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

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

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

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

Beslutningsprosessen skjer gjennom droftingsmoter der Arbeidstilsynet, Naringslivets
hovedorganisasjon/Norsk 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
nitrogenmonoksid. Innholdet bygger spesielt pa anbefalinger fra Scientific Committee on Occupational
Exposure Limits (SCOEL) i EU for nitrogenmonoksid (vedlegg 1), samt vurderinger og kommentarer
fra Toksikologisk Ekspertgruppe for Administrative Normer (TEAN).

1. Stoffets identitet

Nitrogenmonoksid (NO) og dets molekylformel, synonymer av stoffets navn, stoffets
identifikasjonsnummer i Chemical Abstract Service (CAS-nr.), European Inventory of Existing
Commercial Chemical Substances (EINECS-nr. og/eller EC-nr.) og Indeks-nr. der disse er kjent er gitt
i tabell 1. Strukturformel av nitrogenmonoksid er vist 1 figur 1.

Tabell 1. Stoffets navn og identitet.
Navn Nitrogenmonoksid
Molekylformel NO
Synonymer Mononitrogenmonoksid, nitrogenoksid
CAS-nr. 10102-43-9
EC-nr. 233-271-0
L |

Figur 1. Strukturformel av nitrogenmonoksid.

2. Fysikalske og kjemiske data
Nitrogenmonoksid er en fargelos, giftig og ikke brennbar gass.

Det vises til tabell 2 for fysikalske og kjemiske data for nitrogenmonoksid.
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Tabell 2. Fysikalske og kjemiske data for nitrogenmonoksid (NO).

Molekylvekt (g/mol) 30,005

Fysisk tilstand (20 °C, 101.3 kPa): Gass

Smeltepunkt (°C) -163,6

Kokepunkt (°C) (101,3 kPa): - 152

Omregningsfaktor (20 °C, 101 kPa) 1 ppm = 1.25 mg/m’,
1 mg/m’ = 0.802 ppm

2.1 Forekomst og bruk
Nitrogenmonoksid er en gass som dannes bl.a. i forbrenningsmotorer. NO er ikke en irriterende gass,
slik som NO; er. NO oksideres lett til nitrogendioksid i nervaer av oksygen og i yrkesmessige

situasjoner forekommer derfor ofte begge gassene, med noe hoyere NO konsentrasjon.

NO produseres for bruk i fremstillingen av salpetersyre som inngar i syntesen av nitrogengjodsel. NO
anvendes ogsa 1 helsesektoren som medisinsk gass.

3. Grenseverdier

3.1 Navaerende grenseverdi

Navarende grenseverdi (8 timer) i Norge for nitrogenmonoksid er:
25 ppm, 30 mg/ m’, med anmerkning E (EU har fastsatt grenseverdi for stoffet), fastsatt i 1978.

3.2. Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOEL foreslar for nitrogenmonoksid i sitt kriteriedokument fra
2014:

IOELV (Indicative Occupational Exposure Limit Value) (8 timer): 2 ppm, 2,5 mg/m’.
I direktiv 2017/164/EU er det gitt en utvidet implementeringsfrist for de foreslitte grenseverdiene til
karbonmonoksid, nitrogenmonoksid og nitrogendioksid for bransjene gruvedrift under jord og tunnel

virksombet. Innforing av de nye grenseverdiene skal skje senest 21. august 2023 og dagens grenseverdier
er i mellomtiden gjeldende i disse bransjene.

3.3. Grenseverdier fra andre land og organisasjoner

Navarende grenseverdier for nitrogenmonoksid fra andre land og organisasjoner er gitt i tabell 3
nedenfor.
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Tabell 3. Grenseverdier for nitrogenmonoksid fra andre land og organisasjoner. Land og
organisasjoner som ikke har grenseverdier eller korttidsverdier for nitrogenmonoksid er markert med -.

Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
Sverige! 25 ppm, 30 mg/m3 50 ppm, 60 mg/m? | 1990

V - Veiledende korttidsverdi
Vigledande korttidsgrinsvirde ska
anvindas som ett rekommenderat
hogsta virde som inte bér 6verskridas.

Danmark? 25 ppm, 30 mg/m3 - E betyder, at stoffet har en EF-
graensevardi.

Finland? 10 ppm, 12,5 mg/m> | - 2015

Stotbritannia* - - -

Nederland® - 0,25 mg/m?> -

ACGIH, USA®¢ 25 ppm, 31 mg/m? - BEIy Methemoglobin Inducers

NIOSH, USA¢ 25 ppm, 30 mg/m? - -

Tyskland, MAK® 0,5 ppm, 0,63 mg/m?3 [1(2) Gijelder korttidsverdi:

1(2) - Overskridelsesfaktor

D Enten finnes det ingen data
for en vurdering av skade pé
embryo eller foster eller sa er
tilgjengelige data ikke
tilstrekkelig for klassifisering i
en av gruppene A-C.

Tyskland, Myndighetene’ |2 ppm, 2,5 mg/m? - 5/2016
EU
2(1I) Overskridelsesfaktor

! Arbetsrml]overkets Hygieniska grinsvirden AFS 2015:7,

2 At- Ve]ledmng, stoffer og materialer - C.0.1, 2007, https://arbej dstlls net.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 NETTI.pdf .

4+EHA40 andre utgave, 2013, http://www.hse.gov.uk/pubns/priced/eh40.pdf
5http://www.ser.nl/en/oel database.aspx;
http://www.ser.nl/en/grenswaarden/2%20butyne%201%204%20diol.aspx

¢ Guide to occupational exposure values compiled by ACGIH, 2017.

