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HRMS il 2 [F] — 3 B i 19 4b 385 %5 W PCDD/Fs
WM 225, S5 R IAE 22 D FE AL PCDD/Fs
B K N 0.33~14.11 pg WHO-TEQ/g, 4kt
i 1) PCDD/Fs 1 2 Il W 2 1 pg WHO-TEQ/g
I, T AR ASCEE A 0 E i 22 <20% 5 24 K i PCDD/
Fs B KM N 3 pg WHO-TEQ/g i, IR AL #%
B R i 22 4 <4% , Sun'™X i1 A= PR DL K T KA R
3 3L T A Y PCDD/Fs ¥ B #E 47 GC-MS/MS #l1
HRGC-HRMS {3 & Hoxf A6 46 H & oy 0.9~9.0
pele , WA SRS 00 7 A 25 K 0.7%~14%

ZE LTk, PR RS S S W IR R R
PCDD/Fs 1 DL-PCBs ) GC-MS/MS J5 i & 7] 17
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1.1 RXFE5E

TR (RBRB) R (R LR LT
(ARG ) IE O e (A FR D) ,iMagilab 2\ 7] 5 iE I
(RFEGL), INEK Silicycle A H] 3 B (4 Hr
afi) JoK IR M (4 A 2k ) | [ 25 4R Ak A R A
22w fid: 8+ 55 [ ThermoFisher A ), £ )2 b
JEAE B A AR AR TS PR A FMS SEE FMS 2
il

Oy B ERT A FRERML, AL R ARG E BN bR
B VRV VL T WA A s M T 5 25 A SR 9K AR [ Az
Fbnad 1Y R AR IE b AE il 26 bR ME TR A
Wellington Laboratories (/I 5E )2 w4 & | i JE ]
[ b M A R O, Il FH B 20 W T kR /N R
&

ik J A FH T 5 WY B R — S e vE Ak, T
JETE 600 CF £/DHEEE 12 h, 5 LIk &R R 1k
(44%)

AR O N S T S W S R BRI
WE A0 R RE R JS DAY R TR AL T8 TR 5 4%
s

A A — = FE PORR T HR 5T 3% X (Shimadzu
GC-MSTQ8050 %), H 7 £ H /A ] 5 P37 771 46 B

I (E-916) g 4% 7% &AL (R-300) , Fii +- 22 5 23wl
4 [ BhERE S R G (JF-602) , A6 50 % 7 2 BHA
Al B % T 1AL (Yamato DC801), H A & 41 24
Cils
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1.2.1  FESLHT AR B 5

12,11 $EC FRECS.0 g B TG RES T
B B FER v BB I Sl R IR A S RS
2 40 mL (W FE L F, in A PCDD/Fs #il DL-PCBs
[l WA 3R RTIORS %% 8 A6 A bR ME VS W (B4 10 F B.11x
100) 4% 50 wL,"C,—PCDD/Fs Fl C,—~DL-PCBs #5
10 Y 5E B N BRI T (B.2 71 B.8x10) 4% 20 wlL, % [4]
J B IV R A A AR SR EUR AR 4
BUAFIIE Ot S e (11 R B s 6 10.3
MPa; B 150 °C; 55 13K .2 I3 IRIE P S HE K
W] 43590 9 10,5,2 min; FEHIEER 3 W,

1212 BrlE  CEHRBORE S 2 R R T, e
Mg kwan =i, A 100 mL 1EC %E,50 g R
FRRE R , FHHE RS 28 B ANHE 70 CAAF T e sk im#t 20
min, #E 8~10 min &, W 1F & KEME A IR Be il
Hr, BRI SOmL IEC BEvEiR , HE 3K, &)
IE OB I, T % 28 R AR 46 % 2~5 mL,,

1.2.1.3 &fk B2 2RERHE | b S AR AR A
T T AT H 0y B A 4 F SRR S b R G I e
TR Y WL U 45 DR WOV e 445 8%, 0 kil
SRS BN EREAE b o H8 BRI AR 3 I e 38, X6
HATHAL . s, S AR & PCDD/Fs Al DL-
PCBs 4147 Ve i, FHE &% 28 & AR 4 % 3~5
ml,

