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EXECUTIVE SUMMARY

The acute oral toxicity of a substance to birds is core agmyl information for the registration ofgmt
protection products OECD requestethat anacute oral toxicity guideline for birdse developedhat
would deliver an estimate of theéDs,, slope and confidence limitausing as few birds as possible. The
draft TG223 guideline was developed in order to meet this reguebtiescribes a sequential design in
which cumulative responses at each stage are used to provide a working estimadi®gf &inel slope that

are used to set the doses for the next stéddeer the final stage all responses are combined into a single
statistical analysis that determineslddy,, a slope and confidence limits.

Thedraft TG223 design is flexible in terms tife number of stages and birdéavailable data suggest the

LDs, may begreater thar2000 mg/kg, a single stage limit test may be performed using 5 birds at the limit
concentration and 5 birds in the control group. If toxicity is expetteteless tharr000 mg/kg a full

dose response test is performesing 3 or 4 stage (24 or 34 bird respectivelyi excluding controls In

the rare event theéesign does not result in an estimate of slope, then more stages (and birds) can be added.
Alternatively, if only the LD, is required without an estimate tfe slope andonfidence limits the
numbers of birds tested may be reduced. This reploitesses thealidation of the fullLDs, test design.

The performance of the design was evaluated through extensive computer simulations in which different
designs were compareid a lstage 66€bird design (similar to OPPTS850.2100). These simulations
indicated thadraft TG223 would estimate theDs, as well as the 60ird design, but using substantially
fewer animals, and improve the frequency with which a slope is estimadtesl.computer program that
performed the simulations has been independently validated.

A multi-stage design is more challenging for test laboratories than a single stage study. Inevaleate

the userfriendlinessand clarityof the guidelinea reaing comprehension test was prepar€de results

and conclusions of theading comprehension tagtizzes are presentéutheappendix and may be used

to assist in training of fure draft TG223usersand were used to further improve the clarity of the
guideline. Secondly aeguential design calculator tool (SEDEC) has been developed in the form of a
Microsoft® Excel spreadsheet, in order to facilitate and aid in the selection of doses at each stage and to
estimate thd.Ds,, slope and confidence limité report of thevalidation of this tool is included as an
appendix in this validation report. It will beadepublicly available from the OECD website.

Ring testing was carried with two chemicals tested in eafirefaboratories to confirm the ressilbf the
statistical simulations.For each of these chemicals historical results were available for a standard fixed
dose design as carried out to mMEB&EPA requirements (OPPTS850.2100). When comparing the results
of the ring test studies between ledories and with the results of the original studies, the results appeared
similar. Two statistical comparisons were made. In the fhistvariability inLDs, calculations and slope
estimates was compared with the variability found in these endpoiatseélection of 15 repeat studies
from the EPA data base. Th®s, estimates from the ringest showed less variability than the EPA repeat
studies. The variability in slopes from the ritggt data was higher than that seen in the EPA repeat
studies. Thdatter can be explained by the higher frequency with which slopes are determinediiafthe
TG223 design when the slope is steep, than in the EPA data base studies. In thdteegandbility in



LD5, and slope estimates observed in the-texy déa werecompared with the variability predicted by the
computer simulationand shown to be similar.

The Validation Management Group concludes that the performandeafdof TG223delivers regulatory
endpoints ofLDsy, slope and confidence limits to aghi standard while reducing the numbers of birds
tested It is theValidation Management Grops r e ¢ 0 mthathedyaidelindbenpublished by OECD
as a finadocument



Introduction

The acute oral toxicity of a substance is core regulatory informatioeafe use in labelling and risk
assessment in OECD member countries. OECD guidelines have a strong emphasis on animal welfare and
there are incentives and opportunities to refine the design to reduce animals tested. The avian acute oral
toxicity testguideline @raft TG223 has been in development since 1994 when OECD first requested an
acute guideline that substantially would limit the numbers of animals udedhft TG223 describes a
sequential design where the responses at each stage are usedida pee next set of doses for the
purpose of identifying th&Dsg, slope and confidence limits. The responses from all stages are combined
for final estimates of these parameters. The performance of the design initially was evaluated through
extensivestatistical simulations comparing different designs withsdabe 6€bird design (similar to US

EPA OPPTS850. 24d@Wn aondcaedmudcepPp (similar to TG425
indicated thaDraft TG223would estimate theDsoas well ashie 60bird design, using substantially fewer
animals. Thesimulationsalso indicatedhat the frequency with which slope estimate can be achieved,
would be increased. It is possible to guarantee a gsjimateby adding additional stagésyond those
prescribed in the desigo generate reversals and partial responses. To aid the selection of doshs at eac
stage and to estimate thBs,, slope and confidence limits, SEquentialDEsign Calculator tool (SEDEC)

has been developed an Excel 2000® sprdsheethat will be publity available from the OECD web site

for use with the final TG223 guideline.

The draft TG223 of March 2007, reflected the consensus obtained after all the coaisechen member

country comments and by members of the expedmghadbeen addressed. In 2007 a validation plan was
approved by OECD of which the results are presented here. This validation report includes:

1 Background information on the guideline and its development;

I Results of the statistical simulations, theitidation and an account of how all the concerns
raised were addressed;

1 A summary of the computer programme developed to estimatelthgand provide doses for
each stage of the test (Sequential Design Calculator: SEDEC);

9 The results and conclusions ofeading comprehension test performed to ensure readability and
clarity of the guideline;

9 The results and discussion of the ring test performed with two chemicatvextaldifferent
laboratories;

1 Summary and evaluation of feedback received from ppaticig laboratories.

1 Examples of (regulatory) TG223 studies conducted with the draft guideline to date.
2. History
Work on the development of an OECD guideline for acute oral testing in birds started during a workshop
on Avian Toxicity Testing was held iRensacola, Florida, United States on the Becember 1994)
The workshop comprised 48 wildlife toxicology specialists from 10 countries including 27 from North
America and 18 from Europe. This wor ks hadthewas p

following objectives: i) to confirm which tests are critical for risk assessment; ii) to evaluate the positive
and negative features of existing test methods and alternatives against critical required features; iii) to
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revise or develop OECD testidelines for avian toxicity testing as needed, while minimising the numbers

of animals required for such tests. The workshop recommended that an acute oral toxicity guideline should
describe a limit test design for chemicals of low toxicity, a definitié®, test that provided a dose
response slope and confidence limits and a short version to provide an apprdxdpatghere the

toxicity to additional species was required to investigatesgiecies sensitivity distributiorSED. To

achieve this with leasiumbers of animals it was agdge focus on mortality as the primary endpoint with

no attempt to determine a NOEL for otlmrtcomes Further itwas agreed that setting doses to achieve
other parameters compromise the dose response for mortality. itkshp also identified some areas of

work that were necessary to support a new acute oral toxicity guideline, including the identification of the
most efficient design to Bmate thelLDs, and slope using the least number of birds.

These actions werekan forward by an OECD Expert Group at open and closed meetings at SETAC in
Europe and the United States. In 1998 a draft guideline was prepared for OECD that described a limit test,
an UpandDown test and a Dose response test. Following discussionsyWMBCD the avian expert

group wasasked to reevaluate the test design to reduce the number of animals further. The group had to
balance the need for reducing the numbers of animals in the test with the requirement to fulfil the
regulatory need to providan LDsy and slope estimate. OECD requested that the group work with
statisticians to develop a suitable design. As a consequence a team of statisticians prepared a plan to
evaluate several designs with different numbers of stages and birds gethgiagh extensive computer
simulations. The selected mudtiage design allowed a significant reductioneiquiredindividuals needed

while assuringability to estimateboth anLDs, and a slope were estimable The draft guideline was
submitted again to OHZin 2002 and given the reference TG223. As part of the subsequent commenting
round, a number of specific concerns were raised. The key issues included: i) whether or not to use
controls; ii) which test species to apply the design to; iii) whether ontonaandomly select birds,
irrespective of their sex; iv) the impact of delayed or background mortality on the estimaté.DEghe)

how to evaluate endpoints other than mortality. All the issues raised were resolved at public (SETAC)
meetings and cloge(OECD) meetings. Further questions were put to the Expert Group by representatives
of USEPA and these were addressed with the help of the US EPA biologists and statigi¢rard
revisionwasprepared and submitted to OECD for further commentind0v 2A detailed account of the
concerns raised and the changes subsequentlyisyaasented in appendix | of this report.

Following theOECD membecountry commentingaund it was recommended that a validation plan be
prepared and conducted validaton plan was prepared and submitted to OECD in 20B&.elements of
this plan werecompleted in 2009 ani$ reported in this document. Ring testing was conducted for the
LD50-slope test only.

3. Rationale for theexperimental designused inthe draft Test Guideline 223

TheDraft TG223 design is flexible in terms of number of stages, and therefore in terms of number of birds.
First of all, if available data suggest thBs,may begreater thar2000 mg/kg, a single stage lintest may

be performed usingve birds at the limit concentration arfidle birds in the control group. If toxicity is
expected, a full dose response (&8s, 1 slope testjs performed. If the 3 stage (24 bird) or 4 stage (34
bird) design does not result in an estimate of slopen tmere stages (and birds) can be added.
Alternatively, if the slope and confidence limits are not required the numbers of birds tested may be
reducedby using the LI-only test This validation report onlpddressethe validation of the fulLDsq
testdesign

The LDsg 1 slope test is a segntial design using 234 individuals(excluding controls}o estimate the

LDs, slope and confidence limits. This is achieved bydhleulatedplacement of doses for single or

small groups of birds/dose to provideworking estimate of the Lfpand slopeThis is used in turn to

define the placement of doses and the number of animals per dose in the next stage until a final estimate of
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the LDsy and slope are determined by combining all stages. Sequential desigbs uased where there is

low expectation of drift (the resporssehanging in time) and none to extremely low background mortality.

