Grunnlag for fastsettelse av grenseverdi

1,2 — dibrometan
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Dette dokumentet omhandler det toksikologiske
grunnlaget og vurderinger, samt tekniske og
gkonomiske hensyn for fastsettelse av grenseverdi
for 1,2-dibrometan.
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Forord

Grunnlagsdokumenter for fastsettelse av grenseverdier utarbeides av Arbeidstilsynet i samarbeid med
Statens arbeidsmiljginstitutt (Stami) og partene i arbeidslivet (Neeringslivets hovedorganisasjon/Norsk
Industri og Landsorganisasjonen i Norge) i henhold til Strategi for utarbeidelse og fastsettelse av
grenseverdier for forurensninger i arbeidsatmosfaeren.

Dette dokumentet er utarbeidet ved implementering av direktiv 2019/130/EU fastsatt 16. januar 2019, og er
den andre endringen av karsinogen-mutagen-direktivet 2004/37/EC om vern av arbeidstakere mot risiko ved
a veere utsatt for kreftfremkallende eller arvestoffskadelige stoffer (arbeidsmiljgdirektivet). EU har som mal
a fastsette juridisk bindende grenseverdier for 50 kreftfremkallende stoff gjennom fire endringsdirektiv til
karsinogen-mutagen-direktivet. Nar bindende grenseverdier er vedtatt i EU m& medlemslandene/E@S-
landene innfgre samme verdi eller lavere. De bindende grenseverdiene tar hensyn til tekniske, gkonomiske
vurderinger i tillegg til de helsebaserte vurderingene.

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). EU-kommisjonen kan ogsa velge kriteriedokumenter fra andre
vitenskapskomiteer, som ECHA sin vitenskapskomite Risk Assessment Committee (RAC). Statens
arbeidsmiljginstitutt ved toksikologisk ekspertgruppe for grenseverdier, TEAN, bidrar med toksikologiske
vurderinger i dette arbeidet.

Informasjon om bruk og eksponering i Norge innhentes fra Produktregisteret, og tilgjengelige
eksponeringsdata fra virksomheter i ulike neeringer fas fra eksponeringsdatabasen EXPO ved Stami.

Beslutningsprosessen skjer  gjennom drgftingsmgter der  Arbeidstilsynet, Neeringslivets
hovedorganisasjon/Norsk Industri og Landsorganisasjonen i Norge deltar, samt orienteringer i mgte med
Regelverksforum eller per e-post, og med pafglgende offentlig hgring. Konklusjonene fra hgringen med
forskriftsendringer og nye grenseverdier forelegges Arbeids- og sosialdepartementet som tar den endelige
beslutningen om forskriftsfastsettelse av grenseverdiene.
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Innledning

Dette dokumentet omhandler vurderingsgrunnlaget for fastsettelse av grenseverdi for 1,2-dibrometan.
Innholdet bygger spesielt pa anbefalinger fra Scientific Committee on Occupational Exposure Limits (SCOEL)
i EU for dette stoffet (vedlegg 1), samt vurderinger og kommentarer fra toksikologisk ekspertgruppe for
grenseverdier, TEAN, ved Statens arbeidsmiljginstitutt.

1. Stoffets identitet

1,2 -dibrometan og dets molekylformel, stoffets identifikasjonsnummer i Chemical Abstract Service (CAS-nr.),
European Inventory of Existing Commercial Chemical Substances (EINECS-nr. el. EC-nr.) og indeksnummer
(Indeks-nr.) er gitt i tabell 1. Strukturformel er vist i figur 1.

Tabell 1. 1,2- dibrometan og dets identitet.

Molekylformel CyH4Br;

Synonymer Etylendibromid (EDB)
CAS-nr. 106-93-4

EC-nr. 203-445-5
Indeks-nr. 602-010-00-6

Br—\_
B

r

Figur 1. Strukturformel av 1,2- dibrometan (Echa. https://echa.europa.eu/substance-information/-/substanceinfo/100.003.132)

2. Fysikalske og kjemiske data

1,2- dibrometan er en fargelgs vaeske med satlig lukt. Ved temperaturer under 10 °C er stoffet i fast form.

Det vises til tabell 2 for fysikalske og kjemiske data for 1,2-dibrometan.


https://echa.europa.eu/substance-information/-/substanceinfo/100.003.132
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Tabell 2. Fysikalske og kjemiske data for 1,2-dibrometan

Kjemisk formel C;H4Br;
Molekylvekt (g/mol) 187,86

Fysisk tilstand Klar, fargelgs vaeske
Smeltepunkt (°C) 9,8

Kokepunkt (101,3 kP) (°C) 132

Tetthet (20 °C) (g/cm3) 2,05

Damptetthet (luft=1) 6,48

Damptrykk (20 °C) (mmHg) 11,2
Fordelingskoeffisient n-oktanol/vann (logKow) 1,96

Lgselighet i vann (mmol/l) 22,1

Luktterskel (mg/m3) 62,5
Omregningsfaktor (20 °C) 1 ppm =7,81 mg/m?3

2.1  Forekomst og bruk

1,2-dibrometan er ikke-brennbart og brukes som et Ipsemiddel og som mellomprodukt i kjemisk industri,
hovedsakelig for fremstilling av vinylbromid.

3. Grenseverdier

3.1  Naveerende grenseverdi
Navaerende grenseverdi (8 timer) i Norge med anmerkninger for 1,2-dibrometan er:
1 mg/m? eller 0.1 ppm med anmerkning K (Kjemikalier som skal betraktes som kreftfremkallende)

Denne grenseverdien ble revidert og fastlagt som administrativ norm i 1981 med anmerkning K og senere
forskriftsfestet i 2013 i den da nye forskrift om tiltaks- og grenseverdier.

3.2. Grenseverdifra EU

Dagens grenseverdi i EU, etter implementering av direktiv 2019/130/EU fastsatt 16. januar 2019 (andre
endring av karsinogen-mutagen-direktivet 2004/37/EC) er:

BOELYV (Binding Occupational Exposure Limit Value): 0.8 mg/m3 eller 0.1 ppm

EU har fastsatt en bindende hudanmerkning.
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3.3. Grenseverdier fra andre land og organisasjoner

Grenseverdier fra andre land og organisasjoner er gitt i tabell 3.

Tabell 3. Grenseverdier for 1,2-dibrometan fra andre land og organisasjoner.

Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
ppm, mg/m?3 ppm, mg/m?3
Sverige! (2018) 0.1 ppm, - C (kreftfremkallende)
0.8 mg/m3 H (hudopptak)
R (reproduksjonstoksisk)
(innfgrt 2018)
Danmark? 0.1 ppm K (kreftfremkallende)
1 mg/m3 H (hudopptak)
Finland3 0.1 ppm, - hud
0.78 mg/m? (innfert 1998)
Storbritannia* 0.5 ppm - Carc (kan forarsake kreft)
3.9 mg/m? Sk (hudopptak)

Nederland? 0.002 mg/m3 C (kreftfremkallende)
(Innfgrt 2007)

Tyskland, MAK” - - H (tas opp gjennom huden)
KanzKat: 2 (anses som
kreftfremkallende for
mennesker)

ACGIH, USA 89 - - (1980)

Skin (hudopptak)
A3 (bekreftet
kreftfremkallende for dyr)

NIOSH, USA?® 0,045 ppm 0.13 ppm (takverdi,

15 min) Ca (kreftfremkallende)

OSHA, USA? 20 ppm 30 ppm (takverdi) Skin (hudopptak)

1 Arbetsmiljoverkets Hygieniska gransvarden AFS 2018:1,
https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2018-1.pdf.

2 At-vejledning, stoffer og materialer - C.0.1, 2007https://at.dk/media/5941/c-0-1-graensevaerdilisten-2007-t.pdf.
3 Social og halsovardsministeriet, HTP-virden, Koncentrationer som befunnits skadliga, Helsingfors, 2018,
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160972/STM_10_2018_HTPvarden_2018_WEB.pdf?sequence=1&isAllo

wed=y.

