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Abstract

In this study we propose to examine the effects of the known endocrinve-disruptor
polychlorinated biphenyl/\orj/t{ge} river otter popﬁlation in the Duwamish River in Washington
State. In dqing s0, we hope to shed light on the damages that over a century of pollution have
brought upon this lotic ecosystem, especially in regards to the reproduction rates of its aquatic
inhabitants. To do so, we propose to pick two sites for study—éne’control where river otter
populations are not exposed to PCBs and the site at the Duwamish. At each site we would
capture and tag five grown otters and five otter pups with GPS tracking devices. This would
allow us to follow their development and_reproductive success over the two years of the study.
We would intermittently recapture them to run blood tests, study their sex organs,‘ and take
samples of their gametes. This would occur every six months. In the interim we would observe
their mating habits, including how many times they wefe having sex compared to how many
times they were able to conceive, when they are giving birth, how many live births compared
w‘%ﬂg‘;g. We expect that due to the endocrine
disruptor properties of polychlorinated bipheny:i"i, the river otter population in the Duwamish will
be significantly smaller and less able to successfully reproduce when compared to that of our
control site. Because the river otters are at the top of the food chain, we expect that the effects of

B

PCBs will be most noticeable in them due to biomagnification. Even so,ﬂ %ﬂ%/ undoubtedly are 5

affecting aquatic populations in ways we cannot yet quantify. The more we know, the closer we

will be to the remediation of the Duwamish River.

Introduction




The Lower Duwamish River was declared a Superfund site by the United States
Environmental Protection Agency in 2001 (Lower Duwamish Waterway 2012). The site is
known to be contaminated with at least 40 chemical pollutants, including heavy metals, arsenic,
and PCBs. The contamination has been quite prolonged, with pollutants from industries along
the river entering the ecosystem for over 100 years (Lower Duwamish Waterway 2012). As
such, toxin concentrations in all trophic levels of the food web have greatly increased—to the
point that all aquatic species permanently making their home in the Duwamish River are
considered unsafe for human consumption. River otters are perhaps most affected by ;che
pollutants because of their place at the top of the food chain. Biomagnification means the toxins
will accumulate in greater concentrations in otters, as they consume organisms already
containing high levels of contgmlnants We hypothesme that because of blomagmﬁcatlon and
because one of the/ pollutants in highest concéntratlo%fs polychlorinated blphenyl a known
endocrlne disruptor, the river otters of the Duwamlsh will be less reproductively successful than

U‘ﬂ{’i}g Ueasbigtded varde

by PCBs. If we can confirm conclusively that

their counterparts living inhaters uncontaminated

our hypothesis is valid, we would be able to further our understanding of the risks of PCB

p‘oilution. ‘This has the potential to lead to-te-enforcement of stricter regulations and penalties - -

related to industrial aquatic pollution. It also can help push forward remediation efforts by the

State of Washington, which would allow for involvement ¢£the surrounding communities with

-thie cleanup and, eventually, increased recreation.

Background:
Wherever there is industry, there will necessarily be some form of pollution or
ecological disruption. Aquatic ecosystems are especially vulnerable, as urban and industrial

runoff can easily enter into nearby lakes and rivers. This pollution brings with it a host of




problems, which can include loss of biomass and biodiversity, eutrophication, and loss of
habitat, to name a few. Even if only one species is affected, the equilibrium of the entire system
will be inevitably shifted, as its prey flourishes or predators suffer. Many of the effects of
\ chemical pollution are not readily visible, as an oil spill or waste dumping might be, but they are
just as harmful. The Duwamish River in Washington State has seen some of the worst pollution
in the nation, placing it on the list of Superfund sites by the United States Environmental

St

Protection Agency (Lower Duwamish Waterway 2012). Among the forty pollutants present in

y

ST S
the water # polychlorinated biphenyl=«a known endocrine disruptor. Used

équipment, transfoﬁners, and motor oil, the commercial production of PCBs has been banned in
the United Statesw(Polychlorinated Biphényls). They take a long time to break down in the

" environment and are known to accumulate in fish (Polychlorinated Biphenyls). As much as we
know about PCBs, their effects on the higher trophic levels of the Duwamish are not well
researched. The majority of the studies conducted have been on fish, since they are a more
direct possible threat to human health (from eating fish caught in the Duwamish). The most
prominent of these studies, entitled “Structural Changes in Gill DNA Reveal fthe Effects of
Contaminants on Puget Sound Fish” was conducted by researchers from the Biochemical -
Oncology Program of the Pacific Northwest Research Institute in Seattle, Washington (Malins et
al.). They found that in comparison to fish caught in a similar, but cleaner, site, those caught in
the Duwamish had more abnormalities in their gill DNA (Malins et al.) Although this study was
helpful in researching PCB effects, it is representative of the marked dearth of investigation into
how biomagnification might play into the contamination of the site and organisms. Thus we
propose to pick up where glj;;research has left off and expand further upon the effects the

pollution of the Duwamish is having on its aquatic inhabitants.
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- Study Site Location:
Our project has two study sites. One study site location would be at the lower Duwamish
{» River, which is a five-mile long area in southern Seattle, Washington. Our second study site
location is at the Pend Oreille River, a tributary of the Columbia River (“Pend Oreille River

Tourism Alliance”, 2009). | V A

Proposed Methods and Known Limitations:

