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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-
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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
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 and MCCPs
exhibited good linearity over the range between 10-5 000 ng*mL™", and LCCPs exhibited good linear-
ity over the range between 10—1 000 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%, respectively. The developed method was
applied to analyze CPs in 11 soil samples collected from a typical rubber industrial park. The detec-
tion frequencies of SCCPs, MCCPs, and LCCPs were all 100%, with concentration ranges between
48.5-2490 ng- g (mean 682 ng-g™'), 82.3-4 090 ng-g"'(mean 1 560 ng+¢™), and 10. 7-809 ng- g™’
(mean 242 ng-g”'), respectively. MCCPs were identified as the predominant congener group, ac-
counting 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 assessment.

Key words: chlorinated paraffins (CPs) ; soil; ultrasonic extraction; ultra-high performance liq-
uid chromatography—high resolution mass spectrometry (UPLC-HRMS)
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ﬁ%&ﬁfﬁ*ﬁ@iﬁf%(\/anquish Flex UPLC) . %ﬁ%}i}ﬁ%ﬂ)‘((omitmp Exploris 240, 2£[E Thermo Fisher
) BRI R (KQ-800KDE, RN A AR AT) ;s B THEML(SCIENTZ-12N/A,
TR Z YRR AR AT s BONTERAS (BGZ-246, igEilEI P YA R A ) 5 AWK
YA (ND200-2, BUMIEGIRALESABR AT 5 BUE FATIR A (Expec 5108, AU B R A RA R
Al PN R (ME204E, LR ) —FER AL AR A ) ;. WG (MX-F, KIEX4E] 5L
AR

SCCPs bRUfEIR (C,yr A EASL. 5%, 55.5%. 63%, 100 pg/mL) . MCCPs bRifEIE (C,, ,,r F
EEMA2%, 52%. 57%, 100 weg/mL)Fl LCCPs bRUEIFT (C ooy, R EHF36%. 49%, 100 pwg/ml.) 3
H 5 & Dr. Ehrenstorfer 28 & ; HAR"C,-1, 5, 5, 6, 6, 10-75FZ%%E (100 pg/mL) ) H Alta Scientific
Co. , Lid.; VUZEILEALIBE (L Sigma—Aldrich A 7)) ; & HHE . IECKE (G4, SEE Fisher 206]);
Ak JRER); Z2ERA(25 g, 16.5 mm, JEROEBRHARAR) .,
1.2 HmRESHEIE

2026 4F 3 HAERAGRE Al T 1l X A R A 112 13N, HEIE TR OE B 5%, i
WD TR BHEIRD 60 Hif, M TS ERTE I T s XAk, FRELL. 00 ¢ HIEFES T
PergES OB, MAS0 ng bR, AL 1~2 he ELOE M 10 mL S HEEAE (B 2 3),
50 ‘CHBFAAEH 30 min, EE AR 2K, AHLET, ERAESI FIRAE 1~2 mL, 575 50 mL 40
HGE R 50 mL IE CUBETIMDE 2 2 RERCHE , SRRV, FEIINIR SR S5 00 i oA, ARG 50 mL
A BER S0 mL S HBEAECRE(1 2 3) Ve RERCRE IR ARV . RIS R AR S 1 ke
SCCPs, MCCPsFILCCPs MK T Ik thbR , @b PBORSINGOP CPs 15 Y HIERIFIH = A, Vel
HAWRGEEET, H1 oL ZIEEE, WHERAIEN . ALY E 3PS, HTF M EE .
1.3 =% 4%
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; JM#: 0.3 mL-min™'; ¥FEE . 5 pl; WM AMA
10 pmol - L™ PUFEFL G AV - BRI WL, BAH MAiK; BREEVENIFEF : 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,
1.3.2 FUEEM B0 NPRGEBIEE R (H-ESD ; s PRI E: -2 500 V; #0k
B 35 Arh; HHBISHE: 10 Arb; BRI 0 Arb; &5 TABMIEIIRE . 200 °C; ZARIEE: 300 °C;
Hi: A PR, 1200005 FHIETEE . 100~1 500 m/z; FA9EBH): 250 ms; RF Lens: 60%;
AGC Target: 5x10°,

