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Background
A severe lung disease, bronchiolitis obliterans (BO), has been identified in food flavor
manufacturing workers in California (1). The first case was diagnosed in 2004, and since that
time additional cases have been found. An increased incidence of this disease was first
identified in Missouri in 2000 among microwave popcorn workers exposed to flavoring
ingredients (2). Subsequent investigation of the microwave popcorn industry by the National
Institute for Occupational Safety and Health (NIOSH) has greatly enhanced our understanding
of this disease and its association with flavoring exposures (3).
BO is a rare pulmonary disease characterized by fixed airways obstruction and fibrosis of
the bronchioles. This lung disease has the potential to cause permanent impairment or death
in affected workers and has been a growing concern among industry, workers and labor
advocates, public health officials, medical providers, and government agencies. The available
evidence demonstrates the association between diacetyl, a butter flavoring ingredient, and the
development of fixed obstructive lung disease such as BO. Animal studies suggest that diacetyl
is one cause of airway damage that can result in BO, but other flavoring chemicals may have the
potential to cause BO or to contribute to airway damage (4). Chemicals now being used as
substitutes for diacetyl are structurally related (e.g., diketones), but toxicity data is very limited
or nonexistent. One common substitute, 2, 3-pentanedione, has been found to cause lung
damage in rodents (5, 6). Since the original publication of these guidelines, further studies have
linked diacetyl to lung disease in exposed workers, including among California flavor
manufacturing workers (7, 8). NIOSH has issued a draft summary document and proposed
recommended exposure limits for diacetyl and 2,3-pentanedione (9). A new Cal/OSHA
occupational standard for diacetyl (8 CCR §5197) became effective on December 2, 2010 (10).
The focus of these medical guidelines is the recommended medical surveillance for
flavor manufacturing workers exposed to diacetyl or its substitutes. However, it should be
clearly noted that other ingredients may also contribute to the observed pulmonary injury, and
that other workers exposed to flavoring ingredients outside of the flavor manufacturing
industry, such as in food production, may also be at risk for developing similar lung disease.
HESIS, Occupational Health Branch, California Department of Public Health
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Clinical Presentation
Flavorings-related fixed obstructive disease usually presents with a non-productive
cough and the subsequent development of exertional shortness of breath, but some workers
show no symptoms at all. These asymptomatic workers may only be identified by abnormal
findings on screening spirometry. Onset of disease is usually gradual, but disease progression in
a matter of months has been identified. Symptoms generally persist while away from work and
are often attributed to other common conditions such as asthma, allergic rhinitis, acute or
chronic bronchitis, chronic obstructive pulmonary disease (COPD), pneumonia, or other
infectious processes. The gradual onset of disease and the persistence of symptoms when
away from work make it difficult for both workers and clinicians to recognize this as a workrelated condition.
Typical Findings on Examination and Diagnostic Testing
The physical examination, including lung auscultation, is typically normal. However,
positive findings may include end-inspiratory crackles and wheezing (4). Spirometry reveals an
airways obstruction which, upon the administration of a bronchodilator, does not reverse to
normal. Complete Pulmonary Function Tests (PFTs) also demonstrate fixed airways
obstruction, static lung volumes show air-trapping, and lung diffusing capacity for carbon
monoxide (DLCO) is usually normal. Chest X-Ray is typically normal or may indicate
hyperinflation. High Resolution Computed Tomography Scanning (HRCT) often shows
heterogeneous air trapping on expiratory images, with cylindric bronchiectasis, and patchy
ground glass opacities. A lung biopsy is not generally necessary and has some limitations for
making the diagnosis of severe fixed obstructive lung disease, but may be performed by an
evaluating pulmonary specialist with knowledge of flavorings-related fixed obstructive lung
disease.
Medical Surveillance Program
A. Medical Oversight and Supervision
Medical surveillance should be under the supervision of a board-certified occupational
medicine or pulmonary medicine physician. Upon request, the California Department of Public
Health (CDPH) can provide assistance to companies in identifying suitable health care providers
to meet their needs and the standards of the program. Optimal oversight includes
administration, review, and interpretation of respiratory health questionnaires and spirometry
results (including assessing spirometry quality). The physician will also need to communicate
verbal and written results to employees and facilitate additional evaluations as necessary.
Employers must be advised in writing of any workplace restrictions and the need for further
medical or industrial hygiene evaluation.
HESIS, Occupational Health Branch, California Department of Public Health
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Physician contact with workers during medical surveillance provides an opportunity to
educate workers about the hazards, associated symptoms, and protective measures and
practices related to flavorings exposure. If respirators are used, training, medical clearance for
respirator use, and fit-testing should also be performed according to the Cal/OSHA respiratory
protection standard. A worksite visit by the supervising physician to observe the work process
and control measures can be useful and informative.
B. Which Workers to Include
All workers (including workers under contract) who regularly enter or work in areas
where flavoring ingredients may be inhaled should participate in the medical surveillance
program. This includes production workers, compounders, mixers, helpers, shipping/receiving
workers, laboratory staff, quality control workers, and may also include non-production
workers such as office staff who enter production or lab areas frequently as part of their usual
duties. Special concern should be directed toward workers who are exposed to heated or
powder flavorings. Workers who previously worked in or frequently entered the production
areas should be tested with spirometry for a minimum of two rounds of surveillance six months
apart.
C. Components of Surveillance Evaluation
The initial components of the evaluation may be administered by a licensed health care
professional (i.e., physician assistant, nurse practitioner, or physician) and include the
following:
•
•

