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Voltammetry Voltammetry = Volt-Am(pero)-Metry

* Voltage ramp applied to electrode

* Current measured

Method first described 1922 by Heyrovsky
Nobel Prize 1959
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Voltammetry 550 1
500 - Pb
* Information about the analyte in the electrochemical cell is 450 1
obtained by measuring the current as the potential is Cd
varied with time, | = f(U) 400 1
T 350 1
* Mercury has been the standard electrode material since =
the invention of polarography " 300 - Al
A typical voltammetric application <0 .'l \ \
Determination of Cd and Pb in tap water 200 | ) K
Results: 150 1 '
* Cadmium 0.02 pg/L §
* Lead 1.77 pg/L 800  -700  -600  -500  -400  -300

I [m¥]
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Comparison of Voltammetry with competitive techniques

FAAS GFAAS ICP-OES XRF ICP-MS VA
LOD 1 ppm > 50 ppt 1 ppb 1 ppm sub-ppt ppb/ppt
Linear range 3-4 2-3 4-6 3-4 Upto9 1-3
Interferences
e Chemical Many Many Some None Some Many
e Spectral Some Many Some Some Some Very few
e Matrix Many Many Some Some Few Many
Speed > [ [ J - [ ]
No. elements J ® ® ® ® ®
e Typical no. 50 35 55 35 70 30-35
Multi-element No No Yes Yes Yes No (max 4)
e Simultan. No No Yes Yes Yes No (max 4)
Sample size mL uL mL >10g uL or mL mL
Capital cost S 55 $S $S $SS S
Operating cost S SS S SS SSS S

Source: Agilent eSeminar: ICPMS - A replacement for USP 231



Instrumentation

«— Potentiostat 1. Apply a potential
(between WE and RE)

2. An electrochemical
@ ﬁ reaction takes place
| 3. Measure the current
(between WE and AE)

PC
J Electrochemical cell
T \J\ Reference electrode
I \\ (Ag or Ag/AgCl)
Auxiliary electrode Working electrode
(Carbon, platinum) (Carbon, gold, platinum,

mercury)



& MINAMATA
ng CONVENTION

ON MERCURY

Why do we need new
electrodes?

Future regulations
* More trade restrictions are possible

* Permissions and inventories may be required
for customers
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Working range of different electrode materials

Oxidation of electrode

Carbon (Glassy Carbon, Ultra Trace) _

Gold

Platinum

Potential (V) —t t t 4+
-20 18 -16 14 12 10 -08 -06 -04 -02 O 02 04 06 08 10 1.2

Reduction of electrolyte
eg. Hf +e~— H




Mercury vs. Solid-state electrodes

/

Advantages of mercury

Versatility (metals, organics, anions)

Each drop is a new electrode (ideal surface)
No electrochemical pretreatment

Large potential range

Highest possible linear range

\

N

Disadvantages of mercury

Toxic material

Acceptance problem

Regulatory obstacles

Logistics problems (purchase, waste)
Maintenance requires know-how

/
~
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Advantages of solid-state electrodes

Simple mechanical handling

Not toxic

Good acceptance

Price (Screen-printed electrodes)

~

Disadvantages of solid-state electrodes

Quality of electrode surface critical
Electrode performance changes over time
Electrode preparation required (mechanical,
electrochemical)

Linearity, matrix interferences, lifetime

/
~

J
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Alternatives -new

developments in Metrohm

 scTRACE Gold

* Electrode designed for determination
of As (and Hg)

* Bidrop electrode

e Screen-printed electrodes (SPE) for
voltammetry




Solid-state electrodes
applications




Goals for method
development

Electrodes, methods
* Mercury-free methods

e Mercury film acceptable if no viable alternative
available

Sensitivity

* Limit of detection <=10% of WHO limit value for
drinking water (if existing)

 National lower limit values taken into
consideration if possible

Linearity

e Min. 10% ... 100% of limit value or better



1 sensor combining:

« Working electrode Combined sensor

* Auxiliary electrode

e Reference electrode

scTRACE Gold




Applications with the
scTRACE Gold




Front

scTRACE Gold

* Working
electrode: Gold
microwire

61258000
Metrohm
Rear FRONT Gold microwire

 AE: Carbon

- RE: Ag/AgCl REAR
Ag/AgCl

Carbon

14



Pb in drinking water

Electrode

e ScTRACE Gold (with Ag film)
Electrolyte

* c(citric acid) = 0.045 mol/L

* ¢(KCl) =0.009 mol/L

* ¢(NaOH) = 0.009 mol/L
Conditions

* Deposition: -0.7V, 30 s

* Sweep:-0.7V..-03V
Sample size

e 15mL
Result

* B(Pb)=2.8 ug/L

Current [HA)

9.0
8.5
2.0
75
7.0
6.5

Pl L
o wmo oo in

£ Metrohm

-0.70 -0.65 -0.60 -0.55 -0.50 -0.45 -0.40 -0.35 -0.30 -0.25 -0.20 -0.15

Potential (V)

15



L2 Metrohm
Lead in water with the scTRACE Gold (Ag film)

Limit of detection, linear range VA Application Note V-214

Lead in drinking water
Straightforward determination by voltammetry using

Deposition Limit of Linear range AEmReRaS

time detection
30s 0.4 pg/L 25 pg/L
60 s 0.2 ug/L 15 ug/L

Important to know

e Ex-situ Ag film. No Ag addition to the sample

 Remove Ag film at the end of the day («Cleaning» method) conventonal i ha laboatoy or hemetay 1 ne Rkt with e 346 Prtale

VA Anelyzer. The determination is carried out on a silver film applied to the
scTRACE Gold electrode.

