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Update on the Risk Assessment

*Review of regional scale risk assessment
*Risk Assessment area and the risk regions

*Conceptual model development

*Bayesian network development




Goals of the risk assessment program

Perform a multiple stressor ecological risk assessment
for the South River area that contains Hg
contamination.

Create a modeling framework to calculate risk and to
run scenarios to assist the restoration efforts for the
region.




Relative Risk Model-the basics
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Conceptual Model is also configured with this
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First Steps

What do you care about and where?

Make a Map

Conceptual Model




Endpoints-What do you care about

Ecological Services including but not limited to:

Water quality, quantity, fishability, swimability,
drinkability, fire suppression

Species
Smallmouth bass
American Toad

Carolina wren Here is the list-now to look

Bats

little brown bat- Myotis lucifugus at eacC h Catego ry i N More

big brown bat- Eptesicus fuscus .
River Otter d I
Common Mink eta 1
Kingfisher

Recreational uses
Fisheries
Hunting

Park Activities
Swimming

Picnicking .
Boating, canoeing - e At
LzSunt' N % 1R Af"?




Endpoints-What do you care about

Ecological Services including but not limited to:

Water quality, quantity, fishability, swimability, drinkability, fire
suppression

Water Quality is essentially a universal endpoint for aquatic
systems.




Endpoints-What do you care about

Species
Smallmouth bass
American Toad
Carolina wren
Bats

little brown bat- Myotis lucifugus
big brown bat- Eptesicus fuscus
River Otter
Common Mink
Kingfisher

These are species of particular
interest in part due to the Hg

contamination but are also
charismatic.




Endpoints-What do you care about

Recreational uses

Fisheries , e s
Huntin These endpoints cover specific direct
g interactions between the residents
o and the environment often with a
Park Activities . . .
o direct economic benefit to the study
Swimming
L area.
Picnicking
Boating, canoeing
Sunbathing
ESA Listed Species ‘Governed by legislation and rulemaking.
: . 3
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Study area for the
risk assessment %x
program
7

Six risk regions along 7 () j 3
the South River and /{3/;2. |
the South Fork of the o
Shenandoah River. |
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Data distribution in the
study region

Data from the the

main stem, and
downstream.

South River
Sampling Distribution




Data distribution in the
study region

Not all of the
aguatic endpoints
have been sampled
for Hg
contamination.
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Data distribution in th
study region

Land use/Planning
information is

available along the
reach of the rivers.

South River Land Use




Data distribution in the
study region

Data can also be
overlaid with other
kinds of

information.




Overview of the South River and South Fork of the Shenandoah Conceptual Model.

—_ Control technologies as part of the TMDL _ _ _ _

process or NRDA activity

Sources

— Stressors

|

Effects

Habitat

Impacts

Land use types
Agriculture
Residential
Commercial

Industrial

Legacy land uses
Hg contaminated
sediment

Hg contaminated
aquatic and
terrestrial
environments

Atmospheric
transport
Industrial areas
outside the
watershed

Natural Resource
Activities

Forestry

Parks

Protected waterways

Effluents
Wastewater and
Industrial treatment
Septic

Hg Contaminated sediment
Hg Contaminated food chain

Domestic use. Pesticides
herbicides, fertilizers,
nutrients, particulates

Roads and Infrastructure.

Hydrocarbon products (PAHSs),

metals, high flow rates from
impervious surfaces,
Alteration of waterways for
flood control, dams etc.

Agriculture. Herbicides,
pesticides, pharmaceuticals,
nutrients, particulates.

Modification of stream
Land erosion-particulates
Temperature extremes,
alteration of fish habitat, loss
of habitat

Discharges
Nutrients, contaminants,

pharmaceuticals, treatment by

products.

1
1
1
1
1
1
L

Streams —River
(including various stream
sizes and flows)
Sediments

Bottom types
Wetlands

Floodplain

Fish spawning beds
Agricultural areas
Riparian zones
Recreational areas
Roosting and nesting
sites

Habitat loss,
spawning loss, pre-
spawn mortality, direct
toxicity

neurotoxicity
Observed mortality in
fish, immuno-
suppression, increase
in disease, change in
age structure of
forage and other fish
populations, change
in fish and
macrobenthic
community structure,
change in
phytoplankton
biomass, alteration in
nutrients in-streams,
increase in
temperature.
Contamination of
tissue by POPs or
biomagnified metals

Ecological Services
including but not
limited to:

Water quality, quantity,
fishability, swimability,
drinkability, fire
suppression

Species
Smallmouth bass
American Toad
Carolina wren
Bats

little brown bat-
Myotis lucifugus

big brown bat-
Eptesicus fuscus
River Otter
Common Mink
Kingfisher

Recreational uses
Fisheries
Hunting

Park Activities
Swimming
Picnicking
Boating, canoeing
Sunbathing

ESA Listed Species



South River and South Fork of the Shenandoah River Conceptual Model-Mercury.

