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Foreword

When the U.S. Congress passed the Occupational Safety and Health Act of 1970 (Public Law 91-596),
it established the National Institute for Occupational Safety and Health. Through the Act, Congress
charged NIOSH with recommending occupational safety and health standards and describing expo-
sure levels that are safe for various periods of employment, including but not limited to the expo-
sures at which no employee will suffer diminished health, functional capacity, or life expectancy
because of his or her work experience.

Criteria documents contain a critical review of the scientific and technical information about the
prevalence of hazards, the existence of safety and health risks, and the adequacy of control methods.
By means of criteria documents, NIOSH communicates these recommended standards to regula-
tory agencies, including the Occupational Safety and Health Administration, health professionals in
academic institutions, industry, organized labor, public interest groups, and others in the occupa-
tional safety and health community.

This criteria document is derived from the NIOSH evaluation of critical health effects studies of
occupational exposure to diacetyl and 2,3-pentanedione. It provides recommendations for control-
ling workplace exposures including recommended exposure limits derived by using current quanti-
tative risk assessment methodology on human and animal health effects data.

Using cross-sectional pulmonary function data from diacetyl-exposed employees, NIOSH con-
ducted assessments to determine the exposure-response relationship and to identify risk of pulmo-
nary function decrease at various levels of diacetyl exposure. NIOSH found that a relationship exists
between diacetyl exposures and lower pulmonary function. Utilizing this analysis, NIOSH recom-
mends keeping exposure to diacetyl below a concentration of 5 parts per billion as a time-weighted
average during a 40-hour work week. To further protect against effects of short-term exposures,
NIOSH recommends a short-term exposure limit for diacetyl of 25 parts per billion for a 15-minute
time period.

In many operations, 2,3-pentanedione is being used to substitute for diacetyl. Published toxico-
logical studies indicate that 2,3-pentanedione exposure can cause damage similar to that caused by
diacetyl in laboratory studies. Therefore, NIOSH recommends keeping occupational exposure to
2,3-pentanedione below a level comparable to the level recommended for diacetyl. However, the
recommended sampling and analytical method can only reliably quantify it to 9.3 parts per billion
in an 8-hour sample. NIOSH also recommends a short-term exposure limit for 2,3-pentanedione of
31 parts per billion during a 15-minute period.

Engineering and work practices are available to control diacetyl and 2,3-pentanedione exposures
below the recommended exposure limits. A hierarchy of controls including elimination, substitu-
tion, engineering controls, administrative controls, and the use of personal protective equipment
should be followed to control workplace exposures.



Foreword

NIOSH urges employers to disseminate this information to employees and customers. NIOSH also
requests that professional and trade associations and labor organizations inform their members
about the hazards of occupational exposure to these flavoring compounds.

NIOSH appreciates the time and effort of the expert peer, stakeholder, and public reviewers whose
comments and input strengthened this document.

John Howard, MD

Director, National Institute for
Occupational Safety and Health

Centers for Disease Control and Prevention
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Executive Summary

Diacetyl and its substitute, 2,3-pentanedione, are widely used flavoring compounds. There have been
extensive reports of serious respiratory disease and decreased lung function in employees exposed to
diacetyl. The NIOSH objective in establishing recommended exposure limits (RELs) for diacetyl and
2,3-pentanedione is to reduce the risk of respiratory impairment (decreased lung function) and the
severe irreversible lung disease obliterative bronchiolitis associated with occupational exposure to these
compounds. In this disease the smallest airways in the lungs, the bronchioles, become scarred and con-
stricted, blocking the movement of air. In addition, maintaining exposures below the RELs will help
prevent other adverse health effects including but not limited to irritation of the skin, eyes, and respira-
tory tract in exposed employees. The recommendation to limit exposure to diacetyl and 2,3-pentanedi-
one is based upon data from human and animal studies and the quantitative risk assessment; however,
additional considerations include sampling and analytical feasibility and the achievability of engineer-
ing controls.

Diacetyl is used extensively in the food flavoring and production industries, and occupational expo-
sure to this substance has been associated with severe respiratory impairment and the disease oblitera-
tive bronchiolitis. 2,3-Pentanedione, which has been used as a substitute for diacetyl, is also of concern
because of structural similarities with diacetyl and because animal studies show similar toxicity for the
respiratory tract [Hubbs et al. 2012; Morgan et al. 2012; Morgan et al. 2016].

