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The food quality and the safety must be a constant concern both for consumers and for authorities. The
education for quality and the active involvement, coherent and sustained by the state, through the
implementation of a quality strategy at national level should be the main "forces" that can contribute to the
implementation and certification of quality management systems in the agri-food sector. The meat and milk
products are important components in the human diet; therefore, their contamination with heavy metals
plays a significant role in the public health. The concentrations of several human essential trace elements
(Mn, Cu, Zn and Ba) and toxic elements (As, Cd, Pb) were analysed in 95 animal-based foods, including
meat, milk products and honey, collected from Romanian market. The inductively coupled plasma mass
spectrometry technique (ICP-MS) was used for the determinations. In order to evaluate the potential health
risk of the consumers due to metals intake via food ingestion, three indices were calculated, namely: the
potential average daily dose (ADDpot, mg/kg/day), the hazard quotient (HQ) and the hazard index (HI). In
terms of food safety, the toxic element concentrations in the majority of the investigated samples were below
the maximum permitted levels set by Romanian and European legislation.
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Food is the basis of life and is the element from nature that provides the energy and vitality of the body,
contributing to our well-being and health. Food security is a fundamental human right and can only be achieved
through the availability of resources and their accessibility, through the use and sustainability of a healthy, sufficient,
adequate and nutritious diet. Within the overall quality approach, as a strategic tool of industry global management,
food products represent a very important place in EU policy. The qualitative requirements imposed for these products
are due to the prospects of numerical growth of the consumers and, on the other hand, to the numerous and costly agri-
food crises they have faced and which have jeopardised the confidence in the quality and safety of food products from
EU. In this context, the European Union recommends the monitoring of food products starting from the obtaining
stage of the raw materials and ending at the consumer. This strategy aims to protect and regain the consumer
confidence from the Member States by adopting specifically legislative actions based primarily on the precautionary
principle.

Food contamination is a public health problem around the world and the risk associated with the exposure to the
trace metals, from food products, has aroused a widespread concern in human health [1]. Food safety is a major health
concern, therefore, the assessment of heavy metals content in food products and their dietary intake are mandatory in
order to evaluate the health risk. In food is a wide variety of essential trace elements, such as Fe, Mn, Cu, Zn, and Se,
which are necessary in small amounts for living organisms, to assure the vital physiological and biochemical functions
[2]. These elements can be toxic for humans if they are ingested in high concentrations [3]. The elements, such as Pb,
As, Cd, Hg, and Sn, have no functional effects and they can be harmful for humans if are ingested. Animal products
are in the forefront of the consumer and food industry interest, providing proteins, vitamins, and minerals to human
organisms [4]. Various compounds, which contain Fe, Cu, Zn, Mn, or Co, are allowed as feed ingredients for food-
producing animals [5, 6]. Once ingested by animals, small fractions of these elements are absorbed, satisfying their
nutritional needs. For example, a fraction of 10% or 20% of the ingested Cu and Zn is absorbed in the animal body
[6]. The trace elements in animal products food (cheese, milk and meat) are variable due to some factors, such as: the
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differences between species, the possible contamination of the storage and packaging equipment and the geographical
area of animal husbandry. The dietary intake of chemical elements depends on their concentrations in food and also on
the amount of food consumed. The essential elements are very important and necessary for the physiological functions
of the human body and they should be available through dietary intake [7, 8].

Nowadays, Romania has become a major consumer market in the food sector, consequently, the Romanian
consumer should learn how to identify the quality of food products through honest information and education.

The Romanian consumer faces three big dilemmas:

a) How natural/polluted is the food from the market?

b) How fast can be distinguish the quality of food by reading and understanding the information written on the
labels?

c¢) How is the quality of Romanian food in comparison with the European one?

The general consumer concerns, regarding these realities and fears, are the effect of policies and strategies that
project far above the information level and decision-making. The sufficient and correct knowledge of the main needs,
the serious and honest information, the correlation of needs with possibilities, could be the solutions to the consumer
guestions.

Ethics is not always present in this field; the consumers are those who suffer from low quality products. Even with
the implementation of the newest and safety food control systems, it is impossible to control everything. Chemical
analyses constitute an important tool for quality control in the food industry and the precise determination of essential
and toxic elements content in food is quite important, because there is a narrow margin of safety between adequate
amount and overconsumption. The mineral and heavy metal contents in animal product food have been determined by
many researchers, using different methods, such as atomic absorption spectrophotometry [9], flame atomic absorption
spectrometry (F-AAS) [10, 11], inductively coupled plasma-atomic emission spectrometry (ICP-AES), inductively
coupled plasma-mass spectrometry (ICP-MS) [12-14], inductively coupled plasma optical emission spectrometry
(ICP-OES) [15].

