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Abstract: In order to investigate and assess the distribution of pathalic acid easters (PAEs) in agricultural products from typical areas
of the Pearl River Delta, South China, 131 agricultural products were sampled for determination of 6 PAEs priority pollutants classified
by the U.S. EPA by GC-FID. The results showed that the total contents of the PAEs ( Z PAEs ) in agricultural products samples

", with the detected ratio of 98.5%. The average

ranged from nd to 79.86 mg-kg™', and the mean value was 2.84 mg-kg~
concentrations of zPAEs in different types of agricultural products were ordered by vegetables (3.03 mg-kg™') > rice (2.52

mg-kg™") > fruits (1.26 mg-kg™'). The mean concentration of PAEs distributed in the four typical cities of the Pearl River Delta,
and decreased in the sequence of Zhuhai (6.53 mg-kg™') > Dongguan (2.59 mg-kg™') > Huizhou (1.53 mg-kg™') > Zhongshan
(1.12 mg-kg™"). Di-n-butyl phthalate (DBP), di-(2-ethylhexyl) phthalate (DEHP) and di-n-octyl phthalate ( DnOP) contributed
more than 90. 8% of the total PAEs in samples, and were the main components of PAEs in agricultural products from the Pearl River
Delta, with higher percentage contents and detected ratio. Meanwhile, the average concentrations of Z PAEs in cabbage mustard,
lettuce occurred in Zhuhai and Dongguan cities, followed by lettuce and leaf lettuce in the corresponding DEHP from Zhuhai city, both
exceeded the suggested standards in USA and Europe and were of high health risk. There were significant differences among 14 various

vegetables in the contents of the 6 PAEs compounds, and the Z PAEs contents in cabbage mustard and lettuce as part of leafy

vegetables were higher than those in other vegetables, while the lowest were detected in flowering cabbage and edible amaranth.
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Therefore, the type of vegetables and its growing environment exposed to the atmosphere and soil were the main factors that significantly

affected their accumulation of PAEs concentrations.

Key words : phthalic acid esters (PAEs) ; agricultural products; pollution distribution; risk assessment; Pearl River Delta
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Table 1  Concentrations of PAEs in agriculture products in Pearl River Delta/mg-kg~
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products of different types
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Table 2 Concentration and detected ratio of PAEs in different types of agricultural products from Pearl River Delta
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Fig. 2 Concentrations of 6 PAEs compounds in fourteen vegetables
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493.23 mg-kg ™", MO M TESE P25 2/ DBP &
BERAK, 709K 0.22 mg-kg™' A1 0.29 mg-kg';
BBP 7EAE SR & B, R 0.33 mg-kg ™, T E
. P24 BBP S Ak, 43 A1 0. 02 mg-kg Al
0.05 mg-kg™'; 23 DEHP & & 5, N 4.35

mg-kg ™", BRI N DEHP 75 & 541K, 70 51k
0.02 mg-kg ™' F10.07 mg-kg~"; XIT DnOP i35, ¥
RSB, M 9. 98 mg-kg ', T DnOP 7£ %
L WSE | BORCRIE I R . BRI, A 2R R
XF PAEs #5164 1 RSO B H R [R] (R R AE.

F3 HZARURIFEHPEXFTERF PAEs §8/mg-kg ™!

Table 3 Concentration of PAEs in vegetables from Pearl River Delta/mg-kg =

1

Ry b
* Ty DMP DEP DBP BBP DEHP DnOP

CRESh 0 " "
G4(7) R nd ~0. 17 nd ~0. 25 0.9 ~4.38 nd ~0.51 0.11 ~0.93 nd ~1.57

M 0.09 +0.07 0.04 £0. 1 1.76 £1.43 0.14 0. 17 0.4 +£0.32 0.32 0. 56
S0 (1) R nd ~0. 21 nd nd ~0. 92 nd ~0. 23 nd ~0. 49 nd ~0. 1

M 0.05 £0.07 nd 0.22 £0.35 0.07 £0. 08 0.11 £0. 15 0.01 £0. 03
FE(18) R nd ~0. 33 nd nd ~3.18 nd ~0. 18 nd ~0. 84 nd ~0. 26

M 0.12 0.1 nd 0.61 £0.78 0.05 0. 06 0.23 +0.28 0.02 0. 06
WEES) R nd ~0. 19 nd ~1.92 nd ~4.93 nd ~1.47 nd ~11.41 nd ~11. 35

M 0.05 +0.07 0.22 +0.51 0.72 +1.37 0.22 +0.44 1.65+3.9 1.42 +3.65
J%(6) R nd ~0. 25 nd ~0.79 0.23 ~1.44 nd ~0.28 nd ~3.27 nd ~1.79

