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W E EREMAEN AR R TREX 3 )T E R B R I8 B R 28 200 H i+ i 5 4
Oy B EORARTE RS A PM, o AW B T B (2:1, v/ V) $RECE ALY, , ISR L CGC-MS) Ml 5E T 6 A
4% — H R ( phthalate esters, PAEs) J8IL&W, 7047 T PAEs fL2#240 BLAG AT 25784k Bz T PAEs AOTETE AR
FIPEAG T PAEs [Ofd e U 5 R R B BB RN 238 J 2 v PAEs & /53018 106.47£67.54 pg- g FIS1.19+
30.88 ng-g ' Bk, PAEs 15 YL T LIARIE — HI iR (2- 2,35 003 ) I8 (i 2-ethylhexyl) phthalate, DEHP ) FI4B2
TR — 5 TER(di-isobutyl phthalate, DiBP) } = ;M4 2%, PAEs 15 Y & 2 DL DEHP FI4R2%E — H e — TR
(di-n-butyl phthalate, DnBP) & .8k 2=, 482K — B iR — H [i5 ( dimethyl phthalate, DMP) & &5 /0; i 2, 4B 7K
ZHR W (diethyl phthalate, DEP) % i /b il it i — Wi 90, Bk M4 2% PAEs BRIEA BT AS[A], Bk
FORUET NS H B AETEN & s T4 A ZRIE T HOBHI M SIS TREXMES FREPER T
it PAEs. BKZE YR THE i 32 THE I8 B2 b PAEs & 84900 0120069£79.21 pg- ¢~ 1 97.58+71.99 pg- g™ ;M4
Z KT IEMFETIEE T PAEs & H209109 60.02+46.88 pg-g ' #145.67+24.11 pg-g . F KT T PAEs
MR B 22 502 th PAEs (9 BRALA 1 SR B A SRR ASUREE: | T BRRR URIHE RO 25 22 R 38 B IR0 52 . 32 A 43
43T (principal component analysis PCA) 2558 , PAEs 75 34 3 B I T HDRL™ ff vh 3 53 50 M6 B F A
15 36 EPABE O 4758 (US. EPA 1989,1996,2001 ) @37 B TTAl {4 R TP JLZE A Y AR B0 Ao ). L
FEAUSA A AR E0E S (HD BT 4 BE 1.0, SR AL TR X8 2 b PAEs RS0 KBS 38/ k2 5%
FAb T X 3 f2 H DEHP B MU 430124 9.16x1077 [ 1.15%107° 4.26x 1077 1 5.78x 1077 (#k = £ +18 Bk
W AFFTIHEMAAZTRTIE) , RKEER TEE A PM, o DEHP fSUE R KT 1x107°, Hfld/h
1x107° , A2 X 1) B0 AU AL - 1T #2232 JE 1L, AR5 R BEZ A0 DEHP S0 USRS 194 B A0

