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The study determined the content of pesticide residues in vegetables (cabbage, lettuce, calyces, and tiger nut),
obtained from markets in Gombe, Nigeria. Health risk parameters were also determined to evaluate the health
risk associated with their consumption. A total of 72 samples (cabbage, lettuce, calyces and tiger nut) were
analyzed using high performance liquid chromatography with UV /VIS Detector (HPLC-UV/VIS). A total of
18 pesticide residues were detected: nine organochlorines (OCs), five organophosphates (OPs), and four
pyrethroids (PYs). The residual contents of nine OCs ranged from 0.00 to 0.098 pg/kg and found in 61.87%,
60.99%, 63.69%, and 63.89% of cabbage, lettuce, calyces and tiger nut samples respectively, five OPs with
concentrations ranging from 0.00 to 0.043 pg/kg were found in 22.69%, 21.89%, 19.49% and 22.21% of
cabbage, lettuce, calyces and tiger nut samples respectively. In similar order, four PYs with concentrations that
ranged from 0.00 to 0.046 pg/kg were found in 15.44%, 17.04%, 16.82% and 13.89% of the vegetables. The
mean estimated daily intake of pesticides in the studied samples was lower than that of acceptable daily intakes.
The hazard index obtained was less than one, indicating no probable adverse health effect on both children and
adult consumers. However, monitoring and continuous stringent regulation should be imposed with regard to
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ABSTRACT

the usage of pesticides in vegetables, and other food stuff for public health protection.
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INTRODUCTION

Pesticides are substances, normally used in current
agricultural activities for the protection of crops
from various pests and diseases (Guler ez a/., 2010;
Ahoudi et al., 2018), a small amount of pesticides
remains on a crop after harvesting or storage as
pesticide residues (Ononamadu ef af, 2019). A
large number of these pesticides like
organochlorines (OCs), organophosphates (OPs)
etc., have been applied in agriculture to improve
agricultural productions which lead to a dramatic
increase in its application over the years (Donkor ez
al., 2016; Han et al, 2017). Farmers in diverse
regions across the globe use different variety of
pesticides such as organochlorines (OCs),
organophosphates (OPs), pyrethroid (PYs), etc
(Shakhaoat ez al., 2013). OCs, OPs, and PYs are
three most widely used pesticides in most
developing countries (Seyedeh e al, 2019), to
boost agricultural productivity to supply an
adequate food for the increasing human
population (Liu ezal., 2016).

Vegetable is one of a major part of the human diet
providing dietary requirements of nutrients

(Ovaskainen ez al., 2008; Vincent ef al., 2018). They
are widely used for culinary purposes
(Ononamadu e al, 2019). Tomato, onions,
Lettuce and cabbage are the most consumed
vegetables in Nigeria. The pest control practices in
vegetable production in Nigeria involve
applications of highly toxic pesticides which could
result in pesticide contamination of the
agricultural produce (Adeleye ez al., 2019). Some
of the vegetables are usually consumed raw with
little or no processing. The presence of pesticides
residue in vegetables could affect its nutritional
quality as well as causing adverse health effects
(Adeleye et al., 2019). The consequence of wide
usage of these pesticides in agricultural
production leads to increase in health risks and
environmental degradation (Yasir ez 2/, 2020). The
World Health Organization estimates about three
million cases of pesticide residue poisoning yearly
with approximately 220,000 deaths worldwide
(WHO, 1990; Shakhaoat e al, 2013). The
preponderance of death cases were recorded in
developing countries due to their poor agricultural
practices (Shakhaoat ez /., 2013; Kumari and John,
2019). The health implication of pesticide
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residues in foods has been reported in several
types of research (Jara and Winter, 2019).
Pesticide residues in vegetables constitute a
possible risk to consumers and a number of
reports have been documented (Charan ez al,
2010; Angioni et al, 2011; Sinha et al., 2012,
Shakhaoat ¢ a4/, 2013; Sapbamrer and
Hongsibsong, 2014; Lozowicka et al, 2015;
Donkot et al., 2016; Lehmann e a/., 2017; Ahoudi
etal.,2018; Adeleye ez al., 2019; Yasir et al., 2020).

