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Abstract

Continuous monitoring of heavy metals content in vegetal products is a priority for food control
and a risk assessment strategy for human health. Having in view the importance of heavy metals
surveillance, the aim of this paper is to identify, on the basis of literature data, the most suitable
procedures and techniques used for accurate determination of them in vegetal samples. In most
cases, quantification of heavy metals in vegetal matrix is preceded by digestion performed through
different protocols chosen carefully because this is a critical step for obtaining accurate results.
Among most used techniques for heavy metals’ assessment from vegetal products reported by

literature it worth to be mentioned: atomic absorption spectrometry (AAS), inductively coupled plasma-mass
spectrometry (ICP-MS), inductively coupled plasma - optical emission spectrometry (ICP-OES), X-ray fluorescence
(XRF), neutron activation analysis (NAA), anodic stripping voltammetry (ASV).
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INTRODUCTION

Definition of the term “heavy metals” was widely discussed during time and there are several
opinions regarding this issue. Chemical elements defined as “heavy metals” has density greater than
5 g/cm? and corresponding elements commonly found in our everyday life are: titanium, vanadium,
chromium, manganese, iron, cobalt, nickel, copper, zinc, arsenic, molybdenum, silver, cadmium,
tin, platinum, gold, mercury, lead [1]. As concerning implications in environmental and biological
contexts, “heavy metals” are metallic chemical elements and metalloids that are associated with
pollution and harmful effects on environment, including humans [1].

In this paper, the term “heavy metals” is used from environmental point of view and is related to
their effects on human health.

Heavy metals environmental presence is mainly a result of human activities associated with
agriculture (use of fertilizers and pesticides), industrial purposes and in some situations is a
consequence of natural causes as volcanic activity, soil erosion, geological weathering [1].

Unlike the nitrogen and potassium fertilizers, phosphate fertilizer application is a significant
contributor of trace element presence, being a common impurity, especially for arsenic, cadmium
and lead accumulation in cropland soils and therefore in plants.



According to literature, most phosphorus fertilizers contain arsenic, cadmium and lead at levels
below 20 mg/kg [2]. Other metals identified in phosphate rocks are chromium, mercury, nickel,
vanadium at variable levels related to the source of phosphate [3].

Lately, atmospheric deposition of metals has been considered as an important source of metals
(arsenic, cadmium, lead) entering soils and there are many studies related with this subject [4-6].
Also, elevated levels of heavy metals in plants were reported for cases where the irrigation was
performed with wastewater [7].

Wong et al. reported the presence of heavy metals in Chinese herbal medicinal plants and related it
with contamination that occurred during air-drying and preservation practices [8].

Lead, cadmium, chromium, mercury and arsenic are heavy metals of particular concern due to their
harmful effects on human health because of their tendency to accumulate in tissues and to be stored
in organs (liver, kidney).

In Regulation (EC) No 1881/2006 the EU Commission has set maximum levels (MLs) for lead,
cadmium, mercury and tin in different foodstuffs (meats, fish, crustaceans, molluscs, cephalopods,
cereal, legumes, pulses, fruit and fruit juices, fats, wines, milk, canned food and beverages).

Having in view that this paper presents the methods used for quantification of heavy metals in
vegetal products, in Table 1 are gathered maximum levels for lead and cadmium in vegetal products
and provisional tolerable weekly intake (PTWI) for these two metals. For mercury and tin the
sources are represented by fish, fishery products and canned products, respectively.

