APPLICATION OF MODELING AND ANALYTICAL METHODS FOR
CHARACTERIZING AQUATIC TOXICITY AND TOXICOKINETICS OF

PETROLEUM SUBSTANCES

by

Aaron David Redman

A dissertation submitted to the Faculty of the Wmsity of Delaware in partial
fulfillment of the requirements for the degree afdbor of Philosophy in Civil
Engineering

Spring 2018

© 2018 Redman
All Rights Reserved



APPLICATION OF MODELING AND ANALYTICAL METHODS FOR
CHARACTERIZING AQUATIC TOXICITY AND TOXICOKINETICS OF

PETROLEUM SUBSTANCES

by

Aaron David Redman

Approved:

Sue McNeil, Ph.D.
Chair of the Department of Civil and Environmerialgineering

Approved:

Babatunde Ogunnaike, Ph.D.
Dean of the College of Engineering

Approved:

Ann L. Ardis, Ph.D.
Senior Vice Provost for Graduate and ProfessiBdalcation



Signed:

Signed:

Signed:

Signed:

| certify that | have read this dissertation almaltin my opinion it meets
the academic and professional standard requiredebyniversity as a
dissertation for the degree of Doctor of Philosaphy

Dominic M. Di Toro, Ph.D.
Professor in charge of dissertation

| certify that | have read this dissertation amalttin my opinion it meets
the academic and professional standard requiredeoyniversity as a
dissertation for the degree of Doctor of Philosaphy

Pei Chiu, Ph.D.
Member of dissertation committee

| certify that | have read this dissertation almalttin my opinion it meets
the academic and professional standard requiredebyniversity as a
dissertation for the degree of Doctor of Philosaphy

Jonathan H. Cohen, Ph.D.
Member of dissertation committee

| certify that | have read this dissertation amalttin my opinion it meets
the academic and professional standard requiredeoyniversity as a
dissertation for the degree of Doctor of Philosaphy

William Stubblefield, Ph.D.
Member of dissertation committee



ACKNOWLEDGMENTS

Thank you first to my wife, Debbie, and my children their love and support
that gave me the motivation to finish this degrééso, thank you for my co-workers
at ExxonMobil for their technical and moral suppibet greatly improved the quality
of the work presented here. And thank you to mysa, Professor Di Toro, and to

Kathy Werrell for making this ride as smooth asgiole.



TABLE OF CONTENTS

LIST OF TABLES ... et e e e e e e et e et e e e e e ean e eans Vii
LIST OF FIGURES ... ..o et e et e e e e e ees viii
LA I 2@ 1 L O I [ ] N PN 1
Chapter

1 TECHNICAL BASIS FOR USING PASSIVE SAMPLING AS A
BIOMIMETIC EXTRACTION PROCEDURE TO ASSESS
BIOAVAILABILITY AND PREDICT TOXICITY OF PETROLEUM

SUB ST AN CES ...t e e e 5
I Y o 1Y { = o TR 5
D22 [0 {0 Yo 18 Tox o) o NPT TR 6
1.3 Materials AN MEINOAS .. ...ceeieeee e et 9
1.4 ReSUItS AN DiSCUSSION .. cuuie i 16

2 INVESTIGATING THE ROLE OF DISSOLVED AND DROPLET OIL
ON AQUATIC TOXICITY USING DISPERSED AND PASSIVE

DOSING SY ST EMS .o e e eaeenn 34
2. A SIIACT . e 34
2 [0 (e Yo [UTex 1[0 ) o IR 36
2.3 MEINOAS ..o e e 38
2.4 RESUILS AN DiSCUSSION . ..ueeee et e e e 48
3 . EVALUATION OF TOXICOKINETICS OF HYDROCARBON
EXPOSURES TO AQUATIC LIFE ...ovvvii e 61
B A S ACT . e e 61
IV [0 (e Yo [UTex 1[0 o NPT 62
CIRC I |V, =1 4 g Vo 1o F- TR 64
B RESUILS oo 71
RS T B (o U 1o o] o F TR 77
REFERENCES ... oo e e 92



Appendix
A CHAPTER 1 SUPPLEMENTAL INFORMATION

B CHAPTER 2 SUPPLEMENTAL INFORMATION\........coieeieee

C CHAPTER 3 SUPPLEMENTAL INFORMATION

Vi



11

1.2

2.1

3.1
3.2

3.3

Al

A.2.
B.1.
B.2.
B.3.
B.4.
B.5.
B.6.

C.1.

LIST OF TABLES

Summary of substances, test species, and SPME dsetha........................ 32

Summary of regression analysis. Slopes and intes@n individual and
cOMDbINEd datASELS........ccoiiiiiiiiiiiiii e 33

Summary of analytical requirements to charactetigsolved phase

EXPOSUIES ..ttt e ettt e et e e e s £+ e e e et e e e et e e e et e e eenn e e eennnn 60
Datasets for calibrating toxicokinetic models.............cccccceeeiiiiiiiiiiiiiinnnnee, 89
Species-mediake for iNvertebrates ...t cecceeiic e 91
Regression analysis BEfOr fiSh ... 91

Measured BE concentrations for No. 2 Fuel oil prapans comparing the

automated (3(xm) and manual (10am) BE methods........................ 106
BE and effects data used in plotting ....... oo 0al
Critical effect levels for selected doSe MEtriCS ......cccvvvevieeriiiiiieieee e, 133
GCXGC ON ENAICOLL ... e 134
PAH in 0l @nd CEWAF ......ooiiie et 135
BE measurements, top table Dmagna results ..., 137
Dissolved PAH MEASUIEMENTS........occommiriiiieeeieiiireieee e 139
EffECtS data ........cccoe e ——— 141
EffECtS data.......covviiiiiiiii e 143

vii



Figure 1.1

Figure 1.2

Figure 1.3

Figure 1.4

LIST OF FIGURES

Log biomimetic extraction (BE) measurements fronu30 fibers
compared against calculated accumulation in tdigetusing

equations 1 and 2 as implemented in the PETROTOdemovalues
plotted with ‘<’ are measurements below the quatith limit of the
method (BE <0.5 mM PDMS). Regression line from &an 4. ........ 27

Acute dose response data using Biomimetic Extragii)
measurements as the exposure metric. Speciesguedtical BE
concentrations (e.g., LC50) provided in panelsd Rguares are 30
pm BE data, blue circles are 100 um BE data, gideenonds are 10
[V =T =0 - | - VPP 28

Chronic dose response data using Biomimetic Extna¢BE)
measurements as the exposure metric. Speciesguedtical BE
concentrations (e.g., EC20) provided in panelsd &piares are 30
pm BE data, blue circles are 100 um BE data. ©bdata were
plotted at 0.01 MM. ..o et 29,

Comparing the species sensitivity distributionddtical target lipid
(TL)-normalized concentrations corresponding tat@@ifect levels
derived with TLM (red squares), and BE-based aentipoints

(circles, Fig. 2 and Table 2).......ccoo oo 30

Figure 1.5 (A) The predicted lipid-fiber partition coefficients bjzemical

class ¢ aliphatic,» mono-aromatics diaromatics,A 3+ ring

aromatics) against carbon number. (B) Predictegktdipid
concentrationsr.) vs predicted BEQppms) based on the empirical
regression (red dotted line) in Figure 1 (Eqn &Y the predicted
relationships using the predicted dissolved comaéinhs in panel A
andKppwms-water(EqN S1) andKrarget Lipid-water(EQN S3) partition
coefficients (dashed blue line), and the 1 to & (iplack solid line)....... 31

viii



Figure 2.1

Figure 2.2

Figure 2.3

Figure 3.1

Figure 3.2

Droplet concentration plotted against measuredlriiesh crude oil
loading for chemically dispersed,©), physically dispersed,¢), and
passively dosed () exposure systems in freshwater (A, filled) and
seawater (B, open). Droplet concentrations wererdehed by the
difference between total measured concentratiodsraodeled

dissolved concentrations, see text for detailsa3aghtly offset for

VISUAI ClartY INX-8XIS. ....uvuruiiiiiiee et reeeee e 57

Measured, and predicted (solid line) dissolved eatrations of
individual constituents shown over range of loadingseawater
(open) and freshwater (closed) for chemically dispé @,0),
physically dispersec,), and passively dosed,{) exposure systems.
Dashed line represents detection limit (0.025 ng&glid line
represents predicted solubility determined with @&® Law-based
solubility model. Note changing scales. meCHx mielygtohexane,
Bz benzene, TOL toluene, EtBz ethylbenzene, XYlergls, C3Bz
trimethylbenzenes, NAP naphthalene, ACY acenapétieyl ACE
acenaphthene, FLU fluorene, meFLU methylfluored¢- P
phenanthrene, FLA fluoranthene, PYR pyrene, mePéghyipyrene,
CHR CRINYSENE. ... 58

Observed 48-h effects plotted against TU (pan&l)And BE
measurements (C-D), for both daphnid (filled sympahd mysid
(open symbols) exposures to fresh Endicott oilnubally dispersed
(e,0), physically dispersed,¢), and passively dosed,§) exposure
systems. Bars indicate 1 standard deviation ofcaje BE
MEASUIEMENTS. ...eeiiiiiiii et e e e e e e e e e e e e e e aeees 59

Time series for Experimental dataset A, temperatargrolled
exposures t®. mykissD. magna andL. variegatus. Each line
represents a different treatment level: contral, loid, high, with
periodic observations over 24 to 48 h. See Sl tabldetails. .............. 81

Comparing the lumped elimination rate from expentaégroup A
against the wet weight of the test organisms. Blmmabols tested at

18 C, Grey shaded symbols tested &t @0 Square represent tbe
magnatest, diamond represent thevariegatugdest, circles represent
the O. mykisdests. The line represents Eqn 2 &Q&solid), and at

10° C (dashed) with variable organism weight. Poamesmedian
estimates, and bars are 95% confidence intervals....................c...... 82



Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure A.1.

Comparing the lumped elimination rate from expentaégroup B
against the logow of the test chemicals at18 (blue) and 5C (grey
shaded) foO. mykisguvelines. Lines represent Eqn 2 af €8

(solid), and 8 C (dashed) for fish with weight of 1 g. Points are
median estimates, and bars are 95% confidencevaiger.................... 83

Lumped elimination rates derived from literaturéadats of

hydrocarbon exposures (Table 1) for fish (upperefgnand
invertebrates (lower panels) compared to theklog for the test
chemicals (Panels A, B), approximate wet weigltheftest

organisms (C, D), and approximate temepratureetiposure

system (E, F). Line in panel A is from Egn 11.Meiare median
estimates, and bars are 95% confidence intervals....................c..... 84

Fraction surviving S for all datasets (Table 1)te composite
exposure metrid;’ (Eqn 9). The diamond symbols are color coded to
indicate the number of observations within thetplgtsymbol. The
line represents the log logistic (RMSE 0.22), analdr panel is data
fit usingke calcualted directly with Eq 9 (RMSE 0.28). ..cco............ 85

Comparing whole body elimination ratés,(Panel A) [121], to the
lumped elimination/damage repair ratg(¢), from the present study
(Table 1, panel B), with estimated whole body meliain rateskn

[118, 119] (Panels C, D) for various fish specresf literature. .......... 86

Comparing distribution of medida for invertebrates (Table 2, upper
panel), and the species specific intercept (Eqrfdrif)sh (Table 3,
[0 =T o= = ) PSSO 87

LC50s predicted for the French-McCay [68] modeli¢sblack line,

Eqgn 2, assuming 1 g fish at 25), the invertebrate data fér bahia
(dashed blue line, Table 3), and the modeldomykisqdotted red

line, Egn 11, Table 2). The horizontal line reprds the water

solubility limit for these chemicals. The thresthad the 5 percentile
acute value on the acute species sensitivity bigion [20]. ................ 88

Comparing biomimetic extraction (BE) measuremeotskposures

to No. 2 Fuel Oil characterized by 100 um and 30fjbbers at 100

and 1 mg/L loadings. The 30 pm measurements faear of 1.8

lower than the 100 um fiber measurements (Table.S1)................ 106



Figure A.2.

Figure A.3

Figure B.1.

Fractional contribution of major chemical processethe

polyparameter models (Eqn 4-7) for partition caediints for target
lipid-water (“Target lipid-water”), PDMS-water (“PBS-water”), and

the difference for those models (“Target lipid-PDWYSvhich is the

target lipid-PDMS partition coefficient. Model tas: “vV”

contribution from molecular volume on partitionirfgB”

contribution from hydrogen bond acceptance, “sSitgbution from
polarity, “eE” contribution from excess polarityg™contribution from
intercept terms, and “aA” contribution from hydrogeond donation

— these values are all zero. Legend in top panel..........ccccccevvvvneeee 107

Predicted BE profiles for library constituents IBEFROTOX based on

a medium crude oil and the fiber-water partitioefticient (Eqn S2)

vs carbon number for selected loadings of a medianght crude oil,
seeMethodsand Supplementary Information..............ccccceeeevieeeeeee.n. 108

Size class distribution of droplets in 185 mg/Ldweay of Endicott oil
T IR 1| AT 1= 120

Figure B.2aPredicted dissolved (open) or Predicted Totale(ijlconcentrations

vs measured concentrations for each loading frarirdshwater
exposures. Data presented for 1-riRgD), 2-ring BLUE), and 3+
ring aromaticsGREEN) and C9-C30 saturateBI(ACK)................ 126

Figure B.2b Predicted dissolved (open) or Predicted Totdke(fil concentrations

Figure B.3.

vs measured concentrations for each loading frans#it water
exposures. Data presented for 1-riRgD), 2-ring BLUE), and 3+
ring aromaticsGREEN) and C5-C30 saturateBI(ACK). ................ 128

Log of root mean square error of solubility modellegkow for
constituentsin Figure 2. Model performance wasregdly equivalent
over the range of chemicals evaluated, with posshltlier of

Chrysene in CEWAF, which appears to be impacteddpjetive
extraction of the droplet onto the SPME fiberstha Physically

Dosed system, mePYR is the main outlier, whichrssalt of
measurements at or below the detection limit. &la@e no consistent
trends in residuals with I&®w suggesting adequate model
performance across the range of interest in phghmmical

O] (0] 01T 11 SR 129

Xi



Figure B.4.

Figure B.5.

Figure B.6.

Observed 48 h effects data plotted against comrffeatenetrics.
Comparing observed 48-h mortality vs BE (panel ATexic Units
(B,G), Loading (C,H), Total PAH (D,I), and TPH (Efdr both

daphnid (filled, left column) and mysid (open,higolumn)

exposures. Chemically dispers&ED circles), physically dispersed
(BLUE sguares), and passively doseGREEN diamonds).............. 130

Comparing TUs based on conventional (TU_conventjaralytical
measurements (e.g., VOC, PAH, SHC) to TUs based on
comprehensive (TU_GCxGC) analytical characterira®CxGC).

See Methods and Supplementary Information spreati$bredata.

The red line is the 1-to-1 for reference indicafpeyfect agreement.

The black line represents the TU predictions ferltadings of fresh
Endicott oil used in the present study. The TUselbzon conventional
analytical systematically under-predicts TUs basedomprehensive
analytical. All TUs are normalzed . magna.............ceeeeeevveeeeennnnnns 131

Plot of the ratio of TU_GCxGC to TU_Conventionalsisstance
loading. This indicates that TUs based on conweatianalytical are
under-predicted by approximately 10-fold at loagdirglO mg/L. At
higher loadings (>10 mg/L), the ratio is closebtnld. This is
presented only for the range of loadings of fresti€ott used in the
present study. All TUs are normalizeddomagna................ccceuvvnnn. 132

Xii



INTRODUCTION

Petroleum substances such as crude oils, sohardduels are complex
materials comprised of dozens to several thousadhdidual constituents, whose
physicochemical properties span several ordersaginitude. This translates into a
mixture of constituents with widely variable tosxigiall present at different
concentrations. Further, various exposure systamsised to perform toxicity tests
(e.g., oiled gravel, with dispersant, etc), whielm @alter the results [1].

This results in conflicting conclusions and incatesint interpretation of
toxicity studies on petroleum substances. Thegeneed for a conceptual and
guantitative framework for evaluating risks anddras of petroleum substances.
These challenges were addressed with the develdamhdre hydrocarbon block
method (HBM), which divided up a petroleum subseaimto narrowly defined blocks
of constituents with similar properties [2].

Since this initial work advances in the analyticladracterization have the
potential to refine risk assessments. Developroktwo dimensional GC methods
(GCxGC) provides more comprehensive characterizatiadhe chemical class and
mass distribution within a substance. The inid8M work was extended to
accommodate this improved analytical methods faatchassessment [3] and risk
assessment [4].

The modeling provides a mechanistic connection éetnthe composition and
the toxicity. However, the GCxGC data that is camnig used in the present work is

not widely available to the general research comtyui herefore, an analytical tool



has been developed to measure bioavailable hydrasr This is based on the
commonly available solid phase microextration (SBMiEthods using siloxane
polymer-coated fibers. These methods have beerfiswtor measurement of
bioavailable hydrocarbons, which can be relatadxeity [5]. The fibers provide an
analytical analog to a toxic unit (TU), which chetexize the sum of the fractional
toxicity of all the hydrocarbon constituents prdseran exposure.

The modeling and analytical tools typically aredise analyze results of
steady state exposures. In the environment, hawexposures can vary in time and
space such as during an oil spill, or downstreamimfan outfall, or a contaminated
site. Only recently have time variable tools bdeweloped for these scenarios [6, 7]
with limited application to oil spill scenarios [8]. This remains an open field of
research and will be addressed in the final thirthis research proposal.

There are three main research themes in this thsiser proposal. These all
address the various research areas discussed ablogenajor research theme is
refined hazard and risk assessment of petroleustautes. The components of this
research will provide stronger scientific basis gadlance to the research community
and will support setting scientifically sound emmvimental criteria.

The first chapter is based on a paper publish&hemosphere
[10]summarizes an analysis of a large library ¢éinal SPME data to validate use of
this method to measure bioavailable hydrocarbdiee SPME method provides a
holistic measurement of the overall exposure amdmpared to observed toxicity for
a wide variety of substances, and test species. SHME method is an operationally
method (e.g., equilibration time, fiber-water volesnetc) with a mechanistic basis

using the observed correlation between the SPMEunement and toxicity. This



was done by comparing SPME measurements to prddiztec units using the
PETROTOX modeling framework. This analysis showesmasistent log-linear
relationship between accumulation in target lipid &PME across all substance
classes and confirms the utility of the SPME metfurdisk assessment work for both
laboratory and field work. The fiber-based effiestels were compared to lipid-based
effect levels using empirical measurements andesiragnd polyparameter models.

The second chapter is publishedEimvironmental Toxicology and Chemistry
[11] that characterizes the role of droplet oil in aguekposures. This is an issue that
is important during oil spill damage assessmerit [Chapter one presents results of
experimental work where exposures were preparddawjradient of droplet
exposures. The results were analyzed using the altéhe art analytical tools
discussed above (PETROTOX [3] and SPME [5]). Tlannconclusion is that
dissolved hydrocarbons are the primary toxicanttaatithe direct impact of droplet
oil is minimal.

The third chapter addressed adaptation of exisiting variable damage
models for prediction of toxicity of complex peteoim substances. This project
involved a modeling analysis of existing data ai aesome experimental data to
support initial model development. Most applicai®f this modeling framework in
the literature are for single chemicals. This weakbrated this model to available
single chemical data and evaluated the variatidhese parameters againstieg,,
organism weight, and test temperature. The existatg are generally from standard
toxicity tests with constant exposures. Howevbsepvations of toxicity are collected

at intermediate time steps. These data will hstpldish the damage-repair



relationships for individual chemicals across ageaaf physicochemical properties,

which supports modeling of the complex substankeity data.



Chapter 1

TECHNICAL BASISFOR USING PASSIVE SAMPLING ASA BIOMIMETIC
EXTRACTION PROCEDURE TO ASSESS BIOAVAILABILITY AND
PREDICT TOXICITY OF PETROLEUM SUBSTANCES

1.1 Abstract

Solid-phase microextraction fibers coated with gotyethylsiloxane (PDMS)
provide a convenient passive sampling format toattarize bioavailability of
petroleum substances. Hydrocarbons absorb onto$PiDNroportion to both freely
dissolved concentrations and partitioning propsriethe individual constituents,
which parallels the mechanistic basis used to ptegjuatic toxicity in the
PETROTOX model. When deployed in a non-depletiaaner, combining SPME
with thermal desorption and quantification using garomatography-flame ionization
creates a biomimetic extraction (BE) procedure liaatthe potential to simplify
aquatic hazard assessments of petroleum substsinceshe total moles of all
hydrocarbons sorbed to the fiber can be relatédxic thresholds in target lipid of
aquatic organisms. The objective of this worloisléscribe the technical basis for
applying BE measurements to predict toxicity ofrpletum substances. Critical BE-
based PDMS concentrations corresponding to adedfsets were empirically derived
from toxicity tests on different petroleum subseswith multiple test species. The
resulting species sensitivity distribution (SSDPR®MS effect concentrations was
then compared and found consistent with the prelyoeported target lipid-based

SSD. Further, BE data collected on samples of @sgiemedia dosed with a wide



range of petroleum substances were highly corrlateredicted toxic units derived
using the PETROTOX model. These findings proyidification for applying BE
in environmental hazard and risk evaluations ofgdetim substances and related

mixtures.

1.2 Introduction

Environmental contaminants often occur as mixtusdsch complicate risk
and hazard assessments due to the variable toamityhysicochemical properties of
the individual constituents in the mixture. Pettoh substances are an important class
of contaminants due to their wide-spread use inmerial products and chemical
intermediates but also due to anthropogenic angralateleases of hydrocarbons
through seeps or deposits and combustion [13, 1#he hydrocarbon constituents in
petroleum substances have a wide range in physoachl properties including
water solubility and vapor pressure [15, 16]. Ehpsoperties span several orders of
magnitude for individual constituents even witHie same petroleum substance.
Further, the abundance of constituents within atuze can vary based on the source
of crude oll, refinery processes (e.g., distillajicand natural weathering processes
once substances are emitted into the environment.

One approach to address this complexity is to ngeled fate and effects
models that account for the complex compositioa pétroleum substance as well as
the differential physicochemical properties of théividual constituents within the
substance. The hydrocarbon block method is an pbeaai this approach, which
reduces the complexity of petroleum substancesmure narrowly-defined blocks, or
pseudoconstituents [2]. The compositional datessesd to determine the mole fraction

of a given block and the dissolution is computedgifRaoult’'s Law [17]. The



toxicity of the dissolved pseudoconstituents isdatned using critical body burden
models, such as the Target Lipid Model (TLM) [18-2The TLM simulates the
accumulation of hydrocarbon into a hypotheticay¢atdipid phase and toxicity occurs
when the sum of all accumulated hydrocarbons exaezdical threshold in this
phase. This modeling approach has been formalizgte PETROTOX model which
provides a predictive tool to estimate aquaticayiof petroleum substances based
on substance composition [3, 21].

The complexity inherent in evaluating the toxiafypetroleum substances is
one reason bulk exposure metrics, such as totgtydic aromatic hydrocarbons
(TPAH) or total petroleum hydrocarbon (TPH), seagamprecise hazard assessment
metrics [1]. The practical challenge, howevethat detailed compositional analysis
of dissolved hydrocarbon constituents is oftenawatlable to support an improved
technical basis for quantitative risk assessmé&herefore, a need exists for a
convenient analytical measurement that directlyngjtias the bioavailability of all
petroleum hydrocarbons that can contribute to toxicThe growing application of
passive sampling methods for environmental momitpf22] and hazard assessment
of physically and chemically dispersed oils [5]yad®s further motivation for
evaluating the technical basis of this analytigadraach. Solid phase microextraction
(SPME) provides a convenient passive sampling fothed can support hazard and
risk assessment by providing measurements of fidisgplved contaminants [22].
Individual constituents partition to polydimethysiane (PDMS) coated fibers in
proportion to substance partitioning properties abdndance in the exposure media,
which is analogous to the fundamental concepts, @cgumulation in target lipid)

used in the PETROTOX model.



Most applications of SPME to environmental mediarelterize the
concentrations of individual constituents [22, 2Bpr exposures to petroleum
substances, many unresolved constituents can lootgrio aquatic toxicity [24],
which are not captured in GC-MS analysis which difias only a limited set of
individual hydrocarbon analytes. SPME-based methbdt employ GC-FID provide
a potential solution since the molar response wdrde hydrocarbons is similar based
on quantification with flame ionization detectiaid]. Thus, by measuring the total
molar accumulation of hydrocarbons on fiber PDMSyaogate measurement of total
petroleum hydrocarbon bioavailability is providethe particular application of
SPME in the present work is performed in a non-eleg@ manner by employing a
low PDMS-water ratio so that the accumulation anfther does not significantly
reduce exposure concentrations, a so-called biotrmragtraction (BE) [5]. This
design is consistent with the intent of aquaticandzesting, where uptake of
chemicals by test organisms are not expected tieideine exposure concentrations.

The goal of this work is to extend the validatidrilee BE method [5, 25-28]
for use in hazard assessments of petroleum sulestémough analysis of toxicity
data sets including a broader diversity of testigseand petroleum substances.
Validation was done in successive steps. Firspiecal BE-based critical effect
concentrations were derived that correspond torebdeacute and sublethal effects
(e.g., LC50, EC50). The BE critical effect coneatibns derived from paired toxicity
test and BE data for different petroleum substamege then compared to target-lipid
based effect concentrations obtained via applinatiche TLM. Second, BE
measurements collected on samples of aqueous heska with a wide range of

petroleum substances were compared for consistertic\PETROTOX model



predictions. Lastly, polyparameter linear freerggeaelationships (ppLFER) were
then applied to gain further insights on the corapee partitioning behavior of

different hydrocarbon classes between target Apid the surrogate PDMS phase.

1.3 Materials And Methods

A dataset of consistent, high quality ecotoxicB¥;, and substance
compositional data are used as the basis for amatythe present study. The BE
method is based on more than 20 years of develdopaneinapplication [5, 26, 29].
The validation datasets include hundreds of indigldBBE measurements across 16
major classes of substances (Table 1) and forstbtganisms including juvenile and
fish embryos, marine and freshwater invertebrated,algae. The present study
builds on a prior toxicity modeling analysis [2}) kelating many of those same
published data to corresponding BE measurementsrpexd in one laboratory (e.qg.,

ExxonMobil Biomedical Sciences, Inc, Annandale, Nlatsey USA).
Passive sampling methods

Automated BE-SPME analysis was performed on a Rétkner Autosystem
gas chromatograph with flame ionization detectd€{&8D). The GC was equipped
with a 15 m x 0.53 mm id capillary column with Jufn Rtx-1 stationary phase
(Restek) or equivalent and interfaced with a Ge(&€C Analytics) MultiPurpose
Sampler (MPS) configured for automated SPME inggti The GC inlet was
maintained at 28 and contained an empty 1 mm id (narrow boreY lfne glass
wool). Automated SPME fiber injections were mad¢hia splitless mode with a split
time of three minutes. The carrier gas was heliten@nstant flow rate of 17

mL/min. The GC oven was temperature programed #6t@ for three minutes up to



30C°C at a rate of 4&/minute. The FID temperature was 30@nd the detector
signal attenuation was -3.

Water samples were placed in ca. 20 mL glass wglsno headspace and
sealed with Teflon® faced septum screw caps. Sesnpére automatically extracted
with a 1 cm, 30 um polydimethylsiloxane (0.132 URNPS) SPME fiber (Supelco)
for 100 minutes at 3¢ with orbital agitation at 250 rpm prior to injext. The fiber
was automatically thermally desorbed for three r@aulirectly in the GC injection
port. The SPME fiber was thermally cleaned foreast sixty minutes at 280 in the
SPME fiber backout accessory or injection port iptaoinitiation of the SPME sample
sequence. Blank, temperature-programmed GC rures also acquired prior to the
sample sequence to ensure that a clean chromaligizseline was achieved. A
single SPME fiber was used for each sample sequence

The BE method was calibrated by making 0.5 pL tqisolvent) injections
using the air-gap technique. A series of aromatdrdcarbon standards (toluene, o-
xylene, 2-methylnaphthalene, 2,3-dimethylnaphthal@md 9-methylanthracene) in
dichloromethane were manually injected. The FIEd®r provides uniform
response between chemical classes such that lmsttaac and aliphatic hydrocarbons
have similar response factors [5]. Therefore attanatic standards are considered
sufficiently representative of the mixtures of hyclrbons that absorb to the SPME
fibers. The instrument conditions were exactlyghme as those used to analyze the
SPME fiber extracts, except that the splitlesscinpa split time was reduced to one
minute to accommodate the solvent peak. Calibratias performed at three
concentration levels, of 2,3-dimethylnaphthaleapp(oximately 20, 100 and 200

png/mL) corresponding to on-column amounts of apipnaxely 0.06, 0.3 and 0.6

10



nanomoles. The average molar response factoBalithethylnaphthalene was used
to convert the measured GC-FID response (totagrated area) to nanomoles of
organic constituents on the PDMS fiber. Where neogs SPME sample
chromatograms were digitally background correctgdubtraction with a blank GC
chromatographic run, to account for column ble€tiromatograms were acquired
and processed using Perkin EImer TotalChrom chrognaphic software. Integration
parameters were optimized specifically for each@artype to integrate the area
under the curve attributable to the SPME extrastadple.

As the automated SPME extraction was performe®%,3 temperature
correction factor of 1.08 was applied to normalesults to a previously applied
manual technique where extraction took place anrtemperature (22).
Temperature corrected BE results were then noretwlia the volume of PDMS on
the fiber and reported as micromoles (umol) asdlyBthylnaphthalene / milliliter
(mL) PDMS. The detection limit for the automated BEthod is approximately 0.5
pmol as 2,3-dimethylnaphthalene / milliliter (MUPMS. For the automated BE
application, the ratio of PDMS to water samplegpraximately 6.6 x 18 v/v.

The early application of BE (e.g., the manual mdjhovolved equilibrating
short lengths (1 cm) of 100 pm PDMS-coated fibets a petroleum hydrocarbon
contaminated water sample [5]. The fibers weregdan 140 mL amber glass vials
containing the water sample and magnetic stir B&e samples were stirred for 24
hours, which was sufficient to reach >80% of edpuilim for hydrocarbons up to
logKow 5.5. The total concentration of hydrocarbons snRDMS was determined by
dividing the measured nmoles of hydrocarbons byPlb#S volume (0.612 L,

PDMS:water 4.4x10 v/v). The detection limit for this method is apyirnately 0.5

11



pmol/mL PDMS. Parallel testing showed both methaxxtgeve similar results that
are within a factor of two (Figure S1).

Additional data were collected fbtyalella aztecaexposures to PAH-
contaminated sediment3.he sediments were equilibrated for 14 days using 3 cm
lengths of SPME fibers, with 10 um PDMS coating@tsure equilibrium was
achieved. The toxicity assay evaluated 10 d sulaithe amphipod in different
sediments using the 10 um BE measurements as ithm@o exposure metric.
Additional details are given in Mayer et al [22].

An important general consideration with the BE roetls that measurements
of the total moles on the fiber are assumed tecethe degree of bioconcentration by
an organism. BE measurements do not necessanipa@ directly to the measured
or inferred critical body burdens due to the défeces in the rate and extent of
partitioning between lipid-water or PDMS-water pdsss well as other biological
processes such as biotransformation. TherefaeeBEhmeasurements are considered
a surrogate for bioavailable hydrocarbons thatetate to internal concentrations and

hence predicted toxicity.
Ecotoxicity methods

Standard test guidelines were used to developttieity data analyzed in the
present study. The original studies have been sammed in other publications,
which are listed in Table 1. Briefly, the testdizeed daily renewals of water
accommodated fractions (WAFs) using the variabdglilog approach [30, 31]. The
exposure and WAF preparation chambers were kefgdsaaminimize losses from
volatilization. Observations of toxicity (e.g.omtality, growth, or reproduction) were
collected daily. The BE measurements were coleotefresh WAF test media for

each treatment level. In some cases BE measursment collected on old test
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solutions, and showed declines typically less thaiold (data not shown) through
losses to biodegradation or volatilization. Moksthe toxicity data have been
published elsewhere (Table 1) and all followed gainarinciples of good laboratory
practice [32]. All tests had acceptable contrafqenance and water quality (pH,

dissolved oxygen, conductivity).
Data analysis

The BE test data were evaluated in two ways. Treedpproach was to
compare BE measurements on a range of substantésaaings to the predicted
toxicity using PETROTOX [3, 21]. Predicted toxinits (TU) were computed for
each treatment level and compared to the correspp®BE measurement. This
comparison included BE measurements that were tak&fAF screening studies that
were not part of a toxicity test.

The PETROTOX model first calculates the profiledafsolved constituents
based on the detailed substance composition atetitesmding. The predicted
dissolved concentrations are then converted ta toxits by normalization to the

inherent effect concentrations (e.g., LC50) formeemnstituenti (Eqn 1).

TU =Y Cw,i/ LC50Q (1)

Effects are predicted using the TLM for acute emadljgoe.g., LC50) and

chronic effects (e.g., EC10) using the median ofited acute to chronic ratios [20].

LC50 =kyLi * C1p, (2
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where accumulation in target lipid (e.g., the asstisite of action) is modeled using
the lipid-water partition coefficienk{.) for a given constituent, The TUs scale
according to the critical target lipid body burd@gmol/g lipid,Ct;,), which represents
the sensitivity of the test species. The sum efitidividual TUs represents the overall
toxicity for a given exposure (i.e. loading) toigem substance. Assuming strict
additive toxicity of hydrocarbons, the loading tiepredicted to cause a 50%
response (i.e. LL50 or EL50) corresponds to a pteditotal TU=1.

TUs are a reflection of the collective accumulatidrlifferent petroleum
hydrocarbons in the target lipid. The BE measurémand TUs reflect the dissolved
phase exposure and are expected to correlaterdén tm maintain a common basis for
comparison with BE data, the predicted TUs werethas a critical target lipid body
burden (CTLBB) of a median sensitivity organismé Jdmol/g lipid [20]. The
resulting TUs were converted to target lipid concations by combining Eqn 1 and 2,
i.e. multiplying the sum TU by the medi&g; . This step was performed to facilitate
comparison between PETROTOX predictions and passingling measurements
since predicted target lipid concentrations areiiiviely more directly comparable to
BE-based PDMS concentrations than TUSs.