The quantity of reports focusing on pesticide
residues were less for nuts than vegetables and
fruits (Liu et al, 2016). There are few reports
regarding pesticide residue in nuts, even though
nuts are rich in minerals, vitamins, fiber and a
higher unsaturated fatty acid (Grosso ez al., 2015).
The majority of pesticides are absorbed in the
lipid medium of the nuts due to their hydrophobic
nature and passed to the consumers (Liu ef al,
2016). On the other hand, their dietary
consumption has been reported to be related to
decline in occurrence of cardiovascular diseases,
tumors, etc. (Grosso ¢7 al., 2015). It is therefore
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essential to evaluate the risks related with dietary
exposure to pesticide residues for awareness, in
order to protect the health of consumers (Shoiful
etal.,2013). Therefore, this research work is aimed
at determining the levels of organochlorines,
organophosphates, and pyrethroids residues in
cabbage, lettuce, calyces, and tiger nut and the
corresponding human health risk assessment due
to their intake.

MATERIALS AND METHODS

Study Area

The area of study is Gombe metropolis, capital of
Gombe state and lies between latitude
10°17'05.88"N and11°10'36.78"E with an atea
coverage of about 52 km’. The study area is
tropical climate with two distinct rainy and dry
seasons (May-October) and (November-April)
respectively. Other weather conditions are: 28.5
°C annual temperature, 903 mm mean
precipitation and relative humidity ranges from 15
to 20% in December and 70 to 80% in August
(Sulaiman and Maigari, 20106). Figure 1 shows the
map of Gombe town and the samplinglocations.
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Figure 1: A map showing the sampling locations in Gombe, Nigeria
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Sample Collection

A total of 72 samples (cabbage, lettuce, calyces
and tiger nut; 18 each) were purchased from
markets (new and old) for the analysis of pesticide
residues. The study was carried out from March
2019 to February 2020. The purchased samples
were placed in poly bags and were taking to the
laboratory and stored in a refrigerator at 4 °C until
the analysis. Sampling and preparation protocol
was as described by Kumari and John (2019).

Chemicals and Reagents

An analytical standard of pesticides, i.e mixed
standard of organochlorines (OCs),
organophosphates (OPs), and pyrethroids (PYs)
with 99.9% purity; acetonitrile (HPLC grade),
activated charcoal, anhydrous sodium sulphate,
sodium chloride, and ethyl acetate were purchased
from Merck, Germany.

Sample Preparation and Extraction
Vegetables: 50 g of each homogenized vegetable
was placed in a beaker and 50 ml of 3:1:1 ethyl
acetate, hexane, and sodium chloride was added
and were then centrifuged for 5 min. The organic
extracts were concentrated to 5 ml with a water
bath at 45 °C using a vacuum rotary evaporator.
The sample cleaning was done with a glass column
having a 5 ml layer of anhydrous sodium sulphate
and 10 g activated charcoal to eradicate any
residual components that may possibly interfere
with the high performance liquid
chromatographic analysis and was further re-
dissolved in 5 ml of acetonitrile for the HPLC
analysis.

Nut: 50 g of nut was ground to powder with
mortar and pestle, 5.0 g of powdered nut sample
was added to 50 ml of 3:1:1 ethylacetate, hexane,
and sodium chloride. The extract was
concentrated to 5 ml using a vacuum rotary
evaporator at 45 °C. The sample cleaning was
done with a glass column having a 5 ml layer of
anhydrous sodium sulphate and 10 g activated
charcoal to eradicate any residual components that
may possibly interfere with the high performance
liquid chromatographic analysis and was further
re-dissolved in 5 ml of acetonitrile for the HPLC
analysis.
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Instrumental Analysis

The determination of the residues was carried out
by injecting 1 pl of the 1.0 cm’ purified extract into
the injection port of HPLC (Buck scientific
(BLC10/11- model, Las Vegas USA), equipped
with UV/VIS Detector set at 200-700 nm. The
mobile phase with an initial composition
consisting of 7% (v/v) solvent A (100%
acetonitrile), and 93% of 20 mM KH,PO, at a
flow rate of 1 ml/min was maintained for seven
min. Solvent A was then added initially, 10% at 20
min, then increased to 15% at 25 min, then 20% at
30 min, and finally 25% at 45 min to 70 min. The
programming was sustained in the isocratic mode
in the following order: 40% A at 70.1 to 75.0 min
and 7% A at 75.1 to 90.1 min. The column
temperature was maintained at 30 °C, all

detections were made at 338 nm.

