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Abstract

Field tests verified and evaluated a pesticide’s active ingredient transfer to honeybee hives from
rapeseed crops protected according to current programs. Samples of rapeseed flowers, leaves, and soil
were collected, as well as of worker honeybees, the brood, and honey from hives located in the crops. They
were evaluated for the presence of four insecticides and five fungicides. In flower samples and leaf samples
flutriafol at plantation 1 and azoxystrobin at plantation 2 were found at the highest levels. In honeybees
and in the brood, five Als were detected at plantation 1, of which the highest levels were observed for
flutriafol (25.5 pg/kg of honeybee) and picoxystrobin (7.3 pg/kg of brood). At plantation 2, residues of
three and two Als were detected in honeybees and in the brood, respectively, of which chlorpyrifos was at
the highest level (19.5 pg/kg of honeybee, and 2.8 pg/kg of brood). For both plantations, residues of three
Als were found in honey. The Al levels in honey did not exceed 3.8% of acceptable maximum residue level
at plantation 1, and 2.8% at plantation 2. The percentage of acceptable daily intake did not exceed 0.01%.
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level
Introduction it is visited mainly by honeybees (Apis mellifera). In
2015, 947,000 hectares were sown with rape, producing
Rapeseed (Brassica napus L. var. Napus) is a plant 2.7 million tons of grain [1]. Every year, significant
pollinated by insects. In climatic conditions of Poland, losses in the yield of this plant are observed, caused

mainly by pathogenic fungi, including: Plasmodiophora
brassicae Wor., Leptosphaeria biglobosa Shoem. et
Brun, L. maculans Desm., Alternaria brassicae Berk.,
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Table 1. Pesticide spraying program carried out on rapeseed plantation 1, field 1, 2015.

Date of PPP, Al, Dose of Al MRL of Al in honey ADI of Al
treatment Trade name Common name (L, kg/ha) (ng/kg) (ng kg-1b. w.)
March 11 Difo 250 EC (F)* difenoconazole 0.25 50.0 10.0
April 10 Dursban 480 EC (I) chlorpyrifos 0.29 50.0 1.0

. mepiquat chloride** 0.26 50.0 200.0

April 21 Caryx 240 SL (F) metconazole** 0.036 50.0 10.0

May 07 Impact 125 SC (F) flutriafol 0.10 50.0 10.0

May 07 Galileo 250 SC (F) picoxystrobin 0.13 50.0 43.0

thiacloprid 0.06 200.0 10.0

May 08 | Proteus 110OD (D deltamethrin 0.006 30.0 100

May 14 First day of sampling

May 15 | Cyperkil gl)"lx 500 EC cypermethrin 0.05 50.0 50.0

May 20 Sumi-alpha 050 EC (I) esfenvalerate 0.010 50.0 17.5

*I (insecticide), F (fungicide); **not determined

Sclerotinium sp., Pyrenopeziza brassicae B. Sutton
et Rawl., Botrytis cinerea Pers. and Verticillium sp.,
and by the pest insects: Ceutorhynchus napi Gyll.,
Ceutorhynchus quadridens Panz., Meligethes aeneus
F., Brevicoryne brassicae L., Ceutorrhynchus assimilis
Payk, and Athalia colibri Christ. In warm and humid
weather conditions these losses can even reach 50% [2].
For the above-mentioned reasons, rapeseed belongs to
the most intensively chemically protected crops,
which may pose a threat to the insects pollinating this
plant, including honeybees — insects with extremely
poor resistance to the active ingredients (Als) of plant
protection products (PPPs) [3-5]. These substances can be
transferred by bees to their hives on their bodies or with
the food they collect.

The aim of our study was to verify whether Als of
PPPs used at the rapeseed plantation protected against
insects and fungal deseases can be transferred to hives
located in the direct vincinity of the crops. In terms of
formal and legal aspects, the safety of consumption of
honey obtained from the aforementioned hives was also
assessed.

Material and Methods
Field Trials

Field trials were performed from 14 May to 11 June
2015 (five sampling dates, at plantation 1, trial 1), and
from 15 May to 10 June 2015 (four sampling dates at
plantation 2, trial 2) in the following villages: Mtyny
(Kujawsko-Pomorskie, Mogilno District, Strzelno
Municipality (trial 1); and Papowo-Osieki (Kujawsko-
Pomorskie, Torun District, Lysomice commune (trial 2).

Residues of PPP Als were determined in samples of
adult worker bees, brood, and honey collected in each

case from hives located in the nearest neighbourhood
of plantations, and of flowers and leaves, as well as of
soil layer adjacent the cultivated plants (Table 2 and 5)
to a depth of 20 cm. Additionally, flowers were collected
from other rapeseed crops in the vicinity of plantation 1,
located within 200 m of the studied hive (field 2, Table 3).
The protection programs for both plantations are shown
in Tables 1 and 4. The protection program used in field 2
(plantation 1) (Table 3) was not known.

