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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 maledata fra virksomheter/nzaringet.

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

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

1. Stoffets identitet

Det finnes et stort antall manganforbindelser. De mest relevante i norsk arbeidsliv er etter vart skjonn
MnO, Mn3;O04, MnO:, FeMn, SiMn og mangan i sveiseroyk (hvor vi ikke kjenner tilstandsformen).
Tabell 1 gir en oversikt over disse manganforbindelsene, deres kjemiske formel, stoffenes
identifikasjonsnummer i Chemical Abstract Service Registry number (CAS-nr.) og European Inventory
of Existing Commercial Chemical Substances (EINECS-nr.) der disse er kjent.

Tabell 1: Noen manganforbindelser.

Forbindelse CAS-nr. EINECS-nr. Kjemisk formel
Mangan 7439-96-5 231-105-1 Mn
Manganoksid 1344-43-0 215-695-8 MnO
Mangandioksid 1313-13-9 215-206-6 MnO2
Mangan(ll,111)oksid | 1317-35-7 215-266-5 Mn304
Ferronmangan 12604-53-4 FeMn
Silikomangan 12743-28-1 SiMn

2. Fysikalske og kjemiske data
Det vises til tabell 2 og 3 for fysikalske og kjemiske data for de ulike manganforbindelsene.

Tabell 2. Fysikalske og kjemiske data for mangan.

Kjemisk formel Mn

Molekylvekt (g/mol) 54,94

Fysisk tilstand Selvfarget metallisk fast stoff
Smeltepunkt (°C) 1245

Kokepunkt (°C) 2097

Damptetthet (air = 1) (g/cm’) |7,21-7,44

VET 4



Tabell 3. Molekylvekt og fysisk tilstand for noen manganforbindelser.

Kjemisk formel | MnO MnO2 Mn304 FeMn SiMn
Molekylvekt 70,9 86,9 228,8 110,8 83,0
(g/mol)
Fysisk tilstand | Gront pulver | Brunstein Svarte Selvfarget Selvfarget
(Pyrolusitt) krystaller med | metallisk fast | metallisk fast
Meorkebrunt metallisk glans | stoff stoff
pulver eller rodt
pulver

2.1 Forekomst og bruk

Mangan er et gruppe-VIIb transisjonsmetall som finnes i mange oksidasjonstilstander (I, III, IV, VI og
VII). Mangan inngar i mange ulike uorganiske og organiske forbindelser.

Mangan forekommer naturlig, vanligvis som oksider, sulfider, karbonat og silikat. Det finnes ofte i
jernmalm. De fleste mangan (II) forbindelser er vannloselige.

Mangan benyttes 1 produksjon av jernholdige og ikke-jernholdige metallegeringer, inkludert stél. Jern-
og stilproduksjon utgjor 85-95 % av manganmarkedet.

Globalt sett skjer yrkesmessig eksponering ved utvinning, produksjon av manganlegeringer, kjemisk
produksjon av manganholdige forbindelser og hovedsakelig i folgende naringer: stalproduksjon, andre
smelteverk, produksjon (inkludert sveising), produksjon av batterier, produkter til landbruk (produksjon
og bruk) og i pigmenter, maling og glassproduksjon.

3. Grenseverdier

3.1 Navarende grenseverdi

Navarende grenseverdi i Norge for mangan og uorganiske manganforbindelser (beregnet som Mn)
fastsatt i 2007 er:

Inhalerbar fraksjon: 1 mg/m’
Respirabel fraksjon: 0,1 mg/m’
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3.2. Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOEL foreslar for mangan og uorganiske manganforbindelser 1
sitt kriteriedokument fra 2011:

IOELV (Indicative Occupational Exposure Limit Value):

Inhalerbar fraksjon: 0,2 mg/m’
Respirabel fraksjon: 0,05 mg/m’

3.3. Grenseverdier fra andre land og organisasjoner

Tabell 4. Grenseverdier for mangan og uorganiske manganforbindelser fra andre land og
organisasjoner.

Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar

Sverige! 0,2 mg/m?3 (totalstov) | - 2000
0,1 mg/m>
(respirabelt stov)

Danmark? 0,1 mg/m3 - 2000,2005
(respirabel, 2005)
0,2 mg/m3 (pulver,
stov og uorgansike
forbindelser,
beregnnet som Mn,

2000)

Finland? 0,2 mg/m> - 2013
(inhalerbart stov),
0,02 (respirabelt stov)

Storbritannia* 0,5 mg/m> - _
Nederland5 1 mg/m3 3 mg/m? 2007

ACGIH, USA® 0,1 mg/m3 - -
(inhalerbar fraksjon),
0,02 mg/m?
(respirabel fraksjon)

NIOSH, USAS 1 mg/m3 3 mg/m? -

Tyskland, MAKS 0,2 mg/m> - Overskridelsesfaktor:
(inhalerbar fraksjon), Inhalerbar fraksjon  1I(8)
0,02 mg/m? Respirabel fraksjon II(1)*
(respirabel fraksjon) *Kun permanganater
Tyskland, Myndighetene’ 0,2 mg/m?3 - 2015

(inhalerbar fraksjon),
0,02 mg/m?
(respirabel fraksjon)

! Arbetsmiljéverkets Hygieniska grinsvirden AFS 2015:7,
https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-gransvarden-afs-2015-7.pdf.
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https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygieniska-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;

¢ 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=439FFF321 DF2323E60F868CDOSEICD3A.s1t2?  blob=publicationFile&v=2

3.4. Stoffets klassifisering

Det finnes 3 uorganiske manganforbindelser som er klassifisert i henhold til CLP Annex VI, tabell 3.1
(Liste over harmonisert klassifisering og merking av farlige kjemikalier). Klassifisering og merking i
ulike fareklasser, med faresetninger og koder, er gitt i tabell 5 nedenfor.

Tabell 5. Fareklasser, farekategori med forkortelse, merkekoder og faresetninger for uorganiske
manganforbindelser’

Stoff Fareklasse Merkekode | Faresetning
Farekategori
Forkortelse

Mangandioksid Akutt giftighet H302 Farlig ved svelging

MnO; Kategori 4 H332 Farlig ved innanding

CAS 1313-13-9 Acute tox. 4
Spesifikk malorgantoksisitet, | H373 Kan forarsake organskader
gjentatt eksponering ved langvarig eller gjentatt
Kategori 2 eksponering

Mangansulfat STOT RE 2

MnO.S

CAS 7785-87-7 Farlig for vannmiljoet, H411 Giftig, med langtidsvirkning,
Kronisk kategori 2, for liv 1 vann
Aquatic Chronic 2
Oksiderende vasker H272 Kan forsterke brann;
Kategori 2 oksiderende
Ox. Sol. 2
Akutt giftighet H302 Farlig ved svelging
Kategori 4

Kaliumpermanganat Acute Tox. 4

KMnO,

CAS 7722-64-7 Farlig for vannmiljeet H400 Meget giftig for liv 1 vann.
Akutt kategori 1
Aquatic Acute 1
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https://arbejdstilsynet.dk/da/regler/at-vejledninger/g/c-0-1-graensevaerdi-for-stoffer-og-mat
https://arbejdstilsynet.dk/da/regler/at-vejledninger/g/c-0-1-graensevaerdi-for-stoffer-og-mat
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM_9_2016_HTP-varden_2016_Ruotsi_22122016_NETTI.pdf
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM_9_2016_HTP-varden_2016_Ruotsi_22122016_NETTI.pdf
http://www.hse.gov.uk/pubns/priced/eh40.pdf
http://www.ser.nl/en/oel_database.aspx
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-900.pdf;jsessionid=439FFF321DF2323E60F868CD08E9CD3A.s1t2?__blob=publicationFile&v=2

Farlig for vannmiljoet H410 Meget giftig, med
Kronisk kategori 1 langtidsvirkning, for liv i vann
Aquatic chronic 1

I CLP ((Forotdning (EC) Nt. 1272/2008), http://www.miljodirektoratet.no/Documents/publikasjoner/M259 /M259.pdf
https://echa.curopa.cu/information-on-chemicals/cl-inventory-database

3.5 Biologisk overvaking

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

SCOEL fremmer ikke et forslag til biologisk grenseverdi for mangan.

4. Toksikologiske data og helseeffekter
4.1. Anbefaling fra SCOEL

EUs vitenskapskomite (SCOEL) har utarbeidet kriteriedokumentasjon for mangan datert juni 2011
hvor de anbefalte folgende grenseverdier for stoffet: inhalerbar fraksjon: 0,2 mg/m’, respirabel
fraksjon: 0,05 mg/m’, se Vedlegg 1.

4.2 Kommentarer fra TEAN

SCOEL-dokumentet er datert juni 2011, med siste referanse fra 2009. Det vitenskapelige underlaget
for utledning av forslag til grenseverdi ansees a vaere svert omfattende.

Det er gjort sok etter nyere litteratur ved hjelp av PubMed. Det er funnet mye litteratur publisert etter
utgivelsen av SCOEL sitt dokument.

