School on IEHIA on air pollution and climate change in Mediterranean urban settings arp

milia-romagna

Integrated HIA and environmental
burden of disease

Andrea Ranzi — Arpae
Reference Centre for Environment and Health
Regional Agency for Prevention, Environment and Energy of Emilia-Romagna



emilia-romagna

Background

* With exposure data, ERF functions and background
disease (mortality) rates we now can calculate change
in health status

* Variety of health effects may be calculated
* Mortality effects important in HIA

 How to express mortality and morbidity is
controversial:
— number of deaths versus life years lost
— Weighing of the different health effects (eg. DALY)
— Economic valuation (Euro)
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Definition HIA

A combination of procedures, methods and
tools by which a policy, program or project
may be judged as to its potential effects on
the health of a population, and the

distribution of those effects within the
population.

[European Centre for Health Policy, WHO

Regional Office for Europe. Gothenburg
Consensus Paper (1999)]
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Philip J Landrigan, Richard Fuller, Nereus J R Acosta, Olusoji Adeyi, Robert Arnold, Niladri (Nil) Basu, Abdoulaye Bibi Baldé, Roberto Bertollini,
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 “Robust call to arms. Stark in its warnings, but
brimming with optimism”

e “[...] Air pollution results in a greater health
burden than water, soil, or occupational
exposures. Ambient and household air
pollution (HAP), is responsible for 6.5 million
deaths per year (with another 7 million from
tobacco smoke) and this number will increase
if urgent measures are not taken”
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Definition IEHIA

A means of assessing health-related problems deriving from the
environment, and health-related impacts of policies and other
interventions that affect the environment, in ways that take
account of the complexities, interdependencies and
uncertainties of the real world.

Websites:
http://www.integrated-assessment.eu
http://en.opasnet.org/w/IEHIAS

EU funded projects: INTARESE and HEIMTSA

Key references:

Briggs 2008. DOI: 10.1186/1476-069X-7-61
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Figure 2. The analytical framework
25/04/18 School on IEHIA on air pollution and climate change in Mediterranean urban settings




dArpae

emilia-romagna

scenario

Environmental
capital/
hazards

Population
distribution/
characteristics

1
/ ‘ Execution
Reference Alternative

N

Exposure/ |cHANGE

accessibility
distributions

Exposure-
response/
value functions

Health effects

scenarios

Environmental
capital/
hazards

Population
distribution/
characteristics

Exposure/
accessibility
distributions

Exposure-
response/
value functions

Health effects

v

Comparison of outcomes
Weighting
Aggregation

\ ¥ /
Health impacts /

25/04/18 School on IEHIA on air pollution and climate change in Mediterranean urban settings




emilia-romagna

RR and attributable risk

* RRis measure of effect, not measure of public
health impact

* We need to calculate impact: attributable
number of cases due to the exposure

e Steenland and Armstrong provide nice
overviews of calculations
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ORIGINAL ARTICLE

Epidemiology 2006

An Overview of Methods for Calculating the Burden
of Disease Due to Specific Risk Factors

Kyle Steenland* and Ben Armstrongi
AFap = (R;,—R,))/R, = (RR-1)/RR (1)

AF,,, = p,(RR— D/(p,(RR—1) + 1) = (I— I,

(3)

where p, is the percentage of the fotal population exposed
and where / 1s the incidence rate in the combined population
of exposed and nonexposed.®? The first of the 2 expressions

;n Farrmsslla M) ;n O‘nﬂ vmnnt Anmarmanler ssead rn"‘-lnnin e tha
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ATTRIBUTABLE CASES

General formula for the calculation of attributable cases:
AC @ Ratepopgen
where:

AC = attributable cases;
AFexp = attributable fraction in exposed people (RR—1) / RR;

Ratepopgen = background population incidence rate (proxy of rate in
unexposed people)

Popexp = exposed people

AC = AFeXp*BO*(AC/ 1 O)”‘PeXp
Where:

AC / 10: the increase in atmospheric concentrations for which the effect is to be
evaluated.
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= Attributale fraction (AF) and
Populatlon Attributable Fraction (PAF)

r ™
AF: Everybody PAF: Not everybody is exposed/affected

is exposed/affected

Numerator:  Additional population risk from the exposure

)
| |

This fraction of population  x Has this much elevated risk

V)
1) 4r="8-1 (RR-1)

RR (fx(RR Di+1

/

Additional risk from the exposure + Baseline risk is always 1

\(same as in numerator) ]
B
_ _ Denominator:  Total risk, including the additional risk
Attributable fraction (AFexp) . .
| AN and the baseline risk )
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BREATHELIFE

AIR POLLUTION IS AN
INVISIBLE KILLER

How is your city’s air impact
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arpmmm Rough estimate of ACin Trieste

ps://gateway.euro.who.int/en/hfa-explorer/

BREATHELIFE
THE AIR POLLUTION IN *v ﬁ m < @
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4.5 B
| i - 50% ‘ 0

Data: WHO Global Platform on Air Quality & OVER THE SAFE LEVEL
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W

Health

— 00

Population: 205.000 (Wikipedia source)
CRF: 1.07 (WHO estimate for natural mortality and 10 ug/m3 increase of PM2.5

AC =AFexp*B;*(AC/10)*P,,,
AC (Trieste)=((1.07-1)/1.07)*(205000*0.0103) *((15-10)/10)*1=0.065*2112*0.5=69
3.5% of total mortality (Italy about 6%)
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News
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Air quality > Activities > AirQ+: software tool for health risk assessment of air pollution

Media centre

AirQ+: software tool for health risk assessment of air pollution

w]f BN o]+ R

Quantifying the effects of exposure to air pollution in terms of public health
has become a critical component in policy discussion. WHO/Europe's
software tool AirQ+ performs calculations that allow quantification of the
health effects of exposure to air pollution, including estimates of the
reduction in life expectancy.

AirQ+ estimates:

« the effects of short-term changes in air pollution (based on risk
estimates from time-series studies);

« the effects of long-term exposures (using life-tables approach and
based on risk estimates from cohort studies).

Take our AirQ+

Start the su

WHO/Europe is interested in
about where and how AirQ+

assistance.Please share info
of AirQ+. We will use the sun
aggregated form for a generz
statistical analysis of AirQ+ u
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AIRQ+

 AirQ+ can be used, with some limitations, for
cities, countries or regions to estimate:

* How much of a particular health effect is
attributable to selected air pollutants?

 Compared to the current scenario, what
would be the change in health effects if air
pollution levels changed in the future?



AIRQ+

* AirQ+ enables users to use pre-loaded datasets for:
* relative risks (RRs) for selected pollutant health end-points pairs;

e conversion factors between PM2.5 and PM10 at the national level;
and worldwide solid fuel use statistics at the national level.

* AirQ+ requires users to load their own data for the population
studied:

e Air quality (average levels or frequency of days with specific levels)
* Population (e.g., number of adults aged > 30 years)
* Health (e.g., baseline rates of health outcomes)

e AirQ+ also enables users to load their own data for pollutants not
included in AirQ+ if RRs are available



g’@y World Health
&Y Organization

wciona orficeror EUFOPE

AirQ+ 1.0 example of calculations

(April 2016)

Pierpaolo Mudu, Christian Gapp and Maria Dunbar
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* Experiences of IHIA on air pollution
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THE LANCET

< Previous Article Volume 356, No. 9232, p795-801, 2 September 2000 Next Article =

l Articles

Public-health impact of outdoor and traffic-related air
pollution: a European assessment

