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Abstract:

To combat predatory species and weeds, the use of glyphosate-based herbicides is necessary.
However, the chemical composition and biocidal properties of these substances negatively
impact environmental quality and food safety. This study focuses on glyphosate and its
metabolites as well as trace metal elements for their persistence and influence on living
organisms. The general objective of this study is to determine the residues of glyphosate and its
metabolites and trace metal elements present in soils, Solanum lycopersicum L. and Cantareus
aspersus. The analysis is carried out in the samples using chromatographic and spectrometric
methods. Aminomethylphosphonic acid is detected in the commercial sample of glyphosate
(14x10% £+ 10 mg/L). Glyphosate is present at concentrations of 0.92+0.01 mg/kg DW (fruits)
and 0.18 £+ 0.01 mg/kg DW (cephalopods), higher than the standards. For trace metal elements,
the highest concentrations are: 40.0 + 0.3 mg/kg DW (Cr), 140 £+ 2 mg/kg DW (Zn) and 0.9
+ 0.2 mg/kg DW (Cd) in soils; 7.10 + 0.01 mg/kg DW (As) and 56 £+ 3 mg/kg DW (Cu) in
snails; 8.7 + 0.5 mg/kg DW (Cr), 6.9 + 0.6 mg/kg DW (Ni) and 85 + 2 mg/kg DW (Zn) in
tomato fruits. The health risk associated with the consumption of these foods by the population
is alarming. This study deserves to be extended to all foods consumed.
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1 Introduction

Faced with population growth and to
ensure food security, the use of chemical
inputs has become the most widely used
method in the world [1]. In order to make
agriculture intensive and cover large
agricultural areas, farmers are increasingly
turning to herbicide products for rapid
weed control of agricultural plots. These
active substances protect soils and plants
from the invasion of predatory species. To
carry out no-till crops, destroy weeds and
manage weeds, the use of glyphosate-based
herbicides has proven effective [2]. It is
currently the most widely used herbicide by
farmers and gardeners due to its ability to
spread throughout the plant after appli-
cation. Today, glyphosate (N-phosphono-
methylglycine) is the subject of scientific
debates regarding its dangerousness and
persistence. For decades, scientists have not
yet agreed on a clear decision. This is what
has sparked an international debate on
whether or not to ban it. In Cote d'Ivoire
(West Africa country), glyphosate is the
most widely wused herbicide. Studies
conducted on all crops in the national
territory have shown that 53% of the
herbicides used contain  glyphosate
(Ministry of Agriculture).

In 2017, the global production of
tomato fruits was 170.8 million tons. To
date, tomato fruits occupy a very
important place in the global human diet
13]. As for Cantareus aspersus, studies have
observed that the consumption of the
Ivorian population was estimated at around
7.9 million kilograms of snails per year [4].
This study focused on glyphosate and its
metabolites as well as trace metal elements

(ETM) for their persistence and toxicity to
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living organisms. According to the data
available in the literature, there is a lot of
information on the toxicity of these
molecules [5-7]. Also, scientific works
revealed the presence of glyphosate
residues, its metabolites and ETM in all
compartments of the environment [4, 5, 8].
However, little research has been done on
the study of glyphosate, aminomethyl-
phosphonic acid, glufosinate and trace
metal elements in tropical Africa. For Cote
d’'Ivoire, N’Guessan et al. [4] quantified
glyphosate in cephalopods and in the
viscera of Achatina snails at concentrations
of 1.03 and 1.01 mg/kg, respectively. Lead
(0.64 mg/kg), copper (0.45 mg/kg) and zinc
(1.165 mg/kg) were quantified in shells,
while cadmium was quantified in shells and
cephalopods at values of 1.03 and 0.13
mg/kg, respectively [4]. Gokou et al. [§]
showed the presence of glyphosate in the
active ingredients of fish muscle ranging
from 0.14 to 0.36 mg/kg. Concerning
tomato fruits, studies conducted in Daloa
(Cote d’lvoire) revealed concentrations of
0.59 mg/kg (As), 0.007 mg/kg (Cd), 3.02
mg/kg (Ni) and 191.70 mg/kg (Zn) [9].
This study aims on the one hand to
search for glyphosate, glufosinate, amino-
methylphosphonic acid and trace metal
elements in soils, tomato fruits and snail
cephalopods collected from two agricultural
soils. And on the other hand, to
characterize the health risk for humans

linked to the consumption of these foods.

2 Materials and methods

2.1 Material
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2.1.1 Vegetal and animal

material

The analyses were carried out on two
matrices ground into fine powders. These
are:
- Dried tomato fruit powders composed of
fruits obtained on the site treated (To) and
not treated with herbicide (TT);
- Dried snail cephalopod powders
(Cantareus aspersus) composed of snails
found on the market (EO0), reproduced on
the site treated with herbicide (ET') and not
treated (EN).

