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Summary

The risk exposure of bee colonies to the toxicity of systemic neonicotinoid insecticides
was assessed. Various methods of chemical prevention of commercial winter and spring
oilseed rape crops in field-realistic conditions were taken into account in the assessment.
Pesticides were applied in accordance with the actual agricultural practice. Commercial
crop protection products with thiamethoxam, clothianidin or imidacloprid were used as
seed treatment. Formulations containing acetamiprid or thiacloprid were used for spraying.
Fifteen healthy bee colonies were placed in close proximity to each of the oilseed rape fields
throughout the blooming period. During florescence, the samples of nectar (directly from
flowers and nectar flow from combs) and pollen loads were collected repeatedly. Samples
of honey, bee bread and adult bees were taken one week after the end of plants flowering.
To ensure high specificity and sensitivity of analysed pestcicides modified QuEChERS
extraction method and liquid chromatography coupled with tandem mass spectrometry
(LC-MS/MS) was used. The five of neonicotinoid insecticides (imidacloprid, clothianidin,
thiametoxam, acetamiprid and thiacloprid) were analyzed in multi-residue method with
0.1 - 10 ng/g limits of detection. Palynological analysis was done to determine the botanical
origin of the nectar, honey and pollen. Development of bee colonies (brood area, worker
biomass, colony health) was assessed every 3 weeks until the end of the beekeeping
season. The amount of pollen collected by bees per hive, bee bread area and rape honey
yield was also measured. The long-term effects of insecticides on bees were estimated
using the same methods in April of the following year.

All the neonicotinoid insecticides applied to control oilseed rape pests were present in
the samples of nectar and pollen. Their residue levels were lower than the acute oral and
contact LD, values. Among five examined neonicotinoids, the most frequently detected
were: thiamethoxam, thiacloprid and acetamiprid. These substances were present in
65, 64, and 51% of the nectar samples and in 37, 62, and 45% of the pollen samples,
respectively. The highest level of residues were noted after the thiamethoxam seed
treatment; on average, 4.2 and 3.8 ng/g in the nectar and pollen samples. In the nectar and
pollen samples from winter rape fields, lower levels of neonicotinoid residues were found
in comparison to spring rape samples. The contaminations of neonicotinoids applied as
seed dressing in nectar samples were significantly higher in comparison to the pollen
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samples. No negative effects of neonicotinoids on the bee mortality, brood development,
strength, and honey yield of healthy bee colonies were found throughout the study period.
However, the risk exposure of bee colonies on adverse impact of pesticide residues is high

in areas of intensively cultivated oilseed rape.

Keywords: honey bees, oilseed rape, neonicotinoid insecticides, seed-treatment, spraying,
residue analysis, short- and long-term assessment.

INTRODUCTION

Out of all of the crops in Poland,
oilseed rape (Brassica napus) is the most
important and abundant forage source for
honeybees. It is planted over an area of
950,000 hectares. Those cultivars planted
are mainly winter cultivars (sowing in
August, flowering at the turn of April and
May). Cultivation of spring oilseed rape
(about 120,000 ha of crops) is not very
common because of the Polish climate.
Spring oilseed rape is sown at the turn of
March and April and begins to bloom at the
end of June. The mean yield of oilseed rape
honey from one colony may be up to 27 kg
(Kottowski, 2007). However, pesticides
(insecticides, herbicides, fungicides) are
extensively used as seed dressings and
as sprays for protection of oilseed rape
crops. The use of these pesticides may
have contributed to the loss of pollinators
(Johnson et al., 2010). The neonicotinoid
insecticides, which include imidacloprid,
acetamiprid, clothianidin, thiamethoxam,
and thiacloprid are a new class of systemic
insecticides, widely used in the agricultural
practice. The neonicotinoid insecticide
compounds are transported via the plant
sap to different plant parts (Schmuck
et al., 2001; Cutler and Scott-Dupree,
2007; Girolami et al., 2009; Tapparo
et al.,, 2011). As a consequence, the bees
could be exposed over long periods of
time to the insecticide residue in the nectar
and pollen which the bees collect. The
adverse effects (lethal and sublethal) of
neonicotinoids on bees have been described
in laboratory studies (Decourtye et al.,
2001; 2004a,b; 2005; 2007; Bortolotti et
al., 2003; Iwasa et al., 2004; Desneux et
al., 2007, Thompson and Maus, 2007,
Yang etal., 2008; Aliouane et al., 2009;
Laurino et al., 2011; Schneider et al.,

2012). Yet, there is still not enough data
available about the toxic effect of residues
on bee colonies after the application of
systemic insecticides in field-realistic
dosages.

The first purpose of our study was to
measure the concentration of neonicotinoid
insecticides (thiamethoxam, clothianidin,
imidacloprid acetamiprid, and thiacloprid)
in plant materials (nectar, pollen), and bee
products (honey, bee bread). The measured
insecticides refer to those which had been
applied in field-realistic dosages to control
oilseed rape pests. The second purpose was
to assess the short- and long-term effect of
these contaminants on bee colonies.

MATERIALS AND METHODS

Oilseed rape crops

The field studies were conducted in
collaboration with the Department of
Experimental Agriculture Institute of Soil
Science and Plant Cultivation. A different
method of chemical protection was used
on each crop. Pesticides were applied in
accordance with the actual agricultural
practice (formulations authorised in
Poland). In 2010, two winter oilseed rape
fields (with an area of 41 ha - field A,
and 35 ha - field B) were treated with
thiamethoxam (CRUISER OSR 322 FS)
and imidacloprid (CHINOOK PLUS
500 FS) as seed dressing, respectively.
The acetamiprid (MOSPILAN 20 SP) and
thiacloprid (PROTEUS 110 OD) were
used as a foliar spray.

In 2012, on three separate spring oilseed
rape fields the thiamethoxam (CRUISER
OSR 322 FS), clothianidin (MODESTO
480 FS), and imidacloprid (CHINOOK
PLUS 500 FS) were applied for seed
treatment. The plants were sprayed with
thiacloprid (PROTEUS 110 OD). The
areas under cultivation of oilseed rape were
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of 29 ha (field C), 21 ha (field D), 17 ha
(field E), respectively. All the crops were
also treated with herbicides, fungicides
and insecticides from other chemical
classes. The detailed description of the
plant protection is shown in Table 1. The
blooming period of winter oilseed rape was
from the 31% of April to the 21 of May
2010. The spring oilseed rape flourished
from the 14" of June to the 2™ of July 2012.

Bee colonies

The studies were performed on bee
colonies (Apis mellifera carnica, Apis
mellifera caucasica) kept in Wielkopolski
hives (frame size 360 mm x 260 mm) and
Dadant hives (435 mm x 300 mm). Ten
bee colonies were placed in the vicinity
of each oilseed rape field, throughout the
rape florescence period (about 3 weeks). In
each group, additionally 5 hives equipped
with pollen traps were designated only for
pollen loads collection. Two control groups
(one in 2010 and one in 2012) were located
in an area where no rape grew.

Before the experiments, the health status
of each colony was estimated (April 2010,
May 2012). Samples of about 300 adult
bees were taken from the periphery combs
of the brood nest and bees were analysed for
the Varroa destructor (washing method),
Nosema spp. (microscopic method) and the
following viruses: chronic bee paralysis
virus (CBPV), acute bee paralysis virus
(ABPV), deformed wing virus (DWV),
and Israeli acute paralysis virus (IAPV)
(RT-PCR method, Pohorecka et al.,
2011).

