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Abstract
Background and Objective: The production of safe foods for consumption is an important issue
worldwide. Pesticide application is being used in recent agricultural practices to cultivate crops. Their
use can have serious impacts on the health of humans. This research work aims to assess pesticide
residues in carrot samples from Kaduna and Plateau States in Northern Nigeria and their risk to human
health.
Materials and Methods: Ten samples of carrots were collected in two groups from Kaduna and
Plateau States and analyzed for pesticide residues. Extraction was performed and analysis was
performed using gas chromatography hypherated to a mass spectrophotometer. Risk assessment was
carried out by determining the health risk index.
Results: Results of the analysis showed that nineteen pesticides were detected. Organochlorines were
the highest with Trans-nonachlor appearing in nine of the samples with the highest mean concentration
being 0.064±0.003 mg/kg in samples from Plateau State and the lowest being 0.022±0.004 mg/kg in
samples from Kaduna State. Organophosphates were also detected with high concentrations in samples
from Plateau State with a mean concentration of 0.034±0.003 mg/kg and the lowest being
0.000±0.0001 mg/kg. The risk index was <1 in all cases in the carrot samples. The result was generally
lower than what has been recorded in other parts of the world and suggest that consumption of carrots
investigated in the present study in Nigeria will be considered safe for the nineteen pesticides
investigated.
Conclusion: There is a need for constant monitoring of these pesticides, especially carbamates and
organophosphates since they are more widely used in farming practices in Nigeria.
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Introduction
Pesticide application in recent agricultural practices has led to harsh impacts on the health of
humans, domestic animals and the environment [1]. Although, to protect crops, control pests
and eliminate yield loss while trying to maintain high-quality products, pesticide use is
strictly regulated [2]. Serious concerns have been raised for human exposure to residues from
fruits and vegetable consumption [2, 3]. Fruits and vegetables are very vital components of the
human diet. The intake of 5 or more servings per day is said to be very crucial for good
health and it is encouraged for vitamin deficiency prevention and also to prevent various
diseases such as cancer, genetic mutations, hormonal disorders and even infertility [4].
However, it has been widely accepted that the use of modern technologies in agriculture has
led to an increase in pesticide use along with other modern inputs in developing economies [5,
6]
. In the USA alone, the environmental and social impact of pesticide use is estimated at
USD 10 billion annually [7]. About 5 million farmworkers have been estimated to suffer from
pesticide poisoning every year, and at least 20,000 die annually from exposure, mostly in
developing countries [8]. Both Asia and Latin America experienced a remarkable increase in
agricultural yield due to fast and widespread acceptance of Green Revolution (GR)
technologies, which include widespread use of modern agricultural inputs and agrochemicals [9]. However, Sub-Saharan Africa (SSA) did not or could not participate in this
drive for GR technologies of the 1970s-1980s, and therefore could not gain from the
application of modern agricultural inputs and agro-chemicals [3].
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Nigeria, the largest economy in Africa, is largely dependent
on its agricultural sector for the supply of raw materials,
food, and foreign exchange, and employs over 70% of the
labour force [10]. Small-scale semi-subsistence farmers
comprising more than 70 million farmers/rural citizens also
dominate this sector [10]. The agricultural sector is
characterized by a low level of productivity and modern
technology adoption [11]. Nevertheless, with the recent
change in farming methods, consumers and farmers have
also started to complain about the taste, colour and
digestibility of farm products due to the supposed
accumulation of pesticides and other agrochemicals, and the
perceived issues have received very little attention from
researchers [12]. It is now clear that the physical, chemical
and biological integrity of our planet is being compromised
daily. The vicious processes are increasing both in quantum
and in rate. The impacts have resulted in the loss of
biodiversity and the destruction of both natural fauna and
flora. Myriads of health implications have been reported to
be associated with the prolonged use of pesticides on
agricultural products. On the strength of this fact, it will be
imperative to assess the level of pesticide residues in some
carrot samples cultivated in certain regions of Nigeria.

°C the column temperature started at 35 °C for 5mins and
changed to 150 °C at the rate of 4 °C/min, the temperature
was raised to 250 °C at the rate of 20 °C and held for 5mins.
The total elution was 47.5minutes. The supplier used Ms
Software to control the system and to acquire the data; the
compound was indentified by comparing the mass spectra
obtained with those of the standard mass spectra from NIST
Library (NISTII).

