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ABSTRACT KEYWORDS
Pesticides have been used on cocoa for more than 50 years in Ghana. Pestici d&_‘i
Notable among these pesticides were the organochlorines lindane, DDT Organochlorines;
and aldrin. However, after the banned of the organochlorine pesticides Organophosphorous;

Synthetic pyrethroids;
Solid phase extraction;
Fermented cocoa beans.

came other pesticide groups like the organophosphorous, carbamates and
synthetic pyrethroids in cocoa production in Ghana. With cocoa being a
major cash crop in Ghana, the purpose of this study wasto investigate the
distribution pattern of pesticide residuesin cocoabeans produced in Ghana
in order to advise producers and buyers of the possible residual trend in
cocoa production in Ghana. A total of 44 distinct samples of fermented
dried cocoa beans were randomly collected from two main cocoa beans
warehouses, identified from the six cocoa growing regionsin Ghana. The
extracting sol vent was acetonitrile, followed by two solid phase extraction
cartridges; C18 and Envi-carb/LC-NH, for extract clean-up. The
investigating pesticides consist of 15 organochlorines, 12
organophosphorous and 9 synthetic pyrethroids pesticides. The results
showed traces of organochlorine pesticides in cocoa beans from all six
cocoagrowing regions of Ghana, with Ashanti region recording the highest
occurring frequency of 54 percent and the Volta region with 1.5 percent
frequency of occurrence as the least.

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Pesticides have been used in cocoaproductionin
Ghanafor morethan 50 yearg¥. Thesepesticidescan
be groupedinto organic or inorganic compounds. The
organic pesticides can further be classified into orga-
nochl orine, organophosphorous, carbamates and syn-
thetic pyrethroidspesticides?. Organochlorinepesticides
such aslindane, DDT, ddrin, and so on wereonce ac-

tively usedin cocoaproduction in Ghana, however, due
tother environmenta pers stent and accumulaioninfood
chain, they havebeen banned (or restricted use) in agyri-
culturd cultivationinmany countriesind uding Ghand®4.
Thelesspers stent organophosphorous, carbamatesand
synthetic pyrethroids pesticidesweretheimmediatea-
ternatives after the banned of the organochl orines. For
instance, the carbamates. propoxur and promecarb; the
organophosphorous: chlorpyrifos, diazinon and
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pirimiphos-methyl; and the pyrethroids: bifenthrin,
cypermethrin, deltamethrinandlambda-cyhd athrinwere
theearly screening activeingredientsin cocoaproduc-
tion after the organochlorine pesticides banned in
Ghand*%. Many cocoafarmershelievethat pesticides
work, at least against some cocoa pest problems, and
continueto usethem depending on the pest and coun-
try’®. These pesticides, whichever classthey may belong
areformulated for useto aid in cocoaproduction, and
arenormdly dlowed under specified conditionsand tim-
ingsduring productionin order tominimizeresdua con-
centrationsin cocoaproduce. Factudly, theuseof pes-
ticidesin agricultureisthemost commonway of control-
ling pests, killingweeds, and to preservethecropsfrom
insect attack. Pesticides are a so applied to prevent or
minimisetheleve of pest outbresksinfarming®,

However, when crops are treated with pesticide,
someamount of the pesticide, or indeed what it changes
tointheplant (itsmetabolitesor degradative products),
canremaininor onthecrop until afteritisharvested™.

