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The Kuwait Oil FiresThe Kuwait Oil Fires

More Than 700 Fires BurnedMore Than 700 Fires Burned

From  January/February 1991From  January/February 1991

Until  November 1991Until  November 1991

Measured PMMeasured PM1010 LevelsLevels

Typical Day 300 Typical Day 300 µµg/mg/m33

High Days 1000 High Days 1000 -- 2000 2000 µµg/mg/m33

Contribution of SmokeContribution of Smoke

Initial US DOD Estimates ~ 10 Initial US DOD Estimates ~ 10 µµg/mg/m33

Revised HSPH Estimates ~ 40 Revised HSPH Estimates ~ 40 µµg/mg/m33

Kuwaiti Population ~ 600,000Kuwaiti Population ~ 600,000

Very Young Very Young –– only 25% > 30 years oldonly 25% > 30 years old

50% Out of Kuwait When Fires Began50% Out of Kuwait When Fires Began

~ 90% In Country By November~ 90% In Country By November
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Back of the Envelope Risk AssessmentBack of the Envelope Risk Assessment

R ~ R ~ ββ C MC Moo PP

Where Where ββ is the risk coefficient (0.4% per is the risk coefficient (0.4% per µµg/mg/m33 PMPM2.52.5 cohort or 0.1% per  cohort or 0.1% per  µµg/mg/m33

PMPM1010 time series)time series)

C is the concentration (300 C is the concentration (300 µµg/mg/m33 PMPM1010 or 10 or 10 µµg/mg/m33 PMPM2.52.5 due to fires)due to fires)

MMoo is the background mortality rate (3/1000 pis the background mortality rate (3/1000 p--yr or 9/1000 adultyr or 9/1000 adult--yr)yr)

P is the population (600,000 total OR 150,000 adults)P is the population (600,000 total OR 150,000 adults)

“Back of the envelope” screening estimates:“Back of the envelope” screening estimates:

35 deaths (2/10,000 risk among 150,000 adults) 35 deaths (2/10,000 risk among 150,000 adults) –– using ACS cohort coefficientusing ACS cohort coefficient

116 deaths 116 deaths –– using Six Cities cohort coefficientusing Six Cities cohort coefficient

0 deaths 0 deaths –– if epidemiology does not reflect causal relationships if epidemiology does not reflect causal relationships 
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Key IssuesKey Issues

Exposure Level and Pattern Exposure Level and Pattern ––
Kuwait oil fire exposure level and pattern is different than thoKuwait oil fire exposure level and pattern is different than those of interest for most regulation, with se of interest for most regulation, with 
background PMbackground PM10 10 levels in Kuwait of 200 or 300 levels in Kuwait of 200 or 300 µµg/mg/m33, and PM, and PM2.52.5 increment due to fires averaging 10 increment due to fires averaging 10 
µµg/mg/m33 with spikes of several hundred with spikes of several hundred µµg/mg/m33.  .  
Should timeShould time--series or cohort studies be used to estimate risk?series or cohort studies be used to estimate risk?

Composition of Smoke Composition of Smoke ––
Oil fire smoke differs in composition from typical urban aerosolOil fire smoke differs in composition from typical urban aerosols in the U.S. and Europe.s in the U.S. and Europe.
Should an adjustment be made for differential toxicity?Should an adjustment be made for differential toxicity?

AgeAge--Structure of Population Structure of Population ––
Kuwaiti population is far younger than US or European populationKuwaiti population is far younger than US or European populations.s.
Do relative risk estimates from US/European studies apply directDo relative risk estimates from US/European studies apply directly?ly?

Do Epidemiologic Studies Reflect Causal Associations? Do Epidemiologic Studies Reflect Causal Associations? 
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The Experts The Experts ----
European ElicitationsEuropean Elicitations

H. Ross Anderson, M.D.H. Ross Anderson, M.D.
Professor of Medicine, University of London, EnglandProfessor of Medicine, University of London, England

Bert Brunekreef, Ph.D.Bert Brunekreef, Ph.D.
Professor of Environmental Epidemiology, University of Utrecht, Professor of Environmental Epidemiology, University of Utrecht, NetherlandsNetherlands

Ken Donaldson, M.D.Ken Donaldson, M.D.
Professor of Medicine, University of Edinburgh, ScotlandProfessor of Medicine, University of Edinburgh, Scotland

