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Abstract ; Based on the validation of spiked soils recovery and optimization of analytical parameters,
a gas chromatography mass spectrometry ( GC-MS) equipped with a HP-5MS column and selective

ion monitoring (SIM) mode was developed for the determination of PAEs in soils. Differentiation of

2018 4F 1 A 17 HYHH ( Received ; January 17,2018).

# [E S &5 T (2016 YFD0800204 ) , [ 5 H 4R Fk 564 (21377138) |, E Rl Be g 5t HE0F 5 BT« — = 207 1R R A5Usk iy v
it 5 (1SSASIP 1618 ) 1 IRl e wir vy k2 = S A58 33l (QYZDJ-SSW-DQCO35 ) 5 ).
Supported by National Key Research and Development Program of China(2016YFD0800204 ) , National Natural Science Foundation of China
(21377138) , Frontier Project of Knowledge Innovation Engineering Field and “135” plans of CAS(ISSASIP1618) and Key Research Program
of Frontier Sciences, CAS( QYZDJ-SSW-DQC035).

x x WINBER A Tel :025-86881193, E-mail :cggu@ issas.ac.cn

Corresponding author, 025-86881193, E-mail :cggu@ issas.ac.cn



1144 XS5 b AR TR I A L O B 0 S SO RO R 2453

gas chromatographic retention of PAEs was revealed at the same time. By combiming the quantum
Hartree-Fock calculations of the major electronic structures and thermodynamic properties of PAEs,
a quantitative structure-property relationship ( QSPR) of chromatographic retention of PAEs was
successfully developed by partial least squares ( PLS) analysis. The results showed that the average
recoveries of the PAEs in soils were in the range of 70.64% to 119.80% with relative standard
deviations of 0.23% to 16.45% , which indicated high applicability to the determination of the PAEs
in different soils. The cumulative interpretation variance of QSPR for chromatographic retention
differentiation was up to 0.968, and the correlation coefficients given by cumulative cross-validation
and external prediction were 0.941 and 0.854, respectively. The optimized QSPR was shown to be
highly robust and predictive, which could meet the requirements of accurate prediction and
qualitative identification of unknown chromatographic retention of PAEs. Furthermore, the analysis of
QSPR indicated that the polarizability of PAEs and the latent dispersion interaction with the
molecules of weakly polar stationary phase were the important structural factors, which were believed
to dominate the differentiation and variation of gas chromatographic retention. The stronger the
thermodynamic stability of PAEs, the slower the thermal motion, the more likely itis that PAEs are
adsorbed on the surface of the chromatographic stationary phase by dispersion rather than chemical
action, and the chromatographic retention times of PAEs are further extended.

Keywords ; plasticizer, soil, chromatographic retention time, partial’least square, quantitative

structure-property relationship.

A8 2K — H RS ( phthalate acid esters, PAEs) X 24 BKERER , f&—F ] 32 N T EEHINT. &M aE2E L &
Al A 7 AT SR AL S N PE AR NG i T PAEs 538013 1l A 2L b 45 & W D) 18 T HIURS ik
5 RS PREE 5 Y Bl KA P2 A PAEs ©OAC 138 AR KRR A gURE Y S L2 30
B B T K A HLTS e R BT s, AN A PAEs X sl AR 8 P4 43 0 2R B8 0 HOR TEPEAS
TR A58 R G RE 7= A THssons | B 28 55 i edAs, HLELA 808 E0m B0 As g SRl =80 dR kAR .
T AR AR S 2 5\ R fa i XU, 6 15 B XA R (EPA) K488 — H iz —H g (DMP ) | &F K —
HIR — MR (DEP) AP —HR = T HR(DBP) (4828 —HIR T3 RILAE (BBP) (48R —HIR —(2-23%)
C.ik ( DEHP) FI4B%E — HIiR —1E =R (DNOP) 25 6 Fh PAEs 51 g f Jeizdil i #: 75 g™ | v [ ok
DMP DBP #l DNOP. % 3.#h PAEs #i5E RS et thilis gty .

