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S[UEE (CPs) R— R AMBEFMNANITL ™R, NAZ. B2, BTE
MNeasMRERENES ZEE, RHRERARRERN—XENARTEY,
HowmAEEIRRAS M. AMRFLE—MEXI5E5E CPs (SCCPs) M %k CPs
(MCCPs) M3t A%, ZAEFEREANEBEIRI (NCI) TRIENSBEIE- Uik
M YTEtE S PR RIZEC A R4 (GC-NCI-Q-TOF-HRMS), FIBASLES CPs S0
MEFZENEEXREENDTT CPs EEMRAKAEDHIER, KUM—KHERE, TE
DI 24 7 SCCPs [AF&{AF] 24 # MCCPs FEIf&{K, fF TOF-HRMS 1ZEUF A2
¥, RAILASEIRRY SCCPs #1 MCCPs MIX 4y, HAEMESEHMFYER (1w PCB) 5l
AT, SCCPs #1 MCCPs 1 MIFR 535179 24-81 ng/mL # 27-170 ng/mL, XL
ZRE5[MHEE- RO BERREHKAAREHEEBERI (GC-NCI-LRMS) TR1FHLE
F#HITHE, RPFMFAEZNEARAR—FELER. FRNAZE, ERATARNEERE
mmEY CPs,
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ST (CPs), BFHZAREMNS
B, HER—E ZRTEREL~S
1, ERAL CPs BEMA R =2
SEHERILEE (SCCPS) Cro~Crg
G At
KSERLERE (LCCPS) C > 17

Hrh, SCCPs AAEESMMES T
B2, BT MCCPs # SCCPs 1£¥f1E
77, #H MCCPs mli@idif g2 ()
kIR 1K SCCPs, Itk MCCPs IF
Bt 5T X%,

MTTIWEGYNEZRMELR CPs &
EREEAZEINEET, HiEFRT
CPps NEMEE—BERMREFMAIGE
e, BE1, XBIREEEFLALES
REM A EENEFEREFRTH SCCPs
M Mcepst Y, B2, TR E@EIG
E-Liks, flmmAas, UREFHE
B XRENHEMRATRYS CPs 2
BIFEEFIHNIR, b, EATHRR
5 SCCPs #1 MCCPs [Ei&{k 2 B89 FHEL,

HENEERME SR IRENE
Bo EFRIIXLEE, ANABIRNAT
—TNE A RF TR DT AT & BIRH
R, ZFHEETF GC-NCI-Q-TOF-HRMS %
4, BEMETESRIRIHEEREIRY 4 SCCPs
# Mcecps', FMEBBEHYEER TOF 9
BRXEZEEE D SCCPs, FHBRIfE

(
(MCCPS) C14_C17

FE S MCCPs RIBEF- 4TI, @i
BUEHRE, 3 24 FAREH SCCPs [F
JRE (3K Co—Ci3 &F 5-10 MNEER
F) F 24 F MCCPs Ei&fx (3K Cp0—
Ciy BES-10MRET) #HITT 9.
teoh, ESHMEF 5 MRRFMERKNF
10 B9 CPs #1T T iR, AT LN E
DT —RIIMEERE M, IEPRZAE
EB—MATOMFIERERFB CPs WE#E
M. ERNA %

SRISER Y

RFIFATER

READIEEAFIEE J.T. Baker
(Phillipsburg, NJ, USA). AT 2=
e-~Rf ek (e-HCH B9IF 28R,
10 ng/uL, 4BfE 99.9%) HJ SCCPs B&Y)
(100 ng/uL, Cy=Csy SALEER 51%.
55.5% 1 63%, #ifE 100%) 5 MCCPs &
&% (100 ng/uL, C,—Cyy |HKENRN
42%. 52% M 57%, ZHE 100%) B/
B Dr. Ehrenstorfer GmbH (Augsburg,
Germany)o 1,5,5,6,6,10-7x& %kt (°Cyoo
100 ng/uL, ATFH Sk, 4ifE >98%)
# 1,5,5,6,6,10-7"&Ek (RIFIE,
100 ng/uL, BFHCk, 4iE > 98%)
9 8 Cambridge Isotope Laboratories
(Andover, USA).

