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Abstract In this study, a food survey was carried out
with two purposes: (1) to investigate the levels of nickel
(Ni), zinc (Zn), and copper (Cu) in various vegetables
randomly collected in supermarkets of La Rochelle and
(2) to assess the potential health risk for consumers by
estimating the daily intake (EDI) and the target hazard
quotient (THQ) for each heavy metal. The concentra-
tions of Ni, Cu, and Zn in selected foodstuffs were
detected within the following ranges: (3.2-9.6), (25.2—
104.7), and (10.8-75.6) mg/kg (DW), respectively.
Results showed that metals are more likely to accumu-
late in fruit vegetables (8.8, 63.8 and 47.8 mg/kg DW
for Ni, Cu, and Zn, respectively), followed by leafy
vegetables (6.5, 60.9 and 42.6 mg/kg DW for Ni, Cu,
and Zn, respectively) and finally root vegetables (5.4,
40.0 and 27.3 mg/kg DW for Ni, Cu, and Zn, respec-
tively). The levels of the metals match with those re-
ported for similar vegetables from some other parts of
the world. For all foodstuffs, £DI and THQ were below
the threshold values for Cu (EDI 11.30; THQ 0.283) and
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Zn (EDI 6.86; THQ 0.023), while they exceeded the
thresholds for Ni (ED/20.71; THQ 1.035), indicating an
obvious health risk over a life time of exposure.

Keywords Heavy metals - Vegetables - Consumption
survey - Health risks assessment - Dietary intake - Target
hazard quotient (THQ)

Introduction

Human exposure to heavy metals through food, air, and
water has increased dramatically during the past century,
as a result of different anthropogenic activities such as
industrialization, mining, wastewater irrigation, sludge
application, used of agrochemicals, and vehicular emis-
sion (Cherfi et al. 2015; Jarup 2003; Li et al. 2014; Liao
et al. 2011; Khan et al. 2014, 2015a). Thus, the heavy
metal pollution has become of great concern because of
food safety issues, potential health risks, and its detri-
mental effects on soil ecosystems (Jarup 2003; Waqas
etal. 2014; Li et al. 2014). As a result, the monitoring of
heavy metal contents in foods including fruits and veg-
etables is becoming a vital necessity. Indeed, fruits and
vegetables are important components of human diet
across the world both in terms of quantities consumed
and nutritional value (Khillare et al. 2012; Khan et al.
2015b). They are rich sources of proteins, vitamins,
minerals, and fibers and have also beneficial antioxida-
tive effects (Hu et al. 2013; Minkina et al. 2012).
Regular surveys and monitoring programs of heavy
metal contents in foodstuffs have been carried out for
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decades in many countries (Becker et al. 2011; Cherfi
et al. 2014, 2015; Hu et al. 2013; Khan et al. 2008;
Khillare et al. 2012; Parveen et al. 2003; Pennington and
Young 1990; Rodriguez-Iruretagoiena et al. 2015;
Roychowdhury et al. 2003; Song et al. 2009; Tuzen et
al. 2007; Wang et al. 2005; Yang et al. 2011). Among
these metals harmful for humans, nickel (Ni) is known
as carcinogenic metal and an environmental and occu-
pational pollutant. Chronic exposure to Ni has been
connected with lung cancer, cardiovascular disease,
neurological deficits, developmental deficits in child-
hood, and high blood pressure (Chervona et al. 2012;
De Brouwere et al. 2012). Other metals such as copper
(Cu) and zinc (Zn) are essential for important biochem-
ical and physiological functions and necessary for main-
taining health throughout life (Li et al. 2014). Even
though Zn is an essential requirement for a healthy body,
excess Zn can be harmful; indeed, excessive absorption
of this element can suppress Cu and Fe absorption. In
human body, free Cu causes toxicity; indeed, as a tran-
sition element (valence of either Cu” or Cu'™), Cuis a
key participant in numerous enzyme reactions that gen-
erate reactive oxygen species (ROS), molecules such as
superoxide, hydrogen peroxide, the hydroxyl radical,
and others. These ROS can damage all kinds of mole-
cules such as proteins, lipids, DNA, etc. (Brewer 2010).

