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ABSTRACT 

The study aimed to assess pesticide residues in selected plants in the Billiri and Kaltungo local government areas 
of Gombe State, Nigeria. Parts of the selected plants, namely Acacia nilotica, Piliostigma reticulatum, and Calotropis 
procera were randomly collected, including leaves, stem bark, and roots. These plant parts were washed with tap 
water and de-ionized water to remove air pollutants, then oven-dried at 105°C to eliminate moisture. The dried 
samples were pulverized using an agate pestle and mortar and sieved through a 0.5 mm mesh to obtain a uniform 
particle size. Pesticide residues were determined using gas chromatography (GC). Fourteen organochlorine 
pesticide residues were detected, including Delta-Lindane, Alpha-Lindane, Gamma-Lindane, Heptachlor, Aldrin, 
Heptachlor Epoxide, Endosulfan I, P,P-DDE, Endrin, Endosulfan II, P,P-DDD, P,P-DDT, and Methoxychlor. 
Based on the results from all locations, the lowest concentrations were below the maximum residue limit as per 
FAO/WHO guidelines, which range from 0.001 to 0.5 ppm. The highest concentrations of organochlorine 
pesticide residues reported in this study may be attributed to environmental pollution and pesticide use, consistent 
with the mean values reported in soils from Numan LGA in Adamawa State, Nigeria. In the intricate tapestry of 
modern agriculture, the assessment of organochlorine pesticide residues in the distinct agroecological locales of 
Billiri and Kaltungo Local Government Areas unravels a compelling narrative of historical legacies, environmental 
intricacies, and imperatives for change. 
Keywords: Pesticide residues, Organochlorine pesticides, Acacia nilotica, Piliostigma reticulatum, Calotropis procera, 
Environmental pollution and Gas chromatography (GC) 

 
INTRODUCTION 

Usage of pesticide has increased significantly during 
the last three decades consequent with changes in 
farming practices and the increasing intensive 
agriculture. This extensive use of pesticides has 
resulted in the presence of their residues in various 
environmental matrices, especially foodstuff proving 
high risk of these chemicals to human health and the 
environment [1] and [2]. According to [3], [4] 
and [5], vegetable farmers in Nigeria uses a wide 
range of pesticides at different levels to reduce losses 
from pest and diseases. However, despite the 

contribution of pesticide to agricultural production, 
evidences in other studies showed presence of 
pesticide residues that could be harmful to human 
health and the ecosystems in general. Most of the 
crops and vegetables are consumed in the 
communities where they are also cultivated and sold 
in the open markets if not exported to other several 
part of the nation [6]. When pesticides are applied 
to destroy pests and pathogens, only 15% of the 
applied amount hits the target, with the remaining 
85% being distributed in soils, air and water. 
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Moreover, the improper implementations of 
hazardous chemicals and pesticide regulations and 
lack of awareness on technical knowhow among the 
farming communities leaves most of the pesticides 
active ingredients in plants and soil [7], [8] and 
[9]. It is an established fact that pesticides and some 
of their metabolites can cause harm to human and 
the environment [10]. It is therefore necessary to 
study the levels of pesticides in environments where 
they are used in different activities. Such a study 
should raise awareness of the potential threats of 
pesticides [11]. To avoid health hazards as a result 
of the indirect consumption of insecticides and/or 
their metabolites, it is important to study the XCD 
levels of these chemicals in food chains as well. 
Moreover, it is actually an illegal practice to import 
harmful chemicals including pesticides without an 
approval by the government [12] and [13]. 
However, illegal importation of pesticides is a 
common practice in Nigeria, but the government 
does not regulate the influx of these chemicals to 
avoid jeopardizing with the food security [14], 
[15], [16]. Human exposure to pesticides through 
food, water and handling could have a negative 
impact on the health of people. This cannot be 

regulated effectively if the level at which this occurs 
is not known. [17] and [18]. A pesticide is any 
substance used to kill, repel or control certain forms 
of plant or animal life that are considered to be pests. 
Pesticides include herbicides for destroying weeds 
and other unwanted vegetation, insecticides for 
controlling a wide variety of insects, [19] fungicides 
used for prevent the growth of molds and mildew, 
disinfectants for preventing the spread of bacteria 
and compounds used to control mice and rats [20], 
[21], [22]. [23], Pests contribute significantly to 
food losses and the control of pests is very central to 
the attainment of food security at all levels. The 
growing demands to enhance good productivity to 
meet the challenge of the world populations have led 
to different methods or ways of agricultural 
technology in which pesticide play a crucial role 
[19]. Pesticides are extensively used to increase 
agricultural products by preventing, controlling or 
lessening the damage caused by pests. Because of the 
widespread use of agricultural chemicals in food 
production people are exposed to pesticide residues 
through their foods and water [24] and [25]. 

