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Abstract: A method for the determination of tetrabromobisphenol A and bisphenol A in environ-

mental water using carboxyldunctionalized multiwalled carbon nanotubes as solid-phase
extraction sorbent and liquid chromatography-tandem mass spectrometry was established. Com-
parison of three nanomaterials including multiwalled carbon nanotubes C60 and carboxyl-{func—
tionalized multiwalled carbon nanotubes used as solidphase extraction sorbents was made. After
preconcentration by solid-phase extraction tetrabromobisphenol A and bisphenol A were separa—
ted on a Thermo Scientific Hypersil C18 column (150 mm x4.6 mm 3 pm) and then detected by
tandem mass spectrometry in negative electrospray ionization ( ESI) mode. The results showed a
good linear response in the concentration range of 0. 02 = 1.0 mg/L for tetrabromobisphenol A and
bisphenol A and the limits of detection (S/N =3) were 0.04 pg/L and 0.2 pg/L for tetrabromo-—
bisphenol A and bisphenol A respectively. The application of the proposed approach has been
carried out for the determination of tetrabromobisphenol A and bisphenol A in spiked lake water
and sea water samples. The recoveries varied from 82% to 99% with the relative standard devia—

tions below 5.0%. The proposed method can be used for the determination of tetrabromobisphe-
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nol A and bisphenol A at trace level in complex environmental samples.

Key words: solidphase extraction ( SPE); carboxylHunctionalized multiwalled carbon nano-

tubes; tetrabromobisphenol A; bisphenol A; environmental water
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Fig. 1 Structures of tetrabromobisphenol A ( TBBPA)
and bisphenol A ( BPA)

TBBPA  BPA
( HPLC) . -
(GCMS) - (LC-MS/
MS) P70, GC-MS
>, LC-MS/MS
TBBPA  BPA

S A}

( solid-phase extraction SPE)

~ ~ ~

TBBPA
BPA T

TBBPA

( MIPs)

12 13
°

BPA ™

( MWCNT)

. C8

BPA

MIPs

BPA
pH

317 MWCNT

MWCNT.

(COOH-MWCNT)  C60

PA  BPA

TBBPA  BPA

1

1.1 N

o

C18

€60

TBB-

COOH-MWCNT
HPLC-MS/MS

TSQ Quantum Access MAX
MS ( ThermoFisher
Supelco ); Pall

(

TBBPA( 99%)

Sigma Aldrich
) CNW

MWCNT( 95%
pm) .COOH-MWCNT(

o

)
(

BPA(

(

8 nm;

95%

Pall

) o
99%)

LC-

)

0.5~2

8 nm;



8 A A *+ 819 -
0.5 ~2 pm; 3.86%) C60 ( BPA :TBBPA  BPA
98 %) o 0.45 pum 1.98 min  3.08 min( 2)
N TBBPA BPA N
( Polypro 3 ml) o ;
1.2 N
100 mg/L.  TBBPA  BPA ( MRM)
( 1) -
LC-MS/MS '
. 100 [ 3.08 e
1.3 80
60.0 mg MWCNT. C60 60;-
COOH-MWCNT 40 *
. SPE 3mL 3mL 20? 1.98
10 mL 1 mL/min 0 \ AI —f | .
0 1 2 3 4 5 6
SPE 3 mL
: 1.98
SPE s 1000 BPA
6 mL : g 80 * (mlz 212, 133)
< L
0.2 mL 0.45 pm 5 60
LC-MS/MS g r
1.4 LC-MS/MS g 0r
LC : Thermo Scientific Hypersil 0F T T T T .
0 1 2 3 4 5 6
C18(150 mm x4.6 mm 3 um); 40 °C; r o
/ (82 V/V) ; lOmL/mln, 100; TBBPA
10 pLo 80 b (mlz 417, 447)
MS/MS 60 F
( HESI) ; 120 C; 0r
3.0 kV; 275 C; 0F
1 0 F T T T T T
° ° 0 1 2 3 4 5 6
1 TBBPA BPA 7/ min
Table 1 MS/MS parameters of TBBPA and BPA 2 TBBPA BPA MRM

Precursor Product Sheath gas Collision
Analyte ion ions pressure/ energies /
(m/z) (m/z) Arb units eV
BPA 227 133 212° 35 17 21°
TBBPA 543 414 447 35 43 34"
* Quantitative ion.
2
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Fig. 2 Total ion chromatogram and MRM chromatograms
of a mixed solution of TBBPA and BPA standards
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Fig. 3 Adsorption efficiencies of TBBPA and BPA
on three different carbon materials
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Fig. 4 Effects of types and amounts of elution solvent
on the recoveries of TBBPA and BPA
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Table 2 Recoveries of TBBPA and BPA spiked in
environmental water samples

Background/ Recoveries

Spike
Sample (pg/L) (pl j]d)/ ( RSDs) /%
TBBPA BPA pest TBBPA BPA
Lake water 1 ND ND 5.0 89 (3.6) 90 (4.1)
Lake water2  ND ND  20.0 85(4.3) 92(2.7)
Sea water 1 ND ND 5.0 82(4.9) 99 (3.8)
Sea water 2 0.051 ND 20.0 85(4.0) 93(3.6)
ND: not detected.
2.4
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