Materials and methods
Study area
Carrot sampling: The research work began in April 2017
and ended 4th 2017. 10 samples of carrots were purchased
from vendors in local markets from two states. The
sampling location of conventional agriculture was located in
the Zaria and Josubdistricts of Kaduna and Plateau States,
Nigeria. These areas are developed for agricultural areas up
to thousands of hectares. Fresh samples of carrots were
randomly collected from each replicate. An edible portion
from the bottom, mid and top of the carrot were blended and
immediately transported to the laboratory in clean, sterile
sample bottles after collection. The samples were stored at 4
ºC using a laboratory freezer, to avoid any degradation until
ready for analysis.

Statistical analysis: Statistical differences among the
different pesticides in the carrot samples from the different
markets were determined using one-way ANOVA. All
analyses were performed using Statistical Package for
Social Sciences (SPSS) software (version 20).

Health risk estimates: The Estimated Daily Intake (EDI)
for each pesticide residue was calculated using the formula
according to [13]:

Health Risk Index: The risk of exposure to a pesticide
residue was estimated based on based on potential health
risk index for noncarcinogenic chemicals according to [14]
using the formula:

Results
Table 1 shows the nineteen pesticides that were determined
in the different carrot samples and were reported with their
concentrations in mg/kg. These pesticides belong to eight
different
classes
which
include
organochlorines,
organophosphates, carbamates, pyrethroids, uracil, triazole
and oxathiin.
Table 2 reveals three organophosphate pesticide residues
detected in the samples namely crufomate, fenchlorphosoxon, and disulfoton-sulfone found in samples collected
from Terminus market, Bukuru market and Kasuwanbaci
with concentrations ranging from 0.005±0.006 mg/kg to
0.034±0.003 mg/kg to 0.013±0.002 mg/kg respectively.
Table 3 shows the different pesticide residues differentiated
into
classes
which
include
organochlorines,
organophosphate, pyrethroids, triazole, organosilicon,
oxathiin and uracil with each having MRLs ranging from
0.05 mg/kg being the highest to 0.01 mg/kg is the lowest
and the different ADI ranging from 0.01 mg/kg is the
highest for Lenacil to 0.0001 mg/kg being the lowest for
Aldrin. Table 4 shows that the average ADI for
organochlorines, organophosphates, and other classes of
pesticides are below the EDI levels with concentrations
ranging from 0.003±0.002 mg/kg to 0.003±0.005 mg/kg to
0.008±0.004 mg/kg respectively. However, pyrethroids and
Triazole had concentrations of 0.026±0.003 mg/kg which is
above the EDI.
Table 5 shows the Estimated Daily Intake for each pesticide
in mg/kg. The highest concentration of Gmma BHC, Alpha
BHC and Trans-nonachlor were found in carrots obtained
from BM2 and TM1 with values 0.0001 mg/kg, 0.0001
mg/kg, and 0.0001 mg/kg respectively.
Table 6 reveals the Mean ± Standard Deviation of the
calculated EDI of each residue of pesticide detected across

Sample preparation and extraction: A mixture of
acetonitrile and n-hexane in the ratio of 1:20 was prepared
with the aid of a measuring cylinder. The extraction solvent
was prepared in a 1000 ml beaker. 50 g of the samples were
weighed using an electronic weighing balance into a 250 ml
beaker. The initial weight of the beaker was recorded as Wb
and the weight of the beaker with the sample was recorded
as Wb+s. 30 ml of the extraction solvent was introduced into
50 g of the samples contained in the beaker. The mixture
was properly sealed airtight using aluminium foil and seal
tape. This was allowed for 48 hours for extraction.
Analysis for pesticide residues: Pesticide residue analysis
was carried out using a gas chromatography from Agilent
USA hyphenated to a mass spectrophotometer (5975) with a
triple-axis detector equipped with an auto-injector (10µl
syringe) was used. Helium gas was used as a carrier. All
chromatographic separation was performed on capillary
column having specifications: length; 30cm, internal
diameter 0.2µm, thickness; 250µm, treated with phenyl
methyl siloxane. Other GC/MS conditions are ion source
temperature (EI), 250 °C interface temperature; 300 °C,
pressure; 16.2 psia, out time, 1.8mm, 1µl injector in split
mode with split ratio 1:50 with injection temperature of 300
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all samples. Alpha BHC has the highest EDI value in KB
(0.1115±0.0021 mg/kg). Gamma BHC has the highest EDI
value in BM (0.0890±0.009 mg/kg) while lenacil has the
highest EDI value in TM and BM (0.1300±0.042 mg/kg).
Table shows the mean Health Risk Index of Pesticides
detected across all samples with Delta BHC having the

highest mean Health Risk
from TM (0.1000±0.000
mg/kg). Lenacil was seen
Risk Index in carrot
(0.1300±0.042 mg/kg).

