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Contents and Health Risks of Ol;gamc Phosphorus Esters in Plastlc Runway
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YIN Hong-ling, LIF-Qin, LIAO Lin;qun, WANG Zhen, LUO Yi, DENG Xu, DING Jun -gang, TANG Mlng d
(College of Resour.ces and Environment, Chengdu Umven?lty,.-df' Tnformation Technology, Chengdu 610225 China) ;

Abstract; Usmg ultrasonlc assisted extrac tlon (:olu;rélr ch‘fomatograph purification and gas (hrom;tograph mass spectrometer(-6C- MS) “
analysis method 1’0 quantify the contents of seven kinds of organic phosphorus ester(?PEs) in pldstlc tracks in Chengdu Cit; The
recovery rates oF this method ranged from 71. 41% to 110.58% and the correlation coéfflclent ( of ithe standard curve was hlgher
than0. 99, which demonstrates satisfying qua}lty contro ‘Plastic track samples were collected from twelve schools in Chengdu. The
results show that' OPEs are detected in two-thirds fof pldbtlL track ‘samples. TnBP [Trl -n-butyl phesphate | and TEHP [ tris ( 2-
ethylhexyl) phosphate] were detected with high frequencys- Whlle"TCEP [ tri (2-chloroethyl ) phosphate ], TDCPP [ tridichloropropyl
phosphate] and TPhP_ [ triphenyl phosphate ] were not detected in any samples. Contents of the total OPEs ( Z7OPES ) in the
plastic tiack ranged from ND to 534.89 ng-g~'. TnBP was identified at the highest content levels ( ND-462.18 ng-g~'). TCPP
[ Trichloropropyl phosphate | , a chlorinated phosphate with higher toxicity, was detected in one sample with a contents of 205. 94
ng+g~'. The average exposure dose for adults was 0. 14 ng-(kg-d) =", lower than that for children of 0. 64 ng-(kg-d) ~'. Risk
quotients of OPEs for adults and children were only 10 77-10 *and could be ignored. These results indicate that the government should
limit the consumption, as well as the type of OPEs which are added to plastic tracks, to protect population health.

Key words : organic phosphorus esters( OPEs) ; flame retardants; plastic tracks; pollution level; health risk
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1.1 HEaREE

TENA T EHLY 12 Fr22 4 R AR L 400 m 4
T 0 98 e LB i | SRAE s N B S o A LR 1. AR
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Fig. 1 Location of sampling sites

1.2 X5

UM -5 3 B R A (H A B T GC-MS
2010plus ) , EA5 401X (Fi 1 Buchi R-215/V-700).

FEHR RN, CROTR, Bk, O
Y929 HPLC G (RHIEALT) |7 B H AR AL W0 Am o diy
(Sigma aldrich) 43 %) & B B2 = T B8 [ tri-n-butyl
TnBP ], B PR = 5 F BR [ wis (2-
TEHP] ., ®ifR = T & & Bg
TBEP | . #f R = % M
[ triphenyl phosphate, TPhP] | B2 — & L5 [ tri (2-
TCEP ], # R = & N M
[ trichloropropyl phosphate, TCPP ] . %2 = (2,3-—.
FNEL) B [ tridichloropropyl phosphate, TDCPP].

phosphate ,
ethylhexyl) phosphate,
[ tributoxyethyl phosphate,

chloroethyl ) phosphate,

'.OQ. -

1.3 FESRTAL PRS2 5By

FHTE K kg a4 A AR BT, FHBY ) 35 i
SN, R, 25 . R IO 432 R BURE 2,00 ¢
FE S, 20 mL PR 4 Tg: B ((RFE) =3:2
TEROCAL IS ROIRUD 12 h. BF IR W ARk i A 7 A
30 min, AR ABOE B A 10 mL LR 4
Fig: PN (AR L) =3: 2 F U, B 75 15 min. /3F
B AR 3 3 000 remin ™ B R ELL 5 min.
HES ARG E2 1 mL, FAERE WAL 4k
WP HEETENAE. FHIEC M EE 20 mL BrE
Z= 5, R e TN (RBREL ) =3 20 BRIk
i 20 mL, ¥4 E 25 2 200 pL Ji EALK.

IXES BT S . B35 A rti- 5ms (30.0 m x 0. 25
pm x 0. 25 mm) , HERE TR A 280. 0°C Iﬁ:}‘{;m
FE, A4l He, &M 1. 00 mLemin ™', FHEFRE
FF:60.0°C (££4F 1 min), LA 30.00 C -min="F =
220.0°C ({#4%.1 min) 4 5.00 °C - niin * F&F 300°C
<ﬁ'<%4 min). MS$ 219 E1 I, SINVELS, 5T

IR A 2000, &D/ FE 280°C. 7%#1%1%4{{’*%

E’Jaﬁﬁéj?%n?%%ﬁ¥(m/z> 5350 % TnBP 155/
99, 211, 125; \ICER: 249/63 . 143 25T, TCPP
125/99 . 201 ;277" 157 IIDCPP 75/99 . 191 § 209
381; TPhP;326/325 7L7 215; TBEP.85/100, 199 &~
299, TEHP. 96/113 211. 4
1.4 QA/QC .

