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2.U.S. EPA, Tetra- through Octa Chlorinated Dioxins and Furans by
Isotope Dilution HRGC/HRMS., Method 1613B, 1994.

3.Environment Canada, A Method for the Analysis of Polychlorinated
Dibenzo-para-Dioxins(PCDDs), Polychlorinated Dibenzofurans(PCDFs)
and Polychlorinated Biphenyls(PCBs) in Samples from the Incineration
of PCB Waste., Reference Method 1/RM/3 (revised), Ottawa, 1990.
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5.U.S. EPA, Polychlorinated Dibenzo-p-Dioxins (PCDDs) and
Dibenzofurans (PCDFs) by High-Resolution Gas Chromatography /

High-Resolution Mass Spectrometry (HRGC/HRMS)., Method 8290A,
2007.
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— ~E v 28— 1 (U.S.EPA Method 23 » 38 44 F#L 1)
SRR

20 mm(ID) x 230 mm(H)z .3 ¢ > - «wglmngﬁ. s RBE L g
FR2gkMBF B~ 1gP B~ 4dgRBPHBE 1gpBEFE 1
30 mL & B%ﬁﬁﬁﬁiﬁé%ﬁoﬁﬁ&ﬁﬁkﬁﬁﬁﬁsmL
—’;J}E‘)pa%;%‘_)‘?’h’ M S mL & RGRERF BLS A~
y= 3 ?7}10%\ B~ 90 mL -+ D’mm/fb?ﬁ”‘"'g‘g FRZGLiRR o
IR fﬁ“}\,%/}?ﬁﬁi 1l mL -

(= )ity 4P g o

25SmL 2 3 RS RBBRF > 2 f LG 16mL KR AR L
ﬁﬁag%IZgiﬁﬁﬁﬂﬁ %wdmmﬁ;%%ﬁ%ﬁ%%
Bg et ST ADER AT LY 120mL_ 3 7 =/0
e 12(0.5/99.5,v/v) ik g 2 120mL = & ¥ =/ e =(35/65, v/v)
ﬁ%oﬁéﬁii1mmLm%&’%%@&ilmmLﬁ%ﬁﬁ”
FF ksRE T 05mL -

(= )AX-21 & 12m/Celite # e 4 F 4L

P-10mL 2 I H i g Bgr 2 1S amod TaE ~ g
HE 25 Do M EER/F FEIRESFAL2 20K FH
ﬂi?m@ﬁggwaNWﬁﬁﬁﬁﬁambﬁaﬁamwww,
VIV) i ImL = F U %/Tke 2(50/50,v/v )ik 2mL & e % e
ﬁiﬁﬁ%ﬁ°%%ﬁ?“%§ﬁﬁﬂéi%$ﬁ$*1mLiﬁ
SR BE MERAR/ RS AL B IlmL &2 gk s 0TS
MR E D 2mL = & 7 ok/ e k=(50/50 , v/iv) ~2mL ¥/¢
e Fa(S0/50, viv) 7 ik 0§ & o 204 2 itk o 4R F 4L 2 13 mL
PR o T Btk o T3 50 C T RRES 1}1‘.1. lmL o L
A 3L B SAT VR T R IR SN B U E F R

EHEIATHE TGN EE  BAKE FREAY S L (2)FL K
% 4 -
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20 mm(ID) x 230 mm(H)% 55 § + = A% § AP - 15 %A 5
15 g A B4 W1 g W 2gdbBw W 1 g® " ~dg falbs
2g@ W2 | g @RS B4 1 30mL S & 7R/ e
=(2/98 , VIV)IERE LT R 3 kR o B 250 mL 2 EFLE T T
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B )\”E:’}T s A SmLy 2=tz - F PR/pe J¢(2/98,V/V)‘j)f7]<'}§a
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mL > £ = X e R i}é%ﬁpé? (Fo)p B2 Wik ﬁﬁy; 3B R S HY
Moo F PRI ITEG o PNA B4 B-50ul 2 - F 7 ’"‘#mﬂ LA =d
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% - PCDDs # PCDFs @& |4 &2 PCpp-F 2% ikt - T 2
PCDDs/PCDFs' CAS % 475 e i i CAS % 475

