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Abstract

Cocoa (Theobroma cocoa), which is the key ingredient of chocolate, is an important economic
crop plant which supports the livelihoods of an estimated forty to fifty million people directly
involved in 1its cultivation. Many cocoa producing countries, especially those from the
developing world, rely on the income from cocoa export to support their economies. The plant
is, however, prone to disease and pest attacks and therefore requires the application of large
volumes of pesticides to guarantee satisfactory productions. Even though pesticides help
protect the cocoa plant from disease and pest attacks, unintended effects of environmental
contamination are also a possibility. Honey, a product of nectar collected by honeybees from
flowers during foraging, may be a useful proxy for the extent to which landscapes are exposed
to pesticides and the degree of pesticide accumulation in the environment. The overreaching
question is: to what extent has the effect of pesticides imputed for cocoa production on honey

received attention in research? In this present study, we conducted a systematic approach to
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quantify existing studies on honey contamination from plant protection products approved for
cocoa cultivation. We observed that one hundred and sixty-nine different compounds,
comprising some recommended and other unapproved compounds for cocoa cultivation, were
detected in 81% of the reviewed 104 publications. Our results further point to the
neonicotinoids as the most detected class of pesticides, with imidacloprid particularly being
the single most detected compound. However, the most remarkable observation made from this
study points to disproportionate studies of honey contamination from pesticides conducted in
cocoa and non-cocoa producing countries with only 19% of the publications taking place in the
latter. To bridge the gap, we suggest prioritising increased research in cocoa growing countries
to ameliorate the significant gaps in knowledge owing to limited studies emanating from these

geographic regions.

1.0 Introduction

Cocoa (Theobroma cocoa) is an essential economic crop with widespread global demand and
uses owing to its rich protein, carbohydrate, fats and vitamin contents [1]. An estimated 40 to
50 million people depend on cocoa cultivation for their income [2]. Many cocoa producing
countries, especially those from the developing world, heavily rely on the income generated
from its export to support their economies [3, 4]. The economic value of cocoa is estimated in
the region of US$11.8 billion from global annual production of 4.2 million metric tons of cocoa
beans [2]. The overall cocoa confectionary market generates about US$80 billion worldwide
[5] with West Africa being its main production hub. The cocoa plant is, however, vulnerable
[6, 7] to attacks from the cocoa swollen shoot virus, beetles and capsids (miridae) and
phytophthora pod rot (commonly called black pod) [8, 9]. Between 20% to 30% of cocoa
produced around the world is lost to pest and disease attacks [10]. The black pot disease alone

accounts for the loss of 700,000 metric tons on global scale [11]. An economic loss to the tune
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of US$3.16 billion from production losses caused by insects pests and diseases has been
reported [12]. The potential annual production levels are therefore hampered by the negative

effects of pest and disease.

In view of the impact of disease and pests on cocoa plants, concerns have been raised about
possible threats to annual production even though efforts are being made to ensure increased
outputs [13]. Pesticide application has therefore become a highly popular approach for its
cultivation to prevent losses and help meet global demands [14, 15]. In Nigeria alone, an
estimated 125,000 to 130,000 metric tons of pesticides are inputted for cocoa cultivation in
order to safeguard production levels [16]. Even though it is acknowledged that there has been
a more focused use of pesticides on cocoa farms, concerns have still been raised about
environmental pollution from the use of pesticides for cocoa production [16]. Some of these
concerns are related to the potential impact of pesticides imputed for cocoa cultivation on the
general environment and other food substances produced nearby [17]. This is premised on the
fact that a significant proportion of applied pesticides also find their way into the environment
[18]. Just about 0.01% of applied pesticides are determined to reach their target but the rest
filters into general ecosystem [18, 19]. The use of pesticides therefore holds inherent potential
to contaminate the environment and threaten human health at some level of concentrations if

they enter into the food chain [20, 21].

Honey, which is a sticky scented food, is a transformed product of nectar and other emissions
from flowers and plants, produced by honeybees and stingless bees [22, 23]. It is a highly
concentrated solution consisting largely of sugars enriched with protein, mineral, vitamins,
organic acids, amino acids and polyphenols as the key micro-nutrients [22, 24]. Honey is

recognised and marketed as a functional food owing to its intrinsic health-promoting properties
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from clinical confirmations [25]. As a source of sugar, honey has been used in the production
of honey wines and beer and as additives in breakfast cereals and bakery goods [26]. Beyond
its value as food, its application has essential medicinal values [23]. It is been found to be a
rich source of antioxidants which have been identified as having potential in the treatment of
different ailments including cancer, cardiovascular diseases, inflammatory disorders and upper
respiratory infections [23, 27]. Saha [28] indicated that honey has been proposed for the
treatment of gastrointestinal, heart-related and inflammatory conditions. The presence of
phenolic acids, flavonoids, ascorbic acids, proteins, carotenoids and enzymes like glucose
oxidase and catalase in honey are identified as potential sources for the proposed health

properties of honey [29].

The maximum residue limit (MRL) is the highest permissible level of pesticide residue
(expressed as mg/kg) recommended by the Codex Alimentarius Commission as legally
accepted in food commodities and animal feeds [30]. MRLs serve as guidelines and codes of
practices to safeguard the health of consumers and to guarantee fairness in food trade
commodity [31, 32]. Created in 1963 by the FAO as an international body [33], the Codex
Alimentarius is mandated to develop safety requirements for all food and animal feed and
related texts which are presented in a uniform manner [30]. The European Union takes into
consideration the MRLs specified by Codex Alimentarius as well as issues of good agricultural
practices in setting MRL within its regional block [32]. On 23" February, 2005, the European
Parliament and Council adopted Regulation No. 396/2005 (which amended the Council
Directive 91/414/EEC) which articulated MRLs of pesticides in food and feed from plant and
animal sources [34] within the European Union which is one of the world’s biggest market for
agricultural products. The model for calculating the MRL was revised by EFSA to streamline

its calculation and ensure conformity with the internationally agreed assessment methodology
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100 following Joint Meetings on Pesticide Residues [35]. As a natural food produced by Appis
101 mellifera, honey is deemed a food substance of animal origin under Directive 2001/110/EC
102  and therefore needs to meet specified requirements. The EU has established MRLs for
103  pesticides in honey which range from 0.05 mg/kg to 0.2 mg/kg [36]. Where an MRL is not
104  specified, the default limit of 0.05 mg/kg is applied in honey [37]. However, different national
105  orregional bodies also tend to set different upper pesticide residue concentration limits but this
106  has been cited as a source of confusion in international markets [38]. Harmonization and
107  standardisation of MRLs is therefore a necessity.

