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Abstract

:

Heavy metals are chemical elements with a toxic effect on the human body. The expansion of industries has led to significant increasing levels of these constituents in the environment. Intensive agriculture can also lead to an increased concentration of heavy metals as a result of using different fertilizers and pesticides. Heavy metal accumulation in soil and plants represents a serious issue because of the potential risks to consumers. There are several methods available for the removal of these toxic components from different substrates (chemical precipitation, electrodialysis, coagulation and flocculation, photocatalytic removal, and adsorption-based processes), but most procedures are expensive and difficult to perform. Thus, more research is needed on the development of low-cost methods in foods. This work represents a review on the heavy metal presence in different food substrates (such as fruits and vegetables, milk and dairy products, meat and meat derivatives, oils, and alcoholic beverages) and provides an overview of the current situation worldwide, taking into account the fact that risks for human health are induced by the intensification of industry and the high degree of pollution. Considering that the toxicological quality of food affects its acceptability, this work provides valuable data regarding the actual situation on the proposed topic.
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1. Introduction


Heavy metals are elements with an atomic weigh over 63.5 and a specific gravity higher than 5.0 that are generally dangerous to human health and the environment. The major elements included in this class are as follows: lead—Pb; cadmium—Cd; cobalt—Co; chromium—Cr; copper—Cu; iron—Fe; arsenic—As; nickel—Ni; zinc—Zn; and mercury—Hg [1]. The development of industry, the excessive use of chemical substances in agriculture, as well as the intensification of car traffic, in addition to the multiple benefits brought to humanity, continuously produce great ecological imbalances, sometimes reversible, sometimes irreversible, with a particular impact on the quality and safety of food, food resources, and the health of consumers. Heavy metals can originate from both natural (rocks) and anthropological sources (metal mining, smelting, trash dumping, incineration, pesticides, etc.) [2]. So, with the industrial revolution and economic globalization, the numerous environmental contaminants have significantly increased. These contaminants do not dissolve, and they accumulate in the environment [2]. The diverse and emerging food security issues have become a global concern [3,4]. Traces of different heavy metals were found in food (vegetables, meat, fish, milk, etc.) due to their mobility and bioaccumulation in water sources. By whatever means heavy metals enter food and beverages, once they enter the body, they are oxidized and form stable bonds to enzymes or protein molecules. This results in dysfunction, abnormalities, or even damage [5]. Nowadays, there is a growing preoccupation regarding the heavy metal contents in food and beverages and their subsequent consequences for the daily diet and human life chain safety.



Several studies have focused on the concentrations of heavy metals in food [6,7,8]. In Figure 1 and Figure 2, maps are shown that were created using bibliographic data from PubMed database files. For the subject “heavy metals in food”, a total of 35,945 papers were published in the last 5 years. In Figure 1, the 500 most common keywords of the existing research are represented. For a better visualization, in Figure 2, the most common 100 keywords were carefully chosen.



From Figure 1 and Figure 2, it can be highlighted that the most-studied subjects refer to the prevalence of heavy metals in the environment and how they affect the animal and human body. Most human research has focused on women and how heavy metal contamination affects their fertility and pregnancy. Globally, most studies were found in China. Heavy metal contamination is mainly determined by the high level of pollution existing in this area.



Among the studies found, the contamination of water and food with cadmium, copper, mercury, zinc, and iron are among the most frequently analyzed subjects. The existing literature focuses on the presence of heavy metals in cereals, seeds, fruits, and seafood. Metals such as zinc and iron are indeed used as dietary supplements, especially for women during pregnancy or with children.



To reduce food contamination, international organizations (the Food and Agriculture Organization of the United Nations—FAO; the World Health Organization—WHO; and the International Organization of Wine and Wine—OIV) have established limits for these chemical components in food. For example, in Codex Alimentarius [9], the Official Journal of the European Union (Reg. EC 1881/2006), the International Code of Oenological Practices [10], and the Compendium of International Methods of Wine and Must Analysis [11], limits for some heavy metals are put forward. Of these, arsenic, lead, mercury, and cadmium have been prioritized in governmental programs for monitorization and reduction. Arsenic should be found at a maximum of 0.1 mg/kg in edible fats and oils, fat spreads, and blended spreads; at a maximum of 0.01 mg/kg in natural mineral waters; at a maximum of 0.35 mg/kg in husked rice and 0.2 mg/kg in polished rice; and at a maximum of 0.5 mg/kg in salt and food-grade. Cadmium is limited to 0.01 mg/L in wine; 0.05 mg/kg in brassica vegetables, bulb vegetables, and fruiting vegetables; 0.2 mg/kg in leafy vegetables and wheat; 0.1 mg/kg in legume vegetables, pulses, root and tuber vegetables, and stalk and stem vegetables; 0.4 mg/kg in polished rice; 0.003 mg/kg in natural mineral waters; 0.5 mg/kg in salt and food-grade; 0.8 mg/kg in chocolate containing more than 50% cocoa and 0.9 mg/kg in chocolate containing more than 70% cocoa; and 2 mg/kg in marine bivalve mollusks and cephalopods. Copper is limited to 1 mg/L in wine and 2 mg/L in liqueur wines obtained from unfermented or slightly fermented grape juice. Regarding lead concentrations in food, the following maximum limits are established: 0.01 mg/kg in infant products and natural mineral waters; 0.02 mg/kg in milk and dairy products; 0.04 mg/kg in grape juice; 0.1 mg/L in wine (starting from the 2019 harvest year); 0.15 mg/L in liqueur wine (from the 2019 harvest year) and in fat spreads and blended spreads; 0.05 mg/kg in fruiting vegetables, preserved tomatoes, canned chestnuts, canned chestnut puree, and berry fruit juices; 0.1 mg/kg in some fruits (berries, pome fruits, stone fruits, pineapple, avocado, mango, and canned fruits), brassica vegetables, bulb vegetables, legume vegetables, pulses, root and tuber vegetables, canned vegetables, pickled cucumbers, cattle meat, pig meat, poultry or sheep meat, and wine; 0.2 mg/kg in cranberry, currants, elderberry, cereal grains, and fortified wines; 0.3 mg/kg in fish; 0.3 mg/kg in fresh farmed mushrooms, shiitake mushrooms, and oyster mushrooms; 0.4 mg/kg in jams, jellies, marmalades, mango chutney, and table olives; 0.1 mg/kg in oils and edible fats; and 1 mg/kg in salt and food-grade. Mercury is limited to 0.001 mg/kg in natural mineral waters and 0.1 mg/kg in salt and food-grade. This compound can also be found in a combined form, as methyl mercury, which is limited to 1.2 mg/kg in tuna, 1.5 mg/kg in alfonsino, 1.7 mg/kg in marlin, and 1.6 mg/kg in shark meat. Zinc is limited to 5 mg/L in wines.




2. Sources and Health Concerning


Heavy metals are potentially toxic in high amounts or after long-term exposure [12]. These elements manifest the ability to move and concentrate in different organs, leading to various health issues [13]. For example, lead affects the normal activity of enzymes and is linked with carcinogenesis, mutagenesis, and teratogenesis in experimental animals [14]. Lead poisoning is still a major public health risk, especially in developing countries [15]. The toxic action of lead is influenced by the chemical form in which the element is found, being absorbed in the body in a proportion of about 90%. Initially, the manifestations are non-specific, with Burton’s line present (a blue-gray area on gums) [16]. Organic lead accumulates mainly in the bones, producing various transformations of the hematoforming marrow, and less in the nervous system, organs (liver, kidneys), or muscle tissue. Inorganic lead is absorbed from the intestinal tract, more so in children (around 40–50%). Of the total absorbed lead, most of it is eliminated through urine (about 75%) and about 16% through feces. The most dangerous entry route is considered the respiratory one, as lead reaches the blood directly, without the possibility of elimination through urine or feces. Lead poisoning begins with anemia, caused by a reduction in the life span of erythrocytes and a decrease in hemoglobin synthesis. Disorders of the central nervous system appear later, such as hyper reactivity, impulsive behavior, changes in perception, and decreased learning capacity. In the peripheral nervous system, claw-hand disease can develop. In acute forms, irritability, restlessness, muscle tremors, headaches, ataxia, unclear consciousness, and memory loss may occur. In the last stage, renal failure, convulsions, coma, and finally death are observed. However, lead poisoning following the consumption of food is rare; the cases reported so far have had the source of alcoholic beverages (liqueurs, cider wine) kept for a long time in ceramic vessels varnished with varnishes containing lead or fraudulently distilled beverages by using car radiators [14,17].



The widespread use of cadmium in industries has caused an important ecotoxicological problem. It is freely found in living organisms such as clams, crustaceans, mushrooms, etc. Following the consumption of foods with a high level of cadmium, associated with an irrational diet and insufficient intake of vitamin D, osteomalacia (soft bones) can occur [18]. Cadmium is a cumulative toxicant; its action is exerted on both the urinary and respiratory systems [19]. Cadmium is easily absorbed by plants, with the highest concentration found in fungi. In the case of animals, it is absorbed in the liver and kidneys. The main foods contaminated with this element are pork, fish, potatoes, milk, and beer. It does not accumulate in eggs, while seafood can present significant amounts of cadmium. The concentration of cadmium absorbed by the human body following food ingestion is between 5% and 16%, the value doubling under the influence of Ca2+, protein, or Zn2+ deficiencies. Cadmium is absorbed in the liver, spleen, adrenal glands, and duodenum (in the first 48 h after ingestion). Accumulation in the kidneys occurs much more slowly, with the maximum level being reached after approximately 6 days. Cadmium is involved in high blood pressure [14]. This element is characterized by high stability in the body, the excretion is very slow, and the life span is estimated at 20–40 years. Lung and kidney functions are affected by increasing the excretion of glucose, amino acids, uric acid, and proteins; the liver is also affected by increasing gluconeogenesis, thus resulting in hyperglycemia. There is an increase in the circulating levels of epinephrine, norepinephrine, and dopamine in the brain. It has also been established that it has hypertensive and teratogenic effects and is considered to be one of the most powerful metallic carcinogens known to date. A diet rich in elements such as zinc, iron, selenium, copper, and ascorbic acid favors reducing or even eliminating the toxic effects of cadmium [17,20].