T PAEs 15 IR BB L VR 2%, HIRERIRZ 18] 5 F 7= R0, #5 AR—Fh b 7 i #%
SELL 4 T 38 784S [ PAEs FEFREE 135 e 23 A0 A AE FE B 64047 . R Ut , % J BBV BRB% ) i v PAES
14 7 P S A AT A i, ) O T 48 7R R BE A7 T 285 5 40 LA R DR XU DA 5 7 B ) Sty
Blaf ) 5 2 — . F T BT R R RS AR 5 b 9 PAEs, IF 58 % B & B IR T 280 00l 07 vk, £ 84
RN POk S ATE %k (GC) MR SR M 1% 7k (HPLC) L R-Fi (GC-MS) /-
(LC-MS) B FHE AR DT 1545 B AR I -3 PAEs 15 A5 |32 T5 Yk, 15 ek B 248 mg-ke ' 1Y
T AR R R I A v S AL TR R A A A AR T Bk - 4 Y PAESs AT HEEUAMT. R IR 1R
ZEVOURHT GC-MS X L3 15 FBEERER AL S HEA T I 2 30T, 25 SRR I 1T IR 1S R R AR IS 4 S
B0, TR [ SRR IR 8 B A58, A s BRARAI , 45 T (0 VAR, e T AR D i o B RIOR 5 22 I
HE KBRS S LA L2 T, GC-MS Jr ik B A —E M3 (B2 A i i B ), HL A0 B 5, L
A0 2 = PR B 0 3 RE i 2 80 PAEs (94347 I , T R JC 7k 4 3R v i e 1. 8 k465 A - B RE G G 2R
(QSPR) W5 Iy TN —Fh A S T HEEALER AR T 2L ARSE O A 1L 5 9 45 0 R S 56 8500 , 1000 4k 75 9 1y
[, U AME A DI IRBEA TR A A ek | T BB S50 DA AR S 6 9% T, ©L 12 T IR T G KU
TN S ST TAE R TR A LB AR 25 25 B8, B = 5 flESr TR DL AR 25 452
IR Y QSPR MEAY  FE 43 BT 5 1) H A 3 PR BE AT A R RIS, s 00 T AS R) 7 AILB A 24 1) (i 1t B8
(. IR SRR A oy A #E ST T 2 EUECOR (PCBs) M 2 IR XK ik ( PBDEs ) (435 R B 17 M 1Y
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QSPR A HA 5 i W F0I M B8 OC T PAEs W40 BT ik WF 9 & A 1 2 4E , SR 1T B X454 4 5 1Y
PAEs, 7E GC-MS Zr I () B hli_I AT 3¢ PAEs (A% OR B2 A 8500C R A5, 0000 A J60 €00 15 A3 182 64/ e
WAT Ay, DR (2 1 P B (L0 S OV IAIL A, 3 oK DA AR L T 5 4108 . ol T 5 Y (0 1 A e 5 LA SOAS [)
AR B THE S S RO GC-MS Z3 A7 EE BERE Tt JE A [RI PR B A0 o, 40 L3 b PAEs 7359
U FIRER S R e 5 e P BCH I IR B AT N AL AR A A DA W] L3 b PAEs B A%
AR 3 M oK AEAL IR SE T AHIE B GC-MS J3 A7 75 12 Ak s (3 Ok B A7 0. I GEAN ) L SR 2 v PAES
R ECS GC-MS 73 #r, 45 5 5 4 M- TR RAH 5 5C 22 (QSPR) 57, PAEs (it f B AR RI TN £E R J7 1%
AMEA BT PAEs (@G0 AT 05 00 SRk B IR 254 LASR 5 L35 PAESs Z0 4 J7 5 9
RUZ S0P I T LSRG 5 e i1 88 W RN/ i WS4 0 ORI S S A B M4

AICLL PAEs JgBEFERT G 3 i i 50 A U ( ASE ) SRR [ AR A5 HUH: (SPE ) 0L S5 Ak B, 76
Xof LAY A FEEAT bR IS g ik i B B AL T T 3E T 5 PAEs B GC-MS & 23 A7 5 i, #87
T A PAEs 7£ GC @ ikh: (1) iS4 B 7 SEARPE MR — S5 5675 52 T PAEs (it fE, b 45 & 2 7
2% Hartree-Fock (HF ) 115 /%) PAEs JUWZ5H A T004L, 7158 T 5 PAEs (Ui AR 8 17 RV 2E AR OC 1)
SERIIAT, it/ N — 30 HT (PLS) ik & B T PAEs (o {5 B IR a] ( RT) 5 H45 A8 IR =22 18] i A 56 56
F R T PAEs (U5 R B E 5 SR HIBLE], NI A BRI PAESs (97315 % e S B4R .

