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[1] The production and fate of transparent exopolymer particles (TEP) have been
investigated in various oceanic regions (tropical, temperate, and polar), from the sea
surface microlayer (SML) to the deep ocean. Accumulation of TEP within the mixed layer
was observed even in the absence of phytoplankton blooms, indicating abiotic processes
are important in TEP production. The abiotic TEP aggregation rates measured in the
tropical and temperate North Pacific and the Arctic Ocean averaged between 8 and
12 mmol C L�1 d�1. Depth profiles from under sea ice in the Arctic revealed the highest
TEP concentrations, potentially released by sympagic algal activity at the bottom of the
sea ice. The aggregation rates in the SML, the interfacial layer between the ocean and
atmosphere, were generally enhanced over those in the bulk surface waters by factors of
2 to 30. This finding further strengthens a developing consensus on the gelatinous nature
of the SML, which will also affect microbial life, light penetration, and surface wave
properties. We present a conceptual model implying that abiotic aggregation is an
important factor for TEP production in the ocean, in particular in sea surface microlayers,
while consumption by zooplankton and protists recycle TEP, providing a new pool of
dissolved precursor material. Overall, TEP is recycled within the water column through
heterotrophic grazing and degradation, providing a new pool of TEP precursor materials,
while enhanced aggregation rates of TEP in the SML indicates the importance of this thin
surface film in the marine carbon cycle.

Citation: Wurl, O., L. Miller, and S. Vagle (2011), Production and fate of transparent exopolymer particles in the ocean,
J. Geophys. Res., 116, C00H13, doi:10.1029/2011JC007342.

1. Introduction

[2] The formation and sinking of biogenic particles medi-
ate vertical mass fluxes, influence optical properties and
drive elemental cycling in the ocean, ultimately driving both
primary and secondary production and contributing to global
climate control. Whereas marine scientists have focused
primarily on particle production by phytoplankton growth
and aggregation, particle formation by the abiotic assembly
of organic macromolecules has been largely neglected.
[3] Transparent exopolymer particles (TEP), ubiquitous

and abundant in the ocean, are gels possessing strong surface
active properties [Passow, 2002]. These particles are mainly
formed by abiotic coagulation of dissolved carbohydrates
[Chin et al., 1998] excreted by phytoplankton communities.
Due to their surface active properties, or “stickiness,” TEP
act as a glue matrix for other solid particles (i.e., detritus),
forming larger aggregates (marine snow) and playing an
important role in the export of carbon from the surface to the

deep ocean [Passow et al., 2001]. In addition, they represent
an essential food source for the benthos and microorganisms
residing within the water column below the euphotic zone.
Earlier studies have shown that TEP concentrations decrease
with depth [Engel et al., 2004], implying at least some
consumption by bacteria during sinking.
[4] If unballasted, TEP are positively buoyant and ascend

toward the surface to accumulate in the sea surface micro-
layer (SML), contributing a gelatinous composition to this
interfacial film between the ocean and atmosphere [Wurl
and Holmes, 2008; Wurl et al., 2009]. Cunliffe and Murrell
[2009] reviewed and discussed the finding of the gelati-
nous nature of the SML within the context of the bacter-
ioneuston, e.g., bacterial communities residing in the SML.
The SML is known to concentrate, to varying degrees, many
chemical compounds (i.e., carbohydrates, proteins, and lipids),
in particular those that are surface active (surfactants), modi-
fying the chemical and physical properties of the sea surface.
For example, the gelatinous, or biofilm-like, composition of
the SML may also have significant effects on the penetration
of light and UV radiation. For example, Elasri and Miller
[1999] showed that biofilm matrices adsorb UV radiation to
a significant extent. High amounts of surface active substances
in the SML also cause wave damping, affecting light reflection
and, consequently, penetration.
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[5] It has been hypothesized that particle aggregation may
be enhanced in the SML due to coagulation of the concen-
trated dissolved organic matter. Williams [1967] wrote:
“Detritus derived from the surface films [SML] undoubtedly
contributes some fractional part to the particulate organic
matter in the euphotic zone and possibly to deep water
particulates.” Earlier Riley [1963] concluded, “Formation on
the sea surface seems the only likely explanation for sheet-
like aggregates of the order of meter or two in lengths that
have been observed occasionally,” and although we now
know that pelagic invertebrates also contribute to the forma-
tion of such aggregates, processes at the sea surface almost
certainly contribute, as well. In his seminal paper, Carlson
[1993] suggested various processes that potentially favor the
transformation from dissolved to particulate organic matter,
including heterogeneous precipitation, phase changes of sur-
face molecules and repetitive compression and dilation of the
sea surface by wave motion. However, to date, none of these
speculations have been confirmed.
[6] The aim of this study was to investigate the production

