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l. JIMMARY

InJanuery 1987, theNationdl Inditute for Oocupetiondl Safety and Hedlth (NIOSH) recaveed arequedt to evelugte
rearaory symptomsamong medt processingworkersat ESI. Medts Inc, inBrigd, Indanas Theworkers
reported exparienang wheezing and shartness of bregth related to exposLre to the protedlytic enzyme medt tendiri zer
pepein.

Toassessworker expoaureto pgpan, parsond bresthing-zone (PBZ) and genard aea(GA) samplesweare
adleded usng convertiondl ar monitaring equipmant. Thesampeswereandyzed goedificaly for pepein uiiliznga
vay sative (low nenogram) rediaimmunoesssy proore. Papainwasdaiected indl twenty PBZ samples with
conoaniraionsranging from 02210 1.7 ugn, andin dl GA sampleslocated inthecompounding roomand inthe
meet processing departmant. Thehighest concanirations (10to 2.1 ugyin?) weremeesred a theliquid Sorayerson
esch of thestesk lineswhare pepein tendarizer was usad. Lower levds (0.02 to 022 ugin) weremeesred a ather
meet procesaing lines indicating thet the pepein aarosdl ganerated by the rayerswias dioersed throughaut the
Ogpatment, exposing warkerson ather conveyar lines

Thareareno exposre dandards edific for pratedlytic ezymetendaizars Employess expoaresto pgpainwere
aoovethe ACGIH aeiling TLV of 006 ugi® etablished for subdilising which are pratedlytic enzymes usediin
Odagats Thisedpoarelimit wesusad intheintaprdation of the pepein dag the comparativebidlogicd ad
antiganic potendesof wtilisnsand pgpainwereassumed tobesmilar.

Threehundred fifty-seven workerscompleled aguestionareto deemine the pressnce of symptoms Luggestive of
oooupetiond aghma. Fifty-onesymptomaticworkers and 45 without symptoms, completed amedicd sunvey
induding aquesionnaire, pumonary fundion tests peek exairatary flow rate detamingions (FEFR), skinjonick tets
redicdllergosorbant tests (RAST), and mesaremat of saumimmunogiaouin E (IgE). Twenty-nineemployesswere
detemined to have dther posshlear ddfinite |gE mediated tenderi zar-rdated oooupetiond esthma(TROA), besed
Upon questionnaire regponses competiblewith cooupetiondl ashme, immundogic evidence d dlergy totenderizars
and PEFR messramats uggestive of wark-rdated branchid lahllity. Theprevdenced ddfiniteor possble
oocupationd eghmat this plant was 12% among tenderizer-expossd warka's

Onthebedsd thesedata NIOSH invedigetors have detamined thet aheelth hezard existed among employess of
ESI. Meds Inc, Brigd, Indiang, from oooupetiond expoaureto pratedlytic azyme meet tendaizars
Recommenddtionsto reduce expoauresto enzymes carefor dfected warka's and prevert further ilinessaremedein
Sdion X of thisrgport.

KEYWORDS SC 2013 (Saussgesand other prepared medt produdts), proteolytic enzymes papain, bromdain, fidn,
oooupetiond edhma


http://www.cdc.gov/niosh/hhe

Il. INTRODUCTION

In January, 1986, the Nationd Indtitutefor Oocupetiond Sefety and Hedlth (NIOSH) recaved arequest
fromthreeemployessa ESI. Meds Inc. toinvestigateresaratory symptomsamong workersexposed to
met tendaizas Aninitid Stevigt and wakthrough were conducted by NIOSH parsomnd onFeoruary 5,
1987. A onepegequetionnarewasadminidered to 367 ESI. employesson April 2-3,1937. Bassdon
thereslitsof thissurvey, acombined medicd/induanid hygene surnvey was undartaken on Uy 6-10, 1987.
Each partidpert inthemediicd gudy wesnatified of theresuitsof hisher mediicd testing on Februaty 1, 1988
Inteim repartswearemalled to ESII. and thereguestorsin Feruary and April 1988,

M. BACKGROUND

ESI. Meds Inc. isamest pationing plant. Three protedlytic ezyme meet tandarizersdaived from
trapicd fruits pgpain, bramdan, and fidn, are used as componentsof gaice mixturestinet aregorayed onsame
desksprior to packing.

ESI. arpoyessinavieved prior totheinitid Stevist reported thet numerouswarkarsbdieved they hed
aghmardaed to eqpoareto theseazymes

A review of ESI. recordshy NIOSH reveded thefdlowing:

ESI'sOSHA 200Iog for 1984 hesan entry nating reective arways dissesein aworker, reguiring 22
missdwark days beginginlaeMay.

Inreponseto acomplaint, IndianaOSHA condudied agtevigt on Ocdidboer 24, 1984. Thestevist repart
Oestribed ahezard caused by enzymetendaizarsin the mixing and processing arees

A report deted Augudt 26, 1986 to ESII. by thar insurance carier destribed pepain asacause of aghima,
and recommended end osing tenderizer goplication aressto reduce warker expoaretotheazymes

A ssoond report by theinsurance company, deted October 9, 1986, reparted theresits of anindudrid
hygenesuvey o thepant to messrearbametendaize levds Thesurnvey found "excessve’ levdsdf
arbomearyme and"'srongly recommended’ thet the compeny teke sgpsto reducewarker exposureto
tendaizas

V. PROCESSDESCRIPTION
Largefrozen cutsof beef arerecdved by trudk, and then prepared into seeks ground bedf, and ather meat
produds Appraximedy 31 million poundsof meat are processad eech yer. Thecompary darted

opardionsa afadlity in Goghen, Indianain 1989, They moved tothecurrant fadlity in 1980, modt of the
workeasfrom the Godhen plat continued towark a the Brigd plart.



