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Forord

Grunnlagsdokumenter for fastsettelsgramseverdiartarbeides av Arbeidstilsynet i samarbeid med
Statas arbeidsmiljginstitutt (STAMI) pgrtene arbeidslivetNaeringslivets
hovedorganisasjon/Norskdaostri og Landsorganisasjonen i Norge) i henh8laaiegi for utarbeidelse
og fastsettelse av grenseverdier for forurensninger.ilelteide&kumusfdetesr utarbeided
implementering av kommisjonsdirektiv 2017/164/EU fag$ajanar 2017.

EU-radets direktiv 98/24/EC (Vern av helse og sikkerhet til arbeidstakere mot risiko i forbindelse med
kijemiske agenser pa arbeidsplassen) ail 7988rstiller krav om at Ekommisjonen skal legge

frem forslag til indikative grenseverdier for eksponering av visse kjemikalier som medlemslandene ma
innfgre pa nasjonalt niva. De nasjonale grenseverdiene kan vaere hgyere enn de som star oppfart i
direktivet, dersom et medlemsland mener at det er ngdvendig av tekniske og/eller gkonomiske hensyr
men landene bgr naerme seg den indikative grenseverdien. Direktivet stiller krav om at indikative
grenseverdier vedtas giennom kommisjonsdirektiv.

| Norge blede indikative grenseverdiene innfgrt som veiledende administrative normer. Da nye
Arbeidsmiljaforskrifter tradte i kraft 1.1.2013 ble de veiledende administrative normene forskriftsfestet
i forskrift om tiltaksog grenseverdier og fikk betegnelsen tigadtier. | 2015 ble begrepet

«grenseverdi» for kjemikalier presisert og begrepet «tiltaksverdi» for kjemikalier ble opphevet i forskrif
om tiltaks og grenseverdier. | vedlegg 1 til forskriften ble det innfgrt en tydeliggjering av
anmerkningene.

Arbeidstisynet 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 pé kriteriedokumenter fra EUs vitenskapskomité fatisstse 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.

Statensraeidsmiljginstitutt (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 behoviftsvkodier ut i fra den
foreliggende dokumentasjonen. Videre sgker og evaluerer TEAN nyere litteratur etter utgivelsen av
dokumentetTEANbr uker kriteriene gi 6Met h8ECOEQ§y Mmet o
derivation of occupational exposure limity. Ked o c ument ati on (Ostteersi on 7,
inkludert i TEANs Metodedokument dellBdsedyre for utarbeidelse av toksikologiske vurderinger

for stoffer som skal implementeres i det norske regelverket for grenseverdier etter direktiv fra EU
kommisjoren) utarbeidet for denne revisjonen.

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

Beslutningsprosessen skjer gjiennom drgftingsmefebdetstilsynet, Neeringslivets
hovedorganisasjon/Norsk Industri og Landsorganisasjonen i Norge deltar, samt orienteringsmgter og
offentlig haring. Konklusjonene fra hgringen med forskriftsendringer og nye grenseverdier forelegges
Arbeids og sosialdeparteentet som tar den endelige beslutningen.
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Innledning

Dette grunnlagsdokumentet omhandler vurderingsgrunnlaget for fastsefterseagrdor
svoveldioksidinnholdet bygger spesielt pa anbefalinger fra Scientific Committee on Occupational
Exposure Lints (SCOEL) i EU fosvoveldioksidvedlegg 1samtvurderinger ogommentarer fra
Toksikologisk Ekspertgruppe for Administrative Normer (TEAN).

1. Stoffets identitet

Svoveldioksidg dets molekylformel, synonymer av stoffets navn, stoffets identifikesjops i
Chemial Abstract Service (CAE),European Imentory of Existing Commercighé€nial
Substances (EINE@8. og/eler ECnr.) og Indeksir. der disse er kjeet gitt i tabell 1.
Strukturformel astoffeter vist i figur 1.

Tabell 1. Stoffetsnavn ogdentitet.

Navn Svoveldioksid
Molekylformel DO,
Synonymer -
CASnr. 7446095
EC-nr. 2311952
Indeks-nr. 016012009

L O

© o

Figur 1 Strukturfornel avsvoveldioksid

2. Fysikalske og kjemiske data
Svoveldioksidr enfargelgsgifig, ikke brennbar gaseed stikkendeg irriterendéukt.

Det vises til tabell for fysikalske og kjemiske datasfaoveldioksid
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Tabell 2. Fysikalske og kjemiske datasfaveldioksid30,).

Molekylvekt (g/mol) 64,06
Fysisk tilstand (20°C, 101.XPa): Gassgiftig
Smeltepunkt(°C): -75,6 til-72 (Gjennomsnit¥ 3,4)
Kokepunkt (°C) -10,0
Selvantennelsestemperatur (°C): Ikke brennbar
Damptetthet (luft = 1, 0 °C): 2,26
Damptrykk (20 °Q (hPa) 3271
Laselighet i vann (20 °C) 1128 g/100 ml
Losdig i andre lgsemidler: Alkohol, eddiksyresvovelsyre, eter, kloroforn
og andre polare lgsemidler
Omregningsfaktor (20 °C, 101 kPa 1 ppm =2,66mg/m?
1 mg/m?= 0375ppm

1 https://comptox.epa.gov/dashboard/dsstoxdb/results?utf8=%E2%9C%93&searchi3¥846

2.1. Forekomst og bruk

Svoveldioksid (Ser en naturlig del av luften som fglge av utslipp fra naturlige kilder og industriell
virksomhet. Svoveldioksidrthes ved forbrenning av stoffer som inneholder svovel. De viktigste
kildene til svoveldioksiduft er forbrenning av kull og oljer som inneholder svovel, kjemisk
metallurgisk industrnen ogsa fra naturlige prosesser som vulkanutBralaldioksibrukes i stor
utstrekning i treforedlingsindustrien og som en ravare i annen kjemisk industri.

3. Grenseverdier

3.1 Naveerende grenseverdi

NaveerendgrenseverdB timer) Norge forsvovetlioksider:0,8ppm,2 mg/m?® medfotnote 12

fastsatt i 2007.

Fotnot®2: Enkelte bedrifter vil av takkistomiske arsaker ikke kunne overholde denne verdien. Det er disse bedri

ansvar & dokumentere et forsvarlig arbeidsmiljg. Det forutsettes at bedriften(e) har elleregr tilsluttet be
og at eksute arbeidstakere gjennomgar egnet helseundersgkelse.

3.2. Grenseverdi fra EU

Den europeiske vitenskapskomiteen, SCOEL foreslar:

IOELV (Indicative Occupational Exposure Limit Va({8e)mer)0,5ppm,1,3mg/m?
STEL (Short Term Exposure Limityppm,2,7 mg/m?som korttidsverdi
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3.3 Grenseverdier fra andre land og organisasjoner

Naveerende grenseverdiersfoovediioksidfra andre land ogganisasjoner er gitt i tabeti@lenfor.

