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A Guide to Pesticide Use in Cocoa

Preface

More thansevenyears have now passed since ttfeanges to legislation in the European Union (EU)
and Japanvhichhaveda Zcondéntrated mindSbver crop protection practices in cocsactor énd

other commodity crops From the T September 2008, assessment of the quality of cocoa imported
into the EUncluded measurement of traces of substances that have been used upstream in the
supply chain, including pesticides used on farms or in stordpe.issue wagriginallylaid-out by

the ECA/CAOBISCO Pesticides Working Graith a papet that identified the need forithe cocoa
sector as a whole aihg] quickly to ensure that the appropriate Maximum Residue Limits are in

LX | OSo¢

Far from beingl K Botedtial disasterto farmersg, predicted by some, these measures have

LINE RdzOSR NBI f oyROST iyikal WXy AdiK 9i KBNsPaEcpesdcikdé 2 F Y Iy
products that were reported as being a serious cause of illness in rural cocoa growing communities.

Nevertheless cocoa, like other tropical cropsntinues to beattackedby insects, diseaseand other
pests that must be controlled effectivedynd safely. Crop lossebave been quoteds a contributory
factor in recenindustryand media reportbemoaningelevatedcocoa prices and warning of a
GLRGSYGALFf OK2 02 f At theétima df \Rrihid thid third 8ditionHreparts éf residue
exceedance continue to keeconcern, but supphghain managers and consumers should not be
surprisedif they fail to understandhe concernsand constraint®f cocoa farmersFor example, the
risk ofPhytophthora megakaryiblack pod disease in the most humid parts of central and west
Africa, may account for treatments near to harvest and high residues in cocoa. bieavesver, from
GKS FTIFNX¥SNEQ LI A y-lossesdf mgra tiaB®o make Sty dédisioris appedi? LJ
rational. The possibilities that the pesticide spray has been poorly applied as weihasdlbare
almost certainly as important as the selection and dosage of the product itself.

Pesticides can providaracticalcontrol solutions, but must be approveahdused on the basis of
Good Agricultural Practices (GAdRd specifically, Integrated Pest Management (IPNOw will
GAP/IPMbe implemented and certifiedséesectiors 1.8 &1.9)? ManyW A a &attBide @ be
raised: mtably the recent concerns that certain insecticides have on pollinateasling to a
moratorium in the EU for four insecticide®/hatimpactmight this haveon cocoa(section 2.8}

In thisthird edition, | have also devoted a whole chapteritdormation on application since this

NBYFAya 2yS 2F (4KS Y2adGd yS3tSOGSR FyR WwgSI1Said ¢

$ The Joint Pesticides Working Group, is coordinated by the European Cocoa Association (ECA) and CAOBISCO and
was tasked to:

A compilea list of pesticides currently used on cocoa in producing countries.

A develop a joint position on pesticides MRLs for cocoa and for cocoa products, with scientific information to support
the position.

A adopt an action plan to defend the joint position fraregulatory (EU Commission and EU national authorities) and
producing country/field point of view.

A implement a Joint Action plan at EU and national level together with producing countries.
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state that many smallholder cocoa farmers are now usifcedtury technology to apply 21
century crop protection products. Attempts to introduce effective GAP will always be confounded
while farmers are equipped with sprayers that are impossible to calibrate accurageijoh 4.3).

The purpose othis manual is to:

1. Summarise important underlyinmplicymakingChapter 3 and technical issues with pesticides.
Chapters 2 4 will be of particular interest t&AP practitionerseeking more background
information on pesticide scienaelating to thecocoacrop.

2. Hep define atbad maptior establishing good crop pestanagementstorage and distribution
practices for bulk cocoaA summary oSAPIn the field cropis givenChapter 5with drying and
storage issues examined@hapter 6 Finally, recommendationslating to pesticide usare
made inChapter7, with various terms and lists of key pesticides included inAppeendices

My approach continues to be to provid@) a concise overview of the technical issues with
Problems and solutior@(ib) emphasin practicality, (c) specific reference to compounds that are
or may be used on cocoa, baeither naming nor recommending individu@mmercial products

(d) emphasis on the needs of smallholders and (e) linkages tebasdd and other resources:
including listsof the status of key active ingredien#gpendix 3, whichare updatedregularly. The
last point is importanand you are encouraged to visit the ICCO sitg@w.icco.org/SPSwith
updates for Appendix 8n http://www.dropdata.org/cocoa/cocoa_SPS_blog.htm

| havealsobroaderedthe scope othis editionby including more information otie pesticides

themselves, including rodenticides, aisdues affecting the Americas and Asvith 70% of the

g2NI RQa LINPRdAzOGA2Yy I ( KSrethdghiO diind ndyseli hadngdo Suinghadrisef & 2 y
many important issues, so | strongly encourage reference to further sources of informagon.

againl mustthank the increasing number of colleagues who continue to send me their valuable

comments and of course welcome further comments and suggestiéhisough te Guide

O2ylAydzSa (2 0SS howfihRiged, it ¥ audintdhdoOtdAfehse itCirpact by

translating it into other languages of coegeowing countries.

RPB, IPARGRvision:12 August2015
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1 INTRODUCTION

1.1 Pest management andacoaproduction world -wide

The nature of cocoa production has changed considerably over the last cawitinenormous

shifts, not only in how the crop is produced, but also where it is grown. Information on the origin
and production of the crop is available fnoa number of sources including the International Cocoa
Organisation (ICCO)

WORLD COCOA PRODUCTION (gross)
2013/14: 4.272 million tonnes

Africa: 72% Asia & Oceania: 12%
(3.101 million tonnes) (505,000 tonnes)
Latin America: 16% 'q
(666,000 tonnes)
[ N\ Wiy

| 8

B

: Source: ICCO

Production of cocoa beans by country

— Cote d'lvoire
J c—
1,000 o Ghana _
1 J Indonesia
@ ] — Nigeria
8 Cameroon
e — Brazil
o) —— razi
g —_— — Ecuador
8 100 ( Dominican Republic
E ] — Peru
e >‘6¢’ — Papua New Guinea
o .
o —_— — Colombia
o .
) — Mexico
10
2008/09 2009/10 2010/11 2011/12 2012/13 source: ICCO

Recent cocoa productiomfove) and §i G A A G A O0a F2NJ GKS Wi2bdoR2T Sy LINE
the latterrepresent95% of global production.

" http://www.icco.org/aboutocoa/growinecocoa.html
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Recent cocoa production has been relatively stable, but over longer periods, dramatic changes have
occurred. Having originated in the upper Amazdrheobroma cacawas increasingly cultivated in

the Americas (including the Caribbean), and in 1900 theoregfill accounted for some 4/5 of the

World production. By 1980, proportion had reduced to approximately 36%, then 12% by 2000; this
of course was due to many factors, but ranking highly amongst them must be the spread of the
indigenousMoniliophthoradiseases wA (i O K S & &hd foodtyppadyfot. In contrast, African

production increasedrébm 16% in 1900 to some 70% of World production, where it has remained
since. Australasian production, currently dominated by Indonesia, increased from approxinfately 5
to 19% over the 20century, but is now barely 15%; in this case, a significant contributory factor has
0SSy | WySg Sy odapgdbbrét LISady G§KS O

1.2 The need to understand and addrespest andpesticide issues in cocoa

Most cocoa farmers are smdiblders, whausually minimise inputs for pest and disease
managementand may not be willing or able to invest their time or resources in any pest
management when cocoa prices dosv. However, pod diseases suchPdg/tophthora megakarya
(black pod in W.Africa) ardoniliophthora roreri(frosty pod rot in Latin America) have the capacity
to reduce yielddy more than 80%. In many cocoa growing areas, major constraiptothuctionn
include the black pod diseasd@hytophthoraspp) andfarmers spray on a regular basis, since
copper compounds and other fungicides are efficacious

Pesticides haveow been used on cocoa for more than 60 years, with notable early research carried
out independently in the former West African Cocoa Resehustitute (now the research institutes
of Ghana and Nigeria), Brazil, Cameroon, Costa Rica, C6te d'lvoire, Indonesia, Malaysia and Togo.

By the early 1970s a number of effective control techniques had bedBstablishe@and there was

little incentivefor change until environmental awareness increased in the 1980sable amongst

these were concerns over theidespreaduse of lindane for the control of cocoa insect pests; this
chemicalwas eventually phased aubut not until the early 23 centuryin some countries Many

farmers believe that pesticides work, at least against some cocoa pest problems, and continue to use
them depending on the pest and country (Tabl#).

The cocoa industry promota WA NS Sy A iMtlird @eadhods féroval of diseased plant parts,
etc.) are the most proven and cost effective first line of defence against diseases and insects.
However, pesticides are used on cocoa in certain circumstanuaest pftencategory 1in the table
below). Implementation byfarmers of all control methods is often pgand furthermore

THE SCIENTIFIC COMMUNITY
IS DIVIDED
SOME SAY THIS STUPP IS
DANGEROUS, SOME SAY
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Tablel.l A guide to problems against which pesticideaybe in current use (based on industry
a2dz2NDOS& yR (KS IdziK2NRa 204aSNBIGAZ2Yya0n®

Cocoa Pest Region Use*

Black pod rots Phytophthoraspp. Ubiquitous 1-2

- especially: P. megakarya W. Africa 1

2 X OKS&Q 0 NI Moniliophthora (Crinipellis) Latin America 2-3
perniciosa

Frosty pod rot Moniliophthora roreri Latin America 2-3

Capsids (Miridae) Sahlbergella singularis, W. Africa 1
Distantiella theobroma
Helopeltisand relatedspp. Africa & Asia 1-2
Monalonbn spp. Latin America 2-3

Swollen shoot virus (CSS Vectors: meahbugs such as W. Africa 3
Planococcoides njalensis

Vertebrates (many spp.  Squirrels, ratslarger mammals  Ubiquitous 1-2

depending on region) woodpeckersetc. damage

Cocoa pod borer Conopomorpha cramerella SE Asia 1-2

Vascular streak diback  Ceratobasidiunf=Oncobasidiun SE Asia 2

(VSD) theobromaé

Other diseases including Several spp. including:

- root diseases Ceratocystig Roselinisspp Dependson Sp. 3

- minor pod diseases Botryodiplodia theobromae

Insect pests of cocoa Various spp. including: Locallyserious in  2-3

trunks, including termites, Zeuzerasp. (S.E. Asia) manycocoa

stemborersgetc Eulophonotusp. (Africa) growing areas.

Pests of young cocoa Many spp- often polyphagous  Ubiquitous 2

Weeds (especially in Many spp (includes mistletoe on Ubiquitous 2

young cocoa) mature trees)

Insect pests of storage:  Many spp. including:

- Beetles Cryptolestes ferrugineustc. Ubiquitous 1

- Warehouse moths Ephestiaspp.

* Key:

1. Common (although not necessarily ubiquitous) use of pesticides: often dependesboomic
circumstances of farmer

2: Localised use of pesticides (may be frequent if cocoa grown commercially)

3: Pesticide use rarineffectiveor experimental cultural and other control methods recommended.

1.3 Stakeholders

Tostate the obvious, the two njar stakeholdersare cocoaproducers and the increasing number of
consumers.Adaptingl Yy 206 aSNII GA2y Ay | | YAtHeie 8rg’a namberd® & 4t & Qa
other participants in debate on pesticides, each with their own agenda:

A The Agrochemical (nowften called Life Sciences~) industryrincipally the half dozen
multinational researckbased companies which have invested hugely in new technologies
(and wish to protect their investments with patents and confidentiality). They provide
Governments withregulatory data to show that their products are safe and effective.

A Companies producingeneri€productsbenefit farmers by pushing down the prices of
agrochemical products when patents expiWff-patentCcompounds). In some countries
they are owned supported by Governments. It is not always appreciated by the general
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public that their interests (and those of their respective sales people) may be different to
those of researcipased companies.

A Consumer groups and activistarho voice concerns, whiare often shared by the general

public, but which may be taken out of context. Their work was pioneered by Rachael Carson,

whose boolSilent Spring1962) highlighted the hazards, many now undisputed, of
unrestricted use of the older pesticides. tlmS Sy | NHdzSR (KIG GKSe@

ySSi

2F dzyal ¥S NB&aARdIzZSa Ay F22R G2 YIAYyldlAy GKSANJ

A The Mediaare interested in selling newspapers or television time, with priority given to
colourful and sensational stories. It is debatable whetheriit their interests to provide a
completely objective balance to such stories, but presenters often guide the debate.

A National Governments (and increasingly, International bodies such as the European
Union). have to balance the various interests and previth appropriate legislative
framework for the various players involved. For example, the UK Health and Safety
Executive (HSE: formerly Pesticides Safety DirecteRED) disclose documents (on the

Web pages and elsewhere) emphasising that this framgwory dza it 6S aSOA RSy OS

Governments are also a major source of supportegearchersX

A Research Scientiss g K2 aa4SS1 NBaSIFNOK INFyda wlyRS

bodies by carefully timed and purposesigned press releases or may mraphasise a

Al FSGe O2yOSNY Ay 2NRSNJ (G2 &SOdNB Tdzy RAYy I dé

The cocoa supply and chocolate industries therefore can expect to receive diverse advice on the
subject! Nevertheless decisions must now be made, with minds concentrated by recent regulatory
developments, but with incomplete knowledgea@li the pesticides in question.

1.4 Riskand Hazard

Pesticides are often described @K | loustF NFE: it these termsare sometimesused
loosely. They have specific meanings:

RISK = (INTRINSIC) HAZARBROSURE

Exposure may have two elements: time and level of contact with the hazard. This is an important

O2yOS8SLIi yR KIa 0688y O6YA&0dASR Ay G(KS LI &ad 2

RFy3ISNRdza ¢ &a 2F daiy3d GKSYed

An analogy may be useful here. Motor vehicles are intrinsibaltgrdous and note that far greater

numbers of people die in motor accidents every year than from all forms of pesticide poisoning. We

only take aiiskwhen weare exposed twehicles (as dvers, passengers other road users)and
most people are prepared to taken that risk. Some carsare more hazardoughan others(e.g

those with many safety features and do not go fast) and roads have speed tiskteeduction).
When a person ia long way from ay motor vehicle(exposure = zerg}he risk is zero. Since for
most people economic life must continue, the concept of reducing risk to levels thaisdrew as
Reasonably Achievabl@ALARA) is more practical than eliminating fiskich canbe considered
impossiblein practice Of course, the criteria set for ALARA can be both political and subjective.

Readers are also reminded that there are also risks to the cocoa crop Eseléxample, manalysis
of the crop in Gharmaevealed that key pestsuch as black podpllectively constitute the greatest
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risk to cocoa supply: either as existing sources of crop loss @xibtentialthreat of invasive alien
species.Other risk€o cocoa productiorincludeageing treesprice fluctuationsand attractiveness
of other cropsand sources of income.

1.4.1 Risks with chemical pest control

Chemicapestcontrol methods have been, at different timgdacesand for the variousnalysts
considered as:

A crucial for sustaining a healthy crop

A expensive and of limited cost efficacy, or

A environmentally unsound in the complex cocoa agomsystem.

