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Abstract

A field study was done to search for residues of neonicotinoids in 15 honeybee hives, in 5 apiaries to
determine if any bee loss or symptoms of stress were associated with such residues. The apiaries were
adjacent to corn or soybean crop fields in southern Ontario, and Quebec, Canada. Samples of healthy adult
bees, larvae, impaired bees with symptoms of intoxication, black bees and dead bees were analysed for
acetamiprid, clothianidin, imidacloprid, thiamethoxam, and the metabolite TZNG. Neither the concentrations
of the individual compounds found nor the aggregate exposures to multiple compounds were associated with
any evidence of stress or bee loss. Extensive diagnostic tests were done to monitor mites and diseases, and
hive weights were monitored. Viruses were frequently found in all bee sample types. Over 90% of impaired
bees had viruses, but 20% or less had any of the test compounds and only at low levels (<0.05 ng/bee) of
neonicotinoids. 77% of black bees had viruses but none of the test compounds was detected in these bees.
Method verification, distribution of residues in the colony, assessment of hive scale results, calculation of the
combined effects, implications for diagnosis, and risk assessment will be discussed.

Background

A field study was done to search for residues of neonicotinoids in 15 honeybee hives, in 5 apiaries
to determine if any bee loss or symptoms of stress were associated with such residues. The
apiaries were adjacent to corn or soybean crop fields in southern Ontario, and Quebec, Canada.
The design of the study and preliminary results from four of the sites was reported at the Ghent
ICPPR meeting in 20141. Figure 1 shows a representative site layout. This report covers the
method verification, analytical results, virology, and hive scale results for the completed study.
Inclusion of product names in this report does not imply endorsement.

o

Figure 1: Layout of the

Methods

The analytical method was based on the QUECheRS2 method with LCMSMS detection modified to
achieve desired sensitivity and adapted to the various matrices. Acetamiprid (ACM), clothianidin
(CLT), imidacloprid (IMI), thiamethoxam (TMX) and the metabolite TZNG were included in the
analysis.

Virology was done by measuring median fluorescent intensity in the Quantigene® assay 3. The
measure values with background subtracted were normalized using three honeybee genes.
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Samples with a low control gene signal were excluded. Values below the Limit of Quantitation
(LOQ) were reported as “trace”. The bee viruses included were: Acute Bee Paralysis Virus (ABPV),
Black Queen Cell Virus (BQCV), Chronic Bee Paralysis Virus (CBPV), Deformed Wing Virus (DWV),
Replicating DWV (DWVR), Israeli Acute Paralysis Virus (IAPV), Replicating IAPV (IAPVR), Kashmir Bee
Virus (KBV), Sacbrood Virus (SBV) and Varroa Destructor Virus (VDV). As these are RNA viruses, and
the RNA is unstable in dead bees, only live and impaired bees could be assayed for viruses.4

Hive weights were recorded 4 times/hr using Beewatch hive scales5 (http://beewatch.de/kontakt).

Samples of honeybees, nectar, capped honey, pollen/bee bread from the brood area, wax, and
pollen from foragers that were collected using a front-mounted Better Bee pollen trap
(https://www.betterbee.com) were collected from the hives 5 times during the season along with
colony condition assessments. The bee samples included larvae, normal brood area bees, and
black bees (hairless) from inside the hive and returning foragers at entrance, dead bees outside
hive, and “impaired bees” (live but unable to fly, trembling, uncoordinated) outside the hive
entrance. The sample sizes were 5-10 g for pollen, nectar, and honey; at least 10 individual late
stage larvae, at least 10 individual foragers, black bees or impaired bees, and up to 300 hive bees
from the brood area.

Results

Method verification — Samples collected for analysis or assay must be minimal but large enough to
be representative and to allow for multiple subsamples (for pesticides, viruses, etc.). Subsamples
or aliquots must be representative, randomized, reproducible and large enough to support the
desired limit of detection for each measurement to be done. While methods for sample types
other than bees are relatively well documented6-8, verification of sample sizes, subsampling, and
sample stability were required for the bee samples. Unlike other hive materials honeybee samples
contain discrete units with non-uniform concentrations representing a significant proportion of
the sample. This makes it difficult to obtain representative subsamples. How many bees make a
representative subsample?

The method verification for combined analysis and virology on bee samples was done using bees
from one of the samples of live bees known to contain residues on TMX. Replicate random
subsamples of 1 and 5 bees were taken from this sample and a sample of 100 bees was taken for
comparison. The samples were ground to a uniform slurry in 1.6 mL of water and Duplicate
Subsamples of 25 mg samples of slurry were taken for virology. The remainder was analyzed for
neonicotinoids. The 100 g sample was frozen in liquid nitrogen and ground to a fine powder. Five
replicates of 0.5 g (= 5 bees) were taken for chemical analysis from homogenized powder and
analyzed as for the smaller samples. The results are in Tables 1 and 2.