Contamination of cocoa beans by pesticides can
occur directly orindirectly. Directly, elther by tregtingthe
crop with pesticidesbefore harvest, storageand/or dis-
tribution. It cana so occur indirectly by uptakefromthe
s0il of resdud pesticides by the subsequent cocoafarm-
ing, fromtheamosphereor drifting from neighbouring
fields, or from a storage space pretreated with pesti-
cides¥. Thus, the contamination of theenvironment and
cocoa beans by pesticides hasbecomeanissue of con-
siderable concernin many partsof theworld®. In addi-
tion, thereexist differencesin pesticideresdueslevdsin
produce grown from one placeto theother, with reasons
such asthedifferent modes of pesticides application,
variability infarmsand storage practices, accessto ex-
tension officers, and others such assoil organic matter,
pH, and somemeteorol ogical factorsliketemperature,
rainfall and solar radiation patterns have been attrib-
uted™. Dueto these concerns, many researchershave
been and areinvesti gating pesticideres duesoccurrence,
their distribution and concentrationsin various medid**
1619, Andthus, the purpose of thisstudy wastoinvesti-
gate thedistribution pattern of pesticideresiduesinco-
coa beans produced in Ghanain order to advise pro-
ducersand buyersof thepossibleresdud trendin cocoa
production in Ghana. Thisisessentia sincecocoaisa
major cash crop for Ghana".
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MATERIALSAND METHOD

Sampling

Fermented dried cocoabeansweresampled at ran-
dom from the two main cocoawarehouse stationsin
Ghana (Temaand Takoradi). From Tema, atotal of
twenty-four (24) distinct bagged sampleseach weigh-
ing akilogram dried cocoabeans, were sampled from
November, 2010 to January, 2011. These sampled
cocoabeanswereidentified from seven (7) registered
cocoabuying companiesin Ghanalabeled A to G (rep-
resenting Produce Buying Company, AdwumapaBuy-
ers, CocoaM erchants Buyers, Olam, Akuafo Adamfo,
Transroyal and Armajaro, but not necessarily in that
order), and werea so identified with theregion of ori-
ginin Ghana(Western, Eastern, Ashanti, BrongAhafo,
Central and Voltaregions). The same cocoa buying
companies and regions of origin were identified at
Takoradi station, with atotal of twenty (20) distinct
samples collected from November to December of
2010, and bagged inlabeled zip lock plastic bags.

Indl atotd of forty-four (44) cocoabeanssamples
were sampled, label ed accordingly and transported to
thelaboratory infivedifferent batches.

Chemicalsand reagents

Reagents used in the study comprised thefollow-
ing: Acetonitrile (Pesticidegrade, BDH, England), Ac-
etone (Pegticidegrade, BDH, England), Acetone (Ana
lytical grade, BDH, England), Ethyl Acetate (Pesticide
grade, BDH, England), Toluene (Pesticidegrade, BDH,
England), Sodium sulfate (Pesticide grade, Aldrich-
Chemie, Germany), Sodium chloride (Pesticidegrade,
Riedel-de Haen), dipotassium hydrogen phosphate
(Andytica grade, BDH, England), Potass umdihydrogen
phosphate (Anayticd grade, BDH, England), Envi-carl/
LC-NH, (500mg/500mg/6mL — Supelco), Strata C18-
E (55um, 70A, 1000mg/6mL — Phenomenex) and dis-
tilled water.

Theindividud certified reference tandards, lindane,
beta-HCH, delta-HCH, adrin, heptachlor, gamma-
chlordane, alpha-endosulfan, p,p’-DDE, dieldrin, en-
drin, beta-endosulfan, p,p’-DDT, p,p’-DDD, endosul-
fan sulfate, methoxychl or, methamidophos, phorate,
fonofos, diazinon, dimethoate, pirimiphos-methyl,
chlorpyrifos, malathion, fenitrothion, parathion,
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chlorfenvinphos, profenofos, alethrin, fenpropathrin,
bifenthrin, lambda-cyhal othrin, permethrin, cyfluthrin,
cypermethrin, fenval erateand deltamethrin used for the
identification and quantificationwere obtained from Dr.
Ehrenstorfer GmbH (Augsburg, Germany).

