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(RIS 5 G T SRR ST B A SE R 2, A A5 BRI PR BRE S rh D BRIEARMERE A BTS2 BT, BT, 100029)

W E ASCE LR A GG AT B AR RN S A, ST T R SRR £ % 43 A TR DY TR A
(TBBPA) FRERE S (% J7 k. 25 2R 1 [ 58 AH Sy S BE 10 (A, 78 80% & +20% 1Y) 0.1% Z /K 1 I sl A0 F1
212 nmi K 5514, TBBPA fEFR A5 0 0 fre f0 | Wil 17 J5e oo 119 €0 33 0. 22 37 1) o IR A €833 0 BT O 1%, 7 5.0—
50 g~ mL Y PN, G Mk AORS 2 BE 38 RAE K BR A 0.69 g - mL AL B TBBPA AR AR dh 4 M7 22
SRR AER 3BT 02 F T B TBBPA Fr iR (i X 340 5 MG 56 A e e M 9 oy, 285 SR B 0T 4kl 1 R
B TBBPA Frufif i 2 38 5 2k, BLAE 17 A NS IR 4 CHR a1 35 a8 ke O A AN S 19 =
SRR €0 1 ok tha ) FH T oA TBBPA A0 SCAE S A 2 Hr .

KR DUTONET A(TBBPA), msRAH @ISR (HPLC) , Jrikiite, FrEred.

Optimization and application of HPLC method for
tetrabromobisphenol A reference material analysis

HUANG Linyan LU Bingwen ZHAO Yanhui ZHAO Yaxian CHEN Xingyu FANG Liping™"

(State Environmental Protection Key Laboratory of Environmental Pollutant Metrology and Reference Materials,
Institute for Environmental Reference Materials, Environmental Development Centre of the Ministry of Ecology and

Environment, Beijing, 100029, China)

Abstract: In this paper, a high performance liquid chromatography ( HPLC) method for the
determination of tetrabromobisphenol A ( TBBPA ) reference material ( RM) in methanol was
established by optimizing the kind of column, the condition of mobile phase and wavelength. The
results showed that TBBPA exhibited the best peak type and the highest response under the following
condition;: mobile phase of 80% acetonitrile +20% 0.1% ammonia, and the wavelength of 212 nm.
The established HPLC method had good linearity and precision within the concentration range of
5.0—50 pg-mL™", and the detection limit was 0.69 pg-mL™", which met the analysis requirements
of TBBPA RM in methanol. The optimized method was used to test the homogeneity and stability of
TBBPA RM in methanol. The results showed that the developed TBBPA RM was homogeneous and
could be stored stably both at room temperature and 4 “C for 17 months. The established HPLC
method in this study could also be used in the analysis of other TBBPA samples.
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VOIS A ( tetrabromobisphenol A, TBBPA ) J& H fif 2Bk M FH )12 i —FyRACBEIATR , 2 H F 95
2 i SR R b Y S R BT, TBBPA S — R T A YA DTS Y (POPs ) T TEFR
BHER , S THWIRNIER NI R S, T BAA SR B0 B AR VE T, HETE A (e A5 4
R EIBFFE I 2 — 72017 4F TBBPA #% 3¢ [ INAAE JE M B4 65 k58 (RIC 1986 4EIk K %4 5
VR TR T PRA TR ) ) 38 50 A SO B s L TR 2 R IR A RS T TBBPAY IR, T
i R TBBPA XA M 7k, -0 TR E FREE v TBBPA 4387 PR A 5 0 R B 22

R, [ RS A3 Mr 458GA KA TBBP A AH G A FR 5 125, SCHRARE A AR 20 b7 7 ik £ 8 A S A
T/ Bk (GC-MS) 7 1 JRAH (033 53 Bk FR %9 ( LC-MS/MS ) M Rl 850 M £3i% % (HPLC ) ™ -
H GC-MS LR ZATE AL, LC-MS/MS ANAR A& B 5t BRAERE 2%, F M TS i/ I & TBBPA (147
BT . TBBP A ¥ VbR vERE i AFF e A r ) 389 S0 PG 56 A e M 98 X (U3 AW ik (R vl B S A B0k
R, H TBBPA IR bR HERE 5 OB 24 3L 0T, B il v B AR e v, SOAR SCARAL 1 18 48 e S 3 VEAH
X AT HLA9 TBBPA 4381 HPLC J5 ik, 318 L F - F B b TBBPA FryfE A 5 19 35 50 M A6 56 R AR S 1 F
FEH.