4EHA40 fjerde utgave, 2020, http://www.hse.gov.uk/pubns/priced/eh40.pdf .
5 https://www.ser.nl/nl/thema/arbeidsomstandigheden/Grenswaarden-gevaarlijke-stoffen/Grenswaarden/12Dibroomethaan

6Baua, TRGS 910, versjon 2014, oppdatert 2019, https://www.baua.de/EN/Service/Legislative-texts-and-technical-
rules/Rules/TRGS/pdf/TRGS-910.pdf?__blob=publicationFile&v=2

7 DFG (German Research Foundation ) MAK- und BAT-Werte-Liste 2020.

https://series.publisso.de/sites/default/files/documents/series/mak/Imbv/Vol2020/Iss1/Doc001/mbwl| 2020 deu.pdf

8ACGIH. TLVs and BEls based on the Documentation of the Treshold Limit Values for Chemical Substances and Physical Agents &

Biological Exposure Indices, 2020.

9 DGUV (German Social Accident Insurance), GESTIS International limit values, https://limitvalue.ifa.dguv.de/;

OSHA. https://www.osha.gov/chemicaldata/chemResult.html|?recNo=48

3.4. Stoffets klassifisering

1,2-dibrometan er klassifisert og merket i henhold til CLP Annex VI (Forordning EC No 1272/2008), tabell
3.1 (Liste over harmonisert klassifisering og merking av farlige kjemikalier). 1,2-dibrometan er klassifisert og


https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2018-1.pdf.%202
https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2018-1.pdf.%202
https://www.ser.nl/nl/thema/arbeidsomstandigheden/Grenswaarden-gevaarlijke-stoffen/Grenswaarden/12Dibroomethaan
https://series.publisso.de/sites/default/files/documents/series/mak/lmbv/Vol2020/Iss1/Doc001/mbwl_2020_deu.pdf
https://limitvalue.ifa.dguv.de/
https://www.osha.gov/chemicaldata/chemResult.html?recNo=48
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merket med koder i henhold til fareklasse, kategori og faresetninger, som gitt i tabell 4 nedenfor.

Tabell 4. Fareklasser, farekategori med forkortelse, merkekoder og faresetninger for 1,2-dibrometan 1.2

Fareklasse
Farekategori

Forkortelse Merkekode Faresetning

Akutt giftighet H301 Giftig ved svelging
Kategori 2
Acute Tox.2

Akutt giftighet H311 Giftig ved hudkontakt
Kategori 2
Acute Tox.2

Akutt giftighet H331 Giftig ved innanding
Kategori 2
Acute Tox.2

Etsende/irriterende for huden H315 Irriterer huden
Kategori 2
Skin.irrit. 2

Alvorlig gyeskade/gyeirritasjon H319 Gir alvorlig gyeirritasjon
Kategori 2
Eye Irrit. 2

Kreftfremkallende egenskaper H350 Kan forarsake kreft
Kategori 1B
Carc.1B

Spesifikk malorgantoksisitet- enkelteksponering H335 Kan forarsake irritasjon av luftveiene
Kategori 3
STOT SE 3

Farlig for vannmiljget H411 Giftig, med langtidsvirkning, for liv i vann
Kronisk kategori 2
Aquatic Chronic 2

1 CLP ((Forordning (EC) Nr. 1272/2008), http://www.miljodirektoratet.no/Documents/publikasjoner/M259/M259.pdf
2 https://echa.europa.eu/substance-information/-/substanceinfo/100.003.132

3.5 Biologisk overvaking

°

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

SCOEL har ikke fremmet et forslag til biologisk grenseverdi for 1,2-dibrometan.

3.6  Andre reguleringer

Det europeiske kjemikaliebyraet ECHA har samlet 40 regelverk i en database med informasjon om hvordan
kjemiske stoffer er regulert, og regelverk for de stoffene er spkbare: ECHA-sgk


http://www.miljodirektoratet.no/Documents/publikasjoner/M259/M259.pdf
https://echa.europa.eu/substance-information/-/substanceinfo/100.003.132
https://echa.europa.eu/legislation-finder
https://echa.europa.eu/legislation-finder

9 1,2-dibrometan

| tillegg til regelverk for grenseverdi og klassifisering som er omtalt i dette dokumentet, kan man sgke andre
gjeldende regelverk for 1,2-dibrometan her: 1,2-dibrometan

4. Toksikologiske data og helseeffekter

4.1  Anbefaling fra SCOEL

SCOEL har anbefalt at all yrkeseksponering for 1,2-dibrometan unngas. SCOEL har ikke anbefalt en
helsebasert grenseverdi, da stoffet er gentoksisk og det ikke kan settes en terskelverdi. Det er anbefalt at
stoffet gis en hudanmerkning, se vedlagt SCOEL-dokument (vedlegg 1).

4.2 Kommentarer fra TEAN

Grunnlag for bindende grenseverdi for 1,2-dibrometan

1,2-dibrometan oppfyller kriteriene for klassifisering som kreftfremkallende (kategori 1B) i samsvar med
forordning (EF) nr. 1272/2008 og er derfor definert som et kreftfremkallende stoff i henhold til direktiv
2004/37/EF.

Grunnlagsdokument
Som grunnlagsdokument er SCOELs Recommendation from the Scientific Committee on Occupational
Exposure Limits for 1,2-dibromoethane (ethylene dibromide) SCOEL/SUM/166 [1] fra 2011 benyttet.

| tillegg til SCOELs anbefaling fra 2011 har TEAN gjennomgatt fglgende litteratur:
National Toxicology Program (NTP), Fourteenth Edition on 1,2-Dibromoethane (2016) [2].

Dutch Expert Committee on Occupational Safety (DECOS) (2017) 1,2-Dibromoethane - Health-based
recommendation on occupational exposure limits [3].

Kreftklassifisering
IARC: Gruppe 2A (Sannsynlig kreftfremkallende for mennesker) basert pa tilstrekkelig bevis for
karsinogenisitet hos forsgksdyr (1999).

SCOEL: Gruppe A (gentoksisk karsinogen; uten terskel) (2011).
NTP: Reasonably anticipated to be a human carcinogen (2016).

SCOEL fastslo at det ikke er mulig a utlede en helsebasert grenseverdi for eksponering for 1,2-dibrometan
uten en terskelverdi, og har anbefalt 8 unnga all yrkeseksponering.

SCOEL fastslo videre at det for dette stoffet er et betydelig opptak gjennom huden, og anbefaler at stoffet
gis en hudanmerkning,


https://echa.europa.eu/substance-information/-/substanceinfo/100.003.132
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Helseeffekter

1,2-dibrometan absorberes raskt bade via luftveier, hud og gjennom oralt opptak. 1,2-dibrometan er flyktig
og innanding er den mest aktuelle eksponeringsveien. 1,2-dibrometan er hud- og @yeirriterende, og direkte
kontakt kan raskt fgre til redme, gdem og blemmer i huden. Stoffet kan tas opp i toksiske mengder gjennom
huden og pa den maten gi systemiske effekter.

Dyrestudier viser at 1,2-dibrometan metaboliseres via oksidasjon med P450-monooksygenase og GSH-
konjugering med glutation-S-transferase (GST). P450-metaboliseringen ser ut til & veere ansvarlig for en stor
del av proteinbinding og vevstoksisitet, selv om GSH-konjugater ogsa spiller en rolle. Gentoksisiteten antas a
skyldes konjugering med GSH, noe som resulterer i dannelsen av reaktive episulfoniumioner som kan reagere
med DNA. Den glutation-avhengige aktiveringsveien er aktiv selv ved lave konsentrasjoner av 1,2-
dibrometan.

En studie som sammenliknet GSH-konjugering i isolerte leverceller fra rotte og menneske viste dannelse av
DNA-addukter i begge systemer [5] og indikerer derfor at mekanismen for kreftfremkallende effekt hos
gnagere ogsa er gjeldende for mennesker.

Akutte forgiftninger er godt dokumentert, mens de kroniske effektene av eksponering for 1,2-dibrometan
ikke er godt dokumentert hos mennesker. Dyreforsgk viser at kronisk eksponering for 1,2-dibrometan kan
fore til toksiske effekter pa leveren, nyrene og testiklene, uavhengig av eksponeringsvei. Dyreforsgk viser at
langtidseksponering for 1,2-dibrometan gker forekomsten av en rekke svulster hos rotter og mus av begge
kjgnn etter eksponering via alle eksponeringsveier.

