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Distribution of phthalic acid esters(PAEs) in paddy soil and grains of rice in the Pearl River Delta region and
the health risk assessment

LU Lei—an', CHEN Xue-bin', ZHAO Hai-ming'?, MO Ce-hui', LI Hui', LI Yan—wen', CAI Quan—ying"*

(1.Key Laboratory of Water/Soil Toxic Pollutants Control and Bioremediation of Guangdong Higher Education Institutions, School of Environ—
ment, Jinan University, Guangzhou 510632, China; 2.Department of Ecology, Jinan University, Guangzhou 510632, China)

Abstract: This study aimed to investigate the distribution of PAEs in paddy soil and grains of rice( Oryza sativa L.) within the Pearl River
Delta region and to evaluate the human health risk of PAEs via the ingestion of rice. Paddy soil samples(n=30) and grain samples(n=37)
were collected from the rice cultivation areas of four cities(i.e., Dongguan, Guangzhou, Huizhou, Panyu ) in this region. Nine PAE com—
pounds in samples were ultrasonic—assisted extracted and analyzed using gas chromatography coupled with mass spectrometry( GC-MS ). The
results show that the sum concentrations of nine PAE compounds( Y, PAEs) in paddy soils ranged from 3.25 to 8.05 mg+kg™ with a mean of
5.25 mg-kg™, and those in grains were between 1.77 and 4.13 mg-kg™ with a mean of 2.93 mg-kg™. The highest average concentrations in
both of paddy soil(6.26+1.45 mg-kg™) and grains(3.13£0.71 mg-kg™) were observed in the samples from Dongguan City. Di-n—butyl ph—
thalate(DBP), di—(2-ethylhexyl ) phthalate( DEHP) and di-iso—butyl phthalate( DIBP) were the most abundant compounds, accounting for
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more than 85% of the Y. PAEs. The bioaccumulation factor of grains to PAEs(defined as the ratio of PAE concentrations in grains to those in
soil ) varied from 0.37 to 1.27, and some of them for DBP, DEHP and DIBP were greater than 1.0. The Y PAEs in rice and chaff ranged from
1.33 to 3.22 mg-kg™'(with a mean of 2.17 mg-kg™) and from 0.81 to 2.61 mg-kg™'(with a mean of 1.43 mg-kg™). Estimated daily intakes
of DBP and DEHP for adult ranged from 0.52 to 2.61 pg-kg™ bw+d™ and from 0.65 to 4.09 pg-kg™ bw-d™, those for child ranged 1.12 to
5.58 pg-kg? bw-d™ and from 1.57 to 9.91 pg-kg™ bw+d™, respectively, via the ingestion of rice of this study, being lower than the refer—

ence doses proposed by U.S. Environmental Protection Agency(DBP: 100 wg-kg™ bw-d™', DEHP: 20 pg-kg™ bw+d™). The human health

risk via the ingestion of rice is relatively low.

Keywords: phthalic acid esters; paddy soil; grains; health risk assessment; Pearl River Delta
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Table 1 Concentrations of PAEs in paddy soils in the Pearl River Delta region(mg-kg™, dry weight)

