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Forord

Grunnlagsdokumenter for fastsettelse av grenseverdier utarbeides av Arbeidstilsynet 1 samarbeid med
Statens arbeidsmiljoinstitutt (STAMI) og partene i arbeidslivet (Naringslivets hovedorganisasjon/
Norsk Industri og Landsorganisasjonen i Notrge) 1 henhold til St#rategi for utarbeidelse og fastsettelse av
grenseverdier for forurensninger i arbeidsatmosfaren. 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 dreftingsmoter der Arbeidstilsynet, Naringslivets
hovedorganisasjon/Norsk Industri og Landsorganisasjonen i Norge deltar, samt otienteringsmoter 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
diklormetan. Innholdet bygger spesielt pa anbefalinger fra Scientific Committee on Occupational
Exposure Limits (SCOEL) i EU for diklormetan', samt vurdetinger og kommentarer fra Toksikologisk
Ekspertgruppe for Administrative Normer (TEAN).

1. Stoffets identitet

Diklormetan og dets molekylformel, synonymer av stoffets navn, stoffets identifikasjonsnummer i
Chemical Abstract Service (CAS-nr.), European Inventory of Existing Commercial chemical
Substances (EINECS-nr. el. EC-nr.) og indekseringsnummer (Indeks-nr.) er gitt i tabell 1.
Strukturformel av diklormetan er vist i figur 1.

Tabell 1. Stoffets navn og identitet.
Navn diklormetan
Molekylformel CH>Cl,
Synonymer Metylenklorid, DCM, metandiklorid,
CAS-nr. 75-09-2
EC-nr. 200-838-9
Indeks-nr. 602-004-00-3
Cl
|
H-C-H
|
Cl

Figur 1. Strukturformel av diklormetan'.

2. Fysikalske og kjemiske data

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

Tabell 2. Fysikalske og kjemiske data for diklormetan.
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Kjemisk formel CH2CL,

Molekylvekt (g/mol) 84,93

Fysisk tilstand Fargelos vaske med en etetlignende lukt
Luktterskel (ppm) 205-307

Smeltepunkt (°C) -97

Kokepunkt (°C, 101,3 kPa) 40

Selvantennelsestemperatur (°C) 605

Lgselighet i vann (25 °C, g/1) 13,2

Loselighet i eter og alkohol (20 °C) Ja

Fordelingskoeffisient n-oktanol/vann (log Kow) |1,25

Damptrykk ved 20 °C (kPa) 47,4

Damptetthet (air = 1) (g/cm’) 2,9

Tetthet (20 °C) 1,3255

Omregningsfaktor (20 °C, 101 kPa) 1 ppm = 3,53 mg/m> 1 mg/m3 = 0,28 ppm

2.1 Forekomst og bruk

Diklormetan framstilles vanligvis ved reaksjon mellom metanol og hydrogen til metylklorid som ved
reaksjon med klor danner diklormetan (Stautfer prosess). Kloroform og karbontetraklorid er
biprodukter i produksjons-prosessen. Rundt 254.000 tonn metylenklorid ble produsert i Europa i 1991,
og 11994 ble 133.000 tonn brukt. Med fa unntak har forbruket av metylenklorid vart nedadgiende
inntil det stabiliserte seg pa begynnelsen av 90-tallet (kilde: Eurochlor: http://eurochlor.org/consuption).

Stoffet brukes hovedsakelig som malingsfjerner, ellers som opplesningsmiddel, og rensemiddel, blant
annet innen elektronikkindustri (rensing av kretskort), innen metallrensing, og som ekstraksjonsmiddel i
matframstilling og farmaseytiske prosesser. Diklormetan brukes videre som opplesningsmiddel i
produksjon av kjemikalier som polykarbonat, celluloseestre, triacetat og deres estre, 1 lim og plast og i
blasemidler i framstilling av polyuretanskum.

Restriksjon i bruk av malingfjerner som inneholder diklormetan tradte 1 kraft i Norge 1 17.november
2011 via Forordning 276/2010 - Endring i forordning 552/2009. Malingsfjernere som inneholder
diklormetan i konsentrasjon lik eller hovere enn 0,1 vektprosent skal ikke brukes av yrkesbrukere etter
06.juni 2012. I Produktregisteret var det 1 2012 deklarert 33 kjemikalier som inneholder diklormetan,
hvor 15 av 33 (45,5 %) deklareringene var for maling- og lakkfjernere som inneholder varierende
mengde av stoffet, og 60 av 95 tonn (63,2 %) av diklormetan produsert/importert brukes i maling- og
lakkfjerner.

3. Grenseverdier

3.1. Navarende grenseverdi

Nivzrende grenseverdi i Norge for diklormetan er: 15 ppm, 50 mg/m” fastsatt i 2000 med anmerkning
H (hudopptak) og K (kreftfremkallende).
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http://eurochlor.org/consuption

3.2.Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOEL foreslar for diklormetan i sitt kriteriedokument fra 2009:
IOELV (Indicative Occupational Exposure Limit Value) (8 timer): 100 ppm, 353 mg/m’, STEL (Short

Time Exposure Limit): 200 ppm, 706 mg/m’, og anmerkning “Skin”.

3.3.

Tabell 3 nedenfor angir grenseverdier i andre land, med kilder angitt som fotnoter under tabell.

Grenseverdier fra andre land og organisasjoner

Tabell 3. Grenseverdier for diklormetan fra andre land og organisasjoner. L.and og organisasjoner
som ikke har grenseverdier er merket med -.
Land Grenseverdi | Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
ppm, mg/m’® | ppm, mg/m’
Sverige! 35,120 70, 250 C (kreftfremkallende), H (hudopptak), V
(Veiledende korttidsverd?d
Danmark? 25,122 - H (hudopptak), K (kreftfremkallende)
Finland? 100, 350 350, 880 Hud
Storbritannia# 100, 350 300, 1060 Sk, BMGV
Nederland? 100, 350 500, 1740 -
ACGIH, USA® 50, 174 - -
NIOSH, USA® 25,125 - -
Tyskland, MAK® 50, 180 - II(2)™ (Stoffer med systemisk effekt)
Skin (hudopptak); B (Reproduksjons-
skadelig, gruppe B)
Tyskland, Myndighetene” |50, 180 - H (hudopptak), Z (Kan vere
reproduksjonsskadelig)

I Arbetsmiljéverkets Hygieniska grinsvirden AFS 2015:7,

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

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

varden 2016 Ruotsi 22122016 NETTT.pdf.

4+ EHA40 andre utgave, 2013, http://www.hse.gov.uk/pubns/priced/eh40.pdf
Shttp://www.ser.nl/en/oel database.aspx;
http://www.ser.nl/en/grenswaarden/2%20butyne%0201%204%20diol.aspx
¢ Guide to occupational exposure values compiled by ACGIH, 2017.

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

Regeln/Regelwerk/TRGS /pdf/TRGS-
900.pdf;jsessionid=439FFFE321DF2323E60F868CDOSEICD3A.s1t2?  blob=publicationFile&v=2
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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
http://www.ser.nl/en/grenswaarden/2%20butyne%201%204%20diol.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

Diklormetan 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 i ulike fareklasser,
med faresetninger og koder, som gitt i tabell 4 nedenfor.

Tabell 4. Fareklasser, farekategori med forkortelse, merkekoder og faresetninger for diklormetan”
Fareklasse, Farekategori, Forkortelse Merkekode | Faresetning
Kreftframkallende, kategori 2 (Carc.2) H351 Mistenkes for a kunne forarsake kreft

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

3.5. Biologisk overviking

For a beskrive 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 fremmet forslag til biologisk grenseverdi (BLV) for diklormetan pa 0,3 mg/1 urin og 1
mg/1 blod og 4% COHb.

4. Toksikologiske data og helseeffekter

4.1. Anbefaling fra SCOEL

EUs vitenskapskomite (SCOEL) har utarbeidet kriteriedokumentasjon’ for diklormetan datert juni
2009 hvor de anbefaler en grenseverdi for stoffet lik 100 ppm, 353 mg/m’ (se vedlegg).

4.2. Kommentarer fra TEAN

SCOEL-dokumentet er fra 2009. Det er basert pa en IPCS monografi fra 1996. I tillegg er det
gjennomfort sek i Pubmed-databasen. I tillegg til SCOEL-dokumentet er folgende dokumenter
gjennomgitt: IARC monografi 110 (2016)*, ACGIH (2001)°, EPA (2014)* og MAK (2015)°.

Diklormetan er et losemiddel som er sveart flyktig. Tort diklormetan kan fore til dannelse av sma nivaer
av hydrogenklorid (HCI) 1 narver av vann og lys.

Eksponering av frivillige personer har vist at 70-75% av inhalert diklormetan blir absorbert ved
eksponering for konsentrasjoner mellom 50-200 ppm. Diklormetan absorberes ogsa gjennom huden og
det er foreslatt hudnotasjon pa grunn av dette. Dyrestudier har vist at diklormetan blir absorbert i
fordeyelsessystemet. Det er ogsa vist distribuering av diklormetan til alle typer vev, at det skilles ut i
brystmelk og at det kan krysse blod-hjerne- og placentabarrieren. Verken diklormetan eller dens
metabolitter akkumuleres i vev.
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Diklormetan metaboliseres hovedsakelig via to ulike enzymer, cytokrom P450 (CYP2E1) og glutation-
S-transferase (GST theta 1). CYP2E1 omdanner diklormetan til karbonmonoksid (CO) og
karbondioksid (CO,) som videre ekshaleres. Noe av CO vil reagere med blod og danne
karboksyhemoglobin (COHb).

Det er sammenhengen mellom eksponering for diklormetan og andelen COHb som er utslagsgivende
for SCOEL:s forslag til grenseverdi. Dette kan derfor anses som den kritiske effekten av diklormetan.

Den andre metabolismeveien via GST theta 1 vil fore til dannelse av formaldehyd og format, som igjen
kan omdannes til CO. Nivaene av GST som forer til omdanning av diklormetan er vesentlig hoyere i
mus sammenlignet med mennesker. SCOEL beskriver denne omdanningen som mindre relevant i
mennesker, men den er diskutert i forbindelse med de kreftfremmende egenskapene til diklormetan.

Hvorvidt metabolismen av diklormetan gar via GST theta 1 avhenger ogséd av en vanlig polymorfi i
GST theta 1-genet, hvor den ene varianten forer til at enzymet ikke metaboliserer diklormetan. IARC
skriver ogsa, i sin monografi fra 2014, at ved lavere nivaer for diklormetan eksponering vil
metabolismen hovedsakelig vaere via CYP2E1. Ved hoyere konsentrasjoner vil det ogsa vere GST theta
1-mediert metabolisme.

Eksponering for hoye nivaer av diklormetan kan fore til bevisstloshet og ded. Ved omdannelse av
diklormetan til CO vil ekt mengde COHb redusere oksygenopptaket i blodet, dette medferer
symptomer som orhet, hodepine eller bevisstloshet. Eksponering i arbeid for 250 ppm diklormetan 1
7,5 timer ga en COHb pa 8% (Soden et al, 1996)". Det ble observert effekter p4 sentral nervesystemet.
Blant annet fikk frivillige eksponert for 250 ppm diklormetan i 1,5-3 timer nevropsykologiske effekter.
I en annen studie' ble det observert synsforstyrrelser hos frivillige eksponert for 290 ppm diklormetan i
95 min. Andre effekter forbundet med eksponering for diklormetan er irritasjon i eyne og luftveier,
lungeodem og akutte effekter pa hjerte, lever og nyrer.

