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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 nedvendig av tekniske og/eller okonomiske hensyn,
men landene bor nxerme seg den indikative grenseverdien. Direktivet stiller krav om at indikative
grenseverdier vedtas gjennom kommisjonsdirektiv.

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

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

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

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

Beslutningsprosessen skjer gjennom droftingsmoter der Arbeidstilsynet, Naringslivets
hovedorganisasjon/Norsk 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.



Innledning

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

1. Stoffets identitet

Glyseroltrinitrat (C3HsN300) og dets molekylformel, synonymer av stoffets navn, stoffets
identifikasjonsnummer i Chemical Abstract Service (CAS-nr.), European Inventory of Existing
Commercial chemical Substances (EINECS-nr. el. EC-nr.) og Indeks-nr. der disse er kjent, er gitt i
tabell 1. Strukturformel av glyseroltrinitrat er vist i figur 1.

Tabell 1. Stoffets navn og identitet.
Navn Glyseroltrinitrat
Molekylformel C3H5N309
Synonymer Nitroglyserin, trinitrin
CAS-nr. 55-63-0
EC-nr. 200-240-8
Indeks-nt. 603-034-00-X
0
s
O=n

Figur 1. Strukturformel av glyseroltrinitratl.

! Recommendation from the Scientific Committee on Occupational Exposure Limits for glycerol trinitrate (SCOEL/SUM/

147 January 2011)



2. Fysikalske og kjemiske data

Glyseroltrinitrat er en fargelos til lysgul, viskos vaske. Det vises til tabell 2 for fysikalske og kjemiske
data for glyseroltrinitrat.

Tabell 2. Fysikalske og kjemiske data for glyseroltrinitrat.

Kjemisk formel C3HsN309

Molekylvekt (g/mol) 227,09

Fysisk tilstand Lys gul viskes vaske, eller fast stoff (under 13 °C)

Smeltepunkt (°C) 13

Kokepunkt (°C ved 101,3 kPs)) 218 (explodes)

Loselighet i vann (20 °C) noe loselig (1,25 g/1-1,95 g/1)

Loselighet i andre losemidler loselig i etanol, metanol og benzen, svert loselig i
aceton

Damptrykk ved 20 °C (hPa) 0,0003 hPa* SCOEL: 0,00035 — 0,002 hPa

Damptetthet (ait = 1) (g/cm’) 7,8

Omregningsfaktor (20 °C, 101 kPa) 1 ppm = 9,45 mg/m3 1 mg/m?3 = 0,106 ppm

# Tilfoyelser til SCOEL dokumentet
* http://www.inchem.org/documents/icsc/icsc/eics0186.htm

2.1 Forekomst og bruk

Glyseroltrinitrat brukes i produksjon av dynamitt og andre eksplosiver. Det brukes ogsa i medisinsk
behandling av angina pectoris og heyt blodtrykk.

3. Grenseverdier

3.1 Navaerende grenseverdi

Navarende grenseverdi i Norge for glyseroltrinitrat er: 0,03 ppm, 0,27 mg/m’ med anmerkning H
(hudopptak).

3.2. Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOEL foreslar for glyseroltrinitrat i sitt kriteriedokument fra
2011:

IOELV (Indicative Occupational Exposure Limit Value): 0,01 ppm
STEL (Short Term Exposure Limit): 0,02 ppm som korttidsverdi

Anmerkning: «skiny»


http://www.inchem.org/documents/icsc/icsc/eics0186.htm

3.3. Grenseverdier fra andre land og organisasjoner
Tabell 3. Grenseverdier for glyseroltrinitrat fra andre land og organisasjoner.
Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
Sverige! 0,03 ppm 0,1 ppm Hudopptak, Veiledende
0,3 mg/m> 0,9 mg/m?3 korttidsverdi (1990)
Danmark? 0,02 ppm Takverdi, Hudopptak
0,2 mg/m>
Finland? 0,01 ppm 0,02 ppm Hudopptak (2015)
0,1 mg/m3 0,2 mg/m3
Storbritannia* - - -
Nederland? - 0,05 mg/m?3 Hudopptak
ACGIH, USA® 0,05 ppm, - Hudopptak
0,46 mg/m?
NIOSH, USA¢ - 0,1 mg/m3 Hudopptak
Tyskland, MAKS 0,01 ppm, - Overskridelsesfaktor II (1)
0,094 mg/m? Hudopptak, C (Carcinogen 3b)
Tyskland, Myndighetene’  [0,01 ppm, - Overskridelsesfaktor 1(1I)
0,094 mg/m3 Hudopptak, Y (ikke fatre for
skade pa foster dersom
grenseverdi overholdes)
(2011)

I Arbetsmiljéverkets Hygieniska grinsvirden AFS 2015:7,

oraensevaerdi-for-stoffer-og-mat.

3 Social og hilsovirdsministeriet, HTP-virden, Koncentrationer som befunnits skadliga, Helsingfors, 2016,

http:

varden 2016 Ruotsi 22122016 NETTLpdf .

*EH40 andre utgave, 2013, http:

www.hse.gov.uk/pubns/priced/eh40.pdf

5 http:

www.ser.nl/en/oel database.aspx;

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

7Baua, TRGS 900, oppdatert 201

0, https:

julkaisut.valtioneuvosto.fi/bitstream /handle/10024/79110/STM 9 2016 HTP-

www.baua.de/DE/Angebote/Rechtstexte-und-Technische-

Regeln/Regelwerk/TRGS /pdf/TRGS-

blob=publicationFile&v=2

900.pdf;jsessionid=439FTFTF321DEF2323FE60F868CDOSEICD3A. 5127

3.4.

