Grunnlag for fastsettelse av

grenseverdi
Grunnlagsdokument for 2,3-butandion
(C4Hes02)

Kommisjonsdirektiv 2017/164/EU




Tittel: Grunnlag for fastsettelse av grenseverdi.

Grunnlagsdokument for 2,3-butandion (C4sHsOy).

Utgitt av:

Arbeidstilsynet

Statens hus, 7468 Trondheim

TIf: 73 19 97 00

Utgitt dato: 15. april 2018
Nettadresse: www.arbeidstilsynet.no
ISBN-nummer:

Foto forside:

Ovrige bilder:

Denne rapporten omhandler det toksikologiske
grunnlaget og vurderinger, samt tekniske og

okonomiske hensyn for fastsettelse av grenseverdi

for 2,3-butandion (CsHeO>).

VET 4



Innhold

Innhold 3
Forord 4
Innledning 5
1. Stoffets identitet 5
2. Fysikalske og kjemiske data 5
2.1 Forekomst og bruk 6
3. Grenseverdier 6
3.1 Niévarende grenseverdi 6
3.2. Grenseverdi fra EU 6
3.3. Grenseverdier fra andre land og organisasjoner 7
3.4. Stoftets klassifisering 7
3.5. Biologisk overviking 8
4. Toksikologiske data og helseeffekter 8
4.1. Kommentarer fra TEAN 8
5. Bruk og eksponering 9
5.1. Opplysning fra Produktregistret 9
5.2. Eksponering og maledokumentasjon 9
5.2.1. EXPO- data 10
5.2.2. Provetakings- og analysemetode 10
6. Vurdering 10
7. Konklusjon med forslag til ny grenseverdi 11
8. Ny grenseverdi 11
9. Referanser 12
Vedlege: SCOEL/SUM/149 13

VET 4



Forord

Grunnlagsdokumenter for fastsettelse av grenseverdier utarbeides av Arbeidstilsynet i samarbeid med
Statens arbeidsmiljeinstitutt (STAMI) og partene i arbeidslivet (Naeringslivets
hovedorganisasjon/Norsk Industti og Landsorganisasjonen i Notge) i henhold til S#rategi for utarbeidelse
og fastsettelse ay grenseverdier for forurensninger i arbeidsatmosferen. Dette dokumentet er utarbeidet ved
implementering av kommisjonsdirektiv 2017/164/EU fastsatt 31. januar 2017.

EU-ridets direktiv 98/24/EC (Vern av helse og sikkerhet til arbeidstakere mot risiko i forbindelse med
kjemiske agenser pa arbeidsplassen) av 7. april 1998 stiller krav om at EU- kommisjonen skal legge
frem forslag til indikative grenseverdier for eksponering av visse kjemikalier som medlemslandene ma
innfere pa nasjonalt niva. De nasjonale grenseverdiene kan vare hoyere enn de som star oppfort i
direktivet, dersom et medlemsland mener at det er nodvendig av tekniske og/eller okonomiske hensyn,
men landene bor nxrme seg den indikative grenseverdien. Direktivet stiller krav om at indikative
grenseverdier vedtas gjennom kommisjonsdirektiv.

I Norge ble de indikative grenseverdiene innfort som veiledende administrative normer. Da nye
Arbeidsmiljoforskrifter tradte i kraft 1.1.2013 ble de veiledende administrative normene forskriftsfestet
1 forskrift om tiltaks- og grenseverdier og fikk betegnelsen tiltaksverdier. I 2015 ble begrepet
«grenseverdi» for kjemikalier presisert og begrepet «tiltaksverdi» for kjemikalier ble opphevet i forskrift
om tiltaks- og grenseverdier. I vedlegg 1 til forskriften ble det innfort en tydeliggjoring av
anmerkningene.

Arbeidstilsynet har ansvaret for revisjonsprosessen og utarbeidelse av grunnlagsdokumenter for
stoffene som blir vurdert. Det toksikologiske grunnlaget for stoffene i denne revisjonen baserer seg i
hovedsak pa kriteriedokumenter fra EUs vitenskapskomité for fastsettelse av grenseverdier, Scientific
Committee for Occupational Exposure Limits (SCOEL). SCOEL utarbeider de vitenskapelige
vurderingene som danner grunnlaget for anbefalinger til helsebaserte grenseverdier, og disse legges
fram for kommisjonen.

Statens arbeidsmiljeinstitutt (STAMI) ved Toksikologisk ekspertgruppe for administrative normer
(TEAN) bidrar med faglige vurderinger i dette arbeidet. TEAN vurderer og evaluerer de aktuelle
SCOEL dokumentene, presiserer kritiske effekter og vurderer behov for korttidsverdier ut i fra den
foreliggende dokumentasjonen. Videre soker og evaluerer TEAN nyere litteratur etter utgivelsen av
dokumentet. TEAN bruker kriteriene gitt i SCOEL’s metodedokument, "Methodology for the
derivation of occupational exposure limits: Key documentation (version 7, June 2013)”. Dette er
inkludert i TEANs Metodedokument del B (Prosedyre for utarbeidelse av toksikologiske vurderinger
for stoffer som skal implementeres i det norske regelverket for grenseverdier etter direktiv fra EU-
kommisjonen) utarbeidet for denne revisjonen.

Informasjon om bruk og eksponering i Norge innhentes fra Produktregisteret, EXPO databasen ved
STAMI og eventuelle tilgjengelige maledata fra virksomheter/nzaringet.

Beslutningsprosessen skjer gjennom droftingsmoter der Arbeidstilsynet, Naringslivets
hovedorganisasjon/Norsk Industti og Landsorganisasjonen i Norge deltar, samt orienteringsmoter og
offentlig horing. Konklusjonene fra horingen med forskriftsendringer og nye grenseverdier forelegges
Arbeids- og sosialdepartementet som tar den endelige beslutningen.
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Innledning

Dette grunnlagsdokumentet omhandler vurderingsgrunnlaget for ny fastsettelse av grenseverdi for
2,3-butandion. Innholdet bygger spesielt pa anbefalinger fra Scientific Committee on Occupational
Exposure Limits (SCOEL) i EU for 2,3-butandion (vedlegg 1), samt vurderinger og kommentarer fra
Toksikologisk Ekspertgruppe for Administrative Normer (TEAN).

1. Stoffets identitet

2,3-butandion og dets molekylformel, synonymer av stoffets navn, stoffets identifikasjonsnummer i
Chemical Abstract Service (CAS-nr.), European Inventory of Existing Commercial Chemical
Substances (EINECS-nr. og/eller EC-nr.) og Indeks-nr. der disse er kjent, er gitt i tabell 1.
Strukturformel av 2,3-butandion er vist 1 figur 1.

Tabell 1. Stoffets navn og identitet.
Navn 2,3-butandion
Molekylformel CHO;
Synonymer Diacetyl, biacetyl, butandion, dimetylglyoksal
CAS-nr. 431-03-8
EC-nr. 207-069-8
O
CHs
HsC
O

Figur 1. Strukturformel av 2,3-butandion.

2. Fysikalske og kjemiske data

2,3-butandion er en gulfarget vaske med intens lukt. 2,3-butandion er et organisk stoff med lav
molekylvekt som har to tilstetende karbonylgrupper (alfa-karbonyl). Slike stoffer er kjemisk relativt reaktive.

Det vises til tabell 2 for fysikalske og kjemiske data for 2,3-butandion.
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Tabell 2. Fysikalske og kjemiske data for 2,3-butandion (C4HO»).

Molekylvekt (g/mol)

86,1

Fysisk tilstand Gulfarget vaske med intens lukt
Smeltepunkt (°C) -24
Kokepunkt (°C) 88
Flammepunkt (°C): 6
Selvantennelsestemperatur (°C): 365
Tetthet (g/cm’) (20 °C): 0,99
Damptrykk ved 20 °C (kPa) 7,6
Damptetthet (luft = 1) (g/cm’) 3
Fordelingskoeffisient n-oktanol/vann -1,34
(log Kow):

Loselighet i vann (20 °C) (g/1) 200

Loselighet i andre lasemidler (20 °C)

Loselig i alle organiske losemidler

Metningskonsentrasjon (ppm) (20 °C):

75000

Luktterskel (ppb):

8,6

Omregningsfaktor (20 °C, 101 kPa)

1 ppm = 3,58 mg/m’
1 mg/m’ = 0,279 ppm

2.1 Forekomst og bruk

2,3-butandion er et naturlig smaksstoff med lukt og smak av smer og finnes i laurbazrblad og andre
planteoljer, ol, smor, kaffe, eddik og andre mat produkter. Stoffet er produsert syntetisk og brukt som
en kunstig smakstilsetning i bakerivarer, meieriprodukter inkludert ost, remme og cottage cheese,
snacks og lignende for 4 gi kunstig smoeraktig og andre egenskaper til disse produkter. Stoffet brukes 1
bade i lave konsentrasjoner og opptil noen titalls ppm.

3. Grenseverdier

3.1 Navaerende grenseverdi

Navarende grenseverdi (8 timer) i Norge for 2,3-butandion er: 0,1 ppm, 0,4 mg/m’ fastsatt i 2010.

3.2. Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOEL foreslar for 2,3-butandion i sitt kriteriedokument fra
2014:

IOELV (Indicative Occupational Exposure Limit Value) (8 timer): 0,02 ppm, 0,07 mg/m’
STEL (Short Term Exposure Limit): 0,1 ppm, 0,4 mg/m’ som korttidsverdi.
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3.3. Grenseverdier fra andre land og organisasjoner

Tabell 3. Grenseverdier for 2,3-butandion fra andre land og organisasjoner. Land og
organisasjoner som ikke har grenseverdier eller korttidsverdier for 2,3-butandion er markert med -.

Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
Sverige! - - -
Danmark? - - -
Finland? 0,02 ppm, 0,07 mg/m>? [0,01 ppm, 0,036 mg/m?3|2016
Storbritannia* - - -
Nederland? 0,1 ppm - 2009
ACGIH, USAS 0,01 ppm, 0,04 mg/m> | 0,02 ppm, 0,07 mg/m> | -
NIOSH, USA® - - -
Tyskland, MAK® 0,02 ppm, 0,071 mg/m3 [II(1) Gjelder korttidsverdi:

H(l) — Opverskridelsesfaktor
Skin — hudopptalk

Sh — hudsensibiliserende

C - toppeksponering/takverdi

Tyskland, Myndighetene? 0,02 ppm, 0,07 mg/m3? | - 9/2015

l(H) - Overskridelsesfaktor

H - hudopptak

SH - hudsensibiliserende

Y - ikke fare for skade p4 foster

dersom grenseverdi overholdes

! Arbetsmiljéverkets Hygieniska grinsvirden AFS 2015:7,

2 At-vejledning, stoffer og materialer - C.0.1, 2007, https:

graensevaerdi-for-stoffer-og-mat.
3 Social og hilsovirdsministeriet, HTP-virden, Koncentrationer som befunnits skadliga, Helsingfors, 2016,

http://julkaisut.valtioneuvosto.fi/bitstream/handle /10024/79110/STM 9 2016 HTP-

varden 2016 Ruotsi 22122016 NETTLpdf .

4+ EH40 andre utgave, 2013, http://www.hse.gov.uk/pubns/priced/eh40.pdf
5http://www.ser.nl/en/oel database.aspx;

¢ Guide to occupational exposure values compiled by ACGIH, 2017.

7Baua, TRGS 900, oppdatert 2016, https://www.baua.de/DE /Angebote/Rechtstexte-und-Technische-
Regeln/Regelwerk/TRGS/pdf/TRGS-
900.pdf;jsessionid=439FFE321DF2323E60F868CDOSEICD3A.s1t2?  blob=publicationFile&v=2

3.4. Stoffets klassifisering

2,3-butandion er ikke klassifisert i henhold til CLP (Forordning (EC) Nr. 1272/2008) Annex VI, tabell
3.1 (Liste over harmonisert klassifisering og merking av farlige kjemikalier).

