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Introduction

Maintaining safe and healthy workplac-
es 1s a matter of utmost importance to FEMA
and its members. In August 2004 FEMA pub-
lished the first edition of the report Respira-
tory Health and Safety in the Flavor Manu-

facturing Workplace containing information

to help flavor manufacturers protect workers
from respiratory hazards in the workplace. A
second edition of the report was published in
April 2012, and this, the third edition, pro-
vides new information to assist flavor man-
ufacturers in maintaining safe and healthy
workplaces.

There is broad recognition that flavors
are safe when ingested under their condi-
tions of intended use in food (Hallagan et
al., 2020). However, the initial report from
the National Institute for Occupational Safe-
ty and Health (NIOSH) of serious respiratory
disease, and in some instances skin and eye

irritation, among workers in the microwave
popcorn manufacturing industry (Gomaa et
al., 2001; Akpinar-Elci et al., 2004; Kanwal et
al., 2006) brought new attention to the impor-
tance of the proper handling of flavors by fla-

vor and food manufacturing workers because
they may be exposed to higher concentrations
of flavors through inhalation than consumers
get through food. Several reviews describe
historical aspects of the focus on workplace
safety issues in flavor and food manufactur-
ing (NIOSH, 2003; FEMA, 2004; Clark and
Winter, 2015; Hallagan, 2017; Kreiss, 2017;
Wallace, 2017). The establishment of the Oc-
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cupational and Inhalation Exposures Program
by the National Institute of Environmental
Health and Safety (NIEHS) and the National
Toxicology Program (NTP) further emphasiz-
es the focus on potential occupational inhala-
tion exposures (Ryan, 2021).

The application of the information in this
report to flavor manufacturing workplaces is a
function of the specific aspects of workplaces
and the products handled and manufactured
therein. Because of the unique nature of flavor
manufacturing workplaces, the information in
this report should be used only as a resource.
This report is not a comprehensive survey and
summary of the relevant literature on any top-
ic. Some documents referred to in this report
may be accessed through the links provided
while other reports may be retrieved through
the usual appropriate means.

Like the 2004 and 2012 editions of this
report, this edition is not a respiratory safety
standard but is intended to share information
that flavor manufacturers may find helpful in
maintaining safe workplaces. FEMA is not
responsible for the use or non-use of the in-
formation, or any action or failure to act, in
any specific workplace based on reliance on
this report. It is the responsibility of users of
this report to verify information at it applies to
specific workplaces before acting and to com-
ply with relevant local, state, and federal laws
and regulations. FEMA strongly urges users
of this report to consult with appropriate ex-
perts, including industrial hygienists, pulmo-
nologists, and occupational and environmen-
tal health and safety professionals regarding
specific circumstances relevant to respiratory


http://www.femaflavor.org/sites/default/files/2012RespiratoryHealth/P2_FEMA_Aug_04.pdf
http://www.femaflavor.org/sites/default/files/2012RespiratoryHealth/P2_FEMA_Aug_04.pdf
http://www.femaflavor.org/sites/default/files/2012RespiratoryHealth/P2_FEMA_Aug_04.pdf
http://Hallagan%20J.B.,%20Hall%20R.L.%20and%20Drake%20J.%20The%20GRAS%20provision%20–%20The%20FEMA%20GRAS%20program%20and%20the%20safety%20and%20regulation%20of%20flavors%20in%20the%20United%20States.%20Food%20and%20Chemical%20Toxicology.%20138,%20111236.%202020.
http://Hallagan%20J.B.,%20Hall%20R.L.%20and%20Drake%20J.%20The%20GRAS%20provision%20–%20The%20FEMA%20GRAS%20program%20and%20the%20safety%20and%20regulation%20of%20flavors%20in%20the%20United%20States.%20Food%20and%20Chemical%20Toxicology.%20138,%20111236.%202020.
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/PB2003102267.xhtml
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/PB2003102267.xhtml
https://pubmed.ncbi.nlm.nih.gov/15332401/
https://www.cdc.gov/niosh/hhe/reports/pdfs/2000-0401-2991.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2000-0401-2991.pdf
https://www.cdc.gov/niosh/docs/2004-110/pdfs/2004-110.pdf
https://www.femaflavor.org/sites/default/files/2012RespiratoryHealth/P2_FEMA_Aug_04.pdf
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12150
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12150
https://www.sciencedirect.com/science/article/abs/pii/S0300483X17301506?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300483X16300981?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0300483X17301257?via%3Dihub
https://ntp.niehs.nih.gov/sites/default/files/ntp/about_ntp/bsc/2021/april/presentations/oie_bsc_presentation_508.pdf

health and safety in their flavor manufacturing
facilities.

About This Edition

This edition contains new information
related to regulations, guidance, and other
helpful information published by the Occu-
pational Safety and Health Administration
(OSHA), the National Institute for Occupa-
tional Safety and Health (NIOSH), and others
that has become available since 2012. OSHA
announced significant changes to the feder-
al Hazard Communication Standard (HCS)
in 2012 (OSHA. 2012) to be consistent with
the Globally Harmonized System of Clas-
sification and Labeling of Chemicals (GHS)
developed under an extensive program within
the United Nations (U.N.. 2023). Addition-
al changes were announced in 2024 again to
be consistent with the GHS (OSHA. 2024a).
Hazard communication, and many resources

available for compliance, are discussed in lat-
er sections of this report. Of significance is the
NIOSH “Criteria Document” (McKernan et
al., 2016), and other information from NIOSH
(e.g. Dunn et al., 2015) published since 2012.
Also included in this edition is information on

numerous scientific studies on diacetyl and
related flavoring substances that have been
published since 2012 including studies pub-
lished by NIOSH staff, staff from the National
Toxicology Program (NTP), and others.

The focus on flavoring substances that
may pose a respiratory safety risk if not han-
dled properly in this edition remains on dia-
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cetyl and other volatile short-chain a-dicar-
bonyl substances such as 2,3-pentanedione.
These substances have also been referred to as
a-diketone substances. The mechanism of ac-
tion of volatile short-chain a-dicarbonyl sub-
stances and the potential for resultant respira-
tory toxicity has been described by Hubbs ef
al., 2019. New rodent inhalation toxicology
studies conducted by the NTP and NIOSH
that indicate that while attention should re-
main focused on the volatile short-chain a-di-
carbonyl substances diacetyl and 2,3-pen-
tanedione (Hubbs er al., 2012; Morgan et al.,
2012; Morgan et al., 2016; NTP, 2018), ace-
toin should not be considered to represent the

same level of concern as diacetyl and 2,3-pen-
tanedione (Hubbs er al.. 2019; NTP, 2023;
Card et al., 2023).

