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Forord

Grunnlagsdokumenter for fastsettelse av grenseverdier utarbeides av Arbeidstilsynet 1 samarbeid med
Statens arbeidsmiljeinstitutt (STAMI) og partene i arbeidslivet (Naeringslivets
hovedorganisasjon/Norsk Industri og Landsorganisasjonen i Notge) i henhold til St#rategi for utarbeidelse
og fastsettelse ay grenseverdier for forurensninger i arbeidsatmosferen. Dette dokumentet er utarbeidet ved
implementering av kommisjonsdirektiv 2017/164/EU fastsatt 31. januar 2017.

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

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

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

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

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

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

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

1. Stoffets identitet

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

Tabell 1. Stoffets navn og identitet.
Navn Tetraklormetan
Molekylformel CCly
Synonymer Karbon tetraklorid, metan tetraklorid
CAS-nr. 56-23-5
EC-nr. 200-262-8
Indeks-nt. 602-008-00-5

Cl

Cl C Cl

Cl

Figur 1. Strukturformel av tetraklormetan.
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2. Fysikalske og kjemiske data

Det vises til tabell 2 for fysikalske og kjemiske data for tetraklormetan.

Tabell 2. Fysikalske og kjemiske data for tetraklormetan (CCly).
Molekylvekt (g/mol) 153,8
Fysisk tilstand Fargelos vaske
Smeltepunkt (°C) -22,99
Kokepunkt (°C) 76,54
Tetthet (20 °C): 1,5940 #
Damptrykk ved 20 °C (kPa) 5,3
Damptetthet (air = 1) (g/cm’) (kPa) 12
Fordelingskoeffisient n-oktanol/vann (25 °C,) (log [2,83 #*
Kow)
Loselighet i vann (20 °C) ulgselig *
Lgselighet i andre lgsemidler (20 °C) lgselig i etanol og aceton, lgselig i alle forhold i
benzen **
Omregningsfaktor (20 °C, 101 kPa) 1 ppm = 6,40 mg/m® 1 mg/m? = 0,156 ppm

#Tilfoyelse til SCOEL dokumentet

*Handbook of Chemistry
“PubChem; Open Chemistry database;
https://pubchem.ncbi.nlm.nih.gov/compound/carbon_tetrachloride#section=Chemical-and-Physical-Properties

2.1 Forekomst og bruk

Tetraklormetan fremstilles sammen med tetrakloretylen og som et biprodukt ved fremstilling av
kloroform. Det brukes i kommersielle produkter som CFC 10 og til fremstilling av CFC 11. Det brukes
ogsa til fremstilling av klorert gummi, som et reaksjonslosningsmiddel i produksjon av legemidler og
pesticider, og som en katalysator 1 kjemisk produksjon.

Pa 1980-tallet var produksjonen i EU pa over 100.000 tonn per ar, men tetraklormetan er et
ozonnedbrytende stoff hvor internasjonale avtaler har fort til at produksjonen er redusert betydelig.

Dens bruk som lesemiddel er begrenset eller forbudt i flere land.

Tetraklormetan kan forirsake akutt dod av CNS depresjon etter akutt eksponering for meget hoye
nivaer. Kritiske levereffekter kan forekomme hos forsoksdyr og mennesker etter gjentatt eksponering,.
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3. Grenseverdier

3.1 Navaerende grenseverdi

Nivarende grenseverdi (8 timer) i Notge for tetraklormetan er: 2 ppm, 13 mg/m’ med anmerkning H
(hudopptak) og K (kreftfremkallende).

3.2. Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOEL foreslar for tetraklormetan 1 sitt kriteriedokument fra juni
2009:

IOELV (Indicative Occupational Exposure Limit Value) (8 timer): 1 ppm (6,4 mg/m’).

STEL (Short Term Exposure Limit) (15 minutter): 5 ppm (32 mg/m’) som korttidsverdi

Anmerkning: skin

3.3. Grenseverdier fra andre land og organisasjoner

Tabell 3. Grenseverdier for tetraklormetan fra andre land og organisasjoner.
Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
ppm  mg/m’ |ppm  mg/m’
Sverige! 2 13 3 19 C — Stoffet er kreftfremkallende

H — hudopptak
V - veiledende korttidsverdi

Danmark? 1 6,3 na na H - hudopptak

K — oppfort i listen over
kreftfremkallende stoff (bilag 3.6).

Finland? 1 6,3 5 31 Hud (2005)

Storbritannia* 2 13 na na Sk - hudopptak

Nedetland® 0,5 32 1 6,4

ACGIH, USA®¢ 5 31 10 63 Skin

NIOSH, USAs¢ 2 12,6 60 min

Tyskland, MAKS¢ 0,5 32 11 (2) Gjelder korttidsverdi, 15 min:
II (2) - Overskridelsesfaktor

Tyskland, Myndighetene’ 0,5 32 11 (2) Basert pa MAK

! Arbetsmiljéverkets Hygieniska grinsvirden AFS 2015:7,

s: roieniska-gransvarden-afs-2015-7.pdf.
2 At-vejledning, stoffer og materialer - C.0.1, 2007, https://arbejdstilsynet.dk/da/regler/at-vejledninger/g/c-0-1-
graensevaerdi-for-stoffer-og-mat.

3 Social og hilsovardsministeriet, HTP-virden, Koncentrationer som befunnits skadliga, Helsingfors, 2016,
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM 9 2016 HTP-

varden 2016 Ruotsi 22122016 NETTLpdf .

4+EHA40 andre utgave, 2013, http://www.hse.gov.uk/pubns/priced/eh40.pdf

Shttp://www.ser.nl/en/oel database.aspx; https://www.ser.nl/en/grenswaarden/tetrachloorkoolstof.aspx
¢ Guide to occupational exposure values compiled by ACGIH, 2017.

7Baua, TRGS 900, oppdatert 2016, https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-

Regeln/Regelwerk/TRGS /pdf/TRGS-
900.pdfijsessionid=439FFF321 DF2323EGOF868CDO8EICD3A.s1t2?  blob=publicationFile&v=2
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https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2015-7.pdf
https://arbejdstilsynet.dk/da/regler/at-vejledninger/g/c-0-1-graensevaerdi-for-stoffer-og-mat
https://arbejdstilsynet.dk/da/regler/at-vejledninger/g/c-0-1-graensevaerdi-for-stoffer-og-mat
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM_9_2016_HTP-varden_2016_Ruotsi_22122016_NETTI.pdf
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM_9_2016_HTP-varden_2016_Ruotsi_22122016_NETTI.pdf
http://www.hse.gov.uk/pubns/priced/eh40.pdf
http://www.ser.nl/en/oel_database.aspx
https://www.ser.nl/en/grenswaarden/tetrachloorkoolstof.aspx
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2

3.4. Stoffets klassifisering

Tetraklormetan er i henhold til CLP (Forordning (EC) Nr. 1272/2008) Annex VI, tabell 3.1 (Liste over
harmonisert klassifisering og merking av farlige kjemikalier) klassifisert og merket 1 ulike fareklasser,
med faresetninger og koder, som gitt i tabell 4 nedenfor.

