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Abstract

The presence of neonicotinoid residues in bee hive products and the wide spread human consumption of these
products is already a food safety problem in Kenya. This study aims to find out the concentration of neonicotinoid
residues in bee hive products from Kiambu and Nairobi counties. Neonicotinoid residues were extracted from two hive
products (honey and pollen) using modified Quick Cheap Rugged Safe (QUECHERS) method. Liquid chromatography
coupled with mass spectrometry (LC-MS/MS) was used to identify and quantify the specific residues present. Three
neonicotinoid residues (acetamiprid, thiamethoxam and imidacloprid) were detected in pollen and honey with the levels
of contamination dependent on the location of the apiary. Our results indicate that pollen was the most contaminated with
some of the residues detected exceeding the maximum residue limits (MRL) accepted in apicultural products whereas
all the levels of residues detected in honey were all below the MRL. Specifically, the concentrations of thiamethoxa
m detected in pollen from apiaries located in horticultural farms were more than 4-fold higher than the acceptable
MRL in apicultural products. In addition to experimental analysis, during a field survey a total of 72 households were
involved in a cross- sectional survey to assess the pesticides usage and frequency of application on cultivated crops
around apiaries. Structured pre-tested questionnaires were administered through personal interviews and focused
group discussion among beekeepers in the study site. The study revealed that pesticides used in the region include
carbamates (32.4%), pyrethroids (14.6%), neonicotinoids (14.4%), herbicides (15.7%), fungicides (1.4%), acaricides
(5.6%) and organophosphates (14.5%). The study also showed that 26.4% of respondents used carbaryl carbamates,
13.2% use Karate, 12% thiamethoxam and 7.4% dichlorvos. On the frequency of application, 86% of respondents used
pesticides every week, 12.5% fortnightly and 1.4% when available. The presence of neonicotinoid residues in bee hive
products suggests that neonicotinoids poses a potential food safety problem in the beekeeping industry hence there is

a need for additional long-term monitoring.
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Introduction

Neonicotinoids are relatively new systemic agricultural insecticides
that are widely used as seed dressing to flowering crops [1] due to their
high efficacy, high selectivity, plant systemicity thus efficient against
a wide range of pests over a long period and when applied in small
quantities, and have versatile applications. Neonicotinoids have low
effects to plants and animals compared to organophosphates. However,
they interfere with the transmission of stimuli in insects’ nervous
system by causing blockage in the nercotinergic neural pathways. This
pathway is more common in insects than in vertebrates, making them
highly toxic to insects. The recent widespread use of neonicotinoids
and its possible translocation to pollen and nectar, the main food
sources for bees, has raised concerns for possible detrimental impact
on these beneficial insects. These chemicals have been associated with
colony collapse disorder in the western countries [2] leading to some
temporary ban of three neonicotinoids (clothianidin, thiamethoxam
and imidacloprid) as seed treatments for use on crops attractive to bees
in the European Union [3] and a policy introduced to reduce the use of
the same three insecticides as seed treatments for some crops. However,
significant knowledge gaps and controversy remain as to whether such
restrictions are justified. Globally, neonicotinoids use has motivated
environmentalists, policy makers, farmers, pesticide companies and
beekeepers to engage in an endless debate about whether or not a ban
on pesticides would save the bees. When neonicotinoids were first
used, beekeepers described different disorders and signs ranging from,
disoriented bees not returning to the hive, bees gathered close together
in small groups on the ground, abnormal foraging behaviour, the
occurrence of massive bee losses in season, queen bee losses, increased

sensitivity to diseases and colony decline [4]. Unfortunately, the use of
neonicotinoids along with other pesticides is on the rise in most African
countries especially Kenya due to the need to boost agriculture and food
production to sustain the ever-increasing population and reach the
food security envisaged in the global sustainable development goals. In
addition, unfavorable weather conditions, inadequate rainfall and poor
soils make management of agricultural farms more difficult, compelling
farmers to use and apply more pesticides [5]. A visit by honey bees to
agro-chemically treated flowering plants exposes them to a mixture of
pesticides, and the contaminated pollen and nectar is then transferred
into bee hives [6].

