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Residual levels of organochlorine pesticides (OCPs) were determined in 240 samples of vegetables
collected from selected markets from Greater Accra region of Ghana in July 2010 to February 2011. The
determination was done using gas chromatography with electron capture detector (GCeECD). The
compounds targeted were lindane, heptachlor þ its epoxide, endrin, dieldrin, o,p0-DDE, p,p0-DDE, o,p0-
DDD, o,p0-DDT and p,p0-DDT. The results indicated that all the vegetables sampled had some levels of one
or more OCPs in them. Residues of pesticides were found in 71.9% of all the vegetable samples analyzed
indicating high incidence of these xenobiotics in the vegetables from the markets and 31.48% samples
were above the maximum residue levels (MRLs). The most frequently found and abundant pesticides
were the metabolites of DDT (o,p0-DDE, p,p0-DDE and o,p0-DDD), followed by lindane and then o,p0-DDT.
The residue levels and the detection rate of the OCPs indicate that, vegetables from supermarket had
higher OCPs levels, followed by roadside grocery stores and open markets. The results recommend the
need for regular monitoring of a greater number of samples for long periods for pesticide residues
especially in fruits and vegetables to protect consumers’ health.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Agriculture is Ghana’s most important economic sector,
employing more than half the population on a formal and informal
basis and accounting for almost half of GDP and export earnings.
More than two-thirds of Ghana’s population live in rural areas and
their livelihood continue to revolve around agriculture (Clark,
1994). In the process of development of agriculture, pesticides
have become an important tool as a plant protection agent for
boosting food production. Further pesticides play a significant role
by keeping many dreadful diseases.

Vegetables are important group of crops and they constitute
major part of the human diet contributing to humans required
nutrients and vitamins. Many farmers in the villages have taken up
vegetable production on commercial basis and some grow them in
home gardens. But in the urban areas people depend on the market
for their vegetable requirements (Chowdhury, Razzaque, & Khan,
vironmental Research Center,
ergy Commission, P.O. Box LG

empah).

All rights reserved.
2011). For better production and esthetic value, farmers are using
a large amount of insecticides during the entire period of growth of
vegetables, even at fruiting stage and sometimes farmers also
ignored the recommended waiting period between the harvest and
last spray (Baig, Akhtera, Ashfaq, & Asi, 2009).

As an agriculture-based nation, use of pesticides contributes
much to the national development and prevents people from
suffering diseases. The use of pesticides has been increasing very
rapidly because of the expansion of area cultivated under food
crops and vegetables. Pesticides are widely used in vegetables
because of their susceptibility to insect and disease attacks. Farmers
in general usemany types of pesticides to control harmful insects to
minimize crop loses, however, most of them are illiterate and use
pesticides indiscriminately. It is reported that huge pesticides are
used on crops and vegetables and their irrational use are common
with applications being carried out on periodic basis throughout
the growing season.

For example in Ghana, it is estimated that 87% of farmers use
pesticides in vegetables production (Bempah & Donkor, 2010).
Among these pesticides, major concern has been directed to
organochlorines (OCs) because of their persistency, low cost,
versatility against various pests, bioaccumulative nature and
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potential toxic effects to wildlife and humans. The irrational and
continuous use of these pesticides results in frighteningly accu-
mulation of high residual levels in primary agriculture products
(Sudaryanto et al., 2007).

The problem of residues accumulation needs more attention in
vegetables because most of time these are consumed either raw or
without much storage time (Kumar, Gupta, Garg, & Kumar, 2006).
Consequently, 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 (Tahir, Naik, Rehman, & Shahzad,
2009). Furthermore, the usage of these chemicals has occasion-
ally been accompanied by risk to human health and the environ-
ment because of their toxic potential, high persistence,
bioaccumulation (Bempah, Donkor, Yeboah, Dubey, & Osei-Fosu,
2011).

Consequently, concerns about environmental contamination by
persistent organochlorine pesticides (OCPs) used in agriculture and
in vector control are certainly justified. These fears of environ-
mental pollution have motivated many countries to investigate the
magnitude of human and animal health implication (Manirakiza,
Akinbamijo, Covaci, Pitonzo, & Schepens, 2003). For this reason, it
is important to develop a program that seek to monitor pesticide
residues in food for an extensive evaluation of food quality which is
a priority objective of pesticide research to avoid possible risks to
human health.