1.2.1.4 W% ¥ LRSI E KD W46
o RWOR 4R B 1~2 mL, JAR F R B R
BN IE e PR KD &, — 75 A SRR
Wi #1295 100 WL, JiTA PCDD/Fs B P bR i
W (B.3)10 pL Fl DL-PCBs [ R N Fr by i 15
W (B.10x100, 5 3 %5t )40 WL, 4k 22 75 /N B S
N4 =25 20 wL, it GC-MS/MS il 52 . WS RE 5
M H A AT 5307, W T =10 CF HOGIRAE
1.2.2 U85 Hr 41 PCDD/Fs M58 414 Ok
FE :SHIMADZU SH-Rxi-5Sil MS(60 mx0.25 mmx
0.25 pm BEJE ) ; B FHE AR P W IR IR 120 °C, 14
5 1.0 min, VA 43 °C/min FHE ZE 220 °C, f£#F 15
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min, f§ L4 2.3 C/min F+id 2 250 °C, Lk 0.9 °C/min
THE Z 260 °C, LA 20 °C/min TFHE ZE 310 C, #4579
min; 3 OIRE 290 C, B NWEAR (4iEA/NT
99.999%) , Ji 4 1 mL/min, fH R ; 2 706 . i
TR (ED) IR 230 °C, LB fiE & 70 eV, HERE
1 pl; TZHE R 0.5 kV; % 7 48R B A 4.5
min,

DL-PCBs W & 25 1F . (4,35 41 SHIMADZU SH-
Rxi—5Sil MS(60 mx0.25 mmx0.25 wm 55 ) ; 4+

T FE . 0 4R T E 80 °C, A HF 2.0 min, LA 15 °C/
min FHEZ 150 °C, LA 2.5 °C/min FHE 2 270 °C, f4#
£ 3 min, A 15 C/min FHE 2 310 °C, f££F 3 min;
AR 290 C, AN AR (BiEANT
99.999%) , = A 1.2 mL/min, fH A B F IR .
M2 R (ED , 5% 230 °C, LS fig s 70 eV, HE
FERE T WL KT 22 0 0.5 KV 157 ZE 3R B E] 6.0 min,
KA 2 RN B T W A S (MRM) | B
BT RO R AR 1,

% 1 PCDD/Fs #1 DL-PCBs #{R B Bt 18] \ &8 F/F & F Xt fo Hali fE sk

Table 1

Qualitative ions and retention times, precursor ion/product ion and collision energy (CE)