and fate of TEP in different regions of the ocean (tropical,
temperate and polar). We have investigated the formation
rates and accumulation of TEP in the euphotic zone and
how these relate to water column stratification, primary
production and sea surface conditions. Furthermore, we have
investigated TEP production in the SML to test the hypo-
thesis of enhanced particle aggregation in this interfacial
boundary layer. The results are tied together with a new
conceptual model for the TEP cycle in the ocean.

2. Methods

2.1. Study Areas

[7] Water samples were collected as part of the Radiance
in a Dynamic Ocean (RaDyO) project onboard the R/V Kilo
Moana off Hawaii, on an Arctic research cruise onboard the
CCGS Amundsen as part of the Canadian ArcticNet pro-
gram, from the CCGS J.P. Tully as part of the Line P and
La Perouse programs (see Line P web page provided by
Fisheries and Oceans Canada) and from a research ice camp
hosted by the Catlin Arctic Survey in the high Canadian
Arctic. The ice base was located at N 78° 46.2′W 104° 43.3′
in Deer Bay, off Ellef Ringnes Island. The water depth at the
site of the ice base is unknown but greater than 230 m, as
measured with the winch wire. The sampling areas and times
represent different trophic states, as well as climatic condi-
tions (Figure 1). Physical and biological features of the
sampling areas are presented in Table 1.

2.2. Sample Collection

[8] For this study we collected 16 water column profiles
(from the SML down to as deep as 4200 m), plus 12 paired
samples from the SML and bulk water at a depth of 1 m.
Samples from the SML were collected using a glass plate
sampler [Harvey and Burzell, 1972] from the bow of a small
boat as described in detail by Wurl et al. [2011]. The glass
plate was immersed vertically and withdrawn gently at a
speed of 5–6 cm s�1 (as consistently as conditions allowed).
Adhering water was removed by wiping the plate with a
squeegee into a sample container. The SML thickness col-
lected by this withdrawal rate is about 50 mm [Carlson,
1982] and consistent with experimentally determined SML

thicknesses of 50 � 10 mm using pH microelectrodes
[Zhang et al., 2003]. Subsurface samples from 1 m were
collected with a 120 mL syringe and weighted polypropyl-
ene tubing. Separate subsurface samples from 1 and 8 m
were also collected with the syringe and tubing and were
filtered onto GF/F filters (47 mm diameter; 500–2000 mL)
for chlorophyll-a (Chl-a) analysis. All samples were stored
cool during sampling operations. All sampling equipment
was washed with 10% HCl and rinsed with ultra pure water
prior to use.
[9] Samples from the Catlin ice camp were collected with

a Niskin bottle and a hand-operated winch through an ice
hole (sea ice thickness about 1.6 m). The ice hole was
located about one nautical mile from the camp and about
five nautical miles from the nearest shore in water more than
200 m deep. A tent was built over the ice hole to facilitate
sampling without freezing and to help keep the hole open
between sampling events (typically every 2–3 days), thereby
minimizing any disturbances of the underlying water column
immediately prior to sampling. Ice slurry from the water
surface was removed with a sieve prior to sampling.
[10] At the water column sampling locations (Figure 1),

