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NONO22: evaluations undertaken: evaluations undertaken

•• 1987:1987: WHO AQG for Europe, 1WHO AQG for Europe, 1stst EditionEdition

•• 19971997: IPCS, Report for the Environmental Health : IPCS, Report for the Environmental Health 

CriteriaCriteria annual mean of 40 annual mean of 40 gg/m/m33

•• 20002000: WHO AQG for Europe (completed 1997), 2: WHO AQG for Europe (completed 1997), 2ndnd

EditionEdition one hour mean of 200 one hour mean of 200 gg/m/m33

•• 20032003: Report on a WHO WG: Health Aspects of Air : Report on a WHO WG: Health Aspects of Air 

Pollution with PM, OPollution with PM, O33 & NO& NO22

•• 20042004: Report on a WHO WG meeting: Health Aspects : Report on a WHO WG meeting: Health Aspects 

of Air Pollution with PM, Oof Air Pollution with PM, O33 & NO& NO22 –– answers to followanswers to follow--

up questions from CAFEup questions from CAFE

•• 20062006: WHO AQG, Global Update 2005: WHO AQG, Global Update 2005

NONO22 and health effectsand health effects

•• Animal toxicology Animal toxicology 

•• Controlled human exposures Controlled human exposures 

•• Observational epidemiologyObservational epidemiology

–– IndoorsIndoors

–– OutdoorsOutdoors

Evidence from …Evidence from …

NONO22 animal toxicology animal toxicology 

-- pulmonary metabolism pulmonary metabolism --

•• Lung oedemaLung oedema

•• Lipid changesLipid changes

•• antioxidant metabolismantioxidant metabolism

•• lung enzymeslung enzymes

>3160>3160 gg/m/m33

(acute & subchronic)(acute & subchronic)

RatsRats

•• lipid peroxidationlipid peroxidation 752752 gg/m/m33

(18 mo; TBARS)(18 mo; TBARS)

7575 gg/m/m33

(9 mo; ethane) exhalation(9 mo; ethane) exhalation

RatsRats

•• Lipid & antioxidant metabolism show response pattern dependentLipid & antioxidant metabolism show response pattern dependent onon

conc. & exposure durationconc. & exposure duration

NONO22 animal toxicology animal toxicology 

-- pulmonary structure pulmonary structure --

Cell changes (type I alveolar epithelial to  Cell changes (type I alveolar epithelial to  

type II; ciliated epithelial to nontype II; ciliated epithelial to non--ciliated) inciliated) in

tracheobronchialtracheobronchial & alveolar regions& alveolar regions

640640 gg/m/m33

(7d)(7d)

RatsRats

Cytoplasm changes & hypertrophy in Cytoplasm changes & hypertrophy in 

replaced cellsreplaced cells
940940 gg/m/m33

(10 d)(10 d)
RatsRats

HumanHuman--type emphysematype emphysema 1500015000--3700037000

gg/m/m33

(chronic)(chronic)

Rats/Rats/

rabbitsrabbits

•• Both conc. & time of exposure important, but pattern is compleBoth conc. & time of exposure important, but pattern is complexx



NONO22 animal toxicology animal toxicology 

airway inflammation/responsivenessairway inflammation/responsiveness

epithelial damage, epithelial damage, 

baseline smooth muscle baseline smooth muscle 

tone & airway tone & airway 

neutrophilia;neutrophilia; mucinmucin

expressionexpression

37603760 gg/m/m33

(24 h)(24 h)

aerosolised OVA onaerosolised OVA on

d13 & 14d13 & 14

BALB/cBALB/c

micemice

sensitisedsensitised

to OVAto OVA

TNFTNF-- ;; ILIL--10, IL10, IL--6 & 6 & 

suppressor of cytokine suppressor of cytokine 

signallingsignalling--3 mRNA3 mRNA

1880018800 gg/m/m33

(1,3,20 d)(1,3,20 d)
RatsRats

•• In vitro, depleted antioxidants defences, cell injury & inflamIn vitro, depleted antioxidants defences, cell injury & inflammationmation

confirm reactivity of NOconfirm reactivity of NO22

NONO22 animal toxicology animal toxicology 

-- host defence host defence --

AntibacterialAntibacterial defencedefence 940940 gg/m/m33 -- 6 mo6 mo

37603760 gg/m/m33 -- 3 h3 h

MiceMice

•• Effects due more to concentration than duration or total doseEffects due more to concentration than duration or total dose