of PCDD/Fs and DL-PCBs

. 8 B At 3% At A 3% A
Ve e . HFBT1 TBHTI BHEHET2 THT2

[] /min 1/eV 2/eV
1 8C,-2,3,7,8-TCDF 27.090 3159 251.9 28 317.9 253.9 28
2 2,3,7,8-TCDF 27.140 303.9 240.9 28 305.9 2429 28
3 BC,,-1,2,3,4-TCDD 27.425 331.9 268.0 20 333.9 270.0 20
4 BCy-2,3,7,8-TCDD 28.122 331.9 268.0 20 333.9 270.0 20
5 2,3,7,8-TCDD 28.150 319.9 256.9 20 321.9 258.9 20
6 5C,~1,2,3,7,8-PeCDF 33.443 351.9 287.9 30 349.9 285.9 30
7 1,2,3,7,8-PeCDF 33.480 339.9 276.9 30 337.9 274.9 30
8 BC,-2,3,4,7,8-PeCDF 35.188 351.9 287.9 30 349.9 285.9 30
9 2,3,4,7,8-PeCDF 35.225 339.9 276.9 30 337.9 274.9 30
10 BC,,-1,2,3,7,8-PeCDD 35.800 367.9 303.9 20 365.9 301.9 20
11 1,2,3,7,8-PeCDD 35.880 355.9 292.9 20 353.9 290.9 20
12 13C12-1,2,3,4,7,8-HxCDF 41.680 385.8 321.9 30 387.8 323.9 30
13 1,2,3,4,7,8-HxCDF 41.720 373.8 310.9 30 375.8 312.9 30
14 BC,-1,2,3,6,7,8-HxCDF 41.990 385.8 321.9 30 387.8 323.9 30
15 1,2,3,6,7,8-HxCDF 42.030 373.8 310.9 30 375.8 312.9 30
16 5C,,-2,3,4,6,7,8-HxCDF 43.310 385.8 321.9 30 387.8 323.9 30
17 2,3,4,6,7,8-HxCDF 43.370 373.8 310.9 30 375.8 312.9 30
18 “Cp-1,2,3,4,7,8-HxCDD 43.620 401.8 337.9 22 399.9 335.9 22
19 1,2,3,4,7,8-HxCDD 43.600 389.8 326.9 22 391.8 328.9 22
20 BC-1,2,3,6,7,8-HxCDD 43.777 401.8 337.9 22 399.9 335.9 22
21 1,2,3,6,7,8-HxCDD 43.820 389.8 326.9 22 391.8 328.9 22
22 BC,-1,2,3,7,8,9-HxCDD 44.177 401.8 337.9 22 399.9 335.9 22
23 1,2,3,7,8,9-HxCDD 44.200 389.8 326.9 22 391.8 328.9 22
24 BCp-1,2,3,7,8,9-HxCDF 44.580 385.8 321.9 30 387.8 323.9 30
25 1,2,3,7,8,9-HxCDF 44.580 373.8 310.9 30 375.8 312.9 30
26 5C,-1,2,3,4,6,7,8-HpCDF 46.370 419.8 355.9 30 421.8 357.9 30
27 1,2,3,4,6,7,8-HpCDF 46.400 407.8 344.8 30 409.8 346.8 30
28 BC,-1,2,3,4,6,7,8-HpCDD 47.670 435.8 371.8 22 437.8 373.8 22
29 1,2,3,4,6,7,8-HpCDD 47.690 423.8 360.8 22 425.8 362.8 22
30 BC-1,2,3,4,7,8,9-HpCDF 48.290 419.8 355.9 30 421.8 357.9 30
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(&%)
PR G B N N B 3% A N N B 3% %
Vs o . HEF1 THTI1 HHEF2 THT2
[4] /min 1/eV 2/eV
31 1,2,3,4,7,8,9-HpCDF 48.340 407.8 344.8 30 409.8 346.8 30
32 BC,,-0CDD 51.575 469.8 405.8 22 471.8 407.8 22
33 OCDD 51.590 457.7 394.7 22 459.7 396.7 22
34 OCDF 52.067 441.8 378.8 30 443.8 380.8 30
35 BC,,-PCB-81L 40.020 301.9 231.9 26 303.9 233.9 26
36 PCB-81 40.030 289.9 219.9 26 291.9 221.9 26
37 BC,,-PCB-77L 40.755 301.9 231.9 26 303.9 233.9 26
38 PCB-77 40.765 289.9 219.9 26 291.9 221.9 26
39 BC,,-PCB-123L 42.270 335.9 265.9 26 337.9 267.9 26
40 PCB-123 42.285 323.9 253.9 26 325.9 255.9 26
41 BC,,-PCB-118L 42.530 335.9 265.9 26 337.9 267.9 26
42 PCB-118 42.555 323.9 253.9 26 325.9 255.9 26
43 BC,,-PCB-114 43.235 335.9 265.9 26 337.9 267.9 26
44 PCB-114 43.260 323.9 253.9 26 325.9 255.9 26
45 BC,,-PCB-105L 44310 335.9 265.9 26 337.9 267.9 26
46 PCB-105 44.325 323.9 253.9 26 325.9 255.9 26
47 BC,,-PCB-126 46.700 335.9 265.9 26 337.9 267.9 26
48 PCB-126 46.720 323.9 253.9 26 325.9 255.9 26
49 BC,,-PCB-167L 48.025 371.8 301.9 28 373.8 303.9 28
50 PCB-167 48.040 359.9 289.9 28 361.9 291.9 28
51 BC,,-PCB-1561. 49.555 371.8 301.9 28 373.8> 303.9 28
52 PCB-156 49.575 359.9 289.9 28 361.9 291.9 28
53 13C,,-PCB-157L 49.880 371.8 301.9 28 373.8 303.9 28
54 PCB-157 49.970 359.9 289.9 28 361.9 291.9 28
55 BC,,-PCB-169L 52.215 371.8 301.9 28 373.8 303.9 28
56 PCB-169 52.240 359.9 289.9 28 361.9 291.9 28
57 3C,~PCB-189L 54.700 405.8 335.9 28 407.8 337.9 28
58 PCB-189 54.715 393.8 323.9 28 395.8 325.9 28
2 BREHGW HIC A E B bR 0 OR B I T 4 3% F RTX-2330