Improved crop varieties and various alternative biolkiigged control techniques may eventually
offer sustainable longerm solutions. The majaver-arching issues with pesticide use include:
A Safetyaspects including real and potential risks to growers and consumersiispeer3).
A Cost- effectiveness perhaps of greatest interest to many farmers.
A Technical problemsvith pesticide applicationst 2 YSGAYSa OF f hulingi KS Wi KN
development ofresistanceby pests (resulting in loss of effectivenes$lich may cause
farmers to increase dosages and thus add to the risk of tegidues Resurgencewvhere
insectcides can actually make minor pest problems worse ¢getion0).
A Other sustainability concerns including geneénmgbact on the environmentand nontarget
organisns (e.g. the buildup of copper in the soil after loAgrm use for disease control).

Safety aspects are of course by far the greatest concerns for the general public and thus regulators,

but pesticides can be important tools for farmers and cannot sibplwished away. Consumers do

not always appreciate the high levels of disease and insect pressure that occur in tropical countries,

FYR a2t @Ay3 LISaid O2yGNBf LINRPofSYa F2NJ ANRPBGSNE NE

1.4.2 Other SPS Risks

Gonsumer concerns ofood safety and threat of contaminants to human heditéve caused
tightening ofregulations in consuming countried his increases the risk asdiption to cocoa trade,
sopoor Sanitary and Phytesanitary (SPStandardshavethe potential to harm the welfare of
farmers ina number of cocogrowing countries.

Although not the subject of this Manual, readers should be aware thatlditionto pesticide
residues food safety and cocoa quality concerns include:
A Mycotoxins especially Ochratoxin A (OTAjten due to poor crop drying
¢ potential damageto DNA (mutages)
A FFA (Free/trans Fatty Aci@iso arindicator of poorcocoaquality
¢ risk ofexacerbatingliabetes
A PAHSs (Polycyclic Aromatic Hydrocarbongually due tesmoke from badly designed crop
dryersq are often carcinogengrisk of causing cancer)
A Heavy metalsoften associated with crops grown on volcanic or polluted soitsde:
0 Cadmium (Cd) highly toxic andarcinogenic
0 Lead (Pby carcinogen can cause stiarriages and infertility in males
0 Mercury (Hgx damages nervous system
o Cr(VI) (hexavalent chromium)oxin andcarcinogen
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1.5 International pesticide regulation

1.5.1 National regulations

The Food and Agriculture Organisation (F8fQhe United Nationsind other international bodies

have consistently encouraged national pesticide registration schemes, which have now been

implemented in most countries. However, it is not always easy to implement regulations (especially

those that are technical innatube Ay NBY20S NHz2NI f | NBFazX FyR LINERdz
YIEGA2YlIE 02NRSNAQO® ¢CKS FINNY¥SNI KSNBEF2NB YIF& 06S
little advice provided on their appropriate use.

In all countries the primary role of risgration is to protect human healthThe FAO code of conduct

on the importation of chemicals is based on the principleradr informed consenfsee below),

where importing countries have a right to know about pesticides that have been banned or
restrided in other countries. It is the responsibility of Governments to provide appropriate guidance
on the use of hazardous compounds, ranging from easily comprehensible labelling to outright
banning of the most toxic products.

1.5.2 Prior Informed Consent: pestic ides

Prior Informed Consent (PIC) is a convention that was finalised by 50 Governments at a Diplomatic
Conference in Rotterdam in September 1998isWw 2 (i (i Sdwdenhtidf(rreateslegally binding
obligationsfor countries toimplementPIC procedure It was initially built on a voluntary Pt©de of
conduct initiated by UNEP and FAO. The Convention entered into force on 24 February 2004 with
two major objectives:
A to promote shared responsibility and cooperative efforts among Parties iinteenational
trade of certain hazardous chemicals in order to protect human health and the environment
from potential harm;

A to contribute to the environmentally sound use of those hazardous chemicals, by facilitating
information exchange about their char@ristics, by providing for a national decisioraking
process on their import and export and by disseminating these decisions to Parties.

With pressure on global agriculture to increase production, developing countries frequently provide
a market for odler, cheaper and more hazardous pesticides. They often include generic compounds
from producers in expanding economies, which seek less controlled markets. Furthermore in some
countries, locallyproduced generic products are actively promoted in the riesgs of industrial
development and low prices for farmers.

PIC is a process which identifies and shares government decisions to ban or severely restrict
pesticides, and includes dissemination of decisions to importing countries where information may be
difficult to obtain. While promoting shared responsibility between importers and exporters, the
exporting countries must ensure their industries comply with importing country decisions. Pesticides
currently in the PIC Convention include (amongst othestarres): 2,44, aldrin, captafol,
chlorobenzilate, chlordane, chlordimeform, DDT, dieldrin, dinosebdibfbmoethane (EDB),
endosulfanfluoroacetamide, HCH (lindane), heptachlor, hexachlorobenzene, mercury compounds,
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and certain formulations of parhton, methamidophos, monocrotophos, and phosphamidon. Other
pesticides will be included in the PIC Convention if they:
A have been banned or severely restricted on the basis of a sctesmmd risk/hazard
evaluation in two regions;
A NS aaSOSNBISat KODRRSBRZAMY dzf A2y aé GKAOK O dza !
problems under conditions of use in developing countries. These may be included following a
verified incident in a developing country.

1.5.3 The CodexAlimentarius

The Joint FAO/WHO Food Standards Ruogne and theCodex Alimentariu€ommission (often
shortened toCode) wasset-up to provide internationallyrecognised standards f@rotection of
consumershealthandto ensure fair practices in the food trade. It was initially believed that, if all
countries harmonized their food laws and adopted internationally agreed standanash issues
would be dealt with natural§ Through harmonization, the founders envisageddebarriers to

trade and more freedom of movement among countries, which would be to the benefit of farmers
and their families and would also help to reduce hunger and poverty.Codexcommission

adheres to a code of ethics for international tradeond, with the following general principles:

1. International trade in food should be conducted on the principle that all consumers are entitled
to safe, sound and wholesome food and to protection from unfair trade practices.

2. No food should be imternational trade which:
(a) has in it or upon it any substance in an amount which renders it poisonous, harmful or
otherwise injurious to health; or
(b) consists in whole or in part of any filthy, putnidtten, decomposed or diseased substance or
foreign matter, or is otherwise unfit for human consumption; or
(c) is adulterated; or
(d) is labelled, or presented in a manner that is false, misleading or is deceptive; or
(e) is sold, prepared, packaged, stored or transported for sale under unsanitarjiaosd

TheCodex Alimentariusas always been a scienrbased activity. Experts and specialists in a wide
range of disciplines have contributed to every aspect of the code to ensure that its standards
withstand the most rigorous scientific scrutinodex operates through a number of specialist
committees: which include Contaminants in Foods and Pesticide Residues.

One scientific committee is th#int FAO/WHO Meeting on Pesticide Residues (JMRIR)PR was
established in 1963 following a decision byOFBonference that th€odex Alimentarius Commission
should recommend maximum residue limits (MRLS) for pesticide and environmental contaminants in
specific food products to ensure the safety of foods containing residues. It was also decided that
JMPR shodlrecommend methods of sampling and analysis.

- JMPR members are independent scientists who are expert in aspects of pesticides,
environmental chemicals and their residues and who are appointed in their own right and not
as government representatives.

" http://www.codexalimentarius.org/committeeskforces/en/?provide=committees

a7~ 2
sicco’) ﬂﬁ@ Guide to Pesticide Use in Cocoa: 3" edition (Aug. 2015) 12
N )


http://www.codexalimentarius.org/committees-task-forces/en/?provide=committees

JMPRd independent of the Commission.
FAO appointees draft MRLs for substances under evaluation, based on field trials that are

conducted worldwide. WHO appointees conduct toxicological evaluations of the pesticides.

Reports of evaluations are published.
Thereis close cooperation between JMPR and the Codex Committee on Pesticide Residues

(CCPR). CCPR identifies those substances requiring priority evaluation. After JMPR evaluation,
CCPR discusses the recommended MRLs and, if they are acceptable, forwardsttieem to
Commission for adoption @&odexXMRLSs.

The following table lists the curre@odeXVIRLgthat apply to cocoa beans The CodeXVIRLs for
deltamethrin, fenitrothion and lindane were revoked in 2003.

Maximum Residue Limits for Cacao begieemmodity codeSB 0715

Pesticide MRL Year of Adoption
Hydrogen Phosphide 0.01 mg/Kg Po
Thiamethoxam 0.02 mg/Kg 2011 ™*
Clothianidin 0.02 mg/Kg 2011 MT
Endosulfan 0.2 mg/Kg 2007

Metalaxyl 0.2 mg/Kg 1991

Methyl Bromide 5 mg/Kg 1999 Po

(*) At or about the limit of determination.

Po: The MRL accommodates pbsirvest treatment of the commodity.

T: Temporary?

1.6 Global trade andcocoaSPS regulations

The following ICCO map graphically illustrates the complexity of trade in cocoadrehngy
emphasis has been placed on European import tolerances. However thead@mMcreasingly Asia

- are also major consumers.

r..llv

Bthomrrm Latin America ?

Africa

Asiz & Oceanis

\ ¥ o

—~——

Distribution and main trade routes of cocoa: 2606 (Sourcehttp://www.icco.org/statistics/cocoamap.pdj.

" http://www.codexalimentarius.net/pestres/data/commodities/details.html?ida288ssed May 2015)
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1.6.1 EUregulations for pesticides and commodities

In 1991, the European Commission started a commuwitie review process for aictive

ingredients(Al- also known asctive substancesused in plant protection products withthe

European Union (EUA defining momentor the use of pest control products in Europe was the

introduction ofDirective 91/414/EECThe process involved evaluation of substances, followed by
recommendation a their acceptability to the European Commission. Acceptable substances were

included in a positive listof Aly 2 6y | & a! yYSE Lé3X AT GKS Nmxnail G2 ¢
environment was considered acceptabl€he original Directive made a distinction between
GSEAAGAYTE 62y GKS YINJSG 0S¥2NB wdzZ & mophpoo FyR
afterwards). If the compound ould not be included in Annex |, authorisation for products camtay

that substancavaswithdrawn within a period specified in the Commission Directive. This review
programme effectively resulted in a very substantial reduction (>50%) of pesticides available for use

in EU countriesDirective91/414/EEC was sedrom outseta continuirg review process which

GX olFlaSR 2y &aO0OASYGATAO dasSaayvySyidazr SIOK | LILX AOI
safely regarding human health, the environment, ecotoxicology and residues in the foocchain.

Regulation EC 1107/200%eplaced91/414/EECwhichwas repealed on the 14 June 2011 and
provideseven stricter control®n Al with a shift in emphasis from risk to hazdrdsed assessment
of pesticide& In addition,fumigants rodenticides and other pestontrol products used in stores
aresubject tothe Biocides Regulation EU/528/201(8ee section 6.5).

From the end of 2003, the European Food Safety Authority (E¥Sgetup to deal with risk
assessment issugwith the European Commission retaig risk management decisien The
standards of this assessment and the policy of their use are constantly improved in a number of
expert groups and documented in guidance documefitee UKChemicals Regulation Directorate
(CRD) of the Health & Safety Executive (HS@minedthe 286 substancepreviouslyincluded in
Annex 1 to Directive 91/414/EEC and under reviemEC 1107/2009n light ofpossible practical
consequences t&Ufarmers. They considered thatriteriamight consist of

Ano cat 1 or 2 CMR (substances that are icaxgenic, mutagenic or toxic to reproduction) unless
exposure negligible

Ano endocrine disruptor§ED see Box £”) unless exposure negligible

Ano POPs (persistent organic pollutants)

Ano PBT (persistent Bioaccumulative Tp&iemicals

Ano vPVB (verpersistent, very bioaccumulativehemicals

Awithdrawal of substances with an ADI (acceptable daily intake), ARfD (acute reference dose) or AOEL
(acceptable operator exposure level) which is significantly lower than those for the majority of
approved substaces

Ano substances considered to cause a ristefelopmental neurotoxic or immuntmxic properties

Ano substances with a high hazard quotient for bees

Ano substances which cause concerns and/or can leach easily into groundwater.

" http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:309:0001:0050:EN:PDF
AFormerIy Pesticide Safety Directorate (PSD) UK (December 2B88)ised assessment of the impact on crop protection in
t he UK odfcritefimed Genudt substitution provisions in the proposed
_ the Council concerning the placing of plant protection products on the market.
Y http://ec.europa.eu/environment/chemicals/endocrine/definitions/endodis_é¢adessed May 2015)
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Regulation 396/2005/E€ane into force on 1 September 2008 and sets MRLs for pesticide residues
in food and animal feed produced, or being imported into, the EU. MRLs were first published as
Regulation 149/2008/EC in March 2008 in the form of Annexes to 396/2005/EC; these watedipd
before they came into force and continue to be subject to review (see seBtipn All cocoa beans
imported into the EU must conform to the new Regulation, although temporary MRLs (tMRL) may
apply to certain Afor a transitional period.Information is on:
http://ec.europa.eu/food/plant/protection/evaluation/index_en.htm the DG SANCO sit¢hich

FAYa 2 aYFEAYA&AS GNI yaLl NBy QOTERiyimpbaBttoRS OA & A2Y Y
differentiate between the MRLs on produce, which are regulated by the annexes386EXD05 and
approvals for pesticide use in EU which is currently regulatdeb$107/2009 However, the two
regulations are linketdy common issuedescribed here.

Chapter3includes a number of issues that might appear to be not directly related to residue

tolerances. One of the main objectives of this manual is to guide staff in the cocoa industry through

the various, multidisciplinary aspectsof geli Y yIF 3SYSy Y aLISOAFAOIf & 2
with pesticides and not just try to keep up with existing legislation. To a certain extent, many were

taken by surprise by EU regulation 36/2005, which itself continues to undergo amendmers. (

to its Annexes).

The details of the proposed legislatibave takerseveral years to be agree@®esearch institutes in
cocoa producing countries should now be considering how best to manage key pest species, if
adzoadl yoOSa Lk aZxaettan pwabyidsSaNd ndokideinbidsXveré to be deemed
unsuitable for use with food cropsA support programme itraining/capacitybuilding(EDES
COLEAQRunded by the European Development Fupdovidesguidancefor sef-assessment
(http://edes.coleacp.org). Further legislative developments in other cocoa consuming regions
(especially N. America and Asia) should, of course, also be reviewed constantly.

1.6.2 Regulations in the United States of Americ a

In the USA the Environmental Protection Agency (EP&gulates pesticidewith two federal statutes
(seehttp://www.epa.gov/opp00001/regulating/laws/fqpa/backgrnd.hthunder theFood Quality
Protection Act (FQPA) of 1996he Federal Food, Drug, and Cosmetic Act (FFB&Ahlisheghe
amount of pesticide residues permitted on food for consumptibne EPA produces fact sheets,
prepared as part of EPA Registration aner&gstration programmes. Where a Fact Sheet has been
issued for dPgivCactive ingredientthis is noted. The EPA also requires that all approved pesticides
are clearly labelled wit instructions for proper use, handling, storage and dispasglulated under
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).

