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Pollution of Phthalic Acid Esters(PAEs) in Vegetable Soils in Xianyang Suburbs, Northwest China

XU Xue, WANG Li—jun’, LU Xin-wei

(College of Tourism and Environment, Shaanxi Normal University, Xi’an 710062, China)

Abstract: Soil pollution by phthalic acid esters(PAEs) has become widespread. In the present study, a total of 59 topsoil samples were col—
lected from four selected vegetable fields in Xianyang suburbs. High Performance Liquid Chromatography (HPLC) was used to analyze the
concentrations of six PAEs, namely, di—-methyl phthalate(DMP ), di—ethyl phthalate( DEP ), di—n—butyl phthalate( DnBP ), benzyl butyl ph—
thalate( BBP ), di—(2—ethylehexyl ) phthalate( DEHP) and di-n-octyl phthalate( DnOP ), which have been listed as priority pollutants by U-
nited State Environmental Protection Agency(US EPA ). Composition and distribution, environmental sources and pollution levels of PAEs
in soils were also studied. All six PAEs were detected in vegetable soils. The detection frequency was in order of DMP( 100% )=DnBP
(100% )>DEHP(98% )>BBP(80% )>DnOP(66% )>DEP(52% ). The concentrations of individual PAE compound varied from no detectable
to 6 313.36 pg- kg™ and their contents were DnBP>DEHP>DMP>DnOP>BBP>DEP. The total content of six PAEs (26PAEs) ranged
from 128.60 pg-kg™ to 10 288.42 pg-kg™, with an average of 632.10 wg-kg™, and followed in order of Caojiazhai soils>Guocun soils>Bax—
ingtan soils>Dongzhang soils. Compared to the results of other studies, the contents of PAEs in vegetable soils in Xianyang suburbs were in
the middle level. Soil PAEs were dominated by DnBP, DEHP and DMP. Principal component analysis and cluster analysis indicated that
DEHP and DnBP came mainly from the use of plastic film, and that DMP, DEP, DnOP and BBP were associated with cosmetics, personal
care products and home decoration materials. Per the standard of control and cleanup of soil PAEs used in New York, US, the concentrations
of DMP and DnBP in 100% and 85% soil samples exceeded the control standard values, but below the cleanup standard values.

Keywords: phthalic acid esters; pollution; vegetable soil; Xianyang suburbs

5 B #A - 2014-04-07

HEEMA : HEARPEFEET H (41271510); BePiE FAAREFIRITF R H (2014IM5208 ) ; o @S SRR 55 2 L0945 H (GK201302032)
TEFET 4 FH(1988—), Lo IWREZ N, W05 A, FEMN RIS PN Jr fE5Y . E-mail : xuxue@stu.snnu.edu.cn

*JEEEE . FHF4 E-mail : wanglijun@snnu.edu.cn



A B TS A AR (PAES )15 e BF 5t 1913

ARE — R fig ( Phthalic acid esters, PAEs )& —2K
NTAERBM Tk Bz RMAE IS, EEH
AR SPASL 14 18 990 390 AR A A 00 A 186 A 7= i 1 T 90 4
T A PSR AT FAVEA 2 R R AR i S A
Jok, AEG . B AR S Tl )iz Y i T
PAEs /KIBEMEEAL, HA BRI FIE- Ko Bl R 5L
(Kow ), Xt sl 4 1 HA AR SR G 55 T 77, B fE AR P ik
AL BRI, WF5ETRER B, PAEs HAT 806 3K
179 Nt O VAR 7Y 2o e W NN B =R (L RSIL /LN
VALY FF IR 1) T B KT N 43 AT B, S T 52 i £
BE AR, R — R EE IR R R, B,
PAEs f& 55 U 25 | e 45 1 BOURF B AH 5@ 21 2111 v B 6
T, EEFB P (US EPA K 6 Fi PAEs 5110k
G gy, ALY A sh W L 4 2 (WWE) 31 H 1) 68
FhEREE R W) R P AU dh 8 Flt PAEs, Tk [0k 3 Fif
PAEs S| AfLSe# 5 44

t T PAEs (1)) 12 ffi ], PAEs 7E 4 3£ 7K
ARSI A SRR SV R A S R Ak A A
TR N EEM IR — S R RO A = 1) 5
JEhl AR A K AR BRI RN 3750 B F PAESs
55 & AR 3 Rl A A G S R % T B
AYTTE e B EER R R L 13 PAEs V53 EL SR
[ AP SETE R R R, R ARt op 22 32 45 1 4
PAEs V5 e it 47 THFSES2, SmApske, o) 4 b
TR HEE B HIHE K ey IR T 55 1l DX Al - 498 Kk
+-3Erf PAEs V5 A4k IT I THFGE=2) SR, A 56
HH X 3R PAESs (1975 YeF o8 b i A7 A

