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Puget Sound sediments and the implications for native
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Abstract

Pollution derived from both natural and syn-
thetic endocrine-disrupting chemicals (EDCs)
have recently been detected in the waterways
around the world. These compounds have the
potential to detrimentally inhibit fish popula-
tions from reproducing successfully. To deter-
mine whether these compounds are accumu-
lating in Puget Sound, WA, sediment samples
were collected from 19 — 23 March 2007 aboard
the R/V Thomas G. Thompson and the con-
centrations of these compounds were quantified
using a Gas Chromatography-Flame lonization
Detector (GC-FID). Natural EDC’s, such as
estradiol and progesterone, had the highest
concentrations ranging from 347 — 1089 ng g
and 31 — 120 pg g respectively. There were
also significant concentrations of the synthetic
compounds Bisphenol A (126 — 1037 ng g™!)
and 19-norethindrone (419 — 890 ng g!'). The
highest concentrations of the EDCs were discov-
ered at the sample station Elliott Bay #1 but
the other four stations had similar quantities.
These values were much higher than the values
obtained from other studies performed around
the world, including Glacier Bay, AK. Only the
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fish populations

United Kingdom had similar results. It appears
that the concentrations of these compounds
can be directly correlated to population size
and degree of urbanization. Further studies
are needed to determine what concentrations
of these compounds in sediment can catalyze
abnormalities in fish species.

Introduction

In the past two decades, there has been in-
creased awareness that Endocrine Disrupting
Chemicals (EDCs) have negatively impacted
marine waterways across the world, (Johnson
and Landahl 1994; Braga et al. 2005a; Jobling
et al. 2006) however public notification of this
accumulation has been limited due to a lack
of comprehension of the implications by the
scientific community (Khanal et al. 2006). Both
natural and synthetic estrogens and progesto-
gens, which are referred to as EDCs, have the
potential for altering the endocrine systems of
marine life and these compounds are currently
being ejected into the waters of the Northeast
Pacific (Zhigiang and Huang 2005; Malins et al.
2006). Understanding the fate and complexities
of these hormones in the aquatic environment is
key to calculating the degree to which human



and livestock-released estrogens can induce ab-
normal reproduction in the organisms that dwell
in this fertile fjord (Braga et al. 2005; Khanal
et al. 2006).

Estradiol (also identified as 173-estradiol, E2
and oestradiol) is a naturally-occurring hormone
and represents the major estrogen in humans.
In women, estradiol acts as a growth hormone
for tissue of the reproductive orgamns, initiates
the lining of the vagina, the cervical glands, the
endometrium and the fallopian tubes as well as
a gamut of processes associated with bones and
blood (Lascombe et al. 2000). Ethynylestradiol
(173-ethynylestradiol and EE2) is the synthetic
derivation of estradiol which contains an ethynyl
group on the C-17 carbon of estradiol (Table 1).
This variant structure allows for ethynylestra-
diol to resist degradation and immediate ab-
sorption into the body and to instead be ab-
sorbed in the small intestine.
with progestin, a synthetic progestogen, these
two compounds prevent pregnancy by ceasing
ovulation and are commonly found coupled in
hormonal contraceptives (Lascombe et al. 2000;
Khanal et al. 2006).

While these two compounds are the most
frequently investigated, they are not the only
hormonal inhibitors and mimics currently being
released into the environment. A few other
natural estrogens (estriol and estrone), synthetic
estrogens (mestranol, diethylstilbestrol, bisphe-
nol A), natural progestogens (progesterone)
and synthetic progestogens (19-norethindrone)
have had detrimental impacts around the world
(Lopéz de Alda et al. 2001; Ternes et al.
2002; Zhang et al. 2006). All of these chemi-
cals are excreted in urine and feces as inactive
glucuronides and sulfate conjugates which are
readily hydrolyzed and activated via sewage
treatment plants (Braga et al. 2005b; Williams
et al. 2003).

