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THE BRITISH MEDICAL FOU:

ACCIDENTS IN THE FOG.
TiE wnssually high reading of the barometer (over 30.50 in.), which
prevailed from the 6ih to the 1 3th instant, were accompanied by a fog in
the metropolis from the gth to the 13th, which was at times excessively
dense. In the Cattle Show, the horned cattle suffered severely from
difficalty of breathing, but the sheep and pigs were less affected.
Persons in good health who were living in the fog suffered much bodily
discomfort, and smarting of the conjanclivee was frequently accom-
panied by severe frontal headache. To invalids, however, and espe-
cially to those suffering from disease of the lung, the atmosphere was
most distressing. Many fatal accidents on the river and in the streets
were reported in the daily journals. The following house-surgeons
have favoared us with accounts of the accidents attended ot their hos-
pitale, Mr. J. H. Morgan (St. George's) saw only two trivial acci-
dents resulting from the fog : one, a contesion of the eye from a fall
over the railings in Hyde Park; the other, a slight burn in the face
from a blow with a torch. Mr. G. B. Browne (Univenity College
Hospital) reports that only three sccidents were admitted by him; two
in which the patients were run over, with two broken ribs in one case,
and a case of bad bum in the face from a blow with a lighted torch,
Mr. J. Leonard (Charing Cross) reports that from thirty to forty
injuries arising in the fog were attended to at his hospita), bat that
they were mostly of little moment. The death.rate amongst the in-
patieats suffering from heart and lung.diseases was greatly increased.
Mr. J. L. Morley (Gey's) reports that no more accidents than usual have

“Poison Fog” Terrorizes Northwestern Europe

been sdmitted daring the past fortnight.  Only one serious case arose
from the fog; it was that of s man, forty years of age, eogaged in
putting fog-sigals on the rils. An engine knocked him down and i i
crushed his left foot. The leg was ampatated by Mr. Howse in the [ smoke in London has continued
upper third immediately upon his admission. The patient had also a [ENCICe]oE1oJ\VA (T MO ETIWAVETER (o RS lo]a (=Nl
badly comminated fracture of the left humerus; also ruptere of the .

crucial ligaments and ianer portion of the capsule of the right knee. [ERUIISHIIVINoI R TolUEETle (39

joint, and three or four scalp-wounds. He is doing very well, and is o ] R N 0o 38

Tk carbolls treatmtct, | Sr B Jopeon (St Berteoto o) wrtes FA. Rollo Russel, London fogs, 1880) Shaded portion of map
that *“ only two accidents due to the fog were admitted. A man fell
thirty.six feet from the 10p of a house; and another man drove his cart
into the East India Docks. Both patients are doing well. The me-
dical patients, with affections of the lung, saffered very much.”

region where pall of
Jog I3 causing mysterious strangling malady in northern France, Delgium,
Hollan nd Englond. Sixty-four deaths have deen caused in the Mcuse
vallcy, Belgium, near Licge. Bcientists arc dafled dy the mysterions epls
demic, and the Bclgian government is preparing to rush 20,000 gas mosks
fo the Mcusc district for distridution among the (nhaditants.

Br Med J, Dec. 20,1873, p.73 Chicago Daily Tribune, 6 Dec. 1930
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4‘ THE FOG DEMON. Punch magazine (UK, B8
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Science 1 Policy

Risk

Adapted from (Slama, Z//P, 2016) and strongly adapted from the NTP Redbook (1983

Nature of atmospheric pollution

Effects (1): Peaks and valleys. Before-after studies

Effects (2): A new microscope - Time-series studies

Effects (3): Cohorts - making long-term effects visible

Effects (4): Overview of cardiovascular and respiratory effects
Effects (5): Other health targets of atmospheric pollutants
Social inequalities in exposure

Health and societal impact

Evaluation of risk management options

Risk management

Sources

Effects

Exposure

Management
options

Management
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Sources Exposure
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Argon, <1%
Other gases, <1%

CO, nitrogen oxides
NO, NO,), sulphur dioxide (SO,), Os.

Benzene, formaldehyde, polycyclic
aromatic hydrocarbons (PAH)...
Usually in the concentration of 1 part
per million

Mixture of solid or liquid particulate matter with gas

(below ca. 40-50 p aerodynamical diameter)

Bacteria

07/09/2022



07/09/2022

* Physical properties

* Gases vs. aerosols
* Size, mass, surface

* Sedimentation time
* Chemical and biological nature
* Origin
* Natural (volcano, erosion...) vs. man-made (combustion by-products in engines,
pesticide aerosols...)

* Primary vs. secondary compounds (e.g., ozon)

Relative size of particulate matter

combustion particles,
organic compounds,
metals, etc. < 2.5 microms

5070 microns

Dust, pollen, mold, etc.