However, the status of pesticide residues on bee hive products
(honey and bee bread (pollen) is scanty or totally absent in sub-Saharan
Africa yet such knowledge is important to safeguard human health
and conserve pollinators. Beehive products such as honey are widely
consumed as food and medicine and their contamination may pose
serious health hazards. Honey as a natural product is considered to
be free from any pesticides, heavy metals and radioactive materials.
However chemical residues have been reported by several investigators
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[7-17]. However, to date, only few studies have been carried out to
monitor pesticide residues in honey produced from Africa [18]. The
presence of the cumulative effects of toxins and pesticide residues
in honey cannot only have adverse effects on bees and humans but
they can also decrease the quality of honey and devalue its beneficial
properties. This implies that there is need to monitor the presence
of neonicotinoids residues in hive products to assess the potential
health risks and to ensure that the honey quality whether for human
food or as bee food is not compromised. The present study aims to
investigate beehive matrix contamination by neonicotinoids in two
different landscape structures characterized by forested and cultivated
landscape. The results provide some insights in the safety of honey
from Kenya and some baseline information for more in-depth future
studies on other compounds of hive matrix in relation to honey bee
colony loses.

Methodology Sample Collection

Prior to undertaking the study in each of the apiaries, informed
consents were obtained from the owners of the honey bee colonies after
explaining to them the background and the purpose of the study. The
participants in this study were mainly small holder farmers working
individually or as part of a beekeeper’s association group.

Samples of honey and pollen were collected in Kiambu and Nairobi
Counties located between latitude 1°20" S-0°55"N and longitude
36°30"E-37°20"E approximately 1600 m above sea level (Figure 1).
The study sites consisted of two apiaries located in forested landscapes
of Ngong and Karura forest free from high levels of anthropogenic
activities and seven apiaries in cultivated landscapes of Juja, Thika,
Thika IPM, Gatundu, Kikuyu, Ruiru and Lari. Cultivated landscapes
had large fields of crops (horticultural, coffee, vegetables, potatoes,
french beans, pineapple farms and maize and beans). The nine apiaries
therefore were purposively chosen. Samples were collected from
only two apiaries in forested sites due to limited number of available

apiaries. The choice of the apiaries from each of these sites was based
on the number and the strength of active colonies present. In each of
the sites, three apiaries spread apart (>5 km from each other) were
randomly selected.

Sample preparation and extractions

Pesticide residues were extracted from honey samples according
to the method described previously by Irungu et al. [19,20]. Briefly,
samples weighing 5 g of either honey or pollen were homogenized in
separate 50 ml falcon tubes using 10 ml of water followed by 10 ml
of acetonitrile and a mixture of QuUEChERS salts. The samples were
then vortexed for 1 min and centrifuged at 4,200 rpm for 5 min. The
supernant was filtered through hydrophilic PTFE 0.2 pm. and diluted
at 1:1 (v/v) with water and finally transferred to auto sampler vial for
LC-MS/ MS for quantification.

Sample analysis

A target-residue approach, using LC-MS/MS for screening, was
adapted to search for chemical contaminants against 3 neonicotinoid
pesticides that were chosen based on the information obtained from
the farmers and local agrochemical stores. Data analysis was carried
out as previously described [20].

Results
Neonicotinoid residues in honey

Neonicotinoids residues detected in honey showed varied
concentrations among the apiaries studied (Table 1). Thiamethoxam
and Imidacloprid were below limits of quantification (LOQ) (0.1 ppb),
in all the apiaries investigated. Acetamiprid residue concentration
were detected in honey from Thika IPM 0.50 ppb, Juja 0.32 ppb and
in all other apiaries, Karura, Ngnog, Lari, Ruiru, Thika, Gathundu and
Kikuyu, and were all below the LOQ (Table 1). T-test analysis showed
no significant differences between acetamiprid residue in honey from
Thika IPM and Juja, t=3.5206, df=8 and p=0.007839). The levels of
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Figure 1: Map of Kenya showing sampling region Kiambu and Nairobi Counties (n=9 highlighted in triangles).
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thiamethoxan, imidacloprid and acetamiprid residues in honey were
below the MRL levels specified in EU standards (Table 1).