These programs could determine the amount of the contami-
nation problem and recognize away to solve the situation. Pesticide
residue monitoring studies have been reported in many developed
countries on fruits and vegetables (Baig et al., 2009; Fontcuberta
et al., 2008; Luke, Matsumoto, Cairns, & Hundley, 1988; Rosa,
González-Rodríguez, Rial-Otero, Cancho-Grande, & Simal-Gán-
dara, 2008). In contrast, there is very little information on the levels
of pesticide residues in fruits, vegetables and other food crops in
developing countries, like Ghana. Few studies conducted so far in
Ghana reveal levels of pesticides in water, sediments, food, fruits
and vegetables (Bempah & Donkor, 2010; Bempah et al., 2011;
Darko & Acquaah, 2006; Ntow, 2001, 2005; Osafo & Frempong,
1998) which are emanating from current and past use of these
chemicals.

No data are available on the levels of pesticide residues in
vegetables sold in local markets of Ghana. Therefore, the present
study was undertaken to monitor pesticide residues in vegetables
grown in Ghana to provide background information on the levels
and distribution of these residues. It will also look for the safety of
vegetables in terms of pesticide residues.
2. Materials and methods

2.1. Sample collection

A total of 240 vegetable samples were purchased from different
market centers (supermarkets, roadside grocery stores and open
markets) within Greater Accra region of Ghana during the period of
July 2010 to February 2011. Composite samples consisting of 1e2 kg
of each vegetable samples (tomato, carrot, cabbage and lettuce
samples) was collected on a monthly basis and each was put and
sealed in sterile polyethylene bags and labeled with a unique
sample identity and placed in an iced chest box and transported to
pesticide residues laboratory of Ghana Atomic Energy Commission.
During the transportation of the samples, it was assured that these
were protected against any alterations in the residue-situation. In
the laboratory, samples were frozen in the refrigerator and
analyzed within a week after collection.
2.2. Chemicals and reagents

Pesticide reference standards, with certified purity of at least
98% were obtained from Dr. Ehrenstorfer GmbH (Augsburg, Ger-
many). Pesticide grade ethyl acetate and acetone were supplied by
Labscan (Dublin, Ireland) and anhydrous sodium hydrogen
carbonate and sodium sulfate analytical grade were purchased
from Merck (Darmstadt, F.R. Germany). Solid-phase florisil
cartridges column size (500 mg/8 mL) was obtained from Honey-
well Burdick & Jacksob (Muskegon, USA).

2.3. Analysis of pesticide residues

2.3.1. Extraction and clean up
Netherlands analytical methods for pesticide residues in food-

stuffs (2007) with modifications were followed. A 50 g amount of
fresh vegetable samples were chopped and homogenized.
Approximately 20.0 g of the sample was macerated with 40 mL of
ethyl acetate. Sodium hydrogen carbonate 5.0 g and anhydrous
sodium sulfate 20.0 g were added to remove moisture and further
macerated for 3 min using the ultra-turax macerator. The samples
were then centrifuged for 5 min at 3000 rpm to obtain the two
phases. The extraction process was followed by a clean-up step
using solid-phase extraction with florisil. The florisil column
(500 mg/8 mL) cartridge was conditioned with 10 mL of ethyl
acetate. Pesticides in sample extract (5 mL) were eluted with 10 mL
(3, 3, and 4mL) of ethyl acetate, concentrated to 1 mL using a rotary
evaporator and then dried by a gentle nitrogen stream. This was
dissolved in 1 mL of ethyl acetate; pesticides were then quantified
by gas chromatograph with electron capture detector (GCeECD).

