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Polybromodiphenyl ethers (PBDEs) mixtures are a class of brominated flame retardants used worldwide in electric and electronic equipments, plastics, and textiles. The

commercial products mainly consist of penta-PBDEs, octa-PBDEs, and deca-PBDEs. While deca-PBDEs mixture remains on the list of authorized chemicals, the other two

have been banned from European market since 2003 (Directive 2003/11/EC) because of their persistence and bioaccumulative properties. They are also suspected of

causing neurobehavioral effects and endocrine disruption.

Figure 1 - Flow diagram of mussel sample preparation
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Traditional instrumental methods for PBDEs require

long times, high costs and well-trained staff.

It’s urgent to have rapid screening systems able

to simply distinguish between contaminated and

uncontaminated samples, improving the general

knowledge about the possible exposure.

PBDE-antibody coupled paramagnetic particles were from a commercial ELISA test kit for PBDE congeners

(PBDE Elisa kit, Abraxis LLC, USA). The screen printed electrodes used for measurements were formed by a

carbon working electrode, a carbon counter electrode and a silver pseudo-reference electrode. Electrochemical

measurements were performed using a µAutolab type PGSTAT with GPES 4,9 software package (Metrohm,

Rome, Italy). All the measurements were carried out at room temperature by using differential pulse

voltammetry (DPV) with the following parameters: range potential -100/+600 mV, step potential 5 mV,

modulation amplitude 70 mV. The buffer used for the assay were: 0.1 M diethanolamine buffer (DEA) pH 9.6

with 0.1 M KCl and 1 mM MgCl2, and 10 mM phosphate buffer (PBS) pH 7.4. In Figure 1 the preliminary

mussel sample preparation protocol is reported.

Mussels (Mitylus Galloprovincialis) are often used to detect persistent organic pollutants (POPs) in the

marine environment. BDE-47 and BDE-99 are among the most abundant PBDE congeners found in mussels

and, more in general, in biota.

The immunological reaction is based on a direct competitive assay (Figure 2) using alkaline

phosphatase as enzymatic label. After the incubation with sample or standard, 50 µL of the competition

solution is added to 100 µL of magnetic beads. The antibody immobilized on the magnetic particles

recognizes mainly BDE-47 and BDE-99 congeners. After the immunochemical recognition, the modified

magnetic beads are captured by a magnet and washed with DEA buffer with 0.01 % of Tween 20.

Finally the beads are suspended in 50 µL of DEA buffer and an aliquot is deposed on the surface of the

working electrode. To better localize the beads onto the electrode a magnet holding block is used. Then

60 µL of a solution containing the enzymatic substrate (α-naphtyl-phosphate) 1 mg/mL in DEA buffer is

deposited on the screen-printed strip covering the electrochemical cell. After 5 minutes the enzymatic

product is finally detected by DPV. Under the optimized conditions, the electrochemical magneto-

immunosensor shows a linear response range from 0.1 to 10 ng/mL of PBDE-47, with an IC50 of about

0.8 ng/mL (Figure 3).
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Figure 2 – Schematic representation of the developed assay

Starting from commercial functionalized magnetic particles, a new

electrochemical affinity-immunosensor for PBDEs detection has been

successfully developed. In order to achieve suitable detection limits in

real samples, experiments are in progress to optimize the sample

treatment in mussels. The whole procedure may be able to carry out

massive environmental campaigns rapidly revealing possible polluted

coastal areas. Finally this technique is promising to carry out food

monitoring programs, too.

Figure 3 – Calibration curve obtained for PBDE-47. The points correspond to the B/B0

percentage ± S.D. (3 replicates).

The aim of this work was to develop an

electrochemical immunosensor for PBDE

detection in various matrices.
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