Quality Control and Quality Assurance

The samples spiked with 0.15 mg/kg and 0.01
mg/kg of pesticide standards were prepared some
minutes before the extraction of pesticides from
the samples and analyzed for the pesticides in
order to check the instrument for recovery and
efficiency. The limit of detection (LOD) ranged
from 0.0011 to 0.02 (ug/kg) and the recoveries
ranged from 96 to 99% for spiked samples, this
indicate the precision and reproducibility of the
method adopted for extraction of the pesticide.

Statistical Data Analysis

The data obtained from the analysis were
statistically analyzed using SPSS version 20, for
windows. Analysis of variance was used to
determine the variation among means at a value of
less than (P <0.05) level of significance.

Risk Assessment

The risk assessment model recommended by the
USEPA was used to estimate the health risk
related with pesticide residues, as reported by
Vincent ez al. (2018).



080

Estimated Daily Intake (EDI)
The estimated daily intake was determined using

the United States Environmental Protection
Agency's guidelines (USEPA).

_ GpxEy
EDI=—ox 1)

Whetre: EDI =

concentration of pesticide residue (#g/kg), C. =
consumption rate of food (kg/day),and BW is the
average body weight (kg). Consumption rate
elsewhere was used together with USEPA body
weight (USEPA, 1989; USEPA, 1996; Oyeyiola ez
al.,2017).

estimated daily intake, C=

Hazard Index (HI)

Hazard Index (HI) was determined by dividing the
estimated daily intake (EDI) and the acceptable
daily intake (ADI).

_ =1
HI= o1 (2

Where: HI = Hazard index for non-carcinogenic
health risk, EDI = estimated daily intake and ADI
= acceptable daily intake. Acceptable daily intake
reported elsewhere was used (Wang ezal., 2011).
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When HI is greater than one, it means that lifetime
consumption of measured vegetables could be
capable of causing health effects (Vincent ez 4/,
2018).

RESULT AND DISCUSSION

Content of OCs in Samples

The summary of the content of OCs in the samples
is presented in table 1. Residues of aldrin and alpha
benzene hexachloride (BCH) were detected in all
the samples studied, aldrin ranged from 0.069 to
0.083 pg/kg in cabbage, 0.036 to 0.073 pg/kg in
lettuce, 0.045 to 0.055 pg/kg in calyces and 0.055 to
0.058 pg/kg in tiger nut, while alpha BCH ranged
from 0.089 to 0.098 pg/kg, 0.075 to 0.077 pg/kg,
0.042 to 0.050 pg/kg and 0.049 pg/kg in similar
order. Aldrin and alpha BCH detected were below
acceptable daily intakes (ADIs). There was a
significant difference at (P < 0.05) between aldrin
residues in calyces, cabbage, and lettuce samples,
significant differences in alpha BCH residues were
also obtained in calyces and tiger nut samples from
new and old markets. Aldrin and alpha BCH
residues in this study were below the values reported
in a similar study, in which residues of aldrin and
alpha BCH ranges from 0.7 to 1.96 pg/kg and 0.58
to 0.82 pg/kg, respectively (Wang ezal., 2011).
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A study on pesticide residues on vegetables in
Ghana also reported a higher level (22.66 pg/kg)
of aldrin in lettuce (Vincent e/ a/., 2018) which is
above the residues obtained in this study. Gamma
BHC was detected in lettuce from a new market in
this present study, with residual content of 0.60
ng/kg, and below the detectable limit in other
samples. Dieldrin ranged from 0.027 to 0.098
ne/keg, endosulfan I, endosulfan II and
endosulfan sulphate ranged from 0.016 to 0.056
ng/kg, 0.016 to 0.037 pg/kg and 0.023 to 0.038
ng/kg respectively, while heptachlor ranged from
0.012 to 0.042 pg/kg. Heptachlor epoxide was
detected in calyces with residues in the range of
0.015 to 0.035 pg/kg and 0.024 to 0.032 pg/kg in
tiger nut from both markets, the residue of
heptachlor detected in both calyces and nut were
lower than the values set by European Union
maximum residue level (EU MRL). There was a
significant difference at P < 0.05 between gamma
BHC, dieldrin, endosulfan I, endosulfan II,
endosulfan sulphate, heptachlor, heptachlor
epoxide residues in calyces, cabbage, lettuce tiger
nut samples from new and old markets. The
detection frequencies for the OCs were aldrin
(17.56%), alpha BHC (18.85%), gamma BHC
(3.56%), dieldrin (19.11%), endosulfan I (9.04%),
endosulfan II (7.52%), endosulfan sulphate
(10.48%), heptachlor (6.04%) and heptachlor
epoxide (7.85%).The occurrence order of the
detection of OCs in the samples were tiger nut
(63.89%) > calyses (63.69%) > cabbage (61.87%)
> lettuce (60.99%).