MATERIALS AND METHODS 
Sample Area 

Billiri is a Local Government Area of Gombe 
State, Nigeria. Its headquarters are in the town of 
Billiri in the northeast of the area on the A345 

highway. It is situated at 9°51′53″N 11°13′31″E 
coordinates. It has an area of 737 km2 and a 
population of 202,144 at the 2006 census. 
Kaltungo is one among the 11 Local Governments 

Area of Gombe State, Nigeria. Its headquarters is in 
the town of Kaltungo in the western part of 
the Local Government Area on the A345 

highway at 9°48′51″N 11°18′32″E. It has a 
landmark area of 881 km2 and a population of 
149,805 according to 2006 census.  

Plant Sampling /preparation 
Approximately 1 kg of each part (leaves, stem Burk 
and root) of the selected plants namely Acacia 
Nilotica, Piliostigma reticulatum, and Calotropis 
procera were collected randomly in different areas 
of Biliri and Kaltungo LGAs. The plants’ parts was 
washed with tap water and de-ionized water to 
remove air pollutants, followed by oven drying at 
105 oC to remove moisture. The dried samples was 

pulverized, using pestle and mortar, followed by 
sieving through a 0.5 mm mesh size sieve to obtain a 
uniform particle size. Each selected plant’s part 
sample were labelled and stored in a dry plastic 
container that had been pre-cleaned with 
concentrated nitric acid to prevent heavy metal 
contamination prior to analysis [23]. 

                                                            Extraction of Pesticides Residues/analysis 
Pesticide residues was extracted following the 
method described by AOAC. Ten grams (10 g) of 
sample was mixed with 60 g of anhydrous sodium 
sulphate in an agate mortar to absorb moisture.  The 
homogenate was transferred into a 500 mL beaker, 
and the extraction was carried out with 300 mL of 
n–hexane for 24 h. The crude extract obtained was 
concentrated using a rotary vacuum evaporator at 

40 ◦C to dryness. The sample residue (1 mL) was 

measured into 50 mL of chloroform and transferred 
to a 100 mL volumetric flask and diluted. Most of 
the chloroform were evaporated at room 
temperature before adding 1 mL of the solvent 
mixture (20% benzene and 55% methanol). The 

mixture was sealed and heated at 40 ◦C using a 
water bath for 10 min. After heating, the organic 
sample were extracted with n–hexane and water in a 
proportion of 1:1. The mixture were shaken 
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vigorously for 2 min, and n-hexane phase were 
transferred onto a small test tube for injection into a 
Gas Chromatograph (GC) for analysis. Overall, the 
GC enabled the identification of pesticide residues, 
which were recorded in mg/kg. The initial injection 
temperature at the nozzle were maintained at 70°C 
for 5minutes, and increased and maintained for 10 

minutes at 310oC and at 100oC/minute. The initial 
temperature at the oven were maintained at 70oC 
during 4 minutes, then increased to 150°C at 
50°C/minute, then to 235°C with 3°C/minute at last 
maintained for 3 minutes at 300°C with 
50°C/minute.  

    RESULTS AND DISCUSSION 
          Organochlorine pesticides in plant samples 

The concentrations of organochlorine pesticides 
measured in the plant samples from Billiri and 
Kaltungo were presented in Figures 1- 6 below. 
Plants samples analysed showed the presence of the 
fourteen (14) organochlorine pesticides namely 

Delta Lindane, Alpha Lindane, Beta Lindane, 
Gamma Lindane, Heptachlor, Aldrin, Heptachlor 
epoxide, Endosulfan I., P,P' – DDE, Endrin, 
Endosulfan II, P,P' – DDD, P,P' – DDT and 
Methoxyclor.  

Organochlorine pesticides in root and stem bark of Tamarindus Indica from Billiri 
The concentrations of the organochlorine pesticide 
residues are presented in Figure 1 shows the 

observed pesticides as concentration occurrences in 
Farm A and Field B from Billiri. 

