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Abstract

Dietary intake of Tunisian adult population in cobalt was assessed using Total Diet Study method. Research and quantification
of cobalt was performed on 42 core food groups represented by 73 food samples. One core food group “spices” had a cobalt concentration
(0.33 mg / kg) higher than the LOQ. The estimated average of mean daily intake in Cobalt for the Tunisian adult population ranged from
2.21 103 (LB) to 0.11 mg/kg bw/day (UB), the mean daily intake in 5" percentile ranged from 4.42 10 (LB) to 6.84 10 mg / kg bw/day
(UB) and the in the 95" percentile ranged from 5.37 10~ (LB) to 0.161 mg/kg bw /day (UB).

The estimated mean daily intake in Cobalt compared to body weight for the Tunisian adult population ranged from 2.95 10 at
LB to 1.40 10 mg/kg bw/day at UB, at the 5" percentile it ranged from 5.90 10 in the LB to 9.12 10 mg/kg bw/day in the UB, and in
the 95" percentile it ranged from 7.15 10 (LB) to 2.15 107 mg/kg bw/day (UB).

The mean daily intake in Cobalt represented 92 % (LB) to 4378 % (UB) the Minimum Nutritional Recommended value. At the
5% percentile the Cobalt intake represented 18 % (LB) to 2849 % (UB) of the Minimum Nutritional Recommended value.

The mean daily intake in cobalt relative to body weight for the Tunisian adult population varies from 2 % (LB) to 88 % (UB) per-
centage of the Safety Limit (SL). At the 95" percentile the mean daily intake in cobalt represented 4 % (LB) to 134 % (UB). The percentage
of individuals with an intake higher than the LS ranged from 0 % (LB) to 28.40 % (UB).

The present findings indicate that the theoretical risk of insufficient cobalt intake and the theoretical risk of excessive Cobalt
intake cannot be dismiss with certainty.
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Introduction

Cobalt is a natural element [1]. The earth’s crust contains
0.0023 % cobalt [2]. It is usually associated with other metals such
as copper, nickel, manganese and arsenic [2]. Cobalt is found in
the form of cobalamin (vitamin B12), in animal products such as
meat, fish, poultry, seafood, milk, cheese and eggs and in inorganic
form in plants [3,4]. Vitamin B12 must be provided by ruminants
to humans and species with a single gastric pouch because they
are unable to produce vitamin B12 from cobalt [5,6]. Cobalt is
absorbed by the oral and pulmonary routes. Absorption through
intact skin is very low or nil [3]. Oral absorption of cobalt in hu-
mans depends on the form of the chemical element, its dose and
the nutritional status of the person exposed to it. The absorption
of cobalt by the gastrointestinal tract depends on the solubility of
the element and the iron deficiency of the exposed person [7]. Co-
balt could be cardiotoxic; indeed, cardiomyopathies have been ob-
served in Belgium, the United States and Canada in beer drinkers
with cobalt used as a foam-modifying agent [2]. There are other
findings on adverse health effects related to cobalt; the repeated
absorption of cobalt can also produce hypothyroidism and thyroid
hyperplasia. Some cases of polycythemia have also been reported
in cobalt-contaminated beer drinkers or exposed workers [3,8].
Cobalt may increase the risk of broncho-pulmonary cancer associ-
ated with exposure to hard metals (cobalt associated with tungsten
carbide) [3,8]. In vivo and in vitro studies have shown that cobalt
salts (dichloride or acetate) are capable of inducing genotoxic al-
terations such as DNA damage, gene mutations, micronucleus for-
mation, chromosomal aberrations in humans oral (ANSES 2011,
Health Canada, 2011). Cobalt deficiency has not been described
apart from vitamin B12 deficiencies, of which it is one of the con-
stituents (Basdevant, et al., 2001) [9].

Methodology
Trace element selection

WHO offers a list of the main priority contaminants to
be looked for during the TDS (WHO, 2002) [7] but not for nutri-
ents and each country decides on its own priorities? The choice

fell on trace element cobalt.
Selection of the core food list

The food list was derived from the food consumption
database of a household survey carried out by the National Insti-
tute of Statistics (NIS, 2010). This survey was conducted with a
sample of 6,500 households representative of the Tunisian pop-
ulation covering the entire geographic (governorate, delegation