Stoffets klassifisering

Glyseroltrinitrat er i henhold til CLP Annex VI, tabell 3.1 (Liste over harmonisert klassifisering og
merking av farlige kjemikalier) klassifisert og merket i ulike fareklasser, med faresetninger og koder,

som gitt 1 tabell 4 nedenfor.



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

Tabell 4. Fareklasser, farekategori med forkortelse, merkekoder og faresetninger for glyseroltrinitrat.'

Fareklasse Merkekode Faresetning

Farekategori

Forkortelse

Eksplosive varer H201 Eksplosjonsfarlig; fare for
Undergruppe 1.1 massecksplosjon

Expl. 1.1

Akutt giftighet H300 Dodelig ved svelging

Kategori 2

Acute Tox. 2

Akutt giftighet H310 Deodelig ved hudkontakt
Kategori 1

Acute Tox. 1

Akutt giftighet H330 Dodelig ved innanding
Kategori 2

Acute Tox. 1

Spesifikk malorgantoksisitet — H373 Kan forarsake organskader ved
gjentatt eksponering langvarig eller gjentatt eksponering
Kategori 2

STOT RE 2

Farlig for vannmiljoet H411 Giftig, med langtidsvirkning, for
Kronisk kategori 2 livi vann

Aquatic Chronic 2

1 CLP ((Forordning (EC) Nr. 1272/2008), http:
https://echa.europa.eu/information-on-chemicals/cl-inventorv-database

3.5. Biologisk overvaking

For a vurdere grad av eksponering for forurensning i luften pa arbeidsplassen kan man anvende
konsentrasjonen av forurensningen i arbeidstakerens urin, blod eller 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 glyseroltrinitrat.

4. Toksikologiske data og helseeffekter

4.1. Anbefaling fra SCOEL

EUs vitenskapskomite (SCOEL) har utarbeidet kriteriedokumentajson for glyseroltrinitrat datert januar
2011 hvor de anbefalte en grenseverdi for stoffet lik SCOEL foreslar en 8-timers grenseverdi pa 0,01
ppm. I tillegg foreslar SCOEL en korttidsverdi pa 0,02 ppm, og anmerkning for hudopptak, se vedlegg
1.


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

4.2. Kommentarer fra TEAN

Kriteriedokumentet fra SCOEL er datert januar 2011 og er basert pa gjennomganger av stoffet fra
ACGIH (2001), DECOS (2005), DFG (MAK) (1996 og 2006), ECB (2000) og Rosenblatt et al (1991).

TEAN har i tillegg sokt etter nyere data i TOXNET og funnet oppsummert informasjon om
glyceroltrinitrat utgitt av Glaxo Smith Kline (Safety Data Sheet, 2014) og NIOSH NIOSH Pocket
Guide to Chemical Hazards, 2016). Stoffet har vart brukt 1 medisinsk behandling i flere tiar og de
toksiske egenskapene er relativt godt beskrevet. Ingen nye data er funnet som tilsier at SCOEL-
dokumentet bor endres.

Inntak av glyceroltrinitrat forer til dilatering av blodarevegger. Dette igjen gir fall 1 blodtrykk, som
regnes som den kritiske effekten av eksponering. Effekten kan vare en mer direkte effekt av stoffet pa
involverte enzymsystemer eller indirekte via frigjoring av NO. Bade akutt og langvarig eksponering kan
g1 hodepine og kvalme, trolig med lignende mekanismer. Gjentatt eksponering kan fore til utvikling av
toleranse hvor den vasodilaterende effekten hemmes.

Koeksponering for etylenglycoldinitrat (EGDN) kan forekomme under enkelte typer arbeide hvor det
brukes glyceroltrinitrat, f.ecks ved dynamittproduksjon. Det er pavist okt dodelighet av kardiovaskulere
sykdommer hos hoyt eksponerte i slike bedrifter, men dette er tilskrevet eksponering for EGDN som

har en hoyere flyktighet og hudabsorpsjon enn glyceroltrinitrat.

Glyceroltrinitrat kan virke irriterende pa oyne.

Standard gentoksisitetstester har hovedsakelig vist negative resultater. I dyrestudier er det vist at
glyceroltrinitrat i hoye doser kan indusere tumorer og prencoplastiske lesjoner i lever. Dette er antatt 4
henge sammen med cytotoksiske effekter av stoffet. Glyceroltrinitrat er ikke klassifisert som
kreftfremkallende av NTP (ROC), NIOSH eller i CLP-systemet. Stoffet er uklassifisert i IARC-
systemet, mens MAK klassifiserer det i kategori 3B. Her grupperer MAK stoffer med mangelfull
evidens for klassifisering. SCOEL plasserer stoffet i gruppe C som brukes for stoffer med bare svak
genotoksisk aktivitet: «Genotoxic carcinogens for which a practical threshold is supported».
«International Chemical Safety Cards» (ILO, 2015) og andre lignende faktaark fra ulike institusjoner har
brukt MAKSs klassifisering for stoffet.

Av grunner nevnt ovenfor har glyceroltrinitrat egenskaper som gjor at det i tillegg til 8t -verdien trenger
en grenseverdi for korttidseksponering.

5. Bruk og eksponering



5.1. Opplysning fra Produktregistret

Data fra Produktregisterets er innhentet oktober 2016, og inneholder opplysninger om mengde og bruk
av glyseroltrinitrat i 5 deklareringspliktige produkter. Netto mengde av glyseroltrinitrat i disse
produktene utgjor 19 tonn. Glyseroltrinitrat inngar i produksjon av krutt, pyrotekniske produkter og

andre sprengstoffer. Pa grunn av sikkerhetsbestemmelsene i Produktregisteret kan vi ikke gi eksakte
opplysninger om hvilke bransjer og til hvilket produkt glyseroltrinitrat brukes.

