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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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¢CAE 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, %o).

11/10/2019




11-10-2019

r o)
C =

Quimica Estrutural

-

c?CQE

Quimica Estrutural

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.
CO,+H,0s H,CO,
H,CO, s  H"+HCO;y
HCO; s  H'+CO>
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W Chemistry Qe
il Laboratory-

Salinity, carbonic acid and

'\§ other chemical variables
L' were measured.

W Act (ag) + CI'(aq) s AgCl (s)
| Agt (aq) + Br (aq= AgBr (s)

Agt(aq) +T (aq) = Agl(s)
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. ogagﬁ Z 4.000.000 km?* °

Portugal possui a 3* maior
(1727 408 km?) zona econémica
exclusiva da UE (11%).

11/10/2019 13

3 ~
oL

S. A. Arrhenius, Quimico sueco (1859 —1927)

Teoria da Dissociacao Electrolitica

Prémio Nobel da Quimica em 1903
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- Ag+ (aq) + Cl- (aq) ‘: AgCl (s)
* Ag+ (aq) + Br- (aq) ': AgBr (s) .

- Ag+(aq) +I- (aq) ': Agl (s)

M. Knudsen-S. Sorensen
(0.04 ppm 0.1-0.2 ppm)
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Salinidade
Componente Composicgao
mol kg
NaCl 0,4186
MgCl, 0,0596
Na,SO, 0,02856
KCI 0,01
CaCl, 0,005
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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.

CO,+H,05
H,CO, s
HCO; s
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Wt Chemistry
Laboratory-

Salinity, carbonic acid and
H\§ other chemical variables

' were measured.

. Agt (aq) + Cl- (aq) s AgCl (s)

i Agt (aq) + Br(aq= AgBr (s)
Agt (aq) + I (aq) = Agl (s)

=4 V. Knudsen-S.Sorensen

H,CO,
H* + HCO;-
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It started with beer

Carlsberg brewery Copenhagen 1909

5.P.L. Serensen proposedthe name
pH "Fotentia Hydrogenii® as a measure of the
Hvdrogenion concentration in aguscus solutions

pH=-lgecy

!
pH =—1g@9

PH is a measure of activity!

A century of pH Measurements
MF Camdbes,

Chemistry International, Vol 32, n* 2. March -April 2010, pages 3-7
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Célula de Bjerrum
Pt, H,| Sol.(cy) | | Ponte salina | [0.1 mol dm KCl1 | Hg,Cl, (s), Hg

RT  (cHQ2
Lei empirica de Nernst E,- E,= — In —
F  (cH)]

M. F. Camoes, 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
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v'Condutividade

A condutividade eléctrica, K, de uma agua permite avaliar o seu grau de mineralizagdo
e o valor prédtico da salinidade, dada a relagdo existente entre o teor em sais
dissolvidos na agua e a resisténcia, R, que ela oferece a passagem de corrente
eléctrica.
Determinada através de condutimetros e usando uma
agua do mar de referéncia

K=A/R

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

v'Acidez / pH

O pH da uma agua representa uma medida
da sua acidez, que pode ser traduzida pela
actividade dos iGes hidrogénio (a,) livres em
solugdes

Influéncia no clima e reflexo dos processos de

pH =-log (a;) troca do diéxido de carbono.

11/10/2019
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Salinidade

Componente Composicao

mol kg

NaCl 0,4186

MgCl, 0,0596
Na,SO, 0,02856

KCI 0,01
CaCl, 0,005
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/ is the saltiness or
ed salt content of a body of water

1902- absolut salinity
S$=0,03 + 1,805 (Cl)

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

Salinity 35 %o = Clorinity 19,374 %o

1978- PSU, electrical conductivity relative to
a standard seawater
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doggﬁ Amostragem — Recolha de amostras

Mergulha-se a garrafa na agua, tentando ao maximo evitar a
entrada de ar.