XEBF M
SHEGIERG

SHEBERS Agilent 7890B, EZ# CTC Bahitti¥as
‘i Agilent HP-5MS UI, 30 m x 0.25 mm, 0.25 pm  (ZB{S 190915-433 UI)
E=aat as
R R 1805;2 TRFF1 9%, L5 °C/min FHZE 160 °C FREF 2 £3%F, LL 30 °C/min F+Z 310 °C HREF
TRIR 1.0 mL/min
HERE 280 °C
HEE 2L
HFFET F4, 1.5 min GHBWRA
RRGRE 280 °C

Q-TOF MS %%
FUERSR Agilent 7200 GC-Q-TOF-MS
BEER L EE (NCI)
BFREE 150 °C
MiRAFRE 150 °C
FREHEE 50-600 m/z
TEERERER 5 Hz, LAEIREFEERMREIIRE
REFN 4 GHz BAMHE
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Mt NCI-TOF-HRMS 75 £RIMERE, ST
JUMIREE B AR EY SCCPs Al MCCPs
HITT Do AW RTFSR
(Xpress-Application Developer, XAD) 3XEX
TS M. Ll CPs =mAfEEEE
ZH. EnFRBE/IRMZNREE,
HREAERET I aREN SR,
HEEBNR. B52, LR TENER
(1g) 5E%EL (59)BE, HMA °Cir
1,5,5,6,6,10-738ZE k% (10 ng) 1EAER
WA E 2R, ARFHITINRATE
BY (ASE). ek & AR E R 4E
EF491 mL. AESRIREY, T1.5cm
ERR-Florisil EE® & L #H1THME,
ZEIEFIE S A Florisil (3 g). HMERE
B (2 9). FRI%FER (5 g, 30%) AT KER
FRsh (4 ) (BT LIER) . AIECK
(50 mL) X &EEFHITEN, HAED
IT (40 mL) Wl m (B0 1 88 LR
EMERS) , AEAZEF kR (50 mL)
FIESK (50 mL) BT (BH 2 8
& CPs fMl1 HCH) » FMAIREELERE
TIBOREELN 2 mL, RWFEH—IR
EERETIR. AEREBLEBTIAS
5% (200 pL) o BN e-HCH (10 ng) fE
RFERATLUNE S mEWE, AEH
17 MS Dfre M SheAIENEET B3R W
NBRRARREWSH. ATEHERE, K
WZ2E| CPs,
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1 BRTETRUESMNETFZ 8
XENEEFH ENTIEMIZ,

£ NCI-LRMS 77#H, ZHR EXAFoh
9, S5BLARERNIEFEFRE Y&
fTEbE%. £ NCI-TOF-MS A, WERE|
BYIRENE F®iE (EIC) I SR EREY,
ARED PR MS HR T ERTH. A
Agilent MassHunter E 223 B.07

HITEIRD. ¥ SCCPs 1 MCCPs #9
BHRREU R EEMTE LR T REREH
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& 1. AR SCCPs #l MCCPs ESBHIENX [M-CIl” BFIEHRE, TN FE. RBNEMLNE (Fig)

SCCPs #l1 MCCPs EEET RERT
[R&IE (n, 2) m/z [M-CI|” *E m/z [M-CI|” *E FHRFE {R22B{8] (min) | LOD (ng/mL)
SCCPs

