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Abstract; Ofganophosphate-esters( OPEs) , as a substitute for brominated flame retardants, are widely used in‘produgtion and life, and their environmental pollution and toxic
effects,haxe a:tracted widespread attention. In this study, the.concentrations and d.lslnbutlon characteristics of OPEs in seven major drainage basins of China were sorted out.
The average daily doselbf OPEs i Chinese adults, adolescents, and“ehildrerr V\ds _cal‘éu ated to assess the health risks, and the reliability of the results was evaluated using

Monte, Calo gimulation. The toxic effect concentrations of 12 OPEs on aquatic organisms were investigated , and the species sensitivity distribution(SSD) curve was constructed

to assess the .ecologi(:al risk. The results showed that the Sth percentile concentration of Z OPEs in the seven drainage basins was 52.61 ng-L ™" under the low exposure
scenario. The median concentration of Z OPEs in the seven hasins was 499.74 ng+L ™", with trichloroethyl phosphate (TCEP), triethyl phosphate (TEP), and triethyl
phosphate( 1,3-dichloro-2-propyl) esters(TDCP) as the main contaminants. Under the high exposure scenario, the 95th percentile concentration of Z OPEs in the seven

basins was 1904. 4 ng+L. ™", 3.8 times that of the intermediate exposure scenario, and the Yangtze River Basin had the highest E OPEs concentration under the high

exposure scenario. The health risk assessment showed that the non-carcinogenic risk of OPEs exposure through drinking water was within acceptable limits for different
populations. Trimethyl phosphate( TMP) , triisobutyl phosphate( TiBP) , and TCEP were the main contributors to cancer risk. The results of ecological risk assessment showed
that TCEP had medium ecological risk at the high exposure level, tributyl phosphate( TnBP) had medium ecological risk under the intermediate exposure scenario, and there
was higher ecological risk under the high exposure scenario. Triphenyl phosphate(TPhP) had a risk quotient greater than 1 under the low, intermediate, and high exposure
scenarios, and there was a high ecological risk, which requires special attention.

Key words; organophosphate esters( OPEs) ; drainage basins of China; distribution characteristics; risk assessment; Monte Carlo
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PG K FT 2011 46 A= 2022 46 A K SCikdt 33
T, 5 P R B T R L WA ALK 25
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Table 1  Name ‘aind physicochemical properties of 25 OPEs | 1y iy i i
] ¥ 1 e i ¢
, o . ; ‘ 25°C WV ik i B R4
ams BER R oS i \PUIERE LS
| : / /mg-L APa 4
TMP CH,0,P | BER=FfE ~, ~ 4 512-!’56-1" -0.65 13.00x10° 118700
o TEP CoHisO,P | WAL = LK - ""J;.f 7854020 7 1 0,80 4 5.00 x 10° 52408 -
S PP A oM, 0P ﬁ;{ﬁg:ﬁj@%" 513:08-6 Y67 827.00 3790
JTiBP! CyHy O,PT i 2T HEY 7 1.26-7;,;6 s 350 3.72 a LR
7 TBEP CigHyO,P @é@ﬁ;ﬁ%ﬁ%aﬁﬁ 78-51-3 3.65 1.200. 00 1.64 x 107*
TEHP Gy Hsy O,P | RS-~ o 78422 4.22 1 2.00x10"° 1.10 x10°
o e 1 I TnBP C,H,, O,P | BRI 1E TS , 126-73-8 4.00 280. 00 0.15
| JTiPP CyH,, 0,P @;@?Eﬂ?‘%ﬁ&""__g" 513-02-0 2.12 501. 50 0. 027
& 47 TBQEP CigHy0,P  BEfR = (2-T4HIE) 41 78-51-3 3.75 NA NA
J DNBP CsH,,0,P  WifR — T Mg 107-66-4 2.29 430. 10 0.13
TPeP CsHyy O,P BifiR = 1E RS 2528-38-3 5.29 0.33 0. 093
THP CigHyO,P  BER — CLHLAR 2528-39-4 6.76 1.0x1073 3.29 x10~*
TCEP CeH,CLLO, P iR =44 21k 115-96-8 1. 44 7 000. 00 1.10 x10~*
TCPP CoHsClL0, P R = SINER 13674-84-5 2.59 1 600. 00 8.17
H () P A e — T o) 1= - _ -6
i RS TDCP CoH;sCc0,P  BfR (}3 -] 2 ﬂig)ﬁa ) 13674-87-8 3. 80 1.50 9.80 x 10
V6 Cy3Hy ClgOg P, PU(2-5 456 ZE L MR lE  38051-10-4 1.90 2.10 0.23
BDCIPP  CygHy ClLO,P  RU(1,3-40-2-P9 3% ) BEiR g 72236-72-7 2.18 130. 00 0.27
TDBPP CoHysBrgO, P W2 = (2,3-" RN EL) i 126-72-7 NA NA 0.19
TPhP CsHisO,P  BifiR = XS 115-86-6 4.59 1.90 8.40 x10 4
CDPP CoH,0,P R 2 26444-49-5 5.25 0.23 2.61 x107?
TCrP Co Hy O, W2 =M KT 563-04-2 6.34  1.84x10? 8.00 x10 77
FEABEREE  EHDPP CyoHy O,P  BER = (2-ZFEC 3L —JE3E ) g 1241-94-7 6. 64 1.90 8.65x10 73
DPHP C,H,,0,P  Bifz—2KMs 838-85-7 2.88 82.38 0.12
ToCP Cy Hy O,P  =A4RF SRR G 1330-78-5 5.11 0. 36 0.13
TPPO CigHsOP  =IRBLAIbBE 791-28-6 2.83 62.76 0.15
1) NA SRR A A FI A