Atthetimed our survey, gaoroximatdy 475 wakerswerearpoyad & thisfadlity, of which about 436 were
produdionworkesand 40 were dffice (menegameant/deicd) warkas Themganity of theprodudion
workeswearedvided among megt prooessing lineworka's qudity assurance parsonnd,
snitaion/mantenencewarkers dock workers and trudk diivers: Meat isprocessad daily on thefird and
soond dhifts Thethird Shift isused for sanitation and equipment maintienence

Thepant usssanumba of proprigary gaice mixtures which areformulated by suppliersacoording to
astome padfications: Somedf the aice mixtures contan pratedytic enzymetandaizar(s). Mog (>95%0)
of theseSeeksaretendarizad with pepain; asdl peroantage (<5%) aretandai zed with ssesonings
cotannganarymelded o romdanandfian Asdefrom theazymes ssesoningsimey aonian it
dextross monosodum gutaméte, hydrdyzed viepiaile pratain, and Sices

Sesoning mixturesarerecaved asadry powder in 36 or 45 1b. begswhich arediored and fomulated into
sduioninadZ x 12 compounding room. Oneworker (Quelity tednidan) per dhift isrespongblefar
famulaing treliquid ssesoning dluions: It isalbetch oparation and invalvesthemenud dumping of
ssesonings conianing papain into mixing tarkscontaining weter. Theanly pratediveeuipmant womwesthet
required by the USDA (lab ooat, har net and plagtichet). Digposledud rearatorsand govesweare
avalade but usely natwom. Themix tarkswarenat equipped with locd exnast vartilgion. Onthe
avaape 1510 20 begsof ezyme-contaning ssssoningsare dumpad eech hift, usely 3begsa atime,
aooording to manufediure’sdilution gpadfications: Inaddition, *"boodter pecks' (Upto 1.51ks of eryme
conoairate (pepain and st anly)) areaoided to the sessoning solution, on an asneeded beds to mantanthe
arymea an acogatebleadtivity leve. Whenintegrated over thedhift, thebeg dumping task, and thusthe
compoundear'sexpoaure legted no morethen an hour per shift. Once prepared, theliquid ssesoningsare
piped from thisroom to the main meet processing departmant, wharethey aregpplied tothe sesks

Themest prooessing department isa 15,000 ft2 open room, maintzined a 45-50 degress Fatvenheit, where
Sverd mest product conveyor lines (i.e, ground bef, tenderized Seek, Srlaintip, and doiceseek) ae
Stueted pardld to oneancthe.

The pgpaintendaized desk linesarelocated betwean theground bedf linesand thesrlain tip and dnoice ek
lines Atthetimedf our dudy, papain wesusad onthreelines tworib-eyeand one T-oone Eachof these
lineswessmilar in gparaion and dffing requiremants At thebegiming o eechlinettreewarkersare
reqpongldlefar aned thefdloming tesks removing meet from baxes gparaing automatic Sgaing or didng
mechines or weighing sesksfar quelity contrd purposes: Whileon theconveyar ling thedegksare
meadhenicaly tendenized, then orayed with the gaice sdlution containing pepein. Thegacesduionwes
gdlied to the stesksusing multiple coarse e Joray nozzes which are positioned over and under thesren
conveyor. Thegrayasare coverad with aremovalemetd hood to reduce dff-goray. Thetrested Seeks
arethen placed into plagtic begshy gopraximetdy dght beggars Theanly pratediveequipment wom by the
peckers addefram the USDA-required ensamble, wasvinyl goves whichwerewom by somewarkerson
thehend nearet theconveyar. At theend of the conveyar ling, 2 to 3warkersareinvalved inboxing,
peletizing, and randfer opaaions



Nether preamdoymant nor paiodic medicd examireionsarepaformed. A locd hosaitd isused for
emagaxy cae Nomedcd recordsaemantaned ongte

V. METHODS

A.  ENVIRONMENTAL

1

Sargeadledion

A tad of faty samples 20 parsond breathing-zone (PBZ) and 20 generd area(GA), were adllected
to asessarbome concantrations of pgpein. Thesampling protood wes desgned to evdugtethose
workerswith the gredtest potentid for expoaureto papain. Parsond PBZ samplesweare cdllected for
thefdloning jab dassfications thequelity tedhniden, whowesregposblefor addng dry sice
famulaions containing pepein to mix tanks containing weter, and the seek peckaswhowere
reporsblefor begging rib-eyeand T-bone sesks which hed been grayed with liguid soice mixtures
contaning pepain

TheGA ar sampleswere cdlletted from slected produdtion and nonprodudion arees. Produdtion
aeadr ssmpleswarepaoad a thefdloning Stes dredly abovethemix tark ingdethe compounding
room, diredtly outside the compounding room, ontheliquid tenderizer rayersfor esch of thethree
desk linesswheretandaizarswere used, and onthree ather meet lineswhere pgpainwas nat used.
Nonprodudion aeasamplesweareodleted fram aneste, thenorth officearea.

Air smpleswereadledted on 37 mmmixed cdluoseester (MCE) filterscomedtad to
bettery-oparated sampling pumps cdibrated & 20to 25 liters per minute (Lpm). Sampling ranswere
cdibreted dally. Proper ar flow reteand sampleintegyity were checked pariodicaly during thework
dhift. Fdd bankswere prepered and Lbmitted with the ather filters: Samdleswerestored inafreszer
a 5 dayess Catigrade until they wereandyzed

Sargeadyss

Rlter smpleswereandlyzed far pepein usng atwo-Steimmunorediomerric assay (TSRA)
devdped by resrchersd the Allegy Reseerch Laboratary, Mayo ClinidFoundetion. This
immunodhamicd tedniqueinvaved two componatts A) extradion of pepein from thefilter sarpdes
and B) assy of pgainby TIRA.

a Bdaagiond pganfromfiltas

A two-ggp extradion proosdurewas used to prepare thefidd ssmplesfor assey. Frg, thefidd
samples(37 mm MCE filtars) were plaoad into ssparatetest tubes containing 3 millilitars (L)
aodone Thetubeswerevartexed, dissalving thefilter but nat insdluldle pepein (if presartinthe
smpes. Thesduioswerethenfiltered under vaouum anto palytetrefluoroethylene (PTHE)
filtars ThePTHEfiltars used to trgp the pgpain, ware



placedinovids Onehdf ml phogohete buffer was added to the vids containing the PTRE filter
and vartexed, slubulizing the pgpainfor assay.