90 microns

2
3
?
o Gaseous
= Contaminants
B
(L)

0.0001 0.001 0.01 0.1 1 10 100 1000
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(Strasbourg, France, winter 2019)
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—Background

— Roadside

Chatain, Atmosphere, 2021

CO, (greenhouse gas) Particulate matter (PM)

Atmospheric half-life: Atmospheric half-life:
circa 100 years (from 5 to 200 years)

Hours to days
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Elemental carbon

(California Air Ressource Board)

Other ions

cal*
NHS

50§~

Organic
matter
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(Jaffrezo, IGE Grenoble, personal communication

PARTICLES

10p

<10p

PMs can reach
lung bronchioles

<2,5u
PM3 5 can reach lung
alveoli, cross them and
enter blood stream
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% of total lung radioactivity

45 Time (min)

Table 1. Ag and estimated content in tissues/organs of rats exposed to ultrafine EAg particles for 6 hr.?
Time after exposure
Immediately
Tissues/organs (30 min-2 hr) Day1 Day 4 Day7
Lung Concentration? 2,375171) 904(31) 199(41) 98(19)
Content® 1,716(169) 656(31) 152(35) 75(14)
Liver Concentration 33(13) 24(5.1) 5.6(1.8) 3.001.1)
Content 156(60) 113(24) 29(10) 16(7)
Kidney Concentration ND 39(8.1) 474.4) ND
Content ND 45(10) 5(5) ND
Heart Concentration ND 2.8(0.5) 0.7(0.1) ND
Content ND 1.5(0.3) 0.4(0.1) ND
LALN (tracheobronchial Concentration ND 21(7.7) 72(63) ND
lymph nodes) Content ND 0.6(0.3) 1.701.4 ND
LALN (mediastinal tissues Concentration ND 6.8(0.7) 1.6(0.1) ND
including mediastinal Content ND 2104 05(0.1) ND
lymp nodes)
Nasal cavity, anterior Concentration 59.2(22.6) 13.9(2.2) ND ND
Content 13(6.5) 1.8(0.5) ND ND
Nasal cavity, posterior Concentration 96(20.4) 68.3(4.5) ND ND
Content 16.3(5.6) 8.8(1.3) ND ND
Brain olfactory portion Concentration 1.9(1.1) 3.1(1.3) ND ND
Content 0.3(0.02) 0.4(0.2) ND ND
Brain rest Concentration 1.4(0.5) 1.2(0.2) ND ND
Content 1.6(0.6) 1.3(0.1) ND ND
Blood Concentration 8.9(6.2) 6.2(0.8) 2.9(1.5) 1.00.2)
Unexposed
Lung Concentration <1.2(0.2)
Content <09(0.1)
Blood <0.6(0.1)
ND, not done.
for each examination (for unexposed lungs = 8). ®Concentration: ng/g wet weight, mean (SD). cEstimated content: concentra-
tion x organ weight: ng, mean (SD).

Nemmar, Circulation, 2002

24

B. Effects (1): Peaks and valleys (1820-1952).

Takenaka, no Health Perspect, 2001

Before-after studies — when pollution was visible

v

Characterization
of the dose-
response

relationship Analysis of risk
management
Societal and options -
economic Identification
impacts and validation
of effective
interventions

Hazard Health impact
identification quantification

Quantification
of exposures

Science

Management
Decisions
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Meuse Valley, 1930 ora (Pennsylvania), 1948 London, 1952

| Weekly mertality Weekly mortality
.- S0, )

.‘.\ ..-.'".""'..‘....
SO, concentration

0 T T T T T T T T T T T
Oct.18, Nov.1 Nov.15 Nov.23 Dec.13 Dec.2? Jan.10, Jan.2¢ Feb.7 Feb.21 Mar7 Mar.21
1852 1953

Weekly mortality for Greater London

Week ending
Figure 1. Approximate weekly mortality and SO, concentrations for Greater London, 1952-1953.

Number of excess deaths (greater London) :

Bell, Eny Health Perspect, 2001, 2004)
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Atmospheric

pollution (PM) eeeesssssssssssms)  Health outcome

=\ /B

Confounding factors
(e.g.: infections, temperature,
social factors...)

of Moo TL.6E
Natural and Poliical
OBSER VATIONS

Meationed ia a following INDEX,
a0d made wpon tbe

Bills of Mortalicy.

BY MINISTRY OF HOUSING AND

Gapt. 7O0HN GRAYNT, A2 3 . LOCAL GOVERNMENT
Fellor of the Repal Secicty. 3 - .

