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Abstract
Background: The honeybee (Apis mellifera L.) is an important insect that produces honey wax and royal
jelly, and propolis that thought to �ght infections. It also acts as a cross pollinator of both agricultural
and wild plants. However, honeybee colonies are presently faced with a number of constraints both
globally and locally. Like in many parts of the world, hive colonization and honey yields in Transmara
West Sub-County of Kenya have been on a decline; attributed partly to increased pesticide use. This study
thus set out to establish the impacts of pesticides use on honeybee mortality rate and honey production
by screening honeybee, honey and pollen for pesticide residues.

Methods: A longitudinal descriptive survey and experimental design was adopted for the study. Sixteen
apiaries were selected and two strong colonies in Langstroth hives identi�ed in each apiary. These were
replicated once to bring the total to 64 colonies, which acted as controls and treatments. Traps were �xed
at hive entrances to aid in collection of dead bees at weekly intervals for a period of six months (March to
October 2015). Samples of honeybee colony matrices among them pollen loads, honeybee and honey
were collected from the identi�ed colonies and analyzed for amitraz, chlorfenvinphos, cypermethrin,
deltamethrin and malathion residues using Queshers method at Maseno University chemistry
laboratories.Differences in honeybee mortality rate and honey yields between experimental sets were
established by one way ANOVA followed by a Turkey HSD post hoc test. A structured questionnaire was
also administered to select bee keepers to evaluate their perception on and role in pesticide use. Their
responses were analyzed using the χ2 test or Fisher's exact test.

Results: Mortality rate in treated colonies (229±5.1) was signi�cantly higher than in control colonies
(73±11); MSD=4.6791, p=0.01. Likewise, honey yield in control colonies (16.0±1.0 kg) was signi�cantly
higher than in treated colonies (8.7±1.2 kg); (MSD=4.8425, p=0.024). For instance, the average season
one honey yield in the control colonies was 18.0 ± 1.0 kg compared to 7.1 ±1.10 kg, 8.4 ±1.50 and 9.2
±1.7 kg, in treated colonies. This implies that increased pesticide use may have contributed to increased
honeybee mortality rate and reduced honey yields. No residues were detected in all honeybee colony
matrices, implying that honeybee products within the study settings were safe for consumption. Majority
of farmers reported observing changes in honeybee colony strength, a reduction in honey yields, reduced
colony size, signi�cantly weakening the colonies.

Conclusion: This study established an inverse relationship between pesticides use honeybee mortality
rate, with signi�cant increase in mortality rate and reduced honey production being associated with its
use. Absence of residues in the matrices in all the studied sites suggests honeybee products from the
study setting are still safe for human consumption. Nevertheless, farmers need to be trained on safe
handling of pesticides. In addition, there is need for further research on the synergistic impacts of
pesticides use on honeybees, and the need for alternative and ecofriendly pest control options to curb the
challenge associated with indiscriminate effects of pesticides on other important insects like honeybees.
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Globally honeybee populations have shown a declining trend with North America and European
beekeepers reporting about 30 % loss in their honeybee colony populations in the past 30 years [1, 2]. In
the Sub-saharan Africa, the dwindling numbers of Apis mellifera L. can be attributed to some extent to
lack of skills and knowledge on honeybee keeping among beekeepers and also to numerous
environmental factors [3]. However, since no study has strongly linked a single factor to colony losses [3],
scientists, policy makers and beekeepers altogether, concur that several factors may act synergistically to
curtail the survival of honeybee colonies; key ones being climate [4] and indiscriminate use of pesticides
[5]. Honeybees often come into contact with a number of pesticides while foraging for pollen and nectar
as well as through contaminated water [6]. Nevertheless, pesticides have been shown to trigger changes
in the biological functioning and behavior of honeybees resulting in their memory loss, which impairs
homing ability, dysfunction of the immune system, as well as uncoordinated foraging activities [7-9]. In
France for instance, the queen bee’s daily laying capability was reported to have declined when worker
bees brought back contaminated materials, including pesticides into the hives [10]. Studies have also
shown that up to 32% of honeybees that are exposed to pesticides often fail to return to their colonies,
while those that return and are laced with contaminated pollen have the capacity to infect the entire
colony resulting in honeybee colony decline. Beekeepers near �ower farms and tea estates in Uganda and
Kenya reported a decline in bee colonies, which they attributed to pesticide toxicity [11].

Though pesticide usage is known to affect honeybees even at sub-lethal doses, there is dearth of
information on the impact of pesticides use on the honeybee and the subsequent impact on honeybee
colonies and honey yields. Studies indicate that honey production in Kenya has been declining [12, 13]
and the decline has anecdotally been attributed to parasites, pathogens, and pesticide use [14]. Other
factors like modi�cation of their natural habitats have also been cited as contributing to honeybee colony
decline [15-17], making it necessary to establish the relationship between honeybee mortality rates, honey
yield and quality of the honey.

