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PREFACE

The Respiratory Disease Hazard Evauations and Technica Assistance Program (RDHETAP) of the
National Institute for Occupational Safety and Health (NIOSH) conducts field investigations of possible
hedlth hazards in the workplace. These investigations are conducted under the authority of Section
20(a)(6) of the Occupationa Safety and Health (OSH) Act of 1970, 29 U.S.C. 669(a)(6), or Section
501(a)(11) of the Federa Mine Safety and Health Act of 1977, 30 U.S.C. 951(a)(11), which authorize the
Secretary of Health and Human Services, following a written request from any employers or authorized
representative of employees, to determine whether any substance normally found in the place of
employment has potentialy toxic effects in such concentrations as used or found.

RDHETAP also provides, upon request, technical and consultative assistance to federal, state, and local
agencies; labor; industry; and other groups or individuals to control occupational health hazards and to
prevent related trauma and disease. Mention of company names or products does not constitute
endorsement by NIOSH.
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HIGHLIGHTS OF THE NIOSH HEALTH HAZARD EVALUATION
AT CONAGRA SNACK FoobDs, MARION, OHIO

The National Institute for Occupational Safety and Health (NIOSH) evaluated exposures and worker health related
to the production of microwave popcorn. This evaluation was reguested by workers after a slurry room worker was
found to have the same type of lung disease that has affected workers exposed to butter flavorings in other
microwave popcorn plants.

What NIOSH Did

# We measured the air concentrations of butter

flavoring chemicals at several locations within
the microwave popcorn plant.

We conducted a questionnaire survey focusing
on symptoms, medical history, and work history.
We tested workers' lung function with
spirometry.

What NIOSH Found

# Air concentrations of diacetyl, a butter flavoring

chemical known to cause injury to airways in
animal studies, were highest in the slurry room
(Other areas in the plant had very low levels).
The air concentrations of diacetyl in the slurry
room were similar to those of other plantswhere
mixers have developed lung disease.

Some workers in the slurry room had abnormal
lung function on NIOSH tests, indicating that
some of them probably have been affected by
breathing the butter flavorings.

Abnormal lung function in some packaging area
workers may mean that they were affected by
flavoring chemicals from the slurry room.

What Managers Can Do

Continue to require that any worker entering the
slurry room wear arespirator at all times.
Always keep the doorsto the slurry room closed.
Maintain appropriate ventilation to al areas of
the plant at all times, and make sure the air
pressure of the slurry room islessthan that in the
packaging area.

Identify ways to add butter flavorings to oil such
that dust or vapors from the flavorings do not
contaminate the air (i.e. closed systems).

Offer lung function tests on a regular basis to al
workers that enter the slurry room and to all
quality assurance workers that pop many dozens
of bags of product in microwave ovens.
Regularly measure the concentrations of butter
flavoring chemicals in the air to assure that
exposure controls are working.

Train workers on the potentia health risks from
exposures to flavorings and on the best ways to
minimize exposures.

What Employees Can Do

For all workersthat enter the slurry room:

Know how to properly wear and maintain your
respirator.

Wear your respirator 100 percent of the time
when in the slurry room.

Keep all containers of flavorings tightly closed
when not in use.

Understand and use all the exposure control
devices and work practices that decrease the
amount of flavoringsintheair.

For quality assurance lab workers and all workers
that enter the slurry room:

Participate in spirometry tests offered by your
employer.

Promptly report any persistent shortness of
breath or cough, or any problems with your
eyes, nose, throat, or skin to your supervisor
and your doctor and show them a copy of this
page.

What To Do For More Information:
We encourage you to read the full report. If you

safety representative to make you a copy or call

Salety dlﬁ‘ Haal th

1-513-841-4252 and ask for

would like a copy, either ask your health and N
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SUMMARY

NIOSH has identified evidence of fixed obstructive lung disease consistent with bronchiolitis obliterans
in workers exposed to airborne butter flavoring chemicals at several microwave popcorn plants. 1n 2002,
NIOSH learned that aworker who had mixed oil and butter flavorings for microwave popcorn production
a the ConAgra Snack Foods plant in Marion, Ohio, had been diagnosed with severe fixed obstructive
lung disease consistent with bronchiolitis obliterans. During an initial visit to the plant in January 2003,
NIOSH identified production processes and work practices smilar to those of other microwave popcorn
plants. Specifically, workers handled many different butter flavorings in open containers and poured the
flavorings into open tanks of heated soybean oil. The tanks did not have local exhaust ventilation and the
workers did not use respiratory protection. Oil and flavoring mixing activities and al heated tanks were
located in one room (dlurry room) adjacent to the packaging line area, and the air pressure in this room
was positive relative to the packaging line area. NIOSH proceeded to conduct a detailed health and
environmental survey at this plant from March 3 to March 10, 2003, in order to characterize exposures
and lung function in mixers and other workers. The main findings from this survey included:

- The mean time weighted average diacetyl air concentration in the surry room was 1.14 parts per
million partsair (ppm). Thisair concentration is similar to those measured by NIOSH at two
other microwave popcorn plants where mixers also developed fixed obstructive lung disease.
Three of 12 current durry room workers were found to have airways obstruction on NIOSH
spirometry tests. Two did not respond to bronchodilators, while one did respond but the forced
expiratory volume in the first second of exhalation (FEV 1) remained below normal. All three had
normal diffusing capacity. These findings are consistent with bronchiolitis obliterans.

After adjustments to the durry room ventilation by ConAgra, the durry room was found to have
negative air pressure relative to the packaging area.

The mean time weighted average diacetyl air concentration in the packaging area was 0.02 ppm.
Five workers in the packaging area had fixed obstruction on spirometry, normal diffusing
capacity, and no history of work in the durry room. All were smokers but were relatively young
(average age 36), making smoking a less likely explanation for their obstruction. If packaging
area air concentrations of flavoring chemicals were higher in the past when the Surry room was
under positive pressure, it is possible that some packaging area workers devel oped airways
obstruction as a resullt.

Two of 11 current quality assurance (QA) lab workers were found to have abnormal spirometry.
One had obstruction that was unresponsive to bronchodilator and had a normal diffusing capacity.
Another had restriction. Prior to the installation of an enclosure with exhaust ventilation for the
microwave ovens, the average diacetyl air concentration in the QA lab at the ConAgra plant was
0.018 ppm, compared to 0.56 ppm in the QA lab at another plant where five of six QA workers
were found to have airways obstruction.




At the ConAgra plant and other microwave popcorn plants, the pattern of lung function
test abnormalities in workers who regularly mix butter flavorings with heated soybean ail
implies a risk for the development of fixed airways obstruction from inhaation of
flavoring-related chemicals. Nearby packaging workers may also be at risk if flavoring
chemicals or dust in the air of the slurry room contaminate the air in the packaging area.
Recommendations for engineering controls, use of personal protective equipment, and
medical surveillance for exposed workers are provided in this report.

Keywords. SIC 2099 (food preparations, not elsewhere classified); bronchiolitis doliterans, diacetyl,
fixed obstructive airways disease, chronic obstructive pulmonary disease, butter flavoring, microwave
popcorn, popcorn, flavorings.
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INTRODUCTION

The Nationa Institute for Occupationa Safety
and Health (NIOSH) has evaluated the risk for
occupational lung disease from inhalation
exposure to butter flavoring chemicals at several
microwave popcorn plants. In December 2002,
NIOSH received arequest from current workers
at the ConAgra Snack Foods pant in Marion,
Ohio, to conduct a health hazard evaluation after
a flavoring-exposed worker was diagnosed with
lung disease.

BACKGROUND

In August 2000, NIOSH learned that eight
former workers of a microwave popcorn
production plant in Missouri had moderate to
severe fixed obstructive lung disease consistent
with the rare illness, bronchiolitis obliterans. A
NIOSH investigation at this plant revealed an
excess of current workers with obstruction on
spirometry  testing. Increasing cumulative
exposure to diacetyl, the predominant butter
flavoring chemical present in the air of the plant,
was associated with an increased prevalence of
abnormal lung function.® In animal exposure
experiments conducted by NIOSH, rats exposed
to vapors from a butter flavoring used at this
plant developed severe injury to their airway
epithdium.”

In bronchiolitis obliterans, inflammation and
scarring occurs in the small airways of the lung
and can lead to severe, permanent shortness of
breath.> The main respiratory symptoms are
cough and shortness of breath on exertion that
typicaly do not improve much when the worker
goes home at the end of the workday or on
weekends or vacations. Usualy symptoms are
gradua in onset and progressive, but severe
symptoms can occur suddenly. Most cases do
not respond to medical trestment. Lung function
testing with spirometry generally reveals fixed
airways obstruction, and some workers develop
obstruction before they become symptomatic.
Because medical treatment does not reverse the
condition, some workers with severe disease
have4 been placed on lung transplant waiting
lists.

