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"(hEBERT MR R A VLERESLRE, M 510640)
2P EREBE BT A B, b 5T 100039 )

B E AWRSSEAE WL AN SR/ vk (PCDD/Fs) 247 )7 Bk, 857 T £ 18 4t — I35/ ki ( PBDD/
Fs) #1 PCDD/Fs M RO R BER 5 B A - R B A (HRGC-HRMS) M1 . B MERARIERK
R 2 BERE A Florisil Kb , 4 $I%F e 8 %6 2,3,7,8-PBDD/Fs #1 17 # 2,3,7,8-PCDD/Fs #4738 &
PBDD/Fs {X#§ 53 87 & F - EI" B2, i 1 B 7 MW, 43 $E 3 10000 DL b, 8 F & 5168 50 eV, AT 22 B 3
0.75 mA;DB-5 MS H:(60 m x0. 25 mm i. d. , 0.25 pm) ;3% O B F IR R AR B 2514250 °C 250 CHI
305 °C ;35 ,He(1. 0 mL/min) , %53 R TATr HEHE 5 597 A % 55 /W 25 (RSD) <10.3% ; PBDD/Fs I
PCDD/Fs B A 73% ~112% Zfa); S EH MM E THESHEEEAT S, FTH RSD<12.0%,
Frg# €4 BR ; TBDF, 0. 25 pg/pL; TBDD, 0.3 pg/ulL; PeBDFs, 0.5 pg/pL; PeBDDs, 1.0 pg/uL; HxBDD/Fs,
1.5 pg/pL; TCDD/Fs,0. 5 pg/wL; PeCDD/Fs F1 HxCDD/Fs,2. 5 pg/wL; HpCDD/Fs L4 & OCDD/Fs,S pg/uL.
] 52 2 3 K A SR 5 SBURE A o PBDD/Fs il PCDD/Fs YR EE4Y BI7E 1.01 ~2.43 pg/m® #16.19 ~10. 8 pg/m® 2Z
B ; S AR H MR BE X 0. 036 ~ 0. 801 pg/m® H11.37 ~12.1 pg/m’,,

R VB, ki, R IEIL wkm, 2R T REIL vk, 4P SOM 6E-FUE R
1 31 §

LR HEH/ vk ( PCDD/Fs) B— K BA BBUBBR S IF A R R PR AFENA IS §
Y1, R HEH2,3,7,8 B EILEY . LR HESR/ ki (PBDD/Fs) &2 PCDD/Fs (2%, BA #1
PCDD/Fs 25l 1AL PE R (B PE FISR S M # 4#1F , {H PBDD/Fs B E AW FE B/ PRESEMER
HERE T, BF9C#M,2,3,7,8-TBDD A 52,3,7,8-TCDD MEZEHERMFH,

PBDD/Fs fil PCDD/Fs FE =4 TIRAMEFE FHBBEIRY 7, KRR R A E MM+
ERBEY— THEEHALRKER., EAXTXERFEASH PCDD/Fs WaHEALEIED H
%t F PBDD/Fs B 57 g FIRE S A S G kB . HLJE Bl —J& PBDD/Fs ZES 58 TP & EARAIL, B S 2
BFHRA, EHEETEE RO HEEF SEREENER; Z 2% _v3k18 PBDD/Fs ir Y R 4
AW, SEAER, B3 PBDD/Fs (4047 © BUSFUR SRR, A scitsk & 4 PBDD/Fs HBF5 4
HHARITECHH PCOD/Fs 415, #8182 EEFE R E ( Environmental Protection Agency, EPA)
161311 F1 TO9A" ) i 77 T KRS FE5 0 PBDD/Fs f1 PCDD/Fs # HRGC-HRMS [RI{i £/ 81:, 3
X} 5 X BRI K 4B b PBDD/Fs il PCDD/Fs & 83T T 91258 5T.