VET 4


https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2015-7.pdf
https://arbejdstilsynet.dk/da/regler/at-vejledninger/g/c-0-1-graensevaerdi-for-stoffer-og-mat
https://arbejdstilsynet.dk/da/regler/at-vejledninger/g/c-0-1-graensevaerdi-for-stoffer-og-mat
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM_9_2016_HTP-varden_2016_Ruotsi_22122016_NETTI.pdf
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM_9_2016_HTP-varden_2016_Ruotsi_22122016_NETTI.pdf
http://www.hse.gov.uk/pubns/priced/eh40.pdf
http://www.ser.nl/en/oel_database.aspx
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2

3.5. Biologisk overvaking

For a vurdere grad av eksponering for forurensning i luften pa arbeidsplassen kan man anvende
konsentrasjonen av forurensningen i arbeidstakerens urin, blod eller utaindingsluft, eller annen respons
pa eksponeringen i kroppen. EU har satt verdier for dette kalt biologisk grenseverdi (BLV).

SCOEL fremmer ikke et forslag til biologisk grenseverdi (BLV) for 2,3-butandion.

4. Toksikologiske data og helseeffekter

4.1. Kommentarer fra TEAN

SCOEL-dokumentet er basert pa litteratur publisert opp til januar 2013 og omfatter oppsummeringer
gjort bl.a. av OSHA (2007), NTP (2007) og IUF (2007). NIOSH (USA) har nylig (oktober 2010)
oppsummert kunnskapen om toksikologien til 2,3-butandion og gjort en kvantitativ risikovurdering
basert pa humane data (1). SCOEL har referert til en horingsversjon av denne rapporten som kom i
2011.

Toksikologi

2,3-Butandion (og andre alfa-diketoner) er sterkt elektrofilt og vil kunne reagere ikke-enzymatisk med
nukleofile komponenter i celler og danne kovalente modifikasjoner. Arginin i proteiner og guanosin i
DNA/RNA er setlig aktuelle nukleofiler. 2,3-Butandion vil ogsa kunne fore til dannelse av reaktive
oksygenforbindelser i celler. Begge disse reaksjonstypene kan knyttes til viktige toksiske mekanismer.
2,3-Butandion reduseres i tillegg ganske effektivt via NADH- avhengige enzymer, som er en viktig
avgiftningsreaksjon. Dyreforsek viser at 2,3-butandion metaboliseres raskt, hovedsakelig til CO2 i
utpust og urinmetabolitter.

Det er godt dokumentert at eksponering for 2,3-butandion kan fore til et dramatisk fall i lungefunksjon.
Yrkeseksponering for hoye konsentrasjoner er vist 4 kunne gi kronisk obstruktiv (oblitererende)
bronkiolitt som er en svart alvorlig lungesykdom. Nedsatt lungefunksjon regnes som den kritiske
effekten av eksponering for 2,3-butandion.

2,3-Butandion kan ogsa virke irriterende pa hud, eyne og luftveier. Dyreforsek har vist at stoffet kan
virke sensibiliserende.

Dose - respons og setting av referansepunkt (POD)

SCOEL bruker samme nokkelstudie som i sitt forrige kriteriedokument for 2,3-butandion, en studie
publisert av Kreiss et al. 1 2002 hvor de undersokte endringer 1 lungefunksjon hos 135 ansatte i en
bedrift som produserte popkorn. SCOEL bruker data i denne studien til 4 estimere en NOAEC for
sammenhengen mellom lungefunksjonstap og kumulativ eksponering for 2,3-butandion. Lignende
estimering er gjort med data fra en storre studie publisert av Lockey et al. (2009). Det er knyttet
betydelig usikkerhet til hvordan dette estimatet av NOAEC er fremkommet.

Det er kjent at bestemmelse av NOAEC basert pa epidemiologiske data kan vare problematisk fordi
det ofte er stor variasjon 1 eksponeringen og populasjonen kan vare svaert heterogen. Bruk av
«benchmark dose» (BMD)-metoden for 4 definere et referansepunkt hvor risikoen for doseavhengige
toksiske effekter oker er generelt 4 foretrekke med slike data. NIOSH bruker en slik modell 1 sitt
kriteriedokument for 2,3-butandion nevnt ovenfor (i tillegg til en annen metode) (1).
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Gitt en tilleggstisiko for lungefunksjonstap pa 1/1000 over 45 arbeidsar, kan man beregne hva dette
tilsvarer i eksponeringsdose for 2,3-butandion. NIOSH beregner risikoen med 3 ulike definisjoner av
lungefunksjonstap: 1) FEV1 lavere enn 5. persentilen utledet fra frekvensfordelingen i referanse-
populasjonen og 2) FEV1 lavere enn 60% av forventningsverdien (fra referansepopulasjon). Definisjon
1) tilsvarer en luftkonsentrasjon pa 0.007 ppm, mens definisjon 2) tilsvarer en luftkonsentrasjon pa

0.04 ppm 2,3-butandion. Den tredje definisjonen bruker de 1 sin utledning av REL-verdi. Det er en ofte
brukt definisjon av hva som er normalomride for FEV1 og FEV1/FVC og at personer med verdier
under normalomrade klassifiseres som a ha tap i lungefunksjon. En eksponering for 2,3-butandion pa
0.005 ppm over 45 ar vil gi en risiko for lungefunksjonstap pa 1/1000 gitt sistnevnte definisjonen av

tap.

Det er svakheter i méledata og eksponeringsmatrisen som gjor at det er noe usikkerhet i dette resultatet
fra NIOSH.

Konklusjon

Resultatet som SCOEL kommer frem til nar det gjelder grenseverdi og det som NIOSH finner med det
angitte risikoniva ligger 1 samme storrelsesomrade, gitt usikkerhetene i grunnlaget. En av de
definisjonene pa lungefunksjonstap som NIOSH bruker gir resultater som er sammenfallende med
OElL-verdien som SCOEL foreslat.

SCOEL antar at det er behov for beskyttelse mot toppeksponeringer og foreslar derfor en korttidsverdi
(STEL).

TEAN mener at tilgjengelig dokumentasjon tilsier at SCOEL sine forslag til grenseverdier kan sta
uendret.

5. Bruk og eksponering

5.1. Opplysning fra Produktregistret

Data fra Produktregisteret er innhentet oktober 2016 og inneholder opplysninger om mengde og bruk
av 2,3-butandion i deklareringspliktige produkter.

Produktregisterdata for 2,3-butandion viser at stoffet blir brukt i totalt 4 produkter som i hovedsak er
rengjoringsprodukter. Pa grunn av sikkerhetsbestemmelsene i Produktregisteret kan vi ikke gi eksakte
opplysninger ut over denne informasjon.

5.2. Eksponering og maledokumentasjon

Eksponering er utbredt i matindustrien der arbeidstakere hiandterer 2,3-butandion i flytende form og er
potensielt utsatt for 2,3-butandion som damp, royk eller adsorbert pa partikler i produksjonsprosessen
eller pa ulike stadier av produksjonen.

Det er rapportert hoye eksponeringer med pafelgende uonskede helseeffekter i eksponerte

arbeidstakere under produksjon av popcorn med smorsmak til mikrobelgeovn. Denne prosessen
bruker hoye konsentrasjoner av 2,3-butandion i forhold til annet bruk.
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5.2.1. EXPO- data
Rapporterte malinger av 2,3-butandion er hentet fra STAMIs eksponeringsdatabase EXPO.

Eksponeringsmalinger av 2,3-butandion som er registrert i EXPO ble utfort i forbindelse med at stoffet
ble vurdert og en grenseverdi fastsatt i 2010. Malinger ble foretatt i en bedrift der 2,3-butandion ble
brukt som tilsetningsstoff og viste svert lave verdier. Mélinger foretatt med 2,3-butandion-ror var
under deteksjonsgrensen pa 0,23 ppm til 0,30 ppm. Ved bruk av Tenax-ror var konsentrasjonen av 2,3-
butandion malt til 0,003 ppm og 0,004 ppm.

5.2.2. Provetakings- og analysemetode

I tabell 4 er anbefalte metoder for provetaking og analyser av 2,3-butandion presentert.

Tabell 4. Anbefalte metoder for provetaking og analyse av 2,3-butandion.
Provetakingsmetode Analysemetode Referanse
. Desorpsjon m/ETOH/H,0,
Silicagelror GC.FID' OSHA-metode PV 2118

1 GC-FID: Gaschromatogtaphy-Flame Ionisation Detector (Gasskromatografi-Flammeionisasjonsdetektor)

6. Vurdering

Den gjeldende grenseverdien for 2,3-butandion ble fastsatt 1 2010. @Unsket om en grenseverdi for
stoffet var basert pa flere tilfeller av luftveissykdommer hos arbeidere i popkornbedrifter i USA som
alle hadde vzart eksponert for damper der 2,3-butandion var en komponent. Sykdommen viste
symptomer lik den sjeldne og alvorlige lungesykdom bronkiolitis obliterans (BO) - en form for
obstruktiv lungesykdom. Det var fi studier publisert og manglende data om eksponering som kunne
brukes til vurdering av tekniske og eskonomiske forhold. Grenseverdien ble derfor basert pa en
vurdering av noen fa studier og relativt lite data om de toksikologiske egenskaper til 2,3-butandion og
kun to epidemiologiske studier. Flere nye studier har na blitt publisert og SCOEL har utarbeidet en
grenseverdi for stoffet.

Toksikologiske data for 2,3-butandion er beskrevet 1 SCOEL-dokumentet i vedlegg 1, og kommentert
av STAMI (TEAN) i kapittel 4.

Den kritiske effekt ved eksponering for 2,3-butandion hos mennesker er nedsatt lungefunksjon. Denne
effekten er dokumentert hos arbeidstakere i nzringsmiddelindustrien som har vert eksponert for 2,3-
butandion med utvikling av mild til livstruende obstruksjon av luftveiene.

SCOEL har derfor valgt en konservativ tilneerming for 4 komme frem til en grenseverdi for 2,3-
butandion. De legger til grunn studier publisert av Kreiss et al. I studien undersokes endringer i
lungefunksjon til ansatte i en bedrift der popkorn produseres. Med data fra denne studien har SCOEL
kommet frem til en NOAEC pa 0,05 ppm for sammenhengen mellom lungefunksjonsnedsettelse og
kumulativ eksponering for 2,3-butandion. I tillegg benytter SCOEL en usikkerhetsfaktor pa 2 for
mulige folsomme grupper, som gir en grenseverdi pa 0,02 ppm.
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For a forhindre uonskede helseeffekter som kan oppsta ved toppeksponeringer, anser SCOEL at det er
behov for en korttidsverdi og foreslar en 15 minutters verdi pa 0,1 ppm.

Det er vitenskapelig dokumentert at eksponering for 2,3-butandion har irriterende effekt pa hud, eyne
og luftveier og dyreforsok har vist at stoffet kan ha en sensibiliserende effekt. Studier gir holdepunkter
for at 2,3-butandiol absorberes gjennom huden, men SCOEL foreslar ikke en anmerkning om
hudopptak. De argumenterer dette med at den kritiske effekten er pa lungene som skjer gjennom
inhalasjon.

Dyreforsok har vist at 2,3-butandion kan virke sensibiliserende. Bide MAK' og tyske myndigheter” (se
tabell 3 med fotnoter) har ansett det som nedvendig med en anmerkning for denne effekten. I trad med
disse vurderingene, foreslas en anmerkning for allergifremkallende/sensibiliserende effekt.

7. Konklusjon med forslag til ny grenseverdi

Vi har manglende data om eksponering for 2,3-butandion som kan brukes til vurdering av tekniske og
okonomiske forhold. Forslaget til ny grenseverdi baserer seg derfor pa de toksikologiske data beskrevet
1 SCOEL-dokumentet for 2,3-butandion, og vurderingene gjort av STAMI (TEAN).

Pa bakgrunn av den foreliggende dokumentasjon foreslas at grenseverdien for 2,3-butandion reduseres
1 overenstemmelse med SCOELSs anbefalinger. I tillegg foreslds en korttidsverdi for stoffet og at
anmerkningene S (korttidsverdi), A (allergifremkallende) og E (EU har fastsatt grenseverdi for stoffet)
innfores.