Each colony’s population size was
estimated before the experiments began
(April 2010, May 2012) as well as every
3 weeks until the end of the beekeeping
season. For this purpose, the number
of combs covered by bees was counted
and the brood area was measured. Bee
mortality was monitored during the whole
experiment, by counting the number of dead
adults on hive bottom boards and 1x1 m
white trays set up on the ground in front of
the hive entrances. Honey yield per colony

Table 1.
The oilseed rape crops treatments
Group - field/ A B Cc D E
treatment winter rape winter rape spring rape spring rape spring rape
MODESTO
480FS() | CHINOOK 200FS ()
clothianidin 400 g imidacloorid 100
CRUISER CHINOOK PLUS CRUISER beta-cyfluthrin 80 g/l | oy cyﬂut'r)win 100 g/l
OSR 322FS (I,F)* 500FS (I) OSR322FS (I.F) dose12.5 mlkg dose: 20 mirk seegs
Seed thiamethoxam 280 g | imidacloprid420g | thiamethoxam 280g seeds " 9
dressin metalaxyl-M 32.15 | beta-cyfluthrin100g/l [ metalaxyl-M 32.15, FUNABENT
9 g fludioxonil 8 g/l dose: fludioxonil 8g/1 FUNABEN T 480FS(F)
dose: 5 ml/kg seeds dose: 480FS (F) thiuram 332
11.25 ml/kg seeds 11.25 ml/kg seeds thiuram 332 g rbendazim1 4% A
carbendazim 148 g/| d%as o 5n5anf||/rlr(lg se gds
dose: 5.5 ml/ e
kg seeds
MOSPILAN20SP | PROTEUS 110 0D PROTEUS 110 OD
acetamiprid 20% thiacloprid 100 g thiacloprid 100 g
dose: 0.1 kglha detamethrin 10 g/l FURY 100 EW () deltamethrin10 g/l
MOSPILAN20SP () | spray: 18.04.2010 dose: 0.51/ha Zeta-cypermethrin dose: 0.51/ha
acetamiprid 20% spray: 06.06.2012 Yoo spray: 05.06.2012
dose: 0.1 kg/ha PROTEUS dose: 03 Iha
Soravin spray: 24.04.2010 110 0D (I) GALERA334SL(H)" | o - 06 06.2012 FURY 100 EW
du?inyth% thiacloprid 100 g clopyralid 267 g pray: 06.00. azeta-cypermethrin
rovgin CYPERKILL deltamethrin 10 g/l pikloram 67 g/l GALERA 334 SL 1009/
g eriodg SUPER 25EC (1) dose: 0.51/ha dose: 0.35/ha clopyralid 267 dose: 0.11/ha
p cypermethrin250g | spray: 18.04.2010 spray: 21.05.2012 pik‘l’gram & g/? spray: 08.05.2012
dose: 015 /ha .
spray: 13.04.2010 CYPERKILL TARGAT0EC (Hy | Jose035IMa | GaLERA334SL
SUPER25EC quizalofop-p- pray: £0.05- clopyralid 267 g
cypermethrin 250 g ethyl 100 g/l pikloram 67 g/l
dose: 015 /ha dose: 1.0l/ha dose: 0.351/ha
spray: 10.04.2010 spray: 21.05.2012 spray: 08.05.2012

*I-insecticide, F- fungicide, H-herbicide
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was determined by weighing of harvested
honey. In September 2010, bee colonies
from experimental and control groups
were prepared to overwintering. Each
colony received approximately18-20 liters
of sugar solution. Biowar 500 (a.s. amitraz)
and Apiwarol (a.s. amitraz) were used to
protect the bee colonies against Varroa
destructor. The status of the overwintered
bee colonies (strength, brood area) was
estimated in April of the following year.

Collection of samples

During the whole period of rape
blooming which supplied forage for bees,
samples of nectar directly from rape
flowers were collected using a procedure
described by Jabtonski (2002). Just
before the flowering period, big (16 m?),
airy, transparent isolators made from
plastic netting were placed on each
experimental field. The purpose was to
keep secreted nectar isolated from nectar-
eating insects. The samples were collected
several times during the flowering period
(min. 6 samples per one field) when the
weather was sunny. Nectar flow from
combs (100 g) was taken 7 and 14 days
after the colonies were placed on the fields.
Honey was harvested separately for each
colony (from honey chambers only) about
one week after the blooming period. The
honey samples (100 g) were collected once
from each container.

During the 3-week period all of the pollen
loads that the bees had collected within
a 3-4 day period were taken separately from
the pollen traps of each of the 5 colonies
intended for this purpose, and weighed.
Samples of bee bread (app. 10x10 cm
pieces of combs) were taken once, after
the blooming period. About 100 of bee
workers were taken from brood chamber
one time, after the oilseed rape blooming
period.

Samples of nectar, honey and pollen
were split in two parts. One part was for
the pollen analysis and one for the residue
analysis. All collected samples were frozen
and stored at a low temperature of about
-20°C.

Palynological analysis

Analyses of pollen loads, bee bread,
and honey were performed separately
for each colony and harvest date. Before
conducting the analysis, each sample of
pollen loads and bee bread was mixed for
color uniformity, and about 20 g were put
into screw-capped plastic containers with
20 ml of distilled water. After obtaining
a homogeneous suspension, microscopic
slides were prepared. Pollen analyses of
the collected material were performed
using the biological microscope Olympus
BX41 under 400x magnification. In each
microscopic slide, in successive view fields
of the microscope, all the pollen grains of
each plant species were counted separately,
until the total number of 300 grains was
exceeded. The percentage content of every
pollen type was calculated.

Pollen analysis of nectar flow and
honey was performed according to the
methodology  recommended by  the
International Commission of Bee Botany,
and the International Honey Commission
(Louveaux etal., 1978).

Residue analysis

Reagents and materials

The standards of the five neonicotinoid
insecticides (imidacloprid, clothianidin,
thiametoxam, acetamiprid and thiacloprid)
had purity >93.3% (typically>99%) and
were purchased from Fluka, Sigma-
Aldrich, Promochem (Institut of Industrial
Organic Chemistry), Dr. Ehrenstorfer,
Riedel-de Haen and Supelco. Ultra gradient
HPLC - grade acetonitrile and water were
purchased from Carlo Erba. Anhydrous
magnesium sulfate (grit and powder),
sodium choride, sodium citrate tribasic,
sodium hydrogencitrate  sesquihydrate
were ordered from Sigma-Aldrich. Acetic
acid (HOAc) (98% purity), n-heksan (99%
purity) were obtained from Chempur.
Formic acid (98% purity) was purchased
from J.T. Baker, ammonium formate
was from Fluka. Both of SPE sorbents
PSA bonded (primary secondary amine)
and Discovery DSC-18 were obtained
from Supelco. Triphenylphosphate (TPP)
and Tri (2,3-dichloropropyl) phosphate
(TDCPP) were purchased from Fluka.



Vol. 56 No. 2 2012

Journal of Apicultural Science

119

Standard solution preparation

Individual standard stock solutions at
1000 pg/ml were prepared by dissolving
standards in acetonitrile, methanol or
acetone depending on the solubility of
particular pesticide and were stored in
amber glass flasks at -18°C. A working
standard pesticide mixture at 10 pg/ml
in acetonitril (acidified with 0.1%
HOACc (v/v)) was prepared from the stock
solutions and kept at 4°C before use.
This mixture was appropriately diluted
in acetonitril (MeCN) to prepare matrix-
matched calibration and fortification
standards. TPP was prepared at 0.5 pg/ml
in MeCN (acidified 0.1% HOAc (v/v)),
and was added to the final extracts,
blanks and matrix - matched calibration.
A solution of 50 pg/ml TDCPP in MeCN
(surrogate standard), was added during the
entire procedure and was used to control
extraction step.

Sample preparation

The sample preparation procedure
based on a modified “QuEChERS”
method (Anastassiades and Lehotay,
2003; Wiest et al, 2010) was used
and consisted of the following steps:
(1) weighing the sample (honey, nectar
- 10 g; pollen, bee bread, bees - 5 g
each) in a 50 ml teflon centrifuge tube;
(2) adding 100 ul of (surrogate standard)
TDCPP and vortexing the tube for 1 min;
(3) adding 10 ml of deionised water and
shaking the tube vigorously for 20 s;
(4) adding 10 ml of acetonitrile and 2 ml
of n-hexane than vortexing the tube
for 1 min; (5) adding 4 g of anhydrous
magnesium sulphate (MgSO,), 1 g sodium
chloride, 1 g sodium citrate tribasic, 0.5 g
sodium hydrogencitrate sesquihydrate
and shaking the tube immediately and
vigorously for 1 min by hand to prevent the
agglomeration of magnesium sulfate salts;
(7) centrifuging the tube at 7100 rpm for
5 minutes; (8) transferring 1 ml of MeCN
supernatant to the dSPE tube containing
240 mg anhydrous MgSO, + 50 mg PSA
+ 50 mg C18 and mixing the extract and
vortexing for 1 min; (9) centrifuging
the dSPE tube for 1 min at 8600 rpm;

(10) transferring 250 pl of extract into
2 ml Eppendorf probe, adding 750 pl of
water, adding 50 pl of acetonitrile and
50 pl internal standard TPP, mixing
vigorously and filtering it, using 0.45 pm
syringe filter, direct to a HPLC vial. The
final extract was analysed by LC/MS/
MS. For the matrix-matched standard
calibration, “blank” matrix of nectar,
pollen loads, bee bread, honey, bees were
used. 50 pl of particular working standard
mixture and 50 ul TPP were added to 1
ml blank extracts prepared as for analysis
of samples. This method of calibration
compensate of matrix effects.