and district) and socio-economic distribution. There was also

a stratification between communal (urban) and non-commu-
nal (rural) environments. The house hold samples were rotated
(the same house hold was visited two times a day for one week).
The observation period of food consumption for each house-
hold was of one week. Thus, the researcher analyzed the menu
of each main meal (lunch and dinner) twice a day for 7 consecu-
tive days. Each time the researcher would weigh the quantities of
food intended to be consumed by the members of the household
and which constituted the ingredients for preparing the meals.
The researcher also noted the number of people present at that
meal. After the meal, the left overs were also evaluated and quan-
tified, including the amounts of food in each dish, in order to
only record what had actually been consumed. During each visit,
the nature and quantity of all other foods taken between meals
were systematically recorded. However, any meals taken outside
the household were not taken into account. Only snacks eaten
outside were taken into consideration. If a person did not eat a
certain meal at home, but did not eat elsewhere either, the por-
tion would be adapted (coeflicient that takes into account the
“catch-up” during the following meal).Once processed, the con-
sumption data obtained from the National Household Budget
and Quality of Life Survey conducted by the National Institute
of Statistics of Tunisia (NIS, 2010), enabled us to determine the

average amount of food “as consumed”

The consumption database is in g/week of food “as pur-
chased” per household. The quantities “as purchased” have been
converted into “edible parts” of food (by the application of yield
coeflicients) and then into amount of food “as consumed” (by
applying cooking coefhicients) (NINFT, 2007).The results of this
survey make it possible to approximate the amounts of food “as
consumed” rather than “as purchased” in grams per day and per

person.

In order to be able to work on data corresponding to the
equivalent of “individual consumption”, the total consumption
for each household has been converted into data equivalent for
one adult. Each individual was assigned a “consumption coeffi-
cient” (adult equivalence factor (FAO/WHO/UNU, 2004)).

The amounts weighed are therefore related to the
number of persons (individuals who actually consumed them).
The results of this survey make it possible to approximate the
amounts of food consumed (food “as consumed” rather than “as
purchased”) in grams per day and per person and to establish a
list of foods to be analyzed representative of the Tunisian diet as
described in Table 1.
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Table 1: list of foods to be analyzed representative of the Tunisian diet

MEAN DAILY CONTRIBUTION | MAXIMUM MEDIAN SD (g/
FOOD % CONSUMPTION | TO TOTAL DIET | DALY (P50) DAILY AE/ | P
SUBGROUP CONSUMERS | /o (%) CONSUMPTION | CONSUMPTION | -0 | CONSUMERS
8 tf ° (g/AE/day) (g/AE/day) y
(g/AE/day)
wheat Couscous
and traditional | 83,74 % 315,13 10,86 % 312549 157,36 408,73 | 1168,57
bread
wheat Couscous | 13,83 % 62,27 2,15 % 2004,81 0 244,99 | 358,06
pasta 95,39 % 194,86 6,72 % 1286,65 169,32 136,49 | 431,49
Bread 94,90 % 246,19 8,48 % 714,29 246,13 140,43 | 495,55
pastries 66,75 % 31,08 1,07 % 681,82 11,105 60,89 | 121,45
Barley products | 30,10 % 9,36 0,32 % 267,23 0 27,52 | 4535
rice 20,39 % 18,87 0,65 % 375 0 4552 | 110,75
sorghum 3,64 % 4,69 0,16 % 372,49 0 31,72 |0
Dry legumes 84,22 % 28,25 0,97 % 186,34 18,515 29,92 | 83,08
Jute mallow 8,01 % 3,19 0,11 % 91,74 0 11,98 | 34,54
3:;2'::15;"“5 97,33 % 50,3 1,73 % 202,74 39,24 3922 | 135,18
f:‘;:’lt]::sd bulb 1 ¢ 79 06 41,04 1,41 % 250,88 32,97 32,52 | 100,37
potatoes 96,84 % 48,05 1,66 % 226,11 42,57 31,29 | 103,01
Vegetable
Cucurbitaceous
+ green
legumes+stems | 80,58 % 37,78 1,30 % 310,75 26,055 43,18 | 124,72
legumes+
brasissés
legumes
Leafy vegetables | 75,49 % 21,38 0,74 % 176,37 11,94 27,13 | 71,41
::::;Sge‘:l 97,57 % 29,32 1,01 % 128,7 27,125 1601 | 60,75
g‘i‘i‘:::‘al 18,93 % 0.9 0,03 % 21,84 0 267 | 616
Olive + pickles | 22,09 % 1,83 0,06 % 40,58 0 516 | 11,37
fCr‘:;‘Srb‘t“e"“s 22,57 % 62,72 2,16 % 1926,12 0 167,72 | 384,05
Citrus 42,96 % 25,65 0,88 % 638,96 0 60,96 | 108,25
dates 11,65 % 3,35 0,12% 83,24 0 11,75 | 25,08
f::l;t: stone+ 1 43699 35,52 1,22 % 511,04 0 62,56 | 165,13
Other fruits 35,44 % 33,61 1,16 % 641,65 0 7562 | 166,68
Meat of sheep
and goats and 56,80 % 15,9 0,55 % 131,93 7,81 22,5 63,83
cattle
Poultry meat 66,50 % 20,24 0,70 % 148,5 15,495 22,83 | 63,96
Chiken liver 3,16 % 0,54 0,02 % 50,33 0 384 |0
Eggs 83,50 % 17,58 0,61 % 94,52 12,78 17,39 | 51,9
Fat fish 42,23 % 11,23 0,39 % 112,62 0 1917 | 525
non fat fish 25,00 % 6,85 0,24 % 90,2 0 1476 | 37,88
Whole milk 35,44 % 52,99 1,83 % 798,03 0 110,38 | 272,86
Smei‘l"]:'Sk‘mmed 69,66 % 138,95 4,79 % 1026,19 112,435 149,12 | 414,11
yoghurts 49,03 % 15,85 0,55 % 303,03 0 30,76 | 68,52
Melted cheese | 20,63 % 0,91 0,03 % 24,24 0 245 | 625
sugar 97,33 % 32,23 1,11 % 181,48 26,935 24,48 | 72,83
JScholar Publishers J Food Nutr 2021 | Vol 7: 101




