Diacetyl, “It’s Baaaack” - What’s New and What’s Not

Diacetyl is back in the news these days and it may be helpful to review what we know about it as well as some more recent developments.  A question and answer format may be helpful to use with bullets to make it easy to pick out the best “kernels” of information.  Resources with much more detailed information are also included in the answers and references for those readers wishing to learn even more about it. 
What is it? 

Here are some “fun facts” about diacetyl to impress your friends.  

· Diacetyl may be pronounced either DIE-uh-see-tull, DIE-uh-seh-tull, die-AAH-si-teel, or die-AAH-si-tull. 

· Chemically it is 2,3-butanedione, a “diketone” (DYE-kee-tone). Its chemical formula is C4H6O2. 
· Diacetyl is the food ingredient people associate most with a “buttery taste”. 

· Diacetyl is often used for “butter flavoring” in a variety of foods. It is also used in so-called “brown flavors” (e.g., caramel, butterscotch, brown sugar, maple, and/or coffee flavors). 
· Diacetyl is naturally occurring in some dairy, fruit, and fermented products (such as wine and beer). 
· Concentrated diacetyl and other flavoring chemicals have been added to some processed foods to enhance their flavor. These include foods such as in popcorn, candy, and some baked foods.  

· Most food manufacturers have eliminated or substituted diacetyl because of various concerns including worker health, potential litigation, insurance exclusions, and the negative perception that goes along with it.

· Natural diacetyl is formed by the bacteria Streptococcus diacetilactis – a starter culture for cream. 
· Natural diacetyl is also formed by Streptococcus anginosus (part of the S. milleri bacteria group) which can be found in lung, liver, and brain abscesses. S. anginosus has been reported to smell like buttered popcorn or caramel from the diacetyl it produces. 1 
· Artificial diacetyl is or was produced by various flavoring manufacturers including Cargill, Archer Daniels Midland (ADM), and Ventura. 
Why care about it? 

If diacetyl is in several food products and naturally in other foods and drinks, why do we as IHs need to know about it?  Most of us don’t get involved with food safety.  Well, read on friends. 

· Diacetyl is considered “GRAS” (generally recognized as safe) by the U.S. Food and Drug Administration (FDA) for consumption   This is their qualifier as an “ok” to consume something in our foods.  It does not imply safety regarding inhalation – only ingestion. 
· When inhaled in high doses for long periods of time, diacetyl can cause a potentially fatal disease known as bronchiolitis obliterans syndrome (BOS) or obliterative bronchiolitis (OB).  
· When inhaled at more moderate levels it can still cause morbidity (sickness) in the form of coughing and/or wheezing and reduced or impaired lung function (although it might not progress to OB in these cases). 
· Diacetyl’s mechanism of toxicity may be that it alters cellular proteins involving arginine in epithelial cells in the bronchiole tubes of the lungs. 2 

· Most affected workers with BOS or OB have reduced lung function that may limit physical abilities. Some of these people use supplementary oxygen and other treatments. Some people are said to be on lung transplant lists. The only effective treatment/cure for severe BOS is in fact a lung transplant. 

· High exposures that occurred in the 1990s and early 2000s have been associated with some fatalities. Most of the publicity around these cases was associated with microwave popcorn manufacturing. Several popcorn manufacturing workers have gotten sick and some have died. 
· Although most food manufacturers have eliminated diacetyl, NIOSH and OSHA continue to find isolated cases of elevated exposures. Other food workers are sick with BOS or OB, too including candy makers and baked goods workers. There may be others such as chefs who use or used certain cooking sprays, etc. 
· A Denver, Colorado area pulmonary specialist diagnosed BOS in a consumer who “huffed” two bags of microwave popcorn per day and developed BOS.  Yes, he actually breathed in the concentrated vapors from his freshly popped bags.  He said he loved the smell and the taste of it. 
· Several workers as well as consumers have filed lawsuits against flavor and food manufacturers attributing respiratory illness related to exposure. Some of these cases have resulted in judgments for the plaintiffs (that are typically appealed by the defendents). Several other consumers have developed BOS. 

Are there substitutes for it? 

