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Expand on the EFSA Aquatic Guidance
Document (EFSA 2013

" Explain the role of experimental ecosystem studies
in the tiered approach of pesticide ERA

" Present the concept of the minimum detectable
difference (MDD)

" Give suggestions how to decrease the MDD for
measurement endpoints in micro-/mesocosm tests

" Present a procedure to report MDDs for NOECs
derived from these tests

" Proposal how to use MDDs to facilitate the
interpretation of micro-/mesocosm experiments

e Validity of the study for regulatory purposes
® Derivation of Effect classes for RAC estimation



Micro-/mesocosm studies as highest experimental tier
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Micro-/mesocosms are test systems used as highest
experimental tier (Tier 3) in the ERA for pesticides and
as “surrogate reference” tier to calibrate lower tiers



Micro-/mesocosm experiments

" Allow to study treatment-related
effects at the population and
community level

e Direct and indirect effects
e Delayed effects and recovery

" Replicated test systems to facilitate
statistical interpretation ehysopianiton

e Controls (n = 3-5)
® 5 test concentrations (n= 2-3)

" Derivation of Tier 3 Regulatory
Acceptable Concentrations (RACSs)

® Ecological Threshold Option (ETO)
e Ecological Recovery Option (ERO)

Time post start (week)




Ecological Threshold Option (ETO)

" Accepting only negligible effects on populations of
aquatic non-target organisms in edge-of-field

" Propagation of effects to the community,
ecosystem and landscape will be less likely

" All tiers can address ETO
Ecological Recovery Option (ERO)

" Accepting some population level effects if ecological
recovery takes place within an acceptable time

" Focus on vulnerable populations of aquatic
organisms

® Reasonable option only if recovery is not hampered
by multi-stress of pesticides

" ERO may be addressed by mesocosm experiments
and effect models



ETO/ERO-RAC derivation in EFSA AGD

Ecological threshold option

AF for ETO- Field exposure concentration to
RAC,,, derivation | compare with the RAC,,,
Effect class 1 Acute risk: PEC:max
concentration Chronic risk: PEcsw,max or PEC:twa
Effect class 2 2-3 Acute risk: PECg,.max
concentration Chronic risk: PECg,.max Or PECg .02

Effectclass 1 = no treatment-related effect on sensitive endpoints
Effectclass 2 = slight effect (isolated sampling) on most sensitive endpoint

Ecological recovery option

AF for ERO- Field exposure concentration to
RAC,, compare with the RAC,,,
derivation

Effect class 3A [EEX:! Acute risk: PECgy,.max
concentratlon Chronic risk: PECg.max OF PECytna

Effect class 3A = pronounced short-term effect on most sensitive
endpoint, total effect period < 8 weeks



Concentration-response
relationships for a sufficient
number of potentially
sensitive populations (=8)
(ETO) including representative
vulnerable taxa (ERO)

The exposure in the test
system is relatively worst
case to that predicted for
edge-of-field surface water

Information on the Minimum
Detectable Difference (MDD)
should be provided and used in
the interpretation

Ecological Threshold (ETO)and Recovery Option (ERO)
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SCIENTIFIC OPINION

Guidance on tiered risk assessment for plant protection products for
aguatic organisms in edge-of-field surface waters!

EFSA Panel on Plant Protection Products and their Residues (PPR)™
European Food Safety Authority (EFSA), Parma, Italy

This scientific output, published on 5 August 2013, replaces the earlier version published on 18 July
2013*

ABSTRACT

EFSA’s Panel on Plant Protection Products and thewr Residues (PPR) was tasked to revize the Gudance
Document (GD) on Agquatic Ecotoxicology under Couneil Directive 914I4/EEC (SANCO/I268/2001 revd
(final), 17 October 2002). This Guidance of the PPE. Panel is the first of three requested deliverables within this
mandate. It has itz focus on tiered acute and chronic effect assessment schemes with detziled uidance on tier 1
and higher fler effect assessments for aguatic organisms m edge-of-field swiace waters and on propesals
regarding how to Link effects to exposure estimates. The exposure assessment methodelogy was not reviewed
and it 1= azsumed that the cwrrent FOCUS swrface water exposure assassment methodalogy will continue to be
used for exposure assessment at EU level The cwrent GD is intended to be used for authorication of active
substances at EU level as well as for plant protection preducts at Member State level The effect assessment
schemes in this GD allow for the denivation of regulatory acceptable concenttations (FACS) on the basis of two
options: (1) the ecological threshold eption (ETO). accepting neglgble population effects only, and (2) the
ecological recovery option (ERO), accepting some population-level effects if ecological recovery tzkes place
within 2n aceeptable time pericd. In the tiered effect assessment schemes, in prineiple, all tiers (1, 2 and 3) are
able to address the ETO, while the model ecosystem approach (tier 3), under certain conditions, is able to also
address the ERO. The GD provides the scientific background for the msk assessment to aguatic orgamisms in
edge-of-field surface waters and 15 stuctured to give detailed gmdance on all assessment steps. An executrve
summary joiming all parts of the guidance and decision schemes in 2 concize way is provided and 15 intended to
help applicants and regulatory authonties m day-to-day use.
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Minimum Detectable Difference (MDD)

