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Characteristics of Phthalic Acid Esters in Agricultural Soils and Products in

Areas of Zhongshan City, South China
LI Bin', WU Shan', LIANG Jin-ming’, LIANG Wen-li*, CHEN Gui-xian’, LI Yong-jun®, YANG Guo-yi'"

(1. Guangdong Key Laboratory of Agro-Environment Pollution Integrated Control, Guangdong Institute of Eco-Environment and Soil
Sciences, Guangzhou 510650, China; 2. Zhongshan Agricultural Science and Technology Promotion Center, Zhongshan 528400,
China)

Abstract: In order to investigate and assess the pollution level of phthalic acid esters (PAEs) in farm soils and products from typical
agricultural fields in areas of Zhongshan City, Guangdong Province, South China, 65 topsoil and 37 agricultural product samples were
collected and contents of 6 PAEs compounds that classified by the U. S. Environmental Protection Agency (EPA) as priority pollutants

were determined by the GC-FID. The results indicated that total contents of the PAEs ( Z PAEs ) in soils ranged from 0. 14 to 1. 14

1

mg-kg ™', and the mean value was 0.43 mg-kg ™', with the detected ratio of 100% . Various concentrations of PAEs differed in three

land-use types were ordered by vegetable soil > orchard soil > paddy soil. Comparing with six U. S. EPA priority pollutants of PAEs,
the contents of Di-n-butyl phthalate ( DBP) and Dimethyl phthalate ( DMP) in soils exceeded the control limits of PAEs in the
American soil by 93.85% and 27. 69% respectively, but the rest four PAEs compounds were lower than the control limits. Generally,

the pollution level of soils contaminated by PAEs in agricultural fields of Zhongshan City was relatively low. The contents of Z PAEs

1 1

in agricultural products ranged from 0. 15 to 3. 15 mg-kg™ with the average of 1. 12 mg-kg™ , which was lower than the suggested

standards in USA and Europe and with low health risk. Meanwhile, Z PAEs concentrations in vegetables were higher than those both
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in rice and fruits. DBP and DEHP were the main components of PAEs both in agricultural soils and products, with higher percentage

contents and detected ratio. z PAEs and DBP contents in various agricultural products-soils had a significantly positive correlation,

with Pearson coefficients (r) in vegetables-vegetable soils were 0. 81 (P =0.000), 0.75(P =0.000), and corresponding r among
rice-paddy soil and fruits-fruit soils were 0.74 (P =0.036), 0.65 (P =0.041) and 0.66 (P =0.029), 0.78 (P =0.045),

respectively. Although there existed a significant difference for single PAEs compound accumulated by agricultural products, the

Z PAEs bioconcentration factors of all agricultural products were above 1. Therefore, the accumulation characteristics of PAEs should

be fully concerned when farm soil quality assessment is taken.

Key words ; phthalic acid esters (PAEs) ; agricultural soil-products; pollution level; bioconcentration; Zhongshan City
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Table 1~ Soil allowable concentrations and cleanup objective of PAEs compounds in USA and main environmental parameters

- S Pl 7 3R
AR s o /g mL ! Kon /mﬁ:-kgjﬁ‘ g{?f@l
AR HR TR DMP 194.19 5000(20°C) 17.4 0.02 2
SRR R — LR DEP 222.24 896(25C) 142 0.07 7.1
SRR R —1E T R DBP 278.35 13(25°C) 1. 70E +05 0. 08 8.1
QPR TR T R S BBP 312 2.9(25C) 1. 70F +03 1.22 50
SRR R —(2-4.3) O BiR DEHP 390. 56 0.4(25%C) 2. 00E +09 4.35 50
SRR R —1E TR DnOP 390. 56 3.0(25C) 3. 60E +09 1.2 50
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fERE (80 ~100 H ) A% fL 4R (100 ~200 H ) 242
JGTE 180°C | 250°C T 4rJilliGifk 12 h, ¥4, FmA
3% MR BT K, PR T h & . &
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PR [A] 4 A
1.4 SAHEELEN
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min, LL6°C +min ' F+ 3 290°C , & #F 10 min. AL
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RALGE -3 rh PAEs S IETIRIE 00T, SEATRER
W5 PS8 R AR T 434 0 At PR A 0 7
i <K R FoR , BN 0 2 — B kK
BRI ZE AR Hh 3R $ R A ST
2 ZERE5itig
2.1 il Kb 139 PAEs & AR