LC-MS analysis

For the LC analysis, an Agilent 1200
HPLC system with a binary pump was
used. The analytes were separated on C18
analytical column of 100 mm 2.1 mm
and 1.8 pm particle size (Agilent Zorbax
Eclipse Plus). Column temperature was
maintained at 45°C. The injected sample
volume was 10 pl. The mobile phases
were: A - water containing 0.01% formic
acid and 5 mM ammonium formate and B -
mixture of acetonitrile - water (95+5, v/v)
containing 0.01% formic acid and 5 mM
ammonium formate. The gradient program
started with 20% B, constant for 1 min,
followed by a linear gradient up to 100%
B in 18 min, then constant for 2 min.
After this 20-min run time, 7 min of post-
time followed using the initial 20% of B.
The flow rate was constant, 0.3 ml/min
during the whole process. For the mass
spectrometric analysis, an Agilent 6410
Triple-Quad LC/MS system was applied.
The ESI source was operated in positive
ionization mode and its parameters were as
follows: gas temperature, 325°C; gas flow,
9 1/min; nebulizer gas, 40 psi; capillary
Voltage, 4000 V. The data recorded was
processed with the Mass Hunter software.

Validation parameters

The determination of neonicotinoides
was performed by LC-MS/MS. The
method for the analysis of pesticides in
bee collected plant material was prepared
according to the requirements of guideline
SANCO/825/00 rev 8.1 “Guidance



120

A Journal of

Science

document of pesticide residue analytical
methods” from 16.11.2010. Mean recovery
efficiencies for all collected matrices
were from 70-110% and the relative
standard deviation was less than 20% thus
demonstrating sufficient accuracy and
precision of the method. The LODs were
estimated from the injection of matrix-
matched solutions at concentration levels
corresponding to a signal-to-noise ratio
of about 3 for the quantitation ion and
presence of the confirmatory ion as well.
LODs levels for nectar and pollen samples
are included in Table 2. During validation
linearity of the method was evaluated in
matrix-matched standards for each matrix.
The calibration where found to be linear
with correlation coefficients greater than
0.99 for pesticides included in method.

Statistical analysis

All statistical analyses were carried out
using Statistica 8 software. The means
were tested using the Student’s t-test or the
ANOVA test, and multiple comparisons
with Tukey test. Comparisons of parameters
for non-parametric groups were conducted
using the Mann-Whitney U-test or the
Kruskal-Wallis test on a significance level
of 0=0.05. Spearman’s rank correlation
was used to assess the relationship between
variables. For all analyses, p-value <0.05
was considered significant.

RESULTS

1.1 Residue analysis

Each neonicotinoid insecticide used for
protecting oilseed rape crops was found in
the examined matrix. A substantial number

of samples was additionally contaminated
with neonicotinoids which had not been
applied as preventative measures in
oilseed rape fields. Of the 5 examined
compounds, the most frequently detected
were thiamethoxam, thiacloprid, and
acetamiprid. = Residues  from  these
substances were present in 65, 64, and
51% of the total nectar and honey samples,
respectively. Share of the positive pollen
samples was 37, 62, and 45%, respectively
(Tab. 5).

1.1.1 The residues of neonicotinoids
used as seed treatment

In samples from winter oilseed rape
treated with thiamethoxam (field A), this
neonicotinoid was detected in nectar flow
from combs and honey. The levels of
residues in all samples were similar and
ranged from 1.3 to 2.6 ng/g. Thiamethoxam
was not identified in any pollen or nectar
sample collected directly from flowers.
However, in the material collected from
spring rape (field C), thiamethoxam was
present in all of the samples (Tab. 6 and 7).
Nectar collected directly from flowers,
nectar flow from combs and honey showed
from 3.2 to 12.9 ng/g of thiamethoxam.
The range of residues in pollen loads and
bee bread was similar (2.0 to 9.9 ng/g).
The average content (8.7 ng/g) in both
nectar and honey samples together was
significantly higher (Mann-Whitney U-test
p<0.00001) from the average content in
pollen loads and bee bread (5.7 ng/g). The
levels of thiamethoxam residues in pollen
loads and bee bread samples depended on
the percentage of Brassica napus pollen in

Table 2.

Limits of detection (LOD) and quantification (LOQ) for nectar,
honey, pollen, bee bread and bees for analysis of the 5 neonicotinoid pesticides

Name Nectar and Honey Egiegrggg Bees
LOD/LOQ(ng/g) | LOD/LOQ(ng/lg) | LOD/LOQ (ng/g)
Acetamiprid 0.1/0.5 0.211 0.31
Clothianidin 0.5/2 13 2/6
Imidacloprid 0.21 0.8/3 0.5/2
Thiacloprid 0.1/0.5 04/2 0.1/0.5
Thiamethoxam 01/0.5 0.3/1.5 1/3
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the total mass of the samples (Spearman
rank order correlation Rs=0.645). The
average amount of thiamethoxam (8.7 ng/g)
in nectar flow and honey collected from
spring rape (field C) was significantly
higher (Mann-Whitney U-test p<0.00001)
than the average amount of thiamethoxam
(1.6 ng/g) in nectar flow from combs and
honey from winter rape.

Clothianidin, used only to dress seeds
of spring rape (field D), was detected in
the majority of nectar, honey and pollen
samples. The amounts of clothianidin
ranged from 1.0 to 4.0 ng/g (Tab. 6 and 7).
The average contamination level of nectar
and honey samples combined, turned out
to be significantly higher (Mann-Whitney
U-test p<0.00001) than the contamination
of pollen (pollen loads and bee bread
together) and amounted to 2.1 and 1.1 ng/g,
respectively.

The analysis of samples originating
from winter oilseed rape crops that had
been protected with imidacloprid (field B),
showed the average of 0.6 ng/g of this
compound in nectar flow and honey, and
0.8 ng/g in pollen (Tab. 6 and 7). A similar

amount was detected in only 2 samples of
nectar flow from spring oilseed rape crop
(field E). Imidacloprid was not found in
pollen samples, regardless of the content of
Brassica napus pollen.

Even though imidacloprid, clothianidin
and thiamethoxam residues were found
in nectar, honey and pollen, they were not
detected in the samples of bees themselves
collected from the hives.

1.1.2 The residues of neonicotinoids
used as spray treatment

After spraying winter oilseed rape fields
with acetamiprid, the level of residues
in nectar and honey ranged from 0.1 to
7.6 ng/g, while in pollen loads and bee
bread samples from 0.6 to 10.5 ng/g (Tab. 6
and 7). The average amounts of acetamiprid
in pollen (both pollen loads and bee bread
together) and nectar (nectar, nectar flow,
and honey) did not differ significantly
(Mann-Whitney U-test p=0.827) and
amounted to 3.4 and 3.8 ng/g, respectively.

However, a significant difference (Mann-
Whitney U-test p<0.00001) occurred
between the contamination level of samples
from the field sprayed a week before the

Table 3.