2.1 B RAEER &H RS

o BRSPS 1 AN (] A R Hb 5 g
H ARl A P 7E % HE LG AL 88 st () A 2 8 . ARt
Xt 2,3,7,8-TCDF 54 (K 1) 43 85 47 T 43,
SERANT , W T Agilent J&W HP88 (100 mx
0.25 mm, % 0.20 wm) Agilent DB-5(50 mx0.32
mm, /& 1.2 wm) RTX-2330(60 mx0.25 mm, fi
JEE 0.1 wm)3 FpOR ) 5 B KA 114 6 2045 (i 41
K%< TCDD/TCDFs (1) 43 25 B FE ] 6 1, 4k
Fi HP-88 .DB-5 & i k: 1} ,2,3,7,8-TCDF ¥ 43
B IR AN B BRUEEOR ) H AR N B G TR

IERER,2,3,7,8-TCDF 73 B & ity itk ik
— RS 2, AR R e 8 . T
S xk HERE F1REE (260,280 °C) , 2 5 4 15 (80,90,
100,110,120 °C), #EFE (1,2 wL)#EAT THFFY, 45
JER B, PERE O R R R X 43 S R A R I AN
KRR 2,3,7,8-TCDF /08 7E |
WEER S MRE T, 45 R AM 120 °CT,2,3,7,
8—TCDF My TE 54t | BEA% 35 I AL 1) 43 55 B

& 1.2 43 %4 PCDD/Fs F DL-PCBs % 1E 5
WE WA MRM {23 51 (CS3) .



380

O

=Y

T 2023 4E55 9

i

70000

55.0

70, 104 B DXN-CS3
650003
600004
55000
500004
450003
L, 2 400003
E % 35000
=2 300005
250009
200004
150007
100004
50007 L L L
20.0 30,0 40.0 50.0
{4 B B[]
Retention time/min
1 PCDD/Fs & E#r# & &K MRM &% & (CS3)
Fig.1  Chromatograms of PCDD/Fs solvents (CS3)
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Fig.2  Chromatograms
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PRl PR I 7 B s AR, ELK ™ i S e X 2
AR AE L 280 DL, T S R R AR PR D R
JoT, SR HUPR VS R0 A HUAS AT H L, A5 3 B UM
RIG LA4 A s e gk R il 7E kit
TR, & IR ER Al A IR VR B S R A
G T I

MBI 1 R FE SR BN 58 4 L,
ST M E AR RS ST B RO A PR R
BECRI R [R] 3R SCHRARGE 19 2538 — 8020,

R4l A S 7 ) —HEARE 5 2 BT Z 000, B S
PEAT 43 BT 20 2 O RG 25 B AN DR IR 5, fh P I
17 R bR 9 ENSCR TS 35 8] 25%~150% ., 454 K,
771 A 81L (9 RIS 53 5 R 16.3% ,13.5% , Rt
FER RS KPS AR BB R R IR AT TR, B
B.8x10 ¥k 20 pL, JinAIEC KE 100 mL #R2T, 4R
Je X PS5 0 AT IR A Rk R Ak . 4 A sl

of DL-PCBs solvents (CS3)

AL G5 R R, St IR AL RE RS ik 5 771 Al
S1L () IR 50 73.1% ,73.8% , Z4at 4 A 5h
AR AL AL JE 770 A 81L 1 [l i R Ay B
38.4%,31.5%, th it vl WL, 4= A shid b AU H AR
ETES A 3 N Pl N - 9k X A N I RE i 7 S

