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H e g7 A AHARER /AR A AR B - ASOAH BRI 2 O 7K b 22 SRR ik (BDE-47 1 BDE-99) & 2 (W81 /7 vk
Jide FAHZEEL - SOM S A IOUKRE 100mL, 3 LC-Cus ¥, ZIECkevbMi, Ve T 80°CAMRET, Frhi
ERAE ImL, BEEEPERE LuL PE, %325 BDE-47 H1 BDE-99 ({6 Hi FR 43 % 4 0.0008 ug/L F10.0009 ug/L, [H]JH75F%
AHOEZ B3 )9 0.9996 F110.9997, RSD(n = 6)73 %124 1.0%~4.9% Fl 0.96%~4.4%; G AHBMEE I - A (03 B RIUK
Ff 10mL & T 15mL [EAHRAETOR T, T 40°C 4 N EAHBMAE IR I 25min 5, R4k X+, SCRIEFENE . %
%) BDE-47 F11 BDE-99 [ H B3 51l 24 0.00001g/L #10.0044 ug/L, [9]Y=77 R4 < 2 804351 2 0.9996 #10.9992, RSD
(n=6)7> 7K 6.7%~11.4% FH 6.0%~10.1%. Z5i%: BEHLHIFERETT 52 ANKFEHEATRE I, ¥4 th BDE-47 FI BDE-
99, it FEALARAIK T 25 JRLIDE R Mk ] AH A I/ [ AR ACAR T - A B m A U (R v, WA O VEERAE R . PR,
KB LT B L [l 2 1 4 il
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Determination of Polybrominated Diphenyl Ethers in Drinking Water by Solid Phase Extraction or Solid-phase
Micro-extraction Combined with Gas Chromatography

HE Ying-chun!, WANG Zheng-hong?, LI Lin**, ZHOU Qian-ru?
(1. College of Food Science, Southwest University, Chongging 400716, China;
2. Chonggqing Center for Disease Prevention and Control, Chongging 400042, China)

Abstract: Objective: To establish a novel method for determining the contents of polybrominated diphenyl ethers (BDE-47
and BDE-99) in drinking water by solid phase extraction (SPE) or solid phase micro extraction (SPME) combined with gas
chromatography (GC). Methods: In the SPE-GC method, 100 mL of water sample was purified by LC-Cis SPE column
chromatography through elution with hexane. The eluent was evaporated to dryness in water bath at 80°C, and the remaining
residue was re-dissolved with isooctane and made up to 1 mL. Finally, 1 uL of the solution was injected into GC for the
determination. The limits of detection (LOD) for BDE-47 and BDE-99 were 0.0008 pg/L and 0.0009 pg/L (Rsn=6), respectively,
the regression equations showed good linearity with a correlation coefficient of 0.9996 and 0.9997, respectively, and the RSDs
for 6 replicate determinations were in the range of 1.0%—4.9% and 0.96% — 4.4%, respectively. In the SPME-GC method, 10
mL of water sample was placed into a 15-mL SPME bottle and adsorbed by solid-phase micro-extraction for 25 min at 40 C with
a rotation speed of 1150 r/min. Then, the fiber was air-dried, immediately followed by GC analysis. The LODs of the SPME-GC
method for BDE-47 and BDE-99 were 0.0000 ng/L and 0.0044 pg/L (Rsn = 6), respectively, the linear correlation coefficients were
0.9996 and 09992, respectively, and the RSDs for 6 replicate determinations varied in the range of 6.7%—11.4% and 6.0% —
10.1%, respectively. Results: BDE-47 and BDE-99 were undetected in 52 samples randomly collected from a certain city. Conclusion:
Both analytical methods are characterized by simplicity, rapidity, high precision, good accuracy and satisfactory recovery rate.
Key words : solid phase extraction; solid phase micro-extraction; gas chromatography; polybrominated diphenyl
ethers; drinking water
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£ IRBE 4B (polybrominated diphenyl ethers,
PBDEs) & —Fi Itk Ge it B A BARRHAA ], H )z N H T
WL A7 s SEORE S R N R A A R, DR
R mEE . R A RS B O 2 A RS
oo PEEH PBDES F: 2R S T2 Ailit PBDES (1)
Ty B DR AR B3 A B e al AL At
HUK SR 2% . PBDES BIFST 32 324 rh 7 -+ 3 sl #
Pyl BB KU, AR ALl N ARDT-E1 i el
BEFLEOL, Aghlsor, s RO . IREE K AL F AL BE T VA
[ Hi#<HX (solid phase extraction, SPE)®2, [ 1A% HL
(solid phase microextraction, SPME)314  JMHUs Ak
&Yy (dispersive liquid-liquid microextraction, DLLME)®2151,
T HE 7 W Bt 2% B3 (stir bar sorptive extraction, SBSE)1e!
%, PBDEs - ZEHRL I 7 2 AUk FH (gas chromatog-
raphy-mass spectrometry, GC-MS)ikl720, i%ik—fit
FC& NCIHES U, Mtk s ot A0 (% ik (high
performance liquid chromatography, HPLC)ykls2ix
PBDEs RS ABAL,  H A3 [H ik B A K 2 3k
AT I T A B HE RS D FRHE o AN SO0 0L N7 — PP P
LTI, IR RO A R BEAR R AR 7K Hh PBDES
Rl gy vk, BEh e W DA @ittt s %, b
i % 2 MR LA - 7K PBDES ¥4 4L ai AT I 7 T
YE, TR K 52 375 G 1 51 & 1) v 2 F A

