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DATA, DATA EVERYWHERE BUT WE DON’T KNOW WHAT TO 
THINK? NEONICOTINOID INSECTICIDES AND POLLINATORS

Keith Walters, Imperial College London, Silwood Park Campus,  Ascot, Berks SL5 7PY, UK reviews the data that 
have been generated on neonicotinoid effects on pollinators

increased use of other active ingredients (thiamethoxam and 
clothianidin) have maintained the total area treated. 
Use on flowering crops has attracted particular scrutiny 

due to potential adverse effects on a wide range of pollinators, 
including bees, which could result from the translocation of 
these chemicals into pollen and nectar. Resulting in part from 
improvements in analytical technology that have substantially 
reduced detection limits, traces of neonicotinoid insecticides 
have been found at very low levels in pollen and nectar from 
commercial fields in several recent studies (EFSA 2013a, b, c). 
Although no effects were detected in bee colonies sited at the 
edge of treated fields, this led to a campaign to ban the use of 
this group of pesticides in Europe.
The first suspension of use involved imidacloprid on 

sunflowers in France in 1999, followed in 2004 by a ban on 
its use on maize. Approval for thiamethoxam-treated oilseed 
rape was suspended in 2012 (Campbell, 2013) and more 
recently the European Commission has imposed a Europe-
wide 2 year ban on the use of these pesticides as seed treat-
ments on bee-attractive crops starting in December 2013 (EC 
2013).

Reported incidents

Neonicotinoid insecticides were first formulated as seed treat-
ments in Europe in the early 1990s, and in line with the wider 
trend their use has increased considerably (Noleppa & Hahn 
2013). Since their introduction there have been a few large-
scale incidents which have been linked to honeybee colony 
decline and/or loss in Germany, Italy and Slovenia. These 
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Pesticides have long been the subject of public and scientific 
debate. Opinions range from a belief that the potential envi-
ronmental damage that might result from their use warrants 
abandonment of these central crop production tools through 
to endorsement of their continued use under the current regis-
tration procedures (which are supported by strict and robust 
risk assessment). Since their introduction, neonicotinoid 
insecticides have been subject to the same registration proce-
dures as other groups of pesticides but not withstanding this, 
during the last ten years they have become a particular focus, 
with the debate becoming increasingly polarised. At first sight 
a puzzling aspect of the discussion surrounding the neonicoti-
noids centres on the recognition that the results of individual 
studies have frequently been used to support very different 
and apparently contradictory viewpoints, leading to a barrage 
of claim and counter-claim in the media. Against this back-
ground legislators and politicians throughout Europe have 
been faced with the need to balance the available evidence to 
establish whether registration of some or all of this class of 
insecticides is to continue. How this situation has arisen, and 
what new information is needed to reach a consensus, have 
become central questions.

Evolution of the current position:
Since 2001, the use of neonicotinoid insecticides on bee-
attractive flowering crops, such as oilseed rape, has increased 
throughout Europe. In the UK for example, a three-fold 
increase in the area of oilseed rape receiving neonicotinoid 
seed treatments was recorded between 2003 and 2007 (Figure 
1). Although the use of imidacloprid has recently declined, 
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Figure 1. Usage of neonicotinoid seed treatments on oilseed rape in 

the UK (Data from the Defra Pesticide Usage Surveys). Use of clothianidin 

and thiamethoxam has increased since the last PUS survey with a corresponding 

decrease in the use of imidacloprid (unpublished seed industry data).
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have been widely publicised, and were most likely to have 
resulted from the generation of dust during drilling of treated 
maize seed (in some cases associated with incorrect treatment 
of the seed) which was deposited on nearby flowering crops 
or weeds. In response, changes were made to registration 
requirements. For example, to limit dust generation, the treat-
ments could now only be applied to seed in professional facili-
ties and the drilling equipment used for such treated seed had 
to be fitted with deflectors to ensure dust is directed into the 
soil. In addition, their use on maize was suspended in some 
countries.

