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Abstract

Project Code: TRG5880180

Project Title : Plant diversity and pesticide residues in agricultural and wild areas of
Northern Thailand as measured in honeybee collected pollen

Investigator : Dr. Veeranan Chaimanee, Maejo University Phrae Campus

E-mail Address : chveeranan@gmail.com

Project Period : July 1° 2015 - June 30" 2017

Pollen diversity and quality are necessary for optimal honeybee development
and longevity. Nutritional deficiency is considered as a factor in honeybee population
decline. Here, the nutritional richness of protein for bees based on pollen/plant diversity
and the pesticide residues in pollen were studied. Honeybee colonies ( Apis mellifera)
were used to collect pollen at monthly intervals in four provinces of Northern Thailand.
At each location an agricultural and non-agricultural areas were selected for pollen
collection which resulted in 8 distinct sites. Bee-collected pollen was sorted by color to
determine plant diversity at each location. The two sites at Chiang Mai consistently
showed good plant diversity as four or more pollen types were recorded at each date of
collection. An individual collection that exhibits ideal diversity is February 2016 in Phrae
where four distinct pollens were approximately 25% of the sample. In contrast,
Lampang in November had over 80% of the total pollen represented by a single plant;
an example of inadequate nutritional diversity for bees. Also in Phayao only 2-3 pollen
types were dominant at both sites which may indicate less than optimal areas to
maintain bee colonies. Additionally, pollen was analyzed for 170 common pesticides to
determine the level of pesticide exposure at each location. We found 8 different
pesticides such as herbicides, fungicides, formamidines, organophosphates, pyrethroids
and neonicotinoids at different levels between agricultural and non -agricultural locations.
However, overall the detection of agricultural chemicals was low. There fore, many areas
of Northern Thailand do offer a relatively clean environmentin which to keep honeybees

and produce honey.

Keywords: honeybees/Apis mellifera/plant diversity/pesticide residues /pollen/
northem Thailand
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Kingdom Animalia
Phylum Arthropoda
Class Insecta
Order Hymenoptera
Family Apidae
Genus Apis
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Life cycle of honeybees

worker feeds larva and seals cell
once larva reaches full growth

queen
lays egg

egg larva larva pupa pupa adult
day 6 day 10 day 15 day 18 day 21
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Month Number of different colours

Chiang Mai Lampang Phayao Phare

Agricultural Non- Agricultural  Non- Agricultural  Non- Agricultural Non-

area agricultural area agricultural area agricultural area agricultural

area area area area

October 2015 4 5 3 4 3 2 4 5
November 2015 6 4 5 4 4 4 6 8
December 2015 5 7 5 6 3 3 Missing data 6
January 2016 3 6 5 5 4 4 4 6
February 2016 8 5 5 6 5 5 7 4
March 2016 5 5 Missing data 2 2 Missing data 4
April 2016 4 7 Missing data 2 2 Missing data 6
May 2016 4 4 Missing data 2 2 Missing data 5
June 2016 5 2 Missing data 2 2 5 3
July 2016 6 2 Missing data 2 2 4 5
August 2016 3 4 Missing data 2 2 1 3
September 2016 4 5 4 4 2 3 4 2
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% with detections
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Pesticide Class Chiang Mai Lampang Phayao Phrae LOD
% with  min max % with  min max % with  min max % with  min min (ppb)
detections detections detections detections

2,4 Dimethylphenyl Formamidine ND ND 66.7 441 80.1 ND 10.0

formamide (DMPF)