SCCPs. MCCPs Fl LCCPs f 2544 2 S € & 25 - e far bb (m/z) WL 1, Ol a5 - i %5 F- [ M+
Ph,P]*, HhMER 1A CPs 0 TGl A C H,,., ,Cl).
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1 SCCPs. MCCPs I LCCPs HZ5#0 3 2 E 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)

formula formula formula

C,H,Cl, 314.9827 C H,Cl, 371.0453 CH,,Cl, 427.107 9
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 474.9254 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 486.7849 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, 385.0610 G, H,ClL, 441.1236
G, H,,Cl 362.959 4 C,sH,,Clq 419.0220 C, H,,Cly 475.084 6
C, HCl 396.920 4 C H,Cl, 452.983 0 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 522.9021 C,,H,,Cl 578.964 7
G, H,Cl, 500. 800 6 CsH,,Cly 556. 8632 C, H,,Cly 612.9258
C, H,Cl, 534.761 6 CH,,Cl, 590. 8242 C H,Cl, 646. 886 8
C, H,.ClL, 570.7197 CH,Cl, 626.7823 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, 523.0613
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, 413.092 3

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
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EFESCRE SR FRE R, AR LTS 3N, JRUnT R G b fioh 55 o FH SR alAg e ot i) T B2
WL AR Y7E ] — 30 XUBE PN 52 i, A BB 25 2 346 8 A wig 20 0 H G B e flE el e 3 Ik . &
LIANFESOI LA RS R DS I A A PR R TP vl RE S INIT5 5y, i FR 28 V(B AR TR S8 Bk ik It
FLUOBR. REIE, AF 12 BRSO 1~2 B B S LU A R 25
1.5 #HESWH

RIS PRS2 B Reth 45203 HH 00 G A0 BRI S me) )37 ) - B9 2k oh 236 CPs BEA TE &
AN50ngJPCy-1, 5, 5, 6, 6, 10-NFABLENIR, 2l HAEEH51.50%, 53.50%. 55.50%.
59.25% F1 63. 00% (1) SCCPs bR ifE ¥ 1, S5 &4 42.00%. 47.00%. 52.00%. 54.50% Fl 57.00% [t
MCCPs PRifEIA TR LS S &4 36. 00%., 39.25%. 42.50%. 45.75%F149. 00% ) LCCPs bRk iz & (1) S AH
WHETE R Aa . S N - Fa 5508 D', #37.SCCPs, MCCPs, LCCPs g 7 A F- (y) 55 520 &
S ) MIERNA TR, 25 RS b CPs 1Y AR T AR 5 S22, AR A 7 Rt
BN CPs i3, HARESREM T .

(14375 SCCPs . MCCPs ., LCCPs [IbRIER I S AH TG T R Aa FLEN R K F- Fa:
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A(C,,,H2,7L+ 2 *IlCl”)

Aa = — (1)
2o i)
Fa = Ai (2)
cs
() HEAESE S E SCCPs. MCCPs. LCCPs bRifEIA W SL & &8 D
A(C,H,, .,..ClL)xD
D = Em.n ( 2m +2 - ) (3)
Aa x A(PikR)
(3) AT AR RSN N N T Fa 552G &8 D' ARk 7 -
Fa=aD + b (4)

(DOITERSPOEE R, RANMIEGRE, SRS CPs R B 7, FES CPs i T X
5

Aa XV

€= Fa xXm (5)

o Aahy CPs I EAHRIETI AR ; AR CH,, , ClL. VARSI Fa kg K 7, B4 A mLong";
¢ JIPRUERTRIN B RIKIE , 100 ng/mL; D9 C,H,,.., CL IS T Dl CPsISEIG & i s o b5Y
A e N PR F- Fa 5 50 G008 & D'V RPERNA T RESE o bR i CPs YR s VR AR,
I mL; m R HIERRFER:, 1.00 g,

AW H Xcalibur AR E S Bt , 8 Trace Finder RS2 ST AL, i H Microsoft Excel
2016 Fl Origin 2022 F A FREEFIVE & 437

2 GRS

2.1 ®BiEHRERF Poroshell 120 EC-C, 77 Hypersil GOLD VANQUISH C,
C f0, 1 A DA ] 5 A ) 2 SRR B0, A 70 B i " vy

Pl HEEAT, EERREUKY FUS R S C il 2z

PR/ R K, BK(RERE SR, W5 S o

TSI, RS TR, — § | P |

FGEIF A CP AT E AR A, B T 4 || .

