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Contamination and risk assessment of phthalates in soils and agricultural products after cotton cultivation in
southern Xinjiang, northwest China

PENG Yi, ZHAO Yu-jie, WANG Lu, HE Ze—ying, ZHANG Yan—wei, GENG Yue, LIU Xiao—wei"

(Laboratory of Quality & Safety Risk Assessment for Agro—Products on Environmental Factors, Ministry of Agriculture and Rural Affairs,
Key Laboratory for Environmental Factors Control of Agro—Products Quality Safety, Ministry of Agriculture and Rural Affairs, Tianjin
300191, China)

Abstract: To assess the risk of phthalate esters(PAEs) in agricultural products after long—term cotton planting, 94 pairs of soil-fruit/vegeta-
bles and 40 mulch film residues were collected from the traditional cotton planting area including Akesu, Shaya, Xinhe, and Kuche counties
in southern Xinjiang Uygur Autonomous Region. Residue levels of 17 kinds of PAEs were determined, and source analysis was carried out.
High detection rates of 95.7% and 93.6% of PAEs were observed in soils and agricultural products, respectively. Total phthalates content in
soils ranged from 0 to 1622 pg- kg™ with an average content of 180.2 pg-kg™'. Total phthalates content in agricultural products ranged from
0 to 2 430.1 pg-ke ' with an average content of 190.6 pg-kg™'. Average ZPAEs in vegetables(220.1 wg-kg™') was higher than that in fruits
(182.3 pg-ke ™). PAE content of agricultural products in the four counties was, in decreasing order: Shaya(297 wg-kg™)>Xinhe (273 pg-
kg )>Kuche(119.3 pg-ke')>Akesu(65 pg-kg'); and a similar pattern was observed in soils: Shaya(305.1 pg- kg™ )>Xinhe(143.5 pg-
kg"')>Kuche(122.6 pg-kg')>Akesu(115.8 wg-kg"'). DEP and DEHP contributed more than 71.1% of the total PAEs in soil samples, and
DMP, DEP, and DEHP contributed more than 86.4% of that in agricultural products. SPAEs of root vegetables(534.7 pg-kg"') was signifi-
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cantly higher than those of other fruits and vegetables. Human exposure assessment, based on daily intake of contaminated agriproducts and

dose for reproductive toxicity, indicated no reproductive damage after long term exposure. The mulch film residues in Akesu Region ranged

from 0.1 to 42.1 kg+hm™, mulch film thickness from 5.6 to 6.85 pm, and degree of size breakages from 6.4 to 30.3 mg- piece'. Correlation

analysis indicated that 3PAEs in agricultural products (n=94) was positively correlated (R=0.529, P<0.01) with XPAEs in soils (n=94) at

the 0.01 level. No correlation was observed between XPAEs in soils or agricultural products and the time of cotton planting (P>0.05), how-
ever, positive correlation between %PAEs in soils and mulch film residues (R=0.767 , P=0.044) was observed at the 0.05 level. SPAEs in
soils were negatively correlated with the degree of size breakages (R=0.778, P<0.01), and the mulch film thickness (R=0.786, P=0.021).

The correlation analysis results suggest that reducing the mulch film residues in farmland is the critical control point of PAEs pollution in

Xinjiang cotton planting area.

Keywords: phthalate ester; agricultural products; mulch film; risk control; Xinjiang
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Figure 1 Sample distribution map of Akesu in Xinjiang Uygur

Autonomous Region, China



2680

VRIEIN ity F3755 12

e AAT S G5 J5 T A [ S 00 2 M R AT IR R A
TRERAS T AR T 18 CUKFI & o T IRk
JH 1l R e R A AR ) R AR FH R AT, o e T s
JE o AR AE IRE SR BRI E L (T2 —2K
FRS ) E -

1.2 X7l

17 ' PAEs bR 1 i : S8 2K — H iz — H 5 (DMP) ,
A2 R — Z 5 (DEP) , 4B — W iR — % T Mg
(DIBP) , &F 2K — W2 — T g (DBP) , 4B2K —HI iR —(2-
H 48 3L ) Z 188 (DMEP) , 454 — HI iR — (4-F KE-2- 1%
) fis (BMPP) , 4828 — H ig — (2- 2 A %) &4 TR
(DEEP) , 487 —H fig — )&l (DPP) , F R —H iR —C
P (DHXP) , &P 7K —HI R T 5% B (BBP) , 4B 7K —H
iz — (2- T4 ) Z Mg (DBEP) , 48 % — W g —3F O\ fig
(DCHP) , 487K — W iR —(2-2.3) 2 ER (DEHP) , 487
R IE¢HE (DNOP) , & 2K —H R — T-Ii (DNP) ,
A4 — W R — 515 (DINP) , 48 2K — /iR — 5 2% i
(DIDP) ¥4 /7% [E Dr. Ehrenstorfer GmbH 7= i o

