and laboratory efforts using many high quality
video and still pictures of the developing and dechorionated embryos evaluated by NOAA
and BML for the 2008 efforts (NOAA and BML, 2008). The results reported by NOAA and
BML in 2008 found “in general, markedly abnormal biological responses were observed
widely in samples of embryos naturally deposited in the intertidal zone at oiled sites. Less
severe effects were observed in caged embryos incubated farther from shore in the
shallow subtidal zoned of oiled sites.” (NOAA and BML 2008).

NewFields Biological Assessment of the 2008 data found abnormal development occurred
in some samples collected from the intertidal areas but found no correlation or
concordance of effects associated with the SCAT team ranking of oil or by the
concentrations of petroleum compounds measured in the tissue of the developing eggs
collected from locations within the intertidal or subtidal areas (NewFields 2009). In fact,
the PAH distribution in the developing eggs from these locations matched more closely an
urban pyrogenic PAH fingerprint that is distinct from weathered CB oil (b 2009).



The inconclusive and disparate results observed in 2008 led to a series of controlled
laboratory experiments conducted in 2009 designed to demonstrate a biological signature
response that could be used to demonstrate exposure to CB oil.

MiLesTonEs - 2009

e Harvested adult herring for chemical analysis of gametes (2009).

e Conducted four experiments using an outdoor array of columns containing oiled
gravel using the procedures developed by NOAA at Auk Bay, Alaska and others
(Marty et al., 1997; Short et al., 1997; Carls, et al., 1999; Incardona et al., 2007,
2009). The treatments included various combinations of laboratory controls, clean
controls, urban controls, ANS crude oil concentrations, and CB oil concentrations
under UV blocked (UVB) and transmitted light (UVT) exposures.

Evaruarion oF 2009 Lasoratory EXPERIMENTS

The 2009 experiments also assessed early developmental endpoints, although these
endpoints did not necessarily reflect the same parameters evaluated in the 2008
experiments. CB oil was added to gravel at specific concentrations (0.1, 0.3 and 1.0 g oil/
kg dry sediment) and placed in generator columns using methods developed by NOAA
and others. The columns deliver a continuous flow of oil-contaminated seawater to
produce exposures in chambers containing herring eggs incubating on glass slides.
Weathered ANS crude oil was included in three of the four experiments to provide a
reference toxicant to compare results to those previously published documenting the PAH
syndrome of effects on developing fish. This is a positive control where an expected
response is necessary to demonstrate repeatability of the dosing procedure and
consistency with past experiments. Figure 1 is schematic diagram of the experimental
array of generator columns and exposure chambers.

NOAA examined a subset of embryos ranging from 6 days post fertilization (dpf) to 9 dpf
and subsequently dechorionated the embryos for examination. BML allowed a subset of
the embryos to continue to develop to hatch using incubators (hatch typically ranged from
9 to 13 dpf). Larvae specimens were then scored for hatching success and
morphological deformities.
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Three additional types of controls were also used during the course of the experimental
runs to validate different aspects of the testing process.

¢ An indoor laboratory control was included as part of the test design for all of the
experiments. A laboratory control is used to demonstrate the overall health of the
test organisms under controlled indoor laboratory conditions which is a required
assessment procedure to document the validity of tests (ASTM 1998). Embryo
and larval images of the laboratory controls were provided to NewFields for Runs 1
and 2. However tabular data relative to hatching success and larval development
were not provided for these runs. No conclusive statements regarding the health
or viability of the test organisms can be made for Run 1 or 2. Imagery and data
were provided for Runs 3 and 4, and an assessment of the health and viability of
the test organisms were performed for these two experimental runs.

e A ‘clean method’ control was included in the experimental runs in order to assess
whether the outdoor exposure system and presence or absence of transmitted UV
light had effects that were separate from the effects of oil and presence or
absence of UV light.

e An urban control was included in experiments 1, 2, and 3 to determine if San
Francisco Bay background levels produced a notable effect on Pacific herring
development in order to compare to any effect of the CB oil acting alone under
experimentally controlled concentrations. The gravel for this urban control was
collected from an urban beach in northern San Francisco Bay believed to outside
of the influence of CB oil.

The objective of this first report is to evaluate control test results provided by NOAA and
BML for the 2009 column experiments 1-4 during which herring embryos were also
exposed to CB oil and, in some experiments, ANS oil at environmentally relevant
concentrations (0, 0.1, 0.3, 1.0 g/kg). Additionally, NewFields conducted an
independent review of image records provided for each experiment to determine if any
biological response patterns were associated with concentrations of CBO and ANS oil
and/or in the presence or absence of ultraviolet light. NewFields' biological review of the
2009 data of NOAA and BML leads to four areas which need to be fully addressed. This
report focuses on test validation, experimental design, and Quality Assurance/Quality
Control (QA/QC). Other areas including comparability of data collected with previous
studies and linkage to the 2007 spill event are in preparation and will be reported in an
ensuing document.

ASTM, USEPA, and/or WDOE have QA/QC testing criteria that must be met for a test to
be considered acceptable for interpretation. These agencies also provide testing
guidance to aid in establishing criteria that may vary depending on the elements of the
experimental plan. The following attributes were addressed in the evaluation of quality
requirements derived from standard testing protocols:

1) Are the tests of acceptable quality to validate the
experimental runs? Validation of the test is based on adequate response of
test control (laboratory) while validation of the outdoor exposure method is
accomplished with the clean control. The urban control will separate the



potential contributing factors of background urban signatures from the test
results with petroleum hydrocarbon exposures.

2) Are test conditions maintained within guidelines
established for early life stage tests? Usability of the data is
determined by establishing and maintaining water quality conditions within
narrow ranges that have been demonstrated to produce healthy population of
test organisms in the control exposures.

3) Are the experiments repeatable? Are reference toxicant test results
comparable to other published studies? The testing procedures used and the
data generated should be repeatable and verifiable by other researchers.
Standard tests, such as reference toxicant exposures are used to ensure the test
organism is responding to a known contaminant in a similar manner when
compared to other data. In this case, ANS treatments were considered a
reference toxicant test. A second report will address the comparability of 2009
column data results with previously published responses of herring to ANS
exposures.

The first attribute, acceptable control survival, indicates the test population is healthy, the
laboratory demonstrates sufficient experience by performing the test adequately, and the
testing procedures and water quality conditions are managed to permit further evaluation.
The laboratory control, clean method control, and urban control data were used in
combination to address this first attribute. The second attribute, maintenance of water
quality within established limits prevents synergistic relationships between contaminants
and undue stress placed upon test organism by varying exposure conditions. Fluctuating
water quality conditions can result in poor survival of the test organisms. The last
attribute, demonstrating comparable responses of test organisms to known reference
toxicants indicates the health of the test population and its sensitivity to a known toxicant
are similar to previous testing. A similar response of the test organism to a known toxicant
signifies the current tests are an accurate representation of organism response to the
contaminant.

|Vaiparion oF 2009 CoLumn EXPERIVENTS

ControL TREATMENTS

1) Laeorarory Contror. ASTM (E 1241 section 13.1.3) indicates that a dilution water or
solvent control is required as part of the experiment, otherwise the test may be
considered unacceptable. Experiments 1, 2, 3 and 4 included a laboratory control
tested indoors (in an incubator) with normal lighting and temperature control.
Success of this control demonstrates lab personnel are using appropriate testing
protocols, under a controlled setting with healthy test organisms to achieve
acceptable QA/QC. This assessment can be made for Experiments 3 and 4 but not
for Experiments 1 and 2; laboratory control data for experiment 1 and 2 were not
provided.

2) Clean UVB and Clean UVT. All four experiments included a method control (Clean
Control) prepared by the addition of clean gravel to the generator columns. The
clean controls were tested outdoors under ambient natural light using a UV screen
to either block or transmit natural light. The clean control established whether the



combination of generator columns with ambient light either UV blocked or
transmitted provided an adequate environment to conduct the test without
introducing other contributing factors.

3) Urean UVB/UVT Contror. Experiments 1, 2, and 3 included an urban control prepared
by including intertidal gravel samples collected from San Francisco Bay to represent
a non-point source urban signature from a location that had not received any of the
spilled Cosco Busan oil. The results of this baseline sample demonstrate if an urban
signature from a variety of different sources shows an adverse effect separate and
distinct from any effects associated with CB oil acting alone.

4) ANS UVB/UVT Crude Oil. The ANS treatment was used to demonstrate the ability
of these 2009 studies to replicate the same pattern of response observed for other
studies.

CriTerIA FOR AccertaBLE ConTRoL RESPONSES

Acceptable response of the test organism in the laboratory control samples indicate the
test population was healthy and that the laboratory demonstrated sufficient experience by
performing the test adequately and the testing methods are sufficient to permit further
evaluation. ASTM guidance establishes species-specific survival to normal hatching for
multiple species tested under the early life stage testing protocols (ASTM E 1241
appendices).  Minimal control survival to normally developed larvae for fish species
included in the guidance range from 65 to 80% of successfully fertilized embryos (ASTM E
1241 appendices). Pacific herring are not part of this specific guidance, but procedures
and control survival information have been produced for Washington Department of
Ecology as part of the wastewater assessment program. These methods, modeled after
ASTM (Dinnel et al., 2005; 2008) have been accepted as standard procedures by the
State of Washington and have also been used for testing conducted in Alaska and
California. Control survival must exceed 70% for a test to be validated when Pacific
herring are testing using this guidance.

\TesT AccePTaBILITY

NOAA/BML AssessMENT

Four experiments were performed during the 2009 experiments. Experimental Run 1 (23
January through 10 February 2009) was considered a dry run or practice to show the test
design was acceptable for testing. Minimal water quality data were collected and no
chemistry data were provided for this dry run. A subset of photographs of organisms
exposed to the various treatments and a partial summary of data on the percent normal
hatch for all treatments were provided. NOAA and BML concluded the test design was
acceptable for conducting a series of column exposures. Experimental Run 2 (13-28
February) was terminated early when laboratory control treatments were determined to be
unacceptable. Notes collected from the NOAA data sheets report “run aborted due to high
rates of abnormal early embryos in the lab incubator controls.” This run was therefore
excluded from further consideration. Experimental Run 3 (26 February through 10 March)
included a partial set of images, summaries of test results and chemistry data for water
and eggs. Because of excessive algal growth throughout the test system on 11 March
through 13 March, the test system was dismantled and the containers and generator



columns were cleaned with a concentrated bleach solution followed by rinsing in sodium
thiosulfate (documented in water quality notes on March 12" and 13"). Experimental Run
4 (conducted 18 March through 6 April) had a reduced testing design omitting the ANS
treatments and the urban control. Water quality data were provided with the summary
data along with photographs of dechorionated embryo’s and newly hatched fish.
Analytical data for water samples and egg tissues were also provided.