Other exposure routes

It has also been suggested that exposure of bees to high levels 
of neonicotinoids might also occur through the translocation 
of the active substance into the guttation fluid produced on 
the surface of leaves. However, to date, there have been no 
reports in Europe of significant collection of guttation fluid as 
a source of water by bees and no significant bee deaths which 
can be related to exposure via this route (Thompson 2010; 
Pistorius et al 2012). 
Spray applications of the acutely insecticidally active neon-

icotinoids (clothianidin, imidacloprid and thiamethoxam) are 
restricted to crops not in flower and in the absence of flower-
ing weeds, eliminating the risk to pollinators. Only the less 
acutely active neonicotinoids (acetamiprid and thiacloprid) 
are permitted to be used in crops in full flower.

A highly studied group of insecticides but with a narrow 

focus

In parallel with the recorded increase in their use in agricul-
tural production, there has been an unprecedented increase in 
the number of publications assessing the effects of these insec-
ticides on bees; a literature review encompassing work from 
the last twenty years revealed over 300 publications on the 
subject with over 120 published over the last 4 years (Blac-
quiere et al 2012). No other class of insecticide used on agri-
cultural crops has received such intense and sustained interest, 
but further analysis suggests that large gaps in our knowl-
edge of the potential effects of neonicotinoid insecticides on 
pollinators remain, which are hampering the development of 
a consensus on their impact. 
For example, the majority of the published studies have 

been directed at sub-lethal and chronic effects in honeybees 
(Apis) with few on solitary and social bees, or other pollinator 
groups. Even amongst the studies on non-Apis species most 
have focused primarily on Bombus (Blacquiere et al 2012). 
The focus of the literature is narrowed still further as a large 
proportion of published honeybee studies address imidaclo-
prid (this insecticide, as above, has now been supplanted by 
other active ingredients), which features in 75% of the labora-
tory studies and 90% of the semi-field and field studies; this is 
reflected in the non-Apis literature.
The narrow focus of the literature has led to an assumption 

by some that the properties and effects of imidacloprid are 
representative of all neonicotinoids, but this is unlikely to be 
the case. For example, the cyano-neonicotinoids are consist-

ently and significantly less biologically active when compared 
to imidacloprid. There is also a uniquely wide variation in 
acute oral activity of imidacloprid (ranging from 4–400 ng/
bee), possibly due to its having two active metabolites, a 
complication not shared by other neonicotinoid insecticides 
(Suchail et al 2004). In addition, unlike other neonicotinoids, 
microsomal mono-oxygenase P450 enzymes do not appear to 
be a major route of metabolism for imidacloprid (Iwasa et 
al 2004). This, and other evidence, suggests that we cannot 
readily apply conclusions based on studies conducted on one 
active ingredient to other insecticides. 
Extrapolation from data with such limited focus has 

contributed to the current unresolved debate on the actual 
environmental impact of neonicotinoids, which has caused 
difficulties for policy makers arising from contradictory inter-
pretation of the evidence. 

Exposure and risk assessment
There is a surprisingly limited dataset on residues in field 
crops, particularly in nectar and pollen following seed treat-
ments (EFSA, 2012). As a result, in their recent guidance 
document (EFSA 2013d), EFSA generated predicted residues 
per unit dose (RUDs) by calculating the quotient of actual resi-
dues measured in pollen and nectar (mg/kg) and the amount 
of active ingredient applied per unit area of crop (kg a.i./ha). 
The RUD was then used to calculate predicted environ-

mental concentration (PEC) using the equation:

PEC = δ.RUD; where δ = dose rate (kg/ha)