Table 1 Variability vs sample size for honeybee samples- Virology

San'.iplfe Statistic BQCV INAY IAPV
Description

Mean 27.2 24.84 31.49

single bee ST Dev 1.73 5.41 1.56

CV (%) 6.35 24.77 4.96

Mean 26.18 26.71 32.6

Sbees ST Dev 3.74 2.94 3.89

CV (%) 14.29 11.01 11.95

Mean 23.77 18.35 33.63

100 bees ST Dev 1.56 2.39 0.77

CV (%) 6.58 13.02 2.28
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Results from 5 replicates

Table 2 Variability vs sample size for honeybee samples - Neonicotinoids

Sample . .
L Replicate | weight (g) TMX(PPB) Mean STDev | CV (%)
Description
1 0.112 0.0
2 0.074 0.0
single bee 3 0.113 0.0 7.8 17.45 224
4 0.082 39.0
5 0.112 0.0
1 0.36 4.59
2 0.474 0.46
Sbees 3 0.429 0.20 1.1 1.96 178
4 0.465 0.0
5 0.483 0.26
1 0.519 1.17
2 0.524 0.96
100 bees 3 0.504 1.31 1.06 0.24 23
4 0.516 1.17
5 0.501 0.69

These results show that variability is much lower for virus detection than for chemical analysis. The
results from the subsamples from 100 bees reflect the variability of the method, and the results
from single bees are similar because nearly all bees have similar levels of the virus. The CV of the
analytical results for subsamples of 100 bees was not much higher than for virology Table 1 and 2,
but the CV's for 5 bees and single bee are much higher (Table 2). The individual bee results show
that the proportion of bees with detectable residues is relatively low (approximately 20%) in this
data set. With this frequency the probability of no bees having detectable residues in a random
sample of 5 bees is p = (1-0.20)5 = 0.327, which makes the finding of 1 such sample in 5 quite
reasonable (Table 2). For 10 bees, p = 0.107. The proportion of bees with residues will vary in
different circumstances but the variability of the results in this data set was caused by the number
of bees in a subsample that contained detectable residues as well as the variation in the amount in
each bee. With 20% of bees containing residues, the sample size should be at least 10 bees to
avoid erroneous non-detections. In general, the distribution of residues among the bees in a
colony is expected to become more uniform within hours due to trophallaxis9-11. The use of 100
bees from the brood area bees is therefore sufficient for quantitation of residues. These bees came
from a healthy hive with no symptoms of impairment, indicating that the levels found were not
harmful to the bees.

Sample stability - Neonicotinoids and viruses are stable in frozen bee samples4, 6. However, the
stability of residues in dead bees collected in front of the hive at ambient temperature during the
time before they were collected was not known. The stability of neonicotinoids at ambient
temperature in a samples of bees was verified by analyzing subsamples from a field-collected
sample known to contain significant levels of CLT and TMX at a series of times over 27 days. No
significant degradation was detected.

Virology — Table 3 shows the distribution of viruses found in visibly impaired bees using the
Quantigene method3. These bees had many of the same nonspecific symptoms as those reported
for pesticides over- exposure12. Such bees were not always present during the assessments. The
results show a variety of viruses, but DWV is most frequent and had the highest titer. In addition,
76.9% of black bees had detectable virus in this assay. The predominant virus was DWV even
though none of the black bees had deformed wings. This shows that infection occurred after
emergence as adults. Viruses were also frequently detected in the samples of brood area bees and
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foragers showing no visible signs of disease. Energetics measurements have shown effects of
DWV on performance of foragers that would not be apparent to the apiarist13.

Table 3 Virology — Impaired bees

site Date ABPV BQCV CBPV  DWV  IAPV KBV SBV vov | o of
Viruses
1 At Plant - - - 17423.4 + - - 201.1 3
o Post Plant - - 386624 35970.3 - 5354.6 - 4
o Midsummer - - - 347.9 - - - - 1
! Fall - - - 26128.7 - - 1592.5  21634.5 3
2 At Plant - - 15583.2  148.2 - - + - 3
) Post Plant - - - - 5126.8 - + y 2
r 2 Midsummer - - - + - - - - 1
o2 Fall - - - 18573.2 182970 - - 1621.5 3
2 Pre-plant 2015 | - - - - - - - - 0
3 Pre-Plant - - - 259.5 - - - - 1
3 Post Plant - - - 44944.4 - - + 427.8 3
"3 Midsummer - - - 166.2 - - - - 1
3 Midsummer - 76.0 - 1479.8 - - - - 2
[ 3 Fall - - - 8052.5  165.2 - - 794.0 2
4 Pre-Plant - - - + - - - - 1
" 4 At Plant - - - 124.4 + B - - 2
[ 4 Pre-plant 2015 | - - - + 8234.4 - - - 2
5 Pre-Plant - - - 353.9 - - - - 1
[ s Post Plant - - - - - - - - 0
Frequency of Infection (%) - 5.26 10.5 78.9 36.8 - 26.3 26.3 89.5

Total No. of samples=19

Analytical results - The results of the analysis showed that the frequency of detection was below 35% in all
sample types (Table 4). CLT was most frequently found followed by TMX, IMl and ACM.