Folgende kriteriedokumenter og sammenstillinger av den toksikologiske profilen til mangan og
uorganiske mangan-forbindelser er utarbeidet i tiden etter utgivelsen av SCOEL-dokumentet:

-MAK 2011
-ACGIH 2013°
-ATSDR 2012’

Det er bred enighet om at de kritiske og mest sensitive effektene ved eksponering for mangan bestar av
subkliniske nevrologiske effekter, og oppstar etter vedvarende eksponering for mangan. Disse effektene
er systemiske, og fordi mangan ogsa er et essensielt metall-ion i kroppen, har kroppen gode
reguleringsmekanismer for opptak og utskillelse av mangan. Dette bidrar til 4 opprettholde normale og
stabile vevsnivaer av mangan delvis uavhengig av inntaket.
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Det papekes at det har vart observert effekter pa hjerte og lungefunksjon ved eksponering for mangan,
men ved langt hoyere luftkonsentrasjoner enn de som forarsaker nevrologiske effekter. Kun de kritiske
effektene pa sentralnervesystemet blir vektlagt 1 vurderinger som gjores i tilknytning til etablering av en
grenseverdi for mangan.

En utfordring for dose-respons vurderinger av mangan i stov og royk, er at mangan-partikler foreligger
1 mange ulike former og storrelser og med ulike molekylere sammensetninger. Disse kan ha sveart ulik
loselighet i vann og dermed ogsa ulik biotilgjengelighet. Dette medferer at ulik bruk av mangan, som
sveising, sliping, mangan-produksjon, batteriproduksjon, forer til dannelse av forskjellige
sammensetninger av mangan-partikler i innandingsluften. Dette vil nedvendigvis medfere ulik grad av
systemisk opptak. Denne utfordringen gjor seg ogsa gjeldende ved biomonitoreringsstudier av mangan i
blod eller urin, hvor leselighet kan vere en viktig faktor til a forstd de motstridende resultater en finner
i disse studiene (Ellingsen et al 2013)*. Av samme grunn mener SCOEL at det heller ikke mulig 4
plukke ut en enkeltstaende studie for utledning av en grenseverdi, men en vurdering ma baseres pa flere
studier sett i sammenheng,.

Det er bred enighet om at grenseverdien som er knyttet til den respiratoriske fraksjonen vil vare den
viktigste og mest hensiktsmessige. Men arbeidstakere blir ofte utsatt for stov og reyk av manganholdige
forbindelser med ulike partikkelstorrelser hvor forholdet mellom inhalerbart og respirabelt stov vil
kunne variere. En grenseverdi for inhalerbar fraksjon anses derfor ogsia som nedvendig. ACGIH
foreslar at grenseverdien for den inhalerbare fraksjonen kun bor brukes som et tillegg til den respirable,
mens SCOEL foreslar at begge fraksjonene bor males samtidig. MAK, ACGIH og ATSDR bruker 1
stor grad de samme nokkelstudiene som SCOEL gjor 1 sin vurdering av mangan.

Bide ACGIH, MAK og SCOEL indikerer pa grunnlag av nekkelstudiene at en LOAEL for respirabelt
mangan ligger i omriadet 30 — 60 pg/m’. ACGIH foreslir en usikkerhetsfaktor pa 1.5 til 2 og fastsetter
en grenseverdi pi 20 pug/m’. 1 sin fastsettelse av tilsvarende grenseverdi legger MAK spesielt vekt pa
studien til Bast-Pettersen (2004)°, som er gjort pi arbeidstakere i mangan legeringsindustrien. SCOEL
legger til grunn en utforlig argumentasjon til stotte for deres forslag til grenseverdier, som ligger 1
samme konsentrasjonsomrade som antydet for en generell LOAEL. Et av argumentene til SCOEL
baseres pa at de neurofunksjonelle effektene som observeres i de aktuelle studiene er subtile og tidlige
effekter som ikke regnes 4 vare av klinisk betydning.

Etter utgivelsen av SCOEL-dokumentet har Ellingsen et. al. (2014)° sett pa hvordan samspillet mellom
manganeksponering og heyt alkoholforbruk gir seg utslag i nevrologiske utfall ved undersokelse av
sveisere. Resultatene indikerer at for enkelte av de testene som brukes for nevrologiske undersokelser,
sd kan alkoholforbruk vare en forstyrrende faktor. Arbeidstakernes alkoholforbruk ber derfor
dokumenteres og justeres for i fremtidige studier som bruker denne typer tester.

Nar det gjelder grunnlaget for fastsettelse av grenseverdi for den inhalerbare fraksjonen av mangan
partikler, har TEAN ingen innvending mot de vurderingene som gjores av SCOEL. TEAN stotter ogsa
dokumentasjonen som ligger til grunn for grenseverdien for respirabel fraksjon. For respirabel fraksjon
bor det allikevel bemerkes at det er dokumentert effekter ved foreslatt grenseverdi, men at disse
effektene er av liten klinisk betydning.

Siden kritisk effekt av mangan er systemisk, vil det ikke vare behov for korttidsverdi.
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5. Bruk og eksponering

Arbeidstakere i Norge kan eksponeres for mangan i svaert mange ulike naringer. Mest utsatt er
arbeidstakere 1 verk som produserer manganlegeringer, og sveisere da sveiseroyk ofte inneholder
mangan.

Manganlegeringer produseres 1 stor skala i Norge, og det finnes fire smelteverk i Norge med denne type
produksjon. Dette er Eramets smelteverk i Porsgrunn, Sauda og Kvinesdal og Glencore i Mo i Rana.

5.1. Opplysning fra Produktregistret

Data fra Produktregisterets er innhentet oktober 2016, og inneholder opplysninger om mengde og bruk
av mangan 1 16 deklareringspliktige produkter. Netto mengde av mangan i disse produktene utgjor 476
tonn, og mangan benyttes hovedsakelig som ravare til fremstilling av metall. P grunn av
sikkerhetsbestemmelsene i Produktregisteret kan vi ikke gi eksakte opplysninger om 1 hvilke bransjer og
til hvilket produkt mangan brukes.

5.2. Eksponering og maledokumentasjon

5.2.1 EXPO- data

Rapporterte malinger av mangan er hentet fra STAMIs eksponeringsdatabase EXPO. EXPO
inneholder 9729 malinger av mangan. Av disse er 1973 datert etter implementering av gjeldende
grenseverdi (juli 2007). Malingene er utfort i 88 ulike naringer. Naringen «Produksjon av
ferrolegeringer» er den naringen hvor det er utfort flest malinger av mangan (501 malinger).

Figur 1 viser antall malinger fordelt pa nzring i nzringer hvor det er gjennomfert mer enn 20 malinger
(17 nzringer). Dette viser at eksponering for mangan forekommer i mange ulike nzringer i Norge, og at
mange arbeidstakere kan bli eksponert for mangan.
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Antall malinger i EXPO per nzering

PRODUKSJON AV FERROLEGERINGER I 501
PRODUKSJON AV METALLKONSTRUKSJONER OG DELER S 187
BYGGING AV OLJEPLATTFORMER OG MODULER NN 176
PRODUKSJON AV ANDRE R@R OG RGRDELER AV STAL 74
SORTERING OG BEARBEIDING AV AVFALL FOR... Il 70
BEARBEIDING AV METALLER I 67
REPARASJON OG VEDLIKEHOLD AV SKIP OG BATER I 66
REPARASJON AV MASKINER I 62
REPARASJON OG VEDLIKEHOLD AV ANDRE... Il 51
PRODUKSJON AV JORDBRUKS- OG SKOGBRUKSMASKINER I 44
BRYTING AV IKKE-JERNHOLDIG MALM ELLERS I 38
PRODUKSJON AV METALLVARER IKKE NEVNT ANNET STED Il 35
PRODUKSJON AV ANDRE UORGANISKE KIEMIKALIER 1l 34
PRODUKSJON AV MASKINER OG UTSTYRTIL... Il 31
PRODUKSJON AV LUFTFART@YER OG ROMFART@YER OG... Il 26
PRODUKSJON AV KI@LE- OG VENTILASJONSANLEGG,... Il 23
PRODUKSJON AV D@RER OG VINDUER AV METALL I 23
0 100 200 300 400 500 600

Figur 1: Antall milinger registrert i EXPO etter juli 2007, fordelt pa naring. Naeringer med farre enn 20
milinger er utelatt fra figuren.

For 1564 av disse malingene er det ikke oppgitt hvilken fraksjon det er malt for. Dette er sannsynligvis
totalstovmalinger. Resultatene for disse malingene er gitt i figur 2. Prover hvor resultatene er oppgitt
som «mindre enn» er utelatt fra figuren (196 prover). Figuren viser dermed resultat for 1395 prover.

600
499
500
400
300
200
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189
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117
100 81 65
O b .-
-

<0,001 0,001-0,0049 0,005-0,0099 0,01-0,049  0,05-0,099 0,1-0,19 0,2-0,049 >0,5

Antall prgver, EXPO

Mn, mg/m3

Figur 2: Antall eksponeringsmalinger i EXPO av mangan hvor fraksjon ikke er oppgitt, fordelt pd maleresultat.
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Resultatene viser at 1306 av 1395 prover (93,6%) ligger under forslaget til ny grenseverdi for inhalerbart
mangan (0,2 mg/m’). Da det her sannsynligvis er mélt totalstov med standard filterkassett, og ikke
bestemt inhalerbart mangan, er det imidlertid knyttet en usikkerhet til disse resultatene.

