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Forord

Grunnlagsdokumenter for fastsettelse av grenseverdier utarbeides av Arbeidstilsynet i samarbeid med
Statens arbeidsmiljginstitutt (Stami) og partene i arbeidslivet (Naringslivets 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 ma 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-klor-2,3-
epoksypropan (epiklorhydrin). 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 toksikolgisk ekspertgruppe for grenseverdier, TEAN, ved Statens arbeidsmiljginstitutt.

1. Stoffets identitet

1-klor-2,3-epoksypropan (epiklorhydrin) og dets molekylformel, stoffets identifikasjonsnummer i Chemical
Abstract Service (CAS-nr.), European Inventory of Existing Commercial Chemical Substances (EINECS-nr. el.

EC-nr.) er gitt i tabell 1. Strukturformler av epiklorhydrin er vist i figur 1.

Tabell 1. 1-klor-2,3-epoksypropan (epiklorhydrin) og dets identitet.

Kjemisk navn

Molekylformel

1-klor-2,3-epoksypropan
C3HsClO

Synonymer epiklorhydrin
CAS-nr. 106-89-8
EC-nr. 203-439-8
Index-nr. 603-026-00-6

O
Cl

Figur 1. Strukturformel av 1-klor-2,3-epoksypropan (epiklorhydrin), https://en.wikipedia.org/wiki/Epichlorohydrin.

2. Fysikalske og kjemiske data

1-klor-2,3-epoksypropan (epiklorhydrin) er en reaktiv, etsende og brannfarlig fargelgs veeske med skarp s@tlig
lukt. Vaesken er ulgselig i vann, men blandbar med polare organiske Igsningsmiddel. Det vises til tabell 2 for

fysikalske og kjemiske data for epiklorhydrin.


https://en.wikipedia.org/wiki/Epichlorohydrin
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Tabell 2. Fysikalske og kjemiske data for 1-klor-2,3-epoksypropan (epiklorhydrin).

Molekylformel C3HsClO
Molekylvekt (g/mol) 92,52

Fysisk tilstand Fargelgs vaeske med skarp lukt
Smeltepunkt (°C) -47

Kokepunkt, kPa (°C) 111

Flammepunkt (°C) 27,6
Selvantennelsestemperatur (°C) 411

Tetthet, 20 °C (g/cm3) 1,21

Damptetthet (luft=1) 3,29

Damptrykk, 20 °C (mmHg) 16,4
Fordelingskoeffisient n-oktanol/vann (logKow) 0,54

Lgselighet i vann (mol/I) 0,712
Eksplosjonsgrenser (%)

Nedre (UEL) 3,8

@vre (LEL) 21

Luktterskel (ppm) 10
Omregningsfaktor, 20 °C 1 ppm = 3,85 mg/m3

Data er gitt av TEAN.

2.1  Forekomst og bruk

Epiklorhydrin er en kjemikalie som i hovedsak blir brukt til produksjon av andre kjemikalier, for eksempel
glyserin (CsHs(OH)s). Stoffet blir ogsa brukt til produksjon av epoksy ved alkylering av bisfenol A og harpiks av
fenoksy, til herding av propylenbasert gummi, og som Igsemiddel for cellulose, estere og etere samt i harpiks
med hgy vatfasthet for papirindustrien.

3. Grenseverdier

3.1 Naveerende grenseverdi
Navaerende grenseverdi (8 timer) i Norge med anmerkninger for 1-klor-2,3-epoksypropan (epiklorhydrin) er:

0,5 ppm (1,9 mg/m?3) med anmerkninger H (kjemikalier som kan tas opp gjennom huden), A (kjemikalier som
skal betraktes som at de fremkaller allergi eller annen overfglsomhet i gynene eller luftveier, eller som skal
betraktes som at de fremkaller allergi ved hudkontakt) og K (kjemikalier som skal betraktes som
kreftfremkallende).

Denne grenseverdien ble revidert og fastlagt som administrativ norm med anmerkning H i 1978, med
anmerkning K i 1988 og med anmerkning A i 1994. Denne administrative normen ble senere forskriftsfestet
i 2013 i den da nye forskrift om tiltaks- og grenseverdier.
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3.2. Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOELs kriteriedokument av september 2011 [I] anbefaler ingen
helsebasert grenseverdi for epiklorhydrin, men henviser til DECOS. EU har fastsatt en bindende grenseverdi
for epiklorhydrin basert pa anbefalinger fra DECOS. 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:

BOELV (Binding Occupational Exposure Limit Value): 1,9 mg/m3(TWA 8 timer) med anmerkning «skin».

3.3. Grenseverdier fra andre land og organisasjoner

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

Tabell 3. Grenseverdier for 1-klor-2,3-epoksypropan (epiklorhydrin) fra andre land og organisasjoner.

Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
ppm mg/m3 ppm mg/m3

Sverigef] 0,5 1,9 1 4 C (kreftfremkallende), H (hudopptak), S
(sensibilserende)

Danmarkf] 0,5 1,9 H (hudopptak), K (kreftfremkallende)

Finlandf 0,5 1,9 hud

Storbritanniaf] 0,5 1,9 1,5 5,8 Carc (kreftfremkallende)

Nederlandf 0,19

Tyskland, The German 2(1) 8(1) 4(1) 16 (1) (1) - foreslatt tolererbar kreftrisiko

Committee on Hazardous 0,6 (2) 2,3(2) (2) - foreslatt forelppig akseptabel

Substances (Ausschuss fur kreftrisiko

Gefahrstoffe, AGS)E

OSHA, USA 5 19

Tyskland, Myndighetene, 0,6 (b) 2,3 (b) (b) Akseptabel konsentrasjon forbundet

Bauaf] med risikoen 4:10000

2(2) 8(2) (2) Tolererbar konsentrasjon pa

grunnlag av en ikke-kreftfremkallende
effekt.
H (hudopptak)

ACGIH, USA} 0,5 Skin (hudopptak)

1 Arbetsmiljoverkets Hygieniska gransvarden AFS 2018:1,
https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2018-1.pdf0,5

2 At-vejledning, stoffer og materialer - C.0.1, 2007, https://at.dk/media/5941/c-0-1-graensevaerdilisten-2007-t.pdf

3 Social og halsovardsministeriet, HTP-virden, Koncentrationer som befunnits skadliga, Helsingfors, 2016,
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160972/STM 10 2018 HTPvarden 2018 WEB.pdf?sequence=1&isAllo
wed=y.

4EH40 andre utgave, 2013, https://www.hse.gov.uk/pubns/priced/eh40.pdf

5 https://www.ser.nl/nl/thema/arbeidsomstandigheden/Grenswaarden-gevaarlijke-stoffen/Grenswaarden/Epichloorhydrine
6 AGS, GESTIS International limit values, https://limitvalue.ifa.dguv.de/WebForm ueliste2.aspx

7Baua, TRGS 910, 2014 revidert 1.7.2020, https://www.baua.de/EN/Service/Legislative-texts-and-technical-
rules/Rules/TRGS/pdf/TRGS-910.pdf? _blob=publicationFile&v=2

8ACGIH, TLVs and BEls, Threshold Limit Values for Chemical Substances and Physical Agents & Biological Exposure

Indices, 2020.



https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2018-1.pdf
https://at.dk/media/5941/c-0-1-graensevaerdilisten-2007-t.pdf
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160972/STM_10_2018_HTPvarden_2018_WEB.pdf?sequence=1&isAllowed=y
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160972/STM_10_2018_HTPvarden_2018_WEB.pdf?sequence=1&isAllowed=y
https://www.hse.gov.uk/pubns/priced/eh40.pdf
https://www.ser.nl/nl/thema/arbeidsomstandigheden/Grenswaarden-gevaarlijke-stoffen/Grenswaarden/Epichloorhydrine
https://limitvalue.ifa.dguv.de/WebForm_ueliste2.aspx
https://www.baua.de/EN/Service/Legislative-texts-and-technical-rules/Rules/TRGS/pdf/TRGS-910.pdf?__blob=publicationFile&v=2
https://www.baua.de/EN/Service/Legislative-texts-and-technical-rules/Rules/TRGS/pdf/TRGS-910.pdf?__blob=publicationFile&v=2

8 1-klor-2,3-epoksypropan (epiklorhydrin)

3.4. Stoffets klassifisering

1-klor-2,3-epoksypropan (epiklorhydrin) er klassifisert og merket i henhold til CLP Annex VI
(Europaparlaments og radsforordning (EF) nr. 1272/2008 av 16. desember 2008), tabell 3.1 (Liste over
harmonisert klassifisering og merking av farlige kjemikalier). Epiklorhydrin er klassifisert og merket med
koder i henhold til fareklasse, kategori og faresetninger, som gitt i tabell 4.

