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ABSTRACT 

In this study, analysis of over 300 fruit samples obtained from open and closed markets in Accra, Ghana were carried out 
on Gas Chromatograph-Electron Capture Detector (GC-ECD) employing multi residue analytical technique. The principal 
contamination was organochlorines with organophosphates, pyrethroids and carbamates being absent. Generally, the 
data showed that most of the fruit samples analyzed contain  residues of the monitored pesticides below the accepted 
maximum residue limit (MRL) as adopted by the FAO/WHO Codex Alimentarius Commission (CAC) [1], although some 
pesticide residues (γ-chlordane and aldrin) were not detected in all the fruit samples. The results obtained further 
revealed that 38.6% of the fruit samples were above the MRL, 48.7 % were below MRL and 12.7 % contained no 
detectable level of the monitored pesticides. Estimation of dietary intake of pesticides by fruits revealed that only 
heptachlor, heptachlor epoxide, endrin aldehyde, and endrin ketone levels exceeded the acceptable daily intake (ADI) 
and may pose risks to children’s health. However γ-HCH, δ-HCH, o,p’-DDT, p,p’-DDE or p,p’-DDT did not show to cause 
dietary intake risks, although present in pawpaw, tomato and apple.  
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 INTRODUCTION 
Of late there is increasing demand for food safety because of increased health related diseases. 
Accordingly, this has stimulated monitoring and research into risk associated with consumption of foods 
contaminated by pesticides and toxic metals. Humans ingest these toxicants via air, water and food (such 
as grains, vegetables and fruits). Pesticides on the other hand, play a vital role in the fight against plant 
pests and diseases; they have also been very supportive to plants’ growth and upkeep for some time now. 
Nonetheless, such usage has occasionally been accompanied by hazards to man and the environment. 
Pesticides are associated with all kinds of acute and chronic health effects. Some acute symptoms may 
include headache, nausea, dizziness, skin rash, respiratory irritation, etc., whereas chronic effects could 
remain undetected days, months or years. Other scientific studies connect pesticides to birth defects, 
immune deficiency, and cancer. The high toxicity of pesticides, particularly organochlorines have made 
their use very restrictive and currently banned in most developed countries since the 1970s [2,3]. There 
are four major types of pesticides in use in Ghana: organochlorines, carbamates, organophosphates and 
pyrethriods [4]. Organochlorines though banned in Ghana due to their health and environmental effects 
and persistence in the environment, some farmers clandestinely use them. The organophosphates affect 
nervous system by inhibiting cholinesterase, the enzyme that regulates acetylcholine, a neurotransmitter. 
They are known to affect neuro-development. Similar to organophosphates, the carbamates also affect the 
nervous system whereas the pyrethriods pesticides, the synthetic version of the naturally occurring 
pesticide pyrethrin are also toxic to the nervous system [3,5,6,7]. There is widespread concern about how 
exposure to pesticides might affect children, who are likely to be the most vulnerable to these effects. 
They have different exposures, different susceptibilities and sensitivities, and different outcomes when 
exposed to substances in the environment. Moreover children are exposed more differently than adult. 
For children drink more water, eat more food, and breathe more air than adults. Thus they will have 
substantially heavier exposures than adults to any toxicants that are present in water food, or air [8,9,10]. 
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In rural and urban environments they are exposed to a mixture of agricultural and household pesticides. 
Furthermore, reports on effects of children exposure to certain pesticides are known to lead to poor 
growth and impact on neuro-development. Children of farmers are more vulnerable due to their higher 
levels of exposure to pesticides [8,9,10]. Additionally, children are at risk for pesticide exposures from 
different sources and at levels different than adults in the same exposure scenario. Hence, food 
consumption and food consumption patterns place children in a special dietary pesticide risk category 
[2]. Above all, a report by National Research Council [11] on pesticides in children’s diets revealed that, 
dietary intake is the main source of pesticide exposure for infants and children; and this exposure could 
account for the increased pesticide-related health risks in children compared with adults. 
. 

 
Fig. 1 Map of Greater Accra Region showing the various sampling sites. 

