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Abstract: In order to assess the pollution characteristics of Phthalate esters (PAEs) in the melon fields of Xinjiang and their risks to human
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health, 33 surface soil samples were collected in the assessment area and detected by gas chromatography-mass spectrometry. The content and

Modern Food Science and Technology 2020, Vol.36, No.11

main components of the 11 PAEs compounds detected in the soil were analyzed, compared with the control and treatment standards for PAEs in
the soil, and the five types of detection were tested by the model recommended by the US Environmental Protection Agency (US EPA), and
PAESs with priority control were evaluated for human health risks. The test results showed that total of 11 PAEs compounds were detected in the
melon field soil in the assessment area, the content ranging from 57.30 to 3272.70 pg/kg, with the average value of 253.10 pg/kg; bis-iso-butyl

ester (DIBP), bis-ethyl ester (DEP) andbis-2-ethylhexyl ester (DEHP) are the main pollutants, accounting for more than 90% of the total content
of PAEs compounds; DEP contents in 6 soil samples exceed the control standard (not exceeding the governance standard), the rate of exceeding
the standard is 18%, the remaining samples does not exceed the control standard and the governance standard; priority control of the
non-carcinogenic risk (HQ) value of the compound to the human body is less than 1.0. Both benzylbutyl ester (BBP) and DEHP carcinogenic
risk (CR) values are less than 1.0x10%, within the acceptable range. Based on the above analysed results, it can be concluded that the PAEs
pollution phenomenon in the soil samples of the melon fields in the assessment area is relatively low compared with the PAEs content of soils in

otherurban facilities. The soil PAEs content in this study is relatively low, and its pollution degree, carcinogenic risk and non-carcinogenic risks

are within the acceptable range.
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Table 1 17 PAEs compounds in Chinese and English names

and abbreviations

TIYARE LA RS, W RIS R, T XL AR F IS A %5
4325 R BEA R . AR BR — T B bis-methyl ester DMP
HT NI PAEs §5 4 3B R 1543, WAk ARR = BR — L bis-ethyl ester DEP
ZAEEE N X 438 PAEs 15 3% /K-FidtAT T W7 0F ARR W R — 7T B bis-iso-butyl ester DIBP
flio HEARH 3R PAEs HIBIKRELE 0.08~6.40 AR W BR =T B bis-butyl ester DBP
kg™, WERTHEY, S0, SEOBE R e TP R
Wt AR IEE . FEANR X ASFA™ 5 5 @-FRA) LEs phthalate
EP PAES ?%%i&}g&ﬁ&%ﬁo }_‘_‘J‘I‘I N ‘]'ﬁéﬂ”[ﬂi‘mgﬂ /?Tgi:—‘?@é; bls_4_methyl_2_pentyl BMPP
bt T g 3k PAEs (117 FE At (4-F 5-2- R A ) Bl phthalate
JiE, Hoh DEHP FMREE &=, HCH DIBP. 46 ARE PR ,
s N 9] 2-LRA) LB bis-2-ethoxyethyl ester ~ DEEP
“HER=THE (DBP) . S5ZAHEL, dbatri™. )1 (2-CRE) Tl
O A AETT R T ARk X A FH 43 Gk ST A AR W R — /R B bis-n-pentyl ester DPP
SRR, ZEU S N B R R 257 135 PAES ARR ¥ R — TEg bis-hexyl ester DHXP
BRI, TR RE NS B ARkt SR el > H AR W iR
[13] 4 st — 1= . TR S benzylbutyl ester BBP
XA N ARBIE S 5 I B = A 3 DX R el = 4 v Y o
PAEs U AbE . S R7EFE 20, gk AR W = A
| . . . N T UL 2B bis-n-butoxyethyl ester =~ DBEP
B, SRR SRR DT HAAEE SR, SRR (2 THAE) A
PAEs 75 4¢b FAEKTF. BT T#r5s) N H 1 AR BR — IR TR bis-cyclohexyl ester DCHP
PAEs 153K FIIWF FAGER A, APAETS GUFIEA ARE B = ,
. . bis-2-ethylhexyl ester DEHP
I, RS AEEAE @-zh)T s
AHFFELA 33 R E TR R, il S A ARR W BR — iE ¥ Bg bis-n-octyl ester DNOP
WA, RTINS S 17 Bl PAEs (W& & ARR W B — B dinonyl phthalate DNP
BRI HAT T, s R E R ARR W B — B diisononyl phthalate DINP
# (USEPA) HEFFHIRNY, XJ 6 Fi PAEs #E4T 7 N f& N e didecyl phthalate DIDP

