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ABSTRACT KEYWORDS
Multi-residuelevel s of pesticideswere determined in 44 distinct fermented Pedticide;
dried cocoa beans samples collected from two cocoa beans storage Multi-residue;
warehouses|ocated in Temaand Takoradi; citiesin Ghanafrom November, Fermented Cocoa beans;
2010 to January, 2011. The main objective of this study wasto evaluate, in Gas chromatography;
the first place, the relationship between the levels of the pesticides in Mass spectrometry;
fermented dried cocoa beans, and then identify their mutual concentration Multivariate analysis.

dependenceto identify their source. To achievethis, residue data obtained
from gas chromatography mass spectrometry analysis of cocoa beans was
subjected to multivariate analysis; specifically principal component analysis
and cluster analysis. The extracting solvent was a pesticide grade
acetonitrile, with two solid phase extraction clean-up cartridges; bond Elut
C18 and Envi-carp/LC-NH, cartridges used for extract clean-up. The
targeted compounds include but not limited to Beta-HCH, Alpha-
Endosulfan, Endrin, p,p’-DDD, Dimethoate, Chlorpyrifos, Allethrin,
Bifenthrin, Fenvalerate, Cyfluthrin, and Cypermethrin. Multivariate analysis
of theresidue dataon fermented dried cocoabeansin R-mode and Q-mode
grouped the detected pesticides into current use, previously used, run-off
and drift from neighbouring crops pesticides applications. It also grouped
sampled cocoa beansinto four major clustersbased on similaritiesin crop
storage and agricultural farming practices. From the results, it wasrealized
that future pesticides residues monitoring could be design to save cost,
by selecting only marker pesticides from each identified groupings.
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INTRODUCTION

Cocoabeansoriginatefrom the pod of thetropical
cocoatree; Theobroma cacao. Thetechniqueof fer-
mentation for cocoabeans, amidst other qudlity factors
employed inthe cocoaindustry in Ghana, make cocoa
beans produced from Ghanaenjoy high premium on
the World CommoditiesMarkets™. Thismakescocoa
oneof thebiggest foreign exchange earnersfor Ghana;
andit sharein Ghana’s GDP rose from 4.9% in 2000-
2004 to 8.1% in 2005/2006?. However, one area of
food safety that cost afortune for Ghana’s cocoa in
2006, when 60% of all consignment of cocoabeans
exported to Japan werergjected is pesticide residue®.

Pesticideisany substance or mixtureof substances
intended for preventing, destroying or controlling of any
pest, including vectors of human or animal diseases,
unwanted speciesof plantsor animalscausing harm.,
However, when acrop is treated with apesticide, a
very small amount of the pesticide, or indeed what it
changestointheplant (itsmetabolites or degradative
products), can remainin/onthecrop until or afteritis
harvested. Thisisknown aspesticide residue®.

Contamination of cocoabeanswith pesticide can
occur viatwo ways. It can occur directly by treating
the crop with pesticides before harvest, storage and
distribution. It can also occur by the uptake from the
soil of residud pesticidesof the subsequent cocoafarm-
ing, fromtheamosphereor drifting from neighbouring
fields or from astorage space pretreated with pesti-
cides®.

Determination of pesticideresiduesinfoodstuff is
demandingwith many analytica stepsand muchtime
being spent on reference samples and quality assur-
ancework. Anaytica consumable materiasareexpen-
siveand many at timesdifficult to obtain, particularly
for laboratoriesin certain devel oping countries. And for
multi-residue methodslikethe onefor fatty matrices
such ascocoabeans, large quantities of consumables
may berequire for certain methods of choice. Itis
thereforeimportant to characterize pesticideresidues
trendsfor evaluation of thetemporal variations of co-
coabeans contamination. Theusual practice of cocoa
beans for residues assessment is the comparison of
measured pesticideres dueswith threshold val uesrec-
ommended by international bodiesor country’s regula-
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tions, likethe European Union, Japanese, etc®82, |n
this wise, and considering the extensive export of
Ghana’s cocoa to Japan, the analytical method as de-
veloped by the Department of Food Safety, Ministry of
Health, Labour and Welfare, Japan'® wasusedin this
study.