In addition to lung disease, workers exposed to
butter flavoring vapors may develop problems
with their eyes and skin. Eye irritation is
common, and occasondly workers report
chemica burns of the eyes requiring medica
treatment.  Similarly, exposed workers may
report skin irritation, and one worker at another
plant developed a disabling skin alergy to butter
flavorings.*

Prior to the request for a hedth hazard
evaluation by ConAgra workers, NIOSH had
performed medicd and  environmenta
evaluations at five microwave popcorn plants.
In three of these plants, workers who performed
mixing of soybean oil with butter flavorings,
salt, and colorings, had fixed obstruction, normal
diffusng capacity for carbon monoxide
(DLCO), and findings on high resolution
computerized tomography (HRCT) scans of the
chest that were consistent with constrictive
bronchiolitis obliterans.™*® In two plants,
workers on packaging lines near non-isolated
tanks of heated oil and flavorings had higher
than expected prevalences of obstruction on
spirometry tests™’ In one plant, five of six
workers who performed repeated microwave
popping of product for quality control had
obstruction.! (Approximately 100 bags were
popped per worker per work shift.)

In 2002, NIOSH learned that a worker who had
mixed oil and butter flavorings for microwave
popcorn production at the ConAgra Snack Foods
plant in Marion, Ohio, had been diagnosed with
severe fixed obstructive lung disease consistent
with bronchiolitis obliterans. This worker was
approximately 40 years of age and had not
smoked for many years. The worker reported
the onset of progressive shortness of breath on
exertion approximately one year after beginning
work a the plant. Severa months later, the
worker’s condition worsened acutely. DLCO
testing was normal and an HRCT scan of the
chest reveded mosaic attenuation on the
expiratory view, consistent with bronchiolitis
obliterans.

After receiving the request for a health hazard
evaluation, NIOSH visited the plant in January
2003 to conduct a walkthrough survey. The
walkthrough revealed production processes and
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work practices similar to those of other
microwave popcorn plants. There were severa
large (e.g., 500-gallon) tanks containing heated
oil, butter flavorings, salt, and colorings in the
mixing (slurry) room. Mxers handled liquid,
paste, and powdered butter flavorings in open
containers and poured them into open tanks of
heated soybean oil without using respiratory
protection. The pouring of powdered butter
flavorings generated significant amounts of
airborne dust. The lids on many tanks did not
seal tightly and no tanks had local exhaust
ventilation. A large garage-type door separated
the durry room from an adjacent large area
where the microwave popcorn packaging lines
were located. The lower part of this door did
not seal tightly with its frame, leaving an
opening to the packaging area, and testing with
smoke tubes showed the Slurry room to be under
positive air pressure relative to the packaging
area (i.e., air moved out of the slurry room and
into the packaging area). There were no tanks of
heated oil and flavorings in the packaging area.
The mixture of oil, flavorings, colorings, and
salt was piped from the tanks in the slurry room
to machines on the packaging lines where the
mixture was combined with kernel popcorn and
sedled in microwaveable bags. QA workers
perfoomed repeated microwave popping of
product in a separate QA lab (up to 130 bags per
worker per 12-hour work shift). Other areas of
the plant included offices, a warehouse, and the
press area (assembly of and printing on
microwave popcorn bags). All areas of the plant
were ventilated by rooftop heating, ventilation,
and air conditioning (HVAC) units. Based on
these observations, NIOSH provided initial
recommendations to  decrease  potentia
exposures in the durry room, packaging area,
and QA lab (Appendix A — NIOSH interim
report dated January 28, 2003).

NIOSH proceeded to conduct a detailed hedlth
and environmental survey at this plant from
March 3 to March 10, 2003, in order to
characterize exposures and lung function in
mixers and other workers.

METHODS

Medical Evaluation

All current workers were invited to participate.
After obtaining signed, informed consent from
participants, NIOSH interviewers administered a
standardized questionnaire to collect information
on symptoms, medica diagnoses, smoking
history, work history, and work-related
exposures. This questionnaire (Appendix B)
included gquegtions from the American Thoracic
Society (ATS) standardized  respiratory
symptom questionnaire® and the 3° National
Health and Nutrition Examination Survey
(NHANES 111), supplemented with questions
about respiratory, mucous-membrane, and
congtitutional symptoms, and work history.

NIOSH technicians performed spirometry tests
using a dry rolling seal spirometer interfaced to
a persona computer and following American
Thoracic Society guidelines™ with results
compared to spirometry reference  values
generated from the Third Nationa Heath and
Nutrition Examination Survey (NHANES I11).*
The largest forced vita capacity (FVC) and
forced expiratory volume in the first second of
exhaation (FEV1) were sdlected for analysis.
Obstruction was defined as an FEV1/FVC ratio
and FEV1 below the lower limits of normal.
Restriction was defined as an FVC below the
lower limit of normal with a normal FEV1I/FVC
ratio. A mixed pattern (obstruction and
restriction) was defined as an FEV1/FVC ratio,
FEV1, and FVC below the lower limits of
norma. Workers with evidence of airways
obstruction or a mixed pattern were
administered  abuterol, a bronchodilator
medication used to treat obstructive lung
diseases such as asthma, and were then re-tested
to see if the obstruction was reversible.
Reversible obstruction was defined as an
improvement in the FEV1 of at least 12% and at
least 200 milliliters after administration of
albuterol. Participants  with  abnormal
spirometry  results  (airways  obstruction,
restriction, or a mixed pattern) underwent
measurement of carbon monoxide diffusing
capacity of the lung (DLCO) to identify
evidence of lung disease apart from the airways
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as might be seen in individuds with
emphysema. NIOSH technicians followed ATS
guidelines for performing DLCO, with an
abnormal DLCO defined as below the lower
limit of normal compared to reference values.*®
NIOSH mailed each participant his/her test
results on April 8, 2003. Participants with
abnormal test results were counseled to obtain
additional medica evauation.

The observed number of workers with
respiratory symptoms, self-report of physician
diagnosed respiratory disease, and abnorma
spirometry, were compared to the number
expected based on nationa data from NHANES
[11.° The resulting prevalence ratios were
controlled for gender, age group (17 to 39 years
of age versus 40 to 69 years of age), race-
ethnicity (Caucasian, AfricanrAmerican, or
MexicanrAmerican), and cigarette smoking
status (ever versus never). Ninety-five percent
confidence intervals for the prevalence ratios
were calculated using the method described by
Kahn and Sempos.*

Epi Info™ was used to calculate odds ratios and
95 percent confidence intervals for abnormal
spirometry results in workers who had worked
as mixers for at least 1.5 years compared to
other workers.

Industrial Hygiene Evaluation

A preiminary plant site vist was made in
January 2003 to review production processes
and worker exposures to aid the design of an
industrial  hygiene sampling plan. A cross-
sectiond  industrial  hygiene survey was
conducted from March 3 to 6, 2003. Four day
and two night production shifts were sampled
for air contaminants during the production of
microwave popcorn. Full-shift, personal and
area samples were taken. Persona breathing
zone samples were collected for severa butter-
flavoring-related ketone compounds including
diacetyl, acetoin, and 2-nonanone. Area samples
were collected for these three ketones plus total
dust, respirable dust, particle size distributions,
acetic acid, butyric acid, acetaldehyde, and total
volatile organic compounds. Samples were
collected from various plant areas including the
press area, warehouse, maintenance, office

areas, durry room, QA lab, and packaging area.
Samples were aso collected outside to assess
surrounding ambient contributions to worker
exposures. These samples were time-weighted
over an 8 to 10-hour sampling period for each
shift (except for the volatile organic compound
which required shorter sample times -
approximately 6 hours or less to prevent
overloading). Sampling pumps were pre- and
post-calibrated with each use, and field and
media blank samples were taken for quality
control purposes.

Diacetyl, acetoin, and 2-nonanone were
collected on Anasorb® carbon molecular sieve
tubes a a flow rate of 0.150 liters per minute
(Ipm). These samples were anadyzed by gas
chromatography (GC) according to NIOSH
Manual of Analytica Methods (NMAM)® 2557
and 2558. Semi-quantitative air samples for
volatile organic compounds were collected on
thermal desorption tubes at a flow rate of 0.02
Ipm and were analyzed by gas chromatography
with a mass selective detector according to
NIOSH Method 2549." Total hydrocarbons
were collected on coconut shell charcoa (CSC)
tubes at a flow rate of 0.05 Ipm and analyzed by
GC according to NIOSH Method 1550. ** The
total hydrocarbons concentrations in this report
include the sum of al gas chromatographic
peaks in the spectrum minus diacetyl, acetoin,
and 2nonanone. Butyric and acetic acid were
collected on silica gel sorbent tubes at a flow
rate of 0.3 [pm and analyzed by high pressure
liquid chromatography (HPLC) accordng to
NIOSH Method 7903. ® Acetaldehyde was
collected on solid sorbent tubes (XAD-2) a a
flow rate of 0.03 Ipm and analyzed by GC
according to NIOSH Method 2538. *°

Total dust sampleswere collected at aflow rate
of 3.0 Ipm on closed-face filter cassettes using
37-mm poly vinyl chloride (PVC) filters with a
pore size of 5 micrometers (mm). Respirable
dust samples were collected at 4.2 lpm on
similar filters with BGI Respirable / Thoracic
Cyclones™ (BGI Inc., Watham, MA). The
cyclone has a median aut point for particles 4
micrometer (mm) in aerodynamic diameter. The
filters were analyzed gravimetrically according
to NIOSH Methods 0500 and 0600, respectively.
> (NIOSH provided air sampling results for the
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ketones diacetyl, acetoin, and 2nonanone, total
dust, and respirable dust in an interim report
dated October 2, 2003) Particle size
distributions were collected using a 9 stage
cascade impactor operated at a flow rate of 2.0
I[pm. The PVC filter samples were analyzed
gravimetrically according to NIOSH Method
0500. *°

Grimm optical particle counters (OPC) (Grimm
Technologies, Inc., Douglasville, GA) were used
to measure red-time arborne particle
concentrations. The Grimm OPC
measurements were collected over eight to ten
hour periods at selected area sampling locations.