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

Determinacgao dos Parametros de qualidade: F
o P . yye 2.50E+05
v Composigdo ionica: Andlise por CI
8 g 2.00E+05
8 1.50E+05
0 : :
@ =< 1.00E+05
Q @ —) —) i i — < o0tr08 y=5;fi%s’;s; éssss
g 0.00E+00 T T ]
0.00 0.20 0.40 0.60
Padrdes Soluga?o mae Soluges Padrio Concentragdo (mg/L)
mista
Determinacao da composicao idnica, catides € >
naozos | anides, em amostras previamente diluidas z
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Figare A

c grame of a calibration eurve for anions, analysing Hi-Vol
Whatman 41% filters.

11/10/2019 mfcamoes@fc.ul.pt

28




11-10-2019

TEOS-10

Thermodynamic Equation Of Seawater - 2010

oW

This site is the official source of information about the Thermodynamic Equation Of Seawater - 2010
Publications N\ (TEOS-10), and the way in which it should be used.
Software
Educational ¢ ; ~ TEOS-10 is based on a Gibbs function formulation from which all thermodynamic properties of
resources i 5 seawater (density, enthalpy, entropy sound speed, etc.) can be derived in a thermodynamically
JCS news i . consistent manner. TEOS-10 was adopted by the Intergovernmental Oceanographic Commission at

About ICS L ™ its 25th Assembly in June 2009 to replace EQS-80 as the official description of seawater and ice

About WG127 properties in marine science.

Contact us
A significant change compared with past practice is that TEOS-10 uses Absolute Salinity Sy (mass
fraction of salt In seawater) as opposed to Practical Salinity Sp (which is essentially a measure of the
conductivity of seawater) to describe the salt content of seawater. Ocean salinities now have units of
g/kg.

Absolute Salinity (g/kg) is an SI unit of concentration. The thermodynamic properties of seawater,
such as density and enthalpy, are now correctly expressed as functions of Absolute Salinity rather
than being functions of the conductivity of seawater. Spatial variations of the composition of
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K,
= = +
} /—*/503 (ag) +H,0 = A:ﬁ’jﬂ = HMS.?‘,%_: H Maior concentracio de ides HCOy
~ ] Maior disponibilidade de ides H livres

9

- em soluciio

K, o . .
Parte dos ides H livres em solugio
- 2- +
HCO; "_ig)g.ln +H reagem com o iio CO,* formando
também HCO;

*

COJZ' +Caltg2 CaCo, Menor disponibilidade de ides CO,>

Carbonato .
de cilclo Alteragdes no equilibrio de

organismos marinhos sy s solubilidade do CaCO, fundamental &
no fundo do mar z g . constitui¢iio de grande parte dos
ik organismos marinhos

Decompos
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Variaveis de Caracterizacao do Sistema Carbonato Oceanico

[

- / TA = [HCO3 ] +2 [CO*] /

3

DIC = Zco2 = [HCO, ]+ [CO5%] +

[CO;] = [CO; (aq)] + [H,CO3]
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pH meter
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IUPAC Recommendations 2002

Measurement of pH. Definition, standards, and procedures

By: Buck, RP (Buck, RP); Rondinini, S (Rondinini, S); Covington, AK (Covington, AK); Baucke, FGK (Baucke, FGK); Brett, CMA (Brett, CMA); Camoes, MF
(Camoes MF): Milton MJT (Milton MJTY: Mussini, T (Mussini, T); Naumann, R (Naumann, R); Pratt, KW (Pratt, KW)

PURE AND APPLIED CHEMISTRY

Volume: 74 Issue: 11 Pages: 2169-2200

DOI: 10.1351/pac200274112169

Published: NOV 2002

e uncertainties for the primary method, and for all subsequent measurements, permits the uncertainties for al| procedures to be linked to the primary
standards by an unbroken chain of comparisons. Thus, a rational choice can be made by the analyst of the appropriate procedure to achieve the target
ncertainty of sample pH

11/10/2019
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sample Test laboratory /