Olive oil 68,20 % 16,11 0,56 % 123,88 5,96 21,96 | 65,63
1
Zielg(?:lbnffe;‘;a) 91,75 % 41,01 1,41 % 197,55 38,145 29,11 | 87,82
Margarin 30,83 % 2,29 0,08 % 28,81 0 475 | 12,17
the 75,49 % 101,98 3,51 % 818,72 77,78 114,08 | 313,01
coffee 72,57 % 69,87 2,41 % 525,63 41,395 82,45 | 230,49
Soft drinks 48,06 % 44,95 1,55 % 426,44 0 67,76 | 168,86
Spices 97,33 % 6,7 023 % 43,08 5,42 517 | 1627
water 100,00 % 1000 34,46 % 1000 1000 0 1000

Foods were classified into food subgroups based on 1)
foods of the same category; 2) similar manufacturing methods;

3) a similar composition; and 4) similar cooking methods [10].

This constituted the basis for creating the food item list
for the sampling plan. Overall, 42 core food groups were selected

covering 97 % of the Tunisian diet.
Sample collection

After listing the most consumed foods, a purchase list
and a sampling guide were prepared according to the previous fi-
nal selection done. This resulted in 42 core food groups represen-
tative of the Tunisian diet (quantities, geographic type (regional
or national) and seasonality (winter, summer)).Identification of
food items to be purchased, their regional distribution and the
most consumed brands of food was done according to surveys of
the data provided by the various ministries in relation with food
control, inter-professional groups (UTICA), inter-professional

groups of red meat and milk, poultry and rabbit and distributors.

The investigation about the Tunisian food market pro-
duction and distribution concerned the entire food chain, from
production to final consumption. The data collected enabled us
to create a database for each core food category (canned goods,
pasta, milk and dairy, poultry and egg products, fish, oil and fats,
confectionery, biscuits, water, beverages, sugar and salt) and the

identify the geographic zone of the purchase.

The 42 selected core food groups were divided into28
national core food groups including processed and imported
food. Samples of these core food groups were purchased at the
wholesale market in Tunis (Bir El Kassaa) which centralizes im-
ports from abroad and unprocessed products from many of the
country’s governorates. Some samples were purchased from local
markets and specific sales outlets for certain foods such as pas-

tries, poultry, etc.

14 regional food groups: these are raw foods produced
in different ways and in different environments according to the

region (meat, fruits and vegetables) which may have variable lev-

els of contamination. The purchases were made in several places
such as the wholesale market in each of the 3 regions chosen for
fresh products (if a products was missing, it was purchased at a
municipal and/or a weekly market) while other products were

acquired at local shops (fresh milk, vegetables, spicy fish, etc.).

Each of the 42core food group samples was, as de-
scribed in Table 2,a composite sample composed by a weighted
proportion of foods according to the respective average amounts
of consumption as described in Table 1(e.g. dry legumes are
composed of 43.66 % dry beans, 43.7 % chickpeas and 12.65 %
lentils) (EFSA,2011) [8].

