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SHeEt/ 5o REERNEREERPHN
TEXEMECEXESSEE

£ 8 TIL KEWH Pxrx ZZEH BREXR HRE
(R ISR LTI, 510640)

W B HSCRARKMRER, RAIKKEREEBUR 2 BR & iR MEER S & Al (GPC) wiL/E , H
Florisil fk 3 b #4438 B 47 P 9 W 3E ( PCDD/Fs ) MK —IE 58 £ KK (dioxin-like PCBs) , K IR W &
RS U/ 1 43 RS I AL (GC/HRMS) U8 T H A 17 4~ 2, 3, 7, 8-AB R R LN
12 K _MER BRI, SERIRU, gk VR A2 FURK AR R, AT 4 KP4 08 . RSD
(PCDD/Fs) <8.9% ,RSD(PCBs) < 11.4% ; Bt F 0] ik 60% ~ 105% , PCDD/Fs fil PCBs By i BR 43 A
0.1~0.8 pg/g f10.05 ~0.6 pg/g, WA ERIME 1T IARY RV LA R 8 “RESE M RER
ZREXE FHTREHENMFEEYE,

K@ TR RTINS, S GIE/ R0 HEEIE , Florisil BB 4, FRBERE A

1 5 &

ZHMRZEH —WEHL(PCDDs) B AR =K H-rR M ( PCDFs ) fl 2 &2 (PCBs ) FRE AT H A
5424 ( PCDD/FS) £ 2 RIR FREF YR EFE LT HZE, PCBs BTk S MEEXEKXE L
TE_E 20 70 AR 1A PR FIRR I . BRES R A9 PCBs = Z oK ¥ T PCBs 152 5 PCBs 15 Y i K 34
HIEFE R R FEMAL B E R LA R BP9 HERL . PCDD/Fs F1 PCBs #RAEE I K SUER . T8I
B KRGS TR R, RATE B YD &4 S E S RGBS AR KB,

PCBs thA5 12 A B fh g Fik Jg2 —WE# PCBs( dioxin-like PCBs, 3 WHO-12 PCBs) , £3.#% 4 4E4B 4
Bt PCBs( non-ortho PCBs,77 .81 .126 F1 169 ) #1 8 4~ B4 B4, PCBs( mono-ortho PCBs, 105,114 118,
123156 157 167 #1 189) , i T ENTHF T MEM S PCDOD/Fs i HIT, i DA AL (WHO)
HUCK S 1f PCDD/Fs —&INE H i+ B B F M Y8, XRRBEH3EE, PCDD/Fs 2% " HEY PCB Xt
BEN B REBAR, HP/EHET 5 3% ~80% ', PCDD/Fs 8 PCBs 8.4l /> 7 ) SCHR LB £ W, PC-
DD/Fs — R S M (3 & 43 BRI ( GC/HRMS) MRS B BE 0 o B 43 PCBs T E 4%t
YRR (10 7 4%) BRE S, 128 GC/MS B, GC/ECD!*, Tiij % M3 (PCBs) 7E B 3 o vk BE 7R 1%
(107"%%) ,BiAbEE 4+, — M GC/HRMS W5, 7ERTALTE & 405243 FF 4 #r PCDD/Fs 1 PCBs, ¥ 1} 3%
V) R FIRE R . R ME R A T IR B E B — R B B R R - E AR A R
WA, BTSSR R /U T ke, {043 85 PCDD/Fs il PCBs MR K, 2 B 5B, Fr AR
RRXT B EAF, REFHAXMFEN e RERERU AR BNESH,

AH5T S I8 % E I R4 B (EPA) A fi i) PCDD/Fs 434777 3 EPA16131) f13¢ — 3% PCBs M4 7
¥ EPA1668'™) , - Xt St 3 % JFUA i) PCDD/Fs A7 r ™ 47 T it I FIBR M RE IR . 2 BRIB A REIR
BB 35 1% 4 ( Gel permeation chromatograph column ( GPC) ) #1 Florisil i BREE A T RE S T 4L
A8 SRS AL/ &5 B AR BUS MR MR, € BRI THERES S 17 42,3, 7, 8-
S HUX PCDD/Fs il 12 426 —WESE PCBs, AR fL AT AL 3R i 72, #0431+ 8 8L 5 F PCDD/Fs 1 PCBs &
B RSEENE, RIS TS YRGBT ST 2o B R IR IA 18 1R ALK BE
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2.1 F5iEH