Tabell 3. Grenseverdier favoveldioksifra andre land og organisasjoband og
organisasjoner som ikke har grenseverdier eller korttidsveslievétdioksiér markert med

Land Grenseverdi Korttidsverdi Anmerkning
Organisasjon (8 timer) (15 min) Kommentar
Sverige 2 ppm, Gmg/m3 5 ppm, 13ng/m3 1987
DanmarR 0,5 pm, 1,3 mg/m |- 1996
Finland 0,5 ppm, 1,3 mg/tn |1 ppm; 2, fg/m3 2016
Storbritannia - - Storbritannidar ikke en fastsal
grenseverdi, men viser til
0Control of S

Hazardous to Health
(COSHH) 6

Nederlangl - 0,7mg/ms3 2008

ACGIH, USA& - 0,25 ppm, 0,65 mgAn| -

NIOSH, USA 2 ppm, 5 mg/rd 5 ppm, 13 mg/rh -

OSHA USA 3ppm,15 mg/md - -

Tyskland, MAK 1ppm,2,7mg/m3 1(1) Gjelder korttidsverdi

1(1) - Overskridelsesfaktor
C1ppm, Q2,7 mg/m |C - toppeksponering/takverdi
TysklandMyndigheterie |1 ppm,2,7mg/m3 - 11/2011

1(I) - Overskridelsesfaktor

Y - ikke fare for skade péa fost
dersom grenseverdi overhold

1Arbetsmiljoverkets Hygieniska gransvarden AFS 2015:7,
https://www.av.se/globalassets/filer/publikationer/foreskrifter/hygienggieesvardeafs20157.pdf

2 At-vejledning, stoffer og material€r.0.1, 200'https://arbejdstilsynet.dk/da/regler/atejledninger/g/e0-1-
graensevaerthr-stofferogmat

3Social og halsovardsministeriet, WaRlen, Koncentrationer som befunnits skadliga, Hetsin2016,
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/79110/STM_9_2016 -HTP
varden_2016_Ruotsi_22122016_NEJdfl.

4EH40 andre utgave, 20b8p://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

6Guide to occupational exposure values compiled by ACGIH, 2017.

7Baua, TRGS 900, oppdatert 20ps://www.baua.de/DE/Angebote/Rechtstextemd Technische
Regeln/Regelwerk/ TRGS/pdfITRGS
900.pdtjsessionid=439FFF321DF2323E60F868CD0OSE9CD3A.s1t2? _ blob=publicationFile&v=2
8 http://www.hse.gov.uk/pubns/chan34.htm
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3.4 Stoffets klassifisering

Svoveldioksié@r i henhold til CLRnnex VI,(Forordnirg EC No 1272/2008)abell 3.1 (Liste over
harmonisert klassifisering og merking av farlige kjemikalier) klassifisert og merket i ulike fareklasser,
med faresetnieg og koder, som gitt i tabehddenfor.

Tabell 4. Fareklasser, farekategori med forlsatenerkekoder og faresetningesvyowreldioksid

Fareklasse Merkekode Faresetning
Farekategori
Forkortelse
Gasser under trykk
Press. Gas
Etsende/irriterendéor huden H314 Gir alvorlige etseskader pa hud
Kategori 1B gyne

Skin Corr. 1B
Akutt gifighet H331 Giftig ved innanding
Kategori 3
Acute Tox. 3

1 CLP ((Forordning (EC) Nr. 1272/20080p://www.miljodirektoratet.no/Documents/publikasjoner/M259/M259. pdf
https://echa.europa.eu/informatiaan-chemicals/cinventorydatabase

3.5 Biologisk overvaking

For & vurdere grad av eksponering for forurensning i luften pa arbeidsphassenanvende
konsentrasjonen av forurensningen i arbeidstakerens urin, blod eller utandingsluft, eller annen respon
pa eksponeringen i kroppen. EU har satt verdier for dette kalt biologisk grenseverdi (BLV).

SCOEL fremmeikke et forslag til biologigkenseverdor svoveldioksid

4 Toksikologiske data og helseeffekter

4.1. Kommentarer fra TEAN

SCOELSs kriteriedokument er fra 2009 med siste litteraturreferanse fra 2008. Det er ikke funnet nyere
studier som er relevante for var vurdering.

SCOEL har vurdeitritasjon i gvre luftveier og @yne, og redusert lungefunksjon, malt ved FEV1 eller
luftveismotstand, som de vesentligste negative helseeffekteCay f&Ste studier som har relevans

for arbeidsmiljg er utfart som provokasjonsstudier av ungeinisiaer, eller individer med atopi

eller astma. Et gjennomgaende funn er at astmatikere er mer sarbare for effelden énisR&

Sarbarheten kan pavirkes av faktorer som tilleggs eksponeringer eller fysisk aktivitet. Opptaket av SO
aker ved fysisiktivitet, men fysisk aktivitet kan ogsa forverre bronkial irritasjon hos astmatikere.
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Negative helseeffekter av.S€dm neseog halsirritasjon, redusert lungefunksjon og gkt

luftveismotstand er ofte observert ved akutte toppeksponeringer, og S@0O&tneoppfatning at

disse bgr forebygges, og det anbefales derfor en STEL.

Ifalge SCOEL er det hos astmatikere observert negative helseeffekter ved 0.5 ppm, mens effekter hos
friske vanligvis ikke oppstar ved nivaer under 1.0 ppm. SCOEL har som utibag§l-verdier

skal settes for friske personer, og anbefaler derfor en OEL pa 0.5 ppm, som vil beskytte ikke
astmatikere mot negative helseeffekter av 8i@gg setter SCOEL en STEL pa 1.0 ppm. | og med at
denne grenseverdien ikke beskyttersiftetikere mot reaksjoner p&,Sdbefaler SCOEL at

astmatikere ikke blir eksponert for mer enn 0.2 ppm.

Det er i litteraturen ikke tilstrekkelig data til at man kan trekke konklusjoner vedrgrende gentoksiske,
reproduktive eller kreftfremkallende efie&teSQ.

ACGIH (2008) har foreslatt en lavere grenseverdi enn SCOEL, basert pa en uttalt malsetning om a
unnga negative helseeffekter hos astmatikere.

TEAN finner ingen grunn til & bestride SCOELSs vurderinger av det vitenskapelige grunnlaget

angaende lseeffekter av SODet er imidlertid grunn til & gjgre oppmerksom pa at SCOELSs forslag
til grenseverdi ikke tar sikte pa a beskytte astmatikere mot ugnskede helseeffekter av eksponering.

5. Bruk og eksponering
Svoveldioksid brukes i stor utstrekning i gkejthn av papir og som en ravare i annen kjemisk industri.

| Norge er industri og bergverk de starste utslippsktitlemeveldioksid.

5.1. Opplysning fra Produktregistret

Data fraProduktrgistereer innhentet oktober 2016

Det er funnet opplysningem mengde og bruk av svoveksid i16deklareringspliktige produkier
Norge. otal mengde av stoffet i disse produktene oppgis 85@de¢onn.

