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Law of constant relative proportions (Marcet’s principle): the concentration ratio of major 
elements to each other or to the total salt content is a constant.

Seawater composition
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Major constituents of various rivers 
of the continents of the world
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Seawater composition
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Seawater composition

CO2(g) + H2O  H2CO3
H2CO3 H+ + HCO3

-

HCO3
-  H+ + CO3

2-

ΣCO2 = [H2CO3] + [HCO3
-] + [CO3

2-]
TA = 2 [CO3

2-] + [HCO3
-] + [B(OH)4

-]
NTA =  Normalized alkalinity = TA x 35/SP
SA = Specific alkalinity = TA/Cl

B(OH)3 + H2O  B(OH)4
- + H+

ΣB = [B(OH)3] + [B(OH)4
-] 

= 0.0007826 * SP (g/kg)
= 1.230 x 10-5 * SP (mol/kg-H2O)
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Seawater composition

SrSO4  Sr2+ + SO4
2-

celestite

Acantharians secrete celestite exoskeletons

From: Bernstein et al. Science (237) 1987. 6/31
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Seawater composition
(minor elements)

Element Speciation Concentration at SP = 35

Li Li+ 25 µmole kg-1

Rb Rb+ 1.4 µmole kg-1

Mo MoO4
2- 0.11 µmole kg-1

Cs Cs+ 2.2 nmole kg-1

Tl Tl+, TlClo or Tl(OH)3
o 60 pmole kg-1
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Seawater composition
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Seawater composition
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Definition of salinity and chlorinity
1901 (Knudsen): Salinity is defined as the weight of inorganic salts in one kilogram of 

seawater, when all bromides (and iodides) are replaced by an 
equivalent quantity of chlorides, and all carbonates are replaced by 
an equivalent quantity of oxides. 

The values of S‰ were determined by evaporating the seawater over 
5 days at temperatures up to 480°C.

1902 (International Commission chaired by Knudsen under the auspices of the 
International Council for the Exploration of the Sea (ICES)):

Chlorinity = Cl‰ = (WtAg x M.W. Cl)/M.W. Ag

where WtAg is the weight of silver needed to precipitate all the halides in 1 kg of seawater.
M.W. Cl and M.W. Ag are the atomic weights of chlorine and silver, respectively.

Hence, the chlorinity is the mass equivalent in chloride of the mass of halogens in 1 kg of 
seawater.

S‰ = 1.8050 Cl‰ + 0.030 

(from the analysis of 9 samples: Red Sea, North Atlantic, North Sea, 6 from the Baltic Sea)
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Definition of salinity and chlorinity
Between 1902 and 1937, the atomic weights of chlorine and silver were often revised 
following the development of more sophisticated instruments or the institution of new 
conventions (e.g., assigning a mass of 12.0000 to carbon-12). 

In order not to invalidate previously published hydrographic tables, in 1937, chlorinity
was redefined as:
mass of silver in grams required to precipitate the halogens in 0.3285234 kg of seawater

or Cl(‰) = 0.3285234 Ag(gram)

where Ag(‰) is the weight of silver in grams needed to precipitate all the halides in 1 kg 
of seawater

Although, officially, chlorinity superseded salinity to describe the salt content of 
seawater, the relationship obtained by Knudsen was still being (erroneously) used.

S‰ = 1.8050 Cl(‰) + 0.030 

The relationship between chlorinity and salinity was re-determined and, since 1969, it is 
given by:

S‰ = 1.80655 Cl(‰) (Unesco-1967)
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Ag+ + Cl-  AgCl(s) (colorless, white)     pKsp = 9.96
Ag+ + Br-  AgBr(s) (light yellow) pKsp = 12.4
Ag+ + I-  AgI(s) (orange) pKsp = 16
2Ag+ + CrO4

2- Ag2CrO4(s) (red brown) pKsp = 12.2

Chlorinity determination
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Standard seawater 
(a.k.a. Copenhagen Standard Seawater)

For reasons of compatibility between laboratories in the 
world, the International Commission established the 
Standard Sea Water Service. For more than six decades, the 
International Association for the Physical Sciences of 
Oceanography (IAPSO) has prepared and distributed 
seawater collected in the North Atlantic and diluted with 
distilled water to a chlorinity of approximately 19.374‰.
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Definition of salinity and chlorinity
In 1967, Cox et al. measured the conductivity ratio R15 of open ocean seawater at 
15°C and 1 standard atmosphere pressure relative to standards of known Cl(‰) 
and converted the resulting relationship to salinity using the Unesco-1967 
relationship.

S(‰) = 1.80655 Cl(‰)
S(‰) = 1.80655 x 0.3285234 Ag(‰)
S(‰) = -0.08996 + 28.29720 R15 + 12.80832 R15

2

- 10.67869 R15
3 + 5.98624 R15

4 – 1.32311 R15
5

where R15 is the ratio of the conductivity of a water sample to that of water having a 
chlorinity of exactly 19.3740‰

In 1975, this became the International Practical Salinity Scale (SP). Since the 
IPSS was strictly based on a relationship to the conductivity, a KCl solution 
(32.4352 g KCl/kg at 15°C) with the same conductivity as Standard Seawater was 
assigned a Practical Salinity (SP) of 35 and the ratio of the conductivity of a 
seawater sample to the KCl solution is referred to a K15. 