Respiratory symptom and work history questionnaire
Spirometry

The respiratory health questionnaire should focus on demographic information, current
respiratory symptoms (dyspnea with exertion, cough, wheeze), work duties, and details of
chemical exposures; please see the sample questionnaires in English and Spanish in Appendix E.
The need for additional evaluation or testing will be determined by the results of this initial
assessment.
D. Frequency of Surveillance Evaluations: Pre-Placement, During Employment, and
Employment Exit
Initially, spirometry-based surveillance should be scheduled every six months. If a
worker is determined to have flavorings-related lung disease, then all workers whose job
tasks pose similar or greater exposures are recommended to undergo surveillance every
HESIS, Occupational Health Branch, California Department of Public Health
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three months. The decision to continue surveillance every three months or return to a sixmonth schedule will be determined by the surveillance physician based on factors of continued
case incidence, knowledge of exposure risk and control, and clinical judgment.
Nevertheless, any individual worker who at any time reports newly developed
shortness of breath, cough, wheezing, or other lower respiratory tract symptoms lasting more
than three weeks should be promptly evaluated by the surveillance physician and be tested
with spirometry.
A surveillance evaluation should be given to workers prior to the start of work and upon
termination from their jobs. At the evaluation performed prior to assignment to work with
flavorings (pre-placement), workers who indicate pre-existing lung disease of any kind in their
questionnaire should be provided risk communication (see Appendix D: Diacetyl Hazard Alert)
through their surveillance physician. The worker should be instructed to contact his/her
primary care physician to determine the need for additional workplace precautions or
accommodations. If a worker with pre-existing lung disease chooses to remain in a work
setting where he/she is potentially exposed to flavoring chemicals, monitoring should continue
in order to detect aggravation, exacerbation, or progression of disease. It may be difficult,
however, to assess whether decline in lung function is attributable to the natural course of their
pre-existing lung disease or is due to flavorings-related lung disease.
E. What Constitutes Acceptable Spirometry (See Appendices B and C)
Spirometry repeated over time is the cornerstone of the medical surveillance
program. If performed properly, spirometry may detect early excessive lung function decline
even before test results fall below the lower limit of normal (i.e., before a worker has lost so
much lung function that he/she falls into the “abnormal” range for the test). Since advanced
flavorings-related lung disease is typically irreversible, it is important to identify evidence of
disease as early as possible. Spirometry results will serve as the basis for further medical
evaluation and workplace intervention; therefore, it is critical that spirometry results are valid
and repeatable (i.e., high quality is essential). Detailed information on how to ensure high
quality spirometry is provided in Appendices B and C. Providers of spirometry testing and
spirometry technicians need to be aware of the standards for equipment specifications,
technician competency, and testing procedures.
Maximum forced vital capacity (FVC) and forced expiratory volume in one second (FEV1)
should be obtained from a minimum of three acceptable trials using a properly calibrated
spirometer and following American Thoracic Society (ATS) guidelines for standardization of
spirometry (11). The maximum FVC and FEV1 need not be from the same maneuver.
If spirometry software allows a choice of reference values, National Health and Nutrition
Examination Survey III (NHANES III) reference values (12) should be used, as recommended by
HESIS, Occupational Health Branch, California Department of Public Health
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ATS. If NHANES III reference values are not available, then Crapo et al (1981; may be referred