Copper presents a high degree of toxicity [21], being found in combined forms (coveline, chalcosine, chalcopyrite, etc.). This element is used in the metallurgical and paint industries, glass, ceramics, and the manufacture of phytosanitary products. An important source of contamination is the equipment used in processing, handling, and storing food. Intoxications can also be caused by medication, by using copper sulfate as an emetic or tenifuge, but such situations are very rare. Copper is considered an essential element for the body, and deficiencies in this element cause different disorders, such as Menkes disease (manifested by stunting and the appearance of severe neurological difficulties) or Wilson’s disease (copper is stored in the liver and in the central nervous system) [21]. The toxicity of copper is higher through skin penetration, the respiratory tract, or directly into the blood because it can be eliminated through vomiting from the digestive tract. Food poisoning is rare in the case of copper, occurring in situations where the food product is highly acidic and, following prolonged contact with the metal, a significant amount of metal is dissolved. Thus, foods kept for a long period of time in copper packaging will turn green and present a metallic taste. Copper sulfate and copper acetate show low toxicity [18]. In large doses, the hemolytic and irritating effects, as well as the keratolytic effect, are noted [22].



Zinc is an essential element that the human body can tolerate up to 2 mg/kg when administered for a long-term period [22]. This metal can be found in numerous food substrates, such as fish, red meat, grains, dairy products, cereals, etc. The elimination of zinc from the body is ensured by the excretion of feces and urine. The consumption of small amounts of zinc supplements by children would favor a significant increase in height and weight [23]. In high amounts, it causes digestive and metabolic disorders. Soluble zinc salts have, in contact with the body, a caustic action. High doses of zinc lead to digestive or metabolic disorders [22]. This element can cause paralysis of the central nervous system and damage to the circulatory system and muscles. Additionally, among the symptoms of zinc poisoning are anemia, growth stagnation, and comatose states [18].



Arsenic can be found as arsenite or arsenate, both of which are lethal to humans and animals. This element originates from natural sources (volcanic ash and geothermal springs) [24], agro-industrial treatments (herbicides, pesticides, and fungicides) [5], and electronics [24]. The toxicity of arsenic is usually determined by its ability to interact with the sulfhydryl groups of proteins and enzymes and to substitute the element phosphorus in biochemical reactions [25]. In a study conducted by Rahman et al. [26], children were the most affected, followed by females and males. In general, neurological complications are pronounced in the case of children [26]. Long-term exposure can affect the cardiovascular and reproductive systems and produce cancer or diabetes [27]. According to Rasheed et al. [24], most studies refer to the total arsenic content of food and beverages, and more studies are required for individual forms. The ingestion of arsenic from water is the main route of exposure [24].



Mercury is usually used in different industries, such as paint batteries, chloro-alkali production, in thermometers, fluorescent lights, and dental amalgams [5]. Mercury exists in many chemical forms (inorganic and organic mercury). The degree of toxicity varies according to the form and concentration in which mercury is found in the analyzed substrate. Thus, methylmercury is quickly absorbed through the intestine and is deposited in numerous tissues. This form does not cross the blood–brain barrier as efficiently as elemental mercury. In the brain, methylmercury is transformed into elemental mercury by demethylation. Mercury and mercury salts affect internal organs (especially the intestinal mucosa and kidneys), while methylmercury is distributed throughout the body [28]. The contamination by mercury was reported in fish, sediments, hair, blood, and urine [29]. This metal induces tremors and sleep disturbances, irritability, excitability, excessive shyness, muscular spasms, loss of memory, depression, etc. [24]. In a study conducted by Rasheed et al. [24], exposure of newborn children to mercury induced the loss of cognitive ability, severe mental problems, and psychomotor alterations.



Chromium can be found in different fertilizers, industrial equipment, textiles, and paper industries [5]. Its toxicity refers to allergic reactions, anemia, pathophysiological defects, burns, and respiratory and gastrointestinal cancers [30]. Chromium can be found in different forms (with chemical valences from 0 to 6), but the Cr(III) and Cr(VI) forms are usually stable. Large amounts of Cr(III) negatively influence the absorption of trace elements in animals and humans and affect neuronal functions and kidney and liver activity. In addition to the toxicity demonstrated in the human body, Cr(VI) is also more toxic to the environment, affecting soil fertility and plant development (it changes the pH, affects the enzymatic activities and photosynthesis of plants, causes oxidative DNA damage, and destroys some microorganisms) [31]. DesMarais and Costa [32] postulated that most of the existing studies have shown that the inhalation of chromate induces lung cancer. One of the principal pathways of human exposure to chromate is drinking water.



Cobalt is used in coloring glasses, pigment production, or the alloys industry [5]. This element accumulates in the human body and causes allergic contact dermatitis, asthma, hepatotoxicity, memory loss, optic atrophy, cardiovascular diseases, a reduction in fertility, etc. [33]. The first cases of cobalt toxicity were identified between 1950 and 1970 in the USA, associated with the consumption of beer in which cobalt sulfate was added as a foam stabilizer. They were represented by men, generally malnourished, who used to consume such beer in large quantities (over 20 L). The elimination of this metal is carried out mainly through urine. People who work in the heavy metal industry and carry out diamond polishing activities are significantly exposed to developing toxicity, especially lung disease. In their case, symptoms started with dyspnea, cough, and wheezing [34].



Nickel cans originate from electroplating activities, storage batteries, casting industries, nickel-plated jewelry, smoking cigarettes, and electrical pieces [5]. Acute toxicity symptoms may manifest as headaches, vertigo, tachycardia, sweating, and visual disturbances. In cases of chronic inhalation exposure, severe respiratory disorders were reported. Nickel exposure determines the formation of free radicals in the human body, the modification of DNA bases, and has carcinogenic effects [35]. According to Genchi et al. [36], nickel toxicity is influenced by mitochondrial dysfunction and oxidative stress. Epigenetic changes driven by nickel exposure disrupt the genome. In high proportions, nickel affects the metabolic activities of plants, the photosynthetic transport of electrons, and the biosynthesis of chlorophyll. Kitchen kettles with nickel-plated elements can release nickel into the water when brought to boiling temperature. Additionally, nickel nanoparticles find applications in various fields, including catalyst manufacturing, the production of magnetic materials, biological drugs, and additives for lubricants [36].




3. Methods of Analysis


Identification and quantification of heavy metals in food can be made using different methods, such as Inductively Coupled Plasma Atomic Absorption Spectrometry—ICP-AES [37,38,39]; Flame Atomic Absorption Spectrometry—FAAS [39]; Mass Spectrometry with Inductive Coupling—ICP-MS [40,41]; Graphite Furnace Atomic Absorption Spectrometry—GF-AAS [42]; High-resolution Continuum Source Graphite Furnace Atomic Absorption Spectrometry—HR-CS-GFAAS [43,44]; Anion Exchange Chromatography Coupled to Inductively Coupled Plasma Mass Spectrometry—AEC-ICP MS [45]; Microwave Induced Plasma Optical Emission Spectrometry—MIP OES [46]; Electrochemistry [47]; Liquid Chromatography coupled with Mass Spectrometry (LC-MS/MS) [48]; Gas-Chromatography—tandem Mass Spectrometry (GC-MS) [49].



Among those mentioned, FAAS and GF-AAS are often used in most analytical laboratories. FAAS allows for identifying and quantifying a lot of metals (Co, Cd, Cd, Cu, Fe, Fe, Mn, Ni, Pb, and Zn) that are found even at trace levels. This method is characterized by low operation costs and good analytical performance, but the main disadvantage is the limitation of mono-elemental detection and the range of linear responses [50].



Some authors have proven that the variant with ICP-AES constitutes the most powerful analytical tool (rapid analysis speed, high analytical sensitivity, high accuracy and precision, and wide measuring range) for evaluating the concentration of heavy metals in any food substrate or drink [38,39,50,51]. This technique involves using plasma from argon for atomization and involves high costs with the equipment and operating procedure. Additionally, precision and accuracy are diminished when the solid sample is directly analyzed and needs to be converted to a liquid phase [50].



The ICP-MS technique enables a multi-element analysis with a large analytical range of linear responses, a low detection limit, easy and simple sample preparation, high-resolution tandem mass-spectrometry, etc. However, the equipment and laboratory setup costs are high, involve a high level of expertise of the operators, and multiple high purity gases are needed [40]. Compared to ICP-MS, FAAS and GF-AAS techniques enable a single-element analysis, require a higher sample volume, have a limited analytical range, and involve the utilization of flammable gases [40].



Techniques based on atomic spectroscopy are considered efficient due to their high sensitivity, selectivity, and rapidity [39]. The value of the heavy metal concentration estimated by the various methods mentioned is dependent on the properties of the metal and its concentration in the analyzed substrate [51].



Achieving accurate results is conditional on choosing an appropriate digestion procedure and adapting it to the situation [51]. Two main steps must be taken into consideration for heavy metal determination in food and beverages: sample preparation (digestion) and quantification (actual determination) [51]. Considering that many of the existing analytical methods involve a sample preparation step (decomposition), many authors have focused on the optimization of the digestion step (with dry, wet, and microwave ash) [38,39]. In that sense, Scaeteanu et al. [51] recommended the utilization of the FAAS method for Zn and Fe; digestion with an aqua regia-HClO4 mixture is more effective for Cu [51], while the dry ashing method was confirmed to be suitable for lead evaluation. According to Scaeteanu et al. [51], X-ray fluorescence enables simultaneous analysis of many heavy metals without digestion or degradation of the substrate [50]. For methods using chromatography, the main limitations are the high cost of equipment acquisition and maintenance, high operational costs, limited sample throughput, large size and impossibility of portability, and the need to provide an infrastructure to maintain power, gases, and exhaust. Compared to conventional methods that require relatively long working times and the use of large amounts of reagents, biosensors have gained popularity in recent years due to their small size, low cost, ease of sample preparation and operation, and fast response [51].




4. The Presence of Heavy Metals in Food


Nowadays, the levels of heavy metals in food and beverages do not present severe risks to human health for many geographical regions. However, there is a growing trend of environmental contamination, underscoring the need for continuous monitoring of heavy metals to safeguard human health [52].



This paper focuses on existing studies that investigate the presence of heavy metals in common dietary staples, such as fruits and vegetables, milk and dairy products, meat and derivatives, edible oils, as well as certain alcoholic beverages like beer and wine, considering that these types of alimentary products are the main constituents of the daily diet in many regions. The concentrations of heavy metals in food are heterogeneous due to the numerous factors that can affect their accumulation.



