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EXECUTIVE SUMMARY

Because of the global use of petroleum based products, polycyclic
aromatic hydrocarbons (PAHs) are one of the most wideiy
distributed groups of environmental contaminants. Consequently,
defining their concentrations and biocavailability in a wide array
of ecosystems is a critical step in assessing the potential
ecological risk of these contaminants. However, detexrmining the
biocavailable portion of PAH residues (typically a small but
variable fraction of the total regidue) present in environmental
water samples is problematic due to the difficulty of separating
dissolved residues from those associated with a wide range of
concentrations associated with particulate and dissolved organic
carbon. Moreover, the uge of sentinel organisms (e.g., fish,
bivalves, etc.) to sample the bioavailable fraction of PAHs is
often complicated by extensive metabolism and excretion
(particularly fish} or selective depuration (bivalves) of the

residues present in the water.

Scientists at the National Biological Survey's Midwest Science
Center (MSC) have developed a passive sampler -- the
semipermeable membrane device (SPMD} -- that appear to overcome
the limitations associated with analysis of exciged water samples
and sentinel organisms. The SPMD is degigned to mimic the
bioconcentration (i.e. respiratory uptake} of contaminants by

biota. The SPMD approach offers the high precision and



reproducibility of analytical chemistry methods with none of
their mechanical short comings, yet acts as a "in situ"

integrator of contaminants similar to biomonitoring organisms.

The subject of this report is the laboratory portion of the
overall research process necessary to validate the use of SPMDs
as monitors of PAHs in aquatic environments. The flow-through
(i.e., kinetic) and static {i.e., equilibrium) studies {using the
EPA's priority pollutant PAHs) conducted during this project are
critical to the development and parameterization of the
algorithms for calculating ambient water concentrations of PAHs
from their respective levels in SPMDs. Three flow-through 21 day
diluter studies and a 56 day static exposure study were
completed. The diluter studies were conducted at environmentally
realistic concentrations of 1 ng/L, 10 ng/L and 100 ng/L and at
10%, 18°C, and 26°C. Samples were taken temporally at days
4,7,14 and 21 and the rate of SPMD uptake determined. The 56 day
static exposures were conducted at 24°C with an initial PAH
concentration of about 1 ug/L. Samples were taken temporally at
days 1,4,7,14,28 and 56 to determine the steady state
concentration factors of PAHs in SPMDs. Approximately 1000
samples were analyzed for residues of the 16 priority pollutant
PAHs (i.e., 16,000 individual determinations) during the course

of this project.



Briefly, the results of these studies indicate the following:
- SPMDg perform well as in situ integrative samplers of

agqueous PAHs

- Screening tests indicate that salinity has little

effect on PAH uptake rate

- Concentration factors (static exposure) of several PAHs

in SPMD lipids exceeded 400,000

- Uptake rates increase with PAH octancl/water partition
coefficients up to about 200,000 and then decline as

molecular size limits SPMD membrane permeability

- Only relatively small differences in PAH uptake rates
were observed at exposure temperatures of 10°C, 18°C

and 26°C

- Sampling rates appear to be relatively independent of
PAH water concentrations within the concentration range

tested

- For PAHs with octanol/water partition coefficients
greater than 100,000, sampling rates remained
relatively constant during the 21 day flow-through

exposure



- The marked similarity of SPMD PAH uptake rates and
contaminant uptake rates across fish gills {in both
cases, relative to log octonal-water partition
coefficients) indicates that SPMDs do mimic the

bioconcentration process of nonmetabolized compounds

The results of these studies provide a laboratory data base
adequate to proceed to the validation of SPMDs as monitors of
PAHs in environmental settings. No other technology or procedure
appears to offer as ready access to the concentrations of

bicavailable environmental contaminants.
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INTRODUCTION

In order to meet guidelines designed to protect fish and wildlife
resources, regource managers, regulatory agencies, and industry
must have knowledge of the identity and average concentrations of
biocavailable pollutants in effluents entering surface waters
{i.e. exposure concentration assessment). This information is a
fundamental part of assessing the effects of contaminated
effluents on fish, wildlife, and ultimately humans.
Unfortunately, these key data are often unavailable to
researchers and decision makers because of limitations in
analytical and biomonitoring approaches. These limitations
include: 1) current use of non-integrative sampling methods (grab
or excised samples, often reflect contaminant residue composition
only at the moment or window of sampling) for monitoring
hydrophobic pollutants in water which often fail to detect
rapidly changing or episodic contamination events; 2} standard
analytical methods for the determination of trace-level (< 0.1
ug/L) nonpeolar organics in water are problematic because of the
difficulties encountered in collecting and extracting large
volumes of water, changes in water guality associated with
sampling and handling and in compensating for losses of
contaminants due to filtration, wvolatilization, and sorption on
non-equilibrated surfaces; 3) integrative biomonitors, such as
caged fish and mussgels, are often difficult to find free of

contamination, cannot be used in highly toxic environments, may



not concentrate many contaminants due to their ability to
actively depurate or metabolize certain classes of pollutants,
and biomonitoring organisms usually have seasonal, lifestage, sex
and species variations in the quantity and quality of their

lipids which affects the bioconcentration of contaminants.

Improvements in traditional contaminant monitoring methods may
partly address these problems, however, new approaches are needed
that combine the positive attributes of commonly used analytical
chemistry (i.e. accurate and precise) with that of biomonitoring
approaches (i.e. integration of biocavailable aqueous residues).
What is critically needed in this respect is an environmental
dosimetry approach that permits assessment of fish and wildlife
exposure to contaminants in a manner similar to that employed in
personal dosimeters for determining time-weighted occupational

exposure in humans.

Recently, the National Biological Survey's Midwest Science Center
developed a semipermeable polymeric membrane device (SPMD)
containing a thin film of pure lipid (triolein) for in situ
passive monitoring of trace aquatic contaminants (1). This
conceptually simple device appears to address a number of the
aforementioned limitations in analytical and biomonitoring
techniques for agqueous contaminants and is based on concepts
similar to widely accepted passive air monitors. Algso, the

passive partitioning process mediating SPMD uptake mimics the



tendency of aquatic life to bioconcentrate trace organic
contaminants from water. At equilibrium, concentration factors
of aqueous contaminants in SPMDs are approximately equal to their
respective octonal;water partition coefficients (a commonly used
and often available parameter used to predict bioconcentration).
The devices will enable investigators to measure the presence and
bicavailability of organic contaminants in diverse aquatic
habitats. SPMDs have significant statistical advantages over
traditional contaminant assessments due to theif reproducibility
and the ease of data interpretation. Further, they provide a
relative index of pollution severity, have the ability to
sequester contaminants from episodic spills, will concentrate
pollutants often metabolized by aquatic organisms, and can be

used in surface water, sediment, and groundwater environs.

SPMDs are constructed of virgin (no additives) low-density
layflat polyethylene tubing enclosing a thin film of 95% or 995%
pure triolein {(major neutral lipid in many aquatic¢ organisms).
The membrane contreols contaminant uptake rate (2)}; a key factor
in designing a precision sampling device. The thin film design
is used to maximize surface area (membrane} to lipid volume ratio
which in turn allows high contaminant sampling rates for a
passive sampler. Typically, ~ 1 g of triolein is placed in a
layflat tube which, after heat sealing into a loop configuration,
is ready for field deployment. Both lipid and polyethylene

tubing lots are extracted and analyzed for interfering substances



prior to use. When membrane impurities are found, a simple
organic solvent dialysis step will generally remove the
interfering substance. Because the membrane prevents microbial
attack of lipid, extended field exposures of SPMDs can be
conducted. After exposures, SPMDs are returned to the laboratory
in clean gas-tight containers on ice (contaminants in SPMDs can
be preserved indefinitely by freezing the intact samplers).
Organic contaminants are recovered from intact field deployed
SPMDs by organic solvent dialysis (3) and this procedure results
in very low lipid carryover in the analyte fraction. The
dialysis process is simpler than the grinding and extraction of
animal tissues. Subsequent class fractionation and instrumental
anélysis of dialysates depends on the types and complexity of

contaminant residues sequestered in SPMDs.

This research is designed to provide key uptake kinetics data
(includes temperature and concentration effects) necessary to
further develop the algorithm for using SPMDs as quantitative
monitors of bioavailable polyaromatic hydrocarbonsg (PAHS) in
water. Although SPMDs have been successfully deployed in a
number of field environments, laboratory research to elucidate
the effects of temperature, and concentration on SPMD uptake
rates is required to interpret field data. Continuous flow
laboratory exposures (constant concentration) of SPMDs to
contaminant mixtures at several temperatures are required to

generate the guantitative data to optimize and parameterize



models to predict PAH water concentrations. Numerous static
exposures of SPMDs to PAHs are also required to determine the
equilibrium partition coefficients needed to select the
appropriate mathematical model for estimation of wate£
concentrations from SPMD concentrations. With this data, the
SPMD approach should provide a relevant estimate of aqueous
contaminant dose to aquatic life, thus contributing toward
establishing or disproving potential causal links to observed
environmental effects on fish, wildlife, and the ecosystems

supporting them.

The compounds examined in this research were the priority

pollutant PAHs:

acenaphthene
acenaphthylene
anthracene

benz (a)anthracene
benzo(a)pyrene

benzo (b) fluoranthene
benzo(g,h, i) perylene
benzo (k) fluoranthene
chrysene

dibenz (a,h)anthracene
fluoranthene

fluorene



indeno(1,2,3-c,d)pyrene
naphthalene
phenanthrene

pyrene

These contaminants were chosen by the U.S. EPA ae representative

of the PAH contamination entering the environment.

An estimated 230,000 metric tons of PAHs enter the glcbal aquatic
environment annually from spills and seeps of petroleum,
discharges from domestic and industrial sources, aerial
trangport, and biosynthesis (4). Because of the continuing need
forlfossil fuels, it seems unlikely that inputs from energy-
related activities will greatly decrease during the next several
decades. Consequently, potential effects of PAHs on aquatic
environments will continue to be of concern to regulatory and

resource management agencies and to the general public.

The heterogenous nature of aquatic PAH residues (5,6) confounds
efforts to understand which PAHs may pose a threat to aquatic
ecosystems and their sources. Moreover, the propensity of fish --
the sentinel organisms of choice for monitoring contaminant
residues in freshwater environments -- to rapidly biotransform
PAHs through activation of the mixed function oxidase enzyme
system severely limits possible correlation of PAH concentrations

in fish tissue with exposure concentrations in water (7). For

10



marine environments, mussels and other bivalve molluscs are the
biomonitoring organisms of choice. However, all organisms have
active transport (uptake and depuration} systems affecting steady
state concentrations of chemicals and even bivalves héve the
ability to metabolize some hydrocarbonge {especially lower
molecular weight compounds). Ingestion of particulates with
sorbed chemicals can also complicate interpretation of bivalve
data (8). Thus, their tissue concentrations often may not
reflect the true concentrations of bicavailable compounds in
water. Measurement of toxicologically significant PAH residues
in water by conventional analytical techniques is problematic

because of their low levels.

These factors, in combination with the continuum of
physicochemical properties of PAHs (5) renders the determination
of biocavailable water concentrations {(i.e. an estimation of
organism exposure} of PAHs a formidable task. For these reasons
SPMD technology appears to be ideally suited for the analysis of

PAHS.

THEQRY AND MODEL DEVELOPMENT

Because SPMD sampling rate and equilibrium capacity varies with
PAH physicochemical properties, analyte concentrations in exposed

SPMDgs may represent any one of three possible regions of an

11



uptake curve (linear, curvilinear and asymptotic). Overall SPMD

uptake of aqueous PAHs can be described by
CL = CWKLW (l-exp[-kUt]) (1)

where Cy and Cy are analyte concentrations in the triolein and
water, Kyy ié the equilibrium lipid/water partition coefficient
(approximated by the octonal—yater partition coefficient [Knyl
of a compound} and kU ie the overall uptake rate constant, The

capacity of the SPMD to sequester an analyte is set by the K1 W

value (model amplitude) and kj, the overall uptake rate

constant, is knRKyy /Vy where ko is the mass transfer
coefficient of an analyte into the SPMD triolein {m/h), A is
membrane surface area (m2); KMT, is the membrane-lipid partition

coefficient and Vi is the lipid volume (m3). Use of equation 1

to predict Cy requires multiple determinations of Cy, through
time or kinetics data. The number of estimated parameters, e.g.
Cyy and kU-should generally be no more than half the number of €1,

values measured. Also note that because membrane fouling often
occurs during environmental exposures, SPMD uptake may be
biphasic (nonexponential) in nature resulting in poor

(exponential} model fits to the data.

12



Appuming equilibrium between the SPMD lipid and exposure water is

not approached for a particular analyte (i.e. strictly speaking

CL/CW<<KLW but < 0.5 K1y or one half-time has not bc-::en

exceeded), then for a constant temperature
Cy, = CWKMWkOAt/VL (2)

where Ky ig the membrane/water partition coefficient. Here the

group KynekoA is the SPMD effective daily sampling rate (RS) for

a particular analyte, i.e. m*/d or L/d. The use of equation 2 to

estimate analyte Cy requires that the SPMD is still in the

linear sampling phase or that the average sampling rate during

the interval of exposure is known. When CL/CW = Kp the

exponential term in equation 1 becomes negligible and

CL = SwWELW (3)

This is the region in which Cy, reaches equilibrium with Cw-
Then if KLW is known, the water concentration CW can be

determined from CL.

If organic solvent dialysis is used to extract contaminant

residues sequestered by SPMDs, the recovered analyte mass is

13



representative of both the 1lipid and membrane phases of the SPMD.
In some cases the amount of analyte in the membrane can be 40% of

the total SPMD residue. The following equation can be applied to

estimate C; from the total amount of residue recovered by

dialysis:

‘L = Avp/ ML + KvpMy (4)

where A@ﬂj is the total mass of the analyte in the dialysate, ML

is the mass of the triolein, KML.was defined earlier and MM:is

the mass of the membrane.

Both temperature and biofouling can affect the Rg of an SPMD.

The possible reduction in analyte Rg by biofouling was assessed

earlier by recovering heavily fouled SPMDs (58 day exposure) from
the Upper Mississippi River and exposing them along with fresh
SPMDs to constant aqueous concentrationg of phenanthrene (9).

The reduction in SPMD uptake due to fouling ranged from about 25
to 40% of the Rg value. Temperature affects molecular diffusion
and polymer free volume, and thus higher temperatures often
results in larger Rg values for some analytes. The use of a

permeability reference standard (i.e. a noninterfering

compound (s) with moderate SPMD fugacity added to the lipid just

prior to deployment} as a method to correct SPMD RS values for

14



the effects of variable temperature and fouling, is underway at

MSC with selected deuterated PAHs.

At this stage of SPMD development, the data recommended for
generating SPMD estimates of the average PAH concentrations in an
exposure media include: 1) mean temperature during the exposure

period, 2) wvisual observations of the extent of membrane

biofouling, 3) Rg values {possible temperature and concentration

effects factored in) of contaminants of interest for the exposure

duration used and 4) measured C;, values or total analyte mass

sequestered in the SPMD (here the KMI’partition coefficient must

be known) .

EXPERIMENTAL

LABORATQORY PAH EXPOSURES:

Three separate exposure studies were completed during this
project. Laboratory deep well water of known quality (2) was
used in two studies but was amended for the third study (marine-
freshwater comparisons). The first study consisted of exposing
SPMDs to the priority pollutant PAHs in a flow-through freshwater
dilutor system. Nominal PAH water concentrations in flow-

through exposures were 0 ng/L {control), 1 ng/L, 10 ng/L and 100

ng/L. These exposures were conducted at 100C, 180C, and 26°C.
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SPMDs (N=3) were sampled on days 0 and 4, 7, 14 and 21. Water
samples were collected on days 0 and 21. The SPMDs in the flow-
through diluters were treated weekly with Sanaqua®, a 7.5%
agqueousg solution of didecyl dimethyl ammonium chloride, to
minimize periphyton growth. Details of these uptake kinetics
studies are presented in the attached protocol, P-93-33-01

(Appendix A) .

The second exposure study consisted of static chambers containing

the priority pollutant PAHs in freshwater (mean exposure

temperature was 2400). Each chamber with the exception of

controls was dosed (single application) with 0.91 ug of each PAH,
as the target concentration was 1 pg/L (note that this nominal
level exceeds the water solubility of dibenz[a,h]anthracene,
indenc(1,2,3~c,dlpyrene and benzolg,h,i]perylene). Three
replicate SPMDs were sampled on days 1, 4 , 7, 14, 28 and 56.
Water samples (approximately 900 mL) were taken at each SPMD
sampling time, The triolein and the polyethylene membrane of
each SPMD were analyzed separately in order to define the
lipid/membrane partition coefficient. Details of this static
uptake study is presented in the attached protocol, P-94-33-02

{Appendix A).

Because of the large differences in the salinities of fresh,
estuarine, and marine waters it is critical to examine the

potential effect of this variable on the uptake of PAHs by SPMDs,
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Consequently, a third study was conducted to obtain data on the
uptake of PAHs by SPMDs under varying salinity regimes. This
screening study consisted of separate 28 day static exposures of
SPMDs to radiolabeled model PAHs. Water quality used for both
model PAH exposures was representative of freshwater, estuarine,

and ocean environments. Deep well water was reconstituted with

®
Instant Ocean at the 11 ppt (estuarine) and 33 ppt (marine)

levels for use in this study (mean exposure temperature was

180C). The model radiolabeled ( ring-uL—14C) PAHs chosen for

the study were phenanthrene and dibenz(a,h)anthracene. These
compounds are representative of both the smaller molecular weight
PAHs (phenanthrene = 3 rings) and the higher molecular weight
PAHs {(dibenz{a,h)anthracene = 5 rings). The SPMDs {(N=3) were
sampled on days 4, 7, 14 and 28 of the exposure. A mass balance
approach was used to define the distribution of the PAH residues
among all components (i.e., lipid, membrane, water, container

wall, etc.) of the exposure chambers.