These compounds are not removed via the
current U.S. federal government-approved treat-
ment policies (Peck et al. 2004; Zhigiang and
Huang 2005) however it has been found that the

In combination
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highest percentage of these compounds is from
direct runoff funneled from agricultural facilities
and not sewage treatment plants (Peterson et
al.  2000; Khanal et al. 2006). Livestock
that are fed steroids to increase fat content
of meat and milk, urinate directly into the
ground which contaminates aquifers and nearby
streams that receive the compounds through
groundwater seepage. These particular forms of
water transportation are directed straight into
the Puget Sound bypassing sewage treatment
facilities entirely (Peterson et al. 2000). Once
these compounds have been reactivated by fe-
cal bacteria and released into waterways, they
immediately adsorb onto sediment particles and
accumulate in the environment as long as the
sediment remains in bedload (Peck et al. 2004;
Lai et al. 2000; Braga et al. 2005b).

As the accumulation of contaminated sedi-
ment particles increases, the danger to organ-
isms increases as well.
trations, hormone compounds can be extremely
potent; less than 1 ng I'' EE2 can induce
vitellogenin production (an egg yolk protein
associated with adult females) in male rainbow
trout and 4 ng "' can cause male fathead min-
nows to fail to develop normal male secondary
sexual characteristics (Williams et al. 2003;
Kidd et al. 2007). 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, a
common, native bottom-dwelling fish (Johnson
et al. 1994; Malins et al. 2006). This type of
contamination is occurring across the world and
investigations of these irregularities in various
fish species could prove that it is due to EDC
pollution.

Even at low concen-

There have been numerous scientific studies
conducted of fish populations that document
a myriad of abnormalities, including: (1) le-
sions (Malins et al. 2006); (2) reproductive
impairment and altered behavior (Peterson et
al.  2000; Braga et al. 2005b; Yu et al
2005); (3) feminization of the male fish (Lai et



ESTROGENS

PROGESTOGENS

-Natural hormones:
» Estradiol

* Estriol

*Estrone

- Synthetic compounds:
» Ethyvnvlestradiol

* Dicthylstilbestrol

» Mestranol

Natural hormones:
* Progesterone

- Synthetic compounds:
* 19-Norethindrone

Table 14.1:

A table displaying the compounds investigated in this study. They are separated into

estrogens and progestogens, and then further separated into natural and synthetic. The underlined compound

corresponds to the structure displayed.

al. 2000; Jobling et al. 2006); (4) depressed
serum testosterone levels (Folmar et al. 2000);
(5) decreased egg and larval viability (Peck
et al. 2004); (6) altered enzymatic activities;
and (7) decreased embryonic development and
cellular damage (Braga et al. 2005b). As
fish species continue to develop and grow with
these irregularities, they could create a threat
to the ecosystems of Puget Sound by eliminat-
ing specific fish populations and the eventual
contamination of human beings via food web
dynamics (Lascombe et al. 2000; Davis et al.
1998).
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Estrogens and progestogens foster an im-
mense number of vital processes of the human
body such as: growth, differentiation, func-
tioning of organs (vagina, ovary, testes, and
prostate), bone maintenance, and the central
nervous and cardiovascular systems (Lascombe
et al. 2000). These processes require specific
levels of hormones to function, and if the lev-
els are altered due to contamination, then the
processes would be compromised. In scientific
studies, it has been proven that hormonal pollu-
tants can affect human health by increasing the
rate of breast cancer and other endocrinological



Staticsr Location Latihade (Hertlhi) Longiude (W) Dopth (nwters)  Fstimated Sedimat Type
Flictt By #1 47" 3700 122" 23 00 1134 Wh1d e Saned
Fllistt Bay &2 47" 36.05 122 22.00¢ 643 Ty Baxel
"Wast Poirt, Main Basin 47" 3940 132" 24 50 7.4 Grreel and Bad
Dabob By Hood Cmal 47 4375° 122 5200 622 Graml
Great Bend . Hood Coual™ 47" 2230 123" 03 00" E23 Ivhad
Gheier Bry. Bartltt Cowe 58" 27.02 135" 54.49 34
Gheier By 16+ 58" 53.77 136" 05.48 308
Gheir By, Head of Geile Inlst 58" 3635 136" 25.62 99
Pugpt Soud. Comrers et By 47*17.13 122 26.73 84

