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Project Summary

Estrogenic pollution within Puget Sound is a growing concern for the citizens that
care for it. Estradiol (E2) and Ethynylestradiol (EE2) are two of the nséiogenic
compounds that have recently been recognized as contaminants and possible toatalysts
fish abnormalities. English SolP#&rophrys vetulus a native sediment-dwelling species
of fish in the Pacific Northwest, have been documented with lesions, reduced
fertilization, decreased egg and larval viability, and levels of vitellogenin iesma
indicating estrogenic pollution. It has been concluded that sediments are asinlity
estrogenic pollution and consequently contaminating fish populations. To determine if
Puget Sound sediments contain concentrations of these estrogenic compounds, six
stations will be sampled from 19-23 March 2007 using a Van Veen grab sampler and
Multi-Corer. The stations of most concern are those in Elliot Bay, Seattle, and nea
Victoria, BC in the Strait of Juan de Fuca where the urban populations are greatest
Detailed lab procedures will be utilized to detect these compounds within theesedim
and Gas Chromatography — Mass Spectrometry (GC-MS) will be used to athela
concentrations of the two hormones in question. The accumulation and concentration of

these compounds could provide a link to the developmental abnormalities in benthic fish.



Introduction

In recent years there has been increasing awareness that mduternpahd
anthropogenic impacts on coastal waterways may damage marine fish(dtdokson
and Landahl 1994). Public concern about the environmental impact of steroid estrogens
has grown over the past decade due to their potential for disrupting endocrine gystems
animals and humans (Zhigiang and Huang 2005). Understanding the fate of estrogens in
the environment is the key to understanding the potential for human-released estrogens
induce abnormal reproduction in aquatic environments (Braga et al. 2005).

In order to understand the fate of these compounds, it is necessary to understand
the compounds themselves first. Estradiol, otherwise know aestadiol, E2 and
Oestradiol, is a naturally-occurring hormone and represents the majgeesitno
humans. It is produced in the gonads, brain and arterial walls. In women, Esicislias
a growth hormone for tissue of the reproductive organs, supporting the lining of the
vagina, the cervical glands, the endometrium and the lining of the fallopian tubes
(Lascombe et al. 2000).

Ethynylestradiol is the synthetic derivation of Estradiol. It is known as 17
estradiol and EE2, and the difference between these two compounds is contained within
the structure by the addition of an ethynyl group on the C-17 carbon (Table 1). This
structural variation between the two compounds allows for Ethynylestradiolgb res
degradation and immediate absorption to instead be absorbed in the small intestine.
Ethynylestradiol activates the estrogen receptor and then can be usedgenes

mammals. In combination with progestin, a synthetic progestogen, these two compounds



prevent pregnancy by ceasing ovulation. They are commonly found coupled in the birth
control pill (Lascombe et al. 2000).

Both Estradiol and Ethynylestradiol are excreted in the urine as inactive
glucuronides and sulfate conjugates which are readily hydrolyzed and activaated vi
sewage treatment plants (Peck et al. 2004; Zhigiang and Huang 2005). Once these
compounds have been reactivated and released into Puget Sound, they have the ability to
adsorb to sediment particles (Peck et al. 2004; Braga et al. 2005a; Brag9@5bh).
Contaminants have an increased ability to adsorb to fine-grain sediments whitd, due
lower shear stresses, are more readily suspended and transported througlasidube
passages of Puget Sound (Ogston, pers. comm.). This suspension distributes
contaminated particles as far as the flow of water will take them.

As the accumulation of contaminated sediment particles increases, thetdanger
the organisms increases as well. Even at low concentrations, hormone compounds can be
extremely potent; less than 1 n"EE2 can induce vitellogenin (an egg yolk protein
usually associated with adult females) production in male rainbow trout and*4 ngL
cause male fathead minnows to fail to develop normal secondary sexual clsticscte
(Williams et al. 2003). These two types of non-sediment dwelling fish are not common to
Puget Sound however they have been documented with the same abnormalities as
English Sole. This could insinuate that this type of contamination is occurring Hwoss
world and that investigations of abnormalities in various fish species could all be due to
estrogenic pollution.