5.2. Eksponering og maledokumentasjon

5.2.1. EXPO-data
Det foreligger ingen maledata for glysroltrinitrat i STAMIs eksponeringsdatabase EXPO.
5.2.2. Provetakings- og analysemetode

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

Tabell 5. Anbefalte metoder for provetaking og analyse av glyseroltrinitrat.

Provetakingsmetode Analysemetode Referanse

Desorpsjon m/ ETOH, GC-

Tenax-ror ECD NIOSH-metode 2507"
Desorpsjon m/ETOH,
Tenax-ror HPLC/TEA OSHA-metode 43°

I www.cdc.gov/niosh/docs/2003-154

2www.osha.gov/dts/sltc/methods /toc.html

6. Vurdering

Den kritiske effekten av glyseroltrinitrat er dilatering av blodérer, noe som kan fore til hodepine,
blodtrykksfall og svimmelhet. Slike effekter er observert ved eksponering for konsentrasjoner ned til
0,11 mg/m’, mens ingen effekter ble observert etter en reduksjon ned til <0,1 mg/m” (0,01 ppm).
Dette er grunnlaget for at SCOEL foreslar en 8-timers grenseverdi pa 0,01 ppm.

I tillegg foreslar SCOEL en korttidsverdi pa 0,02 ppm pa grunnlag at det er dokumentert
irritasjonseffekter ved eksponering >= 0,03 ppm.

Studier har vist at hudopptak utgjor en viktig eksponeringsvei, og kan fore til systemiske effekter.
SCOEL anbefaler derfor anmerkning for hudopptak.

Det foreligger ikke maledata som sier noe om eksponeringsnivéet for glyseroltrinitrat i Norge, og det
finnes lite dokumentasjon fra Produktregisteret om dette stoffet.

10


http://www.cdc.gov/niosh/docs/2003-154
http://www.osha.gov/dts/sltc/methods%20/toc.html

Pa bakgrunn av foreliggende dokumentasjon foreslar Arbeidstilsynet ny grenseverdi for glyseroltrinitrat,
og dette forslaget er i overenstemmelse med SCOELSs anbefaling.

7. Konklusjon med forslag til ny grenseverdi

Pa bakgrunn av den foreliggende dokumentasjon forslds en grenseverdi, en korttidsverdi og
anmerkning for glyseroltrinitrat.

Forslag til ny grenseverdi, korttidsverdi og anmerkning for glyseroltrinitrat:

Grenseverdi (8-timers TWA): 0,01 ppm, 0,09 mg/m’

Korttidsverdi (15 min): 0,02 ppm, 0,19 mg/m’

Anmerkning: H (Hudopptak), S (korttidsverdi), E (EU har en veiledende grenseverdi for

stoffet)

8. Ny grenseverdi

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

Grenseverdi (8-timers TWA): 0,01 ppm, 0,09 mg/m’
Korttidsverdi (15 min): 0,02 ppm, 0,19 mg/m’
Anmerkning: H (Hudopptak), S (korttidsverdi), E (EU har en veiledende grenseverdi for

stoffet)
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Ewopesn Commizzsion
Employmert, Sacal Afair and Inclision
Recommendation fram the Scientfic Commiter oa ODeampaional Expesare Limits for ghycenyl mnirate

Recommendation from the Scientific Committee on
Occupational Exposzure Limits for

glycerol frinitrate (nitroglycerin)

Bight-hour TWA: 0.01 pem [0.0%5 mg/m?)

STEL [15 minutes): 002 ppm [0.19 mgdm3)

Additional classification: 'skin" notatfion

SCOEL carcinogenicity group: C [carcinogen with a practical threshold)
[Biclogical Limit Yalue [BLY): not asigned - see Recommendation section]

Svbstance idenfification

Clycerol trinitrate: o

0—
4

N \'~—q
it
Synonyms: nitroglycerin; glyceryl trinitrate; 1,.2.3-propanetricl trinitrate
EC Moo 200-240-8
Annex 1 Index Mo.: $03-034-00-X
Classification: E; R3 - T+; R2E/27/28 - B33 - M; R51-53
CAS Mo 55-43-0

MWt 227.0%

Conversion factor (20 °C, 101 kPa): 1 ppm = .45 mg/m3; 1 mg/m?3 = 0104 ppm

Thiz evaluation i based an ACGH (2001). ECB (2000), Greim [2004), Greim and Lehnert
[1725]. HCH [2005), Rosenklatt et al. [1971) and the references cited in these reviews.

Phsi . .
Clycercl trinitrate [GTH] is a coloudess to pale yellow, viscous liguid. The beoiling point
of the substance & 218 °C |explodes, decomposition starts at 50 - &0 °C) and the
vapour pressure i 0.00035 - 0.002 hFa at 20 °C. The water sclulpility of GTM is 1.25 - 1.75
a/fl at 20 *C and the log Pow is 1.62 - 1.77. The substance has a density of 1.5%31 gfcm®
(ACGHH, 2001; BECB, 2000; HCH, 2005; Rosenbklatt et al, 1971).
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1. Occurrence/use and occupational exposure

ETH is wsed in the preduction of dynamite and other explosives. It is vsed in rmedicine
for the treatment of angina pectors and hypertension (ACGIH, 2001; HCH, 2005).