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

900.pdfijsessionid=439FFF321 DE2323EGOF868CDOSEICD3A.s1t2?  blob=publicationFile&v=2

3.4. Stoffets klassifisering

Nitrogenmonoksid er ikke klassifisert i henhold til CLP Annex VI (Forordning EC No 1272/2008),
tabell 3.1 (Liste over harmonisert klassifisering og merking av farlige kjemikalier).
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3.5 Biologisk overviaking

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

SCOEL fremmer ikke et forslag til biologisk grenseverdi for nitrogenmonoksid.

4. Toksikologiske data og helseeffekter.

4.1. Kommentarer fra TEAN

SCOEL:s kriteriedokument er fra 2014 med siste litteratursek gjennomfert i desember 2013. Nyeste
studie referert til i SCOEL-dokumentet er fra 2010. Det er ogsa referert til publiserte retningslinjer, den
siste fra 2012. TEAN har i tillegg til SCOEL-dokumentet gjennomgatt kriteriedokumentet utarbeidet
av MAK fra 2010 (ogsa gjennomgatt av SCOEL). MAK har valgt a sette en midlertidig grenseverdi for
NO i pavente av at mer passende dyre- og humanstudier blir tilgjengelig. Den midlertidige
grenseverdien for NO er satt lik grenseverdien for NO2 (0.5 ppm).

NO reagerer med oksygen og danner NO2. Begge gassene forekommer som regel i kombinasjon. NO
forekommer ogsa endogent hvor den fungerer som et signalmolekyl i ulike type vev. NO har en rolle 1
en rekke fysiologiske prosesser som for eksempel sentralnervesystemet og immunsystemet. NO brukes
ogsa klinisk fordi den forer til avslapning av glatt muskulatur i dreveggen (vasodilator). Dette er ogsa en
effekt man ser ved akutt eksponering for hoye konsentrasjoner. NO er ikke en irriterende gass, slik som
NO2 er. NO har kort halveringstid; ved inhalering av NO vil NO elimineres raskere enn det oksideres
til NO2.

SCOEL angir ikke kritisk effekt direkte, men baserer grenseverdien pa studier av gruvearbeidere hvor
det er gjennomfort malinger av lungefunksjon. Akuttoksiske effekter angis som dannelse av
methemoglobin (metHb) ved eksponering for hoye konsentrasjoner av NO.

For repetert eksponering over lang tid tas det i SCOEL-dokumentet utgangspunkt i
dyreeksponeringsstudier hvor det kritiske endepunktet er lungeskade. Dyrestudiene viser effekter ved
ulike konsentrasjoner (fra 0.5 ppm). Studiene viser ogsa variasjoner mellom ulike arter (rotter og
hunder).

I folge SCOEL reflekterer ikke dyrestudiene en yrkeseksponeringssituasjon, fordi det er gjennomfort
utvidet eller kontinuerlig eksponering. SCOEL har derfor angitt grenseverdi basert pa humane studier.

Yrkeseksponering for NO forekommer alltid 1 kombinasjon med andre komponenter og det er
yrkesstudier som brukes som grunnlag til ny grenseverdi. Det er derfor vanskelig a skille effekten av
enkeltforbindelser fra hverandre og dette gjor fastsettelsen av grenseverdi for NO utfordrende.

SCOEL tar utgangspunkt i to store, relativt nye, studier for 4 angi grenseverdi. Dette er de samme
studiene som har dannet grunnlaget for grenseverdi for NO2. Den ene studien har undersokt
langtidseffekter hos steinkullgruvearbeidere. Her ble det ikke funnet noen klar sammenheng mellom
cksponering og negative effekter pa lungefunksjon. Studien inkluderte ogsa arbeidere som var hoyt
eksponert, slik som dieselmaskin- og diesellokomotivferere. Gruvearbeiderne var eksponert for
gjennomsnittlige konsentrasjoner pa 0.58 ppm NO, mens dieselmaskin- og diesellokomotivforerne var
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eksponert for gjennomsnittlig 1.35 ppm NO (Morfeld et al 2010). I den andre studien ble det vist
effekter ved 1.7 ppm og 1.4 ppm NO hos saltgruvearbeidere ved to ulike saltgruver (Lotz et al 2008),
men denne studien klarte ikke 4 skille ut effekter forarsaket av andre komponenter. SCOEL stotter seg
til Morfeld et al 2010 for 4 angi NOAEC for relevante yrkeseksponeringsforhold pa 2.5 ppm.

For korttidseksponering baserer SCOEL seg pa kontrollerte humane eksponeringer. Eksponering for
40 ppm 1 10 min, eller 1 ppm i 2 timer viste ingen negative effekter i kontrollerte humane
eksponeringsforsek. Basert pa lav human akuttoksisitet, og at NO ogsa har en klinisk bruk (behandling
av nyfedte med pulmonal hypertensjon) sa anser ikke SCOEL det nedvendig med en korttidsverdi.

TEAN har ikke funnet relevante data som bestrider vurderingene i SCOEL-dokumentet.

5. Bruk og eksponering

5.1. Opplysning fra Produktregistret

Data fra Produktregisteret er innhentet oktober 2016.
Det er funnet opplysninger om mengde og bruk av nitrogenmonoksid i deklareringspliktige produkter

innhentet fra Produktregisteret. Pa grunn av sikkerhetsbestemmelsene i Produktregisteret kan vi ikke gi
eksakte opplysninger om hvilke bransjer og til hvilket produkt nitrogenmonoksid brukes.