Content of OPsin Samples

The summary of the content of OPs in the
vegetable samples is presented in table 1.
Chlorpyrifos was the pesticide detected in all the
samples with the residual concentration ranging
from 0.013 to 043 pg/kg. A number of
researchers had also reported the presence
chlorpyrifos residues in vegetables (Charan ez a/,
2010; Chen ¢ al., 2011; Sinha e# al., 2012; Swarnam
and Velmurugan, 2013; Sapbamrer and
Hongsibsong, 2014; Silipunyo e al, 2016;
Lehmann ef al., 2017; Kumari and John, 2019).
The presences of chlorpyrifos in all samples could
be as a result of its persistence and accumulation
characteristics (Angioni ez a/, 2011). The value of
chlorpyrifos recorded in vegetable samples in the
present study was lower than the values reported
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in earlier studies, which ranged from 0.006 to
0.024 mg/kg (Silipunyo ez al, 2016) and 1.42 to
2.01 mg/kg (Ononamadu e al/, 2019); values
reported in the nut was 34.9 mgkg" (Liu 2016).
The contents of diazinon, dichlorovos,
fenitrothion, and malathion, ranged from below
detectable limit (BDL) to 0.026 pg/kg, BDL to
0.35 pg/kg, BDL to 0.32 pg/kg, and BDL to 0.026
ng/kg respectively. The following pesticides were
below detectable limits: diazinon in cabbage,
dichlorovos in lettuce and calyces from new
market samples, and tiger nut from both markets;
fenitrothion in lettuce from new market and
malathion in cabbage from old market samples.
The residual content of OPs in all samples was
lower than the maximum residue level set by
EU/EPA. There was a significant difference at P
< 0.05 between chlorpyrifos residues in calyces
and lettuce samples. Significant differences in
fenitrothion residues were also recorded in
calyces, lettuce and tiger nut samples from new
and old markets. The frequencies of detection of
the OPs were 26.27% chlorpyriphos, 15.01%
diazinon, 23.47% dichlorovos, 18.77%
fenitrothion, and 16.46% malathion. The
occurrence order of the detection of OPs in the
samples were cabbage (22.69%) > tiger nut
(22.21%) > lettuce (21.89%) > calyces (19.49%).

Content of PYs in Samples

The summary of the content of PYs in the
vegetable samples is presented in table 1. PYs are
effective for controlling various pests and with low
toxicity to non-target organisms (Liu e# al., 2010).
The contents of PYs ranged from below
detectable limit (BDL) to 0.046 pg/kg in cabbage,
BDL to 0.042 pg/kg in lettuce, BDL to 0.024
ng/kg in calyces, and BDL to 0.010 pug/kg in tiger
nut. The residue content of PYs in samples was
higher in cabbage compare to lettuce, calyces and
nut samples, particularly the content of bifenthrin
(0.046 pg/kg) in one of the cabbage samples.
However, the residual content of PYs was lower
than the maximum residue level set by EU/EPA.
There is a significant difference at P < 0.05
between bifenthrin residues in calyces, lettuce and
cabbage samples. Significant differences in
permethrin contents were also recorded in calyces,
cabbage and tiger nut samples from new and old
markets. The frequencies of detection of the PY's
wete 31.71% for bifenthrin, 18.90% for
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cypermethrin, 26.42% for deltamethrin, and
22.97% for permethrin). The occurrence order of
the detection of PYs in the samples were lettuce
(17.04%) > calyces (16.82%) > cabbage (15.44%)
> tiger nut (13.89%).