et A5E(n=8) 2N (n=8) I~ (n=6) FH (n=8)
T PR T P bR Fen| S bR T PR

DMP 0.09~0.31 0.16+0.07 0.06~0.14 0.11+0.03 0.08~0.21 0.14+0.06 0.08~0.16 0.12+0.03
DEP 0.12~0.43 0.23+0.10 0.07~0.24 0.18+0.06 0.08~0.33 0.17+0.08 0.10~0.31 0.19+0.07
DIBP 0.75~2.46 1.75+0.61 0.92~2.20 1.67+0.48 0.61~2.06 1.24+0.51 0.99~2.25 1.47+0.46
DBP 0.46~1.25 0.85+0.28 0.54~1.03 0.74+0.18 0.37~0.79 0.60+0.18 0.54~1.48 0.91+0.36
DMEP 0.21~0.41 0.25+0.07 0.09~0.28 0.18+0.07 0.08~0.33 0.19+0.09 0.12~0.32 0.21+0.05
DPP 0.06~0.36 0.19+0.09 0.09~0.23 0.17+0.04 0.07~0.19 0.15+0.04 0.16~0.30 0.18+0.05
DHXP 0.07~0.35 0.25+0.09 0.07~0.27 0.20+0.07 0.09~0.31 0.22+0.08 0.12~0.47 0.27+0.11
DBEP ND~0.65 0.44+0.19 ND~0.67 0.41+0.21 ND~0.87 0.55+0.30 ND~1.11 0.75+0.37
DEHP 0.27~4.97 2.42+1.74 0.40~1.73 1.05+0.43 0.70~3.70 1.72+1.13 0.28~2.67 1.46+0.90
Y usraPAEs 1.49~6.00 3.65+1.59 1.44~3.03 2.08+0.53 1.61~4.81 2.64+1.32 1.18~3.55 2.68+0.94
Y PAEs 4.30~8.05 6.26+1.45 3.76~5.67 4.55+0.70 2.93~6.07 4.80+1.58 3.24~6.43 5.29+1.13
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Figure 1 The percentage of individual PAE compounds in paddy

soils in the Pearl River Delta region
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Table 2 PAE concentrations of grains in the Pearl River Delta region(mg-kg™, dry weight )

e 58(n=12) HHI(n=8) T~ (n=8) FH (n=9)
BlEn| bR Bien| B bR 0 Hl A E bR BlEn| B bR 2

