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[bookmark: _Toc444161024]Statement of Problem
Food Fraud is a wide spread problem which researchers estimate cost the global food industry between $10-15 billion annually (Hunt, 2010; Kearney, 2010). Economically Motivated Adulteration, although in theory should go undetected, has cause numerous significant public health events.  
[bookmark: _Toc444161025]Purpose of Study 
	 Food Fraud, and more specifically, Economically Motivated Adulteration, is a great concern within nearly all sectors of the Food and Beverage industry. While the FSMA has added regulations to help prevent public health events due to Economic Adulteration, industry also has a vested interest in both consumer well being and safe guarding brand integrity. The purpose of this study was to analyze industry’s perception of EMA, how it has changed in the face of FSMA, and factors used to assess the risk. 
[bookmark: _Toc444161026]  Importance of the Study
	The findings contained within this study will help companies better understand EMA. As companies assess the vulnerabilities of their operation to EMA the results of this study will help guide their risk assessments. The study will also shed light on the effects of federal regulations on industry behavior. 
[bookmark: _Toc444161027]Context of the Study
The Food Safety Modernization Act passed in 2011 and is in the process of preparing the final rules. Current Good Manufacturing Practice, Hazard Analysis, and Risk-Based Preventive Controls for Human Food (Docket ID: FDA-2011-N-0920)  and Focused Mitigation Strategies to Protect Food Against Intentional Adulteration (Docket ID: FDA-2013-N-1425) are the rules that most closely effects Economically Motivated Adulteration. Companies must be compliant within a year of final ruling, meaning right now companies are in the process of figuring out how to assess the risk of EMA within the context of their supply chain. 
[bookmark: _Toc444161028]Study Design and Research Question 
The purpose of this study is to better understand industry’s perception of Economically Motivated Adulteration and to see what extent FSMA’s rules are changing industry processes versus reaffirming already existing safe guards. 
[bookmark: _Toc444161029]Assumptions
This study was conducted under the following assumptions:
1. Participants were well informed of their companies’ operations in regards to EMA.
[bookmark: _Toc444161030]Limitations
1. Participation is voluntary and is limited to those within a few networks.

[bookmark: _Toc444161031]Definition of terms

Food Fraud- As defined by Spink and Moyer: The act of defrauding buyers of food or food ingredients
Intentional Adulteration- The act of purposely adulterating food, for either economic gain or for public harm (Examples include, Bioterrorism, Revenge from a disgruntled employee, and Economically Motivated Adulteration)
Economically Motivated Adulteration (EMA)- As defined by the Grocery Manufacturer’s Association: The intentional fraudulent modification of a finished product or ingredient for economic gain	Comment by Lindsay Murphy: Quality too (oil going rancid and selling it as okay) but Chemical modification, I think counts as modification. Need to mention this in Lit reveiw
Unapproved enhancements: increase the apparent value, quality, or strength of a product (melamine added to milk to enhance the protein value)
Concealment: Conceal know damage or contamination (salmonella contagion in peanuts)
	Non-disclosure: Intentional GMP violations (sulfites in food to hide deterioration)
Mislabeling: Reclassifying one product as another, which may include fraudulent imitation intended to be passes as genuine (sunflower oil sold as olive oil)
Substitution: Replace with something less valuable (use beet sugar rather than   honey) 
	Dilution: Reduce the amount of a valuable component (water used to dilute milk) 
Adulterant- a substance added to a product to make it impure. 
[bookmark: _Toc444161032]Organization of Study
This thesis is organized as follows. Chapter one: Introduction, including the following sections – statement of the problem, purpose of the study, importance of the study, context, research questions, assumptions, limitations, and definition of terms. Chapter two: Review of Literature, contains a review of current literature and previous research on economically motivated adulteration. The review of literature on differentiating economically motivated adulteration from food fraud and intentional adulteration, public health and economic consequences of economic adulteration, factors contributing to prominent cases of economic adulteration, relevant global laws and regulations, and current and up and coming detection methods. Chapter three: Journal Manuscript, including methodology, results, and discussion for some lucky journal. 

