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T OE. PR TR RO 2 2R B F T, B ARG RS . HERIAEOREL, &5
A 8 T RO AR T - B B B S 43 MRS (UPLC—Orbitrap HRMS), a7 TR0 07 L oirh i . o Kbk
SFALABE(SCCPs, MCCPs, LCCPs)MJ7ik. HHMESME A AR CRB R AT . 22 Agil . =&
H e/ IE Ak 4 € 255, #E4T UPLC—Orbitrap HRMS 4347 . 8,543 84 5% M Hypersil GOLD VANQUISH C,,
(O RERT, BTG I SR IR LS 25 89 IR (H-ESD) £ 25 7 L s B M R M A . 45 3810, SCCPs,
MCCPs, LCCPs f£ 10~5 000 ng-mL™" JE Bl P9 &P & R R IF, MK RZE () ¥ KT 0.98, SCCPs, MCCPs,
LCCPs 7 145 B (MDL) 351 4 18,9, 19.7, 2.06 ng*g™'c FEAK. . &3 MNARAKFET, SALfE(CPs)
B NIRRT 2R 43 51 A 75. 6%~116%., 80. 5%~99. 3% 1 93. 1%~109%, Xt fhi 2 (RSD) 43 51 4 2. 2%-~9. 3%,
3. 6%~6. 5% F 1. 8%~4. 6% I Fi% J7 1% HAZ ML Al el X 11 4~ A S B9 CPs #EATREIN , SCCPs, MCCPs
FILCCPs ARG R34 100%, A 43514 48. 5~2 490 ng- g (¥IMEH 682 ng+g™) . 82.3~4 090 ng* g™ (BHE K
1560 ng-g™ )1 10. 7~809 ng- g (¥IE #1242 ng-g™), H A MCCPs B FEE 55, 5 CPs Y62, 7%, %7 EHE
PIVERIF . RIS, RENERBCERUFHER € & 138 CPs, RREREEEIN 55 XU DAL SR A7 1 4
K SAbANE; LB BRGSO S - 4 B
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Abstract: In this study, a method was established for the simultaneous determination of short-,
medium-, and long-chain chlorinated paraffins (SCCPs, MCCPs, and LCCPs) in soil using ultra—
high performance liquid chromatography—electrostatic field orbitrap high resolution mass spectrometry
(UPLC-Orbitrap HRMS) for highly sensitive detection. The method is based on a pretreatment proce-
dure involving ultrasonic extraction and multi-layer silica gel column cleanup, coupled with optimiza-

tion of the extraction solvent type, volume, and extraction frequency. Soil samples were subjected to
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ultrasonic extraction with a dichloromethane/n-hexane mixture, followed by multi-layer silica gel col-
umn cleanup, elution with dichloromethane/n-hexane, and constant-volume adjustment prior to
UPLC-Orbitrap HRMS analysis. The chromatographic separation was performed on a Hypersil GOLD
VANQUISH C, column, and mass spectrometric detection was conducted via a heated electrospray
ionization (H-ESI) source in the negative ion mode under full-scan acquisition. SCCPs, MCCPs,
and LCCPs all exhibited good linearity over the range between 10-5 000 ng-mL™", with correlation
coefficients () greater than 0. 98. The method detection limits (MDLs ) for SCCPs, MCCPs, and LCCPs
were 18.9, 19.7, and 2.06 ng-g"', respectively. The average recoveries of CPs at low, medium, and
high spiked concentration levels ranged between 75. 6%—-116%, 80. 5%-99. 3%, and 93. 1%-109%,
with relative standard deviations (RSDs) of 2. 2%-9. 3%, 3.6%-6.5%, and 1.8%—4. 6%, respec-
tively. The developed method was applied to analyze CPs in 11 soil samples collected from a typical
rubber industrial park. The detection frequencies of SCCPs, MCCPs, and LCCPs were all 100%,
with concentration ranges between 48. 5-2 490 ng-g™' (mean 682 ng+¢™'), 82.3-4 090 ng-g”' (mean
1560 ng+g"'), and 10.7-809 ng-g"' (mean 242 ng-g"'), respectively. MCCPs were identified as
the predominant congener group, accounting for 62. 7% of the total CPs. This method exhibits good
reproducibility and high sensitivity, enabling efficient extraction and accurate quantification of
CPs in soil, and can serve as a viable analytical option for environmental monitoring and risk as-
sessment.