I - HERE SR A 50 ng SCCPs, MCCPs FI LCCPs FRifEi 7, 7 7

i, ARG Poroshell 120 EC=C,(100 muo2. Lmm, ] || //;;/// Z?;

2.7 wm, I Agilent 24 7)) Fl Hypersil GOLD VANQUISH . 7 % 2

C, (100 mmx2.1 mm, 1.9 pm, 3E Thermo Fisher SCCPs MCCPs LCCPs

Scientific 23 7)) XF H bR4y i) 0 N AE , 25 R UL 1. ff Bl 1 PR RS i CPs B 7
Poroshell 120 EC—C, {1 FERT, SCCPs. MCCPs I LCCPs &1 Responsesof o “il“f’“?f““g”phi“ columns to
B 7 43 530 A7 5. 28x10°, 8. 19x10°F1 2. 33x10°, Hypersil o
GOLD VANQUISH C a5t H ARy B2 BS990 5. 32x10%, 9. 14x10°F1 2. 67x10°, C,faifFE
B S TR A A, (H WA ZE A G, X T RE R BT CRERY B /K PR B B8 455 08 B bRy s
HORSPREILR I S SEUE S . N AR R 0 C S H AR K DO EE B
5, BEEE ISy AR SR ROk EE K B CPs R R Wy, (8 AR 0 HAsE , W R MR & AR MY
BT, Kk, AWFFTESE Hypersil GOLD VANQUISH C. i At 74047 o
2.2 HIEGEKK

AW B ARG AN ZS . I ERARTOREL, PRI IIbR A 50 ng B 32FR L3R & B AR
P2 Il U R A AE A bR i MR 22 (RSD) , 48 B Ab B U7 VL ) AR BUS R e . AL SLI ik 8 34 F17
FEdh
2.2.1 EEFIMERE CPsAREKESASEESRNIREY, Ho P& JERrE ) sib a2
W) C—CLEE, R BARMEFIAERR AR, AR P SRl GUR 73 Imi g o, JeRREE . IREULIY CPs
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G5B 5 S JENIR S S RURHYE JEUML R X 3¢ ———
RO . TSR E NS %IE, B AR o e
FIATE CL RIS B ™ TE LA A i b e

A, R CPs HybERe BRI ISR, BERABIRITAILS o ™)

MRSy . XL AIRRE S b CPsATRE BT RO R = § 77
SURBERORAER, REEIHRERE LAy, OF =T ]
AHARRESI T 5 CPs RO E . KB, BRI | )

TIECHK., “EPRAECE DR HE/E bt 7 )
(15 3)3 FRUERIRSSERR L HERE Bl CPs IO BERGLR , 25 % /% %
SEULEE 2. LLIE OB 3R, SCCPs R LCCPs Y o]
W 4351 88. 0% F1 101%, RSD 4351k 12% 1 18%, {H B2 AIIZEIRGR CPs LIS 1 0

