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Air Pollution Disasters of the 20" Century

1952 London Fog Episode
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" T Meuse Valley fog episode in 1930 caused 64 deaths,
«.“and the Donora (Pennsylvania) episode in 1048 cansed  co
{":-20 deaths. In December, 1952, 4 four-day fog in London —
.., caused about 4000 deaths. This paper gives a short °

< “account of when and where these deaths occurred, the

=7 ago-distribution, and the reported medical causes. No

<+ sttempt iy made here to present detailed meteorological

The Fog Disaster in the Meuse Valley, 1930...led * features of the incident, including additional details Dee
to the first scientific proof of the potential for
atmospheric pollution to cause deaths and disease, and
it clearly identified the most likely causes. 60 deaths
that were attributed to the fog occurred on Dec 4 and 5.

< data or to discuss clinical aspects; these and other ——
< about mortality, will no doubt b diseussed in a report Hati
which, it is understood, will be made to the Minister of
Health when investigations have been completed. Two Do
apers have. already been published concerning the —

\ i—DEATHY BEGISTERED IN GREATER LONDON FROM 1953
% WEEK ENDED No¥, 16, 1052, o 1aw. 10, 1953, comrarep week

Nemery et al. Lancet 2001

Beginning on October 26, 1948, sparse air movement
contributed to a temperature inversion in the atmosphere
over western Pennsylvania, Ohio, and areas of
neighboring states. A fog laden with particulates and
other industrial contaminants saturated the air of
Donora, a small industrial town on the banks of the
Monongahela River, some 30 miles south of Pittsburgh.
Visibility was so poor that even localslost their sense of
direction. An estimated 5000 to 7000 personsin a town of
14000 residents becameiill, some 400 required
hospitalization, and 20 died beforerain dispersed the
killing smog on October 30 and 31, 1948. Helfand et al.
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National Research Council’'s PM
Committee
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Time-series estimates to 2006:
Dally all-cause mortality and PM,, (n=314)

All-cause Mortality
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Table 1-3.

EPA’s Evidence

Weight of evidence for causal determination.

Determination

Health Effects

Ecological and Welfare Effects

Causal
relationship

Evidence is sufficient to conclude that there is a causal
relationship with relevant pollutant exposures. That is, the
pollutant has been shown to result in health effects in studies
in which chance, bias, and confounding could be ruled out
with reasonable confidence. For example: a) controlled human
exposure studies that demonstrate consistent effects; or b)
observational studies that cannot be explained by plausible
alternatives or are supported by other lines of evidence (e.g.,
animal studies or mode of action information). Evidence
includes replicated and consistent high-guality studies by
multiple investigators.

Evidence is sufficient to conclude that there is a causal
relationship with relevant pollutant exposures. That is, the
pollutant has been shown to result in effects in studies in
which chance, hias, and confounding could be ruled out with
reasonable confidence. Controlled exposure studies
(laboratory or small- to medium-scale field studies) provide
the strongest evidence for causality, but the scope of
inference may be limited. Generally, determination is based
on multiple studies conducted by multiple research groups,
and evidence that is considered sufficient to infer a causal
relationship is usually obtained from the joint consideration
of many lines of evidence that reinforce each other.

Likely to be a
causal
relationship

Evidence is sufficient to conclude that a causal relationship is
likely to exist with relevant pollutant exposures, but important
uncertainties remain. That is, the pollutant has been shown to
result in health effects in studies in which chance and bias
can be ruled out with reasonable confidence but potential
issues remain. For example: a) observational studies show an
association, but copollutant exposures are difficult to address
and|or other lines of evidence (controlled human exposure,
animal, or mode of action information) are limited or
incansistent; or b) animal toxicological evidence from multiple
studies from different laboratories that demonstrate effects,
but limited or no human data are available. Evidence generally
includes replicated and high-quality studies by multiple
investigators.

Evidence is sufficient to conclude that there is a likely causal
association with relevant pollutant exposures. That is, an
association has heen observed between the pollutant and the
outcome in studies in which chance, bias and confounding
are minimized, but uncertainties remain. For example, field
studies show a relationship, but suspected interacting
factors cannot be controlled, and other lines of evidence are
limited or inconsistent. Generally, determination is based on
multiple studies in multiple research groups.

Suggestive of
a causal
relationship

Evidence is suggestive of a causal relationship with relevant
pollutant exposures, but is limited because chance, bias and
confounding cannot be ruled out. For example, at least one
high-quality epidemiologic study shows an association with a
given health outcome but the results of other studies are
inconsistent.

Evidence is suggestive of a causal relationship with relevant
pollutant exposures, but chance, bias and confounding
cannot be ruled out. For example, at least one high-quality
study shows an effect, but the results of other studies are
inconsistent.

Inadequate to
infer a causal
relationship

Evidence is inadequate to determine that a causal relationship
exists with relevant pollutant exposures. The available studies
are of insufficient quantity, quality, consistency or statistical
power to permit a conclusion regarding the presence or
absence of an effect .