Forslag til ny grenseverdi, korttidsverdi og anmerkning:

Grenseverdi (8-timers TWA): 0,02 ppm, 0,07 mg/m’
Korttidsverdi (15 min): 0,1 ppm, 0,36 mg/m’
Anmerkning: S (korttidsverdi), A (allergifremkallende) og E (EU har fastsatt grenseverdi for

stoffet)

8. Ny grenseverdi

Dette kapitlet utarbeides etter at ASD har fastsatt den nye grenseverdien.
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Recommendation from the
Scientific Committee on Occupational Exposure Limits
for Diacetyl

B-hour TWA: 0.02 ppm (0.07 mg/m°)
STEL: 0.10 ppm (0.26 mg/m=)
BLW: Mot assigned

Additional categorisation: -
Motation: -

This evaluation is an update of the SCOEL Recommendation from 2010 and is based on
OSHA (2007a), Harber et al (2006), IUF (2007), NTP (2007) and other sources as
referenced. A final literature search was performed in January 2013.

1. Substance identification, physico-chemical properties

MName: Diacetyl
SYNOnYIms: 2,2-Butanedione; butane-2,3-dione; dimethyl glyoxal:
2, 3-diketobutane; 2,3-dioxobutane
Molecular formula: CsHeOz
Structural formula: . aE
P
¢ “
CAS No.: 431-03-8
Malecular weight: 86.09 g/maol
Boiling point: gac°C
Melting point: -2.4°C
Vapour pressure (25 °C): 7.6 kPa
Water solubility (25 =C): 200 g/l
Log Powt -1,34
Relative density (20 °C): 0.99 gfcm” at 20 °C
Flash point: 6 °C
Conwversion factors: 1 ppm = 2.58 mg/m*
(20°=C, 101.3kPa) 1 ma/m® = 0.279 ppm

EU classification: No harmonised classification

2. Occurrence/use and occupational exposure

2.1. Occurrence and use

Diacetyl is found in bay leaves and other plant cils, beer, butter, coffee, vinegar and
other food products and is also a metabolite of acetaldehyde in mammals. The substance
is synthesised industrially and used as an artificial flavouring in a wide range of frozen
and snack foods (induding microwave popcorn and potatofcomn chips), confectonery,
baked goods, dairy products induding processed cheese, sour cream and cottage cheese,
commercial baking mixes, icings, salad dressings, sauces, marinades and other
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processed foods and beverages (IUF 2007, NTP 2007). Diacetyl imparts an artifidal
butter or creamy flavour to these products.

Exposure is widespread in food manufacturing industries in which workers handle diacetyl
in the liquid form and are potentially exposed to diacetyl as vapours, fumes or adsorbed
on partides, in the manufacturing process or at various stages of production (NTP 2007,
IUF 2007). High exposures with consequent adverse health effects in exposed workers
have been reported during the manufacture of microwave butter-flavoured popcomn, a
process that uses high concentrations of diacetyl relative to other identified uses.

Cigarette smoke contains 300-430 pg diacetyl per cigarette (Fujioka and Shibamoto
2008). Diacetyl has also been found in PM s partides emitted from motor wehicles (Rao
&t al 2001).

2.2. Occupational exposure

In Missouri, workers in a microwave popcomn production plant were evaluated by NIOSH
(Kreiss ot al 2002). Nine workers formerly employed in the plant had developed fixed
airways obstructive lung disease (Plant A, Appendix 2). Investigations into respiratory
exposures at this plant camied out in 2000 showed that workers in the micowave
production areas were exposed to particulates (largely salt and cil/grease aerosols) and a
range of organic vapouwrs from flavourings (Kullman et al 2005). At qualitative sampling
for volatile organic compounds (VOCs) in the air, over 100 different compounds in the
microwave area were detected. The predominant compounds identified in the microwawve
mixing room incduded the ketones diacetyl, methyl ethyl ketone, acetoin and 2-
nonanone, and acetic acid. Diacetyl, the predominant ketone in the plant, was present in
concentrations ranging from below detectable limits to 98 ppm, with a mean of 8.1 ppm
(standard deviation, SD, 18.5 ppm). The average ketone concentrations were highast in
the microwave mixing room where the 10 area samples had a mean diacetyl
concentration of 37.8 ppm (SD 27.6 ppm) and a mean acetoin concentration of 2.9 ppm
(SO 4.2 ppmi) (Kullman et al 2005).

Besides diacetyl, other diketones (e.g. 2,3-pentanedione, 2.2-hexanedione and 2,3-
heptanedione) are also used in butter flavouring mixtures (Day et af 2011).

Further investigations by NIOSH showed that respiratory symptoms and airways
obstruction were more frequent in oil and flavourings mixers with longer work histories
and in packaging!-area workers near non-isolated tanks of oil and flavourings (Kanwal et
al 2006). Even short-term peak flavouring exposures were reported to present a risk of
lung damage, and average 8-hour diacetyl exposures as low as 0.02 ppm were measured
in a work area where bronchiolitis obliterans {for a description of the disease, see Section
3.5.1) occurred in workers mixing butter flavourings with heated il {Kanwal =t al 2006,
Kreiss 2007). In this case, peak exposures exceeded 80 ppm (Kanwal ot al 2006). During
flavour manufacture, the compounding of powder and liquid products caused the highest
exposure levels (Martyny et al 2008).

In popcorn plants, exposure in the mixing room is characterised by high exposures and
high peak levels due to the batch mixing operations of the flawvouring ingredients, which
comprise soybean woil, salt, butter flavourings and colouring agents. The mixing
operations with flavourings are the primary point source for the release of wolatile
organic gases and vapours into plant air. In the packing line, popcormn and flavourings are
automatically added to the popcom bags, and afterwards the bags are sealed, labelled
and automatically enclosed in plastic wrap (Kullman et al 2005).

1 'ME' or 'EEE' are smmﬁ used in the wbﬂi
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To evaluate the toxicological effects, one therefore has to consider different possible
metrics for exposure: average, peak and cumulative. Peak exposures are common in the
mixing room, whereas exposures in the packing line are much more uniform.

Implementation of recommended exposure controls in recent years has resulted in lower
exposure levels (Harber et al 2006). Between 2001 and 2003, exposure controls were
instituted in the Missouri plant. In the mixing room, average diacetyl concentrations fell
from about 38 ppm in 2001 to 0.46 ppm in 2003; in packaging, the average
concentration was reduced from 1.69 to 0.002 ppm (NIOSH 2003); for detzils see
Kanwal et al 2011, Another report indicated reduction in peak exposures during mixing,
from 462 to 0.97 mg/m? (Pendergrass 2004).

2.3. Methods of exposure monitoring and analysis

Different methods have been developed over time for measuring acetoin and diacetyl
concentrations in workplace air.

NIOSH Method 2557 was first used for determination of airborne diacetyl concentrations
in several key studies conducted by this institute (Kanwal ot af 2011, Kreiss ot al 2002,
Lockey ot al 2009). Diacetyl was collected on carbon molecular sieve sorbent tubes,
followed by extraction with acetone/methanol (99:1) and analysis by gas
chromatography with a flame ionisation detector (GC-FID) (Cox-Ganser =t al 2011,
Pendergrass 2004); the limit of detection (LOD) may be as low as 2.3 ppb (8.2 pg/m?).
Later, it was discovered that this method may underestimate the diacetyl concentrations
(Ashley et al 2008) depending on the diacetyl concentration, air humidity, sampling
storage duration and to a minor extent on the sampling flow rate. For example, the
laboratory recovery at 0.5 ppm diacetyl varied from less than 10 to 100 %, depending on
air humidity. High diacetyl concentrations showed highest recoveries and wera less
influenced by air humidity. Based on laboratory studies, a mathematical correction
procedure was developed. The procedure does, howewver, not account for a potential
influence of other airborme chemicals on recovery (Cox-Ganser et al 2011), neither can
the correction method reliably comect concentrations below the detection limit (for
further discussion, see Table B in Appendix 1). Furthermore, the NIOSH method does not
capture particulate or particulate bound diacetyl (White &t af 2010}).

OSHA then developed the PV2118 method to improve storage stability performances,
which was subsequently replaced by the fully validated OSHA methods 1012 and 1013
(OSHA 2008a,b). Method 1013 is streamlined for monitoring low ppm levels, and method
1012 is optimised for ppb levels. In both methods, two 600 mg silica gel sorbent tubes
are used in series with a recommended sampling tme of 3 hours (9 1) and ethyl
alcoholfwater (95:5) for sample extraction. In method 10132, GC-FID is used: the LOD is
0.0031 ppm (0.011 mg/m?*) for acetoin and 0.0034 ppm (0.012 mg/m?) for diacetyl. In
method 1012, acetoin and diacetyl are derivatised using O-pentafluorobenzyl
hydroxylamine hydrochloride (PFBHA) and analysed by gas chromatography using an
electron capture detector (GC-ECD); the LOD is 0.447 ppb (1.61 pg/m?) for acetoin and
0.389 ppb (1.37 pg/m”) for diacetyl.

Mare recently, the UK Health & Safety Laboratory has developed a simple and raliable
method for measurement of cccupational exposure to diacetyl in the presence of other
organic compounds. Diacetyl and the other volatile organic compounds are collected on
Chromesorb—106 (C-106) sorbent tubes and analysed by thermal desorption and gas
chromatography-mass spectrometry (GC-MS). A sampling time of 4 howrs allows
detection of less than 0.1 ppb {Pengelly 2012).
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Due to its limitations, the NIOSH Method 2557 should not be used to measure airbome
diacetyl in future studies (Cox-Ganser ot al 2011). The evaluation by SCOEL of the
NIOSH method was exdusively to obtain exposure-response relationships from
epidemiological studies where the NIOSH method had been used for exposure
assessment.

SCOEL did an attempt to obtain information on the order of magnitude of the bias of the
NIOSH Method 2557. Results with biased (NIOSH) and unbiased (OSHA) methods were
available from simultaneously conducted field studies in bwo fadlities that mixed and
formulated food flavourings (Ashley ef al 2008). The unbiased methods [(OSHA method
PV2118 and modified OSHA method PV2118 (Ashley =t a/ 2008, OSHA 2007k) had,
howewver, higher detection rates than the NIOSH method, the latter method showing
many results below the detection limit where the unbiased methods detected diacetyl in
the air (Appendix 1). Thus, from this field study, it was not possible to establish a fixed
correction factor for adjustment of results obtained with the NIOSH method. However, it
was possible to obtain an idea about the magnitude of the bias of the NIOSH method by
comparing results on airbome diacetyl levels that were detectable by both methods. This
approach applies only to high concentration levels where least bias is expected (Cox-
Ganser of al 2011). The comparison suggests that a single result obtained by means of
the NIOSH method may underestimate the true concentration by a factor of 1-13
(Appendix 1). The mean bias was around a factor of 3-4.

It is noted that in the high-concentration range, correction by a factor of 3 may both
under- and overestimate the bias of results obtained with the NIOSH method, depending
on the many parameters discussed above. The comrection factor reported by White et al
(2011) was approximately 2, which is reasonably close to the factor of 3 derived by
SCOEL.

At low concentrations, the bias may be more pronounced and especially important when
a considerable number of samples have concentrations below the LOD. In the study of
Lockey et al (2009), 49 % of the samples were below the LOD, and these concentrations
were set to LODY2 in the statistical analyses (White 2011). The same procedurs was
adopted by Kanwal ot al (2011) and by NIOSH (2011) in the evaluation of the data of
Kreiss ot al (2002) where about 40 % of the samples (NIOSH 2011) had diacetyl levels
below the LOD. The Ashley =t al (2008) field study provides some insight into the
potential bias introduced by replacing a concentration below the LOD by LODY/Z. The
authors stated that "--it was deemed inappropriate to adjust by dividing by 2 or the
square root of 2—". In Table B ({Appendix 1), it appears that the average
underestimation is by a factor of 20 for concentrations below the LOD with a range from
4.2 to 295,

3. Health significance

Diacetyl may react with the guanidine group of arginine, forming open-chain and cyclised
adducts which may cause specific auto-antibody responses (Mathews ot al 2010). Also,
diacetyl may react with cysteine forming cydic derivatives (thiazole, thiazoline, oxazole
and pyrazine) (Marchand =t al 2011). Diacetyl can cause protein cross-linking {Kowvacic
and Cooksy 2010) and DNA adducts (see Section 2.6). Diacetyl has an electron affinity
that is comparable to gquinenes and dinitrophencl. The two adjacent carbonyl groups
favour delocalisation of the electron of the radical anion. Thus, diacetyl has been used to
stabilise electrons in biclogical systems and for example, enhanced the response of
bacterial spores to X-rays. In general, reactive carbonyl species may cause formation of
reactive oxygen species (Kovacic and Cooksy 2010).
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3.1. Toxicokinetics

3.1.1. Human data

Mo information on experimental toxicokinetics of diacetyl in humans was available in the
open literature. Based on the structure and reported physicochemical characteristics, the
substance can be predicted to be readily absorbed, widely distributed, metabolised and
excreted. The primary route of exposure is predicted to be inhalation, following exposure

to diacetyl vapour.

