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Abstract: Pesticide residues in fruit and vegetables have become a major concern associated with chemical food safety issues.
Translocation of pesticides in tomato, mango and pineapple fruits in locally produced samples was investigated using gas
chromatography/mass spectrophotometer (GC/MS) procedures. Samples were fractionated with respect to distance from the skin to
the core and prepared for analysis. Results showed that organochlorine, organophosphate and synthetic pyrethroid residues were
translocated in all fruit samples analyzed. With respect to tomato fractions, the peels retained more residues compared to the pulp and
the central core. In the chemical species, organochlorines were retained more in the peels of tomato than the other fractions of the
fruit. More organophosphate and organochlorine residues were detected in pineapple peels compared to the pulp. Synthetic
pyrethroid residues were evenly distributed in the pineapple fruit. In mangoes, the pulp retained more chemical residues than other
fractions of the fruit. More organochlorine residues were retained in the pulp of mango than in the other fractions of the fruit.
Synthetic pyrethroid residues were evenly distributed throughout the mango fruit. All the chemical species identified were
translocatable across the fractional parts of all the fruits. There were significant differences in translocation and residue accumulation
of pesticides among the fractional parts of all samples.
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1. Introduction Organophosphates, carbamates and pyrethroids are

o ) ) ) ) routinely applied to fruit crops for broad spectrum
Pesticides comprise a wide variety of chemicals ) )
) ] ) insect control [3, 4]; organochlorines and other
with different structures, and consequently differences .
) ] ] ) ) compounds are mainly used as post-harvest treatments
in their mode of action, uptake, biotransformation and . . . L
o . o for fungi control, especially in fruits intended for
elimination do exist [1]. Translocation is the process i )
o . direct human consumption [5].
whereby pesticides are absorbed into the plant and . .
o ) ) ] ) Pesticides residues may be translocated through
redistributed into the tissues. Depending on their . .
) ) ] - other mechanisms: via the apoplast or symplast or
physical or chemical properties, some pesticides may . .
. . . across the mesophyll into the phloem [6]. The kind of
be trans-laminar (travelling short distances through the i )
) . ) ) chemical residues left on the crop depends on the
surface into the tissues) or systemic (translocation of o .
o ) nature of the pesticide, the pre-harvest interval and the
pesticides over long distances) [2]. Exposure to . )
o . o conditions under which the crops are stored.
pesticides through consumption of fruits is almost . .
) ] ) Translocation of pesticides can be upward or lateral
continuous, either as a result of direct treatment or due .
. L . (acropetal) or downward (basipetal), but upward
to environmental or cross contamination. Fruits are . .
. movement is more common, particularly because many
usually subjected to pre and post-harvest treatments. o ) ] o
pesticides are applied to the soil [6]. Pesticides can be
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elapsed since the chemical was applied, conditions of
crop storage as well as the morphology of the plant.
Subsequently, interest on pesticide toxicity has
particularly increased over the past years owing to
increasing evidence of carcinogenic, mutagenic and
teratogenic effects in experimental animals and
exposed humans [7]. Furthermore, the usage of these
chemicals has occasionally been accompanied by risk
to human health and the environment because of their
toxic potential, high persistence and bioaccumulation
[8]. The objective of this study was to investigate the
translocation of chemical pesticides across the
fractional parts of locally produced tomato, pineapple

and mango fruits.
2. Materials and Methods
2.1 Sampling and Preparation

Freshly harvested pineapples were sampled from
three commercial farms located in the Bawjiase
district of Ghana. Mangoes were sampled from three
commercial farms in the Yilo district. Tomatoes were
sampled from three commercial farms located in the
Ada district. After stones and stalks were removed,
samples were fractionated into peel, core and edible
portion and analyzed accordingly. Tomatoes,
pineapple and mango were given three treatments:
edible portion, peel and core. Extreme care was taken
to prevent cross contamination of residues from one

part of the fruit to the other.
2.2 Extraction of Samples

Sample preparation, extraction, clean-up and
analysis were carried out according to the procedure
described in the Netherlands analytical methods for
pesticides residues and foodstuffs with slight
modifications [9].