2,3,7,8-TeCDD 1746-01-6  °C},-2,3,7,8-TeCDD 76523-40-5

37C14-2,3,7,8-TeCDD 85508-50-5
Total TeCDD 41903-57-5 — —
2,3,7,8-TeCDF 51207-31-9  Cy,-2,3,7,8-TeCDF 89059-46-1
Total-TeCDF 55722-27-5  — —
1,2,3,7,8-PeCDD 40321-76-4  3C1»-1,2,3,7,8-PeCDD 109719-79-1
Total-PeCDD 36088-22-9  — —
1,2,3,7,8-PeCDF 57117-41-6  3Cy»-1,2,3,7,8-PeCDF 109719-77-9
2,3,4,7,8-PeCDF 57117-31-4  °Cy,-2,3,4,7,8-PeCDF 116843-02-8
Total-PeCDF 30402-15-4  — —
1,2,3,4,7,8-HxCDD 39227-28-6  3Cy»-1,2,3,4,7,8-HxCDD 109719-80-4
1,2,3,6,7,8-HxCDD 57653-85-7  13Cy»-1,2,3,6,7,8-HxCDD 109719-81-5
1,2,3,7,8,9-HxCDD 19408-74-3  '3Cy»-1,2,3,7,8,9-HXxCDD 109719-82-6
Total-HxCDD 34465-46-8  — —
1,2,3,4,7,8-HxCDF 70648-26-9  3Cy»-1,2,3,4,7,8-HxCDF 114423-98-2
1,2,3,6,7,8-HxCDF 57117-44-9  Cy»-1,2,3,6,7,8-HxCDF 116843-03-9
1,2,3,7,8,9-HxCDF 72918-21-9  3Cy»-1,2,3,7,8,9-HxCDF 116843-04-0
2,3,4,6,7,8-HxCDF 60851-34-5  not used —
Total-HxCDF 55684-94-1  — —
1,2,3,4,6,7,8-HpCDD 35822-46-9  °Cy5-1,2,3,4,6,7,8-HpCDD 109719-83-7
Total-HpCDD 37871-00-4  — —
1,2,3,4,6,7,8-HpCDF 67562-39-4  3Cy,-1,2,3,4,6,7,8-HpCDF 109719-84-8
1,2,3,4,7,8,9-HpCDF 55673-89-7  3C15-1,2,3,4,7,8,9-HpCDF 109719-94-0
Total-HpCDF 38998-75-3  — —
OCDD 3268-87-9  *C;,-OCDD 114423-97-1
OCDF 39001-02-0 not used —

1. Chlorinated dibenzo-p-dioxins and chlorinated dibenzofurans

TeCDD = Tetrachlorodibenzo-p-dioxin
= Pentachlorodibenzo-p-dioxin
HxCDD = Hexachlorodibenzo-p-dioxin
Heptachlorodibenzo-p-dioxin
Octachlorodibenzo-p-dioxin

PeCDD

HpCDD
OCDD

TeCDF
PeCDF
HxCDF =
HpCDF =
OCDF =

%227 0 X33F

Tetrachlorodibenzofuran
Pentachlorodibenzofuran
Hexachlorodibenzofuran
Heptachlorodibenzofuran
Octachlorodibenzofuran



22 PChkr2iEdd ez 1 vEE TR

= JE & (pg/uL)
PR A % (Internal standard solution)

PC,-2,3,7,8-TeCDD 100
PC-1,2,3,7,8-PeCDD 100
BC1»-1,2,3,6,7,8-HxCCD 100
C1,-1,2,3,4,6,7,8-HpCDD 100
PC,,-OCDD 200
PC1,-2,3,7,8-TeCDF 100
BC1»-1,2,3,7,8-PeCDF 100
PC»-1,2,3,6,7,8-HXCDF 100
C,-1,2,3.4,6,7,8-HpCDF 100

#0724 7 % (Surrogate standard solution)
C14-2,3,7,8-TeCDD 100
BC,-1,2,3,4,7,8-HxCDD 100
C,-2,3,4,7,8-PeCDF 100
BC»-1,2,3,4,7,8-HxCDF 100
PC1»-1,2,3,4,7,8,9-HpCDF 100

TR 2 % (Alternate standard solution)
PC»-1,2,3,7,8,9-HxCDF 50

w %% % (Recovery standard solution)
BC-1,2,3,4-TeCDD 100
PC»-1,2,3,7,8,9-HXCDD 100

