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HETA 2QO 1-05 17 

Mr. Keith Heuermarm 
R.K. Heuemann Popcorn, Inc. 
504 W IJS IIwy 34 
Phillips, Ncbratika 68865 

Dear Mr. f leuemmn: 

011 Attgust 28.2001, the Kational Inslitutc f'or Occupatiollal Safety and Health (T\JlOSE-I) 
received 3 health hazard evaluation (I-II-fE) request from management at B.K. Heucmmn 
l'opconi, Inc, to evaluntc work proc;esscs and exposures occiirring during the packaging of 
ntia~owwe popcorn, This request was tnotivatcd in part by the fact that sevcml workers 
experienced ryc inji~rics arid ~;ough while using a new flavoring in August 2001. The worker 
that prepares the ntixture afailS tlavarirtps, salt, and colrtring, wm fbund 10 have fixed airways 
ohstrtict ion on evaluation by a put monologist so011 after this event. NIC)SH invcstigalors visited 
your plant itn Septcmbcr 27,2001. to perform m initial wafkthmugh, conduct at1 opening 
mccting with management and wurkcrs. arid cund~tct conlidcntiat worker interviews and lung 
kncrion testing with spjr~nietry. A NIQSW industrial hygiene survey was conducted fium 
Uecernbcr 1 I to December 13.2001. An interim lener co~~taitiing medical findings, prclirninary 
air sampling results, and rcco~nr~za~ctations. was sent to you on April 19,2002. The current lettcr 
provides additional air sampling results. additiailal background infunnatiotl on flavuring-related 
lung disease in the microwave pop~orn indwtry, and updated recommendations. It also 
consfit utcs the final rcport for this health hazard eval uatjon, 

N1OSf-t hm investigated the occurrence of a rare lung iiiseasc, bronctiiolitis obliterw, in 
tvorkers exposed t~ butter flavorings in microwave popawn plants and in workers uf a flawring 
nlastufacturing plant. 'X'hosc inveutigations. and animal studies conducted at NIOSW, have shown 
that initialation of flavoring chemicsfs m y  Icad to lung disease. Sludies at NlOSEf are in 
progress to determine which flavoring cliernicaJ(s) is rt.sponsihlc, and at what level of exposure 
cfkcts w w r .  

In bro~tickiolitis obliterans. inf1,utmation and scarring occurs in the sinail ailways ul'lhe lung and 
can Icad to swctr. pert113nent shortness of' breath. 'She main respiratory symptoms inciudc 
cough (usually withuut phlegm) and shomess of brcath a11 exertion. 'IJiese typically do not 
improve much when the workcr goes home at the end of the workday or on weekends or 
vacations. Some afl'ected workers have fever, night swats,  or wight  loss. Usi~aSly symptoms 
tuc gracliilzrl irt orrsd ard progressive, but severe symptoms can occur suddenly. Some cases may 
not respond to medical treatment. The onset of symptoms in aflccfed workers has occurred from 

https://www.cdc.gov/niosh/hhe/reports
http://www.cdc.gov/niosh/hhe/
http://www.cdc.gov/niosh/hhe/reports
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In addition to lung disease, bvorkcrs expsed to butter flawring vapors n t q  devclop ~ ~ ( J ~ ~ U I I I S  

uirh their ejcs md skin. Eyc irritatiut~ is c u t ~ n u s ~ .  and oecasictnally workers report chemicat 
burns of the eyes requiring medical trratimnt. Sitnilarly, cxposcd wurkcru may report skin 
irritation, and m e  warker in another plant developed a disabling skin allergy tn butter flavoring?,. 

NICISJ1 Itos evaluations it1 pmgress at five other microwave Iqxorrl plmts, So lhr we have 
itletltified cciclcncc that rrtixcrs ul' oil and ilavtvrings have work-rclatcd lung disease at t hrce nf 
thcsc. plants. Xi1 two plants. packaging ,tvctrkcrs who work ncar tatiks cctniaininy heated oil and 
fla\mrrngs liad elevated rates aT ohstrtrction (113 spii-ctnwrry testir~g. At o m  platlt, fivc of six 
cpnliry control wurkers. wltu rni~ruwaue rnaxly doxms ol'bags uf product during their wnrk ch~fi .  
hrtd nhst~zlrt lnr~. Currently these findings indicate that the h i d ~ c s t  risk tv workcrs in microwave 
popcorn production is lkom mixing of flavorings with heated coil ,  wnrking near tanks that ttvfd 
heattcd oil a d  flavorings. and from cspusures ~~cci~rr ing C111ri11t-f ~ht" ~ ~ i c r o ~ v a v e  popping of ninny 