Table 14.2: Station locations, depths and sediment type sampled in Puget Sound, WA. At each station a
Van Veen was deployed to probe the area, followed by the Multi-Corer. The ‘*’ denotes samples that were
supplied by Stefanie Keever from Glacier Bay, AK and one that was sampled from Puget Sound, WA during

a University of Washington PRISM cruise.

diseases (Carnevali and Maradonna 2003; Davis
et al. 1998). There is no actual measured degree
of how much these compounds will affect hu-
mans in the future, or even if these compounds
are presently affecting fish species of this region,
but this study shows that these compounds are
detectable in Puget Sound sediments and will
stimulate the need for further considerations
and investigations in the future.

Methods

To determine the levels of both natural (estra-
diol, estriol, estrone) and synthetic estrogens
(ethynylestradiol, diethylstilbestrol, mestranol,
bisphenol A) and both natural (progesterone)
and synthetic progestogens (19-norethindrone)
in Puget Sound, sediment samples were col-
lected 19 — 23 March 2007 aboard the R/V

Thomas G. Thompson. Six sample stations were
selected in the Puget Sound (Table 2, Fig 1)
based upon specific characteristics (proximity
to human population, grain size of sediment,
depth) of each station. Samples from Glacier
Bay, AK (Fig. 2) collected by Stefanie Keever
were analyzed using the same method.

Field Methods

A Van Veen grab sampler was used at each
station to probe the seabed for grain size and
if the sediment proved to be fine-grained (silt),
then a Multi-Corer was used to collect the sam-
ples simultaneously in triplicate. If the grains
were too coarse to deploy the Multi-Core, the
Van Veen was deployed three times to collect
samples.

The EDCs accumulating in the surface layer
most impact benthic fish populations (Ylitalo,

164



Cooper, B. pers. comm.) so the top two cen-
timeters were sampled and placed into Whirl-
Pak sediment bags using a spatula. Samples
were stored in a freezer at -20° C until analysis
in Dr. Richard Keil’s lab at the University of
Washington, Seattle, WA.

Laboratory Methods

The laboratory analysis began by transferring
the sediment with a metal spatula into com-
busted glass vials to prevent contamination.
The samples were centrifuged for 10 minutes at
3000 rpm to remove the salt content contained
within the sediment, which would alter the cal-
culated results of the compounds. The samples
were then dried in an oven at 60 °C for three
days.

Solid-Phase Extraction

EDCs were extracted from the sediment samples
(Zhang et al. 2006; Lopez de Alda and Barcel6
2001; Ternes et al. 2002) utilizing a combination
of two known procedures; Metro King County’s
Environmental Lab (Walker, D. pers. comm.)
and Hopmans et al. (2000). Approximately
three grams of sediment were weighed into a
combusted 60 ml glass vial which was then
spiked with 1.5 pl of Mirex.

Fifteen ml of 100% Methanol (MeOH) was
added to the sample and was vortexed, son-
icated for 15 min, centrifuged at 3000 rpm
for 10 min, and then decanted into a 200 ml
glass receptacle three times. This process was
repeated with three more solvent mixtures; (1)
50% MeOH / 50% Dichloromethane (DCM);
(2) 100% DCM; and (3) 10% Acetone / 90%
Hexane. All of the samples were then blown
down under nitrogen using a TurboVap II to
evaporate the solvents.

Clean-Up Steps

The extract needed two distinct clean-up steps
to remove the excess compounds that had ad-
sorbed to the sediment. Both of the clean-up
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steps used column chromatography with a single
elution. The first set of columns were filled with
1.5 % deactivated silica gel, and the second with
activated alumina. The samples were rinsed
with specific solvent mixtures used in Metro
King County’s Environmental Lab, Seattle, WA
(Walker, D. pers. comm.).

