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Pes.cides	
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pes.cides?	



What	is	a	“pes(cide”?	
A	pes(cide	is	any	substance	or	mixture	of	substances	intended	for:		
	

•  preven(ng,		
•  destroying,		
•  repelling,	or		
•  mi(ga(ng	any	pest.		
	
Though	oMen	misunderstood	to	refer	only	to	insec(cides,	the	term	pes(cide	
also	applies	to	herbicides,	fungicides,	and	various	other	substances	used	to	
control	pests.		
	
Federal	Insec(cide	Fungicide	and	Roden(cide	Act	(1947)	
hUp://www.epa.gov/pes(cides/about/index.htm#what_pes(cide	



Pes.cides	

	How	much	of	a	problem	are	
pes.cides?	



Pes.cides	

	How	much	of	a	problem	are	
pes.cides?	



The	other	20,000	bees	.	.	.	
	(3500	in	North	America)		

SETAC	Short	Course	
Pollinator	Risk	Assessment	 7	November	12,	2017	



SETAC	Short	Course	
Pollinator	Risk	Assessment	 8	

Honey	bees	are	an	ac(ve	
area	of	research	

The	honey	bee	was	3rd	
insect	genome	
sequenced	in	2006	

November	12,	2017	



Queen	
	
Workers	
	
Drones	

	

1	

3	-	100	thousand	

0	-	hundreds	

SETAC	Short	Course	
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Four	Developmental	Stages	of	Brood	

egg	(3	days)	
larva	(5	days)	
pupa	(12	days)	
adult	(weeks-months)	

at	34°C	



Age	Related	Division	of	Labor	

•  Cell	cleaning	
•  Cell	capping	
•  Brood	tending	
•  Comb	building	
•  Grooming	
•  Food	handling	
•  Ven(la(ng	
•  Guarding	
•  Foraging	

Younger	

Older	
SETAC	Short	Course	

Pollinator	Risk	Assessment	 11	
November	12,	2017	



Larvae	are	progressively	provisioned	with	
“jelly”	secre(on	from	adults	

Nurse	bees	consume	large	quan((es	of	
protein-rich	pollen	to	support	jelly	secre(on	

12	SETAC	Short	Course	
Pollinator	Risk	Assessment	 November	12,	2017	



diploid	 haploid	
Winston,	1987,	“The	Biology	of	the	Honey	Bee”	

13	SETAC	Short	Course	
Pollinator	Risk	Assessment	 November	12,	2017	



Foraging	range	for	a	bee	colony	=		
2800	hectares	

3 kilometers 

14	November	12,	2017	 SETAC	Short	Course	
Pollinator	Risk	Assessment	



Forager	bees	collect:	
Nectar	

Pollen	

Water	

Propolis	

15	



Forager	bees	collect:	
Nectar	

Pollen	

Water	

Propolis	

300	kg	
(65	kg	honey)	
7.5	million	trips	

20	kg	
1	million	trips	

Seeley,	1996,	“The	Wisdom	of	the	Hive”	
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Ohio	State	University	Extension	Beekeeping	Almanac,	1981	
SETAC	Short	Course	

Pollinator	Risk	Assessment	 November	12,	2017	
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White	dutch	clover	 Yellow	sweet	clover	

Basswood	/	Linden	 Tulip	Poplar	 20	
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Honey	bee	hives	are	repositories	
for	many	compounds	

Mullin	et	al.,	2010,	PLoS	ONE	 Stoner	and	Eitzer,	2013,	PLoS	ONE	 Pems	et	al.,	2013,	PLoS	ONE	



Portrait by Quentin Massys 

Paracelsus	
1493-1541	

	
The	Father	

of	
Toxicology	



drugs 

poisons 
"All things are poison 
and nothing is without 
poison, only the dose 
permits something not 
to be poisonous." 
 