Test laboratory
Xg CALIBRATION PROCEDURE
: 0 +
pH(SI =4,0120,02
Certified ready-to-use* buffer

\wm\lm Tavel ! ! Macrasduret |
\  mwousecaueration |6 i@ y /

P S s

i T 1 =
> PH(S) 4,008£0.003  4,010+0.003 4,01£0.01 5
- C
o | Certified secondary reference [=
m materialisolution =
{h Secondary level Calibration servce §
Q |
< 72}
x @a
= )

PH(PS)=4.004 + 0,002
Primary reference material

Primary = i
Tevel ﬁ!
=

ccom 1upac |
Internationally agreed primary |
measurement procedure |

11/10/2019
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PRIMARY MEASUREMENTS - PRIMARY STANDARDS

Pt [H2| H™ buffer S, CI” (m¢-) |AgCl| Ag
RT

. RT
E=F —T2.303 lg(mH+ Mer- Yyt yCl_)

11/10/2019 35
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ACIDITY FUNCTION
E- E°

[SILEY

P(a|17c|)+Lg7C|= -lg ay = pay = pH

—lg(an-yc-) = p(as+ycr-) = + 1g(mer-)

Debye-Hiickel/Bates-Fuggenheim (I 0.1 mol kg™):

—AVI ....uncertainty of 0.01
0 . .
Ig(ya-) = ———= (95% confidence interval) in pH
1+ 1.5V1
. associated with the Bates—Guggenheim....

11/10/2019 36
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KBS pH Standards

Solution composition pH(S)
(molalicy) at 25 °C
Primary Standards:*
potassium hydrogen tartrate
(KHC,H, 0y, sat'd. at 25 *C) 3.557
(VME M, 0, , 0.01 ) 3.630
potassium dihydrogen citrate
(KH,CgHy0,, 0.05 g) 1.776
potassium hvdrozen ohthalate
(KHC,H,0,, 0.05 @) 4.006
potassium dihydrogen phosphate/
disodiua hydrogen phosphate
(KH; PO, , 0.025 g + NayHPO,, 0.025 g) 6.863
(KH, PO, , 0.0087 g + Na,HPO,, 0.0304 g) 7.410
sodium tetraborate decahydrate, (borax)
(HayB,0; 10110, 0.01 m) 2.180
sodium bicarbonate/sodium carbonate
(NaHCO,, 0.025 g + Na;CO,, 0.025 @) 10.010
11/10/2019 37
F o-i'_fi
C dCQE
"'Quimn:a Estrutural
E T F R Yo
s t: P t:\ \\ B—G convention
Y \ C\_ or
Stabilty Stxhil'rly\.\ \\\ \ PFitzer parameters
\ - oH
KCl mass
Mea suremen
It ggi
Solution mas: S =L
my- Pz Extrapolation of pa

Cause-effect diagram for pH Primary Measurement

11/10/2019
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E'=f(E. T. pm. muc1, AAg/AgCl)

“f#ﬁ”%’fﬁ”}’fﬂ;“%}sf Qi A3 200
a1 =1; a;=0,00081; a;=1.30E-07; ;4= 35.14; n5=1

plagyer) =f (E, E', T, pry, mcy.. AAg/AgCl)

= 22 2ar2 24,2 292 20,2 2442
u.:-Yfc;ll.!"E+a::e£ﬂ+a3:fr+r:4upm+a_;umq+aﬁuig:ﬁgm
a=169; a=16.9; a3=0.031; ay= 2 20E-06; a;=86.86; as= 169
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Metrological traceability
for pH measurement results
= Harned
% o"‘@\\) cell —
X
© e
3 wsé‘g“‘:\\f»"‘“@
S || uepmis) Primary .aoc\)
= o:gos Standard "q(/glP
3 770y, | Celt with
8’ liguid
° junction
= < ,‘;\0"3
oSS
% HeipHis) }\[ Secondary *‘-’%\e)o“c'é\
00040011 PH(S) | standard [*% 04(,6,
/?4770
\@4 pH glass
,\0\\1’5\ electrode
e N
u, sé‘g““\oe“a\“
3 pH(sample) P
0.02 i sample &
Result
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Potencial (mV)

