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ABSTRACT

Pesticides residues in food pose a serious risk to children and adults consuming pesticide-contaminated food. The aim of present study was to assess pesticide
residues in vegetables in the Kinshasa and Lubumbashi cities of the Democratic Republic of Congo (DRC). The levels of three pesticide residues were
determined by gas chromatography coupled with electron capture detector (ECD) or mass spectrometer-time of flight detector (GC-ECD or GC-MS-TOF)
in 96 samples of four vegetables amaranth, spinach, sorrel and sweet potato-leaves purchased from wholesale markets. The Dichlorodiphenyltrichloroethane
with its metabolites (3-DDTs), endosulfan and malathion residues were found in 100% of the vegetable samples from Lubumbashi and in 62.5% to 87.5% of
all vegetable samples from Kinshasa. Risks were mainly associated with the residues of DDTs pesticides in vegetables. The HQ and HI estimations revealed
a serious potential risk to consumers, children particularly. Due to multiple pesticide residues exceeding the MRLs for single residue levels, the consumers
are exposed to pesticides, heavily in Lubumbashi. Due to increasing trend in pesticide use, continuous monitoring of pesticide residues in vegetables and
other food is recommended in order to develop the base line data on which pesticide regulations could be enhanced in DRC.
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Introduction

Pesticides are chemical substances, which are commonly used in
modern agriculture practices to protect the crops from different
pests and diseases producing food [1]. Pesticides residues in food
pose a serious risk to children and adults consuming pesticide-
contaminated food. In international monitoring programs to
protect people from the toxic effects of exposure to pesticides,
the European union (EU), Food and Agricultural Organization/
World Health Organization (FAO/WHO) and US Environmental
Protection Agency (EPA) have established limits on pesticide
residues in foods [2, 3]. The highest concentration of a pesticide
residue (refereed as a maximum residue level -MRL) is legally
accepted in or on food when pesticides are applied correctly
(based on Good Agricultural Practices -GAP) [4]. The presence
of residues with level exceeding MRLs should be less than 20% in
most national monitoring programs and interpreted as violation of
GAP. The risk assessment for long-term and short-term exposure
must be done for all pesticides detected to ensure consumer’s
health protection. The hazard quotient (HQ) is a tool that is used

for the assessment of health risk (HR) due to human exposure to
a single pesticide [5]. The hazard index (HI) is used for assessing
the cumulative risk index of pesticides that cause the same toxic
effects in tissues, organs and physiological systems [6,7].

