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Scope	of	the	project.	As	part	of	a	research	project	evaluating	the	chemical	fingerprints	of	PCDD/F	in	
the	 ambient	 air	 in	 the	 cities	 of	 the	 world	 with	 more	 than	 5	 Million	 inhabitants,	 we	 compared	
congeners	 and	 homologues	 PCDD/F	 profiles	 in	 ambient	 air	 samples	 from	 twelve	 different	 cities:	
London,	 UK;	 Beijing,	 Hong	 Kong,	 and	 Guangzhou,	 China;	 New	 Delhi,	 India;	 Sao	 Paulo,	 Brazil;	 Los	
Angeles,	 USA;	 Bogotà	 (Colombia);	 Tokio	 (Japan);	 Ho	 Chi	 Minh	 (Vietnam);	 Mexico	 City;	 and	 Seul	
(South	Korea).	Finally,	we	compared	the	percentage	of	total	PCDF	and	total	PCDD/F	concentration	of	
each	city	versus	its	GPD	per	capita	in	order	to	check	any	relationship	between	these	quantities.	

Methods,	 limitations,	 and	 data	 sources.	 For	each	city,	we	evaluated	publically	available	data	 sets	
both	for	the	PCDD/F	and	GDP	data.	Data	have	not	been	validated	or	analyzed	with	reference	to	the	
type	of	sampling	protocol	or	seasonality.	In	cities	with	more	than	one	sampling	station	or	sampling	
period,	 their	 average	 has	 been	 calculated	 and	 used	 in	 this	 study.	 Station	 to	 station	 and	 seasonal	
variability	 will	 be	 analyzed	 using	 multivariate	 analyses	 in	 the	 next	 phase	 of	 this	 research.	 The	
congener	 profiles	 are	 based	 on	 the	 percentage	 of	 each	 of	 the	 17	 2,3,7,8-substituted	 congeners	
divided	by	the	sum	of	those	congeners.	The	homologue	profiles	show	the	percentage	of	each	of	the	
10	homologues	divided	by	the	sum	of	all	Cl4	–	Cl8	PCDD/Fs.		

Results	and	discussion.	The	congener	profile	for	Los	Angeles,	London	and	Tokio	(Figure	1)	shows	a	
dominance	of	1,2,3,4,6,7,8-HpCDD	and	OCDD	with	a	relatively	low	percentage	of	OCDF	compared	to	
the	 other	 cities.	 New	 Dehli	 is	 distinguished	 by	 a	 relatively	 low	 percentage	 of	 2,3,4,6,7,8-HxCDF.	
Beijing	 has	 a	 relatively	 low	 concentration	 of	 1,2,3,4,6,7,8-HpCDD	 and	 the	 three	 Chinese	 cities	
present	 a	 similar	 fingerprint	 Sao	 Paulo	 and	 Bogotà	 show	 a	 dominance	 of	 OCDD	 and	 a	 similar	

fingerprint.	 Seul’s	 fingerprint	
is	 dominated	 by	 2,3,4,7,8-
PCDF	 while	 Ho	 Chi	 Minh	
shows	 the	 most	 different	
fingerprint	 as	 there	 isn’t	 a	
clear	 domination	 of	 any	
congener.	

Figure	 1:	 PCDD/F	 congener	
percentage	 distribution	 in	
the	twelve	cities	studied	