Whth reference to the Government, Reli- ; 3 \ Clean Air Act, 1956
gion, Trade, Growsh, dir Difesfes, a0d the & - el
feveral Charges of the faid CITY, v S P Memorandum on
e Niw e at mivetur Turba lubsto, | 5 ’ . ..
Contestaspasci Lelluribus mm. N 37 Industrial Provisions
Tte Fifth Edition, woch Ealarged, >

LONDONX,
Pristed by Joke Mirtyw , Priater to the
oot Siciety, a the Sign of the Bel in St RamPs
Chaschyard, MDCLXXVI,

@

Carrarn Joux Gravsy

Weekly follow-up of mortality in London (Bills of
mortality) since about 1600
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Atmospheric

pollution (PM) ) Health outcome

Confounding factors
(e.g.: infections, temperature,
social factors...)

® Only factors with short-term variations (within a ;

few days) that also influence mortality can
confound the before-after comparison

® Candidates: temperature, infections

® All factors that do not vary on the short term
need not be controlled (e.g., genes, smoking

rate...)
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Temporal ecological study

The community (city, district...) considered at a given time point
(e.g., day)

Comparison of the incidence of the health outcome (e.g., deaths)
in the studied community in the 2 periods of interest (after-
before). Possibly: comparisons with the same periods 1-2 years
before

No direct assessment required. Time as a proxy of exposure
changes. Aggregated at the community level
Only (hour to week) can be efficiently
characterized.
Only the effect of the average change in exposure across the study
population is seen

WEEKLY NUMBER OF DEATHS REGISTERED

1952

Week 18 25 1 8 1522 29 6 1320 27 3 10 17 24 31 7 14 21 28 7 14 21 28
Oct  November  December January Fbruary March

ATMOSPHERIC
POLLUTION

1952 - 53

00
ook

W
ended

1625 1 8 152220 6
Oc November

17 24 31 7 14 2128 7 14 21 28
] February March

€ of the 1952 fog in London. Reproduced witl

15



07/09/2022

1930. Meuse Va”ey (Belglum) (Nemery, Lancet, 2001)
1948: Donora (Pennsylvania)uacobs, im.s rub et 08
1952 . London (Bell, Eny Health Perspect, 2001, 2004)

1985: Utah Valley steel mill strike wope cA Ams Pub tteatin, g8y - 7E1EE. 1996

1996: Atlanta Olympic games icdman, 21124, 001 ; BEIJING Rich. 24121, 2010:
EHP 2015)

1990: Dublin bituminous coal sale ban (ciancy, zancer, 2002)

1990s: German reunification and respiratory health in former
D D R (Heinrich, £pidemiology., 2002)

Bitterfeld, DDR

Black smoke Bituminous coal ban
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6 Cardiovascular

*Change between the 7 year average after and the 7 year before
the intervention

Cardiovascular
mortality

(Clancy, Lancet, 2002)
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Some permanent
system of Social events

monitoring of + Political decisions
health and/or the Environmental catastrophes

environment

Could we also learn from
“non exceptiona
situations?

|II

HEALTH EFFECTS OF PARTICULATE
POLLUTION: REAPPRAISING THE EVIDENCE

W. W. HOLLAND, A. E. BENNETT, I. R. CAMERON,
C.ou V.FLOREY, S. R. LEEDER, R. S. F. SCHILLING, A. V. SWAN
AnDp R. E. WALLER

More recent studies are also of variable
quality and most are inconclusive on the
quantitative relationship between air pol-
lution and morbidity. As mentioned pre-
viously, this is probably because concen-
trations of air pollution have been re-
duced so significantly in the last decade
that, in normal circumstances, they no
longer have a measurable effect on
health.

(Holland, Am J Epid, 1979)

17
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The before-after comparison
could be generalized to lower
day-to—day variations in air

Health outcome
(community level)

pollution levels.

Expected increase in statistical
power
(because power depends on
the total number of disease
cases), assuming that there
are also strong daily
variations in air pollution.

Environmental level

Analysis of risk
management

N Societal and ions - Risk
Healt:rf{m;zéct [ conomic ificati Management
quantification impacts and validation Decisions

of effective
interventions

Quantification
of exposures

37
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The community (city, district...) considered at a given time
point (e.g., day) throughout a study period (typically, several
years)

Assessed at the community level

Aggregated at the community level (e.g., central monitoring
Daily deaths over time station )

Health outcome
(community level)

Regression analysis of the association of daily counts of the
health outcome as a function of exposure 0, 1, a few days
— before, adjusted for relevant confounders in a regression (e.g.,
Ooe 1 Poisson) model.

Ozone levels over time

100 150 200 20 300

Only factors with short-term variations can induce
confounding bias. Their effect can be corrected if information
on the variation of their impact over time is available (e.g.,
deaths by flu). Mid and long-term trends are usually correctec
for using a flexible coding.

