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[bookmark: _GoBack]ABSTRACT
Vietnam has been facing food safety crisis in recent years, with variety of foods (e.g. vegetables, seafood, pork, etc.) that were warned to be contaminated and threaten Vietnamese citizen health. Although food contamination can be directly associated with processing production, storage, transportation, etc., contaminants such as heavy metals are mainly entered food from environmental pollution. The typical heavy metals including arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb), and mercury (Hg) are considered as either “known” or “probable” human carcinogens when they penetrate into human body and bioacumulate in organisms via consumption of the metals-contaminated foods. Driven by consumer demand and quality, many food agencies have introduced directives that stipulate maximum allowable concentrations for heavy metals in foodstuffs. In safely control sector, the detection of highly toxic heavy metals is very important, supporting governmental and international authorities in controlling and managing safety and quality of foods produced and marketed in commercial markets. In order to implement this task, these agencies need analytical tools which are possible to detect and determine toxic metals in food with great specificity at very low concentrations. This paper highlights the importance of several advanced methodologies for heavy metal analysis in food. The review focuses on the most important heavy metals in terms of adverse heal effects as listed above. Regarding to detection and determination techniques, atomic absorption spectrometry (AAS), atomic fluorescence spectrometry (AFS), inductively couples plasma spectroscopy (ICP-MS) and inductively coupled plasma optical emission spectrometry (ICP-OES) are reviewed. Sample treatments are also reported, highlighting the practical problems during sample treatment and measurement. The future perspective of advanced methodologies are highlighted.
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1. Introduction of heavy metals as toxic substances
1.1  Heavy metals and their contamination
Heavy metals are defined as metallic elements that have higher density than water. Although heavy metals are naturally occurring elements on the earth’s crust, most environmental contamination of heavy metals are originated from industry sources including metal mining and processing, coal-fired power plants, petroleum combustion, nuclear power plant, plastics, textiles, microelectronics, wood preservation, and paper processing [1]. Contamination of heavy metals in environment can also occur via metal corrosion, atmospheric deposition, soil erosion and leaching of heavy metals, and resuspension and evaporation from water resources to soil and ground water [2]. Moreover, natural occurrence such as weathering and volcanic eruptions were also contributed to the pollution of heavy metals [3]. Human exposure of heavy metals is mainly via inhalation of metals-contaminated air, consumption of metals-contaminated foods (i.e., crops, vegetables, fruits, meat, fish, etc.) that are made from metals-contaminated soil and water, drinking metals-contaminated water, and working with metals-containing substances (i.e., painting, gasoline, etc.) [4].
Several metals (i.e., Co, Cu, Cr. Fe, Mg, Mn, Mo, Ni, Se, and Zn) play various biochemical and physiological functions in human body, therefore, they are considered as essential nutrients as inadequate supply of these micro-nutrients results in a variety of deficiency diseases or syndromes [5]. Heavy metals are found to present in trace concentration (ppb range to less than 10 ppm) in various environmental matrices, thus they are also regarded as trace elements [6]. Some essential elements are required for biologic functioning, however, an excess amount of such metals may cause cellular and tissue damage, resulting in a variety of adverse effects and human diseases. It was reported that, physical factors (i.e., temperature, phase association, adsorption and sequestration), chemical factors (i.e., thermodynamics equilibrium, complexation kinetics, lipid solubility and octanol/water partition coefficients), and biological factors (i.e., species characteristics, trophic interactions, biochemical/physiological adaption) play an important role in bioavailability of heavy metals [7].  
When heavy metals penetrated into biological systems, they affect cellular organelles and components such as cell membrane, mitochondrial, lysosome, endoplasmic reticulum, nuclei, and several enzymes involved in metabolism, detoxification, and damage repair [1]. Cell components such as DNA and nuclear proteins interacted with metal ions may cause DNA damage and conformational changes, which lead to cell cycle modulation, carcinogenesis or apoptosis [8].  Recent studies reported that reactive oxygen species (ROS) production and oxidative stress play a key role in the toxicity and carcinogenicity of metals such as arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb), and mercury (Hg). Because their high level of toxicity, these five elements are ranked among the priority metals that are of great consideration. They can induce multiple organ damage, even at lower levels of exposure. Therefore, they are classified as either “known” or “probable” human carcinogens, according to the United Stated Environmental Protection Agency (U.S. EPA) or International Agency for Research on Cancer (IARC). Despite unique features and physic-chemical properties conferring specific toxicological mechanisms of each metal, some heavy metals having mechanisms of toxicity and carcinogenicity are not clearly elucidated or understood. 