to as ITS) values should be used (13).
Spirometry should be postponed for one hour after smoking, use of a bronchodilator, or
after a heavy meal. If the worker is using a bronchodilator, the name of the medication and
time of the last dose should be recorded on the spirometry report. For workers with acute
illnesses lasting shorter than three weeks, testing should be postponed for three days if the
worker simply feels ill or postponed for three weeks if the worker has had a severe respiratory
illness or ear infection. Spirometry testing should be postponed for at least six weeks if the
worker has had eye, ear, chest, or abdominal surgery and does have not a surgeon’s release
statement.
The physician’s role in establishing and maintaining a spirometry quality program is
essential and can be aided by understanding testing acceptability and repeatability criteria.
These quality scoring criteria, based on at least three acceptable trials, are provided in
Appendix C. Spirometry tests with a quality score of C or D should be repeated.
F. Case Confirmation and Management
After a review of the questionnaire and spirometry results, the physician is expected to
identify and respond to abnormalities on screening spirometry.
We recommend using the FEV1/FVC ratio alone to define cross-sectional normal versus
obstructive results on spirometry. We also recommend using the lower limit of normal (LLN)
criterion, FEV1/FVC < LLN as determined by NHANES LLN values, to define obstruction rather
than a < 70% predicted criterion (14). This approach will increase the sensitivity of surveillance
testing. A worker with this finding should be referred for complete PFTs.
Obstructive abnormalities can also be characterized longitudinally by detecting an
excessive decline in FEV1. This excessive decline in FEV1 is a decline in the most current FEV1
that is greater than 15% below the worker’s previous best FEV1. A worker with an excessive
decline in FEV1, even if within the normal range, should have spirometry repeated within one
month to confirm that the decline was not due to a viral respiratory infection or other acute
respiratory illness. If the decline is confirmed, then complete PFTs should be performed.
It is not clear whether a restrictive pattern on spirometry represents lung disease
related to flavorings exposure. We recommend following the algorithm in Figure 1 and advising
the worker to undergo complete PFTs to determine if restriction is truly present or is an artifact
due to obesity, airtrapping, or effort. If true restrictive lung abnormalities are confirmed with
static lung volume measurements (low total lung capacity), we recommend a high resolution
computed tomography scan and pulmonary consultation.

HESIS, Occupational Health Branch, California Department of Public Health
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In summary, if a worker demonstrates any abnormal spirometry pattern (obstructive,
restrictive, or a significant decline in FEV1), we recommend referring the patient to a pulmonary
function lab to obtain complete PFTs. The primary purpose of complete PFTs is to determine
the fixed or reversible characteristics of these obstructive defects following the administration
of bronchodilators. Other common PFT findings that are consistent with flavorings-related lung
disease are found in Table 1.
Alternatively, the worker may be referred to a pulmonary specialist for this testing and
follow-up. If the worker is referred to a pulmonary specialist, we recommend one with
knowledge of flavorings-related fixed obstructive lung disease. It is the responsibility of the
occupational medicine provider to provide the specialist with necessary medical records and
information on the risk of flavorings-related lung disease. Due to the potential seriousness of
this disease process, we recommend that the provider identify a pulmonary specialist and
pulmonary function laboratory prior to the discovery of suspected or confirmed cases.
If upon completion of PFTs the following conditions are present:
•
•
•

Fixed obstruction,
OR post-hire onset of non-fixed obstruction (i.e., asthma),
OR pre-hire asthma with worsening control and symptoms (i.e., dyspnea, wheeze, or
cough).