Carbendazim (MBC) Fungicide 571 Trace 1,160 ND ND ND 5.0

Metalaxyl 14.3 Trace ND ND ND 2.0

Atrazine Herbicide ND ND ND 25.0 50.8 6.0

Imidacloprid Neonicotinoid 14.3 22 ND ND 25.0 3.9 1.0

Chlompyrifos Organophosphate 42.9 38.1 244 66.7 3.1 3.9 33.3 5.0 ND 1.0

Cypermethrin Pyrethroid 42.9 39.7 49.8 ND ND ND 4.0

Fluvalinate 28.6 20.7 27.7 33.3 14 ND ND 1.0
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Pesticide Class Chiang Mai Lampang Phayao Phrae LOD
% with  min max % with  min max % with  min max % with  min min (ppb)
detections detections detections detections
2,4 Dimethylphenyl Formamidine ND ND 33.3 58.6 ND 10.0
formamide (DMPF)
Carbendazim (MBC) Fungicide 28.6 Trace ND ND 14.3 106.0 5.0
Metalaxyl ND ND ND ND 2.0
Atrazine Herbicide ND ND ND 14.3 Trace 6.0
Imidacloprid Neonicotinoid ND ND ND ND 1.0
Chlompyrifos Organophosphate 28.6 4.4 6.7 ND 66.7 4.9 5.0 14.3 4.0 1.0
Cypermethrin Pyrethroid ND ND ND ND 4.0
Fluvalinate 28.6 14.6 46.5 66.7 9.7 11.3 ND ND 1.0
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Abstract

Pollen diversity and quality are necessary for optimal honeybee development
and longevity. Nutritional deficiency is considered as a factor in honeybee population
decline. Here, the nutritional richness of protein for bees based on pollen/plant
diversity and the pesticide residues in pollen were studied. Honeybee colonies (Apis
mellifera) were used to collect pollen at monthly intervals in four provinces of
Northern Thailand. At each location an agricultural and non-agricultural areas were
selected for pollen collection which resulted in 8 distinct sites. Bee-collected pollen
was sorted by color to determine plant diversity at each location. The two sites at
Chiang Mai consistently showed good plant diversity as four or more pollen types
were recorded at each date of collection. An individual collection that exhibits ideal
diversity is February 2016 in Phrae where four distinct pollens were approximately
25% of the sample. In contrast, Lampang in November had over 80% of the total
pollen represented by a single plant; an example of inadequate nutritional diversity for
bees. Also in Phayao only 2-3 pollen types were dominant at both sites which may
indicate less than optimal areas to maintain bee colonies. Additionally, pollen was
analyzed for 170 common pesticides to determine the level of pesticide exposure at
each location. We found 8 different pesticides such as herbicides, fungicides,
formamidines, organophosphates, pyrethroids and neonicotinoids at different levels
between agricultural and non-agricultural locations. However, overall the detection of
agricultural chemicals was low. Therefore, many areas of Northern Thailand do offer
arelatively clean environment in which to keep honeybees and produce honey.
Keywords: honeybees/Apis mellifera/plant diversity/pesticide

residues/pollen/northern Thailand
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Introduction

The Western honeybee, Apis mellifera is the single most important managed
pollinator of agricultural crops worldwide (Potts et al. 2010). Currently, populations
of honeybees have declined in many regions of Europe, North America
(vanEngelsdorp and Meixner 2010) and also Thailand. In Thailand, there are
approximately 300,000 managed colonies of A. mellifera, more than half of which are
located in the Northern provinces (Wongsiri et al. 2000). Colony loss for managed
honeybee colonies in Thailand have been reported by beekeepers. Several factors are
considered as contributing causes including; parasitic mites, pathogens, poor nutrition
and exposure to pesticides. Also, combinations of these factors are reported to weaken
honeybees (Alaux et al. 2010; Pettis et al. 2012). Of the many factors investigated,
nutritional  deficiency and starvation have been implicated in colony losses
(vanEngelsdorp et al. 2008). Pollen is the main dietary source of proteins, amino
acids, lipids, vitamins and minerals (Roulston and Cane 2000) and its quality and
diversity are essential to bee development and immune system functionality (Alaux et
al. 2010; Di Pasquale et al. 2013). Sewveral studies have shown that pollen quality can
influence honeybee longevity (Schmidt et al. 1987; Wang et al. 2014), physiology (Di
Pasquale et al. 2013), and ovary and hypopharyngeal gland development (Pernal and
Currie 2000; Human et al. 2007). Furthermore, pollen affects the susceptibility of
honeybees to pathogen such as bacteria (Rinderer et al. 1974), virus (DeGrandi et al.
2010) and microsporidia (Rinderer and Elliott 1977) and also reduces the bees’
pesticide sensitivity (Schmehl et al. 2014).
Pollen is a chemically complex matrix, which can carry into the hive a variety of