MATERIALS AND REAGENTS:

All solvents used in this work were pesticide grade or
equivalent. Triolein (1,2,3-Tri-[(Cis)-9-octadecenoyl] glycerol)
was purchased from Sigma Chemical Co., St. Louis, MO., USA. The
triolein used was 95% pure and was not further purified before

use because of its low PAH background. It was ampulated and
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stored at —ZOOC until use. Low-density polyethylene (PE) tubing

(layflat; 2.54 cm wide, no. 940, obtained from Brentwood
Plastics, Brentwood, MO, USA was untreated, pure PE, no slip
additives, stabilizers, etc.) was used to prepare the SPMDs. The
wall thickness of the lot used ranged from 84 to 89 um. The
heat-sealer used in making the SPMDs was an Impulse Sealer model
no. AIE-100 from American International Electric, Santa Fe
Spring, CA., USA. Gold fluorescent lamps were obtained from
Phillips Lighting Corp., Bloomfield, NJ, USA. Except when
protected by amber glassware, samples and standard materials were
kept in darkness or handled under gold lights to prevent

photodegradation.
PREPARATION OF SPMDS:

All SPMDs were assembled in a clean room {vapor phase PAHs in
ambient air were removed by continuous charcoal filtration and
exposure to numerous SPMDs suspended in the clean room}. Layflat
PE tubing was cut into 46 c¢m segments. Contaminants were removed
from the PE segments prior to making SPMDs by batch-extracting
the segments with hexane. Following the batch-extraction
procedure, the PE segments were air-dried and subsequently stored
in sealed, amber-glass jars maintained in the clean room

{described earlier) until used to make SPMDs.
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We pipetted 0.5 mL (flow-through and static [salinity treatments]
exposures) and 0.1 mL (static fresh water exposures) of triolein
into one end of each segment of PE tubing. The segments were
laid on a solvent-cleaned, flat surface, and the trioiein was
squeezed toward the opposite end of the tubing until it formed a
thin film through the central portion of each PE segment.

Because triolein can interfere with heat sealing of the membrane,
care must be taken to avoid spreading triolein near the ends
{about 2 cm of each tubing end free of triolein) of the tubing.
Each end of the tubing was then sealed by forming three molecular
welds (heat seals) at each end. Details of the preparation
procedure are given in the attached standard operating procedure
(SOP) B5.217 {(Appendix B). Also, see Appendix B for SOPs related

to all analytical procedures used in this work. As configured

for this study, each SPMD had 198 cm2 of surface area.

SAMPLE PROCESSING AND RESIDUE ENRICHMENT :

The wvolumes of water sampled from flow-through exposures were 8 L
for the control and 1 ng/L exposure chambers, 4L for the 10 ng/L
exposure chamber, and 2 L for the 100 ng/L chamber. They were
collected on days 0 and 21. Each sample was extracted three
times with methylene chloride (100 mL per extract); the organic
extracts of individual samples were combined, dried over sodium
sulfate, reduced in volume to 1 mL, and subsequently analyzed by

gas chromatography photoionization detection (GC-PID) for PAH
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residues. Water samples (<1L volume) from both static exposure
studies were extracted similarly and concentrated as described
for flow-through exposure samples. Extracts from the salinity
screening test were analyzed by liquid scintillation counting
whereas extracts containing priority pollutant PAHs were analyzed

as described for flow-through exposures.

Processing of SPMDs involved the removal of exterior periphytic
growth, organic solvent dialysis (10), treatment by high
performance gel permeation chromatography (HPGPC) and potassium
gsilicate chromatography (KS), and subsequent analysis by GC-PID
for PAH residues. Removal of the surficial periphytic layer was
accomplished by placing the SPMDs (Note: The SPMD membrane
should not be touched with bare hands prior to the surficial
cleaning) in a 500-mL, wide mouth, amber glass jar equipped with
a Teflon-lined cap. Hexane (100 mL) was added to the glass jar
the lid was tightly closed, and the jar was shaken for
approximately 10 seconds (caution, extraction times > 10 seconds
may recover some PAHs from the membrane) and the hexane was
discarded. Following extraction of the surficial layer, the
SPMDs were placed in a stainless steel pan and rinsed with
coplous amounts of clean running water. The SPMDs were
subsequently submerged in a glass tank containing 1 N HC1l for
approximately 30 seconds. Following the HCl treatment, they were'
again rinsed with running water to remove residual acid. All

water on membrane surfaces was removed using brief rinses of
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acetone followed by isopropanol. The SPMDs were allowed to air
dry for approximately 5 minutes (Note: Unless the atmosphere is
organic contaminant free, air drying may result in uptake of
airborne contaminantsg) by placing them on a piece of éolvent—
rinsed aluminum foil in a clean room free of organic

contaminants.

Dialysis of SPMDs was accomplished using 8 oz {(0.24 L) jars with
solvent-rinsed aluminum foil under the screw-type lids to create
a tight seal. Each 0.5 mL triolein SPMD was dialyzed with 75 mL

hexane. In all cases, SPMDs were allowed to dialyze for 48 hours

at 180C. Subsequently, SPMDs were removed from the jar, and the

dialysate was quantitatively transferred to round-bottom flasks.
Then the dialysates were reduced to approximately 5 mL using a
rotary evaporation system. The dialysates were quantitatively
transferred to test tubes using several 1-2 mL hexane rinses and

further reduced in volume (=0.5 mL} using high-purity nitrogen.

Concentrated dialysates and lipid rinses (SPMDs from static fresh
water exposuresg) were guantitatively transferred to one mL
conical autoinjector vials using methylene chloride; a nonane
keeper was added (about 0.1 mL) and the methylene chloride was
removed under a stream of high purity nitrogen. Final volumes
were adjusted to approximately 0.95 mL using nonane. The
resulting sample solutions were fractionated by HPGPC. The GPC

instrumentation included the following modules: Perkin-Elmer
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series 410 solvent delivery system with a Perkin-Elmer ISS-200
autoinjector system (Perkin-Elmer Co., Norwalk, CN}, and ISCO
Foxy 200 fraction collector (ISCO, Inc., Lincoln, NE), and a 7.8
mm i.d. x 100 mm, 10 m (10 nm pore size) Phenogel® Géc column
(Phenomenex, Inc., Torrance, CA). The mobile phase consisted of
hexane/methylene chloride (80/20, V/V) delivered at a flow rate
of 2.5 mL/min. Prior to sample chromatography, the GPC system
was calibrated by injecting benzene and monitoring its retention.
The collect cycle (26-69 mL) was initiated at the beginning of
the elution of benzene; all previous eluate (0-26 mL) constituted
the excluded (dump) fraction. The dump fraction contained co-
dialyzed lipid components and polyethylene waxes, and the collect
fraction contained all priority pollutant PAHs. The sample
collect fractions were quantitatively transferred to round-bottom
flasks, and reduced to about 5 mlL using a rotary evaporation
system. Then they were quantitatively transferred to test tubes
using several 1-2 mL hexane rinses and further reduced in volume

{about 0.5 mL) using high purity nitrogen.

These concentrated HPGPC eluates were quantitatively transferred

to a KS column - 3 c¢m segment of KS overlain with 0.25 c¢m of
anhydrous Na,S80, - and eluted with adequate methylene
chloride/hexane (7/93, V/V) to collect 5.5 of eluate. The
eluates from the KS columns were evaporated to final volumes of
0.1, 0.5 and 2 mL {1 ng/L, 10 ng/L and 100 ng/L samples,

regpectively) using high purity nitrogen. The internal standard,
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azulene, was added to these final solutions at 100 ng, 500 ng,

and 2000 ng, respectively.

Processing of SPMDs from static freshwater exposures involved the
analysis of both the membrane and lipid as separate samples.
Lipid was rinsed from the inside of SPMDs using multiple washes
of hexane (10-20 ml total) and concentrated as described for
dialysates. This concentrate was then cleaned up by HPGPC as
described earlier. Analytical procedures for SPMD membranes were

identical to those used for whole SPMDs,

INSTRIUMENTAL ANALYSIS:

SPMD, water and QC sample solutions were analyzed using a Hewlett
Packard Model 5890 Capillary GC system (Hewlett Packard, Inc.,
Palo Alto, CA, USA). Detection was by means of a Perkin Elmer

Model PI5202 Photo Iconization Detector (PID, Perkin-Elmer, Inc.,

Norwalk, CN, USA) operated at 27OOC and containing a 9.5 - eV

lamp (HNU Systems,llnc., Newton, MA, USA). Injections of 2 uL or
5 wuL of each sample solution (2 mL and 0.5 and 0.1 ml final
volume) were made in the cool, on-column mode into a 1-m X 0.53-
mm (i.d.) deactivated fused silica retention gap (Restek Corp.,
Belletonte, PA, USA) connected to a 30 m x 0.25mm {(i.d4.) fused
gilica capillary GC column with 5% phenyl/95% methylpolysiloxane
bonded phase (DB-5; J&W Scientific, Folsom, CA, USA). The

analysis was accomplished using the following temperature
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0 0

program: 1OOC/min. from 6000 to 110 C; then SOC/min to 200°C;

followed by 4OC/min. to 29000 and held at 29000 for two mins.

The GC-PID analyses were calibrated using five levels of the
priority pellutant PAHs (0.05 ng/uL to 2.00 ng/ulL). Quantitation
of PAH residues was accomplished by comparing the response of
specific peaks in the sample chromatograms with authentic¢ PAH

peaks in the calibration standard.

QUALITY CONTROL (QC):

For all studies and sample matricies (SPMD and water) the method
limit of detection (MDL) and method limit of quantitation (MQL)
was determined by measuring the GC-PID response of coincident
peaks for each analyte from control SPMDs (N=3) or water taken
through the entire sample cleanup procedure. The MDL was defined
as the mean response in quantitation windows of control samples
plus three standard deviations of values so determined. The MQL
was defined as the mean plus 10 standard deviations of the

control values.

The background associated with diluter control SPMDs and static
freshwater control SPMDs was found to increase through time -
particularly the peak coincident with fluoranthene.
Consequently, MDLs and MQLs were determined for each set of

dilutor SPMDs and for each sample day and temperature. The MDLs
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and MQLs are presented in QC Tables I A-D, II A-D and III A-D
(Appendix ) and for static freshwater SPMDs (samples on days
1,4,7,14,28 and 56) in Tables IV A-B {Appendix C). For those
analytes with no coincident response in the SPMD cont;ols, an
average noise peak area equivalent to Z ng was estimated. 1In

these cases, the MDL and MQL are considered to be equivalent.

About 25% of each study sample set consisted of QC samples, i.e.
process blanks, controls, spikes, etc. Spiked samples used in
diluter studies were generated by fortifying diluter control
SPMDs and water with approximately 200 ng of each PAH. For
freshwater static exposures, spiked samples consisted of control

water and control SPMDs fortified with 900 ng of each PAH.

The spiking level of fortified diluter control samples was
verified by analyzing an identical aliquot of the spiking
solution by GC-PID. The results of the individual spike
verification analyses are presented in Tables V A-C (Appendix C}
and are summarized in Table VI (Appendix C)}. The recoveries
(ng/SPMD or ng/L [water]) of the PAH residues from the spiked
controls are presented in Tables VII A-D (Appendix C). The

percent recoveries are given in Tables VIII A-D {Appendix C}.

The spiking level of fortified static control samples was
verified by analyzing an identical aliquot of the spiking

solution by GC-PID (Table IX, Appendix C). The results of the
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analyses (ng/L and ng/SPMD) of the fortified static control water
and SPMDs are given in Tables X A-C (Appendix C). The membrane
and the lipid were fortified and analyzed separately. The
percent recoveries are presented in Tables XI A-C (Appéndix Cc).
In general, the recovery of PAHs from spiked SPMDs, through the
entire analytical procedure (i.e., dialysis, GPC, KS, etc.},
remained constant at about 60%., Naphthalene due to its
volatility, was recovered at approximately 30%. Fluoranthene was
6ften non-quantifiable due to a co-eluting unknown representing
dilutor background. Higher recoveries of PAHs were observed for
fortified SPMD membrane and lipids from freshwater static
exposures and were about 80% and 90%, respectively. Recoveries
of spiked water samples from dilutor and static freshwater tests

averaged about 80 and 90%, respectively.

For each batch (N=12) of SPMD samples from the dilutor and static
freshwater studies, an SPMD blank (a freshly prepared SPMD) and a
reagent blank (75 mL of hexane) were also taken through the
entire procedure (i.e., rotary evaporation, GPC, KS, nitrogen
blow down, etc.). Also see Appendix C for other types of QC
samples used in these studies. Very few SPMD blanks or reagent
blanks (exceptions were elevated naphthalene and fluoranthene in
some samples) exhibited peaks coincident with the PAHs greater
than those present in the diluter exposed SPMD controls. Thus,
no significant PAH contamination was introduced during sample

processing and enrichment procedures.
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RESULTS AND DISCUSSTON

The results of the screening exposures for possible salinity
effects on SPMD performance are summarized in Table ly{data for
individual exposures are presented in Tables 2A-C). In the case
of phenanthrene, 80% of the available compound was sequestered in

SPMDs during the first four days of all treatments. Moreover,
the Ky 15 indistinguishable among the three salinity
treatments. After 28 days of exposure the amount of phenanthrene
sequestered by the SPMDs was again equivalent in all cases.

However, the apparent KLwrdiffered between the three treatments
with the K;y for the ocean water being approximately 2 fold

greater than the fresh water. This difference in K1,ws is due to

the approximately 50% lower concentration of phenanthrene in
gsimulated ocean water than in the fresh water. Considering the
well known tendency of many organic compounds to "salt out”, and
the proclivity of PAHs to plate out on surfaces, to undergo

biodegradation, and in the case of phenanthrene to volatilize,
this difference in the Ky,ws of SPMDs exposed to different
salinity treatment is not unexpected. More importantly, the
nearly equivalent amount of phenanthrene sequestered in SPMDs
from each treatment suggest that salinity had little or no effect

on SPMD sampling rate for phenanthrene.
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Examination of the data for dibenz(a,h)anthracene exposures
indicates similar results. After four days, the amounts

sequestered by the SPMDg were indistinguishable. The four day

K] s are more variable than phenanthrene's but still within a

factor of two between salinity treatments. As observed for
phenanthrene, the amount of dibenz(a,h)anthracene sequestered

after 28 days was nearly identical for all salinity treatments.

However, the KLWS are reversed, i.e. the freshwater KLWS is

about 2 fold greater than the ocean water. The higher water
concentration of dibenz(a,h)anthracene in the ocean water at 28
days likely results from a rapid initial plating out followed by
a slow redissolution throughout the exposure period, as well as
disorption from salt particulates. Similar to phenanthrene,
there is no evidence for sampling rate dependence on the
salinity. Thus, the data from these static exposures suggest
that the algorithm developed for fresh water can be used for

estuarine and ocean waters as well.

Table 3 gives the physicochemical properties and molecular
dimensions of the priority pollutant PAHs. Although the values
chosen for log Kow and water solubility were selected as the
most "accurate” from numerous literature values, errors of at
least two-fold are possible. Also, even though the calculated

values of molecular dimensions are reasonably accurate for ideal

solutions, they do not reflect the effects of non-ideal solute -

28



polymer interactions. Therefore, with the exception of molecular
weights and ring numbers, the values shown in Table 3 must be

viewed as the best available approximations.

Tables 4 A-L, 5 A-L and 6 A-L summarize the results of flow-
through diluter exposures of SPMDs to priority pollutant PAHS.

In general, SPMDs responded as expected to constant aqueous
concentrations of the sixteen priority pollutant PAHs.
Concentrations of phenanthrene and larger PAHs, i.e. mw > 178,
continued to rise in SPMDs throughout the 21-day exposure period.

Since the capacity of SPMDs to concentrate an agqueous solute is

dependent on the solute's Koy or more precisely its Ki,w and the
four PAHs smaller than phenanthrene have relatively low Kows

(<2.4 x 104), some decline in their SPMD Ry values is expected

as equilibrium concentrations in the lipid are approached.
Figure 1 shows that the Rg for acenaphthylene slowly declines
from day 4 through day 21, which is consistent with a firgt-order

rise to equilibrium. Also, Figure 1 shows the expected

relatively constant sampling rate throughout the 21-day exposure
for PAHs with large log Kows (i.e. > 5.3). The apparent rise in
sampling rates from days 4 to 7, and in one case through day 14,
is probably due to the lag time required to establish steady
state flux across the SPMD membrane. This lag time relates to

the membrane penetration time as discussed by Huckins et.al. (2).
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Examination of data from all treatments of flow-through SPMD

exposures revealed the Rg values for PAHs ranged from a low of

less than the MQL (~ 0.2 L/d) for naphthalene to a high of 7.5

L/d for pyrene. Earlier unpublished work at the MSC showed that

the Ry values for 24 organochlorine pesticides (0OCs) in similar

tests ranged from 0.2 to 10.6 L/d {(not corrected for analytical

recovery). Overall, it appears that PAHs may have lower Ry

values than those of OCs with similar KOWS.

