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Why do we care? 

 Group 1 carcinogens listed by IARC  
- cause cancer in the skin, lungs, 
bladder and kidney... 

 Very toxic – historically called the 
"king of poisons“ and also   
 "poison of kings"  

 Can also cause a variety other 
diseases, such as high blood pressure, 
heart attacks, blackfoot disease … 

 EU set standard for atmospheric arsenic concentration in 2013: 
annual mean= 6 ng m-3  

 U.S. EPA has not set standards for atmospheric As (only for 
drinking water = 10 ppb), but might be possible in the future … 



Worrisome levels of arsenic in (U.S.) food 

http://consumerreports.org/cro/arsenicinfood.htm 

“Organic rice baby cereal, rice breakfast cereals, brown rice, 
white rice—new tests by Consumer Reports have found that 
those and other types of rice products on grocery shelves 
contain arsenic, many at worrisome levels.” 



Major sources of arsenic emissions into the atmosphere 

 Anthropogenic sources  
      - metal (copper, zinc and lead) smelting  
      - coal combustion 
       - herbicide application  
       - wood preservation  
       - waste incineration 
 
 Natural sources  
     - volcano emissions  
     - wind erosion  
     - biological activities 



Developing the global arsenic emission inventory 

United States – EPA 1999 inventory 
 

EU – ESPREME 2000  
 

 Canada - Environment Canada’s National Pollutant Release Inventory  
 

Australia - National Pollutant Inventory 
 

 Chile - Gidhagen et al, AE 36, 3803-3817, 2002. 
 

China  
     calculated arsenic emissions by applying emission factors to metal 
production (Cu, Pb and Zn smelting) and coal consumption.  
 

 Other parts of the world 
    take advantage of the available SO2 inventory & apply the 
corresponding As/S ratios. 
 
 



Model evaluation - annual mean As concentrations in 
surface air compared with observations 



Source attribution of atmospheric arsenic deposition 
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Global source-receptor relationships for atmospheric As 
concentration (deposition) shown as % contribution 
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Asia Europe North America 

Asia (10 – 70°N, 60 –145°E) 54.4 (56) 4.4 (5.1) 0.1  (0.2) 

Europe (35 – 70°N, 5°W – 60°E) 5.3  (8.4) 69.2 (61) 1.4 (2.1) 

North America (30 – 70°N, 125 – 65°W) 22.4 (34.1) 2.2 (1.2) 57.2 (43.8) 

Western US (30 – 48°N, 125 – 100°W) 31.7 (42.3) 0.4 (0.5) 48.9  (32.7) 

Eastern US (30 – 48°N, 100 – 70°W) 7.4 (13.8) 0.2 (0.2) 86.3 (69.6) 



Conclusions 

We have expanded the GEOS-Chem CTM for As simulation – we 
developed a global As inventory and performed the first study on the 
global atmospheric transport of arsenic; 

 
The model reproduces the observed arsenic concentrations in surface 
air for various sites around the world reasonably well; 
 
About 1/3 of the total arsenic deposition over North America is 
attributed to Asian emissions; 

 
Reduction of arsenic emissions over source regions (such as Asia and 
South America) could have significant environmental benefits globally.  
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