Despite widespread use of pesticides in Transmara West Sub-County, there is scarcity of information on
pesticide residues in different honeybee colony matrices like honey, pollen and nectar to effectively
inform honeybee management policy. Moreover, the effect of pesticide on honeybee is unknown despite
its’ potentially detrimental risk not only to the honeybee but also to human health; with many beekeepers
singling out pesticides as the most likely cause of the decline in honeybee colony population in most bee
keeping areas. Lack of such critical information may impede optimal honey production and therefore
impact negatively on the beekeeping venture, necessitating this study.

Materials And Methods
Study site

Transmara West Sub-county covers about 2900 km2 and consists of four administrative units (Lolgorian,
Angata, Kilgoris and Keiyan) [Figure 1]. The sub-county lies between latitudes 00 50S and 1050 N and
longitudes 340 35E and 35014 W. The sub-county borders Migori County to the West and Kisii, Nyamira
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and Bomet Counties to the North. Rainfall is bimodal with mean temperature ranging between 14.8 - 20.3
°C. Livestock production and crop farming are the key economic activities for most households in the
region.

Other notable activities include sand harvesting, and tourism.

Study Design

This study adopted a longitudinal descriptive and experimental study designs. Sixteen apiaries apiaries
were selected from which two strong colonies in Langstroth hives were identi�ed in each apiary and
replicated once totaling to 64 colonies that acted as control and treatments. Selection of strong colonies
in each apiary was through observation of comb area covered by adult bees, capped and open brood,
honey yields and pollen, presence of eggs, and visual sighting and status of the queen. The colonies were
further checked for diseases and parasites incidence. In addition, a household survey on pesticide use
patterns was conducted among residents drawn from Angata, Logorian and Kilgoris Divisions of
Transmara West Sub-County. The sampled households were selected using a random numbers table and
pesticides use data obtained from them using a structured questionnaire.

Experimental treatments

, Three treatments and control were set up (Slide 1) at the Kenya Agricultural and Livestock Research
Organization (KALRO) Transmara Sub-Centre. Four plots (two with maize and two with beans) of 0.125
acres each were established and two strong colonies transferred from the main station apiary and placed
20 meters from the maize and beans crop �elds just after planting. Crop pests were managed throughout
the crop’s physiological stages including �owering stage by applying Magic (Malathion) and Keshet
(Deltamethrin) pesticides following the manufacturer’s instructions. Another two sets of two strong
colonies managed in Langstroth hives were transferred from the main station apiary and placed 20
meters to a cattle spray crush at the KALRO Transmara Sub-Centre. Cattle at the centre were routinely
sprayed with a number of pesticides among them Sypertix (alphacypermethrin), Almatix (amitraz) and
Steladone (chlorfenvinphos) to control external parasites. At the main Station apiary located at a fenced
and undisturbed area with natural vegetation, two apiaries were selected from which two strong colonies
managed in Langstroth hives were identi�ed in each apiary to serve as control experiment. The fence was
to curtail the entry of pesticides into the colonies in the apiary through either drift or transmission by
livestock. Sixteen on-farm apiaries- �ve each in Kilgoris and Angata and six in Lolgorian, were randomly
selected and two strong colonies managed in Langstroth hives identi�ed from each apiary. The colonies
were constantly inspected for hygienic conditions and monitored for any honeybee mortalities, honey
yields. Dead bee traps were �xed at each hive entrances and mortality data collected weekly for two
consecutive seasons between March and July 2015. Honeybee colony matrices including honey, pollen
and honeybees were collected from the hives containing the identi�ed colonies and screened for
pesticides residues using Queshers method (AOAC QuEChERS Method 2007.01) at Maseno University
laboratories. The experiments were replicated once in the on-farm, treatments and control colonies.
Sample collection and pesticides residue analysis were done at the end of each season.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Monitoring honeybee Mortality rate and honey yields

Each study hive was equipped with an under basket trap for collecting dead bees. The traps were
attached to the hives at least seven days prior to the start of experiment to allow the honeybees to
familiarize with the traps. The dead bee traps remained �tted until the experiment was completed. A data
collection sheet designed for recording honey yields every harvest season in all the colonies identi�ed in
the selected apiaries was used to capture the data. Rates of honeybee mortality were recorded weekly
during both 2015 seasons: (season 1: April-July) and (season 2: August-November), while honey
production was evaluated once for each season (22-26 June 2015) and (2-6 November 2015).

Collection of honeybee, honey and pollen samples
The hives were checked weekly and the number of dead bees counted, recorded and removed. In hives
whose dead bees exceeded the 250 threshold (informed by the literature) [33], in an apiary, the dead bees
were sorted and samples taken to the laboratory for pesticides residue analysis.  Eight dead bee samples
were taken and packed in a plastic jar, put in a cool box and stored at 4 °C for subsequent pesticides
residues analysis. Fifty (50) grams of freshly harvested honey from the hives containing the two strong
colonies identi�ed in all the sixteen selected apiaries were collected and packed in plastic jars and put in
a cool box at 4 °C, in a dark place, and later analyzed for pesticides residues. Pollen samples were
collected from comb cells of the two hives containing the strong colonies identi�ed in all the sixteen
apiaries and 20 grams from each colony packed in plastic jar, put in a cool box at 4 °C, stored in a dark
place until their analysis. All the samples were analyzed at the Maseno University’s School of Graduate
Studies (SGS) laboratories for quantitative determination of pesticides residues.