Although the RUD approach is well established, it has only been 
validated for spray applications on seeds and leaves (Hoerger 
& Kenaga 1972, Fletcher et al 1994). Residues accruing in 
pollen and nectar after systemic seed treatments present a very 
different situation. As the amount of a.i. used is dependent on 
the amount applied to the seed, the application rate per unit 
land area varies only if sowing rates are changed. However, 
unless the a.i. migrates through the soil to adjacent plants, the 
amount of a.i. taken up is governed by the amount on the seed 
from which each plant grows; EFSA (2013a,b,c) indicates that 
the active substance remains concentrated around the seed. A 
problem therefore arises as the approach used for calculating 
the PEC results in the predicted residues in nectar and pollen 
increasing with increasing seed rate and ignores the issue of 
low lateral migration rates in the soil matrix. 
The PEC was an important consideration in imposing the 

recent moratorium on neonicotinoid use, and work to reas-
sess and validate the approach by which it is calculated is 
urgently required if we are to reach a consensus on environ-
mental safety.
This issue may be compounded in some cases by the 

effects of crop variety, number of flowers per plant varying 
with seed rate, climate, soil type and the length of time since 
the crop was sown. For example, the data are not available 
to support a satisfactory conclusion on whether pollen and 
nectar from autumn sown crops carry lower residues than 
those from spring sown varieties. Such questions are of criti-
cal importance if we are to achieve balanced conclusions on 
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the future of this class of insecticides (and apply equally to 
other systemic pesticides applied as seed treatments).

Comparison of exposure pro"les in published laboratory 

studies of sub-lethal effects and potential "eld exposure

Most laboratory studies have simulated exposure of pollina-
tors to residues in nectar and pollen, with a few considering 
direct topical exposure. Comparison of the collated field data 
on imidacloprid residues in nectar (EFSA 2012) following use 
as seed treatments with the doses used in published experi-
mental work, shows that most honeybee studies have been 
conducted at concentrations higher than the maximum meas-
ured field concentrations (Figure 2). It is significant that only 
studies conducted at exposures at or just above the recorded 
field maxima resulted in adverse effects, whereas those 
conducted at rates below the maximum yielded no discernible 
effect. A similar problem with exposure rates used in experi-
ments arises with studies on non-Apis species such as bumble 
bees (Figure 3), making it difficult to draw conclusions on the 

impact of any sub-lethal effects in the field. The residue data 
evaluated by the EC when making decisions on the morato-
rium all related to seed treatments and granules, which would 
result in pollinator exposure via nectar and pollen. 
Measured residues resulting from spray applications in the 

field were not available. Such formulations are not used on 
honeybee-attractive crops in flower, being restricted to pre- 
or post-flowering applications. However, the current litera-
ture on sub-lethal effects of residues generated by laboratory 
studies of pre-flowering spray applications, cannot be readily 
related to the field situation – another gap in our knowledge 
that hinders robust risk assessment.
These problems are compounded if the temporal expo-

sure profile is not taken into account. For example, the field 
study of effects on foraging honeybees by Henry et al (2012) 
was a key factor in the recent suspension of the approval for 
thiamethoxam-treated oilseed rape in France. It suggested 
that the ability of bees to return to the colony was reduced 
following exposure to residues in nectar, but the consequence 
of the experimental design was to constrain them to consume 
their estimated daily exposure in a single dose administered 
in the laboratory with no consideration of metabolism of the 
pesticide over time (Campbell 2013). Foraging behaviour 
suggests that in nature the dose would have been accumulated 
in around 10 foraging trips over the course of a whole day, 
and metabolism would reduce the body burden between each. 
Thus, although the study indicated the pesticide may affect 
foraging behaviour, it does not reflect a realistic exposure 
profile in the treated crop. Exposure profile must be carefully 
designed if future studies are to make a meaningful contribu-
tion to the debate on the future of neonicotinoids.
Several other field studies have assessed effects of neoni-

cotinoid seed treatments or spray applications to flowering 
crops. Residue data are not available for any of these studies 
making interpretation of the results generated more challeng-
ing, and comparison with laboratory and semi-field results 
difficult. However, where honeybees were allowed to forage 
on treated crops there have been no adverse impacts reported 

Figure 2. Comparison (A) of imidacloprid concentrations in nectar/

sucrose used in laboratory, semi-"eld and "eld honeybee experiments, 

with concentrations measured in nectar following "eld use of the 

insecticide as a seed treatment, and (B) intake of imidacloprid by bees 

(total uptake per bee) reported from experiments and calculated 

maximum uptake by bees in the "eld (calculated using the methods 

of Rortais et al 2005). Data are divided between two classes: effects 

recorded at the individual or colony levels or no effects reported. 