108

109  Honey bees collect water, nectar pollen and other resources from the environment into the
110  beehive for the production of honey [39]. The foraging behaviour of bees throughout the
111 general environment means that bees can transport foreign bodies which may compromise
112 colony products. Honey, as a hive product, is susceptible to potential contamination from the
113 use of applied pesticides for crop production [40] and can be used as a proxy to evaluate the
114  general state and health of the environment because of its ability to reveal the chemical
115  condition of the environment [41, 42]. The levels of contaminants in honeybees, honey and
116  pollen have been used to assess the level of heavy metals in the environment in both natural
117  and human disturbed landscapes [43, 44]. Similarly, Perugini et al., [45] used contaminations
118 in honey bees, honey and pollen to access the presence of polycyclic aromatic hydrocarbons in
119  the environment. It is clear therefore that studies of pesticide contamination in bee products
120  such as honey can be used to assess the extent of pesticide use in a particular environment. This
121 review utilises this relationship between pesticide contamination of honey and pesticide use in
122 the broader environment to evaluate the current state of knowledge of the extent to which
123 pesticides used for cocoa cultivation have been detected in honeys in different geographical

124  regions. Specifically, the study seeks to:
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125 e Examine the period and geographical spread of existing studies of contamination of
126 honey by pesticides approved for cocoa cultivation.

127 e Synthesise the different classes and types of pesticides studied during the study period
128 in the different regions.

129 e Assess the concentrations of detected pesticides in relation to the maximum residue
130 limit (MRL) set by the European Union

131 e Evaluate the different approaches and techniques usually applied for the extraction and
132 analysis of pesticide residues in studies.

133

134 2. Materials and methods

135 2.1 Formulation of search strings

136 A set of set specific search strings were developed in relation to the objectives outlined for this
137  study. Prior to developing the search strings, a preliminary study was undertaken in Google
138  Scholar to identify key publications that report on the pesticides recommended for cocoa
139  production to guide the construction of the search strings. Eight publications (seven peer
140 reviews and one international report) were found that reported on approved pesticides for cocoa
141  cultivation in key cocoa producing countries, namely Ghana, Nigeria, Cameroun and Ivory
142 Coast, which account for 70% of the world’s cocoa production [46]. These publications
143  facilitated the compilation of a list of the key pesticides comprising 23 insecticides, 17
144  fungicides and 2 herbicides approved for cocoa cultivation (S1 Table). Following the
145  successful compilation of this list, three sets of search strings (S2 Table) were formulated for
146 literature search. Search strings were broken into two to reduce the length of the string for each

147  category of search engine.
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148

149 2.2 Literature search

150  The search strings formulated were used to search within Web of Science Core Collection,
151  PubMed, and Scopus to retrieve publications which satisfied the inclusion criteria set out for
152 this study. The Web of Science Core Collection and PubMed were searched on 12" October
153 2020 following which 891 and 469 papers were retrieved respectively which were exported to
154  EndNote. The output of 1,360 datasets retrieved from these two search engines were strictly
155  peer reviewed publications and therefore books or book sections, reviewed papers, theses, and
156  grey literature were not exported. Grey literature were excluded from the study as they have
157  been found to sometimes exhibit potential lack of research method stringency [47]. Further to
158 this, only journal articles published in English were searched for the study due to limitations in
159  speaking and writing in non-English foreign languages. Even though searches using multiple
160 languages would have been more advantageous, using only English did not offer any
161  considerable bias because study has established that 90% of natural science research is
162  published in English [48]. A further search was conducted in Scopus on 26" October 2020
163  using the developed search strings which resulted in 524 retrieved articles which were also
164  exported into Endnotes bringing the total dataset of retrieved article to 1,884. The author lists
165 and titles of exported dataset were compiled and listed in Microsoft Excel to identify and
166  remove duplicates. Duplicates based on the combined list were then removed using conditional
167  formatting in Excel resulting in a dataset of 1,282 articles. These were then screened based on
168 the titles and the abstracts to assess the studies which report residues of active ingredients of
169  pesticides in honey. However, no restriction on study design, date, or geographical zones were
170  applied during the literature search for the relevant studies for this review. The screened data

171 vyielded a total of 91 papers. However, one article was not accessible. An email was sent to the
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172 corresponding author with a request for the paper, but no positive response was received.
173 Subsequently this paper too was excluded. The shortlisted papers for inclusion at the beginning
174  of the study comprised 90 articles. These were subjected to quality assessment prior to data
175  extraction. This resulted in the further exclusion of 2 studies (see section 2.2). The flow chart
176  in (Fig 1), based on [49] shows the procedure taken to arrive at the included publications at the
177  start of this study. However, at the time of submitting the manuscript, twenty-four months had
178  elapsed. Therefore, an up-to-date data search was performed to retrieve probable studies
179  published from November 2020 to November 2022. The three databases being used for this
180  study, namely Scopus, PubMed and Web of Science were subsequently searched on 27™
181  November 2022 using the search strings developed for this study. The search resulted in an
182  initial list of 2,610 publications. Refining it through automation by limiting the years from
183  November 2020 to November 2022 and further limiting it to only peer reviewed English
184  published journals reduced the number to 261 (Web of Science=111, PubMed=142 and
185  Scopus=16). These were exported to EndNote which was then used to remove duplicates. This
186  was followed with a manual check for further removal of any duplicates still existing. Total
187  duplicates removed using EndNote and a manual check was 78. The abstract and titles of the
188  remaining 193 publications were then screened following which 170 were excluded as having
189  not studied residues in honey. This resulted in 23 publications. However, the publication by
190 [50] was not accessible and it was therefore excluded before text screening and quality

191 assessment.

192

193  Fig 1. Procedure followed to select journals for inclusion in this systematic literature

194  review. Based on PRISMA flow chart [49].

