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mFHRZBRUE T EZNMRL

th F'?OREET SR R RERE LA

(1. MR, 220, 7300705 2. FREEARIP R i ERESTRHEBT TR, M, 510655)

W E LENS R B AR 2 ERL T Mg 17 #0237 .8 SHUARY PCDD/Fs (9N E Jr ik, i
LT TR 2R AR AR AR U B — Bk SR MR v Al 2 B AT FH AT 1. S0 2 SRR 17 R 2 3.7 .8
HSLEARHY PCDD/Fs B 75 846 BRYG L 3. 72—14. 74 pg. FEFUIARSZH h H AR LS8 [H RN 94. 619% —
117.14% ArES% Y 0t SRM1958 1 PCDD/Fs 114 22 £ BN 7 45 S A6 525 (3 RN . SRt v R R AR
RN 66.2% —95.2% ,RSD & 4. 0% —9. 0% . %53 B 75 i WERG I 4 | RAL HRAE W (8, 38 FH T I3 rh 18
BRI AE .

KR M, ZWE, kL.

TIESE(dioxins ) A& 2 AT IR IF THESE (polychlorinated dibenzo-p-dioxins , PCDDs ) Fll1Z2 &A% — 2K JF:
WK ( polychlorinated dibenzofuran , PCDFs) F &K, T 43 H & F BRI B A B A H AR Jef
210 RSl i, Horpr 17 R 2 3.7 8 (A S 0 DU Sl —/ U R W 55 kg 1) B P e otk (LA TR AR Ry
PCDD/Fs) . ZHESC A e A4 B SR AN i P B ST RS S e R AR A — 2 ek R B2
FEMNZE R GE oI R GE RN A5 2R G 55 5 T AN AR FHIA 2

MVBRE A2 T i N A XS T PCDD/Fs % 8 1Y Jc B 4% | 5 11 2 AR A% TRT I X6 AR It YA o v 7Y
PCDD/Fs i TAG I - e HERE M pEAG B8 2 AR L ) BN A3 0 1l 0 PCDD/Fs (4G IN J7
IS KAV, (H 2 o T MR St A HE B AT ELAE & b PCDD/Fs 1 3 S AR, — i se i Dy vh ity &
UL g T BT AFAE 2RI I 3R TS5 T 0, 6T AIN AN B 2 gk, s 0w AR
KL BT PCDD/Fs B AE B AR A AR B | A AE B0 AR = k. Herb i AL 12 ) 46
B B MR B 1% AR O e AR AT SEBE IR SR (12 1, V/V) A REBGR Y . i T kA
ARG AR TP G FUA , T B IR T A5 R v 300 A S R P A T BB , ARV 300 B I A3 n 1
BURIY i, FL i T AR 25 R G vRAR , 45 G I 5 a0 2 e SR AN [ M AR IR S T AP R 24 (4 %o
{5 PCDD/Fs FIZIRERIEE (PBDEs ) 4545 A P15 Ye My i A7 5 S8 R fb ity s ik ol — 2 i
AT F R U AR IR T2 R .

ARk 17 Fh 2 3.7 .8 S A EBUR A PCDD/Fs I Jy i, ARBF 5 % e TR AE LS R 5K
Tl A A IBOSCR , 01 18 Hh B E R AR IR 5 53 80 I TS 1 S % T il A Dy A PR R IR A
J 55 I AR S2 G Kb 228 W) o 8 D 7 SR PPN J7 ik PR RE X D7 vk HEA T B

R REEP

1.1 XA a0 Btk

(1) ASSZ5G o AR ERS W8 H 52 [F Cambridge Isotope Laboratory , Austin, Texas, USA. US EPA 1613
PRUEMERIAWE 17 B ZIRESEIL AW PAR IRFR (15 8 PCDD/Fs) (15 F C,, [FA7 R ARic i) I8k
A IR AR R RN C L A iC 9 ZREE R AL & Wi FE AR (TR 5 8" C-PCDD/Fs) . AR5 W) 5t

2012 A= 11 H 15 HIHs.

o (A2 T S X PR SRR ISR AT ) (21111011101 ) 5 Se g0 25 PERMIF B BT 36 A BHIF (20603020902-6 ) 5 ( 171 3R 45% PCDO/Fs
N FEIFETADITE) (pm-2x007-201305-051) ¥TB).
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SRM1958 4 [ 32 [&] NIST( 22 [ [ FArfEH AW .