 
Presence of Lindane compounds 

The concentration of lindane (Delta, alpha and 
gamma lindanes) was detected in all the roots and 
stem of tamarind. The highest concentration of 
Delta Lindane was found in roots of tamarind from 
farm B (21.02 ppm), this is therefore the most 
polluted location in the study area, followed by the 
same root sample from farm A (17.07 ppm), followed 
by stem bark from farm B (13.04 ppm) and stem 
bark from A (7.74 ppm). Similarly, high 
concentration of Alpha Lindane was found in roots 

of Tamarindus Indica from farm B (1.03 ppm), this is 
therefore the most polluted location in the study 
area, followed by the stem bark from farm A (0.48 
ppm), followed by stem bark from farm B (0.37 ppm) 
and root from A (0.04 ppm). The highest 
concentration of Gamma Lindane was found in roots 
of tamarind from farm A (0.29 ppm), followed by the 
same roots from farm B (0.23 ppm), followed by 
stem bark from farm A (0.08 ppm) and stem bark 
from B (0.06 ppm).  

Heptachlor and Heptachlor epoxide 
Heptachlor and Heptachlor epoxide were found in 
all the soil samples analysed, with low 
concentrations. A concentration of 0.01 ppm was 
recorded for Heptachlor in all the root and stem 
bark samples from at farm A and B. For Heptachlor 
epoxide, a concentration 0.02 ppm was recorded in 

roots sample from farm A and B. However, a 
concentration of 0.06 ppm and 0.05 were recorded in 
stem barks from farm A and B respectively. The 
solubility of these pesticides is very low and their 
contribution is low.  

Aldrin and Endrin 
Aldrin and dieldrin residues were found in root and 
stem bark samples in the study area. Root sample 
from farm B recorded the highest aldrin levels (31.77 
ppm), followed by root sample from farm A (24.90 
ppm), then stem bark from farm B (19.11 ppm) and 

stem bark from farm A (14.95 ppm). Endrin 
concentrations were highest in root from farm B 
(2.02 ppm), followed by stem bark from farm A 
(0.43), stem bark from farm B (0.33 ppm) and root 
from farm A (0.03 ppm). 

DDT 
p,p’-DDE and p,p’-DDD were detected in all the 
root and stem bark samples. A concentration of 0.01 
p,p’-DDE was recorded in all the samples farm A 
and B. However, the highest concentration of p,p’-
DDD was recorded in root farm A (0.07 ppm), 
followed by root from farm B (0.06 ppm),  stem bark 
from farm A (0.02 ppm) and stem bark from farm B 
(0.01 ppm). The highest value of p,p’-DDT was 
recorded in root from farm A (0.02 ppm), whereas 

root from farm B and stem bark from farm A an 
equal trend of DDT distribution (0.01 ppm) 
Contrariwise, stem bark from farm B recorded zero 
concentration of p,p’-DDT. The the following order: 

p,p′-DDD > p,p′- DDT > p,p′-DDE.  The 
concentrations of DDT reported in this study were 
higher than the mean values of reported in soils from 
Numan LGA in Adamawa State, Nigeria [26]. 
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Endosulfan I and II. 
Endosulfan I residues were identified in all root and 
stem bark samples, with varying concentrations. 
Root samples from farm A recorded the highest 
concentration of endosulfan I (12.10 ppm), followed 
by root from farm B (10.61 ppm), stem bark from 
farm A (6.75 ppm) and stem bark from farm B (5.19 

ppm). Similarly, the endosulfan II concentrations 
followed the same trend. Root sample from farm A 
recorded the highest accumulation (1.19 ppm), 
followed by root from farm B (1.15 ppm), stem bark 
farm B (0.37 ppm) and stem from farm A (0.36 ppm). 

Methoxychlor 
Methoxychlor residues were identified in all the root 
and stem bark samples in the study area. Root from 
farm A recorded the highest methoxychlor 
concentration of 0.22 ppm.  However, a 
concentration of 0.02 ppm was recorded in root from 
farm B, stem bark from farm A and B. The presence 

of methoxychlor residues raises concerns about 
potential ecological and health impacts. 
Methoxychlor, although considered a less persistent 
alternative to some other organochlorine pesticides, 
can still pose risks due to its toxic properties and 
potential for bioaccumulation [14]. 

 
 

 
Figure 1: Concentration of organochlorine residues level in root and stem barks of Tamarindus Indica 
grown in farm A and B from Billiri LGA of Gombe State. 

Organochlorine pesticides in root and stem bark of Tamarindus Indica from Kaltungo 
The concentrations of the organochlorine pesticide 
residues are presented in Figure 2 shows the 

observed pesticides as concentration occurrences in 
Farm A and Field B from Kaltungo. 

