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#4548 I, F¥E XS DBP/DEHP /) BCF {4 F 0.061~1.041 ZJa]; Ti7ELT%E |, BCF {HHKF 1.0(AHF 1.175~15.695 ZJa] ), B —
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Accumulation of Phthalic Acid Esters in Different Types of Soil-Plant Systems

SONG Guang—yu, DAI Jing—yu, HU Feng

(College of Resource and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Phthalic acid esters(PAEs) are ubiquitous pollutants in the environment. In recent years, concern is growing to the environmental
fate and ecological effects of PAEs in farmland. The distribution features of di-butyl phthalate and di(2—ethylhexyl) phthalate were studied
with soil aging and Brassica campesiris pot experiment in a yellow brown soil and a red soil. Aging tests showed that the adsorption capacity of
DBP and DEHP in the soils increased with the aging time. Aging rate was faster at the beginning(0~10 d), then(10~30 d) decreased and the
total adsorption quantity stabilized with the aging time. The results of pot experiment showed that the levels of DBP/DEHP(DBP:0.576~2.750
mg-kg™; DEHP:9.369~33.256 mg-kg™) in plants grown in the red soil were positively related to the concentration of PAEs in contaminated
soils, biomass and the concentration of PAEs in contaminated soils had negatively correlation. The biomass of Brassica campesiris did not
change with the increasing amount of DBP/DEHP added in the yellow brown soil. The content of DBP/DEHP (DBP:0.212~0.401 mg-kg™;
DEHP:0.421~0.490 mg-kg™) in plants grown in the yellow brown soil was far lower than the same concentration of polluted treatment in the
red soil. The BCF values of DBP/DEHP in yellow brown soil-Brassica campesiris system ranged between 0.061~1.041. The BCF values were
greater than 1.0(ranging between 1.175~15.695) in red soil, with a certain degree of bioconcentration effect. This study also estimated the
critical concentration of DBP/DEHP in the red soil, which was between 6.932~11.718 mg-kg™, for the establishment of early warning indica—
tors of the ecological effects.
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QB MR (PAEs )J2 ) 12 IV FH A 22 ) 8 2541
TR, HAR PR3 BB T P A, 4R
RREE ., K —HIAKH PAEs BFEMEARMIG, REEKR
B HIPTITIESE , PAEs X SRS A BV, FER
RIRIR PRI P AT AR DI B4R — R
B 5 G BT AER s

8 A PAEs 38 %k A AR BRI B3R5
TRV ANTS 7K FEE o SR — R R 2R b IR F) SR
AR, TR R A N Tad A2 P, PAEs FFoR3E
B EIRE LI (PVC) R 2T BBKEE L, REH 68 I 18]
HYHERS , PAEs PRI AR PR, L2285 S
R NTIRESF SRR, 76 13 R IR AR AR A
RAMEIIER R ATE IR R,

SEARAE W RREATS Yt LR E AY 1 B
3T S R A5 7K B e X 9, BROVT = P — i ¢
Fi T IEC %3] PAEs {557, RE RS PAEs (93
B MAESMONIE H 2552 816, EHNEH PAEs
XFBRAAA (T, TSRS AR IR AR,
A B PAEs 7& +- 387 i REA 5 H AT . A
TR Ve IR Tl A= 7 b ™32 I 5 2 K T AR5 B
AgRBZR R —IE T Fig (DBP) FI<BK —H R — 7%
Fig (DEHP)/E AR, BF5E T 26 [F) 3840 o 4R
— BB TR AR T RER TN, FE
i PAEs ZEA R L - MY R 58 ERIRBEAT N2
5, Rl R TR R LA LTS Qe R SR At
2%,