Analytical method

The analysis of cobalt was carried out in WEJ Contami-
nants GmbH (Hamburg), accredited (DIN EN ISO 17025) by the

German Accreditation Council.

The cobalt content in the different food groups (fresh
fruits and vegetables, cereals, milk and derivatives, meat and
derivatives, spices....) and in drinks (including water)was deter-
mined by Inductively Coupled Plasma / Atomic Emission Spec-
trometry (ICP-AES) and inductively Coupled Plasma / Mass
Spectrometry (ICP-MS) and this according to the food matrix.
The LOD varies from 0.03 to 0.07 mg/Kg and the LOQ varies
from 0.1 to 0.2 mg/Kg.

The analytical methods include the following steps: 1st
step: Pre-treatment:- Preparation of solid samples for testing
(vegetables and fruits, cereal products and derivatives, powdered
sugar, spices, meats, fish, eggs, oils and margarines) by homog-
enization of the sample according to the ‘EN 13804-2002, fol-
lowed by grinding, homogenization, weighing and placing in
a capsule.- Preparation of liquid samples for testing (tap water,
milk, carbonated drink) by homogenizing the sample according
to EN 13804-2002, followed by weighing and placing in a cap-
sule. 2nd step: Wet mineralization- Hot acid mineralization in
the heating block: the sample (solid or liquid) is digested in the
presence of concentrated acid (nitric acid), then it is heated at

90 ° C for three hours. For the solid sample, additional heating

JScholar Publishers
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is done for 4 hours at 160 ° C to obtain a liquid sample. 3rd step:
Dosage. The determination of cobalt.

Exposure estimation and treatment of censored data

The processing of censored data (<LOD or between LOD
and LOQ) was done according to the recommendations of the
International Program on Chemical Safety (IPCS / Gems / Food,
1995). This proposed treatment method for censored data has the
advantage of taking into account the effect of censorship as a func-
tion of the proportion of quantified results and thus of controlling
the uncertainties arising from the analytical limits in the exposure
values with lower bound, middle bound and upper bound sce-
narios. It is the proportion of <LOD (undetected) data that de-
termines the choice of scenario and the values that are assigned to
un-quantified data. Ifthe proportion of results was over60 %, the
lower bound (the concentration of non-quantified analytes set to
the zero) and upper bound (the concentration of non-quantified
analytes set to the limit of detection) scenarios were used. If the
results were £ 60 % (the concentration of non-quantified analytes
set to half the limit of the quantification) the middle bound sce-
nario was used. For results between LOD and LOQ, it is also the
proportion of <LOD (undetected) data that determines the choice
of scenario. If this proportion is between 60 % and 80 % or higher,
then the lower bound and upper bound scenarios are used. In the
lower bound case the consumption is multiplied by the LOD value
and in the upper bound case the consumption is multiplied by the
LOQ value. If the proportion of the results is <60 % then the mid-
dle bound scenario is chosen. The results between LOD and LOQ
are multiplied by 1/2 LOQ.

The cobalt intake was estimated by multiplying the food
consumption data for the food group by the cobalt content data for
that food group. It is expressed in the usual unit of measurement
of the element, that is, in milligrams per kilogram of body weight
per day (mg/kg bw/day). The total intake of cobalt is the sum of the
cobalt intake in all the aggregated food groups analyzed.

The total intake of cobalt was calculated using the fol-

n C. xT,

Eik = Z =

a=l pc[

lowing equation:

«e»

- E, is the total daily intake of the equivalent adult “i” to

pesticide “k” (mg/kg bw/day),

- C, is the average daily consumption of food “a” by the
equivalent adult (one person) “i” (kg/day),

- T, is the mean content of cobalt “k” in food “a” (mg/
kg),- pc, is the body weight of the equivalent adult “i” (kg).

- n is the total number of foods consumed by the equiv-

alent adult (one person) “i

In this study, the total daily intake is expressed as the
average total daily intake and the 95" percentile (P95) of daily
intake. The average contribution of each food group is expressed

as a percentage of the total daily intake.
Results and discussion

Characterization of the danger

WHO considered vitamin B12 rather than cobalt and
have only recommended intake for vitamin B12 without setting
minimum intakes [11,12]. The risks associated with a high co-
balt intake were reviewed by WHO (WHO / FAO, 2004) and the
European Food Safety Authority [13] who ultimately decided to
take no position and set no maximum value of intake. ANSES,
based on the small number of studies available orally, determined
a range for a TDI (Tolerable Daily Intake) for the toxic effects of
cobalt fixed between 1.6 and 8 pg / kg bw / day without being able
to exclude the possibility of toxic effects without threshold [4].