Av de resterende provene datert etter juli 2017 finnes det i EXPO 274 prover av respirabel fraksjon
mangan, og 135 prover av inhalerbar fraksjon mangan. Alle disse malingene er gjort i virksomheter som
er registrert i naeringskoden «Produksjon av ferrolegeringer

Milinger av respirabel fraksjon
Det er registrert 274 prover av respirabel fraksjon mangan.

Figur 3 viser at 161 av 274 prover (58,8 %) ligger under forslaget til ny grenseverdi for respirabel
fraksjon (0,05 mg/m”).

140

120

120
51
40 33
23
17 21
20 3
! . l .
0 —

<0,001 0,001-0,0049 0,005-0,0099 0,01-0,049 0,05-0,099 0,1-0,19 0,2-0,049 >0,5
Mn, respirabel fraksjon mg/m3

=
o] o
o o

Antall prgver; EXPO
[e))]
o

Figur 3: Antall eksponeringsmalinger i EXPO av respirabel fraksjon mangan, fordelt pd maleresultat.
Mailinger av inhalerbar fraksjon
Det er registrert 135 prover av inhalerbar fraksjon mangan.

Figur 4 viser at 32 av 135 prover (23,7 %) av provene ligger under forslaget til ny grenseverdi for
inhalerbart mangan (0,2 mg/m’).
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Figur 4: Antall eksponeringsmalinger 1 EXPO av inhalerbar fraksjon mangan, fordelt pd maleresultat.

5.2.2. Provetakings- og analysemetode

I tabell 6 er anbefalte metoder for provetaking og analyser mangan og manganforbindelser, beregnet

som Mn..

Tabell 6. Anbefalte metoder for provetaking og analyse av mangan og manganforbindelser, beregnet som Mn.

attached to 0.8-pm pore size mixed cellulose ester (MCE)
membrane filter and housed

Capsule Sampler

Provetakingsmetode Analysemetode Referanse

Filter: 0.8um Cellulose ester membrane or 5.0um polyvinyl Elements by ICP NIOSH 7300

chrolride membrane

Filter: 0.8um Cellulose ester membrane or 5.0um polyvinyl Elements by ICP (aqua regia ashing) | NIOSH 7301

chrolride membrane

Filter: 0.8um Cellulose ester membrane Elements by ICP (Microwave NIOSH 7302
Digenstion)

Filter: 0.8um Cellulose ester membrane Elements by ICP (hot NIOSH 7303
block/HCI/HNO3 digestion)

Filter: 5.0um polyvinyl chloride membrane Elements by ICP Microwave NIOSH 7304
Digestion

"Internal capsule, cellulose acetate dome with inlet opening, | Elements by Cellulosic Internal NIOSH 7306
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6. Vurdering

Det finnes svaert mye vitenskapelig dokumentasjon som beskriver helseeffektene av
manganeksponering. Den kritiske effekten av eksponering for mangan er subkliniske nevrologiske
effekter som oppstar etter vedvarende eksponering, og det er disse effektenes om er lagt til grunn for
grenseverdiforslaget.

Nokkelstudiene indikerer at LOAEL for respirabelt mangan ligger i omradet 0,03-0,06 mg/m’, og
SCOEL foreslar en grenseverdi som ligger innenfor dette omradet. Dette begrunnes bl.a. med at
effektene som observeres ved disse konsentrasjonene er subtile og tidlige effekter som ikke regnes for 4
veere av klinisk betydning.

Siden arbeidstakere ofte eksponeres for royk med manganholdige partikler av ulike partikkelstorrelser
og forholdet mellom de ulike partikkelstorrelsene varierer, ansees det som nedvendig med en
grenseverdi ogsa for inhalerbar fraksjon.

Eksponeringsmalinger fra EXPO viser at det er foretatt malinger i 88 naringer de siste 10 drene. Mange
malinger gjort av respirabel eller inhalerbar fraksjon mangan ligger over SCOEL:s forslag til ny
grenseverdi (41,2 % for respirabel fraksjon og 76,3 % for inhalerbar fraksjon). Alle disse malingene er
gjort 1 virksomheter i naringskoden «Produksjon av ferrolegeringer. Oversikten over totalstovmalinger
viser imidlertid at hovedparten av malingene ligger under anbefalt grenseverdi for inhalerbart stov
(93,7%). Dette kan tyde pa at det kan det veere mulig 4 overholde den anbefalte grenseverdien for
flertall av naeringene. De lave antallet malinger (135) som er gjort av inhalerbart mangan siden 2007 er
gjort 1 samme naring, og sier derfor ganske lite om eksponeringssituasjonen for mangan totalt i Norge.

7. Konklusjon med forslag til ny grenseverdi

Pa bakgrunn av foreliggende dokumentasjon og en avveiing mellom de toksikologiske dataene og
cksponeringsdata (dvs. tekniske og okonomiske hensyn) foreslar Arbeidstilsynet at nye grenseverdier
for respirabel og inhalerbar fraksjon av mangan og uorganiske manganforbindelser folger SCOELSs
anbefalinger. I tillegg foreslds at anmerkning E (EU har fastsatt grenseverdi for stoffet) og en fotnote
innfores.

Forslag til ny grenseverdi, anmerkning og fotnote:

Grenseverdi (8-timers TWA), respirabel fraksjon: 0,05 mg/m’
Grenseverdi (8-timers TWA), inhaletbar fraksjon: 0,2 mg/m’
Anmerkning: E (EU har fastsatt grenseverdi for stoffet)

Fotnote:

Enkelte bedrifter innen smelteverkindustrien vil av teknisk-ekonomiske drsaker ikke kunne overholde
grenseverdiene. Det er disse bedriftenes ansvar 4 dokumentere et forsvarlig arbeidsmiljo. Det
forutsettes at bedriften(e) har en plan for reduksjon av eksponering og at man kan vise lavere verdier
over tid. Arbeidstilsynet, ansattrepresentanter og verneombud skal konsulteres og informeres om érlige
planer og oppnadde resultater.
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8. Ny grenseverdi

Pa grunnlag av droeftinger med partene og heringsuttalelser ble ny grenseverdi for mangan fastsatt til:

Grenseverdi (8-timers TWA), respirabel fraksjon: 0,05 mg/m’
Grenseverdi (8-timers TWA), inhalerbar fraksjon: 0,2 mg/m’
Anmerkning: E (EU har fastsatt grenseverdi for stoffet)

Folgende fotnote innfores:

Enkelte bedrifter innen smelteverkindustrien vil av teknisk-ekonomiske arsaker ikke kunne overholde
grenseverdiene. Det er disse bedriftenes ansvar 4 dokumentere et forsvarlig arbeidsmiljo. Det
forutsettes at bedriften(e) har en plan for reduksjon av eksponering og at man kan vise lavere verdier
over tid. Arbeidstilsynet, ansattrepresentanter og verneombud skal konsulteres og informeres om érlige
planer og oppnidde resultater.
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Recommendation from the Scientific Committee on
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Manganese and inorganic manganese compounds

B hiour TWA: 0.200 mg/m? (inhalakle fraction)
0.050 rmgim? [respiralble fraction)

STEL (15 mins): not assigned

Biclogical Limit Value: not assigned [see poge 17)

Motation: none

Substonce ldentity and Properties

Table 1 - Nomes, synonyms, formuloe and mass of mongonese and some commonly wsed
manganese compounds

Substonce Synmonyms Formula Atomic /molecular
weight

Maonganese him L4594
Manganese [[V) Manganese (IV] oxide, manganic MO 246.94
dicxide cxide, pyrolusite.
Manganese [l Manganese (|} cxide, manganous MnO 70594
oxide cxide, manganosite, manganese

oresn
Manganese [ILIN]) Manganormanganic oxide, MnaCu X288
axide hausmannite
Manganese (Il Manganese wiphate, manganous M3 151
sulphate sulphate, sulphuric acid—manganese

sailf
Potassium 1. Permanganic acid — potassium EMNCy 15804
permanganate salt, chameleon mineral, Condy's

crystals
Manganese (Il Manganous carbonate, MO, 11425
carbonate rhcdochrosite
Manganese [} MnF3 111.%23
flucride
Manganese [l Manganous chloride tetra-hydrate MnCl4H20 19771
dichlonde
tetrahydrate
Manganese (Il Mangamese monocsulphide, Mn3 a7
sulphide alabandite, mangankblende
Manganese (Il Manganous nitrate Mn M)z 17895
nitrate

dure 2111
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Table 2 - CAS and EINECS numbers for manganese and some commonly used manganese

compounds

Substance CAS no EINECS no
Manganese T437-98-5 2311051
Manganese (V] dioxide 1313-13-% 2152046
Mangarnese (|l) cxde 1344430 21549548
Manganese (ILI] oxide 1317-35-7F 21524645
Mangarnese (|l sulphate Tras-Br-r 232-085-%
Potasstium permanganate Tra2—a4-F 231-760-3
Manganese (ll] cafoonate LPE—52-9 207-742-7
Manganese [Ill] flucride FFB3-53-1 23200864
Manganese (I} dichloride 13446347 23184656
tetrahydrate

Manganese (I} sulphide 18830-29—6 242-59%-3
Manganese (] nirate 15710464

Jure H111
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Table 3 - Labelling phrases applicable fo mongaonese and manganese compownds®

Substance Eurcpean Union risk phrases Evropean Union safety phrases
Manganese Mot classified. Mot classified
Manganese [V) R48,/20 52: Keep out of reach of children

dioxide

hManganese [l
oxide
Manganese [I1,11)
oxide
Manganese [ll]
sulphate [as
hydrate)

Potassium
permanganate

Manganese [l
flucride

Manganese [ll]
dichloride
tetrahydrate

Hormiful: danger of sefious
damage to health by prolonged
exposure through inhalation
R20/22: Harmful by inhalation
and if saxallowead

Mot classified

Mot classified

R48,/20: Harmful: danger of
sefious damage to health by
prolonged exposure through
inhalafion

R41 Imitant; Risk of sericus
damage fo eyes.

