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8th of January 1873: Visit of the  King  (???) 
to HMS Challenger on her inaugural visit to Lisbon. 
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Robert Boyle (1674)
published  Observations and 

Experiments on the Saltiness of the Sea
George Forchammer (1865)

introduced the term salinity, S, for the total 
amount of dissolved salts in grams in one 
kilogram of seawater (g/kg, ‰).
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Chemistry 
Laboratory-
Salinity, carbonic acid and 
other chemical variables 
were measured.
Ag+ (aq) + Cl- (aq)       AgCl (s) 
Ag+ (aq) + Br- (aq)      AgBr (s)
Ag+ (aq) + I- (aq)        AgI (s)

Carbonic Acid Analysis 
Gas analysis began with an ingenious 
boiling device shown here. 
Evaporating gases could be trapped, 
as was carbonic acid, which was 
analyzed by chemical titration. 

M. Knudsen-S.Sørensen

CO2 + H2O         H2CO3

H2CO3 H+ + HCO3
-

HCO3
- H+ + CO3

2-
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Portugal possui a 3ª maior 
(1 727 408 km2 ) zona económica 
exclusiva da UE (11%).

Estudos de extensão da
plataforma continental irão
atribuir a Portugal a jurisdição
de novo território marítimo.

S. A. Arrhenius, Químico sueco (1859 –1927)
Teoria da Dissociação Electrolítica

Prémio Nobel da Química em 1903
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• Ag+ (aq) + Cl- (aq)             AgCl (s)

• Ag+ (aq) + Br- (aq)               AgBr (s)

• Ag+ (aq) + I- (aq)              AgI (s)

M. Knudsen-S. Sorensen
(0.04 ppm 0.1-0.2 ppm)
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Componente Composição
mol kg-1

NaCl
MgCl2

Na2SO4
KCl

CaCl2
….

0,4186
0,0596

0,02856
0,01
0,005
…

Salinidade
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Søren P. L. Sørensen, Químico Dinamarquês (1868-1939)
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Célula de Bjerrum
Pt , H2| Sol.(cH) | | Ponte salina | |0.1 mol dm-3 KCl | Hg2Cl2 (s),  Hg 

RT (cH)2

Lei empírica de Nernst E1 - E2= ─ ln ─
F (cH)1

M. F. Camões,  A century of pH Measurement 
Chemistry International, 32, 2 (1910)
pH measurement is often deceptively easy . . .
… pH measurement can also be exasperatingly difficult.
G. Mattock, 1963 

Parâmetros de Qualidade

Condutividade

Determinada através de condutímetros e usando uma 
água do mar de referência

K = A / R

Acidez / pH
O pH da uma água representa uma medida 
da sua acidez, que pode ser traduzida pela 
actividade dos iões hidrogénio (aH) livres em 
soluções

pH = - log (aH)

A condutividade eléctrica, K, de uma água permite avaliar o seu grau de mineralização
e o valor prático da salinidade, dada a relação existente entre o teor em sais
dissolvidos na água e a resistência, R, que ela oferece à passagem de corrente
eléctrica.

Método físico para medir a salinidade(1978), sendo esta, neste 
caso, uma grandeza adimensional.

Influência  no clima e reflexo dos  processos de 
troca do dióxido de carbono.
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Componente Composição
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1902- absolut salinity 
S= 0,03 + 1,805 (Cl)

1969- UNESCO-
S = 1,80655 (Cl)

Salinity 35 ‰ = Clorinity 19,374 ‰

1978- PSU, electrical conductivity relative to

a standard  seawater

Salinity is the saltiness or
dissolved salt content of a body of water 
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Mergulha-se a garrafa na água, tentando ao máximo evitar a 
entrada de ar. 

Fecha-se bem  para evitar a formação de bolhas de ar. 