2. Health significance

2.1. Toxicokinetics

2.1.1. Humaon daba

Gluantitative data on absorption by inhalation exposure are not availakble. In a stedy
on workers exposed to GTH. dermal absomption was considered fo be more important
than the absorpfion by inhalation. Following oral application. the bioavailakility was
=1% [ocnly wvery low plasma concentrations could be detected). After sublingual
application it was 36%. The actual rate of oral akbsorplion = presumed fo be higher
due to a rapid metabolismm of GTH. 3kin absorpfion in GTN-exposed workers was
demonsirated by elevated concenfrations of glyceral dinitrates [GDMs) in wrine. In
clinical studies, the dermal absorption rate of GTH from patches was 0.5 mgfem?® = d
and fthe bicavailabkility has been estimated to be 68 - F6%. GTH was rapidly
metabolited [within few minutes) to 1.2- and 1,3-GDOM. In addifion fo hepafic
metaboliom, there s relevant exrahepatic mefaboliem (infestine. kidney., vascular
endothelal and muscle cells as well as skin). The metakclites of GTH were excreted in
wrine [Greim and Lehnert, 17948, HCH, 2005].

Maost authors state that hydrolysis releases MO, which stimulates the guanylyl cyclase
of the smooth muscle of the klood vessels, leading to increased concentrations of
cyclic GMP and wascular dilation. GDMzs were excrefed in urine of GTMN-exposed
workers or patients (e.g. Greim and Lehnert, 1974, Greim, 2006, HCH, 2005). Howesver,
Kleschyow et al. [2003) proposes a vasodilatory mechanism without direct involvement
of free MO, because the vascular effect at pharmacological concenirations coccured
without a relevant increase of MO concenfrations in blood vessels.

2.1.2. Animal data

Gluantitative data on akbscrption by inhalation exposure are not availakble. Absorption
by the oral route (in redents, rabbits, dogs and monkeys) was almost complete within
24 h. The dermal absorption rates in rats were 0.6 - 0.9 mgfem? + h [HCH, 2005).

ETH is rapidly metabolised fo 1.2- and 1.3-GDM, glycercl mononitrate [GMHN), glycerol
and MO, the latter possessing vasodilatory properties. After oral GTH exposure of rafs,
GDHs and GMH az well as glycerol were eliminated in wine [40 - 50% of the
administered dose, partially as glucuronide conjugates], and 17 - 33% were exhaled
asz CTO2 within 24 h. Dogs and rabbifs excreted up fo 70% of an administered oral dose
in urine [Greim and Lehnert, 1994; HCH, 2005).

2.1.3. Biological monitoring

GTH itzelf is metabolized within a few minutes and is not an adequate parameter of
internal exposure. Gjesdal et al. [1785) reported blood concentrafions of GTH within a
range of 0.4 - 51% amol/l GTH [5117ng/ml) on two consecutive days at mean
exposures fo 2.3 - 2.7 mg/m? (range 1.0 - 4 mg/m?). However, biclogical monitoring
can be perdormned by using the infernal burden of GTH metabolites based on a
threshold value for vasodilatation in human studies. Gumbkleton and Bemet [1971)
demonstrated that no wasodilatory effect was present 250 minutes after oral
application of 1,2-GDN fo three healthy volunteers. 1.2-GDMN plasma concentfration
was 0.5 ng/ml at this point of time and was therefore regarded as threshold
concenfration. Similady, mo vasodilatory effect was present 200 minutes affer oral
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application of 1,3-GDN to three healthy volunteers. 1.3-GDN plazsma concenfrafion
was 0.4 ngfml at this point of time and was therefore regarded as threshold
concenfration. Howewver, no dose response relafionship was established and the
determined [rough) thresholds only were based on limited data. A preliminary
threshold value for biclogical monitoring [BAT-value] in plasma for 1.2- and 1,3-E0DKN
was recommended by DFG [20065]) and Greim and Lehnert [1974) [to be measured at
the end of a work shift), based an the reported data by Gumkleton and Beneat [1771).
Although numerous studies examined effects of cccupational GTH exposure, no more
precise doseresponse relationship iz establshed between inhalafion exposwre
concenfrations and internal exposure [Greim and Lehnert, 1774).

A biclogical monitoring guidance value has been proposed in the UK. of 15 pg total
nitreglyccls per mol ceratinine in wine, which although not being health-based, is
infended serve as a starting peint for contraling cccupational exposure.

2.2. Acute toxicity

22 1. Human data

The most common effect of acute GTM exposure is the occowrence of throblking
headache, accompanied by a decrease in blood pressure. This action is due to a
vasodilatory effect on wvascular rmuscles. Higher dozes produced depression,
confusion, methaemaoglobinaemia and cyanosis (HCM, 2005).

Acute exposure of workers [on Monday morming) to 0.5 mg/m? of a mixture of GTN
and ethylene glycol dinitrate (EGDH] produced headaches and a decrease in blood
pressure within 25 min (Trainor and Jones, 19458). BGDN may have been contributed to
the observed effects [HCM, 2005). The coccurence of headache was alo ocbserved in
workers exposed fo 0.3 - 1.0 ma/m? GTH two or three fimes a week. When the
exposure concentrations were reduced to 0.07 mgim?, the symptoms dsappeared
[Hanlcn and Fedrick, 1788). In a field study, Gjesdal et al. [1985) reported the
occurrence of increasing headache during the working day in gun powder workers ot
mean exposures o 2.3 [at 700 am.) and 2.7 ma/m? (at 1:00 pom.] [total range: 1.0- 4
mig/m?). Dernal absorption seemed to be of importance, since there was no clear
relationship between aifbome exposuwre and infemal burden in the availakle studies
[HCH, 2005].