150

100
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de Material de Referéncia

E=E"+ k pH

Emgpes

Proparas de K

2,0 40 6.0 \EU 100 120

¥=-55,15%+374,0 ¥

pH

Ravireabilidade Metroldgica

O valor cenl

Jo posain rasreshihdsde merakiges prrmtds srres ds casewrrachs A MR

de medigio Jde ph fo 1
0 de mediglo de ph] da o

~rrrracky e
nisher

Finalidade de uso

\-.-u' tern wam ulilizegho destinada & calibeagho de

2
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Marine Chemisiry s (2011) soc—oex

Contents lists available at ScienceDirect

Marine Chemistry

journsl page: www. elsavier loeat

pH of seawater

G.M. Marion **, EJ. Millero®, M.F. Cames®, P. Spitzer , R. Feistel ¢, C-T.A Chen"
st Resarch I 215 Raggio Py, e, NV, 512, USA

 ResenstielSchol, Universty of i, Miami P, USA

< Unversyof Labon,Lsber, Por

 hyskalich-Techiche Bundesansis, Burschwe, Germany

 lebniz st ur Csteerchum, Warmeminde. Germary

* Natora Sun Yat-Sen Unive iy Tawan, ROC

ABSTRACT

A important property  Biochemical properties such
s chemics o biological oxiciy. uptake of ossil fuel
O, into the oceans, 3 decrease in pH i important to consider at this time. Un forunately, many different
methods

1)brief
exarmine the concept of pH as it was intraduced. and developed. up 1o the current scientific developments,
assumptions, and recommendations, (2) critically assess the various approaches that different scientific
for pH, talancing their (3) compare measuring vs. modeling.

PH. and (4) issue recommendations on an optimized approach or approaches for pH.
highly variable, which Ieads to
highly variable estimates of pH. For example,for seawater at $x—135.165 g/(ke soln), =25 °C,P=10 atm, and

pH = 0.002 desired accuracy reflects the desire to measure changes in
the CO, content of sea water that allow the increases due to the burning
of fossil fuels to be observed.(determined using pH glass electrodes)

Modeling can,in principle, lead more accurste

with two Pitzer models for nanural waters made up of the major components of seawater. But this principle stil
needs to be proven: (6) It i recommended tha ocean scientits use the free concentration of Sctivity of the
Protan to cxamine the effect of pH on processes in the oceans.

©2011 Bsevier BV, Al rights reserved.
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Metrology of Ocean Salinity and Acidity

RIgisNergsl Ocean Metrology
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BV, Nemzer, 4.G. Dickson / Marine Chemistry 96 (2(K)5) 237-242

wolutions

 each of buffer were
n in Table 1. All the salts
2, MgCl, CaCla) were
wrified further by recrys-
gCl, and CaCls were used
been assaved by titration
i accuracy of better than
a stock solution prepared
and assayed coulometri-
etter than 0.02%. The Tris
1% (trishydroxyaminome-

111072019 3 cher Scientific Corpora-

Tahle 1
Nominal composition of equmolal (0.04 molkg-H:0 Tris+0.04
molkg-H,0 Tris-HCI) Tris buffer in synthetic seawater of salinity

35

Component  Concentration Concentration Weight (g) in
(molkg-H.0)  (molkg-soln) 1 kg solution®

WaCl 0.38762° 037087 21.6884

Na, 50, 0.02927 0.02801 3.9808

Kl 0.01058 0.01012 0.7551

MeCl 0.05474 0.05238 -

CaCly 0.01073 0.01029 -

Tris 0.08000 0.07654 92748

HCI 0.04000 0.03827 ~

® Weights in air at sea level (i.e, not comected to mass). If a
weight is not given, the component is added as the appropriate
amount of a calibrated solution.