The main objectives of the present study were i) the content analysis of several human essential trace elements
(Mn, Cu, Zn, Ba) and toxic elements (As, Cd, Pb) in 95 animal-based food samples, including meat, milk, cheese and
honey, produced in Romania and collected from the markets; ii) the evaluation of possible human health risk
associated with the ingestion of these food products and iii) the comparison between Romanian and European
legislations and the ethical issues identification.

Experimental part
Sample processing and analytical methods

A total of 95 different samples were collected from Romanian markets (local producers): pork and beef meat, ovine
and cow products (cheese and milk) and honey (acacia, linden, canola and sunflower). Considering that the samples
have very complex composition with large organic matter content, the total digestion of the matrix is mandatory, to
assure a complete metal solubility. The samples were treated with microwave-assisted nitric acid, using a closed
vessel speed wave system MWS-2 (Berghof, Germany). A Perkin Elmer ELAN DRC-e instrument (Waltham,
Massachusetts, United States), equipped with a Meinhard nebulizer and a glass cyclonic spray chamber for pneumatic
nebulization, was used for all elements measurements. The operating conditions were: gas flow in nebulizer - 0.92 L-
min~t, auxiliary gas flow - 1.2 L- min™%, plasma gas flow - 15 L-min™%, lens voltage - 7.25 V, radiofrequency power -
1100 W, CeO/Ce ratio = 0.030 and Ba**/Ba ratio =0.026.

Health risk assessment

This study was focused on the determination of six elements, some of them being toxic. Thus, manganese (Mn) is
an essential nutrient for humans, being required in trace amounts to maintain cellular processes in human body, [16].
Cooper (Cu) and zinc (Zn) are very important for normal metabolism, growth and development [17]. Zn has greater
bioavailability from meat than from vegetables. According to the Agency for Toxic Substances [18], Cu is an essential
element for some biochemical processes in human body, but in high content in food could cause health problems.
Also, barium (Ba) has negative effects on human health, conducting to cardiovascular and kidney diseases and to
neurological disorders.

Due to their toxicity, the elements, such as As, Cd and Pb have the most negative impact on human health,
inducing multiple organ damage, even at lower levels of exposure. According to the U.S. Environmental Protection
Agency and to the International Agency for Research on Cancer these elements are classified as human carcinogens.

In order to evaluate the potential health risk of the consumers, due to the metal intake via food ingestion, there
were calculated three indices: the potential average daily dose (ADDyq, mg/kg/day), the hazard quotient (HQ) and the
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hazard index (HI). The resident exposure to the analysed metals was evaluated by calculating the potential average
daily dose (ADDpot, mg/kg/day), based on the US EPA model [19], using the equation (1). The non-carcinogenic risk
was evaluated based on the hazard quotient (HQ), according to the equation (2), which represents the ratio between
the average daily dose of a specific metal and its reference dose (R«D) [20]. In order to evaluate the possible health
risk, due to exposure to multiple trace metals, the hazard index (HI) was calculated by summing the HQ of each metal
[6, 20].
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where:
Cmetal — the metal concentration in food product (mg/kg),
IR - the ingestion rate of chicken tissue per capita (kg/day),
ED - the exposure duration (days),
BW - the body weight (kg),
AT - the time period over which the dose is averaged (days).

— 400

HQ =77 @
The HI and HQ values higher than 1 indicate a potential non-carcinogenic risk and lower than 1 confirm that the

exposed population is safe [21].

Ethical approach regarding the food safety

European food safety policy takes into account the whole chain of food consumption by animals or humans. The
national and international regulations, regarding the food quality, have lowered the maximum permissible levels of
toxic metals in food. Romania had its own food safety legislation until 2009, where the maximum values for As, Cd,
Pb, Zn and Cu [22] were regulated and it was repealed by Order 176/2009 [23]. Nowadays, Romanian/European
legislation has only a few maximum values, such as: As and Zn (for honey), Cd (for meat and honey) and Pb (for
meat, milk and honey).

Results and discussions
In the table 1 are presented the element concentration in various food samples from different classes, namely: meat,
milk, cheese and honey.