—_ Control technologies as part of the TMDL _ _ _ _

process or NRDA activity

Sources — Stressors | —————t—>» Habitat Effects p——> Impacts
Land use i ;
Industrial Chemical complexes of Hg Streams —River Habitat Effects Ecological Services

Legacy land uses
Hg Contaminated:
1. sediment
2. water
3. aquatic veg.
4. floodplain
soils/veg
5. terre. soils/veg

Hg Contaminated
Prey/Food

Atmospheric
transport

Industrial areas
inside the watershed

Regional/Global

outside the

watershed
Natural
Anthropogenic

Effluents
Wastewater and
Industrial treatment

Stormwater Runoff

Elemental Hg

Hg Salts

Methyl Hg
Organo-complexed Hg

Habitat Alteration

1. Stream meanders- erosion/

deposition of Hg
Contaminated sediment

2. Stream bank /floodplain
modifications - Hg
contaminated soils/sed.

3. Landslides (natural,
anthropogenic)

Trophic Transfer

Hg Contaminated food /prey

(including various stream
sizes and flows)
Sediments
Water
Bottom types

Fish Habitat
Spawning/feeding
Nursery areas

Wetlands

Floodplain

Riparian zones

Floodplains

Terrestrial Habitat
Roosting, feeding and
nesting sites

Recreational areas
Beaches
Boat Launches

Docks/ piers
Wading areas

- L |
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. Hg Contaminated

Vegetative losses

Fish/Mammals/Birds
Direct effects - egg, larval,
adult mortality

Indirect effects -
behavioral, sensory,
neurotoxicity , immuno-
suppression, disease,
change in age structure,
species abundance and
diversity, trophic structure
and function

Vegetation/Plant
macrobenthic community
structure, change in
phytoplankton biomass,
change in trophic transfer
of nutrients/energy

Biomagnificaiton

Tissue contamination

Trophic transfer:
Aquatic to aquatic
Aquatic to waterfowl
Aquatic to birds
Aquatic to small
mammals & wildlife

including but not
limited to:

Water quality/quantity
Drinking
Irrigation
Fire suppression

Species
Smallmouth bass
American Toad
Carolina wren
Bats

Little brown bat-
Myotis lucifugus
Big brown bat

Eptesicus fuscus
River Otter
Common Mink
Kingfisher

Recreational uses
Fisheries
Hunting

Park Activities
Swimming
Picnicking
Boating, canoeing
Sunbathing

ESA Listed Species




South River and South Fork of the Shenandoah Conceptual Model-Land Use

—_ Control technologies as part of the TMDL _ _ _ _

process or NRDA activity '
I
i
Sources — StreSSOrS | mm————p—p Habitat Effects > Impacts
Land use types Streams —River Habitat loss,

Agriculture

Residential

Commercial
Industrial

Domestic use. Pesticides
herbicides, fertilizers,
nutrients, particulates

Roads and Infrastructure.
Hydrocarbon products (PAHSs),
metals, high flow rates from
impervious surfaces,
Alteration of waterways for
flood control, dams etc.

Agriculture. Herbicides,
pesticides, pharmaceuticals,
nutrients, particulates.

Modification of stream
Land erosion-particulates
Temperature extremes,
alteration of fish habitat, loss
of habitat

Discharges

Nutrients, contaminants,
pharmaceuticals, treatment by
products.

(including various stream
sizes and flows)
Sediments

Bottom types
Wetlands

Floodplain

Fish spawning beds
Agricultural areas
Riparian zones
Recreational areas
Roosting and nesting
sites

spawning loss, pre-
spawn mortality, direct
toxicity

neurotoxicity
Observed mortality in
fish, immuno-
suppression, increase
in disease, change in
age structure of
forage and other fish
populations, change
in fish and
macrobenthic
community structure,
change in
phytoplankton
biomass, alteration in
nutrients in-streams,
increase in
temperature.
Contamination of
tissue by POPs or
biomagnified metals

ESA Listed Species

Ecological Services
including but not
limited to:

Water quality, quantity,
fishability, swimability,
drinkability, fire
suppression

Species
Smallmouth bass
American Toad
Carolina wren
Bats

little brown bat-
Myotis lucifugus

big brown bat-
Eptesicus fuscus
River Otter
Common Mink
Kingfisher

Recreational uses
Fisheries
Hunting

Park Activities
Swimming
Picnicking
Boating, canoeing
Sunbathing




Benefits of Bayesian Network Models for
Ecological Risk Assessments

Model structure reflects causal pathways
Can incorporate broad array of data types
. Explicitly incorporates uncertainty

Sensitivity analysis can be used to identify influential
variables

5. Easily updated
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Model Structure & Development

1. Consists of nodes (boxes)
and linkages (arrows)

2. Each node has 4 potential
states

3. Likelihood of each state for

input nodes determined
from spatial analysis data

4. Conditional probability
tables established for all
other nodes



Conditional Probability Tables

* Probability distribution

Stiemor A Suemor B tete low ened high for a” com binations Of

05,00 0.008  0.000 0.0 input node states

4910 bw 0. 000 2.000 1.500 0,500

110 ed 75.000 o9.900 4.000 1.080

T hegh £0, 000 25.000 L0, 00OC £, 000

b 2910 75.000 20.000 4. D00 1.000 Procedure.

Vo brw £0. 080 35.000 10, 000 $.000 '

b e d 28,000 35,000 30.000  10.000 1. ASSIgn the most

bow Q.t_rx 10,080 2.000 45. 000 15.080 b bl

med L0 . 5.000 35.000 J0, 0L 40,080 pro a e OUtcome a
med krw 10.080 33,000 45,000  35.000 proba b|||ty

med medo 5.000 cS.0Mm 50,00 0,000

ad tegh 1.000  3.000 40.000  £0.080 2. Assign remaining
g T8I0 15,000 28,000 40, 000 0, 080 prOba bllltles for a
ot brw 10.020 15.000 35.000 &.000

P.g‘ e d L0800 - 30, 000 £5.000 reasonable dIStrIbUtlon,
g hegh 1.000 4.000 20,000 15.000 given the information

available



Single Organism Risk
Assessment Network
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Multiple Organism Risk Assessment
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Next steps

Ensure that we have the data available to establish the
conditional probability tables for the risk assessment.

Perform the risk assessment and the sensitivity analysis.

Prepare the report and presentations for SETAC Special
Session, Society for Risk Analysis and other meetings.
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