5.2. Eksponering og maledokumentasjon

Yrkeseksponering kan blant annet forekomme under produksjon og bruk av NO, fra eksosgasser fra
bensin- og dieselmotorer, ved sprengningsarbeid, under sveising- og skjarings prosesser, hvor
salpetersyre brukes i metall behandling og ved legging av silo da NO oppstar etter biologisk nedbryting.
5.2.1. EXPO- data

Rapporterte malinger av nitrogenmonoksid er hentet fra STAMIs eksponeringsdatabase EXPO.
Eksponeringsmalinger av nitrogenmonoksid registrert i EXPO er utfort i perioden 1984 til 1993.
Resultatene viser totalt 61 prover. Fordi eksponeringsmalingene er av eldre dato ansees de ikke for 4
vare representative for dagens eksponeringsbilde i norske bedrifter.

5.2.2. Provetakings- og analysemetode

I tabell 4 er anbefalte metoder for provetaking og analyser av nitrogenmonoksid presentert.

Tabell 4. Anbefalte metoder for provetaking og analyse av nitrogenmonoksid.
Provetakingsmetode Analysemetode Referanse
SORBENT TUBES (oxidizer + 2 Vis absorption NIOSH 60142
triethanolamine-treated molecular sieve) | spectrometry!

1 Synlig absorpsjons spektrofotometti
2 https://www.cdec.gov/niosh/docs/2003-154/pdfs/6014-1.pdf
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6. Vurdering

Toksikologiske data for nitrogenmonoksid (NO) er beskrevet i SCOEL-dokumentet i vedlegg 1, og
kommentert av STAMI (TEAN) i kapittel 4.

Det er ikke angitt en kritisk effekt for eksponering av NO, men SCOEL angir akuttoksiske effekter
som dannelse av methemoglobin (metHb) ved eksponering for heye NO konsentrasjoner.
Methemoglobin transporterer ikke oksygen.

SCOEL tar utgangspunkt i dyrestudier for gjentatt eksponering over lang tid hvor det kritiske
endepunktet er lungeskade. Disse dyrestudiene er gjennomfert ved kontinuerlig eksponeringer over
lengre tid enn det som er normalt for en arbeidssituasjon, og viser variasjoner mellom ulike dyrearter.
SCOEL har derfor angitt en grenseverdi utelukkende basert pa humane studier.

Ved yrkeseksponering forekommer NO og NO, sammen og i tillegg andre stoffer som stov og
dieselpartikler. Dette gjor det er vanskelig 4 fastsla effekten forarsaket av de enkelte komponentene i
eksponeringen.

SCOEL tar utgangspunkt i de samme to studiene som grunnlag for a foresla en grenseverdi for NO og
NO:; da begge gassene som regel forekommer i kombinasjon. Den ene basert pa langtidsstudier hos
steinkullgruvearbeidere (Morfeld et al 2010)' og den andre basert pa saltgruvearbeidere (Lotz et al
2008)* Basert pa Morfeld et al 2010 studien anslir SCOEL en NOAEC (No Observed Adverse Effect
Concentration), en verdi der man ikke ser effekter av NO eksponering, pa 2,5 ppm for yrkesmessige
forhold som grunnlag for sitt forslag til en grenseverdi pa 2 ppm.

NO er ikke en irriterende gass, slik som nitrogendioksid (NOy) er og har en svart lav akuttoksisk effekt.
SCOEL anser derfor det som ikke nodvendig med en korttidsverdi noe som stottes av TEAN.

Fordi eksponeringsmalingene registrert i eksponeringsdatabasen EXPO er av eldre dato vurderes
dagens eksponeringer for nitrogenmonoksid i norske bedrifter som usikker. Det er allikevel grunn til 4
anta at det vil vere utfordrende for norske bedrifter 4 overholde en sa stor reduksjon som den
foreslatte grenseverdien representerer.

7. Konklusjon med forslag til ny grenseverdi

Pa bakgrunn av den foreliggende dokumentasjon forslds at dagens grenseverdi senkes og at anmerkning
E (EU har fastsatt grenseverdi for stoffet) opprettholdes. I tillegg foreslas at en fotnote innfores.

Forslag til ny grenseverdi, korttidsverdi, anmerkning og fotnote:
Grenseverdi (8-timers TWA): 2 ppm, 2,5 mg/m’
Anmerkning: E (EU har fastsatt grenseverdi for stoffet)

Fotnote:
Enkelte bedrifter vil av teknisk-okonomiske arsaker ikke kunne overholde grenseverdiene. Det er disse
bedriftenes ansvar a dokumentere et forsvarlig arbeidsmiljo. Det forutsettes at bedriften(e) har en plan
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for reduksjon av eksponering og at man kan vise lavere verdier over tid. Arbeidstilsynet,
ansattrepresentanter og verneombud skal konsulteres og informeres om arlige planer og oppnadde
resultater.

8. Ny grenseverdi

Pa grunnlag av droftinger med partene og heringsuttalelser ble ny grenseverdi for nitrogenmonoksid
fastsatt til:

Grenseverdi (8-timers TWA): 2 ppm, 2,5 mg/m’
Anmerkning: E (EU har fastsatt grenseverdi for stoffet)

Fotnote:

Enkelte bedrifter vil av teknisk-okonomiske arsaker ikke kunne overholde grenseverdiene. Det er disse
bedriftenes ansvar a 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 arlige planer og oppnadde
resultater.