In addition, theFood and Drug Administration (FDAjovides guidancéood commoditiesand
pesticides on: http://www.fda.gov/Food/FoodbornellinessContaminants/Pesticidésit at the time
of writing, reports appear to be 3 years in arrears)

" See:http://edes.coleacp.org/files/documents/edes/publications/SAC%20COCOA. pdf
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Box 1:Erdocrine Disruptors ED and Highy Hazardous PesticidesiHB: impacts on cocoa

There is a risk that approvals fiurther Al may bevithdrawn at some time in the future within the EAhd
elsewhere: based on several indicators, includigdocrine disruptiofED). The current definition in the EU of
an ED is:an exogenous substance or mixture that alters function(s) of the endocrine system and conseque
causes adverse health effects in an intact organism, or its progeny, or (sub)populations”

The UK CRi2port on the possible impact of hazaldised assessments (section 1.6.1), inctudeference tahe
9/ MMATKHANG AGNROGAINBY dadzoadlyoSa NBIFNRSR I+ a
humans or nortarget organisms cannot be &it2 NA & SR¢ @ { S@S NI fout that BoSI&EBBINI
was included during the adoption of these regulatiofeffects are disputed among scientists and a function
definition of the termremainsto be agreed in the EUA the time of writing, the European Commission is
aworking on a proposal for sciendxased criteria for endocrine disruptors, as required in the Plant Protection
Products and the Biocidal Products Regulaiien=  graposkd deadline fotheir resolution in2016 Apublic
consultationwas launched in 2014 and atbkeholders are encouraged to take part.

S5A0GA2Yy I NE RSTA yWildrangnda NR ¥ ORdHza NYBIG QO WBdza A2y 2 NJ
interruption of a process. It could be argued that, since mimal's endocrindunctions are signalling
mechanisms and are known to bluenced bya wide range ohaturally-occurring and permitted synthetic
substances, any attempt to assdsBon a hazard rather than a risk basis is untenable. The removal of

smaf K2t RSNJ FIF NY¥SNBQ SELIR&dZNBE G2 11t 60tSIFENIe& RST]
396/2005/EC processes has been beneficial, but funteéuctionof Al diversity could be deleterious to cocoa
productivity (which could have envirorental consequencesincefarmerswould need to cultivate more land to
obtain the same yields Every effort should be made to inform thelevantauthorities of the potential
consegqiences for crop production arfdrmer livelihoods before any decisionsanade on the status of
'strategic Al(e.g.as inAppendix 34 without suitable alternativehaving beeridentified.

Whereas pesticide registration constitutes sovereign national decisions, categorisation of substances as El
consumer countries may eventually resuithe reduction of MRLs to the default 0.01 mg/kg for cocoa and ot
food crops: a consequencedes@lR Ay 2y S | FNAOIY O2dzyiNB | & Woly
speculation on the potential consequences of further withdrawal of Al to cocoa and other imported commogq
crops and initial approaches have been similar to that taken with HelRdentify the substances under threat
and ask what the alternative pest management measures would here suggest that:

9 For sustainable pest management of a given pest, more than 2 MoA are needed, with competing Al and
products within each MoAhere sed in its broadest sense to include proveffective, biological control)

1 Restriction of Al to only-2 MoAcould become a significaproblemfor management okey cocoa pests and
proposed changes have to be taken in the round. For example, withdralNi@ds and most pyrethroids on
suspected ED problems, together with NNI for bee toxicity could result setifficsilties withmirids and
other key insect pestsThis may already be an issue for control of storage pests (see chapter 6).

1 Ifan Al is tdoe banned, 23 years are needed for disposal of old stocks of products contaiinatgl. If Al
withdrawal removes a whole MoA and there are not at least 2 alternatives, at least 5 years will be needé
(probably more) for the necessary research, develeptrand registration of substitutes.

1 ¢2 adzYYFNRAASY | WLINBOFdziA2y |l NBE | LIINE I OKQ &K?2 dzf
Section 5.3 shows some of the new hazard labelling signs to be included on pesticide labels. In this proces
newhazardc& 32 NB 4 { SNA2dza KSIf dK KITFNRé¢ KFra 6SSy IR

May be fatal if swallowed or enters airways

Causes damage to organsmay cause damage to organs

May damage fertility or the unborn child

Suspected of damaging fertility or the unborn child

May causecancer or suspected of causing cancer

May cause or suspected of causing genetic defects

May cause allergy or asthma symptoms or breathing difficulties if inhals

= =4 -8 a8 _—a_a -9

The pictogranwill be used for everyday substances such as turpentine, petrol and lampdjpgresumably
could once definedinclude Epesticidesubstancegeven if only suspected). Would the use of such signs on
pesticide productgive the user sufficient prior informed consent? In household situations the answer is cle
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1.6.3 Regulations in Japan

On 29 May 2006, the Ministry of Health, Labour and Welfare (MHLW) established a positive list
system for agricultural chemicals remaining in foods, including cocoa, as part of the implementation
of its Food Sanitation Lawl.lhe MRL list igvailableon:
http://www.mhlw.go.jp/english/topics/foodsafety/positivelist060228/dl/indeka.pdf A number of
samples were found to have eegsive residue levels and shipmehts/e beerrejectedover the

years. The high rejection rate has been attributedttee method of analysis use@hichwas

different to thatused by other importing countries, but is nhow being harmonisee (sectiorB.5).

1.6.4 Proposed Regulation in the PR China

Concerns about food quality and health have become a major issue in China, with specific proposals
for enhanced regulation of cocoa producfsSupervision over the use of imported cocoa shells as

well as manufactunes of cocoa products and foodstuff containing cocoa powder as an ingredient will
be intensified, according to a circular jointly releasédy China Food and Drug Administration and

the General Administration of Quality Supervision, Inspection and QuaeahfThe circular called

for strictlabelling of products, in Chinese adchecks on production permits of cocoa product
manufacturers, as well as supervision of manufacturers of coeladed food products.The circular

also urged local food, productuglity and quarantine authorities to jointly check cocoa products and
related food companies for safety risks and alert superior departments of any issues.

1.7 Hazard Analysis and Critical Control Points (HACCP)

HACCHs a systematic approach smministering safety in production processes, which emphasises
the prevention of hazards rather than product inspection. HACCP is thought to have originated in
World War Il armaments manufacture, but is nalsoassociated with the various stages of food
production and distribution.

CKSNBE Aa y2¢ 3ISYSNIf FINBSYSyd OGKFdG GKSNB &aK2dz F
are included in the international standard 1ISO 22000 FSMS 2005, which may form an organization's
We2akt vdzZfAGe :alylF3SYSyiQ aeaasSy

1. List all hazards associated with each stepd thinkthrough suitablepreventative measures
to control the hazard these may be micrbiological, chemical or physical in nature aatd
each step describe the preventative measures that can be used tdrobthese hazards.
More than one preventative measure may be required to control a specific hazard.

2. ldentify the Critical Control Points (CCPidentification of a CCP in the system can be
facilitated by the following flow chatX

" Xinhua News Agency, Beijing, 29 Oct. 2013
A Sourcehttp://www.eden.gov.ukaccessed 24/1/2012)
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If a hazard has beeidentified at a step where control is necessary for safety and no
preventative measure exists at that step, or any other steps, then the product or process
must be modified at that step, or an earlier or later stage, to include a preventative measure.

3. Egablish Critical Limits for each CCtRese limits depend othe hazard assessed and should
be specified for each preventative measure. For pesticides and other contaminants these
are MRLs.

4. Establish a Monitoring System for each C@®nitoring proceduresust be able to detect
any loss of control at a CCP. Data derived from monitoring must be evaluated by designated
people or organisations, with knowledge and authority to carry out corrective actions when
necessary.

5. Establish corrective actiarspecificactions must be developed for each CCP in order to
correct noncompliance. Such actions must ensure the CCP is brought under control and
include details of what to do with affected product.

6. Validate the HACCP Systein order to maintain confidence in trsystem, ensure the
HACCP system is working as intended and identify any areas for improvement.

7. Establish and maintain Record Keepiagd documentation: in order to be effective the
keeping of records is essential.
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1.8 What doIPMand GAPmean in practice?

There is a commonheld view that pest control is best achieved within a framewafrkntegrated

Pest Managemen{IPM)- or more generallyntegrated Crop ManagemenCM). The practical

AYLX SYSyllFidAz2y 2F WLtaQX | GSNXY FANRG O2AYSR Ay
matter of considerable debate: especially in relation to the use of pesticides. The definition that has
0SSy | ANBSR oaddAgrikuhurgl GrgasisatdrR (EAD), and supported by agrochemical

bodies, several NGOs, and the International Farmers Organization is that:

GLYGSANI GSR t Sad al ychrafubcoBigediation bf alleavailabeSpesy contral K S
methods and subse®nt integration of appropriate measures that discourage the development of
pest populations and keep pesticides and other interventions to levels that are economically justified
and reduce or minimise risks to human health and the environmenteifdhastes the growth of a
healthy crop with the least possible disruption to agro ecosystems and encourages natural pest

O2y (iNRf YSOKFIyAavYaté

1.8.1 Sustainable Use Directive 2209/128/EC

IPMis alsoa requirementreflected in the European Directive on the Sustaledbise of Pesticides

In 2009, the European Parliameggtablisted a framework for Community action to achieve
oNational Action Plans aimed at setting quantitatblgectives, targets, measures, timetables and
indicatorsto reduce risks and impacts pésticide use on humanmealth and the environmentnd at
encouraging thelevelopment and introduction of integrated pastanagement and of alternative
approaches or techniquen order to reduce dependency on the use of pesticjgbould be used by
Member States in order to facilitatthe implementation of this Directive. Member Statgsould
monitor the use of plant protection productontaining active substances of particular concern and
establish timetables and targets for the reduction of these,in particular when it is an appropriate
means toachieve risk reduction targets. National Action Plgimsuld be coordinated with
implementation plansinder other relevant Community legislation and cob&lused for grouping
together objectives to be achiedunder other Community legislation related to pesticides.

Under theSustainable Use Directivpesticide use in EU countries, from the beginning of 2014,
should only take place within the general principles of IlN{ember states are now obliged to
iYL SYSy (i G NXzS WA yanSaiNa ko2 pe Man&énient echhiguds ngluding:

A Cultural methods, such as removal and burning of diseased plant parts, pruning, removal of
infected/infested pods and regular complete harvesting.

A Clonal selection and other genetic methods that confer resistance to pests; these are long
term measures (much of the research currently taking place is unlikely to be implemented at
the farmer level for several years to come).

A The conservation and/or mapulation of biological agentg(g biopesticides and insect
predators such as ants).

A Application of chemical pesticides, but only on the basisitidnal and responsibleise

" Internal Code of Conduct on the Distribution and Use of pesticides, FAO, November 2002
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How best to implement IPM icocoa growing countries? In a recent articler Rob Jacobson
suggestedh number of key messages for both policy makers and practitioners, including:
A Do not underestimate the complexity of IPM

Seek input from experienced practitioners

Apply sensible time frames for implementation

Training is vital

''YRSNAGEFYR GKS ONRLI FYR 62N)] 2y Odzadi2YSNBRQ S
Provide adequate resources for R&D to develop alternative control measures
Target specific pesticides which will still be required

Ly Of dzRS W&l TS i &econdlines of defeyice agiitst kdypesls 2 F
Never relaxg always be prepared for the next challenge.

> > > D> > > P

182 A&AOIi AOGO 0AOOPAAOEOAe

Legislators in@coagrowing countries mstbe guided byequirements of the consumebut it is
imperative that any measures takenesappropriate fofarmer) y SNaRyZofthe latter are
smallholders; who when faced with pest problems seek effective solutions ematinue toturn to
the use of pesticides to provide remedieg8. N2 Y (G KS FI N¥SNRd&Eghtltl2 Ay d 2F OAS
A wish to tuy pesticide products for other crops or domestic use, that may be unsuitable for
cocoa and leave harmful residues;

A be presented with a bewildering array of products, not to mention sales persuasion, when
visiting the agricultural supply stare

A Dbe offeredillegal or counterfeit productsthis is a major concern of responsible suppliers
To find out more, go thittps://croplife.org/crop-protection/anti-counterfeiting/.

Which productto choose? Is it effective? Is it safts?it genuine?s it affordable?

" Newsletter of the Association of Applied Biologists: issue 79, Autumn 2013
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1.8.3 Responsible Pesticide Use (RPU) as a component of GAP

An international meeting: th&®ound Table for a Sustainable Cocoa EcondR$CE [), held in Ghana
during October 2007, incledi cocoa farmers, cooperatives, traders, exporters, processors,
chocolate manufacturers, wholesalers, governmental and-governmental organizations, financial
institutions as well as donor agencies. Consensus was reached on a number of action points for
YEAYGlrAyAy3 adzadrAylrotsS 0202+ YR A& 2F0Sy O ff
featured highly in the list of the priorities, with the following key needs (amongst several others)
identified:
A Remunerative prices and increased income fara@ofarmers, including consideration of the
impact of fiscal policies;
A Development and promotion dood Agricultural Practices (GA®)increase productivity
and quality in a manner that respects both the environment and social standards;
A Reduction of loses due to pests and diseases by introductiomtégrated Pest
Management(IPM)
A Promotion and support of local services providing improved planting materials, fertilizers,
pesticidesgetc.and provide related training;
Mechanization of farm operation®treduce costs where possible;
Increased labour efficiency through better management practices;
Sustainable commercialization includes ttevelopment of efficient supply chains to
increase the margin received by farmers, while maintaining cocoa quatitingsroving
traceability in the value chain.

I D

As its name suggests, GAfRtompasssa large number of crop production procedures thatist be
safe effective, recommended and enforceelither on a national or crop basighe object olusnga
pesticideis toachie effective pest control, while leaving a minimum amount of pesticide residue
on the crop (within practical limits). These limits eggulated, butestablished principally by the
agrochemical company wishing to register its products, hasé@mged out a number of trialghat
conform to agreed andgorousprotocols

Insect pest and disease control strategies that rely on the application of a limited number of
pesticides are almost certainly not sustainable. A research and exté#fammun{ln appropriate

pesticide research since the late 1980s, has combined with years of poor returns for cocoa crops. In
conseguence, most smallholder farmers are unaware of recent control agents and techniques for
pest management, and often apply older,@&fitmore hazardous, products.

There is now an urgent need for implementation programmes that transfer rational pesticide
techniques in each of the major cocoa growing regions, firstly addressing questions such as:

A What are the true levels of pest contrah@ operational costs (over large areas)?

A Can we replacall the currentlyused and hazardous (WHO/EPA class | and 1) products in the
near future?

A Why are older pesticides so popular?

A Are thereother control techniques that have a minimal environmentapiact, yet
effectively control target pests?

The term responsibléor rational)pesticide use (RPU) describes the targedad safeuse of
pesticides as part of a pest management strategy. Three key elements to mitigate the adverse
effects of pesticides are improvements in the selectivity of the products themselves and the
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precision of their application in both space and time. Otbatential benefits include: reduction of

costs (for both pesticides and labour), improved safety and reduced environmental imRRct.
therefore is about the tactics and tools for managing issues such as residues within an IPM strategy
which in turn is &omponent of Good Agricultural PracticBubsequent ltaptersattempt to provide
essential background information, leading to a practical description of ways in which pesticides
should be used; namely:

1. Diagnosisof the problem

2. Productselection

3. Goodapplicationtechniques

4. Timingof application- not only for better pest control, but specifically for residue
management communicated to the user via fRee- Harvest IntervalPHI- which is the
minimum permitted time between the last spray and harvest).

Overview

How to apply?

IPM: Integrated

Responsible
Use of
Pesticides

Pest Management

When to

What to apply? apply?

