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ABSTRACT

Aflatoxin contamination is a public health concern for both producers and consumers since it is contaminated in tree nuts, peanuts, and other oilseeds, including corn and cottonseed. Aflatoxin B1 is usually predominant and is the most toxic, can produce acute necrosis, cirrhosis, and carcinoma of the liver in human and many animal species. The toxicity can be influenced by environmental factors, exposure level, and duration of exposure, age, health, and nutritional status of diet. Aflatoxin B1 is a very potent carcinogen, liver is the primary target organ of acute injury. Exposure to aflatoxin is known to cause both chronic and acute hepatocellular injury. Aflatoxin B1 is considered the most toxic aflatoxin and it is highly implicated in hepatocellular carcinoma (HCC) in humans. In developing nations, such as Thailand, many people are exposed to aflatoxin through food grown at home. Inadequate harvesting and storage techniques allow for the growth of aflatoxin-producing fungus and homegrown crops are not routinely tested for the presence of aflatoxin. An estimated 4.5 billion people living in developing countries may be chronically exposed to aflatoxin through their diet. Occupational exposure to aflatoxin B1 has also been reported in swine and poultry production. Promoting and enforcing the standard and regulations with entire procedures is required in all workplaces and workers who are exposed to aflatoxin need to make sure that workers and consumers are safe.
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1.0	INTRODUCTION
Aflatoxin B1 (AFB1) is a notorious carcinogenic mycotoxin classified by International Agency for Research on Cancer (IARC) in group 1 (carcinogenic agent to humans), that has exhibited a highly significant association with liver cancer or hepatocellular carcinoma (HCC) incidence and mortality [1]. Both acute and chronic exposure to aflatoxin is known to cause liver injuries. Aflatoxin B1 is considered the most toxic aflatoxin and it is highly implicated in HCC in humans [2]. Aflatoxin contamination has been persisted in tree nuts, peanuts, and other oilseeds, including corn, and cottonseed. Due to the contamination of a considerably high quantity of agricultural products worldwide, the main route of human exposure is via food ingestion, but other routes, such as skin contact and inhalation have been established to play an important role. 
Inappropriate harvesting and storage processes allow for the growth of aflatoxin-producing fungus especially farmers in developing nations or the Third World are currently exposed to aflatoxin through food grown at home. Unfortunately, homegrown crops are not routinely tested for the existing of aflatoxin. As a result of the aflatoxin in food products, an estimated 4.5 billion people living in developing countries may be chronically exposed to aflatoxin through their diet (CDC 2012) [3]. Aflatoxin toxicity severity can be affected by individual environmental factors, for instance, exposure level; duration of exposure; age; health; and nutritional status of diet. Aflatoxin B1 is a very potent carcinogen, the liver is the primary target organ of acute aflatoxin toxicity. In animal studies, aflatoxin can be the cause of acute necrosis, cirrhosis, and carcinoma of the liver in many animal species. No animal species can tolerate the acute toxic effects of aflatoxin, for this reason, it is logical to assume that humans may have the similar effects [4]. 
Occupational exposure to aflatoxin B1 has also been reported in swine and poultry production [5, 6]. It was considered relevant to clarify if there is also exposure in poultry slaughterhouses [7, 8]. In Thailand, agriculture is the common occupation, with approximately 32.2% of the Thai population employed in some sort of agricultural activity [9]. Hence, the target audience for this essay is farmers, slaughters and consumers. While women, children and the poor are the most vulnerable to food made unsafe by aflatoxin, this paper will focus specifically on the occupational exposure to aflatoxin since there is the airborne concentration in some working places, such as feed, spice plant factories, and poultry slaughterhouses may be high. There are various methods to control aflatoxin including good practices before harvest, at harvest, after harvest, and during storage. Chronic occupational exposure to high concentrations of Aspergillus in workplaces may cause both acute and chronic hepatocellular injury [3]. Hence, worker protection measures should be consistently adopted and enforced at the workplace.