1 T %

L1 XBa#at

PR TR A PR B AT A A SR (VT
7)), BAR R A R UK RS AR e i, PR A o
W% 1,

131 : DBP #1 DEHP (/3440 ) 35 B L #EAAL
tasanwil/NSIRESESE Suil s 37wl AT Iy Ui L alé o
A (100~200 H)W A _E#RE LG =R
P e P R R R Bk o W S B (A B, A B e T
W ZERPRUER I, ZR B K VLB BOR , T o

BRI ERERIRYS . €245 DBP Fl DEHP 7E A /Y
6 FheH oy, I T HEE, VRS R 200 pg-mL™s ARAEM:
% 83 AccuStandard Inc, New Haven, CT(USA),

RIRALAS . B LC-20AT WAH A5, L
RJ-TDL-5A {8 & =, B 0> #L , BUCHI R205 Hl jig ¥
FERAL
1.2 KA *E
12,1+

# L DBP #1 DEHP £ 50 pL (%) 50 mg), &F
100 mL P4 B H g B3R B 29 8 500 pg emL™ fY PAEs
PR, 4+ BRI 12 mL, FRAEY 120 g 33 2 mom i
R ERRIEME X T LIRS, FRHEERLE, R
B R T e, BRSS9k B 50 pg g T3k
it o AN B A AL 80 (TR 50 i — 20Kk A
ZHAFRKE, BREER 25 CHEFR . EHIRE T H57
HrH: PAEs & & (L3EXS PAEs BYWR I &5k )
M E=AMNER IR+ LA E-RIRE ),

122 FFEREAR

(1)J7&RBL

¥t 8 .DBP/DEHP & & 403 + 3, i B Low
1 High B-~75 447K ¥, DBP/DEHP B30k 2 53 51 Ky
50 mg-kg™ 1 100 mg kg™, F ALK 3 MEE

()15 G 3R %

4 3% B DBP/DEHP 150 pL (4 150 mg) Fil
DBP/DEHP 300 wL( %% 300 mg) , Y5 T PR (43 Hr 4k )
R L S VR B ) PAEs TR ERVE R, SR J5 40 B as i 2]
3 kg it 2 mm FEE KT LIRS, #15 Low 1 High
PG Gk B i 38, T BAE WAL R N R & i
5, LEB TR 2 HERKE , BRI 25 CIEREE SR
10 d J5 45 HAB H o ZARFTINAE A4 AL B PAES 5 45
IR 2,

(3) AT FAF

BB R EEH il 25~30 d, 3 4 d /FHE
#o R 500 mL BEIEEAR N 75k, A L 500 g, &
% 6 e . Bk H 30 2008 4F 12 H 12 H . #8357
HNTOCHIERE, IR 255 € BMEEYLHES . 25 C
fEIRIESE , R AARKGERE , R K AR E o —o 15

F1 il T EEAHR
Table 1 Physical and chemical characteristics of the soils

TR %

g pH HHLF/g-kg?  CEC/emol -kg™

>20 pm

2RUg kg’ 2Bigke

2~20 pm <2 pm

EAR:
Ll

4.84
6.31

10.85
31.6

11.2
23.6

45
27

36 19
38 35

0.77
2.02

0.39
3.06
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® 2 fHX T 15 PAEs MAEE (mg kg ™)
Table 2 Initial concentrations of PAEs in pot soil(mg-kg™)

e DBP DEHP Y PAEs
CK_HR 0.258 0.229 0.487
Low_HR 11.074 17.016 28.090
High_HR 18.137 27.677 45.814
CK_HZR 0.221 0.227 0.448

Low_HZR 4.815 2.826 7.641
High_HZR 14.292 125 26.792

¥ :HZR Jy#i58E  HR h 218,

Bl 3 EMBTRE, SR 3 K.

