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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The pH of water is an important indicator of water quality. Continuous pH monitoring of water served
in marine equipment/systems installed on-board ships for various applications, such as exhaust gas
cleaning systems (scrubbers) and boilers, is essential. “Continuous” describes a monitoring situation.
The pH meter for continuous monitoring is situated in a fixed position on-board to monitor a stream,
as opposed to batched-based deployment in a laboratory. This situation imparts some challenges that
should be addressed. For installation of systems such as scrubbers to remove sulfur oxide from the
exhaust gas by using seawater or freshwater, pH monitoring of the processed water is important not
only for the process control of the systems but also for ensuring compliance with regulations when

discfarging the processed water [see IMU Resoltution MEPC-340(77]]- IT IS expected tha
meters are robust over time, and suitable for processed water that can contain sea salts
substances or can exhibit a wide range of pH.
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Ships and marine technology — Marine environment
protection — Continuous on-board pH monitoring method

1

Scope

This document specifies the performance requirements and the test procedures for a pH meter used for

contjmuousS O-Doard MO toT g USITIE COMDITTAtiON efectrodes: T e pH Meter appiies to m
pH of the following water for on-board consumption and research purposes:

a)
b)

‘)

matural seawater and freshwater,
freshwater produced from freshwater generators,

tthe used process water for running machinery on-board ships.

This[document also specifies the method for evaluating performance, calibration, and main
pH meter used for continuous on-board monitoring.

2
The

Normative references

following documents are referred to in the text in such a way that some or all of t

constitutes requirements of this document. For datéd references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ASTM D6569-14, Standard Test Method for On-Line Measurement of pH

IEC §0746-2:2003, Expression of Performaiice of Electrochemical Analyzers — Part 2 — pH v(

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO dnd IEC maintain terminology databases for use in standardization at the following add

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

pH value
valug derived from the potential difference between the glass electrode (3.5) and the referer
(3.6) and compensated using temperature measured with the temperature Sensor (3.7)

pasuring the

tenance of a

heir content
applies. For
hts) applies.

lue

Iresses:

ce electrode

Note 1 to entry: This is based on a measure of the relative hydrogen ion activity in an aqueous solution given in
IEC 60746-2:2003, 3.1

3.2

continuous monitoring
measurement using fixed equipment that continually and automatically takes a reading at a
predetermined interval and then returns a result

© IS0 2022 - All rights reserved
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pH meter for continuous on-board monitoring
on-board equipment composed of a pH combination electrode (3.4), a transmitter (3.9), and an electrode
mounting (3.10), which automatically and continuously measures pH and contains a cleaning device
(3.11), if needed

3.4

pH combination electrode
electrode holding a glass electrode (3.5) and a reference electrode (3.6) in a single unit

3.5

pe |
UUuvT

glass electr
electrode m

3.6
reference ¢

electrode m
(3.5)

3.7

temperatul
sensor that
slope force (

3.8
slope force
electromoti

Note 1 to er
temperature

3.9
transmitte
device capal

3.10

pasuring the electromotive force that corresponds to hydrogen ion concentration

lectrode
easuring reference potential to determine the electromotive force of the)glass elec

'e sensor
measures the actual temperature of a sample solution to compensate for changes i
B.8) of the glass electrode (3.5) due to temperature variatiens

Ve force per a unit pH of the glass electrode (3.5)

try: Theoretical Nernstian slope, which is temperature dependent, is 59,16 mV at 25 °C
dependency of theoretical Nernstian slope is spéeified in IEC 60746-2:2003, Table A.1.

|«

ble of outputting the potential difference as pH value (3.1), temperature, and state sign

electrode mounting

equipment {
which may ¢

3.11
cleaning d¢
optional eqy

4 pHbu

o hold in place the pH combination electrode (3.4) when used for continuous monitoring
ontain a cleaning device(3.11), if needed

vice
lipment andbaccessories that automatically clean the pH combination electrode (3.4)

ffer solution

trode

h the

The

3.2),

4.1 General

There are two types of pH buffer solutions: the certified pH buffer solution and the practical-use pH
buffer solution. The pH value of the pH buffer solution and its accuracy shall be guaranteed by the
manufacturer. Depending on the intended measurement range, at least two buffer solutions should
be used, from pH 4 (phthalate buffer solution), pH 7 (phosphate buffer solution), and pH 9 (borax
buffer solution). The temperature dependence of the pH values of the buffer solutions provided by the
manufacturer shall be considered.