The present study was undertaken to evaluate, in
thefirst place, therdationship between theleve sof the
pesticidesin the medium cocoabeans, and then iden-
tify their mutual concentration dependenceto identify
their source. In situationslikethis, multivariate tech-
niques such as Principal Component Analysis (PCA)
and Cluster Analysis (CA) have been applied success-
fully in other earlier studiesd’®4, In conjunction with
CA and PCA, thisapproach providesameansfor en-
suring sourceidentification for agiven pesticidedistri-
bution pattern in cocoa beans or any other medium*>
181, Therefore to achieve the objective of the present
study, res duelevel sof sdlected pesticidesincluding but
not limited to beta-HCH, a pha-endosulfan, endrin,
p,p’-DDD, dimethoate, chlorpyrifos, allethrin, bifenthrin,
fenvaerate, cyfluthrin, and cypermethrin were deter-
mined by gaschromatographic technique. Thedatawas
subjectedtothemultivariateanayssusngsmpleand
multiplecorrdaions, together with gpportionment andy-
Sis. It wasenvisaged that thisapproach would provide
abasisto evolvecorrel ation patternsof various pesti-
cidesin cocoabeans, whichin turnwould be useful for
devel oping acost effective control mechanismtowards
abatement of gross pesticide contaminationinthe se-
lected area. The present study, thefirst of itskindin
cocoa beans, would bring out pesticides source ap-
portionment in residue detected in cocoabeansfrom
Ghana, subsequently leading to the control of exces-
sive agrochemicalsby suitable processes.

MATERIALSAND METHODS

Samplingsites

Temaislocally nicknamed the “Harbour City” be-
cause of its status as a seaport. The port of Tema
handles 80% of the nation’s import and export cargo.
Itisacity ontheAtlantic coast of Ghana, coordinated
5°40°N 0°0°W5.667°N 0°E, lying 25 kilometres east
of the Ghanaian capital city of Accra, inthe Greater
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Accraregion. Temaisone of Ghana’s two deep sea-
ports, Sekondi-Takoradi is the other. The Port of
Takoradi islocated 2 kilometresfrom centre of thecity
and coordinated on4°53°5"N 1°44°26"W, in the West-
ern Region of Ghand*".

BURKINA FASO
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Figurel: Map of Ghanashowing samplinglocations(Tema
and Takoradi)

Samplingplan

Fermented dried cocoa beans ready for export
werestoredin thewarehouses. Thebeanswere bagged
injute sacks each wei ghing about 63.5kg. Fermented
dried cocoa beans ready for export were sampled at
random from the two main cocoawarehouse stations
located in Tema and Takoradi. At Tema, a total of
twenty-four (24) distinct bagged sampleseach weigh-
ing about akilogram of fermented dried cocoabeans,
were sampled from November, 2010 to January, 2011.
Thesewereidentified from seven (7) registered certi-
fied cocoabuying companieslabeled A to G and from
thesix cocoagrowing regionsof Ghana(Western, East-
ern, Ashanti, BrongAhafo, Central and Voltaregions).
The same cocoa buying companies and growing re-
gionswereidentified at Takoradi station, with atotd of
twenty (20) distinct samplescollected from November
to December, 2010, and bagged in labeled zip lock

plastic bags.
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Inall, atotal of forty-four (44) distinct fermented
dried cocoa beans samples, ready for export were
sampled, label ed accordingly and weretransported to
thelaboratory infivedifferent batches.

Reagentsand chemicals

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/
L C-NH, (500mg/500mg/6mL — Supelco), Strata C18-
E (55um, 70A, 1000mg/6mL — Phenomenex) and dis-
tilled water.

Theindividud certified reference sandardsgrouped
into organochlorine pesticides: lindane, beta-HCH,
deltaeHCH, adrin, heptachlor, gamma-chlordane, d-
pha-endosulfan, p,p’-DDE, dieldrin, endrin, beta-en-
dosulfan, p,p’-DDT, p,p’-DDD, endosulfan sulfate,
methoxychlor; organophosphorous pesticides:
methamidophaos, phorate, fonofos, diazinon, dimethoate,
pirimiphos-methyl, chlorpyrifos, maathion, fenitrothion,
parathion, chlorfenvinphos, profenofos; and synthetic
pyrethroidspesticides: dlethrin, fenpropathrin, bifenthrin,
lambda-cyhalothrin, permethrin, cyfluthrin,
cypermethrin, fenva erateand deltamethrin used for the
identification and quantificationwere obtained from Dr.
Ehrenstorfer GmbH (Augsburg, Germany).