Finnigan MAT 95 XP B /3 ¥#H1%  Trace GC 2000 SAH A5 ( X EMAB AR ) ; RAMBRKE ; AKX
He 451X ( 32 [ fisher Scientific) ; iEF% 7% &£ X (£ E Heidolph £ M) ; EHrtk, — R WL . ECk . HE H
B PR E+ DU SRS (0. 24 ~0. 065 mm $i4E ) (#2[H Merck £ ) ; BEAL Bio-beads SX-3 (0. 098 ~
0. 046 mm #$i4% ,Bio-Rad Laboratories, Richmond, CA) ;3% HrERREE (£ [H Fluka) ,

PCDD/F #Rifikedh . & 15 AVC ARigHI 2, 3, 7, 8-FE{L PCDD/Fs HYIR A bruE IR ik ( BN [F L R H R
%) ;4"C-1,2,3,4-TCDD f1"°C-1,2,3,7,8,9-HxCDD KL N AR ; CS1-CS5 A2 IEARMER K ; (XA B H 4
B4 =TM(FC43) ;GC R Bt Ia B 1 & AR HEVA T 5 [ 53 S A 45 55 M K i 4 1 75 Y ; PCDD/Fs AR
HEZR W (L)L ¥+ Cambridge Isotope Laboratories Inc) ,

PCBs pRUERE S . & 12 N3 B3 PCBs 7 A Wk (WP-STK) ; & 12 4~"C-PCBs #) 1R A AREE (WP-
LCS) ; & C #%ic PCB70 111,138 1 170 f3k#E M AR ( WP-ISS) , CS1-CS5 A% IE AR 1A i (WP-CVS) (14
3y 8 fing K Wellington Laboratories Inc) ,,

2.2 XBHE

2.2.1 HIHTAESFE HLLTHEEER, MAZICHPERHE4 h EXMRRE S, FEn
AF 4 A "C-PCDD/Fs FrfEIR M A1 °C-PCBs B AARFE, A 253 16 h, W45 M IBRKIKE
FU TSR (1) B sl kA FEBIA 120 mL F S HEf— T, AL 20 g 40% BR 14 RE
B, B 2 h, BHRE AN AYE S A A B TK Rk, A 100 mL EC ST e, BE
FERAR DRI, e 4 (2) S R Ak A AT 8| LRKRE B M PRk 33% BAERER  h
FERE 40% FRYERERR . R REIE R /K HiBREN . HE AR 50 mL IE S ATk E, A L — 8 B 6 FE 5
W, JCFH20 mL IECKEMUE LR AR, B 100 mL 97:3 EC b/ —H B RBABENER, 5EA/
PCBs 1 PCDD/Fs fYRESLIRIK , W45 ; (3) A Ak &4 F 30 g Bio-beads SX-3 7, HAEHR M . il
e LR WEEFIYERR SR 101 IEC ke — R P EREHN ., A 50 mL iR, ARt £
Z&JFFH 70 mL, )5 1 50 mL b RE WK UEAR 18 & PCBs fl PCDD/Fs BYRESH IR UL , #i 4 ; (4) Florisil 2% 3%
rhAE B EEH(140C 24 h) ,FR 1 g TR L, Fef 30 mL 955 I Cft/ — R P E vt R
ke, FREJE R 15 mL95:5 IEC Kt/ — 8 etk vk, 15 & PCBs BUBERIAR G BEA S0 mL 101 IEC e/ — &P
ek e, 18 & PCDD/Fs HRE ShIB W ; 43 BIVR S

BRSPS LIRS BT , 2 Bl M bs, R/ DR IRE R, A GC/ECD &)
B S AL R AT R YR E , R GC/HRMS 4351l PCBs 1 PCDD/Fs,

2.2.2 @BiEMEESWEME CP8 @ik .60 m x 0.25 mm x 0.25 pm; BFREORE 250 °C ;£HLk
JRRE:250 °C; B/ HkAE; 8. 25 W E:0. 8 mL/min, PCDD/Fs 43 #7 FiFHE R F:90°C (1 min)

76°C /mi 1.2°C/mi 1.7°C/mi
®,220°C (7 min) 2759 ",301C,

. min .2°C/min
PCBs 47 FIFHEAZFF :90°C (2 min)—2/™",220%C (10 min)— " 263C ,

EI 25 F i :pos; B FRERL 55 eV IRJE :250°C ; kil 7 =X . £ 5 A MID; i o F - 5000 V5 53 3
. ] FC43 #th 3] 10000 L I,

