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Process Leading to Review Initiation
• MDA previously reviewed neonicotinoid concerns as part of its emerald ash 

borer insecticide review (including concerns about pollinator exposure);  

• November 5, 2013 – Commissioner of Agriculture directed staff to initiate the 
Special Registration Review;

• PMU staff developed a scoping document in collaboration with U of M, MPCA, 
DNR and BWSR outlining into six broad criteria;

• Draft scoping document made available to the public for comments on March 1-
May 2, 2014; 

• Received 444 comments, Unique comments responded individually and 
incorporated into the scoping document when appropriate;

• Revised scoping document posted online October 2014; 

• ≈2 years to complete the SRR.



Scope of Review

• Summary of the various issues, lines of evidence, and activities related to 
neonicotinoid impacts on insect pollinators; 

• Provide more information about Minnesota-specific pesticide products and 
issues and federal registration concerns;

• Provide a variety of opportunities for action;

• Not intended to be redundant of analyses and decisions reached by USEPA 
during federal registration; 

• Does not include every citation but attempted to be fair in choosing genuinely 
important ones.

Goal: Present relevant information and identify Minnesota-specific concerns that 
might be addressed by specific regulatory or non-regulatory activities. 



1. Neonicotinoid background, chemistry, and mode of action; 

2. Federal, state and other neonicotinoid registration policies and 
initiatives; 

3. Neonicotinoid use and sales;

4. Neonicotinoid applications and movement in the environment; 

5. Risks of neonicotinoid use; 

6. Benefits of neonicotinoid use.

Six Broad Criteria of Neonicotinoid Review:





• A relatively new class of insecticides registered for use on ≈140 crops and many 
other residential uses; 

• Show similar broad spectrum activity to insects specifically to sucking insects 
(aphids) and chewing insects (beetles);

• Used as seed treatment, foliar, and soil applications;

• Also used for some invasive pests (emerald ash borer) and some hard to control 
pests (potato Colorado beetle);

• Move systemically within the plant tissues;

Neonicotinoid background, chemistry, 
and mode of action 



• Half life
• UV stability
• Water solubility
• Rate of uptake by plants
• Mobilization within plants
• Degradates
• Host range of susceptible insects

Neonicotinoid Half-life
(USEPA)

Half-life 
(Literature)

Acetamiprid <1-8.2 <1-450
Clothianidin 148-1,155 148-6,931
Dinotefuran 81.5-138.4 75-138.4
Imidacloprid >120-660 28->2,000
Thiacloprid 1.5-13.5 1.5->1,000
Thiamethoxam 13-353 7-3,001

Neonicotinoid background, chemistry, 
and mode of action 



Federal, state and other neonicotinoid 
registration policies and initiatives

• Three tiered risk evaluation framework 
using honey bees as surrogate species.

• EPA in collaboration with Health Canada 
and the California Department of Pesticide 
Regulation developed new risk 
assessment framework for bees in 2012.

• The new framework takes into account 
multiple lines of evidence including 
registrant-submitted data, open literature, 
and ecological incident data.



Federal, state and other neonicotinoid registration 
policies and initiatives



Federal, state and other neonicotinoid registration 
policies and initiatives



• EPA amended labels to add bee icon to outdoor foliar uses of neonicotinoid
products in 2013; 

• EPA is in process of conducting a cyclical 15 year registration review of all 
neonicotinoids; 

• Preliminary imidacloprid, pollinator specific review for agricultural and 
horticultural crops released in January 2016 (relevant information 
incorporated in MDA’s review); 

• Preliminary pollinator specific risk assessment for clothianidin and 
thiamethoxam issued for public comment in January 2017.

Federal, state and other neonicotinoid registration 
policies and initiatives



Preliminary pollinator assessment to support the 
registration review of imidacloprid

Risks quantified for honey bee and characterized qualitatively for other bee taxa.

Summarized preliminary risk findings on a crop group-based approach.