Lindane compounds 
The concentration of lindane (Delta, alpha, beta and 
gamma lindanes) was detected in all the roots and 
stem of tamarind. The highest concentration of 
Delta Lindane was found in stem bark from farm A 
(0.18 ppm), followed by the root sample from farm A 
(0.12 ppm), followed by stem bark from farm B (0.07 
ppm) and root from B (0.05 ppm). The highest 
concentration of Alpha Lindane was recorded in 
stem bark from farm B (0.35 ppm), followed by the 

stem bark from farm A (0.29 ppm), followed by root 
from farm A and B with 0.15 ppm each. The highest 
concentration of beta Lindane was found in root 
from farm B (1.24 ppm), followed by the stem bark 
from farm B (0.23 ppm), followed by stem bark from 
farm A (0.12 ppm) and root from A (0.11 ppm).  
However, the highest concentration of Gamma 
Lindane was found in roots from farm B (0.58 ppm), 
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followed by the same roots from farm A and B (0.13 ppm), followed by root from farm A (0.07 ppm). 
Heptachlor and Heptachlor epoxide 

Heptachlor and Heptachlor epoxide were found in 
all the root and stem bark samples analysed, with 
low concentrations. Stem bark from farm A has the 
highest concentration of 0.08 ppm for Heptachlor, 
followed by stem and root bark from farm B with a 
concentration of 0.05 ppm each and root from farm 

A with a concentration of 0.04 ppm.in all the root 
and stem bark samples from at farm A and B. For 
Heptachlor epoxide, the highest concentration 0.11 
ppm was recorded in stem bark from farm A, 
followed by root from farm B (0.08 ppm), stem bark 
from B (0.06 ppm) and root from farm A (0.01 ppm).  

Aldrin and Endrin 
Aldrin and dieldrin residues were found in root and 
stem bark samples in the study area. Root sample 
from farm A recorded the highest aldrin levels (5.11 
ppm), followed by root sample from farm B (2.57 
ppm), then stem bark from farm B (3.09 ppm) and 

stem bark from farm A (0.56 ppm). Endrin 
concentrations were highest in stem bark from farm 
B (3.68 ppm), followed by stem bark from farm A 
(2.27), root from farm B (1.11 ppm) and root from 
farm A (0.42 ppm). 

DDT 
p,p’-DDE and p,p’-DDD were detected in all the 
root and stem bark samples. The highest 
concentration of p,p’-DDE was recorded in stem 
bark farm B (0.14 ppm), followed by stem bark from 
farm B (0.03 ppm),  root from farm B (0.02 ppm) and 
root from farm A (0.01 ppm). However, the highest 
concentration of p,p’-DDD was recorded in stem 
bark from farm A (0.11 ppm), whereas root from 
farm B (0.08 ppm), root from farm A (0.09 ppm) and 
stem bark from farm B (0.05 ppm). The highest 

value of p,p’-DDT was recorded in stem bark from 
farm A (0.21 ppm), whereas root from farm A (0.09 
ppm), stem bark from farm B (0.08 ppm) and root 

from farm B (0.02 ppm). The following order: p,p′-

DDT > p,p′- DDE > p,p′-DDD.  The concentrations 
of DDT reported in this study were in agreement 
with the mean values of reported in soils from 
Numan LGA in Adamawa State, Nigeria [26]. 

Endosulfan I and II. 
Endosulfan I residues were identified in all root and 
stem bark samples, with varying concentrations. 
Stem bark from farm A recorded the highest 
concentration of endosulfan I (3.18 ppm), followed 
by stem bark from farm B (1.39 ppm), root bark from 

farm B (0.71 ppm) and root bark from farm A (0.05 
ppm). Root sample from farm B recorded the highest 
concentration of endosulfan II (6.04 ppm), followed 
by root from farm A (5.03 ppm), stem bark farm B 
(3.66 ppm) and stem from farm A (0.19 ppm). 

Methoxychlor 
Methoxychlor residues were identified in all the root 
and stem bark samples in the study area. Root from 
farm A recorded the highest methoxychlor 
concentration of 0.13 ppm, followed by stem bark 

from farm A (0.09 ppm).  However, a concentration 
of 0.06 ppm was recorded in root from farm B and 
stem bark from farm B. 
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Figure 2: Concentration of organochlorine residues level in root and stem barks of Tamarindus Indica 
grown in farm A and B from Kaltungo LGA of Gombe State. 

Organochlorine pesticides in root and stem bark of Parkia Biglobosa from Billiri 
The concentrations of the organochlorine pesticide 
residues are presented in Figure 3 shows the 

observed pesticides as concentration occurrences in 
Farm A and Field B from Billiri. 