There have been numerous other investigations of the fish populations

documenting different types of abnormalities among them, lesions (Malins et al, 2006)



reproductive impairment (Peterson et al. 2000; Braga et al. 2005b), feminization of the
male fish (Lai et al. 2000) decreased egg and larval viability (Peck et al. 20&x8d a
enzymatic activites, decreased embryonic development and cellular ddBragge €t al.
2005b). As these fish species continue to develop and grow with these consequential,
anthropogenic abnormalities, they could potentially create a threat to tlystecos of
Puget Sound. If these hormones are potentially affecting the fish to the point yhat the
cannot function normally or reproduce effectively, then there is a possibilitihtee
hormones could eventually contaminate humans (Lascombe et al. 2000).

Estrogens, such as Estradiol and Ethynylestradiol, control a huge numbel of vita
processes of the human body such as: growth, differentiation, functioning of organs
(vagina, ovary, testes, prostate), bone maintenance, and the central nervous and
cardiovascular systems (Lascombe et al. 2000). If something were to happentbealt
natural estrogens within our system, one or more of these functions could ke at ris
Estrogenic pollutants, also known as Endocrine Disrupting Chemicals (EDC), have the
potential to affect human health by increasing the rate of breast cadoathar
endocrinological diseases (Carnevali and Maradonna 2003). There is no actualaneasure
degree of how much these compounds will affect humans in the future, or even if these
compounds are affecting fish species of the region currently, but thisvgillighcite
more considerations.

Three pivotal questions will be investigated: 1) is there an accumulation of
Estradiol and Ethynylestradiol in Puget Sound sediments? 2) is the accumulation and
concentration of these hormones dependent upon location? 3) based upon the results of

guestions one and two, could these hormones be what is affecting the fish populations?



These questions must be assessed to better understand the problem of Estradiol

contamination.

Proposed Research

To determine the levels of Estradiol (E2) and Ethynylestradiol (EE2) irt Puge
Sound, sediment samples will be collected 19-23 March 2007 abod&dMhidomas G.
ThompsonSix sample stations were selected (Table 1, Fig 1) based upon specific
characteristics of each station.

The two stations in Elliot Bay were chosen due to the large population of Seattle,
and to a suggestion by the staff of the National Oceanic and Atmospheric Adations
(NOAA) because of their previous research in the area (Ylitalo, Cooper, pens.c
The station at West Point was chosen due to its proximity to the sewage titcfatriiey
feeding into Main Basin. The station off of Victoria, BC in the Strait of Juan deWwasa
chosen since the sewage treatment facility in Victoria does not treaseéleige before
disposal into Puget Sound (Chapman et al. 1996). The two stations in Hood Canal were
chosen to be proximal to the naval facility in Dabob Bay where there is a sizeabl
population of human inhabitants and decreased water flow which could result in an
increased accumulation of estrogenic compounds (Carr et al. 2001). A sedimert sampl
will be donated by Richard G. Keil from Clayoquot Sound by Vancouver Island as the
control sample since that location is uninhabited by humans (Fig 2).

Samples will be collected in triplicate at each station to support the datsisna
A Van Veen grab sampler (Fig 3) will be used at each station to probe therageario

size. If after the Van Veen probe, the grains prove to be fine-grained K&i)atMulti-



Corer (Fig 4) will be used to collect the samples. The Multi-Corer has foes cor
connected to it that can be cocked separately, thus three cores will be cock&ztto col
samples in triplicate. If the grains are too coarse to deploy the Multi-Gloeevan Veen
will be deployed three times to collect the samples.

