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~4->12,000 

excess deaths

London

Ban on sea coal was enacted as early as 1306

Coal smoke and noise nuisance at domestic dwellings were dealt with by 

the London Assize of Nuisance as early as the 14th century. 

Steffen Loft

Air Pollution History

Black smoke-soot and mortality per 1000 person yearss before and after ban 

of sale of coal in Dublin County Borough. Clancy et al. Lancet 360: 1210–14, 2002

Heart mortality-10% 

Lung mortality -15% 
soot-70% 

Other mortality +1.7% 

ban ban
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Countries according to income poor mid rich total

Total number of deaths annually 26.700 16.000 13.000 55.700

Lack of clean water and hygiene 1538 172 20 1730

Indoor use of solid fuel 1039 558 22 1619a

Occupationa exposures 2393 640 176 3209

Lead exposure 93 697 22 34

Urban air pollution 220 426 154 800b

Climate change 148 5 0 153

Total environmental deaths/year 5431 1870 444 7745

WHO estimate of environmental causes of death (x1000) globally in 2002

aMainly due to airway disease among women and children
bMainly due to cardiovascular disease > respiratory disease > lung cancer 
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Distribution of Disease Adjusted Life 

Years (DALYs)  in burden of disease 

due to chemicals

Total 4.9 mill. deaths (8.3% of all)

Total 86 mill. DALYs (5.7% og all)

Steffen Loft



4

Air pollution is a very complex mixture from multiple 

sources with particles in focus 

PM10 <10 µm

Windblown dust

Wear on road surface, 

Brakes, tires etc

Traffic generated PM2.5 < 2.5 µm

Long range transport 

Agglomerated UFP

Ultrafine <100nm

Elemental carbon

Metals

PAHs

Deeper deposition

Poor clearance

More surface area

Translocation potential

Number/size

Surface area

(Composition

Toxicological potential)

sulfates

nitrates

Si

Ca

metals
+ +

Mass
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Toxicological

potential

NO

NO2

O3

Gasses and VOCs

CO

CO2

SO2

NO2

Ammonia

Agriculture is leading emission generating 

secondary PM2.5 (39%) in terms of nitrates 

derived from ammonia from manure/fertilizers 

Long range transport dominates toal PM2.5

Danish Centre for Environment and Energy (Aarhus University) 

Scientific Reports 770, 830, 836 og 837

Distribution of Danish emission of primary PM2.5

45% 

Wood 

combust

ion

Power plants 

Refineries 4%

Agriculture 8%

20% road 

transport

17% 

Other 

mobile 

souces

3%

Industry 

1% 

commerce

700,000 wood stoves in Denmark

2,400,000 motor vehicles in Denmark

Different source contributions to particulate air pollution

EU5 norm 0.1 g/l diesel

Many old trucks and cars

Idle running

Local high exposure

Emission limit 

10 g/kg wood
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Emission of primary and precursors of secondary PM2.5 in DK and EU

Loss in life expectancy (year 2000) [months]
Denmark

EU 27

European Commision above

European Environmental Agency: Air Pollution Emission data viewer, right
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Reduced fetal growth, low IQ

Progression (cause of ?) and mortality of chronic 

obstructive lung disease particularly among elderly

Cognitive dysfunction, aging, autoimmune diseases and ?

Progression and mortality of cardiovascular and 

cerebrovascular disease and diabetes particularly 

among elderly 

Health effects of ambient air pollution

Precipitation of asthma attacks in children and adults, 

progression, cause ?, sensibilisation/adjuvant effects

Lung and probably other 

cancers Mortality

Reduced lung growth

IQ

Long and short-term

Long and short-term

Long-term

Long and short-term

Long-term
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Health Impact Assessment of Air Pollution

Requirements

• A population at risk (known demography and morbidity)

• Concentration-response functions for each air pollutant

and combined for each outcome

• Exposure assessment

Health impacts in terms of mortality, incidence of disease, 

morbidity, admissions, symptoms, sick leave, disability, 

medication etc. can be subject to valuation

Short term effects (acute) 

time-series or panel

One or more urban areas

• Daily change in air pollutants (stations)

• Daily change in  

- Mortality including causes

- Admssions, including causes

- Symptoms in panel

- Medicine consumption in panel/population

Long term effects (chronic)

Many urban areas with large cohort(s) 

• populations of 8000-500.000)

with known risk factors (life style, education etc.)