Contents of Brassica napus pollen in different types of samples collected
from honeybee colonies placed in the rape crops (2010, 2012)

Field Period of blooming; period | Average content of Brassica napus pollen grains (%zsd)
of supplying forage Pollenloads | Beebread | Nectarflow | Honey
-wi + + + +:
A w!nter rape 30.04-21.0510 92.3+4.6 253+19.3 | 527#19.0 | 31.7+216
B - winter rape 6.0£2.3 3344269 | 491+227 | 51.3+13.9
C - spring rape 98.0+1.9 74.615.6 6724196 | 79.4+12.8
D - spring rape 14.06-02.07.12 851+12.2 | 605116 | 61.2+14.2 84.2+84
E - spring rape 78.3+16.3 | 487+187 | 757+10.3 | 67.2+144
Table 4.

Botanical origin of nectar and pollen flow harvested by honeybee colonies
from the control groups - results of pollen analysis (2010, 2012)

Control group/year | Type of sample Predominant pollen (>10%)
Nectar flow, Prunus type, Malus type, Brassica napus, Rubus type,
Control group honey Aesculus, Salix, Brassicaceae, Asteraceae,
in2010 Pollen loads, Prunus type, Malus type, Rubus type, Aesculus,
bee bread Salix, Brassicaceae, Asteraceae, Fragaria
Nectar flow, Tilia, Brassicaceae, Fagopyrum, Trifolium repens, Phacelia,
Control group honey Prunus type, Rubus type, Anthriscus type, Brassica napus
in 2012 Pollen loads, | Trifolium repens, Brassica napus, Phacelia, Fagopyrum, Brassicaceae,
bee bread Tilia, Rubus type, Anthriscus type, Achillea type, Prunus type,
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Table 5.
Neonicotinoids incidence and level of their concentration (ng/g) in analyzed samples
collected from winter and spring oilseed rape (2010, 2012)
Samples of nectar Samples of pollen
. (5> samples of nectar from flowers and (3 samples of pollen loads and bee
active combs, honey) bread )
substance n=212 n=205
% positive | mean max. | median | % positve | mean max. | median
imidacloprid 21 06 20 06 0 0 0 0
clothianidin 17 23 101 16 1 18 37 12
thiamethoxam 65 42 129 31 37 38 99 29
acetamiprid 51 24 133 11 45 41 261 25
thiacloprid 64 6.5 208.8 25 62 891 [1002.2 [ 44

bee colonies were placed there (field A)
and contamination level of samples from
the field sprayed 2 weeks before the bee
colonies were placed there (field B). The
average content of acetamiprid (for all the
kinds of samples combined) was 7.7 and
0.2 ng/g, respectively.

Thiacloprid was sprayed on 3 different
spring rape plantations in the same dosages
and at the same time. However, thiacloprid
contents, even in samples of the same kind,
varied greatly. It was not detected in any
of the samples of nectar collected directly
from flowers from field E. In some nectar
samples from field C the average detected
content of thiacloprid was 0.9 ng/g. In nectar
samples from field B the average value of
thiacloprid was 65.6 ng/g. The amounts of
thiacloprid in bee bread samples from these
fields differed as well (Tab. 6 and 7).

The thiacloprid content in pollen
samples (pollen loads and bee bread) of the
3 combined fields did not differ significantly
(Mann-Whitney U-test p=0.192) from the
thiacloprid content of the combined nectar,
and honey samples.

1.1.3 The residues of neonicotinoids
which had not been applied as
preventative measures in oilseed rape
fields but from which the residues were
still detected in samples

Acetamiprid and/or thiacloprid were
detected in a great number of nectar samples
and in part of the pollen samples from every
oilseed rape crop. Almost all nectar and
honey samples from 2 spring rape crops
(field D and E) contained thiamethoxam.

The analysis of nectar and pollen samples
from the control colonies proved the
presence of acetamiprid and thiacloprid as
well (Tab. 6 and 7). The residue levels of
these substances, however, were low in the
majority of samples.

1.1.4 The residues of pesticides from
other chemical groups

The use of multi-residue method allowed
usto find the other pesticides. In addition, the
fourteen of active ingredients of fungicides
and herbicides have been detected in the
2012 analyzed samples. The most common
compounds were carbendazim, metalaxil,
spiroxamine, lenacil, thiophanate-methyl,
tebuconazole, and dimethoate. Some
samples showed high concentrations of
lenacil and thiophanate-methyl (Tab. 8).
Just some of these pesticides had been used
to protect the spring oilseed rape crops.

1.2 Honeybee colony assessment

1.2.1 The health status and population
size

During routine inspections of colonies
no clinical symptoms of any diseases were
found and this was confirmed by laboratory
analysis. The level of V. destructor
infestation was so low that no mites were
detected in the samples of bees. The level
of Nosema spp. infection was also low and
did not differ significantly between groups
(Kruskal-Wallis test H=0.461 p=0.793
for 2010, H=6.355 p=0.095 for 2012).
The mean number of Nosema spores per
sampled bees in colonies from A, B, C, D,
E groups amounted to 3.4; 2.1; 0.03; 0.02,
and 0.1x10%, respectively. In the majority of
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Table 6.
Incidence of neonicotinoids and level of their concentration (ng/g)
in analyzed samples collected from winter rape (2010)
Field/analvzed Imidacloprid Clothianidin Thiamethoxam |  Acetamiprid Thiacloprid
samplgsZ Nl % | Mean | % Mean | % | Mean | % Mean | % Mean
pos. +sd pos. +sd pos. +sd pos. +sd pos. +sd
Nectarff* | 6 | 0 nd 0 nd 0 nd 100 | 76429 | O nd
Nectarfc*™* [ 10| 100 | 0.5+0.1 0 nd 100 | 24+0.2 | 100 | 6.8+05 [ O nd
A Honey |10 100 [ 0.5+01 0 nd 100 | 1.8+0.3 | 100 | 6.8+0.7 [100| 0.3+0.3
Pollenloads {20 | O nd 0 nd 0 nd 100 [ 10.5¢#24 | O nd
Beebread |10 O nd 0 nd 0 nd 100 | 4.7+1.9 | 100 0.8+1.3
Bees 10 0 nd 0 nd 0 nd 90 | 0.3+0.2 | O nd
Nectarff* | 7 | O nd 0 nd 0 nd 0 nd 100 | 65.6+75.7
Nectarfc** [ 10| 100 | 0.6+0.1 0 nd 0 nd 100 | 0.1+0.02 | 100 55+1.3
B Honey |10|100 | 0.8+03 | O nd 0 nd 100 | 01+0.03 | 100 | 5.5+0.8
Pollenloads (20| O nd 0 nd 0 nd 0 nd 100 31+0.7
Beebread |10| O nd 0 nd 0 nd 100 [ 0.6+1.1 | 100 2714
Bees 10( 0 nd 0 nd 0 nd 0 nd 100 | 04+0.3
Nectarfc** (10| O nd 0 nd 0 nd 100 [ 0.2+01 | 100 34416
Honey 10( O nd 0 nd 0 nd 100 | 04+01 | 100 2.3+1.6
K1 | Pollenloads {20 O nd 0 nd 0 nd 0 nd 100 | 646.0+274.0
Beebread |10| O nd 0 nd 0 nd 100 [ 01+01 | 100 | 25.6+14.2
Bees 10[ 0 nd 0 nd 0 nd 100 | 0.3+0.2 [ 100 | 0.1+0.03
*nectar collected directly from rape flowers;
** nectar flow from combs; K1- the control group; nd - not detected
- red color indicates substances used as seed dressing or as a spray.
Table 7.
Incidence of neonicotinoids and level of their concentration (ng/g)
in analyzed samples collected from spring rape (2012)
) Imidacloprid Clothianidin | Thiamethoxam | Acetamiprid Thiacloprid
Field/analyzed S S 5 5 S
samples N1 % | mean % | mean % mean % | mean % mean
pos. +sd pos. +sd pos. +sd pos. +sd pos. +sd
Nectarff* | 7| 0 nd 0 nd 100 | 54+37 | 14 | 02406 | 43 0.9+1.6
Nectarfc*™* |20| O nd 0 nd 100 | 10.3+23 | O nd 95 2.8+14
c Honey 10| O nd 0 nd 100 | 77428 | 70 | 07405 | 100 | 21+04
Pollenloads [ 25| 0 nd 0 nd 100 | 66+20 | O nd 100 | 81.6+123.6
Beebread |10 O nd 0 nd 100 | 36415 | 80 | 76491 | 100 | 21.8+25.8
Bees 10] 0 nd 0 nd 0 nd 0 nd 0 nd
Nectarff* | 6 | 0 nd 50 | 26440 | 100 | 2.7+11 0 nd 67 3.8+4.5
Nectarfc** (20| 0 nd 100 | 1.3+0.3 | 100 | 3.3t03 | O nd 25 0.3+0.6
D Honey |10| O nd 100 [ 34410 | 100 | 3.9¢05 | 30 [ 03+05 | O nd
Pollenloads (20| O nd 50 | 06+06 | 50 | 0.6+0.7 | 20 | 0.2+06 | O nd
Beebread |10| O nd 90 | 22+13 | 90 10104 | 30 | 08+14 | 20 04109
Bees 0] 0 nd 0 nd 0 nd 0 nd 0 nd
Nectarff* | 6 | O nd 0 nd 83 11+06 | O nd 0 nd
Nectarfc™ [20| 10 | 04+07 | O nd 100 | 15+03 | 50 | 27407 | 60 21+2.3
E Honey 10| O nd 0 nd 100 | 1.2+02 | 100 | 1.2+01 | 90 1.8+0.9
Pollenloads [ 15| 0 nd 0 nd 0 nd 0 nd 0 nd
Beebread |10 O nd 0 nd 0 nd 50 | 1.9+31 | 60 75+15.2
Bees 10] 0 nd 0 nd 0 nd 0 nd 0 nd
Nectarfc*™* (20| 0O nd 0 nd 0 nd 30 | 05+08 | 30 0.9+1.7
K2 Honey 10| O nd 0 nd 0 nd 20 | 0.3+06 | 50 0.8+1.0
Pollenloads [ 15| 0 nd 0 nd 46 | 05+06 | 87 | 25422 | 50 24429
Beebread | 10| O nd 0 nd 0 nd 80 | 34425 | 80 34438
Bees 10] 0 nd 0 nd 0 nd 0 nd 0 nd