The buffer solutions shall be stored in appropriate conditions and used within the period in accordance

with the ma

nufacturer’s instruction.
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4.2 Certified pH buffer solution

A certified pH buffer solution shall be used when pH meter manufacturers verify the performance of
the pH combination electrode. The certified pH buffer solution shall be traceable to an international or
a national pH standard.

4.3 Practical-use pH buffer solution
A practical-use buffer solution should be used when calibrating the pH meter on-board ships.

NOTE The practical-use pH buffer solution is commercially available from pH meter manufacturers or
reaggMT MTanuiacturers.

5 Performance requirements for the combination electrode

5.1 | General

The nanufacturer shall state the specification of the combination electrode for the users tp choose the
apprppriate pH combination electrode suitable for the process conditions: repeatability, linearity, and
the rpnge of pH and operating temperature.

5.2 [ Slope force

5.2.1 Requirement

The §lope force shall be confirmed to be 56,20 mV or more at 25 °C.

5.2.2 Verification

Meagure the certified pH buffer solutions-of pH 4 and pH 7 alternately three times by the pH ¢gombination
electfrode. The slope force derived fronrthe average of the difference in the electromotive force of pH 4
and pH 7 shall be 56,20 mV or more-at25 °C.

NOTH A slope force of 56,20 mVat 25 °C is equivalent to 95 % of the theoretical Nernstian slope of 59,16 mV
at 25[°C.

5.3 | Repeatability

5.3.1 Requirement

The repeatability of the measured pH values of the certified pH buffer solutions shall be donfirmed to
be wijithin £0,1 pH at both pH 4 and pH 7.

5.3. Verification

Measure the certified pH buffer solutions of pH 4 and pH 7 respectively three times by the pH combination
electrode. The repeatability of the measured pH values shall be confirmed to be within £0,1 pH at both
pH 4 and pH 7.

5.4 Linearity

5.4.1 Requirement

The pH combination electrode shall be calibrated for at least two points using two certified pH buffer
solutions. After the calibration, the measured value of a third certified pH buffer solution shall be
confirmed to be within £0,1 pH of the designated pH value of the third certified pH buffer solution.

©1S0 2022 - All rights reserved 3
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The certified pH buffer solutions shall include pH 4, pH 7 and another certified pH buffer solution
encompassing or in close proximity to the anticipated pH measurement range. The manufacturer shall
guarantee the pH meter has a repeatable response within +0,1 pH over the whole measurement range
of the pH meter.

5.4.2 Verification

After the pH combination electrode is calibrated with the two certified pH buffer solutions, measure
the third certified pH buffer solution three times, and every measured value shall be confirmed to be

within 0,1

6 Interfd

6.1 Gene

Continuous
noise, and a
be designed

6.2 Samp

The combin|
more. In pr]
such as purg

Alternativel
in measured

NOTE It
the reference

6.3 Elect

When the &
pH values t
measureme

6.4 Elect

The electrig
transmitter
AC power s\
earth circui

pH of the designated pH value of the pH buffer solution.

erences

ral

monitoring of pH is affected by factors such as conductivity, electrode fouling, elect
r bubbles. To keep the accurate on-board monitoring as long as possible,’the pH meter
to minimize these interferences.

le conductivity

ation electrode shall be targeted for a sample solution*with a conductivity of 0,1 S
nciple, the pH value cannot be determined for a sample solution with a low conduct
water.

[y, the pH measurement in high ionic strength samples, such as seawater, leads to devia

pH values from the designated ones due to the generation of liquid junction potential

electrode as described in 7.2.2.

rode fouling

lectrode or liquid junctienbecomes fouled, it leads to an error in pH values or cz
0o become unstable. Therefore, the cleaning of the electrode is important for acci

rical noise

al noise_generated from the cable connecting the pH combination electrode ang
can cause/error in the measured value (see Figure 2). The cable shall be independd
pplysand switching circuit wiring. In case of measurement error due to interference (
[, the.pH meter shall have an isolation output.

rical
shall

m or
ivity

kions

is possible to reduce the effect of seawater with high conductivity by using a gel-like inner liqufid for

juses
irate

nt. Cleaning methodsforthe electrode for different types of fouling are specified in Clayse 9.

| the
nt of
f the

6.5 Air bubbles

Fluctuation and error of the measured pH value increase when air bubbles adhere to the glass
membrane and liquid junction of the pH combination electrode (see Figure 2). For stable measurements
during continuous on-board monitoring, the bubbles shall be reduced before the pH measurement.
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7 Requirements for pH meters for continuous on-board monitoring

7.1 General
The manufacturer shall state the specification and the operating condition of the pH meter and shall

provide an instruction manual for specific procedures regarding the calibration, maintenance and use
of the pH meter.