1 MEETE

11 MRS

2 PRI S BB fE S (BDE-47. BDE-99, 50pug/mL)
%[ Accustandard A F]; RERE(igel)  SEHE Tedia
A SRR RE(Eakal)  J2E Sigma Al HEE.
Ol ECkE(fakal) R DY AR Al Ak 2 AR 2
Al WOk(takal)  REETOLE R TR N

M (i at)  RETRE AL R A PR A W] Sl
(Egat)  RHOCE RS AT IR AT

12 s 5w

7890A A AL i AR [L AT ikt L i SRAG I 35 (LECD))
FH Agilent 7] ; [FIAHZHX . Supelclean™ LC-Cus T
(6mL, 500g) [EFIZEF:. PDMS(JE/E 100um)  3E[H
Supelco 2>l s H- UL D) N g FE4E E (PC-420D) 3

Corning 4] ; HWS28 B HVEIR K ae  Lilg—
TR F AR PR A A
13 Hik

131 FEdh A

BEMLAM IR 7 SR AR 17 AN kKRB 17
AL BN R 14 4> MK 2 4. BME
TKFE AL 2 35 52 ANFEAL,  Horh B R AR IR KGR A
TR XA B WM PR . Ik AR OK

HE T T ARE/K o S8 % i = 20K MR
KA KRR T S50 5 R ] PPR 7R 240 J5 il 5E
132 st

SPE-GC il & . Eilkdt: J&W HP-5 B4 A
(30m X 0.32mm, 0.25um); FREFF: 150°CLREF 1min,
L 40°C/min 1% 280°C, fR¥F 3min; HEFE IR E: 280°7C;
FHA(N) W 2.5mL/min; HEFERE: 1ul; Aot
FEs RDZHRE: 290°C; R (N2): 30mL/min.

SPME-GC il 4 F: Wi . 270°C; Fahik
FE; AR SPE-GC (Al 414
133 FEAh AT

SPE-GC HijAbHH: /KFf EH#H 100mL, Jd LC-Cus £,
FEOBEvEl, Ve T 80°CRIBIET, FEMERE
ImL, BEHHERE LpL W5E; SPME-GC Ai4bFE: /KEEH
AL 10mL & T 15mL AR IOR S, T 40 C 44T
SPME Wfff 25min Ji&, £F4Ek& AT, SEEPHEREME o
134 vk (CTAE k) M2l

SPE-GC: /) #EffiE BDE-47 F1 BDE-99 50 pug/mL
FRVE W WOE B H) % 0.0, 1.04 10.0. 50.0. 100.0.
500.0. 1000.0 ug/L, BEANFTEIKEEFATHIE 3 K, L
SRR IE A X B, VTR Y B, 22 AR v £ s
SPME-GC: %) Hl#E#fi it BDE-47 F1 BDE-99 50 ug/mL ¥5
YEVEOE B CRIA 0.00 10.04 20.0. 50.0. 100.0. 500.0.
1000.0ng/L, F/ANFERWKRE AT E 3K, LUREWKE
X b, VETIREIE A Y H, 2l TAE M.

