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Human activities and cycling of metals 



From: Jacobson, Charlson, Rodhe & Orians 2000 



From: Lamborg et al. GLOBAL BIOGEOCHEMICAL CYCLES, VOL. 16, NO. 4, 1104-1115. 



Mechanisms of mobilization and immobilization 



Nitrilotriacetate chelate of a divalent metal ion in a tetrahedral form. 
EDTA and nitrilotriacetate are ligands (any compound, often 
organic ones, capable of forming chelate).  



EDTA: ethylene-diamine-tetra-acetate 

Metal ions react with certain organic molecules to form organometallic complexes called 
chelates, therefore, increasing their mobility and availability to biological uses. 





The Global Mercury Cycling 



Health effects of mercury: 

Mercury exposure at high levels can harm the brain, heart, 
kidneys, lungs, and immune system of people of all ages. 
Research shows that most people's fish consumption does not 
cause a health concern. However, it has been demonstrated 
that high levels of methylmercury in the bloodstream of 
unborn babies and young children may harm the developing 
nervous system, making the child less able to think and learn. 

For official information on mercury please see 
http://www.epa.gov/mercury/index.html 



Ecological effects of mercury: 

Birds and mammals that eat fish are more exposed to 
mercury than other animals in water ecosystems. 
Similarly, predators that eat fish-eating animals may 
be highly exposed. At high levels of exposure, 
methylmercury's harmful effects on these animals 
include death, reduced reproduction, slower growth 
and development, and abnormal behavior.  







From: Lamborg et al. 2002. GLOBAL BIOGEOCHEMICAL CYCLES, VOL. 16, NO. 4, 1104-1115. 
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Current (1990’s) 







From: Demers et al. 2015  
Global Biogeochemical Cycles 





Some important points of the mercury cycle:  
 
(1) The exchange rate between atmosphere and Earth's surface is 

much faster than transport rate from land to ocean.  
 

(2) Human activity has increased mercury in the atmosphere three 
times of the pre-industrial level, and also has increased the 
flux rate from land to ocean three times. 

 
(3) Average residence times for mercury in the atmosphere, soils, 

oceans, and oceanic sediments are approximately: 1 year, 1000 
years, 3200 years, and 250 million years, respectively.  

 



Redfield Ratio--Synthesis of Biogeochemical Cycles  
 
In 1958, Albert C. Redfield published a paper (The biological control of 
chemical factors in the environment. American Scientist 46:205-221), in which 
he noted that the organic debris falling to the deep ocean contained N and P in a 
fairly constant atom ratio to the content of carbon:  C:N:P = 80:15:1. 
 
Later, Broecker (1974), recalculated Redfield ratio to include CaCO3.  His 
modified ratio of falling particles: C:N:P:Ca = 120:15:1:40, and for upwelling 
sea water: C:N:P:Ca = 80:15:1:3200.  
 
This relatively constant ratio represents the proportionality of most biological 
processes which link biogeochemical cycles at many levels in the ecological 
hierarchy from the cell level to the biosphere level. All biological elements 
cycle together, not alone.  
   
This point can also be inferred from the average elemental composition of most 
living cells. 
 
This relative constant proportionality is some time called the stoichiometric 
principle. 



Cell Elemental Composition 
 Element Dry Weight, % 
Carbon 50 
Oxygen 20 
Nitrogen 14 
Hydrogen 8 
Phosphorus 3 
Sulfur 1 
Potassium 1 
Sodium 1 
Calcium 0.5 
Magnesium 0.5 
Chlorine 0.5 
Iron 0.2 
All others 0.3 

 
Source: Stanier et al 1976. The Microbial World. 4th ed. Prentice Hall. These numbers vary 
depending on species and conditions, such as granules (phosphorus, sulfur, etc.), but the ratio of C, 
O, H, N is much stable.  Porges et al. 1956 determined that the ratio of a heterogeneous microbial 
population: C:H:N:O =5:7:1:2. 





Summary 
 
These metal elements have many similar properties, but each also has special 

properties that make it unique. 
 
To a large degree, human activities have altered biogeochemical cycles of many 

metal elements. 
 
Transportation, speciation, mobilization and immobilization are the three type of 

mechanisms that control biogeochemical cycles of metal elements. 
 
The global mercury cycle is characterized by: (1) the exchange rate between the 

atmosphere and the Earth's surface is much faster than the transport rate 
from land to ocean; (2) recent human activity has increased mercury in the 
atmosphere by three folds since industrialization; and  (3) average residence 
times for mercury in the atmosphere, soils, oceans, and oceanic sediments 
are approximately: 1 year, 1000 years, 3200 years, and 250 million years, 
respectively.  

 
All biogeochemical cycles are linked together as shown by Redfield ratio and the 

elemental composition of living cells. 
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