Key words: chlorinated paraffins (CPs) ; soil; ultrasonic extraction; ultra-high performance liq-
uid chromatography—high resolution mass spectrometry (UPLC-HRMS)
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(MCCPs, C, ) IR (LCCPs, C=,)", CPs HHALFABHLIATE . WA Z 1k RS IR SRR
MM T REACK (PVC) | B H S S Tl A =4k . o B S b A = R, s
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Toik5e 4 i lk CPs AT E 415 1 /g Ao i 0 d e ) 8, HAXGER S ot . 20 Aab B FR B . AHES
WS, VUZRIE G 2 1 68 2 OB £ 0 — % 37 B0 B 1 20 9 1% 2 (UPLC—-Orbitrap HRMS ) @ i
R INIVY 2 G B H 2 DU B W FH 5 1 (Ph,PY) Sk HL I BK) CPs 43 FIE R & N i 1, ol K E$2
RS B SIS, UPLC Y 3 25043 BS54 LL K. Orbitrap B 40 R FIURE B BT 2, WSS REDE . &
BeHEPE ) SCCPs. MCCPs I LCCPs [6] 25 %€ 43 072, 4R, H B3 Bk = R JH 8 75 X< B 45 & UPLC-
Orbitrap HRMS % JH 7047 123881 SCCPs . MCCPs Fl LCCPs FUAHERTSE . FeT b, AW B e . —fhi
i RS -8 o SO TS - R N B = 2 PRTORE S  TE, SE s 36 FP SCCPs . 36 Fh MCCPs Al
27 PP LCCPs B [E] RS HT, A CPs IR ) 15 XUBS: A A 08 4
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1.1 57

R B SRR A 54 (Vanquish Flex UPLC) | &40 EBT G (Orbitrap Exploris 240, 3&[E Thermo Fisher
ow]) s R A (KQ-800KDE, RN AE{EARAR); Bk THAIL(SCIENTZ-12N/A,
TP Z YRR A R AT s SO TERRS (BGZ-246, FifFilE TS AR A ) s ARk
R (ND200-2, HUIMEGIRALES A PR 2 ®]) 5 R PTG (Expee 5108, HUMEEFHE & AR 2
a)) s WP R (ME204E,  LiMERR ) —FER 2R A 1)) 5 HEA(MX-F, KIEI4A15254%
WAMRAT]),

SCCPs bRIEIRT (C, .y, AR AS1.5%, 55.5%. 63%, 100 pg/mL) . MCCPs bRIEET (C,,,,, B
TR A42%, 52%. 57%, 100 pg/mL)FI LCCPs PRI (C y oy, AT A 36%. 49%, 100 pg/mL) I
H & E Dr. Ehrenstorfer 2 7] ;5 PFR"C,-1, 5, 5, 6, 6, 10-NFAZE%E (100 pg/ml) 4 H Alta Scientific
Co., Ltd.; PUFRFERALEE(EE Sigma-Aldrich A 7)) ; @Mk IEC ke (Aikali, EE Fisher 20H]);
HAK(JERIK); 2225 ¢, 16.5 mm, JEROEBRHAR AT,