NewFieLps BioLoGicAL ASSESSMENT

Laboratory Controls. Guidance values of >70% survival to normal hatch in laboratory
controls have been established by Dinnel et al. (2008). NewFields was provided
laboratory control images only for Experiments 1 and 2 with no summaries of laboratory
control survival for either experiment. The lack of data relative to hatching success
precludes the use of these first two experiments. Survival to hatching of normal larvae for
the BML data was 77.4% in Experiment 3 but only 57.3% in Experiment 4. The NOAA
data reported viable eyed development of >80% for dechorionated embryos for
Experiments 3 and 4.

Run NOAA Viable Eyed (%) BML Normal Hatch (%)
Experiment 3 96.6 77.4
Experiment 4 80.0 57.3

These observations indicate the test organism population used for testing was acceptable
for Experiment 3 but not for Experiment 4. The higher percentage of viable eyed embryos
reported by NOAA was based on dechorionated embryos 9 and 10 dpf (days post
fertilization) whereas the BML observations of percent normal hatch were made on
embryos that hatched between 10-18 dpf. It is reasonable to assume a persistent
adverse impact observed in an early developing embryo would be retained in later stages.
The longer period of development and exposure for the BML samples resulted in a further
decline in the health of the organism at hatch in the BML data compared to the NOAA
viable eyed larvae data. Based on laboratory controls conducted indoors, Experiment 3
is validated while Experiment 4 is not validated; Experiments 1 and 2 cannot be assessed
(Figures 2 - 4).

Clean Controls. Experimental Runs 1 — 4 had a ‘method’ control identified as clean
control for the outdoor generator column studies. This clean control is not a substitute for
the laboratory control exposure but is used to demonstrate any experimental related
effects of the outdoor test system. Adequate survival of the clean ‘method’ controls would
indicate the outdoor exposure system provided the necessary test conditions and did not
to contribute to any adverse biological effects. Conversely, if the clean control results
show adverse effects, then additional contributing factors related to the testing procedures
need be evaluated. @ The ‘method’ clean control had acceptable survival to normal
hatching for the first experiment only (Figure 2 and 4). Neither 'method' clean control
achieves adequate survival under UVB or UVT for the remaining experiments
(Experiments 2, 3 and 4). The reduced survival of the clean controls suggests the outdoor
exposure system with the generator columns added stress to the organisms in the last




three of the four experiments. This effect was more pronounced in the clean controls with
UV transmission compared to clean controls with blocked UV. This observation could be
interpreted as an impact from transmission of UV light in the absence of a contaminant. In
each of the four experiments, the UVT Clean control had an adverse impact on the
developing embryos that exceeded the impact on organisms exposed to the UVB Clean
control. This pattern was consistent among the experiments and occurred in the absence
of contaminants. The reduction in survival of the clean control (UVB and UVT) below 80%
indicates the conditions in the generator column studies conducted outdoors may have
impacted survival and ultimately normal development (Figures -2 - 4).

Urban Controls. Experimental Runs 1, 2, and 3 included an urban control. This urban
control was included to assess whether the urban beach gravel from San Francisco Bay,
with its multiple input of pollutant sources, had any adverse impact on the development of
herring independent from effects observed with Cosco Busan oil. The percentage of
normally developing larvae for Runs 1, 2, and 3 was 79%, 25%, and 40% respectively.
These results would suggest that the mixed use urban nature of the San Francisco Bay
estuary may impact the health of herring embryos.

A summary of the response of each control for each of the experimental runs in shown in
Figures 2 through 4 and Table 1. There is a general pattern of decreasing survival to
normal hatch from the first through the fourth experiment, indicating increasing problems
with the experimental conditions. Table 1 summarizes the experimental control responses
and actual water quality conditions for Runs 1 — 4; ASTM guidance for early life stage
toxicity testing of fish and specific guidance for herring published by WDOE are included
for reference.

Table 1 Comparison of Standards for Early Life-Stage Toxicity Testing for by ASTM and WDOE

Requirements and Experimental Ranges Attained during Testing
Criteria Experiment|Experiment| Experime |Experiment
Measurement ASTM 1241 WDOE! 1 2 nt 3 4
Laboratory Control
Mean Survival to No Data No Data 77 57
normal hatching
Clean Control >65 to >80% >70%*
Mean Survival to
normal hatching [UVB/ 91/88 55/46 37/8.9 30/11
an
Te.mpera.ture( C) +3°C 12°C 3.1to 8.3 6.8 6.7
Time Weighted 19.8 to 23.1 to 24.5 to 18.9
Dissolved Oxygen (%)| 60-100% Not Not ) )
Time Weighted Saturation assessed | assessed 112-431 98-207
Test Chamber pH | Measured Not Mot | g0t09.9 | 721085
assessed | assessed
Incoming pH Measured Not Not 7.68-7.93 | 7.44-7.87
assessed | assessed
Salinity 16%0 Not Not 21-23 21-23
assessed | assessed
NOAA/BML Experimental DryiRunsnoiflenminatodi . Reduced
Qualifiers chemistry for | failure of egg | Algal fouling | experimental
water or eggs | development design

' Test validation for embryo development is validated and accepted by WDOE for routine application to effluent
testing (Dinnel et al. 2008).
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Figure 4. Percentage of Normal Hatch for Each of the Controls during Experiments 1 - 4.

Woarer QuaLity VariaTions

Demonstration of acceptable water quality conditions for testing provides confidence that
additional stress on test organisms caused by fluctuating water quality conditions does not
compromise test results through additive or synergistic responses to combinations of
factors. NewFields review of the water quality data indicates several water quality
parameters were not maintained within recommended limits of either ASTM 1241 or
Dinnel et al. (2005, 2008) during testing. These included test temperature, salinity, and
the combination of dissolved oxygen saturation and pH.  Temperature, salinity and
dissolved oxygen saturation have specific guideline limitations that have been established,;
pH does not, but general guidance under other protocols for marine testing is to monitor
and comment about pH values which exceed a range of 0.2 to 0.3 units.

TEMPERATURE

The targeted test temperature was 12°C, the optimum temperature for populations of
Pacific herring from the San Francisco Bay region (Dinnel et al. 2008, Vines et al. 2000,
Alderdice and Velsen 1971). The average temperature measured using a continuously
monitored temperature data logger ranged from 10.5 to 12.9°C for Experiments 1-4.
However, the target temperature range was not controlled in the test chambers and
consequently temperatures increased or decreased based on daily weather conditions.
The overall range of temperature experienced by the developing embryos during each of
these tests averaged ~15°C (range 12.2 to 17.7°C; see Figure 5). The rate of
temperature change often exceeded 10-15°C over short periods of time (~6h). This trend
was observed on a daily basis throughout the testing programs. This temperature range
exceeds the ASTM guidance of +3°C change in temperature over any 12-h period and this
is also the preferred maximum range of change for periods of 72h (ASTM E1241 10.4.3).
The influence of temperature on stocks of Pacific herring obtained from the San Francisco
area during the 2006/2007 spawning period, prior to the Cosco Busan spill event,
indicates that temperatures > 18°C should be avoided. In all cases, the temperature
ranged to above 18°C for all outdoor experiments which, under controlled experimental
conditions, resulted



Run 1

Run 3

Run 4

| Table 1 Urban UVT Run 1 (1/23/09 to 2/10/09)
020 |
= Ay A NN A
RS
e \
s
T2 | w A
VA \/ \) \} N \} L \
g 8
4 \ v \ \ \ \ \ \ \
1/23/09 1/25/09 1/27/09 1/29/09 1/31/09 2/2/09 . 2/4/09 2/6/09 2/8/09 2/10/09
24 ;\ } Table 1 Urban UVT Run 3 (2/26/09 to 3/14/09)
(I
% ﬂ h b n h l
e
S
§12 e \J J A \\,-\j \\J \J
s -
P 8
4 ] S Pumps off during this period, restarted at 8:30pm
\ \ \ \ ‘ \ ‘ \ ‘ \ \ \
2/26/09 2/28/09 3/2/09 3/4/09 3/6/09 3/8/09 3/10/09 3/12/09 3/14/09 3/16/09
24 7 Table 1 Clean UVT Run 4 (3/18/09 to 4/06/09)
g 20 | A
3 t — Maximum incubation temperature
; 16 — (Dinnel et al. 2008)
3 n ﬂ /\ Optimum incubation temperature
© 92 (Dinnel et al. 2008, Vines et al. 2000,
g 7\/ \J U u U U U U Alderdice and Velsen 1971)
€
e 8- L
4 \ \ \ \ \ \
3/18/09 3/20/09 3/22/09 3/24/09 3/26/09 3/28/09 3/30/09 4/1/09 4/3/09 4/5/09

Figure 5. Fluctuating Temperatures over Time for Experimental Runs 1, 3, and 4



in reduced hatching success of normal larvae (Dinnel et al. 2008). Table 2 summarizes
data contained in the methods development reported by Dinnel et al. (2008). This table
shows the percentage of live hatch for two different collection periods in 2007 as denoted
by two data points reported in each column labeled “live hatch.” Noteworthy from this
data set is only 8% of combined live normal hatch is reported at 20°C.

Table 2 Reduced Hatching Rate Occurs with Increased Temperature (adapted from Dinnel et al.

2008)
San Francisco Bay 2007
Collection 1 Collection 2

Temp ?éature Live Hatch |Normal Live Live Hatch |Normal Live f
(%) Hatch (%) |Hatch (dpf)| =" q) Hatch (%) | Hatch (dpf)

20 29 7.8 6 12 2 6

18 82 69 6 32 27 7

15 84 71 10 63 57 9

12 84 80 11 22 22 13

10 67 53 14 51 50 14

" Tests were run at 16 %.o.

SALINITY

Salinity for Pacific herring has been found to effect the normal development of eggs to
viable eyed larvae at hatching. Optimal salinity for hatching in the San Francisco Bay
region is generally 16-20%. with decreased hatching observed above 24%. (Cherr and
Pillai 1994; Griffin F.J. et al. 2004). The combined influence of elevated salinity and
temperature indicate embryo development is affected when salinity is 30%. and
temperature > 14°C (Dinnel et al. 2008). Mortality under these conditions is 50.8% with
19.8% of hatched larvae categorized as abnormal. The maximum temperatures observed
with each of experiments ranged from 18.9 to 24.5°C. Observations of the combined
influence of salinity and temperature show effects of these water quality attributes are
typically synergistic in nature. The combination of increased temperature and salinity are
expected to produce a greater effect than those observed for temperature only (Alderdice
and Velsen 1971; Vines et al. 2000). The higher temperatures, combined with the 22-23%o
salinity observations made during the water quality assessments, suggest the potential for
adverse effects associated with the combination of these two water quality parameters
with temperature variation being the major component.