1.1	A BRIEF HISTORY OF AFLATOXIN 
In the 1960s, the major outbreak of aflatoxin that scientists first identified the threat, a hundred thousand commercial turkeys mysteriously died over a few months on farms in England called “Turkey X disease”.  Scientists found that imported feed from Brazil and mycotoxins produced by the fungus, Aflatoxin is one of the major groupings of mycotoxins, carried on the feed. Since then, governments around the world have worked to limit the number of aflatoxins that find their way into the food supply [10]. 
	Structural characterization and synthesis of the aflatoxin, accomplished in 1963 leading to the identification of the major aflatoxin B1-DNA adduct in 1977 and demonstration of its excretion in urine in 1981. Development of monoclonal antibodies specifically recognizing aflatoxin B1 provided a basis for an immunoaffinity methodology not only for analysis of food extracts but also for quantitation of urinary excretion of the DNA adduct and other metabolites. This DNA adduct biomarker provided the tools to evaluate the molecular epidemiology of aflatoxin exposure of individuals within human populations [11]. 
A timeline highlighting the key milestones in the aflatoxin history for the toxicological evaluation, the outbreaks, and ongoing of aflatoxin problems in Figure 1[10-15].

[image: ]Figure 1. Timeline of the key events in aflatoxin history
Aflatoxin is commonly found in improperly stored a wide variety of both pet and human food supply such as corn, nuts, peanuts, tree nuts, rice, seeds, chili, peppers, wheat, as well as in feedstocks for agricultural animals. Contaminated animals feed can pass aflatoxin transformation products into eggs, milk products and meat [12]. The outbreaks lists include: in 2003 outbreak in Kenya, an outbreak of aflatoxin poisoning in Kenya left 120 people dead [13]; in February-March 2013 several European countries reported nationwide contamination of milk for human consumption with aflatoxins [14]; in February 2013 in Iowa, high levels of dangerous toxin found in bagged dog food [15]; in 2014 and ongoing, unacceptably high levels in the bloodstream of pregnant women in Nepal and Bangladesh [13]. Widespread concern about the potentially deleterious effects of aflatoxins in humans and animals as well as the possible transfer of residues into edible animal tissues and milk has led to regulatory actions governing U.S. interstate as well as international commerce involving food and feed commodities that may be contaminated with aflatoxin. Since 1969, the United States Food and Drug Administration (FDA) has set a restriction level on aflatoxin at 20 ppb for all foods, including animal feed. The FDA aims to control and limit aflatoxin exposure to the lowest possible level [16]. 

1.2	AFLATOXIN CHEMISTRY
Aflatoxin is the group of closely related toxic metabolites that are designated mycotoxins. They are produced by Aspergillus flavus and Aspergillus parasiticus. Aflatoxin consists of four members: aflatoxin B1, aflatoxin B2, aflatoxin G1, aflatoxin G2. Among of these members, aflatoxin B1 is the most important toxin [17].
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Figure 2. Chemical Structure of Aflatoxin B1
Chemical Formula:	C17H12O6
Molar Mass:	312.28 g/mol	

Aflatoxin B1 is classified as a poison by Medical Subject Headings (MeSH) which were found in tissues of kidney, liver, and muscle of pigs fed with aflatoxin contaminated grains. The estimated LD50 dose of aflatoxin B1 is 0.1 mg/kg body weight, be excreted in the form of its metabolite, aflatoxin M1 (AFM1), in the milk of lactating animals. In situ study of intestinal absorption kinetics of these mycotoxins showed that the absorption of aflatoxins in rat small intestine is a very fast process that follows first-order kinetics. In rats, absorption after intratracheal instillation is more rapid than after an oral dose, but the body distribution and excretion patterns are not different for these two routes of administration. Dermal exposure data for aflatoxins are not much available, despite their common and widespread skin contact and hazard toxicity. However, dermal exposure to the DNA-reactive genotoxic carcinogenic aflatoxin B1 can lead to a health risk for agricultural workers who exposed to a mycotoxin contaminated solution in some specific situation [18]. Aflatoxin B1, aflatoxin B1-metabolites, and aflatoxin B1-albumin adducts have been detected in cord blood of babies after maternal exposure during pregnancy. However, the role that the placenta plays in the transfer and metabolism of aflatoxin B1 is not clear [19]. Aflatoxin B1 once ingested is metabolized in vivo by cytochrome P450 to a highly reactive epoxide that binds to guanine called DNA adduct. DNA adduct is chemically unstable and can be in depurination and release of adducts into urine or opening of the imidazole ring to form a stable ring-opened adduct in the DNA. Replication of damaged DNA, either with apurinic sites or bulky ring-opened adducts, can be the cause of mutations, translocations, and other alterations associated with HCC development (Figure 4) [20].
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Figure 3. Metabolism of aflatoxin B1 to the reactive epoxide
Epoxide can bind tithe protein to form adducts at lysine residues or react with DNA to form the N7 guanine adduct. The DNA adduct is chemically unstable and can result in depurination of the DNA. The released modified base can be detected in the urine of exposed individuals [20].