M 0.04 £0. 1 0.13 £0.32 0.52 +0.47 0.15+0.11 0.68 +1.29 0.32+0.72
N R nd ~0. 14 nd nd ~ 1. 26 nd ~0. 47 0.08 ~0.41 nd
#R(7)

M 0.08 +0. 06 nd 0.43 +0.48 0.24 0. 17 0.21 £0. 11 nd
HE(9) R nd ~0. 12 nd ~0. 75 nd ~1.57 nd ~2. 85 nd ~38. 05 nd ~19. 98

TN

M 0.05 +0.05 0.08 +0.25 0.53 +0.48 0.33 +0.94 4.35+12.64 2.24 +£6. 65

R d d~0.09 0.53~5.92 0.22 ~0.31 0.37 ~1. 86 0.43 ~1.67
WK (4) ! !

M nd 0.05 +0.07 3.23 +3.81 0.27 0. 06 1.11 £1.05 1.05 +0. 87
2% (8) R nd ~0. 17 nd nd ~1.75 nd ~0. 07 nd ~0.78 nd ~79. 86
Ir—=

M 0.11 £0. 06 nd 0.63 £0. 68 0.02 +0.03 0.44 +0.25 9.98 +28.24
TN R nd nd 0.18 ~0.39 nd ~0. 21 nd ~0. 21 nd
R (5)

M nd nd 0.28 +0.15 0.11 0. 15 0.1+0.15 nd
HiEL(4) R nd nd 0.22 ~0.8 nd ~0. 21 nd ~0. 04 nd

M nd nd 0.51 £0.42 0.1+0.15 0.02 +0.03 nd
HiL(4) R nd ~0. 25 nd 0.26 ~3.25 0.18 ~0. 35 0.14 ~0.77 nd ~0.28

M 0.08 +0. 12 nd 1.47 £1.46 0.26 £0.07 0.46 0. 34 0.16 £0. 12
2IR(5) R nd nd 0.43 ~1.42 nd ~0. 26 0.11 ~0.45 nd ~0. 61

M nd nd 0.83 £0.41 0.08 £0. 11 0.24 £0. 14 0.15 £0.26
WIT(5) R nd nd 0.45 ~0.54 nd ~0. 21 0.05 ~0.09 nd

M nd nd 0.49 +0. 06 0.1+0.15 0.07 £0.03 nd

TEARIRIAE R IREE T, i 5 i 1) 22 57 RV 5 A
B (0 A BRAS AR (A0 i i BRI, i TR SRR L
PR MRARZETY | BT B SRAR P b e K S
A ) AR (%) 2R HEXF PAES BRI K
TEPRP I R E R Ak, B0 A4 K IR
B 1o YIRS LA L R ORI ) s
FES MG ST Y PAEs b, B SCEPY xR
Tl DX R T i 55 A A 2 40 1 AR IR BR B (RS
FLHE) v DEHP B B KF9EAT 1T 0F9T, 45 2R 5%

B S Tl IX R B2 5% W] F 8 4 DEHP ¥k B o
0.23 ~9. 11 mg-kg ", i = T X HRA1 55 % h DEHP
(e BE 7K % 3245 5 43 DEHP (143 B o0 282k
> I > MRS, Bl R A 5 T DX B 44
K, BT FIFR 0 v DEHP ¥ J3 7K - 18 ¥
ik, RARViFEZ 5% R DEHP A i F 2k 4.
7B T 2 B 25 X S0 4B 2K — H R I ( PAEs ) IR
WRIEAT T 85 SRR S OAR R Azt nT
DA IS AR PAEs &9, 0F 5 3875 Yo B B A IE
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Fb (ARSI W2 A% S 25 v PAEs R & 10 £ 2
RIRER. LAh, Y BB DEHP 1968 5 HAR Ui
S R IEAHOE, M NR o E AR, R LR B AT
T &4 DEHP BBE S >,
2.4 A S PAEs B (8 b X REAE

PR = R DI AR ™ il PAEs 1 7
WA 4 s, Pk ghh > PAEs B9
G N 0.15 ~ 3.15 mg-kg™', FHMH N 1.12
mg-kg ™' K HPR A 100% 5 BRI T AN EN TR
H1 > PAEs [ 7 &k 3 4 514 0.05 ~ 63.19
mg-kg ' F10.18 ~7.01 mg-kg ™', FIJ{EH N 6.53 Al
1.53 mg-kg ™" KRR 100% ; REETTATdhh
> PAEs (& BEIEHIA nd ~79. 86 mg-kg ™, FHIMH
$92.59 mg-kg ™ KRN 95.5% . Bk AR
Hi > PAEs - 3 & ik (0 I 4K - BRI (6. 53
mg-kg™') > ZR5E (2.59 mg-kg™') > HM (1.53
mg-kg™') > Il (1.12 mg-kg™' ) (£ 4), ¥
> PAEs 7ESRTT A il P A AT AT AT, BR
WA S > PAEs (9 26 B 357 T H B
i, PRI S TR 7 S D PAEs E
WA BEER

