
Global Sulfur Cycle
Sulfur’s Role in the Living World:

Sulfur is an essential component of proteins 
(primarily two amino acids: cysteine and 
methionine), therefore essential for life.   

An “average” cell may have approximately 1% S 
by dry weight.







From: Jacobson, Charlson, Rodhe & Orians 2000





Atmospheric sulfur budget (1012 g/yr):

Input-- 
Natural emissions on land (volcanic Eruptions, dust, biogenic)=17 
Human mining etc. = 60 
Sea salt = 144 
Sea biogenic = 28 
Sea volcanic eruptions = 5 

Total input = 254

Human contribution = 60/254 x 100 = 24% 

Output-- 
Deposition on land = 60 
Ocean deposition = 180 

Total output = 240. 
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From: National Acid Precipitation Assessment Program Report to Congress 2011



From: NADP--The National 
Atmospheric Deposition Program
http://nadp.sws.uiuc.edu/





Sulfur Transformations

Desulfuration (analogous to ammonification):

RSH(mercaptans, or DMS(CH3 SCH3 ) + H2 O ----RH + H2 S 

Oxidative transformations:

H2 S (DMS, RSH) + O2 --> S0 + O2 ---> H2 SO4

Oxidizing sulfur is the primary energy source for the microbial communities of 
the deep-sea hydrothermal vent ecosystem.  Sulfur oxidation produce acid, so 
Thiobacillus thiooxidans and Thiobacillus ferrooxidans are used in mining. 

Fossil fuel sulfur: SO2 + H2 O ----> H2 SO3 (sulfurous acid) 
or SO3 + H2 O ----> H2 SO4 (sulfuric acid) 



Sulfur Transformations-continue

Reductive sulfur transformations:

SO4
= ---> SO3

= ---> S0 ---> H2 S 

Sulfate reduction occurs at wide range of pH values, pressure, temperature and 
salinity. 

Sulfate reduction is inhibited by oxygen, nitrate, ferric ions. H2 S is very toxic to 
aerobes and plant roots.  Assimilatory sulfate reduction happen in many 
organisms. 

The changes of valence and the different forms of sulfur transformations are 
analogous to nitrogen transformation.



Naturally occurring sulfur compounds and their oxidation state 

Oxidation state Gas Aerosol Aqueous Soil Mineral Biological
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= 
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Source SO2 H2S DMS CS2 Total 
Oceanic 0-15 38-40 0.3 0.4 38-57 
Salt marsh  0.8 0.6 0.1 1.7-1.8 
Inland swamps  11.7 0.8 2.8 17 
Soil and plants  3-41 0.3 0.6-1.5 5-48 
Burning of biomass 7 0-1   7.1-9.1 
Volcanoes 8 1   9 
Total 15 16-71 40-45 3.8-4.7 79-143 

 

Natural emission of volatile sulfur compounds to the atmosphere 
(1012 g S per year)



The CLAW (Charlson, Lovelock, Andreae, & Warren. 1987) 
Negative feedback Hypothesis:

warmer seawater --> more DMS --> more aerosols --> more albedo -->cooling

However, no clear evidence so far indicates that this negative 
feedback has played a significant role in the global temperature 
regulation.
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(From: R. Simó & J. Dachs, 2002. GLOBAL BIOGEOCHEMICAL CYCLES, 
VOL. 16, NO. 4, 1078-1088)



(From: R. Simó & J. Dachs, 2002. GLOBAL BIOGEOCHEMICAL CYCLES, 
VOL. 16, NO. 4, 1078-1088)





Oxygen Isotope Constraints on the Sulfur 
Cycle over the Past 10 Million Years
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From: AV Turchyn & DP Schrag. Science, Vol 303:2004-2007, 26 March 2004



From: AV Turchyn & DP Schrag. Science, Vol 303:2004-2007, 26 March 2004
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Summary

1. Sulfur is an essential component of proteins, therefore essential for life.

2. The global sulfur cycle is discussed, and the atmospheric sulfur budget is 
highlighted. 

3. The time-course of sulfur budget at the watershed (at Hubbard Brook) is 
shown and discussed.

4. Sulfur in the air is linked to acid deposition.

5. Sulfur exists in nature in many chemical forms. Three main types of sulfur 
transformations are illustrated. 

6. Marine sulfur emissions and the CLAW hypothesis are deliberated in light 
of global climate change.
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