referral for a high resolution computed tomography scan (HRCT) with both inspiratory and
expiratory views is recommended. See Table 1 for common findings consistent with BO that
are seen on HRCT.
Table 1
Common Findings for Flavorings-Related Lung Disease on Further Pulmonary Evaluation
Static lung volumes by whole body plethysmography
or by helium dilution:

Residual volume increased (increased RV/TLC with
normal Total Lung Capacity)

Diffusing capacity for carbon monoxide (DLCO):

Usually normal, may be decreased in advanced disease
(Reduced in emphysema)

High resolution CT scan of the chest:
1 mm inspiratory sections every 2 cm
1 mm expiratory sections every 4 cm

Heterogeneous air trapping during expiration
Cylindric bronchiectasis
Bronchial wall thickening
Patchy ground glass opacities
Mosaic pattern of attenuation

HRCT has proved to be a useful tool in diagnosing BO with reasonable confidence, but
the sensitivity for early disease has not been clearly defined. We recommend that a worker
with both fixed obstructive airways defect and an HRCT demonstrating patterns consistent with
HESIS, Occupational Health Branch, California Department of Public Health
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BO in a setting of probable flavorings exposure should be considered a case of flavoringsrelated lung disease.
However, classification status of workers with reversible obstructive airways defect and
a suggestive HRCT is indeterminate. Severe asthma and BO have similar findings on HRCT (15);
therefore, this group may either represent severe asthmatics or may evolve into BO cases.
Workers with either fixed or reversible obstructive defects and normal HRCTs may
represent a group with early flavorings-related lung disease and therefore should be considered
suspect cases. This group should be monitored for further progression toward BO and receive
further evaluation to exclude other explanations for their condition. Although fixed obstructive
pattern is a major characteristic of flavorings-related lung disease, occupational asthma or
other lung conditions may also develop due to flavorings exposure and therefore should not be
missed. See the algorithm in Figure 1 and definitions in Table 2 (Section H of this document).
Finally, a lung biopsy is not generally necessary for diagnosis or classification of
flavorings-related lung disease, but may be recommended by an evaluating pulmonary
specialist. If a lung biopsy is desired, an open or thoracoscopic biopsy should be performed,
and the reviewing pathologist should be notified that constrictive bronchiolitis is suspected so
that appropriate tissue staining and sectioning will be performed to identify this type of lesion.
Even so, many cases demonstrating fixed obstruction in the microwave popcorn and flavoring
industries have not had pathologic confirmation of BO. Pathology should not be considered the
gold standard in the presence of characteristic HRCT findings in a flavorings-exposed worker
without other evident cause.
G. How to Handle Workers in Surveillance with Pre-Existing Lung Conditions
If a worker has either a known pre-existing lung condition such as COPD or asthma, or is
found to have such a condition on initial pre-work evaluation, it is important to be aware that
this does not preclude the possibility of additionally developing a flavorings-related lung
condition. It may, however, complicate the identification and classification of such affected
workers. For this reason, care must be taken to allow the worker to be fully evaluated without
a premature assumption that his or her symptoms are related to the pre-existing lung
condition. We recommend that the occupational health physician educate the worker on the
health risks associated with diacetyl (Appendix D) and other flavoring chemicals, and arrange
appropriate follow-up with the worker’s primary care physician.
Frequency of surveillance for those with known pre-hire asthma that is medically stable
and demonstrated not to have a fixed obstructive component is recommended to continue on
the every-six-month schedule. However, if the worker develops post-hire asthma, or if asthma
control worsens (i.e., increased use of rescue inhaler use, worsening peak flow measurements,
or increase in frequency of symptoms), the worker should be evaluated by the surveillance
physician and undergo an HRCT. Please refer to Figure 1.
HESIS, Occupational Health Branch, California Department of Public Health
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H. Evaluation Algorithm (Figure 1) and Case Definitions (Table 2)
The algorithm in Figure 1 on the previous page summarizes a recommended medical
evaluation for workers with abnormal spirometry results.
The following table summarizes recommended criteria for the determination of
flavorings-related lung disease classification.
Table 2
Determination of Flavorings-Related Lung Disease Status
•