-Paracelsus 1493-1541 



drugs 

poisons 
“The dose 
makes the 
poison" 
 
-Paracelsus 1493-1541 



Risk	=	Hazard	x	Exposure	



Toxic	Gasses	

Carbon	dioxide	

-  Induces	queens	to	begin	laying	eggs	
-  Reduces	longevity	of	workers	



Toxic	Pollen	

querce(n	



Toxic	Nectar	

Caffeine	
Nico(ne	
Amygdalin	

Bees	may	prefer	nectar	
that	is	toxic	
	
Learn	to	avoid	high	
concentra(ons	



Toxic	Honey	

Fructose	is	naturally	converted	to	toxic	
HMF	over	(me	

Hydroxymethylfurfural	(HMF)	



Toxins	produced	by	microorganisms	

Aflatoxins	are	produced	by	Aspergillus	
fungi	growing	on	pollen	and	bee	bread	

Aflatoxin	B1	



Bees	have	ways	of	dealing	with	
exposure	to	natural	toxins	

•  Detoxifica(on	
•  Avoidance	
•  Dilu(on	

Do	these	same	processes	work	for	modern	
pes(cides?	



Varroa	
	destructor	

USDA	K5111-10,	ScoW	Bauer	



tau-fluvalinate	
(pyrethroid)	

coumaphos	
(organophosphate)	

fenpyroximate	
(pyrazole)	

amitraz	
(formamadine)	

thymol	
(monoterpenoid)	
oxalic		and	
formic	acids	
(organic	acids)	

hops	beta-acids	
(organic	acid)	



1.4	g	pyrethroid	

2.8	g		
organophosphate	

1.0	g	formamadine	

49	g	mono-	
terpenoids	

1.8	g		
organic	acid	

0.7g	phenyl-
pyrazole	



Quentin Massys 

“The dose 
makes the 
poison" 
 
-Paracelsus 1493-1541 



therapeutic 
harmful 

deadly 
no effect 



therapeutic 
harmful 

deadly 
no effect 



What	is	a	safe	dose?		
What	is	a	toxic	dose?	
	
Lethal	Dose	50%		
(LD50)	



Lab	LD50	Bioassays	



pes(cide	

collect	brood	

age	adults	3-4	d.	







pes(cide	

collect	brood	

age	adults	3-4	d.	

count	dead	











bifenthrin	LD50	=		
0.01	micrograms	/	bee	

tau-fluvalinate	LD50	=		
10	micrograms	/	bee	



USEPA	and	PMRA	are	now	“requiring”	5	
LD50-style	tests	for	pes(cide	registra(on	

1.  Adult	acute	topical		
2.  Adult	acute	oral	(in	sugar	water)	
3.  Adult	chronic	(in	sugar	water	over	10	days)	
4.  Larval	acute	(in	jelly)	
5.  Larval	chronic	–	to	adulthood	(in	jelly)	



Larval	rearing	protocol	
(acute	and	chronic)	

Larval	Rearing	Bioassay	(OECD	Ring	Test	Protocol)	

GraM	young	
larvae	from	
brood	frames	

Tissue	culture	plates,	
Cells	containing	diet	

Exposure	to	

pes(cide	in	d
iet	

adult	bee	emergence	and	
mortality	recorded	daily	



Wide	variability	in	insec(cide	
toxicity	(hazard)	to	bees	

- 	Some	pes(cides	have	low	toxicity	to	bees	and	
can	be	safely	used	inside	the	hive	

- 	Others	have	high	toxicity	to	bees	and	should	
not	be	used	if	bees	will	contact	them		

- 	LD50	is	useful	for	comparing	toxicity:	
	



Lab	LD50	tes(ng	
Advantages:	
-	Reliable	and	straightorward	to	compare	
- 	Topical,	contact,	oral	LD50	(or	LC50)	
- 	Adults	or	larvae	
- 	Possible	to	test	workers,	queens	and	drones	
- 	Possible	to	test	other	bee	species	
	
Disadvantages:	
- 	Does	not	test	colony-level	effects	
- 	Does	not	test	long-term	or	sub-lethal	effects	