Health Risk Assessment

The risk assessment was based on the content
pesticide residues in cabbage, lettuce, calyces, and
tiger nut samples. The predicted health risk
summary of the pesticide residues in the samples
is presented in table 2. The hazard indexes
represent the hazardous effect of the substance to
consumers of the contaminated vegetables
(Ftsum and Abraha, 2018; Sulaiman ez a/., 2019). If
the wvalue of hazard index is less than one,
consumers of the investigated food stuff are safe
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from possible health risks (Yang and Liu, 2012).
The hazard index of OCs residues ranged from
5.00E-01 to 7.64E-05 for children and 9.91E-02
to 9.31E-06 for adults, while OPs residues ranged
from 2.30E-02 to 8.90E-06 for children and
4.16E-03 to 9.70E-06 for adults and PY's residues
ranged from 2.40E-02 to 9.90E-05 for children
and 6.84E-07 for adults. The hazard index of OPs
residues obtained in this present study was lower
than values (1.68) reported in nut from Iran
(Seyedeh ezal., 2019). The highest health index was
found in OCs for aldrin (5.00E-01) for children (in
calyces). However, hazard indexes estimated for
the samples were far less than one, this suggests
that the consumption of vegetable and nut
samples would pose no adverse health effect on
both children and adults consumers.



084 Maigari et al.: Pesticide Residues in Selected Vegetables from Gombe Markets

Table 2: Health Risk Assessment based on Acceptable Daily Intake (ADI) of Pesticide Residues in Cabbage, Lettuce,
Calyces and Tiger Nut from Markets in Gombe, Nigeria