Due to biomagnification, we hypothesize/tbat river otters are being affected by

i H
e T &
o’ ot ..~ " Polychlorinated biphenyls (PCBs) ifirtheawater, as they consume fish also containing
o
A i
o . : : s
N ¢~ . contaminant sediment. We hope to research and quantify how the lower Duwamish River
- m,{m ‘/; . e
T impacts the river otters-in‘the river, before possible mitigation methods can be proposed. The

Qﬁf‘/
data we need to collect/is manifold. First, we will collect data from Pend Oreille River, which

is a comparable study site in Washington, which serves as a model for what a river ecosystem
without PCBs woulii look like. The river serves many important roles, providing a home for
Y
"Wii‘dh'fe, andl;; historic, natural, and scenic significance. “It is also used for recreational use - -
(Pend Oreille River Tourism Alliance, 2009). This will be our control site.
At this site, we will collect data about the river otters that live there, specifically
analyzingjf;;;:)ductive rates and overall health @%théfﬁvénfé’ftefs‘i We would énalyze
the reproductive rates by measuring the blood chemistry of the river otters, as well as the
characteristics of their sexual organs. We would also tag each river otter studied with a GPS

/ tracker, allowing us to follow up periodically to take new measurements and reassess the health

of the river otters. We estimate we will track 5 adult river otters, and 5 pups, or younger river
AN- S




At . . . . .
o = otters. This will allow us to also observe how river otters grow and reproduce, without influence

N

of PCBs as a contaminant. We will also count the offspring of the 5 adult river otters that we
will track over our period of two years.

We would also take the same measurements at the lower Duwamish River. This
again would include tagging 5 adult river otters and 5 pups. We would also collect data about
their health over the course of two years, analyzing reproductive rates by testing their blood
chemistry and characteristics of sexual organs, and observing thei growth of the pups. The
lower Duwamish River contains PCBs, so by comparing the two similar sites, we will be able
to determine the effect of PCBs on the reproductive health of the river otters, as well as observe
how PCBs affect the growth of young river otters.

Known limitations include our budget, which will only allow us to study a limited

amount of river otters. Another limitation is that we only have two years to complete the

//study. River otters usually do not reproduce until they are five to seven years old (“OTTERS

- Reproduction”, 2012). In order to attain the most accurate data, it would be best to study the

river otters over the course of their growth as an organism, and over their reproductive lifetime.

- ‘Furthermore, we have decided to solely test the river otters, and not other aquatic organisms,

because river otters are on the top of the food chain, and will accumulate much more of the
contaminants by eating other fish that contain them.

Another major limitation is that the Duwamish River is contains high concentrations

be over 40 contaminants, and other than PCBs, the most prominent are arsenic, dioxins, and

carcinogenic polycyclic aromatic hydrocarbons (“How will the Duwamish cleanup affect
neighbors health?”, 2012). It might be that there are other contaminants that are affecting the

growth and reproductive health of the river otters. However, because it would be too costly to




- test for the effects of over 40 different contaminants, we have decided to focus on one of the

most préminent contaminants, PCBs.

Another known limitation is that it is difficult to find a healthy river in Washington to
compare the lower Duwamish River to. Most rivers in Washington contain PCBs, as well as
other pollutants. We were able to locate three rivers with no PCBs, but two of them contain
Mercury, including the Pend Oreille River, our control river, and one contains DDT (“Fish

Consumption Advisories”, 2012). Thus, we had to choose from the three least polluted rivers,

. and choose the river that is most comparable in size and wildlife to the Duwamish River. We

hope that the mercury found in the Pend Oreille River will not significantly impact the results of
our control site. Our study is necessary in order to determine how much of an effect the PCBs

have on the river otters, and if the effect is severe enough to justify'future mitigation methods.

Anticipated Results:
PCBs have been found to be endocrine disruptors. For instance, PCBs were found to
affect the reproductive health of female mice in the study “PCBs are Endocrine Disruptors:

'-Minture ‘Affects Reproductive Development in Female Mice” (McGOvern;"2006). “The study

%ound that female mice exposed to PCBs had changes in uterine development, such as less

uterine glands, and a changed thickness in the myometrium, which is the uterus’s muscular layer.
The study also noted that gene variation could allow for some individuals to be more susceptible
to the effects of PCB exposure.

We anticipate that our results will reflect that PCBs have a significant impact on the
growth and reproductive health of river otters in the lower Duwamish River. We believe it might

cause the lack of growth and development of the sexual organs of the river otters. We further




believe this would impact the size of the population of river otters in the lower Duwamish River,
and the amount of pups being produced on average. PCBs are known to cause miscarriages,

v

birth defects, and cancers affecting sexual organs (“Endocrine Disruptors™, 2012).

If we find that the PCBs are affecting the growth of young river otters, as well as the
reproductive health of the river otters, we will be able to propose possible mitigation methods.
This would allow for the reproductive health and growth rates of river otters in the lower

Duwamish River to be restored.

