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hemicals of Emerging Concer

Define s that are
not commo ave the
potential to ent dverse effects.

0 have biological

effects at low levels — hormones, pharmaceuticals

Many end up in human sewage, wastewater, runoff and
ultimately the aquatic environment, so aquatic organisms may
be constantly exposed

Current treatment technologies are not designed to
remove CECs.



Chemicals of Emerging Concern
Human Wastewater

“" Personal care products
== Antimicrobials — soap, detergent, toothpaste
=+~ Fragrances
-« Organic UV filters
=~ DEET



Agricultural Sources
Residential Sources

Antibiotics/ar
Pesticides and herbicides
Human biosolids used for fertilizer



ndocrine Disrupting Chemicals

" EDCs ca
by “fooling
inappropriate

““" EDCs can block the e

thereby interfering with normal function.
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Other Effects of CECs

— Atrazine exa

o Effects phytoplankton populations leading to
increased periphyton

* Increased periphyton leads to increased snails
* Increased trematode parasites



\ETy fect and
SO may a ow levels

Endocrine
communication anc 1anisms

Lack of classic dose-response curve — hormesis

Multiple contaminant exposure routes - water,
sediment, food (yolk sac)

Short term exposure at sensitive life stages can have
long term effects

Additive, synergistic



Approaches and Consideration

Variety of aquatic at vary in exposure
(habitats) and sensitivity

Both approaches have pros and cons and is best
to combine the two whenever possible



Methods

Chemical Sampling Water

plers that are

Grab water sample
OASIS HLB



ntegrative Passive Samplers

ambrane Devices

nulate hydrophobic compounds

e Polar Organic-Compound Integrative
Samplers (POCIS)

accumulate hydrophilic compounds

Plus —tend to find higher number of detects
Con — hard to get an actual water concentration
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Water Chemical Monitoring

* Disc time
* Integr iod that
UEVALE: es, storm

events etc.

e Seasonal

— Climatic factors, landuse characteristics,
hydrological — runoff versus groundwater sources
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17-alpha-Estradiol

Endocrine
disruptors
(EDs)
measured In
all sample
types

Stigmastanol

17-beta-Estradiol

Androstenedione

Estrone

Progesterone

Biogenic hormones/sterols

Discrete water —
Sam pIeS 4-Monylphenol diethoxylate
underestimate
ED exposure

4-Nonylphenol monoethoxylate

Galaxolide

para-Nonylphenaol

Tonalide
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Agricultural Pesticides

Fall (Spring)

Chemic

Estimat_
Metolachlor .8 (97)
Atrazine 2 (2100)

Prometon _ 1.4 (1.8)

2.5 ppb recently shown to induce complete feminization and
chemical castration in frogs - Hayes et al. (March 2010)

Earlier work found 0.1 ppb induced intersex in frogs
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asonal Differences in Atrazine in Tributarie
f the Potomac River, Concentrations (ng/L
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Seasonal Differences in Metalochlor
Concentrations (ng/L)

12
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60 w Fall
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20
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Tissue Contaminants

understanding
aquatic animal health issues

Legacy contaminants that accumulate
Method development for CECs
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senic Tissue Contamina
Smallmouth Bass

2009 — South Fork

Water concentrations even during storm runoff
were 0.78 ppb, however, levels in the
suspended solids were 2.48 ppm

Arsenic (mg/kg dry weight)

Liver Skin Hemopoetic Testes Ovary

Tissue



100+

80

60

40+

207

H Pesticides
E BDE
O Triclosan

Muscle Skin

Ant Kid Spleen

Liver

Brain

Ovary
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Biological Effects Monitoring

ature adults
Important to use multiple endpoints

In vitro cell/organism reporter assays

BLYES — bioluminescent yeast estrogen screen — total
estrogenicity

BLYAS — androgenicity

Nuclear translocation assays — androgenicity,
glucocorticoid receptors
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Nuclear Translocation Assays
National Cancer Institute

Overlay DAPI GFP-GR

This shows G Corticosterone

GR translocated
to the
nucleus by the
water sample
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h as Integrators for Aquatic Syste

Health

essors in
Stressors in of chemicals,

Contaminants — many act synergistically, lack of
classic dose-response, methods to measure at
concentrations they cause effects, vary greatly
seasonally/daily

Integrate effects over time
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ite of Fish Biological Indicators

Provides c

Plasma
¢ Hormones — estrog
e Vitellogenin

Histopathological

* Diagnose causes of gross observations, identify emerging pathogens,
identify specific effects of contaminants, with image analyses
quantify parasites, macrophage aggregates etc.

Molecular

* mRNA for reproductively related genes (vitellogenin, estrogen
receptors), immune system indicators (TGF-$, hepcidin),
contaminant-related (CYP1A, oxidative stress), stress (glucocorticoid
receptors)

e Mechanisms

» |dentification of parasites/pathogens
22



arsex in Normally Gonochorist Fis

2 oocytes within

Suggested as a marker of
endocrine disruption

Used as an indicator of
exposure to estrogenic
compounds
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Induction of Testicular Oocytes
Experimentally

Bisphenol A
Phytoestrogens/lsoflavones — equol, genistein
Atrazine - amphibians
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Sensitive Life Stage Exposure

inductio
(sexual diffe

Exposure during
later in life.