® m(NaCDH=0.42762 —0.04 molkg-H;0. i.e. replacing NaCl with
H(I.
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Pt, H,

0.04 equim Tris-TrisHCI (PS) (ASW-NaCl,KCl,CaCl,,MgCl, Na,SO,)| AgCl | Ag
o T (compensated Cl)
E=E ——2.303 [lglmy+yy+ Yar) + 1§ ma-]

E-E
Pay¥ar =t 18 Mo
BT 2.303

Pay+¥a- = pag+ — 1g vor-

g
2
8

pmy+ = pag+ + 1gyy+

E &
H

-lgab Y HET)
t-

8.200
8200
200
2000
8000 10 15 bl 2 0 35 a0
1 15 n 5 £l 5 ' ——pH de] Tris- Tris HCl em Agua
o Tri-Fris HEl om Agua T Tris il om ASWY —a—pH (ghass e} ris- Trs HCl em ASW
11/10/2019 45
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Pt H, | HCl, ASW (NaCL,KCLCaCl,,MgCl,Na,S0,)| AgCl| Ag
(1 efective #1 formal)

xR >
E=E —?2.303 lg(my+ me- y4.°)

my+ Elvs.T

My+ + Myso,~ = Myg

Myso,~ T Mgg,2~ = Mna,s0, /’_—_'

My+ Mg -

Mys0,~ [ HCHNaCHKCIHCaClwMgChoNa;0; | oo ‘__“_‘H__‘_’

15¢eC 25eC 352eC
mH' 0,00585301| 0,00494359| 0,00416775| %
m HSO, 0,0041803| 0,00508972| 0,00586556
mS0,~ | 0,02506618| 0,02415676| 0,02338092
Ka 0,03509617| 0,0234632| 0,01661321

Ka.yt | 002582727 |J0I0N718088| 0,01201966

Ka =

10 15 B3 s 0 35 o

——HCIA NI~ HCle NaIoN22504 HCIe NaCle KCIo €22+ Mgl —=—HClo NaCle KEL + CaCI2 + M3CI2 + Na2504
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Pt| H, (g,1atm) |Tris+TrisHCI 0.04 equim, H,O/ASW| AgCl, Ag

0 RT
E= EAg,AgCl —(71n10J Ig (aH+ aCl‘)
) RT 2
E= EAg,AgCl [ 7 IHIOJ Ig (mH+ me - yi)

v

=E, (E )[lngl_+21g(y )] [
Ag,AgCl F F
*
o (RT ] | EXPERIMENTALLY
= — m ASSESSED
AgAecl \F el mar- rer ) Pitzer
o RT
= AgAGC] (? lnIO) [lgmHJr +1g ( A+ }/Cl_)]
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mer- 3\
Tema
T >
B 3
Puyo 3\
y . y o N >yiExp
E*® 4 poles. »/
my
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T ” g eq 5
P g Latitude
Piolusion E Elevation
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Eq. (12).

Potentially this approach could be extended to higher concentrations (e.g.,
seawater at I = 0.72 m) by usmng the Pitzer equations for defining activity coefficients at
higher concentrations:

h(;’:‘-‘:): -_.EF+ zmr{EBc_i' x ZC(.‘;‘ )+ Ema {2(:31@ + Ejn(‘PrJ;a }

+3 T mm o+ TEmm, o+ 25 m, Ay + T Y mm,

e ta - ea X n eoneX

an

where B, C, @. ¥, . and C are Pitzer-equation interaction parameters (Pitzer. 1991, 1995)
among cations (), anions(a), and neutral species(n), m; is the molal concentration, and F
and Z are equation functions .

