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ARTICLE

Cadmium, lead, mercury and arsenic in fresh vegetables and vegetable products
intended for human consumption in the Republic of Serbia, 2015-2017

Milana Lazovi¢®®, Vladimir Tomovi¢?, lvana Vasiljevic®, Isidora Kecojevi¢®, Mila Tomovic<, Aleksandra Martinovicd,
Tanja Zugi¢ Petrovice, Bojana Danilovi¢!, Dragan Vujadinovi¢?, Igor Tomasevi¢", Milenko Smiljanics,
and Vesna Dordevic¢

Faculty of Technology Novi Sad, University of Novi Sad, Novi Sad, Republic of Serbia; ®A BIO TECH LAB d.o0.0., Sremska Kamenica, Republic of
Serbia; “Technical School “Pavle Savi¢”, Novi Sad, Republic of Serbia; “Faculty for Food Technology, Food Safety and Ecology, University of
Donja Gorica, Podgorica, Montenegro; ¢Faculty of Science, Department of Biology and Ecology, University of Kragujevac, Kragujevac, Republic
of Serbia; Faculty of Technology, University of Nis, Leskovac, Republic of Serbia; 9Faculty of Technology Zvornik, University of East Sarajevo,
Zvornik, Bosnia and Herzegovina; "Faculty of Agriculture, University of Belgrade, Belgrade, Republic of Serbia; /Institute of Meat Hygiene and
Technology, Belgrade, Republic of Serbia

ABSTRACT

The concentrations of cadmium (Cd), lead (Pb), mercury (Hg) and arsenic (As) were determined in
455 samples of 27 species of vegetables and 28 different processed vegetables collected during the
period from January 2015 to December 2017. Vegetables (n = 387) and vegetable products (n = 68)
originated from 31 countries, including Serbia. The samples were analysed by inductively coupled
plasma - optical emission spectrometry (ICP-OES). The concentrations of Cd, Pb, Hg and As in the products; cadmium; lead;
vegetables and vegetable products were compared to the maximum levels set by the European mercury; arsenic; maximum
Union and the Serbian legislation. The concentration of mercury was less than the limit of detection levels

in each analysed sample. One or multiple measurable toxic metals (Cd, Pb and/or As) were found in

250 samples (54.9%; n =455). According to the Regulations which were valid until the end of

August 2021, the maximum levels of Cd, Pb and As were exceeded in 19 samples (4.2% of the

samples of vegetable and vegetable products; n = 455), i.e. in 13 samples of vegetables: Cd in three,

Pb in nine and As in one sample and in 6 samples of vegetables products: Cd in three, Pb in one and

As in two samples. Regarding the new EU and Serbian legislation which is valid since September

2021 the maximum levels of Cd and Pb for vegetables and vegetable products were exceeded in

118 samples (25.9% of the samples of vegetable and vegetable products; n =455), i.e. in 95 samples

of vegetables: Cd in 67 and Pb in 28 samples and in 23 samples of vegetable products: Cd in 20 and

Pb in 3 samples.

ARTICLE HISTORY
Received 22 July 2022
Accepted 12 January 2023

KEYWORDS
Vegetables; vegetables

Introduction
uctt studied in terms of health risk (Chao et al., 2010; Chen

Food, especially cereals and vegetables, water and air are et al. 2013; Gebrekidan et al. 2013; Guo et al. 2013; Ismail

the major source of exposure to toxic metals like cad-
mium (Cd), lead (Pb), mercury (Hg) and arsenic (As).
Their accumulation in the human body can lead to
harmful effects over time (EFSA 2022). The EFSA
panel on contaminants in the food chain (CONTAM)
established a tolerable weekly intake (TWI) for Cd, Pb,
inorganic Hg and As of 2.5, 25, 4 and 15 pg kg~' body
weight, respectively (EFSA, 2009a, 2009b, 2010, 2012).
The contamination of Cd, Pb, Hg and As in vegeta-
bles has been reported in numerous studies. Data from
available literature on their levels in vegetables and
vegetable products from various countries are shown
in Table 1. The transfer of metallic contaminants from
soil and water to plant tissues or direct atmospheric
deposition onto plant surfaces has also been widely