Presence of Lindane compounds 
The concentration of lindane (Delta, alpha and 
gamma lindanes) was detected in all the roots and 
stem of tamarind. The highest concentration of 
Delta Lindane was found in root bark from farm A 
(0.68 ppm), followed by the stem bark from farm A 
and B (0.29 ppm each), and root bark from farm B 
(0.01 ppm). The highest concentration of Alpha 
Lindane was recorded in stem bark from farm A and 

B (12.58 ppm each), followed by the root bark from 
farm A (7.54 ppm), followed by root from farm A 
(1.24 ppm).  Similarly, the highest concentration of 
Gamma Lindane was found in stem bark from farm 
A and B (0.9 ppm each), followed by the same roots 
from farm A (0.07 ppm) and root from farm B (0.04 
ppm).  

                                                            Heptachlor and Heptachlor epoxide 
Heptachlor and Heptachlor epoxide were found in 
all the root and stem bark samples analysed, with 
low concentrations. Root bark from farm B has the 
highest concentration of 0.08 ppm for Heptachlor, 
while stem bark from A, B and root bark from farm 

A has the same concentration with a value of 0.01 
ppm each. For Heptachlor epoxide, the highest 
concentration 18.13 ppm was recorded in stem bark 
from farm A and B each, followed by root from farm 
A (11.89 ppm), and root from farm B (0.04 ppm).  

Aldrin and Endrin 
Aldrin and dieldrin residues were found in root and 
stem bark samples in the study area. Root bark from 
farm A recorded the highest aldrin levels (17.59 
ppm), followed by root bark from farm B (0.79 ppm), 
then stem bark from farm A and B with the same 

value of 0.24 ppm. Endrin concentrations were 
highest in root bark from farm A (214.75 ppm), 
followed by stem bark from farm A (202.85), stem 
bark from farm B (0.08 ppm) and root from farm B 
(0.06 ppm). 
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DDT 
p,p’-DDE and p,p’-DDD were detected in all the 
root and stem bark samples. The highest 
concentration of p,p’-DDE was recorded in root bark 
farm B (0.02 ppm), while the following root bark 
from farm A. stem bark from farm A and B recorded 
the same concentration of 0.01 ppm. However, the 
highest concentration of p,p’-DDD was recorded in 
root bark from farm A (1.54 ppm), followed by stem 
bark from farm A and B (0.44 ppm each) and root 
from farm B (0.03 ppm). The highest value of p,p’-

DDT was recorded in stem bark from farm A and B 
(0.08 ppm each), followed by root from farm A (0.03 
ppm) and root from farm B (0.01 ppm). The 

following order: p,p′-DDD > p,p′- DDT > p,p′-DDE. 
The concentrations of DDT reported in this study 
were in agreement with the mean values of reported 
in soils from Numan LGA in Adamawa State, 
Nigeria [26]. 

Endosulfan I and II 
Endosulfan I residues were identified in all root and 
stem bark samples, with varying concentrations. 
Root bark from farm A recorded the highest 
concentration of endosulfan I (6.26 ppm), followed 
by stem bark from farm A and B (4.94 ppm each), 

and root bark from farm B (0.69 ppm). Root sample 
from farm A recorded the highest concentration of 
endosulfan II (0.98 ppm), followed by stem bark 
from farm A and B (0.59 ppm) and root bark from 
farm B (0.04 ppm). 

Methoxychlor 
Methoxychlor residues were identified in all the root 
and stem bark samples in the study area. Root from 
farm A recorded the highest methoxychlor 
concentration of 0.15 ppm, followed by root bark 

from farm B (0.08 ppm).  However, a concentration 
of 0.02 ppm was recorded in stem bark from farm A 
and B each. 
 

 
Figure 3: Concentration of organochlorine residues level in root and stem barks of Parkia biglobosa grown 
in farm A and B from Billiri LGA of Gombe State. 

Organochlorine pesticides in root and stem bark of Parkia biglobosa from Kaltungo 
The concentrations of the organochlorine pesticide 
residues are presented in Figure 4 shows the 

observed pesticides as concentration occurrences in 
Farm A and Field B from Kaltungo. 
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Presence of Lindane compounds 
The concentration of lindane (Delta, alpha and 
gamma lindanes) was detected in all the roots and 
stem of tamarind. The highest concentration of 
Delta Lindane was found in root bark from farm A 
(8.2 ppm), followed by the root bark from farm B 
(0.5 ppm), root bark from farm A and B (0.01 ppm). 
The highest concentration of Alpha Lindane was 
recorded in root bark from farm B (5.8 ppm), 

followed by the root bark from farm A (4.74 ppm), 
followed by stem bark from farm A (1.97 ppm) and 
stem bark from farm B (1.52 ppm).  The highest 
concentration of Gamma Lindane was recorded in 
root bark from farm A (0.96 ppm), followed by the 
stem bark from farm A (0.21 ppm), stembark from 
farm B (0.16 ppm) and root from farm B (0.06 ppm).  