Given variability in the parameters used to cal@EJs, and inferred £, as
well as in the BE measurements, a Deming-styleessgon was applied [33] using
least squares to determine the error between tlielnestimate and data where the
error is based on the orthogonal distance betwatnahd model. This assumes that
the error in the TU predictions is similar to threoe in the BE measurements, which is
supported by the similar standard errors onCthen the TLM- [20] and BE-based

critical PDMS effect concentrations (Table 2). Thiéal BE measurements were
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used for comparison to the model predictions sthedPETROTOX model assumes
equilibrium, and no losses that would reduce adegtlexposures.

The second approach involved using BE data asaimenon exposure metric
across test substances to support dose-resporigsigied organism-specific
endpoints. Critical BE concentrations were derif@d variety of acute and chronic
endpoints. BE concentrations at 50% mortality (Q>&Wwere determined for most
organisms (Table 1) in short term exposures (2.tp,4 d), and median inhibition of
growth was determined for algae. Chronic endpomtiided 20% inhibition of
growth for algae at 72 h, 4-d deformities for fesinbryos, 21-d reproduction for.
magna and 28-d growth inhibition faD. mykiss The 20% effect level was chosen to
represent dose-related effects that were condigt@mbdve the variability of control
and low dose treatments. Dose-response analysisovalucting using the MASS
package, and the gim and dose.p function in R [B4e on initial BE measurements
in this analysis may slightly overstate averageosypes and introduce a small bias
(e.g., <2-fold) in the derived critical BE concextions.

Once the critical BE concentrations for acute amwwic data were determined
acute to chronic ratios were derived and compareder compilations [20, 35].
Further, the distribution of acute critical BE centrations were compared to target
lipid-based critical effect concentrations deriyedviously from the TLM [20] using

single hydrocarbon toxicity test data.
Comparing fiber-lipid partition coefficients

The different partitioning properties of hydrocamsdrom water to PDMS and
target lipid phases were evaluated with ppLFERn@racterize the chemical property
features that control the observed partitioningcpsses. The general form of the

polyparameter LFER model is given by:
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logK =eE+sS+aA+bB+vW+c 3)

where the lower case parameters (esabv) corredpdhd solvent system (e.g., target
lipid-water), and the upper case parameters (ESAB¥)he solute interaction terms.
The parametek is excess molar refractivit§gis polarizability,A is the ability to
donate a hydrogen bon,is the ability to accept a hydrogen bond, &hd the molar
volume andpg, is a constant. Modeling with ppLFER is widelyphgd to partitioning
data and is described in more detail elsewhere3g6-

Existing ppLFERs for PDMS-water [39] and targetdiwater [40] were
applied to PETROTOX predicted exposures for a nmaditude oil across a range of
loadings (0.5 — 500 mg/L). The range of illustratoil loadings span acute to chronic
effects and a wide composition range of constitiigdtrocarbons found in many
petroleum substances. The simulated dissolvedgsgirovided a basis for
evaluating trends in partitioning across hydrocarblasses and carbon number.

Additional details of the ppLFER analysis are giwerhe SI.

1.4 ResultsAnd Discussion
BE vs predicted target lipid concentrations
The objective of this work is to describe the techhbasis for applying BE
measurements in toxicity prediction of petroleurbstances. Comparison of BE
measurements and predicted CTL includes 436 dabésp@80 quantifiable
measurements, and 156 measurements below theidetauit), and includes 95

substances from 15 major classes (Table 1).
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Figure 1 demonstrates a log-linear trend af li&tween about 10 and 1200
pmol/g lipid. Assuming a typical critical body loien of 120, this corresponds to TUs
of 0.1 and 10, for BE measurements between <019@ mM. Thus, BE
measurements bracket the range where toxicitype@rd to be observed. BE data at
or below the method detection limit, around 0.5 miye plotted with ‘<’ symbols.

The resulting log-log regression of the quanti®BE measurements has a
slope of 0.64 (95% confidence interval, Cl, 0.60.68) and an intercept of 1.35 (CI
1.30-1.40) (Eqn 8) with a root mean square errédHE) of 0.17.

log Gr. =0.64 log BE + 1.35 4)

The values below the detection limit were not usetthe regression.
However, non-detectable BE are associated withGew both of which would
provide an indication of low potential toxicity.

This analysis demonstrates that BE measurementoenedated with TU
predictions, supporting use as a surrogate analytieasurement of bioavailability.
This relationship quantitatively links the concamitvns in PDMS and target lipid.
Note, the slope is not unity, reflecting non-lingam the BE-G response that is
discussed in thEiber-Lipid partition coefficientsection below. The next step in the
analysis was to verify the utility of the BE meamuents as an exposure metric for
characterizing toxicity thresholds.

Dose Response Analysis
Datasets for individual species were evaluateddoyparing the paired

observed acute or chronic effects to BE measuresnértie goal of this analysis step
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is to confirm that BE measurements provide a comsixposure metric across
substance types and treatments for expressingtiogiadpoints. Prior work indicated
that BE measurements obtained with different thédlses of PDMS were comparable
(Figure S1) so all BE data were used to derivécatiBE concentrations for a given
species/endpoint.

Acute toxicity data are well described by the BEaswewements for ten
different species (Figure 2) including invertebsat@lgae, juvenile fishQ. mykis},
and fish embryod. rerio). The BE-based dose response data appear waéeh
and are generally steep slope consistent with¢heedoxicity pattern of nonpolar
organics [41]. The BE measurements appear to geaviconsistent exposure metric
across different test substances for a given spéeased on the range of confidence
intervals about critical BE concentrations (Tabje Zherefore, as predicted from the
observed correlation between target lipid and POfditioning, BE measurements
appear to provide a reasonable surrogate for ctesiizing aquatic exposures of
petroleum substances that describe observed taxicit

Use of BE as the exposure metric for chronic afdauonic data shows
similar patterns (Figure 3) as the acute data.ré&’hee four species with BE-based
dose responseB. magnaO. mykissP. subcapitataandD. rerio embryos, based on
21-d reproduction, 28-d growth, EC20 on 3-d groveiie, and 4-d spinal deformities,
respectively. The dose responsesdomykiss, P. subcapitatandD. rerio are quite
good following exposures to gas oils, weathered,feagsh oils, which are similar to
the acute datasets.

TheD. magnadatasetrf=31) generally show low chronic effects (<10%) at

low BE measurements (<3 mM). The highest effe@68f inhibition occurred at BE
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measurement of 7.2 mM. One study with a lubridese oil (LBONn=3) showed 15-
21% inhibition of reproduction at 21 days at BE mlA. Further inspection revealed
that the treatments, which were exposures to desingh loading (1000 mg/L) for
each substance, had observed reproduction of 98d@&ates per female compared to
a control of 125 neonates per female with a caefiitcof variation (CV) of 36%.
Typical control performance varies from 100-135maes per female with typical CV
of 15% (range 5 — 24%). The treatments are aliwithe range of variability of the
controls, and the low BE and low TUs (<0.01), swsggé¢hat the observed effects are
unlikely attributable to the petroleum related roahrbons comprising this substance.
It is also possible that the presence of additorampurities, not captured by the BE
measurement, could explain this discrepancy.
BE-based species sensitivity distribution (SSD)

The BE measurements are proposed as a surrogasenaeent of
bioavailable hydrocarbons in exposures to comp&txofeum substances. The strong
correlation between BE andrC(Figure 1) supports this hypothesis. Further supp
is found in comparing the critical BE concentraida CTLBBs derived from the
TLM [20]. The TLM has been applied to more th&nspecies and the resulting SSD
is assumed to represent the general range of edeensitivity of organisms from a
variety of environmental compartments.

The TLM-derived SSD range from 24.5 to 500 umadpgllwith a median of
116 pmol/g lipid, and a standard deviation of G8&e log transformed CTLBBs.
The acute critical BE concentrations (Table 2, Fegl) range from 13.6 to 240 mM
PDMS with a median value of 37 mM and a standaxdatgien of 0.40 on log-

transformed values. The individual estimates levaverage standard error on the
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log critical BE estimates of 0.14, which is simitarthe standard errors estimated for
TLM-derived CTLBBs for individual species consistenth the assumptions of the
Deming regression. The most sensitive criticald®Bcentration was observed for
algae, followed by mysids, followed by daphnidsshFendpoints (both juvenile and
embryo) are found in the middle of the sensitidistribution with the marine annelid
appearing as the least sensitive species.

The standard deviations of log CTLBB and log cakiBE SSD are nearly
identical suggesting the two distributions capthieexpected range of aquatic
organism sensitivity further supporting the hypasteehat BE is a surrogate
measurement of bioavailable hydrocarbons. Howekiermeans are clearly offset,
which implies differences in target lipid-waté (v) and PDMS-coated fiber-water
(Krw) partition coefficients. Empiricd{rw in literature are lower by about 0.5 log
units [42-46]. An adjustment of this magnitudegaeleithe BE-based SSD within the
range of CTLBBs. The BE SSD appears to be log-atyndistributed based on
normality tests (Shapiro-Wilke test, p-value 0.6@Yl is therefore comparable to the
TLM-derived SSD.

The BE-derived SSD was converted to target liddal SSD using equation
4. The entire distribution shifts upward and isrexm line with the TLM-derived
SSD (not shown). The median of the transformetttatitarget lipid concentrations is
290 pmol/g lipid, with a range of 120-800 umoljgdi. The SSD is slightly higher
than the TLM-derived SSD, but it is within the ohsl range. The magnitude of this
shift is consistent with the observed offset betwigad and PDMS measurements
reported in field studies [42]. Alternatively, BEaded effect concentrations were

derived using BE measurements of fresh WAFs arsdntialy be conservatively biased
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high. Actual BE exposures during static renewady ghecrease during test exposures
due hydrocarbon degradation particularly for mareilsle monoaromatic components
which can exhibit half-lives on the order of a d4y].

The TLM-derivedCy;, are based on single chemical toxicity tests witarae
of nonpolar organic chemicals including aliphatim®no- and polyaromatic ring
classes. The success of this comparison confiimsdncept of concentration
addition commonly used in hazard and risk assessno¢petroleum substances [3, 4]
since the measurements are based on the integra@dinder the curve for all
constituents representing various classes of hyabons absorbed to the PDMS.

Limited chronic data are available to evaluate nlwaritical BE
concentrations so an analogous SSD-based analgsisot performed. However, the
limited chronic critical BE data range from 4.328.8 mM (Table 2). These correlate
with empirical acute to chronic ratios (ACR) of 1664.4, which is comparable to
typical ACRs for hydrocarbons and other nonpolgaaics that range from 2-10 with
a median around 5 [20, 35].

Predicted Patrtitioning in Target Lipid and PDMS

The partitioning behavior was analyzed using thedr solvation energy
relationship (LSER) models for lipid-watdfiw, Eqn S2) and PDMS-wateKéw,
Egn S3) and lipid-PDMS (Eqgn S4) partition coeffitdie (Figure S2). In this figure,
the lines are proportional to the fractional cdmition of that term in the LSER model
to the overall partitioning behavior as a functadrpredicted TU. As expected, the
aA, hydrogen bond acceptor terms, are all zer&iarandKrw. The other terms that
characterize polar behavior (eE, bB, sS) are Htively small contributors (~25%

together) to the predicted partitioning behavionjch is consistent with the nonpolar
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nature of hydrocarbons. The largest factor issiéerms, which indicates that larger
molecules have a higher affinity for both lipid aRrBMS.

The difference in these two models (Fig S2 “Tatgead-PDMS”) provided
insight into the chemical features that are resjpdm$or the differential partitioning
of hydrocarbons between PDMS and lipid. SimilatheK,w andKrw cases (Fig S2
A, B) the aA, bB and eE terms are small. The sfrjzability, term is responsible
for about half of the change in free energy at Tdus, and 75% at higher TUs, in the
partitioning process and the largest reason foobserved lipid-PDMS partitioning
behavior. While this is a relatively small contribr in theKow andKrw systems, it is
sufficient to drive most of the offset betweendigind PDMS concentrations. This
dependence means that the more polar nature aigosal membranes results in a
slightly higher affinity for hydrocarbons comparedPDMS. This is particularly
important for the aromatic constituents, which halght polar character and are
generally major contributors to toxicity. Differegecin the polar character of these two
phases help explain why the slope in the log BEflogrelationship deviates from
unity (Figure 1, Eqn S1-4).

The vV molecular volume term is responsible forwhe25% of the
partitioning behavior, with PDMS being slightly neciccommodating for
hydrocarbons. The constant,s also revealed to be an important term, being
responsible for about 25% partitioning behavidoat TU, but is a lower contributor
at higher TU, which likely reflects the differenicethe complex biological
membranes relative to the PDMS polymer phase omrast the vV term increases
slightly with increasing TU, suggesting more flaktl in the lipid membrane systems

relative to the PDMS polymers to accommodate actation of hydrocarbons.
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The partitioning behavior of a wide range of indival hydrocarbons are
evaluated further in Figure 5. The predicted dis= profiles for the pseudo-
constituents in the PETROTOX calculations were usgaredict the contribution of
different individual hydrocarbons to BE analysesdsnction of WAF loading for a
medium weight crude oil using Eqn S2 (Fig S3). rélhere two classes of chemicals
that are main contributors at high loading: C1-Jwaromatics, and parent and alkyl
(C1-2) diaromatics. At lower loadings these moegex soluble constituents are
depleted from the oil and are not as abundantdrdibsolved phase, and subsequently
in the PDMS, based on their multi-constituent siitydbehavior. Thus, these
constituents contribute less to overall BE con@itns (see open blue squares in Fig
S3).

Predicted Lipid-PDMS patrtition coefficients (Eqn)3dr the
pseudoconstituents that are major contributorbemerall TU are shown in Figure
5A. The range of partition coefficients spans pusiorder of magnitude for a given
chemical class that generally decrease by carbotbau However, the coefficients
increase with increasing aromatic ring class shahthe 2-ring aromatics (e.g.,
naphthalenes) have higher lipid-PDMS partition @ioits than the mono-aromatics
for the same carbon number. At higher loadingsi@acomatic constituents are more
abundant in the aqueous phase and have relatowebr lipid-PDMS partition
coefficients consistent with their more polar cltéea which was discussed earlier in
this section.

The relative change in predicted BE from low logd{@.5 mg/L) to high
loadings (500 mg/L) shows that the contributiomir@7-9 mono-aromatics increases

more than 2-ring aromatics and other classes. ddupled with the relative lower
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lipid-PDMS relationship observed in Fig 5 PaneleBults in a predicted theoretical
Croms-Ciipia relationship that would exhibit a slope less thaity (Figure 5, Panel B)
consistent with empirical relationship reportedrigure 1. However the magnitude of
the intercept appears lower and may reflect contiposil differences between the
modeled crude oil versus substances used to deiguee 1 as well as potential loss
process that could cause empirical BE measurenedviate from predictions that
conservatively assume no losses. Nevertheleswetieal calculations with the LFER
models (Eqgn S2-4) provide a plausible explanatoadcount for the observed slope
in Egn. 4.
Practical Considerations

BE measurement represent a substantial improveiméme ability to
characterize bioavailability of hydrocarbons in W&¥kposures of petroleum
substances. The BE measurements can be readilgdeb critical effect
concentrations for hazard and risk assessment.sieaents of speciated
hydrocarbons (e.g., PAH, saturated hydrocarboriatil@organics) can be useful to
confirm the composition of the exposure, includihg presence of droplet oil.
However, these analyses represent only a subsie¢ adtal hydrocarbons that can
contribute toxicity and often do not differentidtgdrocarbons in dissolved,
bioavailable forms from that in oil droplet phases.

Modeled TUs derived using comprehensive analyspetbleum substance
composition as input to the PETROTOX model cangeful for determining which
hydrocarbon classes are contributing to toxici][2However, the analyses of

agueous exposure media needed to confirm suchcpiced are not widely available.
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Therefore, BE fills this gap by providing a relaiy simple analytical measurement
that is representative of total bioavailable hydrbons in aqueous exposures.

Limited data are available to highlight the utilafBE measurements for
evaluating toxicity of PAH contaminated sedimerfital{le 1) [22]. Further work is
needed to extend application of BE to petroleuntammated sediments and solls.
Other considerations include exposures to substacm#&aining heavy hydrocarbons
(e.g., distillate aromatic extracts, lubricant bagg, heavy fuel oils, etc), which may
not reach equilibrium within the timeframe of thealysis as indicated by the lack of
equilibrium hydrocarbons with l&»w > 6 [5]. Thinner fibers (e.g., 10 um) are
expected to equilibrate quicker with dissolved logadirbons associated with such
substances. However, test organisms are alsoelntik attain equilibrium with these
types of substances [48] as uptake kinetics aetylinuch slower than PDMS fibers
applied in this present study [40] . Therefore,laation of BE to residual petroleum
substances is likely to provide a conservativesfsihazard screening.

Summary

In summary, measurement of total hydrocarbons &ylbMS-coated SPME
fibers, e.g., BE, is strongly correlated with patdd toxic units and observed toxicity
of petroleum substance WAFs. Further, the BE mreasents provide an exposure
metric that is predictive of toxicity across a ds& range of petroleum substance
categories. The BE-based SSDs are also compdaatalget lipid-based SSD used to
characterize acute effects and acute to chronmsrdtat allow extrapolation to
chronic effects. Lastly, theoretical modeling affitioning behavior of hydrocarbons

to target lipid and PDMS supports the empirical B- relationship found. These
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lines of evidence support the use of BE in hazadiresk assessments of petroleum
substances.

The BE method serves as a convenient exposuré&rfetcomparison of test
results across substance types, but also betwkerataries, and dosing methods.
The BE method can be used to screen test subst@nsgeamline study design for
selection of test substances, help target seleofitneatment loadings and limit
animal use in subsequent toxicity testing. Futuoek should extend BE application
to chronic and sub-lethal data as well as to sall sediment toxicity tests. Another
logical application warranting further study is @ommental monitoring of effluents
and field sites that are contaminated with complgdrocarbons and/or other nonpolar
organic mixtures. This would include modificatiohthe BE method for application
to weathered oils and process related wastewdtatsnay also include more polar as

well as ionized organic contaminants.
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FIGURES
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Figure 1.1 Log biomimetic extraction (BE) measueats from 30 um fibers
compared against calculated accumulation in tdigetusing equations
1 and 2 as implemented in the PETROTOX model. &afplotted with
‘<’ are measurements below the quantitation linithe@ method (BE
<0.5 mM PDMS). Regression line from Equation 4.
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Figure 1.2 Acute dose response data using Bionuraetraction (BE)
measurements as the exposure metric. Speciesguedtical BE
concentrations (e.g., LC50) provided in panelsd Rguares are 30 um
BE data, blue circles are 100 um BE data, greanahas are 10 um BE
data.
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Figure 1.3 Chronic dose response data using BietmnExtraction (BE)
measurements as the exposure metric. Speciesguedtical BE
concentrations (e.g., EC20) provided in panelsd &piares are 30 um
BE data, blue circles are 100 um BE data. Cowlaitd were plotted at
0.01 mM.
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TABLES

|Tab|e 1.1 Summary of substances, test speciesSRNE methods.
Substances | Substances
Substance type used |n.BE use.dlln Test species Citations
Sscreening toxicity
studies studies
Crude oils (fresh and . . .
weathered Kuwaiti, Forties, A. myS|dopS|$mortaI|ty),_D.
; . magna(mortality), D. rerio [5, 27],
Endicott, Romanian, weathered 2 10 . . .
o (sublethal, mortality)O. mykiss | Unpublished
Troll, Dilbit, Cold Lake , (growth rate)
Wilmington, Timball) 9
. D. magna(mortality), P.
Bitumen L L subcapitata(growth rate) [21]
D. magna(mortality,
Distillate aromatic extract 4 1 reproduction) P. subcapitata [21]
(growth rate)
Solvents 1 1 D. magna(mortality) [21].‘
) Unpublished
Foots oil 1 1 D. magna(mortality) [21]
C. tentangmortality), A.
mysidopsigmortality), L.
plumolosugmortality). X. laevis
(mortality), N. virens
Gas ol 21 15 (mortality), D. magna [21]
(mortality, reproduction)D.
rerio (mortality, sublethal)O.
mykisg(growth rate) P.
subcapitata(growth rate)
D. magna(mortality,
. reproduction) O. mykiss
Heavy fuel oil 12 4 (growth rate) P. subcapitata [21, 28]
(growth rate)
Lubricant base oil 1 1 D. magna(reproduction) [21]
Grease 0 3 D. magna(mortahty, Unpublished
reproduction)
Naphtha 2 0 None [21]
. . D. magna(mortality), P.
Residual aromatic extract 0 1 subcapitata(growth rate) [21]
Resin 0 1 D. magna(mortality) [26]
Treated distillate aromatic 1 1 D. magna(mortality), P. [21]
extract subcapitata(growth rate)
Unrefined/acid-treated oll 2 2 D. magna(reproduction) [21]
PAH-contaminated sediments| 0 34 | H. aztecamortality) [22]
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|Tab|e 1.2 Summary of regression analysis. Slapésntercepts on individual and
combined datasets

ID |Species log BE” SE  |Endpoint ACR |Comment
(mM)

Acute endpoints

1 C. riparious 1.88 0.15 | 2 day 50 % Mortality

2 D. magna 1.21 0.06 | 2 day 50% Mortality

3 L. plumulosus 1.44 0.13 | 2 day 50% Mortality

4 A. mysidopsis 1.18 0.06 | 2 day 50% Mortality

5 N. virens 2.38 0.29 | 2 day 50% Mortality

6 O. mykiss, 1.59 0.07 | 4 day 50% Mortality

juvenile

7 P. subcapitata 1.13 0.14 | 3 day 50% specific growth
rate inhibition

] X. laevis 1.71 0.17 | 2 day 50% Mortality

9 D. rerio, embryo 1.79 0.28 | 4 day 50% Mortality

10 |H. Azteca 1.54 0.10 | 10 day 50% Mortality

Chronic endpoints

11 |D. magna 0.69 1.29 | 21 day 20% Reproductipn 3.3 ID 2 with
inhibition 11

12 |0. mykiss, 1.38 0.10 | 28 d 20% inhibition on 1.6 ID 6 with

juvenile growth 12

13 |P. subcapitata 0.64 0.20 | 3d 20% inhibition on 3.1 ID 7 and 13
specific growth rate

14  |D. rerio, embryo 1.15 0.12 | 4 day 20% incidence of 4.4 ID 9 with
spinal curvature 14

BE" Critical BE concentrations that correlate with 5@%rtality, or 20% inhibition

SE standard error of log transformed critical BEB@ntrations
ACR acute to chronic ratio
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Chapter 2

INVESTIGATING THE ROLE OF DISSOLVED AND DROPLET OIL ON
AQUATIC TOXICITY USING DISPERSED AND PASSIVE DOSING
SYSTEMS
Redman, Aaron D., et al. "Investigating the rol@iskolved and droplet oil in

aguatic toxicity using dispersed and passive dosystems.'Environmental

toxicology and chemistr§6.4 (2017): 1020-1028.

2.1 Abstract

Characterizing aquatic toxicity of oil is neededstgpport hazard assessment
and inform spill response. Natural processes atigation strategies involving
dispersant use can result in exposures to botbldexs and droplet oil that are not
typically differentiated when characterizing oilp@sures in toxicity tests. Thus, the
impact of droplets on aquatic toxicity is largelycharacterized. To improve
understanding the role of droplets, acute toxitsts withDaphnia magnand
Americamysi®ahiawere performed with Endicott crude oil in low egnyemixing
systems with and without Corexit 9500 dispersarpdsures were also prepared by
placing crude oil in silicone tubing and passivebging test media to provide
dissolved oil exposures without droplets. A framewis described for characterizing
dissolved phase exposures using both mechanistielimg and passive sampling
measurements. The approach is then illustrateghplycation to data from the present
study. Expressing toxicity in terms of toxic un{idJs) calculated from modeled

dissolved oil concentrations or passive samplingsueements showed similar dose
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responses between exposure systems and organespgedhe gradient in droplet oil.
These results indicate that droplets do not appb&cicontribute to toxicity for the

two species investigated and further supports lkleeealuation of dispersed oil on the

basis of dissolved exposure metrics.
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2.2 Introduction

Reliable effects data are the foundation for haaadlrisk assessments. Crude
oil and refined petroleum substances are completungs of hydrocarbons and other
trace constituents with physicochemical propedigsnning a wide range in solubility,
volatility, degradability, and toxicity. The aafic hazard of these complex
substances are evaluated using a variety of dgsogedures, which complicate
interpretation and comparison of toxicity test d&255]. Dosing procedures include
leaching from oiled gravel [56-58], slow stir watercommodated fractions (WAF)
[59, 60], spiked WAF exposures with continuous tilla [55, 61], mechanically
dispersed oil [62, 63], chemically dispersed 08,[54], and passive dosing techniques
[52]. These different dosing methods can resuiainable dissolved and particulate
oil exposures that differ not only in terms of tatancentrations but also in the
composition of the constituent hydrocarbons indissolved and droplet phases that
reflect the composition and behavior of the tesssance in the test system
investigated.

It is generally assumed that dissolved phase hwydbons are the primary
determinant of toxicity in exposures to crude oilgpetroleum substances [64, 65].
This applies in particular when limited droplet isilpresent in the exposure system
[66]. Previous work has also shown that the olesgtexicity is highly dependent on
composition of the dissolved oil exposure [1, 6Apwever, traditional exposure
metrics used for in aquatic toxicity studies sushaal petroleum hydrocarbons
(TPH) or total polycyclic aromatic hydrocarbons AHP ignore differences in
dissolved and droplet phase concentration and ceitiquo. Therefore, it is important

to develop improved methods to characterize digsbbxposures that can be
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compared to observed effects across differentasind) systems to discriminate if
dissolved exposures dictate oil toxicity.

One practical exposure metric for expressing tResity of hydrocarbon
mixtures involves normalization of the dissolvegesure concentrations of the
hydrocarbon constituents to their correspondingatf€oncentrations, e.g LC50, [23,
68, 69] and then summing across constituents. ddiaulation is often referred to as
a toxic unit (TU) approach to hazard assessmeijt [67

Passive samplers have become a common analytaddbtoneasure freely
dissolved concentrations of organic chemicals @ahatioavailable [5, 22, 70, 71].
These methods have been applied to measure pdlyeyomatic hydrocarbons
(PAH) in water [72], soils [73], and sediments [7REcent applications include
studies on the fate of PAHs during oil spills ie fireld [75] and in the laboratory [53,
76]. However, environmental exposure to petrolesuimstances can include many
constituents from other classes (e.g., monoaropiatear, branched and cyclic
aliphatic hydrocarbons) that can contribute to¢iyi Hydrocarbons partition to the
passive sampler media in proportion to hydrophopi&, 22, 70, 71], much like the
partitioning to biological tissues [20, 77, 78]hérefore, passive sampler
measurements of total dissolved hydrocarbons hege proposed as a promising
surrogate for internal tissue concentrations thatasociated with adverse effects and
thus toxicity of dispersed oils [5].

The objectives of this study were to 1). developtatoxicity data for a
freshwater and marine invertebrate using crudeithl different dosing methods that
provide varying droplet oil concentrations; 2) dése two methods for improved

exposure characterization of dissolved phase pbsures: modeled TUs and passive
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sampler measurements; 3) illustrate the advani@igesing these alternative exposure
metrics for characterizing the role of dropletail observed toxicity. To accomplish
the first objective a novel, droplet-free dosingteyn was developed for comparison
to conventional dosing methods with and withoutrcival dispersant. To address the
second objective, data were collected for validatbthe oil-water solubility model
that is the basis of the TU predictions [33]. Oupdthesis was that dissolved phase
constituents are mainly responsible for observetity, and that droplets would only
indirectly contribute through potential replenishihef dissolved phase hydrocarbons.
In support of the third study objective, this hypegis was tested by comparing
observed toxicity results to both conventional alidrnative exposure metrics

provided in the present study.

2.3 Methods
Organism Cultures

Cultures of the freshwater macroinvertebr&aphnia magnddaphnids) were
obtained from Aquatic Research Organisms, Hamiéh,Cultures of the saltwater
macroinvertebratédmericamysis bahiémysids) were obtained from Aquatic
Biosystems (Ft. Collins, CO). ThB. magnaculture contained 8 daphnids in 1 L
glass bottles filled with reconstituted hard watéth no headspace. The culture
chambers were maintained at 20 = 2°C under a 16lght: 8 hour dark photoperiod
with an intensity of 550 lux, using fluorescent [asn New cultures were started at
least every five days. Neonates used for toxi@sgihg were less than 24 hours old
and were not first brood progeny. Cultureoimagnawere fed every other day with

Pseudokirchneriella subcapitata lib and supplemented with 25 pL/L of Vita-chem
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(Boyd Enterprises, Inc., Coconut Creek, FL, USA)eDrganisms were transferred to
fresh culture water and fed every other day.

Three day old mysids were received and acclimatedsaltwater aquaria
containing artificial seawater at 202 ppt saliratyd at approximately 25°C. Mysids
were held inside a customized, circular 3L polyptepe flow-through tank inside a
132-liter aquarium with constant mechanical filwatfor 2 days until they were
randomly selected for testing. Mysids were fediplah gradeArtemia naupliiad lib
(Argent Food, Madison, WI, USA). The culture chamwas maintained at 25 + 1°C
under a 16 hour light: 8 hour dark photoperiod vaithintensity of approximately 350
lux, using fluorescent lamps.

Test Substance

Endicott crude oil (API gravity 28) was obtainedrfr SL Ross Environmental
Ltd. (Ottawa ON, Canada) and used as a test sudesta®omprehensive
compositional analysis has been developed usinglimensional gas
chromatrography (GCxGC-FID) [1, 66]. The GCxGC-Fbalysis provides
guantitative concentration data for a substanceb®@basis of carbon number and
chemical class (e.g., alipahtics, alkyl and paferib 3+ aromatic rings, naphthenic-
aromatic species, etc). Additional characterizatlata that are available on this oil
include: 45 specific polyaromatic hydrocarbons (RXHC5-C9 VOC constituents
(e.g., PIONA:n-Paraffin,iso-Paraffin, Olefins, Naphthenic, Aromatic), and sated
hydrocarbons (e.g., SH@G-Paraffins C9-C30). These data were used as topghe
spreadsheet WAF solubility model [1] and to thepiebspeciation model [12] to
predict oil component speciation between dissobvad droplet phases in toxicity test

exposures (See Modeling Analysis below). The comuoibspill response dispersant

39



Corexit 9500 was obtained from Mar Inc. and usetthépreparation of chemically
dispersed oil treatments.
Preparation of Water Accommodated Fractions (WAFs)

Water Accommodated Fractions (WAFs) were prepase®f magna and A.
bahiatoxicity tests. Freshwater WAFs for. magnatests were prepared with hard
reconstituted water at 20 with fresh crude oil. Saltwater WAFs were prepdia A.
bahia at25°C with Instant Ocean artificial sea salts at 20 ppieiconstituted water for
all three test oils. The WAFs were prepared in I5pirator bottles using Teflon
stoppers to seal the containers with approxim&é% headspace. Mixing was
accomplished with Teflon®-coated stir bars withoatex 20% of the static liquid
depth for 24 h. Oil loading ranged from 4 to 650/mg

Chemically enhanced (CEWAF) and physically dispg($DWAF)
treatments were prepared by adding the appro@mataunt of oil and mixing with
20% vortex. During th®. magnatests CEWAFs were generated using a dispersant to
oil ratio (DOR) of 1:10, whereas during tAebahiatests CEWAFs were generated
with a DOR if 1:20 based on greater dispersivitgattwater. After adding the oil and
initiating mixing, Corexit 9500 was immediately addwith a syringe. Following the
equilibration period, CEWAFs and PDWAFs were allovte settle, 5 and 2 h
respectively.

The passive dosing (PsvWAF) system was preparaajésting oil into a
length of silicone tubing purchased from A-M Syssedmc. (Carlsborg, WA, USA),
with a wall thickness and inside diameter of 0.0698, and 1.5 mm respectively. The
oil loaded tubing was then manually tied off an@etted to a Teflon®-coated stir bar

(see video file in Gpplementary Informatiofor illustration of this process). Mixing
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for the PsvVWAF was accomplished by vigorous sty ~600 rpm for 24 hours.
Higher stirring rates facilitate mass transfer ydifocarbons from the oil-filled tubing
to the water phase. Equilibrium was verified bynparing measured dissolved
concentrations to predicted steady-state dissaleedentrations (See Analysis of
Dissolved PAH below).

The principle of the PsvWAF dosing approach is thatrocarbons in the oil-
filled tubing will equilibrate with the silicone baer then with the water phase.
Different tubing lengths were used to provide agmaf oil volumes (0.16-2.5 mL, for
approximately 10-30 cm lengths) for achieving dif& equivalent loadings that
matched PDWAF and CEWAF preparations. The PsvWAIMdL require any settling
time and was drawn through the port on the bottbthe@mixing vessel at the end of
the 24 h mixing period.

Daphnia magnaloxicity Tests

Daphnid neonates (<24 h old) were used in testsateee conducted in sealed
chambers with no headspace [79]. During the abagghnia magndoxicity tests four
replicates per test substance concentration andteot were tested. Each replicate
contained five daphnids for a total of 20 organigestreatment level. Replicate
chambers were 130 mL glass bottles with no headspad closed with PTFE-lined
screwtop caps. The light regime was 16 hours lightours dark with an intensity that
ranged from approximately 137 to 204 lux, usingfescent lamps. Water quality
(temperature, pH, and dissolved oxygen) measureswesre recorded per treatment at
the start of the test and in a composite of théaaes at termination. The average
daily temperature for all tests ranged from 19.85Q20.7°C. The dissolved oxygen

(DO) concentrations across the exposures wereahyicetween 8.5 and 10.5 mg/L.
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The pH varied between 7.3 and 8.3 over the duratidghe test. Observations for
immobilization and abnormal behavior or appearameee performed at 2, 6, 24 and
48 h £ 1 h after the beginning of the test.
Americamysis bahidoxicity Tests

Five, one-day old, mysids were randomly selectedi§e in toxicity tests
[80]. Four replicates, each containing five mysids,a total of 20 organisms were
tested for each treatment including the controplRate chambers were 500 mL glass
bottles with no headspace and closed with PTFE}goeew top caps. The light
regime was 16 hours light: 8 hours dark with arrage intensity of 348 lux, using
fluorescent lamps. Water quality measurements wemr@rded as previously
described. In general, the water quality param€@2@ pH) were within guideline
recommendations and similar to what were obsenveélda daphnia tests. The average
daily temperature range for all tests was 25°CatC2 Observations for
immobilization and abnormal behavior or appearamer performed at 2, 17, 24 and
48 h £ 1 h after the beginning of the test.