et al. 2014; Antisari et al. 2015; Li et al. 2015; Pirsaheb et
al. 2016; Sharma et al. 2016; Gan et al. 2017; Zhong et al.
2018; Hussain et al. 2019; Khan et al. 2019; Tumanyan et
al. 2019; Bayissa and Gebeyehu 2021; Guadie et al. 2021;
Gupta et al. 2022). Additionally in several chapters and
review papers (Manzoor et al. 2018; Hussain et al. 2019;
Zwolak et al. 2019; Manwani et al. 2022) information on
the content of toxic metals in vegetables is summarised,
as well as factors affecting the accumulation of toxic
metals in vegetables and their toxic effects on plant
and human health. It was evident that heavy metals
were found in several vegetables in different regions of
the world. After reviewing the above mentioned studies
it may be concluded that monitoring and assessment of
toxic metal content in vegetables from the market as well

CONTACT Vladimir Tomovi¢ 8 tomovic@uns.ac.rs
© 2023 Taylor & Francis Group, LLC
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10 M. LAZOVIC ET AL.

as production sites is essential to control levels of toxic
metals in food in order to protect human health.

Regulations set specific maximum levels (MLs) for
certain chemical contaminants in food. These are estab-
lished in an effort to reduce exposure to a particular
contaminant. The European Union has set new MLs
(Table 2), based on wet weight, for the toxic metals Cd
and Pb in vegetables by product class (Commission
Regulations (EC) No 1881/2006, (EC) No 629/2008,
(EU) No 2021/1317 and (EU) No 2021/1323). The new
Serbian Regulation on “maximum levels of certain con-
taminants in food” (Official Gazette RS No 81/2019,
126/2020, 90/2021 and 118/2021) is fully harmonised
with the European Union Regulations. The new
Regulations have significantly reduced the MLs for Cd
and Pb in certain types of vegetables, when compared to
European Union and Serbian Regulations before their
revision [Commission Regulations (EC) No 1881/2006
and (EC) No 629/2008 and Serbian Regulations 2014
(amended in 2015, 2016 and 2017) and 2018 (amended
in 2019)], as shown in Table 3.

Like fruits, described in a former paper (Lazovi¢ et al.
2022), vegetables are important components of a healthy
diet. Reduced vegetable and fruit consumption is linked
to poor health and increased risk of noncommunicable
diseases (NCDs). Moreover, vegetables and fruits are
rich sources of vitamins and minerals, dietary fibre and
of beneficial non-nutrient substances, including plant
sterols, flavonoids and other antioxidants, so consuming
a variety of vegetables helps to ensure an adequate intake
of many of these essential nutrients. World Health
Organization (2003) suggests consuming more than
400 grams of vegetables and fruits per day to improve
overall health and reduce the risk of certain NCDs.
According to the Food and Agricultural Organization

Table 2. Cadmium and lead maximum levels (mg kg '

(FAO), average vegetable consumption per capita, mea-
sured in kilograms per year, in 2017 in Serbia reached
110.2 kg (302 grams per day). In 2017, the world pro-
duction of vegetables and fruits reached 390 g per person
per day, but this includes non-edible portions, loss and
waste, which can be as high as 50%, during storage and
on farms in some regions. In the same year, world
consumption of vegetables and fruits reached 267 g per
person per day (Our World in Data, source: United
Nations Food and Agricultural Organization).
Vegetables are defined as the fresh parts of plants
which, either raw, cooked, canned or processed in
some other way, provide suitable human nutrition.
From a botanical point of view, vegetables can be
divided into algae, mushrooms, root vegetables, tubers,
bulbs and stem or stalk, leafy, inflorescence, seed and
fruit vegetables (Belitz and Grosch 1999). The most
important Serbian Regulation (1979, amended in 1987,
2003 and 2004) relevant to fresh vegetables is rulebook
on the quality of fruits, vegetables and mushrooms. This
Rulebook prescribes the minimal conditions which have
to be fulfilled with respect to the quality of vegetables
(tomato, aubergine, pepper, watermelon, melon, cucum-
ber, zucchini, pumpkins and cucurbits, young potato,
potato, cabbage, cauliflower, kail, kail umbilicus, kohl-
rabi, Chinese cabbage, carrot, beetroot, radish, little rad-
ish, rutabaga, chard, spinach, lettuce, endive, radicchio,
young onion, onion, garlic, leek, celeriac, parsley, pars-
nip, horseradish, white asparagus, green bean, young
peas, peas in kernel, lens, bean in kernel), which are
intended for consumption in fresh condition, as well as
packaging conditions, with the purpose of ensuring the
maintenance of the quality and hygiene safety of pro-
ducts. In terms of this Rulebook, vegetables means har-
vested fruits and other edible parts of vegetable plants