Broader Impact:

This study will benefit society as a whole by hopefully leading to increased
remediation efforts, which would improve the quality of water for the recreational purposes of
surrounding communities. The improvement in the water quality would lead to an increase in use
not only in communities next to the river but also by other citizens of Washington. This influx of

, people from surrounding communities will boost the local economy by bringing in new business
/
v to-a historically low-income area. Scientifically, the study will be beneficial because the -
pollution in the Duwamish River has been generally studied on organisms of lower trophic levels
\/ / because they are more likely to be consumed by humans. Because of this, the effects of
bioaccumulation have previously not been taken into account. Our study would both highlight
the demonstrable increases in toxin concentration at the top of the food chain, as well as the
effects bf endocrine disrupters on river otters. Because the river otter is the greatest predator in
';he river, and if in fact the river otter population is affected by the contamination, it will prove to

v,

also have a sizable effect on the populations of its prey. Without as many predators it is possible

%
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that there could be a population increase in its smaller prey. The study could also potentially
benefit society as a whole because if it inspires remediation efforts then the health of the people

surrounded by the Duwamish could improve substantially.
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Initially, we will find the ten river otters that we are going to be testing throughout

- the experiment and we place trackers on them. Then every week we choose one river otter to

Every 6 months we will spend two weeks observing each river otter individually”This process

observe and test its mating habits. At the end of 6 months we collect samples from all ten otters.
will continue until we reach the two year mark. At the end of the two years each river otter will
have been observed for 8 weeks and tested 5 times.

Week 1: Initial testing of all 10 otters .

Week 2-22: Rotating observation of otters

Week 23: Second round of testing
Week 24-26: Lab testing and data recording/analysis

Week 27-47: Rotating observation




Week 48: Third round of testing

Week 49-51: Lab testing and data recording/analysis
Week 52: Break

Week 53-73: Rotating observation

Week 74: Fourth round of testing

Week 75-77: Lab testing and data recording/analysis
Week 78-98: Rotating observation

Week 99: Final tests of otters

Week 100-104: Finalization of results and report
Budget:

10 GPS-GPRS device, materials assembling labor: $10,000
A lzoat: $10,000

%paid College Interns: Earn College Credit HA
Researchers: $4,000

Box of Latex Gloves: $10 oot
“ 3'Lab coats: $60 |

6 pairs of Safety Goggles: $90

Gas for the boat: $1,500

Gas for the car: $1,500

10 Leg hold traps: $80

Telazol for anesthesia (9 mg/kg): $250

Blow gun for administering anesthesia: $5

Holding box: $30

peve




10 PIT (Passive integrated transponder) tags: $30
Examination dental development to determine age: $0 4 How
Microscope: $400
ANOVA and posthoc Scheffe test used to determine influences of region, age, class and season
on meaﬁ litter size: $0 ¢— &/ rllern I
Testing of significance between the number of embryos and the number of following cubs per
mother calculated by statistical Mann-Whitney U-test: $0 4~ &=
Small sample of fat taken to analyze for chlorinated hydrocarbons by gas chromatography:
$1,500

M " Examination of each otter by a veterinarian for signs of preexisting health problems or injuries:
$800
Hematology machine for analyzing blood samples: $20,000
Hormone metabolites extracted from fecal samples of otters: $100

Total Spent: $50,255
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The Effects of Polychlorinated Biphenyl Pollution in the Duwamish River on River Otter
Reproduction '

Abstract

o ,
r In this study we propose to examine the effects of the known endocrine-disruptor,

(PcBa)
polychlorinated biphenyl,on the river otter population in the Duwamish River in Washington

State. In dcing so, we hope to shed light on the damages that over a century of pollution have
brought upon this_l_;it_i_g ecosystem, especially in regards to the reproduction rates of its aquatic ' Zyxj:@
inhabitants.El"o do so, we propose to pick two sites for study-cne‘control where river otter (})‘;’ \f:‘/ e
populations are not exposed to PCBs and the site at the Duwamish. At each site we would \’g‘ww”

capture and tag five grown otters and five otter pups with GPS tracking devices. This would

allow us to follow their development and reproductive success over the two years of the study.

%

We would intermittently recapture them to run blood tests, study their sex organs, and take - W
>

samples of their gametes. This would occur every six months. In the interim we would observe

their mating habits, including how many times they were having sex compared to how many [ W‘Mﬁzf\:;

vl

sl

_to stillbirths, and the general success of live Gféiprlng ,We expect that due to the endocrine
. [ 2

disruptor properties of polychlorinated biphenyis, the WIMWHI '™

be significantly smaller and less able to successfully reproduce when compared to that of our\W
222 — Q

control site. Because the river otters are at the top of the food chain, we expect that the effects of w'“‘m

PCBs will be most noticeable in them due to biomagnification. Even so, they undoubtedly are
affecting aquatic populations in ways we cannot yet quantify. The more we know, the closer we
L will be to the remediation of the Duwamish River.

Introduction

times they were able to conceive, when they are giving birth, how many live births compared 4 y, M”“\ B
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The Lower Duwamish River was declared a Superfund site by the United States
Environmental Protection Agency in 2001 (Lower Duwamish Waterway 2012). The site is
known to be contaminated with at least 40 chemical pollutants, including heavy metals, arsenic,
and PCBs. The contamination has been quite prolonged, with pollutants from industries along |
the river entering the ecosystem for over 100 years (Lower Duwamish Waterway 2012). As }
such, toxin concentrations in all trophic levels of the food web have greatly increased—to the [
point that all aquatic species permanently mamar home in the Duwamish River are
considered unsafe for human consumption.]\ River otters are perhaps most affected by fhe
pollutants because of their place at the top of the food chain. Biomagnification means the toxins
will accumulate in greater concentrations in otters, as they consume organisms already
containing high levels of cont.amlflants. We hypot%lem.ze that becasze of bfomagmf;:amd* it )
because one of the pollutants in highest concentration is polychlorinated biphenyl,a known

endocrine disruptor, the river otters of the Duwamish will be less reproductively successful than

their counterparts living in waters uncontaminated by PCBs. If we can confirm conclusively that

