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Dette dokumentet omhandler det toksikologiske
grunnlaget og vurderinger, samt tekniske og
gkonomiske hensyn for fastsettelse av grenseverdi
for trimetylamin.
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Forord

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

Dette dokumentet er utarbeidet ved implementering av kommisjonsdirektiv 2019/1831/EU fastsatt 24.
oktober 2019 som inneholder den 5. liste med forslag til indikative grenseverdier for 10 stoffer.

EU-raddets 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 innfgre pa
nasjonalt niva. De nasjonale grenseverdiene kan vaere hgyere enn de som star oppfert i direktivet, dersom
et medlemsland mener at det er ngdvendig av tekniske og/eller gkonomiske hensyn, men landene bgr
nerme seg den indikative grenseverdien. Direktivet stiller krav om at indikative grenseverdier vedtas
giennom kommisjonsdirektiv.

Arbeidstilsynet har ansvaret for revisjonsprosessen og utarbeidelse av grunnlagsdokumenter for stoffene
som blir vurdert. Det toksikologiske grunnlaget for stoffene i denne revisjonen baserer seg i hovedsak pa
kriteriedokumenter fra EUs vitenskapskomité for fastsettelse av grenseverdier, Scientific Committee for
Occupational Exposure Limits (SCOEL). EU-kommisjonen kan ogsa velge kriteriedokumenter fra andre
vitenskapskomiteer, som ECHA sin vitenskapskomite Risk Assessment Committee (RAC). Statens
arbeidsmiljginstitutt ved toksikologisk ekspertgruppe for grenseverdier, TEAN, bidrar med toksikologiske
vurderinger i dette arbeidet.

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

Beslutningsprosessen skjer  gjennom drgftingsmgter  der  Arbeidstilsynet, Neeringslivets
hovedorganisasjon/Norsk Industri og Landsorganisasjonen i Norge deltar, orientering til Regelverksforum, og
med pafglgende offentlig hgring.

Konklusjonene fra hgringen med forskriftsendringer og nye grenseverdier forelegges Arbeids- og
sosialdepartementet som tar den endelige beslutningen om forskriftsfastsettelse av grenseverdiene.
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Innledning

Dette dokumentet omhandler vurderingsgrunnlaget for fastsettelse av grenseverdi for trimetylamin.
Innholdet bygger spesielt pd anbefalinger fra Scientific Committee on Occupational Exposure Limits (SCOEL)
i EU for dette stoffet (vedlegg 1), samt vurderinger og kommentarer fra toksikologisk ekspertgruppe for

grenseverdier, TEAN, Statens arbeidsmiljginstitutt (STAMI).

1. Stoffets identitet

Trimetylamin og dets molekylformel, stoffets identifikasjonsnummer i Chemical Abstract Service (CAS-nr.),
European Inventory of Existing Commercial Chemical Substances (EINECS-nr. el. EC-nr.) er gitt i tabell 1.

Strukturformel av trimetylamin er vist i figur 1.

Tabell 1. Trimetylamin og dets identitet.

Navn Trimetylamin
Molekylformel C3HgN
Synonymer TMA
N,N-Dimetylmetanamin
CAS-nr. 75-50-3
EC-nr. 200-875-0
Indeks-nr. 612-001-00-9
CH,
H,C—N
CH,

Figur 1. Strukturformel av trimetylamin (Wikipedia)

2. Fysikalske og kjemiske data

Det vises til tabell 2 for fysikalske og kjemiske data for trimetylamin.
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Tabell 2. Fysikalske og kjemiske data for trimetylamin.

Kjemisk formel C3HgN
Molekylvekt (g/mol) 59,11
Fysisk tilstand Fargelgs gass med en karakteristisk ubehagelig lukt som minner om fisk
ved lave konsentrasjoner og mer som ammoniakk ved hgyere nivaer.
Smeltepunkt (°C) -117
Kokepunkt (101,3 kPa) (°C) 3,5
Flammepunkt (°C) (closed cup) -7
Tetthet (20 °C) (g/cm3) 0,67
Damptetthet (luft = 1) 2
Damptrykk (25 °C) (mm Hg) 1610
Fordelingskoeffisient n-oktanol/luft (log Koa) 2,08
Fordelingskoeffisient n-oktanol/vann (log Kow) 0,16
Lgselighet i vann (mg/L ved 30 °C) 0,89
Eksplosjonsgrenser: Nedre (LEL) (%) 2
@vre (UEL) (%) 11,6
Luktterskel (ppm) 2x10-4
Omregningsfaktor (20 °C) 1 ppm = 2,46 mg/m3

Data er gitt av TEAN.

2.1 Forekomst og bruk

Trimetylamin er et tertizert amin som forekommer naturlig i menneskelige kroppsvaesker og i forskjellig lagret
mat, bl.a. i fisk. Trimetylamin er produsert og/eller importert i det Europeiske @gkonomiske
samarbeidsomradet i 100 - 1000 tonn arlig.

Trimetylamin brukes av profesjonelle arbeidstakere (utbredt bruk), i stoffblandinger eller ompakking, pa
industriomrader og i produksjon. Det brukes i plastindustrien, i elektrisitetsverk, damp-, gass- og vannverk,
kjgttproduksjon, helsevesenet, forskning og utvikling. | kjgttproduksjon brukes stoffet som aromastoffer i
fortilsetning til alle dyrearter utenom verpehgns. | industrien er stoffet et mellomprodukt ved organisk
syntese for fremstilling av desinfeksjonsmidler og flotasjonsstoffer (som bidrar i prosessen med separasjon
av to faser). | kjemikalieproduksjonen brukes stoffet som hjelpestoff i prosesser pa industrielle lokalisasjoner,
som et intermedieert trinn i videre produksjon av andre stoffer (bruk av intermedizere stoffer), som pH-
regulatorer, vannbehandlingsprodukter, laboratoriekjemikalier, polymerer, laboratoriekjemikalier og
vannmyknere. Det brukes i flytende maskinvaskemidler og rengjgringsmidler, bilpleieprodukter, dufter,
maling og produkter som dekker, grunner og hefter.

Stoffet kan slippes ut i ytre miljg ved industriell bruk.
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3. Grenseverdier

3.1 Naveerende grenseverdi
N&vaerende grenseverdi (8 timer) for trimetylamin i Norge er: 10 ppm (24 mg/m?3) uten anmerkninger.

Korttidsverdi for trimetylamin ikke fastsatt. Denne grenseverdien ble fastlagt som administrativ norm i 1990
og ble forskriftsfestet i 2013 i den da nye forskrift om tiltaks- og grenseverdier.

3.2. Grenseverdifra EU

Basert pa anbefalinger fra den europeiske vitenskapskomiteen, SCOELs kriteriedokument av 8. februar 2017
(«SCOEL/REC/179 Trimethylamine», vedlegg 1) har EU fastsatt grenseverdi for trimetylamin. Dagens
veiledende grenseverdi, etter implementering av direktiv 2019/1831/EU, fastsatt 24. oktober 2019 (den 5.
liste av veiledende (indikative) grenseverdier til direktiv 98/37/EC), er:

IOELV (Indicative Occupational Exposure Limit Value) (8 timer TWA) er: 2 ppm (4,9 mg/m?3)

Korttidsverdi (STEL) er: 5 ppm (12,5 mg/m?3).

3.3. Grenseverdier fra andre land og organisasjoner

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

Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
ppm | mg/m? ppm  mg/m?
Danmark?! 5 12 - -
Finland? 5 12 15 37 Hud
Sverige3 2 49 5 12,25
England® 10 25 15 37 UK Advisory Committee on Toxic Substances er bekymret for at
disse grenseverdiene muligens ikke beskytter helse tilstrekkelig,
pga tvil om at grensen ikke er solid basert. Disse grenseverdiene
var inkludert i den publiserte UK 2002 listen og dens 2003
supplement, men ble utelatt fra listen publisert i 2005
Nederland* - 1 - -
Tyskland? 2% 49* 4% 9,8 * " The reaction with nitrosating agents can lead to the formation
5ok ok 12 25 * *+ | of the corresponding carcinogenic N-nitrosamines. ** 15 min
ok ok ok ok gjennomsnittlig verdi. *** Takverdi.
Frankrike® 10 25
ACGIH® 5 15 @vre luftveier, gye og hudirritasjon

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

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

3https://www.av.se/globalassets/filer/publikationer/foreskrifter/andringsforeskrift/afs-2020-6.pdf

SEH 40 fjerde utgave, 2020, http://www.hse.gov.uk/pubns/priced/eh40.pdf

4 http://www.ser.nl/en/oel_database.aspx; https://www.ser.nl/nl/thema/arbeidsomstandigheden/Grenswaarden-gevaarlijke-
stoffen/Grenswaarden/

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

6 ACGIH, TLVs and BEls, Treshold Limit Values for Chemical Substances and Physical Agents & Biological Exposure Indices, 2020

3.4. Stoffets klassifisering
Trimetylamin er klassifisert og merket i henhold til CLP Annex VI (Forordning EC No 1272/2008)%, tabell 3.1
(Liste over harmonisert klassifisering og merking av farlige kjemikalier). Trimetylamin er klassifisert og

merket med koder i henhold til fareklasse, kategori og faresetninger, som gitt i tabell 4.

Tabell 4. Fareklasser, farekategori med forkortelse, merkekoder og faresetninger for trimetylamin.%?2

Fareklasse
Farekategori

Forkortelse Merkekode Faresetning

Brannfarlige gasser H220 Ekstremt brannfarlig gass
Kategori 1A
Flam. Gas 1

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

Alvorlig gyeskade/gyeirritasjon H318 Gir alvorlig gyeskade
Kategori 1
Eye Dam. 1

Akutt giftighet H332 Farlig ved inndnding

Kategori 4



https://at.dk/media/5941/c-0-1-graensevaerdilisten-2007-t.pdf
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160972/STM_10_2018_HTPvarden_2018_WEB.pdf?sequence=1&isAllowed=y
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160972/STM_10_2018_HTPvarden_2018_WEB.pdf?sequence=1&isAllowed=y
https://www.av.se/globalassets/filer/publikationer/foreskrifter/andringsforeskrift/afs-2020-6.pdf
http://www.hse.gov.uk/pubns/priced/eh40.pdf
https://www.ser.nl/nl/thema/arbeidsomstandigheden/Grenswaarden-gevaarlijke-stoffen/Grenswaarden/
https://www.ser.nl/nl/thema/arbeidsomstandigheden/Grenswaarden-gevaarlijke-stoffen/Grenswaarden/
https://limitvalue.ifa.dguv.de/
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Acute Tox. 4

Spesifikk malorgantoksisitet — enkelteksponering H335 Kan forarsake irritasjon av luftveiene
Kategori 3
STOTSE 3

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

3.5 Biologisk overvaking

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

SCOEL har ikke fremmet et forslag til biologisk grenseverdi for trimetylamin.

