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Phthalic acid esters (PAEs) pollution in farmland soils: A review. WANG Kai-rong'*, CUI
Ming-ming' , SHI Yan-xi' ('Institute of Agriculture Ecological and Environmental Health , Qingdao
Agricultural University, Qingdao 266109, Shandong, China; >Shandong Provincial Key Laboratory

Jor Dryland Farming Technique, Qingdao Agricultural University, Qingdao 266109, Shandong,
China). -Chin. J. Appl. Ecol. ,2013,24(9) . 2699-2708.

Abstract; The environmental pollution and food safety problems caused by phthalic acid esters
(PAEs) have been attracted extensive attention around the world. As a large PAEs producer and
consumer, China is facing severe PAEs environmental pollution problems. This paper reviewed the
present pollution status of six PAEs classified by the U. S. Environmental Protection Agency as the
priority pollutants in China farmland soils, analyzed the sources of these six PAEs in this country,
and discussed the absorption and accumulation characteristics of the PAEs in different crops as well
as the bio-toxic effects of PAEs pollutants. The PAEs concentrations in China farmland soils are sig-
nificantly higher those in the farmland soils of the United States and European countries. The main
sources of PAEs in China farmland soils are atmospheric deposition, agricultural films, sewage
sludge application, and wastewater irrigation. There exist significant differences in the characteris-
tics of PAEs absorption, accumulation, and distribution among different crops. PAEs not only have
negative effects on soil quality, crop growth, and crop physiological and biochemical properties, but
also possess bio-accumulative characteristics. The weaknesses in current researches were pointed
out, and the suggestions for the further researches were given, e. g. , to expand the scope of PAEs
pollution survey, to explore the toxic mechanisms of PAEs on crops, and to develop the techniques
for in situ remediation of PAEs-polluted soils.

Key words: phthalic acid esters (PAEs) ; plasticizer; farmland soil ; pollution.
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VI F R0 e A PAE I R v 0 B RS B R Rt R
A & A PAEs (97 52 530 PAEs 2 BRVEFREE
TSI B JE Y g I I PAESs J5 e NS
FERZ A 38 i AR PR T RE, B A9 J& PAEs i
T B AR X A R v R L B 5T
T, PAEs HA 80U B B AE R P b 2
SHEBEHAMAGEMGMATD . ik, HEEX
IMEE (EPA) AR R —H R — H lig (DMP) 4B
T HR T ZHE(DEP) SRR HRIE T 5 (DBP) |
PR IR T AN AR (BBP) (GERZHR—(2-&
FEC L) FiE ( DEHP) FI9P 28 — B i@ IE 5= ( DnOP)
%6 B PAEs fL A W8 R i de s il is e ' ORI
FE T iR 6 Ft PAEs b5 W Y 1 S 24 55 45 Tl A o
43514 0.020 0. 071 ,0. 081 .1. 125 4. 350 #l 1. 200
mg « kg™ T TG YL AR BEARME > A 2.0.7. 1,
8.1.50.0.50.0 F150.0 mg - kg """, PFEFHEHIE
TR PAEs PSR A5 o, e 1 g
DBP F1 DEHP A4 5 & FEUE (HEXE) 705128 0.1 F1 1.0
mg + kg ' BRI DF LR R B A RR R 2 B A
NREEH X PAEs fb & PRI A BB AT 0.3
mg - kg IR, SEEEFHRMEER T, KD
A DBP Il K& %7l J 4 H 0.01 mg - kg™ &
. 36 R B R G EAL 76 % (OEHHA)
WY, AAEEH 21489 DEHP B K AR 4 0. 05
mg kg‘lﬁiiﬁﬁ“'.

TR BE 2 PAEs /B /= KE, MO R E. A1
&, H A 20 el 80 AR, N AH 2= E TR A4l
3 PAEs V5 YL ] BB AT PR A 2005 4F, R
1T ST HUE A b R PAEs (5R Ak 4
(2005/84/EC) P! BIE T 4% [E X} PAEs M) 72
K, BHE PAEs 15 Yt % i ik [ N SRS B T
Vi BT O (R TR 4. 2 —. E 2005 43R 32 1Y) 4 [
3G Y IR JA A L T PAESs §(51) 2k 4 06 I 150
HZz—" AR 3] H Froh kb, TR i R 6 45
PAEs 15 QL il bt , 2804 F 25 HEEE XK
PR BN A P 32 S o v G X — 6 30 5 e 1 () Al
HE PAEs V5 YR BLHEATPEA, W98 TAE R 224 v
FEXT it - 9T RN S0 PAEs F 2 Y I
BT X B PAEs B9 AR BB R0 R R
Ta e I AEYBE 20 AR SC R EIEAR TR E A
14 PAEs 75 JL R A R ZEBUAEY) X PAEs 191
W FRE SR, LA K PAEs B L) 35 35 R0 45
WFFE R, X AR 58 A 7 2.