RIS PG, LA AA P0G XU 1238 PAESs ¥
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MR B amh DX TS A AT, e X,
FACRAE AT, 2019 45 H, 7RVl IXSECRAE T /RH £
IR 2 IR R T 33 D EIERES . SR SR
FEIRAE, TERFSCHIREE 4 AN, IREYISIRZIYS)
VEEL 10 g ZE A, =20 CLRAFLABE T
1.12 KA RAEH

BT bt A 42 [ Dr. Ehrenstorfer GmbH 2y
FIA P AR IR HUPRE LA 1000 mg/L ¥
JEFIARE, 1000 mg/L ARUEA TR IE CUbemc i
9100 mg/L WPE I, #H 0.5 mL 100 mg/L
W T 10 mL =M, IECKEERN 5 mg/L
TRAIEA,  EHUHRIFRERS 500, 200, 100+
50, 20, 10, 5 12 pg/L IKEVEFRERZE

R ESkt (CHp) » GC HEER: K

(C3HgO) , GC Z; IECKE, GC s LI (CGHND

GC %,

FEMf: T EIEAN(90 cm);  BEFE S0 (100 mL);
JEAR(9 em); #5207 BLE R3S/ ME 1000 mg/6 mL.

1.2 BB

ARSI KA GC-MS B A, FTH R &AN:
Shimadzu 8050 “THH (il &5 BRI IR A ; 15 B 5 4
R OBFEESE PTV B2 @EERE L FE iR E %
BN 80 C, fRFEFHIEAN 60 s5 @FHEMZEREN
400 ‘C/min, JEFEIAF] 300 CHIMHE, {£4F 14 min;
@K Gas saver; OfEHILIREIRE N 300 'C; ©®ik
BRI @Rk % DB-SMS UI 30
mx0.25 mmx0.25 pm; @FVHEBE N 1.0 mL/min;
OFHEFEFFHE N 50 °C, FHERFE 60 s; QOFF-HEAHE %
B~ 30 C/min, FHRF 280 'C; RJELL 15 “C/min
FHEB T ER R TES] 310 °C, FFEMIRERES 5

mino.
1.3 FREES

17 A BAEMI EICRAE 65.2%~118.9%, #H
IR ZE<10%. A5 AR BRI e ke
At AP ES S E A RSO ] . A
b, FTA R R IITE 10 ng/kg AR .

1.4 Fk

141 HESFLIEHE
JEIE N SRR A ] S 0 7 e SR i g A TR b P

M, BARSBIRIN: FRE 100 g H T =AM,
JEHL 10 mL ZEEBAK NI H, $25]J5 L 40 mL 20
IINF A H#ATE Y (200 v/min) , 2 h JEEUH BB
O (100 mL) FENEGIFIRET, AT 30 (3500
r/min, 4°C) , Sminj5, B EER GIug) B T2E0T
A (5~6g) MEZEEM[MN, HETHIEY,
SRGERE, 0.5h Joxt FEANAHEATIREL (20 mL)
FHETIEZ R 150 mL (RJERIR) » fHpT
[, BUE % (3.0 mL) ZURiE R HIAET
1§1b. FE3EFS Florisil AKX 5.0 mL PlE+IE Sk
(10+90) . 5.0 mL IECUERimkse, M1k, BEER
FURI T TS W B E R T AR A 4, SERPEIN IR
RHAACIAT, VRS A B0 (15 mL) [, A 6
mL P+ IE C5E (10490 LA JE e B Florisil
B, EE 1R BEOE MR 238 TR
F, T 50 CHRIKHREFRRTER, BHRERGE/
F SmL LA, BIHEUG, HIECKERE SmL, 5
R TIERES], #2422 mL BRI, AR
1.42 & B R e ifAE AL A

- 3 f B XURS B AT VA I, BT B AR Y
US EPA #EZ£11, VPAL I E48brfA: —/2& ADD (H
VIR, & HQ (AEEUE X)), =& CR (¥
JE XKD . PAEs HEUEYIH A, 7 52& DEHP 5
BBP, AEEUE#FNI{LEE DMP. DEP. DBP LLK
DNOP [Ufh, TEAWFFH, FE MR EELENS
NI PAEs RN RHFTITAL, ALHE L3 5P
N A B RE RS, AR B SRS KU
AR R 5 A X0 R
CxIRS xEF xED

ADD s = CF
BW x AT
ADD s — C xSAx AF x ABSxEF x ED «CE
BW x AT
ADDipmin = mx 10°
PEF x AT
CR =) (ADDi xCFS)
ADDi
HO =
Q z RfD

XF: C AT BAFLEWAE LIE F 698 (mg/ke); RID &
JEE R PAEs 2 £APRAEAN B 3HIEHE, mg/(kgd).