%23F 0 £33F



2z AR ERIEEZRES- L
L LA A% NO 1 2 3 4 5
e SE B (pg/uL)
2,3,7,8-TeCDD 0.5 1 5 50 100
2,3,7,8-TeCDF 0.5 1 5 50 100
1,2,3,7,8-PeCDD 2.5 5 25 250 500
1,2,3,7,8-PeCDF 2.5 5 25 250 500
2,3,4,7,8-PeCDF 2.5 5 25 250 500
1,2,3,4,7,8-HxCDD 2.5 5 25 250 500
1,2,3,6,7,8-HxCDD 2.5 5 25 250 500
1,2,3,7,8,9-HxCDD 2.5 5 25 250 500
1,2,3,4,7,8-HxCDF 2.5 5 25 250 500
1,2,3,6,7,8-HxCDF 2.5 5 25 250 500
1,2,3,7,8,9-HxCDF 2.5 5 25 250 500
2,3,4,6,7,8-HxCDF 2.5 5 25 250 500
1,2,3,4,6,7,8-HpCDD 2.5 5 25 250 500
1,2,3,4,6,7,8-HpCDF 2.5 5 25 250 500
1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500
OCDD 5 10 50 500 1000
OCDF 5 10 50 500 1000
PR

5C12-2,3,7,8-TeCDD 100 100 100 100 100
5C12-1,2,3,7,8-PeCDD 100 100 100 100 100
53C12-1,2,3,6,7,8-HxCDD 100 100 100 100 100
BC1,-1,2,3,4,6,7,8-HpCDD 100 100 100 100 100
5C,-0CDD 200 200 200 200 200
5C1,-2,3,7,8-TeCDF 100 100 100 100 100
53C12-1,2,3,7,8-PeCDF 100 100 100 100 100
83C12-1,2,3,6,7,8-HxCDF 100 100 100 100 100
C1»-1,2,3,4,6,7,8-HpCDF 100 100 100 100 100

#E0 AR IE
1C14-2,3,7,8-TeCDD 0.5 1 5 50 100
13C1-2,3,4,7,8-PeCDF 2.5 5 25 250 500
BC1,-1,2,3,4,7,8-HXCDD 2.5 5 25 250 500
BC1,-1,2,3,4,7,8-HxCDF 2.5 5 25 250 500
BC1-1,2,3,4,7,8,9-HpCDF 2.5 5 25 250 500

TR
5C12-1,2,3,7,8,9-HxCDF 2.5 5 25 250 500

ke e
BC1,-1,2,3,4-TeCDD 100 100 100 100 100
BC1,-1,2,3,7,8,9-HXCDD 100 100 100 100 100

%24F > X33F



Lo PR SZ RO Aok 4T iR R R
B4 E L G TR R

PCDDs/PCDFs B2 RS Bofs i diz Bt
TeCDF 1,3,6,8- 1,2,8,9-
TeCDD 1,3,6,8- 1,2,8,9-
PeCDF 1,2,4,6,8-/1,3,4,6,8- 1,2,3,8,9-
PeCDD 1,2,4,6,8-/1,2,4,7,9- 1,2,3,8,9-
HxCDF 1,2,3,4,6,8- 1,2,3,4,8,9-
HxCDD 1,2,4,6,8,9-/1,2,4,6,7,9- 1,2,3,4,6,7-
HpCDF 1,2,3,4,6,7,8- 1,2,3,4,7,8,9-
HpCDD 1,2,3,4,6,7,9- 1,2,3,4,6,7,8-

