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0. Executive Summary

A new Test Guideline has been developed, which is designed to be used for assessing the effects of
chemical substances in soil on the reproductive output of the soil mite species Hypoaspis (Geolael aps)
aculeifer Canestrini (Acari: Laelapidae). H. aculeifer represents an additional trophic level to the species
for which guidelines are aready available. The main endpoint is the reproduction of the mites without
discrimination and quantification of the different stages of the reproductive cycle. Based on aready
standardised OECD and 1SO test guidelines as well as ideas from literature, the ad-hoc working group
HASTE (Hypoaspis aculeifer Soil Test) prepared a draft guideline using OECD format in 2005. This group
has about 30 members from different countries, representing authorities, industry (including contract
laboratories) and universities.

Using the draft guideline as a starting point, HASTE developed a study protocol which was afterwards
used in an international ring test. Twelve laboratories performed in total 48 tests using two test chemicals
(dimethoate and boric acid) and two test designs (NOEC, ECx). Only five tests were not valid. Seven tests
(plus further work) were intended to clarify methodological details, in particular to determine the optimal
test duration. Originally, atest duration of 16 days was proposed but finally 14 days were determined to be
more suitable and the results are at least as sensitive. The change of the test duration was the only relevant
change of the test method caused by the ring test experiences.

The results determined in the ring test proved the suitability of the proposed test method. The LC50 values
for both test chemicals differed by less than a factor of 2.5 from the mean and no statistically significant
differences were found between laboratories.The EC50 values from the dimethoate tests differed by less
than a factor of two from the mean and no statisticaly significant differences were found between
laboratories. In the case of boric acid the range of EC50 values was broader (they differed by less than a
factor of five from the mean), but still there were no statistically significant differences between
laboratories. Smaller treatment effects could be detected in the tests with higher numbers of replicates.

After the discussion of the results of the ring test in aHASTE workshop (January 2007), the group decided
to recommend to include the final draft version of thistest guideline into the OECD test guideline program.
This recommendation is based on the evidence summarised in this report and in particular its Annexes.

1 Introduction
11 Background

The proposed test guideline is intended to be used for the environmenta risk assessment of chemical
substances, in particular plant protection products (PPPs). The detailed requirements for this test are laid
down in the Terrestrid Guidance Document (EC 2002). However, the test is also suitable for other
chemical substances. Its applicability is supported by the fact that ecotoxicological studies using the same
and very closely related mite species as proposed here are known in the literature for many years (e.g.
Schlosser & Riepert 1992). Finally, proposals for standardised tests with Hypoaspis aculeifer have aready
been made (Schlosser & Riepert 1991/92; Krogh & Axelsson 1998; Bakker et al. 2003).

The test is designed to estimate the effects of a test chemical on the reproductive output of the predatory
soil mite Hypoaspis (Geolaelaps) aculeifer. The mites are exposed under controlled conditions to the
chemical which has been mixed into the test substrate (usually OECD artificial soil). H. aculeifer is
considered to be a relevant representative of soil fauna and predatory mites in particular for the following
reasons:



- It isworldwide distributed (Karg 1993).
- The ecology of this speciesis well-known (e.g. Ruf 1991; 1995; 1996; Heckmann et al. 2007)

- Ecotoxicological background information is aso available (e.g. Bakker et a. 2003;
Heckmann et a. 2005)

- In the laboratory, it is easy to culture and to handle.

Therefore, this species was proposed as part of a battery of standard soil tests (Legkke et a. 2002), since it
represents an additional tropic level to the species for which guidelines are aready available.

The proposed draft guideline has been developed by the HASTE (Hypoaspis aculeifer Soil TEst) group.
The group was founded at a meeting at the BBA in Braunschweig (Germany) on January 31, 2003. Since
then, the group met once or twice per year in order to discuss various versions of the draft guiddine. A first
draft, aready written in OECD format, was developed in late 2004. The practical work of the ring test
started in late 2005, using the sixth version as its basis. It was supported by the German Environmental
Agency (UBA, Dessau; S. Schmitz) and the Dutch National Institute for Public Health and Environmental
Protection (RIVM, Bilthoven; E. Smit).

During a final meeting of the HASTE group in Bilthoven (The Netherlands) the results of the ring test
were discussed and a new version (aready the ninth one) of the guiddine ready to be submitted to OECD
was agreed-on. Already in late 2005, The Netherlands agreed to act as alead country for this new guideline
within OECD. Afterwards, encouraging comments from various member countries were received. This
document will be used for another commenting round. It consists of four parts:

- A summary report, presenting the main methodological experiences from the ring test as well as
the most important results of the this exercise

- Some information about the HASTE group in Annex I;

- The newest (ninth) version of the draft guideline, providing all the details how to perform the te<t,
asAnnex |l

- In a third Annex, a detailed listing of the individual test results including their statistical
evaluation is provided.

12 Information on thering test

In theory, in ecotoxicology a new test is developed after a specific requirement has been identified by
authorities. In redlity, test ideas were often developed as part of a study with other aims (e.g. basic
ecological investigations on stress reactions). Using such information as a starting point, the idea has to be
transformed into a standardised test method, usualy in one laboratory followed by an inter-laboratory
comparison study with the aim to produce a draft test guideline. The final step of this process would be the
performance of an international ring test in order to validate the method. All details are published by the
responsible standardisation organisation (here: OECD (2005a)).

The HASTE group had 32 members from seven countries and with very different background, i.e.
governmental institutions, universities, chemical industry and contract laboratories. Its Organizing
Committee / Advisory council consist of nine persons, representing the main institutional groups as well as
countries.



In total, 12 laboratories participated in the ring test. Most of them (eight) were contract |aboratories while
two belonged to the chemical industry. One public ingtitution as well as one university did also participate.
About two third (seven) of the ring test participants are located in Germany. The regional background of
the remaining ingtitutions is as follows: United Kingdom (two), Denmark (one), The Netherlands (one) and
Switzerland (one).

In the following, names and addresses of the HASTE ring test participants are listed.

Andrea Ruf University of Bremen, FB 2 UFT, Department of Ecology Postbox 330440, D-
28334 Bremen. E-mail: aruf @uni-bremen.de

Frank Bakker: MITOX, Trid Management BV, Kruidaan 406, 1098SM Amsterdam, The
Netherlands. E-mail: frank.bakker @mitox.org

Fred Heimbach: Bayer AG, Ingtitute for Environmental Biology, Crop Protection Department, D-
51368 Leverkusen, Germany. E-mail: Fred.Heimbach@bayercropscience.com

Karin Nienstedt: SpringbornSmithers Laboratories (Europe) AG, Terrestrial Ecotoxicoloy, Seestr.
21, CH-9326 Horn, Switzerland. E-mail: knienstedt@springbornsmithers.ch

Lennart Schulz: BioChem agrar GmbH, Kupferstr. 6, D-04827 Machern OT Gerichshain,
Germany. E-mail: lennart.schul z@biochemagrar.de