temperature, salinity, fluorescence and dissolved oxygen
concentration were measured by CTD casts. In the Pacific,
the mixed layer depth (MLD) was estimated as the depth at
which temperature differed from the surface by 0.1°C. Steiner
et al. [2007] showed good agreement between this criterion
and MLD derived from modeled turbulent kinetic energy at
station P. In the Arctic Ocean (ARC and CAT stations),
the MLD was estimated as the depth at which density differed
from the surface by 0.125 kg m�3. The depth of the euphotic
layer (zEu) was estimated from the Secchi disk depth (zSec) as
zEu = 1.79 zSec [Preisendorfer, 1986].
[11] At the time of SML collection, averaged wind speed

was measured using a handheld weather station (Kestrel,
Model 3000). We also noted the formation of surface slicks in
the sampling area by visual observation. During slick condi-
tions, the concentration of surface active organic materials in
the SML exceeds some presently unknown threshold value,
and the microlayer becomes visible as smooth gray spots or
stripes due to capillary wave damping.

2.3. Chemical Analysis

[12] The TEP concentrations were measured spectropho-
tometrically according to a dye-binding assay [Engel, 2009].
Subsamples (10 to 200 mL) of SML and subsurface water
were filtered onto 0.4 mm polycarbonate filters under low
vacuum (<100 mm Hg) immediately after collection, stained
with 500 mL alcian blue solution (0.02 g alcian blue in
100 mL of acetic acid solution of pH 2.5), and rinsed twice
with 1 mL of DI water. Each filter was soaked for 2 h in
6 mL of 80% sulfuric acid (H2SO4) to dissolve the dye
and then the absorbance of the solution was measured at
787 nm in a 1 cm cuvette. The acidic polysaccharide xanthan
gum (Sigma Aldrich) was used as a standard. The detection
limit and precision were 4 mg xanthan gum equivalents
(Xeq) L�1 and better than 13%, respectively. Concentrations
in mg Xeq L�1 have been converted to carbon (mg C L�1)
using the conversion factor of 0.63 [Engel, 2004], which is
based on a reanalysis of multiple investigations using dif-
ferent phytoplankton cultures and therefore, is appropriate
for our study of diverse marine environments.
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[13] The concentrations of total dissolved carbohydrates
were determined spectrophotometrically using 2,4,6-tripyr-
idyl-s-triazine (TPTZ) as a complexing reagent [Myklestad
et al., 1997]. Subsamples for TDC were filtered over
0.2 mm polycarbonate filters prewashed in 10% HCl. Fil-
trates were stored in precombusted (450°C for 5 h) screw
cap test tubes at �20°C for up to 4 weeks. Prior to analysis,
the samples were hydrolyzed with 0.85 M H2SO4 (final
concentration) at 100°C for 24 h to convert polysaccharides

to monosaccharides [Borch and Kirchman, 1997]. Concen-
trations of monosaccharides were determined with the same
approach in nonhydrolyzed samples, and the concentrations
of dissolved polysaccharides (PCHO) were determined by
the concentration difference between total carbohydrates and
monosaccharides. The procedure typically has a precision
better than 7%, based on samples analyzed in triplicate.
[14] Primary production was computed using the Vertical

Generalized Production Model (VGPM) [Behrenfeld and

Figure 1. Sampling sites off Vancouver Island (SS), along Line P (P), offshore Hawaii (HI), in the north-
west passage (ARC), and at the Catlin ice base (CAT). Black dots represent microlayer and full water
column sampling, and white dots represent only microlayer and subsurface water (1 m depth). Note that,
for clarity, only the big island of Hawaii is shown.