The first observation of obliterative bronchiolitis in a food production employee may have occurred in
1985 in a facility where diacetyl was listed among ingredients used in making flavorings for the baking
industry [NIOSH 1985]. The link between exposure to diacetyl and lower pulmonary function was
confirmed in the early 2000s, and research further showed that diacetyl exposure leads to a decrease in
pulmonary function [Kreiss et al. 2002]. Occupational exposures to diacetyl have been assessed in a vari-
ety of food production and flavoring facilities [Kanwal et al. 2006; Martyny et al. 2008; NIOSH 2003a, b,
2004a, b, 2006, 2007, 2008a, b, 2009, 2011].

Another compound, acetoin, was present along with diacetyl in many of the workplaces where oblitera-
tive bronchiolitis occurred in employees who made or used diacetyl [Kullman et al. 2005; van Rooy et
al. 2007]. However, current data indicate that acetoin is considerably less hazardous than diacetyl and it
does not have the reactive a-dicarbonyl group, which has been implicated in the toxicity of diacetyl and
2,3-pentanedione [Hubbs et al. 2016; National Toxicology Program 2015; Zaccone et al. 2013].

Mean diacetyl air concentrations measured at the first microwave popcorn facility where obliterative
bronchiolitis was reported were highest in the mixing room (57.2 parts per million [ppm]), followed
by the packaging area (2.8 ppm) [Kanwal et al. 2011]. Mean personal diacetyl air concentrations at five
other microwave popcorn plants were lower: 0.023 to 1.16 ppm in the mixing room and 0.35 to 1.33 ppm
in the packaging rooms/areas [Kanwal et al. 2006]. Mean full-shift diacetyl air concentrations measured



at flavor manufacturing facilities ranged from 0.07 ppm to 2.73 ppm [Kanwal et al. 2006; Martyny et al.
2008; NIOSH 2003a, b, 2004a, b, 2006, 2007, 2008a, b, 2009, 2011].

In addition to cases consistent with obliterative bronchiolitis in flavoring manufacturing, diacetyl manu-
facturing, and microwave popcorn production, case reports have surfaced in other industries in which
flavorings are introduced. In cookie manufacturing with artificial butter flavoring in Brazil, four cases
of bronchiolitis were described in young men, aged 24 to 27 years, who had worked between 1 and 3
years handling flavorings in preparation of cookie dough [Cavalcanti et al. 2012]. In a coffee production
plant, two cases have biopsy confirmation of obliterative bronchiolitis among employees with artificial
flavorings exposure in the production of roasted coffee beans and ground coffee [CDC 2013]. In 2012,
NIOSH conducted a health hazard evaluation (HHE) involving 75 current employees (88% participa-
tion) [Bailey et al. 2015]. Excluding the five sentinel former employees (all never-smokers under age 42),
standardized morbidity ratios were elevated 1.6-fold for shortness of breath and 2.7-fold for obstructive
spirometric abnormalities.

Investigations of severe lung disease consistent with obliterative bronchiolitis among diacetyl-
exposed employees presented in Chapter 3 have provided substantial evidence of a causal relation-
ship between diacetyl exposure and development of this disease. These findings in conjunction
with laboratory experiments providing biological plausibility, meet the standard criteria used to
determine causation: that an exposure is the likely cause of specific health effects [Gordis 1996;
Hill 1965].

NIOSH has reviewed the literature on diacetyl toxicology and exposures in the workplace and sub-
sequently conducted a quantitative risk assessment. The quantitative risk assessment used to derive
the REL was based solely on human (employee) data, but the results were informed and corroborated
by animal risk assessments. On the basis of a quantitative risk assessment of data collected in a series
of NIOSH health hazard investigations (full description in Chapter 5), NIOSH has concluded that
employee exposure to diacetyl is associated with a reduction in lung function. Specifically, a statistically
significant exposure-associated reduction in the forced expiratory volume in one second/forced vital
capacity (FEV,/FVC) ratio and percent predicted FEV, (ppFEV,) and an exposure-associated estimated
incidence of symptomatic obstructive lung disease were observed. NIOSH quantified these exposure-
response relationships and determined the exposure levels that correspond to a variety of risks (Chapter
5, Table 5.35). Lifetime risks in the range of 1:1,000 corresponded to working lifetime diacetyl exposure
of approximately 5 parts per billion (ppb). Once the risks were characterized, NIOSH examined the
analytical methods (OSHA Methods 1012 and 1016) and available engineering controls and determined
that they supported establishing a REL at that level.