Nicola Davies: CEM Anaytica Services Ltd., Glendale Park, Fernbank Road, North Ascot,
Berkshire, SL5 8JB, UK. E-mail: nicoladavies@CEMAS.CO.UK

Paul-Henning Krogh: Dept. of Terrestrial Ecology, National Environmental Research Ingtitute, Vejlsove
25, DK-8600 Silkeborg, Denmark. E-mail: phk@dmu.dk

Stephen Vinal: Mambo-Tox Ltd, 2 Venture Road, Chilworth Science Park, Chilworth,
Southampton, SO16 7NP, UK. E-mail: Stephen.Vinall@mambo-tox.co.uk

Thomas Moser: ECT Oekotoxikologie GmbH, Boettgerstr. 2-14, D-65437 Floersheim, Germany.
E-mail: Th-Moser@ect.de

UIf Lihrs: IBACON GmbH, Arheilger Weg 17, D-64380 Rossdorf, Germany. E-mail:
Ulf.Luehrs@IBACON.com

Uschi Kolzer: GAB Biotechnologie GmbH, Eutingerstr. 24, D-75223 Niefern-Oschelbronn,
Germany. E-mail: Uschi.K oel zer@gab-biotech.de

Wolfgang Krieg: BASF AG, Crop Protection Division, Agricultural Center — APD/EE, Li 425. P.O.
Box 120, D-67114 Limburgerhof. E-mail: Wolfgang.krieg@basf-ag.de




13 Work performed in the HASTE Ring test

The work performed in thering test followed closely the draft guideline which in fact differed only dightly
from the newest version provided in Annex Il. Few differences will be discussed more in detail in Chapter
2.2. Inthefollowing list the main features of the practical work are summarized:

Name:

Guiddine:

Test species.

Test design:
Experimental design:
Substrate:

Exposure:

Parameter:

Perfor mance:
Food:
Extraction method:

Reference substance:

Statistical analysis:

Predatory mite reproduction test in soil

Proposal of an expert group in accordance with the collembolan test (1SO
11267), the enchytraeid test (OECD 220) and experiences from the literature
(Krogh & Axelsen 1998; Bakker et al. 2003)

Hypoaspis (Geolaelaps) aculeifer

Start with adult mated females, 14 days old, exposure for 16 days

ECx and NOEC approach (all tests were performed twice)

Artificial soil (OECD 1984) with 5% peat

Test substance mixed into the soil (20 g DW)

Number of surviving females after 16 days; number of offspring after 16 days,
population growth rate (optional)

20 + 2°C; light : dark cycle 16:8

Cheese mites or other suitable food

Berlese, handsorting

Dimethoate, boric acid

The test substance dimethoate was provided by BASF AG.

See Chapter 3: Statistical support was provided by Syngenta AG:

Jealott’s Hill International Research Centre, Ecological Sciences Bracknell,
RG42 6 EY, United Kingdom.

In total, 48 test runs were performed in the ring test. While seven of them can be classified as “non-
standard methodological tests’, performed in order to clarify details of the test method, 41 tests were
conducted according to the Draft Guideline. Out of 22 tests with dimethoate only two were invalid. The
respective numbers for the tests with boric acid are 19 (total humber), including three invalid tests. It
should be noted that most of the individual laboratories provided up to four tests (two designs time two test
substances), but in some cases only one or two data sets were delivered.

2. M ethodological Overview
This chapter is divided into two parts. Firstly, the experiences made with the standard tests, i.e. those

performed according to the draft test guideline are described. In the second part, the aims and results of the
additional tests “ non-standard” tests are discussed.



21 Compilation of experiences made with the standard tests

This compilation is organised like the draft guideline; i.e. it starts with those aspects of the test
performance which may influence the test results and ends with a brief overall assessment of the quality of
the data provided. Finally, some recommendations how to proceed are given. In order to facilitate reading,
the information (which has been collected from the ring test participants in standard forms) is provided
either in tables or figures.

The source of the mites used in thetest is given in Table 1. Actually, two third of them derive from animals
collected in The Netherlands and were cultured for many years at Mitox (Amsterdam). This situation
raised the question whether the use of mites from other sites (or strains?) may influence the test results. For
this reason, tests with mites from different sites were performed at the University of Bremen (see Chapter
2.2). While this situation may raise questions it has aso to be stated that the fact to have a reliable source
(including species determination) clearly improves and facilitates the test performance.

Tab. 1: Origin of test organisms:

Source: Dimethoate  Boric acid Sum (%)
Mitox (NL) 12 11 66
Koppert (NL) 2 2 10

Katz (D) 4 2 14

Biol. Crop Prot. (UK) 2 2 10

Sum 22 19 100

Relatively few responses were received from the participants regarding the culturing conditions, which can be
interpreted as a hint that no problems occurred. Actualy, based on the experience with this species, this
outcome was expected. In the different laboratories light regimes varied, but no conspicuities regarding this
point were observed. Nearly al participants used the mite Tyrophagus putrescentiae as food source, while only
in one laboratory juvenile collembolans (Folsomia candida) were provided as food. No problems were
reported in al cases.

According to the Draft Guideline, the mites should be 28 — 35 days old at the beginning of the test. In the tests
with dimethoate, the age ranged from 21 — 35 days (on average 29 days (Fig. 1)), while they were dightly
older in the tests with boric acid: 27 — 35 days (on average 30 days (Fig. 2)). In the non-valid tests, the age of
the mites was in the required range (dimethoate: 28 + 34 days; boric acid: 28, 33 + 34 days). Thus, the validity
of atest run is not correlated with the age of the mites. One participant proposed to increase the age of the
mites by about a week, i.e. 30 — 40 days at the beginning of the test. However, this proposal was rejected
because most participants made good experiences with the proposed range of 28 — 35 days.
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Fig. 1: Age of the mites at the beginning of the tests with dimethoate
(in red: range required by the draft guideline)
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Fig. 2: Age of the mites at the beginning of the tests with boric acid
(in red: range required by the draft guideline)

The preparation of the test substrate OECD artificial soil did also not cause problems. It should be
highlighted that thisisthe first standard test in which the peat content of the artificial soil is decreased from
10 to 5%. Most of the participants used glass vessels for the tests, but few were made of plastics. Their size
differed considerably, but no correlation with the occurrence of invalid tests or other problems were
reported. Out of 36 valid tests, in two cases the amount of soil per test vessel was not reported and in three
cases more soil (24 — 30 g) than required was added. In all invalid tests the amount of soil was correctly
20g.
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Fig. 3: Mean soil moisture (% WHCmax) at the end of the tests with dimethoate
(in red: range required by the draft guideline)
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Fig. 4: Mean soil moisture (% WHCmax) at the end of the tests with boric acid
(in red: range required by the draft guideline)

The soil moisture at the end of the test (% WHC) was too low in 12 out of atotal number of 36 valid tests
(required: 40 — 60 % WHC) (Figs. 3 + 4). In the two and three non-valid tests with dimethoate and boric
acid it was partly too low (28 % and 26 or 27%), partly not reported. Therefore, dryness has probably
affected negatively mite reproduction, but it is surely not the sole reason, because there were more tests
with relatively dry soil at the end of the test but with acceptable numbers of juveniles. This situation cannot

*
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‘ ¢ WHC at test start ® WHC at test end ‘

be clarified in detail becauseit is not known for how long the soil was drier than required.