195
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196 2.2 Quality assessment

197  Before conducting data extraction, each selected study was appraised to assess it in terms of
198  quality and suitability (S3 Table). This allowed us to evaluate the strengths and limitations of
199  each study [51]. The appraisal process enabled us to include only studies which were of
200 sufficient quality for this review. Our study was designed to address multiple study objectives
201 by evaluating a broad range of multiple issues that included differences between countries of
202  study, analytical techniques, extraction techniques, detected pesticide residues in the context
203  of limit of detection and quantification, among others. In order to have reproducible criteria for
204  the critical assessment of the quality of all selected studies and also taking into consideration
205 the aims of our review, we applied a checklist of eleven customized questions (S8 Appendix)
206  based on proposed checklists [52] for evaluating quantitative studies. The included studies were
207  appraised by two reviewers using the scoring system previously applied by [52]. In this grading
208  system, selected studies are scored to what extent they satisfied the criteria (“yes”=2,
209  “partial’=1, “no”=0, NA=not applicable). The scoring systems developed by [52] had been
210  designed using the guidelines previously developed by [53] and [54]. In our study, the first
211  reviewer appraised each selected study which was subsequently validated by a second
212 reviewer. The overall scores agreed by reviewers ranged from 45% to 100%. Based on the
213 outcome of the quality assessment conducted, reviewers agreed for eight studies (two from the
214  previous search and six from the up-to-date search) to be excluded. Of these eight studies, three
215 analysed pesticides residues in honey samples were collected from multiple countries and
216  therefore the study could not be assigned to one specific country for analysis. The other five
217  studies only utilised blank honey as a sample matrix exclusively to demonstrate the robustness
218  of the analytical method but did not quantify concentrations of pesticide residues in those

219  samples. They were therefore deemed ineligible for further assessment. Overall, one hundred
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220  and four (104) studies were deemed to have satisfied both the inclusion criteria and quality

221  assessment for inclusion in this review (S3 Table & S6 Fig)

222

223 2.3 Data extraction procedure

224 A comprehensive review of the full test of each included paper was conducted to identify
225 relevant data which were subsequently extracted. The set of various data extracted from
226  included studies, which covered information of year of publication, geographic location of
227  study, types of pesticides studied and detected, extraction and analytical techniques, among
228  others are captured in Table 1. Furthermore, qualitative data such as summaries of the abstracts,
229  key findings, aims and study design of each article were also captured as part of the data

230  extraction.
231

232 Table 1. Type of data extracted from included articles. Based on this, a customised data

233 extraction form was developed and used for data capture and processing.
234

235  Pesticides were recorded in three categories, namely insecticides, fungicides, and herbicides.
236  Pesticides targeted in each study were recorded and those detected subsequently identified and
237  their concentrations recorded and compared with the maximum residue limits (MRL) set by
238  the European Union. This was carried out to determine those which exceeded the MRL which
239 s expressed as the milligram of residue per kilogram of feed commodity (mg/kg). All units of
240  concentrations of detected pesticides given in different units were converted to mg/kg.

241

242 3. Results

10
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243 3.1 Geographical spread and period of study

244  The results reveal that the first of the 104 papers included in this study was published in 1997.
245  However, publications were not sustained immediately after 1997 as the next published paper
246  wasrecorded five years later (Fig 2A). Even though the trend of publication persisted thereafter
247  with no breaks, publications started experiencing exponential growth from year 2015. Seventy-
248  three percent of the included studies were published from 2015 to 2022 with at least 7
249  publications per year except the year 2021 where 4 studies were published. Overall, the year
250  with the highest number of studies was 2018 which accounted for 15% of the included studies
251  (Fig 2A & B). The aim and key findings from each study are summarised in the data set (S4

252 Table).
253

254  Fig 2. The year and country where existing studies were conducted. The studies were
255  published over a 25-year period across 35 countries. A) Non-cocoa growing countries
256  where studies were conducted with the first study taking place at Spain. B) Cocoa
257  producing countries where studies took place. Overall, 18 studies were conducted in eight
258  cocoa growing countries with the first study taking in India eleven years after the first

259  study was conducted in Spain.
260

261  Our findings show that the spread of the studies was skewed towards Europe (43%) and Asia
262 (30%). But even though the highest number of the studies took place in Europe, they were
263  concentrated in Spain where 33% of the 47 studies conducted in Europe took place. Similarly,
264 48% of the 31 studies conducted in Asia took place in China. Overall, the highest proportion

265 (81%) of the included studies took place in twenty-seven countries where cocoa is not

11
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266  cultivated. Further observation made revealed that at least one study was conducted on each

267  continent except Antarctica where no studies took place (Fig 3).

268

269  Fig 3. Geographical spread of the studies that were undertaken (grey areas=no studies).
270  Spain (15 studies), China (15 studies) and Italy (10 studies) were the top three countries
271  with most studies. One study each was conducted in Ivory Coast and Ghana which are

272 the first and second ranked cocoa producing counties in the World respectfully.

273

274 Out of the 20 studies which took place in cocoa producing countries results show that 8 studies
275  were conducted in Brazil which is ranked sixth highest cocoa producing country in the world
276 and accounts for 5% of global production of cocoa beans (S5 Table). A further 4 studies were
277  carried out in India ranked as the sixteenth cocoa producing country with production levels
278  being less than 1% of global production. Only one study was conducted in each of Ivory Coast
279  and Ghana which are ranked first with 39.1% production and second with 17.0 % production
280  respectfully in global cocoa productions. Mexico (2 studies) , Pakistan (2 studies), Thailand (1
281  study), and Uganda (1 study) make up the rest of cocoa producing countries where studies
282  took place. The eight cocoa producing countries where studies took place represent 14% of

283  the 57 cocoa producing countries worldwide (Fig 4).

284

285  Fig 4. The 57 cocoa producing countries in the world based on the metric tons of cocoa
286  produced annually. Ivory Coast is ranked first with 2,034,000 metric tons of annual
287  production. 19% of the included studies took place in eight cocoa producing countries.
288  (Grey areas = non-cocoa producing areas).

289

12
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290 3.2 Limit of detection and limit of quantification applied in

201 studies

292  The Limit of detection (LOD) is the validated lowest concentration of a trace substance
293  detected using regulated or standard procedures [55, 56] and the limit of quantification (LOQ)
294  isthe smallest concentration of a substance which can successfully be quantified [57, 58]. Both
295 LOD and LOQ were evaluated for all pesticide residues that were detected in the included
296  studies (S3 Table & S4 Table). Our result showed that 80% of included studies applied LODs
297  which were below the specified EU MRLs for the studied compounds. However little
298 information was provided in 18 studies to establish the applied LODs. From the studies with
299  clearly stated LODS, it was only in three studies where the reported LOD exceeded the MRLs.
300 Similarly, most studies (77%) clearly indicated the applied LOQs which were found to be lower
301 than the MRL. In 17 others, limited information was provided on applied LOQ. From the
302 clearly stated LOQs, three were found to exceed the MRL. Furthermore, in two other studies,
303 the LOQ did not exceed the MRL, but they were not sufficiently low enough for the
304  quantification of trace elements.