3.6  Andre reguleringer

Det europeiske kjemikaliebyraet ECHA har samlet 40 regelverk i en database med informasjon om hvordan
kjemiske stoffer er regulert, og regelverk for de stoffene er sgkbare: ECHA-sgk. | tillegg til regelverk for
grenseverdi og klassifisering som er omtalt i dette dokumentet, kan man sgke andre gjeldende regelverk her:

trimetylamin
Trimetylamin er ikke identifisert som et stoff med svaert betenkelige egenskaper (SVHC) og star ikke pa EUs
kandidatliste. Trimetylamin er heller ikke oppfgrt pa listen over stoffer med krav til autorisasjon (Reach,

vedlegg XIV) eller pa listen over stoffer som gir uakseptabel risiko for helse og/eller miljg (Reach vedlegg
XVII).

4. Toksikologiske data og helseeffekter

4.1  Anbefaling fra SCOEL

SCOEL anbefaler grenseverdi for (8-timers TWA) pd 2 ppm (4,9 mg/m?3) og korttidsverdi (15-minutters STEL)
pé 5 ppm (12,5 mg/m3). Se vedlagt SCOEL -dokument (vedlegg 1).

4.2 Kommentarer fra TEAN

SCOEL-dokumentet [1] er datert februar 2017 og er basert pa ACGIH (2004), AIHA (2005), BIBRA (1993),
Henschler (1983), Greim (2004) og JCIPC (2002), og referanser brukt i disse.

TEANs kommentar er basert pa SCOEL-dokumentet, og i tillegg er kriteriedokumentene fra MAK (2018) [2]
og ANSES (2015) [3] gjennomgatt. Det ble ogsa gjort litteratursgk i PubMed, PubChem og ECHA. Ingen nyere
litteratur av betydning for konklusjonene til SCOEL ble funnet.


https://echa.europa.eu/information-on-chemicals/cl-inventory-database
https://echa.europa.eu/information-on-chemicals/cl-inventory-database
http://www.miljodirektoratet.no/Documents/publikasjoner/M259/M259.pdf
https://echa.europa.eu/legislation-finder
https://echa.europa.eu/substance-information/-/substanceinfo/100.000.796
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Toksikokinetikk

Trimetylamin forekommer naturlig i menneskelige kroppsveaesker. Det produseres av tarmfloraen under
metabolismen av nitrogenholdige makromolekyler i mat, men kan ogsa inntas direkte gjennom mat som
inneholder trimetylamin.

Den viktigste metaboliseringsveien er N-oksidasjon av trimetylamin (TMA) til trimetylaminoksid (TMAOQ)
katalysert av FMO3-enzymet. Ved hgye doser kan sma mengder trimetylamin demetyleres til dimetylamin
(DMA). Etter oralt opptak er absorpsjonen av trimetylamin i mage-tarm-kanalen nesten fullstendig. Etter
orale doser av TMA-hydroklorid opp til 970 mg/kg (tilsvarer 600 mg/kg TMA) til frivillige forsgkspersoner ble
86 prosent utskilt i urinen innen 24 timer.

Opptak giennom menneskehud er undersgkt i in vitro. | Igpet av 24 timer penetrerte 5 prosent av de pafgrte
doser huden. Sma, men paviselige mengder TMAO ble dannet under den perkutane transporten. Ingen
studier med gjentatt hudeksponering er tilgjengelig.

Toksikokinetikken til trimetylamin hos dyr er lik den hos mennesker.

Opptak gjennom rottehud er undersgkt i in vitro. | Igpet av 24 timer penetrerte 21 prosent av alle de pafgrte
doser huden. Sma, men paviselige mengder TMAO ble dannet under den perkutane transporten.

Ingen data ble funnet i litteraturen angaende absorpsjon, metabolisering eller utskillelse av
trimetylamin ved innanding hos verken mennesker eller dyr.

Helseeffekter

Akutt toksisitet

Flertallet av humane data som er sitert er av eldre dato. | disse ble det ikke funnet toksiske effekter etter
enkeltvise eller gjentatte orale doser pa opptil 2,3 gram trimetylaminhydroklorid (ca. 20 mg/kg kroppsvekt
TMA) gitt til frivillige eller pasienter. Ved hgyere doser klaget forsgkspersonene over en fiskelignende lukt i
pust, svette og urin.

LC50 for rotter eksponert for trimetylamindamp i fire timer ble bestemt a vaere rundt 3500 ppm. Ingen dyr
dg@de etter eksponering for 2000 ppm, men hos alle sd man neseutflod og irritasjon i nese og bihuler.

Orale LD50-verdier for rotte er i omradet 397-820 mg/kg og dermal LD50 i rotter mer enn 5000 mg/kg
kroppsvekt ved pafgring av en 45 %-trimetylaminlgsning. Symptomer ved hgye konsentrasjoner var blant
annet vanskelighet med a puste, inaktivitet, kramper, irritasjon av slimhinner, neseutflod og nevrologiske
effekter (manglende respons pa lyd).

Oral administrering av 1000 mg/kg kroppsvekt ga oppkast og diaré hos hunder. Den samme dosen forarsaket
oppkast, lammelse og dgd hos griser. Tap av matlyst, gkt spyttsekresjon, hypotermi og gkt hjertefrekvens ble
rapportert hos hunder utsatt for en enkelt oral dose pa 100 eller 200 mg/kg kroppsvekt trimetylamin.

Repetert eksponering
Trimetylamin er irriterende for menneskets luftveier, hud og gyne. Sannsynligvis skyldes dette stoffets
alkaliske egenskaper (pKa 9,8 ved 25°C).

Trimetylaminkonsentrasjoner i omradet 0,1-8 ppm ble malt i industri i Igpet av 8-timers arbeidsdager, der
luftkonsentrasjonen de fleste dagene var mindre enn 5 ppm. "Rutinemessig medisinsk og biologisk
overvaking" (ikke nazermere beskrevet) viste ingen toksiske effekter hos arbeiderne. | rapporten ble det ikke
oppgitt om irritasjon oppsto ved 0,1-8 ppm, men “moderat” irritasjon i gvre luftveier forekom ved = 20 ppm
(eksponeringstid er ikke spesifisert).
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Hgye trimetylaminnivaer pa 940 ppm og mer enn 2000 ppm (sammen med DMA) er malt under lossing av
fiskebater. Fiskerne klaget ofte over ubehag i gynene, eksem og nervesykdommer. @yekontakt med vaeske
eller gasser fra fisk ga irritasjon, redhet og graaktig hornhinne. Forekomsten av nervesykdommer i denne
sammenhengen tilskrives ikke bare trimetylamin, men ogsa til samtidig eksponering for andre giftige stoffer.
Likevel er sykdommer som resulterer i forhgyede trimetylaminnivaer i blod (uremi, hypertyreose), kjent for
a vaere assosiert med nevrotoksiske symptomer (Henschler 1983).

Dyreforsgk med gjentatt eksponering av hannrotter via inhalasjon 6 timer/dag, 5 dager/uke over 2 uker (75,
250 og 750 ppm) ga en LOAEC for respiratorisk irritasjon pa 75 ppm basert pa lett luftveisirritasjon, hyperemi
og degenerative forandringer i nese- og luftveisslimhinner. Etter en restitusjonsperiode pa 2 uker var disse
effektene forsvunnet for den lavest eksponerte gruppen, men for de to hgyest eksponerte gruppene var
skadene irreversible. Irritasjonen ved 75 og 250 ppm var begrenset til neseslimhinnen. Rotter utsatt for 750
ppm viste betydelig reduserte kroppsvekter, en betydelig gkning av erytrocytter og ngytrofile og en betydelig
reduksjon av antall lymfocytter, leukocytter og blodplater (Kinney 1990).

Med bakgrunn i denne studien og med stgtte i andre studier vurderer SCOEL at NOAEC for respiratorisk
irritasjon hos menneske er 4 ppm basert pa subkronisk inhalasjon i rotter (LOAEC 75 ppm, med ekstrapolering
fra LOAEC til NOAEC og subkronisk til kronisk med hhv faktorene 3 og 6).

Irritasjon og etsning

Hos mennesker er det rapportert om utilsiktede eksponeringer for trimetylaminlgsninger i ulike
konsentrasjoner som har forarsaket etseskader, redhet og sma blgdninger i huden og reversibel skade pa
hornhinnen.

En studie viste at en konsentrert Igsning ga kraftig etsning og rédhet av huden. Sma blgdninger under huden
utviklet seg selv nar Igsningen ble vasket av fa minutter etter pafgring. Det utsatte omradet forble gmti 1-2
timer, og det oppstod svak uttgrring av huden. En annen studie viste at to daglige okklusive eksponeringer
(30 minutter hver) i 4 pafglgende dager for en 1,5 %-trimetylamidlgsning ikke irriterte huden til 20 frivillige.

Dyrestudier bekrefter humane funn pa hud og i gyne hos kanin. En 45 %-trimetylaminlgsning forarsaket
alvorlige etseskader pa kaninhud. Pafgringen av 1 %-trimetylaminlgsning (en drape annenhver time, fire
ganger) pa kaningyet ga alvorlig konjunktivitt, keratitt og opasitet i hornhinnen. En drdpe 5 %-
trimetylaminlgsning forarsaket hemoragisk konjunktivitt, gdem og opasitet i hornhinnen.

Sensibilisering
Ingen data er tilgjengelige for sensibiliserende effekt av trimetylamin.

Gentoksisitet og karsinogenisitet
Det finnes ingen humane eller dyreeksperimentelle studier av gentoksisiteten av trimetylamin.

In vitro studier med trimetylamin er negative (Salmonella og Escherichia coli), med unntak av én enkelt studie
med lungeceller fra hamster der eksponering for trimetylamin induserte kromosomavvik. Konsentrasjonene
som ble brukt i studien forarsaket en forskyvning av pH i kulturmediet til verdier >8, slik at gkningen i
kromosomavvik kan ha veert forarsaket av endringen i pH.

Det finnes ingen humane eller dyreeksperimentelle studier om karsinogenisitet av trimetylamin.

Det har vaert en viss bekymring for dannelsen av kreftfremkallende nitrosaminer som fglge av en reaksjon av
TMA, TMAO eller DMA med nitritt. In vitro- og in vivo-studier har vist at DMA kan reagere med nitritt til N-
nitrosodimetylamin i magesaft. Imidlertid er nitrittkonsentrasjonen i menneskets mage normalt lav og den
endogene demetyleringen av TMA til DMA liten, sa den praktiske relevansen kan vaere ubetydelig. SCOEL
anser at en mulig risiko for denne effekten ikke kan evalueres for gyeblikket.
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Reproduksjonsskade
Det finnes ingen humane studier om reproduksjonsskadelige effekter av trimetylamin.

