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Ecotoxicological Risk Assessment of Pesticides
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Ecotoxicological risk assessment of pesticides in aquatic ecosystems has become one of the most important

areas of scientific pesticide evaluation. Sumitomo Chemical has been developing many pesticides in order to

maintain a stable worldwide food supply, and we have been conducting high quality ecological risk assess-
ments by using state-of-the-art techniques for the evaluation of our pesticides. In this article, the outline of
the aquatic ecological risk assessment procedures in Japan, the USA and the EU are briefly summarized and
some examples of sophisticated higher-tier ecotoxicological studies undertaken to demonstrate that our pesti-

cides are benign to aquatic environment are introduced.
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Top predator
(e.g. large fish)

Secondary consumer (s )
(e.g. small fish, dragonfly )
Primary consumer o o @ o .
(e.g. zooplankton) " interaction v

Producer
(e.g. algae)

BGEEE  Typical ecological pyramid in an aquatic
community
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1 Taxonomic classification and variety of re-
productive strategies of animals

Reproductive Strategy
Number
. Sexual
Taxonomic class of
. Asexual Partheno- Bisexual
Species e
genetic Ambisexual Diecious

Invertebrate 999954

Porifera 5000 O X O Minor
Platyhelminthes 15000 O O O X
Nemertinea 750 O X Minor O
Aschelminthes 6985 X @) X @)
Mollusca 112000 X X Minor O
Annelida 7000 O O Minor O
Tardigrada 280 X O X O
Arthropoda 800000 X O O O
Sipunculoidea 275 X X X O
Hemichordata 100 O X X O
Echinodermata 5970 X X X O
Protochordata 1613 O X O O
Other invertebrates 44981
Vertebrate 43150 X Minor  Minor O
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- Atmospheric environment T e
3 & v . movement by
air flow
precipitation
i vaporization drift vaporization
run-off/erosion
uptake Y

leaching

~Soil
environment
desorption

7'/ bioturbation with materials

BEEEE  Environmental fate of pesticides
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Lower Tier Higher Tier
Simple & standard, Complex & non-standard,
Clear, Highly Issue specific, Higher

realism,Reduced
uncertainty

reproducible, Refinement

Conservative

Effect Data

loa =

Risk Conservative Realistic
Assessment | | (High Safety (Higher Realism
Factor) data)

Exposure Estimation

el Wil

BGEEEN  General principle of the ecological risk as-
sessment scheme
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11578 Data requirements and aquatic ecotoxicological
risk assessment in Japanese pesticide registra-
tion

Lower Tier
Effect Acute/Short-term LCs0/ECs0 Additional species test (2-6 species)
Fish : Carp or Medaka, 96h Lowest L(E)Cs0

Invertebrate : Daphnia magna, 48h  Bioavailability in natural water
L(E)Cs0 at TOC1.5mg/L

Higher Tier

Aquatic plant : Green alga, 72h

Chronic/Long-term NOEC Life stage (adult/neonate) sensitivity
Invertebrate*: Daphnia magna, 21d ~ Geometric mean L(E)Cso
Exposure  Tier 1 Simulation PEC Tier 2/3 Simulation PEC
Input parameter : Use pattern Input parameter : Use pattern,
Chemical properties
(e.g. measured concentration),
Scenarios (e.g. water flow)
Risk Comparison of AEC and PEC Comparison of AEC and PEC
Assessment  AEC = fish LCs0/10, AEC = lowest L(E)Cs0/ (24),
Daphnia ECs0/10, L(E)Cs0 at TOC1.5mg/L,
algal ECs0/1 Geometric mean L(E)Cso

* : Conditionally required (trigged by pesticide profile)

-5 Data requirements and aquatic ecotoxicological
risk assessment in US EPA pesticide registra-
tion

Lower Tier

Effect Acute/Short-term LCs0/ECso
Fish : Rainbow trout and Bluegill, 96h  (possibly including microcosm test)