L) Metrohm

Application Bulletin 433
Application Note V-214

16



L. Metrohm
Detection limits in water according to WHO guidelines

Analyte Limit value*® Limit of detection®*
Antimony 20 pg/L 1 pg/L
Arsenic 10 pg/L 1 ug/L
Bismuth : 1 ug/L
Cadmium 3 ug/L 0.3 ug/L
Chromium 50 pg/L 2 ug/L
Cobalt . 1 ug/L
Copper 2000 pg/L 0.5 pg/L
Iron . 10 pg/L
Lead 10 pg/L 0.2 pg/L
Mercury 6 ug/L 0.5 pg/L
Nickel 70 pg/L 1 pg/L
Selenium 10 pg/L 2 ug/L
Tellurium : 1.5 pg/L
Thallium . 10 pg/L
Zinc . 5 ug/L

*As specified in the Guidelines for Drinking-water Quality of the World Health Organization
**Limits of detection when used with the 946 Portable VA Analyzer

17



Electroless Ni baths

Bismuth determination

Electrode

 scTRACE Gold
Electrolyte

* ¢(HCl) =0.1 mol/L
Conditions

* Deposition:-0.1V,30s
* Sweep:-0.2V..+0.3V
Sample size
e 0.02mL
Result
* B(Bi) =0.45 mg/L

£ Metrohm

Pb determination

Electrode

* sScTRACE Gold (with Ag film)
Electrolyte

* c(citric acid) = 0.045 mol/L

* ¢(KCI) =0.009 mol/L

* ¢(NaOH) = 0.009 mol/L
Conditions

* Deposition:-0.7V, 30 s

* Sweep:-0.7V..-03V
Sample size

* 0.05mL
Result

* B(Pb)=0.9 mg/L

18



Applications with carbon
screen-printed electrodes




Screen-printed

electrode

Auxiliary electrode (AE)
Working electrode (WE)

Reference electrode (RE)

§ —e Electrical connections AEeWEe®RE

20
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Ni, Co in drinking water

Electrode

e Carbon SPE (Metrohm Dropsens 11L, ex situ

Bi film) faal
Electrolyte =
* Ammonia buffer, DMG, bismuth solution -8 1
Conditions E -7
* Deposition:-0.9V, 30s Ry
e Sweep:-09V..-13V 5
Sample Size 4]
e 10 mlor 15 ml .
Result 090 -0.95 -1.00 -1.05 -1.10 -1.15 -1.20 -1.25 -1.30
* B(Ni)=0.56 pg/L uv]

e B(Co)= -

21



L2 Metrohm
Ni, Co in water (carbon SPE, ex situ Bi film)

Limit of detection, linear range

Deposition Limit of Linear range
time detection
e
30 s (946*) 1 ug/L 10 pg/L © e
30 s (884**) 0.4 pg/L 10 pg/L meme—

Nickel and cobalt in drinking water

Simultaneous determination in low pg/L range on the 11L
screen-printed electrodes modified with a bismuth film

Im po rtant to know g 6 | i s s
value for ink The current lies in ive and cost-sffective screen-
provisional World Health printed el
O or of aca
Quality:

Ex situ Bi film. No Bi addition to sample. i

Plating solution can be used 10 times S

Bi film lasts for 3—5 measurements e A2 Metrohm

Removal of Bi film not necessary Application Note V-232

*946 Portable VA
**884 Professional VA

22



Applications with the
Bismuth drop electrode




Bismuth drop electrode

Description Applications
* Novel type of electrode * Cd, Pbin water samples
e Bismuth drop made of molten bismuth metal * Ni, Coin water samples

* Glass body * Fein water samples
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Cd and Pb in ground water

Electrode
e Bidrop electrode 0.3507
Electrolyte etk
* c(acetic acid) =2 mol/L 0.300 7
* ¢(NH;) =1 mol/L) = 0275 1
Conditions = 0.250
» Differential pulse 0.225 1
* Deposition: -1.1V (60 s) 0,200
* Sweep:-1V..-0.35V 0.175 -
Result 900  -800  -700 600 -500  -400

 B(Cd)=<LOD
* B(Pb)=<LOD

25



Cadmium, lead at the Bi drop electrode

Limit of detection, linear range

Deposition Limit of Linear range

time detection
Cd (305s) 0.1 pg/L 15 pug/L

Pb (30 s) 0.5 pug/L 15 pug/L

Important to know
* Hg free method

e Activation of the Bi drop required

£ Metrohm

VA APPLICATION NOTE V-221

Cadmium and lead in drinking water

Simultaneous determination by voltammetry using a Bi drop

electrode
To reduce the toxic effects of cadmium on the  for anodic stripping voltammetry (ASV) allows the
kel d th i system, as il i i

lead, the ali
in the World Health detection (LOD) of 0.1 pg/L for Cd and 0.5 ug/L for
for Drinking. Pb can be reached. This outstanding sensitivity is

WHO

0 3 maxi of han sufficient to monitor the p
3 g/Lforcadmiumand 10 pg/Lforlead indrinking ~ guideline values.
water.