•

No disease suspected
o
o

FEV1/FVC at or above the lower limit of normal (LLN)
AND, if two or more tests are available, the FEV1 decline is within 15% of the worker’s
previous best FEV1



Continue to monitor in surveillance program at six-month intervals

Suspected
o
o
o


•

FEV1/FVC below the lower limit of normal (LLN)*
OR, upon follow-up spirometry, a FEV1 decline greater than 15% below the worker’s
previous best FEV1*
AND high resolution CT (HRCT) findings not consistent with bronchiolitis obliterans
Recommend increasing surveillance frequency and continued pulmonary evaluation
to determine or explain abnormal findings

Confirmed BO Case
o
o
o

Fixed airways obstruction on complete pulmonary function tests
AND high resolution CT (HRCT) findings consistent with bronchiolitis obliterans
AND history of workplace diacetyl or other flavoring chemical exposure



Confirmation of diagnosis with pulmonary specialist if not already done

*for asthmatics, these results should be obtained when under optimal medical control of asthma

I. Workplace interventions
If a worker is suspected of having or is confirmed to have flavorings-related lung
disease, the physician should effectively and immediately remove the worker from further
inhalation exposure to flavoring ingredients and compounds in any form. This work status
change may be initiated when the worker begins further evaluation and before a full
characterization of the worker’s medical condition. The employer should be advised that
HESIS, Occupational Health Branch, California Department of Public Health
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respirator use in an exposed environment is not equivalent to removal from exposure. Finally,
caution should be exercised when considering returning a worker to his or her usual work tasks
even when the lung condition has improved and engineering controls have been implemented.
If flavorings-related lung disease is suspected in a worker, the physician should request
an industrial hygiene evaluation of that worker’s workstation(s) to characterize the extent and
type of exposures and to obtain recommendations for worker protection. This assessment will
also assist in determining appropriate steps for protecting and screening other workers.
Additionally, the occupational health physician should annually coordinate with the industrial
hygienist to assess work areas and observe job tasks of workers in companies with suspect or
confirmed cases to determine if additional control measures are needed.
J. Reporting of workers with suspected or confirmed flavorings-related fixed obstructive lung
disease
Several lines of reporting should be completed by the occupational health physician
once a worker is found to have suspected or confirmed flavorings-related lung disease. If the
worker’s lung condition is deemed to be work-related, the provider is responsible for
submitting a Doctor’s First Report of Occupational Injury and Illness found at
http://www.dir.ca.gov/DLSR/dlsrform5021.pdf and is encouraged to assist the worker in the
workers’ compensation claim process. Workers should have appropriate changes to their work
status based on their condition, their exposures, and the potential for progression of disease.
Occupational health providers should also notify the California Department of Public
Health, Occupational Health Branch (see below), about any identified workers with
“suspected” or “confirmed” flavorings-related lung disease.
The provider should advise the employer of their obligation to report serious illness to
the nearest Cal/OSHA district office per Title 8, California Code of Regulations, Section 342(a).
Conclusion
While flavorings-related lung disease can be severe and irreversible, we believe it can be
prevented when proper steps are taken to protect workers. Health care providers play an
essential role in the early identification of affected symptomatic and asymptomatic workers
and in their appropriate clinical management. Through the collaboration of industry, workers,
and government agencies, we are learning more about this new health hazard, the risk factors,
and best practices for prevention and control. The information in these guidelines is intended
to assist you in creating an effective medical surveillance program that will protect California
workers against potential harm from flavoring exposures.

HESIS, Occupational Health Branch, California Department of Public Health
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Since the original publication of this document, our colleagues at NIOSH have produced
a number of valuable new resources on spirometry and its use in medical surveillance of
workers exposed to respiratory hazards:
•

•

The NIOSH Spirometry topic page includes information on spirometry training, free
SPIROLA software to analyze longitudinal data, a poster “Get Valid Spirometry
Results EVERY Time,” and information sheets for employers and workers.
(http://www.cdc.gov/niosh/topics/spirometry/)
Spirometry Quality Assurance: Common Errors and Their Impact on Test Results:
http://www.cdc.gov/niosh/docs/2012-116/pdfs/2012-116.pdf