For bransjene gruvedrift under jord og tunnel virksomhet gjelder folgende grenseverdi for
nitrogenmonoksid frem til 21. august 2023:

Grenseverdi (8-timers TWA): 25 ppm, 30 mg/m’

Anmerkning: E (EU har fastsatt grenseverdi for stoffet)
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Emplayment,
SC0FL Recommendation on Nitrogen Monaxide

Social Affairs & Inclusion | m Euirapean
Camrmisslan

Recommendation from the

Scientific Committee on Occupational Exposure Limits

for Nitrogen Monoxide

B-hour TWA:
STEL {15-min):
BLV:

2 ppm (2.5 mg/m°)
Mot applicable (see Recommendation)

Additional categorisation: -
Notation: Not applicable

This Recommendation is based on compilations by WHO (1997), DFG (2010) and the
MNational Research Coundil of the Mational Academies (2012). An additional literature
search was performed in December 2013,

1. Substance identification, physico-chemical properties

Mame: Nitrogen monoxide

Synonyms: Nitric oxide, mononitrogen monaxide
Molecular formula: MO

Structural formula:

EC Mo.: 233-271-0

CAS No.: 10102-43-9

Molecular weight: 20 g/maol

Boiling poink: -152°C

Melting point: -163°C

Conversion factors: 1 ppm = 1.25 mg/m°

(20°C, 101.3kPa)

1 mg/m? = 0.8 ppm

EU harmonised dlassification: Not cdassified.

2. Occurrence/use and occupational exposure

The main source of the gas into the gemeral atmosphere is from combustion
processes. Nitrogen monoxide (NO) is oxidised to nitrogen dioxide (NO:) in the
presence of oxygen and the rate of reaction is proportional to the NO concentration.
Therefore, in ocoupational situations both gases are mostly encountered together, with
higher concentrations of NO than of NO,.

MO is manufactured for captive consumption in the production of nitric acid for use in
the synthesis of nitrate fertilisers. It iz also used in nitration reactions and as a
respiratory stimulant in hospital intensive care therapy.

Occupational exposure to NO can arise during its production and subsequent use, or
where it is produced adventitiously as a product of incomplete combustion of fossil
fuels, for example in motor wehicles (Diesal and petrol fuels) and in power stations
(coal). Adventitious exposure also occurs during welding and cutting processes,
following explosions, during the use of heating appliances and during the heating of
cooking cils, food etc. Furthermore, exposure to NO occurs where nitric acid is used in

ke 2014 3

VET 4

16



Emplayment, Social Affairs & Inclusior | m Eurapean
SCOEL Recommendalion on Mtrogen Monoxide Cormmission

metal treatment. It also occurs following the biclogical breakdown of silage (DFG
2010).

As NO has found clinical application as a vasodilator (see Section 3.2.1), health care
workers might be exposed in dinical situations at levels of some ten ppb (Lindwall =
al 2006).

2.1. Analytical measurement

There are different methods for the measurement of airbome NO (electrochemical cell,
chemoluminescence). The lowest detection limit (LDL) is reached by wuwsing
chemoluminescence. Chemoluminescence measurements are considered to represent
the "gold standard” of NO/NO; analysis (LDL: 0.002 ppm; Dahmann et al 2007 and
2003).

3. Health significance

NO acts as a diffusible messenger molecule in various tissues. Mathematical meodels
allow the condusion that NO (released from a point source for some seconds) can
passively diffuse about 200 pm in biclogical systems. It has a very rapid half-life of
0.5-5 seconds (Wood and Garthwaite 1994).

Unlike NOz, NO is not an irritant gas. No major role is attributed to an oxidation of
inhaled NO into NO; in the lungs since, after inhalation, NO is eliminated faster than it
is oxidised (Mercer 1953}

Whereas emphysema-like alterations are the main acute toxic effects of NO,,
wvasodilatory effects and, at high concentrations, methaemoglobin (MetHb) formation,
are observed in the case of NO. This also confirms different modes of actions of thess
nitrogen oxides. Therefore, both nitrogen oxides must be evaluated separately.

In animal studies, both NO and NO, induced pulmonary alterations with lesions of type
I cells and cilia-bearing epithelial cells, which were replaced by less sensitive cells sudh
as type II cells. Both substances also led to inflammatory symptoms, which were
caused by cellular damage mainly resulting from oxidative stress (WHO 1997).

Since NO is endogenously formed in humans, NO is measured in the respiratory tract
and exhaled air. The NO concentration is 0.008-0.02 ppm in hesalthy persons,
according to analysis by gas chromatography/mass spectrometry (Gustafsson et al
1991, Heutelbeck =& al 2007).

3.1. Toxicokinetics

3.1.1. Human data

There were no studies on dermal absorption of NO.

After exposure to NO at 0.32—4.88 ppm, 8592 % was absorbed by humans at normal
respiration and 91-93 % was absorbed after physical exercise (WHO 1997).