1.2 Heavy metals in foods
As aforementioned, heavy metals may occur as a result of environmental and industrial contamination [9]. They tend to be stable and to persist in the environment, thus bioaccumulating in the food chain. In addition, food processing process, packaging materials and food storage may be sources of heavy metals contamination [10].
1.2.1 Heavy metals in vegetables, fruits, and crop products
Heavy metals can be accumulated in different parts of vegetables (roots, stems, leafy, fruits, cereals, and legumes), which is directly related to their concentration in the polluted air with industrial activity [11]. Moreover, the accumulation of heavy metals in vegetables and crop products may result from irrigation with contaminated water obtained from industrial effluents [12] and growing vegetables and crop in metals-contaminated soils [13-22].
1.2.2 Heavy metals in meat and fish
Meat and several fresh water fishes can be contaminated with heavy metals, mostly via food chain. As state, when animals and fishes are fed with heavy metals-polluted foods and water, these heavy elements will accumulated in animals and fish’s organs [23, 24].
1.2.3 Heavy metals in seafood
Seafood is widely consumed by human due to its high protein content, low saturated fats and rich omega fatty acids (known as good for health). However, recent concern is attributed to seafood products captured from many sea areas which are received heavy metals-contaminated wastewater from industries. Sea animals such i.e., fish, crabs, etc., lived in that regions can adsorb heavy metals from sea water environments and accumulate in their organs, which in turn become toxic elements for human when they are used as food [25-32].
1.2.4 Heavy metals in algae as foods
Utilization of seaweed (macroalgae) for human food in Pacific countries has been a long history because seaweed represents an important economical resource, which are largely harvested, intensively, and largely employed in human nutrition. Therefore, production of seaweed has been remarkably increased over the decades [33, 34]. The pollution of seaweed farming leading to increase accumulation of heavy metals in seaweed was mainly caused by wastewater disposal from industrial activities [33, 35, 36].
Microalgae, e.g., Spirulina and Chlorella are emerging food for human consumption due to their rich nutrition profile (high protein, carbohydrates, lipids, pigments) [37-41]. However, growing of these microalgae usually needs large volume of water, which is easily exposure to contaminated factors such as heavy metals. Moreover, microalgae biomass can also be contaminated when they are cultured in regions that ventilates with heavy metals-polluted air, as metals can be absorbed and dispersed in algal culture medium in which algae can adsorb and accumulate heavy metals [42-44]. 
1.2.5 Heavy metals in drinking water
Drinking water is the main food of human for everyday consumption. Drinking water can be contaminated by heavy metals mainly by utilization of heavy metals-contaminated water source (i.e., ground water, industrially-discharged water), using improper water treatment technology, and water exposure to heavy metals-contaminated air [45-50]. Trace heavy metals accumulated in iron corrosion scales within a drinking water distribution system (DWDS) could potentially be released to bulk water and consequently deteriorate the tap water quality [51].
1.2.6 Heavy metals in milk and dairy products
Milk and dairy products are important for human diet as they contains vital nutrients (i.e., protein, essential fatty acids, lactose, vitamins, and minerals). The minerals elements can be classified as essential metals (iron, copper, and zinc) at low doses and non-essential or toxic one (lead and cadmium). The presence of the letter at low concentration may cause serious effects on human health. Heavy metals are commonly dispersed and diffused into the air via industrial activities, then deposited in soil, waters, foods, and plants which result in their penetration into food chain of dairy animals and cow. These heavy metals pervade into milk via animal metabolism. Currently, heavy metals in milk and dairy products have been detected and reported elsewhere [5, 52, 53]. 
1.3 Current status of heavy metals contamination in foods in Vietnam
Increasing industrialization, particularly in Hanoi City and outskirt areas of Hanoi City, Vietnam has resulted in largely discharging quantity of wastewater into the river system of Hanoi (e.g. To Lich and Kim Nguu rivers). Additionally, wastewater contains high level of heavy metals (Cu, Pb, Zn, Cd, Cr, Ni, higher Vietnamese standard), which has been comprehensively reported by Nguyen et al. [54-56]. The river water polluted with these heavy metals, however, has been mainly used to irrigate crop plants in agriculture in the suburban area of Hanoi. This in turns contaminate crop products (e.g. vegetable, rice, etc.). Recent study showed that total chromium in crop plants cultivated a long Nhue river, in the roots of vegetable (spinach) was measured to be higher than that in the fresh stems [57]. Rice cultivated in the same geolocation, gave remarkably high content of chromium. Fortunately, chromium level in the rice and vegetables are in the range of allowance limit as stated in WHO standard [58]. Vegetables including water morning glory (Ipomoea aquatica Forssk) (the main crop in this area and grown all year round), water dropt (Lepidium sativum), and spinach (Spinacia oleracea) irrigated with water from the To Lich and Kim Nguy rivers were contaminated with these heavy metals, as their concentration in these vegetables exceeded the Vietnamese standard [56].
Vietnam has very limit research data about heavy metals contamination in seafood. However, NAFIQAD (National Agro-Forestry-Fisheries Quality Assurance Department, Ministry of Agriculture and Rural Development) has recently issued a warning information of the European Commission’s (EC’s) Directorate General for Health and Food Safety, presenting that excessive heavy metals residue have been detected in tuna import. Particularly, checks by the directorate’s Rapid Alert System for Food and Feed (RASFF) found that 11 batches of seafood (mostly tuna) products exported from Vietnam to EU contained cadmium and mercury over the allowance maximum threshold [59, 60]. Other foodstuffs in Vietnam (e.g. rice, bean, pork meat, chicken meat, etc.) are lack information on heavy metals contamination. 
2. Effect of heavy metals on human health
A study on the environmental occurrence, production and use, potential human exposure, and molecular mechanisms of toxicity, genotoxicity, and carcinogenicity of arsenic, cadmium, chromium, lead, and mercury has been comprehensively reviewed by Tchounwou et al. [1]. Hazards of heavy metal contamination was also intensively reviewed [61].
2.1 Arsenic
2.1.1 Distribution of arsenic in the environment
Arsenic presents in the earth’s crust in the form of oxides or sulfides at concentration ranging between 1-20 mg/kg [62]. This this essentially arsenic (iAs). The methylated forms such as dimethylarsenate (DMA) can be also be found as a consequence of its use in agriculture [63]. Seawater arsenic content is globally reported as a constant range of 1-2 µg/L, while arsenic concentration in surface water can widely vary due to the variation of geological conditions [64]. In ground water, despite several values reached 5000 µg/L, content of arsenic are commonly reported lower than 10 µg/L [65, 66]. Presence of arsenic in drinking water is essential (iAs), which is mainly as arsenate in oxygenated waters such as surface waters, but arsenate can be the dominant species in some ground waters [67, 68]. In terrestrial organisms, major proportion of arsenic is iAs, which is generally present at low concentration. In contrast, marine organisms have specific metabolism to convert iAs into organic arsenic and accumulate arsenic in these organic forms (i.e. arsenobetaine, arsenoguars, arsenolipid-hydrocarbon, arsenolipid-fatty acid, etc [64]. 
2.1.2 Arsenic species in food
Arsenic have been detected and determined in variety of food in commercial markets. Typically, it was reported that concentration of arsenic in water as 0.003 mg/kg, rice as 0.14 mg/kg, seafood/sellfish as 5 mg/kg. The highest concentration of arsenic was ever found in algae at 30.9 mg/kg [64]. It is documented that arsenobetaine accounted for up to 70% total arsenic content (2-50 mg/kg) is the dominant arsenic species in marine fish and seafoods [64]. Arsenobetaine was also detected in terrestrial foods such as mushrooms, freshwater organism with low concentration of 0.1 mg/kg [69-71]. However, higher concentration of arsenobetaine can be found in farmed freshwater fish because they are usually fed with marine ingredients as feeds. Arsenosugars are usually determined as main arsenic species in marine algae with concentration of 2-50 mg/kg [64] and up to 60 mg/kg found in algae hijiki [72]. Mussels and oysters typically contain 0.2-5 mg/kg of arsenosugars. Arsenosugars in terrestrial foods only present at trace levels. Organic arsenic in the form of lipid-soluble was also detected in fish oils and sashimi tuna fish (2.4 mg/kg), which may be accumulated by the fish from marine algae [73-76].
2.1.3 Toxicity and health effects of arsenic
