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Introduction

Homicidal and suicidal agent →
Considered as the “king of poisons” and the “poison of kings”

Odourless
Tasteless

Undetectable in food and beverages

Middle ages

For a long time, there was no reliable analytical method for detecting arsenic in tissue or 
other media.

Not intentionally used
Arsenic as a pigment (in the 1800s) 

Insecticide (1867 – 1900)

Naturally occurring background exposures in food, water, and soil. 

Methods for detecting As in body fluids and excrement18th century

Modern era



Introduction

Public health concern -> Key area of researchPublic health concern -> Key area of research



Introduction

Toxicity of arsenic depends on its molecular nature

Possible cancer Virtually 

SPECIATION ANALYSIS

HPLC/ICPMS

Alternative: Electrochemical sensors for 
As(III) determination

Very low LOD’s
Cheaper

Disposable

Carcinogenic
Possible cancer 
promoters

Virtually 
non-toxic

non-toxic??

Goal

High sensitivity
Large dynamic range
Easy HPLC coupling



Methodology

Conventional technique for As speciation

ICP-MSHPLC

Anion exchange Cation exchange

Column PRP-X100 Zorbax 300 SCX

T (ºC) 40 30

Mobile phase 20 mM NH4H2PO4

(pH 6)
10 mM pyridine 

(pH 2.3 )

Ql (mL min
-1) 1.5 1.5

Analytes DMA, MMA, PO4, 
SO3, AsIII, AsV

AB, Gly, TMAP

ICP-MSHPLC

Electrochemical sensors for As speciation

Deposition: As(III) +  3e- → As°

Stripping: As° → As(III) +  3e-

RE: Ag/AgCl

AE: Platinum filament

WE: NEE

Supporting electrolyte: HCl 0.2 M + Hydrazine 62 mM



Methodology

NEEs: Nanoelectrode ensembles

(a) Track-etched golden 
membrane

(b) Cooper adhesive tape with 

A) Section of the active area

B) Top view

Electrochemical sensors for As speciation

(b) Cooper adhesive tape with 
conductive glue to connect to 
instrumentation

(c) Aluminium adhesive foil 
with non-conductive glue

(d) Insulating tape
C) Section of the all NEE ready for use as working electrode



Methodology

Real samples:

• Sea products: Canned tuna, fresh tuna, mussels, kombu algae, shrimps.
Certified krill, dogfish muscle and lobster hepatopancreas.

• Rice products: spaghetti, flour, cracker, gallette, Jasmine rice, arborio rice and
certified flour rice.

Sample preparation:

• A portion (∼100 mg for sea products and 500 mg for rice products) of the
dried sample was weighed directly into a 15 mL polypropylene tube.

• 5 mL of 20% (v/v) methanol were added and the mixture was shaken top
over bottom at ambient temperature overnight.

• Centrifugation (4500 rpm) × 20 min at room temperature.

• Filtration through an 0.45-µm PVDF filter (Millipore).



Analytes of interest

Arsenate 
[As(V)]

Arsenite 
[As(III)]

Methylarsonate 
(MA)

Dimethylarsinate
(DMA)

Trimethylarsine oxide 
(TMAO)

Methodology

Arsenocholine (AC)
Arsenobetaine
(AB)

Tetramethylarsonium ion 

(TETRA)
Trimethylarsonio propionate
(TMAP)

R Oxo-arsenosugar

-OH -glycerol    (Gly)

-OPO3CH2CHOHCH2OH -phosphate   (PO4)

-SO3 -sulfonate   (SO3)

-OSO3 -sulphate   (SO4)



Results and discussion HPLC/ICPMS As speciation

Sample

Conc. (ppm)
Column Recovery 

(%)
As (III) DMA MMA As (V) Total As extract

Rice spaghetti 0.025 0.034 75

Rice flour 0.079 0.0112 0.097 94

Rice cracker 0.058 0.031 0.033 0.134 91

Rice gallette 0.142 0.033 0.033 0.263 77

Jasmine rice 0.101 0.032 0.176 75

Arborio rice 0.092 0.028 0.0076 0.167 77

Certified rice flour 0.056 0.157 0.018 0.039 0.33 82

As range

Rice products Sea productsCertified rice flour 0.056 0.157 0.018 0.039 0.33 82

Sample

Conc. (ppm)
Column 

Recovery 
(%)DMA MMA PO4 SO3 As (V) AB Gly TMAO? TMAP AC? TETRA?