1 R+ EFERPE— PERET AR

1.1 FREAO A3 PAEs 1554 KF

25 1 1 VR A SN s, TR AR 48 PR [ A
JEMAZ ] T PAEs (BRI 5 (F 1) Hrp dbat
M RPH 22N AR T R 23 A2 R A L X A
b+ 804 B %, DMP . DEP ., DBP fil DEHP 4 #
PAEs /b5 WK FEEHH 0.89 ~10.03 mg - kg™,
SEHIN 3,43 mg - kg TR A LR AR X 4
EPA {56841 19 6 Fi PAEs 1k4 4 (14 ¥k Ji5 35 [y
ND( AR K H) ~25.99 mg - kg™, 4K 0. 67
mg « kg VT IR WM X A 0b 38 DBP Ay ik
JEYEE ] 0.31 ~0.87 mg - kg™ ,DEHP 4 0.01 ~1.11
mg - kg FEINAR A FF OGS A M, DBP il DEHP
FE 4R - HERE TP RS H ,30% AYRE S H DBP %
HAE 10 ~20 mg - kg™ ,33% IFESL Y DEHP & R 7E
10 ~20 mg - kg™, 17 76 48 K 4 58 5 DMP
1 DEP F & B MET 1.0 mg - kg™ 5ES:H
R VEHE LA, 3R E 2 50 X 0k + 3% PAEs 19
i KO B T Y RO 0 S R
LI Bh S I ) PAEs % L 2 i 58
BRI R EHE 1 ~2 DR mim il TR EERA
PB4 3 PAEs 45 b5 v AN PH 22 B 52 4 398 o i 3
HECHETE) .

FREAR 45 PAEs 75 44 /K V- HA B 1 X3
LS VE AEAF K N SRR HIX R
PAEs ¥ BEARXT A, an)™ M AR - X Al + 38 v
6 Fft PAEs LA F 24 7 21.03 mg - kg™
oM ML X 38 b 11 Fb PAEs 164 90 F 49 R
2.75 mg « kg MR B AR - HEH 4 Bl PAES
(DEP ,DBP DEHP  DnOP) [ F#1 ¥ F X4 0. 07
mg kg_l[%] N Mo X+ 3E v 6 Fl PAEs & W11
R EE R 0. 16 mg - kg T AE)T AR A AR ZEFIIL
Sk X+ H PAEs & B B (0. 05 ~ 7. 11
mg - kg™ F10.01 ~25.99 mg - kg™") , ELH i [X 135
HHRIK(0.06 ~0.64 mg - kg™ ).

HRIEIA T TE 45 5, 13 PAEs 15 R E S
R S DI OG. SR AR TR N 15
BRI, A T3 6 Fl PAEs & 8 i 2K AY
NP S Rt 7K T 3 ot A S e X e A 45
L TEBR = A DXL R Ay - v S bl -3 v 16
Fit PAEs &5 i b R el - 58 5 37% . e R AR /K
¥, DBP Fl DEHP 7875 5 35 b 4 58 v %) 48 5 1 43 5
h14.78 F14.67 mg - kg™, 76K = 45 451
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Table 1 Concentration of soil PAEs in different regions (mg - kg™ )

o +HEFIA i DMP DEP DBP BBP DEHP DnOP 3 PAEs EZ PN
Region Soil use Item Reference
EE| ol +3 JE nd~0.20° nd~2.61% nd~0.56" - 0.20~7.11" - 0.89~10.03¢  [8]
Nationwide Farming RS 0.01 0.45* 0.48* - 2.50 - 3.43¢

X g+ EF nd~0.86" nd~2.50" nd~17.51* nd~5.89% nd~6.48* nd~1.12  nd~25.99" [16]
Guangdong Farming R 0.02* 0.09" 0.31° 0.06 0.15 0.04 0.67°