R S HEUE T L 2.

i HQ<I MNAFAEAESUR XS HQ>1 Uil A
—EM XK. CR<10™ I A E 0 XS R AR e i 20 ;
CR 7E 10°~10™ I\ E0E KU 7E ] 43232 1 9 [ Y 5
CR>10", YNTFEAEE K,
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Table 2 Parameters for risk assessment in this study

4 a3 L& PRA
IRS/(mg/d) THEEAE 200 100
AF/(mg/cm) AR T 0.2 0.07
SA/(cm?/d) B E SR EAR 28000 57000

ED/a BEFR 6 24

BW/kg wE 15 70
EF/(d/a) Bk % 350 350
CF AT 1x10° 1x10°
PEF/(m*/kg) A HA A F 1.36x10° 1.36x10°
I(m%/d) R ik R 135 135
ABS FK BN T 0.1 0.1
CFS/(mg/kg-d) HEE BBP (0.0019) ; DEHP (0.014)
AT/ T F 4 BRI, 365<ED; HE R4, 25550

143 HIEXFE

% H Microsoft Excel 2010 347535 0¥ A2 4
SPATFERIIE - PIE RN, ART A J5iAs tH R
MEELAND (<KD 7#FoR.

2 GR5L

21 +3¥ PAEs LM B4 E

IR T VEAR XIS A s ) 33 S LAt
H1 17 Bl PAEs V5 3K, BT LEERE S 2 Res il
3| PAEs (b &), s RNk 3 Pros. JNH g
> 17PAEs M RALE 57.30~3272.70 pg/kg Z 18], “FHME
AR AAE 8 253.10 pgkg Al 86.40 pg/kg. PAEs
ST BRI AN IR AR SRR s, AN AEAR DR
P, B FRINGEEIEA SN, meaE
R (EK e Sy b = s e R e ey M N M P WA LS WAL SO R
SBEE AR TR I8 0 R,  Fi Haerp sl
T PP DS TR AR 22 75 it P 2R I, 3 gk
A ] e A T AEAE PABs (LTS Je I %

ANFFEIX A 3EI5 G PAEs /KPANE, S48 nt
[ PRk 3% PAEs V544K T T IFFiikiE, dnilt
JI RV (I 48 B SRR Bk = A X SR FE H 4% PAEs
SFEIAMEA 3.71 me/kg, TEZEVEE ORI 2R B R
JtR S 11 PAEs “T-3MEIL 2.21 mg/kg, F4h,
D0 b T it 4 6 1 POV R 5 R SR AR B X
HEPUPAEs 15 YCT IV AT, SFIIME S 0.98
mg/kg F1180.20 pg/kg. 5 _FIRHRIE R PAEs 5 4/KF
FALL, PPAEXIR 1% PAESs 159K AR T2k = £ [X 5,
FEH RN R s Bt 358, bt v tis S S R
SR BEA AL 7= X 135 PAESs V5 Y4k FAHIE -
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Table 3 The content of phthalate esters in the evaluate soil

(ng/kg)
oth TOREd FIE PAME K ER
DMP ND~19.4 35 ND 21%

DEP 51.1~77.0 60.2 58.15 100%
DIBP ND~3152.5 1224 ND 21%

DBP ND~12.2 0.6 ND 12%
DMEP 0~33.7 1.0 ND 3%
DHXP ND~0.9 0.1 ND 10%

BBP ND~4.7 35 3.95 88%
DBEP ND~4.7 35 3.95 88%

DEHP ND~463.7 48.0 ND 21%
DNP ND~10.8 52 8.25 58%
DINP ND~11.5 5.0 ND 55%

>17PAEs 57.3~3272.7  253.1 86.40 100%

>sPAEs 51.2~563.1 115.9 73.20 100%

E: ND A7 A HE.

