
Proceedings of the 2019 Wisconsin Agribusiness Classic - 19

AN OVERVIEW OF NEONICOTINOID IN INSECTICIDE CONTAMINANTS IN 
CENTRAL WISCONSIN’S SURFCE AND GROUNDWATER SYSTEMS 

 
Ben Bradford and Russell Groves 1/ 

Introduction 

Neonicotinoids are a popular and widely-used class of insecticides whose water-soluble nature 
and 20-year usage history has led to questions about their potential to accumulate in the envi-
ronment and harm local ecosystems [1–6]. When first registered in the United States in 1995, 
these compounds promised increased efficacy, long-lasting systemic activity, lower application 
rates, low vertebrate toxicity, and reduced environmental persistence, all of which contributed 
to the rapid adoption and widespread use of this class of insecticides, which now account for 
over 25% of the entire global pesticide market [7]. Over 6.7 million pounds of neonicotinoid 
insecticides are now applied annually on 140 different crops in the United States, with the three 
most popular compounds, imidacloprid (IMD), clothianidin (CLO), and thiamethoxam (TMX) 
making up over 90% of agricultural usage nationally [7,8]. 

Most neonicotinoids are registered for application as seed treatments, foliar sprays, and in-
furrow soil drenches, with seed treatments and soil applications constituting 60% of agricultural 
neonicotinoid usage [7]. Seed and soil application methods are of particular environmental con-
cern because uptake rates of applied active ingredients have been reported as 2-5% in cotton, 
eggplant, potato, and rice, and up to 20% in maize, meaning that in excess of 80% of applied 
active ingredients remain in field soils potentially resulting in off-site movement and environ-
mental contamination [9]. Emerging concern about neonicotinoid contamination has motivated 
the development of ecosystem- and regional-scale water quality surveys [5,10–14]. Conserva-
tion groups have also raised calls for neonicotinoids to be banned or phased out due to the sub-
stantial ecological risks their continued use may pose [15,16]. 

To assess the extent of contamination we perform a structured, multi-year study of neonicotin-
oid contamination in high-capacity irrigation wells distributed throughout the Central Sands and 
Lower Wisconsin River Valley agroecosystems in Wisconsin. Irrigation wells provide both a 
broad spatial sampling scale (landscape to state), can be sampled repeatedly during growing 
seasons, and draw groundwater from deeper than the static test wells sampled by Wis. Dept. of 
Agriculture, Trade, and Consumer Protection (WDATCP), potentially revealing the extent to 
which contaminants have permeated the underlying aquifers. In addition to our high-capacity 
well observations, we also present the results of neonicotinoid monitoring in shallow ground-
water test wells and private potable wells conducted by the WDATCP from 2011 through 2017 
in the same geographic area. 

____________________________ 
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Proceedings of the 2019 Wisconsin Agribusiness Classic - 20

Environmental detections of neonicotinoid contaminants in Wisconsin 
Monitoring well detections (WDATCP).  From 2011 
through 2017, 28 of the 53 monitoring well sites 
managed and tested by the WDATCP tested positive for 
at least one neonicotinoid, with five wells testing positive 
for two neonicotinoids, and 14 wells testing positive for 
IMD, CLO, and TMX during this seven-year period. Of 
the 527 total samples collected from monitoring wells, 
150 (28%) tested positive for TMX, 162 (31%) tested 
positive for IMD, and 194 (37%) testing positive for 
CLO. Mean TMX detection was 0.90 μg/L, with a 
maximum detection of 3.89 μg/L recorded in Adams Co. 
in 2015. Mean IMD detection was 0.61 μg/L, with a 
maximum of 4.54 μg/L recorded in Waushara Co. in 
2014. Mean CLO detection was 0.503 μg/L, with a 
maximum of 2.30 μg/L recorded in Dane Co. in 2017. In 
2016 and 2017, WDATCP also tested all monitoring well 
samples for the three less common neonicotinoids 
acetamiprid, dinotefuran, and thiacloprid. No monitoring 
well samples were positive for these three compounds at 
concentrations above the detection limit of 0.05 μg/L. 