Pesticide residue analysis
Pesticide residues were determined using liquid chromatography-tandem mass spectrometry (LC/MS-
MS) QuEChERS method [34-36].  Honeybee, honey and pollen Matrices were preserved, extracted and
analyzed following the modi�ed QueCHers analytical method (AOAC O�cial Method 2007.01) that uses
a single-step buffered acetonitrile (MeCN) extraction and salting out liquid–liquid partitioning from the
water in the sample with MgSO4. Cleanup using the dispersive-solid-phase extraction (dispersive-SPE)
was carried out to remove organic acids, excess water and other components with a combination of
primary secondary amine (PSA) sorbent and MgSO4. The extracts were separated using chromatographic
analytical separation and analyzed by mass spectrometry (MS) technique.

Equipment

The UPLC / MS-MS (Waters. Micromass Quattro Premier XE Mass Spectrometer) was used to quantify
Amitraz while GC- MS (Agilent 7890A GC -5975C Inert MSD with Multi-mode Inlet) was used for other GC-
amenable residues.Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js
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Reagents and consumables

The reagents and consumables used in the analysis included: Acetonitrile (Merck 1000302500- gradient
grade for liquid chromatography or equivalent), Methanol (Merck 1000106035- hypergrade for LC-MS),
Water (Merck 1000115333- For chromatography LiChrosolv), PSA Clean up Tube (Sigma 55282-U),
MgSO4 Extraction Tube (Sigma 55234-U) obtained from Karlsruhe, Germany. Pesticide Pure standards
(>99% certi�ed purity) were also obtained from Dr. Ehrenstrofer laboratory (Augsberg, Germany).

Pesticides residue analysis in honeybee

One gram (1g) of honeybee heads were ground and mixed with 5 mL of 1% acetic acid (HOAc) in MeCN
and 0.5 g anhydrous MgSO4/NaOAc (4/1, w/w). The mixture was added to a centrifuge tube bottle,
shaken and centrifuged. An upper layer of the MeCN extract was added to anhydrous MgSO4/PSA
sorbent (3/1, w/w; 200 mg per 1 mL extract), mixed and centrifuged. The �nal extract was transferred to
autosampler vials for analysis by gas chromatography/mass spectrometry (GC/MS) and liquid
chromatography/tandem mass spectrometry (LC/MS/MS). This was done to identify and determine
pesticide residues in honeybees.

Pesticides residue analysis in honey

For pesticide residue analysis in honey, two grams of honey were mixed with 5 mL of 1% acetic acid
(HOAc) in MeCN and 0.5 g anhydrous MgSO4/NaOAc (4/1, w/w) and added to a centrifuge tube. The
mixture was shaken and centrifuged. A portion of the MeCN extract (upper layer) was added to
anhydrous MgSO4/PSA sorbent (3/1, w/w; 200 mg per 1 mL extract), mixed, and centrifuged. This �nal
extract was transferred to autosampler vials for analysis by gas chromatography/mass spectrometry
(GC/MS) and liquid chromatography/tandem mass spectrometry (LC/MS/MS) for identi�cation and
determination of pesticide residues in honey.

Pesticides residue analysis in pollen

For pesticide residue analysis in pollen, one gram of pollen was mixed with 2 mL of 1% acetic acid
(HOAc) in MeCN and 0.5 g anhydrous MgSO4/NaOAc (4/1, w/w) and added to a centrifuge tube, shaken
and centrifuged. A portion of the MeCN extract (upper layer) was added to anhydrous MgSO4/PSA
sorbent (3/1, w/w; 200 mg per 1 mL extract), mixed, and centrifuged. The �nal extract was transferred to
autosampler vials for analysis by gas chromatography/mass spectrometry (GC/MS) and liquid
chromatography/tandem mass spectrometry (LC/MS/MS) for identi�cation and determination of
pesticide residues in pollen.

Data analysis and presentation
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The data that was generated was captured in Microsoft Excel (Microsoft Corporation, Washington, USA)
spreadsheet and analyzed using SPSS statistical software version 16 (SPSS Inc., Chicago, Ill., USA).
Mean residue levels among matrices in the treatments, control and on-farm as well as mean residue
levels between seasons were compared using a One-way analysis of variance (ANOVA). The Chi square
test or Fisher’s exact test was used to analyze population characteristics with the statistical signi�cance
set at p < 0.05 (two-sided).

Results
Effect of pesticides use on honeybee mortality rate

Findings on honeybee mortality rates in the four (4) sites within Transmara West Sub-County over the two
seasons are presented in Table 1.  Seasonal average honeybee mortality rates were 77 ± 5.9 and 73 ±
12.0 bees in the on-farm and control colonies, respectively. However, no signi�cant differences (p = 0.089)
were observed in rates of honeybee mortality between the control and on-farm colonies in both seasons.