Maximum residue in nectar reported following "eld seed treatments 

shown in (A) = 1.9 µg/Kg (EFSA 2012). Calculated maximum uptake by 

foragers in the "eld shown in (B) = 0.14 ng/bee. Foraging honeybees do 

not consume pollen eliminating this as an exposure route.

Figure 3. Comparison of imidacloprid concentrations in nectar/

sucrose/pollen used in laboratory, semi-"eld and "eld bumble bee 

experiments, with concentrations measured in nectar and pollen 

following "eld use of the insecticide as a seed treatment. Data are 

divided between two classes: effects recorded at the individual or colony 

levels or no effects reported. Maximum "eld concentrations in nectar 

(1.9 µg/Kg) and pollen (3.3 µg/Kg) (EFSA 2012) following use as a seed 

treatment; limited amounts of pollen are used by workers to construct 

nests and feed larvae.
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at the colony level. Indeed two studies have reported reduced 
visitation rates following a spray application of imidacloprid, 
potentially reducing exposure (Schnier et al 2003; Kumar 
& Singh 2012). Once again, before clear conclusions can 
be drawn, further work is necessary but future field studies  
should routinely collect residue data to support exposure 
assessment.

Sub-lethal endpoints and impact in the "eld
The ecological or biological relevance of some of the behav-
ioural or physiological responses used in assessments of sub-
lethal effects of these insecticides have also been debated, 
introducing further complications into decision making on 
the future of neonicotinoids. 
Review of the published honeybee laboratory studies indi-

cates that a wide range of sub-lethal endpoints have been used 
to assess impact e.g. visual learning capacity, locomotion, 
individual and social immunity, and characteristics of forag-
ing activity (Blacquiere et al 2012). Where effects have been 
reported at field-realistic concentrations, they have often been 
related to biomarkers such as acinus diameter in the hypopha-
rangeal gland and the proboscis extension reflex to sucrose. 
Although such markers may be useful for establishing early 
indications of responses they have not been directly related to 
adverse impacts at the free-flying individual or colony levels, 
and therefore the consequences in the field of any measured 
changes are not clear. Whereas consistent effects can be 
demonstrated, more work is again required to understand the 
relationship between these markers measured in individual 
confined bees under well controlled laboratory conditions and 
effects at the colony level with its complex social interactions 
and responses to other environmental factors.

Conclusions
The current debate surrounding the effect of neonicotinoid 
insecticides on pollinators and the consequential moratorium 
on their use under defined circumstances appears to have been 
based, at times, on narrowly focused, incomplete and in some 
cases unrepresentative datasets. It is, however, an important 
debate and it is vital that we arrive at a scientifically based 
consensus on the actual impact of this class of pesticides so 
that realistic conclusions can be drawn on their future use. If 
such a consensus is to be achieved it is essential that further 
research is urgently undertaken to fill the current gaps in our 
knowledge and provide robust datasets upon which informed 
decision making can be based.
It is also important to recognise that concentration on possi-

ble effects on pollinators has resulted in less prominence being 
given to the wider consequences of loss of these pesticides. For 
example, the proposed ban will increase usage of (and hence 
selection pressure on) other active ingredients thus increasing 
the risk of resistance arising and leaving us with fewer options 
for managing its spread, a risk that is compounded by alter-
native pest management approaches often not currently being 
available. Integrated pest management (IPM) and biological 
control have been promoted as important components of 
future sustainable crop production. However, much research 

