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Distribution and migration of OPEs in soil profile and
crops in urban and suburban areas of Chengdu

DENG Xu YIN Hongling ™ HE Wanling LUO Yi WU Di LUO Lin CHEN Jun
( Chengdu University of Information Technology, Chengdu, 610025, China)

Abstract; Concentrations and distribution characteristics of seven typical organophosphates esters
(OPEs) in soils and crops from the urban/suburban areas of Chengdu were quantitatively analyzed
by GC-MS. The concentrations ‘of 270PEs in the urban/suburban areas in Chengdu ranged from
91.24 to 544.97 ng=g"", and the pollution level of OPEs in the suburban area was more serious than
in the urban area: Tri-n-butyl phosphate ( TnBP ), tributoxyethyl phosphate ( TBEP ) and tris
(2-ethylhexyl )-phosphate’ (TEHP ) were detected with higher concentrations in any samples, while
tridichloropropyl phesphate (TDCPP ) and triphenyl Phosphate ( TPhP ) were not detected in all
samples. The longitudinal migration profile of OPEs in the soil was observed, which showed
significant migration difference. Trichloropropyl phosphate (TCPP) was accumulated more by broad
bean, while celery accumulated more TBEP and TEHP, chard easily accumulated TEHP.
Keywords: OPEs, flame retardant, distribution, soil, crop, Chengdu.

F TR RELAA R (¥ 2 1 , DO 2 05 AL B T 20 WU . A SRy AR BELIA TR 9 R AR, A5 WLt R P

2018 4F 4 A 28 HUH (Received: April 28, 2018).

* [ER A RRHES S (21407014, 41773072) RS (S B TR K2 R A FRBEAL 5 75 Yedas il 5 45050 56 28 FRHIGARE ( KFKT2016001 ) .
Supported by the National Natural Science Fund (21407014, 41773072) , the Key Laboratory Fund for Atmospheric Pollution Control and
Environmental Simulation of Chengdu University of Information Technology ( KFKT2016001).

w o« IR A, Tel : 13541352807 , E-mail ; yhl@ cuit.edu.cn

Corresponding author, Tel; 13541352807, E-mail ; yhl@ cuit.edu.cn



680 57N 53 1k 2% 38 &

(OPEs) AT BEIRRCRAT A 7 BUASAIR A B T 202 7 ) B A5 A S AR 12

KRZ OPEs LI Bis s KA e Ak 2585 07 B A BIAP R TR e ARG A= 7 TR 57
Qb ¥R AR R OPEs 284 5 45 5 W R 3 Ja L R B vh ) B A5 T 2 (9 2, OPEs JRAE S8 % 4, ZFh OPEs
HA MM AR BURERDEE M LR fa FE B Wi & 1 £ U2 OPEs fEM B h R 2 1Y
i, OPEs Al Bgid i THRUIRE 5 /KM S5 =itk A 30 Jial 4 th, TCEP A TCPP AJ LAFE 138 b 3
HIER, JEN R 2 AR 3 IR, 398 OPEs 34 7T 3 i R AR M W S ik AT ) 5T 7T B
P A BOR B A . R AR OPEs 78 + 38 K AR VR ¥ v 1) 38 6 3 A A 40 AT £k e L AT o 2

HETOCT OPEs el T 438 S HARANEY h iy 204 ST LT R 25 L R AS RIS i R i
5/ 28 BT -E B 41 7 FR OPEs( 652 = TR [ tri-n-buty] phosphate, TnbP] BR = 5% B
[ tris(2-ethylhexyl) phosphate, TEHP ] B2 — T % LR [ tributoxyethyl phosphate, TBEP | B2 — K fig
[ triphenyl phosphate, TPhP | B2 — % £ BE [ tri (2-chloroethyl ) phosphate, TCEP J @ iz — 5 N fig
[ trichloropropyl phosphate, TCPP ] M2 = (2,3- 5N %) fig [ tridichloropropyl phosphate; TDCPP ])
(1) FEATE R WA PBEACE ARl X S & AR AT TR

