
Arbitrary	  defini-on	  of	  a	  trace	  metal:	  	  
10	  µmol	  kg-‐1	  ≈	  1	  ppm	  (by	  weight)
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Fe,	  Ba,	  Mn	  all	  trace	  metals;
There	  are	  many	  others!

Mg2+:	  	  53	  mmol	  kg-‐1

K+:	  	  10.2	  mmol	  kg-‐1

Ca2+:	  	  10.3	  mmol	  kg-‐1

Cl-‐:	  	  546	  mmol	  kg-‐1

SO4
2-‐:	  	  28	  mmol	  kg-‐1

Our	  measurements:
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Atomic
Emission

Spectroscopy

Each element
has a unique

emission spectrum

Spectroscopic
Methods 

for Trace Metals
in Seawater



Inductively Coupled Plasma-
Atomic Emission Spectroscopy

ICP-AES

Sharp narrow band spectra allow for
simultaneous multi-element measurements



Anodic Stripping Voltammetry (ASV)

Electrochemical Methods for Trace Metals in Seawater



Molybdenum
Aluminum
Zinc
Iron
Copper

Different	  trace	  metals	  exhibit	  different	  types	  of	  Distribu,ons
with	  depth	  and	  loca-on	  in	  the	  oceans.

• Conservative-type Distributions
• Nutrient-type Distributions
• Scavenged-type Distributions
• Hybrid and Mixed Distributions

Let’s	  look	  at	  some	  trace	  metals:



Trace Molybdenum in Seawater

Mo	  is	  found	  in	  the	  oceans	  at	  an	  average	  concentra-on	  of	  
105	  nmol	  kg-‐1	  as	  the	  oxyanion	  molybdate,	  MoO4

2-‐.

Molybdenum is a good illustration of a trace metal with 
a conservative-type distribution in the oceans. 

Conservative-type trace metals interact only weakly with 
particles, have oceanic residence times greater than 10,000 
years (much greater than the mixing time of the oceans), and 
have concentrations that maintain a relatively constant ratio to
salinity.  Mo has an oceanic residence time of 80,000 years. It 
exhibits an almost uniform distribution in the oceans with only 
a slight depletion at the surface.



Trace Aluminum in Seawater

The	  concentra-on	  of	  trace	  Al	  in	  sea	  water	  varies	  
with	  depth	  and	  loca-on	  from	  0.5	  to	  150	  nmol	  kg-‐1	  

Aluminum is the best illustration of a trace metal with 
a scavenged-type distribution in the oceans. 

Trace metals with scavenged-type distributions have strong 
interactions with particles and short oceanic residence 
times (ca. 100 to 1,000 yrs). These residence times that are 
less than the ventilation or mixing time of the oceans. Their 
concentrations tend to be maximal near major sources such 
as rivers, atmospheric dust, bottom sediments, and hydro-
thermal vents. Concentrations decrease with distance from 
the sources.



The major external input of aluminum is from the partial 
dissolution of atmospheric dust delivered to the surface ocean
especially in the Mediterranean Sea.

Total Dissolved 
Aluminium:

Depth Profiles

Trace Aluminum in Seawater



Trace Zinc in Seawater: 
The	  concentra-on	  of	  trace	  Zn	  in	  sea	  water	  varies	  
with	  depth	  and	  loca-on	  from	  0.5	  to	  10	  nmol	  kg-‐1	  

Zinc is a striking example of a trace metal with a 
nutrient-type distribution in the oceans.

Trace metals with nutrient-type distributions are dominated by the 
internal cycle of assimilation by plankton in surface waters. 
Consequently, their concentrations are lowest in surface waters 
where they are assimilated by phytoplankton and/or adsorbed by 
biogenic particles, and increase in the subsurface waters as sinking 
particles undergo decomposition or dissolution, followed by 
oxidation and remineralization in deeper waters. Oceanic residence 
times of nutrient-type, recycled elements are intermediate (a few 
thousand to one hundred thousand years).



Dissolved 
Zinc

Depth
Profile

Zinc concentrations 
are lowest in surface 
waters where it is 
assimilated by phyto- 
plankton and/or 
adsorbed by biogenic 
particles, and increase 
in the subsurface 
waters as sinking 
particles undergo 
decomposition or 
dissolution. 

Zinc has a nutrient-type 
distribution in the oceans.

Trace Zinc in Seawater: 



Total Dissolved Zinc:  Worldwide Distribution



Zinc
Zn2+ vs. Total

Zinc has a nutrient-type 
distribution in the oceans.

Trace Zinc in Seawater: 

The majority of Zn
in the ocean is 
complexed with 
various ligands
(biological?)



Trace Iron in Seawater: 

Hybrid Distributions

Some trace metals, 
such as iron and 
copper, have 
distributions that are 
strongly influenced by 
both recycling and 
relatively intense 
scavenging processes.

Iron



Copper: 
free and 

complexed

Trace Copper in Seawater: 

Hybrid Distributions

Some trace metals, 
such as iron and 
copper, have 
distributions that are 
strongly influenced by 
both recycling and 
relatively intense 
scavenging processes.

Copper provides an interesting example of a trace metal that is an essential, required element, but 
that can be toxic at relatively low concentrations. It can be considered the “Goldilocks” metal.



Mass Spectrometry is another method for analyzing both 
trace metals and organics in seawater.

Molecular MS: 
 
Methane (m/z = 15)
H2S (34)
CO2 (44)
Toluene (91)

ICP-MS: 
Atomic MS

*m/z is mass to charge ratio



Mass Spectroscopy in Seawater 
Environments

Oxygen and CO2 depth profiles