The inadequate application of pesticides may produce large
quantities of residues in the environment and easily enter into the
human food chain through plants, creating a potentially serious
health hazard [8-10]. Hence, each pesticide has different properties
and toxicological effects. For example, many of the older, such as
dichlorodiphenyltrichloroethane (DDT), endosulfan and malathion
can remain for years in soil and water. Due to its lipophilic properties
and high resistance to biodegradation, DDT is recognized as a
persistent environmental pollutant and endocrine disruptor
[10,11]. Epidemiologic studies revealed either positive or negative
associations between exposure to DDT and tumor development,
but there has been no clear evidence that DDT causes cancer in
humans [12]. Endosulfan is an organochlorine compound that is
used as an insecticide and acaricide. This colorless solid has emerged
as a highly controversial agrichemical due to its acute toxicity,
potential for bioaccumulation, and role as an endocrine disruptor
[9]. Malathion is one of the oldest organophosphate insecticides
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with a broad spectrum of agricultural and public health applications.
It has been suggested that a significantly lower pregnancy rate or
live birth rate can be evoked with a mixture of organophosphate
pesticides, including malathion [8-13]. Malathion is classified as
probably carcinogenic to humans (Group 2A) [14]. The primary
route of exposure for the general public is through ingestion of food
previously treated with pesticides and drinking water contaminated
with agricultural runoff [8-10]. Other routes of exposure include
dermal contact and inhalation during the use of products containing
pesticides or during activity in areas previously treated with these
pesticides. In the Democratic Republic of Congo (DRC) as in
most developing countries, pesticides have been used for many
decades in agricultural practices, for instance in the cultivation of
vegetables [15]. Since the year 2013, the Ministry of Agriculture of
DRC has approved the import, sale, and use of several pesticides
including endosulfan, dithiocarbamate, rayasansulfan, rhodiatox,
delthaméthrine and metyldor for urban agricultures. Consequently,
pesticides are extensively applied for pests’ control to improve
yield of urban agriculture practices for the production of vegetables
and fruits. On other hand, there is no control or application of
regulation concerning the use of these substances [16]. In Kinshasa,
the capital of the DRC, the urban population has increased from
300. 000 in 1960 to more than 10. 000,000 inhabitants in 2010. This
sharp increase in the urban population leads to several challenges,
including food security. To meet these challenges, poor families in
cities are resorting to urban and peri-urban agriculture, including
market gardening [17]. In Lubumbashi, the second largest urban
city, market gardening, whether directed towards self-consumption
or sale, is part of the livelihood of many households [18]. Recent
surveys of phytosanitary practices in these two cities have revealed
a misuse of pesticides on the part of producers, not respecting the
doses or frequencies of application on crops. And the pesticides
used were mostly banned and withdrawn from the market. For
example, DDT (dichloro-diphenyl trichloroethanes), used mainly
in Kinshasa [19]. The misuse of these products would inevitably
lead to the presence of residues in crop products, which can be toxic
to consumers. Therefore, the aim of present study was to assess
pesticide residues in vegetables in the Kinshasa and Lubumbashi
cities of DRC with a view to ensure consumer’s health protection.

Samples: Materials and Methods

Pesticide residues were determined in 96 vegetable samples
collected from local wholesale markets of Kinshasa, Lubumbashi,
and transported to laboratory in South Africa. according to standard
sampling procedure [20,21]. The vegetable samples surveyed from
June 2020 to January 2021 were amaranth (Amaranthus viridis),
spinach (Spinacia oleracea), sorrel (Rumex acetosa), sweet potato-
leaves (Ipomoea batatas). All vegetable samples were dried in
herbarium away from the sun’s rays and were stored at 400C prior
to extraction procedure.

Chemical Standards and Reagents

Pesticide standards (Endosulfan, DDT,4,4’-DDE. 4,4’-DDD and
Malathion) were purchased from Merck (Johannesburg, South
Africa) with purity between 95%. Anhydrous sodium sulphate,
acetonitrile, magnesium sulphate monohydrate, sodium chloride
and bondesil primary/secondary amine (PSA) were also from
Sigma-Aldrich. The stock solutions of 5 mg. L' were prepared
in hexane/toluene (50/50) mixture and stored in freezer at 40°C.
The concentration of 1.5 and 10.0 ug. L' were used as working
solution for calibration.

Extraction Procedure
The Quenchers extraction method was done using the modified
procedure reported by Rawn et al. 2010 [22]. Homogenized

samples with no pesticides detected on previous occasions were
used for recovery studies, and for the preparation of matrix-
matched standards for calibration. The homogenized samples
were spiked with 1.5 and 10 mg. L' of a standard mixture of
seventeen organochlorines. The spiked samples were allowed to
stand for 30 min. 10 g of homogenized food sample was put in
a 50 mL Teflon tube. Then 10 mL of acetonitrile was added, and
the sample was shaken strongly for 1 minute. This was followed
by salting-out step with additions 1.5 g sodium chloride and 3 g
of anhydrous magnesium sulphate into the tube and the mixture
was shaken vigorously for 1 minute and then centrifuged. After
centrifuge, 6.5 mL of organic supernatant was transferred into the
polypropylene centrifuge tube to clean-up with 1.65 g anhydrous
magnesium sulphate and 27.5 g primary/secondary amine (PSA).
The solution was centrifuged for 5 min and filtered using a 0.45
mm PTFE and injected in the GC -ECD and/or GCxGC/TOFMS
for analysis [6, 23].