c1ct;rcias of hags of product during a work shi fk 

Tlts pnckagitlg of microvvsvc popcorn occurs in a 5ff '.1 75 foot SUUSII ii~sidt" P larger metal-clad 
wsrehm~sc that also houses offices and an upstairs apartment. ,+I sdi t f  tvczll exists bcrwt.cn the 
rnicrowavc packaging area itnd Ihe ofliceilising space with access between them consisting nf 
t ~ o  \calk-through doors. Warehousing of supplies md linistt~ci p~otli ict occim inside a separate 
facility on rt~e premises. 

' I'he company produces several varieties of microwave Impcorn by combining dilkrcnt butter 
tlmarinps with popping corn grown exclusi~ely far B.K. Ilcucrn~anr~. 011 occasion, the); haw 
prttcliiecci tlaggccl I'topcarn for othcr compa~iics tising rccipus spc.citisd h! the purchtiser. It was 
m e  oi'tl~cse recipes that caused eye injury and cough in several plant workers in Aunust 2001 f 
fiackaginp of'micruwave popctrrn using that particular recipe was hatted, and the r w p e  has not 
been used sinct. From Attgtts~ 200 1 untd tlxc IUIOSH cnvirorrrl~crltal sctrvej in December 200 I .  
d y  U.K. Mcuermann Popcorn flavoring recipes were ttscd during inicrrowavc popcurrl 
packaging opcralions. 

'The p l m  cqxrates an ayerage of 8 days per n~onth.  depending an detiinnd. and has only onc d q -  
shilt ol'ctpcratiun. l r  was rcported that thcrc arc usuall! lbur \wrLers on ~ t u t y .  During the 
NICISW cx~virommfal sampling visit, there were sis \i;irtrkers In the plant. ?'here is n single 
ttircrtlcvave popcorn bagging line in the plant that 171 orhces apprc.~x~marcly 27,000 bags of 
mic.rowa\c pupcorn pcr day (97 bagshirltttcf, i\ single exhaust tentilation system serves the 
prodttction area with four kranches extending to vnrinus points c m  tile process line: the tixcrl 



portion of  the mixing (tlrIk lid, the salt shakc-uut box, and oit the bagging line aver the flavoring 
injector and over the bag wrapping o p m t i o ~  (\vlrcrc individu:tf n~icrowave popcorn bags arc. 
scaled in plastic). T)-tiring thc December 3,001 NlOSW visit, there was no gcneral dilution 
velxtiliition ot'thc building, except whcn ihc csternal garage door was opened to bring in 
production supplies or rct~~ove finisl~ed prodt~cr, At all other times, all cxtcrnal building detors 
wcrc clused and an axial wall fa11 tlial was present was ncrt 111 use 

'I'he mixing itperation is centrally located inside thc facility adjacent to the packaging h e ,  Tl~ere 
are t10 enclosures around the mixing tank or salt shrike-out box. frctwcwr the mixing tar& Itself' 
dues hwe a lid. Rnth thc mixing tank and the salt shake-out box are under negalivc pressure 
Gum thc re~ently installed ventilation system. Soybean oil IS d d r d  to the mixing tmk in solid 
blocks, 'l'hc flavorings and sifted salc art rx~ixelf together in 5-gelloii buckets and the11 addcd to 
the tank in cold liquid hi-m. One wwker spends wppntximately (70 to 90 mir~utes per day mixing 
the Ilavorings far the day's pmduction. This tvorkel mar s  a NXOSII-apptrnvad fialfknask 
rcspii~t~jr with approved organic v;)por:f'100 carlridges during mrxliig and salt sifting opcrativntj 
only, This is rhc only rime any worker in ?lie [zlailt wears respiratory protccliurr. After all 
ingredients art added to the mixiilg tank, they arc maintained at I 15- t 20°C: wkife corrstarlti~ 
stiued. 'I'hc tlca~ed Ilavorings mixture i s  pumpcd rrt the tnicmwave packaging line where i t  is 
combined with popcorn in tlw rnicruwave bags. 