For an initial study such as this, the surface layer is the most importansbec
that layer most affects benthic fish (Ylitalo, Cooper, B. pers. comm.). The top two
centimeters will be collected and placed into Whirl-Pak Sediment Bags ugatuéas
The bags will be labeled accordingly. They will be stored in a refrigeait@0° C on
theR/V Thomas G. Thompséor the duration of the cruise before being transferred to a
storage freezer on land at -20° C.

The laboratory analysis begins by transferring the sediment withah spatula
into combusted glass jars to prevent contamination. The samples will then bedfiedze
until the water contained within the sediment is completely dehydrated. Theresm
will be extracted using accelerated solvent extraction techniques and thiggddet
purification steps will follow. The extraction method to be used is standard procédure a
Metro King County Lab (Walker, B. pers. comm.). The final analysis will conis
guantification by Gas Chromatography — Mass Spectrometry (GC-MS))E#hang et

al. 2006).

Expected Findings
Since Estradiol is not a synthetic estrogen there will already bectalde

amount of this compound within the sediments since it is also produced by marine



mammals. Ethynylestradiol is a synthetic compound thus any detection cdnound
in the sediments can be directly correlated to human input.

The sediments of Elliot Bay, West Point and Victoria are all expected to have
large amounts of Estradiol and Ethynylestradiol accumulated within the sainplés
the large populations of humans resulting in increased sewage outflow. The stations of
Hood Canal are expected to have a noticeable amount of these hormones but less than the
previously listed stations. Clayoquot Sound on Vancouver Island is expected to have a
detectable amount of Estradiol due to the marine mammal input, but no trace of
Ethynylestradiol since it is uninhabited by humans. If there are no ddeeldaels in the
sediment, then the methodology and sample sites chosen will be reviewed for

possibilities of error.



Proposal Budget

Effective
Item Unit Cost Quantity Supplier Cost Cost
R/V Thomas G.  $22,000/day 5 days uw $110,000 $0.00
Thompson Ocean 443
Class
Budget
Van Veen Bottom $6/day 5 days Pooled  $30.00 $30.00
Grab Sampler Equip.
Multi-Corer (Effie) Donated 5 days Richard  $400.00 $0.00
G. Keil's
Lab
Whirly Sediment  $0.10/bag 30 Pooled $3.00 $3.00
Bags Equip.
Core equipment Donated Richard  $0.00 $0.00
G. Keil's
Lab
250mL Glass Donated Case of 4 SachsLab $131.86 $0.00
Beakers *
CAT #: S63244
50mL Glass Donated Caseof4 SachsLab $125.21 $0.00
Beakers *
CAT #: S63241
Alumina oxide, Donated 500g SachsLab $65.84 $0.00
Chromatographic
Grade (800-200
Mesh)
CAT #: EM-
AX0612-3
10mL Graduated Donated 2 SachsLab $139.30 $0.00
Cylinders *
CAT #: 08-559A
50mL Graduated Donated 1 SachsLab $83.43 $0.00
Cylinder *
CAT #: 08-559C
Rubber Bulbs for Donated Pack of 12 SachsLab $8.93 $0.00
Pipettes 2mL
capacity *
CAT #: 03-448-27
Disposable Latex = Donated Case of 20 SachsLab $211.13 $0.00

Medium Gloves*
CAT #: 11-394-




16F
Silica Gel Donated
60mL ASE Vials * Donated
CAT #: 05-719-
399
4AmL Glass Vials Donated
CAT #: 03-340-
201A
2mL Glass Screw-  Donated
Top vials
CAT #:
NC9066726
6cc/200mg
cartridges $153/pack of
Cat. #: 30
WAT106202
Octadecyl C-18 $110/pack of
SPE cartridges 30
Cat #: 5013
Aminopropyl SPE  $232.90/pack
cartridges of 50
Glass Wool Donated
CAT #: 20411
Standards:
Estradiol $19.30/250mg
Cat. #: E8875
Standards: $10.40/100mg
Ethynylestradiol
Cat #: E4876
Pasteur Pipet Donated
Durex Borosilicate
Glass, 5 3/4"
CAT #: 14673-010
Pasteur Pipet, Donated
Lime Glass, 9"
Cat # 14672-380
DCM, Amber Donated
Glass
CAT #: D35-1
Hexanes, Amber Donated
Glass
CAT #: H300-4
Methanol, Amber Donated
Glass