Extracting Pesticide Residues from Worker Bee,
Brood, and Honey Samples

A sampleof5 glyophilized insects (Labconco Freezone
2.5 freeze dryer, Labconco, USA) (pressure 0.024 mbar,
50°C, time 168 hours) or 5 g of honey, was shaken in 10
mL of water, 3 mL of petroleum ether (Chempur, Poland)
and 10 mL of acetonitrile (Chempur, Poland). Then a
mixture of salts was added containing 4 g of anhydrous
magnesium sulfate(VI) (Chempur, Poland), 1 g sodium
chloride (Chempur, Poland), 1 g of trisodium citrate
(Chempur, Poland), and 0.5 g of sesquihydrate disodium
hydrogen citrate (Chempur, Poland). The contents were
shaken for 2 minutes and centrifuged for 5 minutes at
3,500 RPM at 21°C. Six mL of the acetonitrile phase
were transferred to a polypropylene tube containing
150 mg of primary secondary amine (PSA; Agilent,
USA) and 900 mg of anhydrous sodium sulphate(VI)
(Chempur, Poland). The extract was vigorously shaken
for two minutes and centrifuged for 5 minutes under
analogous conditions as before. Four mL of the obtained
extract were collected and transferred into a glass tube,
then evaporated to dryness on a rotary evaporator
Heidolph Laborota 4000 Efficient (Heidolph, Germany),
and dissolved in 4 ml of petroleum ether (Chempur,
Poland).
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Table 2. Average residue levels (£SD) of Als of PPPs found in flowers, leaves, soil, and worker honeybees, brood, and honey; plantation
1, field 1.

Sampling date| Chlorpyrifos | Esfenvalerate | Cypermethrin | Difenoconazole | Picoxystrobin | Deltamethrin Flutriafol

Flowers - surface residues (pg/single flower)

May 14 0.017+0.007 <LOQ <LOQ 0.002+0.003 | 0.047+0.022 | 0.007+0.005 | 0.058+0.031
May 21 0.007+0.002 | 0.012+0.011 | 0.018+0.013 | 0.001+0.002 | 0.002+0.003 | 0.002+0.001 <LOQ
May 28 0.003+0.001 | 0.009+0.011 | 0.004+0.004 <LOQ <LOQ <LOQ <LOQ
June 03 0.003+0.003 | 0.001+0.001 | 0.005+0.006 <LOQ <LOQ <LOQ <LOQ
June 11 0.004+0.002 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Flowers - incurred residues (pg/single flower)
May 14 0.00320.002 <LOQ <LOQ 0.0030.003 <LOQ <LOQ <LOQ
May 21 0.006+0.002 | 0.001+0.002 <LOQ 0.001+0.001 <LOQ <LOQ 0.012+0.004
May 28 0.006+0.001 <LOQ <LOQ fd?(;)olo <LOQ <LOQ <LOQ
June 03 0.006+0.002 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
June 11 0.007+0.000 <LOQ 0.001+0.001 <LOQ <LOQ <LOQ <LOQ

Leaves — surface residues (png/cm?)

May 14 0.018+0.004 <LOQ <LOQ <LOQ 0.018+0.022 | 0.016+0.016 | 0.021+0.014
May 21 0.005+0.003 | 0.039+0.019 | 0.012+0.011 <LOQ 0.012+0.009 | 0.009+0.011 | 0.013+0.007
May 28 0.003+0.001 | 0.021+0.018 | 0.010+0.007 <LOQ <LOQ 0.004+0.004 | 0.004+0.002
June 03 0.003+0.003 | 0.004+0.003 | 0.003+0.001 <LOQ <LOQ 0.002+0.002 | 0.003+0.002
June 11 0.002+0.001 | 0.001+0.001 0.001+0.000 <LOQ <LOQ <LOQ <LOQ

Soil from a 20 cm profile (ng/kg)

May 14 20.140.0 <LOQ <LOQ <LOQ <LOQ 21.8419.1 <LOQ
May 21 13.042.5 10.2+11.1 <LOQ <LOQ <LOQ 112432 <LOQ
May 28 5.442.2 7.6+4.2 <LOQ <LOQ <LOQ 6.4+5.9 <LOQ
June 03 53422 2.1%1.7 <LOQ <LOQ <LOQ <LOQ <LOQ
June 11 7.243.7 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

Worker honeybees (ng/kg)

