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Since August 2000, l\TJOSH has investi­
gated the respiratory health hazards 
associated with exposure to flavor­

ings. Initially, l\TJOSH received a health 
hazard evaluation (HHE) request from 

the end of the workday. The symptoms a di-keton~ was the predominant volatile · 
usually appear gradually, but severe syinp:. organic compound (VOC) in the air at the 
toms can occur suddenly. Most -cases have microwave popcorn plant initially investl­
not responded to medical treatment gated by NIOSH. DiacetY,l is also known 

The Missouri ID-IE request has led to as i,3-butanedione or by its Chemical 
intensive NIOSH study performed in col- Abstracts Service'(CAS)number, 43U)3-
laboration ~ith the microwave popcorn 08. Workers in microwave popcorn manu~ 
and flavoritigs industries. • . • . . . . facµning and the flavorin..gs . 
Since that tlme, NTOSH has Figure 1 D1acetyl Strucb111 industry are exposed to. 

the Missouri Department of Health and 
Senior Services to investigate the cause of 
eight cases of a serious and irreversible 
obstructive Jung disease known as bron­
chiolitis obliterans in a.group of former 
workers at a microwave popcorn manu-

investigate4 an~ published ·Q many other flavo~ 
reports of HHEs at five . chemicals besi®s diacetyl. 

facturing plant. . other popcoqi plants and 
Evidence of 
,Risk to Workers 

Some of the affe.cted individuals had 
worked in the mixing room where butter 
flavorings were mixed with heated soy­
bean oil, salt and colo~gs. Others had 
worked in the nearby packaging line area 
where kernel popcorn was ·combined with . 
the oil and flavorings mixture in micr~ · 
wavable bags. Four workers from this 

three plants where flavor­
ings were ~sed or produced. 
These reports can be 
accessed atwww.cdc.gov/ 
niosh/topic~/flavoiings/#hhe. 
NIOSH has also published · 
an alert, Preventing Lung 
Disease in Workers Who 

The studies that 
NIOSH performed in the 
nine plants suggested that · Q . . . diac.etyi was a .good made-

,__ ________ __.· er for exposure.to butter 

. plant were so severely affected that their 
physicians placed them on Jung transplant 
waiting lists. In addition to the mixing 
room and packaging line, workers in the 
quality control laboratory (whe_re !J.P to 

Use or Make Flavorings, intended. to pro­
vide workers and management with guid­
ance on 'hc:iw to identify the hazards 
associated with working with flavorings 
and how to protect workers from exposure. 

· I 00 bags of microwave popcorn per 
worker per day were popped for quality Flavorings 
testing) also had a high rate of abnormal Flavonngs used to make food productS 
lung function. are often complex mixtures of natural 

· Since 2000, the plant has implemented and manmade substances. Approximately 
a variety of exposure <:ontrols, including 2,000 different chemicals are used in 
isolation of the mixing room and of all varying combinations to produce mix- . 
. tanks containing the heated oil and flavor- · . tures that impart specific flav9r character-: 
ing mixture and additional general ·dilution istics. The FDA approves flavoring · .· · · 
ventilation <lnd local exhaust ventilation. ingredients if they are "generally recog:-
Workers who enter th~ mixing room and nized as safe" for consumption in food. 
workers in the quality control laboratory · Little assessment of most 'flavoring chem-
have their Jung function checked with icals has'been made tcfdetermineifthey 
spirometry every few months to look for pose risk to workers'froni mhruatioil'in 

. .,., .. .. I ·.: , • . . 
excessive declines in lung function that th·e workplace. · · · · ' ' 
might be related to-exposures'to flavoring Gh1eifthe complexfry off!avoringsmix-
chemicals. tures, identlf')iing the potential for respiia-