Samples were thoroughly shredded and blended to
maintain  homogeneity based on treatments.
Sub-sample of about 20.0 g was weighed and
macerated with 40 mL ethyl acetate for 30 s. To adjust

acidity and remove moisture, 5.0 g sodium hydrogen

carbonate and 20.0 g anhydrous sodium sulfate,
respectively, were then added, and further macerated
for 90 s using the ultra-turrax macerator. The samples
were then centrifuged for 5 min at 3,000 rpm to
separate the phases. The extraction process was
followed by a clean-up step using solid phase
extraction with florisil pre-packed cartridge. The
florisil (1,000 mg/6 mL) cartridge was conditioned
with 10 mL ethyl acetate. Aliquot of the organic layer
extract were loaded onto the cartridge, and eluted with
10 mL ethyl acetate afterwards.

2.3 Determination/Quantification  of  Synthetic
Pyrethroid, Organochlorine and Organophosphate
Pesticides

Quantification of synthetic pyrethroid,
organochlorine and organophosphate pesticides were
performed using a Varian CP-3800 GC/MS with a
Varian CP-8400 autosampler with an analytical gas
column (30 m + 10 m) EZ guard 0.25 mm internal
diameter fused silica capillary coated with VF-5ms
(0.25 pm film thickness). Aliquots of 1-2 puL were
injected into the GC/MS. The oven temperature was
programmed at 80-180 °C at a rate of 25 °C/min for
synthetic pyrethroids, 70-200 °C for organophosphates
and 70 °C for 2 min, ramp at 25 °C/min to 180 °C and
finally ramp at 5 °C/min to 300 °C, held for 2 min
Injector temperature was 250 °C and the helium
flow rate was 1.3 mL/min constant flow. The residue
levels of organochlorines/organophosphate/pyrethroid
pesticides were quantitatively determined by the
external standard method wusing peak area.
Measurement was carried out within the linear range
of the detector. The peak areas whose retention times
coincided with the reference standards were
extrapolated on their corresponding calibration curves

to obtain their concentration.
2.4 Quality Control and Quality Assurance

All reagents used during the analysis were exposed
to the same extraction procedures. In all batches of
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organophosphate/organochlorine/synthetic pyrethroids
blanks,
procedural matrix blanks and triplicate samples were

pesticides  residues analysis, reagent
included. For the reagent blanks in each extraction
procedure, no organochlorine/synthetic pyrethroids
pesticides were detected. All extracts were kept frozen
until quantification was achieved.

Recalibration curves were run with each batch of
samples to check that the correlation coefficient was
kept at R = 0.99 or better. The method used was an
international method, optimized and validated using
various agricultural products [10]. A fortification level
of 0.05 mg/kg of standard mixtures was chosen before
analysis to evaluate the recovery of compounds in the
fresh produce samples analyzed. Fortified samples
were determined with good recoveries. The recovery of
organochlorine/synthetic =~ pyrethroids  pesticides
residues ranged between 80% and 120% for most of the
organochlorine/synthetic pyrethroids pesticides, and it
was calculated as Eq. (1):

Recovery (%) = [(concentration of pesticide
100]

/(concentration of pesticide added to sample) (1)

recovered from fortified sample) x

2.5 Limit of Detection

Detection limits of the method were also assessed
based on the lowest concentrations of the residues in

each of the matrices that could be reproducibly

measured at the operating conditions of the GC, which
were 0.001 mg/kg. Blank analyses were also carried
out in order to check any interfering species in the
reagents [11].

2.6 Reagents

Individual certified reference standards of
organophosphates, organochlorines and synthetic
pyrethroids used for the identification and

quantification were obtained from Dr. Ehrenstorfer
GmbH (Augsburg, Germany). Pesticide grade ethyl
acetate and analytical grade acetone were obtained
(BDH
Chemicals), England. Anhydrous sodium hydrogen

from British Drug House Chemicals
carbonate and sodium sulfate were analytical grade
obtained from Aldrich (Chemie, Germany). Solid
phase extraction Envi-carb/LC-NH, (500 mg/6 mL)
was from Supelco and florisil (1,000 mg/6 mL) was

from Phenomenex.
3. Results and Discussion
3.1 Translocation of Pesticides in Tomatoes

Fig. 1 depicts the distribution of pesticide residues
across the fractional parts of tomatoes. The chemicals:
fonofos, beta-hexachlorocyclohexane (B-HCH) and
endosulfan sulfate were predominantly found in the

tomato sample. Dieldrin, fenitrothion, chlorpyrifos,
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Fig. 1 Distribution of pesticide residues across fractional parts of tomatoes.
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lindane and p,p’-dichlorodiphenyltrichloroethane
(p,p’-DDT) were found mainly in the tomato peels.
The peels retained more of organophosphate and
organochlorine residues than the other fractions of the
fruit. Whole tomato had traces of the synthetic
lambda
allethrin, cyfluthrin I, cyfluthrin II, cyfluthrin III,
cyfluthrin IV and bifenthrin). Chlorpyrifos and

fenitrothion were found in the peels of tomato. The

pyrethroids  (cypermethrin, cyhalothrin,

peels were found to have the highest level of
organochlorine pesticide residues.