N Konzll, Mo =, g Kalser, MD, S Medina, MD, M Studnicka, MD, O Chanel, MD, P Filliger, PhD, M Herry, PhD, F Horak
Jr, MD, V Puybonnieux-Texler, MSc, P Quénel, MD, J Schnedder, PhD, R Seethaler, MEC, J-C Vergnaud, PhD, H Sommer,
PhD
Table 7. Population weighted annual PM,, averages for the three countries (calculated from the
original grid values of the PM,, maps)"'

PM10 concentration in plg/m’ (annual mean)
Austria France Switzerland
Total PM , 26.0 23.5 214
PM 10 without fraction attributable to road 18.0 14.6 14.0
traffic
PM 10 due to road traffic 8.0 8.9 74
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Risk function
(eg, slope B, or RR)
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Model to derive number of cases attributable to air pollution
Based on exposure-response function (slope or relative risks, RR, from
epidemiological studies), population frequency of the outcome, P (ie,
prevalence, incidence, or number of days), and respective level of
exposure, E. We assume reference exposure level (E,). Health effects
below this level are ignored. P,is expected outcome frequency, given
exposure level E,. D,, is number of cases attributed to increase in
exposure by 10 units (10 pg/m* PM, ). D is total number of cases
attributed to air pollution for model population.
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ae_ Burden of disease

Multiple exposures Environmental burden
Multiple health endpoints | of disease (EBoD)

* Burden of disease (BoD) BoD [DALY =¥LL+ YLD

— vyears of life lost (due to premature mortality) (YLL)
— years lived with disability (YLD) (scaled using disability weights)

* Followed by environmental burden (EBD)
— burden attributable to defined risk factors EBD = PAF x BoD
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AR2¢.Disability adjusted lifeyears (DALY)

DALY = ACxDWxL

Untreated

5 i
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Adopted from Guus de Hollander et al., 1999
Hanninen, Lehtomaki et al. 2016
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All EHP content is accessible to individuals with disabilities. A fully accessible (Section 508—compliant) R 0
HTML version of this article is available at http://dx.doi.org/10.1289/ehp.1206154. eVleW

Environmental Burden of Disease in Europe: Assessing Nine Risk Factors
in Six Countries

Otto Hinninen,” Anne B. Knol,? Matti Jantunen,” Tek-Ang Lim,? André Conrad,* Marianne Rappolder,? Paolo Carrer,”
Anna-Clara Fanetti,®> Rokho Kim,® Jurgen Buekers,” Rudi Torfs,” Ivano lavarone,® Thomas Classen,’ Claudia Hornberg,’®
Odile C.L. Mekel,’° and the EBoDE Workina Group

Ozone

0,
. lLead 1 _Benzene
Dioxins 49, 0%
Radon 49,

7%

Formaldehyde
0%
Noise

SHS
8%

EBoD=PAF x BD

Three different methods (methods 1a, 2a, or 2b) were used to estimate the EBD,

depending on the type of exposure—response function estimate available for each
exposure—outcome pair [either an RR based on environmental epidemiology, or a
unit risk (UR) based on toxicological or occupational data], and on the availability

of a WHO baseline burden of disease (BD) estimate for the outcome.
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Six countries (BE, DE, FI, FR, IT, NL)
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Figure 1. Relative contribution of the nine targeted stressorrisk factors to the burden of disease attributed to
these stressorrisk factors, average over the six participating countries.

Hanninen & Knol, 2011
Hanninen et al. 2014
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TABLE 3-19. Summary of health endpoints, exposure units and exposure/response-relationships. Unless otherwise stated, both mortality and morbidity were estimated.