Higher Tier

Simulated or actual field test

Invertebrate : Daphnia magna, 48h ;
Midge*, 10d ; Amphipod*, 10d

Aquatic plant : Green alga, 96h ;
Other plants* (Blue-green alga,
Diatom, 96h ; Duckweed, 7d)

Chronic/Long-term NOEC

Fish : ELS test, FLC test*

Invertebrate : Daphnia magna, 21d;
Midge*, 64d ; Amphipod*, 42d

Exposure  GENEEC2 Simulation EEC EXPRESS Simulation EEC
Input parameter : Use pattern, Input parameter : Use pattern,
Chemical properties (e.g. Koc) Chemical properties (e.g. Koc),
Scenarios (e.g. meteorological)
Risk Risk quotient evaluation Case by case

Assessment  acute RQ = EEC/L(E)Cs0 < 0.1
chronic RQ = EEC/NOEC (plant ECs0) < 1

* : Conditionally required (trigged by use pattern, physico-chemical
properties, other effect data, etc.)
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118 Data requirements and aquatic ecotoxicological
risk assessment in EU pesticide registration

Lower Tier

Higher Tier

Effect

Acute/Short-term LCs0/ECso
Fish : Rainbow trout & 1 fish, 96h
Invertebrate: Daphnia magna, 48h ;
Midge*, 48h ; Other species*
Aquatic plant: Green alga, 72h ;
Other plants* (Blue-green alga or
Diatom, 72h ; Duckweed, 7d)
Chronic/Long-term NOEC
Fish : Prolong or ELS or FLC test

Invertebrate : Daphnia magna, 21d ;

Midge*, 28d ; Other species*

Microcosm/Mesocosm
Modified exposure test
Indoor multi-species test
Outdoor multi-species test

Species Sensitivity analysis
Additional species tests
Probabilistic approach

Exposure

FOCUS STEP 1/2 Simulation PEC
Input parameter : Use pattern,
Chemical properties (e.g. Koc)

FOCUS STEP 3/4 Simulation PEC
Input parameter : Use pattern,

Chemical properties (e.g. Koc),

Scenarios (e.g. meteorological)

Risk

TER evaluation

Case by case

Assessment  TERst = L(E) Cs0/PEC>100

TERIt = NOEC (plant ECs0) /PEC>10

* : Conditionally required (trigged by use pattern, physico-chemical

properties, other effect data, etc.)
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11553 Comparison of the standard lab test, meso-
cosm and microcosm studies

Lab test : Microcosm @ Mesocosm
test | test

Small | Medium | Largg‘__

Size of the test system g T =
Uncertainty of risk High » Low
assessment ' '

Eco-loglcal and . Low « High
environmental reality : ‘

Interaction of species Few « Many
RepeaTtablhty and High — : Low
handling : 3

Yolume f)f effect Low « High
information : '

.Complex1t%r of Low « High
interpretation 3 :

Cost and work volume | Low N High
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1:1 56 Brief summary of environmental fate and ecotoxicological profiles of esfenvalerate

Structure :
Core Aquatic Fate Profile :
Water-Sediment Dissipation from water phase
Core Effect Profile:
Acute/Short-term
Fish Rainbow trout
Bluegill sunfish
Fathead minnow
Invertebrate Daphnia magna
Aquatic plant Green alga
Chronic/long-term
Fish Rainbow trout

Fathead minnow*
Invertebrate Daphnia magna

Chironomus riparius

33% immediately after application

96h-LCs0 = 0.1 - 0.302 ug/L
96h-LCs0 = 0.205 ug/L
96h-LCs0 = 0.18 ug/L
48h-ECs0 = 0.228 - 0.9 ug/L
96h-ECs0 = 6.5-9.1 ug/L

21d-NOEC = 0.001 pg/L
260d-NOEC = 0.09 ug/L
21d-NOEC = 0.0018 pg/L
28d-NOEC = 0.16 pg/L

