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Distribution Characteristics of Phthalic Acid Esters in Soils and Vegetables in Vegetable Producing Areas of
Shantou City, China
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Shandong Energy Zibo Mining Group, Shaanxi Zhengtong Coal Co.Ltd, Xianyang 713699, China)

Abstract: Pathalic acid easters(PAEs) are widely—used plasticizers and have become primary risk pollutants. In this study, 63 topsoil and
26 agricultural product samples were collected from vegetable producing areas of Shantou City, Guangdong Province, China, to investigate
and assess the pollution level and distribution characteristics of PAEs in soils and vegetables. The content of total PAEs( X PAEs) in soils
ranged from 0.018 to 9.303 mg-kg™" and averaged 0.721 mg-kg™, with the detection rate of 100%. Average ¥ PAEs in soils of Shantou City
decreased in order of Chaoyang>lLonghu>Denghai>Chaonan>Jinping. The content of dimethyl phthalate(DMP ), diethyl phthalate (DEP ),
di-n-butyl phthalate(DBP) and butyl benzyl phthalate(BBP) in soils exceeded the U.S. EPA control limits of PAEs in American soil by
38.1%, 6.3%, 6.3% and 3.2%, respectively. The content of X PAEs in vegetables ranged from 0.454 to 19.193 mg-kg™, with an average of
7.158 mg kg '. The pollution potential of PAEs in vegetables in Shantou City was in order of Chaoyang>Denghai>Chaonan >Jinping >
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Longhu. The DBP concentrations in vegetables in Chaoyang and Chaonan districts were higher than the standards suggested by USA and Eu-

rope, thus posing high health risk. DBP was the highest percentage of PAEs in both agricultural soils and vegetables in Shantou City, thus a

main component of PAE pollution. The ¥ PAEs, DEHP and di-n—octyl phthalate(DnOP) in vegetables revealed significantly positive cor—
relation with those in soils, with Pearson coefficients(r) being 0.7(P=0.016), 0.825(P=0.002 ) and 0.813(P=0.002 ), respectively. Although

the accumulation of single PAE compound was different among various vegetables, the Y PAEs hioconcentration factors were above 1 for all

vegetables investigated. Therefore, the accumulation characteristic of PAEs in vegetables should be fully considered when assessing the

quality of vegetable soils.

Keywords : phthalic acid esters( PAEs ); soil ; vegetable; pollution distribution; bioaccumulation
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FKEEMN LA BAII) Z TR etk
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RGNV XA TV 2 A B AN )
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B A DL G S BT, ) R4 LAY i
S K ABESEAENIL BRI REE T RIZ L
SRR AR AL DE T EPA BUEDLE I 6 F PAE
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HKAERAE L RAE R AT T I RECR AR
PERYBER™ X, BEASRAE ROREE H S A 2B 1
TRAHRE, DUSMEEIE 0.5 kg HFERE AR BB,
et 63 AN T HER A (0~20 em) o RAE [T +-3EkE
ahPRAT T UKAf

BN AR ARG A MO T, R i

BERME SR — B RETA s il W 3. 4
AR/ BRI 5 ISR SRR SEAE
SRR A DA BTN AN RO S SRS A, HoR 4R
11 FPgE 2t il 26 A, BAREACRSE 2 kg 247 A
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1.2 K5

AL S b NS R A b el 2 4
BRI R G RIS SR I oA . IE CUE
B kel 24T R (80~100 H )M FH 5
FHJGE I BEE A 728 QA 445 12 h, T 130~140 “CHt 4
h J&  BRA7 . AR (100~200 H)TE L AEY N T 250 °C
HE 12 h, B HE RAFE 5 F o JOKBRIR BN (43 4) F
450 CH gy HIIBE 6 h 154 1.6 B PAEs bRkt
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Service /A, FEIMESEUNFE 1 Fn, KHERARH
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PR R AE R EREE IR AR T T, RS
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eI 258 R AN EHe4i®) 1 mL )5, LA 10 mL 1EC ¢
kL 4i 2 1~2 mL; i AR AR AR (HIH=2:1) )2 HT
FE R IE C e i vA 2 4L, T 40 mL N R/AE 2 e (V/
V=2:8 )bk HH AR ZR P R TR ; WS A 4 TRV I W e e 7%
KZ 0.2 mL, A WARY) AT w0 A, B i
FrEHE A\ R oA