A considerable amount of diacetyl may be absorbed through the skin, based on the
predicted absorption obtained from the Centers for Disease Control and Prevention Skin
Permeation Calculator (CDC 2012). The calculator allows three different estimates, all
based on the molecular weight (86}, the log of the octancl-water partition coefficient
(-1.24) and the diacetyl concentration in water, which is considered to be 990 mg/ml as
this is the density of pure diacetyl. The three estimates ranged from 0.014 to 0.173
mg/hourfcm?, corresponding to 28-346 mg/hour for a 2 000 am® surface area exposure.

3.1.2. Animal data

A computational fluid dynamics-physiclogically based pharmacokinetic model was used to
compare diacetyl absorption and tissue concentrations in the rat and the human
respiratory tracts. In rats, extensive enzymatic metabolism ocourred in the mucosal
tissue throughout the entire airways; these readtions could be desaibed by bwo
Michaelis-Menten pathways. One had a high affinity (K,: 10 pM) and a low capacity,
whereas the other had a low affinity (Km: 6 500 pM) and a high capacity. At 1 ppm
airbome exposure (tissue concentration < 20 pM), the low affinity pathway would not be
anticipated to be quantitatively important. Clearance from the mucosa was dominated by
enzymatic metabolism, and reaction with arginine played a negligible role due to slow
reaction, which does not rule out a slow accumulation of arginine adducts. In rats, the
initial whole body uptake was 78 % at 5 ppm and 62 % at 22 ppm, i.e. the diacetyl
uptake efficiency was higher at the lower exposure levels as the in situ metabolism is
important in controlling the overall uptake. Because of saturation of the metabolic
pathways, increased distal penetration occurred at high concentrations. It was calculated
that in rats, at 1 ppm, less than 2 % of inspired diacetyl penetrates through the small
bronchi and enters the bronchicles. In humans, nose-breathing at rest was estimated to
result in 8 % penetration through the small bronchi to the bronchioles, which slighthy
increased at mouth-breathing at rest. At mouth-breathing during light exercise, it was
predicted that 24 % pensetrated through the small bronchi to the bronchioles. The
bronchiclar tissue diacetyl concentration at 1 ppm was estimated to be even more
increased in humans as compared to the estimated concentration in rats (0.002 pM). The
tissue concentrabion was estimated to be 5-fold higher than in the rat in nose-breathing
humans at rest, 7-fold higher in mouth-breathing humans at rest, and 20- to 40-fold
highar at mouth-breathing with light exercise (Gloede ot al 2011). Overall, this suggests
an assessment factor of 40 for extrapolating atmospheric doses causing bronchiclar
damage in rats to humans.

The interaction between diacetyl {100 ppm) and butyric acid {20 ppm) was studied in the
isolated upper respiratory tract of anesthetised rats where diacetyl is metabolised by
diacetyl reductase of which butyric acid is a potent inhibitor. For diacetyl alone, the
uptake was 36 %, whereas in the presence of bubyric acid it was statistically significantly
reduced to 31 %. The butyric acid uptake (> 90 %) was modelled to inhibit diacetyl
reductase by 50-75 %. Thus, inhibition of the upper airway metabolism may increase
penetration of diacetyl to the lower airways where its toxicity can be expressed (Morris
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and Hubbs 2009). It is noted that the butyric add concentration in this study was fairly
high in terms of eye and upper airways irritation.

As reported by NTP (2007), a single dose of radiolabelled [**C]-diacetyl (1.58, 15.8 or
158 mg/kg [0.0184, 0.184 or 1.84 mmel/kg]) administered to male Fischer 344 rats via
intragastric gavage resulted after 72 hours in the exhalation of 82.0, 72.7 and 54.2 % of
the dose, respectively, as carbon dioxide. In urine, the excreted amounts were 6.86,
15.7 and 34.1 %, respectively. At the high dose, elimination wvia wvolatile organics in
breath and faeces was very low (maximum of 0.8 and 2.25 %, respectively). In the
carcass and tissues, 67 % of the dose was recovered. At all tested levels, diacetyl was
rapidly metabolised and excreted; exoretion of radicactivity in urine, faeces and expired
breath accounted for 86—87 % of the total dose recovered in 24 howrs (RTI 1997).

Diacetyl is a metabolite of acetaldehyde in mammals. The metabolism of diacetyl, acetoin
(3-hydroxy-2-butanone)} and 2.3-butanediol, all metabolites of acetaldehyde, was
investigated in rat liver homogenates, liver perfusion, and in vive experiments. Diacetyl
and acetoin were rapidly reduced to 2,3-butanedicl, but there was very little oxidation of
acetoin and 2,3-butanedicl to diacetyl. Acetoin and 2,3-butanedicl were more readily
accumulated in the brain than diacetyl (Otsuka et al 1996).

Owverall, diacetyl metabolism along the respiatory btract plays an important role in
lowering the penetration of diacetyl to the bronchiclar level. The metabolism is maost
efficient in the low-dose range. Due to differences in toxicokinetics, an assessment factor
of 40 is needed for extrapolating diacetyl air levels causing damage to small airways in
rats to humans.

3.1.3. Biological monitoring

Mo information on biolegical monitoring of workers was available in the open literature.

3.2. Acute toxicity
3.2.1. Human data

Exposure to high atmospheric concentrations may cause central nervous system (CNS)
depression (IPCS 2007). A 36-year old never-smoking man with normal lung function
and normal serum dl-antitrypsin prepared an urgently needed flavouring product
containing diacetyl, and worked with the heated mixture for several hours in a day.
Dwring the last few hours of the shift his eyes became sore and reddened, and a sticky
conjunctival secrstion dewveloped socon thereafter. Treatment was with stercid and
antihistamine; resolution required several days. Although spirometric tests were normal
3 months later, measurements after 9 months were suggestive of small airway disease.
For example, the forced expiratory flow between 25 and 75 % of the vital capacity
(FEF.5.75) was 30 % of the predicted value {Hendrick 2008).

3.2.2. Animal data

Inhalation

In a study on the acute inhalation toxicity of diacetyl vapour, rats were exposed for 4
hours to levels of 2 250, 5 200 or 23 900 ppm. All animals died at the two highest
exposure levels, with evidence of respiratory tract injury (BASF 1993). The LCgy was
estimated to be 2 250-5 200 ppm. Exposure to 23 900 ppm diacetyl resulted in
atelectasis and ocedema of the lungs, bronchial cedema and hydrothorax. Microscopic
findings in the mid- and high-dose animals induded hyperaemia of the lung, moderate

June 2014 8

VET 4

21



Emiphoyient, Socisl Affsirs & nauuj m EUFapEan
SCOEL Recommendation on Dlacety Commission

emphysema, centrilobular hypertrophy of hepatocytes and degenerative changes and
necrosis in renal proximal tubules.

In a US NIOSH acute inhalation toxicity study (Hubbs st al 2002), rats were exposed for
& hours to vapours generated by heating an artificial butter flavouring and examined 1
day after exposure. GC-MS analysis showed that the vapours consisted of a complex
mixture of various organic gases with the major components being diacetyl, acetic acd,
acetoin and acetoin dimers, butyric acid, 2-nonanone and &-alkyl lactones. Diacetyl was
used as a marker of exposure intensity, and at diacetyl levels of 285-271 ppm, extensive
respiratory damage was observed, characterised by multifocal, necrotising bronchitis,
mainly in the mainstem bronchus. Alveoli were unaffected. At levels of 202-371 ppm,
necro-suppurative rhinitis was observed, affecting all four levels of the nose. Within the
two posterior nasal levels (T2 and T4), necrosis and inflammation was princpally
localised to the nasopharyngeal duct.

Hubbs and co-workers also investigated the acute inhalation toxicity of pure diacetyl
vapour in rats at concentrations of up to 365 ppm (time-weighted average, TWA), either
as 6-hour continuous exposures or as 4 brief, intense exposures over & hours. A separate
experimental group inhaled a single pulse of approximately 1 800 ppm diacetyl (92.9
ppm, &-hour TWA). Rats were necropsied 18-20 hours after exposure. Exposure to
diacetyl vapours resulted in epithelial necrosis and inflammation in the nose, larynx,
trachea and bronchi. Bronchi were affected at diacetyl concentrations of 294.6 ppm or
greater; the trachea and larynx were affected at diacetyl concentrations of 224 ppm or
greater. Both pulsed and continuous exposure patterns caused epithelial injury, with the
nasal epithelium being the most sensitive. The authors concluded that the no observed
adverse effect concentration (NOAEC) for inhaled diacetyl was less than 92.9 ppm
(Hubbs et al 2008).

MNasal pathological effects of diacetyl (240 ppm) and 2,2-pentanedione (112-354 ppm)
were studied in rats following a single &-hour exposure. Diacetyl and 2,3-pentanedions
(241 ppm) caused similar necrotising rhinitis and lesions of the trachea. Bronchial lesions
were recorded in one single rat in each of the air {control), diacetyl and 2,3-
pentanedione group (1/9, 1/6 and 15, respectively). Lesions induced by 2,3-
pentanedione indicated apoptosis (TUNEL assay and caspase 3 activation) (Hubbs et af
20132).

Other routes

The acute oral LDg, of diacetyl in rats has been reported to lie between 3 000 and 3 400
ma/kg (Colley ot al 1969). Lower valuss of 1 580 mag'kg in the rat, 250 mag/kg in the
mouse and 990 mg kg in the guinea pig were reported by NTP, which also reported a
dermal LDsg of > 5 000 ma/kg in the rabbit (NTP 2007).

3.3. Irritancy and corrosivity

3.3.1. Human data

Workers exposed to butter flavouring vapours in popcorn manufacturing facilities
reported eye, skin and nasal imitation (Kanwal 2002, Kanwal and Martin 2003, as
reported in NTP 2007). Atmospheric concentrations of diacetyl measured in one such
facility reached up to 92 ppm (Plant A, Appendix 2), while in another facility at which
such effects were reported, the maximum measured concentration of diacetyl was 1.1
ppm (Kanwal and Martin 2003).
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3.3.2. Animal data
Diacetyl is reported to be a severe skin and eye irritant in rabbits (NTP 2007).

In a study examining the sensory imitation potency of diacetyl in a mouse bicassay, a 2-
hour exposura to diacetyl resulted in concentration-dependent irritation in all parts of the
respiratory tract (Larsen et al 2009). The sensory irritation response was short-lasting
with an RDgy value of 966 ppm in the first part (0-10 min) of the exposure period. Later
on, airflow limitation and pulmonary irritation developed. The NOAECs for each effect
were above 100 ppm, and the authors estimated that initiation of sensory imritation in
humans would occur above 20 ppm. The authors also reported that repeated exposure to
high levels of diacetyl decreased the sensory irritation waming signal in mice, suggesting
that the irritant effects of diacetyl can be particularly insidious (Larsen =t al 2009).

3.4. Sensitisation

3.4.1. Human data

Mo irritation was observed after a 48-hour dosed-patch test on human subjects, and no
sensitisation reaction resulted from maximisation testing of 29 human volunteers using a
2 % diacetyl dilution in petrolatum [(NTP 2007).

3.4.2. Animal data

Diacetyl is reported to have sensitising properties in animal studies (Anderson et al
2007). The sensitisation potential of diacetyl, glyoxal, methyl glyoxal and glycolaldehyde
was assessed using gquantitative structure-activity relationship programs. All four
compounds were predicted to be sensitisers using Dersk and NIOSH logistic regression,
while TOPKAT 6.2 predicted all compounds except methylglyoxal to be sensitisers. The
four compounds were also tested in a2 combined imitancy and local lymph node assay
(LLNA). All compounds except glyoxal were found to be irmitants and all tested positive in
the LLNA with EC2 values ranging from 0.42 to 1.9 % (Anderson et al 2007).