4 Both these factors have been shown to be low over short intervals (days) using robust species under
controlled experimeat conditions. Under these conditions the responses may be combined across stages
and controls limited to a single stage.

A stopping rulelinked to the number of reversals or partial mortalities at a single aseorporated into

the design. Thiprevents the unnecessary use of animals once an adequate estimate @f,#hapkeDwvith
confidence limits are met. A reversal isingatance when percent mortality at a given dose is higher than
the percent mortality at the next higher dose. Partial fiitgrta an instance where only a proportion of
birds die at a given dose. The range over which reversals and partial mortalitiegroemes information
about the LI, and slope.

Doses are not selected for determining NOELs and there is no requirenesiimate NOELs through
statistical analysisinformation on nodethal endpoints like food consumption and bodyweight are
collectedfor qualitative evaluation

A control groupis five birds for both thelimit test and thesequential (LI, _slope)test. For laboratory
rearedavianspecies, historical datevedemonstrated that background mortality is very low.

4. Test description

The test is divided into a number of discrete stages. At each stage in eithegdisopB or the LRy-only

test designgpne or more birds are given a single oral dose (mg/kg body weight) of the test substance using
doses that are expected to bracket the evolving working estimate of ¢heRikis are observed for 14

days, but selection of doses for subsequent staggsdalty based on observed mortality and toxicity
symptoms after three days. This interval may be reduced early in the test if mortality or signs of recovery
occurs quickly, or the interval may be extended if delayed mortality is expected or observed.

The ®quential test can be initiated using information gained from a failed limit test (one or more
mortalities at the limit doseé see Figure 1 of the draft TG223). For compounds of suspected high toxicity,
testing may be initiated in Stadewhere each of fauwbirds is given a different dose, so that doses cover

the best available estimate of thekle.g,based on t he r odentsy). disingethe her b
outcome of Stagé, the doses thdiracketthe working estimate of the Lpare determined foStage2,

and at each of ten doses, one bird is dosed. If there is a working estimate ofdladilable from a

failed limit test, the sequential test may start with Stage 2. The process continues ®&tdgmssibly to

Staged (detailed stoppingules are given in the test guideline).

Individually-caged young adult birds are accliethto experimental conditions before being randomly
allocated to receive an oral gavage dose. Dosing procedestsconditionsand animal husbandry
methodsare ascribed andre consistent with US EPA OPPTS850.2100. The recommended strategy for
testing materials that are unlikely to present a significant hazard is to perform a test with multiple birds (5)
dosed at the limit dose. If toxicity is expected, thenemended strategy is to use a sequential (staged)
design(see Figure 2 of the draft TG223)Staged and 2 reqgue nonreplicated doses, whilStages3

and4 require replicated doses. In Stdgehe range of doses is based on the best available espinbé

LD (e.g, the rodent LE). Doses for subsequent stages are determined based on the marteéiwed

in all previous stages

! An evaluation of background mortality recorded in 4 different laboratories is taken up into the simulationis réppendix |
of this report.
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After dosing, the birds are observed for adb4 period in order to record mortality and sublethal effects.

It may be necessary to extend the observation period if there is evidence of delayed effects. The data
collected in the first three days of a stage usually supply sufficient information to determine whether birds
are likely to recover from effects encountered whether additional mortality will occur.lf day 3
indicates that further mortality may occur in a test stages, the calculation of the working estimate may be
delayed until recovery of the remaining test birds is evident. In some cases it may lsamdoewait for

up to 14 days before moving to the next stage. Calculation of the working estimate on day 3 of a test
stages allows the full test and all dosing to be completed over a rallatistetime frame. For example, the

total length of the studwould be 21 days if (1) three stages were required to estimate apdrdslope,

(2) 14day observation period were sufficient and (3) three days was a sufficient time period for
determination of doses for the subsequent stage.

The guideline provideformation for selecting doses at each stage, that bracket the evolving working
estimate of the&.Ds,. In addition aSEquentialDEsign Calculator (SEDEC) will be made available on the
OECD website that estimates the workingsh.Bt each stage, identifieeet doses for the next stage and
calculates the final estimate of the 4gDslope and confidence limits.

Mortality is the primary endpoinin this study and background mortality is presumed to be negligible.
Controls are required to monitor the health andbandry of test birds to ensure the study results provide
reliable results. Five untreated control birds from the same hatch will be included in tt@oiesal birds

will be sham dosed with the same carrier (or capsule) used with the test sulzstdnedl, be maintained

under the same conditions as treated birds. Control birds will be weighed prior to dosing as well as 3, 7,
and 14 days after dosing. Sham dosing will be performed on the same day as the first dosing with test
substance (either vhitthe limit test if it is performed, or with Stage 1 of the sequential test). If
circumstances require the use of birds that are from a hatch different from the one used to start the test, an
additional control group of five birds from the second hatclstrbe included on the day that these birds

are used.

Clinical observations, body weights and food consumption are to be recorded throughout the study. During

the test, animals obviously in pain or showing signs of severe distress should be euthanisgesighhe
aims to minimise the use of test animals as shown in the table below:
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Table 1: Number of animals required in the limit test and at each stages of the sequential design.

Test stage Treatment Controf
Limit test 5 5

1* stage if necessary 4 5

2" stage if necessary 10

3% stage if necessary 10

4" stage if necessary 10

1 5 pirds in a limit test or 5 birds in a dose response test

The Limit Test , LRonly Test and LIy slope use 1®4 and34 birds, respectivelyexcluding controls

If the dose response curve is steep (fewer than two reversals or partial kills) at stage 3 and the slope cannot
be determined it may be necessary to go tB stage (& birdsex controly. The frequency with which the
investigator needs to progress to stdge expected to be low.

Clinical observations, body weights and food consumption are to be recorded during the study.
5. Statistical simulations supporting the development and validation of the Draft OECD G223

Computer simulations of draft designs h&een used to compare the performance of standabitd0
onestage designs (similar to that outlined in the current EPA guideline OPPTS 850.2100) to the eriginal 3
stage and the updateestage and-4tage draft TG223 designs, as explained below.

Apperdix | contains a detailed report of the statistical simulations that evaluate the performance of three
types of design:

1 Single stage design with 50 birds. Two alternatives to the standard design, based on the OPPTS
850.2100 design.. The standard desigmprises 5 doses, each of which is allocated to 10 birds
plus an untreated control of 10 birds. However, in this report, two alternatives to the standard
design have been evaluated, both of which have 10 doses with 5 birds per dose. In an earlier
evaludion both of these alternative designs were found to be superior to the design with 5 doses.
One of the design alternatives has a high/low dose ratio of 20 and is better for estimating slope; the
other has a high/low dose ratio of 50 and is bettethfok Dy,

1 3-stage sequential design with 24 birds. This is the originaft TG223 sequential design
recommended in a draft OECD guideline issued on October 2002. This design uses 3 stages: 4
non replicated doses in the first stage, equally spaced ¢ansgle) around a provisional estimate
of the LDyo; 10 nonreplicated doses in the second stage, equally spaced (on a log scale) around an
updated estimate of théD5p; and 2 doses, each given to 5 biidghe third stage.

1 4-stage sequential design wizd birds. The updated version of the draft TG223 sequential design
as described in section 4 was also evaluated. After further simulations, it was discovered that the
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original 3stage design was unsatisfactory in certain situations, particularly whdruéhslope of

the dose response is steep. The original design has therefore been modified by the inclusion of an
alternative Stage 3, the use of which depends on the outcome of Stage 2, and an optional Stage 4,
the use of which depends upon the outeahthe new alternative stage 3.

Each of the above designs was evaluated by means of computer simulation. For each design nine thousand
computer experiments were carried out, one thousand for each of nine combinations ofs§r{fe &0,

and 1500 mg/kgand true slope (2, 5, and 10). Appendix | describes the methods used to carry out the
simulations, to estimatthe LDy, and slope for each computgenerated experiment, and to present the
results. The report in Appendix | also covers all of the comscénat have been raised in the course of the
development of the guideline and describes how these concerns were addressed through further simulation
testing and which protocol modifications were needed.

The conclusions from the simulation exercise wer®lk®wvs:

1 For estimation of the LE, all four designs compared in this report give a similar performance.
However, théDraft TG223 original and updated, designs require far fewer bigither 24 or 34
so should be preferred.

1 For estimation of sljoe, the updateddraftTG223 24/34bird-3/4-stage design significantly
outperformed the other designs. It was successful (at least 80%) in estimating the slope even when
the true slope was steep. The original TG223 was less successful.

1 The updated draffG223 has beempresented as a- 3r 4-stage design, in the interests of
conserving animals. However, the principal of extending the number of stages can easily be
applied to 5 or more in any rare circumstances where this might be considered necessary.

In addition to this major conclusion, further simulations were able to show the following:

1 The performance updat&taft TG223design is not noticeably affected by natural mortality. The
updateddraft TG223 design is therefore robust when consideratgnal or background mortality
of 1% or less, which is typical of what is observed in practice in control birds. AppleofdiRis
report provides a historical overview, performed in 2004, of control mortality recorded in
laboratories performing avianusties.

1 The performance of the updatddaft TG223 design can be affected by delayed mortality (i.e.
mortality that occursnore than three dayafter treatment. Howevethe flexibility in the design
throughthe ability to increase the number of daystWween successive stages, the ability to repeat
stages and to increase the total number of stages allows the experimenter to mitigate the effects of
delayed mortality without the need to repeat a study.

1 The performance of the updatddaft TG223 design is ot noticeably affected by poor initial
guess of th&.Ds, since correction at later stages can take place.