Tabell 4. Fareklasser, farekategori med forkortelse, merkekoder og faresetninger for 1-klor-2,3-epoksypropan (epiklorhydrin).B8

Fareklasse
Farekategori
Forkortelse Merkekode Faresetning

Brannfarlige vaesker H226 Brannfarlig vaeske og damp
Kategori 3
Flam. Lig. 3

Akutt giftighet H301 Giftig ved svelging
Kategori 3
Acute Tox. 3

Akutt giftighet H311 Giftig ved hudkontakt
Kategori 3
Acute Tox. 3

Etsende/irriterende for huden H314 Gir alvorlige etseskader pa hud og gyne
Kategori 1 (underkategori 1A, 1B og 1C)
Skin Corr. 1B

Sensibiliserende ved inndnding eller hudkontakt H317 Kan utlgse en allergisk hudreaksjon
Hudsensibilisering Kategori 1 (underkategori 1A og 1B)
Skin Sens. 1

Akutt giftighet H331 Giftig ved innanding
Kategori 3
Acute Tox. 3

Kreftfremkallende egenskaper H350 Kan forérsake kreftf]
Kategori 1A Kategori 1B
Carc. 1B

1 CLP ((Forordning (EC) Nr. 1272/2008), http://www.miljodirektoratet.no/Documents/publikasjoner/M259/M259.pdf
2 https://echa.europa.eu/information-on-chemicals/cl-inventory-database

3Angi eksponeringsvei dersom det med sikkerhet er fastslatt at ingen andre eksponeringsveier er arsak til faren.

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 epiklorhydrin.


http://www.miljodirektoratet.no/Documents/publikasjoner/M259/M259.pdf
https://echa.europa.eu/information-on-chemicals/cl-inventory-database
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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 sgkbare: ECHA-sgk.

| tillegg til regelverk for grenseverdi og klassifisering som er omtalt i dette dokumentet, kan man sgke andre
gjeldende regelverk for epiklorhydrin her: Epiklorhydrin.

4. Toksikologiske data og helseeffekter

4.1  Anbefaling fra SCOEL

SCOEL vurderer epiklorhydrin som kreftfremkallende gruppe A (sannsynlig kreftfremkallende for mennesker)
med en virkningsmekanisme uten en terskel for effekt, og SCOEL anbefaler derfor ingen bindende
grenseverdi for epiklorhydrin. | tillegg anbefales en hudnotasjon «skin». Se anbefalingene fra SCOEL i vedlegg
1.

4.2 Kommentarer fra TEAN

Grunnlag for bindende grenseverdi for epiklorhydrin

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

Kreftklassifisering

IARC (1999) har klassifisert epiklorhydrin som kreftfremkallende i gruppe 2A og NTP konkluderer som
«Reasonably anticipated to be a humant carcinogen» i sitt dokument «Reports on Carcinogens» (ROC),
2016.[3] De epidemiologiske dataene er ikke tilstrekkelige for & evaluere kreftfremkallende egenskaper av
epiklorhydrin hos mennesker. Den navaerende kreft-klassifiseringen bygger pa data fra forsgksdyr, som viser
tilstrekkelig evidens for kreftfremkallende egenskaper.

EU-kommisjonen har brukt SCOEL (2011) som et viktig toksikologisk underlag for epiklorhydrin i forbindelse
med innfgring av den andre revideringen av CMD. Andre komiteer som har foretatt vurderinger av
epiklorhydrin, er MAK, 2015 [4], ACGIH, 1997 [5], DECOS, 2000 [6] samt BAUA, 2012 [7]. Det er sgkt etter
nyere litteratur for epiklorhydrin, men TEAN har ikke funnet studier som vil endre de vurderingene som er
gjort av disse vitenskapskomiteene.

Helseeffekter og dose-respons relasjoner

Det er bred enighet om de kreftfremkallende egenskapene til epiklorhydrin, og at virkningsmekanismen for
epiklorhydrin er gentoksisitet uten terskelniva ved sin direkte alkylerende egenskap pa DNA. Pa grunn av de
kjemiske egenskapene som et reaktivt epoxid, vil epiklorhydrin hovedsakelig virke kreftfremkallende lokalt
avhengig av eksponeringsveien, men epiklorhydrin ser ogsa ut til a kunne virke systemisk.

SCOEL vurderer ogsa epiklorhydrin som kreftfremkallende gruppe A, med en virkningsmekanisme uten en
terskel for effekt, og at det derfor ikke er mulig a utlede en helsebasert OEL. Det er knyttet risiko til ethvert
eksponeringsniva, og det anbefales derfor at enhver yrkesmessig eksponering for epiklorhydrin bgr unngas.
SCOEL henviser for g@vrig til DECOS (2000) sine kvantitative risikovurderinger av de kreftfremkallende


https://echa.europa.eu/legislation-finder
https://echa.europa.eu/substance-information/-/substanceinfo/100.003.128
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egenskapene til epiklorhydrin. Siden det epidemiologiske datagrunnlaget for 3 gjgre en kvantitativ
risikovurdering er utilstrekkelig, sa har DECOS basert sine vurderinger pa dyre-eksperimentelle data. Det
antas at toksikokinetikken for epiklorhydrin og virkningsmekanismene for de kreftfremkallende egenskapene
hos dyr er relevante for mennesker.

Den kvantitative risikomodellen fra DECOS er basert pa linezer ekstrapolering, og gir fglgende sammenhenger
mellom epiklorhydrin-eksponering og ekstra kreftrisiko ved daglig yrkeseksponering over 40 ar som
presentert i tabell 5.

Tabell 5. Oversikt over eksponering og ekstra kreftrisiko ved yrkeseksponering over 40 ar for 1-klor-2,3-epoksypropan
(epiklorhydrin).

Epiklorhydrin Epiklorhydrin Risiko ved 40 ars
(mg/m?3) (ppm) yrkeseksponering
0.19 0.05 4:100 000 (4x10°)
1,9* 0.5 4:10 000 (4x10%)

19 5 4:1000 (4x103)

* Grenseverdien slik den er fastsatt i direktiv: 2004/37/EF

BAUA utfgrte sin egen kvantitative risikovurdering av epiklorhydrin i 2012 basert pa det samme
datagrunnlaget, og kom frem til lignende risikomatrise som DECOS gjorde i 2000.

Andre helseeffekter enn kreft
Pa grunn av de kjemiske egenskapene som et reaktivt epoxid, virker epiklorhydrin sterkt korrosivt bade mot
hud, gyne og slimhinnene i luftveiene.

TEANSs vurdering

De kreftfremkallende egenskapene for epiklorhydrin, samt at stoffet virker med ikke-terskel mekanisme er
godt dokumentert. Ut fra den eksisterende kunnskapen om epiklorhydrin vurdere TEAN risikovurderingen
som er presentert i tabellen ovenfor som et godt grunnlag for a kunne fastsette en bindende grenseverdi for
epiklorhydrin.

TEAN stgtter en hudnotasjon (H) for opptak av epiklorhydrin giennom hud, men det kan ikke utelukkes at
opptak delvis kan skje etter korrosiv skade. Systemisk toksisitet som oppstar etter gjentatte appliseringer av
fortynnet epiklorhydrin pa hud, indikerer at opptak gjennom hud kan vaere viktig (MAK, 2015).

Det er visse holdepunkter for at epiklorhydrin kan gi hud-sensibilisering, slik at relevant anmerkning for dette
bgr beholdes i norsk regelverk.
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5. Bruk og eksponering

5.1. Opplysning fra Produktregistret

Data fra Produktregisteret er innhentet fra 2020, og inneholder opplysninger om mengde og bruk av 1-klor-
2,3-epoksypropan (epiklorhydrin) i deklareringspliktige produkter. Netto maksimal mengde av epiklorhydrin
i 90 deklareringspliktige produkter utgjgr totalt 4160,2041 tonn hvorav 4160,2035 tonn av disse utgjgr
import.

