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ABSTRACT 

Legume related foods of cowpea and bambara beans rich in protein are notable diets of most Ghanaians. These legumes 
because of pest and insect infestation are preserved with pesticides by farmers and vendors. Therefore the study 
monitored pesticide residues in cowpea and Bambara beans from some open markets in the Accra Metropolis for 24 
months and assessed the health risk for consumers. The results revealed varied concentrations of organophosphate (OPs) 
and synthetic pyrethroid (SP) pesticides whereas organochlorine pesticides (OCPs) were astonishingly not detected in 
any of the samples investigated. The field survey data indicated that most vendors were aware of the effect and use of 
pesticides and the application of phosphine tablets in storing these commodities. Notwithstanding, about 70 % of the 
cowpea sold at these markets is imported from neighbouring countries. The health risk estimate also demonstrated that 
the levels of pesticide residues on the legumes did not pose any health hazard. The absence of OCPs in these two products 
suggested farmers no longer apply them revealing its prohibition in Ghana and the other West African nations.  
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INTRODUCTION 
As food demand has grown worldwide, agricultural production has intensified with a concomitant 
expansion in pesticide application. Additionally, the extent of field infestation has led to pre-harvest 
prophylaxis in crops, especially legumes to reduce storage losses. In food for human consumption, 
prevention is clearly preferable to postharvest control measures. Thus an effective pre-harvest control 
must make the grain inhospitable to insects. This is usually achieved to some extent by planting insect 
resistance varieties. However, in the absence of these adaptive varieties, chemical control of insects and 
pests is the best alternative to reducing crop losses, hence the expanded usage of pesticides on crops on 
the farm and in storage. [1]. 
Bambara beans (Vigna subterranea (L) Verdcourt) and cowpea (Vigna unguiculata) are leguminous crops 
of the tribe phaseolae, family leguminosae. They are indigenous African crops and reported to have 
originated from north-eastern Nigeria and Northern Cameroon where the wild forms are still found [2]. 
These crops are now cultivated throughout tropical Africa and to a lesser extent in tropical parts of the 
North and South America, Asia and Australia. The crops are rich in protein and grown primarily for their 
seeds which are eaten fresh when semi-ripe and as a pulse when dry and mature, or ground into flour [3-
5]. Bambara beans seeds, haulm and dry leaves have been used to also feed livestock and poultry [6]. 
Further in Ghana these two legumes have been demonstrated in the preparation of several local dishes, 
viz: stew, weaning foods/ porridge, gari and beans, waakye and koose (fried bean flour), others are gable, 
nyonbeeka, tubani, gora, apprepensa and nagbechinge (maize and beans) as well [6,7].   
During their growth process in the field and after harvest in storage, these legumes are harmed by insects 
and pests. Hence in view of the potential toxicity and persistent nature of some pesticides, there is the 
need for their control and monitoring in the environment. In Ghana, there is very limited data and studies 
on pesticide residues in bambara beans and cowpea. Data available are on performance of varieties of 
cowpeas in various agro-zones [8], postharvest losses, and production and consumption patterns of 
cowpea [6].  
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As Ghana has no sovereignty over most of its staple foods including rice, beans, wheat, millet and cowpea, 
the demand is mostly supplemented with foreign products. Some legumes for example are imported from 
Burkina Faso, Mali, Niger, Nigeria and Togo.  About 70% of these imports end up in the Accra Metropolis 
before they are retailed to other sales points in Ghana [9].  Accordingly, a market basket survey of foreign 
and local cowpea and bambara beans was conducted in selected popular markets as part of our research 
into pesticides in foodstuffs marketed in the Accra Metropolis. This was in cognizance of the emerging 
concerns raised about the pesticide levels in imported and local bambara beans and cowpea. Therefore, 
this work (i) assessed the extent of the vendors awareness and knowledge of the use of pesticides in the 
legume’s production and storage; (ii) monitored and investigated the extent of pesticide contamination in 
the legumes from selected markets in the Metropolis; (iii) compared the residual levels of the imported to 
the local legumes and (iv) estimated the potential health risks associated with each of the pesticides in 
adults’ consumption. Furthermore, the results were compared with the European Union (EU) maximum 
residue levels (MRLs) of pesticides and the acceptable daily intakes (ADIs) recommended by the Food and 
Agricultural Organisation/World Health Organization Codex Alimentarius Commission [10].  
 