At present, residues of chlorinated pesticide in food have given rise to major concerns. In Ghana, pesticide 
residues in food materials are not controlled and information is scarce on the levels of pesticides residues 
in food and dietary pesticide exposure among children and possible impacts. The result is there is 
insufficient data on the dietary intake of pesticides by the Ghanaian populace, especially children the most 
vulnerable. It seems there is no defined dietary pattern. Consumption of fruits and vegetables is arbitrary, 
particularly with children; and their vulnerability to environmental toxins and their potential risks have 
not been thoroughly explored or assessed.  
The goal of this analysis is to better understand: (i) the levels of pesticides in fruits from Ghanaian 
markets and (ii) use findings to assess children’s vulnerability, exposure levels and possible health risks if 
any after consumption of fruits supposedly contaminated with pesticides. In this study, a group of 
elementary school-age children are employed. 
 
MATERIALS AND METHODS 
Study Area 
The study area is Accra, the capital of Ghana, as illustrated in Fig. 1, where many farmers bring their 
wares to sell. The climate is hot and humid, with high temperatures throughout the year. The present 
environmental study was carried out in markets sites located at the center of the city (Agbogloshie and 
Makola) and around (between 3-6 km from) the city center (Mallam Atta, Accra Shopping Mall and Max-
Mart) for 10 months. A reconnaissance survey was conducted to identify locally grown fruits as well as 
imported ones and their marketing area in the city. Based on the survey, the five named markets were 
chosen as the sampling sites, Fig. 1, for fruit samples of pawpaw, tomato and apple. Agbogloshie, Makola 
and Mallam Atta markets are opened whereas Accra Shopping Mall and Max-Mart are closed markets. 
Sampling and Analysis 
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Over 300 fresh fruit samples including pawpaw, tomato and imported apples were bought from the five 
different markets throughout the sampling period. The samples were immediately brought back to Ghana 
Standards Board pesticide residue laboratory for analysis. Sample (20 g, each) was macerated with 40 mL 
of ethyl acetate and 5.0 g of sodium hydrogen carbonate (2 min), following Netherlands analytical 
methods of pesticide residues and foodstuffs with modifications [12]. This was followed by maceration 
with 20.0 g of anhydrous sodium sulphate for 3 min. Samples were centrifuged for 5 minutes at 3000 rpm 
to separate the two phases. 5 mL of organic phase was then subjected to florisil column (500 mg/8 mL) 
cartridge packed with florisil and the column eluted with 10 mL (3, 3, 4 mL) of ethyl acetate. The 
combined eluates were concentrated under vacuum to a definite volume. The detection and 
quantification of pesticide residues in the samples were performed on Varian gas chromatograph CP- 
3800 equipped with 63Ni electron capture detector (ECD). The GC conditions used for the analysis were: 
capillary column coated with ZB-5 (30 m x 0.25 mm, 0.25 μm film thickness). Carrier gas and make-up gas 
was nitrogen at a flow rate of 1.0 and 29 mL/min, respectively. The temperature of injector operating in 
splitless mode was held at 225oC, oven temperature was at 225 oC and electron capture detector was set 
at 300oC respectively. The column oven temperature was programmed as follows; 60oC for 2 min 180oC 
min-1 up to 300oC held for 31.80 min. The residues detected by the GC analysis were confirmed by the 
analysis of the extract on two other columns of different polarities. The first column was coated with ZB-1 
(methyl polysiloxane) connected to ECD and the second column was coated with ZB-17 (50 % phenyl, 
methyl polysiloxane) and ECD was also used as detector. The conditions used for these columns were the 
same. Injected volume of analyzed samples equaled 1 µl and quantitative determinations based on peak 
areas given. 
Quality assurance procedure 
Codex quality assurance criteria [1] were followed to determine the performance of the multi-residue 
method. Recoveries and limits of quantification were determined on samples at spiking levels of 10 -50 µg 
kg-1 from the pesticide mixture standard. The average recoveries ranged 79.7-105%. Blanks were fortified 
with mixture and analyzed as a normal sample with each set of samples. Correspondingly, the sample 
analysis data were corrected for these recoveries. 
Field Investigation and Data Collection 
Formal interview and structured questionnaires were used to gather information about school children 
(fruit consumers’) knowledge on pesticide use, pesticide residues and any health effects in fruit 
consumption. Four groups of data were asked: (1) personal, (2) lifestyle, i.e. hygiene and eating, and (3) 
pesticide knowledge and health (Table 1). 
The questionnaires were administered at elementary school popularly patronized by middle class in the 
society by the consent of the authorities of the school. The study objectives were explained to the 
students and their consent to participate in the study was obtained as well. The questionnaires and 
interviews were conducted in English by face-to-face. In all a total of 486 children were interviewed. 
Pesticide knowledge and health risks were assessed by asking the students the possible reaction and 
symptoms individual experience upon the intake of fruits. The questionnaire data were analyzed by the 
statistical software SPSS (release 11.0, SPSS Inc., Chicago, IL, USA). 
 