The pH values in soil should have been in the range of 6.0 £ 0.5. As can be seen from Figures 5 and 6, the
pH value was never too low. In one test (slightly in three) out of 36 valid tests it was too high. However,
the pH value in non-valid tests (dimethoate: 6.0 —6.3; boric acid: 6.1 — 6.3) was within the required range,

meaning that pH did not affect the validity of the tests.




8,0

7,5

7,0

6,5

T e

L 2
®* o
R4
»
L 4

>
2

*
55 4 Iy

L 4

5,0

4,5

4,0 T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Study Code

‘0 pH at test start ¢ pH at test end ‘

Fig. 5: Mean soil pH at the start and the end of the tests with dimethoate
(in red: range required by the draft guideline)
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Fig. 6: Mean soil pH at the start and the end of the tests with boric acid
(in red: range required by the draft guideline)

According to the OECD Draft guideline, the test organisms should be introduced into the test vessels
within 60 minutes. With two exceptions this step was performed in all tests in less than two hours. In the
non-valid tests, the introduction of the mites occurred in less than one hour. Since there was no hint at al
that this modification of the draft guideline did affect validity, it was proposed to change the text of the
draft accordingly.
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Fig. 7: Introduction of test organisms in the tests with dimethoate
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Fig. 8: Introduction of test organisms in the tests with boric acid

Concerning the number of replicates it differed in 7 test runs with dimethoate from the draft guideline
regquirements, while changes were made in the test with boric acid. The test duration was not reported or
longer than expected (16 days) in 14 out of 41 tests. Mainly caused by practical reasons (e.g. weekends)
the test was running two days longer, in one case even for 21 days. Concerning other test properties like
temperature, humidity, light regime and feeding, responses are not available from all participants.
However, with one exception (no light; feeding only twice during the test) no conspicuities with test
validity were observed.



According to the draft guideline the extraction efficiency should be higher than 90 %. Out of 36 valid tests
only for 24 tests the efficiency was given (Figs. 9 + 10). In five cases the efficiency was lower than 90%.
The efficiency in the non-valid tests is not known in two and between 88 — 95 % in three tests, meaning
that thereis probably no relationship with the validity status of the tests.

Fig. 9: Extraction efficiency (% of introduced mites) at the end of the tests with dimethoate
(in red: range required by the draft guideline)
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Fig. 10: Extraction efficiency (% of introduced mites) at the end of the tests with boric acid
(in red: range required by the draft guideline)

In the following, the deviations from the OECD draft guideline are quantified, separately for the tests with
dimethoate and those with boric acid (almost al participants performed firstly the tests with dimethoate
before moving on to the test with boric acid).. As a genera tendency, the amount of valid tests increased
with increasing experience with this test system.

Summary of valid dimethoate tests (20):

No deviations: 11 tests (= 55%)

Minor deviations: 6 tests (= 30%)

The minor deviations were for example a brief overstepping of pH or temperature values, mainly caused by
established laboratory routine or simple mistakes.

Magjor deviations: 3 tests (= 15%)

For instance, no abiotic measurements were made, replicates got lost or feeding was only done twice.
Again, these deviations were mainly caused by mistakes.

12



Summary of valid boric acid tests (16): Summary of invalid tests (5):

No deviations; 3tests
Minor deviations: O test
Major deviations: 2 tests

(e.g. no abiotic measurements, no lid on the test vessel)

In general, no single factor could be identified why a test is invalid (i.e. number of juveniles too low).
However, dryness of the test substrate as well as individua mistakes are probably the most important ones.
The test performance and test result quality was evaluated on the basis of 22 criteria (i.e. al issues
discussed in the Chapter so far but in more detail). In the following, the outcome of this evaluation
presented is for the two test substances separately. The numbers indicate how many participants reported a
specific criterion in a sufficient way (all participants = 100%).

No deviations: 11 tests (= 69%)

Minor deviations: 1 test (= 6%)

For example, accidentally 20 instead of 10 animals were put into one replicate.

Major deviations: 2 tests (= 12.5%)

The major deviations were actually the same like in the tests with dimethoate.

Not reported: 2 tests (= 12.5%)

Dimethoate:

Maximum conformity with OECD draft: 100% (preparation of artificial soil)
Minimum conformity with OECD draft: 45%  (moisture content at test end)
Maximum issue not specified: 30% (egg laying period)

Usually, important issues are reported by 80 — 100% of all participants.

Boric acid:

Maximum conformity with OECD draft: 81% (culture temperature, test vessels)
Minimum conformity with OECD draft: 37%  (temperature during extraction)
Maximum issue not specified: 50% (egg laying period)

Usually, important issues are reported by 50 — 81%.

13



2.2 Results from the non-standar dized tests

In these tests the effects of test duration, prey type and Hypoaspis strain on the test outcome were tested.
The issues of prey type and Hypoaspis strain were important to clarify since the previous version of the
guideline leave these points open up to now. The test duration was questioned for practical reasons and
because of the problem of the presence of F1-adults.

221 Test duration (14 versus 16 days)
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Fig. 11: Number of Juveniles at test end at different concentrations of boric acid at a test duration
of 14 days (red / orange / yellow diamonds) compared to a test duration of 16 days (greenish
diamonds). Tests were performed at Bremen University laboratory.
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Fig. 12: Number of Juveniles at test end at different concentrations of boric acid at a test duration
of 14 days (orange diamonds) compared to a test duration of 16 days (greenish diamonds). Tests
were performed at the ECT laboratory

The shorter test duration of 14 days would facilitate the test handling in laboratory schedules because with
14 days no work on weekends has to be planned. But the more important concern was that after 16 days of
test F1 adults could aready be present in the test containers. Since these adults cannot be distinguished
from the parent generation, such results would probably lead to wrong interpretation.

Therefore, tests were performed in the University of Bremen and ECT Oekotoxikologie GmbH. According
to these results the number of mites is lower in the test containers after a test duration of 14 days tests
compared to the number found after a test duration of 16 days (Figs. 11 + 12). In terms of sensitivity, no
difference was found in the tests with the two durations. In addition, the variation is dlightly lower in the 14
days tests, meaning that NOEC values could be lower than in the tests with a duration of 16 days (Tab. 2).
At least the effect values (EC50, NOECs) are on asimilar level.

In conclusion the 14 days tests could be less variable, dlightly more sensitive, provide results two days
earlier and make no weekend work necessary. In addition the 14 days tests are on the safe side in respect to
the occurrence of F1 adults, meaning that a misinterpretation of the mortality rate would be avoided. So
there are many argumentsto favour 14 days as recommended test duration instead of 16 days.