Karsinogenisitet

Kreftundersgkelser hos mennesker:

Det finnes fire epidemiologiske studier som har sett pa dgdelighet blant arbeidere eksponert for 1,2-
dibrometan. IARC (1999) [4], SCOEL (2011) og DECOS (2016) mener alle at disse studiene ikke kan brukes
for a evaluere forholdet mellom ulike krefttyper hos mennesker og eksponering spesifikt for 1,2-
dibrometan, fordi studiene mangler informasjon om samtidig eksponeringer for andre stoffer og
opplysninger om stg@rrelse og varighet av 1,2-dibrometan-eksponeringen.

Kreftundersgkelser i forsgksdyr:

1,2-dibrometan forarsaket svulster i rotter og mus i flere forskjellige organer og vev, og via flere ulike
eksponeringsveier. Eksponering ved innanding av 1,2-dibrometan forarsaket kreft i nesehulen og i blodkar i
milt hos rotter av begge kjgnn og hos hunnmus; god- eller ondartede lungesvulster hos mus av begge kjgnn
og hos hunnrotter; god- eller ondartede svulster i brystkjertlene hos hunner av begge arter;
testikkelsvulster hos hannrotter og ondartede bindevevssvulster hos hunnmus (NTP 1982) [6].

Reproduksjonstoksisitet

1,2-dibrometan er reproduksjonstoksisk bade eksperimentelt og hos mennesker. De epidemiologiske
studiene har signifikante mangler som inkluderer liten prgvestgrrelse, utilstrekkelige data om eksponering,
ikke egnede kontrollgrupper og generelle metodologiske svakheter, men gir noen indikasjoner pa potensielle
negative effekter av 1,2-dibrometan pa fruktbarhet hos menn. Det er vist et lavere antall saedceller, darligere
levedyktighet og bevegelighet av slike celler og en gkning i seedceller med morfologiske avvik hos menn
eksponert for 1,2-dibrometan.

Hudopptak
Data fra forsgksdyr viser at 1,2-dibrometan absorberes gjennom huden. Det er vist at 1,2-dibrometan
absorberes raskt giennom huden pa marsvin, med raskt gkende blodnivaer av stoffet etter hudeksponering.
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Hos rotte forekom dgdelighet etter én enkelt applikasjon pa 0,25 ml 1,2-dibrometan og hud- og lungesvulster
ble observert etter gjentatt administrering [7].

Basert pa dedeligheten hos rotte etter én enkelt dermal applikasjon, konkluderte SCOEL [1] med at en
hudnotasjon er berettiget.

DECOS [3] vurderer ogsa at en hudnotasjon er berettiget for 1,2-dibrometan.

Kreftrisiko

DECOS la i 2017 frem en kvantitativ risikomodell basert pa lineser ekstrapolering, som gir fglgende
sammenhenger mellom 1,2-dibrometaneksponering og ekstra risiko for nesekreft ved daglig
yrkeseksponering over 40 ar [3]:

Tabell 5. Estimat pa antallet ekstra nesekrefttilfeller per 1000 ansatte ved ulikt eksponeringsniva av 1,2-dibrometan ved en 8 timers
arbeidsdag og 40 ar med eksponering. DECOS (2017).

1,2-dibrometan (mg/m3) Risiko ved 40 ars yrkeseksponering
0,002 4:100 000 (4x107%)
0,2 4:1000 (4x103)

DECOS vurderte at de epidemiologiske studiene av 1,2-dibrometaneksponering og kreft ikke var egnet for
risikovurdering, og la til grunn for sin anbefaling at 1,2-dibrometan er et karsinogent stoff uten
terskelmekanisme. Som grunnlag for risikomodellen brukte de en inhalasjonsstudie pa rotter fra NTP fra 1982
[5]. Fra denne studien valgte DECOS a kombinere antall godartede og ondartede nesesvulster hos hannrotte
som grunnlag for avledning av kreftrisiko, fordi dette var den kreftformen som gkte signifikant ved de laveste
eksponeringsnivdene (10 ppm, 77 mg/m3) og fordi den samtidige forekomsten antyder at godartete
nesesvulster kan utvikle seg til den ondartede typen.

TEANSs vurdering
| EUs endringsdirektiv 2019/130 fastsettes en bindende grenseverdi for 1,2-dibrometan pa 0,8 mg/m3 eller
0,1 ppm. Det vil si den samme grenseverdi som Norge allerede har per i dag for stoffet.

Det fastsettes videre en bindende hudanmerkning. Norge har ikke hudanmerkning for 1,2-dibrometan. TEAN
vurderer at en hudnotasjon er berettiget.

SCOELs kriteriedokument fra 2011 legger til grunn at 1,2-dibrometan er gentoksisk. Det samme legges til
grunn av DECOS, som har beregnet at antall ekstra nesekrefttilfeller ved en eksponering for 0,2 mg/m?3 vil
veere 4 nesekrefttilfeller per 1000 arbeidstakere ved en 8 timers arbeidsdag og 40 ar med eksponering.

Nar risikomodellen over brukes, vil et eksponeringsniva tilsvarende den bindende grenseverdien (og Norges
navaerende grenseverdi) gi en tilleggsrisiko for nesekrefttilfeller pa 16 per 1000 for arbeidstakere som er
eksponert over 40 ar, 5 dager i uken og 8 timer hver dag.
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5. Bruk og eksponering

5.1. Opplysning fra Produktregistret
Data fra Produktregisteret er innhentet januar 2020. 1,2-dibrometan inngar ikke i produkter som er

deklareringspliktige i Produktregisteret. Det foreligger derfor ingen opplysninger om mengde eller i hvilke
typer produkter stoffet inngar i og ingen opplysninger om bransjeanvendelse fra registeret.

5.2. Eksponering og maledokumentasjon
5.2.1. EXPO-data

Det er ikke rapporterte malinger av 1,2-dibrometan i STAMIs eksponeringsdatabase EXPO.

5.2.2. Prgvetakings- og analysemetode
| tabell 6 er anbefalte metoder for prgvetaking og analyser av 1,2- dibrometan presentert.

Tabell 6. Anbefalte metoder for prgvetaking og analyse av 1,2 -dibrometan

Prgvetakingsmetode Analysemetode Referanse

Samles opp pa kullrgr og GC-ECD NIOSH metode 10081
ekstraheres med (gasskromatograf med

benzen:metanol 99:1 elektronaffinitetsdetektor)

1 https://www.cdc.gov/niosh/docs/2003-154/pdfs/1008.pdf

6. Vurdering

1,2-dibrometan er klassifisert som et kreftfremkallende stoff med klassifisering carc 1 B (kan forarsake
kreft) i henhold til CLP og av IARC klassifisert i gruppe 2A (sannsynlig kreftfremkallende for mennesker) basert
pa tilstrekkelige bevis pa kreftfremkallende egenskaper i dyreforsgk. Se tabell 4 for komplett klassifisering og
merking i henhold til CLP.

SCOEL (2011) har ikke anbefalt en helsebasert grenseverdi da stoffet er gentoksisk og terskelverdi da ikke
kan settes. Komiteen anbefaler at all yrkesmessig bruk av stoffet unngas. TEAN viser i sin vurdering til
risikomodell fra DECOS (2017) for anslag av ekstra risiko for nesekreft, basert pa inhalasjonsstudier av rotter.
Risikomodellen tilsier at en eksponering for en konsentrasjon pd 0.2 mg/m3 vil kunne medfgre 4 ekstra
tilfeller av nesekreft pr 1000 arbeidstakere nar eksponering 8 timer, 5 dager i uka i 40 ar.

EU’s fastsatte bindende grenseverdi (0,8 mg/m?3) tilsier ved bruk av samme modell og eksponeringstid en
risiko for 16 ekstra tilfeller av nesekreft pr 1000 arbeidstakere. Tilsvarende beregninger vil si at Norges
navaerende grenseverdi (1 mg/m3) utgjgr en ekstra risiko pa 20 nesekrefttilfeller pr 1000 arbeidstakere.


https://www.cdc.gov/niosh/docs/2003-154/pdfs/1008.pdf
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Arbeidstilsynet vurderer at dagens og EU’s bindende grenseverdi tilsvarer en restrisiko som er altfor hgy og
at verdien ma senkes til en tiendedel av dagens verdi eller lavere. En grenseverdi pd 0,1 mg/m? tilsvarer en
restrisiko pa 2 ekstratilfeller av nesekreft pr 1000 arbeidstakere.