•• Peak exposures and patterns of exposures importantPeak exposures and patterns of exposures important

Animal toxicologyAnimal toxicology

-- summarysummary --

•• Exposure  to above ambient concentrations: Exposure  to above ambient concentrations: 

effects on lung metabolism, structure, function, effects on lung metabolism, structure, function, 

inflammation & increased susceptibility to inflammation & increased susceptibility to 

infectioninfection

•• Very high concentrations: emphysemaVery high concentrations: emphysema--likelike

changeschanges

NONO22 animal toxicologyanimal toxicology

-- extrapolation to humans extrapolation to humans --

Inherent differences between mammalian speciesInherent differences between mammalian species

Is NOIs NO22 an inhalant an inhalant 

toxicant at ambient toxicant at ambient 

concentrations in concentrations in 

humans?humans?

Exactly what Exactly what 

exposures would exposures would 

lead to effects in lead to effects in 

humans?humans?

Would some Would some 

effects seen in effects seen in 

animals occur in animals occur in 

humans at all?humans at all?

NONO22 and health effectsand health effects

•• Animal toxicologyAnimal toxicology

•• Controlled human exposures Controlled human exposures 

•• Observational epidemiologyObservational epidemiology

–– IndoorsIndoors

–– OutdoorsOutdoors

Evidence from …Evidence from …

NONO22 controlled human studiescontrolled human studies

-- pulmonary function pulmonary function --

Healthy subjectsHealthy subjects >1800>1800 gg/m/m33

94009400 gg/m/m33 but not at 7000 but not at 7000 gg/m/m33

28202820 –– 65806580 gg/m/m33 (20’)(20’)

GenerallyGenerally

SRSRawaw

Mucociliary Cl Mucociliary Cl 

AsthmaticsAsthmatics 230 & 188 230 & 188 gg/m/m33

560560 gg/m/m33 (30(30--110’ + exercise)110’ + exercise)

18801880--75207520 gg/m/m33

ns trendsns trends

Lowest levelLowest level

No responseNo response

COPDCOPD 560560 gg/m/m33 (4h)(4h)

Similar to above (1h + exercise)Similar to above (1h + exercise)

30003000 gg/m/m33

Functional effectsFunctional effects

No responseNo response

SRSRawaw



NONO22 controlled human studiescontrolled human studies
-- airway responsiveness in asthmatics airway responsiveness in asthmatics --

560 g/m3

488 g/m3

ColdCold

HistamineHistamine

metameta--analysisanalysis

200200 gg/m/m33

19001900 gg/m/m33 (normals)(normals)

Increase in airway Increase in airway 

responsiveness to a range of responsiveness to a range of 

constrictor stimuliconstrictor stimuli

800800 gg/m/m33

500500 gg/m/m33

HouseHouse--dust mite allergendust mite allergen

Pollen allergenPollen allergen

300300 gg/m/m33 (‘road tunnel NO(‘road tunnel NO22’)’) Greater early response; Greater early response; 

function and function and symptoms during symptoms during 

late responselate response

Mechanistic studies: Mechanistic studies: neutrophils in BW & BAL; neutrophils in BW & BAL; ECP in BW, blood & sputum; ECP in BW, blood & sputum; 