ETIESY ol + 3% {EH nd~0.07* nd~0.08* nd~1.77* nd~0.05 nd~1.39  nd~0.07 nd~5.45" [31]
Leizhou Peninsula Farming Ty 0.02* 0.01 0.28 " 0.01 0.14 0.01 0.74>

IIRES B JUE nd~0.68* nd~1.77" nd~20.55" nd~1.48% 2.82~25.11" nd~0.92 3.00~45.67°  [32]
Guangzhou, Shenzhen Vegetable T 0.03" 0.43" 9.25" 0.27 11.00" 0.06 21.03*

I AREM R+ JWHE nd~0.03% nd~0.22* 1nd~0.39" nd~0.04 nd~0.44 nd~0.06 0.09~0.75"  [33]
Huizhou Farming T 0.00 0.01 0.15* 0.00 0.09 0.01 0.31° [34]
T HRAR5E i =50 FieN | nd nd~0.83* nd~0.28% nd~0.19 0.07~1.47 nd~0.01 0.24~1.71*
Dongguan Vegetable 1y 0.00 0.17* 0.15* 0.06 0.41 0.00 0.78%

wME Aol 43 FlENiE nd nd~0.24" nd~2.24% nd~1.0 nd~4.93" nd 0.02~2.84*  [35]
Guizhou Farming ¥ - - - - - - -

VLFE R B el 44 FleN - nd ~0.05 nd~0.11% - nd~0.20  nd~0.04  nd~0.39¢ [36]
Nanchang Farming Ty - - 0.06 - 0.09 - 0.07¢

AR B3 FlENiEl nd 0.06~1.49%0.14* ~0.35* 0.03~0.16 0.81~2.20 0.10~0.25 1.90 ~4.36° [14]
Hangzhou Facility vegetable - 0 0.59* 0.21* 0.05 1.48 0.14 2.75¢

WL Aol +- 48 FleAsc| - nd~0.03 nd~0.34* - nd ~0. 84 - nd ~1.10° [17]
Huzhou Farming -y 0.01 0.01 0.02 0.01 0.11 0.01 0.16*

A R+ J [l - - 0.31% ~0.87"* - 0.01 ~1.11 - 0.32~1.98°  [20]
Jiangsu Farming F - - 0.46 " - 0.27 - -

IhRAHIX ARl 44 FleRi] - - - - - - 0.00~0.76*  [37]
South areas of Jiangsu Farming -y - - - - - - 0.08*

INZR ¥ AR FleNiE| - 0% ~221" 067" ~4%" - 0.58~5.17"* - - [38]
Ji’ nan Suburh vegetable - - - - - - - -

WWZRHH B JE nd~1.77% nd~0.67%2.27* ~20.54" - 1.86~25.12" - 7.35~33.39¢  [27]
Shouguang Vegetable -1 - - - - - - -

AL RS Al 443 L - - 3.18%-29.37" - 1.15~7.99* - - [39]
Handan Farming Ty - - 14.06 " - 4.86" - -

gl NEE JGHE nd~0.01  nd~0.04 0.11" ~0.67" nd~0.01 0.22~0.83 nd~0.03 0.44~1.39"  [40]
Tianjin Different types 44 0.00 0.01 0.37* 0.00 0.42 0.00 0.81°

e V5 H FieA | - - 1.11%~59.80* - 0.23~16.8" - - [12]
Beijing Sewage irrigation -3 - - - - - - -

Ll NGRS BE nd~0.01  nd~0.02 0.19* ~1.02* nd~0.07 0.21~0.63 nd 0.68 ~1.67* [40]
Anshan Different types T 0.01 0.01 0.59* 0.01 0.43 0.00 1.04*

T A Aol 44 FleNiE| - - 2.23%~14.63* - 3.34~10.82* - - [41]
Changchun Farming -y - - - - - - -

AT IR EE goll 14 B - - 2757 -4 - 0.44 ~4.20 - - [39]
Harbin Farming F - - 7.60 " - 2.35 - -

WV =AM geoll + 1 i - - - - - - - (28]
Mississippi Delta Farming -y - - 0.013 - 0.069 - -