15



Tab. 2: LC50, EC50 and NOEC values for tests with 14 days and 16 days duration. Tests were
performed at the ECT lab. Data from Diploma Thesis of C. Scholer

Duration Dimethoate

LC50 NOE Crepro EC50
14 days 4.7 <1.0 5.0
16 days 4.4 3.2 5.6
Duration Boric acid

LC50 NOECrepro EC50
14 days 755.4 10 370.9
16 days > 1000 100 347.3

2.2.2 Preyorganisms

Two prey species (Tyrophagus putrescentia and Caloglyphus michaeli) were compared using criteria like
handling and test performance in studies performed at the University of Bremen. The first mite speciesis
frequently used as prey since it has a good nutrition value, but it is very small and swift. The other mite
species is thought to be of lower nutritional value (Heckmann et a., 2006), but it is large and hardly leaves
the substrate it is exposed on.

The results show that there was hardly any effect on test performance and sensitivity when using the two
different mite species with different nutritional quality (Fig. 13). Therefore, prey type seems to be not an
important issue for this test. The predatory mite test showed its robustness in this respect. But results could
be different for other chemicals and prey species from different orders because such prey species could
differ in terms of the exposure pathway and their sensitivity toward the tested chemical.

16
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Fig. 13: Number of Juveniles at test end at different concentrations of boric acid at with
Caloglyphus michaeli as prey (orange dots) compared to Tyrophagus putrescentiae as prey (green
dots). Tests were performed at the Bremen University lab.

223  Hypoaspisstrain

The comparison of the two Hypoaspis strains from Bremen and those from Mitox, Amsterdam showed that
they differed considerably in their life history traits (Fig. 14 + 15). The Amsterdam strain was somewhat
more fertile and had a dightly quicker juvenile devel opment.
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Fig. 14: Average number of eggs per day (first 18 days) of Hypoaspis aculeifer mites from the
Bremen strain (red column) compared to the Amsterdam, Mitox strain (blue column).
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Fig. 15: Number of eggs per day of Hypoaspis aculeifer mites from the Bremen strain (red)
compared to the Amsterdam, Mitox strain (blue) during the early adult stage of the mite.

In conclusion there is no obvious difference in senditivity towards chemicals between the two strains (data
not shown but included in overall results). Therefore it is not necessary to define a specific strain to fulfil
the aims of the guideline. But there are differences in life history traits between strains and those could
have consequences for defining validity criteria, like the minimum number of offspring and variability.

3. Summary of Results

The purpose of this chapter is to report the statistical analyses performed on the data available from aring
test of the new OECD draft guiddine (OECD 2005b). The test guiddine is designed to be used for
assessing the effects of chemicals in soil on the reproductive output of the soil mite species Hypoaspis
(Geolaelaps) aculeifer Canestrini (Acari: Ladapidae). Two test items were used in the ring test, namely
dimethoate and boric acid.

31 Experimental design

The new draft guideline (OECD 2005b) recommends two different experimental designs depending on
whether a NOEC or ECx (based on reproduction) is to be determined. Each of the twelve laboratories
involved in the ring test carried out one or more tests using a NOEC design, an ECx design, or a combined
NOEC/ECx design. These designs are discussed for each test item below.

Dimethoate: The NOEC design comprised five or six test concentrations of dimethoate and a control, with
four replicates per test concentration and eight replicates per control. The test concentrations used in the
NOEC design ranged from 0.85 to 11.2 mg a.s./kg soil (dw). The ECx design comprised between eight and
twelve test concentrations of dimethoate and a control, with two replicates per test concentration and four
or six replicates per control. The test concentrations used for the ECx design ranged from 0.18 to 100 mg
as/kg soil (dw). The combined NOEC/ECx design used by laboratory 10 comprised ten test
concentrations of dimethoate and a control, with two or four replicates per test concentration and eight
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replicates for the control. The test concentrations used by laboratory 11 for the NOEC/ECx design ranged
from 1 to 13.3 mg a.s./kg soil (dw). For details see Table 1a (Annex I11).

Boric acid: The NOEC design comprised five or six test concentrations of boric acid and a control, with
four replicates per test concentration and six or eight replicates per control. The test concentrations used in
the NOEC design ranged from 10 to 1000 mg a.s./kg soil (dw). The ECx design comprised between seven
and twelve test concentrations of boric acid and a control, with two or three replicates per test
concentration and four or six replicates per control. The test concentrations used for the ECx design ranged
from 1.8 to 1800 mg as./kg soil (dw). The combined NOEC/ECx design used by laboratory nine
comprised eleven test concentrations of boric acid and a control, with four replicates per test concentration
and eight replicates for the control. The test concentrations used by laboratory 10 for the combined
NOEC/ECx design ranged from 42.2 to 1000 mg a.s./kg soil (dw). For further details see Table 1b (Annex

11).

At tedt initiation, ten mated adult female soil mites (H. aculeifer) were introduced into each test vessel. At
test termination (after 16 days exposure), the number of surviving females and the number of juveniles per
test vessel were determined. Mortality was determined as the number of missing females. The mortality
and reproduction data are summarised in Tables 2.1ato 2.20a in Annex Illa (dimethoate) and Tables 2.1b
to 2.16b in Annex Illb (boric acid), and shown in full in Tables 1.1ato 1.20a in Annex llla (dimethoate)
and Tables 1.1b to 1.16b in Annex I11b (boric acid). It should be noted that mortality and reproduction data
are missing in (i) dimethoate test 12 (lab. 6, NOEC design): replicates 5, 6, 7 and 8 of the control and
replicates 3 and 4 of the 7.5 and 10 mg a.s./kg soil (dw) treatments, (ii) dimethoate test 13 (lab. 6, ECx
design): replicates 5 and 6 of the control, (iii) dimethoate test 18 (Iab. 10, NOEC/ECx design): replicate 4
of 1.8 mg a.gkg soil (dw) treatment and replicate 2 of 5.6 mg a.s./kg soil (dw) treatment, (iv) boric acid
test 13 (Iab. 9, ECx design): replicate 3 of the control, replicate 1 of the 75 mg a.s./kg soil (dw) treatment,
replicate 2 of the 133 mg a.s./kg soil (dw) treatment and replicate 2 of the 237.1 mg a.s./kg soil (dw)
treatment.