The Kow °TF K1,y of a compound can be viewed as the driving force

for SPMD uptake, whereas compound size and polarity affect
resistance to mass transfer. Hildebrand (solubility) parameters
are widely used to estimate the solubility of organic solutes in
polymers (11} and are a measure of the strength of attraction
between molecules of a compound or polymer. Identical or close
Hildebrand values of solutes and polymers indicate maximal mutual
solubility. Thus for compounds having Hildebrand values close or
identical to PE, their uptake should be facile, i.e., minimal
resistance to mass transfer. The gsolubility parameters for
different types of polyethylene range from about 7.7 to 8.8

3)D§‘ ®

{cal/cm Aroclor 1248 (a mixture of about 50

polychlorinated biphenyls [PCBs}) has a Hildebrand value of 8.8,
whereas naphthalene and anthracene have identical values of 9.9.

Although only naphthalene's and anthracene's Hildebrand values
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are currently available of the priority pollutant PAHs, their
values indicate significantly lower solubility in the PE SPMD

membrane than similar PCBs.

Both the effective size (non-ideal interactions included) of a
permanent molecule and the size of the available transport
corridors or cavities in the polymers are important parameters in
the rate of mass transfer through dense or nonporous membranes
such as the PE membrane used for SPMDs. Congiderable information
is available or can be readily derived (molecular modeling) on
the dimensions of PAHs at their minimal energy state in an ideal
media. Table 3 gives both the derived and literature values of
key mélecular size descriptors. As can be seen, at least two
PAHs have breadths (second largest dimension, cross sectional
diameter) that are equivalent to or exceed the theoretical

maximum {~ 10A) for transport corridor diameter. Figure 2 shows

a plot of molecular breadth versus SPMD Rg values for PAHs. The

data are obviously scattered with no apparent correlation of
molecular breadth to R, values. Since many investigators have
found positive correlations between breadth and permeability
(12), the effects of molecular breadth on SPMD sampling of PAHs
may be strictly threshold in nature, i.e. significant impedance
to mass transfer is evoked only when the breadth exceeds about

10A.
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Figures 3 and 4 show the potential relationships between SPMD Rg

values for PAHs and molecular surface area and volume,
regpectively. 1In both plots a parabolic relationship.appears to
exist. Since the cavities in polyethylene are small and
transient in nature, minimal molecular volume should be an
important factor in mass transfer rates, as it relates to the
number of polymer cavities large enough to accommodate a
molecule. Also, as molecular surface area increases stronger
matrix interactions are possible especially with the glassy or
crystalline regions of the PE (often about 50% of the PE volume).
These interactions may be closer to classical adsorption and
impedance to masgs transfer through the membrane would be due to

high activation energies for desorption.

Figure 5 shows the potential relationship between log Kow of

PAHge and SPMD Rs values. As observed for molecular volume and

surface area plots, a parabolic relationship appears to exist.
This type of relationship is also found when gill (fish) uptake

efficiencies of recalcitrant organic compounds (those not

metabolized) are compared to log Kows over a wide range of
values (13). Plots of log Koy versus log bioconcentration

factors (KB) for a wide range of organic compounds

hydrophobicities also result in a commonly observed parabolic

curve with log Kg values declining when log Koy exceeds about
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6.5 (14). Several reasons are cited for this type of
relationship. These include reduced lipid solubility with
increased molecular size, extremely low aqueous solubility, and
steric factorg, i.e. low membrane permeability. All of these
factors may affect SPMD sampling rate as well. However, most
PAHs remained in the uptake kinetics phase throughout the 21 day

SPMD exposure. The direct comparison of kinetics values (SPMD

Rg) to equilibrium Kps is generally not valid. However, a
comparison of a plot of log Kow versus SPMD Rg values to a plot

of log Kny and gill extraction efficiency is appropriate and is

shown in Figure 6. Although both sets of data appear to describe
parabolic relationships, the SPMD data appears to define a much
sharper peak. Because the fish data largely represent
organochlorine compounds, improved comparisons between the two
matrices (i.e., fish gill and polyethylene membrane) await

exposures to identical sets of chemicals.

Temperature is known to affect polymer perwmeability, P, (15).
Since SPMD Rg and permeability are very-similar {i.e., Rg =
PA/l, where A was defined earlier and 1 is membrane thickness),
the temperature of SPMD exposures was expected to affect Rg
values of PAHs. Figures 7-10 show plots of water temperature

versus Rg values of all sixteen priority pollutant PAHs. 1In

general, Rg values of the PAHs were clearly legrg affected by
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temperature than that observed for OC pesticides. For example,
the Rg values of seven PAHs appeared to be unaffected by
temperature and any possible difference was well within the

variance envelope. Six of these seven PAHs were the smallest

sized and lowest molecular weight PAHs tested, i.e., the first
six compounds in Table 3. The effects of temperature on SPMD RS
values for PAHs having more than three rings were more complex.
Only benz[alanthracene, benzo[alpyrene and benzolg,h,i] perylene
appeared to exhibit rising Rg values for the range of
temperatures tested. Fluoranthene, pyrene, chrysene and

benzo[k] flucranthene exhibited a substantial rise in Ry values
only between 18 and 260C. Only benzo[k]fluoranthene exhibited a

rise from the lowest to maximal R_ value of >50% (i.e. 75%); all

s

others were <50%.

For many organic compounds, the permeability of PE is known to
vary with temperature in accordance with an Arrhenius
relationship, i.e., plots of 1/K versus 1ln P, or 1ln Ry as in our
case, would be linear. Figure 11 shows Arrenius plots of
acenaphthylene, pyrene, chrysene and benzo[g,h,ilperylene. Three
of these four PAHs appeared to have essentially linear plots and

the linearity of pyrene was improved. However, as shown earlier,

gtandard plots of temperature versus RS values of seven of the

PAHs tested were linear; thus only in a few cases do variations
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in RS with temperature appear to be in complete accordance with

an Arrhenius relationship.

Figures 12-14 show the effects of water concentration on SPMD Rg

values for 14 of the 16 PAHs examined. As observed for
temperature, possible effects of solute concentration appear to
be nonuniform. Because enriched SPMD samples from the 1 ng/L
treatment often contained chromatographic interferences, which
resulted in NDs and high coefficients of variations, comparison
of these values to values from the 10 and 100 ng/L treatments

should be viewed with caution. However, the coefficients of

variations for all 10 and 100 ng/L Rg values were much smaller.

Thus a consistent rise in SPMD RS values measured at 10 and 100

ng/L appears to indicate a relatively small but significant

concentration effects for selected compounds. Any increase in

SPMD R., indicates a deviation from ideal solution behavior in

S

which R, should be independent of agueocus concentration. When

S
the polymer permeability increases with permanent concentration,
it is generally due to solvation of the membrane which increases
membrane free volume. This type of interaction can be solute
specific and can go through several transitions as concentration
rises. Because of this possibility, further investigation at PAH

concentrations > 100 ng/L should be considered.
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Tables 7 A-F (membrane) and 8 A-F (lipid) summarize the results
of freshwater static exposures of SPMDs to a single application

of priority pollutant PAHs. The purpose of this study was to
estimate values of Kyps, Ky and Kyp (model parameters used in

water concentration egstimationg) for the priority pollutant PAHs.
Based on flow-through exposure (constant concentration} data
presented earlier, attainment of steady state concentrations of

PAHs in SPMDs may take up to a year for PAHs larger than pyrene.

This is due to their moderate to low SPMD RS values and their

generally large steady state KLVI(Can be viewed as analyte

capacity) values. However, using single application static
exposures steady state concentrations of PAHs in SPMD3 are
approached much more rapidly because of the fall of PAH
concentrations in the water. Thus, rising concentrations of PAHs
in SPMDs are limited or counterbalanced by the rapid depletion of
water residues. At some point in time, lipid concentrations

reach a maxima and begin to slowly fall.

In these exposures the lipid concentration maxima was observed at
28 days for all PAHs except naphthalene-and

dibenz [a,h]lanthracene. However, the water concentrations of most
PAHs continued to fall throughout the 56 day exposures. As a
regult, a hysteresis effect is possible (15) as SPMDs may not
regpond instantly (i.e. PAH desorption from SPMDs is slow} to

water concentrations below steady state valuee. Thus, the
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poseibility exists that PAH Ki,M can temporarily exceed steady

state levels. The rises observed in SPMD concentration factors
of most PAHs during the last 28 days of the study was primarily

mediated by falling water concentrations (Table 9 A-F).

At the end of these 56 day static exposures, PAH concentration
factors in SPMD lipid ranged from a low of 2,200 (naphthalene) to

a high of 680,000 (benzo([b]fluoranthene). Lipid concentration

factors of PAHs (28 and 56 day samples) appear to rise with Kow
values, up to benzo[b]fluoranthene (log Koy = 5.78), and then

decline as molecular size and chq continues to increase. It
appears that a parabolic relationship exists for SPMD lipid

concentration factors and log Koys (Pigure 15} similar to plots

of SPMD R, values and log Knoys presented earlier.

S

As expected Ky or membrane concentration factors were always

less than Ky values. At 56 days they ranged from a low of 304

(naphthalene) to a high of 280,000 (benzo[b]fluoranthene) which
is probably well above the actual steady state wvalue. The
distribution of PAHs between the SPMD membrane and lipid Kyp, at
the 28 day lipid maxima ranged from a low of 0.08 for naphthalene
to a high of 0.56 for ideno(1,2,3,c,d]pyrene. The magnitude of

PAH KMlealues appeared to rise in concert with increasing
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molecular size. For PAHs with molecular weights greater than
benz [a]lanthracene, reduced lipid solubility may play a role in
the rise of their Kymr,8 - However, other factors affecting KMLF
such as greater adsorptive interactions with the polyethylene
membrane chains in rubbery and in particular crystalline regions
of the polymer, which are known to increase with molecular

surface area.

CONCLUSTIONS

SPMD theory was in accordance with the PAH data generated in

thgse studies. 1In particular, SPMD sampling rates rose with PAH
KOW values until molecular size impeded or reduced membrane
permeability and lipid solubility. This phenomenon is similar to
that observed for the bioconcentration of recalcitrant
contaminants having very large Kcnq'values. Thus, the SPMD
appears to mimic the bioconcentration process but can be used for
readily metabolized compounds such as PAHs as well. Laboratory
calibration data was generated in this project that will

ultimately permit accurate SPMD based estimations of PAH

concentrations in diverse agqueous environments.
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TABLE 1: STATIC EXPOSURES (SINGLE APPLICATION AT 18°C) OF SPMDs TO MODEL 1%C-PAHs TN FRESH AND SALINE WATERS

Mean (N=3) of Applied PAls Sequestered in SPMDs (Lipid and Membrane)

FRESH {(WELL) WATER

ESTUARINE WATER

CCEAN WATER

¥ % %
CF Sequestered CF Sequestered CF Sequestered
Study | in in in -’ in in in
Analyte Day Lipid SPMDs Lipid SPMDs Lipid SPMDs
Phenanthrene
4 11,600 81 3 11,600 BO 3 11,000 B1
7 28,300 85 3 35,700 B4 12 30,300 87
14 32,300 87 - 2 36,800 91 2 54,200 95
28 58,000 87 "3 76,700 84 ol 99,000 87
Dibenz (a,h)anthracene
4 1,600 60 4 1,100 52 2 2,800 47
7 5,600 74 9 3,200 70 & 5,600 55
14 16,700 85 3 16,000 70 12 8,900 62
28 48,400 92 3 35,000 92 3 23,000 g0

1Only two (N=2) replicates, one sample lost




TABLE 2-A: STATIC EXPOSURES (SINGLE APPLICATION AT 18°C) OF SPMDs TO MODEL 1%C-PAHs IN FRESH AND SALINE

WATERS .
AMOUNT SEQUESTERED IN SPMDs
FRESH (WELL) WATER
Amount
Spiked in o
Study Water Rep 1 Rep 2 Rep 3 Recovered
Analyte Day DPM DPM DPM DPM Mean S.D. Cc.V. in SPMDs
Phenanthrene
4 131,942 110,246 103,319 108,084 107,216 3,544 3 g1
7 132,164 116,213 109,606 111,725 112,515 3,374 3 B5
14 131,616 114,340 111,963 117,358 114,554 2,704 2 B7
28 131,942 117,641 116,494 111,870 115,335 3,055 3 B7
Dibenz(a,h)athracene
4 10,760 6,687 6,313 6,221 6,407 247 4 &0
7 9,859 7,474 6,504 7,804 7,261 676 9 74
14 10,172 B,947 8,535 8,400 8,627 285 3 85
28 10,172 9,558 9,461 9,083 9,367 250 3 92




TABLE 2-B: STATIC EXPOSURES

(SINGLE APPLICATION AT 18°C) OF SPMDs TO MODEL 1%C-PAHs IN FRESH AND SALINE

WATERS
AMOUNT SEQUESTERED IN SPMDs
ESTUARINE WATER
%
Study Rep 1 Rep 2 Rep 3 Recovered
Analyte Day DPM DPM DPM Mean S.D. V. in SPMDs
Phenanthrene 4 103,006 104,655 107,417 105,026 2,229 2 80
7 96,285 113,448 121,568 110,434 12,908 12 84
14 121,636 118,146 120,917 120,233 1,843 2 91
28 NA 110,503 110,443 110,473 42 0 84
Dibenz (a,h)athracene 4 5,702 5,468 5,504 5,558 126 2 52
7 7,234 6,467 6,999 6,900 393 6 70
14 6,621 8,157 6,666 7,148 874 12 70
28 9,586 9,470 9,071 9,376 270 3 92




TABLE 2-C: STATIC EXPOSURES (SINGLE APBLICATION AT 18°C) OF SPMDs TO MODEL '%C-PAHs IN FRESH AND SALINE

WATERS
AMOUNT SEQUESTERD IN SPMDs
OCEAN WATER
%
Study Rep 1 Rep 2 Rep 3 Recoverad

Analyte Day DPM DPM DPM Mean $.D. C.V. in SPMDs
Phenanthrene 4 111,920 103,70% 105,315 106,981 4,352 4 81
7 116,901 111,535 115,174 114,537 2,739 2 87
14 124,175 124,611 125,676 124,821 722 1 95
28 114,919 115,434 112,553 114,302 1,536 1 87
Dibenz {a,h)athracene 4 4,935 5,357 4,837 5,043 276 5 a7
7 5,388 5,352 5,616 5,452 143 3 55
14 6,735 6,309 5,816 6,287 460 7 62
28 9,025 8,956 9,579 9,187 342 4 S0




Table 3 Molecular properties of priority peollutant PAlHs
HU1 No. of Minima! Box Dimension(A) Estimates3 L/B TSA4 Holecular‘ Water 5 log

2 - ratio 2 Volyme Solubility 5

tompound rings Length Breadth Depth A%y A ma/L K o
(L) (B) {D) 9

Naphthalene 128.2 2A 8.9 7.2 3.1 1.2 155.8 126.9 30.2 3.45
Acenaphthylene 152.2 2nic 8.8 B.4 3.1 1.0 182.0 - 3.93 4.08
Acenaphthene 154.2 2A1C 8.8 8.1 3.2 1.1 180.1 148.8 3.93 4.22
Fluorene 166.2 2A1C 1.1 7.2 31 1.5 194.0 160.4 1.90 4.38
Phenanthrene 178.2 A 11.5 7.7 3.1 1.5 199.4 169.5 1.18 4. 46
Anthracene 178.2 Ia 1.7 7.2 3.1 1.6 203.5 170.3 0.076 4.54
Fluoranthene 202.3 JAIC 10.7 9.0 3.1 1.2 218.6 187.7 0.260 5.20
Pyrene 202.3 4R 1.4 2.5 3.1 1.2 213.5 1856.0 0.135 5.30
Benz([a) 228.3 LA 13.7 9.4 3.1 1.4 244.3 212.9 0.011 5.9
anthracene :
Chrysene 228.3 HA 13.6 7.7 4 4 1.8 2401 212.2 0.0019 5.61
Senzo[bl 252.3 4A1C 13.6 10.46 4.5 1.3 250.8 230.3 0.0140 5.78
fluoranthene (9.3
Renzo[k] 252.3 4A1C 13.3 9.1 31 1.5 265.0 231.1 0.0080 5.20
fluoranthene
Benzaal pyrene 252.3 SA 13.6 8.9 3.1 1.5 255.6 228.4 0.0038 &.35
Dibenz[a,h? 2784 5A 15.6 9.3 3.1 1.7 286.5 244.3 0.0005 6.75
anthracene
Indenol1,2,3-cd] 267.0 SA1C 13.2 10.0 31 1.3 0.0005 6.51
pyrene
Benzo(g,h, il 276.3 SA1C 11.5 10.2 3.1 1.1 266.9 244.3 0.0003 5.50

perylene

1 Molecular weight

2 A = aromatic, T = nonaromatic

3

A

> Preferred or selected values from Mackay et.al. "Illustrated Handbook of Physical-Chemical Properties and Envirormental Fate for Organic Chemicals, "

6

Total surface area of molecule, data from Pearlman et.al. (1984)

calculated for minimal molecular energy configuration, using Alchemy 111 and convention described by Sander and Wise (ref)

Alternative breadth walue; exact value uncertain because of problems associated with shape and deviation from plenarity

Vol 11 (1992)



TABLE 4 A. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C
(Low Water Concentration, 1 ng/L. nominal, Day 4)

Mean  Mean

ng / SPMD! SPMD! Water Concentration | SPMD-Rs?