2.3.2. Gas chromatographic determination
The final residues were analyzed by Shimadzu gas chromato-

graph GC-2010 equipped with 63Ni electron capture detector (ECD)
that allowed the detection of contaminants even at trace level
concentrations (in the lower mg/g range) from the matrix to which
other detectors do not respond. The GC conditions and the detector
response were adjusted so as to match the relative retention times
and response as spelt out by Netherlands analytical methods for
pesticide residues in foodstuffs. The GC conditions used for the
analysis were capillary column coated with ZB-5 (30 m � 0.25 mm,
0.25 mm film thickness). The injector and detector temperature
were set at 280 �C and 300 �C respectively. The oven temperature
was programmed as follows: 60 �C held for 1 min, ramp at
30 �C min�1 to 180 �C, held for 3 min, ramp at 3 �C min�1 to 220 �C,
held for 3 min, ramp at 10 �C min�1 to 300 �C. Nitrogenwas used as
carrier gas at a flow rate of 1.0 mL min�1 and make up gas of
29 mL min�1. The injection volume of the GC was 1.0 mL.

The residues detected by the GC analysis were confirmed by the
analysis of the extract on two other columns of different polarities.
The columns were ZB-1 (methyl polysiloxane) and ZB-17 (50%
phenyl, methyl polysiloxane). The conditions used for these columns
were the same, as stated in Netherlands analytical methods.

2.3.3. Quantitation
An external standard method was used to determine the

quantities of residues in the sample extracts. A standard mixture
containing known amounts of pesticides was run and the response
of the detector for each compound was determined. The area of the
corresponding peak in the sample was compared with that of the
known standard.

2.3.4. Quality control and quality assurance
Quality control and quality assurance were incorporated in the

analytical scheme. First the GC method was validated using 

 



Table 1
Incidence (%) of organochlorine pesticides in vegetables from markets in Greater
Accra region.

Scientific name English
name

No. of
sample

% with one or
more residues

Daucus carota carrot 60 26.4
Brassica oleracea cabbage 60 39.5
Lactuca sativa lettuce 60 16.7
Solanum lycopersicum tomato 60 29.6
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chromatographic parameters including recoveries, reproducibility
and limits of detection (LOD) as proposed by Netherlands analytical
methods of pesticide residues in foodstuffs with modifications
(Ministry of Public Health, Welfare and Sports, 2007). For recovery
experiments, untreated samples of vegetables were spiked with
organochlorine mixture of standards at levels close to the limit of
permissible levels. For each fortification level, three replicated
samples were analyzed by GC/ECD. The efficiency of the method
was validated statistically with recoveries studies, fortification
samples were analyzed in triplicate. The reproducibility of all
pesticides was within the range of 80.0% e 103.5% for all the
organochlorine pesticides spiked.

3. Results and discussion

Carrot, cabbage, lettuce and tomatoes are mostly used
uncooked. Pesticides are the part of majority of chemicals applied
on them. The present study determined the pesticide residues in
carrot, cabbage, lettuce and tomato samples collected from
different markets in Greater Accra region of Ghana and compared
with MRLs set in EC directives that have been implemented into UK
legislation for vegetables (2006) and concentration falling above
the levels are identified and discussed.

3.1. Incidence of pesticide residues in vegetables from markets in
Greater Accra region of Ghana

Incidence of pesticide residues in the vegetables samples
analyzed are presented in Table 1. In all, 240 samples of vegetables
were analyzed for pesticide residues from July 2010 to February 2011.
The monitored OCPs are lindane, heptachlor þ its epoxide, endrin,
dieldrin, o,p-DDE, p,p-DDE, o,p-DDD, o,p-DDT and p,p-DDT. Table 1
shows the number of samples surveyed and those containing one
or more pesticide residues in each kind of vegetable samples.

