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the use of neonicotinoid applications and consequences 

in agriculture. For example, of the 131 reported instances 

of neonicotinoid pollution in surface water, nearly 50% of 

these studies were published in BECT (Stehle and Schulz 

2016). It should be noted that imidacloprid was the irst 

generation neonicotinoid to receive widespread attention 

for its environmental consequences. The third generation 

of neonicotinoids, dinotefuran, is several orders of magni-

tude more soluble in water than the irst generation (imida-

cloprid 610  mg/L; thiamethoxam 4100  mg/L; dinotefuran 

39,830  mg/L), in addition to being more potent and per-

sistent (PPDB 2012). While these powerful neonicotinoid 

properties have deinitely helped control pest infestations in 

agricultural and domestic contexts, our knowledge regard-

ing the environmental consequences and risks to non-target 

species following their widespread use has sorely lagged 

behind (Fig. 1).

More than two decades have passed since the introduc-

tion of the irst generation of neonicotinoid agents. During 

this time period an improved understanding of the risks 

that can result from exposure to residual neonicotinoids 

in non-target species has been established through vari-

ous studies. In 2008, the Environmental Fate and Efects 

Division (Environmental Risk Branch V) of the USEPA, 

acknowledged via a memorandum the potential risks 

that neonicotinoids present for non-target species such as 

upland game birds, endangered aquatic invertebrates in 

both freshwater and marine environments and secondary 

toxicity to ish due to alteration of food chains (USEPA 

2008). It is interesting that, in the same memorandum the 

USEPA cited disorientation and death of honeybees in 

France in 1999. These honeybee deaths were attributed 

to exposure to imidacloprid through foraging on sunlow-

ers grown from imidacloprid coated seeds (USEPA 2008). 

Since then the pace of scientiic understanding regarding 

As we celebrate 50 years of publication of the Bulletin of 

Environmental Contamination and Toxicology (BECT), we 

are simultaneously discovering that the widespread adop-

tion and use of neonicotinoid compounds originally consid-

ered to be environmentally benign can now potentially be 

considered to be an environmental catastrophe. Imidaclo-

prid, the irst generation neonicotinoid, was made commer-

cially available by Bayer AG in 1994. This neurotoxin rap-

idly became extremely popular due to its high insecticidal 

activity at low application rate (0.3 mg/L). In 2004 alone, 

131,394 pounds of imidacloprid-based formulations were 

applied for insecticidal purposes in the State of California 

(Fossen 2006). In 2016, imidacloprid was the most widely 

used neonicotinoid in the world (Mathiesen and Golden-

berg 2016). The second generation of neonicotinoids (thia-

methoxam) was introduced by Syngenta in 2000, and was 

quickly followed by a third generation of neonicotinoids 

(dinotefuran), made commercially available by Bayer AG 

in 2005.

While the generational development and production 

of neonicotinoids has focused on making these insecti-

cides more potent to their target organisms at very small 

dosages, their adverse environmental consequences have 

largely remained overlooked. BECT published its irst arti-

cle on neonicotinoids in 1994, reporting on the persistence 

of imidacloprid (Rouchaud et  al. 1994). Indeed, BECT 

pioneered reporting on the environmental concerns about 

 * Sudarshan Kurwadkar 

 skurwadkar@fullerton.edu

1 Department of Civil and Environmental Engineering, 

California State University, Fullerton, CA, USA

2 Department of Chemistry and Biochemistry, California State 

University, Fullerton, CA, USA

http://orcid.org/0000-0003-2970-5138
http://crossmark.crossref.org/dialog/?doi=10.1007/s00128-016-1968-3&domain=pdf


 Bull Environ Contam Toxicol

1 3

adverse risk to non-target species including honeybees due 

to exposure to neonicotinoids has gained momentum. The 

honeybee deaths were brought to widespread public atten-

tion through a 2013 cover page feature in Time magazine, 

A World Without Bees – Silent Sting (an obvious reference 

to Rachel Carson’s magnum opus Silent Spring that spawn 

the environmental movement) (Time 2013). However, rec-

ognizing  and reporting on the risks to non-target species 

due to exposure to imidacloprid  and other neonicotinoids 

is not enough to ban these compounds at national level. 

Some published studies lack the rigorous quality of data 

that is required within the regulatory framework to control 

or ban the use of an insecticide at national level. Put in the 

USEPA’s words, “Extraordinary regulatory action requires 

extraordinarily robust evidence that a ban will be efective 

and no other action will suice” (USEPA 2016a).

Imidacloprid is now implicated in colony collapse dis-

order in bees and population reductions in monarch butter-

lies (Lu et al. 2014; Krischik et al. 2015). Although a num-

ber of individual countries have become aware of the risks 

of using neonicotinoids and have banned their use in agri-

cultural operations (Italy: imidacloprid in 1999; Germany: 

thiamethoxam in 1998), the United States has not yet taken 

a stance about neonicotinoid use for agricultural applica-

tions. Neonicotinoids have suddenly become a focus of 

public and regulatory attention due to the reported adverse 

impacts that they have on non-target species (particularly 

honeybees) and reports correlating colony collapse disor-

der to neonicotinoid usage in the European Union (EU). 

