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Bumble bees (Bombus spp.) are one of the most important groups of crop pollinators. As with all crop pollinators, they forage as 

well on adjacent flowering plants.
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PREFACE

Globally, agricultural production systems are under pressure tomeetmultiple challenges: to

sustainorincreaseproductionfromthesameareaoflandandreducenegativeimpactsonthe

environment amid uncertainties resulting from climate change.as farming systems adapt to

meetthesechallenges,thereisagrowingawarenessthatoneofagriculture’sgreatestassets

inmeetingthemisnatureitself:manyoftheecosystemservicesprovidedbynature–suchas

nutrientcycling,pestregulationandpollination–directlycontributetoagriculturalproduction.

thehealthyfunctioningoftheseecosystemservicesensuresthesustainabilityofagricultureas

itintensifiestomeetgrowingdemandsforfoodproduction.

inthiscontext,thewisemanagementofpesticidestakesonevengreaterurgency.croplosses

topestsareclearlythegreatestmajorimpedimenttosustainingproduction.pesticidesareoften

takenasthefirstlineofdefenseagainstpests,yettheyalsoimpactonatleasttwoofthekey

ecosystemservicesthatsustaincropyields:naturalpestcontrolandpollination.

sustainableproductionintensificationisinherentlyknowledge-intensiveratherthaninput-

intensive,andisbuiltonanunderstandingoflocalagro-ecology.withineveryfarmingsystem,

there is tremendous scope tomake strategicuseof inputs, andworkwithnature tobuild

healthygrowingenvironments. thesedecisionsneed tobemadeby farmers,basedon the

bestavailableevidencethatcanbeprovidedtothem,withanunderstandingofthecontext

inwhichtheyoperate.

often, however, ecosystem services are put at risk as a result of indiscriminate use of

externalinputssuchaspesticides,andindeeditiswell-recognizedthatbeneficialinsectssuch

as pollinatorsmay be heavily impacted by pesticides. risk assessment procedures for honey

beeshavebeenwellelaboratedaspartofpesticideevaluations,basedontheguidelinesofthe

europeanandMediterraneanplantprotectionorganization (eppo).however, the registration

proceduresofpesticidesarebasedoninformationrelatedtoonlyonepollinatorspecies,the



x

europeanhoneybee,andarenotgenerallyfield-testedinmostdevelopingcountriesbeforethe

pesticidesareregistered.asaresult,pesticidesareinwidespreaduse,whosetoxicityagainst

localpollinatorshasneverbeentested.

this document contributes significantly to understanding pesticide exposure of key crop

pollinators-honeybees,butalsowildbeespecies-throughthedevelopmentofriskprofilesfor

croppingsystemsinBrazil,Kenyaandthenetherlands.intheabsenceofagreedquantitative

riskassessmentprocedures forwildbees,orhoneybees in(sub-) tropicalcroppingsystems,

genericriskprofilesareproposed.theseprovideastructuredassessmentofthepotentialrisks

frompesticidestobeesinagivencropsituationwhilemakingexplicitanydataandknowledge

gaps.webelievethisapproachisanexcellentbasisfordiscussionamongresearchers,regulators,

farmersandbeekeepersonhowtoassesspotentialpesticideriskstobeesandpollinationin

specificcroppingsystems.riskprofilessuchasthoseshowcasedinthisdocumentcanprovidea

qualitativeevaluationofpesticideriskstobeesinspecificsettings,andcanbeusedtocompare

risksbetweendifferentsettings, identifygapsininformation,setprioritiesforresearch,and

establishprioritiesforriskmitigation.

 in its role as coordinator and facilitator of the international pollinators initiative (ipi)

oftheUnitednationsconventiononBiologicaldiversity,FaohasestablishedaGlobalaction

on pollination services for sustainable agriculture. within this Global action, and through

the implementation of a GeF/Unep-supported project on “conservation and Management of

pollinatorsforsustainableagriculture,throughanecosystemapproach”,Faoanditspartners

in seven countries - includingBrazil and Kenya - have been developing tools and guidance

forconservingandmanagingpollinationservicestoagriculture.throughco-financingprovided

by the netherlands Ministry of economic affairs, agriculture and innovation, an additional

initiativeon"Knowledgemanagementofpesticideriskstowildpollinatorsforsustainablefood

productionofhigh-valuecrops"hasbeensupportedwithnationalpartnersinBrazil,Kenyaand

thenetherlands,ofwhichthisdocumentisoneofthekeyoutcomes.

Mark Davis

Team Leader, Pesticides Group

Plant Production and Protection Division

Agriculture and Consumer Protection Department

Food and Agriculture Organization of the United Nations



Cultivation of french beans in the highlands of East Africa is increasingly important for local and export markets.
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Above: Pumpkin and marrow crops in North and South America are pollinated by specialist wild bees, called "squash bees".

Below: Melons, along with other cucurbit crops like pumpkin and marrows, are completely dependent on animal pollinators – such as 

this honey bee in Brazil – to produce fruit.



1

aspectsdeterMininGtherisKoFpesticidestowildBees:risKproFilesForFocalcropsonthreecontinents

chapter1
INTRODUCTION

1.1 PURPOSE OF THE STUDY 

ithasonly recentlybeenrecognizedhowessentialpollinatorsaretotheworld’secosystems

in general, and horticultural crop production specifically. the services that bees and other

pollinatorsprovidefreelytoagriculturehavebeentakenforgrantedinthepast.Butasagriculture

has intensified, with larger fields and greater applications of agrochemicals, populations of

pollinatorshaveshownsteepdeclinesinanumberoflocalities.Multiplecausesareindicated,

amongstthemtheimpactsofpesticidesonpollinatinginsects.

asacontributiontoidentifyingmeasuresneededtocounteractpollinatordecline,aninitial

profileofthe levelsof riskthatpollinatorsmaybeexposedto indiversefarmingsystemsis

warranted.inthispublication,wehavedevelopedsuchaprofile,andtestedandmodifieditby

itsapplicationtobeesinarangeofagriculturalsystemsinBrazil,Kenyaandthenetherlands.

theprocedurefordevelopingriskprofilesforfocalcrops,aswellastheinformationderivedfrom

developingsuchprofilesinthethreecountries,ispresentedasguidanceforotherswhomay

wishtodothesame.theriskprofilingapproachdescribedinthisreportmayserveinidentifying

researchprioritiesforpesticideriskassessmentandriskmitigationforpollinators.itcanalso

beused,however,toidentifywhichcroppingsystemsarelikelytoexposepollinatorstohigh

pesticide-inducedrisks,andwhereriskreductionmeasuresshouldthereforebetakenurgently.

1.2 IMPORTANCE OF POLLINATION 

pollinatorscontributegreatly to foodsecurity.effectivepollination results in increasedcrop

production,bettercommodityqualityandgreaterseedproduction.inparticular,manyfruits,

vegetables,edibleoilcrops,stimulantcropsandnutsarehighlydependentonanimalpollination.

animalpollinators suchasbeesaffect35percentof theworld's cropproduction, increasing
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outputsof87of the leading foodcropsworldwide,or75percentofall crops [1].the total

economicvalueofcroppollinationworldwidehasbeenestimatedat€153billionannually[5].

theleadingpollinator-dependentcropsarevegetablesandfruits,representingabout€50billion

each,followedbyedibleoilcrops,stimulants(coffee,cocoa,etc.),nutsandspices;mostof

thesearecriticallyimportantfornutrientsecurityandhealthydiets.

there does not (yet) appear to be a shortage of pollinators affecting crop yields at a

globalscale,eventhoughthismayoccuratlocalscalesforindividualcrops[3].however,

overthelast45yearsagriculturehasbecomemoredependentonpollinatorsduetoalarge

increaseintheareacultivatedwithpollinator-dependentcrops[2].inaddition,cropswith

greaterpollinatordependencehaveshownlowergrowthinyieldandgreateryieldvariability

relative to less pollinator-dependent crops [4]. the global capacity to provide sufficient

pollinationservicesmaybestressed,andmorepronouncedlyinthedevelopingworldthanin

thedevelopedworld[110].

inthethreecountriesinourstudy,theeconomicvalueofpollinationservicesisundeniably

important.thevalueofBrazilianexportofeightimportantagriculturalcommoditiesdependent

on pollinators is estimated at€7 billion annually [6]. the annual economic value of insect

pollination ineastafricahasbeenestimatedat€900million [7]. in theKenyandistrictof

Kakamega alone, 40 percent of crop production (€2.4 million) could be attributed to bee

pollination.inneighbouringUganda,annualpollinationserviceswereestimatedtobeworth

about€370million,comparedtoatotaleconomiccropvalueof€870million[8].thevalueof

animalpollinationfordutchagricultureisestimatedat€1billionannually[9].

1.3 ROLE OF WILD POLLINATORS 

honey bees and bumblebees, often managed, are among the most important pollinators of

cropsinbothtemperateandtropicalareas[98].however,wildbees(bothsocialandsolitary

species)arealsoessentialforpollinationofmanycrops,especiallyinthetropicsandincropping

systemswhichincludeahighdiversityofcropswithinthesamearea.insomecases,wildbees

complement pollination done by honey bees, but formany tropical cropswild bees are the

principaloronlypollinator[1,10,11,47].

Forexample,intheKenyandistrictofKakamega,99percentofthecropproductionvalue

attributable to pollinationwas provided bywild bees [7]. themain effective pollinators of

passion fruit (Passiflora edulis) inBrazil are carpenterbeesof thegenusXylocopa [58]. the

importanceofwildpollinatorswasrecentlyalsounderlinedinoilseedrapeandothercropsin

europe[12,103]andBrassicainnewzealand[104].
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1.4 THREATS TO POLLINATORS 

thereisincreasingevidencethatinsectpollinators,bothwildandmanaged,areindeclinein

manyregionsoftheglobe,withtheclearestcasesdocumentedineuropeandnorthamerica

[13].colonycollapsedisorder(ccd)ofisonethemostdramaticcauses,amongseveralothers,

ofhoneybeemortality[14,108].however,bumblebeepopulationsandotherwildbees,even

thoughmuchlesswellstudied,alsoshowcleardeclines[13,15,16].

various causes for this decline have been identified, including loss, fragmentation and

degradation of habitats, reduction in resource diversity, pests and pathogens of pollinators,

competitionbyintroducedpollinators,climatechange,reducedgeneticdiversity,andpesticide

use–allpotentiallycausingdirectandindirectadverseeffectsonpollinatorpopulations.there

appearstobeagreementthatnotoneofthesepressuresisprimarilyresponsiblefortheobserved

pollinatordecline,butthatinteractionsamongmultiplefactorsarelikelyineffect[13,15,17,

18,108].Bothmanagedandwildpollinatorsfacemanycommonthreats,andbotharesubject

tosignificantdeclines[98].

lossesinwildbeediversityandnumbersareparticularlystrongunderintensiveagricultural

management [19].a recent large study inwinter cereals showed that insecticide usehad a

significantnegativeeffectonbeespeciesrichnessandabundance[105].sofar,nolargehoney

beelosseshavebeenreportedfromafrica,australiaorsouthamerica[14,20],butincreasing

agricultural expansion and intensification pose a significant risk to bothmanaged andwild

pollinatorsonthesecontinents[20,21,22].thisisillustratedbythefactthatpesticideimports

haveincreasedby38percentinKenyabetween2003and2008[23],andpesticidesalesinBrazil

havetripledbetween2000and2010[21].

1.5 PESTICIDE RISK ASSESSMENT 

toaddresstheimpactthatpesticidesmayhaveonpollinatorsseveraltoolshavebeendeveloped.

thesetoolsvaryfromrelativelysimplehazardassessments(evaluatingonlypesticidetoxicity)

tomoresophisticatedriskassessments(whereacombinationofpesticidetoxicityandpotential

exposuretothepesticideisassessed).sinceriskassessmentintegratespesticidetoxicityandbee

exposure,itisgenerallyconsideredtobemorerelevantfortheestimationofpotentialimpact

thanahazardassessment.however,notinallcaseswillappropriateestimatesofexposurebe

available,andahazardassessmentwillthenprovideaninitialindicationofthelikelihoodof

adverseeffectsofthepesticidetobees.

pesticidehazardandriskassessmentforbeesintheeU,Usaoraustraliahassofarfocusedon

managedwesternhoneybees(Apis mellifera)alone[24,25,26,86].however,honeybeesmay
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havedifferentintrinsicsusceptibilitytopesticidesthanotherbees.theymayalsobeexposed

in a different manner due to variations in behaviour and life history, and bee populations

mayrespondinvariedwaystopesticidesbecauseofdifferingnaturalhistoryandpopulation

dynamics.consequently,thepesticideriskassessmentprocedurescurrentlyappliedformanaged

honeybeesarenotnecessarilydirectlyapplicabletootherbees.onlyrecentlyhavepesticiderisk

assessmentmethodsforbeesotherthanhoneybeesreceivedmoreattention[27,112],butno

clearconsensusonriskassessmentprocedureshasyetbeenestablished.

1.6 PESTICIDE RISK PROFILING 

inordertoconductaproperriskassessmentofpesticidestobees,informationisneededinthree

areas:(i)thetoxicityofthepesticide;(ii)theprobabilityofbeeexposuretothatpesticide;and

(iii)thenaturalhistoryandpopulationdynamicsofthebeespeciesinquestion.

pesticidetoxicitydatahavemainlybeengeneratedforthewesternhoneybee(Apis mellifera),

butmuchlesssoforother Apisspeciesornon-Apisbees(eithernativeormanaged).increasingly,

however,toxicitytestsarebeingdonewithbeesotherthanApis mellifera,althoughnotallof

thesehavefoundtheirwaytotheinternationalpublishedliterature.

the probability anddegree ofexposure to pesticides depends on cropping andpesticide

applicationpractices,pesticideproperties,attractivenessofthecroptobees,andcertainaspects

ofbeebiology(inparticularphenologyandbehaviour).dataontheseaspectsofexposure,for

agivencropinagivencountryorregion,maybeavailablefromagriculturalextensionservices,

pesticideregistrationauthorities,beeexperts,agronomistsandenvironmentalscientists.

Finally,thenatural history and population dynamicsofthebeespecieswilldeterminehow

anobservedeffectofthepesticide(eitherlethalorsublethal)willaffectlong-termsurvivalof

thepopulation.thisincludessuchfactorsasthepopulationsizeofthebeespeciesatthetime

itisexposedtothepesticide,itspopulationgrowthrate,andthemigrationcapacityofthebee

species,amongothers.

inthisassessment,wehaveattemptedtocollectinformationrelevanttopesticideriskfor

(primarilywild)beesthatareimportantonalimitednumberoffocalcrops.Becausethisisnota

conventionalriskassessment,weusetheterm“riskprofile”toqualifyourassessment.initially,

suchriskprofilingaimstobetteridentifygapsinourpresentknowledgethatrequiresfurther

research.inthelongerterm,theestablishedriskprofilesmayprovideinputsforriskassessment

modelsthatconsiderwildandnon-Apis managedbees,whichmayleadtorecommendationsfor

specificriskmitigationmeasures.
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chapter2
METHODOLOGY

2.1 FOCAL CROPS 

alimitednumberofeconomicallyimportantfocalcropswerechosenfordevelopingariskprofile

(table1).Focalcropswereselectedbecauseoftheirdependenceonpollinationbywildand/or

managedbees,and/orbecausewildbeeswereknowntobeactiveinthesecrops.

cucurbits,suchasmelon(Cucumis melo),watermelon(Citrillus lanatus)andsquash(Cucurbita 

moscata) arehighlydependentonbeepollinationand reducedproductionbymore than90

percentcanbeexpectedwhenlackinganimalpollination[1].Bothhoneybeesandotherbees

areimportantpollinators.

highlandcoffee (Coffea arabica)isself-pollinating,butbothhoneybeesandotherbeeshave

beenshowntoincreaseyieldsbyover50percent[1,28,47].lowlandcoffee(Coffea canephora) 

isself-incompatible,andanimalpollinationisofgreatimportanceforberryproduction[1,29].

tomato (Solanum lycopersicum) is self-compatible, but requireswind- or insect-mediated

vibrationofthefloweranthersforpollination(e.g.bybuzzpollination)[1].Bumblebees,some

stinglessbeesandsomesolitarybeesaregoodbuzzpollinators[91].

Frenchbeans(Phaseolus vulgaris)areself-compatible,butincreasesofupto10percentin

yieldmaybepossiblewithoptimalpollination.Furthermore,pollinationofFrenchbeansmay

improvethequalityanduniformityofseedyield[97].theproductionofapple(Malus domestica) 

greatlydependsoninsectpollination,andhoneybees,bumblebeesandsolitarybeesallhave

beenfoundtoincreasefruityields[1].

table1

FOCAL CROPS FOR WHICH PESTICIDE RISK FACTORS WERE ASSESSED

COUNTRY BRAZIL KENYA NETHERLANDS

Focal crops Melon
tomato

coffee
cucurbits

(watermelonandsquash)
Frenchbeans
tomato

apple
tomato(greenhouse)
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2.2 RISK FACTORS 

apreliminarylistofmainfactorsconsideredtopotentiallyinfluencepesticiderisktobeeswas

established.althoughthe listwasestablishedafterconsiderable review, it isnotnecessarily

exhaustive(table2).