It should be noted that diacetyl and 2,3-pentanedione are found in cigarette smoke [Fujioka and
Shibamoto 2006; Pierce et al. 2014; Polzin et al. 2007] and some flavored e-cigarettes [Allen et al. 2016;
Farsalinos et al. 2015]. As extensively discussed in Chapter 3, increased prevalence of airway obstruction
and decreased FEV, can be identified in smokers who are exposed to diacetyl in comparison to preva-
lence in smokers in the U.S. population. Most importantly, because diacetyl causes obstructive lung
disease and because smoking causes obstructive lung disease, the presence of diacetyl in cigarette smoke
in no way diminishes the need to control diacetyl exposures in employees.

NIOSH concludes that the toxicological responses to diacetyl observed in animal studies support the
conclusions of the epidemiologically-based risk assessment for diacetyl. Further, the animal-based
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risk assessment presented in Chapter 6 corroborates the epidemiologic assessment by demonstrating
a causal link between diacetyl exposure and respiratory health effects and by showing a clear dose-
response relationship in exposed animals as was observed in employees exposed to diacetyl in the epi-
demiologic assessment.

On this basis, NIOSH recommends a REL of 5 ppb for diacetyl as a time-weighted average (TWA) for up
to 8 hours/day during a 40-hour workweek. NIOSH has determined that employees exposed to diacetyl
at this level for 8 hours a day, 40 hours a week for a 45-year working lifetime should have no more than
a 1/1,000 excess risk of lung function falling below the lower limit of normal due to diacetyl exposure.

To ensure that employee exposures are routinely below the REL for diacetyl, NIOSH also recommends
using an action level (AL) of 2.6 ppb with the exposure monitoring program to ensure that all control
efforts (engineering controls, medical surveillance, and work practices) are in place and working prop-
erly. When exposures exceed the AL, employers should take corrective action (determine the source of
exposure, identify methods for controlling exposure) to ensure that exposures are maintained below the
REL. NIOSH has concluded that the use of an AL in conjunction with periodic monitoring of employee
exposures (described in Chapter 10) is helpful to protect employees.

NIOSH is also recommending a short-term exposure limit (STEL) for diacetyl of 25 ppb for a 15-minute
time period. The establishment of a STEL is based on the concern that peak exposures may have greater
toxicity than the same total dose spread out over a longer period of time.

2,3-Pentanedione is used in many operations; it is structurally similar to diacetyl because it is a 5-carbon
alpha diketone, whereas diacetyl is a 4-carbon alpha diketone. Published toxicology studies indicate that
2,3-pentanedione exposure can cause damage to the lining of airways similar to that caused by diacetyl
in laboratory studies [Hubbs et al. 2012; Morgan et al. 2012; Morgan et al. 2016]. Therefore, NIOSH
recommends controlling occupational exposure to 2,3-pentanedione to a level comparable to that rec-
ommended for diacetyl. However, analytical limitations allow 2,3-pentanedione to be reliably measured
only above 9.3 ppb. This recommended exposure limit is slightly higher than the recommended expo-
sure limit for diacetyl. NIOSH recommends keeping exposure to 2,3-pentanedione below 9.3 ppb in an
8-hour average during a 40-hour work week. NIOSH has estimated that employees exposed to 2,3-pen-
tanedione at this concentration should have a similar risk of decreased pulmonary function as employ-
ees exposed to diacetyl. NIOSH also recommends a short-term exposure limit for 2,3-pentanedione of
31 ppb during a 15-minute period.

Research into various flavoring industries has led to the development of engineering controls that may
help reduce employee exposure to diacetyl, 2,3-pentanedione, and other chemicals. Chapter 8 describes
engineering controls for the industries where diacetyl is handled or used within products. Table 8.2 in
Chapter 8 provides a summary of NIOSH-evaluated engineering control efficiencies for the mixing of
food flavorings. NIOSH acknowledges that the frequent use of personal protective equipment (PPE),
including respirators, may be required for some employees who handle diacetyl, 2,3-pentanedione,
diacetyl-containing flavorings or flavored products. The frequent use of PPE may be required during job
tasks for which (1) routinely high airborne concentrations of diacetyl or 2,3-pentanedione (e.g., pouring,
mixing, packaging) exist, (2) the airborne concentration of diacetyl or 2,3-pentanedione is unknown or
unpredictable, and (3) job tasks are associated with highly variable airborne concentrations because of
environmental conditions or the manner in which the job task is performed. In all work environments
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where diacetyl, 2,3-pentanedione, diacetyl-containing flavorings, or flavored products are found control
of exposure through engineering controls should be the highest priority.