1 The effect of errors in dosing on the performance of the updltdTG223 design is entirely
predictable and does not permit discrimination leetavcompeting designs.

As part of this validation excercise an independent consultant has verified the simulation code by
independently developing and executing the code to repeat the original simulations. In addition, the
procedures used to tabulatedavaluate the simulation results were repeated independently. The report of
this workand reposes by the Expert groigjncluded as Appendix Il of this report. One small finding
mentioned in the validation report, led to a correction of the origimallation programmes. Upon
rerunning the programmes small differences from the original runs were found. However, the response of
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the expert group was that this does not change the conclusions from the simulations in any way. Not does it
have any implicatios for the design specified in the draft TG223 guideline.

6. Instruments developed to enhance the reproducibility and usdriendliness of the guideline
6.1. Evaluation of clarity of the guideline through written quizzes

As part of the validation procedsr the draft TG223, tle Expert Group has conducted a reading
comprehension evaluation with writteuizzes to evaluate clarity of the draft guideline language and to
help ensure that laboratories conducting the study will interpret the Guideline irrdicatl manner. An

eight question quiz (multiple choice and short answer) was developed based on the March 2007 version of
the draft TG223 Draft Guideline. Four biologists from EFED (US EPA/Office of Pesticide
Programs/Environmental Fate and Effects Domgivolunteered to read the draft guideline and take the
quiz in August 2007.

Based on the results of these quizzes and National Coordinator comments submitted in summer 2007, the
draft guideline was edited and-sabmitted to OECD in March 2008. The quwas readministered based

on the March 2008 revisions. All questions in the second quiz were the same as in the first quiz, with the
addition of one question focusing on identification of reversals and partials in hypothetical study data.
Several EFED biogists retook the quiz using the 2008 draft guideline. In addition, EFED biologists,
independent testing laboratory employees who regularly conduct avian toxicity tests, and one avian
toxicology researcher took the quiz using the revised 2008 draftligeid& copy of the quiz given for the

2008 draft guideline, a copy of the solutions, and summaries of results from the first and second round of
quizzes are provided isppendixlll.

For the first round based on the 2007 draft guideline, the respordehtkfficulty identifying reversals in
sequences and following the concepts of moving through the stages. For example, they were unable to
identify if a study should move to Stage 3a or 3b based on results from Stages 1 and 2.

The second set of qutakers (2008 draft guideline) was a much larger group of 13 individuals with more
diverse backgrounds. However, no one in this group was able to respond correctly to all questions. Those
respondents who provided answers based on both the 2007 and the a@0@uitelines (three
individuals) felt the revised draft was better organized and much clearer. There were several questions
where the percentage of correct responses increased dramatically. For example, only two of the four
individuals evaluating the 2@0draft were able correctly to identify the number of reversals in the four
simple sequences provided in question 1. To address this concern, example sequences identifying partials
and reversals were added to the 2008 draft. When tested on the newlldi&ftrespondents correctly
identified the number of reversals in question 1. As another example, in 2007 only one of four individuals
correctly answered question 5 (identifying doses for stage 2 based on results of a limit test); however, nine
of 13 wereable to correctly answer this question based on the 2008 draft guideline.

These improvements in correct response rate indicate that the draft guideline implemented in 2008 greatly
increased comprehension of the study design. However, some questiohadsilbor correct response

rates This indicated that the guideline text would benefit from further revision focusing on clarity. This
hasbeen done and is reflected in the final draft of the guideline, that is being circulated together with this
validation report. These results also substantiate the importance of providing to userslrafftth&223
guideline software that determines dose concentrations and perfoggsaldédlations.
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6.2. Dose calculator SEDEC (SEquential DEsign Calculator)

SEDEC isan EXCEL® workbook designed to aid in dose selection and analysis of avian acute oral
toxicity studies pdormed in accordance with draft P&3. Facilities are provided for the user to enter
basic study information and to guide the user through the sémjueaiculations and selection of doses.
After a study is completed, SEDEC can calculatelibg, dose response slope, and confidence intervals
for both. SEDEC provides facilities for printing reports of the study results, and also provides a secure
audt trail that records entry and changes to data, user decisions, the identity of the individual making
entries or decisions, and the date of the action or entry.

SEDEC (designed byr. Timothy Springer, Wildlife International, Ltd.) was made availableatb
participatinglaboratories prior to starting the-itfie phase of the ring testingThis calculator was not
availablefor the written quizzes (Chapter 6.E)nce participants were requested to have full understanding
of and be able to perform all Icalations themselves. This programme has been validated and the
validation report is included as Appendiof this report.

7.0 Ring Test
7.1. Purpose of the ring test

1 To demonstrate the applicability and practicality of the test design descritiesidiaft TG 223
at avian testing laboratories that perfamian testing.

1 To provide estimates ofthe ;G s and sl opes and their theespect
draft TG223, in order to comparewith k8 s and sl ope esti maésgns fr on
studies performed with the same chemi¢p&sformed to FIFRA guidelines).

1 To support the validity o€onclusions drawn on variability and biasLdds, and slope estimates
in previouslyperformed simulatiorbased assessments done usingdbts perforrad according
todraftTG223

1 To qualitatively compare information on sublethal endpoints fron2Z&with information from
historic OPPTSFIFRA) studies.

7.2. Outline of validation design

Testing was performedith northern bobwhite quaillwo chemicalswvere testedh each of 5laboratories

in order to allowan assessment ahe combined effects dhter and intralaboratory variation for
comparison withexisting OPPTSdesignstudies in theEPA acute toxicity databas&he size of theing-

test desig wasa compromise to minimise the use of animals and resolRiagtest results were put to
optimal use by comparing the uncertainty range found in the ring test results with that predicted from the
simulationresults.

7.3. The criteria for the seleain of chemicalsused in the ringtesincluded the following
1 With each of the chemicals at least one OPPTS study with good pertmnpanameters

(expressed asDso and slope with their respective confidence intervals) had to be available;

9 It is consideredhat the new guideline had to be shown to perform well for chemicals with
toxicities and different slopes. Hence one chemical (MCPA Acid) had a steep slope and was of
low toxicity and one chemical had a shallow slope (isazofos) and was of high toxititg in
previously performed OPPT&esign studies;
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Permission needed to be obtained from the pesticide manufacturer, therefore chemicals of
obvious commercial sensitivity were not included

The chemical had to be stable in a vehicle. This was the casdlfczHsmnicals selected.

Chemicals that caused regurgitation birds were avoidedNo regurgitation was reported in
either of the original studies. Regurgitation was observed for both one chemicalstastiladp
no. 1 only

The ringtest was performedsing the same carrieand similar particle size as wased in the
original OPPTSdesign studies.

7.4. The criteria for evaluating results of the ringpst:

For the selected chemicals, studies of the traditional design were available that showed good desig
performance. The L§, slope and confidence limits were estimated from the egistirdies.

Evaluation of the results of the ritgst included:

T

A comparison between the estimates ofsg.@nd slope obtained from the ring test
studies and those obm&d from the OPPT-8esign studies. This was achieved through
visual inspection of the results in Table 2 combined with insights obtained from the
computer simulations (see chapter 5).

A comparison ofwithin-chemicalvariability inestimates of Ly and slge observed from the
ring-test data and variability observed in historic repeat studies using GEFITEL00 and its
precursor US EPA FIFRA Guideline -11

A comparisonbetween the withithemicalvariability in estimatesof LDsp and slope
observed in theing test data and variability observed in the simulations described in
Appendix .

7.5. Participating laboratories

Participating laboratories were:

=A = =4 =

1

BASF (Germany) : contact Sabine Zok

Bayer Crop Sciences (US): contact: Mark Christ
Huntingdon LifeScienes (UK): contact David Cameron
Springborn Smithers (US): contact Larry Brewer

Wildlife International, Ltd. (US): contact Joann Beavers / Patrick Hubbard

The laboratories have been given a number so that results cannot be related to a particular.laboratory

Note Upon finalisation of this draft validatin report results had not yet been obtained from one of the five
laboratoriesIf at all possible results from this laboratory will becorporated into the report before its
finalisation.
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7.6. Resuts, evaluation and discussion of the ring tesDetailed tables in Appendi¥/I

Table 2. mmary of validation ringest results

Substance A: MCPA

Lab ID LDso (95% CI) Slope (95% ClI) Number of Number of birds used
(mg/kg bw) stages used

Lab 17 437 (360 538) 9.67 (3.66 15.7) 4 34 + 5 controls

Lab 299 438 (338544) 3.21 (.26 and 5.16) |4 34 + 5 contrts

Lab 3 333 (2801 400) | 13.2 (4.31 22.1) 4 34 + 5 controls

Lab 4 554 (396845) 6.22 (1.7310.7) 4 34 + 5 controls

Lab 5%

Historic (FIFRA 71-1) study 377 (314452) 11.6 Single stage 60 (including controls)

study

Substance B: Isazofos

Lab ID

LDso (95% CI)

Slope (95% CI)

Number of stages|

Number of birds used

(mg/kg bw) used
Lab 17 27.4 (0 and Could not be 4 34 + 5 controls
infinity) estimaed®
Lab 29 ? 24.4 (17.1i 37.6) | 3.3 (0.59 and 6.03) | 3 24 + 5 controls
Lab 3 16.1 (11.7 23.3) | 7.7 (1.991 13.4) 3 24 + 5 controls
Lab 4 13.8 (10.417.4) | 6.45 (2.5710.3) 4 34 + 5 controls
Lab 5%

Historic (FIFRA 71-1) study

11.1 (8.3 14.7)

4.68

Single stage study

80 (including controls)

D" Some regurgitation was seen in the birds in this study, however, it does not appear to have impacted the results,ofies stodparing the LD50 values to thosgained

by the other laboratories.