Previously several studies have focused on vegetable
contamination with toxic heavy metals, mostly collected
from agricultural fields (Cherfi et al. 2015; Khan et al.
2008, 2010; Liao et al. 2011; Parveen et al. 2003).
However, the present study provides data on Ni, Cu,
and Zn contents in some selected vegetables sold in
supermarkets of La Rochelle city (France). This study
aimed to investigate the concentrations of Ni, Cu, and
Zn in the vegetables collected from supermarkets and
figure out whether they meet the agreed international
requirements or not. The study also focuses on the
health risks through the estimated daily intake (EDI)
and the target hazard quotient (THQ) of these metals
via consumption of vegetables.

The THQ-based risk assessment method, recognized
as being valid and useful, does not provide a quantitative
estimate on the health risks; it provides an indication of
the risk level due to pollutant exposure (Chien et al.
2002; Wang et al. 2005). The THQ; is a ratio of deter-
mined dose of a pollutant to a Reference Dose (RD): If
the ratio is less than 1, there is no obvious risk from the
substance over a lifetime of exposure. Conversely, if
THQ; is higher than 1, the toxicant may produce an
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adverse effect. The higher the THQ; value, the higher
the probability of experiencing long term carcinogenic
effects (Song et al. 2009).

Materials and methods
Sampling, preparation, and analysis

Samples of 12 vegetables (zucchinis, tomato, green
peppers, eggplant, salad, cabbage, fennel, potato, onion,
carrot, leek, and turnip) were collected during the first
2 weeks of October 2014 from three supermarkets sur-
rounding the city of La Rochelle in order to quantify the
Zn, Cu, and Ni contents in their edible parts.
Approximately, 4 kg of each vegetable was randomly
collected in different boxes. These vegetable samples
were washed and cleared of rotten and damaged parts,
grinded and homogenized in a mixer grinder, and then
oven-dried at 105 °C for 24 h to get the moisture
content. Two grinded samples (3 g, each) for each food
item were dry-ashed for 3 h in porcelain crucibles at
450 °C in a muffle furnace. The ash was then digested
with 10 mL of concentrated nitric acid solution, filtered
using Whatman filter paper No. 41 and diluted to 50 mL
into a volumetric flask (Andrade Korn et al. 2008;
Haswell 1991). The analysis for heavy metals of interest
was performed using a flame atomic absorption spec-
trophotometer (Perkin Elmer, A Analyst 200). The de-
tection limits of the apparatus were 1.5 pg/L for Zn and
Cu and 6 pg/L for Ni. All measurements were made
under the following conditions: air-acetylene flame,
spectral bandwidth 0.5 nm, lamp current 10 mA, air
flow rate 10 L/min, and acetylene flow rate 2.5 L/min.
Five separate readings were made for each solution at
the wavelengths (nm): 213.86 for Zn, 324.75 for Cu,
and 232 for Ni. The means of these measurements were
used to calculate the concentrations.

All chemical reagents used were of analytical grade.
Stock solutions of diverse metals were prepared from
the high purity compounds (99.9 %) purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Health risk assessment: estimated daily intake—target
hazard quotient

In order to evaluate the health risks through consump-
tion of vegetables by the local inhabitants, the estimated
daily intake (EDI: pg of the selected heavy metal/day kg
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body wt.) and the target hazard quotient (THQ) were
calculated using Egs. (1)-(3).

Index i indicates the foodstuffs categories consumed
referring to 12 vegetables in this study.

Epr, = SLm (1)
BWa
C.F
12 12 IR
EDI =Y 2 Epr; =312 B (2)
EFrx EDyy x Fig x C
THQ, = = ~Cme X TR E 0 (3)

RyD x BWa x AT,

In Eq. (1), EDI; is the estimated daily intake by
individual foodstuff, C the measured concentration
of the targeted metal in individual vegetable (ug/
kg FW), Fjz the individual food ingestion rate of
the selected dietary (g FW/person day (Volatier
2000)) and BWa is the average body weight
(77 kg for men between 18 and 65 years of age
(De Saint Pol 2007)).

EDI given by Eq. (2) is the total estimated daily
intake of each heavy metal through consumption of all
foodstuffs.

In the Eq. (3) established by the Environmental
Protection Agency (US EPA 2000a; b), EFr is the
exposure frequency (365 days/year), ED,,; the ex-
posure duration (78.4 years for men (Bellamy and
Beaumel 2013)), RD the oral reference dose (ug
heavy metal/day kg body wt.), AT, the averaged
exposure time for non-carcinogens (365 day/year
for EDy,) and 107 is the unit conversion factor
(Chien et al. 2002; Hu et al. 2013; Song et al.
2009; Wang et al. 2005).

The total target hazard quotient (77HQ) and the multi-
metal (combined) target hazard quotient (CTHQ) were
also calculated by using Egs. (4) and (5), respectively.