While the focus remains on volatile
short-chain a-dicarbonyl substances, new re-
sources available from OSHA, NIOSH, and
others, and the significant amount of new in-
formation gained since the publication of the
2012 edition means that there is no longer a

need to precautionarily prioritize substances
using the parameters described in the 2004
and 2012 editions of this report. The new in-
formation, and new resources, described in
later sections of this report, indicate that pri-
oritization as described formerly in Table 1 of
the previous editions of this report is no lon-
ger needed.


https://www.osha.gov/laws-regs/federalregister/2012-03-26
https://unece.org/transport/dangerous-goods/ghs-rev10-2023
https://www.osha.gov/laws-regs/federalregister/2024-05-20
https://www.cdc.gov/niosh/docs/2016-111/default.html
https://www.cdc.gov/niosh/docs/2016-111/default.html
https://www.cdc.gov/niosh/docs/2015-197/pdfs/2015-197.pdf
https://journals.sagepub.com/doi/10.1177/0192623319879906
https://journals.sagepub.com/doi/10.1177/0192623319879906
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5691339/
https://journals.sagepub.com/doi/10.1177/0192623311431946?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/0192623311431946?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/0192623316638962?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/lt_rpts/tr593_508.pdf
https://journals.sagepub.com/doi/10.1177/0192623319879906
https://ntp.niehs.nih.gov/sites/default/files/ntp/htdocs/st_rpts/tox098_508.pdf
https://pubmed.ncbi.nlm.nih.gov/36803409/

Workplace Safety
Regulatory
Requirements

Federal

The federal Occupational Safety and
Health Act establishes that an employer’s
duty to employees is two-fold: specific duty
requirements that mandate compliance with
workplace safety standards promulgated by
OSHA, and a general duty requirement to that
requires employers to provide a workplace
that is free from recognized hazards and that
is unlikely to cause death or serious physical
harm to employees (see 29 U.S.C. Sec. 654).

There is no federal workplace safety

standard specifically for the flavor manufac-
turing industry. OSHA initiated a rulemaking
process regarding occupational exposures to
diacetyl in January 2009 through an Advance
Notice of Proposed Rulemaking (ANPR)
that requested relevant information related to
workplace exposures to diacetyl (74 Fed. Reg.
3938. 21 January 2009) but OSHA withdrew
the ANPR two months later (74 Fed. Reg.
11329. 17 March 2009) and did not pursue
rulemaking further. However, OSHA made
clear in its National Emphasis Program for

Facilities that Manufacture Food Flavorings
Containing Diacetyl (OSHA. 2009) that the
agency relies heavily on the General Duty

Clause of the Occupational Safety and Health
Act (Section 5(a)(1) of the Act) for broad au-
thority over flavor manufacturing in general,
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and specifically for potential exposure to dia-
cetyl. An OSHA inspection under the Nation-
al Emphasis Program for flavor manufactur-
ing resulted in a flavor manufacturer receiving
citations for deficiencies in hazard commu-
nication, respiratory protection, and person-
al protective equipment (Lee, 2012). Before

initiating the National Emphasis Program for
flavor manufacturing, OSHA implemented a
National Emphasis Program for Microwave
Popcorn Manufacturing Plants which can also
provide useful information for flavor manu-
facturers (OSHA, 2007).

In addition to the General Duty Clause,
the flavor industry is subject to a number of

OSHA regulatory requirements. As discussed
in the subsequent section of this report on oc-
cupational exposure limits (OELs), OSHA
has established OELs as permissible expo-
sure limits (PELs) for only a small number of
flavoring substances. OSHA PELs have the
force of regulation and may be a source of ci-
tations if they are determined to be exceeded
by OSHA. An annotated list of PELs can be
found on the OSHA website (OSHA., 2024b).
The federal HCS applies to flavor man-

ufacturing. The HCS requires that chemical
manufacturers, distributors, and importers
evaluate the chemicals that they produce and
provide hazard information to downstream
employers and employees by providing safe-
ty data sheets (SDSs), and labeling containers
and vessels in compliance with the HCS. As
discussed in the subsequent section on hazard
communication and labeling, OSHA guid-
ance and other resources are available to as-
sist flavor manufacturers in their compliance


https://uscode.house.gov/view.xhtml?path=/prelim@title29/chapter15&edition=prelim
https://www.federalregister.gov/documents/2009/01/21/E9-1125/occupational-exposure-to-diacetyl-and-food-flavorings-containing-diacetyl
https://www.federalregister.gov/documents/2009/01/21/E9-1125/occupational-exposure-to-diacetyl-and-food-flavorings-containing-diacetyl
https://www.osha.gov/laws-regs/federalregister/2009-03-17
https://www.osha.gov/laws-regs/federalregister/2009-03-17
https://www.osha.gov/sites/default/files/enforcement/directives/CPL_03-00-011.pdf
https://www.osha.gov/laws-regs/oshact/section5-duties
https://www.tandfonline.com/doi/abs/10.1080/15459624.2012.663699
https://www.osha.gov/enforcement/directives/cpl-03-00-005
https://www.osha.gov/annotated-pels

activities.

Flavor manufacturers should be familiar
with, and comply with, the OSHA Respirato-
ry Protection Standard (29 C.F.R. 1910.134).
Failure to comply with this standard remains
a common source of OSHA citations. Other
OSHA regulations that are relevant to flavor
manufacturing include, but are not limited to,
injury and illness reporting (OSHA. 2023),
and OSHA’s confined space regulations (29
CFR 1910.146) that may apply to some fla-
vor manufacturers employing large vessels or

tanks in their operations. Guidance on con-
fined space entry and work is available from
OSHA (https://www.osha.gov/confined-spac-
es) and the National Fire Protection Associa-
tion (NFPA, 2022).

California

In 2006, the California Division of Oc-
cupational Safety and Health (Cal/OSHA)
implemented the Flavor Industry Safety and
Health Evaluation Program (FISHEP) with
the assistance of FEMA. This program result-
ed in workplace safety consultations by Cal/
OSHA with flavor manufacturers operating in
California. FISHEP assisted California flavor
manufacturers in maintaining safe workplac-
es and provided important information used
in the adoption of a workplace safety regu-
lation specifically for flavor manufacturing
in California in 2010 (C.C.R. Title 8, Section
5197) The regulation contains a “1% cut-

off” for diacetyl in compounded flavors and
contains provisions related to flavoring sub-
stances considered as “alternatives” to diace-
tyl — acetoin, 2,3-pentanedione (acetyl propi-
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onyl), diacetyl trimer, 2,3-hexanedione, and
2,3-heptandione. The state’s final statement
of reasons explains the rationale for the reg-
ulations (California Occupational Safety and
Health Standards Board, 2009). While there
has been little activity with this regulation in
recent years, the regulation remains in force
and flavor manufacturers in California should
follow its requirements. California remains
the only state or federal agency to promulgate
workplace safety regulations specific for fla-
vor manufacturing workplaces.

Government Agency Guidance and Advice

OSHA and NIOSH maintain web pages
on flavorings-related lung disease. The OSHA
page can be found at www.osha.gov/SLTC/
flavoringlung/index.html and the NIOSH
page at http://www.cdc.gov/niosh/topics/fla-

vorings. NIOSH also has a science blog on di-

acetyl and food flavorings at http://blogs.cdc.
gov/niosh-science-blog/2008/11/10/diacetyl/.
Among other available resources is an OSHA
Worker Alert (OSHA., 2010).