Derivitization

The derivitization process followed was formu-
lated by Budzinski et al. (2006). Instead of
injecting the entire sample on the Gas Chro-
matography — Flame Tonization Detector (GC-
FID), the samples were resuspended in 1.5 ml
MeOH and split into four two ml GC (gas chro-
matography) vials in increments of 300 pl while
the last remaining 300 ul were left in the sample
vial. The first GC vial was used for analysis,
the second was spiked with 6 ul of an external
hormone standard solution with a concentration
of 0.03 mM that contained a known amount of
each standard, and a third vial was spiked with
12 pl of the external solution. One ul from each
of these three vials was injected on the GC-FID
for analysis and the other two vials were stored
in the refrigerator.

Quantification

Final analysis consisted of quantification of the
compound peaks by GC-FID as formulated
by Metro King County’s Environmental Lab
(Walker, D. pers. comm.; Zhang et al. 2006)
and conversations with Dr. Richard Keil and
Jacquelyn Neibauer (Keil, R. pers. comm.;
Neibauer, J. pers. comm.). A standard of each
of the compounds in question (Bisphenol A,
diethylstilbestrol, estrone, estradiol, mestranol,
19-norethindrone, ethynylestradiol, estriol and
progesterone) was injected on the GC-FID to
identify their individual retention times. This
information was then used to correlate the stan-
dard’s peaks to their own peaks seen in the
external stock standard and then later used
to correlate to the peaks seen in the sample



Figure 14.1: A map that denotes sample stations
in Puget Sound, WA which were collected from 19-23
March 2007 aboard the R/V Thomas G. Thompson.

spectrums (Fig 3). The percentage recovery was
calculated by spiking each sample with 1.5 ul of
mirex. The concentrations of the compounds
were determined by comparing peak areas to
that of a known quantity of injected standards.

Results

The calculated concentrations for each com-
pound in Puget Sound and Glacier Bay are
displayed in Tables 3 and 4 respectively. The
natural estrogens and progestogens were found
in higher concentrations than the synthetic com-
pounds. Estradiol’s concentration ranged from
346.7-1089.3 ng g'!. Ethynylestradiol was unde-
tectable. For the progestogens, the concentra-
tion of natural progesterone ranged from 31.1-
120.3 ug g!, and synthetic 19-norethindrone
ranged from 419.4-890.0 ng g! (Fig. 4).

The highest concentrations of the synthetics
Bisphenol A and 19-norethindrone were de-
tected at the Elliott Bay Station (EB#1) while
the lowest values were located in the Great
Bend, Hood Canal (Fig. 5). This same re-
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Figure 14.2: A map of Glacier Bay, AK that de-
notes the locations of the samples that were collected
by Stefanie Keever and analyzed in this study for
hormone compounds.

lationship was seen in the concentrations of
the natural compounds except that the lowest
values were not seen in the Great Bend, Hood
Canal station but West Point (Fig. 6). Samples
collected in Glacier Bay, Alaska (AK) demon-
strated a very different relationship than that
of Puget Sound. The quantities of the syn-
thetic compounds were untraceable in Glacier
Bay except for the synthetic progestogen 19-
Norethindrone which ranged in concentration
from 611.7 ng ¢! to 656.6 ng g!. The main
compounds that were found in Glacier Bay were
natural (Fig. 7), and had similar concentrations
to those detected in Puget Sound except for
progesterone. In Glacier Bay, the concentration
for progesterone ranged from 6.5 ug g to 14.2
pg gt while in Puget Sound the concentration
was ten times more. The quantified Puget
Sound values were dissimilar to those detected
in eight German rivers (Ternes et al. 2007), the
United Kingdom (Jobling et al. 2006; Peck et al.
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Figure 14.3: (A) A spectrum generated from the GC-FID that displays and identifies the standards peaks

which were used for quantification. (B) EB#1 MC-2

sample’s spectrum with the standards spectrum overlain

on top. (C) A zoomed in image of the previous spectrum demonstrating the identification of the peaks in

the sample by using the standards peaks; this peak

2004; Williams et al. 2003), and Italy (Pojana
et al. 2007) (Table 5).

