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Figure 1-1. The framework for ecological risk assessment (U.S. EPA, 1992a). Ecological
risk assessment is shown as a three-phase process including problem formulation, analysis,
and risk characterization. Important activities associated with ecological risk assessment
include discussions between risk assessors and risk managers and data acquisition and
monitdring. Ecological risk assessments frequently follow an iterative or tiered approach.
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Figure 1-2. The ecological risk assessment framework, with an expanded view of each
phase. Within each phase, rectangular boxes designate inputs, hexagon-shaped boxes
indicate actions, and circular boxes represent outputs. Problem formulation, analysis, and
risk characterization are discussed in sections 3, 4, and 5, respectively. Sections 2 and 6
describe interactions between risk assessors and risk managers.
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'Figure 3-1. Problem formulation phase.
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Figure 3-2. Elements of a conceptual model diagram. Mlustrating the linkages between
sources, stressors, and responses is an important function of the conceptual model diagram.
However, the arrows in the diagram do not necessarily reflect the order in which this
information is developed. See Appendix C for specific examples.



PROBLEM FORMULATION
ANALYSIS

i

R;SK CHARACTERIZATION

’ PROBLEM FORMULATION AN

Characterization of Exposure Characterization of Ecological Effects

ER Measures qf M
Measures |. | Ecosystem and easures

of - Receptor > of
Exposure | Characteristics Effects

— e : | T

Exposure Ecological Response
Analysis Analysis

Stressor\
Response}.
Profile

Profile

T
| !
Exposure) |

s)insay 10}uop
‘sS3201d 91e13)| ‘ejeq ainbay :Kiessasap sy

RISK CHARACTER!ZATION

Figure 4-1. Analysis phase.
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Figure 4-2. A simple example of a stressor-response relationship.x
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Figure 5-1. Risk characterization.




~ a: Comparison of point estimates

- Exposure  gyraqsor-response

Estimate Estimate
(e.g., mean e.q. L
concentration) (‘.g., Gl

Y L

b: Comparison of point |
estimates of stressor{response relationship with
uncertainty associated with exposure point estimate

(e.g., uncertainty aroyAd
mean concentration

Probability Density

Intensity of Stressor (e.g., concentration)

Figure 5-2. Risk estimation techniques. a. Comparison of exposure and stressor-response.
point estimates. b. Comparison of point estimates from the stressor-response relatlonshlp

with uncertainty assoclated with an exposure point estimate.
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Figure 5-3. Risk estimation techniques: comparison of point estimates with associated
uncertainties.
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Figure S-4. Risk estimation techniques: stressor-response curve versus a cumulative

distribution of exposures. -
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Figure 5-5. Risk estimation techmques comparison of exposure distribution of an
herbicide in surface waters with freshwater single-species toxicity data. See Text note 5-4
for further discussion. Redrawn from SETAC, 1994a.
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Figure B-1. Plofs of Cumulative Distribution Function (CbF)
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Figure B-2. Plots of Probability Density Functions (PDF)
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Figure C-1. Conceptual moder for logging
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Figure C-2. Conceptual model for tracking stress associated with lead shot through upland
ecosystems. Reprinted from Environmental Toxicology and Chemistry by Kendall et al.

(1996) with permission of the Society of Environmental Toxicology and Chemistry
(copyright 1996).



. ‘Ppouw jenydaduod v«..ﬁ&«% Aeg nonbepy g-H) aunSiy

m _ _ . f oeooce
....... . . _ : .
u m :
@ elIqeH jo i .
o uoless)y sluauinN ' H
[ :
3 leaishyy ' °
: v '
w - i
5 sluswipag ! sieduway)
@ eseasig papuadsns(ay) : 21xoy
% : : H
— 4 H .
(7] : N (4
. [
ﬁ “ u :
M-l..'-l.-laml-o'-olno-ﬁl-'-'nol S ecwerw o0 of -.M-n--ol-l-loc . u. .
' m m ‘.ll!l..l -t...l.l..lll&.l,.l.ll.‘lll‘llll..lL.ll..l.,lllll).
. ," : s ol H H H o .. o
: : ! : T ? o e T s
m H H M M m u.o...".- ] -.u—.-.u..v - -.“ ceie g R toeoes "
: : : . B RS . : : .
. (] (] [ J [ ] I ° : H M [ ] . i H
v ; - H o i 8 vl e : H . .
; : s ° oj il e i [5em] H : H : a
> : ' ' seusepy S92euNn " . “ ° suoissaug] ¢ uonedlddy
' : : M 33 H
2 : ' ' .&M.._m Snosadu HE : eoueuajuie] o | | remisnpyy| : ~_9p1onsad
n.A'. . : . , . ' 'd H : uapseg pue| §
® ! i i u . : welf 3. g
o . i ; 0 ' H i
' : : 4 () " i
! ] A
Buiusiy : : 6uneog wmoh,.mm Hononasuod ’
13)eMysaly : ! | lrevoneasoay y H
' : |ediwayn M
: s . 1
! ' H
; - siveig 0
: edueuajuleyy swieay SWo)SAS SUOISSIWT
_ mc_cmc__wcw _ lauuey) . abemag oudeg BAljowo)Ny 192111194