In practice RPUcanonlyreally be achievedith accuray andunderstandingabout pesticides
themselvestheir propertiesand application techniqueshis will be the subject of Chapt@r

1.9 Certification

Many of the major chocolate manufacturers now emagise the need for traceability along supply

chains and collaborate with various certification organisations, three of which are described below.

Early experiencesvealed how difficultt can be toeven maintain labour standards (let alone less

W@ A BRSEndE@s) in remotareas, withoften complex cocoa supply chairsaving some to

question whether certification is positive for farmers or ndthe ICCO commissioned a studly the

merits, possible disadvantages and costs of certification todesnwith a review of research into its
O2yiNRGdziA2Y (2 (KS WadadlAyloAfAradeqQ 2F GKS AyRe
AYONBI &S Ay DKLI Yyl EwhiBhawea stnsequahce oftsév&al iRté@erdiéns by
certification, suctas increased access to pesticide, fertilizer, training and consequence good

agricultural practicesand a premiunfprice]perton,t N (G KS aGNRy3ISaid f SOSNE T
However, farmers often have to commit themselves to an initial outlakdth money and effort)

and concerns have also been raised about the equitability of distribution of preng@sysecially to

. http://www.icco.org/aboutis/internationatocoaagreements/doc_download/38&idyon-the-costsadvantagesnddisadvantagesf-
cocoacertification-october2012.hinl
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smallholders. Larger farmers and cooperatinesybenefit from the activities (with somewhat
contrasting emphases) dfie certification schemes:

CERTIFIED

Good inside

Certification bodieghat may be or are currentlynvolved with cocoa traceability and GAP

CENISQ Certificatiort European Committee for Standardisation (CEN) and International

Organization for Standardization (ISO) announge®¢tober2014) that a standard for sustainable

and traceable cocoa that has beenderdevelopment overecentyearsand is proposedo be

released in 2016 The web sitehttps:/mwww.cen.eu)si G S&Y a/ 9bUda +F OGABAGASE
safety are ifline with the European Union's objective to achieve the highest possible level of health
protection for the consumers of Europe's food. EU food safety legislation establishes a cascade of
methods that shall be used for official control purposes. Prefezesgiverto methods that comply

with internationally recognized rules or protocols, like those described in CEN publications.

Therefore a majority of European Standards and other deliverables developed by CEN in the area of
Food and Feed are supported l\andates from the European Commission requesting development

2T OFLEARFGSR YS(iK2Ra 2F FyiNEABSKVFE I 2FAINBERSYVR B 8E
ISO aim to avoid duplication of standartisus a truly internationatocoacertification schem is

under development

Fairtrade International (FLQttp://www.fairtrade.net): is a norprofit, multi-stakeholder

association involving 25 member and associate member organizations. It sets labour and economic

Fa ¢Sttt a SY@ANRBYYSyYy(lf FyR LKe&dG2alyAdlNE adl yF
environmentally sound agricultural practices. The focus areas are: minimized and safe use of
agrochemicals, proper and safe management of waste, maintenaineail fertility and water

resources and no use of genetically modified organisms. Fairtrade Standards do not require organic
certification as part of its standards. Howeyerganic production is promoted and is rewarded by

higher Fairtrade Minimum RrOSa F2 NJ 2 NB | y A Ohef dmphasisiRRI angthelu®¢? R dzO( & ¢
of pesticides with lower toxicitin their Documenfor Small Producer Organizations

TheRainforest Alliancghttp://www.rainforest-alliance.org & & 2 dddserve bidiversitgnd

ensure sustainable livelihoodby transforming landusepractices businesgractices andonsumer

0SKI @A 2 dzNI € 22NJAY3 SAGK || ySGg2N] 2F SYOGBANRBYYS
appropriate standard¥ 2 NJ LINP G SOGAYy3 At REATSE gAfR I YyRaAZ 64
orderto be awarded the certified seabéillustrated). Linked to the Sustainable Agriculture Network

(SAN: wwwhttp://sanstandards.ogy > (0 KS & 8zahtitetl Pebtigide @ ®2 T G

i Nieburg O, 270ct-2014 Is there a place for certified cocoa after the ISO/CEN sustainability standard?
http://www.confectionerynews.com/Commodities/Certifimmtoaafterthe ISO-CEN-standard

Ahttp://www.fairtrade.net/fileadm'r’user upload/content/2009/standards/documents/@R12 EN_SPO_Explan_Doc_3_.pdf
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UTZ Certifiedhttp://www.utzcertified.org/) producers comply with Code of Conduatovering

good agricultural practices, social and environmental critexi¢h a model of continuous
improvement. Fromyea2 y S ( KSe thekcor@cHteria @onc&rdizig Fakefy, farm
management and record keeping, employees and environmental gtiote In the subsequent

years more detailed requirements are added to these points to allow the producer to develop and
improveX ¢ doinliance checked yearly by an independent auditoFhescheme originated in

the Netherlands, with aimitial focus2 y / & (i S théd Sthe@cdcbaNdoducing countries)TZ
Certifiedperformspublic consultatios for itsCode of Condug¢tvhich includes recommendations on
pesticides that may or may not be used on cocoa (also for coffegyngaooibos.

1.9.1 Criteria of certifiers

The precautionary principle is an especially strong concept in Europe (as opposecavdhe
emptorapproach often found elsewhere) and often has been used as a guiding principle to constrain
the use of pesticides. There is no reason wigyghecautionary principle cannot be consistent with
GAPand kading proponents in Europe foritapproach (as opposed to organic agriculture) are a
group of national organisations linked by the European Initiative for Sustainable development in
Agricultue (EISAhttp://www.sustainableagriculture.org.

Potential sers shouldinderstandthe criteria by which GARand particularly SPS standarglare
evaluated bycertification schemesDecision making may have been influenbgather
organisationsand pressure groups such the ISEAL Alliandéattp://www.isealalliance.org) and the
Pesticide Action Network (PARItp://www.pan-europe.info/, http://www.panna.org/), who
O2YyUNROGdzO S (2 piokiSited 2 ¥ NIA & pebtididElgtR &)Afortanatelycertainlists
have recently includedubstances thaare actually permitted for use in both cocpaoducing and
OECD countries and conflate controversial (but permitted) products with obsolete and other highly
hazardous pesticides.

Certifiers therefore riskendngW YA ESR Y S & & | :Ivéhdetentic® SANR S SRR FT2NI a4 (2
important MoA groups, without identifying effective, viable, alternative pest management

techniques. TheECA/CAOBISCO Pesticides Working Grawgargued that it is crucial to

coordinatewith and strengthen the activities of relamt Regulatory Authoritieg which are the only

competent andegal entitiesactuallyable to barharmful substances.

1.9.2 Organic Cocoa

C2fft26Ay3 | ydzyo Sedhsaniker cangeznder féoddafigigaric cdcoaR

production has enjoyed substantigtowth since the beginning of the centurput tempered

perhaps by the post 2008 recession. Where certification is successfully implemented, the farmer

benefits from elevated crop prices, although some argue that production may include cocoa that is
G2INAA O 0 8-oRSWEBdzFli NVSNB aAYLX @& R2y Qi dzasS AylLlzia a
with low productivity)g rather than adhering to the principles of organic farming.

i http://www.icco.ag/aboutus/internationatocoaagreements/doc_download/t&4tudyonthe-marketfor-organiccocoaseptember
2006.html

a7~ 2
sicco’) m Guide to Pesticide Use in Cocoa: 3" edition (Aug. 2015) 24
N )


http://www.utzcertified.org/index.php?pageID=224
http://www.sustainable-agriculture.org/
http://www.isealalliance.org/
http://www.pan-europe.info/
http://www.panna.org/
http://www.icco.org/about-us/international-cocoa-agreements/doc_download/114-a-study-on-the-market-for-organic-cocoa-september-2006.html
http://www.icco.org/about-us/international-cocoa-agreements/doc_download/114-a-study-on-the-market-for-organic-cocoa-september-2006.html

At present, there areseveral interpretation®f organicagriculturein use in different regions of the
world, reflectingdifferent approaches (agricultural/technical, economic or scientific and
philosophical). A general definitiorwasformulatedby the Codex Alimentariui® 1999:6 h NB | y A O
agriculture is a holistic productiananagement system which promotes arthances agro

ecosystem health, including biodiversity, biological cycles, anbicloijjical activity. It emphasizes

the use of management practices in preference to theofigdf-farm inputs, taking into accounhat
regional conditions require locally adaptegstems. This is accomplished by using, where possible,
agronomic, biological, anchechanical methods, as opposed to using synthetic materials, to fulfil any
specifcfunctiong A (0 KA y (i R/Bst cerifarsiafeaffiliGited tdnternational Foundation of
Organic Agriculture Movements (IFOAMww.ifoam.org). IFOAM promotes four principles$

organic agriculture(i) health: of soil, plant, animal, human and plangt) ecolog/: workingwith

systems and cycleiii) fairness characterized by equity, respect, justice and stewards{iv) care:
working in gorecautionary and responsible manner

Organigoroduction is not uncontroversial, with arguments agafmstludingthe damage done by
SEGSyardS ot yR dzaSuv | ANAOdzZ GdzNB (2 6K2t%S SO2aes
needed to feed a growing human populatiand limited remaining agricultural landn addition,

organic agriculture isonly INS f @ WINSSSIOCOASRS Y (K2 dzZaK adNB LRy Sy i a
O2yOSNYySR | 02dzi adzoaidlyOSa ogKAOK NB WoA2l OO0dzydz
Notoriously, copper fungicides continue to be permitted: and in areas where cocoa disaaebesss
Phytophthora megakarypredominate, crop loss could be very severe for organic producers that

rely solely on cultural controls alone. Being elemental, copper is not degradable and builds up in the

soil with continued usg: although limited studieto date have not identified deleterious effects of
mediumterm exposure to soil organisiis It can be argued that in contrast, some synthetic

chemicals used by conventional producers, are safer to apply (copper compounds vary in toxicity

between class kit l1l) and degradable in the environmentn the EU, it was proposed that use of

copper should be below kg/halyear after 2002, and the IFOAMggestedhat it should be

withdrawn altogether after 2010 | 2 ¢ S @ SaNveld stilNgpriayyedpeBut now usuallyto a

limit of 6 kg/ha/year. This probably represents a maximum of 4 sprays per satgormal

application ratesthe use of copper fungicides is discussed further in section 2.5.2.

" At registration, pesticide manufacturers must declhe breakdown pathways of hd their metabolites.
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severalsystems and marks for certifying organic produoe example:
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Examples of organic certification marks

¢ KS % & dzNEDottbn2righ?) became compulsory from 1 July 2009 for-pagkaged organic

food produced in any of the 27 EU member statééthinthe9 ! = f 232 o6SIFNAyYy 3 GKS ¢
CIENXAY3IE 2N GNI Y & leftabdiceényfed car e 8sedon & volantb@sis by2 Y

producers whose systems and pects have been found to satisfactoriZU Regulation No

889/2008 lays down detailed rules for implementation of Council Regulation (EC) No 834/2007

which repeals and replaces Regulation E(EC) No 2092/91, intordefine more explicitly the

objectives, principles and rules applicable to organic production, and in order to contribute to

transparency and consumer confidence as well as to a harmonised perception of the concept of

organic production

1.9.3 Striving for Gustainabl A ET OAT OEAZEAAQEI T 6

ThisManual focuses on appropriate pesticide usedostainednaximistion ofyields within a

GAP/IPM context that might be used in the farm, or in storageut cocoa IPM- previously

perceived by some asnicety- hasbecomea necessity y 2 f 2y 3ISNJ Oy AdG YSIyYy «a
a | y U MJs & rigorous, multdisciplinary approach for crop production and serious political

pressure is now applied for its implementation. Over the coming dechées will be & increaing

demandfor new, but practical and effectivdPMtechniques for growers of cocoa and otleops

The longstanding debaten pesticiderelated issues shows no sign of diminishing, matched only by

the need for increased production of cocoa and othards. | will conclude this chapter with two

headlines anc picture, taken in a leading cocoa producing anehich illustrates another

perspective ¢ KS f 2aa 2F GNBLAOFE NIAY F2NBad Aa Y2NB |
areas. If thecurrent rate of deforestation continues, the world's rain forests will vanish within 100

years causing unknown effects on global climate and eliminating the majority of plant and animal
aLSOASE 2y GKS LI I ySiodé

" hitp://eur -lex.europa.eu/LexUriServ/site/en/oj/2007/|_189/I 18920070720en00010023.pdf
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2 PESTICIDES AND THEIR PROPERTIES

2.1 Whatis a pesticide?

¢CKS GSNXY GLSaGAOARSE Oy 0S RSFAYSR aAayLxXe la |y
a0 3S Ay ONRBL)I LINPRAzOGAZ2Yy S &a02Nr3S 2N 0NF yaLR2 NI o
applies to any organisms that harm crops,they insects, diseases, weeds; In the past there has

0SSy a2YS 02y Fdza A2y -which liés ai tin8s béed jdliedispeificall\t® A R S ¢
insect control agentsand weedkillers (herbicides) that have been managed separately as an

agranomy issue.

The main pesticide groups include:

A Fungicides for crop diseases such as black pod

A Herbicides kill weeds

A Insecticides: control insect pests, but they may also be
- acaricides: controlling mites
- nematicides: controlling nematodes (eelworms
(Note: not all insecticides kill mites and nematodes; on the other hand, many insecticidal
products are sold mainly as acaricides and nematicides).
Rodenticides kill rats and mice (they are often much less effective against squirrels)
Other pesticideypes include molluscicides (that kill slugs and snails) and bacteriacides, but
they are not usually used on cocoa. Occasionally, some substances have multiplesagtion (
metam is a fungicide, herbicide and nematicide).

>~ >~

Each of these main groups are fuet classified: either according to their chemical type or by their
biologicalmode of action (MoA) see 25.

'Y F2NIdzyt 6Ste GKS GSNIY aLISAaGAO0OARSe Aa 2F0Sy (NIy
similar. Once again, it is important to Becurate and specific: there is a common misconception

amongst farmers that all pesticides do some good, whatever their properties, yet they may actually

be harmful.

2.2 Names and composition of pesticides

From a legal point of view, one of the main methodsaihmunication between an agrochemical

company and the user is throduct label The most noticeable words on the label will usually be
thetrade name (orbrandf ' yR 2F O02dz2NAS Ay (GKS OKSYAOIFt O2YLJ
particularbrand of pesticdle. However, it is thactive ingredient(Al: also called thactive

substancg and its concentration that is of most interest from the point of view of efficacy, safety

and residue tolerances.

Routine use of brand names can cause confusion because:
A Often (and increasingly) the brand name represents a product containing a mixture of active
ingredients
A Different brand names may be used for the same product in different countries and
languages
A Active ingredients especially of successful produetsiay bechanged over time
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A The formulation names (and numbers used in the name) may not conform to international
standards.