GC-ECD or GC-MS-TOF analysis

The extracts were analyzed using GC- ECD or GC-MS under
conditions as follows: The GC conditions and the detector response
were adjusted to match the relative retention times and response.
The conditions used for the analysis were: capillary column coated
with ZB-5 (30 m x 0.25 mm, 0.25 mm film thickness). Nitrogen
(99.999%) was used as carrier gas flowing at 1.2 mL. The oven
temperature was programmed from 60°C (1 min) to 180°C at
a rate of 30°C. min™, 180°C (3 min) to 300°C at a rate of 3°C.
min'. The temperature of the injector operating in split less mode
(volume injected 1 mL) was held at 300°C and electron-capture
detector temperature was 250°C. The conditions of the mass
spectrometer were as follows: transfer line temperature 290 C;
ion source temperature 2500C and multiplier voltage 1450V.
A programmed temperature vaporization injector operating in
solvent-split mode was employed. The volume injected was 9 mL,
split flow 50 mL.min"! and injection time: 0.50 min, injection flow:
100 mL.min". The oven temperature program was as follows:
initial temperature of 50°C increased to 150°C at 10°C.min’!
followed by an increase to 300°C at a rate of 5°C.min"'. He was
used as carrier gas flow rate of 1 mL.min"". Ion trap mass detection
was operated in full scan mode from 50 to 500 amu. The GC-
MS-TOF was used to confirm the identification of compounds
in samples.

Health Risk Assessment

Health risk estimation

Data on pesticide residues level were compared with
recommended maximum residue limits (MRLs) set by [23-25].
The non-carcinogenic and carcinogenic health risk estimates
for each pesticides residues in leafy vegetables were computed
using three basic standard indices: The Estimated Daily Intake
(EDI), Cancer Benchmark Concentration (CBC) and the Health
Risk Index (HRI). Estimated Daily Intakes (EDI) of a pesticide
residue and food consumption assumption were used to determine
long term health risks to consumers. The EDI was obtained by
multiplying the mean residual pesticide concentration (mg. kg™')
in the vegetable of interest and the vegetable consumption rate
(kg. d") and dividing by body weight [26-28]. Consumption rate
for vegetable in DRC is 120 g/person/day [20].

_ CPXFIR
BWA

EDI (1

where CP, FIR and BWA represent mean pesticide concentration
in vegetable (mg .kg '), food consumption rate (kg. d'), and
average body weight, respectively. The non-carcinogenic health
risk was assessed by calculating the health risk index (HI) which
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was evaluated by dividing the EDI by their corresponding values
of ADI with an assumption of average adult’s body weight of 60 kg
while children considered to have an average body weight of 16.7
kg [27]. It was also assumed that absorption and bioavailability
rates are 100%. When the health risk index > 1, the food involved
is considered a risk to the consumers; when the index < 1, the
food involved is considered acceptable [26,27].

Hazard Quotient was Determined using the Following
Equation

EDI
HQ =25 )

where RfD acceptable Daily Intake (mg. Kg . d)
Hazard Index (HI)

The Cumulative Hazard Index (CHI) or (HI) was evaluated using
the equations below:

HI = E;DI (1) , EDI(2) , EDI(3) EDI (n) 3)
fD1 RfD 2 RfD 3 RfDn
HI=) HQ 4)

where EDI (1), EDI (2), .... EDI (n) are the estimated average
daily intake of each individual pesticide. RfD1, RfD2, .... RfDn
are the reference or acceptable daily intake for each pesticide.
For carcinogenic effects, the Hazard Ratio (HR) were calculated
using the equation below [29-31].

HR = —

CBC

CBC: The Cancer Benchmark Concentration for carcinogenic
effect is derived by setting the risk to one in one million due to
lifetime exposure.

RL x Body Weight (Kg)
Consumption rate of vegetable x OSFs

CBC =

where RL: is the maximum acceptable risk level (1x 10%), OSFs
(mg. Kg. d"): Oral Slope Factors for the pesticides, were obtained
from USEPA (2014) [32].

