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Abstract 

The study examined the pesticides presence in vegetables in Gamboru Market Maiduguri Borno State, Nigeria. Five vegetables which 
include tomatoes, peppers, onions, spinach and sorrel were collected and analyzed using laboratory analysis to determine the 
persistent organochlorine pesticides (o, p’-DDE, o, p’-DDD, p, p’-DDD, p, p’-DDT, dieldrin, and aldrin). The residues of the 
persistent pesticides were determined using GC/MS SHIMADZU (GC-174) equipped with electron capture detector (ECD). The 
results of the analyses revealed that, the highest concentrations were observed in onion which had 0.0005mg/kg and aldrin with 
0.0003mg/kg. The residues of the organochlorines in the vegetables were observed to be lower than the Maximum Residues Limit 
(MRLs) 0.01mg/kg set by EU i.e. they are within the permissible limit as such the vegetables are safe for consumption. It is 
recommended that responsible agencies should survey and monitor all the food commodities to prevent indiscriminate exposure of 
pesticides and rules of the banned DDT also need to be reviewed. 
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Introduction 
 
According to World Health Organization (WHO), 2016, 
pesticides are chemicals used in agriculture to protect crops 
against insects, fungi, weeds, and other pests. In addition to 
their use in agriculture, pesticides are also to protect public 
health in controlling the vectors of tropical diseases such as 
mosquitoes. But pesticides are also potentially toxic to 
humans. They may induce adverse effects including cancer, 
affect reproduction, immune or nervous systems. Before they 
can be authorized for use, pesticides should be tested for all 
possible health effects and the results should be analyzed by 
experts to assess any risks to humans. However, pesticides that 
are not authorized in developed countries, are still being use in 
most developing countries. Compounds such as 
dichlorodiphenyltricholoroethane (DDT), 
hexachlorocyclohexane (HCH), chlorpyripos and linden that 
are environmentally persistent, are today banned from 
agricultural use in developed countries but remained popular 
in developing countries (Nnamonu and Onekutu, 2015). The 
use of these pesticides, despite their toxicity, is still in practice 
in developing countries including Nigeria. Vegetables and 
fruits are known to be essential constituents of human diet. 
Large consumption of vegetables and fruits are recommended 
not only to avoid the effects that will arise due to vitamin 
shortage but also to decrease the prevalence of major diseases 
such as cancer, cardiovascular diseases and obesity 
(Keikotlhaile and Spanoghe, 2011). WHO and United Nation 
(UN) program cited in Erhunmwunse et al. (2012), estimated 
that 3 million workers in agriculture in the developing world 
experienced intense poisoning from pesticides yearly and 
nearly 18000 of who died. Another study says, in developing 
countries almost 25 million workers may be affected by 
responsive pesticides poisoning yearly (WHO, 2006).   
 

 
 
The use of pesticides is common in most of the tropical 
nations of the world. They are integral part of current 
agricultural production system around the world (Fianco et al., 
2011). In order to improve agricultural production and also to 
prevent arthropod–borne diseases the use of pesticides by 
farmers became widespread. Pesticides are widely used in 
agricultural production to check or control pest, diseases, 
weeds, and other plants pathogens in an effort to produce or 
eliminate crop losses and to keep high product quality. 
Although pesticides are manufactured under very strict 
regulation processes to function with logical certainty and 
minimal impact on health and the environment, serious 
concerns have been raised about health issues resulting from 
residues in food (Akan et al., 2014).  
 
Vegetables and fruits are attack by pests in the course of their 
production. In order to attain enough and quality yield, 
pesticides are applied to kill these pests. This results to 
pesticide residues in vegetables and fruits after they have 
harvested. According to Pesticides and Toxic Chemicals 
Board (PTCCB), (2011), pesticide residue is a little portion of 
pesticide that can remain in or on crops after harvesting or 
storage and forms part of the food chain. This and other 
injudicious practice of pesticide results in the presence of 
pesticides in the inner part of the vegetables which could be 
used by consumers thus creating human health hazard. 
Gamboru Market being a major center of vegetables trade in 
Maiduguri, almost all the vegetables consumed in the town are 
usually obtained from this Market. Therefore, this study 
examined pesticides presence in vegetables in the popular 
Gamboru Market in Maiduguri, Borno State.  
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Study Methods 
This study was conducted in Maiduguri, Borno State located in northeastern part of Nigeria (110 42'N 120 54'E).  