For this study, the nutritional values used as a reference
value for the assessment of the adequacy of cobalt intake for the

Tunisian adult population are:

- the WHO Minimum Nutritional value Recommended
(2.4 pg / d for the 19 to over 65 years of age) because of the ab-
sence of Minimum Nutritional requirement value (WHO / FAO,
2004) and

- As the VTR (toxicological reference value ) the lower
limit of the TDI (Tolerable Daily Intake) of the interval for toxic
effects determined by ANSES which is 1.6 ug / kg bw / day [4].

Exposure assessment

The scenarios used for estimating the cobalt intake of
the Tunisian population are the Lower and Upper Bound scenar-
io because the proportion of result <LOD is greater than 60 %.
The mean daily intake in cobalt estimated for the Tunisian adult
population varies from 2.21 10 (LB) to 0.11 mg / day / eq ad
(UB), the mean daily intake on the 5 percentile varies from 4.42
10* (LB) to 6.84 102 mg / d / eq ad (UB) and the 95th percentile
daily intake ranged from 5.37 10° (LB) to 0.161 mg / d / eq ad
(UB) (Table 2).

The estimated mean daily intake for cobalt compared to
body weight ranged from 2.95 10~ (LB) to 1.40 10° mg / kg bw /
day (UB), the mean daily intake compared to body weight in the
5% percentile for the Tunisian population ranged from 5.90 10
(LB) t0 9.12 10* mg / kg bw / day (UB) (Table 3).
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Table 2: Estimated Cobalt intakes of the Tunisian population in mg / d / (Lower Bound- Upper Bound)

Intake Apport Intake Intake

FOOD MEAN DAILY CONSUMPTION | Eglm Intake/ | at P95 | au P5 %1; ! }“take AtP95 | AtP5
CONSUMPTION | at P95 o .| T™MDI |LB LB . UB UB
SUBGROUP . . consumers | (mg/j/ . ., | (mg/j/ | TMDI . .
(g/i) (g} LB (mg/j/ | (mglj/ (mg/j/ | (mgljleq
eq ad) eq ad) UB

eq ad) eqad) eq ad) ad)
Citrus 25,65 108,25 42,96 % 0 0% 0 0 1,80.10° | 1,71 | 7,58.10° | 0
other fruits | 33,61 166,68 35,44 % 0 0% 0 0 1,01.10° | 0,96 | 510° |0
Soft drink 44,95 168,86 48,06 % 0 0% 0 0 1,35.10° | 128 | 507.10° | 0
Coffzz 69,87 230,49 72,57 % 0 0% 0 0 2,107 | 1,99 | 691.10° | 0
Industriel
canned 29,32 60,75 97,57 % 0 0% 0 0 8,8.10% | 084 | 1,82.10° | 2,74.10"
tomatoes
Coréte 3,19 34,54 8,01 % 0 0% 0 0 6,38.10% | 0,61 | 6,91.10° | 0
ZZE:CIZSVS'?E” 62,27 358,06 1383% | 0 0% 0 0 1,87.10° | 1,78 | 1,07.10% | 0
Wheat
;E‘(f:ft‘;;anal 315,13 1168,57 83,74 % 0 0% 0 0 9,45.10% | 9,00 | 3,51.102 | 0
bread
Dates 3,35 25,08 11,65 % 0 0% 0 0 10+ 0,10 | 7,52.10% | 0
Water 1000,00 1000,00 100,00% | 0 0% 0 0 3102 | 2855 |3.10° | 0,03
Spices 6,70 16,27 97,33 % 221.10° | 100% | 537.10° | P10 1001100 200 | 537,100 | 442,10
Sorghum 4,69 0 3,64 % 0 0% 0 0 4,69.104 | 045 |0 0
Chicken liver | 0,54 0 3,16 % 0 0% 0 0 1,63.10° | 0,02 | 0 0
Melted cheese | 0,91 6,25 20,63 % 0 0% 0 0 6,37.10° | 0,06 | 4,37.10 | 0
g‘;ict‘;rblt 62,72 384,05 22,57 % 0 0% 0 0 439.10% | 418 | 2,69.10° | 0
i‘e’g: ?ri?:s 35,52 165,13 $3,69% |0 0% |0 0 249100237 | B¢ o
Harissa 0,90 6,16 18,93 % 0 0% 0 0 6,2910° | 0,06 | 4,31.10% | 0
Vegetable oil | 41,01 87,82 91,75 % 0 0% 0 0 1,23.10° | 1,17 | 2,63.10° | 0
Olive oil 16,11 65,63 68,20 % 0 0% 0 0 4,83.10* | 046 | 1,97.10° | 0
Whole milk | 52,99 272,86 35,44 % 0 0% 0 0 1,59.10° | 1,51 | 8,19.10° | 0
Semi- 9 0 -3 -2
il | 13895 414,11 69,66 % 0 0% 0 0 4,17.10° | 3,97 | 1,24.107 | 0
‘I;:gagables 21,38 71,41 75,49 % 0 0% 0 0 6,41.10% | 0,61 | 2,14.10° | 0
Cucurbitaceae
fruit
‘gif:stlb::i 3778 124,72 80,58 % 0 0 0 0 1,13.10° | 1,08 | 3,74.10° | 0
stems + Green
legumes
‘S/:;‘;'t‘:gle;“s 50,30 135,18 97,33% | 0 0 0 0 503.10° | 479 | 1,35107 | 4,2.10*
Root
vegetables + | 41,04 100,37 98,79 % 0 0 0 0 1,23.10° | 1,17 | 3,01.10° | 2,14.10
bulbs
Dry legumes | 28,25 83,08 84,22 % 0 0 0 0 2,82.10° | 2,69 | 8,31.10° | 0
Margarin 2,29 12,17 30,83 % 0 0 0 0 6,87.10° | 0,07 | 3,65.10 | 0
eggs 17,58 51,90 83,50 % 0 0 0 0 528104 | 0,50 | 1,56.10° | 0
Sig’;;i;hves 1,83 11,37 22,09 % 0 0 0 0 5,50.10° | 0,05 | 3,41.10* | 0
Bread 246,19 495,55 94,90 % 0 0 0 0 7,39.10° | 7,03 | 1,49.102 | 8,58.10
Pasta 194,86 431,49 95,39 % 0 0 0 0 5.85.10° | 556 | 1,29.102 | 6,66.10*
Fish 31,08 121,45 66,75 % 0 0 0 0 9,32.10% | 0,89 | 3,64.10° | 0
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fatty fish 11,23 52,50 4223 % 0 0 0 0 1,12.10° | 1,07 | 525.10° | 0