4.1. The Presence of Heavy Metals in Fruits and Vegetables


Fruits and vegetables present high nutritional values, and their consumption in fresh form helps in the maintenance of health and the prevention and treatment of various diseases. Fruits and vegetables contain both essential and toxic heavy metals in different amounts [53]. Numerous studies were conducted to analyze the content of heavy metals in fruits and vegetables from various countries and regions, especially those with large industrial activity or a high level of pollution [54,55,56,57]. Some of their results are presented in Table 1. The authors investigate factors like soil contamination, agricultural practices, and environmental conditions that may contribute to heavy metal accumulation in fruits and vegetables. Spinach and lettuce are among the most studied vegetables regarding their heavy metal content [55,56,57]. Fruits like apples, bananas, grapes, and berries, which are widely consumed [53,58,59,60], are also often tested for their heavy metal levels. Higher values than those allowed by Codex Alimentarius [9] were reported in some cases. For example, As3+ and Zn2+ presented higher values in the lettuce samples from the USA and, respectively, the Romanian aliquots [61,62]. Moreover, Zn2+ is usually found in high levels in Romanian samples; Ni2+ is the main heavy metal in Egyptian samples (due to highly polluted soils), while Cu2+ is predominant in Chinese tested aliquots.




4.2. Milk and Dairy Products


Milk is a basic component of the daily diet and contains essential nutrients for the normal functioning of the human body. Several studies regarding the concentrations of heavy metals in milk and dairy products were conducted over time [61,61,68,69,70]. Some results are presented in Table 2. High levels of these compounds may be due to the exposure of animals to environmental pollution or the consumption of contaminated water and feed [71]. Pilarczyk et al. [72] demonstrated that heavy metal content in milk is influenced by a cow’s breed. The authors obtained significantly higher concentrations of Pb2+, Cd2+, Cu2+, and lower levels of essential minerals in milk from Holstein Friesian cows compared to samples from Simmental cows. Özbay et al. [61] highlighted the significant impact of feed and water on As3+ levels in milk. Besides that, the authors showed that seasonal changes can affect heavy metal levels in milk. In the study of Meshref et al. [62], lead levels exceeded the maximum allowed value (0.02 mg/kg) established by the Codex Alimentarius [9]. The presented studies emphasize different amounts of heavy elements, probably in accordance with the existent differences in the air quality of each geographical region and land uses for feeding animals [73]. In general, the analyzed milk and dairy products were poor sources of copper and zinc. It can be said that milk contributes only to a small extent to covering the body’s needs.




4.3. Meat and Meat Derivatives


Heavy metals in meat and meat products come from contaminated animal feeds, especially in regions with intense industrialization [76]. Some authors reported various amounts of heavy metals in meat and meat derivatives produced in different countries [52,76,77,78,79,80]. Hoha et al. [77] obtained higher values of heavy metals in pork salami and sausages obtained in Romania, compared to less processed samples like ham and bacon. The authors postulated that higher quantities of contaminated spices could be the main explanation. The concentrations of the analyzed metals were below the Codex Alimentarius limits [9], but their cumulative effect should be taken into consideration. Salim et al. [80] obtained values that exceeded the Codex Alimentarius [9] permissible levels in the case of Pb2+ and Cd2+ ions in red meat samples from Asia and Africa. The authors postulated that Cd2+ was found in higher concentrations in meat with a high fat content and was accumulated in fat tissues [80]. In a previous study, Wang et al. [14] highlighted some different amounts of heavy metals in meat products from China during 2015–2017, with chromium being found in higher amounts while mercury being the lowest.



The results (Table 3) highlight that meat consumption carries a health risk due to the high accumulation of heavy metals.




4.4. Edible Oils


Vegetable oils contain trace metals such as Fe2+, Cu2+, Ca2+, Mg2+, Co2+, Cd2+, and Mn2+, which can accelerate the rate of oil oxidation [81]. Heavy metals in oils may originate from the soil, primarily due to the intensive use of fertilizers and pesticides or from contamination during the manufacturing process [82,83]. Their occurrence in vegetable edible oils is a result of environmental contamination, refining processes, transfer during transport, or the packaging process. Even if the used seeds contain high amounts of metals, most of them are not extracted from the resulting oils [41]. Several papers have been published on this topic, presenting varying concentrations of heavy metals (Table 4) [41,84,85,86,87,88,89,90,91]. Of particular concern is the excessive presence of Pb2+ and As3+ (exceeding 0.1 mg/kg) found in many assortments of edible oils (olive, rapeseed, sesame, sunflower, corn, cottonseed, and soybean oils) from various countries (London, Pakistan, China, Iran, and Monte Carlo). The concentrations of heavy metals are influenced by factors such as plant species, variety, bioavailability, cultivation techniques, and environmental conditions, including the capacity of bioaccumulation [92]. Sunflowers and olive oils, in particular, tend to accumulate higher levels of Fe2+, Cu2+, and Zn2+ [93].




4.5. Alcoholic Beverages (Wine and Beer)


Most of the heavy metals present in alcoholic beverages can originate from agricultural pesticides or contamination from processing equipment (pipelines, containers, tanks, filtration systems, aluminum cans, etc.) [58,99].



Table 5 summarizes some of the existing research findings on this topic. In the beer industry, trace components, including heavy metals, represent approximately 0.02% of malt extract. This includes hazardous metals, which can be transferred from source ingredients to the final beer product and brewing residues. The concentrations of these metals depend on the chemical composition of the raw materials and their capacity to dissolve into the solution over the brewing process. Considering that beer is one of the most widely consumed beverages globally, regular consumption can have adverse effects on people’s health. Some researchers have noted that beer can contain varying levels of major, minor, or trace metals throughout the manufacturing process. Their presence can also affect the final quality of the beer in terms of flavor stability and haze [99]. Zuffal and Tyrell [100] highlighted that metal ions and peroxides led to the rapid development of stale aroma in beer, with heavy metals being essential in the beer aging process. The importance of manganese for beer flavor stability has also been confirmed by the authors. According to Hudson [101], these components are involved in beer haze formation.



In winemaking, heavy metal sources are similar to those in beer production. According to Han [66], heavy metals such as Cu2+ and Pb2+ can be absorbed by the waste yeast. Winemaking byproducts have shown efficiency in absorbing heavy metals from aqueous solutions. This can be attributed to their concentrations of proteins, carbohydrates, and phenolic compounds, which contain carboxyl, hydroxyl, sulphate, phosphate, and amino groups capable of binding metal ions [102]. Existing research papers generally report low amounts of heavy metals in wine [58,103,104]. According to Orescanin et al. [58], red wine usually contains higher concentrations of metal elements than white wine. Also, there are lower values of heavy metals in wines compared to grapes. Larger amounts of some elements (Fe2+, Ni2+, Zn2+, and Pb2+) are associated with contamination during wine storage. The level of some metal ions like Cu2+, Fe2+, or Mn2+ is briefly discussed in several papers. High residual metal content can contribute to the oxidation process, resulting in a loss of aromatic freshness in wines and the precipitation of phenolic compounds in bottled samples. Cabrera-Vique et al. [105] observed a significant increase in chromium content during wine storage. This increase may be attributed to contamination from the stainless steel used for wine storage or the pigmentation of bottles with chromium oxide [106]. The high residual manganese levels favor acetaldehyde formation in wines, which leads to higher polymerization and later precipitation of phenolic compounds. Additionally, when aluminum levels exceed 10 mg/L of Al2+ it can cause aluminum cloudiness in wines [107].



Some processes (ion exchange, reverse osmosis, and adsorption) contribute to a significant reduction of metals [2]. Focea et al. [103] reported an increase in heavy metals during the storage of sparkling wines, which was influenced by the evolution of pH, the activation of prosthetic metalloenzymes, and the ionic balance. Andrieș et al. [104] reported a major difference in metal profile when reverse osmosis was applied to obtain low-alcoholic white wines.



According to the presented results, beer and wine do not represent a health risk regarding the content of heavy metals.





 





Table 5. Heavy metals in wine and beer.
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Analyzed Product

	
Country

	
Identified Heavy Metal

	
Concentrations

	
Year

	
References






	
Beer

	
Ethiopia

	
Cu2+

	
0.0368 mg/L

	
2022

	
[2]




	
Cd2+

	
0.0014 mg/L




	
Mn2+

	
0.0954 mg/L




	
Pb2+

	
0.006 mg/L




	
Zn2+

	
1.5206 mg/L




	
Italy

	
Cd2+

	
nd–0.00058 mg/L

	
2008

	
[108]




	
Pb2+

	
nd–0.0133 mg/L




	
Brazil

	
Cd2+

	
nd–0.0143 mg/L

	
2003

	
[109]




	
Pb2+

	
0.013–0.0329 mg/L

	
2005

	
[110]




	
Zn2+

	
0.0527–0.226 mg/L




	
Sparkling wines—Muscat Ottonel

	
Romania

	
Mn2+

	
668.84–712.17 µg/L

	
2017

	
[103]




	
Zn2+

	
216.3–387.4 µg/L




	
Fe2+

	
1214.7–1704.2 µg/L




	
Cu2+

	
111.3–188.1 µg/L




	
Ni2+

	
128.11–169.14 µg/L




	
Pb2+

	
2.46–631.9 µg/L




	
White low-alcoholic wine—Muscat Ottonel

	
Romania

	
Zn2+

	
2.0–320.1 µg/L

	
2017

	
[104]




	
Fe2+

	
404.5–1401.5 µg/L




	
Cu2+

	
107.1–726.6 µg/L




	
Mn2+

	
276.2–857.3 µg/L




	
Ni2+

	
58.3–736.2 µg/L




	
Pb2+

	
66.7–574.5 µg/L




	
White wine

	
Croatia

	
V2+

	
1 µg/L

	
2008

	
[58]




	
Cr2+

	
3 µg/L




	
Mn2+

	
5 µg/L




	
Fe2+

	
61 µg/L




	
Ni2+

	
6 µg/L




	
Cu2+

	
6 µg/L




	
Zn2+

	
59 µg/L




	
As3+

	
nd




	
Pb2+

	
30 µg/L










4.6. Reduction of Metal Content


Extensive anthropogenic activities, combined with a lack of recycling or proper disposal practices, pose a significant threat to both human life and the environment. Given that most procedures are expensive and logistically challenging, current research efforts are focused on developing cost-effective methods for the removal of contaminants. An overview of the procedures for the reduction of heavy metals in food products is presented below.