Table 1 Type of information collected from school children in Accra during survey. 
Data group Description 
Personal data Sex and age 
Lifestyle How many times in a day do you eat fruits (one, two, three); how often do you take 

your fruits (once, twice, thrice in a day); whether or not they wash the fruits before 
eating; if you wash your fruits before eating, with what do you wash (only water, 
water and soap, other)? 

Pesticide 
knowledge and 
health 

Knowledge of application of pesticides in fruit production; knowledge of pesticide 
residues in fruits; any reaction or symptoms on intake of fruits. 

 
Health Risks Assessment 
The pesticide residues found in the analyzed samples were expressed in terms of mg kg-1 and compared 
with tolerance limits established by Codex Alimentarius Commission (CAC). The dietary intake of 
pesticides was estimated and compared with US-Environmental Protection Agency’s guideline values.  
 
RESULTS AND DISCUSSION 
Detected pesticides and their estimated concentration levels on fruits obtained from the different 
markets are shown in Table 2-5. Overall, the most prevalent pesticide was the organochlorines; the 
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carbamates, organophosphates, and pyrethroids were undetectable. The percent total pesticide residues 
on fruits found in Agbogloshie, Mallam Atta, Makola, Accra Mall and Max Mart were in the order of 57.6 %, 
57.6 %, 61.5%, 69.2% and 80.8 % respectively. Fruits from the open markets Agbogloshie, Makola and 
Mallam Atta), had less residual concentration of pesticides which could be due to method of storage, fruits 
displayed are in the open air, at the mercy of the sun; and some pesticides  undergoing photodegradation 
or volatilization. However, in the supermarkets (Max Mart and Accra Mall), the highest amount of 
pesticide residue recorded could be the result of the cold condition in which fruits are stored, slowing 
down photo degradation/volatilization of pesticides.  
Levels of organochlorines in pawpaw (Carica papaya) 
The residue level of persistent pesticides in pawpaw (Carica papaya) collected from the five Accra 
markets in Ghana are presented in Table 2. In general, 16 pesticides were detected in pawpaw, yet at each 
market not all the 16 pesticides were found. γ-HCH, δ-HCH, methoxychlor, heptachlor and endrin 
aldehyde were all found in pawpaw samples from all the 5 markets studied, whereas aldrin, γ-chlordane 
and heptachlor epoxide pesticides were not detected or below 0.01 mg/kg in all the markets. However 
p,p’-DDE and o,p’-DDT were present only in samples from Makola and Max Mart respectively. Likewise 
the pesticides of α and β-endosulfan and p,p’-DDT were not present in pawpaw samples from Agbogloshie 
market. On the whole, it was only Mokola market where endrin was not present in pawpaw samples. 
Finally summing all pesticides found on pawpaw, the highest was recorded at Agbogloshie market. 
Moreover samples from Agbogloshie market were found to be richer in δ-HCH (0.19 mg/kg) than any of 
the other 4 markets, Table 2. 
 