In one study, & male volunteers (aged 30-38 years and weighing 67-106 kg) inhaled
MO at a concentration of 100 ppm for 3 hours. Comiparison of the inhaled and exhaled
MO concentrations led to a pulmonary retention of &4 %. A mean absorption rate of
0.49 £ 0.02 ml/min was calculated. This corresponds to a rate of 0.61 mg/min using
the ideal gas volume (Young of al 1994). Accordingly, a cumulative inhalation of
109.8 mg NO results from an NO absorption rate of 0.61 mg/min (at 100 ppm) after a
3-hour exposure.

ke 2014 4

VET 4

17



Emplayment, Social Affairs & Inclusior | m Eurapean
SCOEL Recommendalion on Mtrogen Monoxide Cormmission

More than 70 % of the inhaled NO was excreted by adults in the urine in the form of
nitrate. Nitrate was eliminated from the plasma via the kidneys at a rate that almost
commesponds to glomerular filbration [Mational Research Councl of the National
Academies 2012},

3.1.2. Animal data

In rats, 90 %, 60 % and 20 % of the inhaled NO concentration was absorbed after
exposure to about 170, 330 and 1 080 mgfm?* (138, 270 and 880 ppm), respectively.
The relative decrease in absorption has been attributed to an exposure-induced
dedine in respiration (WHO 1997). In dogs that had been exposed to wehicle exhaust,
732 % of the contained NO was discharged through the nasopharynx as compared to
S0 % of the contained NO;. As in the case of NO;, the terminal airways were the
target organs, NO being even less soluble in water than NO;. In this way, even greater
amounts reach the pulmonary region, where NO may then diffuse into the blood and
react with hasmoglobin (WHO 1997). In a metabolism study in rats, about 55 % of
the radicactivity was excreted in the urine after a 123-minute exposure to
radioactively labelled **NO at 143 ppm (Yoshida and Kasama 1987).

3.1.3. Biological monitoring
There is no method for biological monitoring of NO.

3.2. Acute toxicity

3.2.1. Human data

The effects of single exposure to NO in humans have been investigated in a number of
experimental studies including detailed investigations into potential effects on airway
resistance, pulmonary gas exchange and pulmonary and systemic wvascular tone
(Mational Research Councl of the National Academies 2012). Reviews on the
therapeutic use of NO in patients with acute respiratory distress syndrome have been
presented by Manktelow ot al (1997) and Troncey et al (1997a.b). In relation to
effects on airway resistance, at the highest concentration tested (20 ppm for 10
minutes), no changes occurred (Hégman et al 1993). Howewer, NO significanty
reduced the bronchoconstriction induced by an external bronchoconstricting agent
(methacholine). Hence, the effects of NO on the airways appear to depend on the
existing state of ainway smiooth muscle tone. Similarly, no effects occurred on vascoular
tone in either the pulmonary or systemic circulation at up to the highest concentration
tested, 40 ppm for up to 10 minutes (Frostell et af 1993). However, when the
pulmonary vasculature was in a state of vasoconstriction (as induced by hypoxia), the
wvasoconstriction was reversed, indicating a vasodilatory effect of NO. Therefore, the
effects of NO on smooth muscde tone, whether bronchial or vascular, depend on the
pre-existing state of constriction.

There is no evidence for effects on pulmonary gas exchange following a single
exposure for up to 40 ppm NO for up to 10 minutes in humans. There are one or two
instances in the literature of findings of a statistically significantly lower value for one
of several pulmonary function parameters measured in volunteers exposed to NO at
lower concentrations than this, i.e. below 40 ppm (von Nieding et al 1973, Kagawa
1982). Some minor effects were reported in volunteers exposed for 2 hours to 1 ppm,
which appear to be quantitatively and biolegically insignificant (Kagawa 1982). This
view is supported by WHO (1997), having considered the overall database available
for NO.
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Among the limited number of single exposure studies available in humans, there is
evidence for a small NO induced increase in MetHb formation. At the highest
concentration of NO tested (80 ppm), MetHb levels increased from 0.4 % to 0.6 %
(Hagman =t al 1992). An increase of such magnitude is not of dinical significance. In
relation to subjective symptoms, none have been reported in any of the single-
exposure studies available with exposures up to 80 ppm (National Research Council of
the National Academies 2012).

The MetHb levels caused by NO inhalation were also investigated in 1 female and 4
male healthy persons (aged 30-36 years) after a 3-hour inhalation of NO at 32, &4,
128 and 512 ppm (Young =t al 1994). Mean maximum MetHb levels reached under
these inhalation conditions were 1.04 %, 1.75 %, 3.75 % and .93 %, respectively.

3.2.2. Animal data

MetHb formation is the main effect after acute exposure to NO, followed by effects on
the central nervous system. The studies on acute toxicity after inhalation exposure are
summarised in detail by DFG (2010).

Although acute lethality data in experimental animals are available for NO, these
derive from early studies in which the exposure atmospheres are likely to have
contained a substantial amount of NO,, which would have contributed to the boxicity
produced. Overall, no reliable information from animal studies concerning substantial
toxicity or lethality related to single exposure, or effects relating to imitancy and
sensitisation have been identified for NO {WHO 19597). It has been supposed, based on
old and limited acute studies (Gray 1959), that NO was only about one fifth as toxic as
NO; (dted by ACGIH 2001). However, there is no firm database to support this ratio.

3.3. Irritancy and corrosivity

There were no data available for local effects on skin or mucous membranes.

3.4. Sensitisation
There were no data available for allergenic/sensitisation effects.

3.5. Repeated dose toxicity
3.5.1. Human data

In terms of the effects of repeated exposure in humans, the vasodilating property of
MO is used clinically in the treatment of hypertension in the new-bom. Babies with
persistent pulmonary hypertension of the new-bom (PPHN) can be continuously
exposed to up to 20 ppm NO for up to 14 days, to alleviate this condition. However,
although this strongly points to only low toxicity of NO, there is no basis on which the
known consequences of this dinical use can be extrapolated to predict the likely
impact of workplace exposures, potentially spread over a working lifetime of many
years, in adults {(DFG 2010).