Analytical characterization of WAFs

Water samples were collected from the respectivedFWeatment systems for
analytical characterization at the initiation otledest. Up to 1 L volumes were
collected for extended suite of 45 PAHs and totfgdeum hydrocarbons/saturated
hydrocarbons (TPH/SHC). Additional 40 mL aliquotsre collected with no
headspace in volatile organic analysis (VOA) vialsanalysis of volatile organics
(e.g., PIONA:n-paraffins,iso-parafins, naphthenics, aromatics) . Samples were
refrigerated pending shipment to Newfield's Envirental Forensics / Alpha

Analytical (Mansfield, MA). Samples for PAH analysvere extracted with
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dichloromethane and quantified by GC-MS using aiffextiversion of U.S. EPA
method 8270D. Volatile hydrocarbons (PIONA) wenalszed by purge and trap
GC-MS. Samples for TPH/SHC were extracted with ldidmethane followed by
guantitation by GC-FID against a series of n-alkstamdards. Samples were stored at
4° C for up to 3 weeks prior to analysis, These mesmsants were considered to
represent the total amount of a given constitueeggnt in the aqueous test media
(e.g., droplets + dissolved) due to the exhaustkteaction procedure.
Analysis of Dissolved PAHs

A subset of dissolved PAHs were also measured ubiegt immersion solid
phase microextraction (SPME) by ExxonMobil Biomedii§ciences, Inc. (Annandale,
NJ) where the aquatic toxicity tests were perfornrV#dF samples were collected in
ca 20 mL amber, silanized vials and capped withoh&-lined septa. SPME fibers
coated with 30 um polydimethylsiloxane (0.132 uLNPE) were equilibrated with 20
mL WAF samples for 100 min at 3D with orbital agitation at 250 rpm on a CTC
Analytics Combi PAL autosampler prior to injectiand thermal desorption. The
equilibrated SPME fibers were injected directly anekmally desorbed in an Agilent
lon Trap 240 GC-MS. The dissolved PAH analyteitistuded: naphthalene,
acenaphthylene, acenaphthene, fluorine, methyhmrphenanthrene, anthracene,
fluoranthene, pyrene, methylpyrene, benzo(a)anémacchrysene,
benzo[b&k]fluoranthene, benzo(a)pyrene, indenoBc@)pyrene,
dibenzo(a,h)anthracene, and benzo(ghi)perylenemigtbod was calibrated by
spiking a range volumes of PAH standard solutidiiated in acetone, directly into 20
mL control test water (moderately hard reconstdutesh water or artificial seawater)

in amber, silanized vials sealed with Teflon-lirsmgbtum caps. Each standard, in
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addition to each sample, was also spiked with a RAétnal standard solution diluted
in acetone containing deuterated PAHs (naphthalgmeenaphthenerd
phenanthrene1d chrysene-g, perylene-a). The internal standard concentration was
3 ng/mL. PAH calibration standards ranged from apjpnately 0.025 to 40 ng/mL,
though the working range of the PAH calibrationvas were generally limited by the
corresponding aqueous solubility limit. The metlpoactical quantitation limit
corresponded to that of the lowest analyzed stainddue calibration standards and
test water samples were extracted and analyzed tisndentical direct immersion
SPME followed by quantification using GC-MS .

It was observed for most of the CEWAF samples, tatesponse of the high
Kow deuterated internal standards was significantlg tean that in the corresponding
deuterated standards in water samples with lowlerad in other exposure systems.
It appears that the oil droplets effectively conegetvith the PDMS fiber coating
resulting in poor recoveries of the internal stadddhereby resulting in a positive
bias in quantification. Therefore, reported disedlchrysene (CHR) concentrations in
CEWAF samples were instead calculated based omeaktsandard calibration,
mitigating the impact of diminished internal stardieecovery due to oil droplets.
More water soluble, lowdfow PAHS were not impacted, nor were samples from the

other treatments where droplets were at lower quragons.

Analysis of Total Bioavailable Hydrocarbons
Biomimetic extractions (BE) were also performedluplicate on fresh and old
(24 h solutions prior to renewal) WAF preparatiossig a 30 pm PDMS-coated
SPME fiber to provide an alternative, integratedr@gate measurement of tissue

accumulation from all dissolved phase i.e. bioadd, hydrocarbons in the WAF test
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systems [5]. This method involved equilibrating 8f@ME fibers with WAF samples
as described for the dissolved PAH analysis exitegitno internal standards were
added and quantification was by GC-FID. Accumulatm the fiber is due to
equilibration of dissolved phase hydrocarbons. {bt& area under the
chromatographic plot was integrated and the respaas normalized to an on-fiber
amount (in mmoles) based on the response of liguident-based microliter
injections of 2,3-dimethylnaphthalene directly itihe GC-FID. The BE results are
then normalized to the volume of PDMS coating (mMm&DMS). The practical
guantitation limit was approximately 0.5 mmol/L P3Mased on the concentration of
the lowest 2,3-dimethylnaphthalene standard andlgnel the volume of PDMS.
Modeling Analysis

The modeling framework used to validate the soiylihodel and calibrate
the PETROTOX model for calculating total TUs islméd in Table 1. This also
represents a general framework for characteriiisgekposure (particulate and
dissolved constituents) and for developing altermaétrics for hazard assessment
based on dissolved phase exposures. The analgétalinputs to the various model
applications are combined into a series of evadnadieps. The first step was to collect
measurements of individual constituents (e.,g., BAHOCs, SHCs) in the oil and
exposure media. The speciated hydrocarbon dataddest substance are used as
input to the solubility model [1] to predict disget concentrations for individual
constituents. These model concentrations weredbepared to total measurements
of these compounds (reflecting dissolved plus drophases) to calculate the
concentration of particulate, oil in each oil loagltreatment and test system. The

solubility model is then extended to predict tm@hcentrations as a function of
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dissolved, and particulate oil concentrations fitbm subset of speciated hydrocarbons
that have been quantified, see Supplementary Irdtbom and Redman et al [12].

The second step is to compare the model predigssdlded concentrations of
selected individual hydrocarbon constituents telfrelissolved concentrations
derived using passive sampling This step prowadiglation of the solubility model,
which is a critical component of TU calculationsstep 3. Measurements of highly
soluble constituents (I&pw <4) are typically not affected by particulate atil
relatively low concentrations and thus total meadwoncentrations of SVOCs were
also used in this comparison. Calculation of Tdghos subset of analytical data
likewise represent a fraction of the total TUs igien exposure. This is discussed in
more detail in Results and in Supplementary Infdroma

Step 3 involves calculating total TUs based onrapme@hensive chemical
characterization of the test substance. In thidystGCxGC-FID compositional data
at the various experimental test substance loaduggs used as input to the
PETROTOX model [3]. This model uses the hydrocarblock approach to
apportion the test oil into pseudo-components [@cks) of similar properties. In
PETROTOX the blocks generally match the GCxGC-Fbrfat: mass distribution of
components as a function of carbon number and dalass (branched, linear, and
cyclic aliphatics, 1- to 3+ ring parent and alkglaratics from C5-C30+). In
PETROTOX, the physicochemical properties of thdeelds are modeled using
representative compounds, which have been masdyedipased on the GCxGC
analysis that characterizes the test oil compasitlPETROTOX modeling was
performed using an input headspace of 25%, consiatieéh WAF preparation

chambers used in this study. Default critical éatgpid body burden (CTLBB) inputs
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for D. magnaandA. bahiawere assumed as well as an upper bound biocoatientr
threshold corresponding to a I&gw of 5.5. This upper bound is an empirically
determined model input that limits the predictenlvailability of high logkow
constituents, consistent with the lack of obsem@ate toxicity [3, 20].

Modeled TUs, derived using the hydrocarbon blogkrapach, were then used
to analyze observed mortality responses. Theser@pissent the total predicted
bioavailable hydrocarbons in a given exposure siheg are based on comprehensize
GCxGC characterization of the crude oll investigat&Us derived from PETROTOX
are not directly comparable to TUs derived fromneated dissolved concentrations of
the subset of individual speciated hydrocarbonsrae=d in Step 2, which do not
represent the entire mass of the test substanegy BF the blocks simulated in the
PETROTOX modeling are part of the unresolved magsguconventional GC-MS
techniques but nevertheless can contribute to gextliTUs and expected toxicity.

A complementary analytical method (see discussfdE method above) was
applied in Step 4. BE measurements are considareahalytical surrogate for TUs
calculated in Step 3 since this measurement refjemttitioning of total dissolved
hydrocarbons to PDMS which serves as a proxy getdipid, which is the basis for
the acute toxicity model included in PETROTOX.

Application of this framework provides an undersliag of the hydrocarbon
speciation in test exposures, and al affords atera exposure metrics of both
modeled (e.g. TUs) and measured (e.g. BE) dissgitriade oil exposures that
captures unresolved oil constituents. To illustieghplication, toxicity results from the
different dosing systems (CEWAF, PDWAF, PsvWAF) eveompared to

conventional (Loading, TPH, TPAH) and the altevag&xposure metrics (e.g., TU,
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BE). Deviations in the toxicity results betweer thfferent dosing systems when
expressed in terms of the dissolved phase exposeirécs were then used to infer the

role of droplet oil on toxicity.

24 Results And Discussion
Characterization of droplet oil

The first step of this study was to develop an sype system that would
preclude oil droplets that could then be compaoeuaditional WAF test methods that
produce a range of droplet concentrations. Drapiet distribution in salt water
preparations using the different dosing systemsahiasacterized by using laser
particle counting (see Sl for methods). Resultsined at the highest loadings
indicated high counts of small droplet sizes (1400) for the CEWAF, larger droplet
sizes for the PDWAF (10-50 pum), and trace countsdll droplets (1-10 pm) in the
PsvWAF system (Figure S1). Unfortunately, greegsplution of the droplet size
classes could not be obtained with this methodes&hresults confirm that the
expected CEWAF treatment increased droplet conagonis and reduced the size
distributions as expected following dispersant egapion [13, 81].

A comparison of the measured water total conceatrsi(droplet and
dissolved phase) to the predicted dissolved coratmis was performed to estimate
the hydrocarbon speciation (particulate and diggbpphase). Details of the estimation
method are provided in the Sl and results are showingure S2a (for the freshwater
exposure) and S2b (for the salt water exposurepplet oil is indicated by the
apparent enrichment of the less water soluble 833 AH and aliphatic constituents
based on measured total concentrations relatitleetpredicted dissolved

concentrations, e.g., data points fall below thelehdine.
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Droplet concentrations were determined by subtigatieasured total
concentrations from dissolved predictions obtaingidg the solubility model (Step 1,
Table 1). Results show higher amounts of droptetse CEWAF but trace to none in
PDWAF and PsvWAF (Figure 1). This indicates a gradof droplet across the
loading regimes investigated. Estimated dropleceatrations in the CEWAF
exposures ranged from 100 pg/L at low loadingseiar 8000 pg/L at the highest
loading. Droplet concentrations in the PDWAFs ehffom <50 to 100 pg/L, which
was about a factor of two higher than the estimdteglet concentrations in the
PsvWAF exposures of <10 to 100 pg/L .

Trace amounts of droplet oil (<100 pg/L) in the B&M were attributed to
measured concentrations of a few >C10 alkanesiftAF, which was surprising
given the silicone tubing barrier. However, concatbns were at or below
guantifiable detection limits so droplet estimades uncertain. If trace oil droplets
were indeed present in the PsVWAF as also suggbsgtider particle counter data
presented earlier, leaking from the tied ends eftttbing could be a possible source.
However, our results confirm the utility of the pa® dosing method for generating
oil exposures that minimize the droplet phase nidiads, Figure 1).

As previously discussed, dispersant use had amobvinpact on the amount
of entrained oil. However, less than 5 mg/L oframed oil was estimated at loadings
of >100 mg/L. This is due to the relatively lowxamg energy applied to this
exposure system. These droplet concentrationsoagstent with levels achieved
shortly after dispersant application in open odeats [37], where total oll

concentrations would drop below 1 ppm within pesiofi <1 day. Droplet

49



concentrations are also lower in the freshwateguif@ 1 A vs B), consistent with the
reduced efficacy of dispersants at lower ionicrsiti [82].
Dissolved phase concentrations

The Raoult’'s Law-based mass balance model is uséédcribe the
dissolution behavior using the mole fraction obastituent in the oil phase (e.g.,
composition) and the sub-cooled liquid solubiligyphysicochemical property). See
McGrath et al. [83] an&upplemental Informatiofor derivation. To validate this
solubility model across the experimental dosingesys and oil loadings,
measurements of dissolved phase constituents werpared to predicted dissolved
concentrations (Step 2, Table 1). Several 4+ PAgls were not measureable with
this method (detection limit near 25 ng/L) consistwith low predicted dissolved
concentrations (<25 ng/L). Measured data are giv&upplementary Information
spreadsheet.

Selected 1- to 4-ring aromatic constituents withrgifiable dissolved phase
concentrations are shown in Figure 2. To assesglnpedformance, replicate
analytical measurements are plotted along with hgkglictions denoted as lines
over the range of loadings used in this study. Mibeel correctly predicts the
loading-dependent behavior as well as the onssblability limits for sparingly
soluble constituents (e.g., the flat trends in mted freely dissolved concentrations).

The constituents shown in the upper two rows okjsim Figure 2 include
lighter, more soluble constituents (e.g., BTEX, @phthenic, 2-ring aromatics),
which all exhibit near-linear behavior at low loags meaning a solubility limit has

not yet been achieved. At higher loadings soméede constituents, as well as some
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of the 2- and 3-ring constituents in the third dogcome flat at higher loadings when
the respective solubility limits of these constiiteeare reached.

The 4+ ring aromatics on the lowest row show a galyeflat response over
the range of loadings reflecting the lower soldpilimits of these more hydrophobic
constituents. The dashed line on the figures sgorits the detection limit and many of
the measurements and model predictions are aelowkhis level, and more
variability in the analytical data is expected.

Model performance was acceptable, with mean ro@imnsguare error
(RMSE) of the log residuals (log predicted — log@lved dissolved concentration) of
0.29 (range 0.1 to 0.5) for this subset of constita. This is also observed across all
of the different exposure systems where the diffesgmbols overlap and show the
same trends and magnitudes (Figure S3). For cosgpatypical environmental fate
and effects models (e.g., SPARC, EPIWIN, QSARsainggal) used to estimate
partitioning (e.g., loow [84], logKoc [85] or toxicity [40, 86] have RMSE of log
residuals typically in the range of 0.3-0.5.

Salting out of hydrocarbons can result in lowerasrirations in seawater
relative to freshwater. The solubility model ire thresent study was applied without
correction for salinity. There is a small biaghe model, evident by a slightly greater
RMSE for the seawater data (0.31) than the freswektta (0.22) mainly for the 2-
ring aromatics, consistent with the minor salting effect.

Acute toxicity

To characterize differences in the dissolved gilasures, analytical methods

and modeling were applied (Steps 3 and 4, Tabéand)compared to empirical

toxicity data. Figure 3 presents mortality asrction of dissolved phase TUs
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calculated using PETROTOX or total bioavailable ftogdirbon based on passive
sampling measurements (i.e. BE). For comparisamtatity is shown plotted as a
function of other commonly used oil toxicity exposunetrics in Figure S4 (i.e.
nominal loading, TPH, TPAH).

Table S1 reports the median lethal effect level @hative standard deviation
(RSD) for the different exposure metrics: TU, BBading, TPAH, TPH. The RSD
for TU and BE are 0.12 to 0.20, and RSD for TPARHTare 0.25 to 0.52, while the
RSD for loading is 0.65 to 0.93 across the diffedasing systems and test organisms.
Use of TU and BE provide the least degree of vditplbetween dosing systems and
test species. Dissolved phase TUs derived usifiqRPH OX provide an exposure
metric that is comparable to the BE measuremerttsainboth provide a holistic
characterization of the unresolved oil compositbthe dissolved components in the
WAF. The success of the TU approach (Fig 3 A-B)viglenced by reasonably
consistent toxicity predictions that are achievsthg only the chemistry of the oil and
the oil loading.

A useful insight that can be obtained from the nliedeanalysis outlined in
Table 1 is the contribution of unresolved hydrocarbomponents to total TUs in the
various WAF exposures. This can be inferred bgudating the total TUs that are
attributed to the dissolved concentrations of sgged hydrocarbons resolved using
GC-MS in Step 2 to the total TUs using GCxGC-FICstep 3. Since the
conventional analytes are only a subset of massctaized by GCxGC, the TUs
based on conventional analytical are systematiéayer than TUs based on GCxGC
(Figure S5). Results indicate that the resolvedttgarbons comprise between 10-

25% of the total TUs (Figure S6). At low loadingd0 mg/L) the two approaches
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can be different by almost 10-fold. However, ghar loadings (>10 mg/L) the two
predictions are closer to 4-fold different. Thedue to the more comprehensive
characterization of mass by GCxGC. However, thligtionship is considered specific
to the fresh Endicott crude oil so caution showddibed in extrapolating these results
to test substances with different composition. Tighlights the limitation of
extrapolating an exposure metric that is based loniged number of speciated
hydrocarbons between different test oils sincectiraposition of the unresolved
components and their contribution to TUs will witary depending on the substance.

The TU-based dose-responses are very steep anditttedifference
between exposure systems (Fig 3A-B). By definitioen LC50 occurs at TU=1 so
partial toxicity (e.g., 20-80% effects) should ocouthis range, where model
uncertainty is typically on the order of 2-3-folR0], 67, 83]. The exposures[of
magnato fresh oil (Fig. 3A) shows that partial effeotscur near TU 1.5, which is
consistent with the expected model performancee ddse-responses of the different
exposure systems overlap and do not show obvigstematic diffences across
exposure systems (e.g., droplet content), in cethtoaconventional exposure metrics
(Figure S4). The TU-based dose-response for tredm@xposures to fresh oil show
partial to complete mortality at TUs of 2 to 4 (RBB) indicating that predicted
toxicity is overestimated by about a factor of éhr€his suggests that the CTLBB
assumed as input for defining the acute sensitfeityhe population of mysids tested
in this study may have been too low although kmknitations of hydrocarbon
uptake by test organisms may also help explaindiservation.

Figure 3 (C-D) shows mortality plotted against BEasurements fdb.

magna andA. bahia The BE-mortality responses are steep and exfiainegion of
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partial effects (20 to 80% mortality) to within actor of two across the different
exposure systems. The critical fiber concentrati@ng., BE measurement at 50%
effects, i.eLC50nper) for D. magnaaveraged 19 mM while the mean LG&Ofor
mysids was 5 mM (Table S1) . Prior work relating ® 48 h mysid mortality
indicated LC5@er closer to 20 mM [5]. However, the prior work wzesed on
different passive sampling protocol involving thecKibers (100 um vs 30 um), and
longer equilibration times (24 h vs 100 min) for B&alysis, which may account for
the different mysid toxicity values reported instistudy.

The modeled TUs are based on mechanistic solulifitiytoxicity model
incorporated in PETROTOX [3] that assumes a ststalg between all the
constituents in the exposure system and the tgah@ms. The BE measurements
provide an empirical measurement of dissolved fiioavailable) hydrocarbons that
equilibrate with the passive sampler (i.e. PDMSteddiber) and represents a
compromise between equilibration with the highetenolar weight constituents and
potential losses of the more volatile constituehisng fiber analysis.

Summary

Application of dissolved phase TUs and the BE asialgf total bioavailable
hydrocarbons using passive sampling explained ltsereed mortality to within a
factor of two across the different exposure systantstest organisms investigated.
These two methods, therefore, provide complememtgppsure metrics for evaluating
and predicting the toxicity of passively, physigadind chemically dispersed crude oil.
In contrast, other metrics commonly used to desdtile aquatic hazard of petroleum
substances e.g., Loading, TPAH and TPH (Figurec8a)iffer by 10-fold even when

evaluating the toxicity of the same oll, reflectitng complexity and varying
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bioavailability of oil exposures across differegstt systems. This analysis indicates
that the alternative oil exposure metrics propadadtis study provide a more
consistent basis for hazard assessment of petradebstances consistent with
conclusions from previous work [1].

Previous studies have investigated the role ofldtapl via side-by-side tests
with and without filtration, or other separationasegies [87-90]. This study has used
a different experimental design by varying thedaising method so that different
droplet exposures could be generated while takitgaccount the changes in
dissolved phase exposures that simulataneously atclifferent oil loadings. Our
results support the findings of a number of eadtadies indicating dissolved phase
hydrocarbons dictate observed toxicity and dropietas no or only a minor
contribution to toxicity [64, 65, 91].

While some studies have concluded droplet oil pagexicity concern [89,
90]. These studies, which evaluated the role oplét oil on fish embryos, propose
attachment of droplets to the chorion is a likelyamanism of toxicity. While this
explanation is plausible, the dissolved phase axgssn these studies were not
characterized so the role of droplet oil remairgestt to debate, which may be
informed using the dissolved exposure metrics dasdrin this study.

The framework presented in this study provides ahaeistic modeling
approach to characterize the speciation of hydbmees in oil toxicity test exposures,
as well as providing a method for relating detadddcomposition to solubility and
toxicity (e.g., TUs). In addition, a procedure @taining passive sampling
measurements of bioavailable dissolved hydrocarfegs, BE) is described that

provides a simpler analytical surrogate for the ated TUs. This framework was
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illustrated using oil toxicity tests with freshwatend marine invertebrates using both
conventional and passive oil dosing methods. Ths@ach needs to be extended to
additional species, especially early fish lifessggmnd a wider range of oil types. The
current work has been focused on constant, shontégposures under standard
conditions. However, oil spill exposures are hygiynamic. Thus, to be relevant to
field situations, the modeling and passive sampinads described in this study need
to be further extended to better characterize atatpret time-variable dissolved oll

exposures.
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Figure 2.1 Droplet concentration plotted againeasured initial fresh crude oll

loading for chemically dispersed, (), physically dispersed (~), and
passively dosedr(0) exposure systems in freshwater (A, filled) and
seawater (B, open). Droplet concentrations wererdehed by the
difference between total measured concentratiodsrardeled dissolved
concentrations, see text for details. Data sligbtfget for visual clarity
in x-axis.
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Figure 2.2 Measured, and predicted (solid line}dlived concentrations of
individual constituents shown over range of loadingseawater (open)
and freshwater (closed) for chemically dispersed)( physically

dispersed¥,~), and passively dosed,() exposure systems. Dashed line
represents detection limit (0.025 pg/L). Solicelrepresents predicted
solubility determined with Raoult’s Law-based soliiypmodel. Note
changing scales. meCHx methylcyclohexane, Bz benZBDL toluene,
EtBz ethylbenzene, XYL xylenes, C3Bz trimethylbamzge NAP
naphthalene, ACY acenaphthylene, ACE acenaphtlidnéfluorene,
meFLU methylfluorene, PHE phenanthrene, FLA fluthane, PYR
pyrene, mePYR methylpyrene, CHR chrysene.
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Observed 48-h effects plotted agairist(panel A-B) and BE
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measurements (C-D), for both daphnid (filled symsbahd mysid (open
symbols) exposures to fresh Endicott oil: chemycdispersed«, o),

physically dispersed (~), and passively dosed,{) exposure systems.
Bars indicate 1 standard deviation of replicaterB&asurements.
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TABLES

|Tab|e 2.1 Summary of analytical requirements tarabterize dissolved phase
exposures
Analytical
Step requirements Application Data use Output Citation
Measurements are [1, 12, 66]
input to solubility
model for Plot modeled
Measure predicting dissolved dissolved and
individual and particulate total vs measured
constituents concentrations. total (Figure S2).
in test
Speciated PAH, substance and High droplet Plot of droplet
VOCs including oil dosed content (>10 mg/L) concentrations vs
BTEX, Saturated water may buffer treatment loading
1 hydrocarbons samples. exposures [66]. (Figure 1).
Comparison of data This work.
to predicted
dissolved
concentrations
Measure (Step 1) for
dissolved solubilty model Plot of predicted
PAHs, and validation and use vs measured
Dissolved PAH, total in toxicity dissolved for each
Total speciated speciated assessment (Step treatment loading
2 VOCs VOCs. 3). (Figures 2; S2).
Plot of observed [3, 28]
effects vs
predicted total
TUs (Figure 3).
Quantitative These data, along May also
measurement with the test compare total TU
s of mass substance loading, (Step 3) to TU
distribution by | are used to predict calculated for
C# and dissolved TU for limited subset of
chemical each loading using individual
class. See the hydrocarbon constituents (Step
3 GCxGC-FID Methods. block approach. 2).

This provides [5, 28]; This
measurements of work.
total bioavailable

Perform BE hydrocarbons
measurement which are, in Plot of observed
s on water principle, effects vs BE
samples from surrogates of measurements as
Biomimetic oil test modeled TUs (Step a surrogate for
4 Extraction (BE) exposures 3). TUs (Figure 3).
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Chapter 3

EVALUATION OF TOXICOKINETICS OF HYDROCARBON EXPOSURES
TO AQUATICLIFE

3.1 Abstract

Hazard assessment of petroleum substances in ¥ireranent is challenging
due to the variable physicochemical propertiedhefihdividual hydrocarbon
constituents. Further, environmental exposureg wespace and time and are not
always directly comparable to standardized toxiddya developed using constant
exposure conditions. Therefore, a first orderdokinetic model was used to estimate
the dominant elimination rate constants for a ravfgest species and hydrocarbons.
And focused experimental work was performed to ustded the role of temperature
and organism size on the observed toxicokinefidse results indicated that weight
and temperature had low impact on the observeda&itietics. Further, dependence
on logKow of the test chemical was observed to be low. &hesults reflect the
inherently variable nature of ecotoxicity data, aré likely limited by the lack of
comprehensive datasets across chemicals, testismggrand temperature conditions.
Therefore, the model to generalize the toxicokmptirameters was focused on the
largest datasets on rainbow trout and fathead minmdnich resulted in logow being
the sole significant descriptor. This parametéiarawas compared to the
toxicokinetic parameters used in existing oil spithdels to support a refined hazard

assessments approach.
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3.2 Introduction

Exposures to chemicals in the environment are dfeersient in space and
time, which include exposures through nonpoint seuun off, permitted outfalls, and
accidental releases [92]. In contrast, hazard atsd to characterize the thresholds of
toxicity are often based on laboratory methodsgisonstant exposures to promote
replication and to minimize potential confoundirayiables [93]. While constant-
exposure hazard data have dramatically improvedinderstanding of chemical fate
and toxicity they are not always representativexgfosures in the environment.

Dynamic water quality modeling is one strategy useevaluate dynamic
exposure concentrations [94]. These are appliethidaoacterize the movement of
chemicals from one phase to another, e.g. volatibn, as well as to model the
bioaccumulation and toxicity of chemicals in aqadife. This is true of oil spill
trajectory models as well [68, 69, 95].

Existing oil spill models use a combination of kinetics and hydrocarbon
blocks to estimate the hazards of complex oil sautrss [69, 95]. The hydrocarbon
blocks, or pseudo-constituents, is a convenienhatketor handling the complexity of
petroleum substances. They represent a discretg gif chemicals with similar
properties to predict the fate of oil and the eowiment. The toxicokinetic models are
used within the larger fate modeling to predictdyaamic uptake, elimination, and
hazards of the hydrocarbon blocks.

Toxicity often occurs once the bioaccumulation mfieonmental contaminants
exceed a threshold within the organism [18, 96t.rfempolar organic chemicals
bioconcentration factors (BCF) are often modelethagatio of the rate of chemical
uptake (), ki, to the rate of eliminationKd™?) [97]. Generally, since uptake is fast,

the elimination rate controls the bioaccumulatibcleemicals [77, 98, 99].
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BCF =k / k2 1)

Toxicokinetic modeling uses a similar approach twel the uptake, and
accrual of chemicals and damage relative to thevery and elimination processes
within an organism [6, 100, 101]. In this context bverall elimination rate pkis
considered to be a multipurpose parameter whicHigitip includes excretion,
metabolism, and damage repair [6]. It is also grdied that the lumped elimination
rate will vary as a function of the organism sizeposure temperature, and
physicochemical properties of the contaminants 102, 103]. The primary objective
of the present work was to improve the technicaldaf the toxicokinetic models
used in oil spill hazard assessments. The asstonadof the elimination ratek§) as
a function of organism weight, environmental tenapere, and loi§ow is given in

Equation 2.

logke = a1 logKow + a2 logW +az (T1-25) + b 2

where W is organism weight (gm); i& temperature’C), a, &, a and b are constants
These parameters are primarily based in bioaccuionldata, which are

certainly related to, but not necessarily refleetf, toxicokinetics. The parameters in

Equation 2 were largely based on bioaccumulatida 8, 104-106]. The log lumped

elimination rateKe, d?) is predicted using an allometric term on weight(g), with

az as the slope factor of -0.2. The kagy represents the influence of chemical

structure with a slopey, of -0.41, and the constait,is taken as 1.47. The influence
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of temperature is modeled using the @oproach [107] such that is 0.048 (note the
conversion from natural log, to log-base 10 frormBE{ in French-McCay [68]),
resulting in changes by 3-fold for every chang&GhC (T = 15 C, ke = 100:049"(25-
25) = 10°49= 0.32 — fold reduction ike based on lower temperature).

While it is intuitive that these parameters wourltluence the toxicokinetics of
chemicals, there are few paired toxicokinetic datully calibrate these terms.
Therefore, the second objective of the present w@k to develop toxicokinetic data
for fish and invertebrates that span a range ef aix test temperature, and that were
developed in the same laboratory to minimize paénbnfounding factors, which
included evaluation of this parameterization usigigalues derived on toxicity data
from literature datasets.

The focused experimental work, and resulting tokilcetic parameters, were
compared to the modeling analysis of literatureadat a wide variety of test
chemicals, organism sizes, and exposure tempesafline outcome the present work
will refine the hazard models used in oil spilj&@ory models to provide more

accurate predictions of effects in the field.

3.3 Methods

Approach
There were three datasets used to address thdiobjetthe present work.
The first data set includes internally consistequegzimental work to evaluate the role
of temperature and weight on a two ring aromatdrbgarbon. The second data set
was designed to evaluate the effect of temperatum@ne-, two-, and three-ring

aromatic hydrocarbons. The third data set is a datign of published hydrocarbon
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toxicity data sets across a range of exposure tiondiincluding size and temperature
of the test organisms.
Experimental group A

This study was performed to evaluate the effecirghnism size and
temperature on toxicokinetics of methylnaphthalehkree organisms were used
following standardized test protoco8ncorhynchus mykig©ECD 203, rainbow
trout at 0.1 and 1.0 gpaphnia magn§OECD 202, daphnids, <24 h oldid
Lumbriculus variegatugaquatic only version of OECD 225, blackworm). fBesith
O. mykisswvere conducted with fish at approximately 0.1 d &0 g. Tests were
performed under flow through conditions af &6d 18 C. Water chemistry (DO, pH,
etc) during the tests were within guidance.

The concentration in each treatment was maintdayquhssive dosing silicone
rubber cord. The cord was prepared by equilibnatiih a spiked methanol solution
for 24 h at various concentrations [49]. This Heslin stable aqueous test
concentrations during the test. A peristaltic pu@mproximately 12.9 mL/minute)
delivered fresh dilution water to each passivelyildarated test solution for each
treatment group and the control group. Simultankpssparate peristaltic pumps
delivered exposure solutions to each replicate tlearitom the passively dosed
solution to the test chambers at approximately :9&Fninute for the fish and
approximately 0.88 mL/minute for the daphnia andma

Experimental group B

This study was performed to evaluate the acuteityxat 5°C and 18°C to

rainbow troutOncorhynchus mykisg a 96-hour static test (OECD 203) with 24-

hour renewals. The solutions were allowed to coaést temperature in a waterbath
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for approximately one hour without stirring befeegnoving the aqueous portions
(WAFs) for testing. WAFs were prepared daily, tlag greceding each renewal. All
water quality parameters were within an acceptediige. Each test and control
chamber was observed at time 0, 0.5, 1, 3, 5,247/2 and 96 hours.

Exposures were conducted with o-xylene, methylriagbhe, and
phenanthrene (>96% purity, SigmaAldrich). Exposal@tions were prepared by
adding the appropriate amount of test substanaestainless steel and glass syringes,
to 20 L of vehicle/dilution water in glass aspirdbottles (capacity 22 L) and stirring on
magnetic stirplates for 24 hours (1 hour).

Literature dataset

Toxicity data for hydrocarbons and aquatic spegiese identified in the
published literature. These studies are stan@atthy protocols with near steady-
state exposure concentrations to minimize varigtiitroduced by variable exposure
conditions. Mortality data over time and at diéfiet exposure concentrations were
collected from tables in the original publicationsthrough digitization of figures.
The studies included in this analysis are provigetable 1. Time to death studies
were not used as it is challenging to estimate bwththreshold and toxicokinetic
parameters.

In addition to chemical exposure and mortality degat temperature and
typical organism weights were estimated from soliteeature, or study protocols.
Datasets were included that had survival data fdtiple treatment levels over time,
with reasonably consistent exposures for the dumaif the exposures. This provided

a basis for evaluating both the lumped eliminatdaniage repair rate and the slope
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term of the dose response. Only toxicity data wiposure time < 4d were used for

this modeling analysis to minimize bias in the paggers

Toxicokinetic modeling:

BACKGROUND
The lumped elimination rate constaky,is used to describe the rate that
toxicity (e.g., mortality) accrues following an equre to a toxicant. This parameter
was estimated by fitting the observed toxicity daitln the general unified
toxicokinetic framework (e.g. GUTS [6]). This ingohentation of the GUTS
modeling framework is a one compartment model Wi#t order kinetics. The
exposure framework models the accumulation of chalwin target tissues as the

gradient of the external exposure to the interpatentrations.

dé; (1)
de

= k.(Cw(t) — G (1)) (3)
whereke (d?) is the lumped elimination/recovery parame@i(t) is the external
aqueous concentration a@d(t) is the scaled exposure concentration. Theedcal
exposure concentration is the hypothetical exteroatentration that is proportional
to the internal concentration following bioaccuntigda (e.g. internal concentration =
C/(t) BCF, ForCy(t) varying, Equation (3) can be solved numericallgath time

step,t. For a constanty,(0) the solution is

C7(t) = Cy(0)(1 — eet) (4)
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The GUTS framework provides either a stochasti¢chldéaD) or individual
tolerance (IT) approach to modeling toxicity. ThE approach implies that mortality
will occur at some point once the threshold hasleeeded, whereas the IT
approach predicts that effects occur in proportithe accumulate€; (t) relative to
a threshold [6, 101]. In practice it is diffictdt distinguish between these two
modeling approaches [101, 108, 109], as both apphesacan be used to satisfactorily
model the same datasets through various combirsatibmodel parameters. There
are few data in the literature to allow more extengesting to enable discrimination
of the IT and SD models.