2 This laboratory performed the studies without using SEDEC. The doses selectedneith SEDECto obtain estimatefor the purpose of comparative evaluation of the ring

test results.

9 A common control group veaused for MCPA and isazofos
4 Results from this laboratory had not been received at the time of finalisationdséfhealidation report.
% This study went to 4 stages and had no reversals and no partial mortalities. In thigiaaset posible to estimate thglope.
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In paragraph 7.1 of this report 4 main purposes of the ringtest have been outlined. The first one, which is to
demonstrate the applicability and practicality of the test design described in Draft guideline 223 in typical
contact laboratories that perform avian testing, has been met by this ring test. The validation management
group asked for feedback from the laboratories on the method. While there were concerns raised by the
laboratories, as presented in chapter 7.8, abbrktbries were able to perform the test without much
difficulty.

The second aim of the ringtest was to provide estimates of@3g and slopes and their respective
confidence limits for two chemicals. This was achieved and results are presented i@. TRideresults
obtainedin the ringtest in terms dfDs, were comparable to the original stuglfgerformed by Wildlife
International, Ltd. using a single stage design like OPPTS 850.2100. For MCPA, the confidence limit
ranges for both the Ligand the slpe overlap with the confidence limits ranges for all of the-tasg

results. For Isazofos, the confidence limit range for the slope estimate for the OPPTS study overlaps with
the confidence range exhibited by three of the-tayy studies. While the tamates of the Ly were
comparable between the labs, the confidence range for the historical study is outside the range exhibited by
four ring test studies, however confidence limit ranges show an overlap with labs 3 and 4. Lab 1 had no
confidence limitsaround its L3yand hence no comparison could be made. A discussion of the variability
found in the slopes in the rirtgst is given irChapter 7.7.

Chapter 7.7 also deals with the comparison between the variability of data obtained in this ringtest and th
variability found in a sample of repeat tests taken from the EPA data base. Chapter 7.7 also deals with the
third aim of the ringtest. This aim was to see if the-tieg} data would support the validity of previously
performed simulatiofbased assesemts made of the variability and bias of gand slope estimates from

tests performed according to the updated doaftG223

The final aim of the ring test was to qualitatively compare information on sublethal endpoints fr2283TG
with information fron historic OPPTS studies. To this end all findings related to bodyweights, food
consumption and clinical signs from the ritagt studies and from the original studies have been included
in Appendix VI of this validation report. A direct comparison of icih observations recorded in the
different studies is difficult owing to the wide range of terminology used to describe the findings in the
respective studies.

No regurgitation occurred in either of the original studies. Some regurgitation was se@s ifidoir Lab
1, however this was not seen in birds from any of the other laboratories. One possible explanation may
have been a difference in dosing methodology, capsule dosing and intubation.

7.7. Evaluation of ringtest data in comparison with EPA histical Repeat data and result of
simulations performed

This section describes the following:

1 The statistical estimatn of the variance for bothDs, and slope from a historic USEPA
database(http://www.ipmcenters.org/Ecotox/index.cfm

1 The estimation o¥ariance for both.Ds,and slope from the ring test data.

A comparison of the variances (i.e. historic versus ring test) via formal statistical tests.
Any statistically significant outcomes will be discussed in terms of expectations derived
from the simiation exercise in Appendix .
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Finally the variation (in.Ds, and slope) observed in the ring test will be compared with
estimates obtained in the simulation studies in Appendix |. Since the results of the
simulation exercise are presented in terms of x-Bthisker plots, the uncertainty
intervals (see below) estimate from the ring test will be compared with the range shown
in the simulation studies
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Historic USEPA Bobwhite data performed toUSEPA FIFRA 71-1 andthe OPPTSguideline

Data, which is presged in Appendix VI, comprises 15 chemicals, and 32 individiz), values. Two

chemicals have 3 values each. The remaining chemicalgwavalues each. The data includes relatively

few estimates of slope because the OPPTS design is poor at esgfistagias. It is assumed that repeat

tests in a chemical are nested withing chemicals. Under this assumption a randommeifiettsan be

used to estimate both the variance between repeats and the variance between chemicals. Repeat tests on a
chemical maypr may not have been performed at the same lab as the original test. Therefore the variance
between repeats includes both intiad inteflab variability.

The betweeniepeat, withirchemical, estimate of variance for lgldtDsg) is 0.062 with 17 degees of
freedom. The withirchemical, betweenepeat, estimate of variance for slope is 2With 3 degrees of
freedom. Very approximate uncertainty intervals around three values fgr(iLd LDs, = 5, 50, 150D
have been computed as 4Dt/- 2*(standard deviation). These are shown in Table Similarly,
approximate uncertainty intervals around 3 values for s{fppeSlope = 2, 5, J0have been computed.
These are shown in Table 5. These values af lad slope correspond to the values ofs.&d slope
that were used for the computer simulation component of the design validation.

Ring Test Data

Data comprises two chemicals and eight data valufesir repeats for each of the ring test chemicals.
Again, it is assumed that repeat tests are desithin chemicals, so the form of analysis carried out was
the same as for the historic EPA data.

The betweenepeat, withirchemical, estimate of variance for lgdiDsg) was 0.014 with 6 degrees
freedom. The within chemical between repeat estimateanénce for slope is 13.240 with 5 degrees
freedom. Using 2*(standard deviation), very approximate uncertainty intervals were computed for three
values of LI}, (i.e. LDso = 5, 50, 1500) (Table 4)Similarly, approximate uncertainty intervals around 3
values for slope (i.e. Slope = 2, 5, 10) have been computed (Table 5).

How do the estimates of variance compare?

ForLDso: The variance ratio was computed with the larger estimate of variance as the numerator. In this
case the variance estimated from Bi®A data was larger. This gave a value of 4.52 with 17 and 6 degrees
of freedom. The fest singlesided pvalue for this ratio is 0.035. This is statistically significant.

For Slope: The variance ratio is 5.99 on 5 and 3 degrees of freedom. daghithe variance estimated
from the ring test datavas larger. This gives a osgaled pvalue of 0.036, whiclalsois statistically
significant.

Discussion of results of the evaluation:

For LDs, the variance from the EPA data is 4.52 times grehin the variance from the ring test.
Upon consideration, this outcome is not surprising since the simulations shown in Appendix | show, for
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larger values of true slope, that variation between estimate®ghffrom draft TG223 is smaller than
variaion between estimates from th@PPT$ design.

For slope, the variance of the ring test data is six times greater than the EPA data atesth#oés
confirm a significant difference. This result is consistent with the results of the simulaticisexenere

the simulations fodraft TG223 are more successful in estimating the slope. (see figures 1.4, 1.5 and 1.6 in
Appendix I). For shallow and medium slopes (slope = 2 and 5) this improvement is marginal but draft
TG223 is clearly better at estintag slopes in those difficult situations in which fi@PPT® design fails

and this results in greater variance in the estimates. For steep @Elmpes=10) the difference iwore
dramatic.AOPPT® is successful in 841 runs out of 3000 compared wittb2dBs out of 3000 fodraft
TG223. Furthermore thBOPPTS® estimates are biased towards those runghich the data apparently
showa shallower slope (all of the 841 estimates are less than 18thitrue slope is exactly 10) so the
range of estimateis much lower.

How do the ring test results compare with the simulations

For LDsg, the relevant comparison is between the approximate uncertainty limits in Table 4 with Box
Whisker plots in Figures 1.1, 1.2 and 1.3 of the simulations repppgidix 1). Although this is a rather

crude analysis, the uncertainty ranges shown in Tables 4 are comparable with the ranges observed in the
simulation results.

For slope, the relevant comparison is between the approximate uncertainty limits in TetheBox-
Whisker plots in Figures 1.4, 1.5 and 1.6 of the simulations report (Appendix I). Again, uncertainty ranges
in Table 5 are consistent with variation shown in simulation results. In particular, the larger variance
estimated from the ring testtdais consistent with draft TG223 giving wider range of simulation results
when compared witRfOPPTS design.

Conclusion of evaluation:

From the evaluations described above we can conclude the following:

The evaluation is a partnership between thessizdl simulations and the rirtgst results because it is not
reasonable to test large numbers ofid for this purpose. If ringest results are consistent with the
statistical simulations it is reasonable to rely heavily on the statistical simulédgioadull evaluation of
the performance of the test design.

Estimates of LIy and slope obtained from the ring test are consistent with estimates obtained from
the standard design. In three out of four cases, the standard design estimate lies withgetbé
estimates obtained in the ring test. In the fourth caseq(tdD Isazofos) the estimate from the
standard design lies outside the ring test range, but confidence intervals indicate that the standard
design estimate is not significantly diffeten

The variance in estimates of kffrom the standardlesign is 4.5 times larger than the variance
from the ring test. The variance in estimates of slope from the ring test is 6 times larger than the
variance from thestandarddesign. Both of these rdiare entirely consistent with results from

the computer simulations.
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The uncertainty intervals estimated for thesh@nd slope in the ring test are consistent with
variation shownyia Box-Whisker plots) in the computer simulations.