2.1.2 Technical equipment
The technical equipment is composed
of:
- High performance liquid chromatography
coupled with a tandem mass spectro-
photometer (LC-MS/MS) Agilent system.
The liquid chromatography column used is
an X-Bridge C18 -2.5 pm (50 x 2.1 mm) —
WATERS column. The mobile phase is
composed of acetonitrile - EMQ 0.1%
triethylamine at pH = 9.5 (50:50);
- Inductively coupled plasma mass
chromatography (ICP). The determination
of trace metal elements in our samples was

carried out using a microwave digester
(CEM: Mars 5 HP- 500 Plus).

2.2 Methods

2.2.1 Treatment of the study
sotl and cultivation of food

crops

A 750 m? agricultural plot (Figure 1)
selected within the Nangui Abrogoua
University of Abidjan (Cote d'lvoire)
(5°25'0" N / 4°1'60" W) was cleared on
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February 2, 2021. It was subdivided into
two blocks 8 m apart. Part of this block
underwent herbicide treatment (''Tasman
360 SL'"). The treatment was carried out in
a backpack sprayer by diluting the
herbicide (addition of 1 mL of herbicide in
75 mL of water). One week after spraying,

the tomato plants were grown.

2.2.2 Exposure protocol

The exposure protocol used is that
described by Pauget [10] by replacing the
microcosms with nets in order to take into
account the entire plot. The caged snails
were purchased on the market. Before
exposure, a few snails were used to analyze
the concentrations of the com-pounds
sought. The snails caged in the nets were
exposed to the soil, humus and vegetation
of each plot under mnatural climatic
conditions in the period from July 24, 2021
to August 21, 2021 (28 days). Seven snails
were exposed on each plot surrounded by

nets.
2.2.3 Sampling

2.2.3.1 Sampling and treatment of

soils and tomato fruits

Untreated (SN) and herbicide-treated
(SF) soils were collected at a depth of 0-10
cm (Figure 2). The soil samples were dried
in an oven (40 °C) for 72 hours. After
drying, the soil samples (SN, SF) were
crushed wusing a porcelain pestle and
mortar, then sieved using a 45 pm porosity
sieve (Plastic-Nylon Sieve Din 4195) and
stored in bottles. For the tomato fruit
samples, they were made (Figure 2) and
then transported to the laboratory by
packaging them in polyethylene bags. Once
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in the laboratory, the fruits were washed
with distilled water to remove the largest
soil particles. The samples were then dried

in an oven at a temperature of 40 °C. After
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drying, the samples were ground using a
Retsch-type electric grinder. The powders
obtained are stored in bottles supplied by
the Wessling company.
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Fig. 1. Location of the cultivation area: A (Map of Abidjan), B (Map of Nangui Abrogoua

University) and C (Map of the plot used).

Tomato soil and fruit

17 m
A‘ 'A
0
6 m 0
v 0 0 v

Fig. 2. Sampling points.
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2.2.3.2 Sampling and treatment of

snails

On each plot, six snails were sampled.
The samples taken were placed in polyethy-
lene bags and then transported to the
laboratory the same day. Once at the labo-
ratory, the snails were fasted for two days
(48 hours) in order to eliminate unabsorbed
food and feces from their digestive tract.
After two days of fasting, the cephalopods
of each sample were separated from the
other parts and then washed with distilled
water. The cephalopod samples were then
dried in an oven at a temperature of 40 °C.
After drying, the samples were ground into
fine powder using a Retsch type electric
grinder and stored in the same types of
bottles. A total of 3 samples of soil, 3
samples of snails and 2 samples of tomato

were collected.

2.2.4 Analysis of glyphosate,

glufosinate and amino-

methylphosphonic acid by
LC/MS/MS

The method used in our study is that
described by the Central Air Quality
Monitoring Laboratory and used by Béa et
al. [5]. The analysis of glyphosate, Amino-
methylphosphonyl Acid (AMPA) and
glufosinate was carried out after deriva-
tization with FMOC-Cl ((9 fluorenyl-
methyl)-chloroformate). LC/MS/MS on a
WATERS, UPLC® Acquity and TQD
Acquity coupling with an X-Bridge C18 -
2.5 pm (50 x 2.1 mm) ~-WATERS column
was used. The extraction was carried out
on quartz filters with a diameter of 150 mm.
The standard glyphosate solutions used are
obtained by dissolving pure glyphosate

crystals in acid form in water. The chroma-
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tographic gradient conditions allowing the
identification and quantification of glypho-
sate, glufosinate and AMPA are taken from
the NF ISO 16308 standard.