Therefore, in order to simplify the analysis in firesent study the IT model
was chosen since it is largely compatible withahtcal body burden models [18, 96]
typically used in oil spill hazard assessments g88, The strategy to focus on the IT
model ensures an internally consistent set of mpdelmeters for the oil spill and
Target Lipid models.

The IT model is evaluated using the cumulativeltogistic distribution of
tolerances.

1

F(t) = ——F=7—
1+(—max(zci(t)))—ﬁ (5)

where,z, is the toxicity threshold, angl the slope factor on the dose response. The
scaled exposure concentrati@li(t), is compared to the threshold value (mmoles/L),
z,which is analogous to the critical target lipid lgdnirden (CTLBB) in the TLM

[18].
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The survival probabilityS(t), for IT is determined as a function of the hazard

rate and background mortalityy h

S(t) = (1 — F(t))e™" (6)

whereF(t) is the result of the Eqn 5, ahslis the background mortality rate.

This GUTS_IT approach for the present study utditee implementation
developed for R [110]. This package provided fesgio optimize parameters and to
estimate confidence intervals for those parameténgre are three main optimizable
parameters in the GUTS_IT modkl; g, andz.

The main parameter of interest is the lumped eltiom rateke. The slope
term, 3, and the threshola, were constrained in order to focusl@n The threshold,
z, was determined empirically as the 4-d LC50 fmhedataset (or 2-d in the case of
D. magnaexposures). The rationale is that in practicettinesholds for effects would
be selected from existing compilations of crititasue residue concentrations, e.g.,
TLM [20], for which the range and variability arelatively well known [111]. The
slope parameter is generally steep for acute hwbon toxicity data consistent with
prior applications to nonpolar organics (range[Z{3 The slope parametef, was
therefore set at the median value of 5.09 (95%idente intervals 2.59-7.21) based
on the average fit for the entire dataset of 4dtafity and exposure concentrations.
The background hazard rakg, is typically low fb<0.001 d!) in standard tests <5 d
and was fit empirically to control data

A second fitting analysis was performed to estinkathrectly by rearranging

equations 4, 5 and 6 to solve f@assuming a negligible background hazard rate.
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1
S®H=|1- — @)
1 (Gl

The ratio of the exposure concentratiom, {0 z is referred to as a toxic unit
(TU), which is a useful concept for evaluating tiela potency of multiple chemicals

and mixtures.

1
S = (1 1+ ((TUQ - e—ket)))—ﬁ) (®)

Solving Eq.(8) fotke directly from the observed survival data yields.
1

(1- D _pl ©)

ke = —In( TU t

In this formulation there are two limiting cases ¥ehich ke cannot be
determined: when the fraction survivigs unity (e.g., the controls, or low
exposures, or early time points) a divide-by-zerouns, and again wheis zero
(e.g., high exposures, longer time points) thetéom is zero. Therefore, this direct
analysis oke is based only on the partial survival data.

Regression Analysis

The objective of this work is to investigate thepeledence oke. on various
organism and chemical properties. This was acastmgad by comparing the fittdd
values using either the whole dataset, or by thecticalculation method, to the major

controlling factors: lodlow, tested species, organism weight, and test terfyvera
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The estimate#te was further analyzed using multiple linear regass using the

GLM package in R [34].

3.4 Results
Experimental Set A — role of weight and temperature

This first set of experiments was designed to atalthe role of organism
weight, and exposure temperaturekan This dataset is unique in that passive dosing
was employed to maintain constant exposures. Iitiaddo testing organisms of
different sizes, at different temperatures, alltésts were performed in the same
laboratory using the same batch of test organishiss design was intended to limit
inter-lab variability and to improve the ability éwaluate the role of the major testing
variable: weight, temperature.

Utilization of the passive dosing and flow throwdgsign resulted in stable
exposure concentrations of methylnaphthalene ihattge and small exposure vessels.
The coefficient of variation of exposure concentrad among the different exposure
levels is 7.6% consistent with prior applicatiogassive dosing to maintain
exposure concentrations [49, 50, 112]. The exmolawels were widely spaced
around the LC50 to promote effects in the shorhtéx 1d).

For fish and daphnids the onset of toxicity athiflgher treatment levels
occurred within the first few hours of exposureg(ie 1). The highest treatment
levels are approximately 10-fold greater than tihregholdz This resulted in rapid
onset of toxicity at the highest levels. The loitesatment level was approximately
10-fold lower than the threshold and resulted ireffects through the study. The
middle treatment level resulted in near completetatity at 4 days. These curves

result in estimatekl values of approximately 0.5-1.¢td
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The tests with blackworm had notably slower kire(i@.3 d', Figure 1) than
the fish and daphnids (0.76-1.8,dable 1). Similar to the fish, complete mortalit
was observed at 4 days in the high and middlenresat levels with no effects at the
low treatment level. The slower kinetics is likelye to the physiology of worms that
respire via diffusive exchange through the skim.cdntrast fish and daphnids respire
via gills that employ active movement of water asrthe gills to facilitate gas
exchange. Another likely explanation is the loweatabolic capability of the
blackworms compared to daphnids and fish.

The role of temperature remains unclear in thiaskttdespite the well-
controlled experimental conditions. Results fréva Experimental dataset A are
given in Figure 2 showing the estimatedrom the fit of the nonlinear solution (Eqn
2,3) against the organism weight during testinge different temperatures 6k
mykisstesting are given as different symbols. khgalues estimated at 1T were
comparable to those observed at CgFigure 2), with all estimated valueskebeing
within a factor of 2 of each other. The variationiest temperature only varied by 8
C, which is within the expected variation in bialog) processes, which typically
increase by factors of 2-3 over rise by 10-20113]. It is possible that this variation
in temperature is not wide enough to observe a uneable response ka.

The role of weight was evaluated by performing sgleside testing with
organisms of dramatically different weights. Framaple, in the present study the
adult daphnids weight approximately 500 pg wet Wweithe blackworms 8 mg, and
the fish were tested as recent swim up (~0.11 ghgandveniles (~1.1 g). This dataset

spans three orders of magnitude in body weight.
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The observed variation k for these organisms is also unclear (Figure 2).
There are no clear trendskgsince the blackworm data, which are in the middle
the weight series, is less than the daphnid ahd@&sults. As noted above, this is
likely a reflection of the different physiology tifese organisms. However, the
daphnid and fish data, despite having very diffebenly sizes show essentially the
sameke.

The model (Eqn 2) predicts larger variatiorkdithan is observed. The
modeled temperature shift (dashed vs solid ling ZFiis wider than the observed data
(blue vs grey points, Fig 2). Application of theginal parameterization of Equation
2 provided model predictions that are in reasonagteement with the estimatlkgto
an order of magnitude. Regression modeling ofeedividualke estimates return
regression coefficients that are not statisticaiiynificant (a=0.05).

Experimental Set B — role of logtt and temperature

This set of experiments was performed to evallsedle of logkow and
temperature on the toxicity of xylene, methylnaplehe, and phenanthrene to
juvelineO. mykiss There were five treatment levels in these exmssuThe higher
two treatment levels resulted in entire mortalityt @lays for all exposures, with partial
effects often observed at the middle treatment le@entrol and lower treatments did
not produce toxicity in 4 days.

Similar to the results from experimental set Aty at the higher treatment
levels occurred within the first few hours (<4fhe estimatede values range from
approximately 6 dto 0.5 d* for the tests at P&, and approximately 1.5'do 0.5 d*

for the tests at®C (Table 1). Thé. values at 18C generally decline in a log-linear

73



manner with lodkow, whereas the results frorfi 6 tests are equivocal with respect to
log Kow.

The model predictions from Eq.(2) are in generatament in that it confirms
the inverse log-linear relationship. The magnitafitheke for the juvenile rainbow
trout (~1 g) in this experimental set B are higlmantfor the comparable larger fish in
Figure 2. Itis assumed that the differences aeetd individual tolerances of
different groups of fish as these tests were peréar several years apatrt.

These tests were performed &gahd 18 C, and the resultink: are different
by a factor of three. The model predictions afeecent by approximately 4.2-fold
(lines, Figure 3) showing general agreement widkglestimated from the
experimental data against |8@w of the test chemical. The general outcome froen th
analysis of data from experimental set B are khhas some dependence on Kagy
and that temperature effects are slight.

Modeling analysis of combined Set A and B

Datasets A and B discussed above are unique inhégtreport toxicity data
developed at different temperatures, organism wejgmd a range of hydrocarbon
classes (1-, 2- and 3-ring aromatics). These tateefore, provide a strong technical
basis to test thke framework in Eqn 2. These data were, therefaralyaed using
multiple linear regression.

Using the GLM package in R, Eq. (2) was fit to toenbined experimental
datasets A and B. The results are show that te#icents for weight and
temperature are small in magnitude and non-sigmifiat the 95% confidence level.
Visual inspection of Figure 2 confirms the low inapaf weight on the derivekt, and

the temperature dependence is inconsistent adresmntire dataset. The only
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parameter that appears significant is the deperdeméogKow. The slope of -0.42
(standard error, SE, 0.19) and intercept 1.66 (SE)Gre very similar to the slope and
intercept used in French-McCay model [68] (-0.447]1respectively) in Egn 2. While
the coefficients are found to be significant, ttendard errors are large, which
highlights the low impact of lo§ow on the observekt.

Application to compiled dataset

Individual datasets were analyzed with the GUT Sctmkinetic framework
using scaled internal concentrations and the I'aitamodel [6]. The compiled
dataset included studies on 16 species includeghfvater and marine fish and
invertebrates (Table 1) and 23 chemicals includifigw aliphatic molecules (C6-7),
and 1-, to 4-ring aromatic hydrocarbons. Fiveg@nomatic toxicokinetic data were
available [49] but showed no toxicity so were nsediin the present work.

The individual fittedke are given in Table 1. This broader datasets was
evaluated for trends with respect to Kgw, organism weight, and temperature during
the exposures (Figure 4). Visual inspectioteaderived for fish shows slight trend
with log Kow, but no discernable trend with weight or tempe®atirigure 4, A, C, E).
Analysis of the invertebrate dataset (Figure 4DBF) show that the magnitude of the
ke are similar to those found in the fish datasetrfaustatistically significant
parameters were identified with Ié@w, weight or test temperature.

A multiple linear regression analysis was perforrteedvaluate the role of log
Kow, organism weight, test temperature, and speci¢seonbserved toxicokinetics,
ke. This was performed by allowing a species-spedaifiercept to account for species-
specific traits (e.g., tolerance, metabolism). réh&ere no statistically significant

parameters (probability < 0.05). The magnitudéheflogKow, temperature and log
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weight coefficients are small indicating low impatthese variables on the final
results. This result indicates that the bessfgpecies specific constdat
Analysis of composite dataset
Equation 7 shows that survival (S) is proporticieathe inverse of the time-
weighted TU. This also demonstrates that the garvé proportional to the inverse of
the TU and exponential terms, which is useful fmmparing data across multiple
species, chemicalks, and exposures. The composite exposure teris used to

evaluate the performance of the entire dataset.

1

SEF = U = ey (10)

The first analysis of the model performance wasuatad withF’ (Eq 10)
usingke estimated on the individual datasets using théimear fit (Eq 2,3, Table 1,
Fig 4). Evaluation of the entire dataset was aredywith hex bin plot that uses
shaded hexagons that are scaled by the numbesefwations in that plotting space.
This allows evaluation of datasets with multipléres that over-plot each other.

Application of Egn 10 to the observed mortalityatadts resulted in
characteristic logistic shape where high survietés §>0.9) correlated with lov’
values (Figure 5 A, e.g., low TUs, low t) which &end for low concentration
exposures and short time points. Low survivalg§8x<0.1) are correlated with high
TUs and at longer time points. The logistic mdtlak Fig 5 A) using the empirically

derived slope factofi=-5.09, indicates general agreement of the modgll(B with
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the predicted time variable mortality. The rootamequare error (RMSE) on the log
values ofF’ is 0.22, indicated good agreement between the haodeobservations.

A second analysis of the dataset using F’ was padd by usinge which had
been calculated directly from the partial survidata (Eqn 9). The magnitude of the
parameters is similar to those found in the anslgsihe whole datasets but are small.
Further, implementation of this model resulted iess accurate model based on the
RMSE (0.28 using direct calculations, Egn 9, v2@&ingke fitted to individual
datasets).

Two separate analyses of the toxicokinetic datecatdd that the influence of
log Kow, temperature and organism weight were small. Moraplete datasets in
terms of temperature variation, and different cloatsi may help refine the observed

variability in ke in the larger dataset.

3.5 Discussion
Variation in k

Across the entire dataset (fish and invertebrdtable 1) the range is 7.0 to
0.04 d*, with a median of 0.50tand an inner quartile of 0.36 to 1.03 dTherefore,
variation between species is hard to discern.

The lack of dependence on temperature and weigliffé&sent than what is
commonly observed in bioaccumulation kinetics [F84, 115]. The magnitude of the
allometric scaling terms used in bioaccumulatiamekics is modest, scaling factors
range over 2- to 3-fold over 6+ orders of magnitudereight (Fig 4). It is likely that
the dataset compiled in the present study is rificmntly comprehensive in terms of
organism types, size, and chemical classes to éullyuate the role of temperature or

weight. However, the magnitude of those variatigremall and is, therefore,
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generally consistent with our observation that éhgsrameters are not significant
contributors tdke.

One possible explanation for the lack of temperati@pendence is that the test
organisms were tested at optimum, or tolerablep&zatures. This is consistent with
the observed comparable sensitivity of arctic @mdgerate species as well as between
fish and invertebrate species [20, 116, 117]. fifdings of the present study are
consistent with prior applications of GUTS to otpesures, wherk: is found to be
relatively constant between age classes of aropeods [9]

Further, the lack of dependencekayn W and T could also be explained by
differences in the mechanisms of toxicodynamics)(TBor example, the metabolism
of chemicals is a major, and often one of the f&stdimination process in organisms
[77,97, 118, 119]. Thk: values derived in this study are compared to ctatipns of
measured fisim-vivo metabolism rates from published literature [11B)]lagainst
logKow of the test chemicals in Figure 6. The magnitoide, are comparable to the
magnitude oke derived in the present study for the fathead minaad rainbow trout
datasets, which represent the largest datasets@fije fish in the present study.

Many of the subsets in the compilation of literatdatasets are small, having
only a few chemicals, or treatments. This is patférly true of the invertebrate
datasets. The fish datasets include three spén@ebave exposures to multipleX
3) treatments or chemicald: rerio, O. mykiss, P. promelag herefore, the final
formulation of theke parameter was performed separately on the Fistraediebrate
datasets.

The invertebrate dataset has data for 11 speaiesiie were evaluated on

only one chemical (Table 1). The other two spehsss data for threeC( dubig and
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five chemicalsA.bahig. The linear regression analysis indicated tloatariables
were statistically significant (a=0.05). Therefaditee mediarke for the species-
specific dataset is provided (Table 2). The sgegiediarke values spanned
approximately an order of magnitude (Figure 7A). sk assessment, it is
recommended that either data for a representgteeies be used, or that a
conservatively larg& be used. Further, additional focused data famge of
chemicals on model test organisms could refinerdtemmendation.

The fish dataset includes five species, with dat®f mykisgn = 10) andP.
promelas(n = 16) being the most abundant. Multiple linesgression indicated that
log Kow was the only statistically significant (a = 0.@@yiable (slope =-0.21, SE =

0.10) in addition to the species-specific intersdpt Table 3).

logk, = —0.21 logK,y, + b; (11)

Variation in the intercept terms vary approximatelfold for fish (Figure 7B),
and nearly 30-fold for invertebrates (Figure 7Ahieh is similar is magnitude to the
range of organism sensitivity observed for speelgmsure to hydrocarbons [120].
However, sensitivity of the test organism was alyeaccounted for during the
empirical determination of the threshold temsee Methods). Therefore, the range
of intercept likely reflect the ability of test spes to recover from damages accrued
from the exposures either through elimination, mrega metabolism.

The primary objective of this work was to improwe technical basis of the
toxicokinetic parameters, namedy used in oil spill hazard assessment models.

Therefore, predicted LC50s at different time poarts compared in Figure 8 for the
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different models for fish (Table 3, Eqgn 11), inwdntates (Table 2), and the previous
work by French-McCay model 2002. In general thepgls and magnitudes of the
different models are similar. The impact of thBedent slope terms (Eqn 2 vs 11) is
apparent when comparing the red and black linebdarzene (Fig 7A) and pyrene
(Fig 7D).

What is notable about the dynamics is the compatisiween the predicted
LC50s at short time periods to the water solubfitythese chemicals. At short time
points, e.g., exposures < 0.5 days, the predic@sDk are above the solublity limits.
Meaning these constituents would not invoke toyiaitunder short time periods.
Only low MW aromatics 1- and 2-ring aromatics, wibabntribute to short term effect
with higher MW chemicals contributing only fractaity.

Future work

The present work established the technical basiediimating the first order
lumped elimination/damage repair rate,for hydrocarbons. The training set
included focused testing to evaluate the role ghnism weight, test temperature, and
log Kow. A larger dataset compiled from literature wasahvestigated. There are
large species specific differences. However fdr,fs is slightly dependent on log
Kow and for invertebratds is invariant with W, T, or lodkow.

Future work should include additional validationtlois toxicokinetic
framework on well characterized oil substancesithfeu, time variable exposures will
allow for refinement of damage-repair parametdise present work can be extended
to estimating time-weighted effect levels (e.g.508) to support hazard assessments

during oil spill, or other transient exposure scew
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Figure 3.1 Time series for Experimental datasdeAperature controlled exposures
to O. mykissD. magnaandL. variegatus. Each line represents a
different treatment level: control, low, mid, highith periodic
observations over 24 to 48 h. See Sl table forildeta
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Figure 3.2 Comparing the lumped elimination raterf experimental group A
against the wet weight of the test organisms. Bluebols tested at 18
C, Grey shaded symbols tested &t @0 Square represent tbe magna
test, diamond represent thevariegatugest, circles represent tke
mykisstests. The line represents Eqn 2 &@&solid), and at 10C
(dashed) with variable organism weight. Pointsraeglian estimates,
and bars are 95% confidence intervals.
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Figure 3.3 Comparing the lumped elimination raterf experimental group B
against the logow of the test chemicals at 48 (blue) and 5C (grey
shaded) fo©. mykisguvelines. Lines represent Eqn 2 at €8(solid),
and 3 C (dashed) for fish with weight of 1 g. Points aredian
estimates, and bars are 95% confidence intervals.
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Figure 3.4 Lumped elimination rates derived fraierature datasets of hydrocarbon

exposures (Table 1) for fish (upper panels), andriebrates (lower

panels) compared to the l&8gw for the test chemicals (Panels A, B),
approximate wet weight of the test organisms (G,aDyl approximate
temeprature of the exposure system (E, F). Linsamel A is from Egn
11. Points are median estimates, and bars are 85ftlence intervals.
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Figure 3.5
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2, assuming 1 g fish at 2&), the invertebrate data fér bahia(dashed
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TABLES

[Table 3.1 Datasets for calibrating toxicokinetiodals
Species Chemical logKow | T(C) W (g) ke (1/d) Study
D. rerio Octahydrophenanthrene 5.19 22 2.0E-04 3.75 Butler2016
D. rerio Phenanthrene 4.74 22 2.0E-04 4.00 Butler2016
D. rerio Methylnaphthalene 3.88 22 2.0E-04 0.12 Butler2016
D. rerio Naphthalene 3.35 22 2.0E-04 0.30 Butler2016
D. rerio Biphenyl 4.16 22 2.0E-04 0.36 Butler2016
D. rerio Pyrene 5.25 22 2.0E-04 0.14 Butler2016
0. mykiss Phenanthrene 4.74 5 1.0E+00 0.34 Present study
0. mykiss Phenanthrene 4.74 18 1.0E+00 0.28 Present study
0. mykiss Methylnaphthalene 388 5 1.0E+00 0.25 Present study
0. mykiss Methylnaphthalene 388 18 1.0E+00 033 Present study
0. mykiss o-xylene 3.02 5| 1.0E+00 0.77 Present study
0. mykiss o-xylene 3.02 18 1.0E+00 0.35 Present study
A fimbria Toluene 2.55 10 | 3.0601 | 029 | Brandersetal 2018
A fimbria Phenanthrene 4.74 10 3.0E-01 0.10 Branders etal 2018
A fimbria methylnaphthalene 3.88 10 | 3.0E-01 0.09 Branders et al 2018
P. promelas t-butylstyrene 4.80 22 6.0E-01 0.44 EPA
P. promelas Acenaphthene 3.90 22 6.0E-01 1.01 EPA
P. promelas Naphthalene 3.35 22 6.0E-01 1.50 EPA
P. promelas Toluene 2.55 22 6.0E-01 0.85 EPA
P. promelas ethylbenzene 3.01 22 6.0E-01 0.97 EPA
P. promelas p-xylene 3.05 22 6.0E-01 2.42 EPA
P. promelas isopropylbenzene 3.44 22 6.0E-01 1.18 EPA
P. promelas 1,2,4-trimethylbenzene 3.46 22 6.0E-01 3.85 EPA
P. promelas 1,3-diethylbenzene 4.02 22 6.0E-01 1.50 EPA
P. promelas n-amylbenzene 4.66 22 6.0E-01 0.65 EPA
P. promelas Benzene 1.94 22 6.0E-01 2.50 EPA
P. promelas cyclohexane 3.49 22 6.0E-01 1.88 EPA
P. promelas o-xylene 3.02 22 6.0E-01 9.00 EPA
P. promelas m-xylene 3.04 22 6.0E-01 9.00 EPA
P. promelas Hexane 4.05 22 6.0E-01 5.12 EPA
A. bahia acenaphthene 3.90 22| 40803 | 050 | Horne1983
A. bahia acenaphthene 3.90 22| 40E03| 035 | Horne1983
M. beryllina acenaphthene 3.90 22 | 15603 0.45 Horne1983
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Table 3.1 continued

N. arenaceodentata acenaphthene 3.90 22 1.0E-03 0.59 Hornel983

C. septemspinosus acenaphthene 3.90 22 | 1.0E+00 1.01 Horne1983

G. annulatus acenaphthene 3.90 22 | 2.0E-02 7.00 Horne1983

A. tonsa acenaphthene 3.90 22| 50E-05| 875 Horne1983

P. maria acenaphthene 3.90 22| 25e02| 097 Horne1983

G. minus acenaphthene 3.90 22 | 50604 | 051 Horne1983

A. bahia Flouranthene 5.25 22 4.0E-03 0.28 Turner1982

A. bahia Acenaphthene 3.90 22 4.0E-03 0.31 Turner1982

P. promelas acenaphthene 3.90 22 6.0E-01 0.20 Turner1982

C. dubia Fluorine 4.05 25 | 3.06-06 | 0.61 Bragin et al 2016
C. dubia Methylpyrene 5.61 25 3.0E-06 0.34 Bragin et al 2016
C. dubia Methylhexene 3.78 25 | 3.06-06 | 047 Bragin et al 2016
C. finmarchicus methylnaphthalene 3.88 9 3.0E-04 0.28 Jager et al 2017
0. mykiss methylnaphthalene 3.88 18 | 1.3e01 0.67 Present study

0. mykiss methylnaphthalene 3.88 18 | 1.4E+00 0.67 EMBSI 2017

0. mykiss methylnaphthalene 3.88 10 | 1.1E-01 133 EMBSI 2017

0. mykiss methylnaphthalene 3.88 10 | 1.3E+00 0.67 EMBSI 2017

D. magna methylnaphthalene 3.88 18 | 5.06-04 1.50 EMBSI 2017

L. variegatus methylnaphthalene 3.88 18 | 8.0E-03 0.30 EMBSI 2017

T — Temperature
W — approximate organism weight

ke — lumped elimination rate
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[Table 3.2  Species-medi@mfor invertebrates

Species ke (1/d) SE n
A. bahia 0.87 0.32 4
C. finmarchicus 0.25 NA 1
N. arenaceodentata 0.49 NA 1
C. septemspinosus 1.58 NA 1
G. annulatus 5.97 NA 1
A. tonsa 6.00 NA 1
P. maria 0.20 NA 1
G. minor 0.44 NA 1
D. magna 0.75 NA 1
C. dubia 0.31 0.12 3
L variegatus 0.16 NA 1

SE Standard Error

3.3 Regression analysislaffor fish
Variable Value SE N
logKow -0.21 0.10 36
Species Intercept SE n
P. promelas 0.68 0.38 16
D. rerio 0.47 0.50 6
O. mykiss 0.76 0.43 10
Sablefish 0.25 0.46
M. beryllina 0.53 0.59 1

SE standard error
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Appendix A

CHAPTER 1 SUPPLEMENTAL INFORMATION

Links to article and SI material
https://www.sciencedirect.com/science/article/fi385653518302248
https://ars.els-cdn.com/content/image/1-s2.0-S093568302248-mmc1.docx
Comparison of PDMS- and Target Lipid-based SSDgusplLFER

Empirical lipid-fiber partition coefficients werdnaracterized through analysis
of paired field samples of PAH in biota or wate2]4 The average offset between
lipid- and PDMS-based concentrations of PAH wadd@gsunits. Meaning lipid-
based concentrations were about a factor of thggeehthan PDMS-based
concentrations This offset is consistent withaafi fiber-water [11, 39, 43-46, 49,
50] and lipid-water [20] relationships in the li¢ure.

The mechanistic basis of this offset was evaluatag polyparameter linear
solvation relationships (LSER) of lipid-water (e.gSER-based TLM) [40] and fiber-

water [39] systems. The general form of the palgpeeter LSER model is given here

logKk =eE +sS+aA+bB+VvV+c (S1)

where the lower case parameters (esabv) corredpdhd solvent system (e.qg., target
lipid-water), and the upper case parameters (ESAB¥)chemical interaction terms
for the solutes. The paramekers excess molar refractivit§ais polarizability,A is

the ability to donate a hydrogen bolds the ability to accept a hydrogen bond, and
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V is the molar volume. The term,is a constant whose physical meaning may reflect
non-deal conditions, inherent properties of theeal system, or a scalar (e.g., similar
to a unit conversion) to provide a common basic@nparison between solvent
systems. This general LSER modeling approachdslywapplied to partitioning data
and is described in more detail elsewhere [36-38].

The ratio of the lipid-water and PDMS-water pastiticoefficients will provide
the effective lipid-PDMS partition coefficient. Bnis calculated as the difference of

the log lipid-water partition coefficient (I&gw) from the LSER-based TLM [40]

logkiw = 0.51E + 0.71S +0.92A —-4.40B + 3.14V -0.44 (S2)
and the log of the PDMS-water (légw) LSER [39]. While it is not clear that this
model is directly applicable to the BE system usecharacterize hydrocarbon

exposures, it is used to illustrate order of magtaetbehaviors and processes that

control partitioning or organics to PDMS.

logkrw = 0.60E —1.41S —2.52A -4.11B + 3.64V + 0.27 (S3)

The resulting lipid-PDMS (ldg.r) model is (e.g., Eqn 4 minus Eqgn 5)

logKLr =—0.09E + 2.12S +3.44A -0.29B -0.50V -0.71 (S4)

The solute parameters (ESABV) were computed usiogpi [51] for all the
structures in the PETROTOX librarg£1512) [3] for application to the model in Egn
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6. The values for E range from O to 4 for mostrbgdrbon constituents in the library,
0 to 2 for S, essentially all zero for A, 0 to @06 B, and 0 to 4 for V. This means that
hydrocarbons have little ability to accept or denaydrogen bonds and that
partitioning in the environment is mainly driven the balance between polarity (E, S)
and molecular volume (V).

To be consistent with the goals of this paper (e@gnpare BE to TU), the
overall contribution from each process (e.g., €&,8, aA, vV, ¢) was determined by
computing the magnitude for each term, and themsinghthose terms across all the
constituents. In order to focus on the most relecanstituents the target lipid (Eqn
5), and PDMS (Eqn 6) concentrations were calculaseag predicted dissolved
concentrations for constituents based on PETROT&eutations for a medium crude
oil (Endicott) across a range of loadings (0.5 6 B@/L). This eliminated
constituents that were not abundant, not presemttoxic from the analysis and
provided a range of exposure conditions. For exenagb higher loadings (>10 mg/L)
lighter constituents are major contributors to ¢ityi whereas at lower loadings 2+

ring PAH are the primary contributors [1].
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Figures
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Figure A.1. Comparing biomimetic extraction (BE¢asurements for exposures to
No. 2 Fuel Oil characterized by 100 pm and 30 erf at 100 and 1
mg/L loadings. The 30 pm measurements are a fattb8 lower than
the 100 pum fiber measurements (Table S1).

|Tab|e A.1l. Measured BE concentrations for No. 2 Bigreparations comparing
the automated (30m) and manual (10@m) BE methods

1 mg/L 100 mg/L
100 um manual 50.6 (7.0) 194 (50.6)
30 um automated | 26.5 (1.1) 121 (26.5)
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Figure A.2. Fractional contribution of major chemical processethe
polyparameter models (Eqn 4-7) for partition caxéints for target lipid-
water (“Target lipid-water”), PDMS-water (“PDMS-veat), and the
difference for those models (“Target lipid-PDMS®hich is the target
lipid-PDMS partition coefficient. Model terms: “W\¢ontribution from
molecular volume on partitioning, “bB” contributidrom hydrogen
bond acceptance, “sS” contribution from polaritg=" contribution from
excess polarity, “c” contribution from interceptres, and “aA”
contribution from hydrogen bond donation — thedeesare all zero.
Legend in top panel.
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Figure A.3 Predicted BE profiles for library constituents iIEFROTOX based on a
medium crude oil and the fiber-water partition dmegnt (Eqn S2) vs
carbon number for selected loadings of a mediunghtairude oil, see
Methodsand Supplementary Information
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|Tab|e A.2. BE and effects data used in plotting

Category
UATO
LBO
UATO
DAE
foots oil
UATO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil

Gas oil

Organism

D.magna
D.magna
D.magna
D.magna
D.magna

D.magna

p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata

p.subcapitata

D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna

D.magna

endpoint

reproduction
reproduction
reproduction
reproduction
reproduction

reproduction

growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
Mortality
Mortality
Mortality
Mortality
Mortality

Mortality
Mortality

Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality

Mortality

loading (mg/L)

1.1
1
0.1
1
1.1

10.8
323

103.8

2.8
7.5
19
52

0.05
0.15
0.45
1.35
4.05

0.32
1.6

0.05
0.15
0.45
1.35

109

SPME thickness (um)

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

BE (mM)
0.309
0.08775
0.26375
bdl

bdl

bdl
1.00E-02
6.6

15.9

21.7
27.8
33.3
1.00E-02
3.91

10.5
24.8
429

65.1

1.00E-02
1.00E-20

1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-02
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20

Effect (%)
0

0

12.8
4.51128
0

0

10.8
323

103.8

50
90
100

30
85
100
100

10
100

TU

0.30
0.14
0.12
0.02
0.00
0.00
0.00
0.70
1.09
1.32
1.51
1.63
0.00
0.48
0.74
1.05
1.39
1.74
0.00
0.26
0.59
1.17
1.94
2.70
0.00
0.42
0.83
0.13
0.32
0.75
1.55



Gas oll
Gas oil
Gas ol
Gas oll
Gas ol
Gas oll
Gas ol
Gas ol
Gas ol
Gas ol
Gas oil
Gas oll
Gas ol
Gas oll
Gas oll
Gas ol
Gas oll
Gas ol
Gas ol
Gas ol
Gas ol
Gas ol
Gas oll
Gas ol
Gas ol
Gas ol
Gas ol
Gas oll
Gas ol
Gas ol
Gas oll
UATO
LBO

UATO
LBO

LBO

Table continued
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna

D.magna

p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata

p.subcapitata

D.magna
D.magna
D.magna
D.magna

D.magna

Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
growth
reproduction
reproduction
reproduction
reproduction

reproduction

4.05

0.05
0.15
0.45
1.35

4.05

10
100
1000

0.32
1.6

40
200

0.05
0.23
1.01
4.56
20.5

0.05
0.23
1.01
4.56
20.5
1.1

0.1

110

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

1.00E-20
1.00E-02
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-02
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-02
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-02
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-02
1.00E-20
1.00E-20
1.00E-20
1.00E-20

1.00E-20

0.309
0.08775
bdl
1.00E-02
bdl

100

80
100

100

27
100
100
100

13
34
98
98

17
77
100
100

10
50
95
100
21.6
16

2.78
0.00
0.17
0.40
0.84
1.53
2.43
0.00
0.22

2.48
3.21
3.43
0.00
0.21
0.51
0.92
1.29
1.56
0.00
0.06
0.28
0.95
2.48
4.38
0.00
0.09
0.32
0.93
2.04
3.24
0.30
0.14

0.00
0.05



LBO
LBO
LBO
fluid
fluid
fluid
DAE
DAE
foots oil
UATO
HFO
HFO
DAE
TDAE
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
HFO
crude

crude

Table continued
D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

0. mykiss, juveline
0. mykiss, juveline
0. mykiss, juveline
0. mykiss, juveline
0. mykiss, juveline
D.magna

D.magna

D.magna

D.magna

reproduction ¢
reproduction 3
reproduction 14
reproduction g
reproduction 4
reproduction ¢
reproduction g
reproduction 4
reproduction ;1
reproduction 4
reproduction

reproduction ;5

Mortality 100
Mortality 100
Mortality 0
Mortality 0.8
Mortality 2.5
Mortality 9.8
Mortality 30
Mortality 101
Mortality 0
Mortality 13
Mortality 3.8
Mortality 11.5
Mortality 33
Mortality 95
Mortality 0
Mortality 0.7
Mortality 3
Mortality 8.3
Mortality 28
Mortality 94

reproduction g
reproduction 4 5
survival 38

survival 96

111

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

0.0664
0.08483
0.239
1.00E-02
bdl
bdl
1.00E-02
bdl
bdl
bdl
1.00E-02
bdl
bdl
bdl
1.00E-02
2.9
7.5
133
18.9
24.2
1.00E-02
8.28
15.5
24.7
31.9
38.5
1.00E-02
5.4
7.6
16
24
27
1.00E-02
bdl
11.8
19.35