Asssy by TIRA:

Thetwo-Steimmunoradiamelric assay required the useof two key immunoresgants pure
pepain ezyme and hypaimmunerabat anti-pgpein saum. The punified pgpainwesused to
preparethe reference dandards and to isdlateimmunogiadoulin G (IgG) from therabhit saum.
Therabhit ssumwasthe source o 1gG, the papaintgpeaific antibody usad to bind thepgpainin
therderenceand fidd samples

Therabhit ssum, containing papein antibodies (sswdl asather prateing) wesadded toa
cdumn containing purified pepain covdently linked to Sqpheroseresin.: Asthesaum pessd
through theadunn, 1gG antibodiesto pepein complexed with the pgpein antigen. Other
(unbound) pratansin the saumwere Sbsoualy wadhed avey. Pgpain antibodeswere
duted from thecdumn using agyane buffer sdution, and concanrated. Andiquat of the
conoatrateweasradiaodingted with iodine 125 for theradioimmunoessay.

Theasssy waspafamedinimmuonwels Anexcessof thepunfied IgG wesadded tothe
wadls adsrhingtoitsaurface. Reference dandards intamd dandards and unknowrs(fidd
samples) wereaddad to ssparatewdls: After incubation, thewdlswearewashed and the
rediaiodineted antibody added. After assoond incubation paiod thewdlswarewashed again
and counted. Thebound redicedtivity isproportiond to theamount of pepeininthesanples The
conoatration of pgpaininthe unknoamswiss calaulated from agtandard curve of countsveraus
the pgpain rdference dandards

Thesagtivity of thisassay wesuch thet 0.32 ngwsrdigly messured. Whenconddaing the
minmumar vdumefor any onesample adlledted duing thisevelugtion (74 liters), thisassay wes
cgpebled mesaring conoantrations of pgpeain aslow as04 ng per alic meter o ar.

MEDICAL

On Apil 2-3, 1987, weadmindeared aquesionndreto evary avalddeemployesd thepat, to
identify workerswith three symptom complexes suggestive of cooupetiond aghma. Thesewere()
wheezing, (2) hatnessof breeth ar difficuity bregthing, andlor (3) dhet tightness or pein, coouning
within the pest month, and coouing lessfreguently or nat & al on daysaway fromwork. Weinvited to
patiapetein thefdlow-up case-contral sudy (July 6-10, 1987), dl respondentswho reported two of
thethree symptom complexeslisted above, plusan equel number of respondantsdnosan & random
from among thosewith none of thesedhest symptoms: Inthe case-contrd Ly

Rumonary fundion tesing wespafomed dter & leest 2-3 hoursat wark, usngan Ohio
Medicd modd 822 ary rdlling sed soiromder, atached to a Sairatech 220B dedicated



compute. Procanures conformed to the American Tharadc Soaety'saritaiafor sreaning
soiromary.? Predicted vaueswere calaulated using the K nuoson epuition. @ Predicted velues
for Blacksweredetemined by multiplying the velue predicted by the Kinudson eqution by
0859 If therewasevidancedf an abonamndlity on gairometric examinetion, the participent wes
requested to reum thefallowing day, pre-shift, far ancther puimonary fundiontes. Reguired as
evidenced pumonary test aonomndlity wasan FVC lessthen 80%0 of predidted, or en
FEVIFVCrdiolesthen0.7.¢

2. Pekequraory flow raes (FEFR) ware meeared saidly, usng Wright'sportade mini-pesk
flow maasfor onewesk, evary three hourswhileaweke, and during thenight if avelkened for
ay reesn. Threeexhdaionswererenarded eech time, and themaximum of thethreewes
aoogted asthe PEFR datamingtion. Any wheezing, hortness of breeth, dhedt tightinessar
cough expaiencad & thetime of aPEFR detlemingtion was Upposad to bereported onthe
peek flow record. A patticipent wes conddered to have significant bronchid lahlity if the
dfference bewean theminimum and the maximum PEFR on & leet ane day excesded 2000 of
theday'smaximum PEFR©

3 Skinridk tedsweareadminidared, and ssum pedficigE levdswere mesared by the
rediodllergosorbent test (RAST) method. Theskintest pend induded commerad
(phammecautical grade) papain, bramdain, and fiar; “fedtory’" pepain, bramdan, and fianfrom
the ESI. plart; threegicssusad in E.S . 'stendaizing mixtures and dymopepan, a
pratedytic arymesmilar to pgoain. TheRAST pend indudad dymopepan, fadtary pepein,
commaad pgpan, bromdain, andfidn. Sdineand hidaminesduionsweregopied ssnegetive
and postivecontrds A skintest wesconddered positiveif thewhed (snveling) dameter
mesared & leet 3anm greter thenthesdinecontrd. RAST resultsware expresssd as counts
pa minuted 1'*-labded IgE bound to dlergenooated disks and were condidered poditiveif the
test sum count was mare then 3 dandard deviaions above of themeen of that far non-exposad
laboratory contrds Tatd saum IgE levd wasmessured by radiaimmunessay (nonmdl range
10:1251U per milliliter wherelU equels 23 milligrams).

4. iy tedswaeadmindered toapand of commonarbomedlagans induding
blueyass rapwesd, dtematia grass cat hair, and mite

5 A gypavisad Hf-adminderad quedionnare was provided thet addressad medicd and work
hidary, and the presance of ather possblerisk fadtorsfar esthma

Wedevd opad thefdloning gademidagic case ddinitionsfor tendarizar-rdated cooupetiond athma
(TROA).