O .
% Pesticides BW (kg) Cabbage Lettuce Calyces Tiger nut
~§ EDI HI EDI HI EDI HI EDI HI
Aldrin Children  T04E-03  1.048-02 7#p04 746803 $30B-02 500801 3¥BE03 339802
tr% Adults 1.73E-04  1.73E-03 1.24E-04 1.24E-04 8.33E-03 8.33E-02 5.65E-04 5.65E-03
§ Alpha BHC Children 1.14E-03  7.60E-05 1.04E-03  6.93E-05 4.60E-02 3.06E-03 5.94E-03 3.96E-04
IS
g Adults 1.90E-04 1.26E-05 1.73E-04 1.15E-05 7.66E-03 5.10E-04 9.90E-04  6.60E-05
2.
2 Gamma BHC Children 1.64E-04  1.09E-05
& NC NC NC NC NC NC
Adults 2.74E-05  1.82E-06
Dieldrin Children 1.28E-03  1.28E-02 7.74E-04  7.74E-03 595E-02 595E-02 291E-03 291E-02
Adults 2.13E-04 2.13E-03 129E-04 1.29E-03 991E-03 9.91E-02 4.84E-04 4.85E-03
Endosulfan 1 Children 6.37E-04 1.06E-04 1.17E-04  6.95E-05 325E-02  591E-02 1.95E-03 3.25E-04
Adults 1.06E-04  1.73E-05 6.96E-05 1.16E-05 541E-03 9.01E-04 3.25E-04 5.41E-05
Endosulfan 1T Children 4.11E-04  7.64E-05 3.35E-04 6.39E-05 2.00E-02 4.83E-03 1.62E-03 3.15E-04
Adults 6.85E-05 1.27E-05 5.59E-05 1.06E-05 3.33E-03 8.05E-04 2.70E-04 5.25E-05
Endosulfan sulphate Children 458E-04  6.85E-05 3.38E-04 5.59E-05 290E-02 3.33E-03 1.89E-03 2.70E-04
Adults 7.64E-05 1.14E-05 6.39E-05 9.31E-06 4.83E-03 5.55E-04 3.15E-04 4.80E-05
Heptachlor Childten 4.04E-05 8.08E-05 2.86E-04 5.60E-04 1.25E-02  2.50E-02  1.14E-03 2.28E-03
Adults 6.73E-05 1.34E-04 4.68E-04  9.36E-04 2.08E-03 4.16E-03 1.90E-04 3.80E-04
Heptachlor expoxide Children 2.20E-02  5.00E-02  1.68E-03  3.36E-03
NC NC NC NC
Adults 4.16E-03  8.32E-03  2.80E-04 5.60E-04
Chlorpyriphos Children 5.82E-04 5.82E-05 3.76E-04  3.67E-05 1.44E-02 1.45E-03 1.47E-03 1.47E-04
Q Adults 9.70E-05  9.70E-06  6.27E-05  6.27E-05 2.41E-03 241E-04 245E-04 2.45E-04
o0
% Diazinon Children NC NC 1.78E-04  1.78E-04 1.25E-02 1.25E-02 1.26E-03  1.26E-03
=]
g Adults 2.96E-05  2.96E-05 416E-03 4.16E-03 2.10E-04 2.10E-04
»
?r‘ Dichlorovos Children 4.04E-04 2.02E-05 3.15E-04 1.57E-05 1.50E-02  7.50E-04 . .
5 NC NC
2 Adults 6.73E-05 3.36E-06 5.25E-05 2.62E-06 2.50E-03  1.25E-04
Fenitrothion Children 3.42E-04 5.70E-05 3.69E-04  3.83E-05 230E-02  3.83E-03 1.92E-03 3.20E-04
Adults 5.70E-05 9.50E-06 6.16E-05  6.38E-05 3.83E-03 6.38E-04 3.20E-04 5.33E-05
Malathion Children 1.78E-04  8.90E-06 2.53E-04  9.50E-04 1.90E-02  9.50E-04 1.40E-03  7.00E-05
Adults 296E-05 1.48E-06 4.22E-05 1.58E-04 3.16E-03 1.58E-04 2.40E-04 1.20E-05
Children 4.58E-04 458E-05 2.12E-04 2.19E-05 2.00E-02  2.00E-03  9.90E-04 9.90E-05
= Bifenthtin
E Adults 7.64E-05 7.64E-06 3.65E-05  3.65E-06 3.33E-03 3.33E-04 1.65E-04 1.65E-05
=3
§_ Children 2.67E-04  1.33E-05 1.75E-02 8.75E-04 1.14E-03  5.76E-05
[
®  Cypermethrin NC NC
Adults 445E-05  2.22E-06 291E-03 145E-04 1.90E-04 9.50E-06
Children 246E-04  246E-05 4.65E-04  4.65E-05 1.10E-02 1.10E-03  9.00E-04  9.00E-05
Deltamethrin
Adults 4.11E-05 4.11E-06 7.76E-05  7.76E-06 1.83E-03 1.83E-04 1.50E-04 1.50E-05
Children 3.15E-04 6.30E-06 2.05E-04 4.10E-06 240E-02 4.80E-04 7.80E-04 1.56E-05
Permethrin
Adults 525E-05 1.05E-06 3.42E-05 6.84E-07 4.00E-03  8.00E-05 1.30E-04 2.60E-06

NC= Not calculated
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CONCLUSION

The study determined the presence of OCs, OPs
and PY's residues in cabbage, lettuce, calyces and
tiger nut from markets in Gombe, Nigeria. The
results indicate that residual contents of pesticides
ranged from 0.00 to 0.098 pg/kg, 0.00 to 0.043
ng/kgand 0.00 to 0.046 ug/kg with percentage of
62.55%, 21.60% 15.80% for OCs, OPs and PYs
respectively. The estimated daily intakes of
residues were lower than that of acceptable daily
intakes. The hazard index of organochloride
residues ranged from 5.00E-01 to 7.64E-05 for
children and 9.91E-02 to 9.31E-06 for adults. The
values for organophosphates are: 2.30E-02 to
8.90E-06 for children and 4.16E-03 to 9.70E-06
for adults and for pyrethroids, the values are:
2.40E-02 to 9.90E-05 for children and 6.84E-07
for adults. The highest health index was found in
OC:s for aldrin ((5.00E-01) in calyces for children).
The health risk assessment performed on OCPs
OPs and PYs residues revealed that hazard index
was less than one in all samples for both children
and adults. However, strict regulation should be
imposed regarding the usage of pesticides in
vegetables and other food stuff for public health
protection.
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