: 'M, Mo pmo‘dr{z’)
pollution. - This-has the potential to-lead to the enforcement of stricter regulations-and penalties . ¥ W2 V77055 2
related to industrial aquatic pollution. It also can help push forward remediation efforts by the W ;{”‘""‘(

our hypothesis is valid, we would be able to further our understanding of the risks of PCB )g:‘: “"M i i 1a "'qu

. . . e 65
State of Washington, which would allow for involvement of the surrounding communities with | y W )

v . ‘B"!’ 'MM
the cleanup and, eventually, increased recreation. 2 oo

Background: ‘ WM

Wherever there is industry, there will necessarily be some form of pollution or

ecological disruption. Aquatic ecosystems are especially vulnerable, as urban and industrial

runoff can easily enter into nearby lakes and rivers. This pollution brings with it a host of




problems, which can include loss of biomass and biodiversity, eutrophication, and loss of

zym

habitat, to name a few. Even if only one species is affected, the equilibrium of the entire system
will be inevitably shifted, as its prey flourishes or predators suffer. Many of the effects of

chemical pollution are not readily visible, as an oil spill or waste dumping might be, but they are

in the nation, placing it on the list of Superfund sites by the United States Environmental

%ﬁ’m%tw

5 just as harmful. The Duwamish River in Washington State has seen some of the worst pollution

Protection Agency (Lower Duwamish Waterway 2012). Among the forty pollutants present in

E the water is polychlorinated biphenyl—a known endocrine disruptor. Used mainly in electronic
equipment, transfofmers, and motor oil, the commercial production of PCBs has been banned ih
the United States (Polychlorinated Biphenyls). They take a long time to break down in the

é environment and are known to accumulate in fish (Polychlorinated Biphenyls). As much as we

:§ know about PCBs, their effects on the higher trophic levels of the Duwamish are not well

Wﬁ—&, bireductio

% researched. The majority of the studies conducted have been on fish, since they are a more
{i direct possible threat to human health (from eating fish caught in the Duwamish). The most

‘\% prominent of these studies, entitled “Structural Changes in Gill DNA Reveal the Effects of
2

Contaminants on Puget Sound Fish” was conducted by researchers from the Biochemical -

é ‘\S Oncology Program of the Pacific Northwest Research Institute in Seattle, Washington (Malins et M
al.). They found that in comparison to fish caught in a similar, but cleaner, site, those caught in MW

the Duwamish had more abnormalities in their gill DNA (Malins et al.) Although this study was M E

helpful in researching PCB effects, it is representative of the marked dearth of investigation into
how biomagnification might play into the contamination of the site and organisms. Thus we
propose to pick up where the research has left off and expand further upon the effects the

pollution of the Duwamish is having on its aquatic inhabitants.
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Study Site Location: ‘W . W ﬂjb«/\‘}é‘ o5 [,—?ﬂ/l M W

Our project has two study sites. One study site location would be at the lower Duwamish
River, which is a five-mile long area in southern Seattle, Washington. Our second study site

location is at the Pend Oreille River, a tributary of the Columbia River (“Pend Oreille River

Tourism Alliance”, 2009). g all be e 1o

Proposed Methods and Known Limitations: w{)\/\

Due to biomagnification, we hypothesize that river otters are being affected by
Polychlorinated biphenyls (PCBs) in the water, as they consume fish also containing
contaminant sediment. We hope to research and quantify how the lower Duwamish River
impacts the river otters in the river, before possible mitigation methods can be proposed. The
data we need to collect is manifold. First, we will collect data from Pend Oreille River, which
is a comparable study site in Washington, which serves as a model for what a river ecosystem
without PCBs would look like. The river serves many important roles, providing a home for
: "wii‘dlife, andrhas historic, natural, and scenic significance: -1t is also-used for recreational use” -
(Pend Oreille River Tourism Alliance, 2009). This will be our control site.

At this site, we will collect data about the river otfers that live there, specifically
analyzing reproductive rates and overall health of the river otters. We would énalyze
the reproductive rates by measuring the blood chemistry of the river otters, as well as the
characteristics of their sexual organs. We would also tag each river otter studied with a GPS
tracker, allowing us to follow up periodically to take new measurements and reassess the health

of the river otters. We estimate we will track 5 adult river otters, and 5 pups, or younger river




- Furthermore, we have decided to solely test the river otters, and not other aquatic organisms,

otters. This will allow us to also observe how river otters grow and reproduce, without influence
of PCBs as a contaminant. We will also count the offspring of the 5 adult river otters that we

will track over our period of two years.
w‘\\\? .
We would also take the same measurements at the lower Duwamish River. This
17

again would include tagging 5 adult river otters and 5 pups. We would also collect data about Xz
k)

their health over the course of two years, analyzing reproductlve rates by testing their blood ”biﬁ,w '

chemistry and characteristics of sexual organs, and observing the growth of the pup:y M

lower Duwamish River contains PCBs, so by comparing the two similar sites, we will be able

to determine the effect of PCBs on the reproductive health of the river otters, as well as observe
how PCBs affect the growth of young river otters.

Known limitations include our budget, which will only allow us to study a limited
amount of river. otters. Another limitation is that we only have two years to complete the \» (’2@{‘0\"’\&)L
study. River otters usually do not reproduce until they are five to seven years old (‘OTTERS M 2
- Reproduction”, 2012). In order to attain the most accurate data, it would be best to study the W ’ N‘&A

river otters over the course of their growth as an organism, and over their reproductive lifetime.

because river otters are on the top of fhe food chain, and will accumulate much more of the
contaminants by eating other fish that contain them.