*nectar collected directly from rape flowers;
** nectar flow from combs; K2- the control group; nd - not detect
- red color indicates substances used as seed dressing or as a spray
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samples, no viruses were detected, except
for a few samples in which the deformed
wing virus (DWYV) was found.

The mortality rate was checked during
the whole beekeeping season. In 2010,
since placing the colonies in the rape fields
on the 30" of April until the 21 of July,
no dead bees were found in any of the
colonies. From the 215 of July to the 18" of
October in group A, an average of 18 dead
bees per colony was found; 20 in group B,
and 14 in the control group. Therefore, the
numbers of dead bees on the bottom boards
and trays were very low and there were
no significant differences between groups
(Kruskal-Wallis test H=0.0787; p=0.961).
During the time from the placing of the
colonies on the rape fields until wintering,
the colonies developed properly in all
groups. Numbers of combs covered by bees
and the brood areas assessed during ecach
inspection proved that the colonies were
in good condition, and that the colonies
were typical for the time of season and
did not differ significantly between groups
(Tab. 9).

The development of the colonies after
overwintering was assessed during the
spring inspections conducted from April
till May 2011. All colonies overwintered
properly. The number of bees that had
died during winter were examined on the
17" of March 2011. The number was low
and similar in all groups. In colonies from
group A, 272 bees had died during the
winter, 212 in group B and in the control
group, 313 bees had died (Kruskal-Wallis
test H=1.891; p=0.388).

In 2012, during the time when the
colonies stayed in the rape fields, (from
the 14" of June) and after transporting
them to the stationary apiary (until the
30™ of July) very low mortality was also
noted. During this period, in groups C,
D, E and in the control group, an average
of 4, 7, 11, and 9 bees per colony died,
respectively. Similarly to 2010, all colonies
were strong and developed properly
during the beekeeping season (Tab. 10).
In September, an assessment of bee colony
condition was conducted. The assessment
showed that the number of combs covered
by bees and brood area in colonies foraging

Table 8.

Incidence of other pesticides and level of their concentration (ng/g) in analyzed samples
collected by bees from spring oilseed rape (2012)

Samples of nectar Samples of pollen
(> samples of nectar from flowers, (> samples of pollen loads
active substance nectar flow and honey) n=133 and bee bread ) n=115
Ol;lg(r)gbm_t\alre mean max. median O?S(r)gt.’m%re mean max. median

Azoxystrobin (SF)* 2 1.3 178 1.3 nd - - -

Boscalid (SF)* 4 405 731 381 nd - - -
Carbendazim (SF)* 66 85 875 2 26 25 11.8 17

Cyproconazole(SF)* 3 6.1 8.3 81 nd - - -

Desmedipham (H)* 7 729 | 2837 424 nd - - -
Dimethoate (SI)* 24 1.7 59 12 22 16 7.0 1.3
Lenacil (H)* 33 1430 | 2858.0 2 12 17 34 14

Metalaxil/Metalaxil-M (SF)* 37 1.6 44 12 nd - - -

Methoxyfenozide (GR)* 2 76 134 76 nd - - -

Pendimethalin (H)* 13 42 121 32 nd - - -

Phenmedipham (H)* 7 735 2876 442 nd - - -
Spiroxamine (F)* 35 24 441 21 2 16 21 16

Thiophanate-methyl(SF)* 27 128.0 | 1795.0 11.6 nd - - -

Tebuconazole (SF)* 24 49.0 389.3 8.7 nd - - -

*[-insecticide, F- fungicide, H-herbicide, S-systemic, GR-growth regulator; nd — not detect
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on rape, and the control group, was similar.
In both years, during the period of being
placed in the oilseed rape fields as well as
after being moved to the stationary apiary,
none of the groups showed disturbances in
development or functioning.

1.2.2 The rape honey and pollen
harvest

Weather conditions during the May
2010 study period were atypical for this
time of year. Heavy and continual rains
lasting for almost the whole winter rape
flowering period considerably limited bee
flights, making good exploitation of the
flow impossible. In May 2010, the rape
honey yields from colonies in field A and
field B were extremely low and amounted
to 4.9 and 5.5 kg per colony, respectively.
Approximately 2.0 kg of honey per colony
was harvested in the control group. During
that period, each colony, on average,

collected from field A 880 g (+580.4) of
pollen and from field B 880 g (+510.6). The
average area of bee bread produced during
3 weeks on the winter oilseed rape fields
did not exceed 5 dm?in both groups. The
average content of Brassica napus pollen
in the loads of pollen collected from field A
was 92%, while from field B only 6%. In
the latter samples, pollen of Prunus type
Malus type, Rubus type, Salix, and Pinus
predominated. The content of rape pollen in
the bee bread, nectar and honey was similar
from both crops and ranged from 25 to
53% (Tab. 3). In samples from the control
group, pollen of Prunus type, Malus type,
Rubus type, Asteraceac and Brassicaceae
predominated, but pollen of Brassica napus
was present as well.

