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Towards Accurate, long-term traceable pH-measurements in the Baltic Sea

Rationale, Progress, and Vision
of the BONUS PINBAL Project

Gregor Rehder, Jens D. Miller, Bernd Schneider, Leif Anderson, David Turner, Steffen
AlBmann, Peer Fietzek, Frank Bastkowski, and Karol Kulinski
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BONUS PINBAL
Development of a spectrophotometric pH measurement system
for monitoring in the Baltic Sea
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Within PINBAL, ... we will cooperatively fulfil the necessary fundamental chemical
work, system/software design and field testing to realize a prototype of a
spectrophotometric pH-measurement system for underway measurements from
research vessels and ships of opportunity, as well as for the pH-determination of discrete

samples.

Work Task
Package

WP1 Coordination, Communication, and Dissimination IOW

WP2 Chemical Parameter Characterization IOW

WP3 Theoretical Evaluation of Perturbations and Uncertainties @ UGOT
WP4 Prototype and System Development CONTROS

WP5 Lab and field testing of prototype instrumentation IOPAN
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Rationale
Requested indicator explicitly mentioned in the Marine
Strategy Framework Directive (MSFD), Annex 3, Indicative list

of characteristics, pressures, and impacts
.PH, pCO, profiles or equivalent information used to measure marine acidification

114

« Different pH-scales

« Standards and calibration issues
 Long-term traceability

« Very high precision and accuracy needed

?7? Why is that so difficult
BINRNEND
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Litmus paper pH-electrode Spectrophotometer
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Situation for the Baltic Sea is far more complex
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Challenges of mCP-based pH measurements for

the Baltic Sea (and other coastal systems)

« Extended pH range

* Interference of spectral properties by interaction with DOM
or H,S

» Perturbation of the acid-base balance (pH) by the dye

* Knowledge of pK;cp) as f(T,S)
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Challenges of mCP-based pH measurements for

the Baltic Sea (and other coastal systems)
 Extended pH range
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Effect of absorbance precision on pH precision

pK from Mosley, 2004 | Temperature: 298 K | Cuvette length: 10 cm | mCP concentration: 5 pM
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Challenges of mCP-based pH measurements for
the Baltic Sea (and other coastal systems)
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» Interference of spectral properties by interaction with
CDOM or H,S
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) Cor | conros

- BONUS B

SCIENCE FOR A BETTER FUTURE OF THE BALTIC SEA REGION

Challenges of mCP-based pH measurements for
the Baltic Sea (and other coastal systems)

 Perturbation of the Acid-Base balance (pH) by the dye

# Measurements === Model

Norrbyn

T T T
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
V/mL

D. Turner and L. Anderson
BONUS PINBAL Deliverable Report 2.3

AbSOfbaﬂCE

Fig. 5. Dilution curve passing the cuvette after indicator injection
into a continuous sample flow and the recorded spectra. The smooth
backward flank of the concentration peak is used for calculation of
the perturbation-free pH value. For this more than 200 spectra are
available (compare Fig. 6).

ARmann et al., 2011

The elegance of a Flow
Injection Analyser (FIA)
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Miiller et al., L&O methods, submitted (Supplement)
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Challenges of mCP-based pH measurements for
the Baltic Sea (and other coastal systems)

* Knowledge of pK,cp as f(T,S)
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On the chemical
characterization front ...
PKmcpy as f(T,S)

Some really fundamental
chemical work beyond the
original scope — and our
ability within the project
Expected outcome of Harned cell has been required

measurements:
' B
4 I I

Well characterized TRIS buffer solutions
Messen = Forschen = Wissen

at:
-salinity levels: 5, 10, 15, 20, 35

PTB Braunschweig
Frank Bastkowski

-temperature range: 5-30 °C
-variable TRIS concentrations

LAUDA Proline Command

] e
J

SCRIPPS
Andrew Dickson
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The Instrument

3 prototypes developed within

different stages of BONUS

PINBAL

Strong interaction with results = Diffwide

from theoretical work and lab o Carer it value

and field tests o12] 7008

& 0.10 -

o  FIAApproach O 008 F

o  User Friendly dye cartridges é 008 T
provided by manufacturer 3 22: —

o  Continuous and discrete sample 5 000l . £8.0613 7.4861
mode g-o:oz i

o  Precision ~0.002 pH-units (pH 7- 004 |-
8.5) 008 l :

o  Accuracy Offset to reference sys BIS TRIS TRIS:2-AP 2-AP
about 0.008 pH-units (same order Buffer
as reference system itself)
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Rationale revisited (Why we really do it)

Advertisement
« Genuine interest in the carbon system, based on the belief
that it is the key variable to assess productivity (and its

triggers and controls), refined CNP-stoichiometries,
eutrophication, and its link to hypoxia

* pCO, and pH could both be measured in high frequency
from e.g. a VOS
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Announcement — BONUS INTEGRAL to come