In a nitrogen fertiliser factory, 322 workers were exposed to various concentrations of
NO (= 1.1 mg/m?, mr‘rEpunding3bu = 0.9 ppm), NOz (= 1.3 ma/m°, corresponding to
= 0.65 ppm), NO;~ (= 0.2 mg/m’) and NH; (= 2.8 mg/m®). The workers were divided
into groups depending on exposure at the workplace. The serum MetHb level and
nitrate, urea and coreatinine concentrations were measured and compared with a
control group outside the factory. The highest serum nitrate levels ocourred in workers
who were exposed to high nitrate and ammonia concentrations. The serum creatinine
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level comrelated with the concentrations of NO (r = 0.87; p = 0.05) and NO3™ (r =
0.84; p < 0.05). No comrelation between the serum urea concentration and exposure
to any substance in the inhaled air was established in any group. The MetHb level was
highest among workers who were exposed to nitric add and nitrate and thus to the
highest NO concentration (Giroux and Ferrieres 1998), but the level of maximally
0.52 % was in the normal range. The nitrogen oxides were measured in the air by

means of molecular absorption spectrophotometry.

More recently, two larger epidemiclogical studies have been performed in miners: by
Lotz et af (2008) in German salt mines, and by Maorfeld =t al (2010) in German hard
coal mines., The analytical part of the first study was published by Dahmann et af
(2007}, and that of the second study by Dahmann et af (2009). The first study (Lotz
et al 2008) in salt mines was accompanied by a multtude of analytical measuremients,
covering 600-700 shift mean walues in total. This data base allowed a very precise
statistical analysis of the distribution of shift exposures: the 95" percentile of 8-hour
shift data was slightly higher than the two-fold of the mean, both for NO and for NO;.

The generation of a comparable body of analytical data was not possible in the coal
mine study (Morfeld e al 2010). The main reason for this deficit of the coal mine
study was that the chemoluminiscence instruments did mot fulfil the wery strict
explosion safety requirements for underground coal mines. This led to relatively few
analytical measurements reported in the coal mine study (e.g. 21 in Diesel locomiotive
drivers, 5 in blasting workers). Howewer, on the basis of the pre-existing knowledge
(Dahmann and Monz 2000, Dahrmann of al 2007) it was anticipated that the general
data distribution pattern of analytical data for NO/NO; in coal miners would be similar
to those found in salt miners.

Lotz ot al [2008) examined 410 and 463 miners (salt mines A and B) cross-
sectionally; 75 and &4 % of the first cohort were again examined after a S-year
period. Exposure was measured by personal sampling. Personal lifetime exposure
doses of salt dust, Diesel exhaust, NO: and NO were calculated for all miners. Dose-
response relationships were calculated by multiple regression analysis. In the 5-year
period, the adjusted (age, smoking etc.} effect of the exposure indicators resulted in a
mean decrease of FEVW; between -18 mlfyear (mine A) and -10 ml/year {mine B). The
personal concentrations related to this effect were 12.6 and 7.1 ma/m? inhalable dust,
2.4 and 0.8 mg/m? respirable dust, 0.09 and 0.09 mg/m?® Diesel exhaust, 0.4 and 0.5
ppm MO, and 1.7 and 1.4 ppm NO (mines A and B). Exposure was related to
symptoms of chronic bronchitis enly in mine B. The authors concluded that the effects
found in both mines indicated that the prevailing mixed exposure may cause lung
function impairment in salt miners exposed over a long period of time. In this study, it
was not possible to determine the effects of a single exposure component (nitrogen
oxides vs. dust, Diesel exhaust etc.) separately.

This limitation was avoided in the study of hard coal miners by Morfeld =t al (2010) by
use of General Estimation Egquation (GEE) models. This allowed the discrimination of
effects of nitrogen oxides from those of other exposure component varables. A
longitudinal inception cohort study (1974-1998) was conducted on miners who started
working underground at two coal mines between 1974 and 1979. The authors
determined the number of shifts underground, the exposure to coal mine dust, guartz
dust, NO, NO;, smoking behaviours, and the lung function parameters FVC, FEV, and
FEVJ//FVC. In total, 1 369 miners worked on average 2 017 shifts underground per
person. The total mean respirable coal mine dust concentration was 1.89 mg/m?
(quartz: 0.067 ma/m’), and nitrogen oxide concentrations were 0.58 ppm NO and
0.007 ppm NO;. However, the exposure in defined subgroups was consistently higher
(mean 8-hour shift concentrations: Diesel engine drivers, 1.35 ppm NO and 0.21 ppm
NO,; Diesel train drivers, 1.35 ppm NO and 0.52 ppm NO;, blasting specialists, 0.84
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ppm NO and 0.014 ppm NO,; Dahmann et al 2009). The GEE-regression models did
not reveal dear adverse dust exposure effects. Nitrogen oxides combined (NO + NO;)
showed small, statistically insignificant, effects on lung function, which were not
considered as being adverse. It was conduded that nibrogen oxide exposures,
incduding those in the subgroups, showed no adverse influence on lung function in this
long-term longitudinal study.

Regarding the distribution of exposure data, the 95™ percentiles of the 8-hour shift
data (Dahmann et al 2009, Morfeld et al 2010) were slightly higher than the two-fold
of the means, which was supported by the data of the preceding study in salt miners
(Dahmann et al 2007, Lotz ot af 2008).