DissoLvep Oxycen anp PH

ASTM (E 1241 10.4.3) indicates that super saturation by dissolved gases should be
avoided to prevent gas-bubble disease. ASTM recommends dissolved oxygen saturation
should be between 60 and 100% saturation. Each of the experiments with measured
water quality characteristics that were assessed (Experiments 3 and 4) had super
saturation of dissolved oxygen continuously above this range. In Experiment 3, there was
one sample that had a dissolved oxygen saturation measure of 431%.

Trends in saturation of oxygen do not show patterns related to the level or presence of
petroleum in the experimental array, as indicated by Figure 6, presenting data
summarized from Experiments 3 and 4. The combination of increasing percent DO
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|Warer Quaury Issues

TEMPERATURE

Temperature fluctuated in the outdoor environment based on the influence of the solar
energy on the water in the shallow test containers of the experimental array. Temperature
was not controlled within a limit of £3°C during the experiment, but fluctuated +10°C over
periods of four to six hours. This extreme temperature range would affect test results and
would not be acceptable under ASTM protocols. Additionally, the maximum temperatures
attained on a daily basis exceed the thermal tolerance range for Pacific herring embryos
from San Francisco Bay, California provided by Dinnel et al. (2008). Herring obtained
from San Francisco Bay during the 2007 spawning (first quarter of 2007) indicate test
temperatures in greater than 18°C only 8% normal live hatch are reported (Dinnel et al.
2008). For all four column experiments, the test temperatures were above the thermal
tolerance limit throughout much of the test and the rate of temperature change exceeded
acceptable limits based on ASTM protocols.

SALINITY

The targeted salinity was approximately 22%., chosen by BML/NOAA to be consistent with
salinity values in the spawning area of San Francisco Bay. However this salinity was
above the optimum of 16%. reported by others for maximum egg and larval survival
(Alderdice and Velsen 1971, Cherr and Pillai 1994). Researchers have noted the
combined influence of temperatures in excess of 18°C and salinities greater than 16%o
produce increased adverse effects (Alderdice and Velsen 1971; Vines et al. 2000);
therefore these are likely contributing factors regardless of the amount of oil present in the
test chambers.

DO anpo PH

Percent saturation of dissolved oxygen was measured daily in the early afternoon and
exceeded guidance values for each of the outdoor experimental runs. A similar pattern
was observed for each experiment; the daily measurements showed increasing dissolved
oxygen saturation and pH over time. This effect is almost certainly related to algal blooms
that occurred during the experiments and contribute oxygen to the test waters via
photosynthesis during the day. It also indicates that algal blooms continued to increase
through time, resulting in higher oxygen saturation near the end of the experiments.

ArcaL Brooms INFLUENCE oN WATER QuALITY

Algal blooms have dramatic effects on water chemistry, most notably pH and dissolved
oxygen (DO). When algae remove carbon dioxide during photosynthesis they raise the
pH by increasing the level of hydroxide ions. The opposite reaction occurs during
respiration when carbon dioxide is produced lowering hydroxide and lowering the pH.
Therefore, high pH (> 8.0) can be an indicator of photosynthesis by large quantities of
algae.

Algal blooms produce large amounts of oxygen during photosynthesis that may lead to
supersaturated levels of DO in the water column. Conversely, during respiration, algal
blooms remove the DO from the water column which may lead to little or no oxygen in the
water column. These conditions can also be created when a large quantity of algae die
and decompose. Super saturation of DO (2110% saturation) can be an indicator of



photosynthesis by algae, particularly during mid-to-late afternoon. The combination of
elevated pH and super saturation of oxygen and the observations of algal blooms in the
test containers support these statements. A subset of photos showing algal growth on
slides containing the herring embryos from each control is shown in Figures 8a and 8b.

The concentration and percent saturation of oxygen and pH at night were apparently not
measured. Had these parameters been measured or, if the data are available from night
time assessment, the concentrations of dissolved oxygen should be much lower than
during the day. Phytoplankton and algal blooms during daytime produce dissolved
oxygen through the use of carbon dioxide that helps cause pH to increase. During the
night oxygen is consumed and we must assume that the dissolved oxygen saturation
would decrease when respiration by the plants occurs rather than photosynthesis. These
observations support the anecdotal observations of algal stimulation made by NOAA/BML
researchers but also support the observations that we made on the amount of algal
fouling of eggs and glass slides on the photographs that were assessed.

Super saturation of DO can have a direct effect on developing embryos by gas bubble
disease. A larger impact may be the fouling of eggs by algae during their development.
UV blocked and transmitted light show no difference in the relationship of DO saturation
and pH indicating that the amount of algal stimulation is similar among the test treatments
regardless of UV exposure (Figure 7). There is a reduction in the rate of increasing DO
saturation per day in the last experiment but the saturation and pH levels still indicate that
algal stimulation occurred during the testing, even though shade cloth was added at day 6
to reduce “...the exploding algae growth...” (BML Water daily water quality notes, pg 55,
dated 3/24/09). This lag may have been a direct result of cleaning the generator columns
to reduce algal growth. The influence of transmitted or blocked UV light on the production
of dissolved oxygen saturation and increasing pH due to algal stimulation is not
substantially different.
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ConcLusions: Warer QuaLiry ConTroL

Water quality characteristics for these experiments are not within acceptable testing limits.

Time-weighted average temperatures are exceeded by ~10°C on a daily basis. The
combination of the increased temperatures and the above optimal salinities may
have negatively impacted survival to normal hatch and normal development of
herring.

Time-weighted dissolved oxygen concentrations are outside of the acceptable
range of 60-100% saturation with many values in excess of 200%. There are no
measurements of dissolved oxygen at night in the water quality records provided
when algal oxygen consumption would be highest. The earliest morning
measurements collected around 0730 indicated a much reduced saturation of 92 to
96%.

pH is required to be measured but an acceptable range is not indicated; however,
pH fluctuations through a range of 7-10 is clearly unacceptable ( ASTM E 1241).

Excessive algal growth can create suboptimal testing conditions, interfere with the
respiration of developing eggs, and interfere with contaminant interaction with test
species.

If a laboratory cannot maintain acceptable water quality limits then the measured
responses of the test organisms are influenced by the test methods. A771 four
tests should be discarded based on unacceptable testing
conditions (USEPA and ASTM).
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|QUALITY Assurance/QuaLity ControL Review

Quality Assurance/Quality Control requirements provide confidence in the data results
through a system of quality control checks on data collection methods, laboratory
analysis, data reporting, and appropriate corrective actions to achieve compliance with
established performance and data quality criteria. This section presents a review of the
QA/QC procedures NewFields used to ensure that project data are defensible and usable
for their intended purpose.

QA/QC Osectives For MeasuREMENT Data

The overall QA objective is to review chemical and biological laboratory analyses and
reporting to ensure that data is of a quality consistent with its intended use. This section
evaluates status of the 2009 column experimental data in light of standard goals for data
precision, accuracy, and completeness, as well as representativeness and comparability
of 2009 laboratory analyses.

Precision AND AcCCURACY

The NOAA evaluation of the 2009 experiments did not include measurement of embryonic
heart rate, arrhythmia, distance of the heart atrio-ventricular junction (AV) to the ventral
edge of pericardial space, or computer-based planimetry determinations of the area of
heart, the area of pericardial space, or the percentage of pericardial space occupied by
the heart. NOAA measurement endpoints for 2009 differed from those used in 2008 and
included viable eyed embryos, necrotic eyed embryos, CNS opacity, body axis defects,
and edema. BML measurement endpoints were consistent in 2008 and 2009, and were
based on hatching success and morphological features such as scoliosis, edema, opaque
head, bent head, opaque yolk sac, and jaw deformities. NewFields evaluation of the 2009
images will be reported in a subsequent data report.

ENnDPOINT MEASUREMENT

There is ambiguity surrounding how the 2009 endpoints are measured; detailed methods
of measurements are needed to compare results.

1. Body Axis Defects. Are BAD influenced by the process of dechorionation? For
example, do dechorionated specimens have underdeveloped musculature that
prevents or delays the linear body line. It appears that some determinations of
body axis defects may be a result of underdeveloped musculature, or effects of
anesthetizing agents, fixative agents, or rapidly changing temperature conditions
(Figures 9a and 9b).

2. Pericardial and Yolk Sac Edema. What is the interaction of these two metrics?
Two processes may be involved in either membrane swelling: osmotic fluid
balance and kidney or circulatory system irregularities (Hill et al. 2004). A
pervading question is: Is swelling influenced by fluctuating salinities?
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Bopy Axis DEFECT - CONSIDERATIONS

. Muscle Development Disrupted by Dechorionation
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Process of Uncoiling Embryos after Dechorionation

[Red denotes anterior body region; blue denotes mid-section; green denotes tail region;
Areas of naturally occurring point of spinal curvatures are noted by circles]

Notes: 1) Time required to reach linearity has not been recorded; may be influenced by
Dechorionated Em bryos stage of development, and may also be influenced by administering anaesthetic
(Uncoiling does not proceed immediately)

Il. Swimming Musculature

NewFields

2009

Figure 9a. Factors Potentially Affecting Body Axis Determinations: State of Musculature
(Development, Exposure to Anesthetics or Fixative Agents)
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Ill. Thermal Stress

Experimental Results of Exposure to Acute Thermal Stress
[Incardona study]
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Figure 9b. Factors Potentially Affecting Body Axis Determination: Thermal Fluctuations

Figure 9b shows body axis defects related to rapid thermal stress (Incardona 2009

Powerpoint Presentation) and also specimens collected from Keil Cove in 2008.

Ace DePENDENT Issues

1. Issues related to a head to trunk angle (HTA) and shape of the pericardial region.
The HTA normally changes with the development of the embryo. When the HTA is

less than ~110°, the pericardial area is compressed.

2. lIssues related to possible differences in absorption of the yolk sac after hatch
depending on the age of the larval specimen. Can the absorption of the yolk sac
in older specimens be construed as yolk sac edema? Figure 10 illustrates two

contrasting assessments of yolk sac edema from published papers.

NewFields
2009
Page |26
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3. Guidelines to establish normal baseline at various stages of development are
lacking.

4. The Data Report prepared by NOAA and BML for 2009 described the size of the
donor fish used for Experimental Runs 1, 2, 3, and 4. The size of the fish varied
between runs. It appears from the weight data provided that 2 year females were
used for Runs 2, 3, and 4 while older fish probably 4 or 5 years of age were used
for Run 1. Hershberger et al. (2005) concluded abnormalities observed in herring
collected from Cherry Point in Washington State may be attributed to age structure
of the spawning class. For example, “eggs from age-2 females at Cherry Point
may not be completely mature and their fertilization may result in the development
of larvae with gross signs of developmental abnormalities.” (Hershberger et al.
2005).

Table 3 provides the average weight, number of females used, and collection location for
each run.

