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What is an SSD?

« SSD = Species Sensitivity Distribution

« “A SSD is a statistical distribution
describing the variation among a set
of species In toxicity of a certain

compound or mixture” (Posthuma et
al. 2002)
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An SSD = a statistical model

* L0g;o(LC30) ~ N(u,0)
+ Log;o(LC50) ~ i+ £ ; (&~ N(0,0))

 Inference usually is made on the 5%
percentile (HCO5)

Cumulative Probability or
Potentially Affected Fraction

Probability Density

Log Toxicity Log Toxicity
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Example — DDT 14d avian LD50s
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Docket Folder Summary & View all documents and comments in this Docket

Docket ID: EPA-HQ-OPP-2011-0898  Agency: Environmental Protection Agency (EPA)

summary:
For further information contact: Sharlene Matten

+ View More Docket Details

Primary Documents  View All (1)

: 50‘\3
Meetings: Federal Insecticide, Fungicide, and Rodenticide Act Scientific Advisory Panel \‘\ Comment Period Closed

Jan 17, 2012 11:39 PM ET

Notice Posted: 11/16/2011 ID: EFA-HQ-CPP-2011-0898-0001

Supporting Documents  view All (22)

Comments Not Accepted

FIFRA SAP Final Meeting Report-SAP Minutes No. 2012-02 A Set of Scientific Issues Being C?@E
ID: EPA-HO-OPP-2011-0898-0027 ?\

Background and Overview of Methods for Characterizing Effects of Pesticides on Aguatic Organisms

Supporting & Related Material Posted: 05/15/2012

Comments Not Accepted

Supporting & Related Material Posted: 02/02/2012 ID: EPA-HQ-OPP-2011-0893-0019

Extrapolation Factors for Estimation of HC5s
Comments Not Accepted
Supporting & Related Material

Posted: 02/02/2012 ID: EPA-HQ-OPP-2011-0893-0022
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; Notice of FIFRA SAP Meeting; Consultation on Common Effects Assessment Methodology Developed in the Office of Pesticide Programs and Office of Water

& Sign up for Email Alerts
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- *
Comments Received

o Tweet ] Share Email
*This count refers to the total
comment/submissions received on
this docket, as of 11:59 PM
yesterday. Note: Agencies review
all submissions, however some
agencies may choose to redact, or
withhold, certain submissions (or
portions thereof) such as those
containing private or proprietary
information, inappropriate
language, or duplicate/near
duplicate examples of a mass-mail
campaign. This can result in
discrepancies between this count
and those displayed when
conducting searches on the Public
Submission document type. For
specific information about an
agency’s public submission policy,
refer to its website or the Federal
Register document.




L0g,o(LC50) ~u+& ; & N(0,0)
Assumptions:

All variation in sensitivity Is random

Toxicity data are an unbiased sample that is representative
of the set of species for which regulatory protection is
iIntended

Toxicity test results for species in SSD are accurate
measurements of toxicity

Field responses to exposure would be similar to laboratory
test results
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Questions we should ask about SSDs

* How does sample size influence bias and variance of the
estimated HC05?

* How do different estimation methods influence properties of the
estimated HC05?

» |s Akaike’s Information Criterion a useful method for identifying the
best distribution?

» Are goodness-of-fit tests reliable measures of performance?

* Does model-averaging across distributions improve estimates of
the HCO05?
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S SSD Toolbox - exodus

.\v’. Environmental Protection

Agency
Environmental Topics Laws & Regulations About EPA Q
. CONTACT US SHARE
Endangered Species ®®

Endangered Species Home

About the Endangered

Interim Approaches for Pesticide
Prestam o et Endangered Species Act

e Endangered and
memameaecsreaes . Assessments Based on NAS Report Threatened Species

PESTICIDES

Endangered Species: Recomme ndations

Information For Pesticides

Users EPA worked with the Departments of Agriculture, Commerce and the Interior to develop the

Litigation on Endangered following Interim Approaches for Pesticide Endangered Species Act Assessments based on National

Species and Pesticides Academy of Sciences Report Recommendations@EEE, The interim approaches were used by EPA to

Bulletins Live! finalize biological evaluations for the three pilot chemicals: chlorpyrifos, diazinon and malathion in

2017. The Draft Revised Method for National Level Endangered Species Risk Assessment Process for

For Kids Biological Evaluations of Pesticides released in May 2019 is an important step in further refining the

interim approaches. NATIONAL RESEARCH COUNGIL

oM MAn

S EPA v @ NOAAFISHERIEs USDA

=
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Standalone Software

4 55D Toolbox - O ®

Design Criteria:

PermethrinAcuteData.xlsx

* Intuitive decision process for

Fit Distribution SEEY e
Fitting method model-flttlng
|V|mammum likelinood v| | Resurs: | | | |
. : Distributi Method HC05 P
| Guantile cutoff (0-1) __1 : nO”:n;I ion o o S o7 0708 o M et h O d S Vetted th ro u g h p eer-
Distribution 2 llogistic ML 0.0779 0.0639 -
|”°"“a' V| 2 [triangular ML 0.0508 0.0549 review
"GOMHESS of Fit: 4 QLIFI"II]E" ML 0.0637 0.0330
[terations: __1[][][] 5 ML 0.0578 0.3187 :
6 |burr ML 0.0202 06454 y Stan d ard I Zed QA/QC

Scaling parameters
[] Scale to Body Weight

Scaing acor | 115 | « Extensive help in User’s Guide
and Technical Manual

 Easy to use!
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SSD Toolbox Features

 Ability to fix six distributions accommodating differently “shaped”
data (normal, logistic, triangular, Gumbel, Welibull, & Burr,,)

» AIC. methods for distinguishing among distributions

* Post-hoc Goodness of Fit (GoF) tests
« Extensive graphing and visualization tools
 Distribution-averaging of HCO5 estimates /\

 Ability to use non-definitive toxicity values (e.g., LC50 > x)

Probability Density

Toxicity
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Software Demo!

P

Toolbox
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Using SSD Toolbox for the TSCA Risk
Evaluation for TCE

« TSCA Background:

» Under TSCA, OPPT evaluates and
regulates, as appropriate, the full life e e .
cycle of a chemical, i.e., manufacture Assessing and Managing Chemicals under TSCA ... 1'%, &
(import), distribution in commerce, use
and disposal. gamatieetse®  Draft Risk Evaluation for

U ited State:
EPA rrrrrrrrrr e ——
L v Agen

Home
= |n 2016, TSCA was amended by the sszggzzyeo  Trichloroethylene
Prioritizing Existing In the draft trichloroethylens (TCE) risk evaluation, EPA reviewed 54 potential conditions of

Frank R . Lautenberg Chemlcal Safety Chemicals for Risk Evaluation use. Below are the draft r\“ske\.:a{uation and supporting documents for TCE.
for th e 2 1St Ce ntu ry ACt Eﬁ:rﬂc%gagr?gesrf%gmng Upon publication of the Federal Register notice, the agency will accept comments on the draft risk

evaluation for 60 days in docket EPA-HQ-OPPT-2019-0500. EPA also will hold a peer review meeting of

Current Chemnical Risk ) ) ) ) . -
Management Activities EPA’s Science Advisory Committee on Chemicals (SACC) on the draft risk evaluation for this chemical's

u Current.ly OPPT iS d.rafting riSk ] conditions of use on March 24-26, 2020.
eval u atl O nS for th e fl rst 10 Ch e m I Cal S , To prep-)are adraftrisk eva.{u.altion, EPA reviews extensive scientific literatur?. conduc.ts modeling and

other risk assessment activities, and collects exposure, fate, and transport information from many

|nclud|ng TCE, Slnce the Lautenberg Act sources. EPA looks at how the chemical s used today, what we know sbout the chemical’ fate,

transport, and toxicity, and whether the chemical’s relevant conditions of use could pose an

Was S I g n Ed unreasonable risk of injury to human health or the envirenment. Learn more about EPA’s risk
.

evaluation process.

« Used SSD Toolbox for aquatic toxicity

s Draft risk evaluations findings

data: algae data and acute toxicity e

* Public participation, peer review, and next steps

d ata * Draft risk evaluation and supporting documents
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Algae toxicity data for TCE

« Algae toxicity data on TCE
had a wide range of values.

« SSD was used as a line of
evidence for assessing
algae In this assessment.

* The resulting SSD
calculated an HC; of 52
mg/L or 52,000 ug/L.

Fig 1. SSD using EC., algae data for TCE (triangular)
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Acute agquatic toxicity data for TCE

Fig 2. SSDs using acute data for TCE (Gumbel, logistic, triangular, normal)

« SSD was also used as a line of
evidence for interpreting acute | ———
toxicity data for other aquatic 09 angutr distbuton voncpus sfpfovsan ©
organisms. 08 Ty BG0n Copmdon varogats shespshess)
* The model-averaged HC s from %0'7 Lepomis macroshirus (suegil)
all four distributions was 9.9 5067 oo sramate avest o
mg/L or 9,900 pg/L. 305
E ofianelia fioridae (fagfish)
 The SSDs showed aquatic 2 /.
invertebrates were the most = 03f /
sensitive species. 0.2 /i
ol \tysitopsilpania
) - | | | |
0 0.5 1 1.5 2 2.5 3
Toxicity Value (Log 10[EC50])
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The Future of SSD: Systematic Variation

Log 10(LC50) — u + E Data from Fojut et al. 2012. Rev. Env. Contam. & Tox.
= £~ N(0,0)
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The Future of SSD: Systematic Variation