In 1985, the units (‰, ppt, psu) were dropped since the salinity and chlorinity do not 
represent ratios of anything tangible but are operational definitions.
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Definition of salinity
Given that the temperature scale and atomic weights of the elements were revised in 2005 
(IUPAC, 2005),  SCOR and IAPSO established Working Group 127 on the “Thermodynamics 
and Equation of State of Seawater” to arrive at a series of algorithms that incorporate our 
best knowledge of seawater thermodynamics.
They introduced the concept of Absolute Salinity (SA) over Practical Salinity (SP) because 
the thermodynamic properties of seawater are directly influenced by the mass of 
dissolved constituents (i.e., Absolute Salinity) whereas Practical Salinity depends on 
conductivity. Hence, Absolute Salinity is defined as the mass fraction of dissolved material 
in seawater and determined from the Reference Salinity (SR = 35.16504 g kg-1) computed 
from the Practical Salinity  (SP, PSS-78) derived from conductivity measurements. Thus,

SR = (35.16504 g kg-1/35) * SP

and the Absolute Salinity is given by
SA = SR + δSA (g kg-1)

where δSA is calculated from the density anomaly of the sample.
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Definition of salinity

From:  McDougall et al. (2009) Calculation of the Thermodynamic Properties of Seawater, IOCCP Report No. 
14, ICOP Publication Series no. 134. 19/31



Definition of salinity

δSA = Δρ/0.7519

where Δρ is the difference between the 
measured densities and the values 
determined from the equation of state 
of seawater.
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Physical procedures for the determination of 
seawater salinity: electrical conductivity 

Wheatstone bridge

Conductivity is very sensitive to temperature
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Physical procedures for the determination of 
seawater salinity: electrical conductivity 

In the early 1980’s, the International Practical  Salinity Scale (PSS-78) was 
redefined as:

Sp = 0.0080 – 0.1692 K15
0.5 + 25.3851 K15 + 14.0941 K15

1.5

- 7.0261 K15
2 + 2.7081 K15

2.5

where K15 is the ratio of the conductivity of a water sample to that of water having a 
practical salinity of exactly 35.000 or a KCl solution (32.4352 g KCl/kg) .

Inductive coil: The seawater sample 
serves as a conductive loop  between a 
primary and secondary coil to a toroidal 
transformer.
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Physical procedures for the determination of 
seawater salinity: electrical conductivity 

Since conductivity is pressure and 
temperature dependent, these are 
compensated for electronically.
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Physical procedures for the determination of 
seawater salinity: electrical conductivity 
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Physical procedures for the determination of 
seawater salinity: refraction index

Refraction index increases by 0.00002 per salinity unit.

Temperature-controlled 
interferometer +/- 0.01S

Ambient temperature
refractometer +/- 0.5S
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Physical procedures for the determination of 
seawater salinity: density

Knudsen’s pycnometer Stem hydrometers

Superseded by immersion hydrometers (a collapsible, negatively buoyant float) 
which could be pressurized until neutral buoyancy was attained, applied P α density.
Replaced by a hydrostatic float and magnetic float densimeters.
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Physical procedures for the determination of 
seawater salinity: density

Sketch of magnetic float densimeter
(A) Solution container; (B) magnetic float; 
(C) pull-down solenoid; (D) main solenoid; 
support and leveling platform.

Sketch of hydrostatic balance densimeter
(A) Magnetic stirrer; (B) glass float; (C) stirring motor; 
(D) Constant temperature bath; (E) Nickel thermometer; 
(F) Lucite plug; (G) Sample container; (H) Nylon wire; 
(I) Suspension hook; (J) Analytical balance.



Physical procedures for the determination of 
seawater salinity: density

Capable of measuring density to ± 0.000003,
if temperature can be maintained to ± 0.01°C.

density α 2ז

(dsample –dH2O) = k (2ז
sample - 2ז

H2O)

Unesco-1981
Γrel = d/(do)4°C

Γ = Γo + AS + BS1.5 + CS2

A = 8.24493x10-4 – 4.0899x10-7t + 7.6438x10-8t2
- 8.2467x10-10t3 + 5.3875x10-12t4

B = -5.72466x10-6 + 1.0227x10-7t – 1.6546x10-9t2
C = 4.83x10-7

Γo = 0.999842594 + 6.793932x10-5t 
-9.09529x10-6t2 + 1.001685x10-7t3
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Equation of State for Seawater 
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Physical properties of water and seawater: 
temperature of freezing and of maximum density

ΔTf ≈ -0.097 Cl, Tf = 0°C at Cl = 0
ΔTM ≈ -0.39 Cl, TM = 4°C at Cl = 0
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Preparation of artificial seawater
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