Overall, 26.4% of carrot, 39.5% of cabbage, 16.7% of lettuce and
29.6% of tomato samples contained one ormore detectable residues
and are discussed accordingly (Table 1).
Table 2
The levels of organochlorine pesticide residues detected in vegetable samples collected

Pesticides Pesticide level, mg/g

Carrot Cabb

Lindane 0.040* � 0.035 0.141
Heptachlor þ its epoxide e 0.00
Endrin e 0.00
Dieldrin e e

o,p-DDE 0.040 � 0.035 0.127
p,p-DDE 0.008 � 0.004 0.117
o,p-DDD 0.072* � 0.019 0.141
o,p-DDT 0.050 � 0.005 0.178
p,p-DDT 0.032 � 0.010 0.00
S Mean level 0.040 0.090

Limit of detection for all the pesticides, 0.01 mg/g.
*Values designated by asterisks are higher than the EC MRLs for the respective pest
determinations.
3.1.1. Occurrence and levels of OCPs in vegetables from
supermarkets

Table 2 illustrates vegetable samples collected from supermar-
kets that were analyzed for 9 different organochlorine pesticides.
Among the monitored OCs in vegetables, the o,p-DDT was found
with the highest concentration of 0.239 mg/g, followed by o,p-DDE
with the concentration of 0.236 mg/g all in the same tomato
samples analyzed. o,p-DDE, p,p-DDE and o,p-DDD were the most
predominant OCPs found in all the four vegetable samples analyzed,
followed by lindane, o,p-DDT, p,p-DDT and heptachlor þ its epoxide
which were present in three vegetable samples.

The results showed that lindane was found in three vegetable
samples (carrot, cabbage and tomato) and exceeded MRL in all the
three vegetable samples. Heptachlorþ its epoxide were detected in
cabbage, lettuce and tomato samples and exceeded MRL value in
tomato samples. However, endrin and dieldrin was below the MRL
value in cabbage, and tomato samples analyzed. The results also
showed that o,p-DDE, p,p-DDE, and o,p-DDE were tested and found
in all the four vegetable samples, however, the aforementioned
pesticides violated MRL in cabbage and tomato samples. o,p-DDT
and p,p-DDT was detected in three vegetable samples (carrot,
cabbage and tomato), o,p-DDT exceeded MRL level in cabbage and
tomato samples where as p,p-DDT violated MRL in tomato samples
respectively.

The sum of mean levels of the nine pesticides illustrate that,
tomato followed by cabbage, carrot and lettuce contained the
highest concentrations with residual values of 0.110, 0.09, 0.040
and 0.020 mg/g, respectively.

3.1.2. Occurrence and levels of OCPs in vegetables from roadside
grocery stores

Table 3 shows data for levels of detected pesticide residues
found in vegetables samples from roadside grocery stores. The data
revealed that, o,p-DDE was found with the highest concentration of
0.239 mg/g in cabbage, followed by o,p-DDT with the concentration
of 0.204 mg/g in tomato samples. Organochlorine pesticides
including, o,p0-DDE, p,p-DDE and o,p-DDD were found in all the
four vegetable samples as in the case of vegetables collected from
supermarkets. This is followed by lindane, and o,p-DDT in three
vegetable samples through endrin, p,p-DDT and heptachlor þ its
epoxide in two vegetable samples, then to dieldrin which was
present in only tomato samples.

Data in Table 3 shows that lindane was detected in three vege-
table samples (cabbage, lettuce and tomato) and violated MRL in
cabbage and tomato samples. Out of the three prevalent OCPs (o,p0-
DDE, p,p-DDE and o,p-DDD), o,p0-DDE violated MRL in all the
vegetable samples analyzed, followed by o,p0-DDD which exceeded

 

from supermarkets in Greater Accra region.

age Lettuce Tomato

* � 0.032 e 0.045* � 0.018
2 � 0.001 0.009 � 0.002 0.072* � 0.035
7 � 0.003 e 0.009 � 0.002

e 0.008 � 0.004
* � 0.158 0.053 � 0.011 0.236* � 0.136
* � 0.009 0.042 � 0.411 0.068* � 0.032
* � 0.032 0.009 � 0.002 0.148* � 0.012
* � 0.049 e 0.239* � 0.180
9 � 0.010 e 0.174* � 0.044

0.020 0.110

icides (see MRLs in Table 5). Each value is the mean of 20 samples with three

 



Table 3
The levels of organochlorine pesticide residues detected in vegetable samples collected from major roadside groceries in Greater Accra region.