Neonicotinoid residues in pollen

The concentrations of neonicotinoids residues in pollen (bee bread)
ranged from levels below LOQ to levels higher than the acceptable
MRL limits (Table 2). Acetamiprid residues levels were below the LOQ
in all the sampled apiaries <0.10 ppb (Table 2). Thiamethoxan residues
ranged from 0.1 ppb to 47.80 ppb in Thika IPM while Imidaclopid
levels were up to 2.19 ppb in Thika IPM. Thiamethoxam residues
concentrations in Thika IPM were more than 4-fold higher than the
acceptable levels (10 ppb according to the European standards). There
was no significant differences in mean concentration of thiamethoxan
in Karura and Ngong stations (t=1.3279, df=1, p=0.4109). A t-test
also showed no significant differences in mean concentration between
imidaclopid concentration. In Thika and Thika IPM stations, t=1.5172,
df=1 and p=0.371) (Table 2). The other apiaries where thiamethoxam
was detected was in Karura forest (0.71) and Kikuyu (10.92).
Imidacloprid was also detected in higher concentrations in Thika and
Juja apiaries: 0.45 and 0.43 ppb respectively but were below the EU
levels.

Types of pesticides used on cultivated crops

During the survey, the study revealed that the types of pesticides
used on cultivated crops around the apiaries varied during the study
period (Table 1). The pesticides used can be categorized into 7 classes;
carbamates, organophosphates, herbicides, acaricides, neonicotinoids,
pyrethroids and fungicides (Table 2). Carbamate based pesticides
were the most applied and was applied by 32.4% respondents. The
other pesticides applied were pyrethroids by 14.6%, neonicotinoids
14.4%, organophosphates 14.5%, herbicides 15.7% acaricides and
5.6% fungicides by 1.4% of the respondents (Table 1). The pesticides
were applied mainly on coffee, maize, vegetables, tomatoes and
potatoes (Table 3). The study also showed that of the 32.4% of the
respondents who used carbamate based pesticides, 26.4% use carbaryl
on fruits, 13.2% use karate (pyrethroids) on tomatoes, thiamethoxam
(neonicotinoids) was used by 12% of the respondents on coffee and
roses, while dichlorvos (organophosphates) was used by 7.4% of the
respondents on potatoes. About 1.4% of the respondents did not use
any pesticides at all (Table 2). The study also revealed that banned
or restricted pesticides are still used in the study area. The banned
carbamate (aldicarb) and organophosphate (dimethoate is used
by 3.2% and 1.9% of the respondents respectively while 1.9% of the
respondents use the restricted thunder (imidacloprid) and 12% actara
(thiamethoxam). In Kenya the commonly used chemicals to control

thrips, cutworms and aphids from vegetables are bestox, thunder
(imidacloprid) dimethoate and bulldock [21]. However, found
that herbicides are rarely used in vegetable farming, while in Ghana
herbicides are mostly used in vegetable farming [22]. Study by Miriti et
al. in Central Kenya found out that Linuron (herbicides) and diazinon
(organophosphate) recorded high levels of application percentage.
A recent study by Irungu et al. [19] covering the agroecological
zones in Kenya also revealed insecticides contamination in hive
matrices are more common followed by herbicides. Pyrethroids and
organophosphates are preferred by farmers due to their familiarity,
different size packages and are affordable. Pyrethroids are also used
most because they are low in toxicity to humans, mammals and birds [23].

According to WHO [24] classification, dichlorvos (Phosvit)
are extremely hazardous and are applied by small percentage of
farmers. Macharia et al. [25] found out that carbamates are applied
by 41%, followed by pyrethroids (19%), organophosphates (16%) and
inorganics (5%). Carbamates are used widely because they are safer to
humans, and are effective on crop pests [24].