R51/53 Dangerous for the
emvironment; Toxc o aguatic
organisms, may couse long-term
adverse effects in the aguatic
emvironmernt

RE-22

Contact with combusticle
materal may cause fire. Harmiful
if swallowed.

R2 R20/21/22 R3&/57 [6B

Contact with combustible
matenal may cause fire. Harmiful
by inhalation, contact with the
skin or if swallowed. Iritating to
eyes, respiratory system and skin.

R48,/20: Harmful: danger of
sefious darmage to health by
prolonged exposure through
inhalafion

R51 /53 Dangerous for the
emvironment; Toxc o aguatic
organisms, may couse long-term
adverse effects in the agquatic
emvironmernt

322 Do not breathe dust.
534; Wear suitable proftective clothing

Mot closified

Mot closified

322 Do not breathe dust.

52 Keep out of reach of children

5267 In case of contact with eyes, finse
immediately with plenty of waler & seek
medical advice.

537 Wear face/eye protection

561: Avoid release to the environment.
Refer to special instructions/S035

S80: This material and its container most
be disposed of as hazardouws waste

S1TF45-26-34/3T 3%

Feep away from combustiple matedal.
In cose of accident or if you feal umeell,
seck medical advice [show the laoel
where possible). In case of contact with
eyes, finse immediately with plenty of
water and seek medical advice. Wear
suitaple protective clothing, gloves and
eyeffoce profection.

517 524 534, 337539

Feep aoway from combustible rmatenal.
In case of contact with eyes, Ainse
imrmediately with plerty of water and
seek medical advice. Wear suitakle
protective clothing. Weaor suitable
gloves. Wear eye/face protection.

522 Do not breathe dust.
537 Wear face/eye protection

561: Avoid relegze to the environment.
Refer to special instructions S0E

S80r This material and its container most ==
ke disposed of as hazordous waste
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Maonganese
sulphide

Manganese [l
nitrorbe

R3&SAT: Iritating to the eyes and
the respiratory systemn R43: May
cause sensifisation by skin
contact

R52/53: Harmiful to aguatic
CrQanisms may cause long termn
effects in the aguatic

emvironment.

R8: Contact with combustible
matenal may cause fire.

RZ2: Harmful if swallowed
R48/20: Harmful: danger of
sefious damage to health by
prolonged exposure through
inhalation

R34 Comosive, couses burns
R52/53: Hormiul to aguatic
organisms may cause lomng term

effects in the aguatic
emnvironment.

522 Do not breath dust

S346; Wear suitable protective clothing
561: Avoid release to the environment.
Refer to special instructions/505

580 This material and its container most
be disposed of as hazardous waste

537/8: Keep container tightly closed and
dry

317 Keep away from combustiple
rraterials

32& In case of contact with eyes finse
irnmediately with plenty of water and
seck medical advice

528: After contact with skin wash
irnmediately with plenty of water
529/54: Do not emply into drains,
dispose of this matenal and s container
at hazardous or special waste
collection points

33837537 Wear suitakle profective
dlothing, gloves and eye/face
protection

G342 If swallowed, do not induce
wormiting, seek medical advice
irnmediately and show this container
and lab-el

341 Avoid release to the environment.
Refer to special instructions 505

560 This material and its container most
be disposed of as hazardous waoste

* H and R phrases are used for dassified compounds according to CLP and DSD respectively. H and
R phrases are nomnally supported by Precautionary statements (P} and safety phrases (5]
according to CLP and D50 respectively.

Table 4 - Physicochemical dota and properfies of mangaonese and maonganese
compounds vsed in indushry

Substance Descnpfion Melfing Pt Boiling Pt *C  Density Solubility

“C b
Maonganese Silvery grey solid 1250 2097 72 Decomposes g‘

in water L

Manganese [IV]) Black sclid Decompose Mot 510 Insciukble LI:|J
dicxide s at 535 applicakble —
Manganese [l Grey green —dark 1785 Decompose 537 Insciukble ,E‘
oxide green solid z at 1840 8
Manganese [ILIl] Brownish bBlack 40 Decompose  5.00 MHegligikle !
axide s at 1040

=5
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Polymorph — red 1610 400 Solulple in
Manganese [ll] Folymorph - hydrochloric
sulphide gresn acid
Polymorph — red
Manganese [ll] Reddish schd FO0 Decompose  3.25 E20a/t
sulphate s at 850
Potassiurm Purple crystalline Decompose Mot 27 &3 Bait
permanganate solid 5 at <240 appicakle
Manganese [ll] Pirk to white Decompose Mot ar Less than
carbonate powder with s at =200 appicakle 0.1%
almost no odour
Manganese [l Purple powderor Decompeose Mot 3.54
flucride crystals s at =400 appicakle
Manganese [ll] Rose coloured 122 1.713 Soluiple
dichlonde crystals [Dehydrates
tetrahydrate at 55]
Manganese (ll] Pirk diamond 258 129.5 1.54 Solulple in
nitrate hydrate shaped crystals water and
alcohol

1. Occurrence and Uze

Manganese [Mn] is a Group Ve transition metal, which edsts in several cxidation states (I,
i, v, ¥1 and ¥l and forms a range of incrganic and crgancmetalic compounds. This
assessment considers only the incrganic forms of the elemeant.

Manganese occurs naturally, most commonly as oxides and as sulphide, carbonate and
siicate. f occcurs in meost iron ares. Most manganese [ll] compounds are watersolulple.
Manganese is vsed in the production of ferous and non-ferous metal alloys, including
those essentfial to steel making. Iron and steel production account for B-75% of the
manganese market.

Cecupational exposure occurs in mining, production of manganese metal and metal
alloys, chemical production of manganese-based chemicabk and six main manganese
user sectors comprising: steel production, other metal smelfing processes, fabnAcation
(including welding). battery manufacture, agrculfural products [preduction and use] and
pigrnents, paints and glass making.

Workers can be exposed to dust and fumes of manganese-containing compounds in a
range of porficle szes where the ratic of inhaloble to resprakle will vary within and
betaween different industries [IEH, 2004). This has mportant implcations for districution and
uptake within the respratory tract.

In a study of exposure to manganese among welders using personal sampling devices,
Harris and co-workers showed a close agreement between respirakble manganese and
total manganese furme. This study was done in an enclosed and restricted space (Hams ef
al., 2005). Ckamoto et al. have measured the varation in the ratic of respirakle over
inhalable parficulates at several workplaces [not specifically involving Mn exposures). The
following types of work were studied: grinding, power handling, founding, welding and
miscelanscus work fasks. The regression coefficients between respirable and inhalakle
fractions varied from 0.44 to 084, the highest being found for welders (Okomoto et al.
1798).
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Maonganese & an essential elerment; t & invalved in bone forrmation and amino acid,
cholesteral and corbchydrate metalkolism; it s a component of several enzymes and
activates others [IOM, 2002). For healthy adulis, estimated occepltakble or adegquate
dietary mtakes range from 1-12.2 mg manganese/day [SCF. 1793; 108, 2002 EVM, 2003).

2 Health significance

2.1 Toxicokinefics

Cocupational exposure fo manganese from welding, ore handling. production of
manganese dloys and other uses are mainly through inhalation. In general, the extent of
inhalation absomption & thought o be a function of particle size, because sze determines
the extent and location of paricle deposition in the respiratory tract. While respiakble
mangansse & readily taken up, lorger paorticles are both directly taken up and some
transported upward in the lung by mucociliory movement and finally swallowed and
taken up in the intestine. Intestinal uptake s low, 3 1o 5 % The absompfion of moanganese
frormn the gut is dependent on several factors, including the amount ingested, iron status
and cther dietary components. There s very fight biclogical regulation of the gastro-
infestingl abscrption of manganese which & not the case for inhalation exposure. Healthy
adult humans not exposed to manganese by inhalation nomally maintain stable tiesue
levels of manganese regardiess of intake via homeostatic mechanisms; this homeostasis is
mairtained by regulation of aksomption and excretion [IBH 2004 and ATSDR, 2000). In this
context, ‘nomnally’ refers to the nomnal range of human varakility and implies a non-
pathological condition.