B SR I S b T R B S AR AR
BLHEN L, AN & S5 A, 23Rk Tl Ak &
A B A i 7, S B T A R P S i S A
FETRIRY & 2 DU 2 —  FEX R PH B~ PR — R B
B 4T A DL R IRRB LR AR E B P &R
SRS ) YA B SR S, A R R AR i B
BELE A LA BH T RBP4, 9 32
+3Ed US EPA {45 6 FhalzE — HERER(PAEs ) % i
I AR A3 AL, BRI IR R 5 YK, 3o {7
TEAR 7= i Jo e B AT B R

| MRS

1.1 #HFmRERTALE

TESEBR IR ) ZE Al b FE R T ASRE AR P FE AR
K PARBIERE 4 MRS (B8RP HE 20~40 4F Fp
L R B ol P b R RO B AR N iy T s ), A

P IERE S RAE S (B 1), B W R IR (n=27) AR TKA
(n=12) FF (n=4) FI\ 240 (n=16) . TEREARAE
RAE 4 {0y B HERE§L (7E 2 mx2 m J5 4% PUAS TS, , SRAT:
TRIE R 0~25 em), BUZFFH U455y 245 0.5 kg,
BB T R LR R E IR AR A
SRIT, BB RS I 100 B AREBANTE A7 AR ()
FUf, 7 4 CHRF R EL
1.2 XE5iRF

2 [E# 4 Ultimate—3000 BUAH (A RE(YL, 47 4%
EFEH R 2% (DAD ) KR FHE Hypersil ODS2 ¥
AH A (4.6 mmx250 mm, 5 um) ; Z [RPEHCES ; L
TSR A 2] RE-52A %I Jig 2% % AL ; ABSON 24
F) NAS-12 FUR WAL ; BERS 2 AT A (1 emx30 cm).

IECBE N S BE B EE RN G 2R
afi, 4 {35 [ J.T. Baker 24 6] ; 2 HTAERL (80~100 H ,
B SRL T ) MUZHr A AR (100~200 H , [E 254
Ak 2250 R |, AT S BI#E 180 “CAl 250
CIHAL 6 h #1112 h, Jo/KGREREN (A Arall, R mifh e
RN FRTAE 450 C 3R A8E 6 h; PAEs iR
B FRUEE I, S AR H R — H i (DMP) (4B2K —H
fiz — £ T (DEP) (4F 2 —H R IE — T fi5 (DnBP) (4B 2K
T HERTE L T IR (BBP) (47K HIR —(2-2 3
FE)Wig (DEHP) FI2B AR — H iR IE —=F 5 (DnOP) , ¥k &£
4 2000 wg-mL™, HEEA T, 1 H3EE Supelco 2y
], FH R AR, BC RO TR o
1.3 PAEs #2544

FREL 15 g - 3eMERL AN 5 g TOKBRER N, TRG 1Y
A), FTEACCH A be R AR 48 by, 8 TR
FCIRBUE H, ] 200 mLL 1E 2 ke PN BT A (101,
VIV)ZR A $E 24 ho $EBGR AL 60 °C, [ 34 B
FEHITE 4~6 Y -h™' PRIBURIERL 78 RWAR 2 1~2 mL,
JIA 20 mL 1F OB, R Sefie it 25 R Wi 2 1~2 mL, 5¢
R, o AR 2T A

TR ZHTHE, A R BRI 6 em Ak
B 12 em BERSAN 1 em JC/KBRBREN, 1EChe -5
FE, A 20 mL 1EC %8 .70 mL S W B FNE CAEIR S
VIR (37, VIV )l 40 mL PR i AIE 2 %e TR & (2
8, VIV) o IR e BRI K8 5 AN o WA % R ik vk
T, EREFE R WA 5 1~2 mL, 5555 B EWAE 76 Ny 4
BRI IR T, FH R s it 75 %) 1.5 mL,
1.4 {LEE S #T

T AR B FIRE b PAESs 1) 7 35 [ 822 M 40
T R I AR R VROME T AT R A T 53 15 0 I DRIBCR



1914

RAIMERF 217 EIRRE T R

B RIX
pAYi
@ HIELREE
= PR
> i
[ 3]

| TERERTEE

Figure 1 Schematic map of soil sampling sites
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435k 54.39.19.62.39.52 .314.17 ,163.25 pg-kg™ il

41.15 pg-ke™ K H 2R 8 100% .52% .80% 100%
989% F163% . 25 5t B AL ¥ 9 DnBP>DEHP>DMP>
DnOP>BBP>DEP, 6 f PAEs & & & Ul 7F 128.60~
10288.42 g kg™, 154 632.10 pg kg™,

2 2 SN R B T AR e - S At el X - e e
PAEs &8 gE47 oo i 2 W0, B A L
PAEs &8y, ORI 3, Al AR, X
AT RESE T TSR M X R FEVS TR FEA Ol A
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Table 1 Concentrations( pg+kg™) of phthalic acid esters( PAEs ) in vegetable soils from Xianyang suburbs