Nino Kuenzli, M.D., Ph.D.Nino Kuenzli, M.D., Ph.D.
Assistant Professor, University of Basel, Switzerland (now at USAssistant Professor, University of Basel, Switzerland (now at USC)C)

Juha Pekkanen, M.D., Ph.D.Juha Pekkanen, M.D., Ph.D.
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The SequenceThe Sequence

Q7 & Q8Q7 & Q8Timing of Expression of ImpactTiming of Expression of Impact

Q9 & Q10Q9 & Q10Differential ToxicityDifferential Toxicity

Q6Q63 months3 monthsOne dayOne day

Q5Q5Q4Q4Q3Q31 week1 weekOne dayOne day

Q2Q2Q1Q1LongLong--termtermPermanentPermanent

EuropeEurope

(Baseline:  20 (Baseline:  20 µµg/mg/m33))

MCMAMCMA

(Baseline:  35 (Baseline:  35 µµg/mg/m33))

USUS

(Baseline:  18 (Baseline:  18 µµg/mg/m33))

EffectEffect
WindowWindow

ExposureExposure
DurationDuration
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PrePre--Elicitation Elicitation ““Warm UpWarm Up”” QuestionsQuestions

What are the key properties of an ideal epidemiology What are the key properties of an ideal epidemiology 
study for measuring longstudy for measuring long--term mortality impacts of PM term mortality impacts of PM 
exposure?exposure?

Similarly, what are the key properties of an ideal Similarly, what are the key properties of an ideal 
epidemiological study of shortepidemiological study of short--term mortality impacts term mortality impacts 
of PM exposure?of PM exposure?

What factors need to be considered to decide whether What factors need to be considered to decide whether 
epidemiology results should be viewed as causal?epidemiology results should be viewed as causal?



John S. Evans, Sc.D.
Harvard School of Public Health
RFF - Washington DC – 13 March 2006

Slide # 9

Question Setting 
Exposure              

(Effect Interval) Change Pollutant Composition Baseline 
1 US Long-term 1 µg/m3 PM2.5 Ambient 18 ug/m3 

What is your estimate of the true, but unknown, percent change in the total annual, non-accidental mortality 
rate in the adult U.S. population resulting from a permanent 1 µg/m3 reduction in long-term annual average 
PM2.5 (from a population-weighted baseline concentration of 18 µg/m3) throughout the U.S.?   To express the 
uncertainty associated with the concentration-response relationship, please provide the 5th, 25th, 50th, 75th, and 
95th percentiles of your estimate. 

 
 
 
5% :____________  25%:____________  50% :____________  75%:____________ 95%:____________ 
 

 

Mortality Impact of Permanent DecreaseMortality Impact of Permanent Decrease
in PMin PM2.52.5 of 1 of 1 µµg/mg/m33 in the USin the US
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Linking Evidence & AnswersLinking Evidence & Answers

What evidence suggests What evidence suggests large valueslarge values for this relationship?for this relationship?
What is the highest plausible value?What is the highest plausible value?

Tell us a little about your reasoning, the evidence, and theorieTell us a little about your reasoning, the evidence, and theories that lead s that lead 
you to this value.you to this value.

Can you tell us of scenarios that would yield higher results?Can you tell us of scenarios that would yield higher results?

What evidence or theory suggests What evidence or theory suggests small valuessmall values??
What is the lowest plausible value?What is the lowest plausible value?

Tell us a little about your reasoning, the evidence, and theorieTell us a little about your reasoning, the evidence, and theories that lead s that lead 
you to this value.you to this value.

Can you tell us of scenarios that would yield lower results?Can you tell us of scenarios that would yield lower results?
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Mortality Impact of Permanent DecreaseMortality Impact of Permanent Decrease
in PMin PM2.5 of 2.5 of 1 1 µµg/mg/m33 in US in US (Green)(Green) or Europe or Europe (Blue)(Blue)

US EU US EU US EU US EU US EU US EU
Expert A Expert B Expert C Expert D Expert E Expert F
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Mortality Impact of Single Day IncreaseMortality Impact of Single Day Increase
in PMin PM2.5 2.5 of 10 of 10 µµg/mg/m33 in US in US (Green)(Green) or Europe or Europe (Blue)(Blue)

US MX EU US MX EU US MX EU US MX EU US MX EU US MX EU
Expert A Expert B Expert C Expert D Expert E Expert F
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Differential Toxicity of PM Constituents Differential Toxicity of PM Constituents ----
Most Toxic (Q9) and Least Toxic (Q10)Most Toxic (Q9) and Least Toxic (Q10)

Q9 Q1 Q10 Q9 Q1 Q10 Q9 Q1 Q10 Q9 Q1 Q10 Q9 Q1 Q10 Q9 Q1 Q10
Expert A Expert B Expert C Expert D Expert E Expert F

0

2

4

6

8

10

12

14
%

egnahc
ni

enilesab
ytilatro

m
rep

1
mg
�m3
Hlaunna

egareva
MP

5.2
L

[%
 c

h
an

ge
 in

 b
as

el
in

e 
m

or
ta

lit
y 

p
er

  1
 µ

g/
m

3 
 P

M
 2.

