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S1 Updated Global PAH Emission Inventory 

The global emission inventory developed previously by Zhang et al. (1) was used in this study. The 

inventory was further updated by replacing the emission factors of aluminum electrolysis and petroleum 

fuel for high-income countries with the lately published data (2, 3). The updated global emission inventory 

for the total of the 15 PAHs studied is mapped in Figure S1. 
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Figure S1.  The updated global emission density for the total of the 15 PAHs studied. 

 
S2 Modeling 

As presented in Figure S2, 10 backward air mass trajectories starting from various heights from 100 to 

1000 m above the ground at Alert were calculated. For a trajectory entering a given grid (x, y) at trajectory 

time i with a period of j hours staying in the grid, the local contributions to the receptor at Alert during the j 

hours from the hour i to hour i+j were integrated. 
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Figure S2. Graphical presentation of the ISCFhxy calculation showing the 10 starting points of trajectories 

at Alert (blue column, t = 0), grids with various atmospheric boundary layer heights, and the 

time steps of a trajectory passing a given grid (green column, x, y) (t=i, i+1, …, i+j). A section 

of the grid is shown on the left with time steps of a trajectory passing through it. 

 

S3  Derivation of Model Parameters. 

Dry deposition velocity (vd) was calculated using a method provided by MSCE-POPs model (4). The 

daily atmospheric boundary layer heights (H) were from Can METOP model (1°×1°), calculated based on 

the sub-grid scale surface heterogeneity and meteorological condition (5). Atmospheric OH radical 

concentration ([OH]) and volume fraction of atmospheric particles (X) were from Harvard University 

GEOS-CHEM monthly archived global data set (2°×2.5°) (6). Precipitation rate (I) and atmospheric 

ambient temperature (T) were derived from global NOAA-NCEP/NCAR pressure level reanalysis data 

archive (7). 

According to the partitioning equation between gaseous and particulate phases by Mackay et al (8), the 

fraction of particle-phase PAHs (fp) is calculated in eq S1 as a function of T (K) and X (v/v) en-route.  
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A and B are regression coefficients derived based on the measured gaseous and particulate phase PAHs 

concentrations together with the measured temperature at Alert in 2000, which were also provided by 

http://www.msceast.org/events/review.html
http://www-as.harvard.edu/chemistry/trop/geos/geos_hi_res.html


Northern Contaminants Program. The calculated A and B values are presented in Table S1.  



Table S1 Results of the regression modeling for the partition between gaseous and particulate phase PAHs 

PAHs A B r2 P value in regression 

ACY 1.04×10-5 -2.77×103 0.38  0.01  

ACE 8.38×10-6 -4.29×103 0.55  0.01  

FlO 8.99×10-5 -4.18×103 0.48  0.01  

PHE 2.78×10-3 5.93×103 0.50  0.01  

ANT 4.99×10-4 4.19×103 0.35  0.01  

FLA 1.44×10-3 7.67×103 0.46  0.01  

PYR 1.13×10-3 7.62×103 0.55  0.01  

BaA 5.27×10-5 5.97×103 0.56  0.01  

CHR 1.15×10-4 7.68×103 0.61  0.01  

BbF 1.00×10-4 8.59×103 0.59  0.01  

BkF 5.81×10-5 6.55×103 0.55  0.01  

BaP 2.70×10-5 4.39×103 0.45  0.01  

IcdP 7.07×10-5 7.67×103 0.59  0.01  

DahA 2.05×10-5 2.82×103 0.32  0.05  

BghiP 5.11×10-5 6.40×103 0.50  0.01  

The total wet deposition scavenging ratio (Sc) was calculated based on fp using eq S2,3 by regression 

models for rain and snow from Franz et al. (9), respectively: 

( ) ,,76.00.4log37.0log 2 rainrfS pc =+=                                     (S2) 

( ) .,53.01.6log89.0log 2 snowrfS pc =+=                                    (S3) 

Reaction rate constants for PAHs listed in Table S2 were after Yan et al. who derived these values using 

a LFERs (polyparameter linear free energy relationships) model (10). 