Hh L TR DX 35 PN T SR B 1 - HERE L 6
SR IFERAE 2T AR (D PAEs ) R 0. 14 ~
1.14 mg-kg™', FI{E N 0.43 mg-kg™', K i FK K
100% (% 2). AN+ HfpE2m b > PAEs
(ST e Sk - S8 M (0. 46 mg-kg ™' ) > [l
(0.43 mg-kg™") > FEH (0.36 mg-kg ") , Pl S Al
T4 > PAEs ZRIFABE (£3). it K-S
test 73BT & IR, RAE X A 4 ZPAES B P EY A
0.000 (¥J/hTF 0.05) , & W BHE A FF & IE &,
JRRAR AT RE A AN 2606 3 530 PAEs &4, R 5
i i #%.

T4 PAEs JRE i 2 AR FFE , DBP
HHRVEE M nd ~ 0.68 mg-kg™', FHI{EH K 0.24
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Table 2 Concentration and detected ratio of soil PAEs in Zhongshan City

T H DMP DEP DBP BBP DEHP DnOP > PAEs
i/ mg-kg ™! nd ~0. 08 nd ~0. 02 nd ~0. 68 nd ~0. 08 nd ~0.74 nd ~0. 08 0.14 ~1.14
A 0.02 0.01 0.24 0.01 0.14 0.02 0.43
R = 0.01 0. 00 0.1 0.01 0.13 0. 01 0. 20
i £ R E 2.22 2.98 1.06 4.10 2.6 2.25 1.68
WA R AL 5.55 7.98 1.36 22.38 8.69 7.82 3.31
K th %/ % 30. 8 10.8 47.7 32.3 98.5 67.7 100
£3 HPUHRURBHARELEEFALE PAEs SESKHHERD
Table 3 Concentration and detected ratio of soil PAEs in different land-use types of Zhongshan City
TR ED) Ti H DMP DEP DBP BBP DEHP DnOP > PAFs
R nd ~0. 08 nd ~0. 02 nd ~0. 59 nd ~0. 08 nd ~0. 74 nd ~0. 08 0.21~1.14
b (33) M 0.02+0.02a 0.01 £0.00a 0.23 +0.11a 0.01 £0.0la 0.18 +0.15a 0.02 £0.02a  0.46 £0.22a
Kt 2R/ % 45.5 15.2 15.2 97 60. 6 100
R nd ~0. 05 nd ~0. 02 nd ~0. 57 nd~0.03  0.03 ~0.35 nd ~0. 04 0.18 ~0.90
FEHI(18) M 0.01 £0.01b 0.01 +0.00a 0.20+0.14a 0.01 +0.01a 0.11 +0.09b 0.02 +0.01a  0.36 +0. 18b
K R/ % 16.7 5.6 88.9 44.4 100 88.9 100
R nd ~0. 03 nd ~0.02 nd ~0. 68 nd~0.02  0.03~0.10  nd~0.02 0.14 ~0.76
e (14) M 0.01 £0.01b nd 0.32+0.19a 0.01 £0.0la 0.07 £0.03b 0.01 £0.0la 0.43 £0.17b
far H %/ % 14.3 7.1 92.9 57.1 100 57.1 100