Mcdicsl Evulrration Methods and Firtdings 

Duritlg our visit to your plant on September 27,2001, w conducted co~lidendat interviews of 
five employeel; and tnsnagctt lent persome1 that normal I y work or spend ti tne in ttrc prctduct ion 
twildinp. A recent temporary wwkcr atid mother full t i nx  WOI.~CI .  fitat were present wl icti thc 
new flavori~jgs twrc in usc in August 2001 were irnatuilable on this day. Aficr obiaining signed 
inli~rnwtf consent from all participilntu, a NIOS1I technician pcrfiwmctl lung function testing with 
spirometry hefore and alter rzctminisrratic~t~ of albutcrol, a medication used in astfnrna md other 
ttbstrwtivr airway conditions to ~clrts izirways and increase airflot*. We sent participants their 
spirometry test rcsulls in October 200 I 

Se~cral workers reported nasal and cyc irritation and cougfii~~g O C C L K S S ~ ~  occasi~ilalfy prior to 
Augxist 20U I .  Othcrs reported these symg?tctms only in relation to the use o f  tfic new flavoring. 
Spirt~tnelr): testing revcatcd that three of the wctrkers had mild us korderiinc airway obstruction 
that uas unrcspumhe to alhuterctl. 

Tht. ~nixer was initially identified as ha~ing  fixed airways obstrticticm in Inte August 2Wl alicr 
worseating cough cluri~~g and after rlw use uf lllc new llavoring led him s) seek medical 
evaluation. Fnlln\i.-up cvttluation of the n l i w  hy his prlrnunologist six weeks latcr st~owed that 
lr is 1 uxig i i m  lion had improvec"isuhstiirttially. I)uring part of this titw tic wds treated nit11 
)aredniscrne alld tiid not byark as a miser. Kzpcat 1bIlct~-up e^tfalt1atiitn by his pulnunolopist in 
April and December 2002 slloued that his lung function had tieclined again. 



111dus triitl Hg gicxte Survey Methods and Rcs~rlts 

SIOtill cctnditcted air snmp'lit~g for tliscc clays of full-sflift operatian or1 December 1 1-1 3. 2fj01 
Ahrtst all samples \%ere collected for the dtuaion ofthe work shift. Area satnples werc 
ofmined at every tvorkstatiun each day, and all workers utric a pcrsctnal sampler for kctones 
each of the t h e  days. I n  additio~i to  ttlc wurkcrs in thc microwavr popcorn packaging facilit). 
?1l (  IS I1 ;riso colfccicd samples in the research and devclopmcnt testing area. This testing area is 
in ;i scparate facility apltrn.ritx~atcty four miles away h m  the pacl.raging line. IIere, raw popcoln 
IS p q p A  tltcaicr-style: xvith hot oil only (no flavuriilgb) arid sampled for mste. tcxture, shape, 
size, h ~ d l .  e x ,  C h  Wcdncsdq, Dcccmber 1%,2QQI rtrw arr;ry oi arcs samples and tl~rec pcrsortai 
samples (representing 100% of workers it1 thc tcsiing area) werc collected. Samples in the 
restwch and duvctopmenl Facility were only collected on one t i a j  since flavorings are tmr used in 
the area. 

Area sampling arrays crmtained sampling media for diacctyl and acetoin (ketones cnmnzctt~ly 
fimnd in hurter flav~)rings). rcspirahlc and roial dust. tom1 vdarile organic compounds. particle 
si~s Jisfljbution, mind ticetic acid, The persoilal sw~nplors consisted of a sampling pitmp w w ~ t  C)II 

rhe hcft and a sorbent tuhc clipppcd un khc shiri in the breathill2 mnc of cach worker. These 
personal sanlples were analynxl for diacetyl mrd acctuin o r i l y ,  Adciitianal infonnazion r w  each 
strrt~plmg ntcciia is s h o w  in Table I .  

']'he rcsulfs from all of the area sanlpfes collected aic s11uw irt Table 2. Table 3 chows the 
rcsulrs from all ctfthc pcrsonal samples. Figure 1 a~rd Figure 2 graphically show the rcsults for 
diacetyl and acetoin obtained from the area slrrxiplcs aiad t1.w perstml sainptes, rcsp~utively. 