2.2.5 Analysis of trace metal
elements by ICP-MS

Aqua regia mineralization for the
determination of trace metal elements
(ETM) in solid samples was used [5]. From
a homogenate of the plant organ sample,
100 mg fractions were taken and attacked
with 6 mL of HNO; (65%) and 2 mL of
hydrogen peroxide (20%). For soil samples,
a volume of 3 mL of HF was added. After
this attack, the mineralized material was
collected in a 50 mL flask and made up to
the mark with pure water and then
analyzed by ICP-MS.

2.2.6 Assessment of health
risks related to the consump-

tion of tomatoes and snails
The calculations were made based on
the recommendation of the Ivorian daily
ration of 33.3 mg of animal protein per day
per person. The FAO and WHO
recommendation of 400 mg of fruits and
vegetables per day per person was taken
into account [11].
The daily dose of exposure to chemical
contaminants through the consumption of
foodstuffs is calculated according to the

following equation:

DIE

QD= % (1)

With VTR: Toxicological reference value

(ng/(kg.day)).
The VTR used in this study are listed in

table 1.
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Table 1
VTR used in this study.

Vol. 8, N° 2(2024) 85-103

Glyphosate As

Cd

VTR
(ng/(kg.day))

300 0.3

0.2

500 3 10 20 300

For QD < 1, the occurrence of a toxic effect
is unlikely (or very unlikely). In other
words, the risk associated with the presence
of the toxic chemical element is acceptable.
For QD > 1, the occurrence of a toxic effect
is probable (or very probable). That is, the
risk associated with the presence of the
toxic chemical element is unacceptable.
The toxicological reference values used in
this study are listed in table 1 [4, 12].

2.2.7 Statistical analysis

One-way  analysis  of  variance

(ANOVA)

concentrations of chemical elements using

was used to compare the
Graph Pad Prism version 5. Turkey’s test,
a multiple comparison test of means, was
performed to determine the level of
difference between different samples [13].

Significance is accepted at p < 0.03.
3 Results and discussion

3.1 Concentrations of glypho-

sate and its derivatives in
commercial herbicide, soils,
tomato fruits and snail
cephalopods

Table 2 presents the results obtained
after the analysis of herbicide, soil, tomato
fruit and snail cephalopod samples.

The measured concentrations for glypho-
sate and its metabolite Aminomethyl-
Acid  (AMPA) in the
commercial glyphosate sample are of the
order of (5.8x10° 4+ 104) mg/L and (14x10?
+ 10) mg/L, respectively. The measured

phosphonyl

concentration for glufosinate is below the
detection limit (LD) of the device used. The
results of soil samples show average
concentrations below the detection limit of
the device. For snails, the results show the
presence of glyphosate in the samples of
snails before exposure (E0) and snails
collected from the herbicide-treated site
(ET) at respective mean concentrations of
0.18 + 0.01 mg/kg DW and 0.16 + 0.01
mg/kg DW. On the other hand, AMPA and
glufosinate have concentrations below the
detection limit of the device in all the
samples analyzed. For tomato fruits,
AMPA and glufosinate have concentrations
below the detection limit of the device in all
the samples analyzed, while the maximum
concentration of glyphosate is 0.92 + 0.01
mg/kg DW (tomato fruits collected from

the treated soil).

Page 90 of 103



G.T. Béa et al. / RAMReS Sciences des Structures et de la Matiére Vol. 8, N° 2(2024) 85-103

Table 2
Glyphosate, AMPA and Glufosinate concentrations in cephalopods and fruits.

Samples n Concentrations (mg/kg DW for solid samples and mg/L for liquid samples)
Glyphosate AMPA Glufosinate LMR
H 3 5.8x10°4+10*  14x10%*4 10 < LD nd
So 3 <LD < LD < LD nd
SN 3 < LD < LD < LD nd
SF 3 < LD < LD < LD nd
EO 3 0.18+0.01 < LD < LD 0.05
EN 3 <LD < LD < LD 0.05
ET 3 0.16+0.01 < LD < LD 0.05
To 3 0.92+0.01 < LD < LD 0.1
TI 3 0.39+0.02 < LD < LD 0.1

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated with
herbicide; H: Commercial liquid herbicide; To: Tomato fruits from treated site; TI: Tomato fruits from
untreated site; So: Initial soil before chemical treatment; SN: Post-harvest soil without chemical treatment;
SF: Post-harvest soil treated with herbicide; LD: Detection Limit; LMR: Maximum Residue Limit; n: number

of measurements; nd: not defined.