1.2 HARESELIE

2026 4F 3 HTERARBE AL T Bl XA SR AR 114 R 2 1 38AE S, BECE TR A B3R, i
LI E R G . DB 60 H M, M@ E QIR T B XL . FREXL. 00 g IEFEG T
POREEOE P, MANS50 ng bR, #AE1~2 ho 10O PN 10 mL S HEAE KR (R L - 3),
50 CH A A 30 min, HEAE R 2K, &IF EHER, FERAESH PR 2 1~2 mL, 203 50 mL —
AW LR 50 mL IF O M OE 2 )2 R, e, BRINONIRZE G 0 BSOS AT, RE R
50 mL S H eI 50 mL S A AE A (1 2 3) BERCEE AT I EE DRI . 15128 LA IR AR S A itk
P SCCPs. MCCPs fll LCCPs ¥R F T IR, b BRoR 5INBUAD CPs 15 G2 HLg A 253
PEMRE SR G ZIE T, A1 L CHEEE, WIRIRSIFRN . M50 E 34 PATFES, TR,
HEME,

1.3 /&K H

1.3.1 ®BiE&MH @i%k:. Hypersil GOLD VANQUISH C,, {445 (100 mmx2. 1 mm, 1.9 um, [
Thermo Fisher Scientific 2y 7)) ; FEifi: 40 °C; M : 0.3 mL-min™'; ¥EFEE . 5 pl; FhMH: AMA
10 wmol - L™ PUZRIEGIAL - H REVA T, BAH MK BEEEVEMIFRF : 0~2 min, 90% B; 2~5 min, 90%~
10% B; 5~5.5 min, 10%~0% B; 5.5~12 min, 0% B; 12~12.5 min, 0%~70% B; 12.5~13.5 min, 70%~
90% B; 13.5~15 min, 90% B,

1.8.2 JRIEEMG BT NPGBETE R T (H-ESD ; s FRRBIZERE: -2500 V; 855K
W 35 Arh; HHBNVSHIE: 10 Arb; WRFHSURE: 0 Arb; BFALMIEIREE . 200 °C; FARELEE: 300 °C;
H#FA A 2PER. 1200005 FHIETER: 100~1 500 m/z; $H3ERFE] . 250 ms; RF Lens: 60%;
AGC Target: 5x10°,

SCCPs, MCCPs Fll LCCPs i 544 X 2 € & 85 1 ifr bb (m/z) WL 1, i Aszinl & - 6 5 - [ M+
Ph,PT", HH MER 14 CPs 23 T GBI N C H,,..,Cl,) o
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1 SCCPs. MCCPs I LCCPs BZ5#0 3 & s 1
Table 1 Structural formulas and quantitative ions of SCCPs, MCCPs, and LCCPs

SCCPs structural . MCCPs structural . LCCPs structural L
Quantitative ion(m/z) Quantitative ion(m/z) Quantitative ion(m/z)