Table 1. Maximum admitted levels for lead and cadmium in vegetal products and provisional
tolerable weekly intake (PTWI) [9]

Hea Maximum level

met\f?ll Foodstuffs (mg/kg fresh weight)
Cereals, legumes and pulses 0.20
Vegetables, excluding brassica vegetables, leaf vegetables, 0.10

Lead fresh_ herbs and fungi. For potatoes the maximum level

(Pb) applle_s to peeled potatoes. _ _
Brassica vegetables, leaf vegetables and cultivated fungi 0.30
Fruit, excluding berries and small fruit 0.10
Berries and small fruit 0.20

PTWI for lead, mg/kg body weight 0.025

Cereals excluding bran, germ, wheat and rice 0.10
Bran, germ, wheat and rice 0.20
Soybeans 0.20
Vegetables and fruit, excluding leaf vegetables, fresh 0.050

Cadmium | herbs, fungi, stem vegetables, pine nuts, root vegetables
(Cd) and potatoes

Leaf vegetables, fresh herbs, cultivated fungi and celeriac 0.20
Stem vegetables, root vegetables and potatoes, excluding 0.10
celeriac. For potatoes the maximum level applies to peeled
potatoes.

PTWI for cadmium, mg/kg body weight 0.007

Heavy metals accumulation in vegetal products

The accumulation of heavy metals in plants is discussed in literature from two perspectives:

(i) elevated levels of heavy metals produce a wide variety of physiological changes in plants (inhibit
the ability of the plant to synthesize chlorophyll, high oxidative stress, suppression of plant growth)
[10] and modification of biochemical parameters (increase of sugar, phenol and ascorbic acid
contents, decline of protein soluble levels) [7];

(i) related to negative effects on consumers’ health (chronic diseases, disturbances at central
nervous system level, renal dysfunctions).



The uptake of metals from soil depends on different factors such as their soluble content in soil, soil
physical-chemical properties. The accumulation of metals varies greatly both between cultivars and
varieties and is influenced by soil condition, environment and weather [11]. Also, uptake, transfer
and accumulation of heavy metals vary with growth. There are studies that evidence higher
concentrations of heavy metals in roots in comparison with other plant tissues stage [12].

A study conducted by Singh and his team investigated the accumulation of heavy metals from
polluted soils in different vegetal products [13]. The results indicated that highest average lead
content was found in leaves, followed by stem, roots and fruits. For cadmium and nickel, the
highest levels were identified in roots and the lowest in fruits.

Similarly, for nickel were found high concentrations in root vegetables (parsley, potato), followed
by fruiting vegetables (tomato, green bean, cucumber) collected from old mining areas [14].
Another study demonstrated that arsenic, lead and cadmium werehighly enriched in leafy
vegetables and barely accumulated in fruit vegetables, all grown in contaminated soils [15]. The
levels of cadmium in leafy vegetables were three times higher than those in non-leafy vegetables.
Arsenic level reported by Gebeyehu and Bayissa in cabbage is three times higher than found in
tomato [16].

The researches carried out to find the most suitable species for growing in cadmium contaminated
soils revealed that the accumulation tendency follows the order: leafy vegetables > solanaceous
vegetables > kale vegetables > root vegetables > melon vegetables > legumes [17].

The ability of leafy vegetables to uptake and accumulate arsenic, cadmium and lead has been
proven by Zhou et al. who reported the following variation for concentration: leafy vegetables>stalk
vegetables>root vegetables [11].

Methods for heavy metals quantification in vegetal products

Usually for heavy metals assessment from vegetal samples, there are two steps to be followed by
analyst: sample digestion (a) and quantification (b) using a suitable analytical technique chosen
according to metal characteristics and its concentration in the analyzed sample.

a) For digestion different methods are used as calcination, microwave digestion in acidic medium,
digestion with acids under heating, digestion with mixtures of concentrated acids. The selection of
an appropriate digestion method ensures the correct determination of metals and it has been proven
that certain digestion procedures impact the determination of metals. Accordingly, selection of the
digestion method is a critical step for obtaining accurate results.

For instance, Gong and co-workers demonstrated that dry ashing is recommended for zinc and iron
determination by flame atomic absorption spectrometry (FAAS), meanwhile for copper is more
suitable the digestion with aqua regia-HCIO4 mixture [18]. Also, for lead dry ashing method or
mixed acid digestion could be used efficiently.

Other study reports an improved wet digestion method based on using of H20., concentrated HNO3
followed by heating at 100°C for iron, manganese, zinc and copper determination by FAAS from
leaves of lucerne (Medicago sativa L.) [19].