Index in carrot samples obtained
mg/kg) and KB (0.1000±0.000
to have the highest mean Health
samples obtained from TM

Table 1: Pesticide residue levels in carrot samples
Pesticides
TM1
Alpha BHC
0.067
Beta BHC
0.0083
Gamma BHC
0.055
Aldrin
0.013
Crufomate
0.01
Trans-nonachlor
0.067
Flumetralin
0.024
Flusilazole
0.039
Carboxin
0.026
Lenacil
0.086
Bitertanol
0.019
Simazine
Fenchlorphos-oxon
Disulfoton-sulfone
Permethrin
Amatraz
Heptachlor
Chlorbufam
Delta BHC
Concentration of pesticides residue (mg/kg)

TM2

BM1
0.096
0.0082
0.05
0.017
0.067
0.013
0.012
0.032
0.013
0.266

BM2
0.068
0.082
0.01
0.055
0.017
0.082
0.016
0.015
0.037
0.024
0.084
0.242

FG1
0.032
0.024
0.037
0.031
-

FG2
0.047
0.025
0.011
0.064
-

KB1
0.017
0.204
0.032
0.066
-

KB2
0.11
0.01
0.036
0.032
0.046
-

CM1
0.049
0.026
0.024
0.022
-

CM2
0.015
-

Table 2: Mean concentrations of pesticide residues (mg/kg)
Pesticide
Terminus Market
Bukuru Market
Alpha BHC
0.0672±0.0002
0.0684±0.0005
Beta BHC
0.0086±0.0005
Gamma BHC
0.0565±0.0021
0.0890±0.0098
Aldrin
0.0170±0.0056
Crufomate
0.0053±0.0065
0.0091±0.0012
Trans-nonachlor
0.0645±0.0035
0.0525±0.0035
Flumetralin
0.0270±0.0042
Flusilazole
0.0340±0.0070
Carboxin
0.0225±0.0049
0.0170±0.00001
Lenacil
0.0790±0.0098
0.0745±0.0106
Bitertanol
0.0140±0.0070
0.0134±0.0036
Simazine
0.0685±0.0784
Fenchlorphos-oxon
0.0135±0.00212
Disulfoton-sulfone
0.0345±0.0035
Permethrin
0.0085±0.0063
Amatraz
0.0335±0.0091
Heptachlor
Chlorbufam
Delta BHC
0.2540±0.0169
*Result represents Mean ± Standard Deviation of group EDI obtained (n=2).

Farin Gada

0.0545±0.0318
0.0245±0.0007
0.0120±0.0014
0.0505±0.0190

0.0740±0.0141
0.0260±0.0070

Kasuwan Baci
0.1115±0.0021
0.0000±0.00001
0.0000±0.00001
0.0140±0.0056
0.0000±0.00001
0.1030±0.0947
0.0000±0.00001
0.0345±0.0035
0.0000±0.00001
0.0470±0.0014
0.0000±0.00001
0.0000±0.00001
0.0000±0.00001
0.01900±0.0183
0.0000±0.00001
0.0000±0.00001
0.0000±0.00001
0.0730±0.0098
0.0000±0.00001

Central Market
0.0491±0.0001
.

0.0225 ±0.0049
0.0195±0.0063
0.0195±0.0063

Table 3: Pesticide class, Maximum Residue Level (MRL) and Acceptable Daily Intake (ADI)
Pesticides
Alpha BHC
Beta BHC
Gamma BHC
Aldrin
Crufomate
Trans nonachlor
Flumetralin
Flusilazole
Carboxin
Lenacil
Bitertanol

Class
Organochlorine
Organochlorine
Organochlorine
Organochlorine
Organophosphate
Organochlorine
Unknown
Organosilicon
Oxathin
Uracil
Triazole

Type
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Plant Growth Regulator
Fungicide
Fungicide
Herbicide
Fungicide
~ 44 ~