Discussion

The varied levels of neonicotinoid residues in honey from the
different apiariess is attributed to the nature of the surroundings,
location and distances of the apiaries from the intensive conventional
horticultural/farming. Results from this study revealed that honey
collected from apiaries located in agricultural field with high
horticultural crops, which use pesticides, are more contaminated
than honey collected in forested landscape and this is consistent with
previous studies [26]. This is possibly because cultivation of these crops
requires a large amount of pesticides and fertilizers as these are mainly
for export, hence the need for high quantities and short maturation
time. The presence of the three neonicotinoid residues, thiamethoxam,
imidacloprid and acetamiprid in the honey and bee bread could also
be attributed to large scale agricultural activities which are carried out
in Thika IPM, Juja and Kikuyu. These regions are known to have large
scale production of horticultural/Floriculture crops, French beans,
beans, roses, pineapples tomatoes and vegetables and large scale coffee
and tea plantations which heavily depend on pesticides. The survey data
indicated that 86% of the farmers in the study sites use neonicotinoid to
control pests in the coffee, tea and horticultural production. Intensive
use of pesticides is used during the wet season which happens to be
the season of high foraging (Table 3). Acetamiprid was the only
neonicotinoid residue in honey that was found in high levels in honey
samples collected from apiaries located in Thika IPM 0.5 ppb and Juja
0.32 ppb stations. The high levels could be attributed to the wide and
versatile application of pesticides which contain acetamiprid as an

i i Thiamethoxam (ppb) Imidacloprid (ppb) Acetamiprid (ppb)
Apiary/Residue
Detection EU standards | P Value s Detection EU standards | p-Values Detection EU standards | p-Values
Karura <LOQ 10 - <LOQ 50 - 0.10 50 -
Ngong <LOQ 10 - <LOQ 50 - 0.10 50 -
Lari <LOQ 10 - <LOQ 50 - 0.10 50 -
Ruiru <LOQ 10 - <LOQ 50 - 0.10 50 -
Thika <LOQ 10 - <LOQ 50 - 0.10 50 -
Thika IPM <LOQ 10 - <LOQ 50 - 0.50 50 -
Gatund u <LOQ 10 - <LOQ 50 - 0.10 50 -
Juja <LOQ 10 - <LOQ 50 - 0.32 50
Kikuyu <LOQ 10 - <LOQ 50 - 0.10 50 0.001

ote: Limit of quantification (LOQ)=0.10 ppb

Table 1: Neonicotinoids compounds detected in honey from sampled apiary sites.
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Apiary/Residue Detection Thiamethoxam (ppb) Imi-dacloprid (PPb) Acetamiprid (ppb.) EU standards | p-Values
EU standards P-Values Detection EU standards | p-Values Detection
Karura 0.71 10 - 0.10 50 - <LOQ 50 -
Ngong 0.10 10 - 0.10 50 - <LOQ 50 -
Lari 0.10 10 - 0.10 50 - <LOQ 50 -
Ruiru 0.10 10 - 0.10 50 - <LOQ 50 -
Thika 0.10 10 - 0.45 50 - <LOQ 50 -
Thika IPM 47.80 10 - 2.19 50 - <LOQ 50 -
Gatund u 0.10 10 - 0.10 50 - <LOQ 50 -
Juja 0.10 10 - 0.43 50 - <LoQ 50 -
Kikuyu 10.92 0.10 - 0.10 50 - <LOQ 50
Table 2: Neonicotinoid compounds detected in pollen (bee bread) and their concentration levels in ppb at 9 apiaries.
Trade name of pesticide Classification Crops grown near apiaries % of respondent
Cabaryl Carbamate Fruits 26.4
Karate Pyrethroid Tomatoes 13.2
Dimethoate (banned) Organophosphate potatoes 1.9
Thiamethoxam (actara) Neonicotinoid Coffee/horticulture 12
Metribuzin Herbicide Coffee 8
Pyraclostrobin Organophosphate Coffee/roses 1.9
Dichlorvos Organophosphate Potatoes 7.4
Atrazine Herbicide Coffee 1.9
Cypermethrin Acaricide Tomatoes/potatoes 5.6
Carbendazim Carbamates Roses 0.9
Mancozeb Fungicides Vegetables 0.9
Aldicarb (banned) Carbamate Maize 3.2
Bulldock Pyrethroid/organophospate Tomatoes 0.5
Imidacloprid (Thunder) Neonicotinoids Coffee/horticulture/Maize 1.9
Acetamiprid Neonicotinoids Coffee/horticulture 0.5
Ridomil Carbamate Tomatoes 0.9
Hexaconazole Fungicide Coffee/fruits 0.5
Bestox Pyrethroid Tomatoes 0.9
Antracol Carbamate Tomatoes 0.5
Diazinon Organophosphate 0.5
Dithane M45 Carbamate Tomatoes/vegetables 0.5
Malathion Organophosphate Coffee 2.8
Linuron Herbicides Maize 5.8
No pesticide use - - 1.4
100