Factorsmayhavedifferentpossibleeffectsonpesticiderisktobees.insomecases,aclear

correlationbetweenagivenfactorandanincreaseorreductionofriskcanbeassumed.inother

casesthisrelationshipislessclearandrequiresmoredetailedinformationonbeebiologyorthe

croppingsituation.

onthebasisofthislist,asimplequestionnairewasdesignedtocollectinformationonrisk

factorsforfocalcropsinthethreeparticipatingcountries.annex1presentsthemostrecent

versionof thequestionnaire,whichwasupdatedusing the insights resulting fromthestudy

presentedhere.lifehistoryandpopulationdynamicsfactorswereoriginallynotincludedinthe

survey,butlateraddedbasedonliteraturedata.

table2

PESTICIDE RISK FACTORS AND THEIR POSSIBLE EFFECTS ON BEES

RISK FACTOR POSSIBLE EFFECT ON THE RISKS OF THE PESTICIDE TO BEES

eXposUre–cropFactors
surfaceareaundercrop:
-overallsize
-patchiness

largersurfaceareaunderthespecificcropèhigherexposurerisk
lowerfractionofthecropintheoverallareaèlowerexposurerisk

period(s)inthegrowingseasonwhenpesticidesareappliedto
thecrop

(determinantforfactorsbelow)

period(s)intheyearwhenthecropflowers ifoverlapbetweenfloweringofcropandpesticideapplications
èhigherexposurerisk

period(s)intheyearwhenbeesareforagingorcollecting
nestingmaterials

ifoverlapbetweenbeeactivityincropandpesticide 
applicationsèhigherexposurerisk

period(s)whenweedsarefloweringinthecropwhichmaybe
attractivetowildbees

ifoverlapbetweenfloweringofweedsandpesticide 
applicationsèhigherexposurerisk

crophasextrafloralnectaries ifextrafloralnectariespresentincropèhigherexposurerisk
cropisregularlyinfestedwithhoneydewproducinginsects ifhoneydewproducinginsectspresentincropèhigher

exposurerisk
drinkingwaterisavailableinthecrop ifdrinkingwaterinthecropèhigherexposurerisk

eXposUre–BeeBioloGyFactors
locationofnestinrelationtocropfield in-fieldandfield-bordernestsèhigherexposurerisk

off-fieldnestsèlowerexposurerisk(dependingondistance)
Beeforagingrange ifin-fieldandfieldbordernests:shorterforagingrangeè 

higherexposurerisk
ifoff-fieldnestsèriskdependsondistancebetweennestand
sprayedfield

timespentforaging,orcollectingnestingmaterials,perday
(“time-out-of-nest/hive”)

Morehoursout-of-nest/hiveèhigherexposurerisk

periodofthedaywhenforagingorcollectingnestingmaterials early/middleinthedayèpossiblylowerexposurerisk(if
pesticideisappliedafterwardsandhasverylowpersistence)
all-day/lateinthedayèhigherexposurerisk

numberofdaysspentforagingonthecrop(foranindividualbee) Moredaysspentforagingèhigherexposurerisk
numberofdaysspentforagingonthecrop(forthecolony) Moredaysspentforagingèhigherexposurerisk

followsonthenextpage >
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RISK FACTOR POSSIBLE EFFECT ON THE RISKS OF THE PESTICIDE TO BEES

eXposUre–BeeBioloGyFactors
numberofdifferentnectarandpollenplantspecies 
usedduringcropflowering

Fewerspeciesèhigherexposurerisk

Quantityofpollencollectedperday higherquantityèhigherexposurerisk

Quantityofnectarcollectedperday higherquantityèhigherexposurerisk

Quantityofnectarconsumedperday higherquantityèhigherexposurerisk
Bodyweight higherbodyweightèpossiblylowerexposureorimpactrisk

(alsodeterminantforotherfactors)

%ofpollenself-consumed Moreself-consumedèhigherexposurerisktoadult

%ofpollenfedtobrood Morefedtobroodèhigherexposurerisktobrood

%ofnectarself-consumed Moreself-consumedèhigherexposurerisktoadult

%ofnectarfedtobrood Morefedtobroodèhigherexposurerisktobrood
collectivepollenand/orhoneystorageinthenest(socialbees) ifcollectivepollenandhoneystorageèlowerexposurerisk

duetomixing,maturationandmicrobialaction

eXposUreandiMpact–pesticideUse/applicationpractices
Formulationtype someformulationstypes(e.g.micro-encapsulation,sugary

baits,dp,wp)èhigherexposurerisk
pesticideissystemic specificexposure/impactassessment

pesticideisaninsectgrowthregulator(iGr) ifiGrèspecificimpactonbrood
Modeofapplication somemodesofapplication(e.g.dusting,aerialapplication)è 

higherexposurerisk
somemodesofapplication(e.g.seed/soiltreatmentwithnon-
systemicpesticide;brushing)èlowerexposurerisk

applicationrate Forthesamepesticideproduct:higherapplicationrateè 

higherexposure/impactrisk

applicationfrequency higherapplicationfrequencyèhigherexposurerisk

systemicpesticidesareappliedassoiltreatmentor 
seedtreatmenttoapreviousrotationalcrop

ifsystemicpesticidesappliedtoapreviousrotationalcropè 

possiblyhigherexposurerisk

iMpactandrecovery–pesticideproperties
contactld50 (adult) lowerld50 èhigherimpact(forsimilarexposurelevels)

oralld50 (adult) lowerld50 èhigherimpact(forsimilarexposurelevels)

oralld50(brood) lowerld50 èhigherimpact(forsimilarexposurelevels)
Foliarresidualtoxicity higherresidualtoxicityèhigherimpact(forsimilarexposure

levels)&lowerlikelihoodofrecoveryafterpesticideimpact

iMpactandrecovery–liFehistoryandpopUlationdynaMicsFactors
individualmetabolicrate highermetabolicrateèlowerimpact(increaseddetoxification)
degreeofsociality highdegreeofsocialitywithoneormorereproductivequeens

andseparateforagersèlowerriskofimpacttothe 
population/colonybecausepesticideaffectsprimarilyforagers
(exceptforinsectGrowthregulators(iGrs)

Fractionofpopulation/colonyactiveoutofthenest/hive
(socialbees)

higherfractionofpopulationofcolonyactiveoutofthenest/
hiveèhigherriskofimpactforthewholepopulation/colony

timetoreproductiveageofqueen/reproductivefemale 
(egg-adult)

shorterdevelopmenttimeèlowerexposurerisk(if 
developmentpartlyoverlapswithflowering)

numberofoffspringperqueen/reproductivefemale Greaternumberofoffspringègreaterlikelihoodofpopulation
recoveryafterpesticideimpact

numberofgenerationsperyear Greaternumberofgenerationsperyearègreaterlikelihoodof
populationrecoveryafterpesticideimpact

Populationgrowthrate[note:asproductofprevious3factors] higherpopulationgrowthrateègreaterlikelihoodof 
populationrecoveryafterpesticideimpact

numberofswarmspercolonyorreproductiveeventsperyear Moreswarmsormorefrequentreproductionègreater
likelihoodofpopulationmaintenance,ifswarmingor
reproductionoccursbeforepesticideimpactorègreater
likelihoodofpopulationrecoveryafterpesticideimpact

Migrationanddispersaldistance Greaterdispersaldistanceègreaterlikelihoodofpopulation
recoveryafterpesticideimpact(ifcroppingispatchy);howeverif
migratoryroutesareused,possiblemultipleexposuretopesticide
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2.3 DATA COLLECTION 

themethodologyusedtocollect,compileandevaluatetheinformationwasnotidenticalinthe

threecountries.

In Brazil,croppingandbeedatawerecollectedthroughdiscussionswithcropandpollination

expertsandbyconsultingpublishedandunpublishedliterature.pesticideuseinformationwasobtained

fromcropexpertsandthepesticideregistrationauthority(Ministériodaagricultura,coordenação-

Geraldeagrotóxicoseafins)throughthesistemadeagrotóxicosFitossanitários–agrofit[30].

In Kenya,croppingandbeedatawerecollectedthroughdiscussionswithcropandpollination

expertsandbyconsultingpublishedandunpublishedliterature.pesticideuseinformationwas

obtainedfromcropexpertsandtheKenyapestcontrolproductsBoard(pcpB)[31].inaddition,

an extensive survey was carried out on pollinator knowledge and crop protection practices

coveringapproximately150farmersinMachakos,KirinyagaandKiambucounties.

In the Netherlands,croppingandbeedatawerecollectedthroughdiscussionswithcrop

andpollinationexpertsandbyconsultingpublishedandunpublishedliterature.pesticideuse

informationwasobtainedfromstatisticsnetherlands(cBs)[32].

pesticidetoxicitydataforbeeswerecollectedcentrally,usingvariousdatabasesandliterature

sources.Forthisassessment,acuteld50valuesforthewestern honey bee(Apis mellifera)were

obtainedfromarecentlycompileddatabase,drawnfrommultipleregulatoryandnon-regulatory

data sources [33]. the lowest (generally48h) ld50 valueofbothoral ingestionand contact

tests,ascalculatedusingtherulesdefinedforthedatabase,wasusedinthisreport.whenld50 

valueswerenotavailableinthedatabase,theFootprintpesticidepropertiesdatabase[34]and

theFootprintBiopesticidesdatabase[35]wereconsulted.resultsfrombroodtests,orsublethal

toxicitytests,havenotbeentakenintoaccountinthepresentreport.

toxicity data for bumblebees (Bombus) are increasingly being collected, and were recently

reviewed[36].thisreviewwasusedtocheckwhetheracuteld50valuesforbumblebeeswereavailable

forthepesticidesusedinourfocalcrops.pesticidetoxicitydataforbeesotherthanApis mellifera 

and Bombus arestilllimited.nopublicdatabaseappearstoexistforsuchbeesandtoxicitydatafor

otherbeeswerethereforenotincludedinthisassessment.pesticidetypesandmodesofactionwere

notedaccordingtothepesticideManual[37]ortheFootprintpesticidepropertydatabase[34].

thefoliarresidualtoxicityisthedurationthatapesticideremainstoxictobeesonfoliage.

intheUsa,foliarresidualtoxicityisgenerallyassessedforpesticideswithanacuteld50<11

μg/bee[86].FoliarresidualtoxicitydurationasreportedbyvariousUsagriculturalextension

serviceswasusedinthisassessment[87,88].suchtoxicitydatahavebeendeterminedforthe

honeybeeatmaximumcommonUsaapplicationrates.
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Above: Tomatoes in Kenya may be sprayed with insecticide to prevent damage from whiteflies. 

Below: Increasingly, horticultural crops in Kenya are being grown under shelter, with new challenges for pest control and pollination.
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Male bees, such as these two from Kenya (of different genera, amegilla and Tetralonia) sleep by clasping to vegetation during 

the night; they thus may be vulnerable to pesticide sprays that take place at night – often recommended as a possible mitigation 

measure. However, the behavior and exposure of male bees has not been assessed in this report.
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chapter3
RESULTS

3.1 PRESENCE OF BEES 

themaingroupsofbeesvisitingthefocalcropsinthethreecountriesarelistedintable3.

althoughthehoneybee(Apis mellifera)isfoundonallthreecontinents,thesubspeciesare

different.inBrazil,theafricanizedhoneybee(hybridsbetweenA. m. scutellata ontheonehand

and–primarily–A. m. mellifera. A.m. ligustica, A.m. carnica and A.m. caucasia)ispredominant

[38].ithasbeenargued,however,thatinspiteofthehybridizationthegeneticandbehavioural

characteristicsoftheafricanhoneybee(A. m. scutellata)havebeenlargelypreserved[38].in

Kenya,thefoursubspeciespresentareA. m. scutellata,A. m. monticola,A. m. litorea, and A. m. 

nubica [94,95,96].inthenetherlands,honeybeesaremainlyA. m. mellifera and A. m. carnica,

andwillbereferredtoaseuropeanhoneybeesbelow.

themainpollinatorofmeloninnorth-easternBrazilisthehoneybee[39],althoughthe

crop isalsovisitedbycarpenterbees (Xylocopa)andstinglessbees (Meliponini).thehoney

beeisalsothemainpollinatorofwatermeloninKenya,whilevariousspeciesofsweatbees

bees(halictidae–e.g.Lasioglossum spp.),carpenterbeesandstinglessbees(e.g.Hypotrigona 

spp.)arealsoobservedon this crop [40,41].similarly,honeybeeswere themostcommon

beepollinatorfoundonbottle gourdinKenya[42].theimportanceofwildbees(inaddition

tohoneybees) forpollinationofcucurbitshasalsobeennotedelsewhere,e.g. inBrazilon

Cucurbita[55],inGhanaonspongecucumber(Luffa aegyptiaca)[43],andonsquash/pumpkin

(Cucurbita pepo)intheUsa[44,45].

Tomatoisoftenconsideredtorequirebuzzpollinatorsforeffectivepollination.awidevariety

of bees pollinate field tomato in Brazil, including bumblebees, carpenter bees, sweat bees,

stinglessbees,andalong-hornedbee.thelastgroupisalsobeinginvestigatedasapollinator

forgreenhousetomatoinBrazil[46].sweatbeesandcarpenterbeesarereportedaspollinators

offieldtomatoinKenya,butbumblebeesarenotnaturallypresentinsub-saharanafrica.in

thenetherlands,tomatoismainlygrowningreenhouses,andcommerciallyrearedbumblebees

(Bombus terrestris)arethemainpollinatorsofthiscrop.
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French beans are self-compatible but pollinators can increase yield and seed set [97].

however,bothwildbeesandhoneybeesareregularvisitorstoflowersofFrenchbeansinKenya.

highland coffee in Kenya is reportedly pollinated by honey bees, sweat bees, leafcutter

beesandcarpenterbees[47].thesearesimilarpollinatorgroupsasfoundinlowlandcoffeein

neighbouringUganda,althoughstinglessbeeswerealsoparticularlyimportantthere[29].the

importanceofwildbeesforpollinationandsubsequentquantityandqualityofcoffeeproduction

hasbeenexplicitlyunderlinedforKenya[47,54]andforcentralamerica[28,48,49].

honey bees, sand bees (e.g. Andrena carantonica, A. flavipes, A. haemorrhoa),mason bees

(Osmia rufa)andbumblebees(e.g. Bombus pascuorum and Bombus terrestris/lucorum)areimportant

pollinatorsofappleinthenetherlands[50].inarecentstudy,wildbeeswerethemostfrequent

flowervisitors(59percentofobservations),followedbyhoneybees(29percent)andhoverflies

(12percent)[50].thisisnotlimitedtothenetherlands,becausepopulationsofmasonbees(e.g. 

O. rufa and O. cornutaineurope;O. cornifrons and O. lignariaintheUsa)arereleasedinapple

table3

MAIN GROUPS OF BEES VISITING THE FOCAL CROPS, AND THEIR ROLE AS POLLINATOR OF THOSE CROPS

COUNTRY CROP BEE GROUP/SPECIES VISITING THE CROP

iMportantpollinator visitor;notaniMportant
POLLINATOR

Brazil

Melon Apis mellifera (honeybee)
Xylocopa (carpenterbees)
Frieseomelitta doederleini (stinglessbee)

tomato

Bombus transversalis (bumblebee)
Bombus atratus (bumblebee)
Bombus morio (bumblebee)
Xylocopa grisescens (carpenterbee)
Augochlora(sweatbees)
Exomalopsis auropilosa (long-hornedbee)
Melipona (largestinglessbees)

Apis mellifera (honeybee)

Kenya cucurbits
Apis mellifera (honeybee)
halictidae(sweatbees)
(e.g.Lasioglossum)

Xylocopa(carpenterbees)

coffee

Apis mellifera (honeybee)
Patellapis (sweatbees)
Xylocopa (carpenterbees)
Megachile (leafcutterbees)

Frenchbeans
Xylocopa(carpenterbees)
Megachile (leafcutterbees)

Apis mellifera (honeybee)

tomato
Xylocopa (carpenterbee)
Lipotriches (sweatbees)

Apis mellifera (honeybee)

Netherlands apple

Apis mellifera (honeybee)
Osmia rufa (=O. bicornis) (redmasonbee)
Bombus (bumblebees)(mainly
B.terrestris/lucorum; B. pascuorum; 

B.lapidarius)Andrena (sandbees)

tomato Bombus terrestris (bumblebee)
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orchardsbecauseoftheirhighefficiencyofpollination[51,52].thesandbeeAndrena barbara was 

foundtobeanimportantpollinatorofappleinsouthwestvirginia(Usa)[53].

inconclusion,inallfocalcrops,exceptmeloninBrazilandtomatoesinthenetherlands,wild

beesmaycontributesignificantlytopollination.thisisinadditionto,orinsteadof,thehoney

bee.Furthermore,inallfocalcrops,thegroupsand/orspeciesofbeesthatareregularvisitors

appeartoberelativelywellknown.inmanycases,importantpollinatorshavebeenidentified,

althoughforsomecropstheroleofwildbeesaspollinatorsrequiresmorestudy(e.g.Xylocopa 

andhalictidaeincucurbitsandtomatoinKenya,Andrenainappleinthenetherlands).

3.2 RISK FACTORS

3.2.1 Exposure – crop factors

variouscrop-relatedfactorsmayincreasebeeexposuretopesticides,suchasoverlapbetween

thepresenceofbeesinthecropareaandfloweringofthecroporweeds,overlapbetweenbee

activityonthefloweringcropandpesticideapplication,orthepresenceofextrafloralnectaries,

insectsproducinghoneydew,ordrinkingwaterinthecroparea.thesefactorsaresummarized

forthefocalcropsintable4.

themain factors influencing risk are probably the overlap of pesticide applicationswith

cropfloweringorwithbeeactivityinthecroparea.inallbutonecrop,pesticidesareapplied

duringfloweringandbeeactivity.only incoffeeproduction inKenya,pesticideapplications

duringfloweringareexplicitlybeingavoided.thisisnotdonetoprotectpollinatorsbutbecause

farmersdonotexpectanymajorpestthatmayinterferewithfruitsettingandtheyfearthat

pesticidesprayingmayharmflowering.weedsareamajorproductionconstraintinmostsystems,

andpollinatorvisitstotheirflowerswhenpesticidesarebeingappliedmayconstitutearouteof

exposure.however,onlyinappleinthenetherlandswasanexplicitriskofexposureidentified

ofbeesforagingondandelionflowersjustbeforetheapplefloweringperiod.

ofthefocalcrops,onlyFrenchbeanshaveextrafloralnectaries.somecucurbitsalsohave

them,buttherelevantcucurbitcropsinKenyadonot[99].Mostcropsareregularlyinfestedby

honeydewproducinginsectssuchasaphids,whitefliesandscaleinsects.inallthreecountries

thesepestsarecontrolledwithinsecticides,andtowhatextentbeeswillbeattractedtosuch

peststoforagehoneydewrequiresfurtherstudy.thefocalcropsinbothBrazilandthenetherlands

maycontainsourcesofwaterusedbybees;thiswasnotassessedinKenya.ingeneral,however,

beeswillusenectarasthemaindrinkingwatersource.inthenetherlands,bumblebeesmay

drink(potentiallycontaminated)condensedwaterfromthegreenhousewalls,butgenerallyonly

afterthesugarwaterprovidedinthecolonyboxesisdepleted.
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overall,thelikelihoodofbeeexposuretopesticidesusedinthefocuscrops,basedoncrop-

relatedaspects,canbeconsideredhigh.theonlyexceptioniscoffeeinKenya,wherepesticides

tendnottobeappliedintheperiodwhenbeesareforaging.