formulas formulas formulas

C, H,Cl, 314.9827 C H,Cl, 371.0453 CH,,Cl, 427.1079
C, H,,ClL 348.943 7 C,,H,CL 405. 006 3 C H,,CL 461.068 9
C, H Cl 382.904 8 C, H,Cl 438.967 4 C  H,,Cl, 495.0300
C,H,ClL 418.862 8 C, H,CL 474.925 4 CH,,CL 530.988 0
C,H,,Cl 452.8239 C, H,Cl 508. 886 5 C H, Cl 564.949 1
C,,H,,Cly 486.784 9 C,H,Cl 542.8475 C H,Cl, 598.910 1
C,H,,Cl, 520.7459 C, H,Cl, 576. 808 5 C H,Cl, 632.871 1
C,H,Cl, 556.704 0 C,H,Cl, 612.766 6 CH,.Cl, 668. 829 2
C,H,Cl, 590. 665 0 C H,Cl, 646.727 6 CH,Cl, 702.790 2
G, H,Cl, 328.998 4 CsH,Cl, 385.061 0 G, H,ClL, 441.1236
G, H,,Cl 362.959 4 C,sH,,Clq 419.022 0 C, H,,Cly 475.084 6
C, HCl 396.920 4 C H,Cl, 452.9830 C, H,,Cl, 509.045 6
C, H,.ClL 432.878 5 CH,CL 488.941 1 C H,,CL 545.003 7
C,H,Cl 466. 839 5 CH,,CL 522.902'1 C,,H,,Cl 578.964 7
G, H,Cl, 500. 800 6 CsH,,Cly 556. 863 2 C, H,,Cly 612.9258
C, H,Cl, 534.761 6 CH,,Cl, 590. 824 2 C H,Cl, 646. 886 8
C, H,.ClL, 570.7197 CH,Cl, 626.782 3 C H,Cl, 682. 8449
C,H,ClL, 604. 680 7 C,sH,,ClL, 660. 743 3 G H,Cl, 716.8059
C,H,Cl, 343.014 0 G, H,,Cl, 399.076 6 C,,H,Cl, 455.1392
C,,H,,Cl 376.9750 C,H,,Cly 433.037 6 C,,H,,Cly 489. 100 2
C,,H,,Cl, 410.936 1 C,H,Cl, 466. 998 7 C,,H,Cl, 523.061 3
C,H,,CL 446.894 1 C,H,,CL 502.956 7 C,,H,CL, 559.0193
C,,H Clg 480. 8552 C,H,Clg 536.917 8 C,,H,,Clg 592.980 4
C,,H,Cl, 514.8162 C,H,Cly 570. 878 8 C,,H,,Cly 626.941 4
C,H,Cl, 548.7772 C,H,.ClL, 604. 839 8 C,,H,,Cl, 660. 902 4
C,H,Cl, 584.7353 C,H,,Cl, 640.797 9 C,H,,ClL, 696. 860 5
C,H,Cl, 618. 696 3 C,(H,,Cl, 674.758 9 C,,H,,Cl, 730. 8215
C,;H,,Cl, 357.0297 C,H,,Cl, 413.0923

C,;H,,Cl, 390.990 7 C,H,,Cl, 447.053 3

C,,H,,Cl, 424.9517 C,H,Cl, 481.014 3

C,;H,,Cl, 460. 909 8 C,H,,CL 516.972 4

C,;H,,Clq 494,870 8 C,H,Clg 550.933 4

C,;H,Cl, 528.8319 C,H,,Cl 584.894 5

CH,Cl, 562.7929 C,H,ClL, 618.8555

C;H,Cl, 598.7510 C,,H,Cl,, 654.813 6

C;H,Cl, 632.7120 C,,H,,.Cl, 688.774 6

1.4 RERIESHREEH

EFESCRE SR EE R, AR IRTT3en N, JRUnT R G b fioh 55 o FH SR slAg e A ot i) TR 2%
Lo AR Y AE ) — 3 XUBE N SE R, A B 2 2 346 3 A wif 20 i H S B e flIE e i e 3 Ik . &
LEANFESOIN LA RS R DS I A A PR R TP vl RS INITT Gy, I FR 28 VB R TR S8 Bk vk It
FTLHUBR . REIEE, A 12 8RR IN 1~2 BB A LA A S 25 A .
1.5 #HESWH

AW FEAH ] N BRTE IS B Reth S50 58 H () G A B R )07 ) - () 2 P th 2ot cps Ef TE & N
AN50 ng ) °C-1, 5, 5, 6, 6, 10-NAHBZEENIR, 20l HE &80 51.50%, 53.50%. 55.50%.
59.25% Fl1 63. 00% [ SCCPs bR UE I, & M 42.00%., 47.00%. 52.00%. 54.50% Fl 57.00% )
MCCPs PREIA TR LS S &4 36. 00%., 39.25%., 42.50%. 45.75%F149. 00% [t LCCPs bR A& (1) M AH
ST A Aa . SN T Fa 552G S8 D', #A7SCCPs, MCCPs, LCCPs S 7 4 - (y) 15 520 &,
S GO)MEIERNA T, 5 RS b CPs 1Y AR T AR 5 S22, AR A 7 Rt
HRES P CPs UM, HARTFEWT .