wet weight) in vegetables (Commission Regulation (EC) No 1881/2006;

Commission Regulation (EC) No 629/2008; Commission Regulation (EU) No 2021/1317; Commission Regulation (EU) 2021/1323; Serbian

Regulation 2019, amended 2020 and 2021).

ML (mg kg™
Metals Vegetables1 ww)
Cadmium Root and tuber vegetables, except radishes, tropical roots and tubers, parsley roots and turnips, beetroots, celeriac and 0.10
horseradish, parsnips and salsify (For potatoes, the maximum level applies to peeled potatoes); Leafy brassica; Leaf vegetables,
except spinaches and similar leaves, mustard seedlings and fresh herbs; Celeries
Radishes; Fruiting vegetables, except aubergines; Legume vegetables 0.020
Tropical roots and tubers, parsley roots, turnips; Garlic 0.050
Beetroots 0.060
Celeriac 0.15
Horseradish, parsnips, salsify; Spinaches and similar leaves, mustard seedlings and fresh herbs 0.20
Bulb vegetables, except garlic; Aubergines; Stem vegetables, except leeks and celeries 0.030
Brassica, other than leafy brassica; Leeks 0.040
Lead Cereals and pulses 0.20
Root and tuber vegetables (excluding salsifies, fresh ginger and fresh turmeric), bulb vegetables, flowering brassica, head brassica, 0.10
kohlrabies, legume vegetables and stem vegetables; Sweetcorn
Leafy brassica, salsify, the following fungi Agaricus bisporus (common mushroom), Pleurotus ostreatus (Oyster mushroom), 0.30
Lentinula edodes (Shiitake mushroom) and leafy vegetables (excluding fresh herbs)
Wild fungi, fresh turmeric and fresh ginger 0.80
Other than sweetcorn 0.050

"The maximum level applies after washing of the vegetables and separating the edible part.
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Table 3. Regulations of Cd, Pb, Hg and as MLs (mg kg ~' wet weight) in vegetables before 2021 [Commission Regulation (EC) No 1881/
2006; Commission Regulation (EC) No 629/2008; Serbian Regulation 2014 (amended 2015, 2016 and 2017); Serbian Regulation 2018

(amended 2019)].