NIOSH recommends that employers develop and implement comprehensive occupational safety and
health programs to protect employees with potential exposure to diacetyl, 2,3-pentanedione, and other
potentially hazardous flavoring compounds. This program should include periodic exposure and medi-
cal evaluation and monitoring exposure controls and appropriate employee training on potential health
effects, respiratory protection, and use of controls. Employers should (1) determine employee exposure
to diacetyl, 2,3-pentanedione, and other flavoring compounds used in the workplace; (2) evaluate the
effectiveness of work practice and engineering controls; and (3) facilitate the selection of appropriate
personal protective equipment. Because diacetyl and 2,3-pentanedione are found in cigarette smoke
[Fujioka and Shibamoto 2006; Pierce et al. 2014; Polzin et al. 2007] and e-cigarettes, NIOSH also recom-
mends that all employers make tobacco cessation programs available to employees and have workplaces
that are free of tobacco smoking and vaping with flavored nicotine delivery systems [NIOSH 2015].

All permanent, temporary, and contract employees who work in or enter areas where diacetyl, 2,3-pen-
tanedione, or similar flavoring compounds or products that contain these compounds are used or pro-
duced should be included in the medical monitoring program. Employees who work in or enter these
areas for a total of 40 or more hours per year should be included in the medical monitoring program.
Because of the potentially rapid progression and grave consequences of flavoring-related lung disease, it
is important that the medical monitoring program director be able to quickly evaluate clinical data and
make medical judgments about appropriate diagnostic and therapeutic measures, including medical
removal. For this reason, the medical monitoring program director should be a licensed physician with
training and experience in identifying and preventing occupational lung disease. The medical program
that includes the following:

= good quality spirometry testing for pulmonary function
» medical evaluation for employees found with abnormal spirometry
» removal from exposure pending medical evaluation

= analysis of group medical surveillance and longitudinal spirometry data to assess work-
related risk factors on the basis of job, task, area, and other exposure indices

The purpose of this epidemiologic surveillance is to assist monitoring physicians in assessing the like-
lihood of work-related causes of abnormalities and to prioritize interventions, if needed. Identifying
excessive declines in spirometry, even if absolute spirometric values remain within the normal range,
offers the best opportunity to intervene before progression to symptomatic impairment and to prevent
the development of clinically significant occupational lung disease. The rapid onset and progression of
diacetyl-related lung disease requires more frequent medical monitoring evaluations be done than with
slowly progressive occupational lung diseases, such as silicosis and coal employees pneumoconiosis.
While the focus of this document is on diacetyl and 2,3-pentanedione, NIOSH has concern regarding
other volatile and reactive flavorings potentially capable of producing similar toxic effects. Therefore,
NIOSH recommends that such exposures be carefully considered and controlled in consultation with
workplace safety professionals and the recommendations contained within this criteria document.
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Glossary

2,3-Pentanedione: A diketone (Chemical Abstracts Service No. 600-14-6) used as a synthetic flavoring
agent and aroma carrier. It has a buttery taste and smell. It may be used as either a solid (powder) or as
a liquid. It is structurally very similar to diacetyl.

Acetoin: A hydroxy ketone (Chemical Abstracts Service No. 513-86-0) found in butter flavoring.
Acetoin may be converted to diacetyl through oxidation.

American Conference of Governmental Industrial Hygienists threshold limit value: Voluntary expo-
sure guidelines recommended by ACGIH, a professional organization, for use by industrial hygienists
and others trained in this discipline to assist in the control of health hazards.

Asthma: A chronic inflammatory airway disease that causes episodic wheezing, shortness of breath,
chest tightness, and coughing.

Bronchiolitis obliterans: Disease processes that show some degree of inflammation, narrowing, or
obliteration of small airways (bronchioles) in the lung. Historically, classified into 2 groups: prolifera-
tive bronchiolitis obliterans and constrictive (obliterative) bronchiolitis obliterans which is the type that
has been associated with flavorings exposure.