Tabell 4. Fareklasser, farekategori med forkortelse, merkekoder og faresetninger for
tetraklormetan'
Fareklasse Merkekode Faresetning
Farekategori
Forkortelse
Akutt giftighet H301 Giftig ved svelging
Kategori 3
Acute Tox. 3
Akutt giftighet H311 Giftig ved hudkontakt
Kategori 3
Acute Tox. 3
Akutt giftighet H331 Giftig ved innanding
Kategori 3
Acute Tox. 3
Kreftfremkallende egenskaper H351 Mistenkes for 4 kunne fremkalle
Kategori 2 kreft
Care. 2
Spesifikk malorgantoksisitet — H372 Forarsaker organskader (6) ved
gjenntatt eksponering langvarig eller gjentatt eksponering
Kategori 1
STOTRE 1
Farlig for vannmiljeet H412 Skadelig, med langtidsvirkning, for
Kronisk kategori 3 liv i vann
Agquatic Chronic 3
Farlig for ozonlaget H420 Skader folkehelsen og miljoet ved

Kategori 1
Ozone 1

a odelegge ozon i ovre del av
atmosferen

I CLP ((Forordning (EC) Nr. 1272/2008), htp:
https://echa.europa.cu/information-on-chemicals/cl-inventory-database

www.miljodirektoratet.no/Documents/publikasjoner/M259 /M259.pdf

VET 4



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

3.5. Biologisk overviking

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

SCOEL fremmer ikke et forslag til biologisk grenseverdi (BLV) for tetraklormetan. Relevansen
bedommes som liten begrunnet i stoffets raske metabolisme.

4. Toksikologiske data og helseeffekter

4.1. Anbefaling fra SCOEL (2009)
Anbefalinger fra SCOEL er vedlagt (vedlegg 1):
Vurderinger i forhold til grenseverdier er:

8 hour TWA: 1 ppm (6,4 mg/m3)
STEL (15 mins): 5 ppm (32 mg/m3)
Notation: “skin”

SCOEL carcinogen group: D
(non-genotoxic carcinogen for which a threshold can be established)

4.2. Kommentarer fra TEAN

Tetraklormetan (CAS 56-23-5)

SCOEL-dokumentet er fra 2009. I denne gjennomgangen er det i tillegg innhentet data fra MAK
(2000), ACGIH (2001), AEGL (2014), NTP-ROC (2016) og IARC (1999). Det ble gjort litteratursok i
PubMed fra ar 2000 og fremover. Det er publisert relevante studier i etterkant av SCOEL-dokumentet
som vil bli omtalt her.

Lever er det mest folsomme organet for tetraklormetan. Stoffet er brukt som et referansestoff ved
studier av leverfibrose og mekanismene bak denne sykdommen [1]. En viktig mekanisme er dannelse av
reaktive metabolitter som kan alkylere proteiner samt gi oksidative skader i membranlipider.
Nyretoksiske effekter kan ogsd forekomme med lignende mekanismer, men krever gjerne hoyere
eksponeringsdoser enn levertoksiske effekter. Dette er bakgrunnen for at stoffet i GHS-systemet er
klassifisert som STOT RE 1.

Ved korttidseksponering er effekter pa hud, oyne, lunger, hjerte, benmarg og nervesystem beskrevet.
Tetraklormetan er derfor klassifisert som Acute Tox 3 i GHS-systemet.

Kreftfare
I dyreforsek har eksponering for tetraklormetan gitt svulster i lever hos rotter, mus og hamster.
Dataene kan tyde pa at det finnes terskeldoser for denne effekten. SCOELs vurdering er at svulster i
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dyrestudier oppstir etter kronisk vevsskade, og at det derfor er lite trolig at stoffet er kreftfremkallende
hos menneske i en arbeidssituasjon. SCOEL klassifiserer tetraklormetan, basert pa de siterte studiene 1
dokumentet, til Gruppe D i deres eget system: Ikke-genotoksiske karsinogener og karsinogener som
ikke reagerer med DNA, med en klar dokumentert NOAEL. (Non-genotoxic carcinogens and non-
DNA reactive carcinogens with a clearly founded NOAEL.)

En rekke humanstudier er publisert fra og med ar 2000. Mange av de nyere epidemiologiske studiene
har tatt for seg personer som hadde vert eksponert for en blanding av klorerte losemidler. I tillegg har
noyaktige eksponeringsdata manglet. Andre problemer med slike kreftstudier hos menneske er mangel
pé kontroll av konfunderende faktorer som royking og alkoholinntak. Ulike krefttyper er studert, og
man har ikke kunnet pavise noen statistisk signifikant sammenheng med tetraklormetan som en mulig
risikofaktor [2-8].

En kanadisk kasus-kontrollstudie som inkluderte 2016 kasus og 2001 kontroller, der man ogsa studerte
flere klorerte losemidler, viste en okt risiko for lungekreft ved tetraklormetan-eksponering. Forfatterne
poengterer imidlertid at det var ufullstendige bevis for at stoffet kan knyttes til risiko for lungekreft
(«the evidence remains inconclusive on role of the agent on lung cancer risk») [9].

Tetraklormetan er klassifisert som Carc. 2 i GHS-systemet.

TARC har klassifisert tetraklormetan som mulig kreftfremkallende for mennesker (Gruppe 2B)

NTP (ROC14) har klassifisert tetraklormetan som at det er rimelig grunn til 4 anta at det er
kreftfremkallende for mennesker (“Reasonably anticipated to be a human carcinogen”).

Effekter pd sentralnervesystemet

Et effektorgan som har vert mindre studert er sentralnervesystemet. En interessant
tvillingundersokelse har funnet at eksponering for klorerte losemidler (trikloretylen) kan oke risikoen
for Parkinsons sykdom og at sammenhengen var ner signifikant for tetraklormetan (OR 2.3, 95% CI
0.9-6.1, p=0.088) [10]. Forklaringen pa at disse lipofile stoffene kan gi effekt i hjernen kan blant annet
veare tap av dopaminerge nevroner 1 et omrade i nedre del av hjernen, substansia nigra,
proteinavleiringer i n. vagus og substansia nigra, nedsatt mitokondriefunksjon og okt oksidativt stress

[10].
Irritasjon og narkotiske effekter gjor det nodvendig 4 ha korttidsnorm for eksponering.
Hudopptak av tetraklormetan kan veare signifikant og stoffet bor derfor ha hudnotasjon.

TEAN har ingen bemerkninger til SCOELSs vurderinger.
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5. Bruk og eksponering

Pa 1980-tallet var produksjonen i EU pa over 100.000 tonn per ar, men tetraklormetan er et
ozonnedbrytende stoff hvor internasjonale avtaler har fort til at produksjonen er redusert betydelig.
Dens bruk som losemiddel er begrenset eller forbudt i flere land.

Tetraklormetan absorberes godt ved innanding, oralt inntak og perkutant bade hos dyr

og mennesker (Tsurata, 1975; Stewart og Dodd, 1964). En betydelig andel av eksponert mengde blir
eliminert, uendret eller som karbondioksid, ved utanding. Stoffet metaboliseres hovedsakelig via en
cytokrom P450-avhengig deklorering (hovedsakelig via CYP2E1) og deretter via reaksjoner med frie
radikaler.

5.1. Opplysning fra Produktregistret

Data fra Produktregisteret er innhentet oktober 2016 og inneholder opplysninger om mengde og bruk
av tetraklormetan 1 deklareringspliktige produkter. P4 grunn av sikkerhetsbestemmelsene i
Produktregisteret er disse opplysningene unntatt offentligheten, og vi kan derfor ikke gi eksakte
opplysninger om stoffet i denne rapporten.