On all the fields, during the 2012
spring rape blooming period, bee colonies
collected considerably higher quantities

Table 9.
Population size of honeybee colonies (2010)
Number of combs covered Brood area (dm?)
Date of by bees (meanzsd) (meantsd)
measure- The control p-value* The control p-value*
ment Group A Group B group Group A Group B group

28.04.10 14.4+1.6 141+1.0 14.3+11 0.859 | 694+150 | 6574115 | 63.8+18.0 | 0.703

31.05.10 19.7+0.7 19.8+0.6 19.141.2 0172 | 701149 | 772486 | 65.8+122 | 0162

21.06.10 20.0+0.0 | 19.8+0.6 19.41+1.0 0.142 718486 | 771+101 | 66.5+101 [ 0.105

12.0710 20.0+0.0 | 19.8+0.6 19.4+1.0 0.142 60.9+91 | 60.2420.3 | 57.2+13.3 | 0.865

270710 9.0+0.0 9.0+0.0 9.0+0.0 504481 | 521+11.3 | 44.6+101 | 0.229

24.08.10 9.0+0.0 9.0+0.0 9.0+0.0 36.1+#6.0 | 33.8+53 | 32.3+111 | 0.556

21.09.10 9.0+0.0 9.0+0.0 9.0+0.0 10.3+7.0 8.9+4.2 9.3+5.0 0.840

18.10.10 76+0.5 7.3+0.7 7.7+0.9 0477 2.2+0.7 1.9+04 2115 0.813

*ANOVA test.
Table 10.
Population size of honeybee colonies (2012)
Number of combs covered Brood area (dm?)
Date of by bees (meanz+sd) *8 (meansd) *%
m?ﬁ:g{e Group C | GroupD | GroupE C(-)r:t?ol g_ Group C Group D Group E The control g_
group group

14.06.12 | 11.8+0.6 | 12.0+0.0 | 12.0+0.0 | 11.6+0.8 | 0.424 | 65.9ab+25.0 | 59.0ab+24.6 | 70.8b+10.9 [ 39.1a+19.7 | 0.03
16.07.12 | 12.0+0.0 | 12.0+0.0 [ 12.0+0.0 | 12.0+0.0 55.3+24.2 54.847.2 60.2+94 | 46.8+14.3 | 0.420
01.08.12 [ 12.0+0.0 | 12.0+0.0 [ 12.0+0.0 | 11.740.8 | 0.171 [ 53.9+171 55.6+12.5 | 52.5+14.5 | 4944121 | 0.863
20.08.12 | 7.92+0.6 | 8.4a+0.5 | 10.0b+0.0 | 8.5a+0.5 | <0.000 | 461+10.0 | 51.7#142 | 485+81 | 541+3.3 | 0433
11.0912 | 58404 | 6.1+0.3 | 59+0.3 | 58+04 | 0.290 | 2.2+2.2 51+4.6 3.6+3.8 7.3+36 | 0.058
270912 | 58+04 | 6.1+0.3 | 5.9+0.3 | 5.8+04 | 0.290 3.2423 2.7+21 27+25 22+16 [0.838

*ANOVA test. The different letters (a, b) indicate significant differences between the means
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of nectar and pollen than was collected
from winter rape in 2010. The average
rape honey yields from colonies in field
C, D, and E amounted to 14.3; 16.8, and
11.8 kg/colony, respectively. The honey
yields from colonies in treated fields
were not significantly different from
those in control fields (Kruskal-Wallis
test H=6.009; p=0.106). The lowest
average amount per colony was collected
from field E (923 g +214.4), while from
fields C and D, each colony collected
approximately 1,400 g (£365) of pollen
loads. The surplus of pollen gathered as
bee bread in combs by each colony during
that time was, on average 18.6 (+6.4), 14.4
(£6.0), and 15.3 dm? (+4.3), respectively.
The content of Brassica napus pollen in
all the samples was high, indicating good
exploitation of rape nectar and pollen flow
(Tab. 3). The control group colonies were
foraging mainly on Trifolium repens, Tilia,
Fagopyrum, and Phacelia (Tab. 4).

DISCUSSION

1.1 The residues level of neonicotenoid
insecticides applied as seed treatment
and spraying

The highest contamination of nectar and
pollen (expressed by the number of samples
containing the substance and its residue
level) was noted after the thiamethoxam
seed treatment of rape (CRUISER OSR
322 FS). In 65% of the total nectar and
honey samples and 37% of pollen loads
and bee bread, on average, 4.2 and 3.8 ng/g
of thiamethoxam was found. However,
the concentration of thiamethoxam in the
winter rape forage (in nectar and honey,
on average, 1.6 ng/g, in pollen<LOD) was
significantly lower in comparison to spring
rape (in nectar and honey, on average,
8.7 ng/g, in pollen 5.6 ng/g). The reason for
this difference could be the worse harvest
of nectar and pollen flow from the winter
oilseed rape crops. The average amounts of
Brassica napus materials in the total mass
of the examined samples collected from
the winter rape was lower compared to the
samples of spring rape. This presumption is

based on the significant positive correlation
between the percentage of Brassica napus
grains and the level of thiamethoxam
residues in respective samples.

These differences may have also been an
effect of the longer period between dressing
the winter rape seeds and rape florescence
(over 6 months). During that time, partial
decomposition of this substance could
have occurred. Only 2 months had passed
from dressing the seeds to the flowering
of the spring oilseed rape. The impact
of time can also be confirmed by the fact
that no thiamethoxam was found in winter
rape pollen samples, even those samples
containing more than 90% of Brassica
napus pollen. Thiamethoxam was present
but in lower amounts in samples from spring
rape fields whose seeds were not dressed
at all (field D and E). The source of these
thiamethoxam residues could be the nectar
and pollen from the surrounding fields. It
is supported by the fact that in the spring
rape samples pollen grains of the following
species and genres were present: Centaurea
cyanus, Phacelia, Fagopyrum, Trifolium
repens, Rubus type. Thiamethoxam was
also found in nectar from rape flowers,
hence, other sources of pesticide exposure
cannot be ruled out e.g. the soil (Girolami
etal.,2009; Tapparo etal.,2011; Krupke
etal., 2012).

So far, thiamethoxam residues were rarely
detected in bee collected plant materials. In
the 3-year German bee monitoring project,
residues of thiametoxam were not detected
in any of the 215 bee bread samples
collected from bee colonies after the oilseed
rape blooming period (no data available
on pesticide applied in crops) (Genersch
etal.,2010). In North America, thiametoxam
residue was found in only one (53 ng/g)
of the 350 pollen samples collected from
apiaries across 23 U.S. states and one
Canadian province and several agricultural
cropping systems (Mullin et al., 2010).

From the few results published so far,
concerning thiamethoxam residues in
plant materials collected by bees, and/or
thiamethoxam residues in bee products, the
results most similar to those presented here
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were obtained by Krupke et al. (2012). In
their research thiamethoxam was detected
in 7 of the 24 pollen samples originating
from hives placed near maize and
soybean crops treated with thiamethoxam
and clothianidin. The thiamethoxam
contamination ranged between 1.2 and
7.4 ng/g in 20 samples of pollen loads but
was higher in bee bread collected from four
hives. In 2 samples from 2 healthy colonies,
the average was 6.2 ng/g, and 20.4 ng/g -
from 2 sick colonies. Significantly higher
amounts of thiamethoxam (11.9 mg/l) were
detected in the guttation fluid from maize
plants treated with CRUISER 350 FS
(Girolami etal.,2009). In field conditions,
the concentration of CRUISER 350 FS
was significantly higher and depended on
soil moisture content. CRUISER 350 FS
concentration was from 14-155 mg/1 for
plants grown under wet conditions to
34-1,154 mg/l under dry conditions
(Tapparo etal., 2011).

Clothianidin was recorded in 17% of
the combined nectar and honey samples
(the average content 2.3 ng/g), and in
11% of pollen samples (1.8 ng/g). All
samples containing clothianidin originated
from spring oilseed rape treated with
MODESTO 480 FS (a.s. 4.9g/kg seeds).
A similar study was performed in Canada,
on two experimental fields of spring oilseed
rape (treated with PROSPER 8 FL and
PONCHO 600 FS delivering clothianidin at
4.0g/kg seeds). The results differ somewhat
from ours. The majority of Canadian
samples (>75%) had no detectable level
of clothianidin residues and the maximum
concentration of clothianidin detected in
honey, nectar, and pollen samples were
lower: 0.9; 2.2; 2.6 ng/g, respectively
(Cutler and Scott-Dupree, 2007). The
clothianidin contamination of seed dressed
oilseed rape in nectar of returning forager
bees defined by Wallner (2004) was from
2 to 3 ng/g.

In the broad German and North
American survey of pesticide residues, no
clothianidin was found in samples of stored
pollen from hives (Genersch et al., 2010;
Mullin et al., 2010). In the EU member

states insecticides containing clothianidin
are used mainly as seed dressing, however
preparations  with  imidacloprid and
thiamethoxam are used three times more
frequently (EFSA Journal, 2012).
Therefore, it may be assumed that potential
exposure of bees to clothianidin toxicity
would be lower in comparison to other
neonicotinoids.

