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Abstract

	Most people in Western countries are familiar with common foodborne disease such as salmonella, primarily because these foodborne illnesses begin with improper handling of foods. It is rare that these illnesses stem from how food is processed and cooked prior to consumption. Acrylamide is different in that it is a food contaminant found in high concentrations when foods are prepared or processed at high temperatures. While this compound is classified as a Class 2A carcinogen based on animal studies, it has not been found to be a carcinogen in humans. Consuming moderate amounts of acrylamide containing foods may not lead to adverse health effects, but consuming large amounts on a regular basis may begin to affect an individual’s health. This compound, which most people are unfamiliar with, is important to public health in that the lifestyle of many American citizens consists of significant consumption acrylamide containing foods. Scientists are aware of the fact that it is difficult to change people’s actions and behavior, so they have decided to conduct experiments that will target intermediaries in the main pathway in the formation of acrylamide, the Malliard reaction. Scientists have been able to identify how increased consumption of this compound will affect individuals as a whole, but they have yet to determine dose-response relationships of how this compound interacts with various specific target organs.  
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Introduction

	The safety of food that people consume is important, especially as it relates to public health, tourism, and economic costs. Accidental contamination or food preparation methods that incorporate toxic substances in food can result in serious public health incidents. In Africa, common dietary staples include fruits, vegetables and grains, which are products that do not need much further processing. In the United States, which is representative of the developed countries, the Center of Disease Control and Prevention (CDC), estimates that about 76 million illnesses per year occur from foodborne diseases (DeWall). Meat and fish are most susceptible to contamination by toxic or agricultural contaminants. 
[image: ]



 (
Figure 1: Structure of Acrylamide (Report on Carcinogens)
)

[bookmark: gofly]Acrylamide has a chemical formula of C3H5NO, with a molar mass of 71.08g/mol. As with all known chemicals, it is given an IUPAC name. IUPAC is the International Union of Pure and Applied Chemistry, which has been given the task of developing standardized names for all known chemical compounds.  The IUPAC name, based on its molecular structure, for acrylamide is prop-2-enamide. Acrylamide is a colorless, odorless, crystalline solid. Melting of acrylamide may cause a violent reaction. Acrylamide has a high melting point of 184.1°F, which is 84.5°C. It also has a boiling point of 257°F, which is 125°C. In general, acrylamide is stable under standard conditions, however it has the potential to polymerize, upon exposure to ultraviolet (UV) light (Report on Carcinogens). 
	Acrylamide is a hazardous chemical that is commonly found in many products, such as in polymeric coagulants, which aids in water treatment. Polymer coagulant, of which acrylamide is an impurity, is a complex chemical with a high molecular weight, which is often used to destabilize the water molecules by reducing the electrical repulsion between the water molecules to make treatment and filtration more efficient. Acrylamide is also used to make paper and permanent press fabrics. For individuals with a scientific background, polyacrylamide, a polymer of acrylamide subunits, is commonly used in Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE). SDS-PAGE is a lab technique that is used to separate proteins based on size. Acrylamide is added in small concentrations to soil to increase soil compaction. It is able to help increase root depth for nearby plants and to decrease erosion. In terms of its importance to public health, acrylamide has been found to be a carcinogen in animals, and at high exposure levels, it reduces the ability of human males to produce offspring (Pelucchi). Also, at high exposure levels, it can severely affect the nervous system. All of health effects from acrylamide exposure are described in more detail later in the paper. The topic of acrylamide is important primarily because the two main sources of exposure from the chemical, are from water and food, both of which humans consume and drink on a daily basis. The acrylamide levels in foods can be increased by certain cooking methods and by cooking temperature.    

[bookmark: _Toc381525852][bookmark: _Toc381526021][bookmark: _Toc381526141][bookmark: _Toc383189971][bookmark: _Toc383341566]Review