Diklormetan krysser placentabarrieren og kan skilles ut via brystmelk. Det er noen fa studier som har
undersokt effekter pa reproduksjon, men litteraturen er vurdert som ikke tilstrekkelig til a gjore en
vurdering av potensielle effekter av diklormetan pa reproduksjon.

IARC endret sin klassifisering av diklormetan i 2014% De vurderte at det var tilstrekkelig bevis for 4
konkludere med at eksponering for diklormetan er kreftfremkallende i dyr. For mennesker mente de
det var begrenset med bevis for en sammenheng mellom eksponering for diklormetan og ulike typer
kreft. Ut i fra dette konkluderte IARC at diklormetan er sannsynligvis kreftfremkallende for mennesker

(gruppe 2A).

SCOEL har plassert diklormetan i karsinogengruppe C (genotoksisk karsinogen hvor det er stotte for at
det finnes en terskel; en helsebasert grenseverdi er derfor foreslatt). IARC’s endring av klassifisering
indikerer at det kan vare okt grunn til bekymring knyttet til diklormetans karsinogene egenskaper.

Basert pa IARCs vurderinger mener TEAN at det kan vare grunnlag for en grenseverdi som er lavere
enn SCOEL:s forslag. SCOEL understreker at det er nodvendig med en korttidsverdi pa bakgrunn av
diklormetans prenarkotiske effekter. TEAN stotter denne vurderingen og anbefaler at det innfores en
korttidsverdi. Det er rimelig at denne verdien settes 1 forhold til den endelige 8-timers grenseverdien.
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Tilleggsinformasjon:

Det er feil i SCOEL-dokumentet: side 9, siste avsnitt. Det star beskrevet at en eksponeringsdose pa 100
ppm tilsvarer utskillelse av 1 mg/L urin og blodnivier pa 0,3 mg per liter. Ifolge figur 4 pa samme side
bor denne besktivelsen vaere motsatt (0,3 mg/L urin og 1 mg/L blod).

Det er ogsa noe forvirrende forklaring nar det gjelder effekter av diklormetan pa irritasjon i lunger,
under pkt 2.3 side 11 star det at det ikke finnes rapporter som beskriver irritasjonseffekter 1 luftveier
hos mennesker eller dyr som en folge av diklormetan eksponering. Under pkt 2.5 star det at repetert
cksponering over flere ar gir irritasjon i luftveiene. Dette er ogsa skrevet 1 anbefalingene.

5. Bruk og eksponering

5.1. Opplysning fra Produktregistret

Data fra Produktregisteret er innhentet oktober 2016, og inneholder opplysninger om mengde og bruk
av diklormetan i 12 deklareringspliktige produkter. Netto maksimal mengde av diklormetan i disse
produktene utgjor 29,1 tonn.

Diklormetan brukes blant annet innen produksjon av kjemikalier og kjemiske produkter, produksjon og
reparasjon av mobler og boliginnredning, og i forskning og utviklingsarbeid. Stoffet inngar i reagenser
og andre laboratoriekjemikalier, lim (klister) innen industrielt og handverk, og 1 opplesningsmidler,
tynnere og avfettingsmidler.

Det henvises til tabell 5 for detaljert oversikt over bransjebeskrivelser med tilherende bransjekode for
de produkter det kan rapporteres pa, og total mengde utgjor 26,95 tonn.

Tabell 5. Oversikt over bransjer hvor diklormetan benyttes og mengde forbruk i tonn.
Bransjekode Beskrivelse Maksimal mengde
(tonn)
20 Produksjon av kjemikalier og kjemiske produkter 22,686
31.03 og Produksjon av mebler og Reparasjon av mebler og 2,592
95.24 boliginnredning
72 Forskning og utviklingsarbeid 1,676

Opplysninger om produkttypekode, produkttype og maksimal mengde (over 0,4 tonn) er gitt i tabell 6
nedenfor.

Tabell 6. Oversikt over produkttyper som inneholder diklormetan og maksimale mengder.
Produkttypekode Produkttype Maksimal mengde
(tonn)
L05100 & L.05300 | Reagenser og andre laboratoriekjemikalier 13,5
110201 & L.10202 | Lim (klister) org. losemiddel Industrielt/Handverk 2,75
015100 & R10100 | Opplesningsmidler, tynnere og Avfettingsmidler 12,8
VAT 4
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Pa grunn av sikkerhetsbestemmelsene i Produktregisteret kan vi ikke gi eksakte opplysninger ut over
informasjon gitt i tabellene 5 og 6.

5.2. Eksponering og maledokumentasjon

Eksponeringene i arbeidslivet i Norge oppgis hovedsakelig 4 vere som beskrevet i avsnitt 5.1, men
malinger fra EXPO viser at arbeidstakere eksponeres for diklormetan blant annet ved laboratoriearbeid
innen produksjon av farmasoytiske preparater, kjemikalier og plastprodukter, og asfalt, samt i forskning
og teknisk preving og analyse, og i sykehus og ambulansetjenester. Diklormetan finnes ogsa i produkter
som brukes ved reparasjon og vedlikehold av transportmidler og som handteres ved avfallsbehandling.

5.2.1. EXPO- data

Det er totalt registrert 2430 malinger av diklormetan i STAMIs eksponeringsdatabase EXPO i perioden
1973 — 2013, men kun malinger fra 2000 -2013 er tatt med i vurderingen (etter forrige revisjon av
grenseverdi for stoffet i 2000), som utgjor 200 malinger.

40 av 200 malinger overskred dagens grenseverdi i Norge pa 15 ppm, hvor alle overskridelsene var
innen kun to bransjer (luftfart, herunder flyambulanse, og innen teknisk proving og analyse generelt).
De hoyeste verdiene ble malt under avfetting og malingsfjerning, og av disse la 6 prover over 100 ppm.
For de fleste ovrige bransjer var det ikke overskridelser, som vist i tabell 8 nedenfor.

Tabell 7. Malinger innen ulike bransjer og arbeidsoppgaver.
Bransje/arbeidsoppgaver Maileomrade, minste — hoyeste verdi Gjennom-
(antall prover i parentes) snittsverdi
Laboratoriearbeid generelt’ 0-11,5(59) 1,4
Sykehuslaboratorier 0-3,4(13) 0,29
Produksjon av plast og plastprodukter 0-9,33 (18) 4,5
Avfallsbehandling (kjemikalier) 0,8 - 10,2 (5) 4,7

"Omfatter bransjer som bygging av veier, produksjon av kjemikalier og farmaseytiske produkter, og forskning og

utvikling.

5.2.2. Provetakings- og analysemetode

I tabell 8 er anbefalte metoder for provetaking og analyser av diklormetan presentert.

Tabell 8. Anbefalte metoder for provetaking og analyse av diklormetan.
Provetakingsmetode Analysemetode Referanse
Kullror Desorpsjon m/GC-FID" OSHA-metode”(7),

NIOSH-metode™ (1003)

Kullror (2 1 serie)

Desorpsjon m/GC-FID

NIOSH-metode™ (1005)

Kullror (3*350 mg)

Desorpsjon m/GC-FID"

OSHA-metode™ (59)

Ror m/Carbosieve S-111

Desorpsjon m/CS2/1% DMF, GC-FID’

OSHA-metode™ (80)

*FID: Flame lonisation Detector (Flammeionisasjonsdetektor)
* www.osha.gov/dts/sltc/methods /toc.html

“*NIOSH Manual of Analytical Methods (NMAM), www.cdc.gov/niosh

docs/2003-154
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6. Vurdering

Som angitt i kommentarer fra TEAN 1 avsnitt 4, er det sammenhengen mellom eksponering for
diklormetan og andelen COHb som er kritisk effekt av diklormetan. Det er observert effekter pa
sentralnervesystemet, herunder nevropsykologiske effekter og synsforstyrrelser.

TEAN viser til at dyrestudier har vist at diklormetan blir absorbert i fordeyelsessystemet, og at det er
vist distribuering av diklormetan til alle typer vev, at det skilles ut i brystmelk, og at det kan krysse blod-
hjerne- og placentabarrieren. Diklormetan absorberes ogsa gjennom huden og det er foreslatt
hudnotasjon pa grunn av dette.

Diklormetan er et lasemiddel som er fettloselig og gar derfor lett over blod-hjerne barrieren og tas opp
1 nervesystemet. Eksponering for hoye nivaer av diklormetan kan fore til bevisstloshet og ded (dvs
medfore akutt fare), og ma derfor holdes pa laves mulig niva. Dette ogsa 1 henhold til kravene i den
norske arbeidsmiljelovgivningen.

Diklormetan krysser placentabarrieren og kan skilles ut via brystmelk, og litteraturen er vurdert som
ikke tilstrekkelig til 4 gjore en vurdering av effekter av diklormetan pa reproduksjon (men slike
helseeffekter kan ikke utelukkes, noe f.eks Tyske myndigheter har tatt hensyn til i anmerkninger til
grenseverdier, jf tabell 3).

IARK (2014)° vurderer at det er tilstrekkelig bevis for 4 konkludere med at eksponering for diklormetan
er kreftfremkallende i dyr, og at stoffet sannsynligvis er kreftfremkallende for mennesker (gruppe 2A).
SCOEL har plassert diklormetan i karsinogengruppe C.

Som fremhevet i tilleggsinformasjonen fra TEAN 1 deres kommentarer (4.2), er det uklare beskrivelser
med hensyn til irritasjonseffekter av diklormetan. Det er ogsa vist til andre effekter forbundet med
cksponering for diklormetan, som er irritasjon i eyne og luftveier, lungeodem og akutte effekter pa
hjerte, lever og nyrer.

Harmonisert klassifisering og merking i EU angir kun kreftfaren med diklormetan, til tross for andre
farer med eksponering for stoffet. I henhold til status i meldinger til EU (ECHA) i 2018, har produkter
med diklormetan blitt vurdert 4 innebaere farer for irritasjon av hud og eyne, akutt giftighet, systemiske
effekter og kronisk skade (bl.a. pa sentralnervesystem, herunder losemiddelskade), samt mutasjoner.

Vurdering av bruk og eksponering av diklormetan i Norge

Data fra Produktregisteret viser at stoffet brukes i en del produkter i Norge, sarlig innen produksjon av
kjemikalier og kjemiske produkter, i produksjon og reparasjon av mebler og boliginnredning, og i
forskning og utviklingsarbeid. Stoffet inngar i reagenser og andre laboratoriekjemikalier, lim (klister)
innen industrielt og handverk, og i opplesningsmidler, som tynnere og avfettingsmidler. Dataene viser
imidlertid at det er fa bransjer som er berort av bruken.

Eksponeringen for diklormetan i arbeidslivet i Norge skjer hovedsakelig ved arbeid i laboratorier (bade
innen FOU, sykehus og ved produksjon av materialer), samt ved arbeid med plast, og reparasjon og
vedlikehold, jamfor maledata fra Expo. Eksponeringsmalinger der viser at det er begrenset antall
malinger og fa bransjer hvor eksponering for diklormetan overskrider dagens grenseverdi over 8 timer,
og i de bransjer hvor det ellers er foretatt milinger, er gjennomsnittsnivaet under 1/3 av dagens
grenseverdi (se avsnitt 5.2.1).
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Nir det gjelder malingene innen luftfart, er det begrenset antall virksomheter som har kartlagt nivaet,
slik at vi ikke kan vurdere om maleresultatene er representative for bransjen. For de fleste ovrige
bransjer hvor det kan forekomme eksponering for diklormetan overholdes grensene.