[bookmark: _Toc444161033]

Chapter 2: Literature Review
[bookmark: _Toc444161034]Food Fraud, Intentional Adulteration, and EMA
Food Fraud is as old as the commercialization of food. Ancient Roman law contained edicts against contamination and commercial fraud of foodstuffs. Containers used to transport wine and oil oil dated to that time period have been found bearing counterfeited Roman seals illustrating the necessity for these regulations. (Armstrong, 2009; Mello, Lusuardi, Meloni, & Oddone, 1982; Purcell, 1985). Food Fraud is defined by Spink and Moyer as “collective term used to encompass the deliberate and intentional substitution, addition, tampering, or misrepresentation of food, food ingredients, or food packaging; or false or misleading statements made about a product, for economic gain.” (2011)
	Because the definition is so broad acts constituted as food fraud need to be broken down to show the intentionality of the act as well as their motivation in order to best understand the result. John Hnatio explained the two criminal actors within the Food Fraud sphere are either individuals involved in organized crime, typically involved at the processing level, or individuals participating in a crime of opportunity. This illustrates two of the largest segments of fraudsters. 	Comment by Lindsay Murphy: 	Comment by Murphy, Lindsay Colleen: What this needs to end up being is something to the effect of:
Two types of Criminal actors: 
1. Criminals who are organized (whether or not that involves “organized crime”) 
2. Opportunist Criminals-  work alone generally more of an isolated event?
	While Food Fraud covers a more expansive scope, Intentional Adulteration focuses in on tampering with the product and its ingredients leaving issues with counterfeiting. In the FDA’s proposed rule FDA-2013-N-1425, Focused Mitigation Strategies to Protect Against Intentional Adulteration (IA rule), Intentional Adulteration encompasses all types of adulteration that could possibly cause harm to the public. While the intent of the rule is to prevent acts of terrorism the proposed rule also covers Economically Motivated Adulteration (EMA) also commonly referred to as Economic Adulteration. However, the IA rule is expected to undergo some changes as final rule for FDA-2011-N-0920, Current Good Manufacturing Practice, Hazard Analysis, and Risk-Based Preventive Controls for Human Food (PC Rule), was filed in September 2015 with a number of changes including the addition of EMA risk assessments to food manufacturing, processing, packaging, and holding facilities. 
	EMA a specific subcategory of Food Fraud and Intentional Adulteration. A study on consumer product fraud conducted by A.T. Kearney defined EMA as “the intentional fraudulent modification of a finished product or ingredient for economic gain through the following methods: unapproved enhancements, dilution with a lesser-value ingredient, concealment of damage or contamination, mislabeling of a product or ingredient, substitution of a lesser-value ingredient or failing to disclose required product information.” (2010) The nature of EMA lends itself to blend in, after all the end goal is to generate more revenue so most cases of EMA only lessen the quality of the product. 
A simple example of an EMA event that do not pose a threat to public health includes diluting honey with less expensive sweeteners like sugar cane or beet syrup or high fructose corn syrup (Berfield, 2013; K. Everstine, 2014). The consumer, whether that is a manufacturer using the honey in a cereal or an individual who purchases the final product, is cheated out of a significant amount of money over time and is ultimately not receiving the product they paid for. While this is disheartening, it is the best case scenario as far as an EMA event goes. 
[bookmark: _Toc444161035][bookmark: _GoBack]Problems Caused by EMA
Public Health Concerns	
The number one concern when thinking about problems caused by EMA is the threat to public health. Blending in should be the number one goal of anyone attempting to adulterate food for economic gain. After all the longer the fraud is continued the more money the perpetrator generates However not all cases of EMA are well thought out which can cause major public health concerns. 
Cases of EMA are scattered throughout history. One of the first chemists to focus of adulterants in food, Henry Acuum, published A treatise on adulterations of food and culinary poisons in 1820 warning the public about poisonous adulterants in their tea, beer, bread, and wine. In his book he famously wrote “The man who robs a fellow subject of a few shillings on the highway is sentenced to death but who distributes a slow poison to the whole community escapes unpunished.” 
While the fraudsters who adulterate food may not be using things like lead and mercury salts, there are still adulterants that cause harm to the public. In 2015, cumin was found to have been adulterated with ground peanut and almond. While this isn’t cause for concern to most, up to two percent of the world is allergic to tree nuts, and exposure can cause symptoms from rashes to anaphylaxis (Institute, 2010)
Another instance of EMA that causes concern for public health is the use of Sudan dyes, particularly I and IV, to enhance the color of fruits, vegetables, and spices (Daood, 2005). Sudan dye I is suspected to have genotoxic effects and Sudan dyes I to IV are potential carcinogens (Comission, 2005) and are banned for use in foods. This has not stopped them from popping up repetitively to give foods a more vibrant color.  
An even more immediate public health risk occurred in Britain in late 2014 when counterfeited bottles of popular vodka brands were diluted with isopropanol and sold on the grey market right before New Years Eve in anticipation of greater than average alcohol consumption(Gayle, 2014; Stone, 2014) 
