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Analysis of residual characteristics of phthalate acid esters (PAEs) in
vegetables from greenhouse vegetable production bases in Beijing
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ABSTRACT: Objective To study the pollution level of phthalic acid ester (PAEs) and analyze the pollution
characteristics in vegetables of facility vegetable base. Methods The 16 vegetable samples were collected from 8
typical vegetable production bases located in Changping, Yanqing and Shunyi District. Fifteen kinds of PAEs were
analyzed through ultrasonic extraction, solid phase extraction column purification, isotope internal standard
quantization and gas chromatography-mass spectrometry. Results PAEs were ubiquitous contaminants in
vegetables, and total PAE concentrations ranged from 0.15 to 6.94 mg/kg, with the average content of 4.91 mg/kg in
the vegetable samples. The distribution of PAEs monomer in various vegetables was similar. The concentration of bis
(2-ethylhexyl) phthalate was the highest, followed by dibutyl phthalate and diisobutyl phthalate. The proportion of bis
(2-ethylhexyl) phthalate, dibutyl phthalate and diisobutyl phthalate in PAEs was 36.9%, 33.5% and 19.2%,

respectively. Conclution The residual value of PAEs in vegetables deserves more attention due to widely
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application of film in facility vegetable base.

KEY WORDS: phthalic acid ester; vegetable base; vegetable
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Table 1 Retention times and monitor ions of 15 kinds of phthalate esters

/min
1 DMP 7.73 77,76 163
2 DEP 8.593 177,176 149
3 DIBP 10.363 57,150 149
4 DBP 11.147 150,56 149
5 DMEP (2- ) 11.45 58,149 59
6 BMPP (4- - ) 12.12 85,167 149
7 DEEP (2- ) 12.825 72,149 73
8 DPP 12.54 150,237 149
9 DHXP 12.967 150,251 149
10 BBP 15.177 91,206 149
11 DBEP (2- ) 16.77 56,149 57
12 DCHP 17.46 167,55 149
13 DEHP (2- ) 17.63 57,167 149
14 DPhP 17.81 77,76 225
15 DnOP 20.213 57,150 149




11 i, 4435
> PAEs 0.900 mg/kg; YQL1 > PAEs
3 &R57H 2.130 mg/kg, > PAEs
s e e 20 A = 0.340 mg/k )
31 RERERLVEEPME_PRENISE mee
(CPAEs) K. 53 T E PAEs 0.3 mg/kg( ),
60 kg s 500 g R
PAEs 2
> PAEs CP2 , > PAEs
15 YPAEs 0.15~6.94 mg/kg
1.49 mg/k CP2 ’
: meke YPAEs
> PAEs R 6.940 mg/kg, CP3
, 0.200 mg/kg S PAEs 3.2 jtalﬁﬁﬁ&% mR PR —HERAR B L &4
Ny
0.5~1 mgkg  25%, YPAEs 1~5 mg/kg = EHE
31%, > PAEs <0.5 mg/kg 37.5%, Y PAEs 15 PAEs
>5 mg/kg 6% Y PAEs>5 mg/kg s , 15 PAEs 1 ,
0.5~5 mg/kg , S PAEs DEHP DBP DIBP , > PAEs
<0.5 mg/kg 36.9%, 33.5%  19.2% 1 , DMP
, Y PAEs , CP1 0.003~0.017 mg/kg, 100%, 0.008 mg/kg,
> PAEs 3.825 mg/kg, YQI1 DMP
> PAEs 2.130 mg/kg DEP nd~0.036 mg/kg, 0.011 mg/kg,
SPAEs ,  CP2 , YPAEs DEP 94%, YQI DEP
6.94 mg/kg, > PAEs 0.260 mg/kg; DIBP
SY3 , YPAEs 1.37 mg/kg, 0.008~2.028 mg/kg , 0.285 mg/kg, DIBP
100%, CP4 , 2.028
%2 ALRTEREMER S PAEs LAYWR S B (mg/ke) mg/kg DBP 0.016~2.954 mg/kg,
Table 2 Concentration of XPAEs in vegetables from greenhouse 0.498 mg/kg, DBP 100%,

vegetable production bases in Beijing (mg/kg)

CP1 3.190~4.460 3.825
2
6.940 6.940
CP2
0.260 0.260
1
CP3 0.170~0.230 0.200
2
1
CP4 0.270~0.340 0.305
2
SY1 0.550 0.550
1
SY2 0.920~1.370 1.145
2
1.370 1.370
SY3
0.900 0.900

0.150~0.530  0.340
YQl 2

2.130 2.130

, 2.238 mg/kg DEHP
0.049~2.625 mg/kg , 100%, DEHP

15 PAEs , 0.549
mg/kg, CP1 CP2 R
DEHP 1.77 mg/kg  2.625 mg/kg

(OEHHA) ,
DEHP 0.05 mg/kg( ), 60
kg , 500 g , DEHP
CPl CP2 , DEHP
OEHHA ,
DMEP BMPP DEEP DPP DHXP BBP DBEP
DCHP DPhP  DnOP , ,
PAEs DEPH ,
DBP  DIBP,
, DEHP DBP
, DEHP DBP ,
, DEHP DBP ,
PAEs (20:23]
> PAEs 3 R

SPAEs 1.880~4.452 mg/kg,



4436 7
®3 HARBRAUTERTD PAEs i524HHE(mg/kg)
Table 3 Concentration of PAEs in vegetables from vegetable fields (mg/kg)
DMP DEP DBP BBP DEHP DnOP > PAEs
0.108 0.238 1.401 0.041 2.604 ND 4.452
ND 0.890 2.320 ND 0.000 ND 3.210
ND 0.000 0.635 ND 1.245 ND 1.880
0.071 0.021 0.656 0.021 2.455 ND 3.223
- - 0.314 0.450 0.046 - 0.811
0.117 0.099 4.205 - 4.652 - 9.073
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