MATERIAL AND METHODS 
Sampling 
A survey was initially carried out among the retailers to understand patronage pattern, awareness and 
knowledge of the use of pesticides in legume (cowpea and Bambara beans) production and storage, in 
Accra Metropolis markets. Sixty vendors participated in the survey questionnaire administered in the 
language they understood. A total of 360 samples comprising of 240 cowpea and 120 bambara beans 
were collected quarterly at random from 5 popular markets (Agbogbloshie, Mallam Junction, Dome, 
Madina and Mallam Atta) in the Metropolis from 2010 to 2011 (Figure 1). On the whole, 6 samples of 
cowpea and 3 samples of bambara beans were sampled from a market at each visit based on the 
consumption pattern obtained from the survey. 

 
Fig. 1.  Map of Ghana showing the Accra Metropolis indicating the sampling sites. 

 
Chemicals and reagents 
All reagents used for the analysis of the pesticide residues were of trace analysis grade. High grades of 
sodium chloride (NaCl), anhydrous magnesium sulphate (MgSO4), primary secondary amine (PSA), 
trisodium citrate dehydrate (C6H6Na3O7. 2H2O) and disodium hydrogen citrate sesquihydrate 
(C6H6Na2O7.15H2O) were obtained from Merck Co. (Darmstadt, Germany).  Pesticide grade ethyl acetate 
and acetone were supplied by Labscan (Dublin, Ireland). HPLC grade water was obtained by purifying 
demineralized water in a Milli-Q Plus ultra-pure water system (Millipore, Molsheim, France). Pesticide 
reference standards (purity>97.0%) were obtained from Dr. Ehrenstorfer (Augsburg, Germany). The 36 
pesticides  were chlorpyrifos, parathion, phorate, pirimiphos-methyl, chlorfenvinphos, fonofos, 
fenitrothion, methamidophos, ethoprophos, malathion, dimethoate, diazinon, profenofos, methoxychlor, 
dieldrin, gamma chlordane, endosulfan sulfate, beta-endosulfan alpha-endosulfan, beta-HCH, p,p’-DDD, 
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delta-HCH, heptachlor, aldrin, p,p’-DDE, endrin, p,p’-DDT, lindane, cyfluthrin, allethrin, bifenthrin, 
lambda-cyhalothrin, deltamethrin, permethrin, cypermethrin and fenvalerate 
Sample extraction and clean up 
Extraction and partitioning were carried out according to the QuEChERS method as described by [11]. 
Briefly, 5g of pulverized samples were added to 10mL of cold water after which 10mL of acetonitrile was 
added and vortex for 1min. To induce phase separation and pesticide partitioning, a buffer–salt mixture 
(consisting of 4 g of anhydrous MgSO4, 1 g of NaCl, 0.5g of disodium hydrogen citrate sesquihydrate and 1 
g of trisodium citrate dehydrate) were added, vortex and centrifuged for 5min at 3000rpm.  An aliquot of 
6ml was drawn from the supernatant and cleaned by dispersive solid-phase extraction with 150mg of 
PSA and 900mg of MgSO4 and then centrifuged for 5min at 3000rpm. 4.0 mL of the cleaned extract was 
transferred into a round bottom flask and adjusted quickly to a pH 5 by adding 40 µL of 5 % formic acid 
solution in acetonitrile (v/v). The filtrate was concentrated to just dryness on a pressure reduced rotary 
evaporator with a water bath temperature below 40ºC.  
The extract was re-dissolved by adding 1 mL of ethyl acetate and was transferred into a 1.5mL standard 
opening vial for quantitation with GC-ECD and GC-PFPD. 
Gas chromatographic analysis 
The final residues were analysed by Varian CP 3800 GC (Varian Associates Inc, USA), equipped with CTC 
Analytics CombiPAL, Electron Capture Detector (ECD) and Pulsed Flame Photometric Detector (PFPD). 
The chromatographic system consisted of a chromatographic separations for organochlorine and 
synthetic pyrethroid residues were performed with a capillary column coated with VF-5ms (30 m + 10 m 
EZ Guard, 0.25 mm, 0.25 μm film thickness) and carrier and make-up gases were nitrogen at a flow rate of 
1.0 and 29 mL/min, respectively, while that of the organophosphorous were performed with capillary 
column coated with VF-1701ms (30 m, 0.25 mm, 0.25 μm film thickness). The carrier gas was nitrogen at 
a flow rate of 2.0 mL/min with Air 1, Air 2 and hydrogen flow rates of 17, 10 and 14 mL/min respectively.  
Organochlorine and synthetic pyrethroid residues were detected with 63Ni electron capture detector 
(ECD). The temperature of injector operating in splitless mode was held at 2700C, and the electron 
capture detector was set at 3000C. The column oven temperature was programmed as follows; 70 0C for 2 
min. and increased steadily at a rate of 25 0C/min to 180 0C and increased at 5 0C/min up to 300 0C. The 
injection volume of the GC was 1.0 μL.  
The organophosphorus residues were detected with PFPD. The corresponding temperature of injector 
operating in splitless mode was held at 2700C and the PFPD was set at 2800C. The column oven 
temperature was programmed as follows: 70 0C for 2 min and increased steadily at a rate of 25 0C/min to 
2000C and increased at 20 0C/min up to 250 0C. The injection volume of the GC was 2.0 μL. For instrument 
control based on the results obtained from the calibration of each pesticides type, data acquisition and 
processing were done with the Star Workstation software. The residues detected by the GC analysis were 
confirmed by the analysis of the extract on Varian CP-3800 GC/MS/MS. 
Analytical quality control 
Quality control and quality assurance were incorporated in the analytical scheme. The recovery, precision 
and linearity of studied pesticides were evaluated by adding a working mixture to 5 g of chopped 
untreated samples; the spiked samples were made to stand for at least 30 minutes before the extraction. 
Seven (7) replicate samples were extracted and analysed. Precision was calculated based on daily 
repeatability of 10 samples, whereas reproducibility was carried out on five different days. Recoveries 
were calculated for three replicate samples. Percent recoveries in spiked samples ranged 89–115%.  
Accordingly, the sample analysis data were corrected for these recoveries. Limit of quantifications (LOQs) 
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 0.01 
mg/kg for OCP, OP and SP pesticides. Blank and spike analyses were also carried out on every batch of 
samples in order to check any interfering species in the reagents. 
Target Hazard Quotient (THQ) estimation. 
Target hazard quotient was estimated in accordance with the USEPA standard method of estimating the 
risk of non-carcinogenic effects. The dose calculations were carried out by using the standard assumption 
from an integrated U.S. EPA risk analysis. An average body weight of adults was considered as 70 kg [9]. It 
was also based on the assumption that processing such as cooking, boiling, etc. does not have effect on the 
levels of contaminants and the absorption of each contaminant is 100%. The THQ was determined based 
on the method by [12]. The following equation describes it: 