Then there is the most infamous case of EMA is of course melamine being used as an adulterant for milk powder in 2008.  Melamine is a white powder that is very high in nitrogen and commonly used in the plastics industry. When consumed by humans it can cause kidney stones and renal failure especially in children. This crisis hospitalized over 300,000 infants and led to the death of six children under the age of four (Lim, 2013). 
Economic Impact
In 2010, the Grocery Manufactures Association and AT Kearney released a study about Food Fraud in the market place. The report heavily focuses on the economic impact of Food Fraud and specifically EMA within the Industry.  GMA estimates food fraud may cost the industry between 10-15 billion dollars annually across the globe, affecting approximately 10% of all commercially sold foods.(Kearney, 2010).The cost of one adulteration incident turning in to a public health risk is equal to 2-15% of a company’s yearly revenue.  
Factors Leading to EMA Events
To understand how the Chinese Melamine scandal event came to be it is important to see the chain of events leading up to the adulteration. According to surveys in the mid-2000s, the average Chinese dairy farmer had 4 milk cows or less. They then sent their product to milk stations, which sold it to the processors, who then sent it to the distributers for consumers to buy (Hunt, 2010).  In January of 2008 the Chinese government imposed price caps on milk and milk products causing the dairy industry to lose 15-20% profit compared to recent years. This did not sit well with 22 companies who ran milk stations and were looking for ways to stretch their product within the new government limitations. 
Quality tests run by the government had long since been established to ensure that milk powder met certain specifications before it is released to the public, including a protein level of 2.95%. While melamine does not contain protein, it is high in nitrogen which is actually what the quality tests check for. This loophole allowed the fraudsters to trick the system for months. Because of censorship laws in China it is hard to get specific details about the investigations of the companies or the economic impact of the scandal.
This is not the only case where a clear outside factor put pressure on the supply chain and caused an EMA incident that negatively impacted public health. The 2015 cumin adulteration happened after an incredibly hot growing season in Gujurat, India, the state which produces the majority of the world’s cumin, decreased the crop yield by 50%(Bawden, 2015). This sudden ingredient scarcity caused the prices to sky rocket and a few producers decided to take advantage of the high demand. 
[bookmark: _Toc444161036]Laws and Regulations 
	Laws and regulations ensuring the purity of food have been around for centuries and across all cultures. Most ancient civilizations have had bread and wine purity laws (Accum, 1820)
United States Governmental Oversight
From the perspective of the United States, there are two principle agencies that work to protect the food supply from all types of food safety risks, the Food and Drug Administration (FDA) and the US Department of Agriculture (USDA). Imports are inspected by Customs and Border Protection (CBP), a part of the Department of Homeland Security (DHS), in conjunction with the FDA and USDA. Food Fraud also falls under the jurisdiction of the Department of Justice (DOJ) , which has tried many cases of adulteration and mislabeling(Johnson, 2014). EMA is also considered an “unfair method of competition” as well as an “unfair or deceptive act or practice and therefore the Federal Trade Commission also has concurrent jurisdiction with the FDA. 
The Food Drug and Cosmetic Act of 1938 (FDCA), with some revisions, has been the laws that govern the majority of the Food and Beverage Industry’s work. As defined in the FDCA, the term adulteration involves the content of a product, such as the addition of a substance that makes it inferior, impure, or not genuine(Buzby, 2008).  While there were many positive rulings against fraudsters in the early years of the FDCA soon several of its major flaws were revealed, notably, that there is not a set standard against which to judge the food that is allegedly adulterated (Forte, 1965).  This makes it easier for EMA to slip through the cracks. 
Currently, the US is still facing an influx of products from domestic and foreign producers that are deemed by law to be adulterated. Proving that the rules and regulations are necessary. The majority of the reasons that products are refused at the port of entry into the USA is adulteration(Buzby, 2008).
· FSMA
· ("Current good manufacturing practice, hazard analysis, and risk-based preventive controls for human food; final rule," 2015; "Focused mitigation strategies to protect food against intentional adulteration; proposed rule," 2013)
· Supplier Verification
· 
However, the FDA and USDA operate with limited resources. Under FSMA, FDA is to inspect at least 600 foreign food facilities in 2011 and, for each of the next 5 years, inspect at least twice the number of facilities inspected during the previous year (Fig Below). In January of 2015 the Government Accountability Office (GAO) released a study pointing out that the FDA has been unable to keep up with this mandate. The primary reason cited for the lag in inspections is staffing challenges.  October 2014, 44% of foreign office positions were vacant. The GAO report recommended the FDA develop a strategic workforce plan to recruit and retain staff with the necessary skills and experience(Gomez, Help, Washington, & S., 2015). 	Comment by Lindsay Murphy: 	Comment by Lindsay Murphy: 
Because of these limitations, the FDA and USDA must prioritize the most serious threats to the food system. As most cases of EMA involve only indirect health risks it is fairly judged to be less important than food safety incidents and bioterrorism(Karen Everstine, Spink, & Kennedy, 2013)
International Regulations 
EU
Great Britain 
China
Russia
Korea
Australia
African Nations
South America

