
Atmospheric chemistry of Hg (standard O3/OH version) 

Mercury transformations in the atmosphere include transitions between the gaseous, 

aqueous and solid phases, chemical reactions in the gaseous and aqueous environment. 

Hereafter we shall use the term “aqueous phase” for all species dissolved in cloud water 

and those in composition of solid particles suspended in a droplet. Besides, we shall 

distinguish three main mercury forms in the atmospheric air: gaseous elemental 

mercury (GEM), total particulate mercury (TPM) and reactive gaseous mercury (RGM).  

 

Inter-phase equilibrium 

All gaseous mercury compounds are soluble to some extent in cloud- and rainwater. Size 

of cloud droplets is small enough to establish the equilibrium between the solution and 

the gas rather rapidly. The equilibrium described by Henry’s law has pronounced 

temperature dependence. The expression for the Henry’s law constants (in the form of 

the ratio of a species concentration in liquid to its air concentration, M·cm3/molec) are 

given by: 
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where    = 298.15 K; coefficients    and    for gaseous mercury forms and other gases of 

interest are presented in Table 1. 

 
Table 1.  Coefficients of Henry’s low constants 

Compound       Reference 

Hg0 1.76 · 10-23 9.08 Andersson et al., 2004 

HgCl2 1.75 · 10-16 18.75 Ryaboshapko et al., 2001 

O3 1.58 · 10-24 7.8 Sander, 1997 

˙OH 3.41 · 10-21 17.72 Jacobson, 1999 

Cl2 4.48 · 10-16 * Lin and Pehkonen, 1999 

*  - no temperature dependence is available 
 

Besides, we expect that half of particulate mercury mass in cloud- and rainwater is 

represented by soluble compounds [Brosset and Lord, 1991; Fitzgerald et al., 1991; 

Lamborg et al., 1995]. On the other hand, it is assumed that all mercury mass in the 

aqueous phase is transformed to the particulate form if the cloud droplet is evaporated. 

 

  



Gas-phase reactions 

One of the most important gas phase reactions is oxidation of elemental mercury by 

ozone:  
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Since, ozone is always in plenty under ordinary atmospheric conditions this second-

order reaction is described by a first-order rate expression with the reaction rate 

constant depending on the reactant concentration: 
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where   = 2.1  10-18 cm3 (molec∙s  [Hall, 1995];  

   = 10.36 kJ/mole;  

        8.   J (mole∙K ;  

   (      is ozone concentration, molec/cm3.  

It is believed that the product of the reaction – mercury oxide is in particulate form due 

to its poor volatility [Sommar et al., 2001; Schroeder and Munthe, 1998].  

Recently investigated reaction of mercury oxidation by hydroxyl radical in gaseous 

phase is expected to be very significant or even prevailing sink of elemental mercury in 

the troposphere [Sommar et al., 1999; 2001; Pal and Ariya, 2004]:  
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where    = 8.710-14 cm3 (molec∙s  [Sommar et al., 2001]; 

  H 
 

(      is hydroxyl radical concentration, molec/cm3. 

Gas phase oxidation of elemental mercury by chlorine can be noticeable in the ocean 

boundary layer during nighttime [Seigneur et al., 1994; Tokos et al., 1998; Ariya et al., 

2002]: 
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where    = 2.610-18 cm3 (molec∙s  [Ariya et al., 2002]; 

 Cl (      is chlorine concentration, molec/cm3. 



Aqueous-phase reactions 

Dissolved elemental mercury is oxidized by ozone producing mercury oxide Hg0, which 

is very short-lived in the liquid phase and is rapidly transformed to the mercury ion 

Hg(   
  . Thus, the resulting reaction can be written as follows: 

Hg(   
    (    Hg(   

                                                           (8   

with the reaction rate expression: 
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here       . ∙ 07 M-1s-1 [Munthe, 1992]; 

   (      is ozone concentration, molec/cm3; 

   
 is Henry’s constant for ozone. 

Another important reaction of mercury oxidation in aqueous phase is reaction with 

hydroxyl radical: 
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Reaction rate expression for this reaction has the following form: 
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where       . ∙ 09 M-1s-1 [Gårdfeldt et al., 2001]; 

  H 
 

(      is hydroxyl radical concentration, molec/cm3;  

    is Henry’s constant for hydroxyl radical. 

Elemental mercury in aqueous phase is also oxidized by dissolved chlorine Cl(I)aq with 

formation of mercury ion Hg(   
  : 
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where       ∙ 06 M-1s-1 [Lin and Pehkonen, 1999]; 

 Cl (      is chlorine concentration, molec/cm3;  

     is Henry’s constant for chlorine. 

