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Arthropods

Mollusk

Plant
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Test Type
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Number of Records?

10,566
4,184
796
8.134
698
1722
239
033
468
571
393
323
234
121
210
74

Species
Oncorhynchus mykiss
Daphnia magna
Pimephales promelas
Lepomis macrochirus
Cyprinus carpio
Danio rerio
Oryzias latipes
Ceriodaphnia dubia
Pseudokirchneriella
subcapitata
Ictalurus puncraius

Common Name
Rainbow trout
Water flea
Fathead minnow
Bluegill
Common carp
Zebra danio
Japanese medaka
Water flea

Green algae

Channel catfish

The Problem of Species Diversity

Most Commonly Reported Aquatic Toxicity Test Records in ECOTOX

Percentage
of Records?
1.1
6.2
5.3
2.8
20
1.8
1.4
1.3
13

12

2012 Download: Fairbrother, Barron, Johnson 2015




Web-ICE developed to address
problem of species diversity

ICE (Interspecies Correlation Estimation)
* log-linear models of the relationship between the acute toxicity (LC50) of
chemicals tested in two species

Web-ICE

* internet application containing suite of ICE models

» predict acute toxicity to species, genus or family level

« fish/invertebrate/amphibian; algae; wildlife

» modules for SSD generation, batch T&E taxa prediction
* peer reviewed technical basis (publications, SAP)

Regression models built from standardized toxicity values
« chemical identity/purity; CAS/name curation
« water quality, test conditions, species/life stage

2015 Update

* increased taxa diversity

» change from geomean genus/family level models to minimum toxicity models
* ORD website migration (in progress)




What are ICE models?

Interspecies Correlation Estimation (ICE)

Log-linear models of the relationship between the acute toxicity
(LC50) of chemicals tested in two species

chemicals tested
in trout and salmon
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Web-ICE Aquatic Data Sources

Acute toxicity: fish, amphibians, and aquatic invertebrates

ECOTOX

OPP: ecotox database

OPPT: PMN, HPV

OW: AWQC

USGS (RM grant)

P&G (CRADA)

Open literature (T&E, molluscs

QA/QC:

centralized data management system
data transcription thoroughly reviewed
CAS/chemical curation

species name consistency

reviewed each source for quality
duplicate records removed
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Data Standardization

Chemical

« CAS/name curation

- single compound tested; a.i. > 90%

- chemical & element specific AWQC normalizations

Species-Specific Test Conditions

 no sed, diet, mixture exposures or phototoxicity results

« ASTM/OCSPP standards or equivalent

- temperature (6 °C range); D.O. (>40-60%); Salinity (FW:<1ppt; SW:>15ppt)

Endpoint = mortality/immobilization

« 24-48 h EC50 — fairy shrimp

- 48h EC/LC50 - daphnids, midges and mosquitoes

- 96h EC/LC50 - fish, amphibians and other invertebrates

Life stage

- fish, decapods: juvenile only

- mollusc: juvenile, spat

- amphibians, insects: immature

- all other species: all life stages except embryo/egg

- T&E listing (ecos.fws.gov/ecos/home.action)
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Web-ICE 2015 Update (v. 3.3; October)

Increased taxa diversity and expanded T&E: S BTN

» new data developed for mussel and fairy shrimp - '
(USGS/FWS collaboration (ms accepted, in prep)

 overall: 1.5x records, 1.8x species, 2x models

* T&E: 1.3x records; 1.5x species, 2x models

Genus and family level changed to minimum toxicity models:
» fit to minimum genus or family value (no longer geomean)

Other updates:
«2015 User Guidance, Database Documentation, Bibliography
* new MOA specific models (based on MOAtox v. 1.0)

Web-based Interspecies Correlation Estimation

Updated rules of thumb: (Web-ICE) for Acute Toxicity: User Manual
« MSE <0.95

*R?>0.6

* slope > 0.6

» predicted value Cl within 10x
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Web-ICE v3.3: Updated MOA-specific models

- standard ICE models have chemicals of mixed mode of action (MOA)
* MOA-specific models developed using MOAtox (Barron et al. 2015)
 improved prediction accuracy for high taxa distance species pairs

» MOA-specific models downloadable via Web-ICE

MOAtox v. 1.0 database

® Pyrethroids y =0.99x +0.02
+ AChE inhibition (285) + Neurotoxicity (201)
A AChE inhibitors + Carbamate (74) « Alicyclic GABA antagonism (42)
« Organophosphate (211) + Diphenyl sodium channel modulation (11)
+ GABA agonism (16)

