
Spermicidal gel is used in conjunc-
tion with diaphragms1; only dia-
phragms combined with the use of sper-
micide are approved as contraceptives.
The respective contributions of the
physical barrier (diaphragm) and chemi-
cal barrier (spermicide) are unknown,
but the combined use prevents approxi-
mately 460,000 pregnancies in the
United States each year.1

The findings in this report are sub-
ject to at least two limitations. First, data
on specific products and patterns of con-
traceptive use were limited; CDC used
a nonrepresentative sample of regions
and states that voluntarily provided data,
and specific use patterns of the contra-
ceptives could not be extrapolated from
these data. Second, data correlating use
of N-9 contraceptives with individual
HIV risk were not available.

Prevention of both unintended preg-
nancy and HIV/STD infection among
U.S. women is needed. In 1994, a total
of 49% of all pregnancies were unin-
tended.9 Furthermore, 26% of women
experience an unintended pregnancy
during the first year of typical use of
spermicide products.1 In 1999, a total
of 10,780 AIDS cases, 537,003 chla-
mydia cases, and 179,534 gonorrhea
cases were reported among U.S. women.
Contraceptive options should provide
both effective fertility control and pro-
tection from HIV/STDs; however, the
optimal choice is probably not the same
for every woman.

N-9 alone is not an effective means
to prevent infection with HIV or cer-
vical gonorrhea and chlamydia.2,7 Sexu-
ally active women and their health-
care providers should consider risk for
infection with HIV and other STDs and
risk for unintended pregnancy when
considering contraceptive options. Pro-
viders of family planning services
should inform women at risk for HIV/
STDs that N-9 contraceptives do not
protect against these infections. In ad-
dition, women seeking a family plan-
ning method should be informed that
latex condoms, when used consis-
tently and correctly, are effective in pre-
venting transmission of HIV and can re-
duce the risk for other STDs.
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IN MAY 2000, AN OCCUPATIONAL MEDI-
cine physician contacted the Missouri
Department of Health and Senior Ser-
vices (MoDHSS) to report eight cases
of fixed obstructive lung disease in
former workers of a microwave pop-
corn factory. Four of the patients were
on lung transplant lists. All eight had
a respiratory illness resembling bron-
chiolitis obliterans with symptoms of
cough and dyspnea on exertion, had
worked at the same popcorn factory
(factory A) at some time during 1992-
2000, and had spirometric test results
that were lower than normal for both
FEV1 (forced expiratory volume in 1
second) and FEV1/FVC (forced vital ca-

pacity) ratio. Employment durations
ranged from 8 months to 9 years.
MoDHSS requested assistance from
CDC’s National Institute for Occupa-
tional Safety and Health in evaluating
factory A for respiratory hazards to
workers. This report summarizes the
epidemiologic findings motivating the
technical assistance request and pre-
liminary results. The findings of this in-
vestigation indicate that workers ex-
posed to flavorings at microwave
popcorn factories are at risk for devel-
oping fixed obstructive lung disease.
Public health authorities, employers,
and health-care providers are collabo-
rating to prevent obstructive lung dis-
ease in popcorn factory workers.

At factory A, soybean oil, salt, and
flavorings are mixed into a large
heated tank in a process that produces
visible dust, aerosols, and vapors with
a strong buttery odor. To determine
whether exposure to inhaled mixing-
tank substances was associated with
disease, MoDHSS analyzed patients
according to job categories determined
by work proximity to the mixing tank:
workers who were mixers of oil, salt,
and flavorings and who had direct
contact with the tank; microwave-
packaging workers who worked 5-30
meters from the tank; and workers in
other areas of the factory who were
�30 meters from the tank.

During 1992-2000, factory A em-
ployed approximately 560 workers; 425
no longer worked at the factory as of
May 2000. Of the eight patients re-
ported, four were mixers and four were
microwave-packaging workers. No mi-
crowave-packaging workers had ever
worked as mixers. Discussions with
workers and management staff at fac-
tory A indicated that an estimated 13
(3%) of the 425 former workers had
been mixers, 276 (65%) had worked in
microwave packaging, and 136 (32%)
had worked in other areas of the fac-
tory. On the basis of this estimated
distribution, the crude incidence of
illness was highest in mixers (four
of 13 [31%]) and microwave-packag-
ing workers (four of 276 [1%]); no
cases were reported in the estimated
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136 workers in other areas of the
factory (Chi square for trend=19.0,
p=0.00001).