11/10/2019 49

C B=et=

Quimica Estrutural

1/2
Y+ = (Yu+ Yarr)

Y (Pitzer)

Iy, =z, F+ym| 2B, +ZG)+Y m2D+>m¥,

Y+ (Pitzer)

P 2GSl S,
Y, (Pitzer)
Iny, = 225 | F+(,, /V)Zma[ 2B, +ZG, +2Avy /v, )X, ]+

/MY m[2B, +ZC,+2(v,, /v )M, |
11/10/2019 < 50




11-10-2019

F )

Qu:mica Estrutural

ASSIGNMENT OF PRIMARY pH VALUES TO SALINE WATERS
Pt (Pt), H, (g, 1atm) | H'(aq), Cl(aq) | AgCl|Ag

0 RT o RT
E = Eng/agal — (Tln 10) lg(ay: ac-) = Efg/aga — (Tln 10) [lg(my+ mg-) +1g (yu+ va-)l

0.01 mol kg HCI + NaCl

0

Vi om 8
033
0.80

(%5 a ) A
0.70 - )
063 -
oo 0 02 04 0.6 08
I molkg ! H,0
L3y T L2y oy 0.66 mol kg'! : kg'! NaCl (0.43 mol kg NaCl
Pitzer b Exp (25°C) NaCl y g +0.01 mol kg K
0.01 mol kg HCI ! e +0.01 mol kg
Vpitzer 52 & g +0.05 mol kg MgC
ot +0.029 mol kg’
0.85
0.80 -
078 . o
o a b4 I 0.737+0.002  0.727 +0.003
065 0.734
0.60
o 02 08

04 0.6
I molkg™* H,0
Y =yut Ve
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Mean Gama for 0.01HCI& NaCl&Na2S04

& | 8 |t 0 £ F G H | J

K L n [ o 3 a3
Folha pronta para qualquer determinagio de vt experimental a 25 2C

Detsminaton o E-sopa 1 I T T T W
nsu:m

-EE
m—m zsmmi_m______
_ Wﬂm_______

_ am:um_____
DU oosusl  ooosess| ool opoets

ﬂm nmlf"" G5 —-——— mﬁws_——

EICEIE] 2sooores| 250007350

Eaiibraqao,AC\DA,lnceﬂeza p.. X3 Calibragdo_BASICA Incerteza._. X¥ Mean Gama for 0.01HCI&
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“...the evaluation of the uncertainty of the pH in complex seawater matrix
(mathematical model, list of main sources, their evaluation and their propagation)...”

Comparison of y+ estimated experimental and by Pitzer model

Measurement uncertainty: Kragten numerical method checked for function linearity

Comparison of yt (Exp. vs. Pitzer)
o7 Measurement results are
oz, Conditions Metrologically compatible

mMy,: (9.3440.34) mmol kg™
mey: (672.4¢1.0) mmol kg™ for 95% confidence level

075 My, (663.09£0.98) mmol kg™
074 0.7588£0,0050) fork=2and cl. ~95%
for k=2 and cl.~95%
on [U=13%] Temperature: (25.00+0.03) °C
07
on (0.745:0014)
07 fork=2and cl.~95%
b [U'=3.7%]
068
y#{Pitzer) v(Exp)
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Comparacio de v, estimado experimentalmente upgdiSsaie
os métodos de Kragten ou simulacdo de Monte Carlo

MCM método com 10010 iteracoess

Conditions:
m,,:(9.3340.34) mmol kg*
Mgyt (672.421.0) mmal kg?
" My, (663.09£0.98) mmol kg*
for k=2 and c.I, “95%

Temperature: (25.00£0.03) #C

#5th percentil |
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Assessment of H" in complex aqueous solutions approaching seawater

Filomena Camdes **, Birbara Anes . Hugo Martins %, Cristina Oliveira ®, Paola Fisicaro*,

®
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Multiple seawater pH definitions yield a pH range >50x
greater than 0.002 pH target uncertainty for climate studies.

lonic Strength  “pH”’

pH scale Definition of “pH” ocilkg? e ie
NIST SRMs ~log,, a(H*) <01 8.332
Free ~log,q c(H*) 0.4-0.9 8.195
Total -log, Z[c(H*) + c(HSO,7)] 0.4-0.9 8.087