3.2.2 Exposure – bee biology factors

Beebiologymayaffectboththeriskofbeeexposuretoapesticide,aswellastheresulting

impact.parametersrelatedtobeebiologycollectedinthesurvey,asfarastheymayinfluence

beeexposure,aresummarizedintables5,6and7.thisincludestheperiod,durationandrange

offoraging,nestlocation,andnectarandpollenconsumption.inthetables,acomparisonis

madebetweentheeuropeanhoneybeeandtheotherbeesactiveinthecrop.thiswasdone

becausethestandardriskassessmentusedineurope,andtoalesserextentinnorthamerica,

hasbeenvalidatedfortheeuropeanhoneybee,butnotfortheafricansubspeciesorafricanized

honeybeeinsouthamerica.

itshouldbenotedthatmanyofthelistedfactorsarehighlyvariableforindividualspecies,

but evenmore so among groups of bees. For instance, foraging ranges will depend on the

availability of suitablefloweringplants, but are alsodeterminedbybee size. the timingof

foragingmaybegreatly influencedbyweatherconditions.thequantityofpollenandnectar

collecteddependsonthesizeofthecolony,thesizeofthebees,andalsoonthesugarcontent

table4

FACTORS RELATED TO CROPPING PRACTICES THAT MAY INFLUENCE THE RISK OF BEE EXPOSURE TO PESTICIDES

EXPOSURE –  
CROP FACTORS

BRAZIL KENYA NETHERLANDS

Melon toMato CUCURBITS COFFEE FRENCH BEANS toMato APPLE toMato
pesticideapplicationoverlaps
withthefloweringperiodof
thecrop

yes yes yes no yes yes yes yes

pesticideapplicationoverlaps
withthefloweringperiodof
weedsinthecrop

no no? no no no no yes no

pesticideapplicationin
thecropoverlapswiththe
periodwhenbeesareactively
foragingorcollectingnesting
materialsinthecrop

yes yes yes no? yes yes yes yes

crophasextrafloralnectaries no no no no yes no no no
cropisregularlyinfestedwith
honeydewproducinginsects

yes yes? yes yes yes yes yes yes

cropmaybevisitedbybees
forcollectionofwater

yes yes - - yes yes yes yes

Overall likelihood of  
exposure 

high high high low high high high high

-=datanotavailable;?=possibly
Sources:Questionnairesofthisstudy.Forthenetherlands,alsoseeannex4fordetailsontimingofpesticideapplications.
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ofthenectar.inthetables,theaverage,medianvalueorrangeisgenerallyshown.ifcountry

orcrop-specificdatawereavailable,theaforementionedvariableswerelisted.otherwise,more

generalvaluesforthebeegroupareprovided,generallyobtainedfromreviewarticles.sources

forthedataareprovidedineachtable.

Matingbehaviourandspecificactivitiesofmaleswhichmayaffectpesticideexposurewerenot

assessed.Generally,malebeesdonotstayinanestbutareactiveinthefield,andmayahave

‘roostingsite’,towhichtheyreturnatnight.Furthermore,inmanybeespeciesandgroups,the

maleshaveanestablishedmatingsitetowhichfemalesfly,sothatmatingcanoccur.theinfluence

ofpesticideapplicationsonsuchsitesisingreatneedofstudy,andtheimplicationsofpesticides

orpesticideresiduestherearepotentiallysignificant.

ForBrazil,specificinformationfortheafricanizedhoneybeewaslistedwhenavailable,but

insomecasesdataoftheeuropeanhoneybeehavebeenlistedintable5.africanizedhoney

beeshavebeenreportedtocollectgreaterquantitiesofpollen[38],butthiswasnotquantified.

onthebasisoftheavailableinformationonbeebiology,likelihoodofexposuretopesticidesof

africanizedhoneybeesisprobablysimilartoeuropeanhoneybees.

limitedinformationwasavailablefortheothergroupsofbeesidentifiedastomatopollinatorsin

Brazil.Bumblebeesareactiveonthetomatocropforasimilarduration(bothindividuallyasforthe

colony)asthehoneybee.duetothelackofinformationonbiologyofotherbees,itisnotpossible

tomakeclearinferencesabouttherelativelikelihoodofexposureofwildbeesontomatoinBrazil.

ForKenya, informationon theafricanhoneybeewas available, but limited forXylocopa 

(carpenterbee)andsweatbees (halictidae).no informationon relevantbeebiology factors

couldbeobtainedforleafcutterbees(Megachile)andthesweatbeePatellapis.Basedonthe

limitedbeebiologydataavailable,thereisnoreasontoexpecthigherpesticideexposurefor

XylocopathanforeuropeanhoneybeeinKenya,butsomekeyfactorscouldnotbequantified.

aswasthecaseinBrazil,likelihoodofexposuretopesticidesofafricanhoneybeesisprobably

similartoeuropeanhoneybees.

Basedonbeebiologyfactors,itcanbeinferredthatsweatbees(halictidae)ontomatoin

Kenyamaybemoreexposedtopesticidesthanthehoneybeesonthesamecrop.thisisbecause

thenestsof sweatbeesare locatedclose to thefieldwhich, in combinationwith themore

limitedforagingrange,islikelytoincreaseexposurerisk.Furthermore,sweatbeesaregenerally

smallerthanhoneybeesandindividualforagingtimeappearslonger.Finally,almost100percent

ofcollectedpollenisfeddirectlyfromthefieldtothebrood,whichmayleadtohigherpesticide

exposureofoffspringthanisthecaseinhoneybeeorotherpollen-storingbees,likestingless

bees(Meliponini).wheninstorage,microorganismsandaddednectarinpollenmayaccelerate

breakdownofpesticides.
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table5

FACTORS RELATED TO BEE BIOLOGY THAT MAY INFLUENCE THE RISK OF BEE EXPOSURE TO PESTICIDES – BRAZIL

EXPOSURE –  
BEE BIOLOGY FACTORS

MELON TOMATO TOMATO

Apis mellifera 
(Africanized)

Bombus
Xylocopa 
grisescens

Augochlora 
sp

Exomalopsis 
auropilosa

Melipona 

locationofnestinrelationto
cropfield(approximatedistance
fromcropfield)

outside
(100–500m)

outside outside outside? outside
Mainly
outside1

averagebeeforagingrange
(maximumdistancefromnest)

~1500m
(10km)

- (12km) limited? -
500–1000m
(2100m)

timespentforagingorcollecting
nestingmaterials

~10–15trips/d;
4–11hrs/d

(individualnectar
forager);
~1.5hrs/d

(individualpollen
forager)

Upto
10hrs/d
(colony)

~12min/
flight&
numerous
flights/d

- - -

periodofthedaywhenforaging
orcollectingnestingmaterials

Entire day - entireday? - -
Morning/
entire day

timespentforagingonthecrop
(foranindividualbee)

5–15d - - - - -

timespentforagingonthecrop
(forthecolony)

30–60d 30–40d n.a. n.a. n.a. 30–40d

Quantityofpollencollected >200–300mg/d
15–31
mg/d

- - - -

Quantityofnectarcollected 250μl/d
70μl/
load

- - - -

Quantityofpollenconsumed
~6.5mg/d(nurse

bee)
- - - - -

Quantityofnectarconsumed
80–320mg/d
(adult)

- - - - 7-12μl/load

Bodyweight 60–105mg(worker)
40–850
mg

(worker)
- - -

similarto
honeybee

%pollenself-consumedbyadult
limited

(earlyadultstage)
none - - - -

%pollenfedtobrood
Most;storedand
transformed

100% - - - -

%nectarself-consumedbyadult

some;moststored
andtransformed,
andconsumedas

honey

- - - - -

%nectarfedtobrood
Most;storedand
transformedand
consumedashoney

- - - - -

collectivepollenand/orhoney
storageinthenest

yes yes limited? no limited? yes

Overall likelihood of exposure 
compared to the European 
honey bee

Similar Similar? Unclear Unclear Unclear Unclear

-=datanotavailable;?=possibly;n.a.=notapplicable;d=day;hr=hour;min=minute;mg=milligram;ml=millilitre;μl=microlitre
Sources:Questionnaireofthisstudy,and:Apis[38,74,77,78,107];Bombus[56,57,79];Xylocopa[58,59,60,61,62,63,64];Augochlora[65];
Exomalopsis[66];Melipona[67,68,69,70,71,72,106];General[73]
1 MeliponahasbeenusedonalimitedscaletopollinatetomatoingreenhousesinBrazil.
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table6

FACTORS RELATED TO BEE BIOLOGY THAT MAY INFLUENCE THE RISK OF BEE EXPOSURE TO PESTICIDES – KENYA

EXPOSURE – 
BEE BIOLOGY FACTORS

COFFEE
CUCURBITS

FRENCH BEANS
TOMATO

COFFEE
CUCURBITS

FRENCH BEANS
TOMATO

COFFEE FRENCH 
BEANS
COFFEE

TOMATO
CUCURBITS

Apis mellifera scutellata Xylocopa Patellapis Megachile halictidae

locationofnestinrelation
tocropfield(approximate
distancefromcropfield)

insideandinfield
borders
(50–100m)

outsideandinfield
borders;fringesof
woodlands/forest

- -
outsideandinfield
borders;fringesof
woodlands/forest

averagebeeforagingrange
(maximumdistancefrom
nest)

~1500m
(10km)

700–1000m
(6km)

- - 50–100m

timespentforagingor
collectingnestingmaterials

~10–15trips/d;
4–11hrs/d(individual
nectarforager);

~1.5hrs/d(individual
pollenforager)

1–2hrs/d
(individualbee);
Medianflight
duration30min

- -
4–10hrs/d?
(individualbee)

periodofthedaywhen
foragingorcollecting
nestingmaterials

(early)morning/allday
(oncooldays)

Early and late in 

day
- Mid-day Entire day

timespentforagingonthe
crop(foranindividualbee)

5–15d
coffee:30d

Frenchbeans:100d
tomato:90d

- - 60d

timespentforagingonthe
crop(forthecolony)

coffee:30d
cucurbits:-

Frenchbeans:100d
tomato:90d

n.a. n.a. n.a. n.a.

Quantityofpollencollected 200–300mg/d - - - <30mg/d
Quantityofnectarcollected 250μl/d - - - -
Quantityofpollenconsumed ~6.5mg/d(nursebee) - - - -
Quantityofnectarconsumed 80–320mg/d(forager) - - - -
Bodyweight 60–120mg(worker) >honeybee - - 3–95mg
%pollenself-consumedby
adult

limited(earlyadult
stage)

- - - -

%pollenfedtobrood
Most;storedand
transformed

Upto100% - - Upto100%

%nectarself-consumedby
adult

some;moststored
andtransformed,and
consumedashoney

- - - -

%nectarfedtobrood
Most;storedand
transformedand
consumedashoney

- - - -

collectivepollenand/or
honeystorageinthenest

yes limited? - no limited?

Overall likelihood of 
exposure compared to the 
European honey bee

Similar Similar? Unclear Unclear Greater?

-=datanotavailable;?=possibly;n.a.=notapplicable;d=day;hr=hour;min=minute;mg=milligram;ml=millilitre;μl=microlitre
Sources:Questionnaireofthisstudy,and:Apis[38,74,75,77,78,29,40,43,100,107];Xylocopa[40,43,64,76];Megachile [29];halictidae[65];
General[73]
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table7

FACTORS RELATED TO BEE BIOLOGY THAT MAY INFLUENCE THE RISK OF BEE EXPOSURE TO PESTICIDES –  
THE NETHERLANDS

EXPOSURE – 
BEE BIOLOGY FACTORS

TOMATO APPLE

Bombus 
terrestris

Apis mellifera 
mellifera

Osmia 
rufa

Andrena Bombus 

locationofnestinrelationto
cropfield(approximatedistance
fromcropfield)

Inside

(0m)
insideoroutside
(0–1500m)

Mainly
orchard
borders
(~50m)

Mainlyinside
(0m)

insideoroutside
(0–50m)

averagebeeforagingrange
(maximumdistancefromnest)

~50m
(~100m)

~1200m
(10km)

50–100m
(200m)

10–50m

B. pascuorum 

500–2300m;
B terrestris 
270–2800m;

B. lapidarius~260m

timespentforagingorcollecting
nestingmaterials

10–15min/d
(individualbee)

~10–15trips/d;
4–11hrs/d(individual
nectarforager);

~1.5hrs/d(individual
pollenforager)

2? -
10–15min/d
(individualbee)

periodofthedaywhenforaging
orcollectingnestingmaterials

Entire day Mainlymorning
Mainly
morning

Mainly
morning

Mainlymorning

timespentonthecrop(foran
individualbee)

~45d 10–20d ~20d ~20d ~20d

timespentonthecrop(forthe
colony)

~45d ~20d n.a. n.a. ~20d

Quantityofpollencollected Little
200–300mg/d;
10-30mg/load

- -
15–31mg/d;
430–680mg/
individual(total)

Quantityofnectarcollected none
250μl/d;

25–40mg/load
- -

70μl/load;
7–8ml/individual

(total)

Quantityofpollenconsumed - ~6.5mg/d(nursebee) - - -

Quantityofnectarconsumed none 80–320mg/d(forager) - -
Mostofwhatis
collected?

Bodyweight
160–270
(worker)

80–140mg(worker) 85–110mg -
100–270mg
(worker)

%pollenself-consumedbyadult 0%
limited(earlyadult

stage)
Little Little Little

%pollenfedtobrood 100%
Most;storedand
transformed

Upto100% Upto100% Upto100%

%nectarself-consumedbyadult none
some;moststored
andtransformed,and
consumedashoney

Upto100% Upto100% Upto100%

%nectarfedtobrood none
Most;storedand
transformedand
consumedashoney

Little Little Little

collectivepollenand/orhoney
storageinthenest

yes yes no no yes

Overall likelihood of exposure 
compared to the European 
honey bee

Greater n.a. Greater Greater Unclear

-=datanotavailable;?=possibly;n.a.=notapplicable;d=day;hr=hour;min=minute;mg=milligram;ml=millilitre;μl=microlitre
Sources: Questionnaireofthisstudy,and:Apis[74,77,78,107];Bombus[79,80,81,82,83,84,90];Osmia[50,51,52,53,85]
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FortheNetherlands,informationwasavailableforthehoneybeeand(commerciallyreared)

Bombus terrestris.onlylimitedinformationwasobtainedonOsmia rufaandinparticularonAndrena.

Bumblebeesforagingongreenhousetomatointhenetherlandsarelikelytobemoreexposed

topesticidesthaneuropeanhoneybeesforagingonopenfieldcropsinflower,becausetheyare

constrainedtothegreenhousewhereallpesticidetreatmentstakeplace.therefore,bothcolony

locationandforagingareentirelyinthetreatedcroparea.Bumblebeebodyweightishigher

thanthatofhoneybees,whichmayreducerelativecuticularexposureperunitbodyweight.

however, adult bumblebees in tomatodonot consumepollen and tomatodoesnot produce

nectar,whichmeansthatexposureismainlythroughcontact.Bumblebeelarvae,ontheother

hand,maybeexposedtopollencontaminatedbypesticides,butmainlybysystemicpesticides.

astomatoflowersshedpollenthroughsmallporesattheapicesofpollenconesandanthers,

spraycontaminationofpollenislikelytobelimited.

inapple,bothmasonbees(Osmia rufa)andsandbees(Andrena)arelikelytobemoreexposed

topesticidesthaneuropeanhoneybees,consideringbeebiologyfactors.theynestinsidethe

fieldorinfieldborders,andhaveamorelimitedforagingrange.Furthermore,collectedpollenis

feduntransformedtobrood.otherbiology-relatedfactorswereeithersimilartothehoneybee,

ordatawerelacking.Biologicalexposurefactorsofbumblebeeinappleorchardsweresimilar

tothetwospeciesofwildbees,buttheirbodyweightandforagingrangearegreater,which

potentiallyreducesnetexposure.

overall,weconcludethattherearestillmajordatagapsregardingelementsofbeebiology

thatinfluenceexposureriskofbeestopesticides.Formostbeegroups,informationwasavailable

ondailyandseasonalflightactivityandonforagingpatterns.ontheotherhand,information

waslackingonforagingduration,quantitiesofpollen/nectarcollectedandamountsconsumed

by the foragingadults. ina companionpublication to thepresentone, theexistingnatural

historyformajorcroppollinatingbeegroupsiscompiledandassessed[109].