Det kan imidlertid vere tilfelle for bransjer med hoye maleverdier, men egnede tiltak (ventilasjon) bor i
slike tilfeller kunne iverksettes pa arbeidsplassene pa lik linje med andre bransjer. Det er imidlertid
generelt begrenset med malinger fra berorte bransjer.

Vurdering av grenseverdi

Grenseverdi for diklormetan ble sist fastsatt 1 2000, og grunnlaget for fastsettelsen var nevrotoksisitet
som kritisk effekt for diklormetan, som angitt i grunnlagsdokumentet for stoffet’. I vurdering av ny
grenseverdi har Arbeidstilsynet tatt 1 betraktning bade disse effekter, kritisk effekt angitt av SCOEL 1
2009, samt IARC’s, SCOEL’s og TEAN’s vurdering av kreftfare, og andre helseeffekter som er
beskrevet i dette grunnlagsdokumentet.

Ovrige helseeffekter av diklormetan, og sarlig nyere data om mulige kreftfremkallende egenskaper ved
stoffet, at grenseverdien har vert gjeldende 1 mange ar, og at bruken og eksponeringen 1 Norge er
begrenset, er lagt til grunn i ny vurdering av grenseverdi. Som det framgar av avsnitt 5 er bruken i
Norge begrenset, den angar fa antall bransjer og virksomheter, og niva av forurensninger er relativt lavt.
I henhold til arbeidsmiljelovgivningen skal ogsa niva av forurensninger holdes sa lavt som mulig.

Biade SCOEL og TEAN anbefaler en korttidsverdi pa bakgrunn av diklormetans prenarkotiske effekter,
men det er ikke gitt noen narmere helsebasert begrunnelse fra SCOEL for deres foreslatte verdi.
Denne er imidlertid sannsynligvis basert pa vurdering av tilgjengelig undersokelser av akutte effekter pa
sentralnervesystemet, samt nivd av COHb niv4 i blod i refererte undersokelser'. En korttidsverdi med
overskridelsesfaktor pa 3 i forhold til foreslatt grenseverdi, vil gi den nedvendige sikkerhet mot akutt
pavirkning av diklormetan, som ogsa har vist akutte effekter pa hjerte, lever og nyrer. Grunnlaget for
bruk av denne faktor er ogsa at grenseverdien i Norge er lavere enn SCOEL’s anbefalte verdi. Pa dette
grunnlag foreslds heller ingen biologisk grenseverdi for diklormetan i Norge.

7. Konklusjon med forslag til ny grenseverdi

Pa bakgrunn av den foreliggende dokumentasjon og en avveiing mellom de toksikologiske dataene og
data om forekomst og bruk i Norge (dvs. tekniske og ekonomiske hensyn), foreslas at dagens
grenseverdi for diklormetan opprettholdes, at det innferes ny korttids grenseverdi for stoffet, og angis
anmerkningene H og K, E og S.

Forslag til ny grenseverdi:

Grenseverdi (8-timers TWA): 15 ppm, 50 mg/m’
Korttidsverdi (15 min): 45 ppm, 150 mg/ m’

Anmerkning: H (hudopptak) og K (kreftfremkallende), E (EU har fastsatt grenseverdi for
stoffet), og S (korttidsverdi).
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8. Ny grenseverdi

Dette kapitlet utarbeides etter at ASD har fastsatt den nye grenseverdien.
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Recommendation from the Scienfific Commiftes on

Occupational Exposure Limits for

Methylene chloride (dichloromethane)

& e TWHA:
STEL (1.5 minj:
Blvs -

Mobaticn:

100 ppmi [252 mgifmd]

200 ppr [708 mgfrre]

4 % COHb [sme "Recommendotion”]
0.3 mg methndens chiofide [ | wine
1 mg me=itnden= chionde § | blood

*Slkin’

JC0H. corcinogen group: Z (genotowic oooinogen for which o procfical
threshoid is suppored ond a heoith —oeed O is propossd]

ANCCIANCEIDENTINCATION
Meihdene chionde
JYTIOMTYITS DA,  dichlioromethons, methone dichonde, methgdens
bichioride, methdens dichloide, metvydenum chiorobem
BHECS MHo. B02-D04-00-2
CAS Mo. Fo-De-2
Iodeoular fomrmula CHCl
dtructural formulo =
I
H-Z-H
I
=
fuiivt 3474 gfmol’
Coreesion foctor: A APC ond 13 .2 KPa 1 ppmi = 2.53 mgfme® 1 mgdm? = 0226 ppm

Carc Cot 3: B4D Limited evidence of o corcinogenic =fect.
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This document is bosed on the IMtemaficna Prograom for Chemical Sofety [IPCS]
Environmerta Healh Criteria Monograph (1994 to which the reoder & refemed to for
miore detoled informafion, the references thersin ond shodies publshed since the IPCE
rmonogroph, which wers idenlified veing the ordine dofolbose Publded.

B0 CHEMICAL FROPRETIES

Meihyene chionde & o cleor, coloudsss, highly volofie, nonflommalble guid with
peretrofing ether ke odow. The odour fhreshold is 740 mgi/m®. & hos o boding point of
AP and o metting point of 235.1%C. It hos o solubility in woter of 12 gfll'at 20°C and o

wapour presure of 474 g ot 20°C. Pure methylens chlonde wopour is derser than ar.
Pur=, dry methrdens cHonde is reloftealy stoble but in the presence of water and ight i
sowly decomposes fo produce smal guaorntities of bpdrogen chlonde.

Commerncial grodes of methylens chiodde nomaly contoin Dehessen 0005 ond 0023 of
o siobiliser (sch os methonol, ethonol, amyenes, cyciohewone, phenolic compounds or
ferfiory butd omine| o prevent ocdifcobion and comoEon.
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1. Occurance /use

Methdene chlofde i nomaoly produced by the Souffer process in which methonol s
rencted with hydrogen chlonde to form methyl chiorde, which & then reocted with
chiofine. Chioroform ond corbon tetrochionde ore by-products of the produchon
proces. About 25£ 000 tonnes wers produced in Wesem Bonope in 1991, In 1994, o todol
of 123,000 tonnes of methvdene chioide wos used in Wedem Burope=. With the =owception
of 1938, which sow o shight increoss in vokemes sold, there hod been o confinuous
resducicm in the guantty of metindene chiofde veed snoe 1985, due= lorgety to ncreosed
recycling by =nd veers [Eorochior. 1997)_ Since the eary 1990 soles of methyl=ne chionde
hovwe mmoined of o @ foidy goble level in Brope  |BEorochior
hitpo) fusana murochior.crgdiconsumplion).

The= main uses of mefhiens chiohndes or= os o point ond vomish remoser, os process
sotvent, in osrosols, in the slectronics indusiry (a5 o phoforesist sihpper in the produchion
of panfed cirowit boords] ond in mefol deoning (vopour degreasing]. | is the most
commonty ussd sobsend inpaint shipping, whens it & o gquick-ocfing sohvent for both wash-
off ond scrope=-off formuiofions. In food ond phommoceviicol processes, methylens
chiofide & vs=d 05 an =droction medivm os if offers high sohvency ond puity, and it con
b= dsfli=d off relofieely esosly from the find produch In the mid-1990s fhe
phormoceutcal industry ocoownbed for obout 405% of the metivydens chlonde veed in
Burope=. hethdens cHonde s dso used as o process sofvent for the production of
potycarbonate, oslulose  esters, focefole ond focehohe esfers, in odhesve
formuilgtions, ploshc processing and refigerants, ond as o s=condory blowing ogent in
potyumn=thare: foam.

MEHORL QOF EXPOSUEE MONITORING AND ANSLIZE

The= LK. Healfh and Zofety Execudive |1795 and 2000] hove pubished general me$hods for
the somping of wolotie onganic compownds in workploce aF and their anclysis by gos
chromotographny that are oufoble for methydene chioide [Methods for Defemmination of
Hozordows Subshonces B0 aond P ond o mome spechic method for chlonnoted

The= US Ciocupafional Sofety and Health Adminsinofion (25HA) hoee published heaso fully
wdidofed methods [CEHA organic method 59, 1984 mefhod B0 1990] for the
mecsurement of methylene chiorde in o in workploce orF. Method 5% imeohes oolecthion
on chorcoal tubss and onalyss by gos chromotography (GCAD) whenes the mit of
refioble guaonfiicofion & 102 pgfm? |2¥ ppb). Method 30 involves colechion on
Caorbosieve Hil and analysi by GCAD with a imit of quarfificotion of 0270 mgfm? 0194
FRm|.

The US Mofional Instibude for Qocupafionol Health aond Sofety [FIQSH) Anabytical Kethod
1005, issue 2 [HIQSH, 1998] alo imvolves oollecfion on chorcoal bubes aond analysis by
GCAD. The fimi of detecfion i shofed as Qudpsg ond the method hos been voldorted for
sompls mosses of 1.4-26000 g comegponding fo concentrotions of 1.4 - 2600 mgrr? (00 -
742 ppm| in 0 one fre oF somple_

INES hos also published anokfical methods for the determinofion of mefvdens chiodde
in workploos air. One & Mebopol Rohe 000 jupdofed in 2001, which imsolves coll=ction
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[fiche Metropol &) These methods ore ovoloble of bip:fissesdine i

Bindogicol monitoring methods for whinory methylene chiofde by gos chromodogrophy
hiree b descriibed by Sakni =f ol [2002], S=no =f o [1999] ond Ulkai =f of [1988). Uinarg
concenotiors of methydene chiofde ore repoded fo be wel comeloted with oo
concentotions in oir Seno = of [199%) oluo described o method for the detemmination of
msthdene chlorde in blood [see olso DRG 1991 B is obo possible to meosure mefhyiens
chiodde in eshaled breath [Holz =t o, 1987). Another possibiity & determinagtion of the
corboyhoemogionin [COHD| leveds in bHood. Advorfoges ond disodwanfoges of the
differert procedunes ore discussed in the following chopher.

2 Health effects

2.1 Toxlcokinelics

Ewperiments in human volunfess hove estoblished fhot bebseen 70 ond 75% of inhaled
m=thdene chlofide wopow s obsorbed follosing =xposure fo concenfrofions of S0-200
prm (176706 mgY]. Eqpermenis in bwmors ond onimok bhove =soblished that
methene chiohds & obsorbed through the skin and onimaol doto show thot it is obo
absorbed from the digestive froct. Methrdens chiofde is distibuted o ol fissues and
crogses fthe blood bmin bomer and the plocenio. MNeither methylens chioide nor its
mefobolies ocowmulobe in fissue. Methene dhiofde is sxcrefed in breost milk (IPCS
1994,

Thre= didn penetrotion shudies wens found whers pure methrdene chioride wos opplied to
human |Ursin =t ol 19%93] or nat [Tsuuha 1597 siin in vitro or o mowvss skin in sivo [Toooto
197.5). The three shudies reported similar resuits with tronsdermal fiuos=s onging from 27 to
4.8 mglomsfh. BECETOC {19932] bhas suggesied that o skin rodotion should b= ossigred
wie=n the amount of chemicol absorbed upon expoeure of both honds ond lower orms
{3000 | for one howr & expected to contibute more than 103 to fre sydemic doss,
compared to the omount obsorbed vio inholotion =xgposure ot the OEH duing o full woric
day |ossuming that 10 m? oF i inhaled during an B-h wordidoy ond that 50% is obsorbed)|-
Apphding fhis caolodation to methyleres chioide, the syshemic dos= from such =dn
=yposure Could b= 3- to F-icld greoter thon that from inholofion =gposwre of on OEL of
103 ppm.