3.8835
1.94175

20.3883

0
4.51128
0

75
100
100
100

70
100
100
100



crude
crude
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil

Gas oil

Table continued
D.magna

D.magna

p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata

p.subcapitata

D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna

D.magna

survival

survival

growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
reproduction
reproduction
reproduction
reproduction
reproduction
reproduction
reproduction
reproduction
reproduction

reproduction

240
600

0.1
0.32
1.02
3.28
10.5

0.1
0.32
1.02
3.28
10.5

0.102
0.256
0.64
1.6

0.1
0.26
0.64

1.6

0.04
0.08
0.16
0.32
0.64

0.08

0.19
0.48

112

30
30

999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999
999

22.0

30.1
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20

35

80

0

0
5.40541
7.20721
18.018
106.306
0
0.90909
16.3636
65.4545
115.455
115.455

0

20
90

20

90

0

0
3.59712
0

0
4.31655
0
2.75229
3.66972
17.4312

1.71
1.89
0.00
0.22
0.65
1.76
3.87
6.10
0.00
0.08
0.21
0.45
0.80
1.16
0.00
0.34
0.76
1.60
3.05
4.96
0.00
0.17
0.34
0.58
0.88
1.19
0.00
0.08
0.14
0.24
0.39
0.58
0.00
0.28
0.59
1.28



Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Kerosene
Kerosene
Kerosene
Kerosene
Kerosene
Kerosene
crude
crude
crude
crude
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil

Gas oil

Table continued
D.magna

D.magna

0. mykiss, juveline
0. mykiss, juveline
0. mykiss, juveline
0. mykiss, juveline
D.magna

D.magna

D.magna

D.magna

D.magna

D.magna

mysid

mysid

mysid

mysid

p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata

p.subcapitata

reproduction
reproduction
mortality
mortality
mortality
mortality
reproduction
reproduction
reproduction
reproduction
reproduction

reproduction

survival
survival
survival

survival

growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate

growth rate

1.2

0.08
0.19
0.48

1.2

5.9
18.8
58.3

197

0.6

13

3.2

20
0.6
2.2
5.9

17

47
1.6
4.4

13

35

100
0.6
1.6
43

12

36

113

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

999
999
999
999
999
999
999
999
999
999
999
999

1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
1.00E-20
3.91
7.67

13

19.3

1.6
1.00E-20
4.2
1.00E-20
11

1.1
1.00E-20
5.4
1.00E-20
12

24
1.00E-20
9.3
1.00E-20
22

3.5
1.00E-20
11
1.00E-20
25

37.6147
100
0

0
2.75229
3.66972
17.4312
94.4954

100
35

16
39

15
40
86
20
31
44
83
92

2.53
4.35
0.00
0.87
0.00
1.04
0.00
0.15
0.30
0.54
0.79
1.05
0.40
0.59
0.79
0.97
0.26
0.38
0.53
0.68
0.82
0.25
0.45
0.62
0.79
0.92
0.38
0.58
0.83
1.05
1.26
0.56
0.89
1.26
1.62
1.93



Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil

Gas oil

Table continued
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata
p.subcapitata

p.subcapitata

D.magna

growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate
growth rate

survival

4.4
16
48

157
513
438
16
54
196
614
3.2
12
37
141
439
3.5
12
38
125
414
3.9
13
42
140
464
4.7
14
46
158
512
7.9
27
90
305
1026
8.6

114

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

5.63
1.00E-20
14.2
1.00E-20
20.5
4.23E+00
1.00E-20
1.24E+01
1.00E-20
2.03E+01
3.40E+00
1.00E-20
9.98E+00
1.00E-20
1.71E+01
3.70E+00
1.00E-20
8.52E+00
1.00E-20
1.15E+01
3.68E+00
1.00E-20
1.03E+01
1.00E-20
1.43E+01
4.40E+00
1.00E-20
1.15E+01
1.00E-20
1.64E+01
4.92E+00
1.00E-20
1.10E+01
1.00E-20
1.40E+01
10.2

18
31
50
85
7.2
19
38
89
97
8.8
15
49
75
75
16
34
61
70
80
23
a1
60
80
95
20
30
49
60
77
9.4
15
27
30
34
10

0.58
0.79
0.92
1.02
1.07
0.58
0.78
0.94
1.05

0.44
0.62
0.77
0.91
0.99
0.59
0.77
0.89
0.95
0.98
0.64
0.85
1.00

1.09

0.66
0.84
0.99

1.08

0.47
0.63
0.76
0.84
0.89
0.69



Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil

Gas oil

Table continued
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna

D.magna

survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival

survival

19
40
86
194
3.9
11
35
91
258
1.5

9.1
24
63

0.5

11

2.5

5.7
14

8.1
21
50

124
327
28
72
168
409
1146
20.7
69
224
801
2636

7.6
24

115

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

1.00E-20
18.8
1.00E-20
235

6.9
1.00E-20
15
1.00E-20
19

33
1.00E-20
10
1.00E-20
21

2.6
1.00E-20
11
1.00E-20
23

7.2
1.00E-20
14
1.00E-20
18
1.08E+01
1.00E-20
1.85E+01
1.00E-20
2.19E+01
8.55E+00
1.00E-20
1.63E+01
1.00E-20
1.74E+01
7.60E+00
1.00E-20

15
50
100
100

45
55

35
90

25
75
100

20
35
45

30
35
50

0.81
0.90
0.98
1.03
0.55
0.72
0.89
0.99
1.07
0.37
0.56
0.74
0.97
1.18
0.50
0.75
1.05
1.36
1.67
0.57
0.70
0.81
0.90
0.97
0.74
0.85
0.93
0.99
1.03
0.60
0.74
0.83
0.88
0.90
0.76
0.94



Gas ol
Gas oil
Gas oil
Gas oll
Gas ol
Gas oll
Gas oll
Gas ol
Gas oll
Gas oil
Gas oil
Gas oll
Gas oil
RAE

BIT

Gas oil
RAE

BIT

Gas oil
crude
crude
crude
crude
crude
crude
crude
crude
crude
crude
crude
Gas oll
Gas oil
Gas oll
Gas oil
Gas ol

crude

Table continued
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna
D.magna

D.magna

p.subcapitata
p.subcapitata

p.subcapitata

D.magna
D.magna

D.magna

D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio

D.rerio

survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival

survival

86
281
1026
8.3
35
82
327
1171
8.6
29
102
314
1113
1018
1035
1013
1000
1000
1000
2.5

27
90
300
1000
4.1
14
45
150
500
13
3.2

20

50
30

116

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

1.44E+01
1.00E-20
1.68E+01
7.20E+00
1.00E-20
1.49E+01
1.00E-20
1.81E+01
7.44E+00
1.00E-20
1.19E+01
1.00E-20
1.33E+01
0.5

2.25
1.79

0.5
2.035
2.155
0.5
1.075

5.7

15.9
52.7
53.8
3.955
6.785
14.25
18.15
22.7

9.4

14.15
22.15
31.55
38.4

5.08

15
55
60

25
30
65

15
35
70
100

94
19

10
55
1E-20



crude
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
crude
crude
crude
crude
crude
crude
crude
crude
crude
crude
crude
crude
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
crude
crude
crude
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
crude
crude

crude

Table continued
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
control
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
D.rerio
Control
D.rerio

D.rerio

survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
survival
deformity
deformity

deformity

162
3.2
11
36
120
400
1000
0.1
2.5

27
90
300
1000
4.1
14
45
150
500
1.3
3.2

20
50

30
162
3.2
11
36
120
400
1000
0.1
2.5

117

30
30
30
30
30
30
30

30
30
30

9.015
6.87
10.3

14.15
16.6

18.65
20.8

0.5
0.7565

3.035

8.765

23.55
87.5
82.2

5.635

13.05
19.2

27.95

28.35
15.1
26.4
38.4
47.3

61.65

1.00E-20
1.00E-20
1.00E-20
12.3
215

22

23.95
243

28.15

0.5
0.5
1.075

1E-20

20

50

10
55
1E-20
1E-20

1E-20

20
50



crude
crude
crude
crude
crude
crude
crude
crude
crude
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
Gas oil
crude
crude
crude
crude

crude

Table continued

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

D.rerio

0.

(0]

O O O o o o o

mykiss, juveline

. mykiss, juveline
. mykiss, juveline
. mykiss, juveline
. mykiss, juveline
. mykiss, juveline
. mykiss, juveline
. mykiss, juveline

. mykiss, juveline

deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
deformity
mortality
mortality
mortality
mortality
mortality
mortality
mortality
mortality

mortality

27
90
300
1000
4.1
14
45
150
500
1.3
3.2

20
50
3.2
11
36
120
400
1000
2.7

30
100
2.5
8.1
27
90
300

118

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

5.7
15.9
52.7
53.8

3.955
6.785
14.25
18.15
22.7
9.4
14.15
22.15
31.55
38.4
6.87
10.3
14.15
16.6
18.65
20.8

18.9

29.3
42.6
48.2

7.1
13

17.2

22.6

75

75

0

0

15
52.6316
56.25

5

5

45
77.7778
66.6667
0

0

5
47.3684
25

90

0

20

50

100



Appendix B

CHAPTER 2 SUPPLEMENTAL INFORMATION\

Supplementary information is found with the pubdidtversion of this work.

Spreadsheet that contains GCxGC-FID compositioata;dPAH, PIONA, SHC
compositional data; BE measurements; mortality,dateéch were used in the present
study

Word document that contains supporing figures amtl t

Video file that demonstrates preparation of thespyasdosing system.

Links to publication and S| material

https://setac.onlinelibrary.wiley.com/doi/full/1@02/etc.3624

https://setac.onlinelibrary.wiley.com/action/dovwadtSupplement?doi=10.1002%2Fet
c.3624&attachmentld=152153637

https://setac.onlinelibrary.wiley.com/action/dowadtsupplement?doi=10.1002%2Fet
c.3624&attachmentld=152153638

https://setac.onlinelibrary.wiley.com/action/dowadtsupplement?doi=10.100
2%2Fetc.3624&attachmentld=152153639

Supporting Infor mation.
* Methods for Image and Patrticle Size Analysis
» Description of Raoult’s Law-based water solubiftpdel
» Chemical profiles for each exposure

» Chart of RMSE of solubility model performance
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* Charts and table of effects data using common expasetrics

» Comparing TUs calculating using conventional anedytto those from
GCxGC

» Additional chemical characterization (PIONA, PAHHS, BE) and biological
effects data provided iBupplementary Informatiospreadsheet.
Particle counts

Laser patrticle counting was performed using Meflieledo OptiMax 1001
particle analyzer coupled with a Mettler Toledo &sed Beam Reflectance
Measurement G400 probe while stirring at 200 RPRthtacontinuous readings over
a 10 minute period. Particle sizes of dropletsewsdraracterized by binning counts in

10-50, 50-150, and 150-300 pum diameter size classes

250 ———CEWAF
——PDWAF
200 )
e PsvWAF
o 150
g
e
Q
© 100
50
— |
0 4 e 1 ;
0.1 1 10 100 1000

Droplet diameter (um)

Figure B.1. Size class distribution of dropletd85 mg/L loading of Endicott oil in
salt water.
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Modeling analysis
Toxicity Model Framework

The Target Lipid Model (TLM) extends the criticaddy burden (CBB)
hypothesis (McCarty 1991) by assuming that lipithes target tissue, e.g., critical
target lipid body burden (BTLBB), on the organisithe target lipid-water partition
coefficient Kvw) is used to estimate the critical body burden tipid basis (McGrath
and Di Toro 2009). ThE.w (L/kg lipid) is defined as the ratio of the chealic
concentration on the target lipid, @nmol/kg lipid), to the chemical concentration in

the water, @& (mmol/L).

C, (1)

The organism target lipid ( computed at the LC50 (& yields the CTLBB.

This is the definition of the critical target lipbdy burden and, from Equation 1,

log(LC50)=log(C, ) -log(K ) )

Using Equation 2, the critical target lipid bodyrtéen can be calculated for
any chemical using the LC50 and tey. It is assumed that th&w can be related to

Kow using a linear free energy relationship.

logK, )=, +alogK,,) (3)
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Equations 2 and 3 are combined to produce a slimglar relationship between

log(LC50) and logfow)
log(LC50)=log(C, ) - &, - &, log(K,,) 4)

Wherea; is the slope of LC5Bow log linear regression (Eqn. 4), which is constant
across the training and validation datasets aB8).9heap term becomes a correction
factor for certain chemical classes that were aleskto be systematically offset from
the larger dataset. This correction factor amoftorta factor of 2-3 from the baseline
calculation and is applied to 1- and 2+ ring araasat0.109, -0.352, respectively.
The CTLBB is species specific, and can be usedmnepare relative sensitivity
between species: 11B.fnagng and 34 A.bahig pumol/g lipid.

Mixture toxicity is determined by first computinige solubility of the
constituents (@i) and then normalizing those concentrations torthd-predicted
effect levels (e.g., LC5D This results in a Toxic Unit (TU) for each cahsent and

represents the relative contribution from a givenstituent to the overall effect.

n Cwi
TU = Zi:l Lcsbi (5)

The TUs reflect the bioavailability of the hydroloans in the exposure water.
The TUs scale linearly between organisms sinc&€€fHeBB acts as a scalar quantity

(Egn. 4) in the TLM.

Solubility Model Framework
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The solubility model is a Raoult’'s Law based maaaice model predicts the
distribution of hydrocarbon constituents betweendh, air (headspace), and water
phases. The model is sensitive to the abundanaeostituent in the oil, as well as
the solubility of that constituent. The only opimable parameter is the volume of the
oil phase in the preparation system. See McGitadh2005 for derivation, and

Redman et al 2012; Redman and Parkerton 2015 @hti@uhl applications.

m ,system
(Vi Poi +Var S i H: +V0 S ) (6)

Xi:

M system™= IMi dissolved_steptt M droplet

m = mass of constituemnin system:

m = Coii (Ug/g) * Loading (g/L system) * system Volume {air + Vi)
rhooi = density of oil substance (g/L)

xi = mole fraction of constituemt

Voil = volume of undissolved oil phase, sole fittinggraeter, L

Poii = molar density of oil (moles constituaritL oil)

Vair= headspace volume (L air), assumed 25% for atudations

S = sub-cooled liquid solubility (moles constituent_ water) * MW (g/mol)
Hi = unitless Henry’'s Law constant for constituent

Vw = = water volume (L water)

Once the computed dissolved profile is determitedspeciation model is
compared to the measured total concentrati@as(g/L). It is assumed that the
measurements represent both dissol¢&d (1g/L) and particulateQp, pg/L)

concentrations of each constitudnt,

Cri=Cw,i +Cp, (7)
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The concentration of particulate oil in the expesutan be determined as the
product of the concentration of a consistugnt the oil phaseCo, ng/g oil) and the

droplet concentratiorCp, g/L as entrained oil) in the exposure system.

Cri=Cw,i +Co,*Cp (8)

The droplet oil (@) concentration is determined by least-squareaditf the

model predicted total to the measurements. SeeBReet al [2012] for more detail.
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TU_conventional

Figure B.5.
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Comparing TUs based on conventiontl @onventional) analytical
measurements (e.g., VOC, PAH, SHC) to TUs basetbmprehensive
(TU_GCxGC) analytical characterization (GCxGC). $=thods and
Supplementary Information spreadsheet for datae réd line is the 1-to-
1 for reference indicating perfect agreement. Olaek line represents
the TU predictions for the loadings of fresh Endliail used in the
present study. The TUs based on conventional acallgystematically
under-predicts TUs based on comprehensive andly#daTUs are
normalzed td. magna.
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Figure B.6. Plot of the ratio of TU_GCxGC to TU ri¥entional vs substance
loading. This indicates that TUs based on conweatianalytical are
under-predicted by approximately 10-fold at loadirglO mg/L. At
higher loadings (>10 mg/L), the ratio is closebtfold. This is
presented only for the range of loadings of fresdi€ott used in the
present study. All TUs are normalizeddomagna.
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[Table B.1. Critical effect levels for selected dasetrics

Daphnid LC50 Mysid LC50

CEWAF 14 3.6

PDWAF 1.9 2.9

TU_GCxGC PsvWAF 1.7 4.7
Average 1.7 3.8
Relative std. dev.(RSD) 0.12 0.20
CEWAF 0.26 0.42
PDWAF 0.20 0.96
TU_Conventional PsvWAF 0.37 0.42
Average 0.3 0.6

RSD 0.25 0.4

CEWAF 14 5.5

PDWAF 25 3.8

BE (mmol/L PDMS) PsvWAF 19 6.5
Average 19 5.3
RSD 0.23 0.21

CEWAF 62 14

PDWAF 560 5.2

Loading (mg/L) PsvWAF 320 63
Average 310 27
RSD 0.65 0.93

CEWAF 320 61

PDWAF 680 45

TPAH (ug/L) PsvWAF 520 120
Average 510 75
RSD 0.29 0.43

CEWAF 2800 420

PDWAF 2520 150

TPH (ug/L) PsvWAF 1500 690
Average 2300 420
RSD 0.25 0.52
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[Table B.2. GCxGC on Endicott

CNo. nP isoP N 2N pN mo-A nMoa di-A nDia PAH
6 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
7 0.27% 0.09% 0.07% 0.00% 0.00% 0.76% 0.00% 0.00% 0.00% 0.00%
8 0.47% 0.29% 0.13% 0.00% 0.00% 0.49% 0.00% 0.00% 0.00% 0.00%
9 0.50% 0.67% 0.63% 0.00% 0.00% 1.26% 0.05% 0.00% 0.00% 0.00%

10 0.57% 0.64% 1.00% 0.17% 0.00% 0.56% 0.22% 0.20% 0.00% 0.00%
11 0.55% 0.62% 0.74% 0.31% 0.00% 0.46% 0.29% 0.64% 0.00% 0.00%
12 0.54% 0.58% 0.69% 0.46% 0.00% 0.44% 0.35% 0.94% 0.02% 0.00%
13 0.54% 0.71% 0.81% 0.53% 0.00% 0.50% 0.46% 0.72% 0.12% 0.00%
14 0.54% 0.68% 0.84% 0.48% 0.00% 0.62% 0.53% 0.67% 0.35% 0.11%
15 0.50% 0.62% 0.88% 0.40% 0.00% 0.60% 0.48% 0.55% 0.44% 0.39%
16 0.44% 0.55% 0.80% 0.34% 0.00% 0.46% 0.44% 0.47% 0.39% 0.60%
17 0.72% 0.66% 0.82% 0.29% 0.00% 0.51% 0.42% 0.44% 0.39% 0.65%
18 0.53% 0.54% 0.84% 0.27% 0.00% 0.45% 0.52% 0.30% 0.43% 0.60%
19 0.24% 0.60% 0.79% 0.30% 0.00% 0.40% 0.47% 0.31% 0.36% 0.74%
20 0.41% 0.66% 0.80% 0.29% 0.00% 0.42% 0.45% 0.25% 0.33% 1.02%
21 0.44% 0.45% 0.68% 0.23% 0.00% 0.40% 0.48% 0.26% 0.27% 1.04%
22 0.44% 042% 0.60% 0.19% 0.25% 0.40% 0.43% 0.28% 0.20% 1.00%
23 0.44% 042% 0.61% 0.17% 0.23% 0.41% 0.36% 0.27% 0.17% 1.04%
24 0.44% 0.37% 0.52% 0.11% 0.27% 0.42% 0.39% 0.30% 0.09% 0.65%
25 0.40% 0.37% 0.51% 0.12% 0.33% 0.36% 0.42% 0.30% 0.04% 0.49%
26 0.38% 0.35% 0.47% 0.11% 0.37% 0.32% 0.13% 0.24% 0.02% 0.39%
27 030% 0.34% 0.42% 0.08% 0.36% 0.32% 0.14% 0.15% 0.01% 0.40%
28 0.25% 0.30% 0.40% 0.09% 0.36% 0.28% 0.14% 0.10% 0.02% 0.40%
29 0.25% 0.28% 0.36% 0.08% 0.38% 0.27% 0.15% 0.06% 0.02% 0.35%
30 0.18% 0.26% 0.33% 0.07% 0.37% 0.24% 0.11% 0.05% 0.01% 0.29%
31 0.08% 0.24% 0.34% 0.07% 0.37% 0.24% 0.06% 0.07% 0.01% 0.27%
32 0.12% 0.30% 0.29% 0.06% 0.36% 0.21% 0.02% 0.09% 0.02% 0.22%
33 0.10% 0.21% 0.28% 0.07% 0.36% 0.18% 0.07% 0.10% 0.01% 0.20%
34 0.06% 0.20% 0.23% 0.06% 0.33% 0.17% 0.20% 0.15% 0.01% 0.17%
35 0.05% 0.20% 0.25% 0.07% 0.34% 0.17% 0.17% 0.13% 0.04% 0.11%
36 0.03% 0.17% 0.20% 0.06% 0.30% 0.15% 0.16% 0.13% 0.08% 0.07%
37 0.05% 0.15% 0.18% 0.06% 0.29% 0.14% 0.15% 0.13% 0.09% 0.00%

134



[Table B.3. PAH in oil and CEWAF

Chemical

Naphthalene
C1-Naphthalene
C2-Naphthalenes
C3-Naphthalenes
C4-Naphthalenes

Biphenyl

Dibenzofuran
Acenaphthylene
Acenaphthene

Fluorene

C1-Fluorenes
C2-Fluorenes
C3-Fluorenes

Anthracene

Phenanthrene
C1-Phenanthrenes
C2-Phenanthrenes
C3-Phenanthrenes
C4-Phenanthrenes

Retene

Dibenzothiophene
C1-Dibenzothiophenes
C2-Dibenzothiophenes
C3-Dibenzothiophenes
C4-Dibenzothiophenes
Benzo(b)fluorene
Fluoranthene

Pyrene
C1-Fluoranthenes/Pyrenes
C2-Fluoranthenes/Pyrenes
C3-Fluoranthenes/Pyrenes
C4-Fluoranthenes/Pyrenes
Naphthobenzothiophenes
C1-Naphthobenzothiophenes
C2-Naphthobenzothiophenes

C3-Naphthobenzothiophenes

Endicott CEWAF |
mg/kg Ctll L1.38mg/L L2 96 mg/L L3240 mg/L L4 600 mg/L
1.02E+03 3.90E-01 4.11E+01 8.45E+01 1.85E+02 2.46E+02
2.17E+03 1.00E-20 1.23E+02 1.99E+02 3.08E+02 3.66E+02
2.36E+03 6.09E-03 2.25E+01 3.07E+01 4.28E+01 5.57E+01
1.61E+03 5.20E-03 6.67E+00 8.67E+00 1.18E+01 1.52E+01
7.98E+02 1.00E-20 1.55E+00 2.16E+00 3.30E+00 4.70E+00
3.42E+02 2.05E-03 5.99E+00 9.67E+00 1.30E+01 1.37E+01
1.52E+02 1.61E-03 2.20E+00 3.33E+00 4.45E+00 4.85E+00
8.93E+00 5.74E-04 3.85E-02 4.60E-02 6.45E-02 8.59E-02
3.60E+01 5.84E-04 3.85E-01 5.32E-01 6.96E-01 7.91E-01
1.42E+02 1.90E-03 1.96E+00 2.80E+00 3.60E+00 3.85E+00
3.05E+02 1.00E-20 1.81E+00 2.32E+00 3.11E+00 3.70E+00
4.33E+02 1.00E-20 9.16E-01 1.23E+00 1.90E+00 2.59E+00
3.91E+02 1.00E-20 4.48E-01 6.38E-01 1.00E+00 1.74E+00
0.00E+00 3.77E-04 9.28E-03 1.26E-02 3.20E-02 3.24E-02
3.70E+02 5.78E-03 2.98E+00 3.91E+00 5.38E+00 6.27E+00
7.57E+02 2.13E-03 2.26E+00 3.06E+00 4.65E+00 6.06E+00
7.98E+02 3.04E-03 1.10E+00 1.57E+00 2.44E+00 3.76E+00
5.27E+02 1.00E-20 3.92E-01 5.35E-01 9.08E-01 1.54E+00
2.08E+02 1.00E-20 1.31E-01 1.67E-01 2.35E-01 4.21E-01
0.00E+00 1.00E-20 1.00E-20 1.00E-20 1.00E-20 1.00E-20
3.33E+02 7.43E-04 2.69E+00 3.54E+00 4.79E+00 5.50E+00
5.90E+02 1.04E-03 1.73E+00 2.32E+00 3.53E+00 4.63E+00
6.88E+02 2.75E-03 8.26E-01 1.20E+00 1.89E+00 2.92E+00
5.54E+02 1.00E-20 3.80E-01 5.29E-01 8.49E-01 1.60E+00
2.94E+02 1.00E-20 2.01E-01 2.98E-01 4.67E-01 1.61E+00
0.00E+00 1.00E-20 1.00E-20 1.00E-20 1.00E-20 1.00E-20
6.22E+00 1.73E-03 1.61E-02 2.26E-02 3.32E-02 4.92E-02
2.05E+01 1.12E-02 4.14E-02 5.81E-02 8.64E-02 1.33E-01
1.25E+02 1.00E-20 1.44E-01 2.07E-01 3.02E-01 4.48E-01
2.02E+02 1.00E-20 1.56E-01 2.11E-01 3.18E-01 5.41E-01
2.34E+02 1.00E-20 1.20E-01 1.52E-01 2.49E-01 4.68E-01
1.84E+02 1.00E-20 6.82E-02 8.93E-02 1.39E-01 2.90E-01
9.90E+01 2.86E-04 9.68E-02 1.41E-01 2.02E-01 3.27E-01
2.61E+02 1.00E-20 1.44E-01 1.85E-01 2.70E-01 5.48E-01
3.41E+02 1.00E-20 1.07E-01 1.35E-01 2.29E-01 5.47E-01
2.43E+02 1.00E-20 4.74E-02 5.21E-02 7.20E-02 2.12E-01

135




Table continued

C4-Naphthobenzothiophenes 1.58E+02 1.00E-20 3.01E-02 4.19E-02 5.67E-02 1.55E-01
Benz[a]anthracene 3.10E+00 5.05E-04 4.15E-03 4.83E-03 7.00E-03 1.05E-02
Chrysene 7.09E+01 1.36E-03 8.99E-02 1.22E-01 1.68E-01 2.50E-01
C1-Chrysenes 1.19E+02 1.00E-20 8.94E-02 1.19€-01 1.54E-01 2.86E-01
C2-Chrysenes 1.49E+02 1.00E-20 7.94E-02 1.05E-01 1.26E-01 2.49E-01
C3-Chrysenes 1.74E+02 1.00E-20 8.79E-02 1.15E-01 1.43E-01 3.32E-01
C4-Chrysenes 1.07E+02 1.00E-20 1.00E-20 1.00E-20 1.00E-20 1.66E-01
Benzo[b]fluoranthene 1.10E+01 6.77E-04 6.98E-03 8.22E-03 1.16E-02 2.38E-02
Benzo[k]fluoranthene 0.00E+00 5.54E-04 1.00E-20 1.00E-20 1.00E-20 1.00E-20
Benzo[a]fluoranthene 0.00E+00 1.00E-20 1.00E-20 1.00E-20 1.00E-20 1.00E-20
Benzo[e]pyrene 2.17E+01 1.00E-20 1.37E-02 1.78E-02 2.33E-02 4.71E-02
Benzo[a]pyrene 2.74E+00 1.00E-20 1.32E-03 1.56E-03 1.94E-03 4.16E-03
Perylene 2.11E+00 1.00E-20 1.00E-20 1.00E-20 1.00E-20 1.00E-20
Indeno[1,2,3-cd]pyrene 1.21E+00 5.38E-04 1.00E-20 1.00E-20 1.44E-03 2.98E-03
Dibenz[ah]anthracene 1.92E+00 1.00E-20 8.84E-04 8.83E-04 1.88E-03 2.97E-03
Benzo[g,h,i]perylene 6.77E+00 4.26E-04 2.74E-03 3.33E-03 4.09E-03 9.44E-03
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|Tab|e B.4. BE measurements, top table Dmagnatsesul

Chemically Physically | passively | Chemically
Dispersed | Load | Dispersed Dosed Dispersed
Loading (CD) ing (PD) (PSVD) (CD)
(mg/
(mg/L) (1:10 DOR) L) (1:10 DOR)
30-Oct-13 5-Nov-13 | 4-Dec-13 | 11-Dec-13
0
(con
0 (control) nd trol) nd nd nd
4 3.05 38 114 8.54 11.2
2.51 12.2 8.86 9.81
mea
mean 2.78 n 11.8 8.70 10.5
20 8.79 96 19.1 12.5 20.2
9.28 19.6 13.2 18.5
mea
mean 9.04 n 194 129 194
100 19.9 240 23.2 19.0 24.2
20.8 20.8 19.2 26.9
mea
mean 20.4 n 22.0 19.1 25.6
500 39.8 600 30.6 25.0 33.7
41.7 29.5 23.3 34.1
mea
mean 40.8 n 30.1 24.2 33.9
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Table B.4 continued

Seawater
tests with ...,
mysids Endicott
Chemically Physically
Loading Dispersed (CD) Passively Dosed (PSVD) Dispersed (PD)
(mg/L) (1:20 DOR)
2- 27-
May Jun-
30-Apr-14 -14 4-Jun-14 6-Jun-14 24-Jun-14 14
Day Day
2 Day O Day 2 2
Day 0 (new) (old) (new) (old) Day 0 (new) (old)
0 (control) nd nd nd nd nd nd
5 3.38 2.90 1.23 0.986 3.59 2.78
3.59 2.67 1.25 1.30 4.23 4.26
mean 3.49 2.79 1.24 1.14 3.91 3.52
17 7.57 5.77 3.55 3.12 7.79 6.62
7.35 5.12 3.48 3.82 7.55 7.16
mean 7.46 5.45 3.52 3.47 7.67 6.89
56 14.6 9.27 7.32 5.40 13.0 10.8
15.6 9.72 6.97 5.28 13.0 10.4
mean 15.1 9.50 7.15 5.34 13.0 10.6
185 27.9 21.0 14.3 9.75 19.7 15.0
25.5 20.8 13.4 11.4 18.9 15.3
mean 26.7 20.9 13.9 10.6 19.3 15.2
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[Table B.5. Dissolved PAH measurements

Chemical

naphthalene
acenaphthylene
acenaphthene

fluorene

me-fluorene
phenanthrene
anthracene
fluoranthene

pyrene

me-pyrene
benzo[alanthracene
chrysene
benzo[b&k]fluoranthene
benzo[a]pyrene
indeno(1,2,3cd) pyrene
dibenzo(a,h)anthracene

benzo(ghi)perylene

Freshwater testing with daphnids

fresh crude oil

4 mg/L 20 mg/L 100 mg/L 500 mg/L
repl rep 2 rep 1 rep 2 repl rep 2 rep 1 rep 2
3.21 3.25 24.2 243 108 110 249 244
0.233 0.242 0.632 0.657 0.950 0.944 1.11 1.02
0.067 0.076 0.200 0.216 0.356  0.379 0.455 0.428
0.612 0.617 2.53 2.62 3.56 3.65 4.63 4.41
0.832 0.859 1.85 1.89 2.28 2.33 241 2.28
1.42 1.41 4.10 4.28 6.90 6.85 9.56 9.68

nd nd nd nd nd 0.037 nd nd
nd nd nd nd 0.027 0.025 0.043 nd
nd nd nd nd nd nd nd nd
nd nd 0.010 0.013 nd nd nd 0.138
nd nd nd nd nd nd nd nd
0.038 0.035 0.057 0.060 0.09 0.094 0.083 0.078
nd nd nd nd nd nd nd nd
0.02 nd nd nd nd nd nd nd
0.052 0.041 0.040 0.043 0.063 0.062 0.090 0.071
0.039 0.031 0.018 0.015 0.050 0.053 0.092 0.064
0.037 0.024 nd 0.018 0.040 0.046 nd nd
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Table Continued.

naphthalene
acenaphthylene
acenaphthene

fluorene

me-fluorene
phenanthrene
anthracene
fluoranthene

pyrene

me-pyrene
benzo[a]lanthracene
chrysene
benzo[b&Kk]fluoranthene
benzo[a]lpyrene
indeno(1,2,3cd) pyrene
dibenzo(a,h)anthracene

benzo(ghi)perylene

Seawater testing with mysids

fresh crude oil

repl
4.11
0.171
0.064
0.989
0.709
1.04
0.008
nd
nd
nd
nd
0.020
nd
nd

|3 > >
o o Qo

rep 2
4.00
0.097
0.076
0.979
0.631
1.10
0.013
nd
nd
nd
nd
0.035
nd
nd

|3 =} >
o o Qo

17 mg/L
rep 1
15.7
0.229
0.179
1.97
0.977
2.16
0.012

nd
0.027

nd

nd
0.021

|33333
o o o a o

rep 2
17.5
0.255
0.185
1.91
0.981
2.19
0.014
nd
0.019
nd
nd
0.036
nd
nd

|333
o o o

56 m
repl
54.2
0.308
0.267
2.93
1.27
2.92
0.009

nd
0.023
nd
nd
0.020
nd
nd

|333
o o o

L

rep 2
61.1
0.831
0.302
3.24
1.38
3.18
0.010
nd
0.029
nd
nd
0.020
nd
nd
0.023

|33
aQ o

185 mg/L
rep 1
145
0.397
0.440
4.37
1.68
6.22
nd
nd
0.032
0.085
nd
0.046
nd
nd
0.035
nd
0.036

rep 2
153
1.02
0.462
4.42
1.93
6.42
0.021
0.019
0.054
0.082
nd
0.048
nd
nd
0.033
nd
0.053
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[Table B.6. Effects data

Biological results following oil exposures
mortality at 48 h with intermediate observations

Freshwater tests with Daphnia magna

fresh crude oil

Treatment Obs. CEWAF PDWAF PsvWAF
Level (Hours) Mortality (%) Mortality (%) Mortality (%)
2 0 0 0
Control 6 0 0 0
24 0 0 0
48 0 0 0
2 0 0 0
38 mg/L 6 0 0 0
24 0 0 0
48 25 0 20
2 0 0 0
96 mg/L 6 0 0 0
24 0 0 0
48 60 5 20
2 0 0 0
240 mg/L 6 0 0 0
24 0 0 0
48 100 35 45
2 0 0 0
600 mg/L 6 0 0 0
24 20 5 0
48 100 80 80
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Table B.6 continued
Saltwater tests with Mysidopsis bahia

Fresh crude oil

Treatment Obs. CEWAF PDWAF PsvWAF
Level (Hours) Mortality (%) Mortality (%) Mortality (%)

2 0 0 0
Control 17 0 0 0
24 0 0 0
48 0 0 0
2 0 0 0
5 mg/L 17 0 0 0
24 0 0 0
48 15 35 0
2 0 0 0
17 mg/L 17 0 0
24 5 10 0