Mercury ion Hg(   
   reacts in the solution with sulphite ions    

   resulting in the 

formation of mercury sulphite complex Hg(     
   [Pleijel and Munte, 1995]:  
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The reaction rate is determined by the air concentration of     and the cloud water pH: 
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where       . ∙ 0-21 s-1, and     (      is in ppbv. In all calculations we use fixed value for cloud 

water pH = 4.5. 

The sulphite complex Hg(     (   
   is dissociated to mercury sulphite HgSO3, which is 

unstable, and is readily reduced to Hg(   
 . Thus, the reduction process can be described 

as: 
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with the reaction rate expression: 
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where       . ∙ 0-4 s-1.  

This process increases the amount of dissolved elemental mercury in a droplet 

hampering further dissolution of gaseous mercury. Hence, the scheme implies negative 

feedback controlling elemental mercury uptake from the air. 

Mercury ion Hg(   
   also takes part in a number of reactions leading to the formation of 

various chloride complexes Hg Cl (   . These reversible reactions in the first 

approximation can be replaced by equilibrium concentrations of free mercury ions and 

mercury in the aggregate of chloride complexes ([HgCl ], [HgCl ], [HgCl 
 ], [HgCl 

  ]). 

The equilibrium ratio of the appropriate mercury concentrations depends upon water 

content of chloride ion [Cl ] and is defined as follows [Lurie, 1971]: 
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The chloride ion concentration in cloud water is taken as  ∙ 0-5 M [Acker et al., 1998]. 

Sulphite and chloride complexes in the aqueous phase can be adsorbed and desorbed by 

soot particles (       ). Comparatively fast equilibrium of these two reverse processes 

can also be described by means of “dissolved-to-adsorbed ratio”. Based on the 

appropriate reaction rates it could be taken equal to 0.2 in both cases [Petersen et al., 

1998]: 
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Summary of all chemical transformations of mercury included into the model is 

presented in Table 2. 

 

Table 2.  Summary of mercury transformations included into the model 

Reactions and equilibriums k or H Units Reference 

Hg(    
    (     Hg(   (                2.110-18exp(-1247/ ) cm3 (molec∙s  Hall, 1995 

Hg(    
   H 

 
(     Hg(   (               8.710-14 cm3 (molec∙s  Sommar et al., 2001 

Hg(    
  Cl (     Hg(   (     2.610-18 cm3 (molec∙s  Ariya et al., 2002 

Hg(   
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             . ∙ 07 M-1s-1 Munthe, 1992 
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             ∙ 06 M-1s-1 Lin and Pehkonen, 1999 
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    . ∙ 0-21[SO2(gas)] 2· 04pH * s-1 Petersen et al., 1998 

Hg(     (   
   Hg(   

            . ∙ 0-4 s-1 Petersen et al., 1998 

Hg Cl (    Hg(   
   f([Cl-]) ** 1 Lurie, 1971 

Hg Cl (    Hg Cl (      0.2 1 Petersen et al., 1998 

Hg(     (   
   Hg(     (     

   0.2 1 Petersen et al., 1998 

Hg(    
  Hg(   

   .  · 0-23T  exp(9.08(T0/T-1)) M·cm3/molec Andersson et al., 2004 

HgCl (     HgCl (     .  · 0-16T  exp(18.75(T0/T-1)) M·cm3/molec Ryaboshapko et al., 2001 

  (       (     . 8· 0-24T  exp(7.8(T0/T-1)) M·cm3/molec Sander, 1997 

 H 
 

(      H 
 

(     .  · 0-21T  exp(17.72(T0/T-1)) M·cm3/molec Jacobson, 1999 

Cl (     Cl(  (     . 8· 0-16 M·cm3/molec Lin and Pehkonen, 1999 

*  - [SO2(gas)] is in ppbv 

** - see Equation (18) 
 

As it was mentioned above one can distinguish three groups of mercury compounds 

being in equilibrium. The first group ( ) contains elemental mercury in the gaseous and 

dissolved phase; the second one ( ) consists of the mercury sulphite complex both 

dissolved and on soot particles; and the third group ( ) includes free mercury ions, 

mercury chloride complexes dissolved and adsorbed by soot particles and gaseous 

mercury chloride:  
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According to this simplified scheme and introduced notations mercury transformations 

in the liquid phase are described by the following system of the first-order differential 

equations: 
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Here         (          is the fraction of mercury in the   group corresponding 

to the dissolved form;    is water density;    is cloud liquid water content defined as 

mass of cloud water per unit volume. Parameter      (      denotes mercury 

fraction of the B group in the dissolved phase. Value        (                is the 

fraction of mercury in the   group corresponding to the mercury ion Hg(   
  . Parameter 

            (             is the fraction of mercury chloride HgCl  in cloud water. 

The analytical solution of the equations system with appropriate initial conditions 

defines mercury evolution in the aqueous phase during one time step. 
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