If the distribution of exposures [95™ percentile of 8-hour shift data slightly higher than
the two-fold of the mean, see above) is taken inte account, the data for the Diesel
engine and Diesel train drivers (Dahmann et al 2009, Morfeld et al 2010) point to a
NOAEC (lung function, chronic exposure) for NO of about 2.5 ppm, under relevant
human workplace conditions.

3.5.2. Animal data

In relation to the effects of repeated exposure, no reliable information was awvailable
concerning the effects in animals of intermittent (6—28 hours per day) repeated
exposures. Howewver, there were studies involving continuous (or approaching
continuous) exposure regimes. In one study in rats exposed continuously for 9 weeks
to a background of 0.5 ppm NO with 2 daily 1-hour peak exposures of 1.5 ppm, light
microscopic examination revealed slight pulmonary structural changes (fenestrations
in the interstitial spaces of the alveclar septa) suggestive of the early stages in the
development of emphysema (Mercer et al 1995), but it seems that these findings
could not be reproduced by continuous exposure to 2 and & ppm of NO (Mercer 1999,
Mercer (1999) reported a follow-up investigation, in which groups of rats (of the same
strain as previously) were exposed continuously to 2 or & ppm NO for & weeks.
Immediately after the end of the exposure period, bronchiclar lavage and detailed
light and electron microscopic examination of the lungs were perfformed. This time, no
increase in alveolar septum fenestrations was seen in NO exposed rats; the
explanation for the discrepancy between the two studies is unknown. In this latter
study, there were no toxicologically significant findings in the bronchiolar lavage.
Morphometric analysis of the histological preparations revealed some proliferation of
alveolar Type II cells at both NO exposure levels, which the author described as a
"proinflammatory™ response; the response was more evident in the higher (& ppm)
EXpOsure group.

An earlier study performed by a different group, involved rats exposed continuously
for & weeks to 0 (controls) or 2 ppm NO (Azoulay et al 1977). Light microscopy of the
lungs from these animals revealed some evidence of "emphysema-like” changes in the
MO exposed animals, relative to the controls. Howewver, the electron microscopic
observations made were inconcusive. The authors conduded that the light microscopy
findings "might result from the exposure to NO". There is also a study in dogs, in
which groups of 10 beagles were exposad to 0 or 1.64 ppm NO (contaminated with
0.14 ppm NO;) for 16 hours per day for 68 months (Hyde 2t al 1978). The dogs were
then maintained for an exposure-free period of 2 years and then sacrificed for lung
histopathology. The results showed that in dogs exposed to NO, there was alveolar air
space enlargement, destruction of alveolar septa and an increase in alveolar pores,
observations indicative of emphysema-like changes. Although a low concentration of
MNO:; was also present, the overall toxicological database on MOz, as evaluated by
WHO, suggests that it would not produce effects on the lung, evident by light
microscopy, at such a low concentration (WHO 1997).
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In contrast to the general patterm of the above findings, no pulmonary structural
changes were found in mice following 22 months of continuous exposure to 2.4 ppm.
Mo histopathological changes were identified in this study in any other crgans and
tissues including the reproductive organs. Continuous exposure of mice to 10 ppm NO
(contaminated with about 1 ppm NO;) for 6.5 months produced lung damage
(increased relative lung weight, hyperaemia and congestion, bronchiclar epithelium
hyperplasia) but no incaease in MetHb formation (Oda ef al 1976). However, the same
author reported four years later that circulating MetHb concentrations of up 15 % can
be achieved following inhalation of 80 ppm (Oda 1980). In the meantime, it has been
demonstrated that the primary reaction of NO exposure is that between haemoglobin
and NO yielding nitrosyl-hasmoglobin (NOHb), a compound that is incapable of oxygen
transport (Oda 1975).

3.6. Genotoxicity

Conceming its mutagenic potential, available data are equivocal (Stepnik 2002). At
cytotoxic concentrations, NO was mutagenic in some bacterial and mammalian cell
assays, such as Salmenealla typhimurium TA 100, Don hamster cells and TK & human
cells (Zhuang et al 2000, Nguyen =t al 1992}, but not in others (Salmonella S05
repair, V79 hamster cells (Victorin 1993 and 1994). There is evidence for its ability to
produce single-strand breaks in DNA (Felley-Bosco 1938). It has been demonstrated
that this gencotoxic activity of NO is not a function of it indudng pH changes (Nguyen
et al 1992}, and several pathways have been discussed (Tamir ot al 1996). In the only
available in vive mutagenicity study, which did not follow a validated test method,
mutagenic changes were found in cells removed from the lungs of rats given a single
3-hour exposure to 27 ppm, but not after exposure to 9 or 19 ppm (Isomura & afl
1984). According to Stopper et al (1993), all available evidence suggests that the
pronounced cytotoxicity of NO and its oxidative metabolites outweighs any genotoxic
potential.

3.7. Carcinogenicity

Mechanistically, both pro- and anti-tumourigenic effects of NO have been discussed
(Stepnik 2002). However, no data of chronic bicassays are available.

3.8. Reproductive toxicity
There were no data available for reproductive toxicity.

4. Recommendation

Genotoxic activity has been seen in some mutagenicity studies in bacteria and
mammalian cells with NO in witro, but not in others (Section 3.6} In the only in vive
study available, mutagenic changes were found in the lung cells removed from rats
following exposure to NO at 27 ppm; no such changes were produced with exposures
to 9 or 19 ppm. This was not a validated study, and the cormrect interpretation to place
on the results is unclear. Howewer, the half-life of NO is very short, and NO is an
endogenous messenger compound that is regulated by a tight homeostasis. In view of
this homeostasis, a threshold for mutagenicity would be likely. In general, it appears
that there is no practical relevance of genctoxic activity of NO at levels of the
occupational exposure limit {OEL) recommended below.
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Unlike MO, NO is not an irritant gas upon acute exposure. Whereas emphysema-like
alterations are the main acute toxic effects of NO., vasodilatory effects and, at high
concentrations, MetHb formation, are cbserved in the case of NO.