kxposrrrc limits for diacctyi and aceioin have not been established by YIOSI4, OSIIA, or 
ACGIT1. Compared to initial diacetyl and acetoin air ct)nccnlraliuns measured hy Nl03H at a 
Missou~i  nti~rowavo pctpcorn plant where many workers have dzvclopcti lung disease, the 
concentrarions of these cliemicals t ~ t  B.K. l-lc.ucrtna~rii Popcorn, lnc. were lower (haset1 ort atca 
wtiplmg rcsulis). 'l'tw concentrrttions af diacefyl first meaatircd hy NIOSl i at the Missouri plam 
rrrngeti from 7 , .  3 to 98 ppm for mixers arid 0.3 to 6.8 ppm fhr machine operators and packaging 
v,,sorkcrs. At B.K. lleuerrnann. the ranges were 0.1'5 EU I .O ppm lbr Lht: mixer and 0.4 to t .2 p p 1  
fix the inachirre operator and packaging iwrkers, Initial acetain cctncentratiutls at the Misswrj 
plant ranged from 0.08 to 12.2 ppti for misers and up iu 1.5 ppm for machine operators and 
packaging workcrs. At B.K. I Ieuern~iixm, the acetoin coî rcenfr atittns iucro 0.2 trj 0.9 ppnl fitr the 
miser and (-1.5 to 1.3 ppm for the I I I ~ ~ C ~ ~ ~ Z C  upcralur and packiigi~~g workers. Wliile this 
comptirisan is based un area sampling, the level oi'diacctyl and acctviii exposures fbund franl 
pcrsnnaf sampling show vory similar results. Diacetyl and acetnin west: fiiuncl at ttrc rcssarch 
and development facility at levels heitrw the l imit of quantiiat~on (approximately 0.0t pj~nl) and 
ttclow lltc l i ~ i l i t  uf'clclcclictn (0.0 1 ppm), respectively. 

i2.illtij.ior c o ~ n p o w ~ d ~  detected on a11 snrbent tubes t v c ~  cliacctj f ,  uwtviil, nonanone, tolucuc, n11d 
b~ityl cellostllvc. 'f'lic lirst 1hri.u are common ingredients in h u m  flawrings. Majur cumpo~inds 
,ie.tected from headspace analysis af the t w c ~  flwottngls used at 13 K.  i Ieuermann during the 
N(.)Sf 1 \.;sit wcrc diacctyl, acctoirr, nonanone. and scwral t)therc. 'Solueni. md t ~ f y l  c~l lus~dvc  
~ L ' U ~ C  only seen in very l c w  arnrxtnts i n  the 1ieadspac.e ;tnni>srs 01'1111. bulk [la\ orings. '1 111,rs. the 
~'?rpt~siit.cs fo toluene and bt ir j l  cc.llosolvc rloticecl ficttn the thernaal desctrption tirhcs rri rhc arca 





f h c  waj- to attempt to dcicmirte if present levels of exptsttse at R .  K. licucnnann Popwrn. Inc. 
may pow risk i s  to compare espi-tsurcs at this plant kc) ilttrsc that haw heen associnfed t v i t h  lung 
health ctltects in other planrs. The area concct~rrations fbr diacct? 1 ~sicasurcd by NIOSM at the 
b4isvctusr plant (prior to the instdlation o f  exposure conrrolsl fhr oil mxers. nracliinc operators. 
catchers (packers). and 11aflet47,ers (ctackcrs) were itigtiti that1 jrursvrtal exposures we measured 
at B. K, IIeurrniann in December 2001. Acetoin expitsures rtt 13.);. 1 icucrmarxn wcre similar to 
the Missiwri acetc~in ccmentrations for ~trnchine opcnliors, packers. stackers. MISSOPI~I oil 
mixers were exposed to higher acetoin concentratjons. Hotvevcr, wc still do not know I~ow low 
uxposwes need to lx to t.+limitmtc risk, At a plant in l u w . ~  that we evaluated after n mixcr 
dcvritrj~ed fixed obstructive lung disease, mising rc~ttin ifiacctql kilr curtcerttratiurzs were lower 
than ttiosc we r~~cit~urecl at your plant, 'I'he mixing room in the Inwn plant nfsn had gcncral 
rf~lution vcntjlation and local exliaust ventilation of mixirig and twlding tanks. The 5nrlings from 
the Icrwa ptanr strortgly sugpesi that mixers may be a% increased risk due tu slturt-term f~igller 
exlmsm,c, cvcn lvhcn ventilntion maintait~s low ae jagc cxpusurts. 1 Iighcr exposures may occur 
during n-toasi~riny lla\orings, pouring them manually into tanks nf lwated soybeart uit, or when 
l~okirlg  into tanks, especial 1 y if respiratory prratcciim is riol consistenlfy and apprnprizilely 
utilized. The rccurrcnce of decreased lung function i n  the nttser it1 ycrw platlt ma) indicate the 
prcscsrct of continxicd txmxdotis ocposurcs to him and. possibly other workerr;. 