1.3	A TOXICOLOGICAL OVERVIEW OF AFLATOXIN B1
	Aflatoxin B1 (C17H12O6) is a colorless to pale yellow crystal or white powder (exhibits blue fluorescence), solid form at room temperature. Aflatoxin B1 in water or chloroform solutions or in solid films were decomposed by ultraviolet (UV) irradiation. When heated to decompose, it emits acrid smoke. Because of the widespread nature of fungi producing aflatoxins in food materials, international agencies have now permitted the presence of 20 ppb of aflatoxin in food materials as the maximum permissible level. In 1993, World Health Organization (WHO) and International Agency for Research on Cancer (IARC) for cancer research institutions designated aflatoxin as a Class 1 carcinogen, is a highly poisonous toxic substance. Aflatoxin is harmful to human and animal liver tissue has damaging effects, serious, can lead to liver cancer or even death and the median lethal dose (LD50) is 0.5 mg/kg in dog and 9.0 mg/kg in mouse [21]. Two pathways of the dietary exposure have been identified: (i) direct ingestion of aflatoxin (mainly aflatoxin B1) in contaminated foods of plant origin such as maize nuts and their products; and (ii) ingestion of aflatoxins carried over from feed into milk and milk products including cheese and powdered milk, where they appear mainly as aflatoxin M1. 
Acute aflatoxin poisoning in humans does occur occasionally and sporadically in some areas of the world mainly in Africa or Asia. Most reported cases had the history of consumption of contaminated crops most frequently maize, rice or cassava, or cereal products such as pasta or peanut meal. A classic case occurred in Malaysia in 1990 when 13 children died after eating highly contaminated aflatoxin noodles [22]. Repeated ingestion of low levels of aflatoxin associate with sub-acute and chronic effects of aflatoxin in human include hepatocellular carcinoma, chronic hepatitis, jaundice, hepatomegaly, and cirrhosis. It is also considered that aflatoxin may play a role in several health impacts, including protein-energy malnutrition (kwashiorkor), hepatitis, Reye’s syndrome and can also affect the immune system [23].
Detection of aflatoxin in the laboratory by using thin layer chromatography (TLC), high-performance liquid chromatography (HPLC), gas chromatography-mass spectrometry (GC-MS) or liquid chromatography electrospray ionization tandem-mass spectrometry (LC-ESI-MS-MS). Immunological methods provide a rapid screening for aflatoxin, commercial enzyme-linked immunoassay (ELISA) test kits have a detection limit of about 2 ppb (mcg/kg), however, it may not be sufficiently reliable as a quantitative method of detection [24]. Therefore, maximum concentrations of aflatoxin allowed in food are set by FDA, food for human consumption is allowed 20 ppb and milk 0.5 ppb of aflatoxins. High levels up to 300 ppb are allowed in feed for cattle, hogs, and poultry. Currently, there are no standards for workplace or environmental aflatoxin exposures [25]. 
Aflatoxin's limited production and use as research compounds may result in their release to the environment through various waste streams, they will exist solely in the particulate phase in the ambient atmosphere. Particulate-phase aflatoxins will be removed from the atmosphere by wet and dry deposition. If released to soil, the aflatoxins are expected to have low to no mobility. Adsorption in soils has been correlated to cation exchange capacity and the type of clay present. If released into water, the aflatoxin is expected adsorb to suspended solids and sediment [26].
Many case reports of aflatoxin toxicity in human, for instance, suspected cases of acute aflatoxicosis in humans have been reported from India, cases of a children's disease may also be linked with acute aflatoxin ingestion [27]. Reports of encephalopathy and fatty degeneration of the viscera in northeast Thailand have suggested that aflatoxins may be involved [28]. Not only acute disease attributed to aflatoxin but also chronic diseases have been reported from several parts of the world. In Uganda, fatal hepatic necrosis occurred in a 15 years old boy who was found to have eaten food with a very high content of aflatoxin [29]. In Thailand, New Zealand, Czechoslovakia, and the United States have proven that they found aflatoxin in the livers of patients dying of Reye's syndrome, the lesions of which closely similar to the acute fatty liver produced in the monkey and other animals by aflatoxin [30]. A report of 106 fatal instances of hepatic disease among 397 individuals who became ill after eating maize containing very large amounts of aflatoxin also suggests that acute aflatoxicosis can occur in human [31].