The presence of AMPA in the herbicide
used at high levels would result from the
degradation of the glyphosate contained in
the herbicide over time [14]. The herbicide
formulation used is highly contaminated
with AMPA. In this study, glyphosate,
AMPA and glufosinate were not detected
in the soils. This could be explained either
by the high detection limit of the device or
by the degradation of these organic
compounds in the soil. Furthermore,
studies have shown the absence of these
organic compounds in agricultural soils.
Most laboratory studies have shown the
immediate degradation of glyphosate after
soil treatment [15].

The concentrations obtained for AMPA
and glufosinate in dried cephalopods of
snails are below the detection limit of the
device. The concentration of glyphosate
obtained for snails raised on untreated soil
is below the detection limit of the device.
On the other hand, glyphosate is detected

in samples of snails before exposure and of

snails taken from herbicide-treated soil at
average concentrations above the maxi-
mum residue limit (LMR) (0.05 mg/kg) of
glyphosate defined for snails by Commis-
sion Regulation (EU) No 293/2013 of 20
March 2013 [16]. The presence of the
glyphosate content above the LMR in snails
raised on treated soil can be explained by
the fact that they consumed during the 28
days of glyphosate not degraded in plant
tissues after application of the herbicide.
The presence of the glyphosate content
above the LMR in snails before breeding on
soils can be linked to the fact that they
come from a locality where glyphosate-
based herbicides are widely used. Our
results are consistent with those of some
researchers. Indeed, N'Guessan et al. [4]
quantified glyphosate in cephalopods (1.03
+ 0.1 mg/kg), viscera (1.01 + 0.37 mg/kg)
and shells (0.07 £+ 0.03 mg/kg) of the snail
Achatina achatina, from the locality of
Soubré (south-west of Cote d’lvoire), a

locality with a high rate of wuse of
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glyphosate-based herbicides for weed
control in fields. Elsewhere, work has
quantified glyphosate in Heliz aspersa
snails at concentrations of 6 mg/kg and 30
mg/kg for snails continuously fed with
glyphosate-contaminated food [17].

The analysis of AMPA and glufosinate
in tomato fruits shows concentrations
below the detection limit of the device. On
the other hand, glyphosate is present at
average concentrations above the maxi-
mum residue limit (0.1 mg/kg) of glypho-
sate defined for vegetable-fruit plants by
Commission Regulation (EU) No 293/2013
of 20 March 2013 [18]. The fact that
glyphosate is detected in samples taken
from the plot not treated with herbicide
clearly shows that glyphosate contami-
nation occurs more by atmospheric deposi-
tion rather than by root sampling. Else-
where, in the FEuropean and American
areas, glyphosate is detected at significant
concentrations in cereals, dry lentils, beans,

peas and soybeans [19].

3.2 Trace metal element
concentrations in commercial

glyphosate sample, soils,

tomato fruits and snail cepha-
lopods

The results of analyses of the total
concentrations of trace metal elements
obtained are given in table 3.

For soil, statistical analyses for Zn
showed the most significant concentration
(p < 0.001) in soil samples before treatment
and cultivation (S0). Comparing the results
of Zn concentrations obtained at the SN
and SF samples, the most significant

concentration (p < 0.001) is recorded in the
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SN sample. As for the concentrations
obtained in Cr, no significant difference
between the samples was found.

For snails, comparing the concen-
trations between them, it appears that the
Cr concentrations recorded in the E0 and
ET samples are more significant (p < 0.001)
compared to that recorded in EN. On the
other hand, no significant difference is
observed between E0 and ET. Similarly,
regarding the Cu results, the contents
obtained at the level of EO and ET are more
significant (p < 0.001) compared to that of
EN. On the other hand, no significant
difference is recorded between EO and ET.
For the Zn concentrations, the values are
significant (p < 0.05) at the level of EN and
ET compared to that of EO but no
significant difference is observed between
EN and ET.

For the tomato fruits analyzed, the

concentrations obtained show higher values
in Cr, Ni and Zn for the samples taken from
the herbicide-treated soil.
The results obtained in this study show
cases of metallic contamination. To better
understand the metallic pollution of our
different matrices, the values obtained were
compared with those of the guide values
defined by renowned organizations and
those observed in certain countries.

Concerning the herbicide, it contains
ETM (As, Cr, Cu, Ni, Zn, Cd, Co) in
significant quantities not declared by the
manufacturer. Elsewhere in the world,
similar results have been found in
glyphosate-based herbicides [20]. These
authors found significant amounts of toxic
trace metal residues such as As, Pb, Co, Cr
and Ni in the herbicide products studied
[20].
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Table 3

ETM concentrations in the analyzed samples.