In conclusion theing test has shown that variation in estimates between labs is consistent with results
from computer simulations and that we can rely on the computer simulations with confiderafe.
TG223 provided reliable estimates of 4sland slope that were not nbta different from equivalent

estimates obtained from the standard design.
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Table 3: Variationabout LD sobasedon EPA data
Variance = 0.06245180

Logl0 scale

Lower LDsg Upper
Limit Limit

0.1992 0.6990 1.1988
1.1992 1.6990 2.1988
2.6763 3.1761 3.6759

Original Scale

Lower LDsg Upper
Limit Limit

1.6 5.0 15.8
15.8 50.0 158.0
474.6  1500.0 4741.3

Table 4:  Variation about LDspbasedRing Test Data
Variance = 0.013822758

Log10 scaé
Lower LDso Upper
Limit Limit

0.4638 0.6990 0.9342
1.4638 1.6990 1.9342
2.9409 3.1761 3.4113

Original Scale
Lower LDso Upper
Limit Limit

2.9 5.0 8.6
20.1 50.0 85.9
872.8 1500.0 2577.9

Table 5:  Variation about slope based on EPA and Ring Test Dat:

EPA
Variance = 2.2121

Lower slope Upper

Limit Limit
0.00 2 4.97
2.03 5 7.97

7.03 10 12.97

Ring Test
Variance = 13.24011333

Lower slope  Upper

Limit Limit
0.00 2 9.28
0.00 5 12.28

2.72 10 17.28
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7.8. Feedback from the laboratories that took part (including feedback on SEDEC).

All participating laboratories were asked to give their opinion about the practicalities drfafh@ G223
guideline, using northern bobwhite asttegeciesThe laboratories saw advantages and disadvantages to
the method. A summary of these have been listed below.

Advantages as seen by the participating laboratories:

1 Fewerbirds are used to derive &bs, value (297 39 birds instead of 60). Thianimal welfare
aspect is considered of importancelidout oneparticipating laborator.

1 A limit test will be chosen more frequently using ttraft TG223 guideline than it will be using
the OPPTS designThe reason is thah the draft TG223 guidelinenortality is the primary
endpoint and the NOEL is not required.

Disadvantageddentified by the participating laboratories were related to management of birds and
complexity of the design. Comments could be summarised as follows

1 The designequires rore time and effort. The timaken to complete the study was considered
longer and there is a slight increase in personnel resources to prepare dosages and calculate the
dose levels for the next stage of the study.

1  When onlya few studies are ruefficient management of bird stock is more difficult. Spare birds
may remain after the study if fewer stages are requiredflzaomed for. In order to minimise
wastage of birds, one laboratory suggestealtav for birds to be used from different batches.

1 Thecomplexity of the guideline could lead to more errors being made, but laboratories that used
SEDEC found it to work very well and its use would minimise the risk of mistdkesuse of
SEDEC was considered to be a challenge for some. The validation ensaratiggroup believes
this could also beommunication issueelated language. A few cautionary notes were added by
some of the laboratories

Response of the Validation Management Group:

The ValidationManagemenGroup (VMG) plans to run demonstrations 8EDEC at conferences like
SETAC. The VMG considers that more extensive experience with the draft TG223 and familiarisation
in selecting doses and managing spare birds, will help overcome some of the concerns raised by the
labs.The VMG recognises, howevyehat the most efficient management of birds to reduce the spare
birds issue, will be at laboratories where acute oral studies are performed at a high frequency.

Overall the VMG considers that the three major benefits of the draft TG223: i) being ajudd a
limit test more frequently, ii) testing fewer birds in a full 4Btudy and iii) obtaining a slope estimate
more regularly, make this design well worth dealing with the initial difficulties.

7.9. Experience gained to date with regulatory steslperformed to draft OECD guideline 223

A number of studies have been conducted according to earlier drafts of TG223 that provide further
insight into how it performs. All, with the exception of example 4, were conducted according to
versions of the dfaTG223 preceding the 2007 version, and before SEDEC was available. There are
some differences in the design of the study for the presented examplesggsign did not have a
Stage 4); however, the main structure was the same. Examples 1 and 2 nauwetemb with
formulations (several other formulations were tested as a Limit Test at the 2000mg/kg). Example 3
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with a technical substance, subsequently repeated according to OPPTS820.2100. Exampleast used
TG223 Stage 2 as a rangefinder for OPPTS&3M2 Examples B were LI, only tests to better
understand species sensitivity distributions using only Stages 1 and 2. Numbers of birds used are given
(n=xx) excluding controls. Those identified as failed limit tests include the numbers testednmtthe |

test. Full datasets are showing numbers at each stage together with reversals and partial mortalities are
given in Appendix VIII.

Example 1. 3 stage dose response test. 7 birds used, not 5 as described for stage 3b
(n=26). LDsy= 440mg/kg (95% CI258715 mg/kg); Slope 3.2.

Example 2. Failed limit test (60% mortality) followed by Stage 1 and 2 (n=25).
LDso = 1734mg/kg (95% CL 1363273mg/kg); Slope 7.03

Example 3. Failed limit test (60% mortality) followed by Stage 1 and 2 (n=25).
LDso = 1278mg/kg95% CL 6251662mg/kg); Slope 5.7.

Same compound repeated as OPPTS 850.2100 (n=50). Results were:
LDso=1206mg/kg (95% CL 891765); Slope 3.5.

Example 4. Failed Limit Test followed by Stage 2 (n=20)

LDso= 276mg/kg (conducted as a rangefinder)

Same compand repeated as OPPTS 850.2100 (n=50). Results were:
LDso = 232mg/kg (95% CL 17313mg/kg); Slope 5.9

Example 5. 3 stageDso (n=18).LDso = 1010 mg/kg.

Example 6. 2 stageDs, (n=12). LDsq = 450mg/kg

Example 7. 2 StageDs, (n=12). LDsy = 166mg/kg.

Example 8. Stagel.Dsy (n=12). LDso = 2381mg/kg

Example 9. 2 StageDs, (n=12). LDs= 348mg/kg.

8. GLP status of the validation work

All studies performed in this ringtest were performed to GLP. The simusdtiah were performed were
subjected t@ validation of which the report is appended to this reftnt. findings have been responded
to. The SEDEC programme has been validated and the findings responded to and corrected.

9. Availability for peer review

All data generated for the purposetioé validation of OECD draft guideline 223, the SEDEC programme
and the SEDEC manual will all be available for peer review on the OECD website.

10. Peer Review
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APPENDIX |

STATISTICAL SIMULATI ONS SUPPORTING THE DEVELOPMENT OF OECD
DRAFT TEST GUIDELINE 223 (TG223): AVIAN ACUTE ORAL TOXICITY TEST

Authors: Peter Chapman and Bertie Dark, Syngenta UK
Tim Springer, Wildlife International, Maryland

Introduction

One outcome of an OECD/SETAC workshop on avian toxicity testing in Pensacola, Florida, USA in 1994
(OECD/GD(96)166) was a recommendation to evaluate the most efficient way to generate -a dose
response curve with special consideration tontn@ber of animals per dose level and the number of dose
levels. Following further discussions and extensive statistical simulations of various designs the
recommendation for a sequential design was made. The original TG223 design was developed between
spring 2000 and autumn 2002 as an alternative to the standardsiagée6bird acute oral toxicity test.

The generic design was a very flexible design comprising an arbitrary number of stages, doses within
stages, and replicates within doses. The nurobeloses could vary between stages and the number of
replicates could vary between doses. In all cases, doses were equally spaced (on a log scale) around a
stagespecific estimate of the Ldg In order to find the best designs from within this veryewaass,

many hundreds of computer simulations were carried out.

In the simulations, all key features of the desigtotal number of birds, number of stages, number of
doses per stage, number of birds per dosere varied in a systematic way irder to develop a complete
picture of the performance of the design. A vkelbwn theoretical result that guided the simulations was
the knowledge that the optimal design under a probit model for estimating bgthabh® slope
simultaneously requires Hahe birds be given a dose that would result in 15% kill and the other half be
given a dose resulting in 85% kill. Whilst optimal design requires one to know the value of ghendD
slope before carrying out the experiment, which is, of course, inig@s#his theoretical result appeared
likely to be useful in later stages after preliminary estimates of thegdrid slope had been computed.

An efficient design is one that requires fewer birds in total. It quickly became clear to the investigators
tha using too many doses in stage 1 led to very inefficient designs. Looking at the more efficient designs,
which had very few doses in stage 1, a pragmatic rationale seemed to be as follows: stage 1 with few birds
can usually be rebi edoagh?ooepi;ondiadoses ari tliieg eaised iD
stage 2 to produce an initial estimate of the slope and also to refine the estimate gfth@d principles

of optimal design can be used in stage 3 to further refine estimates of bbijlaand slope.
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In October 2002 a draft OECD guideline was issued that describetied2design having 3 stages: stage

1 using 4 birds and stages 2 and 3 using 10 birds each. A large number of comments were received,
particularly from the USEPA. Two eetings at USEPA offices took place in 2005 in order to tie down the
precise nature of the concerns and to put in place actions that would address them. Changes were made in
the overall design and programming subsequent to these two meetings that maktowasof specific

prior simulation results no longer germane to the conclusions in this report regahdiftq G223 as is

currently proposed. Hence all of the simulation results presented in this report were produced after the two
meetings with USEPAersonnel in 2005. Nevertheless, this report does give a comprehensive account of
the performance of the proposéft TG223 design.

The results presented in part 1 of this report were originally produced in order to address concerns over
bias apparén in the initialdraft TG223 design, but also pointed to the potential for improving accuracy
when additional stages are included beytml 3 stages in the 2002 draft Testidgline. The apparent

bias was of particular concern: in early reporting thgiwal 3-stagedraft TG223 design was shown to be

far more successful in estimating the slope than the standdsuld6Besign but the distribution of slope
estimates was much wider and distinctly skewed towards steepness. For example, when the wae slope

2 it was not unusual to obtain slope estimates nearer to 25.