* : Data of fenvalerate
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BEE Photograph of the test system (inverte-
brate mesocosm)

Stainless Steel Enclosure (1m3size)

% Emerging Insect Trap

Elodea canadensis and gravel
.2m

Habitat cage filled
water with Elodea canadensis
1m Stainless Plate
l -Habitat cage filled with
|
2
¥

1.1m

BGEEME  Schematic view of the enclosure (inverte-
brate mesocosm)
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1. Esfenvalerate

1000 200 ng/L
= 30ng/L

— [ m 12ng/L

aQ b

?0 100 g - 6ng/L

g

=]

=

g

=

5]

Q

=

(=]

QO

Day
2. Major metabolite (PB acid)
1000 g 200 ng/L
F = 30ng/L
r m 12ng/L
100 £ m 6ng/L

Concentration
(ng esfenvalerate equivalent/L)

Day

BEEE Concentrations of esfenvalerate and its

metabolite in water
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1174 Summary of the effect classification

Effect Classification*
1ng/L 3ng/L 6ng/L 12 ng/L 30 ng/L 200 ng/L
Population (number of evaluated taxa)
Phytoplankton (14) 1 1 1 1 1 NOEC 1-2
Periphyton (2) 1 1 1 1 1 1 NOEC
Macrophytes (1) 1 1 1 1 1 1 NOEC
Zooplankton (29) 1 1 1 NOEC 1-2 1-3 1-5
Macroinvertebrates (34) 1 1 1 1 NOEC 1-3 1-5
Community
Phytoplankton 1 1 1 1 1 NOEC NA
Open water invertebrate 1 1 1 1 1 NOEC NA
Substrate associated 1 1 1 1 1NOEC NA
Sediment dweller 1 1 1 1 1NOEC NA
Emergent insect 1 1 1 1 1 NOEC NA
Taxonomic Richness 1 1 1 1 1 NOEC 1-3
Ecological evaluation including recovery
NOEAEC X

* : Effect classification was based on the EU guidance and summarized as follows :

Class 1 : no effect ; Class 2 : slight effect ; Class 3 : short term effect ; Class 4 : long term effect with recovery ; Class 5 : irreversible long-term effect
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IEEEEN  Photograph of the test system (fish meso-
cosm)

Stainless Steel Enclosure (3m?® size)

Chronic Test
e Bottomless cage
e Feeding of exposed food organisms

Acute Re-entry Test
e-en es
Test * bich Cage
v v

Day 0-28 Day 04 Day 1-5 Day 2-6 Day 4-8 Day 6-10

1m

& £ £ & &

0.2m

2m

GBI  Schematic view of the enclosure (fish me-
SOCOSM)
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k-0 58 Results of the chronic rainbow trout test

Survival (%) Growth rates (r)

Wet weight Total length
Control 100 1.5+ 0.026 0.25+0.010
18 ng/L 95 1.4+0.054 0.25+0.019
60 ng/L 100 1.5+ 0.004 0.23 £0.024
180 ng/L 100 1.4 +0.052 0.23+0.011
NOEC 180 ng/L 180 ng/L 180 ng/L
Overall NOEC 180 ng/L

r =100 x (log A28 —log Ao) x (tz8 — to)~!
A2s: weight or length of Day 28
Ao: weight or length of Day 0 in fish culture
tes, to: time (days) of test initiation and termination, i.e.
Day 0 and Day 28
(OECD guideline 215)

1E:1s1 58 Brief summary of environmental fate and ecotoxicological profiles of pyriproxyfen

Structure : : 0. :