1 MBS 75 ( Materials and methods)

L1 FEAER 5 R

XP240 BURS % L 7R R % B2 0 0.01 mg, Fi+ Mettler-Toledo 23 7] ) ; HPLC-1260 =52 AH {4 % 4%
(Agilent 24 H) ) ; FPS2-SS ik F shWE ML (36 [ Cozzoli 24 H] ) ; DN64 B ( HAS Yamato A H] ) 5 % it
L WS (151 Brand A F]) LA XSS IR LYY 28 v [ i B2 pE e B f e, B2 Bk e S A& IF A
RO

TBBPA (4l 99% , 5 [H Accustandard 23 7)) ; FEEH TBBPA AR #EAE K (50 pg-mL™", & CIL 24
A s FEE(HPLC 2%, 35 J.T.Baker 24 F]) .
1.2 FEd e

AT AR HEARE T R PR 3 T T MR 40 0 ot 4l B L b v B2 DA B i Tl A FR 46 2 B30 080 Pl 5 ok o o
HEAE(20£1) °CRYHEEE B HERAFR 19 TBBPA 404 0.01050 ¢ BT 10 mL Z5 b, F B B i ) F
SERFEFL B I 50 mL HEERY 100 mL 255D, 8 25 2 20 BE 201 50 40 42 50 I il Fe s T 1 i 22
UIB VR S AT DR B 58 4 ARl S TIRIR VKA - 18 CARZ 1 h, J5 04 T 2 mL AR A%
R, 23R 1.2 mL.
1.3 X853 Hr

ARG R FH A € 1% 32 (HPLC ) 22 TBBPA 40 fhali i | L K A7 F b TBBPA ARifERE i 3
SJVEFNRRE TEAEIFAY.

HPLC 780 F . 4% 41 . Agilent ZORBAX Eclipse XDB-CN (4.6 mmx 150 mm, 5.0 pum) ; i 8 4H .
80% ZNE+20% 0.1%Z /KW ; 7% .1 mL-min™"; PEFERE .1 pl; %K 212 nm.

2 5 57718 ( Results and discussion)

2.1 HfEH TBBPA {840 H 5 44k

ANTR) [ A AT AR A 3 A X AR 2 43 0 e 7 6 TR R 8 4 25 7 AR AR RS I, AR A SR e 1%
T 4 FhE ) H XS A WA B R A R ) € 5 A A A . [ E A R UL B ZORBAX
Eclipse XDB-CN #1: (4.6 mmx 150 mm,5 pm) Fl[& % A% C18 [ InfinityLab Poroshell 120 EC-C18 #¥
(4.6 mmx150 mm,2.7 um) ZORBAX Eclipse Plus C18 #£(4.6 mmx250 mm,5 pm) 1 ZORBAX Eclipse
Plus C18 #£(4.6 mmx150 mm,3.5 pm) AR € EFLE G S AH R 80% MG +20% 19 0.1% Z /K W NI <
R 212 nm Z50F A EE T TBBPA ARV W 0 €3 BLAn T B 1 i 8 3l X B 2% €8 15 06 194 i) 17 5 32
FgERY %2 I InfinityLab Poroshell 120 EC-C18 #1254+~ TBBPA Ml i AR X 4555 , HL 5 30 S0 | AN [w] 55
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HAR M A ZORBAX Eclipse Plus C18 #: 454 F 1) TBBPA (K& R4 %% | 1ii ZORBAX Eclipse XDB-CN £
MR ) TBBPA 0 33 0 06 0 B R 450 0 70 BT 4 L W) W B . X 0] BE 5 TBBPA Sh i AL &, T
ZORBAX Elipse XDB-CN 19 [5 % AH b 50 5E, X W AL & 0 A AR G5 19 0% B A 6. TR I, A F 9% o %
ZORBAX Elipse XDB-CN #1247 542 TBBPA il 53t FH 21541