Pesticides Pesticide level, mg/g

Carrot Cabbage Lettuce Tomato

Lindane e 0.073* � 0.037 0.008 � 0.004 0.025* � 0.087
Heptachlor þ its epoxide e 0.044 � 0.018 0.007 � 0.003 e

Endrin e 0.002 � 0.001 e 0.009 � 0.002
Dieldrin e e e 0.004 � 0.005
o,p-DDE 0.012 � 0.004 0.239* � 0.263 0.142* � 0.048 0.010 � 0.010
p,p-DDE 0.121* � 0.084 0.071* � 0.037 0.173* � 0.193 0.074* � 0.019
o,p-DDD 0.072* � 0.019 0.139* � 0.017 0.011* � 0.010 0.054 � 0.003
o,p-DDT 0.007 � 0.003 0.053 � 0.011 e 0.204* � 0.180
p,p-DDT e 0.042 � 0.411 e 0.174* � 0.044
S Mean level 0.053 0.215 0.068 0.069

Limit of detection for all the pesticides, 0.01 mg/g.
*Values designated by asterisks are higher than the EC MRLs for the respective pesticides (see MRLs in Table 5). Each value is the mean of 20 samples with three
determinations.
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MRL in three vegetable samples (carrot, cabbage and lettuce) and
o,p0-DDE in two vegetable samples, namely cabbage and lettuce
samples. o,p-DDT was detected in carrot, cabbage and tomato
where as p,p-DDT was detected in cabbage and tomato, however
these two technical DDTs were aboveMRL in tomato samples. Trace
levels of heptachlor þ its epoxide were detected in cabbage and
lettuce, whiles endrin and dieldrin were detected in cabbage and
tomato samples.

Considering the sum of mean levels of the 9 organochlorine
pesticide levels, cabbage had the highest mean sum, followed, by
tomato, lettuce and carrot samples.

3.1.3. Occurrence and levels of OCPs in vegetables from open
markets

The results of the analysis for the OCPs in vegetable are pre-
sented in Table 4. o,p-DDE had the highest value (0.239 mg/g) in
cabbage followed by o,p-DDT (0.204 mg/g) in tomato and the least
being endrin (0.002 mg/g) was found in cabbage samples. o,p0-DDE,
p,p0-DDE and o,p0-DDD were found in all the four vegetable
samples as in the case of vegetables collected from supermarkets
and roadside grocery shops. Lindane was also found in all the four
vegetable samples analyzed followed by o,p0-DDT which was found
in three vegetables. Heptachlor þ its epoxide and p,p0-DDT was
found in two vegetable samples where as endrin and o,p0-DDT was
found in one vegetable sample respectively.

Violated MRLs were recorded in lindane (cabbage, lettuce,
tomato), o,p-DDE (carrot, tomato), p,p-DDE (tomato), and o,p-DDD
(lettuce). Heptachlor þ its epoxide which was below the MRL
guideline value were detected in cabbage and tomato samples.
Likewise heptachlor þ its epoxide, endrin was found in cabbage
samples, o,p-DDT was detected in carrot, cabbage and tomato
Table 4
The levels of organochlorine pesticide residues detected in vegetable samples collected

Pesticides Pesticide level, mg/g

Carrot Cabb

Lindane 0.040 � 0.035 0.107
Heptachlor þ its epoxide e 0.01
Endrin e 0.01
Dieldrin e e

o,p-DDE 0.035* � 0.008 0.01
p,p-DDE 0.008 � 0.004 0.04
o,p-DDD 0.004 � 0.001 0.00
o,p-DDT 0.007 � 0.012 0.00
p,p-DDT e 0.01
S Mean level 0.019 0.027

Limit of detection for all the pesticides, 0.01 mg/g.
*Values designated by asterisks are higher than the EC MRLs for the respective pest
determinations.
samples as well as detectable levels of p,p-DDT in cabbage and
tomato samples were all below the MRL value. However, dieldrin
was not detected in any of the analyzed vegetable samples.

The sum of mean levels of the 9 pesticides illustrate that, tomato
followed by lettuce, cabbage and carrot contained mean values of
0.050, 0.043, 0.027 and 0.019 mg/g respectively.