Toxicity of arsenic is dependent on its species penetration into human body. Inorganic arsenic such as arsenite or arsenate were frequently studied to evaluate arsenic toxicity [64]. According to researches published in the literature, there were no or very low toxicity found on organoarsenicals. However, trivalent methyl arsenic species indicated high toxicity in various cytotoxicity test [77, 78] despite their rarely present in food. Moreover, toxicity data available are usually obtained on some most common arsenic species in foods such as arsenobetaine and arsenosugars. Date back to 1985, Kaise et al. [79] tested cytotoxicity of arsenobetaine on rat, recording no deaths were observed when feed 10 g/kg rats, which was equivalent to the tolerated ingestion of about 1.5 kg of the compound by human. Mamamlian cells exposed to arsenobetaine tests were also reported no effects, presenting that arsenobetaine was at least 14,000 fold less toxic than arsenite [80]. Cytotoxicity tests conducted with arsenosugars showed small effects, indicating low toxicity (at least 1000 fold less toxic than arsenite) [81]. On the other hand, DMA was reported to associate with various toxic effects at high exposures [82-84].
Accumulation and transformation of iAs in human body is well studied. This is because human are daily exposed to iAs via drinking water, which is accounted for about > 100 µg/L [64]. It was shown that long-term exposure to iAs at these levels results in increased incidence of various human maladies causing cancers and cardiovascular disease [85]. According to recent studies, population exposed to iAs in drinking water at concentration of < 100 µg/L can also cause detrimental health effects such as cardiovascular diseases [86] and diabetes [87], and the prevalence of hypertension [88]. MA and DMA are major derivatives generated via methylated transformation of arsenic. The transformation pathway recently developed by Hayakawa et al. [89] described that reduced methylated species MA(III) and dimethylarsinite are key imtermediates, but the order of their transformations are different. This is very important for determining the fate and effects of other organoarsenic compounds followed by their ingestion and metabolism in the body. Arsenobetaine is not available in human metabolism as it is rapidly excreted in the urine with no significant metabolites [90]. Contrastingly, arsenosugars are bioavailable and are biotranformed to up to ten significant metabolites, in which DMA is primarily one [91, 92]. Arsenolipids are also reported to be bioavailable and are primarily transformed DMA. Overall, human ingestion of arsenosugars and arsenolipids results in the formation of DMA, which is the same major metabolite produced from ingested iAs. In term of toxicity, DMA, arsenosugars/arsenolipids should be treated separately.  
2.2 Mercury
2.2.1 Distribution of inorganic mercury in the environment
Naturally, mercury (Hg) is a heavy metal that can be found in deep mineral, mining and fossil fuel reservoirs, atmosphere [93], terrestrial ecosystems [94-96], and the oceans [97-99]. The presence of Hg in large quantities in the environment was reported as the results of human activities [100, 101]. It was also estimated that human activities (industry, agriculture, mining, fossil combustion, etc.) have enlarged the global atmospheric mercury reservoir and deposition on terrestrial and aquatic ecosystems by three to five times when compared to that of preindustrial age [102-105].
The presence of inorganic mercury in aquatic ecosystems is partially converted to organic mercury in the form of methylmercury (MeHg) via methylation process, and accumulated into living organisms via food webs [106]. MeHg detected and determined in fish can reach over million times higher than that found in water, therefore, seafood is considered as the primary food source of human exposure to Hg [95, 107, 108]. Recently, MeHg was even determined in rice due to its accumulation into rice plants that grown on MeHg-contaminated in flooded rice paddies [109, 110]. It is now become a big Hg exposure concern of general public in Asian countries because Asian people traditionally consume large quantities of rice [111, 112].
2.2.2 Hg in food
Seafood such as fish and shellfish are the main sources of MeHg, which is associated with bioaccumulation into human body via food chain [113, 114]. MeHg accumulates in the thiol group of the cysteine residues in tissue of fish muscle but it is not removed/reduced/degraded by cooking process, therefore it is considered as long lasting organic contaminants in food. It was further evidence that the presence of MeHg at high concentration in fish tissue is result from the combination of efficient MeHg assimilation from food and slow elimination rates [115]. Concentration of Hg detected in long-lived freshwater and marine ecosystems were found to be higher than fast growing species, which may be resulted from long time bioaccumulation during their growth [113, 116, 117]. As mentioned above, Hg concentration reflect exposures from growing environments, therefore understanding the harvesting regions and geographic variability in seafood Hg concentrations is very important to understanding degree in human exposures from seafood [95].
Rice is also contaminated with Hg due to it is cultivated in the Hg contamination soil [109, 111, 118]. Rice grown in aerobic conditions was determined to have lower MeHg concentrations [119], giving a potential measure to mitigate Hg exposure for rice. Moreover, certain rice species may have less Hg accumulation, but comparable yields to others, therefore choosing the appropriate rice species may be the alternative to reduce Hg exposure in rice cultivation [112]. Several common foods such as fruit, vegetables, various meat and dairy products were also reported to have trace concentration of Hg [113].
2.2.3 Toxicity and health effects of mercury
Mercury in inorganic form (Hg) and organic form (MeHg) both possess toxic properties, hence consumption of food source containing these species pose potential health risks [114, 120, 121]. However, MeHg is the form that receives the great concern because it has high absorption efficiency and easily crosses the blood-brain and placental barriers when intake from food [122]. Exposure to MeHg is harmful to fetal brain development in pregnancy women [122]. It was also reported that MeHg causes detrimental effects on the developing and adult nervous system [123] and heart disease risk [124].
2.3 Cadmium
2.3.1 Distribution of cadmium in the environment
Cadmium is natural occurring heavy metals that is widely distributed in the earth’s crust with an average concentration of about 0.1 mg/kg and highest content of Cd is found in sedimentary rocks and marine phosphates with concentration up to 15 mg/kg [1]. Accumulation and deposition of high concentration of Cd in the environment is results from industrial activities, which are relating to mining, smelting, manufacturing of batteries, pigments, stabilizers and alloys [125, 126]. Application of municipal sewage sludge to agricultural soil can also be a significant source of cadmium [127]. 
2.3.2 Cd in food
Certain crops and aquatic organisms can take up cadmium from contaminated in soil and water, which is then accumulated the food-train [125]. Food is considered as the main environmental source of cadmium exposure for non-smoking population. Mammals feed with cadmium-rich diets tend to accumulate high cadmium levels in their kidney and liver [128, 129]. Certain seafood such as oysters, scallops, mussels, and crustaceans were also reported to accumulate high concentration of cadmium [130, 131]. However, lower concentration of cadmium are found in vegetables, cereals and starchy roots [132-134]. Rice grown on cadmium-polluted soil can take up and accumulate high concentrations of cadmium [126]. Drinking water can be contaminated with Cd by impurities in the zinc of galvanized pipes and solders in fittings, water heaters, water coolers, and taps [135].
2.3.3 Toxicity and health effects of mercury
When Cd penetrated in to human body, it is primarily accumulated in the kidneys which is the critical target organ [136]. This may cause renal tubular dysfunction, and subsequently increasing excretion of low molecular weight proteins in the urine [137]. Moreover, kidney stone can be formed as results of high intake of cadmium. Softening of the bones and osteoporosis is also observed in the population, who are exposed through living or working in cadmium-contaminated area [138, 139]. High inhalation of cadmium oxide fume results in acute pneumonitis with pulmonary oedema that may be lethal [140, 141]. Exposure to Cd in high level and long-term is reported to associate with lung changes (even lung cancer) and cause chronic obstructive airway disease [142].  
2.4 Lead
2.4.1 Distribution of lead in the environment
Lead is a naturally occurring element in the earth’s crust with small amount, mainly lead sulfide [1]. Human activities (particularly industrial development) such as fossil fuels burning, mining, and manufacturing (batteries and paints, jewellery making, soldering, ceramics, leaded glass, electronic waste, and use in water pipes and solder) have largely contributed to high accumulated concentration in the environment [143]. Lead can be distributed in the environment through volcanic activity, geochemical weathering, sea spray emissions, and mining [143]. Lead is released into the environment, it is persisted and transported with atmosphere to the most regions of the world.
2.4.2 Lead in food
Lead persists in vegetable, crop plants as a results of accumulation from lead-contaminated soil or irrigation with lead-contaminated water [133, 144]. Commercial rice purchased from markets were also analyzed to have lead content that exceeded the Chinese and EU limit [145]. Lead and cadmium were all detected in seafood that was captured in the coastline of South China [131] and Brazil [146]. Lead is rarely present in tap water, but is mainly due to household plumbing systems containing lead pipes, solders, and fittings [143]. Lead was found in liver of Nigeria’s cow with concentration above international maximum permissible levels [147]. Recently, lead is even detected in game killed using lead ammunition [148], that could pose a threat to human health.