305

306 3.3 The classes and types of pesticides evaluated

307 A broad spectrum of pesticides, including different types of insecticides, fungicides, herbicides
308  other types of pesticides were analysed in honey over the years. However, our results show that
309 insecticides received the highest attention having been studied in 91% of the eligible papers.
310  Overall, only 4 publications studied insecticides, fungicides, and herbicides together in the
311  same study. It was observed that pesticide residues were detected in 80% of the 104 studies

312 reviewed. Our study found that a total of 169 different compounds, comprising of some of

13
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313  those recommended as well those not approved for cocoa cultivation, were detected in 86
314  studies which took place in 30 out of the 35 countries where studies were conducted (Fig 5).
315

316  Fig 5. Heatmaps with colour scale on the right of each graph showing the detected: A)
317  organochlorines and organophosphates B) neonicotinoids and pyrethroids; C) fungicides
318 and herbicides and D) acaricides other pesticides which were studied (x-axis) over the
319  period and the respective countries where detections took place (y-axis). To this figure,
320 concentrations of each detected pesticide were averaged per the number of detections per
321  country to get one value for each pesticide detected. Units for all detected pesticides were
322  standardised by converting to mg/kg which is the unit used by the European Union which
323 was adopted for this study. The individual graphs can be referred to at S1 Fig to S4 Fig.
324

325  The most detected classes of pesticide were the neonicotinoids with imidacloprid (detected in
326 20 studies), thiamethoxam (in 14 studies), acetamiprid (in 13 studies) and clothianidin
327  (detected in 9 studies) being the most detected. Interestingly however, we observed that the
328  first top three most detected classes of pesticides in the six cocoa growing countries, were the
329  organophosphates, organophosphates and pyrethroids in that order (Fig 6 & S6 Table). Eleven
330 approved insecticides for cocoa cultivation namely capsaicin, chlorantraniliprole,
331  thiamethoxam, acetaprimid, etofenprox, indoxacarb, pirimiphosmethyl, promecarb,
332 pyrethrum, sulfoxaflor, and teflubenzuron and one herbicide (i.e., paraquat) were not detected
333  in any of the studies conducted in the cocoa growing countries. Additionally, our findings
334  showed that only 2 of the 18 recommended fungicides for cocoa production (S1 Table), namely
335 Metalaxyl-M and its isomer Metalaxyl, were detected in studies conducted in cocoa growing
336  countries. One outcome emanating from our study shows the detection of 49 pesticides largely

337  detected in India, Mexico and Brazil, which are not recommended for cocoa production [59].
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338

339  Fig 6. The classes of pesticide residues detected in studies which were conducted in six
340 cocoa growing countries namely Ghana (1 study), Ivory Coast (1 study), Brazil (4 studies);
341  Mexico (1 study); India (4 studies) and Pakistan (2 studies) where pesticide residues were
342  detected. The highest number of pesticides residues (40 detections) were recorded in
343 India. No pesticide residues were detected in studies conducted at Thailand and Uganda
344  the other lists which make up for the cocoa growing countries.

345

346  The outcome from this study shows that multiple studies took place in some countries (i.e.,
347  54% of included 35 countries) with one study taking place in the rest. Spain and China,
348 accounted for the highest number with fifteen studies each. Among the cocoa producing
349  countries, our results show that Brazil, India, and Mexico were the only the countries where
350 more than one study was conducted. Our results show that some pesticides were separately
351  detected in different studies within in the same country (seven countries in all). An assessment
352  of the concentrations of these pesticides, where these pesticides were detected in the same
353  jurisdiction, sowed that they were usually found to be at varying concentrations (Table 2).

354

355  Table 2. Pesticides detected in different studies within country where more than one study
356 was conducted. Concentrations generally fluctuated except for azoxystrobin which was
357 detected at the same concentration in two separate studies conducted in Estonia.

358
359 3.3.1 Detected banned pesticides
360  Some pesticides are banned for use in various jurisdictions based on different legal instruments.

361  For this study, "banned" pesticides evaluated in this study are based on the Stockholm

362  Convention. Under the Stockholm Convention on Persistent Organic Pollutants (POs), which
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363 is signed unto by 184 states and the European Union, the production and agricultural uses of
364 many organochlorines have been phased out or restricted because of their persistence in the
365 environment and the danger they pose to human health [60]. All the countries where the
366 included studies took place are parties to the convention, even though the USA and Italy are
367 yet to ratify it. No banned pesticides were detected in 96 % of the included studies reviewed in
368  this study. The banned pesticides were organochlorines which confirmed in three cocoa
369  producing countries namely Ghana, India, and Mexico. In the study conducted in Ghana,
370  Dichlorodiphenyltrichloroethane (DDT), an organochlorine insecticide which is the first of the
371 modern synthetic insecticide manufactured primarily to fight malaria, typhus and for
372  agricultural uses [61], was confirmed in 0.01 mg/kg concentrations. We observed that in a
373  study conducted at Mexico, Ruiz-Toledo, Vandame [62] confirmed the presence of 10
374  organochlorines including heptachlor (0.13173 mg/kg); hexachlorocyclohexane (HCF, 0.654
375 mg/kg), endrin aldehyde (0.03564 mg/kg), and dichlorodiphenyldichloroethylene (DDE,
376  0.154358 mg/kg) were detected in honey from the Chiapas vicinity where official approval for
377  their usage was withdrawn in the 2000’s. Hexachlorocyclohexane (HCH) which is used as an
378 insecticide on fruit, vegetables and forest crops, and its isomers, endosulfan and aldrin, were
379  detected in the studies which were conducted in India at concentrations of 0.0028 mg/kg,
380  0.00253 mg/kg and 0.00201 mg/kg respectively. It must however be pointed out that, unlike
381  the other three counties where DDT is completely banned from use, DDT is still permitted for
382  fumigation against mosquitoes as a malaria controlled measure in India [63]. In Spain, DDE
383  (0.09-0.6598 mg/kg) a metabolite of DDT, was detected in one out of the sixteen studies which
384  were conducted.

385

386 3.4 Exceedance of EU MRLs
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387  Overall, 13% of the included studies in ten countries recorded concentrations of pesticide
388  residues which exceeded the maximum residue limit (MRL) set by the European Union in
389  honey (Table 3). Of note, EU MRLs are occasionally revised in light of additional scientific
390 data becoming available to the European Food Safety Authority, and during the time period of
391 this study, these revisions resulted in an increase in MRLs for certain pesticides, It was
392  additionally observed that there was one study where the malathion concentration was found
393  to have exceeded the MRL set in India, but the upper limit was found to be below that of the
394 EU MRL at the time of publication. Among the cocoa producing counties, MRLs exceedances
395 took place in Ivory Coast, India, and Brazil. At the continental levels, our results did not show
396  exceedances of MRLs at North America (4 studies) and Australia (1 study).