(2)AHLEF] I S EEADH JLRUCT L8 ( MTBE ) AR 5R % (2 E Fluka A F]) ; AR & H
e IE Cbe AR TR F 50 ( 3 1E Honeywell 23 /] 3 R AR GRS (L, KHLAF]) ;

(3) H bkl IR % BLAERREE (L, Fluka) , fE#E £ (0. 02—0. 1mm, fE E Merck 2] ) HC1(37% ) ;
il fi (0. 24—0. 098 mm $i 1% ,63—200 H , 7= Merck A Al ) ; Bk PEE LR (Fit, Sigma) ;

(4) He AR KOH  Jo/K Na,SO, F1 KC1(43Hral, R AL T ) Bl WA geat (7 M4k 24185
J7) L S FH AT R X I 28 O T A

(5) REUAR A = o3 BEAOR B0 -5 43 BE TS 5 A ( HRGC-HRMS, Agilent 6890N GC/Waters
AutoSpec Premier) ; i€ 5% 7€ & 1 (## -+ BUCHI R-215) ; BWAY, ( H A, EYELA MG-2200; ¥ % &5 .0 Bl
(Sigma 4K-15) ; 25 T448 (Bt SalvisLAB, Vacucenter VC50).

1.2 BURHOER

RERSE T g 550 CIEfk 12,0 h J5 , LA MR BRERHE ST HC i1 5 40. 0% (MRBRIAR T 12 73 500 IR 1 ek
JBE; A NaOH (1.0 mol - L ™" ) i FC 11 33 % ( NaOH 35 75 5 1 0 50) Bl fe 5 5 Bl 42Tk 48 28 500 °C %
PRBHIG A 3% 4K 2515 ; 95 % FUAERRAE LS 550 CAEES 12.0 h i1k ; B ES AR AN TC /K BRBR 4N 7E450 <C
JEEE 4.0 h BT TR A i 1 A e R U 5 B o TR .

1.3 J2HrHEhl &

B A I R R AV AR (N4 2.0 em, 5 40.0 em) , T3] EARYK W BEIEAR 1.0 em £ 50D,
1.0 g 3% BLAERREE 3.0 g MR PEEALER 3.0 ¢ hPERERR 4.0 g BERERE 3.0 g PERENR ,40.0 ¢ R IERE
Hﬁ‘f,l. 0 cm JC/KBREEN ,iE*Jqu;’;EHEJ 80.0 mL 1F C\ etk ve s H.

1.4 FEFHAEEL

R IS, 0 mL MEEES , N EPA1613 32BN AR, i 3.0 h REH]. BRI 15.0 ¢ ik M
AER B TS R R A R RN R S 160, 0 mL AT C BB SAER (1:1, W/ V)R
AR 48.0 h.

W ZE I B 5. 0 mL MIHRE S IR 3] 50. 0 mL 43R -, M A 2.0 mL(6 mol-L~") HCl %Wk,
PRZ 4 PR 10. 0 min Ji7 , PREEMA 12.0 mL FEE, BIZIPRZ 10. 0 min, FHIIA 10. 0 mL IF e F1H 3
BT HEBHR AW (1: 1, V/V) 983 15 min, WA = TR 43 85 1 B2 A HLAE, FH 5. 0 mL KCL i
(1% ) Yeik , 37 KCl ¥, WA MUA I JC K BRI BB K 4800 itk e & 3 WK, A9 A HLA.

DL PR A5 20 A SR ORI FE AL 78 R AN MR 2 1—2 mlL, AR EEEM R EH i FR
He , NG WP IE C e i Je a2 Bk ek,

1.5 ZEigie

FHIE O be 2 OB 3 2 A (1.3) , JH 120.0 mL IEC BEH130.0 mL 95: 5 (IEC &% : — 5 Wkt
V/ VY MUGERE , TSR LA 1 W38 3 B BRI (320 53 A KBB4 2 K2R ), 5 i 100. 0 mL — 4!
FEURI  WCHE VR IR (IR & A 2 R o3 1 IS 20 43 ) | R 48 IS U IR RE N AR AT A28 43 B