Mortality rates between control and treated colonies were however signi�cantly different (p = 0.01)
between seasons. (Figure 2). For instance, mean honeybee mortality rate in the control colonies was 64.0
± 10 in the �rst season compared to 229.00 ± 6.2, 231.00 ± 5.1, and 235 ± 4.3 bees in treated colonies.
Season two mortality rates exhibited similarity with that of season one whereby honeybee mortality rate
in the control colonies was signi�cantly different (p = 0.01) from that of the treated colonies. Precisely,
mortality rate recorded in the control colonies was 82 ± 13 bees, compared to 228 ± 3.5, 230 ± 4.2 and
232 ± 3.8 bees in the treated colonies. Overall, mortality rates were signi�cantly higher in treated colonies
compared to control and on-farm colonies in both seasons (Season1: MSD = 5.9655; on-farm = 68.0 ±
6.1; control = 64.0± 10; treated = 232 ± 5.1; Season 2: MSD = 3.3919; on-farm was = 85 ± 5.3; control = 82
± 1.3, treated = 230 ± 5.1) [p= <0.001]. Nevertheless, the mortality rates in the treated, control and on-farm
colonies were below the maximum threshold (250 dead bees per station per week) to warrant further
laboratory investigations.

Effect of pesticides use on honey yields

Signi�cant differences (p = 0.027) were observed in honey yields between control colonies (av. 18.0 ±
1.00 kg) and on-farm colonies (av. 12.20 ± 1.80 kg) in season one. Similarly, there was signi�cant
differences (p = 0.019) in honey yields obtained from control colonies (22.50 ± 1.50 kg) and on-farm
colonies (16.23 ± 2.05 kg) in season two. Overall, honey yields in treated colonies were signi�cantly (p =
0.024) lower than in the control colonies (Table 2, Figure 3). Precisely, the average season one honey yield
in the control colonies was 18.0 ± 1.0 kg compared to 7.1 ±1.10 kg, 8.4 ±1.50 and 9.2 ±1.7 kg in the
treated colonies. Likewise, season two average honey yields in the control colonies was 22.5 ± 1.5 kg
compared to 11.0 ± 1.2 kg, 15 ± 1.4 kg and 13 ± 1.3 kg in treated colonies.  

Pesticides residues in honeybee, honey and pollen
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Samples of honeybee, honey and pollen loads were screened for �ve pesticides; Amitraz,
Chlorfenvinphos, Malathion, Cypermethrin and Deltamethrin owing to their popularity among farmers in
the study setting (Table 3). The pesticide detection limits were found to be 0.005 ppm for chlorfenvinphos
and cypermethrin while amitraz, metathion and deltamethrin had a detection limit of 0.01 ppm. The
recoveries of spiked samples ranged from 87 % to 94 % that were above the acceptable range > 70 %.
However, no pesticides residues were detected in all the samples.

Survey results on pesticide use patterns among farmers in Transmara West Sub-County

A total of 330 farmers comprising of 60% male and 40% females participated in the household survey
Most respondents were aged between 18 and 50 years and above across the study area (Table 4).

Up to twenty (20) different pesticides were reportedly used in the study area to combat crop and livestock
pests. Pyrethroids accounted for 50.1 %, while organophosphorous and formamidine accounted for 28.2
% and 21.2% of the total pesticides used in the study area, respectively (χ2 =14.062, P= 0.0009). The
number of farmers using individual products indicated that Amitraz and Cypermethrin were the most
frequently used pesticides accounting for 21.2 % and 33.6%, respectively, of all pesticides (Table 5).
Except for Cybadip, all other pesticides used in the study area were duly registered in Kenya. Most
farmers preferred pyrethroids to other pesticides partly due to their broad-spectrum capability,
accessibility and e�cacy.

Pesticide usage and honeybee colony status by in Transmara West Sub-County

Most respondents (31.4%) indicated that ticks were the external livestock parasite of greatest economic
importance to them, while 26.2 % were of the opinion that tsetse �ies were a big threat to their livestock.
Other livestock parasites mentioned include; ticks, mites and tsetse �ies (16.4 %), tsetse �ies and worms
(14.4 %) and ticks and �eas (13 %). Up to 40% of the respondents singled out stem borer as a major
maize pest of economic importance while 24.2 % of the respondents reported aphids as causing the
greatest economic losses. Bean �ies infestation accounted for 12.1 % of the responses, while nematodes
were reported by 9% of the respondents. Over 43 % of the respondents stated that their colonies were
initially big, strong and high honey yielders, while 25% reported having weak colonies. About 40 %
recorded low honey yielding colonies, while most farmers reported observing changes in their colony
strength. Up to 50 % of the respondents observed a reduction in honey yields, 41% noted reduced colony
size and 15 % observed weakening colonies (Table 6).