3.2.3 Exposure – pesticide use and application practices 

thenumberofpesticideproductsandactiveingredients(a.i.’s)registeredand/orusedonthe

focalcropsinthethreecountriesaresummarizedintable8.

inlate2011,392pesticideproductswereregisteredontomatoinBrazil,containingatotal

of130a.i.’s.inmelon,152productswereregistered,containing64activeingredients.
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annex 2 provides details on active ingredients used on both crops in Brazil. pesticide

application ratescanalsobeobtained fromtheagroFitdatabase[30],butwerenot further

analyzed in this assessment. systemicpesticideswere appliedby soil or seed treatments to

previouscrops,whichmightposeariskforexposureofbeestocontaminatedpollenornectarin

thesubsequentmelonortomatocrops.

pesticide use on the focal crops in Kenyawas assessed through farmer surveys. annex 3

providesdetailsonactiveingredientsusedonallfourcropsinthecountry.

incoffee,17pesticideproductswereusedinthesurveyarea,containing12a.i.’s;allbut

threeoftheseproductswereregisteredforuseoncoffee.ofthe17products,atleast12were

usedonlyafterflowering,i.e.whenbeeswereeithernonorlessactiveinthecoffeecrop.

incucurbits(mainlywatermelon),42productswereusedinthesurveyareas,containing29

differenta.i.’s.ofthese,17products(11a.i.’s)wereregisteredforuseoncucurbits;theothers

wereregisteredinKenyabutforuseonothercrops.thisisduetothefactthatwatermelonis

consideredaminorcropandagrochemicalcompanieshaveshownlittleinterestinsubmitting

registrationapplicationsforthiscrop.only5productswereusedatplantingoremergenceof

thewatermelons,whenbeeswouldnotbeactive(however3oftheseweresystemic).Mostother

table8

NUMBER OF PESTICIDES REGISTERED AND/OR USED IN THE FOCAL CROPS

BRAZIL KENYA NETHERLANDS

Melon toMato CUCURBITS COFFEE FRENCH BEANS toMato APPLE toMato
numberofactiveingredients
registeredforuseonthecrop

64 130 11 9 17 23 72 61

numberofactiveingredients
usedpercrop

- - 29 12 20 29 57 66

numberofactiveingredients
usedinperiodwhenbeesare
activeinthecrop

- - 25 0? 20 22 54 60

numberofinsecticide/
acaricideactiveingredients
usedinperiodwhenbeesare
activeinthecrop

- - 13 0? 11 15 13 21

systemicpesticidesareapplied
assoilorseedtreatmenttoa
previous rotationalcrop

yes yes - n.a. - - n.a. n.a.

numberofsystemicpesticides
usedorregisteredpercrop

35 49 14 5 10 12 28 24

numberofinsectgrowth
regulatorsusedorregistered
percrop

4 15 0 0 0 0 3 6

-=datanotavailable;?=possibly;n.a.=notapplicable
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pesticideswereusedthroughoutthegrowingseason,includingduringflowering.intotal,33

pesticideproductswereusedonFrenchbeansinthesurveyareas,containing20a.i.’s.three

products(3a.i.’s)werenotregisteredonFrenchbeans,butwereauthorizedforuseonother

cropsinKenya.allpesticideswereusedthroughoutthecropcycle,ornospecificationswere

givenastotheperiodofuse.

intomato,53pesticideproductswereusedinthesurveyareas,containing29a.i.’s.ofthese,

7products(6a.i.’s)werenotregisteredforuseontomato,butwereauthorizedforuseonother

cropsinKenya.Mostpesticideswereusedthroughoutthecropcycle,ornospecificationswere

givenastotheperiodofuse;5a.i.’swereusedatemergenceorjustaftertransplantingand

wouldbelesslikelytoaffectbees(although2hadsystemicproperties).applicationrateswere

availableformostproducts,butwerenotfurtherusedinthisassessment.theuseofsystemic

pesticidesinpreviousrotationalcropsisnotrelevantinperennialcropssuchascoffee.inthe

othercropsinKenya,itwasnotknownwhetheranysystemicpesticideshadbeenappliedto

previousrotationalcrops.

thenumberand typesofpesticides registeredpercrop in the Netherlands couldnotbe

obtainedthroughthepublicpesticideregistrationdatabasemaintainedbythedutchBoardfor

theauthorizationofplantprotectionproductsandBiocides(ctgb).thenumberofa.i.’slistedis

basedoninformationprovidedbythedutchplantprotectionservice.

 pesticideusagedatawereavailablefromstatisticsnetherlands(cBs),fortheyear2008on

amonthlybasis(seeannex4fordetails).intomato,66differenta.i.’swereused,ofwhich60

wereappliedduringtheperiodthatbumblebeeswouldbeactiveinthegreenhouse.inapple,57

a.i.’swereused,ofwhich54wereappliedinperiodsthateitherhoneybeesorwildbeescould

beactiveintheappleorchard.itseemsthatintomatomorepesticidea.i.’swereusedthanwere

registeredonthiscrop,althoughthediscrepancymaybeduetothedifferenceindatasources.

nodatawereavailableaboutindividualproductsandapplicationrates.

inthenetherlands,greenhousetomatoproductionalwaysstartswithfreshsubstrate,and

previouscropsarenotrelevant.similarly,theuseofsystemicpesticidesinpreviousrotational

cropsisnotrelevantinperennialcropssuchasapple.

3.2.4 Impact and recovery – pesticide properties 

Pesticide toxicity datawereavailabletoavaryingdegree,dependingonthebeespecies.

acutetoxicitydataforthewestern honey bee(A. mellifera)arereportedformostpesticides,

as these tend to be required for pesticide registration. however, inmany cases, only acute

contactandoraltestresultsobtainedonadultworkerbeesareavailable.



c h a p t e r  3 :  R E S U LT S

22

onaverage,acuteld50valuesforhoneybeeswereavailablefor94percentofthea.i.’sused

inthevariousfocalcrops(table9andannexes2,3,4).Foronly70percentofa.i.’susedon

tomatointhenetherlandscouldanacuteld50befound.thiswaspartlyduetotherelatively

largenumberofbio-pesticidesandgeneraldisinfectantsbeingusedinthatcrop.onlyfewacute

ld50valuesforbumblebeeswereavailable.

sinceapplicationrateswerenotavailableforallcrops,onlyacomparisonofhazardscould

bemadeofthepesticidesusedinthedifferentfocalcrops.theld50values(thelowestofthe

oralorcontactld50wasused)wereclassifiedaccordingtotheUs-epahazardrankingforhoney

bees[25](table9).thehazardclassificationforhoneybeewasthenappliedasasurrogatefor

allbeesinthisstudy.

themajority of pesticides used in both focal crops in thenetherlandswere classified as

practicallynon-toxictobees.inKenyathelargestfractionofpesticidesusedwasclassifiedas

highlytoxictobees,andthisconcernedallfourcrops.BothBraziliancropswereintermediate

astothehazardofthepesticidesbeingused.ofthecropsassessedinthisstudy,thehighest

pesticidehazardtobeeswasfoundtobeincucurbitsandtomatoesinKenya;thelowesthazard

inappleinthenetherlands.

theUs-epatoxicityclassificationprimarilyaddressesthehazardofpesticidesappliedasa

spray.systemicpesticidesappliedasseedorsoiltreatmentarenotexplicitlycovered.however,

arelativelylargenumberofsystemicpesticidesarealsobeingusedonthefocalcrops(table8).

theworstcasetoxicity–exposureratio(ter),asdefinedbytheeppoforpesticideswithsystemic

table9

NUMBER OF ACUTE LD
50

 VALUES AVAILABLE FOR HONEY BEE AND BUMBLEBEE IN THE FOCAL CROPS, AND 
THEIR ASSOCIATED HAZARD

COUNTRY CROP NUMBER OF 
PESTICIDES 
REGISTERED/ 

USED

NUMBER OF 
PESTICIDES 
WITH AN 

ACUTE LD
50

 
FOR  

HONEY BEE

NUMBER OF 
PESTICIDES 
WITH AN 

ACUTE LD
50 

FOR  
BUMBLEBEE

% PESTICIDES (no.) WHICH ARE

hiGhly
toXic1

ld50<2μg/bee

Moderately
toXic

2≤ld50 ≤11μg/bee

practically
non-toXic
ld50>11μg/bee

Brazil
Melon 64 61 4  28% (17)  13% (8) 59% (36)

tomato 130 119 13  36% (43)  5% (6) 59% (70)

Kenya

coffee 12 12 2  42% (5)  8% (1) 50% (6)
cucurbits 29 29 9  52% (15)  7% (2) 41% (12)
French
beans

20 20 5  40% (8)  5% (1) 55% (11)

tomato 29 28 7  50% (14)  7% (2) 43% (12)

Netherlands
apple 57 52 5  10% (5)  11% (6) 79% (41)
tomato 66 52 5  21% (11)  8% (4) 71% (37)

1 BasedonthehazardclassificationforhoneybeesaccordingtotheUs-epa[25]
 Formoredetails,seeannexes2,3and4
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action,wasalsocalculated.itiscomputedas:lowestoralld50value/0.128,andrepresents

maximumdietaryexposureofahoneybeetoapesticideresidueof1mg/kginnectar[24].

itwasfoundthatwheneverthissystemicterresultedinahighriskclassification,thepesticide

hadalreadybeencategorizedashighlytoxicbytheepaoral/contacttoxicityclassification.one

can therefore conclude that the epahazard classification is also “protective” for beeswhen

systemicpesticidesareconcerned,atleastforthecompoundsevaluatedinthisstudy.

insectgrowthregulators(iGrs)tendtohavearelativelylowtoxicitytoadultbees,butmaybe

verytoxictothelarvae.ahazardclassificationbasedonacuteld50obtainedfromadultbeesisthen

notappropriateandtoxicitydataonbeebroodarerequired[24].relativelyfewiGrsarebeing

usedonthefocalcrops(table7),andthereforenospecificassessmentoftheirriskwasconducted.

Foliar residual toxicitydataforhoneybeeswereavailablefor42-71percentofthepesticides

withanld50<11μg/bee,thetriggerusedbytheUs-epatogeneratesuchdata(table10and

annex2,3,4).thesefoliarresidualtoxicitydatarefertomaximumnormalapplicationratesin

theUsa,andthesemaynotnecessarilybethesameinthethreestudycountries.Furthermore,

foliarresidualdissipationisdependentonclimaticcircumstances,whichmayalsodifferbetween

theUsandthethreecountriescoveredinthisstudy.thevaluescompiledintheannexesshould

thereforebeconsideredasindicative.

inbothKenyaandBrazil,a large fractionofpesticideshadhigh residual toxicity; in the

netherlandsthiswaslessso.however,arelativelylargefractionofpesticideswithlowresidual

toxicitystillhadahighormoderateacutecontacttoxicitytobees.

table10

FOLIAR RESIDUAL TOXICITY OF PESTICIDES IN THE FOCAL CROPS

COUNTRY CROP NUMBER OF 
PESTICIDES 

WITH 
LD

50
<11 µg/BEE

NUMBER OF 
PESTICIDES WITH 
FOLIAR RESIDUAL 

TOXICITY DATA

NUMBER OF PESTICIDES WITH1

low
residUal
toXicity
(<4hours)

Moderate 
residUal 
toXicity 
(4–8hours)

HIGH  
residUal
toXicity
(>8hours)

Brazil
Melon 26 11 4 {3}2 1 6

tomato 49 30 6 {4} 2 22

Kenya

coffee 6 4 0 1 0 4
cucurbits 17 12 1 {1} 0 11
French
beans

9 6 1 {1} 0 5

tomato 16 10 1 {1} 0 9

Netherlands

apple 11 5 3 {3} 0 2

tomato 15 10 7 {5} 0 3

1 residualtoxicitycategoriesarebasedon[88].
2 Betweenbrackets{..}isthenumberofpesticideswithanacuteld50<11μg/beeand havinglowresidualtoxicity. 

Formoredetails,seeannexes2,3and4
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3.2.5 Impact and recovery – life history and population dynamics 

the life-historyandpopulationdynamicsofthebeespecieswilldeterminetoa largeextent

howitspopulationswillresisttoorrecoverfromsuchpesticideimpact(table2).tables11,

12and13summarize informationcompiledon factors relatedto lifehistoryandpopulation

dynamicsofthebeegroupspresentonthefocalcrops.itshouldbenotedthatthesetables

donotrepresentacompleteliteraturereviewofthepopulationdynamicsofthelistedspecies,

andshouldthereforebeconsideredindicative.aswasdoneinsection3.2.2,acomparisonis

madeinthetablesbetweentheeuropeanhoneybeeandtheotherbeesactiveinthecrop.More

completeinformationforsomespecificgroupsmaybefoundinacompanionpubication[109].

ForBrazil, limited specific information was available for africanized honey bee and the

carpenterbeeXylocopa grisescens.theafricanizedhoneybeehasaconsiderablyhigherpopulation

growthrateandswarmingratethantheeuropeansubspecies.asaresult,itcanbeexpected

table11

FACTORS RELATED TO THE BEE’S LIFE-HISTORY AND POPULATION DYNAMICS WHICH MAY INFLUENCE THE 
IMPACT OF A PESTICIDE TO BEES IN THE FOCAL CROPS – BRAZIL

IMPACT – 
BEE LIFE HISTORY AND 
POPULATION DYNAMICS 
FACTORS

BRAZIL

Melon
toMato toMato

Apis mellifera  
(africanized) Bombus 

Xylocopa 
grisescens

Augochlora 
sp

Exomalopsis 
auropilosa

Melipona 

(worker)metabolicrate
hybrids<non-hybrid
africanoreuropean
subspecies

- - - - -

degreeofsociality eusocial
primitively
eusocial

parasocial solitary parasocial eusocial

Fractionofadultpopulation/colony
activeoutofthenest/hive(social
bees)

~35% <100%
Upto
100%

100% 100% <100%

timetoreproductiveageofqueen/
reproductivefemale(egg-adult)

~33d - 35–69d - - -

numberofoffspringperqueen/
reproductivefemale

8–12offspringcolonies/
parentalcolony/yr

- 5–8/yr - - -

numberofgenerationsperyear 3–4 - 1–4 - - -
populationgrowthrate[note:is
productofprevious3factors]

16-foldcolonyincrease/yr
<honey
bee

<honey
bee

<honeybee <honeybee -

numberofswarmspercolonyperyear Upto3,rarelymore n.a. n.a. n.a. n.a. -

Migrationdistanceofswarms
>europeansubspecies
(=500–600m;
max.1600m)

n.a. n.a. n.a. n.a. -

Overall likelihood of pesticide 
impact compared to the European 
honey bee

Lesser Greater Greater Greater Greater Unclear

-=datanotavailable;n.a.=notapplicable;d=day;m=metre;yr=year
Sources:Apis[38,107];Xylocopa[60,61,62];Bombus[101],General[73]
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thattheafricanizedhoneybeecanrecoverquickerfrompesticide-inducedadverseeffectsonthe

populationthantheeuropeanhoneybee.

itcanbeassumedthatpopulationgrowthratesofallthelistedsolitaryandparasocialbees,

willbelowerthanthatofthehoneybee.also,thefractionofthetotalpopulationwhichwillbe

outofthenestforagingorcollectingnestingmaterialswillbegreaterforthesolitary,parasocial

andprimitivelyeusocialbees,thanforhoneybeesandstinglessbees.asaresult,itislikelythat

pesticideimpactonindividualbeeswillaffectmoreofthepopulationsofthecarpenterbees,

thesolitarysweatbees,thelong-hornedbeesandtoalesserextentthebumblebees,thanof

table12

FACTORS RELATED TO THE BEE’S LIFE-HISTORY AND POPULATION DYNAMICS WHICH MAY INFLUENCE THE 
IMPACT OF A PESTICIDE TO BEES – KENYA

IMPACT – 
BEE LIFE HISTORY AND 
POPULATION DYNAMICS 
FACTORS

KENYA

COFFEE
CUCURBITS

FRENCH BEANS
toMato

COFFEE
CUCURBITS

FRENCH BEANS
toMato

COFFEE FRENCH BEANS
COFFEE

toMato
CUCURBITS

Apis mellifera scutellata Xylocopa Patellapis Megachilidae halictidae

(worker)metabolicrate
africansubspecies>
europeansubspecies

- - - -

degreeofsociality eusocial parasocial solitary variable

variable
(solitaryto
primitively
eusocial)

Fractionofadultpopulation/colony
activeoutofthenest/hive(social
bees)

~35% Upto100% 100% variable variable

timetoreproductiveageof
queen/reproductivefemale(egg-
adult)

~33d - - - -

numberofoffspringperqueen/
reproductivefemale

>european
subspecies

- - - -

numberofgenerationsperyear 3–4 - - - -

populationgrowthrate[note:is
productofprevious3factors]

16-foldcolony
increase/yr

<honeybee <honeybee <honeybee <honeybee

numberofswarmspercolonyper
year

Upto60,though
normallyless

n.a. n.a. n.a. n.a.

Migrationdistanceofswarms
>europeansubspecies
(=500–600m; 
max.1600m)

n.a. n.a. n.a. n.a.

Overall likelihood of pesticide 
impact compared to the honey 
bee

n.a. Greater? Greater? Greater? Greater?

-=datanotavailable;?=possibly;n.a.=notapplicable;d=day;m=metre;yr=year
Sources:Apis[38,100,107];halictidae[65];General[73].
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themoresocialbees.inaddition,thelowerpopulationgrowthrateswouldresultinlessrapid

populationrecoveryofthesegroups.

ForKenya,limitedinformationwasavailablefortheafricanhoneybee.similartotheafricanized

honeybeetheafricanhoneybeehasconsiderablyhigherpopulationgrowthrateandswarming

ratethantheeuropeansubspecies.asaresult,itcanbeexpectedthattheafricanhoneybeecan

recovermorequicklyfrompesticide-inducedadverseeffectsonthepopulationthantheeuropean

honeybee.inaddition,thehighermetabolicrateoftheafricanhoneybeecomparedtoeuropean

honeybee,mayresultinfasterdetoxificationofcertainpesticidesintheformer.

nospecificdataonlifehistoryandpopulationdynamicsfortheotherbeegroupsinKenya

wasfound.BasedonthesamereasoningasforBrazilaboutthedegreeofsocialityandrelated

fractionofadultbeesthatisactiveoutofthenest,aswellasthelikelylowerpopulationgrowth

rates,onecouldarguethatpopulationimpactmaybegreaterforthelistedKenyannon-Apis 

bees,andpotentialforrecoverylower.however,thisisnotbasedonlocallyspecificdata.