The-inv~stig~tion ~t the mi~rowave-pop- ·~10~ t?,xicitj, froi:n diff~rent fla,,~ring 
com plant m Missoun determmed that cheffilcals 1s an 1mportant and <lifficult 
inhalation exposure to buner flavoring · challenge. ~s noted in the J\1JOSH alert, 
chemicals is a 1isk for occupational Jung the flavorings industry has estimated that 
-disease. The Jung disease that affected more than ),boo .flavoring· ingredieriis have 
these workers, bronchiolitis obliterans, the potentialto pose respiratory hazards 
causes inflammation and sca..ing of the due to possible volatility aria -irritant prop-
small airwais of the lung and-can lead to erties (unsaturated aldehydes and ketones, 
severe, pennanent shortness of ·breath. The aliphatic aldehydes, alipbatic carboxylic 
main symptoms are oollgh and shortness of acids, aliphatic an:unes and :ilipbatic aro- · 
breath during exertion-that typically does matic thiols and sulfides). 
not improve when ~,e ·,.vorker _goes ,home at The -buq,er flavorfog chen·.ical-diaoetyl, 

· flavorings and that it was . · . 
likely involved in the eti.ology oflung 
disease among these workers. !\~SH 
studies in the initial plant documented a . 
relationship between cumuJative exposure 
to diacetyl vapor over time and abnormal 
Jung function as measured by spirometry. 
Also, higher,cumulative.exposure to dia~ · 
cetyl in this plant was associated with 
having a iower level of forced ~xpiratory 

· .volume in qne ~n~i{FEYl), an impor­
tant I11~µre-:9f (µ,iig luncJjon related to 
obstnictive 'iring· clisease: . . . 

. . . . .. ) .. :-;:.:.·. ~ . : . ,' , . ·' . 
A~s all ~IX IlllCI'()\\'a~e popcorn · 

pl;m~ N19~J{s~cµg,, ~q4ng asa :mixer 
was associated with higher·expqsure to . . . . 

diacetyl:fu~ ~i>~g1-n ri~r aieas of the . 
plan~:j>~ple \Vh.ctiiad~vel worked as 

~ifi-t!s~t,:S9wer 
FEVl thai(petjple\vp9.;~a4~ver wojxed 
as.miiers~ i>ed' 1e who'liatF.:Vofked as mix-. ~ ··~--~, : . .. : .. I?..:-.·-. .·.·· .:.: :.,.,-.-~~·.:·~~-=-·~· .: .-,_.·1 : .•; - ·:. . ers fot'more · thrui' 12 · riionllis'had more. 

:i;~r~tf ~1-tJJ~!:d~o~er 
mixeis:fofless tharn2 months. 

rilirr:t,i11:?S 
Prelmµiiacyst:\l~es show shnilar cfamiije 
after-expqsur¢:io ruaav'''t)'l alon.e. In a~~ 
tion, a rerent~~~y from ilie'NetherlaiKis 
·shov.;s-that~~i#kaI v.•orf~rs iih i:,p]ant 
whidh mab:tl'fae.tured ,diaretyl·d~y~foP.?.d 

-.·· ·.·- ' '·"' , __ .,, · <:onririuediJn fJa'gi4 
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the same type of lung disease as micro­
wave popcorn workers. These chemical 
workers likely had fewer chemical expo-

. sures than nucrowave popcorn workers. 
·· Four differentchemical exposures occur­

red in the plant in which diacetyl was 
manufactur-ed-diacetyl, aceioin, acetic 
acid and acetaldehyde. Overall, current 
evidence points to diacetyl as one agent 
causing flavorings-induced Jung disease. 
Other flavoring ingredients may also play 

· a role. 
The measurement and control of dia­

cetyl exposure is critical in preventing fla­
vorings-induced Jung disease. Diacetyl is a · 
cause of Jung disease as a single agent and 
may serve as a mil.rker for other hazardous · 
flavoring components. 

Diacetyl measurements can -guide cor-
. rective actions, such as respiratory protec­

tion and engineering controls, to reduce 
or eliminate exposures. OSHA does not 
currently have a permissible exposure 
limit for diacetyl but recently initiated 
rulemaking on a standard for diacetyl. 

Anafytical Method for 
Diacetyl Measurement 

· I\TJOSH researchers developed and pub­
lished an analytical method to measure 
diacetyl in the workplace air, NIOSH 
Method 2557. Recent investigations have 
suggested that this meth_od might be affect­
ed by rdativliimrudity; preliiruri'~ data 
sugges~ th~(high'hlll11idity)eve1s ~ay 
result in an undere·sfunatioif of true con­
ce~tratioris. ·t~b-orat9cy~based piyjebts are . 
underwayjO'mvestigate reiativeJim,nf dity 
arid otherf~hors that may inipatt this ... 