eosinophil granule product in BWeosinophil granule product in BW

NONO22 controlled human studiescontrolled human studies

-- airway inflammation airway inflammation --

Single doseSingle dose

Healthy subjectsHealthy subjects

11281128--75207520 gg/m/m33

neutrophils, ILneutrophils, IL--8, antiprotease, 8, antiprotease, 

22--macroglobulinmacroglobulin

// mast cells & lymphocytes mast cells & lymphocytes 

alveolar macrophages & alveolar macrophages & 11--

protease inhibitor activityprotease inhibitor activity

Repeated doseRepeated dose

Healthy subjectsHealthy subjects

36003600 gg/m/m33 4h/d x44h/d x4

neutrophilsneutrophils

antioxidantsantioxidants

UpregulationUpregulation in expression of ILin expression of IL--5,5,

ILIL--10, IL10, IL--13 & ICAM13 & ICAM--11

NONO22 controlled human studiescontrolled human studies

-- host defence host defence --

Healthy subjectsHealthy subjects

18801880--56005600 gg/m/m33 2h/d x32h/d x3

Attenuated influenza virusAttenuated influenza virus

ns trend for increased infectivityns trend for increased infectivity

Healthy subjectsHealthy subjects

11281128 gg/m/m33 3h3h

Attenuated influenza virusAttenuated influenza virus

inactivation of virus by alveolar inactivation of virus by alveolar 

macrophagesmacrophages

NONO22 controlled human studiescontrolled human studies

-- summarysummary --

•• In healthy subjects, changes in pulmonary function, In healthy subjects, changes in pulmonary function, 

airway responsiveness, mild inflammationairway responsiveness, mild inflammation && hosthost

defences at concentrations (>1800 defences at concentrations (>1800 gg/m/m33) in excess ) in excess 

to those outdoorsto those outdoors

•• Asthmatics more susceptible to acute effectsAsthmatics more susceptible to acute effects

•• In mild asthmatics, lowest concentration to change In mild asthmatics, lowest concentration to change 

pulmonary function: 500 pulmonary function: 500 gg/m/m33 and to enhance effect and to enhance effect 

of allergens: 200 of allergens: 200 gg/m/m33

NONO22 and health effectsand health effects

•• Animal toxicology Animal toxicology 

•• Controlled human exposuresControlled human exposures

•• Observational epidemiologyObservational epidemiology

–– IndoorsIndoors

–– OutdoorsOutdoors

Evidence from …Evidence from …

Simplified relationship between Simplified relationship between NONOxx

emissions & formation of NOemissions & formation of NO22 and other and other 

harmful reaction productsharmful reaction products

Motor vehiclesMotor vehicles

Other sourcesOther sources

egeg power generatorspower generators

NONOxx NONO22

Other trafficOther traffic--related emissionsrelated emissions

eg black smoke, UF particles, eg black smoke, UF particles, 
organic/elemental carbon, nitrous organic/elemental carbon, nitrous 
acid vapouracid vapour OO33 & other& other

oxidantsoxidants

PM (via)PM (via)

NHONHO33

IncreasedIncreased

risk for risk for 

adverseadverse

healthhealth

outcomesoutcomes

re
a
c
ti
o
n
 t

im
e

re
a
c
ti
o
n
 t

im
e

travelling distance of air before secondary travelling distance of air before secondary 

pollutants are generatedpollutants are generated

inhomogenousinhomogenous

distributiondistribution



NONO22 -- EpidemiologyEpidemiology

•• temporal / spatial distributions of NOtemporal / spatial distributions of NO22 and PM are and PM are 

differendifferentt

•• conducted in areas where the daily concentrations of conducted in areas where the daily concentrations of 

PM and NOPM and NO
22 are not well correlated or where NOare not well correlated or where NO

22

varied more than fine particlesvaried more than fine particles

•• adjustments for measured particles concentration adjustments for measured particles concentration 

(PM(PM
1010, PM, PM

2.52.5, black smoke) were possible, black smoke) were possible

•• effect of PM is modified by NOeffect of PM is modified by NO
2,2,

Outdoor studies more informative when…

NONO22 –– Outdoor populationOutdoor population--basedbased

studies: shortstudies: short--term effectsterm effects

StudyStudy EffectEffect Controlling for Controlling for 

other pollutantsother pollutants
NotesNotes

TimeTime--series:series:

MortalityMortality

Sig. association with Sig. association with 

overaloveral CV & CV & respresp..

mortalitymortality

effect estimateeffect estimate European cities: European cities: 

effect of PM on daily effect of PM on daily 

mortality with mortality with NONO22

levelslevels

TimeTime--series:series:

Morbidity in Morbidity in 

adultsadults

Seems to indicate an Seems to indicate an 

effecteffect
•• effect estimateeffect estimate

•• Effect nsEffect ns

•• Some studies,Some studies,

NONO22, not PM, , not PM, 

associatedassociated

Recent studies provide Recent studies provide 

basis for health risk basis for health risk 

evaluationevaluation

NONO22 –– Outdoor populationOutdoor population--basedbased

studies: shortstudies: short--term effects contd.term effects contd.