« Currently under Negotiation after successful application to
the Blue Baltic call, expected 7/2017 to 6/2020
(I0W, GEOMAR, UU, SMHI, TTU, 10 PAN, FMI, UExeter)

- Integrate the different data streams of
e N ICOS and related infrastructure in the
e V% pan-Baltic area,
s - Provide best charts of seasonal carbon
L dioxide and GG flux over the Baltic
Yr Oestergamsholm (UU) . .
koo Sea, including advanced remote
e Ry sensing approaches,

K - Integrate the carbon system into a high
resolution 3D-model, which will allow
for a better description of the
biogeochemical coupling of
eutrophication and deoxygenation

- Demonstrate the added value for a better
| rerhonso b come BN biogeochemical ecosystem status
description of the Baltic Sea
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On the chemical
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characterization front ...
pH of buffer solutions at

low salinities

Poster P227 by Bastkowski et al.

Thursday

Also today at Kongsberg/PINBAL

Exhibit

* X %
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Physikalisch-Technische Bundesanstalt

Frank Bastkowski, Jens Daniel Miiller, Beatrice Sander,
National Metrology Institute

Steffen Seitz, Gregor Rehder

Electrochemical pH, measurements of TRIS buffered
artificial seawater samples in the salinity range 5-20

Motivation and Background
thropogenic CO, emission:

Acidity is expressed by the ,pH” of an aqueous solution:
pH = 715(a(H*))internationally accepted, IUPAC definition, activity a(H*)
measured potentiometrically, valid only for dilute solutions of ionic strength
<0.1 mol-kg™? (salinity 5) = this pH value is not yet measurable in seawater media
= Instead: pHp = 7lg(r(H*) + z(HSO;)), commonly measured in oceanography.
PpH; scale is based on the total H* concentration including HSO,- also contributing to H*
PpH; is frequently determined spectrophotometrically e.g. on ships using an indicator
dye like m-cresol purple
- traceability of pH; measurement results to an internationally agreed standard

or to the Sl is not established in the middle salinity range (5-20) up to now
= no comparability of pH; measurement results

Objective
Determination of pH; values of equimolal TRIS/TRIS-H* buffered artificial seawater solutions enabling traceability of
spectrophotometrically measured pH; values to a primary (Harned cell) pH; measurement procedure

b PTB and IOW

Interlab Y Primary pH standard at PTB
1. Potentiometric measurement of pH; of equimolal TRIS/TRIS-H* buffered
artificial seawater solutions of salinity 5-20 at three different total TRIS
molalities (0.02, 0.05 and 0.08 mol-kg™) using Harned cells at PTB
(completion of the works of Bates & Hetzer 1961 at salinity < 5 and DelValls
& Dickson 1998 at salinity 20-40)

Measurement equation (equivalent to the above mentioned pH;.
definition according to DelValls & Dickson, 1998):
iy = EZEOF (ber-) — Lg(wny0)
= -) —lg(w,
PHr RTIn10 9 (Dcy 9\ @H,0
E: Electric potential of the Harned cell filled with artificial seawater
E0*: Standard potential of the Ag/AgCl electrode in artificial seawater
(to be determined in an extra experiment)
ber: Molality of chloride of the artificial seawater
@0 Water content of the artificial seawater

2. Determination of the dissociation constant of spectrophotometric dye
m-cresol purple at IOW in the framework of the Innovation Project BONUS
PINBAL using the same buffered artificial seawater
solutions characterised at PTB. See poster of
Miiller et al (P228) and talk by Rehder et al)

5 HamedCel

Results
a) b) <)
9,00 812 §'EZ§,
. ¥=6E.05¢-0,0014x + 6,0683 , 2
850 —— 810 8058
8,00 — 8,08 %8056 —
= -0,029947x + 8822709 — e e T 8,054 T ssart 017050 s
£ % =0,998930 806 + Delvals & Dickson 1998 8,052 — LB LR
7,00 8,04 8,050

5 10 15 20 25 30 35 40 45
Temperature/°C

Temperature dependence of pH, values at salinity 10
and 0.08 mol-kg™* total TRIS molality

Acknowledgements

0 5 10 15 20 25 30 35 40 45
Salinity

salinity dependence of pH, values at 25 °C and

0.08 mol-kg™ total TRIS molality measured at PTB (blue) and

by DelValls & Dickson 1998 (red)

000 002 004 006 008
Total TRIS molality/ mol-kg™*
TRIS dependence of pH, values at salinity 10 and 25 °C

We gratefully thank Andrew Dickson (University of California) and David Turner (University of Gothenburg) for fruitful discussions
and the interpretation of the measurement results