3 #£R5i11ie
3.1 Florisil 7% 1 4% PCBs #1 PCDD/Fs

PCBs 1 PCDD/Fs f#: FaAE , H a1 84T A WmAHML . R EE 55, e sk B3
RS B IS ({5 58 Bt 6] F0 R B BCER AR ] , 85 UM B 4 ( Hein PCB 169 %% 1,2,3,7,8-PeCDD 5 1
#t) , &M T PCBs 1 PCDD/Fs (#EMRNIE ., BB HRRER %25 FF, B 7E R K vEm (98:2
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ERAE

Eo bk —EF ) ha&H R HARI B PCBs, M7E /5 MYE B (1:1 ES e/ —&H k) TR T PC-

DD/Fs 5, 88 KRS AEBALEUR PCBs, TEPERAL BB VLR

% PCDD/Fs F14E4B{ BLAX PCBs 43 FF,

(B4R E B BT R BB AT, &8 F A Florisil #E¥ 143 PCBs il PCDD/Fs, MULL 95:5
EC by & P e R I YE R Se e (LR 1) AT LIS . e S BUR 4B R i PCBs F1 PCDD/Fs Ho,
PCBs %0 ; ZER— 289 ARG R R YL ; B PCBs tLIEBUL PCBs i, LWE
8.1 g Florisil Kt §E5244> FFf1[E W PCBs 5 PCDD/Fs, BISEH 15 mL 95:5 IE 4/ ~ R F bt sl &

# 1 Florisil HEVEMESER AHH T LI J7 i (RN 25 BE ALy M 45 R

Table 1 Eluted fractions on Florisil column, precise evaluation and sample analysis

Florisil H:3E AR SC5

Eluted fractions of

Precise (pg, n=4)

Sample analysis ( pg/g)

ot

Bt &Y Florisil column
Target compound * K Recovery (%) fIAR P RSD  HEY BB W KK
Fl F2 F3 F4 Added Average (%) Sediment Sludge Soil Fly ash
2378-TeCDD 0 0 1 101 40 36 8.9 5.9 1.2 55 12
12378-PeCDD 0 0 1 9 200 210 8.2 1.9 7.5 6.5 23
123478-HxCDD 0 0 0 109 200 190 5.4 1.3 9.4 6.5 14
123678-HxCDD 0 0 0 100 200 193 5.2 4.5 50 2 31
©123789-HxCDD - - - - 200 193 8.3 3.2 22 11 21
1234678-HpCDD 0 0 0 9 200 202 4.3 76 1174 379 275
0CDD 0 0 0 9 400 415 4.9 776 4  4.4* 621
2378-TeCDF 0 0 1 9 40 41 4.7 12.1 12 45 92
12378-PeCDF 6 0 0 108 200 180 2.1 9.4 6.2 45 102
23478-PeCDF 0 0 o0 100 200 199 5.7 11.4 12 52 98
123478-HxCDF 0 0 0 98 200 20 3.1 32 17 198 84
123678-HxCDF 0 0 0 9 200 189 3.7 12.2 14 101 92
234678-HxCDF 0 0 o0 115 200 190 3.3 9.7 21 71 97
123789-HxCDF 0 0 o0 102 200 190 4.3 1.4 1.1 8.4 8
234678-HpCDF 0 0 0 9 200 184 3.9 100 324 709 278
1234789-HpCDF 0 0 o0 102 200 179 6.4 12.9 14.7 93 32
>OCDF - - - - 400 432 2.0 605 947 5.2* 180
344'5_-TeCB (#81) 71 25 0 0 55 56 9.2 11 14 175 32
33'44'-TeCB (#77) 63 40 0 0 55 55 11.4 622 940 6.82° 6l
2'344'5-PeCB (#123) 8 1 0 0 55 53 9.6 87 463 1872 6
23'44’5-PeCB (#118) 8 1 0 0 55 67 1.9 5.68° 1.25° 42.5° 147
2344'5-PeCB (#114) 8 1 0 0 55 55 10.3 56 203 713 20
23344’ -PeCB (#105) 79 4 0 0 55 51 9.7 1.32* 6.41" 18.1° 78
33'44'5'_PeCB (#126) 47 62 1 0 55 52 9.6 28 113 213 55
23'44'55' HxCB (#167) 82 0 o0 0 55 50 2.3 436 3.51* 4.50" 14
233'44'5-HxCB ( #156) 81 1 0 0 55 56 3.4 854 7.79* 9.75* 43
233'44'5"-HxCB (#157) 81 2 2 0 55 49 5.1 151 1397 1741 22
33'44'55"-HxCB (#169) 25 74 4 0 55 57 6.1 5 17 27 29
233'44'55'_HpCB (#189) 8 12 0 0 55 48 6.8 152 1240 1540 k?)
*TEQ-PCDD/Fs - - - - - - - 24 46 149 139
- - - - 4.2 18 35 5.8

