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Phthalate acid esters(PAEs) pollution in soils and agricultural products of vegetable greenhouses in Shouguang
City, Shandong Province

ZHENG Shun-an'?, XUE Ying-hao!, LI Xiao—hua'?, DUAN Qing—hong', GAO Shang—bin"

(1.Rural Energy & Environment Agency, Ministry of Agriculture, Centre for Farmland Environmental Assessment for Agricultural Products,
Beijing 100125, China; 2.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China )

Abstract; Phthalate acid esters(PAEs) are extensively used as plasticizers of plastic products. Therefore, these PAEs have accumulated in
greenhouse soils. This study was conducted to understand PAEs pollution in soils and their enrichment in agricultural products from veg—
etable greenhouses in Shouguang City, Shandong Province. Soil and agricultural product ( cucumber) samples from 17 vegetable greenhouses
were collected, and content of 6 PAE compounds as priority pollutants were determined by LC— MS/MS. The total content of these 6 PAEs
( X PAEs) in soils ranged from 0.453 to 1.615 mg-kg™, and the mean value was 1.197+0.361 mg-kg™'. DEHP and DBP were the main com-
ponents of PAEs in the soils. DEHP accounted for 45%~77% of Y. PAEs, and DBP for 17%~44%. Based on the control standards of priority
pollutants of PAEs(U. S. EPA ), DBP content in all soil samples and DMP in 52% soil samples exceeded the control standards, implying

that these soils had certain pollution risks. X PAEs content in soils did not show significant correlation with age of vegetable greenhouses.
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The X PAEs content was the highest in the fifth year of planting, and changed little after that. > PAEs had a significant positive correlation

with DBP, DEHP, organic matter and CEC content, but significantly negatively correlated with pH. Y PAEs content in cucumbers ranged

from 0.42 to 1.62 mg-kg™, averaging 1.09 mg-kg™". The mean enrichment coefficient was 1.02. DEHP and DBP were the main components

in cucumbers, accounting for 53%~97% of Y PAEs. Generally, the levels of PAEs in agricultural products were lower than the suggested

standards in USA and Europe, implying a comparatively low health risk.
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Table 1 Basic properties of vegetable soils studied 2 gﬁ% 5];]- l'/k\'

thfiﬂ W% pH HBUFRY CEC/ K™ &R/ &
G gkg! cmol'kg! g-kg' g-kg' gokg! grem?

CK 777 204 22.3 1148 098 1.63 1.38

P1 775 246 19.1 1292 0.8 1.08 1.28

P2 7.68 222 25.1 957 092 117 129

P3 7.66  25.1 23.2 1193 096 157 1.19

P4 7.65  26.1 19.6 954 097 128 134

P5 7.62 247 24.3 919 1.03 238 136

P6 7.61  33.1 28.5 119.7 1.1 2.15 131

p7 7.64 317 29.3 1054 1.1 1.68 125

P8 752  37.6 30.3 130.7 116 195 1.37

P10 754  36.8 26.0 946 144 234 139
P11 751 309 324 1462 121 197 1.26
P12 748 349 29.2 1025 152 273 1.33
P13 742 328 29.6 1360 125 286 1.27
P14 743 352 29.5 1476 1.13 275 1.18
P15 744 339 29.0 96.3  1.17 3.1 1.24

0
1
1
1
2
2
2
4
4
P9 5 7.56  31.0 32.0 1084 126 2.26 14
5
6
6
6
7
7
P16 8 737 345 28.1 1269 131 3.05 1.21
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pm JERE ), HEA T - Bk i, SEg e AR R
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— S IR R PR, PETFARAG Hh BRI AR i e

HEMI(ZR 3), AU IR (1 R - 34 i v, 100% +- 38
FE i DBP % i B 3 ¥ il R ME Y 0.08 mg-kg™', 52%(1)
P DMP & S 5 PR HERY 0.02 mg-kg™, 4
PAEs 415t A i P hilhn i

R 2 WERMLEFE PAEs BEMEHRFHE
Table 2 Detection rates and mean values of PAEs in greenhouse

soils with different cultivation years

AR 65 KelA% Y{EbREZ/mg kg
AB2E  HIRR iR DMP 52 0.049+0.056
R R 2R DEP 0
A7 F R —1F TR DBP 100 0.435+0.202
SR W TR BBP 47 0.016+0.022
SRR _HiR—(2-23L)C B DEHP 100 0.671£0.173
R _HR_IEFEE  DnOP 47 0.026+0.035

DEHP J2—Fffi # F RSB, 24 3 S8 — iR
P 50 i —F e SR it &R OK R TR 3
A 10%~60%". BRI 2 R, FE AT
I3 DX, 5 it 2% - 18 PAEs 21 43 vk i 5 5% i o
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SRR A RETEAE T SRR R B 2 A
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RGW M E R, 2B PAESs, 787045 L3 P[]
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Table 3 Main environmental parameters of priority PAE compounds and their allowable concentrations and cleanup goals in USA

AR L] A S/ugmL™ K PEiilbrE/mg kg™ IAFARIE/mg kg
AR R DMP 194.19 5000(20 °C) 17.4 0.02 2
5 DEP 222.24 896(25 °C) 142 0.07 7.1
AR R —IE T Fs DBP 278.35 13(25 °C) 1.70E+05 0.08 8.1
S R T R SR BBP 312 2.9(25 C) 1.70E+03 1.22 50
SR IR . (2-2.3%) 2 R DEHP 390.56 0.4(25 C) 2.00E+09 435 50
AR IR E S PR DnOP 390.56 3.0(25 °C) 3.60E+09 12 50