PAHs Conc.  Conc. Factor 2 Liters per

_ | Rep#1 _ Rep#2 Rep#3 | Mean StdDev. C.V.| ng/g ng/l, SPMD / Water Day
naphthalene ND* ND ND ND -— - ND 1.2 ND ND
acenaphthylene 3 ND ND 3 -= - 1 1.1 916 1.3
acenaphthene 7 2 ND 4 3 69 2 1.5 1,102 1.5
fluorene ND ND ND ND - - ND 0.5 ND ND
phenanthrene ND ND ND ND - -—- ND 1.0 ND ND
anthracene 4 3 4 3 0 8 1 1.1 1,271 1.7
fluoranthene ND ND ND ND -—- - ND 1.3 ND ND
pyrene 2 12 11 8 5 56 3 1.3 2,595 35
benz[a]anthracene 5 3 2 3 1 33 1 1.1 1,173 1.6
chrysene 2 2 2 2 0 14 1 1.1 611 0.8
benzo[b]fluoranthene 4 4 2 3 1 22 1 1.4 950 1.3
benzo[k]fluoranthene 6 5 ND 5 = - 2 1.3 1,628 2.2
benzo[a]pyrene 2 6 4 4 2 41 2 1.1 1,405 1.9
indeno[123cd]pyrene 3 4 ND 3 -—- - 1 1.1 1,228 1.7
dibenzfah]anthracene 2 4 ND 3 - - 1 1.1 1,063 1.5
benzo[ghi]perylene 3 3 3 3 0 3 1 1.9 665 0.9

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).
2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water

3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).

4 ND = (< MQL of Control SPMD).



TABLE 4 B. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C

(Low Water Concentration, 1 ng/1. nominal, Day 7)

Mean Mean

ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?3
PAHs Conc.  Conc. Factor 2 Liters per

Rep #1 Rep #2 _ Rep #3 Mean Std Dev. C.V. ng/g  ng/L SPMD / Water Day
“naphthalene ND1 ND ND ND — --- ND 1.2 : ND ND
acenaphthylene ND ND ND ND - - ND 1.1 ND ND
acenaphthene 2 3 2 2 0 20 1 1.5 618 0.5
fluorene ND ND ND ND - — ND 0.5 ND ND
phenanthrene ND ND ND ND -— - ND 1.0 ND ND
anthracene ND ND ND ND - - ND 1.1 ND ND
fluoranthene ND ND ND ND - - ND 1.3 ND ND
pyrene 3 3 2 2 0 14 1 1.3 734 0.6
benz[a]anthracene 8 9 5 7 2 24 3 1.1 2,578 2.0
chrysene 4 4 3 4 1 21 1 1.1 1,356 1.1
benzo[b]fluoranthene 7 8 6 7 1 15 3 1.4 1,978 1.5
benzo[k]fluoranthene 8 8 6 7 1 15 3 1.3 2,223 1.7
benzo[alpyrene 10 11 7 9 2 21 4 1.1 3.470 2.7
indeno[123cd]pyrene 5 5 2 4 1 34 2 1.1 1,478 1.2
dibenz[ah]anthracene 4 4 2 3 1 23 1 1.1 1,222 1.0
benzo[ghilperylene 5 5 3 4 1 16 2 1.9 884 0.7

t SPMDs = 45.7 ¢cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

? Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
s ND = (< MQL of Control SPMD).




TABLE 4 C. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 ¢C

(Low Water Concentration, 1 ng/L. nominal, Day 14)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs 3
PAHs Conc.  Conc. Factor ? Liters per
Rep #1 Rep #2 ReE #3 Mean _Std Dev. C.V. ng/e ng/L SPMD / Water Day
naphthalene ND+ ND ND —~- -— ND 1.2 ND ND
acenaphthylene 2 2 2 2 0 6 1 1.1 611 0.2
acenaphthene - 1 4 4 4 1 16 2 1.5 1,183 0.5
fluorene ND ND ND ND - — ND 0.5 ND ND
phenanthrene ND ND ND ND --- -— ND 1.0 ND ND
anthracene ND ND ND ND - -- ND 1.1 ND ND
fluoranthene ND ND ND ND --- -—- ND 1.3 ND ND
pyrene ND ND ND ND -~ - ND 1.3 ND ND
benz{alanthracene 18 19 17 18 1 3 7 1.1 6,549 2.6
chrysene 11 12 10 11 1 7 5 1.1 4,106 1.6
benzo[b]fluoranthene 71 17 16 35 26 74 14 1.4 9,946 3.9
benzo[k]fluoranthene 37 19 15 23 10 41 9 1.3 7,206 2.8
benzo[a]pyrene 10 15 13 13 2 18 5 1.1 4,680 1.8
indeno[123cd]pyrene 10 15 16 13 2 17 5 1.1 4,936 1.9
dibenz[ah]anthracene 22 9 8 13 6 49 5 1.1 4,753 1.9
henzo[ghilperylene ND 110 ND 110 -—- — 44 1.9 23,323 9.1

! SPMDs = 45.7 cm x 2.54 ¢m with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = {< MQL of Control SPMD).




TABLE 4 D. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C

(Low Water Concentration, 1 ng/L. nominal, Day 21)

Mean Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs3
PAHs Conc. Conc.  Factor ? Liters per
Rep#1  Rep#2 Rep#3 | Average StdDev. C.V.| ng/g ng/L. SPMD / Water Day
naphthalene ND* ND ND ND — --- ND 1.2 ND ND
acenaphthylene 2 2 2 2 0 4 1 1.1 733 0.2
acenaphthene 5 5 5 5 0 5 2 1.5 1,335 0.3
fluorene ND ND ND ND — - ND 0.5 ND ND
phenanthrene ND ND ND ND -- --- ND 1.0 ND ND
anthracene 19° ND ND 19 .- - 8 1.1 7,111 1.8
fluoranthene ND ND ND ND -— - ND 1.3 ND ND
pyrene 54 48 46 49 3 7 20 1.3 15,261 4.0
benz[a]anthracene 30 28 26 28 2 6 11 1.1 10,215 2.7
chrysene 18 15 13 15 2 12 & 1.1 5,523 1.4
benzo[b]fluoranthene 35 43 22 33 9 26 13 1.4 9,514 2.5
benzo[k]fluoranthene 28 24 19 24 4 16 10 1.3 7,341 1.9
benzo[a]pyrene 26 18 16 20 4 22 8 1.1 7,392 1.9
indenof123cd]pyrene 22 20 17 19 2 10 8 1.1 7,111 1.8
dibenz[ah]anthracene 17 12 16 15 2 15 6 1.1 5,486 1.4
benzo{ghilperylene ND ND ND ND --- -— ND 1.9 ND ND

! SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration {membrane = 4.45g).
¢ ND = (< MQL of Control SPMD).




TABLE 4 E. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C
(Medium Water Concentration, 10 ng/L nominal, Day 4)

Mean  Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs3
PAHs Conc. Conc.  Factor? Liters per
Rep#l  Rep#2 Rep #3 Mean Std Dey. C.V. ng/e ng/L SPMD / Water Day
naphthalene ND*¢ ND ND ND -—- -- ND 12 ND ND
acenaphthylene 9 10 10 10 0 4 4 9 456 0.6
acenaphthene 17 18 20 18 1 6 7 11 641 0.9
fluorene 24 25 26 25 1 3 10 8 1,309 1.8
phenanthrene 43 34 34 37 4 11 15 8 1,925 2.6
anthracene 36 31 32 33 2 7 13 10 1,362 1.9
fluoranthene ND ND ND ND - - ND 11 ND ND
pyrene 56 55 62 58 3 5 23 8 3,018 4.1
benz{a]anthracene 44 40 42 42 1 3 17 10 1,623 2.2
chrysene 44 43 47 45 2 4 18 11 1,579 2.2
benzo[b]fluoranthene 37 36 38 37 1 2 15 12 1,221 1.7
benzo[k]fluoranthene 35 38 38 37 1 3 15 12 1,218 1.7
benzo[a]pyrene 38 41 41 40 2 4 16 12 1,382 1.9
indeno[123cd]pyrene 25 22 26 24 2 8 10 11 929 1.3
dibenz[ah]anthracene 19 15 16 17 2 10 7 11 625 0.9
benzo[ghi]perylene 29 31 30 30 1 2 12 15 825 1.1

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL {0.455g) triolein (Total SPMD mass = 2.48g).
2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
¥ SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 4 F. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C
(Medium Water Concentration, 10 ng/L nominal, Day 7)

Mean Mean
ng / SPMD 1! SPMD! Water Concentration | SPMD-Rs?
PAHs Conc. Conc.  Factor? Liters per
Rep#l  Rep#2 Rep#3 Mean Std Dey. C.V. ng/g ng/L SPMD / Water Day
naphthalene ND+¢ ND 13 13 - - 5 12 448 0.3
acenaphthylene 17 20 17 18 1 8 7 9 844 0.7
acenaphthene 31 34 37 34 2 7 14 11 1,201 0.9
fluorene 39 43 48 43 4 9 17 8 2,290 1.8
phenanthrene 50 62 72 61 9 14 25 8 3,217 2.5
anthracene 52 61 67 60 6 11 24 10 2,490 1.9
fluoranthene ND ND ND ND - -— ND 11 ND ND
pyrene 87 92 94 91 3 3 37 8 4,769 3.7
benz[aJanthracene 71 79 81 77 4 6 31 10 2,984 2.3
chrysene 75 89 91 85 7 9 34 11 2,998 2.3
benzofb]fluoranthene 75 70 73 73 2 3 29 12 2,400 1.9
benzo[k]fluoranthene 60 66 1 66 4 7 27 12 2,155 1.7
benzo[a]pyrene 73 1 73 73 1 1 29 12 2,521 2.0
indeno[123cdjpyrene 44 59 58 54 7 13 22 11 2,060 1.6
dibenz[ah]anthracene 32 38 48 39 7 17 16 11 1,459 1.1
benzo[ghi|perylene 47 54 54 52 3 7 21 15 1,433 1.1

1 SPMDs = 45.7 cm x 2.54 em with 0.5 mL {0.455g) triolein (Total SPMD mass = 2.48g).
2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).

4+ ND = (< MQL of Control SPMD).




TABLE 4 G. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C
(Medium Water Concentration, 10 ng/L. nominal, Day 14)

Mean Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs?3
PAHs Conc.  Conc. Factor 2 Liters per
Rep#1 _ Rep#2 Rep#3 Mean Std Dev.  C.V. ng/g ng/L. SPMD / Water Day
‘naphthalene ND+ ND ND ND - --- ND 12 ND ND
acenaphthylene 17 23 17 19 3 16 8 9 865 0.3
acenaphthene 38 48 35 41 6 14 16 11 1,437 0.6
fluorene 51 64 49 55 7 12 22 8 2,915 1.1
phenanthrene 104 105 76 95 13 14 38 8 4,956 1.9
anthracene 95 107 75 93 13 14 37 10 3,849 1.5
fluoranthene ND ND ND ND - -—- ND 11 ND ND
pyrene 142 149 119 137 13 9 55 8 7,167 2.8
benz{a]anthracene 153 157 135 148 10 6 60 i0 5,738 2.2
chrysene 175 170 147 164 12 8 66 11 5,797 2.3
benzo[bjfluoranthene 139 159 127 142 13 9 57 12 4,687 1.8
benzo{k]fluoranthene 147 126 126 133 10 7 54 12 4,352 1.7
benzola]pyrene 137 145 129 137 6 5 55 12 4,754 1.9
indeno[123cd]pyrene 115 123 90 109 14 13 44 11 4,190 1.6
dibenz[ah]anthracene 72 59 68 66 5 8 27 11 2,455 1.0
benzo[ghi]perylene 99 106 83 56 9 10 39 15 2,647 1.0

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triclein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Contro] SPMD).



TABLE 4 H. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C
(Medium Water Concentration, 10 ng/L nominal, Day 21)

Mean Mean
ng / SPMD! SPMD'! Water Concentration | SPMD-Rs?
PAHs Conc. Conc.  Factor? Liters per
Rep #1 Rep #2  Rep #3 | Average Std Dev. C.V. ng/e¢ ng/L SPMD / Water Da

naphthalene ND ¢ ND ND ND -—- - ND 12 ND ND
acenaphthylene 20 29 19 23 4 18 9 9 1,058 0.3
acenaphthene 46 70 41 52 13 24 21 11 1,848 0.5
fluorene 71 59 62 64 5 8 26 8 3,403 0.9
phenanthrene 152 211 129 - 164 34 21 66 8 8,579 2.2
anthracene 143 189 135 155 24 15 63 10 6,463 1.7
fuoranthene ND ND ND ND --- -— ND 11 ND ND
pyrene 271 376 248 298 56 19 120 8 15,611 4.1
benz[a]anthracene 221 338 204 254 60 23 103 10 9,865 2.6
chrysene 232 368 236 279 63 23 112 11 9,851 2.6
benzo{b]fluoranthene 201 302 180 228 53 23 92 12 7,522 2.0
benzo[k]fluoranthene 198 301 198 232 48 21 04 12 7,615 2.0
benzo[a]pyrene 199 312 185 232 57 24 94 12 8,061 2.1
indeno[123cdjpyrene 151 258 129 179 56 31 72 11 6,888 1.8
dibenz[ah]anthracene 124 341 67 177 118 66 71 11 6,555 1.7
benzo[ghi]perylene 146 215 130 164 37 23 66 15 4,521 1.2

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL {0.455g) triolein (Total SPMD mass = 2.48g).

! Concentration Factor derived by dividing {ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 4 I. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C

(High Water Concentration, 100 ng/L nominal, Day 4)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?3
PAHSs Conc. Conc.  Factor? Liters per
Rep #1 Rep#2  Rep #3 Mean Std Dey. C.V. ng/g ng/L SPMD / Water Day
naphthalene 45 66 60 57 9 15 23 79 292 0.4
acenaphthylene 208 176 181 188 14 8 76 103 738 1.0
acenaphthene 256 226 241 241 12 5 97 103 943 1.3
fluorene 314 286 278 293 16 5 118 89 1,323 1.8
phenanthrene 441 349 379 390 39 10 157 90 1,751 2.4
anthracene 413 330 354 366 35 9 147 113 1,308 1.8
fluoranthene ND#¢ ND ND ND -— — ND 94 ND ND
pyrene 551 373 449 457 73 16 184 85 2,173 3.0
benz[a]anthracene 452 338 367 386 49 13 156 104 1,501 2.0
chrysene 398 314 333 348 36 10 140 103 1,358 1.9
benzo[b]fluoranthene 432 313 338 361 51 14 146 123 1,185 1.6
benzo[k]fluoranthene 377 302 312 330 33 10 133 118 1,126 1.5
benzo[a]lpyrene 379 321 370 356 26 7 144 99 1,452 2.0
indeno[123cd]pyrene 345 248 244 279 47 17 112 93 1,204 1.6
dibenz[ah]anthracene 248 171 130 183 49 27 74 108 680 0.9
benzo[ghijperylene 372 265 283 306 47 15 124 126 978 1.3

1L SPMDs = 45.7 ¢cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

? Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 4 J. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C

(High Water Concentration, 100 ng/L nominal, Day 7)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?3
PAHSs Conc.  Conc. Factor 2 Liters per
Rep #1 Rep#2  Rep #3 Mean _Std Dey. C.V. ng/g  ng/L SPMD / Water Day
naphthalene 52 98 61 70 20 28 28 79 359 0.3
acenaphthylene 267 242 245 251 11 4 101 103 085 0.8
acenaphthene 368 342 343 351 12 3 141 103 1,372 1.1
fluorene 458 402 459 440 27 6 177 89 1,987 1.5
phenanthrene 663 604 654 640 26 4 258 90 2,879 2.2
anthracene 627 532 601 587 40 7 237 113 2,099 1.6
fluoranthene 697 565 667 643 57 9 259 94 2,747 2.1
pyrene 820 712 804 779 48 6 314 85 3,699 2.9
benz[a]anthracene 681 575 702 653 55 9 263 104 2,538 2.0
chrysene 716 552 763 677 01 13 273 103 2,640 2.1
benzo[b]fluoranthene 658 541 648 615 53 9 248 123 2,019 1.6
benzo[k]fluoranthene 594 491 602 562 51 9 227 118 1,916 1.5
benzola]pyrene 601 543 597 580 26 5 234 99 2,364 1.8
indeno[123cd]pyrene 525 413 475 471 46 10 190 03 2,032 1.6
dibenz[ah]anthracene 456 339 380 392 48 12 158 108 1,456 1.1
benzo[ghi]perylene 472 446 447 455 12 3 183 126 1,451 1.1

1 SPMDs = 45.7 cm x 2.54 c¢m with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).




TABLE 4 K. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C
(High Water Concentration, 100 ng/L. nominal, Day 14)