· method.·B~ on this w6rk, l\TJOSflli.<?.pes 
to be able to '~evelop humidity-~hl~'.tor-
rectfon factors for this method. . •. 

J\TJOSHifalsQ working to develop . 
new methods foi the measurement of 
diacetyrin the workplace. New informa­
tion will'be shared i iith the public ·and 
stakeholders on the 1\TJOSH Flavorin.gs 
Topic page. For additional information 
about on_going e\'a]uation of sainp)jng and 
analytical methodology, contactNIOSH 
at (800) 232-2114. 

Control Methods 
According -to a s:.andard oc-cupational 

expcsure-contr-01 hierarchy, N10SH-1'ec­
ommernis that -empfoyers minimize ·occu-

4 Nol. 7 • No. 3 

pational exposures to flavorings or flavor­
ing ingredients. Strategies include: 

•Substitute a material or materials that 
may be Jess hazardous, after carefully 
evaluating potential substitutes: 

•Use engineering controls such as 
closed systems, isolation or ventilation .. 

• Institute administrative controls such 
as housekeeping and work practices. _ 

•Educate employers and employees to - . 

raise their awareness of potential hazards 
and controls. 

Development of exposure 
contro·1 guidance will he · 
critical in reducing ex,po­
sures to diacetyl and to 
the thousands of other 

· chemical flavorings used in 
the fravorings industtJ 

•Use PPE where needed as an adjupct 
to primary engineering or administrative 
controls .. Depenc:liJ1g on the process, respi­
rators should provide protection against · 
VOCs, acids and particulates. 

•Monitor occupational exposures and 
the status of workers' health, tracking 
spirometry and symptoms over time and 
referring workers with falls in FEYl for 
medical evaluation. 

Medical Issues 
Analyses of data from medical and 

environmental surveys at six microwave 
pqpcorn plants indicate widespread risk for 
occupational lung disease from exposure to 
butter-flavoring chemicals. In five of six 
plants, mixers and/or packaging-area work­
ers with onset of respiratory symptoms 
after starting work bad undergone medical 
evaluations that revealed fixed airway 
obstruction and other findings consistent 
with bronchiolitis obliterans. The findings 
from medical sun1eys of current workers at 
these plants are consistent with the medical 
evaluations, indicating risk to mixers who 
combine butter flavorings with heated oil 
and to packaging-area workers who work 
near inadequately isolated tanks of heated 
oil and :flavorings. These analyses highlight 
the high potential for lung disease in mix­
ers of oil and bl:lt".er flavorings. 

Becau~ flavoring-r~Jated <le.creased 
Jur:ig functldri ·~ occur'.befor~. !he o'risct 
-of:symptonis,Crelying sole1y:on-~-: . . 
·-r,epoiffe.i_g ofjespu;atory,.~~p~ibY. · 
workers as a way to identify'.ear]y l~. 
disease is insufficient tQ prevent clinically 
significant irreversible lung pisease. . 
Therefore, regularly scheduled medical· 
monitoring :with spiro~for workers · 
who enter mixing rooms or •perform qual­
ity control popping of product in mh..,-o.. 
wave ovens is essential for early detection 
of declines in lung function that may· 
indicate flavoring-re,lat¢ 1µ.pg disease. -

Workers exposed to, but¢r-flavoring . 
chemicals in the manufacture of otherfood 

. products besides microwave popcorn may 
also be at risk for occupational lung dis- . 
ease. Clinicians should ~onsi~r this pbSsi­
bility if they are ewluatm,g respiratory 
symptoms or impainnent in patients with a 
history of \VOIX iri food production or in 
flavoring-manufactwipg ,plants;. Diagnosis 
of lung djsease that is possibly flavo1111g-

. related in such workers shciuld prompt fur­
ther.evaluation of the affected workers' 
workplace and cowor}cers to identify ongo- . 
ing risks, ,if any, so that ,disease in other 
workers can be prevented. 