600} b
5001
400+

3004

Aboundance/mALU

200

100} [

1] ——— g, S E—— L I
0 I 2 3 s
t/min
B 1 HIEE TBBPA BRifEhe S 7EA Al L A0 T i ik 1A
(a: InfinityLab Poroshell 120 EC-C18,4.6 mmx150 mm,2.7 pm;b: ZORBAX Eclipse XDB-CN,4.6 mmx150 mm,5 pm;
¢: ZORBAX Eclipse Plus C18,4.6 mmx150 mm,3.5 pm;d: ZORBAX Eclipse Plus C18,4.6 mmx250 mm,5 pm)

Fig.1 Chromatograms of TBBPA RM under different kinds of column

HELT 4 P AR AT P EEH TBBPA Fy i S5 gAY HAA 8% 25 FAHTR] , #4128 F ZORBAX Elipse
XDB-CN #:, K4 212 nm. TBBPA N FRIALAY) , 7 shAf RO BB 2 52 TBBPA B ), i 5
e FLAE AR 35 fy e . A0 ] 2 B, S SAE KA SR, 40 80% £ +20% 7K il 80% H i+
20%7K , TBBPA ¥ma i LA, iX 55 TBBPA HA S5IRVE , fE KA vh 23 & AR s i /K i A5G 53 /b, TBBPA
5 R 506 3 AT, AT SZ 0 TBBPA (98 5. 2R T sl A 80% LM +20% 19 0.2% LRI,
T SRR AZS A0 TBBPA (£ 25, DT s me i AR, Bt It sh AR 25 140 T i g th il — ek
(B , H LA RR T4 R HER 0 2. S T sh A R 80% £ +20% 1 0.1% Z /K i, itk it 2
FAOEUE T TBBPA AYMEES, R TRy, H ARG IR R 5 G ANES LB T NI, & kit
80% NG +20% 1) 0.1% 27K W R 53 B HEE T TBBPA ARyERE S T SRR 3R

100 -
d
80 8

60

4ot

Aboundance/mAU

20k

ffmin
B2 HIEED TBBPA BRUfERE S FEA R B AR A0 T i ik 12
(a: 80% ZIE+20% M 0.1% ZUKIEH b 80% ZIE+20%7K s 80% HIEE+20% 7K ;d: 80% ZIF+20% 1) 0.2% L FRTE W)
Fig.2 Chromatograms of TBBPA RM under different mobile phase condition

(a: 80% acetonitrile +20% 0.1% ammonia solution; b: 80% acetonitrile +20% water;

c: 80% methanol +20% water; d: 80% acetonitrile +20% 0.2% acetic acid solution)

SR AN K 23 5 M) H bR A 53 14 i 7 58 B FE (L35 A S ZORBAX Elipse XDB-CN i 2l 4H 4 80% &
G+20% 19 0.1% Z KB W A0 T, A58 5 58 T A [A) S8 AU % 1 4% 44 TBBPA 19 (35 . /y
TBBPA A= H 139 4 B3 R m] A Hfm RSO 4 H BEZE 212 nm AL, PRI 51 % %8 T 208,212,216 nm 5§
3K, G5 R E 3 TR B K 216 nm B TBBPA B0 7 A0 %A%, 3% K4 208 nm 1 212 nm i}
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TBBP A F) ] 87 2458 i ABLAT U T A, B G 0 I A 34 P It 790 e g o 7 L 8 o TR, 255 5 )8
TBBPA (140 )37 1 FH RS 576 1 400 , e & R U I 1 O 212 nm,

212 nm

80 h
208 nm/ | 216 nm

60 |

40} ‘

Aboundance/mAU

t/min

B3 HIEEH TBBPA ARUEREANTEA RIS IR T A @ik
Fig.3 Chromatograms of TBBPA RM at different detection wavelengths