Quantifiable residues of o,p-DDE, p,p-DDE and o,p-DDD
(Table 5) were found in virtually all the vegetable samples from
all the markets indicating a widespread contamination of vegeta-
bles by organochlorine pesticides hence more prevalent than the
parent materials (o,p-DDT and p,p-DDT) suggesting either efficient
biotransformation of the parent materials in the plant systems or
old sources of DDT contamination. In the present study all the
vegetable samples from all the markets had the ratios of
(DDDþDDE)/DDTs of>0.5, showing that bothweathered and fresh
DDT could be contaminating crops in the areas.

The average residue level of total DDT (SDDTs) was higher
(0.076 mg/g), followed by lindane (0.053 mg/g), heptachlor þ its
epoxide (0.021 mg/g), endrin (0.008 mg/g) and dieldrin (0.006 mg/g)
in all the markets (Tables 2e4). This indicates that DDT was used in
Ghana extensively before it use in the agricultural sector was
banned. This data therefore corroborate the findings of Manirakiza
et al., 2003 who suggested extensive use of DDT in controlling
cotton pest and mosquitoes in West Africa, thus its presence (87%)
in vegetable samples collected from farms in Banjul and Dakar.

As compared to DDTs, concentrations of lindane were low.
Lindane is much less bioaccumulative than the other OCPs because
of the relatively low lipophilicity and short half-life in biota.
Furthermore, the chemical properties of lindane also show that this
chemical is easily evaporated, and transported through air and
water to long distances (Sun, Wong, Li, & Chen, 2006).
from open markets in Greater Accra region.

age Lettuce Tomato

* � 0.043 0.040* � 0.035 0.012* � 0.011
0 � 0.001 e 0.005 � 0.001
2 � 0.010 e e

e e

2 � 0.065 0.008 � 0.004 0.117* � 0.011
9 � 0.010 0.050 � 0.005 0.190* � 0.051
9 � 0.100 0.072* � 0.019 0.011 � 0.010
9 � 0.100 0.009 � 0.003
0 � 0.001 e 0.006 � 0.002

0.043 0.050

icides (see MRLs in Table 5). Each value is the mean of 20 samples with three

 



Table 5
Number and percentages of contaminated and violated samples of different types of vegetables collected fromvariousmarkets during themonths of July 2010 to February 2011
with respect to detected pesticides in the analyzed samples.a

Pesticides Contaminated samples with each pesticide MRLb (mg/g) Violated samples

Carrot Cabbage Lettuce Tomato Carrot Cabbage Lettuce Tomato

n % n % n % n % n % n % n % n %

Lindane 6 45.0 16 32.0 7 11.7 24 40.0 0.01 e e 12 30.0 3 7.5 7 17.5
Heptachlor þ its epoxide e e 15 30.0 2 3.3 17 28.3 0.01 e e e e e e 3 7.5
Endrin e e 12 24.0 e e 15 25.0 0.01 e e 1 2.5 e e 6 45.0
Dieldrin e e e e e e 4 6.7 0.01 e e e e e e e e

o,p’-DDE 21 35.0 24 48.0 13 21.7 22 55.0 0.05 4 10.0 12 32.5 8 20.0 4 10.0
p,p’-DDE 24 40.0 27 54.0 7 11.7 31 51.7 0.05 5 12.5 21 52.5 2 5.0 6 15.0
o,p’-DDD 17 28.3 24 48.0 21 35.0 28 46.7 0.05 10 25.0 9 22.5 14 35.0 7 17.5
o,p’-DDT 12 20.0 19 38.7 e e 8 20.0 0.05 7 17.5 2 5.0 e e 2 5.0
p,p’-DDT 15 25.0 e e e e 11 18.3 0.05 e e e e e e 4 6.7

a Total number of analyzed samples for each type of vegetable ¼ 60.
b Maximum Residue Limits (MRLs) refer to EC directives (2006).
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In terms of pesticide residues, some vegetable samples con-
tained more residues, and this might be that vegetables cultivated
are highly sensitive to pests and need for successive applications of
pesticide treatments (Osman, Al-Humaid, & Al-Redhaiman, 2010).

