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The UNECE LRTAP
Convention

e 1979: “Geneva Convention” on long-range
trans-boundary air pollution signed by 32
states

 Goal: To reduce and prevent trans-boundary
air pollution

e 1998: “Aarhus Protocol” on Persistent
Organic Pollutants (POPs) adopted

— Targets 16 substances

— 11 pesticides, 2 industrial chemicals, 3 by-
products

http://www.unece.org/env/Irtap/



The TF HTAP

e A scientific task force established by the
Executive Body of the CLRTAP

e Goals:

— Improve understanding of hemispheric
transport of air pollution

— Estimate the extent of hemispheric transport of
air pollutants for use in reviews of the
convention protocols

http://www.htap.org/



BETR-Global: A fugacity-based mass
balance contaminant fate model
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BETR-Global:
Environmental Parameterization

 Prescribed atmospheric and ocean
circulation data obtained from general
circulation models

— Monthly temporal resolution

e Environmental database includes:

— windfields, precipitation amount and frequency,
temperature, leaf area index, soil organic
carbon, ocean particle sinking flux, OH radical
concentrations

MacLeod et al. Environmental Science & Technology, 39 (17), 6749 - 6756, 2005.



BETR-Global:
Applications

e Simulative

— Evaluate our knowledge of sources, fate &
transport and sinks against monitoring data

— Build confidence that the model is a useful
abstraction of the real system

e Scenario analysis

— Evaluate alternative management actions or
environmental scenarios

MacLeod et al. Environmental Science & Technology, 39 (17), 6749 - 6756, 2005.



BETR-Global: Simulative
Application to PCB 153




BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1931 (Breivik Maximum Scenario)
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1936 (Breivik Maximum Scenario)
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1941 (Breivik Maximum Scenario)
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1946 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1951 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1956 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1961 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1966 (Breivik Maximum Scenario)
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1971 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1976 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1981 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1986 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1991 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 1996 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 2001 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 2006 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of PCB 153

FCE152 Emissions to Airin 2011 (Breivik Maximum Scenario)

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Modeled concentration of PCB 153

PCB153 Concentration in Lower Air in 1930




Model Evaluation: PCB 153

PCB153 in Region 8
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Model Evaluation: PCB 153

PCB153 in Region 13

Si::itsbergan,Zeplpeilnfj'allSﬁﬁmll‘gdu,mpﬂﬂimell

= NMaximum Scenaric

_}E Standard Scenario

1985 2000 2005 2010
Years




Model Evaluation: PCB 153

PCB133 in Region 81
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Model Evaluation: PCB 153
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Model Evaluation: PCB 153

PCB153 in Region 55
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Model Evaluation: PCB 153
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BETR-Global: Simulative
Application to o-HCH




BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1941

10000.000

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.

Drara Min = 0,000, Max = 2385100



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1946

10000.000
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1951
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1956

10000.000

Drarar Min = 0000, Max = 22559000

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1961

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1966
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1971

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1976

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1981

10000.000
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1986

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1991

10000.000

Drarar Min = 0.000, Max = 12870000

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 1996

10000.000
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 2001

10000.000
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Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 2006

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Estimated emissions of a-HCH

a-HCH Emissions in 2011

Breivik et al. Science of the Total Environment, 377(2-3), 296 - 307 2007.



BETR-Global:
Modeled concentration of a-HCH

a-HCH Concentration in Lower Air in 1840




Model Evaluation: a-HCH

a-HCH in Region 8
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Model Evaluation: a-HCH

a-HCH in Region 13
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Model Evaluation: a-HCH

a-HCH in Region 81
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~ Model Evaluation: o-HCH

o a-HCH in Region 62
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Model Evaluation: a-HCH

a-HCH in Region 55
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Model Evaluation: a-HCH

a-HCH in Region 7@
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HTAP Emission Reduction
Scenario Analysis




HTAP Emission Reduction
Scenario Analysis




Emission Reduction Scenario

Analysis: Model Comparlson
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Summary

e Simulative application of BETR Global
provides a satisfactory quantitative
description of PCB 153 and a-HCH in the

global environment compared to
observations

e HTAP Source-to-receptor calculations have
been completed and show good
agreement between models




Ongoing work...

e« Further refinement of a-HCH case study

W% °* Scenario analysis for climate change

% — With Lara Lamon, University Ca’ Foscari,

: Venice, Santa Marta, Italy

2 . Mass balance modeling of manufacturing
~emissions of perfluorinated acids

— James Armitage & lan Cousins, ITM Stockholm,
Sweden
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BETR-Global: HTAP Emission

Reduction Scenario Analysis
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BETR-Global: HTAP Emission

Reduction Scenario Analysis
o-HCH: Deposition Flux to Surface
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BETR-Global: HTAP Emission

Reduction Scenario Analysis
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Evaluation of Changes in global fate and
transport under a climate change scenario

 Compare model results using a
contemporary 20 century climate versus
the IPCC A2 future scenario

e Climate data from ECHAMDb for:

— Temperature

— Atmospheric circulation
— Ocean circulation

— Precipitation

Lamon et al. Environmental Science & Technology, (submitted).



Effects of temperature dominate differences in
dynamics of PCBs in the climate change scenario

PCB 28 PCB 153

]

0.40 0.54 0.74 1.0 1.36 1.85 251

Ratio of modeled concentrations in air in the A2 scenario
vs. the 20t century climate scenario

Lamon et al. Environmental Science & Technology, (submitted).




Modeled transport of PCBs to the Arctic is more
efficient in the climate change scenario

PCB 28 PCB 153

-

L1

ST

?/ LK

0.64 0.74 0.86 1.0 1.16 1.35 1.56

Ratio of modeled concentrations in air in the A2 scenario
vs. the 20t century climate scenario

Lamon et al. Environmental Science & Technology, (submitted).




Climate change will make semi-volatile
contaminants more problematic

* Increasing primary emissions by
volatilization is the single most influential
effect of the climate change scenario on the
global dynamics of PCBs

e |ncreased wind speeds in the climate
change scenario drive more efficient long-
range transport of PCBs to remote locations

Lamon et al. Environmental Science & Technology, (submitted).



Model Results for PCB 153

; PCB153 in Region 35
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Model Results for PCB 153

; PCB153 in Region 38
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Model Results for PCB 153

; PCB153 in Region 60
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Model Results for PCB 153

; PCB153 in Region 79
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Model Results for a-HCH

5 a-HCH in Region 35
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Model Results for a-HCH

5 a-HCH in Region 38
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Model Results for a-HCH

5 a-HCH in Region 54
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Model Results for a-HCH

5 a-HCH in Region 79
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Model Results for a-HCH

5 a-HCH in Region 79
107, : ‘ : !
[ = lit-Chicago |
—BETR
]
7}
g 10 :
o
2
o
2
o
=
D
=
Q lit-Chicago, 41.83 N, 87.62 W
810
X
]
=
10° | ‘ .
1990 1995 2000 2005 2010




Model Results for a-HCH
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Model Results for a-HCH

5 a-HCH in Region 79
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Model Results for a-HCH

5 a-HCH in Region 79
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BETR-Global: HTAP Emission
Reduction Scenario Analysis
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BETR-Global: HTAP Emission
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BETR-Global: HTAP Emission
Reduction Scenario Analysis

Concentration in Lower Air
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BETR-Global: HTAP Emission
Reduction Scenario Analysis
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