Another major limitation is that the Duwamish River is contains high concentrations
of over 40 contaminants, and othef than PCBs, the most prominent are arsenic, dioxins, and

carcinogenic polycyclic aromatic hydrocarbons (“How will the Duwamish cleanup affect

»W”"*?
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neighbors health?”, 2012). It might be that there are other contaminants that are affecting the

growth and reproductive health of the river otters. However, because it would be too costly to




- test for the effects of over 40 different contaminants, we have decided to focus on one of the
most prominent contaminants, PCBs.
Another known limitation is that it is difficult to find a healthy river in Washington to
'\

compare the lower Duwamish River to. Most rivers in Washington contain PCBs, as well as

other pollutants. We were able to locate three rivers with no PCBs, but two of them contain M\J

B

Mercury, including the Pend Oreille River, our control river, and one contains DDT (“Fish

it
Y3

Consumption Advisories”, 2012). Thus, we had to choose from the three least polluted rivers,

%%
%,

and choose the river that is most comparable in size and wildlife to the Duwamish River. We
hope that the mercury found in the Pend Oreille River will not significantly impact the results of

our control site. Our study is necessary in order to determine how much of an effect the PCBs

have on the river otters, and if the effect is severe enough to justify‘future mitigation methods.

\

Anticipated Results:

PCBs have been found to be endocrine disruptors. For instance, PCBs were found to M W

affect the reproductive health of female mice in the study “PCBs are Endocrine Disruptors: ?W

'M1xture Affects Reproductive Development in Female Mice” (McGovern, 2006) ~The study

found that female mice exposed to PCBs had changes in uterine development, such as less
uterine glands, and a changed thickness in the myometrium, which is the uterus’s muscular layer.
The study also noted that gene variation could allow for some individuals to be more susceptible
to the effects of PCB exposure.

We anticipate that our results will reflect that PCBs have a significant impact on the

growth and reproductive health of river otters in the lower Duwamish River. We believe it might

cause the lack of growth and development of the sexual organs of the river otters. We further
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believe this would impact the size of the population of river otters in the lower Duwamish River,

and the amount of pups being produced on average. PCBs are known to cause miscarriages,

birth defects, and cancers affecting sexual organs (“Endocrine Disruptors”, 2012).

If we find that the PCBs are affecting the growth of young river otters, as well as the
reproductive health of the river otters, we will be able to propose possible mitigation methods.
This would allow for the reproductive health and growth rates of river otters in the lower

Duwamish River to be restored.

Broader Impact:

This study will benefit society as a whole by hopefully leading to increased
remediation efforts, which would improve the quality of water for the recreational purposes of
surrounding communities. The improvement in the water quality would lead to an increase in use
not only in communities next to the river but also by other citizens of Washington. This influx of

q’l.(y\W\\MMMNW%

people from surrounding communities will boost the local economy by bringing in new business

to-a historically Jow-income area. Scientifically, the study will be beneficial because the: - = = -

T
pollution in the Duwamish River has been generally studied on organisms of lower trophic levels

because they are more likely to be consumed by humans. Because of this, the effects of
bioaccumulation have previously not been taken into account. Our study would both highlight
the demonstrable increases in toxin concentration at the top of the food chain, as well as the
effects éf endocrine disrupters on river otters. Because the river otter is the greatest predator in
the river, and if in fact the river otter population is affected by the contamination, it will prove to

also have a sizable effect on the populations of its prey. Without as many predators it is possible




that there could be a population increase in its smaller prey. The study could also potentially
benefit society as a whole because if it inspires remediation efforts then the health of the people

surrounded by the Duwamish could improve substantially.
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Time:
Initially, we will find the ten river otters that we are going to be testing throughout

- the experiment and we place trackers on them. Then every week we choose one river otter to

observe and test its mating habits. At the end of 6 months we collect samples from all ten otters.

E‘\‘/ery. 6 r‘h.o‘nth-si we will épend two weeks o‘t‘)xsér»vin'g' each river otter indiVidualiy. ThlS prééesé
will cpntinue until we reach the two year mark. At the end of the two years each river otter will
have been observed for 8 weeks and tested 5 times.

Week 1: Initial testing of all 10 otters .

Week 2-22: Rotating observation of otters

Week 23: Second round of testing

Week 24-26: Lab testing and data recording/analysis

Week 27-47: Rotating observation




Week 48: Third round of testing

Week 49-51: Lab testing and data recording/analysis
Week 52: Break

Week 53-73: Rotating observation

Week 74: Fourth round of testing

Week 75-77: Lab testing and data recording/analysis
Week 78-98: Rotating observation

Week 99: Final tests of otters

Week 100-104: Finalization of results and report
Budget:

10 GPS-GPRS device, materials assembling labor: $10,000
A boat: $10,000

Unpaid College Interns: Earn College Credit
Researchers: $4,000

Box of Latex Gloves: $10

- 3Labcoats: $60° v

6 pairs of Safety Gogglés: $90

Gas for the boat: $1,500

Gas for the car: $1,500

10 Leg hold traps: $80

Telazol for anesthesia (9 mg/kg): $250

Blow gun for administering anesthesia: $5

Holding box: $30




10 PIT (Passive integrated transponder) tags: $30

Examination dental development to determine age: $0 ]Ton ik Mo e P”% C |

PMW e o

ANOVA and posthoc Scheffe test used to determine influences of region, age, class and season 1