May 14 10.2+8.2 <LOQ <LOQ 2.0£3.5 <LOQ <LOQ <LOQ
May 21 8.9+2.4 2.5+0.7 0.3+0.6 1.1£0.2 <LOQ <LOQ <LOQ
May 28 5.5+2.5 0.1+0.1 0.1+0.1 1.1x1.0 <LOQ <LOQ <LOQ
June 03 4.4+3.5 0.2+0.2 <LOQ 1.9+0.7 <LOQ <LOQ 25.5422.1
June 11 2.4+1.3 0.1+0.2 <LOQ 0.2+0.5 <LOQ <LOQ <LOQ
Worker brood (pg/kg)
May 14 0.5+0.9 <LOQ <LOQ <LOQ <LOQ 0.2+0.3 <LOQ
May 21 3.4+1.7 <LOQ <LOQ 1.9+£2.2 0.8+1.6 <LOQ <LOQ
May 28 1.0£0.5 0.2+0.2 <LOQ 0.6+0.7 7.3+4.6 <LOQ <LOQ
June 03 1.8+£2.3 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

June 11 2.9+4.2 <LOQ <LOQ 0.2+0.4 <LOQ <LOQ <LOQ
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Table 2. Continued.

Honey (ng/kg)
May 14 1.7+0.5 <LOQ <LOQ 1.34£2.6 <LOQ <LOQ <LOQ
May 21 0.6:0.6 <LOQ 0.4+0.5 1.34£2.6 <LOQ <LOQ <LOQ
May 28 1.7+1.7 <LOQ 0.3+0.5 1.943.9 <LOQ <LOQ <LOQ
June 03 0.6+0.2 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
June 11 0.6+0.4 <LOQ <LOQ 0.9+1.8 <LOQ <LOQ <LOQ
Table 3. Average residue levels (+SD) of Als of PPPs found in flowers; Plantation 1, field 2.
Sampling date Chlorpyrifos Esfenvalerate Difenoconazole Picoxystrobin Deltamethrin Flutriafol
Flowers — surface residues (pg/single flower)
May 14 0.018+0.003 0.003+0.001 <LOQ 0.012+0.002 0.010+0.002 0.013+0.002
May 21 0.007+0.001 0.002+0.002 0.001+0.001 0.002+0.002 0.001+0.001 0.010+0.002
May 28 0.005+0.001 0.002+0.001 <LOQ 0.001+0.004 <LOQ <LOQ
June 03 0.004+0.000 <LOQ <LOQ <LOQ <LOQ 0.011+0.085
June 11 0.007+0.002 <LOQ <LOQ <LOQ <LOQ <LOQ

Extracting Surface Pesticide Residues from
Leaf and Flower Samples

Eight flowers, or 16 discs of 0.7 cm in diameter
obtained from the 16 rapeseed leaves (flowers and leaves
were collected from randomly selected plants from the
whole plantation area), were put in bottles with ether
petroleum (c.a. 30 mL Chempur, Poland). On each
sampling date, four samples of flowers and leaves were
collected from each plantation. After transportation to
the laboratory the contents of each bottle were shaken
for about 0.5 minutes. Then to remove traces of
moisture they were filtered through anhydrous
sodium sulfate(VI) to a 50 mL measuring flask. The
leaf discs/pieces of flowers were washed three times
with 5 mL ether petroleum. The obtained washings

were used to wash the filter paper and the sulphate.
Then they were filled up to a volume of 50 mL and
placed in a refrigerator until chromatographic analysis.

Extracting Internal Pesticide Residues from
Flower Samples

Flowers extracted by ether petroleum were transferred
to a Waring Commercial 8010 EG blender container
(Waring, USA) (100 mL of water were added to each
sample), and incurred residues were extracted with
200 mL of acetone (Chempur, Poland) and filtered on
a Biichner’s funnel under vacuum. The blender jar was
flushed with 50 mL of acetone and the washings were used
to wash the filter cake. One-fifth of the obtained filtrate
volume was used for further analysis. It was placed in a

Table 4. Pesticide spraying program carried out on rapeseed plantation 2 in 2015.

Date of PPP, Al Dose of Al MRL of Al in honey ADI of Al
treatment Trade name Common name (L, kg/ha) (ng/kg) (pgkg'b. w.)
March 23 Dursban 480 EC (I)* chlorpyrifos 0.29 50.0 1.0
March 23 Topsin 500 SC (F) thiophanate-methyl** 0.50 1000.0 80.0

. difenoconazole 0.10 50.0
April 10 Toprex 375 SC (F) paclobutrazol** 0.05 ) 10.0
. chlorpyrifos 0.30 50.0

April 15 Nurelle D550 (I) cypermethrin 0.030 500 1.0

April 23 Mospilan 20 SP (I) acetamiprid 0,024 50.0 70.0

May 08 Amistar Xtra 280 SC azoxystrobin 0.16 50.0 200.0

Y (F) cyproconazole 0.064 50.0 20.0

*I (insecticide), F (fungicide); **not determined
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separatory funnel together with 100 mL of 2.5% sodium
sulphate(VI) (Chempur, Poland) solution. Pesticide
residues were extracted three times with 20 mL, 10 mL,
and 10 mL of dichloromethane (Chempur, Poland). The
combined extracts were evaporated to dryness, dissolved
in approximately 10 mL of petroleum ether, and purified
on a Florisil (Chempur, Poland) column [6-7]. Pesticides
were eluted with 70 mL of ethyl ether-petroleum ether
(Chempur, Poland) mixture (3:7 (v/v)), and then with
70 mL mixture of acetone-petroleum ether mixture (3:7
(v/v)). The solvents were evaporated to dryness and the
residues were transferred quantitatively, with petroleum
ether, to the 10 mL measuring flask.