[bookmark: _Toc444161037]Detection Methods
History Lesson
· Fredrek Accum 1820
· Start with Harvey Wiley and the Poison Squad b/c they were crazy.
· Detection at the time of the Food Drug and Cosmetic Act
· Analytical Testing Methods available in 1938 (FDCA passing)(Armstrong, 2009)
· For Fruit Juice, test cannot effectively detect adulteration below 10% of total product. (Keith Oleson, 1995)
· For Honey, cannot detect below 20% (K. Everstine, 2014)
[image: ]Current Detection 
· Liquid chromatography
· Cubero leon article
· Infrared spectroscopy
· Gas chromatography
· Isotope ratio mass spectrometry
· Hyphenated mass spectroscopy
· Metabolomics 
Can determine everything from botanical and geographical origin, vintage of grapes , wine brand, tea and coffee processing variety, caffeination, farming system, rearing system…
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[bookmark: _Toc444161039]Abstract
[bookmark: _Toc444161040]The United States of America has one of the safest food supplies in the world. There are numerous safeguards in place protect our food supply, including federal regulations and the food and beverage industry’s dedication to food safety. One of the issues that the food and beverage industry continuously battle is the prevalence of Intentional Adulteration.  The Food Modernization Act (FSMA) specifically addresses Intentional Adulteration and its sub-category of Economically Motivated Adulteration (EMA) by requiring all facilities that supply food to the US to assess the vulnerabilities within their operation to prevent acts on the food supply that could cause public harm. The purposes of this study are (1) to better understand industry’s perception of Economically Motivated Adulteration (2) to assess how industry determines ingredients at risk for EMA and (3) to see to what extent a tool that assesses ingredient vulnerability would be useful to industry. 

This study surveyed individuals working for food and beverage companies in departments associated with the selection, purchase, or processing of ingredients. Survey items assessed to their company’s view of EMA, FSMA’s impact on their companies’ view on EMA, Questions about their perception of EMA and ingredient safety. The data is analyzed for major themes. 