R 1 OPEs fYELIE R
Table 1 Physicochemical and properties of OPEs

B 43 F= Vp H lgk,, lgk,, BCF
TnBP C,H,;,0,P 1.13x107? 1.5x1077 4.00 3.28 1.03x10°
TPhP C,gH;5s0,P 6.58%107° 3.3x107° 4.59 3.72 113
TBEP CigHy0,P 2.50x107 3.3x107! 375 4.38 1.08x10°
TEHP Cy4Hs, 0,P 8.45x1078 9.6x1072 9.49 6.87 1.00x10°
TCEP CeH(,CLO,P 6.13x1072 3.3x10°° 1.44 2.48 1.37
TCPP CoHyCL,0,P 2.02x1075 6:0x10°® 2.59 2.71 42.4
TDCPP CoHy5ClL 0, P 7.36x1078 2.6x107° 3.65 2.35 13.5

1 SEHGHR 43 ( Experimental part)

1.1 FEARAE

TERE BCER T TR LIRS DX A DX AR b DX 1% 350 1A 48 DL SR DX 7 ) 2 2R 9, i
4 A FRE S T AR RS 3288 — A 1 mx 1.5 m A4 MK TG L50, R 1 m 224 R4 L1583
B BB E RIS ACGE)Z ) B(TEL) . CUREL) , EHSL A I8 0—20 cm 50—
65 cm ,80—100 cm FEHC, 7E4¢ )2 H B [ R _E /N F R 5 0 K FZ ARG 85, 3 1 kg 2247
FHERTEALLS AR R R AU ITE 3 1 2R 1 AR 36 12 N FE S, B 8 0 Y R A A
A AP AR O 8 LR T DX SRR X R X A AN R 2R B ARAE D, 43 Bl R4 T A O (AR 528 g
(B HZEZR) A4 J 30 (B M2 BEdL 100—200 g, 25 ASRTAF AP PR SS , B TTas T i A7 R BRI (]
201643 H 14 H—4 A 10 H.
1.2 AR5

SIS AL ( A B GC—MS 2010plus) , HE25H 451 (Hi 1 Buchi R-215/V—700). 3
B FI LRI LR 86 IEC ke . A ket HPLC 2%, B ifE i ( Sigma aldrich ) A4 . kg 5L A R 6 .
TnBP \TEHP \TBEP ; 75 £: WA HS . TPhP ; < fC B HA RS : TCEP \,TCPP ' TDCPP.
1.3 HEa AL

B ERERCT BRERE , LADY A3 BORE I3 100 HALAZJE . MERTFRE 10.000 g BESL, A 20 mL 2R
SRR (3:2) , BEOGIR ML 12 h J5 7S 30 min  BHERBUR B SO FERE S P A 10 mL £ 12 1
PR (3:2) 887 15 min, A IFAEBUR, B50HLE0 (3000 remin™' |5 min) , #4525 oA 5 mL 1IEC ¢
PEATV A R MR 4R 25 1 mL 224y, AR ARAR-RE RS -TO K BRIR AN (i HE 1:2: 1) 2 M AE e fb,
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rh AR LR R R A 0 5 G B A AR B 30 min, BT 105 °C FIMLRS PVE TR, TS gl b iRSE 450
K% 3 h, RT3 B 5% 1 1% BB 2K 2346 1 10 mL 1E & Bk Pe Hh 2455 |, 30 218 2 T8: T3
il (3:2) R BRI 15 mL, ¥e4s 2+, IE QG E A 2 200 wl, EHLA.