ML (mg kg™
Metals Vegetables ww)
EU Regulation [Commission Regulation (EC) No 1881/2006; Commission Regulation (EC) No 629/2008]
Cadmium Vegetables, excluding leaf vegetables, fresh herbs, fungi, stem vegetables, root vegetables and potatoes' 0.050
Stem vegetables, root vegetables and potatoes, excluding celeriac'. For potatoes the maximum level applies to peeled potatoes 0.10
Leaf vegetables, fresh herbs, celeriac and the following fungi1: Agaricus bisporus (common mushroom), Pleurotus ostreatus (Oyster 0.20
mushroom), Lentinula edodes (Shiitake mushroom)
Lead Cereals, legumes and pulses 0.20
Vegetables, excluding brassica vegetables, leaf vegetables, fresh herbs and fungi'. For potatoes the maximum level applies to 0.10
peeled potatoes
Brassica vegetables, leaf vegetables and the following fungi': Agaricus bisporus (common mushroom), Pleurotus ostreatus (Oyster 0.30
mushroom), Lentinula edodes (Shiitake mushroom)
Serbian Regulation (2014 (amended 2015, 2016 and 2017))
Cadmium Vegetables, excluding leaf vegetables, fresh herbs, fungi, stem vegetables, root and tuber vegetables and seaweed’ 0.050
Stem vegetables, root and tuber vegetables, including potato, excluding celeriac’. For potatoes the maximum level applies to 0.10
peeled potatoes
Leaf vegetables, fresh herbs, celeriac and the following fungi1: Agaricus bisporus (common mushroom), Pleurotus ostreatus (Oyster 0.20
mushroom), Lentinula edodes (Shiitake mushroom)
Lead Pulses’, cereals and legumes 0.20
Vegetables, excluding brassica vegetables, leaf vegetables, fresh herbs, fungi and seawees'. For potatoes the maximum level 0.10
applies to peeled potatoes
Brassica vegetables, leaf vegetables and the following fungi': Agaricus bisporus (common mushroom), Pleurotus ostreatus (Oyster 0.30
mushroom), Lentinula edodes (Shiitake mushroom)
Mercury  Vegetables (fresh) 0.02
Arsenic>  Vegetables 03
Serbian Regulation [2018 (amended 2019)]
Cadmium Vegetables, excluding root and tuber vegetables, leaf vegetables, fresh herbs, leafy brassica, stem vegetables, fungi and seaweed? 0.050
Root and tuber vegetables (except celeriac, parsnips, salsify and horseradish) and stem vegetables (except celeries)'. For potatoes 0.10
the ML applies to peeled potatoes
Leaf vegetables, fresh herbs, leafy brassica, celeriac, parsnips, salsify and the following fungi1: Agaricus bisporus (common 0.20
mushroom), Pleurotus ostreatus (Oyster mushroom), Lentinula edodes (Shiitake mushroom)
Lead Cereals and pulses 0.20
Vegetables, excluding leafy brassica, salsify, leaf vegetables, fresh herbs, fungi, seaweed and fruiting vegetables' 0.10
Leafy brassica, salsify, leaf vegetables, fresh herbs and the following fungi: Agaricus bisporus (common mushroom), Pleurotus 0.30
ostreatus (Oyster mushroom), Lentinula edodes (Shiitake mushroom)’
Fruiting vegetables
Sweetcorn 0.10
Other than sweetcorn 0.05

"The maximum level applies after washing of the vegetables and separating the edible part.

Total arsenic.

such as leaves, bulbs, tuberose, roots, legumes and trees,
which are intended for human consumption in fresh
condition or after culinary preparation, cultivated in
open air (in gardens or growing areas) or in greenhouses
and orangeries.

The relevant European Union (EU) Regulations
on fresh and processed vegetables quality standards
are (EU) No 1308/2013 and (EU) No 543/2011.
According to Serbian Regulation (2020, amended
in 2021) vegetable products included frozen vegeta-
bles, sterilised vegetables, pasteurised vegetables,
marinated vegetables, fermented vegetables, vegeta-
ble juice, tomato puree and pasta, dried vegetable,
vegetable sauce and tomato ketchup.

Agriculture and food production in Serbia have an
extensive tradition. The ideal climate for vegetable
production makes Serbia the main vegetable exporter
and supplier of South-Eastern Europe. The most pop-
ular vegetables produced in Serbia are paprika (pep-
per), cabbage, tomato and potato. In the last few years,

the production of peas and sweetcorn is rising due to
the increased consumption of frozen, ready-to-eat
meals worldwide (RAS, Development Agency of
Serbia 2020). Also, Serbian vegetable processing indus-
try is well developed. On the other hand, vegetables
and fruits have the largest share in the structure of
Serbia agri-food import, with a share of 23.7% of total
imports (Chamber of Commerce and Industry of
Serbia 2020).

Therefore, the aim of this study was to evaluate the
concentrations of cadmium, lead, mercury and arsenic
in fruits and fruit products intended for human con-
sumption in the Republic of Serbia and to compare these
levels with both old and new maximum levels.