The absence of fonofos and fenitrothion in whole
tomato and subcuticular samples may be attributed to
the dilution of the chemical. The chemical may also be
in trace forms undetected by the instrument. Even

though the farmers claimed
dichlorodiphenyltrichloroethane (DDT)
p.p’-dichlorodiphenyldichloroethylene (p,p’-DDE)

and p,p’-dichlorodiphenyldichloroethane (p,p’-DDD)
was not applied, the metabolites of DDT were found
in the crop samples. This indicates that DDT might
have been used in previous agricultural seasons as
corroborated by Mbakaya et al. [12]. Essentially,
pesticide residues in food and crops are a result of
application of pesticides to agricultural field and
contaminated soils. Moreover, sometimes few farmers
do not wait long enough for the residues to wash off
after spraying before harvesting because of their high
demand for farm products and low perception of the
toxic effects of pesticide residues on food [13].

High organochlorine levels in the peels of tomato
may be attributed to the high carotenoid levels which
are responsible for retaining chlorinated hydrocarbons
in the peels of fruit and vegetables [14]. Pesticide
residues can be translocated internally, e.g., cucumber
and garlic sprouts; thus, washing would not reduce
pesticide residues very easily [15].

Whole tomato samples had the highest level of
synthetic pyrethroid contamination. The occurrence of
fonofos, B-HCH, parathion and endosulfan sulfate in
the whole tomato samples suggest the hydrophilic

nature of these pesticides. The hydrophobic pesticides
were predominantly found in the peels and the
hydrophilic pesticides were found in the whole tomato
samples. Most of the organochlorine pesticides
identified in the study were persistent in agricultural
systems which is consistent with work done by
Mbakaya et al. [12], who reported that
organochlorines are resistant to environmental
degradation, which allows them to accumulate in plant
and animal tissues to become concentrated in the
upper part of the food pyramid. The persistence of
pesticides in plants are influenced by characteristics,
such as the plant species involved, the nature of the
harvested crop, the structure of the cuticle, the stage
and rate of growth and the general condition of the
plant [2]. The absence of synthetic pyrethroid in peels
may be due to the fact that pyrethroids are usually
broken down by sunlight and the atmosphere in one or
two days, and has negligible persistence. Rate of
pesticide penetration, metabolism and phytotoxicity
may differ among plant species and thus may
influence distribution patterns [16].

3.2 Pesticide Translocation in Pineapple

Fig. 2 shows the distribution of pesticides residues
across the fractional parts of pineapple. The chemicals:
(6-HCH),
fonofos and dieldrin were predominantly found in the

lindane,  delta-hexachlorocyclohexane
peel fractions. Aldrin was mainly found in the pulp
samples. Methamidophos and parathion were found
predominantly in the peel and whole pineapple
samples.

The peel and whole pineapple fractions retained
more of the organophosphate chemical residue.
Fonofos was predominantly found in the peel fractions
and can be ascribed to the non-polar nature of the
pesticide. The absence of fonofos in whole pineapple
and pulp samples may be attributed to dilution of the
pesticide. The chemical may also be in trace forms
undetected by the More of the
organochlorine pesticides were detected in the peels.

instrument.
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Fig. 2 Distribution of pesticide residues across fractional parts of pineapple.

The chemicals: aldrin, 6-HCH, B-HCH, y-chlordane,
heptachlor, B-endosulfan, endosulfan sulfate and
lindane are persistent in soils, global transport,
distribution and toxicity and their occurrence could be
due to previous use in agricultural systems [10]. This
may be due to the hydrophobic nature of the
organochlorine pesticides. The presence of detectable
residues of hexachlorobenzene (HCB) in samples may
indicate that HCB has been released into the
environment as a by-product from industrial processes
and waste incineration [17] rather than from its
agricultural use as a fungicide. p-HCH and 6-HCH
isomers detected in most of the samples indicates that
technical HCH and lindane have been used widely. It
may also be attributed to the persistent nature of these
chemicals which are lipophilic in nature and may
move long distances in surface runoff or groundwater
thereby contaminating water bodies which are used
for irrigating horticultural crops [14]. Although
dieldrin did not appear to be used by farmers in the
horticultural sector, their occurrence in samples is
not surprising. This is because dieldrin enters the
environment through manufacturing emissions [18,
19]. The equal level of the bifenthrin across the
fractional parts of pineapple suggests that bifenthrin

is not translocated to any significant extent when

applied to plants. The trace of chemical which is
translocated, is a metabolite of the acidic half of the
molecule.