The study of occupational exposure to Aspergillus and aflatoxin among workers in India shows a significant difference was also found in Broncho-alveolar lavage (BAL) culture for Aspergillus (P<0.01) between the food-grain workers and non-food grain workers [32]. In 2001, a study of factories in Thailand, samples of airborne dust generated during handling of animal feed was analyzed in order to assess worker exposure to aflatoxin. The result shows an average aflatoxin level in the control air samples was 0.99 ng/m3. Higher levels of aflatoxin were found in the air samples taken by samplers carried by five workers adding hydrated sodium calcium aluminosilicate to animal feed (1.55 ng/m3) and five workers adding glucomannan, a viscous polysaccharide, to animal feed (6.25 ng/m3). The exposed workers had altered lactate dehydrogenase isoenzyme activity and tumor necrosis factor levels in plasma. These changes may be associated with inhalation of mycotoxins and other contaminants in foodstuffs [33].
There are several cohort and surveillance studies of occupational exposure to aflatoxin, for instance a study of cancer risk among male employees at 241 livestock feed processing companies in Denmark was conducted on the basis of a data linkage system for detailed investigation of occupational cancer providing employment histories back until 1964, established at the Danish Cancer Registry. The study shows elevated risks for liver cancer and for cancers of the biliary tract were observed, which increased by two- to three-fold significance after a 10-year latency [34]. An 11-year follow-up study of 67 men who had inhaled particles contaminated with aflatoxin while working in a mill crushing peanuts and other oilseeds. Of 55 men aged at least 39 years old on first exposure to aflatoxin developed the fatal liver disease and 11 developed cancers of various organs. In 55 matched control men, 4 cancers developed, and none died from liver disease. The excess of cancers observed in this study was not statistically significant, but the number of subjects was insufficient to exclude a significant positive correlation [35].
2.0	OCCUPATIONAL EXPOSURE TO AFLATOXIN
There are some relevant aspects to consider in the specific case of occupational exposure, such as inexistence of health-based threshold limits for exposure through inhalation and by dermal intake and, also, the fact that mycotoxins, in general, are rarely monitored in occupational environments [7, 36]. Occupational exposure to aflatoxin B1 by inhalation can occur during tasks such as storing, loading, handling or milling contaminated materials such as grain, waste, feed, and others [37]. Recently, a published study described occupational exposure to aflatoxin B1 in Portuguese poultry production [5-7]. Epidemiological studies from around the world provide evidence that aflatoxin may play a causative role in 4.6–28.2% of all global HCC cases [38]. Nowadays, aflatoxin B1 can be detected by using the biomarker of an internal dose that is measured in the serum by enzyme-linked immunosorbent assay in order to assess the occupational exposure to aflatoxin B1 [39]. Numerous studies focus on the association between aflatoxin B1 dietary exposure and the risk of HCC [40, 41]. However, only a small number of studies to examine aflatoxin B1 airway exposure acts as an occupational risk factor in the development of liver diseases, and the result is still unclear. A case-control study in China shows that occupational aflatoxin B1 airway exposure might be associated with the risk of aflatoxin B1-related HCC among the study population [42]. Moreover, recent studies in Portugal suggest that exposure to aflatoxin B1 by inhalation occurs among workers, who work with farms and animals representing an additional HCC risk [5, 7]. Chronic exposure to aflatoxin B1 increases risk to develop HCC, this could be caused by the aflatoxin ability to determine the mutation of the p53 tumor suppressor gene. The risk of HCC increases when the exposure occurs in the presence of hepatitis B virus (HBV) infection [43, 44].
Statistic data from World Health Organization (WHO 2015) of the disability-adjusted life years (DALYs) of liver diseases include hepatitis B (HBV), hepatitis C (HCV), protein-energy malnutrition, liver cancer, and cirrhosis of liver shows the high DALYs in Africa, South-East Asia, and Eastern Pacific regions. Moreover, estimated liver cancer cause of death by WHO 2000-2015 shows the highest liver cancer cause of death reported in Western Pacific region (63%) significantly different from the other regions [45]. 
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Figure 4. Global liver diseases statistics 2000-2015 by WHO 