Materials and methods

From January 2015 to December 2017 concentrations of
Cd, Pb, Hg and As were determined in 455 samples of
fresh vegetables (n =387) and vegetable products (n=



(panunuo))

12 M. LAZOVIC ET AL.

€5€0°0 9/¥0'0 929319 l L eadydiyd paug
0910°0-po|> L6¢0°0-po|> eiquas ‘puejod 4 Jamoyi|ned uszoli4
po|> 0210°0-po|> eIqlas 4 1011ed U3Z01
poi> [4X0r40] puejod L L Jo11Rd palQg
poj> SL00 eI1qJas L 9and 1nuId1INg USZO14
po|> 9€€0°0 eulyd L Japmod 1]03301g
0590°0-po|> 60t0°0-Po|> el1qJes L € 11033019 uszol4
0100 961L0°0 BIUDAOIS L 22In[ 1001399g
00€T'L 9/81°0 puejod L L L 19pmod 100.199¢
po|> po|> Ay L SMOYDILe PasHNIlsed
0750°0-po|> 0S70°0-Po|> eIUOP3JR YUON ‘eleos) 4 ¥ [ «Jeale pasunalsed
po|> po|> Aaxin] ‘uteds ‘Ajey ‘elueq|y / uiyadnz
$290°0-po|> [¥£0°0-pO|> eIgJaS ‘elUOPIdR| YLON ‘enbeiediN ‘Aje}| ‘929310 ‘|izeig ‘elueq|y L L /1 uojawLIRIRM
Aaspny
0960°0-PO|> 5150°0-po|> ‘SpuelayIaN 3y ‘uieds ‘elUSAO|S ‘RIUOPIIRIA YLION ‘0320101 ‘A[eY| ‘929310 ‘winibjag ‘erzeos) ‘elueqy [ 0z 44 01eWoO |
SSCL'0-po|> G€S0°0-POI> Aley € yoeuids
0060°0-PO|> L£10°0-POI> Aley S ysipey
poj> 98¢0°0-po|> puejod ‘Afey| 4 oly23ipey
spueiaylaN
2091°0-po|> 6580°0-PO|> 9y} ‘BIUDAOIS ‘9333.D) ‘AuBWIDD ‘DduUeI{ ‘euUly) ‘eulrobazIdaH pue elusog ‘wnibjag ‘sniejag ‘euisny S 09 01e104
€/60°0-po|> 0610°0-po|> Aaxyin] ‘uteds ‘eiqas ‘eluopadely YUON ‘Ajey| ‘939aJ9 ‘euly) ‘euinobazisy pue ejusog ‘elueqy € Sl 37 Jaddag
66/0°0-PO|> 600°0-PO|> SpuepayIaN ays ‘uleds ‘e1quas ‘pue|od ‘eluopade|y YUOoN ‘Auewsan ‘adueld ‘eneol) ¥ 44 uojuQ
6250°0-PO> 8¢0°0-pol> siun| ‘spuepayIaN ays ‘uteds ‘puejod ‘Ajey| ‘urelng jeain ‘Auewssn cl Ity
poj> 19€0°0 elueqy L 3997
poj> L1T0°0-POI> puejod ‘Ajey ‘wnibjag € I1ex
S¥0°0-po|> €250°0-¥¥0°0 Kiebuny 4 ysipeIasioH
66C1°0-po|> S1ST’0-po|> puejieyy ‘eulyd L L L 19buin
0L50°0-po|> 7090°0-po|> SpueayIaN ay) ‘uleds ‘eulyd L L dlpen
¥817°0-pO|> 0££0°0-PO|> ueds ‘e1qJas ‘elUOPAIRIN YUON ‘929310 ‘el1eos) ‘euinobaziay pue ejusog ‘eiueqy 9 €l [ Jaqwinon)
7990°0-PO|> 0960°0-Pol> puejod ‘Aiebuny € abeqqes asaulyd
YETL0 €500 eIssny L L eadypdIyd
po|> ¥660°0-PO|> spueayIaN ay] ‘ureds ‘puejod ¥ JelRP)
8790°0-PO|> €110°0-po|> SpuepayIaN ayi ‘puejod ‘Ajey| ‘@dueld ‘933310 ‘elleos) L €l Jamoyined
€150°0-po|> ¥¥60°0-PO|> SpuelaYIBN dy3 ‘elisny € 10110
L580°0-pol> 0870°0-po|> SPUBLIBYIDN BY} ‘BIQUSS ‘PUB|Od ‘BIUOP3JBIN YLION ‘B1eos) ‘eluedqy € 6l abeqqe)
59€0°0-Po|> L¥£0°0-po|> ureds ‘puejod ‘Ajey| 8 1]0330.g
68700 04200 SpUBLI3YIBN YL L 10011999
6190°0-po|> €1¥0°0-po|> aulen|n ‘puejod ‘ueiszAbiky ‘1dA63 ‘eunnuabiy € 91 ueag
1860°0-Po|> L¥0°0-po|> Aspn| ‘spuepaylaN 3y ‘uteds ‘eluopadely yuion ‘Ajel] ‘93310 L 4 st aulbiagny
€160°0-po|> 08€0°0-po|> Aley 9 e|nbniy
uol1LIIUIIUO0D uo[1LJIUIIUO0D uibuio jo A1unoy qd pD>J0o} N  (dweu uowwod) s3|qeiabap
qd jo abuey pD jo abuey 10} TN MaU < TN
MaU <