3.2 Summary of Control Data
The information of the controls as summarised in Tables 3a (dimethoate) and 3b (boric acid) may be used

to establish the validity criteria, i.e. the minimum level of survival and number of offspring that should be
met in the controls for atest to be considered valid.
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Table 3a: Dimethoate: Summary of control data

Test | Lab. | Design | ERA | fepicate | per replicate | %€V
1 1 NOEC 3.75 318 385 7
2 ECx 6.67 311 344 4
3 2 NOEC 2.50 308 355 5
4 ECx 3.33 365 437 7
5 3 NOEC 2.50 188 259 10
6 ECx 3.33 265 326 8
7 4 NOEC 5.00 179 294 17
8 ECx 3.33 102 207 23
9 5 NOEC 5.00 186 321 20
10° 5.00 209 262 8
11° ECx 5.00 186 321 24
12 6 NOEC 7.50 165 214 11
13 ECx 12.50 80 151 25
14 7 NOEC 3.75 300 387 8
15 ECx 5.00 216 304 11
16 8 NOEC 7.50 144 199 12
17 ECx 6.67 172 204 7
18 10 NOEC/ECx | 2.50 237 337 12
19° |11 ECx 2.50 48 119 38
20 12 NOEC 1.25 214 296 12

% these controls were shared between the two tests

® this test was not part of the ring test (14 days exposure rather than 16)
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Table 3b: Boric acid: Summary of control data

Test | Lab. | Design | WS | Nerrepicate | perrepicats | ©CV
1 1 NOEC 1.25 268 363 12
2 ECx 1.67 301 388 10
3 2 NOEC 2.50 381 471 7
4 ECx 0.00 358 398 4
5 3 NOEC 1.67 198 275 14
6 4 NOEC 1.25 103 153 16
7 ECx 3.33 126 154 8
8 5 NOEC 22.50 202 357 19
9° NOEC 8.75 175 273 15
10 ECx 10.00 219 326 15
11 6 ECx 6.67 123 182 14
12 8 ECx 5.00 168 251 16
13 9 ECx 8.00 184 207 5
14 NOEC/ECXx 2.50 213 272 9
15c 11 ECx 2.50 48 119 38
16 12 NOEC 2.50 176 257 11

this test was not part of the ring test (14 days exposure rather than 16).
¢ this control was shared with dimethoate test 19

From Table 3a and 3b it can be seen that: (i) the average female control mortality at the end of the test
ranged from 0 to 22.5%, (ii) the number of juveniles produced per control replicate at the end of the test
ranged from 48 to 471, and (iii) the coefficient of variation based on the number of juveniles produced per
control replicate at the end of the test ranged from 4 to 38%.

3.3 Method of Analysisand Results

3.31 Mortality Data

3.3.1.1 Estimation of Median Lethal Concentration (L Cs)

The median Lethal Concentration (L Cs) is defined as the concentration which results in 50% mortality of
the test population. The LCs, values from the individual tests were obtained by fitting a linear probit model
to the mortality per replicate, with logarithm (base 10) of nominal concentration as the explanatory variable
(Collett 1999). Since mortality was observed in one or more replicates of the control groups of al twenty

dimethoate tests (see Table 1a) and fifteen of the sixteen boric acid tests (see Table 1b), the probit model
included an additional parameter to account for natural (or background) mortality. The probit model was
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fitted using the method of maximum likelihood, in which the binomial distribution of the data was taken
into account. If possible, confidence limits for the LCs, estimate were determined using Fieller's method.
Goodness of fit of the model was assessed using the likelihood ratio residual deviance. The probit model
was fitted using the PROC PROBIT procedure in SAS version 9.1 (SAS 2002-2003). The LCs, values and
their associated lower and upper 95% confidence limits are shown in Tables 4a (dimethoate) and 4b (boric
acid), below.

Table 4a: Dimethoate: LCg, values with 95% lower and upper confidence limits

Test Lab. Design LCs Lower Upper
1 1 NOEC 3.66 3.33 4.03
2 ECx 4.23 3.48 4.84
3 2 NOEC 4.04

4 ECx 4.53 3.04 5.12
5 3 NOEC 3.86

6 ECx 2.47 2.08 2.93
7 4 NOEC 4.62 3.95 5.07
8 ECx 5.44

9 5 NOEC 3.67 3.25 4.09
10* 4.80 3.86 5.64
11 ECx 4.07 3.30 4.77
12 6 NOEC 7.13 6.47 7.93
13 ECx 3.74 2.89 4.51
14 7 NOEC 3.53 2.72 4.12
15 ECx 5.59

16 8 NOEC 5.80 5.03 6.42
17 ECx 6.40 5.56 7.27
18 10 NOEC/ECx 25.54 15.26 95.62
19 11 ECx 4.10 294 5.07
20 12 NOEC 2.64 2.31 2.95

* this test was not part of the ring test (14 days exposure rather than 16).
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Table 4b: Boric acid: LCsy values with 95% lower and upper confidence limits

Test Lab. Design LCs Lower Upper
1 1 NOEC 19416.42

2 ECx 20906.28

3 2 NOEC 587.49

4 ECx 749.18

5 3 NOEC 991.57

6 4 NOEC 8267.48

7 ECx 567.51 470.84 665.35
8 5 NOEC 1567.43

9* 751.48 495.12 1347.41
10 ECx 668.43 523.41 791.06
11 6 ECx 748.65 657.10 820.12
12 8 ECx 164221.87

13 9 ECx 396.66 282.72 517.16
14 NOEC/ECx 762.72

15 11 ECx 6926684.28

16 12 NOEC 293.34 251.71 326.60

* this test was not part of the ring test (14 days exposure rather than 16).

L Cs, values have been obtained for all twenty dimethoate tests and all sixteen boric acid tests. Confidence
limits around the LCs, values have been obtained for sixteen of the twenty dimethoate tests and for six of
the sixteen boric acid tests. The LCy, value for dimethoate test 18 (namely 25.54 mg a.s./kg soil (dw)) and
for boric acid tests 1, 2, 6, 8, 12 and 15 (namely 19,416.42, 20,906.28, 8,267.48, 1,567.43, 164221.87 and
6,926,684.28 mg a.s./kg soil (dw) respectively) were obtained from the probit model by extrapolation and,
in each case, are higher than the highest concentration tested. The mean dimethoate L Csy value is 4.44 mg
a.s./kg soil (dw), with minimum and maximum values of 2.47 and 7.13 mg a.s./kg soil (dw) respectively
(excluding dimethoate test 18). The mean boric acid LCs, value is 651.71 mg as./kg soil (dw), with
minimum and maximum values of 293.34 and 991.57 mg a.s./kg soil (dw) respectively (excluding boric
acid tests 1, 2, 6, 8, 12 and 15). The individual LCsy values, together with the mean, minimum, and
maximum values are shown graphically in Figure 16a (dimethoate) and Figure 16b (boric acid).
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Figure 16a: Dimethoate LCs, values obtained from nineteen predatory mite reproduction tests in
soil. [Note: The LCsq value for dimethoate test eighteen has been excluded as it was obtained by
extrapolation and is higher than the highest concentration tested.]
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Figure 16b: Boric acid LCsy values obtained from ten predatory mite reproduction tests in soil.
[Note: The LCsy values for boric acid tests one, two, six, eight, twelve and fifteen have been
excluded as, in each case, they were obtained by extrapolation and are higher than the highest
concentration tested]
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Figures 3.1.2a to 3.20.2a in Annex llla (dimethoate) and Figures 3.1.2b to 3.16.1b in Annex Illb (boric
acid) display the observed mortality data and fitted probit models. Control data has been included on the
figuresin Annex Illa (dimethoate) at 0.1 mg a.s./kg soil (dw) and on the figuresin Annex I11b (boric acid)
at 1 mg a.s./kg soil (dw) (rather than 0 mg a.s./kg soil (dw)) as the x-axis has been displayed on the log
(base 10) scale (and log of zero does not exist). The values of 0.1 and 1 mg a.s./kg soil (dw) for dimethoate
and boric acid tests respectively were chosen as they are lower than any of the concentrations used in any
of the tests. The model parameters are shown in Table 3.1ain Annex Illa (dimethoate) and Table 3.1b in
Annex I11b (boric acid). From Tables 3.1a and 3.1b it can be seen that the estimated natural mortality from
the fitted probit models ranged from 1.19 to 15.31%.