397

398 Table 3. Concentrations of pesticide residues which exceeded the maximum residue limits
399 as specified by the European Union. Concentrations marked in asterisks which were
400 deemed to have exceeded the previous MRL set by the EU in 2005. However, these
401  concentrations are below the revised MRL set by the EU in 2022. Malathion exceeded
402 MRL set by India; however, the concentration recorded is below both the previous and

403  current MRL set by the EU.

404

a0s 3.5 The types of honey investigated in existing studies

406  Raw honeys are unprocessed honeys which are taken directly from the beehive or from location
407  of production [64]. However, commercial honeys differ from raw honeys in terms of processing
408  [65] because they are processed at high temperature sometimes being heated to 70 degrees
409  Celsius to reduce viscosity and then given rapid cooling as a way of easing handling and
410  packaging processes [66] and to inhibit microorganism growth and reduce moisture content

411 [67]. It was found out that both commercial honeys (35 studies) and raw honeys (61 studies)
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412 were analysed in the included studies except in one study conducted in Spain where the source
413  of honey analysed was not specified. Both commercial and raw honeys were analysed at the
414  same time in 7 % of the studies. Even though commercial honeys were studied over the period,
415  limited information on honey as either being heated or pasteurised was not frequently recorded
416  for detailed analysis. Although it has been established that heating tends to decrease honey
417  quality with the potential to degrade pesticide residues [68], it was not possible to evaluate how
418  these impacted the pesticide levels because information on honey either being heated or
419  pasteurised before analysis was not frequently recorded for detailed analysis. Just 4 papers
420 indicated that honeys were heated before analysis. None of the included studies indicated an
421  analysis of blended honey in their studies. It was therefore not possible to evaluate parameters
422  such as whether commercial honeys were blended. Most of the studies (61%) analysed residues
423  inhoney as the only matrice in a study. However, for the rest, residues were analysed in honey
424  alongside other matrices which included pollen, beeswax, vegetables, honeybees, fish,

425  beebread with the analytical technique applied also proving successful.

426

227 3.5.1 Honey sampling per study

428  Most studies performed analysis of pesticides residues in honey samples collected on just one
429  occasion but in 11 studies, honey samples were taken for analysis on multiple times. All the
430 11 studies which analysed honey samples multiple times used raw honeys. Eight of these
431  studies collected and analysed honey samples either over a two-year period or in multiple
432 months within the same year. Three studies analysed honey samples continuously for three
433  years. One study uniquely analysed honey sample continuously for nine years [69]. Only one
434  of the eleven studies, where samples were collected and assessed in multiple times across

435  different seasons or year, took place in a cocoa growing country (Uganda).
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436

437  Outcomes from such multiple sample collection recorded varied outcomes. No pesticide
438  residues were detected in the study conducted in Uganda. It was observed that in two
439  independent studies conducted in Chile, no pesticide residues were detected in one study, but
440  in the other study acetamiprid, thiamethoxam, thiacloprid and imidacloprid were confirmed in
441  three honey samples but the detections did not overly fluctuate. The other study where no trace
442  of pesticide residues was detected in honey collected on multiple times was conducted in Spain
443 by [70] during their two-sampling campaign in 2008. In a study conducted in France,
444  contamination was found to be higher in samples in early spring in a study where samples were
445  collected from apiaries in the spring, autumn, and both the early and late summer. In one study
446  conducted in Egypt, acetamiprid and imidacloprid were detected in samples assessed both in
447  the spring (clover season) and summer (cotton season) at different concentrations across the
448  two seasons. One study confirmed the concentration of clopyralid and glyphosate to be higher
449  than the MRL in Estonia a study where samples were collected and analysed in both 2013 and
450  2014. However, in another study in Estonia herbicides were detected in samples in collected
451 2013, but no sample was found to contain glyphosate in 2014. In one study that lasted nine
452  years starting in 2004 in Estonia, an increasing trend of pesticide residues was detected
453  throughout the years, though thiacloprid was not found to be equally distributed between 2005
454  and 2013 with no neonicotinoids being detected at all from 2005 to 2007. In another study,
455  glyphosate was analysed in honey samples in 2015 and 2016 in the USA at two different sites
456  and at both sites its concentration increased over time.

457

ass 3.6 Extraction and analytical techniques applied

459  The findings from our study showed that a vast array of both traditional and other novel

460  extraction techniques was applied for trace analysis. However, the “Quick, Easy, Cheap,
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461  Effective, Rugged and Safe” method popularly known as QuEChERS, which was developed
462 by Anastassiades, Lehotay [71], was found to be the most prevalent technique having been
463  applied in 41 % of in the 104 studies (S5 Fig). It was further combined with other techniques
464  such as accelerated solvent extraction, solid phase extraction and dispersive liquid-liquid
465  microextraction in three studies in a comparative study to assess extraction efficiencies. Our
466  results further showed that other commonly used techniques included solid phase extraction
467  and liquid-liquid extraction techniques which were applied for extraction in 26 % and 14 % of
468  the studies respectively. It is also interesting to note that novel extraction techniques were
469  utilised in 8% of studies. These included a quick polar pesticide method (QuPPe), in-coupled
470  syringe assisted octanol-water partition microextraction (ICSAO-WPM, MEPS), the
471  molecularly imprinted polymer (MIP)-based microneedle (MD) sensor, the dual-template
472  molecularly imprinted polymer nanoparticles, vortex and ultrasound assisted surfactant-
473  enhanced emulsification micro-extraction (V-UASEEME) and magnetic solid-phase
474  extraction (MSPE). The scope of this study was limited to identifying the vast array of existing
475  extraction techniques and their frequency of use and stretched for a comprehensive evaluation
476  of the performances of the different extraction techniques. However, our brief assessment of
477  the novel techniques results shows that some noteworthy successes. The QuPPe which is
478  recommended by EU Reference Laboratories for Residues of pesticides and applied in a study
479 in Italy achieved satisfactory validation parameters with the LOQ ranging from 0.00430 to
480  0.00926 mg/kg giving an indication of high method sensitivity. The ICSAO-WPM extraction
481  technique was combined with high performance liquid chromatography and a recovery of
482  96.96-107.7% was achieved even enough it had low limit of detection range of 0.00025-0.0005
483  mg/kg. This technique involves rapid shooting of syringe which creates rapid and mass
484  processes between phases and which in turn impacts extraction efficiency. V-UASEEME is