T A AT S Tl AR 5 e B 2
IR PAEs 15 YUK FREER K. KoETh
2o K SRR R T ERIT = AN A 2 59 Tolk Al
CHnEpmI T, EEGe) . T g Bl M
T BEEETAE) ik el Sl O AR R R Y

FRUERE, DN B 42 5% Wi i b X 4 38 R KR BR85 v
PAEs B & i, A4 7= dh i PAEs SRR R4 . Bk
WSS = Pk 2% & Jre il (HLBE & Ik A\ 11 A 3
o, I T A 5 5 3 ) HE AR R i  [RIR A Sy A e
i E L ST AR T T R E A Tk Ak,
A 1 T AR IR 3540 L R A 19 5 S %o B 1A o e 7
i PAEs 1Y & i K = A g . o i R R A
TR 7 7 DX AR ) s YR DX 5 A 7 i 1Y
FEE M ST RIZ T IR A R R EE AL
F 1997 4EFRBK A SRR A
N T 210, 205 & JRARR IS, Tk A&k,
PRI 2PN R v L 35 R 77 i v PAEs 1Y B £ AE G
K.

3% 4 o]0, Bk DnOP 4F, 4y 5 F PAEs L&
YIAE 2R g 7 A 77 b b B 3 S & R 0. 14
0.21.1.64, 0.35 1 2.39 mg-kg ' ¥ T HAth ik
7, 5 d iy & PAEs (&G g 25,
KEET A& 7 h DnOP B9 ¥ & & 1.82
mg-kg ™, FUHADIE T A FE IR T 3 25 55 i E T
A= R ARAS H DEP. XFLUIE 3 Bk =4 4 -y
T I N A 7 PAEs 19 B 4B, v Ll RN B
A= FESL Y PAEs #4104 DBP b 32, 439 i B
(1) 57% F 75. 6% ; TR 5647 i ' PAEs L DnOP
(70.3% ) H ¥, Hk J2 DBP, |5 BB 14% ; Bk
e &t L DEHP (36. 6% ) . DnOP (27. 6% ) #l
DBP(25.1% ) A F, =FH Z 5 B &1 89.3%.
B, AR T DX 8 N A i rh PAEs SRAL A 0 1)
J A B BN [R) A 4R AE

R4 HKZAAREHRURKFEHELRM PAEs SES5KHE

Table 4  Concentration and detected ratio of PAEs in farm products from different areas of Pearl River Delta

AT b W H DMP DEP DBP BBP DEHP DnOP > PAEs
R/mg-kg™! nd ~0. 14 nd ~0. 07 nd~1.72 nd ~0. 47 nd ~1.86 nd ~0. 61 0.15~3.15
HFl(37) M/mg-kg™"  0.03+0.05b  0.01£0.01b 0.64+0.38bc 0.13+0.12b  0.23 +0.32b  0.06+0.14a 1.12+0.57b
K%/ % 35.1 2.7 91.9 75.7 91.9 29.7 100
R/mg-kg™! nd ~0.77 nd ~1.92 nd ~5.92 nd ~2.85 nd ~38. 05 nd~19.98  0.05~63.19
BRHF(28) M/mg-kg™"  0.14+0.19a 0.21+0.4la 1.64+1.83a  0.35+0.59a 2.39+7.58a 1.80=4.46a 6.53 +13.04a
%/ % 53.6 57.1 60.7 9. 4 71.4 78.6 100
R/mg-kg'l nd ~0. 26 nd nd ~6.73 nd ~0. 35 nd ~0.73 nd ~0.3 0.18 ~7.01
BN (22) M/mg-kg™"  0.02 =0.06b nd 1.14+1.53ab  0.14+0.09b  0.1520.2b  0.06 +0.11a 1.51 +1.67ab
KR/ % 9.1 0 95.5 90.9 90.9 27.3 100
R/mg-kg ™! nd ~0. 52 nd ~0. 05 nd~1.75 nd ~0. 08 nd ~0. 84 nd ~79. 86 nd ~80
HEE(44) M/mg-kg™"  0.11+0.1a  0.01£0.01b  0.36+0.4c  0.02+0.03b  0.28 +0.26b 1.82£12.04a 2.59 +11.96ab
KR/ % 77.3 2.3 65.9 31.8 65.9 9.1 95.5
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Fig. 3 Percentage content of individual PAEs in agricultural