Labels should also give tkhemical name which follows rules of nomenclature set by the
International Union of Pure and Applied ChemigtkyPAC) as adapted for indexingCihemical

Abstracts In practice, theommon namegfor which there are ISO standards) are generally used for
describing active ingredients. For example, a commonly used pyrethroid insecticide, used on cocoa
is:

CommonName(ISO) lambdacyhalothrin-g KA OK A& SFaASNI G2 NBYSYOSNI GF

Chemical Name of two stereagisomers: (Sh -cyana3-phenoxybenzyl (Z)LR,3RB-(2-chloro-3,3,3
trifluoroprop-1-enyl)2,2-dimethylcyclopropanecarboxylate and {Rryana3-phenoxybenzyl (Z)
(1S,3SB-(2-chloro-3,3,3trifluoroprop-1-enyl}2,2-dimethylcyclopropanecarboxylate

Trade namesre numerous (especially now that the patent for the compound has expired) but they
Ay Of dzZRSY WY NI} 6SQS WYdzy3 Cdzpany iyf fiferéra dountrid€2 NJ o &  dz3

Trade name

Formulation

A label of another pesticide: the
active ingredient and its . : s
concentration (in this case a Active lngfedlent
20049/l imidacloprid SL
formulation) are often in very
small writing. Precautions are
often described in the form of

pictograms(pictures in the bottom Precautions
right of this label.

Quantity & description

2.2.1 Active ingredients (Al), composition, formulation

For the purposes of toxicology, residue analysis and efficacy, it Altlhs described by its ISO
common name that will be the focus of scientific anelydHowever, pesticide products very rarely
consist of purd¢echnical material The Al is usualfgrmulated with other materials and this is the

¥ Inclusion of compounds or products are for illustration only and does not imply recommendation or otherwise.
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product as sold, but it may be further diluted in udeormulationimproves the properties of a
chemical for: handling, storage, application and may substantially influence effectiveness and safety.

Formulation terminology should follow al@tter convention:(e.g. GRgranules), listed bZropLife
International (formerlyy GIFAP then GCPF) in @etalogue of Pesticide Formulation Types
(Monograph 2%: also recognised by FAGme manufacturers still fail to follow these industry
standards, which can cause confusion for users.

By far the most frequently used productsdormulations for mixing with water then applying as
sprays. Water miscible, older formulations include
Emulsifiable concentrate EC

Wettable powder WP
Soluble (liquid) concentrate SL
Soluble powder SP

Newer, nonpowdery formulations with reducedr no use of hazardous solvents and improved
stability include:

Suspension concentrate SC

Capsule suspensions CS

Water dispersible granules WG

The major groups of pesticide formulations can be illustrated as follows:

Formulation types by use

I /piicd as liquid sprays:
I Usually used undiluted
- - - (or limited dilution with organic carrier)

1

Formulations for baiting uLvy | Fogging:
UL, OF || HN, KN

Miscellaneous others For mixing and spraying with water
PO - pour on (animals) — — — o |
GS - grease SL, SP WP EC sC WG

efe.

Very occasionally, some peastes €.g malathion) may be sold as technical material {W@ich is
mostly Al, but also contains small quantities of, usually-active, byproducts of the manufacturing
process).Ultra-low Volume (ULV) techniques that uselmlsed solution (UL) @uspension (OF)
formulations have yet to be extensively tested in cacalthough fogging techniques were used in
certain countries having large cocoa plantatiol® (dustsare now rarely used and known to be
inefficient and hazardous (replaced with maegranules: MG for other crops such as rice).
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In the EU, formulation materials are now covered by new regulations called BEECH907/2006)
designed to promote the use of alternative methods for the assessment of the hazardous properties
of substanes;several chemical grougseviously used in pesticide formulatioresd.Alkyl Phenol
Ethoxylateor APEsurfactantshhave beerdis-allowed

2.3 Biological activity of pesticides

The purpose of applying a pesticide is to achieve a biological effect on the target pest. This effect is
often described by scientists asesponseand it isdose dependent which usually means that the
higher the dose, the more individuals irpapulation of organisms will be affected (and ultimately
killed). The population in question could be theget pests but also unintentionally exposed

human beings or othemon-target organismgbeneficial or harmless animals and plants). This is
assesseth laboratory experiments callebioassaysywhere response is measured over a range of
doses (differengjuantities of pesticide [Al] delivered individually to target organisms).

Described on a graph, the responsads-linear (i.e. not in a straight linefput usually in the form of
asigmoidd W{ Q & K |- &d8 iRustratiomzNIB& irst diagram shows that this sigmoid curve has
been derived from th@ormal distribution - the bell shaped curve that describes natural variability
which is widespread inving organismse(g the height of people, the weight of cocoa pods, the
ability of animals to withstand drought). By analysis of this dose response line, an estimate can be
made of themedian lethal doseor LD, of a pesticide to a group of organisme.(the exact dose

which would kill 50% of a test population of pests).

The Lkxis derived from the doseesponse curve and represents the dose at which 50% of test
organisms (such as pests) are killed. In practical experiments, there is often cablgderriability

in measured mortality at different dose rates and statistical methods (called logit or probit analyses)
are used to determine Lsgs as accurately as possible

Other levels of response can be used such agdtd LI, (i.e. the 10% and @ level of control
respectively) but. Dy, is most commonly used since it represents the point at which the dose can be
estimated most accurately. In some bioassays, the pesticide is not administered directly to the
target, so the true dose applied to a given individual is not known. Diffelesageqseesection

4.1) may have been applieé.@¢ different rates of surface deposit from various concentrations of
pesticide mixtures) in which case thedian lethal concentratioror LGy will be quoted.
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2.4 Pesticide properties and modes of dose transfer

There are hundreds of pesticides that work in various ways: and the different types of control action
affect the amount, efficiengyspeedand modeof dose transferto the target pest.

/; Direct .\ Secondary contact Ingested

.

Repellent

A summanpof the majorinsecticide dose transfer mechanisms.

Farmers (and researchers) may not always appreciate that, except in certain circumstineces,
contactwith spray is a relatively unimportant dose transfer mechanism. Many insecticides rely on
pests picking up a lethal dose after crawling over deposésdndary contagtor byingestion
Fungicides such as copper, which only hanatectant action,mustsimilarly be well distributed on

the surface of the plant, in order to prevent infection by fungal diseases. In practice, contact
insecticides and protectant fungicides must be applied with a gmy@rageof spray droplets in

order to make contact withhe target (although copper deposits megdistribute over the surface

of the plant by rainwater) Fumigant actionis especially important for control of storage pests.
Certain older insecticideg.@ lindane, endosulfan: sdasecticidedelow) were especially effective,
since fumigant action often helped to compensate for inadequate application in the field (difficult at
the best of times with cocoa)Repellencymay not always be beneficiagspecially if deposits are
short lived or if pests consequently pick up deathal doses. However the conceptlofe and Kill
(where an insecticide is mixed with an attractant) has been used very successfully for copéstisof
such as fruiflies.

Ingestionof insecticides may occur via various routes: either fromastdual deposit(as illustrated)

or bytranslocation- where pesticides have an ability to be absorbed into the plant and are
redistributed, including to theite of attack. Depending on their physicakemical properties (see
below) some pesticides may lrans-laminar (travelling short distances through the surface of
leaves into the tissues) aystemic(where the insecticide, fungicide or herbicide is translocated over
greater distances).
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Systemic actions an important feature of many modern fungicides and herbicides, besides being

often effective for control of sucking insects (aphids, capsids, megiyetcd | YR WONE LIJi A OQ
(e.g insects that are unlikely to come in contact with a pesticide spray by burrowing into the plant).
Systemic translocation is usuadlgropetal moving up the plant from the point of application, or

towards the edges deaves if these are sprayed. Only herbicides (and rare examwiple

phosphonate fungicides and one recently introduced insecticide) move down the plant (basipetal
translocation) towards the roots.

2.4.1 Physical and chemical properties (and where to obtain inf  ormation)

Readers wanting to know more about pesticides can consulP#sticide Manuat, which is
available either as a book or electronically (the latter is updated annuaiygain, the importance of
accuracy cannot be ov@mphasised, and a refere@avork such as this is an essential tool for policy
makers, senior crop protection scientisédc. ThePesticide Manuahcludes information on:

A Names: both international nomenclature and common product brand names

Physical chemistry and methods of arsidy

Commercialisation and toxicological reviews (includihgmical Abstracts Service Registry
Number [CAS RN] amsthtusin EU regulations

Mode of action, common uses and formulation types

Mammalian toxicology

Ecotoxicology and environmental fate

> > >

>\ >\ >\

Althoudh much of this information is specialist in nature, anyone advising on pesticides should be
familiar with the function of certaicrucialentries.

Information on properties such agapour pressuresolubility and partition coefficient (log P) can
give mportant clues on whether thbehaviour of a&zcompoundin the plant or environment

A Solubility: Unless stated otherwise, units for solubility in water are in mg per litre (g L
Measurements are influenced by the temperature, the pH and the metrseadl.

A Partition Coefficient: K, (expressed asog P)is a measure for the lipophilicity
hydrophilicityof a substance. With most pesticides and other organic substanges, K
provides a useful predictor of their properties, provided the molecular weghot too high.

It is a dimensionless parameter and is the measured ratio (at equilibrium) of dissolved mass
of the substance, between equal layers ebctanol and water.K,,, is often expressed as
LogP (which is log to the base 10 of thg}and is casidered to be a good indicator of:

- systemic action, with low values (generally of <=2) indicating likely systemic
translocation of pesticides or pesticidal breakdown produeesy low (or negative)
values often indicate basipetal translocation: as withAny systemic herbicides

- accumulation in organisms and food chains {oocumulation: with a positive
correlation with log P)

A Vapour pressurdvp): is a measure of how readily it will volatalise and for pesticides can be
considered advantageous or imagative light:

- a pesticide with fumigant action can have useful penetrative powers, but ...

- a highvp can cause vapour drift and environmental pollution; first noted with some
of the early synthetic auxin herbicides.

The usually used Sl unit for vapouegsure is the milliPascal (mPa =gghor 0.001 N-iff)

" An freeonline resource listing many pesticide properties can be fourtdtprifsitem.herts.ac.uk/aeru/ppdb/en/search.htm
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A Henry's constantor airwater partition coefficient (sometimes Kaw) describes the
concentration ratio of a substance in equilibrium between air and watieus the tendency
of a material to volatise from agueous solution to air. Sometimes measured, but more
usually calculated, as the ratio of vapour pressure (in Pascals) x molecular weight / solubility
(mg L.

A Adsorption Coefficient, K: is the ratio (at equilibrium) of the mass of a subswradsorbed
onto a unit mass of soil, relative to the mass remaining in water solution. It is heavily
influenced by the organic carbon content (OC) of soil and the value is also dependent on the
type of soil and the soil pH; it must therefore be used aallgfand a range of given values is
commonplace.

2.5 Mode ofAction (MoA) groups

Historically, pesticides have often been classified according to their chemical groups and this is useful
for understanding the properties of a given compound (as above). Hownefirst entry given for

most compounds in th@esticide Manudis themode of action (MoAgroup: which possibly

represents the most useful pesticide classification for biologists.

az2z! SyiGNARSa YlIé 06S az2YSliKAy3a tA1SY wCcw!/ DmMQI WYL
of view, one of the most important threats to product sustainability and innovation is the onset of
resistance(see Section 2.6)Researcthased companiesollaborate (under the auspices GfopLife

Internationa) in order to develop better understanding of MoOA mechanisms and thus create a
GO02YY2y 3dJ22Ré o0& YAGAIALNGAYy3d GKS 2yasSia 2F NBaradl
committees:

A Fungicide Resiahce Action Committee (FRAC)
Insecticide Resistance Action Committee (IRAC)
Herbicide Resistance Action Committee (HRAC)
Rodenticide Resistance Action Committee (RRAC)

> > >

MoA describes the way a pesticide attacks some biological process (often a baytdiamical
pathway in a particular kind of living cells) within the pest. For example:
A Selective herbicides might attack specific photosynthetic process in the chloroplasts of
susceptible plant cells.é. weeds not crops).
A Pyrethroid and neonicotinoidsecticidegNNI)attack nerve cells (and have a faiolpad
spectrum).
A Phenylamides that attack specific nucleic acid synthesis pathways in Oomycetes such as
Phytophthora

Classification gpesticides by usingVoA is important for:

A Resistance managemerfoften effective by rotating 3 or more MoA on a seasonal basis)
A Understandinghe biochemical pathwayby which a substance is effective, thus

U Determining its likely effects (and often speed of action) on the target, pest

U Providing a convenient classkition of pesticides for biologists.

Having entered an organism, pesticides are oftegtabolised¢ or changed into one or more

different chemicals. The metabolites (changed products) may be either more toxic or less toxic than
the original pesticide igredient. Given enough time, an organism may be able to metabolise certain
pesticides to noftoxic metabolites and survival or death may depend on the rate of metabolism
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before the toxic activity is complete or irreversible. On the other hand, somecpiesiare effective
only after they have been metabolized to a lethal compound in the organism.

The MoA will often determin&pectrum of actionthe degree to which a pesticide discriminates
between target and nottarget organisms. Aelectivepesticide affects a very narrow range of

species other than the target pest. The chemical itself may be selective in that it does not affect non
target species or it may be used selectively in such a way thatarget species do not come into
contact wth it. Non-selective pesticidesill a very wide range of weeds, insects, plant disease
organismsetc.

2.5.1 Insecticides

Insecticides (as opposed to fungicides and herbicides)enteaps most controversial of the

pesticides Hstorically, they have includedome of themost toxicsubstances appliebdy farmers

but modern insecticides now include substances which can be formulated into products that are in
toxicity class Il or bettdgisee section 3.1.1)The following is a brief description of tHRAC MoA
groups with a summary of properties of insecticides in current use for cocoa givistie 21.

Group 1 insecticidesnhibit the Acetylcholinesterase (AChE) pathway at nerve junctions. Because the
AChE mechanism in insect synapses is similar to thaanfmals, many group 1 compounds are
extremely or highly hazardoytoxicity class J)although there are exceptions.f malathion,
temephos which are in toxicity class)lliThis group contains a number of systemic compouads (
carbofuran, carbosulfan, dimethoate, monocrotophos) avith vp values of >1 may have significant
vapour action. Thegre divided into two chemical suiroups:
A A:carbamates such as promecarb and propoxur that have been used on cocoa, but are now
withdrawn in the EU. Fenobucarb (BPN&S}ill widely used against sucking pests in Asia,
but not in Europe, so residue tolerances above LOD for these compounds in the EU are
bound to be temporary.

A B:organophosphorous (OP) insecticides such as malatbidapyriphos and pirimiphos

Group 2compounds are called GABgated chloride channel antagonists and include two-sub
groups:

A A: dder organochlorine compounds: HEfthe purified gamma isomer of whichdslled
lindane) and the cyclodiene group of compalsrcalled, that includes endosulfan. Both HCH
and endosulfan have historically been very important insecticides in cocoa, but are now
obsolete and have been withdrawn. Thiimigantaction(highvp: see section 5.2.2)as
considered to be aseful propety for farmers- substituting for poor applicationbut is now
unacceptableon environmental groundsn 2009 the production and agricultural use of
lindane was banned under the Stockholm Convention on persistent organic pollthants

A B: therelatively new (reported in 1992)roup ofchemicas calledphenylpyrazolesor
fiproles, represented biipronil. Highly potent against a wide range of insedtsan be used

" GABA: gamma amino butyric acid: important for nerve transmission in both invertebrates and vertdhrates
~ binds less strongly (so may be less toxic) to the latter.
AHCH: hexachlorecyclo-hexaneor (incorrectly but weltknown) benzenéexachlorideBHC
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at very low rates of application and formulated into products classdiaxicity class Ill.
Nevertheless, fipronil has a toxic sulfone metabolite (MB46136) and, unusually, it has been
FdaA3IySR I aw[ 2F ndnnp 66KAOK A& o0St2g GKS
impact on nortarget organisms, it should be deployedth great care and is primarily used

for its very effectiveprotection of seedlings (and wooden structures) from termite attacks.