« Electron transport inhibition (91) * NAChR agonism (8)
- Arsenical respiratory inhibition (22) + Other (9) )
+ Oxidative phosphorylation inhibition (14) + Pyrazole GABA antagonism (6)
+ Uncoupling oxidative phosphorylation (55) + Pyrethroid sodium channel modulation (102)
« Sodium channel blocking (3)

« lono/Osmoregulatory/Circulatory * Stiychoine ()

impairment (51)
« Anticoagulation (25)
+ Metallic iono/osmoregulatory impairment (14) .
+ Methemoglobinemia (6) . gt(r)c::?’r(?;)
y =0.64x +0.08 + Other osmoregulatory (6) « Chromate (3)
« Cyanate/nitrile (9)
* Narcosis (465) + Diftrinitroaromatic (14)

+ Reactivity (111)
+ Acrylate (8)

« Ester (48) * Hydrazine (4)
+ Unknown (9) + Other (19)

+ Nonpolar (347) + Phosphide (3)
+ Polar (61)

Contents lists available at ScienceDirect

Rainbow trout (Log LC50)

Aquatic Toxicology
L]

st Vo
FLSEVIE journal homepage: www.elsevier.com/locate/aquatox

MOAtox: A comprehensive mode of action and acute aquatic toxicity
database for predictive model development

M.G. Barron®*, C.R. Lilavois?, T.M. Martin®



Web-ICE October 2015 Update:
increased T&E and taxa diversity

All Species

Web-ICE
Database

U.S. Threatened and Endangered Species

Web-ICE Database Attributes Number of models
Database
v. 3.3 (2015 1591 | 32 | 492 | 379 | 428 [ 547 |

v. 3.2 (2013 1272




Web-ICE October 2015 Update:
prediction accuracy; all species models

Cross-validation . o
results; n>3 Percentage within prediction category

Taxonomic  Significant 5- 10- 50- >50-
Distance Models (N) fold fold fold fold

444 95 4
1144 92 6

order 430 87 11

genus 1
2
3
class 4 S5734 77 10
S}
6

family

1658 62 14
8006 55 15

phylum
kingdom




Genus and Family Level Minimum Models
Web-ICE v3.3

Genus and Family Level Models:

» used when species-specific ICE models not available

* need to be protective of T&E species within the Genus or Family

» previous ICE models (v. 3.2) based on geomean had limited conservatism
* min models in Web-ICE (v. 3.3)

What are minimum toxicity models:

* use lowest observed LC50 for the predicted taxa
(rather than geomean)

* objective is to provide more conservative estimate
of toxicity to taxa containing listed species

geomeans

How min models derived: min values

« fit to minimum measured species toxicity value
within the predicted taxa (genus or family)
* no longer geomean

Predicted Genus or Family (LC50)

Surrogate Species (LC50)




Trout-Salmonidae Family Level Models

geomean

chem
* Carbaryl
& Copper
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SpECies
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iOncorhynchues mykiss
iOncorhynchus nerka
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Web-ICE Prediction to Listed Taxa
using Min Models

Case Study based on San Francisco Delta (Hoogeweg et al. 2012%):

* 13 priority chemicals

« 5 Families containing listed species

» toxicity predicted to Genus and Family level using Web-ICE (v. 3.3) min models
» selected best model for each species:chemical pair using new rules of thumb
 determined percentage of ICE predicted value protective of listed species

Case Study Chems

Case Study Taxa

Al RN Acipenseridae
Carbaryl P

Chlorpyrifos Brar?chinectidae = |CE < Measured
COPPER Ranidae

Cypermethrin Salmonidae

Diazinon Unionidae IF‘EeEan]:%e;:I <
Fipronil

GLYPHOSATE m ICE > Measured
Imidacloprid
Malathion
Methomyl
Permethrin
Thiobencarb

**Pesticide Regulation and the Endangered
Species Act Chap 22. ACS Symposium
Series Vol. 1111




Augmenting species diversity

Comparison of Web-ICE v. 3.3 (2015) and 3.2 (2013)

» selected 10 representative surrogates (e.g., standard test species)
» determined number of models predicting to specific taxa groups