Results of the goodness of fit test are shown in Table 3.2a in Annex Illa (dimethoate) and Table 3.2b in
Annex Il1b (boric acid). From Table 3.2a it can be seen that there is evidence that for eight of the twenty
dimethoate tests (namely tests 5, 7, 10, 11, 14, 16, 17 and 19) the probit model displays a significant lack
of fit. A similar observation can be made for six of the sixteen boric acid tests (namely tests 1, 6, 8, 10, 13
and 14; see Table 3.2b) For these tests, the confidence limits around the LCs, values have been inflated
using a heterogeneity factor (based on the likelihood ratio residual deviance).

3.3. 1.2 Estimation of No Observed Effect Concentration (NOEC)
The No Observed Effect Concentration (NOEC) is defined as the highest test concentration that does not
produce a statigtically significant adverse effect on mortality when compared to the control. The NOEC

values from the individual tests were obtained by comparing the mean mortality at each test concentration
with the control using a two-tailed Fisher's exact test with a stepdown Bonferroni adjustment (the
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Bonferroni-Holm adjustment) with a 5% type one error rate (Sokal & Rohlf 1995). Statistical anayses to
determine the NOEC values were carried out using the PROC MULTTEST procedure in SAS version 9.1
(SAS 2002-2003).

For each test the minimum detectable treatment effect (MDTE) was computed. The MDTE is the smallest
level of mortality (after adjusting for any control mortality) on a test item treatment which would be
declared statistically significant. The MDTEs are unique to their respective tests, since they are functions
of the number of individuals on the control and test item treatments, the number of comparisons made
against the control and the response rate on the control treatment. They were computed as follows: The
number of individuals allocated to the control and test item treatment and the number that died in the
control were fixed at the corresponding values in the test. Separate contingency tables were created by
varying the number of dead individuals on the test item treatment from zero to the total number exposed.
P-values for each table were determined (using a two-tailed Fisher's exact test). The cut-off p-value
depends upon the overall number of comparisons made in the test and is computed as 0.05 divided by the
number of test item treatments. Contingency tables with p-values less than the cut-off are significant.
Abbott’ s correction (Abbott 1925) was used to adjust the percentage mortality on the test item treatments
from the significant tables. The MDTE is the smallest positive adjusted value from the significant tables.
The dimethoate NOEC values (Table 5a) range from 0.75 to 7.50 mg a.s./kg soil (dw) and the boric acid
NOEC values (Table 5b) range from <42.4 to 1000 mg a.s./kg soil (dw) .

Table 5a: Dimethoate: NOEC values

Test Lab. Design NOEC
1 1 NOEC 1.80
2 ECx 3.20
3 2 NOEC 3.20
4 ECx 3.20
5 3 NOEC 1.37
6 ECx 1.80
7 4 NOEC 4.00
8 ECx 3.20
9 5 NOEC 1.78
10 3.16 (not part of the ring test: 14, not 16 days of exposure)
11 ECx 3.16
12 6 NOEC 5.60
13 ECx 1.80
14 7 NOEC 3.00
15 ECx 5.35
16 8 NOEC 4.10
17 ECx 4.62
18 10 NOEC/ECx 7.50
19 11 ECx 0.75
20 12 NOEC 1.00
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Table 5b: Boric acid: NOEC values

Test Lab. | Design NOEC
1 1 NOEC 316.0
2 ECx 562.0
3 2 NOEC 524.9
4 ECx 565.3
5 NOEC 500.0
6 4 NOEC 60.0

7 ECx 320.0
8 5 NOEC 1000.0
9* 316.0 (not part of the ring test: 14, not 16 days of exposure)
10 ECx 562.3
11 6 ECx 563.0
12 8 ECx 1000.0
13 9 ECx 177.8
14 NOEC/ECx <42.2
15 11 ECx 749.9
16 12 NOEC 200.0

* this test was not part of the ring test (14 days exposure rather than 16).

The minimum detectable treatment effect values are shown in Table 3.6ain Annex llla (dimethoate) and
Table 3.6b in Annex Illb (boric acid). These values, together with the minimum and maximum values are
shown graphicaly in Figure 17a (dimethoate) and Figure 17b (boric acid). The level of control mortality in
boric acid test 8 was such that it was also possible to detect a decrease in mortality relative to control if the
unadjusted observed mean mortality on a test item treatment was <2.5%. In al of the situations where
laboratories tried both NOEC and ECx designs the NOEC designs were able to detect smaller treatment
effects than the ECx designs could.

Figures 3.1.1a to 3.20.1a in Annex llla (dimethoate) and Figures 3.1.1b to 3.16.1b in Annex Illb (boric

acid) display the observed mortality data. The results of Fisher's exact test are shown in Table 3.4ain
Annex |lla (dimethoate) and Table 3.4b in Annex I11b (boric acid).
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Figure 17a: Dimethoate Minimum detectable treatment effect (after adjusting for control mortality),
expressed as a percentage of exposed individuals, obtained from twenty predatory mite
reproduction tests in soil (Hypoaspis (Geolailaps) aculeifer)

60 -

x X Min = 13.9

Dimethoate: Min. Detectable. Effect % (adj. for control)
w
o
°
°

1 2 3 4 5 6 7 8 10 11 12
Laboratory

Design : X x x NOEC 0 0 0 FCx + + + NOEC/ECx

28



Figure 17b: Boric acid Minimum detectable treatment effect (after adjusting for control mortality),
expressed as a percentage of exposed individuals, obtained from sixteen predatory mite
reproduction tests in soil (Hypoaspis (Geolailaps) aculeifer)
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3.3.2 Reproduction Data
3.3.2.1 Estimation of Median Effective Concentration (ECs)

The median Effect Concentration (ECs) is defined as the concentration which resultsin a 50% reduction in
reproduction relative to the control. The ECs, values from the individual tests were obtained by fitting a
logistic model to the number of juveniles per replicate, with nominal concentration as the explanatory
variable (Van Ewijk & Hoekstra 1992).

The genera form of the logistic model is:

o
y= 1+(x/ECy, )

where 'y = number of juveniles per replicae, o,pfandEC,, ae model parameters
(a>0,B>0, EC,, >0), and x = nominal concentration.

The ECy, isincluded in the model specification as a parameter, and has been estimated directly, along with
its approximate confidence limits. The background response, alpha (1), is aso included in the model
specification as a parameter. Goodness of fit of the model was assessed by partitioning the residual error
into lack of fit error and pure error (Draper & Smith 1998). The logistic model was fitted using the
NEWTON iterative method of parameter estimation within the PROC NLIN procedure in SAS version 9.1
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(2002-2003). Any derivatives of the model that were needed to fit the model were automatically derived by
the SAS procedure.