FortheNetherlands,informationonlifehistoryandpopulationdynamicswasavailableforthe

honeybeeandtheredmasonbee(Osmia rufa),andlesssoforbumblebees.nodatawereobtained

forsandbees(Andrena).Greaterpopulationimpactandlesspotentialforrecoveryisverylikely

afteradversepesticideimpactonO. rufawhencomparedtothehoneybee.thisisbecauseallof

theadult(reproductive)femalesofO. rufaareactivelyforagingoutsidethenest,contrarytothe

honeybee.Furthermore,populationgrowthratesofO. rufaarelowerthanthoseofthehoneybee.

data for bumblebees were more limited. in tomato production in the netherlands,

commerciallyavailablecoloniesofbumblebeesareplacedandreplacedinthegreenhouseand

populationeffects arenot very relevant.however, adversepesticide impactmay temporarily

affectbumblebeenumbers and thereforepollinationefficiency in thegreenhouse.Queensof

wildbumblebeespeciesinnortherneuropewillhibernateasmatedreproductiveadultsandstart

foragingandbuildinganewcolonyinspring.anypesticideimpactonsuchreproducingbeeswill

directlyaffectcolonysizeand,ifmortalityoccurs,precludepopulationrecovery.
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table13

FACTORS RELATED TO THE BEE’S LIFE-HISTORY AND POPULATION DYNAMICS WHICH MAY INFLUENCE THE 
IMPACT OF A PESTICIDE TO BEES – THE NETHERLANDS

IMPACT – BEE LIFE HISTORY 
AND POPULATION DYNAMICS 
FACTORS

THE NETHERLANDS

toMato APPLE

Bombus terrestris Apis mellifera mellifera Osmia rufa Andrena Bombus 

(worker)metabolicrate -
lowerthanafrican
subspecies

- - -

degreeofsociality primitivelyeusocial eusocial solitary parasocial?
primitively
eusocial

Fractionofadultpopulation/colony
activeoutofthenest/hive(socialbees)

<100% ~35%% 100% 100% <100%

timetoreproductiveageofqueen/
reproductivefemale(egg-adult)

~33d ~34d 100d - ~33d

numberofoffspringperqueen/
reproductivefemale

150–250

2.2–3.6offspring
colonies/parental
colony/yr;

~38000–70000workers/
queen/season;

~10adultqueensreared
/colony/swarmingcycle

Upto20 - ~10–30

numberofgenerationsperyear 1 1–2 1 1 1

populationgrowthrate[note:is
productofprevious3factors]

<honeybee
0–3-foldcolony
increase/yr

2.4–2.8-fold
population
increase/yr

<honey
bee

<honey
bee

numberofswarmspercolonyperyear n.a.
2–4 

(primaryswarm& 
afterswarms)

n.a. n.a. n.a.

Migrationdistanceofswarms n.a.
500–600m 
(max.1600m)

n.a. n.a. n.a.

Overall likelihood of pesticide 
impact compared to the honey bee

Greater n.a. Greater Greater Greater?

-=datanotavailable;?=possibly;n.a.=notapplicable;d=day;m=metre;yr=year
Sources:Questionnaireofthisstudy,and:Apis[38,102,107];Osmia [85,89];Bombus[101],General[73]



Pesticides being applied in a melon field in Juazeiro, Brazil.
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chapter4
DISCUSSION 

oneoftheobjectivesoftheassessmentofaspectsdeterminingrisksofpesticidestowildbees

wastoidentifydatagapsfor‘standard’riskassessmentandtoaddressthepossibilitiesforan

alternativeriskprofilingapproachwhenrequireddataarelacking.inaddition,thestudyprovides

riskassessorswithelementsthatcanbeusedtodeveloppesticideriskmitigationmeasures.

4.1 DATA AVAILABILITY 

theavailabilityofdataretrievedbythethreeparticipatingcountriesissummarizedintable14.

withrespecttothepresence of beesinthefocalcrops,generallyitwasknownwhichgroups

ofbeeswereactiveonthecrop,althoughinanumberofcasesidentificationwasonlyknown

alongfairlybroadtaxonomicgroups.theroleofthewildbeesaspollinatorswasrelativelywell

knownformeloninBrazil,coffeeandFrenchbeansinKenya,andtomatointhenetherlands.

thelackofdatafortheothercropsunderlinestheimportancetoobtainbetterinsightsonthe

exactroleofwildbeesaspollinators.

withrespecttoexposure,dataweregenerallyavailableforcropfactorsandforpesticideuse

andapplicationfactors,althoughinmanycasesthesedatawerenotcomplete.datawerelimited

orlackingespeciallyforfactorsrelatedtobeebiology.asaconsequence,itisoftenpossibleto

infertheoveralllikelihoodofexposureofwildbeesinthefocalcrops.however,itisoftennot

possibletofurtherqualifyorquantifythedegreeofexposureofindividualbeetaxa.

withrespecttoimpact and recovery,toxicitydatawereavailableformostpesticidesused

in the focal crops.however, theseweremainly limited toacute toxicity tohoneybees.Few

toxicitystudieshavebeenpublishedforbumblebees,andevenlesssoforotherbeespecies.

Foliarresidualtoxicitydatawereonlyobtainedforroughlyhalfofthemoretoxicpesticidesfor

whichthesearenormallygenerated,buttowhatextentthesedatacanbeusedunderdifferent

climaticconditionsisuncertain.availabilityofdataonlifehistorycharacteristicsandpopulation

dynamicsof,inparticular,wildbeeswaspoororcompletelyabsent.
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inconclusion,informationwasoftenavailabletogiveafirstassessmentofthelikelihoodof

exposureofbeestopesticidesinthefocalcrops,andthepotentialforadverseeffects.however,

itwasgenerallynotpossibletomakemoredetailedinferencesabouteitherthesizeandduration

of adverse effects of the pesticide or the potential for recovery of the bees. in particular,

bee biology, life-history and population dynamicswould need to be studied inmore detail.

Furthermore,itisnotknowntowhatextentpesticidetoxicityforhoneybeesisrepresentative

forwildbees.Finally,inclusionofapplicationratesintheassessmentwouldallowforabetter

quantificationofrisk,e.g.bycalculatinghazardquotients.

theneedforfurtherresearchonbeebiologyandecologyhasalsobeenexpressedinthepast,

withtheaimofgainingbetterunderstandingofpollinationinafrica[92]andinBrazil[93].

Muchoftheresearchneededonpollinationbiologywouldalsobeofhighvaluetopesticide

riskprofilingandassessment.Giventhelimitedresourcesavailableforsuchresearch,itseems

importantthatpesticideecotoxicologistsandpollinationbiologistsseekactivecollaborationto

optimizeandmutuallycomplementon-goingandplannedresearchefforts.

4.2 RISK PROFILES 

the risk profiling approach used in this study was developed because a comprehensive risk

assessmentmethodforwildbees,orevenforhoneybeesinnon-temperatecroppingsystems,

isnotyetavailable.theresultsofthisstudyindicatethatimportantdatagapsstillexistwith

respect to, in particular, bee biology and quantification of exposure that may preclude the

table14

AVAILABILITY OF DATA ON FACTORS THAT MAY INFLUENCE PESTICIDE RISK TO BEES FOR THE FOCAL CROPS

RISK FACTOR BRAZIL KENYA NETHERLANDS

toMato Melon COFFEE CUCURBITS FRENCH BEANS toMato toMato APPLE

Presence of bees

taxonomy limited Good limited limited limited limited Good limited
pollinationrole limited Good Good limited Good limited Good limited

Exposure

cropfactors Good Good Good limited limited limited Good Good
Beebiologyfactors poor limited limited limited poor limited Good limited
pesticideuseand
applicationpractices

limited limited Good Good Good Good limited limited

Impact & recovery

pesticideproperties limited
life-historyand
populationdynamics

limited poor poor poor poor poor limited limited
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establishmentofaproperriskassessmentprocedureforwildbeesinthenearfuture.however,

theelaborationofariskprofile,asoutlinedinthisstudy,mayprovideapreliminaryqualification

oftherisksofpesticideuseto(wild)beesinspecificcrops.

there are important differences between a risk assessment and a risk profile. a risk

assessmentforbees,conductedfortheregistrationofapesticide,tendstofocusonaspecific

pesticide product, includes a quantitative estimate of exposure and of effect, and refers to

explicitacceptabilitycriteria (e.g. thehazardquotientor toxicity-exposure ratio, in theeU/

eppoapproach).

a risk profile, on the other hand, focuses on the cropping system. it includes (where

possible)aquantitativemeasureofeffects,butgenerallycomprisesonlyaqualitative(orsemi-

quantitative)estimateofexposure,andcanthereforenotquantify risks.asaresult,explicit

acceptabilitycriteriaarenotused.

weconsiderriskprofilingaparticularlyusefulapproachto:

|| conductaqualitativeevaluationofpesticideriskstobeesinspecificcroppingsystems;

|| comparepotentialrisksofpesticideusetobeesamongcroppingsystems;

|| facilitatediscussionamongresearchers,regulators,farmersandbeekeepersonpesticiderisks

to(wild)bees;

|| identifydata/informationgaps;

|| setprioritiesforfurtherresearch(e.g.withrespecttocrops,beegroups,typesofpesticides);

and

|| setprioritiesforriskmitigation.

intheabsenceofagreedquantitativeriskassessmentproceduresforwildbees,orhoneybees

in(sub-)tropicalcroppingsystems,establishingariskprofileprovidesastructuredassessment

ofpotentialrisksofpesticidestobeesinagivencropsituationwhilemakingexplicitanydata

andknowledgegaps.thisformsanexcellentbasisfordiscussionamongresearchers,regulators,

farmersandbeekeepersonhow tovaluepotentialpesticide risks tobeesandpollination in

specificcroppingsystems.

theestablishmentofariskprofilefurtherhelpstosetprioritiesforresearch,byidentifying

crops,speciesorgroupsofbees,ortypesofpesticidesthatmeritadditionalstudy.Forinstance,

additionalresearcheffortswouldclearlybejustifiedforpollinator-dependentcroppingsystems,

where there is a great likelihood of exposure of bees to pesticides, and a large fraction of

moderatelytoxicpesticidesisbeingused,i.e.forwhichtheresultingimpactonbeesmaynot

beclear.anotherpriorityexampleforresearchwouldbeapollinator-dependentcrop,inwhich

manyhighlytoxicpesticidesarebeingused,butwherethelikelihoodandextentofexposureof
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beesisnotclear.thefocusofresearchwouldbedifferentaccordingtotheuncertaintiesthat

needtobeclarifiedforthecroppingsysteminquestion.

eventhoughriskprofilingwilloftenleadtolessconcreteconclusionsaboutriskthanformal

risk assessment, the establishment of a risk profile could also lead to riskmitigation. in a

numberofcases,theoutcomeofariskprofilewillbeclearenoughtowarrantriskmitigation

measurestobedevelopedand/ortobetaken.thiswould,forinstance,bethecaseifthereis

agreatlikelihoodofexposureofbeestovarioushighlytoxicpesticidesinahighlypollinator-

dependentcrop.theriskofadverselyaffectingpollinatorsandcropproductioninsuchcasesis

sogreatthatimmediateimplementationofriskmitigationmeasuresisjustified.therequirement

forriskmitigationshould,insuchhighriskcases,notbemadeconditionaltothegenerationof

furtherdataorinformation.

table15providessuggestionsforprioritysettingforresearchandfordeveloping(additional)

riskmitigationonthebasisoftheoutcomeofariskprofilingexercise.prioritiesaremainlybased

onthelikelihoodofexposureofbeesontheonehandandthetoxicityofthepesticidesusedin

thecropontheother.prioritiesarealsobasedonthepollinationdependencyofthecropand

thepopulationdynamicsofthebee.itisimportanttorealizethatthistypeofprioritysetting

isrelevanttorisksofpesticidestobeesincrops,inparticularthosethataretosomeextent

dependentonpollination.itdoesnotguideresearchorriskmitigationprioritiesunrelatedto

pollination,e.g.whichfocusonbiodiversityprotection.othercriteriaareimportantforsuch

aspectsofbeeconservation.

onthebasisofthecriteriaintable15andtakingintoaccountthedatagapswhichexistin

manyofthestudiedcases,thecroppingsituationsassessedinthisstudycanbecategorized,in

apreliminarymanner,asshownintable16.

ahighpriorityforidentificationandimplementationofriskmitigationmeasureswouldbe

needed for cucurbits and tomato inKenya, since these crops are highly dependent on bee

pollination,thereisahighlikelihoodofexposureofbees,andmanyhighlytoxicpesticidesare

beingappliedinthecrops.ontheotherhand,thereisarelativelylowlikelihoodofexposure

ofbees incoffee,toa largeextentbecausefarmersalreadyavoidsprayingduringflowering.

therefore,immediatedevelopmentofadditionalriskmitigationdoesnotseemwarranted,and

thereisalowerpriorityforresearchaboutpesticiderisksinthiscrop.Frenchbeansarenothighly

pollinator-dependent,andforthatreasonthiscropmaynotbeapriorityforriskmitigationor

researchcomparedtosomeoftheothercropsassessedinthestudy.however,recentstudiesin

Kenyaareindicatingsignificantyieldincreasesfrompollinatorvisits,makingthedependenceof

thiscroponpollinatorsasyetunclear[111].
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In Brazil,thereisahighnumberofhighlytoxicpesticidesbeingusedinmelonandtomato,

andthelikelihoodofexposureofbeesisgreat.inaddition,theinformationobtainedaboutthe

lifehistoryandpopulationdynamicsofthewildbeespointstoanincreasedseverityofpesticide

impactandalowercapacityforpopulationrecovery.asaresult,theprioritywouldbetodevelop

and implement riskmitigationmeasures for these crops. researchwould thenbeneeded to

furtherquantifypesticideimpactandrefinemitigationoptions.

eventhoughthelikelihoodofexposureofbeestopesticidesishighinappleandtomatoin

the Netherlands,mostpesticidesbeingusedhavearelativelylowtoxicitytobees.apparently,

riskmitigationinthesecropshasfocussedonthechoiceofthepesticidesbeingauthorizedand

table15

PRIORITY SETTING FOR RESEARCH OR FOR (ADDITIONAL) RISK MITIGATION, BASED ON THE OUTCOME OF A 
RISK PROFILE FOR A GIVEN CROPPING SYSTEM

PRIORITY FOR RESEARCH 
“r” , OR FOR (ADDITIONAL) 
RISK MITIGATION “M”
(ifinbrackets[],thepriority
issecondarytothemain
priority)

CROP DEPENDENCE ON POLLINATION

HIGH LIMITED NO

Likelihood of exposure of  
bees to pesticides

Likelihood of exposure of  
bees to pesticides

high low Unclear high low Unclear

Severity of 
impact
largefractionof
thepesticides
usedinthecrop
are:

highlytoxic M
[R]

R
[M] § M § R §

Moderately
toxic

R
[M] § R §

practically 
non-toxic R §

§ inparticularifbeepopulationdynamicsorlifehistoryarelikelytoincreasetheseverityofpesticideimpactorreducethespeedofrecovery

table16

PRIORITY SETTING FOR RESEARCH OR FOR RISK MITIGATION, BASED ON THE OUTCOME OF A RISK PROFILE 
FOR A GIVEN CROPPING SYSTEM

PRIORITY FOR RESEARCH 
“r”, OR FOR RISK 
MITIGATION “M”
(ifinbrackets[],thepriority
issecondarytothemain
priority)

CROP DEPENDENCE ON POLLINATION

HIGH LIMITED NO

Likelihood of exposure of  
bees to pesticides

Likelihood of exposure of  
bees to pesticides

high low Unclear high low Unclear

Severity of 
impact
largefractionof
thepesticides
usedinthecrop
are:

highlytoxic
M, [R] Kenya:  

cucurbitsandtomatoBrazil: 
melonandtomato

Kenya:  
coffee

M Kenya: 
Frenchbeans

Moderately
toxic

practically 
non-toxic

R§ Netherlands:appleand
tomato

§ Becausebeepopulationdynamicsorlifehistoryarelikelytoincreasetheseverityofpesticideimpactorreducethespeedofrecovery



34

c h a p t e r  4 :  D I S C U S S I O N

used.thereisapriorityforresearchintopesticideeffectshowever,inparticularinapple,since

populationdynamicsandlifehistoriesofthewildbeesactiveinthiscropmaypossiblyresultin

increasedseverityofpesticideimpactandreducedpotentialforpopulationrecovery.

itshouldbestressedthatiftheoutcomeofthistypeofprioritysettingisthatthereisless

needfor thedevelopmentof riskmitigationmeasures, riskmitigationmaystillbenecessary

forthecropinquestion.also,thefactthatthereisnoimmediateprioritybeingidentifiedfor

researchinaspecificcrop,doesnotmeanthatadditionalresearchwouldnotbeuseful.however,

ifresourcesarelimited(whichtheyalmostalwaysare),theidentifiedpriorityisexpectedto

providethegreatestbenefitsinreducingpesticideimpactonbeesinthatspecificcrop.

thisstructuredprofilingexerciseofpesticiderisksto(wild)beesindifferentcroppingsystems

ondifferentcontinentshas,accordingtocurrentknowledge,notbeencarriedoutpreviously.the

listofriskfactors(table2)usedintheassessmentisdefinitelynotexhaustive,andthepossible

effectsthesefactorsmayhaveonpesticideriskstobeeswillclearlyneedfurtherresearch.itishoped

thatthispresentworkcanbeusedasabasisforconductingsimilarstudieselsewhere(seeannex

1).overtime,thisshouldresultinamoreprecisesetofriskfactors,andprogressivelygeneratea

morecomprehensivedatabaseofriskprofilesfordifferentcroppingsystemsandsituations.inthe

longterm,thisriskprofilingapproachisexpectedtocontributetothedevelopmentofformalrisk

assessmentproceduresforwildbeesandforhoneybeesinagroecosystems.