Table 2 Mean levels (mg/kg) of pesticide residues detected in samples of pawpaw 
Markets Accra Mall Agbogloshie Mallam Atta Makola Max-Mart Mean 
Pesticides  
Gamma-HCH 0.02 0.03 0.02 0.05 0.07 0.04 
Delta-HCH 0.02 0.19 0.01 0.04 0.04 0.06 
Heptachlor 0.01 0.01 0.01 0.01 0.03 0.02 
Adrin <0.01 ND <0.01 <0.01 <0.01 <0.01 
Heptachlor epoxide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Gamma chlordane ND <0.01 ND ND <0.01 ND 
Alpa Endosulfan 0.01 <0.01 0.01 0.01 0.02 0.02 
P,p’-DDE ND <0.01 <0.01 0.05 <0.01 0.05 
o,p’-DDD <0.01 ND ND ND <0.01 ND 
Endrin 0.01 0.01 0.01 ND 0.01 0.01 
Beta-Endosulfan 0.01 <0.01 0.03 0.04 0.03 0.02 
o,p’-DDT <0.01 <0.01 ND ND 0.03 0.03 
Endrin aldehyde 0.04 0.02 0.02 0.01 0.01 0.02 
P,p’- DDT 0.03 <0.01 0.01 0.01 0.01 0.02 
Endrin ketone <0.01 0.02 0.01 0.02 0.01 0.02 
Methoxychlor 0.03 0.03 0.02 0.02 0.03 0.03 
Sum 0.23 0.38 0.17 0.26 0.33 0.099 

Limit of detection for all the pesticides: 0.01µg/g; ND – Not detected 
 
Levels of pesticide residues in tomato (Lycopersicon esculentum Mill.) 
For tomato, only 7 organochlorine pesticide residues were detected, Table 3. The most prevalent were γ-
HCH (lindane) and δ-HCH which were present in tomato samples from all the markets. Heptachlor 
epoxide was also observed in Agbogloshie, Mallam Atta, Makola and Max-Mart markets with the 
exception of Accra Mall where concentration was below detection limit. Apart from these three pesticides, 
the rest of the pesticides were either below detection limit or not detected. Summing all the pesticides on 
fruit samples from the different markets revealed that tomato samples from Mallam Atta and Max-Mart 
markets contained the highest pesticides, (0.21 and 0.27 mg/kg) respectively. 
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Table 3 Mean levels (µg/g) of pesticide residues detected in samples of tomato. 
Markets Accra Mall Agbogloshie Mallam Atta Makola Max-Mart Mean total 
Pesticides  
Gamma-HCH 0.02 0.01        0.02       0.01 0.02 0.02 
Delta-HCH 0.03 0.01        0.04       0.02 0.02 0.02 
Heptachlor <0.01 0.02      <0.01     <0.01 0.01 0.02 
Adrin <0.01 ND         ND        ND <0.01 ND 
Heptachlor epoxide <0.01 0.02        0.06       0.02 0.12 0.06 
Gamma chlordane <0.01 <0.01      <0.01        ND <0.01 <0.01 
Alpa Endosulfan <0.01 <0.01      <0.01     <0.01 <0.01 <0.01 
P,p’-DDE <0.01 <0.01      <0.01        ND <0.01 <0.01 
o,p’-DDD <0.01 ND      <0.01        ND <0.01 <0.01 
Endrin ND <0.01      <0.01     <0.01 <0.01 <0.01 
Beta-Endosulfan ND ND        ND        ND ND ND 
o,p’-DDT ND <0.01        ND        ND ND ND 
Endrin aldehyde 0.01 0.01        ND        ND 0.01 0.01 
P,p’- DDT ND <0.01        0.01        ND ND 0.01 
Endrin ketone 0.01 <0.01      <0.01     <0.01 0.02 0.02 
Methoxychlor ND <0.01      <0.01        ND <0.01 <0.01 
 Sum 0.14 0.15       0.21      0.09 0.27 0.22 