\Thai can be int'enccf riwrri ~orriparisons between B,K, l ieuernmm Pirpcorn, hc .  and otl~cr plants 
1s limrhd fhr scsetn! leasons. 7hc flavorings risccl tary lrurrt plant to plant such that the 
chornical ingredients in the mixtures may he different. Workcrs at thc $1 isscruri and Iowa plants 
may he at greater risk hrcause they ~ o r k  20 or more days a month. ivhile t lme at B.K. 
Iicuennar~n work fewer than 8 days n n~twth st1 crwragc 111 tnlcrctMa\c pupcorn production. The 
plants thal NIOSII cialuated in Missouri and Iowa are n~ucli larger than R .  K. Iicucrmann 
t~opcotn, lnc. '['hey Imvc many mixiiig and ftoldirtg kinks h r  heated oil a11d flftvorings. Thmr 
mixers spend most oftheir work shifts preparing the oil  mi I l a ~ o f ~ i l g  11ti~1i1rcs cumpared to ihc 
ttiise! 31 j w r  plant. kspctstires at B.K. f leucrrnanx~ could ii~creast: significantly if p ~ ~ d \ ; c t i ~ ; i  is 
tncrcascrl ant3 larger tsmttuntc nf hcated nil and flawrings arc rcqttired. 

As thcre are no measurelnents of nil  co~xcriiratir~ns oC Ifavoring ingredients from Atsgt~st 2001 
\vith the recipe of concern or the time prior to Ihe iitslitllat ioil of tlic kzcal cxl.tausl ventilation 
systcm, rf  is not possible to qtmtitatively detcrrninc haw effective thc local esl~aust system is at 
reducing these concentrations. Smoke tubes tvcrc used to t.isu;itii.c the captl~rc cllicicncy of'thc 
local vcnlilti~io~ system. WJlilc tllc sytjteni appcared to adeyurztely capture air fian-i its target 
lwntim~s. i t  is not possible to quantify these results. 





i t  ETA 205 1-0517: B.K. f i r ~ ~ ~ r n ~ s n n  Popcorn Inc. - Close-out Report Page 8 

5. I~istitutc fotmal, ~lmirfarury rcspirator wc md ski11 aid eye protection for anyone 
t>rcparing tlre oil and flawrings mixture. anyotic meosurirlg quarlailies of' flavoring, and 
myone looking into tanks that conrain fla\wiiigs. Cmployees rcsponsihfc iirr \;iaskng 
ctiipty tlavcrrings col~taiticrs shuulcl alsct trc ilicIi1~1~if. Scf LIP a written respiratory 
pro~ccticln program that meets tile requiren~~nts ctf the OSHA respiratory protection 
standard (29 CFR 191 0.134). Wlrrkers need to I~ave a mdicaf evaluation for respirator 
use, fit testing for liglit fitling respirators. a i d  trctining on proper rcspirator use and 
maintenance and on the nature ofthe hedth h i ~ ~ i ~ r d .  'I'lx rninitnitm protccttvc rcspiratur 
~ , t e  rcconitricrid is a ,PilOSI.I-cci~ilifcl hll-rmsh t~o~t-pouered. air-purifying respirator 
\s tth organic vapor cartridges and N95 particulate filterc. A fulI faccpiccc rcspiratctr will 
provide respiratory and eye protection. Otherwise, use tight fitting goggles for cyc 
prt)~ecriorr taking care rlul to interkc with ills scaf nl'thc rcspirator to the face. Since 
rhere is a lack of data s~urtnunding the cliangeottt schcthle of the orgnnlc capor uartr~ctycs. 
a very conscr.vaii\c cltasigcuui schcdulc stlcxilil hc i n  pl;lrc. 1:rorn what we have seen in 
other micrcwnve ~x)pcnr~~ lan f s .  sixl given tisc fact that your plant ordy opcrelcs an 
rweragr of'cight days per mttnth, changing the orgcinic vapor cartridgcs each  non nth 1s 

r~co~nrticiicted. 'l'hc N% pirrlici~lak Gtltcrs sfioi~lcl bv vlia~~gect whcricver they beccme 
dirty o r  damaged, or when an increase 311 breathing resistance is noticed. Store the 
rc.spir:ttur away from the mixing wen. It shoxild be kept in a piaslic bag tu kccp i(  clean 
md should be stored flat as to not deform the facepiece. 1 Ianging the respirator sl~ould 
rlut bc d o ~ x  di~ring storage bccamc liatigitrg crt11 dcfbrin t l~c  I;tccpic;cc. btrutclt tltc straps. 
and inake it difficult to gct a good seal. Workers st.tc~uId use a rcspirntnr at slX titncs 
when handling openflxvorirtgs or looking into 1;tnks of heated oil and flawwings. 