1 #ES 5 ( Materials and methods)

1.1 X 5]

Agilent7890GC-5975MSD ( & E L4, ] ) (B H CTC HBhIERESR ) 5 s i 750 2 BUL ASE200 ( 52
FEH B A FRA F]) s R210/R215 BJighs 2% & 2% (it BuchinA ] ) ;

SEESAHTTHE 16 B PAEs IRFRLHE . A8 — iR HUER (DMP) (SRR —H iR —ZFi(DEP) 4B
HIPR — 5 Tl (DIBP) AP —HIR — T g ( DBP ) (KRR — IR — (2-H %) L (DMEP ) 4B2R —HI iR
T(4-H L2 3E ) BE (BMPP) AB%E T H R (2L %A k) LT (DEEP) (4B T H iR L BE (DPP) (4B
KW O R (DHXP) AR IR JUE NEERR (BBP) (AR R — (2-T %0k ) LMK (DBEP) (4B
“ R I CHE(DCHP) SRR (2-&44%) C g (DEHP) (BRI —KE (DPHP) 4P — WK
TIE¥RR(DNOP) (ABOR IR T lE (DNP) , 14 | 35 [El Chem Service /A 7] ;4 Flt PAEs Hif . 458 —H
2 5t AR (DIPRP) AR2% —HIRR P (DPRP) (&R — I —1F BEMiE ( DHP) | 4% — WY iR — "N i
(DBZP) , W4 F £& [ Dr. Ehrenstorfer /23 il ; 52565 A AL 7 E O ke . S H e (s al ) 14 [ 78 = 2R v
5 IR (234l ) W 25 [ Tedia 237 23 (41 =99.999% ) 3 52560 FH /K 2585 F /K ; TC/K B R 4 | ik
JBE (100—200"H ) Ay43 tr 2, W B [ 245 48 A AR A R ) 5 35 20 B+ (60—100 H ) (i l) g |
I KA BR W) fEE T (A= al) W 17 R B WAL 22 B B L rh JooK B R e akJie | o
% R A AL T AT E D g th R (5400 CH)HEE /D 6 h LB T4, 366 A T gsh
#H.

1.2 HILER 3BT

PAEs 1) GC-MS 437 77 12 7 38 i i [ SE 50 64 7 30 E. 3 0 R FH B A B N2 i 2 ¢ At
T35 3 g fEBE L PESIE S I AR B R HERE B, AR PR YK B B — PAEs 5 YUk R
0.20 mg-kg ™' HE A ASE B FEIR AR 1Y LT &5 — 2 A 50 B I I FE UG A ASE 5 i
AT R T o 5 790 A8 U2 . AR BRI 700 S W TS B (11, Ve V) $REURFE 100 °C, J2EUE S
103.4 MPa( 1500 psi) , TH# 1 min, JIE 5 min, EEASEFE] 5 min, iFERFL 60% , AR E] 60 s, #AE
W2 k.

PR MR 26 R W4 2 1 mL J5 14 SPE #1414k, SPE H:rhi F & FARKIEA 0.5 g TTAKBERHN 1 g
RERE 0.5 g BB AL L 1 g TOKBREREN, 52, AT 5 mL IECREldBE , mAVRAE AL S, 1T 15 mL
IECKE-NER(4:1,V V) IRA WS 3 YKL, A DR RO 48 2 2 mL, € S5 BEFEIR D, T
4 CUKFETRAERFI.
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L3 A

HEH L RE Sy HP-SMS (5% %3 1 3L BB U B A7 38 B 40P R, 30 mx0.25 mmx0.25 pm) . 4
AR E AR R TR 250 °C s FHEFRF  WIERAEIE 50 °C, F844F 1 min, L) 30 C-min™' 7+ 2 200 C
PRAF 1 min, FFLA 8 “Comin™ JH 2 280 °C, Fi4F 3 min, J5 MR Jy 285 C. 8P : 1 mL-min™" 5 HEFE T
3 R R SRR HERERE (1 .