1) nd: KT H; REE (mgekg™') 3 M. PIIH « 552 (mg-kg ™) 5 RFNTRF/NEFFRREREE(P<0.05); TR

mg-kg ' K I N 47. 7% ; DEHP & &5HE K nd ~
0.74 mg-kg ™", SEYIME M 0. 14 mg-kg ™", K R K
98.5% ; DMP &4 nd ~0. 08 mg-kg ™", “FH{H N
0.02 mg-kg ™', K H 3 H 30. 8% ; DEP & H3EHEl A
nd ~0.02 mg-kg ™", SEHE M 0.01 mg-kg ™', K&
49 10. 8% ; BBP & yu > nd ~0.08 mg-kg ™', F
BIEM 0.01 mg-kg™", Kt %4 32.3% ; DnOP %
HWWHE N nd ~ 0.08 mg-kg™', S H K 0.02
mg-kg ™ KRN 67. 7% . A [A] FAE 25 100 + 4
H1 6 Ff PAEs (% B REAFTE— & AR M5 B
e N 3 PR, 1E 6 B PAEs L& WP BR3¢
FAE 3% h DMP | DEHP f6-& #1955 553514 0. 02
mg-kg™' Fl 0.18 mg-kg™', H & T A/ M (0.01
mg-kg ™" A1 0.11 mg-kg™") A1 [ £ HE (0.01
mg-kg_lﬂl 0.07 mg'kg_1 ); b 4 DBP & &
(0.32 mg-ke ") @@ THEPIFIZEAY. W 3E
DnOP & H: 4 0.02 mg-kg ™", 5 A8 [ A5 fel + 35
(0.02 mg-kg ' F10.01 mg-kg ') ZFAEE; ¥
+- 4 BBP 54 0. 01 mg-kg ™", 57 [ AL bl +
$(0.01 mg-kg ' F10.01 mg-kg ') ZRHAEE.
11l DEP 785 el - YR | 768 S A i 3%
H G T 3t A K

DO e s e NI 7 = i B w3 = L A O
PAEs fb &P E 40 & 1434, DBP B & BE e,
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(3.8% ) >BBP(1.9% ) >DEP(1.8% ). Hit, il
il X AN ] = A FH 25 8 PAEs {66 4 H
H—E R, XL DBP Fl DEHP iy .
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Fig. 2 Percentage content of individual PAEs in agricultural soils

from different land-use types in Zhongshan City
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TS RARRL, S - 16 A PAEs & & R
el + 3% 37% .

2.2 bl XA i PAEs & B GFIE

HL T AR 7= df o PAEs B9 & RO W3R 4
78,6 B PAEs {65 W) 34 16 A 77 i BE b A
> PAEs FRTEEIN 0. 15 ~3.15 mg-kg ™', P
112 mgekg ™', HOES T AS [ 2 AR
> PAEs 8585 B bR B0, L AW AR Uk < 8
(1.15 mg-kg™) > KRG (1.02 mg-kg™") > KIHE
(1.01 mg-kg™") (F4), RFEI4" 5] PAEs 197
2SI

x4 FUTRIRBHELR5mPAEs SESHHE

Table 4  Concentration and detected ratio of PAEs in farm products from Zhongshan City

AT i (RERVERD) [ DMP DEP DBP BBP DEHP DnOP > PAFs
R nd ~0. 14 nd ~0. 07 nd~1.72 nd ~0.47 nd~1.86 nd ~0.61 0.15~3.15
A (37) M 0.04£0.05 0.01+0.01 0.64+0.38 0.130.12 0.24+0.32 0.07+0.14  1.12+0.57
Kt/ % 35.1 2.7 91.9 75.7 91.9 29.7 100
R nd ~0. 14 nd nd~1.72 nd ~0.47 nd~1.86 nd ~0.61 0.15~3.15
BRI (28) M 0.05 +0.05a nd 0.62+0.4la 0.15+0.13a 0.27 £0.35a 0.06+0.14  1.15 +0.65a
K th %/ % 39.3 0 89.3 82.1 92.9 32.1 100
R nd ~0.06 nd 0.64 ~1.00 nd ~0.13 nd ~0. 14 nd ~0.31 0.73 ~1.21
JKFE(4) M 0.02 +0.03a nd 0.78 £0.16a 0.07 £0.05a 0.07 £0.05b 0.08 +0.15  1.02 +0.21a
G/ % 25 0 100 75 75 25 100
R nd ~0.07 nd ~0. 07 0.19 ~1.04 nd~0.28  0.04 ~0.43 nd ~0.35 0.66 ~1.21
KE(S) M 0.02+0.03a 0.02+0.03 0.62+0.40a 0.07 +0.12a 0.21+0.15b 0.07 £0.15  1.01 +0.24a
o % % 20 20 100 40 100 20 100