A detailed evaluation of the causes of this bias revealed a flaw in the execution of past simulations. A
property of sequential studies is that some data become available, and aredammlgseto study

compl eti on. (I n tworkisg estimate® me retf etrlse t ok emab dopentimtt e s o
are computed during the study butfinabestimatee rceofrmerl se tti
estimates of LEy and slopebased on the data set that only becomes available at the end of a study.) The
protocol for computing final estimates of tPand slope specifies that all simulated experiments be
classified according to one of seven groups. Estimation of slope, vimmmaxikelihood, is only possible

if an experiment is assigned to those groups designated C or D (for details see Tables 2 and 3). For all
other groups, estimation of slope is not possible. In early simulations, at the end of stage 2 probit analysis
was sed to derive working estimates without attempting to classify according to groups A to G. This
resulted in large numbers of slope estimates that would have been recognised as impossible had
classification been carried out. In addition the slope estinfadd a tendency to be steep so the lack of
classification at the end of stage 2 was the major source of the apparent bias in final slope estimates. When
the simulations were sain with data allocated to groups at the end of stage 2, the bias towamplfirsié

slope estimates was eliminated completely, but the success rate in obtaining slope estimates was also
greatly reduced in some circumstances. Because of this outcome, additional types of simulations were
carried out in order to explore the potahfor introducing additional stages in these circumstances.

Addressing these concerns subsequently |l ed to thi
compares this updateblaft TG223 design to that of:

1 The standaré priori fixed levd, 60-bird-onestage design. In fact two designs, designated design 9
and design 11, were chosen for comparison. In a separate simulation study (not described here in
detail) a total of twelve onstage designs were compared. Some used 30 birds, son&oste had
fewer doses and more birds per dose, whilst some used more doses and fewer birds per dose. Among
the twelve, designs 9 and 11 performed the best, with design 9 being better for estimating slope and
design 11 being better for estimating 4D Both designs used 10 doses and five birds per dose.
Design 9 used a higio-low dose ratio of 20, whilst design 11 used a kigtow dose ratio of 50. It
should be noted that both designs 9 and 11 differed from the more typibatiGfiesign that uses
doses and control with 10 birds per dose. The reason for using designs 9 and 11 in this evaluation,
rather than the more typical fixedevel design, is because they have been shown, in earlier
simulatians, to perform much better.
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1 A TG223 24bird-3-stage design. This is the design described in the draft OECD guideline, dated
October 2002, with one differene¢he data were classified into groups at the end of stage 2 resulting
in lower success rate in estimating slope but elimination of the appammtsben in earlier
simulations.

Note 1: Throughout this documbim8sttdege deesirgmpad i @amdé @md
designo are used. Original refers to the TG223
October 2002, buwith the qualification that the procedure used to obtain working estimates of tge LD

and slope at the end of stage 2 is different and that the success rate in estimating the slope is much poorer.

Note 2: The descr i pt-bird3dbsstage TehD3 a4/ 3dupdat ed TG223
Updated refers to a revised version of the original design that is different in three respects:

1 Working estimates of the Ldpand slope at the end of stages 2 and 3 are only computed when data are
classified asigup C or D.

1 There are two different forms for stage 3 with the results at the end of stage 2 being used to determine
which is used.

1 For one of the two forms of stage 3 there is an option to carry on to stape #desults at the end of
stage 3 beingsed to determine whether this happens.
This report also addresses several other issues that were originally raised as concerns by the USEPA.
1 Part 2 evaluates the potential for improving performance of the stangaiatidixed-
level 60Gbird design by sing a range finder.

f Part 3 evaluates the robustness of the upahtetiT G223 design to background
mortality.

Part 4 evaluates the robustness of the upaatetiT G223 design to delayed mortality.

Part 5 evaluates the robustness of the upahteftiTG223 design to inaccurate initial
guesses of the Lda.

1 Part 6 evaluates the robustness of the upahteftiTG223 design to errors in dosing.
All simulation results are presented as {aoxtwhisker plots. The upper and lower edges of the box
represent the3h and 75th percentiles respectively. The line between the upper and lower edges of the
box represents the medidre(the 50th percentile) and the mean is represented by a star symbol. Whiskers
have been drawn from the edges of the box to the extvatues. In some cases the extreme values have

been clipped to obtain a more readable plot. Clipped points are represented collectively by a square
symbol, and a legend at the top of each chart indicates the number of boxes that were clipped.

Method for Smulating Designs

This section describes the method of simulating the standabddOnestage design, the original TG223
24-bird-3-stage design, and the updatidft TG223 24/34bird-3/4-stage design.

True LDsp and true slopes

One thousand experimentgere simulated for each of nine combinations of trug,L(B, 50, and 1500
mg/kg) and true slope (2, 5, and 10).
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Initial guess of the LI}

Each simulated experiment commenced with a computer simulated guess ofstheTllie guess was
randomly selected fra a normal distribution with mean equal to the true;dddDs, and variance
consistent with the 95th and 5th percentile being a factor of ten greater or less than thegtrue LD

Dosing constraints

Maximum and minimum dose limits were set at 1 and 3333 gng#d birds were not tested outside these
limits. If the procedure for selecting doses in any stage required one or more doses to be above the
maximum dose limit, the doses were reconfigured with highest dose set at the limit and the other doses
selectedo give the specified higto-low-dose ratio. Similarly if the procedure required one or more of

the doses to be below the minimum dose limit, the doses were reconfigured with lowest dose set at the
limit and the other doses selected to give the spddifighto-low-dose ratio.

Procedure for deciding whether a bird dies or survives

The true LRy and true slope for any simulated experiment represent the mean and standard deviation of
the tolerance distribution for the sample of birds used in the expdrint@ar any specific hypothetical

dose applied to a hypothetical bird the hand slope can therefore be used to determine the exact
probability that the bird dies. For each hypothetical bird in an experiment, a random number from a
uniform distributionon a (0,1) scale was therefore generated. If the number generated was less than the
exact probability of death then the bird was deemed to have died.

Procedure for selecting dosésstandard 66bird-one-stage design

Ten doses were equally spaced ongglscale around the initial guess of thesk@ith a highto-low-dose
ratio of 50 (design 11) or 20 (design 9). Each dose was given to five birds.

Procedure for selecting dosésoriginal TG223 24bird-3-stage design

Stage 1 Four doses were equallpaced on a log scale around the initial guess of thesbWith a high
to-low-dose ratio of 50. Each dose was given to one bird. A working estimate of thevhHcomputed
as the geometric mean of the transition doses (see Table 1).

Stage 2 Ten doss were equally spaced on ajkgrale around the working estimate of thesd @btained

from stagel. Assuming a working estimate of five for the slope, the extreme doses were placed at
locations corresponding to probabilities of death of 0.01 and E8@h dose was then given to one bird.
Working estimates of the Ldpand slope were computed from the combine¢biid data from stages 1

and 2 using the approaches described in Tables 2 and 3. If the working estimate of the slope was either
greater thatfifteen or less than one, then it was set to be fifteen or one respectively. If a working estimate
of the slope was not possible, it was set to a value of five.

Stage 3Two doses were equally spacedlt locations corresponding to probabilities oateof 0.15 and
0.85.- on a logy scale around the working estimate of thesd.Bbtained from stage 2 Each dose was
given to five birds.

Procedure for selecting dosésupdateddraft TG223 24/34bird-3/4-stage design

Stage 1 As described for the origal TG223 design.
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Stage 2 As described for the original TG223 design. At the end of stage 2 working estimates otghe LD

and slope were computed from the combined data from stages 1 and 2 and using the approaches described
in Tables 2 and 3. The numbeaf reversals was also computed. A reversal is a-tEs@nse inversion;

i.e. mortality is lower at the higher dose of a consecutive pair of ddses the end of stage 2 there were

two or more reversals and a working estimate of the slope had b&enedb then stage 3a was used.
However if at the end of stage 2 there were fewer than two reversals and/or a working estimate of the slope
was not possible, then stage 3b was used.

Stage 3als identical to stage 3 of the original TG223 design.

Stage3b: Five doses were equally spaced on agl@gale around the working estimate of thes4 D
obtained from stage 2. Assuming a working estimate of five for the slope, extreme doses were placed at
locations corresponding to probabilities of death of 0rid @85. Each dose was given to two birds. At

the end of the stage working estimates of theoladd slope were computed from the combined data from
stages 1, 2 and 3, using the approaches described in Tables 2 and 3. The number of reversals and the
nunber of partial kills were also computed. If there were two or more reversals or two or more partial
kills, and a working estimate of the slope was obtained, then the experiment stopped there. However if
there were fewer than two reversals and fewer tivarpartial kills, and/or a working estimate of the slope

was still not possible, then the experiment continued to stage 4.

Stage 4 Identical to stage 3b, with the exception that the five doses were equally spaced on a log10 scale
around a updated worlg) estimate of the Ligusing all data from previous three stages.

Working estimates of Lk in difficult situations
In some circumstances it was not possible, using the classification system described in Tables 2 and 3, to

compute working estimate of thég, for use in stages 3a, 3b, and 4. Table 4 describes the methods that
were used in these situations.

Final estimates of L3y and slope

On completion of each simulated experiment, final estimates of thgddd slope were computed using
the combined da from all stages and using the approach described in Tables 1 and 2.

Part 1: Performance of the updateddraft TG223 design
Presentation of Results

All results are presented as bamdwhisker plots. In these, the upper and lower edges of the box
repregnt the 25th and 75th percentiles respectively. The line between the upper and lower edges of the
box represents the medidre(the 50th percentile) and the mean is represented by a star symbol. Whiskers
have been drawn from the edges of the box te#ieme values. In some cases the extreme values have
been clipped to obtain a more readable plot. Clipped points are represented by a square symbol, and a
legend at the top of each chart indicates the number of boxes that were clipped.

How does the upateddraft TG223 design compare with the original TG223 and the ostage
designs?

Figures 1.1 to 1.6 compare the performance of the updadddl G223 24/34bird-3/4-stage design with
those of the standard @0rd-onestage and the originald223 24bird-3-stage designs.
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The updated TG223 design is very successful in estimating tefdrCall nine combinations of true Ly

and true slope. It was able to provide an estimate of thgih@ver 99.9% of simulated experiments (cf.
88.5% and 75.0% usirgfandard 6®ird designs 11 and 9 and 99.8% using the original TG2ZA3ra43-

stage design). The distribution of Lf®stimates obtained using the updated TG223 design is very similar
to those from the other designs under consideration.

