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Background

High levels of major outdoor air pollutants
have been documented in Lebanon, but their
health effects have remained unknown until

2012.
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Background

eirut Governate

Capital of Lebanon
20 km?

378485 individuals
19195 hab/km?
Attracts millions of
vehicles every day
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Y OF BEIRUT

* Topography of Beirut

* Mediterranean Climate

* High Humidity 60% average
* Street canyon

* Underdeveloped public

Beirut Governate

~N .
transportation system ~ O Capital of Lebanon
\ 4 \ 4 \ 4 ~ Q 20 km?
\- Air pollution recycled » O 378485 individuals
O 19195 hab/km?
* Mortality rate 5.4/1000 in / vehicles every day
2010 and stable since 2006 7
* Life expectancy at birth is 7
74/76 years (WH0O2015) i’
* Main cause of mortality: / » [Particulate
cardiac arrest 4 o Matter] exceed
« Main cause of morbidity: e $170 millions/ year the WHO levels
cardiovascular diseases and cost of ar quality
. . degradation
\_ then respiratory diseases ) - $26 millions/year

Health effects
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OBJECTIVES

« Develop an adequate methodology for Beirut
« Study the relation between high levels of air
pollution and daily emergency hospital admissions

for specific causes

« Estimate the cost of air pollution health effects
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Mrad Nakhle et al, 2013
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Fig. 4. Schématisation des cas a inclure dans 1I’étude BAPHE (Beirut Air Pollution and Health Effects).
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‘NERAL STUDY
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GENERAL STUDY / Air Pollution Measurement

66 NO, passive tubes :
52 for background
14 for proximity

26 for background
2 for proximity

Elevation (m)

0-10
10-20
20-30
30-40
40-50

I 5060
B s0-70
B 7050
I s0-100

Huvelin

Pine wood

Date

01/01/2012
02/01/2012
03/01/2012
04/01/2012
05/01/2012
06/01/2012
07/01/2012
08/01/2012
09/01/2012
10/01/2012
11/01/2012
12/01/2012
13/01/2012
14/01/2012
15/01/2012
16/01/2012
17/01/2012
18/01/2012
19/01/2012
20/01/2012
21/01/2012
22/01/2012
23/01/2012
24/01/2012

7

| pm10
37.67
37.677
37.67°
37.67"
37.67"
37.677
37.67"
37.67"
37.677
37.92
46.71
35.13
28.88
49.29
22.33
40.63
36.54
26.96
19.38
21.79
27.75
20.04
41.63
39.13

PM2.5
22.75
22.62
22.89
22.85
23.26
23.04
24.04
26.36
27.96
23.16
19.25
25.33
18.38
26.38
18.42
28.46
26.38
21.29
14.96
16.04
19.54
16.00
23.46
24.96

T

11.50
11.50
11.50
11.50
11.50
12.46
14.21
14.13
12.29
14.13
11.67

9.00

9.50
11.21
12.79
12.58
10.50
11.58

9.63

8.88
10.75
10.63
12.21
12.92

HR

%

37.54
45.71
41.71
40.29
42.42
39.79
39.79
36.50
39.25
42.92
41.67
37.71
54.63
59.46
56.46
42.08
39.67
47.75
44.96



PHE study ///////////ﬂ

‘NERAL STUDY

Air
pollution
data
ollectio
D y Validation
for health of the 2
d indicat
at 2 levels
Health
data
ollection
(manually)

12



NERAL STUDY / STUDY AREA

Hopitaux non participants a BAPHE
(27.66% du total des lits des
hopitaux de beyrouth municipe)

PHE study

Hopitaux participants & BAPHE
(72.33% du total des lits des

hopitaux de beyrouth municipe)
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NERAL STUDY / DATA MANAGEMENT OF HEALTH INDICATORS
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GENERAL STUDY / DATA MANAGEMENT OF HEALTH INDICATORS
(PrROTOCOL J | |
: ] [ Entries without wotits |
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l l l Code &
* - Check diagnosis category
Single Single Multiple Multiple Diagnosis Multiple based on
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I [ \
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y

Y
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y
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General
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Diagnosis
Code
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‘NERAL STUDY/ DATA MANAGEMENT OF HEALTH INDICATORS