MRL
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.03
0.01
0.01

ADI (mg/kg)
0.005
0.005
0.005
0.0001
0.0006
0.0005
0.015
0.007
0.008
0.01
0.003
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Simazine
Fenchlorphos-oxon
DisulfotonSulfate
Permethrin
Amitraz
Heptachlor
Chlorbufam
Delta BHC

Triazole
Organophosphate
Organophosphate
Pyrethroid
Pyrethroid
Organochlorine
Carbamate
Organochlorine

Herbicide
Insecticide
Acaricide
Insecticide
Acaricide
Insecticide
Herbicide
Insecticide

0.01
0.01
0.01
0.05
0.05
0.05
0.01
0.01

0.005
0.01
0.0003
0.05
0.002
0.0005
0.003
0.005

Table 4: Average Maximum Residue Levels (mg/kg) and Acceptable Daily Intakes (mg/kg) of the different classes of pesticide residues
detected.
Class of Pesticide
Organochlorine
Organophosphate
Pyrethroid
Triazole
Others

Total MRL
0.070
0.030
0.100
0.020
0.070

Total ADI
0.0225
0.0109
0.0520
0.0080
0.0430

Average MRL
0.01±0.0000
0.01±0.0000
0.05±0.0000
0.01±0.0000
0.014±0.009

Average ADI
0.0038±0.0021
0.0036±0.0055
0.026±0.0339
0.0265±0.0332
0.0086±0.0044

Table 5: Estimated Daily Intake for each pesticide in mg/kg the Estimated Daily Intake (EDI) of the pesticides due to the consumption of the
carrots is presented below
Pesticides
Alpha BHC
Beta BHC
Gamma BHC
Aldrin
Crufomate
Trans nonachlor
Flumetralin
Flusilazole
Carboxin
Lenacil
Bitertanol
Simazine
Fenchlorphos-oxon
DisulfotonSulfate
Permethrin
Amitraz
Heptachlor
Chlorbufam
Delta BHC

TM1
0.0001
0.00001
0.00001
0.00002
0.00002
0.0001
0.00005
0.00008
0.00005
0.0001
0.00004
-

TM2

BM1
0.0002
0.00001
0.0001
0.00003
0.0001
0.00002
0.00002
0.00006
0.00002
0.0005

BM2
0.0001
0.0001
0.00002
0.0001
0.00003
0.0001
0.00003
0.00003
0.00007
0.00005
0.0001
0.0005

FG1
0.00006
0.00005
0.00007
0.00006
-

FG2
0.0001
0.00005
0.00002
0.0001
-

KB1
0.00003
0.0004
0.00006
0.0001
-

KB2
0.000104
0.00002
0.00007
0.00006
0.00009
-

CM1
0.0001
0.00005
0.00005
0.00006
-

CM2
0.00003
-

Table 6: Mean of calculated Estimated Daily Intake of Each Pesticide (mg/kg), values in Table 6 indicate the Mean ± Standard Deviation of
the calculated EDI of each residue of pesticide detected across all samples.
Pesticides
TM
BM
FG
Alpha BHC
0.0672±0.0002
0.0684±0.0005
Beta BHC
0.0086±0.0005
Gamma BHC
0.0565±0.002
0.0890±0.009
Aldrin
0.0170±0.005
Crufomate
0.0053±0.006
0.0910±0.001
Trans-nonachlor
0.0645±0.003
0.0525±0.003
0.0545±0.031
Flumetralin
0.0270±0.004
Flusilazole
0.0340±0.007
0.0245±0.0007
Carboxin
0.0225±0.004
0.0170±0.000
0.0120±0.001
Lenacil
0.0790±0.009
0.0745±0.010
0.0505±0.019
Bitertanol
0.0140±0.007
0.0134±0.003
Simazine
0.0685±0.078
Fenchlorphos-oxon
0.0135±0.002
DisulfotonSulfon
0.0345±0.003
0.0190±0.018
Permethrin
0.0085±0.006
0.0000±0.000
Amatraz
0.0000±0.000
Heptachlor
0.0740±0.014
0.0000±0.000
Chlorbufam
0.0260±0.007
0.0730±0.009
Delta BHC
0.0000±0.000
Result represents Mean ± Standard Deviation of group EDI obtained (n=2).
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KB
0.1115±0.0021
0.0000±0.000
0.0000±0.000
0.0140±0.005
0.0000±0.000
0.1030±0.094
0.0000±0.000
0.0345±0.003
0.0000±0.000
0.0470±0.001
0.0000±0.000
0.0000±0.000
0.0000±0.000