Chemical precipitation refers to the administration of some coagulants (lime, alum, and organic polymers) [5]. Pohl [111] highlighted the effectiveness of sulfur-containing precipitation agents in significantly removing several heavy metals (Cd2+, Cr2+, Co2+, Cu2+, Hg2+, etc.) from water. Chemical reagents like Ca(OH)2–calcium hydroxide or NaOH–sodium hydroxide have been used to remove Cu2+ ions from aqueous solutions [112,113,114]. This procedure is easy to operate and practicable for most metals, with low costs, but is limited by the high consumption of precipitants and lower removal efficiency, with extra operational costs for sludge disposal [115].



Different electrochemical methods (ion exchange, electrooxidation, electrochemical reduction, and electroflotation) were developed for removing food contaminants [116]. Of these, the ion exchange procedure manifests excellent selectivity for metals but implies high costs with raw materials and a small range of action on metal ions [115].



Electrodialysis is based on the effect of electric potential when a semi-permeable membrane is used to remove metal ions [5]. On this line, Ottosen et al. [117] achieved an 80% reduction of Cu2+, Cr2+, and As3+ from wood wastes after 7 days of treatments with oxalic acid. Also, Bazinet [118] confirmed the efficiency of using electrodialysis with a bipolar membrane in the dairy industry. This method is easy to perform, practicable for most types of metals, and effective for large volumes of samples. The main limitations are represented by the high consumption of electrode materials, secondary pollution, etc. [115].



Coagulation and flocculation processes are effective methods for removing certain metals, and compounds like aluminum, ferrous sulfate, or ferric chloride can be employed for this purpose [5]. The main drawback of this method is its high operational costs. Moreover, large quantities of coagulants and flocculants are necessary to achieve the required level of flocculation [115].



Flotation methods include dissolved air, ions, and precipitation flotation. In the ion flotation process, a surfactant is used to increase the hydrophobicity of the metal ions, which are then removed by air bubbles [5]. The technique is characterized by high efficiency and separation selectivity, but the operation process is complex, with high costs, and the elimination efficiency is reduced [115].



Photocatalytic removal methods refer to the use of light and semiconductors, particularly when applied to wastewater treatment [5]. This technique permits the simultaneous removal of metals, and the resultant by-products present low toxicity. Photocatalytic removal efficiency is limited by the pH range of the medium, involves a long time duration and high energy consumption, and is more difficult to achieve [115].



Adsorption-based processes can be effective in reducing contamination. For this, nanoporous carbon-based adsorbents, chitosan-based adsorbents, or some agricultural wastes can be used (neem leaf, bark, seeds, sugarcane bagasse, rice husk, coconut husk, oil plan shell) [5,119,120,121,122,123,124]. Luchian et al. [123] presented the benefits of Al-MCM-41 mesoporous and mordenite microporous nuclear sieves as sorbents for Mn2+, Ni2+, and Cu2+ in white wines. Adsorption methods are simple, economical, and effective for most metals and involve vast and economic biosorbents. The efficiency of this procedure is dependent on pH (limited pH range), has a long equilibrium time, and is problematic to regenerate [115].





5. Conclusions


This review emphasizes existing studies on the content of heavy metals in various food categories, including fruits and vegetables, milk and dairy products, meat and its derivatives, edible oils, and certain alcoholic beverages such as wine and beer. The levels of heavy metals in food are heterogeneous due to the numerous factors that can affect their accumulation. The contamination of food with heavy metals doesn’t pose a risk to human health in most regions. However, there are some values that exceed the limits established by international legislation, especially in countries with large industrial activity or high pollution levels. Still, environmental contamination shows increasing tendencies, and monitoring of heavy metals needs to be continuous to protect human public health. Heavy metal toxicity is directly related to their accumulation in food. High amounts of these elements generate numerous health issues. Therefore, consumers must choose their food sources carefully. Metals like lead, cadmium, and arsenic are the main elements with high potential health risks. According to the analyzed studies, the highest value for cadmium was registered in lettuce cultivated in Romania; excessive amounts of lead were found in apple samples from Ukraine and Kosovo, but also in lettuce or red potatoes from Romania; and arsenic presented alarming values in lettuce from Florida. Reducing their levels and improving food safety require a well-planned approach and the adoption of sustainable agricultural practices, which should be accompanied by efforts to reduce pollution. Given the extensive nature of this subject, more comprehensive studies spanning the entire food chain are imperative.







Author Contributions


Conceptualization, L.C.T.; methodology, L.C.T.; software, E.C.S.; investigation, E.C.S.; writing—original draft preparation, E.C.S. and L.C.T.; writing—review and editing, E.C.S. and L.C.T.; visualization, E.C.S.; supervision, E.C.S.; project administration, E.C.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by “Ion Ionescu de la Brad” Iași University of Life Sciences.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Nkwunonwo, U.C.; Odika, P.O.; Onyia, N.I. A review of the health implications of heavy metals in food chain in Nigeria. Sci. World J. 2020, 2020, 6594109. [Google Scholar] [CrossRef]

	



Ciont, C.; Epuran, A.; Kerezsi, A.D.; Coldea, T.E.; Mudura, E.; Pasqualone, A.; Zhao, H.; Suharoschi, R.; Vriesekoop, F.; Pop, O.L. Beer safety: New challenges and future trends within craft and large-scale production. Foods 2022, 11, 2693. [Google Scholar] [CrossRef] [PubMed]

	



Rai, P.K.; Lee, S.S.; Zhang, M.; Tsang, Y.F.; Kim, K.H. Heavy metals in food crops: Heat risks, fate, mechanisms, and managements. Environ. Int. 2019, 125, 365–385. [Google Scholar] [CrossRef] [PubMed]

	



Upadhyay, R. Heavy metals in our ecosystem. In Heavy Metals in Plants. Physiological to Molecular Approach; Kumar, J., Gaur, S., Srivastava, P.K., Mishra, R.K., Prasad, S.M., Chaudan, D.K., Eds.; CRC Press Publishing: Boca Raton, FL, USA, 2022. [Google Scholar]

	



Goswami, A.K.; Baroliya, P.K. Heavy Metals Adsorption; Walter de Gruyter GmbH: Berlin/Heidelberg, Germany; Boston, MA, USA, 2023. [Google Scholar] [CrossRef]

	



Abedi, A.; Hoseini, H.; Mohammadi-Nasrabadi, F.; Rostami, N.; Esfarjani, F. Consumer health risk assessment of Arsenic and Mercury in hen eggs through Monte Carlo simulations. BMC Public Health 2023, 23, 1320. [Google Scholar] [CrossRef]

	



Alam, M.A.; Mukherjee, A.; Bhattacharya, P.; Bundschuh, J. An appraisal of the principal concerns and controlling factors for arsenic contamination in Chile. Sci. Rep. 2023, 13, 11168. [Google Scholar] [CrossRef]

	



Yao, X.; Chen, H.; Zhang, B.; Lu, L. Transcriptome analysis reveals differentially expressed genes involved in aluminum, copper and cadmium accumulation in tea ‘Qianmei 419′ and ‘Qianfu 4. ’ Plants 2023, 12, 2580. [Google Scholar] [CrossRef] [PubMed]

	



FAO. CXS193-1995—General Standards for Contaminants and Toxins in Food and Feed. Available online: https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B193-1995%252FCXS_193e.pdf (accessed on 19 July 2023).

	



OIV. International Code of Oenological Practices. Dijon. France. 2023. Available online: https://www.oiv.int/standards/international-code-of-oenological-practices (accessed on 31 July 2023).

	



OIV. Compendium of International Methods of Wine and Must Analysis. Dijon. France. 2023. Available online: https://www.oiv.int/standards/compendium-of-international-methods-of-wine-and-must-analysis (accessed on 31 July 2023).

	



Nighat, S.; Nadeem, M.S.; Mahmood, T.; Kayani, A.R.; Mushtaq, M.; Ul Hassan, M.M. Estimation of heavy metals in Indian flying fox Pteropus giganteus (Brünnich, 1782) from Punjab, Pakistan. Pak. J. Zool. 2016, 48, 1787–1792. [Google Scholar]

	



Oves, M.; Khan, M.S.; Zaidi, A.; Ahmad, E. Soil contamination, nutritive value, and human health risk assessment of heavy metals: An overview. In Heavy Metals in Plants. Physiological to Molecular Approach; Kumar, J., Gaur, S., Srivastava, P.K., Mishra, R.K., Prasad, S.M., Chaudan, D.K., Eds.; CRC Press Publishing: Boca Raton, FL, USA, 2022. [Google Scholar]

	



Wang, X.; Zhang, Y.; Geng, Z.; Liu, Y.; Guo, L.; Xiao, G. Spatial analysis of heavy metals in meat products in China during 2015–2017. Food Control 2019, 104, 174–180. [Google Scholar] [CrossRef]

	



Flora, G.; Gupta, D.; Tiwari, A. Toxicity of lead: A review with recent updates. Interdiscip. Toxicol. 2012, 5, 47–58. [Google Scholar] [CrossRef]

	



Pearce, J. Burton’s line in lead poisoning. Eur. Neurol. 2006, 57, 118–119. [Google Scholar] [CrossRef]

	



Brădăţan, G. Siguranţa Alimentelor; “Ion Ionescu de la Brad” Publishing: Iaşi, Romania, 2007. [Google Scholar]

	



Leonte, D. Elemente de Igienă Alimentară; Ion Ionescu de la Brad Publishing: Iași, Romania, 2011. [Google Scholar]

	



Georgescu, G. Laptele Şi Produsele Lactate; Ceres Publishing: Bucharest, Romania, 2000. [Google Scholar]

	



Banu, C.; Bărăscu, E.; Stoica, A.; Nicolau, A. Suveranitate, Securitate Şi Siguranţă Alimentară; ASAB Publishing: Bucharest, Romania, 2007. [Google Scholar]

	



Gavrilescu, E. Noţiuni Generale de Ecotoxicologie; Sitech Publishing: Craiova, Romania, 2008. [Google Scholar]

	



Solcan, G.; Beşchea, I.S. Toxicologie Veterinară—Manual Practic; TEHNOPRESS Publishing: Iași, Romania, 2005. [Google Scholar]

	



Li, J.; Cao, D.; Huang, Y.; Chen, B.; Chen, Z.; Wang, R.; Dong, Q.; Wei, Q.; Liu, L. Zinc intakes and health outcomes: An umbrella review. Front Nutr. 2022, 9, 798078. [Google Scholar] [CrossRef] [PubMed]