Hanninen & Knol, 2011

- n . Calcu-
Stressor | Health endpoint Popul Exp stimate | Uit of Type | Pointestimate | ¢ (g5 UCL(95%) | Reference(s) for ERF Threshold | lation
exposure | of ERF of ERF method
Benzene Leukemia All Annual mean pg m? UR 6.00 x 10 2.20x 10° 7.80x 10° | WHO, 2000a; IRIS 2003 2A
exposure
Dioxin Total cancer incidence All Daily intake of pg/kg/d UR 1.00 x 107 5.70 x 10* 5.10x 107 NAS, 2004, RIS, 2006, 2A
adults Leino 2008
SHS Tracheas, bronchus and lung Adult non- % of people yes/no RR 1.21 1.13 1.30 US S.G., 2006 1A
cancers 9 smokers exposed (= yes)
Ischemic heart disease Adult non- yes/no RR 1.27 1.19 1.36 US S.G., 2006 1A
smokers
Asthma induction Adult non- yes/no RR 1.97 1.19 3.25 Jaakkola et al., 2003 1A
smokers
Asthma induction Children (<14 yr) parental RR 1.32 1.24 1.41 Cal-EPA, 2005 1A
y/n
Lower respiratory infections Infants (<2 yr) parental RR 1.55 1.42 1.69 US S.G., 2006 1A
y/n
Otitis media Toddlers (<3 yr) parental RR 1.38 1.21 1.56 Etzel et al., 1992; Cal- 1A
y/n EPA 2005
Formal- Asthma aggravation (children) | Toddlers (<3 yr) Annual mean pg m? RR 1.017 1.004 1.025 Rumchev et al., 2002 100 1A
dehyde (morbidity only) residential indoor
concentration
Lead 1Q loss Children (<5 yr) Distribution of pg/l UR 0.051 0.032 0.07 Landphear et al., 2005 24 2B
Mild mental retardation Children (<5 yr) Dlcodlieadlievels pg/l DS @ function - - - 24 2B
(morbidity only)
Hypertensive diseases Adults/All pa/l DS function - - - 50 2B
(morbidity only)
Increased blood pressure Adults/All pg/l UR 2.50 x 107 1.70 x 107 3.20x 107 Fewtrell et al. 2003, 50 2B
Schwartz, 1995
Road traffic | High sleep disturbance (HSD) All Persons exposed Lnight (dB) UR function function function Miedema et al., 2007 2B
noise (morbidity only) to predefined
Ischemic heart disease (IHD) All exposure Lday16h OR function function function Babisch, 2006 1A
categories (dB)
Railway High sleep disturbance (HSD) All Lnight (dB) UR function function function Miedema et al., 2007 2B
noise (morbidity only)
Aircraft High sleep disturbance (HSD) All Lnight (dB) | UR function function function Miedema et al., 2007 2B
noise (morbidity only)
Stressor | Health endpoint Population Exposure estimate | UMt of Type | Pointestimate | |y g5er) | yYCL(95%) |Reference(s) for ERF | Threshold ==
po oP xpo exposure | of ERF | of ERF® B
Ozone Total mortality (non-violent) Adults (>30 yr) Population pg m? RR 1.0003 1.0001 1.000 WHO, 2006a 1A 1B
= = = = weighed ambient
Minor restricted activity days Working age SOMO35 level pg m? UR 0.0115 0.0044 0.02 Hurley et al., 2005, WHO 2B
(morbidity only) (18-64 yr) 2006b
Cough days, children School children pg m? UR 0.093 0.019 0.22 Hurley et al., 2005, WHO 2B
(morbidity only) (5-14) 2006b
LRS days in children (excl cough) | School children pg m? UR 0.016 -0.043 0.08 Hurley et al., 2005, WHO 2B
(morbidity only) (5-14) 2006b
PM, . Cardiopulmonary disease Adults (>30 yr) Population pug m? RR 1.0077 1.0020 1.0132 Pope et al., 2002, WHO, 1A
weighted ambient 2006a
Lung cancer Adults (>30 yr) level pg m? RR 1.012 1.004 1.020 Pope et al., 2002, WHO, 1A
2006a
Chronic bronchitis Adults (>27 yr) pg m? UR 533 x10° 1.70 x 10° 1.13x 10* Hurley et al., 2005, 1A 2B
(new cases) WHO, 2006b
Restricted activity days (RAD) 15-64 yr pg m? UR 0.0902 0.0792 0.101 Hurley et al., 2005, 2B
WHO, 2006b
Radon Lung cancer All Residential mean |Bgm? RR 1.0016 1.0005 1.0031 Darby et al. 2005 1A
level +2A
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Four BoD estimation methods
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EBoDE Overall stressor comparison - 6 countries (BE, DE, FI, FR, IT,
NL)
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7% 09
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25/04/18