485  characterised by shorter extraction time, low consumption of extraction solvents and low LOD
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486  and LOQ in the ranges 0.00003 to 0.0009 mg/kg and from 0.0001 to 0.003 mg/kg respectively.
487  Another novel technique, the effervescence-assisted dispersion and magnetic recovery of
488  attapulgite/polypyrrole sorbents extraction technique was developed and applied to analyse
489  five pyrethroids in honey and it recorded limits of detection that ranged from 0.00021 and
490  0.00034 mg/kg with batch-to-batch repeatability of 5.05-15.01%. The technique allowed for
491  four extraction cyclic use of the sorbent without a significant loss in the extraction recovery. A
492  comprehensive assessment of the performances of some these different extractions have
493  already received sufficient attention [67, 72, 73]. In summary however 48 % of the 83 studies
494  where pesticide residues were detected applied QUEChERS for extraction. Furthermore, 46 %
495  of the 13 studies which detected residues which exceeded the MRL applied QuEChERS for
496  extraction. The use of graphene and carbon nanotubes, in the molecularly imprinted polymer
497  (MIP)-based microneedle (MD) sensor, served as efficient adsorbents for dSPE clean-up
498  which successfully removed coextractives with graphene and was found to be superior to
499  carbon nanotubes and successfully detected chlorpyrifos in 100% of the honey samples studied.
500 Similarly, a novel extraction technique, the Rut-MOP based magnetic solid-phase extraction,
501 showed high extraction potential for neonicotinoids and when combined with high performance
502 liquid chromatography was also found to be very sensitive for the detection of neonicotinoids
503 in lemon and honey.

504

505 Just like extraction techniques, different analytical techniques were also applied for the
506 quantification of detected pesticide residues. In all, a total of 35 analytical techniques,
507 involving either a technique being applied independently or in combination with others, were
508 applied for analysis. However, we observed that the most predominantly applied technique was
509  Liquid Chromatography-tandem mass spectrometry (LC-MS/MS), which was applied in 40 %

510 of the total studies. It was further applied in conjunction with 13 other techniques for analysis.
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511  Like the extraction, the performances of the different analytical techniques applied in the
512  various studies were not a subject matter of this study. However, the higher frequency of use
513  of the LC-MS/MS ultimately resulted in the LC-MS/MS detecting the highest number of
514  pesticide residues (41% of 83 studies) and the highest number of detected residues which
515 exceeded the MRL (4 out of 12 studies). Gas chromatography-mass spectrometry (GC-MS)
516  was the second most frequently applied analytical technique with the technique also detecting
517  pesticide residues which exceeded the MRL in 3 studies.

518

5190  Discussion

520 Honey is particularly useful to mankind both for its nutritive values and as a medium for
521  monitoring environmental quality through the assessment of its contents for environmental
522  contaminants. Despite being a source of both macro and micronutrients, the presence of
523  contaminants in honey may reduce its quality thereby making it less beneficial for human
524  consumption. Unfortunately, the probability of honey being compromised by pesticide
525 application is a possibility because as a bee product, honey is predominantly produced in
526  agricultural landscapes. In this present study, we undertook a systematic literature review to
527  evaluate honey contamination from plant protection products recommended for the cultivation
528  of cocoa (Theobroma cacao L.), a crop that is highly dependent on pesticides for cultivation
529  Dbecause of its vulnerability to insect and disease attacks.

530

531  Our results show gradual but generally consistent analysis of honey contamination from
532  pesticides residues since 1997, with peaks reporting periods taking place from year 2015. A
533  similar observation was made by [74] who reviewed plant protection product residues in plant
534  pollen and nectar which serves as raw material for honey. In their study they found that majority

535  of their studies were published in the years 2012 and 2015, about the same period where most
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536  of the residues of honey started peaking as observed in our study. The increased growth after
537 2014 coincides with the period when the EU placed a moratorium on the use of some
538  neonicotinoids, namely clothianidin, imidacloprid and thiamethoxam in 2013 in Europe [75,
539  76]. Incidentally, our results also showed that majority of the studies conducted in cocoa
540  growing countries took place during this period. It is possible that the sharp growth in studies
541  could be in response to the reported bee deaths due to the pervasive use of pesticides [77] and
542  the reported worldwide decline of pollinators [78]. It is worthy of note that in 2018, a ban
543  was placed on the outdoor use of three neonicotinoids namely clothianidin, thiamethoxam and
544  imidacloprid [79, 80]. The possibility of the findings from the studies conducted during this
545  period contributing to the eventual ban are likely and very much expected as the European
546  Food Safety Authority (EFSA), which provides scientific advice for the promulgation of laws
547  and regulations to protect consumers [81], consider published scientific research as part of their
548  decision-making process. The year 2022 witnessed a surge in studies with most of the studies
549  being conducted in China (Fig 2). This could be informed by the reported widespread
550 contamination of arable lands in China to the tune of 150 million miles [82] and the reported
551 evidence of negative effects of pesticide on public health through drinking water exposure [83].
552

553  The most remarkable observation made from this study points to a disproportionate number of
554  studies of honey contamination from pesticides taking place in non-cocoa producing countries
555  (81%) relative to cocoa producing countries majority of which are developing countries (Fig
556  3). This finding reflects the observation made by [84] and [74]. In a study which assessed the
557  impacts on herbicides and fungicides on bees, [84] established that majority of the studies were
558  conducted in North America, Europe and Russia. A similar trend was observed by [74] from
559 a study which evaluated plant protection products in pollen and nectar. Cocoa thrives in hot

560 and humid climatic conditions and tend to flourish in areas around the West Africa, East Asia
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561 and the South America [85]. Most cocoa producing countries are located outside North
562  America and Europe. Our finding highlights a dearth of knowledge of the impact of pesticides
563 imputed for cocoa cultivation in the environment. Considering honey as a proxy for such
564  assessments, the paucity of knowledge may restrict a better or more detailed assessment of
565 impacts on the general environment. Presently, the production levels of cocoa do not meet
566 demand in several parts of the world such as China and India [86] and there is currently an
567 increased 2.5% yearly demand of cocoa beans around the world [87]. This is likely to translate
568 into increased production of cocoa with possible corresponding increased use of pesticides for
569 the control of disease and insect pests. Prioritising evaluation or studies of honey contamination
570 from pesticides application in cocoa growing areas can reveal the extent to which honey is
571 impacted by pesticides applied for cocoa cultivation, and by extension, the extent to which
572  these compounds are detectable in these regions.

