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In	
  this	
  talk	
  

•  Background	
  
– History	
  of	
  persistent	
  organic	
  pollutants	
  (POPs)	
  
– Two	
  major	
  trea<es	
  aimed	
  at	
  reducing	
  POP	
  
concentra<ons	
  
•  The	
  Conven<on	
  on	
  Long-­‐Range	
  Transboundary	
  Air	
  
Pollu<on	
  (CLRTAP)	
  
•  The	
  Stockholm	
  Conven<on	
  

•  Results	
  from	
  our	
  work	
  
– Global	
  atmospheric	
  transport	
  of	
  polycyclic	
  
aroma<c	
  hydrocarbons	
  (PAHs)	
  

	
  



A	
  history	
  of	
  POPs	
  

•  Public	
  awareness	
  of	
  
hazardous	
  chemicals	
  began	
  
in	
  the	
  1960/70s	
  
–  Carson	
  warned	
  of	
  the	
  impacts	
  
of	
  DDT	
  and	
  similar	
  pes<cides	
  
on	
  non-­‐target	
  animals	
  

–  PCBs	
  linked	
  to	
  “chloracne”	
  
and	
  found	
  in	
  widespread	
  
environmental	
  samples	
  

– Agent	
  Orange	
  used	
  in	
  
Vietnam	
  war	
  



A	
  history	
  of	
  POPs	
  (cont’d)	
  
•  Discovery	
  of	
  long-­‐range	
  
transport	
  and	
  
contamina<on	
  of	
  “pris<ne”	
  
environments	
  in	
  the	
  1980s	
  

•  Discovery	
  of	
  three	
  
significant	
  common	
  factors	
  
–  High	
  levels	
  in	
  the	
  Arc<c	
  
–  Evidence	
  of	
  non-­‐local	
  
sources	
  

–  Evidence	
  of	
  human	
  and	
  
environmental	
  health	
  
detriment	
  
•  High	
  levels	
  in	
  Inuit	
  women	
  
and	
  breast	
  milk	
  

	
  



Poli<cal	
  Ac<on	
  

•  Ini<al	
  efforts	
  (early	
  1970s)	
  

•  Call	
  for	
  stronger	
  interna<onal	
  legal	
  measures	
  
– Largely	
  voluntary	
  at	
  this	
  point	
  
– Environmental	
  groups	
  and	
  countries	
  called	
  for	
  
greater	
  interna<onal	
  protec<on	
  



Major	
  hazardous	
  chemicals	
  
trea<es	
  

•  Basel	
  Conven<on	
  (1989)	
  
– Waste	
  

•  Ro]erdam	
  Conven<on	
  (1998)	
  
–  Trade	
  

	
  
•  Conven<on	
  on	
  Long-­‐Range	
  Transboundary	
  Air	
  
Pollu<on	
  (1998)	
  
– Regional	
  

•  Stockholm	
  Conven<on	
  (2001)	
  
– Global	
  

POPs	
  Trea<es:	
  	
  



CLRTAP	
  POPs	
  Protocol	
  

•  First	
  mul<lateral	
  treaty	
  specifically	
  on	
  POPs	
  
•  Spurred	
  by	
  high	
  POP	
  concentra<ons	
  in	
  the	
  
Arc<c	
  	
  
– Canada	
  sought	
  interna<onal	
  regulatory	
  measures	
  

•  Task	
  force	
  formed	
  
– Divided	
  POPs	
  into	
  categories	
  
•  Inten<onally	
  produced	
  
•  Non-­‐inten<onally	
  produced	
  

– Coined	
  the	
  term	
  “POPs”	
  



CLRTAP	
  POPs	
  Protocol	
  (cont’d)	
  

•  Objec<ve	
  
– Control,	
  reduce,	
  or	
  eliminate	
  discharges,	
  
emissions,	
  and	
  losses	
  of	
  POPs	
  

•  New	
  substances	
  
– Combina<on	
  of	
  scien<fic	
  criteria	
  combined	
  with	
  
risk-­‐characteriza<on	
  

•  Regional	
  
– As	
  of	
  Nov.	
  2011:	
  31	
  countries	
  and	
  the	
  EU	
  have	
  
ra<fied	
  the	
  protocol	
  (not	
  including	
  the	
  US)	
  



The	
  Stockholm	
  Conven<on	
  

•  CLRTAP	
  work	
  spurred	
  interest	
  of	
  IGOs	
  and	
  
NGOs	
  
– UNEP	
  called	
  for	
  global	
  assessments	
  of	
  POPs	
  

•  Assessment	
  worked	
  relied	
  heavily	
  on	
  CLRTAP	
  
– CLRTAP	
  assessments	
  used	
  as	
  data	
  source	
  	
  
– CLRTAP	
  substances	
  selected	
  	
  
– CLRTAP	
  mechanism	
  for	
  adding	
  substances	
  



The	
  Stockholm	
  Conven<on	
  (cont’d)	
  

•  Differences	
  with	
  CLRTAP	
  
– Greater	
  considera<on	
  of	
  developing	
  na<ons	
  
•  “Common	
  but	
  differen<ated”	
  responsibili<es	
  

–  Polluter	
  pays	
  principle	
  
–  Use	
  exemp<ons	
  for	
  certain	
  substances	
  
–  Technical	
  and	
  financial	
  assistance	
  commi]ed	
  by	
  developed	
  
countries	
  to	
  developing	
  countries	
  

•  US	
  has	
  also	
  not	
  ra<fied	
  the	
  SC	
  



Modeling	
  of	
  global	
  atmospheric	
  POP	
  
transport	
  

•  Polycyclic	
  aroma<c	
  hydrocarbons	
  (PAHs)	
  
•  Regulated	
  regionally	
  but	
  not	
  globally	
  
– Should	
  they	
  be	
  regulated	
  globally?	
  