FACL RN 2 iR, 2 2RI B A AL AR
R P e A 80 OF O Be BUIE Uk, 50% £ TR TR/
50% F 7 . 50% & H e /50% 1F & ¢ | 1F C ke S G
fbJE , BFE HIE C Beilk vk 2 2 6E A MR A )
DLW e/ 2 ke . 4R & TR/ R PR DL-
PCBs J&, e Ja i M m A 2 /) b, H 2R Uk i
PCDD/Fs, TEWIUGREACE B 20~24 25 | R G H
VAU L HE R U, % DL-PCBs 1Y 0] i 8 4 458
Kk, nlGERR DL-PCBs 1645 B% 1 i 5% B LA B 7E
LR PRI RS W A BRI A G, BRI,
PREE PR B ,20~24 2 4RI 4E 1 DL-PCBs 11
Bl b [RIEE XS A S B 20 B Ik R I A 43
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SBEATWCEE  BESE TTL R S1L fR 45 2% 1 Ol , EL Al
NG OLANTS  HERERT 25 81T — AR W (SO) | A
Je WA R CBEBE IR (ST) W EE 2% — S W %¢/98%
1F R TR (S2) MR 50% — 5 H ke/50% 1E &
PE e TR (S3) L AE 50% TR £ TiR/50% B 2% 1k it
W (S4) MUEE TE O Be R (S5) U4 HY 2 1k I Y
(S6) WA B AT — K R VR (ST7) . tnI&l 3 BF
78, TTL A 8IL FEEWAETE S4 L3R h ) [l
60% . 1M 7E S5 LB A D E VR, 298 20% ., 16
SO A1 S7 AR WA ik i) H AR 3, n] 2%
At R T RE— R 770 A S1L Y B R B i
T 50% £ TR TE/50% H 2R P8 I i i AR B, > 318 n
HVEBAFH 16 mL 2 30 mL BF, HFs9 ) 154
RIEINE 80%, R AT 7E S5 T RIS EH R4 1%, %%
AR LLZWG SR, TR ST, R
PCDD/Fs £ Z 4 TE S6 A BRI VeI b, 2438
S4 MBEMARFS , &5 78 LLH 2R3 PCDD/Fs
m,"C,-1,2,3,4,6,7,8 -HpCDF .*C,-1,2,3,4,
6,7,8 -HpCDD .*C;,-1,2,3,4,7,8,9 -HpCDF ,
BC,—OCDD B BRI /NT 55% , Q& 4 JTos . Hif
WILF H bW A ok, v R AE H 50%
L TRI50% H 2K 1 i DL-PCBs B, PCDD/Fs [7] Bt
Bl b B e Ak i, AT B2 I PCDD/Fs 4 FY 2K K2 i
PEME, PR, B JE IR & e 4 mL AR, TG n 1
U ZEPEMG , %} PCDD/Fs #Y [mICR B K, fe &
FRZPIR,

TEA) b () AL A T R 20~24 A5 7 T A IR
£ ,PCDD/Fs 1 7 W T B 4f | > WO B LG 38 43 TR
J& , &3 PCDD/Fs I WY A8 25 | 45 5 % DL-
PCBs T#t. Kb, 7 J5 223k 56 v, 0 Pl 4 DL-
PCBs #1 PCDD/Fs, 43 FF M5 . 4905 52 5 PCDD/
Fs J& , ¥ H A DL-PCBs W& &I, AR E 2 20
L, 35 21 58 2 05 A Rl 2 DL-PCBs (9 H 19, 7] LA
$&1% DL-PCBs My, 771 A1 81L Y M 53
54 93.0% ,97.6% , i & 77 BB K

16 BRI g2 2 I, S0 A B b HARY 0
Frat ] LLZWEASTE ot OO T ERUE TR LA
ANAFAEFER B AN A8 S5 Ye[nl i (H 200 & 30, 4 A
G AU B a2 AT ) A f5 e | R A5 R A
LA AL SEALES 25 5 S 8 H bR P i sk B
HEE AR SUT5 YA L, DR A A R R B A IR

80 |-

60 |-

40

] i 2%
Recovery/%

=== ] Ly 1=
S0 S1 S2 S3

Ve AL BR

Elution steps
B 3 DL-PCBs &L S RAMEMRESR
Fig.3 Elution of DL-PCBs in purification step
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Fig.4 Elution of PCDD/Fs in purification step
of S6 and S7

ZRA R R R G50, I, EAL SR B AT ]
T BRI I IE #1817
2.3 FiERIZRME K PR AN E Y 2

¥ PCDD/Fs £ 1E 5 % Wi fl DL-PCBs # 1E
ﬁ@%ﬁ%%#%ﬁﬁﬁﬂ%%m%&Ace
MS/MS A REEE A, DL E R0 i o i Ak
b, W TR N A b AR 6 PR A vk 2 g, 4 T A A
2R, 2R H 2R PR 56 B, 45 W o B 4R 1k R L3
3, LR 1A & R B0 R>>0.999 , 3 W 1% 77 1 75 55 55 Y
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Table 2 Elution procedure of automatic sample purification system