Analytical methodology and instrumentation
Extraction and clean-up

Extraction and clean-up of cocoabeans samples
were carried out according to procedures described
by multi-residue method for agricultura chemicalsby
GC/M Sfromthe Department of Food Safety, Ministry
of Hedlth, Labour and Welfare, Japan with dight modi-
ficationg¥. 20 mL of distilled water was added to 10.0
g of ground finedried cocoabeans powder sampleand
alowedto stand for 15 minutes. 50 mL of acetonitrile
was added and the sample homogenized using theultra
turax macerator. It wasthen centrifuged at 3000 rpm
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and filtered into a100 mL volumetricflask. An addi-
tional 20 mL of acetonitrilewas added to theresidue,
and homogenized, centrifuged and filtered. Bothfiltrates
were combined, and acetonitrile was added to make
up a100 mL solution. 20 mL aliquot of the extracted
solution wasthen measured, and 10 g of sodium chlo-
rideand 20 mL of 0.5 mol/L phosphatebuffer (pH 7.0)
wereadded. It wasthen shook vigorously for 10 min-
uteson ahorizontal shaker and alowedto stand for 10
minutesuntil thesolutionwasclearly separatedintolay-
ers. Theagueouslayer was discarded.

An octadecylsilanized silica gel mini column
(1000mg/6mL) was conditioned with 10 mL of aceto-
nitrile. Theacetonitrilelayer from the abovewasthen
loaded onto the column, and the column el uted with 2
mL of acetonitrileafterwards. Theentirevolumeof ef-
fluent wasdry over anhydrous sodium sulfate, and fil-
tered. Thefiltratewas concentrated to drynessat 40°C
or lower andtheresduere-dissolvedin 2 mL of aceto-
nitriletoluene(3:1) mixture,

A second SPE, graphite carbon/aminopropyl-
dlanizedsilicage layered mini column (500mg/500mg/
6mL ) was conditioned with 10 mL of acetonitrile/tolu-
ene(3:1) mixture. The solution obtained from above
extraction step wasthen loaded onto thiscolumn, and
the column eluted with 20 mL of acetonitrile/toluene
(3:1) mixtureafterwards. Theentirevolumeof effluent
wasthen concentratedto 1 mL or lessat 40°C or lower.
10 mL of acetone was added to the concentrated solu-
tion and further concentrated to 1 mL or lessat 40°C
or lower. A further 5 mL of acetonewas added to the
concentrated solution and then concentrated to dry-
ness. Theresiduewasre-dissolved in ethyl acetateto
makeal mL solution, and was madeready for residue
determination by GC-MS.

I nstrumentation

Thiswasas described in*®2%, 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-
gs. Sampleextract of 2 uL aliquot was injected and the
separationwas performed onafused silicagel capillary
column (VF- 5ms, 30 m + 10 m column guard x 0.25
mmid., 0.25 um filmthickness). Thecarrier gaswas
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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
areaswhoseretention timesand spectracoincided with
thereferencestandardswereextrapolated on their cor-
responding caibration curvesto obtaintheir respective
concentrations.

Data analysis

Statistica analysesincorporatedinthework include
mean of samples, minimum and maximum vauesand
corresponding standard deviation. Rangeswere com-
piled from minimum and maximumva uesfor levelsde-
tected in eachindividua organochlorine, organopho-
sphorous and synthetic pyrethroids pesticide residues
detectedinthe sudy. Residue datafrom fermented dried
cocoa beans was subjected to Principal Component
Anaysis(PCA) toinfer the hypothetical sources of
pesticides. Factor Analysis(FA, thecomponentsof the
PCA) was performed by Varimax rotation. Varimax
rotation was employed because orthogonal rotation
minimizesthenumber of variableswithahighloading
on each component and thereforefacilitatestheinter-
pretation of PCA results. Cluster Analysis(CA) was
applied to identify different groups, clustering the
sampleswith similar pesticideresidues contents. CA
was formulated according to the Ward-algorithmic
method, and the squared Euclidean distancewasem-
ployed for measuring the di stance between clusters of
similar residue contentsand a so between certified co-
coa buying companies. The mean of samples, maxi-
mum va uesand correponding standard deviation were
determined using XLSTAT 2011 software, whereas
PCA and CA were performed by SPSS version 16
softwarefor windows. All other cal culationswere per-
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formed using Microsoft excd . However, only pesticides
with percentage of detection morethan 25% were sub-
jectedtothemultivariateanaysis.