" The MDD defines the difference between the means of a
treatment and the control that must exist to detect a
statistically significant effect

" The lower the MDD, the less severe treatment-related
declines in population abundance between controls and
treatments need to be, to calculate a NOEC/LOEC

2 2 .
_ * S S T. — ¥} = corresponding difference
MDD =(X,—X ) = L, ar >+ %~ %) between control and
o N treatment mean
ty., = quantile of the t-distribution
df = degrees of freedom
k = number of comparisons
S2 = residual variance one-way

) 1 1 ANOVA
MDD = (X, —X) =t, 4 ,S.[—+= Do n= sample sizes
T\, n



MDD in micro-/mesocosm experiments

MDD% = MD% *100

0

" The MDD usually is reported as a percentage of the
control mean

" If in the statistical testing log-transformed abundance
data are used, the MDD also relates to the transformed
abundance data (= MDD,, or %MDD,,)

" Since % effects on a log-scale are difficult to interpret
we suggest to back-transform the MDD,,, resulting in
MDD_,, or %MDD_,,




How to decrease the MDD

1. By selecting a higher error level «
e No straightforward option; normal practise to select 0.05

2. Increasing the number of replicates of controls and
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® Increase from 2 to 4 treatment replicates will reduce the
MDD,,, only by a maximum of 11% (at 60 % CV)

Transformed data - Williams' Test
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Currently five or more test
concentrations and a control
are recommended

At least two replicates per
treatment-level are required
and 3 or 4 control replicates
IS common practise

For practical reasons the
total number of test systems
seldom exceeds 20 -30



How to decrease the MDD

3. Reducing the inherent variability between replicates
4. Reducing the variability caused by sampling methods

e Improving quantification methods may be very effective to
decrease %MDD,,,
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How to report MDDs

Minimum Detectable Difference (MDD) should be
reported in concert with NOEC/LOEC values

Geometric mean abundance of Daphnia galeata

day Controls 2ug/L 6ug/L 18pug/L 54 pug/L 162 pg/L Williams %oMDD,p,

-5 94.3 93.3 88.8 139.3 86.2 108.5 - NOEC>=162 pg/L (incr.) 40.9

3 1211 1312 97.2 1587 87.9 16.0 * NOEC=54 pg/L (decr.) 42.6

9 114.0 107.4 329 49.2 26.4 1.1 * NOEC=18 pg/L (decr.) 70.5
23 98.1 142.1 143.6 147.9 36.4 2.6 * NOEC=18 pg/L (decr.) 44 4
37 50.2 44.0 49.7 49.2 42.7 10.0 * NOEC=54 pg/L (decr.) 68.4
51 35.0 50.2 28.3 45.4 43.2 16.6 - NOEC>=162 pug/L (decr.) 57.6
65 35.0 87.9 29.2 32.9 108.5 18.6 - NOEC>=162 pg/L (decr.) 67.2
79 54.9 122.3 39.1 66.4 218.5 45.8 - NOEC>=162 pg/L (decr.) 82.9

The MDD,,, needs to be below 100% to allow a
statistical evaluation on treatment-related declines in
abundance, and subsequent recovery.

The lower the MDD the larger is the power of the test.



How to report MDDs

Geometric mean abundance of Stylaria lacustris

day Controls

-5

9
23
37
51
65
79

7.9
2.5
53
2.1
0.5
1.7
0.8

2 ug/L
5.0
2.6
4.5
3.1
1.0
0.4
1.0

6 ug/L
13.8
2.1
5.3
3.2
1.5
1.7
1.5

18 ug/L
15.3

2.0
6.0
4.2
2.2
1.0
0.4

54 pg/L

6.1
1.6
3.8
2.3
0.5
6.0
5.2

162 pg/L
6.2
14
2.4
2.0
0.0
0.0
14

Williams

- NOEC>=162 pg/L (incr.)
- NOEC>=162 ug/L (decr.)
* NOEC>=18 pg/L (decr.)
- NOEC>=162 pg/L (decr.)
- NOEC>=162 pg/L (decr.)
- NOEC>=162 pg/L (decr.)
- NOEC>=162 pg/L (incr.)