FIFAE P I 0 B0 B 28 ULl P =22 i 0 PP T U b R RN IE 2 5 AiA IR Uk v L.
1.6 ZHTILEBRIER

(1) Bk 12 (TR

HeAcrE s R ATAERDE bR TR IR B TR 22 5. BRI N Bk +29 15 ¢ T2
BrAE, F 160 mL 50 F e b Je o Ak - s T4, R IR v (e i pe e 1 WU AR OB “ 1.5 497 i
AR LS TRy (a) s B REN T A B E T EE i uE At 160 mL 48 e R e 4 h 5 E2s T 4%
FH RO LA £ WEEAEBGR T 1. 5 17 AR 25 50 (b) . BRP O 2470087 2 IR

(2) BF5E Z AR AT R AR G2 LTI L BRRCR. B R AT . v Ao = vk 3 g
BERE SR EE RS (AR IE A R G0 ) B SE (R 3225 (IR FHIE RS0 ) 4 2 &, &Mt E DL & b
SV RIEA T AR Bk 3 Wk AR ZE BG4 I 2 PCDD/Fs. B— U3 5T X I A 1 5 £ 5%
ISR R TR R
1.7 AR &1

a3k S B35 DB-SMS,60 m x0.25 mm x0.25 pm BEA0 R FHRE DR EE 280 °C , AAMTERE
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HEREE 1.0 pL; FHEFEAF .90 CA£4F 2 min, L) 8.00 °C-min ~' 3R T+ F 220 C, LA 1.40 C-min '
F93 R T2 310 °C,444% 5 min.

JERE A A - A 2 05 X B 1 £ 1A (SIMD) 5 2 5 TR IEE 300 °C 5 ik /i s 7900 V5 i - B it
35 eV; LI (PFK) m/z 4 292. 98241 &% 70 #ER =T 10000.

2 LER 58

2.1 RFEHEET %

SR VR[] 4 I35 456 i, 43 53175 %5 T WO ZE ORI XA A T 1L YR i v PCDD/ Fs 19 B U8 % R g
Er e B REME BRI T 3 AT

ORI GG 5 SR 1 R, B 1 AT SR A R R B A T A B, 15 F - WESE s (Y [R] 7 2R Y
FRIEDSCRTE 64. 19%—97. 1% Z (8], F X A5 s 22 76 0. 04% —0. 11% 2 [8], B A& B [ 50 % 78
47.7% —98. 2% Z ], FAXTHRIE 25 7E 0. 13% —0. 42% 22 ). A% T W 28 B, 2 2 Al B T 414 [
WO FIRRE PE. (R R A kA 4k (1,2,3,4,6,7,8-HpCDF 1,2,3,4,7,8,9-HpCDF | 1,2,3 ,4,
6,7,8-HpCDD F1 OCDD ) 1Y [ 5 ALK -V I AR L.
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Fig.1 Recoveries and relative standard deviations of two different pretreatment methods

JE s B g 25 2R R I 8 R AU AR A 38U A i 1D 25 1 i I (Y LK 0. 115% —0. 345% , W
TRAE B AL S B BE 105 25 50 0. 638% —0. 834% , M SCHRRGE , MLy G i & Y N 0. 100% —
0.550% "7, A L , SR FHRVRAE BUG ARAS (R & 04 B 5 2 S ARG i v, i 2R B i IR B AR G B e
SCERHR B (E 3R — 2. BT LA LLS I 5 s RE DA S g 34 2R FH R A .

2.2 FEHET

REM 2 (TSRS SRR, 4 (a) L (b) PIFP AR FR 5 17 Fp oA 5 B 53900 0—S8. 25 pg
F10—4. 81 pg, (b) AL =02 T2 AR RAR, BOU5 225256 R H 2 H be 2 [CHh R XAk o 1 E AT
FiAbFE.