Non fatty fish | 6,85 37,88 25,00 % 0 0 0 0 6,85.10" | 0,65 | 3,79.10° | 0
Potatoes 48,05 103,01 96,84 % 0 0 0 0 336.10° | 320 | 7,21.10° | 6,79.10*
Era;ﬁcts 9,36 4535 30,10 % 0 0 0 0 2,81.10% | 027 | 1,36.10° | 0

Rice 18,87 110,75 20,39 % 0 0 0 0 566.10" | 0,54 | 3,32.10° | 0

Sugar 32,23 72,83 97,33 % 0 0 0 0 9,6710 | 0,92 | 2,18.10° | 1,11.10*
Tea 101,98 313,01 75,49 % 0 0 0 0 3,06.10" [ 2,91 | 9,39.10° | 0

Sheep, goat

and bovine 15,90 63,83 56,80 % 0 0 0 0 477.10% | 045 | 1,91.10° | 0

meat

Poultry meat | 20,24 63,96 66,50 % 0 0 0 0 1,42.10° | 1,35 | 4,48.10° | 0
Yogurt 15,85 68,52 49,03 % 0 0 0 0 LIL10% | 1,06 | 4,8.10° |0

Total 2901,51 4178,76 2,21.10° | 100 5,37.10° | 4,4.10" | 0,11 100 | 0.16 0.068

Table 3: Estimated Cobalt intakes of the Tunisian population compared to body weight in mg/ d / eq ad (Lower Bound- Upper Bound)

Intake | Apport Intake Intake
TMDI MDI | Intak
FOOD MEAN DAILY CONSUMPTION | |, B Intake/ | atP95 | auP5 | o /nta € | AtP95 | AtPS
CONSUMPTION | at P95 ° TMDI | LB LB UB UB
SUBGROUP . . consumers | (mg/ Kg (mg/ Kg | TMDI
(g/j) (g/j) bw/d) LB (mg/ Kg | (mg/ Kg bw/d) UB (mg/ Kg | ((mg/ Kg