J Aol +- 4 FleRiE| - - 0.000 ~0.453* 0.000~0.032 0.012~1.900 0.001 ~0.067 - [29]
Denmark Farming T - - - - - - -

far % Aol 43 S - - - - - - - [30]
Netherlands Farming -1y - - 0. 006 - 0.032 - -

AR ARy« Al 4387 R AR AR AR IS T R RS B SR AN A ; ¢ B SRAE M 5 W AR AR SR A | L G R
FIPRAP A B 5 < PO 4595 SR MBS R A ; “ SRBRSEH ™ Rp 8 3 A TR ST AR 55 52 Tall =B Bl riy A= 378 S0 35 375 2 52 i ) s 31
FE I (R DB AR MO AR BE ) 5« AN R ZEH” A dh A HRNAE AL 4358 < 5 I 38 8 4E FH Tl 15 K i T+ SRR A9 A4S [ “ Farming” in the column
of soil use referred to soil mainly for the field crop productions, such as cereal, cotton, and oil crops, may also include vegetable cultivation; “Vegetable”
referred to the soil for vegetable cultivation all the year round, either field or facility vegetable production; “Facility vegetable” especially referred to the
plastic greenhouse vegetable cultivation; “Suburban vegetable” especially referred to vegetable garden nearby city suburban, and being vulnerable to pol-
lutions of the waste gas, water and solid from industry and city life garbage (field or facility vegetable cultivation) ; “Different types” included farming
and non agricultural soil; “Sewage irrigation” referred to soil partly irrigated by industrial sewage for several years. nd: A H! Not detected; * Xff&5E
[E 13 PAEs L& i dlbn i B hn Surpass the control limits of soil PAEs of USA; — Bl b EEE No data; a) 6 Fl PAEs A1) Bk Total concentra-
tion of 6 PAEs compounds; b) 16 Fl PAEs k& #) & FE Total concentration of 16 PAEs compounds; ¢) 11 Ff PAEs 1b&#) 5.7 B Total concentration
of 11 PAEs compounds; d) 4 Fh PAEs AL &4 B Mk S Total concentration of 4 PAEs compounds; e) 2 Fh PAEs L& 8.k JEF Total concentration of 2
PAEs compounds.
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9 15.46 F14.61 mg - kg™, MAEIRA L 1358 v 43 1)
HA4.27 f11.51 mg - kg™,

AR IX + 3 PAEs 15 Y4l syt HoA —
TERYARRLEE , B DEHP F1 DBP 2 434 ihff F 8075
Yy R 3k FE B A R (X BR SE Rl - B8 PAEs
166 W 2 i bR e ) Y% T DEP, DMP, BBP #il
DnOP 75 AKX B2 o R AEAIR, HAEA I+
Hrh AR, MTE) ARARSE G b L3 rp 6 F
PAEs fb.& ¥ ¥ 4 %) % 4. DEHP ( 100% ) > DBP
(56% ) >BBP (25% ) >DEP (13% ) >DnOP (6% ) >
DMP(ND) ; {5 4« ¥4 FE ¥ 4 . DEHP (0. 07 ~2. 19
mg + kg™ ) >DEP (0. 66 ~ 0. 83 mg - kg™') >DBP
(0.01 ~0.31 mg - kg') >BBP (0.16 ~ 0.19
mg - kg™ ) >DnOP (ND ~ 0. 013 mg - kg™') >DMP
(ND) B0 75 Bt N 48 — 26 1 X Al - 3 v, 6 il
PAEs 1k & W th 2 )iUF 4 . DBP (97. 1% ) >DEHP
(90.9% ) >BBP .DEP . DMP £ DnOP"*) {£ ] A HL M)
Ak A3 DBP & KV fe i, WL 039
mg + kg™', &7 16 Fl PAEs B 25. 1% , HKJE DE-
HP, A 22.49% Y fE /B R #10  IR R
Hi X R A iR, DBP Fl DEHP 25 £ 2219 PAESs
??;%%:36—37,40]‘