Heptachlor and Heptachlor epoxide 
Heptachlor and Heptachlor epoxide were found in 
all the root and stem bark samples analysed. Root 
bark from farm A has the highest concentration of 
Heptachlor (32.85 ppm), followed by stem bark from 
A (0.03 ppm) and stem bark from farm B (0.02 ppm). 
However, no concentration has been recorded in 

root bark from farm B. For Heptachlor epoxide, the 
highest concentration 78.09 ppm was recorded in 
root bark from farm A, followed by root from farm B 
(9.41 ppm), stem bark from farm A (3.68 ppm) and 
stem bark from farm B (2.83 ppm).  

Aldrin and Endrin
 

Aldrin and dieldrin residues were found in root and 
stem bark samples in the study area. Root bark from 
farm B recorded the highest aldrin levels (172.76 
ppm), followed by stem bark from farm A (60.06 
ppm), stem bark from farm B (46.2 ppm) and root 

bark from farm A (10.33 ppm). Endrin 
concentrations were highest in root bark from farm 
B (156.02 ppm), followed by root bark from farm A 
(120.41 ppm), stem bark from farm B (92.63 ppm) 
and stem bark from farm A (90.41 ppm). 

DDT 
p,p’-DDE and p,p’-DDD were detected in all the 
root and stem bark samples. The highest 
concentration of p,p’-DDE was recorded in root bark 
farm A (152.96 ppm), followed by the stem bark 
from farm A (0.02 ppm). Root bark from farm A and 
B recorded the same concentration of 0.01 ppm. 
However, the highest concentration of p,p’-DDD 
was recorded in stem bark from farm A (2.41 ppm), 
followed by stem bark from farm B (1.85 ppm),  and 

root from farm B (0.76 ppm) and root bark from 
farm A (0.02 ppm). The highest value of p,p’-DDT 
was recorded in root bark from farm A (0.05 ppm), 
followed by stem bark from farm A (0.04 ppm), stem 
bark from farm B (0.03 00m) and root from farm B 

(0.02 ppm). The following order: p,p′-DDE > p,p′- 

DDD > p,p′-DDT.  

Endosulfan I and II. 
Endosulfan I residues were identified in all root and 
stem bark samples, with varying concentrations. 
Stem bark from farm A recorded the highest 
concentration of endosulfan I (22.99 ppm), followed 
by root bark from farm B (17.81 ppm), stem bark 
from farm B (4.68 ppm) and root bark from farm A 

(3.16 ppm). For endosulfan II, the root bark from 
farm B recorded the highest concentration (14.18 
ppm), followed by stem bark from farm A (9.74 
ppm), stem bark from farm B (7.49 ppm) and root 
bark from farm A (1.73 ppm). 

Methoxychlor 
Methoxychlor residues were identified in all the root 
and stem bark samples in the study area. Stem from 
farm A recorded the highest methoxychlor 

concentration of 0.13 ppm, followed by root bark 
from farm B (0.12 ppm), root bark from farm A (0.09 
ppm) and stem bark from farm B (0.01 ppm).  
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Figure 4: Concentration of organochlorine residues level in root and stem barks of Parkia Biglobosa grown 
in farm A and B from Kaltingo LGA of Gombe State. 

Organochlorine pesticides in root and stem bark of Balanites aegyptiaca from Billiri 
The concentrations of the organochlorine pesticide 
residues are presented in Figure 5 shows the 

observed pesticides as concentration occurrences in 
Farm A and Field B from Billiri. 

Presence of Lindane compounds 
The concentration of lindane (Delta, alpha, and 
gamma lindanes) was detected in all the roots and 
stem of tamarind. For delta lindane, a concentration 
of 0.01 ppm was found in all the samples. The 
highest concentration of alpha lindane was recorded 
in root bark from farm B (3.04 ppm), followed by the 
stem bark from farm A (1.65 ppm), followed by stem 

bark from farm B (1.27 ppm) and root bark from 
farm A (0.05 ppm).  However, the highest 
concentration of gamma lindane was found in stem 
bark from farm A (0.09 ppm), followed by stem bark 
from farm B (0.07 ppm), followed by root bark from 
farm A (0.03 ppm) and root bark from farm B (0.02 
ppm).  