B GC 5 MS (955 TRy 300 °C BI85 TR 300 < POBRFFIEE % 180 C. Yy Iy
2 PR TR (SIM) AL B AR .70 oV FAAIER -5 min,
L4 R R SR

T RRE RE R 502 IO 5o 53 4R TR R I PR, 5 2SR 150 AR
Al IR TL% HF HRTIE 76 6-316(d ) BEAUKP 1A PAES 4800 B il St 45
FORAL , 2T AR 4007 AT AL M JE AT 5 B HH T Gaussian 03U1°) B4 52 L, 5 1K SIORS e
R IR A 52 1. 76 R ) PAES DA G R Ft ECR RO BERL 1, 6% A AR /NS MR8 5 6
DR R AEAIOG RO SEH I 1, = B R LT S8 73U (V,0.001 L/ Bohr 45 H 85 12 i i T 62 [
()23 A]) 5 LTV SHL . A TR (@) SO (o o, o, ) TR BEDR (E o~ Erono ) 3 A1
HETRS B0 50 FIIECE,) EAEE(CL) W CH) (3 A0 ) AECO) LAJAR (5)5F I 1 B

£ 1 PAEs TEHRTHFESH

Table 1 Major electronic properties of some PAEs

PAE 4 a Oy Qyy a,, Exomo Eromo kr Cy H G S

DMP  137.955  113.145  151.899 122599  64.936  -0.260  -0.054 125288  47.864 -687.810 -687.865  116.968
DEP 168765  141.860  182.822  137.557 105202  -0.269 ~=0.061 . 162.149 57771 -766.272 -766.334  131.963
DIPRP 200419  165.232 203266  166.690 125741  -0.267 <0.059 198.621  69.025 -844.841 -844.908 142754
DPRP 212,653 165928 213334  150.523  133.926  -0.268 -0.061  199.578  67.521 -844.832 -844.900  146.986
DIBP 193732  188.354  233.869 165284  165.909.-0.269 < ~0.061  236.233  78.440 -923.395 -923.470  160.446
DBP  232.654  189.769  240.757  160.924  167.625  -0268  -0.061  236.914  77.256 -923.391 -923.467 162587
DMEP  222.672  173.688  223.851 145324  [51.888 =0270  -0.065 206.777  73.798  -995.196 =-995.271 161.458
BMPP 281227 235477  289.342 221726 195362 . -0.265  -0.057 310231  99.257 -1080.510 -1080.596  182.497
DEEP  268.639  198.692 255279  167.290  173.508  -0.268  -0.064  243.923  83.729 -1073.767 -1073.850  176.475
DPP 290484  213.945  271.567 - 180.980.189.288  -0.268  -0.061 274168  87.078 -1001.951 -1002.035  178.631
DHXP  340.037  237.931 / 297.540 » 201.263  214.991  -0.267  -0.060  311.632  96.681 -1080.511 -1080.600  189.025
BBP 248934 215714 203785 2597584 183773  -0.252  -0.063 234672  80.793 -1036.475 -1036.553  167.416
DBEP 364251  246.670 © 313.062 7209.450  217.499  -0.267  -0.064 318710  103.202 -1230.886 -1230.983  207.393
DCHP  240.059 227.707 . 240.651  276.273  166.198  -0.263  -0.060  284.227 85612 -1078.143 -1078.218  159.167
DHP  345.821 262103 328.958  223.449  233.902  -0.267  -0.060  349.006  106.389 -1159.070 -1159.166  203.473
DEHP 332972  283.426 352451 264529 233297  -0.264  -0.054 385552  117.920 -1237.630 -1237.733  219.044
DPHP  230.892 222976  283.863 274469 110597  -0.254  -0.070 194280  75.048 -1070.994 -1071.067  154.339
DNOP  379.825 274777  350.946  282.641 190743  -0.253  -0.047 387430  116.006 -1237.833 -1237.938  222.322
DBZP 204530  237.853 314923 177214 221421  -0255  -0.067  232.403 84312 -1149.558 -1149.643 182312
DNP 318793 310467 388.323 268325 274753  -0.267  -0.060  423.704  125.838 ~-1316.190 -1316.300  232.646
VAR em* mol ™!, o J AT A AE B Bohr® (1 Bohr®=1.65%107* €2 m® ") , Ex 4 cal - mol ™", €y cal - mol ™K™', Eyyonio~ Eromo  H. G S A Hartree