• Exposure (stations or model based on sources) 

• 10-20 years observation

Data for exposure-response functions for health impact 

assessement

London december 1952
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Non-parametric smothed exposure-response relationship – Log Relative Risk on 

µg/m3 PM2.5 1999-2000. Fig. 2. from Pope et al. JAMA 2002; 287:1132-41

American Cancer Society Cohort Study with 500.000 individuals from 51 city areas followed from 

1979 to 2000. Recently updated with focus on analysis methodology and high spatial resolution 

in Los Angeles and New York (Krewsky et al. HEI 2009).

6% increased 

per 10 µg/m3 PM2.5

9% increased 

per 10 µg/m3 PM2.5

14% increased 

per 10 µg/m3 PM2.5

No effect

Long-term

Cohort study

PM2.5 < 2.5 µm

Long range transport 

Sulfates

Nitrates

From NO2/SO2

Wear/dust

Si

Ca

metals

Primary particles

Small mainly <100 nm

PM10 < 10 µm

Mass (µg/m3)

Rural 0.2 ? 12.6 7 – total 19.5

Urban background 0.5 ? 13.1 8 - total 21

Street 1 ? 19.5 14 - total 34

------------ HIA concentration-response function --------

Numbers (per/cm3)

Rural 3,000

Urban background 7,000

Street 16,000
Danish Centre for Environment and Energy (Aarhus University) 

Scientific Report 837
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Average levels of PM2.5 for the general population 2008-2010

Rural 12.6

Urban background 13.1

Weigthed average 13 µg/m3

Simple Health Impact Assessment based on PM2.5 in Denmark

where y0 is the baseline rate, pop is the affected number of persons; ß is the exposure-response

function (relative risk per change in concentration), and x is the estimated excess exposure.

13 µg/m3 corresponds to ca. 4000 of the 54000 (older than 30 years) dying annually

We do not know the naturally occuring PM2.5 level but assuming it is 3 µg/m3

Anthropogenic 10 µg/m3 corresponds to ca. 3150 premature deaths annually

Rural urban difference of only 0.5 µg/m3 correponds to ca. 100 deaths annually

Estimated 3400 premature deaths annually in 2002 for anthropogenic PM10
(Raascou-Nielsen Ugeskr. f. Læger 2002)

Concentration-response functions

For PM2.5, PM10
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Total  years of life lost

Europe 7,220,000 

Denmark 42,700

Due to all emissions

Europe 49,000 

Denmark 8,520

Due to Danish emissions

as calculated for mainly PM2.5

Mass by the EVA model from 

Danish Centre for 

Environment and Energy 

(Aarhus University)

All Europe In Denmark

Major central power plants 10.3 % 5.7 %

Domestic heating, incl. Wood stoves 9.3 % 16.3 %

Power plants related to industrial production 5.3 % 4.3 %

Production processes, e.g. cement, paper, metals 1.9 % 3.1 %

Extraction and distribution of fossil fuels 1.7 % 2.3 %

Use of solvents, e.g. in paint 2.6 % 2.5 %

Road traffic 17.6 % 19.3 %

Other mobile sources (tractors, lawn movers etc.) 7.9 % 7.2 %

Waste handling and combustion 0.6 % 0.1 %

Agriculture 42.8 % 39.4 %

Sum 100 % 100 %

Sum in billion Euro 4.9 0.8

Based on direct effects of primary PM2.5, CO and SO2 and indirect effects via ozone and NO2 and SO2

generating secondary PM2.5

Cost of health effects of emissions from Danish sources
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Levels of PM2.5 2008-2009

Rural 12.6

Urban background 13.1

Busy street 19.5

Uniform levels of PM2.5 in most of Denmark related to long-range transport

Large gradients in small combustion particles and NO2 from traffic

Danish Centre for Environment and Energy (Aarhus University) 

Scientific Reports 770, 830, 836 and 837

NO2

PM2.5

Urban Background

Asthma among school children

Wheezing among infants

Lung disease among elderly (>65 yr)

Heart disease among elderly (>65 yr)

Cardiac  arrest

Stroke

Time-series and case-cross-over studies on associations between air pollutants

and short-term health outcomes in Copenhagen - sizes and sources
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Associations in multipollutant PM10 PM10 daily PM2.5 Particle NO2 CO

Models mass component mass count

Cardiovascular admission (>65 yr) ++ crustal + - + -

Out-of-Hospital Cardiac Arrest + + - - (+)

(no hourly assoc)

Ischemic likely thrombotic stroke (+) + (+) (+)