The organechlorine compoundDT actually belongs to the same IRAC group (3) as pyrethroids (see
Box 2below)- all these clemicals attack the insect nervous system, but in different w&/T and

most compounds in groups2 representdld insecticide chemistri€and have been most heavily
decimated by regulatory and commercial factors over the past two decades. The fergrtiain

(mostly OPs) are usualjoftertrepresentatives of their class. They are considered practical and
attractive to farmers because they are cheap, fast acting and have a broad spectrum of action. In
terms of pest management strategy they help ntain diversity of MoA for resistance management
(IRM), OPs in particular do not builg in the environment andomehave such a short persistence
that they rarely present residue problems. Nevertheléisey are suspected endocrine disruptors

(see Box landa recent review O 2 y O f dzRThé&majorkylofivelldesigned studies found a
significant association between lelevel exposure to OPs and impaired neurobehavioral funétionA y
humans. It is therefore probable that Of® unlikely to remain permittedh most countriedbeyond

the end of the decade

Pyrethroids(IRAC MoA group 3)

Previously the most important Insecticides by market share, now the second largest sector of the
synthetic insecticide market: they are highl§eetive against agricultural and public health major

pests. Firstintroduced thirty years ago by a team of Rothamsted Research scientists led by M. Elliott,
they represented a major advancement in activity and relatislely mammalian toxicity. Their
development was especially timely with the identification of problems with & boxX2): which

belongs to the same MoA groufhéy interfere with sodium transport in insect nerve cglls

Work consisted firstly of identifying the most active componentgysethrum, extracted from East
African chrysanthemum flowers and long known to have insecticidal properties. Pyrethrum rapidly
knocks down flying insects, but has a low mammalian toxicity and negligible persistehich is

good for the environment bugives poor efficacy when applied in the field. Pyrethraias be
described ashemically stabilized forms of natural pyrethrum.

The £ generationof pyrethroids, developed in the 1960s, include bioallethrin, tetramethrin,
resmethrin and bioresmethrinThey are more active than the natural pyrethrum, but are unstable in
sunlight. Activity of pyrethrum and*eneration pyrethroids is often enhanced by addition of the
synergistpiperonyl butoxide (which is not itself biologically acjivéfter EC 11072009 many '
generation compounds were not includedmegisteed, probably because the market is simply not
big enough to warrant the costs (rather than any special concerns about safety).

By 1974, the Rothamsted team had discovered“@@neration ofmore persistent compounds
notably: permethrin, cypermethrin and deltamethrin. They are substantially more resistant to
degradation by light and air, thus making them suitable for use in agriculture, but they have
significantly higher mammalian toxicitie®ver the subsequent decades these were followed with
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other proprietary compounds such as fenvalerate, lambyghalothrin and betacyfluthrin, but most

patents have now expired, making them cheap and therefore popular (although permethrin and

fenvaleratewere notre-registered under the 91/414/EEC process). One of the less desirable

characteristics, especially of*2yeneration pyrethroids is that they can beitant to the skin and

eyes, so special formulations such as capsule suspensions (CS) hademdeped.

Box 2:DDTin cocoa growing countries

¢ KS | ONEP diehiérodihéngHerhloroethand invokesmany of the (often negative)
perceptions about pesticides. The first major synthetic insecticide, introduced in the 194
this compound waaccompanied by others in the group of chemicals called organochlori
By the 1960s, Rachael Carsand others were pointing out their negative sidéfects,
particularly associated with overse in agriculture (environmental impact, resistance and
resurgence). Perhaps the greatest alarm amongst the general public was caused by res
2y FT22R3X gKAOK NBadzZ 6SR Ay RSGSOGA2y 27
gla 2yS 2F GKS FANRG O2YLRdzy R& ffdzia S (@t
However, DDT has undoubtedly saved millions of lives: it is cheap and providésriong
O2y iNRt 2F YFEFNRI Y2aljdAad2Sas 6A0K KI &
quantities for indoor residual spraying (IRS) in endemic yegig

DDTis now never recommended in agriculture, but there are reports of misuse, with IRS
insecticides bein$ivertedbnto crops, so residues on food continue to be monitored.
Malaria is frequently endemic in cocoa growing areas, seusgsis possible; for this reason,
practical MRLs have been set @i ppm in the EUQ.15ppm in Russidl.0ppm in the USA
and0.05ppm in Japan.

i Carson R (19638ilent SpringHoughtonMifflin (1962); Mariner Books (2002).
ii Yamey, G. (2004). Roll Back Malaria: a failing global health camp®da28: 10861087.

Pyrethroids have been widely used against cocoa insects, especially mirids in West Africa (also

Helopeltisand cocoa pod borer in SE Asia). They belong to commeaty examples include:

bifenthrin, deltamethrin, cypermethrin and lambdahalothrin.

Synergized tetramethrin has been

applied extensively for control of warehouse pespartly due to its low prsistence and irritancy,

but (together with permethrin) it has not beenregistered. First generation pyrethroids have been
replaced withnatural pyrethrum (usually synergizeat)d other permitted, 2™ generation®nock

down(nsecticidesuch as cypenethrin. These mudie usedvery carefully due to greater
persistence and the general risk of insecticide resistance.

Neonicotinoid insecticidegIRAC class 4A)

bAO2GAYSS

0KS WIFEOGAGS AYINBRASY(IQ FamduralY2 | SNET
LINE RdzO (i = wasprevioGsipermiiied for@rganic pest management, but purified nicotine
would be classified as most toxic (class 1) if sold commercially. As with pyrethrum and the

A

pyrethroids, the commercialised synthetic analoguésfct SR Wy S2y A O2GAYy2ARQ 2 NJ

(NNDare more stable than their natural progenitors in sunlight. Unlike pyrethrum and pyrethroids
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odzi Ay 02YY2y gA (K NNiygiGiNhave/rdativelplsnSmarmialiaN Joxdciied >
comparal with their natural analogue, with several products available in toxicity dlass

Table 2.1Properties ofsomeinsecticides in current use for cocoa

Solubility  log P Vapour bee tox. bee tox. WHO EU
(mg/l or ppm)  (Kow) pressure oral _ contact tox. Class reg.
(mPa) 6>3k0 6>3kc (A status

OPs & Carbamates IRAC group 1

diazinon 60 3.3 12 "Highly toxic to bees" I Y
dimethoate 23.8  0.704 0.25 0.12 (topical) Il Y
chlorpyrifos (ethyl) 1.4 4.7 2.7 0.36 0.07 Il Y
fenitrothion 14 3.43 18 "toxic" Il N
fenobucarb (BPMC) 420 2.79 13 - Il N
malathion 145 2.75 5.3 - 0.71 1" N
pirimiphos methyl 10 4.2 2 "toxic" i Y
phenylpyrazoles IRAC group 2

fipronil 1.9 4 37x1¢ 0.004 % Il M
Pyrethroids IRAC group 3

i O& ¥t dzil KNJ 0.00120.0021 59 1.485x10 < 0.025 (FAO) Ib Y
bifenthrin <0.001 >6 1.81x10 0.1 0.015 I Y
h OB LISNXYSF 0.01 6.94 23x10 0.059 I Y
deltamethrin 0.0002 4.6 1.2x10 0.079 0.051 Il Y
< QéKlIt2i0K! 0.005 7 2 x 10° 0.038 0.909 Il Y
Natural pyrethrin | 0.2 5.9 6.9 x 107 0.022 0.013 Il Y
pyrethrum: pyrethrin || 9 4.3 2.7x 10° (48 hr.) Y
Neonicotinoids IRAC group 4

nitro(guanidinejsubstituted

clothianidin 300+ § 0.7 1.3x10° 0.0038  >0.044 Il (EPA) M
imidacloprid 610 0.57 4x10 0.005¢ 0.018¢ Il M

0.07m 0.024m

thiamethoxam 4100 013 6.6x10 0.005 0.024 1] M
cyanasubstituted (pyridylmethylamine)

acetamiprid 4,250 0.8 <1x10 14.5 8.1 Il Y
thiacloprid 1,850 0.73 3x 10’ 17.3 38.8 1" Y

_US EPA defines a pesticide as highly toxic to bees iftggAL® ¢ H >3k 0SS
F i O@TFfdzZiKNAYY n LIANRB 2F SylLyidiAaz2YSNA

8: depends on pH
MY @I NR2dza &aiddzRASA

There arenow about a dozen NNI that have been developed since imidacloprid was introduced in
1991 by Bayer AG and Nihon Tokushu Noyaku Seizo KK. They belong to three chemioapsib

of which two are of current interest in coco&ll NNIs are systemic having a high solubility and log P
values of <Isee Table 2). Probably the mostontroversial aspect with these compounds is the
relatively high toxicitypf some Ato bees (in spite of having passed through a whole raft of
environmental testing before registration). In Europe, the probl@asmanaged by engineering
controls that greatly reduce drift: of spray droplets and dust from seed dressings.

"US EPA (2013): Technical Overview of Ecological Risk Assessment Analysis Phase: Ecological Effects Characterization,
U.S. Environmental Protection Agency, WashingtonwiMv.epa.gov/oppefedl/ecorisk ders/toera_analysis_eco.htm
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In 2013, anoratorium was placed on the NNI: clothianidin, imidacloprid atdiamethoxam in the

EU(see section 2.8)At this stage, we can only speculate on the practical medamg term

conseqguences of this moratorium and any further restrictions in cocoa consuming countries.

Withdrawal from use in the EU could resimtdiversion of products to secondary markets (with
L12aaArofS O02yaSlidsSSyd WLINAROS O2YLISGAGAGSYySaaqQ 2NJ
cyanosubstituted NNIi 2 0SS LINRPY2 3G SRZ 28MRK S ¥R &@bke? NShaivd WX 2 INBJ
that theyare more >2 orders of magnitude less toxic to bees than the -gitoaip, especially via the

oral route

Toxicity of Als to honey bees is of obvious interest to cocoa growing areas where hives are

maintained. There is also a research need to assesspact of insecticide products to principal

cocoa pollinators such &orcipomyiaspp.sensu latqDiptera: Ceratopogonidaend other midge

families including the Cecidomyiidaén his 1972 bodk9 y i g A a Gt S adF G SR aLi Aa F
of insectiédes on insect pollination of cocoa or on the pollination mechanism have been adequately

Ay @Sai A 3teahRréedoday, b vesearch into this important aspect is being undertaken

by the COCOAPOP projeshichprovidesuseful referenceson taxanomy, surveying, ecologgic.

Other insecticidal modesf action

The insecticides described above all act on biochemical pathways in the insect nervous system and
arel Kdza 0 S 3 NER dzLJSriRthdrnise aBywSalrhdect fotrdirat@Asunderstanding of

the effects d insecicides ontargetbiochemicapathways improves, pdatesare made available by
IRAC. Researctbased grochemical companiesontinue to explore new markets for their

proprietary Als and these are listed here in ApparIC, as information is made available.

CompanieK I S NBOSydte SYLKIFIaAaSR (KS WstelabmN22) 2 NA I A
for example, groups 5 and 6 consist of fermentation produeith relatively large complex

Y2f SOdzf Sa @& Off SR. THRSO @& e fro®accharopolyspora spinoaad

Streptomyces avermitili@spectively There is considerable interest in the latest MoA grzg),

the diamides or ryanodineeceptor modulatorsyhichare synthetic analoguesf water-soluble

extracts of the tropical shrutRyania specios@&xposed insects exhilieneral lethargy and muscle
paralysideading to death, but mammalian toxicity is very low.

There are also reports of limited usersreistoxin analoguegroup 14) beig used in cocoa: arsll

group of commerciahlkaloidpro-insecticides derivettom Nereisspp. (marine ragworms)

Examples areartap hydrochloride, thiocyclamndthiosultap-sodium like NNI and spinosyns they

affect, in this case block, th@cotinicacetylcholine receptor (NA&) channein insect nerve

synapses. Although available in Asia and Africa, they cannot currently be recommended since MRLs
have yet to be estdished in the EU and elsewhere.

atye 2F (GKS WySs SN OK Seepedialynsraptive shceihgySavalded 4 G y OS5 &
mammalian toxicities, thus helping to overcome one of the major criticisms of insecticide use. Some
MoA groups, often of lower toxicity to both mammals and fiarget organisms (IPM compatible)

" http://www.cocoapop.eu/abottie-project/papergaccesedluly 2015)
A http://ww.iraconline.org/documents/meelassification/?ext=pdf
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are decades old studing nonneurotoxic compounds that specifically target insect biochemical
pathways. These include various mechanisms in the formation of insect cuticle, regulation of ecdysis
(moulting) and other endocrine functions unique to insects and other arthdspdJsually slow

acting €.g taking more than 3 days to show activity in the field), noreuro-active products have
proved more difficult to sell, involve greater levels of farmer training and may encounter difficulties
at the registration stage (seestion 2.7). Nevertheless, the need to find effective control measures
against pests such as cocoa pod borer and maintain a diversity of MoA for resistance management,
may yet establish a role for insecticide groups 15, 18 and possibly othersetfidmect acid
spirotetramat(group 23) was the first insecticide to exhibit downward (basipetal) translocation,
making it very effective against certain sucking insects; naergoing evaluation againgte mealy

bug (Pseudococcidae) vectors of cocoa swdallerot virus disease (CSSVD).

Table 2.2Some dernative insecticical Modes of Action considered farsein cocoa

Group Mode of Action Examples Possible use in cocoa

a. Insecticides acting on the nervous systean nervemuscle interface

5 Nicotinicacetylcholine Spinosyns such as Broad spectrunagainst
receptor (NACR) allosteric spinosad Qoleoptera, Lepidopteragtc.
activators

6 Chloride channel activators ~ Avermectinssuch as Broadspectrum activity

emamectinbenzoate against epidoptera
28 Ryanodire receptor chlorantraniliprole Lepidoptera such asocoa

modulators(diamides)acting (CTPR)cyantraniiprole, pod borer
at the nerve muscle interface flubendiamide

b. Nonneurotoxic MoA

9B Selective feeding blockers pymetrozine Hemiptera such as mirids
modulate chordotonal organs

18 Ecdysone receptor agonists  methoxyfenozide Relatively specific for
(mimics action of moulting Lepidoptera: possibly useful
hormone lethally accelerating against cocoa pod borer.
the proces$

23 Inhibitors of lipid biosynthesis Tetronic acidsuch as  Possibly useful against
(acetyl COA carboxylase spirotetramat Pseudococcid CSSVD vectors

Finally it is important to mention here the potential fonicrobial control agents (MCA) including
entomopathogenic fungig.g. Metarhiziumand Beauveriaspp) and viruses. flese have yet to be

assigned MoA groups by IRAC, but the bacteBauillus thuringiensishe most important

biopesticide worledwideK I & 6 SSy I a a A 3 yirficRbiak dfriipfors 8f MBedzmidgatm | ¥ W
membraneQ i Kl & 0SSy iadypdteidsihdtRenérde this actidh Soul’be

expressed in the cocoa huakd efficaciousigainst pod boréef, but genetic modification in this crop

is considered highlgontroversial, even in the Americas.
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2.5.2 "Fungicides"

The term "fungicide” refers, as its name suggests, to agents that control fungi. However, the same
substancesnay also bective against Oomycetéer water moulds): the important group of

organisms thatontainPhytophthoraspp., buthave now been assigned tacampletely different
kingdom (the Chromalveolata).