Amostragem – Recolha de amostras

Composição iónica: Análise por CI

y = 574306x - 96563
R² = 0,9963
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F-

Padrões Solução mãe 
mista

Soluções Padrão

Determinação da composição iónica, catiões e 
aniões, em amostras previamente diluidas

Determinação dos Parâmetros de qualidade:
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SISTEMA CARBONATO OCEÂNICO
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pH =  − lg
𝑎H
𝑎

31

TA = [HCO3
−] + 2 [CO3

2-]

Variáveis de Caracterização do Sistema Carbonato Oceânico

DIC = CO =  [HCO ] + [CO ] + [CO ]

𝑝CO =
[CO ] 

𝐾

[CO ] = [CO  (aq)] + [H CO ]
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pH meter

pH(X)
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IUPAC Recommendations 2002
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PRIMARY MEASUREMENTS   - PRIMARY STANDARDS

Harned cell
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ACIDITY FUNCTION

Debye-Hückel/Bates-Guggenheim (I≤ 0.1 mol kg-1):

….uncertainty of 0.01
(95% confidence interval) in pH 
associated with the Bates–Guggenheim….
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Cause-effect diagram for pH Primary Measurement
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41SJRP-Brasil

E=E0’+ k pH 
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pH = 0.002 desired accuracy reflects the desire to measure changes in 
the CO2 content of sea water that allow the increases due to the burning 
of fossil fuels to be observed.(determined using pH glass electrodes)
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Pt, H2 |0.04 equim Tris-TrisHCl (PS) (ASW-NaCl,KCl,CaCl2,MgCl2,Na2SO4)| AgCl | Ag
(compensated Cl)
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Pt ,H2 | HCl, ASW (NaCl,KCl,CaCl2,MgCl2,Na2SO4)| AgCl| Ag
(I efective ≠ I formal)
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pmH

p(aH γCl)
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Ƴ± (Pitzer)
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ASSIGNMENT OF PRIMARY pH VALUES TO SALINE WATERS
Pt (Pt), H2 (g, 1atm) | H+(aq), Cl-(aq) | AgCl|Ag

Experimental: γ±
2

𝐸 = 𝐸Ag /AgCl
0 −

𝑅 𝑇

𝐹
ln 10 lg  𝒂𝐇±  𝒂𝐂𝐥− = 𝐸Ag /AgCl

0 −
𝑅 𝑇

𝐹
ln 10 [lg( 𝒎𝐇+ 𝒎𝐂𝐥−) + lg ( 𝜸𝐇+  𝜸𝐂𝐥−)] 

γ±

γH+

γCl-

Pitzer: γ±
2 = γH+ γCl-

=

(25ºC)
0.01 mol kg-1 HCl

+

0.66 mol kg-1

NaCl

(0.46 mol kg-1 NaCl 

+ 0.01 mol kg-1 KCl 

+ 0.01 mol kg-1 CaCl2 

+ 0.05 mol kg-1 

MgCl2)

(0.43 mol kg-1 NaCl 

+ 0.01 mol kg-1 KCl 

+ 0.01 mol kg-1 CaCl2 

+ 0.05 mol kg-1 MgCl2

+ 0.029 mol kg-1 Na2SO4)

ASW

γ± Exp 0.737 ± 0.002 0.727  ± 0.003                  
γ±Pitzer 0.736 0.734                           

γH+ ; γCl- ......................... .................................................

0.01 mol kg-1 HCl + NaCl

515151
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Mean Gama for 0.01HCl&NaCl&Na2S04
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Comparison of γ± estimated experimental and by Pitzer model

Measurement uncertainty: Kragten numerical method checked for function linearity

Measurement results are
Metrologically compatible
for 95% confidence level

“…the evaluation of the uncertainty of the pH in complex seawater matrix 
(mathematical model, list of main sources, their evaluation and their propagation)…”
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MCM método com 10010 iteraçõess 

Comparação de  γ± estimado experimentalmente usando  
os métodos de Kragten ou simulação  de Monte Carlo
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Multiple seawater pH definitions yield a pH range ˃50x         
greater than 0.002 pH target uncertainty for climate studies.
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• Uncertainty evaluation of alkalinity measurements on seawater samples
Bárbara Anes; Ricardo J.N.Bettencourt daSilva; Cristina Oliveira; M.Filomena Camões, Measurement 129 
(2018) 395-404, Doi: 10.1016/j.measurement.2018.07.042
• Seawater pH measurements with a combination glass electrode and high ionic strength TRIS-TRIS 

HCl reference buffers - An uncertainty evaluation approach, Anes, B (Anes, Barbara); da Silva, 
RJNB (Bettencourt da Silva, Ricardo J. N.); Oliveira, C (Oliveira, Cristina); Camoes, MF (Filomena Camoes, 
M.), TALANTA, 193 (2019) 118-22 DOI: 10.1016/j.talanta.2018.09.075.