LT R T 4 PAEs BRI R Y
FFAE, DBP & S FIAE nd ~ 1. 72 mg-kg ™' Z ], F
PIEN 0. 64 mg-keg ™', K % 91.9% ; DEHP 11y
R VEFIZE nd ~ 1. 86 mg-kg ™' Z[A]  SEIIE K 0. 24
mg-kg ™ KN 91.9% ; DMP & HEVEH N nd ~
0.14 mg-kg ™", SFHI{E A 0.04 mg-kg ™', Kt RN
35. 1% ; DEP & # U FI7E nd ~0.07 mg-kg ™' Z[H],
SERIEH 0. 01 mg-kg ™" N 2. 7% , Heh DEP
FEACR | AKAERESL AR K H 5 BBP iy B4 nd
~0.47 mg-kg ™' EHER 0. 13 mg-kg ™' K HHFN
75.7% ;5 DnOP )% 53 [FI7E nd ~ 0. 61 mg-kg ™' Z
8], FHIME A 0. 07 mg-kg ™', KR K 29. 7% . A[H]
Kt 6 i PAEs LG WY& B2 R IEA B
HiR A BBP fil DEHP & 4058 0. 15 mg-kg ™'
F10.27 mg-kg ™", & T /KAH (0. 07 mg-kg ™' 1 0. 07
mg-kg™' ) A K R (0.07 mg-kg™' F0.021
mg-kg™'); /KFEH DBP % (0.78 mg-kg™") W&
TEE(0.62 mg-kg ™) MIKFE(0.62 mg-kg™'); =
# ' DnOP Fl DMP 7 i JC i 3 22 55 11 6% 52 Ak
FErh 4R Y DEP.

B3 3% v Ll Tl Al DX 3 P AS TR R 7= b o
PAEs [ 4> &40 . %t PAEs ¥{& DBP (15
IR E, 17 6 F PAEs B9 57. 0% , HK 2 DEHP,
WY 21.2% , HZHEE] > PAEs B
78.2% . AN[EFEE T PAEs (L& W & HA — 200

80

DMP @ BBP ]
70 A DEP DEHP K
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60 | ™)
50 | ..
&
=
Q.: 40
&
T30 1
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10 | . o -
0 B - frncd :f”@ fonce 408
#ik Kig KA
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Fig. 3 Percentage content of individual PAEs in

agricultural products from Zhongshan City
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1 PAEs B9 SEARFIEAE L
2.3 bl XK b e i PAEs & R BUR AL
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KRR, A E 4 R E(BCF) T Lz ik
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=Y hor R PSR/ o R AR RHY
KA B W e B B AR N BB 1 KN 1 O 48

RN 1] Wang Zil7] WF5E &, PAEs )4 T &=
BOR S EA  KEHEAR, A 0 ke, B 1
TP A E 2 RSP, B AR
K25 A G WARH o, R R B BGR A=Y e
e AR A AEY &R R (R R =
A7 i B BB 7 PAEs ¥4 3% &/ - 5 rh PAEs %
i) fijh PAEs 33025 Rk 7 AR N YIRS K
EEMMES TR, g5k 5 PR,

R5 BFKZREX PAEs EE R

Table 5 PAEs bioconcentration factor of different agricultural products

A4 FHIES DMP DEP DBP BBP DEHP DnOP > PAEs
UNEES 0.17 — 1.98 4.81 0.18 — 1.19
20 2.56 0.83 1.80 9.71 1.01 0.38 1.90
BN 1.70 — 1.54 2.95 0. 80 2.74 1.52
b3 0.26 — 2.33 1.09 0. 07 6. 00 2.28
ied 0.15 0.45 1.79 8.56 1.16 0.18 1.71
i — — 2.90 3.78 0.62 0.11 1.64
B (28) HP R 0.17 — 2.35 1.23 7.61 1.24 5.91
FZ3IN 0.29 — 3.90 4.06 1.70 1.09 3.24
IS 4.14 — 0.98 9.76 4.18 5.75 2.59
SP)N 0.20 — 2.75 1.81 0.28 — 1.02
B 0.15 0.45 3.67 — 0.05 0.18 1.71
I — 0.36 1.34 — 0.42 0.17 1.97
G¥i 9.45 0.74 3.43 1.64 2.45 5.56 3.39
KFE(4) IKFE 2.57 — 2.71 6.45 0.62 7.22 2.36
KAE(S) %V% 2.90 3.59 1.65 8.08 5. 44 0.32 2.08
i, — — 0. 46 0.28 2.83 1.01 1.40