4% OPEs 413 flhn i i 28 r 28EIX 5 0.99 LU

=
f

b IR R 71.41% ~110.58% (£1).

&1 OPEs BufRfE i 22 K E g 2
Table 1 ~ Standard curve and recovery of OPEs

EyiN 4 i r Bl %
TnBP y=6.5x10°x-4.1x10* 0.99 110.58
TCEP y=5.0x10"x-4.5 x10* 0.99 99. 15
TCPP y=5.8x10%x-2.8 x10* 0.99 92. 89
TDCPP y=3.0x10%x -1.7 x10* 0.99 80. 86
TPhP y=6.4x10°x 5.1 x10* 0.99 71.41
TBEP y=2.0x10%¢ - 1.0 x 10° 0.99 72.38
TEHP y=5.0x10%% -2.9 x10° 0.99 79. 06

UG E R 4. 7% ~10.4% . 25 (L E ]

Hi TBEP, HAZ (6. 52 ng-g ") WHEM & # Y 10%
PR, WS g ik A% v a] 58T A 075 YL 3 ] Z 0 | s
R4

2 HR5iITE

2.1 AEBREHEET > TOPEs &
JRCAR T 12 =g MBI il 7 A OPEs (1975 i
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Fl 38 &

A,
=

WiE 2 fizs. 7.9, 10 F1 11 SHE5 P ARK H OPEs,
HALKE & b > TOPEs #Y & & 5 Bl 76 52.37 ~
534.89 ng-g ' Z 8], Bk R R 273, S vk BN

76.41 ng-g™'. 12 5 > TOPEs & & i &, i6
534.89 ng-g™'; 5 SR D TOPEs 5 i H
(52.37 ng-g~ ),ﬁ“‘i%}%ﬂmﬁa A 25— MR

ST £ R D TOPEs & & (31,6 ~211.0
ng-g- Bk 17]7"9[?[3 9 Ji 38 A Z7OPES A
4. Uil OPEs RIER H T 28K i AR = ok A P Y
BELRSRI VAR N 25 B , b T e SH U B3 25 JURE AL 43 1
B SN e s E SN I TR 7 RN
PR A RO TRGH:

500 -

400

300 ¢

200 ¢

> 70PEs{; fit/ngg”!

100 |-

n L

1 2 3 4 5 6 7 8 9
T AL i
E 2 zamaﬁq: > 70PEs mgr—r ¥

Flg 2 Conlent@ of Z 70PEs in plastic tta(’ke

.

2.2/ Zéﬁfc’ﬂ@iﬁtljﬂﬁ]% OPEs E‘Jé\i
PAER P AR Al IR B AN ) , 43 Ry B FE W R T |

B RE S TI B OPEs HEAT IR0 T, & 30 R AR
R RN A e SR R iR ( TnBP . TBEP 1 TEHP) |
4El 1 SRS R T S ACBE R s TCPP (205. 94
ngeg ). URBHRHER AN TG AE BB B A P A 0 1
X N A IRUBS: AN S AR K ) bt S B BR iR, 51 K
PRSI MUE N T AR . AU IR
BB HAS 5 B A 1 S AR R R TR
2.3 WRHITE Y OPEs HU AN & &

SRS HUE 4 OPEs Bk &k 2 fifn, K
PR 3. BT 7.9, 10 111 5 RAE S A 98 R i
TEAK 1 OPEs &b, HoAh 4% > SR AE £ A 98 5 B i
#EA OPEs, K Z % TnBP #l TEHP. ifii TCEP,
TDCPP, TPHP 7£ i A dib 34 A4 1 1. TCPP H
TE 1 5 RAE S 98 fie M 8 PR DU i TBEP 7E 3 T4
RS RIIN . FERTA RS L1 2. 3 12
FEShH TnBP W& i’]mﬂ:/ﬁ\flﬁ OPEs E’J A 4- il
5 ERESL T TRBP BIHIE /N T H Al OPEs *E‘J r:.' i,
i 8 S i B T TnBP.

e AL ) ;EH OPEs [ it 1, TnBP, EﬁTAiLH Kﬂi

,15 66. 67 %, HeA% i AL L [ . ND*+ 462,418

ng-g”'. 12 5 FF il TuBR 19 75 B (824479
ng-g™'), EAE@%H,?S?#DH. $(775

ng-g” )El’] A2 457245 .o TnBP T%’#nnﬁ’]ﬁ%ﬂﬁm
Byt 30%: 1E & TEHP B ol P o e i
T 10%. UEH TnBP R T 22 o 9 e B

SRR T2 1 OPEs. TEHP Bk BEAS AL i Bl A

ND ~210. 10 ng-g ™", 12 SHEM M &R i, 2o =
AR 6 5 R T (32.46 ng-g') I 6.47 1.

