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M E SFERRRKMEMEAKKESBIRARKE REEMRRAERLE , RARAER RS
540 DU 3/ 7% 4 9 BB AL (HRGC/HRMS) S 207 89 17 4 2, 3, 7, 8-UBRR /3% (PCDD/Fs) )
RYHAT T ME, BRERRY, A 4 WO RS SR i, )4 R i RSD <7. 1% ; B AT 5 62%
~103% (RS EHRENATE R SHEEEELYS,3 KELBESRE RSD<15% (LA HR % 2,3,7,

8-TCDF 0.1 pg,2,3,7,8-TCDD 0.2 pg,0CDD 0.8 pg; & HFE A G~ HHBRAERA 14. 02 pg
TEQ m~? day ™!,
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MR HIH "B (PCDDs) B H A —F I 0kmi (PCDFs) GeFR N BRI, BEHHE .
B BB R R . IR EE R R A P RS AL SR, KRt S R
FRMBIR, RS PREREET 8, FEEYRRNEE, S REMARREERARE
F AT X REFE 0 ERAAA YIS YR AT R 2 S5 VPAE , B TR SRR R oh =
WERE AT T TR A 18 V) T B AR IR A (] R

BTSSR SRR, ST RN SRR T A, K E R Y2 MR 4,
AR SR, B, IR R R Y R R E A T AT IR SRR NSS4
¥, BBERCEN BT TREFRD  FREFRESER. MRERTERAS, —Hk
REFFRIBEAMIBIF LIE . BEE B PEOR G/ &4 T (HRGC/HRMS) M3 A RS L RBE K
B, B AR RN IS IR T WA RS

AHRERAELERRSRERE RIAEE MR KRS RAHSETEHE, REE S HS A6
B/ BB R AN SR AR EREEY  ERE WML 17 42, 3, 7, 8-EEUL PCDD/
Fs, AMERRIT A RARRAER R AR o iR Yo R R KR

2 LIRSy
2.1 (LB5RA

- Finnigan MAT 95 XP 2R 5} H 1 Trace GC 2000 SAHAE(XEMBAT) RAMBEE ; AWK
WRARIX (SR E fisher Scientific) ; Je¥s 28 & (L (#E[E Heidolph 24 7)) ; E#rik. @Mkt EC k. Bz H
BL MR IE + V9be 4 (8 E Merck 237]) o BEBE(70 ~230 H 48 E Merck /A 7]) ; B M E 45 ( 2 E Fluka
NI

& 15 NCHRIERI2, 3, 7, 8- HUY PCDD/Fs IR A PR (BN R A M BR) 5 87C1,2,3 4-
TCDD #1"°C-1,2,3,7,8,9-HxCDD ¥t #% P47 ; CS1-CS5 R EARMEM W (U B LB LA =T IR
(FC43) ; GC {# B B () 5 O 22 L ARUE Y ( GC retention time window defining solution ) ; [f] 4} F 44 {4 4%
P48 T B Y 35 T (isomeer specificity test standard ) ; PCDD/Fs A5 ¥ VR ; 1 5701 A L 398 br i & % # (EDF-
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2.2 XBRAE

2.2.1 HREFAEFZE HRS2TREES MARCHPERMRE4 b BERNHEEE D, REM
AT R PCARIE2, 3, 7, 8-8UE PCDD/Fs bRueis i, FAFR 2R 16 ho R4S M RAKK
Z1(A) BERARERAE(AT B MRECE BTN P HERERE 33% ML RERE | P HERERR (44 % BRYERE
JE PR RERE K BREREA) | (B) RSB F(C) IEHERERAE . ¥ bi: A IR 97:3 IEC Fe/
THERSRA IV A B MK A IE B be AR TRy 98:2 IE B b/ TR P iR -G I UEER TR
W, R 131 Elsy/ ZRPRREER B R & C EAES MY RRE, /5 RERLL
H95:5 EC b/ —HPLRAWREREIR R, BEEIIMERELRIMA 10 uL E+ N, £
Wezk , J, it RE AR, B A4/ M ESIE R, & HRGC-HRMS ZE47HK, BERE 1 ul,

2.2.2 SWEHE SAHAOESME: HAiEkE) CP-8 (60 m x0.25 mm x0.25 pm) ; 3EkE R 250C;

FARRIEIE 250°C  RET R R AT AT R 0. 8 mL/min, 89 FHRE S :90°C (1 min) ——

1.2°C/min 1.7°C/min

220°C (7 min) ———275 C———301C, JEREL&A: B FIRH El, pos; L FHEE 55 eV; RBE:
250°C ;R il 77 =« 258 TR I MID ; ik e i . 5000 V4382, Fi FC43 8133 10000 LA k.,