DALY or disability-adjusted life year is a measure of overall disease burden, expressed as the number of years lost due to ill-health, disability or early death.

3.0	REGULATORY ACTIVITY OF AFLATOXIN
3.1	ENVIRONMENTAL STANDARDS AND REGULATIONS
3.1.1	United States Food And Drug Administration (FDA)
FDA requirements in case of adulteration with aflatoxin recommend legal action where the following conditions are met: if original and check analysis show aflatoxins above 20 ppb (mcg/kg), the identity of aflatoxin B1 is confirmed by chemical derivative formation, and the identity of aflatoxin B1 is confirmed by negative ion chemical ionization mass spectrometry [16]. For aflatoxin in animal feeds recommend legal action where the following conditions are met if the original and check analysis show the presence of aflatoxins above the applicable action level as shown in table 1 [46].
Table 1. Aflatoxin Regulations for Food and Feed by FDA
	
AFLATOXIN REGULATIONS


	

	Aflatoxin in Food

	
	Commodity
	Maximum Level

	
	
	B1
	Total
	M1

	
	All Foods except milk
	-
	20 ppb
	-

	
	Milk
	-
	-
	0.5 ppb


	
Aflatoxin in Feed

	
	Commodity
	Maximum Level

	
	
	Total

	
	Corn and peanut products intended for finishing (i.e. feedlot) beef cattle
	300 ppb

	
	Cottonseed meal intend for beef cattle, swine, or poultry
	300 ppb

	
	Corn and peanut products intended for finishing swine of 100 pounds or greater
	200 ppb

	
	Corn and peanut products intended for breeding beef cattle, breeding swine, or mature poultry
	100 ppb

	
	Corn, peanut products, and other animal feed ingredients, excluding cottonseed meal, intended for immature animals
	20 ppb

	
	Corn, corn products, cottonseed meal, and other animal feeds and feed ingredients intended for dairy animals, for animal species or uses not specified above, or when the intended use is not known