Category Distribution by Age & Sex
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‘NERAL STUDY/ DATA MANAGEMENT OF HEALTH INDICATORS

Category Distribution by Age & Sex
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NERAL STUDY/ DATA MANAGEMENT

Codes
GO0 a Go9 G45a G4s 190G J94
H60-H9S 1004152 150 aL54 ) .
Pulmonaire 8770 G004 G09 0
100199 1208124 1886 Canisqve a9 ciaacie o
Allergie cutanee 369 HB0-HI5 83
160162 163164 0
cardio respiratoire 729 1003 152 953
J00 & J98 J00 & J99 L50
ORL 83 1004 199 2109
Nn2an8 J200 422 N/A cerebro vasculaire 165 1203 124 1779
. N/A 240 1603 162 [)
J40 G 147 J45a J46 BLANK Ty 0 1633164 155
Urticaire 665 100 2 198 393
Misc. Accident 2 100 3199 3775
Categories
Misc. Allergic 30 n2ans 1442
Misc. Andro 2 1208122 125
-
Pulmonaire | Cardiaque :.ﬁ:: ORL Cardio 'i Misc. Combined 2 § Ja0aJa7 597
£ Misc. Endo 12 145 2146 1416
© Misc. Gastro 171 J90aJ94 69
Misc. Hemato-Onco 28 1503 L54 362
Cerebro o MISC. Misc. Immuno 1
vascuiaire | Urticare | N/A | BLANK | cipent Tese 7
Misc. Infectious 5
Misc. Musk 387
0 0
Misc. Neuro 1
MISC. .
MISC. MISC. MISC. MISC. Misc. OBGYN 3
COMBINE N/A 240
ALLERGIC | ANDRO 5 ENDO | GASIRO PR &5
Misc. Subst. Abuse 12
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Misc. Surgical 3
Hewwto- | wrecToy| MSC. | MSC. | msc. s
MUK | NEURO | OBGYN
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150 665
Misc. Uro 10
H 9175 ” 1 3922
£ H 2 8041
g F 7320 3
msc. | MG | usc | MSC 2 - & 1
ey SUBST. | o icoar | UNINDE | MISC. URO k] Missing 0 3 3 4473
ABUSE NTIFIED N/A 40 Blank 101
Total Number of Entries 16537




GENERAL STUDY/ DATA MANAGEMENT
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GENERAL STUDY/ STATISTICAL MODEL

Cohort

eSame characteristics of
the population studied

*Homogeneous exposure
zone

Poisson Regression based
On GAM

e Pollutants
*Seasonality
*Trend

*Holidays

» Weekends and
weekdays

*Flu period

Model

e Estimation of relative risk
eSurveillance of short term

relation between air
pollution and health 22




SCRIPTIVE RESULTS

Lignes directives, WHO
STANDARD

PMio 51 (151%) Do not exceed
3 days per
year
PM,,s 30(200%) 129 10 Do not exceed
3 days per
year

PHE results //////////
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DESCRIPTIVE RESULTS

Table 1 Characteristics of emergency hospital admission patients
for discases of respiratory and circulatory systems

Age group Male Female Total Proportion
of age group %

Age 0-15 1368 907 2275 21.05
Age 1664 3000 2243 5243 48.50
Age 65 et + 1638 1655 3293 30.45
Total 6006 4805 10,811 100.00

Mrad Nakhle et al, 2015 24
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SOCIATION RESULTS

Association results - m‘m > 65 years

Association results — ‘i‘i‘ < 16 years

Pollutant Lag RR 95% Cl Lag RR 95% Cl

Pollutant

PM ;5 0 1.036 (1.011;1.06) 0 1.02 (0.993;1.054)
PM 5 0 1.013 (0.985;1.042)

- 0 Lo14 I p— PM 4 0 1019 (L0061032) O 101 (0.989;1.022)

Association results — 16 < il/i\ > 64 years

Pollutant

Lag Lag

PM ;¢ 6-7 1.010 (1.001;1.019) 0 1.02 (0.993;1.037)