48 65 100 15
2 0 0 0
56 mg/L 17 25 10 0
24 25 80 0

48 100 100 40
2 0 0 0

185 mg/L 17 80 80 40
24 80 100 90

48 100 100 100
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Appendix C

CHAPTER 3 SUPPLEMENTAL INFORMATION

[Table C.1. Effects data

Survival Cw

Species t_obs(d) (fraction) (mg/L) Chemical Source

D. rerio 2 0.5 79 OHP Butler2016
D. rerio 4 0.4 79 OHP Butler2016
D. rerio 2 0.7 242 OHP Butler2016
D. rerio 4 0.1 242 OHP Butler2016
D. rerio 2 0.15 682 OHP Butler2016
D. rerio 4 0 682 OHP Butler2016
D. rerio 0 1 32 PHE Butler2016
D. rerio 4 0.94 32 PHE Butler2016
D. rerio 0 1 105 PHE Butler2016
D. rerio 3 0.94 105 PHE Butler2016
D. rerio 4 0.75 105 PHE Butler2016
D. rerio 0 1 423 PHE Butler2016
D. rerio 2 0.94 423 PHE Butler2016
D. rerio 3 0.88 423 PHE Butler2016
D. rerio 4 0.59 423 PHE Butler2016
D. rerio 2 1 36 PHE Butler2016
D. rerio 4 1 36 PHE Butler2016
D. rerio 2 1 70 PHE Butler2016
D. rerio 4 1 70 PHE Butler2016
D. rerio 2 1 159 PHE Butler2016
D. rerio 4 1 159 PHE Butler2016
D. rerio 2 0.4 415 PHE Butler2016
D. rerio 4 0.4 415 PHE Butler2016
D. rerio 4 0 948 PHE Butler2016
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Table continued

D. rerio 0 1 60 meNAP Butler2016
D. rerio 0 1 277 meNAP Butler2016
D. rerio 3 0.95 277 meNAP Butler2016
D. rerio 0 1 1227 meNAP Butler2016
D. rerio 2 0.44 1227 meNAP Butler2016
D. rerio 3 0.29 1227 meNAP Butler2016
D. rerio 4 0.24 1227 meNAP Butler2016
D. rerio 2 1 118 meNAP Butler2016
D. rerio 4 1 118 meNAP Butler2016
D. rerio 2 1 204 meNAP Butler2016
D. rerio 4 1 204 meNAP Butler2016
D. rerio 2 1 401 meNAP Butler2016
D. rerio 4 1 401 meNAP Butler2016
D. rerio 2 1 913 meNAP Butler2016
D. rerio 4 0.9 913 meNAP Butler2016
D. rerio 2 1 1716 meNAP Butler2016
D. rerio 4 0.55 1716 meNAP Butler2016
D. rerio 2 1 419 NAP Butler2016
D. rerio 4 1 419 NAP Butler2016
D. rerio 2 1 875 NAP Butler2016
D. rerio 4 1 875 NAP Butler2016
D. rerio 2 1 2183 NAP Butler2016
D. rerio 4 1 2183 NAP Butler2016
D. rerio 2 0.85 5401 NAP Butler2016
D. rerio 4 0.85 5401 NAP Butler2016
D. rerio 2 0 18059 NAP Butler2016
D. rerio 4 0 18059 NAP Butler2016
D. rerio 2 1 230 BPH Butler2016
D. rerio 4 1 230 BPH Butler2016
D. rerio 2 1 338 BPH Butler2016
D. rerio 4 0.9 338 BPH Butler2016
D. rerio 2 0.9 955 BPH Butler2016
D. rerio 4 0.75 955 BPH Butler2016
D. rerio 2 0.95 1647 BPH Butler2016
D. rerio 4 0.45 1647 BPH Butler2016
D. rerio 2 0 3882 BPH Butler2016
D. rerio 4 0 3882 BPH Butler2016
D. rerio 2 1 9 PYR Butler2016
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Table continued

D. rerio 4 1 9 PYR Butler2016
D. rerio 2 1 18 PYR Butler2016
D. rerio 4 1 18 PYR Butler2016
D. rerio 2 1 35 PYR Butler2016
D. rerio 4 0.95 35 PYR Butler2016
D. rerio 2 0.95 70 PYR Butler2016
D. rerio 4 0.9 70 PYR Butler2016
D. rerio 2 1 140 PYR Butler2016
D. rerio 4 0.6 140 PYR Butler2016
0. mykiss 0 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0.010417 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0.03125 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0.052083 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0.072917 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0.09375 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0.135417 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0.177083 1 0.01 PHE_5deg EMBSI2006
0. mykiss 1 1 0.01 PHE_5deg EMBSI2006
0. mykiss 2 1 0.01 PHE_5deg EMBSI2006
0. mykiss 3 1 0.01 PHE_5deg EMBSI2006
0. mykiss 4 1 0.01 PHE_5deg EMBSI2006
0. mykiss 0 1 0.2 PHE_5deg EMBSI2006
0. mykiss 0.010417 1 0.2 PHE_S5deg EMBSI2006
0. mykiss 0.03125 1 0.2 PHE_5deg EMBSI2006
0. mykiss 0.052083 1 0.2 PHE_5deg EMBSI2006
0. mykiss 0.072917 1 0.2 PHE_5deg EMBSI2006
0. mykiss 0.09375 1 0.2 PHE_5deg EMBSI2006
0. mykiss 0.135417 1 0.2 PHE_5deg EMBSI2006
0. mykiss 0.177083 1 0.2 PHE_5deg EMBSI2006
0. mykiss 1 1 0.2 PHE_5deg EMBSI2006
0. mykiss 2 0.75 0.2 PHE_5deg EMBSI2006
0. mykiss 3 0 0.2 PHE_5deg EMBSI2006
0. mykiss 4 0 0.2 PHE_5deg EMBSI2006
0. mykiss 0 1 0.56 PHE_5deg EMBSI2006
0. mykiss 0.010417 1 0.56 PHE_5deg EMBSI2006
0. mykiss 0.03125 1 0.56 PHE_5deg EMBSI2006
0. mykiss 0.052083 1 0.56 PHE_5deg EMBSI2006
0. mykiss 0.072917 1 0.56 PHE_5deg EMBSI2006
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Table continued

0. mykiss 0.09375 1 0.56 PHE_5deg EMBSI2006
0. mykiss 0.135417 1 0.56 PHE_5deg EMBSI2006
0. mykiss 0.177083 1 0.56 PHE_5deg EMBSI2006
0. mykiss 1 0 0.56 PHE_5deg EMBSI2006
0. mykiss 2 0 0.56 PHE_5deg EMBSI2006
0. mykiss 3 0 0.56 PHE_5deg EMBSI2006
0. mykiss 4 0 0.56 PHE_5deg EMBSI2006
0. mykiss 0 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0.010417 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0.03125 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0.052083 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0.072917 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0.09375 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0.135417 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0.177083 1 0.01 PHE_18deg EMBSI2006
0. mykiss 1 1 0.01 PHE_18deg EMBSI2006
0. mykiss 2 1 0.01 PHE_18deg EMBSI2006
0. mykiss 3 1 0.01 PHE_18deg EMBSI2006
0. mykiss 4 1 0.01 PHE_18deg EMBSI2006
0. mykiss 0 1 0.2 PHE_18deg EMBSI2006
0. mykiss 0.010417 1 0.2 PHE_18deg EMBSI2006
0. mykiss 0.03125 1 0.2 PHE_18deg EMBSI2006
0. mykiss 0.052083 1 0.2 PHE_18deg EMBSI2006
0. mykiss 0.072917 1 0.2 PHE_18deg EMBSI2006
0. mykiss 0.09375 1 0.2 PHE_18deg EMBSI2006
0. mykiss 0.135417 1 0.2 PHE_18deg EMBSI2006
0. mykiss 0.177083 1 0.2 PHE_18deg EMBSI2006
0. mykiss 1 0.875 0.2 PHE_18deg EMBSI2006
0. mykiss 2 0.75 0.2 PHE_18deg EMBSI2006
0. mykiss 3 0.625 0.2 PHE_18deg EMBSI2006
0. mykiss 4 0.5 0.2 PHE_18deg EMBSI2006
0. mykiss 0 1 0.56 PHE_18deg EMBSI2006
0. mykiss 0.010417 1 0.56 PHE_18deg EMBSI2006
0. mykiss 0.03125 1 0.56 PHE_18deg EMBSI2006
0. mykiss 0.052083 1 0.56 PHE_18deg EMBSI2006
0. mykiss 0.072917 1 0.56 PHE_18deg EMBSI2006
0. mykiss 0.09375 0.875 0.56 PHE_18deg EMBSI2006
0. mykiss 0.135417 0.75 0.56 PHE_18deg EMBSI2006
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Table continued

0. mykiss 0.177083 0.75 0.56 PHE_18deg EMBSI2006
0. mykiss 1 0 0.56 PHE_18deg EMBSI2006
0. mykiss 2 0 0.56 PHE_18deg EMBSI2006
0. mykiss 3 0 0.56 PHE_18deg EMBSI2006
0. mykiss 4 0 0.56 PHE_18deg EMBSI2006
0. mykiss 0 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.010417 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.03125 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.041667 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.052083 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.072917 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.114583 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.15625 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0.197917 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 1 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 2 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 3 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 4 1 0.001 meNAP_5deg EMBSI2006
0. mykiss 0 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.010417 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.03125 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.041667 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.052083 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.072917 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.114583 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.15625 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 0.197917 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 1 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 2 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 3 1 0.111 meNAP_5deg EMBSI2006
0. mykiss 4 0.625 0.111 meNAP_5deg EMBSI2006
0. mykiss 0 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 0.010417 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 0.03125 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 0.041667 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 0.052083 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 0.072917 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 0.114583 1 0.361 meNAP_5deg EMBSI2006
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Table continued

0. mykiss 0.15625 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 0.197917 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 1 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 2 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 3 1 0.361 meNAP_5deg EMBSI2006
0. mykiss 4 0.875 0.361 meNAP_5deg EMBSI2006
0. mykiss 0 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.010417 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.03125 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.041667 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.052083 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.072917 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.114583 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.15625 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 0.197917 1 3.06 meNAP_5deg EMBSI2006
0. mykiss 1 0 3.06 meNAP_5deg EMBSI2006
0. mykiss 2 0 3.06 meNAP_5deg EMBSI2006
0. mykiss 3 0 3.06 meNAP_5deg EMBSI2006
0. mykiss 4 0 3.06 meNAP_5deg EMBSI2006
0. mykiss 0 1 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.010417 1 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.03125 0.625 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.041667 0.625 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.052083 0.625 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.072917 0.625 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.114583 0.625 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.15625 0.625 17.9 meNAP_5deg EMBSI2006
0. mykiss 0.197917 0 17.9 meNAP_5deg EMBSI2006
0. mykiss 1 0 17.9 meNAP_5deg EMBSI2006
0. mykiss 2 0 17.9 meNAP_5deg EMBSI2006
0. mykiss 3 0 17.9 meNAP_5deg EMBSI2006
0. mykiss 4 0 17.9 meNAP_5deg EMBSI2006
0. mykiss 0 1 0.001 meNAP_18deg EMBSI2006
0. mykiss 0.010417 1 0.001 meNAP_18deg EMBSI2006
0. mykiss 0.03125 1 0.001 meNAP_18deg EMBSI2006
0. mykiss 0.041667 1 0.001 meNAP_18deg EMBSI2006
0. mykiss 0.052083 1 0.001 meNAP_18deg EMBSI2006
0. mykiss 0.072917 1 0.001 meNAP_18deg EMBSI2006
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. mykiss
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Table continued

0. mykiss 4 1 1.81 XYL_5deg EMBSI2006
0. mykiss 0 1 5.15 XYL_5deg EMBSI2006
0. mykiss 0.020833 1 5.15 XYL_5deg EMBSI2006
0. mykiss 0.041667 1 5.15 XYL_5deg EMBSI2006
0. mykiss 0.125 1 5.15 XYL_5deg EMBSI2006
0. mykiss 0.208333 1 5.15 XYL_5deg EMBSI2006
0. mykiss 1 1 5.15 XYL_5deg EMBSI2006
0. mykiss 2 0.75 5.15 XYL_5deg EMBSI2006
0. mykiss 3 0.583333 5.15 XYL_5deg EMBSI2006
0. mykiss 4  0.583333 5.15 XYL_5deg EMBSI2006
0. mykiss 0 1 10.56 XYL_5deg EMBSI2006
0. mykiss 0.020833 1 10.56 XYL_5deg EMBSI2006
0. mykiss 0.041667 1 10.56 XYL_5deg EMBSI2006
0. mykiss 0.125 1 10.56 XYL_5deg EMBSI2006
0. mykiss 0.208333  0.916667 10.56  XYL_5deg EMBSI2006
0. mykiss 1 0.416667 10.56 XYL_5deg EMBSI2006
0. mykiss 2 0.25 10.56 XYL_5deg EMBSI2006
0. mykiss 3 0.25 10.56 XYL_5deg EMBSI2006
0. mykiss 4 0.25 10.56 XYL_5deg EMBSI2006
0. mykiss 0 1 25.85 XYL_5deg EMBSI2006
0. mykiss 0.020833 1 25.85 XYL_5deg EMBSI2006
0. mykiss 0.041667 1 25.85 XYL_5deg EMBSI2006
0. mykiss 0.125  0.833333 25.85 XYL_5deg EMBSI2006
0. mykiss 0.208333 0 25.85 XYL_5deg EMBSI2006
0. mykiss 1 0 25.85 XYL_5deg EMBSI2006
0. mykiss 2 0 25.85 XYL_5deg EMBSI2006
0. mykiss 3 0 25.85 XYL_5deg EMBSI2006
0. mykiss 4 0 25.85 XYL_5deg EMBSI2006
0. mykiss 0 1 67.65 XYL_S5deg EMBSI2006
0. mykiss 0.020833 1 67.65 XYL_5deg EMBSI2006
0. mykiss 0.041667 0 67.65 XYL_S5deg EMBSI2006
0. mykiss 0.125 0 67.65 XYL_5deg EMBSI2006
0. mykiss 0.208333 0 67.65 XYL_5deg EMBSI2006
0. mykiss 1 0 67.65 XYL_5deg EMBSI2006
0. mykiss 2 0 67.65 XYL_S5deg EMBSI2006
0. mykiss 3 0 67.65 XYL_5deg EMBSI2006
0. mykiss 4 0 67.65 XYL_S5deg EMBSI2006
0. mykiss 0 1 1.00E-03  XYL_18deg EMBSI2006
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Table continued

0. mykiss 0.010417 1 1.00E-03 XYL_18deg EMBSI2006
0. mykiss 0.020833 1 1.00E-03  XYL_18deg EMBSI2006
0. mykiss 0.041667 1 1.00E-03  XYL_18deg EMBSI2006
0. mykiss 0.125 1 1.00E-03  XYL_18deg EMBSI2006
0. mykiss 0.208333 1 1.00E-03  XYL_18deg EMBSI2006
0. mykiss 1 1 1.00E-03  XYL_18deg EMBSI2006
0. mykiss 2 1 1.00E-03 XYL_18deg EMBSI2006
0. mykiss 3 1 1.00E-03  XYL_18deg EMBSI2006
0. mykiss 4 1 1.00E-03 XYL_18deg EMBSI2006
0. mykiss 0 1 1.81 XYL_18deg EMBSI2006
0. mykiss 0.010417 1 1.81 XYL_18deg EMBSI2006
0. mykiss 0.020833 1 1.81 XYL_18deg EMBSI2006
0. mykiss 0.041667 1 1.81 XYL_18deg EMBSI2006
0. mykiss 0.125 1 1.81 XYL_18deg EMBSI2006
0. mykiss 0.208333 1 1.81 XYL_18deg EMBSI2006
0. mykiss 1 1 1.81 XYL_18deg EMBSI2006
0. mykiss 2 1 1.81 XYL_18deg EMBSI2006
0. mykiss 3 1 1.81 XYL_18deg EMBSI2006
0. mykiss 4 1 1.81 XYL_18deg EMBSI2006
0. mykiss 0 1 5.15 XYL_18deg EMBSI2006
0. mykiss 0.010417 1 5.15 XYL_18deg EMBSI2006
0. mykiss 0.020833 1 5.15 XYL_18deg EMBSI2006
0. mykiss 0.041667 1 5.15 XYL_18deg EMBSI2006
0. mykiss 0.125 1 5.15 XYL_18deg EMBSI2006
0. mykiss 0.208333 1 5.15 XYL_18deg EMBSI2006
0. mykiss 1 1 5.15 XYL_18deg EMBSI2006
0. mykiss 2 1 5.15 XYL_18deg EMBSI2006
0. mykiss 3 1 5.15 XYL_18deg EMBSI2006
0. mykiss 4 1 5.15 XYL_18deg EMBSI2006
0. mykiss 0 1 10.56 XYL_18deg EMBSI2006
0. mykiss 0.010417 1 10.56 XYL_18deg EMBSI2006
0. mykiss 0.020833 1 10.56 XYL_18deg EMBSI2006
0. mykiss 0.041667 1 10.56 XYL_18deg EMBSI2006
0. mykiss 0.125 0.916667 10.56 XYL_18deg EMBSI2006
0. mykiss 0.208333 0.75 10.56 XYL_18deg EMBSI2006
0. mykiss 1 0.5 10.56 XYL_18deg EMBSI2006
0. mykiss 2 0.416667 10.56 XYL_18deg EMBSI2006
0. mykiss 3  0.416667 10.56 XYL_18deg EMBSI2006
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Table continued

0. mykiss 4  0.333333 10.56 XYL_18deg EMBSI2006
0. mykiss 0 1 25.85 XYL_18deg EMBSI2006
0. mykiss 0.010417 1 25.85 XYL_18deg EMBSI2006
0. mykiss 0.020833  0.916667 25.85 XYL_18deg EMBSI2006
0. mykiss 0.041667 0.25 25.85 XYL_18deg EMBSI2006
0. mykiss 0.125 0 25.85 XYL_18deg EMBSI2006
0. mykiss 0.208333 0 25.85 XYL_18deg EMBSI2006
0. mykiss 1 0 25.85 XYL_18deg EMBSI2006
0. mykiss 2 0 25.85 XYL_18deg EMBSI2006
0. mykiss 3 0 25.85 XYL_18deg EMBSI2006
0. mykiss 4 0 25.85 XYL_18deg EMBSI2006
0. mykiss 0 1 67.65 XYL_18deg EMBSI2006
0. mykiss 0.010417 0 67.65 XYL_18deg EMBSI2006
0. mykiss 0.020833 0 67.65 XYL_18deg EMBSI2006
0. mykiss 0.041667 0 67.65 XYL_18deg EMBSI2006
0. mykiss 0.125 0 67.65 XYL_18deg EMBSI2006
0. mykiss 0.208333 0 67.65 XYL_18deg EMBSI2006
0. mykiss 1 0 67.65 XYL_18deg EMBSI2006
0. mykiss 2 0 67.65 XYL_18deg EMBSI2006
0. mykiss 3 0 67.65 XYL_18deg EMBSI2006
0. mykiss 4 0 67.65 XYL_18deg EMBSI2006
Sablefish 0.041667 1 1.00E-03 TOL API/UNCW
Sablefish 0.125 1 1.00E-03 TOL API/UNCW
Sablefish 0.25 1 1.00E-03 TOL API/UNCW
Sablefish 1 1 1.00E-03 TOL API/UNCW
Sablefish 1.25 1 1.00E-03 TOL API/UNCW
Sablefish 2 1 1.00E-03 TOL API/UNCW
Sablefish 2.25 1 1.00E-03 TOL API/UNCW
Sablefish 3 1 1.00E-03 TOL API/UNCW
Sablefish 3.25 1 1.00E-03 TOL API/UNCW
Sablefish 4 1 1.00E-03 TOL API/UNCW
Sablefish 0.041667 1 1.33 TOL API/UNCW
Sablefish 0.125 1 1.33 TOL API/UNCW
Sablefish 0.25 1 1.33 TOL API/UNCW
Sablefish 1 1 1.33 TOL API/UNCW
Sablefish 1.25 1 1.33 TOL API/UNCW
Sablefish 2 1 1.33 TOL API/UNCW
Sablefish 2.25 1 1.33 TOL API/UNCW
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API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
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API/UNCW
API/UNCW
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Table continued
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish

1
1.25

2.25

3.25

4
0.041667
0.125
0.25

1

1.25

2.25

3.25

4
0.041667
0.125
0.25

1

1.25

2.25

3.25

4
0.041667
0.125
0.25

1

1.25

2.25

3.25

4
0.041667

0.583333
0.416667
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0.666667
0.333333
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0.916667
0.916667
0.916667
0.916667
0.916667

1

2.3

2.3

2.3

2.3

2.3

2.3

2.3

4.3

4.3

4.3

4.3

4.3

4.3

4.3

4.3

4.3

4.3
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.37
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PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP

API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW



Table continued
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish
Sablefish

. promelas

. promelas

. promelas

. promelas

2}
P
P
P
P. promelas
P. promelas
P. promelas
P. promelas
P

. promelas

0.125
0.25

1.25

2.25

3.25

4
0.041667
0.125
0.25

1

1.25

2.25

3.25

4
0.041667
0.125
0.25

1

1.25

2.25

3.25
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0.916667
0.916667
0.916667
0.916667
0.916667

1
1
1
0
0
0
0
0
0
0
1
1
1
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1

0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

4.2

4.2

4.2

4.2

4.2

4.2

4.2

4.2

4.2

4.2
0.01
0.01
0.01
0.01
0.0653
0.0653
0.0653
0.0653
0.22
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meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
meNAP
t-butylstyrene
t-butylstyrene
t-butylstyrene
t-butylstyrene
t-butylstyrene
t-butylstyrene
t-butylstyrene
t-butylstyrene
t-butylstyrene

API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
API/UNCW
EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA



Table continued

P. promelas 2 1 0.22  t-butylstyrene EPA
P. promelas 3 0.95 0.22  t-butylstyrene EPA
P. promelas 4 0.95 0.22  t-butylstyrene EPA
P. promelas 1 1 0.23  t-butylstyrene EPA
P. promelas 2 0.95 0.23  t-butylstyrene EPA
P. promelas 3 0.95 0.23  t-butylstyrene EPA
P. promelas 4 0.9 0.23  t-butylstyrene EPA
P. promelas 1 1 0.321 t-butylstyrene EPA
P. promelas 2 1 0.321 t-butylstyrene EPA
P. promelas 3 1 0.321 t-butylstyrene EPA
P. promelas 4 0.9 0.321 t-butylstyrene EPA
P. promelas 1 0.9 0.764  t-butylstyrene EPA
P. promelas 2 0.8 0.764  t-butylstyrene EPA
P. promelas 3 0.35 0.764  t-butylstyrene EPA
P. promelas 4 0.1 0.764  t-butylstyrene EPA
P. promelas 1 1 0.001 Acenaphthene EPA
P. promelas 2 1 0.001 Acenaphthene EPA
P. promelas 3 1 0.001 Acenaphthene EPA
P. promelas 4 1 0.001 Acenaphthene EPA
P. promelas 1 1 0.01 Acenaphthene EPA
P. promelas 2 1 0.01 Acenaphthene EPA
P. promelas 3 1 0.01 Acenaphthene EPA
P. promelas 4 1 0.01 Acenaphthene EPA
P. promelas 1 1 0.2 Acenaphthene EPA
P. promelas 2 1 0.2 Acenaphthene EPA
P. promelas 3 1 0.2 Acenaphthene EPA
P. promelas 4 1 0.2 Acenaphthene EPA
P. promelas 1 1 0.23  Acenaphthene EPA
P. promelas 2 1 0.23  Acenaphthene EPA
P. promelas 3 1 0.23  Acenaphthene EPA
P. promelas 4 1 0.23  Acenaphthene EPA
P. promelas 1 1 0.42 Acenaphthene EPA
P. promelas 2 1 0.42 Acenaphthene EPA
P. promelas 3 1 0.42 Acenaphthene EPA
P. promelas 4 1 0.42 Acenaphthene EPA
P. promelas 1 1 0.44 Acenaphthene EPA
P. promelas 2 1 0.44 Acenaphthene EPA
P. promelas 3 1 0.44 Acenaphthene EPA
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Table continued

P. promelas 4 1 0.44 Acenaphthene EPA
P. promelas 1 1 0.77 Acenaphthene EPA
P. promelas 2 1 0.77 Acenaphthene EPA
P. promelas 3 1 0.77 Acenaphthene EPA
P. promelas 4 1 0.77 Acenaphthene EPA
P. promelas 1 1 0.83 Acenaphthene EPA
P. promelas 2 1 0.83 Acenaphthene EPA
P. promelas 3 1 0.83 Acenaphthene EPA
P. promelas 4 1 0.83 Acenaphthene EPA
P. promelas 1 1 1.32  Acenaphthene EPA
P. promelas 2 1 1.32 Acenaphthene EPA
P. promelas 3 1 1.32  Acenaphthene EPA
P. promelas 4 0.96 1.32 Acenaphthene EPA
P. promelas 1 1 1.33 Acenaphthene EPA
P. promelas 2 1 1.33  Acenaphthene EPA
P. promelas 3 1 1.33 Acenaphthene EPA
P. promelas 4 1 1.33  Acenaphthene EPA
P. promelas 1 0.92 2.26  Acenaphthene EPA
P. promelas 2 0.84 2.26  Acenaphthene EPA
P. promelas 3 0.24 2.26  Acenaphthene EPA
P. promelas 4 0.08 2.26  Acenaphthene EPA
P. promelas 1 0.96 2.18 Acenaphthene EPA
P. promelas 2 0.76 2.18 Acenaphthene EPA
P. promelas 3 0.2 2.18 Acenaphthene EPA
P. promelas 4 0.04 2.18 Acenaphthene EPA
P. promelas 1 1 0.001 Naphthalene EPA
P. promelas 2 1 0.001 Naphthalene EPA
P. promelas 3 1 0.001 Naphthalene EPA
P. promelas 4 1 0.001 Naphthalene EPA
P. promelas 1 1 0.01 Naphthalene EPA
P. promelas 2 1 0.01 Naphthalene EPA
P. promelas 3 1 0.01 Naphthalene EPA
P. promelas 4 1 0.01 Naphthalene EPA
P. promelas 1 1 4.74 Naphthalene EPA
P. promelas 2 1 4.74  Naphthalene EPA
P. promelas 3 1 4.74 Naphthalene EPA
P. promelas 4 1 4.74  Naphthalene EPA
P. promelas 1 1 3.92 Naphthalene EPA
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Table continued

P. promelas 2 1 3.92 Naphthalene EPA
P. promelas 3 1 3.92 Naphthalene EPA
P. promelas 4 1 3.92 Naphthalene EPA
P. promelas 1 0.88 6.57 Naphthalene EPA
P. promelas 2 0.32 6.57 Naphthalene EPA
P. promelas 3 0.24 6.57 Naphthalene EPA
P. promelas 4 0.24 6.57 Naphthalene EPA
P. promelas 1 0.96 5.52 Naphthalene EPA
P. promelas 2 0.68 5.52 Naphthalene EPA
P. promelas 3 0.56 5.52 Naphthalene EPA
P. promelas 4 0.56 5.52 Naphthalene EPA
P. promelas 1 0 10.4 Naphthalene EPA
P. promelas 2 0 10.4 Naphthalene EPA
P. promelas 3 0 10.4 Naphthalene EPA
P. promelas 4 0 10.4 Naphthalene EPA
P. promelas 1 0.12 10.2 Naphthalene EPA
P. promelas 2 0 10.2 Naphthalene EPA
P. promelas 3 0 10.2 Naphthalene EPA
P. promelas 4 0 10.2 Naphthalene EPA
P. promelas 1 1 0.001 toluene EPA
P. promelas 2 1 0.001 toluene EPA
P. promelas 3 1 0.001 toluene EPA
P. promelas 4 1 0.001 toluene EPA
P. promelas 1 0.9 12.1 toluene EPA
P. promelas 2 0.8 12.1 toluene EPA
P. promelas 3 0.65 12.1 toluene EPA
P. promelas 4 0.55 12.1 toluene EPA
P. promelas 1 1 17.8 toluene EPA
P. promelas 2 0.9 17.8 toluene EPA
P. promelas 3 0.75 17.8 toluene EPA
P. promelas 4 0.7 17.8 toluene EPA
P. promelas 1 0.85 28.5 toluene EPA
P. promelas 2 0.75 28.5 toluene EPA
P. promelas 3 0.7 28.5 toluene EPA
P. promelas 4 0.65 28.5 toluene EPA
P. promelas 1 0.55 47.1 toluene EPA
P. promelas 2 0 47.1 toluene EPA
P. promelas 3 0 47.1 toluene EPA
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Table continued

P. promelas 4 0 47.1 toluene EPA
P. promelas 1 0 66.1 toluene EPA
P. promelas 2 0 66.1 toluene EPA
P. promelas 3 0 66.1 toluene EPA
P. promelas 4 0 66.1 toluene EPA
P. promelas 1 1 0.01 toluene EPA
P. promelas 2 1 0.01 toluene EPA
P. promelas 3 1 0.01 toluene EPA
P. promelas 4 1 0.01 toluene EPA
P. promelas 1 1 8.3 toluene EPA
P. promelas 2 1 8.3 toluene EPA
P. promelas 3 1 8.3 toluene EPA
P. promelas 4 1 8.3 toluene EPA
P. promelas 1 1 12.6 toluene EPA
P. promelas 2 1 12.6 toluene EPA
P. promelas 3 0.95 12.6 toluene EPA
P. promelas 4 0.95 12.6 toluene EPA
P. promelas 1 1 17.5 toluene EPA
P. promelas 2 0.95 17.5 toluene EPA
P. promelas 3 0.65 17.5 toluene EPA
P. promelas 4 0.4 17.5 toluene EPA
P. promelas 1 0.9 30.6 toluene EPA
P. promelas 2 0.85 30.6 toluene EPA
P. promelas 3 0.85 30.6 toluene EPA
P. promelas 4 0.85 30.6 toluene EPA
P. promelas 1 0.55 41.4 toluene EPA
P. promelas 2 0.45 41.4  toluene EPA
P. promelas 3 0.4 41.4 toluene EPA
P. promelas 4 0.4 41.4  toluene EPA
P. promelas 1 1 0.001 ethylbenzene EPA
P. promelas 2 1 0.001 ethylbenzene EPA
P. promelas 3 1 0.001 ethylbenzene EPA
P. promelas 4 1 0.001 ethylbenzene EPA
P. promelas 1 1 0.01 ethylbenzene EPA
P. promelas 2 1 0.01 ethylbenzene EPA
P. promelas 3 1 0.01 ethylbenzene EPA
P. promelas 4 1 0.01 ethylbenzene EPA
P. promelas 1 1 2.71 ethylbenzene EPA
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Table continued

P. promelas 2 1 2.71 ethylbenzene EPA
P. promelas 3 1 2.71 ethylbenzene EPA
P. promelas 4 1 2.71 ethylbenzene EPA
P. promelas 1 1 3.33 ethylbenzene EPA
P. promelas 2 1 3.33 ethylbenzene EPA
P. promelas 3 1 3.33 ethylbenzene EPA
P. promelas 4 1 3.33 ethylbenzene EPA
P. promelas 1 1 5.26 ethylbenzene EPA
P. promelas 2 1 5.26 ethylbenzene EPA
P. promelas 3 1 5.26 ethylbenzene EPA
P. promelas 4 1 5.26 ethylbenzene EPA
P. promelas 1 1 5.67 ethylbenzene EPA
P. promelas 2 1 5.67 ethylbenzene EPA
P. promelas 3 1 5.67 ethylbenzene EPA
P. promelas 4 1 5.67 ethylbenzene EPA
P. promelas 1 1 9 ethylbenzene EPA
P. promelas 2 0.96 9 ethylbenzene EPA
P. promelas 3 0.96 9 ethylbenzene EPA
P. promelas 4 0.96 9 ethylbenzene EPA
P. promelas 1 1 9.77 ethylbenzene EPA
P. promelas 2 1 9.77 ethylbenzene EPA
P. promelas 3 1 9.77 ethylbenzene EPA
P. promelas 4 1 9.77 ethylbenzene EPA
P. promelas 1 1 12.7 ethylbenzene EPA
P. promelas 2 0.84 12.7 ethylbenzene EPA
P. promelas 3 0.52 12.7 ethylbenzene EPA
P. promelas 4 0.08 12.7 ethylbenzene EPA
P. promelas 1 1 15.3 ethylbenzene EPA
P. promelas 2 0.64 15.3 ethylbenzene EPA
P. promelas 3 0.52 15.3 ethylbenzene EPA
P. promelas 4 0.2 15.3 ethylbenzene EPA
P. promelas 1 1 21.6 ethylbenzene EPA
P. promelas 2 0 21.6 ethylbenzene EPA
P. promelas 3 0 21.6 ethylbenzene EPA
P. promelas 4 0 21.6 ethylbenzene EPA
P. promelas 1 0.04 24.9 ethylbenzene EPA
P. promelas 2 0 24.9 ethylbenzene EPA
P. promelas 3 0 24.9 ethylbenzene EPA

162



Table continued

P. promelas 4 0 24.9 ethylbenzene EPA
P. promelas 1 1 0.002 ethylbenzene EPA
P. promelas 2 1 0.002 ethylbenzene EPA
P. promelas 3 1 0.002 ethylbenzene EPA
P. promelas 4 1 0.002 ethylbenzene EPA
P. promelas 1 1 0.02 ethylbenzene EPA
P. promelas 2 1 0.02 ethylbenzene EPA
P. promelas 3 1 0.02 ethylbenzene EPA
P. promelas 4 1 0.02 ethylbenzene EPA
P. promelas 1 1 1.14 ethylbenzene EPA
P. promelas 2 1 1.14 ethylbenzene EPA
P. promelas 3 1 1.14 ethylbenzene EPA
P. promelas 4 1 1.14 ethylbenzene EPA
P. promelas 1 1 1.05 ethylbenzene EPA
P. promelas 2 1 1.05 ethylbenzene EPA
P. promelas 3 1 1.05 ethylbenzene EPA
P. promelas 4 1 1.05 ethylbenzene EPA
P. promelas 1 0.8 1.58 ethylbenzene EPA
P. promelas 2 0.8 1.58 ethylbenzene EPA
P. promelas 3 0.8 1.58 ethylbenzene EPA
P. promelas 4 0.7 1.58 ethylbenzene EPA
P. promelas 1 1 2.37 ethylbenzene EPA
P. promelas 2 1 2.37 ethylbenzene EPA
P. promelas 3 1 2.37 ethylbenzene EPA
P. promelas 4 1 2.37 ethylbenzene EPA
P. promelas 1 1 7.06 ethylbenzene EPA
P. promelas 2 1 7.06 ethylbenzene EPA
P. promelas 3 1 7.06 ethylbenzene EPA
P. promelas 4 1 7.06 ethylbenzene EPA
P. promelas 1 1 6.23 ethylbenzene EPA
P. promelas 2 1 6.23  ethylbenzene EPA
P. promelas 3 1 6.23 ethylbenzene EPA
P. promelas 4 1 6.23  ethylbenzene EPA
P. promelas 1 0.3 13.8 ethylbenzene EPA
P. promelas 2 0.3 13.8 ethylbenzene EPA
P. promelas 3 0.3 13.8 ethylbenzene EPA
P. promelas 4 0.2 13.8 ethylbenzene EPA
P. promelas 1 0 14.9 ethylbenzene EPA
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Table continued