Extracting Residues from Soil Samples

Laboratory samples of soil were air dried and
pulverized with a Testchem LMG grinder (Testchem Sp.
7.0.0., Poland), carefully stirred, and then 20 g analytical
portions were collected. Analytical portions were agitated
for one hour with 50 mL of dichloromethane:acetone (9:1
v/v) mixture on a GFL 3006 shaker (GFL, Germany).
Then, the samples were left for 10 minutes and the extract
was decanted through a layer of anhydrous sodium
sulphate (V1) and placed in the funnel. The soil samples
were washed twice with 20 mL of dichloromethane.
The combined extracts were evaporated to dryness on
a rotary evaporator Heidolph Laborota 4000 Efficient,
and the residues were dissolved in approximately 10 mL
of petroleum ecther. The resulting extracts were purified
on a Florisil column [6-7], and residues were eluted with
70 mL of diethyl ether and petroleum ether (3:7 (v/v)),
and then with 70 mL of acetone and petroleum ether (3:7
(v/v)). The combined eluates were evaporated to dryness
and the residues were transferred quantitatively, with
petroleum ether, to a 10 mL measuring flask.

Chromatographic Analysis

The obtained extracts were analysed using an Agilent
7890 (Agilent, USA) gas chromatograph equipped
with micro-cell electron capture detector (LECD).
The chromatograph was controlled by ChemStation
software and equipped with an autosampler and an HP-
SMS 30 m x 0.32 mm x 0.25 mm column. The following
conditions of instrumental analysis were used: pECD
detector at 290°C and injector temperature of 250°C. The
oven temperature was programmed as follows: 100°C for
0 min — 10°C/min — 180°C for 4 min — 3°C/min —
220°C for 15 min — 10°C/min —260°C for 11 min; total
time of analysis was 55.3 minutes. The injection volume
was | pL.

Data Analysis

The residue of a given substance (R)) found in one of
four honey samples collected on a given sampling date
was divided by its respective maximum residue level
(MRL). Then the mean percentage of the MRL was

calculated using Equation 1:

%MRL = 10057, = o

...where R. corresponded to the residue level of a given
substance found in one of four samples, and the MRL
was a legally accepted MRL currently in force in the
European Union (EU) [8]. The percentage MRL values
for all substances (so-called multiple residues) found
in each of four samples were summed and then their
total percentages of the respective MRL values were
estimated.

Using the residue level of a given substance (R,) and
assuming a body weight (b.w.) of 76 kg as well a daily
consumption (C) of honey by an adult Polish consumer
of 0.00157 kg [9-10], long-term dietary intake along with
honey was calculated and expressed as a percentage of
acceptable daily intake (ADI ) [8], and then the mean
percentages of the respective ADI values for each of
four samples collected on relevant sampling days were
calculated. Similarly, assuming the additive effect of
various pesticides on the human body, the total long-term
daily intakes (in %ADI) of all substances were calculated
according to Equation 2:

- L oyn R
HADE =100 70 21 7 )

Finally, on the basis of the calculated long-term daily
intake with honey of a given substance (R,) expressed
as percentage of ADI and daily honey consumption
(C = 0.00157 kg) by an adult Polish consumer, the safe
honey consumption level (C_., as kg) could be easily
calculated using Equation 3:

fe?

c

Csafe =100 %ADI 3)

Results and Discussion

In general, average pesticide recoveries in foods of
plant origin should be within the range 70-120%, and
the repeatability should be below or equal to 20% [11].
In our study, satisfactory values of both of these
parameters were obtained for nine AI PPPs found in
seven types of samples. In the case of azoxystrobin
(leaves), deltamethrin (brood and honey), flutriafol
(worker honeybees), and cyproconazole (worker
honeybees and brood), the recoveries exceeded the
range of 70-120% and amounted to 144.8%, 67.3%,
62.5%, 157.1%, 170.3, and 277.8%, respectively. The
limits of quantification (LOQ) of all studied substances
were: 0.001 pg/single flower, 0.001 pug/cm? of leaves, and
0.2 pg/kg of soil, worker honeybee, brood, and honey.
Because of very low recoveries of acetamiprid (3.1-30.4%)
and thiaclo-prid (1.8-17.5%) in all matrices, the residues
of those Als were not considered in the analysis.
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Table 5. Average residue levels (+SD) of Als of PPPs found in flowers, leaves, soil, and worker honeybees, brood and honey;

Plantation 2.