Sampleprocessingand preparation

Stonesand other foreign objectsfoundinthesample
wereremoved by hand picking. Usng thehammer mill,
each |abeled fermented dried cocoabeans sampled was
ground into fine powder and collected into new sample
plastic bag and re-labeled accordingly toform theana:
Iytical samples, each about 500 gramsweight. These
individua homogenized cocoabeanssampleswerekept
frozen in afreezer at atemperature of -18°C or less
until thetimefor the res due determination.

Sampleextraction and clean-up

Extraction and clean-up of cocoabeans samples
were carried out according to procedures described
by multi-residue method for agricultura chemica sby
GC/M Sfrom the Department of Food Safety, Ministry
of Hedlth, Labour and Welfare, Japan with dight modi-
ficationd®d.

Extraction

20 mL of distilled water wasadded to 10.0g of a
ground fine cocoabeans powder sampleand allowed
to stand for 15 minutes. 50 mL acetonitrilewas added
and the samplehomogenized using the ultraturax mac-
erator. It wasthen centrifuged at 3000 rpm and filtered
into 100 mL volumetric flask. Additional 20 mL of ac-
etonitrilewasadded to the residue, and homogenized,
centrifuged and filtered. Both filtrateswere combined,
and acetonitrilewas added to make up a100 mL solu-
tion. 20 mL aiquot of the extracted solution wasthen
measured, and 10 g of sodium chloride and 20 mL of
0.5 mol/L phosphate buffer (pH 7.0) were added. It
wasthen shook vigorously for 10 minutes on ahori-
zontal shaker and dlowed to stand for 10 minutes until
the solutionwasclearly separatedintolayers. Theague-
ouslayer wasdiscarded.

An octadecylsilanized silica gel mini column
(21000mg/6mL.) was conditioned with 10 mL of aceto-
nitrile. Theacetonitrilelayer from theabovewasthen
loaded onto the column, and the column eluted with 2
mL of acetonitrile afterwards. Theentirevolumeof ef-
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fluent wasdry over anhydrous sodium sulfate, and fil-
tered. Thefiltrate was concentrated to drynessat 40°C
or lower andtheresiduere-dissolved in 2 mL of aceto-
nitrile/toluene(3:1) mixture.

Extract clean-up by a graphite carbon/amino-
propylsilanized silicagel

A graphitecarbor/aminopropylslanizedslicagd lay-
ered mini column (500mg/500mg/6mL.) wasconditioned
with 10mL of acetonitrile/toluene(3:1) mixture. Theso-
lution obtained from above extraction step was then
loaded onto thiscolumn, and the column e uted with 20
mL of acetonitrile/toluene(3:1) mixtureafterwards. The
entirevolumeof effluent wasthen concentratedto 1 mL
or lessat 40°C or lower. 10 mL of acetone was added
to theconcentrated solution and further concentrated to
1mL orlessat 40°C or lower. A further 5 mL of acetone
was added to the concentrated sol ution and then con-
centrated to dryness. Theresiduewasre-dissolvedin
ethyl acetate to makea 1 mL solution, and was made
reedy for res duedetermination by GC-MS.

Instrumental analysis

Thiswas as described inf*619, A Varian CP-3800
Gas Chromatograph (Varian Associates Inc. USA)
equipped with 1177 typeinjector, Saturn 2200 Mass
Spectrometer (MS) as detector and a Varian 8400
autosampler were used for gas chromatography analy-
sis. Sampleextract of 2 ul aliquot wasinjected and the
separationwasperformed onafused silicage capillary
column (VF- 5ms, 30 m + 10 m column guard x 0.25
mmid., 0.25 um film thickness). Thecarrier gaswas
ultrapurehelium at flow rate of 1.2 mL/min. Thetem-
peratureof theinjector operating in splitlessmodewas
270°C and the M S detector with an lontrgp massana
lyzer was set to scan mass range between 40 m/z —
450 m/z at auto El. Thetemperature of themanifold,
ion trap and transferlinewere set at 80°C, 210°C and
260°C, respectively. Thecolumn oventemperaturewas
programmed asfollows; 70°C for 1 min, then at 30°C/
min up to 240°C and finally at 5°C/minto 300°C held
for 2.3 min. Thetota run time for a sample was 30
minutes. Theresiduelevelsof all detected pesticides
werequantitatively determined by theexterna standard
method using their peak area. M easurement was car-
ried out withinthelinear range of the detector. The pesk
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areaswhoseretention timesand spectracoincided with
thereferencestandardswere extrapolated on their cor-
responding cdibration curvesto obtain their respective
concentrations.