In 2015, NIOSH published the report,
Best Practices — Engineering Controls,

Work Practices, and Exposure Monitoring
for Occupational Exposures to Diacetyl and
2,3-Pentanedione (Dunn et al., 2015). The
following year NIOSH published the nearly
400-page “Criteria Document,” Criteria for

a Recommended Standard — Occupational
Exposure to Diacetyl and 2,3-Pentanedione
(McKernan et al., 2016). This report contains
a wealth of information and covers a number

of critical subjects including exposure moni-
toring and control, recommended OELs for


https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.134
https://www.osha.gov/laws-regs/federalregister/2023-07-21
https://www.ecfr.gov/current/title-29/subtitle-B/chapter-XVII/part-1910/subpart-J/section-1910.146
https://www.ecfr.gov/current/title-29/subtitle-B/chapter-XVII/part-1910/subpart-J/section-1910.146
https://www.osha.gov/confined-spaces
https://www.osha.gov/confined-spaces
https://www.bing.com/ck/a?!&&p=5e531c6290f395e9JmltdHM9MTcxOTI3MzYwMCZpZ3VpZD0yNmM2MGQ3Ni05NDY0LTZmNGQtM2I5ZC0xOTUwOTVkNDZlY2EmaW5zaWQ9NTE5Mw&ptn=3&ver=2&hsh=3&fclid=26c60d76-9464-6f4d-3b9d-195095d46eca&psq=National+Fire+Protection+Association+(NFPA).+NFPA+350+%e2%80%93+Guide+for+safe+confined+space+entry+and+work.+www.NFPA.org.+2022.&u=a1aHR0cHM6Ly9ncm93c2FmZWhzZS5jb20vd3AtY29udGVudC91cGxvYWRzLzIwMjQvMDMvTkZQQS0zNTAtR3VpZGUtZm9yLVNhZmUtQ29uZmluZWQtU3BhY2UtRW50cnktYW5kLVdvcmsucGRm&ntb=1
https://www.dir.ca.gov/title8/5197.html
https://www.dir.ca.gov/title8/5197.html
http://www.osha.gov/SLTC/flavoringlung/index.html
http://www.osha.gov/SLTC/flavoringlung/index.html
http://www.cdc.gov/niosh/topics/flavorings
http://www.cdc.gov/niosh/topics/flavorings
http://blogs.cdc.gov/niosh-science-blog/2008/11/10/diacetyl/
http://blogs.cdc.gov/niosh-science-blog/2008/11/10/diacetyl/
https://www.osha.gov/sites/default/files/diacetyl-worker-alert.pdf
https://www.cdc.gov/niosh/docs/2015-197/pdfs/2015-197.pdf
https://www.cdc.gov/niosh/docs/2016-111/default.html

diacetyl and 2,3-pentandione, and medical
monitoring of workers. Although this report
focuses on diacetyl and 2,3-pentanedione,
the respiratory health and safety principles
described in the report have relevance to po-
tential exposures to other flavoring substances
and to flavor manufacturing in general.
Important information is also available
through the NIOSH program of Health Haz-
ard Evaluations (HHEs) that describe eval-
uations on a variety of workplaces. NIOSH
HHE reports are available on the NIOSH
website at www.cdc.gov/niosh/hhe/. Sever-

al types of facilities relevant to the flavor in-
dustry have been evaluated by NIOSH. HHEs
for flavoring manufacturing facilities include
Kanwal and Kullman (2007), Bailey et al.
(2008), Sahakian et al. (2009), and Cum-
mings et al., (2013a). While there have been
no additional HHEs on flavor manufacturing
since 2013, NIOSH has continued to evaluate
potential occupational exposures to diacetyl
and 2,3-pentanedione in other industries such
as dairy food manufacturing facilities (Bai-

ley and Piacitelli, 2013), snack food manu-
facturing facilities (Cummings ef al., 2013b;

Hawley et al., 2016), pet food manufacturing

(LeBouf er al., 2014), vaping shops (Zwack

et al.. 2018), and coffee processing facilities
(Bailey et al., 2020).
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Respiratory Health
and Safety in Flavor
Manufacturing
Facilities

Introduction

Reports of respiratory illness in flavor
manufacturing indicate the need for respira-
tory health and safety programs in these fa-
cilities (Lockey et al., 2002; FEMA. 2004;
VanRooy et al., 2007; VanRooy et al., 2009;
Kanwal and Kullman, 2007; Bailey et al.
2008; Sahakian et al. 2009; Kreiss, 2012;
Lee, 2012; Cummings et al., 2013a). Pre-
vious editions of this report (FEMA. 2004;
FEMA, 2012) together with FEMA-spon-
sored workshops, and consistent sharing of

relevant workplace safety information with
FEMA members up to the present have helped
many flavor manufacturers to make enduring
changes in processes, procedures, and com-
munication to provide employees with work-
places free from respiratory safety risk. This
report describes numerous resources that fla-
vor manufacturers may consult to develop re-
spiratory health and safety programs for their
facilities. This report is not intended to be ex-
haustive but rather to identify resources to as-
sist flavor manufacturers as they develop their
own respiratory health and safety programs.

vary
greatly in size, structure, age, manufacturing

Flavor manufacturing facilities

technologies employed, flavoring substances


http://www.cdc.gov/niosh/hhe/
https://www.cdc.gov/niosh/hhe/reports/pdfs/2006-0303-3043.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0033-3074.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0033-3074.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0327-3083.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2012-0012-3192.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2012-0012-3192.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2011-0102-3194.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2011-0102-3194.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2011-0037-3172.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2014-0056-3259.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2012-0260-3202.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2016-0120-3307.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2016-0120-3307.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2012-0170-3372.pdf
https://www.femaflavor.org/sites/default/files/2012RespiratoryHealth/P2_FEMA_Aug_04.pdf
https://www.atsjournals.org/doi/10.1164/rccm.200611-1620OC?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://oem.bmj.com/content/66/2/105.long
https://www.cdc.gov/niosh/hhe/reports/pdfs/2006-0303-3043.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0033-3074.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0033-3074.pdf
https://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0327-3083.pdf
https://journals.lww.com/clinpulm/abstract/2012/07000/respiratory_disease_among_flavoring_exposed.3.aspx
https://www.tandfonline.com/doi/abs/10.1080/15459624.2012.663699
https://www.tandfonline.com/doi/abs/10.1080/15459624.2012.663699
https://www.cdc.gov/niosh/hhe/reports/pdfs/2012-0012-3192.pdf
https://www.femaflavor.org/sites/default/files/2012RespiratoryHealth/P2_FEMA_Aug_04.pdf
https://www.femaflavor.org/sites/default/files/2018-06/FEMA%202012%20Respiratory%20Health%20and%20Safety%20in%20Workplace.pdf

stocked and handled, types of flavors manu-
factured, and many other characteristics, and
therefore present significant variability in
opportunities for exposure to flavoring sub-
stances as described by Martyny e al. (2008)
who evaluated potential diacetyl exposures in

sixteen flavor manufacturing facilities. Man-
ufacturing processes may range from simple
blending and packaging to more complicat-
ed processes that include repeated heating of
flavoring substances that are mixed and heat-
ed again, extraction at room temperature and
with heat, and other processes that may result
in opportunities for exposure. Some facilities
have extensive automated processes that min-
imize opportunities for exposure while others
have little automation and rely on workers
manipulating large quantities of flavors and
other materials by hand during the formula-
tion and packing processes. Because of this
great variability, “one size fits all” solutions
for respiratory health and safety programs are
not appropriate. The following sections of this
report summarize a framework for developing
a respiratory health and safety program for
flavor manufacturing facilities.