Sampling date Chlorpyrifos Cyproconazole Cypermethrin Difenoconazole Azoxystrobin
Flowers - surface residues (png/single flower)
May 15 0.010+£0.015 0.035+0.070 0.003+0.007 0.029+0.023 0.037+0.021
May 20 0.007+0.002 0.028+0.019 0.002+0.003 0.024+0.048 0.004+0.003
May 29 0.003+0.002 <LOQ <LOQ 0.013+0.026 0.001+0.001
June 10 0.003+0.002 <LOQ <LOQ 0.001+0.001 0.002+0.002
Flowers - incurred residues (pg/single flower)
May 15 0.004+0.004 <LOQ 0.002+0.001 0.012+0.018 0.002+0.003
May 20 0.004+0.003 0.001+0.001 <LOQ 0.008+0.015 0.013+0.009
May 29 0.003+0.002 <LOQ <LOQ 0.006+0.012 0.004+0.003
June 10 0.002+0.000 <LOQ <LOQ <LOQ 0.001+0.002
Leaves - surface residues (pg/cm?)
May 15 0.027+0.012 0.022+0.014 0.0160.009 0.002+0.003 0.042+0.029
May 20 0.001+0.001 0.018+0.011 0.006+0.000 0.001+0.002 0.038+0.028
May 29 0.003+0.002 0.002+0.002 0.005+0.003 <LOQ 0.016+0.044
June 10 0.004+0.003 0.001+0.001 0.005+0.004 <LOQ 0.014+0.013
Soil from a 20 cm profile (ng/kg)
May 15 14.246.3 16.2+9.3 <LOQ <LOQ 14.5+9.0
May 20 4.842.9 9.1+8.8 <LOQ <LOQ 11.5£9.7
May 29 6.4+1.3 5.242.5 <LOQ <LOQ 8.0£7.2
June 10 7.0£6.2 3.742.9 <LOQ <LOQ 4.6+2.6
Worker honeybees (ng/kg)
May 15 4.2+1.2 <LOQ <LOQ 1.2+0.8 0.6+0.7
May 20 19.5+23.4 <LOQ <LOQ 0.8+1.7 0.6+0.8
May 29 41432 <LOQ <LOQ <LOQ 0.5+0.4
June 10 1.9+1.9 <LOQ <LOQ <LOQ <LOQ
Worker brood (pg/kg)
May 15 1.7+1.1 <LOQ <LOQ <LOQ <LOQ
May 20 1.8+1.6 0.9+1.8 <LOQ <LOQ <LOQ
May 29 2.843.2 <LOQ <LOQ <LOQ <LOQ
June 10 <LOQ <LOQ <LOQ <LOQ <LOQ
Honey (nug/kg)
May 15 0.8+0.5 <LOQ <LOQ <LOQ 0.7+0.8
May 20 0.6+0.0 <LOQ <LOQ <LOQ <LOQ
May 29 0.6+0.3 <LOQ <LOQ 0.5+0.6 <LOQ
June 10 <LOQ <LOQ <LOQ 0.5+1.0 <LOQ
Plantation 1 plantation 1 (Table 1). Because it was not possible to detect
all studied active substances with the pECD detector,
Eight formulations (four insecticides and four mepiquat chloride and metconazole (Als of Caryx 240

fungicides) containing 10 active ingredients were used at SL) were not determined (Tables 2-3).
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Plantation 2

At plantation 2, 6 preparations (three insecticides
and three fungicides) containing eight Als were used
(Table 4). Because it was not possible to detect all studied
active substances with the ptECD detector, thiophanate-
methyl (Al of Topsin 500 SC) and paclobutrazole (Al of
Toprex 375 SC) were not analysed (Table 5).

Chloropyrifos Residues

Chloropyrifos, a systemic insecticide from
phosphoorganic compounds, was found in all samples
of plant material collected from plantation 1 (Field 1:
up to 0.017 pg/flower for residues on the flower surface,
0.007 pg/flower for incurred residues in the flower, and
0.018 ug/cm? of leaves; Field 2: 0.018 ug/flower surface
— Tables 2-3), and at plantation 2 (up to 0.01 ug/flower
for residues on the flower surface, 0.004 pg/flower for
incurred residues in the flower, and 0.027 pg/cm? of
leaves — Table 5), as well as in all samples of worker bees
and in the majority of brood and honey samples. The
residues of this substance ranged from 2.4 to 10.2 pg/kg
and from 1.9 to 19.5 pg/kg in bees, from 0.5 to 3.4 and
from below LOQ to 2.8 pg/kg in brood, and from 0.6 to
1.7 pug/kg and from below LOQ to 0.8 pg/kg in honey
(plantations 1 and 2, respectively). The obtained results
clearly indicate that chlorpyrifos content in worker bee
and brood tissues increases slightly later than residue
levels of this compound in the crop (Tables 2 and 5).