There s expernmental evidence of offactory uplake of moanganese to the brain. The
toxicological significance of this olfactory uptake to humans rermains uncertain [IEH 2004;

HC 2008)

In general the relationship bebween external exposure and biclogical parameters |pblood
oF urfine manganese concentration) is poor (IEH, 2004). However, when corelations were
observed, they were generally befter for the respiraikble than the inhalakble fraction,
pointing to the fact that the former s more estensively absorbed. As an example. in a
study among manganese alloy production workers, Elingsen ef al. [2003) calculoted a
comrelation coefficient egual 1o 0.7 between respirable and inhalakble air manganese.
These authors alsc determined the assocciations bebween manganese in biclogical fluids
[plood and urine] and air manganese measured as inhalable and respirable. They found
corelation coeficients (Peaorson r) from 009 to 048 with the highest comelation
coefficients between respirakble manganese and manganese concentration in blocd and
urine.

Absorbed manganese is eliminated with a halfdife of 10 o 30 day: [Fnley ef ol 2003).
Maonganese that is delivered to the brain is eliminated over time with reported half-ife of
50 to 220 days [Mewland 1987 and Takeda 1775 cited in HC 2008). K is important to
recognise that accumulation and clearance of manganese from the brain might have
important impications for neurcfunctional effects which are reported in o range of
occupational studies.

Toxicodynaomic profile

Intertional or occidental ingestion of manganese as potassivrm permanganate suggests
that 10 g can be fatal in wmans (Huntley, 1784]. In animals, the oral LDs of incrganic

Jure 2011

Social Europe

[



European Commizsion m
Ewploymest. Socid Affar and ncieioe

Fecommendation from the Scienilfc Commitiss on Desapatonal Exposure Limits for masganese and imorganic manganese sompounds

manganesse compounds generally falk in the ranges 230 to 800 mgikg [WHO, 1781). While
no study on the acute lethality of monganese compounds via the inhalation route has
been identified, significant, but nrondethal, pulmonary changes have been noted in mice
exposed to manganese dioxide aft 0877 mg Mna/m?.

Manganese exposure hos been associated, in some studies, with adverse respiratory and
cardiovascular effects; however, the neurclogical effects of monganese are considered
to be the major concem for the establshment of cccupational exposure limits [OELs see
below]. There = no strong evidence that manganese and s compounds, except
permanganate, are imtants except at high exposure level and, whilst imited, availakle
data do not suggest that they hove a strong sensittsing potential. Data on carcinogenicity,
mutagenicity and genctoxcity are iInconciusive and inadequate to establish a definitive
position on the carcincgenicity of manganese and its compounds. There is ittle evidence
for reproductive or developmental toobcity.

Respiratory effects

dince the first report by Brezing in 1721, @ number of studies have reportfed adverse
respiratory effects following cocupational manganese exposure. Effects reported include
imparment of pulmonary function. These include decreases in forced vital capacity, PYC
and forced expratory volume in one second, FEVY among Asian miners [Boojor &
Goodarzi, 2002), an increase in reporfed respiratory symptoms and impoired respiratory
function [FYC, FEY:) among chemical plant workers [Roek ef al., 1787), though with no
dose-response relaticonship (Fosk ef al., 1785), and increased respiratory morkidity among
Eurcpean fercalloy plant workers and furnace workers (EPA. 1778; Hobbesland =t al.
1794; Hoblbesland ef al., 19%7a; Hobkesland et ol., 1797k). Howewver, for a wvariety of
reasons, some of these studies were unable to ascribe reliakbly the effects cbserved fo
manganesse exposure. A study on the prevalence of lung symptoms among Belgian
battery manufacturer workers [Foek ef al., 1972] failed to identify any pulmonary effects.
In this study, exposed workers had been exposed for 5.3 years on average (range 0.2-17.7
years]. The exposure range for fofal dust was 0.05-10.84 mg/m? [GM1, 085 mgi/m3). The
exposure range for respirable dust was 0.02-1.32 mg/m? [GM, 0.22 mg/m?).

Experrmental stedies in animals suggest that inorganic moanganese compounds are
capaible of cowing pulmonary effects (inflammaoatory changes including filbrosis) when
given by inhalation or the intratracheal route at sufficiently high dosages and/or for

sufficiently long penocds of time.

Caordiovascular and hoemaotoloegical effects

There i imited evidence that mangansse may have an adverse effect on the human
cardicvascular system [reduced systolic blood pressure) (e.g. Sanc & Hrustic, 1975; EPA.
1778; Hobbesland =t al, 17%7k) and may elicit haematological or biochemical changes
[Roek et al., 1987 Lucchin et al., 1977). Some of these effects have abo been found in
animal shudies.

Neurclogical effects

Although there = considerable evidence for clinical and subclinical neurctoxic effects of
manganess, much less B known about the processes by which manganese passes into
and moves within the central nervous system.

I GM: geometric mean; AM: afthmetic mean.
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There is a substantial Ferature on the effects of manganese on the hurnan nervous system.
High exposures can result in severe neurctoxc signs and symptorms, some of which
resemibole those of idiopathic Porkinson's disease. This syndrome, which may ako include
psychiatmc manifestations, has become known as ‘manganism’. Manganess  muoinhy
induces darmage to the globus pallidus [particulardy the internal segment] with changes to
the sulbstantia nigra pars compacta and the absence of Lewy bodies. This confrasts with
what s seen in Parkinson’s disease, in which there i prefererfial degeneration of
dopamine neurcns in the substantia nigra pars compacta coupled with Lewy bodies and
preservation of the palidum. Overt manganism has been described in a number of eardy
papers that reported studies on neurclogical signs and symptoms in workers with relativehy
high and long-tern cccupational exposures [Rodier 1955; Schuler ef al., 1957 Mena et al..
1247; Chandra ef al., 1974). The dinical symptoms associated with manganism, such as
movement discrders and newological dysfunction, have generaly been reporded ot
exposure levels above 5 mgfme.

More recently, several studies on lower cccupational exposures to manganese have
reported less severs, subtle, non-clinical neuvrcfunctional? effects. These sublle effects
usually consist of detefcration in motor function and co-ordination and, as such, moy
constitute manganese-induced changes in the same area of the brain oz manganism,
that is the basal ganglia and, in particular, the glokbus pallidus.

Studies conducted up until 2004 on the identiication of subtle reurcfunctional effects and
the levels at which they might occur have been summarnsed [I[EH 2004). These studies have
been evaluated for their methodological guality [@ssessed according to European Unicn
recommended crteria for neurcbehavioural studies; CEC, 1997 and the guality of
exposure data. This latter document was prepored at the request of SCOEL for evaluation
of neurctoxicity and its full file of “Criteda for the gualitative evaluation of human
neurckehavional studies of neurctoxcity” reflects ifs purpose as a guide for the qualitative
evaluation and providing a reliable basis for using such studies for seffing cccupational
exposure limits. Of the 28 studies considered, three key studies were identified. These were
the cross-sectional studies of Roek ot gl [1772). Gibbs et al. [1777) and Myers f gl (2002).
Since this |EH 2004 evaluation, additional good quality shedies have been published [Bast-
Pettersen et al. 2004; Hingsen ef al. 2008; Myers ef ol 2003 a and k&) and are included in
the developrment of the IOELY proposals of this 3C0OE Recommendation.

Longitudinal stedies by Lucchini ef al (1777), Crump and Rousseau [19797) and Roels ef al.
[19%9) provide informafion on the possible progression and reversibility of neurclogical
effects and were discussed in the [EH 2004 review. These studies are included in fhis 3C0EL
Recommendation.

Rosls et al. [1972) idenfified adverse effects on reaction fime, fremor and hand-eye co-
ordination in 72 workers exposed fo manganese dioxide dust [with curent average total
and respirakble fractions, 0.95 and 022 ma/m? [GM)], respectively, measured in each
worker by personal sampling). Based on curent exposure levels and the numiber of years
in each job, the authors abko estimoted integrated exposure, which for respirakle dust
ranged from 0.040 fo 4.433 and for total dust from 0,191 to 27 445 mg Mn/m?® x years. The
respective geometic means amounted to 0773 and 3.505 mg Mn/m? x years. The
exposed workers performed significantly less well than controls (n=110) for a number of
neurcfunctional pararmeters incleding visual reaction fime, eye-hand coordination and
hand steadiness. The prevalence of abnomal results in neurcfunctional tests was related

2 |n this Document we use the word neurcfunctional to cover a range of definitions wsed
by investigators in ther papers, to inclede neurcbehavioural, neuropsychological and
neurophysiclogical effects
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to lifetime infegrated exposure to monganese [total and respiraiole froctions]). Using a
logistic regression modeling, they reported that an increased rik of perpheral tremor (5%
abnormnal response increment) existed when the lifetime integrated exposure to total and
respirakble manganese dust exceeded 3575 [p=0.027) and 0.730 mg/m® x years [p=0.054).
respectively. These values can be regarded as LOAELs for this study.