Seawater  -log,, Z[c(H*) + c¢(HSO,") + c(HF)] 0.4-0.9 8.078
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PH

Certificate of Analysis i e wie
pH reference material (tris buffer in synthetic seawater)
Batch 10 (Bottled on August 3, 2011)

Analysis Results
The pH

H*
P“="°=w(m]

was determined on the total hydrogen ion scale using a hydrogen / silver - silver
chloride cell (DelValls & Dickson, 1998). Two separate samples were measured in
triplicate, on bvo different dates

( The pH estimated was 80924 +0.0004 (6;2)

The cited uncertainty represents the standard deviation. Figures in parentheses are the
numhar af analvese mada (tatal numher of analvese: nimher of cenarate hattles

Depth (m)

.

T
3000 : i 4
:
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6: Cgﬁ « Metrological challenges for measurements of key climatological observables: QOceanic salinity and pH,
' and atmospheric humidity. Part 3: Seawater pH, Dickson, A. G_; Camoes, M.F_; Spitzer, P, Eisicaro, P.,

Stoica, D.; Pawlowicz, R. ; Feistel, R, METROLOGIA, 53, 1 (2016) R26-R39 DOI: 10.1088/0026-
1394/53/1/R26

+ pH of seawater, G.M. Marion, F.J. Millero, M.F. Camdes, P. Spitzer, R. Feistel, C-T A. Chen, Marine
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assessment of seawater pH™ Accred Qual Assur (2016) 21: 1.
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Spitzer “Assessment of H* in complex aqueous solutions approaching seawater”, Journal of
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* Uncertainty evaluation of alkalinity measurements on seawater samples
Barbara Anes; Ricardo J.N.Bettencourt daSilva; Cristina Oliveira; M.Filomena Camdes, 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
HCI reference buffers - An uncertainty evaluation approach, Anes, B (Anes, Barbara); da Silva
RINB (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.
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F C o..' ) MEASUREMENTS IN SEAWATER

pH = —lgay+ pHT = —1g(m"y+ + myso;)
(E-E) .

7 ) " E—E) _
®TI10/F) *'“g(”:%)* log(yar) ‘:g“"ﬁ '*% P = R Tm07m T %8 (%)" loglwit,0)
e,

i 1
I L
Primary standard in y&"’ "\i”

. P — "\| Primary standard in
Artificial Seawater o« Artificlal Seawater
PH(PS) " CELL WITH ol P8)
% LIQUID JUNCTION d-*’

%, :
"
s |y

phi =

METROLOGICAL TRACEABILITY

oy e
Y
a-,'qg%
Y,
oy
Secondary standard I“'yﬂ S Ne‘,?‘ Secondary standard
m inAmﬁl;l'al Seawater m—uss\ | In Artificial Seawater
phEs) ey ELECTRODES O PHT(SS)

PIN
%h‘%\ [ {‘.})ﬁ
o el P
Seawater Sampk l"’f %ﬁt Seawater Sampl
= eawater Sample eawater Sample
pH (SW sample) ’w"o —_— h\?* pHT (SW sample) m

Ig f;y = pHT — pH
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Spectrophotometric measurements (pHT) » m-cresol indicator

Andrew G Dickson (1993)

()= =1 my-+ s = =1 g (14 s msc- |

kg of seawater

o0
¢CQE
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6 solutions of TRIS-TRIS HCI in ASW prepared independently

in different laboratories (NMIs)

[1*7]

HI" (aq) @ H'(aq) + I*" (aq)
pHT = PKlndz +1g m

08 .
i

—_—

HI

[H*][1*7]
[HI7]