RESULTSAND DISCUSSION

Cluster analysis(CA)

CA wasperformed onthe cocoabeansresiduedata
set. The residue data was normalized using Ward’s
method of linkagewith squared Euclidean distanceasa
measure of similarity?Y. Cluster analysisused dl the
varianceor information contained intheorigind resdue
dataset. Ward’s method was selected for pesticides/
sampling sitecl assification becauseit possessesasmall
spacedigtortion effect, usesmoreinformation on clus-
ter contentsthan other methods, and has been proved
to beextremely powerful grouping mechanism?. All
pesticides screened were coded asfollows: first two
letters of pesticide grouping by chemical nature, fol-
lowed by thetwo | ettersfrom the pesticide’s name. For
example, Alpha-endosulfan, an organochl orine pesti-
cidewascoded asOC.AE; while Cypermethrin, asyn-
thetic pyrethroids pesticidewas coded as SP.CY and
Dimethoate, an organophosphorous pesticide was
coded asOP.DM. Cluster analysisin R-modewas per-
formed on measured pesticidesand two distinct groups
or clusterswererevealed. Cluster 1 contains OC.AE,
SPCY, OP.CH, OC.EN and OPDM as Alpha-en-
dosulfan, Cypermethrin, Chlorpyrifos, Endrin and
Dimethoate, respectively. The pesticides Fenva erate,
Cyfluthrin, Aldrin, Bifenthrin, p,p’-DDD and Beta-HCH
as SPFE, SPCF, OC.AL, SPBI, OC.PD and OC.BH,
respectively were grouped into cluster 2 (Figure 2).
Cluster 1 consists of two organochlorine pesticides:
Alpha-endosulfan and Endrin; two organophosphorous
pesticides: Chlorpyrifosand Dimethoate, and one syn-
thetic pyrethroids pesticide: Cypermethrin, aregistered
pesticidefor cocoa productionin Ghand®l. With clus-
ter 2, three organochlorines: Aldrin, BetasHCH and
p,p’DDD, a metabolite of the parent compound DDT;
and three synthetic pyrethroi ds pesticidesweregrouped
together with no organophosphorous pesticide. The
synthetic pyrethroids pesticides in cluster 2 were
Fenvderate, Cyfluthrinand Bifenthrin; thelatter two are
well known pesticidesamong pesticidesimportersin
Ghand?.
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Rescaled linkage distance

OC.AE
SP.CY
OF.CH
OC.EN
OoFP.DNM
SP.FE
SP.CF
SP.AL
SP.BI
OC.PD
OC.EH

Cluster 1

U}T

Cluster 2

S
Figure2: A dendogram of measured pesticidesresiduesin
cocoabeans

All screened cocoa beans sampleswere coded as
follows: first twoletters of the city fromwherethe co-
coabeanswere sampled followed by the | etter repre-
senting the certified cocoa buying company and anum-
ber representing the count of cocoabeans samplesfrom
that particular buying company. For instance, the sec-
ond cocoabeans sample from certified buying com-
pany labeled A sampled from Temastation was coded
TE.A2, whilesthethird cocoa beans samplefrom cer-
tified buyingcompany labeled D, sampled from Takoradi
station was coded TA.D3, and so on.