310
...

.....  x
TaBwRfd

CIrDexFr
THQ  
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where THQ is target hazard quotient, Fr is exposure frequency (365 days/ year); Dex is the exposure 
duration (64 years), equivalent to the average lifetime; Ir is the food consumption  rate (g/person/day). 
The food consumption rates were based on World Health Organisation‘s Global Environmental 
Monitoring System- food contamination monitoring and assessment programme. Food consumption rate 
for pulses in Ghana is 0.0237 kg/person/day [13]; C is the pesticide concentration in food (μg/g); Bw is 
the average body weight 70 kg for adults; Rfd is the reference dose which are considered to be safe levels 
of exposure over the lifetime [14.15] and Ta is the averaging exposure time for non-carcinogens 
(365days/year x number of exposure years, assuming 64 years in this study). 
 
RESULTS AND DISCUSSION 
Field survey 
Table 1 shows the perception of vendors of cowpea and Bambara beans in the open markets of the Accra 
Metropolis on the use of pesticides and their health effects. A total of 60 vendors were participated in the 
survey. Most of the respondents were females as is mainly female dominated trade and only 60% had had 
formal education up to high school. The volunteers also indicated storing their wares in a cool and dry 
place to prevent over infestation of pests and fungi whereas 93.3% were aware of pest and insect control. 
However 80% confessed the use of pesticides in the storage of their commodities whereas 24% revealed 
using phosphine tablets. Additionally less than 10% complained experiencing minor headache, weakness, 
etc. in pesticide application. This same marginal effect cannot be said of the consumers of cowpea and 
bambara beans. As several studies of pesticide residues in some other foods are of the notion that patrons 
could be at risk [9,16,17]. 

Table 1: Summary of survey on vendors' knowledge and awareness of pesticide residues in cowpea. 