If the MDD is consistently larger than 100% then
the statistical power is too low to demonstrate
treatment-related declines
it will be difficult to draw firm conclusions on recovery if
on isolated samplings a NOEC can be calculated

%MDD,,,

94.0
107.1

71.9
104.9
173.2
114.8
144.2



MDD classes as proposed by EFSA AGD

MDD MDD% Comment

Class

0 >100% No effects can be determined statistically

I 90-100% Only large effects can be determined
statistically

IT 70-90 % Large to medium effects can be determined
statistically

I11 50-70 % Medium effects can be determined statistically

IV < 50% Small effects can be determined statistically

« We assume that the MDD as defined in the EFSA AGD refers to

MDD

« To demonstrate statistically significant reductions in abundance of
taxa, the MDD_,, needs to be <100%

« To demonstrate statistically significant increases in abundance the
MDD,,, may be smaller to larger than 100%




Regulatory reliability of a micro-/mesocosm
study (a proposal)

Criterion 1: Are potentially sensitive taxa with an
appropriate MDD, sufficiently represented?

At least 8 taxa of potentially sensitive taxonomic
group with :

(i) MDD,,, <100% at no less than five samplings, or
(i) MDD, <90% at no less than four samplings, or
(i) MDD, <70% at no less than three samplings, or
(iv) MDD,,, < 50% at no less than two samplings
after first application

No

Statistical power too
low to use this study
alone.

Explore other lines of
evidence

!




Regulatory reliability of a micro-/mesocosm

study (a proposal)

Criterion 1: Are potentially sensitive taxa with an
appropriate MDD, sufficiently represented?
At least 8 taxa of potentially sensitive taxonomic

group with :

(i) MDD,,, <100% at no less than five samplings, or
(i) MDD,,, <90% at no less than four samplings, or
(iii) MDD, <70% at no less than three samplings, or
(iv) MDD,,, <50% at no less than two samplings

after first application

No

Yes J’

Statistical power too
low to use this study
alone

Explore other lines of
evidence

Criterion 2: Are ecologically
vulnerable taxa represented within
the taxa fulfilling criterion 1?

No

Yes l

Ecological Threshold Option
(ETO) and Ecological Recovery
Option (ERO) applicable

Criterion 3. /s it likely that species
with a long life cycle and/or low re-
colonization potential are among
the sensitive taxa?

No

»I/ Yes

Only
Ecological Threshold Option
(ETO) applicable




Effect classes to address the %MDD,,,

Effect class 0: Treatment effects cannot be evaluated (overall

Effect class 1:

Effect class 2:

Effect class 3A:
Effect class 3B:

Effect class 4A:

Effect class 4B:

Effect class 5A:

Effect class 5B:

high %MDD,_, )

No treatment-related effects demonstrated
Slight effects (LOEC on individual sampling)
Pronounced short term effects (< 8 weeks)

Pronounced effects and recovery within 8 weeks
post last application

Significant effect in short-term study so that
recovery cannot be assessed

Significant effect and recovery cannot be
assessed due to high %MDD,,, in recovery period

Pronounced long-term effects (> 8 weeks after
last application) followed by recovery

Pronounced long-term effects no recovery



Decision scheme for RAC derivation

For each taxon: No
Is criterion 1 applicable ? M
(i) MDD_,, < 100% on at least five samplings, or These taxa are
(i) MDD,,,, < 90% on at least four samplings, or excluded from
iMDD., . < 70% on at least th i the effect
(!u) 2bu b on at least three samplings, or assessment
(iv)MDD,,, < 50% on at least two samplings

or

Can on at least one sampling, a significant
deviation relative to controls be calculated?

l, Yes

Taxa that can be used in the effect
assessment




Decision scheme for ETO-RAC derivation
Taxa that can be used in the effect assessment

For each individual test concentration:
At least one significant deviation relative to controls?

No

Yes ‘L

Effects found on at

least two consecutive |
samplings ?

No
>

Yes

W

Effect class

> 2

ERO-RAC ?