B R A e A ORK e, FERDSGR K P, 1)
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Table 1 Main environmental parameters of PAEs and their allowable concentrations and cleanup goals in soils of USA

oy Y *Hxﬁg KR / B/ 53 i Pl brife/ HEE LR R
T pgemL” FHK., mg-kg mg kg

A5 — R — HI g DMP 194.19 5000(20 °C) 17.4 0.02 2
A R — 2 g DEP 222.24 896(25 °C) 142 0.07 7.1
AOK W TIE TR DBP 278.35 13(25 °C) 1.70E+05 0.08 8.1
AR HR T AT BBP 312 2.9(25 °C) 1.70E+03 1.22 50
AR IR —(2-2. )2k DEHP - 390.56 0.4(25 °C) 2.00E+09 4.35 50
PR HER IEERS  DnOP 390.56 3.0(25 C) 3.60E+09 1.2 50

AN TR R N, (4l >99.999 5% ), A4y bk, HERE
FTIRLEE 250 °C, gEFEdE 1 L, A3 2.5 mL-min™, ¥
DIFHEE 310 °Co ARRAR R P THE : MR 100 C,
{388 5 min, L) 6 C+min™ F}3| 290 °C, {543 10 min, Fi¢
il PAEs b & Wrbrktbnii TAEMZE, 2% 0,100,
5001000 ,5000 ng -+ mL™ . 38 =L A5 EY) AR B4 st
[F] 22 55X PAEs fbA Wkt 1o v, DL NARTE W T FUE
AT PAEs BENMEA Y
1.5 FREEHSRIE

TR0 AR A2l AT SRR L T A B
R TR VR IR UL, 2RI /K PRI ML Ik fe HE T
SR I AIE RS2 RS IREZR . PR
MR R 725 F1, bR ZS 1 bR L B RE A1 7
FEAMHT. FRRE 1.3 AbFRAIR A 16 Fl' PAEs 59
IRAR 0.1 mg, #4745 LIRS, 4558 6 Fil
EPA 1t 45 4k & 4 14 180 Yl 38 2l 78.7% ~97% (RSD <
6.87% ) s FEATIINFRIL T AL ISCR IR L 6 i EPA {1
PALA Wi [ % Ky 84.3%~115.9%(RSD<8.51% ),
F—HLR 14 FEEA P RIZR R R ER 1N
[ICRFR R PR W A e A, 5 SR A i B R
i — RS IR Hy 84.42%~101.65%(RSD<6.54% ) .
{4 /b5 DBP Fl DMP 763G A7 25 [ H gk il o
S AEXFRE S DBP B DMP (4 & 5RO &7 T
AL IEALER, IR T A A .

1.6 #iEabiE

{EHH SPSS 17.0 X HHa AT K-S test IEASZE 00
Fr. FERH Duncan B Z2/AN [A) b TA) Bcdfe 64 7 22
S 0 E TR (2=0.05) 5 X 3 -EE S h PAEs & &
PEAT AR A M7, DA Pearson ZREXPEHY HAH M,
FEXER - 3 rh PAEs S B gEAT I 08, SF
PRI 5 FIV- BHEER IR AR T 204 7 A i BR iy i
SEAEFE S <K IR FoR , Sngeit itk — 2 — &A%
R BRIEEE FETHBAG ARG Hh 5t

2 HR5iTie

2.1 Sk HEHRFEF=X L PAEs @22 HEHE

MK TGS 7 X A4 RE S b, 6 FhARIR — H iR g
ZIT R ( S PAES)YEFIA 0.018~9.303 mg kg™, -3
{4 0.721 mg-kg™ K% H 100% (3£ 2), it K-S
test MHT R BN, SRAEIX 13 Y PAEs () P (EHI/NT
0.05, & wHHR AT A LS R TR T A
WS FECT T PAEs B4R, [AER M w5 4
AN[E P2 X A3 Y PAESs (1572 2 5 ) BH X
(1.694 mg-kg™)> Tz il X (1.432 mg-kg™) > Wi X
(0.254 mg-kg™) > X (0.178 mg -kg™) >4 F X
(0.128 mg-kg™), W FHEE 5™ X 133 X PAEs 1 0
Fim TR XA, A X 3R] X PAEs 22
SRR EFEI),