For all designsunder consideration, success in estimating the slope decreases as the true slope increases
(i.e. becomes steeper). The updated TG223 2di#43/4-stage design was able to provide estimates of

the slope in over 79.2% of simulated experiments, (cf. 24a48642.5% using standard-blbd-onestage

designs 9 and 11 and 51.4% using the original TG22Bir243-stage design). As true slope becomes
steeper success rate in estimating the slope declines for the stanténd &@d original TG223 designs.
Furthermore, when the true slope is 10 the standarlirélOand original TG223 designs seem to be
successful in subsets of the simulated experiments for which the apparent slope is relatively-shallow
resulting in a bias towards shallower slopes. For exathpl@%' percentile of estimates from the original

TG223 is smaller than the true value of 10. In contrast, when the true slope was 10 the updated TG223
was able to provide an estimate of the slope in approximately 80% of simulations.

Three stages vs falstages

Figures 2.1 to 2.6 provide more detailed comparisons between original and updated versions of the TG223.
In particular, the performance of the updated TG223 at the end of stages 3 (3a or 3b) is compared with its
performance at the end of stage 4.

For estimation of the LE the fourth stage provides few, if any benefits. The success rate is virtually
100% at the end of both stages, and the distribution of estimates is virtually identical.

For estimation of the slope the fourth stage is beiadfivhen the true slope is 10 (relatively steep). The
success rate is about 6% higher and the distribution of estimates is narrower and free of bias.

Criterion for selection of the third stage

Stage 2 of the updated version of the TG223 is followed thereistage 3a or stage 3b according to
whether or not a criterion is satisfied. Figures 3.1 to 3.9 show (for each of the nine combinations of true
LDs, and slope) the variation in final estimates of slope for the original TG223 but grouped according to
the criterion used to decide whether or not to use stage 3a at the end of stage 2 of updated TG223. They
therefore allow us to assess the degree of success of the criterion used. Of the 9000 simulated experiments,
only 2178 {.e. 24%) used stage 3a.

The aiterion used was as follows: If at the end of stage 2 there were two or more reversals and a working
estimate of the slope was obtained, then stagee3arfginal stage 3) was used. If, however, at the end of
stage 2 there were fewer than two revisrsand/or the working estimate of the slope could not be
obtained, then stage 3b was used.

Figures 3.1 to 3.9 show that the slope estimates produced at the end of stage 3 of the original TG223 24
bird-3-stage design are much more reliable if the critersosatisfied. Of the 6822 experiments that failed

the criterion, 2608i. 38%) had a true slope of 5 and 298@.(44%) had a true slope of 10. This
suggests that we are more likely to require a different stage 3 design (to that used in theTa2@3al
design) when the true slope is stempwhen more doses better assist slope estimation
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Criterion for use of stage four

Figures 4.1 to 4.9 show (for each of the nine combinations of trug &l slope), show variation in
estimates of slope at tlemd of stage 3 (a or b) of the updated TG223 design grouped by the criterion used

at the end of stage 3 to decide whether or not to continue to stage 4. They therefore allow us to assess the
degree of success of the criterion used. Of the 9000 simagpediments, only 2363.¢. 26%) continued

to stage 4.

The criterion used was as follows: If at the end of stage 3 there were two or more reversals or two or more
partial kills, and a working estimate of the slope was obtained, then the experimpetistbgtage 3. If,
however, at the end of stage 3 there were fewer than two reversals and fewer than two partial kills, and/or a
working estimate of the slope was not obtained, then the experiment continued to stage 4.

Figures 4.1 to 4.9 show that thieme estimates produced at the end of stage 3 (either 3a or 3b) of the
updated TG223 24/38ird-3/4-stage design are more reliable under the criterion to stop rather than the
criterion to continue. Of the 2363 experiments that continued to stage 4,i¥796%) had a true slope

of 10. This suggests that we are more likely to continue to stage 4 when the true slope is steep.

Conclusion

For estimation of the L§, all four designs compared in this report give a similar performance. However,
the TG223, dginal and updated, designs require far fewer Hirdiher 24 or 34 so should be preferred.

For estimation of slope, the updated TG223 248d-3/4-stage design significantly outperformed the
other designs. It was successful (at least 80%)timating the slope even when the true slope was steep.
The original TG223 was less successful. Although modifications to the original TG223 design succeeded
in eliminating bias in estimates of slope, success rate was much lower.

Although we have preseed the updated TG223 as ad 4-stage design, in the interests of conserving
animals, the principal of extending the number of stages can easily be applied to 5 or more in any rare
circumstances where this mighe bonsidered necessary.

Part 2: Potential for Improving Performance of the Standard 6GBird Design using a Range
Finder

Method

The standard designs used were the same as in part 1. Design 11, which is better for estimation of the
LDs,, has ten doses with five replicates per dose and attiithw-dose ratio of 50. Design 9, which is

better for estimating the slope, has ten doses and five replicates per dose, bttodowigiose ratio of

20.

Simulations of the standard design described already start with a guess ofsgtibdtis taken fsm a

di stribution (for fuller explanation see section
possible guess is the true value. For each of the nine combinationsspahdD slope, four different
simulations were run:

1 Design 11 and d#gn 9 with the initial guess taken in the usual wagy from a distribution).
1 Design 11 and design 9 but with the initial guess of thg EEX at the true value.
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The approach taken here differs from that of a true rlinder. A simulated rangBnder would not have
delivered the true value of the kfbn which to base the simulations for the main study, but it would have
provided additional data values that would have improved the precision of the final estimates. It was felt,
however, that the impvement in precision from additional birds would have been small.

Results
Results of simulations are presented in Figures 5.1 to0 5.6

With the initial guess of the L{g drawn from a distribution, the standard-6i@d onestage design was

very successfuh estimating the LE, for all nine combinations of true Lfpand slope. Design 11 (with a
high-to-low-dose ratio of 50) and design 9 (with a higHow-dose ratio of 20) were able to provide
estimates of the LB in over 88.5 and 75.0% of simulated esipents respectively. However with the

initial guess of the LE drawn from a distribution, the standard-6i@d onestage design appears less
successful in estimating the slope, particularly when the true slope isil@gbtg¢ep). Design 11 and
design9 are able to provide estimates of the slope in over 81.3 and 75.7% of simulated experiments
respectively when the true slope is love(2 or 5), but are only able to provide estimates of the slope in
over 24.1 and 42.5% of simulated experiments resgdégtvhen the true slope is highg 10).

Setting the initial guess of the Pat the true value led to small improvements in estimation of both slope
and LDy, The success rate was better but the distribution of estimates was much the same.

Conclusion

A range finder would (probably) slightly improve the performance of the standard design, particularly
when steep slopes are estimated. However, the improvement is very small when compared with the much
greater improvement obtained from TG223.

Part 3: Robustness of Updated TG223 Design to Natural Mortality
Method

For each simulated experiment the expected overall proportion that died, denoted ¢, was assumed
to be made up of a proportigrthat died naturally and a proportion p, of the remaining proportion
(1 - p) that died due to the test substance. Hence in this set of simulations, the probability of death

g=p+ (1-p)p. For each bird used in each simulated experiment, a randoienlratween zero and
one was selected from a uniform distribution. If the number was greater than q, the bird was deemed to
have survived; otherwise it was deemed to have died.

Simulations were carried out with the probability of natural (or backgioommitality f&ed at 0, 0.01,
0.05, and 0.10.e.0, 1, 5, and 10 %).

The probability of natural (or background) mortality that occurs in practice can be estimated using
information from control birds. Recent data received from four laboratories which reg@edynp avian

studies show that there is very little observed control mortality. For quail and duck it is 1% or less. These
data are presented in Table 5.

Results

Results of simulations are presented in Figures 6.1 to 6.6.
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Increasing natural mortalitydm 0% to 1% has very little impact on the performance of the TG223 design.
For both LD, and slope, success rate and distribution of estimates are very similar. As per cent mortality
increases to 5% and 10%, success rate changes little, but the distritifuestimates shifts downwards
such that estimates appear biased towards values that are smaller than the true values.

In practice, therefore, since natural mortality is ordinarily 1% or less, it will have no observable impact on
the performance of thEG223 design.

Conclusion

Natural (or background) mortality has no impact at levels we observe in practice.

Part 4: Robustness of UpdatedTG223 Design to Delayed Mortality

Method

For each simulated experiment the time of death was computed for eadmabidiet!. Stage 2 started 3

days after the start of stage 1 and stage 3 started 3 days after the start stage 2 and stage 4 (if used) started 3
days after the start of stage 3. The doses for stage 2 were computed using data as was available from stage
1 - any bird that was still alive at the end of stage 1 but died before the end of the study was treated as a
survivor in this computation. Similarly the doses for stage 3 were computed using the combined data as
was available from stages 1 and 2 and thesldsr stage 4 (if used) were computed using the combined

data as was available from stages 1, 2 and 3. Each bird, and hence each stage was monitored for a total of
14 days after dosing, therefore each simulated experiment ended 14 days after expstagec3ror 4 (if

used). The final estimates of the dg2nd slope were computed using the combined data from all three
stages as was available at the end of the study.