Det finnes ingen dyreeksperimentelle inhalasjonsstudier om reproduksjonsskadelige effekter av
trimetylamin.

SCOEL refererer til screeningstudiet fra JCIPC (2002) der det etter oral eksponering for trimetylamindoser
opp til 200 mg/kg kroppsvekt/dag (utfgrt i hht OECD guideline 422) ikke ble funnet effekter pa fertilitet hos

rotter. NOAEL for reproduksjonstoksisitet og utviklingstoksisitet anses & vaere henholdsvis 200 mg/kg
kroppsvekt/dag hos bade hunn-, hannrotter og avkom.

| studien fra JCIPC (2002) ble det ikke funnet utviklingseffekter hos avkom til rotter eksponert oralt for
trimetylamindoser opptil 200 mg/kg kroppsvekt/dag. | denne studien ble ikke dyrene undersgkt for viscerale-
eller skjeletteffekter. Dette ble imidlertid undersgkt i et utviklingsstudie pa mus (Guest og Varma 1993), og
ingen effekter ble funnet.

Hjerte-og karsykdommer

| de senere arene er det publisert en mengde artikler som knytter hgye plasmanivaer av TMAO til en hgyere
risiko for utvikling av aterosklerose og med det hjerte- og karsykdommer. Studiene har i all hovedsak
undersgkt kosthold og kostholdskilder som fgrer til et hgyt TMOA-niva, seerlig fra inntak av rgdt kjgtt.

Verken SCOEL eller andre vitenskapskomiteene for grenseverdier omtaler dette, og det er ikke funnet studier
der aterosklerose omtales i sammenheng med yrkesmessig eksponering for trimetylamin. TEAN kan derfor
ikke uttale seg neermere om dette.

Biologisk monitorering

Den kritiske effekten av eksponering for trimetylamin er lokal irritasjon i gvre luftveier, hud og gyne samt
etsning av hud, og biologisk monitorering er derfor ikke hensiktsmessig. Med hensyn til mulige systemiske
effekter har SCOEL ikke funnet tilstrekkelige data som kan brukes for a utlede en biologisk grenseverdi.

Kritisk effekt

SCOEL bedgmmer at kritisk effekt av eksponering for trimetylamin er irriterende effekter i gvre luftveier, hud
og pyne, og at det er etsende pa hud. LOAEC for respiratorisk irritasjon hos menneske ble beregnet a veere
er 4 ppm basert pa subkronisk inhalasjon i rotter. Det var vist at “moderat” irritasjon i gvre luftveier forekom
ved 2 20 ppm og at ingen toksiske effekter forekom under 5 ppm. | tillegg brukte SCOEL en musestudie (Alarie
RD50-test) som antok at sensorisk irritasjon ville vaere neglisjerbar for mennesker ved 2 ppm. SCOELs
anbefaling er basert pa disse studiene, SCOEL tar ogsa i betraktning at trimetylamin har en ubehagelig lukt
av ratten fisk, og at luktterskelen antas a vaere under 1 ppm.

SCOEL anser at en hudanmerkning ikke er berettiget, basert pa at hudopptak er lavt for TMA-hydroklorid hos
mennesker (5 prosent i Igpet av 24 timer) og at trimetylamin foreligger som en gass der vaeskesgl ikke kan
paregnes.

Andre vitenskapskomiteers vurdering
De franske og tyske vitenskapskomiteene for fastsettelse av grenseverdier anbefaler at grenseverdiene for

trimetylamin settes annerledes enn SCOELs anbefaling:

ANSES (2016) [4] anbefalte ikke en 8-timers grenseverdi fordi de mente at det ikke kunne trekkes
konklusjoner fra de fa tilgjengelige dataene i litteraturen om subkronisk eller kronisk systemisk toksisitet av
trimetylamin hos mennesker. De anbefalte derfor kun en 15 min-korttidsverdi p& 7 mg/m= (= 3 ppm).
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| 2018 anbefalte MAK [3] en takverdi pa 5 ppm for trimetylamin. Grenseverdien for trimetylamin var tidligere
satt til 2 ppm med analogi til sykloheksylamin. Da MAK anbefalte en takverdi for sykloheksylamin i 2017 pa
grunn av stoffets lokale irriterende effekt pa respirasjonsepitel i nesen til rotter, ble dette ogsa anbefalt for
trimetylamin i 2018 av samme grunn.

TEAN stgtter SCOELs anbefaling.

TEANSs vurdering

TEAN er enig i SCOELs vurdering av at kritisk effekt av eksponering for trimetylamin er irritasjon i gvre
luftveier, pa hud og gyne, samt at det kan vaere etsende pa hud. At trimetylamin har en lav luktterskel og en
svaert ubehagelig lukt er av betydning for arbeidstakere som er eksponert for stoffet.

Norsk grenseverdi for trimetylamin er per i dag 10 ppm (24 mg/m3), og den anbefalte grenseverdi for
trimetylamin vil medfgre en reduksjon av Norges navaerende grenseverdi. TEAN er enig i SCOELs anbefaling
om en grenseverdi pa 2 ppm (4,9 mg/m?3).

Norge har peridagingen korttidsverdi for trimetylamin. TEAN er enig i SCOELs anbefaling om en korttidsverdi
pa 5 ppm (12 mg/m?3), for & beskytte mot irritative effekter og ubehagelig lukt.

5. Bruk og eksponering

5.1. Opplysning fra Produktregisteret

Det foreligger ikke data fra produktregisteret for trimetylamin.

5.2. Eksponering og maledokumentasjon
5.2.1. EXPO-data

Det foreligger ikke eksponeringsdata for trimetylamin i STAMIs eksponeringsdatabase EXPO.

5.2.2. Prgvetakings- og analysemetode

| tabell 8 er anbefalte metoder for prgvetaking og analyser av trimetylamin presentert.

Tabell 8. Anbefalte metoder for prgvetaking og analyse av trimetylamin.

Prgvetakingsmetode Analysemetode Referanse
10% fosforsyre behandlet Gasskromatografi, FID OSHA metode PV2060!
XAD-7 rgr

1 Beskrivelse av metode: https://www.osha.gov/dts/sltc/methods/partial/pv2060/2060.html
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6. Vurdering

TEAN er enig i SCOELs vurdering av at kritisk effekt av eksponering for trimetylamin er irritasjon i gvre
luftveier, pa hud og @yne, samt at det kan veere etsende pa hud. Den viktigste eksponeringsformen i
arbeidslivet er som gass. Derfor settes det ikke hudanmerkning. Trimetylamin har lav luktterskel og en svaert
ubehagelig lukt som er av betydning for arbeidstakere som eksponeres for stoffet.

| dag er norsk grenseverdi for trimetylamin 10 ppm (24 mg/m?3) og SCOELs anbefalte grenseverdi er 2 ppm
(4,9 mg/m3) for & beskytte mot irritative effekter og etsing. Dette vil medfgre en reduksjon av Norges
naveerende grenseverdi.

| dag har Norge ingen korttidsverdi for trimetylamin. SCOEL anbefaler en korttidsverdi pa 5 ppm (12 mg/m3)
for a beskytte mot irritative effekter og ubehagelig lukt.

Det foreligger ingen eksponeringsdata fra EXPO, eller andre opplysninger som indikerer at norske
virksomheter av gkonomiske eller praktiske arsaker, ikke kan redusere grenseverdiene som foreslas.
Arbeidstilsynet har ingen informasjon som tilsier en annen vurdering enn det som er foreslatt av TEAN og
SCOEL. Arbeidstilsynet stgtter ny grenseverdi (8-timers TWA) pa 2 ppm (4,9 mg/m?3), innfgring av
korttidsverdi (STEL) p& 5 ppm (12 mg/m?3) og innfgring av anmerkninger:

7. Konklusjon med forslag til ny grenseverdi

Pa bakgrunn av foreliggende dokumentasjon og en avveiing mellom toksikologiske data, helsebasert
vurdering og data om forekomst og bruk (dvs. tekniske og gkonomiske hensyn) av trimetylamin i Norge,
foreslas redusert grenseverdi, innfgring av korttidsverdi og innfgring av anmerkningene E (EU har en
veiledende grenseverdi for stoffet) og S (Korttidsverdi):

Grenseverdi (8-timers TWA): 2 ppm (4,9 mg/m?3)
Korttidsverdi (15 min STEL): 5 ppm (12 mg/m3)

Anmerkninger: E (EU har en veiledende grenseverdi for stoffet)
S (Korttidsverdi er en verdi for gjennomsnittskonsentrasjonen av et kjemisk stoff i
pustesonen til en arbeidstaker som ikke skal overskrides i en fastsatt referanseperiode.
Referanseperioden er 15 minutter hvis ikke annet er oppgitt)

8. Ny grenseverdi

Dette kapittelet utarbeides etter at ASD har fastsatt den nye grenseverdien — altsd etter drgftingene med
partene, hgringen og endelig forslag fra Arbeidstilsynet.
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RECOMMENDATION FROM THE
SCIENTIFIC COMMITTEE ON OCCUPATIONAL
EXPOSURE LIMITS
FOR TRIMETHYLAMINE

8-hour TWA: 2 ppm (4.9 mg/m3)
STEL: 5 ppm (12.5 ma/m3)
BLV: None

Additional

categorisation: Snine

MNotation: MNone

The present Recommendation was accepted for public consultation.

This evaluation = based on ACGIH 2004, AIHA 2005, BIERA 1993, Hemschier 1983,
Greim 2004, ICIPC 2002 and e references cifed in hese reviews. Further, the data
baszes of Toxnet and MEDLINE were evaluated till Awgust 2014.

Page 7 of 30
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SCOEL/REC/LT9 Trimethylamine

RECOMMENDATION EXECUTIVE SUMMARY

Trimethylamine (TMA) occurs naturally in humans. It is produced endogenously by the
gut bacteria and may also be ingested with food, espedally fish. The critical effects of
inhalation exposure to TMA are odour annoyance and irritative affects.

Incompletely reported data have indicated moderate upper respiratory irritation during
occupational exposure to TMA at 20 ppm (49 mg/m>). No effects were observed in
unspecified routine medical surveillance in workers exposed to 0.1-8 ppm, most of the
measurements being befow 5 ppm as 8-hour TWAs (AIHA 2005). Van Thriel et al. (2006)
reported an odour lateralisation threshold of TMA of 612 ppm (median) but stated that
this might be higher than those observed in longer occupational exposure situations, and
concluded that the assessment of a recommended OEL based on chemosensory
thresholds is problematical. They stated that trigeminal nerve-mediated symptoms might
increase with prolonged exposures duration, but did not examine this.