Heptachlor and Heptachlor epoxide 
Heptachlor and Heptachlor epoxide were found in 
all the root and stem bark samples analysed, with 
low concentrations. Stem bark from farm A and B 
recorded the same concentration of 0.01 ppm for 
Heptachlor whereas root bark from farm A and B 

with no concentration recorded. Similarly, for 
Heptachlor epoxide, stem bark from farm A and B 
recorded the same concentration of 0.02 ppm while 
root bark from farm A and B recorded the same 
concentration of 0.01 ppm. 

Aldrin and Endrin 
Aldrin and dieldrin residues were found in root and 
stem bark samples in the study area. Root sample 
from farm B recorded the highest aldrin levels (22.85 
ppm), followed by stem bark sample from farm A 
(17.5 ppm), stem bark from farm B (13.46 ppm) and 

root bark from farm A (3.71 ppm). Endrin 
concentrations were highest in stem bark from farm 
A (0.45 ppm), followed by stem bark from farm B 
(0.35 ppm). The root bark from farm A and B 
recorded the same concentration of 0.02 ppm. 
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DDT 
p,p’-DDE and p,p’-DDD were detected in all the 
root and stem bark samples. The concentration of 
p,p’-DDE recorded has shown that the root bark 
from farm A and B and stem bark farm A and B have 
the same value of 0.01 ppm. However, the highest 
concentration of p,p’-DDD was recorded in root 
bark from farm B (2.02 ppm), followed by stem bark 
from farm A (0.22 ppm), stem bark from farm B 

(0.17 ppm) and root bark from farm A (0.02 ppm). 
Similarly, the highest value of p,p’-DDT was 
recorded in root bark from farm B (0.51 ppm), 
followed by Stem bark from farm A (0.04 ppm), stem 
bark from farm B (0.03 ppm) and root from farm A 

(0.02 ppm). The following order: p,p′-DDD > p,p′- 

DDT > p,p′-DDE.  

Endosulfan I and II 
Endosulfan I residues were identified in all root and 
stem bark samples, with varying concentrations. 
Root bark from farm B recorded the highest 
concentration of endosulfan I (4.16 ppm), followed 
by stem bark from farm A (2.58 ppm), stem bark 
from farm B (1.99 ppm) and root bark from farm A 

(1.51 ppm). Similar trend was observed for 
endosulfan II where the root sample from farm B 
recorded the highest concentration of (3.04 ppm), 
followed by stem bark from farm A (2.52 ppm), stem 
bark farm B (1.94 ppm) and root bark from farm A 
(0.05 ppm). 

Methoxychlor 
Methoxychlor residues were identified in all the root 
and stem bark samples in the study area. Root from 
farm B recorded the highest methoxychlor 

concentration of 1.02 ppm, followed by stem bark 
from farm A (0.77 ppm), stem bark from farm B 
(0.59 ppm) and root from farm A (0.02 ppm). 

 

 
Figure 5: Concentration of organochlorine residues level in root bark and stem bark of Balanites 
aegyptiaca grown in farm A and B from Billiri LGA of Gombe State. 

Organochlorine pesticides in root and stem bark of Balanites aegyptiaca from Kaltungo 
The concentrations of the organochlorine pesticide 
residues are presented in Figure 6 shows the 

observed pesticides as concentration occurrences in 
Farm A and Field B from Kaltungo. 
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Presence of Lindane compounds 
The concentration of lindane (Delta, alpha and 
gamma lindanes) was detected in all the roots and 
stem of tamarind. The highest concentration of 
Delta Lindane was found in root bark from farm B 
(0.22 ppm), followed by the stem bark from farm A 
(0.13 ppm), stem bark from farm B (0.09 ppm) and 
root bark from farm A (0.01 ppm). The highest 
concentration of Alpha Lindane was recorded in root 
bark from farm B (9.68 ppm), followed by the root 
bark from farm A (1.24 ppm), followed by stem bark 

from farm B (0.69 ppm) and stem bark from farm A 
(0.15 ppm).  However, the highest concentration of 
beta lindane was recorded in stem bark from farm B 
(0.96 ppm), followed by stem bark from farm A (0.56 
ppm) while no concentration was recorded for root 
bark from both farm A and B. The highest 
concentration of Gamma Lindane was recorded in 
stem bark from farm A (0.72 ppm), followed by the 
stem bark from farm B (0.36 ppm), root bark from 
farm B (0.07 ppm) and root from farm A (0.04 ppm).  