2.2.3 ERHR 15 MRGEBEN NG HEREMN EIERTERAARE, 4 m- 1 &M PCDD/
Fs R ZAREM A C-1,2,3,4-TCDD fk FikR, A-A SR PCDD/Fs R B HRiCH A" C-1,2,3,7,8,9-
HxCDD 4R, iHHEAR K |

Wfound

R = x 1009% (1
Wndded ’ )
Hep,
(A1, +A2)) x W, .
Wi = (41, 5 42,) x RF (2)

A, R IR ERREAHIEULER(% ) ;W g BRI RN EBRFIR (pg) 5 W NS HRAT I
AR BERBHR (pg) ;41, Fl A2, HRESRPPCHRIE BEMNFANEES FE TSI AL A2
NIRRT B T FHRER; W, M IASEEE NIRAE (pg) ; RF B C 728 5 WR
Z B ARt L B F , R ARAE CAE M 2k 18 .

17 72, 3, 7, 8-8HL{t PCDD/Fs f)E B R 1 Z % B8k, %k OCDF #11,2,3,7,8,9-HxCDD #
AR RERI R ARC I Z 40, Hofth 15 4~ 2, 3, 7, 8- SLUEUR PCDD/Fs [7] R ERR A 1% L 69 7]
K ERRICY E &, OCDF f"C,,-0CDD fEHyt%it#,1,2,3,7,8,9-HxCDD H"C,,-1,2,3,4,7,8-HxCDD
#°C,,-1,2,3,6,7,8-HxCDD {E iRt E . HEARWT :

Al + A2, M, ‘ 3)
(Al, +A2) xRR M

Hp,C JokE R P B MR E (pe/g) sAL, M A2, IRERPERC-BRIFN LIRS FE TS
HITER AL, #1142, F XS AR(2) #IF M, R AR C 47iE PCDD/Fs K&k (pg) ;M }J)i}’rémis%#nn A I3
B;RR %ﬁ!&ffmﬁ’_@%ﬁﬁma_ﬂ?%zwEr@#ﬁxﬂr]r“ HPRHE L 28R 7R

3 HR5R

3.1 EEHBEWNSLHER

FERER T E e, RS HAE X BB TR R, B, M?ﬁﬁ#nnﬁﬁ@{t B &b SOk
— SRR ERES - AAEEY RS RIBA RS- SIS EERET N, SRELH
TRRREGR AT, BRI G Z BRSO RER - LA L BT IR AR S P B — 26 3L Y, B R
HERBRHMDEERT, EE2, BARHTFT HRGC/HRMS ARSI E MIE# 4t , TRt —Pwb R
F 2 BB A BE B - AL AR -5 P 5k b TRRE B BEB A SR PLIR AN B BL &2, B 3 M e ) 1R T 1 9%

C =

D000 http://www.cqvip.com]



http://www.cqvip.com

D000 http://www.cqvip.com]

18 a1 4k % F£34 %

BH 4 d) B bRER 2, R RN RSN, e ARBRHEER KA R P RMPE, NIt
F/NEEBRE AR TG PE AL, ik — v b & . SEERSKBT, PCDD/Fs E MR MR RA PRE R
%, ETEHNEELTREIR PCOD/Fs, BREBAINR TS LGN TR, B RSRETRES 7
208, TR, EAL EHESRIRE - SR - RN RE RS REA A
- AERERE AN B R R, 3 B AR TR E BRI A 3%
3.2 I{Eek Co

i TS RS BRME, S B B VR HE TR W CS,.CS, 1 0. 5CS, (¥ CS, R
—f%) BT ARE TR AR . ARIEWE ST AXER B2 RR M RF AR Q) AR(3)) . £iHH, =
ERAR T MIERR T AY RR M RF AR YERZE R 1% ~10% , i B 3% B — 68 AR 7 07 ik
EPA1613M BER (4 810/NF 20% F/NF 30% ) o
3.3 mEEMENE

e A PCDD/Fs ARAERR M RN RN, oAbk UL L3RBT, VAT 4 O, BB R ALK
B i E R TE 62% ~ 103% 2 8] ; HISHARHEIRZE7E 3. 4% ~ 14, 7% 2 [8] ; PCDD/Fs ARAETE WA T H3 9
EARHERZE AR SL T EPA1613 MER(WE 1),