Table S2 Reaction rate constants for the reaction between PAHs and OH radicals 

PAHs KOH, cm3/molecules·s 

ACY 1.10±0.00×10-10 

ACE 5.56±0.34×10-11 

FlO 1.46±0.22×10-11 

PHE 1.74±0.62×10-11 

ANT 1.43±0.46×10-10 

FLA 3.69±1.85×10-11 

PYR 8.20±4.53×10-11 

BaA 7.60±3.68×10-11 

CHR 6.57±2.02×10-11 

BbF 1.91±0.06×10-11 

BkF 5.23±0.18×10-11 

BaP 1.56±1.50×10-10 

IcdP 8.00±2.19×10-11 

DahA 6.33±1.88×10-11 

BghiP 4.98±5.25×10-11 

 

All the parameters are summarized as follows: 

x,y the meridian and zonal grid coordinates 

s time step of the trajectory calculation 

t trajectory time 

τ transport time from a given grid to the receptor (Alert in this study) 

T atmospheric ambient temperature 

I precipitation rate 

H atmospheric boundary layer height 

X volume fraction of atmospheric particles 

[OH] atmospheric OH radical concentration 

M remaining fraction of pollutant after transported from a given grid to the receptor 

L pollutant loading at a given grid 

Vb weighting factor for the pollutant loading at different heights in source grids 



E emission flux at a given grid 

Kτ decay constant during a period from τ to τ+1 

fP fraction of particulate phase PAHs 

vd dry deposition velocity 

Sc total wet deposition scavenging coefficient 

KOH reaction rate constant of PAHs with OH radicals. 

 
 
S4 Seasonal Variation in Descending Motion at Alert 

To describe the seasonal variation in air mass descending motion at Alert, the vertical directions (either 

up or down) of air mass movement 100 m above the ground from HYSPLIT trajectory calculation at Alert 

were recorded every 6 hours for each month based on the meteorology data in the global 

NOAA-NCEP/NCAR pressure level reanalysis data archive (7). The percentage of the descending motion 

was derived and presented in Figure S3. It appears that the descending motion of air mass at Alert was 

weaker in March, July and October than that in the other months. 
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Figure S3.  Monthly variation in frequency of air mass descending motion at 100 m above the ground at 

Alert. 

 
S5 Validation for Model Predicted ISCF(N)n for the other PAHs 

In the main text, the time series of the model predicted ISCF(N)n values were compared with the 

concentrations observed at Alert in 2004 for FLA and PYR, which were the only two compounds with all 

the measured concentration above the detection limits. Figure S4 shows the results of another 11 PAHs with 

the measured winter concentrations above the detection limits and summer concentrations below the 

detection limits. Of the 15 PAHs, all measured concentrations of ACE and ANT over the studied period 

were below their detection limits and hence they were not compared with the model predictions. As shown 

in the figure, there are discrepancies between modeled and measured results. These are likely due to the 

uncertainty in the parameters of the model and local reemissions, as well as measurement errors, especially 

for these under detection limits. The vertical movement can also cause the discrepancy as predicted ISCF 



for the layer 100-1000 meters high would impact on the ground concentration weakly when the ascending 

movement is frequent.  

 
S6 Geographical Distributions of Source Contributions for FLO, PYR and BaP 

The annual mean ISCF(N) values for FLO, PYR, and BaP in 2004 are mapped in Figure S5, showing 

the major source regions for Alert. The majority of PAHs occurred at Alert were from the Northern 

Hemisphere through long-range transport. The three major source regions were North Europe (including 

European Russian), North America (Canada and the eastern United States), and East Asia. 
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Figure S4. Comparison in the time series of individual PAHs between the model predicted ISCF(N)n as the 

average for layer 100-1000 m above ground and the field observed concentrations at ground in 

2004 for the 11 PAHs with the measured winter concentrations above the detection limits and 

summer concentrations below the detection limits. 
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Figure S5. Geographical distributions of annual mean ISCF(N)xy values of FLO (A), PYR (B), and BaP (C) 

representing the global distributions of source regions of PAHs observed at Alert. 