RN MBS T4 BUE B RE R INA 20 mL /R 2 BE: TN IR (2:1) , REOGIR I 12 h J5
30 min, FHEBOREIA B0 FERES TP A 10 mL Z R ZBE: TN ER (2:1) , #7515 min, S 2K B0R , 5
CHLES L (3000 remin”' ,5 min) 4R 20T 5 mL F G a0, BRYOR4E 2= 1 mL 4, H
AR —RERE— IO BRR AN (B & HE 1:2:1) EHTHE 3 8544k FH 10 mL 1E OBk Pk th 44 )5 , I D
W HH 2012 2016 TR ( 2:1) PR BOVEIR IR 15 mL, W45 230 T, HIEC A E A E 200 pl, EALI.
1.4 AUERSTHT

IS A3 HT S50 . GC 54y - (0354 Rti—5MS(30.0 mx0.25 mmx0.25 pum) , #EFE LR Bk 280.0 °C,
AOTRAERE N 4l He, i 1.00 mL-min~"  THEFER :50.0 °C (4% 1 min) , A 15.00 °C-min~' F
2 200.0 °C (F#4F 1 min) , LA 4.00 C-min~' F+Z 250 °C , Lk 20.00 °C-min~'F+Z 300 °C ( f&4F 4 min) . MS 5%
2 B, SIM A B IR A 200 °C 2 HR Bl 280 °C.

SIM #E X 4RBUHY HFRY i A TnBP \TCEP . TCPP . TDCPP TPhP 'TBEP . TEHP.7 Fl Hl AR 4 5t (1R A%
(2 pg-mL™) AEES T b G5 E LA 1.7 Fp BA b &9 BR85S % 8 F(m/z) 535124 : TnBP .
155.99 211,125, TCEP:249 63 143,251, TCPP ;125 .99 201,277,157, TDCPP:75 .99 191 209 381,
TPhP :326 325 .77 215, TBEP ;85 100,199 299 , TEHP .99 113 211.

5000000 TBEP TEHP
TnBP
4000000
0 3000000
Il
| TCPP
2000000 TPhP
TDCPP
1000000f | TCEP|
oH \
1 1 1 1 1 1 1 ]
12 14 16 18 20 22

t/min

1 OPEs (R Fii i g &

Fig.1 ‘Total ion chromatogram of organophosphates esters

1.5 iRk S B el QA/QC)

BT i ML G A TR RIS, RO Atk T Tk, OF T 450 C AL 3Rp kb 4 h A AR EAG I oy 2k i mT
T L R Ay M i R M B i ), 6T B AR BT AT 1 IR e B TR S0 | A 1 S e SO B S

& BRI R 5 45.(0.05.0.10,0.50 ,1.00 ,2.00 mg-L™") 1 1F fh£R #1720, v i 2R 4 1m0 9
TR RAFRILAE R R (r>0.99) K — 8 st f AR PR E 12 b, B S AR S 23 1 25 Jo 8 Jo fin s 512
B (n=3) JMFRIEDECR N 71.1%—111.3%. 5 K B N 4.74%—10.39%. Lk 5 % S/N 11545 1 7k
R4 TnBP :0.0400 ng-g™' \TCEP:0.065 ng-g™' .TCPP:0.060 ng-g ' . TDCPP;0.0350 ng-g ' . TPhP:
0.0200 ng-g™' \TBEP:0.120 ng-g ' . TEHP;0.0450 ng-g .55 FARES H HA R TaBP & H | 45 AR T4
A 10% , 505 AR5 G320 0] 2006 R A RE S IOT AT BURE B ORE S 3270 200wl 79 2 wg - mL ™' OPEs
TRFMMES FUIFRSZ5, ISR R 70.8%—112.0%. J5 325 T 15 B4

2 45 5948 (Resultes and Discussions)