A Gasmet DX-4010™ Fourier Transform
Infrared (FTIR) Gas Andyzer (Temet
Instruments Oy, Helsinki, Finland) was used to
measure peak concentrations d diacetyl in the
durry room during mixing operations. The
instrument was operated in the center of the
room to measure generd area diacetyl
concentrations throughout the work shift.

RESULTS

Except where noted, the following results were
provided to ConAgra Snack Foods and the HHE
requestors in the October 2003 interim report.

Medical Survey

Sixty-five percent of the workforce participated
in the medical survey. Participation by work
area is shown in Table 1, dong with the mean
age, percentage of males, and percentage of
current or former smokers among participants.
Participation in five work areas (press, durry
room, packaging area, QA lab, and maintenance)
was good, ranging from 70 to 100 percent.
Participation of office and warehouse workers
was low (34% and 27% respectively), limiting
their use as a minimaly or un-exposed group
(i.e, interna control) to which the prevalences
of symptoms, sdf-reported diagnoses, and
spirometry abnormdities in microwave popcorn
production workers could be compared.
Potential exposures to printing-related chemicals
in the press area, which could lead to symptoms
and/or hedlth effects, limited the use of press

area workers as an interna control group.
Twenty four of 26 participating mechanics
reported spending time in the slurry room every
week (mean 2 hours; range 0.5 to 10 hours),
which limited their use as an internal control

group.

Table 2 lists the numbers and percentages of
workers with symptoms by work area. The
responses of four mechanics who work mostly in
the press area are included with those of the
pressworkers. All other mechanics are included
in the “other” category aong with the
participants from the office and warehouse.
Compared to workers in other plant areas, slurry
room and QA lab workers had the highest
percentages of workers reporting of shortness of
breath on exertion (33% of mixers and 36% of
QA workers participating in the survey),
wheezing or whistling in chest without a cold
(50% of mixers, 36% of QA workers), unusua
fatigue (33% of mixers, 36% of QA workers),
and nose bleeds (25% of mixers, 18% of QA
workers). Nasa irritation was reported by a
high percentage of al workers, especialy in
production (highest in mixers at 83%). Eye
irritation was reported frequently by workers in
all work areas (28% to 45% of workers). Skin
problems were most frequently reported by
workers in the press area (34% of workers).

Table 3 lists the numbers and percentages of
workers with abnormal lung function on NIOSH
tests and that reported that they had a respiratory
diagnosis confirmed by a physician. The
responses and test results of four mechanics that
work mostly in the press area are included with
those of the press workers. All other mechanics
are included in the “other” category along with
the participants from the office and warehouse.

Twenty-nine of the 205 survey participants
(14%) had abnorma spirometry. Only four of
19 with obstruction or a mixed pattern had a
response to bronchodilator  documenting
reversibility. The slurry room had the highest
percentage of workers with abnormal spirometry
(33% of workers tested), including the highest
percentage with obstruction or a mixed pattern
(25%). Bronchitis while working at the plant
was reported most frequently by slurry room and
QA workers (33% of mixers, 36% of QA
workers). Asthma was reported most frequently
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and by similar percentages of packaging, slurry
room, and QA workers (16% to 18% of
workers).

Tables 4, 5 and 6 show the numbers of ConAgra
packaging area, slurry room and QA lab, and
press area workers reporting respiratory
symptoms and diagnoses and having abnormal
results on NIOSH spirometry tests, compared to
the numbers that would be expected based on
national data from NHANES Il (after adjusting
for age, race, sex, and smoking history). The
ratio of the observed number to the expected
number (prevalence ratio) gives an indication of
how similar or different the observed number is
to the expected number. The closer the ratio is
to “1”, the less unusual is the observed number.
If the 95 percent confidence interval indicated
includes “1”, then the difference between the
observed and the expected number is not
dtatistically significant (i.e., the probability that
the difference is due to chance is greater than
five percent). Surry room and QA lab workers
were combined into one group due to the small
numbers of workers in each group, and because
of the known occurrence of increased risk in
both these groups in other microwave popcorn
plants. Shortness of breath on exertion was
reported 1.6 times more often than expected by
dlurry room/QA workers but this excess was not
satistically significant. Wheezing apart from
colds was reported 2.1 times more often than
expected by packaging area  workers
(statistically significant), 3.0 times more often
than expected by durry room/QA workers
(statistically significant), and 1.9 times more
often than expected by press area workers
(borderline statigtically significant).  Chronic
bronchitis was reported 3.3 times more often
than expected by press area workers (statistically
significant). Asthma was reported
approximately twice as often as expected in
packaging aea and durry/QA  workers
(statistically significant excess for packaging
area workers). Obstruction or a mixed pattern
on NIOSH spirometry tests was found 1.6 times
as often as expected in packaging area workers
(not statistically significant), 2.5 times as often
as expected in durry/QA workers (borderline
statistically significant), and 1.8 times as often
as expected in press area workers (not
statistically significant).

The prevalence ratios in Tables 4, 5, and 6 are
dightly different from the ones listed in the
interim report of October 1, 2003 (Appendix C).
The earlier ratios were based on expected
numbers that were only adjusted for age and
smoking status, whereas the ratios in this fina
report are based on expected numbers that are
adjusted for age, race, sex, and smoking status.
The only ratio that is substantially different from
the ones previously reported is the one for
chronic bronchitisin press area workers.

A tota of 39 participants reported current or past
experience working as mixers in the durry
room. Twelve of 39 reported currently working
in the slurry room (nine as mixers and three as
assistant supervisors) and eight reported that
they were former mixers. Nineteen reported
having worked as mixers (even for as little as
one day) while assigned to other jobs. Seven of
39 (19%) had an abnormal spirometry test (four
with obstruction or a mixed pattern, three with
restriction). (In the October 2003 interim report,
nine of 39 workers with mixing experience were
reported to have abnorma spirometry. This
number included two workers with borderline
obstruction, defined as an FEVUFVC ratio
below normal with anormal FEV1.) Nine of the
20 with a current or former job title of mxer
reported working in the durry room for 1.5 or
more years. Four of these nine had an abnormal
spirometry test (three with obstruction or a
mixed pattern, one with restriction). (The
October 2003 interim report stated “ Six of these
nine...” because the two borderline obstruction
results were included.) Taking into account all
survey participants, a worker with an abnormal
spirometry test was 5.5 times more likely to
have worked with a job title of mixer for 1.5
years or more as opposed to having worked less
time or no time as a mixer (95% confidence
limits: 1, 27). (The October 2003 interim report
stated “6.7 times more likely...” because of the
inclusion of the borderline obstruction results.)
Workers with only obstruction or a mixed
pattern were 5.6 times more likely to have
worked with ajob title of mixer for 1.5 years or
more as opposed to having worked less time or
no time as a mixer (95% confidence limits: 0.8,
29). Nether of these comparisons was
statistically significant (i.e., the probability that
the outcome is due to chance is at least 5 % as
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the 95% confidence limits include 9. (In the
October 2003 interim report, these comparisons
were reported as statistically significant in error.
However, the fact that the number of workers
that had worked as mixersfor 1.5 or more years
was small decreases the likelihood of finding
statistical significance.)

Industrial Hygiene Survey

The predominant volatile organic compounds
identified in plant air are presented in Table 7 by
sampling location. Diacetyl and limonene were
identified as predominant compounds in the
GCMS spectra from most plant areas. In
addition to diacetyl and limonene, the
predominant compounds in the durry room
included acetoin, propylene glycol, acetoin
oligomers, ethanol, hexane, and tetrahydrofuran.
The QA area had the most abundant spectra of
organic compounds including both diacetyl and
acetoin.  The press room area and office area
had the least abundant spectra of predominant
organic compounds in air; diacetyl was a
predominant compound in the press area but was
not detected among the predominant compounds
in the office area.

Diacetyl concentrations ranged from below
detectable levels (approximately 0.004 parts per
million parts air by volume — ppm) to a high of
2.7 ppm (Table 8). The mean diacetyl
concentration from the 123 personal and area
measurements was 0.15 ppm with a standard
deviation (STD) of 0.41. The mean diacetyl
concentration from the 48 area samples (0.17
ppm) was similar to the mean concentration
from the 75 persona exposure measurements
(0.14 ppm). The mean acetoin concentration
was dightly lower than diacetyl at 0.11 ppm
from the 123 personad and area samples.
Acetoin  concentrations ranged from below
detectable limits (approximately 0.004 ppm) to a
high of 2.8 ppm. Diacetyl and acetoin
concentrations below detectable levels (LOD)
were assigned a value of 0.002 ppm (i.e,
LOD/2) and those samples below quantifiable
levels (LOQ) were assigned a value of 0.005
ppm (i.e, LOQ/2) to cdculate mean
concentrations.