2.4.3. Toxicity and health effects of lead
Human exposure to lead is mainly via inhalation of lead-contaminated dust, aerosols, ingestion of lead-contaminated food, water, paints [1]. Lead penetrated into human body is distributed to the brain, liver, kidney, and bone [149]. Lead can be measured in blood, teeth, bone to assess human exposure [143]. Lead poisoning vulnerably targets nervous system, and the symptoms such as headache, poor attention spam, irritability, loss of memory, and dullness are the early effects of lead exposure on the central nervous system and intelligence quotient (IQ) of young children [149]. Lead is dangerous for pregnant women, because lead absorbed by the pregnant mother is transferred to the developing fetus, which may cause reduction birth weight and preterm delivery, and abnormal development of baby nervous system [150-152]. Recent study reported that lead acetate caused kidney cancer, brain cancer, lung cancer and acts synergistically with other carcinogens [153]. 
2.5 Chromium
2.5.1 Distribution of chromium in the environment
Chromium (Cr) is a naturally occurring metal in the earth’s crust, with oxidation states ranging from Cr(III) to Cr(VI), among which Cr(III) is stable form and occurrence in state of ores (ferrochromite), while Cr(VI) is the second-most stable state [154]. Chromium transports into environments (air, water, and soil) from variety of natural and anthropogenic sources, with largest contribution from industrial performances such as metal processing, tannery facilities, chromate production, stainless welding, ferrochrome and chrome pigment production [1]. Increasing of chromium concentration in environment was reported to link to air, wastewater release from metallurgical refractory and chemical industries in the form of Cr(VI). Although Cr(VI) is mainly discharged from industries, it was also found in ground and surface waters [155]. Cr(III), on the other hand, is naturally detected in air, water, soil and biological materials [1]. Chromium concentrations present in soil (1-3000 mg/kg), seawater (5-800 µg/L), river and lakes (0.026-5.2 mg/L) [154].
2.5.2 Chromium in food
Chromium content in foods varies greatly and depends on the processing and preparation, but typically contain < 10 t0 1,300 µg/kg in fresh foods [1].  Chromium (Cr) commonly enters the food chain through uptake by vegetables (celery, lettuce, and Chinese cabbage) from soil [156, 157] or absorbs on part of vegetables exposed to polluted air. Although Cr is known as essential micronutrients for higher animals and plants, it can also be dangerous at sufficiently high levels [158]. Cr concentration in edible vegetables grown in different degrees of environmental pollution (of Tarragona Province) was detected and determined relatively higher than previously reported values [158]. Cr can be accumulated at higher concentration of allowance limit in vegetable and grains when they are grown on effluent irrigated area [159]. In water environment, Cr compounds are very persistent as sediments, with very high potential for accumulation of Cr in aquatic life in the form of Cr(III) or Cr(VI). Arsenic and chromium were bioaccumulated into various tissues of some fish species and green tiger shrimp at above certain legal limit values [160]. It was reported that raw prawns had significantly higher chromium (and other metals such as cadmium, iron, selenium, and zinc) in autumn and spring, while summer levels were intermediate [161]. Cr was detected along with typical toxic metals such as Pb, Cd, Hg, and As in seafood at concentration of  0.8 mg/kg, which were collected from Xiamen, Southern Chinese coastal city of China [162].
2.5.3 Toxicity and health effect of chromium
A part of population working in chromium-related industries have high potential to exposure to chromium via inhalation. Other part (non-occupational exposure) occurs via ingestion chromium from food and water [163]. Hexavalent chromium (Cr(VI)) is a toxic originated from industrial pollution that is ranked among most dangerous human carcinogen agents [164]. When human inhalation of chromium occurs, the lung is the primary target organ that chromium is penetrated [165, 166]. Environmental and occupational exposure to Cr(VI)-containing substances may cause multiorgan toxicity, e.g. renal damage, allergy and asthma, and cancer of the respiratory [167]. Breathing high concentration of Cr(VI) may cause irritation to the lining of the nose, and nose ulcers. Several individual are highly sensitive to Cr(VI) or Cr(III), indicating as severe redness and swelling of the skin [168]. Moreover, exposure to Cr(VI) with high levels from drinking water may increase formation of stomach tumors [164, 166]. Cr(III) is less mobile, less toxic, and is mainly found in organic matter in soil, aquatic environments, and blood (chromium(VI) is reduced by several mechanisms to chromium(III)) [169]. 
2. Current legislative situation on heavy metals in foods
2. National legislation
Vietnamese government (ministry of health is main responsibility) has established a national technical regulation on the limits of heavy metals contamination in food since 2011, in which six typical heavy metals including arsenic (As), cadmium (Cd), lead (Pb), mercury (Hg), methyl mercury (MeHg), and tin (Sn) with maximum intake weekly for population of 0.015 mg/kg, 0.007 mg/kg, 0.025 mg/kg, 0.005 mg/kg, 0.0016 mg/kg, and 14 mg/kg, respectively [58]. In addition, maximum contamination limits are also established for As, Cd, Pb, Hg, MeHg, Sn on variety of foodstuffs. Moreover, standard procedure for sampling, pretreatment, and analysis of these heavy metals are also established [58].  
2.6.2 International legislation
Driven by consumer demand and quality, many food agencies have introduced directives that stipulate maximum allowable concentrations for heavy metals in foodstuffs. The European Commission directive 1881/2006 and 629/2008 specifies maximum levels for Cd, inorganic Sn, Hg, and Pb in a variety of foodstuffs (e.g. meat, marine products, cereals, vegetables, fruits and products thereof, fats and oils, milk, and infant formulae) [170], with, for example, 0.02 mg Pb/kg allowable in milk products and up to 1.5 mg Pb/kg allowable in bivalve mollusks. Maximum levels for arsenic in certain foods have been established by Commission Regulation (EC) No 2015/1006 [171].
The U.S. Food and Drug Administration (FDA) enforces action levels for poisonous or deleterious substances in human food and animal feed, including cadmium, lead, mercury, and others [172]. The US FDA has also developed a comprehensive Food Protection Plan to address the challenges and changes occurring in food sources, production, and consumption. The plan builds upon advances in science and technology to protect the US’s food supply from both unintentional contamination and deliberate attack [173].
CODEX has established standard (CODEX STAN 193-1995, CODEX general standard for contaminants and toxins in food and feed, amendment in 2010) of maximum level of five heavy metals including arsenic, cadmium, lead, mercury (including methylmercury), and tin in food [174].
3. Methods for determination of heavy metals in foods
Food is absolutely important for daily life of humankind. Recent concern of general public is safety food, which is necessity excluded from contaminated food. As mentioned in previous sections, all kinds of food can be potentially exposure to contaminated agents due to anthropogenic environmental pollutions or natural occurrence. In order to obtain fresh and clean food, process of production of food needs to be strictly controlled, which is generally known as quality control (QC) and quality assessment (QA). Although process of production can be controlled, the quality assessment of final products before launching to markets for consumption is really important. The food sector therefore needs analytical techniques to implement the QC and QA procedures. In safely control sector, the detection of highly toxic heavy metals such as arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb), and mercury (Hg) is very important.
To analyze the heavy metals content of food samples, both screening and confirmatory methods are needed. Screening analysis method are an attractive alternative because they are cost effective, relatively easy to use, and particularly useful in the food industry, where long analysis time leading to food degradation with high cost performance. In contrast, confirmatory methods are reported by low limits of detection (LOD) and high accuracy, but require large instruments, laboratory set-ups and highly skilled personnel, thus needs remarkably high cost of analysis. This techniques are suitable for overall detection and determination of heavy metals in food products before sale in commercial markets. But in all, an accurate, precise, and robust analytical method is required for measurements of heavy metals in foodstuffs to ensure regulatory compliance, maximum product safety and sustainability, and brand protection. The chosen technique must measure toxic elements, species, and micronutrients, and must also identify whether products have been contaminated during the production process or packaging or by the cooking utensils used to prepare them. Therefore, sophisticated methods are required. This section presents several advanced methodologies for detection and determination of heavy metals in food products.
3.1 General approach for detection and determination of heavy metals in foods