Table 1. Physical and Biological Features of Sampling Sites for Water Column Profiles

Sampling Date
Latitude/

Longitude (deg)
MLDa

(m)

Chl-ab

(mg L�1)
PPb

(g m�2 d�1)
Depth of

Max. FLc (m)
Sea Ice Coverage

(Visual Observation)1 m 8 m 1 m 8 m

North Pacific
SS 3 3 Jun 2009 51.25/�129.35 8.9 1.54 1.72 2.53 n.a. 25.0
P 12 9 Jun 2009 48.97/�130.67 12.4 0.42 0.43 1.99 0.40 35.6
P 20 11 Jun 2009 49.57/�138.73 11.0 0.46 0.37 1.65 0.26 37.5
P 26 14 Jun 2009 50.00/�145.00 12.8 0.30 0.31 1.79 0.26 41.3

Offshore Hawaii
HI 1 27 Aug 2009 19.25/�156.13 21.3 0.53 0.46 0.81 1.04 125.6
HI 2 28 Aug 2009 19.25/�155.97 22.0 0.63 0.38 1.19 0.86 114.9
HI 3 1 Sep 2009 17.77/�156.07 39.1 0.52 0.47 0.48 0.44 114.2
HI 7 9 Sep 2009 18.00/�158.42 31.4 0.42 0.47 0.71 0.66 147.0

Arctic Ocean
ARC 437 14 Oct 2009 71.78/�126.49 29.0 0.34 0.31 0.03 0.03 36.4 0%
ARC 308 19 Oct 2009 74.10/�108.83 13.0 0.14 0.15 0.01 0.01 23.9 100%
ARC 304 23 Oct 2009 74.31/�91.33 26.0 1.68 1.61 0.15 0.14 5.7 100%
ARC 115 29 Oct 2009 76.33/�71.19 20.0 0.71 0.57 0.01 0.01 6.3 0%
CAT 1 25 Mar 2010 78.77/�104.72 12.0 6.40 5.67 n.a. n.a. n.a. 100%
CAT 2 18 Apr 2010 78.77/�104.72 12.5 4.20 6.07 n.a. n.a. n.a. 100%
CAT 3 22 Apr 2010 78.77/�104.72 14.0 6.90 7.80 n.a. n.a. n.a. 100%
CAT 4 24 Apr 2010 78.77/�104.72 13.0 6.57 5.67 n.a. n.a. n.a. 100%

aMixed layer depth.
bChlorophyll-a (Chl-a) and primary production (PP) as reported by Wurl et al. [2011]. Chl-a data at CAT stations from 3m and 10 m depth.
cMaximum fluorescence (FL) reading from conductivity-temperature-depth sensor package.
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Falkowski, 1997] as described by Wurl et al. [2011]. For
Chl-a determination, filters were extracted into 10 mL of
acetone for 24 h at 4°C, with sonication for the first five
minutes. Spectrophotometric analysis was conducted accord-
ing to Strickland and Parsons [1972], substituting the equa-
tion from Jeffrey and Humphrey [1975]. Chlorophyll-a data
for the ARC and CAT stations were provided by M. Gosselin
(ISMER, Université du Québec à Rimouski) and H. Findlay
(Plymouth Marine Laboratory, UK), respectively.

2.4. Validation of Glass Plate Techniques
for Collection of TEP

[15] The possibility that TEP from the bulkwater could
stick to the glass plate, and thereby appear to be part of the
microlayer pool, was of a concern, and we investigated the
potential for such a bias. First, we filled acid-washed glass
bottles (soda lime glass similar to the glass plate) with sea-
water of known TEP concentration. After an exposure of ten
seconds, equivalent to the time required for a single dip with
the glass plate, the water was discharged. Three ml of Alcian
blue were added to the bottles to stain the TEP adhering to
the walls. Bottles were rotated gently to ensure all surfaces
are stained. Staining occurs immediately. Bottles were rinsed
with several mL of DI water to remove excessive staining
solution. Six ml of 80% sulphuric acid were added to the
bottles and extracted for two hours on a rolling table. Con-
trol bottles that had not been exposed to seawater were
treated similarly. Second, we loaded ten mL of DI water
onto horizontal glass plates, which had been used for sam-
pling. After several seconds, the DI water was wiped off
with a squeegee directly into a filter funnel for TEP filtration
and staining as described in the previous section. This pro-
cedure was repeated thrice for each side of the glass plate.