HUbT 7 5 T 71 R 1000 myg - L7 BE 19 b 7 1 W
1000 mg-L"T/ﬂE{ﬁ@ﬁHiJEE“X)%@E%UJ 100 mg-]_fl
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B0 R IR ACH BRI I BB A 5~6 ¢ HALA
() 1 ZE 1, PR )5 3 30 min 43 )2, 43 )2 5 B
2 HLA 20 mL, BCA 150 mL (B BEIHR N e 78 &
VT, BWUE I 3.0 mL IFE 2 ke fidk .
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¥ B B Florisil A 4K X FH 5.0 mL 7 i + 1F & H¢
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F) K0 B2 Fe i, Sr BB B IR RS T, FH 1S
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FE AR
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Shimadzu 8050 < AH 7, 1% A 1 ot 1% 106 FH A iF A
B PTV, A T RR PR : 80 *CL-4F 1 min, 400 °C-
min” FHE 2 300 C{#4F 14 min, Gas saver: off, {55 £k
300 CL 2 2R, 40 B AE : DB=5MS UL 30 mx
0.25 mmx0.25 pm, FEJEH : 1.0 mL-min™, FHEFET
50 CA#F5 1 min, 30 °C - min™ F}E., 280 °C, 15 C - min™'
TFHEE Z 310 °C, {54 5 min.

1.5 REEH

JIT A B 3 2 LA 75 v Jis ) S B g 3 v, B
J& 400 °C 6 hHEHRE o AR50, B 10 R S R B 7
T EREFUMAR . ks [ (2 HIRE) BRAIngE
W B fb AN, At 25 B8 5 1 35 5 00 5 X AR [R) o
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FETTMAR 2 FIRE S A AT AL B S | E 25 0 R AR T
W H . DEHP-d, 1 [FTUACR 104%+8.3% . 17
A~ BARE AP0 EDCRAE 65.2% ~ 118.9% , AH X 2
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Bi] o s i DX 4 b - BN 7 i R 17 B PAEs 19
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KC3(n=7) AR
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XH2(n=24) [ 7]
XH1(r=7) [ /AN
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SY1(n=17) e N .
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Figure 2 Average concentrations and components of phthalate esters(PAEs) in soils collected from eight areas of Akesu Region

F1 HEMEARMEXTIE K=RPBELBUFIRE (ng-kg', FW)
Table 1 Concentrations of phthalate esters(PAEs) in soils and agro—products of Akesu Xinjiang , China(pg-kg™",FW)

A7 (n=94 ) agro—products

P mean  fic K max

| L4 (n=94) soils
Compouds 6 Ht K Dection ratio/% “FI{H average R mean  Fr AR E max K H K Dection ratio/% ~F-H4{H average
DMP 0 ND ND ND
DEP 100.0 33.4 34.2 51.7
DIBP 35.1 11.3 7.7 61.5
DBP 41.5 13.7 8.9 59.1
DMEP 0 ND ND ND
BMPP 0 0.2 ND 2.8
DEEP 10.6 5.1 ND 73.8
DPP 0 ND ND 2.5
DHXP 1.1 0.7 ND 49.1
BBP 19.1 6.4 ND 51.2
DBEP 0 ND ND ND
DCHP 28.7 6.5 33 31.6
DEHP 92.6 103.0 72.8 1503.0
DNP 0 ND ND ND
DNOP 0 ND ND ND
DINP 0 ND ND ND
DIDP 0 ND ND ND
SPAEs 95.7 180.2 144.6 1622.0

