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Modeling Arctic Contamination by Persistent Organic Pollutants: 
Informing Governance in the Context of Global Change

Persistent organic pollutants (POPs) are chemicals that travel long distances in the atmosphere and deposit to the Arctic environment, where they pose human and environmental risks. 
POPs are regulated internationally under two treaties: the regional Convention on Long-Range Transboundary Air Pollution (CLRTAP), and the global Stockholm Convention. 
We use global atmospheric modeling to inform Arctic governance of POPs risks in the context of global change, focusing on polycyclic aromatic hydrocarbons (PAHs). 
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2. Methods: GEOS-Chem POPs Simulation

What does the future hold for POPs in the Arctic under global 
change?

Both CLRTAP and the Stockholm Convention select POPs for regulation 
by applying scienti�c criteria. To assess long-range transport, both 
agreements use a 2-day atmospheric half-life threshold. In our 
model, all three PAHs have atmospheric half-lives well below two 
days.

We develop and use a new global 3-D atmospheric simulation for 
PAHs using the GEOS-Chem chemical transport model to investigate 
transport to the Arctic. Our model is the �rst to use global 
meteorological data as a driver of chemical transport, enabling 
simulation of episodic pollution events. Simulations were conducted 
at 4° longitude by 5° latitude  with 47 vertical levels.  Global PAH 
emissions are from Zhang and Tao (2). 

This suggests that screening chemicals for potential long-range 
transport using a 2-day atmospheric half-life threshold may fail to 
identify potential future contaminants. 

Global change could alter transport patterns and thus modify future 
Arctic contaminant pathways. We assess future PAH transport to the 
Arctic using a future climate simulation, and compare to present-day 
conditions.

Future climate increases wet deposition of particle phase PAHs globally. 
In the Arctic, this results in a lower mean BaP concentration, fewer BaP 
high pollution days, with a minimal impact on PHE and PYR. 

PAHs, toxic byproducts of combustion, have been identi�ed as 
emerging Arctic contaminants. While other POPs are declining in 
Arctic marine organisms, PAHs are increasing (1). PAHs are currently 
regulated by CLRTAP but not by the Stockholm Convention. 

1. Introduction: PAHs and the Arctic 
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Figure 1. Annual average (2005-2009) simulated total 
concentrations of PHE, PYR, and BaP in surface air versus observed 
concentrations at nonurban locations. r=0.64 for PHE, 0.72 for PYR, 
and 0.74 for BaP.

(1) De Laender, F.; Hammer, J.; Hendriks, A.J.; Soetaert, K.; Janssen, C.R. 
2011. Environ. Sci. Technol., 45:9024-9029. 
(2) Zhang, Y.; Tao, S. 2009. Atmos. Environ., 43:812-819.

We investigate the transport and fate of three PAHs with a range of 
chemical behavior: 

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

gas phase particle phase

3. How do PAHs reach the Arctic? Where do they come from?

Figure 2. Total 
concentrations of 
BaP at Spitsbergen, 
Norway, an Arctic 
measurement 
station, for the year 
2007. Correlation 
coe�cients for PAHs 
at Spitsbergen 
ranged from 0.40 to 
0.74 for individual 
years between 
2005-2009.

Model results show 
that most high-PAH 
episodes at 
Spitsbergen result 
from emissions in 
Europe and Russia.

4. Do international screening thresholds for POPs long-range 
transport adequately protect the Arctic?

5. How will global climate change a�ect PAH transport?
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Figure 3. No. of pollution events with concentrations above 
present-day mean + one standard deviation under present (1997-2005) 
and future climate (2047-2055) at Stpitsbergen. Also shown is % change 
in mean concentration. 
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higher molar mass PAHs, such as BkF and IP, only few
experimental data can be obtained from the literature. The aim
of this study is to select, compile, and evaluate the experimental
physical-chemical data for the priority PAHs, to adjust them
so that they adhere to thermodynamic constraints using the least-
squares algorithm by Schenker et al.,4 and to establish regres-
sions between these properties and molar mass.