KR JERKA, DM, , P HRER (PAEs) , VEMEHT, (IR XU PEAS.
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Abstract: In autumn and winter, road dust was collected on the arterial roads and sub-arterial roads
of Nanjing Chemical Industry Park and sieved with 200 mesh. The PM, s in road dust was collected
subsequently by using separation device. Then, the organics in PM,, were extracted with
dichloromethane and methanol (2:1, V/V) ; Finally, the six phthalates (PAEs) were determined by
gas chromatography-mass spectrometry ( GC-MS) to further analyzed the spatio-temporal variation of
PAEs chemical composition, determine the potential sources of PAEs and evaluate the carcinogenic
risk of industrial residents exposed to PAEs. Results showed that the concentrations of PAEs in
autumn and winter were 106.47+67.54 pug-g™' and 51.19+30.88 pg-g™', respectively. In autumn,
di(2-ethylhexyl) phthalate ( DEHP) and di-isobutyl phthalate ( DiBP) were main PAEs; while
DEHP and di-n-butyl phthalate ( DnBP ) were dominant in winter. In autumn, the content of
dimethyl phthalate (DMP) was the least; while, diethyl phthalate (DEP) was the least in winter.
The sources of PAEs in autumn and winter were different, especially for high molecular weight
PAEs. The proportion of human daily activities was higher than that in winter, and’the proportion of
plasticizers in winter was higher than that in autumn. In autumn, the PAEs content in road dust of
sub-arterial road and arterial road were 120.69 +79.21 pg-g¢ ' and 97.58%71.99 pg- g™,
respectively. In winter, the PAEs content in road dust of sub-arterial road and arterial road were
60.02+46.88 pg-g ' and 45.67+24.11 pg-g ', respectively. Besides, the difference of PAEs
between arterial and sub-arterial roads were synergistically influenced by various factors, such as the
physicochemical properties and degradation of PAEs, samplings site location, road characteristics
and emission sources. Principal Component Analysis ( PCA.)-tesults showed that the sources of PAEs
were ; the plasticiser in plastic products; human daily activities. Non-carcinogenic and carcinogenic
risks for children and adults were assessed by-using evaluation system established by the United
States Environmental Protection Agency (US.EPA 1989, 1996, 2001 ). The non-carcinogenic total
risk (HI) of PAEs for children and adults were below the safety threshold of 1.0. It showed that the
non-carcinogenic risk of PAEs in read dustrat chemical industry park was less. The cancer risk
exposed to DEHP of human at chemical park were 9.16x1077, 1.15%107°, 4.26x107" and 5.78x
107" (arterial road in autumn; sub-arterial road in autumn, arterial road in winter and sub-arterial
road in winter). Except for the cancer risk in road dust of sub-arterial road in autumn, the others
were less than 1x107% that indicated the cancer risk was within the acceptable range in this areas,
but the long—term/effects of cancer risk could not be ignored.

Keywords:road dust, PM, 5, phthalate esters, source analysis, health risk assessment.

AE 2R A R AT AT MUAICHILTS Be ) UBURL ) B HE SO TR T IS, -t e Ak 3k T 5 o o )
B bR AR PR S, EEOR IO R R K T AL | R PLBh
TR T B R I AR MR A I S RN Tl iR 2 T A s K A A PR TR B R 5
M) AP 5 o e A 3 AR B ) AT 5 38 I /IR A2 (14 A0 DR A0 , A0 5 38 3k A A PP W 3 30 A TR i
YLD ST | R AR P B RS 005 R LA R0 ) A, R BURE R A /N | (L B R L R T R
ISR 1R W B4 WA 1 At o 4 SR A L RIS 75 (1) S A I AR B TR IR i L o
A TR B T A URE A5 e AN o o) 0 M X 22 A0 ) T ) A 0 0 3 D A T D AR [ T
A R 25 A B —E T 2257 Amato 55 BIFFE K L, 3838 DX T 8% 24 v 40 W0kE
Yy ARG, Tk X PN aE B A 75 5 B 5 05 R BRI 5 DS I R85 75 QAL LR A %
1115 HL3d 55 TR B AR R/ IV . — RO AR/ I R U ) EAT B Y L3 i B o W B O 22 95 ¢
Wi iR 4 w R T

BB IIREG (PAEs) JE—J&) 2 W T I8 Al R SRURTRE S M 22 il A i IRHE £
BLERBYF AR NS i T 260 3h H 25 I ZUR SRR 5 I (5 30 PAEs |IZAEE T
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AT KA A ST TE SR 0 ST R PAEs (1R 3R 0 IR 2L 3h A 1 R T
i, PAEs X R4 AEBE RN 3006 22 e 800 7 A TR0 . PAESs J& — 28 HA SOl | B0 FIEU AR M PRSI R
5y S EIA B A EOR AR PE R W R ( dimethyl phthalate, DMP) 482K — H1 iR — 2 i
(diethyl phthalate, DEP) 48%X —H 2 — T 5 ( di-n-butyl phthalate, DnBP) 484 — H 2 T K5 ( benzyl
butyl phthalate, BBP) 4B " HIFR (2-2 3 %) [ ( di ( 2-ethylhexyl ) phthalate, DEHP ) FI4E2K — Hfig —
1E2F MG ( di-n-octyl phthalate , DnOP) Z1 gL 5E #5875 Y ). PAEs K H 5 YL Bl i i RAT5 Yt 508 A0 T A
FIME .