Moreover, evaluation of three acid digestion methods ((a) HNOs-HCIO4, 2:1; (b) HNO3; (¢) HNOs-
HCI, 1:3) for heavy metals from herbs by means of FAAS evidenced that the most efficient method
that provides highest recovery for all investigated metals was method (c) [20].

Microwave assisted digestion in closed vessels is used frequently because it assures rapid
dissolution of the sample matrix, needs small volumes of oxidizing reagents and prevents losses by
volatilization of certain components [21].

b) Quantitative determination of metals is achieved mainly using atomic absorption spectrometry
(AAS), inductively coupled plasma-mass spectrometry (ICP-MS), and inductively coupled plasma -
optical emission spectrometry (ICP-OES).

Among atomic absorption spectrometry techniques, flame atomic absorption spectrometry (FAAS)
is widely used for metal determination from vegetal samples due to simplicity and because allows
to quantify a lot of metals (cobalt, chromium, cadmium, copper, iron, manganese, nickel, lead,
zinc), even at trace levels.



Electrothermal atomic absorption spectrometry (ETAAS) requires higher atomization temperatures
and supposes use of graphite furnace. The advantage of this technique is the small volume of
sample (20-50 uL) needed for analysis and very good detection limits [22].

Analysis of volatile elements (arsenic, antimony) by ETAAS needs use of chemical modifiers
which stabilize the analyte which otherwise evaporates at temperatures higher than 400°C [23].
Chemical vapor generation in conjunction with atomic absorption spectroscopy is one of the most
powerful tools for the achievement of trace elements in different matrices and includes hydride
generation atomic absorption spectroscopy (HGAAS) and cold vapor atomic absorption
spectroscopy (CVAAS).

HGAAS is used for hydride forming metals (selenium, arsenic, tin, lead), meanwhile CVAAS is the
primary technique for mercury analysis from different samples.

Table 2. Overview of procedures used for heavy metals determination by AAS technique

Sample Metals Digestion Analy_t ical Reference
technique
apple, orange, | Cd, Cr, 5 g sample dried at 105°C for 16 hours; FAAS [24]
grapes Cu, Pb, dry-ashing at 540°C for 8-12 hours; ash is
Ni treated with 1 mL HCI 36%
fruits, Cd, Pb samples are dried at 105°C and calcinated FAAS [25]
vegetables at 450°C; residue was treated with 5 mL
HNO3z 65% and heated on a sand bath at
150°C
leafy and fruit | Pb, Cd, 10 g sample + 10 mL HNOz conc., FAAS [26]
vegetables Fe, Zn, digestion at 90°C for 45 minutes and at
Cu 130°C for 3 hours
leafy, fruit and | Mn, Fe, 1 g dry sample + 15 mL triacid mixture FAAS [27]
root Cu, Zn, (HNOz 70%, HCIO4 65%, H2SO4 70%,
vegetables Pb, Cd 5:1:1) + digestion at 80°C
leafy, fruit and | Fe, Mn, ash digestion; resulted residue was treated FAAS [28]
root Zn, Cu, with HNO3
vegetables Ni, Cd,
Pb
legumes, leafy | Fe, Mn, drying at 100°C, grindingl g dry sample + ETAAS [29]
vegetables, Cu, Zn, 15 mL triacid mixture (HNOs 65%, HGAAS
stems, roots, | Pb, Cd, HCIOs 65%, H.SOs 70%, 5:1:1) +
fruits Hg digestion at 80°C
lettuce, Fe, Cu, plant samples are dried at 60°C; digestion FAAS [30]
raddish, Cr, Zn with concentrated acids mixture (4 mL
carrots HCIO4+25 mL HNOsz + 2 mL HSOa),
then is added 1 mL H20, 60% and heated
at 100°C for 2 hours on a hot plate
salad, spinach | Cd, Cu, ashing at 500°C for 4 hours FAAS [31]
Pb, Zn digestion with HNO3:H>0, = 2:1
spices and Hg microwave assisted digestion with HNOs CVAAS [32]
herbs conc. and HO»; oxidative conversion of
all Hg species to inorganic Hg is ensured
by addition of KMnQOa4
vegetables Ni, Zn, sample is oven-dried at 105°C for 24 FAAS [33]
Cu hours; 3 g dried sample dry-ashed 3 hours
at 450°C; ash is treated with 10 mL HNOs
conc.
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vegetables Cd, Pb, drying at 65°C; 1 g sample was digested in FAAS [34]
Ni, Co, Pyrex tubes with HNO3:HCIO4 = 3:1
Cr
vegetables As, Cd, 5-10 g sample digested with 10 mL HNO3z; GFAAS [35]
Pb conc. and heated at la 120°C; periodically
was added 1 mL H20, 30% until digestion
was complete
vegetables Cu, Zn, 10 g sample is dried at 105°C, then is FAAS (Cu, [36]
Pb, Cd calcinated at 450°C; the ash is treated with  Zn)
5 mL HCIO4 and 10 mL HNO3 GFAAS
(Cd, Pb)