Table 1
ELEMENT CONCENTRATION IN VARIOUS FOOD SAMPLES
Sample Element (ug-g™)
Mn Cu Zn Ba As Cd Pb

0.481 2.726 60.849 | 0.240 0.017 0.005 0.078
pork meat | mean (n=12) | £0.038 | +0.188 | +4.228 | +0.015 | #0.001 | +0.0004 | +0.002
0.362 3.402 | 112.990 | 0.243 0.028 0.010 0.362
beef meat mean (n=5) | +0.025 | #0.297 | +9.452 | +0.015 | #0.001 | #0.001 | +0.028
0.595 2.572 30.144 | 0.89%4 0.095 0.008 0.024
cow milk mean (n=15) | £0.044 | #0.108 | *2.781 | +0.079 | +0.003 | +0.0007 | +0.001
0.775 2.432 23.788 | 1.260 0.089 0.023 0.045
ovine milk | mean (n=10) | #0.068 | +0.113 | #1.551 | +0.099 | +0.003 | *0.001 | +0.003
0.626 2.535 73.855 | 1.626 0.119 0.005 0.038
cow cheese | mean (n=19) | £0.051 | #0.135 | #5.552 | +0.146 | +0.005 | +0.0004 | +0.002
1.313 3.653 47.472 | 1.653 0.109 0.014 0.058
ovine cheese | mean (n=10) | #0.086 | +0.211 | #3.411 | +0.144 | +0.009 | #0.001 | +0.004

0.238 0.339 0.876 0.137 0.003 0.031
acacia honey | mean (n=13) | £0.012 | +0.027 | +0.077 | +0.018 | +0.0002 | <0.001 | +0.002
2.544 0.423 1.089 0.394 0.011 0.049
linden honey | mean (n=3) | +0.109 | #0.038 | #0.085 | #0.028 | +0.001 | <0.001 | *0.003
0.380 0.305 5.963 0.138 0.009 0.069

canola honey | mean (n=3) | +0.029 | +0.0198 | +0.335 | +0.008 | +0.0008 | <0.001 | *0.005
n — Samples number
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From table 1 it can be seen that the highest concentration was for Zn in beef sample, namely 112.990 pg-g*, while
in the pork sample the Zn concentration decreased to 60.849 pg-g. Similar value was reported in literature for Zn
concentration in pork meat [13].

High Zn concentrations were also found in cow cheese and ovine cheese, 73.855+5.552 and 47.472+3.411,
respectively. It can be explained because the pasturage herbs are influenced by environmental conditions and can
accumulate high concentrations of Zn.

There were no significant differences between Cu contents in beef and pork meat, this being confirmed by others
researchers [24, 25].

The Pb concentrations were higher in ovine products than in cow products, namely 0.045+0.003 and 0.058+0.004.
The values are in accordance with the data presented in literature [26, 27]. Similar tendencies were observed for the
Mn, Ba and Cd contents.

The presence of Pb in dairy products may be due to environmental sources, such as atmospheric deposition and
urban effluent, but in the case of Cd, it can be due to the natural or anthropogenic origins. The presence of toxic metals
in milk and dairy products can be a result of environmental conditions and manufacturing process.

The contents of analysed elements in honey samples increased as follow Cd < As < Pb < Ba < Cu<Mn < Zn. The
maximum concentration of Zn was found in canola honeys (17.888 pug-g™). A source of Zn contamination can be the
galvanized containers used for honey storing. The linden honey has higher levels of Mn (2.544 + 0.109 ug-g?), Ba
(0.394 + 0.028 ug-g*) and As (0.011 + 0.001 pg-g?) than acacia and canola honey.

The content ranges of elements in honey and in meat samples are shown in figure 1.
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Fig. 1. The concentration of essential trace elements (Mn, Cu, Zn and Ba) and toxic elements
(As, Cd Pb) in meat and honey samples

Comparing the results from figure 1, it can be noticed that the highest values obtained for Cu, Zn, As and Cd were
lower in honey than in meat samples.
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In table 2 are presented the concentration of elements in studied samples and the standard limits. Comparing these
data, it can be observed i) that the honey is the best regulated food product regarding the metal domain; ii) there are no
exceedings of the legislative values for all 4 categories of analysed foods (meat, milk, cheese and honey); iii) the Cu,
Mn and Ba are not legislated.