EU har fastsatt en bindende hudanmerkning. Stoffet har ikke hudanmerkning pr i dag. TEANs vurderinger
tilsier ogsa at en anmerkning for hudopptak innfgres.

Det er ikke registrert noe data hverken i Produktregisteret eller i eksponeringsdatabasen EXPO og det
mangler derfor informasjon som kan si noe om omfanget av bruken eller malte eksponeringsnivaer av 1,2-
dibrometan i Norge.

Arbeidstilsynet kan ikke se at det foreligger tekniske eller gkonomiske argumenter for ikke a senke
grenseverdien, og basert pa restrisikoberegninger vurderes forslaget til bindende grenseverdi fra EU a vaere
for hgyt. Arbeidstilsynet foreslar derfor en ytterligere reduksjon til 0,1 mg/m?3.

7. Konklusjon med forslag til ny grenseverdi
og anmerkning

Forslag til ny grenseverdi og anmerkning for 1,2-dibrometan:
Grenseverdi (8 timers TWA): 0,1 mg/m3(0,01 ppm)
Anmerkninger: H (Kjemikalier som kan tas opp gjennom huden)

K (Kjemikalier som skal betraktes som kreftfremkallende)

G (EU har fastsatt en bindende grenseverdi for stoffet.)

8. Ny grenseverdi

Dette kapitlet utarbeides etter at ASD har fastsatt den nye grenseverdien — altsa etter drgftingene med
partene, hgringen og endelig forslag fra Arbeidstilsynet.
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Recommendation from the Scientific Committee on
Occupational Exposure Limits for
1,2-dibromoethane (ethylene dibromide)

B-hour TWA: not assigned (see Recommendation)
STEL {15 min): not ossigned
Motation: “ekin"
BLY: not azsigned
SCOEL carcinogen group: A [genotoxic carcinogen, no threshold)
Additional guidance: Any exposure to this compound should be
avoided
Substance identification: 1,2-dibromoethane
Synonyms: ethylens dibromide
Structural formula: Br-CHz-CHz-Br
CAS no.: 1046-73-4

Molecular formula: CzHsBrz
Molecular weight: 187 .84

Melting point: g9

Boiling point: 13167

EU-Classification:
Carc. 1B H320 May cause cancer
Acute tox 3 H33]l Toxic if inhaled.
Acute tox 3 H3 Toxic in contact with skin.
Acute tox 3 H301 Toxic if swallowed.
Eye lmt. 2 H31% Causes sernous eye imtation.
STOTSE 3 H335  May causs respiratory irmtation.
Skan Imt. 2 Hils Couses skinimtation.
Aguatic Chronic 2 H411 Toxic to aguatic life with long lasting effects.

Converzion factor: 1 ppm = 7.6% mg/m3; 1 mg/m? =013 ppm

Cnfteng documents used: This summary rests mainly on the documentfation of [ARC [1599).
This was further supplemented using data compiled by DFE [1974), WHO [1994), the U5
MTP (2002), Guengench et al. [2003], and a recent iterafure search conducted by SCOEL
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1. Occurrence/use and occupational exposure

A primary use of 1,2-dbromoethane (ethyvlene dibromide] has been as a lead scavenger in
antiknock midures odded to gosclines. Lead scavenging agents fransform the combustion
products of lead alkyls to forms thot are more easily vaporised from engine sufoaces. This use
has decreazed with banning the use of lead-containing fuelk in many countres.

Another major use in the post waos as a pesticide and ingredient in soill and grain fumigant
formulations. Currently, the compound is used as a chemical intermediate in synthesis and
as a non-flammable sclvent for resing, gums and waxes. The major chemical made from 1,2-
dibromoethane is vinyl bromide. 1,2-Dibromosthane also has been used as an intfermediate
in the preparation of dyes and pharmaceuticals (MTF 2002).

2. Health significance

1.2-Dibromoethane s “reasonably anficipated to be a human carcinogen” based on
sufficient evidence of carcinogenicity in experimental animals [lARC 1999).

2.1. Toxicokinetics
2.1.1. Hvman data (IARC 19%99)

Hurman liver preparations metabolize 1.2-dibromoethane to water-soluble and fo
ireversibly protein- and DMA-bound metabaolites by both cytochrome P450 and glutathicne
Stransferase (G5T) enzymes (Wiersma et al., 1984). DNA adduct formation occurs also in
isolated human hepatocytes (Crmank et al., 1990).

Thers 5 corvincing evidence that CYP2E] s a major enzyme in the oxidative metabaolism
of 1,2-dioromoethane. Among heterclogously expressed human cytochromes P430, only
CYP2El (low Kn enzyme), CYP2B4 and CYP2AS (high K. enzymes) metabolzed 1,2-
dibromoethane to Z-bromoacetaldehyde (Wormhboudt et al, 19%4), CYPZE] having the
highest intrinsic clearance. Intenndividual varation in P430-catalysed microsomal

metabolism, reflecting presumakly vanakble amounts of CYPZE] enzyme, was almost 50-
fold.

Hurman fetal liver cytosol and several G5T forms from human fostal liver also catalyse the
conjugation of 1, 2-dibromoethane (Kulkami et al., 1992; Mitra et al., 1992). The alpha-class
(Crark et al., 1970) and theta class (Thier et al., 1594] G5T enzymes from human liver are
especially active in the conjugation of 1,2-dibromoethane.

2.1.2. Animal data (IARC 199%, Guengerich 2003)

A scheme of the main metabolic pathways of 1,2-dibromoethans is shown in Figure 1
[according to Hissink et al., 2000).

After intrapentoneal administration of radiclabelled 1,2-dibromoethane to Guinea pigs (30
mafkg bw) or mice (40 ma/lkg bw), the largest portion of the radicactivity was excreted in
urne. The highest levels of rodicoactivity were found in kidney, lver and stomach.
Enzymatic reaction with glutathione [(GSH) in vitro and in vive as well as excretion of
glutathione-denved metabolites in unne of rats and mice have been demonstrated (JARC,
1977]).
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1.2-Dibromoethane was absorbed rapidly through the skin of guinea-pigs and reached
maximal blood levels at 1 h (Jakobson et al., 1982). In rats, 24-h urnary excretion of
radiclabelled 1.2-dibromoethane was > 70 %, and the highest amount at 24 h was found in
the liver and kidneys (Plotnick et al., 197%).

The metabolic pathways of 1,2-dioromoesthane are known in detail. In rodents, the major
routes are oxidation by CYPZE] and conjugation by G5T (Guengerich, 1974; Wormhoudt et
al., 1994). The pamary metabolte formed by CYPZE] 5 2-bromoacetaldehyde, which can
be conjugated with glutathione and enter the mercaptunc acid pathway [Guengerich,
1994). The excretion of thiodiacetic (thiodiglycolic) acid in urine has been suggested as a
biomarker for P430-cotalysed cxidation (Womnhoudt et al., 1997).

The CYPZE]-catalysed pathway appears responsible for a major part of protein binding and
tizzue toxicity, although glutathione conugates alo play a role (Khan et al, 1993;
Womnhoudt et al., 1998). The ratio betwesn the oxdation pathway and the G5T pathway in
rodents in vitro and in vive i about 4. Debromination during oxdative metabolismn may
result in increased bromine concentrations (Guha et al., 1993).

The GS5H conjugation pathway 5 responsicle for the formation of DMNA adducts and
bacteral mutagenicity (Sipe: et al., 1788). The major (> 9% adduct iz 5-[2-[M7-
guanyl) ethyllglutathione [(Cmank et al., 1970). Three minor guanyl or adenyl adducts (1% or
less) are also formed. Yanous forms of G5T differ in their cotalytic activities. The amount of the
major adduct formed in vivo in liver and kidney DMNA s directly proportional to the dose in
rats (Kim & Guengench, 19879). The amount of the adduct can be modulated by inducers of
5T or inhibitors of CYPZET (Kim & Guengench, 1970; Guengench, 1994]), with resultant
consequences for hepatic carcinogenesis (Wong et al., 1982). More DMA adduct was
formed in the livers of rats than in those of mice [Kim & Guengench, 15%0).