6. Discuss with your flavoring supplier the pussibility o l  substjtliting powdered flavorings 
that release Itswr ;\mcrmts of  volntife organic crtmpcttrtlds xxtto the a r  thaii tlrc flavorings 
that you ctirvently use. Powdcrcd flavorings that gencrarc little dust whet1 handled are 
prcfi.~ahlc tcr C ~ C S  that gencmtc ntorc airhorttc clmt if jcm ~rrakc st~ch a change in the 
flavorings that you use, workers sho~~ld  still usc respirators when handling flnvori~~gs as 
~f i sci~ssed sr have. 

7. Institute sncdical munitctring 113th spmmetr? iwkc s \ear lirr rriixcrs a d  yearly for 
workers in micrctwnue packqing to x e i f  workers' Iring iwctictn is ranaining s~ntAc owr 
time. Kew workers should have a bascline rest hef'orc; srarting work. 11 is in1pn~m"to 
ct~oosc a licalrh carc providcr that car1 assure h~gh qiral~t\ splramctry testing in order 10 

citmpare rest results oc3er time. The provider should prttvide clncumcntntlnn t lmt  tlmt 
spiromctry technician has attended a NKOSI 1-certified spirometry course, and that routine 
calibratiotiis of their spirometer arc performed ss recomn~ej~ded by thc Arncricm 'i'hctraclc 
Society. If '  you arc unable to locate a provider near ymr ccrmpan? that can provide such 
documcntation, NICISLI C i M  pra\.idc guiclance to a pm%iclcr of your cfiuicc. 

This letter constittitcs Ifrc lil~al ropctrl lbr Hkffr;, 2001-04 i 7. 111 wccurdunce i v i l h  Code uf'l;ederal 
ltc.gi~l;it~ims, Title 42. Part 85.  copies of this letter must he ptr.iled in n prttmtnent place ;~ccessiblc 
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tv the employees for a period of 30 calendar days. If p u  have any questions concerning tlxis or 
my uthur occupational heaith iissue. please contact us at (304) 285-5932. 

t 
Richard Kanwal, M'14, MPH 
Medical Officer 
Respiratory Disease Hazard Evaluation and 

Technicat Assistw~e Progain 
Field Studies Wranch 
Division of' Respiratory Diseasc Studies 

Stephen B. Mamn, Jr. 
Enginem (Uccupationzdl Safety md Health 

Specid kt) 
Laboratory Research Branch 
Division of Respirmsry Disease Studies 

CC : 
OSHA, Region 7 
Richard C-Illrtte (I IETAB) 
Closeout File (WB'L'A 200 1-05 17) 
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Ms. Keith Ifeuemann 
R. K . Meucriiranrt Popcorn, Xnc. 
504 W US Hwy 34 
Phillips, Nebraska 68865 

The purpose of this letter is to provide interim findirlgs and recomn~c~ldations resulting ii.orn a 
3ationnl instiiute for Qccupationaf Safely and Health (NIOSTX) health hazard evaluation ( H E )  
conducted at B.K, Hcuennann Popcorn, kic. NOSH received a request from management on 
August 28,2001, m evaluate work processes crrtd exposures mcurring during the packaging of 
microwave popcorn. This rcquesl was molivotcd in part by the Fact that several workcrs 
experiencccl eye injuries and cough &hile using a new flavoring in  August 2001. One ol'lhese 
workers was found to have fixed airways obstntction on evaluation hy a pultn~onolagist, NlOSN 
h a  investigated the uccurrence of f'ixcd airways obstructiori in workers exposed to flawrings at a 
microwave ~ x + m ~ i  plant in htlissouri and ia workers ofa  plant that manufnctuws flavorings. 
Those investigations and animal studies corlductcd at NOSH have shown that exposure to 
vapm hum flavorings may Iczd to lung disease under some working conditions. The 
i~~greciicttt(s) iii flavorings that arc; responsible for this risk, and t?xposurc lcvels that are 
considered to lw safe, are still not known. 