StudyStudy EffectEffect Controlling for Controlling for 

other pollutantsother pollutants
NotesNotes

TimeTime--series:series:

Asthma in Asthma in 

childrenchildren

••Most studies indicate Most studies indicate 

effect of PM and Oeffect of PM and O33

••Recent studies, NORecent studies, NO22

strongly relatedstrongly related

SeveralSeveral

instances, effect instances, effect 

remainedremained

Recent studies provide Recent studies provide 

basis for health risk basis for health risk 

evaluationevaluation

Panel:Panel:

AsthmaticAsthmatic

childrenchildren

••Inconsistent resultsInconsistent results

••Indicate an effect on Indicate an effect on 

symptoms & defence symptoms & defence 

mechanismsmechanisms

Results inResults in--keeping with keeping with 

those of asthma hosp. & those of asthma hosp. & 

indoor studiesindoor studies

NONO22 –– Outdoor populationOutdoor population--basedbased

studies: longstudies: long--term effectsterm effects
StudyStudy EffectEffect Effects attributable to Effects attributable to 

NONO22 per seper se

Asthma, respiratory Asthma, respiratory 

disorders & disorders & atopyatopy
Suggested associated between Suggested associated between 

NONO22 conc. At home address and conc. At home address and 

asthma incidence in childrenasthma incidence in children

NoNo

Lung functionLung function ••Evidence of effect on lung Evidence of effect on lung 

function growth*function growth*

••Europe: supports effect on lung Europe: supports effect on lung 

function in adultsfunction in adults

NoNo

MortalityMortality Recent data suggests association Recent data suggests association 

withwith risk of all cause mortalityrisk of all cause mortality
NoNo

*Southern California Children’s Health Study*Southern California Children’s Health Study

NONO22 –– Indoor studiesIndoor studies

*Meta*Meta--analysis, 1992analysis, 1992 LongLong--term exposure to NOterm exposure to NO22

associated with associated with prevalence of prevalence of 

respiratory symptoms in children respiratory symptoms in children 

< 12 years of age< 12 years of age

More recent studiesMore recent studies Among infants & children with or Among infants & children with or 

at risk of developing asthma, at risk of developing asthma, 

frequency of respiratory frequency of respiratory 

symptoms is associated with symptoms is associated with 

NONO22 concentrationsconcentrations

•• Relied on a limited number of heterogeneous studiesRelied on a limited number of heterogeneous studies

•• Formed the basis of the 40 Formed the basis of the 40 gg/m/m33 annual mean, originally adopted from annual mean, originally adopted from 

the IPCS in 1997the IPCS in 1997

*

NO2NO2 –– EpidemiologyEpidemiology
-- summarysummary--

•• Risk estimates in many studies greatly reduced & often became Risk estimates in many studies greatly reduced & often became 
nonnon--significant after adjusting for particlessignificant after adjusting for particles

•• In some studies, strongest effect was found for NOIn some studies, strongest effect was found for NO
2,2, itself,itself,

whereas PM had a weaker or no effect.whereas PM had a weaker or no effect.

•• Stronger indications of an independent effect of NOStronger indications of an independent effect of NO22 come from come from 
studies on:studies on:

–– hospital admission/emergency department visits for hospital admission/emergency department visits for 
respiratory and CV diseasesrespiratory and CV diseases

–– asthma aggravationasthma aggravation

–– indoor effects, especially among asthmatics and infants at indoor effects, especially among asthmatics and infants at 
risk of asthmarisk of asthma

•• Role of other components (eg organic carbon & nitrous acid Role of other components (eg organic carbon & nitrous acid 
vapour) associated with NOvapour) associated with NO22 cannot be ruled outcannot be ruled out



AQG Global Update 2005AQG Global Update 2005
-- NONO22 11--hour mean hour mean --

Insufficient accumulated evidence to alter guideline valueInsufficient accumulated evidence to alter guideline value

Controlled human exposure studiesControlled human exposure studies

Acute health effects at levels Acute health effects at levels 

higher than 500 higher than 500 gg/m/m33

MetaMeta--analysis indicate effects analysis indicate effects 

exceeding 200 exceeding 200 gg/m/m33

Current healthCurrent health--based WHO based WHO 

guidelines for NOguidelines for NO22

•• 11--hour mean: 200hour mean: 200 gg/m/m33

•• Annual mean: 40Annual mean: 40 gg/m/m33

AQG Global Update 2005AQG Global Update 2005
-- NONO22 annual guideline annual guideline --

AnimalAnimal toxtox: chronic : chronic 

exposure to above exposure to above 

ambientambient concsconcs. has . has 

adverse effectsadverse effects

Population studies: Population studies: 

adverse health effects adverse health effects 

at 40 at 40 gg/m/m33

Indoor studies: effects on Indoor studies: effects on 

respresp. symptoms in . symptoms in 

children below 40children below 40 gg/m/m33

Should annual guideline be lowered?Should annual guideline be lowered?