The farmers acknowledged the negative effects of pesticides on honeybees with varying degrees of
severity (Figure 4).  About 32.3 % of the respondents cited Dominex as being the most responsible for
honeybee colony decline, while 40.3 % believed that Sypertix was the most severe. About 15 % of the
respondents believed that Alfapor caused colony decline, while 13.4% and 12.1 % attributed honeybee
demise to Alphacymba and Cybadip, respectively.
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Lack of awareness and safety insensitivity among farmers on the honeybees’ activity seems to inform
their livestock spraying schedule with pesticides that is in direct con�ict with honeybees breeding.
Majority of farmers had no speci�c schedule for pesticide spraying regardless of recommendation from
the manufactures. Most farmers in Angata (78.3%), Kilgoris (82.7%) and Lolgorian applied pesticides
weekly (p = 0.002661), while 20%, 15% and 22% of the same population preferred biweekly (p-value =
0.3521). Only 2% each of famers from the three areas applied pesticide monthly. Majority of the farmers
applies pesticides in the morning hours (92.7%) with 65.8% applying pesticides cocktails for e�cacy
purposes. No residues were detected in all matrices implying that honeybee products were safe for
consumption. The major information sources among farmers on pesticides use were mainly obtained
from neighboring farmers (51.5 %) while others obtained the information from friends (16.2 %), agro-
dealers (12.3 %), media (10.2 %) and extension o�cers (10.0%)(χ2 = 62.975, p= <0.01). On reliability of
information source among farmers, agriculture extension staff, leading farmers and media were most
trusted at 39.4 %, 37.3 %, and 23.3 %, respectively (χ2.=4.3412, p= 0.1141).

Discussion
The present study presents timely insights on the level of pesticide residues in various honeybee colony
matrices. The study identi�ed the probable sources of pesticide contamination key among them animal
husbandry and agricultural activities by farmers in the area. Higher honey yields recorded in the control
colonies compared to the treated colonies could have been as a result of a higher mortality rate in treated
colonies that signi�cantly reduced the number of foraging workers resulting in decreased honey yields.
Studies show that exposure of colonies to pesticides - as was the case for the treated colonies in the
present study - tend to weaken the colonies making it di�cult for the worker bees to forage effectively –
with the results being a reduction in honey yields [5, 19]. In the present study, the average seasonal honey
yield was 14 kg/colony compared to 18 kg/colony reported in the past [15]. This trend is consistent with
other �ndings that reported a decline in honey production in the Sub-County and by extension Kenya [20,
21]. For instance, the average annual honey production showed a steep decline from 20.28 kg/colony in
2005 to 15 kg/colony in 2006 further to 9.3 kg/colony in 2007 [13, 14]. Whereas beekeeping is ideal and
of highest potential in dry areas where crop farming is not viable [16], it has been characterized by low
honey yields in most parts of the country [15]. A number of researchers made similar observations,
though they attributed the low yields to a number of constraints, among them lack of credit facilities and
lack of information on bee keeping [22]. Carroll [15], attributed the low productivity to increased agro-
chemicals use, deforestation, drought and theft; with pesticides being singled out as the greatest threat to
the enterprise. Mutungi et al. [16] attributed competition between beekeeping and other agricultural
activities; deforestation, destruction of bee forage by caterpillars, and increased pesticide use resulting in
toxicity which affect bees thus hindering honey production to its potential in Kibwezi Sub-county. In
Uganda, Kajobe et al. [11] noted that multi-sectoral policy contradictions and con�icts such as the use of
agricultural chemicals, within the Ministry of Agriculture, Livestock, Industry and Fisheries affect honey
production. It was thus evident from the present study that pesticides use result in decline in honey yields.
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The signi�cantly higher mortality rates observed in treated colonies compared to control and on-farm
colonies in the present study may be partly attributed to high pesticides exposure among treated colonies
compared to control and on-farm colonies. This is because honeybees from treated colonies are likely to
constantly forage in areas saturated with pesticides. Likewise, the on-farm colonies have a higher chance
of exposure to pesticides that are often used by farmers to manage pests unlike the control colonies.
These �ndings are consistent with those of [9, 23] who noted that colonies living near treated crops where
most of their workers were exposed to pesticides in nectar throughout the cropping seasons experienced
a decline in population from which the colonies would struggle to recover. The �nding that the mortality
rates in the treated, control and on-farm colonies were below the maximum threshold of 250 dead bees
per station per week in the present study cannot however be used to rule out honeybees’ deaths due to
pesticide toxicity. This is because the impacts of pesticides on honeybees manifest with differing degrees
of severity depending on various factors among them toxicity levels, application time, application
intensity as well as physiological maturity of �owers visited by bees [24].