 
Figure 1. Study Area 
Source: GIS Lab Department of Geography, University of 
Maiduguri (2019) 

 
Collection of vegetable samples 
The vegetables samples were collected early in the morning 
around 6.00AM to 7.00AM when the vegetables are usually 
brought into the Market. The sampled vegetables were placed 
in a polythene bags and wrapped before transported them to 
the laboratory and preserved at 40C, pending extraction and 
analysis. This controlled the moisture content and reduced 
damage in vegetables.  
 
Extraction of vegetable samples 
The method of extraction used was that described by USEPA 
3510 for extracting pesticide residues in non-fatty crops, using 
ethyl acetate as the solvent. Sodium hydrogen carbonate 
(NaHCO3) was used to neutralize any acid that may be 
present and vegetable samples were washed thoroughly with 
distilled water. Twenty grams (20g) of the sample were placed 
in a mortar and anhydrous sodium sulphate (Na2SO4) was 
used to reduce water from the matrix. After weighing, the 
samples were washed thoroughly with distilled water and 
placed in a mortar and ground to a paste using pestle. The 
paste was transferred into a conical flask with the help of  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
spatula and 40ml of Ethyl acetate was added and shaken 
thoroughly. A 5g portion of Sodium hydrogen carbonate 
(NaHCO3) was added to the mixture followed by 20g 
anhydrous sodium sulphate (Na2SO4) and the mixture was 
shaken vigorously for an hour. This process was done to 
ensure that enough of the pesticide residues dissolve in the 
ethyl acetate. The procedure was repeated for each of the 
samples and the mixture were filtered into a labeled container 
before being centrifuged at a speed of 1800 rpm for 5 minutes. 
The organic layer was decanted unto a container and a 1:1 
mixture of 5 ml ethyl acetate and cyclohexane were added. 
 
Clean-up of Vegetable Extracts 
The vegetable extracts were cleaned-up as follows; A 10mm 
chromatographic column was filled with 3g activated silica gel 
and top up with 2 to 3g of anhydrous sodium sulphate, and 
5ml of n-hexane was added to the column. The residue in 2ml 
n-hexane was transferred onto the column and the extract 
rinsed three times with 2ml hexane. The procedure was 
repeated for all the samples. The samples were collected in a 
2ml vial, sealed and placed in the refrigerator in the laboratory 
with temperature below normal room temperature, to prevent 
evaporation of the ethyl acetate. 
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Determination of Pesticide Residues 
The SHIMADZU GC/MS (GC – 17A), equipped with 
florescence detector was used for the chromatographic 
separation and was achieved by using a 35% diphenyl, 65% 
dimethyl polysiloxane column. The oven was  programmed as 
follows: initial temperature 400C, 1.5min, to 1500C, 15.0min, 
50C/min to 2000C, 7.5min, 250C/min to 2900C with a final 
hold time of 12min and a constant column flow rate of 
1ml/min. the detection of the pesticides was performed using 
the GC- ion trap MS with optional MSn mode. The scanning 
mode will offer selectivity over either full scan or selected ion 
monitoring (SIM). At the elution time of each pesticide using 
selected ion monitoring, the ration of the intensity of the 
matrix ions increased exponentially versus that of the pesticide 
ions as the concentration of the pesticide approach the 
detection limit; decrease the accuracy at lower levels. The GC-
ion trap MS was operated in MSn mode and perform tandem 
MS function by injecting ions into the ion trap and 
destabilizing matrix ions, isolating only the pesticide ions. The 
retention time, peak area and peak height of the sample were 
compared with those of the standards for quantization.  
 
RESULTS 
 
Concentration of Some Organochlorine Pesticide Residues  
The organochlorine pesticides residues includes; 
dichlorodiphenyl dichloroethlyne (o, p’-DDE), 4,4’-
dichlorodiphenyl dichloroethan (p, p’-DDD), 
2,4’dichlorodiphenyl dichloroethan (o, p’-DDD), 