Private potable well detections (WDATCP). Neonicotinoid compounds were detected with 
significantly less frequency among private potable well samples as these private wells are dis-
tributed throughout the state, whereas monitoring wells have been specifically established to 
monitor agricultural chemical intrusion into aquifers in areas where past contamination has been 
detected or where the risk of such contamination was considered elevated. During the 2011-
2017 period, WDATCP collected and tested 1313 samples from 1120 individual private pot-
able wells; 51 wells tested positive for at least one neonicotinoid compound, with 27 wells 
positive for one, 13 wells positive for two, and 11 wells positive for all three major neonicotin-
oids. TMX was detected in 59 samples (4%), with a mean of 0.52 μg/L and a maximum of 1.43 
μg/L, recorded in Sauk Co. in 2011. IMD was detected in 40 samples (3%), with a mean of 0.47 
μg/L and a maximum of 1.59 μg/L recorded in Waushara Co. in 2013. CLO was detected in 37 
samples (3%), with a mean detection of 0.49 μg/L and a maximum of 3.88 μg/L recorded in 
Waushara Co. in 2013. All samples collected from private potable wells in 2016 and 2017 were 
also tested for the less common neonicotinoids acetamiprid, dinotefuran, and thiacloprid. One 
sample, from Juneau Co. in 2017, tested positive for dinotefuran at 0.15 μg/L. 

High-capacity irrigation well detections (Groves Lab). The frequency of neonicotinoid 
detections in shallow groundwater specifically in the Central Sands and LWRV agroecosystems 
suggested that further study of this area was warranted. A significant fraction of irrigated potato 
and processing vegetable production in Wisconsin occurs in the Central Sands and LWRV and 
neonicotinoid insecticides are frequently employed as crop protectants by local growers. In 
addition, the hydrology of these regions is characterized by sandy, fast-draining soils, and shal-

Figure 1. Positive neonicotinoid detections in
shallow groundwater monitoring wells (data
courtesy WDATCP).
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low, unconfined aquifers that have been identified as at an elevated risk of contamination 
according to the Wisconsin Groundwater Contamination Model. To assess the extent of contam-
ination we perform a structured, multi-year study of neonicotinoid contamination in high-
capacity irrigation wells distributed throughout the Central Sands and Lower Wisconsin River 
Valley agroecosystems in Wisconsin. Irrigation wells provide both a broad spatial sampling 
scale (landscape to state), can be sampled repeatedly during growing seasons, and draw ground-
water from deeper than the static test wells sampled by WDATCP, potentially revealing the 
extent to which contaminants have permeated the underlying aquifers. Results of these investi-
gations are summarized in the table below. 

Table 1. Thiamethoxam detections in high-capacity irrigation well water, 2013-2015.

Year Timing Months
High capacity wells Samples TMX Detections (ppb)
n Positive % Pos. n Pos.* % Pos. Max Mean ± SD

2013 Late Aug/Sep 48 39 81% 48 39 81% 1.56 0.28 ± 0.28
2014 Mid Jun/Jul 53 34 64% 53 25 47% 1.06 0.25 ± 0.26

Late Aug/Sep 26 19 73% 26 19 73% 1.21 0.28 ± 0.29
Year Total 53 35 66% 79 53 67% 1.21 0.26 ± 0.27

2015 Early May 40 27 68% 55 34 62% 0.89 0.32 ± 0.27
Mid Jun/Jul 52 35 67% 83 54 65% 1.69 0.32 ± 0.38
Late Aug Oct 40 25 63% 52 33 63% 0.77 0.21 ± 0.17