	In 1994, the International Agency for Research on Cancer classified acrylamide as a “probable carcinogen to humans”, meaning that it is a Group 2A carcinogen based on numerous studies demonstrating carcinogenicity in animal studies (Pelucchi).  Many studies have shown that it is a rodent carcinogen, meaning that it is able to cause tumors in both rats and mice (Pelucci, Johnson). Currently, there is no conclusive evidence to suggest that acrylamide can cause cancer in humans. According to Johnson et al., researchers exposed male rats to small doses (0, 0.01, 0.1, 0.5, 2 mg /kg bw/day) of acrylamide through water, and after a year some rats developed scrotal cancer. These scrotal cancers were initially thought to be malignant, however further testing revealed that these tumors benign.  At concentrations of 0.5 mg acrylamide/kg bw/day, Johnson et al. discovered benign tumors in the adrenal medulla of rats. One of the main effects that acrylamide can have on the body is that increased acrylamide leads to increased dopamine. The adrenal tumors and low levels of dopamine led to Leydig cell tumors. The tumors will then start to erode and destroy the lining of the scrotum, ultimately leading to cancer. Leydig cells are the cells in the body that produce androgens, such as testosterone (male reproductive hormone), androstenedione, and dehydroepiandrosterone in the presence of luteinizing hormone. Based on prior research, it seems that Leydig cell tumors are the precursors to scrotal cancer (Johnson). While this study refers to rats being exposed to acrylamide in drinking water and developing cancer, acrylamide found in food has been linked to neurological effects (Johnson). The effects of acrylamide are similar in either medium, food or water, and the severity of the effects depends on the dose. 
Recently, Pelucchi et al. analyzed a case-control study involving Swedish individuals cases that had cancer of the large intestine (n =591), bladder (n = 263) and kidney (n =133) and 538 healthy controls. They assessed dietary acrylamide by linking acrylamide intake levels with food consumption data obtained from the Swedish National Food Agency (European Commission) and compared that between cancer cases and controls.  There was no consistent excess risk, or any convincing trend of acrylamide-related cancer in high consumers of 14 different food items containing high or moderate levels of acrylamide. The potential cancerous effects of acrylamide on rats (Johnson et. al) and humans (Pelucchi et. al) may differ due to differences in dose of the chemical and in studies with small sample sizes; it is difficult to detect low levels of the chemical.

Health Effects:

	While methods of how acrylamide enters the body have mentioned above, the ways that it is removed from the body have yet to be described. Acrylamide can be excreted from the body most commonly by urination, while small amounts are released by normal exhaling of air, as well as via feces, and in the case of women, it may be released through breast milk. 
	Acrylamide affects the nervous systems. The effects of repeated exposures affect the neurological systems, such as the central nervous system (CNS) and the peripheral nervous system (PNS). In addition to the serious neurological consequences that can arise from exposure, other effects include redness and peeling of the skin surrounding the palms of the hands. Acute exposure resulting from ingesting contaminated drinking water, can lead to severe problems of the central nervous system. The CNS problems include drowsiness, disturbance of balance, confusion, hallucinations and memory loss. Long term exposure to acrylamide produces memory and sensory deficits within the individual’s nervous system. Other symptoms that may develop are peripheral polyneuropathy, leading to numbness of the lower limbs, finger parathesias, tenderness to touch, as well as a loss of vibratory sensations (OSHA). Neurotoxicity occurs when neurotoxins, such as acrylamide, alter the functions of normal nervous system cells, leading to damage of the nervous system tissue. Neurons transport information and messages between the brain and the rest of the body, such as to all the muscles and parts of the body. Although these consequences are severe, they typically subside or completely disappear within a few months to a year after the end of exposure.
When a 10% solution of acrylamide was added to rabbit skin, the rats experienced slight pain and irritation, followed by tissue swelling and redness. When the concentration was raised to 40% solution of acrylamide, researchers found that the solution caused severe pain. Toxic effects of acrylamide on the CNS are reversible in rats receiving oral doses as low as 1 mg/kg bw/day (Toxicological Review of Acrylamide). The neuronal effects on the peripheral nervous system include sensory loss, weakness, ataxia, confusion, memory loss and paralysis. Ataxia is the lack of voluntary coordination of muscle movements. In general, the PNS symptoms typically occur with prolonged and chronic exposures to acrylamide, while the CNS symptoms typically occur in cases with acute or short exposure times (CDC).
[bookmark: _Toc381525853][bookmark: _Toc381526022][bookmark: _Toc381526142][bookmark: _Toc383189972][bookmark: _Toc383341567]
Where is Acrylamide found?

	Since acrylamide is used in many industrial and commercial processes, occupational exposure to high doses is always a risk.  For the general public, if polyacrylamide is used in the water treatment process, then acrylamide may enter the drinking water. Although bacteria in soil can degrade acrylamide, people may still be exposed if concentration and time permit. Among all possible sources of acrylamide exposure, tobacco smoke is one of the highest sources of exposure. Smokers or individuals that breathe second-hand smoke are exposed to acrylamide at a higher concentration compared to that of the general population. Another important source of acrylamide exposure is through the consumption of food. High levels of acrylamide are found in foods that are rich in carbohydrates, specifically when they are fried, grilled, or baked. Acrylamide concentration increases proportionally with time and temperature. On the other end of the spectrum, foods with high amounts of protein contain negligible amounts of acrylamide. 