Pa grunn av sikkerhetsbestemmelsene i Produktregisteret kan vi ikke gi eksakte opplysninger om
hvilke bansjer og hvilket produkiypersvoveldbksidinngar

5.2. Eksponering og maledokumentasjon

| arbeidsmiljgsammenheng forekomsvewreldioksithade som ravare og som en forurensning.

5.2.1. EXPO- data

Rapporterte malinger swoveldioksiér hentet fra STAMIs eksperingsdatabase EXPO.

Eksponeringsmalinger swoveldioksidegistrert i EXPO er utfgrt over flere AaFAMI har siden
1984 kartlagt arbeidsatmosfaeremipdarbeidsplasser der blant arsvetveldioksittan vaere et

VET 4



arbeidsmiljgroblem. Malinger avo\eldioksidor perioden 1982015 viser55praver fra ulike
bedrifter og naeringer.

Grenseverdien for svoveldioksid ble revidert og ny grenseverdi fastsatt i 2007. Eksponeringsmalinger
registrert i EXPO frem til 2007 ble da vurdert og var med a dannaggtifor den nye

grenseverdien. Eksponeringsmalinger som fremstilles i denne vurderingen inneholder derfor malinger
registrert etter den nye grenseverdien ble innfart.

Det er registrert 14 malingar svoveldioksid i perioden 2@®010, hvorav 11 errgenbarne praver
og 3 er stasjoneere prgver. De personbarne prgvene er foretattaghkesjon av ferrolegeringer
hvorav8 av disse er malt undenstapping. Mlingeneistetoppverdiefra 3,2ppmtil 26,4ppm,der
den hgyeste middelverdien & pa Q)26 p

Ved 2 av de stasjonaere prgvene ble det malt svoveldioksidverdier pa henholdsvis 1,1 ppm og 5,1 ppr
Disse ble malt under produksjon av raffinerte petroleumsprodukter.

5.2.2. Prgvetakingg analysemetode

| tabell5 er anbefalte metoder for provetakinguuayser awoveldioksigresentert.

Tabell 5. Anbefalte metoder for prgvetaking og analyseoasldioksid
Prgvetakingsmetode Analysemetode Referanse
Direktevisende gasensor Elektrokjemisk sensor
Direktevisende gasensor FTIR spectrometri NIOSH 38006
Filter (0.814m cellulose ester membrg lonekromatografi NIOSH 6004
+ treated filter (celluloseNa,COs)
Filter (5.0 mm PVC) + filter lonekromatografi STAMI
impregnert med KOH

1 Fourier Transform Infrared Spectrometry

2NIOSH 3800https://www.cdc.gov/niosh/docs/200354/pdfs/3800.pdf

3N 6004 henviser til metode i NIOSH Manual of Analytical Methods, 3rd ed., NIOSH, Cincinnati, Ohio, USA, 1984, med
oppdateringetittp://www.cdc.gov/niosh/nmam/

6. Vurdering

Toksikologiske data fevovedlioksid(SO,) er beskrevet i SCOElokumentet i vedlegg 1, og
kommentert av STAMI (TEAN) i kapittel 4.

Svoveldioksid er lettlaselig i vagranner svovelsyrling nar den reagerer med\Wedheksponering

for svoveldioksid absorberes den saledes lett i de gvre kifBeiekritiske effekten av
svoveldioksigksponering er irritasjon i gvre luftveier og gynene, samt redusert lungefunksjon og @
luftveismotstand.

Flere studier har vist at det er stor forskjell pa effekt av eksponering for svoveldioksid mellom
lungefriske personer og personer som har redusert lungefunksjon, som astmatikere. Astmatikere er
spesielt falsomme og reagerer meadsjonseffekter ved langt lavere verdier enn lungefriske. De
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negative effektene pa lungefunksjon i friske individer oppstar ved eksponering pa 1 ppm eller hayere,
mens hos astmatikere oppstar negative effekter allerede ved kortvarig eksponeringed&i0,5 ppm
lavere.

Med utgangspunkt i at SCOEL setter grenseverdier (OEL) basert pa friske aebsdaler de i sitt
kriteriedokument entiimers grenseverdi pa 0,5 ppm (1,3 mige kommenterer i tillegg at ved
denne verdien vil de fleste veere beskytézt ikke personer med bronkial astma eller kronisk bronkitt
og anbefaler derfor at disse arbeidstakere ikke eksponeres for mer enn 0,2 ppm svoveldioksid.

For & forebygge negative helseeffekter somaggisalsirritasjon, redusert lungefunksjon og @kt
luftveismotstand som fglge av kaity@toppeksponeringer, foreS&OEL en korttidsverdi pa

1 ppm ,7 mg/n).

Det er ikke funnet tilstrekkelig data som tilsier at svoveldioksid er sensibiliserende ved gjentatte
eksponeringer, og ingen gode studierisdikerer asvoveldioksithar en kreftfremkallende effekt, er
gentoksisk eller reproduksjonsskadelig.

Et lavtantall malingesr gjortav svoveldioksideksponerowregistrert EXPO etter at den gjeldende
grenseverdien for svoveldioksid ble fast3@fi Mende personbarmaalingene foretatt under
produksjon av ferrolegeringedovnstappingir holdepunkter faat det kan veere utfordrende for
denne bransjen & overholde en endalgvenseverdi for svoveldioksid. Det er grunn til & tro at dette
vil gjelde for flere naeringer i Norge.

7. Konklusjon med forslag til nygrenseverdi

Pa bakgrunn av den foreliggende dokumentasjon og en avveiing mellom de toksikologiske dataene o
eksponeringsdatarslasat dagengrenseverdienkesog afotnote 12 bortller.l tillegg foreslas en
korttidsverdi fostoffet atanmerkningenS (korttidsverdgE (EU har fastsatt grenseverdi for

stoffe) og en fotnotennfares

Forslag til ngrenseverdkorttidsverdianmerkningg fotnote

Grenseverdi(8-timers TWA): 0,5ppm, 1,3mg/m 3
Korttidsverdi (15 min):1,0ppm, 2,7mg/m 3
Anmerkning: S (korttidsverdi)og E (EU har fastsatt grenseverdi for stoffet)

Fotnote:

Enkelte bedrifter vil av teknigkonomiske arsaker ikke kunne overholde grenseverdiene. Det er disse
bediftenes ansvar & dokumentere et forsvarlig arbeidsmiljg. 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 infomméniage planer og oppnadde

resultater.
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8. Ny grenseverdi

Dette kapitlet utarbeides etter at ASDr&stisatt den nye grenseverdien.
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SCOEL/SUM/27
Updated, December 2009

Recommendation from the

Scientific Commitfee on Occupational Expoesure Limifs

Jfor Sulphur Dioxide
8 hour TWA : 0.5ppm (1.3 mgl‘ma}
STEL (15 muns) ; 1.0ppm (2.7. mg,n‘ma}
Additional elassification : -
BLV : -
Substance identification:
Sulphur dioxide 50,
Synomyms Sulphurous oxide, sulphurous anhydnide, sulphur oxide,
EINECSN® 231-195-2
EECN® ; 016-011-00-9
EU Classification:  T- toxic
Risk phrases B33 — Toxic by inhalation
B34 - Causes bums
CAS No. 7446-09-5
Molar mass 64.06 g/mol

Conversion factor (20°C, 101kPa) 1 ppm 3= 267 mg."mj
lmgm = 037 ppm

This evaluation is based on an earlier assessment of SCOEL (1998) further updated with
asseszments by DECOS (2003), WHO (2006), Brauer ot al. (2002), ATSDR (199%), HSE (2002)
and —U.SEPA (2007), with the references cited in these reviews and aditional references from
database search.