Figure 1 and Tables 9 and 10 present diacetyl
and acetoin air concentrations by job location for

both personal and area samples. The dSlurry
room/mixers had the highest mean ketone
concentrations, 1.14 ppm for diacetyl and 0.90
ppm for acetoin (personal and area samples
combined). The mean diacetyl concentration
from the 7 personal samples from the Slurry
room was 103 ppm; the mean area
concentration from the slurry room (6 samples)
was 1.26 ppm. Supervisors had the next highest
diacetyl concentration with a mean of 0.15 ppm;
this included area and personal measurements
from al supervisor categories including the
slurry room supervisor. The mean of the 11
personal diacetyl exposure measurements
collected from the supervisor category were 0.17
ppm, which was higher that the mean of the area
samples collected from the supervisor's office
(0.01 ppm). The packaging area had mean
diacetyl concentrations by job location ranging
from 0.02 ppm (case packer) to 0.03 ppm
(palletizer). This included several job
categories. phaser, case packer, cartoner, and
palletizer. The mean acetoin concentration in
these  production job  categories was
approximately 0.01 ppm. The QA lab had a
mean diacetyl concentration of 0.03 ppm for
persona samples and 0.01 ppm for area samples.
The mean acetoin concentration for the QA lab
was 0.03 ppm from the persona samples and
0.01 from the area samples. The mean diacetyl
concentration from the warehouse area was 0.03
ppm for persona and area samples combined;
the acetoin concentration was 0.004 ppm. The
press area and office locations had mean diacetyl
concentrations below 0.03 ppm and mean
acetoin concentrations below 0.01 ppm. The
ambient sample collected upwind from the plant
was below detectable levels for diacetyl and
acetoin (less than approximately 0.004 ppm).
Currently there are no Occupational Safety and
Health Administration (OSHA) Permissible
Exposure Limits (PELs), American Conference
of Governmental Industrial Hygienists (ACGIH)
Threshold Limit Values (TLVs), and NIOSH
Recommended Exposure Limits (RELs) for
diacetyl, acetoin or 2-nonanone.

Figure 2 provides an assessment of real time
concentrations for diacetyl, acetoin, and
nonanone in the slurry room. These sampling
results were obtained using the FTIR on two
separate days, Mach 3¢ and 4", 2004.
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Additionally, these sampling results were
collected from general room air and would not
reflect potential peak exposures to mixers from
activities such & opening tank lids or manua
handling of butter flavorings. The average
diacetyl and acetoin concentrations measured
using the FTIR were comparable to those
obtained using the NIOSH Manual of Analytical
Methods (NMAM 2557 and 2558). The mean
diacetyl concentration measured in the durry
room on March 3% was 2.32 ppm (the
comparable diacetyl concentration measured by
NMAM was 2.68 ppm). On March 4", the
average diacetyl concentration measured using
the FTIR was 1.86 compared to the NMAM
diacetyl concentration measure of 1.12 ppm.
The peak diacetyl concentration in the durry
room on March 3% was 16.1 ppm, approximately
7 times the average concentration. The peak
diacetyl concentration on March 4" was 53
ppm, approximately 3 times the average
concentration on this day. Nonanone
concentrations were much lower, with mean
concentrations below 0.1 on both days.

Figure 3 presents area diacetyl concentrations
collected in side-by-side sampling in the durry
room using two different sampling flow rates,
0.15 Ipm (used by NIOSH) and 0.02 Ipm (used
by ConAgra consultants). This sampling was
done a the request of plant management to
assess the impact of sampling flow rate on
diacetyl  concentrations. The diacetyl
concentrations collected at the higher flow rate
(3 samples) had a mean concentration of 0.71
ppm and the samples collected at the lower flow
rale (3 samples) had a mean diacetyl
concentration of 0.43 ppm. A flow rate of 0.15
Ipm (consistent with NMAM 2557 method for
diacetyl), was chosen to quantify diacetyl at
lower airborne concentrations.

Total hydrocarbon concentrations in air
(excluding diacetyl, acetoin, and nonanone)
ranged from below detectable limits to a high of
5.53 milligrams per cubic meter of air (mg/nt)
as seen in Table 11. (These data provide a
perspective on the contributions of hydrocarbons
other than the three ketones, diacetyl, acetoin,
and 2nonanone, since these three compounds
were excluded from this andysis) The mean
concentration from the 48 area samples was 1.25

mg/nT with a standard deviation of 0.92.
Twenty-seven of the hydrocarbon samples were
below quantifiable limits (LOQ - approximately
1.60 mg/nT) and assigned a value of 0.8 mg/n?
to calculate mean concentrations (LOQ/2). Four
of the 48 samples were below detectable limits
(LOD - approximately 0.44 mg/n7’) and assigned
a vaue of 0.22 mg/n? to calculate mean
concentrations (LOD/2). Table 11 presents
hydrocarbon  concentrations by  sampling
location. The phaser operator area had the
highest hydrocarbon concentration, 2.06 mg/nt*
(excluding diacetyl, acetoin, and 2-nonanone).
The durry room, supervisor, press operator, case
packer, and QA al had a mean hydrocarbon
concentrations between 1 mg/n? and 2 mg/n?.
Currently there are no Occupationa Safety and
Hedth Administration (OSHA) Permissible
Exposure Limits (PELS), American Conference
of Governmental Industrial Hygienists (ACGIH)
Threshold Limit Vaues (TLVs) and NIOSH
Recommended Exposure Limits (RELS) for total
hydrocarbon concentrations.

Acetaldehyde concentrations ranged from
below detectable limits to a high of 0.17 ppm
(Table 12). The 48 area acetaldehyde samples
had a mean of 0.05 ppm with a standard
deviation of 0.05. Twenty-one of the
acetaldehyde samples were below quantifiable
limits (approximately 0.036 ppm) and assigned a
value of 0.018 ppm (LOQ/2) to calculate mean
concentrations. Six of the 48 samples were
below detectable limits (approximately 0.014
ppm) and assigned a value of 0.007 ppm to
calculate mean concentrations. Table 12 presents
acetaldehyde concentrations by  sampling
location. The maintenance, press room and QA
aeass had the  highest acetadehyde
concentrations with a means ranging from 0.12
ppm to 0.15 ppm. The highest concentration in
the durry room was 0.05 ppm. Acetaldehyde
mean concentrations in the production areas
were al below 0.05 ppm, and concentrations in
the office areas were all below quantifiable
levels. These levels are al below the OSHA
PEL for acetaldehyde, 200 ppm as an eight- hour
TWA. The ACGIH TLYV for acetaldehyde is 25
ppm as a celing concentration (C) not to be
exceeded. NIOSH considers acetaldehyde to be
a potential occupational carcinogen and
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recommends that exposures be reduced to the
lowest feasible concentration.

Most of the acetic and butyric acid samples
were below quantifiable levels. Only 12 of the
acetic acid samples had quantifiable
concentrations (greater than 0.004 ppm). The
highest concentrations were in the mixing room
where the highest acetic acid concentration was
331 ppm  Acetic acid was dso detected at
quantifiable levels in other plant areas (the QA
area, packaging lines, warehouse, office,
maintenance area) but concentrations in these
areas were below 0.15 ppm. Only 3 of the 48
butyric acid samples had  detectable
concentrations and these were al from the slurry
room. The highest butyric acid concentration
was 0.16 ppm. These levels are al below the
OSHA PEL, ACGIH TLV, and NIOSH REL for
acetic acid, al 10 ppm as an eight-hour TWA.
ACGIH and NIOSH also provide a short term
exposure limit (STEL) recommendation of 15
ppm.  Currently, there is no OSHA PEL,
ACGIH TLV or NIOSH REL for butyric acid.

The total dust concentrations ranged from
below detectable levels (approximately 0.014
milligrams per cubic meter of air — mg/nT) to a
high of 1.74 mg/n?, as presented in Table 13.
The mean total dust concentration from the 49
area samples was 0.24 mg/n?. Respirable dust
concentrations ranged from below detectable
levels (approximately 0.01 mg/nT ) to a high of
0.65 mg/nt.  The mean respirable dust
concentration was 0.09 mg/nT. Total dust
samples below the limit of detection (LOD)
were assigned a value of 0.007 mg/n?’ (i.e., LOD
/ 2) to calculate mean concentrations; respirable
dust samples below the LOD were assigned a
value of 0.005 mg/nT

The dlurry room hed the highest mean total and
respirable dust concentrations, 1.1 and 0.49
mg/nT respectively (Figure 4). The packaging
area had mean total dust concentrations ranging
from 0.11 mg/nT (cartoner and palletizer) to
0.16 mg/n® (phaser). Mean respirable dust
concentrations by location in the packaging area
ranged from 0.03 to 0.05 mg/nt. The QA lab
had a mean total dust concentration of 0.07
mg/m® and a mean respirable dust concentration
of 0.03 mg/nt. The office had the lowest total

and respirable dust concentrations, 0.02 mg/nT
and 0.009 mg/n? respectively. These levels are
below the Occupational Safety and Health
Administration (OSHA) permissible exposure
limit (PEL) for particulates not otherwise
regulated (PNOR) of 15 mg/n? as an eight-hour
TWA (5 mg/n?® for respirable dust) and the
American  Conference  of  Governmental
Industrial Hygienists (ACGIH®) threshold limit
vaue (TLV®) for particulates not otherwise
specified (PNOS) of 10 mg/nt for inhaable
particulates as an eight-hour TWA (3 mg/n?’ for
respirabdle particulate).