DMP 0.02~0.10 0.06+0.03 0.03~0.14 0.07+0.03 0.01~0.09 0.06+0.03 0.01~0.11 0.06+0.04
DEP 0.05~0.24 0.16+0.07 0.06~0.21 0.15+0.05 0.08~0.26 0.17+0.05 0.14~0.32 0.18+0.06
DIBP 0.15~1.92 0.71+0.53 0.27~0.99 0.69+0.28 0.49~0.81 0.66+0.15 0.11~1.24 0.58+0.39
DBP 0.11~0.94 0.56+0.26 0.12~0.78 0.52+0.25 0.12~1.10 0.59+0.31 0.22~1.05 0.54+0.24
DMEP 0.09~0.31 0.20+0.05 0.11~0.27 0.19+0.05 0.12~0.32 0.21+0.06 0.07~0.39 0.20+0.09
DPP 0.06~0.31 0.19+0.06 0.05~0.26 0.18+0.07 0.12~0.32 0.18+0.06 0.08~0.35 0.17+0.07
DHXP 0.15~0.35 0.26+0.05 0.08~0.28 0.22+0.07 0.11~0.33 0.24+0.06 0.15~0.37 0.26+0.06
DBEP ND~0.30 0.25+0.05 ND~0.36 0.30+0.08 ND~0.34 0.23+0.09 ND~0.80 0.35+0.23
DEHP 0.27~2.28 0.81+0.63 0.18~1.27 0.55+0.41 0.23~1.21 0.60+0.37 0.28~2.29 0.71+0.84
> wsiraPAEs 0.70~2.78 1.58+0.62 0.64~2.11 1.29+0.58 0.64~2.00 1.42+0.50 0.98~2.76 1.50+0.69
Y PAEs 2.07~4.13 3.13+0.71 1.77~3.09 2.65+0.48 1.88~3.67 2.92+0.58 2.33~3.94 2.94+0.51
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Table 3 PAE concentrations of rice and chaff in the Pearl River Delta region(mg-kg™, dry weight )
e A5E(n=12) HM (n=8) I (n=8) #H(n=9)
T SPHE bR Y PR E RIS Fn | SRR F | PR
ok
DMP 0.02~0.08 0.05+0.02 0.02~0.06 0.04+0.02 0.01~0.08 0.05+0.03 0.02~0.07 0.05+0.02
DEP 0.06~0.16 0.11+0.04 0.08~0.21 0.13+0.05 0.14~0.20 0.17+0.03 0.12~0.19 0.15+0.03
DIBP 0.26~1.00 0.65+0.31 0.21~0.62 0.44+0.17 0.20~0.65 0.43+0.21 0.24~0.60 0.43+0.15
DBP 0.27~0.72 0.58+0.21 0.16~0.57 0.36+0.18 0.14~0.54 0.38+0.19 0.19+0.58 0.41£0.17
DMEP 0.09~0.21 0.13+0.05 0.08~0.17 0.13+0.04 0.15~0.21 0.20+0.03 0.12~0.22 0.19+0.05
bppP 0.06~0.14 0.10+0.04 0.05~0.18 0.11+0.06 0.16~0.32 0.20+0.08 0.08~0.16 0.14+0.04
DHXP 0.04~0.15 0.12+0.05 0.08~0.15 0.11+0.03 0.09~0.25 0.19+0.08 0.08~0.25 0.16+0.07
DBEP ND~0.20 0.16+0.05 ND~0.10 0.09+0.01 ND~0.10 0.08+0.03 ND~0.13 0.10+0.04
DEHP 0.23~1.13 0.72+£0.37 0.19~0.82 0.47+0.32 0.19~0.88 0.46+0.32 0.18~0.93 0.58+0.37
Y usePAEs 1.01~2.03 1.47+0.48 0.53~1.27 1.00+0.33 0.51~1.64 1.06+0.50 0.60~1.61 1.20+0.46
2 PAEs 1.66~3.22 2.55+0.74 1.32~2.28 1.84+0.46 1.43~2.85 2.12+0.58 1.33~2.75 2.16+0.64
5t
DMP 0.01~0.07 0.04+0.03 0.02~0.05 0.04+0.01 0.03~0.06 0.04+0.02 0.01~0.07 0.05+0.02
DEP 0.05~0.09 0.07+0.02 0.04~0.08 0.06+0.02 0.03~0.08 0.05+0.02 0.06~0.10 0.07+0.02
DIBP 0.26~0.55 0.37£0.13 0.12~0.46 0.28+0.15 0.10~0.53 0.26+0.19 0.13~0.50 0.32+0.15
DBP 0.10~0.32 0.25+0.11 0.09~0.36 0.23+0.11 0.14~0.43 0.25+0.14 0.14+0.48 0.29+0.14
DMEP 0.06~0.15 0.12+0.04 0.08~0.15 0.11+0.03 0.07~0.17 0.12+0.05 0.06~0.11 0.09+0.02
DPP 0.05~0.16 0.10£0.05 0.04~0.12 0.08+0.04 0.09~0.18 0.14+0.04 0.08~0.16 0.14+0.04
DHXP 0.08~0.13 0.10£0.03 0.07~0.15 0.11+0.03 0.05~0.15 0.10£0.05 0.07~0.17 0.11+0.05
DBEP ND~0.10 0.08+0.04 ND~0.06 0.04+0.02 ND~0.09 0.07+0.02 ND~0.09 0.07+0.02
DEHP 0.18~0.60 0.37£0.17 0.17~0.50 0.28+0.16 0.11~0.48 0.33+0.17 0.13~0.49 0.30£0.15
Y useaPAEs 0.48~1.07 0.74£0.26 0.48~0.96 0.60+0.24 0.37~0.99 0.68+0.26 0.44~1.07 0.71£0.27
2 PAEs 1.25~2.61 1.78+0.59 0.89~1.73 1.20+0.36 0.81~1.72 1.34+0.40 1.07~1.92 1.41+0.41

JKFEXT PAEs f) BCF B W i T 22, DKy
% PAEs 7 fF BCF 5 PAEs ALV A 6, 0 5
AN T it Bl K A 0 W WS A% RE 7 AN LR ORI Y
PAEs ¥ BEAC o 5T & L, ARl R K R X DEHP fY
W SRR AR B 22 50 HL 1R )9 DBP Al DEHP
S TS YR R IR AR SC O R, AR &
B, KR R (AL S ) IR SRR T Y (e ) 2
A RLEREP, RI , AKREAE A 1A 1T fi 23 DA - 338 il
W BB PAEs F[a) 2 RAE A , HOXH AR 7= i i 2 4
CATIERE S SEe
2.3 AEE AKX PAEs HIERREXE
KIS ARA  FEEREVEY, di 90%LL AR
AR =B Y, KORET A BRI FER, A
JAA W, AR H BB K 218 ¢, Kok
PAEs 7K - i 1% T8 5 22 512 BN IR A il 2 2K
o ARWFFER BN 2 5 i S 2 RN AR
it e % 7% /K-