PEAL XS8R 3 PAEs & 5 A RE X
AHEC AL FHURA T SE 38558 PAEs /K77 X [H]
FAEZRER AR HIREIE. KRR, FiE
W15 25500 PAEs 7E 38R 0 A 58 &. AT
TR, W RO AT SR ) I A SR TR
TIPS A E LN PAEs, AR B R
DAL B 8 I ISR 2 [ R S8 0R BT, 199
AIFE PVC Z I8 &5 & ol S B, It o s b
. PAEs R, . BZMEBRAEEREP, &
JIEE P JE B 0 AR BRAE R R Ak B R A R, JE R
<0.008 mm FIARBELLEE Y 0.01 mm A 5L BE 78+
S 5k B AP, BB I K, T35 PAEs
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ERIFAE R K ASH, 5 EMIR I M 13% PAESs
SRR, 5 R IR, kB, g
FFBL T 4 FhAS [F) PR AR R R 1 1
PAEs iR R I, W= K135 PAEs IR FEIL 5 H b
A 2,

22 L3+ PAEs BRay & BHAE

Sy BT IR S SRS Y 11 A PAEs, H
DEP i tH %4 100%, ¥ FE7E 51.10~77.00 pg/kg Z [8],
FH4{H 4 60.20 pg/kg. BBP. DBEP. DNP. DINP %
HZ 5N 88%- 88%- 58%- 55%, & EAE ND~11.50
ng/kg 2 18], “FHMELE 3.50~5.20 pg/kg Z 1A, DMP
HEN 21%, FETE ND~19.40 ugkg 2 [a], THME
4 3.50 pug/kg. DIBP. DEHP &I H 21%, Hxt
T H AR H A A RIS, (B = EI7E ND~3152.50
ug/kg 2 [8], “F-HE 43514 122.40 pg/kg F148.00 pg/kg,
176 1o oA B () & . DBP. DHXP Al DMEP {57
B, WEETERME ND~33.70 pg/kg 2 Jal, I
1E 3%~12%2 [A].

=DEP

“DMP

=“DIBP
BBP

=DEHP

HE

DMP
2%

DIBP

A 48% /

E1 TEREBUAYMELPAEs THIEASE

Fig.1 Percentage of major compounds in > PAEs

B 152 33 SRS L ER A YIE PAEs &

FEP ARG, BHER %, DIBP. DEP. DEHP —ff
PAEs BUAILLS] & PAEs (L& 406 & 511 90%LA L,

TLHHIX =Fh PAEs B4 S 358 s i) 3 B4,
3 o TR AR B 454 = iR PAEs (A2
L DBP.DEHP.DIBP Jy3:, B i itz 1%+ DEHP
5 PAEs S8 B 80.4%"; LRt 15
DEHP (5 PAEs & &1 45%~77%, DBP i 17%~
4492, Rt BAREH I S BRI SRR ERA S, W
ISR R i A e O SRR AR AR AT
DIBP. DEP.DEHP =t AW AN X I 3E 25 44).
ANFIRRE S S &) DIBP, RO AW i 3%
SRR ; DEP J& 1%t PAEs (b &9, KGR
5, RO EYI R AR KT, (BAEART T
SIS SRR, BIVHE XIS DEP 15540
AR, N IRETS YL B 5 T M AR W P
%, NG[EEM; DEHP J&F & T-& PAEs th &4,
IKIETHAR, TEBIMEZE, DG EVIREAR, Sk e,
MITIE -39 R P, SO AE IO 3 i & B

23 L3 PAEs AT H L
4 6 M PAEs FELIRFHHEHIRAE S SRR (ne/ke)

Table 4 Soil allowable concentrations and cleanup objective of

PAEs (mg/kg)
oY ERATE IRE DRUGERE
DMP 0.020 2.0
DEP 0.071 7.1
DBP 0.081 8.1
BBP 1.125 50.0
DEHP 4.35 50.0
DnOP 1.200 50.0

#5 JLEAMRAXT PAEs B AR E [mg/ (kg-d) ]
Table 5 ADD values of PAEs for children and adults via different exposure pathways [mg/(kg-d)]

Wedh N THEEAN JE kAR PR AR BN B ¥ 5/ F
L& 5.11x10° 1.43x10° 3.81x10° 2.32x107 10
PR PRA 5.48x107 2.19x10°¢ 3.81x10° 6.55%10° 10
N L& 7.67x10° 2.15x10™ 5.71x107 3.49x10™ 0.8
FRA 8.22x10° 3.28x107 5.71x107 9.81x107 0.8
BBP L& 4.38x107 1.23x10°® 3.26x107 1.99x10® 0.2
PRA 1.88x107 7.50x107 1.31x10° 2.25x10° 0.2
L& 1.28x10° 3.58x10° 9.52x10” 5.81x10° 0.1
bbP PRA 1.37x107 5.47x107 9.52x10” 1.64x10° 0.1
DEHP L& 5.26x10 1.47x10° 3.92x10° 2.39x107 0.02
ARA 2.25%10° 8.99x10° 1.57x107 2.70x10° 0.02
L& 8.88x107 2.49x10™ 6.61x107 4.04x10™ /
PAEs PRA 1.13x10° 4.52x107 7.89x107 1.36x10™ /
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6 JLERALAXT PAES HIXUPELIT4{E