5.2. Eksponering og maledokumentasjon
Eksponeringene i arbeidslivet oppgis a vare lave basert pa foreliggende malinger
5.2.1. EXPO- data

Rapporterte malinger av tetraklormetan er hentet fra STAMIs eksponeringsdatabase EXPO.

Eksponeringsmalinger av tetraklormetan som er registrert i EXPO er utfort over flere ar (i perioden
1984-2001). Resultatene viser totalt 11 prover oppgitt med konsentrasjonsangivelse pg/m’ eller ppm.
Av disse provene er 2 personbarne(PB) og 9 stasjonzre (sta).

Gjennomsnittlig provetakingstid var 132 minutter.

| | Ar |Verneutstyr| Tid min | 1:PB2sta | Arbeidsbeskrivelse | Miljgfaktor | g/m3 | ppm ‘
PRODUKSJON AV GUMMIPRODUKTER ELLERS 2000 105,00 2 PRESSE ORGANISKE FORBINDELSER 11,0
PRODUKSION AV ANDRE ELEKTRONISKE OGELEKTRISKE LEDNINGEROGKABLER 1984~ N 710 1 VALSERGUMMI/PA MPLLOPPLERING GUMMI " 015
PRODUKSION AV ANDRE ELEKTRONISKE OGELEKTRISKE LEDNINGEROGKABLER 1984 N 110 1 VALSERGUMMI/PA MBLL GUMMI " o
PRODUKSJON AV ANDRE ELEKTRONISKE OG ELEKTRISKE LEDNINGER OGKABLER 1984 0 2 INNIM@LA GUMMI "o
PRODUKSJON AV ANDRE ELEKTRONISKE OG ELEKTRISKE LEDNINGER OGKABLER 1984 gil) 2 OVERGUMMIKONTAINER GUMMI " om
FORSVAR 2000 30 ) TILUFTGRUNN/VENTAKT/NIU  ORGANISKE FORBINDELSER 09

FORSVAR 201 "m0 ) TWLUFTSTEGUKERVANL/NLU  ORGANISKEFORBINDELSER 03

FORSVAR 2000 "m0 ) TUL/STATEGDNVANUAKTNILU  ORGANISKEFORBINDELSER 03

FORSVAR 201 00 2 TILUFTDAGY/FM/NILU ORGANISKE FORBINDELSER” 1.1

FORSVAR 2000 0 2 TILUFTDAG3/F.M/NILU ORGANISKE FORBINDELSER 1,0

FORSVAR 201 0 2 TILUFTDAG3/EM,/NILU ORGANISKE FORBINDELSER” 07 |
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5.2.2. Provetakings- og analysemetode

I tabell 5 er anbefalte metoder for provetaking og analyser av tetraklormetan presentert.

Tabell 5. Anbefalte metoder for provetaking og analyse av tetraklormetan.
Provetakingsmetode Analysemetode Referanse
Kullror Desotpsjon m/CS2, GC-FID NIOSH-metode 1003, OSHA-metode 7

1FID: Flame Ionisation Detector (Flammeionisasjonsdetektor)

2www.cdc.gov/niosh /docs/2003-154
3 www.osha.gov/dts/sltc/methods /toc.html

6. Vurdering

Tetraklormetan kan fordrsake dod av CNS-effekter akutt eksponering for svart
hoye nivder og langt over dagens grenseverdier. De kritiske helseeffektene av eksponering vil
forekommer 1 lever hos forseksdyr og mennesker etter gjentatt eksponering for hoye verdier.

IARC har klassifisert tetraklormetan som mulig kreftfremkallende for mennesker (Gruppe 2B)
NTP (ROC14) har klassifisert tetraklormetan som at det er rimelig grunn til 4 anta at det er
kreftfremkallende for mennesker (“Reasonably anticipated to be a human carcinogen”).

SCOEL har pa bakgrunn av generelt negative genotoksisitetsdataene og den observerte spesifisiteten til
karsinogenitet, anses det at tumorene observert i tetraklormetanbehandlet dyr er forbundet med kronisk
vevskader. Dermed legges det til grunn at tetraklormetan sannsynlig ikke er kreftfremkallende under
normale arbeidsrelaterte eksponeringsforhold, og det begrunnet i beskyttelse mot toksisitet. Folgelig er
tetraklormetan kategorisert i SCOEL-karsinogenitet gruppe D, som et ikke-genotoksisk karsinogen
med en terskeverdi som baseres pa dens virkemate.

I tidligere anbefalinger fra SCOEL droftes en NOAEL pi 5 ppm (32 mg / m’) for leverskade hos dyr.
Dette ble anvendt som grunnlag for 4 foresla en arbeidsrelatert eksponeringsgrense pa 1 ppm (SCOEL
Recommendation, 1993). Nye publikasjoner frem til 2009 stotter denne anbefalingen. Hos dyr er det
bekreftet en NOAEL pa 5 ppm etter eksponering i 2 ar (for konsentrasjoner pa 25 ppm forekom det
effekter i leveren, milten og nyrene). I epidemiologisk undersokelser av arbeidstakere var
serumparametere pa hepatotoksisitet ikke endret i en kategorisert lav eksponeringsgruppe (eksponert

opptil 1 ppm).

Det kan pa denne bakgrunn konkluderes med at et eksponeringsniva pa 1 ppm tetraklormetan fortsatt
representerer en etablert NOAEL for mennesker under industrielle eksponeringsforhold. Prinsippet
om en tiltaksgrense under denne grenseverdien inkluderer en yttetligere sikkerhetsmargin.

Det er pavist okte nivaer av serumparametere som indikerer hepatotoksisitet hos rotter eksponert for
10 ppm tetraklormetan i en time. Derfor anbefales en relativt streng kortidsverdi for tetraklormetan for
a redusere eksponeringstoppene som kan resultere i levertoksisitet. Forslaget er en kortidsverdi (15

min) pa 3 ppm.
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En notasjon om effekter av hudeksponering anbefales da dermal absorpsjon kan bidra vesentlig til den
totale kroppsbelastning, og dermed ogsa redusere sikkerhetsmarginene for effekter ved innanding.

Provetaking fra luft vil ikke vare utfordrende med de anbefalte grenseverdier. Det anbefales ikke
biologiske grenseverdier

7. Konklusjon med forslag til ny grenseverdi

Pa bakgrunn av den foreliggende dokumentasjon og en avveiing mellom de toksikologiske dataene og
cksponeringsdata (dvs. tekniske og okonomiske hensyn), forslas at dagens grenseverdi beholdes, og at
anmerkningene kreftfremkallende (K) og hudopptak (H) beholdes. I tillegg foreslas en korttidsverdi for
tetraklormetan.