NiCISfj irlvestigators visited your plant on September 27,2003, ro pcrforrn an initial walktfirough 
and to iatcrvicw management and workers. Several workers pmicipated in interviews and 
spirornetric lung Xhtiction testing during that visit. Thasc who participated were individually 
notified of their rest rcsults by letters scot to them in Cktabcr 2001. Some workers repoeed 
symptoms of mwous rncrrlbrane irritation (snwzing, burning cycs) and coughing occurring 
wcasionalfy prior to August 2001. Others reported those symptanls only in relation to ilie use of 
the new flavoririg in August 2001. Spirornetry testing revealed that three of the workers had mild 
or borderline airways obstruction. Exposure was u likely hctor in the previously mentioned 
worker with fixed airways obsrnrction which improved signif~carrlly after medical treatment and 
cessation of exposure to flavorings. Whether or not the minin~al lung Suiiction abnorr~talities in 
the oiflcr workers can be attributed to flavoring exposure is unknown. 

A NICISH industrial hygiene survey was conducted from Dcccmkr f I to Ikccmkr  13,2001. 
The srr cnncentratioris uf diacetyl and acetoin, two ingredients in butter flavoring, were measured 
as markers of exposure. During these measurt:mcnls, a recenrly installed local exhaust 
ventilatior~ system for the mixing rank and packaging machine wzs in opratiun, There was oo 
general dilution wntilrllion of the building. All external building doors were closed, and an axial 
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wall fim that was present was nor in use. Preliminary scsults from an simlysis of the air sampling 
data shows that $.he avcrapc: concentrarintls of these compounds in the air rarlged from 0.1 to 1. I 
p a r t w r  rnillion parts air (pprn). Most of thc 111easured conccr~tralions were hctween 0.4 and 0.8 
pprn. At this time, required or rccornmerrded exposum limits for thew compounds tiave not been 
established by t t x  Occriplirinnal Safcty and IIcafth Administration (OSHA), the American 
Conference of 45ovcrnrrienval Industrial Hygienists {ACGIM), ur NIOSW. It is Ailso not clear what 
role, if any, these ~ ~ ) n y a i ~ ~ i C l s  may have in the devetopnimt of' lung disease in workers exposed ru 
butter flavorings. 

One way to attempt to d~terriiinc if present levels oi'cxposure may pose risk is to compare these 
exposures to thusc that have been assuciated with long hcallh effects 111 other plants. Au 
previously mentioned, NIOSW has iiavestigatea the nccutrerrce of fixed airways obstruction in 
workers of another microwave popcorn plant located in Missouri. The following table contains 
the cortcentrations of diacetyl and acetoin measured at B.K. Net~cnr~ann in December 2001 and at 
the Missowi p l a t  in November 2000. Quality contrt~l workers at the Missuuri plant heat 
approximately 80- 100 bags of rnicmwave popcorn in microwave ovens in a mall  enclosed room 
per 8 hour shift. 

'Fable 1: Ranges of drscctyf clod acetoin concci~trarions and exposures at a microwave popcorn 

"The BKH ranges are from personal samples while the Missouri rminges are from areit samples. 
*ND=leus than the tletcctioi~ limit, apprclximatcly 0.02 ppm. 

The area conceitrrations for diacetyl ar the Missouri pImt for oil mixers, rrta~hine oprafors, 
packers, and stackers were higher than yersond exposures at B.K. IIeuet-inarm. Acetoin 
exposures at R.K. Heuermann were similar tu the Missouri xctoin concentrilrians fur machine 
c7pcrarors, packers, stackers. Missouri nil mixers were expsed ttz Iligber acetoin conwntmtioo 
Mclst of thc workers with affected lung function in the Missouri plant worked in nit mixing, 
machine opsatirtg, packing, and stacking, and quality controf. While thc cliwetyl expasutcs for 
the quality cnntrol workers in Missouri were similar to exposures memused ;il B.K. Heuermann, 
the high heat involved in the microwave prucess may mean that the quality control workers are 
cxptwd to compounds that B.K. Meuermann workers are not cxpused to. 