The absence of fonofos and fenitrothion in whole
tomato and subcuticular samples may be attributed to
the dilution of the chemical. The chemical may also be
in trace forms undetected by the instrument. Even
though the farmers claim DDT was not applied, the
metabolites of DDT were found in the crop samples.
This indicates that DDT might have been used in
previous agricultural seasons as upheld by Mbakaya et
al. [12]. It also suggests the biotransformation of the
parent materials in the plant systems to DDE and
DDD or old sources of DDT contamination.

High organochlorine levels in the peels of tomato
may be attributed to the high carotenoid levels which
are responsible for retaining chlorinated hydrocarbons
in the peels of fruit and vegetables. This is in accord
with work done by Miglioranza et al. [14].

3.3 Translocation of Pesticide in Mango

Fig. 3 shows the distribution of pesticide residues in
fractional parts of mango. Peel and whole mango
fractions retained more of the organophosphate
residue.

pesticide More of the organochlorine

pesticide residues were found in the pulp fraction. The
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peel and whole mango samples had equal numbers of
chemical pesticides identified. This suggests that these
pesticides have the ability to penetrate through the
surface into the plant tissues. Thus moderately to
highly lipophilic pesticide residues are confined to the
outer surfaces. The presence of lindane, 6-HCH,
p,p’-DDE, p,p’-DDD, endrin, kresoxim methyl and
v-chlordane in pulp samples could suggest the
mobility of these pesticides into the deep layers of
the plant tissue. The presence of p,p’-DDE and
p,p’-DDD in samples analyzed indicate that DDT
might have been used in previous agricultural
production. The presence of detectable levels of
0-HCH and B-HCH indicate that technical HCH has
been widely used or may have been released into the
environment as a by-product from industrial
processes and waste incineration rather than from its
agricultural use as a fungicide [17]. Lindane is much
less bioaccumulative than the other organochlorine
pesticides because of the fairly low lipophilicity and
short half-life in biota. Moreover, the chemical
properties of lindane also show that this chemical is
easily evaporated, and transported through air and
water to long distances [20]. Vegetables on the
Ghanaian market were found to contain detectable

levels of chlopyrifos, lindane, endosulfan,
lambda-cyhalothrin, and DDT residues in lettuce,
cabbage, tomato and onion [21-23]. It may also be
attributed to the persistent nature of these chemicals
which are lipophilic in nature and may move long
distances in surface runoff or groundwater, thereby
contaminating water bodies that are used for
irrigating most horticultural crops. This data
therefore corroborates the findings of Osman et al.
[24] who suggested that some vegetable samples
contained more residues, and this might be that
vegetables cultivated are highly sensitive to pests and
hence require successive applications of pesticides.

The equal level of synthetic pyrethroid residues in
mango across the fractional parts of the produce
suggest that pyrethroids are not translocated to any
significant extent when applied to plants. The
chemicals: endosulfan sulfate, lindane, y-chlordane,
0-HCH, p,p’-DDD and p,p’-DDE were predominantly
found in the pulp fraction. Fonofos, methoxychlor and
B-HCH were most retained in the peels fractions.
Farmers are mostly unaware of safe use of pesticides
thereby have a tendency to apply over-dose of
pesticides to produce a high quality fruit and

vegetables.
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Fig. 3 Distribution of pesticide residues across the fractional parts of mango.
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4. Conclusions

In the present study, translocation of pesticide
residues in fruits was evaluated. Through translocation,
pesticide residues were found across the fractional
parts of tomatoes, mango and pineapple, and dieldrin,
fenitrothion, chlorpyrifos, lindane and p,p’-DDT were
found mainly in the tomato peels. Methamidophos and
parathion were found predominantly in the peel and
edible portions of the pineapple samples. It is
recommended that a combination of washing and
cooking should effectively remove most of the
residues on/in food samples. In view of the number of
positive detections, it is imperative to conduct an
extensive study monitoring fruits grown in different
of Ghana
consideration seasonal variations.

geographical regions taking into
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