products from different areas of Pearl River Delta

2.5 7= PAEs T RPN
XEERIT = A1 90l DX A ™ i v PAEs 1975 YL RPAIE

FIA AT R R A 8, KRR A5 a5 SR R R

[#EEH > PAEs #£0.41 ~7.98 mg-kg ™' Z ],

A, MEREEFMN D PAEs KT 5
mg-kg ™', XS A YR A Y Bk = A b DR SRR S Y
TR, SRR TN | Y —2t
KNG ,6 B PAEs /L& % (DMP, DEP, DnBP
BBP, DEHP Fl DnOP) iy & & f ( > PAEs) £
0.07 ~ 11.22 mg-kg™' Z A, 3.0 F ¥ & & 4.35
mg-kg ', /NEASEEIME 1. 99 mg-kg ™', BT HME
1.73 mg-kg ™' ERHEES A T LA b P
(#iJR) " 4 Fh PAEs (1 4F DMP, DEP, DBP,
DEHP) i Bk B AU M 0.91 mg-kg ™, LIk F 2k
=R PAEs A& . BT, BREM AT E A
B AU HJE AR P i b PAEs RO BRI AR, X PAEs
SERFEA PTG B 0975 Gk - M AR AR MER] 4. AR
e S e I N Y S P S TN N+
HX} PAEs fb & ¥ B3 A KB & A58 0.3
mg-kg M. EPA 457, AIKRZL DR AW
DBP i KZ %8 N4 H 0.01 mg-kg fAFE. 3
PRI R A VA A % (OEHHA ) I E L, A ik
- H ALV DEHP d5 K8 A &8 (DA & 1)
0.05 mg-kg ™' HHANMKTE 60 kg T, B N BER
AT 0.5 kg (T H) , W BRI T TR A1 4
K. ZRZETRAETT 2219 PAEs S i FIEk I T I SR 4
A3 A SRR DEHP & B H I 98 R Y A4 2
WUPRIE , FEAETEAE )RR XU

AR H A 45 SRR Bk = A (X R X P A 7
di PAEs L DBP ., DEHP H1 DnOP K 3. X 54

HE DEHP A1 DBP 2348855 1) EZ oA 6.
B 45 0 BESRIE S DEHP A1 DBP J2 + 438 R 76 AE 7
B F BRSO B AR A ST AN
WANFREY > PAEs 3 5 TR B, 22
KA A WIESE T 6 M PAEs fb Wb B 3ERE
LY DEHP 1 & i, o5 > PAEs 9 95% ~
99% . DBP ., DEHP I DnOP 7EVEY) T i me iz B 45
54k A 9 i BRAL P B AR 6 43 F o L S BE-K
SYBLRB(K,, ) FHEL S ML), DBP AYAHXT 2
FlEA K, $/N, DBP b DEHP B 5 5% 55 19 4
FHIE IR & ok, F g AR B 25k il SRR, 1t
Sk, 11T DnOP F1 DEHP (AN 4> F B K, /K
PEEAR, SFBE-IK 3B R B (1K, ) BOR, B w1k
B, 16 shitk g 22 o 1 2 LS A EDAR R W IE
Rl EEEIRAED O8N B R PAEs S 95ESE
HE R WU TF 1) 32, 1 5. DBP F1 DEHP 4
Bl AR O i R AR T S TR A A AR N B, A
(A W e 6%, T DMP. DEP %54 %% PAEs tb&%)
IR T A i, S /K 0 B R B /N, 5 Bl R Wk
il MELTEVED RN AE R, DT 7E 3R 7= S )
L.

3 #ig

(1) BRI =AU 131 AR XA ™ S i rh
6 F > PAEs B & FEAE nd ~79. 86 mg-kg ™ Z i), F
P N 2.84 mg-kg ™', K R K 98.5% ; Ho LA
DBP ., DEHP il DnOP >4 3=, B i A F 45 1475 e s ol
X ALK A P S D PAEs B2 7 B
. BRI > ARSE > BUM > oply, bR ST
Ry > PAEs & R BE 2R A=A
DX sl 7 SRR il v FE BRI T BT R AR A3 L AR5
TREERIIF 22 > PAEs B i MR 17 FTR 4R 1Y
A3 iMZZ SR DEHP & ¥ 1 35 RO (1
WUPRIE , A7 TEAE )RR XU

(2) HEA AL MBS D PAEs HF1y
T R ESE > KRG > KR 14 R E
FhZsrh 6 B PAEs & i 22 FARK, JF 22 | AR 5Ent
FHI > PAEs SR, MHIUE > PAEs &
=3RS N LI TN | I 1 i<
> PAEs S BERR AR, 530 Al R ) A K S5 A R AR
KIRBE (KA 48) 19 22 5252 HXT PAEs TR
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