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Hg Chemistry in the Atmosphere 

Figure by T. Mather after Ryaboshapko et al., (2002) Atmos. Env. 36 (24): 3881-3898  
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Anthropogenic Hg Sources 
60-75 %?

• Fossil fuel combustion
• Waste incineration

• Chloro-alkali 
• Metal extraction

• Cement production

Melanie Witt, Frontiers in Mineral Sciences 2007



Natural Sources of Mercury
25-40 %?

• Volatilisation from soils 

• Release from vegetation
• Emission from Oceans

• Volcanoes

• Total Natural Hg 
emissions estimated as 
~1000–3000 Mg Hg/yr
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Figure after Nriagu (1989)
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Previous Estimates of Global 
Volcanic Emission Rates of Mercury

3.7×10-610-4830 

(passive degassing: 30)

Varekamp and Buseck
(1986)

n/an/a100Anderson (1975)

Hg/SO2

Non-explosive

Hg/SO2

Explosive eruptions

Emission rate 

Mg Hg/yr

Source

1.2×10-55.9×10-6122 

(passive degassing: 46)

Nriagu and Becker 
(2003)

~ 1.5×10-7~ 1.5×10-70.6-1.6Ferrara et al. (2000)

10-6 - 2×10-510-6 - 2×10-5500 

(range: 30-1000)

Nriagu (1989)

Table from Pyle and Mather 2003 Atmos Env. 37, 5115-5124

•Total Natural Hg emissions estimated as ~1000–3000 Mg Hg/yr
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Natural Sources of Mercury
25-40 %?

• Volatilisation from soils 

• Release from vegetation
• Emission from Oceans

• Volcanoes

• Total Natural Hg 
emissions estimated as 
~1000–3000 Mg Hg/yr

Adapted to include Ferrara et al. (2000) volcanic Hg estimate 

Figure after Nriagu (1989)
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Assessing the Volcanic Hg Flux

Filter 
Pack for 
[SO2]

Gold Gold 
trap for trap for 
[Hg][Hg]

Pump

Lumex Hg Lumex Hg 
analyseranalyser

Gas 
Sensor 

Box

Gold coated glass beadsGold coated glass beads

Quartz woolQuartz wool

Total Gaseous Mercury (TGM) Gaseous Elemental Mercury (GEM)
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Inside the Gas Sensor
•Infrared CO2
•Electrochemical SO2, H2S & HCl 
•Pressure transducer
•Temperature & relative humidity 
probe in external radiation shield

Melanie Witt, EGU 2007
Developed based on Aiuppa, et al 

(2005) and  Shinohara (2005)



Quartz annular denuder coated with KCl
Collects Reactive Gaseous Mercury
Hg2+ this includes HgCl2, HgBr2 etc.

Reactive Gaseous Mercury 
and Particulate Mercury

Particulate Mercury trap consists of a 
quartz filter supported by a nickel platform 
all contained within a glass tube
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0 1km

Melanie Witt, Frontiers in Mineral Sciences 2007



Comparing Hg Analysis Techniques 
Fumarole F0, La Fossa Crater, Vulcano
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SO2 and Hg at Fumarole F0 at La Fossa Crater Vulcano
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Changes in Hg/SO 2 Ratio at Vulcano
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 min max mean median filter pack 
[SO2] mg m-3 6.4 338.8 105.5 93.9 50 
 min max mean median gold trap 
[Hg] ng m-3 4.8 339.1 111.2 101.9 129.1 

corrected* 6.2 404.0 132.8 121.8  
 

 Gold trap Hg/ Filter pack SO2  2.58 × 10-6 
 

 Gradient of Hg vs SO2 (real time) 1.21 × 10-6 
 

Concentrations and Ratios Observed at 
Fumarole F0, La Fossa Crater, Vulcano on 

July 12 2006 

Condensate sampling

Condensate  Hg/SO2 mass ratio; 2.9 ×10-6

Vulcano Fluxes
SO2 flux from La Fossa Crater 15 t day-1

Lumex/MultiGAS 4.4 - 7.1 kg Hg yr-1

Au-trap/filter packs 14 kg Hg yr-1

Condensate/filter pack 16 kg Hg yr-1
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Masaya Volcano, Nicaragua