[bookmark: _Toc383189973][bookmark: _Toc383341568]Formation of Acrylamide: 
		
The aspect of the amount of acrylamide in food is of widespread concern due to its potential health effects. Based on the fact that acrylamide in food is formed by heat and certain methods of food preparation, it is important to understand the mechanism by which acrylamide is formed in foods and to accurately determine the amount of the chemical in various food products. There have been many studies, including the study noted above (Johnson et al), that have attempted to estimate acrylamide exposure levels, but there is currently no systematic review of the key information to estimate acrylamide exposure from food. The fact that acrylamide was first found in french fries, potato chips and bread is worrisome, since those are popular foods. The consumption of coffee, which also contains significant acrylamide, is also high in certain countries. Researchers first need to determine what causes acrylamide formation in food. Scientists currently agree that acrylamide is formed from the Maillard reaction from the condensation of the amino acid asparagines, with reducing sugars like glucose, when food is prepared at temperatures above 120°C (NCI 2007). This reaction will only occur under low moisture levels under high temperatures. 

[image: ]Figure 2: Stable isotope labeling studies showing formation acrylamide (1) from the reaction of asparagine (5) and glucose.  The figure shows the origin of acrylamide from the carboxyamide side chain of the asparagine which provides the backbone for the acrylamide molecule under low moisture conditions.  Glucose carbon is not incorporated into acrylamide; instead the sugar provides the reducing power for the reaction (Blank)

The link in Figure 2 between asparagines 5 and acrylamide 1 has been a key step in demonstrating that acrylamide forms from the maillard reaction. The main step of the Maillard reaction is decarboxylation of the Schiff base causing the formation of a Maillard intermediate, imine, which then either directly releases acrylamide or an acrylamide pre-cursor, such as 3-aminopropionamide. In the case of foods with a high lipid content, acrylamide was produced in connection with ammonia and acrolein, when the amino acid asparagine is not present. Acrolein is formed by heat decomposition of triglycerides found in frying oils. Acrolein is a colorless, simple aldehyde with strong, unpleasant smell. This mechanism seems to apply to acrylamide formation in all food products, except fried potatoes. The mechanism for acrylamide formation in fried potatoes is currently under study. Earlier, it was noted that acrylamide was partly formed from the reduction of sugars. Out of all the sugars, fructose seems to be the most efficient sugar, most likely due to its low melting point under conditions of low moisture. This low melting point increases the motility and the reactivity of the molecule. Scientists are sure that in order to form acrylamide in fried potatoes, asparagine and a reducing sugar, such as fructose, are needed. However, they are not sure how these components react to produce acrylamide. One explanation is that part of the acrylamide molecule contains an α-β unsaturated structure, which contains double bonds making it susceptible to be attacked by a nucleophile through a Michael addition. In the case of acrylamide, the nucleophilic attack comes in the form of the sulfydryl groups within glutathione and in some proteins that contain sulfur-containing amino acid like cysteine and methionine. This is an important step in the pathway to target, because this addition reaction gives way to the primary transition state (a Schiff base), which will ultimately lead to the formation of acrylamide. Some scientists have speculated that the addition mono and divalent cations, like Na+ and Ca++, were able to react with asparagines, thereby preventing its addition to a carbonyl, and subsequent the formation of the Schiff base.
 
[bookmark: _Toc383189975][bookmark: _Toc383341570]Absorption, Distribution and Metabolism: 

Numerous studies, both in vivo and in vitro, have been conducted to evaluate the
potential dermal absorption of acrylamide; however, no studies attempted to directly quantify
absorption of acrylamide following oral or inhalation exposure (Tareke). In a study conducted by Barber et al., rats received a single dose of acrylamide by gavage (20 mg/kg/day) or by intraperitoneal injection (50 mg/kg/day). Although no quantitative estimate of oral absorption can be made based on the results of this study, a comparison of the dose-adjusted area under the plasma concentration time curves (AUCs) between the two routes of exposure can provide a qualitative estimate of oral absorption. Comparison of the dose-adjusted AUCs indicated a difference in absorption between the two routes that could not be explained by differences in dose (20 versus 50 mg/kg/day). This comparison indicates that intraperitoneal absorption is slightly more efficient than oral absorption. The study also shows that more acrylamide was converted to glycidamide as a result of oral exposure (Shipp). 
	Regardless of route of exposure, acrylamide appears to be rapidly distributed to tissues. These tissues are typically the liver, kidney, skin, muscle, blood, and other tissues that are important to the body. Studies in rats (Sumner 2001) evaluated the distribution of acrylamide following dermal application of 100 to 160 mg acrylamide/kg body weight. In the rat acrylamide concentrations of approximately 1 μmol/g tissue were reported in red blood cells. The only other location where the concentrations were higher was at the site of application (e.g., the skin: 4 μmol/g tissue) (Sumner 2001). 
Acrylamide is metabolized by cytochrome 450, located in the endoplasmic reticulum.  The major metabolite formed via the cytochrome P450 pathway is glycidamide. Once absorbed, acrylamide may be conjugated by glutathione-S-transferase (GST) to N-acetyl-S-(3-amino-3-oxopropyl) cysteine or it reacts with cytochrome P450 (CYP450) to produce glycidamide (Sumner 1992). Hemoglobin adducts from direct reaction of acrylamide and from reaction with glycidamide have been detected in rodents administered acrylamide, in exposed humans, and in cigarette smokers (Fennel).  
[bookmark: _Toc383189976][bookmark: _Toc383341571]Excretion:
Studies have shown that humans tend to remove acrylamide from their bodies through urination. Researchers obtained urine samples from individuals and found that people that were exposed to acrylamide have higher levels of N-acetyl-S-(2-carbamoylethyl) cysteine metabolite, compared to individuals that were not exposed to the chemical in question. The above metabolite and glycidamide are the two most easily measured metabolites in urine. Erythrocytes, red blood cells, are the primary cell type in the body where acrylamide is deposited, indicating that they are a possible biomarker for future studies. Scientists radiolabelled acrylamide to determine how long acrylamide stays within the body, and they found that it has a short half-life of about six and a half hours. 

