
I. Micro-nutrients in the oceans

X. Antón Álvarez Salgado

CSIC, Instituto de Investigacións Mariñas
C/ Eduardo Cabello 6, 36208 - Vigo

http://www.iim.csic.es

Impact of global change on ocean biogeochemical cycles (N, P, C and trace elements)
Palma de Mallorca, 17 – 21 Oct 2011



outline of this presentation
C, N P and Si reservoirs in the oceans



Worsfold et al., Anal. Chim. Acta, 2008
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the concept of alkalinity

inorganic micro-nutrients in the oceans

TA = [Na+] + 2·[Mg2+] + 2·[Ca2+] + [K+] + 2·[Sr2+] +…. 

                                                            …- [Cl-] - 2·[SO42-] - [Br-] - [F-] - … 

Zeebe and Wolf-Gladrow (2001)

dissolved inorganic compounds in the oceans



TA = [HCO3
–] + 2[CO3

2–] + [B(OH)4
–] + [OH–] + [BASES] – [H+] 

[OH–] = [OH–] + [Mg(OH)+] 

[H+] = [H+] + [HSO42–] + [HF] 

[H+] = [HCO3
–] + 2[CO3

2–] + [B(OH)4
–] + [OH–] + [BASES] 

pHsws = 4.25

the concept of alkalinity

inorganic micro-nutrients in the oceans
dissolved inorganic compounds in the oceans



           K2 

HCO3
-    CO3

2- + H+ 

K1(35, 15) = 10-6.04 [CO2 = 13.8 µmol·kg-1 (0.7%)

K2(35,15) = 10-9.23 [HCO3
- = 1916.5 µmol·kg-1 (91.3%)

S(35,15) = 10-1.43 [CO3
2- = 169.6 µmol·kg-1 (8.0%)

KB(35, 15) = 10-8.74 [B(OH)4
- = 88.7 µmol·kg-1 (21.3%)

[H3BO3 = 327.7 µmol·kg-1 (78.7%)

-1,000-1,0000,0006.04HCO3
-/CO2

pKa

CO3
2-/HCO3

- 9.23 0,000 -2,000 -2,000

B(OH)4
-/H3BO3 8.74 0,000 -0,213 -0,213

254, 08, 25408 ,, 

AC = [HCO3-] + 2·[CO32-] = 2256 µmol·kg-1 

STANDARD SEAWATER

(pHsws = 8.0; = 2100 µmol·kg-1) 2CO

                    K1 

CO2 + H2O    HCO3
- + H+ 

KB 

H3BO3 + H2O    B(OH)4- + H+ 

the concept of alkalinity
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35
S416BB(OH)A T4B 213.0213.0 88.7 μmol kg-1



Codispoti, Biogeosciences, 2007
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contribution of dissolved inorganic nitrogen to alkalinity

          KNO2 

NO2H  NO2
- + H+ 

                   (KNH4)-1 

NH3(aq) + H+    NH4
+ 

dissolved inorganic nitrogen (DIN)
inorganic micro-nutrients in the oceans

pKa

HNO3/NO3
- -1,4 -1,000 -1,000 0,000

HNO2/NO2
- 3,25 –0,909 –1,000 –0,091

NH4
+/NH3 9,23 +1,000 +0,915 -0,085

254, 08, 25408 ,, 

        KNO3 = 25 
NO3H → NO3

― + H+ 



Schmitz, WHOI, 1995

distribution of NO3
- in the oceans

Sarmiento & Gruber, 2006 (http://www.up.ethz.ch/people/ngruber/publications/textbook)
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Sarmiento & Gruber, 2006 (http://www.up.ethz.ch/people/ngruber/publications/textbook)
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distribution of NO3
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Sarmiento & Gruber, 2006 (http://www.up.ethz.ch/people/ngruber/publications/textbook)
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distribution of NO3
- in the oceans



distribution of NO2
- in the oceans: the primary maximum (< 1 μmol/kg)

Lomas & Lipschultz, Limnol. Oceanogr., 2006
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distribution of NO2
- in the oceans: the secondary maximum (1-10 μmol/kg)

Codispoti et al., Sci. Mar., 2001
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dissolved inorganic nitrogen (DIN)
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distribution of NH4
+ in the oceans



distribution of N2O in the oceans

ΔN2O (natm) ΔN2O (mg N/m2/y)

Nevison et al., Global Biogeochem. Cycles, 1995
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Nevison et al., Global Biogeochem. Cycles, 2003
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distribution of N2O in the oceans



dissolved inorganic phosphorus species

dissolved inorganic phosphorus (DIP)

             K1P 

H3PO4    H2PO4
- + H+ 

              K3P 

HPO4
2-    PO4

3- + H+ 

             K2P 

H2PO4
-   HPO4

2- + H+ 

inorganic micro-nutrients in the oceans

pK1 pK2 pK3

H3PO4 1,60 6,03 8,99 –1,016 –2,149 –1,133

254, 08, 25408 ,, 

STANDARD SEAWATER

0.0%10.8%PO4
3-

2.2%88.4%HPO4
2-

97.7%0.8%H2PO4
-

0.2%0.0%H3PO4

pHsws= 4.25pHSWS= 8.0

APO4 =  (3·[PO43-] + 2·[HPO42-] + [H2PO4-]) 8.0- (3·[PO43-] + 2·[HPO42-] + [H2PO4-])4.25 



distribution of dissolved inorganic phsophorus in the oceans

Sarmiento & Gruber, 2006 (http://www.up.ethz.ch/people/ngruber/publications/textbook)
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dissolved inorganic silicon species

             Ksi 

H4SiO4   Si(OH)3O- + H+ 

inorganic micro-nutrients in the oceans

STANDARD SEAWATER

KSi(35,15)= 10-9.52

dissolved silicon (SiO2)

pKa

SiO4H3
-/SiO4H4 9,52 0,000 -0,042 -0,042

254, 08, 25408 ,, 

0.0%4.2%Si(OH)3O-

100 %96.7%H4SiO4

pHsws = 4.25pHsws = 8.0



distribution of Si(OH)4 in the oceans

Sarmiento & Gruber, 2006 (http://www.up.ethz.ch/people/ngruber/publications/textbook)

dissolved silicon (SiO2)
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