The lowest contamination levels of plant
materials and bee products were found by
us after dressing the oilseed rape seeds with
imidacloprid at a dose of 2.1 g/kg seeds.
Residues of imidacloprid were present in
21% of the total nectar and honey samples,
on average below 1 ng/g. No imidacloprid
was detected in pollen samples, even in
the samples with a high percentage of
Brassica napus pollen grains. The results
presented here are consistent with those of
other studies, although the materials from
the other studies were of a very diverse
botanical origin. In general, the majority
of the studies reported lower frequencies
of imidacloprid presence in pollen and
honey. In the nectar and pollen of the seed-
treated sunflower field plants (GAUCHO
WS 70, dose a.s. 0.7mg per seed) neither
imidacloprid nor its metabolites were found
(Schmuck et al., 2001). In Spain, the
analysis of pesticides residues (LOD<0.4
ug/kg) was conducted on 1,100 stored
pollen samples, originating from different
regions of the country and imidacloprid was
not found in any of the samples (Bernal et
al.,2010; Higes etal., 2010). In Germany,
from the colonies exploiting oilseed
rape flow, 215 bee bread samples were
collected and the imidacloprid residues
were only found in one sample (Genersch
et al., 2010). In North America (in spite
of significant differences in field and
gardening techniques), bee bread samples
with imidacloprid amounted to 2.9% and,
on average, contained 3.1 pg/kg (Mullin
et al., 2010). Nguyen et al. (2009) noted
imidacloprid in 8.4% of the honey samples
from an area with 13.2% of the seed-
dressed maize crop, but levels of residues
were below the limit of quantification
(0.5 png/kg). Residues of imidacloprid
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and its metabolite 6-chloronicotinic acid
were detected the most frequently in
pollen loads, honey, and the honey bees
themselves, by Chauzat etal. (2006, 2009,
2011). Imidacloprid was found in 40.5%
(an average of 2.1 pg/kg) of the trapped
pollen and 21.8% of the honey samples.
Spraying the rape fields with acetamiprid
or thiacloprid preparations resulted in
nectar, honey, and pollen contamination in
every case, however, the concentration of
these substances was low in the majority of
samples. After spraying with acetamiprid
a week before placing the bee colonies
on the rape field, the nectar and pollen
contamination was significantly higher than
acetamiprid content in the flow collected
after two weeks from the spraying. Thus,
it is possible that a substantial amount
of acetamiprid could have undergone
decomposition during this time. The
level of thiacloprid residues was highly
variable despite the fact that all fields
were sprayed at the same time. In nectar
samples, thiacloprid content ranged from
1 to 208.8 ng/g, and in pollen samples from
2.0 to 369.0 ng/g. These results may be due
to irregular application of insecticides on
sprayed plants, causing different levels of
contamination of pollen and nectar flow.
In addition, residues of acetamiprid
and/or thiacloprid were found in samples
from the remaining rape fields and in the
control colonies. Especially high levels
of thiacloprid residues (average 646 ng/g,
max. 1002.2 ng/g) were found in pollen
loads in which pollen of orchard plants
(Prunus type, Malus type, Rubus type)
predominated (the control group K1). This
proves that these neonicotinoids are widely
used to protect other crops which are
a source of nectar or pollen for bees as well.
Acetamiprid was present in almost half
of all studied nectar and pollen samples,
thiacloprid in over 60%. This confirms
that preparations applied as sprays are of
a greater danger for pollinating insects.
Frequent occurrence of thiacloprid in the
pollen stored in combs (33% of thiacloprid
positive samples) was also shown during
pesticide monitoring in German apiaries.

However, acetamiprid was only found in
2 out of 215 samples (Genersch et al.,
2010). In similar research conducted in
North America, very low numbers of both
substances were found in pollen samples;
thiacloprid in 5.4%, acetamiprid in 3.1%
(Mullin et al., 2010).

In our study, the insecticides used in the
seed treatments were detected significantly
more frequently in nectar and honey
samples than in pollen loads and bee bread
samples (chi-square test, p<0.0000). The
levels of the insecticide residues were also
significantly higher. This interrelation was
not proven in the analysis of insecticide
residues from spraying (chi-square test,
p=0.2802). Thus, it can be assumed that
nectar or honey samples are a better
matrix for analyzing systemic, hydrophilic
insecticide residues used as seed dressing.

1.2 Short- and long-term effect of
neonicotinoid residues on bee colonies

It can be concluded, that honey bees
foraging on seed-treated and sprayed
oilseed rape are exposed to clothianidin,
imidacloprid, thiamethoxam, acetamiprid
and thiacloprid residues in pollen, nectar,
and honey. In assessing the exposure of
bees, the amounts of contaminated nectar,
honey, and pollen consumed by various bee
castes were taken into account (Rortais
et al, 2005). Knowing the insecticide
residues in rape nectar and pollen we
have calculated the daily consumption
of bees, and the daily uptake of these
compounds. Even though the identified
by us concentrations of insecticides were
varied, they were below the concentrations
which induce acute lethal effects, as the
substances differ in their toxicity for honey
bees. The acute oral and contact toxicity
(LD,,) values of clothianidin were defined
at 3 ng/bee and 22-44 ng/bee, respectively.
The lethal effect of imidacloprid was
observed at 3.7 ng/bee for oral toxicity
and at 14-24 ng/bee for contact toxicity.
For thiamethoxam, the LD, values are
4-5 ng/bee, and 24-30 ng/bee, respectively.
The LD,, concentrations of acetamiprid
and thiacloprid are higher and amount to
14.5 pg/bee (oral), 8.09 pg/bee (contact),
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and 17.2 pg/bee (oral), and 38.82 pg/bee
(contact), respectively for these compounds
(Iwsa et al, 2004; Decourtye and
Devillers, 2010; Laurino et al., 2011).

The highest levels of residues were
noted by us after the thiamethoxam seed
treatment. The overall thiamethoxam
residue intake was calculated to be
between 0.4-3.3 ng/bee/day for a forager
and between 0.4-1.4 ng/bee/day for a nurse
bee. In the study of Henry et al. (2012)
sublethal effects on the return flight ability
of bees were observed at 1.34 ng/bee. Oral
uptake of 3.0 ng/bee of thiamethoxam
resulted in memory impairments of foragers
(Decourtye and Devillers, 2010).

We observed no adverse effect of
detected residues on survival and overall
colony health. The assessment of the health
status of bee colonies during the flowering
period and after their displacement to the
stationary apiary showed no significant
differences between those treated, the
control and other bee colonies. None of
the bees from any of the oilseed rape fields
showed symptoms of lethal toxic effects of
pesticide residues nor was there an increase
in bee mortality. Bee colony population
size and bee development were normal
and appropriate for the time of the season
in which the assessment took place. There
was no statistical difference in the amount
of capped and uncapped brood area or in
the number of combs covered by bees.
The assessment of overwintered colonies
in spring 2011, found no chronic effect on
their status. All bee colonies survived the
2010/2011 winter period, and bee strength
and development were correct.

The study of the sublethal effects of the
residues on the physiology and behavior
of an individual (learning ability, olfactory
memory, orientation, foraging activity)
requires other methods e.g. proboscis
extension reflex (PER) conditioning,
(Decourtye etal.,2005) orradiofrequency
identification (RFID) (Schneider et al.,
2012; Henry et al., 2012). We did not use
these methods in our research, however,
chronic exposure to sublethal doses shown
by impairment of food collection and/or

reproduction may also be the cause of
the weakness of bee colonies. During the
whole observation period, no abnormalities
in colony development occurred. Thus,
we can suppose that the residue levels
determined in nectar and pollen did not
have a sublethal effect on bees nor that the
effect of the residue levels was relevant to
the proper development and functioning
of the bee colonies. Wallner and Engl
(2004), Bailey et al. (2005), and Cutler
and Scott-Dupree (2007) also did not
observe any side-effects on the bee colonies
from oilseed rape treated with clothianidin
and imidacloprid.