Risk	=	Hazard	x	Exposure	
LD50	 Formula.on	

Func.on	
Label	
restric.ons	
and	Laws	



c	

The Universe of Insecticides 



Insec(cides:	Organophosphates	

- 	Nerve	ac(on	
- 	Rela(vely	high	toxicity	to	humans	

Coumaphos		
LD50	=	20.3	

Checkmite+		
(Bayer)	

Lorsban		 Malathion	

Chlorpyrifos		
LD50	=	0.059	

Malathion		
LD50	=	0.20		



Insec(cides:	Carbamates	

- 	Nerve	ac(on	
- 	Somewhat	toxic	to	humans	
	
	

Thiodicarb		
LD50	>	25	

Larvin		
(Bayer)	

Temik		
(Bayer)	 Sevin		

Aldicarb		
LD50	=	0.285		

Carbaryl		
LD50	=	1.02	



Insec(cides:	Pyrethroids	
- 	Nerve	ac(on	
- 	Based	on	natural	product	in	chrysanthemums	
- 	Rela(vely	safe	for	humans	
- 	Repellent	effect	on	bees	
- 	Contact	toxicity	

Fluvalinate		
LD50	=	1.9	

Ortho	Home		
Defense	Max	

Pyrethrum		
5EC	

Apistan		
(Wellmark)	

Bifenthrin		
LD50	=	0.015		

Pyrethrum		
LD50	=	0.02	



Insec(cides:	Neonico.noids	
- 	Nerve	ac(on	
- 	Analogs	of	nico(ne	
- rela(vely	safe	for	humans	

Acetamiprid	
LD50	=	7.07	

Bayer		
Advanced	

Assail		
(United	
Phosphorus)	

Safari		
(Valent)	

Imidacloprid		
LD50	=	0.044		

Dinotefuran		
LD50	=	0.047	



Insec(cides:	New	Rela(ves	of	
Neonico.noids	

Sivanto	
(Bayer)	

Transform		
(Dow)	

Flupyradifurone	
LD50	=	122		

Sulfoxaflor	
LD50	=	0.13		



- 	nerve	and	muscle	ac(on	
- 	contact	poison	
- 	rela(vely	safe	for	humans	

Altacor	
(DuPont)	

Belt		
(Bayer)	

Insec(cides:	Diamides	

Cyazapyr	
(DuPont)	

Chlorantraniliprole		
LD50	>	100		

Flubendiamide		
LD50	>	200	

Cyantraniliprole		
LD50	=	0.55	



Other	Insec(cides	
Insect	Growth	Regulators	(IGRs):	Diflubenzuron,	

	methoprene	
	-	LD50	>	100	micrograms	/	bee	to	adults	
	-	Cause	problems	in	brood	development	

	
Energy	metabolism:	Rotenone,	fenpyroximate	

	-	LD50	0.024	–	60	micrograms	/	bee	
	
Lipid	synthesis	inhibitors:	Spirotetramat	

	-	LD50	>	100	micrograms	/	bee	
	



Fungicides	

- 	May	be	applied	during	bloom	
- 	Very	high	exposure	is	possible	
- 	Can	be	found	in	pollen	(up	to	400	ppm)	
- 	LD50	>	10	micrograms	/	bee		
- 	High	doses	may	have	effects	on	brood??	

Mussen	et	al.,	2004;	hUp://dx.doi.org/10.1603/0046-225X-33.5.1151	

Ziram	Rovral	Captan	



Herbicides	

- 	Kill	flowering	“weeds”	bees	on	which	bees	feed	
- 	Bees	may	be	present	
- 	High	exposure	is	possible	
- 	LD50	>	100	micrograms	/	bee	
- 	Possible	effects	at	high	doses??	