Characteristics  Percentage (%) 

Gender Male 0 
 female 100 
   
Age 21-25 10 
 26-30 10 
 31-39 60 
 >40 20 
   
Educational level No formal education 20 
 Primary 20 
 Secondary level 60 
 Tertiary 0 
   
Storage Cool Dry place 100 
   
Source of products   
   
Cowpea Ghana 30 
 Togo 30 
 Nigeria 40 
   
Bambara Beans Ghana 60 
 Burkina Faso 40 

 
Patronage                                                                                    Cowpea 66.7 
 Bambara 33.3 
   
Knowledge of the use of 
Pesticide 

Yes 93.3 

 No 6.7 
   
Type of Pesticides No specific 60 
 Phosphine tablets 24.3 
 Ash 6.7 
   
Effect Yes 6.7 
 No 83.3 
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Table 2: Mean levels of residual concentrations of pesticide in cowpea and bambara beans (mg/kg). 

 

ND – Not detected         MRL- Maximum residue level (EU values).   n- Number of samples, SD- Standard 
error 

 Cowpea ± SD Bambara beans ± SD  

Pesticide Togo 
(n=79) 

Nigeria 
(n=89) 

Ghana 
(n=72) 

Ghana 
(n=70) 

Burkina Faso 
(n=50) 

