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The layout of the measurements during the 

GSHOX campaign at Summit, Greenland.  
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Sol Br, CIMS, RGM 

measurement site 

Reactive bromine impacts atmospheric radical cycles 

with bromine 

See Liao et al. ACPD, 2011 for a summary of both 2007 and 2008 

The soluble bromide measurements confirm that photochemical activation of Br! in the snow causes release of 

active Br to the over lying air despite trace concentrations of Br! in the snow (means 15 and 8 nmol Br! kg!1 of 
snow in 2007 and 2008). KSee Dibb et al., ACP, 2010) 

•!Diurnal profiles of OH and HO2 + RO2 largely followed the patterns of J (O1D) with a maximum at local noon, consistent with the behaviors of short-lived 

photochemically active species 

•!The median midday values of HO2 + RO2 and OH concentrations observed by chemical ionization mass spectrometry (CIMS) were 2.7"108 molec cm!3 and 

3.0"106 molec cm!3 in spring 2007, and 4.2"108 molec cm!3 and 4.1"106 molec cm!3 in summer 2008 

•! In summer 2008 [BrO]mean measured by CIMS was 1.5 pptv 

•! LP-DOAS BrO mixing ratios in May 2007 and June 2008 were typically between 1–3 pptv, with maxima of up to 5 pptv 

•!The BrO concentrations at Summit were often near detection limits of both instruments 

•!A basic photochemical 0-D box model highly constrained by observations of H2O, O3, CO, CH4, NO, and J values predicted HO2 + RO2 reasonably well and 

under predicted OH 

See Liao et al. ACPD, 2011 for a complete summary of the measurements. 
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Significant levels of BrO (1–5 pptv) in the 

near surface air were often accompanied 
by depletions of gaseous elemental 

mercury (GEM) below background levels, 
and in-situ production of reactive gaseous 

mercury (RGM).  GEM reacts to form the 

mercury-X radical (HgX, X=OH,Cl,Br), 
which  is further oxidised to stable RGM 

(HgBr2 , HgBrOH, HgBrCl, etc.), or 
thermal decomposition. These are 

controlled by the availability of Br, OH, Cl, 

etc. to produce RGM (Hg(II)), verses the 
lifetime of HgX by thermal dissociation.  

At Summit, the availability of Br appears 

to be controlled by J(Br2 ), requiring a sun 

angle of > 5 degrees, while the formation 
of RGM is dependent on temperature. The 

majority of the deposited RGM is readily 
photoreduced and re-emitted to the air as 

GEM. However, a small fraction becomes 

buried at depth. Extrapolating to the entire 
Greenland ice sheet, we calculate an 

estimated net annual sequestration of "13 
metric tons Hg per year, buried long-term 

under the sunlit photoreduction zone.  

(see Brooks et al, ACPD, 2010)  

•! LP-DOAS and CIMS confirm the presence of BrO at Summit, Greenland. 

•! LP-DOAS measurements combined with FLEXPART analysis show that air masses of marine origin have elevated 
BrO, but these transport events are rare.  Local influence of snow on the composition of the boundary layer is 

more frequent and a case study shows that these air masses also contain elevated BrO. 
•! A related 0D box model (results now shown) suggests that OH is under predicted, even when constrained to 

measured Br sSee Liao et al, ACPD, 2011). 

•! Measurements of Hg show that bromine is involved in oxidation of mercury at Summit, however temperature effect 
may also impact RGM concentrations. 

•! Both soluble bromine and a 1D model  of snow photochemistry suggest that bromine is released from the snow 
pack to the boundary layer.   

•! We have also developed a 1D model for snow photochemistry (MISTRA-SNOW) which will be presented in a 

related talk during the workshop. 