18.1 29.4 5.7 2219.1
100.0 86.5 86.8 175.2
22.3 7.5 7.0 30.2
20.2 7.4 6.1 41.7
0 ND ND ND
0 ND ND ND
0 ND ND ND
0 ND ND ND
2.1 6.2 ND 302.5
0 ND ND ND
0 ND ND ND
2.1 5.1 ND 323.0
77.7 50.5 52.5 306.1
0 ND ND ND
0 ND ND ND
0 ND ND ND
0 ND ND ND
93.6 192.6 157.4 23913
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W e 4 1 398 R K A% PAES B 7= 1) DMP Y RE 7 %5
58>, 138 rf DMP  DEP £ H 32 510 1 E B MCAE 11 2R
T3 FE LS AR, TERAE LI 8oV &
TK it 5.36% ~ 7.89% F 4 AT BT o L FORL LA L
B, A XTI G Wy B e T 551, AR i A L R
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2.2 RF-MPAEs BEXIEMNFN L1 PAES iT T4
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Figure 3 Average concentrations and components of phthalate esters(PAEs) in agro—products collected from eight areas of Akesu Region
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Figure 4 Average concentrations and components of phthalates esters in different agro—products
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T, I R B 6~11 2 1% T B S48 A 2 1T REIG /)N
T AR B4 AR, LA S DMP  DEP 25 &5 75 fi Pk Fl &
IR AL A AR R Ve A AT ik i
B 1k A B EE M I R K ARV A R 30 pg kg -d s
(KR PAEs J& F IR 3 &, U DL T % B B B i
AR LEE AP AR T S 00 b [ LRI i 4R
Bk E T R, 6% ) LE21.26 kg, 11 % L&
43.27 kgo BREREEE T ) BRI 25 ek, L
SRR B 4 e Ry b s e R e D R AR
XoF 074324 1) S R K SRR FH b e s R 4 B S i
RHEEAE AR N 0.3 k- d, KR HER 5 4 0.2 kg d s
Abmt o SR T R A BT AR B R H B A IR TR &
FeE e R A RETE 0.067 8 ~ 0.113 kg-d ™' YE FI A .
ZA A AR LE H AR AE0.084 2~ 1.911 4 pg-kg
BW-d"', mg 5t LB H & A 1E0.084 2~ 1.677 5 pg-
kg BW - d™, KUK & $ichn & 2 H fir gl HTE 38 /T 1,
PRI IA R AR YRI5 SR A B R A AT PAEs AR BT

A REFR B 134.09 kg-hm 2% S8R A X
23 RIFMPAESESE TIEPAEEE HEREBE .
W B AR R R AE XM 1T

TE 7 45 B 5 73 b DA A R 45 4 8 4 Sy % 23 K
5 B R OR A A s | A - v AR AR AT 1 Oy
15.1 kg-hm™, & RFE X 3k 0] 22 R 8K (52 4) , 5%
M5 0.1 ~ 42.1 kg-hm™, PR 5.6 ~ 6.85 um, -
PIW T 6.4 ~ 30.3 mg- B!,

Hh S R 4.6 ~ 8.2 wm, B FRJE 7.3 ~37.9 mg -
oo P B IR 15 KT 6.5 o 50045 (R B 16 138 43 A,
P (R 5) , W2 B B P-4 (B 53501 R 17.3 mg - B il
21.1 mg- Pty f vl b B 5 JEE R O 3k 3] b J5E JE JEE

R4 MEAEREREHKES FHREE THERE
Table 4 Average plastic film residues, degree of size breakages,
film thickness of Akesu Region

FRFER - P Hk V-

Sampling Average plastic film  Average degree of size

T

Average film

R area  residues/kg + hm™  breakages/mg + piece”  thickness/pm
S AR R, A2 BT 295 X L 5 SPAES - v 22 168 3
FYUFE 7 180 g kg B [ 4 HE PAES B il bt o o o o
RIATIARIE (3) B9 AMAR . 5 SCHRAR it 2 [ A - o " o
HiIX PAEs {5 Q4 K-F-AH L , 35 S BT o 5 4 X+ € PAEs kel 0.8 2 675
B AR T 4 P S, R A A S8R A A AL KC2 72 6.6 6.85
PAEs 5% B 22 BEAC, HE I J5E R 2 5 il S5 b - 19 3 KC3 0.1 6.4 6.80
JEER B 15.1 kg - hon ™ 12 S 4o S04 3 1R A A6 1724 ARSI 21 146 6.53
F2 MR FHEFAKR P PAEs B9 A BT XU I
Table 2 Human cumulative risk assessment in vegetables and fruits collected from Akesu Region
- TEETEAG Exposure:pprais;a] B iRy jazi;d index _
Vegetables and fruits classification % A/ BA kg0 AL LR L
re ke Jbmt B 6% 1% 6% 1% 6% 1
e 212.9 0.1120  0.1120  0.0374 00184 00374 00184  0.100 1 0.049 2
EESESE S8 534.7 00760  0.0667 00637 00313 00559  0.0275 02515 0.1236
iR 167.3 0.1130 0.097 9 0.029 6 0.0146 0.0257 0.0126 0.078 7 0.038 7
SR 151.6 0.1020  0.0911 0.0242 00119 00217 00106 00713 0.0350
GES 195.6 0.0678 00525 00208 00102 00161 0.0079  0.0920  0.0452
KR 182.2 0.0200  0.0200 00057 00028 00057 00028  0.0571 0.028 1
TFra) REEHEREH B 0.3 kg-d ! JKER0.2 kg-d'.
Note : Dietary recommendation vegetables 0.3 kg-d™', fruits 0.2 kg-d".
F3 TERFEPAL 5 HIEEHISRENIER (g ke)
Table 3 Six phthalates concentration in Akesu Region soils compare with soil control standard in USA (wg-kg™)
DMP DEP DBP/DnBP BBP DEHP DOP PAEs
BT PR B 3 L X ND ND ~51.7 ND ~61.5 ND ~51.2 ND ~ 1503 ND 181
PSR R i 20 70 80 1220 4350 1200
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Table 5 Different film thickness and degree of size breakages in