Microscope: $400 ( <t Fady o«q)

on mean litter size: $0

p—
Testing of significance between the number of embryos and the number of following cubs per
mother calculated by statistical Mann-Whitney U-test: $0

Small sample of fat taken to analyze for chlorinated hydrocarbons by gas chromatography:

$1,500
Examination of each otter by a veterinarian for signs of preexisting health problems or injuries:
$800

Hematology machine for analyzing blood samples: $20,000

Hormone metabolites extracted from fecal samples of otters: $100

Total Spent: $50,255
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GPSPRS dvier | Toodke tha 10 s | 41,000 %10 = 10,00
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| Total = B50,255
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The Effects of Polychlorinated Biphenyl Pollution in the Duwarnish River on River Otter
Reproduction
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to stillbirths, and the general success of live offspring. We expect that due to the endocrine

' The Effects of Polychlorinated Biphenyl Pollution in the Duwamish River on River Otter
Reproduction

Abstract
In this study we propose to examine the effects of the known endocrin'e-disruptor
polychlorinated biphenyl on the river otter popolation in the Duwamish River in Washington
State. In domg so, we hope to shed light on the damages that over a century of pollution have .

M\(@\M ?iﬁ

brought upon this lotic ecosystem especially in regards to the reproduction rates of its aquatlc |
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0 A
inhabitants. To do so, we propose to pick two sites for study—one control where river otter }({ WO *f” &

populations are not ¢ exposed to PCBs and the site 4t the Duwamish. At each site we would
capture and tag five grown otters and five otter pups with GPS tracking devices. This would

allow us to follow their development and reproductive success over the two years of the study.

We would intermittently recapture them to run blood tests, study their sex organs, and take

samples of their gametes. This would occur CYPIX_SLXIEQEIQ.S‘ In the interim we would observe{"g et

the1r matmg habits, including how many times they were having sex compared to how many

< could Ve soid (OCE
times they were able to conceive, when they are giving birth, how many live births compared 2] 0O *‘*if /
a4
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Fr g
disruptor properties of polychlorinated biphenyli, the river otter population in the Duwamish will

be significantly smaller and less able to successfully reproduce when compared to that of our
control site. Because the river otters are at the top of the food chain, we expect that the effects of
PCBs will be most noticeable in them due to biomagniﬁcationf Even so, they undoubtedly are |
affecting aquatic populations in ways we cannot yet quentify. The more we know, the closer we
will be to the remediation of the Duwamish River.

Introduction




The Lower Duwamish River was declared a Superfund site by the United States
Environmental Protection Agency in 2001 (Lower Duwamish Waterway 2012). The site is
known to be contaminated with at least 40 chemical pollutants, including heavy metals, arsenic,

)Ny e
and PCBs gwqu:mci,?&#z;&fﬁfjlm1nat10n has been quite prolonged, with pollutants from industries along
the river entering the ecosystem for over 100 years (Lower Duwamish Waterway 2012). As
such, toxin concentrations in all trophic levels of the food web have greatly increased—to the
point that all aquatic species permanently making their home in the Duwamish River are
considered unsafe for human consumptlon‘éRlvjrégotters are perhaps most affected by the
pollutants because of their place at the top of the food chain. Biomagnification means the toxins
will accumulate in greater concentrations in otters, as they consume organisms already
containing high levels of contaminants.@hesize that because of biomagnification and

because one of the pollutants in highest concentration is polychlorinated biphenyl, a known

endocrine disruptor, the river otters of the Duwamish will be less reproductively successful than

p‘o_l,lu,tiﬂon.‘ “This has the potential to lead to the enforcement of stricter regulations and penalties - -

related to industrial aquatic pollution. It also can help push forward remediation efforts by the
State of Washington, which would allow for involvement of the surrounding communities with
the cleanup and, eventually, increased recreation.

Background:

Wherever there is industry, there will necegg:g‘jly be some form of pollution or Nj m

ecological disruption. Aquatic ecosystems are especially vulnerable, as urban and industrial

runoff can easily enter into nearby lakes and rivers. This pollution brings with it a host of

#
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problems, which can include loss of biomass and biodiversity, eutrophication, and loss of

habitat, to name a few, Even if only one species is affected, the equilibrium of the entire system

file -~ /0900y cite o sludy et shhowss
o OW\Q, will be inevitably shifted, as its prey flourishes or predators suffer L“Many of the effects of %LJ\(\\ v
studses, \
o i chem1ca1 @i@fgﬁl&d@w@ble as an oil spill or waste dumping might be, but they are

A /5\§ {3\?“’ @
S\(\@ W just as harmful. "The Duwamish River in Washington State has seen some of the worst pollution

sl
&@f 00 % in the nation, placing it on the list of Superfund sites by the United States Environmental

Protection Agency (Lower Duwamish Waterway 2012). Among the forty pollutants present in