11-10-2019 IAPWS Annual Meeting, 2019, Banff, Canada 62
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6 solutions of TRIS-TRIS HCl in ASW prepared independently
in different laboratories (NMIs)

pHT = − lg  𝑚H+ + 𝑚HSO4
− = − lg 𝑚H+ 1 + 𝛽HSO4

−𝑚
SO4

2−

kg of seawater

HI- (aq) ⇄ H+(aq) + I2- (aq)

𝐾Ind =  
H I

HI
pH = p𝐾Ind + lg 

I

HI

= 434 nm (Acid form, HI )
 = 578 nm (Basic form, I ) 

m-cresol indicator

LNE PTB
pH

(primary method)
8.322 8.288

pHT

(spectrophotometric)
8.092 8.098

Andrew G Dickson (1993) 

Spectrophotometric measurements (pHT)

6311-10-2019 IAPWS Annual Meeting, 2019, Banff, Canada

11-10-2019 IAPWS Annual Meeting, 2019, Banff, Canada 64

ISO 18191:2015(en)
Water quality — Determination of pHt in sea water —
Method using the indicator dye m-cresol purple

pHt = -lg [H+]t

The total hydrogen ion concentration

[H+]t  =[H+]F (1+ ST/KS) ≈ [H+] + [HSO4
-]          

is expressed as moles per kilogram of sea water

The method is suitable for assaying oceanic levels of pHt 7.4 to 8.2 
for normal sea water of practical salinity ranging from 20 to 40
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4.3.1 “average marine acidity (pH) measured at an agreed suite of representative sampling stations”

Methodology for measuring marine acidity recognized by United Nations
A methodology to measure marine acidity will help keep track of national efforts to combat ocean 
acidification as countries fasten their pace to implement the UN Sustainable Development Goals.
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A unified pH scale for all solvents 
Meaning and assessment of pH in solvents other than water

Values of pHs = − lg 𝑎H , are related through the proton Gibbs free energy of transfer between solvents:

µ= δG/ δn = µ° + R T ln a     𝜇 H = 𝜇 H + 𝑅 𝑇 ln 𝑎 H+ = 𝜇 H − 𝑅 𝑇 ln 10 × pHS

Concept of a unified Brønsted acidity scale pHabs, defined on the basis of the chemical potential of the proton, 𝜇(H )

ΔG = −We = − n F E

Indicator electrode (Ind1) │ Solution 1 (S1) │ Bridge solution (B) │ Solution 2 (S2) │ Indicator electrode 2 (Ind2)

∆𝐸 = 𝐸 Ind2 − 𝐸 Ind1 = −
𝑅𝑇ln10

𝐹
pH S2 − pH(S1)

∆𝐸 = ∆𝐸measured + ∆𝐸j B, S1 − ∆𝐸j(B, S2)
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1902- absolut salinity 
S= 0,03 + 1,805 (Cl)

1969- UNESCO-
S = 1,80655 (Cl)

Salinity 35 ‰ = Clorinity 19,374 ‰

1978- PSU, electrical conductivity relative to

a standard  seawater

Salinity is the saltiness or
dissolved salt content of a body of water 
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8th of January 1873: King Luiz I visited HMS
Challenger on her inaugural visit to Lisbon. The first
oceanographic ship was made by the order of Queen
Victoria of Great Britain, under the strong
recommendations of the Portuguese Scientist José
Vicente Barbosa du Bocage. The Challenger was
equipped with laboratories took on board six scientists
who represent the dawn of the scientific disciplines
Oceanographic Biology, Chemistry, Geology and
Physics. It is most probable that Prince Carlos, 9 years
old at the time, accompanied his father on the visit
which may have triggered the Prince’s passion for the
Sea and a wealth of scientific developments.
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