Hazard identification

More than 3,000 chemically-defined
flavoring substances and natural flavoring
complexes are commonly used to formulate
flavors. The vast majority of flavoring sub-
stances have chemical and physical charac-
teristics that would make it unlikely that they
would pose a risk of respiratory injury in the
workplace. Most of the substances are not sig-
nificantly volatile and do not have a signifi-
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cant degree of reactivity. However, some low
molecular weight chemically-defined flavor-
ing substances may have sufficient volatility
and/or reactivity to pose a risk of respiratory
injury when improperly handled.

The U.S. Food and Drug Administration
(FDA) is responsible for the regulation of
the addition of flavoring substances to food
through several regulatory pathways (Hall-
agan ef al., 2020). Inhalation data are not re-

quired by FDA to establish regulatory author-
ity to use substances as flavors added to food
so historically the focus on potential toxicity
has been on the ingestion route of exposure.
As a result, relatively few flavoring substanc-
es have been studied for potential inhalation
toxicity. In addition to there being few flavor-
ing substances with inhalation toxicity data,
the interpretation and relevance of the results
of inhalation studies in rats and mice is of-
ten constrained by the significant anatomic
and physiologic differences between rodents
and humans (Morgan et al., 2008; Morris
and Hubbs, 2009; Morgan et al., 2012; SOT
2018). For example, unlike humans, rodents
are obligate nose-breathers and the human na-

sal cavity is shorter, has fewer turbinates, and
a smaller surface area for removal of reactive
chemicals compared with the rodent nasal
cavity.

Even though there are difficulties in
studying inhalation exposures in rodents, in-
formation on occupational inhalation expo-
sures to diacetyl has generally been support-
ed by the results of animal inhalation toxicity
studies of diacetyl indicating a variety of ef-
fects on the respiratory tracts of rats and mice


https://www.tandfonline.com/doi/abs/10.1080/15459620802368463
https://www.sciencedirect.com/science/article/abs/pii/S0278691520301241?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691520301241?via%3Dihub
https://academic.oup.com/toxsci/article/103/1/169/1694442?login=false
https://academic.oup.com/toxsci/article/108/1/173/1672452?login=false
https://academic.oup.com/toxsci/article/108/1/173/1672452?login=false
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(e.g. Hubbs et al., 2002; Hubbs et al., 2004;
Hubbs et al., 2008; Goravanahally et al..
2014; NTP, 2018). A number of studies and
models have explored potential mechanisms

of toxicity for diacetyl (Palmer ez al., 2011;
Hubbs et al., 2012; More et al., 2012; Dworak
et al., 2013; Zaccone et al., 2013; Zaccone et
al., 2015; Hubbs et al., 2016; Brass and Palm-
er, 2017; Cichocki and Morris, 2017). Hubbs
et al., (2019) reviewed much of this work and
described new mechanistic data that implicate
a-dicarbonyl compounds, including diacetyl,

in airway injury and flavorings-related lung
disease.

A significant number of animal studies
on diacetyl and its close structural relative,
2,3-pentanedione, support maintaining atten-
tion on these substances in flavor and food
manufacturing (e.g. Anderson et al., 2013;
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as flavoring substances, a-pinene, b-pinene,
delta-3-carene, and d-limonene, in a variety
of workplaces and occupational exposure
scenarios, including flavor manufacturing
(Christensen, 2023). The rationale for the
NIOSH terpene exposure study is the obser-
vation of a variety of toxic effects in rodent
inhalation studies conducted by the National
Toxicology Program (NTP). These studies
include two-year chronic toxicity/carcinoge-
nicity studies in rats and mice on a-pinene ad-
ministered by inhalation. Information on the
findings from these studies has not been made
publicly available yet but other reports from
NTP on in vitro studies suggest a focus on the
potential carcinogenicity of a-pinene oxide, a
metabolite reported in rodents following inha-
lation exposure to a-pinene (Fernando ef al.
2021; Waidyanatha et al., 2021; Waidyanatha

Morgan et al., 2016; Anders, 2017; Flake and

etal 2022).

Morgan, 2017; NTP, 2018; NTP, 2023). Sev-
eral structurally-related substances, 2,3-hex-
anedione, 3,4-hexanedione, and 2,3-heptane-
dione do not appear to have the same level

of potential toxicity as diacetyl and 2,3-pen-
tanedione. While acetoin may be converted
to diacetyl through oxidation under certain
conditions that may occur during handling
(McKernan et al., 2016), studies by Hubbs et

The IFRA-IOFI Labelling Manual 2023
(IFRA-IOFI, 2023), developed and main-
tained jointly by the International Fragrance
Association (IFRA) and the International
Organization of the Flavor Industry (IOFI),
contains useful information on potential inha-
lation hazards through the assignment of clas-

sifications according to the UN GHS guidance
(OSHA. 2024; U.N., 2023). Other informa-

al., (2019), and NTP (2023), and an analysis
of the NTP studies (Card ez a/., 2023) demon-

strate that acetoin itself does not have signif-

icant potential for respiratory toxicity when
inhaled under the conditions of the Hubbs et
al. and NTP studies.

In 2023 NIOSH initiated an occupa-
tional exposure study of four terpenes used

tion useful in hazard identification are data
from the FEMA poundage surveys. Data from
surveys conducted for the years 1995, 2005,
2010, 2015, and 2020 represent the amount
of each FEMA GRAS flavoring substance es-
timated to “disappear” (be available for use)
into the U.S. food supply in a given year (e.g.
Harman et al., 2023). This information allows
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for an estimate of the trends in use for flavor-
ing substances.

Assessment of potential exposures

An exposure assessment often is a first
step in assessing the need for employing
methods to reduce exposures to potentially
hazardous substances. Monitoring at regular
intervals for the presence of certain vapors and
particulates when reliable methods are avail-
able can provide valuable information on po-
tential exposures and can guide the implemen-
tation of effective controls. A critical issue in
any monitoring program is identifying the ap-
propriate substances to monitor. NIOSH has
focused on diacetyl and 2,3-pentanedione in
flavor and food manufacturing and provides
a thorough discussion of analytical methods
and sampling in the NIOSH Criteria Docu-
ment (McKernan et al., 2016). The NIOSH
Manual of Analytical Methods NMAM) is a
compilation of methods used by the agency
and is a key resource (NIOSH. 2020).

OSHA included a description of ana-
lytical methods for a number of flavoring
substances including diacetyl in its Nation-

al Emphasis Program for flavor manufactur-
ing (OSHA. 2009). Also relevant are reports
by Cox-Ganseref al. (2011) and Day et al.
(2011) on analyzing for diacetyl and 2,3-pen-
tanedione. Boylstein e a/. (2006) analyzed

diacetyl and dust emissions from butter fla-
vorings used to manufacture microwave pop-
corn, and Rigler and Longo (2010) described

the methods they used to analyze butter fla-
vors and natural butter for diacetyl content.
Rincon-Delgadillo et al. (2012) described
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analyses for diacetyl in butter starter distillate
and certain dairy foods.

Analyzing emissions from individual
compound flavors presents a number of chal-
lenges due to variability in composition and
conditions under which the analysis is per-
formed. Due to these challenges, exposure
modeling may be useful in certain instances
(AIHA, 2020). Angelini ef al. (2016) refined
the ECETOC-TRA (European Centre for
Ecotoxicology and Toxicology of Chemi-

cals—Target Risk Assessment) model using
correction factors to more realistically assess
occupational respiratory exposure in flavor
and fragrance manufacturing settings. Their
refined model overestimated exposures for
98% of the values obtained compared with
the experimental values measured in real con-
ditions whereas the ECETOC-TRA model
overestimated exposures for only 37% of the
values obtained compared to the experimental
values. Given the importance of ensuring that
estimates of exposure obtained through mod-
eling software are overestimated rather than
underestimated, the Angelini et al. method of-
fers a useful refinement to the ECETOC-TRA
modeling software.