Third, the used glass plates from the previous experiment
were stained with about ten ml of alcian blue solution, rinsed
with DI water, and the stained matter was extracted by
carefully rinsing the plate with six mL of 80% sulphuric
acid. This experiment did not allow an extraction time of
two hours, but shorter extraction time may remove the
majority of the stained matter efficiently [Passow and
Alldredge, 1995].
[16] The amount of TEP extracted from the glass bottle

wall was on average 10 � 4% of the concentration of TEP
in the seawater used to fill the bottles. A similar observation
was reported by Ortega-Retuerta et al. [2009b] and indi-
cates that a small fraction of bulkwater TEP may adhere
to the glass plate during sampling. Triplicate experiments
on rinsing and wiping (with a squeegee) glass plates that
had been exposed to seawater with DI water gave absor-
bances of 0.161 � 0.013, 0.199 � 0.024 and 0.210 � 0.024
after filtration of the rinses (n = 6 for each experiment) and
extraction of TEP-stained filter membranes. The measured
absorbances were insignificantly different (p = 0.2644,
unpaired t test) from the absorbance of pure DI water (abs =
0.209 � 0.030, n = 4). The results indicate that any TEP
stuck to the glass plate is not removed by wiping off
adhering water. Final staining of the used glass plates yiel-
ded an average absorbance of 0.271 � 0.077, indicating a
small quantity of TEP on the plate, similar to our glass bottle
experiments and those of Ortega-Retuerta et al. [2009b].
Overall, our results indicate quick adherence of glass sur-
faces with TEP without any significant effect on the integrity
of adhering SML sample. Some TEP from the microlayer
may adhere to the plate more persistently too, but based
on our bottle experiments, only a small fraction of TEP
seems to stick on the glass surface. We also routinely

Table 2. Average Concentrations of TEP (mmol C L�1) and PCHO (mmol C L�1), and dTEP/dt Formation Rates (mmol C L�1 d�1)
Above and Below the Mixed Layer Depth (MLD) to 250 m

Sampling Date

TEP PCHO dTEP/dt

Above MLD Below MLD Above MLD Below MLD Above MLD Below MLD

North Pacific
SS 3 3 Jun 2009 16.0 4.9 10.8 17.8 5.9 4.6
P 12 9 Jun 2009 41.2 14.6 12.8 5.4 14.7 3.4
P 20 11 Jun 2009 8.0 6.4 8.1 14.0 2.8 4.4
P 26 14 Jun 2009 7.0 3.2 17.1 6.8 8.0 0.9
Average � SD 18.1 � 15.9 7.3 � 5.1 12.2 � 3.8 11.0 � 5.9 7.9 � 5.0 3.3 � 1.7

Offshore Hawaii
HI 1 27 Aug 2009 37.9 10.9 21.2 23.9 26.8 12.7
HI 2 28 Aug 2009 11.6 8.4 23.2 10.1 10.8 4.8
HI 3 1 Sep 2009 3.9 2.5 25.7 22.0 7.9 5.2
HI 7 9 Sep 2009 3.3 <2.5 10.9 8.9 2.0 1.2
Average � SD 14.2 � 16.3 5.8 � 4.6 20.3 � 6.5 16.2 � 7.8 11.9 � 10.6 6.0 � 4.8

Arctic Ocean
ARC 437 12 Oct 2009 11.8 6.1 10.9 19.6 3.8 5.9
ARC 308 19 Oct 2009 5.3 5.0 2.9 6.3 0.6 1.1
ARC 304 23 Oct 2009 6.6 5.2 11.4 11.8 3.0 2.6
ARC 115 29 Oct 2009 18.1 13.4 17.7 16.2 11.8 7.0
Average � SD 10.5 � 5.8 7.4 � 4.0 10.7 � 6.1 13.5 � 5.8 4.8 � 4.9 4.2 � 2.8
CAT 1 25 Mar 2010 6.5 4.3 11 1.8 3.4 0.3
CAT 2 18 Apr 2010 74.3 43.2 12.0 5.9 23.5 7.6
CAT 3 22 Apr 2010 28.2 16.6 12.1 9.4 12.5 5.0
CAT 4 24 Apr 2010 27.4 17.4 10.8 17.7 9.0 11.9
Average � SD 33.8 � 28.7 19.8 � 16.5 12.2 � 1.1 8.2 � 5.8 12.0 � 8.4 5.6 � 4.0
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condition the glass plate sampler with 10–15 dips before
collecting samples.