Nevertheless, it has been proven
that nectar and pollen of intensively
protected commercial oilseed rape fields
contains more neonicotinoid insecticide
residues in comparison to other crops.
Over 50% of the examined samples
were contaminated with 2 neonicotinoid
substances simultaneously, and in over
25% of the samples, at least 3 substances
were found. This was ascertained also
by Genersch et al. (2010). The nectar
collected by bees is converted into honey
and extracted by beekeepers within a short
time so bees actually use a small amount
of this forage. This is why pollen stored in
combs causes a greater toxicological threat.
However, a certain amount of the honey
is also stored in the brood nest. The side-
effect of neonicotinoids on the honeybee
colony may depend on the amount of food
collected.

The results show that the residues of
pesticides determined by us have not
impaired the healthy honeybee colonies.
However, the risk exposure of bee colonies
to the adverse impacts of pesticide residues
is high in areas of intensive oilseed rape
cultivation. It needs to be remarked that
the toxic effects of neonicotinoids may be
related to the physiological and health state
of bees/colonies. A significant increase
in honey bee mortality was observed in
laboratory condition, when N. ceranae-
infected honey bees were exposed to
sublethal doses of fipronil and thiacloprid.
Mortality of infected only bees was 47%
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compared to 82% and 71% for infected
bees exposed to fipronil and thiacloprid,
respectively. Mortality of bees exposed
to only thiacloprid or fipronil was not
different from the control group (Vidau et
al.,2011). In laboratory study conducted by
Aufauvre etal. (2012) N. ceranae-fipronil
combination led to a significant decrease in
honey bee survival compared to either the
control or single treatments. The interaction
between the Nosema and imidacloprid also
significantly weakened honeybees (Alaux
et al., 2010). These interactions and/or the
synergistic effect of mixtures containing
compounds from various chemical groups
(Iwsa et al., 2004) may cause the levels
of residues detected in rape nectar and
pollen to prove hazardous for honeybees
infected/infested with pathogens/
parasites. In addition, interactions between
insecticides and pathogens/parasites have,
so far, only been known to a small extent.
To fully assess the toxicological effect of
neonicotinoid residues on bees, further
research is necessary.

CONCLUSIONS
1. Neonicotinoid insecticides (imida-
cloprid, thiamethoxam, clothianidin

acetamiprid and thiacloprid,) applied as
seed treatment and used to spray oilseed
rape fields resulted in contamination of
nectar and pollen bee forage. The highest
levels of residues were noted after the
thiamethoxam seed treatment.

2. The average concentrations of these
compounds in nectar and pollen samples
were lower than the oral and contact
toxicity LD, values.

3. The contaminations of neonicotinoids
applied as seed dressings in nectar samples
were significantly higher in comparison
to the contaminations of neonicotinoids in
pollen samples.

4. The most prevalent insecticides in
pollen and nectar collected by honeybees
were thiamethoxam, thiacloprid, and
acetamiprid.

5. Short- and long-term side effects of
the applied seed treatment and spraying

of winter and spring oilseed rape on
development and productivity of healthy
bee colonies were not observed.

6. The risk exposure of bee colonies to
the adverse impacts of pesticide residues
is high in areas of intensive oilseed rape
cultivation.
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POZOSTALOSCI INSEKTYCYDOW
NEONIKOTYNOIDOWYCH W NEKTARZE
I PYLKU ZBIERANYM PRZEZ PSZCZOLY

Z. UPRAW RZEPAKU I ICH WPLYW

NA RODZINY PSZCZELE

Pohorecka K., Skubida P., Miszczak A.,
Semkiw P., Sikorski P., Zagibajlo K., Teper D.,
Koltowski Z., Skubida M., Zdanska D., Bober A.

Streszczenie

Celem badan byta ocena narazenia rodzin pszczelich na toksyczne oddziatywanie pozostatosci
systemicznych insektycydow neonikotynoidowych zastosowanych w warunkach polowych do
chemicznej ochrony upraw rzepaku.

Badaniapolowe przeprowadzone zostaly przy wspolpracy zRolniczym Zaktadem Doswiadczalnym
Instytutu Uprawy, Nawozenia i Gleboznawstwa w Putawach na 2 plantacjach rzepaku ozimego w
roku 2010 i 3 plantacjach rzepaku jarego w roku 2012. Do zwalczania szkodnikow zastosowano
w formie zapraw nasiennych preparaty zawierajace tiametoksam, chlotianidyneg lub imidachlopryd
oraz w formie oprysku dolistnego, preparaty z acetamiprydem lub tiachloprydem. Na wszystkich
uprawach wykonane zostaly takze zabiegi chwastobojcze i grzybobdjcze. Na okres kwitnienia
ro$lin rzepaku, w poblizu kazdej plantacji umieszczono 15 rodzin pszczelich, z czego 5 rodzin w
kazdej grupie przeznaczonych byto jedynie do pozyskiwania obnézy pytkowych. Grupe kontrolng
stanowily rodziny usytuowane w terenie rolniczym wolnym od duzych upraw rzepaku. Od chwili
wywiezienia rodzin pszczelich na rzepak, az do okresu ich zazimowania (w roku 2012 do wrzesnia)
monitorowano $miertelno$¢ pszczot oraz cyklicznie oceniano parametry $wiadczace o kondycji i
rozwoju rodzin (liczbg ramek obsiadanych przez pszczoly oraz powierzchnig czerwiu krytego i
otwartego). Do badan laboratoryjnych pobrano probki nektaru z kwiatow rzepaku, probki nektaru,
miodu i pytku (obndzy pytkowych i pierzgi) zgromadzonego przez pszczoty w plastrach oraz probki
pszczot. Pochodzenie botaniczne probek materiatu roslinnego okre$lono na podstawie analizy
palinologicznej. Analizg pozostatosci insektycydow w zebranym materiale wykonano metoda
QuEChERS z wykorzystaniem chromatografu cieczowego sprzezonego z podwdjnym detektorem
masowym (LC-MS/MS).
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W  badanych probkach nektaru i1 pytku wykryto pozostatosci wszystkich substancji
neonikotynoidowych aplikowanych zaréwno w formie zapraw nasiennych, jak i oprysku. Znaczaca
liczba probek zanieczyszczona byla dodatkowo substancjami, ktérych nie stosowano w czasie
zabiegow. Najwigksza liczba probek skazona byta tiametoksamem, tiachloprydem i acetamiprydem.
Obecnos¢ tych substancji wykryto odpowiednio w 65, 64 i 51% ogdtem przebadanych probek
nektaru i miodu oraz w 37, 62 i 45% probek pylku. We wszystkich rodzajach probek stezenie
neonikotynoidéw bylo nizsze od ich doustnej i kontaktowej dawki letalnej (LD,)) dla pszczot,
ale w ponad 50% probek obecne byly co najmniej 2 substancje z tej grupy, a w ponad 25% co
najmniej 3. Najwyzszy poziom skazenia nektaru i pytku odnotowano w przypadku zaprawiania
nasion rzepaku jarego preparatem insektycydowym zawierajacym tiametoksam. Insektycydy
stosowane w formie zapraw nasiennych powodowaly istotnie wyzsze skazenie nektaru i miodu niz
pytku. W probkach nektaru i pytku pochodzacych z rzepaku ozimego stwierdzono nizszy poziom
pozostatosci neonikotynoidow w poroéwnaniu do probek z rzepaku jarego. W okresie catego sezonu
pszczelarskiego 2010 1 2012 roku nie stwierdzono zwigkszonej $miertelnosci pszczot ani zaburzen
w rozwoju, kondycji i produkcyjno$ci rodzin pszczelich. Po okresie zimowania 2010/2011 kondycja
i r0zw0j rodzin pszczelich byly takze prawidlowe.

Pozostatosci insektycydow neonikotynoidowych znajdujace si¢ w nektarze i pytku zbieranym
przez pszczoty z upraw rzepaku chronionego insektycydami neonikotynoidowymi stwarzaja
wysokie ryzyko ich toksycznego oddzialywania na rodziny pszczele, szczeg6lnie dla rodzin
ostabionych innymi czynnikami (np. obecnoscia patogenow, pasozytow), ze wzglgdu na mozliwosé
wystapienia zjawiska interakcji i/lub synergizmu.

Stowa kluczowe: pszczola miodna, rzepak, insektycydy neonikotynoidowe, zaprawianie
nasion, opryski, analiza pozostatosci, wptyw na rodziny pszczele.