SamAloY sulep Ansnpup. | ‘A9 |enuspisay m:m..camo::,\ aunMnouby



sjujodpug
Juswssassy Sainsesiy

10843 |ea1bojoo3g

S

usiy
wapisay jo
aouepunqy,

ejesqapsau)
dyluag

18l
puod

lelqey

jo snjejg

us3| jseay |

'19A0d buidiy

sadipuy
ajesqapanuyy

luapuadaqg
-J9lepM

sajesqajeau|

eupen|s3 Jydos quiueg .
HE e . ; H
0] ®*oeccocvcend oocccvonccnse ®eoccvonvendecsccone oovwcscsdeccss f.'..“ll..
m" ' oovvnccccnce " i : : e
m. . | H \ g : H
3 ; { : m :
nf.. ) e N . “ 3
Ay _ o .
] CEIh A $ 5
s PuEfaM ‘ 3
paonpay : u
: ']
zooed Y : 0
i ; ; .
yoeag : i N
Quipag sejueg : : e
Asseibag loooood. pebueyy o : H
; , : ; .
.4 m ".........‘ oocoee '.r.......u...._.."
Slewye —t o /3npisay
§ uoney
paonpay @ CBupeus Hews o [ enssiy
e mrrermeemec e, H us4
’ “ MNSYlisys
' . :
salAydide ; H
S ‘uopjuerdojfyd . (] SIIX0).
‘aebjeosoew) ' e Y/pas + ms
yimoso |ebyy ‘ :
paseasnuy : M
: :
' .
: °
1emey o u .
onksery ngmeyy weog whiy -D..ntcu
18y rshug ®wong Sweuyw PopuURdiis(oy)  WRUNH JO UDRIS RNV EISAUY penyy ¥og

"2 abed ‘panunuos (apoyy jenjdasuor)



Exposure Measures:
Application rates,
Formulation attributes,
Residues in invertebrates
and prey organisms

Describe source:
application of granular
pesticide :

Describe Distribution in the

nvironment: number of exposed granules
er square foot estimated for differen

application methods

Ecosystem and
Receptor
Measures:
Species
occurrences in
agri-ecosystems,
Bird feeding
habits

Effects Measures:
Toxicity tests,

Field studies of bird
mortality

| L

Describe Exposure:
of birds to carbofuran in :
granules, soil invertebrates,
and prey organisms

tressor-response
Relationship:
# of granules needed
for 50% mortality
in test species

Describe

Exposure
Profile

Describe
Causal Evidence:
Experimental evidence,
field studies,
biomarkers of
exposure

Stressor-Response Profile

Figure D-1. Example of the analysis phase process: special review of carbofuran..
Rectangular boxes indicate inputs, hexagon-shaped boxes indicate actions, and circular

boxes indicate outputs.



Exposure measures:
Levee attributes
Water level measures

Measures

of bottomland

occurrences

Ecosystem/Receptors
flow regime, location and extent

hardwood community, species

Describe Source:
Construction of
levees, decreased river
gradient

§ PRIMARY EFFECTS: Estimated
Using FORFLO Model

Describe distribution N\
of stressor in the environment:

extent, frequency and location of
flooding

Describe
Exposure 1:
of seeds and tree

i seedlings to increased
soil moisture and
: flooding
! - Describe Stressor-Response
Relationship: \
Soil moisture /flooding - '

Effects Measures:
Field studies,
Laboratory tests

gern¥ination , survival, and growth -
rates
; . | '
! ) Extrapolate to plant community:
- Using FORFLO model

Describe Duturbed

Env 1r
Plant community
. composition

T\ SECONDARY EFFECTS: Estimated
Describe Exposure 2
of wildlife speci

Using Habitat Suitability Indices
to altered plant

community

Describe Stressor-Response
- Relationship:

. Plant community-
habitat suitability for wildlife

-

Mechanism of action, Fiel

Describe Causal
Evidence:

studies, Laboratory
experimentation,
Model validation

Combined Exposure and Stress-Response Profile

—

Figure D-2. Example of the analysis phase process: modeling losses of bottomland
hardwoods. Rectangular boxes indicate inputs, hexagon-shaped boxes indicate actions,

and circular boxes indicate outputs. _



Exposure Measures: Ecosystem/Receptor Effect Measures:
Point of entry for logs, processing Measures: Infectivity of similar
status, and eventual destination. Climate, geographic pestson U.S.
Attributes of insects & barriers, host suitability, hosts, infectivity of
pathogens (dispersal mechanisms, extent of potential host pests in other

life history characteristics). species _ | countries

Describe
Source:

Entry of infested
logsinto U.S.

Describe Distribution
in the Environment:
consider colonization potential,
spread potential
survival & reproduction

Characterize Effects
Consider: potential for
ecosystem destabilization,
reduction in biodiversity,

. loss of keystone or
Describe Exposurk : endangered species.

of resources of concy

' Exposure Profile

Figure D-3. Example of the analysis phase process: pest risk assessment of the
importation of logs from Chile. Rectangular boxes indicate inputs, hexagon-shaped boxes
indicate actions, and circular boxes mdlcate outputs. :