The= rmiain rowsde of metoboliem s by cyfochrome PA4SD mediohed ceidafion fo form corbon
micndide and corbon dicsade that ore largely exholed. Some of the caorbon monmide
kinds to hoemoglobin in biood. In human wolunfesrs exposed to 150 ppm (530 mgiim?]
fior 7.5 hours =och daoy for five doys, peak levwsls of corboxyhoemoglobin [COHD) wen=
SA%. Bxposure fo 100 ppm produced peck COHD leveds of 2485, COOHD levvels refumed to
nommal within 24 hours of exposue fo 200 ppm for 7.5 hours. In norrsmoling workers,
leweds of COHE in blood followding methylene chlonde =xposure ore dos= and fime

for same daoy exposune: but ore independent of exposunes on previous days
[P, 1994 Armeel =t o, 2001; Soden of o, 1996). COHD levels in exposed worloers who
smiciee are higher than in norsmokers ond ore nof dosedependent [Soden of o, P84
Expaosure to 4748 ppm [1770 mgfm?] methylene chlonde for le=ss than 1 howr is associoted
withi D0HD leweds of 1 fo 4% Meosured l=vels of COHb following sxposure fo 780 ppmi
[35000 magim] for fawe: hours were 10 COHD levek of mone than B were found following
mxpasure to 250 ppm [BED mgfm?] for 7.5 hows. Woroes exposed to overoge
concenirations of methrdens chionde of 32 ppm [114 mgimd] (G-how TWA] had SOHD
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levels betwemen 08 and 25% At higher levek of sxposuns > 2530 ppm) the ceidaffes
mefoboic pothway beocomes godually sohuraied, the propofionofe increcs= in C0HD
b=comes smoller. ond on increcsing proporfion of the reosived dose s exholed
unchonged.

Figure 1 showss monitoring dofo of COHb in humon volurtess sgposed too methpene
chiofide, os reporded by O Vincernoo ond Eoplan (1981). Thie s=t of sxperimental doto
can be opposed to dotho in exposed wodeers by Soden =t al [1994; Rgure 2). In fhis doto
s=f of grovp meons e bossdine OOHD level of nonesposed persors [-1.5% CCOHD|
appears reofreely high, which & Boely coused by an influence of smoloers in this growp.
Consdernng this, the heso dafo sefs oppeor boscaoly consistent with =och other.
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Figure 1: Time-course of the soburglion of hoemoglobin with corbon monoide %

Z0HE] in volurtess sxposed to different cifcome levels of methdene chionde under

resfing condifions, aocoording to O Vincerzo and Eaplan [1981]; mearns ond 64 of 4-

5 persors. Without expaosuns, a bockground COHB kv of 1% weaos reported.
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Fgur= 2: Com=lgtion bebseen orbome methydens chioide concentrotions and C0HD
in wooers |reported suibgroup meons|; dofo of Soden =t ol | 1995

A second |minor) metoiboic poteony becomes more octive ot high evels of expaoore,
espeecialy in mice, in which ghdothione-SHransfergse (G3T) & imnvolved in oidotion of
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meitrdene chionde to formoldebyde and formate, which is further metobolsed o fomm
corbon diodde. [N wiro exgpeiments with humon celk hove shown thot the formotion of
formolde=tyde from methylen= chioide & influsnced by the polymorphiom of
glutcthione-rondemnse theta [S577), and that this may infusnce the suscepfibiliy of
individuals to adherse affects from methdene chioide =vposure [Haller =t al, 1804, IPCE
[1¥84) consider=d this mefoloolic polfmwoy to be of minor imporonce in bemons, os
concentrotions of the resporsible ghdothione fronsferase in human Feer fisaee were only
a smal froction of those in the mouse <10, The mefobolic rovies of methydene chioide
ore relevant for the discussions of the mode of oction of fumour indwcfion ooross species.
For details of #his disoussion, sse chapher 5.7 |corsidergtions of the mode of action|.

Rel=waort mefobolic sheps of the hwo overues of biclogical oclivafion, fo corbon
monoedde and to formoldehyde, are shown in Rgure 3.

CHCL, |

Ciaidabee palireay | Reduchve patfrey
CYP2E1 | GETTY
|CHIOH)CL|  Cl-CH-S-glutathione
LY
+ HaD h
< ZHGI « (a5 H‘
e Possibility of
aducis
co CH,0O
off
OPX formation

Figue % Biclogical aclvofion of methyiene chionde to tomic metaokbolites. The
major ceddative [solurcble] poltweay leods o corbon monodde. A mminor
reductve  [glutothione-dependent] poltwway leods fo potenficly reochive
metaboites, such as formaldehyde.

Thee porent compound, metndenes chiode, and #xs tosic metobolie corfbon monodce
con = delermined N biokegicol medio for biclogicol monifoning.  Different
recomemendotions hove been given, ond there ore odvonboges ond deodvonioges of
the diferent procedures, which are compiled in Tabl= 1.

Comrelotiors behasmen oirfbome methdens chioide sqposures in workes ond resufting
meitene chlonde conce=mtrofions in both blood |Loweenys §f Ho=t, s== olso DRS 2005)
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and wire (Ghittor =t al. 1993, Ukai =t al. 1998, Sakai =t ol 2002 howe been ashoiblished.
Talkdng the orealaitle dota together, the fmctions gieen in fgure 4 one resuffing.

Tobde 1: Ketivdene chioide — exiding recommendofions of biclogicol guidonce volues
and  comments
coresponding OE proposols

jol somples collecied ot =nd of esposune).

ncheded o fhe

Guidonce Anakie, | Vohe Advonioges Chsodvontoges
walue i
recommended
by
DFRG [2005) DM im | OSemgul ko inherfermnoe | Imeoosive, somple
]| Blood [CEL 50 ppm| from: srmoking collecfion fme and
method critical
Lovrserys M DO i | QS Mo interference | Imasie, sarmipe
How=d Elood] [CH 50 ppm| fromi srmoking collecfion fime and
{B] method criical
Liourssemrys F|EEM im | 15 ppm HorFireosye. Jomple colection fime
Howe=d breath [CE 50 ppm| ko inherferenos | and method critical |,
[B] fromi srmoking sermi-guaniiotive
ACTSH DM im | o2l MorFreoswe. Jomple oolection fime
[LIS& ) L= [Tl 503 ppm| Mo imterference | ond method crbical |
frorm srmickdng carri-musariiahee
ECOR CoOHD Bio-od Endpscint of Imvasive,  interference
aiscussons] foudciby froem srmokingy
HEE oo Breath Hor-ireasve Imterfereno= from
JUK] [CEL 100 ST rEg
Mstrymna Chiorcs A Food mez. L
"

4

E : regEE

3 8 ]

-t L

: [ ad

3 — =

-

g o Fl’l::'mfm—

L

'R e ==

Figure £ Comelotion behsessn arbome methydens chiofde sxpooere and mefpiens
chlonde conceniraficns in blood and wine ot end of thift [pee fed]

Based on thess figurss, an OB of 100ppm (a5 propos=d in this document] is agui-alent
to o winary =xcrefion of 1 mg methylers chioide per [Ber wine |end of shifi), and to @
sieady-shate: blood level [end of the shift] of 0.3 mg peer er.
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2.2, Acule loxiciby

22.1. Hurmean dato

A numnber of ndustial oocidents imeohing methdene chlonde hove besn repoded [IPCE,
1994]. High l=vels of evposune methylene chionde hoee l=d to uncorsciousness and, in
some Coses, deathe Cher effedts indude mtobion of the =y=s ond respinotory froct, ung
oedema and ocute =ffects on the heord, fver and lddneys. The fomafion of S0HD os
resutt of methrdens chioide mefobolizm deor=oses the oryger-comying copocity of the
blood, giving sympioms of copgen depreotion such os ight-heodedness, heodoche or
loss of conscousness. Maohmud and Eoles [199F] described o cose in o cobined wodoer
wihn sxpefenced inbermitient heodoches, corsdent with boih methylens chionde
infokicofion and caroon monocads posoning. In onofher fotal cose of methyens
chioride poisoning, howeyer, COHED bevels wene within the norma range, suggesing that
the fiohol noroosis ond respirotory depresson were due o the dinect effect of mefvyiens
chiofide on the cenirol nervows syshemn [Lorobeitio ef ol, 2001).

Ewperiments in human wluntes=rs hove eshoblished thot the moin =ffect of o sngle high
mxposre to mefpiene chiohde & nevotomcity [IPCE, 1994). MNevrobehovicwnol chonges
|dishurioed viglonce ond impaoired combined frocking monitoing pefommonce] wene
observed follwing =xpomre fo 50 ppm [404 mgimd] for 1.5 to 2 hows. In other
mxpeniments no efecks on visud pefommaonce wens observed following o short exposune
fo 700 ppm [2500 mgim?] [duofon wnknown| but effects on viewal furchion were
olte=rved afier 93 minvies expoares fo 280 pom [1042 mgfrrd]. Light heodedness and
=ffects on veual funclion wer obsersed offer 1 hour of ewposre fo 672 ppm
[2400 mgfmr]. A dosereloted increcss in s=rom concendrofions of bilubin wos obsened
in wolunfess syposed to £50 pprm [1450 mgdnm] together with stevobed concertrotions
of CoOHb

Chang ef al (1999 desorbea sk coses irvalving orcl ingesfion of mefylene chionds.
Cerniral nersous system depresson, fochypnosa, and comosve gostrontestinag inpary
were the most commion effects. An elevated COHB l=vel wos documented in only heo
potients [25% ond 343 COHD. respectively]. Reno folure, hepofic folure, ond ocube
poncregtitis oowred in the beao most severe ooses of poisoning.

222 Animal dota

IPCE [1904] reviewed the ooule tosicity of meftndene chiofide and concluded that i haos
0 loee ooube tomicity following inhobation or ool odminstrofion. bn short term inhalotion
axperiments, § hour Ll wales of 11250 ppm [40200 mgimd] to 15850 ppm [S5900
mg/m] have been reported in rats. mice ond guinea pigs. Oral LDs wolues of 1£410-3000
mg'kg bodyaeight hove been reported. The main effects of exposure are osmocioted
with the ceniml nersous syshermn (CHE) and Prer with CHE dishoipbonces being repoded af
200 ppm  [14000 rng_n'rrﬁ or mone in mice and sight changes in
slectroencephalogrophic [EBS) activily in rabs of 496 [1770 mgfm?]). Sight histological
changes of the lver hove been reported in mice ot concentrafions of 15300 pprm [58300
mgimd] or more. Bposure fo 2000 ppm [F100 mgi/mr] odverssly offected Clom cels in
the lungs of mice, bud ot of maots. There is inconssient evidenos for cordiowoasoular
e=ffects of concentrofions of 800 ppm [33000 mgfrmd] in monio=ys, dogs ond robbits.
Jome shudies have repoded affeck on the ddneys with sight hishological chaonges being
ofteerved in mice exposed fo 15800 ppm [56500 mgy'm?] for 7 hous.