In general support of the findings from Roel and colleagues, Mergler ef all. [1974) ako
found adverse motor effects, but no effect on cognifive function, ot low levels of
exposure, among workers employed in feromanganese and silicomanganese plants
(average total and respirable fractions 0225 and 0035 madm? [GM). measured by stahic
sampling). However, there are concerns about the guality of reporting of the lotier study
and, as only results from static sampling were reporfed, t has not been possicle to
estirmate reliakbly the eguivalent levels that would have been found had perscmal sampling
been used; therefore, less weight can be given to this study.

In confrast, the studies of Gikbles et al [1777). among manganese metal |electrolytic]
production workers (overage total and respirable fractions 011 and 0.04 mg/m? [Gh),
respectively, measured by perscnal sampling) alkso of good methodological guality,
reporfed no neurcfunctional effects. Some patterns in the dota reported by Gibbs ef al
(1999) were muggestive of an effect on psychomotor functions but were not statisticalhy
significant.

After performing their own reassessment of the data of Rosls et al. [1772) and Giblbs =t al.
(19%7), Clewell et al. [(2003), bozed on a benchmark dose analysis, concluded that
neurclogical effects induced by occupational exposure to manganese are best related to
recent (not histoncal or cumulative) concentration of manganese in respirakle [not total
or inhalakle] parficulate.

Az noted above, since the publicafion of the IEH report in 2004, a number of additional
good guality neurcfunctional studies on manganese-exposed workers hove been
puklished.

Myers and co-workers have publshed two papers dealing with nervous system effects
among manganese smelters with measurements of inhalakble (Myers of ol 20030) and
respirable dust [Young ef al., 2005). The effects of manganese exposure on the nervous
systemn have abo been addressed in manganese mineworkers (Myers ef ol ., 2003a).

In @ cros-sectional study conducted in South African manganese mine workers [n=489)
with confrasted levels of manganese exposure (administrative and services, enginesring,
processing and mining), Myers ef gl [2003a) reported no evidence of newrcfunctional
manifestations coused by exposure. Manganess exposure was assessed with a job-
exposure matrix constructed with govemmental compliance data for total dust availakle
over a pencd of 4 years in the mines incleded in the study. The percentage of monganese
im the dust was estimated for each job from five poocled representative dust samples.
Mean manganese total dust concentration was obtained by mulfiphying mean total dust
concentration for each job with the mean manganese percentage content for that joi.
Additionaly, a cumulative exposure index was calculated for each subject by rmultiplying
the mean manganese dust concentration (fotal frachion) charactenstic of each job by the
numioer of years worked in that job, and surnming these preducts owver all jobs worked by
each subject at the mines fo the level of five previous jobs. Average intensity of exposure
for each subject acros all jobs exposed to manganese was then calculated by dividing
the curmulative exposure index by toblal length of service in years at the mines. The
average intensity of exposure was 0210 mg/m?® mangansse dust [arithmetic mean, fotal
fraction] with a range from 0 to 0770 mg/m? and the duration of exposwre vormed
between 1 and 41 years, with a mean of 10,8 years. The authors reported no influence of
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any measure of expooure on a large battery of neurcfunctional tests (mosdrmum forward
digit-span, maxmuem bockward digit-span, digit-symbol score, mean reaction fime).
Effect:s of age and education level were, however, found, which was inferpreted by the
authiors of the study as validating the relakiity of their assessment. In view of the relafively
indirect methodology to document individual exposure in this stedy, it might, however, be
spected that some degree of misclassification may have reduced the akilty to detect a
relationship with neurcfunctional tests, if any.

In the manganese smelter study [Myers ef al. [2003k0] ) examined 507 exposed workers and
47 controls; they used representative exposure estimates of inhalable manganese o
charactedse individual exposure. They reported a mean length of service of 18.2 years in
smaltars with average intensity of exposure of 0.82 mg/m® over these years and a mean
curmulative exposure of 14 ma/m? x year. The authors concleded, “that this is esentially a
negafive stedy, providing only weak and unconvincing evidence for exposure effects in
general, or for the notion of a continuum of effects.” For the tremor data they stated that:
"Moo exposureresponse relationship was observed™. A close analysis of this puklication
reveadls, howewver, that several neurcfunctional tests showed some differences between
exposed workers and infermal or extermnal referents [digit span forward and backwards,
digit symbol, endurance, finger tapping for dominant and non-dominant hand, Luric-
Mebraska 1 and 2], and that for some endpoints [Luka-MNekbraska tem 1, digt symibol test,
digit span, finger tapping) o dose-response relationship was established with cumulative
exposure [ma/m? x years). Furthemore, when the exposed workers were strafified into 5
exposure categories according to cumulative exposure, significantly altered parameters
could be cbserved in the first guintie [Table 5). Overall, a cumulative exposure of 1.3
mg/m® x years (inhalakle] can be taken as LOAEL in this study.

Table 5: Extracted from Myers ef al. (2003b), Tables 3-5.

Cumulatiee Digit span Drigyit Mean Tapping Tapping L1
ERposUre [Forword, symiool reaction dorminant R
(rg/ P *years) backward] fime hard dominant
Trend + + + + +
=0-13 * *
'| __3_5_4_ L L L] Ll
5_4_'“:]_5 LL L L] L] Ll L]
]u_ﬁ_ﬂ“_ Ll L] LEE L] L
}224 L L L2l ELL] LLLE] w

v vk gonificantly different from condrols, p<0.05, 0.01 or 0,001, respectively

In an addificnal study of the same manganese smelters, they found that the median
respirakble manganese exposure [alse estimated from a jolo-exposure motric) was 0058
mig/m? [range = 0H0.51) amongst the exposed (Young et al., 2005). The authors stated that
ther dafa did not provide empiical support for a respirakble, as opposed to an inhalakcle,
dust metic being more sensitive on the identification of manganese effects. A significant
effect of Mn exposure [average exposure over the year: of employment] was, however
evident [see Tables 3 and 4 in the pubklicaftion] for a number of neuvrcfonctional
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parameters [digit span, digt symibol, tapping and endurance), with a LOAEL in the range
000100040 migdm? [average respiraible).

In a study among manganese alloy workers who had been exposed to manganese for
202 yeors on average [range from 2.1 to 41 yeaors), Baost-Pettersen ef al. [2004] analysed
several potentfial nervous systern effects of manganese exposure; among them tremaor.
Botn the exposed and the reference groups comnssted of 100 individuals. The
concentration of monganese in air [inhalakle fraction meswed in eoach individual
worker] ranged from 007 to 11.5 mg/m? and the mean manganese exposure was 0.753
mgfrm? [AM) and 0301 mgim? ([GM)]. Respirakble manganese expaosure was 000464 mgl/md
(AM] and 0.038 mg/m® [GM) with @ range from 0.003 to 0358 mgfme. The authors found
stafistically significant associations |using regression analysis] between fremor and
exposure, tremor and age, and fremor and numiber of cigarettes per week. They showed
two regression rmodels for fremor ([dependent vaniakle) with years exposed and number of
cigarettes/week as significant independent variables with a B? egual to 0.14. There was a
statistically sgnificant difference in tremor between the reference and exposed groups
analysed with the Eleve-Matthews' Static Steadiness fest. The mean arthrmetic value for
duration of contacts and number of contacts in the exposed group was 74 (5.1 sec) and
the reference group 5% (5.1 zec). Measurements of duration of contacts showed a dose-
response relationship when dividing the fotal population in reference unexposed), and
exposed sulbgroups with mean duration of exposure at 11.5 years, 17.3 years and 271
years. For several of the neurcfunctional funchions tested, there was no sgnificant
difference between exposed and referents. This study indicates that duration of exposure
i a significant determinant of manganese fowcity and suggests a LOAEL for non-clinical
hand ftremor arcund the mean monganese exposure in the exposed group [00301
inhalable and 0.036 mg,/m’ respirable [GhM)].

In a neurcfuncticnal study of curent and former welders exposed to manganese, Elingsen
et al. [2008) reported associations bebween the digit symicol and finger tapping fest scores
and blocd-manganese and ar-manganese. The curent welders and the reference group
consisted kboth of 748 individuals. The curent welders were aged between 20 - 45 years
(353 AM). Mangaonese expoiure was measured with filter cassettes that collected total
dust for each worker. The cassettes wemre placed in the breathing zone undermeath the
welding helmet. Curent welders had an exposuwe of 02238 ma/m?® [AM) and 0121 mg/m?
(GM] with a range from 0.007 to 2.311 mg/m?. Stafic steadiness was measured as number
(and duration] of contacts. Curent welders perdormned significantly better than referents
with AR of 142 (4.7 sec) with a range of 5 - 654 [0.4s - 37 7=) compared to the referents: 184
(11.2 sec): & - 803 and [0.3 - 32.2] The authors explained this result by work practice; a
steady hand being important in welding and they refer to similar findings in a
neurclbehavioral study in aluminium welders [Bast-Pettersen et al., 2000). Anger tapping
data strafified in low, mediurm and high exposure (0031, 0137 and 0423 ma/m? G|
showed, however, a doseresponse with significantly worse perdormances in the high
exposure group [LOAEL 0,423 mg/m? for folal dust ond 0338 mg/m® for respirable dust
assuming a 80% Respirable/Total dust ratic] and non-significant effects in the medium
exposed group which can be defined as a MOAEL (0,137 ma/m? for fotal dust or 0110
mig/rm? for respiralble dust; asuming a B0% Respiralkle /Total ratic).