Quiality control

All reagentsused for theanaysiswereexposed to
the sameextraction procedures, and solventsused were
runto verify for any interfering substanceswithinthe
GC runtime. In all batches of organochlorine,
organophosphorousand synthetic pyrethroidspesticides
residues analysis, reagent blanks, procedural matrix
blanks and triplicate samples wereincluded. For the
reagent blanksin each extraction and clean up proce-
dure, noneof the pesticidesweredetected. All extracts
were kept frozen until quantification was achieved.
Recalibration curves were run with each batch of
samplesto check that the correlation coefficient was
kept around r2=0.999. A fortification level of 0.05mg/
kg of standard mixtureswas chosen beforeanaysisto
eva uatetherecovery of compoundsinthe cocoabeans
samplesanadysed. Therecoveriesof thepesticideresi-
duesranged between 70% and 120% for most of the
pesticidesanadyzed. Thelimit of quantificationfor or-
ganochlorine pesticideswas 0.005 mg/kg, whileit was
0.01 mg/kg for both organophosphorousand synthetic
pyrethroids pesticides.

Data analysis

All caculaionsand graphical representationswere
performed using Microsoft excd 2010. Statistica andy-
sesincorporated in thework include mean of residue
concentrations, minimum and maximum vaues, talies
and percentage occurrencefrequency of pesticideresi-
duescount. Rangeswere compiled from minimumand
maximum valuesfor levelsdetected in each individual
organochlorine, organophosphorousand synthetic pyre-
throids pesticide res dues detected in the studly.

RESULTSAND DISCUSSION

The distribution of pesticide residues in cocoa
beans produced from Ghana show significantly
varyingresults

Distribution of Pesticide Residuesin CocoaBeans
from across CocoaBuying Companiesin Ghana

Distribution pattern of pesticide residues in cocoa beans across the cocoa growing regions of Ghana

ESAIJ, 8(11) 2013

Asshownfrom Figure 1, and from the seven se-
lected cocoabuying companiesin Ghana, cocoabeans
samplesfrom Buying Companies C and D co-recorded
the highest organochl orine pesticide residues occur-
rences (17% of thetotal organochlorinesdetectedin
the cocoabeans). Thissameorganochlorine pesticide
resi duefrequency of occurrence between Buying Com-
panies C and D could be attributed to the fact that,
these Buying Companies bought cocoabeansfromthe
same sources/origins (Central, Western and Ashanti
regions of Ghana). Cocoabeans samplesfrom Buying
CompaniesA and F also co-shared thesamelevel s of
organochlorine pesticide residuesfrequency of occur-
rence (14% each). Thus, with Buying CompaniesA and
F, even though the produce originated from different
sources, the cocoabeans might have been treated by
sameagyricultura and crop storage practices, and hence
same organochl orine pesticide residue frequency of
occurrence between them. However, the least orga-
nochlorine pesticide residues occurrence frequency
(11%) was recorded by cocoa beans samples from

Buying Company B.