The time of death was computed in three different ways. Firstly the time of dedfitvedaat O days after
exposure for all birds that died (this is the situation of no delayed mortality). Secondly the time of death
was selected at random from a uniform distribution ranging between 0 and 14 days. Finally the time of
death was selectedoim an empirical distribution formed using data provided by Wildlife International

Ltd. on the day of death of 711 northern bobwhite birds. The cumulative probabilities of death are
presented in Table 6. For each bird that died in each simulated exper@random number between 0

and 1 was selected from a uniform distribution. If the number was less than or equal to the cumulative
probability of death on day O, the bird was deemed to have died on day O; if the number was greater than
the cumulative grbability of death on day 0, but less than or equal to the cumulative probability of death
on day 1, the bird was deemed to have died on day 1; and so on.

An attempt was made to fit a mathematical frequency curve to the data in Table 6, however nene of th
fitted curves was satisfactory when compared with the empirical data (both visually and using formal lack
of fit tests).

Results

Results of simulations are presented in Figures 7.1 to 7.6.

The updated TG223 design managed to provide a final estim#te aDs, in over 93.9% of simulated
experiments with uniform delayed mortality and over 99.2% of simulated experiments with empirical
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delayed mortality (cf. 100% with no delayed mortality). The distributions of estimates of thephzar
similar to thee with no delayed mortality.

The TG223 design with both uniform and empirical delayed mortality appears less successful in estimating
the slope, particularly when the true 45 low and the true slope is high. It managed to provide a final
estimate ofthe slope in over 7.7% of simulated experiments with uniform delayed mortality and over
52.3% of simulated experiments with empirical delayed mortality (cf 77.8% with no delayed mortality).
However, note that for the TG223 design with empirical delagedality, this still compares favourably

with the standard 6Bird design, which was, at best, able to provide an estimate of the slope in over 42.5%
of simulated experiments (design 9 with initial guess ofltBndomly selected from a distribution).

Therefore, although delayed mortality has an impact on performance of the updated TG223 design, as
proposed, the design still performs better than the standdvilds@esign.

Conclusion

Delayed mortality does have an impact but still performs better tharstdindard 60bird design.
However, delayed mortality will, except in extreme cases, be observed before the completion of the
experiment. The study director will therefore usually be in a position to take actions to mitigate the effect

of the delayed muality. For example the number of days between initiating stages can be increased, and
stages can be repeated. This is one of the strengths of the design. The use of a few extra birds and a
relatively small increase in the overall length of a study lmamused to improve the performance of the
design without the need tepeat the test as a whole.

Part 5: Robustness of Updated TG223 to Inaccurate Initial Guesses of the kD

Method

The initial guess of the Lfg wasset at three different valuethe trie LD, the true LB, and the true
LDgo.

Results

Results of the simulations are presented in Figures 8.1 to 8.6.

The results of the computer simulations with the three different initial guesses of thallLBppear
similar to those with zero naturatortality and zero delayed mortality. This strongly suggests that the
performance of the updated TG223 design does not depend on the initial guess @f.the LD

Conclusion

The updated TG223 24/3#ird 3/4stage design is robust to misplaced starts.

Part 6: Robustness of the Updated TG223 to Errors of Dosing

It was unnecessary to address this issue by means of simulations.

Only two dosingerror scenarios are wortlonsidering:

1 Concentrationn dosing solutions incorrect layconstant factor,
i Concentratias in dosing solutions incorrect by a quantity that varies randomly between doses.
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The result of cast is obvious.That is, the LIg, would be biased by an amount equal in size and direction
to the constant error in dose.

The result of case 2 would lredistinguishable from increased variation in the response of birds. That is,
themeasured slope of the dose response curve would be decreased in proporti@xtenthaf random
variation (errorjn the doselt has already been established how difféisopes affect the performance of

the test, so how the random errors in doswgld affect study performance is also known (at least
gualitatively).

Conclusions
Errors in dosing have effects that are entirely predictable.

Table 1: Working estimate ofthe LD is from the results of stage 1

dosel| dose2| dose3| dose4| Approx. LDsg Estimate

O 0 0 O | (dose4 x dose5¥

0O 0 0 X | (dose3 x dose#j

0 [¢) X O | (dose2 x dose3 x dose4 x dosé5) (dose3 x doseH}
@) X @) O | (dosel x dose2 x dose4 x dos&5) dose3

X 0 0 O | (dose0 x dosel x dose4 x dos&5) (dose2 x dose3}
O 0 X X | (dose2 x dose3j

O X X O | (dosel x dose2 x dose4 x dos&5) dose3

X X 0 O | (dose0 x dosel x dose4 x dosé5) (dose2 x dose3j
0 X [¢) X | (dosel x dose2 x dose3 x dosé4) (dose2 x dose3
X 0 X O | (dose0 x dosel x dose2 x dose3 x dose4 x dse5)

= (dose2 x doseXj

X 0 0 X | (dose0 x dosel x dose3 x dosé&4) dose?2

0 X X X | (dosel x doseZy

X 0 X X | (dose0 x dosel x dose2 x dos&3) (dosel x dose?j
X X @) X (dose0 x dosel x dose3 x dosé4) dose?2

X X X O | (dose0 x dosel x dose4 x dos&5) (dose2 x dose3
X X X X | (dose0 x dose?

Note. Survival is represented by O and death by X. Even though only 4 doses (dosel through to dose 4)
were usedn the test, values for dose0 and dose5 are mentioned in the table. The values that should be
used for these doses are one step up or down from the actual test doses. That is, dose0 = dosel / step and
doseb5 = dose4 x step. Dose0 must be added to the @imoplof the approximate Lfpwhen mortality

occurs at the lowest test dose, and doseb is added when there is survival at the highest test dose.
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Table 2: The classification of study outcomes

Class Description

A Total survival at all doses or total nality at all doses.

B Inconsistent results. Average log(dose) at which mortality occurs is less than or equal to
log(dose) at which survival occurs.

C At least 2 partial kills, consistent.

D At least one dose response inversion there § at least one case in which the mortality is 1o
at a higher dose), consistent. This is particularly important when there is only 1 observatig
dose.

E One partial mortality bounded below by a dose(s) with 0 mortality and above by a dose(s)
full mortality, consistent, no reversals.

F Partial mortality, but without both bounds described in E, consistent, no reversals.

G No partial kills, with all doses with zero mortality below those with full mortality.

Table 3: Methods of estinating LDs,, slope, and corresponding confidence intervals

Class Parameter Procedures

A LDsg Not estimable.

Cl for LDsg Binomial one sided 97.5 % confidence bound.
Slope Not estimable.
Cl for Slope Not estimable.
B LDs Not estimable.
Cl for LDsg Not estimable.
Slope Not estimable.
Cl for Slope Not estimable.

Cé&D LDs Two parameter Mamum Likelihood estimate.

Cl for LDsg Esti mates based on Fiellerds theor
Slope Two parameter Maximum Likelihood estimate.
Cl for Slope | Slope® 1.96 (asymptotic variance estimate).
E LDs Non-linear interpolation, wighted.
Cl for LDsg Binomial two sided 95% confidence bounds. If one of the bounds cannot be
estimated, the other becomes a one sided 97.5% bound.
Slope Not estimable.
Cl for Slope Not estimable.
F LDs Non-linear interpolation provide 0.5 survivia bracketed, else natstimable.
ClI for LDs Binomial one sided 97.5% confidence bound
Slope Not estimable.
Cl for Slope Not estimable.
G LDs Maximum Likelihood estimate is midpoint in log scale between highest dose |
complete survival and West dose with complete mortality.
Cl for LDsgq Binomial two sided 95% confidence bound. If one of the bounds cannot be
estimated, the other becomes a one sided 97.5% bound.
Slope Not estimable.
Cl for Slope Not estimable.
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Table 4: Working estimate of the LDso used to place doses in stage 3a, 3b and 4 when a working
estimate of the LD, could not be obtained using the methods described in Tables 1 and 2

Classificatim Working LDsg estimate

A Lowest dose if total mortality at all doses,
Highest dose if total survival at all doses.

B Lowest dose with total mortality.

F Lowest dose if the total number dead is greater than half
the total number exposed,
Highest dose if the total number dead is less than half of t
total number exposed.
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Table 5: Control mortality recorded in 105 recent avian studies performed at four laboratories

Species Number Dead/Number Tested Probability
Bobwhite quail 1/520 0.002
Mallard duck 1/465 0.002
Japanese qualil 1/102 0.010
House sparrow 0/60 0.000
Chicken 1/35 0.029
Ring-necked pheasant 0/20 0.000
Pigeon 0/10 0.000
Zebra finch 0/10 0.000

Data provided by Wildlife International Ltd.

Table 6: Day of death for 711 nothern bobwhite birds that died out of 1860 exposed (10 birds in
each of 186 treatment groups)

Day of Death Frequency Probability %’Q;ﬂ:::\és g?&g;ﬁ:\{;
0 170 0.23910 170 0.23910
1 282 0.39662 452 0.63572
2 108 0.15190 560 0.78762
3 41 0.05767 601 0.84529
4 13 0.01828 614 0.86357
5 9 0.01266 623 0.87623
6 13 0.01828 636 0.89451
7 24 0.03376 660 0.92827
8 14 0.01969 674 0.94796
9 11 0.01547 685 0.96343
10 6 0.00844 691 0.97187
11 5 0.00703 696 0.97890
12 8 0.01125 704 0.9905
13 4 0.00563 708 0.99578
14 3 0.00422 711 1.00000

Data provided by Wildlife International Ltd.
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Figure 1.1: Performance of Updated TG223: trueB 5
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Figure 1.3: Performance of Ugated TG223: true Lfg= 1500
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Figure 1.4: Performance of Updated TG223: true slope = 2
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Figure 1.5: Performance of Updated TG223: true slope =5
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Figure 1.6: Performance of Updated TG223: true slope = 10
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Figure 2.1: Updated TG223 3 stages vs. 4 stages: trueshbB 5

Figure 2.2: Updated TG223 3 stages vs. 4 stages: trueskB 50
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