                                                              Heptachlor and Heptachlor epoxide 
Heptachlor and Heptachlor epoxide were found in 
all the root and stem bark samples analysed, with 
low concentrations. Stem bark from farm A recorded 
the highest concentration (0.06) ppm for Heptachlor, 
followed root bark from farm A (0.03 ppm), stem 
bark from farm B (0.02 ppm) and root bark from 

farm B (0.01 ppm). Contrariwise, for Heptachlor 
epoxide, root bark from farm B recorded the highest 
concentration of 13.95 ppm, followed by stem bark 
from farm B (0.11 ppm) while root bark from farm A 
and stem bark from farm A recorded the same 
concentration of 0.04 ppm.  

Aldrin and Endrin 
Aldrin and dieldrin residues were found in root and 
stem bark samples in the study area. Stem bark from 
farm B recorded the highest aldrin levels (5.36 ppm), 
followed by stem bark sample from farm A (1.78 
ppm), root bark from farm A (0.79 ppm) and root 

bark from farm B (0.19 ppm). Endrin concentrations 
were highest in root bark from farm B (165.19 ppm), 
followed by stem bark from farm A (2.75 ppm), stem 
bark from farm B (1.23 ppm) and root bark from 
farm A (0.06 ppm). 

DDT 
p,p’-DDE and p,p’-DDD were detected in all the 
root and stem bark samples. The highest 
concentration of p,p’-DDE was recorded in the stem 
bark from farm B (0.09 ppm), followed by stem bark 
farm A (0.06 ppm), root bark from farm A (0.02 ppm) 
and root bark from farm B (0.01 ppm). Similarly, the 
highest concentration of p,p’-DDD was recorded in 
root bark from farm B (0.34 ppm), followed by stem 
bark from farm A (0.06 ppm), stem bark from farm B 

(0.05 ppm) and root bark from farm A (0.03 ppm). 
However, the highest value of p,p’-DDT was 
recorded in stem bark from farm B (0.16 ppm), 
followed by stem bark from farm A (0.13 ppm), root 
bark from farm B (0.06 ppm) and root from farm A 

(0.01 ppm). The following order: p,p′-DDD > p,p′- 

DDT > p,p′-DDE.  

Endosulfan I and II 
Endosulfan I residues were identified in all root and 
stem bark samples, with varying concentrations. 
Root bark from farm B recorded the highest 
concentration of endosulfan I (3.80 ppm), followed 
by stem bark from farm A (1.10 ppm), root bark 
from farm A (0.69 ppm) and stem bark from farm B 

(0.6 ppm). However, different trend was observed for 
endosulfan II where the stem bark from farm A 
recorded the highest concentration of (4.68 ppm), 
followed by stem bark from farm B (1.41 ppm), root 
bark farm B (0.45 ppm) and root bark from farm A 
(0.04 ppm). 

Methoxychlor 
Methoxychlor residues were identified in all the root 
and stem bark samples in the study area. Stem from 
farm A recorded the highest methoxychlor 

concentration of 0.17 ppm, followed by root bark 
from farm A (0.08 ppm), stem bark from farm B 
(0.07 ppm) and root from farm B (0.02 ppm). 
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Figure 6: Concentration of organochlorine residues level in root bark and stem bark of Balanites 
aegyptiaca grown in farm A and B from Kaltungo LGA of Gombe State 

CONCLUSION 
In the intricate tapestry of modern agriculture, the 
assessment of organochlorine pesticide residues in 
the distinct agro ecological locales of Biliri, and 
Kaltungo Local Government Area unravels a 
compelling narrative of historical legacies, 
environmental intricacies, and imperatives for 
change. As the resonance of pesticide applications 
from yesteryears continues to reverberate through 
the soil and plants, the multi-dimensional lens 
employed in this study provides invaluable insights 
into the relentless interplay between past practices 
and present dynamics. Aldrin, dieldrin, endosulfan, 
heptachlor, heptachlor epoxide, 

dichlorodiphenyltrichloroethane (DDT), and 
methoxychlor residues persistently weave their 
presence within the agricultural landscape, serving 
as a testament to the enduring repercussions of 
earlier pest management strategies. The intricate 
contours of residue distribution across soil depths 
and plant species unveil a narrative of historical use 
patterns and diverse ecologies, contributing to the 
intricate mosaic of residue accumulation. The 
bioaccumulation potential magnifies these concerns, 
urging us to confront the intricate interplay between 
pesticide residues, food systems, and human health 
with unswerving resolve. 
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