ECs, values and their associated confidence limits have been obtained for al twenty dimethoate tests and
all sixteen boric acid tests. The mean dimethoate ECs; value is 4.93 mg a.s/kg soil (dw), with minimum
and maximum values of 2.67 and 8.27 mg a.s./kg soil (dw) respectively. The mean boric acid ECs, value
is 296.08 mg a.s./kg soil (dw), with minimum and maximum values of 70.83 and 402.35 mg a.s./kg soil
(dw) respectively. The individual ECsy values, together with the mean, minimum, and maximum values are
shown graphically in Figures 18a (dimethoate) and 18b (boric acid).

The ECs, values and their associated lower and upper 95% confidence limits are shown in Tables 6a
(dimethoate) and 6b (boric acid).

Table 6a: Dimethoate: ECs, values with 95% lower and upper confidence limits

Test Lab. Design ECso Lower Upper
1 1 NOEC 5.09 4.61 5.56
2 ECx 5.13 4.42 5.83
3 2 NOEC 5.62 -2.08 13.32
4 ECx 5.55 -2.58 13.68
5 3 NOEC 5.50 -10.68 21.69
6 ECx 3.11 2.35 3.87
7 4 NOEC 3.98 3.27 4.69
8 ECx 4.11 2.33 5.88
9 5 NOEC 3.97 3.42 4.52
10* 6.07 5.48 6.66
11 ECx 3.91 3.35 4.48
12 6 NOEC 8.27 7.58 8.97
13 ECx 5.08 3.98 6.18
14 7 NOEC 3.97 3.73 4.21
15 ECx 6.28 5.78 6.77
16 8 NOEC 5.97 5.26 6.68
17 ECx 5.38 4.85 591
18 10 NOEC/ECx 3.63 3.37 3.90
19 11 ECx 5.34 4.06 6.63
20 12 NOEC 2.67 2.35 2.99

* this test was not part of the ring test (14 days exposure rather than 16).
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Table 6b: Boric acid: ECsg values with 95% lower and upper confidence limits

Test Lab. Design ECso Lower Upper
1 1 NOEC 383.0 268.6 497.4
2 ECx 402.4 313.0 491.7
3 2 NOEC 356.4 333.1 379.8
4 ECx 331.2 313.9 348.4
5 NOEC 259.8 -2324.1 2843.7
6 4 NOEC 250.0 -23550.7 24050.7
7 ECx 70.8 36.9 104.8
8 5 NOEC 320.0 -1687.2 2327.1
9* 390.1 245.0 535.2
10 ECx 3324 291.7 373.2
11 6 ECx 363.6 330.9 396.3
12 8 ECx 270.2 162.0 378.3
13 9 ECx 337.3 291.0 383.5
14 NOEC/ECx 256.1 242.4 269.7
15 11 ECx 233.2 -614.9 1081.2
16 12 NOEC 180.8 133.7 227.9

* this test was not part of the ring test (14 days exposure rather than 16).
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Figure 18a: Dimethoate ECsy values obtained from twenty predatory mite reproduction tests in soil
(Hypoaspis (Geolailaps).
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Figure 18b: Boric acid ECsq values obtained from sixteen predatory mite reproduction tests in soil
(Hypoaspis (Geolailaps) aculeifer).
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Figures 4.1.2a to 4.20.2a in Annex Illa (dimethoate) and Figures 4.1.2b to 4.16.2b in Annex Il1b (boric
acid) display the observed reproduction data and fitted logistic models. Control data has been included on
the figures in Annex Illa (dimethoate) at 0.1 mg a.s./kg soil (dw) and on the figures in Annex Il1b (boric
acid) at 1 mg a.s./kg soil (dw) (rather than 0 mg a.s./kg soil (dw)) as the x-axis has been displayed on the
log (base 10) scale (and log of zero does not exist). The values of 0.1 and 1 mg a.s./kg soil (dw) for
dimethoate and boric acid tests respectively were chosen as they are lower than any of the concentrations
used in any of the tests. The model parameters are shown in Table 4.1a in Annex |lla (dimethoate) and
Table 4.1b in Annex Illb (boric acid). From Table 4.1a and 4.1b it can be seen that the estimated
background response from the logistic model ranges from 76.0 to 413.2.

Results of the goodness of fit test are shown in Table 4.2a in Annex Illa (dimethoate) and Table 4.2b in
Annex [114b (boric acid). From Table 4.2a and 4.2b it can be seen that for two of the twenty dimethoate
tests (namely tests 10 and 18) and for one of the sixteen boric acid tests (namely test 9) the logistic model
displays a significant lack of fit. For completeness, a hormesis model was also fitted (Van Ewijk and
Hoekstra 1992). Hormesis was found to be significant in dimethoate tests 4, 6, 8, 16, 17, 18, 19 and 20, and
boric acid tests 4 and 10. However the ECs, values obtained from the hormesis model for these tests (not
reported here) differ to those from the logistic model by less than 0.9 and 15 mg a.s./kg soil (dw) (for the
dimethoate and boric acid data respectively).

3.3.2.2 Estimation of No Observed Effect Concentration (NOEC)

The No Observed Effect Concentration (NOEC) is defined as the highest test concentration that does not
produce a statistically significant adverse effect on reproduction when compared to the control.
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The NOEC vaues from the individual tests were obtained by performing an analysis of variance
(ANOVA) and then by comparing the mean number of juveniles at each test concentration with the control
using a two-tailed Dunnett’s test (Hsu 1996) with a 5% type one error rate. In an attempt to satisfy the
assumption of homogeneity of variance, test concentrations with low or zero variability were excluded
from the analysis (see Table 5a (dimethoate) and Table 5b (boric acid) for details). Following analysis, the
assumption of homogeneity of variance was checked using Levene' s test (only possible for tests with three
or more replicates in one or more test concentrations) and the assumption of normality was checked using
Shapiro-Wilk’ s test.

For each test the minimum detectable difference (M.D.D.J) was computed and expressed as a percentage of
the control response. The M.D.D.J is the smallest difference between the mean number of juveniles on a
test item treatment and the mean number on control which would be declared statistically significant (given
the observed variation and the actual replication). It is computed as follows:

M.D.D.J

M.D.DJ=D_, x [MSEXx i+i , M.D.D.Jas%of Control = —M—
Control mean

crit n nt

where:

D, = Critical valuefor Dunnett'stest (2 - sided, 5% level, accounting for unequal replication)
MSE = Pooled estimateof residual (error) variation

n, and n, = Replication on the control and test item treatments respectively

Statistical analyses to determine the NOEC values were carried out using the PROC GLM procedure in
SASversion 9.1 (SAS 2002-2003).

For completeness, NOEC values from the individual tests were also obtained (for tests using a NOEC or
NOEC/ECx design only) using a two-tailed Mann-Whitney test (Hollander & Wolfe 1999) with a
stepdown Bonferroni adjustment (also known as the Bonferroni-Holm adjustment) with a 5% type one
error rate. The NOEC values obtained using this non-parametric approach (not reported here) were either
the same or higher than those obtained using the parametric approach. Thus the NOEC values from the
parametric approach can be considered worse case values. The NOEC values are shown in Tables 7a
(dimethoate) and 7b (boric acid). From these Tables it can be seen that the dimethoate NOEC values
ranged from 1 to 7.49 mg a.s./kg soil (dw) and that the boric acid NOEC values ranged from 10 to 316.2
mg a.s./kg soil (dw).