The	homologue	profiles	show	
four	groupings	(Figure	2).	First,	New	Dehli,	Bogotà	and	Sao	Paolo	have	similar	profiles	with	the	most	
prominent	 homologues	 being,	 OCDD,	 HpCDF,	 and	 OCDF,	 with	 HpCDD	 and	 HxCDF	 in	 about	 equal	
proportions.	Second,	Guangzhou	and	Hong	Kong	have	similar	profiles	with	the	decreasing	order	of	
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importance	 being	 OCDD,	 HxCDF,	 HpCDF,	 HxCDD,	 and	 OCDF.	 Third,	 Beijing	 and	 Mexico	 City	 was	
dominated	by	the	higher	chlorinated	furans	with	the	decreasing	order	of	importance	being	HpCDF,	
HxCDF,	OCDF,	OCDD,	 and	 PeCDF.	 Fourth,	 London	 and	 Los	 Angeles	were	 dominated	 by	 the	 higher	
chlorinated	 dioxins	 with	 the	 decreasing	 order	 of	 importance	 being	 OCDD,	 HpCDD,	 HpCDF,	 and	
HxCDF.	Seul	was	dominated	by	PeCDF,	followed	by	the	higher	chlorinated	furans	and	by	OCDD.	Tokio	

was	 dominated	 largely	
by	OCDD	with	very	small	
percentages	 of	 other	
homologues.	 Ho	 Chi	
Minh	 was	 dominated	 by	
the	 higher	 chlorinated	
furans.	

	

Figure	 2:	 PCDD/F		
homologue	 percentage	
distribution	 in	 ambient	
air.		

The	 percentage	 of	 total	
dioxins	 (CDDs)	 and	 total	 furans	 (CDFs)	 shows	 a	 simplified	 fingerprint	 (Figure	 3).	 In	 six	 cities—New	
Delhi,	 Guangzhou,	 Hong	 Kong,	 Ho	 Chi	 Minh,	 Bogotà	 and	 Sao	 Paulo—the	 percentage	 of	 CDFs	 is	
between	45%	and	55%.	Beijing	and	Seul	profile	is	predominantly	(more	than	75%)	CDFs.	Mexico	City	
profile	is	dominated	by	CDFs	(about	70%).	Los	Angeles,	Tokio	and	London	profiles	are	dominated,	in	

contrast	to	all	the	other	
considered	 cities,	 by	
CDDs	 (London	 >	 70%;	
Los	Angeles	and	Tokio	>	
80%).	

Figure	 3:	 Total	
PCDD/PCDF	ratio	in	the	
twelve	studied	cities.	

The	 relationships	
between	 the	
percentage	 of	 total	
dioxins	(CDDs)	and	total	

furans	(CDFs)	with	the	GDP	per	capita	for	each	city	shows	an	interesting	trend	(Figure	4).	The	three	
cities	with	higher	GDP	per	capita	–	Los	Angeles,	Tokio	and	London	–	shows	a	simplified	profile	with	
low	 percentage	 of	 CDFs	 (about	 20-30%).	 In	 the	 cities	 with	 lower	 GDP	 per	 capita	 –	 Delhi,	 Beijing,	
Guangzhou,	Ho	Chi	Minh,	Sao	Paulo,	Bogotà	and	Mexico	City	–	the	percentage	of	CDFs	is	higher	than	
50%.	 Hong	 Kong	 and	 Seul,	 with	 a	 GDP	 per	 capita	 between	 40	 and	 50	 k	 USD	 per	 capita,	 show	 a	
percentage	of	CDFs,	respectively,	of	55%	and	75%.			
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Figure	 4.	 Relationship	
between	 percentage	
of	 CDFs	 versus	 GDP	
per	capita	(in	k	USD).		

In	 conclusion	 the	
simplified	 profiles	 of	
CDDs	 and	 CDFs	 in	 the	
large	 cities	 studied	 in	
this	 project	 indicates	
that	 it	 should	 be	
determined	 by	 the	
economy	 of	 the	 city	
(to	 a	 higher	 GDP	 per	
capita	 corresponds	

higher	 percentage	 of	 CDDs)	 with,	 probably,	 a	 continental	 effect.	 In-fact	 cities	 like	 Seul	 and	 Hong	
Kong	with	higher	GDP	as	compared	to	the	other	continental	Asian	cities	studied,	present	a	simplified	
fingerprint	 dominated	 by	 CDFs.	 This	 working	 hypothesis	 will	 be	 further	 studied	 adding	 to	 our	
database	further	cities	spread	on	different	continents	with	different	GDP.		
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