Inductively coupled plasma-mass spectrometry (ICP-MS) is a technique characterized by high
precision and accuracy and is used for multielemental analysis at trace levels in various liquid
samples. Therefore, solid samples must be digested before analysis. Digestion procedures require
HNOs or HNOz and H20: as is presented in Table 3.

The sample is atomized and ionized in argon plasma and the resulted ions are separated by a mass

analyzer according to their mass-charge ratio (m/z) and then are measured at the detector [37].

Table 3. Overview of procedures used for heavy metals determination by ICP-MS technique

Sample Metals Digestion Reference
apple, carrots Cd, Pb, Cu, Zn digestion at 200°C with 8 mL HNOs and 2 [38]
mL H20;
corn, mint, Cd, Co, Cr, Cu, 0.5 g sample digested with HNO3 conc. and [39]
eggplant, pepper, Mo, Ni, Pb, Zn  the resulted residue treated with aqua regia
tomato
fruits As, Cd, Co, Cr, 0.5 g sample treated with 15 mL HNO3z and [40]
Cu, Hg, Ni, Pb, 5 mL H.O;, left overnight; digestion 2 hours
Sh, Se, Tl, Zn  at 130°C
fruits, vegetables Pb, Cd, Hg,V, 1 g sample was treated with 5 mL HNOs3 [41]
Cr 69% and 1 mL H20: 30%, microwave
digested
fruits, vegetables, Co, Cr, Cu, 2 g sample is treated with 6 mL HNO3z 68% [42]
nuts Mn, Mo, Ni, and 2 mL HO2 30%; microwave assisted
Sr, TILU,V digestion
vegetables Pb, Zn, Cd, Cu 0.5 g dried sample microwave digested with [43]
5 mL HNO3 conc., heated at 100°C for 30
minutes; after cooling was added 2 mL H20;
and microwave digested for other 21
minutes
safflower As, Cd, Hg, Pb, 0.20 g of dried plant sample is digested with [44]
Co, Cr, Ni 5 mL mixture HNO3z and HCIO4 (20:1).
vegetables (fruits, As, Cd, Pb microwave digestion with HNO3z 65% and [45]
leaves, tubers, H202 30%
bulbs)

Inductively coupled plasma - optical emission spectrometry (ICP-OES)

is suitable for

multielemental analysis and is used for fast and accurate determination of trace elements in various
samples. This technique uses plasma created by argon gas for atomization and is characterized by
high sensitivity, good reproducibility and low matrix effect. Samples introduced in plasma must be
liquid, thus digestion of the sample is required prior injection into the instrument. In Table 4 are
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presented procedures collected from literature for heavy metals assessment using ICP-OES
technique.