The importance of environmental mon-
itoring is also emphasized by the workplace
exposure study NIOSH has initiated on four
terpenes (a-pinene, b-pinene, delta-3-carene,
and d-limonene) in which NIOSH will eval-
uate a variety of workplaces, including fla-
vor manufacturing, as a prelude to a possible
health effects study if it is determined that sig-
nificant exposures occur (Christensen, 2023).
NIOSH identified analytical methods for
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the terpenes relevant to this study (NIOSH
2020a; NIOSH 2020b).

Occupational Exposure Limits

In the U.S., occupational exposure lim-
its (OELs) include permissible exposure lim-
its (PELs) established by OSHA that have
the force of regulation, threshold limit val-
ues (TLVs) and short-term exposure limits
(STELSs) established by the American Con-
ference of Government Industrial Hygienists
(ACGIH) that are voluntary guidelines, and
proposed OELs developed by others. It is im-
portant to note that OELs apply to specific
routes of potential exposure in occupational
settings. For example, OELs are commonly
established for potential occupational inhala-
tion and dermal exposures. Very few FEMA
GRAS flavoring substances have occupation-
al exposure limits (OELs) of any kind. As of
2024, less than 1.0% of FEMA GRAS flavor-
ing substances have OELs. An annotated list
of PELs is available on the OSHA website
(OSHA, 2024b).

Diacetyl and related substances such
as 2,3-pentanedione have not been assigned
PELs or STELS by OSHA. While a number
of OELs have been proposed for diacetyl and

2,3-pentandione (e.g Maier et al., 2010; Egil-
man et al., 2011; ACGIH, 2024; Beckett et
al., 2019; Card et al., 2023) the OELSs recom-
mended by NIOSH in its 2016 report, Criteria
for a Recommended Standard — Occupational

Exposure to Diacetyl and 2,3-Pentanedione
(McKernan et al.. 2016) are the most widely
recognized. NIOSH recommended exposure
limits (RELs) for diacetyl and 2,3-pentanedi-
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one are 5 ppb/8 hour time-weighted average
(TWA) and 9.3 ppb/8 hour TWA, respective-
ly. NIOSH also recommended short-term ex-
posure limits (STELSs) for each substance — 25
ppb/15 minutes for diacetyl and 31 ppb/15
minutes for 2,3-pentanedione.

As discussed in the Hazard Identification
section of this report, NIOSH has initiated an
exposure study in a variety of workplaces on
four terpenes: a-pinene, b-pinene, delta-3-
carene, and d-limonene. While there are no
PELs for the four terpenes, the OSHA PEL for
turpentine, of which a-pinene is the predomi-
nant terpene, is 100 ppm/8 hr TWA. The AC-
GIH TLVs for turpentine, a-pinene, b-pinene,
and delta-3-carene are 20 ppm/8 hr. TWA for
each material. Relevant analytical methods
are available from NIOSH (NIOSH. 2020a;
NIOSH 2020b). The NIOSH exposure study
is expected to continue for several years and
while there is significant uncertainty wheth-

er inhalation exposure to a-pinene and other
terpenes pose a hazard and risk in the flavor
manufacturing workplace, it is worthwhile to
consider action in the face of this uncertainty,
and out of an abundance of caution, to reduce
occupational exposure to these terpenes.
OELs may be established and enforced
in other countries and regions. For example,
in 2017 the European Union adopted occu-
pational exposure limits for diacetyl of 0.02
ppm/8-hour TWA, and a STEL of 0.1 ppm
(EU, 2017). Card et al. (2023) provide a sum-
mary of OELs for diacetyl and 2,3-pentanedi-
one in several countries and regions but note

the difficulties in verifying some of them.
Flavor manufacturers and users should check

11


https://www.cdc.gov/niosh/docs/2003-154/pdfs/1552.pdf
https://www.cdc.gov/niosh/docs/2003-154/pdfs/1552.pdf
https://www.cdc.gov/niosh/nmam/pdf/3900.pdf
https://www.osha.gov/annotated-pels
https://www.sciencedirect.com/science/article/abs/pii/S0273230010001030?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1179/107735211799031013
https://www.tandfonline.com/doi/abs/10.1179/107735211799031013
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.techstreet.com%2Fproducts%2F2578985&data=05%7C02%7Ccdinuoscio%40acgih.org%7C2829ed3fddd24f7c9cb508dc0ba0dd78%7C0124e6b146f348c486752184c9480ee2%7C1%7C0%7C638398032756608976%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=QAHp5fXi0ZuquZSC0xlnVV4gj1K%2FOqZE1%2FCJ5aJLSS4%3D&reserved=0
https://pubmed.ncbi.nlm.nih.gov/30620996/
https://pubmed.ncbi.nlm.nih.gov/30620996/
https://pubmed.ncbi.nlm.nih.gov/36803409/
https://www.cdc.gov/niosh/docs/2016-111/default.html
https://www.cdc.gov/niosh/docs/2003-154/pdfs/1552.pdf
https://www.cdc.gov/niosh/nmam/pdf/3900.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32017L0164
https://pubmed.ncbi.nlm.nih.gov/36803409/

regulations and available guidance in the ju-
risdictions in which they operate for relevant
OELs.

Occupational Exposure Banding
Occupational exposure banding, also re-
ferred to as control or hazard banding, may be
useful in the absence of an OEL for a possible
occupational exposure hazard. These tech-
niques represent a process of assigning sub-
stances into bands or categories based on a
substance’s toxicological potency and the risk
of adverse health effects that may be associat-
ed with exposure. The result of this process is
an occupational exposure band (OEB) which
is a range of exposure concentrations where
worker health can be expected to be protect-
ed (AIHA. 2021). Given the small number
of flavoring substances with OELs, OEB ap-
proaches may be helpful in certain instances.

Numerous resources are available to explore
the development of OEBs (McKernan ef al.,
2016a; Scheffers et al., 2016; ATHA, 2021,
NIOSH, 2021; Mercer, 2023).

Management and Employee Awareness
Through Education, Training and Hazard
Communication

Even though there have been signifi-
cant efforts made for more than twenty years
by FEMA, NIOSH, and OSHA to increase
awareness of the potential workplace hazards
associated with diacetyl and other flavoring
substances, it is impossible to assure that all
flavor and food manufacturers are aware of
the potential hazards. Exposure limits, even
when adopted and enforced, do not guarantee
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protection from occupational injury because
potential hazards often go unrecognized until
relevant data become available or until there
is a sentinel event. Workers and employers
may not know the identity of every substance
to which they are exposed.