Discussion

The two stations in Elliott Bay were chosen
due to their close proximity to Seattle Proper’s
large population and because previous work by
the National Oceanic and Atmospheric Admin-
istration (NOAA) in the area could be used
to provide historical evidence of accumulation
and contamination in the area (Ylitalo, Cooper,
pers. comm.). The station at West Point was
selected due to its propinquity to the sewage

is denoted as Bisphenol A.

treatment facility feeding into the Main Basin
and the two stations in Hood Canal were chosen
because of the nearby naval facility in Dabob
Bay where there is a sizeable population of
human inhabitants and decreased water circu-
lation (Carr et al. 2001). These stations were
all expected to have a significant amount of
accumulated EDC compounds in the sediment
due to these potential sources.

The obtained concentrations of the natural
compounds progesterone and estradiol were not
unexpected. Due to the abundance of fish and
mammals within Puget Sound whose endocrine
systems function on these hormones, the high
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Figure 14.4: A set of six bar graphs displaying the concentrations of the compounds. (A) Elliott Bay
#1 comparing the compounds to the concentrations determined. This graph has two series displayed, the
first and second multi-core samples. The primary y-axis has concentrations in ng g!. The secondary y-axis
is solely meant for the concentration of progesterone which was found to be in ug g!, as the dotted line
denotes. (B) The second Elliott Bay station which was collected using a Van Veen. The primary y-axis
has concentrations in ng g-' while the secondary y-axis is in ug g' for the concentration of progesterone,
again denoted by the dotted line. (C) Sample station West Point with two separate series displaying the two
multi-core samples. (D) Sample station Jackson Cove in Hood Canal. The primary y-axis has concentrations
in ng g’! while the secondary y-axis is in ug g™ for the concentration of progesterone, again denoted by the
dotted line. (E) Sample station Great Bend, in Hood Canal for the second Multi-Core. The primary y-axis
has concentrations in ng g' while the secondary y-axis is in ug g for the concentration of progesterone.
(F) Finally, the sample collected by Stefanie Keever from Commencement Bay. The primary y-axis has
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[Station Name: Concentrations reported in ng g']

Compound Name: Tfia:sl(]:]ci’:): EB#],ZMC_ EB#I}MC- E{B\fg WPC-2 WPC-3 Mjg P l\; CC 3 N?C]?E
Bisphenol A 29.561 1038.0 895.9 392.8 126.0 126.3 223.0 0.0 0.0
Diethylstilbestrol 31.759 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mirex® 34.441 58909 4709.2 32974 3274.9 22138 35843 47982 3257.2
Estrone 35.573 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Estradiol 35.88 1089.3 1066.5 917.3 3460.7 3473 779.0 557.6 5006.8
Mestranol 36.37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19-Novrethindrone 36.865 0.0 419.4 890.0 0.0 0.0 0.0 0.0 0.0
Ethynylestradiol 37.238 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Estriol 38.380 897.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Progesterone 38.369 120341.0 103887.1 31147.7 0.0 0.0 468239 91087 105589.7

Table 14.3: This table displays the calculated concentrations for each compound at the Puget Sound
Stations. EB stands for Elliott Bay, WP stands for West Point, JC stands for Jackson Cove, Hood Canal,
and GB stands for Great Bend, Hood Canal for the sample stations and MC stands for Multi-Core and VV
stands for Van Veen samples. The ‘*’ on Mirex denotes that this compound was spiked into each of the
samples in order to potentially quantify the percent recovery thus it was detected in every sample.

concentrations most likely resulted from the
accumulation and degradation of their bodies
on the sea floor. On the other hand, these com-
pounds are also contained within human bodies
and various pharmaceuticals. During ovulation,
estradiol and progesterone are coupled in the
body preparing for impregnation of the uterus
(Simerly 2002). While the natural purpose of
estradiol is to encourage implantation, it can
and has also been combined with the synthetic
estrogen ethynylestradiol to form an oral con-
traceptive to inhibit this process. Even though
there is a noticeable concentration of estradiol
at each sample station, I do not believe that
the birth control pill has contributed to that
quantity. In order to make such a conclusion,
there would have to be at least some quantity of
both compounds detected at the sample stations
however ethynylestradiol was not seen in any
of the samples thus the high levels cannot be

attributed to anthropogenic contributions.