(14335 SCCPs, MCCPs, LCCPs AR H S AH XTI AR Aa FLENE B K F- Fa:
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Aa=3..

Fa

A(C,H,, ., ,CL)
A(Pbr)
_Aa

cs
(2)HHEARF S S B SCCPs . MCCPs, LCCPs bR SE S & D' .
zm,nA(CmH2m+2,,,C1") X D

D = .
Aa x A(PikR)
(3) RN FRUEE LS W N F Fa 55200 S8 & D B4k 5 7 12
Fa=aD +b

(B AR SR, AR, RS CPs (MR T, BES CPsIREEH T2
-
.= Aa XV
Fa Xm
R Aa 2 CPs RESAIXTIERIAN; A C H,,., Cl,. WHRKIETEEL; Fa RS0 T, 8478 mLong';
c PRI B, 100 ng/mL; D4 C H,,.,. CLIFESE B D A CPs SZAS 25 o b5y
R R B IR - Fa 5 S0 G5 B D 2RI VA T REBE o A SERRFES I CPsIRBE ;. VoE R,
I mL; m A IERRFER, 1.00 g,
ARBF A Xcalibur 3048 R E W 4E , i Trace Finder 3R BUE AR, i F Microsoft Excel
2016 Fl1 Origin 2022 AR AFAL PRECHEFIVEIE 5347

2 HRSHE

2.1 BiEHRERF 0T Poroshell 120 EC~C, 22 Hypersil GOLD VANQUISH C,
Cy (A IR ] 5 AH ) S SR B 50, AT /il . e

e, REFEAG . e SRBUKY TS B SIS C il 7

FENI -/ BB T G, BKGREIRE ISR, WHAW £ ] )

ST LB, TH e IR e e, «: —177 7

FRIE T8 CP S RHA ISR A, AT = of || 22

1]+ B S N 50 ng SCCPs, MCCPs il LCCPs bRifiz ;/;; 2

W, ZHIEELS AL Poroshell 120 EC-Cy(100 mmx2. 1 mm, a7 7 ZZ7

2.7 pm, 2 Agilent 24 7)) Al Hypersil GOLD VANQUISH z 7 7

C, (100 mmx2.1 mm, 1.9 pm, 3£ Thermo Fisher 0 SCCPs /;/[CCPS / LCCPs

Scientific 2+ 7] ) XF HbRYy i) e N2 AE, £ R WIE 1. BT W R - HERE SR CPs B Y
Poroshell 120 EC-C, f kR, SCCPs, MCCPs fILCCPs e 1 Responsesof gﬁ’qif:’zfmgmphi“ columns to
BRI 57 53591 4 5. 28x10°, 8. 19x10°H1 2. 33x10°, Hypersil o
GOLD VANQUISH C 850t H ARy BB &, 4314 5. 32x10%, 9. 14x10°F1 2. 67x10°, C faifFE
{1 e s e A A, (TR AR A K . X T REAS B T CRER B /K P BA RE J1 5555 601 H Ay e
B RSP R S S S5 S Eh . na AR, EEVERE T C A H AR B K TR R B
1, RESE IO B AN]SR BE R B BE ) CPs o) 3/ 4y, Al e AL AR o v HLAGUE L W 7 AR B AR k1
APk, Wik, ABFTESE Hypersil GOLD VANQUISH C,, {00734
2.2 HIREAHEMA

AW A ZE BRI RS | TR ARG, PSR & A 50 ng 1Y SERR -+ RE S H AR
P34l W FR AR N A i i 22 (RSD) , 28T ALBE 5 1 1) A BUSCR IR E 1 . A 5L i 3 AT
P
2.2.1 ERFMIEE CPsRRHKELSHTESRNRSY, Ho T4 S ERrEm i 4em
PRPER) C—ClEE, PIHE AR PRI AR ERFIE, HARPE SRR UR 7R INmHE s, BRREE . ML Cps
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ALY TS RS NTREE ™ T AR AT R —o
ROSCK . SEIRTASWBISAHIE, BT MIRR oo s
FRIEC KR S B . IECBEE I SRR