Animal data with repeated inhalation exposure over 2 weeks revealed a LOAEC of
75 ppm based on slight respiratory irritation, hyperaemia, epithelial degeneration and
squamous metaplasia of the respiratory epithefium in a rat study (Kinney et af 1990).
After a recovery period of 2 weeks these effects had disappeared, but at 250 and
750 ppm were irreversible.

Pathological studies in rats after inhalation exposure by Rotenberq and Mashbits (1967)
demonstrated bronchopneumonia and haemorrhage in the lung tissues, with destruction
of the alveolar septa, signs of passive hyperaemia, and isclated haemorrhages in the
liver, kidneys, and spleen in the 75-mg/m” (31 ppm) group. Analogous changes, though
less marked, were also observed in the animals of the 25-mg/m> (10 ppm) group.
Owing to insufficient description of the study its outcome can only be used as supportive
evidence for a marginal effect level for systemic effects at 10 ppm after long-term
exposure in rats.

It is also taken into account that the odour threshoid is below 1 ppm and TMA has a
strong, unpleasant odour.

Genotoxicity and carcinogeniaty

The genotoxicity of TMA was only studied in vitro. Tests in bacteria yieided generally
negative resufts. However, chromosomal aberrations have been induced in hamster cells
in vitro, most likely due to a shift in pH. Adequate in vivo tests for genotoxicity are not
available. There are no adequate carcinogenicity studies, but the available data do not
point to a genctoxic potential of TMA. There is concern about the formation of N-nitroso-
dimethylamines in the presence of dietary nitrites, but in view of the normaily low nitrite
concentration in the human stomach, the practical relevance of nitrosation s negligible, if
occurring at all. However, it is not possible to evaluate the risk of N-nitrosamine
formation at presant.

Reproductive toxicty

There were no effects in an OECD-422 screening-test on fertility and developmental
toxicity seen at the highest oral dose (200 mg/kg/day), though skeletal and visceral
examinations of the offspring were missing (JCIPC 2002). However, a

study in mice showed no visceral and skeietal defects (Guest and Varma 1993), so both
studies provide sufficient information on the reproductive toxicity of TMA. The NOAEL in
the screening-test corresponds to an exposure of 199 ppm (490 mg/m=) TMA in humans,
using correction for point of departure (7/5), an allometric scaling (UF) of 4 assuming a
body weight of 70 kg and an inhalation volume of 10 m” per day.

Page 8 of 30
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sl &S v h

The study by Kinney ef al. (1990) found a LDAEC in rats of 75 ppm for respiratory
irritation. Systermic effects are expected to occur only ab higher exposures_ The Emitation
of this study is the duration of 2 weeks. Assurnption of a factor of three for extrapolation
from the LOAEC to the NOAEC and a factor of & for extrapolation from subacute to
chronic exposure results in a derived value of 4 ppm. In humans a LOAEC of 20 ppm for
eye, nose and throat iritation was reported, and below 5 ppm no toxic effeds were sesn
{AHLA 2005). Furthermore, the sensory irritation {Alarke RD.:) Mouse bioassay predicted
that sensary irritation in humans would be negligible at 2 pprm. All results taken togethar
and using the preferred value approach, an OEL of 2 ppm (4.9 mg/m7?) i recommended
to avoid airway pathological effects and sensory irritation, which also prevents the
systemic effects obsarved at higher concentrations in repeated dose studies in animaks.

To avoid strong odour annoyance and [0 [Bke into acoount that the exposSure-response
relationship by sensory irritant is steep in general, a STEL aof 5 ppm s recommendead.

Ormher assessmeants

The derrmal uptake of TMA is apparently low for the hydrachioride and no liquid spill can
occur a5 the compound S a gas. A “skin™ notaton s therefore mot NECESSary . There: are
o data concerming the sensitising properties of THMA.

Bioiogical manitoring
#s the critical effect of expesure to TMA = local irritation, bislogical monitoring would not
provide any useful information related o boodciby. With respect to possible systemic
effects, there are no appropriate data to derive a biological imit value.

Analytical measurement Systems exist o datermine the recommended levels of THA with
an appropriate level of precigion and acouracy.

Page 9 of 30
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RECOMMENDATION FROM THE
SCIENTIFIC COMMITTEE ON OCCUPATIONAL

EXPOSURE LIMITS
FOR

179 TRIMETHYLAMINE

RECOMMENDATION REPORT

1. CHEMICAL AGENT IDENTIFICATION AND PHYSICO-CHEMICAL PROPERTIES

Name: Trimethylamine
Synonyms: N N-Dimethyimethanamine
Molecular formula: CaHgN
Structural formula: n{:\n,cm

|

CHy
EC No.: 200-875-0
CAS No.: 75-50-3
Molecular weight: 59.110 g/mai
Boiling point: 2.87°*C
Meiting point: -117 *C
Vapour pressure: 1610 mm Hg at 25 °C; 214 kPa
pKa: 9.8
Log. Kow 0.16 (based on QSAR)
Density: 0.6709

Conversion factors:

(20 °C, 101.3 kPa)

1 ppm = 2.42 mg/m’;
1 mg/L = 414 ppm;

Trimethylamine (TMA) is a colouriess gas with 2 pungent, fishy, ammoniacal odour. TMA
is very soluble in water and the log Pox S 0.245. The substance has a flash point
of -65 °C and a density of 0.63 g/cm’ (ACGIH 2004). Tertiary amines introduce steric
factors, which may hinder the ability of the amine group o donate its lone pair. Thus
trimethylamine (pK, 9.8B) is less basic than diethylamine (pK, 10.64) or methylamine
(pK, 10.62) (Smith 2010).

Page 10 of 30
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2. EU HARMONISED CLASSIFICATION AND LABELLING

Information about the EU harmonised dassification and labefling for trimethylamine is
provided by ECHA (2016), as summarised in Table 1.

Table 1: Classification according to Regulation (EC) No 1272/2008, Annex VI, Table 3.1
"List of harmonised dassification and labelling of hazardous substances” *

Mazerd Class &
Catagory Codes

Press. Gas

Flam. Gas 1

Sken brit. 2 Skin I, 2; H315: C 2 5%
EyeDam. 1 H3IIB:C25%
Eye Dam. 1 Eyelrit. 2, 1519:0.5% s C < 5%
STOTSE3; H335:C2 5%

Acute Tox. & =332

STOTSE 3 H335 HIS

* Explanations: H220 - Exremely fammable gas; H315 - Causes s svtacion; HI1S - Couses senous eye
camage; H332 - Harmf if inhaled; H335 - Moy Quse respiratovy aritation; Dgr for Tanger; Note S - The
concentration mils for gasecus MIRTLTEs e expVessed as volume por volne pevcentage; Note U - When put
on the mavket gases Rave to be cassified as 'Gases under pressure’, in one of the Qroups compressed gas,
iquefied gas, refrigerated iguefied gas or dissoived gas. The group depends on the physical sTate in which the
gas is packaged and therefore has to be assigned case Dy case.

3. CHEMICAL AGENT AND SCOPE OF LEGISLATION

Trimethylamine (TMA) is 2 hazardous chemical agent in accordance with Article 2 (b) of
Directive 98/24/EC and fails within the scope of this legisiation.

Trimethylamine (TMA) is not a cardnogen or mutagen for humans in accordance with

Article 2{(a) and (b) of Directive 2004/37/EC and does not fall within the scope of this
legislaticn.

Page 11 of 30
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4. EXISTING OCCUPATIONAL EXPOSURE LIMITS

AL tU 2vel, nO Ul Nas Deen adopted yet 1or inmetnylamine. nowever, UCL'S do &xist in
various EU Member States as well as outside the BEU. These OEL's are presented in
Tabie 2 as examples and the list should not be considered as exhaustive.

No BLV (Biological Limit Value) has been adopted yet for trimethylamine either in the EU
or any EU Member State or in any other country cutside the ELI.

Table 2: An overview of existing OELs for trimethylamine in EU MS's and eisewhere:

£y TWA *
(8 hrs)

pom

Canada (Ortario)
Canaca (Québec)
New Zesizng
Singapece

Squth Koeea
Swrzerlang

USA (NIOSH)
USA [ACGIM)

STEL 2 References
(15 min)

ppm

15 BE KB (2014)
10 DK BEX (2011)
E . DE DFG (2012)

15 FI MSAM (2012

10 FR INRF (2012)
MU MMSFA (2000)
IE MSA (2011)
ES INSMT (2011)
GB HSE (2002)

AL SWA {2011)
CA OML (2013)
CA IRSST {2010)
NZ MS (2013)

IFA (2015)

IFA (2015)

CH SUVA (2016)
US NIOSH (2016)
USA ACGIM (2012)

Ocapational Exposure Limit (e.g. MAX, TRX, TLY, PEL REL)

Shoet Term OEL (e.g. STEL)

The UK Advisory Commizoe on Toxic Substances has expressad concern that, for thhe OELs shown in
parentheses, heaith may not de adeguataly protected because of coules that the Imit was soundy-
baced. These OELs were InCuded in the published UK 2002 list and ks 2003 supplement, Dut are

amited from the published 2005 Est.
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5. OCCURRENCE, USE AND OCCUPATIONAL EXPOSURE

5.1. Occurrence and use

Trimethylamine occurs as a natural microbial degradation product of nitrogencus
macromolecules such as choline and betaine in plant and animal tissues, and is formed
by bacterial reduction of trimethylamine N-oxide, a common excretion product of aquatic
organisms (Clayton et al. 1994; Graedel 1978; O'Neil 2006; ACGIH 2004).

Release to the environment of this substance is likely to occur from its production, use as
an intermediate, formulation in materials, in processing aids, and in the production of
articles and for thermoplastics (ECHA Website, 2016).

Trimethylamine is degraded atmospherically by reaction with photochemically-produced
hydroxyl radicals. In soil, adsorption of trimethylamine is favoured over volatilization as,
because of the high pKa, cationic trimethylamine is the predominant form over the
neutral volatile form (TOXNET HSDB).

Degradation products formed under aerobic conditions incude dimethylamine,
formaidehyde, formate, and carbon dioxide, while products formed under anaerobic
conditions include dimethylamine, ammonium cation, and methane (TOXNET HSDB).

5.2. Production and use

Methylamines are produced by the exothermic reaction of methanol with ammonia over
amorphous silica - alumina catalyst at 390 - 430 °C. All three possible methylamines are
produced. The reaction proceeds to thermodynamic equiibrium, whose position is
govemed by the temperature and the nitrogen:carbon ratio. The crude reaction mixture
consists essentially of excess ammonia, mono-, di-, and trimethylamines, reaction water
and unconverted methanol. Purification is generally effected in a train of four to five
distiflation columns or through azeotropic or extractive distilation. Another method for
the preparation of trimethylamine involves the use of paraformaidehyde and ammonium
chioride by the reaction of fermaidehyde and formic acid with ammonia (TOXNET HSDB).