3.5. Repeated dose toxicity

3.5.1. Human data (inhalation)

Exposure to butter flavouring fumes andfor vapours during food manufacture has been
associated with the development of diverse respiratory conditions. Several employees
have been diagnosed with a more serious condition known as bronchiolitis obliterans
{Akpinar-Eld =t al 2004, Kreiss et al 2002, van Rooy ot al 2007 and 2003).

Bronchiclitis obliterans, also named constrictive bronchiclitis or obliterative bronchiolitis
is a condition of imeversible, fixed airways ocbstruction characterised by narrowing of the
bronchiglar lumen by submucosal fibrosis or fibrous tissue in the adventitia or adjacent
alveolar septa. The constriction of the lumen lacks intraluminal granulation plugs as seen
in organising pneumonia. There are various causes of bronchiolitis obliterans, including
exposure to gases (e.g. dhlorine, NO;). In the medical history of such cases, the disease
has normally been triggered by accidental spills. In bronchiolitis obliterans associated
with diacetyl exposure, a history of spills is most often lacking.

The exact diagnosis of bronchiolitis obliterans is made histologically. There are
radiclogical changes in high-resolution computed tomography (HRCT) compatible with
bronchiolitis obliterans, induding hyperinflation with a mosaic pattern of attenuation. The
demonstration of fixed airways obstruction (i.e. reduced forced expiratory velume in 1

June 2014 10

VET 4

23



Emiphoyient, Socisl Affsirs & nauuj m EUFapEan
SCOEL Recommendation on Dlacety Commission

second, FEV,) together with typical HRCT findings is mostly the basis for the clinical
diagnosis. Howewver, lung biopsies hawve shown that despite these findings, the
histological picture does not necessarily confirm the cdinical diagnosis (Akpinar-Eld et al
2004, Kreiss ot al 2002, van Rooy et al 2007). It is therefore advisable to save the term
bronchiolitis obliterans for histologically verified cases (Galbraith and Weill 2009). When
fixed airways obstrudtion occurs together with demonstrated radiclogical changes, the
diagnosis of bronchiolitis obliterans syndrome has recently come into use (Akpinar-Blci ef
al 2004, van Rooy of al 2007 and 2009). In the absence of radiclogical changes, fixad
airways obstruction should be used.

A range of diseases displaying fixed airways obstruction, induding asthma, chronic
obstructive pulmonary disease (COPD) with and without emphysema, hypersensitivity
pneumonitis and organising pneumonia have been associated with exposure to butter
flavouring preparations, but sdentific evidence of their association with exposure to
diacetyl is looser than for bronchiclitiz obliterans (Kreiss and Hubbs 2010).

Because bronchiolitis obliterans is a rare disease, some workers exposed to diacetyl may
have been potentially misdiagnosed with asthma, bronchitis, emphysema and/or
pneumonia. The loss of pulmonary function associated with severe bronchiolitis obliterans
is by definition permanent {(OSHA 2007a) and has in several cases resulted in the death
of affected subjects (Egilman et al 2007} or individuals being placed on lung
transplantation lists (Akpinar-Eld ot af 2004, Parmet and von Essen 2002). However, less
severe lung obstruction (or restriction) was much more frequent (Kreiss et al 2002), as
shown in Appendix 2.

In 1994, one case of bronchiclitis obliterans was observed in a packaging worker at a
microwave popcormn manufadwring plant (Kreiss et al 2002). Additonal cases of
bronchiolitis obliterans or obstructive lung disease in other microwave popoom
manufacturing plants, including at least 3 deaths, were subsequenty reported (IUF 2007,
Kreiss of al 2002, NTP 2007).

In subsequent studies, a subdinical dedine in lung function also appears associated with
diacetyl exposure, which further contributes to the hazard characterisation. In 2008, the
California Department of Public Health conducted a cross-sectional study in 16 flavour
manufacturing plants. The study comprised 467 workers with exploitable questionnaires
and acceptable quality spirometry comprising FEV, and forced wital capacity (FVC).
COccurmrence of respiratory symptoms (dyspnoea, chronic bronchitis, asthma, cough and
wheeze) was at similar or lower rates as compared to the general US population. The
prevalence ratio (PR: number of abserved/number of expected cases) was obtained from
the working population and expected cases estimated from the general US population.
The prevalence ratio (2.7, 95 % CI: 1.2-6.4; 5 observed cases/1.8 expected cases) for
severe lung obstruction (percent predicted FEV,= 50 %) was higher amaong the workers;
the observed cases had never smoked. Especially, young workers (age < 40 years)
showed a high excess of severe obstruction [PR (95 % CI): 15 (5—44)]. The number of
workers with less severe obstruction was not different from the expected number.
Obstruction was most prevalent (5.2 %) in companies using > 800 pounds of diacetyl
annually compared to the prevalence (1.2 %) in companies using less diacetyl. The
prevalence of obstruction in workers currently doing any production task was 4.5 %,
compared to 2.0 % in production support workers, and 2.3 % in office workers (Kim = a/
2010).

In another study, the California Department of Public Health obtained spirometric test
results from workers in 20 flavouring manufacturing companies from April 2004 to
August 2009. Interpretable data were available from 671 workers; 23 % had abnormal
results at one or more tests, incduding 4.9 % with airway obstrudtion. Serial spirometric
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test results from 416 workers showed an abnormally fast dedine in FEV, in 7.3 and
9.6 % of the workers, respectively, depending on the guality of the spirometry data.
Workers in companies using > 800 pounds of diacetyl in 2006 had an abnormal FEV;
decline rate that was 2-3 times greater than workers in companies using less diacetyl
(Kreiss at al 2012).

In 2008-2009, US NIOSH studied high-quality lung function tests in 106 employees in a
flavouring manufacturing facility in Indiana. Mean tenure (range) was 16.2 (0.2-36)
years. The diacetyl concentrations were obtained by unbiased methods (OSHA PV2118
and 1012), which showed a geometric mean 8-hour time-weighted concentration in the
range < 0.001-1.9 ppm and with a maximum of 2.9 ppm. There were also exposures to
other compounds. Abnormal spiromeby was observed among 32 % of employees.
Restrictive patterns were observed among 20 subjects (28 %), which was mild,
moderate, moderately severs and severe among 22, 6, 1 and 1 employees, respectively.
Any obstructive pattern was observed in 2 %; 2 employees had mild and 1 had moderate
obstruction. A severe mixed pattermn (obstructive + restrictive) was observed in 1
employes. The prevalence of restriction was 2.8 times that in the US population. Among
70 employeses with high guality spirometric test, 13 (19 %) had an excessive FEV)
decline and abnormalities were apparently progressive. The annual decline in FEV, was
2.8 times greater and the abnormal dedine occcurred about 7 times more frequently in
the highly exposed compared with employees in other areas. The observed restrictive
reactions may be due to other compounds than diacetyl, which appeared mainly
associated with obstructive abnormalities (Kreiss o af 2011).

The raw data used by Kreiss ef al (2011) were re-analysed by the Paustenbach group.
They also found an increased prevalence of restriction (29 %). The prevalence risk [odds
ratio (OR): 3.2] was significantly increased compared to the US population. However, the
prevalence of restriction was not related to exposure levels, Thus, 27 % of the highly
exposed and 33 % of the low-exposed had airway restriction. Meither tenure in a work
area with high potential for exposure (OR: 0.97) nor tenure in liquid compounding (OR:
0.99) was associated with increased prevalence. Similarly, no increase was observed in
those who had ever worked in a job with high potential for exposure (OR: 0.84) or ever
worked in a liquid compounding area (OR: 0.72). Additionally, the decreass in lung
function (FEV, and FVC) was analysed by general estimating eguation (GEE) models,
considered statistically superior to multiple linear regression models used by NIOSH. The
GEE models did not indicate an association between lung function decline and tenure at
the facility [p = 0.46 (FEV;) and 0.90 {FVC)], tenure in work areas with high potential for
exposure (p = 0.12 and 0.40, respectively) or tenure in liguid compounding (p = 0.56
and 0.997, respectively}). The authors questioned the US population (mainly driven by
urban centre populations) being an appropriate control group for the worker cohort,
which consisted mainly of males aged 30-60 years, of which about a third were obese,
and many had farming exposure. Therefore, workers in the group with low potential for
exposure were considered more appropriate for comparison, which gawve the conclusion
that "many years of exposures to flavouring chemicals in this workplace, including
diacetyl, were not found to produce an increased risk of abnormal {mainly restrictive)
spirometric findings"” (Ronk et al 2013).

A group of 135 workers from the microwave popcom production plant in Missouri was
evaluated by NIOSH in 2000. These workers had 2.6 times the expedted rates of chronic
cough and shortness of breath, according to comparisons with the national data, and
twice the expected rates of physician-diagnosed asthma and chronic bronchitis. Overall,
the workers had 3.3 times the expected rate of airway obstrudtion; those who had never
smoked had 10.8 times the expected rate. Workers directly involved in the production of
microwave popcorm had higher rates of shortmess of breath on exertion and skin
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problems that had developed since they started work than workers in other parts of the
plant {Kreiss et al 2002). As indicated above [Section 2.2), workers were exposed to an
aerosol and a range of organic vapours from flavourings (Kullman et al 2005). VOCs
detected in the air in the microwave area included diacetyl, methyl ethyl ketone, acetoin,
Z2-nonanone and acetic acid. Diacetyl, the predominant ketone in the plant, was present
in concentrations ranging from below the LOD (< 0.01 ppm) to 98 ppm, with a mean of
8.1 ppm. A bronchiolitis obliterans syndrome had developed in about 40 % (5/13) of the
waorkers exposed in the mixing room with a mean exposure concentration of 22 ppm and
peak exposures of 1 230 ppm, whereas in the packing area with a mean exposure of 2
ppm, 2—4 % (4/121) had developed a bronchiolitiz obliterans syndrome (Appendix 2)
(this was the basis of the SCOEL 2010 evaluation). However, decreased lung function
was also recorded and forms the basis of the present Recommendation. Thus, there was
a strong relation between quartiles of estimated cumulative exposure to diacetyl and the
prevalence and extent of airway obstruction (IUF 2007, Kreiss of al 2002). A 4.5 %
reduction of predicted FEV1% was observed in the second quartile (0.65—4.5 ppm-years),
followed by reductions of 8.9 and 12.5 % in the third (4.5-11 ppm-years) and fourth
{z 11 ppm-years) gquartiles, respectively. Kreiss et al {2002) concluded that the excess
rates of lung disease and lung function abnormalities as well as the relation betwesn
exposure and outcomes in this working population indicated that these people probably
had occupational bronchiclitis obliterans caused by the inhalation of volatile butter-
flavouring ingredients. A NOAEC of 0.65 ppm-years cumulative exposure can be derived
from this study (uncorrected diacetyl air measurements obtained by the NIOSH Method
2557). In the plant, the median employment duration was 3.4 years (range: 0.1-17.8).

A more recent study showing exposure-response relationships was conducted in the
Missouri plant (Kanwal =t af 2011}, where sight follow-up surveys were conducted in the
pericd November 2000-July 2003; exposure assessments were performed with the
NIOSH Method 2557 and results were corrected when exposure concentrations were
above detection levels. Workers were divided into those who started working before
implementation of control measures in November 2000 (group 1, n = 146 with & years of
employment at the last survey), and those who started after November 2000 (group 2,
n = 227 with & months of employment at the last survey). In the mixers, the mean
(maximum) exposures in the years 2000, 2001, 2002 and 2003 were 57 ([147), 11
{109), 5 (17) and 1.6 (13) ppm, respectively. In the padking line machine operators,
corresponding exposures were 2.8 (8.1), 1.7 (4.6), 0.6 (1.6}, and < 0.004 (0.007) ppm,
respectively, and in the quality control laboratory workers 0.8 (1.5}, 1.0 ({3.5), 0.2 {0.7)
and < 0.1 {0.5) ppm, respectively.