Figures 4.1.1ato 4.20.1ain Annex llla (dimethoate) and Figures 4.1.1b and 4.16.1b in Annex Il1b (boric
acid) display the observed reproduction data. The results of Dunnett’s test are presented in Table 4.4ain
Annex llla (dimethoate) and Table 4.4b in Annex I11b (boric acid).



Table 7a: Dimethoate: NOEC values

Test Lab. | Design NOEC
1 1 NOEC 3.20
2 ECx 3.20
3 2 NOEC 3.20
4 ECx 3.20
5 3 NOEC 3.50
6 ECx 1.80
7 4 NOEC 2.00
8 ECx 3.20
9 5 NOEC 1.78
10* 1.00
11 ECx 3.16
12 6 NOEC 5.60
13 ECx 5.60
14 7 NOEC 3.00
15 ECx 5.35
16 8 NOEC 5.12
17 ECx 3.55
18 10 NOEC/ECx 2.40
19 11 ECx 7.49
20 12 NOEC 1.00

* this test was not part of the ring test (14 days exposure rather than 16).
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Table 7b: Boric acid: NOEC values

Test Lab. | Design NOEC
1 1 NOEC 316.0
2 ECx 316.0
3 2 NOEC 162.0
4 ECx 180.7
5 NOEC 250.0
6 4 NOEC 240.0
7 ECx 32.0
8 5 NOEC 100.0
9* 10.0
10 ECx 100.0
11 NOEC 316.0
12 8 ECx 178.0
13 ECx 316.2
14 NOEC/ECx 177.8
15 11 ECx 177.8
16 12 NOEC 100.0

* this test was not part of the ring test (14 days exposure rather than 16).

The results of Levene' s test for homogeneity of variance and Shapiro-Wilk's test for normality are shown
in Table 4.5ain Annex llla (dimethoate) and Table 4.5b in Annex I11b (boric acid). From Tables 4.5a and
4.5b it can be seen that there is no evidence that the assumption of normality is invalid for any of the
twenty dimethoate tests and for fifteen of the sixteen boric acid tests. There was some evidence to suggest
that the assumption of normality is invalid for boric acid test 13, although the p-value was only just
significant (p=0.043). Since ANOVA is robust to small departures from normality this result was not
considered a cause for concern. There is evidence that the assumption of homogeneity of variance is
invalid for four of the dimethoate tests (namely tests 1, 3, 7 and 9) and for three of the boric acid tests
(namely tests 4, 5 and 14). Therefore responses for these seven tests were log (base 10) transformed and re-
analysed. The transformation resulted in a non-significant Levene' s test for dimethoate tests 1 and 7 only.
However for these two tests, NOEC values for the untransformed and transformed responses were
identical.

The minimum detectable difference values are shown in Table 4.7ain Annex llla (dimethoate) and Table
4.7b in Annex I11b (boric acid). The individual M.D.D.J values, together with the minimum and maximum
values are shown graphically in Figure 19a (dimethoate) and Figure 19b (boric acid). Since the data were
untransformed the M.D.D.J values also represent the minimum detectable increase in juveniles. In al of
the situations where laboratories tried both NOEC and ECx designs the NOEC designs were able to detect
smaller differences than the ECx designs could.
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Figure 19a: Dimethoate Minimum Detectable Difference in Juvenile reproduction, expressed as a
percentage of the control response, obtained from twenty predatory mite reproduction tests in soil
(Hypoaspis (Geolailaps) aculeifer).
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Figure 19b: Boric acid Minimum Detectable Difference in Juvenile reproduction, expressed as a
percentage of the control response, obtained from sixteen predatory mite reproduction tests in soil
(Hypoaspis (Geolailaps) aculeifer).
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3.3.2.3 Power of the Mann-Whitney Test

For dimethoate and boric acid tests using the ECx design it is not possible to detect a difference (of any
size) between atest concentration and control as significant using the two-tailed Mann-Whitney test (with
a stepdown Bonferonni adjustment). This can be explained as follows. For dimethoate and boric acid tests
using the ECx design we wish to compare between seven and twelve test concentrations with a control,
with at most three replicates per test concentration and six replicates per control. Let us consider one such
comparison. In order to apply the Mann-Whitney test, the nine responses (three from the test concentration
and six from the control) are ranked from highest to lowest. The number of possible ways of arranging
these ranks over the test concentration and control is °C; = °C = 84. In atwo-tailed Mann-Whitney test the
unadjusted p-value for the most extreme arrangement (where all three responses from the test concentration
are higher or lower than the six responses from the control) is 2/84 = 0.024. Thisis the smallest unadjusted
p-value possible for dimethoate and boric tests using the ECx design. Since the stepdown Bonferroni
adjustment will always multiply the smallest p-value by the number of treatment comparisons to get the
adjusted p-value, the smallest adjusted p-value possible for dimethoate and boric acid tests using the ECx
design is 7 x 0.024 = 0.167, i.e. non-significant. Hence we see that for dimethoate and boric acid tests
using the ECx design, the two-tailed Mann-Whitney test (with a stepdown Bonferroni adjustment) cannot
detect a difference (of any size) as significant.

34 Discussion

The LCx, values obtained from the nineteen dimethoate tests (excluding test 18 - see Section 4.1.1) show a
good level of agreement. All the individual dimethoate test results differ by less than a factor of two from
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the mean in each case. Furthermore, there was no overall statitically significant difference in dimethoate
L Cs values between |aboratories.

The LCs, values obtained from the ten boric acid tests (excluding tests 1, 2, 6, 7, 12 and 15 - see Section
4.1.1) show areasonable level of agreement. All the individual boric acid test results differ by less than a
factor of two and a half from the mean in each case. Furthermore, there was no overall statisticaly
significant difference in boric acid L Cs, values between laboratories.

The ECy, values obtained from the twenty dimethoate tests show a good level of agreement. All the
individual dimethoate test results differ by less than a factor of two from the mean in each case.
Furthermore, there was no overall statistically significant difference in dimethoate ECs, values between
laboratories.

The ECsg, values obtained from the sixteen boric acid tests do not show as good a level of agreement as
those obtained from the twenty dimethoate tests. All the individual boric acid test results differ by less than
afactor of five from the mean in each case. There was no overall satistically significant differencein ECsg
values between laboratories.

In general, smaller treatment effects could be detected in the tests with higher numbers of replicates.

All twenty dimethoate tests and sixteen boric acid tests, using a NOEC design, an ECx design, or a
combined NOEC/ECx design, were able to provide LCs, and NOEC estimates based on mortality, and
ECs, and NOEC estimates based on reproduction. Hence, when testing dimethoate or boric acid, one
experimental design can be used to determine al these estimates, provided the doses are chosen

appropriately.
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