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B B BT ORGP ERECEMASTTE, MBRERRAROCHSE, BT, hF2TECKE
PR T EMAR AR (AR 1:1) 20 ERATMA B RERY, REETRBEEWER B H
Z1E DA R R R A (R SWRM N ER L 2: 1) BL)E , AR, S H A - EB T
P2-Fi ( GC-NCI-MS ) B FY SR e B B F R (SIM) SR EfE B, SRR iz B3 A
76.0% ~106.0% ; /7 #A iR 0.01 ~0. 1 ng; A AR PR K 0.5 ~2.0 pgo HT7 Mo I f i o 8 Fb 2 IR AR
IR R4 , R ABUBE R EE B o 0 R RS, T R T AR TR o A A
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ZREKARRE(PBDEs ) RS ZHSREMRN . ERAFRENE JFARNED TR, AKER
H—EmaE! ™, BENELFR T EMBIIE AR S 2 RECER BT ITE R WARE .

MAR T HEABZAEZRRTSBAEITRAFO R EZ YR, R, X i B0 i P B S IR
BT ERFRRIEELEN, HRH T AKDBE R HZSRECERN S BAMEERAREIER
YI(ARZY) & BAK, B RBEERTEL BB P ST, HO8N TRREE .

AL R AR IR R 2 B/ R L, 25 I 0 B MR TR BR R YRR B EE B A GC-NCI-MS
R, BT T 6% B A IR B S TR R U7 2k

2 SLIEER4y
2.1 NB5RA

a3k -7 B FILF TR B B X Shimadzu GC/MS-QP 2010 ( H A&/ F]) ;HN1006 7 H i Uk
PL(PELREEA RS ) ; #58; Pierce (model 1870) & Wk {Y; BuCHI ( R-114 ) JjE % 7& & 1 ; Sartorius
(Bs210s) K, Pl IEC LR B T ERMI KRB (#EE luka A7) ; REE(HPLC) \HC
(37% ) #1 H,50,(99.9% ) (#£H Sigma-Aldrich 22 &]) ; BEBE (63 ~200 pwm, fEE Merck 228 ) ; TR BB
BFEALER (AR &, REEIE T ) IBAREESE 2,4,4' - = REK RS (BDE28) \2,2',4 4" - JTUREX
%8t (BDE47) .2,2' ,4,4" ,5-HBLE:EREE(BDE99) 2,2’ 4,4' 6-FH R E:ARE(BDE-100) | 2,2',4,4',5,
5/ NTBEEERE (BDE-153) .2,2',4,4' |5,6'- X RECEEE (BDE-154) .2,2' ,3,4,4' 5" 6L B KR
( BDE-183) 1R EX % Bt ( BDE-209) ; 147 3,3’ ,4,4'-[UIREX Kt (BDE-77) f12,3' ,4 4’ ,5- HIRECK R
(BDE-118) (3£ CIL v d])
2.2 BERMERERTEIBIE KRB S AL E

JERERCAE T AR 120°CTE4L 12 h, B A EMAKRBER(EREL 2:1) , 85, IR, BFT
AP EF TKFLRAF AL F 600 CHEHE 4 h f5 , FH FTRIBPRFA
2.3 RERALE
2.3.1 MmMENSBRIEHRE BREMNY 10 oL MBEHELA 0.5 h 5, B0 E L 15 min,
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H3E 4 3000 ~ 3500 r/min, BUH EE2EW, MEME . HHRERS mL EEARNEZE5ENE,
A BT 7R%) BDE-T7, A 2 mL(6 mol/L) HCL ¥, #& %% , R /G IREMA 12 mL B EE, BIZURY,
ZEEMA 10 mL BERGFMIECSM P ER T EZBEABB(1:1) Ik, 81k, 22, 2B LAV,
10 mL 15 mL _EREWST BIZEBRIK , &3 3 AU, A 5 mL KC1 (1% ) ¥Eik, % KC I
B, A VA A TKRBRABUK TG ERER RN EWEAE 0.5 mL 24, BB B A HE , R R
HATELE N, BERERAMRE T, KA TRSEEE , FEEHNER,
2.4 PBDEs 4> Bl

5 mL EC RN ERIE.OE P, MA 2 mL H,80,, %, 8.0 8 LEANBBRBAS
—FELE P FHECREEBIRGRR, & A VA, FEE R Y 3 K. AYVMERER RN kY
Z | mL, RF S RERBA (R SRR ERE Y 2:1), 4 8 mL MIEC LK, RIEC AT,
e A K LS 0.5 mL, I AWHRILA Y BDE-118 J5,N, S IRE 20 pL, H& F40H0E P RF .
2.5 @igRIgsEE