The glutathions S-fransferase GSTT1 affects the mutagenicity of 1.2-dibromosthane. In
Salmonella typhimunium TATS535 expressing the rat G5TT1 the number of revertants was
increased compared to the control strain by 1,2-dibromoethane and related compounds
[(Thier et al. 1974).

In whole-body autcradiographic studies, covalently bound rodicactivity from 1,2-
dibromoethane waos detected in the suface epithelia of the entire respiratory and the
vpper alimentary tract: of mice and rats (Brandt, 1534, in the epithelia of the oral cavity,
oesophogus and forestomach of foetal mouse (Kowalskd et al, 1586), and in vaginal
epithelivm of mice and rats (Battebo et al., 1987). DNA damoge waos effected by 1,2-
dibromoethane abko in human and rat nasal mucosa cells in vitro (Holzer et al. 2008).
According to toxicokinetic modeling data, the exrahepatic metabolsm of 1,2-
dibromeoethane must not be neglected [Hissink et al., 2000).

Covalent binding of 1,2-dibromoethane to albumin has been demonstrated after in-vivo
adminiztration of 1.2-dibromosethane to rots and after in-vitro incubation of 1,2-
dibromoethane with hurman albumin (Kaphalia & Ansan, 1992).
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Figure 1. Oxidative [Cytochrome P-450 dependent) and reductive [G3H dependent]
pathwaoys of 1.2-dibromoethane in expernmental animals and in humans (2-BA: 2-
bromoacetaldehyde; G: glutathione; 2-GEMA: 2-guanyl-ethvimercaptunc acid; 2-HEG: 2-
hydroxyethyl-glutathione;  TDA:  thiodiglycolic  acid; 500 sulfowide, 2-HEMA:  2-
hydroxyethylmercaptunc acid). The cyclic episulfonium [thiranium) ion is regarded as the
ultimately DMNA-binding and genotoxic/carcinogenic metabolite (according to Hissink et
al., 2000; modified]

A comparative quantitation of the DNA adducts of 1.2-dibromoethane and related
compounds was peformed oy Watanabe et al. [2007]. Rots and mice were treated i.p.
with  14C-Habeled dichloromethane, dibromomethane, 1.2-dichloroethane, or 1,2-
dibromoethane [5 mg per kg body weight], and livers and kidneys were collected to
izolate DMA. The level of liver or kidney 5-[2-[M[7]-guanyl)ethyl] G5H in rats treated with 1,2-
dibromoethane was approximately 1 adduct/108 DMNA bases; in male or female mice, the
level was approximately one-half of this. The levels of adducts after administration of 1,2-
dichloroethane were 10-50-fold lower.

Toxicokinetic models to quantitatively descrbe the metabolism of 1,2-dibromoethane and
of the chemically related 1,2-dichloroethane in experimental animals have been refined
[Ploemen et al. 1997; Hissink et al. 2000, Sweerey et al. 2008). Assuming that the GSH-
dependent pathway iz relevant for the biclogical activation of 1,2-dibromosethane, it has
been concluded that humans will be less sensitive to the chemical than rodents [Hissink et
al., 2000).

2.1.3. Biological monitoring

Following animal experments in rats affer dosing 1.2-dibromoethane, the excretion of
urnary thiodiglycolic acid (thiodiocetic acid) has been recommended oz a selective
biomarker of exposure (Wormhoudt et al. 1997). The same unnary metabolite is also
formed after exposure to vinyl chlonde [see SCOEL recommendation on vinyl chlonde).
Human field studies invelving biomonitoring of 1,2-dibromosthane, however, are lacking.
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2.2. Acute toxicity

2.2.1. Hvman data

Cases of fatality following acute exposure of humans to 1.2-dioromoethane have been
reported [Humphreys et al. 1997). Two workers died following inhalation exposure while
cleaning a tank used to temporanly store ferilizer mitures. Meither worker hod respiratory
or skin protection. The air inside the tank was sampled approximately 20 b after the
accident, and 1,2-dibromoethane concentrations ranged from 15 to 41 ppm with an
average of 28 ppm. The first worker was exposed for approximately 5 min and the second
for approximately 20-30 min. The fist worker died approxmately 12 h after exposure, and
the second died &4 h after having entered the tank [Letz et al., 1784).

Another fatal poisoning occcurred in a woman who intentionally ingested a capsule
containing 6.5 g 1, 2-dibromoethanse. On admission to hospital, the patient was drowsy,
dizonented and joundiced with mild hepatomegaly. She died eight days later and a post-
mortem liver biopsy revealed congestion and focal liver cell necrosis [Singh et al., 1993).

Recently, Singh et al. [2007] reviewed the daota of swby-four patients with 1,2-
dibromoethane poisoning. All the patients were from Gwalior/India and neighbourng
districts. Out of sixty-four cases 246 patients survived and 38 patients died. Mausea, vomiting
and pain in the abdomen were most common symptoms at presentation. Diarhoea,
drowsiness, palpitations and oliguna were other features. Half of an ampoule (1.5 ml) of
1.2-dibromoethane was sufficient to be fatal. Death cccured anywhere between twelve
hours and five days. Gastrointestinal toxicity was predominant ot presentation. Mausea,
vomiting and abdominal pan was present in all the patients. Mephrotoxicity,
hepatotoxcity, cardiotoxicity, central nervous system toxicity and hypoglycemia were also
okbierved.

2.2.2. Animal data

The expenmental data on acute toxicity of 1,2-dibromoethane have been compiled by
DFZ [1978). In rats, the LC-50 (5 h inhalation) was about 400 ppm. Shor-term exposures of
a few minutes to concentrations of 5000 ppm and higher were lethal for all animals.

Cral LD-30 values reported were 0,144 gfkg for male rats, 0,117 g/kg for female rats, 0.420
alkg for male mice, 0.055 g/kg for female rabbits. In rats, a dermal application of 0.25 mil
of neat 1, 2-dibromoethane was lethal (DFG 1974).

2.3. Irritation and corrosivity

2.3.1. Hvman data

After application of 0.5 ml neat 1,2-dibromoethane to human skin painful ervthema
and cedema occurred after 10 min. After 13-20 min blisters were formed [DFG 1974).

2.3.2. Animal data

Dermal applications of 10% 1.2-dibromoethane to rabbits produced erythema and
oedema. Similarly, application of 10% 1,2-dioromoethane in 1,2-propanediol to rabbit
eyes causes severe conjunctival imtation (DFG 1976).
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2.4. Sensitisation

Mo data were reported (DFG 1974).
2.5. Repeated dose toxicity
2.5.1. Human data

Mo human data were reported following repeated dosing. All availakle clinical data are
reloted to ocute accidental poisonings (see 2.2.1).

2.5.2. Animal data (IARC 1999)

Male and female Fischer 344 rats were exposed by inhalation to 0, 3, 10 or 40 ppm 1,2-
dibromoethane for & h per day on five days per week for 13 weeks for a total of &7-48
exposures in 75-74 days. Animals were kiled after one, six or 13 weeks of exposure and
after a recovery pernod of 88-89 days. At 10 ppm, 1.2-dibromoethane caused slight
epithelial hypemplasia of the nasal turbinates in animals kiled after one, six or 13 weeks of
exposure. However, 88 days after the last exposure, nasal turbinate changes were not
observed. Rats exposed to 40 ppm 1,2-dibromoethane had increased liver and kidney
weights, hyperplosia ond nonkeratinising squamous metoplasia of the respiratory
epithelium of the nasal turbinates. After the recovery penod of 88 days, the turbinates had
reverted to normal histology. The most sensitive response associaoted with repeated
subchronic exposure of rats to 10 or 40 ppm 1,2-dibromoethanes involved pathological
changes in the respiratory epithelium of the naszal turbinates [Mitschke et al., 1581). In
these studies, 2 ppm was defined as the NOEL.