Trimethylamine is manufactured and/or imported in the European Economic Area in 10 -
100 tonnes per year (ECHA Brief Profile) but this seems a gross underestimate when
compared to historical data from US and the European Economic Area (EEA) uniess there
has been a dramatic shift in trade volume to non-EEA countries. Based on the production
of vitamin B4 that starts from trimethylamine and which happens mostly in North
America and Europa, in 2004, the total annual trade volume of trimethylamine in the EEA
was estimated to be about 40000 tonnes (EC 2004).

The production volumes in the US varied between 22500 - 45400 tonnes in 2002
(TOXNET HSDB).

Trimethylamine is a good nudeophile and a nitrogenous base (pKa 9.4) that can be
readily protonated to give trimethylammonium cation, this reaction being the basis of
most of its applications.

It is used in organic synthesis, especially of choline saits (e.g. choline chioride: vitamin
B4), as a warning agent for natural gas and photochemicals, in the manufacture of
cationic starches, intense swesteners and strongly basic anion exchange resins, in the
production of disinfectants, fictation agents, insect attractants and in manufacturing
quaternary ammonium compounds (i.e. tetramethylammaonium hydroxide) and plastics
(TOXNET HSDB, EC 2004).
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It is also usad as an acid scavenger for nylon and benzyl ester production, 25 & COMrOSIon
inhibitor amd 3s a synthetic (fish and seafood) Mavour ingredient (TOXNET HSDE).
Trirmethylamine is also used in the synthesis of plant growth reguiators and herbicides,
dye levelling agents and a number of basic dyes (ACGIH 2004).

5.3. Occupational Exposure

According to an estimate by NIOSH and based on a statistical appreach, in the US, 5261
workers were patentially exposed to trimethylamine [TONMET HSDB).

The sxposure of workers o timethylamine was measured by a manufadurer and found
at concentrations of 0.1 to B ppm (B-hour aversge value balow 5 ppm). Routine medical
examinations did not reveal any toxic effects. Al concentrations in the air of above 20
ppm, trimethylamine has irritative offects on Mucous membranes and eyes. Even low
concentrations are a nuisante because of their unpleasant fishy odour (DFE 1983).

5.4. Rowtes of exposure and uptake

Following its boiling point and vapour pressure, accupational exposure bo trimethylamine
may occur through inhalation and via dermal contact [TOXNET HSDE).

Monitoring data indicate that the general population may be exposed to trimethylamine
wia inhalation of tobacco smoke, and ingestion of trimethylamine-containing foods
{TOXNET HSDB).
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SCOEL/REC/179 Trimethylamine

6. MONITORING EXPOSURE

6.1. External exposure

Trimethylamine can be monitored in the air of the workplace by applying the partially
evaluated OSHA method PVZ060 (OSHA 1993; NIOSH 2011): trimethylamine is sampied
from workplace air by adsorption onto a solid sorbent, followed by solvent extraction,
and separation/determination by GC-FID. Details of the method are shown in Table 3.

Table 3: Sampling and analytical method for monitoring airborne trimethylamine.

Sorbent Desorption | Analysis Desarption | LOD/LOQ | Air Red.
solution efficiency wolume/
(%) samgling
rate
10% Matanel . GC-FID &89 o5 0L a O JOSHA
ohosphenic acd | desonized ; vmn 1593
coated  XAD-T | water (1:1) -02 (Mawmum
ute Wixat2
jmin)
» | Activated Cwonized lon 570 LOD0=005 40 L a 03 | B83A
carbontubes water chromatograchy mg/m’ Jmn 7853
S3 ORS00 77, LOQ=0.2
sulfuric a0d mg/m*

6.2. Internal exposure/biomonitoring of exposure

BLVs have not been developed or implemented yet, noc are biomonitoring methods
availabie at present for trimethylamine.

7. HEALTH EFFECTS

7.1. Toxicokinetics (absporption, distribution, metabolism, excretion)
7.1.1. Human data

TMA occurs naturally in human body fluids. It can be produced in the body during the
metabolism of e.g. choline or L-carnitine by the gut flora and can also be ingested with
food (especially by consumption of fish) (Bain et al. 2005, Greim 2004).

After external exposure, the absorption of TMA by the oral route is almost complete,
based on the amount of the compound excreted in the urine of volunteers (Al-Waiz et al.
1987, Lundh et al. 1995). The major route of metabolism is N-oxidation to TMA oxide. At
higher doses, low amounts of TMA may be demethylated to dimethylamine (DMA) (Greim
2004). Aner single oral doses of up to 570 mg/kg bw of TMA hydrochioride (600 ma/kg
bw of TMA) to humans, the compound was almost quantitatively excreted in the urine
(Al-Waiz et al. 1987). TMA is readily absorbed from the gastrointestinal tract and
excreted in urine within 24 hours (TMA 86%). The main metabolic pathway is N-
oxygenation by a flavin-containing Mono-oxygenase and excretion as trimethylamine-N-
oxide (TMAO; Lundh et ai., 1995). Moreover, some evidence suggests formation of
endogenous TMA.

Passage across human skin has been investigated employing excised skin dircles in an in
vitro diffusion cell apparatus {(applied concentrations correspending to 0.1, 1 and 10 mg
per 0.32 cm” free base, applied as the hydrochioride). The in vitro penetration rate of
TMA in excised human skin was 0.98, 9.21 and 92.7 pg/cm’/hmr. respectively. Within
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24 hours, 5 % of all applied deses penetrated the skin. Small but detectabie amounts of
TMA oxide were formed during the percutaneous passage (Kenyon et al. 2004).

7.1.2. Animal data

The texicokinetics of TMA in animals are similar to those in humans. The substance is
efficiently absorbed after oral exposure and metabokised to TMA oxide and traces of DMA.
TMA is cleared from the biocd more rapidly than TMA oxide (Nnane and Damani 2001).
ARter a single oral administration of TMA (15 mg/kg bw TMA hydrochioride) to various
strains of rats, BD-86 %% was excreted in urine and 4-6 % in faeces within 24 hours. The
urine contained about 50 % unchanged compound, 45 % TMA oxide (N-oxidation) and 3
% DMA. Faeces contained mostly unchanged TMA and only traces of TMA oxide (Al-Waiz
and Mitchell 1991).

The in vitro penetration rate of TMA in excised rat skin (applied concentrations
corresponding to 0.1, 1 and 10 mg per 0.32 cm2 of free base, applied as the
hydrochloride) was 3.4, 58.3 and 265.0 pg/cm2/hour, respectively. Within 24 hours, 21
% of the applied dose penetrated the skin at ali doses. Smail amounts of TMA oxide were

formed during the percutanecus passage (Kenyon & al. 2004).

7.1.3. In vitro data

7.1.4. Toxicokinetic modelling

7.1.5. Biological monitoring

Among the general population (n = 9-12), the mean TMA background concentrations in
gastric juice, saliva, blood and urine have been found to be 118 pg/l, 183 pg/l, 7‘5ng|
and 715 pg/l, respectively (Zeisel et al. 1988). People with hyperthyroidism have
restricted TMA oxidation capacity, so their TMA concentration in blood and urine s higher
than in heaithy subjects. Patients with uraemia have elevated TMA levels in blood (2-18
mg/l) and in urine. Elevated urine levels (and excretion of TMA via respiration and sweat)
have aiso been found in subjects with trimethylaminuria, a condition caused by reduced
capacity for oxidation of TMA to TMA oxide due to an autosomal recessive defect in the
flavin-containing monooxygenase form 3 (FMO3) or secondary mechanisms (Bain et al.
2005, Cashman et al. 2003). No adequate data on correlations between extemnal
exposure and intemal burden were available.

7.2. Acute toxicity
7.2.1. Human data

The majority of human data cited in summaries are older case reports which revealed no
toxic effects following single or repeated oral doses of up to 2.3 g TMA hydrochioride (ca.
20 mg/kq bw of TMA) administered to volunteers or patients. A higher doses, subjects
compiained of a fish-like odour of the breath, sweat and urine (ACGIH 2004, BIBRA
1993). One study reported the occurrence of gastric pain, vomiting, diarrhoea and
excitation after oral administration of 300-600 mg TMA (Lewin 1929), but this is in
conflict with the resuits of other case studies. Another study documented the occurrence
of nausea in a volunteer aftér ingestion of 15 mg/kg bw (NOAEL 2.5 mg/kg bw) (Calvert
1973).
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7.2.2. Animal data

The 4-hour LCS0 for rats was determined to be more than 5900 mg/m> (>2400 mi/m=;)
and 3500 mi/m3, respectively (Kinney et al.1990), and for mice 10 300 mg/m3 (4 187
ppm) after 4 hour exposure (Koch et al, 1980). Oral LD50 values were in the range of
397-820 mqg/kg for rats (XCIPC 2002, ECHA Registration Dossier 2014). In mice, the oral
LD50 was 1 039 ma/kg bw, given as 1| 680 mqg/kg bw TMA hydrochioride. The dermal
LD50 in rats of a 45 % solution of TMA was > 5 000 mg/kg bw (AIHA 2005). Toxic
symptoms at high concentrations were laboured breathing, inactivity, convulsions,
irritation of mucous membranes, nasal and oral discharge, lack of auditory response and
central nervous excitability (BIBRA 1993, Henschier 1983).

Oral application of 1 000 mg/kg bw produced vomiting and diarrhoea in dogs. The same
dose caused vomiting, paralysis and death in pigs. Loss of appetite, anorexia, salivation,
hypothermia and accelerated heart rate were reported in dogs expesed to single oral
doses of 100 or 200 mg/kg bw of TMA (BIBRA 1993).

The effects of singie and repeated exposures to TMA were investigated in rats (Kinney et
al. 1990) (see also Section 7.3.2). In the acute exposure study, male Cri:CD{SD)BR-rats
were exposed for single 4-hour periods to 2 000 or 3 500 ppm TMA. The rats were
observed daily for 14 days, at which time the surviving rats were sacrificed (without
pathologic examination). Three of six rats died following exposure to 3 500 ppm while no
deaths occurred following exposure to 2 000 ppm. All groups exhibited red nasal
discharge and irritation of the nasal cavity and turbinates.