Fig. 2 Effects of different extraction solvents on the

MCCPs [ RSD 4191. 2%, FHHIE O 4kt MCCPs i 2K HUR extraction efficiency of CPs
EMRAL, WEEEH T IEC el tkissy, 2KBUER 55 Solvent 1: n-hexane; Solvent 2: dichloromethane/n-hexane
MCCPs 412 5 % 7] 3 B ST 0 30 L 0 s/ i (1:1); Solvent 3: dichloromethane/n-hexane(1 : 3)
CbE (1 1) REEEFIS, CPs i IR Hy 117%~245%,
RSD 3 319%~78%, $REUESE e HFRE EEE 2% . v REA: CPs 44358 % HUW ZEBUS UK, iz iR A7
B TR EAE R, 6 B AR A BOSER s sy, HI S AB0E T4, B RSD s ; L& EeEdD
Fe(1 2 3) MABGRIES, SCCPs., MCCPs HI LCCPs B[R 43751 41 76. 9%, 89. 6% F192. 1%, ABUMIRE:
5, RSD 43k 14%. 22%F15. 9%, 5 HAMPIFRE A L fe e o . IR A E IR, BEREFR
FEREU | RS CPs, XREA BB A B L AEH, AT s/ TP 5 454 S5 1R i 3 0wl
P, R, APRTEE AR bR (1 0 3)IRATEFIVE AT
2.2.2 EEFUERMN e E FBGAR ARSI b, 38T 2 WK AT AS [ A EL
FIE X B AR A BRI e . 25 R o, RRBGIHARIR 5 mLIs, SCCPs. MCCPs #l LCCPs i1 ]1]
W54 91. 2%, 83. 9% F1194. 7%, RSD 435141 38%. 14% 1 18%, ik FRaEME R ABUOIAR
710 mLEF, SCCPs, MCCPs Fl LCCPs i W22 5351 41 102% . 117%F187. 1%, RSD 43514 6. 6%. 8. 9%
f4.3%, 55 mLAHM, BUCETHE HERE MR RBGIHARY 15 mLI, SCCPs. MCCPs#I LCCPs
RS 30k 77. 7%, 114%F1101%, RSD 43904 1%, 51%F18. 8%, 1% 5% T SCCPs FI MCCPs [1]1]
W B A T RS, HX MCCPs ZXHUT) [l i R A 2248 K o X PTRE A T AABGRIMR AR K, W4 a3
H bRy o 5 N & s iR iR 224k, SEME i AR PUSCR AR M . B, AEBGAAF A 10 mL B
RBUS e 4 ARt iy, PIASIG0 S B A BGIAR A 10 mL,
2.2.3 FERURKMMA WFEEIL, H5 mLH10 mLIEFIZEE 2 K H AR i R34 AT 80%, HE—
W54 T A5 mLA10 mL 50050 0 BEAT 3 IR AR HUN ) A BUSCR . 25 R W, 5 mLE R A HL 3 KN SC-
CPs. MCCPs I LCCPs Bl 43 5024 108% . 111%F193. 0%, RSDZ344149% . 40%F16. 0%, HEEH2
IKINFAHLL , SCCPs A1 MCCPs (Y W28 3 vy, (H B MRS E PR FE . 10 mL ¥ FIAEH 3 IR, SCCPs,
MCCPs Fl LCCPs (4 [l USCZR 4> 9ok 111% . 41. 1% F1110%, RSD 435141 48%. 4. 0% Fl 15%, 5 HEHL2 ki
AHEG, SCCPs FI LCCPs B e R A T FF, {H SCCPs 25K ; 1 MCCPs By IR B i PR, wJRER
RS PR B IR 2 H bR s . IR, ARBFTiEH 10 mL B be/IEC ke (1. 3)IRA TN
CPs BFIT2 IR AEHL . b 254 T 6 R CPs R R W PR BGE T (i I 1K 3
2.3 ZMSEESHKHR

ARG T SCCPs. MCCPs . LCCPs 4 3 57 R () 5 SIS0 8 & (o) Z B 2k [ VA 7 e, 4%
HEHH SCCPs I MCCPs £E 10~5 000 ng*mL™", LCCPs 7F 10~1 000 ng*mL'JEBI N &E R R B IF, HX R
H(A)¥IRT0.98, LL7 A ni b B 1728 1B T A5 0 CPs iR EERY) 3 f5hnif i 2%, 115 SCCPs .
MCCPs. LCCPs BYJ7VER R (MDL) 4354 18.9., 19.7, 2.06 ng g™ HERVERE . HHE REAK B
BRI 2 s .
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Fig. 3 Extracted ion chromatograms of six representative CP homologues
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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

FRECL. 00 g S2hp 3R S T B R 250 1, SCCPs. MCCPs 4» BIMAE(30 ng) . H1(500 ng) . &
(5 000 ng) 3 N JERIFRIEZ T K2 50 ng bR, LCCPs 23 HIMIAE(10 ng) . H1(100 ng) . &5 (1 000 ng)3 4
W B PRUEVS T I 50 ng bR, BB B 34 FATHEN, 203l SCCPs, MCCPs Fll LCCPs )
SER R FIRSD ., IR 3FTR, 3 MIBRHEE T CPs B It 51 4 75. 6%~116% . 80. 5%~99. 3%
F193. 1%~109%, RSD %3542, 2%~9. 3%, 3. 6%~6. 5% Fl 1. 8%~4. 6%, FEHiZ% 7 EEREMSIN /& CPs E &4
Fri k.