Chlorpyrifos was found in the soil at a level of up
to 20.1 pg/kg of soil in plantation 1 and 14.2 pg/kg in
plantation 2. This situation is explained by the fact that
the PPP was applied at a time when full plant coverage
had not yet developed, i.e., on 10 April at plantation 1 and
on 23 March at plantation 2. During the whole sampling
period and during a few weeks earlier there was no rain
that could otherwise wash the formulations from plants
to the soil. The presence of this compound in all leaf and
flower samples at plantations 1 and 2 (Tables 2-3, 5) could
be associated with the above circumstances, because the
Al might have been absorbed secondarily from the soil
by a root system and distributed with water throughout
a plant.

Synthetic Pyrethroid Residues

Three substances from the group of synthetic
pyrethroids were assayed in the collected samples:
esfenvalerate and deltamethrin used solely at plan-
tation 1, and cypermethrin, used at both plantations
(Tables 1-5).

Despite the fact that pyrethroids are insecticides
having a surface effect, their residues were also found
in plant tissues. In flowers collected from plantation 1,
esfenvalerate residue levels on the surface and inside
the flowers reached 0.012 and 0.001 pg/single flower,
respectively. On the leaf surface these values were within

the range of 0.001 up to 0.039 pg/cm?. Small amounts of
esfenvalerate were also found in soil on plantation 1 (up
to 10.2 pg/kg), in bee bodies (to 2.5 pg/kg bw.), and, on
28 May, also in brood (0.2 pg/kg b.w.; Table 2).

At plantation 1 the cypermethrin residues were
found on the surface (on three sampling dates) and
inside (only on 11 June) of the flowers (up to 0.018
and 0.001 pg/single flower, respectively) and on leaf
surface (up to 0.012 mg/cm? of leaves on 21 May), in
bee bodies (on two dates), and in honey (up to 0.3 ug/kg
of worker honeybee bodies, on 21 May, and up to
0.4 pg/kg of honey on the same day; Table 2). At plantation
2 the cypermethrin residues were found on the surface
of flowers at two sampling dates (up to 0.003 pg/single
flower), in samples in flower tissue (to 0.002 pg/single
flower on one day, 15 May), and on the leaf surface (up
to 0.016 pg/cm? of leaves). The substance was not present
(>LOQ) in the samples of soil, worker honeybees, brood,
and honey (Table 5).

At plantation 1 the deltamethrin residues at a level
above LOQ were found in several samples only on the
surface of leaves and flowers (up to 0.007 pg/single flower
and 0.016 pg/cm? of leaves), in soil (up to 21.8 pg/kg), and
in small amounts in a few samples of the brood (up to
0.2 pg/kg of brood, on 14 May; Table 2).

The residues of esfenvalerate and deltamethrin were
also found on the surface of flowers collected at plantation
1 from field 2 (up to 0.003 and 0.01 pg/flower, respectively;
Table 3).

Small amounts of pyrethroid residues on the surface
of flowers and in the samples collected from hives
(Tables 2 and 5) indicate that treatments were performed
in accordance with the principles of good agricultural
practice — in the evenings, when bees did not forage and
flowers were closed.

Fungicide Residues

In the present study we included fungicides
difenoconazole, flutriafol, and cyproconazole from the
triazole group, and picoxystrobin and azoxystrobin
from the strobilurine group. The studied substances are
characterised by contact, translaminar, or systemic modes
of action. The systemic action significantly prolongs the
effect of a preparation.

At plantation 1 (Table 2), small amounts of
difenoconazole (up to 0.002 pg/single flower) and very
large amounts of picoxystrobin (up to 0.047 pg/single
flower) and flutriafol (up to 0.058 pg/single flower,
only on 14 May) were found on the flower surface. The
difenoconazole residues inside flowers from samples
collected on 14 May amounted to 0.003 ug/single flower,
while flutriafol residues in samples collected on 21 May
reached 0.012 pg/single flower. On the leaf surface in
samples collected on 14 May picoxystrobin and flutriafol
reached 0.018 pg/cm? and 0.021 mg/cm?, respectively.
Difenoconazole was not detected on the leaf surface,
indicating that the systemic Al reached the flowers
indirectly after earlier storage in the plant tissues.



1226

Piechowicz B., et al.