Total As 
extract

Canned tuna 1.7 0.033 2.2 79

Fresh tuna 4.39 0.051 4.7 94

Krill 0.16 0.3 2.19 0.32 0.45 0.043 4.8 72

Mussels 0.35 0.39 9.6 0.33 0.28 0.039 0.059 13.3 83

Dogfish muscle 0.34 19.7 0.189 0.313 20.1 102

Lobster hepat. 1.69 0.53 0.73 15.7 0.7 0.23 1.33 0.08 0.069 23.3 90

Kombu algae 0.2 10.7 38 14 62 101

Shrimps 169 2.8 1.28 182.5 95

Rice products Sea products

34 – 330 ppb 2 – 183 ppm



Sea products: Canned tuna, fresh tuna, mussels,

kombu algae, shrimps, certified krill, dogfish muscle

and lobster hepatopancreas.
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Results and discussion

HPLC/ICPMS As speciation

Fresh tuna Antarctic Krill Certified lobster 
hepatopancreas

93% 

Other 

68% 

3% 
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TMAP 
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Other 
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Kombu    

DMA 

PO4 

SO3 

Gly 
93% 

1% 

1% 
5% 

Gamberi    

AB 

TMAP 

TETRA? 

Other 

46% 

7% 

9% 
1% 

Gly 

TMAP 

AC? 

Other 

As range

Sea products

2 – 183 ppm As

Shrimp Alga kombu



Rice products: spaghetti, flour,
cracker, gallette, Jasmine rice,
arborio rice and certified flour rice.

26% 

Spaghe     riso    

As (III) 

other 

12% 

7% 

Farina    riso    

As (III) 

DMA 

other 
54% 
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Galle e    riso    

As (III) 

DMA 

As (V) 

43% 25% 
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Cracker    riso    
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DMA 

As (V) 

Results and discussion (HPLC/ICPMS As speciation)

Rice spaghetti Rice flour Rice cracker Rice gallette

74% 
81% 

other 
54% 

12% 

As (V) 

other 

57% 18% 

25% 

Riso    Jasmine    

As (III) 

DMA 

other 

55% 
17% 

4% 

24% 

Riso    arborio    

As (III) 

DMA 

As (V) 

other 

17% 

48% 
5% 

12% 

18% 

CRM    1568a    

As (III) 

DMA 

MMA 

As (V) 

other 

23% 

As (V) 

other 

As range

Rice products

34 – 330 ppb As

Jasmine rice Arborio rice Certified flour rice



Results and discussion (Electroanalytical sensors)

Method validation



Results and discussion (Electroanalytical sensors)

Method validation LOD

HPLC/ICPMS NEEs sensors

2 µg/L 0.010 µg/L



Results and discussion (Electroanalytical sensors)

Method application:  Rice flour



Results and discussion (Electroanalytical sensors)

Method application: Kombu algae

Total As

Alga Kombu

62 ppm As



Conclusions

Features of voltammetry with NEE

Features of HPLC/ICPMS

- The HPLC/ICPMS is the most widely technique for speciation analysis because 
the connection between them is easy and the ICPMS detector provides excellent 
detection limits, wide dynamic range and multi-element capabilities.

- But it is an expensive technique and requires a infrastructure (clean room 
environment…) and qualified technical personnel.

Features of voltammetry with NEE

- Easy to use

- Cheap

- Very sensitive

Work in progress…

- More accurate interference studies

- Matrix effects

- Reproducibility
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Method application