Only (hour to week) can be efficiently

characterized. Only the effect of the average change in exposure
across the study population is seen

nmental factor
Dady mean czone level (gm®)

See Baskharan, /nt J Epidemiol, 2013 for a review

J. Schwartz,
Harvard

Table 1. Mean daily deaths in six U.S. cities and mean concentrations of PM, s overall, and from the three
source categories showing evidence of an association with daily deaths in Laden et al. (8).

PM; 5 Traffic Coal Residual oil Dates . .
City Deaths (pg/m?) (pg/m?) (pg/m?) (pg/m?) (month/year) Confidence interval
Boston 59 165 4 83 05 5/19-1/88
12 211 4 68 - /
55 192 56 —
192 08
43 ~
70

1.5% extra deaths
for each 10 ug/m?3
increase

Change in death rate (%)

10 20
PM, s concentration (ug/m?3)
(Schwartz, £HP, 2002

19



07/09/2022

T 1

L
0 15 30 45 60
Window Size (days)

Percent increase (%) in death
due to ischemic heart diseases

pulmonary disease)

1 0

1
15 30 45

Percent increase (%) in death
due to COPD (Chronic obstructive

Window Size (days)

For deaths due to other causes than BPCO, the mid-term effect appears to be larger
than the short-term effect of PM, which is not in favour of a strong harvesting effect

for these causes of death. Window Size (days)
Schwartz, Am J Epid, 2000

Percent increase (%) in all
deaths

1 L L s L L

o 15 30 45 60

Ozone levels over time
Time
(short and long

Daty mean czone level (g

Exposure Behaviours
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[

case <——> crossover

control

Viiaiadod

NOON TODAY NOON YESTERDAY

(Maclure, Annu Rev Pub Health, 2000)

3Days before 2 Daysbefore 1 Day before Day of MI

Exposure to Traffic (%)
Exposure to Traffic (%)

6
72 48 24 0

Hours before M1

Hour of Day

Figure 1. The Onset of 691 Nonfatal Myocardial Infarctions (M) in Relation
to Exposure to Traffic, According to the Amount of Time Spent in Traffic,
February 1999 to July 2001, in the Region of Augsburg, Germany.

Panel A shows the distribution of times of onset of the myocardial infarc-
tions over the day of the event, Panel B the time subjects spent in traffic on
the day of the event and during the three days before it, and Panel C the time
spent in traffic during the 72 hours preceding the onset of the myocardial
infarction. The percentages are the proportions of subjects with exposure

gl;;i:tgr;he hour in question. Data are from the KORA Myocardial Infarction Peters, NEJM, 200f)
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Time
(short and long

Exposure

— 30
28 -
26 -
24+
22 -
20+
18

PM,  yearly average concentrations (ug/m?
25
]

Making use of spatial exposure

Ring road

Highway

Main road | Main road

L1 |

| h.L“HJM ) '

| ‘UM City center W \J
\

N |
I | background station ®+A.x \
A Suburméﬁ
i station
Rural background |
station City Inner
Western suburbs center suburbs

suburbs Eastem

46

T T T T T T T T T T T T T T
o 2 4 6 8 10 12 14 16 18 20 22 24 26

West-East cross-section distance (km)

(Adapted from Morelli, £Zng Int, 2019
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concentrations

contrasts

Urban area
1 1. Traffic area
1 1 1 2. Urban background
3. Suburbs
2 2 2 4. Rural area
4 3 3 4
Urban backeround

Regional background

Continental background

h b d
.. 8% 1 £ 9. .
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D. Effects (3): Cohorts - making long-term effects
visible

Characterization .
of the dose- Science
response
el Analysis of risk
management
Societal and options -
economic Identification
impacts and validation
of effective
interventions

Hazard Health impact
identification quantification

Quantification
of exposures.

Life expectancy in 1978-82 against mean PM, s level Change in life expectancy from 1980 to 2000 against change
at the same period, 51 US metropolitan areas in mean PM, s level from 1980 to 2000

Life Expectancy, 1978-1982 (yr)
Change in Life Expectancy, 1980519905 (yr)

i
PMy., 1979-1983 (ug/m?)

Reduction in PM,.;, 1980-2000 (ug/m?)

Figure 2. Cross-Sectional Life Expectancies for 19781982, Plotted against PM. ; Concentrations for 1979-1983.

Adjusted for change in income, population, lung-cancer mortality
rate, urban residence, black and Hispanic population rates...

Arden Pope et al., VE/M, 200

23
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Atmospheric

pollution (PM) — Health outcome

—

Confounding factors
(e.g.: infections, temperature,
social factors...)