Table 3: Types of Pesticide used and applied on cultivated crops in the study area during the study period.

active ingredient for control of sucking insects in horticultural crops.
Flowers and coffee are the main crops in Thika IPM and Juja stations.
The study also found that 14.4% of the farmers indicated that they use
neonicotinoid to protect their crops against the pests. The hygienic
behaviour of bees and physiological susceptibility of honey bees may
have influenced the concentration of acetamiprid detected (Table 3).
Furthermore, bees have the ability to filter out or have catholic taste
capable of diluting pesticides compounds in honey [27] and this could
be responsible for the low concentration of acetamiprid detected
despite its use.

Thiamethoxam and imodacloprid were detected in bee bread
(pollen) from apiaries located in Thika IPM 47.80 ppb and 2.19
ppb respectively. Other apiaries which recorded presence of these
neonicotinoids were Kikuyu, Thika and Juja. Contamination of pollen
may have occurred through both contact and oral exposure. Bees are
often covered with contaminated pollen during foraging activities
and transport chemical residues into beehives. Previous studies that

investigated chemical residues in hive products have also reported a
similar trend leading to some researchers concluding that pollen is the
most contaminated hive products [20,28]. Thiamethoxam in particular
is a broad spectrum systemic insecticide used in control of sucking
insects in flowers, vegetables, leaf miners in coffee and for maize and
beans treatments. The levels for this chemical in apicultural products
that would not pose a health concern is more than 4-fold lower (10
ppb) than the concentration reported in this study (47.8 ppb) which
would therefore be considered hazardous for both human and bees
consumption. The higher levels detected is not surprising considering
that the region in question is dominated by both small-scale and large-
scale farming of horticultural crops, such as french beans, pineapples
and coffee farming. Moreover, most of the farmers from this site
indicated that they used thiamethoxam in their farms to control pests
in coffee and horticultural farms (Table 3). In addition, the wet season
sampling in this region coincided with high period of heavy pesticide
spraying and application.
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Aspects that contributes to presence of acetamiprid in honey
samples

First, the distance/location of colonies from intensive conventional/
horticultural crops or Nature of the surroundings. The selected apiaries
were located in landscape dominated by coffee, grain crops (maize and
beans), vegetables and coffee plantations. Apiarieslocated in agricultural
fields with high monoculture crops and high anthropogenic activities
are more contaminated [26]. Apiaries in Thika IPM were in close
proximity to rose and coffee plantations thus the higher concentration.
This indicated the possibility of honeybees foraging on contaminated
pollen and nectar and carrying pesticides into food chain through the
hive matrix into hive products in beehives.

Second, the presence of acetamiprid insecticides in honey samples
confirms actual transfer of neonicotinoid insecticides from exposed
honey bees into honey. The acetamiprid acute oral toxicity; LD, =14.53
ug/bee according to European commission 2011 analysis report, thus
honeybees are not easily exposed to lethal doses of acetamiprid during
their foraging activities and thus are able to transport acetamiprid into
hives.

Third, frequency of pesticide application and use of acetamiprid.
The wide and versatile application of the plant product containing
acetamiprid as active ingredient which was used in control of sucking
insects in horticultural crops (flowers) and leaf miners in coffee. The
survey data indicated high frequency of acetamiprid application.

Fourth, thehygienicbehavior ofbeesand physiological susceptibility
of honey bees may influence the low presence or concentration of
acetamiprid. It is well documented that bees have the ability to filter out
or have catholic taste capable of diluting pesticide compounds in honey
[6,27,29]. When they come into contact with active ingredients, they
react by increasing the uptake of non-contaminated foods and decrease
their concentrations of active ingredients in the honey sac [29,30].

Fifth, pesticide concentration was also influenced specific bio-
transformations, pesticide residues found in one matrix of beehive
were not systematically present in the other [31,32]. This explains
why some species of neonicotinoid residues found in honey were not
similar to those detected in pollen.