1985 Freshwater Taxa Requirements (# models predicting to:)
Surrogate benthic
Americamysis bahia crustaceans

Ceriodaphnia dubia 1L _ lostracod, non-
Freshwater planktonic isopod, arthropoda or

Cyprinodon variegatus Web-ICE any non- crustaceans amphipod, chordata

Daphnia magna Species salmonid salmonid amphibian (cladocern, crayfish, (rotifer,

Hyalella azteca Models species fish species species copepods) decapods) insects annelid)  molluscs
Ictalurus punctatus v3.3 49 115 17 29 53 34 8

v3.2 34 79 3 15 21 21 1 0

Lampsilis siliquoidea

Lepomis macrochirus

O T — Salt Water Taxa (# models predicting to:)

Total Salt Water
Web-ICE Species polychaetes,
Models fish arthropods echinoderms molluscs  oligochaetes
v3.3 25 24 0 8 2
v3.2 16 12 1 6 0

Pimephales promelas




Estimating Taxa Toxicity using Web-ICE

Direct toxicity estimation:
- estimation at species, genus, or family level

- model statistics/uncertainty
- cross validation, taxonomic distance
- single surrogate or multiple surrogates (best estimate)

SSD approach:
- Hazard Concentration (HC1, HC5)

- single surrogate or multiple surrogates (augmentation)

Dieldrin
Black bullhead (Ameiurus melas)~ ® Crayfish (Orconcctes nais) et
Sheepshead minnow (Cyprinodon variegany)} ..ssc'éd( Gﬂmmﬂmsl fﬂcu:tgs)) * 2 e P :
Goldfish (Carassi tu cud (Gammarus lacustris < ¥
oldfish (Carassius auratus @ Water flea (Daphnia pulex) | ~e
® Water flea (Simocephalus serrulatus)
@ Water flon (Manknis Zarinata)

Channel catfish (Ictalurus punctatu
og (Rana
sunfish (Lepomis cwnellus{
i

Rainbow trout Atlantic salmon

all measured st
LC50s (AWQC) “;f ICE

(Lepomis macrochirus )

(Perca
Greenthroat darter (Etheostoma lepidum) | @/ (one LC50
Greenback cutthroat trout (Oncorhynchus clarki stomais) / s
Cape fear shiner (Notropis mekistocholas) .
Rainbow trout (Oncothynchus mykiss)/ ®lermit b (Pagurus measured;
Water flea (Daphnia magna) | (Lepor

Aquatic sowbug (Asellus brevicaudus) Threcspine 5;‘;}1‘9"““ (& 22 u gl L)
Spotfin chub (Cyprinella monacha) @ opoan shrimp (L a acmon,

Lake trout i )

‘oho salmon }EOncorlgnchu
c minnow (Cyprinodonveeeg oo
Fountain darter (Etheostoma rubrum) /. ummichog (Fundulus heteroclitus)

Cutthroat trout (Oncorhynchus clarki)/ $Grass shrimp (Palaemonetes pugio)

Apache trout (Oncorhynchus apach;/ Green sunfish (Lepomis cya_n)el]us)

Midge (Chironomus tentan Mayfly (Ephemerella grandis)

L ass ( Sand shrimp (Crangon septemspinosa)
Lahonatan cutthroat trout (Oncorhynchus clarki hensha luehead (Thalassoma bifasciatum)
Chinook salmon (Oncorhynchus tshavytyla @S@ped kilish (Fundulus majali)
Coho salmon (Oncorhynchus kisatgh) S@opod (Asellus brevicaud

Atlantic salmon (Salmo salar)@@tlantic silverside (Menidia menidia) .
Brook trout (Salvelinus foninayis)/ @1ysid (Americamysis bahia) 5th percentile:
'Guppy (Poccilia reticulata)
Shortnose sturgeon (Acipenser brevirostfun o SoAtN (Micrometrus mini

Cumulative Probability

Atlantic sdlmon (log LCB0)

Stonefly (Pteronacys califogica) Z BT himook saimon (Oneomynchus tahav

ynchus tshawytscha) .
Brown trout (Salmo trfitta) ainbow trout (Oncorhynchus mykiss) Measured: 0.91
Stonefly (Pteronarcella badia) Shiner perch (Cymatogaster aggregata)

T L = = > [ |CE 1.7 uglL

1071 1073 10"

Rainbow trout (log LC50)




SSD Approach

Rare species similar sensitivity as non-listed species
* species composition affects HC5 more than geography/habitat of assemblage