1  Wedasfied apatidpart sshaving ddinite TROA if hear Sefulfilled dl threedf thefaloning aitaia

a Rexraoy symptomstempordly berdaed towork, asreported ontheinitid quesionnaire



b.  Sympomeic, Sgnficant brondhid lahlity temparaly rdated towark. Theaitaiafor sgnificat
bronchid Iahility aredesribed above (sadtion V.B.2). Thebronchid lahility was conddared to
bes/mptometicif the participent reported wheezing, shartness of breth, chet tightinessor cough
ashisar her pesk exaratary flow retereeched the minimum for theday. Thelbrondhid latlity
wascorddaed work-rdated if () the difference betwean the maximum and minimum excesoed
20 parcant ond leest onewark day, and waslessthan 20 peroant ondl nonrwork days or () if
therewas an dovious U-shgped gopearance to the FEFR deemindiononaworkday. The

U-shgpad gppearance suggeststhet the PEFR hed falenin regponsetowork exposuresand hed
risen towards the maximum upon cessAtion of expoare

C.  Atlest onepostiveskintes or RAST toatendaizer or dymopgpan

2. Wedassfied apatiapant ashaving possble TROA if hear defulfilled (8) and (b) ebovebut hed no
postiveskintes or RAST totendaizarsor dymopgpain. Altarady, apartidpant wesdassfied as
having possble ccoupetiond athmaif heor Sehed rearatary symptomsbdieved to berdaed to
work and a leesgt onepodtiveskintest or RAST totendaize, but no evidenced sgnificant
g/mptormetic brandhid [eblity.

VI. EVALUATION CRITERIA

A. Bwvirormatd

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 9&f enploy
evironmeantd evauation aitaiafor essessmat of anumba of demicd and physcd agats Theeaitaia
aeintended to uggest levdsof expoaLreto which mogt workersmay be exposad up to 10 hoursper day,
40 hourspar wesk for awarking lifeimewithout expaiendng adverehedth effedts Itis howvever, important
tonotethet nat dl warkerswill be pratected from edvarse hedlth efedtsif their eqposresaremantained
bdow theelevds A sl paoaiage mey expaienceadvare hedth effedtsbacause of individud
suseatiblity, apre-exding medicd condtion, andlor ahyparsangtivity (dlegy). Inaddition, somehezardous
ubganoes may at in comingion with ather warkplaoe expoaures thegenard environmant, or with
madicaionsor parsond hehitsaof thewarker to produce hedlth effedts evenif the oocoupetiond expoaresare
contrdled & theleve st by theevduetion aitarion. Thesecombined effedsare often nat considered inthe
evdugionaitaia Also, somesubdtances are aosorbed by direct contact with the skinand muocous
mamtranes and thuspatentidly inoressethe oveardl expoare. Findlly, evdugion aitaiamey drengeove the
yearsasnaw information onthetoxic dfedsof an egat beoomeavalade

Theprimary sourossof evironmantd evauetion aitaiafor thewarkplaceae 1) NIOSH Reoommended
BExpoareLimits(RELS)? 2) the Amarican Corferenceof Govarmeanttd Induerid Hygienists (ACGIH)
Threshdd Limit Vaues(TLV'9),” and 3) the U.S Depatment of Labor, Ocoupationd SAfety and Hedlth
Adminigraion (OSHA) Pamisible Expoare Limits (PEL9.2 Often, theNIOSH RELsand ACGIH
TLV'saelove thenthe coreponding OSHA PELS BathNIOSH RELsand ACGIH TLV'suadly ae
besad on morerecant infomietion then arethe OSHA dandards The OSHA PELsdso may berenuired to
tekeinto aooount thefeeshility of contralling eqpoauresinvaiausindudrieswheretre agantsareussdt the



NIOSH RELS by contragt, are bessd primaily on conoamsrdaing to the prevention of ocooupetiond diseese
Inevaueting theexpoaurelevdsand the recommendetionsfor reduding theselevdsfound in thisrepart, it
should benated thet induetry islegally required to meet anly thoselevd sspedified by an OSHA dandard

A timeweghted avarage (TWA) exposrerdasto theavaerage arbome conoantration of asubdance
duringanommd 8- to 10-hour warkday. Some sLbdanceshave recommended shart-term exposurellimitsor
aaling vdueswhich areintended to yodamant the TWA wharethere arerenognized taxic fedsfrom high
shot-tem exposres

B. Pgan

Inaddtiontoitsusein themedt processing inoLEtry, pepeinisused extasivey warldwideasan
ingredient inanumber of indudrid and consume produdts Inthe pharmieceutical and cosdics
inoLry itisused in antiinflammetary egants velerinery compounds and deanersfor soft contat lenses
Paoanisfomuasd withgacesingacemills Inthebekingindudry itisusad asadoughehanas. Itis
used ssadaifying and dhillproofing agant inthemenufadiure o beer. In saientific reseerch pgpainis
usd toinduceamphysamainrodatts anditisacomponat inaresgat used inimmunogldoudin
andyss Pgpanisdso usdinthetanninginougry to condtion lesther goods

Thareareno evironmenta exposure aiteriagpeafic for pepein. However, ACGIH recommendsa
TLV of 006 microgramsper cubic meter of ar (ug/in) asaadiling concentration for pratedlytic
arymesknoan ssailisns’

Pgpein and auidtilisns have bath besn hoan to causedlagic resairatory sansitization among exposd
workers®2

Sintlisnsaredaived from Badllusabilis or dosdly rdated bediaia, and are usad edangvdy inthe
laundry detergart indLery. They arewel dheredtierized pradins withamdeouar weght Smilar to
pepain. TheACGIH TLV isconadered auffiaenty low to prevert reairatary sansitizationamong
detargat workersexposad to btlisins® Althoughthecomparaivebidogicd patendiesof aidtilisns
and pgpeinarenat predsdy known, current thinking indicatesthet they arelikdy tobedmila.
Aacordingly, inthisdudy the ACGIH TLV wesusad intheintapreition of theenvironmenta pegpain
conoatrations

VII. REQULTS
A.  Bwviromaid

Papeinwes detected in dll twenty parsondl PBZ samples with conoartrationsranging from 0221to 1.7 ugi?
(Teblel). All of thesesamplesexassdad the ACGIH TLV of 006 ug/n for pratedlytic (subtlising enzymes
Thetwo PBZ samplesfromthequdlity technidian hed papein conoantrations of 045 and 060 ug/in®. These
two ssmplesware adledted over theentirewark shift and nat just during the beg dumping aperationper 8
which represanted thiswarker'sanly source of exposureto pgpain. Therdforg, thereported conoantraions,



dthough accurady refleding an 8-hour TWA, underestimate the hort-tarm pepein exposLres diredly
adfributsbleto thedumping operaion

Theeightean PBZ samples cdllected from the steek packersranged from 0.22to 1.7 ugin® (Teble 1). The
three highest expoauresweare mesaLred on peckarsonthe T-boreline: Ontheavarage, packasonthisseek
linewere exposad to higher concantraions of pepein then peckersan therrib-eyelines dthough theranges of
expoaresbawen the T-honeand ribeyelinesswearevay amila.