7.2.3. In vitro data

7.3. Specific Target Organ Toxicity/Repeated Exposure
7.3.1. Human data

Inhalation exposure of workers, usually exposed below 5 ppm (8-hour TWAS, range 0.1-
8 ppm; 0.25-19.7 mg/m’) produced no toxic effects observable by routine medical
examinations (See also Section 7.4.1). No additional details were provided (AIHA 2005).
High TMA concentraticns of 940 ppm and more than 2 000 ppm (together with DMA)
have been measured in former times during the unicading of fishing boats. The
fishermen frequently complained about discomfort of the eyes, eczema and nNervous
disorders. Eye contact to liquid or gases from putrefying fish produced irritation,
reddening and greyish comeal opadty. The occurrence of nervous disorders in this
context is attributed not only to TMA but aiso to concurrent exposure to other toxic
substances (Greim 2004). Nonetheless, cases of diseases, which result in elevated TMA
levels in blood (uraemia, hyperthyroidism), are known to be assodiated with neurotoxic
symptoms (Henschler 1983).

The most sensitive endpoint associated with some structurally related tertiary ethyl
amines is visual disturbance, including blurred vision after exposures to TEA and N, N-
dimethylethylamine, but this has not been locked for in the studies of TMA exposure
(Greim 2004). This effect has not been reported for TMA.
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7.3.2. Animal data
7.3.2.1 Inhaiation

Groups of Sprague-Dawley rats (10/sex) exposed whole-body for 4 hours to 2 440 ppm
TMA (2 570 ppm nominal) had irrequiar respiration and nasal discharge during and one
day after treatment (BASF AG 1979). None died during the 14-day study. No effects were
seen on animal body weight, measured on study days 0, 7 and 14, and necropsy of all
animals revealed no toxic effects. Further study details were not available. These study
results were inconsistent with the body of the TMA data, i.e. much lower toxicity was
seen at the given test concentration than in other studies.

Rotenberg and Mashbits (1967) studied TMA inhalation exposure in a2 7-month chronic
experiment. Two groups of animals (12 maile white rats/group) were exposed
5 hours/day to TMA at 10.4 ppm (25.0 mg/m3) or 31.0 ppm (75.0 mg/m3). Male rats
from a third group were used as control. During exposure, air samples were taken 34
times a day and TMA levels determined. Excitation and aggressiveness were manifested
for 3—4 weeks after the beginning of the experiment. During the first exposure month,
diarrhoea was observed the first 2-3 hours of each expesure. Lymphocyte counts
decreased and the number of neutrophiis increased in rats from the 31-ppm group
beginning from the 4th exposure month onwards. No statistically significant differences
between experimental and control groups were revealed when the following data were
analysed: body weight, oxygen consumption, emission of carbon dioxide, protein
fractions in the bicod, antitoxic function of the liver (Quick’s — Pytel’s Test), and the
threshold for nervous and muscular excitability. Patho-morpheoiogical studies showed that
animais from the 31-ppm group exhibited bronchopneumonia and haemorrhage in the
pulmonary tissue with destruction of interalveolar septa, and isciated haemorrhage in the
fiver, kidneys and spleen. Analogous, though less marked, changes were also observed in
the animals of the 25-mg/m> (10 ppm) group. Further details of the study are not
available.

The effects of single (Section 7.2.2) and repeated exposures to TMA were investigated in
rats (Kinney et al. 1990). In the repeated exposure studies, male Cri:CD(SD)ER rats
were exposed to 75, 250 or 750 ppm TMA for 6 heours per day, 5 days per week for 2
weeks and were sacrificed after exposure or after a 14-day recovery period.
Determinations were made regarding body weight, clinical pathology (urine and biood
samples), and histopathology. Rats exposed to 750 ppm exhibited significantly reduced
bady weights; significantly increased blood erythrocytes and neutrophils; significantly
reduced lymphocyte, leukocyte, and platelet numbers; significantly increased serum urea
nitrogen, protein and creatinine; distended alvedli; inflamed or necrotlic tracheae; and
reduced auditory response. The nasal irritation was characterised by cedema, and focal
degeneration/regeneration in the cifactory and respiratory epithelium was related to
exposure concentration; this was not reversible within the l4-day recovery period
allowed. Irritation was also found in othér sactions of the respiratory tract of rats
exposed to 750 ppm since the wachea was inflamed and necroticc, and mid
emphysematous changes were noted in the lung immediately after ten exposures. These
findings in the trachea and the lungs were not seen after 14 days of recovery with no
additional exposures. At 250 ppm, erythrocyte counts were significantly increased,
retuming to normal in the recovery period. The other haematological and serum
parameters were similar to those in the control group. The irritancy at 75 and 250 ppm
was less marked and was restricted to the nasal mucosa. Degenerative changes in the
nasal oifactory and respiratory mucosa were reversibie at 75 ppm by the end of the 2-
week recovery period, but not at 250 or 750 ppm. A no-observed-effect level for TMA
under these test conditions was not determined, aithough the nasal effects seen at
75 ppm were minimal and not seen after a recovery period of 14 days with no additional
Exposures.

A limited reported study (Trubko and Tepliakova 1981, dted in ACGIH 2004, Henschier
1983) found effects after inhalation exposure of rats to 10 or 31 ppm TMA (25 or
75 mg/m’, 5 hours/day, 7 months). During the first months of exposure, the animals
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were aggressive and had diarrhoea. AL the end of the study, they showed damage to
lungs, liver, kidneys and spleens. (ACGIH 2004, Henschler 1983).

.3.2.2. Oral exposure

In a brief summary (details not provided) (JCIPC 2002), an unpublished rat screening
test on reproductive/develcpmental toxicity (according to OECD guideline 422) is
described. Rats (13 of each sex) were orally exposed to 8, 40 or 200 mg/kg bw/day for
42 days (males) or from 14 days before mating to day 4 of lactation (females). There
were no effects in the FO generation after oral exposure to doses up to 40 mg/kg bw/day
for 42 days. Doses of 200 ma/kg bw/day caused clinical signs of toxicty (stridor,
temporary salivation), increased mortality {two males and one female died in the 200-
mqa/kg bw group), decreased body weights and decreased food consumption. Pathological
examination, reported with no further details described, revealed inflammation,
uliceration and hyperplasia of the gastrointestinal tract. No other organs were affected.
The no observed adverse effect level (NOAEL) for systemic toxicity of TMA was
considered to be 40 mg/kg bw/day in males and females.

Amoore et al. (1978) exposed rats to TMA in the diet at doses of about 250, 480 and
1000 mg/kg bw/day for up to B4 days. After B4 days of exposure to 1000 ma/kg bw/day,
there were gross and microscopic changes in seminal vesicles and prostate. Fourteen
days of exposure to 480 mg/kg bw/day caused reduced growth. No effects on
haematology, urinalysis and no histological alterations were found in rats given about
250 mg/kg bw/ day TMA by feed for up to 84 days. Incomplete data reporting makes this
Study unsuitabie for risk assessment (Greim 2004).

7.3.2.3. Dermal exposure

No studies of repeated dermal exposure were availabie.

7.3.3. In vitro data

7.4. Irritancy and corrosivity

7.4.1. Human data

odour threshoids of TMA are in a broad range of 0.00011-0.87 ppm (0.00026-
2.1 mg/m3). Amoore and Hautala (1983) reported a geometric mean of existing odour
thresholds (omitting extreme values) of 0.00044 ppm (0.0011 mg/m3) with a wide
standard deviation. None of the values was considered acceptable by AIHA (2005) due to
unclear experimental protocols.

Odour and nasal lateralisation thresholds of several substances incduding TMA were
determined by van Thriel et al. (2006) using single snilf exposures of varying
concentrations. Series of twenty 280 mi glass bottles were filled with the chemicais by
different, ascending dilution steps. By sniffing the headspaces from two bottles
simuitaneously, subjects were confronted with different concentrations of the respective
chemicals. The sequence of the presentation of the substances was randomised across
the subjects and the odour threshold was always measured before the lateralisation
threshold in a separate run. Data were derived from 144 non-smoking subjects (male
and female). The experiment demonstrated a median odour threshold of 0.26 ppm
(0.16 ppm for males, 0.36 ppm, for females, p = 0.03), with a 25th percentile of
0.04 ppm. The median lateralisation threshold was 612 ppm and the 25th percentile
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284 ppm. All sniffing boltle concentrations were verified by different analytical
techniques.

TMA is irritating to the human respiratory tract, skin and eyes. AIHA (2005) reported that
TMA concentrations in the range 0.1-8 ppm were measured in industrial rooms during 8-
hour workdays, with most 8-hour TWAS < 5 ppm. “Routine medical and biological
monitoring™ (not described) revealed no toxic effects in these workers. In this limited
report, it was not stated whether any irritation occurred at 0.1-8 ppm, but "“moderate”

upper respiratory irritation occurred at = 20 ppm (exposure time not specified). No
additional details were provided.

A concentrated solution produced severe burning and reddening of the human skin.
Petechial haemorrhages under the skin developed even when this solution was washed
off within minutes after application. The exposed area remained tender for 1-2 hours,
and slight desquamation occurred (ACGIH 2004, BIBRA 1993).

Two daily ocdusive exposures (30 min each) on 4 consecutive days to 1.5 % TMA did not
irritate the skin of 20 volunteers (Fluhr et al. 2005).

A probably minimal exposure of the human eye to TMA during an accident caused cormeal
epithelial sloughing. Healing followed within 4-5 days (ACGIH 2001, BIBRA 1993).

7.4.2. Animal data
74.2.1. Skin

TMA as a 45 % solution caused severe burns to rabbit skin (BASF 1979).

7.4.2.2. Eyes

The application of 1 % TMA (one drop every 2 hours, 4 times) to the rabbit eye produced
severe conjunctivitis, keralitis and comeal opacity. One drop of S % TMA caused
haemorrhagic conjunctivitis and oedema of the comea with opacity of the parenchyma
(Friemann et al. 1959).

7.4.2.3 Respiratory tract

The RDS0 (concentration that reduce the respiratory rate by 50 %) values derived from
animal bicassays may be used for scaling the irritating properties of airborne chemicals
with sensory irritation as the critical effect. The bicassay is termed the Alarie test. Shaper
et al. (1993) found 2 strong correlation (R = 0.78) between the TLV and RDSO0 for 89
chemicals and the relationship writes: TLV~0.03 x RD50. Gagnaire et al. (1989) exposad
male Swiss-OF1 mice to a series of aliphatic amines and reported similar RDS0 values for
TMA and DMA (61 and 70 ppm, respectively), whereas the RDS0 of triethyiamine (TEA),
DEA, methylamine and ethylamine were higher (156, 202, 141 and 151 ppm,
respectively). It also has to be taken into account that sensory irritation, in general, has
a steep concentration-response relationship (Nielsen et al. 2007).