“TEQ-PCBs

* . ng/g; a: BICEN BIsLEY SR B9 V3C 47104 Y [B1 2. ( recoveries of '*C-labled compounds corresponding to target compounds ) ;
b: XREES°C HRIC R R 0 E % B 5 b R 7 7E (no comresponding labeled compound in the '*C-labled compound standard solution) ;c: TEQ
248 (toxic equivalent) ,SRAIH F 114 HAVA T (9 B 24 B B F WHO-TEF! ') ;F1 . 5 — WA SmL 95:5 EEf/ @ P B9
#0 43 ( the first fraction eluted by 5 mL 95:5 hexane/dichloromethane ( DCM) ) ;F2; 55 —¥KHNA 5 mL 95:5 hexane/DCM i HAH 4 (the
second fraction) ;F3 ; & =K JNA 5 mL 95:5 hexane/DCM i 4 4 43 the third fraction) ; F4 JBfi/& il A 40 mL 1:1 hexane/DCM #3144
4} (the fourth fraction elufed by 40 mL 1:1 hxame/DCM ) ; TCDF : JU 4% {%, — 3 %1k i ( tetrachlorodibenzofuran ) ; PeCDF : F S — 3 J- nk i
( pentachlorodibenzofuran ) ; HxCDF : 75§48 — % 3 Bk ( hexachlorodibenzofuran ) ; HpCDF ; -+ 4 f{ = 3 3F 5k i ( heptachlorodibenzofuran ) ;
OCDF : A\ 4% — % 310k i ( octachlorodibenzofuran ) ; TCDD ; PY 4 £ — % 3% -%¢- — €3 ( tetrachlorodibenzo-p-dioxin ) ; PeCDD . H # A =%
3% - — & ( pentachlorodibenzo-p-dioxin) ; HxCDD ; < @ = % 3-%} - —WEH ( hexachlorodibenzo-p-dioxin) ; HpCDD: L @A — % 3f-%f-—
IS 3% ( heptachlorodibenzo-p-dioxin) ; OCDD : A\ — 3 3% - — BEH ( octachlorodibenzo-p-dioxin ) ; TeCB : J§ 4 B% 2 ( tetrachlorobiphenyl ) ;
PeCB ; F S8 ( pentachlorobiphenyl ) ; HxCB : /< 3B % ( hexachlorobiphyl ) ; HpCB: -t §(BX % ( heptachlorobiphyl) .
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PCBs AL W, T5A S0 mL 1:1 1E B4/ “ SR AWk e S & PCDD/Fs FIAESEM . FIEILEHE-TE 1
FALALL , %07 1 B RV 20 VR R I 0, IRl o o e
3.2 GPC £RMENESFTHY

+3 RRATIEAY G — BB S E WSS ST THRY, A T MRS ARNSBERES, £H 5
1038, ¥R A T EALIE BRI A GPC 1, BME L (EEMMRR) FREELSER
+3 RRAGIEY S 4 T T ; B R B AOBR I A< & 7T RE 4 A% PCDD/Fs™! BFEE LUK BEM 4
WL BAR T B, ASSHRT GPC ¥, LBk, Xt T4 30 g SX-3 9 GPC 4, 461 70 mL 1:1
R4 AR LEAE ERRE S B IS A 40 F T4, FEHE 50 ml 101 IEC 6/ — AP bht 238
PCBs il PCDD/Fs, X F KWRAMASHS , B FHEMESF TR THRAHE , X—S BT %%,
3.3 HBEEMEIKE