CioHi7Cls 279.0006 37.60% 277.0009 29.40% 314.5 9.5-14 11.8
CioH16Cls 312.9671 35.60% 314.9641 22.70% 349 11-135 7.5
CioHisCly 346.9281 32.30% 348.9251 25.90% 383.5 11.5-14 5.2
CyoH14Clg 380.8891 28.60% 382.8862 27.50% 418 12.5-14.5 478
CmHMCIg 416.8472 27.80% 414.8501 24.80% 452.5 12.5-14.5 3.2
CioHi12Clyo 450.8082 27.10% 4488112 21.20% 487 11.5-16 1.1
Ci1Hi1oCls 293.0217 37.20% 291.0246 29.10% 328.5 10-14 9.05
C11H:5Cls 326.9437 35.20% 328.9798 22.50% 363 11-14 6.5
C,Hy:Cl, 360.9437 32.00% 362.9408 25.60% 397.5 12-14.5 16
CyHi6Clg 394.9048 28.30% 396.9018 27.20% 432 12-14.5 0.75
C”HwCIg 430.8628 27.50% 428.8658 24.50% 466.5 12.5-14.5 0.75
Ci1H14Clyo 464.8239 26.70% 462.8268 20.90% 501 13.5-15.5 0.75
Ci2H20Cls 307.0373 36.80% 305.0403 28.70% 3425 11-14 5.55
C12H1oCls 340.9984 34.80% 342.9954 22.30% 377 11.5-14 5.15
Cy,H;5Cl; 374.9594 31.70% 376.9564 25.30% 4115 12.4-14.6 1.45
CrlikCly 408.9204 28.00% 410.9175 26.90% 446 12.5-15 1.2
CmHmCIg 444.8785 27.10% 442.8814 24.20% 480.5 13-15 1
Ci2HisClyg 478.8395 26.40% 476.8425 20.70% 515 13.5-16 1
Ci3H5,Cls 321.053 36.30% 319.0059 28.40% 356.5 11.5-14.5 10
C13H Cls 355.0123 34.40% 357.0111 22.00% 391 12.2-15 8.7
Ci3HCly 388.975 31.30% 390.9721 25.00% 4255 12.5-145 35
Gty 422.9361 27.70% 4249331 26.60% 460 13-15.5 2
C13H1BC|9 458.8941 26.80% 456.8971 24.00% 4945 12.5-17 2
Ci3Hi2Clyo 492.8552 26.10% 490.8581 20.40% 529 14-17 1.75




& 1. SMEEA SCCPs #l MCCPs WESBHMIEX [M-CII” BFIEHRE, TN FE. REWEFLNE

SCCPs #l1 MCCPs EEET RERT
[R&IE (n, 2) m/z [M-CI|” *E m/z [M-CI|” *E FHRFE {R22B{8] (min) | LOD (ng/mL)
MCCPs

Ci14H5Cls 335.0686 37.60% 333.0716 29.40% 370.5 12.2-14.2 9.3
C14H24Cls 369.0697 35.60% 371.0267 22.70% 405 12.4-14.6 26
C1sH:CI7 402.9907 32.30% 404.9877 25.90% 439.5 12.8-15.2 55
Cy4H5Clg 436.9517 28.60% 438.9488 27.50% 474 13.6-15.8 7.5
CMHNCIQ 472.9098 27.80% 470.9127 24.80% 508.5 14-16.8 3.5
C14H2Clyo 506.8708 27.10% 504.8738 21.20% 543 15-18 3.1
Ci5Hz:Cls 349.0843 37.20% 347.0872 29.10% 384.5 12.2-14.4 77
C15H2Cls 383.0453 35.20% 385.0424 22.50% 419 12.5-15.5 10
G CIS 417.0063 32.00% 419.0034 25.60% 453.5 13.8-15.2 38
Cralihtly 450.9674 28.30% 452.9644 27.20% 488 13.5-16.8 5.6
C15H230|9 486.9254 27.50% 484.9284 24.50% 522.5 14.6-18 4.6
Ci5H2:Clyo 520.8865 26.70% 518.8894 20.90% 557 15.5-19.5 2.1
CicH2oCls 363.0999 36.80% 361.1029 28.70% 398.5 12.5-15.5 9.6
C1H25Cls 397.061 34.80% 399.058 22.30% 433 13.5-15.5 1.7
CiH,:Cl, 431.022 31.70% 433.019 25.30% 467.5 13.8-15.8 7.9
Gkt 464.983 28.00% 466.9801 26.90% 502 14.4-17.4 2.3
C15H250|9 500.9411 27.10% 502.9381 24.20% 536.5 15.5-19.5 1.6
Ci6H24Clyo 534.9021 26.40% 532.9051 20.70% 571 16.5-21 0.9
Ci7Hs:Cls 377.1156 36.30% 375.1185 28.40% 4125 12.5-15 8.6
C17H3oCls 411.0766 34.40% 413.0737 22.00% 447 13.4-15.2 9.3
Ci7HCl, 445.0376 31.30% 447.0347 25.00% 4815 13-17.5 2.7
Gl 478.9987 27.70% 480.9957 26.60% 516 14.5-19 1
CWHNCIQ 514.9567 26.80% 512.9597 24.00% 550.5 16.5-20.5 1.2
Ci7H56Clyo 548.9178 26.10% 546.9207 20.40% 585 18-23 1.3