P. promelas 2 0 14.9 ethylbenzene EPA
P. promelas 3 0 14.9 ethylbenzene EPA
P. promelas 4 0 14.9 ethylbenzene EPA
P. promelas 1 0 29.3 ethylbenzene EPA
P. promelas 2 0 29.3 ethylbenzene EPA
P. promelas 3 0 29.3 ethylbenzene EPA
P. promelas 4 0 29.3 ethylbenzene EPA
P. promelas 1 0 28.5 ethylbenzene EPA
P. promelas 2 0 28.5 ethylbenzene EPA
P. promelas 3 0 28.5 ethylbenzene EPA
P. promelas 4 0 28.5 ethylbenzene EPA
P. promelas 0.125 1 0.001 p-xylene EPA
P. promelas 0.25 1 0.001 p-xylene EPA
P. promelas 1.083333 1 0.001 p-xylene EPA
P. promelas 1.25 1 0.001 p-xylene EPA
P. promelas 2 1 0.001 p-xylene EPA
P. promelas 2.25 1 0.001 p-xylene EPA
P. promelas 3 1 0.001 p-xylene EPA
P. promelas 3.25 1 0.001 p-xylene EPA
P. promelas 4 1 0.001 p-xylene EPA
P. promelas 0.125 1 0.01 p-xylene EPA
P. promelas 0.25 1 0.01 p-xylene EPA
P. promelas 1.083333 1 0.01 p-xylene EPA
P. promelas 1.25 1 0.01 p-xylene EPA
P. promelas 2 1 0.01 p-xylene EPA
P. promelas 2.25 1 0.01 p-xylene EPA
P. promelas 3 1 0.01 p-xylene EPA
P. promelas 3.25 1 0.01 p-xylene EPA
P. promelas 4 1 0.01 p-xylene EPA
P. promelas 0.125 1 2.64 p-xylene EPA
P. promelas 0.25 1 2.64 p-xylene EPA
P. promelas 1.083333 1 2.64 p-xylene EPA
P. promelas 1.25 1 2.64 p-xylene EPA
P. promelas 2 1 2.64 p-xylene EPA
P. promelas 2.25 1 2.64 p-xylene EPA
P. promelas 3 1 2.64 p-xylene EPA
P. promelas 3.25 1 2.64 p-xylene EPA
P. promelas 4 1 2.64 p-xylene EPA
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Table continued

P. promelas 0.125 1 2.54 p-xylene EPA
P. promelas 0.25 1 2.54 p-xylene EPA
P. promelas 1.083333 1 2.54 p-xylene EPA
P. promelas 1.25 1 2.54 p-xylene EPA
P. promelas 2 1 2.54 p-xylene EPA
P. promelas 2.25 1 2.54 p-xylene EPA
P. promelas 3 1 2.54 p-xylene EPA
P. promelas 3.25 1 2.54 p-xylene EPA
P. promelas 4 1 2.54 p-xylene EPA
P. promelas 0.125 1 4.37 p-xylene EPA
P. promelas 0.25 1 4.37 p-xylene EPA
P. promelas 1.083333 1 4.37 p-xylene EPA
P. promelas 1.25 1 4.37 p-xylene EPA
P. promelas 2 1 4.37 p-xylene EPA
P. promelas 2.25 1 4.37 p-xylene EPA
P. promelas 3 1 4.37 p-xylene EPA
P. promelas 3.25 1 4.37 p-xylene EPA
P. promelas 4 1 4.37 p-xylene EPA
P. promelas 0.125 1 4.02 p-xylene EPA
P. promelas 0.25 1 4.02 p-xylene EPA
P. promelas 1.083333 1 4.02 p-xylene EPA
P. promelas 1.25 1 4.02 p-xylene EPA
P. promelas 2 1 4.02 p-xylene EPA
P. promelas 2.25 1 4.02 p-xylene EPA
P. promelas 3 1 4.02 p-xylene EPA
P. promelas 3.25 1 4.02 p-xylene EPA
P. promelas 4 1 4.02 p-xylene EPA
P. promelas 0.125 1 6.36 p-xylene EPA
P. promelas 0.25 1 6.36 p-xylene EPA
P. promelas 1.083333 1 6.36 p-xylene EPA
P. promelas 1.25 1 6.36 p-xylene EPA
P. promelas 2 1 6.36 p-xylene EPA
P. promelas 2.25 1 6.36 p-xylene EPA
P. promelas 3 1 6.36 p-xylene EPA
P. promelas 3.25 1 6.36 p-xylene EPA
P. promelas 4 1 6.36 p-xylene EPA
P. promelas 0.125 1 6.19 p-xylene EPA
P. promelas 0.25 1 6.19 p-xylene EPA
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Table continued

P. promelas 1.083333 1 6.19 p-xylene EPA
P. promelas 1.25 1 6.19 p-xylene EPA
P. promelas 2 1 6.19 p-xylene EPA
P. promelas 2.25 1 6.19 p-xylene EPA
P. promelas 3 1 6.19 p-xylene EPA
P. promelas 3.25 1 6.19 p-xylene EPA
P. promelas 4 1 6.19 p-xylene EPA
P. promelas 0.125 1 9.93 p-xylene EPA
P. promelas 0.25 1 9.93 p-xylene EPA
P. promelas 1.083333 0.75 9.93 p-xylene EPA
P. promelas 1.25 0.75 9.93 p-xylene EPA
P. promelas 2 0.55 9.93 p-xylene EPA
P. promelas 2.25 0.5 9.93 p-xylene EPA
P. promelas 3 0.45 9.93 p-xylene EPA
P. promelas 3.25 0.4 9.93 p-xylene EPA
P. promelas 4 0.35 9.93 p-xylene EPA
P. promelas 0.125 1 9.9 p-xylene EPA
P. promelas 0.25 1 9.9 p-xylene EPA
P. promelas 1.083333 0.9 9.9 p-xylene EPA
P. promelas 1.25 0.9 9.9 p-xylene EPA
P. promelas 2 0.85 9.9 p-xylene EPA
P. promelas 2.25 0.8 9.9 p-xylene EPA
P. promelas 3 0.8 9.9 p-xylene EPA
P. promelas 3.25 0.55 9.9 p-xylene EPA
P. promelas 4 0.15 9.9 p-xylene EPA
P. promelas 0.125 0.9 17.6  p-xylene EPA
P. promelas 0.25 0.8 17.6 p-xylene EPA
P. promelas 1.083333 0.1 17.6  p-xylene EPA
P. promelas 1.25 0.05 17.6 p-xylene EPA
P. promelas 2 0.05 17.6  p-xylene EPA
P. promelas 2.25 0.05 17.6 p-xylene EPA
P. promelas 3 0.05 17.6  p-xylene EPA
P. promelas 3.25 0.05 17.6 p-xylene EPA
P. promelas 4 0.05 17.6  p-xylene EPA
P. promelas 0.125 1 16.9 p-xylene EPA
P. promelas 0.25 1 16.9 p-xylene EPA
P. promelas 1.083333 0.55 16.9 p-xylene EPA
P. promelas 1.25 0.55 16.9 p-xylene EPA
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p-xylene

p-xylene

p-xylene

p-xylene

p-xylene
isopropylbenzene
isopropylbenzene
isopropylbenzene
isopropylbenzene
isopropylbenzene
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Table continued

P. promelas 2 1 1.7 1,2,4-trimethylbenzene EPA
P. promelas 3 1 1.7 1,2,4-trimethylbenzene EPA
P. promelas 4 1 1.7 1,2,4-trimethylbenzene EPA
P. promelas 0.125 1 1.49 1,2,4-trimethylbenzene EPA
P. promelas 2 1 1.49 1,2,4-trimethylbenzene EPA
P. promelas 3 1 1.49 1,2,4-trimethylbenzene EPA
P. promelas 4 1 1.49 1,2,4-trimethylbenzene EPA
P. promelas 0.125 1 3.05 1,2,4-trimethylbenzene EPA
P. promelas 2 1 3.05 1,2,4-trimethylbenzene EPA
P. promelas 3 1 3.05 1,2,4-trimethylbenzene EPA
P. promelas 4 1 3.05 1,2,4-trimethylbenzene EPA
P. promelas 0.125 1 2.64 1,2,4-trimethylbenzene EPA
P. promelas 2 1 2.64 1,2,4-trimethylbenzene EPA
P. promelas 3 1 2.64 1,2,4-trimethylbenzene EPA
P. promelas 4 1 2.64 1,2,4-trimethylbenzene EPA
P. promelas 0.125 1 4.58 1,2,4-trimethylbenzene EPA
P. promelas 2 1 458 1,2,4-trimethylbenzene EPA
P. promelas 3 1 4.58 1,2,4-trimethylbenzene EPA
P. promelas 4 1 458 1,2,4-trimethylbenzene EPA
P. promelas 0.125 1 4.18 1,2,4-trimethylbenzene EPA
P. promelas 2 1 418 1,2,4-trimethylbenzene EPA
P. promelas 3 1 4.18 1,2,4-trimethylbenzene EPA
P. promelas 4 1 418 1,2,4-trimethylbenzene EPA
P. promelas 0.125 1 8.52 1,2,4-trimethylbenzene EPA
P. promelas 2 0.8 8.52 1,2,4-trimethylbenzene EPA
P. promelas 3 0.76 8.52 1,2,4-trimethylbenzene EPA
P. promelas 4 0.56 8.52 1,2,4-trimethylbenzene EPA
P. promelas 0.125 1 7.66 1,2,4-trimethylbenzene EPA
P. promelas 2 0.92 7.66 1,2,4-trimethylbenzene EPA
P. promelas 3 0.76 7.66 1,2,4-trimethylbenzene EPA
P. promelas 4 0.48 7.66 1,2,4-trimethylbenzene EPA
P. promelas 0.125 0 12 1,2,4-trimethylbenzene EPA
P. promelas 2 0 12 1,2,4-trimethylbenzene EPA
P. promelas 3 0 12 1,2,4-trimethylbenzene EPA
P. promelas 4 0 12 1,2,4-trimethylbenzene EPA
P. promelas 0.125 0 11.8 1,2,4-trimethylbenzene EPA
P. promelas 2 0 11.8 1,2,4-trimethylbenzene EPA
P. promelas 3 0 11.8 1,2,4-trimethylbenzene EPA
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Table continued

P. promelas 4 0 11.8 1,2,4-trimethylbenzene EPA
P. promelas 0.166667 1 0.001 1,3-diethylbenzene EPA
P. promelas 1 1 0.001 1,3-diethylbenzene EPA
P. promelas 1.25 1 0.001 1,3-diethylbenzene EPA
P. promelas 2 1 0.001 1,3-diethylbenzene EPA
P. promelas 2.25 1 0.001 1,3-diethylbenzene EPA
P. promelas 3 1 0.001 1,3-diethylbenzene EPA
P. promelas 3.25 1 0.001 1,3-diethylbenzene EPA
P. promelas 4 1 0.001 1,3-diethylbenzene EPA
P. promelas 0.166667 1 0.01 1,3-diethylbenzene EPA
P. promelas 1 1 0.01 1,3-diethylbenzene EPA
P. promelas 1.25 1 0.01 1,3-diethylbenzene EPA
P. promelas 2 1 0.01 1,3-diethylbenzene EPA
P. promelas 2.25 1 0.01 1,3-diethylbenzene EPA
P. promelas 3 1 0.01 1,3-diethylbenzene EPA
P. promelas 3.25 1 0.01 1,3-diethylbenzene EPA
P. promelas 4 1 0.01 1,3-diethylbenzene EPA
P. promelas 0.166667 1 0.91 1,3-diethylbenzene EPA
P. promelas 1 1 0.91 1,3-diethylbenzene EPA
P. promelas 1.25 1 0.91 1,3-diethylbenzene EPA
P. promelas 2 1 0.91 1,3-diethylbenzene EPA
P. promelas 2.25 1 0.91 1,3-diethylbenzene EPA
P. promelas 3 1 0.91 1,3-diethylbenzene EPA
P. promelas 3.25 1 0.91 1,3-diethylbenzene EPA
P. promelas 4 1 0.91 1,3-diethylbenzene EPA
P. promelas 0.166667 1 1.14 1,3-diethylbenzene EPA
P. promelas 1 1 1.14 1,3-diethylbenzene EPA
P. promelas 1.25 1 1.14 1,3-diethylbenzene EPA
P. promelas 2 1 1.14 1,3-diethylbenzene EPA
P. promelas 2.25 1 1.14 1,3-diethylbenzene EPA
P. promelas 3 1 1.14 1,3-diethylbenzene EPA
P. promelas 3.25 1 1.14 1,3-diethylbenzene EPA
P. promelas 4 1 1.14 1,3-diethylbenzene EPA
P. promelas 0.166667 1 1.73 1,3-diethylbenzene EPA
P. promelas 1 1 1.73 1,3-diethylbenzene EPA
P. promelas 1.25 0.96 1.73 1,3-diethylbenzene EPA
P. promelas 2 0.96 1.73 1,3-diethylbenzene EPA
P. promelas 2.25 0.96 1.73 1,3-diethylbenzene EPA
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Table continued

P. promelas 3 0.96 1.73 1,3-diethylbenzene EPA
P. promelas 3.25 0.96 1.73  1,3-diethylbenzene EPA
P. promelas 4 0.96 1.73 1,3-diethylbenzene EPA
P. promelas 0.166667 1 1.96 1,3-diethylbenzene EPA
P. promelas 1 1 1.96 1,3-diethylbenzene EPA
P. promelas 1.25 1 1.96 1,3-diethylbenzene EPA
P. promelas 2 1 1.96 1,3-diethylbenzene EPA
P. promelas 2.25 1 1.96 1,3-diethylbenzene EPA
P. promelas 3 1 1.96 1,3-diethylbenzene EPA
P. promelas 3.25 1 1.96 1,3-diethylbenzene EPA
P. promelas 4 1 1.96 1,3-diethylbenzene EPA
P. promelas 0.166667 1 3 1,3-diethylbenzene EPA
P. promelas 1 1 3 1,3-diethylbenzene EPA
P. promelas 1.25 1 3 1,3-diethylbenzene EPA
P. promelas 2 1 3 1,3-diethylbenzene EPA
P. promelas 2.25 1 3 1,3-diethylbenzene EPA
P. promelas 3 1 3 1,3-diethylbenzene EPA
P. promelas 3.25 1 3 1,3-diethylbenzene EPA
P. promelas 4 1 3 1,3-diethylbenzene EPA
P. promelas 0.166667 1 3.32 1,3-diethylbenzene EPA
P. promelas 1 1 3.32 1,3-diethylbenzene EPA
P. promelas 1.25 1 3.32 1,3-diethylbenzene EPA
P. promelas 2 1 3.32 1,3-diethylbenzene EPA
P. promelas 2.25 1 3.32 1,3-diethylbenzene EPA
P. promelas 3 1 3.32 1,3-diethylbenzene EPA
P. promelas 3.25 1 3.32 1,3-diethylbenzene EPA
P. promelas 4 1 3.32 1,3-diethylbenzene EPA
P. promelas 0.166667 1 4.56 1,3-diethylbenzene EPA
P. promelas 1 1 4.56 1,3-diethylbenzene EPA
P. promelas 1.25 1 4.56 1,3-diethylbenzene EPA
P. promelas 2 0.44 456 1,3-diethylbenzene EPA
P. promelas 2.25 0.36 4.56 1,3-diethylbenzene EPA
P. promelas 3 0.28 456 1,3-diethylbenzene EPA
P. promelas 3.25 0.24 4.56 1,3-diethylbenzene EPA
P. promelas 4 0 4.56 1,3-diethylbenzene EPA
P. promelas 0.166667 1 5.72 1,3-diethylbenzene EPA
P. promelas 1 0.88 5.72 1,3-diethylbenzene EPA
P. promelas 1.25 0.88 5.72 1,3-diethylbenzene EPA
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Table continued
P. promelas
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1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
1,3-diethylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
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n-amylbenzene
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Table continued
P. promelas
P. promelas
P. promelas
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n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
n-amylbenzene
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Table continued

P. promelas 4 1 0.01 benzene EPA
P. promelas 1 1 3.26 benzene EPA
P. promelas 2 1 3.26 benzene EPA
P. promelas 3 1 3.26 benzene EPA
P. promelas 4 1 3.26 benzene EPA
P. promelas 1 1 4.38 benzene EPA
P. promelas 2 1 4.38 benzene EPA
P. promelas 3 1 4.38 benzene EPA
P. promelas 4 1 4.38 benzene EPA
P. promelas 1 1 6.47 benzene EPA
P. promelas 2 1 6.47 benzene EPA
P. promelas 3 1 6.47 benzene EPA
P. promelas 4 1 6.47 benzene EPA
P. promelas 1 1 5.42 benzene EPA
P. promelas 2 1 5.42 benzene EPA
P. promelas 3 1 5.42 benzene EPA
P. promelas 4 1 5.42 benzene EPA
P. promelas 1 0.4 19.1 benzene EPA
P. promelas 2 0.3 19.1 benzene EPA
P. promelas 3 0.3 19.1 benzene EPA
P. promelas 4 0.2 19.1 benzene EPA
P. promelas 1 0.3 17.5 benzene EPA
P. promelas 2 0.3 17.5 benzene EPA
P. promelas 3 0.2 17.5 benzene EPA
P. promelas 4 0.1 17.5 benzene EPA
P. promelas 1 0.5 33 benzene EPA
P. promelas 2 0.5 33  benzene EPA
P. promelas 3 0.3 33 benzene EPA
P. promelas 4 0.2 33  benzene EPA
P. promelas 1 0.4 31.2 benzene EPA
P. promelas 2 0.3 31.2 benzene EPA
P. promelas 3 0.1 31.2 benzene EPA
P. promelas 4 0 31.2 benzene EPA
P. promelas 1 0 64.4 benzene EPA
P. promelas 2 0 64.4 benzene EPA
P. promelas 3 0 64.4 benzene EPA
P. promelas 4 0 64.4 benzene EPA
P. promelas 1 0 57.2 benzene EPA
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Table continued

P. promelas 2 0 57.2 benzene EPA
P. promelas 3 0 57.2 benzene EPA
P. promelas 4 0 57.2 benzene EPA
P. promelas 1 1 0.02 benzene EPA
P. promelas 2 1 0.02 benzene EPA
P. promelas 3 1 0.02 benzene EPA
P. promelas 4 1 0.02 benzene EPA
P. promelas 1 1 10.7 benzene EPA
P. promelas 2 1 10.7 benzene EPA
P. promelas 3 1 10.7 benzene EPA
P. promelas 4 1 10.7 benzene EPA
P. promelas 1 1 16 benzene EPA
P. promelas 2 1 16 benzene EPA
P. promelas 3 1 16 benzene EPA
P. promelas 4 1 16 benzene EPA
P. promelas 1 1 25.4 benzene EPA
P. promelas 2 0.65 25.4 benzene EPA
P. promelas 3 0.2 25.4 benzene EPA
P. promelas 4 0 25.4 benzene EPA
P. promelas 1 0.75 45.8 benzene EPA
P. promelas 2 0.75 45.8 benzene EPA
P. promelas 3 0.55 45.8 benzene EPA
P. promelas 4 0.35 45.8 benzene EPA
P. promelas 1 0 84.9 benzene EPA
P. promelas 2 0 84.9 benzene EPA
P. promelas 3 0 84.9 benzene EPA
P. promelas 4 0 84.9 benzene EPA
P. promelas 1 1 0.01 cyclohexane EPA
P. promelas 2 1 0.01 cyclohexane EPA
P. promelas 3 1 0.01 cyclohexane EPA
P. promelas 4 1 0.01 cyclohexane EPA
P. promelas 1 1 2 cyclohexane EPA
P. promelas 2 1 2 cyclohexane EPA
P. promelas 3 1 2 cyclohexane EPA
P. promelas 4 1 2 cyclohexane EPA
P. promelas 1 0.9 3.52 cyclohexane EPA
P. promelas 2 0.9 3.52 cyclohexane EPA
P. promelas 3 0.9 3.52 cyclohexane EPA
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Table continued

P. promelas 4 0.9 3.52 cyclohexane EPA
P. promelas 1 1 4.84 cyclohexane EPA
P. promelas 2 0.9 4.84 cyclohexane EPA
P. promelas 3 0.7 4.84 cyclohexane EPA
P. promelas 4 0.4 4.84 cyclohexane EPA
P. promelas 1 0 6.96 cyclohexane EPA
P. promelas 2 0 6.96 cyclohexane EPA
P. promelas 3 0 6.96 cyclohexane EPA
P. promelas 4 0 6.96 cyclohexane EPA
P. promelas 1 0 8.86 cyclohexane EPA
P. promelas 2 0 8.86 cyclohexane EPA
P. promelas 3 0 8.86 cyclohexane EPA
P. promelas 4 0 8.86 cyclohexane EPA
P. promelas 1 1 0.001 o-xylene EPA
P. promelas 2 1 0.001 o-xylene EPA
P. promelas 3 1 0.001 o-xylene EPA
P. promelas 4 1 0.001 o-xylene EPA
P. promelas 1 1 0.01 o-xylene EPA
P. promelas 2 1 0.01 o-xylene EPA
P. promelas 3 1 0.01 o-xylene EPA
P. promelas 4 1 0.01 o-xylene EPA
P. promelas 1 1 1.64 o-xylene EPA
P. promelas 2 1 1.64 o-xylene EPA
P. promelas 3 1 1.64 o-xylene EPA
P. promelas 4 1 1.64 o-xylene EPA
P. promelas 1 1 1.77 o-xylene EPA
P. promelas 2 1 1.77 o-xylene EPA
P. promelas 3 1 1.77 o-xylene EPA
P. promelas 4 1 1.77 o-xylene EPA
P. promelas 1 1 2.57 o-xylene EPA
P. promelas 2 1 2.57 o-xylene EPA
P. promelas 3 1 2.57 o-xylene EPA
P. promelas 4 1 2.57 o-xylene EPA
P. promelas 1 1 2.76  o-xylene EPA
P. promelas 2 1 2.76  o-xylene EPA
P. promelas 3 1 2.76  o-xylene EPA
P. promelas 4 1 2.76  o-xylene EPA
P. promelas 1 1 5.42 o-xylene EPA
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Table continued

P. promelas 2 1 5.42 o-xylene EPA
P. promelas 3 1 5.42 o-xylene EPA
P. promelas 4 1 5.42 o-xylene EPA
P. promelas 1 1 5.98 o-xylene EPA
P. promelas 2 1 5.98 o-xylene EPA
P. promelas 3 1 5.98 o-xylene EPA
P. promelas 4 1 5.98 o-xylene EPA
P. promelas 1 1 11.4 o-xylene EPA
P. promelas 2 1 11.4 o-xylene EPA
P. promelas 3 1 11.4 o-xylene EPA
P. promelas 4 1 11.4 o-xylene EPA
P. promelas 1 1 12.2  o-xylene EPA
P. promelas 2 1 12.2 o-xylene EPA
P. promelas 3 1 12.2  o-xylene EPA
P. promelas 4 1 12.2 o-xylene EPA
P. promelas 1 0 21.7 o-xylene EPA
P. promelas 2 0 21.7 o-xylene EPA
P. promelas 3 0 21.7 o-xylene EPA
P. promelas 4 0 21.7 o-xylene EPA
P. promelas 1 0 24 o-xylene EPA
P. promelas 2 0 24 o-xylene EPA
P. promelas 3 0 24 o-xylene EPA
P. promelas 4 0 24 o-xylene EPA
P. promelas 1 1 0.02 o-xylene EPA
P. promelas 2 1 0.02 o-xylene EPA
P. promelas 3 1 0.02 o-xylene EPA
P. promelas 4 1 0.02 o-xylene EPA
P. promelas 1 1 3.79 o-xylene EPA
P. promelas 2 1 3.79 o-xylene EPA
P. promelas 3 1 3.79 o-xylene EPA
P. promelas 4 1 3.79 o-xylene EPA
P. promelas 1 1 6.67 o-xylene EPA
P. promelas 2 1 6.67 o-xylene EPA
P. promelas 3 1 6.67 o-xylene EPA
P. promelas 4 1 6.67 o-xylene EPA
P. promelas 1 1 9.43 o-xylene EPA
P. promelas 2 1 9.43 o-xylene EPA
P. promelas 3 1 9.43 o-xylene EPA
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Table continued

P. promelas 4 1 9.43 o-xylene EPA
P. promelas 1 1 14  o-xylene EPA
P. promelas 2 1 14 o-xylene EPA
P. promelas 3 1 14  o-xylene EPA
P. promelas 4 1 14 o-xylene EPA
P. promelas 1 0.1 19.2 o-xylene EPA
P. promelas 2 0.1 19.2 o-xylene EPA
P. promelas 3 0.1 19.2 o-xylene EPA
P. promelas 4 0 19.2 o-xylene EPA
P. promelas 1 1 0.01 m-xylene EPA
P. promelas 2 1 0.01 m-xylene EPA
P. promelas 3 1 0.01 m-xylene EPA
P. promelas 4 1 0.01 m-xylene EPA
P. promelas 1 1 2.71 m-xylene EPA
P. promelas 2 1 2.71 m-xylene EPA
P. promelas 3 1 2.71 m-xylene EPA
P. promelas 4 1 2.71 m-xylene EPA
P. promelas 1 1 5.22 m-xylene EPA
P. promelas 2 1 5.22 m-xylene EPA
P. promelas 3 1 5.22 m-xylene EPA
P. promelas 4 1 5.22 m-xylene EPA
P. promelas 1 1 9.76 m-xylene EPA
P. promelas 2 1 9.76 m-xylene EPA
P. promelas 3 1 9.76 m-xylene EPA
P. promelas 4 1 9.76 m-xylene EPA
P. promelas 1 0.8 14.9 m-xylene EPA
P. promelas 2 0.55 149 m-xylene EPA
P. promelas 3 0.55 14.9 m-xylene EPA
P. promelas 4 0.55 149 m-xylene EPA
P. promelas 1 0 27.4  m-xylene EPA
P. promelas 2 0 27.4 m-xylene EPA
P. promelas 3 0 27.4  m-xylene EPA
P. promelas 4 0 27.4 m-xylene EPA
P. promelas 1 1 0.02 m-xylene EPA
P. promelas 2 1 0.02 m-xylene EPA
P. promelas 3 1 0.02 m-xylene EPA
P. promelas 4 1 0.02 m-xylene EPA
P. promelas 1 1 1.11  m-xylene EPA
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Table continued

P. promelas 2 1 1.11 m-xylene EPA
P. promelas 3 1 1.11  m-xylene EPA
P. promelas 4 1 1.11 m-xylene EPA
P. promelas 1 1 2.47 m-xylene EPA
P. promelas 2 1 2.47 m-xylene EPA
P. promelas 3 1 2.47 m-xylene EPA
P. promelas 4 1 2.47 m-xylene EPA
P. promelas 1 1 3.89 m-xylene EPA
P. promelas 2 1 3.89 m-xylene EPA
P. promelas 3 1 3.89 m-xylene EPA
P. promelas 4 1 3.89 m-xylene EPA
P. promelas 1 1 7.88 m-xylene EPA
P. promelas 2 1 7.88 m-xylene EPA
P. promelas 3 1 7.88 m-xylene EPA
P. promelas 4 1 7.88 m-xylene EPA
P. promelas 1 0.45 14.95 m-xylene EPA
P. promelas 2 0.4 14.95 m-xylene EPA
P. promelas 3 0.4 14.95 m-xylene EPA
P. promelas 4 0.4 14.95 m-xylene EPA
P. promelas 0.125 1 0.01 hexane EPA
P. promelas 1 1 0.01 hexane EPA
P. promelas 2 1 0.01 hexane EPA
P. promelas 3 1 0.01 hexane EPA
P. promelas 4 1 0.01 hexane EPA
P. promelas 0.125 1 0.96 hexane EPA
P. promelas 1 1 0.96 hexane EPA
P. promelas 2 1 0.96 hexane EPA
P. promelas 3 1 0.96 hexane EPA
P. promelas 4 1 0.96 hexane EPA
P. promelas 0.125 1 1.85 hexane EPA
P. promelas 1 0.8 1.85 hexane EPA
P. promelas 2 0.8 1.85 hexane EPA
P. promelas 3 0.8 1.85 hexane EPA
P. promelas 4 0.8 1.85 hexane EPA
P. promelas 0.125 1 2.59 hexane EPA
P. promelas 1 0.8 2.59 hexane EPA
P. promelas 2 0.6 2.59 hexane EPA
P. promelas 3 0.6 2.59 hexane EPA