A combined subgroup consisting of mixers, maintenance and quality control workers was
compared with a commesponding subgroup of packing line workers. In group 1 (highest
past exposure, longer tenure), the first subgroup (n = 23) showed obstructive spirometry
both at the first and the last survey (30.4 %, 7/23), whereas among workers in the
packing line {n = 40), 20 % (8/40) showed cbstruction at the first survey and 15 %
(6f40) at the last survey. In the first subgroup, the mean percent predicted FEV, at the
first and the last survey was 85.8 % and 83.4 %, respectively. In the packing line
workers, the mean values were 87.0 and 853.7 %, respectively. In workers with z 2 tests,
the mean change in FEV,; was -71.0 ml/year in the first subgroup and -432.5 ml/year in
the packing line workers. Workers for which = 3 tests were present showed a mean
change in FEV; of -58.7 ml/year and -44.6 ml/year in the first subgroup (n = 22} and in
packing line workers (n = 39), respectively. The authors conduded that there were no
statistically significant changes in the prevalence of airway obstruction or in mean
percent predicted FEV, over time in either subgroup, nor in the difference in mean annual
change in FEV, between the subgroups. In group 2 (no past exposure, shorter tenure),
the first subgroup (n = &) showed obstruction on spirometry in 33.3 % (2/6) and 16.7 %
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(1/6), respectively, in the first and last survey. In both surveys, the mean percent
predicted FEV, was 95 % in the first subgroup and = 96 % in the packing line workers
(n = 72-73). Workers with = 2 tests showed a mean change of FEV, of -162.7 ml/year in
the first subgroup and -83.0 ml/year in the packing line workers {n = 72}). In workers
with = 3 tests, the changes in the two subgroups were +17.0 ml/year (n = 4) and -21.3
milfyear (n = 21), respectively. The authors concluded that there were no significant
changes in the prevalence of airway obstruction or in mean percent predicted FEV; from
the first to the last test in either of the group 2 subgroups. Group 1 (highest past
exposure, longer tenure) and group 2 (no past exposure, shorter tenure) workers with
= 3 spirometric tests and a decline of FEV; of > 300 ml and/or 10 % from the first to the
last test were compared. For all workers in the two groups, the prevalences were 19/87
(22 %) and 3/40 (8 %), respectively. For those working as mixers after November 2000,
prevalences were 4/5 (80 %) and 0/4 (0 %), respectively. For those working in the
quality control laboratory after November 2000, prevalences were 2/8 (25 %) and 0/1
(0 %), respectvely. From this study, it is apparent that the diacetyl associated decline in
lunig function was most conspicucus in group 1 with the highest past exposure and the
longest exposure duration. The abnormal lung function in group 1 workers remained
mostly unchanged over time, consistent with an imeversible lung disease process
(Kanwal at al 2011).

A recent cross-sectional study provides exposure-response relationships from a different
cohort. The estimates were based on data from 725 employees in four other microwave
popoorn production  plants studied from 2005 to 2006 (Lockey =t al 2009). The
employees consisted of non-Asian males, Asian males, non-Asian females and Asian
females, comprising 400, 52, 208 and &5 workers, respectively. In the four groups,
mixers exposed before introduction of pre-powered air-purifying respirators (pre-PAPR)
comprised 24, 7, 8 and 0, respectively, and the number of exposed mixers after
introduction of PAPR were 16, 1, 3 and 0, respectively. Personal breathing zone
concentrations were obtained by means of the NIOSH Method 2557, considered to have a
LoD of 0.007 ppm at the set airflow; reported values were not corrected and are thus
considered to be underestimated. The mean exposure levels were similar in the four
plants for non-mixers (0.014-0.074 ppm), whereas pre-PAPR mixers had higher
exposures (0.057-0.86 ppm). Exposures in mixers after introduction of PAPR (0.015—-
0.044 ppm) were similar to non-mixers. Based on the distribution of exposures, the
cumulative diacetyl exposure was dichotomised at high (= 0.8 ppm-years) and low
[« 0.8 ppm-years) levels; the selected cut point was at the top exposures in workers
performing non-mixing, gquality assurance, intermittent mixing and PAPR  mixing.
Mumerous of the pre-PAPR mixing workers (n = 39) had much higher exposure levels.
Those exposed above the cut-off point had decreased FEV; as percentage of the
predicted value estimated from the US population, both in non-Asian males {-10.2 %)
and Asian males (-12.7 %). Only exposures =z 0.8 ppm-years were associated with
decreased FEV;. The non-Asian male workers in the pre-PAPR. mixer group had an 8-fold
increased risk of an obstructive pattemn (95 % CI: 2-29); the value was not affected by
removing individuals with a pre-employment history of asthma. The 0.2 ppm-years cut-
off-value was defined arbitrarily and it cannot be excuded that the true NOAEC in this
population is higher; this value should, therefore, be considered as a lower boundary of
the NOAEC.

A comprehensive documentation of the exposure assessment used in the Lockey =t af
(2009) study was published later on. The exposure assessment comprised the largest
published data set of diacetyl measurements with a single method (White = a2l 2010). It
comprised 639 full-shift breathing zone measurements of which 50.9 % were above the
LOD. White (2011} also published exposure data corrected for analytical recovery. At
high absolute humidity and long day-to-extraction wvalues (up to & days), it was
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estimated that a new corrected value may be as much as 20-fold greater than the
original concentration wvalue. However, samples obtained under conditons of low
humidity and short days-to-extraction (2-3 days) changed litHe. Corrected arithmetic
mean values were roughly double those in the original papers. Thus, in the four plants,
the arithmetic means in non-mixers {maximum in parenthesis) were 0,069 (1.98), 0.123
(1.93), 0.042 (1.26) and 0.045 (1.00) ppm, respectively. Corresponding values in mixers
were 0.94 (4.20), 0.84 (7.67), 0.12 (0.40) and 2.70 (11.7) ppm, respectively. No
corrected cumulative exposure was given, but it can reasonably be assumed that the cut-
off point used by Lockey et al (2009) would correspond to a corrected value of 1.6 ppm-
years.

Besides studies conducted in plants where exposure is to complex artificial butter
flavouring vapours and aeroscls, one study conducted in the Metherlands examined
workers more specifically exposed to diacetyl. Van Rooy and co-workers examined
waorkers from a chemical plant that produced diacetyl between 1960 and 2002 (van Rooy
et al 2007 and 2009). Diacetyl was produced by oxidation of 2,3-butylene glycol into
acetoin, which was further oxidised into diacetyl. Acetaldehyde and acetic add were side-
products of the reaction. Diacetyl production took place in a completely closed system at
elevated temperature. Process operators were only exposed to the reaction components
at the end of the production process and did not have exposures to heated products. Van
Rooy and co-workers used historical exposure data to classify all workers into three
exposure groups with varying exposure profiles to diacetyl, based on frequency and level
of exposure, process operators forming the highest exposure group. Exposure monitoring
was done using cartridges containing silica gel coated with dinitrophenylhydrazine and
analysed by GC (van Rooy et al 2007). The air concentrations of diacetyl, as determined
by area sampling, ranged in general from 1.8 to 351 mg/m® and from 3 to 396 mg/m®
for specific tasks. Acetaldehyde air concentrations ranged from 0.4 to 29 mg/m?. Control
measures taken in 2001, with the aim of endosing the process, led to a reduced
exposure for both diacetyl (geometric mean change from 10.0 to 5.8 mg/m’) and
acetaldehyde {geometric mean change from 7.6 to 0.7 mg/m’). Four cases consistent
with a bronchiolitis obliterans syndrome in the highest exposure group of 102 process
operators were identified, three of which were lifelong non-smokers. A cumulative
diacetyl dose-response relationship could not be demonstrated (van Rooy et al 2009).
The authors concluded that exposure to an agent during diacetyl produdtion appears to
be responsible for causing a bronchiolitis obliterans syndrome in chemical process
operators, consistent with the suspected role of diacetyl in downstream food production
(van Rooy of al 2007 and 2009).

Bronchiclitis obliterans was also diagnosed in 2 workers invelved in flavour manufacture.
Meither of the workers was employed in the microwave-popcom industry; both workers
had handled pure diacetyl as well as other chemicals involved in the manufacturing
process (CDC 2007).

Although diacetyl is thought to be the primary contributor to respiratory disease in
popoorn manufacturing plants, workers in production areas were also exposed to high
concentrations of other ketones, other WOCs, and respirable dust. Therefore, diacetyl
may not be the only factor contributing to bronchiclitis obliterans; e.g. tannins have also
been proposed as a causal factor (Kreiss of al 2002). As indicated from rat studies with
2, 3-pentanedione, also other diketones may cause bronchiolitis obliterans (Morgan et al
2012). In the publication of van Reooy =t al (2007) relating to manufacture of diacetyl,
potential additional exposures incduded acetoin, acetaldehyde and acetic acid. These
substances are present also in the popcorn manufacturing plants.
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3.5.2. Animal data

Inhalation routs

The respiratory toxicity of diacetyl has been studied in rats. As rats are obligate nose
breathers, the scrubbing effect of the upper airways was by-passed by intratracheal
instillation of a single dose (125 mg/fkg in an instilled volume of 200 pl). Within 7 days,
rats developed severe intraluminal polypoid fibrosis or concentric fibrosis in the
bronchicles. Airway resistance increased, and dynamic and static compliance decreased.
The Clara cell secretory protein deaeased markedly, and its distribution in the airway
epithelium indicated severe epithelial disorganisation. Inflammatory cells were mainly
neutrophils and macrophages (Palmer et al 2011). In a study in CS57BL/& mice, oro-
pharyngeal aspiration to bypass the nose (400 mg/kg diacetyl in a 50 pl agueous
solution) was used. Effects recorded 4 days later included foci of fibrohistiooytic
proliferation with little or no inflammation at the junction of the terminal bronchicle and
alveolar ducts. The fibrohistiocytic lesions were usually composed of a mixture of spindle
cells and histiocyte-like cells. Mo fibrohistiocytic lesions were observed at the dose of 100
mg/kg (Morgan o al 2008).

NTP/NIEHS has carried out a number of repeated dose inhalation studies in CS7BL/6
mice (Morgan =t al 2002). In one study, male C57BL/& mice were whole-body exposed to
diacetyl vapour & hours/day for 5 days at levels of 0 (n = 7}, 200 (n = 10) or 400 ppm
(n = 15). The diacetyl exposed mice showed severe, dose-related changes in the nasal
epithelium, larynx and large airways. Two of the mice exposed to 400 ppm were found
dead and 9 animals were killed in a2 moribund condibon after 3 exposures.
Histopathological examination of the animals at this exposure concentration showed
necrotising rhinitis, necrotizing laryngitis and bronchitis. At 200 ppm, 2 animals were
killed after 2 exposures and 3 animals after 3 exposures, with similar histopathological
changes, although laryngeal damage was less severe. When the duration of exposure
was reduced to 1 hour/day for 2 or 4 weeks at exposure levels of 0O, 100, 200 or 400
ppm, no deaths occurmred. Masal and laryngeal toxicity was less marked, but peribronchial
and peribronchiclar lymphocytic inflammation was observed. A similar pattern was
observed with intermittent high-dose exposures at 1 200 ppm (15 min, twice a day, 4

The investigators also exposed male CS57BLf6 mice (5 per group) in a whole-body
exposure chamber at diacetyl vapour levels of 0, 25, 50 or 100 ppm, & hours/day, 5
days/week for & or 12 weeks. A further set of animals was allowed a &-week post
exposure recovery period before examination. All mice survived the treatment period. In
the 100-ppm group, suppurative rhinitis with chronic active inflammation, fod of
respiratory mucosal ulceration and/or necrosis, and moderate squamous metaplasia were
seen in the nasal epithelium after 6 and 12 weeks of exposure, accompanied by atrophy
of the olfactory epithelium. Inflammatory changes also extended to some of the smaller
airways and bronchicles in 3 of the 5 mice. Inflammatory changes, metaplasia, and
olfactory epithelial atrophy were present, with decreased sewerity, in the mice exposed to
50 ppm diacetyl. Nasal lesions recorded in the groups exposed to 50 and 100 ppm were
more severe after 12, as compared to 6§, months of exposure (severity scores 32 vs. 48,
and 77 vs. 98, respectively). The nasal lesions were less severe after 6 weeks recovery.
Inflammation and squamous metaplasia were relatively minor in the 25-ppm group.