Perhaps he most widelyused fungicides are various copper compoynalsich are active against a
wide spectrum of plant disease€opper is marlikely to be a soil/environmental issue, and since
these compounds are essentially contact fungicides, it would be difficult to distinguish exogenously
applied sprays from baeground levels in residue tests. The MRL set for copper ions, is 50 mg/kg.
Organic producers are still permitted to use copper, albeit on a restricted basisésten 1.8.2.

The MoA of copper compounds is described as psitki (FRAC group M1), therefore the risk of
fungicide resistance is considered to be low.

Phenylamide ompounds(FRAC group Alhaveprotective, curative and systemaction against
Phytophthoradisrupting the unique nuclear RNA synthesis pathway®omycetes Metalaxyl was
discovered by Ciba Geigy (now Syngenta) in 1977. It consists of a number of isomers and it was later
discovered that one in particular, metalasill showed greatest biological activity. In 1996 the

company repatented the latteras mefeh E Y 6 Y I NJ S GBRE RGO WwKdRR YRZ dzo £ A Y
life. Residue studies and submissions for registration in the EU refer strictly to this isomer, which

was included on EU/91/414 Annex 1 effectively a new substance (confirmed under legislation
02/64/EC). Supervised GAP residue trials for the latter were carried out by Syngenta on fermented
dry beans and using the local processing methods, in order to obtain MRLs. Residue trials included
rates of 90 g mefenoxam/ha (2 x normal rat&)nder EU legiation, he status of (chemically)

unresolved metalaxyl has ndween clarified and the MRL includes mixtures of all constituent

isomers including metalaxil (i.e. the sum of isomers).

metalaxyl Resolved:
Oy, O—CH, metalaxyl-m
T S isomer - )
C—CH,—0 <
CH, (He=-C—~=N ) ;

L b,
T

Hy,e— ) H

Residue analysis has recently focused on metalaxyl and benalgadjaly since farmers might
spray within its one month praarvest interval (PHI: one of the principal means of mitigating high
residue levels) Extension efforts should therefore focustimely application(regular monitoring)
andonly applying coppefungicides near to harvestlt isalsothought that there is a high risk of
resistance tdhese Alby Phytophthoraspp and agrochemical companiésveintroduced
alternativeMoA. Carboxylic Acid Amide (CAA) fungici@d®AC group5, previously placediF5
disrupt cell wall deposition (the cell walls of Oomycetes differ from the fungi, and contain glucan
cellulose rather than chitin)TwoAl: dimethomorph (DMM) and mandipropamid have now been
registered for use againgthytophthorain cocoaand provide much needed MoA diversitr better
resistance management

a7~ 2
sicco’) ﬂﬁ@ Guide to Pesticide Use in Cocoa: 3" edition (Aug. 2015) 42
N )



Table 2.3Properties osomea @ a 4 SYA O 6 f I Ofn curdenRuseddt dagod A OA RS 4 Q

FRAC Solubility log P (Kw) WHOtox. EU reg

code (mg/l or ppm) Class (Al) status
metalaxyl(~M isomer) A1 @) 8400 (2600) 1.75 (1.71) n Y
benalaxyl Al (4) 28.6 3.54 1] Y
dimethomorph (DMM) ~ H5~ 18 (pH 7) 2.63 1l Y
mandipropamid H5" 4.2 3.3 \Y Y

In Appendix 3C, experimentslloA groups thatre known toincludeAl active againsOomycetes are

marked withmY G KI G Ay Of dzZRS 2GKSNJ Cp YR /y O6VELY vdzy

2.5.3 Herbicides and sprouting inhibitors

Herbicides, or weed killers, occupy the largest global share of the pesticide market, although their
use by mallholders is limited in comparison with intensive farming, amenity weed comtiol,
Perhaps their greatest use in cocoa is in lasgsale, commercial plantings. They are most typically
applied at an early stage to prevent young plants from beindgetidoy weeds. Control is rarely
required once the canopy closes (although mistletoes may become a problem in poorly managed
cocoa).

Herbicides have been classified in several ways and, as with other pesticides, a number of chemical
families can be groupelly their modes of action (using letters in the HRAC nomenclature). In
practice, herbicides are often grouped according to their mode of use:
A contactherbicides, where only the part of the plant sprayed is killed, such as the
photosynthesis inhibitaparaquat and diquat(MoA group D)
A systemic- pre-emergent and posemergent herbicides include compounds that:
- disrupt amino acid synthesis in chloroplastg. various salts ofilyphosate (group G)
- disrupt cell division in broatbaved weeds: includg synthetic auxins such as 24
triclopyr and picloram (group O).

Triclopyr is used as stump arboricidich has a specialised usedncoa swollen shoot virus disease
(CSSVD) control campaigns: to prevergmawth of old trees, before rplanting wih improved
cocoa varieties.

During recent surveys in cocoa, glyphosate and paraquat haverbeerdedas widely used on
0202 @ Df @LK2al S A a-ragkihgpedtithiB oy Isate§, spetifllpavaslabNasR Q &
two salts (isopropylamine anditmesium) from a wide range of companies.

Thesynthetic auxin herbicide, 2@ has causedonsiderableconcern, appearing as residues in cocoa
beans from more than one countryheactive substances include a number of Sakeid and

esters some ofwhichare moderatelyvolatile /p of acid=1.9x 10° mPg and havea characteristic
odour. In some cases, it transpired that residues originated from the ground on which cocoa beans

" Target site group H: cell wall biosynthei§RAC code 40 previously in FRAC target sitgroup F5
Amany 2,4D salts dissociate to the acid in water; at pH 7, log P of acid = 0.177, water solubility = 44.6 g/L.
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had been dried (roadsides, courtyar@sc.) previouslytreated with herbcides, or had been exposed

to run-off after rain. The use of drying mats for cocoa beans, elevated off the ground, is therefore an
important SP$ecommendatiorand it is vital that exposure (including vapours) to cocoa beans is
avoided at all stages the supply chainincludng storage and transportation.

In principle
- Approved herbicides present a low &
risk when used judiciously for wee:
management in establishing trees
- X gKAOK SaLISOAL 1M
application: avoiding the ?
production and drift osmall
droplets onto nortarget areas.

and supply chain
- X KSNbAOARS NBa,
from outside the cocoa garden.

2.5.4 Pesticides for vertebrate pests

A rangeof vertebrate pestsfrom elephants to smaller rodents and birdsve been recorded as
cocoa pests. It is significant perhaps, that vertebrates are probably responsible for most natural
sowing of cocoa seed, with the Brazilian kinkaat¢s flavus specificallyassociated wh cocoa in

its centre of origin The mostonsistentlydamaging species are probably rats and squirrels, with
studies indicating crop losses of between 1% and 20%. LosSEsAriand certain islands appear

to be especially highwith anecdotal repos of high damage where cocoa is grown near food crops
such as rice;ie World averagéossmay be 510%.

For many years there werssentially two groups of rodenticides: acute and chronic agents, which

are by necessity all highly toxit mammals Theolder, acute toxicants such ascand aluminium
phosphidescouldd SOF' YS Ay STFSOGADS RdzS (G2 WolAlG akKeySaaQ
bait with the poison.Sodium fluoroacetate $08QQis another inorganic acute poison: considered

effective for areawide control operationgincluding aerial applicationsputit has become

dzy  OOSLIilF6fS FT2NJ aSY@ANRYYSyGlft> yAYlLf 4SSt TFNB
Anti-coagulantsill by preventing blood clottindyut the first generation of ageni®.g. warfarin)

couldbe subjecto bait shyness Theywere supplementeds A 1 K | ydzYo SNJ 2F waSO2y¥
anti-coagulantrodenticides (SGARYhat only require a single feed by the pest and have a delayed

action. Anti-coagulants, including the three puitted for use in the EUbfomadiolone difenacoum

and warfarin) are all subject to the default MRL of 0.01 mghagrmulated togetier with the

toxicantanda foodbait (often grain)with a warning colorant within a waxy, waterproof matribait

block 8B) formulationgouldsimply be tied singly to cocoa trees kare now only for indoor use in

EU only due to impact on raptors such as owls (see below)
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Squirrel(above) and ralamage Block bait formulation tied to a cocoa tree

The success obdent control operations often depends on the scale of treatment and timing: it is
usually better to apply over larger areasd.whole villages) when alternative food sources for the
pest are most scarce (g.the beginning of the field crop growing sem). Very sma#icale

operations, such as treatments in single houses, may have only atehoreffect and be a false
economy; largescale campaigns should be accompanied with public education about the hazards of
baits and supplies of the antbagulat antidote (vitamin K).

A combination of rodenticide resistance and concerns albioeit toxicity hasprompted
investigations into alternativenethodsover the last decade. A review of théSiacluded certain
plant extracts anaholecalciferol (calcifel or vitamin D3: which may be efficacious on its own or
used in combination with SGARSs such as coumatetralyl.

Biologicakodent control approaches have included the use of barn pwith their successful
establishment in a coceeoconut agreecosysemin Malaysi&’. Rodenticides must be used

carefully, UK studies on their impact showed increased presence with widespread towards the end
of the 20" century, but mly 7% of contaminated owls (forming 2% of all owls examined) were
judged to haveactuallydied of rodenticide poisonirfg. A microbial control method usesproduct
based on tle protozoanSarcocystis singaporensis
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2.6 Technical problems with pesticides OEA OOEOAA 206 Q

Besidesesidues which will be discussddrther in chapter 3, wo other phenomenacan be

described & WGiSOKYyAOFIf A&dadzSaQs Ay GKIG GKS& NBtFGS
toxicological and environmental risks associated with pesticide use. However, in both cases one of

the practical consequences is th@ome farmers, by not understanding these phenomena, may be
encouraged to apply more pesticides in the sherm, thus increasing the risk of high crmsidues

1. Development ofesistance where pests adapt over time after exposure to control agentsckvhi
become ineffectived.g. loss of effectiveness of certain fungicides for the control of
Phytophthoraspp.). Among the first cases of insecticide resistance detected was against
organochlorines by cocoa mirfds

Resistance is an evolutionary procedsih Kl a 6SSy RSF¥FAYSR lFay &l KSN
sensitivity of a pest population that is reflected in the repeated failure of a product to achieve

the expected level of control when used according to the label recommendation for that pest

& LIS OA Sc&:4RAB)& 2 dzNJ

Furthermore, the problem may be compoundeddrpssresistance where resistance to one
pesticide confers resistance to anothetive substanceeven if the pest has not been exposed
to the products containinglatter. Because insect and fungapulations are usuallgumerous
and reproduce quickly, the rate at which resistance evolves is greatest when fungicides and
insecticide are oveused.

2. Pesticide inducedesurgenceespecially following the use bfoadspectruminsecticides that
OF dzaS I WFEIFINBE dzLJQ 2F LISada GKIFIG 6SNB LINBSOJA 2 dza
GLISAGAOARS GNBIRYATfEOD l'y SEFYLXS 2F NB&adzNBSY
populations of the trunk borergulophonotus myrmeds (Cossidae) an@iragocephala castinia
theobromaeg(Cerambicidae), which were previously considered to be minor pests, following
destruction of their natural enemies with applications of BHC and diel@qjaplied to control
insects such as miritls

2.7 Efficacy (including Al mixtures)

There are two approaches to the regulation of efficacy of plant protection products:
Av @ASe GKIFG WiIKS YINLSG oAttt RSOARSQ | o2dzi S
to ensure safety. This is considered appropriatthe USA and elsewhere, with farmers
often benefiting from sophisticated agricultural extension support networks.
A a2NB WAYUGSNBSYyGA2yAalQ LREAOASEA Ol & Ay 9dzNE LI
emphasised, but companies must also demonstrate &ffifcagainst key target pests in order
to obtain registration.

A view takenn many cocoa growing countries is that farmers should be supported with advice on

effective products, often via Government research and extension agen&gedescribed abovehé

list of pesticides that are suitable for use with cocoa has changed dramatically over the past decade,

in light of changes to the regulatory environment in the EU, Japan and other importing

countries. With the recent controversy surrounding the neonicd Y 2 A Ra > Odz2NNBy G f & |\
for the crop, research anabgistration Authoritiegnustmaintainan on-going review of registered

pesticide products appropriate to 21st century needs. However, as with other crops, policy makers
mustalsofosteradtl 6 S3& F2N) Wadzaldl AyFrofS AYGSYaArAFTFAOl GA2y(
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appropriate and efficacious range of active substanpesferably belonging to 3 or more Mofgr
control of key cocoa pestslhis objective has been a factor when compilihe list in Appendix 3A.

In many cocoa growing countries, the withdrawal of older (and sometimes not so old), neurotoxic
compounds has not been accompanied with commensurate adoption of newer products: so
insecticides currently available in cocoa growamgas belong to only-2 MoA, often dominated by
pyrethroids. This has potentially deleterious consequences for both integrated pest and resistance
management strategies, besides perpetuating outdated pest control perceptions amongst
farmers. In addition, chemical control against key insect pests was often established using
compounds with fumigant actiore(g.HCH, endosulfan) that helped to compensate for poor
application; this property is no longer acceptable to regulatory authoritiRasearchers mtis
therefore adapt mid20th century protocols for pesticide screening where the -poéhts of assays
rarely exceeded 48 hours, thus excluding many-tielkhpatible norneurotoxic substances (and
possibly biological agents) that constitute a majority of thewn insecticidal MoAA further

difficulty, illustrated below and a notorious problem with cocoa mirid experiments, is that control
mortality increases over time to levels that exceed standard analytical assumptions.

Assay issues: LT, and control mortality

Old end point
100 - %_
| Vi P
80 -
——
£
S 601 olde
o) | .
=3 chemi try
@ 40 (neurotgxic*)
S

207 Control mortality

1 2 3 4 5 6 7 8 9
Time (days)

*: organochlorineg OPs/ carbamated pyrethroids/ neonicotinoids etc.

Over recent years theumber ofproducts (including those of researtfased companies) that
contain mixtures of insecticide Alas risen substantiallyWhereas there has long been a resistance
management narrative for Al mixtures of fungicides with very specific target biochemistry,
entomologists have generally discouraged insecticide mixtures because of the likely impact of
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insecticide mixtures on netarget organisms. IRAC have now brought odbeumenton this issue
whichincludes the following statements

A In the majority of settingsthe rotation of insecticide modes of action is considered the most
effective IRM approach.
A Most mixtures are not primarily used for purposes of IRM.

Mixtures of insecticides may provide commercial advantages for controlling pests in a broad range of
settings, typically by increasing the level of target pest control and/or broadening the range of pests
controlled. There are cases when they help with combating a pest complex using a single spray (such
as in cotton pest management) but broadening the spautif activity can quickly compromise

IPM. There is a risk that mixtures use of more chemicals than are genuinely required and a number
of regulatory agencies aessentiallyopposed to their use.

2.8 Pesticides and pollinators

~

A growing controversy on the cses of bee decline (sometimes referrécl2 | & WO2f 2y e O2f f
RA&A2NRSNDUO 2SN NBOSyid &SIFNB KFIa y2¢ NBadfZ GSR Ay
clothianidin, imidacloprid and thiamethoxam CKAA F2NXYA& Yy ahy3d2Ay3a NBO
by the EU and a possible-ealuation of fipronil is also of interest to cocoa producers.