5)
]

M
or

ta
lit

y 
Im

p
ac

t



John S. Evans, Sc.D.
Harvard School of Public Health
RFF - Washington DC – 13 March 2006

Slide # 14

Timing of PM Mortality Impacts Timing of PM Mortality Impacts ––
Fraction of Effect Realized within 1 Week / 3 MonthsFraction of Effect Realized within 1 Week / 3 Months

7d 90d 7d 90d 7d 90d 7d 90d 7d 90d 7d 90d
Expert A Expert B Expert C Expert D Expert E Expert F
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What Experts Know About PMWhat Experts Know About PM

Mortality impacts of PM exposure are relatively well understood.Mortality impacts of PM exposure are relatively well understood.

… but uncertainty is larger than indicated by statistical confid… but uncertainty is larger than indicated by statistical confidence intervals from ence intervals from 
studies (not surprisingly)studies (not surprisingly)

Some constituents are more toxic than others Some constituents are more toxic than others –– however there is however there is 
uncertainty and disagreement about which and how much.uncertainty and disagreement about which and how much.

…these experts believe that combustion related particles are mor…these experts believe that combustion related particles are more toxic than e toxic than 
other particlesother particles

The mortality impacts manifest themselves over time The mortality impacts manifest themselves over time ---- but but 
again there is relatively large uncertainty and substantial again there is relatively large uncertainty and substantial 
disagreement about the time course of expression.disagreement about the time course of expression.

… but most experts believe that while a substantial part of the … but most experts believe that while a substantial part of the effect is expressed effect is expressed 
within 3 months of exposure, only a small fraction occurs withinwithin 3 months of exposure, only a small fraction occurs within the 1the 1stst week..week..
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The ExpertsThe Experts’’ AnswersAnswers
Deaths Attributable to Exposure to Smoke from the Kuwait Oil FirDeaths Attributable to Exposure to Smoke from the Kuwait Oil Fireses

CC114961149628742874575575DD

CC8728721641641616BB

CC2102101101103737FF

CC4264265454<1<1CC

TSTS6363323244AA

TSTS2121131366EE

ApproachApproach95%95%50%50%5%5%Expert *Expert *

•Experts are listed in order of their median estimate of risk.
•Letter identifications are randomly assigned to experts.
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Health Impact of The FiresHealth Impact of The Fires

Kuwait’s Basic Estimate of RiskKuwait’s Basic Estimate of Risk

~ 35 Deaths (ACS Study)~ 35 Deaths (ACS Study)

0 (not causal) to 120 Deaths (Six Cities)0 (not causal) to 120 Deaths (Six Cities)

Expert Judgments    Expert Judgments    

Best Estimates 13, 32, 54, 110, 164, 2874Best Estimates 13, 32, 54, 110, 164, 2874

Pooled Expert Judgments ( 50%, IQR)Pooled Expert Judgments ( 50%, IQR)

Equal Weights ( 82 deaths; 18 to 400 )Equal Weights ( 82 deaths; 18 to 400 )

Performance Weights ( 35 deaths; 16 to Performance Weights ( 35 deaths; 16 to 
54) 54) 

Expert FExpert EExpert CExpert BExpert A
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Conclusions / QuestionConclusions / Question

Kuwait’s Estimate of 35 Deaths Not Arbitrary.Kuwait’s Estimate of 35 Deaths Not Arbitrary.

Experts Place Very Little Weight on NO DEATHSExperts Place Very Little Weight on NO DEATHS

Reasonable Confidence Intervals for True Number Reasonable Confidence Intervals for True Number 
of Deaths of Deaths –– A Few/A Few HundredA Few/A Few Hundred

Most Deaths NOT Within Days of Exposure => Most Deaths NOT Within Days of Exposure => 
Not Observable EpidemiologicallyNot Observable Epidemiologically