Above: Small-scale horticultural production in Kenya. 

Below: Kenyan farmers learn about the diversity of insects visiting and pollinating their crops.
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A carpenter bee (Xylocopa) visiting french bean flowers in Kenya.
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Above: Passionfruit grower in Brazil inspecting his fruit for pests or disease. 

Below: Smallholder farmer in Brazil removing weeds from his cowpea fields.
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anneX1
ASPECTS DETERMINING RISK OF 
PESTICIDES TO BEES: SURVEY FORM 
TO ESTABLISH A RISK PROFILE
tobeabletoelaborateariskprofileforbeesofpesticideuseinaspecificcrop,informationis

neededonthreeaspects:(i)thetoxicityofthepesticide;(ii)theprobabilityofexposureofthe

beetothatpesticide;and(iii)thepopulationdynamicsofthebeespeciesinquestion.

pesticidetoxicitydatahavemainlybeengeneratedforthewesternhoneybee(Apis mellifera),

butmuchlesssoforother Apisspeciesornon-Apisbees(bothwildandmanaged).increasingly,

however,toxicitytestsarebeingdonewithnon-Apis mellliferaspecies,althoughnotallofthese

havefoundtheirwayintotheinternationalpublishedliterature.

the probability and degree of exposure to pesticides depend on cropping and pesticide

applicationpractices,pesticideproperties,attractivenessofthecroptobees,andbeebiology

(inparticularphenologyandbehaviour).dataontheseaspectsofexposure,foragivencrop

inagivencountryorregion,maybeavailablefromagriculturalextensionservices,pesticide

registrationauthorities,beeexperts,agronomistsandenvironmentalscientists.

Finally,thepopulation dynamicsofthebeespecieswilldeterminehowanobservedeffect

ofthepesticide(eitherlethalorsublethal)willaffectlong-termsurvivalofthepopulation.

it is not likely that the information listed in the questionnaire is all available fromone

institution or person in the country. it is certainly necessary to consult with agronomists,

extensionservicesandfarmerassociationsworkinginthefocalcropstoobtaincroppingand

pesticide use data; with the pesticide registration authority and research organizations to

obtainpesticidepropertyandtoxicitydata;andwithbeeandpollinationexpertstoobtainbee

biologyinformation.alltheinformationhasbeencompiledintoonequestionnaire,however,to

underlinetheinterdisciplinarynatureofpesticideriskassessment.

someinformationwillbeavailablefromthepublishedliterature;otherdatamaybeobtained

from local unpublished report or studies, or be provided through expert opinion. all such

information can be very relevant for risk assessment and should be compiled. however, to

beabletoallowproperinterpretationofthedata,itisimportanttoprovidethesource(s)of

eachinputinthetable,irrespectiveofwhethertheyarepublishedreports/articlesorpersonal

communications.ifdata/informationisunavailableorunknown,pleasealsoexplicitlymention

thisasitwillhelpidentifygapsinourknowledge.Finally,itishelpfultolistalltheinstitutions

andpersonsthatwereconsultedfortheassessment.
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A. Case identity

theassessmentcanbedoneonacountry-widebasisifthecroppingsystemsandbeecomplexes

aresimilarthroughoutthecountry,oronaregionalbasisifimportantdifferencesexistwithin

thecountry.

country:
region(optional):

crop:
numberofgrowingseasons
peryear:

Mainbeespecies/groupsvisitingthecrop:
isspeciesanimportant
pollinatorofthecrop?

1. yes/no/notknown
2. yes/no/notknown
3. yes/no/notknown
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B. Exposure – crop factors

assessmentofwhetherthereisapossibilityofexposureofbeestothepesticideinthiscrop.

this information should allow a first evaluation as to whether bees may be exposed to

pesticidesinthecrop.thisisthecasewhentheyarelikelytobeactiveforagingforpollenor

(extrafloral)nectar inthecrop,orwhentheyarecollectingnestingmaterials,when(or just

after)pesticidesareappliedtothatcrop.Beesmayalsobeexposedifasystemicpesticidehas

beenappliedtoapreviousrotationalcrop.ifexposureisunlikely,pesticiderisktowildbeesis

consideredtobelow,andobtaininginformationontheaspectsbelowisnotnecessary.

FACTOR REMARKS SOURCE OF  
INFORMATION
(refer to section G)

surfaceareaunderthecrop withintheoverallareaforwhichthe
assessmentisdone

|| overallsize ha

|| patchiness percentoftotalareawiththiscrop

period(s)inthegrowingseasonwhen 
pesticidesareappliedtothecrop:

notethemonth(s)/date(s)/or 
timingrelativetoemergence,flowering
orharvest

period(s)intheyearwhenthecropisgrown: notethemonth(s)

period(s)intheyearwhenthecropflowers: notethemonth(s)

period(s)intheyearwhenthebee
species/groupsareactiveforagingor
collectingnestingmaterialsoutsidethe
nest/hive:

1. notethespecies/groupandthe
month(s)2.

3.

areanyweedsfloweringinthecropthatmaybeattractiveto
bees?
ifyes:period(s)duringthecropseasonwhenweedsare
flowering:

yes/no
ifyes:notethemonth(s)

doesthecrophaveextrafloralnectariesthatmaybe
attractivetobees?

yes/no

isthecropregularlyinfestedwithhoneydewproducing
insects(e.g.aphids,scaleinsects)thatmaybeattractive
tobees?

yes/no

dothebeeslikelyvisitthetreatedcroptocollectwater
(e.g.dewoncrop?openwaterin/nearcrop?)

yes/no

areanysystemicpesticidesappliedassoiltreatmentor
seedtreatmenttoapreviousrotationalcrop?

yes/no

domalebees“roost”inthecrop,atnight? yes/no

domalebeesestablishmatingsitesinthecrop? yes/no
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C. Exposure – bee biology factors

thissectioncontainsrelevantinformationonbeebiologythatmaypartlydeterminepesticide

risk.pleaseprovideinformationforeachbeespecies/groupidentifiedundersectiona.please

alsoprovidereferencestopublishedliteratureorunpublishedresearchreportswhenpossible.

indicatewhen information is expert opinion, andnote the name(s) of the expert(s). if the

informationisunavailable,pleaseexplicitlynotethis.
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D. Exposure and impact – pesticide use/application practices

thissectioncontainsrelevantinformationonthetypesofpesticidesusedinthefocalcrop,and

theapplicationpractices.ifactualpesticideusedataareunavailable,pesticideregistrationdata

canalsobeused.iftheinformationisunavailable,pleaseexplicitlynotethisaswell.
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E. Impact and recovery – pesticide properties

thissectioncontainsrelevantinformationonthepropertiesofallthepesticideactiveingredients

usedonthecrop.theseaspectsareindependentoftheactualpesticideusepracticesdescribed

above.providereferencestopublishedliteratureorunpublishedresearchreportswhenpossible.

iftheinformationisunavailable,explicitlynotethisaswell.Usemorepages,ifneeded.
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F. Impact and recovery – life history and population dynamics factors

thissectioncontainsrelevantinformationonbeelifehistoriesandpopulationdynamicsthat

may partly determine pesticide risk. please provide information for each bee species/group

identifiedundersectiona.pleasealsoprovidereferencestopublishedliteratureorunpublished

research reports when possible. indicate when information is expert opinion, and note the

name(s)oftheexpert(s).iftheinformationisunavailable,pleaseexplicitlynotethis.

FACTOR BEE SPECIES/GROUP REMARKS SOURCE OF  
INFORMATION
(refer to  
section G)

1: 2: 3:

individual
metabolicrate
degreeofsociality

Fractionof
population/colony
activeoutofthe
nest/hive(social
bees)
timeto
reproductiveageof
queen/reproductive
female(egg-adult)

days

numberofoffspring
perqueen/
reproductivefemale
numberof
generationsper
year

populationgrowth
rate[note:as
productofprevious
3factors]

colonymultiplication
factorperunit
time;ornumberper
reproductivefemale
perunittime

numberofswarms
percolonyor
reproductiveevents
peryear
Migrationand
dispersaldistance

km
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G. Sources

inthissection,alltheinstitutionsandpersonsconsultedarelisted,eveniftheywerenotable

toprovideinformationordata.

REFERENCE IN PREVIOUS 
SECTIONS (no.)

INSTITUTION OR PERSON 
CONSULTED

ASPECT CONTACT DETAILS  
(e-mailaddressand/or
telephonenumber)

Etc.

referencestoreports,articles,studies,etc.canbelistedhere.

REFERENCE IN PREVIOUS 
SECTIONS (no.)

TITLE OF REPORT, 
ARTICLE, STUDY

AUTHOR(S) PUBLICATION DETAILS

Etc.
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anneX21

PESTICIDES REGISTERED ON THE 
FOCAL CROPS – BRAZIL 

ACTIVE  
INGREDIENT

TYPE SYSTEMIC IGR LD
50

 HONEY BEE
(μg/bee)

LD
50 

BOM-
BUS SPP.
(μg/bee)

FOLIAR RESI-
DUAL TOXICITY
(hoursordays)

REGISTERED ON

lowest ORAL lowest Melon toMato

abamectin i,a lim. no 0.002 8-72hr X X

acephate i,a no no 0.36
3.69 

(B. terrestris)
>72hr X X

acetamiprid I yes no 8.1 14.5
2.1 

(B. patagiatus)
X X

alanycarb I no no 0.80 X

alpha-
cypermethrin

I no no 0.036
0.15 

(B. terrestris)
X

Anilazine F no - 100 X

azocyclotin A no no >5 X

azoxystrobin F yes - >25 X X

Bacillus
thuringiensis

I no no >0.1 X X

Benalaxyl F yes - >100 X

Benfuracarb I yes no 0.29 X

Benzalkonium
chloride

F,B ? - n.a. X

Beta-cyfluthrin I no no 0.001 X X

Beta-
cypermethrin

I no no 0.13 X

Bifenthrin i,a no no 0.013 >24hr X X

Bitertanol F no - 104 X

Boscalid F lim. - 100 X X

Bromuconazole F yes - 100 X

Buprofezin i,a no yes >200 X X

captan F no - 26.4 X X

carbaryl i,pGr lim. no 1.70 3.84(n.i.) 2-14d X

carbofuran i,n yes no 0.15 >5d X

carbosulfan I yes no 0.68 3.5d X

1 Registered pesticides:agroFitdatabase,Ministériodaagricultura,pecuáriaeabastecimento(2011)[30];Type, systemicity, IGR:tomlin(2011)
[37],FootprintppdB(2011)[34];Acute LD

50
 honey bee(oralorcontact):Fao/osU(2011)[33].ifmissinginprevious,FootprintppdB(2011)

[34]andFootprintBpdB(2011)[35]– in italics in table; Acute LD
50

 bumblebee:Mommaerts&smagghe(2011)[36];Foliar residual toxicity: 
pacificnorthwestextension[88]&Floridacooperativeextensionservice[87];determinedforthehoneybeeatmaximumnormalUsapplication
rates.

followsonthenextpage >
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ACTIVE  
INGREDIENT

TYPE SYSTEMIC IGR LD
50

 HONEY BEE
(μg/bee)

LD
50 

BOM-
BUS SPP.
(μg/bee)

FOLIAR RESI-
DUAL TOXICITY
(hoursordays)

REGISTERED ON

lowest ORAL lowest Melon toMato

cartap
hydrochloride

I yes no 10 X X

chlorfenapyr i,a lim. no 0.12 <4h X X

chlorfluazuron I no yes >100 X

chromafenozide I no yes >100 X

chlorothalonil F no - 181 X X

clethodim H yes -- >100 X

clothianidin I yes no 0.044 9.92 X X

copperhydroxide F no - >100 X X

copperoxychloride F no - 15 X X

copperoxyde F no - >116 X

coppersulfate F no - >11 X

cyazofamid F no - >100 X

cyfluthrin I no no 0.019 0.13(n.i.) >24h X

cymoxanil F yes - 25 100 X

cypermethrin I no no 0.03 >3d X

cyproconazole F yes - 100 1000 X

cyprodinil F yes - 316 X

cyromazine I yes yes 20 <2h X X

deltamethrin I no no 0.017
0.6 

(B. terrestris)
<4h X X

diafenthiuron I no no 1.5 X X

difenoconazole F yes - 101 187 X X

diflubenzuron I no yes 100 X

dimethoate i,a yes no 0.098
4.8  

(B. terrestris)
3d X

dimethomorph F yes - 100 X

dodec-7-enyl
acetate

Ph no - n.a. X

esfenvalerate I no no 0.045 24h X

ethion i,a no no 4.18 X X

etofenprox I no no 0.13 X

etoxazole A no yes 200 X

Famoxadone F no - >63 X

Fenamidone F yes - 75 160 X X

Fenamiphos N yes no 1.43 X X

Fenarimol F yes - 100 X

Fenpropathrin i,a no no 0.05 24h X

Fenpyroximate A no lim. 15.8 X

Fenthion I no no 0.056 X

followsonthenextpage >
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ACTIVE  
INGREDIENT

TYPE SYSTEMIC IGR LD
50

 HONEY BEE
(μg/bee)

LD
50 

BOM-
BUS SPP.
(μg/bee)

FOLIAR RESI-
DUAL TOXICITY
(hoursordays)

REGISTERED ON

lowest ORAL lowest Melon toMato

Flazasulfuron H yes - >100 X

Fluazifop-p-butyl H yes - 112 200 X

Fluazinam F no - 100 X

Fluquinconazole F yes - >100 X

Flutriafol F yes - 5 X

Folpet F no - 33.8 X

Formetanate i,a no no 10.6 X

Gamma-cyhalothrin I no no 0.005 X

hexadec-11-enyl
acetate

Ph no - n.a. X

hexadeca-e-11 Ph no - n.a. X

imibenconazole F yes - 125 X

imidacloprid I yes no 0.004
0.02(B. 
terrestris)

>24h X X

indoxacarb I no no 0.40 X X

iprodione F no - 400 X X

iprovalicarb F yes - >199 X X

Kasugamycin F,B yes - >25 X

Kresoxim-methyl F no - 14 X X

lambda-
cyhalothrin

I no no 0.093 0.11(n.i.) >24h X

lufenuron i,a no yes 197 X

Malathion I no no 0.47 5.5d X

Mancozeb F no - >20 X X

Maneb F no - 12 X

Metalaxyl-M F yes - 200 X X

Metamsodium
F,n,
h,i

no no 36.2 X

Methamidophos i,a yes no 0.1 24hr X

Metconazole F yes - 97 X X

1-
methylcyclopropene

PRG no - n.a. X X

Methiocarb i,a,M no no 0.37 >3d X

Metiram F no - 40 X X

Methomyl i,a yes no 0.42
0.57 

(B. terrestris)
1.5d X

Methylbromide i,a,n no no n.a. X

Methyl-eugenol Ph no - n.a. X

Methoxyfenozide I no yes >100 X

Metribuzin H yes - 35 X

Mevinphos i,a yes no 0.086 <1.5d X X

followsonthenextpage >
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ACTIVE  
INGREDIENT

TYPE SYSTEMIC IGR LD
50

 HONEY BEE
(μg/bee)

LD
50 

BOM-
BUS SPP.
(μg/bee)

FOLIAR RESI-
DUAL TOXICITY
(hoursordays)

REGISTERED ON

lowest ORAL lowest Melon toMato

Milbemectin A lim. no 0.025 0.46 X

Myclobutanil F yes - >7 X

napropamide H yes - 121 X

novaluron I no yes >100 X

oxytetracycline B yes - >100 X

permethrin I no no 0.029
0.81 

(B. terrestris)
0.5-2d X

phenthoate i,a no no 0.3 X

phorate i,a,n yes no 1.12
1-2 

(B. lucorum)
24h X

pirimicarb I yes no 6.21
8.5 

(B. terrestris)
<2h X

prochloraz F no - 37.4 X

procymidone F yes - 100 X X

profenofos i,a no no 1.23 X

propargite A no no 15 X

propamocarb
hydrochloride

F yes - 100 116 X

propiconazole F yes - 14.1 X

propineb F no - 200 X

prothiofos I no no n.a. X

pymetrozine I ? no 117 <2h X X

pyraclostrobin F lim. - 73 X X

pyrazophos F yes - 0.65 0.84 X

pyridaphenthion I no no 0.08 X

pyrimethanil F lim. no >100 X X

pyriproxyfen I no yes >100 X X

Quinomethionate a,F no no n.a. X

Quintozene F no - 100 X

Quizalofop-p-ethyl H no - 71 X

spinosad I no no 0.003 <2h X

spirodiclofen i,a no yes >196 X

spiromesifen i,a no yes >200 X X

streptomycin B yes - >100 X

sulphur F,a no - 1051 X X

tebuconazole F yes - 176 X X

tebufenozide I no yes 234 <8h X

teflubenzuron I no yes 1000 X

tetraconazole F yes - >130 X X

tetradec-3,8,11-
enylacetate

Ph no - n.a. X

followsonthenextpage >
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ACTIVE  
INGREDIENT

TYPE SYSTEMIC IGR LD
50

 HONEY BEE
(μg/bee)

LD
50 

BOM-
BUS SPP.
(μg/bee)

FOLIAR RESI-
DUAL TOXICITY
(hoursordays)