Progesterone has also been used in phar-
maceuticals to encourage pregnancy, especially
for women with a history for pre-term births
(Simerly 2002). This is one of the numerous
functions of this compound and the high con-
centrations in the sediment samples could be
credited to these products. Nevertheless, this
is also not conclusive and will not be proven by
the data in this investigation.

The synthetic compound Bisphenol A was
detected at every single Puget Sound station.
This compound is mainly derived from plastic
products and has been found to mimic estrogens
(Fu et al. 2007). It has caused great concern
to the world because it is found in baby
bottles, has recently been made illegal in
Europe (http://www.eubusiness.com/EUnews)
and is being broadcast in the
public media forum of Canada
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Statian Name: (Concerations reported inng gy

Fetertiom Tore

Conpowd Hae : {): PEVFT GE-BC GE-I6 G523
Bizphenol 4 20,561 5112 0.0 on 0o
Dierfpistilbestral 3l7se 0.0 0.0 nn 0o
Mirex 34441 0o 0.0 on 0o
Exrane 35573 0o 0.0 on 0o
Fstrexdiol 3588 15513 278.1 026 2 0031
Mestrennl 3636 0.0 0.0 an ]
10 Nemerhmrirone 36.865 0.0 6568 al47 6117
Efiprplestadicl 37.238 0o 0.0 on 0o
Exraol 38386 0.0 0.0 on 00
Frogesterome 32.369 047704 6467 .4 141784 140705

Table 14.4: This table displays the calculated compound concentrations from the samples obtained by
Stefanie Keever in Glacier Bay, AK and the one sample from Puget Sound, WA. PS stands for Puget Sound,

and GB stands for Glacier Bay samples.

(http://www.commondreams.org/archive
/2008/04/16/8330/) and the United States
(http://www.usatoday.com /news/health/).
Since this compound is anthropogenic, the
quantities detected in these samples are directly
correlated to human input.

The overall concentrations of both the natural
and synthetic compounds were greatest in the
most populated areas, Elliott Bay. This was an
expected result due to the amount of material
and people that inhabit that waterfront prop-
erty. What was unexpected was that the south-
ern Elliott Bay station did not contain the same
concentrations as the northern station. This
could be due to several reasons. At the southern
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Elliott Bay station, the sediment grains were
too coarse to deploy the Multi-Core. Samples
were then collected using the Van Veen which
does not efficiently preserve the surface layer
where the highest concentrations of EDCs are
located. The Van Veen could have potentially
lost the surface layer during retrieval or mixed
it with the lower sediment layers decreasing the
concentrations of the compounds in question.
These sources of error could have diminished
the overall concentrations or even eliminated
any detection of them entirely. The circulation
of the bay could also have attributed to the
unexpected results. The Duwamish River has
a strong influence on the southern portion of



German River Thames, Venice, ltaly Botany Bay, Tokyo Bay,
Results found in Rivers UK Lagoon Australia Japan
Gompound: this paper (ng g-1): (Hg g-1): (ng g-1): (ng g-1): (ng g-1):
(ng g-1) (Ternes et al. (Lai et al. (Pojana et (Braga et al. (Isobe et al.
2002) 2007) al. 2007) 2005b) 20086)
Bisphenal A
126.04-1037.97 44.89
Diethyl stilbestmol undetected 7
Mirex Spike Spike
Estrone undetected I.1 2.45+0.16 water sample 0.16-1.17 0.05-3.60
Estradiol 346.66-1089.27 0.70 2.64 £0.05 water sample 0.22-2.48 0.070.59
Mestranol undetected undetected 3.98+0.33
19-
Morethindrone 419.39-890.02
) 0.80
Ethynylestratiol undetected 3.37£0.16 71 <0.05-0.5 0.130.34
Estriol 897.75 3.04+027 water sample
6467.40-120340.9
Progesterone 5

Table 14.5: This table displays the concentrations of the compounds in question and then compares them
to those obtained from other studies around the world (Germany, the United Kingdom, Italy, Australia,

Japan).

the bay which increased the flow at this station
and effectively discouraged suspended sediment
from accumulating. The latter explanation is
further supported by the larger grain size of the
area suggesting a larger flow velocity.