Realtsdf theganard areadr monitaring showed thet pepein wes detedted in the compounding roomand a
dl ssmpledlocationsin themain processing departmant (Table 2). Two sampleslocated abovethemix tank
inthe compounding room hed pepein conoaniraions of 1.4.and 1.7 ugfi®. Aswiththeppersond samples
thesesampleswere adllected over theentirework shift and nat just during the beg dumping operaion per 2
Theardare, rgparted conoantrations dthough aocuratdy refleding an 8-hour TWA, underetimetetne
arbame pgpain levdsdirediy atributableto the beg dumping oparaion. Papainwesnot detected in2ar
sampleslocated auts de the compounding room, indicating thet onoe aerasalized, pepein gopearsto be
corfined tothisroom

Of the 12 ar samplesthet weare cdlledted & 6 Stesin the mein processing room, the highest pepein
concantratioswearemessured &t theliquid (tendenzer) grayerson the T-boneand rib-eye conveyar lines
Papain concantraionsfor 6 samplesranged from 1.0to 2.1 ugin®. At threeother meet lines papeain
conoantraionsfor 5 samples (onesamplewes ot in andlysis) ranged from 0.02 to 022 ugin?. Thepresance
of mesaLrablepgpain a theselatter 3 stesindicate thet warkerson ather meat processing lines (wWhowerenat
monitored)) ared o exposad to papan, but & lower levds

Intwo aresswhere pgpain was not usad (pre-processing and front office), pepein conoantrationsintiveeof 4
ar samplesware nondatedtzble, with atraoe (0.002 ug/in) baing detected in onesamplefromthe
pre-processing area

Medcd

1  SyemningQuesiordre
Of the 475 producdtion and nonHprodudtion employees, 357 (75%/0) completed the Sreening
quedionaire Sxty-nine(19%) of these 357 reparted symptoms congdent with our gaidemidogic
caddintionsaf ocoupetiond aghma, and arerdfared to assymptometicworka's or et esthma
casssinthesedionsthet fdlow. These69, plusBd warkerswithout symptoms (contrdly), wareinvited
to patidpeteinthemedicd fdlow-up arvey.

2. Meaidd Falow-up Survey

O 138warkersinvited, 96 (70%) completed & leest onecomponant of thesurvey. Resultsfor eech
componant aredestribed bdow.



a

RUmonary Fundion Tedting

Ningy-three partidpentshed pulmonary fundiontests Al but 4 (4%) hed nonmd resLits Two
of these4 hed "dodrudive’ sairometric pettemsduning thewark day. Repeet dudies pafamed
preshift, wereessartidly unchenged. Thethird hed anomndl initid study, but reumed the
fdloning deay dter severd hourson the produdtion floar, reparting severewheszing and hartness
o bresth. RUimonary exam & thet timerevedled sevare, diffusewheszinginbath lungs: A repedt
pumonary fundion tes Shomved a'"resricive’ pettem. Thefourth hed a"'reridive” pettem duing
thework day. Repedt pre-hift sudieswere undhanged.

Pesk Expiratory How Rate (PEFR) Messuramants

Ningty-two partidpents completed peek flow deteminetionson &t lesst oneday.

Svanty-four (80%) completed messLremantson enough (at leest 3) daysto detamine
whether they hed sigrificant bronchid lablity. Bleven (15%) of these 74 produoed peek flow
petters showing sgnificant brondhid Iblity. Anelyssaf these pettansshonved thet 8 of these 11
hed work-rdated bronchid Ihility. Theather 3 produced pettems of bronchid Iability thet could
nat bedeaty atributed towork.

SKinprick Tets

Ningy-onepartidpantshed kinrick tests Thirty-one (34%) reected to & leegt one of the
pepein, bromdan or fidn preparations. Ningieen (2196) extibited cutaneous reedtivity 1o peper;
21 (23%0) to purified bramdan; and 14 (15%) to purified fian. Concurrart cutaneous
srstizaionto 2 or mareezymeswasfound in 15 (48%0) of the 31 erymereedivewarkers
Nire (10%0) of the partidpentsexhibited positive skintedsto 2 or morecommon dlergans
Blood Tests

Eghty-five partidpents provided blood ssmplesfor radiodllergosorbent tests (RAST) and
cdemingiondf ssumimmunoglaouin E (IgE) conoartraion

RAST

Twenty-wo (26%) exhibited Sgnificant RAST reedivity to & leegt onedf theezyme
preparaions Sevantean (20%6) hed apasiive RAST test to chymapapain; 17 (20%) toone of
the pgpain preparaion; 3 (16%) to bramdain; and 3 (20%/0) tofidn. Concurrent RAST reedtivity
to 2 or moreazyme preparaionswasfoundin 8 (36%0) of the22 RAST- postivewarkers



(e 5
Ten (12%/0) hed devated saum concatrations of IgE.
Quediorare

Ningty-ax patidpantscompleted thequediordre Restsareinoorparated intheandyss
stiosbdow.

3. Ardyssd Fdlow-up Survey

a

AghmaDiagoss

Usng thediagnadiic aiteriafor tendiza-rdated oooupetiond adhma(TROA) desibed inthe
Methodsssdtion, wedassfied 9x partidpantsashaving ddfinite TROA and 23 patidpanises
having possble TROA.