Physico-chemical properties

Sulphur dicxide iz a colourless gas, with an imitating odour. It has a MPt of -72.7°C, a BPt of -
10.02°C and a vapour pressure of 321 kPa at 20°C. Sulphur diexide gas is 2.2 times denser than air
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at 0°C. Itz odour threshold iz between 0.8 and £ mg/ mi[:ﬂ.?--?-_ﬂ ppm) ( DECOS, 2003 ).
Sulphur dioxide is higly hydrophilic and dissolved easily in water. Sulfur dicsid is highly soluble
m sulphuric acid, ethyl alechols, acetic acid. chloroform, diethyl ether, and other polar solvents.

Sulphur dicxide gas is not combustible and ordinanly does not support combustion. The only
exceptions are buming potassium of buming magmesium, which contime to bumn in sulphur
dioxide. In the presence of moisture, sulphur dicxide acts as a powerful reducing agent. The gas is
very reactive: on contact with water it forms sulplurous acid Certain metals and organic
substances glow, bum or explode in an atmosphere of sulphur dioxide (von Burg, 1993).

Sulphur dioxide has pungent, imtating odour, similar to buming sulfur. Sulphur dioxide (S04) 1s
very soluble in water (11.28g/100 ml at 20°C). Rapidly converted to sulphurous acid (H=503),
which is a dibasic acid with pH less than 3. Sulphur dicxide is extremely stable in heat — up to
2000°C. Complex reactions of S0z occur in the atmosphere. (Braver ef al, 2002 )

1. Occurrence/use and occupational exposure

Sulphur dioxide has been known to people for ages. Sulphur used to be bumnt to produce sulphur
dioxide, which was then used as a fimgicide and insecticide. Priestley prepared sulphur dioxide in
the year 1774 by heating concentrated sulphuric acid with mercury and called it "Vitriolic acid air”.
But 1t was Lavoisier, who proved that it was an oxide of sulphur Sulphur dioxide is present in
voleanic gases; m hot agqueous springs surroundmg volcamie regions; in areas where sulphur is
extracted by melting it, and in places where coal containing sulphur or sulphur compounds are
burmt.

Sulphur dioxide is a normal component of air due to emissions from natural sources and industrial
activities. Anmualy, the equivalent of about 40-60 x106 tons is emitted into the atmoshere as an
atmoshenc polutant (Seiler ef al | 1988).

Ower 63% of sulphur dioxide released to the air, or more than 13 mullion tons per year, comes from
electric utilities, especially those that bum coal. Other sources of 502 are indnstrial facilities that
derive their products from raw materials like metallic ore, coal. and cmode oil, or that bum coal or
n]]topmdmeprmessheal Examples are petrolenm refinenes, cement manufacturing, and metal
processing faciliies. Also, road and non-road diesel equipment curmrently bum high sulfur fuel and
release S02 emissions to the air in large quantities (U.S. EPA_ 2008).

Sulphur dioxide is used m the mamufacture of sulphuric acid and other sulphur-contaiming
chemicals, and as a bleaching or stenlismg agent. It is also released into the emvironment from
industrial processes such as ore smelting, coal and oil combustion, petroleum refining and water
and sewage treatment As of 2006, China is the world's largest sulfir dioxide polluter, with
emissions estimated to be 2349 million tons m 2005. This amount represents a 279 increase since
2000, and is roughly comparable with U.S. emissions in 1980. In much of western Europe and
North Amenka countries concentrations of sulfir dioxide m urban areas continued to decline in
recent years as a resultes of controls on emissions and changes in fuel use (WHO, 2000).

Highest occupational exposures are generally encountered during mamufacture of cellulose pulp.
The various uses of sulphur dioxide are: the mamufacturng of sulphuric acid, sulphites, and
hydrogen sulphite; in the sugar industry for refinng and decolonizing sugar. Sulplur diemde is
used for refining kerosene, and other petroleum products. Sulphur dioxide is a reducing agent and
15 used for bleaching wool or straw and as a fumigant and food preservative. Large quantities of
sulphur dicxide are used i the contact process for the manufactore of sulphunc acid Sulphur
dioxide is used as a disinfectant (IARC, 1992).
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11 Ezxposure

Indoor air concentrations of SO, are generally lower than cutdoor air concentrations, because
absorption occures on walls, formiture clothes and in ventilation systems (WHO, 1987).

Even though sulphur diexide is widely used for a large mumber of industrial applications, there only
have been few stdies published on occupational exposure levels. Most of these studies are of
limited use, because they are deficient in terms of current scientific criteria. In the pulp making and
paper industry, s , mean concentrations of sulplur dioxide ranged from below detection level up to
68.1 mg/m , covering the period of 1954 to 1963. The vanation is, for instance, explamed by
w:iaﬁnnsiuﬂnsamplingﬁme{miul; short-term measurements) and the type of operation. Short-
term peak values of up to 266 mgm were measured in four Norwegian pulp making and paper
plants (Skalpe,1964).

Covering the peniod of 1040-1986, mean levels of sulphur dioxide were lower than 2.6 mg/m3 m
nickel, zine, aluminium smelters and steel mills, but between 2.6 and 26 mg/m3 in copper smelters.
Occasionally higher levels were measured.

Measurements of sulphur dioxide in other types of mdustry have revealed large vanations. Most of
these measurement stayed below 10 mg/m3: 7.7 mg/m3 (beverage industry); between less than 3
and ¥ mg/m3 (sulphuric acid plants, long-term measurements); and, <2.6 mgm? (e.g. close to
diesel engimes, photographic laboratories, mineral fibre plant). Moreover, m all these mdustries
peak exposure have been observed ( Kangas ef Rikkiydisteet 1991; FIOH, 1990).

Benke et al. (1998) published a review on the exposure levels to several chemicals within the
alumina and primary aluminiom mdustry. In that review, the study by Chan-Yeung ef al. (1989)
was discussed. They reported a mean of 2.0 mg/m3 (p=121, TWA 8§ hours) for measurements
undertaken in 1980 compared to 2.1 mg'm3 (=33) for the same smelter in 1986, Kongerud et
Bamjer (1991) and Desjardins of al. (1994} measured lower levels: 0.42 mg/m3 (breathing zone
samples, n=73, Norway) and 1.0 mg/m3 (04 ppm. Canada), respectively.