1.2 3 PAEs BRIE

Tl 75 4 KA VTR TR FEIIRB - 45 b PAEs 1Y
FEORIE. PR R A, R Bl A
[ T S B X 3 () PAEs 168 Wik % i s 2
R T IX ARG X K X, i B Tl 75 e X6 3 4% -+
HE PAEs SR B A BRI, &S Rk
I, Te SR AN B A S TS Y UR R B R,
TRV D | 3 PAEs & BB i R %, a0
DEHP #£) X 3k 5 3. 68 mg - kg™ BE) X
500 m AbREZE 1.09 mg - kg™ FHRICE M dWERM,
i RAR AL S N AP il e w1 B N R £
DEHPY RS Fifi ) DX IR 825 A3 i B AEK , 1 2R
L+ DEHP & 5 2 B 3% IE A O, Hje e &8
(R*)iEHN T 0.933(HZE) M 0.924 (4 %) . KIRE
T TR T RS KRR T PAEs
AR SCPERT % B, -3 b PAEs ¥R 5 RS0k
Yih PAEs % & I 3 M 5%, Pearson #H 5¢ 2 %0k )
0. 825 ( BB, P<0.01) , H RS PR T PAESs
149 Jo e J3E A 1 4 v B VAR B B T, R R
TR ZINAE 1+ 4% PAEs i Bk IE 2 —.

e I h PAEs AR IO i L3R [E A4k 1 1 48
KRS YL i 8 2 5 H . Hu 25608 R 8 R R, vh [ 4%

Hu X -3 DEHP # B2 55 24 3 A 5 6 5t 22 [ A AR
YA ENME (r=0. 58, P<0. 004 ) , it B 4% Ik f2fii
FHAEFR AL 38 PAESs 5 4 il & 2 5 N 2 —. 38
BRI LI (R 2T, W VTR N 11X 350 it = 4 -
Herh PAEs 450 Wk 5 5 5% b PAEs 4173 Vi JE 2 (]
A R AP R CECPE S i+ 8 b PAEs 4443 LA DEHP
R MR BRI PAEs (19 R Z 4 /08 DEHP; 22
AR AR PAEs 7 it = 137 W SR, B A 3 25 1Y)
S 1 PAEs & it 5 T W R o5 10 S .
T VAR R B, 7 1L R B R A0 X SR b, K
ISR 10 PAEs % 55, KMISMES 1 58 PAEs
P e it KM 5 108 15 o 3 45 R A A0 K 8 2R A
P N R M 1 Y R PVC R PAESs BYYiE
BY WS T AN, O R 1R i S b
+HE PAEs AU ERIE. fill & B, 78 75 Aol K 2F
RN, K EE =2 138 1Y DBP A1 DEHP ¥ i 4R
ZEH S TSN E 18 15 DBP Fl DEHP ¥
4351k 7. 70 ~ 14. 63 mg - kg™ Fl 4.92 ~ 10. 82
mg - kg™ JFFH HA2.23 ~7.31 mg - kg F13.34 ~
9.53 mg - kg'.

15l T AE 42 A5 1 W 5% 43 19 T B A ] B
PAEs %75 Y )iy A4 B EREE, infil A& b 1 3 PAESs
T Y. P A B R AR AE T BRI
FUAE 11 DI T5 Je, EPA {6l i 6 Fh
PAEs (b &Y B E R 10.47 ~114.17 mg - kg™,
¥129.83 mg - kgL BREREL FRE R A HLILSE 21
e FHAERE ep 214G I ) PAEs &4, Horb g i A
LR “ A HLEE S o PAEs & i, B8 2.79
mg - kg™ ZEAYL AR F) H AR 00 B 5T R B,
it FH T PN AN L 35 K AR B i i5 e 2 ), 1
PAEs J& ¥ B LR it 75 e A9 % IR 3 T 125% ~
136% , Horh DEHP 20 73 i v i i 35 4 ey, Lo IR
W T 3 ~6 i i 75 e Ab B Y 8 32 (Ipomoea
aquatic) Z5 M H PAEs Rl ¥ E O X B2 & T
67.6% ~123.9% ,Hriti 15 Je kb B DnOP Fil DEHP
HEMNIAE0.72 F10.49 mg - kg™, X IR AR
i, DEP & & 0. 01 mg - kg™ B4 %] T 0. 10
mg - kg™ DAL HOXF RS & T — RO S AEFRIE
A T B3 AR R M RE BB Rt A L AR TR B3,
HOR IR A A TE B R — M & A A AN 4 1Y PAEs 15
Yy R I, e 3R it P AR Al - 3 R PAES Y
TGYRZ —.