	20 ppb



3.1.2 Regulatory Limits of Aflatoxins in Thailand
	Concerning the safety of human and animal health, the Thai government has established the regulations and the guideline levels for consumers and food producers. The total aflatoxin maximum limit level for food is 20 ppb, and for yellow corn is 15 ppb, white corn is 20 ppb, and mixed corn is 50 ppb. However, the regulations of the aflatoxin B1 and aflatoxin M1 is not available (data from 12th April 2015) [47, 48]. 
	Mycotoxins contamination publications published from 2000 to 2010 were recently reviewed by Piyathida Songsermsakul. The review shows aflatoxins were the majority of mycotoxins contamination. Aflatoxin B1 has been extensively researched in terms of occurrence of food contamination. The highest contamination rate was detected in peanuts, followed by milk and poultry; 36%, 20.7%, and 17.5%, respectively [49]. As Thailand is one of the top rice exporting countries, aflatoxins were evaluated, and there was no rice sample with contaminated aflatoxins exceeding the action level (20 ppb). There are reports of contaminated aflatoxin in exported food such as Thai rice exported to Japan, imported wheat and barley from India and Thailand in Malaysia [49].
	Panrapee et al. studied aflatoxin B1 exposure by consumption of brown and colored rice by Thai population in 2012 to 2013. The study shows only one out of 240 rice samples exceed the Thai standard limit for total aflatoxin of 20 ppb, and 12 out of 240 rice samples exceed the European Union maximum level for aflatoxin B1 for 2 ppb. Moreover, the potential cancer risk was estimated at 0.011 cancer per year per 100,000 people at a mean consumption [50]. Pakphoom et al. studied aflatoxin exposure by Thai peanut consumption in 2013 to 2014, in-ground peanuts containing the highest concentration of aflatoxins at 362.48 ppb. Furthermore, the potential cancer risk was estimated at 0.01-0.12 cancer per year per 100,000 people [51]. 
3.2	OCCUPATIONAL EXPOSURE STANDARDS OF AFLATOXIN
Aflatoxin has been found in a wide variety of agricultural commodities. As very toxic chemicals, workplace controls and practice for aflatoxin or those reproductive hazards or sensitizers require expert advice on control measures if a less toxic chemical cannot be substituted. General control measures like the other chemical hazards should have enclosing chemical processes for severely irritating and corrosive chemicals, using local exhaust ventilation for chemicals that may be harmful with a single exposure, and using general ventilation to control exposures to skin and eye irritants. Currently, there are no standards for workplaces or environmental aflatoxin exposure. However, to prevent inadvertent exposure of handlers and users, National Institute for Occupational Safety and Health (NIOSH) and Occupational Safety and Health Administration (OSHA) also recommend for workplace controls and practices with aflatoxin as a hazardous chemical that the product label requires the use of appropriate personal protective equipment (PPE), spills and emergencies properly trained and equipped, proper handling and storage besides the installation of well-planned exhaust system in the department [52, 53]. 
3.2.1	United States Environmental Protection Agency (US EPA)
US EPA has conditionally registered Aspergillus flavus AF36 for use on cotton to reduce aflatoxin contamination. Aflatoxin contamination of cottonseed causes significant economic losses annually because cottonseed is a preferred feed for dairy cows. Aflatoxin in contaminated seed can be transferred to milk, and milk that exceeds the FDA-acceptable limits of aflatoxin is typically discarded, and the dairy quarantined. There are no chemical alternatives registered specifically for control of aflatoxin-producing strains of Aspergillus flavus. Since 1996, Aspergillus flavus AF36 has been used successfully in research trials in Arizona and Texas under an Experimental Use Permit (EUP). Aspergillus flavus AF36 permanent tolerance exemption for residues on cotton and its byproducts will be established rely on the assessment of statistics and data submissions and the temporary exemption established under the Experimental Use Permit concurrently with the conditional registration [54].
3.2.2	World Health Organization (WHO) and U.S. Center For Disease Control And Prevention (CDC)
	In July 2005, WHO and CDC convened the international mycotoxin workshop “Public Health Strategies for Preventing Aflatoxin Exposure” in Geneva. In response to consecutive outbreaks of acute aflatoxicosis in Kenya, over 150 deaths, in 2004–2005. The workshop goals were to recognize public health plans and strategies for the reduction of morbidity and mortality related to the consumption of aflatoxin-contaminated food in the developing world and to guide an outline integrated plan that more effectively and successfully combines public health and agricultural approaches to the control of aflatoxin. Forty international participants involved scientists from diverse backgrounds such as public health, agriculture, animal health, trade, social science, key public health officials, and stakeholders from countries heavily affected by aflatoxin. The baseline levels of exposure and the associated burden of disease were quantified in developing countries essentially for determining the efficacy of interventions intended to reduce exposure to aflatoxin. The effectiveness of various strategies and interventions to reduce aflatoxin contamination of foods in developed countries evidence exist, whether these are applicable in developing countries is unclear. Because of inherent differences between local (subsistence farmer) and commercial markets, regulations and practices, such as Hazard Analysis and Critical Control Point (HACCP), used in commercial markets may not directly apply to subsistence farmers. While general principles of HACCP and other commercial practices may be applicable at the individual farmer level, the appropriate adaptation of these principles into effective and sustainable strategies is essential and currently missing. The four main subjects that were evident throughout the workshop and warrant immediate attention are to quantify the human health impacts and the burden of disease due to aflatoxin exposure, compile an inventory, to evaluate the efficacy and disseminate results of on-going intervention strategies, to develop and augment the disease surveillance, food monitoring, laboratory, and public health response capacity of affected regions, and to develop a response protocol that can be managed in the event of acute aflatoxicosis outbreaks. Interventions and strategies to reduce exposure to aflatoxin can occur at various stages of food production and preparation (table 2) [55].
The detection of aflatoxin and aflatoxin metabolites at very low concentrations in food and biological media by current laboratory methods. However, the application of these methods within developing countries is limited by practical considerations, such as resources and infrastructure. Methods for testing food and biological specimens need to be developed and adapted to fit the surveillance and epidemiologic needs of developing countries. Simple screening methods such as field methods and laboratory methods, adapted for developing countries, would benefit subsistence farmers as well as public health and agriculture institutions. Developing countries need an early warning system which can detect potential food contamination events with adverse health effects in order to prevent the future outbreak. Finally, an early warning system should base on multiple sources of information and triggers that would keep in motion various responses for preventing or reducing an aflatoxicosis outbreak [55]. 