This method is best suited for automated systems or
The completely mercury-free Bi drop elecirode takes  process analyzers, allowing the fully automatic
the next step towards q i ination of cadmium and lead in large sample
analysis into a non-toxic approach for heavy metal  series.

Getection. Using this environmentally friendly sensor

R £ Metrohm

Application Bulletin 438/1
Application Note AN V- 221

26
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Cd and Pb determination

4 6

Measurement no.




Application documents for Bi
drop electrode

APPLICATION BULLETINS
438 - Cd, Pb
439 - Fe
440 — Ni, Co

| vamrrucanonworevan |

Cadmium and lead in drinking water

Simultaneous determination by voltammetry using a Bi drop
electrode

o reduce the towc efect: of cadmium on the  for an0ic sUippg vOTaMMERYy (ASV
7 the skeleton, and the resoratory sytem 3 Gmustanacus determination of cadmium and
0 4t the oeurotauic effects of lead, the  chinking weter, Wih 3 60 depositon tme, kit of

Quidine v Word Health  detecton (L0D) of 0.1 /L for GG and 0.5 gL for
jon's <Guidelines for Drinking-water P can be reached. Tivs outsianding sensitvty
usitys are set 10 & manimum concentration of Mo than SUffcent 1 mexnioe the prowisons WHO

34/t for cadmeun and 10 pg/ forlead m dinking
watee

quideine valuss.

The completely mercury-free B crop electroce take: the fully automatic
the next step Towands comerting voltammetc  determingtion of cadmum and ead in arge sampe
analyi porosch for hesvy matal  saries

detoction Using ths environmantally frendy sencor

——- £ Metrohm
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Application Bulletin 438/1

Determination of cadmium and lead in water samples by anodic
stripping y with a Bi drop

Summary Eimcronn vease ars010
Moy metal, paricdary cagmiam and eas, are Anown 85

AE Goweycubonwecrodercd 6140040
Eincirocn ok e
Overview

| vansrucamonworevazz |

Iron determination in drinking water

Wide linear range with a low detection limit using the Bi drop
electrode and the triethanolamine method

The presence of vonindrinking weter coneadtosn  treatmant and processing plants 2 03 mg/L Fe in
ungiessant, harh metalic taste of fecdehbrown  chinking we
stains 1 addition, erce bacterias which can grow in

The volammetnc detecmination of the ron

ow levels (it of detection of

/L) 390 measurements in & widk range of
Jons up 10 0.5 /L This method s best

ed systems

uly automs

large samgle senes

—— £ Metroh

-
spply, syzzem cacling, or fiekd imgation. To
problems, the US. Emvome

Protection. Agency (EPA] defines the Secondary
Masimum Contaminant Level (SMCL) for water

ms o process analyzers

£ Metrohm

Nickel and cobalt in drinking water

Simultaneous determination in the ng/L range on the Bi drop
electrode

The main source: of nicksl pollation are  UNQue properies of the nondonic Bl drop elecrode
combined with ASV resuts in an excelent
pertormance in terms of sensitivty. The bmi of
Getaction for 30 5 depositon beme & apprommaTRly

Niconcentraton in dnrking wat sutomatic determination i large sampe senss

The  smutansous

P
determination of mckel and cobat i3 based on
adsorpte sirpping voltammetry AGSV). The

£ Metrohm

L2 Metrohm

Application Bulletin 439/1

Voltammetric determination of iron in water samples with a Bi
drop electrode

£ Metrohm

Application Bulletin 44011

Determination of nickel and cobalt in water samples by

stripping y with a Bi drop
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Field Measurements

946 Portable VA
* On-site determination
e Battery powered
* Predefined methods

 Solid state electrodes-SPEs and
scTrace Gold

30



Manual or Automated Liquid Handling

Draining
+ Rinsing

884 Professional VA

* Manual or automated
* High throughput

e Solid-state electrodes
e scTrace Gold
e (Carbon SPE
e Bidrop electrode
e Rotating disk
electrode (RDE)

Company internal use 31
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Online Measurements

ADI2045VA Process Analyzer

* Online control of water and wastewater quality
and industrial mining processes

e Can be equipped with a UV or thermal digester
module

e Solid-state electrodes
e scTrace Gold
* Rotating disk electrode (RDE)

32
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kia.williams@metrohmusa.com
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