Epiklorhydrin inngar i produksjon av bl.a. skotgy, kjemikalier, maling og lakk, farmasgytiske ravarer og
metaller, og til bygging av skip og flytende materiell, malerarbeid, gulvlegging og tapetsering.

Pa grunn av sikkerhetsbestemmelsene i Produktregisteret kan vi ikke gi eksakte opplysninger om
produkttypekode, produkttype (<4 produkter) og netto mengde (< 0,4 tonn) for epiklorhydrin.

5.2. Eksponering og maledokumentasjon
5.2.1. EXPO-data

Rapporterte eksponeringsmalinger av 1-klor-2,3-epoksypropan (epiklorhydrin) er hentet fra Stamis
eksponeringsdatabase EXPO, se tabell 6 for eksponeringsmalinger. Malingene er utfgrt i 2012 og resultatene
viser totalt 10 personbarne prgver oppgitt med konsentrasjonsangivelse ppm som alle er sveert lave (<0,01
ppm). Malingene er foretatt i neeringen produksjon av andre organiske kjemiske ravarer.

Tabell 6. Oversikt over nzering hvor det er foretatt eksponeringsmalinger av 1-klor-2,3-epoksypropan (epiklorhydrin)

og maleresultater for disse malingene. Naeringer hvor det er registrert faerre enn 4 malinger er utelatt fra tabellen. GV = grenseverdi.

Naeringskode /Neering Antall Antall prgver Gjennomsnitt (ppm) Minimum Maksimum

virksomheter

20.140 1 10 <0,01 <0,01 <0,01

Produksjon av andre

organiske kjemiske ravarer

5.2.2. Prgvetakings- og analysemetode

| tabell 7 er anbefalte metoder for prgvetaking og analyser av 1-klor-2,3-epoksypropan (epiklorhydrin)
presentert.

Tabell 7. Anbefalte metoder for prgvetaking og analyse av 1-klor-2,3-epoksypropan (epiklorhydrin).
Prgvetakingsmetode Analysemetode Referanse

Prgven samles opp pd kullrgr og | GC-FID]] NIOSH metode 1010f]
ekstraheres med CSjj

1 GC-FID: gasskromatografi med en flammeionisasjonsdetektor
1 NIOSH metode 1010: https://www.cdc.gov/niosh/docs/2003-154/pdfs/1010.pdf



https://www.cdc.gov/niosh/docs/2003-154/pdfs/1010.pdf
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6. Vurdering

Epiklorhydrin er anbefalt klassifisert som kreftfremkallende (gruppe 2A karsinogen) av IARC, som betyr at de
er sannsynlig kreftfremkallende for mennesker. Den navaerende klassifiseringen for kreft bygger pa data fra
forsgksdyr, som viser tilstrekkelig evidens for kreftfremkallende egenskaper, og ikke fra epidemiologiske data
hvor grunnlaget er utilstrekkelig.

Epiklorhydrin er klassifisert som som Carc. 1B (kan forarsake kreft) og merket i henhold til CLP Annex VI
(Forordning EF nr. 1272/2008), se tabell 4.

| TEANs vurdering blir det vist til vurderinger gitt av SCOEL og DECOS og TEAN oppgir et estimat pa
eksponering for epiklorhydrin og antall ekstra krefttilfeller ved ulik eksponering av epiklorhydrin.
Risikoestimatet fra DECOS, som TEAN viser til, tilsier at eksponering for 1,9 mg/m?3 eller 0,5 ppm antas &
fere til en risiko for ekstra krefttilfeller pa 4:10 000 beregnet for en 8 timers arbeidsdag og over en 40-ars
eksponeringsperiode. Dette samsvarer med direktivets forslag til grenseverdi for epiklorhydrin.

Epiklorhydrin er sterkt korrosivt bade mot hud, gyne og slimhinnene i luftveiene og TEAN stgtter vurderinger
gitt av SCOEL (2011) og MAK (2015) om en hudnotasjon (H) for opptak av epiklorhydrin gjennom hud, og
direktivet foreslar ogsa en slik anmerkning. Det er ogsa visse holdepunkter for at epiklorhydrin kan gi
hudsensibilisering, slik at relevant anmerkning for dette bgr beholdes i norsk regelverk. | Norge har
epiklorhydrin fatt anmerkninger H (kjemikalier som kan tas opp gjennom huden), A (kjemikalier som skal
betraktes som at de fremkaller allergi eller annen overfglsomhet i gynene eller luftveier, eller som skal
betraktes som at de fremkaller allergi ved hudkontakt) og K (kjemikalier som skal betraktes som
kreftfremkallende) og som med fordel kan opprettholdes.

Data fra Produktregisteret gir opplysninger om mengde og bruk av epiklorhydrin i 90 deklareringspliktige
produkter, men det er ingen av disse deklareringspliktige produkter som utgjgr total mengde > 0,4 tonn og
det kan derfor ikke gis ytterligere opplysninger om produkttyper.

Eksponeringsdatabasen inneholder for fa malinger (< 40) og virksomheter (< 4) i en neering til & kunne gi en
oversikt over eksponeringsnivaet for epiklorhydrin i Norge. De gjennomsnittlige eksponeringsmalingene som

er presentert er registrert a ligge under dagens grenseverdi.

EUs konsekvensutredning vurderer at dagens eksponeringsnivaer allerede er lavere enn foreslatt bindende
grenseverdi, og det forventes derfor ingen ytterligere investerings- eller driftskostnader.

Arbeidstilsynet kan ikke se at det foreligger tekniske eller gkonomiske argumenter for a ikke beholde
navaerende grenseverdi basert pa den helsebaserte anbefalingen fra TEAN.

7. Konklusjon med forslag til grenseverdi og
anmerkninger

Pa bakgrunn av den foreliggende dokumentasjonen og en avveiing mellom de toksikologiske dataene og
eksponeringsdata (dvs. tekniske og gkonomiske hensyn) for epiklorhydrin, forslas det at dagens grenseverdi
(tilsvarende direktivverdi) og anmerkninger beholdes (anmerkning H tilsvarende direktivnotasjon).
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Forslag til grenseverdi og anmerkning for 1-klor-2,3-epoksypropan (epiklorhydrin:
Grenseverdi (8-timers TWA): 0,5 ppm (1,9 mg/m?3)

Anmerkninger: H (kjemikalier som kan tas opp gjennom huden), A (kjemikalier som skal betraktes som at de
fremkaller allergi eller annen overfglsomhet i gynene eller luftveier, eller som skal betraktes som at de
fremkaller allergi ved hudkontakt), K (kjemikalier som skal betraktes som kreftfremkallende) og G (EU har
fastsatt en bindende grenseverdi og/eller anmerkning for stoffet) innfgres.

8. Grenseverdi og anmerkninger

Pa grunnlag av drgftinger med partene og hgringsuttalelser ble ny grenseverdi for 1-klor-2,3-
epoksypropan (epiklorhydrin) fastsatt til:

Grenseverdi (8-timers TWA): 0,5 ppm (1,9 mg/m?3)
Anmerkninger:

H (kjemikalier som kan tas opp gjennom huden),

A (kjemikalier som skal betraktes som at de fremkaller allergi eller annen overfglsomhet i gynene eller
luftveier, eller som skal betraktes som at de fremkaller allergi ved hudkontakt),

K (kjemikalier som skal betraktes som kreftfremkallende) og

G (EU har fastsatt en bindende grenseverdi og/eller anmerkning for stoffet).
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Recommendation from the Scientific Commitiee on

Occupational Exposure Limits for

Epichlorohydrin

BLV:

8-hour TWA:

STEL (15 min):

Additional classification:

not assigned (see "Recommendafion” page 11)

not assigned (see "Recommendation” page 11)

skin notation (see "Recommendation” poge 11)

not assigned

SCOEL carcinogen group: A (non-threshold carcinogen)

Carcinogenic risk assessment: see “Recommendation” (page 11)

Substance identification:

Synonyms:

Structural formula:

CAS no.:
Molecular formula:
Molecular weight:
Melting point:
Boifing point:

