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Note: the presentation includes contribution from the following WARMER
partners:

® WUT-DACh — sensor and meas. procedure development

® WUT-ISE - sensor modelling, data processing, uLFA lab-testing, meas. proc.
tuning

® Systea company — design of uLFA hardware, principles of operation
B Sysmedia company — firmware and electronics of uLFA
® MEDBRYT - sensor cells, ISE manufacturing and testing
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Expectations

B Capability to determine concentration of

selected set of ions in water (multi- Potentiometric sensors
parameter measurement) using In WARMER
miniaturized lon Selective Electrodes NH4+ | 1-4pX (1.8-1800 ppm)
= Autonomous operation for 3 — 6 months | NO3- | 1-4pX (6.2-6200 ppm)
(long term sensor stability, automatic Na+ | 1-4pX(2.3-2300 ppm)
cleaning) K+ 1-4pX (3.9-3900 ppm)
= Response time: from 1-5 minutes Cl- | 1-4pX (3.5-3500 ppm)
(streams) to 30-120 minutes (sea) Pb++ | > 50 ppt
: Cd++ | >10 ppt
= Measurement uncertainty:
Cu++ | >6 ppb

relative: 10 — 20 % (pX: 0.04 — 0.08)

Zn++ Extra sensor

There are trade-offs that make satisfaction
of all expectations virtually impossible
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read-out

Potentiometric sensor basics

Sensor response in a binary solution

008 — Even for ideally modelled
01 -<—:§ng _ and calibrated single sensor
S el AUFIRRRE . -

—aidealresponse :> thel’e EXIStS an UnCertalnty

of measurement, dependent
on sensor selectivity and
Interfering ion activities

U

A need for multiparameter
approach:

* measurement procedure
* fusion of read-outs from

estimates of the main ion activity related sensors

m.m

M
U=U,t ilgHE Kml.af'"/z" H, K =1 _ _
z 0 0 ' Nikolsky-Eisenmann model
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Problems to be solved

Accuracy/precision requirements _
Actions

Major contributors to measurement uncertainty:

= non-ideality of lon-Selective Electrodes \— % ° SENSOr development

= liquid dosing precision \ * hydraulic circuit design

. * measurement procedure
Lifetime of a stand-alone me .
selection

Limiting factors e data processing

m  sensor lifetime (multiparameter methods)

®  volume limitation of standard liquids
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Architecture of the probe
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Measurement procedures considered

" Pre-Calibration based Measurement (PCM)

B Standard Addition Measurement (SAM)
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Implementation of measurement cycles

Laboratory measurement procedures have to be
adapted
to become appropriate for
on-line automatic measurements

with miniaturized lon Selective Electrodes
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Conventional Standard Addition
Measurement (CSAM) technique

U B B B
v - ¢ V(l) - iV( ) (]) V V(])
c’’=¢c —ts
S|l~ |8 S W et S

Algorithm

2. Slope calculation

3. Back extrapolation

(1) ™

C

CSAM technique requires large volume of liquids, and so has
to be modified to fit in-situ measurement units that operate
stand-alone for months
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Fixed volume Std. Addition Method - idea

Sample V,q0f std. sol. s

S

i —

) = G D (] - )
Vo [ ¢, =/ (=Bt s,

Vi Vi VL- Vs 4%
B =
v
Cx l mixing C
V,q0f sample
U=U,+ ilg(cm) - low interferent level sensor approximation
Zm
If additions are large enough: ¢\ = s i=12  Then:
U® -y U - yo o B st
S, Ly s v vt

lg(cm /Cm ) lg(Sm /Sm ) lozm S + :81 - 1
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Example results for PCM
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Main ion (NH4+) — large accuracy improvement

Interfering ion (K+) — slight accuracy deterioration
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Final remarks

Major features of uLFA + WUT-DACHh ISEs:

B ready for autonomous long-term operation with remote access/control

® script based programmability of measurement cycles+ multi-tasking firmware

B good repeatability of measurements

B multiparameter built-in capability (up to 8 ions) for enhanced accuracy with
low selectivity sensors

Measurement procedure selection — trade-off situation

SAM | PCM | Feature

+ (small) volume of liquids used

+ resistance to ion-matrix effect
+ precision

Multiparameter (DF) approach improves accuracy, but still

measurement range is limited by sensor selectivity and interferent activity
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Thank you for your attention

14