Forslag til ny grenseverdi, korttidsverdi og anmerkning:
Grenseverdi (8-timers TWA): 1 ppm, 6,3 mg/m’
Korttidsverdi (15 min): 3 ppm, 19 mg/m’

Anmerkning: H (Hudopptak), S (korttidsverdi), K (kreftfremkallende) og E (EU har fastsatt
grenseverdi for stoffet)

8. Ny grenseverdi

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

B hour TWA H 1 ppm (64 mg/m3)

STEL {15 mnins) B 5 ppm [32 mg/m3)

Motation B “skin”

SCOEL carcinogen group - D [rnomrgencitowc corcinogen for which a

threshold can be estakblished)

Subshance idenfification

Carbon tetrachlodde, CCl4

Social Europe

Synonyms tetrachloromethane; carbon chloride: methane tetrachlonde;
perchloromethane; tetrachlorocarbon; Freon 10
EC H"® : 200-262-8
IMDEX N® : S02-008-00-5
EU Cleesification: Carc. Cat. 3; R40; T; R23/24/25-48/23:R52-53 M; R5?
CAS N® : 56-23-5
MW : 153.8
Corversion factor (20°C, 101kPa) : £.40 mg/m? =1 ppm
June 2009
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1. Occurrence/use

Corbon tetrachlorde is a colourdess, dense, volatile, non-lammakle quid with a sweetish
odowr. it has a MPt of -23°C, a BPt of 746.7°C and a vapour pressure of 12 kKPa ot 20°C. i has
a vapour density of 5.3 times that of air. The cdour threshold & about 20 ppm [(akbout 130
rmigfrm?).

Carbon tetrachloride is manufactured as a co-product with tetrachloroethylene and as a
by-product in the manufacture of chloroform. It is used in the manufacture of CFC 10 and
CHZ 11. |t is also used in the production of chlorinated rubler, as a reaction sclvent in the
production of pharmaceuticak and pestficides, as a catalyst saveetener in hydro-reformers,
and in the production of anfi-knock agents. In the 1980, the production rate in the EEC
wias in excess of 100,000 tonnes per annum, but as it is an czone-depleting agent covered
by international agreements, its production has decreased considerably. s use as a
solvent is restricted or banned in many countries.

2. Hedlth Significance

Carbon tetrachlorde causes death from CHS depression following acute exposure to very
high levels. The crtical effects of carbon tefrachloride occur in the liver of experimental
animals and humans following repeated exposure.

2.1 Toxicokinetics

Corbon tetrachloride is well-absorbed by inhalation, crally and percutanecusly, in animals
and hurnans ([Tsurata, 1775 Stewart and Dodd, 1744]. A substantial proportion is
eliminated, either unchanged or as carbon dickide, by exhalation. |t is mainly metakbolised
vig an initial cylochrome P4t0-dependent dechlofination [mainly via CYP2E1]) and
subseguent free radical reactions. A metabolic scheme is shown in Fg. 1. For further
details, see DFG [2002).
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Dermnal absorpfion

The level of dermmal abscrption from the goseocus phase s low. The rate of dermal
absomption of liquid carbon tetrachlorde by intact mouse skin was found to be B3
microg/em? and minute [WHO 1999). The application of 1 ml to the shaved skin of
guinea pigs (3.1 cm?] yielded a bloocd carcon tefrachloride level of 1 mg/1 after ocne
hour. Although exposure was continved, the concentration in blood decreased over
the course of the next hour. Local vasoconstriction, rapid transport from the bloed to
adipose tissue, or metabolism are thought to be responsible (WHO 199%). On the skin of
guinea pigs, complete absorption cccured within a few days after application of 0.5
ta 2 mil careon tetrachlordide to 3.1 em2 skin in a closed glass container (WHO 1999).
After 3 volunteers had dipped a thumb into carcon tetrachloide for 30 minutes,
concenfrations of 3.8 mg/m? were detected in the exhaled air. The concentration
decreased with a halftime of 2.5 hours [WHD 1797).

Biological monitoring

Carbon tetrachloride can be defermined in biological materals. However, because of its
rapid metabolism the sampling fime is crtical. DFG has proposed a biclegical limit [BAT
value) of 70 pg/iter blood, comelated with an airbome exposure level of 0.5 ppm. Because
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of the restricted use of carbon tetrachloride, the relevance of biclogical monitoring of this
compound is low in general.

2.2 Acute toxicity

221 Human daota

Regardless of the route of aksompfion, the clinical picture of carbon fetrachlonde infoui-
cafion & dominated in the fist 24 hows by gastrointestinal and neurclogical symptoms.
Liver damage occurs at the eardiest after 24 howrs. In severe cases ascites and hepatic
coma develop, and are offen accompanied by haemorhage. Kidney damage is first
manifest after 2-3 days, often not unfil 2-3 weeks affer the infodcation (WHO 1999).
Abnormal liver function values were reported in 10 of 25 workers accidentally poisconed
with carbon tetrachloride after exposure fo concentratfions of 300 to 500 mi/m? [Deng ef
al. 1787).

222 Animal data

After inhalafion exposure, LCse values for the mouse of 45000 to 50000 mg/m? were
determined. The acute inhalation todcity of carbon tetrachlonide &, therefore, low. In the
Jungs of rats and mice exposed fo carbon tetrachlorde concenfrations between 70000
and 00000 mg/m?. Clara cell lesions, decreased levels of cytochrome P450, thickening
of the septa, alwveoclar collapse and atypical type 11 pneumocyte configuration were
observed.

In the serum, the levels of aspartate aminctransferase, alanine aminofransferase, sorpitol
dehydrogenase and glutamate dehydrogenase were increased; necrosis was observed in
the fver [WHO 1797).

2.3 Imitation and cormrosivity
2.3.1 Human data

Three volunteers dipped a thumb info caroon tetrachloride for 30 minutes; this led to
sight erythema, which regressed 1 or 2 hours after exposure. The volunteers reported a
buming feeling in the thumie within the first 10 minutes of exposure [WHO 1999).

2.3.2 Animal data

Epicutanecus application of 1 ml carbon tetrachlorde for perods betwveen 15 minutes
and 14 howrs caused degenerative changes in the epidermis [WHO 1977). Applicafion
of 0.5 ml carbon tetrachloride to the shaved skin of rabbits and guinea pigs caused
moderate ritation (WHO 1977). In a Draize skin Iritation test, 0.5 ml carbon tetrachloride
was applied occlusively to the shaved and scarified skin of rabkits. After 3 days imtative
effects were observed [WHOD 1777). 10 .01 carbon tetrachloride was applied to the skin
nomn-occlusively 3 times a day for 3 days. A skin reaction was observed after 2 days and
reddening after 4 days [WHO 1977). Aligquots of 0.1 ml (159 mg) carbon tetrachloride
were rubbed into the skin of rablkits and guinea pigs daily for 10 days. Oedema and ery-
thema were cbserved [WHO 1999).

0.1 il carcon tetrachlorde caused mild mtation in the rabkit eye. The eyes were exam-
ined 24, 48 and 72 hours after exposure and after a follow-up period of 14 days (WHO
199%).
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2.4. Sensitisation
2.4.1. Humon data

After @ woman used an anfi-grease lotion for the scalp containing 100 g carbon tetra-
chloride, dernatitis of the scalp developed. The woman was freated with a test
substance containing 10 % carbon tetrachloride, 10 % carbon disulphide and 10 %
acetone, coresponding to the amounts in the Lofion, and preduced a marked reaction
after 48 hours [no other detaik) [Romaguera and Grimalt 1780, cited by WHD 19779).

242 Animal data

There are no indications of a senfitisation potential of carbon tetrachloride based on
anirmal experrments.