I3 BEWETR IR o U IR IR, 2528 OPEs FIPEA B TBEP HYE3 A1 4 5 RAE s A I 2], & = 5 5ok
WS BRI THERR e T, g 69. 16, 146.85 ng-g~'. TCPP H7E 1 SFE 5 kGl
JIN 5 T S 3 T T R i T PR E"JE}: Pegg R, Ik, AR ON205. 94 ng-g L DB A5 2R A VB IR B TE P
F2 HBRMIES OPEs HEE/ng-g™!
Table 2 Contents of OPEs in the plastic tracks/ng-g '
' TnBP TCEP TCPP TDCPP TPhP TBEP TEHP Z 70PEs
1 125. 48 NDV 205. 94 ND ND ND ND 331.42
2 256. 01 ND ND ND ND ND 141. 63 397. 64
3 283. 54 ND ND ND ND 69. 16 ND 352.7
4 93.79 ND ND ND ND 146. 85 ND 240. 64
5 7.75 ND ND ND ND ND 44. 62 52.37
6 44.12 ND ND ND ND ND 32.46 76.58
7 ND ND ND ND ND ND ND ND
8 462. 18 ND ND ND ND ND ND 462. 18
9 ND ND ND ND ND ND ND ND
10 ND ND ND ND ND ND ND ND
11 ND ND ND ND ND ND ND ND
12 324.79 ND ND ND ND ND 210. 10 534.89

1) FnAk i
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OPEs & ¥, v RE S 4 7T FORIA] | ML ok
KA =T 2ANR] Y0 A8 Bl AE FRAN R 5 ¢,
H B SCHE IR 75 Bl — 20 58, o TCPP &
BEPEROR HMERE A i) S ACBEIR TR , AR A,
{EFGZEG R OCHE | DA LT A A fg B mT ey >k 1)
Jak

7141, TBEP Fll TCPP EARTEAR DAL S rh A iy,
(EAG I A ) & B BOR 0 BA 3 T > TOPEs
(1 20% LA L. R T 3% OPEs Hi{& TBEP & &
ERE R, AN BT R 52% ~92% ). 1Y
JKE BB TnBP BT i LB, TBEP %5 AP it -+ 33
WARK. A ARV i %) 990 M B 7= i RN SRy IR 858 A
Z—) 2 IRRE S  OPEs M i A B K2 5,
VLI RAR T PR B R OPEs (KI5 5 2R £ ¢

mo—g —— 7 —
so 7

N 4

%607 7 / 7

.Im / -
30 % /
7 N |
12 3 4 s;ﬁ; 8§ 9 10 11 12

oV ma mmsms oreswawni (4 L

! & f#¢." DiSuibution of OPEs in plastic tracks
2.4 RSP
OPEs #E A NKI) i1 FEA L F-LHA | T
W5 N\ R R 2 fioh. % AR 9, X6 9 fie B 1 v 7
il OPEs il it FFIAE A | T~ 11 B34 AT B JiR 42 fink
5 R AR RS EATIF AN, 3 Fh B R R A I 2R R
H R A R,
ADD, ., = (CxIR xT xC" xSA)/(BW x V)
ADD,, = (C x MR x CA x T)/BW
ADD,., = (C x M x TE x SA’ x EF)/BW
AP ,ADD,,, . ADD,, . ADD, S EREF-H&
TEEAESEA | WP A JR 42 fik A 00 H 2 8 R
[mg-(kg-d) 7' ]; C R/REE A OPEs 1Y =
(ng-g™"); IR AMWMARE m’-h™'; T HHEHREEN
BEEL, hed™'; € S BB = 28 Wl R,
ng: (m’+h) ~'; SA MEEMEIAL, m*; V R AR JE
ZEEMAB,m'; BW A kg; MR AT B I T I

3E A% %, ng+ (m’-h) ~'5 CA Ay 2 Bk 422 i 1w A,
em’; M AF-THEEMGTE g cm 75 TE N3l
JRE LB S 2, % 3 SA N RRIR T 1 R 2 fish i AR
em’; EF AT K -h '

S 7 & (reference dose, RfD) & i JC B ik 4t
FVEFHK -, 0 SCHk[ 18 ~20 ] 3K75. RQ Ky XU i
{H, B3 542 vh B0 AT Je Wy i A SO KU H8 55,
H ¥ 2585 70 5 1225 5 &2 19l {3155 RQ = ADD/
RID. 4 RQ=1 A, WA HA A filt B XURS: , RQ {E K,
WU s 24 RQ < 1 IRF, DI g IXURS: 85 /N AT DL 22
mg. XU (RQ) M4 H S B 5 22 & 1Y L
EITE. AR SCRR PR 0 AL 3 i IR
W Bz R fi LA R - T 2 fihax 3 A EELR R
OPEs, Z 88 5 1 A S50 3% 3 .

*3 AEARBERFETEKNES OPEs EFENEITHSH
Table 3 Parameters for OPEs exposure assessment from™

e
plastic runways in different exposure gcenarios =

Wi H 1IN s 3
R/m*-h-t [T 0.62 /0. 3=
T/h-d~! I Bk ) jz}
C'/nge(m®-h) 10 2017 10° 297 x10° &
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