573

574  Pesticides can be classed according to their uses and in this regard can be categorised as
575 fungicides, weedicide/herbicides, nematicides, rodenticides and insecticides [88]. Moreover,
576  on the basis of chemical structure, further grouping of major pesticides into organochlorines,
577  organophosphates, carbamates, pyrethroids, triazines, and neonicotinoids also exists [42, 88].
578  The findings from this study provide evidence of these different classes of pesticides receiving
579 attention in the included studies even though the compounds or classes of pesticides studied
580  were not given equal attention across different geographic locations (Fig 5). We observed that
581 the neonicotinoids were the most detected of all compounds (Fig S6). These findings agree
582  with assertion made by [89], [90] and [91] that the most applied classes of pesticides around
583  the world are the neonicotinoids. It should also be noted that neonicotinoids are known to
584  persist and bio-accumulate in the soil [92] with their half-lives in excess of 1000 days and are

585  capable of persisting in woody plants for over 365 days [90]. Their detections are therefore
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586  very much likely even after several months or years after application. Moreover, ever since
587  neonicotinoids were developed from the 1980s to replace the more persistent organochlorines
588 in the environment [91, 93], there has been a great demand for them, and particularly for
589 imidacloprid after it was introduced to the market [94]. It was therefore not surprising that
590 imidacloprid was found to be the most detected compound in our study. Interestingly, this
591  observation was also confirmed by Mitchell et al [95] and Kavanagh et. al. [96]. Imidacloprid
592  became the largest selling insecticide around the world with sales reaching $1091 million as of
593 2009 [97]. As a product registered and approved for 140 crops, including several crop types
594  such as vegetables, citrus, corn , oilseed rape pome among several others, in about 120
595  countries [97, 98], it was therefore not unexpected that imidacloprid was detected most
596 frequently in our included studies as it happens to have been the most used and studied
597  compound among the neonicotinoids [99, 100].

598

599  Even though the neonicotinoids were the most detected class of pesticides residues across all
600  studies for both cocoa and non-cocoa growing countries, our results reveal that the top three
601 mostly detected classes of pesticides in the six cocoa growing countries were
602  organophosphates, organochlorines and pyrethroids in that order (Fig 5 & S6 Table). Among
603  the plausible reasons for this finding are that these pesticides have been found to be inexpensive
604  and easily accessible and are therefore frequently used in the developing countries where most
605  cocoa producing countries are located [101-103]. From our study, we can confirm that a total
606  of 60 pesticides which are largely not approved for cocoa cultivation [59], were detected in
607  studies conducted in the cocoa producing countries, the majority of which were detected in
608 India and Mexico. The implementation of laws and regulations governing pesticides use in
609  developing countries continue to a challenge. The ban on the use of OCPs in developed

610  countries has witnessed remarkable successes [101] but such success has not been witnessed

25


https://doi.org/10.1101/2022.12.26.521958
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.26.521958; this version posted December 27, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

611  in the developing countries where pesticides are highly valued as a means of breaking into the
612  global market of food production [104]. Organophosphorus pesticides (OPPs) continue to be
613  hugely applied in the developing countries owing to their ability to inhibit disease attacks and
614  to enhance productivity [102].

615

616  From our findings, we can confirm the presence of banned pesticides under the Stockholm
617  Convention in three separate studies which were conducted in three different countries namely
618  Ghana, Mexico, and India. It is however insightful to note that pollutants of organochlorine
619  (OC) derivatives including PCBs, DTT and several other banned pesticides have been found
620  to be persistent in the environment [ 105]. It is therefore not possible to confirm from our study
621  whether detected banned pesticides were recently or previously applied. Even though research
622  findings by [106] point to the continued use of substantial amounts of banned chemical
623  pesticides in developing countries, it must be recognised that in some developing countries
624  such as India, DDT which has received worldwide band, is still approved for use against
625  mosquitoes in controlling malaria [63]. This could be a plausible reason why DDT and several
626  derivatives were repeatedly detected in studies conducted in India (S1-S4). Again, the detection
627  of 14 banned pesticides in a single study conducted in Mexico opens the door of speculation
628  of recent applications. Be that as it may, the detection of 22 banned pesticides residues raises
629  serious health concerns. This is because several diseases such as obesity, diabetes, Alzhemer’s,
630 dementia, Pakinson’s, asthma, chronic bronchitis, autism, erectile dysfunction and many
631  psychological disorders have been linked to exposure to banned pesticides [106].

632

633 MRLs have been set for honeybees and hive matrices including honey by the European
634  Commission [34]. In the present study, we found that 13% of included studies detected

635  pesticides whose concentrations exceeded allowable limits required for human consumption
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636  (Table 3), of which three cocoa producing countries accounted for a quarter of the studies where
637  pesticides exceeded the MRL. One further important observation from our study shows that
638  some detected pesticides residues, which exceeded the previously specified MRLs set by the
639 EU at the time of the study, are presently below the revised MRLs that have since been
640 implemented in the EU. This is significant as it implies that products that were previously
641  determined to pose a risk to human health would now be assessed as not posing any
642  unacceptable risk. The finding of pesticides exceeding MRL is significant in at least two major
643  respects. Human exposure to levels of pesticides exceeding MRL can cause many health-
644  related problems. The consumption of unacceptable levels of pesticides via food are known to
645  have many implication ranging from headaches, nausea, itching and skin irritation, restlessness,
646  dizziness, breathing complications, neurotoxicity and chronic poisoning related diseases such
647  as cancer and in some cases death [107]. The causes of exceedances of MRLs are varied and
648  include the use of pesticides for reasons far beyond the sphere of the intended purpose of a
649  particular pesticide, non-compliance to specified guidelines in labels such as overdoses and
650  spray drifts among others [108, 109]. However adherence to good agricultural practice (GAP),
651  where specified guidelines including detailed information on labels, are followed for the safe
652  and sustainable production of crops and livestock to maximise profit with minimal impacts to
653  the environment, has been touted as capable of preventing excessive leaking of plant protection
654  products into the environment [88, 110, 111]. While we do not have detailed information of
655  agricultural practices in the areas where MRL was exceeded, it should be considered that
656  generally a significant proportion of applied pesticides also find their way to the general
657  ecosystem with just about 0.01% of applied pesticides reaching its target and the rest filtering
658 into the into general ecosystem [18, 19]. Though strict enforcement of compliance to specified
659  MRLs in honey will help promote health safety measures, a globally standardised MRLs will

660  ensure clarity and prevent potential confusion. We observed that the concentration of malathion
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661  was evaluated using the MRL set by India and was deemed to have exceeded national MRL in
662  India but found to be below upper limits of the MRL set by the EU. This can be a potential
663  source of confusion for which reason standardisation across borders will be essential. It should
664  also be considered that while the revision of MRL can impact the assessment of honey as a
665  food product, it does not alter the assessment of pesticide contamination levels as an indicator
666  of potential contamination of the environment surrounding the hive.