2.2 JTEERGERAETE ] O ARG H PR

LA CIL /9 50 pg-mL™" HEE T TBBPA AR R ERR, 23 il BL il e B R 5,010 .25 .50 pg-mL™' RAHHH
FEVS T, ¥ FROUAR A AR A5 (A T I A S A T U o 7 MR B o0 3R AR BN I 5 Ry =
31.465x+9.9524 KA E r 4 0.9998. 45 R IALE 5.0—50 pg- mL ™" ¥R FE L HIA, TBBPA A4 1 FL 5 ik
FERIZR I C R R AT

P RALAC IS T 0 R — R B0 25 g - mL ™' B H B R TBBPA FRUEVSIRCT-ATI0E 10 W, K4 434t
25 ST bR U O 22 R AH G BR U D 22, 3T 45 R R, TBBPA 4700 &2 10 ¥k A9 SD H1 RSD 43 %A
0.13 pg-mL™" 0.52% , RINZIT NG B K AT

AWFFEXSHIE R 5 pg-mL™ I EEH TBBPA FRUEFAE 1.3 T HT 40 FFATIE 10 Ik, Loy e
SEOL0 3 A5 BRI IR 254 S Ok BRI PR 25 SR 3R W, TBBPA (KT FRM 0.69 pug-mL™".

R TRERZANETEE AHOC R B AR BRI 22 A H FR

Table 1 Linear range, correlation coefficient, relative standard deviation and detection limit of the method

e L HHIR AL PR
o Linear range/ Correlation coefficient RSD/ % Detection limit/
Compounds 3 -1
(pg-mL™) (r) (pg-mL™")
TBBPA 5.0—50 0.9998 0.52 0.69

2.3 4l 4l G IE
R JH 5 RO (3 16 %50 e TBBPA &0 EA T4l B2 44T, o0 ik ] 1.3 5l d a3l m AUH — ikt
B Al A, 6 YN E 45 A IE R 99.00% , S UFEF 4l B —%, 4551 L3 2.

R 2 TBBPA 4k 2B E 2
Table 2 TBBPA purity determination results

F-HE
SRR EL Times 1 2 3 4 5 6 Mean RSD/ %
value/ %
4li g Purity/ % 99.03 98.94 98.98 99.02 98.96 99.04 99.00 0.041

2.4 WSS

FRAE GB/T 15000 ZRFCARERE S TAE Y, XF it 6l & AR e RE i, b TR SRR i R A5 3857,
i B AL I B BOAE i, PR ELAR R R A 00 2 R I i R AR A M I AR X AT
W, DASE 8 S AR it [R] %) 25 53 S M PR AR o X X A0 1k 32 2252 H AR AR A FE 0 R vh R ST R B, DL SR
Wl TE 32 1 AR RV 7045 & S 2 B GB/T 15000.3—2008 AYER YT SR 40 2 BENLIAE )7 8E  7ERE 5
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IIREHIHT P S BEA LR i 3L 10 32, $ IRAT ST AL B AL AR 23 B 5 12, R A SR R o R M
30K, LSRRI 3 22 50 Wi R B A T4 RIS AR B B (o, 0,) BB EMAKF o, 21311
P F (v, o) B A GEHTRR F<F (v, ,0,) WA AL N FIZ IR O I 8 25 55 A i 22

AR TBBP A AR AR il A 49 S MEAS: 98 1) I 5 205 SR AN D7 22 73 T R 0 ) DL 3 TNk 4. 07 2258114
FR  BRUERE S AT A R B D7 22 G HE F/INT I FE Fo o500 20, » TTHE 25 BOBR THEAE: TR 18] 26 -k 2
TR FEMEZE S RYIHEE | TBBPA FRifEte i 24 501,