7.2 Apparatus

7.2.1 General

See Higure 1 for an illustration of a pH meter for continuous on-board monitoring.

1

| e
| —

|

*\

\

\l
40 5

6

Key
cleaning device for the pH combination-electrode (optional component)
electrode mounting

pH combination electrode

glass electrode/reference eléctrode

temperature sensor

pH meter

transmitter

O N O Ul D W N

output
NOTHE The temperature sensor can be separate from the pH combination electrode.

Figire 1 — Example of the outline of a pH meter for continuous on-board moniforing

7.2.2 pH combination electrode

A pH combination electrode illustrated in Figure 2 holds a glass electrode, a reference electrode, and a
temperature sensor in a single unit, and uses a gel reference electrolyte.

The pH value is temperature-compensated by the transmitter using temperature measured by the
temperature sensor. The temperature sensor may be incorporated into the combination electrode
or may be a separate probe. The position of the temperature sensor shall be designed in a way that
it measures the temperature of the sample as close to the combination electrode as possible. The
temperature compensation shall be as specified in ASTM D6569-14, 6.4 and 6.5.

The maintenance of the pH combination electrode is specified in Clause 9. For oil, grease, or suspended
solids-bearing samples, an automatic cleaning device should be installed. When without the device,

© IS0 2022 - All rights reserved 5
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the liquid junction with a relatively large surface area, typically greater than 15 mm?, can reduce the
chances of becoming completely blocked.

NOTE The gel electrolyte can supersaturate the electrolyte with KCl so as to be 4 mol/l or more, which can
reduce the interference of Na ions and K ions in seawater. The gel electrolyte type electrode can also reduce the
frequency of refilling the electrolyte. These characteristics have an advantage in use for open-loop scrubbers in
particular.

: 4
D4
SIS
LI TRK
LK
SRR
S

AU 5
Siie
PEE R
TN

Al 4
LD

<X
RIS

1 ) 8
Key
1  thin glasf membrane 5) reference electrode
2 temperafure sensor 6 cable
3 liquid jupction 7  gel reference electrolyte
4  glass eleftrode 8 glass electrode electrolyte

Figure 2 — Example of combination electrode with a built-in temperature sensor (gel
electrolyte type)

7.2.3 Transmitter

7.2.3.1 Ge¢neral

sensor, and the state signal.

7.2.3.2 Impedance

The transmitter shall have a high impedance to measure the potential of the pH combination electrode.
Therefore, an input impedance of the transmitter shall be at least 105 M(Q, which corresponds to
1 000 times the impedance compared to that of the glass electrode.

7.2.3.3 Function check

For a function check of the transmitter, a pH/mV calibrator can be used to simulate a signal from a pH
combination electrode. The test procedures shall be in accordance with IEC 60746-2:2003, 6.2.

6 © IS0 2022 - All rights reserved
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7.2.4 Electrode mounting

The electrode mounting shall have a robust structure that prevents damage of the pH meter by vibration
and shaking caused from engines and ship motions. In relation to compliance purposes, the robustness
of the pH meter shall be followed by the requirement of the authorities and the classification societies.

The

7.2.

structure shall allow easy calibration and maintenance work.

5 Cleaning device

The cleaning device is an optional equipment and its accessories, that automatically cleans the pH
combination electrode, are given in detail in 9.3.

7.3

Whe
be pl
with
mini

The

prev

7.4
The

tem

8
The

solut
metd
perid

Befo

supp|
shou

NOTH

and

equil

The

solutiions, The calibration shall be conducted in the anticipated measurement range in acc

the

Placement

aced as far as possible from the nearest bends, elbows, pumps, valves, etc.fto-ensure it
a uniform flow profile, as far as possible. The sensor should also be placedclose to the
ize damage.

flow speed range should be 0,5 m/s to 3 m/s. The pH combinatien‘electrode should be

ent damage when there is a possibility of a flow rate of more than'3 m/s.