· Diacetyl and similar compounds are all alpha-diketones. 
· These include pentanedione and its relatives hexanedione and heptanedione as well as diacetyl trimer and acetoin.  Interestingly acetoin is actually associated with the “creamy sensation” of dairy products (this is very important from a taste and what’s called “mouth feel” perspective).
· Some of the substitutes and other flavor chemicals have been associated with decreased lung function and some are now thought to have synergistic and antagonistic effects when mixed together. NIOSH speculates that these three diacetyl-substitutes may have even greater toxicity than diacetyl (this is due to a longer carbon chain length, thus a lower water solubility, thus deeper lung penetration, and thus greater toxicity).  

· Many diacetyl-containing products are not labeled with “diacetyl” as an ingredient, but rather instead are labeled “butter flavor” or with similar wording. 

· Some diacetyl-substitute-containing products are labeled as “diacetyl-free” implying that they are free of harmful diacetyl-like ingredients. This may or may not be the case. 

· There is now lots of attention and focus on the diacetyl substitutes as well.  
Who is studying it? 

Several entities are studying it – these include: 
· The flavorings industry including the Flavor and Extract Manufacturers Association (FEMA) continues to study this. 
· The National Toxicology Program (NTP) with colleagues from the National Institute of Environmental Health (NIEH) and Duke University are studying the effects of low level exposures on mice. Their results indicate concerns for low level exposures. 3 
· NIOSH sought public comment on a number of related issues to the use of these flavorings. 
· As part of a “peer review”, NIOSH is soliciting specific comments from certain professionals including toxicologists, epidemiologists, doctors, etc. on recommendations for protective measures and additional knowledge of the toxico-medical implications of these and other flavorings. 

· The European Food Safety Authority (EFSA) is evaluating diacetyl, its substitutes, and other flavorings. 4 

· A very recent paper was published in the International Journal of Occupational and Environmental Health (IJOEH). It was titled “A Proposal for a Safe Exposure Level for Diacetyl” by David S. Egilman, John Henry Schilling, Lelia Menendez. 
Who regulates it? 
· OSHA has a “Directive on Diacetyl” (and its substitutes) as part of its National Emphasis Program (NEP) – it is DIR 11-01 (CPL 03) with an effective date of January 18, 2011.  It is titled “National Emphasis Program – Microwave Popcorn Processing Plants” and can be found at http://www.osha.gov/OshDoc/Directive_pdf/CPL_03_DIR_11-01.pdf . 
· Also, OSHA has a very comprehensive Safety and Health Information Bulletin (SHIB) – it can be read at http://www.osha.gov/dts/shib/shib10142010.html. 
· Of course OSHA can use the General Duty Clause to enforce exposure control.  Additionally, there are other OSHA regulations that would apply – these include hazard communication, PPE, respiratory protection, as well as training and medical monitoring concerns. 
· Cal/OSHA has a standard for diacetyl and its substitutes listed above. 
· You can read the regulation at §5197. Occupational Exposure to Food Flavorings Containing Diacetyl. http://www.dir.ca.gov/title8/5197.html 
· Cal/OSHA also issued a news release on December 2, 2010 – you can read it at 
http://www.dir.ca.gov/DIRNews/2010/IR2010-35.html. 
· In general Cal/OSHA requires many of the typical OSHA IH standard’s parts (think of the Subpart Z health standards) – these include a regulated area, a written program, monitoring, PPE including respiratory protection, training, and medical surveillance. 

How can it be monitored for in air? 

There are several sampling and analytical methods for diacetyl and/or its substitutes including: 
· OSHA Methods 1012 and 1013 which allow for samples between 15 minutes and 3 hours. 
· NIOSH Method 2557. 
What might be a “dividing line” between “safer” low levels and likely higher hazardous levels?  