Company G Company A
14% e 14%
Company F _gf S ‘ Company B
14% 4 , 11%

Company E

13% Company D

17%
Figurel: Distribution of organochlorinepesticideresidues
acrossselected buying companiesin Ghana

For organophosphorous pesticideresiduesin the
cocoabeans (Figure 2), samplesfrom Buying Compa
niesCand D, again shared thesameleve (15% each)
of thetotal organophosphorous pesticideresiduesde-
tected. Cocoabeans samplesfrom Buying Company
G recorded the highest organophosphorous pesticide
residuesfrequency of occurrence (18%). Again Buying
Company B samples recorded the least
organophosphorous pesticide residues frequency of
occurrence (10%) of total organophosphorous pesti-
cideresiduesdetected. Thismay suggest that, Buying

Company B may be applying good agriculturd and crop
storage practicestoits produce.
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Company G
18%

Company A
o Company B

Company E(
16%
Figure2: Distribution of organophosphor ouspesticideresi-
duesacross selected buying companiesin Ghana

Inthecase of synthetic pyrethroidsresidues (Fig-
ure 3), samplesfrom Buying Company E recorded 18%
of thetotal synthetic pyrethroids detected asthehigh-
est frequency of occurrence. Samples from Buying
Company B again had theleast occurring frequency
among the synthetic pyrethroids pesticideresidueswith
(12%) residue occurrence.

~

Company G Company A

14%

Company B
12%

Figure 3: Distribution of synthetic pyrethroids pesticide
residuesacr oss selected buying companiesin Ghana

Thisconfirmsthe earlier submission that, cocoa
beans samplesfrom Buying Company B weretreated
with best produce practices.

Inal, gpart from Buying CompaniesC, Dand G, it
gppearsthat synthetic pyrethroids pesticideresiduefre-
guenciesof occurrenceswereawaysamong the high-
est between Companies. Thissuggests current use of
synthetic pyrethroids pesticidesin cocoabeans pro-
ductionin Ghana

Distribution of pesticideresiduesin cocoa beans
acrossthesix cocoagrowingregionsin ghana

Asshownfrom Figure4, thereweresignificant dif-
ferencesinthedigtribution of pesticideresiduesin co-
coa beans samplesin the various regions of Ghana.
Ashanti region recorded the highest frequency of oc-
currence for organochl orine pesticide residues (54%
of total organochlorines detected), organophosphorous
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37% and 41% of occurrencein synthetic pyrethroids
pesticideresidues. Thiswasfollowed by the Western
region with 24%, 30% and 33%, then Central region
with 12%, 15% and 13% of organochlorine,
organophosphorousand synthetic pyrethroids pesticide
residuesfregquency of occurrence, respectively. Brong
Ahafo region recorded 6% of organochlorinedetected,
9% of organophosphorousand 11% of synthetic pyre-
throids detected while Eastern region recorded 2.5%
of organochlorine pesticides, 6% of
organophosphorous detected and 1.6% of synthetic
pyrethroids pesticidesdetected. Voltaregion had 1.5%
of organochlorine occurrence, 3% of
organophosphorous residue occurrence and 0.4% of
synthetic pyrethroids pesticideresidues occurrencein
the cocoabeans samples analysed.

60 -

50 -

40 -

allla. .

Central Western Ashanti Brong Eastern Volta
Region Region Region Ahafo Region Region
Region
COCOA REGIONS IN GHANA

Figure4: Frequency of pesticideresiduesin cocoa beans
acrossthesix cocoa growing regionsin Ghana

2 30
3 ® Organochlorines

20 ® Organophosphorous

10 Synthetic Pyrethroids

FREQUENCY OF OCCURRENCE

Thus, Voltaregion recorded thelowest occurrence
of the pesticide residues contamination in cocoabeans
among thecocoagrowing regionsin Ghana. Thediffer-
encesinthepegticideresidueslevelsfromoneregionto
the other may be attributed to the different modes of
pesticides application, variability infarmsand storage
practices, accessto extens on officers, and otherssuch
as soil organic matter, pH, and some meteorol ogical
factorsliketemperature, rainfal and solar radiation pat-
terng?,

Within cocoagrowing regions, gpart from Ashanti
regionwith organochl orine pesticideres duesoccurrence
frequency leve of 54% being higher occurringthan both
organophosphorous (37%) and synthetic pyrethroids
pesticideres dues(41%o), dl with theexception of East-
ernand Voltaregionsrecorded |ower pesticideresidues
frequency of occurrencefor organochl orinescompared
to their organophosphorous and synthetic pyrethroids
pesticideres duesoccurrencefrequencies(Figured). This

ey Snoivonmental Science
Au Tudian Yournal



434

Current Research Poper

suggestsgreater use of organochlorinepesticidesinthe
Aghanti region either now or in previoustimescompared
to thefive other cocoagrowing regions.