HX DMP DEP BBP DnBP DEHP DnOP S 6PAEs

FHTTRR(59) e/ IME 21.26 ND ND 36.63 ND ND 128.60
KA 823.16 66.99 222.00 6 313.35 3 871.09 762.50 10 288.42

FHME 54.39 19.62 39.52 314.17 163.25 41.15 632.10

WRIE(27) F/IMA 21.54 ND ND 49.12 31.97 ND 145.72
N 62.51 51.44 222.00 6 313.35 3 871.09 762.50 10 288.42

FHE 28.35 12.61 35.06 504.51 292.51 48.28 921.34

KikR(12) e/ IME 21.26 ND ND 52.61 39.20 ND 217.88

R AE 395.87 45.96 172.12 527.09 92.56 46.17 740.70

SEASE 68.75 28.29 49.40 150.21 49.63 29.46 375.73

2t (4) F/IMA 21.60 ND 35.98 83.00 31.70 39.83 214.95

BRI 320.13 41.76 135.65 230.90 98.59 73.84 802.25

SR 97.61 20.25 65.47 139.06 50.12 58.93 431.43

JHE(16) /M 21.83 ND ND 36.63 ND ND 128.60
KA 823.16 66.99 93.47 459.41 161.17 103.67 1171.63

SR 76.75 24.80 33.16 159.71 58.61 33.43 386.46

H:ND FoRkkr . TR
%2 FREMEX T1EH PAEs §E B (ng-kg™)
Table 2 Comparison of contents of PAEs in soils from different regions (g-kg™)

HiIX. - A DMP DEP DnBP BBP DEHP DnOP 3 6PAEs Sk

FIARMESRLIX 20 90 310 60 150 40 670 [31]

PR 15 20 90 230 50 150 30 560 [31]

SN Al -4 3.61 9.23 150.6 2.14 88.28 9.95 310.5 [32]

WEE(TM) B SE A 0 630 5480 490 15 240 330 22170 [21]

WERGEI) S LI 0 1110 10.76 410 14.76 30 27 060 [21]

PN A< FH 435 18 22 70 64 295 189 659 [27]

PRSI 1 24 24 68 54 618 790 1580 [27]

B BRI e ND 590 210 50 1480 140 2750 [33]

wE H 4338 11 260 1572 28 280 NA 128 700 NA 28 302 [34]

I R X. 6 6 121 4 597 7 741 [30]

%30 135 152 92 8130 402 63 200 561 72 537 [25]

JE P IX - 74 34 10 600 32 16 100 17 26 857 [25]

3Tl 435 67 36 2010 47 29 400 4 31 564 [25]

Jext T L4 10 16 790 29 1875 31 2751 [26]
JHBHTTRE e S nkz 54.39 19.62 314.17 39.52 163.25 41.15 632.10 AHFFE

T NA SRR BeA Al R B -
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Figure 2 Composition of PAEs in vegetable soils from

Xianyang suburbs
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PAEs 7K PEARXTAET , 2F BE— 7K o3 T 22 H5ORE X 4%
/N, G A IR A — M R Y B AR AR
2.3 11Erh PAEs EiR

8 PAEs R Hr e R LER 3. E4r 4
Hr A3 PAEs 42HCT 4 S FER -, FEEE N
2.08.1.19.1.03 1 0.92, H: ZFH Jy 2= 5k % K 86.97% .,
K 1 32 DnBP(0.97)5 DEHP(0.98 )4 i , It 4h
WA /NS DnOP(0.37), J7 22 5Tk % 33.19%
[K¥- 2 f1 DMP(0.80) 5743 BBP(0.59)#4 i , J5 25 5T
Mk K 18.61% ; [H 1 3 % iy DEP(0.74) 5 BBP
(0.65) #%, JrZETTHRE R 18.42%; N+ 4 FEZ
DnOP(0.89), J5 22 BTHkH N 16.76%

F 3 LT PAEs TS AMER

Table 3 Results of principal component analysis of PAEs in soils

fay ERIITE Sl
1 2 3 4
DMP -004 080  -0.13 -0.18  0.69
DEP 023  -041 074  -012 078
BBP 0.06 0.59 065 -014 079
DnBP 097  -008 004 -020 099
DEHP 098  -009 002 -017 099
DnOP 0.37 0.17 0.19 0.89 0.98
FHIE(E 2.08 1.19 1.03 0.92

T 22 TTHRE % 33.19 18.61 18.42 16.76
By TR %  33.19 51.80 70.22 86.97

3 JE 3 PAEs JBZEH, MR 3 A, 2k
Iy L3R PAEs 43k 4 25 . DnBP #l DEHP 2
1,DMP #1 BBP 2% 2, DnOP H1 DEP 43 51 k2% 3 Al
KA, 5FWA IR 8 282 83 k4
FEH R AKCE B A — 28, BB AT AT B A A R A R EE
KRB IIEEATH -

PAEs (HH¥ 53510 80%, {ERIATHI&EE
ik 10%~60%"", &% H12 DnBP Fl DEHP, K4
DnOP 238 3R h 5 AL &) . e Fil
AL 2B = Bt 2 — , A PRI GRRAE R, JUHRAE
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Figure 3 Results of cluster analysis of PAEs in soils
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* 4 EEALHN TIE PAEs IRHIREFEERAE (ng-kg™)
Table 4 Standards for control and cleanup of soil PAEs used by
New York, USA(pg-kg™)

EY Pl R
DMP 20 2000
DEP 71 7100
DnBP 81 8100
BBP 1215 50 000
DEHP 4350 50 000
DnOP 1200 50 000
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