PM ;4 6-7 1.006 (1.001;1.011) 0 1.01 (0.998;1.021) Mrad Nakhle et al 2015 26
7’
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.SOCIATION RESULTS

Contour plot RR Contour plot RR
12 - \ :3 ] 115
- 1. .
10 8 - 1.10
- (o))
g 12 g o 105
— 6 — 4
4 10 ” 1.00
- 0.95
2 0 8 0 | I | |
0 | | | | ' 0 50 100 150 200
0 50 100 1 PM2E
PM25 Contour plot RR

1 T T T T T T T
0 50 100 150 200 250 300 350

ou10 Mrad Nakhle et al, 2015 27



.SOCIATION RESULTS
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(0.98;1.041)

7



BAPHE results

7Z

COMPARISON OF BAPH RESULTS WITH INTERNATIONAL STUDIES

PM 10:
(0.8-3.4)%
Dockery and
Pope, 1994 USA

."""Ag,g group

PM10 .
1.016 (1.010,1.022) Lag
0-3 days
Wong et al. 1999
Honk Kong

1,0114 (1,0062;
1,0167) Atkinson etal.
2005 / 8 European
cities/ Aphea project

> 65 years

1.06 (1.00;1.13) Lag
0 Schwartz 1995 / 2
cities in USA

Respiratoiry
diseases

PM10 .

%, 1.012(1.004;1.02)

PMz,sZ
1.016 (1.000;1.032)

PMz,sl
1.036 (1.011;1.06)
PM10 .
1.019(1.006;1.032)

Lag

Cardiovascular
diseases

PM10 .

..............

PMio : .‘."':..‘
1.01(0.989;1.022),
PM2,5: z.“'-.,_
1.02(0.993;1.054)

PM1° .

1.006 (1.002,1.011)
) Lag 0-3 days
Wong et al. 1999
Honk Kong

1,006 (1,003- 1,009
Atkinson et al. 2005/ 8
European cities/
Aphea project

PM10 .
1,008 (1,002 - 1,014)
Larrieu et al. 2007
8 french cities

PMso :
1,0069 (1,0035;1,0103
Colais et al.2009
Italy
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ATTRIBUTABLE RISK

Attributable risk calculation

P(r-1) P. = Prevalence of exposure
AR — € where In the population
1+P(r-1) r = Relative risk of exposure

RA - 1x(RR -1) :(RR-l):PE
1x(RR-1)+1  RR

PE: proportion of exposed subject
RR: Relative Risk
RA: Attributable Risk

FE: Etiological factor
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ATTRIBUTABLE RISK
> ® o
™
For a RR of 1.2 (admissions for respiratory diseases)

RA=0.1666 NA= RA * N=369 cases from 2216
were hospitalized due to air pollution

369 cases could be avoided
For a RR of 1.184 (admissions for skin allergic diseases)

RA=0.3394 NA= RA * N= 40 cases from 100
hospitalized due to air pollutiom
40 cases could be avoided



nclusion

We can not separate
the human being
from his

environment

We can not separate
the exterior from the
interior

Many information an
results on health effects
of air pollution

Actions still very
limited in country
like Lebanon



7

eContinuous measurement
1st complete for 3 years

initiative eCreation of a new database
eStandardized methodology

nclusion

BAPHE

Beirut Air Pollution And Health Effects

eConcentrations >
standards of WHO

eSignificant association
eProof for decision maker
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ven if the effects
‘of pollutants are
often invisible or
hardly detectable

vet they are real....
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.Jw*_l dﬂ,_ihj." ZAQ‘.& Observate des Sciances doUvers

Model used for the analysis

Log(Hospital Admission)=al0 +all .s(Time5)+al2 .P(PMI2.5 ,4)+al3 . 7T+ald HR+
al5.D0

A natural cubic spline with a degree of freedom of 5 was applied to the “Time” variable.

A polynomial of 4th degree was applied to the PM, ; variable

RR=P(M\ET+ )/P(M\ET—
RRE=eTp(C2—C1) (=0.0035 (#\ /A )
PA pas d’abesence

RR= e70.0035%x100 d’exposition
RR=P(M\E,T )/P(M\E1T)

RR=1.419

BAPHE

Beirut Air Pollution And Health Effects