What extent are the health effects observed in epidemiological What extent are the health effects observed in epidemiological 

studies attributed to NOstudies attributed to NO22 or to other correlated pollutants?or to other correlated pollutants?

AQG Global Update 2005AQG Global Update 2005
-- NONO22 annual guideline annual guideline --

AnimalAnimal toxtox: chronic : chronic 

exposure to above exposure to above 

ambientambient concsconcs. has . has 

adverse effectsadverse effects

Population studies: Population studies: 

adverse health effects adverse health effects 

at 40 at 40 gg/m/m33

Indoor studies: effects on Indoor studies: effects on 

respresp. symptoms in . symptoms in 

children below 40children below 40 gg/m/m33

Should annual guideline be lowered?Should annual guideline be lowered?

What extent are the health effects observed in epidemiological What extent are the health effects observed in epidemiological 

studies attributed to NOstudies attributed to NO22 or to other correlated pollutants?or to other correlated pollutants?

Insufficient accumulated evidence to alter guideline valueInsufficient accumulated evidence to alter guideline value

Current healthCurrent health--based WHO based WHO 

guidelines for NOguidelines for NO22

•• Annual mean: 40Annual mean: 40 gg/m/m33

•• 11--hour mean: 200hour mean: 200 gg/m/m33

AQG Global Update 2005AQG Global Update 2005
-- NONO22 annual guideline annual guideline --

•• Set to protect the public from health effects of NOSet to protect the public from health effects of NO22 itselfitself

•• Still no robust basis for setting a value for NOStill no robust basis for setting a value for NO22 throughthrough

any direct toxic effectany direct toxic effect

–– Increased concern over health effects from recent Increased concern over health effects from recent 

epidemiological studiesepidemiological studies

–– Possible contribution from unmeasured components (eg organic Possible contribution from unmeasured components (eg organic 

carbon, nitrous acid vapour)carbon, nitrous acid vapour)

•• Takes into account a potential direct toxic effect of Takes into account a potential direct toxic effect of 

chronic NOchronic NO22 exposure at low levelsexposure at low levels



AQG Global Update 2005AQG Global Update 2005
-- NONO22 guidelinesguidelines --

What are the values protecting us from?What are the values protecting us from?

NONO22

Precursor of Precursor of 

secondary toxic secondary toxic 

pollutantspollutants

Marker of trafficMarker of traffic--

related pollutionrelated pollution
Potential to enhance other Potential to enhance other 

environmental pollutants eg environmental pollutants eg 

allergensallergens

Guideline that limits resulting health effects

Reductions in NO2 PLUS secondary traffic related pollution 

+/or secondary pollutants

NONO22 -- a surrogate for traffic or a surrogate for traffic or 

a pollutant in its own right?a pollutant in its own right?

NONO22 -- a surrogate for traffic or a surrogate for traffic or 

a pollutant in its own right?a pollutant in its own right?

•• Does NODoes NO22 at concentrations achieved outdoors have any detectable at concentrations achieved outdoors have any detectable 

toxicity on the human lung ?toxicity on the human lung ?

•• Which aspects or components of combustion mixtures are Which aspects or components of combustion mixtures are 

responsible for the adverse health effects observed in epidemiolresponsible for the adverse health effects observed in epidemiologicalogical

studies ?studies ?

•• Is NOIs NO22 able to synergise with other pollutants eg PM (ie role as an able to synergise with other pollutants eg PM (ie role as an 

effect modifier) ?effect modifier) ?

Questions to be addressed:

More efficient protection against health effects of complex More efficient protection against health effects of complex 

gasgas--particle mixtures ?particle mixtures ?

WHO WG: Bonn October 2005WHO WG: Bonn October 2005

Thank youThank you