Eventhoughdl regionsrecorded different frequen-
ciesof occurrence percentages, samplesfrom Centra
region, Easternregion and VVoltaregionsharesmilar dis-
tribution pattern, with organophosphorouspesticideres-
duesbeing thehighest occurring pesticideres duesamong
theregions(Figure4). Similar distribution pattern dso
existed between samplesfrom Westernregion and Brong
Ahaforegion, with synthetic pyrethroids pesticideres-
duesrecording thehighest level sthan both organochlo-
rineand organophosphorouspesticidesresdues (Figure
4). Thesesmilaritiesmay be dueto sameuse of agro-
chemicdsinthoseregions, ether inthepast or present(9,
TABLE 1: Occurrencefrequency of pesticideresiduesin
cocoa beansacr ossthe selected cocoa buying companies
OCCURRENCE FREQUENCY OF RESIDUES,

Bcgﬁc,\)é DETECTS (%)
COMPANIES _ORGANO — ORGANOPH  SYNTHETIC
CHLORINES OSPHOROUS PYRETHROIDS

A 28 (14) 20 (11) 35 (14)

B 22 (11) 18 (10) 30 (12)

C 33(17) 28 (15) 30 (12)

D 33(17) 28 (15) 40 (16)

E 25 (13) 30 (16) 45 (18)

F 28 (14) 28 (15) 37 (15)

G 28 (14) 34 (18) 33(13)
TOTAL 197 (100) 186 (100) 250 (100)

TABLE 2: Occurrence frequency of pesticideresiduesin
cocoa beansacrossthe six cocoa growing regionsof Ghana

OCCURRENCE FREQUENCY OF

Gggsv?ﬁe RESIDUES, DETECTS (%)
REGIONS ORGANO ORGANOPH SYNTHETIC
CHLORINES OSPHOROUS PYRETHROIDS
Ashanti Region 106 (54) 68 (37) 102 (41)
Western Region 47 (24) 56 (30) 82 (33)
Central Region 24 (12) 28 (15) 33(13)
Brong Ahafo Region 12 (6) 17 (9) 28 (11)
Eastern Region 5(2.5) 11 (6) 4(1.6)
Volta Region 3(15) 6 (3) 1(0.4)
TOTAL 197 (100) 186 (100) 250 (100)
CONCLUSION

Although organochl orine pesticideshad been banned
for agriculturd purposesin Ghana, they weredetected
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in cocoabeansfromthe six cocoagrowing regionsin
Ghana. Ashanti region recorded the highest frequency
of organochl orine pesticides occurrence (54% of tota
organochlorine detected), followed by Western region
(24%), Centra region (12%), BrongAhaforegion (6%)
and Easternregion (2.5%), in that order. VVoltaregion
recorded theleast use of organochlorine pesticideon
cocoabeansin Ghanawith 1.5% of thetota organochlo-
rine pesticides detected in the cocoabeans.

It can a so be concluded, that apart from Ashanti
region, cocoafarmersfrom thefive other cocoagrow-
ing regionsin Ghanapreferred organophosphorousand
synthetic pyrethroids pesticidesover thevery persis-
tent organochlorine pesticides.

It was a so evident that one particular accredited
cocoabuying company in Ghana (labeled B for identi-
fication sake) was applying good crop storage prac-
ticestoitsproduce.
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