R 2 KR X LD PAEs SESRHR

Table 2 Concentrations and detection rates of PAEs in soils in vegetable—producing areas of Shantou City

Ui H DMP DEP DBP BBP DEHP DnOP > PAEs
Ve Hl/mg kg nd~0.087 nd~0.354 nd~7.652 nd~2.833 0.001~4.197 nd~0.323 0.018~9.303
BROE- I E/mg - kg™ 0.019 0.023 0.361 0.129 0.157 0.031 0.721
FrifE2E/mg kg™ 0.017 0.059 1.481 0.405 0.522 0.051 1.916
AR SRR 0.895 2.565 4.102 3.140 3.325 1.645 2.657
K 2%/ % 96.8 98.4 429 92.1 100 95.2 100
HBHRR % 38.1 6.3 6.3 32 0 0
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Table 3 Concentrations and detection rates of PAEs in soils in different vegetable—producing areas of Shantou City
FHEECRER B i H DMP DEP DBP BBP DEHP DnOP 2 PAEs
£ TIX(4) R 0.015~0.023 nd~0.017 nd~0.013 0.001~0.015 0.059~0.095 0.004~0.020 0.091~0.148
M 0.020+£0.003ab  0.008+0.007a  0.004+0.006a  0.007+0.006a  0.076+0.016a  0.013+0.008b  0.128+0.026b
2%/ % 100 75 75 100 100 100 100
JEMAIX(7) R 0.002~0.085 0.003~0.040 nd~7.650 0.005~0.492 0.043~0.344 0.017~0.068 0.114~8.446
M 0.029+£0.028a  0.014+0.015a  1.101+2.888a  0.121+0.189a 0.135+0.1a  0.033+0.021ab 1.432+3.098ab
K H K% 100 100 71.4 100 100 100 100
FIBHIX.(16) R 0.001~0.087 0.003~0.354 nd~7.652 0.004~2.833 0.004~4.197 0.011~0.323 0.044~9.303
M 0.025+0.022a  0.046+0.100a  0.936+2.185a  0.256+0.696a  0.366+1.026a  0.066+0.08%9a  1.694+3.034a
2%/ % 100 100 62.5 100 100 100 100
TFIX (18) R 0.005~0.028 0.001~0.033 nd~0.029 nd~1.280 0.005~0.227 nd~0.090 0.036~1.420
M 0.015+0.006ab ~ 0.01+0.009a  0.003+0.007a  0.108+0.312a  0.095+0.052a  0.022+0.023ab  0.254+0.319ab
K H K% 100 100 333 83.3 100 88.9 100
TR X.(18) R nd~0.039 0.001~0.238 nd~0.005 nd~0.82 0.001~0.138 nd~0.029 0.018~0.943
M 0.013£0.012b  0.023+£0.057a  0.001+0.002a  0.069+0.192a  0.059+0.042a  0.014+0.009b  0.178+0.22h
K H /% 88.9 100 16.7 88.9 100 94.4 100

VE :nd JAAI HH Not detected (% ); R : 3 Range(mg-kg™) s M PR (HbRUEY: MeansSD(mg kg™ ; W51 AR[RL NG 43 308 25 5 8.4 (P<

0.05), T[], Different small letters within a column mean significant difference at the 0.05 level. The same below.