pesticide residues, often directly from treated crops. Pesticide residues including
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fungicides, insecticides, herbicides and miticides have been detected in pollen, wax
and honey bee combs in other areas of the world (Johnson et al. 2010; Mullin et al.
2010; Wu et al. 2011, Pettis et al. 2013, Traynor et al. 2016). Pesticides can have
negative impacts on development, longevity (Wu et al. 2011), behavior (Yang et al.
2008, 2012), learning performance (Decourtye et al. 2003), sperm viability in drones
(Burley et al. 2008) and number of sperm and body weight in queens (Collin and
Pettis 2013). Moreover, pesticide-exposed honeybees are more susceptible to
pathogens such as Nosema ceranae (Pettis et al. 2012, 2013; Wu et al. 2012). In
Thailand, many classes of pesticides are widely used in agriculture. Also, miticides
are used to control parasitic mites in honeybee colonies. However, virtually nothing is
known about pollen diversity nor pesticide residues in honeybee-collected pollen in
Thailand. Given the importance of apiculture in the Thai economy it is important to
better understand the availability of pollen and the level of pesticide exposure in
dominant Northern Provinces where bees are kept.

To explore this topic, honeybee-collected pollen was sorted by color and
analyzed for pesticide residues over a one year period and comparisons made between
agricultural and non-agricultural areas in Northern Thailand. The results from this
research should provide information on nutritional diversity and pesticide exposure
leading to a better understanding of factors influencing A. mellifera colony health.
Lastly, results on nutrition and pesticide exposure should help beekeepers better
manage their colonies.

Materials and methods
Pollen collection

Samples of honeybee-collected pollen were collected from two apiaries
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101
102 (agricultural and non-agricultural areas) in each of four provinces (Chiang Mai,
103 Lampang, Phayao and Phrae) in Northern Thailand, every month over a one-year
104  period (October 2015-September 2016). Honeybee hives were placed 500 meters
105 from crops at the agricultural sites and about 7-10 kilometres away from crops for
106 non-agricultural sites. The major crops in Thailand are rice, corn, cassava, sugar cane,
107 soybeans and mung bean but cassava and sugar cane are not grown widely in
108 Northern provinces (Chainuvati and Athipanan 2001). Pollen was collected from
109  foraging honeybees returning to hives using pollen traps (wooden traps, Flora Bee,
110  Chiang Mai Healthy Products). Pollen traps were placed on the front of each hive for
111 one day to allow collection of at least 5g of pollen. Traps with less than 5g remained
112 on hives until 5 g of pollen had been collected (Pettis et al. 2013). Due to differences
113 in locations and logistics it was not possible to measure quantity of pollen collected.
114  Pollen was transferred into 50 ml centrifuge tubes, put on ice for transport and then
115 stored at -20 °C for pollen diversity and pesticides analysis.
116 Pollen diversity
117 Pollen diversity was measured by taking a random three gram sample, sorting
118 by color and re-weighing each group after color separation (Pettis et al. 2013) to yield
119  the proportion of each pollen color in the sample.
120  Pesticide analysis
121 A three gram pollen sample from each location and time interval was sent for
122 pesticide analysis at the USDA-AMS-NSL, Gastonia, USA. The number of pesticides
123 detected and the total load of each pesticide was determined by LC/MS-MS and
124 GC/MS methods. The protocols are described by Mullin et al. (2010).

125
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127 Results

128  Pollen diversity in agricultural and non-agricultural areas

129 Honeybee-collected pollen was sorted by color to determine pollen diversity at
130  each site. The results showed 1-8 pollen types throughout a one-year period and there
131 was Vvery little difference between agricultural and non-agricultural sites in each
132 province (Table 1). The two sites at Chiang Mai consistently showed good plant
133 diversity as four or more pollen types were recorded at each date of collection.
134  However, only two pollen types were detected in June and July 2016 in the non-
135  agricultural site. Lampang and Phrae also showed pollen variation at each date of
136 collection but missing dates of collection occurred in both provinces making year-
137 long comparisons difficult in these two provinces. Only 2-3 pollen types were
138 recorded for most of the Phayao collections, except in November 2015-February
139 2016, when more than 3 pollen types were collected (Table I).