15K E T fE 2 TR — S i X R - S rh
PAEs SR A — A EE R, 8 IREe %" 5
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PAAE, e AU nT I Tk V5 K R X, SR Ml R Y
DBP & i LU A R R KRR 118 8 ~ 26 £, &
Al 4398 (1L T0 4498 ) EF Se(E R 53.9 £ 5L
1 DEHP & 2 2 NoKFEME H 3180 8 ~18 1%, 2+
TS SE A 73 4%, 20 42 80 AR A il 4 [ Y5 /K i
DX A b A58 I A 5 s, TR 86% S E IX.
IK AT A HEE 2L oK, - MR35 30 5Z 3 T 417
R TR WAL S YA 4R 0TS 5 T 24 )
JEBAKG PAEs 1E 75 e kil iy 25, R 2275
X T IEFVEY T PAEs 0975 JLR I 2 SIS RE.

2 1E¥3t PAEs BIRYE S EFR4FE

YEWIXT PAEs 1b-& 9 By i, R AR 4 i B A
EE IR L 22 . IR I PR A A AR
TEVLINAE VH VLI X8 30 0t 1 1 A A A [ 2 A
BIKFRIEDI R, /NZZE ( Triticum aestivum) ¥ERIXT PAEs
() SRR P Jecoi , FPAz R DBP Fl DEHP ¥ JE 43 51 vl
i50.78 ~2.22 mg - kg™ f10.31 ~0.82 mg - kg™,
25 " DBP 1l DEHP 5 AR ; 7 [R] R ) - 58 2R
5, K. (Glycine max) F1E K ( Zea mays) WU
DBP 1 DEHP T ZLAEMHGHAL R , ik ki fi 25 DBP
(ND ~1.00 mg + kg™ ) Fl DEHP (ND ~ 1. 07
mg - kg™ ) S EEAR, Z160.50 mg - kg™ AR 7E
ARFZER GRS 32X DEHP 1) R R K, R
FRZ  MRZEH BB /N o R SR
BHABRLE BB SR E YN PAEs HAT B 5 (1 B
PE X S A B0 R RS H BB =S
RIS 22 1) PAEs 470G, PAEs BARZEZS (s b
Raphanus sativus ) F1H IS (A1 Solanum melon-
gena ¥5 )\ Cucumis sativus ) Bi SR NVEV W 2 J5 £ 2
TR TR AE R TR RBLE AR AN

[FIZEAE P AN [F] S AT PAEs A I e SR FRAIUN
WA BEES. P15 R 25 R 7E 8 Al
AEFE R AIZE L ( Brassica parachinensis ) i Fi 9
T 60 K"RIL PAEs &5 R, DEHP 75 H 250
AR rp %y SRR B O T RS 60 K7 I3l 75 Y
JU R PAEs AR R BUREME. A AT 3 — 22 43 #r
PO B A B < 60 KRR R
Rk R AR BRI SR
TG BRI W TR AR b T AR AR 3R IR 7 % = S R hn 2
W14 =5 T PAEs fIRFR R AL L Fh K575 60 K.

ANNF] PAEs 1445 4 PR HC 0 B Ak 2 1 T 0 22 5
TEAE 1A P 1) BB IE L AN R —2. L)L DEP 1 DE-
HP S5, DEP Y7 BE-/K 73 Bie R AR 7r T 5N

TSR B N 7E -3 A 5 45 % 25 o il
A=W FAE PR AR 5 A i, DEHP 7 13
R IR AR T AR, X DA A= e i, A7 B8 Z 1L
SIWAEYIR, B AR N Z 5 A G AR5
fiff, R T A ) b P P A ) AR 2R N 2R S 2R A
Gz R R A )

PAEs TEAEYIIAR N R R 43 L ik 52 T A G 1Y
S RO BRI R, FEAH RIVR BE Y PAESs 15
YeIRdE N, 03 DAL A 1T (Brassica campes-
tris) X DBP/DEHP F 3 B & 0 AE ) & 4R VE T, i
TR FRIE BRI b WA R iR s AR
P£. ATfie 5 DBP/DEHP 7E /& A ML &% & 1Y B g v
Wo TRAA K. BAA PG Y5 1 58 56 B
J R L bl ok U TS e AR AL —