Based on the calculated ISCF(N)xy, the relative contributions of major emission activities were derived 

and listed in Table S3 for PAH15 and the three representative PAHs (FLO, PYR, and BaP) 

Table S3 Relative contributions of various emission activities to PAHs observed at Alert. 

PAHs domestic 
coal, % 

biofuel  

burning, % 
aluminum 

electrolysis, %
petroleum

 fuel, % 
waste 

incineration, %
coke 

production, % 
all other 

sources, %

PAH15 23 24 23 7 7 5 26 

FLO 24 24 22 11 6 8 6 

PYR 7 16 27 9 11 5 24 

BaP 14 18 33 6 14 11 5 

 
 



S7 Seasonal Variations in Spatial Distributions of Source Contributions for FLO, PYR and BaP 

In addition to the seasonality of geographical distribution of source contributions for PAH15, results for 

individual PAH compounds were derived. In Figures S6-S8, the results of the three representative PAHs, 

FLO, PYR and BaP are presented, respectively. In general, the spatial distribution patterns were similar to 

one another. Difference existed mainly in the relative contributions of various regions. For example, China 

emission contributed more for FLO (19%) in spring than PYR (6%) as the OH reaction rate constant for 

PYR was five times higher than that for FLO, while PAHs from China traveled longer distance than those 

from the other source regions. 
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Figure S6. Geographical distributions of seasonal mean ISCF(N)xy values of FLO representing the global 

distributions of source regions of FLO observed at Alert in the four seasons. A. Spring, B. 

Summer, C. Fall, D. Winter. 
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Figure S7. Geographical distributions of seasonal mean ISCF(N)xy values of PYR representing the global 

distributions of source regions of PYR observed at Alert in the four seasons. A. Spring, B. 

Summer, C. Fall, D. Winter. 
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Figure S8. Geographical distributions of seasonal mean ISCF(N)xy values of BaP representing the global 

distributions of source regions of BaP observed at Alert in the four seasons. A. Spring, B. 

Summer, C. Fall, D. Winter. 

 
S8 Seasonal Variation in Source Contributions to FLO, PYR, and BaP at Alert 

Table S4 lists the contributions of major geographical regions to the atmospheric level of PAHs at Alert. 

The results highlight the difference among the regions and the difference among the individual PAH 

compounds. For example, only 7.1% of FLO was from Canada but the percentage of BaP from Canada 

reached 20%. 

Table S4 Relative contributions of various source regions to the PAHs at Alert. 

PAHs East Asia 

 % 

European 

Russia, % 
North/West 
Europe, % 

Canada 

% 

USA 

% 

Greenland 

% 

PAH15 25 34 11 17 8.0 5.7 



FLO 29 41 14 7.1 7.6 0.3 

PYR 20 30 9.3 16 2.1 21 

BaP 23 40 7.3 20 4.9 4.8 

The information on contributions of all emission activities and source regions was also broken down to 

the four seasons to show the seasonality of the sector and regional contributions to PAHs at Alert (Tables 

S5 and S6). Differences in seasonal patterns of the relative contributions among the major emission 

activities and the source regions are well demonstrated. 

Table S5 Seasonal variation in the relative contribution of various activities to PAH15 at Alert 

season domestic 
coal, % 

biofuel 

burning, % 
aluminum 

electrolysis, %
petroleum 

 fuel, % 
waste 

incineration, %
coke 

production, % 
all other 

sources, %

spring 13 31 21 7.3 4.0 5.3 17 

summer 3.3 40 21 9.0 0.4 3.3 23 

fall 10 30 17 12 5.5 3.9 20 

winter 27 18 25 4.1 6.6 5.5 15 

annual 23 24 23 6.4 6.6 5.4 26 

 



Table S6 Seasonal variation in the relative contribution of various source regions to PAH15 at Alert.  

season East Asia 

 % 

European 

Russia, % 

North/West 
Europe, % 

Canada 

% 

USA 

% 

Greenland 

% 

spring 26 5.1 46 6.4 0.4 16 

summer 0.4 1.4 5.1 76 0.1 17 

fall 16 1.7 0.7 38 32 12 

winter 24 55 9.8 9.7 1.1 0.6 

annual 25 34 11 17 8.0 5.7 
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