‘qd pue pD Joj (Mm By Bu) abues uonenuaduod sy pue sajdwes 1pnpoid d|qeaban pue sa|qelsban paskjeue ayi Jo sonsuRRIRYD “p 3|qe]



FOOD ADDITIVES & CONTAMINANTS: PART B 13

"(A3)s1ed q041ed “lUIYIINZ YUM) uojuo pue duibiagne ‘Jaddad ‘ojewoy woly Ajjedpund apew ‘(ma3s) dnos Jo 3dAy e sI 3)[IN0IeIRY,,

‘(o114e6 pue auibiagne yum) siaddad ||aq pas paiseos wouy Ajjediduud spew ‘ysiai jo adAy e st Jealy,

po|> 7870°0-poI> elgas 8 $3|qe1aban paxiw uazoi
po|> po|> Kley L J3pmod ojewo]
(pales3uadu0d
po|> Syv0°0-po|> ureds ‘Ajey L 4 Xg) 91sed ojewo]|
po;> /8100 eiquas L UJ0D)99MS PISI|LIRS
poj> poj> e1qJas L UJ02199MS UDZ01
€90L°0 600 e1q43s l yoeuids uazoi
po|> 61¢0°0-poI> elqies S nenjisanes
po|> poj> elUOpPIdR YLON L «x9|[IN01RIRI PASLINSISed
0v€00 16200 e1qJas L L upjdwnd uazou4
85900 06500 euisny l 1y2d0ub 03e10(
po|> po|> eI1qJas L 2a2.nd Jaddad uazoi4
po|> po|> eIUOPIDE\ YUON L 1addad 1uosaddad pappid
¥8€0°0-PoI> 88€0°0-POI> elqJas L L Jaddad uazou
po;> S9Z0°0-po|> e1q43s L ¥ sead uazou
€8/00 12£00 duel4 L L J3pmod uoluQ
po|> Si0°0-poI> epu| ‘Auewsn L € uojuo pauqQ
poj> poj> e1qJas 9 ueaq udalb paug
uol1e11UDUO) uol1e11UIDUOd uibuio jo A1uno) qd pD>J0o} N  (dweu uowwod) s3|qeiabap
qd jo abuey PO jo abuey 10} W MU < Al
MaU <

‘(PanunuOd) v 3|qeL



14 M. LAZOVIC ET AL.

68). Analyses were mainly performed at the request of
the Ministry of Agriculture, Forestry and Water
Economy of the Republic of Serbia in an accredited
laboratory before the products were put on the market.
Detailed characteristics of the analysed samples are pre-
sented in Table 4.