Masaya
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TGM 
ng/m3 

SO2 
µg/m3 

TGM/SO2  
(mass) 

Nindiri 
24/02/06 225.0 20 591 1.09 × 10-5 

Sapper 
26/02/06 140.2 8 059 1.74 × 10-5 

Sapper 
01/03/06 157.7 9 600 1.64 × 10-5 

    
Nindiri 

03/03/06 193.1 5 165 3.74 × 10-5 
Sapper 

04/03/06 101.7 5 669 1.79 × 10-5 

Average 163.5 10 979 2.00 × 10-5 
 

Gold Trap Hg Data at Masaya Main Vent

 
TGM 
ng/m3 

SO2 
µg/m3 

TGM/SO2  
(mass) 

SO2 
Flux 

Mg.d-1 

TGM 
Flux 

Mg y-1 
Nindiri 

24/02/06 225.0 20 591 1.09 × 10-5 1700 6.78 
Sapper 

26/02/06 140.2 8 059 1.74 × 10-5 1500 9.52 
Sapper 

01/03/06 157.7 9 600 1.64 × 10-5 1130 6.78 
      

Nindiri 
03/03/06 193.1 5 165 3.74 × 10-5 650 8.87 

Sapper 
04/03/06 101.7 5 669 1.79 × 10-5 650 4.26 

Average 163.5 10 979 2.00 × 10-5  7.24 
 

•1st of this type measurement of Hg/SO2 at Masaya

•Air quality guideline threshold ~500 ng m-3

•Bulk plume measurements with gold traps at Mt St Helens, Mt Etna, Stromboli 

and Kilauea found Hg/SO2 between 10-6 and 10-4. 

8.2Wood combustion

11.8Metal Processing

12.1Oil combustion

24.8Solid waste incineration

6.2Coal Combustion

1992 Anthropogenic Hg emissions in 
South and Central America (Mg yr-1)�

� Pirrone et al. 1996
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Hg Speciation at Masaya

0.006-0.06
(0.04-2.6 %)

0.026
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1.2 %
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Reactive 
Gaseous 
Mercury

0.006-0.27
(0.04-11.6 %)

0.005 
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Particulate 
Mercury

Examples from Literature

94.2 %% of total Hg

~2Background Air [Hg] (Poissant
et al. 2005, Valente et al. 2007)

Industrial Detroit [Hg] (Lynam & 
Keeler 2005)

161163Concentration ng m-3

Gaseous 
Elemental 
Mercury

Total 
Gaseous 
Mercury

Masaya Data

*Hg(p) Dry deposition from Masaya 40-70 ng m-2 hr-1

*RGM Dry deposition from Masaya up to 115 ng m-2 hr-1

Industrial Detroit Dry deposition flux 5-25 ng m-2 hr-1

Metropolitan Tokyo Dry deposition flux ~1 ng m-2 hr-1

*Based on measured 
[Hg] and deposition 
velocities in Lynam & 
Keeler (2005) 
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Comparison of Ratios and Speciation at Different Vo lcanoes

2.2 %0.9 %97.0  %8.7 × 10-6* Etna

0.7 %--1.2 × 10-5* Myake Jima

---2.6 × 10-6Vulcano

4.7 %1.2 %94.2 %2.0 × 10-5Masaya

Hg(p) %RGM %GEM %Hg/SO2 (mass)

* Bagnato 2007

Hg/SO2 ratios at higher end of 
estimates for passive degassing 
volcanoes



Summary
• The Lumex Hg Analyser and Multi-Gas Sensor combine to give us 

more information about the gases emitted at volcano es. 
– These methods are comparable with gold trap/filter pack techniques and 

condensate sampling at Vulcano.

• The Hg/SO 2 ratios measured at Masaya (~10 -5) are towards the upper 
end of estimates. 
– If representative of other similar volcanoes, this suggests that volcanic mercury 

emissions from the degassing of basaltic magma is an important part of the 
global atmospheric Hg budget.

• Most of the Hg emitted at Masaya is Gaseous Element al Mercury, 
however the Reactive Gaseous Mercury and Particulat e Mercury 
concentrations are higher than observed in industri al/metropolitan 
areas. 
– Due to the short atmospheric lifetimes of RGM and Hg(p) this is likely to result in 

enhanced Hg deposition fluxes.
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