2,4’dichlorodiphenyl trichloroethane (p, p’-DDT), deildrin and 
aldrin in the vegetable samples (tomatoes, peppers, onions, 
spinach and sorrel) were collected from Gamboru market. The 
analysis shows concentration of the organochlorine pesticides 
in all the vegetable samples. The concentration of o, p’-DDE 
is 0.0001mg/kg; 0.0001mg/kg o, p’-DDD, 0.0003mg/kg p, p’-
DDT, 0.0001mg/kg dieldrin and 0.0001mg/kg aldrin. p, p’-
DDD was not detected in the tomatoes samples (Table 1). 
Table 2 shows the mean concentration of organochlorine 
pesticide residues in pepper samples. The level of o, p’-DDE 
is 0.0002mg/kg, p, p’-DDT 0.0002mg/kg, dieldrin 
0.0002mg/kg and aldrin 0.0001mg/kg. O, p’-DDD and p, p’-
DDD were not detected. Also, Table 3 shows the mean 
concentration of organochlorine residues of onion samples. 
The level of o, p’-DDE is 0.0001mg/kg, p, p’-DDD 
0.0005mg/kg, o, p’-DDD 0.0001mg/kg, p, p’-DDT 
0.0002mg/kg, dieldrin 0.0002mg/kg and aldrin 0.000mg/kg. 
Moreover, Tables 4 shows the mean concentration of 
organochlorine pesticide residues in spinach samples. The 
level of o, p’-DDE is 0.0001mg/kg, p, p’-DDD 0.0001mg/kg, 
o, p’-DDD 0.0002mg/kg, dieldrin 0.0001 mg/kg and aldrin 
0.0002mg/kg p, p’-DDT was not detected. Furthermore, Table 
5 shows the mean concentration of organochlorine pesticide 
residues in sorrel samples. The level of o, p’-DDE is 
0.0001mg/kg, p, p’-DDD 0.0002mg/kg, o, p’-DDD 
0.0001mg/kg, p, p’-DDD0.0001mg/kg, dieldrin 0.0001mg/kg 
and aldrin 0.0003mg/kg. 
 

 
 
 
  
Table 1 Concentrations of Some Organochlorine in Tomatoes samples  
Parameter (pesticide residue type) Concentration (mg/kg)      EU MRLs (mg/kg) 
o, p’-DDE 0.0001                                0.01       
p, p’-DDD  ND                                    0.01 
o, p’-DDD 0.0001                                0.01 
p, p’-DDT 0.0003                                0.01 
Dieldrin 0.0001                                0.01 
Aldrin 0.0001                                0.01                   

Source: Field Work, 2018 
  
  
 Table 2 Concentrations of Some Organochlorine in Pepper samples  
Parameter (pesticide residue type) Concentration (mg/kg)    EU MRLs (mg/kg) 
o, p’-DDE 0.0002                              0.01       
p, p’-DDD  ND                                  0.01       
o, p’-DDD  ND                                  0.01       
p, p’-DDT 0.0002                              0.01       
Dieldrin 0.0002                              0.01       
Aldrin 0.0001                              0.01       

Source: Field Work, 2018. 
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 Table 3. Concentrations of Some Organochlorine in Onion samples 
Parameter (pesticide residue type) Concentration (mg/kg)    EU MRLs (mg/kg) 
o, p’-DDE 0.0001                              0.01 
p, p’-DDD 0.0005                              0.01 
o, p’-DDD 0.0001                              0.01 
p, p’-DDT 0.0002                              0.01 
Dieldrin 0.0002                              0.01 
Aldrin 0.0001                              0.01 
Source: Field Work, 2018. 
  
  
Table 4. Concentrations of Some Organochlorine in spinach samples  
Parameter (pesticide residue type) Concentration (mg/kg) )    EU MRLs (mg/kg) 
o, p’-DDE 0.0001                                0.01 
p, p’-DDD 0.0001                                0.01 
o, p’-DDD 0.0002                                0.01 
p, p’-DDT ND                                     0.01 
Dieldrin 0.0001                                0.01 
Aldrin 0.0002                                0.01 
Source: Field Work, 2018. 
  
  
  
Table 5. Concentrations of Some Organochlorine in sorrel samples  

Parameter (pesticide residue type) Concentration (mg/kg) )    EU MRLs (mg/kg)   
o, p’-DDE 0.0001                                 0.01 
p, p’-DDD 0.0002                                 0.01 
o, p’-DDD 0.0001                                 0.01 
p, p’-DDT 0.0001                                 0.01 
Dieldrin 0.0001                                 0.01 
Aldrin 0.0003                                 0.01 
Source: Field Work, 2018. 
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DISCUSSION  
 