The methods for sample preparation and analysis of
the concentrations of Cd, Pb, Hg and As in the collected
biological plant materials (vegetables and vegetable pro-
ducts) and quality control using standard reference
material were conducted as described in detail in
Lazovi¢ et al. (2022). In all analysed samples, Cd, Pb,
Hg and As concentrations were reported as mg kg~ wet
weight. Primary samples of each vegetable and vegetable
product were taken from eight different packages, where
five vegetable and vegetable products were taken ran-
domly from each package. Prior to homogenisation,
each vegetable was washed separately under water
(about 60-70°C) and dried with a paper towel to remove
impurities that could affect the assay result. The follow-
ing edible parts of the vegetables and vegetable products
were used for homogenisation:

(i) clove (bulb) without tunica and root from
garlic,

(ii) bulb without tunica, stem and root from onion,

(iii) florets and steams from broccoli and
cauliflower,

(iv) fruit without pedicel and calyx and/or stem
from aubergine, butternut, cucumber, pepper,
pumpkin, tomato and zucchini,

(v) fruit without peel and rind from watermelon,
(vi) leaves from arugula, artichokes, cabbage, Chinese
cabbage, kale, lettuce, radicchio and spinach,

(vii) pod without pedicel and calyx from green bean,
(viii) root without stem and leaf from celeriac, beet-

root, carrot, ginger, horseradish and radish,

(ix) seeds (kernels) from bean, chickpea, peas and
sweetcorn,

(x) steam and leaves without root from leek,

(xi) tuber without peel from potato.

The examined vegetable products did not contain ined-
ible parts.

When levels of toxic metals in vegetable products
were not set, values from the vegetables from which
the products are made were taken as reference values
for the maximum levels of metals in vegetable products.
For example: values for fresh pepper were taken as
appropriate values for frozen pepper; values for fruit
vegetables were taken as appropriate values for pas-
teurised ajvar and ratatouille; values for carrot were
taken as appropriate values for frozen mixed vegetables.

Results and discussion

The individual concentrations of the analysed toxic
metals (Cd, Pb, Hg and As) in all sample of vegetables
(n =387) and vegetables products (n = 68) are shown in
the Supplemental material (individual results). The
highest contamination of cadmium in vegetables was
found in ginger (0.252 mg kg '), while the highest con-
tamination of cadmium in vegetable products was found
in the dried carrot sample (0.201 mg kg™"). The highest
level of lead in vegetables was found in a cucumber
sample (0.218 mg kg™'), while the highest level of lead
in vegetable products was found in a beetroot powder
sample (1.230 mg kg™'). The highest level of arsenic in
vegetables was found in potato (0.467 mg kg™'), while
the highest level of arsenic in vegetables was also found
in the dried carrot sample (0.938 mg kg™ '). The concen-
tration of mercury was less than 0.011 mg kg™" in each
analysed sample of vegetables and vegetable products.
The levels of cadmium, lead and arsenic were less than
0.008, 0.009 and 0.010mg kg™ in 209, 283 and 284
samples of vegetables (n=387), respectively, and less
than these LOD values in 31, 53 and 51 samples of
vegetables products (n = 68) (Table 4).