2 SCIGERSy

2.1 RAF S50

'C, 4712k PCDD/Fs #1 PBDD/Fs Ry i , 1 H 3% B QI47 A AL E L% = (CIL, Cambridge Isotope
Laboratories Inc. ) ;¥R#E -3 52 1 ik ( standard reference material, SRM ) EDF-2513 Iy CIL A &]; 5256
R TR (FE . B RE . _EF R ECHEEFRE) WATEE Mek AR (CRERSAR) . &
B2 (0.20 ~0.070 mm $74%, Aldrich, USA) fi Florisil 4= (0.24 ~0. 154 mm %42, Merk, Germany) £

2007-02-02 Wi 55 ;2007-09-18 3%
X R ERBRBZEEEF N H (No. 40590392, GJHZ0505)
* E-mail: pinganp@ gig. ac. cn
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FHEREME 24 hEES TR, BB 12 h F 180 CHE4L 5 h 5, BT TR+ H; Florsil
TERAT 24 h F 135 CHE4L 24 h j5, B BPAT ; oK Na,SO, R F 450 THe5 h 5, B FTReS
PR

HRGC-HRMS( Thermo Finnigan MAT95 XP, Germany) : Finnigan MAT 95 XP % HRMS , Trace GC 2000
R GC; B 45X ( Z E fisher Scientific) ; JE4 2 &N (#2E Heidolph 24 7)) .
2.2 HRGC-HRMS $#i&#

PBDD/Fs:EI " #5X, SIM, 4353 =10000 ; DB-5 MS £ +E (J&W Scientific, CA, 30 m x0.25 mm

0 °C./min .4 °C/min
id., 0.1 pm). HEIE:150 € (2.0 min)——"""220 €2 2™,300 € (5.0 min) . FAEM T

FAGRZIRE 53510 :250 C 250 THI1305 C, FHS.:He(1l.0 mL/min) , BAFHFE 1 pL, BHFESH
#8:50 eV, (T#H%i.0.75 mA, PBDD/Fs & HRMS Wil s FRi R YBT3 1,

#1 2,3,7,8-PBDD/Fs {LE& ¥ o BB T A T B8 1167 % Lb B o ) AR %
Table 1 Compounds and monitored mass for high resolution mass spectrometrum ( HRMS) of 2,3,7,8-polybrominated dibenzo-

p-dioxins/furans ( PBDD/Fs)

- % 0 1 Window 1 % 0 2 Window 2 %7 0 3 Window 3
P
Channel m/z cﬁﬁ)ﬂd m/z cﬁﬁﬁd m/z c&;ﬂds

1 463.9738 FC 43 lock mass 463.9139 FC 43 lock mass 575.9674 FC 43 lock mass
2 481. 6975 TBDF 561. 6060 PeBDF 613. 9642 FC 43 cali. mass
3 483. 6955 TBDF 563. 6039 PeBDF 639. 5165 HxBDF

4 493.7378 3¢, TBDF 565. 6200 PeBDF 641.5145 HxBDF

5 495. 7357 3¢, TBDF 573. 6462 3C,, PeBDF 643. 5300 HxBDF

6 497. 6924 TBDD 575. 6441 13¢,,PeBDF 651. 5568 B ¢,, HxBDF
7 499. 6904 TBDD 577. 6009 PeBDD 653. 5547 3¢,, HxBDF

8 509. 7327 3¢, TBDD 579. 5989 PeBDD 655.5114 HxBDD

9 511.7306 3¢, TBDD 589. 6412 13¢C,,PeBDD 657. 5094 HxBDD

10 575. 9614 FC 43 cali. mass 591. 6391 3C,,PeBDD 667.5517 3¢,,HxBDD
11 613.9642 FC 43 cali. mass 669. 5496 B ¢,,HxBDD

TBDF: tetrabromodibenzofuran; PeBDF. pentabromodibenzofuran; HxBDF: hexabromodibenzofuran; TBDD: tetrabromodibenzo-p-dioxin;
PeBDD: pentabromodibenzo-p-dioxin; FCA3: 4% = T R ( perfluorotributylamine ) ; HxBDD: hexabromodibenzo-p-dioxin; i85 FH &
(lock mass) ; BIEBFHEH (call. mass),

PCDD/Fs; EI" #5,SIM 4383 =10000; DB-5 MS E 4 E 1k (J&W Scientific, CA, 60 m x0. 25 mm

C./min .2 C/min .7 C/min
i.d.,0.25 pm); HEEARFE:90 C (1.0 min) ——2"",200 °C (7.0 min) ——""",075 oL /mn,