D) SR LA R

LR, X > PAEs 1M, B 4 RBOEE N
1.02 ~5.91 7= fh37E 1 LA b fems a2 K %
T DMP, &5 RZEGEH N nd ~ 4. 14,71 )N BCF #x
151, T DMP 7E87 I | 022 SR 8 1Y) 4 49 v B R A
5 X DEP (W& 4 REGERI N nd ~3.59, e @ N &
#5 M T DEP "% & & LA, A AE KR o 4 7™
WAy IR RS Y, DBP AU E A R BGEEH nd
~3.9, Hi N, S EERLUNT 1 AN, HER
FESRIAAE 1 LLE #R DBP Y 4 R B
XTT BBP, WA RBGEFIA nd ~9. 76, & = 9K
ik 2.97, BBP 7E BRARL, w5 KA+ B b Yy ok A i
DEHP HJEHERBEEFI A 0.07 ~7. 61, e i A
Jik 7. 61; XFF DnOP, & % ZEGEFE A nd ~ 6, ik
FRITE ; BARAS R A S B RO X PAEs B4
AV EERBESBR, MEBERABNLESE
ME AN EA T X PAEs BRI [R] (1 I e B R
fiE (B4 FhAR = X > PAEs BRI & 4 R B0
KT 1, BEHA SRR — H i g 25 H A AR 5 1 A= 0 A A

PE, 2 TRl B,
2.4 KPEES I PAEs S8 BRI SEME T

FH SPSS 17 Geit i3t g =% . KR, KR ER
FEER AR B AR A R PAEs & REiEAT
M. S5 R R W] B3 - Heh > PAEs
i) Pearson A1 Z % r =0. 81 (P =0.000) 7 0. 01 /K
SR b EM G, K PARs (kAW A ES
BT DBP & it 1 i 2 AHOC  AHOC R r 4 0.75
(P=0.000); /KRE-REH L3 > PAEs, DBP &
HAE 0.05 7K COBUI ) b 25 A0 C, r 4300 R 0. 74
(P=0.036),0.65(P=0.041); sKJ:-5pl 11
> PAEs, DBP % [AFEZE 0. 05 7K (8L [
ERE,r IR 0.66 (P =0.029), 0.78 (P =
0.045). 1A A A4 7= -+ € — & () DMP, DEP,
BBP, DEHP, DnOP & &t ¥R HH G, 5 505 i 1
HE KRR A, KRR R D PAES,
DBP & A —E AL s (K 4. 5).
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AP A T IR A8 A 3277 X rp - - A6 A Fpkr
W6 i PAEs & 8O0 R, WESE T A8 A b b Al 1 4
2 [ PAEs £ i B —E A OGHE, > PAEs,
DBP ., DEHP A Pearson fHC R34 0. 79, 0.75
FO.51(P<0.01). HFREE HEfkImmrs
DEP 1 DEHP 7 + 58- P4 = b i3 B M AL, 45 SRR
SEPGHEHSE R B DEP il DEHP & 5 115
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41 J . 63
i)
=
= 15+
oE
fg 10 & HEPAEs St
’ W KFEPAEs S it
A JKILPAEs M it
05 y=0.829x + 0.573
: e R=0439
0 L !
0 0.5 1.0 1.5