TheQ-mode CA grouped dl 44 sampled fermented
dried cocoabeansintofour statisticaly significant clus-
ters (Figure 3). Group 1 consistsof TE.A1, TA.A1L,
TA.A2, TA.B1, TA.B2, TA.B3, TE.C3, TA.C2,
TA.C1, TA.D1L, TEF2, TE.F3, TA.F3, TE.GL, TE.G3,
TE.G4, TE.G5, TE.G6 and TA.G1. Group 2 consist of
only six of thesamples, TE.A2, TE.D1, TE.E1, TA.E],
TA.F2and TE.G2. Group 3consist of TE.A3, TA.A3,
TE.B1, TE.B2, TE.B3, TA.C3, TA.D2, TA.D3, TA.E3,
TA.E2, TA.F1 and TA.G2. And Group 4 consists of
TE.C1, TE.C2, TE.D2, TE.D3, TE.E2 and TE.F1
samples(Figure 3). All Group 1 sampleswereidenti-
fiedfrom six certified buying companies(A, B, C, D, F
and G), and from all the six cocoagrowingregionsin
Ghana(Western, Centra , Ashanti, Eastern, BrongAhafo
and Volta Regions). However, Group 2 consists of
samplesfrom only three of the cocoagrowing regions
(Western, Ashanti and BrongAhafo Regions), and from
five of the certified cocoabuying companies(A, D, E,
F and G). Group 3 consists of samples from all se-
lected certified cocoabuying companies (A to G), but
only from three cocoagrowing regionsof Ghana (West-
ern, Ashanti and Brong Ahafo Regions). Thefourth
Group (Figure 3) aso comprised of samplesfromthree
out of the six cocoagrowing regions (Ashanti, Western
and Centra Regions) but fromfour certified cocoabuy-
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ing companies(C, D, Eand F).

Rescaled Linkage Distance

Chaster 1

Figure 3: A dendogram of all screened fer mented dried cocoa
beanssamples

Principal component analysis(PCA)

PCA isapowerful pattern recognition technique
that attemptsto explain the variance of adata set of
inter-correl ated variableswithasmaller set of indepen-
dent variables (principal component)4, PCA in R-
mode was performed on thelogarithmic form of pesti-
cideresduesdata Varimax rotation wasused to maxi-
mizethe sum of the variance of thefactor coefficients.
TABLE 1: Rotated component matrix of four factor model

explaining 66.947% of thetotal variancefor major detected
pesticides

PC1
-0.634
0.806
0.210
-0.125
0.081

PC 2
-0.002
0.156

PC3
-0.155
-0.036
0.077
-0.511
-0.093
-0.469

0.152
-0.195

0.498

0.867
-0.065

1.586
14.417
53.956

PC 4
-0.100
-0.040
0.102
0.158
-0.035
-0.015

OC.BH
OC.AE
OC.EN
OC.PD
OP.DM
OP.CH
SP.AL
SP.BI
SP.FE
SP.CF
SP.CY

0.803
0.251
0.873
0.305
-0.174
0.326
0.207
0.172
0.209
1.840
16.728
39.539

0.553
-0.108
-0.002

0.807
0.770
0.272
0.097
-0.231
1.429
12.991
66.947

-0.607
-0.067
0.837
2.509
22811
22811

Eigenvalue
Percentage of total Variance

Cummulative percentage of Variance

Theresults of the R-mode PCA arepresentedin
(TABLE 1) withsgnificant factor loadingsinbold typed
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face.

Four principal components were obtained with
Eigenvalues greater than one, explaining 66.947% of
thetotal variancein pesticideresiduedataset (TABLE
1). Thefirgt principa component (PC1) was correlated
with OC.AE, OP.CH and SP.CY. However, OC.BH
and SPFE with negative valueswereal so significant
but in reversed order to OC.AE, OP.CH and SPCY
(TABLE 1). Thisprobably meansasAlpha-endosul-
fan, Chlorpyrifosand Cypermethrin residueswereon
theincrease, Beta-HCH and Fenval erate decreased and
viceversa. Thesecond principa component (PC2) was
correated primarily with OC.EN and OPDM, whereas
thethird principal component (PC3) wasweighted on
SPFE and SP.CFwith OC.PD inreversedtrend. The
fourth principa component (PC4) wascorrel ated with
SPAL and SPBI.