(1 Hartree=627.51 keal -mol ")

R RE PAEs (3% O B f (8] RT 5 H 450 B 7 Z 8] B9 A5G 5C &, B SIMCA-P 48 1 8 4F ( Demo
Version 11.0, Umetrics AB) """ Ff A i /N 3/ 4347 5 1255k 2 ST QSPR . PLS Zr tr e A 5 (A)
3% — BR3¢ URAIE (LOO) T LAB A 1 ASEAY (e ke vy T B B 32 1 43T LA A R 1) PR 725 o i 2 Ry
KR, ) BRI (SE) FU BT (P) HET A P BB SURERE R (7, ) ki
A FEE 25 Q7,, >0.5 B, IAA AR I AR R AT Rl ELAT S 4 (i e M R P U R ) S ik n=t (1)
B,



2456 B2 5% 1k 2 37 %

G =1 - TICESD) (a=1,2, 08 (1)

AP PRESS = 3 % (3~ 707 85= 2 % (3 = ) sm Al n ABIMHIAOCR AR R

Wt m=1) 5 PAEs SAROIE R B E RT HEADEL v, |y, Al 3y, 2000030R PAEs A (3501 B (H RT
SEHA | PRI N 295 - AR AR, AN e 58 SRR R AR A (4 R 1 5 A AR TR0 BB ) 18 N FE 4,
T BTN 56 RS TR LG SO SR S AL Y SRR T IR 4 S S 4, 80% (1A AR 1 Sk YNl 4 42
(training set) ,20% PIEEARVE R IR EE (test set) 202 Ve R AR RE LA+ 7 BR Y InEE 2 BiR ; LR
PRI OC 2Ly RN GE (4 U (ELAR v 158 22 (SEP ) FHRATAR AR AL S0 58 00 A 1 1) AR PAESs
ik 2GR 5T 2 O A 35 OR BR A7 A 4 S ik R BE T O M i B2 ) T R TUAR A A A L, Tl el L A
PAEs Z5HPE BT S 8080 B AR 7 VIP (B (VIP J2 378 5 X S0 P (VIN) 76 T 47 4 B2 1 iR
VIP = (VIN)} ), B8 = FAH @RS R o0 SR RE ) i B4 M (5 .Y At R & e v i

0 2 LA R/ VIP (%5 P 280 BT SR A6 3 2 AN VTP LUt P 2 0 T 26
FOPE R 280 B LU R ) 1 QR DI PAES SO (3015 B 1045 K M AT 5 3G 2 JB 5 M 6
R 820 53 5 1 56 A STl