That is a good question that is not yet well established.  While not a “bright line” or “line in the sand” between safe and hazardous, Cal/OSHA has set an OSHA Reliable Quantitation Limit or RQL (above which respirators are required) at 0.012 ppm (0.041 mg/m3) as a 180-minute Time-Weighted Average (TWA) or 0.035 ppm (0.12 mg/m3) as a 15-minute short term average.5  
A very recent paper was published in the International Journal of Occupational and Environmental Health (IJOEH) titled “A Proposal for a Safe Exposure Level for Diacetyl”.  In it the authors state, “Our findings indicate that a safe level of exposure exists around or below a time-weighted average

of 1 ppb for an eight-hour workday. The levels of exposure we found to be unsafe include ranges that popcorn consumers may potentially be exposed to, indicating a risk of severe lung disease (including BO) for some consumers.” 6 It should be noted that this paper was just published and has not yet been responded to in the peer-reviewed literature. 
What IH principles are illustrated by all of this? 

There are several IH principles that are illustrated by diacetyl – here are seven of them. 

1. Route of entry matters! 
Diacetyl appears to be perfectly safe to ingest, but clearly we can’t say the same thing about inhaling it.  Many of us continue to eat it and it is GRAS as far as the FDA is concerned and we’re all just fine.  In fact, we benefit from it – we enjoy the buttery taste and texture in many of our foods – yum!  But for some select subset of workers and consumers who breathed it in (in moderate to higher concentrations), it has apparently had a devastating effect. 
2. The dose matters! 
As Paracelcus said, “The dose makes the poison”.  In this case the concentration makes the “poison”. People have and do breathe in diacetyl at very low levels on a daily basis without any apparent ill effect.  However, several people who have breathed it in at high concentrations and/or for long periods of time have developed BOS with very serious effects.  Others have experienced lesser negative health effects at more moderate levels of exposure. Both of these include both food factory workers and a few consumers who allege their lung disease is from their exposure to diacetyl. 
3. Purposeful inhalation of concentrated vapors is (almost) always a bad idea! 
We could probably delete “almost”, too from this principle.  In the context of someone seeking a cheap “high” from some chemical, it’s called “huffing” and it’s a significant problem especially amongst our youth.  Whether or not what the microwave consumer in Colorado first diagnosed with BOS from his purposeful inhalation of the concentrated vapors from the just freshly popped bags he ate every day could be considered “huffing” isn’t clear and probably doesn’t matter much in the grand scheme of things.  Rather what does matter is that his purposeful inhalation of concentrated vapors of diacetyl seems likely to have given him BOS.  Regardless of what you call it, it was and is a very bad idea.  
4. Similar compounds often produce similar effects! 
As IHs we already know and apply this – heck, it’s even in the OSHA regulation 1910.1000 - Air Contaminants standard on airborne monitoring. If chemicals A and B have similar effects on the same target organ(s) and if a worker is exposed to 50% of the limit for each, then that worker is at the limit as a percent of the totals (50% of A + 50% of B = 100% of the mix).  So, it should come as no surprise that the diacetyl substitutes which are chemically similar to diacetyl appear to have similar (or even worse) effects according to NIOSH. 

5. No matter how bad something is, it can always be made worse! 
Ok, not solely an IH principle, but it does apply here as well.  It may have been bad that workers and others were overexposed to diacetyl and have suffered ill health effects because of it.  It’s worse if we are lulled into a false sense of security that diacetyl-substitutes are “safe” and allow workers or others to be similarly exposed. It also may have been bad that popcorn workers and consumers were overexposed to diacetyl.  It’s worse if we don’t also anticipate similar exposures and effects for other workers at factories using diacetyl (such as candy and bakeries or that omelet station chef who uses a can of butter-flavor spray for each omelet he makes every morning at that hotel where he works).  
6. The lack of information on toxicity does not mean a product or chemical is safe! 
This is also known as the “precautionary principle”.  If we have reason to believe that a substance is harmful, then it would be prudent to take certain precautions including avoiding exposures to the offending substance until such time that it can be accurately assessed. 

7. We need to anticipate health hazards in the workplace and the environment! 
The one word that perhaps best defines IH and separates it from safety is anticipate.  We can and do anticipate health hazards all of the time.  We can reasonably anticipate that breathing concentrated vapors from certain chemicals is potentially harmful regardless of the circumstances of the exposure scenario(s) – even if they are used in foods and appear to be safe to eat.  
Hopefully we will learn more about these and other flavorings before more harm is done to food industry workers, consumers, and the food industry as well.  As IHs we have a significant and meaningful role to play with helping others better understand these (and other) health hazards. 
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