Results show 30% of participants say that their operation is “somewhat vulnerable” to “very vulnerable”, whereas the 70% say their operation is “Somewhat Secure” to “Very Secure”. Ninety-three percent say they consider some ingredients to be higher risk for EMA. Participants named specific ingredients such as “Honey”, “Spices, fruit juices, and vanilla” or provided general descriptors like “Ingredients that are bought and stored in bulk, where a tiny amount of cheaper product/ingredient can potentially lead to a large difference in price”  Factors that impacted the perception of risk of EMA included “the originating location of the ingredient” (84%), “supplier reliability” (93%), “availability of identity tests”(75%), “value of the ingredient” (90%), and “volume of ingredient” (56%). 
	Introduction
[bookmark: _Toc444161041]The United States of America has one of the safest food supplies in the world. There are numerous safeguards in place protect our food supply, including federal regulations and the food and beverage industry’s dedication to food safety. However, over the past century challenges that the food industry faces have evolved. Globalization has allowed technologies, ideas, and businesses to rapidly spread across the world, which has allowed International Trade to explode. Since the signing of the North American Free Trade Agreement in 1994, the annual number of imports has doubled every five years (Silver, 2014). This growth has allowed the food and beverage industry to expand its horizons and enabled consumers to demand a more culturally varied and less seasonally driven diet.
	While there are many challenges that come from globalization, one of the issues that the food and beverage industry continuously battles is the prevalence of Food Fraud, and more specifically adulteration. Food Fraud is far from a modern day phenomenon, but the perpetrators have utilized every scrap of knowledge and technology to revolutionize their crimes as quickly as detection methods catch up. The Food Safety Modernization Act (FSMA), passed in 2011 and is awaiting final rules, specifically addresses Intentional Adulteration and its subcategory of Economically Motivated Adulteration. These new rules will require all facilities that supply food to the US to assess the vulnerabilities within their operation to prevent acts on the food supply that could cause public harm. The final rules are due to be published by the May 2016 and companies are preparing themselves to update their systems into compliance.  
Materials and Methods
Objective of Study
Food Fraud, and more specifically, Economically Motivated Adulteration, is a great concern within nearly all sectors of the Food and Beverage industry. In fact, in the Food Safety Modernization Act, whose rules are in the process of being finalized, the government is requiring industry to formalize their processes of avoiding Intentional Adulteration including Economically Motivated Adulteration. In 2013, The Grocery Manufacturers Association’s (GMA) EMA working group tasked themselves with creating an electronic vulnerability assessment to aid industry in preventing adulterated ingredients from contaminating their products. The purpose of this study is to better understand industry’s perception of Economically Motivated Adulteration and to see to what extent a tool like the one envisioned by EMA would be useful to industry.	Comment by Lindsay Murphy: Cite DR. Marrow’s steps of Data Cleaning
Nvivo
Participation 
Participants were adults, individuals over the age of 18, involved in the Food Safety, Quality Assurance, Purchasing, Supply Chain, and procurement of ingredients for the Food Industry. They received the survey by being members of certain working groups hosted by the Grocery Manufactures Association, if they were affiliated with the Tennessee food safety task force, or if the email was forwarded to them by a colleague. 
Instrument
After an extensive literature review, attending a workshop led by the Grocery Manufacturer’s Association assessing what industry would want in a tool that assessed the vulnerability to economic adulteration, and speaking with several experts in the field I devised my questions under 5 categories listed in Table X. 	Comment by Lindsay Murphy: To further established construct validity the final instrument was reviewed by a panel of 8 experts. The committee comprised of survey research experts, food industry, and food safety specialists
	Category
	Purpose

	Categorization
	To give context to participants’ perspective on ingredients.

	View of EMA
	To gauge the importance of EMA to the participant’s company.

	FSMA impact
	To dissect the impact of FSMA on company operations

	EMA Perception
	To capture industry’s understanding of how EMA function. 

	Tool Usefulness
	To determine the value of creating an industry wide EMA vulnerability assessment.



The instrument was developed using Qualtrics, an online survey tool. Qualtrics allowed the survey to accessed digitally, records the responses immediately, and allowed for anonymous responses by automatically scrubbing IP addresses before saving the responses.
A field test of the instrument was conducted with two food production companies. Field test participants (n=6) were from different departments and were tasked with determining the clarity of questions, approximate duration, and ease of the use of the technology. The results from the field test indicated only minor changes were necessary for clarity. 	Comment by Lindsay Murphy: Add spelling errors and such



	Comment by Lindsay Murphy: Pull an example. There were no major changes to the content of any item 
The final instrument was then ready for distribution with a cover letter explaining the objectives of the study. The instrument began with a consent form, those who did not consent to participate were released and no data was recorded. If a participant did not complete the survey their responses were automatically scrubbed from the system. The survey contained 10 multiple choice questions, 8 open ended questions, 3 categorical scales, and 2 rank order scales. However, due to question logic, not all questions were shown to each participant. The questions were designed with the purposes explained in table X. 
The survey was active for two weeks and then the data was then analyzed using SPSS for the quantitative output and Nvivo for the qualitative output.

Data Analysis 
The data was analyzed using descriptive statistics, ANOVA, and thematic coding. Responses were analyzed for differences based off industry, participant role, and the perception of their companies’ risk of EMA. Significant differences were evaluated at p> 0.05.

[bookmark: _Toc444161042]Results and Discussion	Comment by Lindsay Murphy: I have a questionnaire not a survey

Technical words

Self report instrument
Cross sectional panel survey ( not necessary to say) 
Ha-ha What ever
Conclusions
These would be cool to have
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