0.0335±0.009

0.2540±0.016

CM
0.0491±0.0001

0.0225±0.004
0.0195±0.006
0.0195±0.006
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The Health Risk Index (HRI) was observed to be less than 1 in all samples of carrots. The HRI estimates the safety levels of
these pesticide residues in the carrots grown in these States.
Table 7: Mean Health Risk Index of Pesticides
Pesticides
TM
BM
FG
Alpha BHC
0.0060±0.005
0.0020±0.000
Beta BHC
0.0025±0.0007
Gamma BHC
0.2260±0.036
0.0210±0.026
Aldrin
0.0340±0.005
Crufomate
0.1210±0.055
0.0065±0.004
Trans Nonachlor
0.0615±0.058
0.2000±0.000
0.0700±0.070
Flumetralin
0.01350±0.004
Flusilazole
0.0115±0.002
0.0070±0.000
Carboxin
0.0057±0.0003
0.0030±0.000
0.0025±0.000
Lenacil
0.1300±0.042
0.0100±0.000
0.0055±0.006
Bitertanol
0.0140±0.005
0.0125±0.003
Simazine
0.0035±0.0007
0.0000±0.000
Fenchlorpho Oxon
0.0210±0.026
0.0000±0.000
DisulfotonSulfon
0.1115±0.125
0.1105±0.126
Permethrin
0.0012±0.001
0.0000±0.000
Amitraz
0.2050±0.007
0.0000±0.000
Heptachlor
0.0510±0.043
0.0000±0.000
Chlorbufam
0.0200±0.000
0.0200±0.000
0.0150±0.021
Delta BHC
0.1000±0.000
0.0280±0.000
0.0190±0.026
The result represents the Mean ± Standard Deviation of group HRI obtained (n=2).

KB
0.0015±0.0007
0.0000±0.000
0.2300±0.042
0.2300±0.042
0.0000±0.000
0.1000±0.056
0.0000±0.000
0.0081±0.0002
0.0000±0.000
0.0245±0.021
0.0000±0.000
0.0035±0.0007
0.0210±0.026
0.1115±0.125
0.0012±0.001
0.2050±0.007
0.0510±0.043
0.0200±0.000
0.1000±0.000

CM

0.1250±0.035
0.0055±0.002
0.0050±0.001

samples with concentrations of 0.0740±0.0141 mg/kg. In a
study conducted by [22], organochlorines such as Aldrin,
dieldrin, hexachlorodiphenyl dichloroethane isomers and
metabolites of DDT were found present in samples of black
currant, carrots, beans, celery, cucumber, tomatoes and
cereals. The organochlorine pesticides detected had an MRL
of less than 1.
It was observed that the HRI was less than 1 in all the cases
and the standard deviation of the risk index was
0.2300±0.042 mg/kg indicating that the value was not
significant for the average body weight and posed no risk.
This may indicate that the organochlorine pesticide residues
found in the carrot samples in this research work pose
minimal risk to human health. This implies that although the
carrots assessed in this study contain organochlorine
pesticides in their tissues, the levels are still low to pose any
risk to the consumers of such carrots as at the time of the
study. This however does not eradicate the possibility of
biomagnification and also possible health risks of the
consumption of carrots from the same sources in future.
This is because some pesticides are persistent and thus
continuous application of such can lead to higher pesticide
residue levels in the soil and subsequent uptake by plants
with possibly to levels that can be magnified in health
hazards.
In the case of organophosphate pesticides found in the carrot
samples, crufomate was the most predominant pesticide
residue found in the analyzed carrot samples with maximum
concentration levels of it 0.0091±0.001 mg/kg and a
minimum value of 0.0053±0.006 mg/kg. Next to crufomate
was disulfoton-sulfone and fenchlorphos-oxon. Disulfotonsulfone had concentrations ranging from 0.0345±0.003
mg/kg to 0.0345±0.003 mg/kg in samples gotten from
Plateau State.
The results show low concentrations of the organophosphate
pesticides residues which were detected in the analyzed
samples of carrots under investigation. This might be due to
its rapid ability to degrade in the environment than
organochlorine pesticides. In 2006 [23], concluded that the