EU-Classification:

Flam. Liq. 3
Carc. 1B
AcuteTox. 3*
Acute Tox. 3 *
Acute Tox. 3 *
Skin Corr. 1B
Skin Sens. 1

1046-89-8
CaHsCIO

92.53
-48°C
116°C

H226
H350
H331
H311
H301
H314
H317

1-chloro-2,3-epoxypropane

chloropropylene oxide, chloromethyl-oxirane

H,C—CH-CH,CI
0

Flammable liquid and vapour
May cause cancer
Toxic if inhaled
Toxic in contact with skin
Toxic if swallowed
Causes severe skin burns and eye damage
May cause an allergic skin reaction

Conversion factor: 1 ppm = 3.84 ma/m?; 1 mg/m? = 0.2460 ppm (DFG 2009}

Crteria documents used: This summary is mainly based on the recent documentafion of
DFG (2009), which includes data reporfed earlier by BUA (1992), IARC (1999) and DFG
(2003). This was supplemented by a recent literature search by SCOEL
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1 Occurrence/use and occupational exposure

Epichlorolwdrin & a major raw chemical for the production of epoxy and phencxy resins. I
and i abo used in the manufacture of glycedine, in curng propylene-based rubbers, s a
solvent for cellulose esfers and ethers, and in resing with high wetsirength for the poper
industry [LARC 1999, NTP 2002).

2 Health significance

Epochlorohydrin is a directly acting alkylating agent. With nucleophiles it reacts
preferably with the epoxide ring, but also with the chlorine function. The biclogical
properties of the compound are related to this reactivity.

2.1 Toxicokinetics
21.1 Human dala

Incubation of epichlorchydrin in the presence of human cels of lung ond bronchicl
parenchyma led fo o decrecse of mutagenicity, which i likely fo be ralated to rapid
metabolic inactivation [De Aora et al. 1984).

21.2  Animal data

After both inhalafion and oral administrafion, more than 0% epichlorohydrin was rapidly
absorbed and distributed in the organism of rats within 2-4 howrs [CMA 1979a; Gingell et
al. 1985 Weigel et al. 1978). After opplication of radiclobeled epichlorohydrine, the
highest systemic tissue concentrations were reached in the kidneys, infestine, liver, lacrinmal
glands, pancreas and spleen. The highast level of radioactivity was found in the stomach
after oral adrministration and in the nasal mucosa affer inhalafion. Lower radioactivity was
defected in the blood, lungs, brain and sex organs (Weigel ef al. 1978). At different dose
levels and with varous types of administrafion of “C-labelled epichlorohydrin, 0% of the
activity was excreted within 72 hours, Le. 446-54% in the urine, 25-40% vig the lungs and
maximally 4% via the foeces (CMA 197%a; Gingell ef al. 19835).

After initial reaction with glutathione, epichlorohydrin 5 metobolized, leading to
metabaolites that are detected in the urine. These are the mercapturc acid derivatives M-
acetyl-5(3-chloro-2-hydroxypropyl)-L-cysteine,  5-(2.3-dihydroxypropyl)-L-cysteine and M-
acehyl-5-(2 3-dihydroxypropyl)-L-cysteine. In addition, a likewise excrefable 3-chloro-1.2-
propanediol s formed from hydrolysis. M-Acetyl-3-[3-chloro-2-hydroxypropyl)-L-cysteine
[346% of the dose] and 3-chloro-1,.2-propanedicl [4%) are considered to be the main
metabolites [Gingell ef al. 1985). According fo Fokhour and Jones (1979), 3-chloro-1,2-
propanediol in vivo leads to the formafion of f-chlorclactic acid, which in turn yields oxalic
acid. The latter metabolite was however not detected in other shudies.

2.1.3 Biological monitoring

The analysis of haemoglobin adducts derived from epichlorhydrin has been proposed as
a means of biological monitoring. As epichlorohydin s o bifunclional alkylating agenit
[Romano ef al. 2007], the reaction with the N-terminal valine of hoemoglobin occurs either
with its chilonine o with its epoxide moiety. N-|2,3-Dinydroxypropyl)valine was first described
as hoemoglobin adduct. This was ako detected in rats after infrapertoneal administraticn
of 40 mg/fkg body weight. An increased amount of it was found in smokers [Hindse Landin
ef al. 1994).

Later, Bader et al. (200%9) described a method of guantitation of the adduect M-[3-chloro-2-
hydrosypropyl)valine in human haemoglobin. This adduct was found in the blood of
persons exposed fo epichlorchydrnin at a freight frain accident.
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These methods could provide o basis for biomonitorng in the future. However, more
detailed occupaticnal field studies are lacking so far.

2.2 Acute toxicity
221 Human data

An airbome concentration of 20 ppm epichlorchydrin coused comrosion fo the eyes and
nasal mucosa after one hour. 40 ppm led to imitation to the eyes and throat, which losted
for 48 hours (no other details on exposure pericd). 100 ppm was infolerable even for the
shiortest period. Exposure of the eyes to the liguid substance led to opacity and necrosis of
the comea [no other details: Lefoux 1944).

Coaoses of severe skin burns affer contact with epichlorohydrin were descriced. Erytherna,
oedema and papules were observed during some days affer direct skin contact. The
persons affected complained about agonizing ifching. The symptoms had subsided in all
persons only after about two weeks (Ippen and Mathies 1970).

Schuliz [1944) reporfed a person who hod developed chronic asthmafic bronchitis after
inhalation esposure fo epichlorchydnin. Severe fotty degeneration of the liver waos
diognosed bioptically.

222 Animal data

After exposure periods between 2 and 8 hours, the LCs was 3000 to 250 ppm and the 4-
hour LCs for rats was 500 ppm (Hine et al. 1981; Pallode ef al. 1947 Pozzani and Carpenter
1940; Sram ef al. 1981). An oral LD= of about 220 mg/kg body weight was determined in
rodents (Hine ef al 1981 Lowrence ef al. 1972; Pozzani and Carpenter 1940), and the
demal LDsy established in rabbits waos 754 [Lawrence ef al 1972) and 1038 ma/kg body
weight [Hine et al. 1981). CHS, respiratory fract or renal lesions were specified as causes of
death depending on the type of adminisfraficn (Laskin et al. 1980; Pallade et al. 1947;
Weigel et al. 1978).

In an inhalation study, the respiratory rate of rats was cleary redoced within 15 minutes at
a concentration of 343 ppm. and halved at 1342 ppm. Marked discharge from the nasal
mucosa was observed at 1943 ppm [(Gardner ef al. 1983).

2.3 Irritation and comosivity
2.3.1 Human data

A dbwyear-old phomoceutical company worker developed severe envtherma and
oedema on the face, neck, back and hands after having confinuouwsly been exposed o
epichlorohydrin for 11 months. The symptoms subsided after the worker left the workploce
for two weeks, but retumed when he resumed work at his former workstation. They cannct
be asigned fo epichlorohydrin with cerainty since there was co-exposure fo other
substances in the synthesis of propanclol and oxprenolol [Rebandel and Rudzki 1990].

Luc ef al. [2004) investigated the influence of the glutathione S-transferase MGSTM T and
hGSTT] genes on the foxic effect of epichlorolwdin. In hGSTMIT null genotype workers,
there waos a dose-response of lung funclion tests [FEVY. FEVWFWC, MMEF) for
epichlorohydrin exposure, but not in the hESTMIT non-null genciype workers. The exposure
wias found fo be significantly associoted with o decreased FEV, value [p = 0.0%) and a
decreased MMEF value [p = 0.053) after adjusting for other factors. The hGSTMIT null
genotype was found to be significantly associated with o decreased FEV, value [p =
0.038), decreased FEV/FVC value |p = 0.058), and decreased MMEF value [p = 0.012)
after adjusting for other factors. The study was intempreted to indicate that obstructive lung
abnormalities and small grway lung domage are associaoted with epichlorchydrin
EXPOSURE.

The imtancy of epichlorohydrineg to the respiratory fract is in accordonce with human
expenence affer an accidental release of epichlorchydrine (Basting et al. 20048)
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232 Animal data

Experimental exposwres of rats and rabbits to 25 or 50 ppm epichlorohydine [4h/d, Sd/fwk
for 10 weeks) caused severe imitating effects to the nasal twbinates [lohn et al. 1983a). In
mice, the RDsx concentrafion was assessed fo be 487 ppm. In addifion fo the nasal cavify,
this concentration induced lesions in the lower respiratory tract, when applied éh/d for 5
days ([Buckley et al. 1984).