178



Table continued

P. promelas 4 0.6 2.59 hexane EPA

P. promelas 0.125 1 4.02 hexane EPA

P. promelas 1 0 4.02 hexane EPA

P. promelas 2 0 4.02 hexane EPA

P. promelas 3 0 4.02 hexane EPA

P. promelas 4 0 4.02 hexane EPA

P. promelas 0.125 0 4,99 hexane EPA

P. promelas 1 0 4.99 hexane EPA

P. promelas 2 0 4,99 hexane EPA

P. promelas 3 0 4.99 hexane EPA

P. promelas 4 0 4,99 hexane EPA

A. bahia 0 1 0.001 ACE Hornel983
A. bahia 0 1 0.07 ACE Horne1983
A. bahia 0 1 0.12 ACE Horne1983
A. bahia 0 1 0.17 ACE Horne1983
A. bahia 0 1 0.28 ACE Horne1983
A. bahia 0 1 0.33 ACE Horne1983
A. bahia 1 0.95 0.001 ACE Hornel983
A. bahia 1 1 0.07 ACE Horne1983
A. bahia 1 1 0.12 ACE Horne1983
A. bahia 1 0.95 0.17 ACE Horne1983
A. bahia 1 0.95 0.28 ACE Hornel983
A. bahia 1 1 0.33 ACE Horne1983
A. bahia 2 0.95 0.001 ACE Hornel983
A. bahia 2 1 0.07 ACE Horne1983
A. bahia 2 1 0.12 ACE Horne1983
A. bahia 2 0.95 0.17 ACE Horne1983
A. bahia 2 0.85 0.28 ACE Hornel983
A. bahia 2 0.6 0.33 ACE Horne1983
A. bahia 3 0.95 0.001 ACE Hornel983
A. bahia 3 0.95 0.07 ACE Horne1983
A. bahia 3 1 0.12 ACE Horne1983
A. bahia 3 0.95 0.17 ACE Horne1983
A. bahia 3 0.75 0.28 ACE Hornel983
A. bahia 3 0.2 0.33 ACE Horne1983
A. bahia 4 0.95 0.001 ACE Hornel983
A. bahia 4 0.9 0.07 ACE Horne1983
A. bahia 4 0.95 0.12 ACE Hornel983
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A. bahia 4 0.9 0.17 ACE Horne1983
A. bahia 4 0.5 0.28 ACE Hornel983
A. bahia 4 0.15 0.33 ACE Horne1983
A. bahia 0 1 0.001 ACE Hornel983
A. bahia 0 1 0.1 ACE Horne1983
A. bahia 0 1 0.13 ACE Horne1983
A. bahia 0 1 0.24 ACE Horne1983
A. bahia 0 1 0.34 ACE Horne1983
A. bahia 0 1 0.51 ACE Horne1983
A. bahia 1 1 0.001 ACE Hornel983
A. bahia 1 1 0.1 ACE Horne1983
A. bahia 1 1 0.13 ACE Horne1983
A. bahia 1 0.97 0.24 ACE Horne1983
A. bahia 1 0.97 0.34 ACE Hornel983
A. bahia 1 0.93 0.51 ACE Horne1983
A. bahia 4 1 0.001 ACE Hornel983
A. bahia 4 1 0.1 ACE Horne1983
A. bahia 4 1 0.13 ACE Horne1983
A. bahia 4 0.97 0.24 ACE Horne1983
A. bahia 4 0.97 0.34 ACE Hornel983
A. bahia 4 0.37 0.51 ACE Horne1983
M. beryllina 0 1 0.001 ACE Horne1983
M. beryllina 0 1 1.5 ACE Horne1983
M. beryllina 0 1 1.67 ACE Horne1983
M. beryllina 0 1 2 ACE Horne1983
M. beryllina 0 1 2.33 ACE Horne1983
M. beryllina 0 1 2.7 ACE Horne1983
M. beryllina 1 0.95 0.001 ACE Horne1983
M. beryllina 1 1 1.5 ACE Horne1983
M. beryllina 1 1 1.67 ACE Horne1983
M. beryllina 1 0.95 2 ACE Horne1983
M. beryllina 1 0.95 2.33 ACE Horne1983
M. beryllina 1 1 2.7 ACE Horne1983
M. beryllina 2 0.95 0.001 ACE Horne1983
M. beryllina 2 1 1.5 ACE Horne1983
M. beryllina 2 1 1.67 ACE Horne1983
M. beryllina 2 0.95 2 ACE Horne1983
M. beryllina 2 0.85 2.33 ACE Horne1983
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A. tonsa 0 1 0.082 ACE Horne1983
A. tonsa 0 1 1.024 ACE Horne1983
A. tonsa 0 1 1.28 ACE Horne1983
A. tonsa 0 1 1.6 ACE Horne1983
A. tonsa 0 1 2 ACE Horne1983
A. tonsa 0 1 2.5 ACE Horne1983
A. tonsa 1 0.95 0.001 ACE Horne1983
A. tonsa 1 0.85 0.082 ACE Horne1983
A. tonsa 1 0.85 1.024 ACE Horne1983
A. tonsa 1 0.55 1.28 ACE Horne1983
A. tonsa 1 0.95 1.6 ACE Horne1983
A. tonsa 1 0.4 2 ACE Horne1983
A. tonsa 1 0.4 2.5 ACE Horne1983
A. tonsa 2 0.9 0.001 ACE Horne1983
A. tonsa 2 0.6 0.082 ACE Horne1983
A. tonsa 2 0.8 1.024 ACE Horne1983
A. tonsa 2 0.55 1.28 ACE Horne1983
A. tonsa 2 0.95 1.6 ACE Horne1983
A. tonsa 2 0.35 2 ACE Horne1983
A. tonsa 2 0.35 2.5 ACE Horne1983
A. tonsa 3 0.8 0.001 ACE Horne1983
A. tonsa 3 0.55 0.082 ACE Horne1983
A. tonsa 3 0.8 1.024 ACE Horne1983
A. tonsa 3 0.5 1.28 ACE Horne1983
A. tonsa 3 0.95 1.6 ACE Horne1983
A. tonsa 3 0.25 2 ACE Horne1983
A. tonsa 3 0.2 2.5 ACE Horne1983
A. tonsa 4 0.8 0.001 ACE Horne1983
A. tonsa 4 0.55 0.082 ACE Horne1983
A. tonsa 4 0.8 1.024 ACE Horne1983
A. tonsa 4 0.45 1.28 ACE Horne1983
A. tonsa 4 0.95 1.6 ACE Horne1983
A. tonsa 4 0.25 2 ACE Horne1983
A. tonsa 4 0.2 2.5 ACE Horne1983
P. maria 0 1 0.001 ACE Horne1983
P. maria 0 1 0.288 ACE Horne1983
P. maria 0 1 0.48 ACE Horne1983
P. maria 0 1 0.799 ACE Horne1983
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P. maria 0 1 1.332 ACE Horne1983
P. maria 0 1 2.22 ACE Horne1983
P. maria 0 1 3.7 ACE Horne1983
P. maria 1 1 0.001 ACE Horne1983
P. maria 1 1 0.288 ACE Horne1983
P. maria 1 0.85 0.48 ACE Horne1983
P. maria 1 0.95 0.799 ACE Horne1983
P. maria 1 0.85 1.332 ACE Horne1983
P. maria 1 0.75 2,22  ACE Horne1983
P. maria 1 0.6 3.7 ACE Horne1983
P. maria 2 0.9 0.001 ACE Horne1983
P. maria 2 0.95 0.288 ACE Horne1983
P. maria 2 0.85 0.48 ACE Horne1983
P. maria 2 0.8 0.799 ACE Horne1983
P. maria 2 0.7 1.332 ACE Horne1983
P. maria 2 0.35 2.22 ACE Horne1983
P. maria 2 0.25 3.7 ACE Horne1983
P. maria 3 0.9 0.001 ACE Horne1983
P. maria 3 0.95 0.288 ACE Horne1983
P. maria 3 0.7 0.48 ACE Horne1983
P. maria 3 0.5 0.799 ACE Horne1983
P. maria 3 0.15 1.332 ACE Horne1983
P. maria 3 0.05 2,22  ACE Horne1983
P. maria 3 0 3.7 ACE Horne1983
P. maria 4 0.9 0.001 ACE Horne1983
P. maria 4 0.75 0.288 ACE Horne1983
P. maria 4 0.55 0.48 ACE Horne1983
P. maria 4 0.35 0.799 ACE Horne1983
P. maria 4 0.15 1.332 ACE Horne1983
P. maria 4 0.05 2.22 ACE Horne1983
P. maria 4 0 3.7 ACE Horne1983
G. minor 0 1 0.001 ACE Horne1983
G. minor 0 1 0.288 ACE Horne1983
G. minor 0 1 0.48 ACE Horne1983
G. minor 0 1 0.799 ACE Horne1983
G. minor 0 1 1.332 ACE Horne1983
G. minor 0 1 2,22  ACE Horne1983
G. minor 0 1 3.7 ACE Horne1983
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G. minor 1 1 0.001 ACE Horne1983
G. minor 1 1 0.288 ACE Horne1983
G. minor 1 1 0.48 ACE Horne1983
G. minor 1 0.95 0.799 ACE Horne1983
G. minor 1 0.95 1.332 ACE Horne1983
G. minor 1 0.65 2.22 ACE Horne1983
G. minor 1 0.15 3.7 ACE Horne1983
G. minor 2 1 0.001 ACE Horne1983
G. minor 2 1 0.288 ACE Horne1983
G. minor 2 1 0.48 ACE Horne1983
G. minor 2 0.95 0.799 ACE Horne1983
G. minor 2 0.3 1.332 ACE Horne1983
G. minor 2 0.1 2,22 ACE Horne1983
G. minor 2 0 3.7 ACE Horne1983
G. minor 3 1 0.001 ACE Horne1983
G. minor 3 1 0.288 ACE Horne1983
G. minor 3 1 0.48 ACE Horne1983
G. minor 3 0.85 0.799 ACE Horne1983
G. minor 3 0.1 1.332 ACE Horne1983
G. minor 3 0 2.22 ACE Horne1983
G. minor 3 0 3.7 ACE Horne1983
G. minor 4 1 0.001 ACE Horne1983
G. minor 4 1 0.288 ACE Horne1983
G. minor 4 0.95 0.48 ACE Horne1983
G. minor 4 0.65 0.799 ACE Horne1983
G. minor 4 0 1.332 ACE Horne1983
G. minor 4 0 2,22  ACE Horne1983
G. minor 4 0 3.7 ACE Horne1983
A. bahia 1 1 0.031 FLA Turner1982
A. bahia 1 1 0.016 FLA Turner1982
A. bahia 1 1 0.007 FLA Turner1982
A. bahia 1 1 0.0029 FLA Turner1982
A. bahia 1 1 0.0013 FLA Turner1982
A. bahia 1 1 0.0001 FLA Turner1982
A. bahia 1 0 0.078 FLA Turner1982
A. bahia 1 1 0.04 FLA Turner1982
A. bahia 1 1 0.022 FLA Turner1982
A. bahia 1 1 0.01 FLA Turner1982
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A. bahia 1 1 0.006 FLA Turner1982
A. bahia 1 1 0.0002 FLA Turner1982
A. bahia 1 0.65 0.077 FLA Turner1982
A. bahia 1 0.95 0.043 FLA Turner1982
A. bahia 1 1 0.02 FLA Turner1982
A. bahia 1 1 0.013 FLA Turner1982
A. bahia 1 1 0.008 FLA Turner1982
A. bahia 1 1 0.0003 FLA Turner1982
A. bahia 2 0.75 0.031 FLA Turner1982
A. bahia 2 0.95 0.016 FLA Turner1982
A. bahia 2 1 0.007 FLA Turner1982
A. bahia 2 1 0.0029 FLA Turner1982
A. bahia 2 1 0.0013 FLA Turner1982
A. bahia 2 1 0.0001 FLA Turner1982
A. bahia 2 0 0.078 FLA Turner1982
A. bahia 2 0.85 0.04 FLA Turner1982
A. bahia 2 1 0.022 FLA Turner1982
A. bahia 2 1 0.01 FLA Turner1982
A. bahia 2 1 0.006 FLA Turner1982
A. bahia 2 1 0.0002 FLA Turner1982
A. bahia 2 0.5 0.077 FLA Turner1982
A. bahia 2 0.95 0.043 FLA Turner1982
A. bahia 2 1 0.02 FLA Turner1982
A. bahia 2 1 0.013 FLA Turner1982
A. bahia 2 1 0.008 FLA Turner1982
A. bahia 2 1 0.0003 FLA Turner1982
A. bahia 3 0.2 0.031 FLA Turner1982
A. bahia 3 0.95 0.016 FLA Turner1982
A. bahia 3 1 0.007 FLA Turner1982
A. bahia 3 1 0.0029 FLA Turner1982
A. bahia 3 0.95 0.0013 FLA Turner1982
A. bahia 3 1 0.0001 FLA Turner1982
A. bahia 3 0 0.078 FLA Turner1982
A. bahia 3 0.8 0.04 FLA Turner1982
A. bahia 3 1 0.022 FLA Turner1982
A. bahia 3 0.95 0.01 FLA Turner1982
A. bahia 3 1 0.006 FLA Turner1982
A. bahia 3 1 0.0002 FLA Turner1982
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A. bahia 3 0 0.077 FLA Turner1982
A. bahia 3 0.9 0.043 FLA Turner1982
A. bahia 3 0.95 0.02 FLA Turner1982
A. bahia 3 0.95 0.013 FLA Turner1982
A. bahia 3 1 0.008 FLA Turner1982
A. bahia 3 1 0.0003 FLA Turner1982
A. bahia 4 0.05 0.031 FLA Turner1982
A. bahia 4 0.9 0.016 FLA Turner1982
A. bahia 4 1 0.007 FLA Turner1982
A. bahia 4 1 0.0029 FLA Turner1982
A. bahia 4 0.95 0.0013 FLA Turner1982
A. bahia 4 0.95 0.0001 FLA Turner1982
A. bahia 4 0 0.078 FLA Turner1982
A. bahia 4 0.7 0.04 FLA Turner1982
A. bahia 4 1 0.022 FLA Turner1982
A. bahia 4 0.95 0.01 FLA Turner1982
A. bahia 4 1 0.006 FLA Turner1982
A. bahia 4 0.95 0.0002 FLA Turner1982
A. bahia 4 0 0.077 FLA Turner1982
A. bahia 4 0.5 0.043 FLA Turner1982
A. bahia 4 0.9 0.02 FLA Turner1982
A. bahia 4 0.95 0.013 FLA Turner1982
A. bahia 4 1 0.008 FLA Turner1982
A. bahia 4 1 0.0003 FLA Turner1982
A. bahia 1 0.25 0.29 ACE Turner1982
A. bahia 1 1 0.14 ACE Turner1982
A. bahia 1 1 0.074 ACE Turner1982
A. bahia 1 1 0.06 ACE Turner1982
A. bahia 1 1 0.02 ACE Turner1982
A. bahia 1 1 0.001 ACE Turner1982
A. bahia 1 0.45 0.39 ACE Turner1982
A. bahia 1 1 0.18 ACE Turner1982
A. bahia 1 1 0.072 ACE Turner1982
A. bahia 1 1 0.03 ACE Turner1982
A. bahia 1 1 0.014 ACE Turner1982
A. bahia 1 1 0.002 ACE Turner1982
A. bahia 2 0.2 0.29 ACE Turner1982
A. bahia 2 0.95 0.14 ACE Turner1982
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A. bahia 2 0.95 0.074 ACE Turner1982
A. bahia 2 1 0.06 ACE Turner1982
A. bahia 2 1 0.02 ACE Turner1982
A. bahia 2 1 0.001 ACE Turner1982
A. bahia 2 0.2 0.39 ACE Turner1982
A. bahia 2 0.9 0.18 ACE Turner1982
A. bahia 2 1 0.072 ACE Turner1982
A. bahia 2 1 0.03 ACE Turner1982
A. bahia 2 1 0.014 ACE Turner1982
A. bahia 2 1 0.002 ACE Turner1982
A. bahia 3 0.05 0.29 ACE Turner1982
A. bahia 3 0.9 0.14 ACE Turner1982
A. bahia 3 0.95 0.074 ACE Turner1982
A. bahia 3 1 0.06 ACE Turner1982
A. bahia 3 1 0.02 ACE Turner1982
A. bahia 3 0.95 0.001 ACE Turner1982
A. bahia 3 0.1 0.39 ACE Turner1982
A. bahia 3 0.75 0.18 ACE Turner1982
A. bahia 3 0.95 0.072 ACE Turner1982
A. bahia 3 1 0.03 ACE Turner1982
A. bahia 3 1 0.014 ACE Turner1982
A. bahia 3 1 0.002 ACE Turner1982
A. bahia 4 0 0.29 ACE Turner1982
A. bahia 4 0.8 0.14 ACE Turner1982
A. bahia 4 0.9 0.074 ACE Turner1982
A. bahia 4 1 0.06 ACE Turner1982
A. bahia 4 1 0.02 ACE Turner1982
A. bahia 4 0.95 0.001 ACE Turner1982
A. bahia 4 0 0.39 ACE Turner1982
A. bahia 4 0.75 0.18 ACE Turner1982
A. bahia 4 0.9 0.072 ACE Turner1982
A. bahia 4  0.966667 0.03 ACE Turner1982
A. bahia 4 1 0.014 ACE Turner1982
A. bahia 4 1 0.002 ACE Turner1982
P. promelas 1 0.533333 2.7 ACE Turner1982
P. promelas 1 0.9 1.7 ACE Turner1982
P. promelas 1 1 1.4 ACE Turner1982
P. promelas 1 1 0.6 ACE Turner1982
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P. promelas 1 1 0.36 ACE Turner1982
P. promelas 1 1 0.001 ACE Turner1982
P. promelas 1 1 141 ACE Turner1982
P. promelas 1 1 0.71 ACE Turner1982
P. promelas 1 1 0.45 ACE Turner1982
P. promelas 1 1 0.29 ACE Turner1982
P. promelas 1 1 0.16 ACE Turner1982
P. promelas 1 1 0.1 ACE Turner1982
P. promelas 1 1 0.002 ACE Turner1982
P. promelas 2 0.05 2.7 ACE Turner1982
P. promelas 2 0.6 1.7 ACE Turner1982
P. promelas 2 1 1.4 ACE Turner1982
P. promelas 2 1 0.6 ACE Turner1982
P. promelas 2 1 0.36 ACE Turner1982
P. promelas 2 1 0.001 ACE Turner1982
P. promelas 2 1 1.41 ACE Turner1982
P. promelas 2 1 0.71 ACE Turner1982
P. promelas 2 1 0.45 ACE Turner1982
P. promelas 2 1 0.29 ACE Turner1982
P. promelas 2 1 0.16 ACE Turner1982
P. promelas 2 1 0.1 ACE Turner1982
P. promelas 2 1 0.002 ACE Turner1982
P. promelas 3 0 2.7 ACE Turner1982
P. promelas 3 0 1.7 ACE Turner1982
P. promelas 3 0.9 1.4 ACE Turner1982
P. promelas 3 1 0.6 ACE Turner1982
P. promelas 3 1 0.36 ACE Turner1982
P. promelas 3 1 0.001 ACE Turner1982
P. promelas 3 1 141 ACE Turner1982
P. promelas 3 1 0.71 ACE Turner1982
P. promelas 3 1 0.45 ACE Turner1982
P. promelas 3 1 0.29 ACE Turner1982
P. promelas 3 1 0.16 ACE Turner1982
P. promelas 3 1 0.1 ACE Turner1982
P. promelas 3 1 0.002 ACE Turner1982
P. promelas 4 0 2.7 ACE Turner1982
P. promelas 4 0 1.7 ACE Turner1982
P. promelas 4 0.75 1.4 ACE Turner1982
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P. promelas 4 1 0.6 ACE Turner1982
P. promelas 4 1 0.36 ACE Turner1982
P. promelas 4 1 0.001 ACE Turner1982
P. promelas 4 1 1.41 ACE Turner1982
P. promelas 4 1 0.71 ACE Turner1982
P. promelas 4 1 0.45 ACE Turner1982
P. promelas 4 1 0.29 ACE Turner1982
P. promelas 4 1 0.16 ACE Turner1982
P. promelas 4 1 0.1 ACE Turner1982
P. promelas 4 1 0.002 ACE Turner1982
C. dubia 1 1 0.02 FLU EMBSI 2013
C. dubia 2 1 0.02 FLU EMBSI 2013
C. dubia 3 1 0.02 FLU EMBSI 2013
C. dubia 4 1 0.02 FLU EMBSI 2013
C. dubia 1 1 0.05 FLU EMBSI 2013
C. dubia 2 1 0.05 FLU EMBSI 2013
C. dubia 3 1 0.05 FLU EMBSI 2013
C. dubia 4 1 0.05 FLU EMBSI 2013
C. dubia 1 1 0.128 FLU EMBSI 2013
C. dubia 2 1 0.128 FLU EMBSI 2013
C. dubia 3 1 0.128 FLU EMBSI 2013
C. dubia 4 1 0.128 FLU EMBSI 2013
C. dubia 1 1 0.257 FLU EMBSI 2013
C. dubia 2 1 0.257 FLU EMBSI 2013
C. dubia 3 1 0.257 FLU EMBSI 2013
C. dubia 4 1 0.257 FLU EMBSI 2013
C. dubia 1 0.9 0.536 FLU EMBSI 2013
C. dubia 2 0.7 0.536 FLU EMBSI 2013
C. dubia 3 0.6 0.536 FLU EMBSI 2013
C. dubia 4 0.5 0.536 FLU EMBSI 2013
C. dubia 1 1 0.0011 mePYR EMBSI 2013
C. dubia 2 1 0.0011 mePYR EMBSI 2013
C. dubia 3 1 0.0011 mePYR EMBSI 2013
C. dubia 4 1 0.0011 mePYR EMBSI 2013
C. dubia 1 1 0.0027 mePYR EMBSI 2013
C. dubia 2 1 0.0027 mePYR EMBSI 2013
C. dubia 3 1 0.0027 mePYR EMBSI 2013
C. dubia 4 1 0.0027 mePYR EMBSI 2013
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C. dubia 1 1 0.0068 mePYR EMBSI 2013
C. dubia 2 1 0.0068 mePYR EMBSI 2013
C. dubia 3 1 0.0068 mePYR EMBSI 2013
C. dubia 4 1 0.0068 mePYR EMBSI 2013
C. dubia 1 1 0.017 mePYR EMBSI 2013
C. dubia 2 1 0.017 mePYR EMBSI 2013
C. dubia 3 1 0.017 mePYR EMBSI 2013
C. dubia 4 0.9 0.017 mePYR EMBSI 2013
C. dubia 1 1 0.048 mePYR EMBSI 2013
C. dubia 2 1 0.048 mePYR EMBSI 2013
C. dubia 3 0.9 0.048 mePYR EMBSI 2013
C. dubia 4 0.9 0.048 mePYR EMBSI 2013
C. dubia 1 0.8 0.184 mePYR EMBSI 2013
C. dubia 2 0 0.184 mePYR EMBSI 2013
C. dubia 3 0 0.184 mePYR EMBSI 2013
C. dubia 4 0 0.184 mePYR EMBSI 2013
C. dubia 1 1 0.184 meHexene EMBSI 2013
C. dubia 2 1 0.184 meHexene EMBSI 2013
C. dubia 3 1 0.184 meHexene EMBSI 2013
C. dubia 4 1 0.184 meHexene EMBSI 2013
C. dubia 1 1 0.317 meHexene EMBSI 2013
C. dubia 2 1 0.317 meHexene EMBSI 2013
C. dubia 3 1 0.317 meHexene EMBSI 2013
C. dubia 4 1 0.317 meHexene EMBSI 2013
C. dubia 1 1 0.917 meHexene EMBSI 2013
C. dubia 2 1 0.917 meHexene EMBSI 2013
C. dubia 3 1 0.917 meHexene EMBSI 2013
C. dubia 4 1 0.917 meHexene EMBSI 2013
C. dubia 1 1 1.55 meHexene EMBSI 2013
C. dubia 2 0.9 1.55 meHexene EMBSI 2013
C. dubia 3 0.8 1.55 meHexene EMBSI 2013
C. dubia 4 0.8 1.55 meHexene EMBSI 2013
C. dubia 1 0.9 5.02 meHexene EMBSI 2013
C. dubia 2 0 5.02 meHexene EMBSI 2013
C. dubia 3 0 5.02 meHexene EMBSI 2013
C. dubia 4 0 5.02 meHexene EMBSI 2013
C. finmarchus 0 1 0.0011 meNAP Jager2017

C. finmarchus 1 1 0.0011 meNAP Jager2017
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C. finmarchus 2 1 0.0011 meNAP Jager2017
C. finmarchus 3 1 0.0011 meNAP Jager2017
C. finmarchus 4 1 0.0011 meNAP Jager2017
C. finmarchus 0 1 1.03 meNAP Jager2017
C. finmarchus 1 1 1.03 meNAP Jager2017
C. finmarchus 2 1 1.03 meNAP Jager2017
C. finmarchus 3 1 1.03 meNAP Jager2017
C. finmarchus 4 0.982143 1.03 meNAP Jager2017
C. finmarchus 0 1 1.97 meNAP Jager2017
C. finmarchus 1 1 1.97 meNAP Jager2017
C. finmarchus 2 1 1.97 meNAP Jager2017
C. finmarchus 3 1 1.97 meNAP Jager2017
C. finmarchus 4 0928571 1.97 meNAP Jager2017
C. finmarchus 0 1 4.83 meNAP Jager2017
C. finmarchus 1 1 4.83 meNAP Jager2017
C. finmarchus 2 1 4.83 meNAP Jager2017
C. finmarchus 3 0.928571 4.83 meNAP Jager2017
C. finmarchus 4 0.75 4.83 meNAP Jager2017
C. finmarchus 0 1 10.3 meNAP Jager2017
C. finmarchus 1 0.892857 10.3 meNAP Jager2017
C. finmarchus 2 0.357143 10.3 meNAP Jager2017
C. finmarchus 3 0.035714 10.3 meNAP Jager2017
C. finmarchus 4 0 10.3 meNAP Jager2017
C. finmarchus 0 1 29.3  meNAP Jager2017
C. finmarchus 1 0 29.3 meNAP Jager2017
C. finmarchus 2 0 29.3  meNAP Jager2017
C. finmarchus 3 0 29.3 meNAP Jager2017
C. finmarchus 4 0 29.3  meNAP Jager2017
0. mykiss 0.083333 1 0.001 meNAP SmFs_18d
0. mykiss 0.166667 1 0.001 meNAP SmFs_18d
0. mykiss 0.25 1 0.001 meNAP SmFs_18d
0. mykiss 0.333333 1 0.001 meNAP SmFs_18d
0. mykiss 1 1 0.001 meNAP SmFs_18d
0. mykiss 2 1 0.001 meNAP SmFs_18d
0. mykiss 3 1 0.001 meNAP SmFs_18d
0. mykiss 4 1 0.001 meNAP SmFs_18d
0. mykiss 0.083333 1 0.35125 meNAP SmFs_18d
0. mykiss 0.166667 1 0.35125 meNAP SmFs_18d
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0. mykiss 0.25 1 0.35125 meNAP SmFs_18d
0. mykiss 0.333333 1 0.35125 meNAP SmFs_18d
0. mykiss 1 1 0.35125 meNAP SmFs_18d
0. mykiss 2 1 0.35125 meNAP SmFs_18d
0. mykiss 3 1 0.35125 meNAP SmFs_18d
0. mykiss 4 1 0.35125 meNAP SmFs_18d
0. mykiss 0.083333 1 1.19 meNAP SmFs_18d
0. mykiss 0.166667 1 1.19 meNAP SmFs_18d
0. mykiss 0.25 1 1.19 meNAP SmFs_18d
0. mykiss 0.333333 1 1.19 meNAP SmFs_18d
0. mykiss 1 1 1.19 meNAP SmFs_18d
0. mykiss 2 1 1.19 meNAP SmFs_18d
0. mykiss 3 1 1.19 meNAP SmFs_18d
0. mykiss 4 1 1.19 meNAP SmFs_18d
0. mykiss 0.083333 1 3.6175 meNAP SmFs_18d
0. mykiss 0.166667 1 3.6175 meNAP SmFs_18d
0. mykiss 0.25 1 3.6175 meNAP SmFs_18d
0. mykiss 0.333333  0.857143 3.6175 meNAP SmFs_18d
0. mykiss 1 0.071429 3.6175 meNAP SmFs_18d
0. mykiss 2 0 3.6175 meNAP SmFs_18d
0. mykiss 3 0 3.6175 meNAP SmFs_18d
0. mykiss 4 0 3.6175 meNAP SmFs_18d
0. mykiss 0.083333  0.357143 11.45 meNAP SmFs_18d
0. mykiss 0.166667 0 11.45 meNAP SmFs_18d
0. mykiss 0.25 0 11.45 meNAP SmFs_18d
0. mykiss 0.333333 0 11.45 meNAP SmFs_18d
0. mykiss 1 0 11.45 meNAP SmFs_18d
0. mykiss 2 0 11.45 meNAP SmFs_18d
0. mykiss 3 0 11.45 meNAP SmFs_18d
0. mykiss 4 0 11.45 meNAP SmFs_18d
0. mykiss 0.083333 1 0.001 meNAP LgFs_18d
0. mykiss 0.166667 1 0.001 meNAP LgFs_18d
0. mykiss 0.25 1 0.001 meNAP LgFs_18d
0. mykiss 1 1 0.001 meNAP LgFs_18d
0. mykiss 2 1 0.001 meNAP LgFs_18d
0. mykiss 3 1 0.001 meNAP LgFs_18d
0. mykiss 4 1 0.001 meNAP LgFs_18d
0. mykiss 0.083333 1 0.36775 meNAP LgFs_18d
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0. mykiss 0.166667 1 0.36775 meNAP LgFs_18d
0. mykiss 0.25 1 0.36775 meNAP LgFs_18d
0. mykiss 1 1 0.36775 meNAP LgFs_18d
0. mykiss 2 1 0.36775 meNAP LgFs_18d
0. mykiss 3 1 0.36775 meNAP LgFs_18d
0. mykiss 4 1 0.36775 meNAP LgFs_18d
0. mykiss 0.083333 1 1.24 meNAP LgFs_18d
0. mykiss 0.166667 1 1.24 meNAP LgFs_18d
0. mykiss 0.25 1 1.24 meNAP LgFs_18d
0. mykiss 1 1 1.24 meNAP LgFs_18d
0. mykiss 2 1 1.24 meNAP LgFs_18d
0. mykiss 3 1 1.24 meNAP LgFs_18d
0. mykiss 4 1 1.24 meNAP LgFs_18d
0. mykiss 0.083333 1 3.5425 meNAP LgFs_18d
0. mykiss 0.166667 1 3.5425 meNAP LgFs_18d
0. mykiss 0.25 1 3.5425 meNAP LgFs_18d
0. mykiss 1 0.214286 3.5425 meNAP LgFs_18d
0. mykiss 2 0 3.5425 meNAP LgFs_18d
0. mykiss 3 0 3.5425 meNAP LgFs_18d
0. mykiss 4 0 3.5425 meNAP LgFs_18d
0. mykiss 0.083333 1 11.6  meNAP LgFs_18d
0. mykiss 0.166667 0.5 11.6 meNAP LgFs_18d
0. mykiss 0.25 0.142857 11.6  meNAP LgFs_18d
0. mykiss 1 0 11.6 meNAP LgFs_18d
0. mykiss 2 0 11.6  meNAP LgFs_18d
0. mykiss 3 0 11.6 meNAP LgFs_18d
0. mykiss 4 0 11.6  meNAP LgFs_18d
0. mykiss 0.083333 1 0.001 meNAP SmFs_10d
0. mykiss 0.166667 1 0.001 meNAP SmFs_10d
0. mykiss 0.25 1 0.001 meNAP SmFs_10d
0. mykiss 1 1 0.001 meNAP SmFs_10d
0. mykiss 2 1 0.001 meNAP SmFs_10d
0. mykiss 3 1 0.001 meNAP SmFs_10d
0. mykiss 4 1 0.001 meNAP SmFs_10d
0. mykiss 0.083333 1 0.3405 meNAP SmFs_10d
0. mykiss 0.166667 1 0.3405 meNAP SmFs_10d
0. mykiss 0.25 1 0.3405 meNAP SmFs_10d
0. mykiss 1 1 0.3405 meNAP SmFs_10d
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0. mykiss 2 1 0.3405 meNAP SmFs_10d
0. mykiss 3 1 0.3405 meNAP SmFs_10d
0. mykiss 4 1 0.3405 meNAP SmFs_10d
0. mykiss 0.083333 1 1.10175 meNAP SmFs_10d
0. mykiss 0.166667 1 1.10175 meNAP SmFs_10d
0. mykiss 0.25 1 1.10175 meNAP SmFs_10d
0. mykiss 1 1 1.10175 meNAP SmFs_10d
0. mykiss 2 1 1.10175 meNAP SmFs_10d
0. mykiss 3 1 1.10175 meNAP SmFs_10d
0. mykiss 4 1 1.10175 meNAP SmFs_10d
0. mykiss 0.083333 1 3.345 meNAP SmFs_10d
0. mykiss 0.166667 0.5 3.345 meNAP SmFs_10d
0. mykiss 0.25 0.285714 3.345 meNAP SmFs_10d
0. mykiss 1 0 3.345 meNAP SmFs_10d
0. mykiss 2 0 3.345 meNAP SmFs_10d
0. mykiss 3 0 3.345 meNAP SmFs_10d
0. mykiss 4 0 3.345 meNAP SmFs_10d
0. mykiss 0.083333 1 9.9075 meNAP SmFs_10d
0. mykiss 0.166667  0.071429 9.9075 meNAP SmFs_10d
0. mykiss 0.25 0 9.9075 meNAP SmFs_10d
0. mykiss 1 0 9.9075 meNAP SmFs_10d
0. mykiss 2 0 9.9075 meNAP SmFs_10d
0. mykiss 3 0 9.9075 meNAP SmFs_10d
0. mykiss 4 0 9.9075 meNAP SmFs_10d
0. mykiss 0.083333 1 0.001 meNAP LgFs_10d
0. mykiss 0.166667 1 0.001 meNAP LgFs_10d
0. mykiss 0.25 1 0.001 meNAP LgFs_10d
0. mykiss 1 1 0.001 meNAP LgFs_10d
0. mykiss 2 1 0.001 meNAP LgFs_10d
0. mykiss 3 1 0.001 meNAP LgFs_10d
0. mykiss 4 1 0.001 meNAP LgFs_10d
0. mykiss 0.083333 1 0.3395 meNAP LgFs_10d
0. mykiss 0.166667 1 0.3395 meNAP LgFs_10d
0. mykiss 0.25 1 0.3395 meNAP LgFs_10d
0. mykiss 1 1 0.3395 meNAP LgFs_10d
0. mykiss 2 1 0.3395 meNAP LgFs_10d
0. mykiss 3 1 0.3395 meNAP LgFs_10d
0. mykiss 4 1 0.3395 meNAP LgFs_10d
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0. mykiss 0.083333 1 1.105 meNAP LgFs_10d
0. mykiss 0.166667 1 1.105 meNAP LgFs_10d
0. mykiss 0.25 1 1.105 meNAP LgFs_10d
0. mykiss 1 1 1.105 meNAP LgFs_10d
0. mykiss 2 1 1.105 meNAP LgFs_10d
0. mykiss 3 1 1.105 meNAP LgFs_10d
0. mykiss 4 1 1.105 meNAP LgFs_10d
0. mykiss 0.083333 1 2.9225 meNAP LgFs_10d
0. mykiss 0.166667 1 2.9225 meNAP LgFs_10d
0. mykiss 0.25 1 2.9225 meNAP LgFs_10d
0. mykiss 1 0.5 2.9225 meNAP LgFs_10d
0. mykiss 2 0 2.9225 meNAP LgFs_10d
0. mykiss 3 0 2.9225 meNAP LgFs_10d
0. mykiss 4 0 2.9225 meNAP LgFs_10d
0. mykiss 0.083333 1 10.3375 meNAP LgFs_10d
0. mykiss 0.166667  0.642857 10.3375 meNAP LgFs_10d
0. mykiss 0.25 0 10.3375 meNAP LgFs_10d
0. mykiss 1 0 10.3375 meNAP LgFs_10d
0. mykiss 2 0 10.3375 meNAP LgFs_10d
0. mykiss 3 0 10.3375 meNAP LgFs_10d
0. mykiss 4 0 10.3375 meNAP LgFs_10d
D. magna 0.083333 1 0.001 meNAP Dm_18d
D. magna 0.166667 1 0.001 meNAP Dm_18d
D. magna 0.25 1 0.001 meNAP Dm_18d
D. magna 1 1 0.001 meNAP Dm_18d
D. magna 2 1 0.001 meNAP Dm_18d
D. magna 0.083333 1 0.3635 meNAP Dm_18d
D. magna 0.166667 1 0.3635 meNAP Dm_18d
D. magna 0.25 1 0.3635 meNAP Dm_18d
D. magna 1 1 0.3635 meNAP Dm_18d
D. magna 2 1 0.3635 meNAP Dm_18d
D. magna 0.083333 1 1.06 meNAP Dm_18d
D. magna 0.166667 1 1.06 meNAP Dm_18d
D. magna 0.25 1 1.06 meNAP Dm_18d
D. magna 1 1 1.06 meNAP Dm_18d
D. magna 2 1 1.06 meNAP Dm_18d
D. magna 0.083333 1 3.8025 meNAP Dm_18d
D. magna 0.166667 0.85 3.8025 meNAP Dm_18d
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D. magna 0.25 0.85 3.8025 meNAP Dm_18d
D. magna 1 0.35 3.8025 meNAP Dm_18d
D. magna 2 0.05 3.8025 meNAP Dm_18d
D. magna 0.083333 0 10.9 meNAP Dm_18d
D. magna 0.166667 0 10.9 meNAP Dm_18d
D. magna 0.25 0 10.9 meNAP Dm_18d
D. magna 1 0 10.9 meNAP Dm_18d
D. magna 2 0 10.9 meNAP Dm_18d
L. variegatus 0.083333 1 0.001 meNAP Wm_18d
L. variegatus 0.166667 1 0.001 meNAP Wm_18d
L. variegatus 0.25 1 0.001 meNAP Wm_18d
L. variegatus 1 1 0.001 meNAP Wm_18d
L. variegatus 2 1 0.001 meNAP Wm_18d
L. variegatus 3 1 0.001 meNAP Wm_18d
L. variegatus 4 1 0.001 meNAP Wm_18d
L. variegatus 0.083333 1 0.33525 meNAP Wm_18d
L. variegatus 0.166667 1 0.33525 meNAP Wm_18d
L. variegatus 0.25 1 0.33525 meNAP Wm_18d
L. variegatus 1 1 0.33525 meNAP Wm_18d
L. variegatus 2 1 0.33525 meNAP Wm_18d
L. variegatus 3 1 0.33525 meNAP Wm_18d
L. variegatus 4 1 0.33525 meNAP Wm_18d
L. variegatus 0.083333 1 1.17 meNAP Wm_18d
L. variegatus 0.166667 1 1.17 meNAP Wm_18d
L. variegatus 0.25 1 1.17 meNAP Wm_18d
L. variegatus 1 1 1.17 meNAP Wm_18d
L. variegatus 2 1 1.17 meNAP Wm_18d
L. variegatus 3 1 1.17 meNAP Wm_18d
L. variegatus 4 1 1.17 meNAP Wm_18d
L. variegatus 0.083333 1 3.5125 meNAP Wm_18d
L. variegatus 0.166667 1 3.5125 meNAP Wm_18d
L. variegatus 0.25 1 3.5125 meNAP Wm_18d
L. variegatus 1 1 3.5125 meNAP Wm_18d
L. variegatus 2 1 3.5125 meNAP Wm_18d
L. variegatus 3 0.75 3.5125 meNAP Wm_18d
L. variegatus 4 0.05 3.5125 meNAP Wm_18d
L. variegatus 0.083333 1 11.25 meNAP Wm_18d
L. variegatus 0.166667 1 11.25 meNAP Wm_18d
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