The available studies are of insufficient quality, consistency
or statistical power to permit a conclusion regarding the
presence or absence of an effect.

Not likely to
be a causal
relationship

Evidence is suggestive of no causal relationship with relevant
pollutant exposures. Several adequate studies, covering the
full range of levels of exposure that human beings are known
to encounter and considering susceptible or vulnerable
subpopulations, are mutually consistent in not showing an
effect at any level of exposure.

Several adequate studies, examining relationships with
relevant exposures, are consistent in failing to show an
effect at any level of exposure.
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Biological M echanisms of PM: Exposur e to Effects U5
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"Short-term Exposure to PM

, s and

Study Outcome Mean 98™ (wgim Effect Estimates
Chimonas & Gessne (2007. 093261) Asthma B —_—
Lower Respiratory Infection —d.
Lisabeth et al. (2008, 155939) Ischemic Stroke/TIA 7 —
Slaughter et al. (2005, 073854) Asthma Exacerbation 7.3;NR 1 A >
Chen et al. (2004, 089899) 7.7:NR 1 >
Chen et al. (2005, 087942) Respiratory Disease 7.7;NR . - -
Fung et al. (2006, 089789) Respiratory Disease 7.7: NR —g—
Rich et al. (2004, 055831) 1CD Shock 8.2; NR €
Villeneuve et al. (2008, 090191) Hemmhoragic Stroke: Cool Seas. 8.5; NR € L = >
Hemmhoragic Stroke: Warm Seas.  8.5; NR 1 - >
Ischemic Stroke: Cool Seas. 8.5: NR € 1
Ischemic Stroke: Warm Seas. 8.5; NR 1 =
TIA: Cool Seas. 8.5; NR < - +
i TIA: Warm Seas. . 8.5: NR B
Lin et al. (2005, 087828) Respiratory Tract Infection 9.6; NR 1 A >
Mar et al. (2004, 057308) Asthma Symptoms 8.1-11.0" NR &g -
Dockery et al. (2005, 078895) Ventricular Arrhythmia 10.3%; NR L >
Mar et al. (2004, 057300) Symptoms (Anv) 10.3: NR 1 " >
Pope et al. (2008, 0012486) IHD 10.7; NR | S -
Rabinovitch et al. (2008, 088031) Asthma Medication Use 10.8: 23.4 | [ i
Rabinovitch et al. (2004, 096753) Asthma Exacerbation 10.8; 20.3 < A :
Pope et al. (2008, 191969) CH 11%; NR - 1 -
Zanobetti & Schwartz (2009, 188462) yll i } .3 g:g | ———
neumonia .3; 34. —
Peters et al. (2001, 016548) Ml 1 28.2 >
Slaughter et al. (2005, 073854) CVD 12.2; NR _+_
Asthma 12.2: NR P
Eesanatory Di 155 Nk E——re—
espiratory Disease H
Sullivan et al. (2005, 050854] MI 1 NR —_———
Sullivan et al. (2003, 043158) Cardiac Arrest 1 NR —_——
Zanobetti & thwanz (2009 188462)  CV Mortality 1 34.33 .
Respiratory Mortality 13.2; 34.33 |-
Dominici et al. (2006, 088398) CVD 13.4: NR -
PVD 13.4; NR -8
IHD . 13.4: NR [y
Dysrhythmia 1 NR ™9
CHF 13.4; NR .
COPD 13.4: NR -
Respiratory Tract Infection 13.4; NR -
Bell et al. (2008, 156266) Respiratory Disease 13.4; 34.16 )
cVD ) 13.4:34.18 .
Zhang et al. (2009, 191970) ST Segment Depression 13.8; NR +
0’Connor et al. (2008, 156818) Wheeze/Cough 14; NR —_—t
Ito et al. (2007, 091262) Asthma 15; NR [
Delfino et al. (1997, 082687) Respiratory Disease 15.4; NR h —_—— -
Symons et al. (2008, 091258) CHF 16; NR .
Rich et al. (2006, 089814) Ventricular Arrhythmia 16.2*; NR < P 3
Metzger et al. (2007, 092856) Ventricular Arrhythmia 16.2%; NR ——
Sheppard (2003, 042828) Asthma 18.7; 46.8 | ——
Burnett et al. (1997, 082676) Respiratory Disease 16.8; NR
Gent et al. (2009, 180388) Wheeze 17: NR __E
Persistent Cough 17: NR
Shortness of Breath 17; NR 1 A
Medication Use 17: NR ——
Tolbert et al. (2007, 090316) Respiratory Disease 17.1; 38.7 -
| CVD 17.1:38.7 -
Metzger et al. (2004, 044222) CVD 17.8%;39.8 —
CHF 17.8*:30.8 —_—
IHD 17.8*;39.8 e
PVD CVD 17.8"; 39.8 —_——
Lin et al. (2002. 026087) Asthma: Bovs 17.90: N _+._
Asthma: Girls 17.99; NR
Burnett et al. (1999, 017269) IHD 18; 55.2 ' —.
Ito (2003, 042856) CHF 18: 55.2 —
Lippmann (2000, 024579) Dysrhythmia 18; 55.2 ——
IHD 18; 55.2 —T—
Stroke 18; 55.2 —_—
Delfino et al. (1998 051408) Respiratory Disease 18: NR
Ito (2003, 0428 ) COPD 18; NR
Lippmann (2000, 024579) Pneumonia 18; NR e * Median
Thurston et al. l1994, 043921) Respiratory Disease 18.8; NR —_——
Ostro et al. (2009, 191971) Respiratory Disease 1 il.5) 1 —A— A Range of Means
Peel et al. (2005, 056305) Asthma 1 30.8 — Estimated
COPD 19.2; 39.8 —_— A Children
Pneumonia 19.2;39.8 —Te— o All Ages
URI 19.2° 39.8 e m 85+
Moolgavkar et al. (2003, 042864) COPD 22*; NR =
Ostro et al. (2008, 087991) CV Mortality 10.88: 88.2 lh
Respiratory Mortality 19.88; 68.2 ——
All effect estimates have been standardized to reflect a 10 zg/m’ increase in mean PMzs o T 0 T1027 1087 102 138 1942 T 1128