is required before their potential can be evaluated and fully 
implemented, particularly in field crops. Some neonicotinoids 
are also important components of some current IPM protocols 
(being used in conjunction with natural or introduced preda-
tors) and their loss would delay introduction of new systems 
that will reduce reliance on pesticides. Thus, decisions on 
the future of these insecticides should not only be based on 
substantial and reliable scientific evidence on their impact on 
pollinators, but balanced where necessary with the results of 
urgent research into alternatives to their use. 
In summary, to provide legislators and politicians with a 

reliable basis for decision making:
Future experimental design needs to take account of 

the real risks posed by each exposure route for each active 
substance, under current registration restrictions. 
It will need to reflect realistic exposure scenarios, profiles 

and rates in laboratory, semi-field and field experiments to 
support the establishment of robust conclusions on the likely 
sub-lethal effects in the field. 
An understanding of the importance of insect metabo-

lism of active substances in ameliorating sub-lethal responses 
should also be reflected in experimental design and data inter-
pretation, and appropriate insecticide residue data should be 
routinely collected as part of field experiments. 
It is also important that we investigate and attain an 

improved understanding of the biological relevance (at both 
the individual and colony level) of the behavioural and physi-
ological responses used in assessments of sub-lethal effects of 
these insecticides. 
Research should be extended to encompass the full range 

of pollinator groups and insecticides, as the current extrap-
olation of results gained primarily from work investigating 
imidacloprid and Apis is inadequate. 
In addition it should also not concentrate solely on biolog-

ical responses of the insects, but incorporate technological 
developments to limit exposures, such as the recent work to 
reduce dispersal of dusts at sowing. 
Policy makers and legislators also have a role in establish-

ing a solution to the current situation; for example to enhance 
confidence (in some quarters) in the risk assessment proce-
dure, re-assessment and, if justified, amendment of the meth-
ods by which PECs are calculated for seed treatments would 
be advantageous.
Although there are many research gaps and problems 

with interpreting existing published work, there is an oppor-
tunity to use the period of the moratorium to generate the 
data needed to establish a basis for balanced decisions on the 
future of this group of insecticides. Similar issues will inevita-
bly arise in the future for other pesticide groups, so the work 
of the next two years may set an important precedent; thus it 
is vital that the science is robust. 

References
Blacquière, T., Smagghe, G., van Gestel, C.A.M., Mommaerts, V. 

(2012). Neonicotinoids in bees: a review on concentrations, side-
effects and risk assessment. Ecotoxicology 21: 973–992.

Campbell, P. J. (2013). Declining European bee health: banning the 
neonicotinoids is not the answer. Outlooks on Pest Management 
DOI: 10.1564/v24_apr_02 Accessed 17 May 2013



INSECTICIDES AND POLLINATORS

O u t l o o k s  o n  Pe s t  M a n age m e n t  –  A u g u s t  2 0 1 3   1 5 5

© 2013 Research Information Ltd. All rights reserved. www.pestoutlook.com

EC (2013). Commission implementing regulation (EU) No 485/2013 
of 24 May 2013 amending Implementing Regulation (EU) No 
540/2011, as regards the conditions of approval of the active 
substances clothianidin, thiamethoxam and imidacloprid, and 
prohibiting the use and sale of seeds treated with plant protection 
products containing those active substances. Official Journal of 
the European Union 139: 12–26.

EFSA (2012). Scientific opinion on the science behind the development 
of a risk assessment of plant protection products on bees (Apis 
mellifera, Bombus spp. and solitary bees). EFSA Journal 10 (5): 
2668, 275pp.

EFSA (2013a). Conclusion on the peer review of the pesticide risk 
assessment for bees for the active substance imidacloprid. EFSA 
Journal 11 (1): 3068, 55pp.

EFSA (2013b). Conclusion on the peer review of the pesticide risk 
assessment for bees for the active substance clothianidin. EFSA 
Journal 11 (1): 3066, 58pp.

EFSA (2013c). Conclusion on the peer review of the pesticide risk 
assessment for bees for the active substance thiamethoxam. 
EFSA Journal 11 (1): 3067, 68pp.

EFSA (2013d). EFSA guidance document on the risk assessment of 
plant protection products on bees (Apis mellifera, Bombus spp. 
and solitary bees). EFSA Journal 11 (7): 3295, 266pp.