Fk 30 d J5 IR (2009 4F 1 A 10 H), AARSEH
BYT) 53 4h b T ECRAERE S, AR B RAK ZEIEK
Ve, $ET R MR | [RIA F DU 4 R4 A BT
B RE R IITE-T0 CHKEE PARAERFI
1.3 HAFi4ES HPLC 47
1.3.1 HE S Tab T

TR TR . FRER 2 g 3RS TR A
S (EA & PTFE £ 5 M3 F)H, IIA 20 mL —
S I EE T RIS A ZEE 10 min )5, DA
2500 rmin™ B0 5 min B EBUR R R BIANEHE R K
W, TENRREZERAN LA 50 romin™ 553,40 C/K UK
52T Y 1.5 mL B EES BOR BRI IER 28 R, )
RETPEBE 1.5 mLHEESHN, BRASLAASKKRE
0.8 mL 245, S HrAT R B E A 2 1 mL,

FEIAE ot ) TRUAL 3R B 75 25 B, AL AR AL E AT
B, RS BRAT - (13RI, FRR—ERMHEYET
ek, A B A SR FIT0K 5 BR AT B B 5T 3K
Ja , /D EZEK S 3 IRvpemiek Bt i B 2 50
mL BEEERE A, A 20 mL & H e, BAEZER
10 min J7 , &5 =, B TREERR(ZERHRE )&
TR E 5 — BRI - (2)¥ 4k [ EHTAEE Rk
A1 g EAk45(100~200 B )5 2 g TKEREREN . S
10 mL Z& B Le ik deiE+, 3 R, fr — & e
TREETOKGIRGNE , B ARE R EBR, FFET
e = K BRBRBNZERT, A 20 mL — 48 B ekt ,
F 10 mL Z& B e/ 2GRS, — 3 EAR
BriE , AR IBR 50 mL FHERE7E R (3)M4E T
ER B L AREREREZR KL, 50 remin™ #%
40 CKIFHGEZE T, A2 1.5 mL BB BORBER
TR, MREHEBE 1.5 mL AZ A,
BN, HAEAASWKE 0.8 mL &4, 4 Hrai i B i
EAZE 1 mL,

1.3.2 HPLC TAES M5 e 42

5 LC-20AT Wi AH 321X, Bt SPD-20A UV/VIS
Fr D2 , A I < 225 nm; ZUHEAL R A N2000 TAF
¥4 ;Shim—pack VP-0ODS C18 f& i 4+ (150 mmx4.6
mm), ¥ 30 °C; FaNAHA I EEK=90:10, WK 1
mLmin™; #HEE 20 L,

¥ PAEs fIEFR(DBP 5 DEHP #4524 200 wg-mL™)
FHR R, 0.2,0.5.1.2.5.10 mg- L™ B BRI,
BLil PAEs FrifEfhLk . B MreRiESE 6 IR, 153
FRufE ph 2R i 159 2R 50 r>0.999 , £ MEAH 56 BE vy , 460 R
A% (MDLpg=0.003 wg-mL™, MDLygp=0.015 pg-mL?),
B TAE BRI AR TR 5 25 3 FIARRE 2 AT
BT 10 NAARES SN — R ERE S R TR
KIE . HIEAME YIRS RASMRE E &, TSR E
AN, BEAE AL R FRR AR S BN 2R AE 85.73%~
106.99% 2 1] , ¥ it B 52 [] ARG 25 B AL , R X O 22
B,
1.4 #iE4bE

B BRI R A Origin 8.0 /£, SPSS16 48314y
HT, i Duncan ;% , n=3.

2 HBREHZM

2.1 DBP #1 DEHP £+ R pIE4LITA

BF5E PAEs 7e L3P H BT, ATHRH PAEs
T e RO AR [ B K P BRI, 0854R PAEs
TE T - RGP AT HREES %

PAEs 7E + P EE AL UL 1. DBP FIDEHP
T - 38 r B W S B2 B S AL [R] A3 i, 22 BT IR
Wk AR, T i O 3 3R ke N LR B R T
SE RIS AE 0~10 d, HE MHE AR BB ; MEE10 d FI%S
30 d, PAEs f) H 3R FHESE NAR D, W] LUAKZESS 10