Expoareto Tendaizas

Wedvided the 96 workersinto two pepain exposure categaries; besad on our dosarvaionsof
produdion processss intavievswithworkers and theindudrid hygene messuramantsof
arbomepgpan (Tehle3). Of the 96 patidpents 77 (80%) warked injabswithahigh
likdlihood of expoaretotendaizas Ningiean (20%) warked inaresswith low or no
likelihood of eqooareto pepain. Of the 29 individuals dassified ashaving ether definitear
possbletandaiza-rdated cooupationd asthma, dl but oneworkedinan exposrearea The
rdationdhip betwean pepein expoareand cooupetiond asthmaisdaidicaly sgnficant (Odds
raio 10.3 p<0L, Tadle4)

IgE

Thirten parcant (647) of thewarkerswho hed symptoms suggestive of oooupetiondl aghmaon
theinitid quesionnaire, and 10% (4/38) of thosewithout symptoms hed devated ssum levdsof
IgE. Tade5oomparesthelgE levd of two graups warkerswith symptoms suggestive of
aghmawho did nat fit thediagnestic aitaiafor possbleor ddfinite TROA, and thosewith these
s/mpomswho dd fit the TROA aitaia Warkaswith TROA weremarelikdy tohave
devated IgE then symptomatic warkerswithout TROA. (p=003).

PTs
"Obgrudive!

Of thetwoworkerswith " obdrudive'” pettems one hed donomd chet anstomy because of
priar aurgay, and dd nat havesymptoms of adhma



Thessoond hed symptams but negtiveskintests PEFR deemingtionshowved vaiahlity up
to 15%, but dd nat fit the diagnestic aitariafor sgnificant bronchid Iability. Blood testswere
refusd

"Redndive’

O thetwo partidpentswith "redricive’ pettems thefirdt reported no symptoms of aghma, but
quedionnaireregponsesreveded ahidary of hay fever, exoama(aragh), and sessond rhinitis
(rumy noss). SkinHrick testsand RAST sfor tendarizarswearepodtive PEFR
deemirgtionsshowed vaidhlity of 19% onawaork day (aitaionfor sgnificart bronchid lahlity
was20%). Theladk of reported symptoms preduded the diagnog s of cooupetiond aghma

Theseoond, who hed en additiondl, donamd, PFT during an gaisode of wheezing & wark, hed
postiveskinfarick tetsand RAST sfor tendaizars and sgnificant symptametic bronchid I&hllity
onPEFR messramats Thisworke fit theaitaiafor ddfinte TROA.

RAST and Skin-prick Tests
RAST

Twenty-three peroant (11/47) of workerswith symptoms suggestive of work-rdated aghmaon
theinitid quesionnaire and 28% (11/38) of as/mptometicwarkarshed & leedt onepositive
RAST. Thisdffeenceweasnat daidicaly sgificat.

KirnHprick Tess

Forty-one paroant (20/49) of workerswith symptoms suggestive of work-rdated aghmaonthe

intid questionneire, and 26% (11/42) of asymptometicwarkers hed & leest one positiveskin test
toatendaizng erymepreparaion. Thisdffarencewasnat datisicaly sonificart, but both retes

aesantidly higher thenthe 1% rete of cuianeousreedtivity to pepein found inapopulaion of

aopic parsonswithout oocupetiond exposreto erymes™

Risk Fedtors

Weexamined svad risk fadarsfar sshmaand their rdationghip to resairatary symptomsand
thediagnodsof posshlear ddfintecooupetiond aghma

1 Atogy

Atopcindvidudshavefrequant dlagic resdionsto common arrbomedlegas uchas
thoseinduded inthe skinHaridk teg pend. Table6 comparestheaigpic Satusof two
gauyes warkeswith symptoms suggestive of eshmawho did nat fit the diagnodic aiteia
for ddfiniteor possbletendarizar-rdatad cooupetiondl athma(TROA), and thosewith



theseg/mpomswho dd fit the aitaiafor TROA. Wakaswith adhmaweremarelikdy
to beatopic then symptomaic workerswithout ashma. (p<.01)

Tade7 comparestheaopic datusof two dfferert groups dl thosewith s/mptoms,
regardessof thar adhmadiagnods and thosewithout symptams (the contrd group). The
propartion of atopicindviduelswashigher inthesymptometicwarker group, but the

dfference bewean thegroupswes nat datidicaly sgnificart (p=.06).
TaobaoooUse

Theprevdenced dgardte useamong symptlomaicwarkasdassfied asddinteor
possble TROA was52%. Theprevadenceamong symptometicworkersnat diagnosed
with aghmaweas45%. Thedfferencebawen thesetwo groypswesnat datidically
sgnficat.

CddAir

Weaked warkerswhether they hed ajab thet required moving inand out of freezas
Farty-one peroant of both symptomatic worker groups (those diagnosad with TROA,
and thosenat dagnosad with TROA) ansvared yes

Allegcs/mponms

Tade8 presisthe prevdencedf eczama(askin condition), and sessond rhinitis (rumy
noss) inthetwo groups of warkerswith resairatory symptoms (those diagnosed with
TROA, adthoenat). Theprevdenced eech symptomwes nat sgnificantly different
baweanthetwo grouss

Othes

a  Chymopgean

Chymopgpainisaphammeoauticd produdt usad totregt ind disk dissese No
partiapentsreparted having bean trested with thisprodudt.

b. Peerme
Prevarymeisapgoan-contaning pharmeoeuicd product usad inthetresiment of

catangadranteting dsordas Onepatidpart, an asymptomaicworke with no
postiveskin ar blood tests reported having bean trested with thisprodudt.