12

TTHQ = THQ, (4)
i=1
3

CTHQ = THQ, (5)
j=1

Where j represents the index of heavy metal referring
to Cu, Zn, and Ni.

The TTHQ, total THQ, gives an evaluation of health
risks for each studied heavy metal through consumption
of all concerned foodstuffs (i.e., the sum of individual
metal THQ,).

The CTHQ, combined THQ, evaluates the risks of
the three studied metals together (i.e., all of Cu, Zn, and
Ni) in each vegetable separately. In this study, CTHQ is
estimated for each food item separately as the mathe-
matical sum of individual THQ; of all studied metals
(Eq. (5)). Indeed, it has been reported that exposure to
two or more pollutants may result in additive and/or
interactive effects (Wang et al. 2005).

Results and discussions
Concentrations and dietary daily intake of heavy metals

Table 1 presents the concentrations of Ni, Cu, and Zn
(mg/kg DW) in the selected vegetables collected from
supermarkets of La Rochelle, France. The levels of these
targeted heavy metals, based on sample fresh weight
(mg/kg FW), in similar vegetables reported from the
other parts of the world are given in Table 2. The
estimated values of EDI; and EDI (calculated through
Egs. (1) and (2)) through ingestion of vegetables are
presented in Table 3.

In Table 1, the metal concentrations (mg/kg DW)
found in the studied vegetables range between (3.24 in
turnip—9.63 in tomato) for Ni, (25.23 in potato—104.68
in tomato) for Cu, and (10.83 in potato—75.60 in zuc-
chinis) for Zn. The results in Table 1 show that the
concentration order of heavy metals in the analyzed
vegetable samples is Cu>Zn>Ni. The mean concentra-
tion of Cu is found to be equal to one and half times that
of Zn and eight times that of Ni. Results show also that
among the selected vegetables, the highest concentra-
tions of heavy metals were noticed in fruit vegetables:
respectively in tomato, salad, zucchinis, and green
peppers.

Figure 1 shows the distribution of heavy metals by
vegetable category: fruit vegetables, root vegetables,
and leafy vegetables. For all studied heavy metals, it
can be concluded from Fig. 1 that the accumulation
seems to be favored in fruit vegetables, followed by
leafy vegetables, and finally root vegetables. The arith-
metic mean concentrations of metals (mg/kg DW) were
[fruit vegetables 8.79, leafy vegetables 6.51, root vege-
tables 5.36] for Ni (Fig. 1a), [fruit vegetables 63.78,
leafy vegetables 60.94, root vegetables 40.04] for Cu
(Fig. 1b) and [fruit vegetables 47.80, leafy vegetables
42.56, root vegetables 27.35] for Zn (Fig. 1¢).

@ Springer



136 Page 4 of 10

Environ Monit Assess (2016) 188:136

Table 1 Concentration of Ni, Cu, and Zn (mg/kg dry weight) in vegetables

Foodstuffs Moisture (%) Concentrations of metals (mg/kg dry wt.)

Ni SD* Cu SD* 7n SD*
Zucchinis 95.56 9.33 1.92 54.75 11.55 75.60 0.93
Green peppers 94.33 7.06 1.09 51.34 7.83 39.48 1.16
Fennel 94.51 495 1.65 51.06 11.01 37.44 1.75
Turnip 93.60 3.24 1.46 29.78 8.40 20.36 0.69
Salad 96.64 7.94 2.15 82.21 13.86 46.44 1.36
Carrot 88.80 5.97 0.46 30.38 4.76 35.56 0.56
Eggplant 93.70 9.12 1.28 44.36 6.78 24.41 1.27
Leek 91.53 6.43 0.97 44.08 447 36.56 0.79
Cabbage 91.22 6.63 0.55 49.55 8.11 43.81 0.34
Potato 83.59 6.41 0.52 25.23 7.32 10.83 0.17
Tomato 95.59 9.63 1.12 104.68 20.01 51.71 1.75
Onion 91.24 4.74 0.52 70.71 8.14 33.46 1.61

# Standard deviation

From a literature review, there is empirical evidence
that legumes accumulate low amounts, root vegetables

moderate amounts and leafy vegetables high amounts of
trace metals (Alexander et al. 2006; Finster et al. 2004;