Thorough education and communication
among both management and employees of
flavor manufacturers are critical to the success
of any workplace health and safety program.
Formal, mandatory hazard communication
and training sessions assure that employees
have the appropriate awareness of respiratory
safety issues. Task areas that merit focus in-
clude:

 Personnel who blend and mix flavors
in bulk quantities, especially those
exposed to heated flavors, and
the powder flavor and spray-dry
manufacturing processes

* Personnel who pack flavors (liquid or
dry)

* Quality assurance personnel and
flavorists who may have repeated
exposure to flavors even though
exposure may be in smaller amounts

Hazard communication - SDSs

Clear communication of hazards is of
critical importance to employers and employ-
ees who may have occupational exposures to
hazardous chemicals. Flavor manufacturers
and suppliers cannot in all instances know
how their customers will use a flavoring sub-
stance. In many instances, a customer may
choose to keep information on how they will
use a flavoring substance confidential to pro-
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tect valuable trade secret information relat-
ed to their products. In other instances, cus-
tomers may communicate to a supplier how
they plan to use a flavor but then modify their
plans. The OSHA Hazard Communication
Standard (OSHA. 2012; OSHA. 2024a; 29
CFR Parts 1910,1915, and 1926; www.osha.
gov/hazcom) establishes a minimum for haz-
ard communication through its safety data

sheet (SDS) and labeling requirements using
the Globally Harmonized System of Classifi-
cation and Labeling of Chemicals (GHS) as
explained by OSHA (OSHA. 2012; OSHA.,
2024a) and the United Nations (U.N., 2023).
The HCS requires that chemical manu-

facturers, distributors, and importers provide
SDSs for chemicals to downstream users that
contain information on the physical and health
hazards identified for the chemical along with
safety precautions and protective measures
that should be employed when handling, stor-
ing and transporting the chemical. The devel-
opment and provision of SDSs is an individu-
al company obligation. FEMA does not, and
has never, compiled or published SDSs, or
reviewed or approved company SDSs. FEMA
has assisted members in meeting their hazard
communications obligations only by serving
as one source for potentially relevant informa-
tion.

The preambles to the HCS final rules
(OSHA. 2012; OSHA. 2024a) contain infor-
mation helpful in complying with the HCS.

Other resources available from government
agencies include OSHA’s guidance issued in
2007 on hazard communication as it relates to
diacetyl (OSHA. 2007). OSHA has informal-
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ly stated that its 2007 guidance also applies
to 2,3-pentanedione although OSHA did not
revise the guidance to include this flavoring
substance. OSHA also issued general guid-
ance on enforcement (OSHA. 2015) and haz-
ard classification (OSHA. 2016). Significant
resources are available in the Hazard Commu-

nication section of the OSHA website includ-
ing interpretation letters OSHA has issued
explaining the standard. The NIOSH Crite-
ria Document contains helpful information.
NIOSH has noted issues and concerns with
hazard communication related to diacetyl and
2,3-pentanedione (LeBoufer al., 2019).

In addition to commercial databases

and consulting firms, several resources are
available to FEMA members to assist them
in compiling SDSs. A key resource available
to FEMA members is the IFRA-IOFI Label-
ling Manual 2023 (IFRA-IOFI, 2023). The
I[FRA-IOFI Labelling Manual 2023 provides
information on hazard identification and the
harmonization of hazard statements for hazard

communications purposes consistent with the
requirements of the GHS and can be accessed
through the Member Resources section of the
FEMA website (www.femaflavor.org) using
FEMA members’ access to the IOFI Member
Network (www.iofi.org). Helpful information
can also be found in the OSHA GHS Compli-
ance Guide published by FEMA and the Inter-
national Fragrance Association North Ameri-
ca (FEMA/IFRANA, 2014).

Hazard communication - labeling
In addition to hazard communication
through the provision of SDSs, the HCS man-
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dates labeling containers, packages and ves-
sels containing hazardous materials (29 CFR
1910.1200(f)) providing an additional op-
portunity for flavor manufacturers to interact
with customers to assure that customers re-
ceive helpful information related to the safe
handling and use of flavors in their production
processes. The resources described above for
compiling SDSs including the OSHA GHS
Compliance Guide (FEMA-IFRANA, 2014)
and the IFRA-IOFI Labelling Manual 2023
are also helpful in complying with HCS la-
beling requirements. If flavor manufacturers
choose to provide supplementary labeling in
addition to labeling required by regulation
such additional language should not be sub-
stituted for, or used in lieu of, any of the re-
quirements of the HCS labeling provisions at
29 CFR 1910.1200(1).

Controlling Potential Exposures
Employing the basic principles that com-
prise the well-recognized industrial hygiene
hierarchy of controls (Cullinan ef al., 2017)
can greatly reduce opportunities for hazard-
ous exposures in flavor manufacturing facil-

ities:

 FElimination of the potentially
hazardous substance

 Substitution for the potentially
hazardous substance

* Engineering controls to reduce/prevent
possible exposures

* Administrative controls to reduce/
prevent possible exposures

* Personal protective equipment to
protect against exposures
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Product elimination and substitution

In some instances it is not possible to
eliminate or substitute for potentially hazard-
ous flavoring substances because alternatives
are not available, or because of the difficulty
in achieving the desired flavor profile. How-
ever, through substitution it may be possible
to reduce the concentration of a potentially
hazardous substance in the compounded fla-
vor. Product substitution may be employed
when it is suspected that a substance may be
hazardous and can be replaced with one that
is not. The unique nature of the flavor impart-
ed by certain substances, many of which are
naturally-occurring constituents of food, may
make it difficult to identify substitutes that
function properly in the food to which they
are added and that meet consumer expecta-
tions.

The history of concerns associated with
occupational inhalation exposures to butter
flavors illustrates issues that arise in product
elimination and substitution strategies. As
information became available in the early to
mid-2000s related to occupational exposures
to butter flavors containing diacetyl (Gomaa
et al., 2001; Kreiss et al., 2002; NIOSH
2003; FEMA. 2004) the flavor industry be-
gan to identify potential substitutes for diace-
tyl that would meet consumer expectations.

In exploring potential substitutes for diace-
tyl, the flavor industry initially focused on
2,3-pentanedione, an a-dicarbonyl substance
that is a close structural relative of diacetyl
and has a flavor profile more similar to dia-
cetyl than longer-chain a-dicarbonyl flavoring
substances 2,3-hexanedione, 3,4-hexandione,
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and 2,3-heptanedione.

In 2010 OSHA published a “Worker
Alert” on diacetyl and potential substitutes
noting that “some diacetyl substitutes may
also cause harm” and stated that 2,3-pentand-
ione, 2,3-hexanedione, and 2,3-heptanedione
“have not been proven to be safe” in potential
workplace exposure settings (OSHA. 2010).
NIOSH requested information on flavoring

substances that may be used as substitutes
(76 Fed. Reg. 1434. 10 January 2011). FEMA
provided information to NIOSH on six flavor-

ing substances that it was aware of that may
serve as substitutes for diacetyl: the a-dicar-
bonyl substances 2,3-pentanedione, 2,3-hex-
anedione, 3,4-hexandione, 2,3-heptanedione,
and acetoin and diacetyl trimer. Subsequently
it became apparent that butter starter distillate
could be used as a substitute for diacetyl but
this material is known to contain relatively
high levels of diacetyl (LSRO/FASEB. 1980;
FDA. 1982) and should not be considered a
safe substitute for diacetyl. FEMA has learned
that diacetyl trimer is not used as a substitute

for diacetyl and it has had no reported use in
FEMA'’s recent poundage surveys. An envi-
ronmental monitoring study conducted by
NIOSH at a microwave popcorn production
plant evaluated eight different butter flavor-
ings for the presence of “diacetyl substitutes.”
The substitutes included acetoin in five sam-
ples, 2,3-pentanedione in four, and 2,3-hex-
anedione in one (Boylstein, 2012). Acetoin is

not a volatile short-chain a-dicarbonyl flavor-
ing substance but imparts a “buttery” flavor
and, based on recent rodent inhalation studies,
does not represent the same level of concern
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as diacetyl and 2,3-pentanedione (Hubbs er
al.,2019; NTP, 2023; Card et al., 2023).