2.5. Repeated dose toxicity

2.5.1 Human data

Waorkers were exposed to carbon tefrachlornde concenfrations of 1 milfm? or less (n =
40], 1 t2 3 mlfm? [n = 54] or 4 mi/m?® and more (0= 41]. The workers were ako subdivided
info three groups depending on the duration of the activity: < 1 year, 1 fo 5 years, > 5
years. The level of alcohol cornsumption was the Same in all exposed workers. The work-
ers were questioned about ther age, height, weight, workplace situation, firm, hobbies,
state of health and alcohol consumption. Haematological parameters such as haemo-
globin level, number of red blood celks and the haematocrt were significantly changed
in the middle exposure group, as were the activities of gamma-glutamyliransferase and
alkaline phosphatase in serum. In the low exposure group only the haematocnat was
significantly decreased. Mo other parameters were investigated. In the high exposure
group. however, no changes were cbserved (Tomenson ef al. 1975).

17 workers were exposed for about 2 years to carbon tetrachloride concentrations of

290 to 420 mg/m®. 15 workers complained of nausea, 12 of loss of appefite, 7 of vomit-
ing and flatulence, 10 of feeling unwell and dirzy. Clinical examination did not yield any
abnormal findings (Kozantzs and Bomfort 1960).
In 16 workers exposed fo carbon tetrachloride concentrafions of about 490 to 3900
mg/m (no data for duration of exposure), increased values fior serum kilirubin and serum
transaminases, and increased amounts of protein in urine were found [Barnes and Jones
1947].

252 Animal data

The text which follows is a selection of studies performed, which appear relevant for
establishing an OEL [DFG 2002). The IPCS report describes all the studies which have
been camied out (WHO 199%9).

Groups of 10 BDF1 mice were exposed to carbon tefrachlorde concentrations of 10, 30,
20, 270 or 810 mi/m?* (64, 192, 577, 1731 or 5192 mg/m?) & howrs/day, 5 days a week, for
13 weeks. Microscopic examination of the liver revealed cytological changes in the
animals of the lowest concentration group only in the males. With increasing concentra-
tion the effects increased in severity. The incidence of mitesk was increased; focus form-
ation and increased proliferation were cbserved. Fromn concentrations of 30 mifm3 the
body weights of the male animals were reduced. An increase was observed in the liver
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enzymes in blood from concenfrations of 0 milfm3. From 270 ml/m3 haematclogical
changes developed, after concenfrations of 810 ml/m? the winary pH decreazed
[Japan Bicossay Ressarch Centre 1798; Magano et al. 2007). From this sftudy, a no
observed effect level (MOEL) of 10 mil/m3 can be derived only for the fernale animals.

Groups of 50 BDF1 mice were exposed to carbon tefrachloride concentrations of 5, 25,
or 125 mifm? [32.05, 160.25, or 801.25 mg/m?), & howrs/day, 5 days a week for 104 weeks.
In the lowest concenfration group no effects were cbserved. Survival and body weights
were significantly reduced from concentrafions of 25 ml/m2 and haematological and
urinary parameters were changed. Microscopic changes developed from 25 mlfm?® in
the liver [thrombuws, necrosis, cysts, degeneration), in the kdneys and in the spieen
[increasing deposition of hoemosidern and exramedullary haematopeiesis] [Japan
Bioassay Research Cenfre 1978, Nagano ef al. 1978, 2007). From this study, a MOEL of 5
mlim3 can be derived for the mouse.

Groups of 50 F344 rats were exposed to carbon tetrachloride for 13 and 104 weeks
uvnder the same experimental conditions as were the mice. In the 13-week study body
weights were reduced in the highest concentration group: in the low concentration
group, granulation was seen in the ivers of male and female animak. Haematological
changes developed in the female animals from concentrations of 30 m1/m? and in the
males from ?0 mil/m?. From 20 milfm?, the levels of liver enzymes in blood were increased
and wrinalysis revealed changes. Microscopic examination of the lver revealed fat
deposition and cyiological changes from concerntrations of 30 mil/m®. There were
increases in mitosis, fibrosis, focus formation and proliferation in the female animals from
20 mifm? and in the male animals from 270 milf/m?. In the high concentration group,
vacuclation of the tubules, hyaline degeneration of the glomerdli and accumulation of
protein in the kidneys were found (Japan Bioassay Research Centre 1978, Magano et al.
2007].

The effects seen in the 2-yeor study are described below. Survival was reduced in the
high concentration group. The animak died of liver tumours or chronic nephropathy.
The effects in male and female animals exposed to 5 m1/m? were changed nitrate and
protein wahies in the urne. Increasing deposition of haemosidenn in the spieen was
observed in the male animals of all concentration groups. In the female animals of all
concentration groups, ecsinophiia developed in the nasal cavity, and in male animals
from 25 milfm3 From 25 mil/m?® body weights were reduced, and the levek of liver
enzymes in blood and other haematological parameters were changed. Microscopic
changes in the liver ([see 13-week study) were ocbserved at the two highest
concentrations. The female animals developed chronic nephropathy from
concentrations of 25 miym? and the male animak from 125 mUm? [Japan Bicassay
Research Centre 1998, Magano ef al. 1998, 2007).

After inhalation exposure to carbon tefrachloride concentrations of 5 to 400 mifm? a
MOEL of 5 milfm?® was found fior rats, rabbits and male guinea pigs. In the fermale guinea
pigs, increased relative liver weights were cbserved at this concentrafion, but no
histopathological changes were found [Adams ef al. 1952).

Ingestion

Groups of 12 male and 12 fernale CD-1 mice were given carbon tefrachloride doses of
1.2, 12 or 120 mg/kg body weight in corn cil orin 1 % Tween 40 solufion & fimes a week
for 70 days. This study was carmed ocut to investigate the effects of carbon tetrachloride
administered with different vehicles. From 12 magfkg body weight [wvehicle corn cil) and
120 ma/kg body weight [vehicle Tween)] the ver enzymes alanine aminctransferase,
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aspartate aminctransferase and lactate dehydrogenase increased significantly in
sarum. Hepatomegaly, large fat deposits and necrosis with acute inflammation (only in
the male animals) were observed after administration of the substance in com oil. From
this stuedy, a no observed adverse effect level [NOAEL) for hepatotoxic effects of 1.2
ma/kg body weight can be derived for male and fernale mice [Condie ef al. 1784).

Groups of 15 to 16 male rats were given carbon tefrachlorde doses of 1, 10, or 33
ma/kg body weight an 5 days a week for 12 weeks. In the middle dose group the
sorbitel dehydrogenase activity in serurmn was significantly increased and sight centri-
lebular vacuolation was cbserved in the liver. In the high dose group in addition the
levek of omithine carbarmyl transferase and alanine aminctransferase were increased.
Liver cirhosis, bile duct profiferation, fibrosis, parenchymal regeneration, hyperplastic
nodules and single cell necrosis were found. There were no effects an the kidneys. From
this study, @ NOEL of 1 mg/kg body weight can be derived for the male rat [Brockner ef
al. 1786].