Male and female Fzcher 344 raft: and B4C3F mice were exposed to 3, 15 or 75 ppm 1,2-
dibromoethane for & h per day on five days per week for 13 weeks. Rots and mice
examined after 1.3 wesks of exposure showed severs necrosis and atrophy of the olfactory
epithelium in the nasal cavity after inhalation of 75 ppm 1.2-dibromoethane. Lower
concentrations induced sguamous-cell metaplasia, hypemplasia and cytomegaly of the
epithelium of the respiratory nosal turbinates. Metaplasia, hyperplasia and epithelial
cytomegaly were also seen in other respiratory tissues (larynx, trachea, bronchi,
bronchicles) at this dose (Reznik et al., 1780].

The charactenstics of the naszal lesions in mice following chronic inhalation of 1,2-
dibremosethane were investigated. Male and female B&4C3F mice were exposed to 10 or
40 ppm 1,2-dibromoethane for & h per day an five days per week for 102 (10 ppm) or 70
(40 ppm) weeks. The incidence of hyperplastic lesions was related to the dose of 1,2-
dibromoethane and was eguivalent in males and females. Lesions consisted of focal
areas of cuboidal to columnar cells armanged in a glandular pattern with foci of
hyperplastic sguamous epithelium also seen occasionally. Lesions were usually located in
the antencr [respiratory turbinates) of the nasal cavities. A broad spectrum of proliferative
lesions was observed (Stinson et al., 1581).

Female B&C3R mice were administered 100, 123, 180 or 200 mof/kg bw 1.2-
dibromoethane in corn cil by gavage daily for 14 days. Host resistance was not altered
after challenge with a variety of agents. Decreasss were seen in relative thymus and
spieen weights, red blood cells, hoemoglobin, hoematocnt and responses of
immunological cells in culture. Increases in relative weights of liver and kidney were seen.
The authors concluded that even in animals exhibiting clinical signs of toxicity, short-term
exposure to 1, 2-dibromoethane did not alter the immune integrity of mice as measured
by host resistance assays in vivo (Ratajczak et al., 1974).
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2.4. Genotoxicity

The genotoxicity of 1.2-dibromoethane has been extensively reviewed by |ARC
[1999]). The following gives a summary of the most relevant data, as highlighted by
IARC.

2.6.1. In vitro (IARC, 1999)

1.2-Dibromosthane was mutagenic in boctena, Streptomyces coelicolor, Aspergillus
nidulans. Salmonella typhimunum TA1533 expressing human G3T1-1 showed greatly
enhanced mutagenicity when freated with 1,2-dibromoethane. 1,2-Dibromoethane was
highly mutagenic in Salmonella typhimunum NMS004, which has high levels of G5T (Oda
etal, 1994).

1. 2-Dibromoethane induced delayed sexinked recessive lethal mutations in spermatozoa
and spermatids of adult Drosophila males. Mutations were detected in F2 generations as
well as in the conventional Fz generations.

1.2-Dioromoethane waos mutagenic to Drosophila melonogaster and studies in repair-
proficient and deficient strains suggested that the compound i3 mutagenic through
modification of nng nitrogens of purines (M7 of guanine and M1 of adenine].

1.2-Dioromoethane induced gene mutations, sister chromatid exchanges, chromosomal
abemations and cell transformation in animal cells. It induced mutations in two human
lymphoblastoid cell lines, AHH-1 and TE&, in the absence of exogenous metabaolic
activation. Administration of radiclabelled 1,2-dibromoethane to Wistar rats and BALB/c
mice resulted in binding to DMA, RMNA and proteins (IARC, 199%).

2.6.2. In vivo - hvman data

There have been two studies of 1,.2-dibromoethane workers for cytogenetic effects upon
peripheral vmphocytes. In one of these [Steenland et al [ 1985), full working shift breathing
zone samples of 14 sprayers of felled pine trees in Colorado, United States, indicoted an
average eight-hour time weighted average concentration of 1,2-dibromoethane of 40 pplo,
with a range of 3 to 28] ppb; shor-term samples taken over 4 to 15 min in the breathing
zone durnng times of peak exposures averaged 443 ppb, with a range of 8 to 2145 ppb.
Exposure was for a few months and blood samples were taken before and after exposure.
S non-exposed controls were available who provided blood samples at the same time.

In the other study [Steenland et al, 1784), full working shift breathing zone samples of &0
papayo-packing workers at six different plants in Howaii, United States, indicaoted geometnc
mean exposures to 1,2-dibromoethane ranging from 14 to 173 ppb. Controks consisted of 42
sugar workers from a plant in the same area. In this study, there was control for sex, age,
smoking, alcohol use, prescription and nonprescrphon drug wse and recent liness. There
were no increases in levels of either sister chromatid exchanges or total chromosomal
abemrations as a result of exposure in either study.

2.6.3. In vivo — animal data (IARC, 199%)

1.2-Dioromoethane gave rnse to micronuclel in binucleated perpheral human
lymphocytes after a 4-h exposure, whereas a comparable effect in mononucleated cells
was observed only after continued exposure.
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1.2-Dibromoethane caused a dose-dependent increase in liver DNA akaline-labile sites
and single-strand breaks (a: determined by alkaline elution aszay] in female Sprague-
Dawley rats. It was positive in an unscheduled DNA synthesis assay in rat spematocytes
in vitro out wos negative in the spemmatocytes of rats dosed in vivo. 1,2-Dibromosthans
gave positive results in an amphioian (Pleurodeles walll) micronucleus test but gave
negative results in dominant lethal tests.

The binding of 1.2-dibromosethane to DNA of human and rat hepatocytes is mediated by
GiT-catalysed conjugation to glutathione.

Administration of a single intrapertoneal dose of 1,2-dibromosethane gave nise to 3-[2-(MN7-
guanyl)lethyl]glutathione DMA adducts in livers of several strains of rats (Fecher 344,
Sprogue-Dawley and Osborne-Mendel) and mice (BAC3R, ICR and Af), with levels in
rats being four to five fimes higher than those in mice.

2.7. Carcinogenicity
2.7.1. Human data (IARC 1979)

In one study, die morality of 141 men exposed to 1.2-dibromoethane in two factories
since the mid-1920: and 1942, respectively, was investigated. By January 1574, 36 workers
had diel, seven of them from cancer (5.8 expected] (Ot et al., 1780). In another study,
the mortality of 2510 male workers employved at a chemical plant was investigated. 1,2-
Dibromoethane was one of the several chemicals used and was apparently a minor
component of the mixed exposure. Mo significant excess of cancer at any site was found
[Sweeney et al., 1984).

In the United 5tates. 1.2-dibromoethane haos been used as a fumigant in the grain
industry since the 1940s. Alavanja et al. [1990) analysed mortality during 195585 in 22 938
white men who were enrolled in the life insurance programme of the Amerncan
Federation of Grain Millers. Among a subset of 9440 who worked in flour mills [where
pesticides were used more freguently). 1914 deaths were recorded, gving o standardized
mortality ratio (3ME) of 0.9 based an national rates (p < 0.05). These included 25 deaths
from leukaemia (SME, 1.4, not significant) and 21 from non-Hodgkin's lvmphoma (SME, 1.5,
not significant). In a nested case-control study, having ever been employed in a flour mill
was significantly associated with mortality from non-Hodgkin's lymphoma (21 coses; odds
ratio, 4.2; 95% confidence interval [Cl), 1.2-14.2) and pancreatic cancer (33 cases; odds
ratio, 2.2; 95% CI, 1.1-4.3) but not leukaemia (25 cases; odds ratio, 1.8; 95% Cl, 0.5-3.9).
[IARC noted in its evaluation that the interpretation was difficult in the absence of
information about iIndividual exposures to specific fumigants.]