Constrictive (obliterative) bronchiolitis: A potentially fatal, irreversible lung disease with symptoms
of dry cough and shortness of breath. On biopsy, the bronchioles are compressed and narrowed by
either fibrosis or inflammation. Constrictive (obliterative) bronchiolitis often is characterized by fixed
airway obstruction, but pathologic cases sometimes have normal or restrictive spirometry.

Diacetyl: An alpha-diketone (Chemical Abstracts Service No. 431-03-8) used as a synthetic flavoring
agent and aroma carrier. It has a buttery taste and smell. It may be used as either a solid (powder) or as
a liquid.

Emphysema: An irreversible progressive disease of the lungs that destroys the alveolar tissues of
the lungs.

Encapsulated powder: Ingredients such as diacetyl or other flavor enclosed within a material to
decrease volatility and allow a subsequent release or flavor burst.

Fibrosis: A condition in which lung tissue is replaced over time with scar tissue. This process restricts
the lungs and reduces total lung capacity.

Fixed airways obstruction: A respiratory problem marked by reduced airflow out of the lungs that,
unlike asthma, is not reversible with a bronchodilator medication.

Gas chromatography/mass spectrometry: A method of analyzing mixtures of chemicals qualitatively
and quantitatively.

Mid-expiratory flow rate: The maximum rate of airflow measured between exhaled volumes of 25%
and 75% of the forced vital capacity as measured during a forced exhalation.

Obliterative bronchiolitis: See constrictive bronchiolitis.

Occupational exposure limit: Levels of exposure that most employees may be exposed to for up to 10
hours per day, 40 hours per week, for a working lifetime, without experiencing adverse health effects.
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N-95 filtering facepiece respirator: A term that describes the class of respirators that use N95 filters
to remove particles from the air that is breathed through them. An N95 filter removes at least 95%
of airborne particles during “worst case” testing using a “most-penetrating” sized particle during
NIOSH testing.

NIOSH recommended exposure limit: An 8- or 10-hour time-weighted average, ceiling, or short
term exposure concentration recommended by NIOSH that is based on an evaluation of the health
effects data.

OSHA permissible exposure limit: Regulatory limits indicating an 8-hour time weighted average
exposure unless otherwise noted; a (c) designation denotes a ceiling limit.

Organic vapor cartridge: Devices used in respirators to remove organic vapors from the air.

Priority flavoring (or priority chemical, substance, etc.): Generally used in reference to flavoring com-
pounds on the Flavor and Extract Manufacturers Association priority list [FEMA 2004].

Personal protective equipment: Respirators, work gloves, work boots, and other equipment that
reduce or eliminate employee exposure to hazards.

Prevalence: The number of cases of a disease or condition present in a particular population at a
given time.

Respiratory rate: The number of breaths taken within a certain amount of time, commonly measured
in breaths per minute.

Safety data sheet: A listing of a hazardous chemical’s health and physical hazards, exposure limits, and
precautions (formerly known as material safety data sheet).

Silicosis: a respiratory disease caused by inhaling silica dust.
Slurry: a mixture of liquid and powder ingredients.

Spirometer/Spirometry: An instrument and method for performing a pulmonary function test that
measures the volume or flow of air that can be inhaled or exhaled to assess lung function.

Starter distillate: A steam distillate of the culture of bacteria grown on a medium consisting of skim
milk usually fortified with about 0.1% citric acid. It contains mostly water, and the remainder is a
mixture of butter-like flavor compounds. The major flavoring ingredient is diacetyl, but starter distil-
late also contains minor amounts of acetaldehyde, ethyl formate, ethyl acetate, acetone, ethyl alcohol,
2-butanone, acetic acid, and acetoin.

Short-term exposure limit: Unless otherwise noted, the STEL is the 15-minute TWA exposure that
shall not be exceeded at any time during a workday.

Supplied-air respirator system: An atmosphere-supplying respirator for which the source of breathing
air is not carried by the user.

Tidal volume: The volume of air inhaled or exhaled during a single breath at rest.

Time-weighted average: indicates a time-weighted average concentration for up to a 10-hour work
day during a 40-hour workweek.

Volatile organic compound: An organic chemical compound with high vapor pressure and low boil-
ing point.
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