2.4 Sensifisation
241 Human dala

In a Dufch plant for the production of epoxy resins, 26 coses of eczema were cbserved
among 228 male workers. All workers were occupaticnally exposed to epichlorohydrin and
bisphenaol A, the starting maternials of the maonufacturing process. The authors reported that
the workers had uvninfentficnal skin contact with bisphencl A epoxy resins, for example
during maintenance operafions. alfhough closed systems were used for manufactunng
the epoxy resins and protective measures such as wearing gloves had been taken. A
patch fest wos camied out with 19 of the 246 workers. In addificn to ofher substances, the
two epoxy resing (molecular weight 385 and 980}, which were the main production
products, and bisphenol A, 1% epichlorohydrin in petrolaturm and 1% in isopropanal, were
tested. In the patch fest, o positive reacfion to 1% epichlorchydnin in petrolatum was
obtained in 8 cases; it was isclated in 4 cases and occumed together with reactions to
epoxy resing in 4 cases. The observed deloyed-type sensitization fo epichlorchydrin may
have been caused by two routes of sensitization: first by direct skin contact and second
aercgenically by increased airbome concentrations due to the volatility of epichlorohydrin
(Frens ef al. 1984).

The same research group reported another & coses (5 workers of a plant for the
production of epoxy resins and a vehicle painter) of cocupafional contact dermnatitis,
which was considerad to be caused by exposure to epichlorohydrin or bisphenol A epoxy
resins. In addition to other substances, an epoxy resin with an average molecular weight of
385 as well as bisphencl A and 1% epichlorohydrin in solvent were patch-tested. All
pafients showed deloyved-type reactions to  epichlorohydrin, two of them fo
epichlorohydrin clone [van Joost 1988).

Ancther publication by this research group focussed on 5 workers of a plant for the
production of epoxy resins who hod developed contact dermatitis of their workplace.
Here, foo, the authors saw a connection with the delayed-type reaction fo 1%
epichlorohydrin in petrolatum, which they detected in the patch test in all 5 pafients. A
reaction to epichlorchydrin alone was found in 2 patfients [van Joost et al. 1990).
Moreover, other research groups described cose reports of contact sensitization to
epichlorohydrin that had not been acquired in epoxy resin production (for a detailed
description, see DFG 2009).

24.2 Animal data

Skin sensitzafion was examined in a Guinea pig maxmization test in 15 Guinea pigs (20
animals in the control group). Infra-dermal and dermal inductions were camed out with 5%
epichlorohydrin in ethanol, and 1% epichlorchydrin in efhonol was used for dermal
challenge. A positive reaction was observed in 9 of 15 animak [Thorgeirsson and Fregert
1977).

Mo sensitizafion was found in ancther, insufficiently documented maximization fest in 5
Guineda pigs at a test concentration of 0.01% epichlorchydrnin in vegetable oil [Lawrence &
al. 1972). However, this study has only imited applicability for assessment since the number
of animals was too small, the test substance concentration might have been too low and
insufficient information was provided on range finding. Ancther study in which none of 18
Guinea pigs reacted after 8 infrocutanecus injections durng challenge [Weil ef al. 1943)
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cannct be assessed either becawse of inodequate documentation [e.g. test substance
concentrations not specified).

In o modified test camed ouf according to Landsteiner in 10 guinea pigs dermally treated
four fimes with epichlorohydrin for induction |as well as a single infrademal freatment with
Freund's adjuvant). all 10 animals reacted positively in the demmal challenge (no other
detaik for example on the test substance concentration used; Rao ef al. 1981).

2.5 Repeated dose toxicity
2.5.1 Human data

Mo published data are available.

252 Animal data

In a 0-day study (CMA 19790 Quast ef al. 1979), 20 fermale and 20 male B&C3F1 mice,
Fischer 344 rafs and Sprague-Dawley rafs were exposed o epichlorchydrin for & hours on 5
days per week at concentrations of 5, 25 and 50 pprm. Whereas no effects were recorded
at 5 ppm, hyperplasia, metaplasia and inflammatory infilfrates were found in the nose, the
most sensifive organ, at the higher concentrations. Damage to the kidneys, liver and
adrenals of varying severty was observed in the different animal strains.

In a study described by BUA [1992), confineous inhalation of 5 ppm by rats over 98 days
led to weight loss and morphological changes fo the liver, heart, kKidmneys and CHS, fo
increased urinary copropornghynin and an increase of leukocytes in the peripheral blood.
After inhalation of 0.05 and 0.5 ppm, these effects were not found or were only slight as
compared with the confrols. The validity of this study is unclear.

Four applications of 400 mg/kg body weight were fotal for 10710 rofs and three
applications of 1200 mg kg body weight were fatal for 4/10 rafs (Freuder and Leake 1941).
After infraperitoneal injection of 11, 22 and 54 mg/fkg body weight three fimes a week over
a pericd of 12 weeks, there wos a dose-dependent, significant decrease of haermoglobin
in the blood, an increase of ecsinophis in all freated animals and a reductfion of
Iyrnphocytes in the two groups treated with the highest doses. The weights of heart, liver
and kidneys increased in the animals freated with 56 mg/kg body weight [Lawrence et al.
1972).

Adult male and female Sproague-Dawley rafs received epichlorohydrin vio gavage in
distilled water for 10 consecutive days at dose levels of 3. 7, 1%, and 44 mg/kg per day.
and for 90 days at dose levels of 1, 5, and 25 mg/fkg per day. Epichlorohydrin did nof
adversely effect mortality, but toxicity, af the higher doses, was evident by [osses in body
weight gain and organ weights, reductions in food and water consumption, and in the
hematclogical and microscopic examinations in both shudy periods. Significant decreases
in erythrocyte count, hemoglobin, and hematocnt levek wene found in the high dose level
in males affer 10 and 90 days. Doseselated increases in kidney and liver weighis were
observed in both sexes at 25 mg/kg per day in the 90-day study and in various organs for
both 19 and 446 mgrkg per day in the 10-day study. Histopathological exarninaticn
identified the forestomach as the pamary target organ for both sexes and in both shodies
with significant dose-sreloted increases in1 mucosal hyperplosia  [ocanthosis) ond
hyperkeratosis. Based on the data presented, a lowest observable adverse effect level
[LOAEL) for oral exposure of Sprague-Dowley rats to epichlorchydnin was 3 mg/kg per day
for 10 days and 1 mg/fkg per day was suggested as the no observed adverse effect level
[MOAEL) for a 90 day oral exposure (Daniel et al. 1994).

2.6 Genotoxicity

Detailed reviews on the genotoxic effects of epichlorohydrin are available by Gir [1997).
LARC [1999]) and Kolman et al. (2002). The main results are summarized below.
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2.6.1  Invilre

In most of the in witro test systerns used, epichlorohydrin induced genotoxic effects that
were almost always observed even in the absence of an added metabolic activaficn
systern. Studies in bacterial test systems showed that epichlorchydrin led to DHA lesions in
E. coli and B. subfiis and induced gene mutatfions in 5. tvphimurium and E. coli sfrains and
in Klebsiello pneumoniae. It coused DHA lesicns, recombinations, gene mutations and
aneuploidies in yeasts. Epichlorchydin induced DMA single strand breaks and SCE in
mammalian cels. Inductfion of gene mufafions af different loci and of chrormosome
mutations waos detected in numercus studies [lARC 199%).

The main adduct obfained after reaction of epichlorohydrin with 2'-decxynuclecsides in
vitra is 7-[3-chloro-2-hydroxypropyljguanine, resulting from reaction of the epoxide ring of
epichlorohydrine [Singh ef al 1994). Ancther aspect of DMNA inferaction is the formation of
inferstrand DN A-cdrosslinks (Romano et al. 2007).

Holzer et al. (2008) incubated rat and humaon nosal muecosa cells with epichlorohydnin and
used the COMET assay as an endpoint of genotoxicity. In confrast fo the celk derived from
rats, pronounced interindividual differences in suscepfibility were found with the human
samples.