HI, X CPs BRI AR, RERARIEAILT ]
WEALSY . XS AEITREShth CPs AT BRI RBUAR s =
SURBE LRI, RERHLIEME AT, ¢ 2]
ATBR RS T 15 CPs IR . IR, ARIEA

TIECEE, R EIECHE (1 1A S B b/ IE Db 100 - i )
(12 3)3FhiE R0 SEbr L 3EAE i b CPs BOREHUR, 45 % /%

Recovery/%

7]

N 0 T T T
UL 2, LLUIE O B AT, SCCPs Al LCCPs (1) ] SCCPs MCCPs LCCPs
WCER 53 31 88. 0% 1 101%, RSD 43514 12% 1 18%, {H 2 RFEAEGI CPs R USRI R

MCCPs I RSD 4 91. 2%, FHIECEA MCCPs % ER: &2 E“ttf‘i“:ttftplm on the
SEMECE . TR T IECBHRIERSS . SHOEZ  suhent 11 nhoanes Salvent 21 s hormmthanelo-hesane
MCCPs 5. & & A m s 3L e i i h s DL G b/ 1E (1:1); Solvent3: dichloromethane/n-hexane(1 : 3)
CrE(L 1) REEGRIN, CPs i it E A 117%~245%,
RSD 4131%-~78%, $eHU e 2 HFaE thE %, W REAR: CPs 41438 % HOW B UR, iR A1
H AR sR, X H AR B AR B, HIEIN S ARG T4, SERSD e DL S /ED
B (10 3) MAERGRIE, SCCPs., MCCPs Fl LCCPs [ IR 5350k 76. 9%, 89. 6% F192. 1%, FEBUH R4
5, RSDA3il ok 14%. 22%F15. 9%, S5 H A PR FIAH L e o i . IR AR MR, BEREFR
RERH | ARG CPs, SUREA I AR P A BT L AEHL, DN 80/ N A% T4 55 1A S5 D5 3 i 67 1
P, B, AP AP RAEC (1 0 ) IRAIEFIVE AT,
2.2.2 FERFUERRMAA  EREEAEBGURE A AR I, B 5T o IR A EU AN R AL
FILEH S AR R BCGCR N . 45588, AEPGHEF A 5 mLEf, SCCPs. MCCPs 1 LCCPs i#[1]
WC 3504 91. 2%, 83. 9% F194. 7%, RSD 435141 38%. 14% F118%, #ik Fag /) fE; ABGIKRTR
2710 mLIs, SCCPs, MCCPsHl LCCPs B IS 2853 70k 102% . 117%F187. 1%, RSD437°k16. 6%. 8. 9%
4.3%, 55mLAHN, BCETS HERE T, EPGIABA 15 mLEF, SCCPs. MCCPs I LCCPs
RS 0k 77. 7%, 114%F1101%, RSD 43314 11%., 51%F18. 8%, %54 T SCCPs Fl MCCPs (1 ]1]
WCERBE A T RE, HAT MCCPs ZXHUW [l 2258 K . IXTTRE AR Bl T2 BORRFRES R, it T 4,
H bRy o8 5 % & et iR 400, SEmi g A BUECR MR e . W& B, ZKBGAEERM 10 mL i}
RB a4 AR e, AT 7 i B AR BGRIA RS 10 mLL,
2.2.3 ERUREMEM WHEABL, H S mLA10 mLEFIAH 2 I B ARP G D38 KT 80%, #F—
WHLE T S mLA 10 mL IR0 31T 3 IRAEHUT ) RSO R . 25580, 5 mLIERIAEHL 3 KB} SC-
CPs. MCCPs I LCCPs AR 43714 108% ., 111%F193. 0%, RSD 7372k 49% . 40%Fl16. 0%, 5AH 2
RIPAHLL , SCCPs FIMCCPs [ 5 vy, (HE R AR R . 10 mLIERIAEH 3 KIS, SCCPs,
MCCPs Fl LCCPs A ISR A3 50 111% . 41. 1% F1110%, RSD 435141 48%. 4. 0% F115%, 5 ZEHL 2 YR
HHEG, SCCPs F1 LCCPs i e A TR FF, {H SCCPs f 2888 K ; T MCCPs iy [ Wie 2800 S5 I, vl RE &
SRR M H s, WL, ATt H 10 L &R 5/ECkE(1: 3)IRAERINT
CPsHFAT2 IR AT, MALSAE T 6 FhfRFNE CPs [R R P $2 B T (o i [ WLIE 3,
2.3 &MSEESKHR