300 C. #HFEOEE 260 C ;B FRIEE 250 T {EHLIBE 305 C, A :He(0.8 mL/min) , #HH
&:1 pL, 5. BFRITEE:S5 eV, T2 H 1 :0.80 mA,

2.3 HAWALETE

2.3.1 BMEEREK 30 g MR (m(EERR) :m (¥ H,S0,) =60:40) & , ZIR T RE PR R 2 h

IEC e Ut v, Ve BIE R 2 K G R, 45 20 pL, A BEFENIR G #4T HRGC-HRMS 4347

2.3.2 ZERERHE THEEHE AT EKEKAL g PHEER,4 g BB m (BB ) :m(1 mol/L
KOH) =2:1.1 g FikRERE 10 g BRYERERE 2 g FPHERERE 5 g oK Na,SO,, V(IECKE): V(& B %) =
97:3 IRE W pPAE , M 45 A5 A BERE AR #E 4T HRGC-HRMS 43477 o

2.3.3 Florisil & 5 g Florisil +.5 g To/K Na,SO, 34,100 mL IE O Aakik, V(E O ) V(ZE R &)
=40:60) RS K& /A B e il PBDD/Fs #1 PCDD/Fs, MM HEHAER AREREMASREN
¥, 47 HRGC-HRMS 4347

2.3.4 REASHIKIRERSH THEKRKKE TSP *#%&(ﬁ&ﬂ%ﬂ%‘“ﬁu%r)&ﬁiﬁéﬂm@
(GFF, %:E Whatman) -0 B 844 (BT REASHITK , PUF) REREFE RS, AR TH 24 h 5, L
AR FCHIIR 48 h, HiiR W 4 B S MRV RE BEK . 2 BR Bk X AL | Flonisil ML/ WAAE &, INA ARG
HRGC-HRMS 4347 .
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2.4 REBRESHEEBES(QA/QC)
GFF FIILEEAS ML I A1 F 450 °C kg4 h LAEBRHE RAYLZRE, PUF 05 B2, — @ be . F2E
F iz 24 h FEE TR, BH T TR RS RMH. REERTE FR B IESX RS TRIE,
BAMEES P HINA" CLARIEH) PBDD/Fs Fl PCDD/Fs 46547, LU 4387 7 i 60 I R, 5047
Big 2 MESTERRESH ERESAM PUF ZEE | A, #ITREEH,

3 #R5itig

3.1 PBDD/Fs T{Eghzk PCDD/Fs (b4 EBMNITE FEEAAXMWIBHAHARNBR, TSEXE
EPA 1613V EPA TO9A" Jrk, X FH TIEMATECHR[ 9] E AT, % F PBDD/Fs, AL %
#R4E PBDD/Fs B sEFRkt Sk BV, # € i B PBDD/Fs ARvERE . H 4 2,3,7,8-TBDD/Fs M E7E
1 ~20 pg/uL 7 B A, PeBDD #1 HxBDDs ¥ FEFE 5 ~ 100 pg/pL &5 B N, PeBDFs {5 K BEAE S ~
50 pg/uL SEEMN, " CLARic b 898 2,3,7,8-TBDD 3 40 pg/pL,1,2,3,7,8,9-HxBDD % 30 pg/ul,1,
2,3,6,7,8-HxBDD ¥ 10 pg/uL Z5b, A AWk B4 50 pg/ul, i+% % PBDD/Fs frictb &4
AAEARICAL A P2 [E AR X nfd L B AH X o 57 R 7 9 AR X AR HE AR 2= (RSD) 7E 1. 12% ~ 8. 26% 22.[] ,PCDD/
Fs 7 1. 24% ~12. 62% , Y13 /£ 2 E EPA 16131 gyZisk
3.2 HREAEAERL

PRPERE R I TR AL 3 P K B TR, B PR RE IR R v 4k J& #E &% & PBDD/Fs Fi1 PCDD/Fs #%
AEY) R E S 3R AE 80% ~111% 208 (F2),

ZERERAE R M EARER P T IRAR, Y RSLR SR FY, 76 150 mL V(IESHE):
V(& B EE) =97:3 IBE RN 44T, PBDD/Fs #1 PCDD/Fs [ AN 335 %] 80% LA | (F2),