Jurm J0D0

VET 4

25

Sacial Furcpe



Lq-:n--u-
impapeal Foow dfam e Eamoe

h-ﬂahhsﬁ::ﬂwmm.ﬂﬁﬁiﬂmﬁ

2.3, Irifafion

The=r= ar= mo repords inkdng methylene chionde to respiofory miotion in humons or
animals. The IPCE [1#94] cite o few cose reports inowhich methydene chionde wos ooused
shin ond eye irtofion in ermans In onimols. heo investigofiors bowe demonsirobed thot
meihdene chiohde con couse skin imiofion in mobbits including severs erythema ond
oedema with necosis and oconthoss [IRCS, 19946). The IPC3 (1994] abo cbe teo
ireestigotions of the imtoncy of methydens chiofde fo the robbit ey Bfecks wene
reversible ond included moderote fo s=vere chonges in the confuncliva combined with
incrensed comeal thicloress ond irro-oculor bersion.

2.4, Semlilisalion

Mo dote are ovoiocble. The obs=nce of any cose repords suggests thot mefhyens=
chiofide is uniicely ho couse respirotory or demnol sersiforton in humaons.

2.5 Repealed dose laxicity

Human daka

dhudies of possible modidity omocioted with workploce sxposure to mettdens chiodde
hove al been smoll soole and not all inchesded corrol growps [Toble 2. The dobto suggest
thot no odvemse =ffects on heolth o omocoted with wokploce expooure up to
concentrotions of about 100 ppm [330 mgimd] over severol weors Iniobion of the eyes
mnd respirotory froct, suble nevrobosic =fectks and minor effects on blood hove besn
observed ot higher evek of exponune,

Wiith regaord to fre shudy of White =t al. [1995] it should be menfioned that the permons
exagmined in the prinfing industry were sxposed to o miodure of sohesnds, induding
foluene, methy athyl kefone, minenal spints and “befo-ather”, in oddifion fo mefylens
chiorde,
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Tabds 2: Jkudies of morbicity cssociabed with methyiene chioride neviewsd by IPCS [1994)
arsd mores recent shodies

Exposed population Findings Shudy
Worers =oposed to (Mo e=fiecdts on  dinico chemisty, |08 Vincerzo &£
114 rgfim® [T ha=motology or slechrocardiograms Eaoplan {19E1]

2 men =xpossd for
syl N o

concmninahons “below
10} pprm” [2£7 migsfrm]

¥ilen cCompored with og= mohched
controk, no =ffects on subleciioe sympioms,
newvobehovicural  tests, motor nerve
conduction welocity, eleciocordiogroms
and dinical exominaltions

Chery = a
{1931}

23 woro=rs exposed to

Inifotion of the eyes ond respirotory froct

Kupslova o

concenimfions and neunasihenic disorders repored in half | Viosol [19464)
between 100 ond|of the ewposed populohon, digestive

17000 mg'm over b | disorders reported by one  thid. Ho

years [23-E800 pomi Comparison with o coninod popadation

25 methrden= chioride | Men employed in point shpping Mo | Bedioer & Losh
migposed pefined oifine | sgrificont difference wos found betasen | (1990, Losh =t al
mairtenonce  workers | soposed and vnexgpossd worlcers, aithowgh | [1991]

Compored ogainst | subfe differences in offertion and memony

L= pased refiness | were defected.

[i=apeounes reod

speecified)

44 subiects ewposed to | Mon significont sxcess of digestive deorders | Eoshin - = al
ooncenimfions of 624 | ond hyperhonia in comporzon with oonirols. | [1780

mgm?  for  severol | Symptomre of golblodder pothdogy and

years  [=xposures nof | sacllen Foer reported, bod no dedols of

speicified] drinking or smoking habis provided

Woroers wiho  hod
wiorioed for ot leost 10
years edposed  fo
O

conc=nitafions of 1477
g/ [475 ppm]

In comporson with an unegposed  group,
there were no differences in selecied
syrmptoms  inchuding  imeguior  heordbeot,
dlizriness or koss of memony or in 35PT [Senum
Ghdomic Pynuvic Tronsaominoss|, Bilnubin or
hoe=meocrit. Only noficeoble difference wos
lowver levels of 3GOT Sewm Gotomic
Cwoloooetic Trareominos=] in the sgposed

Soden [1993)]

Zoymar prospective
shudy of 30 wordoers in
O soresn prnfing
business sxposed to o
michre of wohents
incheding methydens
chHofde: N POELINES
typicolly to obout 75
1} ppm for 2D
rnirwrbes, & Hrmesiday

group.

Pemons  with  higher ooude sgposue
demonsinoted sgniiconty impaired et
pedormoncs on fosks imeoking  moreeol
desierty, vEual memory. and mood. Thos=
with higher chronic expooure demonsirofed
sgrificontty poorer performaoncos on viswol
mermiory fasks ond mood. Mo obwviows
clinicol disease.

White =t a
{1795}
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The= owtcome of mordofty shudies provide no evidence fo suggest thol wodgploo=
miposre to metirdens chionde ot concenirofions of vp To 1477 mg/m? [£75 ppm) hos
an important =fect on morality [Table 3. There are no indicatiors that mesd CCOHD
levels onising from indusifial =xposure to methylenes chiofide ore oszocioted with an
increased ik of ischosmic heart desose. In the Kodlak, Gibbs and Tomenson shodies, o
ban o wordtploos smoking may hove inroduced o negaotive bios fo the sudy desgn
The concer shudies ore disoussed further in section 5.7.
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Table X: Morholity studies reviswed by IPCS [1994), LARC [199%] and mone recent shudies

Exposed populstion Descripfon of shady findiings Shudy
Een exposed to methyilens chioide | Refospecive cohort modaolfy — | Ho increase in sk from schoesmic heort | fedlander =f of
at o Eodok photogrophic fim | 344 deglths betaeen 195674 disecze, ver or kidney concer or | [1978)
production focilty in Hew York Stote. | Proportionate mortality - cancers at other sihes
B=an |El haour T'l\'.l‘\._l expsune | 754 woromrs EI'I'-FJD'fEd |:||_rr|g
corcentratiors for different groups | 188 and followsd up to 1974
ranged from 353 402 mgfm? 13| Al wodeers =xposed for ot leost | Mo increase in ik of de=oth fom | Heome L
114 ppm) wifh an overall mean of #2 | one yeor betwesn 1944 ond | schoemic heart disease, Frar or lidney | Fiedlander
mgim? |24 ppm)- 1970 [1013) followed up fo 1738 | concer, possible excess of poncoeaofic | [1¥81), Heome

cancer mortalty =t ol [19E7,

19800

Updofe of Eodaic shudy Heame amd
1} 1211 men initialy employed | Medion l=ngth of folow-up from | Morbdlity in both coborts wos lower fhan | Pifer (1799
behemen 1944 [when the sobent | frst exposuns waos 34 yeors. expecied for ol cowses of death,
was first used) and 1970, Averoge ischoemic heort disoze, and cancer.
expogure of 133 mg'm? (3% ppm; & Ho satisfically sgnificont increoses wene
hour fime—wsighted overoge] for 17 | Median time from first exposure - | observed for any cowse of death
YOS 35 ypears.
2] 1712 me=n employed behessen
1%L to 1¥70 and folowed up
tolffd. Averoge esposure of ¥2
mgr? (26 piom) for 24 ypeors;
‘Worker producing tiocsiofe fiore in | 127] maole and fermale workers | Ho  esoess  of deolts from | O =Ff o [1983).
a South Comlino plant. Exposure | employed for of leost 3 months | cordiovosculor cowses. Sigrificant | lones  =f o
concemratiors adimoted to rang= | behessen 1954 and 1977, mycess  of cancers of the  biliary | (193]
from 48414877 mgrra (140-475 ppm| passoges ord [iver. Three of the four
Workers abo exposed fo methanol fver and biiory concer deaths n
and ocehons= workers with 104 yean of employment

and 20 years since fist employment
Workers in o celuloss ocebate fibre | Refmspecfiee cohort morhality | Mo excess mortalty ffrom concers of the | Gibbs {19%2).
plant in Mardaond Cohort divided | shudy of 2211 workers employed | bory troct, ver, poncreos or kng. | Gibbs =f o
info 3 orowps: high exposue to | in or offer 1970 and followed | Incregsed  modality  from  proshate | [1996]

methyene chlonde [=1200 mgm:
350 ppm|. low ewposure [176352
mgmry:; S0HFI00 ppm) and o
ENTRTEnE.

writil 1985,

carcer in men  with 20+ yeos
empioyment and from cerdcal concer
in women wih X+ yweas  of
empioyment. Possible increased risk of
death  from cordiovoscular  couses
observed in eorfer shudy not confimed

bose Jubcohort of 1472 subjects with
methylene chioide exposure. The
mean duncfion of exposune wos nine
wears at 87 mgrr? (19 ppm) eight
hour fime weighfed oweroge).

of employment ot the fim
factory in 1942-88; 324 degths
identified up fo 31 December
1994,

morhality for all couses, al concers, ond
carcers of lfeer, biiory troct, lung ond
paoncreas. Echoemic heord  diseoss
morhdlity sightlty increased compored
with local mobtes bud lowsr in octhee
empiopees where o direct efiect of
methydene chlofde EXEOILnE weoaikd be
expecied. Mo in servios mortality dues fo
ischosmic heot dissase in workens with
the highest curmdaltiee exposure [2824
mgrrLywears: B0+ pprneyears].

in 1994 shody.
1785 employees of o fociory that | Retrospecfiee cohord shudy - Al | In methylene chioride  exposed | Tomerson =f of
poduced celuloss triocsiole fim | male employess with o record | ;ubcohort, subshondialby reduced | [1997)

with exposres  to  methydene
chiofide |not quarnfitaffealy
specified)], ofher chicrincied

solvents, sirong ocids aond melak
induding ars=nic and chromium

behasmar 1960 andl 1975

sgrificont excess of brecst concers in
women with gregter than 5 or greoier
than 15 yeors employmernt

Workers in o chioinaoted methanes | 226 men employed for ot leost | Mo eocess of respinotory concer o | O ed o [1985]

production |:4:|n+ eyposure fo g | one ypeor beteesn 1740 ond | drculctory  diseose. Three coses  of

mibchure chiofnohed | 196¢ and folowed for morcliy | pancreatic  concsr  wers  observed

hrpdrocaroons, e speciic | unhl 1979 ogairst 0¥ expecied, no informafion

information about esposure to presented about Fver concers

methydene chicride

Chilion woroers employed ot o | Refmspecfive cobort shudy of | Mo overoll excess of concer deaths or | Blair =t o |1998]
milfary grcroft moirfenonce fociity | 14457 wordoers of whom 1222 | degths more generaly; Mon sigrificandt

for at leost one peor betasen 1952 | were egposed to methydene | evcess of non-Hodgkin lymphoma ond

and 195; wotkers expossd fo o | chiorde multiple mysloma i men, increas=d

miodure of soberts exposures best breast concer rek in owomen o

choroctenised for ichlonetniens= infommiation about other concers

[m=tndene chHonde exposunss not

| specified]

Lormip maonufociurng workers | 208 women and 44 men | Hon signiicaont exscess of al concers | thannon =t ol
involved in coling ond wire drowing | employed  for 6§ months | ond of breost conces in owomen; | [1988)
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The= IRCE |1994] reviewed o number of inhalotion shedies ond thes= ore sommarnsesd in
Tabies 4 gnd S The neoulis of these shadies indicorte thot repeoted or long-temn exqposure
of animals o high concentrations of methydens chionde i owmociobed with revesible CHE
effects, sight eye mtation, Feer effects and mortdity. The lowed exposure concentnotion
reporied fo couse Fwer effects was 25 ppm [38 mgmr?] [cortiruous exposune]. No effecks
e o on the  [wer  following ENEORLE to 250 PR
B0 mgrrd] for & houmfday. The |owsst exgposue concentrofion associohed with
reversible THE effects as 5000 ppm [17700 mgrmd] (6 I'rni..lr:,:'d-:rﬂ with no efects ot
1990 ppmi [ 100 mgreT]. Efects on brain chemising were obserred following exposure to
250 mgrred |& hoursday|. In @ more recent inveshigation, no efects on immune funclicon
ar thprmus weight were found folowing exposure of rats to 5000 ppm [17700 mgrr?| of
metndene chioride for & howsfday, 5 doysfwesk for 28 days, but o sgnificand reducticon
in relcfres, but not absolute, splesn weight waos cbserved in fermale rots [Warbrick =f o,
200a).