2.7.2. Animal data (according to IARC, 1999)

Oral administraticn

Groups of 50 male and 30 fermale B&C3F mice, five weeks of age, were administered daily
time-weighted averoge doses of &2 and 107 mofkg bw technicalgrade 1,2-
dibromoethane (punty 77.1%) in com oill by gavage an five days per week for 33 weeks,
followed by observation for 24-37 weeks. A group of 20 male: and 20 females received
corm ol alone and served as vehicle controls, and a further group of 20 males and 20
fermales served a: untreated controls. Sguamous-cell carcinomas of the forestomach were
observed in both sexes (males: vehicle control, 0/20; low dose, 45/30; high dose, 2%5/4%;
females, 020, 45/4%, 26/50). The incidence of alveolar/bronchiclor odenomas was
significantly higher in freated mice of each sex than in vehicle controls (males, 0720, 4/45,
10/47 (p = 0.02); fernales, 020, 11/43 (p = 0.0079), &4/44) (United States Mational Cancer
Institute, 1978).
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Groups of 30 male and 30 female B&4C3F mice werse administered 4 mmolfl 1,2-
dibromoethane (purty > 99%). a dose equivalent to 1146 ma/kg bw for males and 103
mafkg bw for females) in distilled drinking-water for 430 days. A control group of &0
males and &0 females was given distiled drinking-water. 1,2-Dibromoethans induced
squamous-cell carcinomas of the forestomach in 26/28 males and 27/29 females and
squamous-cell papilloma of the cesophagus in 3730 females compared with none in 45
male and 30 female controls (Van Duuren et al., 1983).

Groups of 30 male and 30 female Csbome-Mendel rats, five wesks of age, wers
administered daily time-weighted overage doses of 38 or 41 (males) and 37 or 3%
(females) ma/kg bw techrical-grade 1,2-dibromoethane (purty, 79.1%) in com oil by
gavage an five days per week for 36-57 weeks followed by observation for 2-13 weeks. A
group of 20 males and 20 females received com oil alone and served as vehicle controls.
Squamous-cell carcinomas of the forestomach were observed in 45/30 low-dose males,
33/530 high-dose males, 40/30 low-dose females and 29/50 high-dose females, while none
was observed in controls. The lesions, seen as early as week 12, were locally invasive and
eventually metastasised. A significantly higher incidence of haemangiosarcomas of the
spleen was observed in low-dose males (/20 controls, 10/50 low-dose and 3/4% high-dose]
(United States Mational Cancer Institute, 1978).

Inhalation exposurs

Groups of 50 male and 30 female B&C3FR mice, five weeks of age, were exposed by
whole-body inhalation to air containing O [control], 10 or 40 ppm 1,2-dibromoethane
(punty, 99 3-99 4%] for 78-1046 weeks. The incidence of alveolar/ bronchiclar carcinomas
and alveclar/bronchiclar adenomas was significantly higher in exposed male and female
mice than in contrals. The incidence of haemangiosarcomas of the circulatory system,
fiorosarcomas  in subcutonsous  fissue, carcinomas of the nosal cavity and
adenocarcinomas of the mammary gland was significantly increased in females [see
Appendix) (United States Mational Toxicology Program, 1982).

Groups of 50 male and 30 female Fscher 344 rats, five weeks of age, were exposed by
whole-body inhalation to air containing O [control], 10 or 40 ppm 1,2-dibromoethane
(punty, 99.3-99 4%) for §58-104 weseks. The incidence of carcinomas, adenocarcinomas and
adenomas of the nasal cavity and hoemangiosarcomas of the circulatory systerm was
significantly increased in exposed male and female rats. The incidence of mesotheliomas
of the tunica vaginals ond adenomatous polyps of the nasal cavity in males and of
fioroadenomas of the mammary glond and alveclar/bronchiclar adenomaos and
carcinomas [(combined) in fermales was abko significantly increased (see Appendix] [United
States Mational Toxicology Program, 1982).

Groups of 48 male and 48 fermale Sprague-Dawley weanling rats were exposed by whaole-
body inhalation to 0 or 20 ppm 1.2-dibromosthane (purity 99%) for 7 b per day an five
days per week for 18 months. Bats inhalng 20 ppm 1.2-dibromoethane vapour had
significantly higher mortality than the controls. Among treated rats, 10/48 males and &/48
females developed hosmangiosaorcomaos of the spieen compared with 0/48 male and
0/48 female controls. Mammary tumours [benign and malignont combined) occurred in
25/48 treated females compared with 2/48 controls. Subcutaneous mesenchymal turnowurs
were found in 11/48 males compared with 3/48 controls (Wong et al., 1982).

Skin application

Mouse: Groups of 30 female HalCR Swiss mice, six to eight weelks of age, received thrice-
weekly skin applications of 25 or 50 mg per animal 1,2-dibromosthane (purity, > 99%)] in 0.2
mlL acetone an the shoved dorsal skin, or applications of acetone alone or served as
untreated controls. The times to the fist appearance of skin tumour (papiloma) wers 434
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days for the 25-mg group and 375 days for the 30-mg group. In comparizon with controls,
both groups showed a significantly increased incidence of lung papilary adenomas
(24/30 low-dose, 26/30 high-doze) and, in the 30-mg group, a significant increase in the
incidence of skin papillomas (8/30) {Van Duuren et al_, 1977].

2.8. Reproductive toxicity

2.8.1. Hvman data (IARC, 1999)

A retrospective assessment of the potential antiferiity influence of 1, 2-dibromoethane was
conducted by studying the meproductive perormaonce of men exposed to 1.2-
dibromoethane in the workploce. Data were oblaned from four chemical plants
manufacturing 1,2-dibromoethane located in the Southem part of the United 3Staotes
[Arkansas and Texas). Exposures in the plants ranged from less than 0.5 ppm to 5 ppm.
Evaluations were made exclusively an the basiz of the men's reproductive histones of live
births to their wives, subsequent to their occupational exposure. The number of Iive births was
compared with the expected number denved from national ferfility tables. One of the four
plants studied showed a significant decrease in fertility; however, when data from the four
plants were combined, thers was no significant effect of 1,2-dibremosthane exposure an
reproductive performance (Wong et al,, 1979).

The effect of long-term exposure to 1.2-dibromoethane on semen quality was studied
among 44 men employed in the Papaya fumigation industry in Howail, United States, with
an average duration of exposure of five years and an overoge exposure to 1,2-
dibromoethane of 8§ ppb as an §-h time-weighted average, with peak exposures up to 242
ppo. The comparson group was 43 unexposed men from a sugar refinery. Significant
decreases in sperm count, viakble and motile sperm and increases in sperm with
morphological abnormalities were observed among exposed men. The authors suggested
that exposure to 1,2-dibromoethane may increase the nsk of reproductive impairment in
workers at exposure levels near the recommended limit af that time of 45 ppb (Ratcliffe et
al., 1987).

A longitudinal study was conducted in 10 forestry employees and sk unexposed men in
Colorado, United States, with an exposure time of approximately six weeks. Sperm velocity
decreased in all 10 exposed men and in only two unexposed men. Semen volume was
alzo decreased. The time-weighted averoge exposure of these men was 40 ppb with peak
exposures in the order of 2185 ppk. The authors suggested that the exposure may have
effected the accessory sex glands and that 1,2-dibromoethane may have multiple sites of
action (Schrader et al., 1958).

2.8.2. Animal data (IARC, 1999)

The effect of 1, 2-dibromosthane on reproduction was studied in male and female CD rats
exposed to 0, 19, 37 or 87 ppm 1,2-dibromoethane for 7 b per day on five days per week
for 10 weeks. Morbidity and mortality were cobserved at the highest concentration. Males in
this group had reduced testicular weight, reduced serum testosterone concentration and
failed to impregnate any females durng a twoweek mating perod. Afrophy of the testes,
epididymiz, prostate and seminal vesicle: was abo observed. Reproductive performance
of males exposed to the lower doses (19 or 37 ppm) was not impaired. Females in the
highest-dose group did not cycle nommally until several days after termination of exposure.

However, the reproductive performance of females in the lower-dose groups was normnal
(Short et al., 1979).
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Male Mew ledaland white rabbitz were given subcutaneous injections of 15, 30 or 45 mg/kg
bw 1, 2-dibromoethane per day for five days. Semen samples were taken before exposure,
during freatment and dunng 12 weeks after exposure and analysed for serum
concentration, number, morphology, wviakility and motion parameters. Ferfility was
assessed by arfificial insemination. Mortality, hepatotoxicity and alterations in measured
semen parameters were observed in the highest-dose group. Fertility and fetal structural
development were unaffected. The author noted that semen parameter [velocity,
percentage motility, amplitude of lateral head displacement) were affected only at doses
close to the LDso (53 mafkg) (Wiliams et al., 1991).