Table 3 Donor Fish Used for Experimental Runs

Experimental | Average Fish Weight # of Fish Used to . .
Collection Location
Run (9) Pool Gametes
1 104 5 Richardson Bay
2 60 26 Point Chauncey
3 61 33 Point Chauncey
4 63 13 Richardson Bay

isure 10 Differing aluations of Yolk Sa a

[Image A (Middaugh et al 1998) was termed “normal”, whereas image B (Brown

and Carls 1998) was listed as having “normal jaw, normal pericardium,
yolk edema”.
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INTRODUCTION OF EXPERIMENTAL ARTIFACTS

1.

2.

Microscope lllumination. Sources of artificial illumination can influence the
assessment of opacity:

Lighting patterns from BML hatched herring images have 3 attributes:
= Lighting brightest from upper right quadrant and darkest to left
= Alternating bands of dark and bright lighting through pictures
= Juveniles placed with head to right or left in field of lighting
Lighting patterns from NOAA images have two issues:
= Lighting brightest from lower quadrant and darker at top
= Pigmentation of embryos is bronze colored (light quality, filter or staining?)

Photographic Records. Photo images were not taken under consistent

magnification. For example, different scales were used between NOAA and BML.
Images cannot be scaled, because micrometer images were not provided for each
different focal setting. Inconsistent scales preclude comparison of measured data
between laboratories. Further, images showing length of specimens generally do
not track with subsequent series of close-up images that emphasize specific areas
like the pericardial region. Without a standardized labeling system and micrometer
records an independent reviewer cannot connect full body morphological
assessment with the direct evidence of edema defects

. Chemical Additives. It appears likely that on occasion fixative agents such as

agarose and/or anesthetics such as MS 222 or Methyl cellulose may have been
used during the collection of imagery for the dechlorionated embryo/larvae
specimens. These additives can influence osmolality of the specimen, interfere with
natural musculature, and also introduce toxic chemicals which may confound toxicity
assessments. Precise methodology has not been provided which leads to questions
regarding the isolation of contaminant effects. Lack of detailed methodology leaves
questions regarding animal condition and handling (i.e., use of anesthetic).
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Data COMPLETENESS

EvaLuarioN oF Non-VaLipatep Test Dara

Even though the design elements did not supply the necessary outcomes to validate the testing
programs, NewFields evaluated the variety of potential end-points to determine whether some
aspect of the study could be used to establish a linkage between the 2009 experimental
generator column work and the observations made during 2008. The first QA/QC linkage
between these data sets would be to assure that the information being used to interpret data by
NOAA and BML was the same or at least similar to the information provided to NewFields as
images and that they were representative of the total evaluations being made. A comparison
was made between the completeness of information prepared by NOAA and BML and the
representativeness of the images provided to NewFields.

Table 4 summarizes the imagery received by NewFields to date for control and background
samples. The images from Experiments 1 and 3 severely under represent the data generated
by both BML and NOAA evaluations. The reduction in data available for independent review
hampers accurate review of experimental performance and endpoint assessments.

Table 4 Incompleteness of Data Provided to NewFields.

. Clean Clean
Experiment BML Images Lab control UVB UVT Urban UVB | Urban UVT
BML Reported # Live Hatch Not 173 167 230 157
1 Provided
# Larvae in Images Delivered to NF 9 5 6 5 5
Representativeness —% of Live Hatch 0.0 29 3.6 2.2 3.2
BML Reported # Live Hatch 184 157 56 142 31
3 # Larvae in Images Delivered to NF 15 32 0 38 5
Representativeness —% of Live Hatch 8.2 20.4 0.0 26.8 16.1
BML Reported # Live Hatch 145 154 52
4 # Larvae in Images Delivered to NF 144 144 52 Not Run Not Run
Representativeness —% of Live Hatch 99.3 93.5 100.0
Experiment NOAA Images Lab Control Cladl ez Urban UVB | Urban UVT
UVvB UVvVT
NOAA - # Dechorionated Not Provided
Dechorionated larvae in Images Not 1 2 Not Not
1 Delivered to NF Provided Provided | Provided
Representativeness —
% of Dechorionated NC NC NC NC NC
NOAA - # Dechorionated Not 94 74 68 79
Provided
Dechorionated larvae in Images Not
3 Delivered to NF Provided 61 o4 68 40
f _ 0
Representativeness — % of NC 471 100.0 100.0 50.6
Dechorionated
NOAA - # Dechorionated 72 67 61
Dechorionated larvae in Images
* |Delivered to NF 2 67 61 Not Run | Not Run
P _ 0
Represgntatlveness % of 100.0 100.0 100.0
Dechorionated
NewfFields DRAFT - Response to Questions Regarding Analysis of CBOS Effects on Herring « October 2009

Page |29




Image data for two of the Experiments (1 and 3) greatly under-represents the data used to
provide summaries of responses documented by NOAA or BML. Images of hatched larvae
were only taken on certain days while observations were made on normal hatching for each
hatching day. In the case of the controls the percentage of photographic images provided
ranged from 0-20.4% of the total number of hatched larvae. If these were random selections of
images then the evaluations by all three groups (NOAA, BML and NewFields) could be
compared if normal hatching was similar during all hatch days. However, the images do not
appear to be random selections among the various treatments.

A further evaluation of data sets for Experiments 1, 3 and 4 provided by BML emphasizes the
non-random nature of the images sent to NewFields. For Experiment 1 (Table 5a), 23 of the 48
separate treatment columns had no photographic records. Further, 17 of the remaining 25 with
visual records, underrepresented by an average of 40%, the percent of normal live hatch
relative to the summary data provided on the entire data set. This means that the samples from
23+17 out of a total of 48 treatment columns had a selection bias for what was photographed for
Experiment 1.

Experiment 3 (Table 5b) showed a similar pattern 23 out of 49 treatment columns having no
images of hatched larvae provided. Again, the majority of images provided for the comparison
showed a selection bias with an underrepresentation of normal development in the provided
images of 13 out of 21 treatments with lower normal estimates compared to estimates based on
all hatched larvae. Again, Experiment 3 showed a bias of 23+13 sets of images
underestimating normal hatch relative to the total number of hatching observations.

Experiment 4 (Table 5c) rectified this difference by photographing all hatched larvae. These
data can be compared between the assessments made by the researchers and an independent
evaluation of the images provided.
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Table 5a. Comparability of % Normal Larvae at Hatch Calculated with BML Data to the Subset of
Images Delivered to NewFields for Experiment 1.

Data for Images Provided to
NewfFields Full BML Dataset Run 1 Comparison
%Normal
of Live
Live Live Hatch | %Normal | Relative
Treatment | Table | Hatched | Normal |Abnormal| Hatched | Normal |Abnormal| with of Live | Percent
Larvae* | Hatched | Hatched | Larvae* | Hatched | Hatched | Images Hatch |Difference]
Lab Control Data not provided
Clean UVB T2 33 | 31 2 67 63 4 93.9 94.0 0.1
T4  |No images] 62 61 1 No images| 98.4 NC
T5 |No images| 44 42 2 No images| 95.5 NC
Clean UVB Total 33 31 2 173 166 7 93.9 96.0 21
Clean UVT T2 12 11 1 63 58 5 91.7 92.1 0.4
T4 |No images 39 38 1 No images| 97.4 NC
T5 |No images| 65 61 4 No images| 93.8 NC
Clean UVT Total 12 | 11 1 167 157 10 91.7 94.0 2.5
Urban UVB T3 6 4 2 54 49 5 66.7 90.7 30.6
T6 6 5 1 127 113 14 83.3 89.0 6.5
TI 35 32 3 49 44 5 91.4 89.8 1.8
Urban UVB Total 47 4 6 230 206 24 87.2 89.6 2.6
Urban UVT T3 2 0 2 62 59 3 0.0 95.2 200.0
T6 14 | 1 3 40 31 9 78.6 77.5 1.4
Tl [No images 55 51 4 No images| 92.7 NC
Urban UVT Total 16 1 5 157 141 16 68.8 89.8 26.6
ANS 0.1 UVB| T3 14 13 1 32 29 3 92.9 90.6 24
T5 |Noimages 53 48 5 No images| 90.6 NC
Tl 15 11 4 51 45 6 73.3 88.2 18.4
ANS 0.1 UVB Total 29 24 5 136 122 14 82.8 89.7 8.1
ANS 0.1 UVT| T3 30 28 2 44 41 3 93.3 93.2 0.2
T5 11 8 3 50 46 4 72.7 92.0 23.4
[ T [Noimages 35 30 5 No images|  85.7 NC
ANS 0.1 UVT Total 41 36 5 129 117 12 87.8 90.7 3.2
ANS 0.3 T2 18 6 12 65 49 16 33.3 75.4 77.4
uvB
T6 6 2 4 128 91 37 33.3 71.1 72.3
[ T |Noimages 53 32 21 |Noimages| 60.4 NC
ANS 0.3 UVB Total 24 8 16 246 172 74 L8 69.9 70.9
ANS 0.3 T1 16 3 13 31 22 9 18.8 71.0 116.4
UvT
T2 |No images| 61 40 21 No images| 65.6 NC
T6 17 12 5 52 42 10 70.6 80.8 13.5
ANS 0.3 UVT Total 33 15 18 144 104 40 45.5 72.2 45.5
ANS 1.0 UVB| T3 [Noimages 39 21 18 No images| 53.8 NC
T4 |No images 46 5 41 No images| 10.9 NC
T5 [No images| 39 10 29  [Noimages| 25.6 NC
ANS 1.0 UVB Total | 124 36 88 [ 29.0 NC
ANS 1.0 T3 6 0 6 39 5 34 0.0 12.8 200.0
UVvVT
T4 |No images| 53 12 41 No images| 22.6 NC
T5 [No images| 33 4 29  [Noimages| 12.1 NC
ANS 1.0 UVT Total 6 0 6 125 21 104 00 | 1638 200.0
CB 0.1 T2 16 9 7 59 49 10 56.3 83.1 38.5
UvB
| [ T4 |Noimages| [ [ 40 ] 3 | 3 |Noimages 900 | NC |
T6 2 0 2 75 66 9 0.0 88.0 200.0
[ cBo1UVBTotal | 18 ] 9 | 9 [ 174 ] 151 | 22 | 500 | 8.8 | 538 |
CB 0.1 T2 12 0 12 63 43 20 0.0 68.3 200.0
UVvVT
| [ T4 |Noimages| [ [ 56 | 37 | 19 |Noimages 66.1 | NC |
T6 1 0 1 75 50 25 0.0 66.7 200.0
[ CBO.1UVTTotal | 13 ] 0 [ 13 [ 194 [ 130 | 64 [ 00 [ 670 [ 200.0 ]
CB 0.3 T2 22 1 21 63 28 35 4.5 44.4 162.9
uvB
T3 48 1 47 100 28 72 2.1 28.0 172.3
| [ TI' |Noimages] [ [ 26 ] 1 [ 25 INoimage§ 38 | NC ]
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Data for Images Provided to
NewfFields Full BML Dataset Run 1 Comparison
%Normal
of Live
Live Live Hatch | %Normal | Relative
Treatment | Table | Hatched | Normal |Abnormal| Hatched | Normal |Abnormal| with of Live | Percent
Larvae* | Hatched | Hatched | Larvae* | Hatched | Hatched | Images Hatch |Difference]
CB 0.3 UVB Total 70 2 68 189 57 132 2.9 30.2 165.4
CB 0.3 UVT T2 24 3 21 24 3 21 12.5 12.5 0.0
T3 30 6 24 30 6 24 20.0 20.0 0.0
Tl [No images 11 2 9 No images| 18.2 NC
CB 0.3 UVT Total 54 9 45 65 11 54 16.7 16.9 1.5
CB 1.0 UVB T4 |No images 37 1 36 No images| 2.7 NC
T5 |Noimages| 28 0 28 No images| 0.0 NC
T6 20 0 20 72 5 67 0.0 6.9 200.0
CB 1.0 UVB Total 20 | 0 20 137 6 131 00 | 44 200.0
CB 1.0 UVT T4  |No images| 1 0 1 No images| 0.0 NC
T5 [No images]| 0 0 0 Noimages] NC NC
T6  [No images| 0 0 0 Noimages] NC NC
CB 1.0 UVT Total [ 1 0 1 0.0 NC
[ When Live Hatched Larvae = 0, images were made of eggs only.
NC = Not Calculated
Cells shaded in yellow show relative percent difference of > 20%.