Figure 1. Principle procedure in detection and determination of heavy metals in food products.
In principle, in order to detect heavy elements in food samples, it needs to undergo sequential treatment steps (Figure 1). Furthermore, to make sure applied method can detect the metals at as low content as ppm (part per million), ppb (part per billion), and ppt (part per trillion), every step involved in overall analysis process need to be strictly followed QA and QC standard. The first step in the principle procedure is collection of sample from specific locations (i.e. markets, supermarkets, etc.) and storage in pre-cleaned means (i.e. glassware), that surely exclude contamination of heavy metals. Secondly, samples should be preserved and stored under standardized conditions to avoid heavy metals (As, Hg) from degradation/evaporation/decomposition until needed for analysis. Thirdly, since metal elements are associated with sample matrices (i.e. solid, liquid, slurry, etc), thus they are not ready for analysis. Therefore, pretreatment of samples is needed to digest sample matrices and leach out metals, followed by extraction, preconcentration, and stabilization to calibrated volume. In this step, samples are commonly digested using acid/peroxide under high temperature, or ultrasound, or microwave and recovered by centrifugation/filtration and stabilization with specific agents. Fourthly, the calibrated volume is injected into analyzer and run during a determined time interval. Fifthly, both quantification and qualification analysis is taken into account to evaluate reliability/accuracy of the applied method as well as content of heavy metals in the samples. 
3.2 Advanced techniques for detection and determination of heavy metals in food products
3.2.1 Atomic adsorption spectrometry (AAS)
In principle, heavy metals in liquid samples or extract liquids from samples are transformed to atoms in the form of gaseous by using flame or an electrothermal system (atomizers), followed by thermally and collisionally excited to a higher electronic energy level by absorbing a defined quantity of energy (radiation of a given wavelength). The excited states is then returned to their ground energy state by emitting photons. The amount of heavy metals is proportional to the amount of radiation absorbed by ground-sate atoms, which is expressed by well-known Beer’s law.
In order to accurately and sensitivity detection of heavy metals in food samples (matrices), a pretreatment (extraction and pre-concentration) of elements is required. Conventionally, liquid-liquid extraction (LLE) [175, 176], solid phase extraction (SPE) [177, 178], and online sequential dispersive liquid-liquid extraction (DLLE) [179, 180] are usually employed to separate and concentrate heavy metals elements prior to introducing the sample to flame. Table 1 reports recent progress in application of AAS in detection and determination of heavy metals from food products.
For liquid-liquid extraction method, ultrasound-assisted extraction or microwave-assisted extraction was commonly adopted for destructing of local food products (lettuce, cauliflower, aubergine, pumpkin, jilo, mushroom, fish, and mussel) and chelating metals using diluted HNO3 2.8 M to obtain supernatant (after centrifugation) for detection of cadmium and lead [181]. The limit of detection (LOD) of Cd and Pb estimated in standard solution were 0.65 µg/L and 32 µg/L, respectively, which correspond to 0.033 µg/L and 1.6 µg/L, respectively in the aliquot extract from 2% (w/v) of food powders in HNO3 2.8 M [181]. The highest content of Cd and Pb of 10.15 ± 0.49 mg/kg and 20.04 ± 0.15 mg/kg were found in mushroom and straight lettuce, respectively [181]. To increase the sensitivity of flame AAS (FAAS), Antonia and Allen [182] developed a protocol equipped with flow-injection Donnan dialysis membrane (to decrease preconcentration factor) to extract lead (Pb) from sweeteners (sucrose, corn syrup, sugar, honey) followed by analysis with FAAS, which obtained detection limit of 350 ng/g and recovery reached 90-103%. Extraction of Cu, Cd, and Pb from seawater and mineral water were tested with aluminium hydroxide followed by centrifugation and washing of the precipitate to achieve 78-97% recovery of the elements in the extracts for analysis with AAS, which gave detection limits of these metals at µg/L [183]. The LLE was also utilized by Carasek et al. [184] and Amorim and Ferreira [185] for extraction of Pb and Cd in natural waters and table salt samples, respectively, using dithizone as a complexant.
Solid-phase extraction (SPE) empoying various supports such as carbon, silica gel, cellulose, and amberlite resin is widely used method to preconcentrate heavy metals [177, 178, 186]. Typically, octadecyl bonded silica membrane disk modified with Cyanex302 was used as adsorbent for preconcentration of Pb, followed by elution with dilute HNO3 for Pb detection using FAAS with an LOD of 1 µg/L. Lead contents in tea, pepper, and wine were analyzed by FAAS after acid digestion as 48.8 mg/kg, 22.7 mg/kg, and 13.4 mg/L, respectively [178]. Cadmium and lead were extracted by dibenzyldithiocarbamate chelating on Dowex Optipore V-493 from potable water prior analysis with FAAS with LOD of 0.43 µg/L and 0.65 µg/L, respectively, presenting a satisfactory accuracy [187]. Lead was detected in several food samples (cheese, bread, baby food, honey, milk, wine) after microwave-assisted digestion and extraction using minichromatographic column with 1-phenylthiosemicarbazide as ligand and Dowex Optipore L-493 resin as adsorbent with an LOD of 0.55 µg/L [188]. Chelite P functionalized with aminomethylphosphoric acid group was used by Yebra-Biurrun et al. [189] as chelating resin for extraction of Cd and Pb from mussel in a minicolumn assisted with a ultrasound device, achieving an LOD of 0.011 µg/g and 0.25 µg/g for cadmium and lead, respectively, which indicated good agreement with reference methods and certified values. Parham et al. [190] carried out Pb and Cd extraction in a glass column packed with sulphur as a ligand and detection with FAAS system from water samples, attaining a LOD of 3.2 µg/L and 0.2 µg/L, respectively. The developed method was recommended to be applied for determination of metal ions in tap, river and wastewater samples. Portugal et al. [191] used 2-(2-thiazolylazo)-p-cresol (TAC) to extract Pb and Cd from drinking waters via micellar formation with non-ionic surfactant octylphenoxypolyethoxyethanol (Triton X-114) followed by centrifugation and determination by FAAS, giving the LOD for Cd and Pb of 0.077 µg/L and 1.05 µg/L, respectively. This cloud point extraction techniques was also applied for arsenic detection in potable water samples with satisfactory accuracy [192]. Detection of As in potable waters was also performed via precipitation with aluminium hydroxide followed by hydride generation AAS (HG-AAS) achieving an LOD of 0.012 µg/L with relative error of -4.0% [193].