2 HRESW

21 SPE Ffi i b BE A AL AL
211 BEMGRIRR R S5 AARRIE R

PBDEs # M AT AEAR P 2 b S5k 22 1], AR AH
WIAZE IR BE, P M AERRE B PE 7 B [RISE B, B
Woki. Ecki. —&WE- Bk, & Wk W
Bl O W, %40 MR &b 2mL + R -
K(L:1, VIV)SmL 31k ¥EZ 20 i /min SEAT InAx R
RS, S5 BRI IE e AR U R0 I R T A
6 vk Mt 71

M L~5mL K50 e B AR BB, 45 3 o 2mL
VeI Ak BE K T BT SPE AR LA H bR TE I o
212 IEAFIRRR S ARE R

DLIE CUpe A PEIEFR, ey 20 Wi/min, 5t S04
2mL -+ FEE - 7K (1:1)5mL. FEE 7mL, & F ¢ 2mL + F
fig - /K(2:1) 5mL. S H % 2mL + HEE - 7K(3:2) 5mL.
FREE - 7K(2:1)7mL. HIEE - 7K(3:2)7mL. & H % 7mL.
A BE 2mL + T SmL 8 S Ak bR T e R, 4
LW U b+ B D 8 R T Atk 7 Flg 4k
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A, Pl R BE(2mL) + T (SmL) D4 i A6 -

WEALH — T EAE 1omL BUR, i 20K B Rl
o AR &P L ImL +FEE 3mL, & F
¢ 2mL + HEE SmL F1 50 B¢ 3mL + S 7mL 3 PR A
LBkt SPE MEiE k. 4R R, S 2mL + g
SmL i AR B 4
213  SPE HEMAL

iR AR REY M W @ S T SOV I E R A7
5 SPE HAMELKA RS AEH, VEMACRE 2 W
g, SEUEMN K, TR A, B Lo
OIS A3 38 1A U R R AIE e AR Ve e A R . K Supelco
[ A AL B SCR BEAT SPE SE%, M FEARE S A shix
Hil, HARETFahi i . KR, 230 /min i
46T BDE-47 Al BDE-99 ¥t 5 B fef:
22 SPME sk #4444k
221 SPME Wik B F it [l p Ak

Il R A A E A WA ik 55 T 5 Wil £ 448 S W B 1) E A )
BRI, R IR AN e 4, v T R £
Y S 10 S UL S, UL RISk A A i KO A
TEHE 250~280°C, AR e T B 5 R R T 1 A DG Sk ik
PEARDGE S, SPME A4 fF: AXIUE W (21°C)
ZHUIT A 20min. 33 1150r/min. @I T8 3min. M
250~270°CBDE-47 I BDE-99 7 & & 3 7} &, 270~
275°C BDE-47 I BDE-99 R &A1 w2 784, % 280C
NEEfE. 715 PDMS ZEE Sk B s Ak 2 B4 280°C,
WUR AT A S B ok, f B S A R A LA ] BT
DLW AZIE PG T 280°C MRS o DRIBIE$E 270°CHE A
A VI L B

PBDEs fift W — FEAE T 3min 58 . AW 5T ik £
1~5min 5[, RS BDE-47 Fl BDE-99 7 I i [ (1) 14 1
FRUSRe 1% 6 dp 0 Jp 3T A5 AR T (), A 4 PR AR
270°C. ZEHUREHIR(21°C) . ZEHUN A 20min.,
1150r/min. 7€ 3min 24 B¥¥EN e & bigses, £
G 4~5min WA BN, DA AR S50k
3min fi#H,
222  SPME AUl & S S IR 44k