Table 5b. Comparabilityof % Normal Larvae at Hatch Calculated with BML Data to the Subset of Images
Delivered to NewFields for Experiment 3.

Data with Images Provided to
NewfFields Full BML Dataset Run 3 Comparison
%Normal
of Live
Live Live Hatch | %Normal| Relative
Hatched | Normal | Abnormal | Hatched | Normal |Abnormal| with of Live | Percent
Treatment |Column| Larvae* | Hatched | Hatched | Larvae* | Hatched | Hatched | Images Hatch |Difference|
49 57 53 4 90 79 9 93.0 87.8 5.8
Lab control 50 1 1 0 94 86 8 100.0 91.5 8.9
Lab control Total 58 54 4 184 165 17 93.1 89.7 3.8
12 20 10 10 52 35 17 50.0 67.3 29.5
17 14 9 5 48 39 9 64.3 81.3 23.3
Clean UVB 27 49 33 14 57 35 20 67.3 61.4 9.2
Clean UVB Total 83 52 29 157 109 46 62.7 69.4 10.3
Clean UVT 16 0 0 0 13 9 4 NC 69.2 NC
23 0 0 0 19 8 11 NC 42.1 NC
29 0 0 0 24 11 13 NC 45.8 NC
Clean UVT Total 0 0 0 56 28 28 50.0 NC
5 12 9 3 32 21 11 75.0 65.6 13.3
40 0 0 0 41 33 8 NC 80.5 NC
Urban UVB 46 53 37 16 69 47 22 69.8 68.1 2.5
Urban UVB Total 65 46 19 142 101 41 70.8 71.1 0.5
34 3 1 2 18 9 9 33.3 50.0 40.0
Urban UVT 41 4 1 3 13 4 9 25.0 30.8 20.7
Urban UVT Total 7 2 5 31 13 18 28.6 41.9 37.9
7 2 0 2 8 4 4 0.0 50.0 200.0
28 0 0 0 19 9 10 NC 47.4 NC
ANS 0.1 UVB| 38 50 28 22 64 33 31 56.0 51.6 8.3
ANS 0.1 UVB Total 52 28 24 91 46 45 53.8 50.5 6.3
1 0 0 0 11 7 4 NC 63.6 NC
32 1 0 1 12 6 6 0.0 50.0 200.0
ANS 0.1 UVT| 35 0 0 0 0 0 0 NC NC NC
ANS 0.1 UVT Total 1 0 1 23 13 10 0.0 56.5 200.0
6 1 1 0 10 6 4 100.0 60.0 50.0
20 0 0 0 58 32 26 NC 55.2 NC
ANS 0.3 UVB| 45 12 4 8 57 12 45 33.3 21.1 45.2
ANS 0.3 UVB Total 13 5 8 125 50 75 38.5 40.0 3.9
ANS 0.3 UVT] 3 0 0 0 21 8 13 NC 38.1 NC
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Data with Images Provided to
NewfFields Full BML Dataset Run 3 Comparison
%Normal
of Live
Live Live Hatch | %Normal| Relative
Hatched | Normal | Abnormal | Hatched | Normal |Abnormal| with of Live | Percent
Treatment |Column| Larvae* | Hatched | Hatched | Larvae* | Hatched | Hatched | Images Hatch |Difference|
24 0 0 0 10 2 8 NC 20.0 NC
42 |No images| 27 3 24 No images| 11.1 NC
ANS 0.3 UVT Total 0 0 0 58 13 45 22.4 NC
11 27 3 24 44 6 38 11.1 13.6 20.4
26 0 0 0 19 2 17 NC 10.5 NC
ANS 1.0 UVB| 37 7 0 7 41 10 31 0.0 24.4 200.0
ANS 1.0 UVB Total 34 & 31 104 18 86 8.8 17.3 64.9
14 0 0 0 5 0 5 NC 0.0 NC
31 0 0 0 6 1 5 NC 16.7 NC
ANS 1.0 UVT|{ 33 0 0 0 2 0 2 NC 0.0 NC
ANS 1.0 UVT Total 0 0 0 13 1 12 7.7 NC
9 16 1 15 28 5 23 6.3 17.9 96.3
18 24 12 12 28 15 13 50.0 53.6 6.9
CB 0.1 UVB 47 22 7 15 82 51 31 31.8 62.2 64.6
CB 0.1 UVB Total 62 20 42 138 71 67 32.3 51.4 45.9
15 0 0 0 5 0 5 NC 0.0 NC
22 0 0 0 10 1 9 NC 10.0 NC
CB 0.1 UVT 44 0 0 0 2 1 1 NC 50.0 NC
CB 0.1 UVT Total 0 0 0 17 2 15 11.8 NC
8 16 4 12 28 9 19 25.0 32.1 25.0
19 0 0 0 56 14 42 NC 25.0 NC
CB 0.3 UVB 39 37 17 20 79 31 48 45.9 39.2 15.7
CB 0.3 UVB Total 53 21 32 163 54 109 39.6 33.1 17.9
2 0 0 0 3 0 3 NC 0.0 NC
21 1 0 1 5 0 5 0.0 0.0 NC
CB 0.3 UVT 36 0 0 0 4 0 4 NC 0.0 NC
CB 0.3 UVT Total 1 0 1 12 0 12 0.0 0.0 NC
10 8 0 8 17 1 16 0.0 5.9 200.0
25 12 0 12 15 0 15 0.0 0.0 NC
CB 1.0 UVB 48 28 5 23 47 8 39 17.9 17.0 4.8
CB 1.0 UVB Total 48 5 43 79 9 70 10.4 11.4 8.9
13 0 0 0 0 0 0 NC NC NC
30 0 0 0 0 0 0 NC NC NC
CB 1.0 UVT 43 0 0 0 0 0 0 NC NC NC
CB 1.0 UVT Total 0 0 0 0 0 0 NC NC NC
[ When Live Hatched Larvae = 0, images were made of eggs only.
NC = Not Calculated
Cells shaded in yellow show relative percent difference of > 20%.
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Table 5c. Comparability of % Normal Larvae at Hatch Calculated with BML Data to the Subset of
Images Delivered to NewFields for Experiment 4.

Data with Images Provided to
NewfFields Full BML Dataset Run 3 Comparison
%Normal
of Live
Live Live Hatch | %Normal | Relative
Hatched | Normal |Abnormal| Hatched | Normal (Abnormal| with of Live | Percent
Treatment |Column| Larvae* | Hatched | Hatched | Larvae* | Hatched | Hatched | Images Hatch [|Difference|
Lab Control C1 58 53 5 58 53 5 91.4 91.4 0
C2 87 78 9 87 78 9 89.7 89.7 0
Lab Control Total 145 131 14 145 131 14 90.3 90.3 0
5 53 33 20 53 33 20 62.3 62.3 0
Clean UVB 9 47 25 22 47 25 22 53.2 53.2 0
18 54 32 22 54 32 22 59.3 59.3 0
Clean UVB Total 154 90 64 154 90 64 58.4 58.4 0
3 13 6 7 13 6 7 46.2 46.2 0
Clean UVT 15 13 8 5 13 8 5 61.5 61.5 0
24 26 15 11 26 15 11 57.7 57.7 0
Clean UVT Total 52 29 23 52 29 23 55.8 55.8 0
8 23 9 14 23 9 14 39.1 39.1 0
CB 0.1 UVB 12 11 6 5 11 6 5 54.5 54.5 0
19 36 13 22 36 13 22 36.1 36.1 0
CB 0.1 UVB Total 70 28 41 70 28 41 40.0 40.0 0
2 3 0 3 3 0 3 0.0 0.0 0
CB 0.1 UVT 14 5 0 5 5 0 5 0.0 0.0 0
21 14 3 11 14 3 11 21.4 21.4 0
CB 0.1 UVT Total 22 3 19 22 3 19 13.6 13.6 0
7 14 3 11 14 3 11 21.4 21.4 0
CB 0.3 UVB 11 51 28 23 51 28 23 54.9 54.9 0
20 26 7 19 26 7 19 26.9 26.9 0
CB 0.3 UVB Total 91 38 53 91 38 53 41.8 41.8 0
1 0 0 0 0 0 0 0.0 0.0 0
CB 0.3 UVT 13 12 1 11 12 1 11 8.3 8.3 0
22 10 1 9 10 1 9 10.0 10.0 0
CB 0.3 UVT Total 22 2 20 22 2 20 9.1 9.1 0
6 45 19 26 45 19 26 42.2 42.2 0
CB 1.0 UVB 10 5 1 4 5 1 4 20.0 20.0 0
17 7 1 6 7 1 6 14.3 14.3 0
CB 1.0 UVB Total 57 21 36 57 21 36 36.8 36.8 0
4 0 0 0 0 0 0 0 0 0
CB 1.0 UVT 16 0 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 0
CB 1.0 UVT Total 0 0 0 0 0 0 0 0 0
[ When Live Hatched Larvae = 0, images were made of eggs only.
NC = Not Calculated
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Overview of Experiments 1 - 4

ExpPerRIMENT 1

Experiment 1 contained experimental controls (Clean UVB and UVT), reference toxicant
exposures (ANS generator columns with UVB and UVT), a comparable suite of exposures with
Cosco Busan oil (CB UVB and UVT) and a field control (Urban control with UVB and UVT).
Data for the laboratory control were not provided to NewFields, and no samples were collected
for analytical chemistry analyses for this experiment. Although data were collected on the
developing embryos and hatching success, the lack of chemistry data for water and tissue
samples disconnects this first run of the 2009 study from observations made during 2008 and
earlier studies with ANS. Survival to normal hatching was acceptable in the Clean control
treatments for UVB and UVT which can be used to validate the test.