•  Do	
  they	
  meet	
  long-­‐range	
  transport	
  criteria?	
  	
  
• Which	
  physicochemical	
  processes	
  is	
  transport	
  sensi<ve	
  
to?	
  
•  Can	
  sources	
  to	
  Arc<c/remote	
  areas	
  be	
  iden<fied?	
  
•  How	
  will	
  a	
  future	
  climate	
  affect	
  global	
  distribu<on?	
  



Model	
  parameteriza<ons	
  

Phenanthrene	
  (PHE)	
   Pyrene	
  (PYR)	
   Benzo[a]pyrene	
  (BaP)	
  

•  Gas-­‐par<cle	
  par<<oning	
  
•  Oxida<on	
  
•  Wet	
  deposi<on	
  
•  Dry	
  deposi<on	
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•  Global	
  emissions	
  from	
  Zhang	
  and	
  Tao	
  	
  
–  (Atmos.	
  Environ.,	
  2009,	
  43:812-­‐819)	
  

•  GEOS5	
  meteorology	
  
– 4°	
  ×	
  5°	
  	
  
– 47	
  levels	
  	
  
– 6	
  or	
  3-­‐hr	
  temporal	
  resolu<on	
  

•  Runs	
  completed	
  for	
  2004-­‐2009	
  
– 2004	
  used	
  as	
  ini<aliza<on	
  

	
  

Simula<on	
  Details	
  



Mean	
  total	
  (gas	
  +	
  par<culate)	
  observed	
  vs.	
  modeled:	
  2005-­‐2009	
  

Benzo[a]pyrene	
  (BaP)	
  

Non-­‐urban,	
  land	
  based:	
  r	
  =	
  0.80	
  (PHE),	
  r	
  =	
  0.85	
  (PYR),	
  r	
  =	
  0.86	
  (BaP)	
  
Atmospheric	
  life<mes	
  (days):	
  0.65	
  (PHE),	
  0.52	
  (PYR),	
  	
  0.70	
  (BaP)	
  



Seasonality	
  and	
  sensi<vity	
  analyses:	
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Seasonality	
  and	
  sensi<vity	
  analyses:	
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Seasonality	
  and	
  sensi<vity	
  analyses:	
  
Mean	
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Time	
  series:	
  
Arc<c	
  (Spitsbergen,	
  Norway)	
  concentra<ons	
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Time	
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Present	
  day	
  mean	
  conc.	
  and	
  SD	
  (ng/m3):	
  	
  	
  	
  	
  	
  
	
   	
   	
   	
   	
   	
  PHE:	
  0.32	
  ±	
  0.43	
  
	
   	
   	
   	
   	
   	
  PYR:	
  0.046	
  ±	
  0.071	
  
	
   	
   	
   	
   	
   	
  BaP:	
  2.5	
  ×	
  10-­‐4	
  ±	
  3.0	
  ×	
  10-­‐4	
  



– Transport	
  to	
  remote	
  regions	
  occurs	
  despite	
  an	
  
average	
  life<me	
  <	
  2.8	
  days	
  

– Long-­‐range	
  transport	
  depends	
  strongly	
  on	
  temp-­‐
dependence	
  of	
  G-­‐P	
  par<<oning	
  and	
  on-­‐par<cle	
  
oxida<on	
  

– European	
  and	
  Russian	
  emissions	
  most	
  important	
  
at	
  Spitsbergen	
  

– PAH	
  behavior	
  in	
  Arc<c	
  under	
  a	
  future	
  climate	
  
depends	
  strongly	
  on	
  G-­‐P	
  par<<oning	
  
characteris<cs	
  

Conclusions	
  

Friedman	
  and	
  Selin,	
  in	
  revision,	
  2012,	
  ES&T	
  



PAHs	
  as	
  a	
  case	
  study	
  

•  How	
  do	
  we	
  be]er	
  understand	
  the	
  rela<onship	
  
of	
  science	
  and	
  policy	
  through	
  PAHs?	
  
– Are	
  screening-­‐level	
  thresholds	
  too	
  simplis<c?	
  How	
  
can	
  models	
  help?	
  

– What	
  should	
  policy	
  makers	
  be	
  doing	
  to	
  
incorporate	
  science?	
  

– What	
  can	
  scien<sts	
  do	
  to	
  help	
  policy	
  makers	
  
understand	
  the	
  science?	
  



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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