	



Rasheed, H.; Slack, R.; Kay, P. Human health risk assessment for arsenic: A critical review. Crit. Rev. Environ. Sci. Technol. 2016, 46, 19–20. [Google Scholar] [CrossRef]

	



Tchounwou, P.B. Arsenic toxicity and carcinogenesis: A public health risk assessment and management approach. WIT Trans. Ecol. Environ. 2008, 110, 71–79. [Google Scholar] [CrossRef]

	



Rahman, M.A.; Kumar, S.; Lamb, D.; Rahman, M.M. Health risk assessment of arsenic, manganese, and iron from drinking water for high school children. Water Air Soil Pollut. 2021, 232, 269. [Google Scholar] [CrossRef]

	



Singh, N.; Kumar, D.; Sahu, A. Arsenic in the environment: Effect on human health and possible prevention. J. Environ. Biol. 2007, 28, 359–365. [Google Scholar] [PubMed]

	



Bernhoft, R.A. Mercury toxicity and treatment: A review of the literature. J. Environ. Public Health 2012, 2012, 460508. [Google Scholar] [CrossRef] [PubMed]

	



Marrugo-Madrid, S.; Pinedo-Hernández, J.; Paternina-Uribe, R.; Marrugo-Negrete, J.; Díez, S. Health risk assessment for human exposure to mercury species and arsenic via consumption of local food in a gold mining area in Colombia. Environ. Res. 2022, 215, 113950. [Google Scholar] [CrossRef] [PubMed]

	



Hossini, H.; Shafie, B.; Niri, A.D.; Nazari, M.; Esfahlan, A.J.; Ahmadpour, M.; Nazmara, Z.; Ahmadimanesh, M.; Makhdoumi, P.; Mirzaei, N.; et al. A comprehensive review on human health effects of chromium: Insights on induced toxicity. Environ. Sci. Pollut. Res. 2022, 29, 70686–70705. [Google Scholar] [CrossRef]

	



Yan, G.; Ying-Jun, G.; Xue, K.; Qi, Y.; Fan, Y.; Xue, T.; Wang, J.; Zhao, R.; Zhang, P.; Liu, Y.; et al. Toxicity mechanisms and remediation strategies for chromium exposure in the environment. Front. Environ. Sci. 2023, 11, 1131204. [Google Scholar] [CrossRef]

	



DesMarais, T.L.; Costa, M. Mechanism of chromium-induced toxicity. Curr. Opin. Toxicol. 2019, 14, 1–7. [Google Scholar] [CrossRef]

	



Zhang, N.; Yang, S.; Yang, J.; Deng, Y.; Li, S.; Li, N.; Chen, X.; Yu, P.; Liu, Z.; Zhu, J. Association between metal cobalt exposure and the risk of congenital heart defect occurrence in offspring: A multi-hospital case-control study. Environ. Health Prev. Med. 2020, 25, 38. [Google Scholar] [CrossRef] [PubMed]

	



Chen, R.J.; Lee, V.R. Cobalt Toxicity; StatPearls Publishing: St. Petersburg, FL, USA, 2023. Available online: https://www.ncbi.nlm.nih.gov/books/NBK587403 (accessed on 25 August 2023).

	



Das, K.K.; Das, S.N.; Dhundasi, S.A. Nickel, its adverse health effects & oxidative stress. Indian J. Med. Res. 2008, 128, 412–425. [Google Scholar] [PubMed]

	



Genchi, G.; Carocci, A.; Lauria, G.; Sinicropi, M.S.; Catalano, A. Nickel: Human Health and Environmental Toxicology. Int. J. Environ. Res. Public Health 2020, 17, 679. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Ge, S.; Yang, Z.; Dong, C. Heavy metals analysis in chalk sticks based on ICP-AES and their associated health risk. Environ. Sci. Pollut. Res. 2020, 27, 37887–37893. [Google Scholar] [CrossRef]

	



Manousi, N.; Zachariadis, G.A. Development and validation of an ICP-AEC method for the determination of toxic and nutrient metals in candies: Application for the analysis of different samples from the Greek market. Appl. Sci. 2021, 11, 10599. [Google Scholar] [CrossRef]

	



Manousi, N.; Zacharidis, G.A. Development and application of an ICP-AES method for the determination od nutrient and toxic elements in savory snack products after autoclave dissolution. Separations 2020, 7, 66. [Google Scholar] [CrossRef]

	



Wilscheski, S.C.; Baxter, M.R. Inductively coupled plasma mass spectrometry: Introduction to analytical aspects. Clin. Biochem. Rev. 2019, 40, 115–133. [Google Scholar] [CrossRef]

	



Lee, J.G.; Hwang, J.H.; Lee, H.E.; Kim, T.H.; Choi, J.D.; Gang, G.J. Effects of food processing methods on migration of heavy metals to food. Appl. Biol. Chem. 2019, 62, 64. [Google Scholar] [CrossRef]

	



Elgamal, S.M.; Khorshed, M.A.; Ismail, E.H. Determination of heavy metal content in whey protein samples from markets in Giza, Egypt, using inductively coupled plasma optical emission spectrometry and graphite furnace atomic absorption spectrometry: A probabilistic risk assessment study. J. Food Compos. Anal. 2019, 84, 103300. [Google Scholar] [CrossRef]

	



Gunduz, S.; Akman, S. Determination of lead in rice grains by solid sampling HR-CS GFAAS. Food Chem. 2013, 141, 2634–2638. [Google Scholar] [CrossRef]

	



Ren, T.; Zhao, L.J.; Zao, J.; Zhong, R.G. Determination of Pb, Cd and Cr in food by high resolution continuum source graphite furnace atomic absorption spectrometry. Spectrosc. Spectr. Anal. 2012, 32, 2566–2571. [Google Scholar]

	



Song, Y.; Guo, F.; Zeng, P.; Liu, J.; Wang, Y.; Cheng, H. Simultaneous measurements of Cr, Cd, Hg and Pb species in ng L−1 levels by interfacing high performance liquid chromatography and inductively coupled plasma mass spectrometry. Anal. Chim. Acta 2022, 1212, 339935. [Google Scholar] [CrossRef] [PubMed]

	



Oreste, E.Q.; de Souza, A.O.; Pereira, C.C.; Bonemann, D.H.; Vieira, M.A.; de Moura Fontes, L.; Pasquini, C.; Ribeiro, A.S. Microwave induced plasma optical emission spectrometry (MIP OES) and laser-induced breakdown spectroscopy (LIBS) for multi-element determination and location in ceramic tableware. Microchem. J. 2021, 168, 106452. [Google Scholar] [CrossRef]

	



Bansod, B.S.; Kumar, T.J.; Thakur, R.; Rana, S.; Singh, I. A review on various electrochemical techniques for heavy metal ions detection with different sensing platforms. Biosens. Bioelectron. 2017, 94, 443–455. [Google Scholar] [CrossRef] [PubMed]

	



Yoshioka, N.; Ichihashi, K. Determination of 40 synthetic food colors in drinks and candies by high-performance liquid chromatography using a short column with photodiode array detection. Talanta 2008, 74, 1408–1413. [Google Scholar] [CrossRef] [PubMed]

	



Wardencki, W.; Chmiel, T.; Dymerski, T.; Biernacka, P.; Plutowska, B. Application of gas chromatography, mass spectrometry and olfactometry for quality assessment of selected food products. Ecol. Chem. Eng. 2009, 16, 287–300. [Google Scholar]

	



Gonzálvez, A.B.; De La Guardia, M. Mineral profile. In Comprehensive Analytical Chemistry; de la Guardia, M., Gonzálvez, A.B., Eds.; Elsevier: Amsterdam, The Netherlands, 2013; pp. 51–76. [Google Scholar] [CrossRef]

	



Scaeteanu, G.V.; Madjar, R.M.; Mot, A. An overview of methods used for quantification of heavy metal contents in vegetal samples. Rom. J. Ecol. Environ. Chem. 2021, 3, 7–15. [Google Scholar] [CrossRef]

	



Pećanac, B.; Golić, B.; Knežević, D. Assessment of contamination with heavy metals in food of animal origin. In Proceedings of the XII International Symposium on Agricultural Sciences AgroReS, Trebinje, Bosnia and Herzegovina, 24–26 May 2023. [Google Scholar]

	



Amer, M.; Sabry, B.A.; Marrez, D.A.; Hathout, A.S.; Fouzy, A.S.M. Exposure assessment of heavy metal residues in some Egyptian fruits. Toxicol. Rep. 2019, 6, 538–543. [Google Scholar] [CrossRef]

	



Khan, A.; Khan, S.; Khan, M.A.; Qamar, Z.; Waqas, M. The uptake and bioaccumulation of heavy metals by food plants, their effects on plants nutrients, and associated health risk: A review. Environ. Sci. Pollut. Res. 2015, 22, 13772–13799. [Google Scholar] [CrossRef]

	



Ercilla-Montserrat, M.; Muñoz, P.; Montero, J.I.; Gabarrell, X.; Rieradevall, J. A study on air quality and heavy metals content of urban food produced in a Mediterranean city (Barcelona). J. Clean. Prod. 2018, 195, 385–395. [Google Scholar] [CrossRef]

	



de Oliveira, L.M.; Suchismita, D.; Gress, J.; Rathinasabapathi, B.; Chen, Y.; Ma, L.Q. Arsenic uptake by lettuce from As-contaminated soil remediated with Pteris vittata and organic amendment. Chemosphere 2017, 176, 249–254. [Google Scholar] [CrossRef] [PubMed]

	



Roșca, M.; Hlihor, R.M.; Mihalache, M.; Stoleru, V. Heavy metals contamination of fruits and vegetables in Europe. Sci. Pap. Hortic. Ser. USV Iasi 2021, 64, 227–232. [Google Scholar]

	



Orescanin, V.; Katunar, A.; Kutle, A.; Valkovic, V. Heavy metals in soil, grape, and wine. J. Trace Microprobe Tech. 2008, 21, 171–180. [Google Scholar] [CrossRef]

	



Saheen, N.; Irfan, N.M.; Khan, I.N.; Islam, S.; Islam, M.S.; Ahmed, M.K. Presence of heavy metals in fruits and evgetables: Health risk implications in Bangladesh. Chemosphere 2016, 152, 431–438. [Google Scholar] [CrossRef]

	