LB (PBDEs ) &% PBDD/Fs /47 7=k S A TR — 34k & 41", Florisil 4 U B4 A 3%
IR B REAT 4, AL B T 16 AR M I Be i 444 F , PBDD/Fs il PCDD/Fs B3
A2k R o] 2R, B i BB TR B R R P 2 PR A SR R R B 0 80 mL V(IEC 4% ) : V( & B %¢) =40:60 B
AW, E 80 mL — & P ht, FEIXSLMT ,PBDD/Fs [FgZH 79% ~ 101% ; PCDD/Fs Bl H K T7% ~
106% (£2) .
3.3 BEEMEER

5k (kg 98 B A [a] it %@ i OPR (ongoing precision and recovery ) Bt f ik 787 &, F475 MR . &
S0 .PBDD/Fs 41L& W &) B ETE 78% ~112% 22 [8], RSD 7£ 0.8% ~8.3% 2 [d]; PCDD/Fs k-5 H18Y
[ ZAE 73% ~110% 8] ,RSD H 1.0% ~10.3% (3 2), w] R4 F5 5+ PCDD/Fs #1 PBDD/Fs FRUEE
WA BEAN RSD B2 R H5 3], R E M T2 E EPA 16131 f1 EPA TO9AU Jrk gy ER,
3.4 WRESER

FREL—5E & SRM £, A PBDD/Fs ARiERF R . 124 h J5 , 5 BB T L5, 17 3 MRS
% 2 SR AT RSB YRS R S EEEAY & FTLRARSD<12. 0% ,
3.5 FAETEH

FEEs R B E M, KL & P C L, RiT PBDD/Fs [EIU R FE 65% ~ 115% =2 8] ; PCDD/Fs {L44)
1E55% ~114% Z 8], KL ARt EaKRE 2,3,7,8-PBDD/Fs #12,3,7,8-PCDD/Fs {44, 4%
B SR RO B R PBDD/Fs g &R PCDD/ Fs L& Wik iy , (B SEBrt S B E B IAS K
3.6 KR
3.6.1 {USBHHPFR 41314 PCDD/Fs #1 PBDD/Fs pRUEVE A B — & 540, AL 1 pl I, 3 IR
R EYIRER LA R 3, FATIE 5 R, 4XTRHPR:2,3,7,8-TBDF 34 0.08 pg; 2,3,7,8-TBDD %
0.11 pg; 1,2,3,7,8,9-HxBDD 34 0. 55 pg; 2,3,7,8-TCDF 4 0.1 pg; 2,3,7,8-TCDD % 0.2 pg; OCDD
0.8 pg,
3.6.2 FHEWHR FEXANFEEAREMEHERENL 3 FRRERZ, ALR P4 R, TBDF,
0.25 pg/uL; TBDD, 0. 3 pg/pL; PeBDF,0.5 pg/plL; PeBDD, 1.0 pg/pL; HxBDD/Fs, 1. 5 pg/pL; TCDD/
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Fs,0.5 pg/pL;PeCDD/Fs #l HxCDD/Fs,2. 5 pg/pL; HpCDD/Fs i OCDD/Fs,5 pg/pL.
F2 Bt BAREY) B IR RAR Y B SRR S MR RS

Table 2 Recovery of cleanup, analyzing results and parameters of the standards materials