Study sample: Subjects free of the
health condition of interest at the start

of follow-up Person-times at risk| pisease incidence
of disease (PT;) and| rate in the high

number of disease | €XPosure group
cases (ns) (Tls=n3/PT3)

- Person-times at risk [ISAECEUEIE
Intermediate i fin e

exposure of disease (PTz) and
(E,) number of disease SRS
2 cases (n) (Th=n,/PT,)

intermediate

Low Person-times at risk iNEEES i”Cisence
. rate in the
exposure of d'ssase :ZTl) FIE e
(E,) number of disease |G

Sampled population
cases (n,) (Tl=n./PTy)

_—_—
4. Evaluation of the
association between

exposure level and
disease incidence

1. Cohort 2. Exposure 3. Follow-up of persons-time and
recruitment assessment disease occurrence
(and possibly of exposures)
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Methodological issue: Assessment of
environmental exposures in human studies

Data on sources
(e.g. localisation
of factories,
roads)
Dosimeter
Emission
cadastres Environmental
model or

measurements

Group 1

model or data

Questionnaire
X

Environmental
Exposure

e | biomarker
(biospecimen
+
biochemical
assay)

Dosimeter

| )
Job-exposure (/.‘ r
matrix

(occupational
setting)

3

Group 2 Group 3

07/09/2022

Exposure
(bio)marker
X
TD-TK
modelling

« Real exposure (unknown)
Real dose-response
relation (unknown)

X Measured exposure (with
Berkson-type error)

In the case of Berkson-
type error on exposure E,
one typically estimates
exposure of all subjects
of a given group (e.g., a
city) by the group
average.

25



,

Group1l Group2 Group 3

American Cancer Society (ACS) cohort
N=319,000 subjects

ACS cohort
(Pope et al. 2002)

/___/ All cause

Adjusted mortality relative risk

15 20
PM, ; (ng/m®)

For each increase by 10 pg/m3 in PM, s average exposure:
- 6% increase in all-cause mortality risk
- 9% increase in risk of death by cardiovascular cause

07/09/2022

« Real exposure (unknown)
Real dose-response
relation (unknown)

X Measured exposure (with
Berkson-type error)

Estimated dose-response
function (with Berkson-type
error)

Consequences of Berkson-
type error:

in the dose-response
relation

-Increased random variation
in the dose-response slope

Pope, JAMA, 2002

Adjusted for age, sex, race, smoking, alcohol consumption, body mass index, occupational exposure and diet

26



07/09/2022

PM;s (10 pg/m” increase) and Natural Mortality

%
Study HR(95%CI)  Weight

Harvard six cies 1.14(1.07, 1.22) 641
ACS study 1,06 (1.02, 1.11) 10.72
ACS LA sub-cohort study 1.17 (1.05, 1.30) 3.00
Netherlands Cohort Study 1.06 (0.97, 1.16) 4.03
Nurses' Health Study 1.26 (1.09, 1.55) 0.90
Medicare national cohort 1.04 (1.03, 1.06) 1857
Health professionals follow-up study 0.86(0.72,1.02) 124
US trucking industry cohort 1.10(1.03, 1.18) 6.10
Canadian national cohort 1.10(1.05, 1.15) 9.95
Caifornia teachers study 1.01 (094, 1.08) 6.00
Rome longitudinal study 1.04 (1.03, 1.05) 19.60
ACS Caiifornia subcohort 1.06 (1,00, 1.12) 8.08
Natonal English cohort 1.11(0.98, 1.26) 217
Escape 1.14(1.08,1.27) 322
O-L Overall (1-squared=60.8%, p=0.0016) 1.07 (1.04, 1.09) 100,00

Hazard Ratio

T T T

20 40 60
PM2.s5 - ug/m?

(WHO, 2014) (Burnett, PNAS 2018

Harvard
Six Cities,
all cause

Soutwesistatas Estimates of percent change in mortality
s ' associated with an increment of 10 pg/m
NMMAPS, — in PMy.s or 20 pg/m?3 in PMy or black

cardiopul
ACS v smoke for different time scales
NMMAPS,

Dublin, cardio 3] cause

Mortality Increase (%)

10 US cities,

all cause / Utah Valley.
all cause

Dublin,
all cause

10 Euro cities.

10 Euro cities, all cause

cardio
1T T T

20 30 40 183 365
(6mo) (1yr)

(Brook, Circulation, 2010

Time (days)
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Colour estimates
correspond to
studies of air
pollution effects,
gray symbols to
studies of tobacco

effects.
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Very light

Air pollution/
Second-hand
cigarette smoke

T T T T T T T T | SR NP 5.