2| HHTNZE WL TR XN 538 B2 PM, H PAESs A2 21 i st 2 28 1k R4 B JXURS: Ak A 2 T i
WFFE AR AR b D5 — AL T DX 2 Tl X5 S8 DX A2 A5 DI, AN AN Tl A 7 4 77 A R s ok 49 i L
Tl A2 3 1 i A 2 10 UKL 49y B HE R A SCWTSE T R st AR T DXGE B 2R PM, T 6 il PAEs (DMP
DEP .DnBP 4% — FI i — 5% T I& ( di-isobutyl phthalate, DiBP) DEHP F1 DnOP ) fb2%2H Ji, 234345 7
FETT G U5 S NAAEERRE XU, , X P58 Tl IX PAESs 75 47K 1 Ko AR 5 XU LA 2 B S0, o i X 3
A I 15 gn Bt —E Y BRI

1 SEEGHR 47 ( Experimental section)

1.1 RFEAS

B RUAE R AR A IR T, R — A SRR RN 8 B R A Tl s T 2% b X S 34 2B KR
i S ABEA RN, R Z RN K 543591 h 19.2—27.3 °C F1 88 mm 3l 2 75 R K B 43 1)K 2.1—
11.5 °C 140 mm. 58 52 A2 Tl Bel 4 Sy v 55 R b b, (6 F s T 7S A XL AR 9 DX 3 S 1 i ot
ik Tl el S A& A i A T oA 3 i Al b el DX Tl DX g AR 45 SF 7 8 B, B2 A 7= A il 5 R R
SALT ARG TR A0 T 5 o AR LE A B2l B AL AP RS R4l i) 3 97 7 i A B
FEAE R AL T DX PN AR 2R A e 3 A L R BR S00—1000 m A B 1 ANSRFE S, =T iE
16 ANRFE R IR TR E 12 AR, 2570 28 R SR E AR (E ).

@ ETIEFRAMN
Sites on arterial road
A RFIERMER

Sites on sub-arterial road

0 0.5 1 km
T ——

B RE M
Fig.1 The distribution of sampling sites

1.2 FESCREN PM2.5 73
TERKZE (2017 4E 11 H 1—2 H) FI4Z=(2018 4F 1 H 14—15 H) IS B LB 28 s AE 130 4238 1930 2
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$2(0.5 m) x4 (30 m) A il PN R W6 -1 i o B S RO 5 A B 8 R AR 5—8 N ANEEZL MY /NEE, JR 4
INFERI IR A FE BRI A R A 56 MM E B A RAEIT 2522 7 d WA FEK, BR 2518 B 2R A
B ZW ) B R IE VR T (R O B A AR A A (KR <75 pm) B G R R AT SR A
¥ 100 g HEHAFFRTE RS, R RALREFTER AL 7300 21.9 mes™' F1 28.3 L-min™ R4 15min,
W PM, o3 B BB S AT 4R UE M (FLAR 0.22 wm) 35T, 4 PM, A AR TH AL 22 V8 VR DR AATE VKA Th 18007
RO FE WL R LR\ PR YT T RAE S I I AL
1.3 PAEs $2HU505

FHTZBURASAE @5/ B (GC-MS) 7 i — S e B | R LRI ik 29 A R —H iR —
F 5 ( dimethyl phthalate, DMP) 4B — H g — Z g ( diethyl phthalate, DEP) 4B — H g — T & ( di-n-
butyl phthalate, DnBP) 487 —HIfiX — 5% T i ( di-isobutyl phthalate, DiBP) 48K " H R (2-2%C 3L ) fig
(di(2-ethylhexyl) phthalate, DEHP ) F1%F 2% — H if — 1E =15 ( di-n-octyl phthalate, DnOP ) #RIERE 5 i1
B[ T A= AL B e A A PR ml B K B IR 2T AR DB IS A B 0 A T I 15 mL @b/ Wl (271,
V/V)  FEZEIR R A 15min, L 2500 remin™ B0 3 min 54 _EERFEA 50 mL BB, 542 #E
3R, RIG B e 2R AR R e 4 229 3 mL, FHAWRANAE 40 CEARZEIL T .55, HLR OERE
5% 100 pL.GC-MS FF @4t Agilent HP-5MS(30 mx0.25 mmx0.25 wm) Jeblelh 3 95 F 4045 38
H, #(He) it 1 mL-min™", SALIREE 300 C , #FME 5 2 pL FHEFTF  WIRIREE 100 °C, f24F 1 min,
P8 Cemin”™ FH % 300 °C, P14 39 min. AR H ARk G 0 0015 151 A DG I B A 42 | B R LARAIE 5 1t ik e
FHAMRIE E it
L4 F L5 5 KU PEAG