el AR/ % & mok -
Vs ¥ B mL: mL- X, 7 AR A AL . iy
min”' min™ B osERE HE

1 AR T IR AR Fe R R K 10 20 ETk Vi X Bk

2 AETIYRFH 10 10 ETk * % Rk

3 AETIHRIERAAE 10 12 ETk x I J iR

4 A ETIIE kB 10 20 ETHK X X @\ AR

5 AETIREREELAE 10 100 ETk F % £ KR

6 JAF Rk 10 12 ¥x X X X ER

7 RAFRENEA 10 40 ¥R X X &\ KR

8 A 50% T i T /50% F 3 b ko ¥ 10 12 50% T 8% T 85 /50% F x %X EI %3

9 A 50%T 8 LEG/I50% F K E AR 10 10 50% T 8 T 85 /50% F X X @A Rk

10 A 50% = 2. F 3%/50% i Tz o 2%, 55 3% 10 12 50% =& ¥ }%/50%E T iz, x % * Rk

11 A 50% =2 F %/50% 1 Tk & 5k A 10 20 50% =& ¥ %/50%1E Tz x X @\ KRk

12 AETIF % F% 10 12 ETHk * X * Rk

13 AESIREREA 10 30 ETHk X X A\ KR

14 #HAH(ERRRERBRE) 5 14 H& FOF X KR

15 A ETHk kIS 10 90 ETkK FF % E&R(SI)
16 A 2% = 5. ¥ 5%/98% E Tz 7 % 5 3% 10 12 2% =2 ¥ }/98% 1k T % x X x B’

17 A 2% =5 F %2/98% E ke kb B AL 45 10 60 2% =% F %/98% E T k% % J % DL-PCBs(S2)

A
18 A 50% = 2. F }%/50% & Tz o %k 5 5% 10 12 50%= 4. % }%/50%E T iz x X % DL-PCBs

19 A 50% = /. F 3/50% £ Ttk sk 4a ke T 120 50% =& F %/50% & T iz * JF  #ar DL-PCBs(S3)

Ao A
20 1A 50% 2 8 T E5/50% P ¥ ok k5% 10 12 50%2 8  85/50% F % % % % DL-PCBs
21 A 50% 2 8 T 85/50% P ¥k ko A 10 4 50%C 8% ¢ 85/50%F % % %  @¥ DL-PCBs(S4)
22 A ETHEF R EH 10 12 ESkR % % # DL-PCBs
23 A ETE KR A 10 10 E2k % % @3 DL-PCBs(S5)
24 MFENRFH 100 12 7% % % # DL-PCBs
25 MY AEMEEAHZE LM BREL 5 90 FX % % R PCDD/Fs(S6)
&4