¢ FaetFood



Somefedt food produdsare tregted with tendearizers and may beapatentid
ourcedf pgpain expoaurefar consumas Table9 comparesthefadt food
conumpion of thetwo symptomietic worker groups (with and without TROA).
Theprgpartionsin thetwo consumption categariesare nat sgnificantly different.

d.  Childhoodand Seesordl Adhma

Seesond and childhood asthmawere each reported by 3% of workerswith
TROA, and by noneand %o regpedtively, of patidpantswithout TROA. The
differencesbawean thegraupswith and without TROA arenat sgnificant.

e CotadLenss

Pgpeinisacomponat of somecontat lensdeaning produds: Sugpadt eshma
caes (withwork—rdated symptoms on theinitial quesionneire) and contrdls (without
work-dated symptoms) did nat differ sgnificanty intheir usedf contact lensss
Sxty-four parcant of the cases usng contedt lenses (7/11), and 1726 of contrdls
using lensss(1/6), reparted symptoms (oneor moredf: cough, dhedt tightness
wheezing, Sortness of bregth, rumny ar suffy nose, diarhes, abdomind aamps
vamiting, or ity or smdlen eyes) dter deening thar lenseswith pepain-containing
dexningtablas Fve(63%0) of 8with TROA, and two (23%) of 8 of thosewithout
TROA, reported uch symptoms efter deening contact lenseswith
pepein-containing produds [Nether of thesedifferenceswes Satidically Sonificant
(p=009 and p=0.16) regpectively, Hsher'sexat ted, 1-taled)).

VIII. DISCUSSON AND CONCL USONS

Theaignd intent of thishezard evaugtion westto attampt to deeminewhether worker expoaLreto
tendaizasa ESI. Medswas assodated with oocupetiond aghma

Wehavedamongrated thet |gE mediated tendierizar-rd ated cooupetiond esthmaisooouring anong
wokesa ESI. Theprevdenced possblear ddfinte TROA among the ESI. warkforceavalablefor or
dudy isat leedt 8% (29/357), and the prevdence among tendarizer-expossd workersis a lesst 1296
(29233). Sncesomenonpatidpanismight dso havehed TROA, theadud prevdencecould behighe.
Theprevdenceamong symptomeatic warkersis 58%0 (29/50).

Individuals diagnosad with possblear ddfinite TROA waresgnificantly marelikdy to beexposed to
tendaizas havedevaled saumlevdsdf IgE, and beaopic. Wedd nat establish assodationsbewean
TROA and tabeooo uss, freszing ar expodure, eczemaor ssesord rhinitis o expoareto phammecauticdl
pepein

Immundogic sasitivity to tendaizarsin the absence of reported symptoms absarveed in 11 partidpants mey
beapraddar of thedevd opment of aghmawith continued eqpoare. Somedf theseindviduelsmey dreedy



havesb-dinicd aghma, thetis brondhid condridion causad by tendarizarsthet isnat severeenough to cause
s/mptoms  Thisissuggeded by severd asymptometic patidpentswith evidencedf immundogic sastivity,
whosee FERR ddamirgtionsdemordtrated bronchid Ihility just bdow thearitarion for Sgnificanceusad inthis
dudy. Thesequesionscan only beansivered by futher sudy of thesepeople

Theevironmentd monitaring resLits showed thet pepein becomes aerosdlized during compounding (beg
dumping) and liquid goray goplication operaions: Thesereultsdso show that dl workersmonitored (i.e,
compounder and the steek beggers) on the T-boneand rib-eyelinesusing tenderizer wereexposed to
exoessvelevdsaf pgpanwhen compared tothe ACGIH TLV for abtiligns: Althoughnoar ssmpleswere
odllected from ather warkers on the ek lines uising papain or onwarkerson the ather medt processing lines
resitsaof theganerd areamonitaring ugoest thet thesewarkers are d o expposad to papaln, but proedly &
lower levdsthen those meeared for the packars

IX. RECOMMENDATIONS
A. Bwromaid
1  BygreingCotrds

Worker exposureto prateolytic ezymes (pgpain, bramdan, fian) should bereduoad aslow as
feeddeto prevent sanstization of additiond ESI. eandoyessand to dminsh symptomsinthose
dreedy sasitized. Thiscan bebest aooomplished through useof exgineaing contrdls
Spadficdly:

a  Themixtaksinthecompounding room should beeouipped with locd edhaust
verilation (LEV) designed to mainiain acgpture veloaty of &t leest 150 feet per minuteat
threwarke. Thisdesgnwill mnimizedug concantraionsintrewarkers bregthing-zone
whendy tendeizer isedded to thetanks

b.  Theliqudgrayasonthe THoneandrib eyelinesshoud beeuipped with locd edagt
vatilaion Bxpoaureto arbometandaizer would beminimizad by eseblishing negetive
pressurear flow into thegorayer hood. Thegarayer hoodsshould bemarefully endosd
to prevent Qlataing of thelioquid guicedluion

2. Pasod Rasdive Equipmat

Approprideresaraory protedtion should beused untll efediveengnesing conrdsare
imdemanted

a  Asindicaedinour leter dated August 19, 1987, compoundasshould weer high
dfidency paticdderegardars Withan gogroprise LEV sygeminplacetheusedf
resairaory protection may nolonger benecessy.



B.

C.

b. Wokasshaudaaddl skinoonact with thegaice soluionsar medt thet hesbean
trested withthegaicesduions: Evary employeewho mus comein contat with theaice
utionsshaudwear impaviouspdyehylenegoves

Medcd

1 Wokesdoudbedealy informed of the hezards of working with pratedlyticenzymes The
assodation of tendaiza-rdated ssthmawith ather dlergies (etopy) should bedsoussad with
aurert enployessand with new workasprior to placamant.

2. Bvaywake withathmardaed toworkplace expoareto tendaizasshoud bedffered a
work assgnmant thet would minmizetendaizar eqpoare. Each of thesewarkersshouid be
asess and trested by aphysdan knoMedgegilein the manegement of oocoupetiond athma
Drugsthat prevent aghmétic atadks should be congdared an adjundt to, nat asudtitutefar,
minmizing potantid expoareto the LUbdancesthat causetheattadks

3. Eachwoke who devdopsepisodic resaratary symptoms should beevdueted by aphysdan
for work-rdated sghma

IndLery-wide

Manufadurersand apdiersdf tendaizarsshould infom condlituarnts of the patentid for developing
regaratary and demd dlagiesby induding aurent hedlth efedsinformetion regarding pratedlytic
arymesonMaeid Saely DaaShets(MSDS) and on peckegesof raw meaids They shoud
datethat erymetendarizars (pgpain, bromelan, fidn) may produiceresairatory and skinsansitization
(dleges ineqposadwarkes Initaionwestheanly hedth efet lided on severd of theMSDSsad
peckapeldbdswerevieved.
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Tadel

Full-Shift Rersond Bregthing-Zone Pgpain Exposures

ES Meds Inc.