[bookmark: _Toc381525857][bookmark: _Toc381526026][bookmark: _Toc381526146][bookmark: _Toc383189978][bookmark: _Toc383341572]Analytical Section
[bookmark: _Toc381525858][bookmark: _Toc381526027][bookmark: _Toc381526147][bookmark: _Toc383189979][bookmark: _Toc383341573]Risk Assessment:
[bookmark: _Toc383341574]Exposure Assessment:

	In early 2002, the Swedish National Food Agency showed that acrylamide was present in high concentrations in fried, baked, and deep-fried foods (Dybing). As a result of this, the Norwegian Food Agency estimated the intake of acrylamide from food in the Norwegian population and used the data to complete a risk assessment. The analysis was conducted using the average acrylamide concentration found in 30 different food products and 8 brands of coffee commonly sold on the Norwegian market. Intake data from the Norwegian adult population was obtained from the NORKOST 1997 national database. This database is comprised of a quantitative frequency questionnaire among 1291 males and 1381 females that are between the ages of 16 to 79. Based on the results of the database analysis and how the participants answered the questions, researchers determined that the average daily intake of acrylamide for males was 38 µg and was 29 µg for females. When normalized to typical body weights for adult males and females this level of intake produced a dose of 0.49 µg/kg bw/day and 0.46 µg/kg bw/day, respectively. Table 1 shows that coffee contributes almost 30% to the total mean acrylamide intake. Although bread contains relatively low amounts of acrylamide, it contributes a significant amount to the overall acrylamide intake since bread is a dietary staple in Norway. 

Table 1: Contribution to Various Food Items to Estimated Intake of Acrylamide (Dybing).
	
	Males
	Females

	
	Mean intake 38 µg/day %
	Mean intake 29 µg/day %

	Food Item 
	
	

	Soft bread
	13
	11.9

	Bread, other
	7.7
	12.2

	Biscuits
	5
	5.9

	Potatoes, fried
	7.5
	6.3

	French fries
	8
	6.3

	Potato crisps
	17.6
	17.4

	Other snacks
	5
	4.6

	Coffee
	28
	28.6

	Other
	8.2
	6



[bookmark: _Toc383341576]Hazard Characterization:

In a study by Spencer et. al, the no-observed-adverse-effect level (NOAEL) of acrylamide neurotoxicity for the most sensitive effect (microscopic nerve changes) in rats was found to be 0.5 mg/kg body weight/day. They also concluded that the NOAEL for reduced fertility was 5 mg/kg body weight/day and was 2 mg/kg body weight/day for premature embryonic death (Spencer and Schaumberg 1974). The most plausible mode of carcinogenic activity is to conclude a non-threshold dose response relationship be used. The default is to use a linear model when the carcinogenic model is not understood. The EPA uses the parameter LED10 as the point of departure for quantitative hazard characterization of nonthreshold carcinogens. The LED10 is the lower limit of the 95% confidence interval that surrounds the dose that increases tumor incidence by 10%. In the European Union, the tumor dose indicator T25 has also been used as a basis for quantitative hazard characterization of carcinogens. The T25 is the dose that increases the tumor incidence by 25% under standard conditions.  After the conversions of the rat-derived LED10 and T25 to low hazard levels of 10-5 (1 in 10,000) and scaled to human situation according to EPA guidelines, researchers found that lifetime hazard values for cancer risks were 1.6 times higher with the T25 EU value method compared to LED10 EPA value. The results of the calculations of combining the LED10 and T25 values to determine the lifetime cancer hazard of acrylamide exposure in humans are shown in Table 2 below. For the risk characterization step, a mean value of 1.3X 10–3 was used as a slope factor to represent the excess cancer hazard corresponding to a lifelong exposure to 1 µg acrylamide per kg body weight per day.