Peribronchial lymphocytic inflammation was also noted after 12 weeks of exposure in 4 of
the 5 mice exposed to 50 ppm, and in 2 of the 5 mice exposed to 25 ppm, but the
inflammation in these animals was minimal to mild and was not accompanied by
epithelial atrophy or denudation. Lung lesions were not more severe after 12 than after 6
months, but persisted & weeks after cessation of exposure (Table & in Morgan =t al
2008). The NOAEC for peribrondhiclar lymphocytic inflammation was 25 ppm and the
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lowest observed adverse effect concentration (LOAEC) was 50 ppm. The NOAEC for nasal
effects was below 25 ppm. As the changes at this exposure level were relatively minor,
25 ppm can be taken as a LOAEC.

The authors concluded that exposure to diacetyl vapour results in a pattern of injury that
replicates features of human bronchiclitis obliterans (Morgan ef al 2008). This condusion
has, howewver, been challenged by others (e.g. Finley &t al 2008), who have queried the
rationale for the diacetyl exposure regimens used in these animal studies and their
relevance to the actual worker exposure concentrations measured in the sentinel
microwave popcom packaging plant.

Finley ot al (2008) have also commented on the fact that the pattern of respiratory
damage produced by pure diacetyl in rodents is limited to changes in the nasal and
respiratory epithelium and does not progress to ocbstructive lung disease and/or deep
lung damage, supporting the hypothesis that other agents may be responsible for or
contribute to the lung damage seen in workers exposed to butter flavour fumes. The
toxicokinetic data produced by Gloede et al {2011) (Section 3.1.2) contribute, however,
to explain these species differences.

Other routes

A 90-day oral toxidty study in rats has been carried out, at dose levels of O, 10, 20, 90
or 540 mgfkg/day by gavage (Colley ot al 1969). No adverse effects were noted in the
three lowest dose groups. At the highest dose of 340 mg/kg/day, rats showed a
decreased body weight gain, an increase in water consumption, inceased blood
leukocytes and an increase in relative weights of liver, kidney and adrenal and pituitary
glands. There was macroscopic and microscopic evidence of severe irritancy in both the
glandular and non-glandular parts of the stomach. The no-effect-level in this study was
90 mg/ka/day.

3.6. Genotoxicity

3.6.1. In vitro

Diacetyl forms covalent adducts with 2-deoxyguanosine in an acellular system in witro
(More of al 2012). Diacetyl has been reported to give weakly positive results in the Ames
test in Salmoneila typhimurivum strains TA100, 102 and 104, indicating a potential to
induce frame-shift mutations (Bjeldanes and Chew 1979, Dorado =f al 1992, Mamett =t
al 1985). A positive result was also obtained in Escherichia coli strain WP2 uvra (Kato af
al 1989), but no evidence of mutagenicity was demonstrated in the SOS-chromotest
using E coli PQ37 (von der Hude af al 1988). Diacetyl induced sister chromatid
exchanges (SCEs) in Chinese hamster ovary (CHO) AUXB1 cells (Tucker ot al 1989).
Diacetyl induced a mutagenic response in the L5178Y mouse lymphoma mutation assay
in the presence of human liver 59 for activation, although only at cytotoxic levels.
According to the authors, the increase in the frequency of small colonies in the assay
with diacetyl indicated that it causes damage bto multiple loci on chromoseme 11 in
addition to functional loss of the thymidine kinase locus (Whittaker o al 2008).

3.6.2. Im vivo — human data

Mo data on genotoxic effects in humans were available.

3.6.3. Im vivo — animal data

Diacetyl has been reported to show promoting and initiating activities in the rat stomach
mucosa (Furihata et al 1985). It was administerad in a single intragastric dose where the
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maximum dose comresponded to about half of the LDg, followed by investigation of the
pyloric mucosa. In the pyloric mucosa, the omnithine decarboxylase activity (ODC) was
maximum, and dose-dependently increased, 16 hours after the administration, (25- and
100-fold at 500 and 1 500 mg diacetyl/kg, respectively). ODC is the rate limiting step in
the polyamine synthesis; polyamines promote cell growth. Also DMA synthesis was
maximum, and doss-dependently increased, 16 hours after the administration. At 200
mag/kg of diacetyl, the DMNA synthesis was increased about 10-fold, The authors
considered the increase in ODC and DNA synthesis to represent promoting activity. The
unscheduled DNA synthesis (UDS) was used to evaluate direct DNA damage in the non-5
phass. To distinguish non-5S phase DNA repair from diacetyl induced S phase (replicative)
DNA synthesis, hydroxyurea (HU) was used to suppress the S phase DNA synthesis to a
level corresponding to that in non-treated animals (Furihata and Matsushima 1987). UDS
was significantly increased in the diacetyl groups (= 500 mg diacetyl/kg) compared to
the zero time level. It is noted that the used doses caused glandular stomach mucosal
inflammation.

A negative result was obtained in the mouss micronucleus test at dose levels up to 500
mg/kg (NTP 2007), indicating that diacetyl does not induce systemic genctoxic effects.

3.7. Carcinogenicity

3.7.1. Human data

There were no data on carcinogenidty in humans.

3.7.2. Animal data

There were no data from long-termn animal experiments. Diacetyl was tested in a
subchronic 24-week study for its potential to induce primary lung tumours in male and
female strain A mice. Diacetyl was administered once per week by intraperitoneal
injection with a total dose of either 1.7 or 8.4 g/kg. The results of an initial study showed
an increase in lung tumours associated with diacetyl as compared with controls.
However, a repeat study showed a similar incidence in diacetyl treated and control mice
(Stoner et al 1973).

3.8. Reproductive toxicity

3.8.1. Human data
Mo humian data were available on the reproductive toxicity of diacetyl.

3.8.2. Animal data
Fartility
Mo specific investigations of effects on fertility in animals were available.

Developmental toxicity

Groups of 25-27 Syrian golden hamsters, 21-24 CD-1 mice, and 21-23 albino Wistar
rats were given a solution containing 90 % diacetyl by gavage on days &-10 of gestation
for hamsters and on days 6—15 of gestation for mice and rats. The doses for all species
were 16, 74, 245 and 1 600 mg/kg bw per day. Mo effects were seen on maternal
survival, weight. reproductive parameters or on feetal survival or macroscopic
appearance of external, skeletal, or soft tissues (WHO 1999).
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4. Recommendation

In humans, airbome exposure to diacetyl in industries using butter flavouring agents has
been associated with subclinical alterations of lung function and with fixed airway
obstruction that may progress to a life-threatening bronchiolitis obliterans or bronchiolitis
obliterans syndrome. Animal studies support the view that diacetyl can be the causative
agent, although other compounds induding other diketones are also present in butter
flavouring mixtures (Day eof al 2011). As indicated from rat studies with 2,3-
pentanedione, such compounds may also cause bronchiolitis obliterans (Morgan =t al
2012). Furthermore, other compounds may impair the local metabolism of diacetyl in the
upper airways, thersby increasing its pensbration to the bronchiclar level. SCOEL
considers diacetyl as being able to cause subclinical to severe fixed airway obstruction,
which is the critical health effect for recommending an OEL. Symptoms such as cough
and shortness of breath are considered secondary to the obstructive lung disease. In the
2010 evaluation, SCOEL recommended an 8-hour TWA of 0.1 ppm. In other evaluations,
8-hour TWA recommended OELs range from 0.005 (NIOSH 2011) to 0.2 ppm (Maier of al
2010). In addition, NIOSH proposes a 15-min short term exposure limit (STEL) at 25 ppb.

In the present update, SCOEL evaluated several approaches to derive a recommended
OEL (Appendix 3).

Because diacetyl can cause mild to life-threatening airway obstruction, SCOEL selected a
conservative approach (approach 2). SCOEL did not follow the NIOSH (2011) approach
(approach 4) because of concerns about the robusiness of the exposure data on which
the assessment was based (Appendix 1). SCOEL accepted the view that a sensitive group
may exist (NIOSH 2011), although it may also be an artefact due to biased exposure
assessment. Furthermore, SCOEL accepted that there is uncertainty about the
importance of the genotoxicity of diacetyl. By the SCOEL approach, a best estimate
NOAEC of 0.05 ppm is derived from the study by Kreiss =t al 2002 (0.65 ppm-years
divided by 40 years multiplied with a comection factor of 3 for analytical bias). Using an
additional uncertainty factor of 2 for possible sensitive groups and rounding lead to a
recommended 8-hour TWA-OEL of 0.02 ppm (0.07 mg/m’).

The promotion effect in rat stomach mucesa was recorded at high exposure levels (= 300
mg/kg). Exposure at the recommended OEL is considerably lower (0.07 mg/m~ x 10
m~f70 kg = 0.01 mg/kg) and the dose reaching the target site in the lungs even smaller.
The promotion effects observed by Furihata ef al (1985) are therefore considered of little
concem and covered by the conservative extrapolation of approach 2.

A STEL is needed to prevent adverse health effects (mainly respiratory damage) which
may arise due bto peaks in exposure not controlled by the above TWA limit. However, the
data-set on diacetyl does not allow deriving a scientifically based STEL. SCOEL applies,
therefore, an arbitrary assessment factor of 5 on the TWA-OEL and recommends a STEL
value of 0.10 ppm (0.36 mg/m).

Although the potential for dermal absorption of diacetyl exists, a skin notation is not
warranted as the adwerse effects are seen in the respiratory tract and are due to
inhalation. Diacetyl is a severa skin and eye irritant, but not considered a skin sensitiser

in humans. Thus, care should be taken to avoid dermal exposure when handling bulk
quantities of diacetyl.

Diacetyl can be measured by unbiased methods at low concentrations, indicating that
measurement difficulties are not foreseen at the recommended OEL and STEL.

The present Recommendation was adopted by SCOEL on 11 June 2014.
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Appendix 1. Comparison of methods of analysis for
diacetyl in air

In a field study, the two OSHA methods, PV2118 and a modified version of PV2118, gave

virtually similar results and results were not significantly influenced by humidity or
temperature (Ashley =t al 2008, OSHA 2007b).

Results from the NIOSH (LOD: 0.6 pgfsample and limit of guantification: 2 pg/sample)
{Pendergrass 2004) and the modified OSHA methods are tabulated in Table A. The OSHA
method has a higher detection rate than the NIOSH method.

Comparisons were only performed for samples in which diacetyl was detected by both
methods (Tables I and II in Ashley af al 2008), which allowed the use of 15/24 and 5/30
data pairs. This lends a limited credit to the ratio calculated from the wvalues of the
remaining data pairs, which are listed below.

Table A. Comparison of results obtained by NIOSH and OSHA methods.

Table No. as of Detected levels of airbome diacetyl (ppm) Ratio BfA
Ashley ot al 2008 NIOSH 2557 DSHA modified
(A) PVZ118 (B)
I 0.04 0.11 2.75
I 0.02 0.04 2.00
I 0.07 0.08 1.14
I 0.04 0.12 3.00
I 0.1 0.15 1.50
I 0.01 0.04 4,00
I 0.42 0.54 1.29
I 0.08 0.16 2.00
I 0.02 0.16 8.00
I 0.17 0.35 2.06
I 0.02 0.07 3.50
I 0.33 0.48 1.23
I 1.05 1 0.95
I 0.05 0.37 7.40
I 0.02 0.04 2.00
II 0.05 0.63 12.60
II 0.57 1.58 2.77
II 0.08 0.14 1.75
II 0.33 6.33 11.94
II 0.03 0.03 1.00
Mean ratioc (range): 3.64 (0.95-12.60)
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Table B is an evaluation of bias from using the LOD divided by 2 as substitute for a
concentration when the NIOSH 2557 method (estimated LOD: 0.6 pg/sample) showed no
diacetyl in the air, whereas the OSHA PV21128 or modified OSHA did. Paired
measurements were available from 54 simultaneous samples by the two methods
(Ashley ot al 2008). For 19 of thess (35 %), the NIOSH method showed no diacetyl in
the air.