School on IEHIA on air pollution and climate change in Mediterranean urban settings
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smmerenere Environmental burden of disease, Eur, 2012 (in DALYs)

Ischaemic heart disease
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Cost of PM2.5 air pollution in Europe, 2010

B US $ 1.6 trillions:
1,574,649,000,000

B >10% GDP in 22
countries (of 48) .
Economic cost

B Mix of regulation, of the health impact

- of air pollution in Europe
iInvestment and ..
pricing needed Clean air; 1

and wealth

25/04/18 School on IEHIA on air pollution and climate change in Mediterranean urban settings



EBoDE: Magnitude of public health impact
VS. uncertainties

Non-discounted values

Certainty of the assessment Stressors with

ngh Medium Low cancer relevance

High

Medium

Dioxins
(200-600)

Formaldehyde

(0-2)%

Public health impact

Low

Numerical values indicate non-discounted DALYs per million people in the six participating countries.
* a numerical model has been used to estimate threshold exceedances.

Figure 2. Contribution of the nine selected environmental stressor risk factors to the burden of
disease (DALY/M) as population weighted average over the six countries.

Hanninen & Knol, 2011
Hanninen et al. 2014
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Example 2: Use of large routine data

Example on Waste-related exposure:
how calculate EBD related to exposure to landfills in Europe

* Yesterday
 Number of exposed people using European databases

* GIS approach to exposure assessment

*Today

*Use RR from literature and

*Calculation of AC (Attributable Cases)

*Combination of different health outcomes in one analysis using DALYs



228 Outline

Example on how calculate EBD related to
exposure to landfills in your country

e Use RR from literature and

* Number of exposed people using European
databases

— GIS approach to exposure assessment
e Calculation of AC (attributable cases)

e Combination of different health outcomes in
one analysis using DALYs



ATTRIBUTABLE CASES

General formula for the calculation of attributable cases:
AC Ratepopgen *

AC = attributable cases;

AFexp = attributable fraction in exposed people (RR—1) / RR;
Ratepopgen = background population incidence rate (proxy of rate in
unexposed people)

Popexp = exposed people

where:
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emilia-romagna

DALYs

* Disability Adjusted Life Years

DALYs = AC * DW * L
where:

 AC = attributable cases;
 DW-=Disability Weight
 L=disease duration

*

Mortality=1

Cancer=0.44/12.6 y

Respiratory symptoms=0.08

Low Birth Weight = 0.106/ 79.6 years
Congenital Anomalies =0.17 / 79.6 years
Annoyance = 0.03

*source: Victorian Burden of Disease



Location of plants

Population database

European health statistics

Relative risks

Data colle-~--

World Health
Organization

mowomare EUrope

Health risks of air
pollution in Europe —
HRAPIE project

Recommendations for
concentration—response
functions for cost—benefit
analysis of particulate matter,
ozone and nitrogen dioxide

This publication arises from the HRAPIE project and has
received funding from the European Unson.
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AF - data from literature

Exposure | Exopsure Health outcome Ref.
buffer index

2 km Distance Congenital anomalies RR=1.02 (99%CI=1.01-1.03) Elliott et al. 2001
Annoyance from odour 5.4% Herr et al. 2003
Low birth weight 1.06 (99%Cl=1.052-1.062) Elliott et al. 2001

5km H2S (model) | Respiratory diseases 1.09 (95%Cl=1.00-1.19) Golini et al. 2016
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Health for All Database
(http://data.euro.who.int/hfadb/)
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Health for All Database
(http://data.euro.who.int/hfadb/)
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Final dataset for exercise