ss5p
50F
45

-+ DBP_HZR
-o- DEHP_HZR
-/~ DBP_HR
-¥- DEHP_HR

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32
AL/

B 1 PAEs TiREL Lk
Figure 1 Aging curve of PAEs in soils
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d,PAEs 7E HIEF B E B TRE, 7R 1 Fifkn]
P& %], DBP/DEHP 7E s 73 PR EE R TH
FELTIE E AR TR RAEEARER RLE b ER
—Fp+3E - DEHP f&{bF2E 5 F DBP,
XRAERFRR S, HESMEGINT PAEs 9+
iR 10d FEBRAY, —EBE LT DIHERR
PAEs £ +- 58 (3RS X Ak I 15 M , 2 AT LA
PAEs 7E - 51 R 55 P A0 TE R e ALV S Iy e
2.2 DBP #1 DEHP £+ ZE-EWH NS H
2.2.1 REV5 YRR ) 30 i E AR AW
BRI B YA K AB LA B SR ATE bR o 2R
WAL TE e KRB EIRR AR MBS, N 2
FTLAE S, L0 F AR RiE Y BRi%E PAEs
VRN B (BN T 840 , PAEs Xt W3 i A4 K 2 B
BRPIHILE A e B AR L, S4Bz R AEY R
BEFEF(P<0.05, TR ),PAEs % b1 A= K A5 0
REFE., EEEAAH BEE KRS TaE,
Fil4n CK_HR {25 .- 2441 & 7 0.326 g, CK_HZR [
2k YR 2.786 ¢, R E R ATE ) 8.6 1o
TR A B R RTRE A NS Y A B KU
(Maximum permissible concentrations(MPCs ) for PAEs

for soil) , RRAE TN A RIS T #E LI

0.4r

0.3
b0
g 0.2
|
H
0.1
0.0 /L
il
O CK_HR E Low_HR ¥4 High_HR
4~
3 T T
AN
2 77
2 7
/7
# 7
/7
/7
1- 7
/7
/7
F /7
/7
0 70 = oA
e Licd
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2 AE4E B EYETTE

Figure 2 Biomass of Brassica campesiris under different treatments

PAEs I Ak B, BIXT + 3 RAEW T8 2 i E 7
JE , % B 1k PAESs 38 13 B W5 15 326 T 5 i 1R F) fEE B
EHEE, ENRRREPET - YRR T
YEWI I = B AE R HE R 3 s e i e i R IR
KA = & ( FEIR T B ) 5%~10%1 +
A EW RN EE R A FY R R R AR
JE , 33t 2 A R I R B Y Rk 1,
Y% PAEs 5 D HE A &Mo0 WE-=&”

£, #lAH PAEs 7E H3E- 1Y) R G A BB
2, D REHRET 10% A R1 A PR 584 PAEs
I FE, FIAFE 3.

R 3 PR PAEs il FE
Table 3 PAEs thresholds of two types of soils

R PR R e S B g g
ik y=-0.002 8x+0.326  0.763 4 11.718
y=0.326¢005% 0.819 7 6.932
HIE y=-0.000 2v+2.9334  0.001 9 2 128.65
¥=2.926 8¢ = 0.002 2 1974.581

M3 3 AT L, 414 | PAEs B Rk By 6.932~
11.718 pg-g”, HFFEEARE L PAEs X LigFHAEY)
BEWARE,JB T IO E (no observed effect con—
centrations(NOECs ) )™, JR I & 9 A= 253000 7 R AH 5%
REPORAL, HIGFEREARESEME, HHEU,
PAEs 7E£13E FAOFRREIG FEAR, ARG & T 3%
B, HTARRHEAREG R, rRgRTEEH K
IS IE
2.2.2 PAEs FEARIALIE 1+ HE—HEY) R G0 43 A FFAE