The values obtained for West Point were
unpredicted. This particular sewage treatment
facility treats the majority of the greater Seattle
area’s water and sewage thus I would have ex-
pected detection of the most popular synthetics.
Instead, there was absolutely no detection at all.
This result supports the conclusion that these
compounds are entering Puget Sound through
agricultural contamination of nearby streams
fluxing directly into the waterway as opposed
to the material from treatment facilities.

While Elliott Bay #1 has the highest con-
centrations overall, it was not significant. The
population of the Puget Sound region, the fish
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populations, and the circulation patterns must
all have contributed to the accumulation of
these compounds. I had expected the Great
Bend station to show significant concentrations
due to its decreased circulation velocity how-
ever it displayed nonexistent accumulation of
the synthetics, but accurately demonstrated the
natural compounds. Hood Canal has had mul-
tiple occurrences of hypoxia where blooms have
destroyed fish populations, and it is evident
from this data that there are still fish dying
and degrading on the sea-floor. In compari-
son to values obtained around the world, the
concentrations calculated for the Puget Sound
are much larger except for the United Kingdom.
This could be due to multiple sources, such
as river input, agriculture, residence time, or
population.

The samples collected by Ternes et al. (2002)



Fesuks nthis paper

Mhssissippi River. US4 Fver Cuse. UK (g l'y:

Compenmud: cormertedtong 1! gl {Mharg et al. 2008
(Fohar et al 2001)

Bispleiol & 12604 103 797 71E£11.1-020430
Detlrrktibe sral mdetected
e x ke
Estrone udetected TAO£33-102£53
Estradiol 346566 108 927 173 50-662.88 TO1+£89-94240 3
VE sranol udetects d
19-Harethiud ore 41939-39002
Etlraryk dradicl 1udetecte d TAB 65014 £101
Estriol BOJ7S
Progesterone 46 740-12 034,005

Table 14.6: This table compares the concentrations determined by this paper converted into ng 1! in order
to compare to results obtained from other studies around the world.

were gathered from eight German, relatively
remote rivers unaffected by urbanization (Table
5). Pojana et al.’s (2007) samples were from a
lagoon in Venice and while Venice is a populated
city (271,251 people) it is not as populous as
the Seattle Metropolitan Area (3.3 million) or
the United Kingdom (7.5 million in London).
Braga et al. (2005b)’s samples in Australia
were taken directly from the ocean east of
Botany Bay which explains the low calculated
concentrations. The relationship displayed by
these papers demonstrates that the degree of
accumulation is directly correlated to the ad-
jacent population. The eight German rivers
have the lowest concentrations because they are
far from urbanization. The lagoon in Venice,
Italy has the next smallest values because it
is near a populated city but not completely
urbanized. Puget Sound is very populated and

thus has much higher values than these previous
examples however its values are not as high as
those obtained in the United Kingdom which
has the highest population.

The samples that were collected in Glacier
Bay, AK efficiently acted as control stations
and further support this conclusion. Three
separate stations were selected to analyze for the
hormone compounds and the main hormones
detected at these stations were the natural ones,
estradiol and progesterone. There was, however,
one unexpected result. A slight concentration
of the synthetic progestogen, 19-norethindrone,
was discovered at each of those stations as well.
This particular compound is used in progestin-
only hormonal contraceptives and was not ex-
pected in the pristine environment of Glacier
Bay. This particular area is devoid of human
inhabitants, so there is no clear explanation as
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Figure 14.5: A graph displaying the variability of the synthetic compounds by location.

to why this compound was discovered in the
three stations analyzed.

