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ABSTRACT

This study was initiated in order to study cultural practices and assess levels of contamination in pesticide
residues of onion samples produced in the region of Boucle du Mouhoun, Burkina Faso. A collection of samples
was carried out at three gardening sites. A survey was also carried out to list the various pesticides used on market
gardening sites and the practices for using pesticides. The QUEChERS method allowed the quantification of
pesticides. The results show that 93% of the market gardeners were men, and more than 67% were between 25
and 35 years old. Nearly 55% of market gardeners are illiterate and do not have adequate means of protection
when applying pesticides. A total of 16 pesticides have been accounted and most of them are Category Il which
are dangerous for human health and environment. 12 pesticide residues were quantified. Most of the active
substances detected above the MRL (set by Codex Alimentarius and EU) were from the organochlorine family.
These results reveal a fairly high level of contamination for pesticide residues. The study revealed that cultivation
practices in market gardening sites as well as the consumption of onion pose numerous health risks for humans
and the environment.
© 2020 International Formulae Group. All rights reserved.
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INTRODUCTION regions of the world. The onion is a vegetable

Market gardening in general and onion with food, nutritional and therapeutic virtues
growing in particular contribute strongly to the (Ouedraogo et al., 2015). It is considered
fight against poverty by providing income for nutritionally as an energizing, protective and
rural populations (Bako, 2011). Onion is a supportive food, because it contains vitamins
basic ingredient in culinary preparations in all (B vitamins, vitamin C, provitamin A),
© 2020 International Formulae Group. All rights reserved. 8615-1JBCS
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minerals (potassium, sodium, etc.), lipids,
proteins, carbohydrates, essential oils, acids
and organic fibers (Konate et al., 2017, Donkor
et al, 2016). In terms of therapeutic
approaches, a number of studies have been
carried out showed that regular consumption of
raw onions would play a role in blood clotting,
the prevention of various pathologies
(atherosclerosis,  cataract), of  certain
cardiovascular diseases and cancers (Lehmann
etal., 2017).

The huge growth in agricultural and
industrial production generated by the rapidly
increasing human population and strong
demand for commodities including onions has
resulted in a dramatic increase in inputs of a
wide range of artificial chemicals into the
environment.  Among these  chemical
pollutants, pesticides are very useful in
controlling pests and diseases (Atmaca et al.,
2019). Indeed, onion cultivation faces several
biotic and/or abiotic constraints limiting its
production. Pathogens are responsible for the
estimated yield losses between 30% to 40% of
the crop and are the main biotic constraints to
production (Ouédraogo et al., 2016). In sub-
Saharan Africa, crop and seed protection is
mainly based on the use of chemical pesticides
(Koala et al., 2018; Compaore et al., 2019).

Although chemical pesticides enable
satisfactory results in agricultural production,
their use is risky to human health, the
environment and non-target organisms. This
risk is higher because of the use in vegetable
production of toxic and highly concentrated
chemical pesticides intended to combat pests
without appropriate protective equipment.
Improper selection and use of pesticides on
foodstuffs can result in undesirable levels of
residues even after processing. Although,
accidental intake, self-harm and occupational
exposure are considered to be the major routes
of exposure to pesticides in Burkina Faso (Toé,
2010). Dietary exposure is also an important
source of contamination to pesticide residues
(Jolliet et al., 2006). This food contamination
is generally promoted by practices from the
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production chain to consumption. Hence
pesticide residues in food might also constitute
an important risk to human's health. To prevent
health hazard and unnecessary exposure,
Maximum Residue Limits (MRLs) and
Admissible Daily Intake (ADI) have been
implemented at national levels and
internationally for example in the Codex
Alimentarius (Lehmann et al., 2017).

Several studies (Son et al., 2017,
Lehman et al., 2017) in Burkina Faso have
highlighted the existence of poor phytosanitary
practices in some gardening sites: failure to
respect prescribed doses, failure to comply
with the rules of protection and hygiene
recommended during treatments, poor
management of empty pesticide packaging.
The consequences are the intoxication of
farmers and consumers, environmental
pollution and the development of pesticide-
resistant strains of pests (Bonner & Alavanja,
2017). Indeed, although the use of these active
substances brings benefits to agricultural
production systems, it is important to mention
their negative impact on the environment,
human and animal health (Tiendrebeogo et al.,
2017). In Burkina Faso, market gardening is
practiced in various areas but unfortunately,
data on the cultivation habits of market
gardeners and products contamination levels
are very limited, especially in areas such as
Boucle du Mouhoun, which is one of the
largest suppliers of vegetables in Burkina Faso.
This study was therefore conducted among
onion producers in Boucle du Mouhoun
(Burkina Faso) to characterize farmers’
cultural practices in market garden sites and
assess onion contamination. The object of this
paper is intended to draw the attention of
producers and authorities to the risks
associated in pesticides use and the necessity to
apply the better phytosanitary practices.