2 ZEHL 59598 (Results and discussion)

2.1 +3Eh PAEs B IEGEE 8T

PAEs Ff 5 GE 4307 K F AN 047 78 2 AR IR BF S5 HRAE I GC-MS 43471 2518, 20 Ff PAEs IR A b5
HE RSN IRERE ST, AT ) o388 e 8] 1 o 20 FR4R2R ZHIERHR SIM BiU S s i EL 8 1 & e
Y PAEs AKESSE /N> T DMP,RT N 6.333 min; MIEZZ T, &000 I (%) PAEs MK FREE KT
DNP,RT 2 18.784 min.iX 5 PAEs 73 #& AR (T Ui 801 A0 A1 5 AH 22 ] 7 43 e 2R 80 K DL RO &2 Bt/
FRI, AR FNAE R A A B A G U T AR PAEs 7015 HP-5MS 55485 14 [5] 52 AH 4 ik HY 5k B8 ik 480t
Sy TR A EAER.
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Fig.1 Total ion chromatogram of phthalate acid esters in SIM mode
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TREEEE 9 PAEs 43T H FRFIRR AL 2R &/, 1 DMP 43 F (A BRI Ak 22 43 I H47137.955 em®mol ™'
113.145 Bohr'( W3 1) , FBAILAE [ E AH /TNt 37 T 0950 T AR TR 5/, Ik o B AR - I B (PR A k€20 1
VEFHARGT LSS | /N 5 W R 11 2 AH 3 THT , €35 0P 2R B30 /0N, AT 850l oo 3 O P (A IK. B %5 PAESs P
R o FARBVE I, 4 DNP 43 PR BLURI AR AL #5351 35 318.793 cm’™ mol ™' 1 310.467 Bohr’ (WL 1),
PAEs 7€ [& 2 M50 ANl L 5~ 1950 T2 AR I, mOfE FAF G 14 5 | S 35CHC 7 131 7 4 2 1 108 W2 B A
FHA TS 73 B R BUE K, il Ok B B & B T o0 TR BUR S5 0053 HEF 8 LA R0 o 1O 2 7O
RE R AHOCHY , R FARFRE R AL A9, s K800 (R34 0 2l ) oo b 0 T #E WG, (K e st PAEs A
R B o3 TR BT 5y 5 55 1 1 5 A 43 & AR B KA AT 4 73 €633 43 . 2R B5ORN 48 B B[] A 0 1 AR
y XTAREEM T x DA LR 1T, 15t 2ok [0 9 5 R AR OC 2R 4%, LA 3 A5 4 M LU 313 A6 HE R (oD )
i PRTE 0.48—8.57 g« L™ Z 0], AR R %0>0.998, W4 2 FiR , REHZ AL 5 F T 19 GC-MS 2 7 ik
A DL R 8 R R PAESs B E TR

R2 PAEs WRHMERE T Ltk 2 AHSCRE A IR | (3 Of B S200 8, T (B Ak 22
Table 2 Characteristic ions, regression equations, correlation coefficients, detection limits, observed and predicted values and
residuals about gas chromatographic retention of phthalate acid esters

14 B4 BtE] Retention time/min

oy NEST KL poeREC - BHIR e m ,
Compound Cbaraclensnc Regres.smn Corre'la'non Detection }:mlt/ Obedved Predicted ﬁ}g%
ion(m/z) equation coefficient (pg-L7H) valites values Residuals
DMP 163,77,194  y=5.42x10%x-3.29x10° 0.9995 3.85 6.333 5.081 1.252
DEP 149,177,121 y=5.47x10%x—4.22x10° 0.9994 1.27 7.062 7.127 -0.065
DIPRP * 149,209,191  y=6.98x10%x—8.24x10° 0.9994 0.87 7.450 8.421 -0.971
DPRP 149,209,191  y=7.19%x10%x—6.28x10° 0.9994 0.89 8.240 8.668 -0.428
DIBP 149,223,167  y=8.39x10%x—3.47x10° 0.9994 0.88 8.952 9.893 -0.941
DBP 149,223,205  y=9.42x10°x-9.83x10° 09993 0.48 9.741 10.187 -0.446
DMEP 149,207,104  y=0.63x10%x—1.69x10> 0.9991 6.67 10.080 9.870 0.210
BMPP * 149,167,219  y=2.45x10%x—4.19x10° 0.9995 4.29 10.824 12.715 -1.891
DEEP 45,73,149  y=1.17x102x-3/15x10° 0.9990 0.70 11.122 11.498 -0.376
DPP 149,237,219 y=9.95x10%x~1.96x10* 0.9992 1.01 11.462 11.734 -0.272
DHXP 149,251,104  y=9.30%10%x—2.43x10* 0.9990 1.43 13.277 13.284 -0.007
BBP 149,91,206  y=6.66x10%%=2.94x10* 0.9984 2.68 13.390 13.604 -0.214
DBEP * 85,149,101 . [y=2:43x10%x~9.86x10° 0.9983 6.17 14.507 14.569 -0.062
DCHP 149,167,249  5=8.14%10%x-3.02x10* 0.9989 0.99 15.004 13.928 1.076
DHP 149,57,265 . y=831x102x—2.89x10* 0.9988 1.35 15.092 14.844 0.248
DEHP 149,167,279  y=7.55x10?x-2.10x10* 0.9990 2.58 15.170 15.875 -0.705
DPHP 225,77,104 4=8.88x10%x-2.71x10* 0.9989 1.95 15.266 16.024 -0.758
DNOP * 149,167,279 y=9.51x10*x~3.08x10* 0.9987 4.35 16.843 15.126 1.717
DBZP 91,107,149  y=6.07x10%x—4.16x10* 0.9988 3.19 17.183 16.578 0.605
DNP 57,71,149  y=9.63x10%x-2.94x10* 0.9999 8.57 18.784 17.962 0.822