Log 10(LC50) — u + E Data from Fojut et al. 2012. Rev. Env. Contam. & Tox.
= £~ N(0,0)

—
|

» u = f(invertebrate versus vertebrate) .
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The Future of SSD: Systematic Variation

= £~N(0,0) > A L

" U= ?
’Alan D. Wilson

2 1r
e —Triangular CDF
= * HCO5
O Anas platyrhync
o Phasianus colchicus ®
o 0.5 _
> Grus canadensis
‘_3“ — oturnix japonica
&= o lipepla californica
-
O 0 | | | |

2.6 2.8 3 3.2 3.4 3.6

Logm(LDso) (mg/kg body wt)

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions



| Passeriformes (Oscines)ﬂ)
Vocal learners ——{Passeriformes _(Suboscines) e

Trogoniformes (Trogons) f morphae
Leptosomiformes (Cuckoo-roller)

Log,o(LC50) ~u + ¢ —— i
ol e N(0,0’) ! :

: | Passeri- [Z
Birds of prey Passeriformes (New Zealand Wrens) % morpha ‘:’:}
Waterbirds | Psittaciformes (Parrots) )é % 8
| Falconiformes (Falcons) e.gm 5 o
Phylogeny from | Cariamiformes (Senemas),‘,‘;\\ é_
i = { =4
Brusatte et al. 2015 Cc?rfacu ormes (Bee-eaters) a 5
Piciformes (Woodpeckers) b
‘ A xS —
Rl 72 | Bucerotiformes (Hornbills) -t Coracii- %
o
3
L

SOABOIY

o
Accipitriformes (Eagles) ’-l Accipitri-
Accipitriformes (New World Vultures) &( morphae

Pelecaniformes (Pelicans) s{: g) g-?
i Pelecaniformes (Herons) ag. . Polacani- o §
— . Pelecaniformes (Ibises) <o~ |morphae 2|o
u u - f(thlogeny + natU ral hIStory + AOP + " ?) | Pelecaniformes (Cormorants) N ;7: a
| Procellariiformes (Fulmars) - Procellarii- g
>‘ 91 | Sphenisciformes (Penguins) —— gorp_hae ?’i
— 1 = Gaviiformes (LOONS) g™ Im(a)\rlpl)lhae g
— | Phaethontiformes (Tropicbirds) b .
— . === |Phaethonti- £
Q —Trl a ng u | ar CDF | Eurypygiformes (Sunbittern) =g~ mo?ghaoen i g.
m ¢ HCO5 . | Charadriiformes (Plovers) -4'? Cursori- :3:
Gruiformes (Cranes) . |morphae &
Yo Anas platyrhync f | AL
[ - | Caprimulgiformes (Hummingbirds) S
n— @Sjanus COI‘ChJCUS [D») G al I O an S e res : _,——' Caprimulgiformes (Swifts) ’ Capri}Tulgi-
m 0 5 - [ Caprimulgiformes (Nightjars) : morphae
' : _~ 0 1 NEOAVES £l | Ofidiformes (Bustards) <
= Grus canadensis 4.5% of birds [ E— T o -
. . . —_ 0 1 i Cuculiformes (Cuckoos) >
ALY oturnix japonica 66% of this SSD | . | B
3 . . - NEOGNATHAE | Pterocliformes (Sandgrouse) F %%Il%rﬁgg %
E ”pepl'a Cahforn.\‘c : Columbiformes (Doves) = g,
=3 ' Phoenicopteriformes (Flamingos) % . Phoenicopteri- 8
O 0 l I I l ' | | Podicipediformes (Grebes) 3 : r morphae
2 6 2 8 3 3 2 3 4 3 6 3 8 q ; | Galliformes (Landfowl) %

GALLOANSERES Anseriformes (Waterfow!

Tinamiformes (Tinamous) i,
Log 1 0 ( L D50 ) (m g/kg bOd y Wt) PALAIWATHA?Cl | Struthioniformes (Ostrich) ”
retaceous Paleogene
1|10 1:)0 s;o slo 7Io+ slo 5Io 4|0 3Io 2'0 1|0 :)

Millions of years ago
Current Biolog

RESEARCH & DEVELOFPMENT.

Building a scientific foundation for sound environmental decisions



Vocal learners
Birds of prey
Waterbirds

The Future of SSD

Phylogeny from
Brusatte et al. 2015

L0g,,(LC50) ~u + ¢
* £~ N(0,0)
» u=f(phylogeny + natural history + AOP + ...7?)
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Future of the SSD Toolbox?

« www.epa.gov/chemical-research/species-
sensitivity-distribution-toolbox Going i Soon,
n}

 Further enhancement of visualization tools

 Increased model-fitting capacity using MCMC
sampler
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http://www.epa.gov/chemical-research/species-sensitivity-distribution-toolbox

