
Long-­‐Range	
  Transport	
  of	
  PAHs:	
  
A	
  Global	
  3-­‐D	
  Model	
  Analysis	
  and	
  
Evalua@on	
  of	
  Arc@c	
  Sources	
  

Carey	
  Friedman	
  
Noelle	
  Selin	
  

Center	
  for	
  Global	
  Change	
  Science	
  
MIT	
  

IPY	
  Montreal	
  2012	
  



A	
  Global	
  PAH	
  Model	
  –	
  Why?	
  
•  Previous	
  models	
  –	
  	
  

•  MulCmedia	
  box	
  models1	
  
•  Back-­‐trajectory2	
  
•  Regional3	
  

	
  	
  	
  	
  do	
  not	
  resolve	
  meteorology/episodic	
  transport	
  globally	
  
	
  
•  In	
  the	
  ArcCc	
  

–  Are	
  PAHs	
  global	
  contaminants?	
  
–  Can	
  we	
  idenCfy	
  sources?	
  
–  What	
  will	
  happen	
  under	
  a	
  future	
  climate?	
  

•  “Emerging”	
  ArcCc	
  contaminants4	
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The	
  model	
  captures	
  seasonal	
  varia@on	
  at	
  
nonurban	
  mid-­‐la@tude	
  sites	
  

0	
  

0.2	
  

0.4	
  

0.6	
  

0.8	
   BaP	
  measured	
  
BaP	
  simulated	
  

Co
nc
en

tr
aC

on
	
  (n

g	
  
m

-­‐3
)	
  

0.5	
  
0.6	
  
0.7	
  
0.8	
  
0.9	
  
1	
  

1.1	
  
1.2	
  

1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
   11	
   12	
  

Month	
  

Pa
rC
cu
la
te
	
  fr
ac
Co

n	
  

BaP	
  



Oxida@on	
  of	
  par@culate	
  PAHs	
  by	
  O3	
  
improves	
  simulated	
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Temperature	
  dependent	
  BC-­‐gas	
  par@@oning	
  
diminishes	
  match	
  to	
  observed	
  concs…	
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Similar	
  results	
  for	
  Arc@c	
  means	
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We	
  capture	
  episodic	
  transport	
  to	
  Spitsbergen	
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European	
  and	
  Russian	
  sources	
  contribute	
  the	
  
most	
  to	
  [BaP]	
  at	
  Spitsbergen	
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Future	
  climate	
  will	
  have	
  the	
  greatest	
  impact	
  
on	
  the	
  number	
  of	
  BaP	
  high	
  pollu@on	
  events	
  

0	
  

100	
  

200	
  

300	
  

400	
  

500	
  

600	
  

PHE	
   PYR	
   BaP	
  

N
o.
	
  e
ve
nt
	
  >
	
  p
re
se
nt
-­‐d
ay
	
  m

ea
n	
  
+	
  
1S
D	
  

PAH	
  

Present	
  
Future	
  

(1997-­‐2005)	
  
(2047-­‐2055)	
  



Future	
  climate	
  will	
  have	
  the	
  greatest	
  impact	
  
on	
  atmospheric	
  BaP	
  concentra@ons	
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Future	
  climate	
  will	
  have	
  the	
  greatest	
  impact	
  
on	
  BaP	
  health	
  risks	
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WHO:	
  LifeCme	
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Take-­‐home	
  points	
  

•  Regulatory	
  lifeCme	
  thresholds	
  may	
  not	
  adequately	
  
protect	
  the	
  ArcCc	
  

•  ParCculate	
  PAH	
  oxidaCon	
  and	
  temperature-­‐dependent	
  
parCConing	
  are	
  important	
  processes	
  for	
  long-­‐range	
  
transport	
  

•  European	
  and	
  Russian	
  emissions	
  account	
  for	
  ~80%	
  of	
  
PAHs	
  at	
  Spitsbergen	
  

•  A	
  future	
  climate	
  will	
  have	
  lisle	
  effect	
  on	
  transport	
  of	
  
primary	
  PHE	
  and	
  PYR	
  to	
  the	
  ArcCc,	
  but	
  will	
  reduce	
  BaP	
  	
  



Looking	
  ahead	
  

•  Transport	
  under	
  a	
  future	
  climate	
  
– Where	
  is	
  BaP	
  going?	
  
•  Higher	
  deposiCon	
  at	
  lower	
  laCtudes?	
  
• What	
  has	
  a	
  greater	
  influence:	
  [OC/BC]	
  or	
  changes	
  in	
  
transport?	
  

– What	
  is	
  the	
  effect	
  of	
  shipping	
  and	
  oil/gas	
  
exploraCon	
  emissions	
  (OC,	
  BC,	
  and	
  PAH)?	
  



44 CLIMATE CHANGE AND POP S: PREDICTING THE IMPACTS

systems are the most important technical and economical measure to increase fuel efficiency 
(EC, 2006a,b). This measure will also contribute to reductions in unintentionally produced POP s 
emissions. 

  BAT and BEP for waste incineration include the implementation of primary measures, effective 
end-of-pipe techniques and appropriate treatment/disposal options for solid residues (especially 
for fly ash). Primary measures reduce both GHG and unintentionally produced POP s emissions 
through the prevention of unintentionally produced POP s formation or by providing the basis for 
high energy efficiency and reduced process demand for energy. In addition, the application of BAT 
and BEP helps to optimize the process by increasing the efficiency of end-of-pipe techniques over 
the lifetime of the plant (Bohmer et al., 2009).

  Gasoline and especially diesel fuel combustion are known to emit PCDD s and PCDF s. In addition, 
in some regions of the world tetraalkyllead is still used as an anti-knock compound in gasoline. 
In addition to tetraalkyllead, both ethylene dichloride and ethylene dibromide have been used 
as engine scavengers. In the presence of chloride or bromide, fuel combustion processes favor 
the formation of unintentionally produced POP s. BAT and BEP for this source of CO₂ include 
prohibition of leaded gasoline, as well as installation of diesel oxidation catalysts, particulate filters 
and catalytic converters. Reduction of fuel consumption by vehicles and conversion of motor fleets 
to electric, solar, fuel cell or other alternative means of vehicle power is also recommended.

  Amines are not considered within Annex C of the Stockholm Convention, although these 
compounds may be related to POP s as they are used in the development of various adsorbers for 
their application within the ‘carbon capture and storage’ (CCS) technologies. These technologies 
capture CO₂, POP s and other contaminants and then contribute to contamination of land and/or 
aquatic environments through the storage of captured contaminants. Amines, which are toxic to 
humans, are among these contaminants.

Petrochemical plant, 
Scotland, UK
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