bw/d) | bw/d) bw/d) | bw/d)
Citrus 25,65 108,25 42,96 % 0 0% 0 0 2,39.10% | 1,71 1,01.10% | 0
other fruits | 33,61 166,68 35,44 % 0 0% 0 0 1,34.10° | 096 | 6,67.105 | 0
Soft drink 44,95 168,86 48,06 % 0 0% 0 0 1,80.10° | 1,28 | 6,75.10° | 0
Coffzz 69,87 230,49 72,57 % 0 0% 0 0 2,79.10 | 1,99 | 9,22.10° | 0
Industriel
canned 29,32 60,75 97,57 % 0 0% 0 0 1,17.105 | 0,84 | 2,43.105 | 3,65.10°
tomatoes
Corete 3,19 34,54 8,01 % 0 0% 0 0 8,51.10° | 0,61 | 9,21.10° | 0
ZZE;’CIZ;’Z?CM 62,27 358,06 13,83% |0 0% 0 0 2,49.10° | 1,78 | 1,43.10% | 0
Wheat
;g‘f:rot‘i‘ssanal 315,13 1168,57 83,74 % 0 0% 0 0 1,26.104 | 9,00 | 467.10% | 0
bread
Dates 3,35 25,08 11,65 % 0 0% 0 0 1,3410° | 0,10 | 1105 |0
Water 1000,00 1000,00 100,00% | 0 0% 0 0 410 02/8’5 > 410t | 410

0
Spices 6,70 16,27 97,33 % 2,95.10° | 100% | 7,16.10% | 5,90.10 | 2,95.10% | 2,10% | 7,16.10° | 5,9.10
p

Sorghum 4,69 0 3,64 % 0 0% 0 0 6,26.10° | 0,45% | 0 0
Chicken liver | 0,54 0 3,16 % 0 0% 0 0 2,17.107 | 0,02% | 0 0
Melted cheese | 0,91 6,25 20,63 % 0 0% 0 0 8,49.107 | 0,06% | 5,83.10° | 0
fcrﬁict‘;rb“ 62,72 384,05 22,57 % 0 0% 0 0 5,85.10° | 4,18 % | 3,58.10" | 0
?222: far?jts 35,52 165,13 43,69 % 0 0% 0 0 3,31.10° | 2,37 % | 1,54.10" | 0
Harissa 0,90 6,16 18,93 % 0 0% 0 0 8,38.107 | 0,06% | 575.10° | 0
Vegetable oil | 41,01 87,82 91,75 % 0 0% 0 0 1L,64.10° | 1,17% | 3,51.10° | 0
Olive oil 16,11 65,63 68,20 % 0 0% 0 0 6,45.10° | 0,46 % | 2,63.10° | 0
Whole milk | 52,99 272,86 35,44 % 0 0% 0 0 2,12.10% | 1,51% | 1,09.10" | 0
Semi- o o " o Y
ik | 13895 414,11 69,66 % 0 0% 0 0 5,56.10° | 3,97 % | 1,66.10 | 0
Leaf:
V:gaefables 21,38 71,41 75,49 % 0 0% 0 0 8,55.10° | 0,61% | 2,86.10° | 0
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Cucurbitaceae
fruit
Eif::ch::i* 37,78 124,72 80,58 % 0 0% 0 0 1,51.10° | 1,08 | 4,99.10° | 0
stems + Green
legumes
3:;‘;:;1‘1‘;“5 50,30 135,18 97,33 % 0 0% 0 0 6,71.10° | 479 | 1,80.10" | 5,60.10°
Root
vegetables + | 41,04 100,37 98,79 % 0 0% 0 0 1,64.105 | 1,17 | 401.105 | 2,86.10°
bulbs
Dry legumes | 28,25 83,08 84,22 % 0 0% 0 0 3,77.10° | 2,69 | 1,L1110* | 0
Margarin 2,29 12,17 30,83 % 0 0% 0 0 9,16.107 | 0,07 | 4,8710° | 0
eggs 17,58 51,90 83,50 % 0 0% 0 0 7,03.10¢ | 0,50 | 2,08.10° | 0
i
favzrr’;itos VeS| 1,83 11,37 22,09% |0 0% 0 0 7,34.107 | 0,05 | 4,55.10¢ | 0
Bread 246,19 495,55 94,90 % 0 0% 0 0 9,85.10° | 7,03 | 1,98.10" | 1,144.10°
Pasta 194,86 431,49 95,39 % 0 0% 0 0 7,79.10° | 556 | 1,73.10" | 0,000008886
Fish 31,08 121,45 66,75 % 0 0% 0 0 1,24.105 | 0,89 | 4,86.105 | 0
fatty fish 11,23 52,50 4223 % 0 0% 0 0 1,50.10° | 1,07 | 7.10° |0
Non fatty fish | 6,85 37,88 25,00 % 0 0% 0 0 9,14.10° | 0,65 | 505.10° | 0
Potatoes 48,05 103,01 96,84 % 0 0% 0 0 44810 | 320 | 9,61.10° | 9,05.10°
Barl i
pfé;‘l/cts 9,36 45,35 30,10 % 0 0% 0 0 375100 | 027 | 1,81.10° | 0
Rice 18,87 110,75 20,39 % 0 0% 0 0 7,5510° | 0,54 | 4,43.10° | 0
Sugar 32,23 72,83 97,33 % 0 0% 0 0 1,29.105 | 0,92 | 2,91.10% | 1,47.10°
Tea 101,98 313,01 75,49 % 0 0% 0 0 4,08.10° | 2,91 1,2510% | 0
Sheep, goat
andbovine | 15,90 63,83 56,80 % 0 0% 0 0 6,36.10° | 0,45 | 2,55.10° | 0
meat
Poultry meat | 20,24 63,96 66,50 % 0 0% 0 0 1,89.105 | 1,35 | 5,97.105 | 0
Yogurt 15,85 68,52 49,03 % 0 0% 0 0 1,48.105 | 1,06 | 6,4.105 |0
Total 2901,51 4178,76 2,95.10° | 100% | 7,16.10° | 59.10° | 1,410° | 1 2,15.10° | 9,12.10