Low potential 
for on field risk

Jan 2016



Imidacloprid crop groups/Use patterns with uncertainty in colony 
(Tier II assessment)

Jan 2016



Imidacloprid crop groups/Use patterns with colony risk indicated 
(Tier II assessment)

Jan 2016



Clothianidin/Thiamethoxam crop groups/Use patterns with colony 
risk indicated (Tier II assessment)

Jan 2017



Federal, state and other neonicotinoid 
registration policies and initiatives

• About 12 Minnesota cities, townships, school districts including Minneapolis and 
Saint Paul made ordinance limiting use of neonicotinoid insecticides on the land 
they own; 

• Some city ordinances include exceptions for using neonicotinoids for invasive 
pests such as emerald ash borer;

• Canada’s providence of Ontario implemented new laws that requires farmers to 
use treated seed only when pest problem exists; 

• EU enacted a moratorium (December 2013–December 2015) on use of 
imidacloprid, clothianidin, and thiamethoxam to certain bee-attractive crops; 

• Updated risk evaluations of impacts of EU moratorium are proposed to be 
completed by November 2017;



• 510 registered neonicotinoid products in 2015; 

• 127,970 pounds (all neonicotinoid active ingredients) sold in MN as 
compared to 791,948 pounds of chlorpyrifos (6.1 times higher) in 2011;

• Bulk (>99%) of sales comprised of clothianidin, thiamethoxam and 
imidacloprid. 

Neonicotinoid use and sales in Minnesota
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• Bulk (>99%) of neonicotinoid sales in 

agricultural crops (not necessarily in 
soybeans and corn);

• Neonicotinoids accounted for 0.26% of 
all crop chemicals in 2013; 

• The MDA collected $332,480 from 
neonicotinoid registration fees;

Neonicotinoid use and sales in Minnesota



• State does not have the authority to track or regulate the sale and use of 
pesticide treated seeds; 

• Treated seeds are considered to be “Treated Articles” and are exempt from 
all provisions of FIFRA; 

• Based on estimates about 90% of corn and about 40% of soybean acreage 
in Minnesota is planted with neonicotinoid treated seeds;

• About 8,200,000 acres of corn and about 581,600 acres of soybean planted 
with neonicotinoid seeds treated in Minnesota are not tracked by the MDA.

Neonicotinoid use and sales in Minnesota



Neonicotinoid applications and movement 
in the environment

• Half-life varies with soil type, climate, soil pH, moisture, temperature, light 
intensity, fertilizer use, and presence or absence of ground cover etc;

• Range: few days to years;

• Maximum half- life for the most commonly used neonicotinoids; clothianidin, 
imidacloprid, thiamethoxam: >1 year;

• MDA regularly monitors groundwater and surface water for presence of 
neonicotinoids in Minnesota.



• Highest concentration of any neonicotinoid compound (thiamethoxam) detected was 15 
times below the MDH guidance values for human health;

• Detection frequencies for neonicotinoid pesticides ranged from 3% to 13% from 2010-
2014; 

• Detections occur most frequently in the Central Sands Region;

• No detections in urban areas and private drinking water wells.

Neonicotinoid detections in Minnesota groundwater



Neonicotinoid detections in Minnesota surface water

• Detections both in urban and agricultural areas;

• Detection frequencies ranged from 1% to 15% from the year 2010 to 2014;

• Max. detection for clothianidin and imidacloprid about 22% and 45% of chronic aquatic 
life benchmarks, respectively; 

• No detections in lake samples from the year 2010 to 2014.



Neonicotinoid Risks

Prophylactic use in absence of specific identified pest problems may lead to:

• Insecticide resistance, 

• Replacement by secondary pests, 

• Adverse impacts on pollinators and natural enemies,

• Soil and water contamination

• Increased costs.

General risks



Neonicotinoid risks to pollinators

• Move systemically within plant tissues and can stay in plant parts for days to 
months as parent or metabolites.

• Highly toxic to bees both through contact and ingestion.

• Based on acute LD50 : Four of the six neonicotinoids (clothianidin, dinotefuran, 
imidacloprid, thiamethoxam) are classified as highly toxic to pollinators.

• Clothianidin LD50 - 0.0039 µg/bee (39 ppb).