ExPERIMENT 2

The test design for Experiment 2 was similar to Experiment 1. However, this experiment was
terminated due to problems with the donor fish spawning success; gastrulation development did
not progress well. NOAA and BML deemed this experiment as unacceptable for data evaluation.
Clean UVB and UVT normal hatching were not at an acceptable level to validate this
experiment.

ExperIMENT 3

The test design for Experiment 3 was similar to Experiments 1 and 2. Samples for chemical
analysis were collected from the water and from tissue samples. However, this test was
considered by NOAA and BML to be unacceptable for evaluation due to excessive algal growth
within the generator columns. Laboratory control survival to normal hatching was acceptable
but the Clean UVB and UVT generator control had poor survival to normal hatching. The larval
images submitted by BML of hatched live embryos represented only a small subset of the
hatched specimens. Several treatments are underrepresented and in some cases, there were
no images provided for some treatments. For example there were no images relative to Clean
UVT, ANS 0.1 UVT, ANS 0.3 UVT, ANS 1.0 UVT, CB 0.1 UVT, or CB 1.0 UVT. Neither was a
complete set of images provided for the dechorionated larvae. The lack of images leads to only
a sparse and unequal data set and precludes the use of this data to make any conclusions
relative to effects of oil (whether ANS or CBO) on herring larvae.

ExPerRIMENT 4

Experiment 4 was a smaller experimental design and contained only Cosco Busan olil
treatments with UVB and UVT, the Clean UVB and UVT and the laboratory control. Water and
tissue samples were collected for chemical analysis in this experiment. Survival to normal hatch
in the laboratory control was unacceptable (described earlier in this document), the survival to
normal hatch for the Clean UVB and UVT was also unacceptable and the surrogate reference
toxicant exposure to ANS was not included in this array preventing the use of this data for any
substantive interpretation. Additionally, the use of bleach to remove algae from the columns
and test containers (recorded in the laboratory notebooks) can produce chloroform that can be a
strong toxicant. The presence or absence of this chemical during the fourth experiment should
be evaluated.
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experiments.

|ConcLusioNs
The experimental design for the proposed demonstration of adverse effects of Cosco Busan oll
was well planned. However, actual experimental procedures and conditions introduced
unacceptable variation within each experiment which precludes usability of the 2009 dataset.
Table 5 summarizes the finding from this QA/QC review. Attributes that are shaded in green
meet the necessary outcomes to qualify the data or conclusions while those in yellow do not.
The unshaded cells represent information that is missing from the design for each of the
Experiment 1 potentially provided the most useable data set; it did not have
chemistry determinations to connect this experiment array with the observations made in 2008.
Therefore, based on this quality assurance quality control evaluation none of the experimental
runs can be validated or compared to the 2008 data.

Table 6 Summary Evaluation of Experiments 1 through 4.

Criterion Run1 | Run?2 Run 3 Run 4
Images only; no data
Laboratory Control Hatching Success |provided on hatching Pass Fail
success
Method Clean Control Hatching Pass Fail Fail Fail
Success
Urban Control Hatching Success Pass Fail Fail Absent
Water Quality: Temperature Range Fail Fail Fail Fail
Temperature Rate Fail Fail Fail Fail
Salinity Not assessed Fail Fail
Dissolved Oxygen Not assessed Fail Fail

Strong trend of
increasing pH

PH Not Assessed reflective of algal
blooms
Reference Toxicant (ANS) Response Included |Inc7uded Inc]uded| Absent
PAH Chemistry in Water Absent Available
PAH Chemistry in Eggs Absent Available
Terminate
@ =
Dry run - Poor gigﬁ??
NOAA/BML Assessment only not | survival \; %o cepelAccepted?
used for in .
d with
assessment |laborator
test
Y
controls

(Green shaded areas

unacceptable results.)

indicate acceptable while yellow shaded represent

NewFields

Page |36

DRAFT ¢ Response to Questions Regarding Analysis of CBOS Effects on Herring « October 2009




|BIBLIOGRAPHY

This 1ist contains literature cited in the report as well as all
literature reviewed for this project.

Alderdice, D.F., H. Rosenthal and F.P.J. Velsen. 1979. Influence of Salinity and Cadmium on
the Volume of Pacific Herring Eggs. Prepared for the Canadian-German Scientific and
Technical Cooperation Agreement (Contribution No. 7).

Alderdice, D. F. and F.P.J. Velsen. 1971. Some Effects of Salinity and Temperature on Early

Development of Pacific Herring (C/upea pallasi). Journal Fisheries Research Board
of Canada. 28: 1545-1562.

ASTM. 1998. Standard Guide for Conducting Early Life-Stage Toxicity Tests with Fishes.
ASTM E 1241-98.

Barron, M.G., M.G. Carls, R. Heintz, and S.D. Rice. 2004. Evaluation of Fish Early Life-stage
Toxicity Models of Chronic Embryonic Exposures to Complex Polycyclic Aromatic
Hydrocarbons Mixtures. Toxicological Sciences. 78: 60 -67.

Barron, M., M. Carls, J. Short and S. Rice. 2003. Photoenhanced Toxicity of Aqueous Phase
and Chemically-dispersed Weathered Alaska North Slope Crude Oil to Pacific Herring
Eggs and Larvae. Environmental Toxicology and Chemistry. 22(3): 650-660.

Barron, M., M. Carls, J. Short and S. Rice. 2002. Photoenhanced Toxicity of AQueous Phase
and Chemically-dispersed Weathered Alaska North Slope Crude Oil to Pacific Herring
Eggs and Larvae. Report prepared for Prince William Sound Regional Citizens’ Advisory
Council. Anchorage, AK.

Bento, M.P., F.N.S. De Medeiros, G.L.B. Ramalho and L.C.L. Medeiros. 2004. Image
Processing Techniques to Monitor Atmospheric Corrosion. COTEQ-093.

Berry, J.P., M. Gantar, P.D.L. Gibbs and M.C. Schmale. 2007. The Zebrafish (Danio rerio)
Embryo as a Model System for Indentification and Characterization of Developmental
Toxins from Marine and Freshwater Microalgae. Comp. Biochem Physiol C Toxicol
Pharmacol. 145(1): 61-72.

Brannon, E.L., J.S. Brown, J.M. Neff, K.R. Parker and W. A. Stubblefield. Letter to the Editor.
Comment on Toxicity of Weathered Exxon Valdez Crude Oil to Pink Salmon Embryos.
Environmental Toxicology and Chemistry. 27 (7): 1475-1476.

Brown, E.D. and M. Carls. 1998. Pacific Herring, Clupea Pallasi. In Restoration Notebook.
Exxon Valdez Oil Spill Trustee Council.

Brown, E.D., T.T. Baker, J.E. Hose, R.M. Kocan, G.D. Marty, M.D. McGurk, B.L. Norcross and J.
Short. 1996. Injury to the Early Life History Stages of Pacific Herring in Prince William
Sound After the Exxon Valdez Oil Spill. In Proceedings of the Exxon Valdez Qil Spill
Symposium, Anchorage, AK on 25 Feb 1993.

California Department of Fish and Game. 2008. Pacific Herring Commercial Fishing
Regulations. Sections 163, 163.1, 163.5, and 164. Title 14: California Code of
Regulations, Final Supplemental Environmental Document.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009
Page |



California Department of Fish and Game. 2001. California’s Living Marine Resources, A Status
Report.

California Regional Water Quality Control Board, San Francisco Bay Region. 2008. Proposed
Basin Plan Amendment for a Total Maximum Daily Load (TMDL) for Pathogens in
Richardson Bay. Marin County, California.

Camp Dresser & McKee Inc. and the Bay Institute of San Francisco. 2000. San Pablo Bay
Watershed Restoration Framework Program. Prepared for the Coastal Conservancy
and the US Army Corp of Engineers.

Carls M.G., L. Holland, M. Larsen, T. Collier, N. Scholtz and J. Incardona. 2008. Fish Embryos
are Damaged by Dissolved PAHs, Not Particles. Aquatic Toxicology. 88: 121-127.

Carls M.G.,R. Heintz, G. Marty and S. Rice. 2005. Cytochrome P450 1A Induction in Qil-
exposed Pink Salmon Embryos Predicts Reduced Survival Potential. Marine Ecology.
Progress Series. 301: 253-265.

Carls, M.G., D. Marty and J.E. Hose. 2001. Synthesis of the Toxicological and Epidemiological
Impacts of the Exxon Valdez Oil Spill on Pacific Herring in Prince William Sound, Alaska.
Restoration Project Final Report.

Carls, M.G., J.E. Hose, R. Thomas and S. Rice. 2000. Exposure of Pacific Herring to
Weathered Crude Oil: Assessing Effects on Ova. Environmental Toxicology and
Chemisty. 19 (6): 1649-1659.

Carls, M.G., J.S. Rice and J.E. Hose. 1999. Sensitivity of Fish Embryos to Weathered Crude
Oil: Part I. Low Level Exposure During Incubation Causes Malformations, Genetic

Damage, and Mortality in Larval Pacific Herring (CTupea pallasi). Environmental
Toxicology and Chemistry. 18: 481-493.

Carls, M.G., L. Holland, J. Short, R. Heintz and S. Rice. 2004. Monitoring Polynuclear Aromatic
Hydrocarbons in Aqueous Environments with Passive Low-density Polyethylene
Membrane Devices. Environmental Toxicology and Chemistry. 23 (6): 1416-1424.

Cherr, G.N., M. Morisawa, C.A. Vines, K. Yoshida, E.H. Smith, T. Matsubara, M.C. Pillai, F.J.
Griffin and R. Yanagimachi. 2008. Two Egg-derived Molecules in Sperm Motility
Initiation and Fertilization in the Pacific Herring (C1upea pallasi). International
Journal of Developmental Biology. 52: 743-742.

Cherr, G.N. and M.C. Pillai. 1994. Progress Report: Environmental Factors Affecting
Reproduction and Recruitment of Pacific Herring in the San Francisco Estuary.
Interagency Ecological Program for the Sacramento-San Joaquin Estuary.

Connor, M., J.H. Hunt and C. Werme. 2005. White Paper: Potential Impacts of Dredging on
Pacific Herring in San Francisco Bay. Prepared for South Pacific Division of US Army
Corp of Engineers and Long-Term Assessment Strategty Data Gaps Workgroup.