Vol. 8, N° 2(2024) 85-103

Concentrations (mg/kg DW for solid samples and mg/L for liquid samples)

Samples n As Cr Cu Ni Zn Cd Co
H 3 0.4240.01 1.140.03 0.044+0.003  0.240.003 0.4+0.01 0.00240.0002  0.014+0.002
SF 3 <LD 39+1 < LD < LD 1040.33 < LD < LD
So 3 < LD 40+0.33 184+0.5 9.6+0.53 140+2 0.87+0.2 < LD
SN 3 < LD 40+0.21 < LD < LD 1840.2 < LD < LD
ET 3 <LD 3.8+0.02 5143 < LD 64-+1 < LD < LD
EO 3 7.1+0.01 3.3+0.1 56-+3 < LD 61+0.2 < LD < LD
EN 3 5.9+0.01 2.8+0.1 26+0.02 < LD 65+1.2 < LD < LD
TI 3 < LD 3.1+0.03 10+0.3 3.5+0.3 53+0.93 < LD < LD
To 3 < LD 8.7+0.5 7.5+0.5 6.9+0.6 8542 < LD < LD

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated with herbicide;

H: Commercial liquid herbicide; To: Tomato fruits from treated site, TI: Tomato fruits from untreated site; So: Initial soil

before chemical treatment; SN: Post-harvest soil without chemical treatment, SF: Post-harvest soil treated with herbicide;

LD: Detection Limit; LMR: Maximum Residue Limit; n: number of measurements; nd: not defined.

As for soils, the results show the presence of
non-negligible concentrations of some of
these trace metal elements. Although they
are present in the herbicide at considerable
concentrations, As, Cu, Cd, Ni and Co have
concentrations below the detection limit of
the device in all soil samples after harvest.
This can be explained by the influence of pH
21]. Studies have shown the effect of pH on
the content of ETM in soil [21]. As for Cu,
the results obtained in this study are
contrary to those of Geoffrey [21]. For Cr,
we obhserve practically the same contents in
soils above the defined normal value (30
mg/kg DW). Comparing the concentrations
obtained in SO soil with those in SN and SF
soils, it appears that the concentration of Zn
has considerably decreased ten months after
the experiment in SN and SF soils. Bolan et
al. [22] found similar results. Also, the
absence of significant quantities of these
ETM in the soil after herbicide application
is linked to the influence of glyphosate and
its metabolite (AMPA) on the concentration
of these ETM in soils. Indeed, Bemelmans et

al. [23] observed a decrease in the available
in the

presence of AMPA and an increase in the

concentrations for certain metals

latter in the presence of glyphosate. In this
study, the first hypothesis was recorded. The
studies of Barrett and McBride [24] showed
that the presence of glyphosate in the soil
has an influence on the mobility of ETM
from the soil to the hydrosystem. The
decrease in the concentrations of these ETM
in soils in the presence of glyphosate and
AMPA can impact their mobility in soils.
Comparing the Cr and Cu concen-
trations obtained in the cephalopods of
snails collected from the herbicide-treated
soil, it follows that they are higher than
those obtained in the samples collected
from the soil not treated with herbicide.
This can be explained by the fact that they
consumed the dead fraction of the organic
matter which trapped more of these two
elements [25]|. Studies conducted in Benin
by Mahoudjro et al. [26] detected cadmium
and lead in the species Archachatina

marginata (boiled) at maximum mean
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concentrations of 0.046 mg/kg and 0.096
mg/kg, respectively, and in the species
Limicolaria spp (boiled) at maximum mean
concentrations of 0.422 mg/kg and 1.024
mg/kg, respectively. In fried snails, the
mean  concentrations  detected  were
between 0.003 and 0.067 mg/kg (Cd) for
Archachatina marginata and between 0 and
0.769 mg/kg (Cd) then between 0 and 0.275
mg/kg (Pb) for Limicolaria spp. In Cote
d’'Tvoire, N'Guessan et al. [4] quantified
copper (0.45 mg/kg) and zinc (1.165
mg/kg) in the shell, cadmium (0.13 mg/kg)
in cephalopods and cadmium (0.14 mg/kg)
in the wviscera of the snail Achatina
achatina. Our values are much higher than
those found by these researchers. This
contradiction in the results may be linked
to the study areas and the analysis methods
used.

The Cr concentrations obtained for
fruits collected from untreated and treated
soil are above the defined normal value (1.5
mg/kg) [12]. The chromium concentration
obtained in fruits collected from sprayed
soil is well above that obtained for fruits
harvested from the plot not treated with
herbicide. This suggests a root uptake of Cr
provided by the herbicide glyphosate after
treatment. The Cu concentrations obtained
in tomato fruits from untreated and treated
soil are within the standards (10 mg/kg)
[12]. However, the highest value is obtained
in samples collected from the plot treated
with herbicide. The Ni concentrations
obtained in samples collected from both
soils are well above the defined standard
(1.5 mg/kg) [12]. The highest value is
obtained in samples from the plot treated

with herbicide. This suggests a Ni
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contribution by the herbicide. Regarding
zinc, it was detected in all samples taken.
The concentration in fruits taken from
treated soil is much higher than that
obtained from untreated soil. This can be
explained by the fact that there was a root
uptake of Zn from the herbicide by the
tomato plants. The Zn concentrations
obtained are well above the normal
concentration (50 mg/kg) [12].