Report

bH meter for continuous on-board monitoring shall*have the function of outputting t

fderature, and status signal to an external recording‘device installed outside of the pH 1

Calibration

pH meter for continuous on-board.monitoring shall be calibrated with practical-ug
ions to keep the sensor normal. . This shall be done especially at the initial operatid
I, at returning after stopping of the pH meter for longer than the manufacturer’s re
d, and after exchanging the pH combination electrode.

e the calibration, clean.the/pH combination electrode in accordance with the instruc
lied by the manufacturer’ Refer to 9.2 for information on manual cleaning. Further, tH
Id be returned to the'sample solution for a few minutes to reach a steady-state before

After chemical or physical cleaning, the equilibrium of the liquid junction between the gl
he reference €lectrode can be temporarily disturbed. It is expected to take a few minutes td
brium befofie~calibration.

1

h enclosing the sensing portion of the pH combination electrode directly in process piping, it should

isin an area
pipe wall to

designed to

he pH value,
neter.

e pH buffer
n of the pH
commended

tion manual
e pH sensor
ralibration.

ass electrode
re-establish

se pH buffer

'{H conibihation electrode shall be calibrated for atleast two points using the practical-u

anufacturer's instruction of the pH meter.

olrdance with

Calibration shall be repeated for each practical-use pH buffer solution until the difference between
the designated pH value of practical-use pH buffer and the measured value is within +0,1 pH. After
measuring each practical-use pH buffer solution, wash the pH combination electrode with clean water
and remove water droplets.

If the pH meter is used for compliance or control purposes, it is recommended that the transmitter
signals be put on hold during calibration to avoid recording extraordinary values because of process
upset.
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9 Maintenance

9.1 Gene

ral

Maintenance of the pH combination electrode shall be carried out in accordance with the instruction
supplied by the manufacturer. Further, in relation to compliance purposes, performance of the pH
meter shall be checked regularly with the practical-use pH buffer solution, and if the deviation is more
than +pH 0,2, it shall be calibrated in accordance with Clause 8.

The frequency of calibration should be determined by experience since it is highly application

dependent.
outduringc
and the pro
Experience

Regarding compliance or control purposes, if the stable pH measurement cannot be ca

rried

pntinuous measurement even in the same operating conditions of all the connected sys

Wwith process control applications has suggested typical continuous pH measurement e

can be on thie order of 0,2 pH to 0,5 pH according to ASTM D6569-14.

NOTE Fd
conditions of]

If the pH (
manufactur

With regard
measureme
probably sh

Manufactur
combinatioj

The pH com
If the pH m¢
during the g

9.2 Manu

When flucty
be achieved
to the manu
following pr

a)
b)

wash th

if the fo
soaked

c) ifthefo

r example, the pH of the washwater used for open-loop scrubbers is affected by the oper
systems consisting of engines, scrubbers, and the property of inlet water.

ombination electrode is dried up, it shall be reconditioned \in/ accordance with
Pr'’s instructions before calibration.

to compliance purposes, if stable measurement cannot bBe)carried out during contin
ht (approximately +pH 0,5 in stable operation condition), the pH combination elect
buld be calibrated.

br’s recommendation for the environment of usage’and the replacement timing of th
| electrode shall be followed.

bination electrode shall not be exposed to.shock.

ter is used for compliance or control purposes, the transmitter signals shall be put on|
leaning process to avoid recording.éxtraordinary values because of process upset.

al cleaning

ation or drift of the measured pH value is observed, and when stable measurement c3
despite the automatic\cleaning if applied, manual cleaning should be conducted acco}
facturer’s instructiens. If there are no manufacturer’s instructions for manual cleaning
ocedure should be tised depending on the fouling on the pH combination electrode:

e pH combination electrode with clean water and wipe off fouling with a soft cloth;

uling is-not fully removed after (a), wipe the pH combination electrode off with a soft
with neutral detergent and rinse it with clean water;

1]ing isnotwellremoved after (h)’ soakthe pH combination electradein diluted hydrnrl‘

Vided water over 15 minutes, the pH combination electrode probably should be galiby

tems
ated.
Frors

ation

the

uous
rode

e pH

hold

nnot
rding
v, the

cloth

loric

acid (about 1 mol/1) for 10 min to 30 min and rinse it with clean water. Hereafter, immerse the pH
combination electrode in clean water for 5 min or the time recommended by the manufacturer.

Adequate safety precautions shall be taken when handling substances such as hydrochloric acid for

cleaning.

NOTE

Undiluted hydrochloric acid can damage the pH combination electrodes.
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