A7 PAEs HE AWK N 1) 3 2848 240547
TE4+i4. Simonich %5 Fl Nakajima 5% 1Ak, KA
) 3 B3 i 2 T AR AR RO EE T Y PAEs 45
SEARMEA VLIG Y2 9. b i1 & B, BB (Acer sacca-
rum) (AL FE TS ( Pinus strobus ) F1#:  ( Rhododen-
dron oomurasaki) FEAEYIIR N 5 PAEs T RAH{LLAY £
WIFletria 5 s e B B A G EA B 2 i 5
25 ST Y Uk B DDA G, R SCE BT &
B, /NH3E (Brassica rapa chinensis) 3 N A5 5
SAVEY) T DEHP 5 7 5 RSP DEHP 2% UIAH G
(R>0.893,P=0.05) , #5214y 32 2 ad 25 0
W K SR 1 PAEs 15 9. (HE, W15 =
SEUUITLE LR B R AT Y L S
A3 555 A0 PAEs SRIEFEAT A 45 1 Z S5 F 9Tk
B30 B B SRR 2 i R AR s g
(1) PAEs , 25t ] USRS Y PAES , {548 %5 1l
Wi AR/, 25 E Ik  FE IR PAEs 15 349 1) I O T
AR T 22 B AR R I LRI 3R
AN AR 2 PAEs HE AL W) 1 1) A &G 8. 7E RS
PAEs {554 BRI T (AR Tk IX) , PAEs 2%
A AL TE L S AR YA B TF A BEHERR
R 20K R - b %) PAESs V5 5% 22, 76+
5 PAEs 1554 AERS T (AR5 9 it ]
15 Ve B AE R RO SRl 38 ) H ) (JE 2
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H1 DBP V5 YW FEAE 10 mg - kg™ LI, 8¢ DEHP
15 YR EETE 20 mg - k™' AR, % 385 E 9k
Pyt ik | 3 AP W% ok Sk S T 1 A R R AN
;024 1 4% DBP & DEHP 75 4 ¥ ¥k 15 34 3] 100
mg + kg™ I, X AR W) A W ik | SR A O |
SE AR SRS P 7 A T R AR T, HLBOA R Y
4. Z3 A TR SE, 2 - E DEHP ¥ £ Sl 100
mg + kg™ I, AT R A R S S M, S A
TRAE 2R B T AR B 5 A 2510 i E 5T &
£ DMP DEP 1 DnOP & 75 Y IR BT T, + 32 5L Al
IR 5 B i 2, TSR ) A TR IR 5
YeWyie AT 50 mg - kg_1 , BRI RS
it W Z 5 AT DL A KA (B S 5505 Je ik
B IE 200 mg + kg™ i, AR IR A GIEARAL,
R L3 b BT o R0 [ E TR IEER S AR
KA LA A R = A e AR

BR TR AR R GRS ZHh  PAESs 15 YLk
SNFVEYI A 7 A AR . 5k D A R, Y
BNE 13 rh EPA eI 6 B PAEs L& ¥k
JE240.096 mg « kg™ I, /)NA2 4y ) i S AL Tl
o A S P SRR N T R i S A B b
SR B BB SN 2 R 6 Bl PAES ¥k
JEIRF) 0.384 mg - kg™ I, /NF2 LI AT PR O
BT R, A0 M Y GE R AR A A2 BB OR. 2 B
SO R 45 SRR W, Y R h DBP 5 DEHP #f
—IG P& EAE 2 mg - kg ' B, XML ( Capsicum
annuum) AGKFSE ( Brassica oleracea) (B 463% ( Brassi-
ca oleracea var. italica) B N T ( Spinacia olera-
cea ) SF i SAE W) 2y i A S TR W I Y 67 T S0
R 3 DBP 5 DEHP 1 — 75 0L ) & f ik 5 10
mg + kg™ I REXT IR AVE R ™ R RO, R
BRI KGN MR, R R
B, 24+ e DBP Al DEHP & & 75 Y ¥ o B 15 5|
100 mg - kg™ B, 2323 BilEH R R gk, R
FERRIET. ERRIGE O R FRSME TR 58 &
L, YR SRS DBP 35 0.01 mg - L7}, 5
IF( Arabidopsis thaliana ) 25 Bt fil 155 40 230 Ak 32 B
i, AMLTE TR, W SR AR S A IR AR
. 5 Bl UL, L PAEs 7ER K EERT (<2
mg - k'), TE4Y RN |- O ZXHH A T
BEFERZOA, (R A A AT LU A [ 5 9 A2 3 5 AL
il , G AT R E R s FH RO, A 23R B
A8 AR R R RN = i (AR ) R R AR L PAES
W J L TR B B RE T K P

B (=10 mg - kg™) , SEEXTHPIIR K B & 08
ROBE, INA IR 28 R gk A A R R R A PR
155 A AR Z 4.