MATERIALS AND METHODS
Presentation of collection sites

Samples were collected mainly at 2
market gardening sites (Lery and Di) and at the
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market of Dedougou. The market of Dedougou
is the main outlet for agricultural products in
the region. The Lery and Di market garden site
and the market of Dedougou are located in the
west of Burkina Faso in the region of Boucle
du Mouhoun. Lery is a town in the province of
Nayala located north of the city of Dedougou
(capital of the region) about 40 km. It abounds
in one of the great shallows of the province.
The market of Dedougou is located in the
center of the city. It is the main commercial
center of the city and thus allows a fluidity of
exchanges. The main market gardening
products in the Boucle du Mouhoun region are
cabbage, onions, tomatoes, eggplants, green
beans, etc. The market garden site of Di is
located in the Boucle du Mouhoun region,
precisely in the Sourou province. The
populations benefit from collective and
individual farming systems on areas developed
(irrigated) by the State and other partners. The
main vegetable crops grown are onion, tomato,
eggplant, cucumber, lettuce or salad, cabbage,
zucchini, pepper and chilli.

Surveying and samples collection

The investigation and  samples
collection were carried out during February
and March 2019. The collection of samples
was carried out at the two aforementioned
production sites and at the Dedougou market.
The collected material was composed of bulbs
of onions. The collection concerned 15 groups
of producers and 10 associations of vegetal
products sellers. 25 samples have been
collected in all. Each sample has been put into
a freezing bag, labelled and all put into an
icebox and has been sent to laboratory for
analyses. In order to determinate farmer’s
demographic characteristics and cultivation
practices, surveying has been made on their
cultivation habits before the samples
collection. The surveying consisted in an
interview and permitted to obtain the
sociodemographic characteristics and the
cultivation habits of the market gardeners'
groups. The survey also tackled the cultivation
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habits of the market gardeners. The settings
retained for this study were the waiting period,
the average doses applied by the producers, the
pesticides packaging’s management, the use of
protective equipment during the treatment
operations and the discomforts felt after the use
of the plant protection products.

Pesticides extraction

Pesticides residues in onions were
extracted using a modified AOAC 2007.01
QUECHhERS (Quick Easy Cheap Rugged and
Safe) extraction method (Borowiak et al.,
2014). 10 mL of acetonitrile was added on 5g
of each sample in a tube falcon and vortexed
for one min. The extraction of samples was
realized by centrifugation (3000tr/min for
5min) with one (1) g of sodium chloride
(NaCl), one (1) g of sodium citrate (Na
Citrate), 0.5 g of sodium citrate anhydrous
(NasCeHsO7)  centrifugation  with  salts
(sulphate of anhydrous sodium) and carbon
black graphitized (GCB) to mobilize the
coloured substances (chlorophyl and carotene)
that are non-active by precipitation. The
supernatant obtained from the frozen extract
after centrifugation was recovered in a vial
using a Pasteur pipette.

Gas chromatography analysis

The analysis of the extracts was carried
out using a chromatograph in gas phase
(Agilent Technologies) that has a micro-
detector which captures electron (GC-
MECD/GC-FPD, Hewlett Packard). A capillary
chromatographic column of type dB-17 MS. It
had a length of 30 cm, an internal diameter of
250 pm and a thickness of 0.25 pm. Nitrogen
of high purity was used as the carrier gas. The
injection was carried out using Split/Splitless
injection technique with an injection volume of
2 pl. The temperatures of the apparatus were as
follows: - Room of injector programmed at 275
°C with a pressure of 20.72 psi; - Column (75
°C during 0.5 mn, 75-300 °C with a flow of 10
°C/mn and 300 °C during 7 mn); - Detector
F.1.D (Flame lonization Detector) 325 °C.
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Statistical analysis

The data have been entered in an Excel
spreadsheet. The statistical analyses and the
graphs have been created with the XLSTAT
software version 2016 and GraphPad Prism
6.01. The quantified residues were subjected to
one-way analysis of variance (ANOVA) at the
5% level. When the ANOVA test showed
significant differences in the quantified
pesticides, the Tukey test (at the 5% threshold)
was performed for the ranking of averages.