Particle size distribution data from the four
cascade impactor samples taken in the durry
room indicated that approximately 76 percent of
the airborne mass was less than 10 micrometers
(um) in aerodynamic diameter and in the
respirable size fraction. (The cascade impactor
samples taken from other plant areas had
insufficient mass to assess paticle gze
distributions). Approximately 39 percent of the
mass from these four durry room samples was
below 3.5 um in aerodynamic diameter. Hgures
5 through 7 present particle count data obtained
using the GRIMM Ogptica Particle Counter in
the durry room, QA lab, and in packaging.
These figures show real-time particle count data
in particles per cubic centimeter (Particles/cc) by
five particle size categories: 0.3t0 0.5 pum, 0.5to
1.0 pm, 1.0 to 5.0 pm, 5.0 to 10.0 pm, and
greater than 10 um. The samples collected from
the durry room had the highest particle count
concentrations in al 5 size categories, these
samples adso had greater fluctuations in
concentration throughout the workshift than the
samples collected in the QA area or the
production (palletizing areq).

DISCUSSION

Natur e of the Disease

Bronchiolitis obliterans is a rare lung disease
characterized by inflammation and scarring of
the small airways of the lung, which can lead to
severe, permanent shortness of breath. The
congtrictive form of bronchialitis obliterans can
occur after inhalation of nitrogen dioxide, silo
gases, ammonia, chlorine, hydrogen fluoride,
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ozone, phosgene, fly ash, and sulfur dioxide.® In
occupational  settings, an  incident  of
overexposure often results in severe initid
symptoms of pulmonary edema, followed by
apparent recovery. Persistent shortness of breath
occurs weeks later due to bronchiolitis
obliterans. Apart from work-related exposures,
most bronchiolitis obliterans cases are due to
bone marrow or lung transplants.  When
bronchiolitis obliterans develops insidioudly, as
in the case of post-transplant patients, there are
often no respiratory symptoms during the early
stages of disease, even though lung function
tests may be abnorma.’® As lung function
continues to decline, respiratory Symptoms
eventually develop. Severa workers that have
developed bronchialitis obliterans in the setting
of butter flavoring exposure during microwave
popcorn production,” and during the manufacture
of flavorings"*® have experienced a slow onset
of symptoms similar to post-transplant patients.

In affected individuals, lung function testing
with spirometry typicaly shows obstruction
(low FEVVFVC ratio and FEV1) that does not
improve with use of an inhaled bronchodilator.
In moderate to severe disease, increased residual
volume may occur. The chest xray is usualy
normal, but high resolution lung computerized
tomography with inspiratory and expiratory
views may show mosaic attenuation on the
expiratory view. The diagnosis of bronchiolitis
obliterans is likely when the clinical history
includes one of the known causes, the more
common lung diseases are ruled out, and the
above spirometry and radiology findings are
present. The diagnosis can be confirmed by
identifying bronchiolitis in an open (or
thoracoscopic) lung biopsy specimen. However,
the pathologic process in the lung is patchy in
digribution, and it is only with great care,
speciad stains, and the examination of many
biopsy sections that the typical leson can be
identified. Because the process of obtaining the
tissue is invasive and the yield is not rtain,
affected individuals and their physicians should
discuss in detail whether or not a lung biopsy for
atissue diagnosisis warranted.

Exposuresto Flavoring-Related Chemicals

Flavorings are often complex mixtures of
ingredients, many of which can be irritating to
the skin, eyes, and respiratory system.” The
effects of these ingredients may be additive,
such that exposures to concentrations of
compounds that would not cause harm as a sole
exposure may be harmful if combined with
exposures to other compounds. NIOSH
measured the air levels of diacetyl and acetoin,
two common ingredients in butter flavoring, as
indicators of exposure to butter flavoring vapors.
Anima experiments a NIOSH indicate that
diacetyl is one of the chemicas in butter
flavoring that can lead to airway injury.”® The
other chemical components that may contribute
to toxicity, and the levels of exposure that are
considered safe, are &ill not  known.
Recommended air exposure limits have not been
established for most chemicals used in
flavorings.™ Also urknown is the relative safety
of powdered flavorings compared to liquids or
pastes. Powders that are formulated (i.e.,
encapsulated) to have lower emissons of
volatile flavoring chemicas may pose lower
risk.  However, inhdation of powder of
respirable size during the handling of these
flavorings may increase worker risk for lung
problems (due to deposition and local release of
flavoring chemicals on contact with water in the
arways). The particulates measured in the
slurry room had a substantial respirable dust
fraction (approximately 76%); these respirable
dusts would be capable of penetrating to the
dista regions of the lung where bronchiolitis
obliterans occurs

Patterns  of Lung Function Test
Abnormalitiesin Different IlInesses

Evauation of lung function with spirometry can
reveal several patterns of abnorma lung
function. With obstruction, the movement of air
out of the lungs is dowed because airways are
narrowed or blocked. Obstruction occurs with
diseases such as asthma, emphysema, or
bronchiolitis obliterans.  Obstruction due to
asthma can be reversed by the administration of
a bronchodilator medication. With emphysema
due to smoking, the obstruction is usually fixed
(i.e, no significant response to bronchodilator
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medication). A diffusing capacity test for
carbon monoxide (DLCO) is usually abnormally
low with emphysema because there is associated
damage to the lungs apart from the airways.

With bronchiolitis obliterans, the obstruction is
fixed and the DLCO is usudly normal because
the lung tissue apart from the airways is not
affected. Regtriction is manifested on
spirometry by a decreased FVC, meaning that a
lower than normal amount of air is exhaled after
amaximal inhalation. Restriction results when a
disease process causes scarring of lung tissue so
that it is no longer fully able to expand. The
scarring of lung tissue results in a low DLCO.

Table 14 summarizes the test findings in
obstructive and restrictive lung diseases.

Exposures and Worker Health at ConAgra
Snack Foods, Marion, Ohio

Slurry room: Three of 12 current durry room

workers (mixers and supervisors) were found to
have obstruction on NIOSH spirometry. Two

did not respond to bronchodilators, while one

did respond but the FEV1 remaned below
norma. All three had normal diffusing capacity.

These findings are consistent with bronchiolitis
obliterans, and when considered aong with
similar findings in former mixers in this plant

and others, strongly suggest that exposures to

flavoring chemicals in the durry room pose a
risk for the development of occupationa lung

disease. It is likely that some durry room
workers have been affected by this exposure. In
two other plants with affected mixers evaluated
by NIOSH, diacetyl air concentrations in the oil

and flavoring mixing room/area were smilar to
those in the slurry room at the ConAgra plant.>®

The fact that the diacetyl levels at these two
other plants and the ConAgra plant were much

lower than those measured in the mixing room

of the index plant (38 ppm in the index plant vs.

approximately 1 ppm or kss in the other plants)

suggests that mixers may be at risk from brief,

intense exposures during open handling of
flavorings and looking into tanks of heated oil

and flavorings, even when ventilation maintains
low average ar concentrations of flavoring
chemicals.

Microwave popcorn packaging-lines. During
the March 2003 survey, NIOSH found that the

durry room was under negative air pressure
relative to the adjacent packaging area, a likely
result of modifications to the Slurry room
ventilation system which ConAgra performed
after the January 2003 NIOSH vist. This
decressed the potential for durry room
emissions to contaminate the packaging area, as
evidenced by the much lower diacetyl air
concentrations NIOSH found in the packaging
area as compared to the durry room in March
2003. However, the ventilation in the durry
room prior to these changes allowed flavoring
chemicals in the air of the slurry room to move
intothe air of the packaging area. Therefore, the
March 2003 diacetyl air concentrations in the
packaging aea may underestimate past
exposures. Higher exposures in the past may
explain the greater than expected numbers of
packaging-line workers reporting wheezing
apart from colds and being told by a physician
that they have asthma, and the high percentages
of packaging-line workers reporting eye and
nasal irritation. Nine packaging-line workers
had obstruction on NIOSH spirometry tests.
Five of them had no response to bronchodilator,
had norma diffusing capacity, and had no
history of ever having worked as mixers.
Although they were all smokers, their average
age was 36 and none were over age 50, making
it unlikely that al five had smoking-related
disease. It is possible that some packaging-line
workers may have decreased lung function due
to inhalation of flavoring chemicals originating
in the durry room.