HET RN % &, -5 PAEs V5 JL i i 2
f& FARAR it BT B AR A, JUH IR A A PAEs R
PRI Yin 2 W58 & I, £ 58 PAEs 5 e n] ™
T [ AIREE 52 1078 5 i ORI XU . 788 ( Solanum. lyco-
persicum) | (Ipomoea aquatica ) FIBRAUT) 4E A4 &
C % i fifi 13 DBP Al DEHP & 475 Ye ¥y e 1 1
I . AR, Y R G TS ek B Dy 20
mg - kg_lﬂﬂ‘,i‘ﬁk 3 MEYI AR C & B0
TFE8.5% 4.8% F1 10. 6% , BRHUEE T Hh (1) B R
EE N RE 12, 9% |, 5 TR ah TR XUBR B3R 7 E R AL
LRI KB, 24 e DBP A — 5 YL ik
10 mg - kg_lHﬂ’,%%i*uﬁ;ﬁﬂﬁgﬁ{ﬁﬁgéﬁﬁii
C o kR 4.0% F16.7%.

DBP F1 DEHP H A7 7R 55 (14 5 i 1 #0585 K 1
A DL R R R B L R BRI
PAA R, TEWT VAT BRE Tl X 31, W12 ( Bras-
sica campesiris ) | INESR T 2R ( Luffa cylindri-
ca) M8 NEBFZEH DEHP &0 BIAE] T 43,21,
37.53.33.13 ,17.82 #122.4 mg - kg™ (T Fi). Mo
SRR BRI = A AR M B S A e S i, 3
O 5 E (Loctuca satira ) W JN ( Momordica charan-
tia) SEAN AR S EPA LSE4aHl Y 6 Fh PAEs 7
$90.073 ~11. 2 mg - kg, FH &R 3.2
mg - kg™, 1 DBP (&N ND ~2.9 mg - kg™,
DEHP &2 ND ~9.3 mg - kg™'. #8244 5
60 kg i1, AR HELH0.5 kg KRG (T
it ), SEAA A 9 DBP FIl DEHP 5l A7 v] A i
2 [E EPA Fl OEHHA #2119 0.01 5 0.05 mg - kg™
ENDIRTEN] IS =7y N 232 SN e | L T

1 1 AT, FR 75 /K HE I 3 PAEs V5 4 ik
JER KT T 9% H L HE PAEs 75 YL BRI, 14
AARYIReZ B E A E LUK E , A E HAE R
Al IR FH 45 ) S AN 3 T Ak S P AR 8% S IR
YEY). JEHIRAE— 24 2% Tl DX B 3 0 6 =5 2
Ho, -5 PAEs & 0 L3R R R G U RE FAAE
YA P S e T B UL, B3R PAEs R 2
FLIT B R 1 RRN RN 58 [ 11 i TAE AR ME. X SE b
DX A 7 it JBT 22 4 [R) N 32 5 | R R AT A e

4 B =2
FE N 2 B BT AN 58 PAESs {53 (R 1k
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ST A DT (H SRR 58 TAERTREE R
JESA FENGE. 1) H AT 2858 TAESE 73R E
ARAHLIX o [ | P i X AR BIF 5 4R AR X g b
Bl P X 2 B PG R R | L R RS R AR
Az AR A5 R 1 -3 PAEs 15 Y S BEZ ],
BEXs v R X AL RN R AE Y PAEs 15541
W5 XU PG BIF52 S0 77 iR, 2) AL K 2 11 95 )
KT ARt HE PAEs 15 YL A9 18 A F 78 3 EAF TR
JE RIS R it % 5 ik b i 7 A R A% Ffofe U5
A MUAEAE I F VR b g 4 ) 02, X A A i
el BRI G ) PAEs 15 2% KU T4 5 4 BF
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Ml 5 G 4 B R AR 22 AR 5

2) AT 3 PAESs 75 4L %) 3 BRMEY A9 5
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