2.6.2 Invive - human data

The DWA oadduct 7-[3-chlore-2-hydroxypropyl]lguanine  (vs.) was detected at a
concentration of 0.8=7.1 adducts/10°F nuclectides in the wmphocytes of workers who were
classified as exposed fo epichlorchydin on account of the fact that they worked in an
epichlorohydrin-processing plant. Mo details are available about the level of exposure. This
adduct was nof found in non-exposed control persons (Plna ef al. 2000).

Significantly increased sister chromadid exchange (SCE) frequencies were detected in the
Iyrnphocytes of 21 workers with high exposure to epichlorowdrin [4.5 years; 1.1-3.9 ppm)
compared with 2% non-exposed contral persons adjusted for age. Smoking was excluded
as the only cause of the increase. The SCE frequency in 35 workers with low exposure (4.2-
7.0 years; 0.1-0.2 ppm) was not significantly increased compared with the control persons
[Cheng et al. 1999).

The lymphocytes of workers who were exposed to 0.4-0.84 mg/m? (0.11-0.23 ppm) during
a 12-hour shift showed no increased frequency of hprt mutations, a slight increase of
micronuclei and a significant increase of 3CE and high frequency celk (> 10 SCE per cell]
[Hindsa Landin et al. 19%7).

Kucerova ef al. [1977) found significantly increased frequencies of structural chromosomal
abemrations  [chromatid and chromosome breaks) in the mphocytes of workers
occupationally exposed to epichlorohydrin concentrations of 0.125 fo 1.25 ppm. The
workers were examined before the beginning of exposure (1.37 abemrations/cell), cne year
(1.91 abemraticns/cell] and two years [2.49 abemrations/cell; p < 0.001) aofter the beginning
of exposure. Sram ef al. {1980) re-examined 23 of these workers affer 4-year exposure (3.02
abemations/cell] and compared them with an adjusted contral group (for oge, smoking
and drinking habits: n = 34; 2,06 abemrations/cell; o < 0.01) and with the genenal population
(n=21; 1.33 abemaficns/cell: p < 0.01).

In ancther study of Picciano (197%9), 93 exposed persons [no concenfrations specified;
presumably S ppm TWA: age 358 vears) and 75 confrol persons [age 25.2 years) were
examined. The frequencies of cells with chromafid breaks, chromosome Drecks and
marker chromosomes (rings, dicentric chromosomes and franslocatfions), of severely
damaged cels and of the total number of domoged cells were significantly higher [p =
0.005) in the exposed group than in the control group.

263 Invive - animal data

In a study on the ability of epichlorohydrin fo bind covalently fo macromolecules, the [2-
14C)-labelled substance [4.35 micromol kg body weight] was intraperitcneally injected info
mice and rafs. In mice, an association of radicactivity with the purified DHA from liver,
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lung, kidney and stomach, which was quantitatively similar for all organs, was observed 22
hours after administrafion. A covalent binding index [CBI) of 23 was determined for rat liver
DMA_ The coresponding value for benzene was 7 and that for 1 2-dibromoethane was 515
[Prodi et al. 1984&).

In anocther study in rafs, a quantitatively similar binding fo the DNA of varous organs was
detected 4 and 24 hows ofter intropertoneal injection of [2-H]epichlorchydrin
(0.97 pyrmol/kg body weight), and N7-[3-chloro-2-hydroxypropyljguanine was identified as
the main DNA adduct. A CBl value of 0.4 was determined. A CBI value of 2 was found by
the same working group for the chemically less reactive propylene cxide. This discrepancy
wias gifributed to a relafively more rapid elimination of epichlorohydrin (Hindse Landin et
al 1999).

Epichlorohwdrin induced X chromosomal recessive lethal mutations in the fruit fly
Drosophila melancgaster (Knaap et al. 1982; Vogel ef al. 1981). A third fest had a negafive
result (Wirgler and Graf 1981).

Epichlorohwdrin [50 and 100 mgfkg body weight] was administered infromuscularly or
subcutaneously in a host-rmediated assay with MMEI mice and the Salmonella sfrains G44,
TA100, TA1950, TA195] and TAI$52 (Sram ef al. 1974). An increased rate of revertants was
found for the strains G4&, TA100 and TA1950. In ancther assay with Schizosaocchoromyces
pombe [after infraperifoneal adminisiraticn of the yeast suspension and infroperitoneal
treatment or infrasonguinous administration of the yeast suspernsion and infravencus
treatment]) and fwo different mouse sirains [CD1 and [CDIxCSFBLIF1], negative results
were reporfed by Rossi ef al. (1983b] for doses between 2 and 100 myg/kg body weight.

A third assay with MMEI mice and Escherichio coli strains K-12 uvrBfrecA [mainly cell death
of the repair-deficient bacterial strains) vielded negative results after orally administered
240 mg/kg body weight or intraperitoneally injected 140 ma/kg body weight [Hellmér and
Bolcsfoldi 1992).

Increased sperm head anomalies were described in a study in mice (11 days affer a single
oral administration of 50 ma/kg body weight; Cassidy et al. 1983). This finding was however
not confirmed in a second study with infroperifoneal injection of 0.025-0.2 mifkg body
weight and day for 5 days (Topham 1980). Since morphological sperm anomalies are
generally not interpreted as mutaticns, these results are not relevant.

Epichlorolwdrin induced chromosomal abemrations in the bone mamow of ICRE mice in a
dose range of 1-50 mgrkg body weight (in DM3O) after single or several [on 5 consecutive
days) infraperitoneal and oral administrations (Sram et al. 1974).

Mo significant increase in the incidence of chromosomal abemations was found in the
bone marmow of CD1 mice in another study ofter oral administration of 50 or 200 mg/fkg
body weight (Rossi ef al. 1983a). The authors attibute the negaotive result to the foct that
epichlorohydrin was no longer detectable in the blood os early as 20 minutes affer oral (in
DMSO) or intraperitoneal (in water) administration.

Several authors cbhiained uniformly negative resulis in micronucleus tests with mice [(Asita
ef al. 1992; Kikhart 1981 Salomone ef al. 1981; Tsuchimoto and matter 1981).

Hor did epichlorchydrnin induce any dominant lethal mutations [Epstein et al. 1972). The
orginally negdative result was confimed in detailed investigations (once intraopentoneally 5.
10 and 20 mg/fkg body weight; once orally 20 and 40 mg/fkg body weight, five times
infraperitoneally 1 and 4 mgfkg body weight: five times crally 4 and 14 mg/fkg body
weight) (Sram et al. 1976).

2.7 Carcinogenicity
2.7.1 Human data

In a nested case-coniral shedy by Bond ef al. [1984) among 19808 workers of a chemical
production facility who were examined for possicle health domaoge caused by carbon
tefrachloride, a lowering of lung cancer mordality was found for the very small subcohort
of pesons ever exposed to epichlorohydrin (odds ratio 0.3; 5% C10.1-0.%; 5 cases).

Barbone et al (1992, 1994) studied the frequency of lung concer and CHE cancer in a
nested case-conirol study based on o cohort previcusly examined by Delzell ef al. [1989).
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A positive asscciation was found between potential exposure to epichlorchydin and lung
cancer affer adjustment for smoking habits [odds ratic 1.7, 5% Cl10.7-4.1; 51 cases), but
not in the calculation with regard to exposure pericd and cumulative dose. An asscciaficn
with pofential exposure to epichlorohydrin waos detected in 11 cases with CHNS cancer (7
with brain furmours, 2 with meningiomas and 2 with benign tumours) and 44 confrols
matched for age [odds ratio 4.2; 5% Cl 0.7-24). Associations with the exposure period
[p=0.11) and cumulative exposure (p =0.08) were ako observed. These results are not
statistically significant. The small number of cases must be considered.

Delzell ef al. [1989) reported an exces:s of lung cancer in a cohort study armong 2542 male
wiorkers with at least sic-month exposure to epichlorohydrin. At an expected level of 0.91
[p=003), 4 of 44 persons exposed in the production of the substonce developed lung
Cancer.