Table 2 Levels of nickel, copper, and zinc in vegetables (mg/kg fresh weight) from the French market compared with previously published

results from other parts of the world

Present study India® Algeria®  USA® Spain’ Sweden ¢ Pakistan’ China®

Ni Cu Zn Ni Cu Zn Cu Zn Cu Zn Ni Cu Zn Cu Zn Ni Cu Zn Ni Cu Zn
Potato 1.05 4.14 1.78 03 094 428 0.80 3.32 051 22 - - - 077 277 083 0.1 - 0.05 1.03 3.77
Onion 042 6.19 293 049 1.09 472 198 4.06 041 1.8 — - - - — - 0.09 0.83 — — -
Leek 0.54 3.73 3.10 — - - - - - - - - - - - - - - 0.07 0.51 2.72
Tumip 021 191 130 — — — — — —
Carrot 0.67 340 398 - - - 1.94 1.81 052 25 — - - - - - - - - - -
Tomato 042 4.62 228 — - - 577 594 058 13 1.02 138 55 — - 4.15 231 245 0.03 041 1.05
Green 040 291 224 - - - 0.33 0.81 0.74 14 — - - - - - - - - - -

peppers

Eggplant 0.57 2.80 1.54 — - - - - - - - - - - - - - - 0.04 0.77 1.70
Zucchinis 041 243 335 — - - 040 133 - - = - - - - - - - - - -
Fennel 027 2.80 2.06 — - - - - - - - - - - - - - - - - -
Cabbage 0.58 4.35 385 — - - - - 0.12 09 - - - - - - 0.05 0.25 242
Salad 027 2.76 156 - - - 0.31 1.75 027 1.6 — - - - - - 2.08 — - - -

#Roychowdhury et al. 2003
® Cherfi et al. 2014
¢ Pennington and Young 1990

4 Rodriguez-Iruretagoiena et al. 2015

¢ Becker et al. 2011
fParveen et al. 2003

€Song et al. 2009
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Table 3 Estimated daily intake (EDI;, EDI, Multi-metal EDI) of heavy metals through consumption of vegetables

Categories Foodstuffs Frr* EDJ (ng/day kg body wt.) Total multi-metal EDI
(g/day person)
Cu Zn Ni
Root vegetables Potato 82.19 441 1.89 6.84 13.14 21.56
Carrot 26.03 1.15 1.34 2.02 4.51
Onion 12.33 0.99 0.47 0.76 222
Leek 8.49 0.41 0.34 0.71 1.46
Turnip 2.74 0.07 0.05 0.12 0.23
Fruit vegetables Tomato 41.10 2.46 1.21 5.14 8.81 12.78
Zucchinis 14.52 0.46 0.63 1.76 2.85
Green peppers 4.66 0.18 0.14 0.43 0.74
Eggplant 2.19 0.08 0.04 0.26 0.38
Leafy vegetables Salad 20.00 0.71 0.40 2.06 3.18 4.53
Cabbage 6.30 0.36 0.31 0.54 1.21
Fennel 1.10 0.04 0.03 0.07 0.14
EDI (pg/day kg body wt.) 11.30 6.86 20.71 38.88
PTDI® (ug/day kg body wt.) 500 1000 5

#Food ingestion rate (Volatier 2000 (INCA))
® Provisional tolerable daily intake (FAO/WHO 2001)

Saumel et al. 2012). However, it is good not to general-
ize, because the capacity for uptake and accumulation of
trace metals depend on many other factors including
plant species, type of contaminant, soil conditions, and
characteristics such as pH, electrical conductivity, and
organic carbon (Khan et al. 2014; Wagqas et al. 2014).
Therefore, heavy metals vary among the parts of a given
plant and among varieties of the same crop species
(Alexander et al. 2006; Finster et al. 2004; Sdumel
et al. 2012). Thus far, little is known about the
involved mechanisms in the metal uptake, transfer,
and redistribution within vegetables (Sdumel et al.
2012). Many studies are still ongoing and will
provide additional details in this field in the com-
ing years. Furthermore, in our case, the collected
products for the study purposes (three leafy vege-
tables, four fruit vegetables, and five root vegeta-
bles) were those intended for citizen’s consump-
tion, regardless of their origin; our market basket
contained vegetables from different regions of
France, Spain, Morocco, and other countries for
some items (USA, Italy, etc.).