Kinney et al. (1990)reponedirmaﬂondmeremmmdrats(hweraerma

epithelial degeneration and squamous metaplasia), following repested exposurs by
inhalation to concentrations of 75 ppm (185 m/mB)(seeaboSecﬁon732)
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There are no /0 vilro data on irritancy and corrosivity.
7.5. Sensitisation

7.5.1. Human data

There are no data on sensitisation in humans.
7.5.2. Animal data

Sensitisation tests in animals == not available.
7.5.3. In vitro data

There are no 0 vilro data on sensitisation.

7.6. Genotoxicity
7.6.1. Human data

Human data on genotoxic effects are not available.
7.6.2. Animal data

Animal data on genotoxic effects are lacking.
7.6.3. In vitro

TMA was not mutagenic when tested in Saimonefla typhimurium (TAS7, TASS, TA100,
TA1535 and TA1537) with or without metabolic activation (AIHA 2005). Another study
confirmed these negative results in various strains of Salmoneila and also in Escherichia
coli WP2 (3CIPC 2002). However, chromosomal aberrations were induced in Chinese
hamster lung celis in vitro with or without metabolic activation (JCIPC 2002). The
effective concentrations (= 296 pg/mi without and > 473 pg/mi with metabolic activation)
caused a shift of the pH of the culture medium o values > B, so that the increase in
chromosomal aberrations might have been evoked by this change in pH (Greim 2004).

7.7. Carcinogenicity
7.7.1. Human data

Human data on the carcinogenic effects of TMA are not available, although there is some
concern about the formation of cardnogenic nitrosamines resulting from 2 reaction of
TMA, TMA oxide or DMA with nitrite (Bain et al. 2005, Greim 2004). In vilro and in vivo
studies showed the conversion of DMA to N-nitrosodimethylamine in gastric juice in the
presence of nitrite (Choi et al. 2002, Zeisel et al. 1988). However, the endogenous
demethylation of TMA to DMA, which is the relevant substance for the formation of
nitrosoamines is quite small. Nevertheless, owing to the influence of varying exposures
to nitrite and other factors in food (e.g. vegetables, fruits or green tea) (Choi et al
2002), a possible risk of this effect cannot be evaluated at present.
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7.7.2. Animal data

No data on carcinogenic &ffects in animals are available.

7.8. Reproductive toxicity
7.8.1. Human data

No human data on reproductive or developmental effects are available.
7.8.2. Animal data

7.7.2.1. Fertility

No effects on reproduction in rats were found after oral exposure to doses up lo
200 mg/kq bw/day in an unpublished screening test on reproductive/developmental
toxicity (according to OECD guideline 422) (JCIPC 2002) (see Section 7.3.2).

ARter oral exposure of rats to about 1 000 mg/kg bw/day of TMA by feed for 84 days,
gwwmiawmmmmwv&dawmammm,mma
lower doses of 480 mg/kg bw/day for 14 days or 250 mg/kg bw/day for B4 days (Amocre
et ai. 1978).

7.7.2.2. Developmental toxicity

No deveiopmental effects were found in the offspring of rats exposed orally to doses up
to 200 mg/kg bw/day in an unpublished screening test on reproductive/developmental
texicity (according to OECD guideline 422) (JCIPC 2002) (see Section 7.3.2).

TMA was administered intraperitoneally at doses of 0, 60, 150, 300 and 450 mg/kg
bw/day to mice on days 6-15 of gestation. No signs of toxicily were seen in the mice
given TMA at doses up to 150 mg/kg bw/day. At 300 mg/kg bw/day, there was a
decrease in foetal body weight and postnatal body weight gain was reduced. At
450 mqg/kg bw/day, the body weight of dams and the litter size were reduced. Postnatal
reductions of brain DNA and protein content as well as decreased serum lestosterone
levels were evident in the offspring of the high dose group (Guest and Varma 1993).

In ancther mouse study by the same authors (Guest and Varma 1993), TMA was
administered intraperitoneally at 0, 15, 60, 150 and 300 mg/kg b.w./day to pregnant
animais on days 1-17 of gestation; the group sizes comprised 4-11 dams. The dams and
foetuses were examined on day 18 of gestation. There was no decrease in body weight of
the dams at 300 mg/kg b.w./day, but 5 dams died. The foetal body weight decreased at
2150 mg/kg b.w./day and a decrease in foetal survival was ocbserved at 300 mg/kg
b.w./day. However, no visceral or skeletal anomalies were observed.

7.7.2.3. Inhalation

No data on reproductive toxicity by inhalation studies are available.
7.7.2.4. Oral

See7.7.2.1and 7.7.2.2

7.7.2.5. Dermal
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7.B.3. In vitro data

Thare are no further @ witro data available.

7.9, Mode of action and adverse outcome pathway considerations

Trimethylamine stimulates the sensory rigeminal nerve endings, causing fadal and aye
irritation, and also cauwses respiratory ract epithefial damage from a dired toxic effect.

F.10. Lack of specific scientific information

8. GrouPs AT EXTRA RISK

No group at extra rick had bean identifiod.

Page 23 of 30




39 Grunnlag for fastsettelse av grenseverdi for trimetylamin

QEUREC/17S Trimathylamine

n
B
Q

9. REFERENCES

ACGIH [American Conference of Govermnmental Industrial Hygienists] (2004).
Trimethytamine. In: Threshoid limit values for chemical substances and physical
agents and biclogical exposure indices. American Conference of Governmental
Industrial Hygienists, 2004, Cincinnati, OH.

ACGIH [American Conference of Governmental Industrial Hygienists] (2012). Appendix B.
ACGIH Threshold Limit Values (TLVS) and Biclogical Exposure Indices (BEIs).
Based on the Documentation of the Threshold Limit Values for Chemical
Substances and Physical Agents & Biological Exposure Indices.

AIHA, American Industrial Hygiene Association (2005). Trimethylamine. In: Workpilace
environmental exposure level (WEEL). American Industrial Hygiene Association,
Fairfax, VAL

Al-Waiz M, Mitchell SC, Idie JR, Smith RL (1987 d) The relative importance of N-oxidation
and N-demethylation in the metabolism of trimethylamine in man. Toxicology 43:
117-121.

Al-Waiz M, Mitchell SC (1991). The fate of trimethylamine in the rat. Drug Metabol Drug
Interact 9:41-48.

Amoore JE, Gumbmann MR, Booth AN, Gould DH (1978). Synthetic flavors:
and safety factors for sweaty and fishy odorants. Chemical Senses 3:307-317,
cited in BIBRA 1993,

Amoore JE, Hautala E (1983). Odor as an 2aid to chemical safety: odor thresholds
compared with threshold Emit values and volatilities for 214 industrial chemicals
in air and water dilution. J Appl Toxicol 3:272-290.

Bain MA, Formasini G, Evans AM (2005). Trimethylamine: metabolic, pharmacokinetic and
safety aspects. Curr Drug Metab 6:227-240.

BASF AG (1979). Bericht Gber die Bestimmung der akuten Inhalationtoxizitat (LCS0) von
Trimethylamin als Gas. Data obtained from IUCLID 2004 for trimethylamine.

BEK (2011) Bekendtgereise om 2ndring af bekendtgerelse om graensevasrdier for stolfer
og materialer, BEK nr 1134 af 01/12/2011 (Gasidende), Ministerium:
Beskzaeftigelsesministeriet Journalinummer: Beskaeftigeisesmin, Arbejastisynet,
J.nr. 201 10071« Denmark.

BGFA, Berufsgenossenschaftiiches Forschungsinstitut fir Arbeitsmedizin (2004). BGFA-
Jahresbericht 2004. Institut der Ruhr-Universitst Bochum. www.bgfa. ruhr-uni-
bochum._de/pdf/jabe0401 .paf.

BIBRA, The British Industrial Biclogical Research Association (1993). Toxicity profile
trimethylamine and its hydrochioride. BIBRA Toxicology Intermational, Great
Britain.

Calvert GD (1973). Trimethylaminuria and inherited Noonan’s syndrome. Lancet 1:320-
321, cited in BIBRA 1993.

Cashman JR, Camp K, Fakharzadeh SS, Fennessey PV, Hines RN, Mamer OV, Mitchell SC,
Preti G, Schienk D, Smith RL, Tjoa SS, Williams DE, Yannicelli S (2003).
Bicchemical and clinical aspects of the human fMavin-containing Monooxygenase
form 3 (FMO3) refated to trimethylaminuria. Curr Drug Metab 4:151-170.

Choi SY, Chung MJ, Sung NJ (2002). Volatile N-nitrasamine inhibition after intake Korean
green tea and Maesil (Prunus mume SIEB. et ZACC.) extracts with an amine-rich

diet in subjects ingesting nitrate. Food Chem Toxicol 40:549-957.

Clayton G.B., Clayton F.E., eds (1994) Patty’s Industrial Hygiene and Ti

Toxicology. 4th ed. NY, NY: John Wiley and Sons Inc., 1993-1994._ p. 1115

DFG [Deutsche Forschungsgemeinschaft] (2016) MAK- und BAT-Werte-Liste. MAK Value
Documentation for Trimethyfamine in German language, 2016

Page 24 of 30




40 Grunnlag for fastsettelse av grenseverdi for trimetylamin

Accessed 2016 03 lS

DFG [Deutsche Forschungsgemeinschaft] The MAK Collection for Occupational Health and
Safety MAK Value Docmtentation I‘or Trime(hy!amme, 1983 Tmmyiam-m

Accessed 2016.04.13

EC [European Commission] 2004 Commission Decision relating to a proceeding under
Article 81 of the EC Treaty and Article 53 of the EEA Agreement (Case COMP / E-2
/ 37.533 - Chaline Chioride). Commission of the Eurcpean Communities. Beusseis,

{ Accessed 2016.04.12
ECHA Beief Profile. Accessed 2016.04.12.

ECHA Website. Accessed 2016.03.16. http://echa europa.eu/substance-information/ -
[substanceinfo/100.000.796

ECHA, European Chemical Agency (2014). hitp://echa.europa.eufinformation-on-
chemicals/registered -substances (accessed October 9, 2015).

Fluhr JW, Kelterer D, Fuchs S, Kaatz M, Grieshaber R, Kleesz P, Elsner P (2005). Additive
impairment of the barrier function and irritation by biogenic amines and sodium
lauryl sulphate: a controlled in vivo tandem irritation study. Skin Pharmacol
Physiol 18:88-97.

Friemann W, Overhoff W, Wolter JR (1959). [Eye diseases in the fishing industry.] Arch
Gewerbepathol Gewerbehyg 17:1-56, dted in Henschler 1583.

Gagnaire F, Azim S, Bonnet P, Simon P, Guenier 1P, de Ceaurriz ] (1989). Nasal irritation
and pulmonary toxicity of atiphatic amines in mice. ] Appl Toxicol 9:301-304.