QA lab: Two of 11 current QA workers were
found to have abnorma spirometry. One had
obstruction that was unresponsive to
bronchodilator and had a norma diffusing
capacity.  Another had restriction.  Severa
curent QA workers reported respiratory
symptoms, as well as nasal and eyeirritation. At
the index plant where flavorings-related lung
disease in microwave popcorn workers was first
identified, five of six QA workers that popped
approximately 100 bags of microwave popcorn
in microwave ovens per work shift per worker
were found to have fixed obstruction. The
average diacetyl air concentration in the QA lab
at the index plant was higher than in the QA lab
a the ConAgra plant (0.56 ppm vs. 0.018 ppm).
Despite this lower average exposure, ConAgra
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QA lab workers may be at risk from the repeated
brief, intense exposures that occur with the
popping of up to 130 bags per worker per 12-
hour shift.

Press area: The press area had greater than
expected numbers of workers reporting
wheezing apart from colds and chronic
bronchitis, and with obstruction on spirometry
testing. Although the number of workers with
obstruction was small and the excess was not
gatistically significant (four workers with
obstruction compared to two expected, after
adjusting for age, smoking history, race, and
gender), the excess obstruction in these workers
is concerning given their potential for exposure
to volatile chemicals used in the press area. All
the workers with obstruction were smokers.
However, al were less than 50 years old
(average age 43), making it less likely that all
had smoking-related disease.

Sixty percent of survey participants reported
currently smoking cigarettes. Thisis higher than
the average for any industry or occupation
surveyed and listed in the 2002 Work-Related
Lung Disease Surveillance Report published by
NIOSH.** This high smoking prevalence is not
likely to explain al workers with obstruction in
this plant, as obstructive lung disease in smokers
typically does not occur before 45 years of age.
However, as they age, smokers are at risk for
many different smoking-related diseases,
including obstructive lung disease, lung and
other cancers, heart disease, and stroke. Nearly
half a million Americans die each year from
smoking-related diseases. Workers who smoke
should serioudy consider these potentia health
effectsand commit to stop smoking. Options for
workers who would like to stop smoking
include company-sponsored smoking cessation
programs, programs available through the
American Lung Association and other similar
organizations (many of which are free), and
recommendations from personal physicians.

CONCLUSIONS

Findings from a NIOSH medicad and
environmental evaluation at the ConAgra Snack
Foods microwave popcorn plant in Marion,

Ohio, and from similar evauations at the plants
of several other companies, indicate that
production workers are at risk for lung disease
from inhdation of butter flavoring-related
chemicals. Maintaining low average exposures
through the use of ventilation may not eliminate
risk if brief, intense exposures are still possible.
Intense exposures can occur when workers
manually measure or mix quantities of
flavorings, look into open tanks of heated oil and
flavorings, clean up flavoring spills, or pop
many dozens of bags of product in microwave
ovens per work shift. Packaging-line workers
may be at risk when exposed to emissions from
nearby flavoring mixing activities and non-
isolated tanks of oil and/or flavorings. To
minimize the risk of lung disease and other
health effects in workers exposed to flavoring-
related chemicals, ConAgra should minimize
worker exposures (including brief, intense
exposures) to the greatest extent possible, and
monitor potentially exposed workers with
regularly scheduled spirometry to make sure that
exposure control interventions are effective at
preventing effects on lung function.

RECOMMENDATIONS

NIOSH provided the following
recommendations to ConAgra in its October
2003 interim report. (The information presented
as “Follow-up” refers to NIOSH observations
during a wakthrough of the plant on September
2, 2004, and to information provided by
ConAgraduring, or shortly after, that visit.)

1. Identify and implement engineering
changes that allow flavorings to be
added to heated oil in a closed system
(i.e, no worker exposures to open
containers of flavorings) and eliminate
the need for workers to look into open
tanks of heated oil and flavorings. A
closed system requires that all aspects of
the mixing process be tightly contained
(e.g., dl tanks should have lids that sedl
tightly and prevent the escape of vapors
into the air). Alternatively, some
powdered flavorings (e.g., encapsulated
flavorings) minimize the release of
volatile flavoring chemicals into the air
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and may be a safer dternative to liquid
and paste flavorings when handled in
open containers. However, some
powdered flavorings generate significant
amounts of airborne dust when handled
which may be harmful if inhaled.
Require the wuse of appropriate
respirators (see below) by workers
handling open containers of flavorings
of any type. (Follow-up: ConAgra
management reported that it was
currently reviewing consultart
recommendations for implementing a
closed process for flavor handling.)

Until a closed system for mixing of ail
and flavoring is implemented, assure
that ventilation minimizes worker
exposures as much as possible.  All
production areas should have adequate
genera dilution ventilation. Maintain
the durry room under negative air-
pressure relative to the rest of the plant,
and exhaust the air from this room out
of the plant. If not aready done, install
aloca exhaust hood over the area where
mixers weigh and measure amounts of
flavorings, and implement local exhaust
ventilation to al tanks that contain
heated oil and flavorings. Regularly
check and maintan al ventilation
systems to assure adequate function and
prevent breakdowns. (Follow-up:
Testing with smoke tubes showed that
the durry room was under negative air
pressure relative to the packaging area.
NIOSH noted that an air pressure
monitor and alarm had been installed.
(The same observations were made
regarding the QA lab.) Thetablein the
durry room where workers weigh
flavorings in open containers had loca
exhaust ventilation. Testing with smoke
tubes showed this loca exhaust
ventilation to be effective up to severd
feet away from the exhaust point.
ConAgra management reported that
local exhaust ventilation for the heated
tanks had not been installed because the
tanks had tight fitting lids and because
of concern that some of the liquid
contents might be sucked into the

ventilation duct when the tanks were
full.)

Perform regularly-scheduled ar
sampling for flavoringrelated ketone
compounds such as diacetyl to ensure
the effectiveness of control
interventions.  (Follow-up: ConAgra
management reported that the results of
air sampling performed for the company
by a consultant were similar to the
results obtained by NIOSH.)

Assure that the durry room remans
closed off from the packaging area at all
times. This may require the installation
of an enclosure/ air-lock system with an
additiona door(s) in front of the current
doors. In this way, workers can enter
the enclosure and close the outer door(s)
before opening any of the current durry
room doors. (Follow-up: The durry
room door was closed.  ConAgra
management reported that it was not
able to install the additional door for the
durry room due to insufficient space.)

Continue to require  mandatory
respirator use by mixers and any other
workers who enter the durry room, as
part of a forma respiratory protection
program  that adheres to  the
requirements of the OSHA Respiratory
Protection Standard (29 CFR 1910.134).
Workers require medical clearance for
respirator use, fit testing of the respirator
they will use before they are allowed to
use it, and training on the hazards they
are exposed to and on how to wear and
maintain  their  respirator. The
adminigtrator that you select for the
program must have adequate training or
experience to run it and regularly
evaluate its effectiveness. Details on the
Respiratory Protection Standard and on
how a company can set up a respiratory
protection program are available on the
OSHA website (www.oshagov). The
minimum  protective respirator  that
NIOSH recommends is a NIOSH-
cettified  half-facepiece  negative-
pressure respirator with organic vapor
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cartridges and particulate filters. A full-
facepiece respirator would provide eye
protection as well. A loose-fitting
powered air-purifying respirator with a
particulate filter and organic vapor
cartridge is an option to consider for
increased worker comfort and does not
require fit testing. Another option is a
suppliedtair respirator.  Require that
mixers and other workers wear their
respirators whenever they are in the
dlurry room at any time and for any
reason. (Follow-up:  According to
workers and company management,
ConAgraimplemented mandatory use of
powered air-purifying respirators for al
workers that enter the durry room
shortly after the NIOSH survey in
March, 2003. ConAgra management
provided a copy of their respiratory
protection program. A storage areawith
lockers to store workers' respirators, and
a battery charge station, were located
near the durry room. A worker in the
dlurry room was seen using a powered
ar-purifying respirator during the
September 2004 NIOSH visit.)

Enclose and implement local exhaust
ventilation for microwave ovens in the
QA lab to prevent air inside the ovens
from blowing toward the QA worker.
Instruct QA workers to allow popped
bags to cool before opening them and to
open them insde of the enclosure.
Include these workers in the respiratory
protection program and require that they
use arespirator (from the choices above)
until the enclosures and ventilation are
in place and follow-up spirometry
testing shows that their lung function is
remaining stable.  (Follow-up: All
microwave ovens were located in a
hood-type enclosure with local exhaust
ventilation. After popping microwave
popcorn in the ovens, the QA lab worker
opened the bags of popcorn outside of
the hood after the bags had cooled
somewhat. Management  informed
NIOSH that the worker could not open
the bags in the hood because the diding
panel for the hood opening would have

to be in the raised (open) position,
which would alow gasesto escape from
the hood if additional bags of popcorn
were being popped in the ovens.
Waiting to start the ovens to pop
additional bags might mean that the
worker could not accomplish al the QA
popping that is usualy done during the
work shift. Follow-up
recommendation: Install local exhaust
for the area where the bags are opened if
the worker is not able to wait until the
bags have cooled before opening them.)