In 1999, Teschke et al. (1999) pubhshed the results of an international study on the occupational
exposure to sulphur dioxide in the non-production departments of pulp paper and paper product
mills. The data included exposure measurements of 246 chemical agents taken from the 1950s to
the 1990s. For sulphur dioxide the following mean concentrations were measured (TWA = 1 hour):
19.0 mg/m3 (7.1 ppm, maintenance, construction, cleaming, n=40); 19.5 mg/m3 (7.3 ppm, storage,
yard, leading, shipping, r=11); 1.9 mg/m3? (0.7] ppm, steam and power generation, n=43); and,
0.013 mg/m3 (0.005 ppm, effluent water treatment, n=39). However, most of the samples were
below detection limit (limit not given).

1.2 Monitoring

Samples obtained from passive or active sampling are amalysed by spectrophotometry or ion
exchange chromatography.

The Wational Institute for Occupational Safety and Health (NIOSH,1994) recommended ion
exchange chromatography —method 6004 for determination of ambient levels of sulphur
dioxide This method is specific for sulplur dicxide and applicable for short-term samplimg (- 0.5-20
mg/m3 per 100 L air sample).
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2. Healih Significance:

The main ohjective and the emphasis of this evaluation are to analyse the possible effects of the
mhalatory exposure in the working settmgs m the concentration range relevant to working
population.

21. Toxicokinetics

211

212

Human Data

Animal Data
Absorption:

As summarised by DECOS ( 2003 ) sulphur dioxide is a highly soluble in aqueous media.
As a result, the substance iz rapidly absorbed in the moist upper respiratory tract after
inhalation, as was shown in both man and mammals (Speizer 1966, Balchum 1960).

When rabbits were exposed to a concentration of 2.7 mg/m3, approximately 40% of the
sulphur dioxide was absorbed by the nasopharyngeal mueesa. This mereased to 95% when
the exposure increased from 26.6 to 266 mg/m3 (Stranberg, 1964).

Sulphur dioxide may reach the lower respiratory tract by oral imhalation and deep
breathing, for instance during doing heavy work or exercise (DECOS, 2002).

Penetration to the alveoli is greater when inhaled through the mouth than through the nose.
During inhalation, it reacts with water to form sulphurous acid, which dissociates mto
sulphite and bisulphite ions. Suphite is converted to sulphate by action of suphite oxidase
and mdividuals deficient n this enzyme constitute a higher nsk group (Calbrese et al.,
1981).

In the moist mucous membranes, sulphur dioxide is rapidly hydrated to sulphurous
acid(H2503). This sulphurous acid dissociates easily into sulphite (S03-) and bisulphite
(H503-) ions. Sulphite ions are then rapidly converted into sulphate, whereas bisulphite
1oms bind to to plasma and cellular proteins to form S-sulphonates (TARC, 1992).
Distribution:

In all species studied, the sulphur dioxide that is absorbed passes through the blood and
Iymph to all body tissues. When beagle dogs inhaled radio-labelled sulphur dioxide **S0,
after tracheotomy, most of the substance did concentrate n the trachea, bronchi, hings and
Iymph nedes of the hilus, and in decreasing amounts in the kidneys, cesophagus, ovanes,
stomach and other tissues. Only minimal amounts of **S were found in the liver, spleen and
cardiac muscles (Balchum et al | 1960).

In the blood. a mam part of sulphur diexide 1s bound to setum proteins as S-sulphonates
(Gunnison et al Benton 1971 ; Menzel of al 1986). Free sulphur dioxide is tramsported
almost totally as bisulphite.

Biotransformation :

Part of the mhaled sulphur dioxide 1s exhaled before the body absorbs it. Another part 1s
eliminated by conversion into sulphurous acid on contact with moist upper respiratory tract
(Balchum ef al. |1969; Frank ef al,1969). Bisulphite ions react (sulphonation or auto-
oxidation) with biomeolecules, such as cysteine containing proteins and DNA, to form 5-
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sulphonates. Formation of sulphonates prolongs the presence of sulphur dioxide in the body
(Yokohama et al ,1971). Sulphite ions are rapidly metabolised to sulphate by sulphite
oxidase, an enzyme with low activity in humg tissue. Sulphate, which is also an endogenous
metabolite in mammals, is incorporated in the large sulphate pool of the body (TARC
19923,

As summansed by Braver of al ( 2002) the ready solubility of sulphur dioxide in water
forms the basis for its physiological and toxicological effects. Gasous 30, disolves i fluids
found in the upper respiratory tract to form bisulfite, sulfite, and hydrogen ions that are
quickly abscrbed by the blood and distnbuted throughout the body. The efficiency of this
processis affected by concentration of inhaled 50, where high concentration ( =100 ppm)
result in absorption of = 90% of the pollutant , and low concentration (= 2 ppm) resultin 5 -
40°%: absorption. Inspiratory rate and route of imhalation firther affect efficiency such that
exercizing individuals engaged in oromasal breathing absorb more S0, (=80% ) than those
at rest.

Once absorbed, sulfite 10ns n the blood can  be oxidized to sulphates and excreated m the
urine, of they can react with proteins to form 5- sulphonate, which has been found at the
elevated levels in the plasma and aorta of 50: exposed expenmental amimals The
biochernmical significance of these findings is not yet understood. but they provide evidence
for the possibility of toxicological effects in non-pulmonary target crgans.

Once absorbed, bisulfite ions in the blood might be reponsible for inducing the
bronchoconstriction generally associated with sulphur dioxide exposure. By disrupting the
disulfide bonds present in tissue proreins, bisulfite may lead to the alteration of
neurotransmitter receptors and the subsequent contraction of smooth muscle tissue in the
hmgs.

= Elimination :
Circulating S-sulphonates slowly decompose mto sulphor dioxide or sulphates. The sulphur

dioxide is exhaled, whereas sulphates become part of the endogenous sulphate pool. These
sulphates are slowly released via the blood into the unne (Calabrese ef al., 1981).

213  Biomonitoring

Mo method has been published that allow for determination of biochemiecal or fimctional
parameters useful for biological monitoring of occupational exposure Also S-sulphonate cannot be
used for biclogical monitoring, because it is not a specific parameter for sulpbur dicxide exposure.

2.2 Acute toxicity
221 Human data
Several reviews of the toxicology of sulphur dioxide have been published within the last

decades These reviews have generally been written with the aim of identifying appropnate levels
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focus, therefore tends to be on the identification of dose- reponse relatiomshipfor effects in
particular subgroups such as children astmatics, those with chromic obstructive hmg disease ete..
In general, the mformation gathered relates to the effect of peak pollution episodes rather than the
long term consequences of exposure to 50y, The usefulness of these reviews for the purpose of the
OELs setting is limited because it provides only a brief overview of occupational studies.