The Occupational Health Branch of the California Department of Public Health is available for consultation
regarding surveillance or spirometry program design, appropriate work status for affected workers, and
any other related questions. Please contact:
HESIS Workplace Hazard Helpline
1-510-620-5817 or 1-866-282-5516 (toll-free in California)

References
1. Centers for Disease Control and Prevention. Fixed obstructive lung disease among
workers in the flavor-manufacturing industry—California, 2004-2007. MMWR Morb
Mortal Wkly Rep. 2007 Apr 27;56(16): 389-93.
2. Kreiss K, Gomaa A, Kullman G, Fedan K, Simoes EJ, Enright PL. Clinical bronchiolitis
obliterans in workers at a microwave-popcorn plant. N Engl J Med. 2002;347(5):330-8.
3. Kreiss K. Flavoring-related bronchiolitis obliterans. Curr Opin Allergy Clin Immunol.
2007;7(2):162-7.
4. Harber P, Saechao K, Boomus C. Diacetyl-induced lung disease. Toxicol Rev.
2006;25(4):261-72.
5. Hubbs AF, Mosley AE, Goldsmith WT, Jackson MC, Kashon ML, Battelli LA, SchweglerBerry D, Goravanahally MP, Frazier D, Fedan JS, Kreiss K, Castranova V. Airway
epithelial toxicity of the flavoring agent, 2,3-pentanedione. Toxicol Sci. 2010;114(S1):319.
6. Morgan DL, Jokinen MP, Price HC, Gwinn WM, Palmer SM, Flake GP. Bronchial and
bronchiolar fibrosis in rats exposed to 2,3-pentanedione vapors: Implications for
bronchiolitis obliterans in humans. Toxicol Path 2011;1-18. DOI:
10.1177/0192623311431946.
HESIS, Occupational Health Branch, California Department of Public Health
11
OHB Homepage: www.cdph.ca.gov/programs/ohb ● OHB Flavorings Page: www.cdph.ca.gov/programs/ohb/pages/flavorings.aspx

Medical Surveillance for Flavor Manufacturing Workers

May 2012

7. Kim TJ, Materna BL, Prudhomme JC, Fedan KB, Enright PL, Sahakian NM, Windham GC,
Kreiss K. Industry-wide surveillance of California flavor manufacturing workers: Crosssectional results. Am J Indus Med. 2010;53:857-865.
8. Kreiss K, Fedan KB, Nasrullah M, Kim TJ, Materna BL, Prudhomme JC, Enright PL.
Longitudinal lung function declines among California flavoring manufacturing workers.
Am J Indus Med. Published online 31 March 2012; DOI: 10.1002/ajim.21013.
9. National Institute for Occupational Safety and Health (NIOSH). Criteria for a
recommended standard: Occupational exposure to diacetyl and 2,3-pentanedione.
Cincinnati, OH: U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention, NIOSH; external review draft; August 12, 2011. Available at:
http://www.cdc.gov/niosh/docket/archive/docket245.html
10. California Department of Industrial Relations, Division of Occupational Safety and
Health (Cal/OSHA). Occupational exposure to food flavorings containing diacetyl. Title
8, California Code of Regulations, Section 5197. Available at:
http://www.dir.ca.gov/title8/5197.html
11. Miller MR, Hankinson J, Brusasco V, et al, ATS/ERS Task Force. Standardisation of
spirometry. Eur Respir J. 2005 Aug;26(2):319-38.
12. Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from a sample of
the general U.S. population. Am J Respir Crit Care Med. 1999;159:179-187.
13. Crapo RO, Morris AH, Gardner RM. Reference spirometric values using techniques and
equipment that meet ATS recommendations. Am Rev Respir Dis. 1981;123:659–664.
14. Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for lung function tests.
Eur Respir J. 2005 Nov;26(5):948-68.
15. Jensen S, Lynch D, Brown K, Wenzel S, Newell J. High-resolution CT features of severe
asthma and bronchiolitis obliterans. Clin Rad. 2002;57:1078-1085.
16. U. S. Department of Health and Human Services, Public Health Service, Centers for
Disease Control and Prevention, National Institute for Occupational Safety and Health,
Beeckman-Wagner L, Freeland D, Sha Das M, Thomas KC. Get Valid Spirometry Results
EVERY Time. DHHS (NIOSH) Publication No. 2011-135, 2011 Mar. Available from URL:
http://www.cdc.gov/niosh/docs/2011-135/
17. Hankinson JL, Kawut SM, Shahar E, Smith LJ, Stukovsky KH, Barr RG [2010].
Performance of American Thoracic Society-recommended spirometry reference values
in a multiethnic sample of adults: the multi-ethnic study of atherosclerosis (MESA) lung
study. Chest 137(1):138–145.
HESIS, Occupational Health Branch, California Department of Public Health
12
OHB Homepage: www.cdph.ca.gov/programs/ohb ● OHB Flavorings Page: www.cdph.ca.gov/programs/ohb/pages/flavorings.aspx