IPCS [1994] abo reviewsd =fects folowing oral administrafion. A shudy in rots eshalblished
o no =fects levd fior the beer of 125 mgflitee in dinkdng waotber. Ho comession fo mgflog
bodywe=ight per doy & provided, but ossuming o rof body weight of 0.35 kg and an
irfoke of 008 Fres wobterfdoy, ths & opprodmotely =guivdlent fo 175 mgflogddoy.
Another drinidng woler shudy fownd smaol =ffects on weight goin ond indicotions of her
domoge= of infokes eguisdent to 47 to 1446F mgikg/day. In onother drinidng woler
shudy, mice exposed fo betwesn 2256 and 1711 mgflugldoy showed sublie cenfrlobuwiar
fiotty changes in the heer

Ther= i limited evidence thot exposse to metirdens chloide moy pofentobe fhe
fuicity of other chiorinoded hydrocorbors. Bm [1997) reported fhot methplens chionde
sigrificanty pofenticted fhe hepofohbosicity of corbon tefrodhlonide in rofs.
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Table 4: Bfects in rots in medium fo long term repacied dose shudies [cormemmion foctor: | mgr? = 028 ppm|

Exposurne re-glme Concentfrafion | Observed sfecks Shudy
m?
2 howrsday for 15 days r:r_['i:léll Decregsed body weight, effects on Feer ipids fo=f al [1990]
2 howrsdiay for 20 darys 3500 Hfects on the lver: hyperhrophic hepotocytes, increosed lipid | Tokoshilo =f af
perocidation and ghdofhions percddase oclivity [1921]
& howrs/day for 2 doys 250, 1100, 2500 | Effects on dopomine ond nomdrenaline tumover in Hhe: begin fuwe =t a
[1734]
& howrs/day for 19 danys 574, 113500, | Infermitiert  soofching, olowio and  hypemctvity  in orols | KTP |1964)
ZA00, L5900, | exposed o 2200 mgrrr? or mons, dyspnoea, anoeestheda ond
S0 some death in animak exposed to 45800 mgme or more
& howrs'dioy for 10 doys 7100, 14100 o or mited lung or Pyer kesions Haod  =f o
[198&)
5 hours/dioy for 28 days BE0 o ffecis on the Besr MHompoth =f o
[1974)

5 hoursiday for 5 doys)wesk | 12500 Inflormmotory response ond cell domoge in e ngs Zahn ond

for £ weeks Loadther [1951]

i hours/day, 5 doysfeeek for |00 8300 17700, | Anoesthesio, increased eer weeights aond reduced body | Bischle ef ol

1% exposures JE200 weights im fhe heso Righest dose groups [1581]

§ hoursiday, 5 doysfessk, | 177,710, 7100 Ho svidence of imeversible neunclogical domoge Motiszon =t o

13 emanlie (1920

7 howrs{day for & morths 35000 CHE depression during period of exposure Heppel =t a

(1944
& howrs/dioy for M0 daoys 25000 Hight redress of conjunchiva kasting for 1 to 10 hours affer soch | Levschner =t of
Expeune, mo other Sgns of tosiciy (1534
& hoursday, 5 doysfeeek for | 1850, 3700, | Ore rot exposed to 20700 died befors the snd of the shudy; | KTP |1964]
12 vt 743, 14800, | for=ign body pnewrnonio wos obsereed in some rofs exposed
700 bo 7400 g or mone; mean body weights reduce=d in high
dose group, reduced Peer ipid to ver weight nofics in high dos=
rmales ard fermales and in fermales of 1£300 mgnr?

Confinuous exposues for 100 | BE250 Hight cytoplosmatic woowolsofion of the fwer ond fwibular | Houn =t ol

days ue—gire'n_—'-:r im Hhem ladney [197E)

i hous/day, 5 days! week for | 0. 3500, 7100, | Mo effects on body we=ight gain HTP | 1964}

2 years 14100

Table §: Bfects in other species in repeofed dose sudies [conversion foctor: 1 mgre? = 026 ppm]|

Lpecles Exposure reglme Concentration Observed ettects Shody

migrrr
Wice § hours/day, 3 weaks 14100 Increased poer weight and increased mitofic ocfiity | Bssnlorandt
in hepocytes, o few onimals showed necrosis of | and Reitz
somme apithelial calk of the bronchi and bronchicles | (1984
fogether with reoctive hyperpiosio of odjocent
lyriphoid Bssue

hice, & hoursfday, 5|0 8300, 17700, | Anoesthesio and reduced body weights in highest | Mischios =t al

hamshers daysfeessl - 16 [mice] | 25200 diose group, efects on osportote ominotorsferos=in | (1981]
or |hamster| female mice ot 17,700 mgm?

ENpOsUnes

Yce i scaus exposuee | 17700 Reduced body weight, increcsed redofive  Feer | Weirdiein =t al
for 7 days wemighths, [hvesr cormoope {1972}

Mice Cornfiruous  expoouns, | 130-1059 Liver wesight increcsed in dose-relofed monner, fotty | Kpelstrand =f
30 darys oocumuiaotion and increcsed blood levek of butyrd | al, 173848
rb=rmithend exposuee | 211825414 cholinesterase found ot 255 mgme, ol effecks
for 1-12 hoursfdaoy, 20 P g Dl
days 1059
Corfinuous  exposuee
ford 8, 15, 20 days

Yce & hoursfday, 5 | 1850, 3700, 7400, | Some deaths and reduced body weights ot 207500 TP [1RE4]
days sk for 13 wesls | 18500, 29700 mign, hepafic centilobulor hydropic degeneration

in males ond fernales ot 29700 mgm? and in fermales
onby at 14800 mcgrmr?

Lice Corfinuows  exposues | BS 350 Jight cyloplosmofic vocuoisofion ot both level, |Houn = al
for 100 dharys decrease in microsomal P-450 content ot the higher | (1972]

dose

Mice Confinuous  exposuees | 250 Fofty infibofion, wvocuolsofion ond  enlonged | Weirsiein and
for | hepoiocyte nucei, revesible increase in plosma | Diomond

inghrcmrices {1872
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Diogs. 7 housiday, § daysd | 17700 Fafty degens=rafion of the Fver ond preumonio in | Heppel =t ol
Tty weeed for & morths A4 guined pigs (1844
rabioits, 25,000 Reduced octivity in oll species, fofty degenemnfion of
Quireso pigs fhe liver in dogs
Dogs Confinuous  exposues | 2,500 Abnormmial hoemaotology ond increased octivity of | Hoom  =f  al
for up fo 100 days s erTyrnes affer £ wesks {1972}
17,350 Crederma of fhe brain
Dogs & howrs/day for PO days | 17,700 Jight sedofion and eryhemao losfing for wup fo 10 | Levschner =f al
hours affer expoaune {1964
Gerbils Confinuous exposuns | 340 Ce=creosed levels of neuvobronsmitter omino ocids in | Biving =f ol
for 2 montts the brain {1964}
Gerbils Confiruous  inhalation | 1240 Incregs=d broin concentmtions of teo ostroglal | Rosengren ef
folowed by 4 monihs proteins and decreosed lewels of DRA im0 the | al (1984
PECIOVETY hippocompus ond cerebellum
7 Decreosed hippocompal DHA levek, possibly oz a
result of the los of nerve calls
Monkeys Confinuous  exposues | BE2S Rosed COHD levels Hown =f ol
for 28 days 1972
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2.4, Mulagenicity

The= mrdogenicity of methyiene chionde has been reviewsd by |ARC (1999 and olso IPCE
[1788). Methyi=ne chicrde & conssdentty mudogenic in microonganismes. Weoloer and less
consisfent responses are seen in mammcian sysfems. Methylene chionde indwced sisher
chromatid eschonge:, chromosome brecioge ond chromosome loss in vito in beman
calk Invifro resuits in redent cels wers inconciusies or negative. Methylere chlonde
indwced DA sngestrond breals in mommolon ced culfues, but inconchusive or
negofive effects wene reporfed for induction of gere mutofions.  did not induce
urscheduled DA synthess either in vivo in rodents or in bomoen fibroblost cuftures. | wos
gerobosic in fungi but not in Drosophia in the sex-inieed recessioe lefhal omory.

2.7. Carcinogenicity

Hurman daka

Mo corsishert relatiorships behasean methyene chicrAde ond cancer ot any partioular
site have been reported in shudies of workers exposed to methylene chlonde [Tobie 3.
Two shudie=s obsarved an excess of poncreafic concer and Ciadard &f o [2001) fourd a
small excess sk of pancreghc cancer, which was not sotisticaly sgrificant [RE = 1.42-
0.8 2.53). The outhors cowld nof find o relotion o the evel of sxposure. Cther indiidual
shudies reported on excess of liver and biliory froct cancers among longerdemn
employess, an excess of prosiofe concer in men and excess of cerdcal caoncer in
women that appeared fo increase with level of exposure and o possble =xposure-
relafed increase in breast cancer sk In most shudies, wodosrs wees exposed fo.0 number
of other chioinoted solvert: and tome weme oo esposed to other polenfial
cordnogers incheding medals. This Emited the power of published sudies to detect an
affect fhol & speciic to methylene chionde. In cose control shudies [Toble &) possbie
amociafions hawe been reported befwesn exposure fo meftiene chionde and cancers
of the blodder, brecst [in women|. rechom ond possibly the ung. Ded et al. (1999
concheded that there was no srong or consistent finding for any sihe of concer, despite
several shudies of large occupafional cohors of worders potenticlly esposed to high
concentrations of methdens chlonde.

IARC [19%%] concluded that there wos not o suificientty corgshent elevafion of risk ocmoss
shudies of any ooncer type to make o cowsal interpretation credible. The resutts of mone
recent shedies do not support a resision of this conchusion.