A number of groups have published ro-
dent studies evaluating the potential inhala-

tion toxicity of potential diacetyl substitutes.
Several studies have evaluated the compara-
tive potential toxicity of diacetyl and 2,3-pen-
tanedione and found that both substances are
associated with similar rodent respiratory
tract toxicity, among other effects (Morgan et
al., 2008; Hubbs et al., 2012; Morgan et al.,
2012). In 2013, NIOSH published a HHE on
a flavoring manufacturing facility where it

appears that illness may have arisen from ex-
posure to 2,3-pentanedione used as an alter-
native to diacetyl (Cummings et al., 2013a).
As a result of these findings, NIOSH focused
attention on diacetyl and 2,3-pentanedione

in their Criteria Document (McKernan et al.,
2016). Singal et al. (2012) reported the results
of an inhalation study of 2,3-pentanedione in

rats using whole body exposures of 8.8, 17.5,
and 35 ppm of for two weeks. No respirato-
ry tract toxicity was observed at the lowest
concentration tested, 8.8 ppm. The authors
note that the 8.8 ppm no-adverse-effect lev-
el concentration is significantly higher than
the REL of 9.3 ppb/8 hour TWA proposed for
2,3-pentandione by NIOSH (McKernan et
al., 2016). With respect to other a-dicarbon-
yl flavoring substances, a comparative study
demonstrated similar potential of diacetyl,

2,3-pentanedione, 2,3-hexanedione, 3,4-hex-
anedione, and 2,3-heptanedione to induce
dermal irritation and sensitization in mice
(Anderson et al., 2013).

The National Toxicology Program (NTP)
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published the results of two-week and three-
month inhalation studies in rats and mice with
2,3-pentanedione and acetoin (NTP, 2023). In
the 2,3-pentanedione studies, rats and mice

were exposed to 2,3-pentanedione vapors at
concentrations up to 100 ppm. In the acetoin
studies, rats and mice were exposed to ace-
toin vapors at concentrations up to 800 ppm.
NTP concluded, “Under the conditions of this
inhalation study, there were no significant ex-
posure-related adverse effects in rats or mice
exposed to acetoin for 2 weeks or 3 months.
Exposure to 2,3-pentanedione via whole-body
inhalation for 3 months caused significant ad-
verse effects primarily in the respiratory tract
but also in the eyes, of rats and mice.” (NTP,
2023).

Engineering and Administrative Controls
Flavoring substances and mixtures,
whether liquid or dry, should be handled in
such a way as to minimize the disbursement of
airborne aerosols or particulate matter (McK-

ernan ef al., 2016). This means that mixing,
blending and other physical manipulation ac-
tivities should be performed in closed systems
when possible. When systems must remain
open then local exhaust ventilation should be
used. Fume hoods are commonly used in re-
search and development laboratories. Dilution
through general room ventilation is generally
not recommended and seldom results in expo-
sure reduction unless extremely high volumes
of air are circulated, and may even result in a
greater number of workers being exposed.

A key aspect of evaluating potential risk
of exposure for flavoring substances is volatil-
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ity. The molecular weight and calculated va-
por pressure of flavoring substances are help-
ful in assessing volatility. Heating increases
volatility and therefore air concentrations of
flavoring substances and, thus, is of particular
concern with regard to potentially hazardous
respiratory exposures. Mixing of heated fla-
vors should be conducted in closed vessels
with local ventilation. To minimize emission
of volatile chemicals into the air, heated pro-
cesses should be maintained at the lowest pos-
sible temperature. Workers should not open
heated vessels to conduct visual inspections
in such a way as to create an opportunity for
exposure. In instances when workers must
work near open vessels that are heated and
cannot be closed or do not have local ventila-
tion, potential exposures should be promptly
evaluated by environmental sampling, and if
potential exposures are elevated, then proper
personal protective equipment should be em-
ployed.

Flavor compounding activities such as
mixing or pouring can result in significant ex-
posures. In most instances, mixing of liquid
and dry flavors should be conducted in fully
or partially closed vessels with local ventila-
tion. Opportunities for the generation of air-
borne particles and aerosols should be mini-
mized. Proper pouring techniques for liquid
and dry flavors can greatly reduce opportuni-
ties for exposure.

For liquid flavoring substances, tech-
niques can be adopted that pipe material into
mixing vessels so that workers do not have to
pour. In some instances, it is appropriate to
pipe in liquids below the surface of solutions
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in vessels to minimize splashing. This is par-
ticularly important for volatile substances. For
dry and powdered flavors, pouring should be
conducted in such a way that the generation
of airborne particulates is minimized to re-
duce potential exposures as well as the poten-
tial for static build-up and combustible dust
explosions. Proper pouring techniques such
as pouring slowly close to the mixing vessel
can greatly minimize airborne particulates.
Mixing ingredients in an order in which dry
ingredients are added last to liquid mixtures
also can minimize particulate generation. Lo-
cal exhaust ventilation is the most effective
control for these operations. Systems can be
designed that will allow easy pouring and at
the same time control exposures.

Packaging activities can result in signif-
icant opportunities for exposure, especially
when dry flavors are filled into bags, boxes or
drums under pressure. Closed systems should
be used when possible but, unless there is an
unusually high degree of automation, work-
ers will have opportunities for exposure as
filled containers must be replaced with empty
ones, and when containers must be sealed and
closed. The use of personal protective equip-
ment may be employed to minimize exposure.

Flavoring substances with a higher de-
gree of volatility should be stored in cooled
storage areas. Substances such as acetalde-
hyde are often stored in cooled rooms and
are often also used in flavor manufacture in
a cooled state. Liquid and powdered flavors
should ideally be stored in store-rooms with
their own air handler that has minimum recir-
culation. In some instances, flavor facilities
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have negative air flow in storage areas to re-
duce opportunities for exposure.

Cleaning of process vessels that con-
tained liquid flavors or viscous mixtures, or
work areas with spilled material, especially
with steam or heated water, may create oppor-
tunities for exposure to flavoring substances.
Similarly, cleaning vessels or areas used to
manufacture or mix powdered flavors with
compressed air may also result in airborne
particulates. It is important that cleaning ac-
tivities be conducted in a manner that does not
result in significant air concentrations of fla-
vors and other materials present in the vessel.
Cleaning areas should be isolated and con-
tained to prevent the dissemination of airborne
flavoring substances. Automated cleaning
processes will greatly reduce opportunities
for exposure and should be employed wher-
ever possible. In some instances, the most
effective way to protect workers responsible
for cleaning activities will be to use personal
protective equipment. It is also important that
adequate care be exercised if workers are to
enter or partially enter equipment in order to
clean it. In addition to concerns about possi-
ble respiratory exposures, in some instances,
cleaning activities involving vessel entry may
be subject to the requirements of OSHA’s con-
fined space regulations (29 CFR 1910.146).