LR 474 58 MDA 94 2% | 1
IR 215 % Bk 98 A%, MEW IR 71 4%
WA 188 4% . KT 634 S5 FIERIT ik 174
A M RS TPAT e AR B 0] D s 5t /D i FR
(limit of detection,LOD) #JLAH: 1/2 LOD i+ A %1t
SR

1.2 R XU DA ik

SCHRKG 2R M B3R 7 OPEs R A 1L T BT A3 i B,
R T ARG S5 R ER M, IR R RAET S
A K 5 AU BRSO G R LY 12
Flt OPEs 47 WU AL . G048 7 B doe I A 5 e i
fi& TMP, TEP, TPrP, TiBP, TBEP . TEHP #I TnBP,
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3 FhERBERR TS , TCEP . TCPP 1 TDCP,2 Fh % 7 ik
WElR s , TPhP A1 CDPP.

ARWFFE R US EPA HE 75 1) (8 52 JRURS: 141 A5
AL PFA OPEs XF AR (e XURS: . 7K H OPEs 28 H

%‘x/\yﬂ N7 i o, A (1) 3
¢ x IR x EF x ED
ADD = BW x AT
_cXIRXEF xED ¢ xIR (1)
" BW x365 xED =~ BW
A, ADD A H YR FE R ng- (kg-d) ' ¢ 7‘7775%)%

VI ng-L7"; IR A HIHROKEA R, L-d™";
ok 7}<%mﬁ%fﬁ$ dea™' BUE YN 365 d-a '
ED AYRoK ZZZ M, a; BW HIKHE kg; AT jﬂ%%
POK B FEWTE], d. X FAEBUE RN R ED %R ) R
B, 6T BUR ROV, [ RE 25 550, B 70 a X A K
G TETH R 2 EIRH KK T OPEs fY) 2% 88 57 & A
AR RS B, AN [FHE T 2 2% M S B E 255, B
R i FH S 805 036 2, W9 RV A BES B 2
LT PNE TS 2 o | -

#2 TEIAH ;’Uk%zgﬂ’]l’wbﬁ{ﬁ%%ﬂﬁ‘

_Table 2 Par&metets of daily intake via drinking water=' £ —

1 ‘ Hiill ROKIEAR(IR) /L-d 2! ‘@,ﬁ(_w/)
. = | 0§ Py o P 7kg
B 10026 0.75 1.70 /17 17.000"
JuE L % 024 0.75 T
i jt ) ges 0.75 L0, Jielo
£ ¥l5 _ dsopd 120 T2 4100
#AE il 055 1.10 260 30,005
iR 05T 1.20 2. 60 40. 00
¥ = 0.70 2.0 5.40 65. 00
BAEN & 0. 60 1.70 4.80 57.00
2H 0.64 1.90 5.20 61.00

1) P | Peo Fll Pog 43 B RS AL PV BE O B 95 5 E 4300, 57 50 H 4%
{L R 95 T 4ME

K H % 5t KK 3 Al ( scenario-based risk
assessment, SceBRA ) 15 =X Al 5 38 i Tk FH 7K $2 fil
OPEs fyT5 4Ly ADD™) . i i 3134k & vk B o7
IS 5 AL ( Py, LS 5) o 55 50 0L (P,
— A 5 FNEE 95 A 4300 ( Pys , i 221K 50) MR BEAE Ny

WU PPAS B A 24, 00l e ORI A5 22 82 7K F (low
exposure scenario, LES) | H155 % 8% /KF- (intermediate
exposure scenario, 1ES) F & %5 7% % 7K *F ( high
exposure scenario, HES) 260 BET SceBRA R T
SRR, T E AR # R KOE R OPEs /Y H 34 2%

EEUE KBS 11 HQ (hazard quotient ) F2AIF | £8
HHR AR HQ, A (2) 7155

HQ = ADD/RfD (2)
b, HOQ b fe % Ff; ADD S H 3 BEE
ng-(kg+d) ' yRID S F| &, ng- (kg d—')'r_'I m%‘%
3.4 HQ=1 HT A R BUE K HQ <1 Eﬁ U\j?jT:
e[ e i W 4 "x

o S FH-ERRAE, 42 1 ?ﬁ/\ﬁ.ﬁéﬂ’]
CR ﬁ}fﬁ/\T(T)ﬁﬁ

" ZCR = APD x SF <3)
A£rh, CR jﬂﬁtﬁﬂj& ADD A H ﬂ]%ﬁ%i,

ng- (kg- d) ;| SK j‘]@rzﬂ% (kg-d) - ng Jp%:z
3 ¥|CR>1 xl() Off, A B AR ; CR<1x107°

it IR TEEUE AR, RED FT SF 1) 2 500(8 3 5 SCik

[27,28]%kf%
1.3 AR PEAS 7k

OPEs FAE 25 XU AR 4 DR 2% D3 25 XURS DAV 45
ARG G 3P TS e de ™ A R AT A L R
JXUBS: B ( risk quotient , RQ ) X 3 3 7K 7 OPEs B9 4 25

%3 RID 7 SF Ky{g"
Table 3 Values of RfD and SF

280 Hufi TMP  TEP TPrP  TiBP  TBEP TEHP  TnBP  TCEP  TCPP  TDCP  TPhP  CDPP
RID  ng-(kg-d) "' 10000 125000 NA NA 15000 10000 10000 7000 10000 20000 70000  NA
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Fig. 1 OPEs concentrations in typical river basins in China
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Table 4  Daily exposure, hazard quotient, and carcinogenic risk of OPEs in Chinese people through intake drinking water
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TCPP 3.61 88.72 2.31 54.28 2.40 71.18
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Table 5 Ecological risk assessment results of 11 types of OPEs
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