/b\*ﬁﬁ,

the water is polychlorinated biphenyl—a known endocrine disruptor LUsed mainly in electronic

equipment, transformers, and motor oil, the commercial production of PCBs has been banned in
the United States (Polychlorinated Biphenyls). They take a long time to break down in the
environment and are known to accumulate in fish (Polychlorinated Biphenyls). As much as we

know about PCBs, their effects on the higher trophic levels of the Duwamish are not well

researched. The majority of the studies conducted have been on fish, since they are a more Ccf) At [y@’)
Li y
direct possible threat to human health (from eating fish caught in the Duwamish) gl'he most “%" \)g& o (VA
COONOT

prominent of these studies, entitled “Structural Changes in Gill DNA Reveal the Effects of Y2 o0 é\ﬂ{ %»3

df*@%w@\eb .
wiHnoud

d@‘*f\\% /) %ﬂ Oncology Program of the Pacific Northwest Research Institute in Seattle, Washington (Malins et CHN O 3

Contaminants on Puget Sound Fish” was conducted by researchers from the Biochemical -

N7, olwons il U2 b
Hﬂj \\\@?\f al“{ They fo’und that in comparlsoi ?o fish caught in a similar, but cleaner, site, those caught in ﬂ\g 1
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PNE \3 ! h«) }‘“\) helpful in researching PCB effects, it is representative of the marked dearth of investigation into
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\QL Seni % %{f} propose to pick up where the research has left off and expand further upon the effects the

the Duwamish had more abnormahtles in their gill DNA (Malins et al@/ J%Ifhough this study was

how biomagnification might play into the contamination of the site and organisms. Thus we

.
I 7
i{“ Dig 1) pollution of the Duwamish is having on its aquatic inhabitants.
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Study Site Location:
Our project has two study sites. One study site location would be at the lower Duwamish
River, which is a five-mile long area in southern Seattle, Washington. Our second study site

location is at the Pend Oreille River, a tributary of the Columbia River (“Pend Oreille River

. ’ N . Dl Lo
Tourism Alliance”, 2009). _ \ VI sne YA 1O ROS LY 00
Proposed Methods and Known Limitations: . \ e
| \ imwfé & 12
Due to biomagnification, we hypothesize that river otters are being affected by %i\y\) AUl b ,}g’,,

- \
Polychlorinated biphenyls (PCBS) in the water, as they consume fish also containing @ﬁs%\&\ f}\%i\ e
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contaminant sediment. We hope to research and quantify how the lower Duwamish River  $\)\ A5
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impacts the river otters in the river, before possible mitigation methods can be proposed. The \
— L A—
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data we need to collect isanifold. First, we will collect data from Pend Oreille River, which
is a comparable study site in Washington, which serves as a model for what a river ecosystem
without PCBs would look like. The river serves many important roles, providing a home for
wﬂdhfe and has historic, natural, and scenic significance. -1t is also used for recreational use

) V% W N O A f?
(Pend Oreille River Tourism Alliance, 2009). This will be our control site.

At this site, we will collect data about the river otters that live there, specifically
analyzing reproductive rates and overall health of the river otters. We would analyze

the reproductive rates by measuring the blood chemistry of the river otters, as well as the

, characteristics of their sexual organs. We would also tag each river otter studied with a GPS {)(} g";\\
! e X o
© O

tracker, allowing us to follow up periodically to take new measurements and reassess the health \Q&r i i’\\;?

of the river otters. We estimate we will track 5 adult river otters, and 5 pups, or younger river
M jiﬁ




otters. This will allow us to also observe how river otters grow and reproduce, without influence

of PCBs as a contaminant. We will also count the offspring of the 5 adult river otters that we
CuiAar st A
Lo abdey WOLLD wolk ﬂ\\@
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We would also take the same measurements at the lower Duwamish River. This

will track over our period of two years.

again would include tagging 5 adult river otters and 5 pups. We would also collect data about
their health over the course of two years, analyzing reproductive rates by testing their blood
chemistry and characteristics of sexual organs, and observing the growth of the pups. The

lower Duwamish River contains PCBs, so by comparing the two similar sites, we will be able

%\ x’); &0 to determine the effect of PCBs on the reproductive health of the river otters, as well as observe
O»W\@ |
(0 HOY A0S gz how PCBs affect the growth of young river otters.
M SRR L1V . . . ..
;f (;(:}DM do % Known limitations include our budget, which will only allow us to study a limited
gl ‘ .
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O\ ’i AN j) amount of river otters. Another limitation is that we only have two years to complete the
@{ orxs Ol
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O\ ) 5. {3 a study. River otters usually do not reproduce until they are five to seven years old (“OTTERS

river otters over the course of their growth as an organism, and over their reproductive lifetime.
: 'Furthermore, we have decided to solely test the river otters, and not other aquatic organisms,
because river otters are on the top of the food chain, and will accumulate much more of the
contaminants by eating other fish that contain them.

Another major limitation is that the Duwamish River s contains high concentrations

of over 40 contaminants, and other than PCBs, the most prominent are arsenic, dioxins, and

neighbors health?”, 2012). It might be that there are other contaminants that are affecting the
\___‘M

growth and reproductive health of the river otters. However, because it would be too costly to
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- Reproduction”, 2012). In order to attain the most accurate data, it would be best to study the < / Ja\é iy
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carcinogenic polycyclic aromatic hydrocarbons (“How will the Duwamish cleanup affect /N W\@C * G'Q
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- test for the effects of over 40 different contaminants, we have decided to focus on one of the
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compare the lower Duwamish River to. Most rivers in Washington contain PCBs, as well as Jli

Another known limitation is that it is difficult to find a healthy river in Washington to

other pollutants. We were able to locate three rivers with no PCBs, but two of them contain