Dose-response relaficnship

After administration of carbon tefrachloride doses of 2 or 10 ma/kg body weight in com
il for 1, 7 and 14 days to CD-1 mice. there was no increase in the incidence of cell
proliferation, in the DNA repar in hepatocytes or in the levels of asportate
aminotransferase and alanine aminotransferase in serum. From doses of 20 mg/kg body
weight, an day 7 fthe levels of asparfate aminctransferase and alanine
aminotransferase in serum increased, and from 100 ma/kg body weight aloc the
incidence of cell proliferation was increased. After 14 days the asparfate
aminotransferase and alanine aminctransferase levels had returned to the control
values, the increase in cell proliferation was not, howewver, reversible. The study shows
that the hepatocyte cytoloxicity increases in parallel with the increase in cell
proliferation (Doolittle ef al 1787).

2.6 Genotoxicity

The studies of genotoxicity in vifro and in vive are descriced in detail in the tables of the
IPCS monograph (WHO 19%7). Relevant results in vifro and in vivo are summarised below
[DFE 2000]). There are no human data concerning the genctoxicity of carbon
terrachlorde.

2.6.1 In vitro

Carbon tetrachloride was not found to be mutagenic in the tests for gene mutations or for
an 305 response in Salmonella typhimurium or Eschenchia coll either in the absence of a
metabolic activation systern or in the presence of 57 from the rat. mouse or rabbi. In the
yeast Jaccharomyces cerevisige, in the absence of an activation system, carbon fefra-
chloride induced intrachromosomal and mitofic recombkination. In V79 cels, a high
carbon  tetrachlornde concentration (2500 micreg/ml, abouwt 16 mM) produced
aneuploidy, which can probably be attributed fo the lipophilia of the substance. Studies
of the induction of aneuploidy and micronuclel by carbon fetrachlorde in various
genefically engineered human ymphoblastoid cell lines which express different
cytochrome P450 forms, revealed that lower concentrations (2 mM) are genotoxc only in
celk which express CYP2E]1. Whether clastogenic effects were involved in the formation of
ricronuclei was not investigated.

In primary hepatocyte cultures of the rat and mouse, and in human epithelial iver cell
lines, carpon tetrachloride led to the induction of DNA strand breaks. In most of the
studies sirand breaks cccumed only at cytotoxic concentrafions.

From the avaiakble data it was concluded thatin vifro studies do not provide any
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clear evidence of the formation of DNA-reacfive metakolites of carbon tetrachloride
[DFG 2002). More recently, Araki et al. [2004]) described further mutagenicity experments
in boctera with both chloroform and carbon tefrachloride, using a gos exposure
method. It was claimed that careon tetrachlonide was mutagenic in the 5. typhimunum
strain TA?E without 3% mix, and in E colil WP2/pKMI101 and WP2uvrA/pKMI101 with and
without 5% mix, but net in 5. fyphimuriem TAT00, TA1535 or TA1537. However the alledged
positive effects were seen only at high doses (5000 ppm or more in the gas phase) and,
uvnder these conditions, were only sight [Le. below or not significantly exceeding a
doubling of the spontanecus mutation rates in the control experiments). Hence, the data
of Araki et al. (2004) do not confradict the staterment of DFG [2002), as mentfioned
above.

2,462 In vivo

In Drosephila melanocgaster, carbon tetrachlonde did not lead fo sex-specific recessive
lethal mutations [SLEL mutafions) after feeding or injection.

In rats given oral doses of carbon tetrachlorde, no induction of DMA strand breaks or
DMA repair synthesis was detected. In rats and mice, no sister chromatid exchange (SCE)
or chromosomal abemations were found. Micronucleus tests with mice abko yielded
negative resulis.

Barrows and Shank (1781, cited by WHO 1999 described the formation of 0é-methyl
guanine and 7-methyl guanine in the liver DNA of rats after cral adminstration of carbon
tetrachloride doses of 1000 mo/kg body weight. The formation of the methylated bases
was atfributed to the hepatotoxicity caused by this dose, but the mechanism could not
be explained or the results confirmmed in later studies.

Two research groups showed that the lipid peroxidation occurring in viveo after
administration of high doses of carbon tetrachlonde is accompanied by the increased
formation of certain DMNA adducts ako found in unireated animals and attributed to the
reaction of lipid percxdation products with DNA bases. Wang and Liehr [1975) found an
increase in the concenfration of lipid peroxides and polar endogenous DNA adducts in
the kidneys and liver of harmnsters after cral administration of carbon tetrachloride in
doses of 0.1 mifkg body weight (about 157 mg). In the kidneys the incidence of adducts
was increased by about 120 %, in the liver by about 50 %. The higher dose of 1.0 ma/kg
body weight led in the kidneys to a dight increase in both parameters, in the liver the
levels were found to be below those in the uvnireated animals. This was ascribed fo the
inactivation of carbon tetrachloride-activating cytochrome P450 forms. Independent of
the freatment conditions, there was a linear comrelation between the concentration of
lipid percddes and the level of adducts in the crgans (Wang and Liehr 1995). The polar
DHA adducts were found fo be two reaction products of malondialdehyde with
deocxyadencsine and one DMNA base modification of unknown structure induced by free
radicals.

After infrapertoneal administration of carbon tetrachloride doses of 3200 mg/kg body
weight to rats, the concentrations of varous 1 N*-propancguanine adducts in the liver
DMA, which may alsc be detected in untreated animals, were investigated. These
excoyclic adducts are derived from the reaction with DMA of DO0-unsatuwrated aldehydes
(enals), formed during the lipid peroxidation of polyunsaturated fatty acids. Formnation of
these adducts & markedly increased when giutathione levels are reduced. 24 and 72
hours after administration of the substance, significantly increased concentrations of an
acrolein-deoxyguancsine adduct were detected, which were about 3.7 and 4.4 times the
confral value. The concentrafions of two crotonaldehyde-deoxyguancsine adducts were
increased, but the increase was not statstically significant. 24 hours after administration of
the sulbstance, maorked zonal necrosis was found, and after 72 hours developed into
filbrosis. After 24 hours the binding of 4-hydroxynonenal o liver profeins was increased
[Chung et al. 1797).
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After infragastric administration of carbon tetrachloride doses of 1 mifkg body weight
to rats, the amounts of 4hydroxynonenal-protein and malondialdehyde-protein adducts
[products of lipid peroxidation) in the iver were found by immunochemical analysis to
increase with tirme [Hartley ef al. 1777).

Twice-weekly administration of carbon tetrachloride doses of 0.75 milfkg body weight
[about 1170 mg) led in mice to a decrease in the frequency of endogencus DHNA
modifications [so-called Fcompounds of type 1) in the liver DMA, which persisted for at
least 22 weeks [Math et al 1970, cited by WHO 1777, Randerath ef al 1999 The
structures and biclogical importance of these modifications are unknown. They are
thought to have a physiclogical function. Ther freguency is decreased by numerous
hepatocarcinegens and is reduced in tumours [Randerath ef all 1999).

2.7 Carcinogenicity
2.7.1 Human data

There are several epidemiclogical studies of the carcincgenicity of carbon
tetrachloride. In all studies, however, the persons were exposed to a mixture of carbon
tetrachloride and other halogenated solvents or other substances. In addition, data for
the exposure levels are lacking in these studies. For these reasons the following studies
are not included in the present assessment: Blair ef al. 1970, Bond et al. 1784,
Chekoway et al. 1784, Heinermann ef al. 1994, Oft et al. 1785.