Table B. Comparison of O0SHA and corrected NIOSH resulis

Table No. as of Levels of airborne diacetyl (ppb) Ratio A/B
Ashley et al 2008 Detected with Not detected with
PWZ2118 or modified NIOSH 2557 and
OSHA method substituted by LOD/2 *
(A) (B)
I a0 1.76 45
I 40 1.76 23
I 520 1.76 295
I 230 14.2 18
I 90 14.2 6.3
I 260 14.2 18
I &0 14.2 4,2
I 890 14.2 63
I 1160 14.2 B2
I 280 14.2 20
I 580 14.2 41
I 3e0 14.2 23
I 200 14.2 21
I 400 14.2 28
I 150 14.2 13
I B0 14.2 3.6
I 370 14.2 26
I 240 14.2 17
I &0 14.2 4,2
Mean ratio (range]: - - 19.4 (4.2-295)

* Table I semples collected for @ hours at & flow rate of approximately 0.1 |/min, suggesting & LOD of 3.52
ppb. Table - semples collected for 2 hours &t & fow rate of appraximately 0.05 |fmin, suggesting a LOD of
2B.4 ppib.

LOD: limit of detection.
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Appendix 2: Diacetyl exposure and development of lung

disease
Plant Place of Diacetyl concentrations (ppm), MNo. of  Mo. of cases/
EeXposure average (range) samples no. of exposed
Popcorn producing plants in the United States {main reference: Kanwal et al 2008)
Plant &A*  Mixing room A: 30—40 (1-98)° 12 BO: 5/13~°
{Missouri} Packing area A: 1.9 (0.3-6.8) 22 BO: 4/115%¢
Quality control  A: 0.6 (0.3-0.9) 5 AD: 5/6 ™ F
All areas - AD: 217116 *
AR: 10/116 *
Plant B Mixing room A: 0.5 (0.4-1.0) 3 BO: 1/7
P: 0.6 (0.4-0.7) 2
Packing area A: 0.7 (0.4-1.2) 9 -
P: 0.5 (0.2-1.0) 8
Plan C Mixing room A: 0.4 (0.02-0.9) 2 -
P: 0.03 (0.01-0.04) 2
Packing area A: 0.02 (0.01-0.05) 4 -
P: 0.02 (0.01-0.04) 7
Plant D Mixing room A: 0.2 (< 0.001-0.6) 3 BO: 1/7
P: 0.02 (< 0.001-0.05) ¢ 5
Packing area A: 0.004 (< 0.001-0.02) 13 -
P: 0.002 (< 0.001-0.009) 12
Quality contral  ?: < 0.001 ? AD:0S3
Plant E Mixing room A: 0.5 (0.3-0.9) 2 -
P: 0.4 1
Packing area A: 0.3 (0.2-0.4) 2 BO: 3/7
P: 0.6 (0.2-1.2) 3
Plant F Mixing room A: 1.2 (0.5-2.7) 6 BO: 1/7
P: 1.0 (0.2-2.0) 7
Packing area A: 0.2 (LOG-0.03) 18 -
P: 0.02 (LOG-0.03) 24
Quality control ~ 7: 0.02 (< 0.01-0.03) 7 AD: 1/11
Diacatyl production in the Netherlands {van Rooy et al 2007)
Process A: (0.6-100) Years: 1995-2003° 30" BO: 4/102 ¢
operators A: (1.6-2.8) Year: 2001

P: Peaks up to 113 *

A: area sampling, AD: airway obstruction, AR: airway restricion BO: bronchiolitis
obliterans, P: personal sampling, <: below minimum guantifiable concentration (LOG).
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# In October 2000, there were approximately 135 employees in the Missouri plant. OF
these, 116 partidpated in spirometric testing, 20 (17 %) of 117 workers who completed
a questionnaire were not considered exposed. The ingredients of the flavourings induded
soybean oil, salt, butter flavouring and colouring agents. In the mixing room, one worker
per shift opened the lid of an oil tank that was heated to approximately 54°C and where
a peak diacstyl level of 1 230 ppm was measured (Kreiss et al 2002). The cases from the
quality control workers were from Kanwal ot al (20068) and Kreis ot al (2002). Other
cases were from Kreiss ot al (2002).

® Reported area concentrations were 32.27 ppm (range: 1.34-97.94), N = 12 (Kreiss of
al 2002); 37.8 ppm (range: 2.3—-98), N = 10 (Table 4 in Kullman et al 2005) and 37.8
(range 1.3-97.9), N = 12 (Table 1 in Kanwal ot af 2006).

% In the Missouri plant, one additional case of BO was observed later, so the total number
of bronchiolitis obliterans cases among mixers was 5. In this plant, approximately 161
workers participated (Kanwal =t al 2008) in a study and, considering 17 % as non-
exposed, the number of exposed individuals is estimated to 124. Subtracting the 13
workers from the mixing room (Schachter 2002) and the & from the quality control area
(Kanwal of al 2006, Kreiss of al 2002), suggests about 115 exposed workers in the
packing area; this relatively uncertain value is used as an estimate of the number of
exposed. However, it may be higher as 425 had been employed in the period 1992-2000
{Schachter 2002). Accepting 17 % as non-exposed (Kreiss =t al 2002}, 13 in the mixing
room (Schachter 2002) and 6 in the guality control area (Kanwal ot al 2006, Kreiss af al
2002), the number of exposed in the packing area could be as high as 425 = 0.83 - 13 -
& = 334 (Kanwal et al 2008&).

® peak diacetyl air concentrations of over 80 ppm over several minutes [Kanwal et al
2006).

* Bebween the years 1960 and 2003, 206 workers were potentially exposed. Information
was obtained from 175. Process operators (n = 102) were considered the highest
exposed group. Discharge of diacetyl in containers had the highest exposure potential,
0.9-112 ppm. All identified bronchiclitis obliterans cases were among process operators.

! & total of 26 area samples and 4 personal task-based samples.

¥ Three cases of bronchicliis obliterans were identified. However, one additional case
was found after the study among 10 non-participants. Thus, at least 4 cases of
bronchiclitis obliterans arose among the workers.
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Appendix 3: Risk assessment approaches

Approach 1: Modified Haber's law

This model assumes that a threshold level of diacetyl exists, under which the human
organism is able to cope with exposure. Thus, effects occurring at this or lower levels are
reversible and no accumulation of adverse effects occur, whereas effects occurring above
this level are irreversible. This can be illustrated from the dassic study of Flury on
hydrogen cyanide, where death in experimental animals follows a modified Haber's law
[{exposure time x (concentration minus threshold) = Constant], for reference see
Henschler 1984.

This approach was used in the previous evaluation conducted by SCOEL in 2010. A
NOAEC for respiratory symptoms was derived directly from exposures lasting several
years. For prevention of bronchiolitis obliterans, the concentration should be below 0.6
ppm obtained from personal sampling and below 0.2 ppm obtained by area sampling
{Appendix 2, Plant E) as this value is from a packing area where the concentration is
considered relatively even. However, subclinical alteration of lung fundhion should also be
prevented. The study by Kreiss et al (2002} provides the lowest NOAEC expressed as a
cumulative dose (0.65 ppm-years) based on a deaease in lung function. As the median
time since start of employment was 3.4 years (range: 0.1-17.6), this corresponds to a
predicted no-effect level of 0.2 ppm. Both these wvalues are, however, biased as the
analytical methoed (MIOSH 2557) is sensitive to several workplace and storage
parameters. An unbiased NOAEC was estimated by multiplying with a factor of 3
{Appendix 1, Table A), which suggests a walue of about 0.6 ppm for initiation of a
decrease in lung function. For bronchiclitis obliterans, the expected effect level would be
about 1.8 ppm (3 x 0.6 ppm, perscnal sampling, Appendix 2, Plant E). In this medel, the
ratio between concentration causing bronchiolitis obliterans and the NOAEC for decrease
in lung fundtion corresponds to a factor of 3. This model does not take into account peak
exposures that may have an important effect.

Approach 2: Unmeodified Haber's law

In this approach, besides recognising that bronchiolitis obliterans and fixed airway
obstruction are irreversible, severe and life threatening effects, some concem is also
given to the possible gencotoxic and cardnogenic activity of diacetyl. Epidemioclogical
findings are, therefore, extrapolated to apply to any concentration of diacetyl, i.e. all
damages are entirely (toxicodynamically) imreversible, the damages are proportional to
the concentration rate (concentration/time), and adverse effects oocur when a certain
number of damages have occcurred at a critical site. In this case, the unmodified Haber's
law {concentration x time = constant) can be used for extrapolation.

The lowest NOAEC (0.65 ppm-years) for cumulative exposure is derived from the Kreiss
et al (2002) study, in which NIOSH method 2557 was used. If Haber's law applies, the
value can be extrapolated to a 40-year working life peried, resulting in a NOAEC of 0.016
ppm for the 40-year period. To comrect for the bias of the method, this value can be
multplied by a factor of 2, suggesting that an unbiased NOAEC would be about 0.05
ppm. From the study of Lockey et al (2009), a corrected NOAEC of 1.6 ppm-years can be
derived, which corresponds to a 40-year extrapolated value of 0.04 ppm. Both values can
be considered a lower boundary, as the many values below the detection limit from the
NIOSH 2557 method may have caused a considerably greater bias (Appendix 1, Table B)
than a factor of 3. Another bias is also possible as high concentrations may more
efficiently exhaust protective constituents (e.g. antioxidant defence and reactions within
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the mucous layer) and thus being able to induce a disproportionate increase in tissue
concentrations at a criical site compared to the low concentration obtained by
extrapolation to a 40-year period. Whether such biases exist and their potential
magnitude can, howewver, not be accounted for. This medel does not take into account
peak exposures that may have an important effect.

Approach 3: Extrapolation from animals to humans

SCOEL also analysed exposure-response relationships in animal studies and extrapolated
the results to a predicked NOAEC in humans. The relevant effect for human risk
assessment is the bronchiclar effect, with a NOAEC of 25 ppm in a 12-week study in
mice, Adjustment for differences in daily exposure length is &/8 (exposure of animals &
hours/day, 5 days/week), adjustment for toxicokinetic differences between rats and
humans is 40 (Gloede =t al 2011), and an extrapolation from rats to mice is arbitrarily
set to 2. Since the mice study does not indicate a cumulative effect at 25 ppm (the lung
effects did not increase by extending the exposure period from & to 12 weeks), a
concentration-based OEL of 0.22 ppm can be recommended. However, if an adjustment
{2/20) for sub-chronic {~32 month) to lifelong exposures {20 months) is introduced, the
recommended OEL would be 0.025 ppm. The range 0.035-0.23 ppm can be considered
to overestimate the toxicity to an unknown extent as the metabolism is relatively more
efficient at low concentrations; high concentrations, used for extrapolation, allows a
relatively higher fraction of inhaled diacetyl penstrating to the bronchiolar level. A
potential difference in  sensitivity between human and mice bronchiolar cells
{toxicodynamic differences) cannot be accounted for; often a default value is in the range
of 1-2.5.

Approach 4: The US NIOSH (2011) approach

MNIOSH (2011) analysed exposure-response relationships from sewveral plants, but due to
limited consistency across plants, the data from the Missouri plant was selected for the
risk assessment; this plant had the highest number of exposure assessments (about
600) compared to the other analysed plants. The predicted lung function (FEV; and
FEV,/FVC) and the lower limits of normal (LLofN; 5™ percentile) were from the general
US population. Virtually all cases below LLofN were attributed either to diacetyl exposurs
or smoking. NIOSH observed that many cases arose after relatively short employment
duration and some individuals in the exposed population were losing FEV; faster than
others. For risk assessment, NIOSH used two non-threshold methods, the benchmark
dose procedure and a life-table procedure. NIOSH accepted a risk of 1/1 000 for lung
function below LLofN at a 45-year work-time exposure; the cumulative exposure metrics
was wsed in the extrapolations. Based on a population with different susceptibility,
MNIOSH derived an 8-hour TWA value of 5 ppb and a 15-min short term exposure (STEL)
of 25 ppb.

The NIOSH methods are not considered by SCOEL, as concerns were raised about the
robustness of the extrapolation method where LOD/2 replaces values below the detection
limit of the NIOSH 2557 method (Appendix 1, Table B).
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