Observing our results, it appears that
the use of glyphosate-based herbicide
contributes to the supply and facilitation of
the transfer of certain ETM from the soil to
the plants and the biological organism
studied.

3.3 Health risks associated
with the consumption of
tomato fruits and snail cepha-
lopods in adults, children and

infants

The study of health risks in this study
focuses on chronic exposures because
vegetables and cephalopods are consumed

recurrently orally.

3.3.1 Estimation of the level
of exposure of consumers of
tomato fruits and cephalo-

pods

The tables 4, 5 and 6 present the daily
exposure dose (DJE) to glyphosate and
ETM due to the ingestion of vegetables and
cephalopods in  three categories of

individuals.
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Table 4
Daily exposure doses (png/(kg.day)) for a 60 kg adult consuming vegetables and snails.
Chemical Samples
compound TI To EO EN ET
Glyphosate 2.6 6.13 0.10 0.09
Zn 353.33 566.67 33.86 36.08 35.52
Cr 20.67 58 1.83 1.55 2.11
Cu 66.67 50 31.08 14.43 28.31
Ni 23.33 46 - - -
As - - 3.94 3.27 -

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated

with herbicide; To: Tomato fruits from treated site, TI: Tomato fruits from untreated site.

Table 5
Daily exposure doses (pg/(kg.day)) for a 10 kg child consuming vegetables and snails.
Chemical Samples
compound TI To EO EN ET
Glyphosate 15.6 36.8 0.60 0.53
Zn 2120 3400 203.13 216.45 213.12
Cr 124 348 10.99 9.32 12.65
Cu 400 300 186.48 86.58 169.83
Ni 140 276 -—- -—- -—-
As -—- - 23.64 19.65 -—

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated
with herbicide; To: Tomato fruits from treated site, TT: Tomato fruits from untreated site.

Table 6
Daily exposure doses (ng/(kg.day)) for a 5 kg baby consuming vegetables and snails.
Chemical Samples
compound TI To EO EN ET
Glyphosate 31.2 73.6 1.20 1.07
VA 4240 6800 406 432.9 426.24
Cr 248 696 21.98 18.65 25.31
Cu 800 600 372.96 173.16 339.66
Ni 280 552
As -—- -—- 47.29 39.29 -

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated

with herbicide; To: Tomato fruits from treated site, TI: Tomato fruits from untreated site.

By observing the results, it appears that the children weighing 10 kg are significantly
DJE found for infants weighing 5 kg and higher than those found for adults weighing

Page 95 of 103



G.T. Béa et al. / RAMReS Sciences des Structures et de la Matiére

60 kg. The DJE obtained for glyphosate in
the three categories of individuals are lower
than its Toxicological Reference Value. This
suggests that the consumption of tomato
fruits and snail cephalopods containing this
toxic substance does not expose populations.
However, the three categories of individuals
are more exposed to the trace metal elements
contained in these foods (DJE > VTR) [27].

Vol. 8, N° 2(2024) 85-103

3.3.2 Characterization of the
health risk for adults, chil-
dren and infants consuming
tomatoes fruits and cepha-

lopods

The tables 7, 8 and 9 present the danger
quotients (QD) calculated for adults,

children and infants.

Table 7
Danger quotients for a 60 kg adult consuming tomatoes and snails.
Chemical Samples
compound TI To EO EN ET
Glyphosate 0.01 0.02 3.33%10* 2.96x10*
Zn 1.18 1.89 0.11 0.12 0.11
Cr 6.89 19.33 0.61 0.51 0.70
Cu 6.67 5 3.12 1.44 2.83
Ni 1.17 2.3 -— - -
As - - 13.14 10.92 -—

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated

with herbicide; To: Tomato fruits from treated site; TI: Tomato fruits from untreated site.