1.0 10.0 100.0
(55) (555) (5,555)

Estimated daily exposure, mg of PM, ;, log scale (and approximate
equivalent average ambient concentraton of PM, 5, ng/m,) Pope, Eno Res, 2020

Cardiovascular and respiratory effects of air
pollution exposure
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PM:s (10 ug/m’ increase) and Cardiovascular Mortality

%
Study HR(95% C)  Woeight

Harvard six cites 1.26(1.14, 1.40) 8.43
ACS study 1.00 (1,03, 1.16) 13.31
ACS LA sub-cohort study 1.26(1.00, 1.59) 2.63

Women's Health initiative Study 1.76(1.25,247) 1.30
Nethertands Cohort Study 1.04 (0.90, 1.21) 530

Health professionals follow-up study 1.03(0.84,1.27) 3.10

Vancouver cohort 1.07 (0,86, 1.33) 2.96
US trucking industry cohort 1.05(0.93, 1.19) 6.79
Canadian naonal cohort 1.15 (1,07, 1.24) 11.50

California teachors study 1.07 (0.96, 1.20) 7.59
Roeme longitudinal study 1.06 (1.04, 1.08) 18.02
ACS Callfomia subcohort 1.12(1.03, 1.23) 10,01
National English cohort 1.00 (0.85, 1.17) 4.82
Escape 0.98 (083, 1.16) 4.26
D-L Overaf (I-squared=53.6%, p=0.0090) 1.10(1.05, 1.16) 100.00

WHO, 2014

Table 2. CIMT percent difference associated with a 1-1QR increase (0.26 pg/m®) in average exposure to
black carbon during the year before the first CIMT measurement.

Percent difference No. of No. of
Modeling approach (95% CI) participants observations
Model
Parsimonious model (model 1)? 0.9(0.2,1.5) 380 977
Fully adjusted model (model 2)° 1.1(0.4,1.7) 378 968

(Wilker, £HP, 2013)
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Primary Sources

Exposure Type, Place, Subjects

PM Associations

Peters et al. 199731
Peters et at. 200132
Seaton et al. 1999

Tan et al. 2000°'

Salvi et al. 199975
Salvi et al. 2000°'

Pekkanen et al. 200037

Ghio et al. 2000%'*
Harder et al. 20017%
Gong et al. 2003
Ghio et al. 2003="
Huang et al. 2003*2
Ghio and Huang 20041
Sorensen et al. 2003*=

Adamkiewicz et al. 20032+

Pope et al. 20045
Ruckerl et al. 2006°*

1985 pollution episode, Augsburg, Germany, aduits

Estimated personal exposure to PM,,, Belfast and Edinburgh,
United Kingdom, elderly adults

Elevated PM,, levels during forest fire episodes, Singapore, 19—
24-yr-old healthy men

Diesel exhaust, exposure chambers, healthy nonsmoking
young adults

Ambient air pollution including PM,,, London, male and female
office workers

Exposure to concentrated ambient particles (CAPs) in exposure
chambers, volunteer aduits

Personal monitoring of PM, 5 and carbon black, Copenhagen,
young adults
Ambient PM, , Steubenville, OH, elderly adults

Ambient PM, , Utah, elderly adults
Ambient PM, Erfurt, Germany, 57 males with CHD

Increased blood plasma viscosity and CRP
Increased CRP, reduced red blood celis
Elevated PMN band cells

Elevated 3 mast cells,
molecules, IL-8, GRO-« in airway favage, bronchial tissue, andior
bronchial epithelium; also increased neutrophils and platelets in
peripheral blood.

Higher plasma fibrinogen concentrations

Somewhat mixed results, but small increases in neutrophils and
fibrinogen consistent with mild inflammatory responses to PM.

Small increases in markers of oxidative stress

Increase in airway inflammation as measured by exhaled
nitric oxide

Elevated CRP

Elevated CRP

CHD = coronary heart disease; CRP = C-reactive protein; PMN = polymorphonuciear leukocytes.

adhesion

Particulate matter and atherosclerosis in an animal model

Atherosclerotic lesions

Aortic lesion area (um?#/section)

#sub-0.18 um
(particles/cm?)

07/09/2022

FP UFP

[3.88x105

5.50x10° |

(Araujo, Circulation Re
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Effects of Diesel exhaust particles (DEP) on a THP-1 macrophage
cell line

FA PM,. UFP piseckom2ls

Interleukin 8

L Annex /P
W Annex'/PI (r—
B Annex'P1* ® 1 10 S0 100 200
B Annex/P1*

DEP extract (ug/ml)

% of total cells
a o

w

HO-1-+| - ) -

0
@ 1 1025 S0 100 200
DEP concentration(ig/mi) HO-1: Heme oxidase expression

(Araujo, Part Iib Tox, 2 ) . - o
1o, £e 7 02, 2009 DEP: Diesel exhaust particles (Li N, Clin Immun., 2003)