2.1 TH/RBIX H3EFE S P OPEs /& &
MR EF AKX 3 Y 70PEs & & Horin X &, 2T Xk B 2—5 %, B RRIX. OPEs 75 4%t
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7 X HE ™ H X 5 AR T KA PM, s 1 OPEs 76 % X vk B e T i1 IX o B 4 SR — 0 T e R I 2 2 A
3 05— EBTERBIX K K J 54 T, S SR A R (o P DA B 4 TH A 28 3 S 3o A v K PR IH
Yyl SR OPEs SR IREE SR JG S R DTREIE A 3 A0 KR AE 5 7 T AR T 8 4F
7 1 (AR AL X)) B9 K], AT S 80RB X, OPEs BV EE = il X, £ 12 > 4FER T, X 70PEs Mk BE 1Y
JLFE A 91.24—544.97 ng-g ' (UM 2) ,ZRIXHERPIX A |2 3200 X TOPEs 1) /K- fic e (544.97 ng-g '),
JEWRE AR A RB X AR SR C J2 4 39(91.24 ng-g ") 1 6 %5, ERE X AEBEFD B )2 445 (167.57 ng-g ') )
35, BT IX A A 23 (125.56 ng-g™" ) 10 4.5 15, BT IXAERE A J2 3 (124.36 ng-g™" ) [ 4.3 5. =
JERBIX ] BEAEAE A K/ 15 7K HE .
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@&3’ & @@f’ 4\05’ OSSR IR &Qof' OIS
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B2 "Hi/aBX P Y OPEs ¥k K

Fig.2 Concentration of OPEs in soils in urban/suburban area

W 7 PRI OPEs 23 4 LR =28 ke S8 BRI . TBEP . TaBP A1 TEHP ; i {UBE R I : TCEP , TCPP
A1 TDCPP ; 75 LSRR . TPhP. A [F2R AL OPEs , How F AUt A #0285 ) 7 138 h 425 OPEs & &
M 3 AT LAE 45 )2 R hasr & B SLBE IR TR , HL & 58k 91.24—331.35 ng- g™ s TERR X BRI RAE £ K
REDXAERE A % B f ORI i, L5 50 134.29—237.10 ng- g™, K fCBEMR IR £ ZEAE AR X e rh ks i,
AR SR TR SRR 155 25 R IR T A BEASR AN B B8 500 A8 I A H 8 77 S, R VSRR 92, E AR IX
B A B AR AT DX Jor S R IR RN S A BEIR IE T Y A At SR B R I = AR RS I T R A
TS IR R DN RS DX AR X AT BE A AR R BN T AR KT YR AR A AR R X 4% 2 R A
ARBEIRES , T B AR DX o SR RS 0 £ P A = Bk PR — .

TnBP \TBEP il TEHP £ 45 RAE s XK, o5 B /8 51.77%—95.63%. 5 ) M iy & o fl i)
KT XK Z LRI B — @22 5. 7 ML X % 2 3 OPEs Wk ¥ i Y B K TBEP
(12.57—229.60 ng-g ') , Hotk 2y TDCPP (ND—214.7 ng-g ") "™, ARBFSE h TnBP #e 55 &, 1l g 540 X
SRHE S ML RGO A 2. R N LD BT IR TT 3R 5T OPEs V5 Y55 o &k BB AR LI AR S R K I T
TR A R R FE Y ToBP, Fe i T 3R F 11597 ng-g™' 8 AT OPEs V5 YL BAT W& 54k,
WFFEIESE TBEP ] DIZESA DIV & AR A ™) | it n] fE AR S 4 5 v TBEP & & HE TnBP {1 19
—MHE.

2.2 AR /AR DX T AR L OPEs #4341 ST #%

HTXHEFPIX 130 A B .C =2 X 70PEs #3518 125.56,92.65.110.03 ng-g™'. M\ A JZ % B

JZHRPENR L 26.22% , )\ B )23 C JZHRPE RSN 18.76% . 156 B 7 X Bk Ff X5 i + 3 b 3 70PEs (1355



34 XRS5 - A5 WA R P 7 BSGA Ti T/2%08 DX ) T - 38 K AR A0 v ) 53 A1 B it % 683

o R E R EPE SR OPEs bR TR 2 B3R g\l 88, 4800 mT GE Sk I F T /K AR i s #k b
FHAK ) SRR 5 Y i XIERFIX 3 A B .C =219 X 70PEs ¥R JE 7354 124.36 ng-¢™' [ 120.16 ng-g ™',
106.54 ng-g”" I A 25| B JZ W E > 3.38% , N B )23 C )2, WD 11.34%. 111 X AEBE X5 1w 1+ 35
1 Y 70PEs T 5.