RESULTS
Sociodemographic characteristics of the
producers

The sociodemographic characteristics
of the producers of surveying sites are
presented in Figure 1. The sociodemographic
data recorded covered the sex, the age, the
education level and the main occupation of the
market gardeners. These data can hugely
influence the market gardener's level of
knowledge about plant protection products and
justify their practices on market gardening
sites. The results showed that the majority of
the market gardeners are men (93%) (Figure
2a) and 67% were young (age between 25 and
35 years) (Figure 2b). Also, more than 50% of
the onion producers received no training
(Figure 2c) and % of them have agriculture as
their first occupation (Figure 2d). The
proportion of women holding some parcels and
members of the market gardener's groups was
very low, only 7% of the investigated market
gardeners. A few of them are fisherwomen and
others are housewives. The highest education
level was secondary cycle. Indeed, 40% have
primary school level and 10% did secondary
studies. On the other hand, none of the
producers has reached top level.
Cultivation practices and health and
environmental risks

The recorded data show that the market
gardeners do not respect the instructions of the
pesticides recommended by the manufacturers
during the phytosanitary treatments. Also, the
majority (67 %) of producers asserted to do the
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treatments  without particular  equipment
(Figure 3a). Only 33 % of the market gardeners
have protective equipment. This equipment
was essentially composed of boots, mufflers
and rarely blouses. The doses utilized varied
from one group to another. The lowest dose
was 0.15 L/ha while the strongest one was 4
L/ha (Figure 3c). These doses were different
from the ones mentioned on the packaging’s by
the manufacturer. The survey results also
showed that the market gardeners do not have
a standard management method of the
packaging’s. 80% of the producers abandoned
the packaging’s in nature either in field or
anywhere else in the field surrounding and 7%
threw them in the river current. Only, 13%
buried the rest and packaging in the soil (Figure
3b). 75% of the market gardeners declared
having felt discomfort (headache, nausea,
dizziness etc.) after applying the pesticides.
67% of market gardeners reported harvesting
the onions for consumption or sale starting one
week, 20% two weeks after the last treatment.
The longest time between the pesticides
application and the harvest was one month and
only 13% of the market gardeners respects this
time (Figure 3d). Some of them proceeded to
the harvest only four days after the pesticide’s
application. Most market gardeners (73%) say
they feel unwell after applying pesticides
(Figure 3e).

Types of pesticides used and risks on human
health and environment pollution

The main pesticides used in the
phytosanitary treatment with their degree of
toxicity recorded in the different market
gardening sites of the study are presented in
Table 1. A total of 15 pesticides have been
identified in the two sites (Table 1). Most of the
pesticides listed are Category Il according to
toxicity, which means that they are dangerous
for human health and environment.

Contamination level in pesticides residues of
collected onion samples

The samples collected on the vegetable
sites and in the market have been analyzed in
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order to quantify the residues of pesticides in
the bulbs of onions. The main active
compounds detected and quantified are listed
in the Table 2. A total of 12 active compounds
belonging to the four big families of pesticides
(organophosphate, organochlorines,
pyrethroids and carbamates) have been
detected and quantified. Among these 12
residues quantified, 6 belong to the
organophosphate family (68%), 4 belong to the
one of organochlorines (21%), 2 belong to the
one of pyrethroids (6.33%) and only one
belonged to the family of carbamates (4.67%)
for the two families (Figure 4).

Broadly, the highest concentrations
have been found in the samples from the site of
Lery. The alachlor has been detected with the
largest concentration (6.48 ppm) in the

production site of Lery whereas some residues
such as the parathion methyl, primiphos
methyl, permethrin and tetramethrin were
absent or presented some values inferior to the
threshold of detection in several samples. The
results of ANOVA analyses reveal significant
variations between the samples from the two
sites of production and also with those from the
distribution market of Dedougou (Table 2).
The contents are compared to the international
standards concerning the Maximum Residue
Limits (MRL). The MRL used in this study are
those of the European Union and the World
Health Organization. The molecules which
show superior contents to the norms:
pyrimiphos methyl, 2.4-DDT, alachlore,
lindane and tetrametrine (Figure 5).
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Figure 2 : Market gardeners’ socio-demographic characteristics.
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Table 1 : Pesticides used in the Sourou valley and

in Lery.