Paraquat	2,4-D	





Cytochrome	P450	
monooxygenases	
detoxify	

“bee	safe”	
insec(cide	



SBI	Fungicide	

“bee	safe”	
insec(cide	



Risk	=	Hazard	x	Exposure	
LD50	 Formula.on	

Func.on	
Label	
restric.ons	
and	Laws	



Figure	3.1,	“Risk	assessment	for	bees”,	EFSA,	2012	



Formula.on	determines	bee	
exposure	

-	Impregnated	material	
-	Seed	treatment	
-	Bait	
-	Granular	
-	Concentrates	/	suspensions	(spray)	
-	WeUable	powder	(spray)	
-	Dust	
- 	Microencapsulated	

beUer	

worse	



Systemicity	determines	exposure		

Bayer	CropScience	

Bee-life.eu	

Purdue	Extension	

GuUa(on	water	
Pollen	
Nectar	



Where	are	pes(cides	used?	

hUp://water.usgs.gov/nawqa/pnsp/usage/maps/	



Label	restric.ons	determine	bee	
exposure	

PROTECTION	OF	LIVESTOCK	
Dangerous	to	bees.	DO	NOT	
spray	any	plants	in	flower	
when	bees	are	foraging.	Spray	
in	the	early	morning	when	
bees	are	not	ac(vely	foraging.	
	



Applica.on	rate	determines	bee	exposure	



Risk	analysis	of	environmental	effects	includes	a	
cost-benefit	analysis	

“unreasonable	adverse	effects	
on	the	environment.”		

Federal	Insec(cide	Fungicide	and	Roden(cide	
Act	(FIFRA)	of	1947,	revised	1972,	1988,	1996	

Not	the	same	as	the	“precau.onary	principle”	
used	in	the	European	Union	



Exposure	(lb.	a.i.	/	acre)	
			LD50	(µg	/	bee)	

Risk	Quo(ent	(RQ)		=	

Level	of	Concern	(LOC)	reached	when	RQ	>	0.4	
	
Historically,	reduces	mortality	to	10%	

Pollinator	Risk	Assessment	Framework	Agency	
White	Paper,	US	EPA,	2012	



The	Hive	and	the	Honey	Bee		

Old	Protec(on	Goal:	Stop	Bee	Kills	

Big	Changes	in	Regulatory	Risk	
Assessment	



New	Pollinator	Protec.on	Goals:	
	
1.   Delivery	of	pollina.on	services	
2.   Produc.on	of	honey	and	hive	

products	
3.   Biodiversity	of	pollinators	

EPA:	Pollinator	Risk	Assessment	Framework	Agency	White	Paper,	US	EPA,	2012.	
hUp://www.regula(ons.gov/#!documentDetail;D=EPA-HQ-OPP-2012-0543-0004	
	
EFSA:	Scien.fic	Opinion	on	the	science	behind	the	development	of	a	risk	
assessment	of	Plant	Protec.on	Products	on	bees	(Apis	mellifera,	Bombus	spp.	and	
solitary	bees),	EFSA,	2012.	
hUp://www.efsa.europa.eu/en/efsajournal/pub/2668.htm	



Tier	1:	Laboratory	
studies	on	adults	and	
larvae	

Tier	2:	Semi-field	
studies	with	whole	
colonies	in	tents	

Tier	3:	Full	field	
studies	with	treated	
crop	



Harmonized	Pes(cide	Risk	Assessment	for	USEPA	and	PMRA	



The	other	20,000	bees	.	.	.	
	(3500	in	North	America)		

SETAC	Short	Course	
Pollinator	Risk	Assessment	 81	November	12,	2017	



All bees eat 
pollen and 
nectar 
Branched body 
hair is 
adaptation for 
pollen 
collection 

November	12,	2017	 SETAC	Short	Course	Pollinator	Risk	
Assessment	 82	



Brady	et	al.,	2009,	The	Timetree	of	Life	

Bees	are	wasps	
that	eat	nectar	
and	pollen.		