What can be i i~f~rrcd frum this comparisun is lirnrteci for scvefal reasons. Flavorings are 
cutnplex mrx tures of do~ens  af ingred icnts, many of which 11avc: irri tant praprtics which may 
coc~tribute to the develnpt~~erzl of lung dseesse. The effects of tl~esc ingredients may be additive, 
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F L I C ~  tlw exposures to con~cntr;llions of C C ~ I ~ ~ O U I I ~ S  which WOUIXI w t  cause harm iis a sote 
exposure, may be t~armful if colnbirted with exposurcs to low levels of other con~pounds. 
Biacctyl and acxroin are just two of xcverai compounds i r i  butter flavmings which may affect 
I~rng function. 'X'he fact that some ftavorinps used at onc plant were not t~sclt sit the other. may 
tzlso complicate a comparison of the riata, 5rs the compounds in the mixtt~res may ht: different, 
Workers at the Missouri ylurlb m y  have bee* at more risk because they wrwk 20 or mare days a 
month, while those at R.K. Hcuemcmn work fcwcr than 110 days a rrwnth on itvcrage in 
I I ~ ~ G T O W I ~ C  popcorn product~otl. 

The above air sampling data imply that exposures to certairt flavoring irlgr~dients at B.K. 
lleuemann In December 200I were lovrcr than they were at like Missouri pkmk in Navernhcr 
2UW. Whether they are low cnuugh to prevcat cflkts on lung ftmction is still onknown. Safe 
levels of cxpusure For most flavoring ingredients haw not yet k e n  established. Prcviuus levels 
of expocure at this plant likely causcd respiratory effects in one worker and may have affecied 
others. As thcrc are nu mcasuEments of air concenrratiol~s of flavoring ~ngredients from the 
time prior tu the installation ufthe local cxha~st ventilation systcni, it  is not possible to 
quantiraiivdy determine how cflcctive the local exliausl system i s  at reducing these 
catlcctlfr-atloirs. 

Based on the precediag discussion, ow current recammendxtiuris follow: 

I .  Aily wctrker mixing oil, salt, and flavorings should continue to me respiratory protwtion, with 
the mioiniurn protection being a ~rua-powered one Itail k e  piece rcspiralur with ~rgaoic vapor 
cartridges and PXOO filters. 

2. Empty hut unwashed flavoring containers should he kept olosed with tight fitting lids. 

3. All microwave popcorn production workers (any one who works in the room where the oil is 
mixed and the popcorn i s  packaged) should have lurig function testing wilh spisometry every six 
months, Rcpea~ed testing with spitorrletry will detect if excessive changes in lung function arc 
occusrittg over tirnc, which mrty indicate that work exjmsures are still too high. New workers 
should be tested prior rs beginning prcrductiun work. Workers with lung disease should have 
guidance from a physicial~ regarding the possiblc risk of wnrscrri~rg lung function from exposure 
to flawririg vapors. Workers whu repon respiratory symptoms should k. referred fciiA in~dical 
evaluation, it~cfudisg spirumetry. It is important to choose a health care provider that can assure 
high quality spiruuwtry testing in order tu compare test results over time. Thc provider should 
provide document;triox~ that their spiramctry technician has atlerrded a NlOSW certified 
spirurnetry course. and rhzpt ruutine calibrations of their spirometcr arc performed as 
recommended by the Amer-ican Thoracic Society, If you are unabic to lwak  a provider rretlr your 
company that can provide such docurnentataticm, NIOSH clin provide guidance to a provider th& 
yu i~  select. 
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4.  If spirornetry testing reveals exccssivc changes in lu~rg function occuaing in workers over thc 
ilcxt om to two years, requcst an evaluatiori by a ventilation expert to iclclttify additional 
~nechmisms for local exhaust of the mixing tank, and gcr~cnil dilution ventilation of the room 
where production wcurs. 'tho decrease expasure$, you may warti to use the wdl fan ynu drcady 
I~ave. NlOSH can perform additional i r  sampling to dmument the effects of arry ventilation 
changes that you make. 

5. Mairtiain the temperaturc of the heated oil mixlure iis luw a!! the prsdt~ciiun praccss will allow 
In cuclcr lo decrease the alnouiits of flavoring compclunds that are enmed into the air. 

This tetter corikiins preliminary rus~~lts from thc industrial hygiene data analysis. Finat results 
wil l  he reportcrl tu you when remaining analyses arc completetl. Piease feel free lo contact us if 
you have any questions. 

t Richard S. Kartwal, MD, MPM 
Rcspirriiory Discasc EIxmrd Evaluation and 

'I'cchnical Assistance Program 
Field Sttrdies Branch 
Divisioll r~f'Resyiratorgt Disease Studies 

Engineer 
Laboratory IZoscirch Branch 
Division of Kespimtory Disensc Studies 
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