Statistical Analysis

The descriptive analysis of data was performed using Minitab
16 Software with level of significance maintained at 95%. The
percentage (%) recoveries together with limit of detection (LOD)
and limit of quantification (LOQ) were also determined [20].

Results and Discussion

Pesticide Residues in Vegetables

Figure 1 and Figure 2 display the rate of detection and comparative
levels of pesticide residues found in this study. The 3-DDTs,
endosulfan and malathion residues were found in 100% of the
vegetable samples from Lubumbashi. The same pesticide residues
were observed in 62.5% to 87.5% of all vegetable samples
from Kinshasa. Their concentrations were generally higher in
Lubumbashi than in Kinshasa. The higher levels of pesticide
residues in vegetables from Lubumbashi can be since pesticides
were extensively used in the past in Lubumbashi compared to
their use in Kinshasa. This detection of pesticide residues in
vegetables is far higher than in a similar study conducted in
Tanzania. which reported that pesticide residues were detected in
29% of all samples analyzed and comparable to those in countries
such as Burkina Faso Kuwait Tanzania and Senegal [33-37]. It

was reported in the literature that in DRC, pesticides are crucial
not only in the agricultural setting but also in the management of
disease vectors [38].
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Figure 1: Pesticide residues frequency in lubumbashi and kinshasa
studied vegetables
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Figure 2: Comparative levels pesticides in vegetables purchased
in kinshasa and lubumbashi

The concentrations of pesticide residues discovered are presented
in Table 1 and were trending as DDTs > malathion > endosulfan.
The sorrel vegetables had the highest concentration of endosulfan
0.13(0.09- 0.26) mg.kg™' and malathion 0.15 (<0.01-0.29) mg.kg-
Ifrom Lubumbashi while the lowest levels were 0.03 (<0.01-
0.19) mg.kg'and 0.01 (<0.01-0.08) mg.kg-1respectively from
Kinshasa. The highest 3-DDTs, concentration was observed in
spinach from Lubumbashi, with mean concentration (range) of
0.30 (0.16-0.32) mg.kg-1. Indeed, most of the DDT is slowly
degraded to DDE and DDD by microorganisms; half of the DDT
in soil is degrades between 2 and 15 years, depending on the type
of soil [10]. Specific ratios of parent/metabolites of organochlorine
pesticides compounds have been widely used to identify past and
present input application into the environment [25-32]. If the ratio
of DDT/DDE is found to be more than 1, then it indicates recent
used of DDT compounds while DDE/DDT. The ratio of DDT/
DDE from Kinshasa was 2.2 for sorel samples, 2.4 for sweet
potato leaves, 2.3 for amaranths, 2.5 for spinach. The ratios are
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equivalent for all crops analyzed. The DDT/DDE ratio from Lubumbashi was 5.8 for sorrel samples, 6.3 for sweet potato leaves, 6.3
for amaranths, and 6.0 for spinach. In consequent, The DDT/DDE ratios from Lubumbashi were almost 3 times higher than those
from Kinshasa. This provides information on a more recent use of DDT in Lubumbashi. This observation is in the same line that
Yanick’s study which indicated a recent application of DDT in vegetables from DRC and Johannesburg vegetables [20].

Levels of Pesticide Residues Versus Mrls

Pesticide residues were found in 81% of the amaranth and 93% of the sorrel or spinach samples from Lubumbashi samples exceeded
the MRLs (Table 1). In the light of increasing levels, noticeable greater level of pesticide residues was observed in sweet potato-leaves
samples in which 84% samples exceeded the MRL values of endosulfan, followed by sorrel (75%). In Kinshasa, 30% samples of the
amaranth and 14% samples of the sorrel or spinach exceeded the MRL values of DDTs, while these rates exceeded the MRL values
of endosulfan in 69% samples of the spinach and 21% samples of the sweet potato-leaves. This is close to the results by Amoah study
in Ghana where most of the residues recorded exceeded the maximum residue limit for consumption of vegetables in Ghana’s urban
markets [39] and in Hyderabad, Pakistan [40]. The negligence or non-availability of proper guidance about pesticide application may
be a principal reason, which may lead to contamination of vegetables with pesticide residues, mainly in most developing countries
[34-40].