Further, the present �ndings concur with those reported by PAN [7] in which it was concluded that
honeybees near agricultural �elds are exposed to a variety of pesticides and at varying levels of
concentrations throughout the foraging period. Whereas exposure of honeybees to high pesticides levels
results in outright death of bees, sub-lethal doses result in behavioral changes like loss of navigation and
communication ability, which subsequently leads to homing failure [25]. Bees that die instantly following
exposure to high pesticide doses are often not captured by the trap while bees exposed to sub-lethal
doses are likely to wander aimlessly due to loss of navigation ability. As a result, such bees are not likely
to make it back to the hive making the mortality rate count to be signi�cantly underestimated following
the loss of foragers in the �eld [24]. Studies show that low pesticide concentration that are normally
considered safe for honeybees have in recent times been reported to in�uence honeybee foraging
behavior [26]. For instance, honeybees exposed to pesticides levels that were 70 times below the mortality
causing levels in standard tests (LD50) exhibited abnormal behavior like inability to return to the hive [27].
Likewise, deltamethrin doses of as low as 2.5ng/bee (deltamethrin LD50 = 67ng/bee) resulted in the
disorientation of foraging bees [28]. Therefore, despite mortality rate counts being within natural limits in
the present study, it would be incorrect to conclude that pesticides use did not cause a substantial
reduction in colony numbers within the study setting.

Although its generally agreeable that increased pesticide use leads to a decline in honeybee populations,
the mortality rates were lower in the present study compared to those reported elsewhere. In North
America and Europe for instance, honeybee colony population showed a decline in the last 30 years with
beekeepers reporting losses of up to 30 % of their managed colonies every winter in the last seven years
[2]. Moreover, up to 32 % of honeybees exposed to sub-lethal pesticide concentrations failed to return to
their hives in a study conducted in France, effectively doubling the natural loss rate of foraging workers
[9]. This could be attributed to large pesticide quantities used and application rates in Europe and USA
[29]. The acute, chronic and synergistic impact of multiple pesticide exposure greatly contribute to
declining honeybee health consequently increasing mortality rate [18].
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The present study �ndings showed no pesticides residues in all the matrices investigated. This can
partially be attributed to the degrading nature of pesticides over time as they interact with the
environment [30]. In addition, honeybees have the ability to metabolize pesticides in case of exposure
through their gut �ltering mechanism [31]. Rapid elimination of ingested chemicals by metabolism,
advection and deposition has also been reported hence reducing the initial pesticides concentrations [32].
The present study �ndings are consistent with those of previous studies in the region. Orina [22] reported
absence of pesticides residues in all honey samples collected from different sites across 13 regions in
Kenya and analyzed for pesticides residues in the laboratory. A pesticide analysis of 171 pesticides on
honey samples collected from 13 sites in Kenya by Muli et al., [14] detected only four pesticides; 1-
naphthol, chlorothalonil, chlorpyrifos and �uvalinate - mostly at very low levels (below 50 ppb). Similarly,
screening of 27 honey samples produced in Switzerland for 36 organochlorine, 32 organophosphorous
pesticides and six fungicides returned negative results for pesticides residues. This can be attributed
partly to low application rates of pesticides in those countries coupled with strict pesticides regulations in
developed countries like Switzerland [27, 33]. This shows that it is indeed possible to effectively control
agricultural pests with pesticides while maintaining the environmental integrity.

However, the present study �ndings contrast those from other studies globally that reported residues in
honey, pollen and honeybee. For instance, over 90% of honeybee colonies in the USA reportedly contained
over 129 different pesticide-related chemicals, with six chemicals being reported per colony an average
[14, 18]. An analysis of honey samples from Portugal and Spain by Blasco et al., [19] revealed
organochlorine pesticides contamination with Portuguese honey samples being more contaminated than
Spanish ones. The differences in residues was attributed to the varied volumes consumed and rates of
pesticides applied [34]. In addition, Spain puts much more emphasis on pesticide applicator training,
which is considered one of the most relevant aspects in the reduction of pesticide exposure thus
explaining the differences in honeybee product contamination between Spain and Brazil [30]. Moreover,
Kolankaya et al. [35], detected aldrin residues in honey and pollen samples, albeit in very low levels. The
same researchers [35] further detected carbosulfan and carboryl pesticides residues in dead honeybees’
heads in Ankara, Turkey while Maja et al. [36], reported the presence of �uvalinate honeybee samples
after external doses of pesticides were applied to colonies of nine combs, occupied with 20,000–30,000
adult honeybees in Slovenia. A study of 189 pollen and 226 beebread samples conducted in China
established many active pesticide residues, with higher concentrations being noted during spring [37].
Five chemical residues including amitraz and cypermethrin were reported in bee brood samples at
concentrations of between 1 and 167 μg/kg in a study conducted in Spain [38].

The low pesticide residue levels in honey compared to the honeybee or its other products can partially be
attributed to the �ltering effect of bees [31]. Additionally, bees have the capacity to metabolize pesticides
immediately there is exposure, further reducing concentrations of remaining pesticide residue [30, 32].
Therefore, the low levels of pesticides in honeybee products from across Kenya, particularly when
compared to levels in developed countries points to low pesticide application rates by farmers, hence
minimal impact on honeybee health presently in Kenya.
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The survey revealed a declining colony population and production that was attributed to pesticides.
Others possible causes were deforestation, drought, pests and predators. Musimba et al. [39] observed a
reduction in honey production in arid and semi-arid lands (ASAL) of Kenya in present times compared to
the past. Melathopoulos et al., [40], acknowledged the susceptibility of honeybees to pests, diseases and
pesticides. In addition, the present study �ndings rea�rms Claudianos et al. [41] �ndings that honeybees
are susceptible to pesticides due to a de�ciency in the number of genes encoding for detoxifying
enzymes