A A AR 5 il B 2 (R AE I R IE ARG, — Rl A
WO BE T, £ Dy 1 AR A T i e A SR IR IR R
i(21°C). 30. 40. 50°Cty%: BDE-47 #ll BDE-99 Ui
THBEAEBURE AL WL SPME A4t fRWRIELJE 270
C RIS R 3min, ZEHU ) 20min, %34 1150r/min;
RIS ¢ 75, BDE-47 A1 BDE-99 R#EUY W& T, 7
40~50°C ik BB m M AR, AF4F 50 C 3T W2 e
T 40°C i BDE-47 A1 BDE-99 [l i f, R bk A HGE
JE£h40°C,

SPME J&— sl &R MUL R, B4R 4 A kL B4
BNARFE T, SRR H b AR D0 A0 AN W7 AR5 30 2 4 Sk
1EHE 0~35min K H LAY LA IR, HAh A iR
WL JE 270°C . AW E] 3min. AHURJE 40°C . Bk
1150r/min. 7i 0~25min {5 [ iy BDE-47 F1 BDE-99 Ui fH
WETEE, BEREE— P A 30, 35min eI H I
R B AR . 2558, IERRALIUT R 2 25min.
223  SPME ##4lt4k

T HE P P B O AR 0 49 Ve TR A 1 R
W, P 0~1150r/min SR AR R, A4
P FRURE 270°C . AR ) 3min. ZEBUEE 40°C .
AL TE] 25min. 7E#%3# 500r/min I} BDE-47 fil BDE-
99 R 1Mk, Bt ¥ 3G e AT 4% 1 AR e T AR R
WO W AR T, 4 1150r/min iA E & KM . Tk
()T 3 B B 3% B KB g 11500/ min, JF 47 BF 9T E
B, T 1500r/min A MEAREAR, MOS0 i
ik $E 1150r/min.

224  SPME B 5 J& (3h) 7% mi s i

] P A T 5 0 I N R (15 L A R TR i
W AR N, NaCl dINEAE 4% DL R 6 A HU %
RERA M, AL 0~30% NaCl i k% 52
PBDES A% HUAk K (W 1 RUAR10) A2 75 52 25 7 5 (1) 5 1 o
B 25 15 5 57 (NaCl) I N 5384 i, BDE-47 Fl BDE-99 U
AR FA%, BI NaCl [in A& K KK BDE-47 Al
BDE-99 fmi R, HARHLEIEAFIE— Do, ARsLsid
PR EEA IR (NaCl) .

225 Wh¥E R 0N B AR AL 1 5

1 ZRERBMOEZEEE. HEFE. HXRE. RHUKEMRSD &
Table 1 Linear range, regression equation, correlation coefficient, limit of detection (LOD) and relative standard deviation (RSD) for
BDE-47 and BDE-99

i s L PRV /(g/L) EPEpyE IR FH(r) Frth iR /(uglL) RSD/% (n=6)
SPE-GC BDE-47 0~-1000.0 y = 355.5x +265.67 0.9996 0.0008 1.0~4.9
BDE-99 0~-1000.0 y=248.7x — 34.832 0.9997 0.0009 0.96~4.4
BDE-47 0~1.0 y = 102.57x+ 750.6 0.9996 0.000 6.7~11.4
SPME-GC
BDE-99 0~1.0 y = 118.62x +308.2 0.9992 0.0044 6.0~10.1
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AR R FRER IS AR USRI B4 i, ANSK
PN 0~30% 73 A INAAN I i HHEE, A4 BDE-47 il
BDE-99 WA L5 FH NNt [ G F ok R RE I it . B
PR E N30, BDE-47 Fl BDE-99 W IR W & FAAIC,
HOARERATE, I DA SLI & PEA B 1.
2.3 bRk R

K H SPE-GC ¥:. SPME-GC #7385l i BDE-47
BDE-99, FryfEffb kil 1.