Interpretation by legislation until September 2021

The evaluation of the obtained results of the official con-
trol of 455 different samples of vegetables and vegetable
products for four different toxic metals (Cd, Pb, Hg and
As) has shown that 4.2% of all samples numerically
exceeded the maximum levels: 19 out of the 455 samples
and 95.8% of the samples were below the MLs (436 out of
the 455 samples). In addition, 3.4% of the vegetable
samples numerically exceeded the MLs (13 out of the
387 samples) and 8.8% of the vegetable products numeri-
cally exceeded the MLs (6 out of the 68 samples). The ML
for cadmium was exceeded in 3 (cucumber, garlic, ginger)
out of the 387 vegetable samples (0.8%) and also in 3
(beetroot powder, dried carrot, onion powder) out of the
68 vegetable products samples (4.4%). The ML for lead
was exceeded in 9 out of the 387 (2.3%) samples: cucum-
ber (3), ginger (1) and potato (5) and also in 1 out of the
68 vegetable products samples (1.5%): beetroot powder.
The ML for arsenic was exceeded in only 1 potato sample
out of the 387 vegetable samples (0.3%) and also in 2 out
of the 68 vegetable products samples (2.9%): beetroot
powder and dried carrot. Only 1 vegetable (potato) sam-
ple had levels higher than the MLs for cadmium and
arsenic and only 1 vegetable product (dried carrot) had
levels higher than the MLs for lead and arsenic. A sample
of beetroot powder exceeded the MLs for 3 metals: cad-
mium, lead and arsenic.



Interpretation by legislation since September 2021

According to the new MLs for cadmium and lead set by
EU and Serbian legislation, 118 out of the 455 samples
(25.9%) numerically exceeded these maximum levels
and 337 out of the 455 samples (74.1%) were below
these MLs. For cadmium 67 out of the 387 vegetable
samples (17.3%) exceeded the ML: aubergine (4), bean
(3), cabbage (3), cauliflower (1), chickpea (1), cucumber
(13), garlic (1), ginger (1), onion (4), pepper (15),
tomato (20) and watermelon (1), as well as 20 out of
the 68 vegetable product samples (29.4%): pasteurised
ajvar (4), beetroot powder (1), frozen broccoli (1), dried
carrot (1), dried chickpea (1), dried onion (1), onion
powder (1), frozen peas (1), frozen pepper (7), frozen
pumpkin (1), double concentrated tomato paste (1). For
lead 28 out of the 387 vegetable samples (7.2%) exceeded
the ML: aubergine (7), cucumber (6), ginger (1), pepper
(3), potato (5), tomato (5), watermelon (1), as well as 3
out of the 68 vegetable products samples (4.4%): pas-
teurised ajvar (2) and beetroot powder (1). From these
data it is evident that the new MLs for cadmium and lead
in certain foodstuffs significantly increase the number of
exceedances of the MLs. Eighteen samples: aubergine
(4), cucumber (6), pepper tomato (3), watermelon (1),
pasteurised ajvar (2) and beetroot powder (2) exceeded
the MLs for both cadmium and lead.

In total, 455 different samples of vegetables (n = 387)
and vegetable products (n=68) were analysed in the
period between January 2015 and December 2017. From
these 455 samples measurable Cd, Pb, Hg and As levels
were found in 215 (47.3%), 118 (25.9%), 0 and 120
(26.4%), respectively. One or multiple metals (Cd, Pb
and/or As) were found in 250 of these 455 samples
(54.9%). Regarding EU and Serbian legislation which
was enforced until September 2021, the MLs of Cd, Pb
and As for vegetables and vegetable products were
exceeded in 19 samples (4.2%): Cd in 3, Pb in 9 and As
in 1 samples of vegetables and in 6 samples of vegetable
products: Cd in 3, Pb in 1 and As in 2. When regarding
the new EU and Serbian MLs of Cd and Pb for vegetables
and vegetable products, these were exceeded in 118 sam-
ples (25.9%), i.e. in 95 samples of vegetables: Cd in 67 and
Pb in 28 samples, and in 23 samples of vegetable products:
Cd in 20 and Pb in 3 samples, which shows the new
legislation might have rather an impact on food control.

Conclusions

The focus of this study was to evaluate concentrations of
heavy metals in vegetables and vegetable products before
placing them on the market. The obtained results
showed that the levels of Cd, Pb and As in all types of
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analysed vegetables and vegetable product samples were
very diverse. Individual concentrations of Cd and Pb in
vegetables and vegetable products could exceed both old
and new maximum levels set by European Union and
Serbian legislation. Therefore, determination of heavy
metals for the quality control of food is an important
food safety item. The new regulation with reduced max-
imum levels, especially for cadmium, will further
decrease the presence of heavy metals in vegetables in
order to improve public health.
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