Commercial name Type of pesticides

Category of Toxicity

ACARIUS 80 EC Insecticide ]
ACARICE 018 EC Insecticide 1
ADUMA WURA Insecticide ]

ATTAKAN 344 EC

Insecticide + herbicide

CAIMAN ROUGE Insecticide I
COGA 80 WP Insecticide I
CYPERCAL 50 EC Insecticide I
D-BAN SUPER Insecticide 1
DELTA CAL Insecticide 1
EMACOT Insecticide I
FURADAN Insecticide Id
LAMBDA super 25EC Insecticide I
RAMBO Insecticide I
ROUNDUP 360 SL Insecticide 1
THEORAL Insecticide 1
TITAN 25EC Insecticide 1

Id = highly dangerous; Il = dangerous

Table 2 : Comparison of onions contamination by sites.

Molecules (ppm) /areas Lery Dédougou market Sourou

Diazinonm 0.067+0.012 @ 0.045+0.025 ° 0.060+0.020 *
Dimethoate 0.102+0.075° 0.125+0.022 2 0.043+0.013 ¢
Fenitrothion 0.040+0.015 ® 0.075+0.032 2 0.046 0.025 °
Parathion methyl 0.163+0.090 @ 0.110+0.070 ® 0.036+0.018 ©
Pirimiphos methyl 0.102+0.095 @ 0.082+0.028 ° 0.000+0.000 ©
Profenofos 0.062+0.014 ® 0.141+0.081 @ 0.000+0.000 ©
2,4-DDT 0.327+0.096 P 0.296+0.085 P 0.521+0.320 @
Alachlore 6.478+2.200 2 0.892+0.325 ¢ 2.156+0.865 °
Lindane 0.453+0.150 @ 0.311+0.100° 0.144+0.076 ©
Imazalil 0.020+0.005 © 0.197+0.074 @ 0.084+0.038 °
Permetrine 0.000+0.000 P 0.000+0.000 P 0.137+0.091 @
Tetrametrine 3.584+1.9552 0.458+0.088 P 0.000+0.000 ©

ppm: mg/L
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DISCUSSION

Investigations and samples collection
were carried out on market gardening sites of
the region of Boucle du Mouhoun and at the
market of Dedougou with the aim to
characterize producers' cultivation practices
and contamination levels of onion samples in
order to assess their impact on human health
and environmental. The investigations
revealed that the onion production in the region
of Boucle du Mouhoun is an activity mainly
practiced by a predominantly illiterate
population with an insufficient level of training
and monitoring with predominance of young
people. Our study revealed that more than half
(53%) of the population cannot read. These
results corroborated those of Sawadogo (2016)
and Congo (2013) in Burkina Faso who found
respectively that more than 57 and 77.18% of
market gardeners were illiterate. Illiteracy and
lack of training limit the respect of good
practices in pesticide use, including doses the
wearing of equipment, and the method of
preparation and pesticide use. indeed, the
grower normally uses product labels to
understand and follow the instructions on the
boxes of pesticides used for weed control.
Similar results were reported by Son et al.
(2018) who also reported that the level of
education is a determining factor for the mode
of application, the persistence, the respect of
the expiration times as well as the precautions
to be taken before, during and after the
application of pesticides. According to
Kanda’s group (2013) and Wognin et al.
(2014), pesticide use requires a minimum of
theoretical and practical knowledge to avoid
health and environmental risks. Indeed, in the
context of the use of pesticides, the doses and
instructions for use must be respected. The
relative youthfulness of market gardeners
could be explained by the lack of work in the
dry season, which leads many young people to
work in market gardening to meet family
needs. Socio-cultural considerations may also
explain the youth of market gardeners
(Tchamadeu et al., 2017; Shafiwu et al., 2018).
The study also revealed that very few women
are involved in market gardening. This
difference can be explained by the sociological
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perceptions of different communities with
regard to the place of women. In general,
women do not own land and are therefore very
poorly represented on the agricultural
chessboard. However, they are the most active
labour force in transplanting, weeding and
harvesting onions (Diop et al., 2016). They are
still at the top of the marketing chain. The
analphabetism of the majority of market
gardeners and their not being monitored by
qualified people poses a real problem in the use
of pesticides.