4500
4000
3500
3000
2500 i BDE-99
2000 | g
6765
1500 - |

1000} 1 IR R 'S

5 7] /min

Hz

700001 BDE-47
60000 B 5.690
50000+
N 40000
30000
20000+
10000} |

G0 1 2 3 4 5 6 7 8
i 8] /min
& 1 BDE-47 l BDE-99 ¥4 SPE-GC(A)# SPME-GC %% (B)
Fig.1 SPE-GC and SPME-GC chromatograms of mixed BDE-47 and
BDE-99 standards

BDE-99
6.897

1.228 2'-595

24 ARUEMZR(TEMZR) . AT MRS K
HEE. RSD

FEBAESAE T, X IARFE S BEAT 52, 22 br A
Meas fWEK L,

SPE-GC Al sz 45 4% 1. BDE-47 il BDE-99 7£ 0~
1000.0 pg/L it il By [l N 5 R APk &R, ZethAH
KRE M 0.9996. 0.9997; 4 FR(KEEEL 100mL) %y
54 0.0008. 0.0009 ug/L(Rsy = 6); RSD(n = 6)43 514
1.0%~4.9%. 0.96%~4.4%.

SPME-GC 715z 45 J: % W]: BDE-47 fl BDE-99 7
0~1.0ug/L JFi il BE U Bl Py 52 RAF It G R, LR MEAH
KRB K 0.9996. 0.9992; Ky FR(KFEEL 10mL) %>
%124 0.0008. 0.0044 ug/L (Rsw = 3); RSD(n = 6)%3 4l
$6.7%~11.4%. 6.0%~10.1%.

25 bw R

2 nf WL, PSR KFEEAT Indr 0.02. 0.1,
0.5ugl/L 1) SPE-GC ¥ ks, #lsE 6 X, %% BDE-47
1 BDE-99 [FIW 3 4351l 91.5%~103.0%. 90.7%~
102.0%. XA IR AKFEREAT AR 1. 105 50 ug/L (1) SPME-

GC VL INARsE:, 2 6 ¥, %% BDE-47 1 BDE-99
[FI 2243 %) 4 81.1%~91.8%. 82.0%~94.8%.

x2 FEEER
Table 2 Results of recovery tests

Sk ENHIN) kr o bR CPE ndxE
(ug/L) Yl (wngll) AL W %

< 0.0008(fHif¥)  BDE-47 1 816.2 81.1

< 0.0009(f; i)  BDE-99 1 1652.5 82.0

< 0.0008(fi i i)  BDE-47 10 3111.7 85.2

SPE-GC < 0.0009(f:HifR)  BDE-99 10 3537.0 84.1

< 0.0008(fx iR BDE-47 50 16207.1 91.8

< 0.0009(f; i)  BDE-99 50 16588.6 94.8

< 0.0008(fx i) BDE-47  0.02 4015.7 915

< 0.0044(fHBR) BDE-99  0.02 4144.6 90.7

SPME-GC < 0.0008(f i f¥)  BDE-47 0.1 11450.8 92.4

< 0.0044(f5HiBE) BDE-99 0.1 9073.1 93.7

< 0.0008(f i i)  BDE-47 0.5 59536.5  103.0

< 0.0044(:HifR)  BDE-99 0.5 62201.8  102.0

26 SCREGE

BHLANER 52 47K 4 SPE i AL HTLHT SPME i b1
JERAT AP S, 43 5K ] SPE-GC Al SPME-GC #5:3ll
BDE-47 /il BDE-99 £ fit, Wiff ikt %47k i BDE-47 il
BDE-99.

3 & #

31  ASLERH SPE/SPME-GC-uECD il & 2K FH /K o
BDE-47 1 BDE-99 &, WMk B RiF& k. (Al
W FIRE B RE, TR 45 R SR AR T

32  CREEFEMEIL B BL MWK, R PR T
MEILrh PBDEs i, T-HUSE0 45 K R AT HoAh A
T, BRI BDE-47 F1 BDE-99, F£HFEITK
P HATE A 523 PBDES 75 4o IAREISCR 45 R /R R UF
[l s, DRI 7 vk 34 H TR 7K+ BDE-47 #1 BDE-
99 M .

33 SIS R LIRSS KT PBDES f7AE 35 W A .
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