concentration.

Figure 2-1. Excess risk estimates from epidemiologic studies of PMzs ordered by mean 24-h avg

concentration as reported by the investigator.
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Table2-1  Summary of causal determinations for short-term exposure to PMos,

Size Fraction Outcome Causality Determination
P2 Cardiovascular Effects Causal
Respiratory Effects Likely to be causal

Mortality Likely to be causal

—
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Long-term Exposure to PM - and

Mean
Study Endpoint Concentration Effect Estimate
(ugim®)
Zeger et al. (2008, 191951) All Cause Mortality 10.7 v Lentral US.
1
Kim et al. (2004, 087383) Bronchitis (Children) 12 : -
L]
Zeger et al. (2008, 191951) All Cause Mortality 13.1 _i_ Westem U.S.
Miller et al. (2007, 080130) CVD Morbidity or Mortality 138 :
Eftim et al. (2008, 099104) All Cause Mortality 13.6 E _ AGS Sites
1
Goss et al. (2004, 055624) All CauseMortality 13.7 E
McConnell et al. (2003, 049490)  Bronchitis (Children) 13.8 E
Zeger et al. (2008, 191951) All Cause Mortality 14.0 : o astern LS.
Krewski et al. (2009, 191193} All Cause Mortality 14.0 E_-_
1
Krewski et al. (2009, 191193} IHD Mortality 14.0 E ———
Krewski et al. (2009, 191193) Lung Cancer Mortality 14.0 E -
Eftim et al. (2008, 099104) All Cause Mortality 14.1 E Six Cities Study Sites
1
Lipfert et al. (2006, 088756) All Cause Mortality 14.3 : -
1
Dockery et al. (1996, 077269) Bronchitis (Children) 14.5 E
Woodruff et al. (2008, 098386) Infant Mortality (Respiratory) 14.8 _:_,_
Laden et al. (2006, 087605) All Cause Mortality 16 E —_——
1
Laden et al. (2006, 087605) CVD Mortality 16 E
Laden et al. (2006, 087605) Lung Cancer Mortality 16 E
Woodruff et al. (2008, 098386) Infant Mortality (Respiratory) 19.2 _i_._
1
Enstrom (2005, 087356) All Cause Mortality 234 :_.._
1
Chen et al. (2005, 087942) CHD Mortality 29.0 Fe"‘a'?
Chen et al. (2005, 087942) CHD Mortality 29.0 _._: Males

Figure 2-2.

I I I I I 1
07 08 11 13 15 1.7 1.9 21

Summary of U.S. studies examining the association hetween long-term exposure to

PM:zs and CVD morbidity/mortality, respiratory morbidity/mortality, and all-cause
mortality conducted in locations where the mean annual PM:s concentration ranged
from 10.7-29 wglm’. All effect estimates have heen standardized to reflect a 10 yg/m®
increase in mean annual PM:s concentration.
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Table 2-2.  Summary of causal determinations for long-term exposure to PM2s.

Size Fraction Outcome Causality Determination
PMas Cardiovascular Effects Causal
Respiratory Effects Likely to be causal
Mortality
Reproductive and Developmental Suggestive
Cancer, Mutagenicity, and Genotoxicity Suggestive
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Table 2-3.  Summary of causal determinations for short-term exposure to PMo.2s.
Size Fraction Outcome Causality Determination
PMio.2:5 Cardiovascular Effects Suggestive
Respiratory Effects Suggestive

Mortality Suggestive
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Table 2-4.  Summary of causal determinations for short-term exposure to UFPs.

Size Fraction Outcome Causality Determination

Ultrafine Particles Cardiovascular Effects Suggestive

Respiratory Effects Suggestive
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