Table 4. Overview of procedures used for heavy metals determination by ICP-OES technique

Sample Metals Digestion Reference
cereals, pulses, Cd, Cr,Cu,Pb  0.25 g dried sample treated with 5 mL HNO3 [46]
tuber, nuts, dried conc.; after an hour was microwave digested
fruit
endive Cd, Co, Cr,Cu, 0.5 g dried plant was microwave digested with [47]

Fe, Mn, Mo, Ni, 2 mL HNOs conc. and 2 mL H20-
Pb, Zn
fruit juices Cr,Cd, Pb 0.5 mL sample is treated with 5 mL HNO3 [48]

69.5%, 2 mL H20, 35% and heated in oven at

200°C for 20 minutes, close to dryness

fruits As, Cd, Co, Cr, 0.5 g sample treated with 15 mL HNO3 and 5 [40]
Cu, Hg, Ni, Pb, mL H20,, left overnight; digestion 2 hours at

Sb, Se, Tl, Zn 130°C

fruits As, Cd, Pb 0.5 g of dried and ground sample was [21]
microwave digested using 6 mL HNO3 65%, 2
mL H202 30%

lettuce, broad Cd, Pb samples are dried at 70°C; digestion by wet [49]

bean oxidation with  HNO3 conc. under pressure in a
microwave oven

medicinal herbs | As, Cr, Co, Hg, sample is digested by a mixture of concentrated [50]

Ni acids HNOs, H2S04, HCIO4 = 10:0.5:2

medicinal plant As, Cd, Co, Cr, plants were fried at 105°C, grounded,digested [51]

species Ni, Pb with HNO3z and H20x.

perennial plants | As, Cd, Pb a) 1 g plant sample is wet digested with 16 mL [52]

mixture HNO3z and H.O> (6:2) on a hot plate;
b) 1 g plant sample is digested with 6 mL
HNOs and 2 mL H>0»

Beside the above mentioned techniques, literature studies mention X-ray fluorescence (XRF) and
neutron activation analysis (NAA) which are able to simultaneously analyze many elements without
destroying the sample by digestion.

Thus, Harris et al. evidenced that XRF is a suitable method for quantification of lead in vegetables
[53]. In addition, by XRF was performed with good precision the determination of various heavy
metals in medicinal plants and element distribution in rhizome, stalk, leaves and flowers [54].
World Health Organization recommended the NAA technique for analysis of plants, and since then,
many studies reported the metals’ levels from various medicinal plants [55]. Hence, according to
Goncalves et al, metals’ contents in different herbal medicinal plants assessed by NAA varied
considerably from plant to plant, this behavior being attributed to the differences in botanical
structure and to soil agrochemical characteristics [56]. By the same technique was drawn up a
metallic profile for seven different herbs cultivated in medicinal crops in unpolluted regions from
Romania [57].

In addition to nominated techniques, anodic stripping voltammetry (ASV) was reported as a
valuable method for assessment of heavy metals in plant samples. ASV is characterized by high
sensitivity, accuracy, precision and low costs. It is used for trace measurements of more than 20
elements (cadmium, lead, arsenic, mercury, etc) in different environmental samples [58].
Consequently, levels of pg-L* of lead, cadmium and zinc from medicinal herbs from Asia were
ascertained by ASV and confirmed by ICP-OES [59]. In addition, investigation of the lead uptake
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by white lupin (Lupinus albus L.) performed by ASV evidenced that lead was accumulated in roots
preventing leaves high level [60].

CONCLUSIONS

Heavy metals monitoring in vegetal products, especially in those destined for human consumption
is a priority for food control, therefore, selection of the most appropriate method of analysis to
obtain accurate results is a must.

For quantification of heavy metals in plants, literature studies present a large range of analytical
techniques, the most used of them being addressed in this paper. Selection of one technique or other
must be correlated with type of sample, the metal of interest and its’ concentration in the sample,
time of analysis, the financial possibilities of the laboratory. It is important to evaluate advantages
and disadvantages of each method and to document before each analysis, moreover some available
analysis protocols depicted in literature must be amended and adapted to the subjected sample to
analysis.
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