Mean Mean
ng / SPMD ! SPMD! Water Concentration { SPMD-Rs?
PAHs Conc. Conc.  Factor ? Liters per
Rep #1 Rep#2  Rep #3 Mean Std Dev. C.V. ng/g  ng/l. SPMD / Water Day
naphthalene 66 54 60 60 5 9 24 79 308 0.1
acenaphthylene 385 338 351 358 20 5 144 103 1,404 0.5
acenaphthene 647 566 581 598 35 6 241 103 2,339 0.9
fluorene 905 733 797 811 71 9 327 89 3,668 1.4
phenanthrene 1,437 1,249 1,349 1,345 77 6 542 00 6,044 2.4
anthracene 1,364 1,321 1,280 1,322 34 3 533 113 4,729 1.8
fluoranthene ND¢ 1,707 ND 1,707 - -— 688 94 7,293 2.8
pyrene 2,135 1,712 1,747 1,865 192 10 752 85 8,857 3.5
benz[a]anthracene 1,812 1,543 1,461 1,605 150 9 647 104 6,242 2.4
chrysene 1,872 1,570 1,464 1,635 173 11 659 103 6,376 2.5
benzo[b]fluoranthene 1,749 1,458 1,370 1,526 162 11 615 123 5,005 2.0
benzo[k]fluoranthene 1,721 1,427 1,364 1,504 156 10 606 118 5,125 2.0
benzo[a]pyrene 1,583 1,330 1,259 1,391 139 10 561 99 5,664 2.2
indeno[123cd]pyrene 1,215 1,075 942 1,077 112 10 434 93 4,651 1.8
dibenz{ah]anthracene 842 871 678 797 85 11 321 108 2,965 1.2
benzo[ghilperylene 1,136 1,059 896 1,030 100 10 415 126 3,286 1.3

1 SPMDs = 45.7 cm X 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration {(membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 4 L.. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 10 °C
(High Water Concentration, 100 ng/L. nominal, Day 21)

Mean Mean
ng / SPMD SPMD! Water Concentration | SPMD-Rs?
PAHSs Conc. Conc.  Factor? Liters per
Rep #1 Rep#2 Rep#3 | Average StdDev.  C.V. ng/g  ng/L. SPMD / Water Day
naphthalene 93 80 --- 87 - --- 35 79 443 0.1
acenaphthylene 515 437 -—- 476 - ~-- 192 103 1,866 0.5
acenaphthene 818 688 - 753 - - 304 103 2,946 0.8
fluorene 1,204 1,042 - 1,123 -—-- - 453 89 5,076 1.3
phenanthrene 1,981 1,773 - |} - 1,877 -— - 757 90 8,435 2.2
anthracene 1,907 1,759 - 1,833 e --- 739 113 6,559 1.7
fluoranthene ND¢ ND - ND — - ND 94 ND ND
pyrene 3,562 2,548 - 3,055 - -—- 1,232 85 14,508 3.8
benz[ajanthracene 2,611 2,137 -— 2,374 _— -— 957 104 9,230 2.4
chrysene 2,638 2,368 -— 2,503 - e 1,009 103 9,760 2.5
benzo[b]fluoranthene 2,477 1,928 - 2,202 - -— 888 123 7,226 1.9
benzo[k]fluoranthene 2,258 1,766 —- 2,012 — -— 811 118 6,858 1.8
benzo[a]pyrene 2,252 1,746 -- 1,999 --- n 806 99 8,141 2.1
indeno[123cd]pyrene 1,744 1,288 - 1,516 -— --- 611 93 6,545 1.7
dibenz{ah]anthracene 1,246 947 -— 1,096 -—- ~—- 442 108 4,078 1.1
benzo[ghi]pervlene 1,622 1,324 — 1,473 - -— 594 126 4.699 1.2

1 SPMDs = 45.7 ¢cin X 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration {membrane = 4.45g).
4+ ND = (< MQL of Control SPMD).



TABLE 5 A. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C
{Low Water Concentration, 1 ng/L. nominal, Day 4)

Mean Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs3
PAHSs Conc.  Conc. Factor 2 Liters per
Rep #1 Rep #2  Rep #3 Mean StdDev.  C.V. ng/g  ng/L SPMD / Water Day
naphthalene ND*# ND ND ND - -~ ND 1.2 ND ND
acenaphthylene ND ND ND ND - -— ND 1.1 ND ND
acenaphthene 6 5 5 5 1 13 2 1.5 1,416 1.9
fluorene ND ND ND ND - - ND 0.5 ND ND
phenanthrene ND ND ND ND - - ND 1.0 ND ND
anthracene ND ND ND . ND --- - ND 1.1 ND ND
fluoranthene ND ND ND ND - --- ND 1.3 ND ND
pyrene ND ND ND ND -—- - ND 1.3 ND ND
benz[alanthracene 7 6 6 6 0 5 3 1.1 2,370 3.2
chrysene ND ND ND ND -—- -— ND 1.1 ND ND
benzo[b]fluoranthene 5 4 6 5 1 17 2 1.4 1,363 1.9
benzo[k]fluoranthene 2 4 2 2 1 33 1 1.3 765 1.0
benzo[a]pyrene 4 4 3 4 0 12 2 1.1 1,369 1.9
indeno[123cd]pyrene 4 3 3 3 0 9 1 1.1 1,185 1.6
dibenz[ah]anthracene 4 2 2 3 1 25 1 1.1 978 1.3
benzo[ghi]perylene 2 ND 2 2 --- -~ 1 1.9 478 0.7

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).
2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water

3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).

4 ND = (< MQL of Control SPMD).



TABLE 5§ B. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C
(Low Water Concentration, 1 ng/L. nominal, Day 7)

Mean Mean
ng/ SPMD! SPMD! Water Concentration | SPMD-Rs?
PAHSs Conc. Conc.  Factor 2 Liters per
Rep#1  Rep#2  Rep #3 Mean StdDev.  C.V.| ng/g ng/L. SPMD / Water Day
naphthalene ND+ ND ND ND - - ND 1.2 ND ND
acenaphthylene 4 2 2 3 1 41 1 1.1 1,014 0.8
acenaphthene ND ND ND ND - - ND 1.5 ND ND
fluorene ND ND ND ND --- - ND 0.5 ND ND
phenanthrene ND ND ND ND -- -~ ND 1.0 ND ND
anthracene ND ND ND . ND --- -~ ND 1.1 ND ND
fuoranthene ND ND ND ND --- -~- ND 1.3 ND ND
pyrene ND 158 ND 158 - - 64 1.3 49,132 38.3
benz[a]lanthracene 10 9 11 10 1 10 4 1.1 3,641 2.8
chrysene ND ND ND ND - -—~- ND 1.1 ND ND
benzo[b]fluoranthene 9 8 1 9 1 15 4 1.4 2,659 2.1
benzo[k]fluoranthene 7 9 13 10 2 22 4 1.3 3,009 2.3
benzo[a]pyrene ND ND ND ND -—- - ND 1.1 ND ND
indeno[123cd]pyrene 8 2 6 5 3 48 2 1.1 1,967 1.5
dibenz[ah]anthracene 9 3 6 6 2 37 2 1.1 2,175 1.7
benzo[ghi]perylene 11 6 6 7 2 32 3 1.9 1,542 1.2

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).
2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water

3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).

4 ND = (< MQL of Control SPMD). .



TABLE 5 C. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C

(Low Water Concentration, 1 ng/L. nominal, Day 14)

Mean  Mean
ng / SPMD! SPMD! Water Concentration |{ SPMD-Rs?
PAHSs Conc. Conc.  Factor 2 Liters per
Rep#1l  Rep#2  Rep#3 Mean StdDev.  C.V. | ng/g ng/L SPMD / Water Day
naphthalene 47 ND# ND ND - -- ND 1.2 ND ND
acenaphthylene ND 3 7 5 - ~-- 2 1.1 1,778 0.7
acenaphthene ND ND ND ND - -—- ND 1.5 ND ND
fluorene 30 ND ND 30 - -— 12 0.5 24,032 9.4
phenanthrene ND ND ND ND --- -—- ND 1.0 ND ND
anthracene ND ND ND ND - -— ND 1.1 ND ND
fluoranthene ND ND ND ND - — ND 1.3 ND ND
pyrene ND ND ND ND - —- ND 1.3 ND ND
benz[a]anthracene 15 24 16 18 4 22 7 1.1 6,623 2.6
chrysene 4,647 24 ND 24 - - 9 1.1 8,614 3.4
benzo[blfluoranthene 14 18 14 16 2 13 6 1.4 4,474 1.7
benzofk]fluoranthene 15 18 12 15 3 17 6 1.3 4,694 1.8
benzo[a]pyrene ND ND ND ND -—- - ND 1.1 ND ND
indeno[123cd]pyrene ND ND ND ND -—-- -—- ND 1.1 ND ND
dibenz[ah]anthracene 8 10 8 9 1 9 4 1.1 3,201 1.2
benzo[ghi]lperylene 395 8 7 8 — — 3 1.9 1,613 0.6

1 SPMDs = 45.7 cm x 2.54 ¢cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
¢ ND = (< MQL of Control SPMD).




TABLE 5 D. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C

(Low Water Concentration, 1 ng/L nominal, Day 21)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?
PAHs Conc. Cone.  Factor? Liters per
Rep#1 __ Rep#2  Rep #3 Mean StdDev. C.V.| ng/g ng/L SPMD / Water _ Day
‘naphthalene ND* ND ND ND - —— ND 1.2 ND ND
acenaphthylene ND ND ND ND -—- - ND 1.1 ND ND
acenaphthene ND ND ND ND - — ND 1.5 ND ND
fluorene ND ND ND ND - o ND 0.5 ND ND
phenanthrene ND ND ND ND -—- - ND 1.0 ND ND
anthracene ND ND ND ND - - ND 1.1 ND ND
fluoranthene ND ND ND ND -~ - ND 1.3 ND ND
pyrene 120 ND ND ND - -—n ND 1.3 ND ND
benzfa]anthracene 31 34 26 30 3 10 12 1.1 11,083 2.9
chrysene 27 28 22 26 2 9 10 1.1 9,372 2.4
benzo[bjflnoranthene 25 30 25 27 2 8 11 1.4 7,690 2.0
benzo[k]fluoranthene 20 28 25 24 3 14 10 1.3 7,517 2.0
beuzo[a]pyrene 19 25 23 22 2 10 9 1.1 8,187 2.1
indeno[123cd]pyrene ND ND ND ND -—- -—- ND 1.1 ND ND
dibenz[ah]anthracene 17 15 16 16 0 3 6 1.1 5,800 1.5
benzo[ghi]perylene 7 11 9 9 1 15 4 1.9 1,924 0.5

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 5 E. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C
(Medium Water Concentration, 10 ng/L. nominal, Day 4)

Mean Mean
ng / SPMD 1! SPMD! Water Concentration | SPMD-Rs?
PAHSs Conc. Conc. Factor 2 Liters per
Rep#l  Rep#2 Rep#3 Mean StdDev. C.V. | ng/g ng/L, SPMD/ Water Da

naphthalene ND+ ND ND ND -—- -—- ND 12 ND ND
acenaphthylene ND ND ND ND -—- = ND 9 ND ND
acenaphthene 19 13 18 16 3 16 7 11 575 0.8
fluorene 17 20 15 17 2 10 7 8 911 1.2
phenanthrene ND ND ND ND - - ND 8 ND ND
anthracene 20 11 17 16 4 23 6 10 665 0.9
fluoranthene ND ND ND ND - -— ND 11 ND ND
pyrene 50 23 37 37 11 29 15 8 1,929 2.6
benz[a]anthracene 70 39 60 56 13 23 23 10 2,185 3.0
chrysene 62 32 36 43 13 30 17 il 1,530 2.1
benzo[b]fluoranthene 57 31 43 43 11 25 18 12 1,434 2.0
benzo[k]fluoranthene 48 29 32 36 9 24 15 12 1,187 1.6
benzo[a]pyrene 43 27 42 37 7 19 15 12 1,302 1.8
indeno[123cd]pyrene 24 16 23 21 4 17 8 11 804 1.1
dibenz[ah]anthracene 23 18 12 18 5 26 7 11 655 0.9
benzo[ghi]perylene 29 17 21 22 5 22 9 15 609 0.8

1 SPMDs = 45.7 ¢cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyie/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration {(membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 5 F. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 oC
(Medium Water Concentration, 10 ng/I. nominal, Day 7)

Mean  Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs?
PAHSs Conc. Conc.  Factor? Liters per
Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V. ng/g ng/L. SPMD / Water Day
naphthalene ND* ND ND ND - - ND 12 ND ND
acenaphthylene 15 18 26 20 5 23 8 9 921 0.7
acenaphthene 27 27 25 26 1 4 11 11 931 0.7
fluorene ND ND ND ND -—- -—- ND 8 ND ND
phenanthrene ND ND ND ND - -~ ND 8 ND ND
anthracene 40 59 57 52 9 16 21 10 2,160 1.7
fluoranthene ND ND ND ND - --- ND 11 . ND ND
pyrene ND 87 99 93 6 7 37 8 4,857 3.8
benz{aJanthracene 127 134 133 131 3 3 53 10 5,089 4.0
chrysene 101 136 119 118 14 12 43 11 4,183 3.3
benzo[b]fluoranthene 83 105 95 % 9 10 38 12 3,112 2.4
benzo[k]fluoranthene 79 89 92 87 5 6 35 12 2,838 2.2
benzo[a]pyrene 91 76 110 92 14 15 37 12 3,213 2.5
indenof123cd]pyrene 43 49 53 48 4 8 19 11 1,856 1.4
dibenz[ah]anthracene 46 49 56 50 4 9 20 11 1,864 1.5
benzo[ghilperylene 44 51 72 55 12 21 22 15 1,528 1.2

1 SPMDs = 45.7 ¢cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD}).




TABLE 5 G. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C
(Medium Water Concentration, 10 ng/L. nominal, Day 14)

Mean  Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?
PAHs Cone.  Conc. Factor ? Liters per
Rep#1 _ Rep#2  Rep#3 Mean StdDev.  C.V. | ng/g mng/L SPMD/ Water Day _

naphthalene ND ¢ ND ND ND - -— ND 12 ND ND
acenaphthylene 26 23 36 28 6 20 11 9 1,307 0.5
acenaphthene 45 43 41 43 2 4 17 11 1,524 0.6
fluorene 81 87 83 84 2 3 34 8 4,435 1.7
phenanthrene 124 125 128 126 2 1 51 8 6,572 2.6
anthracene 108 97 98 101 5 5 41 10 4,197 1.6
fluoranthene ND ND ND ND - - ND 11 ND ND
pyrene 153 155 138 149 7 5 60 8 7,790 3.0
benz[alanthracene 198 183 174 185 10 5 75 10 7,164 2.8
chrysene 239 177 204 207 25 12 83 11 7,309 2.8
benzo[b]fluoranthene 164 154 133 150 13 9 61 12 4,963 1.9
henzo[Kk]fluoranthene 163 145 138 148 10 7 60 12 4,864 1.9
benzo[a]lpyrene 159 163 140 154 10 6 62 12 5,343 2.1
indeno[123cd]pyrene 112 112 61 95 24 25 38 11 3,650 1.4
dibenz[ah]anthracene 97 119 55 90 26 29 36 11 3,339 1.3
benzo[ghilperylene 123 136 76 112 26 23 45 15 3,083 1.2

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration {membrane = 4.45g).
4 ND = (< MQL of Control SPMD).



TABLE 5 H. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C
(Medium Water Concentration, 10 ng/L. nominal, Day 21)

Mean Mean

ng / SPMD! SPMD! Water Concentration | SPMD-Rs?

PAHs Conc.  Conc. Factor 2 Liters per

B Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V. ng/g  ng/L SPMD / Water Day
naphthalene ND 4 ND ND ND - — ND 12 ND | ND
acenaphthylene 44 34 44 41 5 11 16 9 1,877 0.5
acenaphthene 50 44 51 48 3 7 19 11 1,697 0.4
fluorene 110 88 99 99 9 9 40 8 5,251 1.4
phenanthrene ND ND ND ND - - ND 8 ND ND
anthracene 150 132 156 146 10 7 59 10 6,062 1.6
fluoranthene ND ND ND ND --- --- ND 11 ND ND
pyrene ND ND ND ND --- -—- ND 8 ND ND
benz[a]lanthracene 256 233 244 244 10 4 99 10 9,473 2.5
chrysene 341 271 326 313 30 10 126 11 11,060 2.9
benzo[b]fluoranthene 209 197 209 205 6 3 83 12 6,767 1.8
benzo[k]fluoranthene 239 219 231 230 8 4 93 12 7,528 2.0
benzo[a]pyrene 238 222 234 231 7 3 93 12 8,037 2.1
indenof123cd]pyrene 160 138 150 149 9 6 60 11 5,733 1.5
dibenz[ah]anthracene 165 141 151 152 10 6 61 11 5,629 1.5
benzo[ghi]perylene 151 142 146 146 4 3 59 15 4,035 1.0

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
*ND = (< MQL of Contre! SPMD).




TABLE 5 I. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C

(High Water Concentration, 180 ng/L. nominal, Day 4)

Mean Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs?
PAHs Conc. Conc.  Factor? Liters per
Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V. ng/g  ng/L SPMD / Water Day
naphthalene 33 42 41 39 4 10 16 79 198 0.3
acenaphthylene 174 168 180 174 5 3 70 103 682 0.9
acenaphthene 243 217 232 231 10 5 93 103 902 1.2
fuorene 226 194 203 207 13 6 84 89 938 1.3
phenanthrene 478 347 385 403 55 14 163 90 1,813 2.5
anthracene 454 296 411 387 67 17 156 113 1,385 1.9
fluoranthene ND# ND ND ND - — ND 94 ND ND
pyrene 466 464 497 476 15 3 192 85 2,260 3.1
benz[aJanthracene 451 331 356 379 51 14 153 104 1,474 2.0
chrysene 537 433 490 487 43 9 196 103 1,897 2.6
benzo[b]fluoranthene 401 287 304 330 50 15 133 123 1,084 1.5
benzo[k]fluoranthene 480 444 426 450 23 5 181 118 1,534 2.1
benzo[a]pyrene 413 357 356 375 26 7 151 99 1,528 2.1
indeno[123cd]pyrene 300 230 240 257 31 12 103 93 1,108 1.5
dibenz[ah]anthracene 318 224 253 265 39 15 107 108 986 1.3
benzo[ghilperylene 217 182 192 197 15 7 80 126 630 0.9

! SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

? Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
¢ ND = (< MQL of Control SPMD).