Incleded in this newcikbehavicral study were alo 27 patients with the diognesis of
manganism, officially recognized 5.8 years pricr to this shedy o an occupational diseasze in
the Russian insurance system. All the patients in this study were former welders and a
comparson was made between the patients, 42 of the curent welders and 42 referents
frorn the original study groups. All parficipants in these groups were aged over 41 year. The
patients who hod worked as welders for 23.1 years had a significanthy higher tremor than
the referents and curent welders. The Static steadiness data, anthmetic mean of number
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and duration of contocts of the patients, in curent welders and referents was 3580 [20.5
sec), 158 [F.2 sec] 212 (133 zec] respectively.These resuliz point to the probakle
meversibility of some of the neurcfunclional doamage induced by long-ferm manganese
EXpOsUre.

In relaticn to the seggestion of imeversibility from this lotter study, some longitudinal
information = available to assess the progression and/or reverikility of moanganese-
induced newofunctional changes from other stedies. Lecchini ef al [1997) confirned
motor function changes identified in a group of fercalloy workers examined in an =sarfier
study [Lucchini ef al, 1775] but found no evidence of progressive detesoration in these
wiorkers, whose exposure to manganese had been reduced in the interim perod. Similarty
Crump and Rousseau (1777 followed up chemical production workers, crginally stedied
by Rosk ef gl [1987). and found itle or no evidence of progression of neurckbehavioural
effects. Alongside this, Roels ef al [1797) found only mited evidence for the reveribility of
adverse effects identified in battery workers who were re-tested following an 8-year peniod
during which exposure hod been reduced. Reversbiity of neurcfunchional changes was
only cbserved in the cohort of workers who hod been exposed to an average level of
0400 mg Mn/m? [fotal dust) and whose exposure had dropped to 0,130 mg Mnr/m? by the
end of the study.

Frormn these above studies, it can be concluded that there & likely to be some reversikility of
the damage in newrofunctional assccioted with manganese exposure following cessation
or reduction of exposure but the avalable dota do not alow this reversikility fo be
quantified.

Most recently, Health Canada (HC) 2008 has produced an environmental rsk assessment
for inhaled respiraole manganese based upon the Lecchini ef al [1997)] study in Halian
feroalloy workers, selected as the key study. They have produced a guantitative risk
assesmment using a benchmark concentration analysis approach based on two exposure
metrics. One of these & bosed on a lifedime exposure to respirakble manganese and the
second, on an average exposure to respirakble manganese over the last five years pror to
testing. As yet, the exposwre data for these analyses has not been published, but HC 2008
hos used it to produce o reference concentration of 005 pg/m? for mongonese
[environmental exposure). This value is derived from a benchmark dose calculation of 0002
mg/m?® [5% increased rek based on & lost years average exposure levek]) using the
performance in the Lurio-Nebrazska fests as the most sensitive endpoint in the group of
ltalian workers [HC 2008).

Considering the variation in methodologies, exposure pattems, parficle sime distribution
and types of manganese compounds, as well as smoking hakbifs (this latter has been
shown to have an effect upon tremor, Bost-Pettersen et al 2004), it s not surpnsing thot
there are differences and apparent inconsistencies across all the above described studies.
Howewer, it is important to look for consistent patterns of effects [such o= fine motor
confral) in these studies and accept the fact that not all were conducted with
comparable methodologies and involved varying occupational setfings and populations
with different ethnic and culfural backgrounds which may also in part contriibute to these
variations. For a thorough understanding of the heterogeneous data for health-exposure
associations, the readers are refemed to the |EH Criteria Document [2004).

More recently, a meto-analyss of 13 epidemiclogical studies conducted between 1787
and 2008, including a fotal of more than P00 exposed workers [0.051.800 mg Mr/m?,
inhalakle] and 800 confrols concluded that an adverse impact of Mn exposure exists,
mainly on motor, and to a lesser exdent, cognitive peformances (Meyer-Boron et al. 200%].
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Most work in expermental animals hos focused on identifying underdying mechanisms of
touicity: however, because of interspecies differences these studies are of imited valus in
understanding mechanisms in hwmans. Many studies on redents indicate that they do not
handle mangansse in the same way as humans or prirmates, and rodents appear o be
more sensitive to manganese than humans; direct comparison may not, therefore, be
relevant. In porticular, while rodents are able to aksore manganese via the olfactory bulls
with subseguent direct accumulation in the brain, this route has net been established in
humans. In huemans and pamates, manganese appears to accumulate in the basal
ganglia (in paricular, the globus pallidus), while in rodents manganese s more widely
distributed throughout the brain [Mishiyarma et al., 1977; Urhich ef al.. 197%a; Urich et al.,
1777k). Few studies in expermental animals provide information on dose-respornse, and
none s of asstance in sefing a no-observed-odverse-effect-level [MOAEL]. The best
estimate for an oral lowest-cbserved-adverse-effectdevel [LDAEL] in rodents lies between
10 and 40 mg/kg/day. with alterations in brain bicgenic amine levels and motor activity
being the key endpoints [e.g. Subhash & Padmasheee, 1971). Newokbehavicowal and
neurcchemical effects have been seen in rats after inhalation exposure to manganese,
with a LOAE of 375 mgim? [5i-Pieme ef al, 2001), while studies in monkeys have given
apparently conflicting results [Brd et al, 1784).

Although evidence & limited, the caorcinocgenicity, mutagenicity. genctodcity, and
reproductive toxcity profiles for manganese and its compounds do not suggest that these
aspects are key to an evaluation of cocupational exposure standards (IEH 2004).

Summary of health effects

The review of the wvast erature (IEH 2004) on the foxic effects of monganese exposure
presented and discussed in this 3COEL Summory docurment highlights the fact that a
range of different adverse health effects may ccocur following cocupational exposure to
Manganese.

Hon-neuvrclegical effects

Pulmonary effects associoted with manganese exposure do not appear to cocur at levels
below those at which identifiakble newclogical changes can be detected [Roelk et al.
1792). Adverse effects on the cardiovascular system (reduction in systolic blood pressurs)
appear to occur at levels similar to or above those at which pulmonary changes occur.
Meither of these effects, therefore, B considered to be key to the estaklshment of
occupational exposure standards, and © appears that neither respirotory nor
cardicvascular toxiciy would be expected at inhalable exposures of 1 mg/m? or less.

Hevrclogical effects

Although maoanganism hkas long been recognised o= being ossociated with  high
occupaticnal manganese exposures, recent alttention has focused on more sublle
neurcfunctional effects that may cccur at lower levels of exposure. A recent review of the
evidence (IEH 2004), supported by addificonal sfudies published since this review, has led
to the conclusion that, in homans, the critical effects asscciated with contfemporary [low)
occupaticnal exposure to manganese are neurclogical. These sublle neurclogical effects,
that is, principally srnall sulb-clinical newomotor effects, are considered to be of sufficient
concern fo wamant the estakblishment of an approprate cocupational exposure standard.
A limited numiper of longitudinal investigations on these more subtle effects indicate a
stakility (lack of progression) of adverse effects when exposure i reduced, but abko
indicate that such effects, once established, may not be reversicle. Furthermore, most of
the neurcfunctional effects cbserved reflect changes in neuwrcmotor funchion, as s the
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case with owerd ranganism. There are a sufficient numiber of wellconducted studies on
wiorkers exposed to known or reasonakility wellestimated armounts of manganese to we
human dota for the defvation of a health-based Indicative Occupational BExposure Lirnit
Walue [IOELY).