EU MRL 

OPs       

Methamidophos  ND ND ND ND ND 0.01 

Ethoprophos ND ND ND ND ND 0.02 

Phorate ND ND ND ND ND 0.05 

Diazinon 0.02±0.01 0.03±0.01 0.01±0.01 0.03±0.002 0.02±0.01 0.01 

Fonofos ND ND ND 0.01±0.03 ND 0.01 

Dimethoate 0.02±0.01 ND 0.05±0.02 0.04±0.001 ND 0.02 

Pirimiphos-methyl ND 0.04±0.01 ND 0.03±0.002 ND 0.05 

Chlorpyrifos 0.04±0.01 0.67±0.20 0.07±0.01 0.02±0.10 ND 0.05 

Malathion ND 0.01±0.02 ND ND ND 0.02 

Fenitrothion 0.02±0.01 ND 0.25±0.10 0.04±0.02 ND 0.01 

Parathion 0.02±0.01 0.02±0.01 ND ND 0.02±0.03 0.05 

Chlorfenvinphos ND ND ND ND ND 0.02 

Profenofos ND ND ND ND ND 0.05 

OCPs       

Beta-HCH ND ND ND ND ND 0.01 

Gamma-HCH  ND ND ND ND ND 0.01 

Delta-HCH ND ND ND ND ND 0.01 

Heptachlor ND ND ND ND ND 0.01 

Aldrin ND ND ND ND ND 0.01 

γ-chlordane ND ND ND ND ND 0.01 

α-endosulfan ND ND ND ND ND 0.05 

p,p’-DDE ND ND ND ND ND 0.05 

Dieldrin ND ND ND ND ND 0.01 

Endrin ND ND ND ND ND 0.01 

Beta-endosulfan ND ND ND ND ND 0.05 

p,p’-DDT ND ND ND ND ND 0.05 

p,p’-DDD ND ND ND ND ND 0.05 

Endosulfan sulfate ND ND ND ND ND 0.05 

Methoxychlor ND ND ND ND ND 0.01 

SPs       

Allethrin ND ND ND ND ND 0.01 

Bifenthrin 0.02±0.01 0.02±0.01 0.02±0.01 0.02±0.01 ND 0.50 

Lambda-
cyhalothrin 

0.04±0.01 0.05±0.03 0.03±0.02 0.04±0.13 0.05±0.04 0.20 

Permethrin ND 0.23±0.04 ND 0.07±0.02 0.10±0.02 0.05 

Cyfluthrin 0.02±0.01 0.01±0.03 0.07±0.02 0.04±0.01 0.02±0.01 0.10 

Cypermethrin 0.02±0.01 0.38±0.03 0.04±0.01 0.05±0.01 0.15±0.01 0.70 

Fenvalerate 0.02±0.01 0.04±0.01 0.25±0.05 0.06±0.01 0.02±0.01 0.02 

Deltamethrin 0.03±0.02 0.11±0.01 0.04±0.01 0.02±0.01 0.02±0.01 0.20 
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 Pesticide Analysis 
Table 2 shows the distribution of the selected pesticide residues analysed for, in the cowpea and bambara 
beans samples purchased from Accra Metropolis markets which originated from Ghana, Republic of Togo, 
Nigeria and Burkina Faso. On the whole 36 pesticides were examined, 13 organophosphates (OPs), 15 
organochlorines (OCs) and 8 synthetic pyrethroids (SPs). Among the 13 OPs examined only 5 were not 
detected in both the cowpea and Bambara beans from Ghana, Nigeria, Togo and Burkina Faso. Diazinon 
was found in all the samples whereas fonofos was determined only in Bambara beans from Ghana. 
Likewise malathion was the only observed pesticide in cowpea from Nigeria. Further the concentration of 
diazinon in cowpea and Bambara beans from all the 4 nations exceeded the 0.01 MRL guideline value of 
EU. Dimethoate in the cowpea from Ghana was exceedingly high in the range of 50-250 %, far above the 
MRL of 0.02 compared to the products from the 3 other nations.  Similar trends were observed for 
chlorpyrifos concentrations in cowpea samples Nigeria and Ghana. High levels of fenitrothion were also 
observed in cowpea samples from Ghana and Togo unlike parathion which was not detected in the two 
legumes from Ghana. Pirimiphos-methyl on the contrary was established in Nigeria (cowpea) and Ghana 
(Bambara beans) samples respectively. These observations among the products arriving at the markets of 
Ghana suggested similar agricultural practices as they share common borders. It further translates that all 
the farmers apply the same chemical rates and farming practices.  
Surprisingly none of the 15 OC pesticides was detected in all the samples (cowpea/Bambara beans) from 
the various countries suggesting that the use of these banned insecticides have declined. Perhaps farmers 
in all these West African countries have come to appreciate its toxicity, persistency and adverse health 
effects (e.g. the disruption of certain hormones associated with an increased risk cancer to reproductive 
system in the environment. 
However in the case of the 8 synthetic pyrethroids sought for only allethrin was not detected in all the 
legumes. Permethrin (0.23±0.04 mg/kg) and cypermethrin (0.38±0.03 mg/kg) had the most elevated 
levels among the SPs analysed for in the cowpea products from Nigeria. Similarly cypermethrin 
(0.15±0.01 mg/kg) was the highest in the Bambara beans from Burkina Faso. Bifenthrin on the other 
hand was only noticed in both cowpea and Bambara beans products from Togo, Ghana and Nigeria with 
levels being lower than the EU MRL of 0.50 mg/kg. Overall, fenvalerate and permethrin in both cowpea 
and Bambara beans exceeded the EU MRL of 0.05 mg/kg and 0.02 mg/kg respectively. 
Unlike the Bambara beans cowpea is more prone to pest and insect infestation. There are about nine 
important pests of cowpeas worldwide and most locations have 2 – 4 species being key pests [1]. In 
Ghana, the most damaging field pests of cowpea are flower bud thrips, the legume pod borer, and the pod 
sucking bug (PSB) complex. Chemical control via the use of synthetic insecticides remains the only choice 
[18].  These field pests according to Tanzubil et al. [19], are mostly controlled with Lambda-cyhalothrin. 
Other pesticides like dimethoate, cypermetrin and dimethoate combinations are also employed in the 
eradication of the field pest.  In this regard, the findings of this study corroborate the use of these 
pesticides on the field as residues of these pesticides were present in the legumes understudy. 
Chromatograms are displayed in Fig.s. 2 and 3 for the case of OP standard (1.0 µg/ml) and cowpea sample 
respectively. 

Fig. 2. GC/PFPD chromatogram of OP pesticides standards mixture (1.0 µg/mL) 
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Fig. 3: GC/PFPD chromatogram of a cowpea sample. 
 
Health Threat from the consumption of legumes. 
The target hazard quotients (THQs) of the studied pesticides through the consumption of cowpea and 
bambara beans are presented in Table 3. Although these legumes (cowpea and bambara beans) 
originated from different parts of West Africa, they are randomly sold on the Ghanaian markets. 
Therefore, THQ evaluations were based on the average residual concentrations of pesticides in the 
cowpea and bambara beans. In fact the sources of the product were not considered in the derivation of 
the THQ. The THQ computations also distinguished adults from children since each group has their 
respective levels of tolerance and differing responses to chemical contaminants. As such the 
computations listed in Table 3 are for adults only. 
In general, all the THQ values for each contaminants from the consumption of either cowpea or bambara 
beans alone was less than one (<1.00) suggesting that the associated health hazard with exposure to 
pesticide is insignificant for adults. 
 