K 17 ¢ 41 TeCDD A 17 247 & 2 &
1,2,3,7-TeCDD +1,2,3,8-TeCDD
2,3,7,8-TeCDD
1,2,3,9-TeCDD

R 47 ¥ 1L TeCDF & 47 f247 & 1% %
2,3,4,7-TeCDF
2,3,7,8-TeCDF
1,2,3,9-TeCDF

F25F 0 %33F



PCDDs/P ER IR L 2
s/PCDFs Fip|4=4v "Cip-lr =2 i85 2. T Pl

FE miZ miz R A o
318.9792 & 7/ 5 R SO F H A
3039016 M oL PRk
305.8987 V2 C12H4 35514(3)7 TeCDF
315.9419 M Be 3 Clo TeCDF
317.9389 M2 et ,ClO TeCDF’
319.8965 M o ggcfls ClO TeCDF’
321.8936 M+2 CoH. 30 % TeCDD
327.8847 M C12H4 37 1,7 ClO; TeCDD
3319368 M e CLO, TeCDD*
333.9339 M2 et 3584?72 TeCDD’
375.8364 M2 C i—zl g‘SCl 337 Cl0, TeCDD’
366.9792 PRV R C12F4 s~ ClO HxCDPE
339.8597 M2 oL Y PFK
341.8567 M-+4 C12H3 35C14 ,.CIO PeCDF
351.9000 M+2 Be L B CL,O PeCDF
353.8970 M4 el 5C14 clo PeCDF’
355.8546 M+2 T L~ CLO PeCDF’
357 8516 Mid C12H3 35C14 3,7(31()2 PeCDD
367.8949 M+2 138 13{ g 51202 PeCDD
369.8919 M+4 13C12H3 35C14 37C102 PGCDD3
409.7974 M2 c 1}21 §5C§:l§7 CL,0, PeCDD’
380.9760 PRSI CI% 3 ¢ ClO HpCDPE
373.8208 M+2 o HL 3l 3T PEK
375 8178 Mid Clez 35gls 37ClO HxCDF
3838639 M e Cl, “CLO HxCDF
3858610 M2 e 35g16?7 HxCDF?
389.8157 M+2 T s, C10 HxCDF®
391.8127 M-+4 Clez 35 537C102 HxCDD
4018559  M+2 ek gg CLO; HxCDD
403.8529 Meid 13Clez 35Cls 37ClOz HxCDD’
445.7555 M+4 CoHL S ly "CLO,  HxCDD®

12112 C16 C120 OCDPE

%267
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PCDDs/PCDFs #ip|4 2 BCpp- =% i d 2. T plap 3 2% (4)

T m/z! m/z 3| ;% S Y i 4 2
4 430.9729 /TR CoFy PFK
407.7818 M+2 C,H Cls 'Clo HpCDF
409.7789 M+4 C.H *°Cl5s 'CL,0 HpCDF
417.8253 M PC,H *°Cl,0 HpCDF’
419.8220 M+2 PC,H Cls 'C10 HpCDF’
423.7766 M+2 C,.H *°Cls V'ClO, HpCDD
425.7737 M+4 C.H *Cl;5 *'Cl,0, HpCDD
435.8169 M+2 PC,H *°Cl, *'Cl10, HpCDD’
437.8140 M+4 C,H *Cl; 'CL0, HPCDD’
479.7165 M+4 Cj,H *Cl; ”'CLO NCPDE
5 4549728 WE/ER°  CyFpy PFK
441.7428 M+2 Ci, *Cl, 7'ClO OCDF
443.7399 M+4 Ci2 *°Cls ’CLO OCDF
457.7377 M+2 Ci, Cl, ’ClO; OCDD
459.7348 M+4 Ci> *°Cls V'CL0, OCDD
469.7779 M+2 “cy, *Cl, Y'Cl0, OCDD’
471.7750 M+4 Cy, PCl 'CL0, OCDD’
513.6775 M+4 Ci *Cls ’CLO DCDPE
1.+ &:
H = 1.007825 C = 12.00000 BC = 13.003355 F = 18.9984
O = 15994915 ¥Cl = 34968853 'Cl = 36.965903
2. TeCDD = Tetrachlorodibenzo-p-dioxin TeCDF = Tetrachlorodibenzofuran
PeCDD = Pentachlorodibenzo-p-dioxin PeCDF = Pentachlorodibenzofuran
HxCDD = Hexachlorodibenzo-p-dioxin HxCDF = Hexachlorodibenzofuran
HpCDD = Heptachlorodibenzo-p-dioxin HpCDF = Heptachlorodibenzofuran
OCDD = Octachlorodibenzo-p-dioxin OCDF = Octachlorodibenzofuran
HxCDPE = Hexachlorodiphenyl ether HpCDPE = Heptachlorodiphenyl ether
OCDPE = Octachlorodiphenyl ether NCDPE = Nonachlorodiphenyl ether
DCDPE = Decachlorodiphenyl ether PFK = Perfluorokerosene

3.F = F R
4.%'C14-2,3,7,8,-TeCDD ¥ 2% % — 78 4t (3 i 182 %)
SEARKATEHA TR LR RE f AR 2 K RS

527F
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PCDDs

2 PCDFs 3+ 3 B 1" 2 %8 §

FHlE
Cl i+ # E (R LT

T kg _p P
4 M/M+2 0.77 0.65 0.89
5 M-+2/M+4 1.55 1.32 1.78
6 M-+2/M+4 1.24 1.05 1.43
6 M/M+2 0.51 0.43 0.59
7° M/M+2 0.44 0.37 0.51
7 M-+2/M+4 1.04 0.88 1.20
8 M-+2/M+4 0.89 0.76 1.02