From Table 2, it can be concluded that the metal
content in vegetables of this study are generally compa-
rable for Ni and Zn with other countries: USA
(Pennington and Young 1990), India (Roychowdhury
et al. 2003), Algeria (Cherfi et al. 2014), Sweden

(Becker et al. 2011), and Pakistan (Parveen et al.
2003). However, Ni levels are higher in Spain
(Rodriguez-Iruretagoiena et al. 2015) and Pakistan
(Parveen et al. 2003) for tomato while they are much
lower in China (Song et al. 2009) for all commodities.
Besides, Zn levels in this study have showed a diver-
gence from other countries: lower in potato, onion, and
salad than similar item analyzed by Roychowdhury
et al. (2003), Cherfi et al. (2014), Becker et al. (2011),
and Song et al. (2009) while they are higher in carrot,
zucchinis, green pepper, and cabbage than samples
analyzed by Cherfi et al. (2014) and Pennington and
Young (1990).

On the other hand, the levels of Cu in the present
study were higher, especially for potato and onion, than
those in other countries: USA (Pennington and Young
1990), India (Roychowdhury et al. 2003), Algeria
(Cherfi et al. 2014), Sweden (Becker et al. 2011), and
Pakistan (Parveen et al. 2003). But Cu levels were lower
in tomato than those reported by Cherfi et al. (2014) and
Rodriguez-Iruretagoiena et al. (2015). It should be no-
ticed that these authors (Rodriguez-Iruretagoiena et al.
2015) did their study in a relatively polluted area of the
Basque country. Those relatively high contaminations
of some vegetables by Cu might be closely related to the
pollutants in irrigation water. Indeed, the Poitou-
Charentes region is subjected to chronic pollution by

@ Springer
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Fig. 1 Distribution of heavy

Ni (mg/kg)

(a)
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chemical micro-pollutants, especially by three metals:
Hg (mercury), Cu, and Zn (ORE Poitou-Charentes
2007). For Cu, three types of sources have been report-
ed: the effluents of industrial farming, grapes process-
ing, and replacement of tributyltin by Cu in antifouling
paints on ships less than 254 m (ORE Poitou-Charentes
2007). However, considering the average consumption
of the studied vegetables given in Table 3 and the
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relatively low toxicity of Cu, these levels do not seem
to put a real threat to human health. In fact, the estimated
daily intakes of the studied heavy metals caused by
ingestion of vegetables and presented in Table 3 show
that the contribution of vegetables to the total intake of
Cu, Zn, and Ni ranged, respectively, between (0.04—
4.41), (0.03-1.89) and (0.07-6.84) pg/kg body wt.
The highest contribution for all intakes of metals was
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Table 4 Individual, combined and total target hazard quotients (THQ,, CTHQ, TTHQ) of heavy metals contents in vegetables

Categories Foodstuffs Target hazard quotient (THQ;) CTHQ*
Cu Zn Ni
Root vegetables Potato 0.1101 0.0063 0.3422 0.4587 0.7115
Carrot 0.0287 0.0045 0.1009 0.1341
Onion 0.0248 0.0016 0.0379 0.0643
Leek 0.0103 0.0011 0.0354 0.0469
Turnip 0.0017 0.0002 0.0058 0.0076
Fruit vegetables Tomato 0.0614 0.0040 0.2570 0.3224 0.4654
Zucchinis 0.0115 0.0021 0.0880 0.1016
Green peppers 0.0044 0.0005 0.0214 0.0262
Eggplant 0.0020 0.0001 0.0130 0.0151
Leafy vegetables Salad 0.0178 0.0013 0.1031 0.1223 0.1640
Cabbage 0.0089 0.0010 0.0271 0.0371
Fennel 0.0010 0.0001 0.0035 0.0046
TTHQ" 0.2826 0.0229 1.0353 1.3408

# Combined (multi-metal) target hazard quotient

® Total target hazard quotient

noticed for potato while the lowest was noticed for
fennel. Furthermore, the total dietary intake of Cu and
Zn (11.30 and 6.86 ng/day kg body wt., respectively)
are largely below the Provisional Tolerable Daily Intake
values (PTDI) of FAO/WHO (500-1000 pg/day kg
body wt. for Cu and Zn, respectively). On the other
hand, the total dietary intake of Ni (20.71 pg/day kg
body wt.) is four times the threshold PTDI of FAO/
WHO (5 pg/day kg body wt.) and is far above the
tolerable limit. As a consequence, adverse effects related
to Ni on resident’s health could be expected from con-
sumption of vegetables. From results in Table 3, it can
also be concluded that the higher contribution to the
total multi-metal intake was caused by consumption of
root vegetables: 21.56 from 38.88 pg/day kg body wt.,
which represents 55.46 %. The contribution of fruit
vegetables was 32.88 % while that of leafy vegetables
was 11.66 %.