Table 2. Interventions for Preventing or Reducing Aflatoxin Exposure 
	Stage in Food Production
	Interventions
	References

	Pre-Harvest
	Timing of planting; Crop planted; Genotype of seed planted; Irrigation; Insecticides; Competitive exclusion; Timing of harvest;
	(Cotty and Bhatnagar 1994; Wilson and Payne 1994; Dorner, Cole et al. 1999; Brown, Chen et al. 2001; Chen, Brown et al. 2001; Cleveland, Dowd et al. 2003; Munkvold 2003) 

	Post-Harvest: Drying & Storage
	Hand sorting; Drying on mats; Sun drying; Storing bags on wooden pallets or elevated off ground; Insecticides; Rodent control;
	(Hell, Cardwell et al. 2000; Ono, Sasaki et al. 2002; Munkvold 2003; Fandohan, Gnonlonfin et al. 2005; Hawkins, Windham et al. 2005; Turner, Sylla et al. 2005) 

	Post-Harvest: Food Preparation
	Hand sorting; Winnowing; Washing; Crushing and Dehulling; Nixtamalization; Acidification; Chemoprotectant; Enterosorption;
	(Price and Jorgensen 1985; Voss, Bacon et al. 1996; Elias-Orozco, Castellanos-Nava et al. 2002; Munkvold 2003; Kensler, Egner et al. 2004; Mendez-Albores, Arambula-Villa et al. 2004; Castells, Marin et al. 2005; Fandohan, Zoumenou et al. 2005; Mendez-Albores, Arambula-Villa et al. 2005; Wang, Luo et al. 2005) 
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Figure 5. Chronic exposure to Aflatoxin B1
The exposure has significant health risks to animals and humans in many topical developing countries


3.2.3	Food and Agriculture Organization of the United Nations (FAO)
	FAO set goals for the eradication of hunger (food insecurity and malnutrition), for the elimination of poverty and the driving forward of economic and social progress for all, and for the sustainable management and utilization of natural resources for the benefit of present and future generations. Other World Trade Organization (WTO) member governments in international organizations, such as the joint FAO/WHO Codex Alimentarius Commission (Codex) for food safety. The agreement does allow importing countries to impose more stringent standard measures than the international standards. It also provides for emergency measures to be taken to limit or ban imports. The Joint FAO/WHO Codex Committee on Contaminants in Foods convened the meeting in March 2017, aimed to consider the conclusions and recommendations on the establishment of maximum levels (MLs) for aflatoxin in species. Thirty-nine countries out of 41 countries and the European Union have set their national MLs for “Species” or “All foods”. In conclusion, the committee may consider adopting 20 ppb is the MLs for total aflatoxin [56]. In Thailand, aflatoxin has been a great problem in maize, Thai maize has lowered its foreign marketability due to a high incidence of aflatoxin. This problem is very significant since Thailand ranked fourth as a maize exporter in the world, major buyers of Thai maize were Hong Kong, Japan, Taiwan, and Singapore. Thai maize frequently exceeds these levels in the rainy season resulting the annual cost to Thailand of the aflatoxin and related quality problems, is not less than US$50 million [57].