Consum.er Risk 
Although NIOSH does not evaluate 

. the risk to·consumer/nonoccupational 
exposures, an EPA study characterized 
the chemicals released when microwave 
popcorn.i~ rooked. Sev~nf:een different 
brands of i;nicrowave pqpcom were test­
ed. The-compounds ineas_ured during . 
popping and opening included b~Uer fla- · 
voring cciillponents . such ~ djooetyl, 
butyric add, acetoinf.propylene.glycol, 
2-nonanone and ¢acetin.and bag-compo­
nents slJCh,as,p-xylene and-i>erfluorina~ 
alccihoi 8:2' telomer. _ 

The~test chemical quantity is-emit­
ted when ihe bag ~ opened poshpopping; 
more than 80% of the total chemical emis­
sions occur at this time. '.I'he study was 
not designed to measure the expos~ a 
consumer would.:get whens/he makes 
microwave popcorn at home. fastead, it 
measured what-chemicals are emitted 
when a ,person makes jt and opens the b~g. 

·Recent _media reports described a 'Con­
sumer \\'.JlC> pqpped ~o 9r ,more b_i1,gs 
of microw~ve popcornevery.-day and 
developed Jugg pr-oqlems, Consumer risk 
remains unclear ·since cause was not 
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. established in this case. Nonetheless, 
microwave popcorn manufacturers are 
now advertising a changed formulation 

· of flavorings that reports "no added · 
diacetyl." Diacetyl is present in some sub­
stitutes such as starter distillates. 

Future Work 
NIOSH is interested in HHE requests in 

fla;ored-food production, including food 
. service workers who ,grill with butter-fla­
vored oils. NIOSH has project proposals 
for industry-wide studies in flavorings and 
{1?~lJ'r.?.~t~_cti9p,: {)_~ t~xicolqgy .group,has . 
imtfafelrifrore anittfal stlidie1n:>f i1avorin 
~1~1ii\· ai1~lili~pt~~'rf~hf!i~!ii{ ·- . ,g· 
PmW§~ to (letemiliie whither historical 

~!!~tti~z:;2::: .. 
d~ym¥nts_ exposur~s a.nd de~elops engi­
neellilg contr9is for .the food flay_onng pro- . 
ductibh iriduitry. Few data document .. 
~chy~tiorialexposures in t1~vornig manu­
fa~n#ig.;Furtheqno~. no mode1 or st.an­
darcj>gm~ance i~ . iiyajla~le .for e11,gineering 

;~;:i~1f t1!~~t!~t}f 1t1tf ~.'.t\~. 
manv wiih marginal .effe'cfiv~ness, . 

·: ~ ,;,-~ ... ... ,., :.• . . . : ~ .. ·.·.; ,-·-:':: ..... ~ :· ~- . . : ·- .·· 

· ~vel6pment of expqsute control gtiid-
an~·:wIJI . be ~ritical in.,r?ciuc,ipg exposures 
tc/cliacetyl and10 the ilfousfuid(of other 
ch~Jjijcal flavq_rings used. ui_'.Qie }1tv_oimgs . 

documents concerning v.1orkef iiposures.>· 
__ ioJlavorings. This webs'ite is.rev.ii~ xig'C. ·-

u1ar1y as· new information on occupiition­
al flavorihg-relatcil'Jung disease becomes 
av~Uable.1ndividmils-ean req1Jest addi­
tioriahnformation by sending an e-mail 
to flavorirH?s@cdc.£1ov. • 

LCDR Ran4:y Boyls:ein is in the U.S. Public 
Hecilth'Service currently'.on assignment with the 
NJOSH{)ivision of Respiratory Disease Snuii.es, 
Field Siudies Branch in Mor.gan~Oo/fl, WV. He 
works on nationwide HHE..as a inemberj,J the 
industrial hygiene ream. 
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These professionals could help focus this · 
effort to appropriate devices so the practice 
of dedicated SH&E professionals would 
not be unnecessarily burdened or disrupted. 

We urge you to look into this matter 
and if DHS is pursuing such a program 
nationally to help see to it that DHS is 
required to follow administrative law and 
work with Congress, other federal agen­
des, stakeholders and the public to deter­
mine appropriate means for achieving· its 
laudable goal of helping protect the 
American people from terrorist attacks. 

, . As li1ways, ASSE and .its 32,009, lllem-

ber SH&E professionals.across the gl~, 
including 1,300 members inNewYork 
State, stand ready to provide you and _ _. · 
your staff with whatever resources may . . 
be needed to help resolve this concern. 
Please contact Dave Heidorn, ID, manag­
er of government a."fairs and policy, at 
dheidorn@asse.org or (847) 768-3406 if 
there are any questions or if our members 
could be helpful. Thank yo~ for your 
time and attention to this matter. . 