@ % 3 BC.HxCDF

®x % ++ BC-HpCDF

%287
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- REREAAHE R &FLE

B % B R m 3
B FpEARE R

I RSD %L PR
2,3,7,8-TeCDD 25 75
2,3,7,8-TeCDF 25 25
1,2,3,7,8-PeCDD 25 25
1,2,3,7,8-PeCDF 25 25
2,3,4,7,8-PeCDF 25 75
1,2,3,4,7,8-HxCDD 25 75
1,2,3,6,7,8-HxCDD 25 5
1,2,3,7,8,9-HxCDD 25 25
1,2,3,4,7,8-HxCDF 25 25
1,2,3,6,7,8-HxCDF 25 25
1,2,3,7,8,9-HxCDF 25 5
2,3,4,6,7,8-HXCDF 25 25
1,2,3,4,6,7,8-HpCDD 25 25
1,2,3,4,6,7,8-HpCDF 25 25
1,2,3,4,7,8,9-HpCDF 25 25
OCDD 25 55
OCDF 30 30

[
C1-2,3,7,8-TeCDD 25 75
PC-1,2,3,7,8-PeCDD 30 30
1°C1»-1,2,3,6,7,8-HxCDD 25 25
°C12-1,2,3,4,6,7,8-HpCDD 30 30
C1,-OCDD 30 30
C12-2,3,7,8-TeCDF 30 30
PCy-1,2,3,7,8-PeCDF 30 30
1°C15-1,2,3,6,7,8-HxCDF 30 30
PC5-1,2,3,4,6,7,8-HpCDF 30 30

L .
*'C14-2,3,7,8-TeCDD 25 75
1°C12-2,3,4,7,8-PeCDF 25 25
C1p-1,2,3,4,7,8-HxCDD 25 25
°C12-1,2,3,4,7,8-HxCDF 25 25
°C12-1,2,3,4,7,8,9-HpCDF 25 25

R

B3C1,-1,2,3,7,8,9-HxCDF 25 25
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N H-FREBARES TS S (0=10)
Tk R 2 i X &% (Spread)

FiRlt (ng/mL) (ng/mL) (ng/mL)
2,3,7,8-TeCDF 2.5 0.3 2.2--3.0
1,2,3,7,8-PeCDF 12.5 1.6 10.4--14.9
2,3,4,7,8-PeCDF 12.5 2.1 11.0--17.9
1,2,3,4,7,8-HxCDF 12.5 1.4 9.7--14.0
1,2,3,6,7,8-HxCDF 12.5 1.5 9.6--13.6
2,3,4,6,7,8-HxCDF 12.5 3.0 9.0--17.4
1,2,3,7,8,9-HxCDF 12.5 3.2 8.8--18.9
1,2,3,4,6,7,8-HpCDF 12.5 1.3 10.4--14.3
1,2,3,4,7,8,9-HpCDF 12.5 2.8 8.6--17.6
OCDF 25 3.8 19.3--32.0
2,3,7,8-TeCDD 2.5 0.2 1.6--2.2
1,2,3,7,8-PeCDD 12.5 1.6 7.4--12.9
1,2,3,4,7,8-HxCDD 12.5 1.7 8.8--13.7
1,2,3,6,7,8-HxCDD 12.5 1.6 8.5--13.7
1,2,3,7,8,9-HxCDD 12.5 1.7 9.6--14.6
1,2,3,4,6,7,8-HpCDD 12.5 1.3 10.2--14.4
OCDD 25 5.1 20.9--38.8

TR
C-1,2,3,7,8,9-HXCDF 100 10.9 62--97
PR 5

5C-2,3,7,8-TeCDF 100 15.4 52--105
5C-1,2,3,7,8-PeCDF 100 20.3 51--117
5C-1,2,3,6,7,8-HxCDF 100 19.8 44--106
C-1,2,3,4,6,7,8-HpCDF 100 17.8 61--114
5C-2,3,7,8-TeCDD 100 15.6 59--103
5C-1,2,3,7,8-PeCDD 100 22.0 66--129
5C-1,2,3,6,7,8-HxCDD 100 13.4 74--119
C-1,2,3,4,6,7,8-HpCDD 100 12.8 92--129
BC-0CcDD 200 30.1 155--241

%30F » £33F



%4 W% & My £ 713 [-TEF(International Toxicity Equivalency Factor)

v & ¥ B4 b5 £ 75
2,3,7,8-TeCDD 1.0
1,2,3,7,8-PeCDD 0.5
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.001
2,3,7,8-TeCDF 0.1
1,2,3,7,8-PeCDF 0.05
2,3.,4,7,8-PeCDF 0.5
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.001
# % PCDDs % PCDFs 0
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