Physiklisch-Technische Bundesansalt

Frank Bastkowski

Bundssaliee 100
38116 Braunschweig, Germany
pibde

Fundamentls of Electrochemistry and Electrochemical Energy Storage.
phone: 49 531 5923323
Gemailfrank bastkowski@pio.de
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On the chemical
C h ar aC t er i Z at i O n f rO n t . B = SATICSARESEARC  Characterization of the indicator dye m-Qresol purple based on newly available TRIS buffers
p K(m CP) aS f(T’ S) ’ p H -ran g e’ Jns Daniel Miiller * | Frank Bastkowski 2 | Bernd Schneider * | Gregor Rehder

Updating pH measurements in brackish waters:

1 Leibniz-Institute for Baltic Sea Research (1OW), Wamemiinde, Germany
2

DOM and H2S perturbation Motivation s g 0. e P —— 3
+ Track pHchanges in ocean acidification counteracts CD, induced acidification 2 }
brackish waters, e.g. T What *':}E
potential acidifcation C?"‘"“‘"Ie b‘TPaCl
caused by the uptake . of the global
of anthropogenic QO, = atmospheric 00,
(Fig. 1&2) ; i z rise and local
: w‘""”'” 4 alkalinity
- Use accurate and w/rﬁ""” i dynamics on the
precise pH = Baltic Sea pH?
measurements to -
determine other CO,
system parameters, - - e = =
like the total CO, B o e e
concentration awai Geoan 5 b n 15005,
i . 1 . H H ‘
PO Ster P 2 28 by M u I | er et al How it works: Spectrophotometric pH Task 3: Determination of the dye's
measurements with m-Cresol purple (mCP) dissociation constant pKfor brackish
« The pHindicator dye mCPis added to waters (v)
the sample and the absorption o
spectrum is measured (Fig. 3) + pHinstuments need tobe ¢ e S
- Inthe pHrange of seawater the diprotic calibrated in buffer solutions
acid mCP exists as the deprotonated with the same salinity (S)as 70
(1) and monoprotonated (HI") species, the sample .
which have different absorption peaks + Such buffer solutions were (IR
« The pHcan be calcualted from the peak not available for $ = 5-20 Rg. 6: Pevious knowledge of TRS buffer pHin
ratio R the dissociation constant pK, (Fig. 6) ariciel scawate a3 function of saiity.
5
and the extinction coefficients ¢ [ + The calibration of spectrophotometric pH measurements refers to

the determination of the dissociation constant pKy(mCP) (Eq. 1)
i, : Moecar tutur f QP and absoxpion spcta of the dye
e, s ow .

45120 578 1 can b s calcae he pHol e sample Based on a recent charaterization of TRIS buffer solutions (Poster
P227 by Bastkowski et al.) we determined the pK,(mCP) for S= 5-

20 and temperatures between 5-35°C(Fig. 7).

After finalizaing the evaluation of the rawdata, this will allow for

accurate spectrophotometric measurements in (almost) the

Task 1: Applicable pHrange v

+ At high and low pH the spectra of mGP — entire S- and T-range of the Baltic Sea and other brackish waters
(Fig. 3) are dominated by either the 5 I .
deprotonated or the monoprotonated ) (@ o),

species and the precisions decreases .

This is critical in waters with a high pH-

range, like the Baltic Sea (~ 6.7~ 8.5) ~ : I

« The precision of the method was .

estimated based on the error propagation

of absorption uncertainties (Fig. 4) Fig, 4 Pacsionof spectrophotomatric pHmeasurements s
saityand pH. Thorighet precsons s seieved st an
‘absorption ratio R= 1, at pH levels ~0.3 units below the pK(mCP).

Exhibit

Task 2: H,S and DOM robustness of the
method ¥ v/

« The robustness of the method
against H,S and DOM was
investigated experimentally
Spiking strongly buffered seawater
solutions with organic matter
extracts from the Suwannee nver
did not cause
concentration typical for the Balnc

Find the poster

CPin backish aters, coverng a wide range of temperatures.

e Outlook e
This work was + Insolutions strongly coloured by 00
erformed n coom -
e we recommend to use + Integrate the spectrophotometric pH /
T e lr\ten:e light sources and short - measurement system developed within .
S cuvettes o
project Fig.5: Spectiophotametric pHvalues of three buffered anifiial the BONUS PINBAL project into the Ferry
+ The robustness of the method box system on VOS Annmaid (within
against H,S (Up to of LS cosds A s cascsel beorpton eloush follow-up project BONUS INTEGRAL)
400 pmol kg, Black Sea maximum) w5 chang o nevaus s seo seomion by . sart pHin the Baltic Sea
was verified by comparison e e e e sy Sy s T surface waters with a high spatio-
measurement with glass electiodes e " temporal resolution
Fs
ifeey et 2009) e

2] Millret a. (2038

[3] Cayton & Byme (1993)
4] Mosley et al 2004) by Pofs ol
[6IMalleretal (conditionsl accep)
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BONUS PINBAL has received funding
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(BMBF), the Swedish Governmental
Agency for Innovation Systems
(VINNOVA), and the Polish National
Centre for Research and Development
(NCBIR).