Sixth, the sampling period contamination levels were linked to
meteorological conditions and were generally higher during dry
months. In the present study the sampling at Juja and Thika IPM
apiaries was carried out between April-early May and was associated
heavy crop treatments with acatamiprid and surprisingly this period
coincided with high foraging activity. It absence in other sampled
apiaries could be attributed to difference in treatment times.

Acetamiprid in honey was detected at remarkably low levels
ranging from 0.10 to 0.50 ppb when compared to its set MRL values
(50 ppb); it was far (below) its respective limits established for food
products. This clearly indicates the absence of any health risks for the
consumers of honey in the region.

Aspects that contribute to presence of thiamethoxam and
imidacloprid detected in pollen

First, nutritional scarcity may influence levels of pesticide residues
detected in pollen(beebread); honey bees feed are exposed to residues
when they feed on stocked pollen for food reserves especially during
dry season. The study was conducted between April-August 2015
which was period of high pesticide use and foraging activity of bees
[33,34]. Pollen is a major food source for growing bee larvae and nurse

workers, and so is a likely source of exposure of bees to neonicotinoids
[35]. Systemic introductions of pesticides into pollen may have direct
consequences for honey bee health and ultimately lead to pesticide
contamination of honey containing food. It has been noted that
pollen is of critical importance for foraging bees and food supply of
the beehives [36]. Regarding other studies pollen is most contaminated
beehive products [6].

Secondly, the contamination of pollen can occur through both
contact and oral exposure. According to Williams et al. pollen loads are
stocked by bees within the colony in the form of bee bread, a mixture
of honey, pollen and several enzymes. When honey bees forage on
treated crops, there is a risk of pesticide ingestion [37]. Moreover,
bees are often covered with pollen, and other hive matrices mates
could be contaminated by topical contact [32]. They could therefore
be exposed directly to neonicotinoids when they get into contact with
contaminated pollen or bee bread, or indirectly when honey bees feed
on the stocked pollen, especially during the dry season [32,38-40].

Thirdly, wide and versatile application and use chemicals.
Thiamethoxam is an active ingredient of the widely used plant
protection product which is applied as a spray in different crops in
the control of pests in flowers, vegetables and maize and bean seed
treatment. Imidacloprid was detected in apiaries near crops such as
maize, potatoes and vegetables. Beekeepers through survey indicated
that they applied the chemicals twice per week and hence frequency of
application may also have influenced the concentration levels. However,
frequency of application depends on meteorological conditions during
the application [34,40].

Fourth, systemic properties of thiamethoxam and imidacloprid.
These chemicals can be detected in low levels in pollen and nectar [41]
because they are applied in small molecules. Other factors that could
have influenced the presence of this chemical in pollen could be the
toxic nature of the chemical to bees. Species of neonicotinoid which
residues were found could link with bee-toxicities. Thiamethoxam is
considered to be highly toxic to honey bees with LD, of 0.025-0.029
ug/bee (USEPA). Its presence in pollen indicates high application of
the compound in the field thus honey bees collected the contaminated
pollen during foraging activities and transport thiamethoxam
into beehives.

Fifth, types of crops treated with chemical around apiaries [42-51].
In this study coffee and horticultural crops were dominant crops that
heavily depended on the pesticides. The levels of concentration could
also influenced by the size of the plantation. Thiamethoxam, broad
spectrum systemic insecticides were used in controlling of sucking
insects in flowers, vegetables, leaf miners in coffee plantations [52-59].

Conclusions

Based on the findings of this study, the conclusion drawn was
that neonicotinoid was frequently used by famers in Thika IPM,
Thika, Juja, Karura and Kikuyu for controlling pests on horticultural;
french beans, pineapples and coffee farms in Kenya. The low levels of
neonicotinoids in all honey samples demonstrate that Kenyan honey
is safe for human consumption especially from forested landscapes.
However, the presence of neonicotinoid residues in beehive products
indicate that neonicotinoids is creating a food safety problem in the
beekeeping industry hence additional monitoring is necessary. Further
studies are also needed to investigate the accumulative effect of these
neonicotinoids over time and also hygienic behavior and sensitivity
of African honey bees in response to different neonicotinoids levels
compared to European bees.
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