FAHEE 2 TP BRI S B0 45 R R B, IH 32 R 4 3 KA BGR T PCDD/Fs Sk JE 43 51 Ky
1048 pg.839 pg F137.9 pe; Brii#t R4 3 WHEBGH H PCDD/Fs Sk JE 5351 182 pg 16.0 pg 112.2 pg,
B T55 3 i PCDD/Fs MIIIE 45 R S M2 I 2ZEAZ UM 28 3 IR R iete il de &4 b
AR T 6. X T IHIR R4, 45 1 Yahi)5 , PCDD/Fs AYHRE BA KR T [, (5% 8 19 PCDD/
Fs BRI 0w, 26 2 IRR X FE UGS PCDD/Fs B IE R — IR XFFEIK T 43.6% , iR &1 2B T
98.0% W T4E4. it L, XFF PCDD/Fs 3 2 51K A ML IBRE i , AN 305 ‘B FH bt 3k o vk B8 R it A ih B2 2%, 2
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S X R R ST 2—3 IR Ty A A A R T

XEFHEEES, & 1 RS, TR B B gk 5Bk, LBRR Sk 86. 6% , 55 2 A 1Y LR R K
7.61% HThAE R 3 B S5 A U5 2 YO B T IR A7 8% (H LBRACR A B, X — 4 5
IHAh4E R G TR I LB 25 5 33X P BB A PRI DAy 7 30 3 g LK V5 % 0y I o A 32 5 0l T st 22 K 1 B 3 4
LS 35 2 9 114 8 R A [ 36 ), 56 T I BRI g i — AL A 5
2.3 [R5 Ty R H R

FKIHLL R SE B S50 7 22 % 14 AN I35 RE 5L o PCDD/Fs #E4T 1 BISCR N BRI 2 , 45 SR 0, BE i
B C-[alf; Zhpic AL S A IBCRIE N 66. 2% —95. 2% (RSD & 4. 0% —9. 0% ) , 5 SCHRHR & #Y [7]
5% 59. 5% —89. 7% A4

F T P T R PERE 4T T 0. 02—0. 2 ng.0.04—0.4 ng F1 0. 4—4 ng 3 Flrife J& 4 3 ) Bt
JEINFRSEEG  ZERAE IR 1. 3 1 a0 C-[R R ARk & W0 1 NBCRE FELR 45. 40% —93.96% , i
JINAY 17 #'2C-PCDD/Fs [ISCHE N 94.61% —117. 14% , 45555 5] EPA1613 )7 VL RE IR .

R 1 TR HARMESYIRCR (n =4)
Table 1 Recovery rate of PCDD/Fs standards spiked in matrix(n =4)

BCR/ % ECR/%  ECR/% IR/ % MR/ % %/ %

“C-PCDD/Fs 0.02—0.2 ng 0.04—0.4 ng  0.4—4 ng #C-PCDD/Fs 0.02—0.2ng  0.04—0.4ng  0.4—4 ng
13¢2,3,7,8-TCDF 54.51£1.46 72.79+1.83 64.40%2.65 2,3,7,8-TCDF 96.50+0.41 92.53+2.46  94.61 £1.21
13¢-1,2,3,7,8-PeCDF 45.40£2.53 49.23%2.41 54.13£3.27 1,2,3,7,8-PeCDF 107.79£0.74 102.02 +2.67 103.36 +1.21
1302,3,4,7,8-PeCDF 47.87+2.73 71.98+3.33 54.40£3.12 2,3,4,7,8-PeCDF 107.82:£1.20 102.36 1.09 102.83 +1.88
13¢-1,2,3,4,7,8-HxCDF 56.133.39 58.05+3.21 61.92+1.78 1,2,3,4,7,8-HxCDF 107.35£2.15 104.75 1.78 103.80 +0.32
131,2,3,6,7,8-HxCDF 52.9142.52 66.82+4.23 53.76+3.02 1,2,3,6,7,8-HxCDF 109.37£3.00 107.76 +2.34  106.80 +3.21
1302,3,4,6,7,8-HxCDF 61.23+0.79 65.13%2.18 62.24+2.36 2,3,4,6,7,8-HxCDF 106.11£2.60 104.84 £3.65 102.35 +1.87
13¢-1,2,3,7,8,9-HxCDF 79.811.32 78.72+1.78 74.22£0.91 1,2,3,7,8,9-HxCDF 110.69 £0.15 109.73 +3.10  104.95 +0.23

13C1,2,3,4,6,7,8-HpCDF ~ 54.76£1.65 76.56+1.13 93.96+0.25 1,2,3,4,6,7,8-HpCDF  111.04£4.70 107.58 +4.78 107.89 +3.79
13C-1,2,3,4,7,8,9-HpCDF ~ 67.63£1.33 73.51£1.66 80.71+1.96 1,2,3,4,7,8,9-HpCDF  113.21£2.66 108.50 £3.25 108.27 «1.68