e gl E S Ongoing precision Standard reference (SRM) EDF-2513

ey Recovery of cleanup and recovery (ng/g)
Conpomés  WEERE LR el BEN WETAN 1o en ATEM wevam w
bed silica column column (pg) (pg) 6) Certified range Average (%)
2,3,7,8-TCDF 89 97 102 80 75 4.9 0.45x0.03 0.26 ~0.64 0.38 3.7
1,2,3,7,8-PeCDF 88 108 106 400 350 9.2 0.87x0.04 0.59~1.15 0.90 7.9
2,3,4,7,8-PeCDF 100 102 103 400 358 7.3 0.86+0.06 0.41 ~1.31 0.77 8.6
1,2,3,4,7,8-HxCDF 102 105 102 400 382 3.7 0.88+0.05 0.53 ~1.23 0.97 4.7
1,2,3,6,7,8-HxCDF 86 100 98 400 382 6.0 0.95x0.09 0.34 ~1.56 1.03 4.5
2,3,4,6,7,8-HxCDF 83 99 93 400 383 3.5 0.82x0.06 0.39~1.26 0.90 6.0
1,2,3,7,8,9-HxCDF 85 85 87 400 365 7.7 0.91 +0.06 0.48 ~1.35 0.70 8.5
1,2,3,4,6,7,8-HpCDF 92 88 95 400 396 6.6 1.27x0.11 0.52~2.01 1.07 4.3
1,2,3,4,7,8,9-Hi)CDF 87 91 98 400 357 7.9 1.12£0.12 0.25~1.98 0.96 4.4
OCDF 87 98 103 800 859 1.0 2.25%0.15 1.17 ~3.33 2.07 3.7
2,3,7,8-TCDD 95 99 102 80 75 6.8 0.46+0.03 0.26 ~0.67 0.45 7.2
1,2,3,7,8-PeCDD 100 90 99 400 40 15.7 0.96 £0.05 0.56 ~1.37 0.87 2.6
1,2,3,4,7,8-HxCDD 102 94 86 400 344 8.4 0.90x0.06 0.50~1.29 0. 86 53
1,2,3,6,7,8-HxCDD 111 92 96 400 373 5.4 0.87+0.05 0.52~1.21 0.70 4.9
1,2,3,7,8,9-HxCDD 100 100 100 400 358 10.3  0.90£0.06 0.46 ~1.33 0. 83 5.5
1,2,3,4,6,7,8-HpCDD 84 87 92 400 367 3.9 1.39:0.10 0.71 ~2.07 1. 11 7.1
0CbD 80 80 77 800 795 1.8 3.51:0.22 1.98~5.03 2.56 2.9
2,3,7,8-TBDF 83 96 88 200 156 7.0 0.80 0.60 ~1.00 0. 82 6.6
1,2,3,7,8-PeBDF 102 90 101 1000 998 0.8 4.00 3.00 ~5.00 3.77 12.0
2,3,4,7,8-PeBDF 90 84 83 1000 916 1.5 4.00 3.00 ~5.00 3.93 3.3
2,3,7,8-TBDD 100 100 100 200 171 8.3 0. 80 0.60 ~1.00 0.72 7.2
1,2,3,7,8-PeBDD 89 80 79 1000 824 2.4 4.00 3.00 ~5.00 4.12 1.6
1,2,3,4/6,7,8-HxBDD 94 94 82 2000 1904 1.7 8.00 6.00~10.00 7.73 8.2
1,2,3,7,8,9-HxBDD 100 100 100 1000 1082 7.5 4.00 3.00 ~5.00 3.86 5.4

* B0, ¥Rin & 9 Bl (recovery of the labelled compound Cy, )3 * * PBDD/Fs 9 Jftn ME{E N #3011 8 ¥k FF ( theoretical value) 3
* * + PBDD/Fs Y Bk B iR TE BT N 75% ~ 125% FHIB ¥R FE ( calculated as 75% ~ 125% theoretical concentration) , TCDF: tetra-
chlorodibenzofuran; PeCDF: pentachlorodibenzofuran; HxCDF: hexachlorodibenzofuran; HpCDF ; heptachlorodibenzofuran; OCDF. octachlo-
rodibenzofuran; TCDD: tetrachlorodibenzo-p-dioxin; PeCDD: pentachlorodibenzo-p-dioxiny HxCDD: hexachlorodibenzo-p-dioxin; HpCDD:
heptachlorodibenzo-p-dioxin; OCDD: octachlorodibenzo-p-dioxin,,

3.7 WEBEXRSH S+ PBDD/Fs & PCDD/Fs £ EBAE

TER b X HEAT IR B R SRAE , 45 31X Ho vh BORLAR AR 5 ( GFF) FIS ABEE & (PUF) #E4T —WEXE /47,
BT FE Y Co i PBDD/Fs L& 4 MR K 65% ~ 110% ,PCDD/Fs 4k &4 1 W K 1E 58% ~
113% Z 8], & 1 FE 2 535 Jbn dERe S AN 3B K S8 &4 +h PCDD/Fs #1 PBDD/Fs f HRGC-HRMS %8,

IHTEERFEW (% 3) . kK $2,3,7,8-PBDD/Fs LA PBDF {h&4¥H% 3, 2,3,7,8-TBDF. 1,2,3,7,8-
PeBDF #12,3,4,7,8-PeBDF ¥k /& 2 Fl i B89 90% LA |, B& 2,3,7,8-TBDD/Fs 4 iy £ % PBDD/Fs 3
B e PURIAE Y . X%FF PCDD/Fs,0CDD OCDF HpCDFs N HALZ b 44 R BRI W X EHHfE
S, B RS YN F B TR,