Medical Surveillance for Flavor Manufacturing Workers

May 2012

Appendices and Additional Resources
•

Appendix A: Definition of Key Terms

•

Appendix B: Spirometry Quality Guidelines

•

Appendix C: Scoring Criteria for Spirometry Test Quality

•

Appendix D: Health Hazard Alert: Diacetyl (Butter Flavor Chemical) Use in Flavoring
Manufacturing Companies (English and Spanish)

•

Appendix E: Respiratory Health Questionnaires: Initial and Follow-Up (English and
Spanish)
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Appendix A: Definition of Key Terms
Airways Obstruction
FEV1/FVC below the lower limit of normal (14) as determined by NHANES LLN values.
Reversible Airways Obstruction
In workers found to have airways obstruction, two separate doses of 100 µg of a short-acting ß2
agonist (such as salbutamol or albuterol) should be given using a spacer and the spirometry test
repeated after 10 minutes. Reversibility is defined as an increase in FEV1 and/or FVC of at least
12% and 200 milliliters, compared to pre-bronchodilator values (14).
Fixed Airways Obstruction
Airways obstruction that persists despite the administration of two separate doses of a shortacting ß2 agonist.
Restrictive Pattern
FEV1/FVC at or above the lower limit of normal and FVC below the lower limit of normal on
screening spirometry and confirmed by lung volume tests demonstrating a total lung capacity
<5th percentile of the predicted value.
Excessive Decline in FEV1
Excessive decline in FEV1 is a decline greater than 15% below the worker’s previous best FEV1.

HESIS, Occupational Health Branch, California Department of Public Health
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Appendix B: Spirometry Quality Guidelines
Spirometry testing standards
•

Equipment:
o Written verification from a third party (not the manufacturer or distributor) that
the spirometer has successfully passed its validation checks using the most
current ATS protocol. The manufacturer may be able to provide a copy of the
letter from an independent testing laboratory detailing the validation results for
the specific model of spirometer being used.
o Spirometer must store and print all results from the best three acceptable
maneuvers, including volume-time and flow-volume curves.

•

Spirometry Technician:
o Should have successfully completed a NIOSH-approved spirometry training
course (http://www.cdc.gov/niosh/topics/spirometry/training.html) within the
previous five years or should be certified by the National Board for Respiratory
Care as a Certified Pulmonary Function Technologist (CPFT). Copies of
certificates of completion of a NIOSH-approved spirometry training course
and/or CPFT certification should be maintained.
o Spirometry reports should be periodically reviewed for quality and should
demonstrate that at least 80% of tests completed by each technician have three
acceptable maneuvers with two maneuvers within ATS repeatability criteria.

•

Testing Procedures:
o Spirometer volume accuracy checks should be performed using a currently
calibrated (per manufacturer recommendations) three-liter syringe on each day
of testing and other checks performed according to the frequency established by
the ATS/ERS spirometry standardization statement (11). A copy of the
spirometer calibration report should be maintained either electronically or in
hard copy form.
o Spirometry should be performed in the same documented position (either sitting
or standing) during the initial and all subsequent tests.
o A minimum of three forced exhalation maneuvers producing “Acceptable
Curves” on the spirometry report should be characterized by all of the following:
 Lack of hesitation (back-extrapolation volume should be less than 5% of
FVC or 150 mL, whichever is larger).
 Free of cough in the first second.
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No evidence of airflow cessation, variable effort, leak, obstructed
mouthpiece, a positive or negative zero flow error, or extra breath(s).
At least six seconds in duration (However, young healthy adults may
empty their lungs before six seconds. As long as there are no other
technical errors and the worker reaches end-of-test criteria, then the trial
is valid).
Meeting acceptable end-of-test criteria (< 25 mL increase in volume for
one second) or a maneuver greater than 15 seconds in duration.