Sublingual exposure to 0.3 mg GTH or oral exposure (in capsules) to 6.5 mg produced

an increase in heart beat and a decrease in blood pressure in one volunteer
[Blumenthal et al., 1977).

Derrmal exposure of volunteers to GTH patches [146, 31 and 47 mg. 24 k) produced
headoche and nausea. The patches were designed to deliver 5, 10 and 15 mg during
the exposure pericd, respectively [fantoro et al., 2000).

222 Animal daota

Mo Inhalation L & availakle. The cral LD values were 105 - 884 malkg in rats and
115 - 1188 ma/kg in mice. Signs of toxicity included cyancsis, ataxia and depressed
respirafion. Dernal LD values were greater than 27, 35 and 280 mg/kg in rats, mice
and rakbbits, respectively (HCH, 2005].

2.3 Imritafion and comosivity

2.3.1. Human data

Iritation [not further specified) was reported in persons cccupationally exposed to 0.3 -
1.0 mg/m? GTH [Hanlon and Fredrick, 1946). Dermal exposure of volunteers fo 31 -80
mg ETH in patches for 24 h produced erythema, which was attibuted to a

vasodilatory response in blocd vessels of the skin. Simillar effects were cbserved after
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repeated (12 hfd, 14 days) dermal exposure [HCH, 3005).

2.3.2. Animal data

Sikiry

A 7I3% GTH paste [peanut cilfllactose) was very slightly imtating fo the intact or
abraded skin of rabkits. Minimal iritation was also ckhserved in rabbkits exposed ocnce
to patches with 2.5 - 4 mgfcm? GTH or ccclusively to 0.5 ml undiluted GTH. Repeated
patch application of 2.5 mgfom? GTH [21 hid, 28 days) produced very slight erythema
(Greim, 2004; HCH, 2005).

Erythema, cedema, scales, papules and dermal thickening was observed in rakbbiis
treated for 26 weeks with daily cintments of 10% GTH at doses of 15, 40 and 240 mg/kg
* d. The effects were reverible after the end of exposure. These resulis of a Japanesze
study are availakble only as an English akbstract (Imoto et al., 1786a).

Eyes

ETH was reporfed fo be moderately iritating to the eyes of rabkits [ECB, 2000, no
furthier details]. Sight eye imtation was cbserved in a Draize test in rakbkits (0.1 mil
uvndiluted, 1 min of exposure and subsequent removal by washing; Greim, 20046]). A
7.3% GTH paste [peanut cilflactose] was not irtating [HCH, 2005).

2.4, Sensihisafion

2.4.1. Humaon daoba

Four dynamite workers with allergic contact demnatitis reacted positively to GTH.
Ieveral case reports of sensitisation o GTH from fopical freatment with patches or
plasters have been published. In view of the great number of exposed persons, the
rate of sensitization i considered low [Greim, 2004; HCH, 2005). A contralled study with
repeated exposure of 28 wolunteers to patches containing 31 mg GTH (12 hid, 14
days) reporfed shight erythema (due fo local vascdiatation) in less than 30% of the
subjects, but no sensitisation [fantore et al., 2001).

2.4.2. Animal data

A Magnusson-Eligman maximisation test in guinea pigs with 3.4% GTH paste [peanut
oilflactose) yielded a 40% positive response. Mo sensitisation was observed following
dermal exposure of rabbifs to 2.5 mgfcm? GTH in patches using o maodified Buehler
Test [Greim, 2004; HCH, 2005). These expernments were crficised due to conceptional
flaws [Greim, 2004].

2.5. Repeated dose toxicity

2.5.1. Humaon daoba

The acute symptoms after repeated inhalation exposure [headache, decreaze in
blood pressure] and the effect concenfrafions are similar to those cbserved after
single cccupational exposure. The WOAEL was about 0.1 mg/m? [0.01 ppm) with
concentrations 0.3 mg/m? (0.03 ppm] causing headache [Hanlon and Fedrick, 1744;
Gjesdal et al..1785; see “acufe toxicity”). Repeated exposure led to folerance, which
diappeared after a 2- fo 3-day exposure free period (HCH, 2005). This GTH folerance
iz presumakbly a cause of a nitrate-induced stimulation of vascular supercxide and for
peroxynitrite production, possibly by activation of protein kinase C. This oxidative stress
may promote uncoupling of the NO synthase and inhibition of the guanylyl cyclase
and prostacyclin synthase. GTH, supercxide and percxynifife can also  inhibit
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mitcchondrial aldehyde dehydrogenase [responsible for bicactivation of GTH). Both
mechanisms lead to a decrease of the wascdiaotory action of GTM. Radical
scavengers reduce the tolerance phenomenon and this confirms the relevance of the
reactive cuxygen species. An clder hypothesis for the development of tolerance [thicl-
oxidation-induced inhikition of the enzymes. which are responsiole for the
bictransformation of GTH] was refuted recently [Minzel et al., 2005; for details, s=e
Greim, 2004) .

Several case reports describe the occumence of angina pectors-like pains and
sudden deaths dus to heart failwree, parfially after co-exposure o GTH and EGDM.
These cases were chierved predominantly after 2 or 3 days without exposure ["nitrate
withdrawal sympitoms, "Monday morning angina”, "Monday moming death”). Mo
precise exposure data were stated. In two coses, it was suggested that the heart
failure occurred following exposure fo 1.8 - 2.4 mg/m3 [MICEH, 1978; Fine 1983).