The present study �ndings are consistent with those of Williamson et al., [42] that chemical pest control
strategy was the most common among farmers with about 47 different pesticide active ingredients
reported by farmers. Further, Macharia et al. [43] found about 62 products, comprising of 36 active
ingredients being used for vegetable production in Kenya. This was the case among other vegetable
growers in Eastern Africa [44]. Spraying of crop �elds with pesticides thus exposes honeybees to
hazardous pesticides and is inconsistent with the recommendation that pesticides must be applied to
blooming plants and when bees are not foraging - preferably in the early evening [35]. This allows the
pesticides time to partially or fully decompose during the night. It is often recommendation that
insecticides should be applied only while target plants are in the bud stage or just after the petals have
dropped [24].

Limitations
Albeit this study concentrated on pesticides, other factors may have contributed to the bee rate mortality.
Furthermore, as there is no evidence of lost bees in the �eld due to homing incapability, other methods
(such as higher level of detoxi�cation genes in the treated sites or lower LOD analyses) are recommended
that would provide a more complete picture. The analysis of beeswax has not been conducted, although
pesticides readily accumulate in wax.

Conclusion
The study established an inverse relationship between pesticides use honeybee mortality rate, with
signi�cant increase in mortality rate and reduced honey production being associated with pesticide use.
Absence of residues in the matrices in all the studied sites suggests honeybee products from the study
setting are still safe for human consumption. Nevertheless, farmers need to be trained on safe handling
of pesticides. In addition, there is need for further research on the synergistic impacts of pesticides use on
honeybees, and the need for alternative and ecofriendly pest control options to curb the challenge
associated with indiscriminate effects of pesticides on other important insects like honeybees.
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LC-MS/MS- Tandem Liquid Chromatography/Mass Spectrometry/Mass Spectrometry

LD50 – Median Lethal Dose
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Tables
Table 1. Honeybee mortality rate on selected colonies in Transmara West Sub-County

Treatments Mortality rate (Mean dead bees per station per week) ± SE

Season 1 Season 2 Mean

On-farm 68.0 ± 6.1b 85 ± 5.3b 77 ± 5.9b

Control 64.0 ± 10b 82 ± 13b 73 ± 12.0b

Treatment1 229 ± 6.2a 228 ± 3.5a 229 ± 4.9a

Treatment2 231 ± 5.1a 230 ± 4.2a 231 ± 4.7a

Treatment3 235 ± 4.3a 232 ± 3.8a 234 ± 4.1a

MSD 5.9655 3.3919 4.6791

Mean 165 171  

n = 60 colonies; Means with the same superscripts within the column are not signi�cantly different
(Tukey test). Treatments: 1= Magic and keshet, 2=Almatix, sypertix and steladone, 3= Magic, keshet,
almatix, sypertix and steladone.

 

Table 2. Honey yields on selected colonies in Transmara West Sub-County
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Treatments Honey yields (Mean ± SE) kg

Season 1 Season 2 Mean

Control 18.0 ± 1.00a 22.50 ± 1.50a 20.30 ± 1.3a

On-farm 12.20 ± 1.80b 16.23 ± 2.05b 14.22 ± 1.93b

Treatment1

Treatment2

7.1± 1.80b

8.4 ±1.50b

11.00 ± 1.20b

15.0 ± 1.40b

9.0 ± 1.2b

11.7 ± 1.5b

Treatment3 9.2 ±1.70b 13.0 ± 1.30b 11.0 ± 1.6b

MSD 5.3431 4.3415 4.8425

Mean 10.98 15.55  

n = 60 colonies; MSD = Mean Standard Deviation: Means with the same superscripts within the column
are not signi�cantly different (Tukey test) Means with the same superscript within the column are not
signi�cantly different, at p = 0.05 (Tukey test). Treatments: 1 = Magic and keshet, 2 =Almatix, sypertix and
steladone, 3 = Magic, keshet, almatix, sypertix and steladone.

 

Table 3. Analytical results of honey, pollen and honeybee samples in Transmara West Sub-County
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Matrix Pesticide
trade
name

Active
ingredient (A.I)

Pesticides
levels in
sample
(mg/Kg)

Limit of
detection
(mg /Kg)

Limit of
quanti�cation
(mg /Kg)