Medvedeva, Y.; Kucher, A.; Lipsa, J.; Hełdak, M. Human health risk assessment on the consumption of apples growing in urbanized areal: Case of Kharkiv, Ukraine. Int. J. Environ. Res. Public Health 2021, 18, 1504. [Google Scholar] [CrossRef] [PubMed]

	



Özbay, S.; Dikici, E.; Soylukan, C. Evaluation of biological (feed, water), seasonal, and geological factors affecting the heavy metal content of raw milk. J. Food Compos. Anal. 2023, 121, 105401. [Google Scholar] [CrossRef]

	



Daǧcilar, K.; Gezer, C. Heavy metal residues in milk and dairy products produced in Northern Cyprus. Prog. Nutr. 2021, 23, e2021019. [Google Scholar] [CrossRef]

	



Heghedűş-Mîndru, G.; Negrea, P.; Trașcă, T.I.; Ștef, D.S.; Cocan, I.; Heghedűș-Mîndru, R.C. Food intake of macro and trace elements from different fresh vegetables taken from Timisoara Market, Romania—Chemometric analysis of the results. Foods 2023, 12, 749. [Google Scholar] [CrossRef]

	



Arora, M.; Kiran, B.; Rani, S.; Rani, A.; Kaur, B.; Mittal, N. Heavy metal accumulation in vegetables irrigated with water from different sources. Food Chem. 2008, 111, 811–815. [Google Scholar] [CrossRef]

	



El-Kady, A.A.; Abdel-Wahhab, M.A. Occurrence of trace metals in foodstuffs and their health impact. Trends Food Sci. Technol. 2018, 75, 36–45. [Google Scholar] [CrossRef]

	



Han, R.; Li, H.; Li, Y.; Zhang, J.; Xiao, H.; Shi, J. Biosorption of copper and lead ions by waste beer yeast. J. Hazard. Mater. 2006, 137, 1569–1576. [Google Scholar] [CrossRef] [PubMed]

	



Song, B.; Mei, L.; Chen, T.; Zheng, Y.; Xie, Y.; Li, X.; Gao, D. Assessing the health risk of heavy metals in vegetables to the general population in Beijing, China. J. Environ. Sci. 2009, 21, 1702–1709. [Google Scholar] [CrossRef] [PubMed]

	



Elafify, M.; El-Toukhy, M.; Sallam, K.I.; Sadoma, N.M.; Abd-Elghany, S.M.; Abdelkhalek, A.; El-Baz, A.H. Heavy metal residues in milk and some dairy products with insight into their health risk assessment and the role of Lactobacillus rhamnosus in reducing the lead and cadmium load in cheese. Food Chem. Adv. 2023, 2, 100261. [Google Scholar] [CrossRef]

	



Meshref, M.S.; Moselhy, W.A.; Hassan, N. Heavy metals and trace elements levels in milk and milk products. J. Food Meas. Charact. 2014, 8, 381–388. [Google Scholar] [CrossRef]

	



Temiz, H.; Soylu, A. Heavy metal concentrations in raw milk collected from different regions of Samsun, Turkey. Int. J. Dairy Technol. 2012, 65, 516–522. [Google Scholar] [CrossRef]

	



Benítez-Rojas, A.C.; Jaramillo-Flores, M.E.; Zaca-Moran, O.; Quiroga-Montes, I.; Delgado-Macuil, R. A study of the interactions of heavy metals in dairy matrices using Fourier transform infrared spectroscopy, chemometric, and in silico analysis. Foods 2023, 12, 1919. [Google Scholar] [CrossRef] [PubMed]

	



Pilarczyk, R.; Wójcik, J.; Czerniak, P.; Sablik, P.; Pilarczyk, B.; Tomza, A. Concentration of toxic heavy metals and trace elements in raw milk of Simmental and Holstein-Friezian cown from organic farm. Environ. Monit. Assess. 2013, 185, 8383–8392. [Google Scholar] [CrossRef] [PubMed]

	



Jaafarzadeh, N.; Tari, K.; Samarghandi, M.R.; Fard, M.P.; Jorfi, S.; Feizi, R.; Mehrbakhsh, M. Non-carcinogenic risk assessment of cadmium and lead in raw milk from dairy production farms in Iran, using Monte Carlo simulation approach. J. Food Compos. Anal. 2023, 115, 104864. [Google Scholar] [CrossRef]

	



Ali, H.R.; Ame, M.M.; Sheikh, M.A.; Bakari, S.S. Levels of Lead (Pb), Cadmium (Cd) and Cobalt (Co) in cow milk from selected areas of Zanzibar Island, Tanzania. Am. J. Anal. Chem. 2023, 14, 287–304. [Google Scholar] [CrossRef]

	



Di Bella, C.; Traina, A.; Giosuè, C.; Carpintieri, D.; Lo Dico, G.M.; Bellante, A.; Del Core, M.; Falco, F.; Gherardi, S.; Uccello, M.M.; et al. Heavy metals and PAHs in meat, milk, and seafood from Augusta area (Southern Italy): Contamination levels, dietary intake, and human exposure assessment. Front. Public Health 2020, 8, 273. [Google Scholar] [CrossRef]

	



Barone, G.; Storelli, A.; Quaglia, N.C.; Garofalo, R.; Meleleo, A.B.; Busco, A.; Storelli, M.M. Trace metals in pork meat products marketed in Italy: Occurrence and health risk characterization. Biol. Trace Elem. Res. 2020, 199, 2826–2836. [Google Scholar] [CrossRef] [PubMed]

	



Hoha, G.V.; Costăchescu, E.; Leahu, A.; Păsărin, B. Heavy metals contamination levels in processed meat merketed in Romania. Environ. Eng. Manag. J. 2014, 13, 2411–2415. [Google Scholar] [CrossRef]

	



Han, J.L.; Pan, X.D.; Chen, Q. Distribution and safety assessment of heavy metals in fresh meat from Zhejiang, China. Sci. Rep. 2022, 12, 3241. [Google Scholar] [CrossRef] [PubMed]

	



Liang, G.; Gong, W.; Li, B.; Zuo, J.; Pan, L.; Liu, X. Analysis of heavy metals in foodstuffs and an assessment of the health risks to the general public via consumption in Beijing, China. Int. J. Environ. Res. Public Health 2019, 16, 909. [Google Scholar] [CrossRef] [PubMed]

	



Salim, S.A.; Ov, N.S.; Dana, Z.; Hashami, Z.; Afrah, A.; Sadeghi, E.; Bashiry, M. A comprehensive image of environmental toxic heavy metals in red meat: A global systematic review and meta-analysis and risk assessment study. Sci. Total Environ. 2023, 889, 164100. [Google Scholar] [CrossRef] [PubMed]

	



Ogabiela, E.E.; Oklo, A.D.; Yebpella, G.G.; Ade-Ajayi, A.F.; MMereole, U.J.; Ezeayanaso, C.S.; Okonkwo, E.M.; Udiba, U.U.; Mahmood, A.; Gandu, I. Determination of the level of some elements in edible oils sold in Zaria, Northern Nigeria. GJPAS 2010, 16, 325–331. [Google Scholar] [CrossRef]

	



Jamali, M.K.; Kazi, T.G.; Arain, M.B.; Afridi, H.I.; Jalbani, N.; Sarfraz, R.A.; Baig, J.A. A multivariate study: Variation in uptake of trace and toxic elements by various varieties of Sorghum bicolor L. J. Hazard. Mater. 2008, 158, 644–651. [Google Scholar] [CrossRef]

	



Xia, Q.; Du, Z.; Lin, D.; Huo, L.; Qin, L.; Wang, W.; Qiang, L.; Yao, Y.; An, Y. Review on contaminants in edible oil and analytical technologies. Oil Crop Sci. 2021, 6, 23–27. [Google Scholar] [CrossRef]

	



Pehlivan, E.; Arslan, G.; Gode, F.; Altun, T.; Ozcan, M.M. Determination of some inorganic metals in edible vegetable oils by inductively coupled plasma atomic emission spectroscopy (ICP-AES). Grasas Aceites 2008, 59, 239–244. [Google Scholar] [CrossRef]

	



Trindade, A.S.N.; Dantas, A.F.; Lima, D.C.; Ferreira, S.L.C.; Teixeira, L.S.G. Multivariate optimization of ultrasound-assisted extraction for determination of Cu, Fe, Ni and Zn in vegetable oils by high-resolution continuum source atomic absorption spectrometry. Food Chem. 2015, 185, 145–150. [Google Scholar] [CrossRef]

	



Bakota, E.L.; Winkler-Moser, J.K.; Dunn, R.O.; Liu, S.X. Heavy metals screening of rice bran oils and its relation to composition. Eur. J. Lipid Sci. Technol. 2015, 117, 1452–1462. [Google Scholar] [CrossRef]

	



Luka, M.F.; Akun, E. Investigation of trace metals in different varieties of olive oils from Northern Cyprus and their variation in accumulation using ICP-MS and multivariate techniques. Environ. Earth Sci. 2019, 78, 578. [Google Scholar] [CrossRef]

	



Öner, M.; Bodur, S.; Demir, C.; Yazıcı, E.; Erarpat, S.; Bakirdere, S. An effective and rapid magnetic nanoparticle based dispersive solid phase extraction method for the extraction and preconcentration of Cadmium from edible oil samples before ICP OES measurement. J. Food Compos. Anal. 2021, 101, 103978. [Google Scholar] [CrossRef]

	



Taghizadeh, S.F.; Rezaee, R.; Boskabady, M.; Mashayekhi Sardoo, H.; Karimi, G. Exploring the carcinogenic and non-carcinogenic risk of chemicals present in vegetable oils. Int. J. Environ. Anal. Chem. 2020, 102, 5756–5784. [Google Scholar] [CrossRef]

	



Yang, Y.; Li, H.; Peng, L.; Chen, Z.; Zeng, Q. Assessment of Pb and Cd in seed oils and meals and methodology of their extraction. Food Chem. 2016, 197, 482–488. [Google Scholar] [CrossRef] [PubMed]

	



Wroniak, M.; Rękas, A. A preliminary study of PCBs, PAHs, Pesticides and trace metals contamination in cold-pressed rapeseed oils from conventional and ecological cultivations. J. Food Sci. Technol. 2017, 54, 1350–1356. [Google Scholar] [CrossRef] [PubMed]

	