Table 1. Application of AAS in detection and determination of heavy metals content in food.
	Food
	Heavy metals
	Extraction conditions
	Detection technique
	Limit detection
	Reference

	Liquid-liquid extraction (LLE)
	
	
	
	
	

	Lettuce, cauliflower, aubergine, pumpkin, jilo, mushroom, fish,  and mussel (dry powder)
	Cd, Pb
	- Ultrasound-assisted extraction (50-200 mg food powders/5 ml HNO3 0.7-2.8 M, time 5-10 min)
- Microwave assisted extraction (250 mg food powders/4 mL HNO3 2.8 M/2 mL H2O2 (30%, v/v), temperature 160-230 oC, time 2-10 min, power 0-100 W)
	- Beam injection flame furnace atomic absorption spectrometry (BIFF-AAS)
- Graphite furnace atomic absorption spectrometry (GFAAS)
	- Standard solution: Cd (0.65 µg/L), Pb (32 µg/L)
- Food extract sample: Cd (0.033 µg/L), and Pb (1.6 µg/L)
- Highest detection of Cd (10.15 ± 0.49 mg/kg in mushroom) and Pb (20.04 ± 0.15 mg/kg in straight lettuce)
	[181]

	Sweeteners (sucrose, corn syrup, sugar, honey)
	Pb
	Donnan dialysis membrane (15 min)
	Flow-injection Donnan dialysis with FAAS
	350 ng/g (recovery up to 90-103%)
	[182]

	Seawater and mineral waters
	Cu, Cd, Pb
	Extraction with aluminium hydroxide followed by centrifugation and washing of the precipitate
	AAS
	~ µg/L level with (recovery ranging from 87-97%)
	[183]

	Natural waters
	Pd, Cd
	Extraction with dithizone in xylene followed by back-extracted into nitric acid
	AAS
	-Pb (0.39 µg/L)
- Cd (8.2 ng/L)
	[184]

	Table salts
	Cd, Pb
	Extraction with dithizone (methyl isobutyl ketone)
	AAS
	- Cd (0.3 ng/g)
- Pb (4.2 ng/g)
	[185]

	Solid-phase extraction
	
	
	
	
	

	Seawater
Black tea
Black pepper
Wine
	Pb
	Extraction with octadecyl bonded silica membrane disk impregnated
with Cyanex302
	FAAS
	1.0 µg/L
	[178]

	Potable water
	Cd, Pb
	Extraction with dibenzyldithiocarbamate chelating on Dowex Optipore V-493
	FAAS
	- Cd (0.43 µg/L)
- Pb (0.65 µg/L)
	[187]

	Natural water
Cheese, bread, baby food, pekmez, honey, milk, red wine

	Cu, Pb, Fe
	Extraction with 1-Phenylthiosemicarbazide (1-PTSC) as ligand and Dowex Optipore L-493 resin as adsorbent were used in a mini chromatographic column
	FAAS
	- Cu (0.64 µg/L)
- Pb (0.55 µg/L)
- Fe (0.82 µg/L)
	[188]

	Mussel
	Cd, Pb
	Ultrasound-assisted extraction in a minicolumn containing chelating resin (Chelite P, with aminomethylphosphoric acid groups)
	FAAS
	- Cd (0.011 µg/g)
- Pb (0.25 µg/g)
	[189]

	Water samples
	Pb, Cd
	Extraction with Sulphur ligand packed in a glass column
	FAAS
	- Pb (3.2 µg/L)
- Cd (0.2 µg/L)
	[190]

	Drinking water
	Cd, Pb
	Extraction with 2-(2-thiazolylazo)-p-cresol (TAC) and the micellar phase is obtained using non-ionic surfactant octylphenoxypolyethoxyethanol (Triton X-114) and centrifugation
	FAAS
	- Cd (0.077 µg/L)
- Pb (1.05 µg/L)
	[191]

	Potable water
	As
	As (V) formed an ion-pairing complex with Pyronine B in presence of acetyl pyridinium chloride (CPC) at pH 8.0 and extracted into non-ionic surfactant Triton X-114, followed by centrifugation to obtain metal-rich supernatant and diluted with HNO3 in methanol
	FAAS
	1.67 µg/L
	[192]

	Potable waters
	As
	Extraction with aluminum hydroxide 
	HG-AAS
	0.012 µg/L
	[193]

	Wheat flour
	As
	Digestion with HNO3 (65%) and MnO2
Stabilization with Pb(NO3)2 as modifier
Precipitation with weakly acidic silver solution
	ETAAS
	0.3 µg/L
	[194]

	Clam
Fish tissue
	As
	Digestion with acid in microwave, or combined with K2S2O8 (2%, m/v) followed by either UV photo-oxidation or re-digestion in a thermal block
Stablization with Pd, Ir, Rh, Mg(NO3)2, ascorbic acid  
	Tungsten coil EAAS
	42 pg
	[195]