Assuming exposure to factory work
contributed to reported occupational
lung disease, former workers had 1,148-
2,819 person-years at risk, depending
on assumptions about whether risk for
disease continues after employment
ceases. On the basis of the eight cases
reported during this period, the calcu-
lated rate of illness was 28-70 cases per
10,000 person-years. Assuming that all
eight reported patients represented
cases of occupational lung disease, this
represents a five- to 11-fold excess over
the expected number of reported oc-
cupational respiratory conditions at-
tributed to toxins.1

MoDHSS and CDC investigated the
worksite for possible exposures to air-
borne respiratory toxins, but found no
known substance that could explain the
illnesses. The focus shifted to assessing
risk for current workers and a possible
new cause of occupational airways ob-
struction. Because of the apparent high
risk to mixers and microwave-packag-
ing workers, CDC recommended that all
workers in both groups wear respira-
tors while the investigation proceeded,
with the minimum recommended res-
piratorbeingahalf-face,nonpoweredres-
pirator equipped with P-100 filters and
organic vapor cartridges.

In November 2000, CDC con-
ducted a cross-sectional survey of 117
current workers that included inter-
views, pulmonary-function testing, and
air sampling for volatile organic com-
pounds (VOCs) and dusts at factory A.
On the basis of national data adjusted
for smoking and age, current workers
had two to three times the expected
rates of respiratory symptoms and self-
reports of physician diagnoses of asthma
or chronic bronchitis; the rate of ob-
struction on spirometry was 3.3 times
higher than expected.2

Industrial hygiene sampling con-
ducted during the November 2000 sur-
vey detected approximately 100 VOCs
in the plant air. Diacetyl, a ketone with

butter-flavor characteristics, was mea-
sured as a marker for exposure to fla-
voring vapors. The geometric mean air
concentration of diacetyl was 18 parts
per million parts air (ppm) in the room
where the mixing tank was located, 1.3
ppm in the microwave-packaging area,
and 0.02 ppm in other areas of the plant.
Rates of obstructive abnormalities on spi-
rometry increased with increasing cu-
mulative exposure to airborne flavor-
ing chemicals. Concentrations of total
and respirable dust were below SHA-
permissible exposure limits (PELs) for
particulates not otherwise regulated. No
OSHA-PELs or NIOSH-recommended
exposure levels exist for diacetyl. To
reduce exposures, CDC investigators
recommended engineering controls
including increased ventilation and
isolation of VOC sources.

CDC is conducting repeated air
sampling and medical surveillance
at 4-month intervals to monitor re-
sponse to interventions. To date,
serial pulmonary function testing has
documented excessive declines in FEV1

and additional persons with airways ob-
struction among those working in the
plant before engineering controls low-
ered exposures by several orders of
magnitude. The adequacy of controls
in protecting workers hired since ex-
posures were lowered is being as-
sessed by interval changes in FEV1.

Reported by: E Simoes, MD, P Phillips, DVM, R
Maley, Missouri Dept of Health and Senior Svcs.
K Kreiss, MD, Div of Respiratory Disease Studies, Na-
tional Institute for Occupational Safety and Health;
J Malone, MD, R Kanwal, MD, EIS officers, CDC.

CDC Editorial Note: Bronchiolitis oblit-
erans, a rare, severe lung disease char-
acterized by cough, dyspnea on exer-
tion, and airways obstruction that does
not respond to bronchodilators, can oc-
cur after certain occupational expo-
sures. Inhalation exposure to agents such
as nitrogen dioxide, sulfur dioxide, an-
hydrous ammonia, chlorine, phos-
gene, and certain mineral and organic
dusts can cause irreversible damage to
small airways without affecting chest ra-
diograph and diffusing capacity.3

This investigation initiated by
MoDHSS identified a large cluster of
conditions resembling bronchiolitis
obliterans associated with occupation
at a microwave popcorn factory. The re-
sults of this investigation raise con-
cern about possible risk for workers in
other flavoring and food production in-
dustries. Recent reports to CDC docu-
ment bronchiolitis obliterans cases in
the settings of flavoring manufacture
and a case of fixed-airways obstruc-
tion in a worker at a microwave pop-
corn factory in Nebraska (CDC, un-
published data, 2001).

Preliminary animal studies at CDC
suggest severe damage to airway epi-
thelium after inhalation exposure to
high air concentrations of a butter fla-
voring used in factory A. Further ani-
mal studies are planned to determine
the causal ingredients in the complex
butter-flavoring mixture.

The Food and Drug Administration
regulates flavorings based on the safety
of the amounts consumed, not the
safety of prolonged worker inhalation
of high concentrations. CDC has no evi-
dence to suggest risk for consumers in
the preparation and consumption of mi-
crowave popcorn.

CDC is investigating whether other
cases of fixed obstructive lung disease
have occurred in workers at other mi-
crowave popcorn factories. Health-
care providers should report to state
health authorities and CDC any cases
of suspected occupational respiratory
disease in workers exposed to food
flavorings.
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