Table 8
Danger quotients for a 10 kg child consuming tomatoes and snails.
Chemical Samples
compound TI To EO EN ET
Glyphosate 0.05 0.12 1.99%x10° 1.78%x10%
Zn 7.07 11.33 0.68 0.72 0.71
Cr 41.33 116 3.66 0.70 4.22
Cu 40 30 18.65 8.66 16.98
Ni 7 13.8 - -—- -—-
As -—- -—- 78.81 65.49 -—-

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated

with herbicide; To: Tomato fruits from treated site; TI: Tomato fruits from untreated site.
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Table 9
Danger quotients for a 5 kg baby consuming tomatoes and snails.
Chemical Samples
compound TI To EO EN ET
Glyphosate 0.10 0.25 3.99x10° 3.55%x10°
Zn 14.13 22.67 1.35 1.44 1.42
Cr 82.67 232 7.33 6.22 8.44
Cu 80 60 37.30 17.32 33.97
Ni 14 27.6 -—- -—- -—-
As - - 157.62 130.98 -—-

EO: Snails before experiment; EN: Snails raised on untreated soil; ET: Snails raised on soil treated with

herbicide; To: Tomato fruits from treated site, TI: Tomato fruits from untreated site.

The results of this study reveal that
children weighing 10 kg and infants
weighing 5 kg consuming these foods are
more exposed than adults with high body
weight. This is justified by their low body
weight and their physiological fragility [28].

Ingestion of contaminated food can
cause harmful effects in adults, children and
infants. This is evidenced by danger
quotients higher than the normal quotient

(QD = 1).

- Risk of exposure of the population to
glyphosate: The level of exposure of
populations linked to the ingestion of tomato
fruits and cephalopods of snails containing
glyphosate residues is very unlikely (QD <
1) in the three categories of individuals. The
risk is therefore accep-table. However,
glyphosate is a very toxic organic compound.
Regular  consumption of these foods
containing glyphosate residues can create
health problems within the population.
According to studies conducted on the
toxicity of glyphosate, it has been shown to
be a mutagenic, genotoxic, carcinogenic
compound that has effects on cells, reproduc-
tion, cardiovascular, cerebral and digestive
systems of humans [6]. It also causes
congenital malformations in children [7].

- Risk of exposure of the population
to zinc: The level of exposure of adults
consuming tomatoes fruits (QD = 1.18 for
TI, QD = 1.89 for To) is probable. The
level of exposure of children of 10 kg is very
probable by consuming tomatoes fruits
(QD = 7.07 for TI, QD = 11.33 for To). On
the other hand, it is very probable in
infants consuming tomatoes fruits (QD =
14.13 for TI, QD = 22.67 for To). Which
suggests that the risk related to the
presence of zinc in these foods is unaccep-
table.

For snails, the level of exposure of
populations to zinc relative to the ingestion
of snail cephalopods is very unlikely (QD <
1) in infants with a body weight of 5 kg,
children of 10 kg and adults of 60 kg. This
means that the population is safe from
consuming the cephalopods of these snails
containing zinc. According to the literature,
regular consumption of foods containing
zinc causes diseases such as gastrointestinal
disorders and diarrhea in the population
[29].

- Risk of population exposure to
chromium: The occurrence of a toxic

effect in adults who eat tomato fruits from
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the untreated site (TI) with herbicide is
probable (QD = 6.89) but very probable
(QD = 19.33) in those consuming tomato
fruits collected from the treated site (To).
The level of exposure of children who eat
tomato fruits from the untreated and
treated site is very probable (QD = 41.33;
QD = 48, respectively). The level of
exposure of infants weighing 5 kg due to the
ingestion of tomato fruits from the
untreated and herbicide-treated site is very
probable (QD = 82.67; QD = 232,
respectively). This means that the
consumption of this food containing
chromium which is a very toxic chemical
element is very risky.

For snail cephalopods, the level of
population exposure to chromium is
unlikely in adults (QD = 0.6105 for EO,
QD = 0.518 for EN, QD = 0.703 for ET),
unlikely (QD = 0.703) in children consu-
ming the snails exposed on the untreated
plot but very likely in children (QD = 3.66
for E0, QD = 4.22 for ET) and in infants
(QD = 7.33 for E0, QD = 6.22 for EN, QD
= 844 for ET). This means that the
consumption of these snails by children and
infants is very risky. The risk is therefore
unacceptable.  Indeed, epidemiological
studies have shown the harmful effects
linked to the ingestion of chromium in
humans such as bloody diarrhea, vomiting,
spasms, methemoglobin malformations and

liver and kidney damage [30).

- Risk of exposure of the population
to copper: The level of exposure of the
population to copper resulting from the
consumption of tomato fruits from both
plots is probable in adults (QD = 6.67 for
TI, QD = 5 for To), but very probable in
children (QD = 40 for T1, QD = 30 for To)
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and infants (QD = 80 for TI, QD = 60 for
To).