The restriction on clothianidin, imidacloprid and thiamethoxam followiskassessments by the
European Food Safety Authority (EFSA) 6 KA OK & O 2 y 04 fdeRlISHree Suksncd@s2 f f 2 &

1. Exposure from pollen and nectar. Only uses on crops not attractive to honey bees were
considered acceptable.

2. Exposure from dust. A risk to honey bees was indicated or could not be excluded, with some
exceptions, such as use sugar beet and crops planted in glasshouses, and for the use of some
granules.

3. Exposure from guttation. The only risk assessment that could be completed was for maize treated
with thiamethoxam. In this case, field studies show an acute effect on honeyexgmmsed to the
substance through guttation fluid.

9C{! Qa O2yOfdzaAirzya O2yidlAy GlofSa tAaGAY3I FEf | c
GKNBS adzoadlyoSa Ay (GKS 9! oodéd {dzoaSljdsSyiatesx
Commission. The move followed votes on 15 March 2013 to Member States' experts meeting at a

Standing Committee on the Food Chain and Animal Health and on 29 April 2013 at an Appeal

Committee where EU Member States did not reach a qualified majpéither in favour or against

the Commission's proposal. The UK was one of the states voting against, influenced by a DEFRA
evaluation of studieSpurporting to link the 3 NNI to bee harm: this provides a useful literature

search and found that much of the eeidce was based on laboratory work and would not normally

occur in field scenarios. Prof. J Beddington suggested the EU was in danger of failing to understand

NA a i F@AY3IY G¢KAA LRGSYyGAlrtte fSIAGAYAnfsa y 2¢

3
SOUARSYOS &aK26Ay3d Fye NRA] Dé

" http://www.iraconline.org/content/uploads/IRAC_Mixture_Statement v1.0_10Sept12.pdf

Ahttp://ec.europa.eu/food/animal/liveanimals/bees/pesticides _e(Aptih2013)

¥ http://www.efsa.europa.eu/en/press/news/130116.htm?utm_source=homepage&utm_medium=infocus&utm_campaign=bee
health(Jan. 2013)

8 http://www.defra.gov.uk/environment/quality/chemicals/pesticides/insectitides(May 2013)
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In the USA, the Environmental Protection Agency (EPA) similarly has been petitioned by activist
groups, including beekeepers, to likewise ban NNIs. A USDA rdesctibes several possible

causes of national decline honeybees, including: habitat loss, poor diet, diseases, parasites
(especiallyvarroa destructdrand pesticide exposure (including dethal effects that affect bee
behaviour). Research so far points to a combination of these factors: which may basdsde for

the 30% decline in honeybees annually since 2006. As in the EU, engineering controls can help
minimise offsite dust movement from treated seeds, together with other standard good agricultural
practices.

Registration Authorities in cocoa grawi countries should remain vigilant and likewise maintain

their on-going review of registered pesticide products appropriate t8 @dntury needs. However,

Fd gAGK 20KSNJ ONRLAS LRfAOE YI1SNER Ydzainthist a2 F23
case maintaining a diversity of appropriate afficacious rangef active substances warious (>2)

modes of actiorfor control of key cocoa pests.

Those concerned with pesticide policy in cocoa should be aware that NNIs and fipronil arergiow v

YdzOK WAY GKS FANRY3I fAYSQ 2F SYy@ANRYYSyiGlt | OGACK
America could change eventually. Short and mediam strategies to manage these issues are

required now. Imidacloprithased insecticides in pagtilar are now widely marketed in cocoa

growing countries and MRL violation cases appear to be increasing. Attention to label rates (and

clarity) for NNIs, field application practices and-parvest intervals in cocoa are clearly a priority

issue for regitration and extension staff.

2.9 Biological control methods(and organic production)

As discussed in sectisrl.7 and 1.8&here is no reason why the precautionary principle cannot be
consistent with GAPprovided that it is undepinned with rigorous sciercand, with available land
becoming increasingly scarce, not a threat to productividAPIPM Programmes rely heavily on the
naturalenemies, especiallp keepinsectpest populatiosin checkwhere possiblewith judicious
use of pesticides only whereaded. Withdrawal of older, especially broapectrum Ahasbrought
aboutincreasing recognition ofiblogical agents as potential substitutes.

Amongst the practical issuesanganic agriculturgis establishing precisely which pest management
interventions are permitted or otherwise. Advice can even be conflicting as the editors of the
Manual of Biocontrol Agerftshave found. A useful guide to the compatible management methods
is onhttp://www.nysaes.cornell.edu/pp/resourcequide/index.php

Biological control (BC) of pests has had a long history of highly cost effective success, but there have
also been many cases of tai or incomplete control. There are various approaches to
implementatiorf’, and important strategies are:

T Wt aaArll tQ,viharedcedmived hdgent iI©RKEN W bften from the area of
origin of the target disease (pest), and releasedweg that it can multiply and reduce host
population levels to a low level. Although there are many entomological exanges (

" http://www.usda.gov/documents/ReportHoneyBeeHealth@dfober 2012)
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parasitoids are often the most effective solution to invasive Homopteran outbreaks), cases of
successful classical BC agaother pest categories is rare.

1 Inoculation biological controlvhere an agent is released with the expectation that it will
multiply and control the pest for an extended period, but not permanently. Whereas classical
BC is also inoculative, inoculatibiocontrol is usually used for situations such as the
introduction of parasitoids and predators into glasshouses and where the older term
WHdAYSyYyGdlraAazy ./ Q Yre y2G 3A0S I Ot SIFNJ dzyRSNA

f Biopesticides: a form dfiundative biological contrd? ¢CKS GSNY do0A2LISa0A0ARE
when applied strictly to livingicrobial control agentshich:
1. are specific as individual products and thus confer some environmental advantage (unlike
many but not all chemicals), and
2. have a limited period of activityand are therefore usually used with normal pesticide
application techniques (unlike certain other biological control agents).

1 Conservation of natural enemiesne of the more indirect advantages of all types of B@as t
by not using broagpectrum pesticides control of a pest may possibly be enhanced by
preservation of its natural enemies.
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3 SAFETY AND RESIDUES

Pesticide residues are a matter of great concern since members of the generalgaubéosea risk

but feel it is a matter over which they have little control. In response, authorities attempt to
regulate by setting standasdand monitoring exposure. This results (necessarily) in an arcane set of
procedures and terminologies. A full list ofrténologies and acronyms can be found on
www.dropdata.org/download with some of the more common ones listed in Appendix 1. Again,
this booklet can only summarise these complex issues but full accounts can be obtained from

Standard texts!*°

3.1 Classifying the hazards of pesticides

There are at least four aspects to pegle safety:

acute (shoriterm) risks to farmers and other spray operators

impact of pesticides on the environment

NBaARdzZSaE NBYIFIAYAYy3d 2y F22R O0FlYR FYAYlFE FSSRO
real and perceived concerns about longer term effects of pesticidesiding combinations

of substances)

> > >

3.1.1 Acute Hazards and Operator Safety

The World Health Organisation (WHO) provides an internationally recognised system for classifying
the acute hazard of pesticides. They are grouped in terms of their median lethal degdrhD

Class | (most toxic) to Unclassified (unlikely to cause harm) with each class boundedfbida 10

range of dose (in mg/kg body weight).

The WHO system recognises-foll reduced hazard with solid formulations, in comparison with
liquids. Thelassification was further developed by the US Environmental Protection Agency (EPA),
which also recognises inhalation, eye and skin sensitisation effBot$l classifications should be

based orformulations (where such information is available), hurifortunately, detailed information

on individual products is often difficult to obtain, and many entries inRlsticide Manudlare

estimated from Al valuesdMlember countries of the EU evaluatach product on a cadey-case

basis and, if necessary, assigne of nine risk symbols and a large number of associated risk
phrases; this scheme also has been adopted by the International Labour Organisation.

i. The World Health Organisation (WHO) classification
(LB to rats mg/kg body weight: of formulations where information is available)

Class Solids Liquids

Oral dermal oral dermal
la Extremely Hazardous ¢5 ¢ 10 ¢ 20 ¢ 40
Ib Highly Hazardous 6-50 11-100 21-200 41-400
Il Moderately Hazardous 51-500 101-1000 201-2000 401-4000
i Slightly Hazardous X PAMXMANMDX HAMA X 00
(9)] Unlikely to present acute > 2000 - > 3000 -

hazard in normal use

" Seehttp://europa.eu/legislation_summaries/consumers/product_labelling_and_packaging/I21273 en.htm
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ii. The US Environmentfotection Agency (EPA) system

Class All formulations: LE) Inhalation:  Eye effects Skin effects
(mg/kg) LGo (mg/l)
oral dermal
I ¢ 50 ¢ 200 ¢2 Corrosive, corneal opacity Corrosive
not reversible within 7 days
Il 51-500 201-2000 0.2¢2 Corneal opacity not Severdrritation at

reversible within 7 days,  72hours
irritation persisting for 7

days
11l 501-5000 2001- 20,000 2¢20 No corneal opacity, Moderate
irritation reversible within 7 irritation at
days 72hours
v > 5000 > 20,000 > 20 No irritation Mild or slight
irritation at
72 hours

In some countries toxicity classification is illustrated by a colour coded stripe or triangle indicating
the hazard of the product. This is excellent, but unfortunately not universal.

To summarise, for farmers and operators that do not have accessoi grotective equipment, the
guiding rule should be:

- Class | pesticides extremely / highly hazardous DO NOT USE
- Class Il pesticides moderately hazardous take great care
- Class Il pesticides slightly hazardous take care

- Unclassified / Class IV pesticides  unlikely to be hazardous still take care

Certain pressure groups, including the Global IPM Facility (supported by FAO and other organisations
working with Farmer Field Schools) have suggested that Class lpandutts should be withdrawn

from general use, since smallholder farmers are unlikely to use appropriate personal protective
equipment (PPE). With the development of new insecticide products there are now only a very few
cases where Class | pesticides barustified at all, let alone for smallholder agricultural problems.
However, complications could occur if all Class Il products were to be withdrawn immediately. The
problem here is especially with insecticides, where there is often a need for resstaanagement
strategies involving alternations in the use of different groups of compounds. Therefore, a phased
restriction / withdrawal of the more hazardous compounds may be more appropriate, before safer
products become available.

ECRegulation No 122/2008’, of the European Parliament and Counpilovidesa harmonised basis
classification, labelling and packaging of substances and mixinmbgdingfor example such
aspects as pictograngsee sections 4.1 and 5.3Jhe originaDirectivest replaced 67/548/EEC and
1999/45/EGwere repealed on tJune 2015 an&egulation (EC) No 1907/209@oncerning the
Registration, Evaluation, Authorisation and Restriction of ChemR&ACMHand whichestablisied a
European Chemicals Ageneyas ale amended.

"of 16 December 2008ttp://eurlex.europa.eu/legatontent/EN/TXT/?2uri=CEEX:32008R1272(accessed 20/6/2015)
“of 18 December 2008ttp://eurlex.europa.eu/legatontent/en/TXT/2uri=CELEX:32006R19(#ccessed 20/6/2015)
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3.1.2 Other measures of toxicity and implications

From an operational point of vievacute toxicityis paramount, but other criteria are important
especially in food safety assessments. In order to register a pesticide, other toxicological information
is required including:

A Chronic (sukacute) toxicityover long periods (years) that inclugeneration studiesto find
out if fertility has been impaired
Carcinogenicity whether the substance is likely to cause cancers
Teratogenicity- whether the substance can damage embryos
Genotoxicity- whether the substance damages genetic material
Irritancy (espedally for spray operators) and
Metabolism- it is important to know how the substance is metabolised, into what
(metabolites may be more toxic than the original pesticide) and how all metabolites are
excreted.

> >

Two important measures (and their associateds) are especially prominent in legislation and
debate. They are actually not linked to one another, but in some ways can be thought of as
reflecting hazard and risk.
A We2EAO2t23A01t YSIadiNBaQ oF&aSR 2y ake2s6y al ¥Si
) (ADI: a key indicator for pesticide approv@dscribed in section 3.3
A Measures and limits of actual residues based on field studies: including Maximum Residue
Levels (MRLs: practical specifications for food producers) for a given crop.

3.2 What are MRIs?

Pesticide residues on crops are monitored with reference to Maximum Residue Limits (MRL) and are
based on analysis of quantity of a given Al remaining on food product samples. The MRL for a given
crop/Al combination, is usually determined by measuremedutjng a number (in the order of 10) of

field trials, where the crop has been treated according to GAP and an appropriatewest

interval (seesection3.6) has elapsed. For many pesticides, however, this is set at the Limit of
Determination (LOD] since only major crops have been evaluated and understanding of ADI is
incomplete {.e. producers or public bodies have not submitted MRL daiften because these were

not required in the past). LOD can be considered a measure of presence/absencaghestdues

may not be quantifiable at very low levels. For this reason the Limit of Quantification (LOQ) is often
jd2 SR Ay LINBFSNBYyOS oFyR | a | WNXztUSefubtithetl KdzY o Q A
information on detection limits is ohttp://en.wikipedia.org/wiki/Detection_limit

It follows that adoption of GAP at the farm level must be a priority, and includes the withdrawal of
obsolete pesticides. With increasingly sensitiletection equipment, a certain amount of pesticide
residue will often be measurable following field use. In the current regulatory environment, it would
be wise for cocoa producers to focus on pest control agents that are permitted for use in major
importing countries.
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Testing for residues is carried out following internationally agreed and validated methods (an
good laboratory practice [GLP] standards apply in some countries). Procedures include extr;
YR GdADES FHNR Y & | Yoidn&lysig usifigd/dribud igs§urnents, depending on the
residue being analysed. Appropriate equipment for individual compounds is included in Pest
Manual entries. Analysis techniques include: gas chromatography (GGyuihshromatography
(GLC)gel permeation chromatography (GPC), kigbssure liquid chromatography (HPLC) and
various mass spectrometry techniques, so such laboratories are expensiveu aetl maintain.

(photos: Jean Ponce Assi, SATHIDCODI)

It should be stressed that MRLs are set on the basis of observatiom®oaod ADIs and it is also
generally understood that MRLs would considerably eestimate actual residue intakes. MRL
studies take place after years of initial development andrit@st unlikely that an agrahemical
company would even carry them out (with a view to registering the product), were toxicological
studies to raise serious question marks about a new compound.

3.2.1 Default MRLs

For substances that are not included in anyhef annexes in EU regulations, a default MRL of 0.01
mg/kg normally applies Default MRLs apply witbodexand in Japajbut at the time of writing have
yet to be set in the USA. ltis interestingiate that at leastoneregisteredAl (fipronil and its
metabolite) the MRL is even lower than default

33 - AAOOOAO 1 AAEDDOEER @IS d ! $)

A pesticide can only be approved for use if the risk to consumers, based on potential exposure, is
acceptable. The limit set for a pesticidal active ingred{@}, the ADI, is an estimate of the amount

GKFG OFly 0SS O2yadzYSR RIFIAte@T F2NJ I ftAFSUGAYSI GAGK
considered to involve a 100 fold safety factor from a measure called the No Observed Effect Level

(NOEL) obtaineih laboratory studies, which is 10 times lower than the Lowest Observable Effect
Level (LOEL).
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