Core Aquatic Fate Profile :

o/\(oﬁ@

Water-Sediment DTso in water phase 1.4 - 1.5 days
Core Effect Profile :
Acute/Short-term
Fish Rainbow trout 96h-LCs0 = 218 — > 325 ug/L
Bluegill sunfish 96h-LCs0 > 270 ug/L
Invertebrate Daphnia magna 48h-ECs0 = 187 — 400 ug/L
Aquatic plant Green alga 72h-ECs0 = 64 — 66 ug/L
Chronic/long-term
Fish Rainbow trout 95d-NOEC =4.3 ug/L
Invertebrate Daphnia magna 21d-NOEC = 0.015 pg/L
Chironomus riparius 28d-NOEC =10 pg/L
Asellus hilgendorfii 19d-NOEC =10 ug/L
Tigriopus japonicus 8d-NOEC =10 ug/L
Mysidopsis bahia 28d-NOEC = 0.81 ug/L
Daphnia pulex Recovered after 1.88 ug/L exposure
Recovery in clean water
gooo 2008-1 35
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a F A rapid dissipation of
= 4000 pyriproxyfen from the
% L water column
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1. Dissipation of pyriproxyfen from water column of
microcosm test system (5000 ng/L treatment)

100000 A transient deviation (increase)

from the control at the highest
treatment level.
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3. Population changes of Rotatoria in the microcosm
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3 A transient deviation (decrease)
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treatment level.
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2. Population changes of Cladoceran in the
microcosm

A transient deviation from
the control at the highest
. treatment level.
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—— Control —=— 20ng/L
—— 80ng/L  —— 320ng/L
—— 1200 ng/L —=— 5000 ng/L
—— 20000 ng/L

4. Principle response curve (PRC) analysis of
zooplankton community in the microcosm

IEEEEN  Summary results of the indoor multi-species microcosm study of pyriproxyfen

1 ERDN  Brief summary of environmental fate and ecotoxicological profiles of etoxazole

Structure :

(CH3)3C
0 F
Core Aquatic Fate Profile :
Water-Sediment DTso in water phase 0.4 - 3.0 days
Core Effect Profile :
Acute/Short-term
Fish Rainbow trout 96h-LCs0 = 2800 pg/L
Bluegill sunfish 96h-LCs0 = 1400 pug/L
Invertebrate Daphnia magna 48h-EC50=2.0-7.1 ug/L
Chironomus riparius 10d-LCs0 > 56000 p/kg
Aquatic plant Green alga 72h-ECs0 > 10000 ug/L
Chronic/long-term
Fish Rainbow trout 89d-NOEC = 15 pg/L
Invertebrate Daphnia magna 21d-NOEC = 0.2 ug/L
Chironomus riparius 10d-NOEC = 25000 ug/kg
0000 2008
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L ENEN Summary results of the indoor multi-spe-

cies microcosm study of etoxazole

Effect Classification*

0.2ug/L  0.66 ug/L 1.54 ug/L

Population
Phytoplankton (Chlorophyll-a) 1 1 1NOEC
Total Rotatoria 1 1NOEC 2(increase)
Copepoda Copepoda 1 1 1NOEC
Cyclopoida 1 1 1NOEC
Nauplia 1 1 1NOEC
Cladocera Simocephalus vetulus 1 1NOEC 2(decrease)
Chydoridae spp. 1 1 1NOEC
Chydorus spp. 1 1 1NOEC
Alona spp. 1 1 1NOEC
Alonella spp. 1 1 1NOEC
Graptoleberis testudinaria 1 1 1NOEC
Pleuroxus spp. 1 1 1NOEC
Total Ostracoda 1 1 1NOEC
Total Crustacea 1 1 1NOEC
Total zooplankton 1 1 1NOEC
NOEC population X
Community
Taxonomic Richness 1 1 1NOEC
Community Structure 1 1 1NOEC
NOEC community X
NOEAEC X

* : Effect classification was based on the EU guidance and
summarized as follows :
Class 1 : no effect ; Class 2 : slight effect ;
Class 3 : short term effect ;
Class 4 : long term effect with recovery ;
Class 5 : irreversible long-term effect
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