Table 1: Mean concentrations and MRLs of pesticides residues in vegetables from Kinshasa and Lubumbashi.

Sorrel Sweet potato-leaves Amaranth Spinach
Pesticide Range mean Range Mean Range Mean Range Mean
Kinshasa
Endosulfan 0-187,2 29,3+ 48 0-187,2 45,1+£60,6 0-160,7 59,8+44,8 0-367,5 103,7+100,3
Malathion 0-78,2 13,6+20,8 0-228 43,9+38,6 0-390,6 64+104 0-417,3 102,9+123,1
DDT 0-111,6 28,5+27,6 0-205,2 51,6+50,8 0-269,8 74,5+65,1 0-310,6 117,8+102,3
DDE 0-59,2 12,8+14,4 0-81,4 21,2421,6 0-140,1 32,5435,7 0-149,7 47,2+42.9
DDD 0-36,7 6,3+9,3 0-36,7 14,9£17,6 0-20,1 12,6+£9.,4 0-71,9 20,8+19,2
Lubumbashi
Endosulfan | 21,1-259 134,7+77,9 | 23,7-296,1 | 116,1+£83.,2 | 43,7-256,7 | 116,6+77,3 | 33,1-117,5 73,5+34,2
Malathion | 25,6-294 | 153,8487,9 | 28,4-335,9 | 132,6+93,9 | 51,8-293,6 | 133,3+87,2 | 39,1-134,4 | 82,0+36,5
DDT 30,5-369,9 | 192,6+111,2 | 34,1-422,2 | 166+118,7 | 62,7-369,4 | 166,7+110,3 | 47,5-168,5 | 104,2+45,3
DDE 3-71,3 33+24,5 2,9-83 26,24+26,2 3,4-71,2 26,4+24.3 0,1-61,5 17,5+31,4
DDD 0,9-36 17,6£11,5 1,2-41,4 14,9+12,2 4,2-35,9 14,9+11,4 2,6-91,6 17,5+34,8

Human Health Risk Assessment

Pesticides have high toxicity, and their toxic effects on humans are recognized as either acute or chronic, the latter resulting from
a long-term exposure to low doses or regular intake of pesticide residues from food. Therefore, the health risks of pesticides were
focused on oral ingestion. This is because ingestion remains a major risk among the various routes of exposure [8-10]. The human
risks of pesticide residues were assessed in Table 2 and Table 3 for both adults and children, respectively [41]. These tables assessed
adult and children dietary exposure using HQ and HI equations for the identified pesticides. In adults, HI < 1 was observed for all
vegetable samples from Kinshasa indicating less risk of non-carcinogenic health effects, while Adeleye et al in Nigeria reported
HI > 1 that could pose systemic health effect for adult consumers of the vegetable. In Lubumbashi, HI > 1 in all sorrel samples but
ranged from 0.6 to 0.9 for other vegetable samples. It should be noted that for each HI value, DDT had the greatest estimated risk,
as reported in Kinshasa by Yanick et al. [20]. It could be explained by inappropriate abusive treatments without respecting safety
recommendations in farms. In contrast, the estimated HI values for children showed potential chronic health risks as HQ > 1 for all
vegetables consumed in both cities, except sorrel from Kinshasa. Of all of the HQs, the highest factor was in spinach (HQ = 2.8),
followed by amaranth (HQ = 1.83) and sweet potatoes leaves (HQ = 1,34) showing the highest risks of dietary exposure in Kinshasa.
In Lubumbashi, the HQs in children were higher and ranging from 2.1 to 3.7. This finding was reported by Salma et al. indicating
that contaminated vegetables might pose a potential threat to children’s health [42]. However, Adeoluwa et al. reported that HI >
1 in the vegetable for both, children and adults [41]. It is important to mention that the diet of the Congolese does not only contain
vegetables. These are often accompanied by fish or meat. Considering the abundant use of pesticides in the DRC, including the very
persistent DDT used both in agriculture and in mosquito control [43]. There is also concern about the high health risk among adults
in the DRC. Considering the abundant use of pesticides in the DRC, including the very persistent DDT used both in agriculture
and in mosquito control, we can fear a risk of chronic non-carcinogenic poisoning and / or carcinogenic risk of the populations of
the DRC. This has been demonstrated by Yanick’s research on the risk assessment of organochlorines in fish and meat samples. He
reported in these conclusions that DDT poses a chronic health risk problem in the DRC.
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Table 2: Adult Estimated dose (mg day! kg™'), reference dose (mg day"' kg'), and combined risk of multiple pesticides (HI)
in vegetables from Lubumbashi and Kinshasa markets