Talebi-Ghane, E.; Poormohammadi, A.; Khazaei, S.; Mehri, F. Concentration of potentially toxic elements in vegetable oils and health risk assessment: A systematic review and meta-analysis. Biol. Trace Elem. Res. 2022, 200, 437–446. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, N.; Khan, D.; Santra, S. An assessment of heavy metal contamination in vegetables grown in wastewater-irrigated areas of Titagarh, West Bengal, India. Bull. Environ. Contam. Toxicol. 2008, 80, 115–118. [Google Scholar] [CrossRef]

	



Ampem, G.; Gresley, A.L.; Grootveld, M.; Mars, S.; Naughton, D.P. The impact of partial oil substitution and trace metal ions on the evolution of peroxidation products in thermally stressed culinary oils. Food Chem. 2022, 375, 131823. [Google Scholar] [CrossRef]

	



Haq, H.; Bibi, R.; Arain, M.; Safi, F.; Ullah, S.; Castro-Muñoz, R.; Boczkaj, G. Deep eutectic solvent (DES) with silver nanoparticles (Ag-NPs) based assay for analysis of lead (II) in edible oils. Food Chem. 2022, 379, 132085. [Google Scholar] [CrossRef]

	



Zhuravlev, A.; Zacharia, A.; Gucer, S.; Chebotarev, A.; Arabadji, M.; Dobrynin, A. Direct atomic absorption spectrometry determination of arsenic, cadmium, copper, manganese, lead and zinc in vegetable oil and fat samples with graphite filter furnace atomizer. J. Food Compos. Anal. 2015, 38, 62–68. [Google Scholar] [CrossRef]

	



Drosaki, E.; Anthemidis, A.N. A novel automatic flow-batch extraction induced by emulsion breaking platform for on-line copper determination in edible oil samples by atomic absorption spectrometry. Talanta 2022, 244, 123423. [Google Scholar] [CrossRef] [PubMed]

	



Szyczewski, P.; Frankowski, M.; Zioła-Frankowska, A.; Siepak, J.; Szyczewski, T.; Piotrowski, P. A Comparative study of the content of heavy metals in oils: Linseed oil, rapeseed oil and soybean oil in technological production processes. Arch. Environ. Prot. 2016, 42, 37–40. [Google Scholar] [CrossRef]

	



Eticha, T.; Hymete, A. Health risk assessment of heavy metals in locally produced beer to the population in Ethiopia. J. Bioanal. Biomed. 2014, 6, 65–68. [Google Scholar] [CrossRef]

	



Zuffall, C.; Tyrell, T. The influence of heavy metal ions on beer flavor stability. J. Inst. Brew. 2008, 114, 134–142. [Google Scholar] [CrossRef]

	



Hudson, J.R. Brewing industry research foundation. J. Inst. Brew. 1957, 64, 157–161. [Google Scholar] [CrossRef]

	



Arvanitoyannis, I.S.; Ladas, D.; Mavromatis, A. Potential uses and applications of treated wine waste: A review. Int. J. Food Sci. Technol. 2006, 41, 475–487. [Google Scholar] [CrossRef]

	



Focea, M.C.; Luchian, C.E.; Moroșanu, A.M.; Niculaua, M.; Cotea, V.V.; Odăgeriu, G.; Zamfir, C.I. Content if metals and organic acids from experimental sparkling wine. Bio Web Conf. 2017, 9, 02007. [Google Scholar] [CrossRef]

	



Andrieș, M.T.; Zamfir, C.I.; Luchian, C.E.; Niculaua, M.; Colibaba, C.; Odăgeriu, G.; Focea, M.C.; Cotea, V.V. Reverse osmosis influence over the content of metals and organic acids in low alcoholic beverages. Bio Web Conf. 2017, 9, 02005. [Google Scholar] [CrossRef]

	



Cabrera-Vique, C.; Teissedre, P.L.; Cabanis, M.T.; Cabanis, J.C. Determination of chromium in French wine and grapes by graphite furnace atomic absorption spectrometry. J. Agric. Food Chem. 1997, 45, 1808–1811. [Google Scholar] [CrossRef]

	



Pyrzynska, K. Chemical speciation and fractionation of metals in wine. Chem. Speciat. Bioavailab. 2007, 19, 1–8. [Google Scholar] [CrossRef]

	



Tariba, B. Metals in wine-impact on wine quality and health outcomes. Biol. Trace Elem. Res. 2011, 144, 143–156. [Google Scholar] [CrossRef] [PubMed]

	



Donadini, G.; Spalla, S.; Beone, G.M. Arsenic, cadmium and lead in beers from the Italian market. J. Inst. Brew. 2008, 114, 283–288. [Google Scholar] [CrossRef]

	



Soares, L.M.V.; Moraes, A.M.M. Lead and cadmium content of Brazilian beers. Food Sci. Technol. 2003, 23, 285–289. [Google Scholar] [CrossRef]

	



Nascentes, C.C.; Kamogawa, M.Y.; Fernandes, K.G.; Arruda, M.A.Z.; Nogueira, A.R.A.; Nóbrega, J.A. Direct determination of Cu, Mn, Pb, and Zn in beer by thermospray flame furnace atomic absorption spectrometry. Spectrochim. Acta 2005, 60 Pt B, 749–753. [Google Scholar] [CrossRef]

	



Pohl, A. Removal of heavy metal ions from water and wastewaters by sulfur-containing precipitation agents. Water Air Soil Pollut. 2020, 231, 503. [Google Scholar] [CrossRef]

	



Copcia, V.E.; Luchian, C.E.; Bilba, N. Ammonium ions removal from aqueous solutions using mesoporous (Al)Si-MCM-41. Environ. Eng. Manag. J. 2010, 9, 1243–1250. [Google Scholar] [CrossRef]

	



Copcia, V.; Hristodor, C.; Luchian, C.; Bilba, N.; Sandu, I. Ammonium nitrogen removal from aqueous solution by natural clay. Rev. Chim. 2014, 61, 1192–1196. [Google Scholar]

	



Malik, L.A.; Bashir, A.; Qureashi, A.; Pandith, A.H. Detection and removal of heavy metal ions: A review. Environ. Chem. Lett. 2019, 17, 1495–1521. [Google Scholar] [CrossRef]

	



Zhu, Y.; Fan, W.; Zhou, T.; Li, X. Removal of chelated heavy metals from aqueous solution: A review of current methods and mechanisms. Sci. Total Environ. 2019, 15, 253–266. [Google Scholar] [CrossRef]

	



Xu, Y.; Zhong, Z.; Zeng, X.; Zhao, Y.; Deng, W.; Chen, Y. Novel materials for heavy metal removal in capacitive deionization. Appl. Sci. 2023, 13, 5635. [Google Scholar] [CrossRef]

	



Ottosen, L.M.; Kristensen, I.V.; Pedersen, A.M.L.; Hansen, H.; Villumsen, A.; Ribeiro, A.B. Electrodialytic removal of heavy metals from different solid waste products. Sep. Sci. Technol. 2003, 38, 1269–1289. [Google Scholar] [CrossRef]

	



Bazinet, L. Electrodialytic phenomena and their applications in the dairy industry: A review. Crit. Rev. Food Sci. Nutr. 2005, 45, 307–326. [Google Scholar] [CrossRef] [PubMed]

	



Bhakta, J.N.; Minekage, V. Identification of potential soil absorbent for the removal of hazardous metals from aqueous phase. Int. J. Environ. Sci. Technol. 2013, 10, 315–324. [Google Scholar] [CrossRef]

	



Zeng, H.; Wang, L.; Zhang, D.; Yan, P.; Nie, J.; Sharma, V.K.; Wang, C. Highly efficient and selective removal of mercury ions using hyper branched polyethylinimine functionalized carboxymethyl chitosan composite adsorbent. J. Chem. Eng. 2019, 358, 253–263. [Google Scholar] [CrossRef]

	



Huang, R.; Lin, Q.; Zong, Q.; Zhang, X.; Wen, X.; Luo, H. Removal of Cd(II) and Pb(II) from aqueous solution by modified avapulgite clay. Arab. J. Chem. 2020, 13, 4994–5008. [Google Scholar] [CrossRef]

	



Dumitriu, G.D.; López de Lerma, N.; Luchian, E.C.; Peinado, R.A. tudy of the potential use of mesoporous nanomaterials as fining agent to prevent protein haze in white wines and its impact in major volatile aroma compounds and polyols. Food Chem. 2018, 240, 751–758. [Google Scholar] [CrossRef]

	



Luchian, C.; Niculaua, M.; Cotea, V.; Bilba, N.; Copcia, V.; Sandu, A.V. Adsorption of Phenolic Compounds from Wine on Mesoporous MCM-41 Molecular Sieve. Rev. Chim. 2011, 62, 287–292. [Google Scholar]

	



Luchian, C.; Cotea, V.; Sandu, I.; Copcia, V.E.; Bilba, N. Removal of Mn(II), Ni(II) and Cu(II) Ions from white wine through ion exchange in microporous mordenite and mesoporous Al-MCM-41. Rev. Chim. 2011, 62, 782–786. [Google Scholar]








[image: Foods 12 03340 g001] 





Figure 1. Co-occurrence of the most common 500 keywords of the existing research on heavy metals topics. The size of node represents the number of occurrences of a keyword, and the length of the connection between two nodes represents their relationship. 
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Figure 2. Co-occurrence of the most common 100 keywords of the existing research on heavy metals topics. The size of node represents the number of occurrences of a keyword, and the length of the connection between two nodes represents their relationship. 
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Table 1. Identification of heavy metals in fruits and vegetables.
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Food Type

	
Country

	
Potential Sources

	
Identified Heavy Metals

	
Concentrations

	
Year

	
References






	
Grain, maize

	
China

	
Sewage effluent

	
Cr2+

	
0.08–0.38 mg/kg

	
2015

	
[54]




	
Pb2+

	
0.02–0.013 mg/kg




	
Cu2+

	
0.16–0.85 mg/kg




	
Zn2+

	
0.16–0.53 mg/kg




	
Lettuce

	
Spain

	
Air industrialization and vehicles

	
Ni2+

	
< 0.02 mg/kg

	
2018

	
[55]




	
Hg2+

	
< 0.008 mg/kg




	
As3+

	
< 0.005 mg/kg




	
Cd2+

	
< 0.005 mg/kg




	
Florida, USA

	
Different sources

	
As3+

	
27.3 mg/kg

	
2017

	
[56]




	
Romania

	
Intensive agriculture, high pollution

	
Cd2+

	
0.97–1.52 mg/kg

	
2021

	
[62]