Implement a spirometry testing program
as described in Appendix D for QA
workers, mixers, and any other workers
that enter the durry room. (Follow-up:
A review of worker tests performed by
ConAgra's provider showed that the
quality of the tests was not good enough
to alow a comparison of workers' test
results over time. Follow-up
recommendation: Discuss with the
spirometry provider the importance of
following the American Thoracic
Society guidelines for standardization of
spirometry.'® All tests must have at least
three acceptable maneuvers. Additional
maneuvers may be necessary in order to
obtan  measurements that  ae
reproducible. (The two largest FVC and
FEV1 measurements should differ by
less than 200 milliliters). The
spirometry technicians should attend a
NIOSH -certified spirometry course and
demonstrate  knowledge of proper
techniques for coaching test subjects.

Evduate the processes and exposures in
the press aea to minimize any
potentially harmful exposures that press
workers may experience. NIOSH can
perform this as part of this HHE or a
separate HHE requested by company
management and/or workers.
Alternatively, ConAgra can arrange to
have this done by private occupational
health and safety consultants. (Follow-
up: ConAgra management reported that
its evaluation of the press area did not
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reveal any exposures that exceeded
established standards.)

9. Establish a smoking cessation program
and encourage workers to utilize it.
(Follow-up: ConAgra management
reported that it was providing interested
workers with referrals to a smoking
cessation program.)
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Table 1. Survey participation and characteristics of participants by current work area

Work Area Tota Survey % MeanAge | Males Current or
Workers* | Participants | Participation (Years) n (%) Former
(N) Smokers
n (%)
Press 40 28 70 37.3 26 (93) 22 (79)
Surry Room 12 12 100 31.6 12 (100) 8(67)
Packaging 155 110 71 34.1 69 (63) 82 (75)
QA 13 11 85 40.5 2(18) 10 (91)
Warehouse 30 8 27 37.1 6 (75) 7(88)
Office 29 10 A 3.1 3(30) 5 (50)
Maintenance A 26 76 421 25 (96) 14 (54)
Totas 313 205 65 36.1 143 (70) 148 (72)
*Totals as reported by Tony Jones, plant manager, at January 8, 2003 meeting
Table 2. Symptoms by current work area
Symptoms* Packaging Slurry QA Press All Others
N=110 N=12 N=11 N=32 N=40
n (%) n (%) n (%) n (%) n (%)
Trouble breathing during last 27 (25) 4 (33) 3(27) 8 (25) 10 (25)
12 months
SOB** hurrying or dight hill 24 (22) 4(33) 4 (36) 6 (19 10 (25)
SOB** walking with people
same age on level ground 6 (6 0 3(27) 4(13) 3(8)
Usua cough 35(32) 3(25) 4 (36) 9(29) 7(18)
Chronic cough (on most days 14 (13) 1(8) 2(18) 5(16) 3(8)
for 3 consecutive months)
Wheezing apart from cold 30 (27) 6 (50) 4 (36) 8 (25) 8 (20)
Fever/chills/sweats 16 (15) 1(8 3(27) 4 (13) 13
Unusud fatigue 25 (23) 4(33) 4 (36) 4(13) 5(13)
Nasdl irritation 69 (63) 10 (83) 6 (55) 13 (41) 17 (43)
Nose bleeds 9 (8 3 (25 2(18) 2(6) 13
Coughed up blood 9 (8 1(8) 109 13 13
Eyeirritation 44 (40) 4(33) 5 (45) 13 (41) 11 (28)
Skin problems 25 (23 2(17) 1(9 11 (34) 4 (10)

*See Appendix A for text of questions on questionnaire

** SOB=Shortness of breath

N= number of participants from work area
n= number of participants that reported symptom
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Table 3. Abnormalitieson NIOSH tests and wor ker-reported respiratory diagnoses by current

work area
Packaging | Slurry Room QA Press All others

Lung Function Test Results N=110 N=12 N=11 N=32 N=40

n (%) n (%) n (%) n (%) n (%)
Abnormal Spirometry 14 (13) 4(33) 2 (18) 6 (19) 3(8)
--obstruction or mixed pattern 9(8) 3(25) 1(9 4(13) 2(5)
--redtriction 5(5) 1(8) 1(9) 2 (6) 13
+ Bronchodilator Response lof 9 lof 3 Oof 1 lof 4 lof 2
Abnormal Diffusing Capacity 60of 14 lof4 0of 2 20f 6 1of 3
Respiratory Diagnoses
Bronchitis while working in 13 (12 4(33) 4 (36) 5(16) 0
plant*
Chronic Bronchitis* 8 (7) 0 1(9 5 (16) 3(8)
Pneumoniawhile in plant* 7(6) 0 0 13 0
Asthma* 18 (16) 2(17) 2(18) 3(9 5(13)
Pneumothorax (Collapsed 2(2 0 0 3(9 0
lung)*
*See appendix A for text of questions on questionnaire
N= number of participants from work area
n= number of participants with abnormality or reporting diagnosis
Health Hazard Evaluation Report No. 2003-0112-2949 Page 17




Table4. Numbers of packaging area workersreporting respiratory symptoms and physician-
diagnosed respiratory disease, and with abnormal spirometry test results, compared to the
numbersexpected from NHANESI11 (adjusted for age, sex, race, and smoking status)

Condition Participants | #0bs® | #Exp’ | O/E (95% CI)°
Shortness of breath when hurrying on the
level or walking up adight hill
<40 years 80 15 15.2 1.0 (0.6-1.6)
=40 years 30 9 7.6 1.2(0.62.2)
Total 110 24 22.8 1.1 (0.7-1.6)
Wheezing aside from a cold
<40 years 80 28 11.8 24 (1.634)t
=40 years 30 6 4.0 1.5(0.7-3.2)
Total 110 A 15.9 2.1 (1.53.0)f
Chronic cough®
<40 years 80 10 9.0 1.1 (0.6-2.0)
=40 years 30 4 35 1.2 (0.4-3.0)
Total 110 14 12.5 1.1 (0.7-1.9)
Chronic bronchitis confirmed by MD
<40 years 80 7 4.6 1.5(0.7-3.2)
=40 years 30 1 2.0 0.5(0.1-2.8)
Total 110 8 6.6 1.2 (0.6-2.4)
Asthma confirmed by MD
<40 years 80 16 6.9 2.3(1.43.9)f
=40 years 30 2 2.4 0.8(0.2-3.1)
Total 110 18 9.3 1.9(1.2-3.1)t
Obstruction or mixed pattern
<40 years 80 5 29 1.7 (0.7-4.0)
=40 years 30 4 2.8 1.4 (0.6-3.6)
Total 110 9 5.8 1.6 (0.8-3.0)
Restriction
<40 years 80 3 4.6 0.6 (0.2-1.9)
=40 years 30 2 2.7 0.7 (0.2-2.7)
Total 110 5 7.4 0.7 (0.3-1.6)
*number observed  "number expected  “observed/expected (95% confidence interval)

dUsually cough on most days for 3 consecutive months or more during the year
T Statistically significant (confidence interva (Cl) does not include 1)
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Table5. Numbersof durry room and QA workersreporting respiratory symptoms and physician-
diagnosed respiratory disease, and with abnormal spirometry test results, compared to the
numbersexpected from NHANESI11 (adjusted for age, sex, race, and smoking status)

Condition Participants | #0bs® | # Exp® | O/E (95% CI)°
Shortness of breath when hurrying on the
level or walking up adight hill
<40 years 14 5 2.4 2.1(0.94.9
=40 years 9 3 2.8 11(0.432)
Total 23 8 51 1.6(0.831)
Wheezing aside from a cold
<40 years 14 7 19 371877t
=40 years 9 3 15 2.0(0.7-6.0)
Total 23 10 3.3 3.0(1.65.57
Chronic cough®
<40 years 14 0 15 0.0 (0.0-2.6)
=40 years 9 3 13 2.3(0.8-6.9
Total 23 3 2.7 1.1(0.432)
Chronic bronchitis confirmed by MD
<40 years 14 0 0.7 0.0 (0.0-5.2)
=40 years 9 1 0.8 1.2 (0.2-6.7)
Total 23 1 1.6 0.6 (0.1-3.6)
Asthma confirmed by MD
<40 years 14 2 12 1.7 (0.56.3
=40 years 9 2 0.8 25(0.7-9.1)
Total 23 4 2.0 2.1(0.85.3)
Obstruction or mixed pattern
<40 years 14 1 0.5 2.2 (04123
=40 years 9 3 11 2.7(0.97.8
Total 23 4 16 25(1.0-6.5)
Restriction
<40 years 14 1 0.8 1.3(0.2-7.3
=40 years 9 1 0.9 1.1 (0.2-6.4)
Total 23 2 1.7 1.2(0.3-4.4)

*humber observed "number expected “observed/expected (95% confidence interval)
Usually cough on most days for 3 consecutive months or more during the year
T Statistically significant (confidence interval (Cl) does not include 1)
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Table6. Numbers of pressareaworkersreporting respiratory symptoms and physician-diagnosed
respiratory disease, and with abnormal spirometry test r esults, compared to the number s expected
from NHANESIII (adjusted for age, sex, race, and smoking status)