CAT #: TIA947-4

10

1 kg SachsLab $244.06 $0.00
2 Cases of SachsLab $389.30 $0.00
72
144/Case SachsLab $112.76 $0.00
100 SachsLab $79.95 $0.00
30 Oasis $153 $153
30 BandJ $110 $110
30 BandJ $232.90 $232.90
509 Sigma  $30.00 $0.00
Aldrich
Sigma $19.30 $19.30
Aldrich
Sigma $10.40 $10.40
Aldrich
Case of VWR $27.88 $0.00
1000
Case of VWR $41.72 $0.00
1000
1L Fischer $126.24 $0.00
Scientific
4L Fischer $132.10 $0.00
Scientific
4L Fischer $91.63 $0.00
Scientific
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Gravity Column Donated 5/400mL Fischer  $567.50 $0.00
for LC Scientific

CAT #: Z163988-
1EA

BSTFA + TMCS, Donated  pkgof 144  Sigma $116.00 $0.00
99:1 ampules  Aldrich

CAT #: 33154-U

Total Cost: $113683.44 $558.60

* = Cost of item was obtained from Fischer Scientific on-line. Item was dbitais
price did not affect Effective Cost.
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Tables

Table 1. Station locations, depths, estimated sediment type obtained from sediment
charts, and estimated time required at each station to obtain samples for 18823 Ma
2007 Puget Sound research. At each station a Van Veen will be deployed to probe the

area, followed by the Multi-Corer.

Estimated Estimated

Station Location Latitude  Longitude  Depth Sediment Time on

(North) (West) (meters) Type Station

Elliot Bay 47°37.00" 122°23.00' 1134 Mud and 1 hour
Sand

Elliot Bay 47° 36.05' 122°22.00° 64.3 Muddy-Sand 1 hour

West Point, Main  47° 39.40' 122° 26.50 27.4 Gravel and 1 hour
Basin Mud

Victoria, Strait of 48° 15.00' 123° 19.50 95.1 Mud 1 hour
Juan de Fuca

Dabob Bay, Hood 47°43.75" 122°52.00° 62.2 Gravel 1 hour
Canal

Great Bend, Hood 47°22.30" 123°08.00' 82.3 Mud 1 hour
Canal

Clayoquot Sound, 49°09.94' 125°41.32' 70 Fine Mud 0

Vancouver Island

+

= This station will not be sampled from 19-23 March 2007. Samples from this site will
be donated by Richard G. Keil as the control site for this thesis.
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Table 2. A comparison between the structures and excretion of the two hormones:

naturally-occurring Estradiol and synthetic Ethynylestradiol (Lascdznbe).

1l

Hormone Chemical Structure Excretior
Formula
17 -Estradiol (E2) Ci8H240, Urine
(Oestradiol)
17 - Urine
Ethinylestradiol CooH240,

(EE2)
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Figure Legends

Figure 1. Map of Puget Sound, Washington indicating the six stations which will be
sampled 19-23 March 2007. A Van Veen and Multi-Corer will be deployed at each
station (basemap provide by Leon M. Delwiche).

Figure 2. Map of Clayoquot Station from which a sample will be donated as a control
(OMC 2007).

Figure 3. Image of Van Veen Bottom grab sampler used to probe each stati@irfor gr
size before deployment of the Multi-Corer (Photo by B. Kimball).

Figure 4. Image of Richard G. Keil's Multi-Corer used to collect sedirsamiples

(Photo by B. Kimball).

Figure 5. Schematic of GC-MS (Gas Chromatography — Mass Spectromieitci) will

be used to quantify the concentrations of these hormones in the sediment (Volatile

Organic Compounds 2007).
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Figure 3
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Figure 4
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