PAEs/mg-kg™

W 0.6 F
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Figure 1 Fractions of PAEs in greenhouse soils with different cultivation years
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T A fr B - e, PR T R R A
fif , FEEX AR PAEs 76 L IErR I SIS >4 pH
TR, AL IR B AR BT
T B T F AT A ELHE T, A LB R AL i, Sk ko
PRI T i AR A AL 437 - S 3R W B
24 PAEs 207 13 okl -1 AU A0 A S5 I B o1
fb)a , LAHES TR A AE RS, AT S50k 87 & A6 FH g
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O IR I AR 1 A (2.02~2.50 mg-kg ™)™, 5
HH AR A8 X DR R IX S 3 () PAEs B i
AH—5(< 0.96 mg-kg™ ), # )\ H PAEs 2053 [RIFELL
DEHP 1 DBP Jy ¥, W41t 5 PAEs S 53%~
97% , 5t b PAEs &t RHIE 2 —30 52
A58 3 76 R 5 B b DX PIDL R ) AR 48 046
Witz I A —% . DBP 1 DEHP 435 K, /K%
PEEAR , I -7K A3 Be R EAEK, 75 5 e -3 v 2
PAEY UL . DMP DEP %5545 PAEs L& ¥ H TIK
BSPERR, PR R BN, o KAV
fif, ME LFEAE AR N A B B A v rh B R
IR0 Y E N A TSR b PAEs 2 st BRI AR
T AR AR A BREAS: 30 KG2E Jed G 126 1 A5 T
ai P AR TS Ge g BR R ), BRI SRR R
28, AKRE H X PAEs BUEA BB AT 0.3
mg kg (KT, FREFREE (EPA)IRH ARZ HHE
A% DBP i KRS H i 4 H 001 mg-kg™ (A,

R4 THEBEUMRS PAEs SEZ EKEXES T

Table 4 Simple correlation between soil physic—chemical properties and PAEs

iSES DMP DBP BBP DEHP DnOP YPAEs pH  HHUE CEC FhhL 42N 4P KT e
DMP 1

DBP  -0.10 1

BBP 022  -0.05 1

DEHP  -0.03  0.83%*  0.05 1

DnOP  0.02 0.15 040 -023 1

YPAEs  0.10  0.95%  0.05  092%  0.05 1

pH 0.07 -0.87*F  0.04 -0.75% -0.12 -0.85%* 1

HHE 007 0.78% 004  0.81%* 018  0.86%*% —0.51% 1

CEC 032 0.79%  —0.05  0.62* 020  0.81%% —0.70%% 0.71%* 1

Bk -022 026  -032  0.13 0.28 0.18 -0.31 0.25 0.33 1

&N -001 0.47 0.09 041  -0.11 032  -044 036  034*  -0.02 1

4P -003 042 -012 035 0.22 038  -028 029 0.32 0.13 0.34 1
#A®E  -001  -006  0.14 0.03 0.05  -0.0l 033  -009 -0.10 -047 016  -0.19 1

%% FORTE 0.01 BFMCE (WD BEHSE, * FORTE 0.05 REMIKCE F (M) B4R
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Figure 2 Fractions of PAEs in cucumbers cultivated in greenhouse of different years( Dry weight )

x5 FEEAPERPEA PAEs BERRER BEEMNME
Table 5 Detection rates and maximum and mean values of PAEs in

cucumbers cultivated in greenhouse of different years

e RO RS SEARER/

AR sy, mg-ke!  ma-kg
SR R HIER DMP 82 0.12 0.07+0.04
SR R 2R DEP 0

AR2K R OE T g DBP 88 0.75 0.40+0.24
AR HRTINIE  BBP 67 0.24 0.11x0.08
AR HIR_(2-25L) 2l DEHP 94 0.67 0.46x0.17
SOR_HER IF¥EE  DnOP 40 0.1 0.04+0.04

5 EIPRBE A B AE FIPAG S0 50 % (OEHHA ) 8 AR5
H 72179 DEHP f5 KEEA N 0.05 mg-kg™ /i & .
PLBAE NEBIARE 60 kg 1153, BB R i
0.5 kg, WIS ) A5Gt Hh # N o PAEs DBP Al
DEHP 51K F 2R AR R LA 1

B 5T R B R % PAEs 15 4L 97 (1) W I
AR R T 2EM s E R R WSO AL ZE R
R A #R 2 PAEs JE ARSI 0 A GE TE o AE S
PAEs 75 44 5 N FREE T , PAEs AT LU 3o S L 45 58 1
P SeE AAEDIA , (EARAS BEHEBR AR 22K [7] A i i - 45
Y PAEs 1552, T7E 3% PAEs 5 44 ™ 5 315
T AR ORI AR Ve ) 3 2558 AR R R
BHZ P PAEs 159, T PAEs 0 FEEK,
SME R R TEUKEA VY RN G A5
B, B R I A 0 AR A ST R
Y R E(BCE, %ﬂzﬁuﬂﬁiﬁﬁ} PAEs F 3
{E/ b Xt PAEs & 82 ) & AE PAEs M\ 325 4 7=
A P IERS M s AR IOME S R B, 45 R BOR . DMP 11
BCF }y nd~2.48,DBP 4 nd~2.32,BBP Jy nd~9.50,
DEHP 7 nd~1.01,DnOP Jy nd~10.67, Y PAEs Jy

P7

P8 P9 P10 P11 P12 P13 P14 P15 Pl6

0.37~1.5, Y PAEs WS E4E 2500 1.02, T PAEs
FARAL S W R R B (e S5 1 B ) (BRARE 5T (43
T ERE-OK 3 TC R AR ) R (23 KB )R
A, FAEAE Y &S SR R B R 5, AR,
X PAEs BURAL 5 W0 0 & 4R R B2 /R xt
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