Difenoconazole was found in all samples of bee bodies
(up to 2.0 ng/kg of worker honeybees), in three samples of
the brood, and in four samples of honey (up to 1.9 ug/kg
and 1.9 pg/kg in brood and honey, respectively). Flutriafol
was found only once in the worker honeybee samples
(25.5 pg/kg on 3 June). It was probably transported
by bees from field 2, where an increase in the residue
levels up to 0.011 pg/single flower was found in samples
collected in 3 June (Table 3). This significant increase
of the pollutant concentrations in bees suggests that the
treatment was performed during the foraging period,
and bees were directly exposed to the applied liquid.
Its residues were not found in the samples of brood and
honey. Picoxystrobin in the amount above LOQ was not
detected in bees or in honey, but was found twice in the
brood (up to 7.3 pg/kg of brood on 28 May).

Small amounts of difenoconazole and larger amounts
of picoxystrobin and flutriafol were noted also on the
flowers collected from planation 1, field 2 (up to 0.001,
0.012, and 0.013 pg/single flower, respectively; Table 3).

Cyproconazole used at plantation 2 (Table 5) on 8
May remained on the flower surface and internally (up
to 0.035 pg/single flower on 15 May, and 0.001 pg/single
flower on 20 May, respectively), on the leaf surface (on all
the sampling days: up to 0.022 pg/cm? of leaves), in soil
(up to 16.2 pg/kg), and in brood samples (0.9 pg/kg only
on 20 May). Its presence at the level exceeding LOQ was
not noted in the samples of bees and honey.

Difenoconazole was present on the flower surface
in all samples (up to 0.029 pg/single flower), inside
the flowers (on three sampling days, up to 0.012 pg/
single flower), on leaves (on two sampling days, up to
0.002 ug/cm? of leaves), in worker honeybee bodies
and in honey (on three and two sampling days, up to
1.2 pg/kg and 0.5 ng/kg of worker honeybees and honey,
respectively). The presence of difenoconazole residues
in the brood and in soil was not detected. High
difeconazole residue levels inside and on the surface of
flowers (0.029 pg/single flower and 0.015 pg/single flower,
respectively), versus the residue levels of this Al on the
leaf surface (0.002 ug/cm? of leaves) implies its possible
very good absorption and, consequently, transport to and
deposition in developing flowers followed by excretion
on the flower’s surface together with pollen and nectar.
During this period the inflorescences were not yet
developed. Rapeseed and inflorescences have a relatively
compact surface on which a large part of the preparations
used during the flowering period remains.

Azoxystrobin was present on the surface of all the
flowers (up to 0.037 pg/single flower). The maximum
residue inside the flowers appeared with a slight delay
(reaching a maximum value of 0.13 pg/kg on 20 May),
which suggests that this Al needs time to spread inside
the plant along with the juices, as well as to be absorbed
from leaf surface, and from the soil, from which it can
be collected by roots. Significant residue levels of this
substance were detected in all the studied samples (up
to 0.042 pg/cm? of leaves). In the samples collected on
all three sampling dates, azoxystrobin residues were

observed in the worker honeybee bodies (up to 0.6 pg/kg,
on 15 and 20 May), as well as in honey samples collected
on 15 May (0.7 pg/kg).

Small amounts of fungicides in the samples collected
from the hives (apart from difeconazole at plantation 1)
suggest that these preparations were used at hours when
no bees were foraging.

Hazards to Bees

Our experiments showed that the bees visiting
rapeseed crops might have contact with all insecticides
that are extremely dangerous for them, and fungicide
preparations having a relatively less detrimental effect.
They also could collect them through nectar. In most
cases the Als of the used PPPs were characterised by the
systemic or translaminar modes of action. This means
that their residues were present not only on the plant
surface, but also that they could move across the plants
through their conductive system, penetrating into nectar
and pollen collected by A. mellifera. This could explain
numerous residues noted in the hive (Tables 2-3, 5). Also,
weather conditions during the study (air temperature
reaching 30°C during the day and significant soil dryness
followed by heavy rainfalls) could influence the obtained
results, affecting both nectar secretion by plants and their
blossoming intensity. This in turn influenced the total
surface area of flowers on which the applied compounds
were deposited, as well as the foraging activity of bees
and Al residue levels on plants and in soil (resulting from
physical factors, for example, and washout, as well as
from those influencing physicochemical and biochemical
changes in active substances).

As A. mellifera is characterised by the presence of
only 46 genes responsible for the detoxification processes
following exposure to PPPs [12], and its cytochrome
fraction has very low activity [3], it is susceptible
to pesticide effects to a considerable extent. This
susceptibility additionally depends on the time of day of
their exposure [13-15], their age [16], and diet [17]. Even
sub-lethal doses of those preparations can be harmful
to bees by affecting their cognitive abilities [18-20] and
modifying their resistance to pathogens and parasites
[21-23]. They can also disturb the protein action in the
nervous system [24] or modify feeding behaviour [25].
PPPs are also indicated, besides other factors [26-27], as
one of the main reasons for colony losses [28].