t2 3 Al , HHErh & PAEs BRSO
FYRFE 1T 5 AR X 145 6 B PAEs (1) & 2 REA7
FE—EAR R SR B 22 55 DMP & Sy [El ok nd~
0.087 mg-kg™, FHIME A 0.019 mg kg™, KRN
96.8% , JEi X N FH X 1 438 b DMP 55 1 2 1 T3l
FIX ; DnOP &35 H A nd~0.323 mg-kg™, FI{E N
0.031 mg-kg™, ¥ 1%k 95.2% , i FH X+ 3£ DnOP
i TR ORI 427 X DEP % 5 FEA nd~
0.354 mg-kg™, FI{E N 0.023 mg kg™, KiHEKH
98.4% , NREHi 2y~ IX DEP S HEZ R AN, DBP &
N nd~7.652 mg kg™, FHME K 0.361 mg kg™, Kt
RN 42.9% , ANFEIHF X DBP S EFI AR %
BBP 7 3 Fl 4 nd~2.833 mg-kg™!, EHIE K 0.129
mg-kg™ K RNy 92.1% , NFIBE S X BBP & i
SR 2 DEHP & 76 7 0.001~4.197 mg-kg™,
SEE R 0.157 mg-kg™ Kt #R 100% , AN R B0
X DEHP &2 3R B % .

BT AT, il Sk T B S L3RR b P PAEs LU
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Y PAEs S 71.9% . H AR X L3 PAEs I H
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FFEFR IO, Al + R ) PAEs 2 2OR T
TSR] AL FERERA 2 it L LA S HERR A
BRI AN iy S5 R 52 R TR IR - 335
AT 5 o 1Sk T BH X S0 B TS B d R L ™
an IR PRAEHIH , 78 L B 3R (BORD) AP R
Ve B B SR A v A A TS YL T LA b ik
FRREA LS, AT R PAEs i A 2RI
STEIIX N DB RO, T ARG 7 B
TP T R AR A 2GR E S A I %
I, X WA A A DX i S 1 R PAESs i R
TH AR X I

90,
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e s 5 £
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Figure 1 Percent proportions of individual PAE compound in soils

in different districts of Shantou city
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2.2 ISk MHERFFXERFEH PAEs REFM T MEHE

Sk T 3RS RE S b PAEs (198 R BTN % 4 Fp
N, FREMEERZEIER 5. X PAEs T HVE A
0.454~19.193 mg kg™, V-4 & 7.158 mg kg™, L
Wk AT R X N B S X PAEs P34 & kR0, H:
e AR B A4 V% g 1 BH X (15,856 mg - kg™ ) > ¥ T X,
(10.179 mg-kg™ ) > X (7.102 mg-kg™) >4 IX
(1.428 mg-kg™)> I [X (0.620 mg-kg™) , H:d il BHFI
VEHE X ERSERE b T PAEs & & B 3 T A Rh Ay
X, PRI PR 5™ X N i sk — 3 b PAES 11985 &
B0 v T A X

WSk T 5 AN R IXCEE S A i v 6 Fl PAESs
ry R R EMNER DMP & &L HE R
0.201~5.292 mg-ke™, F-Y{EH K 1.266 mg-keg™, K Hi %
H100% , Vi IX g T DMP 5 6 0 3 5 T A X
5, DEP £ 3 24 0.001~9.305 mg-kg™, “E-YME H
1.775 mg kg™, ¥ Hi F Ky 100% , ¥ 1 X #% 32 HH DEP
Frit L T HAB X B DBP &4l nd~17.147 mg -
kg™, SEIIME R 3.346 mg kg™, K6 H 2R R 46.2% , Horp
DBP T i W 0178 v DX SR it HR A R ARG H i) B X
Bi3eH DBP 7 i i 3 i T HAth Xl BBP 25 453 [
9 0.149~0.690 mg- kg™, *F-X{EH K 0.336 mg-kg™, ¥ i1
SRR 100% , 18 P DRIV X 6% 52 Hh BBP 5 2 {2 3

T3 B AR i X 3 DEHP 5 59 [5] 547 0.041~0.643
mg ke, SEIME R 0.195 mg kg™, K H 2R h 100% , H
oS X BR3P DEHP & & W 25 /T Hift X 3
DnOP & &5 4 0.001~1.212 mg-kg™, FH{E K
0.240 mg kg™, KRN 100%, Ho X 15 d
DnOP &5 5 I 3 5y T HAWIX S8

XF ] 2 B SRAE S 6 Bl PAEs fb &9 & & T
AR LELEE, NSk TR AR X B SRR AL DBP i
W, 07 6 Bl PAEs B 46.7% , Hod - ] A
M X B SR AE A PAEs BUASLL DBP g 32, 4351 i