Xof - SERE Sl bR B AT R 0 BT, 5 SR A0 2 FEaR.3 Bl b gE R 20 Ff KR R Y S 24 [0SR 7R
70.64%—119.80% 35 FEl N , AHRIHRAE 22 4 0.23%—16.45% . Hoh Bk 77.59%—112.85% , B+ rh
4 70.64%—109.21% , 2134 Hy 85.62%—119.80% , HLANIF] 43 22 8] () [BISCR 4 07 22 50 By 6 W, TC . 3
PEZESR (P>0.05)  FH AT L 3205 3 PG &7, BEAE G /2 13 PAEs 120 Al o 220K
2.2 AR RS RHE

it PLS 4081 & JE T — R4 PAEs SAHEIEM B 1) QSPRs, 45/ PE B S50 VIP LR RS BRI
BRI LS, KB PAEs 70 FARALR o FIY 231t o LIRS A RS E, (C, .G FH 5 @55 R
FAELEAT 03 AR OCHE T R SR A BOC R B B e R R,y P Q2 , B0 T HABAS A JE
T PLS 2345t 0 AR IE AR o [0 9 22 B50FN H 4k, wT LAAS- 2] QSPR anXi(2).
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Fig.2 Recovery of three soils spiked with PAEs
RT=3.321+1.528a+0.002a,,—0.183H-0.183G-0.679C, —0.328E, (2)

n( training set)= 16,A=4, R’

y,cum(adj)

= 0.968, 02, =0.941,SE=0.767
n(test set)=4, Q% =0.854 ,SEP=1.367,p=0.031
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AENE R FEANIR] PAES (2% 4 54 i 0] 25 5 19 96.8% , 4 I&l 3 T , Y2k h RT A9 5256 (8 55 U (4 4004 42
4, HARMEDR2Z SE(0.767) B/ PUAS T RS9 B ARAE XIS UEAH O R AL Q2,0 0.941 837 K T8 # X
(I S 0.5, 7853 UE B AR HAT 45 0 AP IO R gy 5 Q2o ZEEHE/NT 0.3 U AR 7E 5t
JERLAT AN TN A 5 2B QF M 0.854 MRAE A B EARHE IR 22 SEP Jy 1.367 , AN R HL AT 45
I B Rs e PR A AN T M | R S o A 00 O 2 U0 PAEs #E GC-MS HP-5MS 35k [ 5 £ §5 B[]
I3 SERHIE.

20

18 - n
= -
29 16 - ")
8o .
(5}
sg Ul -
| = o
ESnf
£3
g% 10 -_ ]
= 5 ) N -
O 8 m )| Z74E Training set

r @ I iKEE Test set
6
[ ]

1 1 I 1 I 1 I 1 I 1 I 1 2
4 6 8 10 12 14 16 18 20
Chromatographic retention obaseved values of PAEs

B3 PAEs (i ff B8 i) S50 (6 -5 1A r) F i

Fig.3 Linear relationship between the observed and predicted gas chromatographic retention times of PAEs

W T S AR AT A 5 WA | KPR T B K 26 B R0 24 5F 6 PAES 539 ﬁé“”
(EHE R FTAL, 1 HRERURE R A > B U B R 250 WK , BRUCHDHE P/ — BS54 ALY RT B v ,
TR A 558 LRAE. Y y' % T PAEs B9 RT BCR LR B0 y 0, G R B R, 6 F 1,
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R Qs ARSI VA B I R BB 2 A5 R BB, Y B2, % F
0, B2+ Qoo SPBIAIE 4 PRI FARAE G b L BORBE. R 5 B2 RO RS, R,
Q2 MO PR AEA A LB AN I T 0.3 110,05 I, 60 AT Al 7 42 FEADL 25 0 BU. T 2
BRI U (4 54 0.167 1-0.523 , i TR i, W1 BF A B O BRI R AFFE it BEBL A it
JE T AT A

