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It is quite important to monitor tetrabromobisphenol A (TBBPA) in environmental samples due to its wide exis-
tence and high toxicity. Herein, a highly-sensitive electrochemical method was developed for the determination
of TBBPA based on the strong signal enhancement effects of cetyltrimethylammoniumbromide (CTAB). In pH 7.5
phosphate buffer, an irreversible oxidation peakwith low height is observed for TBBPA on the surface of a carbon
paste electrode (CPE), and the oxidation wave is improved greatly after addition of a low concentration of CTAB.
The great peak current enlargements indicate that CTAB exhibits remarkable enhancement effects toward TBBPA
oxidation. The enhancementmechanism of CTABwas investigated using electrochemical impedance spectrosco-
py and chronocoulometry. It is found that the existence of CTAB obviously increases the accumulation efficiency
of TBBPA and facilitates its electron transfer. The linear range of this new sensing system is from 2.5 to 800 nM,
and the detection limit is 0.99 nM. It was used in water sample analysis, and the recovery value was over the
range from 95.74% to 102.6%.
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1. Introduction

Tetrabromobisphenol A (TBBPA) is the highest-volume brominated
flame retardant (BFR) in the world representing about 60% of the total
BFR market [1]. The global consumption of TBBPA has increased from
64,000 t in 1994 to 119,700 t in 2001 [2]. In China, the TBBPA production
capacity is about 18,000 t in 2007 [3]. Currently, TBBPA has attracted
much attention due to the adverse health effects such as endocrine
disrupting behaviors [4–6], immunotoxicity [7,8] and neurotoxicity [9,
10]. Therefore, it is quite important to develop sensitive, simple and ac-
curate determination methods for TBBPA.

Electrochemical determination has obtained increasing attention in
environmental monitoring because it is superior in terms of speediness,
handling convenience, low cost, in situ monitoring andminiaturization.
However, the electrochemical studies about direct determination of
TBBPA are very limited. Surfactants with amphiphilic structure have
been extensively used in the field of electrochemistry for various pur-
poses. It has been proved that the assembly of surfactants on the elec-
trode surface has big impacts on the structure of the electrode
interface, and then heavily affects the electrochemical processes of spe-
cies [11–13]. Until now, cetyltrimethylammonium bromide (CTAB), a
typical cationic surfactant, has been successfully employed to improve

the response signals of estrogens [14], nitrophenol isomers [15],
bisphenol A [16] and ciprofloxacin [17].

Themain objective of this work is to develop a simple, sensitive and
accurate method for the determination of TBBPA utilizing the excellent
enhancement effects of CTAB. On the surface of a carbon paste electrode
(CPE), the oxidation activity of TBPPA is very low, and the resulting ox-
idation signals are also weak. However, the oxidationwave of TBBPA on
the CPE surface is improved significantly after addition of CTAB. The ex-
istence of CTABenhances the electron transfer ability and the surface ac-
cumulation efficiency of TBBPA, showing strong signal amplification
ability. As a result, the oxidation signals and detection sensitivity of
TBBPA are improved greatly.

2. Experimental section

2.1. Reagents

All chemicals were of analytical grade and used as received. 0.01 M
stock solution of TBBPA (Laboratories of Dr. Ehrenstorfer, German)
was prepared using ethanol, and stored at 4 °C.
Cetyltrimethylammonium bromide (CTAB), graphite powder (spectral
reagent) and paraffin oil were purchased from Sinopharm Chemical Re-
agent Company (Shanghai, China). Ultrapurewaterwas obtained froma
Milli-Q water purification system and used throughout.
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2.2. Instruments

Electrochemical measurements were carried out on a CHI 660C elec-
trochemical workstation (Chenhua Instrument, Shanghai, China). A
conventional three-electrode system, consisting of a carbon pastework-
ing electrode, a saturated calomel reference electrode (SCE) and a plat-
inum wire auxiliary electrode, was employed.

2.3. Preparation of CPE

The carbon paste electrode (CPE) was prepared using 1.0 g graphite
powder and 0.2mLparaffin oil. Themixturewasmixed homogeneously
in a carnelian mortar, and the resulting carbon paste was then tightly
pressed into the end cavity of the working electrode body. Finally, the
electrode surface was polished on a smooth paper.

2.4. Analytical procedure

0.1 M, pH 7.5 phosphate buffer containing 6.0 μM CTAB was used as
the supporting electrolyte for the detection of TBBPA. After 4-min accu-
mulation, the differential pulse voltammograms were recorded from
0.20 to 0.60V, and the oxidation peak currents at 0.47 Vweremeasured.
The pulse amplitude was 50 mV, the pulse width was 40 ms, and the
scan rate was 40 mV s−1. After each measurement, the used paste was
carefully removed from the end cavity and a new carbon paste was pre-
pared to guarantee good reproducibility.

3. Results and discussion

3.1. Electrochemical behaviors of TBBPA

The electrochemical behaviors of TBBPA in 0.1 M phosphate buffer
solutions with different pH values were studied using cyclic voltamme-
try (CV). As shown in Fig. 1A, a pH-dependent oxidation wave is ob-
served for TBBPA, and it moves negatively when improving the pH
value from 6.0 to 8.0, indicating that protons are involved in the oxida-
tion process.Moreover, a good linear relationship is observed for the ox-
idation peak potential (Ep) of TBBPA and the pH values, as confirmed
from Fig. 1B. The slope value of the Ep–pH plot is −63.8 mV/pH, sug-
gesting that the number of protons and electrons that transferred in
the oxidation process of TBBPA is equal. From Fig. 1C, we also find that
the oxidation peak currents of TBBPA are controlled by pH values. The
oxidation peak currents of TBBPA gradually increase with the pH
value from 6.0 to 7.5, and then gradually decrease with further im-
proving the pH value to 8.0, revealing that the oxidation activity of
TBBPA is pH-dependent. To achieve higher oxidation signals for
TBBPA, 0.1 M phosphate buffer with pH of 7.5 is used as the
supporting electrolyte. Additionally, the successive cyclic voltammo-
grams of TBBPAwere recorded in Fig. 1D to further discuss the oxida-
tion process of TBBPA. Only an oxidation wave is observed, and the
oxidation peak decreases greatly during the second cyclic sweep.
No observation of the corresponding reduction wave suggests that
the oxidation of TBBPA is totally irreversible, and the signal decline
after the first anodic sweep may be attributed to the surface adsorp-
tion of oxidative products.

Fig. 1. (A) CV curves of 10 μM TBBPA on CPE in 0.1 M phosphate buffer solutions with different pH values in the presence of 6.0 μMCTAB; (B) linear relationship between oxidation peak
potential andpHvalues; (C) effects of pHvalue on the oxidation peak currents of TBBPA; (D) successive CV curves of 10 μMTBBPA in pH7.5 phosphate buffer containing 6.0 μMCTAB. Scan
rate: 100 mV s−1.
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