100
ool CIDMP  EABBP _ _
ol DDEP  EDEHP g |
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Figure 2 Percentage content of individual PAEs of vegetables

in different districts from Shantou city

R4 KT ARG X H PAEs SB5RHER

Table 4 Concentrations and detection rates of PAEs in vegetables in different areas of Shantou City

FIEFERED WiH DMP DEP DBP BBP DEHP DnOP 2> PAEs
A(26) R 0.201~5.292 0.001~9.305 nd~17.147 0.149~0.690 0.041~0.643 0.001~1.212  0.454~19.193
M 1.266+1.482 1.775+2.864 3.346+5.045 0.336+0.160 0.195+0.164 0.240+0.370 7.158+5.694
K H R /% 100 100 46.2 100 100 100 100
4 T-1X(3) R 0.605~0.792 0.060~0.090 nd~0.054 0.365~0.471 0.191~0.246 0.002~0.030 1.223~1.656
M 0.697+0.094b  0.075+£0.015b  0.019+0.030c  0.416+0.053a  0.218+0.028b  0.003+0.001b  1.428+0.217d
%% 100 100 100 100 100 100 100
JEMAX(5) R 0.225~0.400 0.001~0.028 nd 0.149~0.248 0.078~0.130 0.001~0.002 0.454~0.809
M 0.307+0.069b  0.014+0.011b 0+0 0.195+0.039b  0.102+0.02bc  0.001+0.001b  0.620+0.140d
K H R /% 100 100 0 100 100 100 100
HWIFHIX.(3) R 0.497~0.831 0.195~0.329  10.268~17.147  0.379~0.633 0.100~0.166 0.052~0.087  11.492~19.193
M 0.686+0.172b  0.271+£0.068b  14.167+3.530a  0.523+0.130a  1.373+0.341bc  0.072+0.018b  15.856+3.952a
K %K/ % 100 100 100 100 100 100 100
TERIX(8) R 1.447~5.292 2.562~9.305 nd 0.192~0.690 0.179~0.643 0.338~1.212  4.718~17.141
M 3.137£1.402a  5.526+2.459a 0+0 0.411+0.182a  0.383+0.169a  0.722+0.319a  10.179+4.531b
K H R 1% 100 100 0 100 100 100 100
WX (7) R 0.201~0.437 0.078~0.172 4.175~9.032 0.155~0.334 0.041~0.088 0.021~0.046 4.67~10.108
M 0.306+0.085b  0.120+0.034b  6.347+1.750b  0.235+0.064b  0.062+0.017¢  0.032+0.009b  7.102+1.959bc
K K/ % 100 100 100 100 100 100 100
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Table 5 Bioconcentration factors of PAEs by different vegetables
AP CRE B DMP DEP DBP BBP DEHP DnOP Y PAEs
INEE(4) 2.06 1.83 3.21 1.20 1.42 0.30 2.73
HHE3) 1.56 0.80 3.14 2.40 1.56 0.30 2.26
IT#i(5) 425 3.21 1.53 3.00 3.15 1.55 6.96
H3(2) 221 1.80 1.11 2.60 1.00 0.10 1.23
M) 2.76 2.00 6.87 0.20 0.70 0.30 1.59
AE(1) 5.49 5.78 — 4.89 4.40 1.54 1.86
(1) 6.18 3.87 — 3.41 4.02 2.16 2.46
#N(4) 1.76 2.78 5.01 351 1.89 0.40 6.29
FHIK(2) 7.56 478 — 1.12 1.48 2.34 3.19
BOR(1) 1.01 4.28 5.41 2.94 1.71 0.80 1.68
(1) 8.02 5.07 — 2.97 2.60 1.62 6.23

1 — RBP4 H . Not detected in soil-vegetable samples.

T 89.3%F1 89.4% ; 4x - FIJE i IX B S H1 ) PAESs
LI DMP Ry, 2051 5 R 48.8% 1 49.5% ; T ifg X
i W DL DEP &8 3, 5 S m i 54.3%. Rk, il
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