Limit of detection for all the pesticides: 0.01µg/g; ND – Not detected 
   
Levels of pesticide residues in Imported Apples (Malus domestica) 
The levels of pesticide residues in imported apples are presented in Table 4. Overall, pesticide residues in 
apple sampled from all the markets were either detected, below detection limit or not detected. γ-HCH 
was detected in 3 markets with the highest recorded at Agbogloshie (0.04 mg/kg). Similarly, Heptachlor 
on apples from Mallam Atta market was 0.06 mg/kg.    
The total mean residual concentration of γ-HCH was 0.02 mg/kg and that for δ-HCH was 0.04 mg/kg 
found in apples from Mallam Atta Market (Table 4). High total mean concentration level of endrin 
aldehyde (0.11 mg/kg) and endrin ketone (0.10mg/kg) was recorded for apples from all markets. 
However, endrin was below detection limit which could have been degraded to it metabolites, hence 
having the high values. Similarly summing up the pesticides on apple, it was found the largest pesticides 
were from the closed markets, Accra Mall and Max Mart, (0.21 and 0.27 mg/kg) respectively. 
 

Table 4 Mean levels (mg/kg) of pesticide residues detected in samples of imported apples 
Markets Accra Mall Agbogloshie Mallam Atta Makola Max-Mart Mean 
Pesticides 
Gamma-HCH        <0.01       0.04         0.02 <0.01 0.01 0.02 
Delta-HCH        <0.01       ND         0.04 <0.01 ND 0.04 
Heptachlor        <0.01     <0.01       <0.01 <0.01 <0.01 0.05 
Adrin        <0.01       ND         ND <0.01 <0.01 <0.01 
Heptachlor epoxide        <0.01       0.04         0.06 <0.01 <0.01 <0.01 
Gamma chlordane        <0.01     <0.01       <0.01 <0.01 <0.01 <0.01 
Alpa Endosulfan        <0.01     <0.01       <0.01 <0.01 <0.01 <0.01 
P,p’-DDE        <0.01     <0.01       <0.01  ND 0.01 <0.01 
o,p’-DDD        <0.01       ND       <0.01 <0.01 <0.01 <0.01 
Endrin          ND     <0.01       <0.01  ND <0.01 <0.01 
Beta-Endosulfan          ND       ND         ND <0.01 <0.01 ND 
o,p’-DDT          ND       ND         ND  ND <0.01 ND 
Endrin aldehyde          0.24       0.01         ND  0.07 <0.01 0.11 
P,p’- DDT          ND       ND         0.01  0.02 0.23 0.09 
Endrin ketone          0.01       ND       <0.01  0.01 0.01 0.01 
Methoxychlor        <0.01       ND       <0.01 <0.01 <0.01 <0.01 
Sum           0.33       0.14         0.21 0.20 0.37 0.40 

Limit of detection for all the pesticides: 0.01µg/g; ND-Not detected 
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Tolerance limits 
The levels of organochlorine pesticides in various fruit samples in Accra city markets were compared 
with maximum residue limits (MRLs) set forth by the FAO/WHO Codex Alimentarius Commission (Table 
5). Generally, the data showed that most of the fruit samples analyzed contain  residues of the monitored 
pesticides below the accepted maximum residue limit (MRL) as adopted by [1], although some pesticide 
residues (γ-chlordane and aldrin) were not detected in all the fruit samples. The results obtained showed 
that 38.6% of the fruit samples were above the MRL, 48.7 % were below MRL and 12.7 % contained no 
detectable level of the monitored pesticides. 
 

Table 5:  Percentages of pesticides on fruit samples collected from the Ghanaian markets 
compared with FAOs maximum residue limits (mg/kg) 

Pesticides Highest amounts found Maximum residue limit 

Pawpaw       tomato         apple Pawpaw    tomato       apple 

Gamma-HCH 0.20 0.10 0.10 0.01 0.01 0.01 
Delta-HCH 0.30 0.10 0.20 0.01 0.01 0.01 
Heptachlor 0.05 0.10     <0.05 0.01 0.01 0.01 
Heptachlor epoxide   <0.05 0.20 0.25 0.01 0.01 0.01 
Alpa Endosulfan 0.05   <0.05     <0.05 0.05 0.02 0.05 
P,p’-DDE 0.25   <0.05 0.05 0.05 0.05 0.05 
Endrin 0.05   <0.05     <0.05 0.01 0.01 0.01 
Beta-Endosulfan 0.10 ND ND 0.05 0.05 0.05 
o,p’-DDT 0.15 ND ND 0.05 0.05 0.05 
Endrin aldehyde 0.10 0.05 0.55 0.01 0.01 0.01 
P,p’- DDT 0.10 0.05 0.45 0.05 0.05 0.05 
Endrin ketone 0.10 0.10 0.05 0.01 0.01 0.01 
Methoxychlor 0.15 ND     <0.05 0.01 0.01 0.01 