Year Total 56 40 71% 190 121 64% 1.69 0.29 ± 0.30

Grand total 91 71 78% 317 213 67% 1.69 0.28 ± 0.29
 

Surface water detections. In Wisconsin’s Central Sands, most surface water systems are 
largely groundwater-fed, so frequent detections of neonicotinoid contaminants in groundwater 
in these areas likely translates into detectable levels in surface water systems. In 2016, we began 
collecting surface water grab samples from a larger number of sites in the Central Sands 
including five river systems in the Wisconsin River watershed (three more than in our 2015 
investigations), and three river systems in the Fox River watershed (one more than in 2015). 
These sites and watersheds in particular have been selected because they occur within a gradient 
of agricultural intensity. Percentage of land devoted to agriculture within each watershed varies 
from nearly 100% (Fourmile and Tenmile) to 40% (Big and Little Roche-a-Cri) within the 
Wisconsin River watershed, and from 37%-24% in the Fox River watershed. These two regions 
then provide a high-agriculture and low-agriculture condition for making comparisons in neo-
nicotinoid detection levels. The sites in the Wisconsin River watershed were sampled four times 
(Dec 2016, Mar, Jun, Jul 2017), while the Fox River sites were samples once (Jul 2017). Water 
samples were assayed for the presence of both imidacloprid and thiamethoxam, two common 
neonicotinoids. Samples testing positive for > 0.05 μg/L of a compound were considered 
positive detections for that compound. See results summarized below in Table 2. 
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Table 2. Neonicotinoid detections in surface water, 2016-2017.  

River system Ag
intensity

Imidacloprid (μg/L) Thiamethoxam (μg/L)

n dets %
det

mea
n max n det %

det
mea
n max

Wisconsin 39% 18
7 35 19% 0.02

9
0.21
3

18
7 95 51% 0.21

7
4.11
0

Fourmile 49% 32 0 0% 0.00
9

0.04
2 32 13 41% 0.05

4
0.33
7

Tenmile 50% 36 9 25% 0.03
6

0.21
3 36 20 56% 0.27

5
2.85
1

Fourteenmile 34% 35 9 26% 0.04
1

0.19
2 35 26 74% 0.52

8
4.11
0

Big Roche a
Cri 29% 48 6 13% 0.02

5
0.13
5 48 31 65% 0.20

0
1.43
2

Little Roche a
Cri 28% 36 11 31% 0.03

4
0.19
3 36 5 14% 0.02

2
0.21
6

Fox 23% 26 10 38% 0.04
7

0.08
1 26 4 15% 0.03

9
0.06
1

White 19% 7 3 43% 0.04
5

0.05
9 7 0 0% 0.03

6
0.04
7

Mecan 23% 10 5 50% 0.05
1

0.07
0 10 2 20% 0.03

8
0.05
5

Montello 27% 9 2 22% 0.04
5

0.08
1 9 2 22% 0.04

0
0.06
1

Figure 2. Surface water sample locations.
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Conclusions 
The frequency of thiamethoxam detections in both shallow and deep wells throughout the study 
region underscores the need for growers to be judicious in the use of these chemicals when 
operating in areas at elevated risk of groundwater contamination. In combination, frequent 
neonicotinoid detections in shallow field-edge monitoring wells, deeper high-capacity irrigation 
wells, and private potable wells highlight the potential risk of agricultural contaminants to 
appear throughout an entire aquifer underlying an intensive agroecosystem. Neonicotinoids are 
popular and effective insecticides whose usage will likely continue to expand, absent new regu-
latory action or the commercialization of next-generation insecticides. Their usage is not cur-
rently considered a human health hazard, but it is becoming increasingly clear that neonicotin-
oids are easily mobilized into the environment after field applications [6,17]. Evidence is also 
mounting that even very low environmental concentrations of neonicotinoids are harmful to 
aquatic and terrestrial invertebrates and damage local ecosystems [18]. Clearly, alternative cul-
tural or chemical pest control strategies must be implemented to reduce neonicotinoid-related 
environmental impacts [19]. We hope that additional studies on groundwater contamination are 
pursued in other at-risk areas to expand our understanding of water quality issues related to 
intensive agriculture. 

This summary draws heavily from Bradford, Huseth, and Groves, 2018 [20], available: 
https://doi.org/10.1371/journal.pone.0201753. 
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