PCDD/Fs BF 1 24 & (toxicity equivalent quantity, TEQ) , A FH FM: 24 B [ F (international toxicity
equivalent factor, I-TEF) 1%, {H Hgif PBDD/Fs ¥ H % — TEF {5, % F PBDD/Fs 1 PCDD/Fs &4
ABALLE 3 FHARAE, tH 2 0 4= 4 27 ( world health organization, WHO) 21X % Fi#H i PCDD/Fs 1k & ¥ 64
I-TEF 3kit+# PBDD/Fs k4% TEQ!! ,

R R LY, P X KK H PCDD/Fs i TEQ MU B & TEHMEEF R, 4b TR EI5§
Ko BEIXSTHEEARSH PBDD/Fs iF 504 /0 @ %Ak PBDD/Fs f3F5E & BIRMK, Br A LB 5
T H R 455 PBDD/Fs (95347 Mol . e SCI0 4% 57T 40, 600 1+ 8 9 2,3,7,8-PBDD/Fs ) TEQ &
BILPHIT 17 #2,3,7,8-PCDD/Fs iy TEQ 81, 865, 1 #12 BobiAEs 2,3,7,8-PBDD/Fs ) TEQ £ %
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P 78 gl

30 40 50 60 70

A1 SRR (a) RIEBRKSHES (b) # PCDD/Fs ff) HRGC-HRMS % &
Fig.1 High resolution gas chromatography (HRGC)-HRMS spectra of PCDD/Fs in stand-
ard solution(a) and air sample(b)
1. 2,3,7,8-TCDF; 2. 13(:121,2,3 ,4-TCDD; 3. 2,3,7,8-TCDD; 4. 1,2,3,7,8-PeCDF; 5.°2,3,4,
7,8-PeCDF; 6. 1,2,3,7,8-PeCDD; 7. 1,2,3,4,7,8-HxCDF; 8. 1,2,3,6,7,8-HxCDF; 9. 2,3 ,4,
6,7,8-HxCDF; 10. 1,2,3,4,7,8-HxCDD; 11. 1,2,3,6,7,8-HxCDD; 12. 1,2,3,7,8,9-HxCDD;
13. 1,2,3,7,8,9-HxCDF; 14. 1,2,3,4,6,7,8-HpCDF; 15. 1,2,3,4,6,7,8-HpCDD; 16. 1,2,3,
4,7,8,9-HpC2DF; 17. OCDD; 18. OCDF.

i

a 4
2 3 5
6
A AL
| 1 L ] 1 L)
12 14 16 18 20 22
t/min
b
1
2
4
3 5 6
__A N A3
T ¥ T ¥ T L
12 14 16 18 20 22
t/min

B2 PR (a) REERKS G (b) # PBDD/Fs {f) HRGC-HRMS % &

Fig.2 HRGC-HRMS spectra of PBDD/Fs in standard solution (a) and air sample (b)

1. 2,3,7,8-TBD¥F; 2. 2,3,7,8-TBDD; 3. 1,2,3,7,8-PeBDF; 4. 2,3,4,7,8-PeBDF; 5. 1,2,3,7,8-PeBDD;
6. 1,2,3,4,7,8-HxBDF; 7. 1,2,3,4,7,8-HxBDD/1,2,3,6,7,8-HxBDD; 8. 1,2,3,7,8,9-HxBDD.

#3 LHEFBASHESF 2,3,7,8-PBDD/Fs #12,3,7,8-PCDD/Fs (L5 MR E (pg/m’)
Table 3 Atmospheric concentrations (pg/m’) of 2,3,7,8-PBDD/Fs and 2,3,7,8-PCDD/Fs congeners in a certain area