£1 HEXMEHEERSER
Table 1 Precise and recoveries

EPA1613 #E{H Accepted

BEAFY B WSE R Found(10""p/pl) criteria from EPA1613(10 *2g/L)
Anslyte (10 "2g/ L) E FRvEA RSD Y5 R
Average sSD (%) Average SD
2378-TCDF 10 11.2 0.2 2.1 8.7-13.7 2
12378-PeCDF 50 53.1 0.7 1.2 43 ~62 1.5
23478-PeCDF 50 53.8 1.8 3.3 36 ~75 8.6
123478-HxCDF 50 51.3 0.7 1.3 41 ~59 8.7
123678 -HxCDF 50 53.3 0.9 1.6 46 ~60 6.7
234678-HxCDF 50 50.7 1.8 3.5 37 ~74 7.4
123789-HxCDF 50 54.4 1.1 1.9 42 -61 6.4
1234678-HpCDF 50 52.8 1.8 3.4 45 ~56 6.3
1234789-HpCDF 50 50.9 1.9 3.7 43 ~63 8.1
OCDF 100 105.3 7.5 7.1 74 ~ 146 2
2378-TCDD 10 110 0.5 4.5 8.3~12.9 2.8
12378-PeCDD 50 49.5 1.1 2.2 38 ~66 7.5
123478-HxCDD 50 52.7 1.4 2.6 39 ~76 9.4
123678-HxCDD 50 52.2 1.7 3.3 4262 7.7
123789-HxCDD 50 52.1 1.5 2.9 37-71 1.1
1234678-HpCDD 50 9.7 2.0 4.0 38 - 65 7.7
0CDD 100 104.8 4.9 4.7 89 ~127 19

TCDF; tetrachlorodibenzofuran; PeCDF; pentachlorodibenzofuran; HxCDF: hexachlorodibenzofuran; HpCDF; heptachlorodibenzofuran; OC-
DF; octachlorodibenzofuran; TCDD; tetrachlorodibenzo-p-dioxin; PeCDD; pentachlorodibenzo-p-dioxin; HxCDD: hexachlorodibenzo-p-dioxin ;
HpCDD; heptachlorodibenzo-p-dioxin; OCDD: octachlorodibenzo-p-dioxin; EPA: American Environmental Protection Agency,

3.4 HE=EA

25 B IREHUINAPC 4712 2, 3, 7, 8-#REU{X PCDD/Fs ARES W, JAL IR L @ k. LW
B, S EEA K ERER T B A KL PCDD/Fs, fR/R &8 & &AL PCDD/Fs, (HH BIR R TH& FHY
BT EAR &SR T,
35 WESER

W% EPALOL3 R S ERESIEEVL M K. HF—E B LWEHESHH (EDF-2513) #%J57
ERBR#ITER, ARMKEBINEIRERLE 2. £2RULTEREITESEYNER SRR
EAYE 3 RERARMRSD<15% .
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F1H £ 8% WP G/ B 2 PRI B KU R P S 19
2,3,7,8-TCDF 0.1 pg; 2,3,7,8-TCDD 0.2 pg; OCDD 0.8 pg,
%2 FAESEY(EDF-513) FR S MEARE S T4 R
Table 2 Analysis of standard reference material (EDF-513) and atmospheric deposition
HHERMERE Standard reference material (EDF-2513) (ng/g) fE2 48 Deposition
Eﬁﬁyﬁ% e R a; B Found (n=3) ﬁiﬁg ﬁ% %
Certified l::;g;e% ﬁﬁ %F%[;ﬁ % (Rgo[; g::l.tlon %p[?
2378-TCDD 0.46 £0.03 0.26 ~0.67 0.44 0.06 14 21 1
12378-PeCDD 0.96 £0.05 0.56 ~1.37 0.82 0.12 15 53 1
123478-HxCDD 0.90 +0.06 0.50~1.29 0.83 0.12 14 109 0.1
123678-HxCDD 0.87 £0.05 0.52~1.21 0.80 0.03 155 0.1
123789-HxCDD 0.90 £0.06 0.46 ~1.33 0.78 0.06 8 220 0.1
1234678-HPCDD 1.39£0.10 0.71 ~2.07 .21 0.08 2000 0.01
OCDD 3.51£0.22 1.98 ~5.03 3.08 0.16 5 14000 0. 0001
2378-TCDF 0.45 £0.03 0.26 ~0.64 0.47 0.07 15 220 0.1
12378-PeCDF 0.87+0.04 0.59~1.15 0.90 0.13 14 330 0.05
23478-PeCDF 0.86 £0.06 0.41~1.31 0.87 0.11 13 210 0.5
234678-HxCDF 0.88 £0.05 0.53-~1.23 0.84 0.09 11 210 0.1
123478-HxCDF 0.95+0.09 0.34 ~1.56 0.89 0.05 5 340 0.1
123678-HxCDF 0.82 +0.06 0.39~1.26 0.87 0.09 10 490 0.1
123789-HxCDF 0.91 £0.06 0.48 ~1.35 0.90 0.09 10 91 0.1
1234678-HpCDF 1.27 £0.11 0.52~2.01 1.40 0.14 0 1800 0.01
1234789-HpCDF 1.12 £0.12 0.25~1.98 1.32 0.20 15 210 0.01
OCDF 2.25+0.15 1.17~3.33 2.20 0.33 15 1100 0. 0001