For snails, the level of exposure of the
population to copper due to the consump-
tion of cephalopods of snails exposed on
both plots is probable in adults (QD = 3.12
for EO, QD = 1.44 for EN, QD = 2.83 for
ET). On the other hand, it is very likely in
children (QD= 18.65 for E0, QD= 8.66 for
EN, QD= 16.98 for ET) and in infants
(QD= 37.30 for E0, QD= 17.32 for EN,
QD= 33.97 for ET).

The results prove that the consumption
of these foodstuffs is very risky for any
category of individual. In fact, epidemio-
logical studies have shown cases of signi-
ficant increase in the incidence of gastro-
intestinal disorders such as diarrhea,
nausea, abdominal pain and vomiting
related to the ingestion of foods polluted by
copper sulfate [31].

- Risk of exposure of the population
to nickel: The level of exposure of the
population to mnickel relative to the
ingestion of tomato fruits from the two
plots is probable in adults (QD = 1.17 for
TI, QD = 2.3 for To), but very probable in
children (QD = 7 for T1, QD = 13.8 for To)
and infants (QD = 14 for TI, QD = 27.6
for To). This suggests that the consump-
tion of these tomato fruits is very risky for
the population of all ages. Indeed, epide-
miological studies report cases of disorders
linked to nickel ingestion such as nausea,
abdominal cramps, diarrhea, vomiting,
dizziness, lightheadedness, pulmonary
embolism, respiratory failure, failure at
delivery, asthma, chronic bronchitis,
allergic reactions (skin rashes and heart
problems) and immunological, hemato-
logical, hepatic, renal and genotoxic effects

on embryonic development [29, 32, 33].
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- Risk of exposure of the population
to arsenic: The level of exposure of the
population to arsenic resulting from the
consumption of cephalopods of snails
exposed on the two plots is very likely in
adults (QD = 13.14 E0, QD = 10.92 for
EN), in children (QD = 78.81 for E0, QD
= 6549 for EN) and in infants (QD =
157.62 E0, QD = 130.98 for EN). The
results show that children are approxi-
mately five times more exposed than
adults. Concerning infants, they are
approximately twelve times more exposed
than adults. The risk linked to the presence
of arsenic, a non-essential chemical element
and very toxic to humans, is unacceptable.
Indeed, epidemiological studies have
observed toxic effects linked to the
consumption of foods containing arsenic
through gastrointestinal manifestations,
more or less pronounced liver and kidney
disorders, cardiovascular manifestations,
hypertension and tachycardia [34, 35].

Based on the results obtained, it
appears that the consumption of tomato
fruits and snail proteins containing
glyphosate does not present any health risk
within the population consuming these
foods. For reference institutions in
toxicological studies, populations consu-
ming these foods containing this toxic
chemical substance are theoretically out of
danger (QD < 1). On the other hand, the
consumption of these foods containing
ETMs by the population is very risky (QD
> 1). That is to say, the risk linked to the
presence of ETMs in these foods is
unacceptable. As a result, the health of the
population consuming tomato fruits and
snails is affected, that is to say exposed to
danger [36, 37].
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4 Conclusion

The present work aimed to study the
level of contamination of soils, tomatoes
and snails by ETM, glyphosate and its
metabolites in order to assess the health
risks to which the population is exposed by
consuming these foods. The study was
carried out on eight samples taken from two
agricultural soils.

Regarding the commercial sample of
glyphosate used, the results show the
presence of glyphosate, AMPA and ETM at
very high concentrations not declared by
the manufacturer. On the other hand,
glufosinate was not detected. This could
lead the competent authorities to strictly
check the products sold on the markets.

At soil level, the results obtained show
average concentrations of glyphosate,
AMPA and glufosinate below the detection
limit of the device. This led to the
validation of the hypothesis of the
degradation of these organic compounds in
the soil studied after ten months. Several
ETMs were detected in the samples
analyzed at concentrations sometimes
higher than the established standards.

In tomato fruits, the results obtained
showed cases of contamination. Glyphosate
was quantified at values higher than the
standard established for vegetables. Cases
of metallic contamination were also
observed with concentrations higher than
the standard. Most cases of contamination
were observed in samples from soil treated
with herbicide.

Concerning the species Cantareus
aspersus, the results found show cases of
contamination by glyphosate and ETMs.
The analysis of glyphosate in the samples

revealed its presence in the samples of
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snails before exposure (E0) and of snails
taken from the site treated with herbicide
(ET). ETMs were detected in the samples
analyzed at significant concentrations. This
means that the tomato fruits and the
cephalopods studied are highly contami-
nated.

Regarding the characterization of
health risks related to the consumption of
these foods, the results obtained show that
populations are in danger. The risk of
poisoning of the population remains alar-
ming given that glyphosate and ETM are
toxic chemical compounds.

We call on public decision-makers to
take appropriate measures to protect the
population. This study deserves to be
carried out on all foods consumed by the

population.
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