Table 3 THQ to pesticide residues due to legume (cowpea and bambara beans) consumption 

Pesticides Rfd (mg/kg/day) THQCOWPEA THQBAMBARA THQCB 

Adults     

Diazinon 2.0 x 10-4 3.7 x 10-2 3.8 x 10-2 7.4 x 10-2 

Fonofos 2.0 x 10-3 0 2.0 x 10-3 2.0 x 10-3 

Dimethoate 2.2 x 10-2 6.0 x 10-3 5.0 x 10-3 1.0 x 10-2 

Pirimiphos-methyl 2.0 x 10-4 6.8 x 10-2 5.1 x 10-2 1.2 x 10-1 

Chlorpyrifos 3.0 x 10-4 2.9 x 10-1 2.3 x 10-2 3.2 x 10-1 

Malathion 7.0 x 10-2 4.8 x 10-5 0 4.8 x 10-5 

Fenitrothion 1.3 x 10-3 3.6 x 10-2 9.0 x 10-3 4.5 x 10-2 

Parathion 2.0 x 10-4 3.4 x 10-2 3.4 x 10-2 6.8 x 10-2 

Bifenthrin 1.3 x 10-2 1.0 x 10-3 1.0 x 10-3 1.0 x 10-3 

Lambda-cyhalothrin 1.0 x 10-3 1.4 x 10-2 1.1 x 10-2 2.5 x 10-2 

Permethrin 2.4 x 10-1 3.0 x 10-4 1.0 x 10-5 4.0 x 10-4 

Cyfluthrin 6.0 x 10-2 5.0 x 10-4 3.0 x 10-4 9.0 x 10-3 

Cypermethrin 2.0 x 10-2 8.0 x 10-4 5.0 x 10-4 1.3 x 10-3 

Fenvalerate 1.0 x 10-3 3.3 x 10-2 1.2 x 10-2 4.6 x 10-2 

Deltamethrin 1.0 x 10-2 2.0 x 10-3 3.0 x 10-4 2.0 x 10-3 

  

5.2 x 10-1 1.8 x 10-1 7.1 x 10-1 (TTHQCB) 

THQCOWPEA: Target Hazard Quotient for cowpea .                                                                                                      

THQBAMBARA: Target Hazard Quotient for bambara beans.                                                                             
THQCB : Sum of target quotient for  each pesticide  in cowpea and Bambara beans. 
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Rfd: Reference dose of each residue in cowpea and Bambara beans.                                                             
TTHQCB : Total Hazard Quotient  

Due to the additive nature of contaminants, the risk addition hypothesis was adopted to evaluate the total 
THQ. The combined hazard quotient of both cowpea and bambara beans was as well less than one (<1.00) 
signifying further that the health hazard associated with
minimal without the potential of toxicity at current exposure levels.
The ratio of the total THQ for cowpea to bambara beans is approximately 3:1. The THQ for cowpea was 
relatively higher than that of bambara be
The relative contributions of each pesticide contaminant to the total pesticide THQ from the legume 
consumption is shown in Fig. 4. Chlorpyrifos was the major risk contributor in the study accounting for 
almost 45% of the total THQ. The risk contribution from pirimiphos
diazinon, 11% and parathion, 10%. 
 

Fig. 4: Percentage contributions of each pesticide to the total THQ
 
CONCLUSION 
The study revealed that these legumes contained 
pyrethroids; most of these residue values exceeded the EU MRLs. Additionally no organochlorine 
pesticides were detected during the entire study suggesting that farmers are adhering to good farming 
practices because of the continuous education on the eradication of the use of organochlorine pesticides 
on food crops. Further the results suggest that the health risk posed by exposure to 36 pesticides to the 
Ghanaians populace through the consumption of contam
the target hazard quotient is insignificant; the THQs values for all the active pesticide ingredients were 
less than one (THQs<1.00). The relative contribution of chlorpyrifos to the total THQ was high accountin
for 45%.   
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e additive nature of contaminants, the risk addition hypothesis was adopted to evaluate the total 
THQ. The combined hazard quotient of both cowpea and bambara beans was as well less than one (<1.00) 
signifying further that the health hazard associated with the consumption of the two legumes are very 
minimal without the potential of toxicity at current exposure levels. 
The ratio of the total THQ for cowpea to bambara beans is approximately 3:1. The THQ for cowpea was 
relatively higher than that of bambara beans, nevertheless, the risk was insignificant. 
The relative contributions of each pesticide contaminant to the total pesticide THQ from the legume 
consumption is shown in Fig. 4. Chlorpyrifos was the major risk contributor in the study accounting for 

st 45% of the total THQ. The risk contribution from pirimiphos-methyl was 17% followed by 
diazinon, 11% and parathion, 10%.  

Fig. 4: Percentage contributions of each pesticide to the total THQ
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