Tsai et al. (1994) reporfed a cohort of 863 workers who had previously been examined by
Enterline (1982) and Enterine et al. [19%0). The rate of workers affected by lung cancer did
not increqse (SME 0.7; 95% Cl 0.5=1.1; 23 cases). Increased incidence rates of prostate
cancer [SMR 2.3; 5% Cl 1.0-4.5; 8 cases) and malignant melanomas (SME 3.2; 95% CI 0.7-
9.4; 3 cases] were found among workers whose initial exposwre had taken place at least
20 years before. Mo relafion between the frequency of developing cancer and the
estimated exposure level was ocbitained in this study.

Oken ef al. [1994) described results of a retrospective cohort study on cancer mortality
among 1064 male workers in the production areas for epoxy resins, glycerol and allyl
chilorde/epichlorohydrin. Exposures fo epichlorohydrin in glycercl production (highest
exposures) were between 1 ppm and 5 ppm before 1970 and below 1 ppm after 1970, A
total of &6 cohort members died up to 198%, 10 of them from cancer (SME 0.5; 5% CI10.2-
0.9].

7.2 Animal data

In a lung adenoma test with infroperitoneal administration of 20, 50 and 100 mg/kg body
weight to an A/) sirgin of mice three fimes a week for 8 weelks, significantly more lung
tumours were induced only in the males that had received the highest dose [Stoner et al.
1984).

In an initiafion-promotion study, 2 mg epichlorchydrin in 0.1 ml ocetone was applied once
to the skin of 30 ICR/Ho Swiss mice. After 2 weeks, 2.5 pg phorbol myristate acetate in
0.1 ml acetone was applied three fimeas o week for a period of 385 days. From the $2nd
day, skin papillomas developed in ¥ animak and a skin carcimoma in one animal. A skin
papiloma was observed in 3 of the mice treafed with phorbol myristate ocetate alone
after about 224 days, whereas the control group treated with acetone alone developed
no tumours [Van Duuren ef al. 1974). Ancther study camied out with epichlorchydrin as an
initictor in 20 mice was negative (Van Duuren ef al. 1972].

In a whole-body inhalation study camed out by Laskin et al. [1980), groups of 100 male
Sprague-Dawley rats were subjected to lifefime exposwe fo 0, 10 and 30mil
epichlorohydrin/m?® |purity 99%) for 5 hours daily on 5 days per week. Two further groups of
100 and 40 mwale rafs were exposed fo 100 ppm & hours daily for 30 days and then
observed duwing their enfire lifespan. One group of 100 male confrols was sham-exposed
and ancther group of 50 confrol animals remained unireated. Mo tumows developed
after exposure fo 10 ppm. Exposure to 30 ppm yielded a nasal papiloma in one rat after
40 days and a squamous cell carcinoma of the nasal cavity in a second rat after 752 days.
Among the 140 rafs that hod been exposed to 100 ppm for 30 days, 15 rats developed
squamous cell carcinomas and 2 rats developed nosal papillomas between days 330 and
933 of the study. One bronchial papilloma was observed on day 583 after the beginning of
the study. Four of the exposed rafts developed pituitary adenomas; a squamous cell
carcinoma in the forestornach and further fumours were found in one animeal. A total of 5
tumaours occured in the 150 control animals: 3 subcutaneous fibromas, 1 forestomach
papiloma and 1 malignant bmphoma. The authors regarded the respiratory tract fumours
as being related to exposure, unlike the other tumours.

Konishi ef al. [1980) administered 0, 375, 750 and 1500 mg epichlorohydrin/l (purity not
specified) fo d-week-old Wistar rafs with the drinking water over a period of 81 weeks. The
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anirmak were then socrificed and the fissues examined histopathologically. Hyperplasics
and forestomach tumows were found in the treated rats in relation fo the dose in the order
of the specified doses: hyperplasias: 010, 7/9, 9/10, 12/12; papillcmas: 0710, 079, 1/10,
N2 carcinomas: 0710, 0%, 1410, 2/12. No tumours were detected in other tissues.

Wester ef al. [1985) odministered daily doses of 0, 2 and 10mg epichlcrohydrin/kg body
weight with a purity of 99.5% by gavoge to groups of 50 newly weaned female and male
Wistar rafs daily on 5 days per week over g penod of 2 years. Subsequently the animals
wis sacrificed. A dose-dependent increase of hyperplasias, papilomaos and forestormach
carcinomas was observed. In the order of the specified doses, the males showed 5/50.
24/4% and &/4% hyperplasias, 1/50, &/49 and 4749 papillomas and 050, 4/4% and 35/4%
carcinomas. The females revealed 3/47, 12/44 and 7/3% hypermplasias, 2/47, 3/44 and 0/39
papillomas and 0/47, 2744 and 24/39 carcinomas.

Fifty mice that had been treated epicutaneously with epichlorochydrin (2 myg in 0.1 ml
acetone, three times a week for 580 days) developed no tumcurs (Van Duuren et al.
1974). This observation & consistent with the findings of Weil ef al. [19£3), who cbserved no
tumour formation affer lifefime application of one brush filing each of undiluted
epichlorohydnn to the shaved dorsal skin of %0-day-old CH3 mice three times a week.

After subcutaneous administration of 1 mg epichlorchydrin in 0.05 ml ficaprlin once a
week for 580 days, 4/30 female IVRE/HA Swiss mice developed local sarcomas and one
developed an adenocarcinoma. The control incidence for local sarcomas was 1750 (Van
Duuren ef al. 1974). Another, similar study yielded sarcomas in 2/50 mice [Van Duuren et
al. 1972).

The infrapentoneal injection of 1 mg epichlorohydrin in 0.05 mil fricaprlin, once a week for
450 days, led to lung papillomnas in 11 of 30 ICR/HA Swiss mice, whereas lung papillonas
were observed in 10 of 30 contrel animals freated with ticoprilin ond o local sarcoma was
observed in one mouse (Van Duuren et al. 1974).

273 Mode of actlon and cancer risk assessment

Epichlorolwdrin is recsonably anficipaoted to be a human carcinogen bosed on the
experimental data (IARC 1999, NTP 2002). The primary expermental furmours are local.
When administered by gavage, it induced forestomach turnours of rats. By inhalaficn
(rinirnal effective concentration: 30 ppm). it induced fumouwrs of the nasal cavity in rats.
Subcutaneous injection produced local scarcomas in mice.

The local effect of epichlorchydin on the rat nasal fissue has a parallel in the effect of the
non-chlorinafed compound, propylene oxide (for docurnentation, see SCOELSSUM 141).
Similar to propylene oxide, the inducticn of local cell proliferation oppears to be a decisive
factor (Giroloamo et al. 2008). A parficular impoact of peock concentrations of
epichlorohydring for the local cancer risk is in-line with this view (Ginsberg et al. 1994).

In vitro, the genotoxicity (cell fransformation tests and DA strand break induction) of both
chemically related compounds has been compared, and epichlorohydring tumed out fo
be about 10-fimes more genotoxic thon propylene oxide [Kolman and Dusinskda 1995,
Kolman ef al. 1997).

Similar to propylene oxide, the protective effect of a rapid metabolic detoxffication of
epichlorohydrnin is of relevance [Hindse Landin et al. 1999).

By contrast fo propylene oxide, epichlorohydrin is o bifunclional alkylating agent and
induces DMA inferstrand cross-links [Romao et al. 2007). Therefore, although there are
similarities between epichlorchydrin and propylens oxide, differences in the modes of
action cught fo be considerad.

The validity of the present dafabase for the dervation of o guantitative assessment of
human cancer risk has been a matter of debate. On the cne hand, some authors consider
the quantitative experimental data as not sufficient for such an assessment (Ginsberg ef al.
1994, Kolman ef al. 2002). On the other hand, the Duich Bxpert Committee on
Occupational Standards [DECOS) has used a linear extrapolation from the esperimental
daota o3 a defoult method and estimated the odditicnal lifetime cancer risk for
epichlorohydrin fo be 4 x 10-* for 40 years of human occupational exposure to 019 mg/m?,
and accordingly 4 x 102 for 40 years of occupational exposure fo 19 mg/m3 [DECOS 2000).
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2.8 Reproductive toxicity
2.8.1. Human data

Two studies of possible ferfility disorders affer exposure o epichlorchydrin, and in some
cases simultanecus exposure fo allyl chloride and 1 3-dichloropropene, were negafive
[Mily and Whorton 1980; Venable et al. 1980).