In an epidemiclogical study carried out in the rubber industry (about 7000 exposed
workers studied for 10 years) it was suspected that carbon fetrachlorde at the
workplace may be responsicle for an increased incidence of cancer [Wilcosky ef al
1784). K was demonstrated that the incidence of lymphatic levkaemia and
lymphosarcomas in workers from these firmms comrelated with the exposure to carbon
tetrachloride. For other solvenis there was no comrelation. Howewer, other possicle
carcinogenic substances, e.g. nitrosamines, were not taken into consideration. In a
case-contral study, the exposwre of 342 persons with chronic lymphatic leukaemia to
various substances was investigated. A significanfly increased risk of developing
leukaemia was not cbserved [Linet et al. 1987).

2.7.2 Animal data

After both oral and inhalation exposure to carbon tetrachlonde, the incidence of
hepatocelular carcinomas and phaeocchromocytomas in mice was increased in a dose-
dependent manner. In mice which had inhaled carbon tetrachlonde concentrations of
5 mlim?, the lowest concentration tested, no tumours were found. After 2 years a
complete histopathological examination of all organs was camied out. Therefore from
this study a MOEL of 5 mi/m? for the farmation of hepatocarcinomas in the mouse can be
derived (Japan Bicassay Research Centre 1778, Naganc ef al. 1978). In fernale rats, cral
administration of the substance led to the formation (not dose-dependent) of neoplastic
nodules in the liver and hepatocelular carcinomas, while in the male animals only
neoplastic nodules were found. After inhalation exposure, hepatocellular adencmas
and carcinomas were observed only at the highest concentration tested of 125 mil/m?2.
Theraefore from this study a NOEL of 25 mifm? for the formation of hepatocarcinomas in
the rat can be derived (Japan Bicassay Research Centre 1798, Naganc =t al. 1998).
Data for the incidence of fumours and from this and other studies are listed in Table 1.
There are several mechanisms which could explain the formation of the tumours.
Under discussion for a long fime was whether the tichloromethyl radical formed during
metabolism can bind covalently to DMA. The studies camied out did not yield conclusive
results. Also the mainly negative results in genotoxcity fests, abowe all in vivo, speak
against this mechanism. In view of the shor lifetime of the trichloromethyl radical, which
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is mainly found covalently bound to proteins and lpids, binding to the DHA in the cell
nucleus i also improbakle.

Preducts of lipid percxdation, such as malondialdehyde or +hydroxynonenal can in
principle bind to DMA and caouse mutations. They ocow, however, also without specific
exposure in healthy persons in various organs, including the liver (Marnett 1999).

Table 1. Studies of the carcinogenicity of carbon tetrachlodde [DFG 2002)
[m=rmmaie; f=female]

Author: Reuber and Glover 1970, cited by WHO 1799

Substance: caroon fetrachloride (purty not specified)

Species: rat [Japanese, Csbormme-Mendel, Wistar, Black Rat, Sprague-
Dawley],

12-17 m. 12 controls/strain
Adrninistration route: subcutaneous, vehicle com oil
Concentration: 1000 mg/kg body weight

Duration: 70-105 wesks, 2/weak
Tadcity: moderate to severe liver cimhoss, body weights decreased,
changed liver

weights, hepatic venous thrombosis, cholangiofibrosis

Japanese Osbome-Mendel Wistar Black Rat Sprague-

Dawley
Survivors week 7B 12/15 B3 0 o V]
Average survival 47 weeks 44 weeks 33 weeks 13 weeks 11 weeks
Findings:’ 0 [vehicle controls) 1000 mo/kg body weight
lapanese liver carcinomas o2 12/15

spleen haemangiomas not specified 215

thyroid carcinomas  not specified ans

kidney cysts niot specified ans
Osbome-Mendel  liver carcinomos o3 BN3

spleen haemangiomas not specified 113

thyroid carcinomas  not specified 313

kidney cysts not specified 2n3a

lung metastases not specified 113 b
Wishar liver carcinomas oMz 4112 (8

o
| no effects in Black rat or Sprague-Dowley rat :
Ll

Author: Weisburger 1977 -E
Substance: caroon tetrachloride [purity tested, no other details) 8
Species: rat [Csbome-Mendel), #7 m. 7?7 £ controls: 20 m, 18 f. mouse [B&CIR), L ]

7 m, B7 f controls: 18 m, 18 F

12
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Administration route: gavage, vehicle com il

Social Europe

3

Dose: rat: 50-1460 mo/kg body weight [exact details not given) mouse:
1250-
2500 mg/kg body weight [exact details not given)
Duration: 78 weeks, & days/week
Taxicity: not specified, carbon tetrachlonde served as posifive confrol
control low dose high dose
Dsbome-Mendel rats
thyroid adenomas and carcinomas m 1/20 1749
1/50
f 2020 2/50 4/49
haemangicsarcomas m o/20 447 4750
f /20 3/50 1/50
neoplastic nodules in the liver m QF20 P49 3750
f /20 11/50 747
hepatocellular carcinomas m QF20 2749 2450
f /20 4/50 2/49
B&CIF mice
hepatocellular carcinomas m 3sa 47749
A7 147
f 1/18 40740
43/43
adrenal adenomas and chromocytomas m o188
28747 28747
f a/18 15740
10743
Author: Hagano et al. 1998, 2007; Japan Bioassay Research Centre 1778
Substance: carbon tetrachloride [purity = 79.9 &)
Species: F344 rat 50 m, 50 f: BDF mouse 50m, 50 f
Administration route:  inhalation
Concentration: 5. 25, 125 milfm?
Duraticn: & hours/day, 5 days/week, 104 week
Taxcity: see Jection 5.2.1
1
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control  Sml/m® 25 mlfm? 125 ml/m?

F344 rats

SUMVTVOIS m 22450 2950 19450 3750
f 39/50 43/50 39450 1/50

hepatocellular adencmas m 0/50 1450 1750 21450
f o/50 o/50 /50 40750

hepatocellular carcinomas m 1/50 Of50 Q50 32750
f o/50 [HE] 3/50 15750

control  Sml/m® 25 mlfm? 125 mlfm?

BDF1 mice

SURVIVOrS m 35/50 34750 25/50 1/50
f 26/50 24/47 10/50 1749

hepatocellular adencmas m 250 2450 27750 16450
f 2/50 B/50 17450 5/50

hepatocellular carcinomas m 17450 12450 42750 48,50
f 2/50 1/4% 33/50 48747

phaecchromocytomas m o/50 050 14/50 31750
f o/50 0/4% 0/50 2749

The preducts of ipid percddation, also of that caused by carbon tetrachloride, induce
the expression of proto-oncogenes such as c-fos and c-jun, which was also detected for
carpon tetrachlorde (Schiaffonafi and Tibero 1977). The DMNA damage [deletion via
infrachromosomal recombination] cleserved in vifro in yeast cells [Brennan and Schiestl
1798] is similar fo the damaoge normally ckserved ofter cddative stress (Wang =t al
1778]. Increased levels of B-hydroxy-2'-descxyguanosine, a parameter for DNA changes
resulting from oxidafive stress, were detected in the liver tissue of rots ofter
administration of carbon tetrachloride [Takahashi et al. 1978).