Raimondo et al. 2008

* HC5s and HC1s lower than 97 and 99.5% of listed species LC50s

« HCS5s less than levels derived from 10x safety factors for rainbow trout
« SSD generally protective of listed species

Environmental Toxicology and Chemistry, Val. 27, No. 12,

V)
| V7

| V7777
| D

| Vi

PROTECTIVENESS OF SPECIES SENSITIVITY DISTRIBUTION HAZARD
CONCENTRATIONS FOR ACUTE TOXICITY USED IN ENDANGERED SPECIES
RISK ASSESSMENT

Observations in SSD quartiles (%)

AMHHHITHIITIENS
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AN

Sanpy RamvonDpo,*1 DEBORAH N. Vivian,{ CHARL s,f and MAce G. BARRONT
FU.S. Environmental Protection Agency, National Health and Environ: cts Laboratory, Gulf Ecology Division,
1§ d Drive, G 2561
+U.S. Environmental Protection Agenc /ater, 12 nue Northwest, Washington, DC 20460

mollusks
Insects
Annelids R

(Received 3 April 2008; Accepted 1 July 2008)

mollusks P

Listed fish
Non-listed
Amphibians R

Crutaceans
Non-listed




Web-ICE SSDs vs measured

Single surrogate |ICE generated SSDs

* 55 AWQC chemicals (Dyer et al. 2008)

« HC5s within 10x of measured

* within taxa surrogates (fish to fish; invert to invert)

Multiple surrogates

« augment species diversity
* > 90% within 5 fold (Awkerman et al. 2014)
« accuracy affected by species composition, MOA

Environ, Sci Technol 2008, 42 30763083

Comparison of Species Sensitivity
Distributions Derived from
Interspecies Comelation Models to
Distributions used to Derive Water
Quality Criteria

SCOTT D. DYER,"" =

DONALD J. VERSTEEG,

SCOTT E. BELANGER," JOEL G. CHANEY."
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Imtroduction
Ecological rsk assessments typically require chametenzing
(e effeces of mulipie chemicals on a diversity of ecological
receptors using ioxddiy data for only & limited
species. Regulatory acivities such as REACH (Registration,
Evaluation and Authorteation of Chemteals ( (2, 2); hepa/f
europa s int/ comm/ environment! chemicals/ reach _him],
ICCA {Intemational Coundl of Chemical Assoclations) High
Producton Volume (HPVY Chemicals Challenge {(hitpc//
chemorg /], and Cimada’s Domestic Substance List
{3} will also create new demands for wxcity data. Note that
HI'V Chemicals chaflenge 1= in cooperation with
OECD and its member countries which then also include
other HPY challenge programs such as those of the United

AUGMENTING AQUATIC SPECIES SENSITIVITY DISTRIBUTIONS WITH INTERSPECIES

Environmental Taxicology and Chemistry, Vol. 33, No. 3,

Hazard/Risk Assessment

TOXICITY ESTIMATION MODELS

JiL A, AWKERMAN,*
Gulf Ecology

DY Ramonpo, CrystaL R. Jackson, and Mace G. BARRON
ion, US Environmental Protection Agency, Gulf Breeze, Florida




Web-ICE v3.3 SSD Generator
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Sort sort Sort SOt
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pseudolimnasus

- 6.29 - Bluegill iLepomis 15 0.82 0.0000 .75
UnCIICk boxes tO 33.71 macrochinus)

exclude species

Apache trout  Onco 40,06 13.50 - Fathead minnow 0,92 0.0083 0.10
11884 [(Mimenhale: nromelagh

Atlantic

prokoe e Simultaneously calculates
tlanti almo salar . . . .

toxicity & confidence intervals
from all available models

Black Amelurus melas
bullhead




Summary

* NRC (2013) recommended ICE models as alternative to generic safety factors

» Web-ICE platform: data, models, modules for SSDs and T&E extrapolation
— models for 250 U.S. federally listed T&E; 120 surrogate species
— most models predict to genus and family
— mollusc models expand family level predictions to 87 unionids
— SSD generation additional approach for T&E protective levels

* peer reviewed technical basis (journal articles; FIFRA Science Advisory Panel)

« Web-ICE toxicity estimates and ICE-SSD HCs demonstrated high accuracy for
closely related taxa (within same order)

« Web-ICE toxicity extrapolation: increase taxa diversity in SSDs for development
of AWQC with reasonable uncertainty
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