DB-5 (30 m x0.25 mm i. d. , 0.25 pm) EHEA; SN He, {HFR, LR E N | mL/min, o4 Hi

12°C /min 5%C/min

HE,HERERN 1 pL; 3 DR E 260C; #1518 110C (1min) ————210C (1min ) ——250C

0.5C/mi 15°C /min
(2min) —~>2" 5759 (5 min)——m,300°C (5 min) , BDE-209 5% k:DB-5 (12 m x 0. 25 mm

i.d., 0.1 pm) BAEH ; HLHE 110°C,10°C/min F+ZF 300°C (5 min) , HAHKMHR L
NCI BF#; B MR ; B FIRIREE 200°C ; RERE 280°C ; ik M B F o B (SIM) , T
BF m/z879 #1181, BHVIKETE 14 min, BDE-209 (HH#EF m/z 25 79 .81 486.7 F1488.7,

3 &HR5WE

3.1 FRAE R4 H R

PRV IR 4354 :0.5.1 2.4 8,16 32 #1164 pg/L, FARIREEXT 8 A RIVE B R4R MM P
FERLEYNIEEBEARER YRIEMK (R 1) . BERESES LRWREZY 5 A ER LR R
W ESWGE 6 K, HEAREME(S) ,RIEL %1 PBDEs M7 MERWH TAEML 2 8RR R
R, K HBR(LOD) =3.36 x S, {8{Y 284 R Table 1 Retention time, regression equation and correlation coef-
0.5~2.0 pg; R R /N I AR ficients of the polybrominated diphenyl ethers ( PBDEs) congeners

. . — 13 B8t} 18] EE 8 HERK

T AR R BRI RE G (it FRERT  Reemion  Linear rgreion  Comlation
A y A

s B U 4 6 W O R B, BRI 3 BDE28 16.470 Y=3.3761X 0.9991

B, 58— EEENE 3 K) ,EBLEREL BDE47 24.613 Y=2.3108X 0.9994

% ,i-I-%:% B */ii'ﬂﬁ’g’% B(Jbi‘;?ﬁﬁ%ﬁé(s) , M4 BDE-100 31.677 Y =2.2122X 0. 9996

3R ERWIR0.01~0.1ng, O T TR
3.2 XHFEHERNSH BDE-153 50.010 Y=1.0265X 0.9994
FARFEAAN T 25 A M lrE 5, Kb BDE-183 64.950 Y =0. 65459X 0.9998
BDE-209 31.677 Y =0.016499X 0.9990

5 MREGh R ) BDE-209, 4 BARMELS WA

i & Bk 2,

K2 BRSPS BRLEUENSE R
Table 2 Concentration of PBDE congeners ( ng/g lipids) and content of lipids in blood samples

HEMLEY i i) BiMLEY g ]
Analyte Median Range Analyte Median Range
BDE-28 0.36 0.19 ~2.69 BDE-154 0.10 0.36 ~6.37
BDE47 1.01 0.36 ~3.63 BDE-183 0.33 <LOD ~1.25
BDE-99 0.34 0.07 ~2.26 BDE-209 8.85 <LOD ~63
BDE-100 0.15 0.08 ~7.36 KR Lipids( % ) 0.8 0.3~1.3

BDE-153 1.03 0~1.22
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3.3 HEMEE

F10.5 mL B/ IER 4.5 mL @ —GOKAEB R B, DAY, 3 LR R SHT, Be & oh BT
WMEEMBRE BE. EERCMME) FMA—EREN BIREEY, IR E R 2.20 140 pg/L
3R, BT MBI, B0 3 NEER, BEH L B S YRR B E % 76. 0% ~106.0%
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Determination of Polybrominated Diphenyl Ethers in Human Blood
by Gas Chromatography-Negative Chemical Ionization-Mass Spectrometry
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' ( State Key Laboratory of Organic Geochemistry, Guangdong Key Laboratory of Environment and Resources
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640)
*( Graduate School of Chinese Academy of Sciences, Beijing 100039)
3(School of Environment and Chemical Engineering, Shanghai University, Shanghai 200072)

Abstract A method was developed for the determination of seven congeners of polybrominated diphenyl
ethers (PBDEs) in human blood by gas chromatography-negative chemical ionization-mass spectrometry
(GC-NCI-MS) in the selected ion monitoring mode. Human serum samples were extracted with hexane-methyl
tert-butyl ether (MTBE) (volume ratio is 1:1). The organic phases were washed with potassium chloride
solution, followed by evaporation to dryness for gravimetric determination of extracted lipid content. Lipid was
dissolved with n-heiane and washed with H,S0,, and then samples were cleaned up with a silica/sulfuric acid
column (2:1 by weight) . Internal standard was added prior to GC-MS analysis. The results indicate that the
average recovery of the internal standard was from 76.0% to 106.0% . The detection limit of the method was
in the range of 0.01 —0.1 ng; The detection limit of instrument was 0.5 —2.0 pg. The method for detection
of eight PBDE congeners in human blood was sensitive, high reproducible with satisfied recoveries.
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