Sorrel Sweet potato-leaves Amaranth Spinach
EDI HQ EDI HQ EDI HQ EDI HQ
RfD
Kinshasa
Endosulfan 0,006 0,00006 0,01 0,000093 0,015 0,00012 0,0206 0,00021 0,0358
Malathion 0,02 0,000028 0,0014 0,000091 0,004 0,00013 0,0066 0,00021 0,0106
DDT 0,0005 0,000059 0,118 0,0001 0,214 0,00015 0,309 0,00024 0,489
DDE 0,0005 0,000026 0,053 0,000044 0,088 0,000067 0,134 0,000097 0,195
DDD 0,0005 0,000026 0,026 0,00003 0,061 0,000026 0,052 0,000043 0,086
0,209 0,384 0,523 0,611
YHI
Lubumbashi
Endosulfan 0,0006 0,00027 0,045 0,00024 0,04 0,00024 0,04 0,00015 0,0254
Malathion 200 0,00031 0,015 0,00027 0,0137 0,00027 0,0138 0,00017 0,0085
DDT 0,0005 0,0004 0,799 0,00034 0,689 0,00034 0,692 0,00021 0,432
DDE 0,0005 0,000068 0,137 0,000054 0,108 0,000054 0,109 0,000036 0,072
DDD 0,0005 0,000036 0,073 0,00003 0,061 0,00003 0,061 0,000036 0,072
YHI 1,07 0,91 0,91 0,61

Table 3: Children Estimated dose (mg day! kg'), reference dose (mg day' kg'), and combined risk of multiple pesticides (HI)
in vegetables from Lubumbashi and Kinshasa markets

Sorrel Sweet potato-leaves Amaranth Spinach
EDI HQ EDI HQ EDI HQ EDI HQ
RfD
Kinshasa
Endosulfan 0,006 0,00021 0,035 0,00032 0,054 0,00043 0,072 0,00075 0,125
Malathion 0,02 0,000098 0,0049 0,00031 0,0159 0,00046 0,023 0,00074 0,037
DDT 0,0005 0,000207 0,414 0,00037 0,75 0,00054 1,08 0,00085 1,71
DDE 0,0005 0,000093 0,186 0,00015 0,308 0,00023 0,47 0,00034 0,68
DDD 0,0005 0,000045 0,091 0,0001 0,216 0,000091 0,18 0,00015 0,3
0,732 1,34 1,83 2,8
SHI
Lubumbashi
Endosulfan 0,0006 0,00094 0,15 0,0008 0,14 0,00084 0,141 0,00053 0,08
Malathion 200 0,0011 0,055 0,0009 0,048 0,00096 0,048 0,00059 0,029
DDT 0,0005 0,0014 2,8 0,0012 2,41 0,0012 2,42 0,00075 1,51
DDE 0,0005 0,00024 0,48 0,00019 0,38 0,000192 0,38 0,00012 0,25
DDD 0,0005 0,00012 0,256 0,0001 0,216 0,0001 0,216 0,00012 0,254
YHI 3,75 32 3,21 2,14