Each row represent a member State

Variables in columns:

CountryName: name of the country;

Buffer: radius of the buffer used to calculate exposed
population

Population: total population living within buffers (eg 4 km)
RespRate: background population respiratory disease rate
Birthrate: rate of births on total population

Perc LBW: percentage of low birth weight on total births
RR_resp: relative risk for respiratory diseases

RR _LBW: relative risk for low birth weight
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Input file

L™

’ Home | Inserisci Layout di pagina Formule Dati Revisione Visualizza
5 * faglia Calibri *j11 - ‘A‘ A" ‘E = E' %‘Testoacapo Generale ~ Eﬁ g
R 53 Copia & A - — - & N
Incolla G C § -||ii~[[&d- A-| |= = =|E = Eunisciecentra~  [E3- o 00p|[% 59| Formattazione Formatta  Stil
~ - J Copia formato ) = H— “ — L ‘ ’ ‘ Ll ‘ = 'EE : +00 01| condizionale ~ come tabella~ cella~
Appunti F] Carattere F] Allineamento ) Numeri ] Stili
N23 - (> £
I A | 8 | ¢ [ o | e [ F | e [ w [ v | s | xk [ v | m [ N ]|
| 1 CountryName Buffer  PopulatioRespRate BirthRate PercLowBRR_resp RR_LBW Births AF_resp AF_LBW AC resp AC_LBW DALYs
N 2 ‘Italy akm 2974818 0.010374 0.008096 2 1.09 1.06
| 3 ‘2nd country  4km 921.3 0.019374 0.010907 4.5 1.09 1.06
a4




milia-romagna

Instructions for exercise

* Work on Italy row and an

* Create a new column anc
using information on birt

other country row

calculate total births,
N rate

e Calculate AF using RR co

umn

* Create new columns for AC_lbw and AC _resp

e Calculate AC_|bw and AC_resp using the formula:

AC = AFexp * Ratepopgen * Popexp

 Create new columns for DALYs

e Calculate DALYs using the formula:

DALYs = AC

*DW * L



20 minutes for...

| :
e
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o T o

Births: exposed people for LBW total population * birth rate
outcome (number of births)

AF resp: attributable fraction for (RR_resp —1)/RR_resp
respiratory disease

AF LBW: attributable fraction for (RR_LBW —1)/RR_LBW
low birth weigth

AC resp: attributable cases for AF _resp*Resprate*

respiratory diseases population

AC LBW: attributable cases for low AF_LBW*(perc_LBW/

birth weight 100)*Births
resp.lbw

DALYs: total number of DALYs for
both health outcomes Z AC;x DW, x L,
Resp: DW=0.08 ;L=1
LBW: DW=0.1 06;L=79.6



arp

milia-romagna

Output file
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Table 1 Risks, disability weights and duration of disease for four health outcomes used in calculations of the health impacts
hissociated with landfill sites from Ranzi et al (7)

Health Relative risk Disability Duration
outcome weight

Low birth 1.06 (99% CI: 1.052 — 1.062) 0.106 79.6
weight

Congenital 1.02 (99% CI: 1.01 — 1.03) 0.17 79.6
anomalies

Respiratory 1.05 (95% CI: 1.01 — 1.08) 0.08 1.00
diseases

Annoyance 5.4% 0.03 1.00

from odour




Table 2 Estimated health impacts (excess cases and DALYs) for four health outcomes: medians and 95% intervals from Monte Carlo
simulations.

Health outcome ACs DALYs

Low birth weight 1,239 10,192 (9,371 - 11,030)
Congenital anomalies 70 958 (496 - 1,437)
Respiratory diseases 33,039 2,688 (0 — 5,106)

Annoyance from odour 1,582,624 47,505 (43,666 — 51,621)
Total 1,616,972 61,325 (56,618 — 66,265)




DISCUSSION

e Strenghts

e \WWeakness