Loy B 5 Sample 1 HE i Sample 2 HE &% Sample 3
Compound I-TEF GFF PUF & Total GFF PUF & Total GFF PUF  &EH& Total
2,3,7,8-TBDF 0.1 1.20 0.533 1.73 0.989 0.0339 1.02 0.450 0.0353 0. 485
1,2,3,7,8-PeBDF 0.05 0.467 0.170 0.637 0.308 0.00744 0.315 0.228 0.0 0.228
2,3,4,7,8-PeBDF 0.5 0. 689 0.0 0. 689 0.403 0.0 0. 403 0.270 0.0 0.270
2,3,7,8-TBDD 1 0.0 0.0124 0.0124 0.0134 0.0 0.0134 0. 00809 0.000785 0. 00888

1,2,3,7,8-PeBDD 0.5 0.0760 0.0856 0. 162 0.00954 0.0 0. 00954 0.0226 0.0 0.0226
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%3 3( continued to Table 3)
®ay HE &% Sample 1 & Sample 2 B 5% Sample 3
Compound I-TEF GFF PUF S E Total GFF PUF &£ Total GFF PUF S & Total
1,2,3,4/6,7,8-HxBDD 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0. 0295 0.0 0. 0295
1,2,3,7,8,9-HxBDD 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S PBDD/Fs 2.43 0. 801 3.23 1.72 0. 041 1.76 1.01 0. 036 1.04
STEQ 0.526 0.117 0. 643 0.334 0.0038 0. 338 0.214 0.0043 0.218
2,3,7,8-TCDF 0.1 0.0326 0.451 0.484 0.0326 0.318 0. 351 0.166  0.440 0. 606
1,2,3,7,8-PeCDF 0.05 0.100 0.370 0.470 0.0801 0.518 0.598 0.341 0.318 0. 659
2,3,4,7,8-PeCDF 0.5 0.224  0.358 0.582 0.102 0.0 0.102 0.490 0.200 0. 690
1,2,3,4,7,8-HxCDF 0.1 0.298 0.229 0.527 0.356 0.703 1.06 0.608 0.0965 0.705
1,2,3,6,7,8-HxCDF 0.1 0.278 0.245 0. 523 0.442  0.858 1.30 0.567 0.0507 0.618
2,3,4,6,7,8-HxCDF 0.1 0.441 0.190 0. 631 0.483 1.03 1.51 0.714  0.0730 0. 787
1,2,3,7,8,9-HxCDF 0.1 0.0 0.0159 0.0159 0.0 0.0 0.0 0. 0371 0.0 0.0371
1,2,3,4,6,7,8-HpCDF 0.01 1.03 0.303 1.33 1. 89 0.0 1.89 1.83 0.0348 1. 86
1,2,3,4,7,8,9-HpCDF 0.01 0.0492 0.0460 0.0952 0.155 0.987 1.14 0.231 0.0 0. 231
OCDF 0.001 0.830 0.109 0.939 1. 40 3.33 4.73 0.972 0.0 0.972
2,3,7,8-TCDD 1 0.0 0.0309 0.0309 0.0 0.0686  0.0686 0.0 0.0 0.0
1,2,3,7,8-PeCDD 0.5 0.0228 0.198 0.221 0.0 0.317 0.317 0. 151 0.0 0. 151
1,2,3,4,7,8-HxCDD 0.1 0. 0520 0.0 0. 0520 0. 0552 0.0 0.0552 0. 0894 0.0 0. 0894
1,2,3,6,7,8-HxCDD 0.1 0.0823 0.0513 0.134 0.0 0.0 0.0 0.192 0.0188 0. 211
1,2,3,7,8,9-HxCDD 0.1 0.0 0.0282 0.0282 0.0 0.0 0.0 0.149 0.0117 0. 161
1,2,3,4,6,7,8-HpCDD 0.01 0.786 0.192 0. 978 0.725 0.0 0.725 1.24  0.0523 1.29
0CDD 0. 001 1.96 0.124 2.08 1.429 3.99 5.42 3,02 0.0777 3.10
S PCDD/Fs 6. 19 2.94 9.13 7.15 12.1 19.3 10. 8 1.37 12.2
SI-TEQ 0.268 0.454 0.722 0.222  0.561 0.783 0.627 0.186 0. 813

IEQ: toxicity equivalent quantity; I-TEF; International toxicity equivalent factor; GFF: glass fiber filter; PuF: polyurethane foam.