Graedel T.E. (1978) Chemical Compound in the Atmopshere. NY, NY: Academic Press

Greim H (1996). Gesundheitsschadliche Arbeitsstoffe, Toxikologisch-arbeitsmedizinische
Begrindungen von MAK-Werten, Loseblattsammiung, 22. Lfg. DFG, Deutsche
Forschungsgemeinschaft, VCH Verlag Weinheim.

Greim H (2002). Gesundheitsschadliche Arbeitsstoffe, Toxikologisch-arbeitsmedizinische
Begrindungen von MAK-Werten, Loseblattsammiung, 34. Lfg. DFG, Deutsche
Forschungsgemeinschaft, Wiley-VCH Verlag, Weinheim.

Greim H (2004). Gesundheitsschadiiche Arbeitsstoffe, Toxikologisch-arbeitsmedizinische
Begrindungen von MAK-Werten, Loseblattsammiung, 38. Lfg. DFG, Deutsche
Forschungsgemeinschaft, Wiley-VCH Verlag, Weinheim.

Guest 1, Varma DR (1993). Selective growth inhibition of the male progeny of mice
treated with trimethylamine during pregnancy. Can ] Physiol Pharmacol 71:185-
187, cited in Greim 2004 and ECB 2000.

Henschler D (1983). Gesundheitsschadiiche Arbeitsstoffe, Toxikologisch-arbeits-
medizinische Begrindungen von MAK-Werten, Loseblattsammiung, 9. Lfg. DFG,
Deutsche Forschungsgemeinschaft, VCH Verlag Weinheim.

HS [Heaith and Safety| (2013) Weorkpiace Exposure Standards and Biological exposure
Indices Effective from February 2013 7th Edition. The Ministry of Business,
lnnovauon and Empioyment, New Zealand.

HSA [Heaith and Safety Autherity] (2011) 2011 Code of Practice for the Safety, Health
and Weifare at Work (Chemical Agents) Regulations 2001 (S.I. No. 619 of 2001),
Heaith and Safety Authority, Ireiand

Page 25 of 30




41 Grunnlag for fastsettelse av grenseverdi for trimetylamin

Ntp: //www.hsa iefeng/Publications_and Forms/Publications/Chemical_and Hazar
dous_Substances/Code_of Practice Chemical_Agent Requiations 2011.pdf

HSE [Health and Safety Executive] (2002) EH40 (Second edition, Health and Safety
Executive (HSE), UK. hitp://a-a.co.kr/downiocads/TON/ionscience. pdf

HSE, Health and Safety Executive (2000). Control of substances hazardous to heaith
reguiations 1999. Proposal for maximum exposure limits, and occupational
exposure standards. http://hse.gov.uk/consult/condocs/cd157 . pdf (accessed April
2006).

IFA, Institut fir Arbeitsschutz der Deutschen Gesetziichen Unfaliversicherung (2015)
GESTIS - International limit values for chemical agents, DGUV, IFA, Sankt
Augustin, Germany. hMip: //Emitvalye ifa dguv de/. Accessed 2016.03.15

INRS (2012) Vaileurs limites d'exposition professionnelle aux agents chimiques en France,

Institut National de Recherche et de Sécurité (INRS), France,
Lo //www.inrs.fr/media htmirefINRS= ED%20984

INSHT [Instituto Nacional de Seguridad e Higiene en el Trabajo] (2011). Limites de
Elm pro(saonal para agents m.-mlcns en Espa\a Spﬁ“\.

IRSST [Institut de Recherche Robert Sauvé en Santé et en Sécurité du Travail] (2010)

Québec, Canada. htp://www.irsst.qc.ca/en/laboratories/references-
tools/workplace-air-contaminant/ substance/i/S55

Jarvinen P, Engstrom Rithimaki V, Ruusuvaara P, Setals K (1999). Effects of experimental
exposure to triethylamine on vision and the eye. Occup Environ Med 56:1-5.

ICIPC, Japanese Chemicals Investigation Promoting Council (2002). Chemical toxicity

database. http://drad. nihs.go.jp/mhiw_data/home/fle/fle75-50-3.ntmi (accessed
February 2014).

KB (2002) [Koninklijk Besiuit - Royal Decision ] (2002) Revised version valid for after July
2014. Koninklijk besiuit van 11 maart 2002 betreffende de bescherming van de
gezondheid en de veiligheid van de werknemers tegen de risico’s van chemische
agenba op het werk, Belgium.

Kenyon S, Carmichael PL, Khaiaque S, Panchal S, Waring R, Harris R, Smith RL, Mitchell
SC (2004). The passage of trimethylamine across rat and human skin. Food Chem
Toxicol 42:1619-1628.

Kinney LA, Burgess BA, Chen HC, Kennedy GL (1990). Inhalation toxicology of
trimethylamine (TMA). Inhal Toxicol 2:41-51.

Koch F, Mehiheen G |, Kliche R |, Lang R (1980) Wiss. Z. Karl-Marx-Univ. Leipzig, Math.-
Naturwiss. Reihe 29: 463

Lewin L (1929). Gifte und Vergiftungen. Georg Stilke-Veriag Berfin p. 477.

Lundh T, Akesson B, Skerfving S (1995). Effect of dietary intake of trimethylamine on
human metabolism of the industrial catalyst dimethylethylamine. Occup Environ
Med 52:47B-483.

MHSFA [Ministry of Health, Social and Ministry of Family Mairs] (2000) 25/2000. (DL
m)EfﬁsmuegymsMamunhahelyek iai biztonsagardl,
Hungary. hitp:  ( L N I

MSAH [Ministry of Social Affairs and Heaith] (2012) HTP-varden 2012. Koncentrationer
som befunnits skadliga. Social- och halso vardaministesiets publikationer 2012:6,

Page 26 of 30




42 Grunnlag for fastsettelse av grenseverdi for trimetylamin

Finiand. http://www.ttk fi/files/2610/STM 2012 6 HTP SWE web.pdf. Accessed
2016.03.15.

Nielsen GD, Wolkoff P, Alarie Y. Sensory irritation: Risk assessment approaches. Requl
Toxicol Pharmacol 2007; 48: 6-1B.

Accessed 2016.03,16

NIOSH [US National Institute for Occupaticnal Safety and Health] (2016) NIOSH
Publications & Products. Immediately Dangerous To Life or Health (IDLH).
Chemical Listing and Documentation. Immediately Dangerous to Life or Heaith
Concentrations (IDLH). Trimethylamine.
bitp: //www cde goviniosh/npg/npgdD636 himi Accessed 2016.02.10

Nnane IP, Damani LA (2001). Pharmacokinetics of trimethylamine in rats, including the
effects of a synthetic diet. Xenobiotica 31:749-755.

OML [Ontario Ministry of Labour] (2013) Current Occupational Exposure Limits for
Ontario Workplaces Required under Regulation 833, Canada.
http://www labour.gov.on.ca/english/hs/pubs/oel _table.php

O'Neil, M. ed. (2006) The Merck Index - An Encycdiopedia of Chemicals, Drugs, and
BMCAIS Whitehouse Station, NJ: Merck and Co., Inc., p. 1668

OSHA, Occupational Safety and Health administration (1993). Methed PV 2060
NEtps://www.csha.gov/ dts/site/methods/partial/ pv2060/2060._htmi
(accessed February 2014).

Rotenberg YS, Mashbits FD (1967). On the toxic action of trimethylamine at low
concentrations. Gig Tr Prof Zabol 11:26-30.

Smith DA (ed.) (2010). Metabolism, pharmacokinetics, and toxicity of functional groups:
impact of the building blocks of medicinal chemistry in ADMET. Royal sodety of
chemistry. Royal society of chemistry.

Sutton W (1959). As cited in Patty’s Industrial Hygiene and Toxicology, 2™ Ed. 1963,
cited in AIHA 2005.

SUVA [Schweizerische Unfallversicherungsanstait] (2016) Grenzwerte am Arbeitsplatz
2015. MAK-Werte, BAT-Werte, Grenzwerte fir physikalische Einwirkungen
Switzeriand S:f/extra.suva.ch/suv, download/(1a

SWA [Safe Work Australial (2011) W =
contaminants date of affect: 22 December 2011, Australia.
www _safeworkaustralia.gov_au/sit WA/ abou ca

39& orkplace Exposure Standards for Airborne Contaminants.pdf

TOXNET HSDS [TOXicology Data NETwork - Hazardous Substances Databank] National
Institutes of Heaith hitps://toxnat nim. nih gov/cgi-
bin/sis/search2/r7abs+ hsdb: @term + SDOCNO = 808

Trubko EI, Tepliakova EV (1981). [Hygienic standardization of trimethylamine in reservoir
water | [Article in Russian] Gig Sanit 8:79-80.

Page 27 of 30




43 Grunnlag for fastsettelse av grenseverdi for trimetylamin

an Thriel C, Schaper M, Kiesswetter E, Kleinbeck 5, Juran 5, Blasrkewicz M, Fricke H-H,
Altmann L, Berresheim H, Brining T (2006). From chemosensory threshobds to
whole body exposures-experimental approaches evaluating dchemosensory affects
of chemicals. Int Arch Oocup Environ Health 79:308-321.

Zeisel 5H, da Costa KA, LaMont JT [198B). Mong-, di- and trimethylamine in human
gastric  fluid: potential subsirates for niresodimethylamine formation.
Carcinogeneasis 9:179-181.




44 Grunnlag for fastsettelse av grenseverdi for trimetylamin

HOW TO OBTAIN EU PUBLICATIONS
Free publications:

* ONE COPY:
via EU Bookshog [hitp: //bookshap. europa.eu),

mare than one copy of poSters, Mmaps:

Tfrom the EIJI'I'.'IPEB'I Umion's represaniatons [(hip: /e surspa . e/ repressnt 'E'l'l.hl‘.l"l'l};
from the delegations in nan-EU countries

[P/ eeas eurnpa. e/ delegations/index_en_htrm);

by contacting the Eurcpe Direct service (hitp://europa.eu/europedirect/index_en_htm )
@r calling 00 800 6 7 89 10 11 (fresphone number from anywhere in the EU) (*).

%] The informaiion ghasn i fres, 25 3 most clls (though Some: cpsrators, phone boses oF hobss mawy
charge youl.

Priced publications:
» via EU Bookshop (hitp: //bockshop. europa_eu).
Priced subseriptions:

& yia one of [he sales EIQE'ITE all the Publications OMice of the Eurspean Union
[http: /fpublications_eurapa_ew/ others/agents/index_en_htm).




45 Grunnlag for fastsettelse av grenseverdi for trimetylamin

§ Publications Office IESN: 978-92-79-66627-8

don: 103767 f4A0655




www.arbeidstilsynet.no