Diesel exhaust
particles

Ah receptor
NADPH- P450
reductase

Cytochrome le-
P450 1A1 Semi-quinone ./ Quinone
0,

0,

ROS: Reactive oxygen species

(Li N, Clin Immun, 2003)
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Exposure
Enters the body through
established routes

Initial response
Directly or indirectly interacts
with one or more tissues

Molecular and cellular effects
Afenls or metabolites initiate cascades
of adaptive or maladaptive responses

PM:s (10 ug/m’ increase) and Cardiovascular Mortality

Study

Harvard six cites
ACS study
ACS LA sub-cohort study

Wormen's Heath Initative Study
Nethertands Cohort Study

Vancouver cohort
US trucking industry cohort
Canadian national cohort
Calfonia teachors study
Rome longitudinal study
ACS Callformia subcohort

Natonal English cohort

Escape
D-L Overat (I-squared=53.6%, p=0.0090)

HR (95% CI)

126 (1.14,140) 8.43
1.08(1.03,1.16) 13.31
126(1.00,1.59) 263
1.76(1.25,247) 130
1.04(0.90,121) 530
1.03(084,127) 310
107 (086, 1.33) 296
1.05(093,1.19) 679
1.15(1.07,124) 11.80
1.07(0.96,120) 7.59
1.06(1.04,1.08) 18.02
12(1.03,1.23) 1001
1.00(0.85,1.17) 482
0.98 (083, 1.16) 426
1.10(1.05, 1.16) 100.00

Traffic-related air pollution

l

Inhalation

Particle translocation Sensory receptor activation

[T

Lipid oxidation
and metabolism

Y
stress and

stress and nervous system

imbalance

(Cosselman, Nat Rev Card,

% Autonomic
. nervous system
imbalance

Inflam-
mation

FA PM,,

07/09/2022

2019,

Oxidative
stress
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Sustaining proliferative
signaling

Inducing
angiogenesis

Enabling replicative
immortality

V Halimarks where the role of
particulate matter has been described

Evading growth
suppressors

Activating invasion
and met.

(Hanahan & Weinberg, Cel/, 2011)

? Hallmarks where the role of
particulate matter needs to be explored

07/09/2022

Inflam-  Oxidative
mation stress

(Santibanez-Andrade, /ntJ Mol Sc, 2020
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End-point Humans  Experimental Mammalian Plants Bacteria Acellular
animals cells

Mutations + +
Cytogenetic damage (CAs, MN, +
SCEs)

Stable DNA adducts

DNA strand breaks

Oxidatively damaged DNA

Oxidative stress and

inflammation

Cell transformation
Epigenetic changes

* Limited information available.

* Not applicable.

¢ Few studies, conflicting results. See Table 4.10, Section 4.2.3c.

¢ Few studies, conflicting results. See Supplemental Table S14 (available online), Section 4.2.3e.

+, positive; -, negative; CAs, chromosomal aberration; MN, micronuclei; NA, not available; NE, not evaluated; SCEs, sister chromatid
exchanges.

(TARC; Loomis, Lancet Oncol, 2013

Study by region RR(95% Cl)  Weight
North America
McDonell et al. 2000 1.39(0.79,2.46)  0.66
Krewski et al. 2009 1.09(1.05,1.13)  21.19
Hart et al. 2011 - 1.18 (0.95, 1.48) an
Lipsett et al. 2011 T 0.95(0.70, 1.28) 2.22
Lepeule et al. 2012 + 1.37(1.07, 1.75) 320
Hystad et al. 2013 1.29(0.95, 1.76) 214
Jerrett et al. 20132 T 1.12(0.91,1.37) —
Puett et al. 2014 T 1.06 (0.90, 1.24) 6.48
Subtotal (/2 =0.0%, p = 0.490) 1.11(1.05,1.16)  39.67
Europe
Beelen et al. 2008 r 0.81(0.63,1.04) 31
Carey et al. 2013 ‘ 1.11(0.86, 1.43) 3.07
Cesaroni et al. 2013 [ 1.05(1.01,1.10)  20.21
Raaschou-Nielsen et al. 2013 - 1.39(0.91,2.13) 1.17
Subtotal (/2 =50.0%, p=0.112) 1.03(0.89,1.20) 27.56
Other
Caoetal. 2011 1.03(1.00,1.07) 21.25
Katanoda et al. 2011 1.24(1.12,1.37)  11.52
Subtotal (/2 = 91.0%, p=0.001) 1.13(0.94,1.34) 3277

Overall (/2 = 53.0%, p = 0.010) | 1.09(1.04,1.14)  100.00

(Hamra, ZHP, 2014

34



07/09/2022

Homogeneity
Exposure RR (95% Cl) 12 (p-value) test? Studies included (by ID)®

PM;5

Full meta-estimate 1.09(1.04, 1.14) 56.4% (0.007) All

Continent
North America 1.11(1.05, 1.16) 6.5% (0.378) 2,4,6,7,8,9,10
Europe 1.03(0.89, 1.20) 50.0% (0.112) 11,12,13,15
Others 1.13(0.94, 1.34) 91.0% (0.001) 16,17