A case referent study on 147 case: and 184 referents in a Swedish region with a
dynamite factory revealed significantly increased morality from cardio- or
cerebrovascular disease due to a significant excess mortality from Bchoemic heart
diseases found in older workers with more than 20 years of exposure [standardised
mortality risk: 3.4). The risk for cerebrovascular disease alone was not significantly
elevated [Hogstedt and Axelson, 1777). A follow-up of this study confemed the
findings for cardiovascular heart disease. In contrast to the orginal study of 1977, a
significant increase in morality from cerebrovascular disease was reporfed [Hogstedt,
1784).

Stayner et al. [1772] examined akout 5500 US ammuniticn workers [and akbout 5000
caontrols) for adverse effects due to GTH exposure. For the entire cohort. there was no
increase in cardiovascular and cerebrovascular diseases. An excess mortality from
Bchaemic heart disease was cbserved in workers, who were younger than 45 years of
age and highly exposed.

A cohort stedy examined about 4000 workers of a Swedish esplosives factory (BE3
exposed, A157 intermal controls). The workers were exposed fo GTH and EGDH
simultamnecusly and the workers were divided intc high and low exposure categores
[not further quantified). There was a significant excess mortality for acute myocardial
infarction in highly exposed younger workers among the blasting worker group
compared to intemal contrals (Craig et al., 1985]. Due to the higher volatility and
dermal albsorption rate of EGON compared to GThH, these resulis were predominantly
attributed to EGDHM esposure. The same reason was assumed for similar cbservations in
ather studies on workers in the dynamite industries (HCM, 2005].

252 Animal data

Iohaigtion

Mo adeguate studies on repeated inhalation exposure are availakle. An clder study
by Gross et al. [1942) cbserved the ccocwrence of lymphocytosis and anaemia, but
not methaemoglokinoemia or Heinz bodies, in cots esposed to GTH-soturated air
jabout 5 mg/ma) for 31 fo 156 days [one animal each).

Ll

CD rats (38 per sex and group) were fed GTH in doses of 0, 3 - 4, 32 - 38 and 343 - 434
mafkg = d for 2 years [Hiis et al., 1984). The high-dose animals showed reduced feed
consumption and decreased body weight gain as well as tan, rough and matted fur.
Methaemoglobinaemia was resfricted to the high dose group up to 12 months of
exposure and was no Tonger detectakble at the end of the study. Other haematological
alterations were evident at 3 months, but not at 12 months of exposure or later. At the
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end of the study, male high-dose animals showed increased levels of serum
trarcaminases and of alkaline phosphatase. Inftedm sacrifices at 12 months revealed
increased liver weights, an increase in preneocplastic hepatocellvlar alterations,
cholangicfibrosis, proliferation of the kile ducts and fibrowus liver tissue as well as spleen
and kidney pigmentation in high-doze animals. Similar, but more marked lesions were
seen at the end of exposure [for tumnours see section "carcinogenicity”).

Elliz &t al. [1784] alzo exposed CD-1 mice [58 per sex and group] 2 years via feed fo
ST in doses of O, 10 - 111, &6 - 115 and 1022 - 1058 ma/kg = d. High-dose animals
sthowed decreased feed consumption and body weight gain as well as a tan, matted
fur. Observed effects in the high dose groups were compenszated anoemia,
methaemoglokbinaemia [males only] and pigmentation of liver, spleen and kidney.
The pigmentations cccurred also in mid-dose animals.

Furthermore, Blis et al. [1784) exposed beagle dogs (6 per sex and group) orally fo 0,
1. 2, 5 and 25 ma/kg » d GTN in capsules for 12 months. The only effect was a
tranzient, sight methaemoglobinoemia (< 3% MetHe] in all exposed animals. HCH
(2005] considered the highest dose as a MOAEL. Doses of 100 ma/kg = d, given for 5
consecufive days in feed, caused more marked methasmoglokbinaemia and cyanosis
[Ellis et al.. 1984].

Remal

Dermal application of 10% GTH in cintmenis to rabbits at doses of 15, 40 and 240
mafkg + d for 26 weeks caused skin irtation [see section "imitation and comosivity”)
and histopathological skin alterations in all exposed animals. Systemic effects were
restricted to the high dose group, consisting of an increase in kidney and heart weight
az well as an increasea in leuvcocytes [neutrophiles] and gamma-globulins. These resulis
of a Japanese study are availakble only as an English aksfract [Imoto et al., 19846k].

2.6. Genotoxicily

2.6.1. Im witro

A saturated agquecus sclution of GTM did not induce mutations in five strains of
Salmonela typhimurnum. Some studies repored a weak posifive responze in strains
TALIS3S and TA1537 with or without metakolic activation, but o negative response in
most experdments with other strains of 5. fyphimuivm as well as in yeast and CHO
hamster cells (Greim, 2004; HCH, 2005

262 In vivo - Human data
Human data an gencotoxic effects in vive are not availakle.

2.6.3. In vivo - Animal data

GTH was negative in a dominant lethal assay in rats exposed fo 3 - 383 mag/lfkg = d in
feed for 13 weeks ([Elis et al, 1978]. Mo numercal or structural chromosomal
aberations were cbserved in peripheral lymphocytes or kidney cells of rats fed GTH in
daoses of 5% mg/kg » d for 5 weeks and 230 mg/kg * d for an additional 8 weeks [Lee
et al., 1974). or in the bone marrow or kidneys of rats exposed to doses of about 400
mafkg = d for 2 years (Bl et al., 1978). Al these in vive data are unpuklished.