	Fish-based baby food
	As
	Extraction of inorganic arsenic (+MA), methylarsonic acid (MA), dimethylarsinic acid (DMA), arsenobetaine (AB)  with tetramethylammonium hydroxide (TMAH) solution (0.01 mol/L)
Stabilization with palladium salts
	ETAAS
	- AB (15 ng/g)
- DMA (25 ng/g)
- +MA (50 ng/g)
	[196]

	Human milk
	Pb
	Sample dilution in Triton, modifier (75 mg of palladium) and nitric acid contents (2%)
Pd as modifier (75 µg)
	ETAAS
	5.0 µg/L
	[197]

	Bottle and tap waters
	Pb, Cd
	Dispersive liquid-liquid microextraction (DLLME)
	Slotted quartz tube-FAAS
	42 µg/L
	[198]

	Color food additive
	Hg
	Suspension in medium containing 0.1% w/v Triton X-100, 1% v/v concentrated HNO3, 2% w/v potassium permanganate, and 3% w/v silver nitrate
	ETAAS
	59 ng
	[199]

	Seafood
	Hg
	Extraction in column packed a chelating resin aminopropyl functionalized with [1,5-bis (2 pyridyl)-3-sulphophenyl methylene thiocarbonohydrazyde]
	Cold-vapour AAS
Cold-vapour ETAAS
	6-10 ng/L
	[200]

	Canned fish
	Hg
	Digestion with H2O, HNO3, HClO4, and H2SO4 or HCl, HNO3, and H2SO4 
	Cold-vapour AAS
	0.52 ng/g
	[201]



Electrothermal AAS (ETAAS) (also known as graphite furnace AAS, GFAAS) it an alternative type of AAS that uses a graphite-coated furnace to vaporize the sample. This technique is a reliable mean for the detection and determination of heavy metals at trace levels. The mean needs to use modifier to stabilize the heavy metals, presenting more sensitive than FAAS, and enabling manipulation with solid and semi-solid samples [202]. For instance, total arsenic in wheat flour purchased from different geolocations was digested with HNO3 (65%) and MnO2, diluted with ammonia 0.1M and Fe(NO3)2 1M, filtered, washed with KNO3 0.1M, and diluted with HNO3 to make 10 mL sample, which was then stabilized with Pd(NO3)2 as a modifier followed by precipitating arsenic in the form of Ag3AsO4 with a weakly acidic silver solution. This avoided spectral inference from cations because they do not precipitate with silver cations. The limit of detection obtained in the determination of total arsenic using Pb(NO3)2 as modifier was 0.3 ng/mL, while the total arsenic content measured from wheat flour in different countries ranged from 15 to 26 ng/g [194]. Different modifiers such Pd, Ir, Rh, Mg(NO3)2, ascorbic acid were investigated for detection of As in clam and fish tissues in a study carried out by Bruhn et al. [195], reporting that the selected modifier Rh 0.5 µg giving the LOD for As of 42 pg. By coupling UV-photooxidation for sample treatment, the good recovery of 102% could be attained for As detection in dogfish muscle. The ETAAS was also used to detect arsenobetaine (AB), dimethylarsinic acid (DMA), and inorganic arsenic (+MA) in fish-based baby food, giving LOD of 15, 25, and 50 ng/g, respectively [196]. Detection of lead in human milk (for infants) is very important, a ETAAS protocol developed by Falomir et al. [197] to direct determination of lead in breast milk using 75 µg of Pd as a modifier, achieving an LOD of 5.0 µg/L with recovery of 1.09.8%, presenting a useful method. Lead and cadmium were extracted from bottled and tap waters by liquid-liquid microextraction followed by detection and determination with Slotted quartz tube-FAAS, reaching an LOD of 10 ng/L and 4 ng/L, respectively, and satisfactory recovery percentages [198]. The detection and determination of mercury in foods using ETAAS involves direct introduction of the samples as suspension and fast-analyzing procedure is required to avoid mercury losses by volatilization [199, 203]. For example, to determine Hg in color food additives, Viñas et al. prepared suspension in medium containing 0.1% w/v Triton X-100, 1% v/v concentrated HNO3, 2% w/v potassium permanganate, and 3% w/v silver nitrate prior direct introduction into the furnace of ETAAS system. The LOD of Hg in color food additive samples was estimated as 59 pg with Hg content of 0.22 µg/g, indicating good agreement with other results reported in the literature [199]. Mercury is widely detected and determined by cold-vapour AAS (CV-AAS) for seafood (mussels, clams) [200] or cold-vapour ETAAS (CV-ETAAS) for canned fish samples [201], showing very low detection limits (i.e. 6-10 ng/L) [200].
 
3.2.2 Atomic fluorescence spectrometry (AFS)
Atomic fluorescence spectrometry is an analytical technique that is based on the adsorption of a certain incident radiation (photon) by atomic species to reach excited state and subsequent emitting of the radiation (with same wavelength) via collision with other molecules, which is measured by detection device. Fluorescence measurement is more advantageous than adsorption detection as its higher sensitivity and fluorescence signal has a very low background, avoiding interference. 
AFS is widely used for detection of heavy metals from variety of samples (Table 2). For example, Cd persistent in rice and water samples was extracted by a cloud point extraction mean, which used Triton X-114 and dithizone, before injection into a tungsten coil electrothermal vapourization-AFS, attaining a very low LOD of 0.01 µg/L [204]. Mercury persistent in almost seafood and foodstuffs were detected and determined in several recent studies [205-207] by applying cold vapour AFS (CV-AFS) coupled with high performance chromatography (HPLC), presenting very low LOD (i.e. 6 ng/L) [207]. AFS was also used for arsenic detection and determination suing hydride generation (HG-AFS), which manipulates formation of volatile arsines with NaBH4 to characterize arsenic in milk [208], water [209], seafood [210], and vegetables and cereals [211]

Table 2. Application of AFS in detection and determination of heavy metals content in food.
	Food
	Heavy metals
	Extraction conditions
	Detection technique
	Limit detection
	References

	Rice
Water
	Cd
	Cloud point extraction using Triton X-114 and dithizone
	AFS
	0.01 µg/L
	[204]

	Seafood
	Hg
	Digestion via ultrasound-assisted acid pretreatment
	HPLC-coupled with CV-AFS
	LOD (1 µg/L)
4.75-6.75 µg/kg seafood
	[205]

	Seafood
	Hg
	Digestion with microwave-assisted pretreatment in HCl in presence of potassium persulfate
	HPLC-coupled with CV-AFS
	LOD (0.14-0.30 ng)
16.36-68.56 ng/g
	[206]

	Foodstuffs
	Hg
	Digestion with nitric acid/peroxide, followed by extraction with alkaline/enzymolyis and organic solvent (dichloromethane/hexane, 3:2, v/v)
	CV-AFS
	6 ng/L
	[207]