W 3 Bs, LT 2R HFIAR R AT DAl B AR
Wil PAEs (b5 ¥, #E4148 I, DBP 7625 .M ik i
WRR , 7T B 5 18 DBP 85,48 & (FEf% , S 4
fEA DBP MIXTR A G A K. BRILZ A, 28 (il
A PAEs W E 5 1385 PURR B B IEAEOC, 763
¥4 I ,DBP # DEHP 7 b H & 403 2 ) T 8. 3%
P25, PR B E1gHFZE v DBP KT IR
bh, 5 FFEYIRN 4 ER S 1) DBP/DEHP & &3 18
ER T HEAE LR, iRy 1 HiEE
&Py DBP F1 DEHP [ & E3¥ 2R RA>ZE i,

##% b5, T3 DBP/DEHP H& EH 8
FEA, & AR P R R E AR, fE4E
b, [E—A-hb 3R 13 DBP ¥k E KT DEHP; 78
PR I, FAL 3 + 38 DBP ¥k H)S F DEHP, 213
ECEFRE | 3 M3 38 DBP YR EFERETE— 1K
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F k5 T3 DEHP f9¥k 5 DEHP SMETR & 2
A,

Y E & RE(BCF) BT EMHAPLEYH
W BN AR R U 2 L, LR R ASA 6 il R A AR
PAEs ¥k E 5 245 + 3 PAEs ARk EZ
He , BCF 24 b4 e A ik BB B2
¥etr. TEEAFE |, ¥ X DBP/DEHP f BCF {EA
F 0.061~1.041 ZJa], EAHTE 1.0 ITF, T BAY
EHENSG; MAELE |, BCF KT 1.0, B —E
MY EEER(LE 4), FHIL, PAEs 7E4T3E L 5)
PR R RO 2RSS AR Y B SR A AR
3%, FEMB] PAEs 7 H3E- Y RGN ERB MFE
FUEE DA A TS Yeidt A A 5 v e LAY f&
E, DA A AT BT SR T I A b S T
HAERERZEME L,

x4 FELET LSS DBP/DEHP MAENEERE
Table 4 Bioaccumulation factors of DBP/DEHP to Brassica

campesiris under different treatments

F%5 CK_HR Low_HR High HR CK_HZR Low_HZR High HZR
DBP 1.175 3.860 3.845 0.117 0.061 0.116
DEHP 15.695  5.886 3.388 1.041 0.475 0.279

18

DBP ¥ & /pg g™

S N A O ®

16}
14}
12}
10}
. . .

3 iFig

— IR AW T B, Kow HK, Bk
PbRaR , FAE 4 P 4 IR RHERAR | AR, AR
#75 . DBP 1 DEHP (] logg,, 5354 4.45 F17.50, €
1A RIRM e RS KN, Tl SR
R EEE 4%, DEHP (5T 2 Kow ¥ F DBP,
¥t - DEHP 7¢ -3 I (WK B 68 /7 2258 F DBP, iR
IG4E BRI e BRI ILT 3 | DEHP A2k FL
B F DBP, 5B A AR EF

M 1 H3RAT LAE 3], DBP/DEHP 7E #1535 11
EAREES THAIE ORI BG5S+
S 5 Y RS A A SRl S Bt W] BB AR TR
PRz —18, AR ML A P & &3k 31.6 g
kg #110.85 g-kg ™!, EAAEMN AL S BIL T RAE
1 3 £, EAREE N R FE A IR & B 7T BB 2 PAEs £ 1LFE
FERIEE,

FAR B A5 A0 R E K2 IR R R A PR
%, RARE + B YUK R G, &
P BRI RIS KRB B AL T, TR
B FEFE AR E B, oA AN 7 R A%
o AP, FELIE B Low M High PI~Ab B