OCDF 98.72+6.19 92.01 +4.67  95.57 £5.69
3¢2,3,7,8-TCDD 71.36 +6.30 78.64 £3.32 81.71+3.21 2,3,7,8-TCDD 107.15 +4.02 97.84 £2.78  98.02+2.64
13¢-1,2,3,7,8-PeCDD 46.82£2.75 49.13+4.29 44.60+1.97 1,2,3,7,8-PeCDD 105.13 +1.50 104.56 £1.04 103.95 1.62

IEEEE]

13¢-1,2,3,4,7,8-HxCDD 56.15+0.28 71.11£2.77 64.27+1.11 1,2,3,4,7 8-HxCDD 106.99 £3.54 102.33 +1.45 104.90 1.01
13¢-1,2,3,6,7,8-HxCDD 55.55+2.82 69.91+3.28 54.27:4.26 1,2,3,6,7,8-HxCDD 110.23 £2.56 109.22 £2.05 108.27 £0.65

1,2,3,7,8,9-HxCDD 117.14 £2.09 112.59 £1.56 112.69 +2.64
1301,2,3,4,6,7,8-HpCDD ~ 57.96£4.48 65.61+2.16 51.94+1.67 1,2,3,4,6,7,8-HpCDD  112.91 +1.08 103.68 +2.98 106.92 +3.09
13¢-0CDD 53.56+7.00 61.83+6.38 73.36+8.36 OCDD 106.03 £7.66 91.65 +4.56  95.38 £6.44

D7 R H B (MIDL ) 368 2o % D00 32k S 00 i 75, R 4 A G SCiR' ) 25 A I T P W ST PR i )
5.0 mLIMYE AT 0.02—0.2 ng (Y ZWEH 2 HAF 4 YOPAT, TR 4 YOPATINE bR IR 2, 42
HMDL =1(n -1,0.99) xS iHEITER TR K 3. 72—14. 74 pg, S M IHHEEER K 5 mL, 55 E A
920 pL, HEFREE R 1wl B, AT iR AR A B R 0. 74—2. 95 pg-mL ™' L.
2.4 ARIERE SRR

W5 ST BT 7 e T AR UES 2 ) B SRM1958 Hh — RS g o2 | DA BGIE J7 ke i T BRI 5 4%
RANTFE 2. 52 LB, 17 Fhep ik iy EIMEAE 70. 8% —111% 2 18], PCDD/Fs s e 5 (1) 8 B A
85.8% ,HH11,2,3,7,8-PeCDF . 1,2,3,7,8,9-HxCDF ,OCDF ,OCDD 4 Fh B i) B FEE B T2 %M
JE B B AR TE 70% —130% . WNFEME Y B A, 17 R R SCNE S PR (A A 258 K, EBUMEAE
74.4%—111% , &\ TEQ B K 93. 7% , U A A J5 A7 78— & LB a80s , {H AT 1 FH T 1L 7 o PCDD/Fs
{4 A AT
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R2 AESEYTECINE S PR AEEN L (pg-kg ™ HALIMTE n=4)
Table 2 Comparison between the measured and standard value of the standard

reference material (pg-kg ™' reconsitituted serum)