Exposure assessment method

Fixed site monitor 1.12(1.04,1.21) 77.1% (0.002) ,4,8,16,17

Other 1.06(1.00, 1.13) 16.2% (0.298) ,6,7,9,10,11,12,13,15
Smoking status

Never 1.18(1.00, 1.39) 0.0% (0.928)

Former 1.44(1.04, 2.01) 66.3% (0.031)

Current 1.06(0.97,1.15) 0.0% (0.544)
Confounder adjustment

Smoking status 1.10(1.04,1.17) 61.4% (0.004)

SES/income 1.04(0.96, 1.12) 24.2% (0.252)
Education 1.07(1.03,1.11) 37.7%(0.117)
Occupation 1.08(1.05,1.11) 0.4% (0.420)

(Hamra, £/HP, 2014

Study by region RR(35%CI) _ Weight
North America

McDonell et . 2000 - 1.39(079, 2.46)
Krewski et al. 2009 - 108(1.05,1.13) 2119

Hartetal. 2011 . 118(095,148) 377

Lipsett etal. 2011 - 035070,128) 222

Lepeule et al. 2012 . 1370107175 320

Hystad etal. 2013 —— 129(095,176) 214

Jerrettetal. 2013¢ . 11209113 —

Puett ot al. 2014 —o— 106(090,124) 648

Subtotal (12=0.0%, p= 0.490) 3 11005106 3967

Europe

Beelen et al. 2008 .o 081(083,104 311

Carey etal. 2013 e 111(086,1439) 307

Cesaroni et al. 2013 - 10501011100 2021

Raaschou-Nielsen et al. 2013 e 139(091,213 117

Subtotal (1~ 500% p=0.12 <> \shn e 7% End-polat Humans  Experimetal | Mammallan  Plants  Baceria  Acelllar

animals cells

Caoetal. 2011 . 1030100107 2125

Katanoda etal. 2011 - 124(112,137) 1152

Subtotal (12=91.0%, p=0.001) <= 113(094,138) 3277

Overall (1= 53.0%, p=0.010) 1.09(1.04,1.14) 10000

(Hamra, £HP, 2014)
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Endpoint

Lung cancer

Asthma incidence

Asthma incidence

Asthma attacks/symptoms

COPD incidence

Population

Adults

Children

Adults

Children and adults

Adults

Evidence

Certain

Very likely/certain
Likely

Certain

Likely

07/09/2022

References

(Loomis, Lancet Oncol, -

(Khreis, £ny Int, 2017)

(Jacquemin, £/1P, 2015)

(Slaughter, Ann Allerg Asthm Immun, 2003)

(Park, £no Res, 2091)

(Gauderman, NEJM, 2004; Benmerad, Kur
Resp J. 2017; Guo, Lancet Plan Health, 2018

Lung function (FEV) Children and adults Very likely

Leung, Thorax, 2021

Hospitalization for acute
bronchiolitis

Children <2 years Likely

WHO, 2014)

Respiratory mortality Adults Certain

Various sources; thanks to Drs. V Siroux (Inserm) and 1. Pin (CHU Grenoble

Relative risk (RR) of breast cancer associated
with a 10 pg/m? increase in NO; level

“

S. Gabet
Inserm &
Lille Univ.

Study name AR (95% O Koweight
EPICEIN et 091 (079,105 156
VHM&PP —t 098 (0.89, 1.08) ES T
CNBSS_post -4 100 (0.97,103)
ONC — 100 (0.92,110)
EPICOMO] e 100 (081,124
ONPHEC 101 (1.00,102)
EPICNL —_— 101 (084,121
MEC 101 (0.97,108)
ocH 104 (0.93,1.16)
NECSS 104 (0.95,114)
EPIC-Turin 105 (0.84,133)
Sister Study 105 (101, 1.10)
EPIC-Varese - 106 (0.98,116)
AOKPLUS 107 (103,112)
CCsPBCM2 107 (0.83,139)
CNBSS_pre 1 109 (1.00,120)
EPIC-Umed 111 (051, 240)
il CcEE 111 (0.98,127)
. EP9C-San Sebastian 111 (070,177
1 CEANS 112 (081,154
HUBRO 133 (0.94,187)
Study-specific RR 133 (100,177)
1,027 (1.009, 1.047)
1.023 (1.005, 1.041)

Standard error

o

* Observed RR estimate o Imputed RR estimate

Trim-and-fill analysis (correction for possible

— ) Gabet, Eny Health Perspect, 2021)
publication bias)
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