o Less than 150 mL difference between the two highest FVC measurements and
the two highest FEV1 measurements is the goal.
o Spirometry report should include:
 Name of the person being tested;
 Spirometry values and volume-time and flow-volume curves for the three
best blows;
 Test date;
 Date of last calibration check;
 Reference values used;
 Initials or name of the technician; and
 Name of the medical provider.
Since all spirometry software packages cannot identify all possible technical errors
encountered during testing, NIOSH developed a poster for use in clinical testing areas that
provides guidance to identify and correct common testing errors and improve spirometry test
quality (16). This document has been translated into several languages for non-English
speaking technicians and can be accessed from: http://www.cdc.gov/niosh/docs/2011-135/.
Spirometry Predicted Values
If spirometry software allows a choice of predicted values, NHANES III should be used
(12). NHANES III predicted values are recommended by ATS and are based on a much larger
population, compared to other studies. NHANES III predicted values are not available for
Asians. Predicted values for Asians born in the United States can be calculated by multiplying
the NHANES III Caucasian predicted values for FEV1 and FVC by 0.94 (14) or by 0.88 (17). If
spirometry software does not include lower limits of normal values, the Web link
http://www.cdc.gov/niosh/topics/spirometry/RefCalculator.html can be used to calculate
lower limits of normal for NHANES III reference values. Be aware that all predicted values and
lower limits of normal should be from the same reference paper.
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Appendix C: Scoring Criteria for Spirometry Test Quality
Using the definition of “Acceptable Curves” described earlier in Spirometry Quality Guidelines
(Appendix B), the following quality codes should be used.
FEV1 Quality Codes
Grade A:

At least three acceptable curves, FEV1 repeatable within
• 50 mL if FEV1 is derived from the last curve
• 100 mL otherwise

Grade B:

At least two acceptable curves, FEV1 repeatable within 150 mL

Grade C:

At least two acceptable curves, FEV1 repeatable within 250 mL

Grade D:

Only one acceptable curve

Grade F:

No acceptable curve

FVC Quality Codes
Grade A:

At least three acceptable curves,
• If best FVC derived from last curve, repeatability within 50 mL;
otherwise, FVC repeatable within 100 mL
• FVC acceptable curve demonstrates
o Greater than six second exhalation
o Achievement of exhalation volume plateau

Grade B:

At least two acceptable curves,
• FVC acceptable curve requirements
o Greater than six second exhalation
o Achievement of exhalation volume plateau
• FVC repeatability within 150 mL

Grade C:

At least two acceptable curves,
• FVC acceptable curve requirements
o Greater than six second exhalation
o Achievement of exhalation volume plateau
• FVC repeatability within 250 mL

Grade D:

Only one acceptable curve

Grade F:

No acceptable curves
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Appendix D: Health Hazard Alert: Diacetyl (Butter Flavor Chemical) Use in Flavoring
Manufacturing Companies (in English and Spanish)
English version found at http://www.cdph.ca.gov/programs/hesis/Documents/diacetyl.pdf
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Spanish version found at http://www.cdph.ca.gov/programs/hesis/Documents/diacetyl.pdf
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Appendix E: Respiratory Health Questionnaires
1. Initial Questionnaire in English
Available at: http://www.cdph.ca.gov/programs/ohb/Documents/flavor-initial.doc
2. Initial Questionnaire in Spanish
Available at: http://www.cdph.ca.gov/programs/ohb/Documents/flavor-initialsp.doc
3. Follow-Up Questionnaire in English
Available at: http://www.cdph.ca.gov/programs/ohb/Documents/flavorfollowup.doc
4. Follow-Up Questionnaire in Spanish
Available at: http://www.cdph.ca.gov/programs/ohb/Documents/flavor-followupsp.doc
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