Costello, M.J. and J.C. Gamble. 1992. Effects of Sewage Sludge on Marine Fish Embryos and
Larvae. Marine Environmental Research. 30: 49 - 74.

Davis, J., M. Sedlak and M. Connor. 2008. The Pulse of the Estuary, Monitoring and Managing
Water Quality in the San Francisco Estuary. The San Francisco Estuary Institute.

Dietrich, H.W. Ill, M. Westerfield and L.I. Zon. 2009. Essential Zebrafish Methods: Cell and
Developmental Biology. Elsevier-Academic Press: Burlington, MD. 546 pp.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009
Page |



Dinnel, P., R. Hoover, L. Lechuga, K. Tobiason and J. Elphick. 2008. Development of Larval
Pacific Herring, C/upea pallasi, Bioassay Protocols: Refinement, Validation,
Refinery Effluent and Cherry Point Ambient Water Testing During 2007. Final Report for
Washington Department of Ecology by Shannon Point Marine Center, Western
Washington University, Anacortes, WA. 81 pp.

Dinnel, P., H. Farren, L. Marko and S. Morales. 2005. Development of Embryo and Larval
Pacific Herring, C1upea pallasi, Bioassay Protocols: Phase IV. Final Report for
Washington Department of Ecology by Shannon Point Marine Center, Western
Washington University, Anacortes, WA. 82 pp.

Douglas, G. 2009a. Cosco Busan Herring Studies Data Analysis.. PowerPoint presentation,
August 2009.

Douglas, G. 2009b. Preliminary evaluation of water and egg chemistry results from the NOAA
2009 herring egg study. Draft Report. August 2, 2009.

Exxon Valdez Qil Spill Trustees Council. 2008. Prince William Sound Integrated Herring
Restoration Program.

Farwell, A., V. Nero, M. Croft, P. Bal and D. Dixon. 2006. Modified Japanese Medaka Embryo
Larval Bioassay for Rapid Determination of Developmental Abnormalities. Archived
Environmental Contamination and Toxicology. 51: 600-607.

Feyrer, F., L.R. Brown, R.L. Brown and J.J. Orsi. 2004. Early Life History of Fishes and the San
Francisco Estuary and Watershed. American Fisheries Society, Symposium 39:
Bethesda, MD.

Finn, R.N. and B.G. Kapoor. 2008. Fish Larval Physiology. Science Publishers: Enfield, NH.
714 pp.

French-McCay, D.P., J.J. Rowe, N. Whittier and S. Sankaranarayanan. 2005. Evaluation of the
Consequences of Various Response Options Using Modeling of Fate Effects and NRDA
Costs of Qil Spills into Washington Waters. Proceedings of the International Oil Spill
Conference, Paper 395, May 15-19, 2005: Miami, FL. Sponsored by American
Petroleum Institute, Washington DC.

French-McCay, D.P., N. Whittier, S. Sankaranaarayalnan and H. Sook Kim. 2005. Use of
Probabilistic Trajectory and Impact Modeling to Assess Consequences of Qil Spills with
Various Response Strategies. Proceedings of the 28" Arctic and Marine Oil Spill
Program (AMOP). Technical Seminar, Emergencies Science Division, Environment
Canada: Ottawa, ON Canada. pp. 253-271.

French-McCay, D.P. 2004. QOil Spill Impact Modeling: Development and Validation.
Environmental Toxicology and Chemistry. 23: 2241-2256.

Griffin, F.J., E.H. Smith, C.A. Vines and G.N. Cherr. 2009. Impacts of Suspended Sediments
on Fertilization, Embryonic Development, and Early Larval Life Stages of the Pacific
Herring, C1upea pallasi. Biological Bulletin. 216: 175- 187.

Griffin, F.J., M.R .Brenner, H.M. Brown, E.H. Smith, C.A. Vines and G.N. Cherr. 2004. Survival
of Pacific Herring Larvae is a Function of External Salinity. In Early Life History of Fishes
in the San Francisco Estuary and Watershed, F. Feyrer, L.R .Brown, R.L. Brown and J.J.
Orsi, eds. Proceedings of the Symposium, Early Life History of Fishes in the San
Francisco Estuary and Watershed, Santa Cruz, California on August 20-23, 2003.
American Fisheries Society: Bethesda, MD. pp 37-46.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009
Page |



Griffin, F.J., M.C. Pillai, C.A. Vines, J. Daaria, T. Hibbard-Robbins, R. Yanagimachi and G.N.
Cherr. 1998. Effects of Salinity on Sperm Motility, Fertilization, and Development in the
Pacific Herring, C1upea pallasi. Biological Bulletin. 194: 25-35.

Griffin, F.J., C.A. Vines, M.C. Pillai, R. Yamagimachi and G.N. Cherr. 1996. Sperm Motility
Initiation Factor is a Minor Component of the Pacific Herring Egg Chorion. Develop.
Growth Differ. 38: 193-202.

Hansell, D.A. and C.A. Carlson. 2002. Biogeochemistry of Marine Dissolved Organic Matter.
Academic Press: San Diego, CA. 774 pp.

Heintz, R. J. Short and S. Rice. 1999. Sensitivity of Fish Embryos to Weathered Crude Oil:
Part Il. Increased Mortality of Pink Salmon Embryos Incubating Downstream from
Weathered Exxon Valdez Crude Oil. Environmental Toxicology and Chemistry. 18(3):
481-493.

Heintz, R., S. Rice, A. Wetheimer, R. Bradshaw, F. Thrower, J. Joyce and J. Short. 2000.
Delayed Effects on Growth and Marine Survivial of Pink Salmon After Exposure to Crude
Oil During Embryonic Development. Marine Ecology. Progress Series. 208: 205-216.

Helfman, G.S., B.B. Collette and D.E. Facey. 1997. The Diversity of Fishes. Blackwell
Sciences: Malden MA. 528 pp.

Hershberger, P.K., N.E. Elder, J. Wittouck, K. Stick and R.M. Kocan. 2005. Abnormalities in
Larvae From the Once-Largest Pacific Herring Population in Washington State Results
Primarily from Factors Independent of Spawning Location. Transactions of the American
Fisheries Society. 134: 326-337.

Hielsher, R. H. Schaeben and D. Chateigner. 2007. On the Entropy to Texture Index
Relationship in Quantitative Texture Analysis. Journal of Applied Crystallography. 40:
371-375.

Hill, A.J., S.M. Bello, A.L. Prasch, R.E. Peterson and W. Heideman. 2004. Water Permeability
and TCDD-Induced Edema in Zebrafish Early-Life Stages. Toxicological Sciences. 78:
78-87.

Hill, J. and |.A. Johnston. 1997. Photomicrographic Atlas of Atlantic Herring Embryonic
Development. Journal of Fish Biology. 51: 960-977.

Hoie, H., A. Folkvord and A. Johannessen. 2000. A Multivariate Analysis of Condition of
Herring Larvae from Different Environmental Conditions. University of Bergen,
Department of Fisheries and Marine Biology. CM2000/R:04.

Hose, J.E., M.D. McGurk, G.D. Marty, D.E. Hinton, E.D. Brown and T.T. Baker. 1996. Sublethal
Effects of the Exxon Valdez Oil Spill on Herring Embryos and Larvae: Morphological,
Cytogenetic, and Histopathological Assessments, 1989-1991. Canadian Journal
Fisheries Aquatic Sciences. 53: 2355-2365.

Hourston, A.S., H. Rosenthal and H.von Westerhagen. 1984. Viable Hatch from Eggs of
Pacific Herring (C/upea Harengus pallasi) Deposited at Different Intensities on a
Variety of Substrates. Canadian Technical Report of Fisheries and Aquatic Sciences No.
1274.

Kiparissis, Y., P. Akhtarr, P. Hodson and R. Brown. 2003. Partition-controlled Delivery of
Toxicants: A Novel In Vivo Approach for Embryo Toxicity Testing. Environmental
Science and Technology. 37: 2262-2266.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009
Page |



Kocan, R.M. 1993. Prince William Sound Herring Embryo Study: Sublethal effects In Situ and
In Vitro 1991-1992. Progress Report to Alaska Department of Fish and Game. Contract
No. IHP-91-043 and IHP-92-039.

Incardona, J.P., M.G. Carls, H.L. Day, C.A. Sloan, J.L. Bolton, T.K. Collier and N.L. Scholz.
2009. Cardiac Arrhyrhmia Is the Primary Response of Embryonic Pacific Herring
(Clupea pallasi) Exposed to Crude Oil during Weathering. Environmental Science and
Technology. 43: 201-207.

Incardona, J., H. Day, T. Collier, and N. Scholz. 2006. Developmental Toxicity of 4-ring
Polycyclic Aromatic Hydrocarbons in Zebrafish is Differentially Dependent on AH
Receptor Isoforms and Hepatic Cytochrome P450 1A Metabolism. Toxicology and
Applied Pharmacology. 217: 308-321.

Incardona, J., M. Carls, H. Teraoka, C. Sloan, T. Collier and N. Scholz. 2005. Aryl Hydrocarbon
Receptor-independent Toxicity of Weathered Crude Oil During Fish Development.
Environmental Health Perspective. 113: 1755-1762.

Incardona, J., T. Collier and N. Scholz. 2004. Defects in Cardiac Function Precede
Morphological Abnormalities in Fish Embryos Exposed to Polycyclic Aromatic
Hydrocarbons. Toxicology and Applied Pharmacology. 196(2): 191-205.

Incardona, J.P. and N. Scholz. 2005. Proposal Year 3 Mechanisms of Petroleum Hydrocarbon
Toxicity in Fish Early Life History Stages. Environmental Conservation Division,
NOAA/Northwest Fisheries Science Center.

Kimmel, C.B., W.W. Ballard, S.R. Kimmel, B. Ullmann and T.F. Schilling. 1995. Stages of
Embryonic Development of the Zebrafish. Developmental Dynamics. 203: 253-310.

Kristoffersen, B.A. and R.N. Finn. 2008. Major Osmolyte Changes During Oocyte Hydration of
a Clupeocephalan Marine Benthophil Atlantic Herring (C/upea harengus). Marine
Biology. 154: 683-692.

Kunz, YW. 2004. Developmental Biology of Teleost Fishes. Springer: Norwell, MD. 636 pp.

Lankford, J.F. and I. Zelo. 2008. A System for Integrated SCAT Data Collection and
Management: eSCAT, SCATDB, and Photologger. International Oil Spill Conference,
Savannah International Trade & Convention Center, Savannah, GA.

Lassuy, D.R. 1989. Species Profiles: Life Histories and Environmental Requirements for
Coastal Fishes and Invertebrates (Pacific Northwest) Pacific Herring. Report for
Coastal Ecology Group of the US Army Corp of Engineers and the Research and
Development of the US Fish and Wildlife Service. Biological Report 82 (11.126). TR
EL-82-4.