CK_HR Low_HR

70

DEHP ¥ /g-g

High_HR

7 7 717

7 777 7

7 EnZR 7
CK_HZR Low_HZR High_HZR

60
- 7

CK_HR Low_HR

Oz
& 3 PAEs EXIE-EMRETHISHER

Figure 3 Distribution of PAEs in soil-plant systems
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_PAEs XESRANE HRAL K, BRI B
ARIRER B, ERARIETS , A I I B AR
{BEAMEREZR /N, T I8 PAEs XF ¥ 194 K B B
BAIIHIVER , X5 %HUZE E R R g R
. M7EEREE L, WMSME PAEs 3554/ Low
High Pi4b¥Er PAEs Xt H¥gH A KE MR B E,

M 1+ 3R i 25 R 7T A1, PAEs 7E41 458
R BAGERER R B4 E, Frll DBP/DEHP 7E4T 3%
YA R, A T E R PAEs A S
EWERBAN A PR AT AR BRerHE
() L7 25 it A DBP IR TR IBR A, 213 FAE ik
#5843 i) DBP/DEHP & B35 8 % & T E AR E LK
A AL T, FEBAFHE I PAEs () R
& AW AR, AT B R R &, B LR
CK.Low 7l High 3 /4™ 4b 38 [6] i) PAEs 7£ I ¥ AR &R/
X MR E TR EEER,

XFHEYW Y DBP Fil DEHP 88 7R 8, HHEJ
ARG s . FHEIG TG 7501 & A ) (B i 28
¥ MAE b )5 W IKFH R DBP, 1fij X DEHP
MR IR D o e o i E AR K TR R 25 1
T3 KBS DEHP & & 735 3.05 mg-kg™ fF
H, X 52N R AR5 L, FEPIFP 1
B FAFACEE iR AR R DEHP vk By
= F DBP([¥ 3),

T K AN [R) 25 SR S B i AT 0, T BB S5 4
Yrfh2 KT PAESs (1975 Juvk B R HAE K&
Ko DBP YEFEEK 5 Be R B AL F EFIAH B
KRR, I T ER G R [, S R
i, 138 DEHP Bk MM, XE TR A g,
BEHZISHEBH DIEERAMZENp # LEE
RZAFZE i+ DEHP & B8R . ARKH LiEE
{ky DEHP & BEw, Wi\ FTHEPKE
DEHP W [t FHRFE I

Wit 4% - B A& DBP fl DEHP f) & &
RRESZE M, B REPRNHEY ARG RE
B & R RISE.O AR & DEHP (& B3 m THZE .,
M, 5ASR RIS R —E

L, F—4b8 13 DBP fk BT
DEHP JUfEZE T U fE B b -, Rl 438 1 3 DBP
FIYEH ST DEHP, ZIEME VRS RIG, HER
F¥BE 155 , DEHP F7KIEHEAR , AE W R A%, R
R E B A VR & B8, PAEs £+ 3
4% 4L A/E 3 2, DEHP A%} F DBP HAg K¢

WK BL R BN TR, DTS A 5 RIS
AT LA LI 2 B SR A o

4 ZEig

DBP Fil DEHP 7 -4 H ¥ % [} 2t il & 2 fh B[R]
F3E N, 2 BATHI(0~10 d) B b T8, 5 H1 (10~
30d) #fbEFE/NF HEL S EETREM-E
DBP #l DEHP 7/ [ + 3% B () B Al e 2 24 i A
XA

4% b, HiEHERN DBP/DEHP & &5 11
HYIRERIEMX, AR HEE YR E 2 M
2%, DBP/DEHP X} 3£ KA B B HI1ER . W
HEEFE L, FEENEY R NREE + 3 DB/
DEHP #3fin & i 7+ = i 25 4k, #5497 14& Py DBP/DEHP ()
EERKTAE LRI, EaE L,
#gEX PAEs B —E AW E SRR, EEGE
T B EENS . AREIRGE T L
DBP/DEHP il 5Lk K 6.932~11.718 mg-kg ',
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