	Table 2: Lifetime Cancer Hazard after Exposure to Acrylamide in Humans (Dybing)

	
	
	
	
	
	

	Model
	
	Lifetime exposure dose which represents a cancer hazard of 10–5
	
	Lifetime hazard after lifelong exposure to 1  µg acrylamide per kg body weight per day
	

	LED10     0.40 mg/kg bw/d
	
	
	
	
	

	LED10–5     0.040 µg/kg bw/d
	
	0.0098 µg/kg bw/day
	
	1.0 X10–3
	

	HLED10–5  is estimated by dividing by 4.1
	
	
	
	
	

	T25     0.64 mg/kg bw/d
	
	
	
	
	

	T10–5     0.0256 µg/kg bw/d
	
	0.0062  µg/kg bw/day
	
	1.6 X10–3
	

	HT10–5 is estimated by dividing by 4.
	
	
	
	
	

	
	
	
	
	
	




[bookmark: _Toc383341577]









 

Risk Characterization:

  When the average daily intake doses of adults (38 and 20 µg for males and females, respectively), were correlated to Table 2, to determine a lifetime cancer risk, becomes 6 cancer cases per 10,000 individuals, assuming daily acrylamide intake in foods for 70 years. When calculating the average lifetime risk of medical concerns from any toxin, researchers use a 70 years exposure as a default for lifetime risk. In 10% of males with the highest acrylamide intake, lifetime cancer risks were estimated to be between 13 and 21 cancer cases per 10,000 individuals. For females, the lifetime cancer risk from acrylamide intake is only slightly less than it is in males, for those in the upper percentiles of consumption. Overall, the lifetime cancer risks related to dietary acrylamide are displayed in Table 3.
	Table 3: Lifetime Cancer Risks related to Dietary Acrylamide (Dybing)

	Calculation Basis
	
	Daily dose (µg/kg bw/day)
	Lifetime Risk

	Males
	
	
	
	

	      mean
	
	0.46
	
	0.6 X10–3

	      median
	
	0.41
	
	0.5 X10–3

	      90.5 percentile
	
	1.01
	
	1.3 X10–3

	      97.5 percentile
	
	1.62
	
	2.1 X10–3

	Females
	
	
	
	

	       mean
	
	0.46
	
	0.6 X10–3

	       median
	
	0.42
	
	0.5 X10–3

	       90.5 percentile
	
	0.86
	
	1.1 X10-3

	        97.5 percentile
	1.45
	
	1.9  X10–3





[bookmark: _Toc383341578]










Uncertainties in Risk Assessment:

 The risk assessment has some flaws in it, such as the fact that the Norwegians only sampled 30 different products, which is a relatively small sample size. However, these data provide a useful starting point and are likely within the correct order of magnitude. Considering that there is no strong evidence to support an endocrine mechanism of action in the tumor responses, it seems prudent to assume that the responses are related to the genotoxic actions of acrylamide. Another aspect of the risk assessment, which can be questioned, is the extrapolation of the LD10 and the T25. Several protective cellular mechanisms function at low doses including detoxication processes, cell cycle arrest, DNA repair, apoptosis and the control of neoplastically transformed cells by the immune system. Therefore, the linear extrapolation may overestimate the risk for acrylamide exposure in food. This, however, is a problem with all carcinogens acting through a similar mechanism. Researchers assume that acrylamide is 100% bioavailable from the gastrointestinal tract. The bioavailability of acrylamide generated with increased cooking temperatures may be reduced because it may react with other components in food. 

[bookmark: _Toc383341579]Occupational Studies: 

	The control of exposure and biological monitoring for acrylamide is important for the assessment of occupational exposures. However, there are no biological monitoring guidance values (BMGVs) for acrylamide. In cases where no BMGVs available for a chemical, the United Kingdom (UK) has established a control based guideline, where the BMGV is set at the 90th percentile of occupational data when a good exposure control is employed.  As mentioned earlier, the main metabolite of acrylamide is N-acetyl-S-(propionamide)-cysteine (APC). The main biological monitoring method of APC in urine involves acid hydrolysis of APC to produce S-carboxyethyl-cysteine (CEC). Acrylamide is also metabolized into glycidamide and forms adducts with hemoglobin and exists as free acrylamide in plasma. All these forms of acrylamide are potential biomarkers of exposure (Bull). The article by Bull et al. discusses the possibility of developing the BMGV based on CEC in occupational exposures. The site sampled had 8 processes or stations throughout the facility where workers were potentially exposed to acrylamide, as shown in Table 4.