REGISTERED ON

lowest ORAL lowest Melon toMato

tetradec-3,8-enyl
acetate

Ph no - n.a. X

tetradec-9-enyl
acetate

Ph no - n.a. X

tetradifon A no no 60.4 X

thiabendazole F yes - >10 X

thiacloprid I lim. no 17.3 X X

thiamethoxam I yes no 0.005 7-14d X X

thiophanate-
methyl

F yes - >70 X X

triadimefon F yes - 25 X

triazophos i,a,n no no 0.06 X

trichlorfon I no no 0.4 3-6h X X

triflumizole F yes - 56.6 X

triflumuron I no yes >100 X

trifluralin H no - 62.3 X

triforine F yes - >10 X

zeta-cypermethrin I no no 0.002 >1d X

zoxamide F no - >153 X

(z,z,z)-3,6,9-
tricosatriene

Ph no no n.a. X

n.a=datanotavailable;?=possibly;n.i.=speciesnotidentified;-=noinsecticideandthereforenotapplicable;lim.=limited;d=day;h=hour;
min=minute;mg=milligram;ml=millilitre;μl=microlitre
a=acaricide,i=insecticide,F=fungicide,h=herbicide,n=nematicide,pGr=plantgrowthregulator,ph=pheromone,M=molluscicide,B=bactericide,
r=rodenticide



58

a n n e X e s

anneX31  
PESTICIDES REGISTERED AND USED 
ON THE FOCAL CROPS – KENYA

ACTIVE  
INGREDIENT

TYPE SYSTEMIC IGR LD
50

 
HONEY BEE

LD
50 

BOM-

BUS SPP.
(μg/bee)

FOLIAR 
RESIDUAL 
TOXICITY
(hoursor
days)

USED (AND REGISTERED) ON2

lowest ORAL lowest COFFEE CUCURBITS FRENCH 
BEANS

toMato

abamectin i,a lim. no 0.002 8-72h X§ X X

acephate i,a no no 0.36
3.69  

(B. terrestris)
>72h X§

acetamiprid I yes no 8.1 14.5
2.1 

(B. patagiatus)
X X X

alpha-
cypermethrin

I no no 0.036
0.15 

(B. terrestris)
X§ X X

azoxystrobin F yes - >25 X X§ X X§

Bacillus
thuringiensis
(kurstaki)

I no no >0.1 X

Beta-
cyfluthrin

I no no 0.001 X§ X X

Bifenthrin i,a no no 0.013 >24h X§

Bronopol B no - n.a. X

carbendazim F yes - >20 X§

carbofuran i,n yes no 0.15 >5d X

carbosulfan I yes no 0.68 3.5d X§ X§ X§

chlorothalonil F no - 181 X

chlorpyrifos I no no 0.059
1.58 

(B. terrestris)
4-6d X X X X

copper
hydroxide

F no - >100 X

copper
oxychloride

F,B no - 15 X X X

cymoxanil F yes - 25 100 X X X

cypermethrin I no no 0.03 >3d X§ X

deltamethrin I no no 0.017
0.6 

(B. terrestris)
<4h X X X

diazinon I no no 0.27 2d X

dimethoate i,a yes no 0.098
4.8 

(B. terrestris)
3d X§ X X

dithianon F no - 100 X§

ethoprophos i,n no no 5.56 X§ X§

1 Used pesticides:Farmersurveys(thisstudy);Registered pesticides:pestcontrolproductBoard(pcpB)ofKenya[31];Type,systemicity, IGR:tomlin
(2011)[37],FootprintppdB(2011)[34];Acute LD

50
 honey bee(oralorcontact):Fao/osU(2011)[33].ifmissinginprevious,FootprintppdB(2011)

[34]andFootprintBpdB(2011)[35]– in italics in table;Acute LD
50

 bumblebee: Mommaerts&smagghe(2011)[36];Foliar residual toxicity: pacific
northwestextension[88]&Floridacooperativeextensionservice[87];determinedforthehoneybeeatmaximumnormalUsapplicationrates.

followsonthenextpage >
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ACTIVE  
INGREDIENT

TYPE SYSTEMIC IGR LD
50

 
HONEY BEE

LD
50 

BOM-

BUS SPP.
(μg/bee)

FOLIAR 
RESIDUAL 
TOXICITY
(hoursor
days)

USED (AND REGISTERED) ON2

lowest ORAL lowest COFFEE CUCURBITS FRENCH 
BEANS

toMato

Fenitrothion I no no 0.059 X X§ X§

Glyphosate H yes - >100 X X§ X§ X

imidacloprid I yes no 0.004
0.02 

(B. terrestris)
>24h X§

lambda-
cyhalothrin

I no no 0.093 0.11(n.i.) >24h X X X

Malathion I NO no 0.47 5.5d X§

Mancozeb F no - >20 X X X

Metalaxyl F yes - 200 X§ X X

Methomyl i,a yes no 0.42
0.57 

(B. terrestris)
1.5d X X X

paraquat
dichloride

H no - 26.8 X

pencycuron F no - >100 X§

propargite A no no 15 X§ X§

propineb F no - 200 X X X

spiroxamine F lim. - 4.21 X§

sulphur F no - 1051 X X X

tetradifon A no no 60.4 X

thiamethoxam I yes no 0.005 7-14d X X

thiophanate
-methyl

F yes - >70 X§ X X§

triadimefon F yes - 25 X§ X X

2 ifmarkedwith§:theactiveingredientisregisteredKenyabutnotforuseonthecropinquestion.
 n.a=datanotavailable;?=possibly;n.i.=speciesnotidentified;-=noinsecticideandthereforenotapplicable;lim.=limited;d=day;h=hour;

min=minute;mg=milligram;ml=millilitre;μl=microlitre
 a=acaricide,i=insecticide,F=fungicide,h=herbicide,n=nematicide,pGr=plantgrowthregulator,ph=pheromone,M=molluscicide,B=bactericide,

r=rodenticide
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A. Tomato (greenhouse)

ACTIVE 
INGREDIENT

TYPE SYSTEMIC IGR LD
50 

HONEY BEE
(ug/bee)

LD
50 

BOMBUS SPP.
(μg/bee)

FOLIAR RESIDUAL 
TOXICITY

(hoursordays)
(percentoftotal)

continUoUstoMatoFlowerinGperiod

lowest ORAL lowest Mar May dec
abamectin i,a lim. - 0.002 8-72h abamectin 8 0 23 0 0 4 4 20 30 0 0 11

acetamiprid I yes no 8.1 14.5 2.1(B. patagiatus) acetamiprid 0 0 0 0 0 0 2 64 34 0 0 0

azaconazole F no - n.a. azaconazole 0 100 0 0 0 0 0 0 0 0 0 0

azoxystrobin F yes - >25 azoxystrobin 0 0 0 0 4 16 0 31 50 0 0 0

Bacillusthuringiensis I no no >0.1 Bacillusthuringiensis 0 47 0 10 10 8 3 4 0 3

Benzoicacid i,F no no n.a. Benzoicacid 0 0 0 0 0 0 0 0 0 0 26 74

Bifenazate A no - 8.14 Bifenazate 0 0 0 0 63 15 13 2 0 0 0

Bitertanol F no - 104 Bitertanol 0 3 2 23 0 0 5 8 29 32 0 0

Boscalid F lim. - 100 Boscalid 0 10 19 10 5 13 15 5 10 0

Brodifacoum R no - n.a. Brodifacoum 0 0 0 0 0 0 0 0 0 0 100 0

Bromadiolone R no - n.a. Bromadiolone 0 0 0 0 54 0 4 0 0 3 38 0

Bupirimate F yes - 50 Bupirimate 0 0 36 0 0 25 8 8 8 8 0

Buprofezine I no yes >200 Buprofezine 0 0 29 35 0 5 1 8 0 17 0

carbendazim F yes - >20 carbendazim 0 22 22 15 19 23 0 0 0 0 0 0

chlorothalonil F no - 181 chlorothalonil 0 0 0 14 0 3 13 27 28 3 13 0

cyromazine I yes yes 20 <2h cyromazine 5 0 0 28 16 24 0 17 0 0 0

deltamethrin I no no 0.017 0.6(B. terrestris) <4h deltamethrin 0 0 0 0 0 0 0 1 21 78 0 0

difenoconazole F yes - 101 187 difenoconazole 0 0 0 100 0 0 0 0 0 0 0 0

difethialone R no - n.a. difethialone 0 32 0 0 0 37 0 0 0 0 30 1

ethephon PGR yes - 34.8 ethephon 0 0 0 0 2 0 42 4 3 18 15 17

etridiazole F no - n.a. etridiazole 11 0 10 12 17 15 8 13 0 0

Fenarimol F yes - 100 Fenarimol 0 0 0 0 0 0 0 100 0 0 0 0

Fenbutatinoxide A no - 100 Fenbutatinoxide 0 10 0 0 0 44 12 14 11 0 0

Fenhexamid F no - 102 Fenhexamid 20 13 12 14 3 5 0 2

Fenmedifam H no - 23 Fenmedifam 0 0 0 100 0 0 0 0 0 0 0 0

Formaldehyde F no - n.a. Formaldehyde 0 0 0 0 0 0 0 0 0 0 100 0

Glyphosate H yes - >100 Glyphosate 0 0 0 0 13 10 4 61 11 0 0 0

hexythiazox A no - >20 hexythiazox 0 18 0 0 0 18 5 25 35 0 0 0

imazalil F yes - 39 imazalil 13 1 0 0 25 17 10 19 0 0

imidacloprid I yes no 0.004 0.02(B. terrestris) >24h imidacloprid 0 0 0 0 0 0 47 0 0 53 0 0

indoxacarb I no no 0.40 indoxacarb 1 0 0 88 0 0 2 2 2 3 2 0

iprodione F no - 400 iprodione 5 1 47 4 1 0

potassiumiodide F no - >0.78 potassiumiodide 0 0 10 14 10 27 3 11 19 0 0

anneX41  
PESTICIDES USED ON THE FOCAL 
CROPS – THE NETHERLANDS

1 Used pesticides:cBs(2008)[32];Type, systemicity, IGR:tomlin(2011)[37],FootprintppdB(2011)[34];Acute LD
50

 honey bee(oralor
contact):Fao/osU(2011)[33].ifmissinginprevious,FootprintppdB(2011)[34]andFootprintBpdB(2011)[35]– in italics in table;Acute 
LD

50
 bumblebee:Mommaerts&smagghe(2011)[36]
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aspectsdeterMininGtherisKoFpesticidestowildBees:risKproFilesForFocalcropsonthreecontinents

(ug/bee) (μg/bee)
(hoursordays)

ACTIVE 
INGREDIENT

DISTRIBUTION OF PESTICIDE USE DURING THE YEAR  
(percentoftotal)

continUoUstoMatoFlowerinGperiod

lowest lowest JAN FEB Mar APR May JUN JUL AUG SEP OCT NOV dec
abamectin i,a lim. - 8-72h abamectin 8 0 23 0 0 4 4 20 30 0 0 11

acetamiprid yes no 8.1 14.5 2.1( ) acetamiprid 0 0 0 0 0 0 2 64 34 0 0 0

azaconazole no - n.a. azaconazole 0 100 0 0 0 0 0 0 0 0 0 0

azoxystrobin yes - >25 azoxystrobin 0 0 0 0 4 16 0 31 50 0 0 0

Bacillusthuringiensis no no Bacillusthuringiensis 0 47 0 10 10 9 8 6 3 4 0 3

Benzoicacid i,F no no n.a. Benzoicacid 0 0 0 0 0 0 0 0 0 0 26 74

Bifenazate no - 8.14 Bifenazate 0 0 0 0 63 15 7 13 2 0 0 0

Bitertanol no - 104 Bitertanol 0 3 2 23 0 0 5 8 29 32 0 0

Boscalid lim. - Boscalid 0 10 7 19 10 5 13 15 5 6 10 0

Brodifacoum no - n.a. Brodifacoum 0 0 0 0 0 0 0 0 0 0 100 0

Bromadiolone no - n.a. Bromadiolone 0 0 0 0 54 0 4 0 0 3 38 0

Bupirimate yes - 50 Bupirimate 0 0 36 0 0 25 8 8 8 8 0 7

Buprofezine no yes >200 Buprofezine 0 0 29 35 0 5 1 8 0 17 6 0

carbendazim yes - >20 carbendazim 0 22 22 15 19 23 0 0 0 0 0 0

chlorothalonil no - 181 chlorothalonil 0 0 0 14 0 3 13 27 28 3 13 0

cyromazine yes yes 20 <2h cyromazine 5 0 0 9 28 16 24 0 17 0 0 0

deltamethrin no no 0.017 0.6( ) <4h deltamethrin 0 0 0 0 0 0 0 1 21 78 0 0

difenoconazole yes - 101 187 difenoconazole 0 0 0 100 0 0 0 0 0 0 0 0

difethialone no - n.a. difethialone 0 32 0 0 0 37 0 0 0 0 30 1

ethephon yes - 34.8 ethephon 0 0 0 0 2 0 42 4 3 18 15 17

etridiazole no - n.a. etridiazole 11 0 10 6 12 17 15 8 13 7 0 0

Fenarimol yes - 100 Fenarimol 0 0 0 0 0 0 0 100 0 0 0 0

Fenbutatinoxide no - 100 Fenbutatinoxide 0 10 0 0 0 44 9 12 14 11 0 0

Fenhexamid no - 102 Fenhexamid 9 20 7 13 7 9 12 14 3 5 0 2

Fenmedifam no - 23 Fenmedifam 0 0 0 100 0 0 0 0 0 0 0 0

Formaldehyde no - n.a. Formaldehyde 0 0 0 0 0 0 0 0 0 0 100 0

Glyphosate yes - >100 Glyphosate 0 0 0 0 13 10 4 61 11 0 0 0

hexythiazox no - >20 hexythiazox 0 18 0 0 0 18 5 25 35 0 0 0

imazalil yes - 39 imazalil 13 1 0 0 9 25 17 10 6 19 0 0

imidacloprid yes no 0.004 0.02( ) >24h imidacloprid 0 0 0 0 0 0 47 0 0 53 0 0

indoxacarb no no 0.40 indoxacarb 1 0 0 88 0 0 2 2 2 3 2 0

iprodione no - 400 iprodione 9 5 1 47 4 7 6 1 7 7 7 0

potassiumiodide no - >0.78 potassiumiodide 0 0 6 10 14 10 27 3 11 19 0 0

followsonthenextpage >
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a n n e X e s

ACTIVE 
INGREDIENT

TYPE SYSTEMIC IGR LD
50 

HONEY BEE
(ug/bee)

LD
50 

BOMBUS SPP.
(μg/bee)

FOLIAR RESIDUAL 
TOXICITY

(hoursordays)
(percentoftotal)

continUoUstoMatoFlowerinGperiod

lowest ORAL lowest Mar May dec

potassiumthiocynate F no - >1.0 potassiumthiocynate 0 0 10 14 10 27 3 11 19 0 0

Lecanicillium 
muscarium VE6

I no no >110 0 0 0 0 0 0 0 5 5 1 89 0

Maneb F no - 12 Maneb 0 0 0 0 0 0 100 0 0 0 0 0

Mcpa H yes - 100 Mcpa 0 0 0 0 33 33 0 0 33 0 0 0

Mecopropp H yes - >21 Mecopropp 0 0 0 0 33 33 0 0 33 0 0 0

Methomyl I yes no 0.42 0.57(B. terrestris) 1.5d Methomyl 0 0 0 0 0 0 0 0 0 26 52 22

Methoxyfenozide I no yes >100 Methoxyfenozide 5 0 8 38 11 3 4 10 4 3 15 0

Paecylomyces 
fumosoroseus apopka 
97

i,a no no n.a. 0 0 0 0 0 0 0 0 0 0 0 100

peraceticacid F no - n.a. peraceticacid 0 0 0 0 0 0 0 0 0 0 0 100

piperonilbutoxide I no no >10 piperonilbutoxide 0 0 0 0 0 0 0 40 60 0 0 0

primimicarb I yes no 6.21 8.5(B. terrestris) <2h primimicarb 0 0 0 0 0 100 0 0 0 0 0 0

propamocarb F yes - n.a. propamocarb 0 16 16 16 0 0 23 30 0 0 0 0

propamocarb
hydrochloride

F yes - 100 116
propamocarb
hydrochloride

0 0 5 52 8 8 5 1 8 1

pymetrozine I no no 117 <2h pymetrozine 0 0 23 11 18 16 13 0 0

pyraclostrobin F lim. - 73 pyraclostrobin 0 10 19 10 5 13 15 5 10 0

Pyrethrins I no no 0.053 <2h 0 0 0 0 0 0 0 40 60 0 0 0

pyridaben I no no 0.024 <2h pyridaben 0 0 0 0 35 0 0 0 16 16 17 17

pyrimethanil F no - >100 pyrimethanil 8 3 34 5 4 13 3 11 0

pyriproxifen I no yes >100 pyriproxifen 11 0 20 13 5 12 8 14 0 11 0

spinosad I no -- 0.003 <2h spinosad 0 0 0 0 12 12 29 16 14 16 0 0

spiromesifen I no yes >200 spiromesifen 10 21 0 0 0 0 0 20 11 12 24 1

teflubenzuron I no yes 1000 teflubenzuron 21 0 0 0 0 0 0 0 30 15 15 19

thiacloprid I lim. no 17.3 thiacloprid 0 0 0 0 0 43 0 25 32 0 0 0

thiophanatemethyl F yes - >70 thiophanatemethyl 15 0 15 8 0 4 28 0

thiram F no - 74 thiram 27 2 0 0 0 28 22 14 0 0 0

tolylfluanide F no - 92 tolylfluanide 0 0 0 100 0 0 0 0 0 0 0 0

Trichoderma 
harzianum rifait22

F no - n.a.
t22

11 10 25 8 10 8 10 0 0 0

triclopyr H yes - 100 triclopyr 0 0 0 0 100 0 0 0 0 0 0 0

triflumizole F yes - 56.6 triflumizole 12 0 34 4 10 11 15 0 0 0

verticilliumlecanii I no no n.a. verticilliumlecanii 0 0 22 49 10 19 0 0 0 0 0 0

hydrogenfluoride F,B no - n.a. hydrogenfluoride 0 0 0 0 0 0 0 0 0 0 100 0

hydrogenperoxide F,B no - n.a. hydrogenperoxide 0 0 0 0 0 0 0 0 0 0 0 100

sulphur F no - 1051 sulphur 4 4 13 8 5 4 34 0
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aspectsdeterMininGtherisKoFpesticidestowildBees:risKproFilesForFocalcropsonthreecontinents

