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BAPHE study 

CITY	OF	BEIRUT	
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High	density	of	buildings	Heavy	Traffic	

Clima.c	condi.ons	
Heavy	sunlight		

•  Topography	of	Beirut	
•  Mediterranean	Climate	
•  High	Humidity	60%	average		
•  Street	canyon	
•  Underdeveloped	public	

transportaWon	system	

						Air	polluWon	recycled	

•  Developing	Health	System	
•  Mortality	rate	5.4/1000	in	

2010	and	stable	since	2006	
•  Life	expectancy	at	birth	is	

74/76	years	(WHO2015)	
•  Main	cause	of	mortality:	

cardiac	arrest	
•  Main	cause	of	morbidity:	

cardiovascular	diseases	and	
then	respiratory	diseases	

							

•  $170	millions/	year	
cost	of	air	quality	
degradaWon		

•  $26		millions/year	
Health	effects	

•  	[ParWculate	
Maber]	exceed	
the	WHO	levels	

World	bank	report,	2006	



BAPHE study 

•  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 

OBJECTIVES	
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PILOT	STUDY	

Mrad	Nakhle	et	al,	2013	
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PILOT	STUDY	

Mrad	Nakhle	et	al,	2013	
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GENERAL	STUDY	
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GENERAL	STUDY	/	Air	Pollu.on	Measurement	
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Date PM10 PM2.5 T HR
01/01/2012 37.67 22.75 11.50
02/01/2012 37.67 22.62 11.50
03/01/2012 37.67 22.89 11.50
04/01/2012 37.67 22.85 11.50
05/01/2012 37.67 23.26 11.50
06/01/2012 37.67 23.04 12.46 37.54
07/01/2012 37.67 24.04 14.21 45.71
08/01/2012 37.67 26.36 14.13 41.71
09/01/2012 37.67 27.96 12.29 40.29
10/01/2012 37.92 23.16 14.13 42.42
11/01/2012 46.71 19.25 11.67 39.79
12/01/2012 35.13 25.33 9.00 39.79
13/01/2012 28.88 18.38 9.50 36.50
14/01/2012 49.29 26.38 11.21 39.25
15/01/2012 22.33 18.42 12.79 42.92
16/01/2012 40.63 28.46 12.58 41.67
17/01/2012 36.54 26.38 10.50 37.71
18/01/2012 26.96 21.29 11.58 54.63
19/01/2012 19.38 14.96 9.63 59.46
20/01/2012 21.79 16.04 8.88 56.46
21/01/2012 27.75 19.54 10.75 42.08
22/01/2012 20.04 16.00 10.63 39.67
23/01/2012 41.63 23.46 12.21 47.75
24/01/2012 39.13 24.96 12.92 44.96
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GENERAL	STUDY	
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GENERAL	STUDY	/	STUDY	AREA	
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GENERAL	STUDY	
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GENERAL	STUDY	/	DATA	MANAGEMENT	OF	HEALTH	INDICATORS	
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GENERAL	STUDY/	DATA	MANAGEMENT	OF	HEALTH	INDICATORS		
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GENERAL	STUDY/	DATA	MANAGEMENT		
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GENERAL	STUDY/	DATA	MANAGEMENT		
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G00	à	G09 G45	à	G46 I00	à	I52 I00	à	I99 I20	à	I24 I60	à	I62 I63	à	I64 total	I00	à	I99 J00	à	J99 J12	à	J18 J20	à	J22 J40	à	J47 J45	à	J46 J90	à	J94 Total	J00	à	J99 L50	à	L54 T886 H60-H95
01/01/2012 0 0 0 0 0 0 0 0 6 1 2 0 0 0 9 0 0 0
02/01/2012 0 0 0 1 0 0 0 1 10 2 2 0 2 0 16 0 0 1
03/01/2012 0 0 0 1 0 0 0 1 3 3 0 0 1 0 7 0 0 0
04/01/2012 0 0 0 0 0 0 0 0 7 1 1 0 1 0 10 0 0 0
05/01/2012 0 0 0 0 0 0 0 0 3 0 2 0 4 0 9 0 0 1
06/01/2012 0 0 0 0 0 0 0 0 3 1 1 0 1 0 6 1 0 0
07/01/2012 0 0 0 1 0 0 0 1 5 0 0 0 1 0 6 0 0 0
08/01/2012 0 0 0 1 0 0 0 1 10 0 0 0 2 0 12 0 0 1
09/01/2012 0 0 0 0 0 0 0 0 6 0 1 0 1 0 8 0 0 0
10/01/2012 0 0 0 0 0 0 0 0 5 2 2 0 0 0 9 0 0 0
11/01/2012 0 0 0 0 0 0 0 0 3 1 0 0 0 0 4 0 0 0
12/01/2012 0 0 0 0 0 0 0 0 3 2 3 0 0 0 8 0 0 0
13/01/2012 0 0 0 0 0 0 0 0 5 1 1 0 0 0 7 0 0 0
14/01/2012 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 0 0 0
15/01/2012 0 0 0 0 0 0 0 0 10 0 0 0 0 0 10 0 0 0
16/01/2012 0 0 0 0 0 0 0 0 3 1 0 0 0 0 4 0 0 0
17/01/2012 0 0 0 0 0 0 0 0 1 2 1 0 2 0 6 0 0 0
18/01/2012 0 0 0 0 0 0 0 0 7 1 0 0 1 0 9 0 0 0
19/01/2012 0 0 0 0 0 0 0 0 9 1 1 0 1 0 12 0 0 0
20/01/2012 0 0 0 0 0 0 0 0 3 3 0 0 1 0 7 0 0 0
21/01/2012 0 0 0 0 0 0 0 0 3 0 0 0 1 0 4 0 0 1
22/01/2012 0 0 0 0 0 0 0 0 6 0 0 0 1 0 7 0 0 0
23/01/2012 0 0 0 0 0 0 0 0 8 0 0 1 0 0 9 0 0 1
24/01/2012 0 0 0 0 0 0 0 0 4 1 1 0 1 0 7 0 0 0
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GENERAL	STUDY/	DATA	MANAGEMENT		
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GENERAL	STUDY/	STATISTICAL	MODEL	
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DESCRIPTIVE	RESULTS	
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DESCRIPTIVE	RESULTS	