¥23MIFR (LOD) FL&MSER

138 LOD #WHIENTE 95% BIEKFE T H
REEHENESBENINERERUSE
Tt RKE, TERT, FEESBT
B LA Gt BYR E A SR B B R A8
BOER. AXRMFRT, —PMEKEEN
EEMEEBSFYEMN, BREaHRE
WL HIA B H. £ER&KE, MCCPs B9
LOD 7£ 27-170 ng/mL SEEIA, 1 SCCPs
#9 LOD 7E 24-81 ng/mL SEEIR. & 112
HT ENREEAERN LOD, A MMM
[a]Y37E 0.25-100 ng/uL RESEERBE
i 55.5% Cl SCCPs. 52% Cl MCCPs #
57% Cl MCCPs /B & ¥R &R RIRIGHY
SBFE{E, H8TE NCI-Q-TOF-HRMS 3 EMY4
M, B3 B THENIEHE, SRER
BH, SCCPs #1 MCCPs MY MSEEIYRIA

0.10

A 0.08- B .
0.09 SCCPs ° 0.074 MCCPs
0.08
y=0.019x - 1.13 ] y=0.02x-1.11
0.06
0.07{ Rz=0.97 R2=0.98
0.06 0.05-
& 0.05 & 0.041
0.04 0.031
0.03
0.02-
0.02
0.01 0.014
0] 0
60 61 62 64 65 55 57 59 61 63 65

63
HERRENLE (%)
& 2. MCCPs 1 SCCPs WEMRFEF (RF: WNARMATIMMAS CPs 882 2th) SitBEHNMRRKE (%) 2
B R FRe A) 10 ng/uL SCCPs fUTRERIZ% (BITIES 51.5% Cl. 55.5% Cl 1 63% Cl SCCPs #R/&mikS
TEMWSEE) o B) 10 ng/uL MCCPs It AERRLZ (GBITES 42% Cl. 52% Cl 1 57% Cl MCCPs #T/E®IkES
FRNWSEWE)

HEFSRKE (%)

Bk CPs BIRIEMEARZ, BIMEEESRER
SHER MR RBEEEE LR,

BI=MEL, B7F NCI-LRMS FEm4
MEEY, XHEENEMBEZEHRT, 4

x10° x108 x10°
35+ 50-
A 60{ B 451 c
30{ SCCPs 55.5% Cl MCCPs 52% Cl ® MCGCPs 57% Cl
504 40
5| ¥ =273x - 398 y = 553x — 1691 a5l V7 421x - 927
R2=1.00 R?=0.99 R2=1.00
404 30
204
g 2 30/ 2 25
154 20,
[}
101 204 154
104
5 104 f . £
0 [0} A 0 : : : : : :
0 20 40 60 80 100 120 0 20 40 60 80 100 120 O 20 40 60 80 100 120
ng/pL ng/pL ng/pL

3. A) 55.5% Sf{ SCCPs JEE#) (0.25-100 ng/pL) B9% 1%, B) 52% S MCCPs JE&4 (0.25-100 ng/pL) B4, C) 57% 2L MCCPs JB&%)

(0.25-100 ng/ulL) B9



HEHREMERE

FEARRNRMLBE DL (51.5% Cl SCCPs.

55.5% Cl SCCPs. 63% Cl SCCPs.

52% Cl MCCPs # 57% Cl MCCPs)

T, HEFHYKRWRE (n=5) 5&
tb SCCPs M MCCPs JBAnZth, 1854
Mg, ®27IBTHER,

£/ NCI-TOF-MS 7%, 3R1889 SCCPs
M MCCPs BIMESTERE D BITE 86%—
124% M 114%—-129% SEEN. HEM
SCCPs 1 MCCPs B9 — 7o@AmEY, YIZRE|
PR REEZEA T2 —RIFH A RE.