2.7. Carcinogenicity

2.7.1. Human daba

In cohort stedies on about P00 exposed workers of a Swedih explosives factory and
about 5500 exposed US ammunition workers, there was no excess mortality from all
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cancers, lymphatic or haematopoietic necplasms, compared to the controls (Craig et
al., 1985; Stayner et al, 17%2). Craig et al. (1785) cbserved a dight increase in lung
cancers [co-exposure to GTH and EGDN], but statistical significance was not stated.

2.7.2. Animal data

In the chronic rat study by Blis et al. [1784), described in more defail in the section
"repeated dose toxicity”, there was a marked increase in hepatocellular carcinomas
and/or neoplasfic nodules in the high dose groups (males: condrols, low, mid and high
dose groups: 1/24, /28, 4/28 and 15/21; females: 0/27, 1/32, 3/28 and 1&4/25,
respeciively). There were also non-neoplasfic liver lesions at the highest dose. The
incidences of interstifial tumours of the testes were also increased (2/24 in confrals,
1728, 3/24 and 11/21), accompanied by festicular afrophy and aspermatogenesis. Mo
statistical evaluation was given. Hepatic tumours [adenocarcinomas and carcinomas)
and prenecplastic lesions were also cbserved in rats after 70 weeks of exposure to 500
maikg = d GTH in feed [Tamano et al., 1774).

Suzuki et al. [1775) expozed C57BIfédms mice ta 0, 1.5, 62 and 58.1 mg/kg » d via
drinking water for 12 - 18 months. They reported an increaszed incidence of tumours,
mainly piuitary gland adenomas, in high-dose females. These results could not ke
confirmed by Ellis et al. (1784). Ho treatrnent-related increases in fumours were noted
in CD-1 mice exposed to GTH in doses up to 1058 mg/kg * d for 2 years.

Mo fumours were detected in dogs exposed orally up fo 25 mg/kg » d for 12 months
[Eliz et al., 1984], but the exposure duraftion was too short to draw firm conclusions
[HCH, 2005].

2.8. Reproductive toxicity
2.8.1. Human daba

Human data on reproductive or developmental effects are not availakle.

2.8.2. Animal data

Fertility

Cral exposure of rats to 1408 mgfkg = d GTH in feed for 13 weeks produced moderate
to severe tesfticular degeneration and/or atrophy with inhikition of spermatogensesis
(MOAEL 230 mg/kg = d). Mo effects were noted in the reproductive organs of females
[Elliz et al., 1784].

In an unpuklished 3-generation study by Elis et al. [1978), male and female rats were
fed GTH in dozes of 0. 3 - 4, 32 - 38 and 343 - 434 mgfkg = d for & months prior to
mating through to weaning of the Fib offspring. Animals were further exposed and
held until the production of the F2 generafion. From these animals, F3 lifters were
obtained and the exposure continued until weaning of the F3b offspring. The ferdility of
the FO generation was not affected. Sjevere impaired fertility was cbserved in F1 and
F2 males |aspermnatogensesis]. The litter size, ive-born index, weight of offspring at kirth
and at weaning as well as the viability and lactation index were impaoired in litters of
the high dose groups. These effects were attributed to matemal toxcity. The matemal
and reproductive NOAEL of this study was 32 - 38 mg/kg = d.

Dermal application of cintrments containing 10% GTH fo female rablbits at doses of up
to 240 mg/kg + d on gestation days & - 18 did not couse advere effects on
reproduction. These resulis of a Japanese study are available only oz an English
abstract (Imoto et al., 1784kb].
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Developmenial toxicity

In an vnpublished developmental study, female rats were fed GTH in doses of 0, 4, 38
and 434 mg/kg » d on gestation days & - 15. There was an increased incidence of
incomplete or absent cssification of the hypoid bone in offspring of the high dose
group. The dams used were not virgin but presumakly mated for the third time after
the pefornance of a 3- generafion study [zee abowe) [Eliz et al., 1978).

Dermal exposure of rats to 1000 - 4000 mgfkg » d on gestafion days 7 - 17 did nof
produce developmental or reproductive effects in the Fl generafion [according to a
study by Skutt and Schardein, 1985, as reported by Greirm, 2005).

Dermal application of 10% GTH in cintments to rakbkits ot doses of vp to 240 mglkg d
on gestation days & - 18 did not cause adverse effects on offspring. These results of a
Japanese study are availakle only as an English abstract (Imoto et al., 19840).

Recommendations

Human data indicate that the crtical health effect of GTH exposure is its vasodilatory
acfion. This & also the primary pharmacological effect of GTH as a pharmaceutical.

Based on expermental anirmal studies there = a suspicion of corcinogenicity. This can
reascnably be viewed in conjuncifion with its mode of pharocological action as an N
cerator (for details, see Greim 2004). The availakble data on mutagenic effects have
been considered inadequate to allow a conclusive evaluation, and are indicating af
best a weak positive response. Observed mutations in bacteria are simiar to those
induced by nifvic oxide (HCH, 2005, and standard genctodcity tests with GTH were
micstly negative. A slight increaze in lung tumours in humans was cbserved after
occupational co-exposure to GTN and EGDM (significance not stated; Craig et al.,
1785). Other fumours were not increased in studies with cccupational exposure. The
expermentally cbserved carcinogenicity in rats [Eli et al, 1984] at high doses was
accompanied by concurrent crgan toxicity, so that the tumour formation iz bkely
induced by cel damage and subseguent cell proliferation and of guestionakble
relevance with regard to presumably low occupational exposure [HCH, 2005]. The
mouse carcinogenicity data are conflicting. An increase in piluitary turmouws was
observed in the study of Suzuki et al. [1785), but negative results were noted at higher
doses and longer exposure duration in the study of Elis et al. [1724).