Healthy adults

There are mumerous stadies since 1953 till recent years with healﬂl}r,nun—mukingt?lmtm
ezpmedtoﬂﬂ:;.mdermntmﬂedcondiﬁun to concentrations of as low as 0.33 mg/ m to more
than G0mg/ m 502 The exposures lasted from minutes up to several howurs and were camed out
with or without physical exercise. The mam adverse effects observed were imtation of the upper
respiratory tract and eyes, and decreased hmg fimetion, such as increased pulmenary airways
resistance { DECOS, 2003).,

At very high concentrations (SCOEL, 1993), the absorption capacity of the upper respiratory
airways may be exceeded, resultmg m pathological changes that include; laryngotracheal and

Cmmugthemmhammnfbmmhmmmm,ﬂmﬂlwghtﬂmlmﬂphm dioxide stimmlates
imitant receptors, present in the epithelimm of the upper airways (Costa of Schelegle, 1900}
Stinmlation of these receptors activates the nerve endings of invelmtary muscles in the bronchi,
resulting in bronchoconstriction. Atropine, an anticholinergic agent can completely deactivate
these nerve endngs, resulimg in relaxation of the mwvohmtary mmscles. When given to normal
adults, who were exposed to sulphur dioxide, the bronchoconstriction was completely prevented
(MNadel et al, 1965). However, when given to exposed asthmatics, atropine was only partly
effective (Korpas ef Timon , 1979).

The low concentrations of sulplur dioxide required to prodoce bronchoconstnetion in sensitive
asthmatics are likely too low to generate hydrogen ions in sufficient quantities to explain the
airway effects of sulphur dioxide (Fine et al., 1987).

Ammonia can be present in high concentrations i the oral cavity and could play a role in
neutralizing acidic ions. It i1s not clear whether the bronchoconstriction that ocours following cral
ingestion of sulfite- containing liquids and foods in some asthmatics is mechanistically linked to
sulphur dioxde induced bronchoconstniction (Frampton ef Utell, 2007).

The difference in reaction between normal and asthmatic people is still not fully clanfied In
general population, a clear positive association has been reported between those pathologies and
day to day changes in hospitalisation rates and deaths (Anderson et al., 1997).

The critical effect of sulphur dioxide evaluated by SCOEL ( 1998 ) 1s imitation of the upper
respiratory tract. In most epidemiological studies, the workers were exposed to complex mixtures
of sulphur dioxide with particulate matters, other acid gases, metallic fiumes or orgame compounds.
Workers exposed to approximately 4 ppm (11 mg/m?) sulphur dioxide experienced tighiness i the
chest and reduced forced expiratory volume (FEV) (Archer of al, 1979).

Bedi et al (1984) reported that exposure of young velunteers to concentrations of 1 - 2 ppm (2.7 -
33 mg.-"m?'} for 2 hours resulted in a reduction in thoracic volume in non-smoking subjects.
Controlled exposure of healthy adults to 1 ppm{?.?mgu’m3} sulphur dioxide with 1 mg."m3N3C1
caused respiratory changes only in a group subjected to moderate exercise (Frank, 1980).
Exposure of 231 healthy subjects to 0.75 ppm (2 mg/m?) sulphur dioxide, with and without
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exercise, did not affect pulmonary function (Stacy et al, 1983).

However, electron mictoscopic exammation of the nasal mucosa of 7 individuals exposed to 0.7
ppm (1.9 mg/m3) sulphur dioxide for 2 hours revealed ciliary defects (Carson ef al , 1987).
Lawther et al. (1975) found that deep breathing of 1-ppm 50, by mouth resulted in an increase in
specific airways resistance (sFaw) compared to breathing air alone.

Stacy ef al (1981) exposed 16 healthy males to 0.75-ppm 50; for 2 h with a 15-mun peried of
exercise at the end of the first howr of exposure (ventilation ~ 60 L/min). A separate group of 15
healthy males were exposed to clean air for 2 h and served as the control for this study. In the SOa-
exposed group, airways resistance (Faw) decreased by 2 to 53% compared to baseline after the 13
min of exercise but then returned to the baseline value by the end of the 2-h exposure. However,
in the comirol group, Faw decreased throughout the 2-h exposure, resulting in statistically
significant differences between the two groups in the change in Faw cccuming between both
baseline and post-exercise and between baseline and postexposure.

Islam ef al{1992) examined acute bronchoconstricting effects in  twenty-suix young, non-
smoking volunteers (17males’ 9females) exposed to 0.6-0.8 ppm 50 Specific airway resistance
measurements were taken before, immediately 10 and 20 munutes after each eucapme
hyperventilation Following hyperventilation with or without 502 all subjects showed variable
degrees of bronchoconstricion. However, the authors found a strong increase of specific airway
resistance with sulphor dioxide than without (p=0.01); the mean increase in specific amrwy
resistance was sigmifiently higher i these responders 13 out 26 subjects ) than in the non/
responders (p=0.01). All values tended to refumn to normal 20 minutes after the last exposure.
Eulle et al. (1984) exposed twenty young, non'smoking subjects (10 males /10 females) four
hours to 1 ppm 50: In environmental chamber. The subjects performed light / to moderate exercise
stints. Mo significant changes in pulmenary fimction or bronchial reactivity were observed in the
individual exposure or 24 hours post

Similar results obhserved Schachter et al. {1934} mn healthy subjects (4 males/§ females ) exposed to
0,025 05,075 and 1 ppm. Subjects were exposed for 40 munutes in an environmental chamber.
During the first 10 nunutes of exposure | subjects perfermed exercise on a czcloergometer at level
of 450 kpm/min on separate days , subjects were exposed to 0 and 1 ppm S0: in absence of
exercise. No changes in pulmonary fimefion were seen in healthz mdividuals on any day. The
authors concluded that healthr mdividuals subjected to inhalation of up to 1 ppm demonstrated no
significant pulmonary decrement at rest or dunng moderate exercise.

Case reports

In most epidemiological studies focused on workers, the workers were exposed to complex
mixtures of sulphur dioxide with particulate matters and other acid gases As it was evaluated by
DECOS (2002) in none of the case studies reported below, the authors menfioned the levels to
which the workers were accidentally exposed, although they surmused that these were high
Overall, acute poisoning from inhalation of wvery high concentrations of sulphwr diexide is
characterised by mntense mmtation of the comjunctiva and upper respiratory tract mmeosa with
dyspnoea and cyanocsis, followed rapidly by loss of comsciouspess. This may lead to death
(Stellman et Mc Cann, 1998)

One 25-year-old previously healthy carpenter was exposed to sulphur dioxide at high
concentrations for 15 to 20 minutes. An immediate episode of pulmonary cedema was followed by
a silent mterval with subsequent development of a severe, ieversible obstructive syndrome
(Woodford et al., 1979).
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Two maintenance workers were accidentally exposed to concentrated sulphur dicxide steam Both
subjects died of respiratory arrest within 5 mumutes. Two other workers, who were near the
exposure area, developed symptomatic severe airway obstruction and, asymptomatic nmld
obstructive and restrictive disease, respectively. A fifth subject continued to be asymptomatic with
normal pulmenary fimction tests. The pulmonary fimction tests were performed on day 1, 50, 60
and 116 after the exposure (Chan-Yeung ef al., 1979).

In 1983, a case report was published, in which lhmg fimction was followed for 4 years in seven
Finnish men who were exposed to sulphur dioxide in a pyntes dust explosion The authors
suggested that the bronchial hyperreactivity, such as observed in these men may be a frequent
sequel after exposure to high concentrations of sulphur dioxide and, that hypemeactivity may
persist for several years (Harkonen ef al., 1983).