F 1843453 #1 (principal component analysis PCA) /E—FEIr et Jr ik &8 iz b TR R 575
YW IRIR, 23035418 PAES" FHREAMEA DL Y AR 58 &l i PCA XF 6 Fft PAEs % ik
TP, I HEWTE B4 PM, s PAEs 15 2k U5 I8 T PCA /0 #T75 2 n> 30+ (V+3)/2( Hrfn =A%
MV =78 80 LIRS I TSR 25 LY 5 B AR ST REAR KA R, T LUK T SRR s E 4T PCA 43#F. 2
B T BB R A B A 25 00 2L F | BB 45 T P m 3 K Y PAEs B RUR B2

£ 6 F5E PAEs ', DMP,DEP , DBP Fl DnOP #iA 2R RhE (b5 %), M DEHP A7 FEJRRE KU A
R TR T T K PAEs AYIE AT TS YLl b 5 WA RN B JER 422 M A8 s 8 1E AN N AAR I X6) A AR {gt
Jer e — s 1O e A SE [E EPA(198951996,2001 ) £ 57 A TTAR {4 22374 JL 3 R 19 3 20 A 20
WU (1) —(3) AU TE PAEs $5eA AT B R % il 45 3 A 2 88 iR 42 1 H 34 22 85 2 (average daily
dose ADD).
IngRXEFXED

ADD,, , =Cx 1
A BWXAT (D
ADD _CXInthEFxED (2)

BA T T BWXATXPER
SAXAFXABSXEFXED
ADD . =CX xC (3)
e BWXAT
ADD

HO=—"— 4
Q RD (4)
HI= Y HQ (5)

ADDyy, , ADDy,, Fll ADD 0 53 R /R ZE 0 50 A AN R R FE A i A2 1) H 24 2 8 i (mg kg™ d ')
C FR4& P PAEs &3t (mg-kg ™) ;IngR RIRFEPCR (mg-d ™) ;EF R BEMR(d-a™') ;ED FIRFEEE
AERR (a) s BW FRoR PR TE (kg) ; AT Ron PR ERE (d); CF N3 F F; InhR R A %R
(m*>d™") ;PEF Uk 9 HE B F (m®- kg™ ) 5 SA 52 8% B2 Bk A (em? ) 5 AF Sy B2 ik 25 % BF
[mg- (em™d) ™ ] ABS Sy Bz R WAL PRI 5 e o XS DAl 455 280 i 94 % 1) 45 S 800E DL 28 1. % 3R 20 KUK
A HQ (hazard quotient f&3E{H ) F1 HI( hazard index f& #6850 B & MR P53 (5) FI(6) 115 HQ F1 HI.
K RID 2SS H ) (mg-kg™d™) .24 HI < 1 BHEESUR XS BN T LLZBS ; 2 HI>1 B A 7R RS



2 IR I 55« P A T el DX e 2 P 8 R R 1 o 23 A8 A A XU DAY 535

e DRSS

X T XU, 7% i DEHP 3% 28 00 XU P 5078 A DAL 28 21 BN 81 2 i o) 4093 1 7 XL
B A5 38 1 XA H M) 552 & (lifetime average daily dose LADD) A1 XU ( cancer risk ) X} DEHP 4%
AR R A 55 3 b 2 R s 42 B0 KU iR 4 7 TPA

EF (CR,.xED,. CR,,xED,

LADD:CXX( IL#E JLE+ LUN HE}\] (6)
AT BWJLE BW?&J\
Cancerrisk = LADDxCSF (7)

A, CR Ay U B sl 42 fis 3k SR (B A WA Rz DR 42 sk P 43531 8 CR = IngR . CR = InhR I CR = SA x AF X
ABS) ; CSF M EUs AR A T (CSF A 0.014 kg-d-mg™) 24K T 1071}, B KU & 7] LLZ ) 5 24
107°—107* A, B0 RSS2 1T LAFESZ A 24 03 T 107 B 4 e 35008 IXURG:

R RS PPAS SO O 2 K

Table 1 Parameter values used in health risk assessment models

59 Parametric L2 JL# A 27 30k
Unit Children Adult References
IngR mg-d”! 200 100 [26]
EF d-a”! 180 180 [27]
ED a 6 24 [26]
BW kg 15 58.6 [26,28,29]
AT d EBUEE ED x65 8ot EDx65 [27]
Humtk 70 x365 itk 70 x365 [26]
InhR m?d™! 7.6 12.8 [28,30]
PEF m* kg™ 1.36x107° 1.36x107° [26]
SA em? 1150 2145 [28,31]
AF mg-cm >d! 0.2 0.07 [26]
ABS XA 1 1 [32]

1.5 Jou s 4 il F o s O e

FEIE A FAR T L R v R AR R S B SR T B 3 A AR LA BR T St {5. DMP \DEP | DiBP |
DnBP .DEHP F1 DnOP F4%5 [1{E 43514 13.8412.00 ,56.51 .34.00 .68.68 .11.01 ng, A< 304k Bh £t 25 [
FBEHF 100 pL 19 1 mg- L7 FRIE PAEs MDA JERE LTI PAEs (Y IEIISCR, IARas FRESLH PAHS (19 11
R 62%—99% .5 T 18t FHL A b v 0I5 SR FH R ) A9 S 560 vk Ak B, AR 8 00 52 45 SR 24 ) T AR 28,
PAEs il i AMrik Edit , PAEs [ 26 A5G 2250 R $9K T 0.99, Ho g & A AR HE 23 5 A {5 L 10:1
31K 6 Fl PABs AORGHT FRYG IR 0.04—8 pg( 32 2) , I TG M BRI 2 (i 4 R AR H B

2 R 58 (Results and discussion)

2.1 Fk AZEPAEs 5

BRI Al Toll el KB B2 PM, Y PAEs (9-F-350 3 55 AR 4675 L4301 R 106.47+£67.54 pg-g™',
320.78 —40.75 pg-g ' H151.19+30.88 pg-g ™', 143.11 —16.69 ng-g ' FkZE PAEs M & T4 % Hik/ &
WREHE R 2.08. Bk 2, Ak T 18 [X 3 138 ALk T 18 8 42 o PAEs & 43510 120.69+79.21 pg-g ' il
97.58+71.99 pg-g ' ;42 AL T X 3 THE AR T1EIE B A PAEs &350 5100 60.02+£46.88 pg-g ' il
45.67+24.11 pg-g WK PAEs MUK SRS R IEA G, PAEs 2 PR &Y, M IR E T A &
BB = 5 B HECR S i A PAEs 72 IR A9 H 03 op A Y oAb, & B KA R F15 4
POHCS R B BT 2 P PARs WRBE I TA R BRI 2 b PAEs V5 44 £ %214 DEHP Al DiBP H
¥, A ERE R R PAEs 15544 3% L DEHP #1 DnBP 3, DEHP . DnBP FI DiBP J2&:1k T.fel [X 1 %22
H % PAEs, 4136 2 Fifn. X 55 4 [ K0P DEHP A1 DBP J{Z Mo T4b T HE U4l 24 56 ik
Hh ,PAEs “FEE-KITBC R A PAEs SCHERESLRR AL 3 KRN 1 PAEs MOZKIE M 8 & M LGk
2RO RAE R UE PIRE R TEREAR T K, PAEs TP 43 F A DEHP  DnBP 1 DiBP 7838 ik A 30 5
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FREAHFAE Y Bk ZE DMP & /b 44 2% DEP i/ X 2 i T DMP il DEP WiK4> T i PAEs
HAEAE R B /D, Lk DMP H1 DEP )32 T4t oA~ A3 & 46 TRl X =22 L Tk i 8ok 3
MAZEHETESNAYE K 6 i PAEs 3K T4 2 {H4 2 DEHP .DnBP 1 DnOP X} PAEs 5 HA]
KTBEE, UL Z M4 2 PAEs WRIEA BT AN A, B R IR T AR H B AR G o T4 42
AR T YEIRFN) o5 s TR Haxfh 22 57 B2 e = 70 11 PAES B AR 98 245 5L 5 LAk AR 3 B 2h
H PAEs 75 YL PR HEAT LA, AR SCWF SR 18 B 2R R A2 o 2.5 o, T FEA A 52 #0008 i 2 ki A2 B AR v 7
250 wm' * ¥ A 150 pm B HUE R X R TR PAESs 75 54K (520 pg-g ™) i TABFSE. AW 5E 1k
TR X PAEs V5 52K - T e Tl X (91 pgeg™") AR T mER DL X (435 pg-g™") X 5AMFGE H
B FE AR R /N G ZINKBLAR IO ORI 38 L R T RO, Rl AW SO 22 19 35 e 0, T 40 0k 4 1
TE A o TR /N 38, T LAAR IR ST 45 AT AE B S A 0 KUK PAEs 0 IF BT Tollz, 107 Lee 25 AN
KR PAEs 15 44K 75 A 280 05 B 5 0 A G