Brigd, Indana

HETA 87-112

Juy 7-8,1987

Sage Sde Sde Pgain
Dae Dexxiption Time Vdume Congantration
(min) L) (Lgim)

7-7-87 Quelity Tedmidan A2 843 045
7-8-87 Quelity Tedmidan 397 4 0.60
7-7-87 Pecke, T-horeline 356 863 14
7-8-87 Packe, T-boreline 497 oA 17
7-7-87 Packer, T-boreline 461 1075 064
7-8-87 Packe, T-boreline 501 1002 024
7-7-87 Pecke, T-horeline 455 1064 15
7-8-87 Packe, T-boreline 485 970 045
7-7-87 Packe, rib-eyelinel 461 1081 11
7-8-87 Padka, ribeyelinel 4% 990 0.37
7-7-87 Packe, rib-eyelinel 443 1014 037
7-8-87 Padka, ribeyelinel 456 912 0.37
7-7-87 Packe, rib-eyelinel 443 1038 033
7-8-87 Padka, ribeyelinel 487 970 029
7-7-87 Packer, rib-eyeline2 44 1040 096
7-8-87 Packe, rib-eyeline2 454 906 0.77
7-7-87 Packer, rib-eyeline2 434 1016 04
7-8-87 Padke, ribeyeline2 45 390 038
7-7-87 Padka, ribeyeline2 442 1035 13
7-8-87 Packe, rib-eyeline2 472 A2 oz

BEvduetion Gritariafor wtilisns(ACGIH TLV, 1988): 006(cdling)



Dae

7-7-87
7-8-87

7-7-87

7-8-87

7-7-87
7-8-87

7-7-87
7-8-87

7-7-87
7-8-87

7-7-87
7-8-87

7-7-87
7-8-87

7-7-87
7-8-87

7-7-87
7-8-87

7-7-87
7-8-87

_Bveluetion Oritgiafor aubtilisns(ACGIH TLV, 1989):

Ganad AreaPgpain Conoatraions

ES Meds Inc.

Brigd, Indana

HETA 87-112

Juy 7-8,1987
Sge Sde
Dexiption Time
(min)
Campounding Rm, abovemix tark 452
Caompounding Rm, doovemix tark 400
Carridor, dredly outdde 440
compounding room
Carridor, dredly outdde 532
compounding room

T-boreling onrayer 500
T-boreling ongrayer 523
Ribeyeline2 ongrayer 476
Ribeyeline2 onqraye 516
Ribeyelirel, onqraye 479
Ribeyelirel, ongrayer 518
Nitrogen freezetunnd 42
Nitrogen freezetunnd 525
Eagegdepafom 444
Eagesdepafom 512
Chace2lire 452
Chace2line 510
Prgorocessng Room 427
Prgorocessng Room 528
Office 434
Office 503

Tade2

006 (cdling)

Sde
Vdure

L

1059

1030

1064

1168
1046

1092
1034
1036

1036
1050

1041
1024

1059
1022

Q7
1056

1023
1004

Pgpain
Concantrdion
(wgim)

14
17

ND

ND

21
10

12
11

11
12

002
002

022
019

SampeLod
008

0.002
ND

ND
ND



TABLE3

JOB GROUPINGSINCLUDED IN PAPAIN EXPOSURE GROUPS

No ExpoaLre (19workers) Exposure (77 warkers)
#of wokas #of wokas

Font Office 7 Chaiee3line 6
Waehoue 6 Chaae2line 15
Sitdion 2 Chacelline 27
Cddaia 2 Ribeyelire 12
Mantenance 2 T-boreline 9

Qudlity/Laboratory 3

Ground Bef 5

TABLE4

PAPAIN EXPOSURE AND ASTHMA(*) DIAGNOSSAMONGALL PARTICIPANTS

D .
ahma noadhma

Expoare

hicgh 28 49

low 1 18

OddsRatio =103, 9% Confidence Lirmits 144, 444 (p<.01)

* possbleor ddfinitetendanzar-rdaed ocoupetiond adhma



TABLES

ELEVATED IgE AMONG SYMPTOMATIC WORKERSWITH AND WITHOUT TROA

TROA
yes no
Hevated IgE
yes 6 0
ge] 23 20

Oddsraesunddined; p=0.03 (Fsher'sexact ted, 1-taled)

TABLEG

ATOPIC STATUSAND ASTHMA(*) DIAGNOSSAMONG SYMPTOMATIC WORKERS

Diggnosis
adhma noathma
Atopic(**)
yes 8 0
n 21 20

Oddsraesunddined; p=0.01 (Fsher'sexact ted, 1-taled)
* posshleor ddinitetandaizar-rdaed cooupetiond athma

** culaneousreedtivity to d leedt two arbamedlagans



TABLE7

ATOPICSTATUSAND SYMPTOMS SUGGESTIVE OF ASTHMA

athmas/mpiams
yes no
Atopic(**)
yes 2 1
10) 27 31

Oddsratio=2.3, 95% corfidenceintavd: 09,62 (p=.06)

** cutaneousreedtivity to a leest two drbomedlegans

TABLES

PREVALENCE OF ECZEMA AND SEASONAL RHINITISAMONG SYMPTOMATICWORKERS
WITH AND WITHOUT TENDERIZER-RELATED ASTHMA

with TROA without TROA

ezam 0 10%

thintis 45% 31%



TABLE9

FAST FOOD CONSUMPTION AMONG SYMPTOMATIC WORKERS
WITH AND WITHOUT TENDERIZER-RELATED ASTHMA

with TROA without TROA

lessthenonoe 24% 18%
per wesk

morethen
once par wesk 76% 82%