SUHBEEAANHREEHESER
(=18, 55% Cl SCCPs #1 52% CI MCCPs
WIINARREEES 1. 10 A 100 ng/L) Y
TERERME. FIA NCI-TOF-MS X%
By =FREKF T Hial# R SCCPs Y
B FERZ (RSD) 934 2.55%.
1.95% # 3.58%0 XY+ MCCPs, #8R/HY
RSD 7319 12.3%. 7.37% #1 0.97%.

CPs SRS PRI M0
NMERSHEHRE (DM) ZEIFIXFRH
AT T,

M NERBFE m/z tb, DM AR PR
&2 8RR B EE.

£ 2. NCI-TOF-HRMS F57 4B EEFEIE

HERE HERE
SERE (HIRE) SERE (HIRE)
MEREMIK (ng/pL) (ng/pL) HE ZITRIR (ng/pL) (ng/pL) HEfE:
SCCPs &3
51% Cl SCCPs 5.00 4.30 (£0.41) 86%
55% Cl SCCPs #ll
55% Cl SCCPs 10.00 10.00 (+0.19) 100% 57% Cl MCCPs 10.00 12.43 (+4.6) 124%
(1:1, v/v 20 ng/pL)
63% Cl SCCPs 10.00 12.05 (+0.14) 120%
MCCPs &l
52% Cl MCCPs 10.00 12.13 (+0.89) 121%
55% Cl SCCPs #ll
57% Cl MCCPs 10.00 11.36 (x0.71) 114% 57% Cl MCCPs 10.00 12.89 (+0.27) 129%
(1:1, v/v 20 ng/pL)

P EHREE X RITEHE CPs MREM CPs SEREMNB DL

AR 1 REA, ESHIRXEEYRNR
EHMEX, EARFIF, KZH CPs BANE
F8 m/z 7 300-500 SEEIN, XHF 96
EEMEMERER, "BR I MRIEZEN
m/z {& C,H,s>°Cl,”’Cl, (478.8395 Da) #1
C1/H46>°Cl.Y'Cl (478.9987 Da) W FREEM

RED¥ERN 3000 (R 3) o EAXHR
&, ERNBETFTREEN 150°C, LKA
FREDR/ R M-CII” LUohaR iz,
Att, ZAHFEHRER TOF-HRMS 7574
B ¥EER A 12000-15000, EHRETH
& SCCPs #1 MCCPs Y 48 FhEIfE{A,

3. £ E BRI XRE09FE A BT/ MCCPs F1 SCCPs [RIF& (AR5 H

&, UNAMEFZERDE

ENEE | FEG | BREE | FIRG | WWREE |D(E (ppm)
417 Cyo Clg 416.8472 Cys Cly 417.0063 382
451 Cyo Clyg 450.8082 Cy5Clg 450.9674 353
431 Ci Cly 430.8628 Cy Cly 431.022 369
465 Cyy Clyg 464.8239 Cis Clg 464.983 342
445 Cy, Clg 444.8785 Cy7 Cl; 445.0376 358
479 Cy, Clyg 478.8395 Cy7 Clg 478.9987 333
' BT RENEE
PERNZ—



b4y, BIfELZE B #MF me b ERET,
MEMEEERTH" £ NC-LRMS &
S®T, B SIM &5 REBNEEORER
BFi. B2, XMAEEHERRESNH
BEMNER (B 4: +0.5amu B EIC) ,
AN ERMAPHNELED B, B4 E
™, EiREBUBHAER, A 50 ppm B
FRERZE, AIUERKIEE LBRXH
HRPFTHLUMK CPs BT (B0, B

C1oClyo #1 C15Clg ERRHI m/z 451) o TE
478, & MCCPs fE T B+,
4§ SCCPs 1.8 BAx#o

IR A AR A ERILL R
FIEETE CPs MENE R E A miskE"
(B 5), HIxHE HRMS HEHNER
52 813RER LRMS FiAMERHTH
g, EEAR TSR 8RMNET
XAD B9z SH# @AY SCCPs 1 MCCPs,
3F NCI-TOF-HRMS F3%# 17 7 ¥#1&
(B 5) » BEmiEsH SCCPs BKESEHE
7 70-73172 ng/g. Itboh, ETF XAD