The main contributors to total mean daily intake in co-
balt are tap water (28.55 %), wheat couscous and home-made
bread (9 %) and bread (7.03 %).

Risk Characterization

The estimated mean daily intake in cobalt for the Tu-
nisian adult population varies from 92 % at LB to 4378 % at UB
of the Minimum nutritional value recommended by WHO. The
daily cobalt Intake at the 5th percentile represent 18 % at LB and
2849 % at UB of the Minimum nutritional recommended by
WHO.

The mean daily intake in cobalt compared to body
weight for the Tunisian adult population represents 1.84 % at LB
and 87.57 % at UB percentage of the lower bound of the safety
limit (LS) recommended by ANSES. The daily intake of cobalt at
the 95th percentile represents 4.47 % at LB and 134.19 % at UB
percentage of the lower bound of the LS

The percentage of individuals who have a maximum
daily intake in cobalt relative to the body weight more than the
lower bound of the LS varies from 0 % at LB to 28.40 % at UB.

Conclusion

In the present study cobalt was quantified in a single
core food group (spices) while in the French TDS (ANSES, 2011)
and in the Swedish TDS [15], cobalt was quantified in all most
foods analyzed. This difference of finding was because of the dif-
ferences in analytical limits adopted in the search and quantifica-
tion of cobalt for example in the French TDS (ANSES, 2011) the
LOQ adopted was 0.0002 mg / kg which is a hundred times lower
than that of the present study.

In the present study, spices represent the only source
food identified of cobalt that stands out from other TDSs, which
report the highest levels in other food categories such as choco-
late and butter such as in the French TDS [4].

JScholar Publishers
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The estimated mean daily intake in cobalt for the Tu-
nisian adult population ranged from 2.21 10-3 to 0.11 mg / d /
EqAd wich is below that estimated in the US TDS [16] (14 g /
d) in the lower bound scenario but in the upper Bound scenarios
the estimated mean daily intake in cobalt for the Tunisian adult
population generally covers the Minimum nutritional value rec-
ommended by the WHO (92 % to 4378 % of this BNR) [17-22].

Against this, the Intake on the 5th percentile does not
cover this BNR in the LB (18.43 %), thus not allowing us to elim-
inate the possibility of inadequate intake for at-risk populations

or populations with inadequate diets.

The mean daily intake estimated in cobalt compared
to body weight for the Tunisian adult population is significantly
lower than that of the French TDS (ANSES, 2011) in the mini-

malist scenario (LB).

The overestimation of the maximalist scenario (UB)
increases the estimated intake in cobalt. Therefore, the maximal-
ist scenario increases the theoretical estimated intake in cobalt
compared to the body weight for the Tunisian adult population,
bringing the maximum daily intake almost to 88 % of the adopt-
ed LS and beyond this LS (134 %) in the 95th percentile. In view
of the particularly high LOQ adopted of the present study which
significantly increases the intake the risk of excess cobalt could

be ruled out with certainty.

These conclusions, however, should be confirmed by
another study with analytical limits lower that detect the pres-
ence of cobalt in food more precisely and permit a more realistic

assessment of cobalt intake.
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