	
	Table 4: Summary of the processes monitored (Bull)

	
	
	
	

	Process
	Process Overview
	Prime source of potential exposure 
	Number of samples analyzed

	Acrylamide production (One location on site)
	Continuous 'closed' process to produce acrylamide in aqueous solution, which is piped to storage
	In- process sampling/testing, coupling/removing transfer pipes  Plant maintenance-pumps, vessel and pipe work uncoupling
	Post-shift CEC: 20   Airborne: 25                    Swab: 12                               Glove: 10                        

	Powder polymer production (Four locations on site)
	Semi closed batch polymerization forms a solid 'gel' mechanically chopped into lumps prior to drying and grinding to powder for transfer to hoppers
	Fugitive emissions during transfer of warm 'gel' from vessel to primary size reduction
	Post-shift CEC: 75   Airborne: 78                       Swab: 28                               Glove: 42                      

	Bead polymer production (One location on site)
	Sealed batch polymerization in solvent (slurry), bead product recovered from slurry, dried and transferred to hoppers
	In-process sampling of monomers and cooled slurry
	Post-shift CEC: 19   Airborne: 22                       Swab: 12                              Glove: 14                       

	Specialty products (Two locations on site)
	Low volume batch process using acrylamide to form liquid products transferred to storage and containers
	In-process sampling of monomers and residual acrylamide liquid products
	Post-shift CEC: 39   Airborne: 49                     Swab: 30                                Glove: 18                     

	Packing of powder products (Two locations on site)
	Piped transfer from hoppers to bagging stations. Bags manually connected to dispensing spigots for filling to specific weight
	Residual acrylamide in solid product
	Post-shift CEC: 23   Airborne: 17  9                    Swab: 12                              Glove: 12                

	Packing of head products (One location on site)
	Piped transfer from hoppers to bagging stations. Bags manually connected to dispensing spigots for filling to specific weight
	Residual acrylamide in solid product
	Post-shift CEC: 8  Airborne: 7                       Swab: 12                                Glove: 2                        

	Maintenance (Site wide activity and two workshops)
	Uncoupling pipe work, dismantling and cleaning pumps/valves etc.
	Equipment contaminated with residual acrylamide in solution or vapor from sublimation of dried material
	Post-shift CEC: 18   Airborne: 16                       Swab: 14                                Glove: 4                        

	Laboratories (Five locations on site)
	QC testing of in process samples and final product. Small scale reactions for product development.
	Vapor and liquid from samples and contaminated laboratory equipment
	Post-shift CEC: 20   Airborne: 21                       Swab: 12                                Glove: 6                        

	Non production Control Volunteers
	Personnel involved with payroll, personnel, security, and switchboard
	Located in offices and security lodge at front of site
	Post-shift CEC:20   Airborne: 17                       Swab: 0                                Glove: 0                        

	
	
	
	


 (
Table 4 Continued
)









The numbers of workers on each process varied from a minimum of 1 to a maximum of 9 and urine samples were collected from both smokers and non-smokers for each process. When samples were taken from the workers, the potential presence of other substances (i.e. acrylonitrile) containing CEC was noted. Samples were taken on a pre and post-shift basis for each employee, as well as the use of a personal air monitor.  There were 125 employees who consented to giving researchers the pre and post shift urine samples (total of 250 urine samples). Table 5 shows 227 post-shift urinary metabolite results for the exposed population and the 90th percentile is 3.4 mmol mol-1 creatinine. For the exposed smoking workforce (103 values) the 90th percentile is slightly higher, 3.9 mmol mol-1 creatinine. In one urine sample from a non-occupationally exposed control worker, the value exceeds 3.9 mmol mol-1 creatinine. This individual has been identified as a smoker. The controls and exposed group on the right side of the table are smokers and non-smokers combined.

	Table 5: Summary of the post-shift urinary CEC concentration (mmol mol-1 creatinine) (Bull)

	
	Controls (smokers)
	Controls (non-smokers)
	Exposed (smokers)
	Exposed (non -smokers)
	Controls
	Exposed

	Number of samples (non detected)
	10 (4)
	10 (5)
	103 (27)
	124 (72)
	20 (9)
	227 (99)

	Mean
	1.74
	1.07
	2.1
	1.25
	1.4
	1.64

	Median
	1.35
	0.7
	1.98
	0.5
	1.01
	1.09

	Standard Deviation
	1.36
	0.679
	1.48
	1.67
	1.1
	1.64

	90%
	3.21
	1.82
	3.95
	2.54
	2.71
	2.4










 
[bookmark: _Toc381525861][bookmark: _Toc381526030][bookmark: _Toc381526150]Prior to this study, the only biological monitoring system to measure exposure was to take blood samples, however due to the invasiveness of the procedure, this cannot be done on a routine basis (Bull). The article shows that in a company with a good control of occupational exposure to acrylamide in a wide range of processes, there is a weak correlation between exposure via all routes and the level of a CEC after hydrolysis of APC in urine. The presence of the urinary CEC in the non-smoking control group suggests an additional source of CEC such as acrylamide in cooked food, which may account for >50% of the CEC measured in some cohorts.