#hRATFAATINA PCBs #1 PCDD/Fs (AR A R RR BN, H e B LI 7 vk , 47 45,
Jl5E PCDD/Fs 1 PCBs [RI{ R BRI 9P Bk %43 5K 60% ~ 104% F1 81% ~ 105% ; AHATHRHEIR 2
K 1.7% ~8.4% f15.2% ~19% ;PCDD/Fs il PCBs 3 AR M ELE R W2 1, X ERZE 5
ME2.0% ~8.9 %M 1.9% ~11.4%
3.4 AFEERMAHR

25 PR AT U A PCDD/Fs 1 PCBs BRI B BRI, HER EE ik, XREH,5H
PERTER 6 L T IR A K 5 PCDD/Fs; B AR 4 — %€ & PCB 77,105 Al 118, H.25 (IR RIE 4 5K
0.10.0. 13 F10.6 pg/L(n =3, 4{LIE AR ER R 20 L) , R HBR4r514 0.08.0. 1 #10.6 pg/g
(25 EARHERZE 0 3 15, BURE R LA 10 g 1) o TS AR LAY, 1 B R LSS R IR IR
PCDD/Fs 0.1 ~0.8 pg/g, H'EZ PCBs i R4 0. 05 pg/g, LB, PCBs W2 T B R I T
EHNEEBE A Florisil BERVEE BRI T KPS LY. -
SEEGRTECK A — SR R R , 2 S VA R T v i RS
e, ER AR BRI
3.5 ¥ PCDD/Fs fai B3 PCBs BAlE \

R FAR S8 v 3P UURRA SR | £ A KR o
PCDD/Fs Fi12k —IE 3 PCBs #4417 7 Ml 5., PCDD/Fs ‘ g
F1 PCBs [ R B30 i [T 3R 53 B K 73% ~ 120% O
I 76% ~126% ,i5%| T4 ER, GC/HRMS #ll & _ .
R I PCBS o0 AP EHEE 1L pc o S R T
DD/Fs BB TR EABE TS WII9]) ZH: KA ared biphenyls (PCBs) in fly ash
ABF 5T 7 5 0 5 IR AE 5 b PCDD/Fs FlI2K — g3
PCBs, 5 B AL B 00T , B M B A RA PR K R IF B ER NS, AR T BRLan
WHEEMER ., WGP S BB LB R (R 1) RE, RS 2P TRAEL; KRR
i, B T PCBs 4 BB ML B TR A/NR— (4% ~28% ) , PR K, KB/ S ME
TIRERAE R AN, B2, AW sExT A R A LB, BINCRR , RS o 2, feer il E i
ML QU & &, PR RS SEAS FIBST IS R ok RS A5 3R T AT SR A SE IR B R 1B,

#
ll8# \

={ 7#t0s #167 #156
#126 #157

#169 #189
#170
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Determination of 2,3,7,8-Substituted Polychlorinated
Dibenzo-p-dioxins-Dibenzofurans and Dioxin-like
Polychlorinated biphenyls in Environmental Samples by
Gas Chromatography/High Resolution Mass Spectrometry

Ren Man~ , Peng Ping-An, Zhang Su-Kun, Deng Yun-Yun, Mai Bi-Xian, Sheng Guo-Ying, Fu Jia-Mo
( Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640)

Abstract A method was evaluated for the determination of seventeen 2,3,7,8-substitituted polychlorinated
dibenzo-p-dioxins and dibenzofurans ( PCDD/Fs) and 12 dioxin-like polychlorinated biphenyls ( PCBs) in
environmental samples with isotope dilution-gas chromatography/high resolution mass spectrometry. Sample
extracts were cleaned up successively with acid silica gel slurry, multi-layer silica gel column and gel perme-
ation chromatography column. Florisil column was used to separate PCBs from PCDD/Fs. Precise and recover-
ies of the entire procedure were evaluated by replicate analysis (n =4) of PCDD/Fs and PCBs standard solu-
tions, with RSD below 8.9% and 11.4% for PCDD/Fs and PCBs, respectively, and with the recoveries in
the range of 60% -105% . The detection limits of PCDD/Fs and dioxin-like PCBs were 0.1 —0.8 pg/g and
0.05 - 0.6 pg/g respectively. PCDD/Fs and dioxin-like PCBs were successfully determined in environmental
samples such as sediment, slurry, soil and fly ash, and then their toxic equivalent was calculated.

Keywords 2,3,7,8-Substituted polychlorinated dibenzo-p-dioxins and dibenzofurans, dioxin-like polychlori-

nated biphenyls, gas chromatography/high resolution mass spectrometry, florisil column, environmental sample
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