Exposure throughout life can increase incidence
and severity

an increase sensitivity
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Vitellogenin

the blood of ¢ agg-laying
vertebrates

Estrogen stimulates the liver to produce
vitellogenin which travels to the ovaries via
bloodstream and is sequestered by developing
oocytes

Presence in plasma of male fish indicators of
exposure to estrogenic chemicals — more recent
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eam (U) / Downstream (D) of W

Site

w Vtg

VANEIES

Susquehanna - U 21%
Susquehanna—-D 7 1.7 11%
Swatara— U 4 75% 0.6 0%
Swatara—- M 6 67% 1.0 50%
Swatara—D 6 100% 2.0 0%
Monocacy — U 11 82% 1.2 45%
Monocacy — D 7 100% 1.8 33%
Conococheague — U 10 100% 2.2 60%
Conococheague — D 10 90% 1.8 90%
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Prevalence of intersey

100-
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40+
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20-
10+
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ite Sucker Vitelloge

Drainage

| Delaware Drainage
Brodhead Creek

B Male

B Female

PA8




Gradient Spring 2006-2007
Passive Sampler Results/Intersex

2001

1501

] Atrazine

100+ Osum OC X 10
O sum PCB X10
50-
O intersex

ol T

Gauley S. Branch Monocacy N. Fork
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Intersex and Land-use

Landuse Intersex Intersex
Characteristics Prevalence Severity

r2 P r2 P
Human population 0.39 0.10 0.42 0.08
# WWTP 0.22 0.24 0.34 0.13

WWTP flow 0.32 0.15 0.63 0.02
Percent agriculture 0.63 0.02 0.50 0.05

# Animal feeding operations 0.28 0.17 056 0.03
Total animal numbers 0.27 0.18 0.48 0.06
Animal density 0.49 0.05 058 0.03
Poultry Houses 0.27 0.18 050 0.05

Blazer, V.S., L.R. Iwanowicz, H. Henderson, P.M. Mazik, J.A. Jenkins, D.A. Alvarez
and J.A.Young. 2012. Reproductive endocrine disruption in Smallmouth Bass
(Micropterus dolomieu) in the Potomac River Basin: Spatial and temporal
Comparisons of biological effects. Environ. Monitor. Assess.

DOI 10.1007/s10661-011-2266-5




Results — Chemicals a

®

p=0.868, p =0.025

*Intersex metric is a nonparametric indicator of prevalence and seveyity
*TO = (Testicular Oocytes)




arsex and Chemical Correlatic

Chemical Intersex Prevalence Intersex Severity
Contaminants

r? P r2 p
Atrazine
Deethylatrazine
Acetochlor

Metolachlor

Kolpin, D.W., V. S. Blazer, J. L. Gray, M.J. Focazio, J. A. Young, D. A. Alvarez, L.R.
lwanowicz, W.T. Foreman, E.T. Furlong, G.K. Speiran, S.D. Zaugg, L. E. Hubbard,
M.T. Meyer, M.\W. Sandstrom, L.B. Barber. 2013. Chemical Contaminants in Water
and Sediment near fish nesting sites in the Potomac River Basin: Determining
Potential Exposures to Smallmouth Bass (Micropterus dolomieu). Sci. Total
Environ. 33




enandoah Tributary Stuc

Land-use Characteristics Estrogenicity

r2

% Forest

% Pasture/ Hay
% Crop

% Developed

Poultry Density

Beef Density

Dairy Density
WWTP (MGD)




andoah Tributary S

POCIS pesticides (26 total) Estrogenicity

r? p

Deethylatrazine

Metolachlor

Atrazine

Simazine




Atrazine and Estrogenicity

and co-o
Does the use igh levels of
phytoestrogens in the water/sediment?

36



1t Results — Chemical

p =0.986, p<0.001

) ) . . . 37 .
*Intersex metric is a nonparametric indicator of prevalence and severity



Yellow Perch

Histological findin
Lack of final oocyte maturation,

Abnormal zona pellucida and
Leydig cell proliferation/Leydig cell tumors

Both responses are regulated by dopamine

Raises question of exposure to dopamine agonists used to treat
Alzheimer’s, restless leg syndrome etc.

Normal e
, Leyd|g ceII prollferatlon




Endocrine Changes
terrenal Tissue - Adrenal Corte

Normal Hyperplasia and hypertrophy



Skin Lesions and Mortalities

fy e L
P
P



mimics) are ith intersex and
vitellogenin produc e fishes

Increasing evidence that estrogenic chemicals
and other endocrine-disrupting substances
modulate the immune response and disease
resistance

Also other chemicals such as arsenic, atrazine,
PCBs act as immunosuppressors by other
mechanisms

41



Overall Findings/Conclusions

Sensiti\ shold

Numerous pathog esions and
eventual death — no co

Bacteria — Aeromonas hydrophila, A. salmonicida, Flavobacterium
columnare

Virus — largemouth bass virus
Numerous parasites

Prevalence/severity of intersex appears to be related to fish
lesions/kills
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