Thefactor scoresfrom the R-mode PCA aregiven
INTABLE 2. Theseclassified thesampled cocoabeans
from warehouses and buying compani es according to
the residue concentrations of the detected pesticides.
For PC1, the pesticidesAl pha-endosulfan, Chlorpyrifos
and Cypermethrin arehighly concentrated in samples
TEA2,TA.A2, TEBL1 TE.B3, TA.D2, TA.D3, TE.EL,
TA.EL1, TA.E2, TA.E3, TE.F3, TA.F1, TA.F2 and
TE.G2 with factor scores of 1.083, 1.488, 0.747,
0.708, 0.893, 0.854, 1.270, 1.267, 0.888, 0.940,
1.392,1.051, 0.714 and 1.987 respectively (TABLE
2).

The PC2 represents strong correlation for Endrin
and Dimethoatefor thefollowing sampled beansinthe
order; TA.G2>TA.C3>TA.D3>TA.E2>TE.B2>
TE.D3>TA.F1>TE.E2>TE.C2>TA.A3>TE.A3
(TABLE 2). PC3aso correlated strongly for the Syn-
thetic Pyrethroids Pesticides Fenva erateand Cyfluthrin
for thefollowing sampled beansintheorder; TE.F1>
TE.AA2>TEE3>TE.C2>TE.D3>TE.E2>TE.G2
>TA.E1>TEE1>TE.C1>TE.D2>TA.G2.And
finally PC4 shows strong correlation for the pesticides
Allethrinand Bifenthrin (synthetic pyrethroids pesticides)
for sampled beansTE.C2, TE.D2, TE.F3, TA.F1 and
TE.G1lwithfactor scoresof 1.781, 3.259, 2.727, 1.495
and 1.993, respectively.

Pesticidessour ceidentification with PCA
The R-modePCA performed onthepesticideresi-
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TABLE 2: Varimax rotation factor scoresfor thefour factor
model for theanalysed fermented dried cocoa beans

PC1 PC2 PC3 PC4
TEA1L -0.115 0.117 -0.215 -0.271
TEA2 1.083 0.057 1.841 -0.600
TE.A3 0.380 0.748 -0.953 0.637
TA.Al -0.269 0.586 -0.966 -0.860
TA.A2 1.488 -0.379 -0.551 0.136
TA.A3 0.413 0.816 0.555 -0.930
TE.B1 0.747 0.256 0.547 -0.694
TE.B2 0.612 1.244 -0.853 0.556
TE.B3 0.708 -0.083 0.299 0.467
TA.B1 -0.346 0.408 -0.646 -0.136
TA.B2 -1.231 0.119 -1.182 0.880
TA.B3 -0.478 -0.437 -0.554 -0.959
TE.C1 -1.762 0.544 0.847 -0.332
TE.C2 -1.605 0.841 1.632 1.781
TE.C3 0.014 -0.178 -1.024 0.381
TA.C2 -0.407 -0.220 -0.594 -0.569
TA.C3 0.129 1.842 0.076 -0.020
TE.D1 0.468 -1.967 -0.261 -0.453
TEE2 -0.776 0.886 1.708 -0.286
TAE1l 1.267 -1.661 1.229 -0.354
TA.E2 0.888 1.463 -0.305 0.922
TA.E3 0.940 -0.007 -0.218 0.384
TE.F1 -0.976 -1.428 2141 -0.044
TE.F2 -0.572 -0.650 -1.603 -0.569
TE.F3 1.392 -0.685 -0.247 2727
TA.F1 1.051 0.939 -0.902 1.495
TA.F2 0.714 -0.948 0.740 -0.825
TA.F3 -0.478 0.129 -1.242 -0.686
TE.G1 0.120 -1.216 -1.350 1.993
TE.G2 1.987 -1.257 1.292 -0.286
TE.G3 -0.892 -1.251 -0.455 -0.762
TE.G4 -1.126 -1.392 -0.375 -0.835
TE.G5 -0.974 -1.189 -0.363 -0.810
TE.G6 -1.782 -0.702 -1.639 -0.503
TA.G1 -0.752 -0.331 -0.242 0.231
TA.G2 0.503 2.159 0.688 -1.165