Mean ±
SE of
recoveries

Honey Almatix Amitraz < LOD 0.01 0.01 90 ± 3.0

  Magic Malathion < LOD 0.01 0.05 87 ± 5.7

  Steladone Chlorfenvinphos < LOD 0.01 0.05 94 ± 3.7

  Sypertix Cypermethrin < LOD 0.01 0.01 92 ± 4.3

  Keshet Deltamethrin < LOD 0.01 0.01 93 ± 1.5

Pollen Almatix Amitraz < LOD 0.01 0.01 90 ± 3.0

  Magic Malathion < LOD 0.01 0.05 87 ± 5.7

  Steladone Chlorfenvinphos < LOD 0.01 0.05 94 ± 3.7

  Sypertix Cypermethrin < LOD 0.01 0.01 92 ± 4.3

  Keshet Deltamethrin < LOD 0.01 0.01 93 ± 1.5

Honeybee Almatix Amitraz < LOD 0.01 0.01 90 ± 3.0

  Magic Malathion < LOD 0.01 0.05 87 ± 5.7

  Steladone Chlorfenvinphos < LOD 0.01 0.05 94 ± 3.7

  Sypertix Cypermethrin < LOD 0.01 0.01 92 ± 4.3

  Keshet Deltamethrin < LOD 0.01 0.01 93 ± 1.5

n = 80 matrices; <LOD = below limit of detection

 

Table 4: Demographic factors of farmers in Transmara West Sub-County
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Age Angata  n(%) P-value Kilgoris n(%) P-value Lolgorian P-value

18-35 years 27 (29.0) 0.071 82 (49.1) <0.001 34(48.6) 0.003

36-50 years 41(44.1)   67 (40.1)   21(30.0)  

> 50 years 25 (26.9)   18 (10.8)   15(21.4)  

Level of education            

Primary/informal 67 (72.0) <0.001 133 (79.6) <0.001 51(72.9) <0.001

Secondary 20(21.5)   24 (14.4)   17 (24.3)  

University/College 6 (6.5)   10 (6.0)   2 (2.9)  

 

Table 5.  Pesticides used by livestock and crop farmers in Transmara West Sub-County

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js



Page 22/27

Pesticide chemical
group

Pesticide
Trade name

Active
ingredient (A.I)

WHO
toxicity
class

Registration
status
(PCPB)

  Farmers
using
(%)

Formamidine Almatix Amitraz II Registered   26
(37.1)

  Bye bye Amitraz II Registered    3(4.3)

  Norotraz Amitraz II Registered   13
(18.6)

  Tix�x Amitraz II Registered   10
(14.3)

  Triatix Amitraz II Registered   18
(25.7)

Organophosphorous Diazol Diazinon II Registered   19
(20.4)

  Neocidol Diazinon II Registered   16
(17.2)

  Magic Malathion II Registered   28
(30.1)

  Oshothion Malathion II Registered   22
(23.7)

  Steladone Chlorfenvinphos Ib Registered   8 (8.6)

Pyrethroids Alfapor Cypermethrin II Registered   8 (4.8)

  Alphacymba Cypermethrin II Registered   23
(13.8)

  Dominex Cypermethrin II Registered   18
(10.8)

  Sypertix Cypermethrin II Registered   38
(22.8)

  Cybadip Cypermethrin II Not
Registered

  15 (9.0)

  Ectomin Cypermethrin II Registered   9 (5.4)

  Grenade Cyhalothrin II Registered   15 (9.0)

  Delete Deltamethrin II Registered   9 (5.4)

  Keshet Deltamethrin II Registered   26
(15.6)

  Vectocid Deltamethrin II Registered   6 (3.6)
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n=330, Toxicity classes: Ia = Extremely harzardous, Ib = Highly harzardous, II = moderately harzardous, III
= slightly harzardous (WHO, 2010).

 

Table 6. Colony strength dynamics in Transmara West Sub-County

Initial colony
strength

Angata 
n(%)

P-
value

Kilgoris
n(%)

P-
value

Lolgorian
n(%)

P-
value

Big and strong 54 (58.1) <0.001 98 (58.7) <0.001 34(48.6) <0.001

Small and weak 6 (6.5)   5(3.0)   1 (1.4)  

High honey yielder 31 (33.3)   60 (36.0)   34(48.6)  

Low honey yielder 2 (2.2)   4 (2.4)   1 (1.4)  

Color change            

Yes 60 (64.5) <0.001 102 (61.1) 0.027 55 (64.3) <0.001

No 33 (35.5)   65 (39.0)   15 (21.4)  

Observed changes            

Reduced size 43 (46.2) <0.001 29 (17.4) <0.001 42 (60.0) <0.001

Weakened colony 11 (11.8)   50(30.0)   4 (5.7)  

Lower honey yield 39 (41.9)   88 (52.2)   24 (34.3)  

Causes of decline            

Pesticides 64 (68.8) <0.001 66 (39.5) 0.001 35 (50.0) <0.001

Deforestation 20 (21.5)   50 (30.0)   19(27.1)  

Drought/storm 5 (5.4)   30 (18.0)   14 (20.0)  

Pests and predators 4(4.3)   21 (12.6)   2 (2.9)  

 

Figures
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Figure 1

Kenya map showing Trans Mara West sub-county and the study sites [18] Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.
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Figure 2

Observed differences in in Honeybee mortality rates in Transmara West Sub-County

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js



Page 26/27

Figure 3

Observed differences in honey yields on selected colonies in Transmara West Sub-County

Figure 4

Severity of pesticides to honeybees in Transmara West Sub-County
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Figure 5

Major information sources on pesticide use by farmers in Transmara West Sub-County
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