The expermental data are generally consistent with the view that the
phamacological HOdiberating effect of GTH [at high and sustained exposures] is
causally connected with the carcinogenic effect. Therefore, it iz plausible that an
avoidance of phormacological effects would coincide with the aveoidance of possible
carcinogenic effects. Accordingly, GTH & caotegorzed az a carcinogen with a
practical threshold in the SCO0OEL carcinogenicity group C.

As effect sympfoms, in consequence of vascdiatation, GTH produces headache,
decrease in blocd pressure and nausea. Dermal absorption s important in addifion to
inhalation, and co-exposures o BEGDM (with an almost identical mode of action) may
ooccur under workplace condifions. The mporfance of dermal absorption & demonstrated
by a study with dermal exposure [Santoro et al, 2000), in which 5 mg GTN [abscoroed
within 24 h] coused complaints similar o those observed after inhalaticn exposure. This
dose comesponds to an air concenfrafion of 0.5 mg/rm? (10 m? respiratory volume per 8 h
chift]. Higher exposures may produce depression, methaemoglcbinaemia and cyanosis
[HCH, 2005]).

There are no convincing daota that neat GTH increases the rhsk of cardic- or
cerebrovascular diseases, as the results of different studies are conflicting and BEGDM
was regarded as causative agent in some cohorts.

Mo adequate animal studies on repeated inhalation exposure are availakle. Systemic
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effects in animal studies [methasemoglokbinaemia, hepatic and testicular toxicity) were
observed only af high oral doses. Studies in rats and dogs revealed NOAEL values in the
range of 25 - 40 mg/kg = d for systemic effects including reproductive foxicity,
comesponding to arF concentrations far higher than human effect levelks.

As mentioned above [chapter 3.3.1), there are reports that GTH produced headache,
a decrease in blood pressure and navsea at airlcorme concentrations at the following
gircome concentrations: Gjesdal et al., 1985, at 1-4 mg/m?; Trainor and Jones, 1964, at
0.7 and 0.5 mg/m? [headache); Hanlon and Fredrick, 1744, headache between 0.3
and 011 mafm?). No effects were noted affer reduction of workplace exposure
concentrations to =0.1 mg/m? [0.01 ppm] (Hanlon and Fredrick, 1988). Therefore, an
OEL [B h TWA) of 0.01 ppm can be recommended.

A STEL of 002 ppm & proposed |effect levels of 0.3 mg/m? [0.03 ppm)], as irmtation,
was also cbserved at or above exposure to 0.3 mg/m® GTN [Hanlon and Fredrick,
1784). The use of a higher uncerfainty factor was not considered necessary, because
the assessment rests immediately on human data of occupationally exposed persons.

In the presence of BEGDN, the sum of the sxposwe concenfrations of BEGON plus GTH
should not exceed the OEL for GTH, because the mode of action of both compounds
(liperaticn of NO) iz identical (see ACGH, 2001).

A "skin” notation & proposed, as GTH i absorbed very efficiently via the skin and
produces systemic effects by this route.

In view of the greaft number of exposed persons and that there are only few case
reports of sensifisation, the rate of sensitisation & considered low [Greim, 20056] and no
respeciive qualification is necessary.

Biological monitoring can be perdormed by using the intermal burden of GTH
metabolites bosed on a threshold value for wvosodilotation in human studies.
Gumileton and Benet (1771] determined that no vascdilatatory effects should be
expected ot plasma concentrations of 0.5 pg 1,2-GDMN/liter or at 0.5 pg 1.3-GDN/liter.
However, direct comrelations between GTH exposure and effects were not determined
and the assessment & based in a small sample [three exposed volunfesrs). Thus, this
guidance for biclogical monitodng has been regarded as being preliminary [Greim
and Lehnert, 1974). Recently, a GC-MS based analytical method has been developed
for GTH and its metakolite 1.2-GON in human uvrine [Akrill and Cocker 2002). This
miethed has been used in a limited number of GTN-exposed pharmaceutfical and
ammunition workers [Akrll et al. 2002). These daota maoy serve as guidance for
biclogical moniforing, but they do not yet allow the recommendation of a BLY [see
3.1.3).

At the recommendead OFEL, no analyfical difficulfies are expected (zee Annex).
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ANMEX |. ANALYTICAL INFORMATION ON LIMIT OF DETECTION FOR GLYCEROL TRINITRATE

Takbde 1 summarzes the methods examined and their estimated limit of detection
(LD for glycerc] trinifrate.

The analytical techniques wuwsed to determine this substance s gos
chromatography with electron-capture defection [GC-BCD).

Folowing the "O5HA 43" method to determine glycerol frindrate, samples are
collected by drowing a known volume of air through large (100/50-mg sorbent beds)
sampling tubes containing Tenox-GC resin. The samples are desorbed with methyl alcohol
and analyred by lguid chromatography with a Thermnal Energy Analyzer or an ultraviclet
HPLC detector.

Conclusion

The revised Eurcpean Standard BWM 4822005 stipulates the requirements that

measurements procedures should fulfil in crder to perform a reliakle and valid assessment
of an exposure to a chemical agent.
In view of the proposal of 0.01 pepm (095 mg/m?) and a STEL of 002 ppm |17 mg/m? and
according fo the menticned standard, the measuring range of the method should cover
at least the concentrations from 0.1 to 2 fimes the imit value [TWA) and from 0.5 to 2
fimes for the STEL walue, and, in this range, overall vncerainty should be kept under
certain values.

At workplaces with glycerol frinitrate no problems exit to measwre the long and the
shor-term exposures at concentrations around the present proposal.
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