	
Cu2+

	
8.1–11.8 mg/kg




	
Pb2+

	
0.82–2.22 mg/kg




	
Zn2+

	
59.5–139.5 mg/kg




	
Tomato

	
Romania

	
Multiple sources

	
Cu2+

	
32.5–46.0 µg/g

	
2023

	
[63]




	
Mn2+

	
13.0–13.5 µg/g




	
Fe2+

	
30.5–33.5 µg/g




	
Cd2+

	
nd–0.1 µg/g




	
Pb2+

	
0.65–0.75 µg/g




	
Zn2+

	
4.5–9.5 µg/g




	
Co2+

	
nd–2.2 µg/g




	
Radish

	
India

	
Multiple sources

	
Cu2+

	
5.96 mg/kg

	
2008

	
[64]




	
Potato

	
Egypt

	
Inadequately treated water

	
Cu2+

	
0.83 mg/kg

	
2018

	
[65]




	
China

	
Cu2+

	
1.03 mg/kg

	
2009

	
[66]




	
Cr2+

	
0.03 mg/kg




	
Pb2+

	
0.067 mg/kg




	
Cd2+

	
0.015 mg/kg




	
Bangladesh

	
Multiple sources

	
As3+

	
0.006 mg/kg

	
2016

	
[59]




	
Cd2+

	
0.013 mg/kg




	
Pb2+

	
0.007 mg/kg




	
Cr2+

	
0.528 mg/kg




	
Mn2+

	
6.928 mg/kg




	
Ni2+

	
0.643 mg/kg




	
Cu2+

	
4.3 mg/kg




	
Zn2+

	
3.019 mg/kg




	
White potato

	
Romania

	
Intensive agriculture, high pollution

	
Cd2+

	
0.13–0.34 mg/kg

	
2021

	
[62]




	
Cu2+

	
0.1–0.24 mg/kg




	
Pb2+

	
0.3–0.4 mg/kg




	
Zn2+

	
41.0–94.5 mg/kg




	
Red potato

	
Cd2+

	
0.16–0.46 mg/kg




	
Cu2+

	
5.4–6.4 mg/kg




	
Pb2+

	
0.37–1.03 mg/kg




	
Zn2+

	
56.5–64.0 mg/kg




	
Grape—white varieties

	
Croatia

	
The excessive use of blue vitriol as a fungicide

	
V2+

	
12–59 ng/g

	
2008

	
[58]




	
Cr2+

	
18–203 ng/g




	
Mn2+

	
14–180 ng/g




	
Fe2+

	
5–40 ng/g




	
Ni2+

	
1–7 ng/g




	
Cu2+

	
52–533 ng/g




	
Zn2+

	
5–43 ng/g




	
As3+

	
0.3–3.8 ng/g




	
Pb2+

	
1–21 ng/g




	
Grape—red varieties

	
Croatia

	
The excessive use of blue vitriol as a fungicide

	
V2+

	
24–63 ng/g




	
Cr2+

	
11–175 ng/g




	
Mn2+

	
82–229 ng/g




	
Fe2+

	
107–204 ng/g




	
Ni2+

	
3–6 ng/g




	
Cu2+

	
55–210 ng/g




	
Zn2+

	
103–207 ng/g




	
As3+

	
0.2–4.9 ng/g




	
Pb2+

	
2–39 ng/g




	
Grapes

	
Egypt

	
Multiple sources

	
Cd2+

	
nd

	
2019

	
[53]




	
Cr2+

	
nd–1.06 mg/kg




	
Cu2+

	
0.72–3.52 mg/kg




	
Pb2+

	
nd




	
Ni2+

	
0.3–1.78 mg/kg




	
Banana

	
Bangladesh

	
Multiple sources

	
As3+

	
nd

	
2016

	
[59]




	
Cd2+

	
nd




	
Pb2+

	
0.003 mg/kg




	
Cr2+

	
0.317 mg/kg




	
Mn2+

	
10.74 mg/kg




	
Ni2+

	
0.037 mg/kg




	
Cu2+

	
0.946 mg/kg




	
Zn2+

	
0.235 mg/kg




	
Mango

	
Bangladesh

	
Multiple sources

	
As3+

	
0.013 mg/kg

	
2016

	
[59]




	
Cd2+

	
0.005 mg/kg




	
Pb2+

	
0.642 mg/kg




	
Cr2+

	
0.893 mg/kg




	
Mn2+

	
6.06 mg/kg




	
Ni2+

	
0.293 mg/kg




	
Cu2+

	
7.891 mg/kg




	
Zn2+

	
0.604 mg/kg




	
Onion

	
Romania

	
Intensive agriculture, high pollution

	
Cd2+

	
0.17–0.34 mg/kg

	
2021

	
[62]




	
Cu2+

	
3.6–12.3 mg/kg




	
Pb2+

	
0.16–0.18 mg/kg




	
Zn2+

	
28.0–47.0 mg/kg




	
Carrot

	
Romania

	
Intensive agriculture, high pollution

	
Cd2+

	
0.27–0.69 mg/kg

	
2021

	
[62]




	
Cu2+

	
6.0–9.4 mg/kg




	
Pb2+

	
0.54–0.94 mg/kg




	
Zn2+

	
51.0–75.5 mg/kg




	
Beans

	
Romania

	
Intensive agriculture, high pollution

	
Cd2+

	
0.04–0.05 mg/kg

	
2021

	
[62]




	
Cu2+

	
7.0–11.1 mg/kg




	
Pb2+

	
0.08–0.52 mg/kg




	
Zn2+

	
58.5–91.0 mg/kg




	
Apples

	
Kosovo

	
Intensive mining and smelting activities

	
Pb2+

	
1.49–2.17 mg/kg

	
2019

	
[67]




	
Cd2+

	
0.17–0.21 mg/kg




	
Cr2+

	
8.22–11.6 mg/kg




	
Ni2+

	
15.33–17.2 mg/kg




	
As3+

	
nd–0.009 mg/kg




	
Zn2+

	
1.51–2.03 mg/kg




	
Cu2+

	
1.05–2.87 mg/kg




	
Fe2+

	
2.27–3.12 mg/kg




	
Egypt

	
Multiple sources

	
Cd2+

	
nd

	
2019

	
[53]




	
Cr2+

	
nd–1.06 mg/kg




	
Cu2+

	
0.72–3.52 mg/kg




	
Pb2+

	
nd




	
Ni2+

	
0.3–1.78 mg/kg




	
Ukraine

	
Nature management conflicts;

intensive heavy industry

	
Cr2+

	
0.0225–0.246 mg/kg

	
2021

	
[59]




	
Zn2+

	
0.964–4.192 mg/kg




	
Cu2+

	
0.766–1.264 mg/kg




	
Cd2+

	
0.088–0.284 mg/kg




	
Pb2+

	
1.347–3.886 mg/kg




	
Oranges

	
Egypt

	
Multiple sources

	
Cd2+

	
nd

	
2019

	
[53]




	
Cr2+

	
nd




	
Cu2+

	
0.36–2.2 mg/kg




	
Pb2+

	
nd




	
Ni2+

	
0.06–0.38 mg/kg
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Analyzed Product

	
Country

	
Identified Heavy Metal

	
Concentrations

	
Year

	
References






	
Raw cow milk

	
Egypt

	
Hg2+

	
0.0014 mg/kg

	
2023

	
[68]




	
As3+

	
0.012 mg/kg




	
Pb2+

	
0.1016 mg/kg




	
Cd2+

	
0.07 mg/kg




	
Cr2+

	
0.1044 mg/kg




	
Cu2+

	
0.0656 mg/kg




	
Milk and dairy products

	
Egypt

	
Pb2+

	
0.044–0.751 ppm

	
2014

	
[69]




	
Cd2+

	
0.008–0.179 mg/kg




	
Zn2+

	
0.888–18.316 mg/kg




	
Cu2+

	
0.002–1.692 mg/kg




	
Milk

	
Monte Carlo

	
Pb2+

	
0.55 mg/kg

	
2023

	
[73]




	
Cd2+

	
0.003 mg/kg




	
Raw cow milk

	
Turkey

	
Pb2+

	
16.7 μg/kg

	
2012

	
[70]




	
Cd2+

	
0.53 μg/kg




	
Hg2+

	
0.18 μg/kg




	
As3+

	
4.02 μg/kg




	
Milk

	
Turkey

	
As3+

	
1.01 μg/kg

	
2023

	
[61]




	
Al2+

	
71.89 μg/kg




	
Ni2+

	
98.53 μg/kg




	
Cd2+

	
nd




	
Pb2+

	
0.85 μg/kg




	
Full fat UHT milk

	
Cyprus

	
As3+

	
2.33 μg/kg

	
2021

	
[62]




	
Cd2+

	
5.00 μg/kg




	
Pb2+

	
2.66 μg/kg




	
Hg2+

	
3.66 μg/kg




	
Halloumi cheese

	
As3+

	
12.33 μg/kg




	
Cd2+

	
44.33 μg/kg




	
Pb2+

	
35.33 μg/kg




	
Cu2+

	
591.33 μg/kg




	
Hg2+

	
15.00 μg/kg




	
Full-fat yogurt

	
As3+

	
6.00 μg/kg




	
Cd2+

	
36.33 μg/kg




	
Pb2+

	
3.00 μg/kg




	
Cu2+

	
15.66 μg/kg




	
Hg2+

	
6.00 μg/kg




	
Cream with a minimum of 10% milk fat

	
Republic of Srpska and Bosnia and Herzegovina

	
As3+

	
0.019 mg/kg

	
2023

	
[52]




	
Cream with over 70% milk fat

	
As3+

	
0.029 mg/kg




	
Cheese

	
As3+

	
0.012–0.015 mg/kg




	
Milk

	
Tanzania

	
Pb2+

	
0.263 mg/kg

	
2023

	
[74]




	
Cd2+

	
nd




	
Co2+

	
0.020 mg/kg




	
Sheep and goart milk

	
Italy

	
As3+

	
nd

	
2020

	
[75]




	
Cd2+

	
nd




	
Hg2+

	
nd




	
Ni2+

	
nd




	
Pb2+

	
0.002 μg/g




	
Zn2+

	
2.77 μg/g
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Analysed Product

	
Country or Regions

	
Identified Heavy Metal

	
Concentrations

	
Year

	
References






	
Pork meat products

	
Italy

	
Cr2+

	
0.15–0.23 mg/kg

	
2020

	
[76]




	
Cd2+