Honeybees actually contribute over €22  billion annually 

to European agriculture (European Commission and Press 

Release 2013; Nelsen 2016); however, between 1985 and 

2005, one in six of the EU’s pollinating populations have 

died of as a consequence of agricultural neonicotinoid 

use. In 2013, the EU placed a 2-year moratorium on the 

entire class (irst–third generations) of neonicotinoids used 

in the agriculture operations that involve and attract hon-

eybees such as seed treatment, soil application (granules) 

and foliar treatment on plants and cereals. This moratorium 

was established upon recommendation from the EU Food 

Safety Authority, and was based partly on body of evidence 

and partly under the broad umbrella policy of ‘precaution-

ary principle’. This EU moratorium will remain in place 

until completion of risk assessment and will be reviewed 

in 2017. The complex nature of risk assessment coupled 

with critical evaluation of various environmental factors 

that may be potentially responsible for honeybee deaths, 

will require considerable time and efort to conclusively 

identify the cause(s) of colony collapse disorder. It is this 

lag time that has led to public impatience towards the slow 

evolution of regulations regarding pesticides. A paucity of 

robust risk assessment data coupled with the slow nature 

of regulatory response led the Pesticide Action Network 

(PAN), a consortium of non-governmental organizations, 

to initiate a campaign to ban neonicotinoids in agriculture 

operations. The PAN also urged the USDA to create pes-

ticide free habitat for the pollinators and actively promote 

expansion of agroecological and pollinator friendly agri-

cultural practices (PAN 2016).

Disturbingly, the very properties that have made neo-

nicotinoid insecticides highly popular, i.e., broad-spec-

trum neurotoxicity and high insecticidal activity at low 

concentrations, actually compromise the fundamental 

principles of the Integrated Pest Management (IPM) pro-

gram. According to the US Department of Agriculture 

(USDA 2016), IPM strives to enhance economic beneits 

and reduce potential detriments to human health and the 

environment from pests and pest management practices. 

Fig. 1  Environmental fate 

and pathways of exposure to 

neonicotinoid insecticides: post-

application scenario
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However, neonicotinoids do not it within this IPM para-

digm. Neonicotinoids have greatly reduced pest infesta-

tions (e.g., soil insects, termites, and sucking insects 

such as glassy-winged sharpshooters) in agricultural 

operations (vineyards, citrus orchards, and vegetable 

farms) and have contributed greatly to the economic suc-

cess of such operations. Neonicotinoids have also saved 

many vineyards from Pierce’s disease, which can rapidly 

destroy vineyard productivity, because these compounds 

provide a highly efective treatment against Xylella fas-

tidiosa, the etiological agent of Pierce’s disease. These 

examples of the utility of neonicotinoids are certain to 

make us question economic beneits vs. environmental 

concerns—but the mounting body of evidence of docu-

mented instances of the adverse efects that neonicoti-

noids can cause in non-target species (honeybees, butter-

lies and moths, earthworms, bumblebees, solitary bees) 

also need to be considered and taken into account. Given 

the widespread usage of neonicotinoids, it is not surpris-

ing that these compounds are increasingly detected in 

various environmental matrices. For example, a recent 

study published in BECT reported that 89% of the surface 

water samples collected from three agricultural regions 

in California contained imidacloprid, and 19% of the 

samples had imidacloprid concentrations that exceeded 

the USEPA risk threshold for aquatic life of 1.05  µg/L 

(Starner and Goh 2012). It has also been reported that the 

occurrence of neonicotinoids in surface water at environ-

mentally relevant concentrations can negatively afect the 

physiology and survival rates of freshwater and marine 

animal species (Pisa et al. 2015).

The USA has not yet banned the use of neonicotinoids 

in agriculture applications. This is because the US Envi-

ronmental Protection Agency (USEPA) operates under a 

“risk-based principles” policy: if the risk due to exposure 

to neonicotinoids is not clearly demonstrated, no eforts 

will be made to ban the use of neonicotinoids. However, 

on January 6, 2016, the USEPA formally acknowledged 

the risk that neonicotinoid exposure presents for honeybees 

(USEPA 2016b). Through its preliminary risk assessment 

prepared in collaboration with the State of California’s 

Department of Pesticide Regulation, the USEPA has now 

established the threshold residual concentration of imi-

dacloprid for honeybees at 25 parts per billion—and has 

stated that any exposure to imidacloprid above this limit 

will likely result in decrease in bee populations (USEPA 

2016b). Similar conclusions with regard to honeybee neo-

nicotinoid exposure have also been reported by Canada’s 

Pest Management Regulatory Agency (Health Canada 

2016; USEPA 2016b). The USEPA has planned to release 

threshold residual limits of imidacloprid for other non-tar-

get species (aquatic and terrestrial animals and plants) by 

the end of 2016. Risk assessments for pollinators exposed 

to second- and third-generation neonicotinoids are also 

planned for release by the USEPA by the end of 2016.

The question to ponder is: why did it take so long for the 

EU or the USEPA to act? The systemic nature and broad 

spectrum activity of neonicotinoids are key characteris-

tics that increase the vulnerability of non-target species. 

While it is understandable that there is gradual develop-

ment of scientiic understanding of toxicity (particularly 

mammalian) due to exposure to neonicotinoids, it remains 

imperative for us to improve our understanding of these 

compounds and their environmental efects—and to imple-

ment regulatory measures that will allow for a more rapid 

response to potential ecological disasters.
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