Investigations by Camandcla et al. [1777) indicate that the lipid percxidation resulting
from exposure to carbon tetrachlonde is responsible for the "upregulation” of activator
protein-1 [(AP-1]. | could be completely inhibited by the anfioxidant, vitamin E. In
addition, it was found that Kupffer's cells play an important role in this gene activation.
The authors suspect that products of lipid percudation activate the Kupffer's cells, which
in furn stimulate gene activation and proliferation in the Iver cells.

In all the mechanisms named akove, with the exception of the direct alkylation of
DHA by frichloromethyl radicals, which is, howewver, an unlikely mechanism, the effects
correlate with carbon tetrachloride-induced lipid percxidafion. The dose-response
relationship for ipid percddation, however, has a “threshold value®, as it takes place in
the organism also without specific activation and & inhibited by varicus antficxddative
protective mechanisms. it is ako involved to a high degree in the liver toxicity induced
by carbon tefrachloride. it can therefore be assumed that in the absence of liver
toxicity no ver tumours are formed. The cowse of the dose-response relationship for the
induction of iver tumaours in rats and mice confirms this hypothesis [DFG 2002).
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2.8 Reproductive toxicity
2.8.1 Human data

Data for man has been found in only one publication [Dowty et al. 1974). The authors
analysed 11 blood samples taken from mothers and their offspring after normal pirths.
Carbon tetrachloride was found in both the mothers and offspring; the concentrations
determined in the offspring were of the same level as those found in the mothers, orin
some cases even higher. Thus it must be assumed that carbon tetrachloride can pass
the placental barrier in man. Other data for man are not available [Bardow and Sulivan
1982).

2.8.2 Animal data

Fertility

After oral administration of 0.1 te 1.5 ma/kg body weight for 5 days to CD-1 mice, no
spermn ancmalies were detected [WHO 1797).

Groups of &4 male and & female rafs were given single intrapedtoneal doses of
carpon tetrachloride of 3 mifkg body weight (2378 mg/kg body weight) in coconut oil.
After 15 days, the piluitary gland weights in the male animak were significantly
increased and the tests weights reduced. Histological examination revealed testis
atrophy and changes in spermatogenesis. After 10 days the female cycle stopped, the
ovary and Uerus weights were reduced and the adrenal gland and pituitary gland
weights increased [Chatterjee 1964, 17468).

In an eardy 3-generation study, groups of 24 albine rats were exposed to carbon
tetrachlorde concentrations of 50, 100, 200 and 400 ml/m® on 5 days a weck. The
authors reported that ferdility in the animak exposed to 200 and 400 mlfm® was
impaired. Embryotoxic, foetotoxic and teratogenic effects were not, however,
mentioned [Smyth et al. 1934, Smyth and Smyth 1935).

Developmental toxicity

In Sprague-Dawley rats which had inhaled carbon tetrachlonde concentrations of 334
or 1004 mil/m? for 7 hours a day an days & to 15 of gestation, food consumption and
body weights were reduced. In the two dose groups the alanine aminctransferase and
S-glutamyl transpeptidase activities increased in a manner not dependent on the dose-
an indication of liver foxicity. The relative liver weights were significanfly increased.
Carbon tetrachloride had no influence on the number of implantations, resorptions or
pups per liter. The body weights of the foetuses decreased and the body lengths were
shorter. Subcutaneous ocedema was ocbserved at concenfrations of 334 mil/m?
significarntly more often than in the conirol animals. In the high concentration group,
ancmalies of the breastbone were significantly more frequent [Schwetz et al 1974).

Fi44 rats were given gavage doses of carbon tetrachloride of 25, 50 or 75 ma/kg
body weight in com oil or 10 % Emulphor from days 6 to 15 of gestation. Independent of
the vehicle, dose-dependent piloerection was seen in the dams from doses of 50 mg/kg
body weight. Reduced body weights and kyphosis were observed in the high dose
group after administrafion of the substance in corn oil and from doses of 50 mg/kg body
weeight in aguecus sclution. In the groups given 50 and 75 mg/kg doses in com oil, 42
and &7 of the liters were resorbed, with the aguecus sclution 14 and B. After
administration of 25 ma/kg body weight, the prenatal and postnatal body weights and
survival were not affected. Ho morphological changes were found in the foetuses. The
authors give a NHOAEL for both the dams and the foetuses of 25 mg/ikg body weight
after administration in either com oil or agueous solution (Marctsky ef al 1997).
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COn 5 consecutive days of gestation, beginning an day 1. 6 or 11, groups of 31 BSD2FR
mice were given carbon tetrachloride doses of 824 or 8263 ma/kg body weight by
gavage. Mo effects were observed in either the darms or the foetuses [Hamln ef al
1773]. Howewver, because of the small number of animals invesfigated and the
inadeguate documentation of the findings, the study i of only limited use for the
evaluation of the developmental toucity of the substance.

Recommendation

In view of the predominantly negative genofoxicity data and the specificity of
carcinogenicity, it i considered that the tumouwrs observed in caroon tetrachloride-treated
anirmals are assocciated with chronic tissue darmmage. Thus, carbon tetrachlorde is not likely
ta be carcinogenic under occupational exposure conditions providing protection from
touicity. Accordingly, carbon tetrachlodde 5 cotegorized into the SCOEL carcinogen
group D, as a nongenotoxic carcinogen with a threshold based on its mode of achion
[Bolt and Huici-Montagud 2007).

In the eardier recommendation of SCOHE., the study of Adams ef al [1752), establishing a
NOAEL of & ppm (32 mg/m?] for iver damoge in animals, was considered a basis for
proposing an Occupational Bgposure Limits of 1 ppm (SCOBE Recommendation, 1993). In
the meantime, this has been further supported by published data both in animals (Magano
et al. 2007) and in humans [Tomenson et al. 1995). In rats, the publication of Nagano et al.
[2007) has confirned a WOAEL of & ppm in mice after exposure for 2 years [fom
concenfrations of 25 ppm on toxicity occumed in the liver, spleen and kidneys). In the
occupational field study of Tormenson et al. [1795), serurn parameters of hepatotoxicity
were not alfered in a low-exposure group (exposed up fo 1 ppm). [A slight change of
packed blood cell volume, statistically significant in this low-dose group, was not dose-
dependent and therefore not comsidered to be an adverse effect.] At higher exposure
concentrations [1-3 ppm; 4 ppm and more] effects were not consistent. From this study
SCOEL concludes that an arbome level 1 ppm carbon tefrachloride represents an
estaplished NOAEL for humans under industrial exposure condifions, which very likely alo
includes a further margin of safety.

Hence, the recommended Occupafional Exposwe Limit [{OEL; 8-hour TWA] i | ppm [6.4
mg/mi). In view of o report of increagsed serum enzymes in rafs reagted with 10 ppm (63
mgfmi] carbon tetrachlorde for 1 hid (McSheehy et al, 1984), a 5TEL (15 mins) of § ppm
[32 mgfmi] can be proposed fo [mit peaks of exposwe which could resulf in

hepatotoxcity.

A “skin™ notafion was recommended as dernal albsorption may confribute substantially to
the total body burden (see chapter 2.1).

According to the available experimental data, effects on the pregeny are avoided atf the
proposed OEL

Because of the nowadays very much restricted use of carbon tetrachlonde and a crtical
sampding time, a BLY & not recommended.

At the levek recommended, no measurement difficulties are foreseen.
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