	Milk
	As(III)
AS(V)
	Leaching of As via sonication with aqua regia
	GH-AFS
	8.1 ng/L (As(III))
10.3 ng/L (As(V))
	[208]

	Water
	As(III)
AS(V)
	Extraction with L-cysteine (0.5%, w/v)
	GH-AFS
	1.0 µg/L
	[209]

	Spoiled seafood
	As(III)
AS(V)
Monomethylarsonic (MMA)
Dimethylarsinic (DMA)
	Separation with HPLC
	AFS
	0.023-1.0 µg/L
	[210]

	Vegetables
Pulses
Cereals
	As
	Pretreatment by dry ashed and dissolved in HCl
	HG-AFS
	1001 ng/g
	[211]


3.2.3 Inductively coupled plasma mass spectroscopy (ICP-MS) or inductively coupled plasma optical emission spectrometry (ICP-OES)
ICP-MS is a mass spectrometry technique that capable of detecting metals and non-metals at low concentration as one part in 1015 (part per quadrillion, ppq) on non-interfered low-background isotopes via ionizing the analyte with inductively coupled plasma (ICP) of argon followed by separation and quantification based on its mass to charge ratio (MS). ICP-OES (also known as inductively coupled plasma atomic emission spectroscopy (ICP-AES)) is used to detect trace metals via excitation of analyte using inductively coupled plasma to ion state, followed measurement of emission intensity of radiation having specific wavelength of particular element (the intensity of the radiation is proportional to the concentration of the element in the sample).
ICP-MS and ICP-AES are used for detection of heavy metals from variety of food samples, which are reported in Table 3). Typically, ICP-OES was utilized for detection of mercury and methylmercury in seafood obtained from local markets, which was pretreated with HCl in ultrasound and separation/preconcentration in a microcolumn packed with YP4 resin, followed by speciation analysis using ICP-OES. The LOD was reported as 72 ng/L for mercury, while the method applied for determination of mercury in spiked and certified material, attaining recovery percentage of 87-104.6% [212]. Arsenic (V) was extracted and preconcentrated via sequential digestion with concentrated HNO3 + H2SO4 and H2O2, reduced to As(III) by concentrated HCl + KI 2.5% (w/v) (prepared in ascorbic acid), and determined by ICP-OES with continuous hydride generation, which reached an LOD of 3.6 µg/kg [213]. This technique was also used to detect various heavy metals (i.e. Cd, Pb, etc.) in table olives [214].
For ICP-MS, heavy metals in food such as cereals can be detected and determined. In this case, a cereal slurry was prepared using cereal flour with HCl followed by heating at 85 oC for 10 min. Thiourea and Co was subsequently added, then the mixture was directly injected into ICP-MS system for vapour generation, avoiding extraction/preconcentration step, while obtaining very low LOD of 0.10 ng/g, 0.16 ng/g, and 0.07 ng/g for As (III), Cd, and Pb, respectively [215]. For the rice samples, Li and Jiang [216] slurry was prepared by mixing rice powder, ascorbic acid 1% (w/v), Triton X-100 0.2% (v/v), and HNO3 0.5% (v/v) to form final solution of 2% (m/v) and sonicating for 10 min, prior injection to ICP-MS, which obtained LODs of Cr (0.44 ng/g), Cu (1.7 ng/g), Cd (0.4 ng/g), Hg (0.53 ng/g), Pb (0.69 ng/g). ICP-MS was also used to detect arsenic, cadmium, mercury, and lead in edible marine species [217], arsenic in wheat flour [218], mercury in seafood [219], and lead in wines [220]. Pretreatment of samples for preconcentration can be carried out by digestion at high temperature [221], or ultrasound-assisted acid digestion [219]. The most reliable pretreatment technique, which can avoid sample contamination and the loss of heavy metals but achieve complete digestion in short time interval, reported in the literature is microwave-assisted thermal or acid process [218, 221, 222]. 

Table 3. Application of ICP-MS and ICP-OES (ICP-AES) in detection and determination of heavy metals content in food.
	Food
	Heavy metals
	Extraction conditions
	Detection technique
	Limit detection
	References

	Seafood
	Hg
	Microcolumn separation/preconcentration after ultrasound-assisted acid pretreatment
	ICP-OES
	72 ng/L
	[212]

	Seafood
	As
	Digestion with concentrated HNO3 + H2SO4 and H2O2. As(V) reduced to As(III) by concentrated HCl + KI 2.5% (w/v) (prepared in ascorbic acid)
	ICP-AES
	3.6 µg/kg
	[213]

	Table olives
	Cd, Pb
	Olive samples was incinerated to form ash, which was dissolved in HCl 6N and filter to obtain liquid phase
	ICP-OES
	NA
	[214]

	Cereals
	As, Cd, Hg
	Preparation of slurry by mixing 6% (w/v) flour, 0.7% (w/v) thiourea, 0.4 µg/mL Co(II), and 2.5% (v/v) HCl
	ICP-MS
	As (0.10 ng/g)
Cd (0.16 ng/g)
Hg (0.07 ng/g)
	[215]

	Rice
	Cr, Cu, Cd, Hg, Pb
	Preparation of slurry by mixing rice powder, ascorbic acid 1% (w/v), Triton X-100 0.2% (v/v), and HNO3 0.5% (v/v) to form final solution of 2% (m/v) and sonicating for 10 min
	ICP-MS
	Cr (0.44 ng/g)
Cu (1.7 ng/g)
Cd (0.4 ng/g)
Hg (0.53 ng/g)
Pb (0.69 ng/g)
	[216]


NA: Not available
4. Conclusions
Atomic absorption spectrometry (AAS), atomic fluorescence spectrometry (AFS), inductively couples plasma spectroscopy (ICP-MS) and inductively coupled plasma optical emission spectrometry (ICP-OES) have been widely used to detect and determine heavy metals concentration persisted in variety foods by many laboratories around the world. These techniques are continuously evolved to be more precise, fast, and effective to meet academic and industrial utilization in research, control, and management of food safety and food quality. Therefore, the trends for modern techniques in heavy metals detection and determination are to further improve sensitivity and reduce interference, facilitating to accurately detect and determine heavy metals content in different food matrices. For instance, ICP-MS equipped with quadruple are the most widely applied in many laboratories, due to their low cost. However, as the formation of spectral interference, coming from monoatomic and polyatomic ions produced in plasma, that makes the quantification of several trace elements more difficult with low-resolution quadruple mass discrimination. Using magnetic sector high resolution spectrometer could overcome the mentioned drawback, representing potential to detect ultra-trace metals in food matrices [222]. Moreover, regarding to sample treatment, microwave-assisted digestion followed by extraction and preconcentration is promising approach for pretreatment of complex matrices such as milk. In addition, quality assurance and method validation is needed to be taken into account to verify the methods and techniques applied in analysis. 
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