Table 4 Analytical results for bees and hive materials

Total No. of
Sample Type Samples TMX CLT TZNG ACM IMI | TMX CLT TZNG ACM IMI
Bees Frequency (%) Maximum (ng/bee )
Brood Area Bees 143 1.4 1.4 0.0 2.8 0.7 (0.036)'(0.069) 0.0 0.46 0.097
Larvae 78 0.0 3.8 0.0 0.0 0.0 0.0 '(0.064) 0.0 0.0 0.0
Foragers 95 10.5 11.6 0.0 0.0 0.0 0.11 0.674 0.0 0.0 0.0
Impaired Bees 20 5.0 20.0 5.0 0.0 0.0 | 0.046 0.428 0.2 0.0 0.0
Black Bees 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dead Bees 89 5.5 34.1 18.7 0.0 0.0 | 0.077 0.66 0.32 0.0 0.0
LOD (100 mg/bee) 0.048 0.096 0.20 0.024 0.048
LOQ (100 mg/bee) 0.016 0.03 0.067 0.008 0.016
Hive materals Frequency (%) Maximum (ng/g)
Capped Honey 140 10.7 3.6 0.0 12.1 0.7 1.2 0.95 0 8.2 0.165
Nectar 130 8.5 0.8 0.0 10.8 0.0 1.1 0.49 0.0 2.1 0.0
Pollen (Foragers) 101 23.8 238 4.0 9.9 9.9 20.2 455 2.8 5.3 2.2
Pollen (In-hive) 117 41.0 41.9 2.6 16.2 3.4 14.7 16.7 2.9 2.9 0.6
Wax 108 3.7 4.6 3.7 4.6 2.8 0.8 2.2 1.7 7.2 0.8
LOD 0.48 0.96 2.0 0.24 0.48
LOQ 0.16 0.32 0.67 0.08 0.16
Note: Values in brackets are below between LOD and LOQ
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All results were below levels considered to be harmful'. The concentrations found were variable
and the amounts found in bees were much lower than in hive materials, corresponding to less
than 7 ng/g, than in hive materials, indicating rapid metabolism.

In summary, Over 90% of impaired bees had viruses, but 20% or less had any of the test
compounds and only at low levels (<0.05 ng neonicotinoids /bee) (Table 3 and 4). 77% of black
bees had viruses but none of the test compounds was detected in these bees. No neonicotinoids
were detected in black bee samples (Table 4).

Aggregate risk: The risk of toxic effects from exposure to a mixture of compounds with a common
mode of action such as the neonicotinoids can be estimated if the contributions of the
components are converted to units of measure that can be summed. Toxicity Units (TU) are
defined as the ratio of the dose (exposure) to a toxic endpoint such as the no effect level (NOEL)®,
assuming that interactions between compounds is insignificant’®. This is the same as the sum of
the risk ratios for the individual compounds, and the aggregate risk is given by:

Aggregate TU = Y™, D, /NOEL,

Where: D; =dose /concentration of the ith compound in the bee (ng/bee)
NOEL; = mortality NOEL of the ith compound (ng/bee)

n = number of compounds found in the sample

Trace values between the LOD and LOQ were used as reported

When this work was planned, mortality of bees was the effect of primary interest, and the NOEL
values for mortality were available for the compounds of interest in the literature™. The maximum
aggregate TU <1 (n=89). The risk to brood area bees and forager bees was not significantly
different (Paired 1-sided T-test, n=89, p=0.44). This is not unexpected, given the rapid exchange of
nectar among adult bees in the colony® and the provisioning of foragers from the colony'-%,
However, Aggregate TU for larvae was significantly lower indicating that larvae are protected from
exposure to the neonicotinoids (Paired 1-sided T-test, n=78, p=0.000255) 2" within the colony. This
assessment can be updated as new endpoints become available.

Hive weight gain - The measurements of hive weight every 15 minutes provides a detailed,
noninvasive and almost continuous measure of colony population and health, in addition to many
detailed features as illustrated in Figure 2. Major events such as swarming, the start and end of
honey flow or survival throughout the year are easily seen.

The net weight gain and loss through much of the annual cycle of colony life is highly variable, but
the rapid weight gain the spring honey flow was sufficiently consistent to allow a test for an
association between hive weight gain and the average aggregate TU. The results in Figure 3 show
no adverse effect relationship. In fact there is a weak positive effect that is significant at the 10%
level (Pearson’s R 0.4959, n=14, p= 0.07).
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Figure 2: Hive weight from Beewatch scales: Example record from a healthy colony
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Figure 3: Weight gain vs. Aggregate TU
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