Methods

As the principles and procedures for evaluating, selecting,
and adjusting the property data from the literature have been
described in detail previously,1,2,4 we only provide a brief
summary here. First, as many directly measured data as possible
are selected and compiled from the literature. Indirectly derived
values such as those calculated from chromatographic retention
times and calculated data are selected only if there are not
enough directly measured values available. Then, all of the data
are converted into standard units. As the liquid or subcooled
liquid state is suitable for describing the environmental distribu-
tion of organic compounds, solid phase properties, such as vapor
pressure (PS in Pa) and water solubility (SWS in mol ·m-3), are
converted into the liquid state (PL and SWL) using the fugacity
ratio F.

PL ) PS/F (1)

SWL ) SWS/F (2)

The fugacity ratio F was estimated using an equation by van
Noort:8

log F ) log{exp[(∆fusS/R)(1 - Tm/T)]} -

[(A + BT)(Tm - T)2 + (C + DT)(Tm - T)] (3)

where ∆fusS is the entropy of fusion in J · (mol ·K)-1, R is the
ideal gas constant (R ) 8.3145 J/(K ·mol)), and Tm and T are
the melting temperature and experimental temperature in K,
respectively. The first part of eq 3 is the typical approach to
estimating F from the entropy of fusion and the melting
temperature. The second part of eq 3 is an empirical term that
corrects for the fact that for high-melting rigid aromatic
compounds the entropy of the solid-to-liquid transition is not
independent of temperature. Empirical parameters A, B, C, and
D applicable to PAHs were taken from Table 3 in van Noort.8

For the smaller PAHs (Nap, Acy, Ace, Fluo, Phe) the correction
term is negligible and was not applied. For high melting
compounds such as Chry and BghiP, the correction is quite
substantial. A limitation of the empirical part of eq 3 is that it
only applies to the environmentally relevant temperature range
of (260 to 320) K.8 For the larger PAHs we therefore could
only use and convert solid phase properties measured within
that temperature range. Because no experimental entropy of
fusion for BkF could be located, a generic default value of 56
J ·mol-1 ·K-1 had to be used for this compound. An uncertain
entropy of fusion can lead to significant errors when calculating
liquid state properties, especially for compounds with a high
Tm such as BkF.

LDVs at 25 °C are obtained as the arithmetic mean of all
reliable values at 25 °C or from linear regression equations
between log property and 1/T when experiments had been
carried out at different temperatures. FAVs are obtained by using
the computer program with the least-squares adjustment algo-
rithm by Schenker et al.4,9 The relationship between the partition
properties is given by four thermodynamic triangles.3 The LDVs
are adjusted as little as possible to conform to thermodynamic
constraints. For example, the following equation relates the
solubility in water SWL, the vapor pressure PL, and the Henry’s
law constant kH, which equals KAWRT:

log SWL(LDV) - log PL(LDV) + log kH(LDV) ) ω (4)

where ω is the misclosure error.4 The value of ω should be
zero if the LDVs for SWL, PL, and kH are internally consistent.
The aim of the adjustment procedure is to reduce all misclosure
errors ω to zero and thus obtain a consistent set of partitioning
parameters.

Results

Data Compilation. All of the original data, experimental
temperatures, experimental methods, and references are listed
in a series of tables in the Supporting Information (Tables S1
to S16). In total, more than 200 original references were
consulted which had been published in 17 different journals
between 1923 and 2008. The LDVs for the physical-chemical
properties of 15 PAHs are summarized in Table 1. This table
does not include data for DBA, because the availability of data
was judged too limited to derive reliable values; a detail
justification for this exclusion is provided below. The LDVs in
logarithmic form are plotted against the molar mass M of the
PAHs in Figure 2 (red markers). All of the relationships, except
those for SOL(LDV), are highly linear with r2 values exceeding
0.98 (red lines in Figure 2, Table 2).

Three issues related to the application of the adjustment
procedure require a more detailed discussion. These are the
decision whether to use all LDVs in the adjustment procedure,
the assignment of relative variances to the LDVs, and the

Figure 1. Structures of the polycyclic aromatic hydrocarbons considered
in this study.
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