Coevolved	with	
flowering	plants	

~100	mya	



Kapheim	et	al.,	Science,	2015	

10 bee genomes sequenced
Similar	
detox	
gene	
repertoire	
across	bee	
species	
(~50	P450s)	

November	12,	2017	 SETAC	Short	Course	Pollinator	Risk	
Assessment	 84	



Figure	8.1,	Fischer	and	Moriarty,	2014	

Considerable	similarity	among	bees	when	acute	
toxicity	is	adjusted	for	mass	

November	12,	2017	 SETAC	Short	Course	Pollinator	Risk	
Assessment	 85	



Risk = Hazard x Exposure 
Varia(on	in	
pes(cide	
sensi(vity	

November	12,	2017	 SETAC	Short	Course	Pollinator	Risk	
Assessment	 86	



Differences	in	
biology	lead	to	
differences	in	
exposure	

Risk = Hazard x Exposure 

November	12,	2017	 SETAC	Short	Course	Pollinator	Risk	
Assessment	 87	



Seasonality:	When	are	bees	ac.ve?		

J.	Wallace,	unpublished	

Most	ac(vity	
in	spring	and	
early	
summer,	but	
some	species	
may	be	
ac(ve	
throughout	
the	season	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 88	November	12,	2017	



Nest	Site	–	Ground	Nesters	

Art	Cushman,	USDA	 Alkali	bee	 Bumble	bee	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 89	November	12,	2017	



Nest	Site	–		Stem/Cavity	Nesters	

M.D.	Ellis	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 90	November	12,	2017	



Stem	nesters	–	cell	arrangement	

Male	cells	 Female	cells	Plug	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 91	November	12,	2017	



Larval	Feeding	

Apis	spp.	–	“jelly”	secre(ons	from	adults	

Progressive	provisioning	 Mass	provisioning	

Bombus	spp.	
Pollen	and	
nectar	

Dennis	Briggs	

Larva	provisioned	with	ball	of	
pollen	and	nectar	sufficient	to	
complete	development	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 92	November	12,	2017	



Foraging	Range	
100m	-	400m	

3	mm	

>1000m	-	
4000m		

Nest	

15-20	mm	

Big	bee	=	big	foraging	
range	
	
Small	bee	=	small	
foraging	range	

Jessie	Wallace	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 93	November	12,	2017	



Floral	Specializa.on	

M.	Spring	

Squash	Bee	–	a	
specialist	on	
cucurbits	

Common	Eastern	Bumble	
Bee	–	a	broad	generalist	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 94	November	12,	2017	



Kapheim	et	al.,	Science,	2015	

Sociality	
obligate	
complex	
eusociality	

solitary	

Sociality	changes	exposure	

SETAC	Short	Course	
Pollinator	Risk	Assessment	 95	November	12,	2017	



Suggested	reading:	
1.  Atkins	E	(1992)	Injury	to	honey	bees	by	poisoning.	The	Hive	and	the	

Honey	Bee.	Hamilton,	IL:	Dadant	&	Sons,	Inc.	pp.	1153–1208.	
2.  How	to	Reduce	Bee	Poisoning	from	Pes(cides	PNW	591,	A	Pacific	

Northwest	Extension	Publica(on.		2016.	
hUps://catalog.extension.oregonstate.edu/pnw591		

3.  Pes(cide	Risk	Assessment	for	Pollinators:	Execu(ve	Summary	from	
SETAC.	2011	
	hUp://www.setac.org/node/265	

4.		USEPA	Pollinator	Risk	Assessment	Guidance	
	
hUps://www.epa.gov/pollinator-protec(on/pollinator-risk-assessment-
guidance		

	
Informa.on	about	specific	pes.cides:	
	
US	EPA	Ecotox	Databases	
hUps://cfpub.epa.gov/ecotox/		
	
Insec(cide	Resistance	Ac(on	CommiUee	Mode	of	Ac(on	Guide	
hUp://www.irac-online.org		
	
PMRA	Label	database	
hUp://pr-rp.hc-sc.gc.ca/ls-re/index-eng.php		
		
	
	