Vegetables investigated in this research are 
cultivated and consumed locally within the state, 
most of which were eaten fresh without due 
consideration of pesticide. This may constitute an 
important potential source of pesticide residues. 
Organochlorine pesticide residues were detected in 
all the vegetable samples collected from the 
market. The highest concentration 0.0005mg/kg of 
o, p’-DDD, was observed in onion. The lowest 
concentration of  0.0001mg/kg of o, p’-DDE, o, p’-
DDD, dieldrin and Aldrin were observed in tomato, 
aldrin in pepper,   o, p’-DDE, o, p’-DDD, and 
aldrin in onion,   o, p’-DDE, o, p’-DDD, and 
dieldrin in spinach,   o, p’-DDE, o, p’-DDD,  p, p’-
DDE, and dieldrin in sorrel. The highest 
concentration of DDD must not be unconnected to 
the wide variety usage of DDT in agriculture. This 
corresponds to the findings of Bempah et al. (2011) 
conducted in Kumasi Metropolis, Ghana which 
also recorded high concentration of DDT and 
concluded that DDT is widely used against the 
quite a number of agriculture and forest pests and 
against insect pests including vectors like 
mosquitoes and tsetse flies. And DDT can be 
degraded to DDE and DDD by either radiation 
from the sun metabolized in organisms, could also 
play a role since most fruits and vegetables 
harvested and brought to the market are always left 
under heat of the sun (Bumpah and Donkar, 2010). 
According to Dalvie (2011), although WHO’s 
classification of acute toxicity of DDT is 2, DDT 
compounds have been shown to be differentially 
hormonally active with p,p’ DDE and o, p’-DDT 
anti-androgenic, o, p’-DDT, o, p’-DDD, and p, p’-
DDD estrogenic and p, p’-DDE and p, p’-DDT 
binding to the progesterone receptor.The high 
concentration of DDT and its metabolites like the 
DDD and DDE in all the Tables also showed that 
very high levels of DDD and DDT have been used. 
The high levels of DDT observed in all the Tables 
signify that DDT has been metabolized to DDD 
instead of DDE. Both types of DDD were not 
detected in pepper. This shows that DDD are not 
used intensively in pepper cultivation. This result is 
in line with the one reported in some markets in 
Kumasi Metropolis, Ghana in which both DDD and 
DDT are not detected (Bempeh et al., 2011). The 
detection of some organochlorine pesticide residues 
in vegetables brought to the market shows that 
despite the fact that these pesticides are banned but 
they are still use in developing countries. Although, 
the applications of DDT and its metabolites have 
been banned in Nigeria since 2008, they are still 
used by farmers in the country (Akan et al., 2014). 
NAFDAC classified DDT as the probable cause of 
carcinogens. However, because of their easy 
accessibility, they are used in most developing 
countries including Nigeria. Fortunately, the 

concentrations of all the studied organochlorine 
pesticide residues are lower than the Maximum 
Residue Limits (MRLs) of 0.01 mg/kg as set by the 
EU. This result is also similar to the one observed 
in the work of Bempah et al., (2011) with values 
ranging from 0.002 to 0.004 which are also lower 
than the (MRLs). 
 
Dieldrin and aldrin were also observed in all the 
studied vegetables collected the market. The 
highest concentration of dieldrin was observed in 
onion with a value of 0.0002mg/kg. All the other 
samples had concentration 0.0001mg/kg, each of 
dieldrin. Also, the highest concentration of aldrin 
was observed in sorrel with a value of 
0.0003mg/kg, while the lowest concentration were 
observed in pepper, onion and tomatoes with a 
value of 0.0001mg/kg each as earlier reported. In 
this finding, aldrin residues were observed to be of 
large quantity than dieldrin because of the fact that 
aldrin is more pronounced in plants than in 
animals. This trend is supported by Berntssen and 
Lundebye(2012) who hold the view that aldrinis 
easily converted to dieldrin through metabolism in 
animals most at times and sometimes in plants but 
not very pronounced. This is so because dieldrin 
being extremely non-polar has strong tendency to 
accumulate tightly (by adsorption) to plant waxes. 
Therefore, aldrin residues are rarely detected in 
animals, if so, only small amounts are detected. 
Moreover, the concentrations of aldrin and dieldrin 
found in all the vegetable samples brought to 
Gamboru Market were much lower than the 
maximum residue limits (MRLs) set by the EU 
which is 0.01mg/kg and the Acceptable Daily 
Intake values (ADIs) which is 0.5 mg/kg/day. 
 
Conclusion 
This study revealed that all the vegetable sampled 
in Gamboru Market contained pesticide residues. 
This signifies that persistent pesticides are no doubt 
used in vegetable production. The lives of the 
consumers will be at risks if the pesticides residues 
happened to be beyond the maximum residue levels 
of 0.01mg/kg as set by the EU. Fortunately, the 
analyses of the sampled vegetables showed that the 
pesticide remnants are below the MRLs 
(0.01mg/kg) set by the EU. Therefore, the research 
concludes that the vegetables are safe for 
consumption. However, responsible agencies 
should survey and monitor all the food 
commodities to prevent indiscriminate exposure of 
pesticides, special education to create awareness 
about the dangers of pesticides consumption 
particularly the banned DDT needs to be 
introduced, and rules of the banned DDT also need 
to be reviewed.  
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