Mercury, including the Pend Oreille River, our control river, and one contains DDT (“Fish

oY L’
Consumption Advisories”, 2012) Thus, we had to choose from the three least polluted rivers, a\{00 ‘W%\V WL
AR X0
and choose the river that is most comparable in size and wildlife to the Duwamish River. We g\\,\i\ N
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hope that the mercury found in the Pend Oreille River will not significantly impact the results of - Yot @ 5‘\% O
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our control site. Our study is necessary in order to determine how much of an effect the PCBs Q\Q M @‘%;* 0
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have on the river otters, and if the effect is severe enough to justify future mitigation methods. %’6 - roe ™ @
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PCBs have been found to be endocrine disruptors.\LF or instance, PCBs were found to

affect the reproductive health of female mice in the study “PCBs are Endocrine Disruptors: ClO\’\\ ){* ¢l m{‘i

f\f\(( TOvd 7’}

uterine glands, and a changed thickness in the myometrium, which is the uterus’s muscular layer L f”"vi) Yo

found that female mice exposed to PCBs had changes in uterine development, such as less

The study also noted that gene variation could allow for some individuals to be more susceptible
to the effects of PCB exposure.

We anticipate that our results will reflect that PCBs have a significant impact on the ,

//j %% y\"’ !\gxg Siﬂ)gh
growth and reproductive health of river otters in the lower Duwamish River. We believe it might U(\é L
OO }M
F{;ﬁ ) (} /
SHONeMNROTS

bhostT

cause the lack of growth and development of the sexual organs of the river otters. We further




believe this would impact the size of the population of river otters in the lower Duwamish River,
and the amount of pups being produced on average. PCBs are known to cause miscarriages,

birth defects, and cancers affecting sexual organs (“Endocrine Disruptors”, 2012).

If we find that the PCBs are affecting the growth of young river otters, as well as the
reproductive health of the river otters, we will be able to propose possible mitigation methods.
This would allow for the reproductive health and growth rates of river otters in the lower

Duwamish River to be restored.

Broader Impact:

This study will benefit society as a whole by hopefully leading to increased
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remediation efforts, which would improve the quality of water for the recreational purposes of
surrounding communities. The improvement in the water quality would lead to an increase in use

not only in communities next to the river but also by other citizens of Washington. This influx of

ol

i . .. . . .
s people from surrounding communities will boost the local economy by bringing in new business

to-a historically low-income area. Scientifically, the study will be beneficial because'the: =+ -

pollution in the Duwamish River has been generally studied on organisms of lower trophic levels

because they are more likely to be consumed by humans. Because of this, the effects of /\smg\m}\ V o0

XN At
1ogggqmulatlon have previously-net-been taken into accou&wgur study would both highlight i Jﬂﬂ@\? ni¢
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that there could be a population increase in its smaller prey. The study could also potentially

benefit society as a whole because if it inspires remediation efforts then the health of the people

surrounded by the Duwamish could improve substantially.
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Initially, we will find the ten river otters that we are going to be testing throughout i Wi
TN N ,u‘i%\k ; \Tgé}%}s ) }
- the experiment and Wevplace trackers on them. Then every week we'choose one river otter to (}\O f\:‘ %«« \)\\3 SN
il

observe and test its mating habits. At the end of 6 months we bollect samples from all ten otters.
1 EVCI'Y 6 months we will spend two weeks oBSéfving each river otter indi\)iduallj}. This prbéesé
will continue until we reach the two year mark. At the end of the two years each river otter will

00N
have been observed for 8 weeks and tested 5 times. POOTE

Week 1: Initial testing of all 10 otters claoC
Week 2-22: Rotating observation of otters

Week 23: Second round of testing

Week 24-26: Lab testing and data recording/analysis

Week 27-47: Rotating observation




Week 48: Third round of testing
Week 49-51: Lab testing and data recordmg/analys1s

Week 52: Break \W ) ﬁ/i}j

Week 53-73: Rotating observation

Week 74: Fourth round of testing

Week 75-77: Lab testing and data recording/analysis

Week 78-98: Rotating observation

Week 99: Final tests of otters

Week 100-104: Finalization of results and report

Budget:

10 GPS-GPRS device, materials assembling labor: $10,000

-3
A boat: $10,000 <— WO U007
gw)x"if\\

Unpaid College Interns: Earn College Credlté’%{
Researchers: $4,000 & foc wih %\L&iy}@ "%0“\%‘9\\ 13\\ neh ¢ antle ) A ? h ’\7 ) \5\?3\\1 ‘}&‘ él
Box of Latex Gloves: $10 U
" 3 Lab coats: $60° - -
6 pairs of Safety Goggles: $90

Gas for the boat: $1,500

Gas for the car: $1,500

10 Leg hold traps: $80

Telazol for anesthesia (9 mg/kg): $250

Blow gun for administering anesthesia: $5

Holding box: $30




10 PIT (Passive integrated transponder) tags: $30
Examination dental development to determine age: $0
Microscope: $400
ANOVA and posthoc Scheffe test used to determine influences of region, age, class and season

on mean litter size: $0

Testing of significance between the number of embryos and the number of following cubs per

o4
P
/WMM

mother calculated by statistical Mann-Whitney U-test: $0

Small sample of fat taken to analyze for chlorinated hydrocarbons by gas chromatography:

$1,500

Examination of each otter by a veterinarian for signs of preexisting health problems or injuries:
$800

Hematology machine for analyzing blood samples: $20,000

Hormone metabolites extracted from fecal samples of otters: $100

Total Speat: $50,255