Furthermore, the residue analysis results corroborate the find-
ings of pesticide use in Ghana by Awumbila and Bokuma (1994).
They uncovered that 20 different pesticides were in use, with
organochlorine (lindane) being the most widely distributed and
applied pesticides in Ghana. These are/were used on cocoa plan-
tations, on vegetable farms, and for the control of stemborers in
maize (Bempah & Donkor, 2010).

The residue levels and the detection rate of the OCPs indicate
that, vegetables from supermarket had higher OCPs levels, followed
by roadside grocery stores and open markets. This might be as
a result of the fact that all the vegetables sampled at the open
markets were left at the mercy of the sun which might have
undergone photodegradation or volatilization of some of the pesti-
cides on the vegetables. Moreover, the prevailing high temperatures
in Ghana throughout the year may result in high volatilization of
these OCPS; hence remain shorter in the ambient environment.

The low temperature conditions in the supermarkets favored
high contamination levels of pesticide residues as compared with
that of open markets and roadside grocery shops. This low
temperature condition in turn protects the pesticides and sanita-
tion chemicals from rapid degradation by direct sunlight.

The residue levels from Accra markets are comparable to those
found in vegetables from Gambia and Senegal as well as vegetables
from Deyang and Yanting Areas of the Chengdu Economic Region,
Sichuan Province, China (Manirakiza et al., 2003 and Owago, Qi,
Xinli, Yuan, & Muhayimana, 2009) but lower than those found in
Agra, India (Bhanti & Taneja, 2005), Debrecen, Hungary (Hovánski
et al., 2007), Shanghai, China (Nakata et al., 2002) and Nigerian
markets (Adeyeye & Osibanjo, 1999).

MRLs values exceeded most often in cabbage, followed by
tomato, lettuce and carrot (Table 5). This result corroborate findings
of Osman et al. (2010) who monitored pesticide residues in mar-
keted vegetables in Al-Qassim region, Saudi Arabia and found
cabbages to be the most contaminated vegetable in that region.
This may be as a result of overuse and ineluctably application of
random mixture of pesticides to control pests and pathogens such
as Myzus persicae, Pieris rapae (L.), Plutella xylostella, Spodoptra
exigua Hunbner.

Overall, the data revealed that o,p-DDE was the most often
exceeded MRL values (40 samples), followed by p,p-DDE (34
samples), o,p-DDE (29 samples), lindane (22 samples), o,p-DDT (11
samples), endrin (7 samples), p,p-DDT (4 samples), heptachlorþ its
epoxide (3 samples). In agreement with this finding of the present
study, many investigators (Amoah, Drechsel, Abaidoo, & Ntow,
2006; Manirakiza et al., 2003; Nakata et al., 2002; Osman et al.,
2010) have reported occurrences of these organochlorine pesti-
cides in different kinds of vegetables at concentration levels
exceeding its MRLs.
4. Conclusion

In conclusion, pesticide residues were found in all the vegetable
samples (carrot, cabbage, lettuce and tomato) from all the market
centers in Accra metropolis. In all the, supermarkets recorded the
highest pesticide residues (75.0%), followed by roadside grocery
stores (69.4%) and open markets (66.7%). The present study shows
a high incidence rate of pesticide residues in vegetables and the
most contaminated commodity is cabbage (39.5%), followed by
tomato (26.4%), lettuce (16.7%) and carrot (29.6%). The contami-
nation levels of pesticide residues could be considered as a possible
public health problem because, the tested vegetables are used
without cooking treatment and used in salad dishes. Also vegeta-
bles consumers could be exposed to more than one pesticide at the
same time from the same or different chemical groups.

The results obtained further demonstrates that 28.1% of the
vegetable samples analyzed contained no detectable level of the
monitored pesticides, 40.42% of the samples gave results with trace
levels of pesticide residues below the MRL, while 31.48% of the
samples were above the MRL.

In view of the number of positive findings, it is suggested that
a wide range of studies on the monitoring of all fruits and vegeta-
bles grown in different agro-climatic regions of Ghana should be
undertaken for determining pesticide residues and developing
good agriculture practices. Moreover, monitoring programs for
these pesticides should be implemented to ensure the minimum
allowable residue levels in fruits and vegetables.
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