RN RN A R AR R et S SV (P J:Ljf/flﬂ: FIRE S ET AL BT A A D 2, R A A
Fo MNFE 3 A ALER I E B AR S AR YR E R R 3 AT, 15 B0 09 I bR IR g R
BB R 1.000~1.001 , £F & F RZbrfER ZSK . W DLk 4, BARP i GRS SR W3R 5. PIAR Y [Tl
Bf, 2 3850 T CS1IERT A9 S/N A, AT UL SN %K 63.3%~106.8% ,RSD N 0.4%~9.6%; Hir¥)
B>3, 45 G A BR A T30 I DRt AR 7 vk R 8 1k () [ 45 R N 93.6%~114.5% ,RSD N 0.9%~9.2% .,
1) [ SR v v i B o R e PRI, 32 0 ¥ HE B W] 58 A0 6 B o B 225K, AT DG
DL R ), SEAT 53 AT 7R RS % R R ] JE S B 8 A BE T PCDD/Fs Al DL-PCBs F il 2
F(OPR)RHK:, il A PCDD/Fs #l DL-PCBs Al iR ZisR06,
FIUKE % FE AR (B.4x10 F1 B.11x100) 45 50 pl, #%
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Table 3 The line equation of PCDD/Fs and DL-PCBs
el th PEEE vy PERA 8o 2 A
B i) pg- L™ * A& (R?)
2,3,7,8-TCDF 1.001 221 0.5~200 Y=1.036059X+2.24786 0.9999
2,3,7,8-TCDD 1.000 109 0.5~200 Y=1.081593X+3.83499 0.9999
1,2,3,7,8-PeCDF 1.001 451 2.5~1 000 Y=0.910998X+3.48966 0.9999
2,3,4,7,8-PeCDF 1.001 973 2.5~1 000 Y=1.004342X+2.35777 0.9999
1,2,3,7,8-PeCDD 1.001 326 2.5~1 000 Y=0.8974991X+5.9701 0.9997
1,2,3,4,7,8-HxCDF 1.001 369 2.5~1 000 Y=0.9053266X+2.6395 0.9999
1,2,3,6,7,8-HxCDF 1.001 184 2.5~1 000 Y=0.8890419X+4.4066 0.9999
2,3,4,6,7,8-HxCDF 1.000 499 2.5~1 000 Y=0.91663X+4.4787963 0.9998
1,2,3,4,7,8-HxCDD 1.001 477 2.5~1 000 Y=0.8893835X+6.6252 0.9997
1,2,3,6,7,8-HxCDD 1.000 336 2.5~1 000 Y=0.9140252X+5.6413 0.9997
1,2,3,7,8,9-HxCDD 1.000 443 2.5~1 000 Y=0.9800779X+6.7204 0.9998
1,2,3,7,8,9-HxCDF 1.000 428 2.5~1 000 Y=0.8948831X+1.1326 0.9999
1,2,3,4,6,7,8-HpCDF 1.000 635 2.5~1 000 Y=0.9127622X+3.7455 0.9999
1,2,3,4,6,7,8-HpCDD 1.000 462 2.5~1 000 Y=0.9523465X+5.7905 0.9998
1,2,3,4,7,8,9-HpCDF 1.000 537 2.5~1 000 Y=0.9105564X+3.6848 0.9999
OCDD 1.000 791 5~2 000 Y=0.9285018X+4.6434 0.9999
OCDF 1.001 913 5~2 000 Y=1.208084X+2.11950 0.9999
PCB-81 1.000 94 1~2 000 Y=1.027627X+4.21588 0.9999
PCB-77 1.000 61 1~2 000 Y=0.9748405X+4.1148 0.9999
PCB-123 1.001 233 1~2 000 Y=0.9291618X+5.2791 0.9999
PCB-118 1.001 56 1~2 000 Y=0.9697403X+6.0749 0.9999
PCB-114 1.000 21 1~2 000 Y=1.027824X+9.68617 0.9999
PCB-105 1.001 509 1~2 000 Y=0.9588126X+5.2396 0.9999
PCB-126 1.000 11 1~2 000 Y=1.009136X+3.74931 0.9999
PCB-167 1.000 67 1~2 000 Y=0.9188165X+5.7501 0.9999
PCB-156 1.000 56 1~2 000 ¥Y=0.9302336X+3.7255 0.9999
PCB-157 1.000 66 1~2 000 Y=0.9476848X+3.7940 0.9999
PCB-169 1.000 73 1~2 000 Y=0.9540052X+2.0667 0.9999
PCB-189 1.000 39 1~2 000 Y=0.9028957X+4.6248 0.9999
* 4 BAHEST PCDD/Fs #l DL-PCBs B A #x 5] Y 2 #0 #8 X4 47 # 4R & (n=3)
Table 4 Recoveries and relative standard deviations (RSD) of PCDD/Fs #1 DL-PCBs in fish (n=3)
] = % RSD/%
%C,-2,3,7,8-TCDF 74.0 6.1
5Cp-2,3,7,8-TCDD 80.3 6.0
B3C-1,2,3,7,8-PeCDF 77.1 6.4
¥C-2,3,4,7,8-PeCDF 76.0 4.2
%C,~1,2,3,7,8-PeCDD 76.6 3.6
BCp-1,2,3,4,7,8-HxCDF 81.0 0.6
B¥C-1,2,3,6,7,8-HxCDF 80.3 4.0
3Cp-2,3,4,6,7,8-HxCDF 71.4 9.6
%C,-1,2,3,4,7,8-HxCDD 75.5 7.4
5Cp-1,2,3,6,7,8-HxCDD 74.5 0.4
B3C,-1,2,3,7,8,9-HxCDF 74.3 3.7
5C,-1,2,3,4,6,7,8-HpCDF 63.3 2.1
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R =0 &% RSD/%
BC-1,2,3,4,6,7,8-HpCDD 65.9 5.0
5C,-1,2,3,4,7,8,9-HpCDF 67.5 1.1