Recommendations for scientifically-based occupational
exposure limits

It is important that any mefric(s] vsed for limit setting should be that most closely
associgted with the critical endpoint. The most sensitive endpoint for maonganese exposure
i neuvrclogical [i.e. systemic rather than at the pAncipal point of entry, the lungs) and, for
manganese, the respirakble fraction s considered to be the best indicator of systemic
availakiity. Howewver, it is abo appropriate to consider that every inhaled fraction reaching
the respratory fract confributes o workers’ exposure, being via rapid and complete
absorption in the alveol, dissclution in the arFway mucus, some ofactory uptake in the
uvpper airvays of limifed gaostrodintestinal uptake after mucociliary clearance and
deglutition. A large proporion of the inhaled fraction will, however, ulimaotely enter the
gastrointestinal tract, yet gostrointestingl albsorption s faidy low, even for solukle forrms of
manganese [~5%], and there s e evidence for manganese toxcity following dietory
exposure.  Uptake of dietary mangonese & condrolled by dose-dependent intestinal
absorplion, bilary excrefion and intestinal elimination [Anderson ef al, 1997, cited in 1EH
2004). Adult humans normally rmaintain stakle fesue levels of manganese regardless of
intake; this homecostasis is maintained by regulation of aksorpfion and excretion [ATIDE
2000). i is, thersefore, recommended that the most biclogically approprate measure of
exposure fo  arbormme mangoanese for evaluating health effects aond setting an
accupational exposure standard i the respirable aerosol rather than tofal or inhalakle
aercsol. The approach s suppored by dola comparng fhe resprable and inhalakle
aercsol fractions in fields studies [e.g. Blingsen ef al. 3003

Maonganesse dust may. however, vary in particle size depending on the industry sector and
the process involved. The complex relationship and raftics between total, inhalakble and
respirable manganese particulates has been descrbed and discussed in depth [IEH, 2004]
in relaticn to most cccupational scenarcs that ore lkely to be encountered. The
respirble fraction [hence the respirable to inhalakle [or total] rafic)] may, therefore, vary
widely and it is recognized that this has practical implications for setting standards. In
processes where the respirable to inhalakle |or fotal) ratico & low, gastroinfestinal
abscrption may not be, after all, insignificant, which may be the case in some processes.
An inhalable imit is therefore also recommended. In support of this two-metric approoch,
it s useful to consider that Lowvwerys ef al. [1772) stated: “In industry, evaluation of
individual exposure fo manganese i thus best caried out by moniforing its concentration
in fotal and respirakle dust in the breathing zone of the workers™

The relative importance of cumulative versus curent or peak exposure in determining risks
i ot exactly knowrn. Howewver, on the evidence availakle, including biological ploauwsibility,
cumulative exposure appears fhe best way to represent the fime-relotedness of
manganese exposure and effect for the purposes of setfing an IOELY. It i ako relevant as
it rmay e that, as shown in some studies, not all the reported newofunclional effects seen
in longitudinal investigations of workers effects are reversible.

Because of the heterogeneity of the dota [different types of industry, different manganese
compounds and parficle sizes, different study designs and different newofunctional
measurements), and the inherent imitations of every individual study, it is not possible to
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identify one single crifical study that would be the best basis for selfing the 10ELVs. Some
studies identified a LOAEL, other @ HOAEL. Some studies relied on the respirakle fraction;
other on the inhalable or “ftotal” (thoracic] fraction. A global approach using the most
methodologicaly-sound stedies, as used in the |[EH Crterna docurnent [2004) and a
number of addifional good guality studies pulbklished since this review was therefore
considered to be the most robust and reliakble approoch. The studies by Roesk ef al. [1772).
Giblbs ef al. (1777) Myers ef al 2003k, Young et al. 2005, Bast-Pettersen et al. [2004) and
Hiingsen et al. [2008) az well as Lecchini ef al. 1777 in HC [2008) which showed adverse
neurclogical effects and identified a point-ocf-departure [POD] in the dose-effect/responze
relationship may offer a basis for recommending an KOELY.

Thus, o reasonakble respirable IDELV of 0.05 mg/m? can be recommended, and a
reasonaible inhalable 1OELY of 0.2 mg/m? s abo recommended. While recommending
these values, 3COE recognises that the overall systemic abscrption of coorser particles [>
respirable] & probably substantially lower than for the respirable fraction. Thus, SCOEL
recommends both a respirakle and an inhalakble IDELY which would need to be observed
conjointhy.

It is recommended that workplaces should, o5 a default procedure, measure both
respiraible and inhalakle manganese to ensure complionce with both Bmifs. This will
profect workers exposed to respirakble manganese, such as welders, and also workers
exposed to inhaloble monganese in workploaces with low fractions of respirakle
manganese. In each specific working circumstance, profesional judgement should
however, be applied to select the most appropriate fraction to be measured.

When considenng all these above studies and amving ot these proposed IOELYs, a
numiber of isswes need, however, to be taken info account:

# The changes reported in the above descrAbed stedies are subfle eardy
neurcfunctional effects which are non-clinical in nature and are only detected ot
a statisfical level between grouvps of workers.

= |t should ako be considered that some of these subtle neurcfunctlional effects of
manganese on the CHE are ireversible althowgh the degree of reversikility has not
been defined.

= Most of the availakle stedies used in this evaluafion have a cross- sectional design,
and thus it B highly lkely that any recorded neuvrcfuncfional effects may be the
result of previously higher exposure levels not reflected in curent measurements
[keft shift bias in the evalvation of the dose-effect/response relationships] There is
indeed evidence from a longitudinal study in exposed workers that, while exposure
levels decreased over the time. neurcfunctional deficils pemisted for some
functional endpoints [Roels ef al, 1997).

= Some of the above studies [Roels et al. 1772; HC 2008) used non-threshold
funclions o model doseresponse relaticnships at low exposure level, which may
confribute to overestimaote the risk, if such a threshold exists.

# Fnally, in many of the stedies discussed, arthmefic means, geomelric means or
both have been used to characterse "average” worker exposures. In this curent
SCOEL recommendaticn we have presented geometric means to characterise the
PODs. This is considered to be the most conservative approach for setfing an OEL
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howewver, Crump (1978) recommends that generally, the arthmetic mean i= more
representative of true average exposures. In practice, GMs are approxdmately half
the numerical values of the AN

SCOEL considered that all these akbove five factors would provide a further degrees of
precaution to the profection against any neuwrcfunctional change provided by the
recommended [OELYs

In addition to these above conclusions and deliperations, 300EL additionally considered a

numioer of worst-case scenarics from a numiber of the above key studies in order fo satisfy
themselves that these KDELY recommendations were sufficienfly protective. Among these
studies, three identified a POD based on curmnulative exposure:

- The study by BEoek ef al. [19772] suggests a LOAEL of 0730 [resprable) or 3.575
[total) mgifm? = years, predicting that workers exposed during 20 years o 0034
(respirable) or OL178 mg Mn/m? [total) would be ot sk of presenting with eardy
neurcfunctional changes coused by manganese (5% increased sk of abnormal
neurcfuncticonal performnance).

-  The study by Myers ef al. [2003b] suggests a LOAEL of 0,871 (respirable) or 1.3
(inhalakle) mgfm? 2 years, predicting thot workers exposed dunng 20 years to or
0045 ([inhalable) mg Mnr/m? would be at risk of presenfing with early
neurcfunctional changes coused by manganese. The LOABH expressed oz the
respirable fraction is between 0010 and 0040 in this cohort [Young ef al. 2005]

- The HC [2008) evaludation suggests that workers exposed during the last 5 yeaors 1o
an average concentration of 0.050 mg Mn/m?® [respirable) would present o 5%
increased of reduced newofunchional performance [LOAEL).

Twa other studies identified POD boased on curent exposure levels:

-  The study by Bast-Pettersen ef al. [2004) suggests that workers exposed to 0034
(respirable) or 0.301 (inhalable) mg Madm? would e at rsk of presenting with earty
neurcfunctional changed caused by manganese [LOWAEL).

-  The study by Hingsen =t ol [2008) suggests thot workers exposed to 0338
(respirable) o 0,423 [{) mg Mn/m? would be at rek of presenfing with eardy
neurcfunctional changes caused by manganese [LOAEL).

-  However, Giblos ef al. (1777) did not detect an effect of cocupational moanganese
exposure on newofunctional performances [NOAEL) in workers exposed on

average o 0040 mg Mn/m? [respirable).

The results from this approach, bosed on worst-case scenarios, gave results which were
rermmarkably close to the two 300EL IDEY recommendations and thus confirmed their
approphAateness as health-based 1OELYs.

A shor-term exposure limit (3TEL) is mot reguired.
Biological Monitoring of mangonese:

COrwviing to poor corelations with aifcorne levels and the high individueal varakility of blood
and wine levek in those studies used in the development of the Chteria Document [IEH,
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2004) on which this SCOEL/SSUM is mainly based | it & not possible to confidently set health-
bos=ed biclogical standards for manganase in blood and urine. Most investigators have
concluded that there & no good relationship between manganese in bloocd of urine and
the severty of health effects, probakbly because indvidual susceptibility plays an important
role. Lucchini ef al. [1995]. howsver, found significant comelations between blocd and
urine Mn levek and the perdormmance of several newofunctional tests in workers removed
from exposure. Their data do not suggest a crtical effect level. Therefore, the possikilities
for monitoring exposure to manganese by biclogical methods remain limited. The
measurement of manganese in urine and blood can probabkly be recommended to The
measurement of manganese in urine and blood can probably be recommended fo
confirm increased exposure fo manganese at the group level [Lavwerys and Hoed, 2001).
This would mean a significant increase of the mean of the concentration of manganese in
bloocd and urine in a group of cadmivm-exposed workers compared to concentrations in
a maiched [age. gender, etc] group of non-cadmivm-exposed workers. In Germany, a
Biologischer Arpeitsstoff-Referennaert (BAR] value of 15 pgfl Blocd has been estaklished by
the MAE Commission. This value represents manganese concentrafions in the general
population  [(?5th. percentile] not occcupationaly-exposed to manganese, but in the
working age [Drexder and Harbadg, 2011).
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