duesdataset revealed four latent factors. Thesefac-
torswereresponsiblefor thedatastructure, explaining
66.947% of thetota variance of the dataset and pos-
sibly from current use, previous use, run-off or drift.
PC1 hasthe highest Eigenvalueof 2.509 (TABLE
1). An Eigenvalue givesameasure of thesignificance
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for thefactor, and the highest Eigenvalueisthe most
significant!®!, The pesticides Alpha-endosulfan,
Chlorpyrifosand Cypermethrin, and inversely Beta-
HCH and Fenva erateregistered factor loadings grester
than 0.5 and constituted absol ute|oading values. PC1
may beinterpreted asrepresenting i nfluencesfrom cur-
rent use of these pesticidesin cocoaproductionin Ghana
mainly from farming and crop storage practices. PC2,
whichisnextinsgnificancewithanEigenvaueof 1.840,
is strongly correlated with Endrin and Dimethoate.
Dimethoate has beenidentified asmixed formul ation
with Cypermethrin, an approved pesticidefor useon
cocoaproductionin Ghana. Examplesof theseformu-
lationsinclude Cymethoate Super EC, Cypadem 43.6%
EC and Cyperdicot EC'?3. Cocoafarmers may have
used these formul ations, and as a matter of fact had
contributed greatly to PC2 percentage of total variance
of 16.728 (Table 1). Thethird principal component,
PC3, hasan Eigenvaueof 1.586 andisthirdin signifi-
cance. This pole has the pesticides Fenvalerate,
Cyfluthrinandinversdy p,p’-DDD as its members. PC3
may beattributed to previous use of those pesticides.
Thiscould betruesince Fenva erate, PC3 member, was
dsoinPClinaninversecorreationorder. Andif PC1
wasidentified with current use of Alpha-endosulfan,
Chlorpyrifos, and Cypermethrin, and inversely with
Beta-HCH and Fenvaderate, then in PC3iit could pos-
sbly befrom previousused pesticide. Again p,p’-DDD
isametaboliteof theparent compound DDT, and since
DDT wasnot among PC1 current used pesticides, it
confirms PC3 as previoudly used pesticide. PC4 with
theleast Eigenvalue of 1.429 contributed 12.991% of
thetotal varianceinresiduedata. It containstwoinsec-
ticides; Allethrinand Bifenthrinwhich may beattributed
to pesticidesdrift considering their least Significanceto
the PCA and their approval among pesticidesusedin
Ghand®.

R-mode CA was performed on residuedata set to
ascertainsmilaritiesamong thevariouspesticides. The
R-mode CA reveal stwo distinct pesticidesgroupings
(Figure?2). Theresultssuggest that the pesticideswhich
fal inaparticular group sharesimilar characteristics.
Thecluster analysishas, therefore, provided auseful
classfication of the pesticidesinthestudy, which could
be used as pesticides markersto design an optimal fu-
turemonitoring work with lower cost. Onthe basis of

Snoivonmental Science
A Jndian W



ESAIJ, 8(12) 2013

Samuel K.Frimpong et al.

theresult fromthiswork, thenumber of monitoring pes-
ticides could bereduced and chosen only from Groups
land 2.

Figure4: Aplot of principal component PC1 versusprinci-
pal component PC2 for factor sscoresin R-mode PCA

Figure4 showsthefactor scoresof pesticidesex-
amined on the bi-dimensional plane defined by PC1
and PC2, and clearly distinguishes 12 pesticidesinto
two groups. Group one contains OPMD, OC.EN,
OP.CH, OC.AE and SPCY, whilegroup two consists
of SPFE, OC.PD, SPBI, SP.CF, OC.BE and SPAL.
Comparing these groupingsto R-mode CA indicates
very strong agreement inthe groups (Figure2 and Fig-
ure4). Thisconfirmsthefact that thepesticidesin each
group posses’ similar characteristics. A closer look at
Figure4 showsthat group onemay bedivided into two
groups. Thefirst group containing OPDM and OC.EN,
and the second comprisesOPCH, SPCY and OC.AE.
Thisgroupsthe pesticidesinto current use, previously
used and drift sources asdemonstrated by the PCA.