Ind, =

5o : i . pH
T = : . 8.322 8.288
ol 5 )= 434 nm (Acid form, HI") ‘ (primary method)
= ~ 2- ; :r:m-—..::f ; pH;
: A =578 nm (Basic form, 1°7) (spectrophotometric) 8.092 8.098
0 = |
700 | '\.‘
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ISO 18191:2015(en)
Water quality — Determination of pH, in sea water —

Method using the indicator dye m-cresol purple

pH, = -lg [H];

The total hydrogen ion concentration
[H], =[H™]g (1+ S1/Ks) = [H'] + [HSO, ]
1s expressed as moles per kilogram of sea water

The method is suitable for assaying oceanic levels of pH, 7.4 to 8.2
for normal sea water of practical salinity ranging from 20 to 40
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SDG 14 TARGETS:

14.1 By 2025, prevent and significantly reduce marine pollution of all
o kinds
qugm%mé BEI_UW WATER 14.2 By 2020, sustainably manage and protect marine and coastal
ecosystems to avoid significant adverse impacts

14.3 Minimize and address the impacts of ocean acidification, including
through enhanced scientific cooperation at all levels

14.4: By 2020, effectively regulate harvesting and end overfishing,
illegal, unreported and unregulated fishing and destructive fishing
practices

14.5: By 2020, conserve at least 10 per cent of coastal and marine areas

14.6 By 2020, prohibit certain forms of fisheries subsidies which
contribute to overcapacity and overfishing, eliminate subsidies that
contribute to illegal, unreported and unregulated fishing

ggagfgﬁagh% NEREUS 14.7 By 2030, increase the economic benefits to Small Island developing

G_,u,ﬁ S PROGRAM States and least developed countries from the sustainable use of marine
'AL . ” resources

™
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Open ocean sites show current levels
of acidity have increased by 26 per cent

REDUGE UGE AN AGIDIFIG A"[)N since the start of the Industrial Revolution

Minimize and address the impacts of ocean . g
acidification, including through enhanced scientific
cooperation at all levels.

C

o-D
dCQE

Quimica Estrutural

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.

At the 51st IOC Executive Council meeting in July 2018, the IAEG-SDGs formally accepted

a methodology for SDG indicator 14.3 as a Tier |l indicator.

IOC-UNESCO developed the global framework for measuring and collecting data on

marine pH with the support of the ocean acidification scientific community.
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] Gaseous Reference State

. 0 ‘ H for Absolute Acidity
CQE Lo @ [metrig=0umer
I I I I wcibw @

Quimica Estrutural interaction with

Ideal Proton Gas as molecule/molecular ion

° @ ..B,E(H',g
interaction with interaction with
Uni P Hie S| @ O\mme,
8,6 (H,S) B,,GIH,S)
<« @ 2 a
IR At standard conditions

= Gas Phase Acidity

O
o

Solution/Pure Acid/Liquid

A unified pH scale for all solvents g

Meaning and assessment of pH in solvents other than water

Concept of a unified Bronsted acidity scale pH,,, defined on the basis of the chemical potential of the proton, p(H™)

Values of pHs = — lg(aH+,Solv) are related through the proton Gibbs free energy of transfer between solvents:

u=6G/8n=p°+RTIna puHY) =p’HY) +RTIha(H")=p°(H") —RT In10 x pHg
AG=-W.,=—nFE

Indicator electrode (Ind,) | Solution 1 (S,) | Bridge solution (B) | Solution 2 (S,) | Indicator electrode 2 (Ind,)

RTIn10
AE = E(Indz) — E(Indq) = ————[pH(S2) — pH(S1)]
AE = AEeasured + AEj(B, S1) — AE;(B, S)
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Salinity is the saltiness or
dissolved salt content of a body of water

1902- absolut salinity
S$=0,03 + 1,805 (Cl)

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

Salinity 35 %o = Clorinity 19,374 %o

1978- PSU, electrical conductivity relative to
a standard seawater
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Fig. 12-1. April mean salinity (PSS) at the surface .
Minimum Value— 0.00 Maximum Value— 42 .22 Contour Interval:  0.20
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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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