Table 2
CONCENTRATION OF ELEMENTS IN STUDIED SAMPLES (MEAN +STANDARD DEVIATION,
uUG-G1) IN COMPARATION WITH STANDARD LIMITS

Number
Sample of Mn Cu In Ba As cd Ph
samples
- 0441 2035 | T44Te | 03243 0019 0.008 0.103
Meat 17

=035 | =0.178 | =5118 | =0.014 | 20001 | 00005 | =0.007
Legislation NS NS NS NS NS 003 | 0148
0.723 2717 1 28005 | 1.056 0.080 0014 0053

Milk 3 =0.065 | =0.166 | =1.890 | =0.080 | =0.008 | =0.001 | =0.002
TLegislation NS NS NS NS NS NS [ O0T=
— - 1165 | 2066 | 62067 | 1711 | 0151 | 0000 | 0.098
=0.098 | =0.159 | 24220 | =0.120 | 20012 | 20,0007 | =0.002
Legislation NS NS NS NS B VS NS
I A I e i S I 5 RS
Honey 20 0054 | 20020 | =0.108 | 20015 | 200004 | 0991 | sop02
Tegislation NS NS i NS 0T or | 0

NS-unzpecified
YEuropean legislation [28], 2European legislation [3], *Romanian legislation [29],
*European legislation [30]

Analysing the values from table 2, it can be seen that the lowest European legislation limits are for Cd (0.05 pg-g?)
and Pb (0.02 pg-g?) in meat and milk, repsectively, these meaning that are very dangerous for human body, due to
their toxicity.

The potential average daily dose (ADDyqt, pg/kg/day), caused by the ingestion of essential trace elements (Mn, Cu,
Zn, Ba) and toxic elements (As, Cd, Pb) from food, is presented in figure 2.
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Fig. 2. Potential average daily dose (ADDpot, ug/kg/day), caused by the ingestion of essential
trace elements (Mn, Cu, Zn and Ba) and toxic elements (As, Cd, Pb) in the analysed samples

The results indicated that the ADDyq: values were considerably lower in the case of milk and honey due to the
lower level of metals and lower ingestion ratio for these food products. The meat consumption lead to the ingestion of
higher contents of essential trace elements, like Cu and Zn, while the cheese consumption increases the content of Ba.
The ADDy: for Pb and Cd were higher for meat ingestion, while the ADDy: for As was higher for cheese ingestion.

Based on the ADD, values, the hazard quotient (HQ) was calculated for each metal, in order to evaluate the non-
carcinogenic risk of residents, due to metals uptake via food ingestion. The results are presented in figure 3.

i
HIH
i

f

HI

HQ_Mn
HQ_Cu
HQ_Zn
HQ_Ba
HQ_As
Ha_cd
HQ_Pb

The data revealed that the Mn, Ba, Cd and Pb ingestion had a lower non-carcinogenic risk due to their low HQ
intervals values, namely: 0.0009-0.0139 for Mn, 0.0013-0.0093 for Ba, 0.0002-0.0128 for Cd and 0.0025-0.0330 for
Pb. The HQ level was higher for As (0.0523-0.5322), Zn (0.0420-0.2978) and Cu (0.0059-0.1052).

In order to evaluate the possible health risk caused by the exposure to multiple trace metals, the hazard index (HI)
was calculated by summing the HQ values. The HI ranged between 0.06 and 0.764 (figure 3), being lower than 1 in all
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cases and indicating that the resident exposure to metals from consumption of dairy products, meat and honey did not
pose any significant non-carcinogenic risk.

The HQ values of the metals for adult decreased in the order As>Zn>Cu>Pb>Cd>Mn>Ba, as it is shown in figure
4.

EHQ_Mn
HQ_Cu
®HQ_Zn
mHQ_Ba
mHQ_As
mHQ Cd
HQ_Pb

The As was the most dangerous metal among the studied elements, with a high risk for human, contributing with
approximately half of the total HQ.

Conclusions

Four essential elements (Mn, Cu, Zn and Ba) and three toxic metals (As, Cd, Pb) were determined by ICP-MS,
after microwave digestion, in four classes of food products (meat, milk, cheese and honey).

The obtained results indicated some significant differences between elements content in the studied classes of food.

a) No major problems have been identified regarding the toxic metal contamination of the analysed samples. The
concentrations of As, Cd and Pb in all samples were below the maximum limits allowed in the International and
National food safety Standards.

b) The presence of Zn and Cu in meat, cheese and milk products can be considered a good thing because their
deficiency in the body can lead to serious illnesses.

Generally, beef meat and cow cheese presented higher contents of Zn, these being better sources of the essential
element than other products, from the nutritional point of view.

c) The low concentrations of toxic metals, such as Cd, As, and Pb, in the analysed honey samples, confirm their
guality.

d) In order to evaluate the potential health risk of the consumers caused by the
metal intake via food ingestion, three indices were calculated: the potential Fig. 4. Contributionof  gyerage

;i . . . each metal HQ to the
daily dose, the hazard quotient and the hazard index. The highest HQ total HO for adult

contribution was given by As (51.19%), followed by Zn (32.21%) and by Cu
(10.58%).
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