No

Effect on isolated sampling
characterised by a clear
concentration-response

relationship ?

v

Effect class 1
AF of 2 for ETO-
RAC derivation

N

Yes

No

On sampling after the effect:
« MDD,,,is<70% - 90%, or

the response in the treatment

does not deviate more than
20% from that in controls

Yes

Effect class 2
AF of 2-3 for

ETO-RAC
derivation




Decision scheme for ERO-RAC derivation

Taxa that can be used in the effect assessment
Effect class > 2

Yes

Statistically significant ves| Study long enough to NG EE;E: 2:?:;3":12 .
difference observed at end of .| testrecovery within 8 N e
study, or recovery due to | weeks after last > .
decline in controls application? regarding recovery

‘ No Yes Yes

Effect class 3A
. Effect duration AF of 3-4 for
In recovery period is. » < 8 weeks? ERO-RAC derivation
- MDD <70% on at least one NOJ, Yes
sampling or Y —>| Effectclass 3B
- MDD <90% on at least two Recovery within 8
samplings or weeks after last No
ication? —> Effect cl 5A
- mean abundance within +/- application: ectelass
20% of mean of controls?

Effect class 4B
Explore other lines of
2| evidence regarding
recovery

No




Ind/ (2 Traps * Week)

1000

% MDD,y

NOEC (=5.0)

Ind / (Trap * Week)

1000

100

10

Examples for treatment-related declines

For Effect class derivation decision schemes can be used

—=&— Control

—O— 1.6 pg/L

—0—0.4 pg/L
--4&k--33pug/L

— M — 0.8 pg/L
==t - =50 g/l

Chaoborus crystallinus

124

91
=5.0

14 21 28 35 42 49 56 63 70

0 7
Experimental time [days]
75 89 92 52 66 68 86 88 88 77 73
=50 =50 =50 04 0.8 0.8 1.6 1.6 33 3.3 S
—&— Control —0—1.8 yg/L — - 24 g/l
—4O— 3.3ug/L -- & --9.9 g/l - - - - 30 pg/L

Chironomus sp.

14

% MDD,,, 103
NOEC (230)

82
=30

0 7

97 94
=30 =30

n
14 21 28 35 42 49 56 83 70 77
Experimental time [days]
85 73 91 76 88 95 87 111
$8 SE S SE S SLE 1.8 (=30)

109
(230)

224
(230)

Effect class 1 = 0.4 ug/L; Effect
class 2 = 0.8 pg/L (ETO-RAC
derivation)

Effect class 3A = 1.6 and 3.3 pg/L
(ERO-RAC derivation)

Effect class 5B = 5.0 pg/L

Effectclass 1 = 1.8 - 3.3 ug/L
(ETO-RAC derivation)

Effect class 4B = 9.9 - 30 pg/L



Examples for treatment-related increases

Application of Effect classes requires more expert judgement

—@— Control —O0—0.8 pg/L — #— 1.6 ug/L
— 40— 32 ug/L --4&--65pug/L - -4 --10 ug/L
100000 ¢
10000 Keratella quadrata
1000
—
S 100
£

10

14 21 28 35 42 49 56 63 70 77 84 91 98
Experimental time [days]

-14 -7 0 7

% MDD,,, 51 72 42 61 77 69 82 88 97 94 99 98 98
NOEC =210 =210 =210 3.2+ 0.8+ 0.8+ 0.8+ 0.8+ 0.8+ 1.6+ =10 210 =10
—@— controls —O—1ug/L — ¥ — 3ug/L
—O— 10ug/L - -4 --30ug/L - -4 --100 ug/L
1000 3 /ﬁ
] AT C. .
B s AN Culicidae larvae
| AL RN\
100 3 o - ,;{. W

10 5

Abundance

O A e e A e N T T T T T T T T T T T A
-28 -21 -14 -7 0 7 14 21 28 35 42 49 56 63 70 77 84
Experimental time [days]
% MDD,,, - n.c. - 185 142 105 138
NOEC (=100) - 3+ 1+ (=100) (100

MDD,,, < 100%
Effect class 1 = 0.8 pug/L
Effect class 3A T = 1.6 ug/L

Effect class 3B 1 = 3.2 - 10 ug/L

MDD,,, > 100% or not
calculable (n.c.)

Effect class 1 = 1.0 pg/L (ETO-
RAC derivation)

Effect class 4A = 3 - 100 pg/L



Thank you for your attention
Questions ?
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