» BEAEREAIY (the unit of deposition flux is) pg m~2 month ~*; TEF :toxicity equivalent factor,

Bl 1 R PCDD/Fs i) 88 T 2% E

Fig.1 Total ion chromatogram of PCDD/Fs in a deposition sample

2378 TCDF; 2. ¥ C-1234-TCDD; 3. 2378-TCDD; 4. 12378-PeCDF;
16 5. 23478-PeCDF; 6. 12378-PeCDD; 7. 123478-HxCDF; 8. 123678-HxCDF;
ki 9. 234678-HxCDF; 10. 123478-HxCDD; 11. 123678-HxCDD; 12. 123789-HxCDD;
13. 123789-HxCDF; 14. 1234678-HpCDF; 15. 1234678-HpCDD; 16. 1234789-HpC-
DF; 17. OCDD; 18. OCDF,

14 1.

T T T — T T T
28 32 36 40 44 48 52 56 60 64 68
t/min

3.7 el RBRNNE

Z YK E Yy PCDD/Fs [RISL 3 75 FR 0 £ [E) W B8 7 72% ~ 89% 2 [H] , HRGC/HRMS U 5 #% i f PC-
DD/Fs BB FHE RE L. ZERY, RARRE LM E IR+ BT RAMNERRAE
LV R SEERNSE AT ERNMEREENER, 21HH, %R+ PCDD/Fs i)
MeRER IR 2, RIBRT B HMBHLRE T (TEF) , R AR NRELE RS 14.02 pgm ™ day ™
1t 24 8 toxicity equivalent, TEQ) (1430 KA—A ), RIAEMICREER RN, REFEHIZH T — 28
[ PCDD/Fs {534,
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Determination of Dioxins in' Atmospheric Deposition by High Resolution
Gas Chromatography/High Resolution Mass Spectrometry

Ren Man"'*#, Peng Ping’an', Zhang Sukun'?, Yu Liping'?, Mai Bixian', Sheng Guoying' , Fu Jiamo'
! (State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry ,
Chinese Academy of Sciences, Guangzhou 510640)
*( Graduate School of Chinese Academy of Sciences, Beijing 100039)

Abstract A method was evaluated for the determination of seventeen 2,3,7,8-substituted polychlorinated
dibenzo-p-dioxins and dibenzofurans ( PCDD/Fs) in atmospheric deposition with isotope dilution-high resolu-
tion gas chromatography/high resolution mass spectrometry ( HRGC/HRMS). Sample extracts were cleaned
up successively through multi-layer silica gel, alumina and silica gel columns. Precise and recoveries of the
entire procedure were evaluated by replicate analysis (n =4) of 'PCDD/Fs standard solutions, with RSD below
7.1% and the recoveries in the range of 62% ~103% . The method was also validated by replicate analysis
(n=3) of certified reference material, The values determined wete in agreement with those certified, and the
RSD below 15% . The detection limits were o. 1 pg for 2,3,7 ,8-tetrachloredibenzofuran, 0.2 pg for2,3,7,8-
tetrachlorodibenzo-p-dioxin and 0. 8 pg for octachlorodibenzo-p-dioxin. PCDD/Fs were analyzed in an atmos-
pheric deposition sample, with the deposition flux of 14.02 pg m~? day ™' toxicity equivalent.

Keywords 2,3,7,8-Substituted polychlorinated dibenzo-p-dioxins and dibenzofurans, high resolution gas

chromotography/high resolution mass spectrometry, atmospheric deposition
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