Animal doto

A rurmiber of long term inhalation sudies hove been performed [Table ). The KTP [1985]
reported Ceor evidenos of corcinogenicity in maole ond fernolks BXCAFT mice, os shown
by increased incidence: of abveclar/bronchickr neoplosme and of hepatocelkdar
neoplosms. Akhough, o high incidence of leukosmia in both sxpooed and

rats in the WP shady is potenfally o cowse for concem, the ocuvicome of the MNP dudies
ore broodly conssient with other shudies [Table §]. MAaronpot = o [1993] found
avidence that eardy ife exponre to methylere chiofde gores Fise fo an incregsed lung
cancer ek in mice even in the obsenoe of confiruing exposure whereos the
development of ver concer wos more dosely ossocoted with confinuing sgposuee.
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Relgthvetly few imeeshigofions howe b=en mode of the corcnogenichy of me
chicride folowing ord odminsiroficr. Studies in rafs and mice reviesed by IPCS (1994
did not find an ewcess sk of concer ot doses of wp to 250 mgkg bogpweght/doy for
two weors or 300 moikgfday for dd wesis

AR (1999 hos concluded thot thers wos nodeguoles evidenos in bumans for e
corcinogenicity of methyens chiofide, but suficient svidenoes in expeimental animals.
The= ol =volughon wos thot methylene chionde is possibly coreinogenic fo hurmans
{Group 28).

Considergions of fhe mode of oodon

Lorg-ferm animal expeiments hove demorstrated thot methyens chionde & associorhed
with the development of cances in mice whereos similar effects were not observed in
ratz ard horrstes. Bosed on the formmofion of reochve mefobolfes, such o
formalashyde, through the reguchive pathway of mefabolzm [sze Figure 3] fre
paradgm has bes odeanoed that this pottay may be connecied with carcinogenesis,
and thot gpeces; diferences between the bolonce of fhe oddotive ond Peductee
potmway should exploin spedes differences in corcinogenicity (Green =t ol. 1958; Gresn
1997 M=chanific shudies hove demonsinoted thot medobolsm of mefrdens chionde by
the glhuothione-G-ronderose-dependent reductive pothsaoy is highest in the mowse_ This
pothway is medioied by the isoenzyme S3TTI-1 and produces reochive intemmediohes
that ore hedd resporsible for fhe heer ond kng tumowr formation (Thier =4 al. 1983, 19948,
1988, Wheslsr =t ol 2001, Morsch =t ol 2004). Upon incwibotion of isoloted hepofocytes
from mice, rotfs, Syeon golden homsters ond humons with methdens chiodde, only
mouse hepotocyies fomed detectoble omournts of DAA-profein crosdinks  [DPX;
Cozonocva =t ol 1997). When VP celk were trorsfected with the mowss enzyme
|m=ETTI-1) and incubofed with high concentrotions [2.5-10 mkY] methylene chionde=,
DPY were formed thot wens typical for formoldebyde [Hoe et ol 2006, For the
development of lung fumows in the mouss, daomaoge to mouse lung Clora cells ond
increased cell division wene smen os decsiee components. The susceplibifty of the mouse
wos seen 05 0 conssquence of very high octivity ond speciic celulor ond rwclear
locolsofion of the theio closs GET, unique to the mouse [Green 1997).

The= moripedly lower levek of the methdens chlonde metoboising GET in rots and
hameiers ae conssdent with the lodt of Fwer and lung fumours in these gpecies. The levels
of this snryme in humons ore sven bower thon found in rots ond homsters. Henoe, the
mouse mode] may not be informofiee about concer fdc in humors becowse of the
differenoes in the metoboliem of mettyiene chiode [IARC, 1999

Recently, this concept hos recefved further expenmental support. Shemolt =t al. [2002]
direcity compored the reloffee copodty aond locaolity of methydens chiorde ocfivation in
mowse and buman fissues, The results showed that the mouse mGITTT-1 woas mone
efficiert in caotdysing the conjugofon of methylene chlonde with G5H fthan the
orthologous human ernzyme [hEET1-1]. In odditicn, the mouse =xpressed higher levelk of
the ermyrme than humars in the feer. Histochemical onalyss confrmed the presence of
GITTI-1 in fhe nuckeus of mouse ver celk. In human Feer lower levels of GITTT1-1 wenre
detected in bie duct epitheliol cels ond hepotocyie nudei, but the =noyme wos ko
present in the cytoplosm. The species differsnces [mouse/humans| of a higher medobolic
efficiency of MG vs. REETTI-1 ore olso exploined by differences in the primary
shuchure. The omino ocid resdve 3234 & the determinont of thess differsnces. The
replocement of TRP in hEET1-1 by onginine, os found in the pdent erepme, enhonced
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the =rmymofic oclivity by on order of mognitede (Sholesr =t ol 2005). The =

differences o= poroleled by differences in the cryshol struchuees of fhe proteins [Tors =t
ol 200E).

dome pecuorties of human G3TT1-1 are also relevant. The BESTT gene B pokymorphic;
obout 2% of the Gwopeon popuofion shows o complete delstion GSTTT0).
Furfheermore, GETT1-1 metobolsing mettndens chiofide is present in humon ergdhrocyhes,
wihich i not the cose in other species including mdents jreview: Boft and Thier 2004).
Hence, port of the burmaon populcfion [(S5T10) does not possess the ocffeating pottesay
lrading to reoctive metobolies, and for the red of the population (G3IT1"T) fhe Diood
compariment moy act os an oddfional “sink” to eiminote metdene chioide [Sheratt
=t al. 2002).

Pubished assessnents of coroinogenic reos

dince the 1960 o number of orfides hove presented guonfitotive comporisons of
miethyi=ne chioide metobolsm, in order o desive colowotions ond angumemntoticns
regording possible corcinogenic feks in humaors |(Andesesn =t ol. 1987, Geeen =t ol. 1988,
lieplo =t ol 1978, B Mo=i =t ol. 199, Jonsson = ol. 2001, Jonsson and Johonson 20010,
Presion and Williams 2005]. An improved procedure hos been adopted recentty [Ghar et
al. 2008

Agaoirst the bockgrownd of the peviows developmernts, Dovid =t ol [(2004] recenihy
presenfed on wpdoted and refined physiclogicaly-bozed phomocolinetic  [PEPK]
model for methyens chiodde in humans. This modsl wos bozed on the PEPK moded
deveicped Dy Ancersen et al. [1937] ond ioter developments, and # was supplemented
by @ Boyedsan modeling wking the Modoow Chain Morte Cardo [MCRIC) §

[Marino et ol. 2008). The modeling incomporaled the advances in underdanding the
metoboliem and in shofishod approoches, in order to bether reflect the voriability in
humars. By fhis way, fhe new informofion on human GITT] polymomphism was
incorporothed using the probabiistic design (B Masd =t al. 19, Jonszon and Johansson
[2001). Physiclogical porometers for input into the BMCAMC analysis wers seleched
according fo cument sdenfific evidence for =och parometer. Metobolc doto for
ind=idual subjecis from e humon Sudies were combined info o single dofo s=f ond
populofion wolues were defved. These were vsed for coibrotion of the bwemon mods].
The= PEPE. mode], using the colbroted metabolic poomeders wos then tolezn to perdfomm
o concer fek ossessment for methydens chionde, reling on the sxpeimental termour
incidence in mice and on human =gposure doho of cument [HS enihes. Unit ks, e, the
risk of conoer from exposure fo 1 microgfrm® over o [ifefime, wens edfimobed vsing e
cofibrofed hurnon model. The resulbs indicofed shewesd dishibutions for Peer and lung
tumoesr fisks, done or in combinafion, with o mean wnit risc jper microgfmd) of 1105« 10,
considering both ver ond lung tumous. Adding the dishibution of genetic GSTTT
poiymorphisms for metobolsm fo the presumed ultimobe corcinogen, the unit Fss
rang=d from 0 [which & exgpecied given thot opprosimately 20% of the populotion &
esfimoted to be GITT0 “norrconugoios”] up fo o wnit Adec of 270 = 107 of fhe 255
peroenifie. The medion, or S0 peroertie, waos 233 x 10040

Iff cre= tobues such o unit g of 10, the sk of sxposune to 1 microgfme mettydens chioide
fior human working [Fefime [ozsumed os14% of lefime] woudd be 1.4 5 1072 Accordingly,
o [fetime ek for exposues ot 100 ppm [253 mgfme] would be 4.9 x 10F This & o sl lees
that wil never be defected in epidemiological shadies. Even this estimoie epresents an
ower-asfimafion of the human sk, oz the “sink funcfion” of the human erthrocydes (v
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in pemons poseming the ochive GITTT gene and GITTI-1 snzyme has not been

considered.

Conolusion

Taking together the cument imowledge on the pofential of human mefobolic octivation
of dichloromethone, it oppeors wnikely thot the compound poses o prochicaol
cordnogenic isk to humons, under conditions of curent cocupotional EgposuEes. In
consegquence, SC0E hos decded to assign dichlcromethone to the 3C0H. cardinogen
group S with o “proctical” theeshold [Bolt and HuicHWordoged 2008) and to dedve an
O bozed on nor-caoncer endpaoints.

Jurm X0
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Table &: Epidemiclogical invesfigatiors of the cancinogenicity of mefndene chlonde in humans

Exposed populaticn Descripfon of shedy Findings Shudiy
1% coses and 108 conbok | Cose confrod shudy of asfocytic | Bels increogsed with increased potertiol | Heineman  of
potenticly esposed to methydens | broin cancer intensity of exposure aond durcfion of | of (1994)
chioride ampiloyment; asnestmet

severely crificised by Boman [1994]
Mortdity records from 24 shotes, | Cosecontrol  sfudy of breod | After odusting for sodoeconomic shohus, | Cantor =f ol
gathered from 1984 fo 1¥6F coded | cancer with sepomie andyses | uggesfive omocofions for  shrene, | (1995)
for occupafion ond indusiry. Afier | for blocks ond whites. several  organic  sobeends  (|meftplens
enchading homemaioers, 33500 coses chiorde, carbon tefrachioride,
arnd 117794 controk remained. fommicldehyde], and syl

metals/medal cuides and ocid mists.

3620 hisfdlogicaly confirned concer

Cosecontol study imeesdigafing

Possiole assodotion betsesn mefrypiens

{Dumcs =f al,

omes, of whom 257 hod rechd | the relofionship betaesn solvent | chioride ond recta concer, not posible | 2000

cancer, 532 populghion confrols, | esposure and  rectadl  concer | o ssparote the relofive imporfonce of

135 subjects with cancers of sites | [owiding on eofer sudy by | different pobential risk fociors

other than the rechum, lung, colon, | Siemiatyck, 1991)

rechosigrmoid mction, srmall

irtesfire and perffonewm

12%60 femaole comes of CHE concer | Decth  cedificote-bosed  coze- | 20-20% CHE concer increoze in women | Cocco =f o

in 24 LE shobes in 1784-19%2 ond | confmol shudy exvposed fo slechromagnetic fislcs [BRF). | (1999

S1%20 fermale confrols who died metrdene chionde, insschicickes,

from dis=ases other fhan fungicides, and contoct with the pulblic.

magnancies and  neunclogical Fisk unrelofed to probabiity and inferdty
dsorderns of exposues.

Toble &: Imwestigofions of concnogenicty in long tern animaol =xpeiments jooneemsion foctor: 1 mger? = 0238 ppm)

fpecies | Exposune reghme Concerfrafions | Gbserved effects Shadly

mgrm-?