24	Mrad	Nakhle	et	al,	2015	
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ASSOCIATION	RESULTS	
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ASSOCIATION	RESULTS	
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ASSOCIATION	RESULTS	
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COMPARISON	OF	BAPH	RESULTS	WITH	INTERNATIONAL	STUDIES	
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ATTRIBUTABLE	RISK	
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PE:	propor.on	of	exposed	subject	
RR:	Rela.ve	Risk	
RA:	AYributable	Risk	
FE:	E.ological	factor	
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ATTRIBUTABLE	RISK	
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1st	complete	
ini.a.ve	

• Con.nuous	measurement	
for	3	years	
• Crea.on	of	a	new	database	
• Standardized	methodology	

Analysis	
• Concentra.ons		>	
standards	of	WHO	
• Significant	associa.on	
• Proof	for	decision	maker	



Conclusion 
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o f  po l lu tants  are  
o f ten inv is ib le  or  
hard ly  detec tab le  

	
                                   
ye t  they  are  rea l… .  
	

35	



Research partners  

36	

EP.A.R.	



References 

37	

	
Mrad	Nakhlé	M,	Farah	W,	Ziade	N,	Abboud	M,	Gérard	J,	Zaarour	R,	Saliba	N,	Dabar	G,	Abdel	Massih	T,	Zoghbi	A,	Coussa	Koniski	
M	L,	Annesi-Maesano	I.	Analyse	de	la	qualité	des	données	issues	des	hôpitaux	de	Beyrouth	Municipe	pour	mesurer	les	effets	à	
court	terme	de	la	polluWon	atmosphérique.	Rev	Epidemiol	Sante	Publique	(2013)	Doi	:	10.1016/j.respe.2013.09.001		
			
Farah	W,	Mrad	Nakhlé	M,	Abboud	M,	Annesi-MaesanoI,	Germanos	G,	Zaarour	R,	Saliba	N,	GérardJ.	Time	series	analysis	of	daily	
air	polluWon	in	Eastern	Mediterranean	city	Beirut,	Lebanon.	Environmental	Monitoring	and	Assessment	EMAS,	Volume	186,	
Issue	12	(2014),	p8203-8213.	DOI:	10.1007/s10661-014-3998-9.		
		
Farah	W,	Mrad	Nakhlé	M,	Abboud	M,	Annesi-MaesanoI,	Germanos	G,	Zaarour	R,	Saliba	N,	Shehadeh	Alen,	Saliba	Aoun	N,	
Gérard	J	.Analysis	of	the	conWnuous	measurements	of	PM10	and	PM2.5	concentraWons	in	order	to	quanWfy	the	short-term	
health	effects	of	air	polluWon	in	Beirut,	Lebanon.	(in	press-	Environmental	Engineering	and	Management	Journal).		
		
Myriam	Mrad	Nakhlé,	Wehbeh	Farah,	Nelly	Ziade,	Maher	Abboud,	Dominique	Salameh,	Isabella	Annesi-Maesano.	Short-term	
relaWonships	between	emergency	hospital	admissions	for	respiratory	and	cardiovascular	diseases	and	fine	parWculate	air	
polluWon	in	Beirut,	Lebanon.	Environmental	Monitoring	and	Assessment	EMAS,	Volume	187,	Issue	4	(2015),	(2015)	187:196	DOI	
10.1007/s10661-015-4409-6	
		
Mrad	Nakhlé	M,	Farah	W,	Ziade	N,	Abboud	M,	Coussa	Koniski	M	L,	Annesi-Maesano	I.	Beirut	Air	PolluWon	and	Health	Effects	-	
BAPHE	study	protocol	and	objecWves.	MulWdisciplinary	Respiratory	Medicine	(2015),	DOI	10.1186/s40248-015-0016-1	
		
		



THANK YOU 

38	



39	

EP.A.R.	

Model	used	for	the	analysis	
	
𝐿𝑜𝑔(𝐻𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛)= ​𝑎↓0 + ​𝑎↓1 .𝑠(𝑇𝑖𝑚𝑒,5)+ ​𝑎↓2 .𝑃(​𝑃𝑀↓2.5 ,4)+ ​𝑎↓3 .𝑇+ ​𝑎↓4 .𝐻𝑅+ ​
𝑎↓5 .𝐷𝑂	
	
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	PM2.5	variable	

​𝑅𝑅= 𝑒↑𝛽(𝐶2−𝐶1) 	 𝛽=0.0035	

​𝑅𝑅= 𝑒↑0.0035∗100 	

𝑅𝑅=	1.419	

𝑅𝑅= ​𝑃(𝑀\ ​𝐸↑+ )/𝑃(𝑀\ ​E↑− ) 


𝑅𝑅= ​𝑃(𝑀\ ​𝐸₂↑ )/𝑃(𝑀\ ​E₁↑ ) 


PA	pas	d’abesence	
d’exposiWon	