[bookmark: _Toc383341580]Regulations:

	There are currently no studies that have proven whether any amount of acrylamide in food is acceptable (WHO) and there are currently no guidelines regarding the allowable amount of acrylamide in food.  There are however international regulations about the amount of acrylamide that is permissible in drinking water. The World Health Organization (WHO) has set a standard of 0.5µg/L of drinking water.  The Environmental Protection Agency also sets a limit as to how much acrylamide is allowed to be in water. In terms of water, the concentration of acrylamide that is permitted in rivers and waterways is 5µg/L in the river or waterways (NCI). 
The CDC has stated that concentrations of acrylamide and polyacrylamide in soil/sediment should be within the range of 0.02 to 0.08 µg of the chemical per gram of the soil or sediment.  When cooking foods that may create acrylamide, it is important to note that the critical temperature to remember is 248°F (120°C), foods cooked above that temperature will contain high levels of acrylamide; whereas foods cooked below that temperature, will not contain the chemical. (Walton).

[bookmark: _Toc381525862][bookmark: _Toc381526031][bookmark: _Toc381526151][bookmark: _Toc383189980][bookmark: _Toc383341581]Minimize Exposure risk:

	To lower the amount of acrylamide present in common foods, the FDA recommends toasting bread to only a light brown color, and to avoid dark spots, as they have the higher amounts of acrylamide compared to the rest of the bread. It also important to keep potatoes out of the refrigerator, as the amount of acrylamide when cooking/frying them will increase. So to lower the risk it is advised to keep them in a cool, dark place such as a closet or pantry. As the rates of obesity and other illnesses in this country continue to rise, the FDA encourages individuals to eat a balanced diet, consisting of fruits and vegetables (FDA). Regardless if a food product contains acrylamide, some foods such as fried foods, french fries and baked snacks should not be eaten with any regularity, due to the fact that they are high in fat, calories, saturated fats and preservatives. When comparing fried, roasted and baked foods, scientists at the FDA found that fried foods had the highest levels of acrylamide, followed subsequently by roasted and baked foods, respectively. Some scientists have conducted experiments under the belief that increasing the amount of citrate and phosphate buffer will prevent the formation of acrylamide. This did indeed occur when the pH levels were kept constant. They believed that this worked because the buffers at high concentration were able to sterically hinder the previously mentioned nucleophilic addition reaction, given the large molecular size of the phosphate and citrate anion. In regards to the citrate used in these experiments there was also a drop in pH from the citric acid, which could inhibit the reaction. (Mestdagh).
	In terms of baked foods, an additive called PreventAse, can be used to reduce the effects of acrylamide. This product has already proven to work in bread, baguettes, roll and doughnuts (all foods commonly associated with baking and the bakery). PreventAse, an enzyme that coverts asparagine to aspartate, prevents the formation of the imine, an acrylamide precursor (PreventAse). This additive should be added to the batter at a concentration of about 20-200 ppm (parts per million) of the weight of flour. PreventAse reduces the concentration of acrylamide in baked goods by as much as 90% (PreventAse). 
[bookmark: _Toc381525863][bookmark: _Toc381526032][bookmark: _Toc381526152] 
[bookmark: _Toc383189981][bookmark: _Toc383341582]
Conclusion