Akesu Region

AR iR
Degﬁﬁeii%_i e <65 Deglfif)%:si e HE>6.5
E=A A 817 . =% 2 z .
e breakages/ thickFrims/Mm i breakages/ thickFrim /pm
S SS,
mg'ﬁ%" mg'ﬁ%’l
1 379 4.6 1 13.9 73
2 18.0 52 2 15.8 7.8
3 11.9 55 3 19.3 7.8
4 8.9 5.8 4 234 75
5 15.5 55 5 327 72
6 13.1 5.0 6 29.0 77
7 11.6 56 7 343 7.8
8 13.8 58 8 15.0 7.6
9 14.7 47 9 13.6 8.2
10 16.1 59 10 28.8 8.0
11 19.2 55 11 73 6.9
12 153 55 12 19.9 6.7
13 28.8 6.1
RES) 17.3 ) 21.1
5007
- 1=0.703 2c+72.442 ©
& 400 R*=0.393 6
2
= 3001
= 200t
[=T
w
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FE

A B A IBM SPSS 22 8k 64T 58 14047
FH AT AR I Kong™ B i 5T (n=94)>30+(v+3)/2,v
R AR EL, R AT 4 R TR I EE R . R
PAEs ¥ J& Fil + 32 PAEs ¥ B A7 76 A1 56 1 , 8% R
SPAEs fil + 3 SPAEs (n=94)7£ 0.01 /KF ARS8
K 56 @ # 1EAH ¢ (R=0.529, P<0.01) , 8 R AE &+
BB - B E AR SC 3BT L 7€ 0.05 /K P HE S 80k 1
4 E A E (R=0.762, P=0.028) , 3 & B iy
SPAEs FUREAEFP A [A]_F A & BAH & (P>0.05) , +
HERE b SPAEs FER IR iR S50 50 7F 0.05 7K F- 2
L FIEA K (R=0.767,P=0.044) ., HiEJEFE 5.6 ~ 6.85
pm 3 [, 8 AN SR A X 3 1 3 SPARs— B JEF (A,
SPSS A 543 BT , #E 0.05 7K - 2 Bk 56 12 1 35 fUM o6
(R=0.786,P=0.021), -+ SPAEs MI% %47 0.01
K- 3 A 52 (R=0.778, P<0.01) .

Chen 25N Jy 4 35 PAEs ¥ 3 A1 Y (B B4R PR ) |
SOM ( -+ A HLIF) . Clay-slit(Bh ki I ) FeO, (£ %41k
Y1) BCIE e . e - A ML T 14.65 ¢ - kg
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i 300 F
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= 200t
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F RS/ m

Bl 5 FSEAX T8 SPAEs 5R ™M IPAEs JRIEE EE JREMNLEET

Figure 5 Linear regressions of XPAEs in soils and ZPAEs in agro—products, plastic film residues, degree of size breakages,

mulch film thickness in Akesu Region
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BRSO 1.52% . A HLR & R 4 104
T A b AT ML Y R 14.0 ~ 333 g ke AT 221,
RRL LG A4 [E 10 A4S 30 T AR 1+ 458 63.9% ~ 92.7% 1)
ZMEE AN AR AR B S S AT, g
PAEs ¥ 5 7% (& + 3 FAL M FR AN 4T . ASBiF 5
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