ARFGEHNT T SCCPs. MCCPs ., LCCPs (1 30 57 K - () 5 S & &t (o) Z M) Pl 5 1R, 45
AR CPs 7E 10~5 000 ng-mL " JE B N MR R R UF, MR REG)IKT0.98. LL7T &b T
17725 A EE T AR CPs IR BERY 3 R bnifE i 2%, 115 SCCPs. MCCPs. LCCPs #)J7 A5 HFR (MDL) 7351l
A18.9, 19.7, 2.06 ng-g'c HEMGHE . FHCRECRAE R 5L 2 s .
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Fig. 3 Extracted ion chromatograms of six representative CP homologues

2 CPsHYLRMEEM . [VAJ5 8 . HHSC REAITT AR IR

Table 2 Linear ranges, regression equations, correlation coefficients(r*), and method detection limits of CPs

Analyte Linear range/(ng-mL™") Regression equation r MDL/(ng-g™")
SCCPs 10~5 000 y=0. 246 3x-0. 090 2 0.993 18.9
MCCPs 10~5 000 y=0.523 9x-0. 215 8 0.989 19.7
LCCPs 10~1 000 y=0.3324x-0. 119 1 0.987 2.06

2.4 EWRSERMM

FREL 1. 00 ¢ SERR HHERE S T BEFE B0 45 1, SCCPs. MCCPs 4> BN (30 ng) . H1(500 ng) . &5
(5 000 ng) 3 N JERIFRIEZE T B2 50 ng bR, LCCPs 23 HIMIAE(10 ng) . H1(100 ng) . &5 (1000 ng)3 4
WS BRIV I B2 50 ng PIBR, BEASIIBRIEBE BB 3 AN FATHRES:, 433115 SCCPs . MCCPs il LCCPs )
SEXEMCEREFIRSD, 3PN, 3 MIBRHKEE T CPs W3 SR 4301 4 75. 6%~116%., 80. 5%~99. 3%
F193. 1%~109%, RSD 4354 2. 2%~9. 3%, 3. 6%~6. 5% 1. 8%~4. 6%, FWIiZ%I7IERENSIH 1L CPs E & 4%
Pt ek .

BE— 2 PEAG A 52 B i i Ab B 7 VA B BE OO, (ME) , THEA R TR 7R : ME=(B,-B,)/A%x100%.
K, AHLEE R CPs Y BAETE S ; B ohhibs L3 CPs (im0 B, s B L3RRS CPs
B ST AR . ME<100%, FomaEieiigl; ME>100%, FA LTI, ME=100%, FRIGHEBRL
.o ME<50% B%>150% B} A dE iV H 5 50%<ME<80% B 120%<ME<150% i} A H S5 5L Ve ;5 80%<ME
<120% B} R g L Ve >, 3 TR, T3 CPs BORL TRV Ty 73. 8%~144%, iy CPs [5) 2 Wik
JE 100%<ME<120%, FHHAETESS 2 TG sz, D EURE AL B SCCPs Fll MCCPs 1] R 17 2 80%<ME<
100%, FWHAFAESGEE I HIRN . v REAE: B T2 5P A LA 0 s ter v A4 e 3E T 28 CPs | R
5, RI RS RN ; DB SCCPs I MCCPs B 5032 B e R 25 | AR R 0 45 5 v v B 1 52 )
MR B M 355 BRI > A NE RN 5 R0 E f iR 25, ARF0 R NARE E &, b HE R 1k
FARRAE B 1 ¥ 0 LA i AR U b B B 1, iDL RSO, I ESKREARIL TR 5 [R] i gk —
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BRAC A, BERR MR S AR ) C (il A, 6 CPs 5T IR b i, FRARES I
HLETES