Respiratory admissions (65 yr) ++ biomass + (+) + -

Asthma admissions (0-18 yr) ++ vehicle + - + -

Wheezing (0-1 yr) + + (+) (+)

d.o. (0-3 yr) (+) - + (+)

Andersen et al. JESEE 17: 625-36, 2007; Occup Envir Med 65: 458-66, 2008; Thorax 63: 710-6, 2008; ; Eur Heart J 31: 

2034-40, 2010

Wichmann et al: Int J Envir Res Pub Health 8: 3712-27, 2011; PLoS One 6:e22904, 2011; Environ Health 11:19, 2012; 

PLoS One in revision

Iskandar et al. Thorax 67:252, 2012

Time-series and case-cross-over studies on associations between air pollutants

and short-term health outcomes in Copenhagen

wind

Leeward Windward

Recirculated pollution

Directly emitted
pollution

Background pollution

Emission factors

Meteorology

Dispersion

AIRGIS model for assessment of exposure in terms of Nox and NO2 at at residences 

from 1971 onwards at follow up of 57 053 participants in the Danish Diet, Cancer and 

Health cohort from baseline in 1993–1997 through 2009.           

Environmental Sciences, Aarhus University: Ole Hertel, Sten S. Jensen, Martin Hvidberg, Matthias Kettzel

Building heights

CPR
>30 yr exposure

at 300,000 addresses
CVR BBRMR Traffic
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Dose response in cohort studies of lung 

cancer risk related to modeled traffic 

exposure as NOx at the address for 10-40 

years

Raaschou-Nielsen et al. CEBP 2010 (CPH)

Nafstad et al. Thorax 2003 (Oslo)

Raaschou-Nielsen et al. EHP 2011 (DK)

0,5

1

1,5

2

0 50 100 150

CPH

Oslo

DK smoker

DK non-smoker

Relative risk

NOx (µg/m3)

Linear dose-response estimates in cohort studies of lung cancer risk related 

to traffic exposure as NOx at the address for 4-40 years

Study relative risk (95% CI) per increment of

CPH, Raaschou-Nielsen et al. CEBP 2010 1.37 (1.06-1.76) 100 µg/m3 NOx

DK, Raaschou-Nielsen et al. EHP 2011 1.09 (0.79-1.51) 100 µg/m3 NOx

Oslo, Nafstad et al. Thorax 2003 1.08 (1.02-1.15) 10 µg/m3 NOx 

Oslo, men 51-70 yr, Næss et al. Am J Epidemiol 1.07 (0.97-1.18) 22 µg/m3 NO2

Oslo, women 51-70 yr, Næss et al. Am J Epidemiol 1.23 (1.10-1.38) 22 µg/m3 NO2

PAARC France, Filleul et al. OEM 2005 1.48 (1.05-2.06) 10 µg/m3 NO2

NLCS-Air, Beelen et al. EHP 2008 0.91 (0.72-1.15) 30 µg/m3 NO2

EPIC, Vineis et al. IJC 2006 1.14 (0.78-1.67) 10 µg/m3 NO2

ACS, Krewski et al. HEI 2009 0.99 (0.97-1.01) 10 ppb NO2

Shizuoka, Yorifuji et al. OEM 2010 1.30 (0.85-1.93) 10 µg/m3 NO2

Danish Diet, Cancer and Health Cohort study of air pollution lung effects

57 053 participants (aged 50-65 years) mainly from Copenhagen were recruited 1993-

1997

Follow-up through 2006 for diagnoses of lung cancer or first admission for asthma or 

chronic obstructive lung disease (COPD). Exposure assessment in terms of NOx or NO2

modelled at all adresses from 1971 to censoring of all subjects (>200,000 addresses).

Hazard ratio* all current smokers never smokers

Lung cancer (592 cases)

Per 100 µg/m3 NOx 1.09 (0.79-1.55) 1.02 (0.71-1.46) 1.51 (0.72-3.16)

Asthma (997 cases)

Per IQR in NO2 1.13 (1.04-1.22) 1.15 (0.95-1.35) 1.03 (0.88-1.18)

COPD (1797 cases)

Per IQR NO2 1.08 (1.02-1.14) 1.07 (1.00-1.14) 1.08 (0.85-1.30)

*Adjusted for Smoking Status, Smoking Duration, Smoking Intensity, environmental tobacco smoke, body 

mass index, education, occupational exposure, (and fruit consumption)

Raschou-Nielsen Environ Health Perspect 2011; Andersen et al. Thorax 2012o, Am J Resp Med Crit Care Med 2011 
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Air pollution from traffic and cancer risk in a cohort study

Association between exposure to NO2 levels (log 

transformed) at residence and incident diabetes defined 

by strict definition (n = 2877) (log relative hazard with 95% 

confidence interval) for 51 818 DCH cohort members, 

adjusted for gender, BMI, waist-to-hip ratio, smoking 

status (never, previous, current), smoking intensity, 

smoking duration, environmental tobacco smoke, physical 

activity, alcohol intake, fat intake, and educational level.