Squared correlation coefficients

B4 QSPR AW B AT

Fig.4 Validation of obtained model by permutation test
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(t[ 1] [ 2]) , FFEtsE— M A 5 R AR S JIiR . E 5 (a) AT AR 85— E R E 84
o TR AR RS AT B R RER T 2B PR, AT {5 2 0.438 . -0.443 F1-0.443 B 5E
— RS LR B AR S ) SRR ) R IR T AT 5 NS — 32 B A3 AN 2 A A R ) Bl b AR XS
LB AT LAUE H PAEs (9GSO B 5 il JUILE Y J7 1) b AR A3 43 ] A7 AE 1 3 TE AH DG OC
Z SRR A e B A REA , KW PAEs 70 TR 284 E 1k I 5 (i Ak [ E A =2
(71 ) o, BB P W 35 0 M) € 1 CR BRI AT 4 5 5 8 k. LR &, 5 — e 50 FIE R Y il i o
FArF A S A BB A 00 IUEE M 0.452 ,—0.648 Fl1—-0.456 3 A — 5 R 44N T 48017 70 L2 )
R MR il O a5 AT N e FE A A B 2 U DG OC R BB € A E 80N, 43134
B, AT PAEs S 176 € i AT (7 2 AH 22 180 0 W2 BFE, DATAT 40E 2%+ 0 | 2 8 €0 35 £ B 1) ). DA
B 5(b) Rl A IR ) PAEs AKHE B i 5120 B IR (Z2) B (A IR E P50 ([ 1] 4
BHES , PAEs SIME I ef1 ] 194553 B 20 A (R B0 HE T i J 1~ N800 1 PAEs (8335 B8 1) B 2252 .
A [ 24553 BT R et (A T % B, T 5 78 AR IR ER CURE Y PAEs Xif (a3 (L B8 (1 52 .
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Fig.5 (a) Plot of principal components loadings of descriptors; (b) Plot of principal components scores of PAEs
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Wit PLS 4307, 1M T PAEs Z5M S8R EZMEN 7 VIP (B, Wik —2 B 32 3 PAEs 4%
TRBE o S OCHEZE A R - — Ay A 2R VIP (BT 1, ATACH A 454 2 8500) 8 B PAEs (A3 (R B3 53
S 5ARREZEH.NE 6 7T LUE th, PAEs 28 k2% 58 A Al [ B 6EAY VIP (5535174 1.058
1.040701 1.040, BN 2 3T PAEs (95O B ok SRR G5 S8 A 9 B |, 0 F AR AL SR AN R ke
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O FRFSE K A FIF PAEs 55 550 1 [ 5 AH 43 5] A9 6 mB0VE DA TS 350G A €0 35 181 7 4 v £ B8 B
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Fig.6 VIP comparison of/different descriptors in QSPR

3 %518 ( Conclusion)

(1) 3T HP-5MS @i FE AP B PRt A GC-MS 70 i, BA 1R #a P sl A6l
FRAFC AN B v A 25 A, Holli 53 ASE $2 50, SPE /N Ak, + 3 7 20 B PAEs 23 Ax 01 i R Ky
70.64%—119.80% ;K WIHAT G T 13 PAEs FAGIN 73 4T

(2) 5 PAEs HUBLH 45 04 Fn 34 07 22 % it 19 & 71k HF 315, B PLS A Hik i R T
PAEs (35 0 ERG 5 1 QSPR , H A% OR B 73 5 1 I8 BT 22 RY |y M 0,968, SRFRAE SURHIEAR O &
Q2,0 0.941, SR FINAE I REL Q7 4 0.854, 2 B HAT 34T A R MR MIAM R BUIN 44 , 7T HF PAEs
L R BA AT oA B 1 B T A s P

(3)QSPR 73172, PAEs 73T AR Ak 28 K JH: 55 55 4% 1 181 40 43 1] ) 8 Ve ) 32 3 FL G i (R B
I3 SRR T PAEs BYFAT) 780 e Mt 2 52 me HL 8335 08 BE 23 S 1 B 2 o, RV ) 2R T e, iz
BN, BT BRI AR PAESs 7E (3 [ A 2% T i LRI R A 2 7 T A S W B ook A2 S (g5 )
R ().
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