HE— 2 Pl AR 5 BT g i AL B 7 7 A B OV (ME) , THREAR A FRT/R : ME=(B,-B,)/Ax100%.
K, AHLEE R CPs Y BAETE Y ; B b hibs L3 CPs (1m0 B, oh2s B HHEFE S CPs
H N BT . ME<100%, A3 miim; ME>100%, FmAiLfitbss; ME=100%, #mRJeHBk
.o ME<50% B%>150% B} B iV H 5 50%<ME<80% B 120%<ME<150% i} A H S5 5L Ve Hl ;. 80%<ME
<120% B R ag R VE ™ . I3 R, 38 CPs BOFE RN K 73. 8%~144%, K ER%y CPs [\ 2 Wi
JE 100%<ME<120%, FHHLETESGIE MmN, DEARGE AL SCCPs Fll MCCPs [F] R i /& 80%<ME<
100%, FHHAATESS SERTIMHIROY, . ol R T 2L b AL i sty v A4 IR 28 1 220 Cps 8] R
5, RI MG RN ; DB SCCPs I MCCPs B 5032 BB e R 25 | Al 4R 0 255 5 v v B 1 52 )
MRB M S5 FE AR > . AN RN 5 L ) E s iR 25, ANWF70 R NARE € 2, AL PR %
FARR A & BV R LU i AR B FR e e, WD SR ARG B, MR SK R AR R 5 IRl itk —
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WAL @GS, M RAE ey . BEARE MY C, (il ke, i CPs 5T LRSS, AR IR
HLETES

3 dIEH CPs BYMIBRIISCR FIEE BN (n=3)
Table 3 Spiked recoveries and matrix effect(ME) of CPs in soil (n=3)
Spiked 30 ng Spiked 500 ng Spiked 5 000 ng

Analyte Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% MEZ%

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 1 000 ng

2.5 FHiERH

PP 7 vE T LIRS CPs 40T, 45 2R UK 4, SCCPs. MCCPs Hll LCCPs 34 100% £t , Y
CPs TEWFIE X I -3 h R AR e, K40 ) A 48. 5~2 490 ng- o ' (M 47682 ng g ') . 82.3~4 090 ng- ¢
(¥J{E M1 560 ng- g ) A1 10. 7~809 ng- o' (FIME K 242 ng- o), HOLE ST 4 153, 595, 59.2ng g i%
S SR I0 i T O R A 0 ART H DX RN A AR b X = 3 ) SCCPs D, W v TR ] e HH b - 3
SCCPs FIMCCPs it ™, JERIFE T X e X £ AR Tolk A X sk, /b CPs HEBCUE, i AR 72 IX dsk A 1
AAE BN, CPs iAo (HAETE 45 R AIR T AR B DS . &5 P X2 v B 3 A 52 0 1)
e CPs YR, UART CPs AR 7= KRS, WTRER R A aX Ui X A7 7 5 5 B CPs 2B PR el s i
BTG YLIR, Bl b CPs IR K4 . EAh, SCCPs. MCCPs fil LCCPs 785 CPs W) o5 HL 70 51
27.5%. 62.7%FN9.80%, MCCPs¥EE Y b, X H5UTFERZ W CPs MHRR AR —30, il N T
AP AEFE T MCCPs B 8%, WE—25 500

F4 IS CPs BRI (ng - g™)
Table 4  Analytical results of CPs in soil samples(ng-g™")

Analyte 1 2 3 4 5 6 7 8 9 10 11 12 CPs ik /%
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  38.6 809 244 718 475 620 59.4  10.7 59.2  15.5 9.80
+ A
3 .2_|:| TE

ARG PeA TGN T PR A W RO £ i - 5 B P B i 43 WS A 3 CPs 1Y
Fik, A )E AT A S PR R T E , ARk s A, R TR EmR e R R 1, kRS
UHPLC 9 25 0 128 BE A HRMS HORS B s 30 2, T % 338 rp CPs [/] Ryt A7 v iy e e E 20 1% 0718
LHEXRRUF, RHBR . FICR & RSD ¥if 2 B iaoR, & T Sehn B3SO Ar, v et
BEEL T CPs ARG 55 XURS: DA SR A1 T 208 45
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