The study also reported treatments were
carried out without adequate protective
equipment, non-respect of doses and pre-
harvest deadlines and the use of unsuitable
products. In addition, the packages are thrown
into the irrigation canals or into nature. Such
practices pose many ecological and human
health problems. Indeed, unintended exposure
to pesticides can be extremely hazardous to
humans and other living organisms. Nontarget
pesticide poisoning has been reported from
fish, birds, and humans. Kim et al. (2017)
reported that pesticides is related to various
diseases including cancers, leukemia, and
asthma. The risk of health hazards due to
pesticide exposure depends not only on how
toxic the substances are but also on the level of
exposure. In addition, some people such as
children, pregnant women, or aging
populations may be more sensitive to the
effects of pesticides than others. Also, as some
water reservoirs may be used for fish farming,
there is a risk of contamination of humans
through the transfer of pesticide residues as
observed in Benin in through tilapia under
similar conditions (Agbohessi et al., 2012).
Additionally, many pesticides can persist for
long periods in an ecosystem; organochlorine
insecticides, for instance, are still detectable in
surface waters 30 years after their use and had
been banned.

The quantitative analysis of pesticide
residues in the collected onion samples made it
possible to detect and quantify active
molecules. These active compounds belong to
pyrethroids organophosphates, nitrogen and
organochlorines families. The
organophosphorus family was the most
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representative among the detected active
molecules. Similar studies carried out by Ngom
et al. (2013) on the evaluation of pesticides
residues in the horticultural products consumed
in Senegal detected residues of pesticides from
organophosphorus compounds, in onion leaves
and in headed cabbage. Also, most of the
quantified active compounds were found
simultaneously in the samples from the Lery
and Sourou valley sites and also in the market
samples. Our results corroborated those of
Tarnagda et al. (2017) who reported the
presence of residues of these families in leafy
vegetables from the city of Ouagadougou. This
situation results from the inappropriate or
abusive use of pesticides and from the lack of
environmental education for farmers (Licciardi
et al.,, 2007). However, our results are in
contrast to those of Son et al. (2017) and
Tarnagda et al. (2019) who reported
respectively that pyrethroid and
organochlorines are the predominant families.
Those differences could be explained by the
diversity of pesticides used depending on the
crop areas. The presence on the production
sites of organophosphorus active compounds,
which are strictly prohibited by the Sahelian
committee of pesticides because of their
toxicity, demonstrates the existence of fraud in
the local pesticide trade (Guo et al., 2018). The
simultaneously presence of the active’s
compounds in the 3 collected sites can mean
that the market gardeners used the same
pesticides or pesticides containing the same
active compounds and also that the majority of
onions sold in Dedougou markets come from
these sites. Some residues such as 2,4-DDT,
alachlor, lindane and tetramethrin are detected
beyond the maximum residue limits (MRL) of
the Codex Alimentarius and the EU, which
constitutes a danger for consumers of onions.
Consumption of products containing pesticide
residues below the standards can cause
consumers to have diseases such as cancer,
asthma, Parkinson's disease, leukemia,
cognitive effects and other side effects (Kim et
al., 2017; Bonner and Alavanja, 2017). Ullah et
al. (2016) also reported that animal studies
have suggested that exposure to their pesticides
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may induce abdominal obesity, impair insulin
sensitivity and reduce glucose uptake.

Conclusion

This study aimed at characterizing
market gardening practices and to assess onion
contamination levels and their impact on
human health and the environment. The study
recorded many bad practices that could be
explained by the low level of education,
training and monitoring of the practices. Such
practices pose many risks to the health of
producers and the environment. In addition,
chemical analyses carried out on market
gardening sites and at the Dedougou market,
the main disposal site for market garden
produce, made it possible to detect and
quantify certain residues at values above the
MRL. The consumption of onions at these
levels of contamination because of the toxicity
of pesticides exposes producers to many health
risks including cancer, asthma, Parkinson's
disease, leukemia, cognitive effects and other
side effects. These practices also pose
numerous risks of contamination to the
environment and non-target organisms. To
promote the rational management of pesticides
and limit their impact on human health and the
environment in Burkina Faso, it is necessary to
reduce and control the use of pesticides by
training and regular monitoring of market
gardeners.
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