Similarities among sampled cocoa beans using
PCA and CA

Q-mode CA was performed on residues data set
to ascertain similarities among the various sampled
beans. The Q-mode CA defines groups (clusters) of
sampled beansof aparticular region and company in
termsof theexamined pesticides. TheQ-mode CA re-
ved sfour distinct sampled groupings (Figure3). The
results suggest that the sampled beanswhichfall ina
particular group sharesimilar characteristicswith re-
spect to the anal ysed pesticides. Thecluster analysis
has, therefore, provided auseful classification of the
cocoabeanssamplesin the study area, which could be
used to design an optimal future monitoring sampling
planwithlower cost. Onthebasisof theresult fromthis
work, thenumber of monitoring sampled cocoabeans
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could bereduced and chosen only from Groups 1, 2, 3
and4. Theamilaritiesand differenceswithinthesampled
beansfrom the warehouseswas al so investigated by
thefactor scores of the R-mode PCA. Figure 5 shows
thefactor scores of sampling pointson the bi-dimen-
sional planedefined by PC1 and PC2, and clearly dis-
tinguishesthe 44 sampled cocoabeansinto four groups.

Group 1consstsof TA.AL, TA.B1L, TEAL TAF3,
TA.C2, TE.C3,TA.G1, TA.B3, TEF2, TED2, TE.G5,
TE.G3, TE.F1, TE.G4 and TE.G1. Group 2 consists
of TA.A2, TE.F3, TA.F2, TE.E1, TA.E1, TE.G2and
TE.D1. TA.G2, TA.C3, TA.D3, TA.E2, TE.B2,
TA.A3, TA.C1, TA.F1, TE.A3, TA.D2, TE.B1,
TA.D1, TE.A2 TE.B3 and TA.E3 were together in
Group 3 (Figure 5). The PCA Group 4 comprised
TE.D3, TE.C2, TE.E3, TE.C1, TE.E2, TA.B2 and
TE.G6. Comparing thesewiththe CA, it aso clustered
sampled cocoabeansinto four maor groupings (Fig-
ure 3). Between group 1 of PCA and CA; TA.AL,
TA.B1, TE.A1, TA.F3, TA.C2, TE.C3, TA.G1,
TA.B3, TE.F2, TE.G5, TE.G3, TEG4and TE.G1lwere
common.

T TLE T RS e % — T+~
TEC3
3 20 ‘oe idiB 10 & Tag0 0
TEo e p® 'PE%? ‘ @ TEF3
a0 ® TAF2
TE.G3 q'E'GL ¢ TEG2
So TER | 5 j ¢ TEEL

4+ T4El
Group 2

Figure5:Aplot of principél component PC1 versusprinci-
pal component PC2for R-mode

TE.E1, TA.E1, TE.G2, TA.F2 and TE.D1 were
common to group 2 PCA and CA. Common samples
in group 3 between PCA and CA consistsof TA.G2,
TA.C3, TA.D3, TA.E2, TEB2, TA.A3, TA.F1, TEAS3,
TA.D2, TE.B1and TE.B3. And in group 4, TE.C2,
TE.C1, TE.D3, TE.E2 and TE.E3 were common be-
tween PCA and CA grouping. The good agreement
between PCA and CA for sampled cocoa beans con-
firmsthefact that the forty-four sampled cocoabeans
can begroupedinto four main groupswithsmilar char-
acterigtics. Thus, samplesin thesamegroup comefrom
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the same sources. It could a so possibly be that those
samplesweretreated with the samefarming and crop
storage practices.

CONCLUSION

Multi-residueslevel sof pesticidesin cocoabeans
produced in Ghanaas determined by Gas chromatog-
raphy coupled with Mass Spectrometry showssignifi-
cantly varying results:

The present work demonstrates the useful ness of
the statistical multivariate methodstowardsclassifying
the pesticidesas groupsin termsof their independent
behaviour andidentifying their probable sources. Mul-
tivariate analysison the pesticideresidue data of fer-
mented dried cocoa beans in R-mode and Q-mode
grouped thedetected pesticidesinto four latent factors;
current use, previously used, run-off and drift from
neighbouring crops pesticides applications. It also
grouped sampled cocoabeansinto four mgor clusters
based on similaritiesin crop storage and agricultural
farming practices. It istherefore anticipated, that any
feasiblefuturistic solution to pesticides contamination
problem infermented dried cocoabeansfrom thefour
classified sampled groups should only bebased on se-
lected pesticidesinthetwo groups asrevea ed by the
cluster analysis(CA) and confirmed by the principal
component analysis(PCA).
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