Fig.2 Percentage of contribution
of each vegetable and vegetable
category in the total multi-metal
THQ

Fruit vegetables

(34.71 %)

Tomato (24.05 %)
Zucchinis (7.58 %)

Green peppers (1.96 %)

Eggplant (1.13 %)

Based on these insights, we concluded that although
root vegetables were the less contaminated among the
selected vegetables, the risks associated with their con-
sumption are the higher because they were the most
consumed vegetables. We concluded also that Ni is the
major component contributing to the potential health
risk via consumption of vegetables by the local
inhabitants.

Health risks assessment, based on the target hazard
quotient (THQ)

Oral reference doses (RD) were based on 40, 300, and
20 (ng/day kg body wt.) for Cu, Zn, and Ni, respectively
(US EPA 2000a; 2003; 2007a; 2007b). THQ; values
obtained from Eq. (3) are presented in Table 4 along
with total and combined (multi-metal) target hazard

Leafy vegetables (12.23 %)

Salad (9.12 %)
Cabbage (2.77 %)
Fennel (0.34 %)

Root vegetables (53.06 %)

Potato (34.21 %)
Carrot (10.00 %)
Onion (4.79 %)
Leek (3.49 %)
Turnip 0.57 %)
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quotients (TTHQ and CTHQ) calculated from Egs. (4)
and (5), respectively.

Results in Table 4 show that the THQ; of Cu, Zn, or
Ni is generally less than 1 for all vegetables, suggesting
that it is not risky for the citizens to consume these
elements separately. But, some attention should be paid
for the Ni content in potato, tomato, and carrot because
their THQ; values are not far below the threshold value
of 1. This suggests that the ingestion of Ni may pose risk
for inhabitant’s health via consumption of these vegeta-
bles together. Indeed, among the three selected metals,
the Ni’s THQ is largely the highest whatever the vege-
table. From Table 4, we can also conclude that the
average contribution of Ni in the total multi-metal
THQ exceeds 77 %, followed by Cu (21.08 %) and Zn
(1.71 %). We notice then that Ni is the most dangerous
metal among those studied. It is known as a carcinogen-
ic metal whose continuous intake has been con-
nected with increased risk of lung cancer, cardio-
vascular disease, neurological deficits, develop-
mental deficits in childhood, and high blood pres-
sure (Chervona et al. 2012). Hence, consumption
of vegetables may have a relatively high potential
health risk, for the local inhabitants. On the other
hand, the potential health risk of Zn is the lowest,
which may be ascribed to its higher RD.

The results in Table 4 show also that among the 12
studied vegetables, the CTHQ associated with the con-
sumption of potato, the most consumed among the
studied vegetables, is the highest (0.459), followed by
tomato (0.322), carrot (0.134), salad (0.122), and zuc-
chinis (0.102). This ranking is best shown in Fig. 2 in
terms of percentage of contribution for each vege-
table and vegetable category in the total multi-
metal THQ: Potato (34.21 %), tomato (24.05 %),
carrot (10 %), salad (9.12 %), zucchinis (7.58 %),
etc. According to Fig. 2, it can also be concluded
that root vegetables take the lead with a percent-
age of contribution in the total multi-metal THQ
exceeding 53 %, followed by fruit vegetables
(34.71 %) and leafy vegetables (12.23 %).

Finally, the results in Table 4 show a TTHQ higher
than 1 for Ni and a CTHQ which can exceed 1 by
combination of more than four foodstuffs, suggesting
that consumers may experience major health risks relat-
ed to this metal. All the measurements highlight the
necessity to take action in order to overcome some
dangerous consequences consumers undergo in the
short future with regard to health issues.

@ Springer

Conclusions

The present study generated additional useful data of
heavy metal contents in vegetables sold in La Rochelle
city (France) and the health risk of the local inhabitants,
based on the estimated daily intake (D) and the target
hazard quotient (7THQ). The study showed that some
consumed vegetables were highly contaminated with
some heavy metals and exceeded their standards
established by FAO/WHO. The bioaccumulation of
metals seems to be favored in fruit vegetables, followed
by leafy vegetables and finally root vegetables. The
evaluation of EDI and THQ has indicated that health
risks involving a single heavy metal are not significant
for Cu and Zn. However, the total THQ of Ni was higher
than 1 which signifies an obvious hazardous exposure
over a life time to this toxic metal through consumption
of vegetables. This study suggests that much more at-
tention should be given particularly to the Ni levels to
assure food safety.
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