667

668 The Limit of detection and limit of quantification are of immense importance in
669  chromatography and have regularly been used by analytical chemist in trace analysis for
670  determining both the presence and concentrations of analytes [112, 113]. The majority of the
671  studies reviewed used the LOD and LOQ which were usually below the MRLs set by the EU
672  in honey which range from 0.05 mg/kg to 0.2 mg/kg [36]. This finding provides evidence that
673  suggests that studies included in this review largely applied analytical methods with good
674  sensitivity. It must, however, be noted that LODs for three studies were not suitable for
675  detecting pesticide residues below EU MRLs, compromising the extent to which their results
676  could be considered within this study. Specifically, even though no pesticide residues were
677  detected by [114] in a study conducted in Brazil, their reported LODs and LOQs which ranged
678  from 0.07 mg/kg to 0.25 mg/kg and 0.02 mg/kg to 0.08 mg/kg respectively were higher than
679 EU MRLs, and so the study’s reports of no pesticides detected cannot be interpreted to mean
680 that there were no pesticides present at concentrations with the potential to cause harm.
681  Similarly, although pesticides were detected by [115] and [116] in studies conducted in Brazil,
682  the LOQs achieved for the method were at concentrations so high that their findings cannot be
683 interpreted to mean that the pesticides detected were the only ones which were a cause for
684  concern.

685

28


https://doi.org/10.1101/2022.12.26.521958
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.26.521958; this version posted December 27, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

686  Even though the scope of this research did not extend to assess the effects of pesticides on bees,
687  the high frequency of detection of neonicotinoids in honeys as observed in our study suggest
688  that bees could be impacted by neonicotinoids due to exposure during foraging. In our study,
689  concentrations of 0.736 mg/kg of imidacloprid, [117]; 0.0274 mg/kg of thiacloprid [118] and
690  0.0202 mg/kg of thiamethoxam [119] were confirmed in Pakistan and Poland respectively.
691  This is worth noting as neonicotinoids act to impair the nervous system targeting the nicotinic
692  acetylcholine receptor (nAChR), an ion channel that plays a key role in nerve signalling in
693  insects [120] leading to eventual paralysis and death [121]. Neonicotinoids are noted to affect
694  insects with biting and sucking mouth parts if swallowed [93] of which many beneficial insects
695 also belong to. Toxicity levels of imidaclorpid, clothianidin and thiamethoxam in the ranges
696  of 0f 0.004 to 0.075 pg/bee have been established to be lethal to bees [122-124]. Although this
697 is below the known LDsys for these compounds for bees [125], they are within the range of
698  concentrations known to have sub-lethal effects. For instance bumble bees were found to
699  reduce learning capability and their short-term memeory impaired drastically when exposed to
700 field realistic levels to 0.0024 mg/kg of thiamathoxam [126], which is 10-fold lower
701  concentration than what was detected by Barganska et al. in Poland. A similar observation was
702  also detected in a different study where the foraging and homing success of bumble bees were
703  impacted by exposure to 0.0024 mg/kg of thiamathoxam [127]. In another study, Straub,
704  Villamar-Bouza [128] confirmed that the survival of honeybees was reduced by 51% as well
705  as reduced flight activities when exposed to 0.0043 mg/kg and .0011 mg/kg concentrations of
706  thiamethoxam and clothianidin respectively. Therefore, there may be potential sub-lethal
707  effects of the detected pesticide residues in honey on bees which deserves further consideration.
708

709 It was observed from this study that pesticide residues were detected in 80% of both

710 commercial and raw honeys analysed in the included studies. This finding reflects a similar
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711  observation made by Mitchell, Mulhauser [95] who confirmed the presence of neonicotinoids
712 in 75% of 198 honeys taken directly from producers in a worldwide survey of neonicotinoids
713 in honeys. The most striking observation made, however, was that as high as 90 % of 61 studies
714  which analysed raw honeys confirmed the presence of pesticide residues. This was found to be
715  higher than the finding by [95] who evaluated raw honeys. However, recognizance should be
716  taken of the fact that our findings are not limited to only neonicotinoids but covers all pesticides
717  evaluated in raw honeys in our studied publications. Our finding highlights the high prevalence
718  of pesticides in the general environment. Raw honeys from a broad spectrum of both natural
719  and agricultural landscapes were assessed in the publications of interest in this study. These
720  included raw honeys from agricultural farmlands within forest belts in Ghana [129], apiaries
721  located 2 miles of an oilseed [130], agroclimatic zones [131], agricultural landscape with
722  mostly intensively managed fields, forested areas and human settlements [132], unifloral and
723  multifloral sources [133] among several others. The foraging behaviour of bees is such that
724  they are likely to transport these substances from the environment into the hive if they come
725  onto contact with them which may be a source of contamination at the production base. In the
726  present study, a very small number studies evaluated the floral background of the honey, it was
727  therefore not possible to correlate pesticide contamination to with any specific floral resources.

728

729 Conclusion

730  The current state of knowledge of studies of honey contamination from pesticides approved for
731 cocoa cultivation has been evaluated through a systematic literature review. The studies
732 conducted over the period have been disproportionately focused on non-cocoa growing areas
733 leaving a huge gap of knowledge of how pesticides approved for cocoa cultivation affects bee
734 products particularly honey and, by proxy, how prevalent these pesticides abound in the

735  localities of cocoa production. As a crop whose production hinges on the intense application
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736 of large volumes of pesticides to prevent huge losses, continuous monitoring and strict
737  compliance of pesticide application will ensure the correct use of pesticides, thereby ensuring
738  that pesticide residues are kept below tolerable levels. Residue analysis in honey could serve
739  as aproxy for monitoring the extent to which pesticides are imputed for cocoa cultivation. It is
740  recommended that cocoa producing countries are prioritised for such studies especially in the
741 two leading cocoa producing countries namely Ivory Coast and Ghana, which account for 70%
742 of the world cocoa but where studies were rarely conducted. These studies could form the basis
743  for policy formulation for sustainable and effective beekeeping and pesticide application in
744  cocoa producing countries, especially in cocoa growing landscapes.
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