Fods for & howrs per day, 5 days L‘Tg 3530, 7040 | Reduced surdwol of exposed ond wnexposed mole nots | TP [1736
per wesic for 2 years and 14120 dhuee to levkoemio. Reduced surdval of high dose: females.

Incregsed  incidences of benign mammory glond
odernomas and fbmodenomas in exposed moles and
females. Liver domoge in exposed animals with o dose-
relcied increase in the ncidence of hepoiocslldar
neoplastic  nodules or  hepotocelulor  corcinomos
|comicined) in females. Increased incidence of squamous
mefopiasia of the nasal caovity in high doses females. In
males, increosed incidence of mesotheliomos  jonsing
primarty fromi the hunica woginalis]

Raots & hours/day, 5 doys/ wesk |0, 1770, 5200, | Increase in sarcomas in the mid-cendcal areain the region | Buek = o
for 2 y=ars 1 2400 of the sofvory glond in mid and high-dose moles. Sight | [198£)

doge-rejgted increose in berign mammary fumouwrs in
males, dose relghed increase in benign momma—ny emours
in femaoles

Raots & hours/day, § daoys! week | 0, 177,710, 1770 | Increase in benign mammary fumowrs in females of 1770 | Hitschke  =f
for 20 morths [maes), 24 g, MOEL 710 mgrr? ol [19E88a)|
morths (fermokes)

Raofs 4 hoursfday, & doyshweek | 250 Mo effect onincidence of benign or mealigrant fumaouns Maltoni  =f
for 7 wesks, then 7 al [1968)
hoursidaoy, § doysfeesk
fior 77 wesks

Rt Az above for 15 and 104 | 350 Mo effect onincidence of benign or maligrant fumouns Maltoni  =f
wvmeks o, 1885

Sh Tl & hours/day, 5§ doysiweek | 7100 An excess of lung and Prer fumouwrs observed in mice | Ko ef o
for wanows perods up fo exposed for over | yeor [1ew2)

10 wmemdes

Lice & hours/day, 5§ doysiweek | 7100 Al ewposed groups showed ewcesses of lung ond Feer | Eod =f ol
fior 26, 52, 7B or 104 weaks fumours [1982]

Wice & howrs per day, 5days per | 0, 7060, 14120 Thee: survival of expoced males ond high dose fermcles wos | HTP |1934
week for 2 years reduced. Increcsed incidences of lung fumous wers

cbeerved in expossd mice. Cylclogic degenenaglion of the
[fer ond increosed  Incidences  of  hepobooeikdor
oderomas o hepotocelulor corcinomas  jcombined)|
were obsersed in high dose male and exposed female
mice. Dos=reloted increases in the numbers of mice
beoring mulliple kng or liver neoplosms and i fhe
incidences of fedicular atmophy in mole mice and wenine
and ovanan atrophy in femoke mice.

bce & h per daoy, for wvargng | 7080 Exposun= coused on increase in [rer and kng neoplasia in | Manonpot
durations up to 104 wesds. fhe absence of oved cyiobomicily. Mecourement of | =f o [1795]

replicative DHA spnfhesis affer 13, 24, 52 and 73 weslks of
expaosure showed a sigrificant decrease in the hepaiocyte
lobeling index of 12 wesks. Repicalive DA syrthesi in
pulmonary cineays ofter 1, 2, 2, 4, 12 and 28 weeks of
exposure waos sonificonity lower than in controks.

Haomsier | & hours/day, 5 doysiweek |0, 177D, 3200, | Mo sgrificant increase in fumours Burek =f o
fior 2 years 12400 [19E<]
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2 8. Reproductive loxicity

Hurmsmns

Ketndene chiofide cmosses the plocenta and is oo ewcreted in breast milk.

A cose control shudy of 44 women within o cohot of wodeers employed in Finnish
Fhomocevical foctores reported thot methyvlens chlonde wos omocioted with an
inceaned sk of sportarecus aborfion (Odds Fofic of 22 with o P5% confidence infereal
of 10-5.7]. There wos weak evidence that risk increased with increasing freguency with
which rr'-eﬂ'rg.'lene chiofide wos hondled bud fre odds motios for olher sobvents waere also
raised, so the sgrificance of the findings for methyl=ne chionde & uncertain [Toskinen =+
al, T#Ed).

A shudy of 50 men worldng on aFcroft mairdenance ot an U Air Foros inckalofion exposed
o p=dt fuem] nd sobesnt concentrations below & ppm e 21 mgrr? for methndens chiodce)
fior indreidual sobverds fownd some effects on spern generation bt no dear assodofion
was found befhawesn biological exposure megsurements ond spermciogenic changes
[Lermashers =f of 1999].

Arnimals

The LS [1998) mviewed several shudies. Jight skeletal malformations but o sigrificant

effects or evidence of fosfol tmdcity wos observed in rots ond mice sgposed
to concentrotiors of meftndens chioide of 1230 ppm [4400 mgrmal] for 7 hous/day on
days 4 fo 15 of pregroncy [Gcheestz =f ol, 1¥75]. Motermal O0HD levels of 1286 wene
measured duing esposure. Mo terghogenic effects wers observed in nots exposed fo 4350
ppm [14230 mgnr?] for § housfday duing 17 days of pregnancy bud foeta body weights
weere reduoed [Hordin and Manson, 1780]. Mo efecks wens se=n in behoviowal ossoys but
thene were chaonges in fhe geneml ociity level of pups fFom about 10 doys that wenes shil
pres=nt af 150 doys. | waos unclear whether this was o result of exposune. Kotermal COHE

le=ymds during exposuns ranged from 70-1001 &

n a heo gererabion shedy, rofs wene sposed to 0, 100, 500, or 1500 ppm [0, 330, 1770 or
5200 mgrrT] for & howrs per day for 5 days eoch wesk Mo svidence wos found of any
adverse effect on any reproductive parometer, neonotal surdval or reonafal grosdh in

either the Foor Fi genergtion (Hitschke =t o, 1988z and b.

Recommendation

High levweds of exposure methyl=ne chlonde hove led to unconsciousness and, It some
ooes, death.

The formotion of COHD oz o et of methyens chioride metobolem decreases the
oayger-camying capocty of the blood, giving sympioms of oiygen depivation swch as
light-h=odedness, headochs or koss of consciousness. In norrsmioking woreers, COHD levek
in blood of more: fhaon &% wens found folowing exposure to obouwt 250 pprm [E30mgu’m] for
7.3 hours.

Chher effects include imhafion of the eyes and respingiory froct, lung cedemao ond ocute
effects on the heort. Frer ond kidreys. Egperments in bomaon volormhees hove found
re=unoiehavionol changes following sxposure fo 250 ppm [494 mgfmd] for 1.5 fo 3 hours
and efects on Frer funchion of £30 ppm [1650 mgimd.
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Al the wordgpioce, no evidence of odverse =fects on healfth hos besn found following
erpogune concentrotions of albowt 100 pprm [250 mgdim] oeer sesvenal peors.

n anirmals, repecied or lkongrherm exposune to high concerfrofions of methyens chionde
is omociofed with reversicle CHE affecks, dight aye irlofion, Feer effech and modalty. The
lotpsmst mposure concentrafion reported to couse ver efects is 235 ppm [BE mgimd] [for
confinuous exposure]. Mo effects wens fownd on the Frer folowing esposure fo 250 ppm
[633 mg/mT] for 5 howrs per day. The lowest sgposue conoenfofion ossocioted with
revesible CHE effects & 2000 pprm [17700 mgfim?] |& hoursfday] with no effects ot 300 ppm
[F100 mgfm]. Bfects on brain chemisiny wene reporied folowing exposuee to 70 ppm [230
mg/rmé] (8 hours/dary|.

Despite a lorge number of spidemiclogical irveshgations, no ceor ossociotion behessen
methylene chiofde ond cancer in humans hos besn demorsirofed. The shadies with the
lorgest cohoris and longest folloss up fimes ore those puitlished by Heome ond Pifer [1999],
Lones =t al [19#%2] and Tomerson = al [19%7].

nhalztion =xposwre to mefndene chionde i ossocohed with the development of cances
in mice twd not in rofs ond homshers. The movse mode| maoy not be infomative obowt
cancer fisks in humans beoouvse of longe guontitaliee diffessnces in the metobosm of
methydene chionde. |ARC [1999] concduded thot thot methydens chionds & possitly

carminogenic to humans [Goup 23].

n reproducive dota are imifed and do not provide deor svidence of an efect. Ho
tergtogenic effects were observed in robs soposed fo 4580 ppm [14300 mgfma] bud foetal
body weights were reduced. Sight sosietol moFommotions hove been reported o 1230
pprmi [£430 mgfrrd]. Ho effects were found in o tso gereration shedy of concertrotions of

wp to 1430 ppm [53200 mgsfrmd].

Az menfionsd above, o svidenos of odvess =feck on heath bos besn found of Hhe
wortkploce folowing oooupaltiond e=wposue corcerfrotiors of obout 100 ppm

[250 mgm] cver seveenal pears. Expeimental shudies oppear consishent with this figure.

A redevont toeic mefobolite of methylene chioide & corbon monoside. For coroon
monomde JCOE hos recormmended an O of & ppm, compatibés with o biclogical Fmit
[ELV] of 4% COHb (2008 EUNMSSTD].

Epermenial expoounes of heman volurhees to 100 ppm methyplene chioride hove resufed
in & COHb ot the end of an 8 h exposure pefiod [Figune 1). This is bosicaolly supported by
fidd shudies in exposed worlers (Soden 1992, Joden =tal. 1994 Agure 2|

Taking thess informotions together, an OEL (8 b TWA) of 100 ppm & mcommended for
methydene chionde. Gosed on possicke shorfd-term prenorootic efects, g STEL [15 min] & s=t
o 200 ppm.

Th= biddogica it [BLY] recommended for corbon monoods (4R200HD) abo to
mettnydene chionde. & should be observed that this imi moy be escesded in coses of
heorey srmichoers, due to the OOHD increment by tolooooo smoldng. Thensfore, for proctical
purposes the determination of methydens chiodde in blood or wine [both ot =nd of the
shift] moy be advartogeous. According to the sxplonations given in chopber 5.1, BLV: are
pro for mefyiene chlonde in blood of 1 mgiiter, ond for methpdenhe chioride in
wrine of 0.3 mmgyither.

Eethylere chlonde is carcinogenic fo mice, producing lung and liver fumowrs. This
corcinogenicity & confermed by o reductve, GiT-dependent, metlolboic pafesoy.
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Guarntitative comparisors of the tomicolinetics in sevenol sxpeimer ol animal species ond
in humans indicate thaot this fowfying potmaaony is not rddevort in bumars |see chaopher 5.7
for detaik|. This conclusion is also compatible with epidemiclogical daba, which did not
port to cleor cordnogenic effects in bumans, ofhough there howe been significart
oooupational exposures to methyiens chioride since mony decodes. The compound &
assigned to the IC0H cordinogen group C. implying the sdderce of a “prochcal
threshold [s=e chopler 5.7).

As speciied in chopter 5.1, there moy be o sgniicont confribufion of ddn fo the fobal
wpdoke of metivdens chioide under workploos condfions. Conssquenity, o skin notafion
is oppled.
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