In another case report, two non-smoking Canadian miners were followed over a two-year peniod,
after being exposed to high concentrations of sulphur diexide after a mine explosion (Fabinovitch,
et al 1989). The authors observed that: acute exposure to high levels of sulphur dioxide resulted in
severe airway obstruction; these abmormalibies are partially reversible; and, that most of the
improvement ocourred within 12 months after initial injury. These four case reports have been
described briefly by Testud ef al. (2000). In the same review, they reported also six cases of
sulphur dioxide-induced respiratory symptoms. These cases were identified dunng a survey of wine
cellars n the French Beaujolais district.

Asthmatic Individuals

Asthmatic subjects are a high nisk group with respect to sulphur dioxide. Effects are exacerbated
by increasing levels of exercise (SCOEL, 1998).

Bethel ef al. (1985) reported that exposure of asthmatics to 0.25 ppm (0.67 mg/m?) sulphur dicxide
during heavy exercise resolted in mild bronchoconstriction, but that the effact was largely
overshadowed by the effects of exercise alone.

Hackney et al. (1984) exposed 17 young asthmatic volunteers to 0.75 ppm (2.0 mg/m®) for 3 hours
with 10 munutes of heavy exercise imtally, followed by rest. In general it appeared that the
bronchoconstriction mduced by exercise durning exposure was reversed immediately by rest, even
though the sulphur dioxide was still present.

Development of tolerance has been observed m asthmatic subjects exposed repeatedly to the
bronchoconstriction effects of 0.5 ppm (1.3 mg/m®) sulphur dioxide for short periods (Sheppard et
al, 1983).

Exposure of 24 young adult asthmatics to 0, 0.25 and 0.5 ppm (0, 0.67 and 1.3 mg/m”) sulphur
dioxide for one hour with alternating 10 numute peniods of moderate exercise and rest, at exposure
intervals of one week, did not induce significant exposure related changes in pulmonary finction
(Linn et al., 1982).

Devalia et al (1994) studied the effect of 6 hours exposure to 0.2 ppm (0.53 mg/m®) sulphur
dioxide on the airway response to mhaled house-dust-mite antigen in 10 volunteers with mild
atopic asthma. No significant effects were observed in the ing fimction indices examined.
Overall, these studies mdicate that asthmatics are unlikely to expenience adverse effects at sulphur
dioxide levels up to 0.75 ppm (2.0 mg/m®) under normal working conditions.

Some of the studies on exposure to 50: in combination with execise mvolving asthmatic subjects
have used change m airways resistance{ sFaw) as the endpoint of interest while others have
measured changes in FEV1 or both:

Linn ef al. (1987) reported that following 1-h exposures to 0-, 0.2-, 0.4, and 0.6-ppm 502, the
severity of respiratory symptoms (1.e., cough. chest tighiness, throat imitation) increased relative air
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exposures only in moderate/severs asthmatics who were exposed at the highest exposure
concentration (.6 ppm 50;). It was also observed that these symptoms abated within <1 h after

EXPOSITE.
Balmes ef al (1987) reported that 7/8 asthmatic adults developed mspnalmjr symptoms including
wheezing and chest tighmess followmg 3-min exposures to (.5-ppm 50, dunng ewcapmic
hyperpnea (minute ventilation = 60 L/min).

Gong ef al (1995) reported in a study with SOs-sensitive asthmatics that respiratory symptoms
(Le., shoriness of breath. wheeze, and chest tightness) mereased with increasing 50y concentration
(0-, 0.3-, and 1.0-ppm S0;) following exposures of 10 min with varying levels of exercise. It was
also observed that exposure to 0.5ppm 50, during hight exercise evoked a more severe
symptomatic response than heavy exercise in clean air.

Tunmicliffe et al. (2003) found no association between respiratory symptoms (1.e., throat imtation,
cough, wheeze) and 1-h exposures at rest to .2-ppm 505 in either asthmatics or healthy adults.

It has been demonstrated that asthmatic mdividuals exposed to =1-ppm S0: while performing
moderate to heavy exercise for 5 min suffer significant bronchoconstriction or increases in sRaw
(Bethel ef gl , 1983; Linn et al., 1983, 1984).

Gong ef al (1995) was able to show an exposure-response relationship between 50: and
respiratory effects by exposing 14 unmedicated, SO:-sensitive asthmatics to 0-, 0.5-, and 1-ppm
50: under 3 different levels of exercise. It was shown that increasing SO: concentration had a
greater effect on sRaw and FEV1 than increasing exercise level.

Tunmicliffe et al. (2003) evaluated the effects of a lower exposure concentration of 50z in resting
healthy and asthmatic subjects. No significant changes in hmg function as measured by FEV1,
FVC, and maximal midexpiratory flow (MMEF) were observed following 1-h exposure to (.2-ppm
50:. The authors reported a small but statstically significant increase in respiratory rate in the
asthmatic group after S0y exposure compared to placebo (958 9 breaths'h with 502 compared to
0068 breaths'h with air). However, this effect was counterbalanced by a reduction in tidal volume,
resulting in no net change in volume breathed duning exposure.

One of the aims of the Linn &t al. study ( 1987) study was to determine how the mtensity of
response varied with asthma severity or status. In this study, 24 nommal 21 atopic (but not
asthmatic), 16 mild asthmatic, and 24 moderate/severe asthmatic subjects were exposed to 0-, 0.2,
0.4-, and 0.6-ppm 50;. The exposure protocol consisted of 1-h exposures that included three 10-
min exercise periods (ventlation ~ 40 L/mum). Physiological responses were measured at
approximately 15- and 55-min of exposure. Pooling data from both the mild and moderate/severe
asthmatic groups (n = 40) and using only measurements made at 15 min into the exposure, the
group mean sEaw was doubled with 0.6-ppm SO» exposure.

In the project report (Hackney ef al., 1987) upon which the Linn et al. (1987) article was based,
mdividual data were presented that showed that 15/40 moderate/severe asthma subjects (37.5%)
had a doubling of the sF.aw at concentrations of <20.6-ppm S0,

Limn et al (1987) demonstrated that moderate and severe asthmatics had the most severs
physiological and symptom responses. While the moderate/severe asthmatics were more responsive
than mild asthmatics following exposure to clean air dunng exercise, their increases in response
with increasing S0, concentrations were similar to the puld asthmatic group. Thus, it was
concluded that S0, response was not strongly dependent on the clinical severity of asthma The
apparent lack of comelation between 50 response and asthma seventy should be interpreted with
caution, since the 50 response may have been attenuated by medication usage or its persistence.
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Three of the moderate/severe asthmatics were unable to withhold medication usage during the
exposure period. It was also suggested that mdividual 50, response could not be predicted by
severity of asthma or asthma status, since a few of the atopic individuals who were not asthmatic
not had exercise-induced bronchoconstriction were reactive to 505, On the other extreme, a few of
the asthmatics, including some in the moderate/severe group, did not react to 0.6-ppm S0,
Mevertheless, the largest sRaw increases and moest substantial decrements in FEV1 ocourmed in the
moderate/severe asthmatic group