4.9.2 Animal data

John et ai. [1983a) exposed 30 male Sprague-Dawley rats and 10 Mew Zealand rabbits to
concentrations of 0, 0.5, 25 and 30 ml epichlorchydrin/m? over 10 weeks for & hours daily
on 5 days per week. The male rafs [25) were mated with non-exposed female rats durng
and up to 10 weeks after exposure. The rate of fertilized females was significantly reduced
only in the rats exposed to 50 ppm during the exposure phase [tested after 2, 4, 7 and 10
weeks), but not in the matings affer the end of exposure [fested affer 2, 5 and 10 weeks).
The number of implantations was however significantly reduced during the exposure
phase at 25 ppm. Histopathology or the weight of the reproductive organs revealed no
changes compared with the control either during exposure of after the exposure period.
The exposed rabbits were only mated in the tenth week of exposure and showed no
reduced ferfility.

Daily oral administration of 15 mg epichlorohydrin/kcg body weight for 12 days led fo
sterility in male S0 rats after ocne week. The animals were ferile again one week later (Haohn
1970). The histopathological examination of the testes, epididymides, prostate and serminal
vesicles on day 12 of treatment revealed no differences from the control animals. This
statement is based on an abstract without data and is therefore only of limited validity.
Cooper et al. (1974) observed sterility in male Sprague-Dowley rafs lasfing up to 10 weeks
after five oral administrations of 30 mg/kg body weight daily and reduced ferfility for the
same perod affer a single adminstration of 100 mg/fkg body weight |5 males per dose).
The histopathological examinafion of the complex of festes, epididymides and ductus
deferens revealed no changes up to B weeks aiter the single freatment. The validity of the
study is restricted since the number of animals used was small and there was no contral
group.

In a study camed out by Cassidy ef al. [1983) in Wistar rats, a significant increase in
morphologically abnomnal spemn head counts in sonicated testicular homogenates was
observed in the group with higher exposure 11 days affer the single oral administration of
25 and 50 mg/kg body weight. Total spemn counts were cleary reduced only in the group
with lower exposure. The tesfie weight was unchanged in both dose groups. The
examinafion of festicular sperm heod anomalies 11 daoys affer exposure s not an
evaluated method.

Toth ef a. [1989) treated male Long-Evans rats orally with 0, 125, 25 and 30 mg
epichlorohydrin/kg body weight daily for 21 days. Following the kast exposure, the males
were mated with ovarectomized, hormone-treated fermales (1:1) for 3 hows to cbserve the
mating behaviour and to obfain sperm samples for analysis. Two days later, the male rats
treated with the highest dose were daily mated with one female in the pro-oestrus until all
males had successfully copulated once within 5 days. After 48 houwrs, the male rats wera
sacrficed for histopathological examinations. Mating behaviour, the sperm count in
ejaculates, the percentage of motile spem or sperm morphology were not affected by
the treatment with epichlorchydrin. Although all males treated with 50 mo/kg body weight
and day had copulated [confimed by fihe formation of a vaginal plug), none of the
females was pregnant as opposed to 0% of the control group animals [examination of
the implantations in the uter 15 doys after observation of the woginal plug). The
histopathological examination only showed a significant reduction of the sperm count in
the couvdae epididymides at the highest dose. Various motility parameters were however
changed in relaticn fo the dose [vigour and swimming paftern). The authors discussed this
change as the couse of the lock of fertilization of ova in the highest dose group. It may
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have been duve to domage to the spermatozoa energy metabolism in the epididymis
induced by the metabolite 3-chioro-1 . 2-propanediol.

After infrapertoneal treatment of rats with 3 (n= 3] and & [n=7) mg epichlorchydrin/kg
body weight and day for 4 days, sperm were obftained from the proxirnmal region of the
caudae epididymides and introduced info the uterus of stimulated female rats on day 5.
On day 9, conpora lufea on the ovaries ond implantations in the uter were counted. These
fertility paraometers were reduced at both dose levek (Klinefelter af all 1997).

Two examinations with the metabolite 3-chloro-1,2-propanediol provide information about
the cause of the antifertile effect of epichlorchydrin.

Sloft et al. [1997) treated groups of 9 male Syrian hamsters withi 0, 33, 49, 46 and B3 mg 3-
chloro-1 2-propanediolfkg body weight and day for 4 consecutive days, mated them on
day 5 and counted the foetuses in the uter of the ferliized females on the day before
parturifion. There was a dose-dependent decrease in the pregnancy rate of the spemi-
positive females (100%, 78%, 47%, 22% and 0%). Epididymal spermm from the same males
showed unaffected percentages of mofile sperm, but spermn mofility was reduced in
relation to the dose. The sperm from treated males were also less likely to support in vifro
fertilization [IVF]. The authors concleded that 3-chloro-12-propanedicl impairs sperm
funcfion.

A single oral administration of 5. 10, 25, 530 and 75 mg 3-chloro-1,2-propanediol/kg body
weight reduced the following fertility parameters in 5D rats: sperm ATP levels (3 hours and 5
days after treatment with 10 mg/kg body weight and higher], sperm mofility (3 hours after
treatment with 25 mg/fkg body weight) and binding and penetration rofes of zono
pelucido-free oocytes in vifro from 10 mg/kg body weight without further increases at
higher doses (lelks ef al. 2001). The authors concluded that altered ATP levels induced by
3-chlore-1 2-propanediol impair the fedilizZing abiity of sperm and fthus confim the
assumpfions of Toth et al. [1989).

Mo prenatal toxicity was found in an inhalation study with pregnant rats and rabbits at
concentrations of 2.5 and 25 ppm although food consumpticn and weight gain of the rats
were reduced at the high concentration [CMA 1979c: John ef al. 1983b).

Mo terotogenic effects were observed in sfudies with rots ond mice affer oral
adminisfration of up to 140 mafkg body weight, not even at matemally toxic doses and
doses that led to reduced foetal weights (Marks et ol 1982).

Recommendation

Epichlorolwdrin is a directly acting genctosic carcinogen in animal studies with a mainky
local effect, with the target in the upper respiratory tract tissues affer inhalation. Pituitary
tumours were also induced experimentally. An epidemiological study showed possible
associations between exposure to epichlorohydrin ond the occuwrence of CHS tumours.
However, these data ae not sufficient to derdve a conclusive evaleation of the
carcinogenicity for humans, nor can a safe concentration be specified for hurnans af
present [2.7.3).

On the basie of the datao on the genotoxicity of epichlorchydin in vivo, particulary
cytogenetic findings and findings on the development of epichlorchydrin-specific DA
adducts among persons exposed to epichlorchydrin, epichlorohydrin has been classified
in germ cell mutagen.

In consequence of the clearcut direct genotoxicity, epichlorohydriin is categorised into the
SCOEL carcinogen group A os a non-threshold corcincgen [Bolt and Huici-montagud
2008). Accordingly, the derivation of a health-based OEL i not possible. An assessment of
human cancer nisk based on the available experimental dota is occompanied with great
uncertainties (2.7.3). The Dutch BExpert Commitfes on Occupafional Standords [DECOS)
has applied a linear exirapolation from the expermental data as a defoult methocd and
estimated the additicnal ifefime cancer sk for epichlorohydrin to be 4 x 10 for 40 yeaors
of human occupational exposure fo 0,19 mg/mé, and accordingly 4 x 10 for 40 years of
occupational exposure o 19 mg/m? [DECOS 2000).
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Although analytical methods have been described, which may serve as a basis for
biclogical menitoring (2.3.1). occupational field studies are lacking, so that a
recommendation for a biological menitoring guidance value cannot be given.

Several, although not always adequately documented, clinical findings on the sensitiziing
effect of epichlorchydrin on the skin are available. Animal studies provided evidence of
skin sensitization.

Epichlorohydrin not only has local effects, but also shows systemic toxicity and is lethal
after repected epicutaneous application. However, here the corosive effect may have
desiroyed the skin bamier. Absorption of diluted, no longer imitant solufions via intact skin
cannot be ruled out. Therefore, a skin notation is recommended.

In view of the above, SCOEL strongly recommends avoiding occupational exposure o
epochlorohydrin,
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