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Physicochemical parameters
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Sources of pollution

Even the most sophisticated wastewater | .
treatment plant can’t remove pharmaceuticals &£
Copyright @ 2005 Pearson Prentice Hall, Inc.




Pesticide Action Network (PAN)
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Effects of contaminants

“This means something,
but | can’t remember what!”



Effect-Based Toxicity Testing

Maximum Effect
(e.g., Mortality)

Too Late

N

LD50 or LC50:
Lethal dose or lethal
concentration affecting
50% of the population)

Predictive

Adverse effect

Sublethal Effects

(e.g., behavior &
reproduction)

Increasing dose/concentration
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Application of Research

Levels of Organization Based
on Source to Outcome

Individual

Cellular Effects

Key Event

|
Toxicity Pathway

Action

Adverse Outcome Pathway

to

Community

Population

Source to Outcome Pathway

Source: Ed. Perkins; http://nas-sites.org/emergingscience/files/2011/08/Perkins.pdf



Sensitivity Differences &
Indicator Species

Group 1 Group 2 Group 3
Do not Tolerate Tolerate moderate Tolerate
pollution pollution pollution

e.g., Blackfly larvae

e.g., Caddisfly larvae e.g., Crayfish e.g., Flatworms



PEPTIDE HORMONE SYNTHESIS
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REPRODUCTIVE VS. NON-REPRODUCTIVE

Vertebrate Systems:

Hypothalamus
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ADVERSE OUTCOME PATHWAY
FRAMEWORK

Macro-
Molecular Cellular Organ Organism Population

Toxicant Interactions Responses Responses Responses Responses

Gene
. Receptor/Ligand activation Altered Lethality Structure
Chemical Interaction physiology

Properties Protein Impaired )
P DNA Binding production Disrupted Development Recruitment

homeostasis
Protein Oxidation Altered Impaired
signaling Altered tissue Reproduction
development/
function

Extinction

Source: An Adverse Outcome Pathway (AOP) is a conceptual framework that portrays
existing knowledge concerning the linkage between a direct molecular initiating event and
an adverse outcome, at a level of biological organization relevant to risk assessment.
(Ankley et al. 2010, Environ. Toxicol. Chem., 29(3): 730-741.)



Example: Potent AR Agonists

Adverse Outcome Pathway: Fathead Minnow

AR-dependent
somatic cell

17p- proliferation

trenbolone AR binding
(trb-acetate)

hypothalamic
neurons

Adverse Outcome Pathway: Human

AR-dependent
somatic cell

17p- proliferation

trenbolone AR binding
(trb-acetate)

Negative feedback,
hypothalamic
neurons

Negative feedback,

Tubercle and
fatpad formation
in females

Reduced
steroidogenesis,
vitellogenesis

Reduced
fecundity

Increased body
hair in females

Testicular atrophy,
impaired sperm Infertility
production

Source: Ed. Perkins; http://nas-sites.org/emergingscience/files/2011/08/Perkins.pdf (adapted)



In vivo Approaches

* Gene Expression: CEC (or metabolite) activates
MRNA production to generate Hormones, i.e.
Initiation of hormone synthesis mimic.

— Targeted Quantitative PCR: receptor and/or HPX
axis.

* Hormone quantitation/activity: mRNA has led
to hormone production
— Enzyme linked immunosorbent assay
(ELISA)/Binding assays: e.g., vitellogenin,
choriogenin, testosterone, T3, T4...



Zebrafish model transgenic ER reporter

Live determination of EDC activity

Drug Candidates
or Any Stimuli

FLUORESCENCE
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Transgenic line:

cyp19aia (-/-);Tg(SXERE:egfp) ~ Mimics” activate
reporter



Zebrafish model transgenic ER reporter
Live determination of EDC activity




In vivo Approaches

Males expressing of: Impacts contribution

female hormones =— of the individual to
Females expressing the population

male hormones _



Population effects

* Fecundity: emergence/number of offspring

 Sex ratios: male:female skewness

* Epigenetics: parental transfer.
— MethylSeq — DNA methylation
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White J.W., Cole B., Cherr G., Connon
R.E. and Brander S. (2017). Scaling up
the individual-level effects of
endocrine disruptors: how many
males does a population need?
Environmental Science and
Technology, 51(3): 1802-1810.



Chemical analyses on their own will not inform on risk:
In vivo methods are crucial in identifying the
connection between exposure and biological effects.

Pros:
e cross-talk between biological pathways,
 environmental influence,

* integration of action through different mechanisms at
different tissues

 metabolic transformations, bioaccumulation, and
homeostatic controls

However (Cons):
* inter-individual, seasonal, and temporal variability

* Expensive and difficult to accommodate high throughput
screening (but possible).



Watershed Moments: Nature’s Value

What typical water quality parameters are measured in
streams/rivers?

— Standard physicochemical parameters: Temperature, Dissolved
Oxygen, pH, Salinity, Alkalinity, Ammonium, Turbidity

What do these parameters tell us about the health of our
watershed?

— Physicochemical parameters will give an indication of niche
suitability, and alert to potential changes to that niche

What are emerging/new water quality challenges we will
face in the future?

— Multiple contaminants (synergism/additivity) & multiple stressors

What can we do to protect or improve water quality — the
health of our watershed?

— Instigate an effect-based monitoring system



Watershed Moments: Nature’s Value

Identify your questions needs

* Current monitoring?

* Continuous monitoring?
 Monitoring Station(s)?

* Seasonal impacts?

* Species protection?

* Watershed protection?

* Environmental or Political concern?



Screening with in-vitro

JOSEPH TOMELLERI

Verification with in-vivo

Find indicator species that meet your needs