140 Over the year-long sampling period, the proportion of the pollen types was
141 dramatically differed every month in Chiang Mai and had the most diversity of colors
142 (Fig. 1). However, every month 1-2 pollen types were predominant. An extreme
143 example was that only one pollen type was dominate in July-September 2016
144 representing 80-90% of the total pollen in both agricultural and non-agricultural areas.
145  Similarly, honeybees had a tendency to collect onlyl-2 pollen types in Lampang and
146 Phayao (Fig. 2 and 3). Lampang in November had over 80% of the total pollen
147 represented by a single plant, an example of inadequate nutritional diversity for bees.
148 In Phrae, the diversity of pollen varied most during October 2015-April 2016 and
149 showed less diversity with only 1-2 pollen types in the fall (May-September 2016)

150  (Fig. 4).



37

151

152 Pesticide Residues in honeybee-collected pollen in agricultural and non-
153 agricultural areas

154 Thirty-six samples of pollen collected by honeybees (16 samples of
155  agricultural sites and 20 samples of non-agricultural sites) were analyzed for pesticide
156 residues. We detected pesticide contamination in 62.5% and 55% of samples from
157  agricultural and non-agricultural sites, respectively (Table 11). In agricultural sites,
158  eight different pesticides were detected. Chaing Mai had more pesticide residues in
159  pollen when compared to other sites. We found the organophosphate chlorpyrifos in
160  pollen samples from Chiang Mai, Lampang and Phayao, with 42.9, 66.7 and 33.3% of
161  detection, respectively, with levels ranging from 3.1 to 244 ppb (Table III). In Chiang
162  Mai, the fungicide carbendazim was the most frequent detection in 57.1% (trace-
163 1,160 ppb). Additionally, the pyrethroid insecticides cypermethrin and fluvalinate
164  were detected in 42.9 and 28.6% of samples as well as metalaxyl and imidacloprid
165  (14.3% of detection). We found only 3 agriculturally related pesticide residues in
166 pollen samples collected from Lampang, Phayao and Phrae. We detected herbicide
167  atrazine in 25% and imidacloprid in 25% of pollen samples in Phrae. The miticide
168  formamidine 2,4-dimethyphenyl formamide (DMPF) was present only in bee-
169  collected pollen in Phayao (66.7%).

170 In non-agricultural sites, five pesticides were found in pollen samples (Table
171 IV). Carbendazim (Trace), chlorpyrifos (4.4-6.7 ppb) and fluvalinate (14.6-46.5 ppb)
172 were found in pollen samples collected from Chiang Mai. Fluvalinate was the only
173 pesticide found in pollen samples from Lampang with 66.7% of samples positive.
174 DMPF and chlorpyrifos were detected in pollen from Phayao. In Phrae, carbendazim

175 (106 ppb), atrazine (trace) and chlorpyrifos (4 ppb) were detected (14.3% of
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176

177 detection).

178  Discussion

179 Pollen is the only protein source for honeybees. Pollen diversity and quality
180  can affect honeybee development, longevity, the resistance to honeybee viruses and
181  parasites and colony health. The results of this study document the diversity of pollen
182 and pesticide residues in agricultural and non-agricultural areas from four different
183  provinces in Northern Thailand where most of Thai honeybee colonies are located. In
184  Northern Thailand, many plant species are present and could provided nutritional
185  resources for honeybees throughout the year. However, even though pollen types
186 varied over the study period, honeybees trended to forage on 1-2 predominant plant
187  species in all areas. The results showed the diversity of pollen collected by bees did
188 not differ between agricultural and non-agricultural areas in each province. The
189 amount and quality of pollen were not compared between the two sites in this study
190  and this could have provided more insight into the owverall nutritional conditions in
191 each Province. Some studies suggested that not only variation of pollen can impact
192 honeybee health but also the pollen quality (Di Pasquale et al. 2013). Among the four
193 provinces, Chiang Mai and Phrae showed the most plant diversity at each date of
194  collection, especially between October 2015 and April 2016. Lampang and Phayao
195  had less pollen diversity during this time period. We found only two types of pollen
196 between March 2016 and September 2016 in both sites of Phayao. Pollen diversity
197  (polyfloral pollen) has been shown to have an affect on immunity of honeybees
198  (Alaux et al. 2010) and honeybee health (Di Pasquale et al. 2013, 2016). The pollen
199  from different plants generally provides different nutrients for bees. Understanding

200  pollen diversity in an area could help the beekeepers to determine the suitability of
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201

202  each site for honeybee cultivation. If sites have poor pollen diversity the beekeepers
203 may be advised to move their colonies to better locations and/or feed supplemental
204  protein to help honeybee colonies overcome nutritional shortfalls resulting from
205  limited pollen sources.