Regarding long-term repeated exposure, the aitical endpoint of concern is lung
damage, based on experimental data in animals. However, studies in experimental
animals have employed daily exposure regimes encompassing most or all of the day,
rather than a 6—8-hour period that would be representative of the workplace situation,
and these studies have produced varying results. Studies in rats suggest that NO has
a potential to cause pro-inflammatory or detrimental changes in the lungs with
continuous exposure to 2-6 ppm over a few weeks. An initial finding of fenestrations
in the alveclar septa, microscopic dhanges possibly indicative of the early stages in the
development of emphysema, with twice-daily exposures to 1.5 ppm, each of 1-hour
duration, set against a continuous background of 0.5 ppm, was not reproduced by the
same author in a later study using exposure levels of 2 and & ppm: thers is no
explanation for this. A repeated exposure (16 hours/day) study in dogs exposed to 1.6
ppm NO (with 0.14 ppm NO:) showed evidence of exposure-induced emphysama-like
changes; the level of NO; contamination involved here was too low for it to be
responsible for such changes. There are obvious spedes differences, as mice appear to
be more resistant to these respiratory effects than rats or dogs, with a NOAEC of 2.4
ppm in a lifetime exposure study.

The extent to which the extended or continuous exposure regimes used have
exacerbated the consequences, in comparison with a repeated (6-8 hours/day)
regime, are not determinable from the available experimental data. Hence, an overall
NOAEC for the adverse effects of NO on the lungs of experimental animals is not
available. The results of experimental studies in which rats and mice were
continuously exposed to NO, instead of a repeated regime (6—8 hours/day) cannot be
used to derive a numerical point of departure to assess a recommended OEL for
human working conditions. In any case, it may be expected that a NOAEC for "waorking
conditions" (8-hour time weighted average, TWA) should be consistently higher than
NADEC values found for continuous long-term exposure.

Given this situation, the derivation of a recommended OEL for MO must exdusively
rely on data obtained in humans. Laboratory studies in humans under controlled
short-term exposures to NO have been performed (Section 3.2.1); single exposures to
40 ppm NO for 10 min or to 1 ppm NO for 2 hours did not lead to adverse changes in
lung function tests (bedy plethysmography). This very low human acute toxicty
(compared to NO:) is in line with dinical experience, e.g. in the NO treatment of
newborns with persistent pulmonary hypertension (Section 2.5.1). With this
toxicological profile of NO, there is no requirement for a specified short-term exposure
limit {STEL).

The major problem in deriving a recommended OEL for NO from occupational field
studies is that NO reacts with air to form NO:, which is more toxic than NO due to
local irritation of the pulmonary system. At occupational settings, both nitrogen oxides
occur together, besides other components such as dust or Diesel partides. This
complicates the interpretation of available cccupational field studies, as it is difficult to
determinge the effects of a single exposure component separately.

A suitable basis for deriving a recommendation for an OEL (8-hour TWA) is provided
by a recent longitudinal study (1974-1998) in German coal miners, in which
discrimination of effects of nitrogen oxides was performed using General Estimation
Equation (GEE) models {Morfeld ot al 2010). In this study, underground miners were
exposed to mean NO concentrations of 0.58 ppm (NO;: 0.007 ppm). However, there
were sub-collectives with higher exposures: for Diesel engine drivers and for Diesel
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train drivers, mean exposures were 1.35 ppm NO (NO;: 0.21 and 0.52 ppm,
respectively). These NO, exposures caused no adverse influence on lung function in
the longitudinal long-term study (Section 3.5.1). By contrast, a previous study of the
same group in bwo German salt mines [Lotz et al 2008) with higher mean exposures
(1.7 ppm NO [0.4 ppm NO,] in the 1% mine; 1.4 ppm NO [0.5 ppm NO,] in the 2™
mine) pointed to the possibility of lung function impairment in miners exposed over a
long period of time. However, this study could not dissociate the effects of nitrogen
oxides from those of other variables (dust, Diesel exhaust ete.). If the distribution of
exposures (957 percentile of 8-hour shift data slightly higher than the two-fold of the
mean) is taken into account, the data for the Diesel locomotive and Diesel train
drivers in the coal mine study (Dahmann et al 2009, Morfeld =t al 2010) point to a
NOAEC (lung function, chronic exposure) for NO at relevant human workplace
conditions of about 2.5 ppm. This cenclusion is generally compatible with the results of
the salt mine study.

Therefore, based on experience from human field studies and considering the
"prefarred value approach”™ of SCOEL, an OEL of 2 ppm NO (8-hour TWA) can be
considered to be safe under realistic working conditions. Such a level is seconded by
the available experimental animal data (v.5.), if differences between continuous and
intermittent exposure conditions are considerad. It is also consistent with the proven
low acute human toxicity of NO.

Therafore, SCOEL recommends an OEL for NO of 2 ppm.

There is no requirement for a skin notation.

At the recommended level, no measurement difficulties are foreseen (Dahmann =t af
2007 and 2003).

The present Recommendation was adopted by SCOEL on 11 June 2014,
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