350.00

IR FEBERREE Alkyl phosphate
B i [\BEER AR Halogenated phosphate
[ 53 BER S Aryl phosphate

300.00 [/
250.00 ¢
200.00 H

150.00 [/

Concentration/(ng-g™")

100.00 [

3 IEPS OPEs YR EEKF

Fig.3 Concentration of various types of OPEs in soils

REDCHEFPIX -3 A B .C =2 L T0PEs #EE 730 4 544.97 ng-g™' 521.44 ng-g™' 457.56 ng-g .
A JZH] B R WD 4.32% B JZHE L C )RR 12.25% , ULIATZERR X BEFR 1 1350 ¥ 70PEs & 7
Wi 39 1 % ) B T B2 AT e TSRt (] Ay Ay, 1E (A B30 1 3R S5 R T sl 2 S 80D X
RIZHAREZ L HH OPEs &AM 2ZE A K, IR)Z L HEF OPEs & & 0y HHE\ my T 58 F 0] R 45
R BXAEREX 3 A B .C =2 H Y X TOPEs #7351k 351.98 ng-¢™' \167.57 ng-g™' 91.24 ng-¢g™",
A JZX7T0PEs ¥REE L B J2155.52.39% ,B JZ Lt C J2 UL 45.55%. tH TAERF X A R i stz mm > v/l IR
i OPEs 7€ 3P W AF R W AN 1) i 8% (1 R TR BEFR , T RE S Bt OPEs £ + 3E9\ ) i 7% Fi < 101 R
A

25 LTI SRAEIE A 1Y TOPEs & fivr , B SRAEZMREEIRZ Ik CoRFEZ (UL 2)  UhBH A S
T8l R RN R RN 5 /KT RS AR T BE 8005 Y ML T B 1 1) T35 3] 3 b R8I BN X 45 2 175 e
IR B2 TARERR X, ] i 55 52 B ML 5 ) B2 32 35 7K HE I 45 A 3% 3 75 e g i g A0 IX A
X 4% )2 e i 22 I /N T ARBERR X, 13X S5 8RR X0 B EBE S R G 3 5 BOR B 22 (L 5/INVE 6. Th
ABEFP X SAERRFP X 452 11 OPEs &m0 2250/, $47E 92.65—126.56 ng- ¢ Z [A], YLIATT X OPEs {5
YRS PR, 52 N R B e

FE45)Z 13 TnBP \TEHP H1 TBEP #E45 RAF s 25K . TCEP ZERS XA X L AR IXAEBEIX A JZrh
Kt A A3 i ND—38.20% , {HAE T DX A . JH: 5 DR AT 2 20 DX SR AR it ) BT ) S Ak L W 3, S 9
AR AN V5 K HEESE. TCPP AXAERS DX BRFP XA Y, 43 & & & ND—15.60% , 1] RE i A 28 X #f
Tl SRRE BT A IR 5T 3, 70 A 2 B s TCPP A g BRI 1 75 7K T 38 25 2B IX AT X+
Herh OPEs B4 BURRIE 22 T30 K, U B IX AT X975 Gk A R 22 7.