 
Field Survey and Health Risk Assessment of School Children 
Demographic Characteristics 
Table 6 gives the demographics for the 486 respondents, elementary school children. The average age 
was 8 years, 353 (72.6 %) respondents were male, 133 (27.4 %) female respondents.  On average, each 
student takes in fruits thrice daily (Table 6). According to some of them they eat arbitrarily, others eat as 
when they get it or for the like of the fruit. All the respondents in the survey are patrons of one or more of 
the fruits studied. 8.2 % had knowledge about pesticides use on vegetable and fruit farms Table 7, though 
not aware of the harm on human health. On the whole, about 2.8 % of the participants complained of one 
or more poisoning following eating fruits resulting in dizziness, vomiting, itching, weakness or stomach 
pain.  
 

Table 6 Demographic characteristics of 486 people 
Variable Mean (range) or % 

Age (years) 
Sex (male) 

(female) 

8  (3–14) 
72.6 % 
27.4 % 
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Table 7 Responses of school children (patrons) of fruits under study. 
Variable Total respondents 
 Number Percentages 

(%) 
A. Children’s knowledge of pesticide residues in fruits 
Yes 
No 
Total 

 
40 

446 
486 

 
8.2 

91.8 
100 

B. Number of times fruits are eaten 
Once 
Twice 
Thrice 
Other 
Total 

 
143 
138 
186 

19 
486 

 
23.4 
28.4 
38.3 

3.9 
100 

C. Wash fruits before eating 
Yes 
No 
Irregular 
Total 

 
329 

96 
61 

486 

 
67.7 
19.7 
12.6 
100 

D. Pesticide poisoning cases among children after intake of fruitsa 
Headache 
Dizziness 
Vomiting 
Unconsciousness 
Stomach pain 
Weakness 
Itching 
Others 
None 
Total 

 
0 
1 
3 
0 
2 
3 
5 
0 

472 
486 

 
0.0 
0.2 
0.6 
0.0 
0.4 
0.6 
1.0 
0.0 

97.2 
100 

E. Children’s recommendation to continue use of pesticides in fresh production after 
education of benefits and hazards of pesticides 
Yes 
No 
No Response 
Total 

 
 

416 
18 
52 

486 

 
 

85.6 
3.7 

10.7 
100 

a Multiple responses: total responses per item over total respondents 
 
Estimation of dietary intake of pesticides 
Risk assessment of dietary intake of pesticides in fruits  based on U.S. Environmental Protection Agency’s 
guideline for a hypothetical body weight of 10-kg for children [13,14] as well as  International Food Policy 
Research Institute food consumption rate for fruits for Ghana which is 0.064 kg/person/day, were used 
[15]. For each type of exposure, the estimated lifetime exposure dose (mg/kg/day) was obtained by 
multiplying the residual pesticide concentration (mg/kg) in the food of interest by the food consumption 
rate (kg/day), and dividing the product by the body weight (kg). The hazard indices for children were 
estimated as ratios between estimated pesticide exposure doses, and the Acceptable Daily Intake (ADI) 
which are considered to be safe levels of exposure over the lifetime. 
Comparing the estimated dietary doses for the studied pesticides found in pawpaw with their ADI, γ-HCH, 
δ-HCH, β-endosulfan and o,p’-DDT, p,p’-D DT, p,p’-DDE and endrin aldehyde do not pose a direct hazard to 
children’s health Table 8. However, heptachlor, α-endosulfan and endrin levels exceeded the reference 
dose by several orders magnitude indicating a great potential for systemic toxicity in children who are 
considered to be the most vulnerable population subgroup.  
 