PCDD/Fs SR e/ i B/ EHE Sz TEQ/ KR TEQ/ TR
(pg-kg™") % (pg-kg™") (pg-kg™") (pg-kg™") %
2,3,7,8-TCDF 97.61.45  97.3+3.90 100 9.76 £0.15  9.73 +0.39 100
1,2,3,7,8-PeCDF 84.8+3.21  114+4.00 74.3 4.24£0.16  5.70 £0.20 74.4
2,3,4,7,8-PeCDF 201 =8.40 221 £2.00 91.0 100 +4.20 110 +1.00 91.0
1,2,3,4,7,8-HxCDF 106 +3.61 102 +4.00 104 10.6£0.36  10.2 +0.40 104
1,2,3,6,7,8-HxCDF 123 +5.78 110 +4.00 111 12.3£0.58  11.0+0.40 111
2,3,4,6,7,8-HxCDF 920+ 12.5 958 £62.0 96.0 92.0£1.26  95.8 +6.20 96.0
1,2,3,7,8,9-HxCDF 70.5 +5.43  99.6 6.70 70.8 7.05+£0.54  9.96 +0.67 70.8
1,2,3,4,6,7,8-HpCDF 280 £6.76  310=17.0 90.3 2.80£0.07  3.100.17 90.3
1,2,3,4,7,8,9-HpCDF 66.4 +4.67  86.2%9.50 77.1 0.66+0.047  0.86 +0.095 76.7
OCDF 64.8 +2.98  88.6+7.50 73.1 0.065 £0.003  0.09 +0.01 72.2
2,3,7,8-TCDD 91.8 +8.54  97.3x3.09 94.4 91.8+8.54  97.3+3.09 94.4
1,2,3,7,8-PeCDD 98.9x 3.45 114 +4.00 86.8 51.9+1.73  57.02.00 91.1
1,2,3,4,7,8-HxCDD 100 +4.65  98.5+5.50 102 10.0£0.47  9.850.55 102
1,2,3,6,7,8-HxCDD 360 £9. 87 363 £43.0 99.2 36.0£0.99  36.3 +4.30 99.2
1,2,3,7,8,9-HxCDD 83.6+4.65 103 +3.00 81.1 8.360.47  10.3+0.30 81.2
1,2,3,4,6,7,8-HpCDD 598 =4.98 595 £65.0 100 5.98+0.050  5.95+0.65 100
0CDD 2066 +13.6 2750 =140 75.1 2.070.014  2.75+0. 14 75.3
B 5413 105 6307 +384 85.8 446 £19.6 476 +20.57 93.7
3 Zh5ie

AR SO LT H  WESE I T AT T LA PR AR B SR I B Oy T, R AR L TR 4
PR ZE 0 | SR FH 28 B 0 B B B ) ik o+ B $2 R e A7 TRUAL B, P A S8 AR T SR 30 %25 U,
XA R 5 — U R AT 22 BRAGR T8 , mixd T IH 32 R 48 a2 vl DL 25BR 98. 0% 19 T4
Y. 7R Ry 3. 72—14. 74 pg. 0.02—0.2 ng.0.04—0.4 ng F1 0. 4—4 ng He A 1 B8 5 Ao 52
B4t H ol -l ZEARICAL A 1 11U 238 Ll 45. 40% —93. 96% , U NI 17 #'2C-PCDD/Fs Al i %
H94.61%—117.14% G5 5835 5] T EPA1613 Jy ik PEREMZER. RS % W) it SRM1958 H 17 Fh ik iy
FEIETE 70. 8% —111% ,PCDD/Fs S WK B W H I 85. 8% , HoEH B AE 70% —130% , 1,2,3,7,8-
PeCDF.1,2,3,7,8,9-HxCDF ,OCDF ,OCDD FR{A (1) 55 S W HF T 5 5 (B L, 25 R T B8 i o0 i 7 i
REARAE TR | MERR AT SE VA RO 25 5R T, 755 E PRARiE 774 US EPAL613 1Y 5T ft 42 il B 1.

2 £ X #
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Development of GC-MS method for analysis of PCDD/Fs in serum

XU Jie'? ZHANG Sukun®* REN Mingzhong’ WANG Zheng'

ZHANG Manwen’ MA Feipan'
(1. Lanzhou Jiaotong University, Lanzhou, 730070, China;

2. South China Institute of Environmental Sciences. Ministry of Environmental Protection, Guangzhou, 510655, China)

ABSTRACT

Based on the domestic and international literatures and standard methods, this research developed a

method for detecting dioxins in serum by Soxhlet extraction chromatography column purification-isotope dilution

HRGC-HRMS analysis. The results showed that the limit detection of method was in the range of 3. 72—
14.74 pg, and the recoveries of >C—PCDD/Fs ranged from 94.61% —117.14% for matrix spiking samples.

The method was successfully employed for the determination of dioxin ins the standard reference material

SRM1
4.0%

958. The recovery and the relative standard deviation were in the range of 66. 2% —95. 2% and

—9.0% for real samples, respectively. It was proved that this method was accurate, sensitive,

operable, and suitable for the determination of dioxins in serum.

Keywords: serum,PCDD/Fs, method development.