T2 Bk AFLTHIX PAEs &

Table 2 PAHs concentration in road dust of chemical industry park during autumn.and winter

Ko #Z Autumn A-Z% Winler
e Limit of o - A o v O 22 Hh ) i W EARMERZE T EE
Compounds K i Mean +standard Median/ . Mean +standard Median/
detection/pg Proportion L 1 1 Proportion L . 1
deviation/(pg-g™')  (pg-g') deviation/(pgrg™') (pg-g™')
DMP 8.00 1.20 1.28+0.70 1.25 117 0.60+0.17 0.57
DEP 1.00 2.17 2.31+4.50 1.51 0.23 0.12+0.21 0.00
DiBP 1.00 9.96 10.60+6.22 8.80 5.80 2.97+0.80 2.83
DnBP 1.00 6.49 6.91+3.56 6.32 11.53 5.90+4.90 4.21
DEHP 0.04 78.71 83.80+£60.03 64.71 78.82 40.35+28.17 30.88
DnOP 4.00 1.47 1.56+0.96 1.67 2.44 1.25+0.41 1.26
PAEs 100.00 106.47+67.54 86.62 100.00 51.19+30.88 40.97

2.2 FE KTIB PAEs {24l

KT IEIE A PAEs (195 s 3 T3 Tl BRI R T TE B T PAEs Y A 850F 3 118
B EEAEL S 5100 1.78 F11.31, FREAZERKERR THEIE B2 PAEs 1975 YK B 5. 2 IR THE 1 () PAEs
PRV J3E 22 S A2 FH 22 i DX 2 IR DS 0 Pl T 1 0 T B R R DR A T 3 Y A R TS e ey, T
T2 KT PAEs S - BRI B ol Bt P o [, 8 S Un) 5 8 - a kE m— 30, A A Fis 3
Tia] S0 TR T T 3 20 A 7 B 2 1 R e A B ) T & R ORI TS e i ik Ak T
DX PN R o Tl A 7= 4 T R S o A e R B P, 350K A5 R PAEs 15 4«48 T ™ i HLE+
TE W IR KT U280, X A5 U T 16 38 1 22 AN W B BRI UL PAEs. X 3= T ALK T8 6 Fh
PAEs #E47MSEAEEAS T AG I, K0 25 AR £ KB 6 Ff PAEs [MHF BF 25 (P <0.05) AFEEM
eI PAEs [7] 249 10Y5 YK F- R 3 ff7R . DEHP J& % it fie i PAEs [F &9, 4350 5 Rk 2 3 k138 1
K Z=F KT T PAEs #Y 88.2%—60.6% .89.0%—58.9% .88.6%—60.0% 1 92.8%—63.7% , H ¥ K
TR T E T LEZ K TP 54.50% ), X UL [F3T1T [6] ) PAES V5 3R IRA — 2 1925 k.
TERKZE DiBP & & 855 1Y PAEs Rl &% 5 F TiEANK Ti8 PAEs 19 25.2%—5.7% 1 17.1%—4.1%, H.
FFE R TR TIE. M 7EA ZE DoBP J& & 55 1) PAEs [ &Y 4 3T Ak T8 PAEs 19 33.0%—
4.0%7F1 20.9%—2.5% , H. F T1E K TR TIE A BEAE Tl X 23S A S Wk B2 1Y) DEHP 1 DBP. Bk
Z= DMP (&S0, b TEAR T8 PAEs B9 3.5%—0.0% 1 3.3%—0.0% , H &£ T K TR .
K7 DEP (&8, i EFEAKTE PAEs 9 1.3%—0.0% 1 1.4%—0.0% , H.X T8 KT FFif.
XU AE A2 E IR THE ] PAEs PRUR 22 80N, ik R T H] PAEs R IF 2 F 3K
2.3 FWArH