	 Within the last decade or so, many countries around the world have become aware of the seriousness and the danger related to the intake of acrylamide. Acrylamide occurs in foods most commonly consumed in diets worldwide. As a result, almost all countries in the western hemisphere are beginning to alert their citizens of the harmful effects of this chemical. It is produced by the reaction of reducing sugars with the amino acid asparagine, using a Malliard reaction, during the process of heating foods. Overall, many epidemiological studies have been conducted to determine the association between acrylamide and an increased risk for cancer, but yet to find a strong association between the two. The two main sources of exposure from acrylamide are through cigarette smoke and foods cooked at a high temperature. The formation of this chemical is controllable by adjusting various cooking practices, due to the fact that it forms more readily under conditions of high temperatures above 248°F and below 40°F. The major food categories that contribute to most of human exposure were potato chips, french fries, cereal, bread, coffee and pastries. It is important to remember that some of the best ways to avoid or reduce exposure to acrylamide is to avoid fried foods like french fries, and to avoid smoking or breathing in second-hand smoke. However, scientists that have studied this toxic compound know that it is difficult to change the cooking practices used in the preparation of foods compared to a lifestyle choice of avoiding smoking and tobacco products in general. Although difficult to test, scientists have limited information available to them about the acrylamide content in foods that have not been heated to high temperature. There is an assumption that there is some acrylamide in these foods, it may just be below the limit of detection or quantification.  
	Overall, there is currently no convincing evidence that acrylamide in food will cause a human cancer risk. Even in occupational settings, acrylamide has not been shown to cause cancer in humans. Researchers (Johnson et. al) perform tests on rats to determine the toxicities of acrylamide, using doses that are hundred or thousand times greater than those that humans will be exposed to. There are many naturally-occurring and cooking-induced chemicals in human foods that have been shown to cause cancer in animals. Complete removal of these chemicals from human food, would leave humans with nothing to eat. Therefore, it is not recommended that people change their eating habits, based on what is known about acrylamide from animals. The WHO and the regulatory agencies of the United States, FDA, while still trying to obtain more data, have not recommended any changes in dietary habits on the basis of current data. FDA will adapt its messages about dietary choices and cooking methods, based on any new data regarding the health effects of acrylamide in humans.  The European Commission has recently said that acrylamide elimination is “virtually impossible” (European Commission). 
	The benefits of acrylamide research to date include a thorough risk assessment based on a Norwegian national database which indicates the acrylamide intake levels in foods commonly consumed by the Norwegian adult population. There is also a study discussing the main urinary metabolite found in occupational settings using a derivative, CEC, in a facility in which employees are exposed to acrylamide. This study shows that in non-smokers, the presence of urinary CEC indicates that the workers are being exposed to the chemicals from a different source possibly from consumption of foods containing acrylamide.
The research conducted thus far has been deficient in determining the health effects in humans at concentrations that they can be exposed too. It is problematic to soly rely on experimental findings with uncertainties to extrapolate high doses, which animals are exposed to, to low doses, which humans are exposed too.  However, since acrylamide causes cancer in rodents the precautionary principle applies even though there is not enough evidence to show that acrylamide is carcinogenic in humans. Among members of the food industry, the precautionary principle has been applied, by attempting to reduce the amounts of acrylamide in several products.  Even though there is now available good information about formation mechanisms of acrylamide in cooking and its prevention, it will probably not be possible to reduce acrylamide in food to negligible levels.
	 Further experiments regarding acrylamide should be carried out to determine a dose-response relationship with acrylamide and the liver, where cytochrome 450 is located, over a long period of time to assess the long-term effects of acrylamide intake. Another aspect of the chemical that scientists would like to study revolves around whether or not acrylamide affects hormone activity throughout the body since cancers in animals were observed in endocrine organs. While acrylamide has been shown to be a carcinogen in rat studies (Johnson et. al), more work needs to be done to study the effects of acrylamide on humans, specifically long term. Also, since it has been reported (Johnson et. al) that acrylamide has had a negative impact on the testicular cells of rats, relating to the development of scrotal cancers in rats, it would be interesting to see if similar results were to develop in human males (taking account for smoking history). In future studies, it will be interesting to see if acrylamide exposure can lead to ovarian cancer in women. There are currently FDA studies looking into a dose-response relationship for nerve lesions in the case of chronic exposure to acrylamide (EPA). As individuals with a scientific background, it is important to remember that a single study is unable to effectively provide evidence about the health effects of acrylamide (or any chemical). Overall it seems the high content of acrylamide in some foods has opened new channels for scientists around the world to learn more about this toxic compound. Given the recent worldwide attention of acrylamide, scientists might be able determine if there truly is a link between acrylamide and human cancer risks.
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FIGURE 2. Labeling studies evidencing asparagine § as direct precursor of acrylamide
1 under low moisture Maillard reaction conditions.

The first critical step is the amino-carbonyl reaction of asparagine 5 and a carbo-
nyl compound 13, preferably o-hydroxycarbonyls such as reducing sugars, resulting
in the corresponding glycoconjugate 6, which under elevated temperatures dehy-
drates, forming the Schiff base 7 as key intermediate (FIG. 4). Under low moisture
conditions, both compounds 6 and 7 are relatively stable. In aqueous systems, how-
ever, the Schiff base may hydrolyze to the precursors or rearrange to the Amadori
compound 14 (step I), which is not an efficient precursor in acrylamide formation.22
Even under low moisture conditions, this reaction is most likely the main pathway
initiating the early Maillard reaction cascade that leads to 1- and 3-deoxyosones,
which further decompose, generating color and flavor. This is in agreement with the
relatively low transformation yield of asparagine to acrylamide, typically below
1 mol%.

Alternatively, intermediate 7 may decarboxylate either directly via the Schiff be-
taine 7a (step Ila) or the intermediary oxazolidine-5-one 16 to the azomethine ylide
15a (step IIb), which after tautomerization (step III) furnishes the decarboxylated
Amadori compound 17 23 Acrylamide may be released by several pathways: (i) di-
rectly from 15a;2° (ii) B-elimination reaction from the Maillard intermediate 17;22:23
and (iii) loss of ammonia from 3-aminopropionamide 9 (step V)20 formed from the
azomethine ylide 15b. Reaction IV has been shown to preferentially proceed under
aqueous conditions in the absence of sugars.2*

The role of the B-elimination step has been substantiated in model reactions using
the decarboxylated Amadori compounds 18 and 19 (FI1G. 5). While the formation of
styrene 20 from 18 can proceed via a Hofmann-type elimination reaction due to the
presence of a -proton, compound 19 is not amenable to B-elimination, but may un-
dergo Strecker-type reactions in the presence of a-dicarbonyls affording benzalde-
hyde 21.22 As compound 18 represents the decarboxylated Amadori compound of




image1.png
P

HoN