. SincereJy, 

/ll~lltf~tsP. .· 
Michael W, Thompson; CSP 

2007 :-08 ASSE President 

. ,;·o··· . · Afueric~n Society .of 'Safety Enginee11 
· ~ - ' Industrial ~~~~ -~~-~ct(!:e,~~e~la!tv __ _ 
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· Measurihg & Monitoring Ionizing Radiation 
· ··:;.,y.;r:_:, ~ f: ~- ·;1;·- :, -~ .. -- . · . - ·~ .· 

By Lawrence A. ,Mauerman, MAS, P.E., CSP · 

Two years ago, The Monitor 
. published a~:snriill arti9le I . 

wrote 011 ionizing radiati911 
(Mauerrmin/ 2005)'.ln that article, I 
mentioned that it wa:s the first of a ... (. : . . 

two-part series arid that the second . 
installmen(wou1d 'be forthcoming . . 
It never happened. Recently, sever­
al of my colleagues contacted me 
to a:sk what happ~ned.J,Jso, several 
personal experienc:es here at the 
university hav.e reminded me to 
write the second article. Here is 
part two of the ~cl~ series. 

The Goiania lncident 

Brasilia, then under construction. 
It was a lovely city with winding, . 
tree-lined avenues and parks. The 

. 9 months I lived there are among 
my most cherished memories . . 

· Imagine my surprise several 
years later when Goiania became 
the unlikely site of one of the 
world's major nuclear incidents 
and a symbol, along with Chemo-

. by) and Three-Mile Island, of all 
that can go wrong-both real and 
imagined-in the nuclear world. 

device wa:s installed in the clinic 
but was replaced by a more mod- . 
em cobalt device in 1978. 

In 1985, the clinic with the 
cobalt device was moved to .a 

. ;Ji(TliiS'Issue 
2008 • \ii. 7, NL S 

Dangcr:lailiIJg to 
Riog a · . 

. Co nTi Space 

Some years ag'~; fhad the · 
opportunity to live in Brazil. Part 
of that time wa:s spent in the city 

of Goi~~- 1R_~,,ci,ty is qn~ of 
Brazil's 20th~ceritury experiments 
iri moving its siii;ie capitals from 
their often inaccessible colonial 
locations to places that are easier 
to access and that would serve 
bener as the focal points of re­
gior.al gro·v.1th and development. 

The story of how the.incident 
came about is both interesting and 
informative. It did not invoive the 
meltdown of an enormous nuclear 
power plant rior did :it involve an 
explosion in an industrial facility, a 
natural disaster or anything similar. 
In fact, the circumstances leading 
to the event are so unremarkable 
that, if it were not for the immedi­
ate effects it had on those it in­
volved directly and the lasting 
mark it has left on the community, 
it would not have been noticed 

made a living by. i _ave"rizjrig'iente~ ' - ',.-, ... ,J/ ' : . 
the building and teh1o".cll;in~\ilije'' 
lead cilinder from the c:esiuin de­
vice and took it ,to one of their hous­
es. They tried-unsuccessfully-to 

At the time I lived there, 
Goiania was already 28 years old 
and was showing real promise of 
-fulfilling its mandate. Not only 
was it stimulating the <leveJop­
ment oft.1,e State of Goias, ,but it 
had also become tI-1e jumping-off 
point for ,tlJe nation '-s-new-capital, 

at all. As it has turned out, it is 
still considered second only to 
Chernobyl as the most important 
nuclear incident of all time. 

In 1971, a -cancer treatment 
-clinic had been built near a charity 
hospital in downtown Goiania. A 
cesium-137 -radiation ,therapy 

hammer .the device ()peJh -'.-,>, .,.- · 
Finally, on Sept.l-6, using sharp 

· tools, they managed to break 
through the iridium '.'window"; as 
a r-esult, they received high doses . 
of gamma radiati.on as tb~..:_ob-e,,L 
-seniecl the -deep l:>Jue lighl,~at · ·:: 

c~ntinGed on·pbge 6 ·· 