PCA $ 85 Ky 25 e 5 B2 T pg vt Ak T el B A v PAESs 19 2 A E 2R 7, HH 73 fef an 181 3
7. PC1 F1 PC2 43 Wlfit e 1 AR J5 2519 38.1% F1 28.3% , R TTHK R N 66.4%.PC1 }y DnBP .DEHP FiI
DnOP,PC2 >4 DMP .DEP fil DiBP.PC1 FEE 4P 7E PAEs & 4> T & , DEHP il DnBP Z4E A 88576
TSRS PVC R DR E R R RT i T, 29 5 P A PAEs 19 80% ' . DnOP if I F#E4
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MEVRI G TR, AN AR S AR BEAT A B SRR & 700 P A, Cai 881 2 E 11 AS75 K03 ) 11
15U &L DEHP (i 24%—95%. Liu %1 38 T 3 Tl [ 4 457 3¢ SR04 ) s 3R 885 v A D 510 9 16 Fh
PAEs ##t DEHP 1 DBP 5 78% 1 10%“*) . DEHP H1 DBP W] RE [ Tl 2 77 5ot e v s K 3 ol ot
PVC BB 45 & MREfESE. T LA, PCL 878 PAEs RIETHE I PC2 48 PAEs fik/3F &, DMP .DEP
TR T Al S A AP B T DIBP U PR T SRR R R A ZREME T PC2 B8 PAES
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JILN 28 B JR 2 ik 4 A 0088 XU 1 T LB, 3 AT 8 5 AT R R A R T AR N5 1 P AT Bl O
R JER 5 i 2 e R AR B0 U i A% AT BE A T AR 0] 5 BRH] i AL HAR 52 PAESs 75 B4 B R4 1 i,
DB K T BB K 558 T 32 15 e AR IR A AP B 7= 7 n e 3 o Bk il 42 PM,, ' PAEs XA
PR B0 KU A i, IR BB B2 PM, 5T PAEs X AR A8 350 XU 45 s . L3 RN A9 Al 8088 SRR
(HD) BT 4 F{E 1.0, FIL TR IXGE B4 PM, 1 PAEs JESUR XU # /N AR R T4 T 5 X 18
B2k PM, oo DEHP SUE KU 7051 9.16x107 1.15%10°° 4.26x 107 F1 5.78x 1077 (k&= £ Tl Bk F KR T
B AFEFETHEMAFRTE)  BRKEERTEE RS PM, T DEHP (808 KR KT 1x107°, A/
T 1x107°, R WM DX A B0 XU AL T 7T 49232 30 ] AEATSAS e 2400 DEHP 250 XU 1 R0 A< BF 58
Fos AU 45 2 K F 7G4, 2 B ot A T el X178 38008 XU 1o 7 22 Tl X' A Tl IX 3 2 PM, v
PAEs 775 & /K- RRE XU AR XS oAb X 45 57, % T T E X PAEs (196 223 A2 X &b dai ik AL i A4k T
Pl DX\ A 22 5 XU 22 75 T R 5

3 %51 ( Conclusion)

PAEs | 1Z Hi A7 46 T R A6 0l DG B v JE B2 PM, Y PAEs 12815 9 5 22 52 4 A
PAEs BB Ab24PE A <. i T DEHP . DnBP F1 DiBP FY i fdf 2 Sy 3 2 e oo fd A 3 g 2
TR R AR B ARIE. 3 R THE T PAEs P9V 22 R 02 1 PAEs H Y38 (b2 o0 MR A SR A i (o B G

PR (G HE 1) | T8 5% 5 B RNV 4R 55 ) LA S HE iU 45 22 PR R P RIS . Bk 2, = 3 R T ]
PAEs B3R 5 R T4 2 T PCA 4RI PAEs 15 4L Sk IR T . 0kHR 5 b i3 98 5] ; A H
B AT LB AR AR AR 0 AR SO KU 347 18 N e 1o B JBR 2 fi 1o A B0 XU w5 1L 2,
AR AR o XU (HD) B8 TF L4 BE 1.0 8K TIEE L DEHP B 80 X KT 1x107°, 3L
MEI/NT 1107, 22 B 32 b DX 500 XU Ak 1 7T 32832 v Bl AETS AN i Z 40 DEHP S50 IXURS: A4 12500 .
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