Horstman ef al. (1986) exposed 27 asthmatic subjects for 10 muin on different days to
concentrations of 50, between (- and 2-ppm 50, under exercising conditions (ventilation = 42
L/min}). These authors reported that for 25% of the subjects, the concentration of 50, needed to
produce a doublng of the specific airway resistance (SFaw) [designated as (PC(30,)] was <03
ppm, and for about 20% of the subjects the PC(50y) was =1.95 ppm, with a median PC({50,) of
0.75 ppm. Though Hackney af al. (1987) demonstrated the distibution of bronchial sensitivity of
asthmatics to 50;, the authors cautioned against expressing S04 response in terms of PC{S0:).
Hackney ef al (1987) noted several linutations to using PC (50z) analysis for nisk assessment
purposes. First, the choice of a 100% increase in sRaw is arbitrary and may not necessanly have
any health sipmificance. For example, as noted by the authors, an increase mm sRaw from 2 to 4
would meet the 100% cntenon but may not be of chnical significance. However, an increase from
12 to 22, while not meeting the criterion, would be of clinical significance. Second, there may be
loss of information from the rest of the exposure-response curve other than the chosen point. For
example, two subjects may have similar values of PC (S0:) but substantially different overall nisk
because of differences in threshold levels and slopes. Fmally, PC (502) based on the Hackney et
al. (1987) study was not necessanly a stable and reproducible measurement. In some cases, the
sRaw change exceeded 100% at low concentrations but not at high concentrations.

Two key studies have shown that a bronchoconstrictive response to 50z can oceur in as litfle as 2
min in asthmatic subjects.

Horstman et al (1988) exposed 12 50h-sensitive asthmatic subjects to 1.0-ppm S50 with exercize
(ventilation = 40 L/'min). Comecting for exercise-induced responses. sFaw was shown to increase
by 121% after a 2-pun exposure and by 307% after a 5-min exposure.

Balmes ef al (1987) exposed 8 asthmatic subjects to 0.5- and 1.0-ppm 50: during eucapmec
hyperpnea (60 Lmin) by mouthpiece on separate days for 1-, 3- and 5-min durations. The
magnitude of bronchoconstriction increased progressively over the three fime penods. At 0.5-ppm
50:, sRaw increased by 34, 173, and 334% compared to baseline at 1, 3, and 5 mun of exposure,
respectively. For the 1.0-ppm 50; exposure, sBaw increased by 93, 395, and 580% compared to
baseline at 1, 3, and 3 nun of exposure, respectively.

The interaction of 50: with other common air pollutants or the sequential exposure of 50, after
prior exposure to another pollutant can modify the SOs-induced respiratory effects. However, only
a few studies have locked at the mteractive effects of coexisting ambient air pollutants :

Eoenig et al. (1900} examined the effect of 15-min exposures to (.1-ppm 50, m adolescent
asthmatics engaged in moderate levels of exercise. Immediately preceding this exposure, subjects
were exposed for 45 min to 0.12-ppm 03 during intermittent moderate exercize. In this study,
subjects also underwent two additonal exposure sequences with the same exercise regimen: 15-
min exposure to 0.1-ppm 50, following a 45-min exposure to clean air, and 15-min exposure to
0.12-ppm O; following a 45-min exposure to 0.12-ppm O;. The authors found that the change in
FEV1 compared to baselme was significantly different followmmg the 05-50,; exposure (8%
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decrease) when compared to the change following the air-50y or Os- Q5 exposures (decreases of 3
and 2%, respectively).

Jémres and Magnussen (1990) and Fubinstein et al. (1990) mvestigated the effects of a pnor NO,
exposure on SOy-induced bronchoconstriction in asthmatic adolts. While Jomes and Magmnussen
(1990} suggested that prior exposure to NO; mereased the responsiveness to 50, Fnbinstemn et al.
(1990) did not find that NO, exacerbated the effects of 50,

Individuals with Chronic Obstructive Pulmonary Disease (COPD)

Linn et al. (1985) examined the respiratory effects of 50, exposure on subjects with COPD. In this
controlled laboratory study, 24 subjects with COPD were exposed for 1 hto (-, 0.4-, and 0.8-ppm
50; with two 15-mun periods of hight exercise (ventilation = 18 L/mun). In confrast to stodies with
asthmatics, most of the subjects in this study regularly used bronchodilatators and were permitted
their use up to 4 h pricr to the study. The authors reported no 50y effects on sRaw, spirometnc
measures, of arterial oxygen saturation. Whale it was concluded that clder adults with COPD seem
lemreactl'r.retoSUzmmpml&dtuhmmﬂymmﬂugyﬂmgxdlﬂtﬂﬂhﬂﬂhﬂs,umsﬂlwghtthatthm
may be due to differences in medication usage as well as to the lower ventilation rate observed in
subjects with COPD), which would itself result in a reduction m the pulmonary uptake of S0,

Summary of Human Studies on Limg Function in Adults -

In all reviews on 5O; health effects it was established that subjects with asthma are more sensitive
to the effects of S0z exposure than healthy individuals without asthma.

The evidence from the reviewed studies indicates increased respiratory symptoms with peak (3-13
min) S0; exposures above (.3 ppm in asthmatic subjects.

Besults from human clinical studies have consistently demonstrated decreases m hmg function
(e.g., decreazed forced expiratory volume in 1 5 [FEV1] and increased specific airways resistance
[sBaw]) following peak exposures (3 to 15 min) to 50: These effects have clearly and
consistently been shown among individuals with asthma with asthmatics exhibitmg significant
decrements in hing fimetion following 3- to 15-min exposures to 50: concentrations of as low as
0.5 ppm while performing moderate levels of exercize (e.g., Gong et al, 1995; Horstman et al.,
1986; Linn et al., 1987; Sheppard et al., 1981).
Theeﬂ'ectnfpeakfrﬂzexpomnulmgﬁmchunhasbeenshmtomcmmmmgmhﬂemth
increasing 50: concentrations above 0.5 ppm.  Studies have further observed sigmificant
decrements in hng function in some sensiive asthmatics following 5-15 min exposures to 50h
concentrations of as low as 025 ppm while performmg moderate levels of exercise (Horstman et
al, 1986; Sheppard et al, 1981). Thus, the observations of increased bronchoconstriction and
airway resistance in human clinical studies provide clear evidence for SO effects with peak
exposure. 3

Airway Inflammation

Sandstrém ef al. (1989) in a controlled-exposure, time-respense study exposed 22 healthy male
subjects for 20 mun to 3-ppm 50 under light exercising conditions. Bronchoalveolar lavage was
performed in all subjects at least 2 weeks prior to exposure, as well as at 4, & 24, and 72 h after
exposure in 822 subjects. The authors found that as early as 4 h after exposure to 50z, lysozyme-
positive macrophages, lymphocytes, and mast cells were significantly mcreased compared to
baseline. Twenty-four hours after exposure, these markers of inflammation, as well as the total
alveolar macrophages (AM) and total cell mumber, were at peak levels. This study demonstrated
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