3 L CPs B IFRIRICER AR B, (n=3)
Table 3 Spiked recoveries and matrix effect(ME) of CPs in soil (n=3)

Analyte Spiked 30 ng Spiked 500 ng Spiked 5 000 ng ME/%
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

SCCPs 75.6 9.3 88.5 6.5 96. 4 4.6 73.8~117

MCCPs 86.9 2.2 80.5 3.8 93.1 3.3 87.2~122

LCCPs 116 8.2 99.3 3.6 109 1.8 110~144

LCCPs were spiked at 10, 100, and 1000 ng

2.5 FHiERH

P vE T LIRS CPs 40T, 45 2R UL 4, SCCPs. MCCPs HlI LCCPs 34 100% £t , Y
CPs TEWFIE X I 13 h R AR e, K40 )4 48. 5~2 490 ng- ¢ ' (M 47682 ng o) . 82.3~4 090 ng- ¢
(¥4 1 560 ng-g ") F 10. 7~809 ng- g (FME F1 242 ng-g), HAIES R 153, 595, 59.2ng g %
G i T U] | 6 A AT X A A AR DX - 3 ) SCOPs R BER W T AR ] R ) - s
SCCPs FIMCCPs iR EE™  JEBRIFE T X et X 22 S Ak Tl AKX s, i/ CPs HECIE, miAsF o X sk A T
&S, CPs Ui AH XL o (HASIE G 25 SR A T AR R HIIX. | 5 P DX 2 W T SR e il s i 1)
B CPs IR EED, GBI CPs ARF2T IXYREE™, W RE R PR A axX Seh X A7 7 5 5t B CPs AR PR B s T A
BTG YR, Bl b CPs IR K4 . EAh, SCCPs, MCCPs fil LCCPs 7EJ5 CPs WA o5 HL 70 51
27.5%. 62.7%FN9.76%, MCCPs¥EE N i, X H5TAFERZ W CPs WHR 45 R —30, il N T
AL AEFE T MCCPs B i #%, Wt —2 561

Fa LHEBESH CPsHURLAL (ng- )
Table 4  Analytical results of CPs in soil samples(ng-g™")

1 2 3 4 5 6 7 8 9 10 11 TE CPs 1 5 /%
SCCPs 128 72.6 2260 655 1350 118 2490 167 48.5 153 59.5 27.5
MCCPs 991 305 3890 4090 3310 205 3250 271 82.3 595 109 62.7
LCCPs 40.5  38.6 809 244 718 47.5 620 59.4  10.7 59.2  15.5 9. 80
+= A
3 zn Te

A FTARACT L 1 Tl 8 7 AR — 08 o 2R VA € 03— el 3 BN B v 2 R % 437 - 3 CPs 1
Jrik, e )E A B R R R W AR, Ak e 4, RIF T ONIE R ME T AR R, ik
UHPLC [ 5547 5 FE A HRMS RS i 5t 200, wIxd 388 rp CPs 6] Rk i e MR e & 0 15T
LR ARRLF, MR R K RSD ¥l 2 B i ek, EH T b LIRS T, Wb E
HEEL T CPs BRI 5 IXUBS: Ak SR A v 4
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