Opportunities for exposure can be great-
ly decreased by segregating functions that in-

volve the handling of flavors from functions
that do not. For example, a flavor compound-
ing, packing, or shipping area should not share
space with a sales office. Flavor production
areas should be separate from non-production
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areas, and they should not share the same air
handler. Air flow and air pressure through a
building or space should flow from areas of
no or low potential hazard to those with high-
er levels of potential hazard. The areas of
highest potential hazard should have negative
air pressure in relation to adjacent spaces to
reduce the potential for the migration of haz-
ardous materials from that space.

A number of resources are available to
assist flavor manufacturers in employing en-
gineering and administrative controls includ-
ing NIOSH’s Best Practices document (Dunn
et al., 2015), the NIOSH Criteria Document
(McKernan et al., 2016), NIOSH’s engi-
neering controls database (NIOSH. 2016),
NIOSH’s directory of engineering controls
(NIOSH. 2015), and the guide on local ex-
haust ventilation systems available from
the American National Standards Institute
(ANSI)/American Society of Safety Profes-
sionals (ASSP) (ANSI/ASSP, 2018). Also
informative are Dunn ef al. (2008), Hirst et
al., (2014), and Cullinan et al. (2017). Signifi-
cant resources are also available from ACGIH

(www.acgih.org) and the American Industrial

Hygiene Association (ww.aiha.org).

Personal respiratory protection

The implementation of appropriate pro-
cess, engineering and administrative controls
is preferable to simply providing employees
with personal respiratory protection. Howev-
er, respirators do have a role in many respi-
ratory health and safety programs. Critical
to their success is the selection of the prop-
er respirator for the conditions present in a
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given facility, the proper fit of that respirator
to the person using it, and the training in its
use, maintenance and storage (Cowan et al.
2016). OSHA also requires that employees

wearing most types of respirators undergo
medical clearance prior to their use.

Under OSHA’s Respiratory Protection
Standard (29 C.E.R. 1910.134), the “prima-
ry objective shall be to prevent atmospheric

contamination.” Where, however, that is not
feasible through engineering controls, respi-
rators shall be used. In terms of specific duty
requirements relevant to protection against re-
spiratory hazards, OSHA regulations require
that personal protective equipment must be
provided to employees whenever necessary to
address chemical or other hazards which are
“capable of causing injury or impairment in
the function of any part of the body through
absorption, inhalation or physical contact”
(29 C.E.R. Sec. 1910.134). The regulations
contain a range of requirements including
the proper selection of respirators, standard
procedures for use, training of employees,

respirator maintenance, and other safety mea-
sures. The standard and relevant historical
background information was published in the
Federal Register notice announcing the stan-
dard (63 Fed. Reg. 1152. 8 January 1998). In
addition to resources available in the Person-

al Protective Equipment section of the OSHA
website (www.osha.gov), NIOSH’s National
Personal Protective Technology Laboratory
publishes information on NIOSH-certified re-
spiratory protection products (NIOSH. 2024).
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Medical surveillance

Early detection, correct diagnosis, and
sound management of lung disease from
workplace exposures is of critical importance
(Rose, 2017). Medical surveillance is a key

component of an effective respiratory health
and safety program. This is especially the case
when it is difficult to identify a specific caus-
ative agent for an observed effect and when
symptoms and/or lung function abnormalities
may be the first clue to an exposure-related
problem. Appropriate medical surveillance
can identify health issues before progression
to severe illness occurs, and when opportuni-
ties for reducing or eliminating exposure ex-
ist. The importance of medical surveillance is
emphasized by the experience with Califor-
nia-based flavor manufacturers (Kim ez al.
2010; Kreiss et al., 2012).

Medical surveillance should include an

evaluation at the time of hire, and at least an-
nually thereafter. The exam should include
both a medical and occupational history and
a pulmonary function component. Spirome-
try is a simple and inexpensive way to mon-
itor pulmonary function status and should be
included in the exam at hire and in periodic
follow-up exams thereafter with some recom-
mending follow-up exams every six months
(McKernan et al., 2016). It is important that
spirometric evaluation follow the most recent
American Thoracic Society/European Respi-
ratory Society guidelines for accurate testing
(Graham et al.. 2019), and it is important that
results from testing be analyzed by consistent
criteria (Kreiss ef al. 2011; Ronk et al., 2013;
Rose, 2017).
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A sound medical surveillance program
will facilitate the identification of respiratory
symptoms and lung function abnormalities.
As reported by NIOSH (McKernan et al.
2016), some workers in microwave popcorn
manufacturing facilities, and in a few flavor

manufacturing facilities, exhibited findings of
fixed airway obstruction manifested by symp-
toms of cough (often without the production
of phlegm) and shortness of breath after exer-
tion as well as spirometric abnormalities (e.g.
decreased FEV-1, a parameter of airflow).
Frequent or persistent symptoms of eye, nose,
throat or skin irritation have also been re-
ported by NIOSH in some affected workers
(McKernan et al., 2016). A plan should be in
place to refer employees for further medical
follow-up and evaluation if such symptoms

and lung function abnormalities are identified
in the surveillance examinations (McKernan
et al., 2016). Further medical attention is also

required in case of significant unexplained de-
clines in employee lung function as measured
by periodic spirometry, even if spirometry
measures remain within normal limits (Kreiss
etal.,2011).

It is particularly important to note that
bronchiolitis obliterans, a very serious lung
disease, has been implicated in cases of re-
spiratory illness seen in microwave popcorn
manufacturing plants and in flavor manufac-
turing facilities. Early detection of symptoms
and spirometric abnormalities through a med-
ical surveillance program will allow workers
to seek timely follow-up and may prevent
progression of disease. Symptoms and/or spi-
rometric abnormalities in one worker should
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prompt timely evaluation of other workers at
the facility. Early detection is especially im-
portant with bronchiolitis obliterans because
the disease is generally irreversible.

For Additional Information

This report contains references and sum-
mary information on resources that flavor
manufacturers may use to develop respirato-
ry health and safety programs for their facil-
ities. Other resources include occupational
medicine physicians and industrial hygiene
consultants. FEMA strongly urges users of
this report to consult with appropriate experts
regarding specific circumstances relevant to
respiratory health and safety in flavor manu-
facturing facilities.

Consultants can be identified through
the consultant directory maintained by AIHA
(www.aiha.org). Please contact John Hallag-
an (Hondobear@aol.com) or Christie Harman

(charman@femafiavor.org) at FEMA if you

would like to discuss this report.
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Maintaining safe and healthy workplaces is a matter of utmost importance to FEMA and its
members. FEMA consulted with experts on the development of this document and made
extensive use of a wide variety of information resources. As described in detail in their report,

the application of this information to your workplace is a function of specific aspects of your
workplace and the products manufactured and handled. Because of the unique nature of each
workplace, the information in this report should be considered only a general guide. FEMA is
not responsible for either the use or nonuse of the information, or any actions, or failure to act,
in any specific workplace based on reliance on the report. It is your individual responsibility

to verify this information as it applies to your workplace before acting, and to comply with all
relevant federal, state, and local laws and ordinances. We strongly urge you to consult with
appropriate experts regarding the circumstances relevant to respiratory health and safety in
your facilities.
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