BC,,—0CDD 106.8 9.5
15C,-PCB-81L 68.8 5.2
3C,—-PCB-77L 68.7 2.8
BC,—-PCB-123L 77.0 2.0
BC,—-PCB-118L 77.1 33
3C,,-PCB-114 57.9 4.1
3C,—-PCB-105L 73.6 1.2
BC,—-PCB-126 68.9 3.9
BC,~-PCB-167L 77.9 2.7
BC,~-PCB-156L 77.6 0.7
13C,~PCB-157L 76.4 2.1
3C,~PCB-169L 70.5 2.2
3C,~PCB-189L 75.8 8.1
*5 &AW &m® PCDD/Fs i DL-PCBs &Y [ 4 %=
FNAE XS R AR Z= (n=3) 3 ik
Table 5 Recoveries and relative standard deviations AR SO R ] GC-MS/MS 2 I 7 £ 3 FE ity
(RSD) of PCDD/Fs and DL-PCBs in fish (n=3) PCDD/Fs 1 DL-PCBs iyl & 2L 3R b 47 1 kAl
X R RSDML MR, A BT U T
j;;:?ﬁgg 32-2 zz AL, IO ZE SRR, Ty ik R R %
A ez L A AT o R DR A R
2,3,4,7,8-PeCDF 96.0 42 TR T B R R R T
1,2,3,7,8-PeCDD 96.3 34 RIFHFAR LI
1,2,3,4,7,8-HxCDF 96.3 7.7
1,2,3,6,7,8-HxCDF 95.6 35 X _
2,3,4,6,7,8-HxCDF 99.6 25 Z % X
1,2,3,4,7,8-HxCDD 108.8 2.0
1,2,3,6,7,8-HxCDD 100.6 5.6 [1] B, RESbRC, Mhamgs, 45 ffh Ik
1,2,3,7,8,9-HxCDD 1.6 >3 TS R BT B S PLA, 2008, 24
LS ATeE 1053 34 ) 153157, 165
1,2,3,4,6,7,8—H§CDD 96.8 74 LIAO T, XIONG G Q, LIN R T, et al. Pollution
1,2,3,4,7,8,9-HpCDF 103.3 4.1 and analysis of dioxin like compounds in food[J].
0CDD 101.7 57 Food and Machinery, 2008, 24(4). 153-157, 165.
OCDF 105.3 9.2 (2] skny, @aide, M. 'hh e e Y E
PCB-81 110.1 3.0 bR HExE 25 5K 2 b [J]. B S B BE2E ) 2007, 24
PCB-77 114.5 1.0 (4). 440-442.
PCB-123 107.3 34 ZHANG Y, JIN C L, ZHOU S W. A diseussion
PCB-118 111.1 1.9 . . .
PCB-114 116.2 26 and analysison in terlaboratory comparison of de-
PCB=105 113.0 35 teeting dioxin—like ComPounds in food[J]. J Envi-
PCB-126 106.0 2.8 ron Occup Med, 2007, 24(4): 440-442.
PCB-167 110.2 1.8 [3] SHUAI S, RONG C A, JING J A, et al. Accu-
PCB-156 104.3 7.6 mulation characteristics and estimated dietary in-
PCB-157 1115 0.9 takes of polychlorinated dibenzo—p-dioxins, poly-
PCB-169 110.8 28 chlorinated  dibenzofurans  and  polychlorinated
PCB-189 107.9 4.0
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Determination of PCDD/Fs and Dioxin-like PCBs in Fish Based on GC-MS/MS

Lu Jing', Shen Tiantian', Jiao Yanna', Cui Fengyun®, Zhu Shaohua', Cheng Jing', Yi Xi', Fu Shanliang”
('Technology Center of Changsha Customs, Hunan Key Laboratory of Food Safety Science & Technology,
Changsha 410004
Science and Technology Research Center of China Customs, Beijing 100026)

Abstract Based on GC-MS/MS, a stable isotope dilution method was established for the determination of dioxins and
dioxin like polychlorinated biphenyls in fish. The sample was extracted by rapid solvent extractor for 3 times, and the fat
was removed by acidified silica gel. Then, after purification by multi-layer silica gel column, alkaline alumina column
and activated carbon column, the elution samples containing PCDD/Fs and DL-PCBs were collected respectively. Finally,
it is concentrated and redissolved for GC-MS/MS determination. In this experiment, the extraction, purification and de-
termination steps of samples were optimized and discussed. The results show that in the purification step, PCDD/Fs and
DL-PCBs are greatly affected by the volume of washing liquid and collection step. PCDD/Fs and DL-PCBs are collected
separately. Firstly, the collection solution of PCDD/Fs was measured, and then it was combined with the collection solu-
tion of DL-PCBs to complete the determination of DL-PCBs, thereby accurately quantifying DL-PCBs. When the fish was
detected, the internal standard recoveries of PCDD/Fs and DL-PCBs were 63.3%-106.8% and RSD was 0.4%-9.6%; The
recovery rate of the target substance is 93.6%-114.5%, and the RSD is 0.9%-9.2%, which meets the relevant require-
ments of the national standard of GB 5009.205. It is suitable for the determination of PCDD/Fs and DL-PCBs in actual
fish samples.

Keywords GC-MS/MS; PCDD/Fs; dioxin—like PCBs; fish