£ 3 HIEET TBBPA FRifERE I S MERL S I E 458 (ng-mL")
Table 3 Homogeneity test results of TBBPA RM(pg-mL™")

e 42 P2 4528 Repeated test result Ml BE
Number 1 2 3 Mean value Grand mean
1 104.2 104.7 106.8 105.3
2 107.6 106.5 105.8 106.6
3 106.4 107.6 104.6 106.2
4 107.1 104.3 104.0 105.1
5 103.8 104.1 106.7 104.9 105.1
6 101.4 104.9 104.8 103.7
7 105.1 104.4 103.2 104.3
8 102.1 105.1 104.1 103.8
9 104.9 105.3 103.4 104.5
10 106.4 104.9 107.9 106.4

%4 HEh TBBPA bRIERE SIS PEGE 4
Table 4 Statistical results of homogeneity test of TBBPA RM

Jfi[E] Between bottle SN Within bottle

[asgy] ittt F F
Compound S5 ¥ SEA BIr Statistic F 0.05(9,20)
Sum of square Mean square Sum of square Mean square
TBBPA 30.08 3.34 42.13 2.11 1.59 2.39

2.5 RUEMEWISR

PRI i A RS U P 2 F8 YA B A i A2 B, LR (AN 32 SN AR A5 2 R A E T, A PR B 1)
H R0 28 R A S TE T A S SRR BB 7 58 I 1 A VR AR ot TC ) R 026 J A ot 0 P S 4
G35 HE T ARG 4 C YR 251 T ARAE, 43901 78 S8 PRI R AF 5 KON AR R it e P (AR
(e N

FE— 7 (A [R] [T PN, XTI AR R S 2R A T P A 6. B R B LA BB TR s Y R 4 °C 2 i ot 2%
IR S 3 3, SR AR B AES B I VA X A A 120 ¢
s AT RT3 AT, A S 3 Uk, LA 3 JRE i I (E
1 S S (LA O B R e I s

ANFEVRAT 2544 1) F B rp TBBPA A i K A2
FEPERATA DL 4 A RS e 1 W D e A g 4 R DL
% SN 4TI ES I 4 CRBITFMELE 20T
FlE R TBBPA A5 fEAE i (0 0 1 B A Bl B ) S99 A
WA 1E. R gE A4 R I 15 FE = IR A 4 C Vi 90— ’ : : :
PRRM AT PR R, T TBBPA A7 £ G G2 115 © mowh
R, VEIINT o) x5 (b)) LIRESRARILAE 1T g 4 s tmpa g bt s BRI T 25 58
AH B PY, B T TBBPA SRIEFEAY  Fig 4 The wend of TBBPA RM stability with time
MTEE R 4 CY RS0 P RE M R 4r.

-& ‘FiflRoom temperautre
—&— %l Refrigeration

Concentration/(ug-mL™")
z = = =
L=1 h [= L

el
wh
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F5  HEET TBBPA EHBRERE AR E TER S S5 R (ng-mL™")
Table 5 Stability test results of TBBPA RM ( ug-mL™")

Giih e i 4 CHI
Stability test results Room temperature Refrigeration at 4 °C
bo 104.8 104.7
b, -0.0962 -0.1081
s(by) 0.1203 0.0897
£0.95 n2 2.78 2.78
s(by) Xtg.g5.02 0.3344 0.2494

3

2518 ( Conclusion)

AU SE T H B TBBPA BRIERE i (14 = ORAR €3 73 M 7 . S5 R s | 1T AR D TR 9 1

AT 7E 80% M5 +20% 14 0.1% Z /K B Sh AR 212 nm P 5504F T, TBBPA (1904 7 5 b i) 1 e v
ST AR 3BT I IEAE 5.0—50 pug - mL™ v BV [ PN 2 RO 2% B 35 R AT K HH B M 0.69 g - mL™' REAE 4L
(SRR AT 7 T W BE R TBBPA bR iy i 35 50 PG 50 A ks e PR 9% obr | 25 SR B, B o A FP e b
TBBPA FRUERE S E 5T, BAE 17 4N H S 4 C ¥ i 45 1 Y Reta i (547 A9 8 7 19 1o 380 AR 42,
T AL AT T Hofth TBBPA BESH 890 Hr .
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