TABLE 5 J. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C

(High Water Concentration, 100 ng/L. nominal, Day 7)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs3
PAHSs Conc. Conc.  Factor? Liters per
Rep#1  Rep#2  Rep #3 Mean StdDev. C.V.| mg/g ng/L, SPMD / Water Day
naphthalene 37 31 46 38 6 17 15 79 193 0.2
acenaphthylene 264 231 269 255 17 7 103 103 999 0.8
acenaphthene 401 312 382 365 38 11 147 103 1,428 1.1
fluorene 410 267 386 354 63 18 143 89 1,602 1.2
phenanthrene 851 608 798 752 104 14 303 90 3,382 2.6
anthracene 892 550 823 755 147 20 304 113 2,702 2.1
fluoranthene ND* ND ND ND - - ND 94 ND ND
pyrene 976 748 926 883 98 11 356 85 4,195 3.3
benz[a]anthracene 936 658 911 835 126 15 337 104 3,247 2.5
chrysene 972 796 1,032 933 100 11 376 103 3,639 2.8
benzo[b]fluoranthene 910 623 846 793 123 16 320 123 2,602 2.0
benzo[k]fluoranthene 1,047 709 982 913 146 16 368 118 3,111 2.4
benzo[a]pyrene 885 606 834 775 121 16 312 99 3,156 2.5
indeno[{23cd]pyrene 722 439 605 588 116 20 237 93 2,540 2.0
dibenz[ah]anthracene 642 386 529 519 105 20 209 108 1,930 1.5
benzo[ghilperylene 652 310 395 452 145 32 182 126 1,442 1.1

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g)} triolein {Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
1 ND = (< MQL of Control SPMD).




TABLE 5 K. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 °C
(High Water Concentration, 100 ng/L. nominal, Day 14)

Mean Mean Mean
ng / SPMD! SPMD! Water Concentration SPMD-Rs ?
PAHSs PAHs Conc.  Conc. Factor 2 Liters per
Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V. ng/g  ng/L SPMD / Water Day
naphthalene 29 38 80 49 22 46 20 79 251 0.1
acenaphthylene 360 328 416 368 36 10 148 103 1,443 0.6
acenaphthene 574 505 580 553 34 6 223 103 2,163 0.8
fluorene 698 673 743 704 29 4 284 89 3,184 1.2
phenanthrene 1,479 1,204 1,459 1,381 125 9 557 90 6,206 2.4
anthracene 1,531 1,342 1,455 1,443 78 S 582 113 5,162 2.0
fluoranthene 1,445 ND#4 1,774 1,610 - --- 649 04 6,876 2.7
pyrene 1,925 1,448 1,789 1,721 200 12 694 85 8,171 3.2
benz[aJanthracene 1,971 1,563 1,755 1,763 166 9 711 104 6,855 2.7
chrysene 2,054 1,718 1,915 1,896 138 7 764 103 7,393 2.9
benzo[b]fluoranthene 1,792 1,496 1,681 1,656 122 7 668 123 5,434 2.1
benzo[k]fluoranthene 1,831 1,596 1,757 1,728 98 6 697 118 5,890 2.3
benzo[a]pyrene 1,575 1,436 1,619 1,544 78 5 622 99 0,287 2.5
indeno{123cd]pyrene 1,210 1,253 1,146 1,203 44 4 485 93 5,193 2.0
dibenz{ah]anthracene 1,072 1,052 1,147 1,090 41 4 439 108 4,054 1.6
benzo[ghi]perylene 1,156 1,133 1,297 1,195 73 6 482 126 3,813 1.5

! SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 5 L. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 18 ¢C
(High Water Concentration, 100 ng/I. nominal, Day 21)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs3
PAHs Conc. Conc.  Factor 2 Liters per
Rep #1 Rep #2  Rep #3 Mean Std Dev.,  C.V. ng/g  ng/L SPMD / Water Day
naphthalene 56 76 59 63 9 14 26 79 ‘ 325 0.1
acenaphthylene 403 425 350 393 31 8 158 103 1,541 0.4
acenaphthene 615 662 525 600 57 9 242 103 2,348 0.6
fluorene 952 937 792 894 72 8 360 89 4,041 1.0
phenanthrene 2,017 2,012 2,186 2,071 81 4 835 90 9,312 2.4
anthracene 1,908 1,683 1,405 1,665 206 12 672 113 5,959 1.5
fluoranthene ND ¢ ND ND ND - - ND 94 ND ND
pyrene 2,665 2,336 2,374 2,458 147 6 991 85 11,675 3.0
benz[a]anthracene 2,833 2,417 2,455 2,568 188 7 1,036 104 8,986 2.6
chrysene 3,112 2,550 2,622 2,761 249 9 1,113 103 10,768 2.8
benzo[b}fluoranthene 2,875 2,313 2,400 2,529 247 10 1,020 123 8,298 2.2
benzo[k]fluoranthene 2,917 2,402 2,446 2,588 233 9 1,044 118 8,822 2.3
benzo[a]pyrene 2.699 2,143 2.249 2,364 241 10 953 99 9.627 2.5
indeno[123cd]pyrene 2,231 1,693 1,711 1,878 249 13 757 93 8,107 2.1
dibenz[ah]anthracene 1,795 1,369 1,316 1,493 214 14 602 108 5,554 1.4
benzo[ghilperylene 1767 1536 1297 1,533 192 13 618 126 4.890 13

1 SPMDs = 45.7 cm x 2.54 ¢m with 0.5 ml (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 6 A. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C

(Low Water Concentration, 1 ng/L. nominal, Day 4)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs3
PARBSs Conc. Conc.  Factor? Liters per
) Rep #1 Rep #2  Rep #3 Mean Std Dey. C.V. ng/g  ng/L. SPMD / Water Day
naphthalene ND¢ ND ND ND - - ND 1.2 ND ND
acenaphthylene ND ND 4 4 - - 2 1.1 1,430 2.0
acenaphthene ND 4 4 4 - - 2 1.5 1,169 1.6
fluorene ND ND ND ND —-- - ND 0.5 ND ND
phenanthrene ND ND ND ND --- m-- ND 1.0 ND ND
anthracene ND ND ND ND - -—- ND 1.1 ND ND
fluoranthene ND ND ND ND - -— ND 1.3 ND ND
pyrene ND ND ND ND - - ND 1.3 ND ND
benz[a]anthracene 8 3 10 9 1 11 4 1.1 3,226 4.4
chrysene 10 10 13 11 1 13 4. 1.1 3,996 5.5
benzo[b]fluoranthene 8 7 10 8 1 14 3 1.4 2,419 3.3
benzo[k]fluoranthene 12 10 15 12 2 16 5 1.3 3,856 5.3
benzo[a]pyrene 8 7 13 10 3 28 4 1.1 3,482 4.8
indeno[123cd]pyrene 4 4 3 5 2 41 2 1.1 1,955 2.7
dibenz[ah}anthracene 4 2 8 5 2 52 2 1.1 1,735 2.4
benzo[ghi]perylene 4 5 6 5 1 12 2 1.9 1,061 1.4

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.43g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
¢ ND = (< MQL of Control SPMD).




TABLE 6 B. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C

(Low Water Concentration, 1 ng/L nominal, Day 7)

Mean  Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?3
PAHs Conc. Conc.  Factor? Liters per
Rep#1l  Rep#2 Rep#3 Mean Std Dev. _ C.V. ng/g  ng/L SPMD / Water Day
naphthalene ND4 ND ND ND --- -—- ND 1.2 ND ND
acenaphthylene ND 6 3 4 - --- 2 1.1 1,558 1.2
acenaphthene ND ND ND ND - - ND 1.5 ND ND
fluorene ND ND ND ND - - ND 0.5 ND ND
phenanthrene ND ~ ND ND ND - - ND 1.0 ND ND
anthracene ND ND ND ND -— -- ND 1.1 ND ND
fluoranthene ND ND ND ND - - ND 1.3 ND ND
pyrene ND ND ND ND --- - ND 1.3 ND ND
benz[alanthracene 7 6 5 6 1 10 2 1.1 2,212 1.7
chrysene 11 9 7 9 2 17 4 1.1 3,262 2.5
benzo[blfluoranthene 6 6 6 6 0 4 2 1.4 1,671 1.3
benzo[k]fluoranthene 8 7 7 7 1 7 3 1.3 2,213 1.7
benzo[a]pyrene 6 5 4 5 1 11 2 1.1 1,882 1.5
indeno[123cd]pyrene 3 5 2 3 | 27 1 1.1 1,271 1.0
dibenz{ah]Janthracene ND 2 3 2 --- - 1 1.1 770 0.6
benzo[ghiJperylene 3 3 2 3 1 23 1 1.9 566 0.4

! SPMDs = 45.7 cm x 2,54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 6 C. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C

(Low Water Concentration, 1 ng/L. nominal, Day 14)

Mean Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs?3
PAHs Conc.  Conc. Factor 2 Liters per
Rep#1 _ Rep#2 Rep#3 Mean StdDev. C.V.| ng/g ng/L. SPMD / Water Day
naphthalene ND+* ND ND ND - --- ND 1.2 ND ND
acenaphthylene 5 5 2 4 1 33 2 1.1 1,369 0.5
acenaphthene 4 6 ND 5 .- -— 2 1.5 1,263 0.5
fluorene ND ND ND ND - -—- ND 0.5 ND ND
phenanthrene ND ND ND ND - - ND 1.0 ND ND
anthracene ND ND ND ND - - ND 1.1 ND ND
fluoranthene ND ND ND ND - --- ND 1.3 ND ND
pyrene ND ND ND ND -— —- ND 1.3 ND ND
benz[ajanthracene 24 22 12 19 5 27 8 1.1 7,050 2.7
chrysene ND ND ND ND -— -— ND 1.1 ND ND
benzo[b]fluoranthene 24 21 ND 23 - -- 9 1.4 6,495 2.5
benzo[k]fluoranthene 29 25 ND 27 -—- - 11 1.3 8,390 3.3
benzo[a]lpyrene 27 25 18 23 4 15 9 1.1 8,590 3.3
indeno[123cd]pyrene 20 19 10 17 4 27 7 1.1 6,073 2.4
dibenz[ah]anthracene 20 15 6 14 6 42 6 1.1 5,034 2.0
|_benzo[ghi]perylene 22 12 7 14 7 47 6 1.9 2,915 1.1

1 SPMDs = 45.7 c¢m x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
¢ ND = (< MQL of Control SPMD).




TABLE 6 D. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C

(Low Water Concentration, 1 ng/L. nominal, Day 21)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs3
PAHs Conc. Conc.  Factor? Liters per
Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V. ng/g  ng/L SPMD / Water Day
‘naphthalene ND 4 ND ND ND - ND 1.2 ND ND
acenaphthylene 6 3 6 5 I 29 2 1.1 1,686 0.4
acenaphthene 7 5 7 6 1 18 3 1.5 1,694 0.4
fluorene ND ND ND ND - -—- ND 0.5 ND ND
phenanthrene ND NG ND ND -~ - ND 1.0 ND ND
anthracene 11 ND ND 11 —— - 4 1.1 3,996 1.0
fluoranthene ND ND ND ND - - ND 1.3 ND ND
pyreue ND ND ND ND --- - ND 1.3 ND ND
benz[a]anthracene 27 14 25 22 6 26 9 1.1 8,003 2.1
chryseue 25 13 27 22 6 30 9 1.1 7,967 2.1
benzo[b]fluoranthene 24 ND 22 23 — -— 9 1.4 6,567 1.7
benzolk]fluoranthene 34 21 40 31 8 25 13 1.3 9,760 2.5
benzo[a]pyrene 31 20 30 27 5 19 11 1.1 9,861 2.6
indenof123cd]pyrene 22 13 20 18 4 21 7 1.1 6,635 1.7
dibenzfah]anthracene 20 9 18 16 5 31 6 1.1 5,792 1.5
benzo[ghilperylene 18 12 15 15 3 18 6 1.9 3,205 0.8

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
¢ ND = (< MQL of Control SPMD).




TABLE 6 E. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C

(Medium Water Concentration, 10 ng/L. nominal, Day 4)

Mean  Mean

ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?

PAHs Cone. Conc. Factor 2 Liters per

_ Rep #1 Rep #2  Rep #3 Mean Std Dev. ng/g  ng/LL SPMD / Water Day
naphthalene ND 4 ND ND ND - - ND 12 ND ND
acenaphthylene 10 10 9 10 1 7 4 9 442 0.6
acenaphthene 24 24 21 23 1 5 9 11 810 1.1
fluorene 20 17 19 18 1 7 7 8 973 1.3
phenanthrene 45 47 45 46 1 2 18 8 2,383 3.3
anthracene 42 45 39 42 3 6 17 10 1,743 2.4
fluoranthene ND ND ND ND --- - ND 11 ND ND
pyrene 60 62 51 57 5 3 23 8 3,004 4.1
benz[a]anthracene 54 58 62 58 3 5 23 10 2,245 3.1
chrysene 62 76 82 73 8 12 29 11 2,577 3.5
benzo[b]fluoranthene 55 54 48 52 3 6 21 12 1,726 2.4
benzo[k]fluoranthene 68 75 72 72 3 4 29 12 2,354 3.2
benzo[a]pyrene 60 54 58 57 3 5 23 12 1,994 2.7
indenol[123cd]pyrene 43 41 35 40 3 8 16 11 1,521 2.1
dibenz[ah]anthracene 34 44 36 38 5 12 15 11 1,407 1.9
benzo[ghi]perylene 26 37 28 31 5 16 12 15 842 1.1

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).
2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water

3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).

4 ND = (< MQL of Control SPMD).



TABLE 6 F. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C
(Medium Water Concentration, 10 ng/L. nominal, Day 7)

Mean Mean
‘ng/ SPMD! SPMD! Water Concentration | SPMD-Rs3
PAHs Conc.  Conc. Factor 2 Liters per
i Rep #1 Rep #2 _Rep #3 Mean Std Dey. C.Vv.| ng/g ng/L _SPMD / Water Day
‘naphthalene ND ¢ ND ND ND -- - ND 12 ND ND
acenaphthylene 10 10 9 10 0 3 4 9 446 0.3
acenaphthene 23 26 23 24 1 5 10 11 851 0.7
fluorene 24 27 24 25 1 5 10 8 1,335 1.0
phenanthrene 64 67 62 64 2 4 26 8 3,364 2.6
anthracene 59 60 56 58 2 3 24 10 2,424 1.9
fluoranthene ND ND ND ND - - ND 11 ND ND
pyrene 67 84 77 76 7 9 31 8 3,973 3.1
benz[a]anthracene 94 88 83 88 5 6 36 10 3,418 2.7
chrysene 131 126 118 125 6 4 50 11 4,419 3.4
benzo[b]fluoranthene 32 83 78 81 2 3 33 12 2,607 2.1
benzo[k]fluoranthene 112 98 95 102 7 7 41 12 3,341 2.6
benzo[a]pyrene 83 80 76 79 3 3 32 12 2,761 2.2
indene[123cd]pyrene 63 63 56 61 3 5 25 11 2,334 1.8
dibenz[ahjanthracene 63 64 62 63 1 1 25 11 2,326 1.8
benzo[ghi]perylene 63 64 63 63 0 1 26 15 1,747 1.4

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 6 G. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C
(Medium Water Concentration, 10 ng/L. nominal, Day 14)

Mean  Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs3
PAHSs Conc.  Conc. Factor 2 Liters per
Rep#1__ Rep#2 Rep#3 Mean Std Dev.  C.V. ng/g  ng/L_SPMD / Water Day

naphthalene ND* ND ND ND --- - ND 12 ND ND
acenaphthylene 14 14 13 14 1 4 6 9 637 0.2
acenaphthene 33 32 34 33 1 2 13 11 1,164 0.5
fluorene 44 43 40 42 2 4 17 8 2,243 0.9
phenanthrene 115 117 109 114 3 3 46 8 5,945 2.3
anthracene 95 107 95 99 6 6 40 10 4,110 1.6
fluoranthene ND ND ND ND - -—- ND 11 ND ND
pyrene 171 186 159 172 11 7 69 8 9,012 3.5
benz{a]anthracene 185 204 174 187 12 7 76 10 7,266 2.8
chrysene 208 215 206 210 4 2 85 11 7,423 2.9
benzo[b]fluoranthene 163 179 144 162 14 9 65 12 5,360 2.1
benzo[k]fluoranthene 206 183 179 189 12 6 76 12 6,207 2.4
benzo[a]pyrene 161 168 146 158 9 6 64 12 5,500 2.1
indeno[123cd]pyrene 116 122 111 116 4 4 47 11 4,467 1.7
dibenz[ah]anthracene 114 122 107 114 6 5 46 11 4,222 1.6
benzofghi]perylene 130 135 122 129 5 4 52 15 3,562 1.4

1 SPMDs = 45.7 cm x 2.54 ¢m with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
* ND = (< MQL of Control SPMD).




TABLE 6 H. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 oC
(Medium Water Concentration, 10 ng/L nominal, Day 21)

Mean  Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?
PAHs Conc. Conc.  Factor? Liters per
Rep #1 Rep#2  Rep#3 Mean Std Dev.  C.V. ng/g ng/L. SPMD / Water Day
naphthalene ND ¢4 ND ND ND --- - ND 12 ND ND
acenaphthylene 15 11 18 15 3 21 6 9 677 0.2
acenaphthene 38 29 34 34 4 12 14 11 1,190 0.3
fluorene 40 31 43 38 5 14 15 8 2,014 0.5
phenanthrene 111 87 125 108 16 15 43 8 5,642 1.5
anthracene 100 85 100 95 7 7 38 10 3,945 1.0
fluoranthene ND ND ND ND - - ND 11 ND ND
pyrene 193 160 182 178 14 8 72 8 9,332 2.4
benz[a]anthracene 194 165 207 188 18 9 76 10 7,299 1.9
chrysene 222 188 240 217 22 10 87 11 7,660 2.0
benzo[b]flucranthene 171 143 177 164 15 9 66 12 5,408 1.4
benzo[k]fluoranthene 207 178 217 200 16 8 81 12 6,570 1.7
benzo[a]pyrene 179 154 191 175 16 9 70 12 6,066 1.6
indeno[123cd]pyrene 123 109 133 122 10 8 49 11 4,670 1.2
dibenz[ah]anthracene 117 105 129 117 9 8 47 11 4,326 1.1
benzo[ghi]perylene 135 115 144 131 12 9 53 15 3,627 0.9

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).
4 ND = (< MQL of Control SPMD).