Fletcher, J., Nellessen, J., Pfleeger, T. (1994). Literature review 
and evaluation of the EPA food-chain (Kenaga) nomogram, 
an instrument for estimating pesticide residues on plants. 
Environmental Toxicology and Chemistry 13: 1383–1391.

Henry, M., Beguin, B., Requier, F., Rollin, O., Odoux, J-F., Aupinel, 
P., Aptel, J., Tchamitchian, S., Decourtye, A. (2012). A common 
pesticide decreases foraging success and survival in honeybees. 
Science 336: 348–350. 

Hoerger, F., Kenaga, E.E. (1972). Pesticide residues on plants: 
Correlation and representative data as a basis for estimation of 
their magnitude in the environment. (In F. Coulston & F. Korte, 
(eds.), Environmental Quality and Safety: Chemistry, Toxicology, 
and Technology. Georg Thieme Publishers, Stuttgart, West 
Germany), pp. 9–28.

Iwasa, T., Motoyama, N., Ambose, J.T., Roe, R. M. (2004). Mechanism 
for the differential toxicity of neonicotinoid insecti cides in the 
honey bee, Apis mellifera. Crop Protection 23: 371–378.

Similar articles that appeared in Outlooks on Pest Management include – 2007 18(6) 280; 
2012 23(1) 35; 2013 24(2) 52; 2013 24(2) 58; 2013 24(3) 109

Kumar, A., Singh, R. (2012). Effects of biopesticides and insecticides 
on aphid population, bee visits and yield of mustard. Annals of 
Plant Protection Sciences 20 (1): 205–208.

Noleppa, S., Hahn, T. (2013). The value of neonicotinoid seed 
treatments in the European Union: A socio-economic techno-
logical and environmental review. Research Report by the 
Humboldt Forum for Food and Agriculture. eV. http://www.
neonicreport.com Accessed 17 May 2013

Pistorius,J., Brobyn, T., Campbell, P., Forster, R., Lortsch, J-A., 
Marolleau, F., Maus, C., Lückmann, J., Suzuki, H., Wallner, K., 
Becker, R., (2012). Assessment of risks to honey bees posed by 
guttation Julius Kuhn Archive, 437: 199–208.

Rortais A., Arnold G., Halm M.P., Touffet-Briens, F. (2005). Modes 
of honeybees exposure to systemic insecticides, estimated 
amounts of contaminated pollen and nectar consumed by 
different categories of bees. Apidologie 36: 71–83.

Schneir, H.F., Wenig, G., Laubert, F., Simon, V., Schmuck, R. (2003). 
Honeybee safety of imidacloprid corn seed treatment. Bulletin of 
Insectology 56 (1): 73–75.

Suchail, S., De Sousa, G., Rahmani, R., Belzunces, L.P. (2004). In 
vivo distribution and metabolisation of 14C-imidacloprid in 
different compartments of Apis mellifera L. Pest Management 
Science 60: 1056–1062.

Thompson, H.M. (2010). Risk assessment for honeybees and 
pesticides – recent developments and “new issues”. Pest 
Management Science 66: 2257–1162. 

Keith Walters is a Senior Research Fellow at Imperial College London, whose 

work focuses on improving our understanding of biologically realistic ecotoxi-

cological risks associated with the use of pesticides, including their impact on 

non-target species and natural ecosystems. Prior to joining Imperial College he 

spent almost 25 years working at Fera/CSL investigating non-target biology and 

effects, which also led to extensive work developing integrated pest manage-

ment approaches that combine the simultaneous use of natural enemies and 

conventional insecticides to optimise their activity in both open "eld and 

protected crops.

SUBSCRIBERS – REGISTER FOR FREE ONLINE ACCESS VIA INGENTA

Registering your institution is quick and easy; the whole process involves 4 simple steps and should take you no 
more than 5 minutes. Please have ready the following information: 

Contact details

Authentication

 