T8 2,3,7,8-PCDD/Fs, 3 PBDD/Fs 76 kS i B B 24 TR A /KT . {8 B Bixt F PBDD/Fs
HIFRBE A A IR SR R FL LA R TR AT N R HR IR A OCHT 5T, T B3 46 5% , PBDD/Fs 7= 4 i) £ Z AT IR

¥

TRARBE A (brominated flame retardants, BFRs) #{8 F B IEZE RIS AN , 2 8 B i SR BUR Bt i

BEATEEHIRNAEEL, 7 LABUT PBDD/Fs TEMRBEH K ¥ S it — 2385, B LB UUR KRR FIBT A
Xt PBDD/Fs WRREETT 045 T R B EM .
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Establishment and Application of the Analysis Method of
PBDD/Fs and PCDD/Fs with Isotope Dilution High Rosolution
Gas Chromatography-High Resolation Mass
Spectrometry in Ambient Air Samples

Li Hui-Ru'?*, Yu Li-Ping‘ 2, Zhang Su-Kun'?, Ren Man', Sheng Guo-Ying', Fu Jia-Mo', Peng Ping-An "'
' (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 the Chinese Academy of Sciences, Beijing 100039)

Abstract It has been known that polybrominated dibenzo-p-dioxins/furans (PBDD/Fs) share similar or even
higher toxicity and bio-accumulativity with polychlorinated dibenzo-p-dioxins/furans ( PCDD/Fs). In this
study, co-analysis method of PBDD/Fs and PCDD/Fs with isotope dilution high rosolution gas chromatogra-
phy-high resolation mass spectrometry ( HRGC-HRMS) was built up based on U. S. EPA Method 1613 and
Method TO-9A. The samples were exacted and cleaned through acid silica bed, multi-layer silica column and
Florisil column respectively. The last eluent was concentrated under gentle nitrogen gas flow and spiked with
the injection internal standards of PBDD/Fs and PCDD/Fs. Eight congeners of 2,3,7,8-PBDD/Fs and 17
congeners of 2,3,7,8-PCDD/Fs were quantified. The HRGC-HRMS analysis condition for PBDD/Fs was:
EI* and SIM model with the resolution = 10000, the electron emission energy was 50 eV and the filament
current was 0. 75 mA; DB-5 MS fused silica capillary column (60 m x0.25 mm i.d. , 0.25 pum) ; the tem-
peratures of injection, ion source and transfer line were 250 °C , 250 °C and 305 C, respectively. The carrier
gas was helium with the flow 1. 0 mL/min. The resulis showed that the relative standard deviation ( RSD) of
parallel blank samples was <10.3% and the recovery of PBDD/Fs and PCDD/Fs was in the range of 73% -
112% . Average quantified values of standard reference sample were in accordance with the certified values
and RSD were <12. 0% . The method detection limits were ; tetrabromodibenzofuran ( TBDF), 0.25 pg /L;
tebrachlorodibenzo-dioxin (TBDD) , 0.3 pg/pl; pentabromodibenzo-furans ( PeBDFs), 0.5 pg/uL; pent-
abromodibenzo-B-dioxin ( PeBDDs ), 1.0 pg/uL; hexabromodibenzo-p-dioxin/furans ( HxBDD/Fs ),
1.5 pg/pL; tetrachlorodibenzo-p-dioxin/furan ( TCDD/Fs), 0.5 pg/pL; pentachlorodibenzodioxin/furans
(PeCDD/Fs) and hexachlorodibenzodioxin/furans ( HxCDD/Fs), 2.5 pg/pL; heptachlorodibenzo-p-dioxin/
furans ( HpCDD/Fs ) and octachlorodibenzo-p-dioxin/furans ( OCDD/Fs), 5 pg/pL. Concentrations of
PBDD/Fs and PCDD/Fs in the atmospheric particulate samples of a certain area were 1.01 —2.43 pg/m’ and
6.19 ~10.8 pg/m’, and gaseous samples were 0. 036 ~0. 801 pg/m’ and 1. 37 - 12. 1 pg/m’ respectively. Com-
pared with other areas in the world, the atmospheric dioxins pollution of the sampling area was at high level.
Keywords  Dioxins, Furans, polychloroinated dibenzo-p-dioxins/furans ( PCDD/Fs ), polybrominated
dibenzo-p-dioxins/furans (PBDD/Fs), high resolution gas chromatography-high resolution mass spectrometry

(HRGC-HRMS)
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