Table 8 Health risk estimates for systemic effects associated with pesticide residues in pawpaw. 
Pesticides ADI 

mg/kg/day 
Estimated dose Hazard Index Health Risk 

ɣ-HCH 0.003 1.20 × 10-3 0.41 No 
δ-HCH 0.003 1.20 × 10-3 0.41 No 
heptachlor 0.001 4.50 × 10-4 4.48 Yes 
α-endosulfan 0.006 3.20 × 10-4 3.20 Yes 
β-endosulfan 0.006 2.04 × 10-4 0.12 No 
pp-DDE 0.02 3.20 × 10-4 0.12 No 
endrin 0.0006 2.56 × 10-4 1.28 Yes 
op-DDT 0.02 1.92 × 10-4 0.01 No 
endrin aldehyde 0.0002 6.40 × 10-4 0.02 No 
pp-DDT 0.02 3.84 × 10-4 0.02 No 
endrin ketone 0.0002 3.84 × 10-4 1.92 Yes 
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Similarly health risk estimates for pesticides present in tomato revealed that γ-HCH, δ-HCH and pp-DDT 
do not pose a direct hazard to children’s health but heptachlor, heptachlor epoxide, endrin aldehyde, and 
endrin ketone levels appeared to pose risks to children’s health due to the consumption of fruits 
contaminated with such levels found in the present study, Table 9. 
 

Table 9 Health risk estimates for systemic effects associated with pesticide residues in tomato. 
Pesticides ADI 

mg/kg/day 
Estimated dose Hazard Index Health Risk 

ɣ-HCH 0.003 5.12 × 10-4 0.17 No 
δ-HCH 0.003 7.68 × 10-4 0.26 No 
heptachlor 0.0001 1.92 × 10-4 1.92 Yes 
Heptachlor epoxide 0.0001 1.41 × 10-4 14.1 Yes 
endrin aldehyde 0.0002 1.92 × 10-4 1.92 Yes 
pp-DDT 0.02 6.40 × 10-5 0.003 No 
endrin ketone 0.0002 1.92 × 10-4 1.92 Yes 

 
On the other hand, health risk assessment for pesticides present in imported apples, the data indicated 
that γ-HCH, δ-HCH, heptachlor epoxide, pp’-DDT and p,p’-DDE do not pose a direct hazard to children 
health, (Table 7 and 9). However, endrin aldehyde and endrin ketone levels exceeded the reference dose, 
indicating a great potential for systemic toxicity in children.  
 
Table 10 Health risk estimates for systemic effects associated with pesticide residues in imported 

apples. 
Pesticides ADI 

mg/kg/day 
Estimated dose Hazard Index Health Risk 

ɣ-HCH 0.003 4.48 × 10-5 0.15 No 
δ-HCH 0.003 2.56 × 10-4 0.09 No 
Heptachlor epoxide 0.0001 6.40 × 10-3 0.32 No 
pp-DDE 0.02 6.40 × 10-3 0.32 No 
endrin aldehyde 0.0002 2.05 × 10-4 10.24 Yes 
pp-DDT 0.02 1.66 × 10-3 0.08 No 
endrin ketone 0.0002 1.92 × 10-4 1.92 Yes 

 
CONCLUSION 
In conclusion, most of the fruits examined from these popular markets contained the pesticide residues. 
Thus routine monitoring of fruits could bring prevention and control of toxicants in the environment. The 
variation of pesticide residues among the various fruit samples is mainly due to use of different pesticides 
in different concentrations in different localities depending upon the pest attack, as reported elsewhere 
by [16]. Secondly, the results demonstrate that dietary intake of pesticides represent an important source 
of exposure in children. Moreover, there exists a potential risk for systemic health effects associated with 
pesticide use in the production of fruits in Ghana, and its consequence on the population particularly 
children, the most vulnerable part of the population, on consumption of fruits. Lastly, for the sake of 
regulation and public health it is imperative that additional studies are extended to cover many other 
fruits as well as children living in homes where residential pesticides use is habitual. Apparently, besides 
dietary intake of pesticides, pesticides use in such environments could contribute significantly to more 
exposure to residents especially children. There is also the need for programs for curtailing pesticide 
exposure and its health risks that may be associated with these exposures. 
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