
Dissolved Gases in Seawater

• Fundamentals
• Solubility Relationships
• Air-Sea Exchange
• Departures from Ideality
• O2 Dynamics (Intro)



DISSOLVED GASES IN THE OCEANS
SOURCES 1. Atmosphere (Major Term)

(N2, O2, Ar, etc.)

2. Volcanic Activity (H2S)

3. Marine Production & Consumption Processes

a) Biological Activity
(NO3

- → N2O, respiration)
b) Radioactive Decay

(226Ra → 222Rn)



BASIC CONCEPTS

I. Dalton’s Law

PT = ΣPi ~ PN2 + PO2 + PAr + PH2O + PCO2

II. Ideal Gas Law

Pi = niRT/V  where R = 82.05 cm3 atm mol-1deg-1

III. Pi = Xi [PT - PH2O],  PH2O = (h/100) PH2O-Sat

IV. Henry’s Law

Pi = Hi [Ci] [Ci] = Pi/Hi

at equilibrium Pi (soln) = Pi (air)

Hi = f (T,S,P)
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EFFECT OF TEMPERATURE ON SOLUBILITY
OF GASES IN SEAWATER

Gas 0°C 25°C

He 1.8 nM 1.7 nM
Ne 7.9 6.6
Kr 4.0 2.3
Xe 0.6 0.4
N2 616 µM 383 µM
O2 349 206
Ar 17 10
N2O 14 6
CO2 20 9



EFFECT OF SALINITY ON SOLUBILITY OF GASES (0° C)

Gas Water Seawater
He 2.2 nM 1.8 nM
Ne 10 7.9
Kr 5.8 4.0
Xe 0.9 0.2
N2 823 µM 616 µM
O2 456 349
Ar 22 17
CO2 23 20



lnCi = A1 + A2 (100/T) + A3 ln(T/100) + A4 (T/100)
+ S[B1 + B2 (T/100) + B3 (T/100)2]

T is in °K

(see Hamme & Emerson [2004 DSR I] and Garcia & Gordon [1992, L&O] for improved coefficients 
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dCi/dt = A Di (dCi/dz)

Where:

A = area

Ci = concentration species i

Di = diffusion coefficient

Z = thickness of diffusion layer

Fick’s First Law



DIFFUSION COEFFICIENTS OF GASES

D (105 cm2 s-1)
Gas MW 0°C 24°C

He 4 2.0 4.0
Ne 20 1.4 2.8
N2 28 1.1 2.1
O2 32 1.2 2.3
Ar 40 0.8 1.5
CO2 44 1.0 1.9
N2O 44 1.0 2.0
Kr 84 0.7 1.4
Xe 131 0.7 1.4
Rn 222 0.7 1.4
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Combining Henry’s and Fick’s 
Laws:

dCi/dt = (A Di/τ Hi) [Pi (gas)  - (Pi (liquid)]

where:

τ = thickness of boundary layer



More simply: Fi = dCi/dt =kt ∆Ci

Where:

F    = flux (mol cm-2 s-1)

∆C  = change in concentration across interface (mol cm-3)
kt = transfer velocity (cm s-1)

= permeability coefficient
= mass transfer coefficient
= absorption coefficient
= exit coefficient
= piston velocity

k      Di/(τ Hi) for thin layer model∝









“Resistance” to Gas Exchange

1/kr = R = Rg+ Rl

Where:

kr = exchange coefficient (yes - yet another definition!)

R = Total resistance 

Rg= Resistance to transfer in gas boundary layer

Rl = Resistance to transfer in liquid boundary layer



For Reactive Gases (SO2, HNO3)

Rg » Rl

For Inert Gases (O2, CO2)

Rl » Rg

1/Kl = 1/klα (Cg/H – Cl)
(α = modifying factor allowing for contributions of 

reactions of gas in aqueous phase)

For most gases Rl most important
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Causes of Non-Reactive Gases Departing from Expected Solubility

1. Departures from Standard Atmosphere

2. Dissolution of Air Bubbles

3. Air Injection

4. Differential Heating and Gas Exchange

5. Mixing of Waters of Different Temperatures

6. Radiogenic or Primordial Addition



BUBBLE INJECTION EFFECTS

1. Less soluble gases become more enriched in bubbles

2. Diffusion coefficients are approximately double in
bubbles

3. Bubbles are pushed to depths of 20 m (Pt ~ 3 atm)

4. Air Injection- the total dissolution of the air in a bubble
due to hydrostatic pressure

Gas N2 O2 Ar CO2 Ne He Kr
∆% sat +7.7 +3.8 +3.5 +0.1 +11.6 +13.8 +1.8

From the total dissolution of a bubble (1 cm3) of air at STP
(15°C and S =35) in 1 m3





Hamme & Emerson, 2002
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% O2 sat = O2 obs/O2 sat x 100
AOU = O2 sat - O2 obs













METHODS OF MEASUREMENT
1. Direct measurement in solution

(O2). Winkler Method for Oxygen

A. MnSO4 + NaOH Fixing Agent

Mn2+ + 2 OH- → Mn(OH)2

2 Mn(OH)2 + O2 → 2 MnO(OH)2

B. Add KI, HCl and titrate with S2O3
2-

MnO(OH)2 + 4H+ + 2 I- → 

Mn2+ + I2 + 3H2O ,  I2 + I- → I3
-

I3
- + 2 S2O3

2- → 3 I- + S4O6
2-

2. Gas Chromatography (O2,N2,Ar,CO,CH4)

3. Mass Spectrometry (low or non-reactive gases)