206 Our study also demonstrates that honeybees are exposed to pesticides in both
207  of agricultural and non-agricultural locations. The results should lead to understand
208  the potential risks for bee health and explain for colony collapse in Thailand with
209  others factors such as pathogen and parasitic mites. Pollen collected in this study
210  contained some pesticides such as herbicides, fungicides, formamidines,
211 organophosphates, pyrethroids and neonicotinoids at different levels between
212 agricultural and non-agricultural locations. Chiang Mai had more pesticide
213 contamination at both locations. The pyrethroid fluvalinate was found in pollen
214 samples collected at agricultural and non-agricultural areas in Chiang Mai and
215  Lampang. Fluvalinate and flumethrin are mainly used as miticide to control mites in
216  apiaries in Northern Thailand. Fortunately, the levels of fluvalinate in pollen samples
217 that we found are much lower than the median lethal dose (LDsp) to honeybee (Mullin
218 et al. 2010). The pyrethroid cypermethrin and the organophosphate chlorpyrifos are
219 common insecticides used to Kill insects in crops and others agricultural products
220  (Tawatsin et al. 2015). Cypermethrin was only detected in honeybee-collected pollens
221 in agricultural area but chlorpyrifos was found in pollen collected from both
222 agricultural and non-agricultural areas. The results demonstrate that chlorpyrifos is
223 widely used in Thailand. Not surprisingly, chlorpyrifos has been reported as the
224 predominant imported insecticide into Thailand in 2013 with over a million kilogram

225  peryear (Tawatsin et al. 2015). The contamination of the neonicotinoid imidacloprid
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226

227 was found in pollen collected in agricultural areas. The levels of imidacloprid in the
228  pollen samples that we detected (3.9-22 ppb) are higher than that reported in others
229  studies (0.94-2.9 ppb) (Mullin et al. 2010; Pettis et al. 2013; Long and Krupke 2016).
230 Two fungicides carbendazim and metalaxyl were detected in pollen around an
231 agricultural location but only carbendazim was detected in pollen collected from non-
232 agricultural areas. These fungicides were in the top ten pesticides imported into
233 Thailand, for use in the control of fungal diseases (Tawatsin et al. 2015). Atrazine
234 was the only herbicide detected in this study at both sites in Phrae with very low
235  concentrations when compared to the LDso for honeybees (980000 ppb) (Mullin et al.
236 2010). In Thailand, atrazine was imported at about 4.28 million kilograms per year in
237 2003 (Tawatsin et al. 2015). The finding of DMPF in both sites in Phayao but not in
238  others three locations indicates continued usage of amitraz by beekeepers in one
239  province. Amitraz usage for mite control in Thailand does not appear to be wide
240  spread.

241 The current research builds on previous studies that demonstrated multiple
242  chemical exposures in pollen (Mullin et al. 2010; Pettis et al. 2013). Multiple
243  exposures are hard to quantify and/or assess as to the impact of individual compounds
244 or combinations on bee health (Traynor et al. 2016). However, there is agreement that
245  these chemical cocktails can not be positive for bee health (Mullin et al. 2010;
246  Traynor et al. 2016). The results of the current testing indicated that twice as many
247  agricultural chemicals (6vs.3) were detected in the agricultural areas and thus
248  beekeepers can indeed find some refuge from chemical exposure in Northern
249  Thailand by placing bees in non-agricultural areas. Overall the detection of

250  agricultural chemicals was low but chlorpyrifos and imidacloprid levels are of
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251
252 concern at mulktiple locations. Beekeeper use on miticides was documented but levels
253  were lower than those reported in previous studies (Mullin et al. 2010). Many areas of
254 Northern Thailand, while not chemical free, do offer a relatively clean environment in
255  which to keep honeybees and produce honey.
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376  Table 1 Number of different colours of honeybee collected-pollen in agricultural and non-agricultural areas in four Northern provinces of