Our study was limited to one month only, and during
this period there were no clear-cut declines in the strength
of the tested honeybee colonies. However, the very fact
of presence of insecticidal pollutants in the hive, and
also in honey (chlorpyrifos at plantations 1 and 2, and
cypermethrin at plantation 1; Tables 2, 5), indicates
that bees could have been exposed to these compounds
for a longer time and at various developmental stages.
This is also important, because Als of PPPs may be
toxic to honeybees even at sub-lethal doses [29], or
they can act synergistically [30-32]. Thompson (1996)
[32] suggested that even PPPs considered safe to bees
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could intensify the toxic action against those insects
by two orders of magnitude when used in combination
with other PPPs. It should therefore be emphasised that
in the present study the honeybees were exposed to
five Als from insecticides (chlorpyrifos, thiacloprid,
deltamethrin, cypermethrin, esfenvalerate) and five Als
from fungicides (difenoconazole, mepiquat chloride,
metconazole, flutriafol, picoxystrobin) on plantation
1, and three Als from insecticides (chlorpyrifos,
cypermethrin, acetamiprid) and five Als from fungi-
cides (thiophanate-methyl, difenoconazole, paclobu-
trazol, azoxystrobin, cyproconazole) on plantation 2,
as well as their adjuvants, which increase the proba-
bility of adverse interactions between them. The
synergism phenomenon occurs, for instance, in the
case of pyrethroids and difenoconazole, as observed by
Thompson and Wilkins (2003) [31], or acetamipride and
triazole [4], and the similar combinations of Als of PPPs
could also appear in bees that we examined (Tables 2-3,
5).

Consumer Exposure to Pesticide Residues
in Honey

In developing countries where legal and organiza-
tional constraints in the marketing and use of plant
protection products are much less stringent than in the
EU, it is likely that residues of plant protection products
in honey exceed the MRLs [33]. Also in Poland, where
amateur beekeeping dominates and significant quantities
of honey are sold without proper control, there are cases
of overruns. In the present study the residues of three
compounds were found in honey from plantation 1:
chlorpyrifos, cypermethrin, difenoconazole, and in honey
from plantation 2: chlorpyrifos, difenoconazole, and
azoxystrobin. Inno case did the MR Ls exceed (Tables 1, 4)
— for chlorpyrifos, percentage MRL (Equation 1) reached
maximum 3.4% at plantation 1 and 1.6% at plantation 2,
percentage MRL was 3.8% and 1.0 % for difenoconazole
(plantations 1 and 2, respectively), 0.8% for cypermethrin
(plantation 1), and 1.4% for azoxystrobin (plantation 2).

For the determined Als in honey collected from both
plantations, ADIs were not exceeded (Tables 1, 4). At
plantation 1, percentage ADI (Equation 2) was 0.004 for
chlorpyrifos, 0.0002 for cypermethrin, and 0.0004 for
difenoconazole. At plantation 2, maximum percentage
ADI for honey reached 0.002 for chlorpyrifos and 0.0001
for difenoconazole and azoxystrobin.

The safe level of honey consumption was calcu-
lated (Equation 3) using values shown in Table 2,
and was shown to be 45 kg for chlorpyrifos residues,
9,500 kg for cypermethrin, and 400 kg for difenoco-
nazole. Analogically, at plantation 2 (Table 5), ADI
would be exceeded when the amount of consumed
honey is 95 kg for chlorpyrifos, 1,520 kg for
difenoconazole, and 2,171 kg for azoxystrobin.

Our results indicate that in terms of the studied PPPs,
honey is completely safe for consumption. Such low
residue levels, as noted in our study, could be related to

the fact that the owners of the rapeseed fields were also
the owners of the researched apiaries, so it was in their
interest to carry out treatments that would not cause bee
losses or negatively affect the quality of the honey.

Conclusions

The residues of all the studied Al of PPPs were
detected at surveyed plantations 1 two.

A transfer of plant protection products from rapeseed
crops to the bee hives was proven: for studied Als found
in bee bodies, five of seven (chlorpyrifos, esfenvalerate,
cypermethrin,  difenoconazole,  flutriafol)  were
detected at plantation 1, and three of five (chlorpyrifos,
difenoconazole, azoxystrobin) were found at plantation
2. Analogically, five Als (chlorpyrifos, esfenvalerate,
difenoconazole, picoxystrobin, and deltamethrin) were
detected in the brood at plantations 1 and two Als
(chlorpyrifos, cyproconazole) were found in the brood
at plantation 2. In honey from plantations 1 and 2,
three Als (chlorpyrifos, cypermethrin, difenoconazole
and chlorpyrifos, difenoconazole, and azoxystrobin,
respectively) were detected.

Residues of PPPs in the examined honey did not
exceed the acceptable MRL, which means that this
product is safe for consumption.
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