Carcinogenic Health Risk Assessment

Table 4 and Table 5 display the potential non-carcinogenic health risk estimations based on the HQ and HI of pesticide residues
detected in vegetables for adults and children, respectively. For adult category, estimation of carcinogenic risks of pesticide residues
of vegetable samples in the two cities (Kinshasa and Lubumbashi) does not reveal any risk to consumers, and this for all pesticides
in each type of vegetables HR < 1 [44]. This result is consistent with earlier, Bloor et al. reported that carcinogenic risk values for
vegetables from all selected farms in Ghana were < 1. In contrast, Adeoluwa ‘s research in Nigeria has rather evoked HR > 1 for
aldrin and dieldrin in amaranth which could pose carcinogenic risk to consumers. Carcinogenic health risk assessment of DDTs in
vegetables is a concern of public health in children group from Lubumbashi [27, 28]. The HR values in the samples of sorrel, sweet
potato leaves and amaranth were 1.2, 1.05 and 1.1 respectively. Thus, there is probability of individuals (both children and adult)
developing cancer over a lifetime because of exposure to DDTs residues in vegetables in DRC.
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Table 4: Adult Potential carcinogenic health risk estimation of pesticide residues in vegetables from Kinshasa and Lubumbashi

markets
Sorrel Sweet potato-leaves Amaranth Spinach
CBC EADI HRI EADI HRI EADI HRI EADI HRI
Kinshasa
DDT 0,00142 | 0,000059 0,041 0,000044 0,075 0,00015 0,002 0,000035 0,00046
DDE 0,00142 | 0,000026 0,018 0,000044 0,031 0,000067 0,0021 0,000037 | 0,00012
DDD 0,002 0,000013 0,0065 | 0,00003 0,015 0,000026 0,0017 0,000029 | 0,00019
Lubumbashi
DDT 0,00142 0,0004 0,28 0,00034 0,24 0,00034 0,0014 0,000024 | 0,00001
DDE 0,00142 | 0,000068 0,049 0,000054 0,038 0,000054 0,0014 0,000024 | 0,000064
DDD 0,002 0,000036 0,018 0,00003 0,015 0,00003 0,002 0,000034 0,0022

Table 5: Children Potential carcinogenic health risk estimation of pesticide residues in vegetables from Kinshasa and

Lubumbashi markets

Sorrel Sweet potato-leaves Amaranth Spinach
CBC EADI HRI EADI HRI EADI HRI EADI HRI

Kinshasa

DDT 0,00041 | 0,000059 0,14 0,0001 0,26 0,00015 0,37 0,0065 0,15

DDE 0,00041 | 0,000026 0,064 0,000044 0,1 0,000067 0,16 0,0028 6,9

DDD 0,00041 | 0,000013 0,031 0,00003 0,07 0,000026 0,063 0,0011 2,6
Lubumbashi

DDT 0,00041 0,0004 0,97 0,00034 0,83 0,00034 0,84 0,014 0,35

DDE 0,00041 | 0,000068 0,16 0,000054 0,13 0,000054 0,13 0,0023 5,6

DDD 0,00041 | 0,000036 0,089 0,00003 0,075 0,00003 0,075 0,0013 3,1
Conclusion Availability of data and materials not applicable. However:

This study quantified pesticide residues in vegetables commonly
consumed in DRC which could potentially threaten people’s
health. Risks were mainly associated with the residues of DDTs
pesticides in vegetables. The HQ and HI estimations revealed a
serious potential risk to consumers, children particularly. Due
to multiple pesticide residues exceeding the MRLs for single
residue levels, the consumers are exposed to pesticides, heavily in
Lubumbashi. Due to increasing trend in pesticide use, continuous
monitoring of pesticide residues in vegetables and other food is
recommended in order to develop the base line data on which
pesticide regulations could be enhanced in DRC.
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