Condition Participants | #0bs® | #Exp’> | O/E (95% CI)°
Shortness of breath when hurrying on the
level or walking up adight hill
< 40 years 18 2 31 0.7 (0.2-2.4)
=40 years 14 4 3.6 1.1(0.4-2.8)
Total 32 6 6.7 0.9 (0.4-2.0)
Wheezing aside from a cold
<40 years 18 4 2.7 1.5(0.6-3.8)
=40 years 14 5 2.1 2.3 (L1055t
Total 32 9 4.8 1.9(1.0-36)
Chronic cough®
<40 years 18 1 2.0 0.5(0.1-2.9)
=40 years 14 4 1.9 2.1 (0.85.4)
Total 32 5 3.9 1.3(0.6-3.0)
Chronic bronchitis confirmed by MD
<40years 18 2 0.6 35(1.0129)
=40 years 14 3 0.9 3.2 (1.1-9.4)t
Total 32 5 15 3.3(1L47.7)7
Asthma confirmed by MD
<40 years 18 0 15 0.0 (0.0-2.5)
=40 years 14 3 11 2.8(1.082)
Total 32 3 2.6 1.2 (0.4-34)
Obstruction or mixed pattern
<40 years 18 0 0.8 0.0 (0.0-5.0)
=40 years 14 4 15 2.7 (1.1-7.0)t
Total 32 4 2.2 1.8 (0.7-4.6)
Restriction
<40 years 18 1 12 0.9 (0.2-4.9)
=40 years 14 1 13 0.7 (0.1-4.2)
Total 32 2 2.5 0.8 (0.2-2.9)

*humber observed "number expected “observed/expected (95% confidence interval)
dUsually cough on most days for 3 consecutive months or more during the year
tStatistically significant (confidence interval (Cl) does not include 1)
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Table7. Summary of predominant volatile organic compoundsidentified in different plant areas

Surry
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Fork Lift
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Table 8. Plant-wide mean, minimum, and maximum air concentrationsfor diacetyl, acetoin, total
hydrocarbons, and acetaldehyde

Analyte Samples Mean STD Min M ax
Diacetyl - All Samples, ppm 123 0.15 041 ND 2.7
- Personal Samples, ppm 75 0.14 0.36 ND 2.0

- Area Samples, ppm 48 0.17 0.49 LOQ 2.7
Acetoin — All Samples, ppm 123 011 0.38 ND 2.8
Total Hydrocarbons*, Mg/n? 48 1.25 0.92 ND 5.53
Acetaldehyde, ppm 48 0.05 0.05 ND 0.17
ppm- parts per million partsair by volume; Mg/m - milligrams per cubic meter of air; STD - standard

deviation; ND - below the minimum detectable concentration in air, approximately 0.004 ppm for
diacetyl and acetoin. LOQ — below minimum quantifiable concentrations, approximately 0.01ppm
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Table9. Personal ketoneexposuresin parts per million partsof air by volume (ppm).

Job Titles Nurorllcber Diacetyl Acetoin
Samples | Average Range Average Range
Mixer 7 1.03 0.16-1.97 0.755 0.094-1.82
Super visor 11 0.17 LOQ -1.08 0.14 ND-1.04
grﬁafgfm 7 0.01 ND-0.03 0.01 ND-0.03
Phaser Operator 5 0.02 0.01-0.03 001 LOQ-0.02
ver f‘e‘r’use 3 0.02 LOQ-0.08 LOQ All LOQ
Case Packer 7 0.02 LOQ -0.03 001 LOQ -0.02
Cartoner 7 0.02 LOQ -0.04 0.01 LOQ -0.02
Palletizer 5 0.02 LOQ -0.04 0.01 LOQ -0.01
Janitor 1 0.02 0.02 0.01 0.01
Line Sanitation 3 0.02 0.01-0.03 0.02 LOQ -0.02
QA Worker 5 0.03 LOQ -0.04 0.02 LOQ -0.03
Office Worker 3 0.02 0.02-0.03 0.01 LOQ -0.01
Fork Lift Operator 6 0.03 0.01-0.04 0.01 ND-0.01
X\’r%g;eg 'F[:a“:'] ta”y 2 0.004 ND- LOQ LOQ LOQ
E'ygiﬁi'st“dugria' 1 0.10 0.10 0.09 0.09
Other 3 0.02 0.01-0.02 0.01 LOQ -0.01

ppm parts per million partsair by volume; ND - below the minimum detectable concentration in air,
approximately 0.004 ppm for both diacetyl and acetoin. LOQ— below minimum quantifiable
concentrationsin air, approximately 0.01ppmfor both diacetyl and acetoin.
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Table 10. Areaketone air concentrationsin parts per million partsof air by volume (ppm).

L ocation Number of Diacetyl Acetoin
Samples Average Range Average Range

Slurry Room 6 1.26 0.53-2.68 1.07 0.29-2.80
Supervisor Office 2 0.01 LOQ -0.02 0.01 LOQ-0.02
Press Area 4 LOQ All LOQ LOQ All LOQ
Phaser Area 5 0.02 LOQ -0.08 0.01 LOQ -0.02
War ehouse ] 0.03 0.02-0.04 LOQ ND-LOQ
gfz Packing 3 0.02 LOQ -0.03 0.01 LOQ -0.02
Cartoner Area 6 0.02 LOQ -0.03 0.02 LOQ -0.02
Palletizer Area 4 0.03 LOQ -0.03 0.01 ND-0.01
QA Lab 6 0.01 LOQ -0.02 0.01 LOQ -0.02
Office 3 0.01 LOQ -0.02 LOQ ND- LOQ
Fork Lift 3 0.02 0.01-0.03 LOQ All LOQ
Outsde 1 ND ND ND ND
Other 2 0.01 LOQ -0.02 0.01 LOQ -0.02

ppm parts per million partsair by volume; ND - below the minimum detectable concentration in air,
approximately 0.004 ppm for both diacetyl and acetoin. LOQ— below minimum quantifiable
concentrationsin air, approximately 0.01ppmfor both diacetyl and acetoin.
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Table 11. Total hydrocarbon area air concentrationsin milligram per cubic meter (mg/m3).

L ocation Nga%bgg,f Total Hydrocar bons*
Average Range
Slurry Room 6 1.03 LOQ-219
Supervisor Office 2 1.78 152-2.05
Press Room 4 1.90 LOQ -2.60
Phaser Area 5 2.07 LOQ-553
War ehouse 4 0.66 ND -0.8
gfz Packing 4 1.02 LOQ - 1.66
Cartoner Area 5 0.80 (LOQ) AIlLOQ
Palletizer Area 4 0.66 ND -0.8
QA Lab 6 1.62 LOQ -3.29
Office 3 0.90 ND - 1.68
Fork Lift 3 0.80 (LOQ) Al LOQ
M aintenance 2 2.06 177-235
Outsde 1 ND ND
* Total hydrocarbon concentrations excluding the ketones diacetyl, acetoin, and nonanone.

mg/nT - milligrams per cubic meter of air; ND - below the minimum detectable concentration in air,
approximately 0.44 mg/n?’. LOQ — below minimum quantifiable concentrations in air approximately
1.6 mg/nt.
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Table12. Acetaldehyde area air concentrationsin parts per million parts of air by volume (ppm).

L ocation Number of Acetaldenyde
Samples Average Range

Slurry Room 6 0.02 ND -0.05
Supervisor Office 2 0.08 0.06-0.11
Press Room 4 0.13 0.07 - 0.17
Phaser Area 5 0.4 LOQ-0.06
Warehouse 4 0.03 LOQ-0.04
gfz Packing 4 0.02 ND - 0.04
Cartoner Area 6 LOQ ND -LOQ
Palletizer Area 4 0.03 LOQ-0.04
QA Lab 5 0.12 0.10- 0.14
Office 3 LOQ ND — LOQ
Fork Lift 3 LOQ All LOQ
Other 2 0.15 0.15
Outdde 1 ND ND

ppm parts per million partsair by volume; ND - below the minimum detectable concentration in air,
approximately 0.014 ppm LOQ — below minimum quantifiable concentrationsin air, approximately

0.036 ppm.

Table13. Area total and respirable dust concentrations (mg/m®) in air

Analyte Samples Mean STD Min M ax
Total Dust 49 0.24 0.40 ND 174
Respirable Dust 49 0.09 0.15 ND 0.65

mg/nT - milligrams per cubic meter of air; STD - standard deviation; ND - below the minimum detectable

concentration in air, approximately 0.014 mg/nt for total dust and 0.01 mg/n7 for respirable dust.

Table 14. Spirometry findings, bronchodilator response, and DL CO resultsin selected lung diseases

Disease Spirometry Bronchodilator DLCO
Response
Asthma Obstruction Yes Normal
Emphysema Obstruction No Low
Bronchiolitis Obliterans Obstruction No Normal
Silicosis Restriction No Low
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Figure 1. Diacetyl and acetoin concentrations by job location

10

Diacetyl

EAcetoin

ppm

Health Hazard Evaluation Report No. 2003-0112-2949

Page 27



Figure 2. Real-time diacetyl, acetoin, and nonanone concentrations from theslurry room by
sampling date. concentrationsin ppm
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Figure 3. Diacetyl concentrations by sampling flow rate in theslurry room
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