TABLE 6 I. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C

(High Water Concentration, 100 ng/L. nominal, Day 4)

Mean Mean
ng / SPMD ! SPMD! Water Concentration SPMD-Rs 3
PAHs Conc. Conc. Factor 2 Liters per
Rep #1 Rep#2 Rep #3 Mean Std Dev. C.V. ng/e  ng/L. SPMD / Water Day
naphthalene 22 22 51 32 14 44 13 79 161 0.2
acenaphthylene 176 168 185 176 7 4 71 103 691 0.9
acenaphthene 272 233 267 257 18 7 104 103 1,006 1.4
fluorene 239 230 235 235 3 1 95 39 1,061 1.4
phenanthrene 538 496 535 523 19 4 211 90 2,350 3.2
anthracene 450 853 526 623 164 26 251 113 2,229 3.0
flueranthene 669 639 716 674 32 5 272 94 2,881 3.9
pyrene 678 692 698 690 8 1 278 85 3,275 4.5
benz[a]anthracene 509 468 469 482 19 4 194 104 1,874 2.6
chrysene 652 661 849 720 91 13 291 103 2,810 3.8
benzo[b]fluoranthene 499 500 556 518 27 5 209 123 1,700 2.3
benzo[k]fluoranthene 499 500 556 518 27 5 209 118 1,766 2.4
benzo[a]pyrene 559 537 589 561 21 4 226 99 2,287 3.1
indeno[123cd]pyrene 383 354 373 370 12 3 149 93 1,597 2.2
dibenz[ah]anthracene 370 362 425 386 28 7 155 108 1,434 2.0
benzo{ghi]perylene 353 374 337 355 15 4 143 126 1,131 1.5

1 SPMDs = 45.7 cm X 2.54 cm with 0.5 mL (0.455g) triolein (Totai SPMD mass = 2.48g).

? Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g),




TABLE 6 J. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C

(High Water Concentration, 100 ng/L. nominal, Day 7)

Mean Mean
ng / SPMD ! SPMD! Water Concentration | SPMD-Rs?3
PAHs Conc.  Conc. Factor ? Liters per
Rep#1 _ Rep#2 Rep#3 Mean StdDev. C.V.| ng/g ng/l, SPMD / Water _ Day
naphthalene 38 -—- 26 32 - -~ 13 79 163 ] 0.1
acenaphthylene 259 178 220 219 33 15 88 103 858 0.7
acenaphthene 401 266 315 327 56 17 132 103 1,280 1.0
fluorene 389 263 271 308 58 19 124 89 1,391 1.1
phenanthrene 803 713 703 739 45 6 298 90 3,324 2.6
anthracene 795 698 694 729 47 6 294 113 2,609 2.0
fluoranthene 951 852 904 902 40 4 364 94 3,854 3.0
pyrene 995 908 936 946 37 4 382 85 4,495 3.5
benz[a]anthracene 782 660 731 724 50 7 292 104 2,816 2.2
chrysene 1,336 1,291 1,192 1,273 60 5 513 103 4,964 3.9
benzo[b]fluoranthene 426 336 521 428 75 18 172 123 1,403 1.1
benzo[k]fuoranthene 1,375 1,322 1,248 1,315 52 4 530 118 4,482 3.5
benzo[a]pyrene 914 813 793 840 53 6 339 99 3,421 2.7
indenof123cd]pyrene 604 - 589 597 - -~ 241 93 2,577 2.0
dibenz[ah]anthracene 535 875 593 667 148 22 269 108 2,482 1.9
benzo{ghijperylene 617 647 564 609 34 6 246 126 1,943 1.5

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 ml. (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).




TABLE 6 K. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C
(High Water Concentration, 100 ng/L. nominal, Day 14)

Mean  Mean
ng / SPMD! SPMD! Water Concentration | SPMD-Rs3
PAHs Conc. Conc. Factor 2 Liters per
Rep #1 Rep #2  Rep #3 Mean Std Dey. C.V. ng/g  ng/L. SPMD / Water Day

naphthalene 24 24 26 25 1 4 10 79 127 0.0
acenaphthylene 291 299 260 293 4 1 118 103 1,150 0.4
acenaphthene 478 496 462 478 14 3 193 103 1,871 0.7
fluorene 565 691 679 645 56 9 260 89 2,915 1.1
phenanthrene 1,371 1,552 1,528 1,484 80 5 598 S0 6,670 2.6
anthracene 1,282 1,363 1,454 1,366 70 5 551 113 4,888 1.9
fluoranthene 2,002 2,237 2,455 2,231 185 8 900 94 9,531 3.7
pyrene 2,004 2,342 2,509 2,285 210 9 921 85 10,853 4.2
benz[a]anthracene 1,823 2,194 2,170 2,062 170 8 832 104 8,019 3.1
chrysene 2,107 2,499 2,638 2,414 225 9 974 103 9,415 3.7
benzo[b]fluoranthene 1,382 1,165 1,854 1,467 288 20 591 123 4,812 1.9
benzo[k]fluoranthene 2,269 3,077 2,609 2,652 331 12 1,069 118 9,039 3.5
benzolalpyrene 1,718 1,987 2,117 1,940 166 9 782 99 7,903 3.1
indeno[123cd]pyrene 1,141 1,331 1,394 1,289 108 8 520 93 5,563 2.2
dibenz[ah]anthracene 1,052 1,229 1,270 1,183 95 8 477 108 4,402 1.7
benzo]ghi]perylene 1,225 1,470 1,416 1,370 105 8 552 126 4,371 1.7

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).




TABLE 6 L. SPMD UPTAKE OF PAHS IN FLOW-THROUGH DILUTER EXPOSURES AT 26 °C
(High Water Concentration, 100 ng/L nominal, Day 21)

Mean Mean
ng / SPMD! SPMD' Water Concentration | SPMD-Rs?3
PAHs Conc.  Conc. Factor 2 Liters per
Rep #1 Rep#2 Rep#3 Mean Std Dev. C.V. ng/g  ng/L. SPMD / Water Day
naphthalene 33 23 28 28 4 14 11 79 143 0.0
acenaphthylene 351 299 228 293 50 17 118 103 1,148 0.3
acenaphthene 612 492 365 489 101 21 197 103 1,914 0.5
fluorene 779 709 489 659 124 19 266 89 2,979 0.8
phenanthrene 1,936 1,794 1,272 1,667 286 17 672 90 7,495 1.9
anthracene 1,603 1,559 1,161 1,441 199 14 581 113 5,156 1.3
fluoranthene 3,160 3,001 2,206 2,789 417 15 1,125 94 11,913 3.1
pyrene 3,189 2,985 2,233 2,802 411 15 1,130 85 13,309 3.5
benz[a]anthracene 2,796 2,802 1,848 2,482 448 18 1,001 104 9.650 2.5
chrysene 3,131 3,055 2,429 2,872 315 11 1,158 103 11,198 2.9
benzo[b]fluoranthene 2,693 2,275 1,541 2,170 477 22 875 123 7,118 1.8
benzo[k]fluoranthene 3,121 3,329 2,573 3,008 319 11 1,213 118 10,253 2.7
benzo[a]pyrene 2,808 2,786 1,950 2,515 399 16 1,014 99 10,242 2.7
indeno[123cd]pyrene 2,001 1,817 1,191 1,670 347 21 673 93 7,209 1.9
dibenz[ah]anthracene 1,659 1,581 1,099 1,446 248 17 583 108 5,380 1.4
benzo[ghi]perylene 1796 1.697 1278 1,590 225 14 641 126 5073 1.3

1 SPMDs = 45.7 cm x 2.54 cm with 0.5 mL (0.455g) triolein (Total SPMD mass = 2.48g).

2 Concentration Factor derived by dividing (ng analyte/g SPMD by ng analyte/g water
3 SPMD sampling rate normalized to a 1g triolein configuration (membrane = 4.45g).




TABLE 7 A. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES

(SPMD Membranes, Day 1).

ng / Membrane ! ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep#2  Rep #3 Mean  Std Dev. C.V.
naphthalene 41 35 44 40 92 78 97 89 8 9
acenaphthylene 45 62 69 59 101 137 154 130 22 17
acenaphthene 54 65 91 70 119 145 203 156 35 22
fluorene 53 77 88 73 117 171 196 161 33 20
phenanthrene 69 128 131 109 153 284 291 243 63 26
anthracene 37 75 74 62 81 167 165 138 40 29
fluoranthene 148 142 149 146 330 315 330 325 7 2
pyrene 258 133 128 173 572 296 285 384 133 35
benz[a]anthracene 76 132 129 113 169 294 286 250 57 23
chrysene 61 162 111 111 135 360 247 247 92 37
benzo[b]fluoranthene 75 131 134 113 166 290 299 251 61 24
benzolk]fluoranthene 68 154 136 119 151 341 301 264 82 31
benzo[a]pyrene 81 96 106 94 180 214 235 210 23 11
indeno[123cd]pyrene 92 110 84 95 204 244 187 212 24 11
dibenz[ah]anthracene 76 38 28 47 168 84 61 104 46 44
benzo[ghijperylene 83 37 27 49 184 83 60 109 54 49

1 SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).




TABLE 7 B. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES

(SPMD Membranes, Day 4).

ng / Membrane ? ng/g
PAHSs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean  Std Dev. C.V.
naphthalene 50 43 52 48 111 96 114 107 8.1 8
acenaphthylene 125 136 137 133 277 303 304 295 12.4 4
acenaphthene 166 183 187 179 369 406 416 397 20.4 5
fluorene 167 193 169 176 371 428 374 391 26.3 7
phenanthrene 257 275 257 263 570 610 570 584 19.0 3
anthracene 234 245 214 231 519 544 476 513 28.2 5
fluoranthene 352 323 345 340 782 717 766 755 27.6 4
pyrene 303 300 296 299 672 666 657 665 6.4 1
benz[a]anthracene 280 273 280 277 622 606 622 617 7.6 1
chrysene 341 303 303 316 758 674 673 701 39.9 6
benzo[b]fluoranthene 277 280 296 284 614 623 658 632 18.8 3
benzo[k]fluoranthene 346 319 358 341 768 708 796 757 36.8 5
benzo[a]pyrene 244 245 231 240 543 544 514 534 13.8 3
indenof123cd]pyrene 211 208 236 218 469 462 524 485 27.6 6
dibenz[ah]anthracene 38 57 65 60 128 126 145 133 8.2 6
benzo[ghi]perylene 75 55 80 70 166 123 177 155 23.3 15

1 SPMDs = 10 ¢m x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).




TABLE 7 C. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES

(SPMD Membranes, Day 7).
ng / Membrane ! ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean  Std Dev. C.V.
naphthalene 29 31 29 29 65 68 64 65 1.8 3
acenaphthylene 96 98 92 95 212 217 205 211 5.0 2
acenaphthene 150 143 139 144 333 317 308 319 10.3 3
fluorene 202 146 192 180 450 324 426 400 54.3 14
phenanthrene 241 220 215 225 535 489 478 501 24.7 5
anthracene 218 192 190 200 485 426 422 444 29.0 7
fluoranthene 350 296 284 310 777 658 630 689 63.6 9
pyrene 416 259 244 306 925 576 541 681 173.3 25
benz{alanthracene 315 287 262 288 701 638 583 641 48.2 8
chrysene 336 289 280 302 747 643 622 671 54.5 8
benzo[b]fluoranthene 346 333 291 323 768 740 646 718 52.3 7
benzo[k]fluoranthene 344 302 293 313 765 670 651 695 50.0 7
benzo[a]pyrene 294 273 255 274 653 606 566 608 354 6
indeno[123cd]pyrene 287 275 248 270 638 610 552 600 35.7 6
dibenz[ah]anthracene 52 63 54 56 116 139 120 125 10.3 8
benzo]ghi]perylene 146 114 85 115 325 252 189 255 55.4 22

I SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).




TABLE 7 D. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Membranes, Day 14).

ng / Membrane ! ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean  Std Dev. C.V.
naphthalene 35 32 40 35 77 71 89 79 1.5 0
acenaphthylene 115 111 117 114 256 246 260 254 5.8 2
acenaphthene 179 172 184 178 398 381 408 396 11.2 3
fluorene 199 195 207 200 443 433 460 445 11.4 3
phenanthrene 262 264 266 264 582 587 591 587 3.8 1
anthracene 251 242 238 . 244 559 538 529 542 12.5 2
fluoranthene 352 365 372 363 783 812 826 807 17.9 2
pyrene 343 367 557 422 762 814 1,237 938 212.6 23
benz[a]anthracene 432 371 355 386 960 824 788 857 73.8 9
chrysene 408 356 343 369 906 792 763 820 61.9 8
benzo[b]fluoranthene 415 381 378 391 923 846 840 869 37.9 4
benzo[k]fluoranthene 442 366 355 387 982 812 789 861 86.0 10
benzo[a]pyrene 316 317 313 315 701 704 695 700 3.7 1
indeno[123cd]pyrene 361 353 368 360 802 784 817 801 13.5 2
dibenz[ah]anthracene 111 109 110 110 247 243 244 245 1.8 1
benzo|ghi]perylene 172 178 192 180 381 394 426 401 18.8 5

1 SPMDs = 10 cm X 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).



TABLE 7 E. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES

(SPMD Membranes, Day 28).
ng / Membrane ! ng/g
PAHs
_ Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V.
naphthalene 27 23 37 29 61 52 &3 65 12.9 20
acenaphthylene 90 68 83 32 199 151 195 182 21.8 12
acenaphthene 159 105 141 135 354 234 313 300 49.9 17
fluorene 179 120 167 155 398 266 370 345 56.9 16
phenanthrene 225 163 220 202 499 362 488 450 62.2 14
anthracene 192 103 175 156 426 229 388 348 85.3 25
fAuoranthene 350 226 335 304 778 503 745 675 122.5 18
pyrene 412 211 371 331 916 468 824 736 192.9 26
benz[a]anthracene 386 206 319 303 858 457 708 674 165.4 25
chrysene 337 229 319 295 750 509 708 655 105.2 16
benzo[b]fluoranthene 370 239 362 324 821 532 805 719 132.6 18
benzo[k]fluoranthene 383 246 337 322 851 546 748 715 126.6 18
benzo[a]pyrene 302 179 339 273 670 397 752 607 151.9 25
indeno[123cd]pyrene 343 260 388 330 763 578 863 734 118.0 16
dibenz{ah]anthracene 206 73 154 144 457 163 341 320 121.0 38
benzo[ghi]perylene 290 225 256 257 645 501 568 571 59.0 10

1 SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).




TABLE 7 F. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Membranes, Day 56).

ng / Membrane ! ng/g
PAHSs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean Std Deyv. C.V.
naphthalene 27 13 26 22 59 29 57 48 13.8 29
acenaphthylene 81 61 103 82 180 136 228 182 37.6 21
acenaphthene 135 141 164 147 299 314 364 326 28.0 9
fluorene 179 157 211 182 397 350 469 405 49.0 12
phenanthrene 219 189 270 226 486 420 599 502 73.7 15
anthracene 180 142 162 . 161 401 315 361 359 35.0 10
fluoranthene 296 307 416 340 658 682 925 755 120.6 16
pyrene 309 298 461 356 686 662 1,023 790 165.0 21
benz]alanthracene 431 341 417 396 959 758 926 881 87.8 10
chrysene 443 308 351 367 984 684 780 816 125.3 15
benzo|b]fluoranthene 404 357 428 397 899 794 951 881 63.5 7
benzofk]fluoranthene 446 348 399 397 991 773 886 883 89.2 10
benzo[a]pyrene 281 279 337 299 624 620 749 664 60.0 9
indeno[123cd]pyrene 300 276 349 308 666 614 776 685 67.3 10
dibenz{ah]anthracene 229 243 310 260 508 540 689 579 78.7 14
benzo[ghi]perylene 374 291 433 366 832 646 962 813 129.8 16

1 SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).



TABLE 8 A. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Lipid, Day 1).

ng / Lipid 1 ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep#2 Rep #3 Mean Std Dev. C.V.
naphthalene 77 90 118 95 846 991 1,293 1,044 186.3 18
acenaphthylene 88 99 143 110 965 1,090 1,573 1,209 262.0 22
acenaphthene 97 98 158 118 1,065 1,078 1,741 1,295 315.5 24
fAuorene 06 95 182 124 1,057 1,047 1,997 1,367 445.3 33
phenanthrene 126 131 196 151 1,388 1,435 2,157 1,660 352.0 21
anthracene 78 87 125 97 854 955 1,374 1,061 225.0 21
fluoranthene 99 96 151 116 1,088 1,059 1,664 1,270 278.4 22
pyrene 84 90 127 100 920 986 1,392 1,099 209.0 19
benz[a]anthracene 85 91 128 101 931 1,001 1,409 1,114 210.7 19
chrysene 62 77 131 90 682 844 1,438 988 325.1 33
benzo[b]jfluoranthene 59 61 89 70 652 670 975 766 148.3 19
benzo[k]Auoranthene 56 42 89 62 620 464 975 686 213.8 31
benzo[a]pyrene 47 4] 68 52 518 451 745 571 126.0 22
indeno[123cd]pyrene 13 10 <10 11 145 114 <110 123 -—- -—
dibenz[ah]anthracene <10? <10 <10 <10 <110 <110 <110 <110 - ---
benzo[ghi]perylene <12 <12 <12 <12 <128 <128 <128 <128 o —

! SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).
2 < = <MQL of Contro] Lipid on Day 1.