Leatherbarrow, J.E., L.J. McKee, D.H. Schoellhamer, N.K .Ganju and A.R. Flegal. 2005.
Concentrations and Loads of Organic Contaminants and Mercury Associated with

Suspended Sediment Discharged to San Francisco Bay from the Sacramento-San
Joaquin River Delta. San Francisco Estuary Institute SFEI Contribution 405.

Lecoz, N., M. Malecot, C. Quiblier, S. Puiseux-Dao, C. Bernard, F. Crespeau and M. Edery.
2007. Effects of Cyanobacterial Crude Extracts from Plaktothrix agardhii on
Embryo-larval Development of Medaka Fish, Oryzias Tatipes. Toxicology. 51(2):
262-269.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009
Page |



Lefebvre, K.A., V.L. Trainer and N. Scholz. 2003. Morphological Abnormalities and
Sensorimotor Deficits in Larval Fish Exposed to Dissolved Saxitoxin. Aquatic
Toxicology. 66(2): 159-170.

Lieschke, G.J., A.C. Oates and K. Kawakami. 2009. Zebrafish Methods and Protocols.
Humana Press: New York, NY. 335 pp.

Longwell, A.C., and J.B. Hughes. 1980. Cytologic, Cytogenetic and Developmental State of the
Atlantic Mackerel Eggs from Sea Surface Waters of the New York Bight and Prospects
for Biological Effects Monitoring with Ichthyoplankton. Rapp P-V Reun Cons Int Explor
Mer. 179: 275-291.

Longwell, A.C. 1977. A Genetic Look at Fish Eggs and Oil. Oceanus. 20(4): 4658.

Lougee, L.A., S.M. Bollens and S.R. Avent. 2002. The Effects of Haloclines on the Vertical
Distribution and Migration of Zooplankton. Journal of Experimental Marine Biology and
Ecology. 282: 111-134.

Marty, G., J. Hose, M. McGurk, E. Brown, D. Hinton. 1997. Histopathology and Cytogenetic
Evaluation of Pacific Herring Larvae Exposed to Petroleum Hydrocarbons in the
Laboratory or in Prince William Sound, Alaska, After the Exxon Valdez Oil Spill.
Canadian Journal Fisheries Aquatic Sciences. 54(8): 1846-1857.

McGrath, J. 2005. Progress Report: Impacts of Low Level Residual Oils on Toxicity
Assessment of Qil Spills. CRRC. http://pubpages.unh.edu/~jell/mcgrath.htm.

McGurk, M.D. 1985. Multivariate Analysis of Morphometry and Dry Weight of Pacific herring
Larvae. Marine Biology. 86: 1-11.

Middaugh, D.P., M.E. Shelton, C.L. McKenney Jr., G. Cherr, P.J. Chapman and L.A. Courtney.
1998. Preliminary Observations on Responses of Embryonic and Larval Pacific Herring
Clupea pallasi,to Neutral Fraction Biodegradation Products of Weathered Alaska
North Slope Qil Archives of Environmental Contamination and Toxicology. 34: 188-196.

Milan, D., A. Giokas, F. Serluca, R. Peterson and C. Macrae. 2006. Notch 1b and Neuregulin
are Required for Specification of Central Cardiac Conduction Tissue. Development 133:
1125-1132.

Millero, F. 1996. Chemical Oceanography-second Edition. CRC Press. Boca Raton, FL. 469
pages.

Morgan, J.D. and C.D. Levings. 1989. Effects of Suspended Sediments on Eggs and Larvae of
Lingcod (Ophidon elangatus) Pacific Herring (C1upea harangus pallasi)and
Surf Smelt (Hypomesus pretiosus). Canadian Technical Report of Fisheries and
Aquatic Sciences. No. 1729.

Morrison, J.A., |.R. Napier and J.C. Gamble. 1991. Mass Mortality of Herring Eggs Associated
with a Sedimenting Diatom Bloom. ICES Marine. Sciences. 48: 237-245.

NewFields. 2009. Evaluation of measurement endpoints for the assessment of potential
petroleum related responses by Pacific herring: early development. Prepared for
Polaris Applied Sciences, Inc.

NOAA. 2007. The 2007 Cosco Busan QOil Spill: Assessing Toxic Injury to Pacific Herring
Embryos and Larvae in the San Francisco Estuary. Draft Proposal. NOAA Fisheries.
Northwest Fisheries Science Center; Environmental Conservation Division;
Ecotoxicology and Environmental Assessment Programs.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009

Page |



NOAA and BML. 2009. The 2007 Cosco Busan Qil Spill: Assessing Toxic Injury to Pacific
Herring Embryos and Larvae in the San Francisco Estuary. Northwest Fisheries Science
Center, National Marine Fisheries Service, and National Ocean and Atmosphere
Administrations: Environmental Conservation Division; and Ecotoxicology and
Environmental Science and Policy and Aquatic Resources Group, Bodega Marine
Laboratory.

NOAA and BML. 2007. Standard Operating Procedures for 2007 Cosco Busan QOil Spill:
Assessing Toxic Injury to Pacific Herring Embryos and Larvae in the San Francisco Bay
Estuary. Northwest Fisheries Science Center, National Marine Fisheries Service, and
National Ocean and Atmosphere Administrations: Environmental Conservation Division;
and Ecotoxicology and Environmental Science and Policy and Aquatic Resources
Group, Bodega Marine Laboratory.

NOAA. 2007. Data Standard Model. NOAA Data Structure Overview. CRRC Workshop.
September 2007.

Nusslien-Volhard, C. and R. Dahm. 2002. Zebrafish. Oxford University Press: Oxford, UK.
303 pp.

Ogle, S. 2005. A Review of Scientific Information on the Effects of Suspended Sediments on
Pacific Herring (Clupea pallasi) Reproductive Success. Prepared for South Pacific
Division of the US Army Corp of Engineers and the Long Term Management Strategy
Science Assessment and Data Gaps Workgroups.

Ogle, S. 2004. Pacific Herring (CTupea pallasi Valenciennes 1847): a Bibliography of
Scientific Literature of Pacific Herring (C/upea pallasi), and Additional Selected
References for Baltic Herring (C/upea harengus). Prepared for South Pacific Division
of the US Army Corp of Engineers and the Long Term Management Strategy Science
Assessment and Data Gaps Workgroups.

Pearson, W.H., E. Mokness and J.R. Skalski. 1995. A Field and Laboratory Assessment of Qil
Spill Effects on Survival and Reproduction of Pacific Herring Following the Exxon Valdez
Spill. In: Exxon Valdez 01l Spill: Fate and Effects in Alaska
Waters; ASTM STP 1219. P.G. Well, J.N. Butler and J.S. Hughes, Eds. American
Society for Testing and Materials: Philadelphia, PA.

Pearson, W.H., D.L. Woodruff, S.L. Kiesser, G.W. Fellingham and R.A. Elston. 1985. QOil
Effects on Spawning Behavior and Reproduction in Pacific Herring (C/upea harengus

pallasi). Final report to Environmental Affairs Department of the American Petroleum
Institute. Washington DC.

Rajasilta, M., P. Laine and J. Eklund. 2006. Mortality of Herring Eggs on Different Algal
Subtrates (Furcellaira spp.and Cladophora spp.) inthe Baltic Sea — An
Experimental Study. Hydrobiologia. 554(1): 1573-5117.

Rees, W.G. 2001. Physical Principles of Remote Sensing. Cambridge University Press:
Cambridge, UK. 343 pp.

Rhodes, S., A. Farwell, L. Hewitt, M. MacKInnon and D. Dixon. 2005. The Effects of
Dimethylated and Alkylated Polycyclic Aromatic Hydrocarbons on the Embryonic
Development of the Japanese Medaka. Ecotoxicology and Environmental Safety. 60(3):
247-258.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009
Page |



Rice S.D., R.B. Spies, D.A. Wolfe and B.A. Wright, Eds. 1996. Proceedings of the Exxon
Valdez Oil Spill Syposium. American Fisheries Society; Anchorage, AK. 18: 448-462.

Sanders, A.M., S.M. Bollens and T.M. Johnson. 2000. Condition Indices of Larval Pacific
Herring (Clupea pallasi) in the San Francisco Estuary.
Http://userwww.sfsu.edu/~bioocean/research/epaherring/epaherring.html.

Schein, A., J.A. Scott, L. Mos and P.V. Hodson. 2009. Oil Dispersion Increases the Apparent
Bioavailability and Toxicity of Diesel to Rainbow Trout (Onnicorhynchus mykiss).
Environmental Toxicology and Chemistry. 28(3): 592-603.

Schoellhamer, D.H., T.E. Mumley and J.E. Leatherbarrow. 2007. Suspended Sediment and
Sediment-associated Contaminants in San Francisco Bay. Environmental Research.
105: 119-131.

Standard Methods. 1998. Standard Methods for the Examination of Water and Wastewater.
Part 8000. American Public Health Association: Washington DC.

Tiedeken, J.A., J.S. Ramsdell and A.F. Ramsdell. 2005. Developmental Toxicity of Domoic
Acid in Zebrafish (Danio rerio). Neurotoxicology and Teratology. 27: 711-717.

United States Coast Guard U.S. Department of Homeland Security. 2008. Incident Specific
Preparedness Review (ISPR). M/V Cosco Busan Oil Spill in San Francisco Bay.

USEPA. 1995. Short-term Methods for Estimating the Chronic Toxicity of Effluents and
Receiving Waters to West Coast Marine and Estuarine Organisms. EPA/600/R-95-136.

Van Trump, W.J. and M.J. McHenry. 2008. The Morphology and Mechanical Sensitivity of
Lateral Line Receptors in Zebrafish Larvae (Danio rerio). The Journal of
Experimental Biology. 211: 2105-2115.

Vines, C., T. Robbins, F. Griffin and G. Cherr. 2000. The Effects of Diffusible Creosote-derived
Compounds on Development in Pacific Herring (C/upea pallasi). Aquatic Toxicology
51: 225-239.

Vines, C.A., K. Yoshida, F.J. Griffen, M. C. Pillai, M. Morisawa, R. Yanagimachi and G.N. Cherr.
2001. Motility Initiation in Herring Sperm is Regulated by Reverse Sodium-calcium
Exchange. PNAS. 99(4): 2026-2031.

Washington Department of Fish and Wildlife. 2001. WDFW Studies Causes of Cherry Point
Herring Decline. Fish and Wildlife Science, An Online Science Magazine.
http://wdfw.wa.gov. Posted July 2001.

Zotin, Al. 1958. The Mechanism of Hardening of the Salmonid Egg Membrane After
Fertilization or Spontaneous Activation. Journal of Embryology and Experimental
Morphology. 60(4): 546-568.

NewFields DRAFT + Response to Questions Regarding Analysis of CBOS Effects on
Herring « October 2009
Page |