x4 HR=AMRKBERIT PAEs AWM EERE(BCF)
Table 4 The bioconcentration factor(BCF ) of PAEs in grains of

the Pearl River Delta region

ety HREE M JM G
DMP 0.54+0.37 0.79+0.59 0.51+0.36 0.60+0.35
DEP 0.62+0.27 0.62+0.24 0.76+0.21 0.81+0.35
DIBP 1.27+0.61 0.83+0.31 0.62+0.24 0.38+0.27
DBP 0.97+0.26 0.72+0.39 1.09+0.81 0.83+0.16

DMEP 0.84+0.36 0.86+0.18 0.90+0.16 0.65+0.25
DpP 1.20+0.82 1.13+0.47 1.30+0.65 1.00+0.50

DHXP 1.27+1.02 1.24+0.92 1.23+0.80 1.15+0.72
DBEP 0.54+0.12 0.37 0.66+0.35 0.77+0.57

DEHP 1.06+1.71 0.62+0.58 0.84+0.22 1.04+0.48

H ¥ g7 (DD = SOk s ek x H ¥R
KR PR

45 2 o DBP FI DEHP (i, mUA3R K
B 218 g, P HIIATE 60 kg; JL2 (2~12 % )F%



AR S TR A DR ORI B 438 AT (PAES ) (4 R SV BB S 8 XL 1247

TR K 198 g0 SEHKREE 25.5 kg™, 439l 1t
SN AL B FH I FOK ) A A B 2 /7 /KT, 25
RIS,

t1F DBP il DEHP #£ F 45 o5 2k 1 & 4
=, HATSEE R RAUE T X PIRME AP AR A
£ K4 (RID) : DBP I DEHP 43514 100 pg-kg” bw-
d™ #1120 pg-kg™ bw-d™™, 3 5 ATHL AFLEE
HIRKXE DBP #1 DEHP 9 H 5148 A 235/ F 10 pg-
kg bw-d", JLER BRI ES TN | 4JE KX DEHP
12 7 82 7K1 (3.48 pg kg™ bw-d™) & T2 ALY
BB K (2.34 pg-kg! bw-d™),

R FARUBS: i (R H A 22 2 i DI/Z25 57 & RID)
XK FE 4k DBP F1 DEHP ()it XU 4T PEAN , 4%
TR R e i 5 IS H I T A, /N T
1,IA0 PAEs (g5l 2 58 XU v] LAEE3Z , IR Z WA R A7
7 PAEs {HEERE R AR . MR 5 25 ML E AR
HEAF 192 2% )&, DBP Hl DEHP 1 XU 24 76 7] #2757
AR WG 95 2w 9Pl o 20 S SR S N1 S [ B S 7Y
A HALE AL PAEs &8 filbri . ABF5Eh R
ZEE IR R R K. 2 2 B
AR K K R R R SRR AOR K
WIER AR AR K Z M

3 i

Tk = 4 KRR RL X () A 38 R0 K R 23
PAEs ¥4I} DIBP .DEHP F1 DBP 3, #&H 13 HIK
FEi 43 ki rp ¥ PAEs 23 %4 3.25~8.05 mg-kg™ Hl 1.77~
4.13 mg kg™, I S LLURSER - BB I s o KR AL
Xf PAEs [2E 45 5 R BUTE 0.37~1.27 Z 0], XFAR[H
PAEs (b &R ERUFEZE R TR R RE A
WFFE X FEK X DBP Fl DEHP i e B 82 K PR T3
ESEANVI I (e sNE S 20 b N 6 95 2 7 9N v O S A
B H 158 PAEs 75 34 Je HAEA R i) R AT 25
ERTE
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