61 TIC

=M

x10? Eﬂgﬁﬁltﬁ’ﬂzﬁ'
EIC 451 £0.5 amu

4] EIC 450.8082 +50 ppm EIC 416.8472 +50 ppm b
& 2 | ‘
E 2 = 4\
04

_

4 MCCPs 52 F#

2 ;‘;M,, JLM WD

W=StEmAFP SCCPs RESER N
0.04-29 ng/m° &f&, XF T M,
CP-52 /@ 200 yL %1 10 (ng/pL) SCCPs
HEECEN 54-1651 ngo WLEIR T
AR ER MS 7A3K1§HY SCCPs &
SNRNWEES)

EETF XAD =SHERF, A NCI-
TOF-HRMS 771045 R IBK T 152 4
NCI-LRMS FERIEHNER, BLITH
B ERSN . RERMEAIEESR (13 bz) H
WREMRS (14 dppl) BIME SR, @id NCI-
TOF-HRMS 4§89 SCCPs K E 5@l
NCI-LRMS 31389 SCCPs ‘K ELLETE
0.19-0.92 Zjal,

Mk, BFER¥RNAER, KEN
BEmFEaNEREEMTE. BT
NCI-TOF-HRMS {§HY SCCPs RE 518
13 NCI-LRMS FR1§HY SCCPs /RELLETE
0.16—2.55 Zfal,

X$F Tk CPs /=54, R NCI-TOF-HRMS
FERERREBEE T A NCI-LRMS

B x10¢

N
1A
B

X ¥ ‘M
J E 2]
0 —— N

FEPTRIGER, 1B CP8 BRIM, ERN
CP8 By SCCPs R 2 &EH K, BT
NCI-TOF-HRMS 1§ #Y SCCPs KE
5@ NCI-LRMS MM LERLLETE
3.79-6.05 Z[dl,

HE—F ZEREARA AR EHERT
MEENER, XHEM NCI-TOF-HRMS 7
A1 NCI-LRMS F57£3K18H9 SCCPs B
MERA S EHT 7 LR (E 6) o LI
HERERA, A=AH, aaRFRLVE
K IREZHY SCCPs 53%%% mEL
YE@PWER. EE2WET, 00
BRERFIRH CPs MWK, Hit,
XIF XAD =S R A AR BZE 5,
@32 NCI-TOF-HRMS I & & i%‘
mxyF Tl =@ AN ERAD, BT
NCI-TOF-HRMS SN EERIE (B 6) o
AT, FIRSRETSENERH IR
SELEZEFEIEERE. WA,
SEETEM CPs RIME SR ENEE
HHRXNEMHMER, XEFEEZHTR
HENTRE,

x10*

0 —
x10% EE%E%I#.E’J*%

EIC 417 £0.5 amu
> 1 | |
14.3 2 )\ d k I MCCPs 5|28F41
o4 =

10 17 12 13 14 15 16 17 8§ 9 10 11 12 13 14

x%ﬁillﬂ (min)

B 4. @t

T, BmiFmiY TIC RAANAY EIC F2EVEER (C0Clo)

HREREUHSF T ATEVETRG, W0 EIC LERERFTT. A
T, EREENSBEFREIEE (TIC) RERAY EIC #2EMER (C1Chi);

SKEERSE] (min)

16 17

A) EREBFRSIREED (50 ppm A 0.5 amu)
B) FE R EIRANE D (50 ppm F1 0.5 amu)
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fF8 NCI-TOF-HRMS =B S8
HEEBEES TR NCI-LRMS 5351+ &
HHRWE, BT CPs = RMmIhE
iR (BHRE 2 M Razor 1) o, &
AT E R A RERERZ LRMS ERE
X CPs N¥HIERE (m/z {8 300 £4)
AZERTIRR™E, AERMAMENMR
Rz, MISEMHHI CPs S E MK,

EFANER NCI-Q-TOF-HRMS &4
MCCPs #1777 717, BT XEPR=7]
RS tbEdR, EibFREE MCCPs IS
W=EELLRER, AHANLERKA,
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