Nevertheless, there is the potential that the
concentrations calculated for all stations ana-
lyzed are inaccurate. Based upon the current
derivatization method, there are various other
compounds that are displayed on the GC-FID
spectrums. All of these extraneous peaks could
negatively affect the sample matrixes and alter
the detected compounds and concentrations.
Another explanation is associated with the us-
age of Mirex as my recovery standard. This
particular compound is not used by Metro King
County’s Environmental lab, but due to the
requirements of SachsLab, I was unable to bring
in a recovery standard with the correct isotopic
signature to retrieve my compounds to their
entirety. Mirex was not successful as a recovery
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standard however I was still able to identify the
compounds in question accurately.

Despite all of these potential sources of error,
it has been proven by the analysis of these
samples that the identification of Bisphenol A
at the Puget Sound stations is accurate. Since
this particular compound is contained within
many plastics, specifically plastics that were
used in the method, the likelihood of contam-
ination during the process was high however
since Bisphenol A was not detected in any of the
Glacier Bay samples, then it can be concluded
that there was no contamination during the
analysis of the Puget Sound samples.

A full assessment of the EDC sediment con-
centrations needed to alter the endocrine sys-
tems of fish populations are required in order to
better understand and conclude whether these
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Figure 14.6: A graph displaying the variability of the natural compounds by location. The primary y-axis
applies to the compounds estrone, estradiol and estriol in concentrations of ng g™!, while the secondary y-axis
solely represents the concentrations of progesterone which was displayed in ug g'.

compounds are indeed what is negatively im-
pacting them. There are few studies that have
been conducted to correlate sediment concen-
trations with fish abnormalities but Johnson et
al. (1998) and Casillas et al. (1991) exam-
ined Polychlorinated biphenyl which includes
Bisphenol A. They discovered that a concen-
tration of 600-900 ng g of these compounds,
when contained within fish tissues, displayed
reduced fertilization success and larval viabil-
ity within fish species. The concentrations
found in this study for both Bisphenol A and
19-norethindrone were much larger than those
values and can suggest that these compounds
are currently affecting English Sole populations
however, concentrations calculated in fish tis-
sues and those calculated in sediment are quite
different.

These compounds, when activated, quickly
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adsorb to sediment particles after contact and
in order for fish to get concentrations such as
these fluxing through their bodies, they have to
consume that sediment. This is why English
Sole have a high probability of potential contam-
ination since they are sediment-dwellers. The
values calculated in this study were converted
to ng I'! in hopes to make a comparison to the
few studies that have looked at the effects of
these compounds on fish populations (Table 6).
The converted concentrations presented in this
study are much higher than those presented in
others because they are based on an assumption
of 90 % porosity, and are sediment concentra-
tions, not tissue. Sediments will always have
a much higher concentration than tissues since
these compounds so quickly adsorb to sediment
particles. It is apparent from this comparison
that the concentrations calculated in this study
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Figure 14.7: A graph displaying the concentrations obtained from the samples collected by Stefanie Keever

in Glacier Bay, AK.

are substantial and thus a concern to the native
fish species that dwell in the sediment. Never-
theless, no conclusive conclusions can be drawn
until further research investigates the amount of
concentrated sediment needed to induce these
atrocious abnormalities.

Conclusions

EDC pollution is a concern for this planet.
These compounds are not removed by current
sewage treatment methods and thus are be-
ing deposited directly into the Puget Sound
estuary. The synthetic compounds Bisphenol
A and 19-norethindrone were discovered with
significant concentrations at several stations in
this study. It was established that the highest
concentrations were found in Elliott Bay which
has the largest adjacent population in compar-
ison to the other selected locations. Glacier
Bay successfully acted as a control group and
presented spectrums with very few detected
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compounds however each of those stations did
have a small concentration of the synthetic 19-
norethindrone which is contained in hormonal
contraceptives. Despite that this study has
identified several detrimental compounds accu-
mulating in the sediments of Puget Sound more
research is needed to better determine if the
concentrations of these hormones are impacting
the native fish populations.
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