The effect of exposure to 1, 2-dibromoethane on oestrus cycling was investigated in female
B&C3R mice given by govage 3125, 2.5 or 125 mafkg bw on five days per week for 12
wesks. Vaginal smears showed that the oestrous cycle was significantly longer ot die
highest doze (Ratajczak et al., 1973). The effect of inhaled 1.2-dibromosthans dunng die
gestation penod in rats and mice was investigated by exposing pregnant CD rats and CD-
1 mice to 20, 38 and 80 ppm 1,2-dibromosthane for 23 h per day over 10 days, beginning
an day & of gestafion. Rats and mice were kiled an gestational days 20 and 18,
respectively. 1,2-Dibromoethans was mare toxic to pregrnant mice than pregnant rats. All
of the mice exposed to 80 ppm died durng the study. A significant increase in adult
mortality occured in rats expozed to 80 ppm and in mice exposed to 38 ppm or 80 ppm
1. 2-dibromeoethane. 1,2-Dibromoethane produced adverne effects on matemal welfare as
measured by weight change, feed consumption and survival in both species at all doses
tested. Fetal mortality was increased in rafs exposed to 80 pprm and in mice exposed to 35
ppm. Reduced body weights were observed in fetuses from rats exposed to 38 ppm and in
mice exposed fo 20 or 38 ppm 1.2-dibromoethane. Signs of fetal toxicity occuwred ot 1,2-
dibromoethane concentrations that adversely affected the dam (Short et al., 1978).

The effects of 1,2-dibromoethane exposure in male rats were studied through behavioural
assessments of theirr B progeny. Fischer 344 male rats were freated by subacute
infrapentoneal injechon of a daily dose of 1.25, 2.5, 5 or 10 ma/kg bw 1.2-dibromoethane on
five successive days. Four weelks or nine weeks after the last injection, males were crossed
with vingin fernales. Behavioural assessment of motor reflexes and motor coordination were
examined in the offspring up to 21 days of age. Significant differences in the development
of motor coordination and motor activity were observed in the b1 progeny (Fanini et al.,
1984]). In a review of expermental male-mediated behavioural and neuvrochemical
disorders, Melson et al. [19%4] noted that, although the above study is suggestive of effects in
offspring following paternal exposures, only one laboratory haos studied these effects.

Rat embryo cultures were uzed by Brown-Woodman =t al. (1998]) to awmes: effects of
hologenated hydrocarbons on embryonic development. A no-effectHevel for 1,2-
dibromoethane was found below 0.18 micremol/ml medium.

Recommendation

1.2-Dibromosthane 5 cleardy carcinogenic based on amimal experiments (JARC 1999).
When adiministered by govage in ol technicalgrade 1,2-dibromosthane induced
squameous cell carcinomas in the forestomoch of rats of both sexes, hepatocellular
carcinomas in femnales, and hoemangicsarcomas in males. By the same route of
administration it induced squameous cell carcinomas of the forestormach and alveolar-
bronchiolar adenomas in mice of both sexes (U5, MNCI 1778, US. NTF 2002). When
adminstered by inhalation, 1.2-dibromoethane  induced increased incidences of
carcinomas, adenocarcinomas and adenomas of the nasal cavity and
hoemangiosarcomas of the circulatory system in male and female rats; mesotheliomas of
the tunica waginali: and adenomatous polyps of the nosal cavity in males; and
fioroodenomas of the mammary glond aond alveclar-bronchiclar odenomaos and
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carcinomas in females. 1,2-Dibromosthane administered by inhalation induced alveolar-
bronchiclar carcinomas and adenomas in mice of both sexes, and haemangiosarcomas,
subcutaneous fibrosarcomas, carcinomas of the nasal cavity, and adenocarcinomas of
the mammary gland in females (U5, NTP 1982). The carcinogenic effect in rodents was
aready very clear at inhalation exposures to 10 ppm 1. 2-dibromoethane. Topical
application induced tumours of the skin, lung and forestomach in mice [JARC 1999). No
adeqguate epidemioclogical data are availakble to evaluate the potential carcinogenicity
of the compound in humans. The epidemiological studies that examined cccupational
exposure to 1.2-dibromoethane were considered inconclusive, due to exposures to
mixtures of chemicals and the low statistical power of the studies [|ARC 1979).

Thus, 1,2-dibromosthane presents itself oz o both a local and systemic expenmental
carcinogen. [ts mode of action iz cleardy genotoxic. The biological activation pathway is
mediated by glutathione-3-transferases, leading to formation of a very reactive
episulfonium (thiranium)] ion. As these enzymes 5 albo active in humans, o carcinogenic
effect in humans, qualitatively similar to that in rodents, appears likely. Quantitatively,
toxicokinetic modelings suggest that humans ocught to be less sernsitive than rodents, so
that conventional nsk analyses could overestimate the human cancer sk ot
occupationally relevant exposure concentrations [Hissink et al., 2000). However, the
glutathione-dependent activation pathway remains active even at low concentrations of
1.2-dibromoethane [Ploemen et al., 19%7), without indication of a deviation from linearity.

1.2-Dibromeoethane is much more active (10-30 times, based on DMA adduct formation;
Watanabe et al., 2007) than itz chlonnated analogue, 1,2-dichloroethane, although the
activation pathway is similar in both cases.

Hence, 1,2-dibromoethane i5 categonsed info the SCOEL carcinogen group A (Bolt and
Huici-Montagud, 2008), as a genotoxic carcinogen without g threshold.

The guantitative dota on corcinogenicity and the present state of toxicokinetic inter-
species modeling do not permit o reasonable and reliable quantitative cancer nsk
assessment for humans ot the present fime. I & therefore recommended that
occupational contact with 1,2-dibromoethane should be avoided. In this context, it must
be noted that expermentally the carcinogenicity iz already clear-cut at airbome
concentrations of 10 ppm, and that lower concentrations have not been tested [ses
Appendix).

1.2-Dibromoethane as alqo a reproductive toxicant, both expenmentally (see 4.5.2) and in
hurmans (see 4.9.1). The data of Ratcliffe et al. (1987], which are basically supported by
those of Schrader et al. (1988). point to an increase in reproductive impairmment in workers
already at airborme concentrations around 45 ppb (0.045 ppm).

Based on the available expermental toxicity data [see 2.22) a “skin" notation appears
justified.
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Appendix
Inhalation carcinogenicity data, as compiled by IARC [1999)
Appendix 1. Incidence of tumours in mice exposed fo ethylene dibromide by inhalafion exposure

(compilation by IARC, 1999)

Turmnour type Males Females
10 ppm O 10 ppm 40 ppm
Lung, alveclar/bronchiclar
Adenoma o/ 0/48  11/48" 349 7149 13450
Carcinoma

0/f41 3748 19/48% 1/4% Sj4% 37 /50
Circulatory Systemn

Hoemangiosarcoma OF50 11/50%  Z3/50%
Subcutanecus tissue
Fibrosarcoma Ofs0 &150¢ 11/50%
MNasal cavity
Carcinoma /50 0750 &f50*
Maommary gland
Adenocarcinoma 2750 14750*  Bf50*

From: United States Wafional Toxicclogy Program (1982) *p<0.05

**p=0.001

Appendix 2. Incidence of tumows in rofs exposed fo ethylene dibromide by inhalofion exposure
(compilation by I1ARC, 1999)

Tumour =
fve dal Females
0 10 ppm 40 ppm O 10 ppm 40 ppm
Masal cavity
Adenoma Q50 11750 Of50 Qrs0 11450 350
Carcinoma
Of50  Ofs0 21/50**  0f50 0r50 2550
Adenocarcinoma
Of50 20750 28/50* 050 204504+ 20504
Circulatory System
Hoemangiosarcoma
050 150 15450  0Of50 030 &fs0*
Tunica vaginalis
Mesothelioma 0/50  7/50% 5 50
Marmmary gland
Fbroadenoma 4/50 26 /50%* 24750
Lung alvedlarfbronchiclar
Adenoma and 0/50 0f48
carcinoma Sf4F

From; Urited States National Toxicology Program (1982) * p < 005
**op=0.001
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