(ug/bee) (μg/bee)
(hoursordays)

ACTIVE 
INGREDIENT

DISTRIBUTION OF PESTICIDE USE DURING THE YEAR  
(percentoftotal)

continUoUstoMatoFlowerinGperiod

lowest lowest JAN FEB Mar APR May JUN JUL AUG SEP OCT NOV dec

potassiumthiocynate no - >1.0 potassiumthiocynate 0 0 6 10 14 10 27 3 11 19 0 0

no no
Lecanicillium 
muscarium VE6

0 0 0 0 0 0 0 5 5 1 89 0

Maneb no - 12 Maneb 0 0 0 0 0 0 100 0 0 0 0 0

Mcpa yes - 100 Mcpa 0 0 0 0 33 33 0 0 33 0 0 0

Mecopropp yes - >21 Mecopropp 0 0 0 0 33 33 0 0 33 0 0 0

Methomyl yes no 0.42 0.57( ) 1.5d Methomyl 0 0 0 0 0 0 0 0 0 26 52 22

Methoxyfenozide no yes >100 Methoxyfenozide 5 0 8 38 11 3 4 10 4 3 15 0

i,a no no n.a.
Paecylomyces 
fumosoroseus apopka 
97

0 0 0 0 0 0 0 0 0 0 0 100

peraceticacid no - n.a. peraceticacid 0 0 0 0 0 0 0 0 0 0 0 100

piperonilbutoxide no no >10 piperonilbutoxide 0 0 0 0 0 0 0 40 60 0 0 0

primimicarb yes no 6.21 8.5( ) <2h primimicarb 0 0 0 0 0 100 0 0 0 0 0 0

propamocarb yes - n.a. propamocarb 0 16 16 16 0 0 23 30 0 0 0 0

propamocarb
hydrochloride

yes - 100 116
propamocarb
hydrochloride

0 0 5 52 8 6 8 7 5 1 8 1

pymetrozine no no 117 <2h pymetrozine 0 0 7 23 11 18 7 16 13 7 0 0

pyraclostrobin lim. - 73 pyraclostrobin 0 10 7 19 10 5 13 15 5 6 10 0

no no 0.053 <2h Pyrethrins 0 0 0 0 0 0 0 40 60 0 0 0

pyridaben no no 0.024 <2h pyridaben 0 0 0 0 35 0 0 0 16 16 17 17

pyrimethanil no - >100 pyrimethanil 7 8 3 34 5 4 13 6 7 3 11 0

pyriproxifen no yes >100 pyriproxifen 11 0 6 20 13 5 12 8 14 0 11 0

spinosad no -- 0.003 <2h spinosad 0 0 0 0 12 12 29 16 14 16 0 0

spiromesifen no yes spiromesifen 10 21 0 0 0 0 0 20 11 12 24 1

teflubenzuron no yes 1000 teflubenzuron 21 0 0 0 0 0 0 0 30 15 15 19

thiacloprid lim. no thiacloprid 0 0 0 0 0 43 0 25 32 0 0 0

thiophanatemethyl yes - >70 thiophanatemethyl 15 0 7 15 7 8 0 9 7 4 28 0

thiram no - 74 thiram 27 2 7 0 0 0 28 22 14 0 0 0

tolylfluanide no - 92 tolylfluanide 0 0 0 100 0 0 0 0 0 0 0 0

t22
no - n.a.

Trichoderma harzianum 
rifait22

9 11 10 25 8 9 10 8 10 0 0 0

triclopyr yes - 100 triclopyr 0 0 0 0 100 0 0 0 0 0 0 0

triflumizole yes - 56.6 triflumizole 7 6 12 0 34 4 10 11 15 0 0 0

verticilliumlecanii no no n.a. verticilliumlecanii 0 0 22 49 10 19 0 0 0 0 0 0

hydrogenfluoride F,B no - n.a. hydrogenfluoride 0 0 0 0 0 0 0 0 0 0 100 0

hydrogenperoxide F,B no - n.a. hydrogenperoxide 0 0 0 0 0 0 0 0 0 0 0 100

sulphur no - 1051 sulphur 4 9 4 6 13 8 6 5 7 4 34 0
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a n n e X e s

B – Apple

ACTIVE 
INGREDIENT

TYPE SYSTEMIC IGR LD
50 

HONEY BEE
(ug/bee)

LD
50 

BOMBUS SPP.
(μg/bee)

FOLIAR RESIDUAL 
TOXICITY

(hoursordays)
 

(percentoftotal)

controloFaphids;honeydew
floweringof

apple&dandelion
onlynesting&

notforagingincrop

lowest ORAL lowest Jan-
Mar

oct-
decMay

1-naftylaceticacid PGR Yes - >120 1-naftylaceticacid 0 0 0 0 4 91 5 0
2,4-d H yes - 97.4 2,4-d 0 48 15 24 13 1 0 0
acetamiprid I yes no 8.1 14.5 2.1(B. patagiatus) acetamiprid 20 41 39 0 0 0 0 0
aluminium
phosphide I, R no no 0.24

aluminium
phosphide

0 0 0 0 100 0 0 0

amitrole H yes - 100 amitrole 0 3 0 0 0 0 35 63
azadirachtinea I no no 2.5 <2h azadirachtinea 30 32 37 0 0 0 0 0
Bacillus thuringiensis I no no >0.1 48 52 0 0 0 0 0 0
Benzyladenine PGR ? - n.a. 0 0 100 0 0 0 0 0
Boscalid F lim. - 100 Boscalid 0 0 0 0 33 32 35 0
Bromadiolone R no - n.a. Bromadiolone 0 100 0 0 0 0 0 0
Bupirimate F yes - 50 Bupirimate 0 23 21 20 23 13 0 0
calciumhydroxide F no - n.a. calciumhydroxide 0 0 0 0 0 0 0 100
captan F no - 26.4 captan 18 8 10 34
codlemone ph. no - 85 codlemone 0 0 100 0 0 0 0 0
cydiapomonella
granulosisvirus

I no no n.a.
cydiapomonella
granulosisvirus

0 0 0 25 29 46 0 0

cyprodinil F yes - 316 cyprodinil 39 61 0 0 0 0 0 0
deltamethrin I no - 0.017 0.6(B. terrestris) <4h deltamethrin 0 35 18 34 13 0 0 0
dicamba H yes - 15.3 dicamba 0 0 0 0 4 0 0
difenoconazole F yes - 101 187 difenoconazole 1 27 18 18 20 0 0 16
diquatdibromide H no - 27.8 diquatdibromide 0 0 53 0 0 47 0 0
dithianon F no - 100 dithianon 17 14 17 20 16 15 0 0

dodine F yes - 4.9 dodine 36 11 0 15 10 14 14 0

epoxiconazole F no - >100 epoxiconazole 50 50 0 0 0 0 0 0
ethephon PGR yes - 34.8 ethephon 0 0 18 8 12 25 20 17
Fenoxycarb I no yes >100 24h Fenoxycarb 0 37 28 18 17 0 0 0
Flonicamid I yes no >51000 Flonicamid 14 17 17 22 22 0 0
Fluazifop-p-butyl H yes - 112 200 Fluazifop-p-butyl 0 0 0 37 0 63 0 0
Gibberillicacida3 PGR yes - >25 Gibberillicacida3 0 0 100 0 0 0 0 0
Gibberillina4a7 PGR yes - >25 Gibberillina4a7 0 33 26 40 0 0 0 0
Glufosinate
ammonium

H lim. - >100
Glufosinate
ammonium

0 15 19 22 24 20 0 0

Glyphosate H yes - >100 Glyphosate 0 18 25 25 14 2 0 16
imidacloprid I yes no 0.004 0.02(B. terrestris) >24h imidacloprid 25 18 24 14 1 0 0 17
indoxacarb I no no 0.40 indoxacarb 0 21 20 21 16 23 0 0
copperoxychloride F no - 15 copperoxychloride 73 14 14 0 0 0 0 0

Kresoximmethyl F no - 14 Kresoximmethyl 15 24 29 31 0 0 0 0

linuron H yes - 160 linuron 0 0 53 40 0 0 0

Mancozeb F no - >20 Mancozeb 38 62 0 0 0 0 0 0

Mcpa H yes - 100 Mcpa 0 0 15 17 21 33 0 14
Mecopropp H yes - >21 Mecopropp 0 51 25 22 2 0 0 0
Metazachlor H no - >20 Metazachlor 0 0 0 0 100 0 0 0



65

aspectsdeterMininGtherisKoFpesticidestowildBees:risKproFilesForFocalcropsonthreecontinents

(ug/bee) (μg/bee) (hoursordays)

ACTIVE  
INGREDIENT

DISTRIBUTION OF PESTICIDE USE DURING THE YEAR (percentoftotal)

controloFaphids;honeydew
All bees: floweringof
apple&dandelion

Bumblebees: onlynesting&
notforagingincrop   

lowest lowest Jan-
Mar AUG SEP

oct-
decAPR May JUN JUL

1-naftylaceticacid 1-naftylaceticacid 0 0 0 0 4 91 5 0
2,4-d yes - 97.4 2,4-d 0 48 15 24 13 1 0 0
acetamiprid yes no 8.1 14.5 2.1( ) acetamiprid 20 41 39 0 0 0 0 0
aluminium
phosphide

no no
aluminium
phosphide

0 0 0 0 100 0 0 0

amitrole yes - 100 amitrole 0 3 0 0 0 0 35 63
azadirachtinea no no 2.5 <2h azadirachtinea 30 32 37 0 0 0 0 0

no no Bacillus thuringiensis 48 52 0 0 0 0 0 0
? - n.a. Benzyladenine 0 0 100 0 0 0 0 0

Boscalid lim. Boscalid 0 0 0 0 33 32 35 0
Bromadiolone no - n.a. Bromadiolone 0 100 0 0 0 0 0 0
Bupirimate yes - 50 Bupirimate 0 23 21 20 23 13 0 0
calciumhydroxide no - n.a. calciumhydroxide 0 0 0 0 0 0 0 100
captan no - 26.4 captan 18 9 8 10 9 6 6 34
codlemone ph. no - 85 codlemone 0 0 100 0 0 0 0 0
cydiapomonella
granulosisvirus

no no n.a.
cydiapomonella
granulosisvirus

0 0 0 25 29 46 0 0

cyprodinil yes - 316 cyprodinil 39 61 0 0 0 0 0 0
deltamethrin no - 0.017 0.6( ) <4h deltamethrin 0 35 18 34 13 0 0 0
dicamba yes - 15.3 dicamba 0 0 0 96 0 4 0 0
difenoconazole yes - 101 187 difenoconazole 1 27 18 18 20 0 0 16
diquatdibromide no - 27.8 diquatdibromide 0 0 53 0 0 47 0 0
dithianon no - 100 dithianon 17 14 17 20 16 15 0 0

dodine yes - 4.9 dodine 36 11 0 15 10 14 14 0

epoxiconazole no - >100 epoxiconazole 50 50 0 0 0 0 0 0
ethephon yes - 34.8 ethephon 0 0 18 8 12 25 20 17
Fenoxycarb no yes >100 24h Fenoxycarb 0 37 28 18 17 0 0 0
Flonicamid yes no Flonicamid 14 17 17 7 22 22 0 0
Fluazifop-p-butyl yes - 112 200 Fluazifop-p-butyl 0 0 0 37 0 63 0 0
Gibberillicacida3 yes - Gibberillicacida3 0 0 100 0 0 0 0 0
Gibberillina4a7 yes - >25 Gibberillina4a7 0 33 26 40 0 0 0 0
Glufosinate
ammonium

lim. - >100
Glufosinate
ammonium

0 15 19 22 24 20 0 0

Glyphosate yes - >100 Glyphosate 0 18 25 25 14 2 0 16
imidacloprid yes no 0.004 0.02( ) >24h imidacloprid 25 18 24 14 1 0 0 17
indoxacarb no no 0.40 indoxacarb 0 21 20 21 16 23 0 0
copperoxychloride no - 15 copperoxychloride 73 14 14 0 0 0 0 0

Kresoximmethyl no - 14 Kresoximmethyl 15 24 29 31 0 0 0 0

linuron yes - 160 linuron 0 0 7 53 40 0 0 0

Mancozeb no - >20 Mancozeb 38 62 0 0 0 0 0 0

Mcpa yes - 100 Mcpa 0 0 15 17 21 33 0 14
Mecopropp yes - >21 Mecopropp 0 51 25 22 2 0 0 0
Metazachlor no - >20 Metazachlor 0 0 0 0 100 0 0 0

followsonthenextpage >
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a n n e X e s

ACTIVE 
INGREDIENT

TYPE SYSTEMIC IGR LD
50 

HONEY BEE
(ug/bee)

LD
50 

BOMBUS SPP.
(μg/bee)

FOLIAR RESIDUAL 
TOXICITY

(hoursordays)
 

(percentoftotal)

controloFaphids;honeydew
floweringof

apple&dandelion
onlynesting&

notforagingincrop

lowest ORAL lowest Jan-
Mar

oct-
decMay

Methoxyfenozide I no yes >100 Methoxyfenozide 0 23 19 30 29 0 0 0

Metiram F yes - 40 Metiram 0 13 18 8 52 0 0

Mineraloil a,i no no n.a. 500(n.i.) Mineraloil 84 13 0 3 0 0 0 0

pirimicarb I yes no 6.21 8.5(B. terrestris) <2h pirimicarb 0 14 15 18 16 26 0 11

prohexadione
calcium

PGR yes - 100
prohexadione
calcium

0 48 25 15 12 0 0 0

pyraclostrobine F no - 73.1 pyraclostrobine 0 0 0 0 33 32 35 0

pyrimethanil F no - >100 pyrimethanil 33 31 36 0 0 0 0 0

spirodiclofen i,a no yes >196 spirodiclofen 0 0 40 35 25 0 0 0

tebufenpyrad A no no 3.29 tebufenpyrad 0 0 0 100 0 0 0 0

thiacloprid I lim. no 17.3 thiacloprid 34 34 32 0 0 0 0 0

thiophanatemethyl F yes - >70 thiophanatemethyl 0 0 0 0 0 0 0 100

thiram F no - 74 thiram 0 0 38 37 25 0 0 0

tolylfluanid F no - 92 tolylfluanid 0 0 50 0 50 0 0 0

triadimenol F yes - >200 triadimenol 0 21 21 19 18 22 0 0

triclopyr H yes - 100 triclopyr 0 100 0 0 0 0 0 0

trifloxystrobine F no - >200 trifloxystrobine 0 19 25 26 29 0 0 0

sulphur F no - 1051 sulphur 12 13 11 19 25 21 0 0
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aspectsdeterMininGtherisKoFpesticidestowildBees:risKproFilesForFocalcropsonthreecontinents

(ug/bee) (μg/bee) (hoursordays)

ACTIVE  
INGREDIENT

DISTRIBUTION OF PESTICIDE USE DURING THE YEAR (percentoftotal)

controloFaphids;honeydew
All bees: floweringof
apple&dandelion

Bumblebees: onlynesting&
notforagingincrop   

lowest lowest Jan-
Mar AUG SEP

oct-
decAPR May JUN JUL

Methoxyfenozide no yes >100 Methoxyfenozide 0 23 19 30 29 0 0 0

Metiram yes - 40 Metiram 0 13 18 9 8 52 0 0

Mineraloil a,i no no n.a. 500( ) Mineraloil 84 13 0 3 0 0 0 0

pirimicarb yes no 6.21 8.5( ) <2h pirimicarb 0 14 15 18 16 26 0 11

prohexadione
calcium

yes - 100
prohexadione
calcium

0 48 25 15 12 0 0 0

pyraclostrobine no - 73.1 pyraclostrobine 0 0 0 0 33 32 35 0

pyrimethanil no - >100 pyrimethanil 33 31 36 0 0 0 0 0

spirodiclofen i,a no yes spirodiclofen 0 0 40 35 25 0 0 0

tebufenpyrad no no 3.29 tebufenpyrad 0 0 0 100 0 0 0 0

thiacloprid lim. no thiacloprid 34 34 32 0 0 0 0 0

thiophanatemethyl yes - >70 thiophanatemethyl 0 0 0 0 0 0 0 100

thiram no - 74 thiram 0 0 38 37 25 0 0 0

tolylfluanid no - 92 tolylfluanid 0 0 50 0 50 0 0 0

triadimenol yes - triadimenol 0 21 21 19 18 22 0 0

triclopyr yes - 100 triclopyr 0 100 0 0 0 0 0 0

trifloxystrobine no - >200 trifloxystrobine 0 19 25 26 29 0 0 0

sulphur no - 1051 sulphur 12 13 11 19 25 21 0 0
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Globally, agricultural production systems are under pressure to meet multiple challenges: 

to sustain or increase production from the same area of land and reduce negative impacts 

on the environment amid uncertainties resulting from climate change. As farming systems 

adapt to meet these challenges, one of agriculture’s greatest assets in meeting them is nature 

itself. Many of the ecosystem services provided by nature – such as pollination – directly 

contribute to agricultural production. Beneficial insects such as pollinators may be heavily 

impacted by pesticides. This document makes a contribution to understanding the context of 

pesticide exposure of key crop pollinators – honey bees, but also wild bee species – through 

the development of risk profiles for cropping systems in Brazil, Kenya and the Netherlands. 

Risk profiles such as those showcased here can provide a qualitative evaluation of pesticide 

risks to bees in specific settings, and can be used to compare risks between different settings, 

facilitate discussion amongst stakeholders, identify gaps in information, set priorities for 

research, and establish priorities for risk mitigation.