• Pollinators exposed to neonicotinoid through: 

o abraded dust from planting treated seed

o plant pollen, 

o nectar, 

o guttation fluid (plant excreted water droplets) 

o nesting material or resins collected by pollinators.

o contaminated water

• Acute, chronic and sub-lethal risks;

• No standardized techniques to evaluate sub-lethal impacts on pollinators.

Neonicotinoid risks to pollinators



• 161 pesticides found in honey bee hives at different concentrations.

• Lethal Dose (LD50) for clothianidin, imidacloprid, and thiamethoxam is about 
0.004 µg/bee. LD50 is the concentration that can kill 50% of test bee populations. 

• Neonicotinoid concentrations in treated seed abraded dust :

o Up to 12,400 ppb (thousands of times higher than what is needed to kill an 
individual).

• Neonicotinoid concentrations in pollen:

o 127 ppb in pumpkin (2.5 times a honey bees oral LD50).

o 85 ppb in wild flower (2.0 times a honey bees oral LD50)

• Neonicotinoid concentrations in nectar:

o 319 ppb (8.6 times of a honey bees oral LD50)

Neonicotinoid risks to pollinators



• Higher neonicotinoid residues from foliar applications than from seed 
treatment.

• Higher residues in pollen and nectar if neonicotinoids were applied closer to 
flowering; 

• Higher neonicotinoid residue accumulation in pollen as compared to nectar;

• Detectable residues found in flowers and leaves 540 days after soil 
application.

Neonicotinoid risks to pollinators



Risk characterization

Risk Quotient= LD50 of chemical X uncertainty factor (0.4)

detected residues 

Concern is identified if risk ≥ 1.0

Neonicotinoid risks to pollinators



Neonicotinoid risks to pollinators : Lethal impacts



Sub-lethal effects on pollinators: 

• Impacts orientation, learning, memory, feeding, movement, reproduction, and 
development time;

• Results in lower colony weight, reduced worker populations and stored nectar;

• Large amount of variation in procedures used for determining sub-lethal effects. 

Neonicotinoid risks to pollinators



Neonicotinoid risks to pollinators : sub-lethal impacts

• Significant decrease in ability of honey bee foragers to navigate back to their nest when 
exposed to thiamethoxam at 13.4 ppb.

• Contact exposure of thiamethoxam at 10 ppb reduced learning ability honey bee .

• Chronic exposure of bumble bees to 16 ppb imidacloprid resulted in 47% less movement. 

• Bumble bee workers laid 42% less eggs when orally exposed to 1.3 ppb imidacloprid.

• Bumble bee exposure to imidacloprid at ≤ 14 ppb in laboratory and semi-field studies 
reduced colony weight.

• Honey bee colonies exposed up to 20 ppb imidacloprid over 39 days did not reduce 
colony weight or population size.



Neonicotinoid risks to other organisms

• Toxicity to mammals: Low to moderate. 

• Toxicity to birds: Low to moderate.

• Toxicity to fish: Practically nontoxic to moderately toxic. 

• Aquatic invertebrates: highly toxic.



Benefits of neonicotinoid use

• Registered as “reduced risk” pesticides by the USEPA.

• Relatively safe to applicators and farm workers.  

• Provide very effective control of piercing and sucking insect pests and some difficult-to-
control pests such as emerald ash borer.

• Seed treatments provide efficient and prolonged control of insect pests at low dosages 
when plants are small and most vulnerable to pests. 

• Limited resistance in insect populations.

• Seed treatments limit direct exposure to non-target organisms.

• Additional mode of action provides choice for resistance management.

• Suppress secondary spread of insect-transmitted plant diseases.

• Alternatives pesticides may be more toxic to bees, mammals, birds and aquatic 
organisms than neonicotinoids.  



Other stressors

• Loss of habitat

• Diseases (viruses, bacteria)

• Parasites, predators, and pests

• Beekeeper practices

• Climate change



MDA website

Full review available at the MDA website: 
http://www.mda.state.mn.us/neonicsreview

http://www.mda.state.mn.us/neonicsreview
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