
Part 2. The Hydrosphere

Chapter 10. 

Distribution of Species 

in Aquatic Systems



 Single variable diagram: a plot of some measure of species conc. Vs. a

particular variable like pH, redox status, or conc. of important complexing

ligand. E.g.
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 Conc. of individual phosphate species:
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Table 10.1 Acid dissociation 

constants for phosphoric acid

Ka pKa

First 

dissociation
7.1x10-3 2.15

Second 

dissociation
6.3x10-8 7.20

Third 

dissociation
4.2x10-13 12.38
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 Distribution of phosphate species in open water

In sea water, dissociation const. of phosphoric acid
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 Single variable diagram with logarithm scale: E.g. distribution of aq. cadmium

chloro complexes as a function of chloride ion concentration.
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 Total conc. of cadmium in an aq. solution containing chloride
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 E.g. line b, surface water salinity=10 %0, [Cl-1]=0.16 mol L-1

 [Cd2+]=0.04, CdCl+=0.52, CdCl2=0.33, CdCl3-=0.10, CdCl4
2-=0.01
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 Concept of pE: pE =

 A large negative value of pE indicates a large value for the e- activity in

solution, implying

 A large positive value of pE: low activity of e- in solution, implying

 pE values in water = -12~25
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10.2 Two-variable diagrams: pE/pH diagrams (Pourbaix diagram)
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 Consider a half-reaction

 Therefore

0pE from eq (10.44)

 Second method, using eqs. (10.40) and (10.44)
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 Suppose the initial conc. of [Cr3+]=26 mg L-1, then dissolved oxygen

in downstream oxidize to Cr2O7
2-, pH=6.5 (aH3O+=10-6.5)
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1.14                                            

)10(209.0

1
log

4

1
8.20                                           

)(/

1
log

1
                                     

:10.48eqn  Using

                                                

23.1                                                  

(10.55)                           64)(4)(                                   

is system)  aerated well

 a called(often r  with watemequilibriuin  O catmospherifor reaction relevant  The

45.6

4

232

2

32



















OHO aPPn
pEpE

pE

VE

OHeaqOHgO



Chapter 10. Distribution of species in aquatic systems
10.2 Two-variable diagrams: Chromium in tannery wastes



 In the diagram, areas define the regions where particular species are

dominant

 P0 =101325 Pa =1 atm: this is the min. pressure required for gas evolution

from the aq. solution. I.e. when Pgas > P0,

 E.g. gas evolution from acidic solution
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 Consider aq. sulfur system where the species of interest are: SO4
2- (aq),

HSO4
- (aq), S(s), HS- (aq), and H2S (aq)

 To consider first water itself,
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 Template of pE/pH diagram
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