4.0	CONCLUSION
Aflatoxin is the metabolite of Aspergillus molds and is widespread in the natural environment.  Some very carcinogenic chemicals, classified by the International Agency for Research on Cancer (IARC) as group 1 carcinogenic agents to humans, are produced by several Aspergillus species. Aspergillus growth and mycotoxin contamination are common in poorly stored human and animal foodstuffs especially in corn and peanuts. Workers who handle food grains or exposure in poultry slaughterhouses are at the increased risk of exposure to aflatoxin and subsequently certain respiratory conditions. There are many pieces of evidence that chronic exposure to aflatoxin B1 increases the risk of hepatocellular carcinoma, chronic hepatitis, jaundice, hepatomegaly, and liver cirrhosis. Therefore, maximum concentrations of aflatoxin allowed in food have been set by the FDA. The aflatoxin limit is set at 20 ppb for human food and 0.5 ppb for milk. High levels up to 300 ppb are allowed in feed for cattle, hogs, and poultry. Currently, there are no standards for the workplace or environmental aflatoxin exposures. Inhalation of aflatoxin by workers may be of particular concern during the processing and handling of contaminated commodities. Airborne concentrations of aflatoxin in some working places, such as feed or spice plant factories may be high and uncontrollable. Disseminating relevant information and raising the awareness of aflatoxin exposure to individuals is an important part of any intervention or strategy. Appropriate laboratory methods for detecting and quantifying aflatoxin in developing countries is limited by practical considerations. Otherwise, simple and inexpensive field screening methods are available, such as monoclonal and polyclonal antibodies, several sensitive and specific enzyme-linked immunosorbent assays (ELISA), and radioimmunoassays (RIA) have been developed for aflatoxin analysis. In order to determine the risk of occupational exposure to aflatoxin, Broncho-alveolar lavage (BAL) and serum samples from workers were analyzed for the presence of aflatoxins in the respiratory system. In addition, the serological and urinary levels of aflatoxin were analyzed in workers exposed to potentially airborne and foodborne aflatoxin contamination. Many pieces of evidence support the role of aflatoxin in liver cancer etiology, especially among subjects who are carriers of hepatitis B surface antigen. Hepatitis B viral infection may increase aflatoxin metabolism with increased expression of cytochrome P450 enzymes.
Responsible stakeholders, including workers, consumers, and competent authorities, should establish standards to resolve issues on occupational exposure to aflatoxin and promote standards to producers and consumers. Risk assessment, cost-benefit analysis for change in productivity, the cost of sampling and lab analysis of the manufacturer, the cost of rejected materials of traders, and the cost of illnesses of consumers should be examined. A committee comprised of those involved should prioritize the issues or items to be standardized then appoint a technical committee to consider and set up a draft standard.  The proposals should then be submitted for consideration and the opinion of all the stakeholders and then be submitted to the Agricultural Standard Committee in order to approve and review the standards when appropriate. Ultimately, the standards and regulations should be enforced with entire procedures. Standards on good agricultural and manufacturing practices for workers should cover all the steps in primary production practiced by farmers especially the steps affecting aflatoxin contamination, minimum requirements and quality criteria. Consideration of ways to promote and enforce the standard on producers and consumers is also important. Risk communication is also an important part and should be promoted by an interactive exchange of information and opinions throughout the risk evaluating process among all stakeholders including risk assessors, risk managers, consumers, industries, the academic communities, and other interested groups. Risk communication components include the concerns of hazards and risk, risk-related factors, risk perceptions, the explanation of risk assessment findings and the basis of risk management decisions. Importantly, a rapid alert system, not only for food and feed, but also for safety practices such as standard procedures, available and proper aflatoxin assessment, and a good system for aflatoxin management in workers regarding health and safe occupational exposure to aflatoxin should be set up and should be continuously practiced in all workplaces. Many techniques have been developed for aflatoxin detection in terms of physical, biological, chemical, genetic engineering, as well as good agricultural practices for mitigation and effective control of aflatoxin levels in food and in workplaces. 
The biggest issue of the occupational exposure to aflatoxin in Thailand is grain and maize contamination, more than US$ 50 million is spent annually dealing with the aflatoxin problem. In order to decrease cost, the Thai government should consider harvest and storage procedures. Occupational exposure to aflatoxin starts with maize and grain contamination, then animals feed on the aflatoxin-contaminated food and become a problem in slaughterhouses and to consumers. One method to reduce aflatoxin contamination is that corn is recommended to have less than 16% moisture because high moisture is a good condition for fungal growth and the subsequent production of aflatoxins. Moreover, a presumptive test for aflatoxin such as using a blacklight (UV light) to detect the presence of any fungi (these fluoresce in the presence of UV light) which then strongly correlates with Aspergillus.  A positive blacklight level most likely indicates the presence of aflatoxin in grain and thus the Thai government should provide the blacklight test kits to farmers because it is easy and inexpensive aflatoxin screening. Furthermore, storage capacity is important.  Farmers who have limited storage capacity, so as not to be able to evaporate stored grains, should harvest the grains quickly and store the grains in as short a period as possible.  Ultimately, workers should simply protect themselves by using PPE and control every single process with the standard levels of aflatoxin in mind in order to be safe, not only for themselves, but also for the consumers.
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Figure 6. Overview of preventing acute aflatoxicosis in countries in development
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