2.5. Aggregation Model

[17] Aggregation by physical coagulation requires that
primary polymers and particles collide by Brownian motion
or advection and then stick together. Coagulation theory
as established by Smoluchowski [1917] has recently been

applied to describe aggregation of marine particles [Burd
and Jackson, 2009]:

dTEP

dt
¼ aPCHObPCHO PCHO½ �2 þ aTEPbTEP PCHO½ � TEP½ � ð1Þ

where [PCHO] is the concentration of dissolved polysac-
charide [mmol C L�1], [TEP] is the concentration of TEP

Figure 2. Vertical profiles of TEP (CTEP), dissolved polysaccharides (CPCHO), TEP formation rates
(dTEP/dt), temperature, density (sT), fluorescence (uncalibrated), and oxygen concentration during
cruises in the subpolar North Pacific. Stations (a) SS 3 (on shelf) and (b) P 12 (offshore). MLD, mixed
layer depth; EL, euphotic layer depth.
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[mmol C L�1], aPCHO is the self attachment probability of
PCHO, aTEP is the attachment probability between PCHO-
TEP and bPCHO and bTEP are the carbon-specific collision
kernels (collision frequency functions).
[18] Engel et al. [2004] showed, during a large-scaled

mesocosm study, that such a model is adequate to describe
the carbon transfer from dissolved polysaccharides (PCHO)

to TEP. Thoms [2006] discussed the parameterization of the
model in detail.
[19] Here, we use the carbon-specific collision kernel

according to Engel et al. [2004] as bPCHO = 0.86 L mmol�1 d�1

and bTEP = 0.064 L mmol�1 d�1. We also used an attach-
ment probability, aPCHO, of 0.00087, which was determined
in mesocosm studies [Engel et al., 2004] and is consistent

Figure 3. Vertical profiles of TEP (CTEP), dissolved polysaccharides (CPCHO), TEP formation rates
(dTEP/dt), temperature, density (sT), fluorescence (uncalibrated), and oxygen concentration in the tropical
North Pacific, off Hawaii. Stations (a) HI 1 (25 km offshore Hawaii Island) and (b) HI 7 (300 km offshore
Hawaii Island). Bottom depth was greater than 1000 m for both stations. MLD, mixed layer depth;
EL, depth of euphotic layer.
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with previous estimates of aPCHO < 0.001 [Wells and
Goldberg, 1992]. Attachment probability aPCHO-TEP can
vary between 0.1 and 1 depending on bloom conditions
and stage [Engel, 2000], and we used the model value of
0.4 from Engel et al. [2004]. The attachment probability may
vary considerably among the different oceanic regions,
and the aggregation rates in Table 2 can only be considered
rough estimates. However, we anticipate smaller biases
between attachment probabilities at different depths within

each station, where the TEP should be derived from the same
sources, e.g., the phytoplankton communities.

2.6. Data Analysis

[20] Statistical analyses of the data set were performed
using Graphpad PRISM Version 5.1. Differences, null
hypothesis testing and correlation were considered to be
significant when p < 0.05. We tested hypotheses with para-
metric or nonparametric tests, as stated. The data were log

Figure 4. Vertical profiles of TEP (CTEP), dissolved polysaccharides (CPCHO), TEP formation rates
(dTEP/dt), temperature, density (sT), uncalibrated fluorescence, and oxygen concentration in the southern
Canadian Archipelago. Stations (a) ARC 437 and (b) ARC 115. MLD, mixed layer depth; EL, depth of
euphotic layer.

WURL ET AL.: TRANSPARENT EXOPOLYMER PARTICLES C00H13C00H13

7 of 16





















<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