Andersen et al. Diabetes Care 35: 92-8, 2012

Diabetes Original*

n = 4 040

Diabetes Strict*

n = 2 877

Adjusted for 

age

Fully adjusted†

Fully adjusted†

+ hypertension, 

hypercholestero

lemia, and MI

Crude

Adjusted for 

age

Adjusted†

Adjusted† + 

hypertension, 

hypercholestero

lemia, and MI

HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI)

NO2
† (µg/m3) 1971-follow-up 1.06 (1.03-1.09) 1.00 (0.97-1.03) 1.00 (0.97-1.04) 1.11 (1.07-1.15) 1.04 (1.00-1.08) 1.04 (1.00-1.08)

Air pollution from traffic and diabetes incidence in a cohort study
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Risk of mortality from diabetes in relation to average log-NO2 concentration (µg/m3) at 

residences from 1971 onwards at follow up of 52 061 participants in the Danish Diet, 

Cancer and Health cohort from baseline in 1993–1997 through 2009. 

Mortality rate ratio was 1.62 (1.04-2.50) per doubling of NO2 concentration

Whole cohort Cohort members with NO2 exposure 

between the 5th and the 95th percentile

Functions adjusted for for sex, age, calendar year, length of school attendance, occupation with potential for exposure to 

smoke and fumes, smoking status, smoking intensity, smoking duration, environmental tobacco smoking, alcohol, fat, 

fruit and vegetables, body mass index, waist circumference, physical active with sport, hypertension and 

hypercholesterolemia at baseline. 

Raaschou-Nielsen et al. Diabetologia in press
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Concentration-response: 13% increase in all cause mortality for an increase of 9-10 µg/m3 e.g. from rural to urban 

levels of 18-20 µg/m3 and corresponding to international concentration-responses

25% of a study population mainly from greater Copenhagen and Aarhus had ≥19 µg/m3 time weigthed at street door

Integrating across such a population indicates around 10% of total mortality was related to NO2 levels (probably as 

indicator of mixed air pollution especially combustion particles) .

This corresponds to around 400 of the current mortality of 4400  in Copenhagen City

More exposed than average Danish population and total cost could be around 2500 premature deathhs

Danish Centre for Environment and Energy (Aarhus University) 

Scientific Reports 770, 830, 836 og 837

Very crude mortality impact assessment of traffic

pollution in Denmark

Congestion charges and health impact

Limited effect on total mass of PM2.5

Small mass of 

• primary (tail pipe ultrafines) and 

• secondary PM2.5 from NO2

Corresponding to 2-3 premature deaths spared

Danish Centre for Environment and Energy (Aarhus University) 

Scientific Report 16, 2012

However, 6-7% reduction in NO2 at 135 

modeled street sites

This would correspond to 0.6-0.7% reduced 

mortality or around 30 spared premature 

deaths in Copenhagen City assuming that 

NO2 is representative for alll traffic-related 

pollutants with health impacts
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Despite nice pictures, the Climate Commision has not included active or public transport or health 

savings from reduced air pollution in scenarios 

Claim: Extensive transfer of transport in cars to cycling can only reduce energy consumption by 

2.5% (despite that transport accounts for 1/3 of all energy)

Municipality borders

Rush hour (8-9 AM) counts 

Lake and harbour circle

Traffic counts in Copenhagen 1970 to 2010

Daily counts

500,000 inhabitants within municipality borders of 10 km diameter

1,500,000 inhabitants in greater Copenhagen 25 km diameter

Of people living and working within Copenhagen City 55% cycle to work

Of people working in Copenhagen City 38% cycle to work
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1990 1995 2000 2005 2010

mill Km/day

seriously injured 

cyclists

Index 1990=100

0.80 mill Km/day

229 injured/year

Mill km between injuries 1.2 2.4 4.2

Fatal accidents/yr 3-5 1-2

Bike lanes (km) 294 323 332   350

Green routes (km) 0 14 18

Commuters cycling (%) 30 32 37

Cycling decreased by 23% in this period in the rest of Denmark

1.2 mill Km/day

2009

121 seriously injured/year

Cycling policy and development 1990-2010 in Copenhagen
London

London

Commuting by cycling in the Copenhagen City Heart Study 

Totally ca. 20.000 persons (age 20-65 years) started in 1976:

- 28% (11%-45%) reduced mortality 

among those out of 6954 who cycled to work 

- after 15 years mean follow up

- With control of relevant confounders (Age, sex, education, leisure 

activity, BMI, blood lipids, smoking, blood pressure)

(Andersen et al. Arch Int Med 160:1621-8, 2000)
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Transport million km CO2 emission lives lost/gained

per year ton per year per year

Car travel 1,240 257,000 5     lost to accidents

160 lost to air pollution1

Cycling 427 04 762 gained due to exercise2

8 lost to air pollution3

1 Assuming that 40% of air pollution here in terms of NO2 is related to car travel and a 

dose response-relationship from Danish and other European cohort studies 

indicating a 13% increase in mortality per 9-10 ug/m3 increase in NO2 at street door, 

2 Assuming that 50% of Copenhagen citizens cycle to work and that  cycling is 

associated with a 28% reduced mortality (Andersen et al. 2000)

3 Assuming that 24-h exposure is increased by 5% by biking for 1 hour in traffic

4 Saved 88,500 ton CO2 assuming the same transport work by car

(i.e. 0.15% of total Danish emission)

Simple co-benefit analysis of current cycling in Copenhagen 

Maintenance

Fuel costs

Investment costs

(BAU) Green energy scenario

Society costs of energy systems in 2050 

(health costs and active transport benefits missing)

Emission health 

costs 2006 by 

EVA model

(Brandt et al 2009)

Green energy 2050

Health costs from 

lack of exercise in 

active transport

Power Transport

Branth et al.

CEEH report 10

2011
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Biomass particle emission – how does that compare to traffic in health terms

Controlled exposure to high concentrations of wood smoke up to 400 µg/m3 had no 
effect on vascular or lung function and minimal effect on only very few of markers 
measured in the blood. 

Consistent lung and vascular effects of similar diesel or traffic exposure 

Low deposition of wood smoke in airways ?

but emission standards much higher
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Danielsen et al. Mutat Res 2008

Sehlstedt et al. Particle Fibre Toxicol 2010

Forchammer et al. Particle Fibre Toxicol 2012

Forchammer et al. Particle Fibre Toxicol 2012

Pope et al J Air & Waste Manage Assoc 2011

Löndahl et al. Env Sci T echn 43:4659-64, 2009

Löndahl et al. Inhal Toxicol  20; 923-33, 2008

Steffen Loft

Endopat score increased by intervention:

8% (1%-16%; 95% CI; p=0.03)

No inflammation signs

Am J Resp Crit Care Med 2008

Endothelial function measured as peripheral artery tone in 

index finger after forearm ischemia

Intervention study with 21 married elderly (>60 yr) couples living in apartments at busy 

streets in Copenhagen. Air filtered  for all particles or not and monitored for 2 x 48 hours. 

Focus on vascular function relevant for risk of heart disease and mortality
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Conclusions and summary

Health Impact Assessment of air pollution is complex and has so far only addressed evenly 

distributed air pollutants especially  secondary and long-range transport-dominateded  PM2.5 mass 

without source specific characteristics or local gradients due to e.g. traffic 

Based on the classic pollutants mainly determined by PM2.5 mass health effects include 

Years of life lost Europe Denmark

All emissions 7,220,000 42,700 ≈ 3000 anthropogenic premature deaths 

Danish emissions 49,000 8,520

However local traffic emitting ultafine particles and gasses with so far poorly assessed 

concentration-response are lacking. By means of a series of cohort studies with traffic-related 

exposure gradients modelled as NO2 or NOx we can estimate the population-related health costs

Estimated by this model and very rough exposure estimates traffic emissions cost around another 

2500 premature deaths on top of the 3000 related to PM2.5 although some overlap is likely

Active transport such as cycling has substantially more health benefit for both individual and 

society than the small excess risk due to more exposure to air pollution

Other local sources such as wood combustion has yet to be addressed but human exposure 

studies suggest less effect than related to traffic sources on mass basis but exposure higher

Indoor air filtration is likely to reduce risk of living in polluted areas for susceptible people