377  Thailand.

378

379

380

381

382

Month Number of different colours
Chiang Mai Lampang Phayao Phare
Agricultural  Non- Agricultural  Non- Agricultural  Non- Agricultural Non-
area agricultural area agricultural area agricultural area agricultural
area area area area
October 2015 4 5 3 4 3 2 4 5
November 2015 6 4 5 4 4 4 6 8
December 2015 5 7 5 6 3 3 Missing data 6
January 2016 3 6 5 5 4 4 4 6
February 2016 8 5 5 6 5 5 7 4
March 2016 5 5 Missing data 2 2 Missing data 4
April 2016 4 7 Missing data 2 2 Missing data 6
May 2016 4 4 Missing data 2 2 Missing data 5
June 2016 5 2 Missing data 2 2 5 3
July 2016 6 2 Missing data 2 2 4 5
August 2016 3 4 Missing data 2 2 1 3
September 2016 4 5 4 4 2 3 4 2

17
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392

Table 11 Detection of pesticide residues in pollen samples collected from agricultural and non-agricultural areas.

% with detections

Agricultural area (n = 16)

Non-agricultural area (n =

20)

55

Table 111 Pesticide residues in honeybee collected pollens from agricultural area in Northern Thailand.

Pesticide Chiang Mai Lampang Phayao Phrae LOD
% with min max % with min max % with min max % with min min (ppb)
detections detections detections detections

24 Formamidine ND ND 66.7 441 801 ND 10.0

Dimethylphenyl

formamide

(DMPF)

Carbendazim 57.1 Trace 1,160 ND ND ND 5.0

(MBC)

Metalaxy| 14.3 Trace ND ND ND 2.0

Atrazine ND ND ND 25.0 50.8 6.0

Imidacloprid Neonicotinoid 14.3 22 ND ND 25.0 3.9 1.0

Chlorpyrifos Organophosphate  42.9 38.1 244 66.7 3.1 3.9 33.3 5.0 ND 1.0

Cypermethrin 42.9 39.7 49.8 ND ND ND 4.0

Fluvalinate 28.6 20.7 27.7 33.3 14 ND ND 1.0

VA4
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402

Table 1V Pesticide residues in honeybee collected pollens from non-agricultural area in Northern Thailand.

Pesticide Class Chiang Mai Lampang Phayao Phrae LOD
% with min max % with min max % with min max % with min min (ppb)
detections detections detections detections

2,4 Formamidine ND ND 333 58.6 ND 10.0

Dimethylphenyl

formamide

(DMPF)

Carbendazim Fungicide 28.6 Trace ND ND 14.3 106.0 5.0

(MBC)

Metalaxy| ND ND ND ND 20

Atrazine Herbicide ND ND ND 14.3 Trace 6.0

Imidacloprid Neonicotinoid ND ND ND ND 1.0

Chlorpyrifos Organophosphate  28.6 44 6.7 ND 66.7 49 50 14.3 4.0 1.0

Cypermethrin Pyrethroid ND ND ND ND 4.0

Fluvalinate 28.6 14.6 46.5 66.7 9.7 11.3 ND ND 1.0

8V
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Figure Captions

Fig. 1 Proportion of the pollen types collected by honeybees in agricultural and
agricultural areas in Chiang Mai province throughout a one-year period.

Fig. 2 Proportion of the pollen types collected by honeybees in agricultural and
agricultural areas in Lampang province throughout a one-year period.

Fig. 3 Proportion of the pollen types collected by honeybees in agricultural and
agricultural areas in Phayao province throughout a one-year period.

Fig. 4 Proportion of the pollen types collected by honeybees in agricultural and

agricultural areas in Phrae province throughout a one-year period.
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Fig. 3

Proportion of pollen

100

80

=
=

s
(=]

20

Yellaw Yello

Yello Yello

Yellow

Yellow O

Agri

Non-Agri
Non-Agri

Oct-15 Nov-15 Dec-15 Jan-16 Feb-16 Mar-16

5 5
< | <
g
Z
Apr-16

(3
Wh 0 0" 0
0 Oi Odang: Yello Yellg
0

Yellow

Yellow
= =
£ E0
< | <
g
<
May-16

(8]

Yello
= =
50 0
-=‘+‘. =T
g
=
Jun-16

Yellow

5 5
< | <
g

Z
Jul-16

Non-Agri

Yellow

Agri

Aug-16

B li
()
(e
Yello Yello
5 5
< | =
§
Z
Sep-16

Zs



439

440

Fig. 4
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