3P PAEs & fit/mg kg™
4 FEMERFRSHER > PAEs HIE A2
Fig. 4 Regression curves of concentrations of Z PAEs between

different kinds of agricultural products and soils
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Fig. 5 Regression curves of concentrations of DBP between

different kinds of agricultural products and soils
2.5  FIEEAUR T PAEs &R AT RLIRGL
W5 3 L1007 R X Bk 4
S PAES Hy & 55k = A LRI AT, (T A
Wk WUEE | VL TRYIFN) M 45 XA 4[]

AR T 28 4 i 80 IX 3 A9 Ak + B (0,67
mg-kg ") (HETEREG A BN P, 54 FH AL
HiAAL, il il - 58 PAEs & 5K T2 F 7
HIME (3.43 mg-kg™" ), HIBT N M IX + 3 b 11 Fh
PAEs tL&WPEYIH S J9 2. 75 mg-kg ™', INARE I
F7rEX e 6 Fl PAEs (b &P H9F X AN 1. 22
mg-kg PV HE RN M SRR KH R
6 fft PAEs L& W& i (405107 0.32, 0.28, 0. 31
mg-kg )M, WIFE A — K26 B SRS
PAEs 1L & 904 AR v TG BEARE (36 1) 2R 44T
F LT A X 1 35 b PAESs A5 LRI, AU
65 A HIERZH S D, 4354 61 ASHE
DBP & & # it 81 wg-kg™' 1Y 45 Hl 45, 8 bR F
93.85% ; 18 MFEMH) DMP & #ad 20 pg-kg ™' Y
EbR e AR R 27.69% , Ho PAEs ik &K
e 3 A L o

H A N A 5 B PAEs 25 HE 458 A o
SCHR[ 24 ] 5 FHRRUN 2 05 JL MR & SR 2 2 0L
W NIRAEH X PAEs fLA 9 BB A B AN I
0.3 mg-keg "R, SCHEK[25] 591 H EPA $5 i, A
L O AR DBP e KS % & & H 0.01
mg-kg AR, 38 [ BRBE R fa FHITAG A E
(OEHHA) W, AMARSEEH f iR DEHP S RAEA
4 0.05 mg kg RFTR. FFIER A 60 kg T
BB NBEERBAL 0.5 kg, W LT 4 7=
PAEs ., DBP Fl DEHP ¥J1I% T 3& = R P i 1 bR fE.
rh LT R AR A7 i A R A AR

T Al X3 A SR A 7 A 34 2L DBP
M DEHP R & 7Em & . K, ¥l JRpHLIX DL &
I ZRAE AR b X ) At {2 7, DBP Al DEHP J2 i
FEW PAEs V5444, X 0l G854k H I o DEHP
1 DBP &1 Y350 () BN A 5. T DBP Al
DEHP {7 F 5 R, AKIE PRI, 7 BE-/K 3 e &
(1K, ) B, Grpl - R i, 16 sh k3 25, AN 5wk
A= R i i e R AR R B e e B A
WZRHL PR R iR 5 AT R
PAEs & 4 R 50 KM B IE T 31X — 55, 3 2 iH
LI Y PAESs SX88R AR R WO 1) 3t
ERIEFRS T H DEP F1 DEHP %5 X9k 5 S50 4 14
fife ARG T S AEAE P A N R A BRI A AR
P£. 1 DMP, DEP %5 %5% PAEs 16 &Y /KPR
15, SE IR B R AN, Gy A R A ME LR
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FRUEAH L, DBP Fll DMP 5 i 68 2o 3 il b o, 8 A %
I3 510 93. 85% FI 27. 69% . 156 B 1L T Al 1X )
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(3) &A= it PAEs SR Mb S0 & £ &R
BOE BB BRI T D PAEs MEHYE
EREIIRT 1, RIDFBR AR AEAES
(R AT SR BE . BT LAAE T AR 7 i [X ek - 398 () DA
KRR IR AR AE R R TR b AR
ZAONEY) B B0 THREE PAEs FLEAHE.

(4) AFIFHEAC T 5 A 3 b PAEs & REHRH
H—E MM KR, B - 5h D PAEs,
DBP 1) Pearson #H & R % r 43 %1~ 0.81 (P =
0.000) . 0.75 (P =0.000), 7E0.01 /K> (XU) I
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