Discussion
The essence of monitoring pesticides is to ensure that
pesticide residues in fruits and vegetables do not exceed
maximum residue levels (MRLs) allowed by the
government or misuse of pesticides that could result in
unexpected residues in food and that good agricultural
practices (GAP) are maintained [14]. Pesticide residue
analysis is extremely important in determining the safety of
using certain pesticides [15]. Pesticide residues in fresh
produce are a major consumer concern [17].
The detection of different pesticides in the tissues of the
carrot samples shows that the carrot samples were exposed
to pesticides at one production stage or another. The
exposure could be in the field or at storage sites. The
variation in the levels of the pesticide residues detected in
the carrot samples from the different markets could be
attributed to differences in the levels and types of pesticides
used at the various locations that the carrots originated from.
This is in agreement with earlier studies carried out by [16-18]
that reported differences in pesticide residues in foods items
from different locations.
Some health implications have been associated with
pesticide residues in food ranging from headaches and
nausea to chronic impacts like cancer, reproductive harm
and endocrine disruption, and others [19-21]. However, the
risk analysis result obtained in this study seems to suggest
that there is no risk as at the time of the study on the
consumption of carrots.
Organochlorine pesticides were detected in nine of the
carrot samples that were analysed. These pesticides were
found in concentrations in the samples ranging from 0.266
mg/kg being the highest in the samples gotten from Bukuru
market, in Plateau State to 0.010 mg/kg being the lowest
found in samples gotten from Central market, Kaduna State.
Trans nonachlor, a metabolite of chlordain was found in
nine samples but was absent in samples gotten from Central
market site 2 in Kaduna State. This pesticide had
concentrations ranging from 0.1030±0.0947 mg/kg to
0.0225±0.0049 mg/kg. Heptachlor was only detected in
~ 46 ~
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OP pesticide residues were present in fruits and vegetables
in the Shaanxi area of China.
The results presented in Tables 1, 2 and 3 show that
different pesticides were detected in the carrot samples
irrespective of their location. However, a two-way analysis
of variance (ANOVA) showed that pesticides detected in
each carrot per location were statistically similar. More
pesticides were detected in carrots from Plateau State than
carrots from Kaduna State. These pesticides are flusilazole
with mean concentration of 0.034±0.007 mg/kg, carboxin
with mean concentration of 0.022±0.004 mg/kg, lenacil with
mean concentration of 0.079±0.009 mg/kg, bitertanol with
mean concentration of 0.014±0.007 mg/kg, simazine with
mean concentration of 0.068±0.007 mg/kg, permethrin with
mean concentration of 0.008±0.006 mg/kg, amitraz with
mean concentration of 0.033±0.009 mg/kg and chlorbufam
with mean concentration of 0.026±0.007 mg/kg.
Because various pesticides are used globally to evade pest
invasion on fruits and vegetables, pesticide monitoring is
critical to ensuring that pesticides in fruits and vegetables do
not exceed maximum residue levels (MRLs) allowed by
World Health Organization (WHO) or relevant food safety
authorities in the country. If the intended MRL of pesticides
exceeds, this then causes various diseases [24]. MRLs are
defined as the highest concentrations of pesticide residues
(expressed in milligrams of a substance per kilogram of a
commodity) likely to occur in or on food commodities after
the use of plant protection products according to Good
Agricultural Practice (GAP) [25].

2.

3.

4.

5.

6.

7.

8.

Conclusion
From this study, it was concluded that the figures obtained
as results were generally lower than what has been recorded
in some parts of the world, and lower than the standards set
by WHO, suggesting that the consumption of carrots
investigated in the present study in certain regions of
Nigeria will be considered safe for the nineteen pesticides
investigated. However, there isa need for constant
monitoring of these pesticides, especially carbamates and
organophosphates since they are more widely used in
farming practices in Nigeria so that their usage will be
regulated to prevent the consumption of pesticide residues in
crops above the standard(s) set by WHO.

9.

10.

11.

Significance Statement
The study discovered nineteen pesticides present in the
samples of carrots obtained from certain locations in Plateau
and Kaduna State. This study will help create awareness to
farmers and consumers on the use of pesticides in crop
cultivation and consumption of crops treated with pesticides
respectively, thus, devising strategies to control both the use
of pesticides in crop cultivation and consumption of crops
treated with pesticides, ensuring that the use of pesticides in
crop cultivation and consumption of crops treated with
pesticides are within the standard range set by WHO.
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