Table 6 Non-carcinogenic risk and carcinogenic risks of PAES
to-children and adults

R ] NFE A 2 % e B N
ILE 2.32x10° /
DMP
ARA 6.54x107 /
ILE 436%10° /
DEP ]
PRA 1.23x10° /
- LE 9.95x107 3.78x107
A 1.13x107 428%10”
L& 5.81x107 /
DBP ) S
FRA 1.64%10 /
DELP LE 1.20x10° 3.35%107
PRA 1.35x10° 3.78x107

US EPA FIRRER AR Sed% 0 (1) PAEs &L
TF 6 B, VPG XA R 5 B, 435108 DMP,
DEP. DBP. BBP. DEHP, Ji[I{E 51.20~563.10 pg/kg
Z[8], ~FEEAIAAE S AN 115.90 pg/kg FT 73.20
ugkg. eI HIL &7 & s BUE 4 5N
DEP>DEHP>DMP. BBP>DBP. fEfillH!ff] PAEs
HI TR TN 24%- 19%- 1.30%- 1.30%- 0.20%,
FEASIN HH R OLSE R4 S 1) PAESss I STER A3 71
52%- 41%- 3% 3%~ 0.50%. 25| g XU 1] DEP
e XS DEHP 7E PAEs H 1 = DTk N 51 AR S A0

I E H G 1% PAEs 5477 TH AR AR
£, PAEs [P35 B & 5K F 3 B 21 29 M il € (1) - 338 vh
PAEs fZHIANAEARAED, Wk 4 Frm. WHEXIEUK
H -3 PAEs {1 G405 36 [ 21 20 M i) 7 AR SShnifE
BEATHEL, 33 NHstEs A 6 M DEP & &l
bR, HARERN 18%, HARE G AL 45
FRIEFTA BERRIE o

AHFFEH PAEs 1R A A AEA & PE,
RS THHERE LS, RN T e — T
#, T EWMES, FEdREgtSEnaeg, I
KiATER G, BB A TER, EF1R
ZAMERREAREIER], W PAEs A5 40 77 B
A TDIHAI 2%, K4k PAEs B [A] A REA7(E
PRI Y,

3% PAEs 15X EMI S B AR . AR
T 3% PAEs [FIBARCR 5L LB/ B 7R 3% 2 AU
KKFR, 1 Ve LLEEREE R, T HA PAEs FIK AL
fm, AHREFFRI S & NRIRE R, PR,
i3 H PAEs &5 40 mg/kg HINHE, Ve LB
PR AEBIER S i 2 R PR I /K1 80% A 4
O S PO R R BB h PAEs e FEeed] 43 5
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IR AR R R R 2 AT SR R IR R YR PR PAES
L) & B 5 R A R AT A — e Ak
ARH o BIRAMI TS RAR IV DX H 3% PAEs
ERASNNEGEREE, HAH5% PAEs XK
R AR, AT

ghie

3.1 PRAEXHURNE3Ed 11 A PAEs S5 A FFERE
R, AR 57.30~3272.70 pg/kg 2 18], ~FHA{H
R ALAE A4 253.10 pgkg F1 86.40 npgkg;
DIBP. DEP. DEHP —#{ PAEs Hi{f e /N H 35 y5
G B R 5o 33 N EERESTRE 6 MER
DEP &l #hibrdt CREIAEAE) , iz
N 18%, HARFEmIARB IS bR ERNG B bR AE: %
B PEAl X 38 39775 PAEs 154 IBLA .

3.2 MRAetEh SR AR A AR SR XS HQ 18
%/NF 1.0, BBP 1 DEHP U@ X% CR {EH/N T
1.0x10°, RS IA7E AT 252 T 2 A o

33 AWREERER, JRHEIERFLE PAEs J5 54
B ZIG PR S EE AR R EE TR S i s
£, WTEUR B2 4R eI S M ANE 2. i —
SR 35875 4% PAEs Sl U &2 A Rem,
PAGET I PAEs X AR FEXUS& ~ — B T A
H s

A AR
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