2.3 RAVEWH OPEs B35 M & 4

BHLTG YW e PR BT - R S b B A2 e Al IS R, XA HLTS Y i X T A B A A Y
Priemer and Diamond 45 MUM #18 f{) 45 SAESE T 25 S - M0 — IS R RRAR 45 R VEE ILITE 24
[ R G5 RS sl Mk B B HL A 2 — P AR AR AR S, G TCPP  TBEP | TEHP 45 3 Fh A5 HLBA iR
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fi&, TnBP 'TCEP .TDCPP [ TPhP A4 i A OPEs M2 5 & 51 5+ 430 W35 AH G, DLl OPEs
A 38 & 48 OPEs J: AR ER ] LT A8 BIRAEYARZE M B VE IR K. 454 R AT 7E sl B T/ &6 K
S PM, ' OPEs 15 U458 th &R 3L LL TBEP | TCEP \TCPP 1 TnBP H EZ 5 41" | K 2 AN RIEIEY]
5 7K AT R K A BE K SE RIS HE SR B Y OPEs 1% 2 TBEP \TnBP %453k OPEs il TCPP %5 &1¢
OPEs" > el &/ h OPEs 3 Bl i KA VTR 15 /K TE M 25 5 2 AE 25 R 253 (v b A7 5 4.

ANFEAAEY H OPEs (7 25 8 K. TCEP . TCPP F1 TBEP 7K VA AR B 48K, 43 5124 7000 mg-L7™" |
1200 mg-L™" A1 1100 mg- 17" | 878 53 i M RAR i H 80K T5 /K S5 7 B & SR R, o
TCPP (EARBEERR ) [ AERS X 2 G, S s ik 25.03 ngeg ™', R R V5 /K I A5 a4 18 T 8
TCPP 1ERFRAEY) P & 42 s TBEP 1ERB X AT X 2 5 0518 2.25 ng- g™ 1 2.11 ng-g ™',
R A — B, i R IR — B B X SR T IO SR T X 4R J 3 R TEHP B i 4 0 ol
14.14 ng-g™" [10.31 ng-g™' .2.25 ng-g ' (ANl 4) , BEHA 32 LA J ST 5 B 42 TEHP. i o (3 2R 5E
KGR ) b & R A OB RR IR TCPP ;73 (B HZE R MERSE) AR Bk (B 283 &
&SRB BERR R TBEP \TEHP , H TEHP Lt TBEP ¥.5; & 453X S a4t b v IR I 7 RN it 1z i o Xt 24
BetE A LTS G A & 25 —80.

v} TCPP

25.00 "% TBEP
T 20.00}
15.00+

10.00 -

Concentration/(ng-g

5.00

0
Suburan Suburan Urban Urban swiss
beans celery celery chard

Bl 4" LAEYTH OPEs PR A He /K-

Fig.4 Concentration of OPEs monomer in crops

AW E B R (BCF) X PIEVS S 78 4= ) UL SR AR N & 48 AR S e AL LA J 38 X, 8528 %
OPEs 1545 4 R ARG M 2 ML A W i 2RI S A5 TP R AE Y h OPEs (R IE S 3
OPEs MW EE LUAE , 10/E - - R AEM IR R4 £ 45 -], OPEs 7673 W R AU = (0.099) , At
GIRZ(0.046) , 45 3R efi£.(0.018) , 1L 25 5+ 5 RAEYI A I OPEs WAk i A .

3 758 ( Conelusions)

FHAAR A 33 - Jo e B0 FH S 2 A ) 28 1 /%08 DX ) T 398 R R VR v -L R Y OPEs, & B35 1fi +
HErh 370PEs B FEVE BBl A 91.24—544.97 ng-g ', ZBIX OPEs )75 YL & 11 X ) 2—5 £5. %8 X HEFh X
3 TOPEsYR FE e i , 17 KRR X 5 AR 8RR X 3 7TOPEs ¥ BE /K 25 280 /)8. OPEs 78 5 I 4 38 th 7 7E A 1]
T H A& BRI IE RS AR B A W Bl 2 5

FERTA LIRS R, TDCPP A TPhP ¥R 45 1, TnBP [ TBEP 1 TEHP 5 &84 .

ANFEFP IR AED T AR 2SR OPEs A AR 1 & 4, % 5 % & 4 TCPP, 7 3¢ 5 & 4 TBEP
TEHP, 4 J2 3% %) & 4 TEHP.
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