TABLE 8 B, SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Lipid, Day 4).

ng / Lipid * ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V.
naphthalene 88 74 93 85 964 808 1,025 932 91.6 10
acenaphthylene 140 133 152 142 1,533 1,466 1,675 1,558 87.0 6
acenaphthene 160 150 173 161 1,758 1,651 1,904 1,771 104.0 6
fluorene 195 202 213 203 2,140 2,224 2,344 2,236 83.9 4
phenanthrene 194 191 212 199 2,131 2,099 2,331 2,187 102.6 5
anthracene 147 148 184 160 1,612 1,623 2,023 1,753 191.2 11
fluoranthene 168 164 198 177 1,849 1,798 2,173 1,940 165.8 9
pyrene 148 151 167 155 1,627 1,654 1,840 1,707 94 .4 6
benz[a]anthracene 169 167 189 175 1,856 1,837 2,073 1,922 106.7 6
chrysene 136 154 152 147 1,498 1,693 1,668 1,620 86.9 5
benzo[b]fluoranthene 134 127 152 137 1,473 1,391 1,668 1,511 116.2 8
benzo[k]fluoranthene 74 88 90 84 814 970 991 925 78.9 9
benzo[a]pyrene 82 80 97 86 898 875 1,065 946 84.7 9
indeno[123cd]pyrene 49 47 63 53 535 515 688 579 77.1 13
dibenz[ah]anthracene 13 13 15 14 141 141 164 148 10.9 7
benzo[ghilperylene 39 37 33 36 429 408 357 398 30.0 8

1 SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Totali SPMD mass = 0.54g).




TABLE 8 C. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Lipid, Day 7).

ng / Lipid ! ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V.
naphthalene 67 99 65 77 736 1,090 710 845 173.4 21
acenaphthylene 123 207 108 146 1,352 2,276 1,181 1,603 480.9 30
acenaphthene 136 248 119 168 1,493 2,726 1,304 1,841 630.5 34
fluorene 171 273 143 196 1,880 3,002 1,568 2,150 615.8 29
phenanthrene 183 284 161 209 2,011 3,122 1,770 2,301 588.7 26
anthracene 137 256 111 - 168 1,508 2,808 1,216 1,844 691.8 38
fluoranthene 183 272 151 202 2,015 2,991 1,657 2,221 563.7 25
pyrene 146 226 127 166 1,609 2,482 1,397 1,829 469.9 26
benz[a]anthracene 157 226 139 174 1,720 2,479 1,522 1,907 412.6 22
chrysene 156 226 144 175 1,713 2,481 1,578 1,924 397.8 21
benzo[b]fluoranthene 133 195 122 150 1,462 2,147 1,343 1,651 354.5 21
benzo[k]fluoranthene 102 160 87 116 1,123 1,756 958 1,279 343.9 27
benzofa]pyrene 79 129 76 95 873 1,416 835 1,041 265.7 26
indene{123cd]pyrene 54 87 51 64 596 953 556 701 178.4 25
dibenz[ah]anthracene 17 35 16 23 186 386 175 249 97.0 39
benzofghi]peryvlene 19 34 13 22 203 375 144 241 97.8 41

1 SPMDs = 10 cm x 2.54 ¢cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).



TABLE 8 D. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Lipid, Day 14).

ng / Lipid ! ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V.
naphthalene 84 142 55 70 927 151 601 764 - -
acenaphthylene 169 8712 149 159 1,853 951 1,635 1,744 - -
acenaphthene 197 1082 175 186 2,166 1,184 1,921 2,043 - —-
fluorene 232 175 208 205 2,548 1,926 2,282 2,252 254.8 11
phenanthrene 265 211 236 237 2,915 2,314 2,595 2,608 245.6 9
anthracene 213 151 172 179 2,344 1,658 1,885 1,962 285.3 15
fluoranthene 269 219 237 241 2,952 2,405 2,602 2,653 225.9 9
pyrene 220 188 199 202 2,419 2,062 2,184 2,221 148.2 7
benz[a]anthracene 270 205 221 232 2,967 2,252 2,431 2,550 303.9 12
chrysene 235 181 205 207 2,578 1,991 2,256 2,275 239.9 11
benzo[b]fluoranthene 196 168 180 181 2,149 1,845 1,977 1,990 124.6 6
benzo[k]fluoranthene 182 144 151 159 1,997 1,585 1,662 1,748 178.9 10
benzo[a]pyrene 134 108 121 121 1,470 1,187 1,333 1,330 115.8 9
indeno[123cd]pyrene 99 82 85 89 1,090 901 931 974 83.0 9
dibenz[ah]anthracene 45 36 36 39 489 390 398 426 44.9 11
benzo[ghilperylene 40 34 32 35 442 376 347 388 39.6 10

1 SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triclein and 0.45g membrane (Total SPMD mass = 0.54g).
? = Compounds lost during sample processing, not used in calculaltions.




TABLE 8 E. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Lipid, Day 28).

ng / Lipid ! ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean Std Dev. C.V.
naphthalene 32 99 84 72 349 1,084 0925 786 3154 40
acenaphthylene 112 199 169 160 1,229 2,191 1,853 1,758 398.7 23
acenaphthene 165 258 216 213 1,810 2,830 2,376 2,338 417.2 18
fluorene 202 290 234 242 2,214 3,190 2,567 2,657 403 .4 15
phenanthrene 240 339 255 278 2,632 3,723 2,804 3,053 478.9 16
anthracene 220 233 221 225 2,421 2,556 2,430 2,469 61.7 3
fluoranthene 295 384 252 310 3,236 4,218 2,768 3,407 604.0 18
pyrene 250 341 214 268 2,742 3,748 2,352 2,947 588.4 20
benz[a]anthracene 283 313 236 277 3,104 3,437 2,590 3,044 348.5 11
chrysene 271 290 246 269 2,980 3,189 2,704 2,958 198.5 7
benzo[b]fluoranthene 221 254 187 221 2,427 2,790 2,057 2,425 2992 12
benzo[k]fluoranthene 204 215 165 195 2,241 2,363 1,815 2,140 234.6 11
benzofa]pyrene 161 177 126 154 1,765 1,944 1,384 1,697 233.7 14
indeno[123cd]pyrene 126 138 93 119 1,387 1,520 1,021 1,309 210.9 16
dibenz{ah]anthracene 120 55 53 76 1,320 602 579 834 343.8 41
benzo[ghi]perylene 165 115 61 114 1,813 1,267 671 1,251 466.3 37

1 SPMDs = 10 cm x 2.54 cm with 0.1 mL {0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).




TABLE 8 F. SPMD UPTAKE OF PAHs IN FRESHWATER STATIC EXPOSURES
(SPMD Lipid, Day 56).

ng / Lipid ! ng/g
PAHs

Rep #1 Rep #2 Rep #3 Mean | Rep #1 Rep #2  Rep #3 Mean Std Dey. C.V.
naphthalene 41 22 <10 23 32 453 244 <110 348 - --
acenaphthylene 121 92 58 3 107 1,330 1,014 640 1,172 = ---
acenaphthene 164 142 o1 3 153 1,803 1,560 997 1,682 -— -—
fluorene 215 1590 161 189 2,358 2,087 1,774 2,073 238.9 12
phenanthrene 263 209 218 230 2,890 2,301 2,391 2,527 259.0 10
anthracene 196 171 135 167 2,151 1,874 1,484 1,836 273.6 15
fluoranthene 275 259 225 253 3,019 2,848 2,471 2,779 228.7 8
pyrene 231 208 192 210 2,533 2,290 2,110 2,311 173.4 8
benz[a]anthracene 317 223 262 267 3,478 2,449 2,879 2,936 421.8 14
chrysene 259 242 233 245 2,843 2,656 2,563 2,687 116.5 4
benzo[b]fluoranthene 225 189 171 165 2,473 2,077 1,877 2,142 247.5 12
henzo[k]fluoranthene 228 177 182 196 2,508 1,943 1,996 2,149 254.7 12
benzo[a]pyrene 155 125 113 131 1,701 1,377 1,238 1,439 193.9 13
indeno{123cd]pyrene 116 86 82 95 1,276 %40 %02 1,039 168.0 16
dibenz[ah]lanthracene 103 82 75 87 1,133 897 823 951 132.2 14
benzo[ghi]perylene 130 91 89 103 1,429 998 974 1,133 209.0 18

—

(]

SPMDs = 10 cm x 2.54 cm with 0.1 mL (0.09g) triolein and 0.45g membrane (Total SPMD mass = 0.54g).
< = <MQL of Control Lipid on Day 56.
= Compounds lost during sample processing, not used in calculaltions.




TABLE 9 A. WATER CONCENTRATIONS FOR PAH FRESHWATER STATIC EXPOSURES, DAY 1

‘ng / Sample !
PAHs ng /L2

Rep 1 Rep 2 Rep 3 Mean  Std Dev. C.V. Mean
naphthalene 175 507 433 372 142 38 530
acenaphthylene 456 515 483 485 24 5 598
acenaphthene 406 511 464 461 43 9 595
fluorene 415 512 440 456 41 9 550
phenanthrene 460 466 450 458 7 1 536
anthracene 460 454 405 439 24 6 660
fluoranthene 474 493 470 479 10 2 502
pyrene 491 473 448 470 17 4 402
benz[a]lanthracene 497 488 462 482 15 3 536
chrysene 497 540 514 517 18 3 618
benzo[b]fluoranthene 463 464 434 453 14 3 450
benzo[k]fluoranthene 463 442 430 445 14 3 618
benzo[a]pyrene 397 378 355 377 17 5 455
indeno[123cd]pyrene 377 396 386 386 8 2 452
dibenz[ah]Janthracene 282 284 293 286 5 2 448
benzofghilperylene 243 286 282 270 19 7 493

1Sample = 0.9 L of water extracted.
2 ng/L results corrected for water spike recovery.



TABLE 9 B. WATER CONCENTRATIONS FOR PAH FRESHWATER STATIC EXPOSURES, DAY 4

ng / Sample !

PAHs ng/L?

Repl Rep 2 Rep 3 Mean  Std Dev. C.V. Mean

naphthalene 350 113 398 287 124 43 409
acenaphthylene 255 204 300 253 39 16 312
acenaphthene 208 178 252 213 31 14 275
fluorene 188 210 209 202 10 5 244
phenanthrene 153 182 168 168 12 7 196
anthracene 153 134 149 145 8 6 218
fluoranthene 137 191 182 170 24 14 178
pyrene 152 156 134 147 10 7 126
benz[a]anthracene 190 188 156 178 16 9 198
chrysene 190 205 213 203 9 5 242
benzo[b]fluoranthene 183 181 148 171 16 9 169
benzo[k]fluoranthene 183 235 227 215 23 11 298
benzo[a]pyrene 142 155 155 151 6 4 182
indeno[123cd]pyrene 247 249 232 243 8 3 284
dibenz[ahlanthracene 266 288 295 283 13 4 443
benzo[ghi]perylene 261 247 246 251 7 3 458

1Sample = 0.9 L of water extracted.
2 ng/L results corrected for water spike recovery.



TABLE 9 C. WATER CONCENTRATIONS FOR PAH FRESHWATER STATIC EXPOSURES, DAY 7

ng / Sample !

PAHs ng/L:?

- Rep 1 Rep 2 Rep 3 Mean Std Dev. C.v. Mean
naphthalene 305 229 206 246 42 17 351
acenaphthylene 249 195 170 204 33 16 252
acenaphthene 191 142 123 152 29 19 197
fluorene 204 125 110 147 41 28 177
phenanthrene - 83 77 70 77 5 7 90
anthracene 83 49 . 44 59 17 30 88
fluoranthene 52 46 48 48 2 5 51
pyrene 34 42 53 43 8 18 37
benz[a]anthracene 20 44 48 38 13 33 42
chrysene 20 44 50 38 13 34 45
benzo[b]fluoranthene 92 47 50 63 20 32 62
benzo[k]fluoranthene 92 64 69 75 12 16 104
benzo[alpyrene 76 36 42 51 18 35 62
indeno{123cd]pyrene 126 82 83 97 21 21 113
dibenz[ah]anthracene 213 165 150 176 27 15 276
benzo[ghi]perylene 118 144 131 131 11 8 238

1Sample = 0.9 L of water extracted.
2 ng/L results corrected for water spike recovery.



TABLE 9 D. WATER CONCENTRATIONS FOR PAH FRESHWATER STATIC EXPOSURES, DAY 14

ng / Sample !

PAHSs ng/L?

Rep 1 Rep 2 Rep 3 Mean Std Dev. C.V. Mean

naphthalene 222 -3 32 127 - - 181
acenaphthylene 201 -—- 66 133 --- “ee 164
acenaphthene 117 e 32 75 — - 96
fluorene 112 - 71 91 - - 110
phenanthrene 60 -- 53 57 - - 66
anthracene 42 - 35 38 - - 58
fluoranthene 21 --- 23 22 - - 23
pyrene 21 - 15 18 - - 15
benz{alanthracene 25 -— 23 24 — - 27
chrysene 28 - 23 26 e - 31
benzo[b]fluoranthene 24 - 16 20 s - 20
benzo[k]fluoranthene 46 - 67 57 e -—- 79
benzo[a]pyrene 20 -— 28 24 -—- - 29
indeno[123cd)pyrene | 58 64 61 71
dibenz{ah]anthracene 137 — 212 175 - — 274
benzo[ghilperylene 129 -—- 185 157 - oo 286

1Sample = 0.9 L of water extracted.
2 pg/L results corrected for water spike recovery.
3 -—- = Less than 3 Reps available.



TABLE 9 E. WATER CONCENTRATIONS FOR PAH FRESHWATER STATIC EXPOSURES, DAY 28

ng / Sample !

PAHs ng/L?

o Rep 1 Rep 2 Rep 3 Mean Std Dev. C.V. Mean
naphthalene 76 144 172 131 40 31 186
acenaphthylene 79 97 152 109 31 28 135
acenaphthene 74 62 100 79 16 20 102
fluorene 60 55 83 66 12 19 80
phenanthrene 35 - 30 37 34 3 8 40
anthracene 19 12 - 37 23 10 45 34
fluoranthene 17 12 64 31 23 75 32
pyrene 13 11 334 12 12 100 10
benz[aJanthracene 11 6 14 11 3 31 12
chrysene 18 4 14 12 6 48 15
benzo[b]fluoranthene 8 <23 9 6 6 100 6
benzo[k]fluoranthene 12 5 9 3 31 12
benzo[a]pyrene 7 3 2 4 2 49 5
indeno[123cd]pyrene 32 10 34 25 11 42 29
dibenz[ah]anthracene 115 62 90 89 2 24 140
benzo[ghi]perylene 74 41 63 59 13 23 108

1Sample = 0.9 L of water extracted.
2 ng/L results corrected for water spike recovery.
3 < = Concentration less than MQL. of Control Water.



TABLE 9 F. WATER CONCENTRATIONS FOR PAH FRESHWATER STATIC EXPOSURES, DAY 56

ng / Sample !

PAHs ng/L?

Rep 1 Rep 2 Rep 3 Mean Std Dev. C.V. Mean

naphthalene 133 55 148 112 41 37 159
acenaphthylene 117 75 76 89 19 21 110
acenaphthene 80 59 81 74 10 14 95
fluorene 61 59 58 59 2 3 72
phenanthrene 31 27 ---3 29 -—- - 34
anthracene 14 12. -—- 13 -—- - 19
fluoranthene 22 43 23 29 10 33 31
pyrene 23 62 66 51 19 38 43
benz[a]anthracene 6 5 -—- 5 -~ e 0
chryseue 2 6 - 4 -— --- 5
benzo{b]fluoranthene <24 4 — 3 - - 3
benzo[k]fluoranthene <2 4 -—- 3 - -—- 4
benzofa]pyrene 3 5 - 4 - —- 5
indeno{123cd]pyrene 6 15 -— 10 - -— 12
dibenz[ah]anthracene 53 114 75 81 25 31 126
benzo{ghi]perylene 43 109 -- 76 - - 139

1Sample = 0.9 L of water extracted.

2 ng/L results corrected for water spike recovery.

3 .. = Less than 3 Reps available.

4 < = Concentration less than MQL of Control Water.
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Figure 1. Effect of exposure time on SPMD sampling rates (Rs

1 g triolein configuration) for selected PAHS.
Values {flow through, 100 ng/L at 18°C) are
recovery corrected and represent the mean of three
determinations. In all cases the coefficients of
variation are < 10%.
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Figure 2, Th