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Abstract: Thd contamination levels and distribution characteristics of four organophesphate flame retardants ( OPFRs) in 25 oirtdoor
dist bdmples collected™in Suzhou were quantlfatlvely analyzed by gas chromatography-mass spectrometry (GC-MS). The exposure to
OPFRiS vid mgestlon and inhalation of dust were’ also estlmated for ‘adults, children, and professional street sweepers. Four types of
OPFRs were detécted |in all dust samples at 'dlfferent levels 'fﬁe total OPFRs concentrations ranged from non-detected (ND) to
8901. 66,/ng-g™", with a median of 1 039. 21 ng-g~' . The concentrations of TCPP, TBEP, TDCPP, and TCEP were in the range of 0-

6931.46, 0-2021. 15, 0-788.44, and 0-62. 16 ng-g~", respectively. The daily intake of z OPFRs under a high dust ingestion
scenario was 125.68, 915.78, and 6 314.16 pg-kg™' for adults, children, and professional street sweepers, respectively. The
estimated exposure of children to Z OPFRs was six times higher than that of adults. However, the daily intake of OPFRs via dust

inhalation was 3. 07E =02, 1. 89E - 02, and 1. 54F - 01 pg-kg ™' for adults, children, and professional street sweepers, respectively.
These findings indicated that the occurrence of OPFRs in the dust poses a significant risk to children and professional street sweepers.

Key words : organophosphorus flame retardants ; road dust; contamination level; distribution characteristic; exposure
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1.2 {85500

= E PUGAT H B SR (- D 1 FH AN (1 [ A
73 SCION TQ), SPE [& A 2% B %% & (12 i,
CNW), C-18 SPE (200 mg, 3 mL, CNW). 4 ff
HArb & PrbriE S 73504 . TDCPP | TBEP, TCEP F1
TCPP. U R BE R = TS (TBP-D27) , WAs
Y1l AR R = 2K (TPhP-DIS) .

1.3 BT

JKAR T OPFRs 1) 4k 5 v 2 2% i 3A 19 [ {4
L OPFRs 7350 . MERFRBUK AR BE A 0.1
g, MMA 5 mL HFEE, T 25C# A A B 20 min, LI
4000 r-min~" B0 5 min, FFE R ZUEBUE FIET,
A S mL B ERE LR EE, & IFABUR,
HAEWALERZET, | mL IEC R, FREEEIEH
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Table 1  Description of sampling sites
ErRe) i JEI B3 85 hEEX SRAER
S1 LN PP RN RILIX R, SRR, A AR SRR X R 6.3
s2 5iF WA 224/ INZT 2 SR A ] TalkIX 5.0
S3 Eu] EESTTX, BHE 24 iR A A RBIX. 3.3
S4 NG Tk X, BHFEE X | mfr A R X ToalkIX 2.0
S5 B i 2l i b /N | X 1.4
6 FRAtH SRR, B A JE B 8.3
s7 T i Rk IX, 35l T4k, NG Rl X 8.5
S8 TR BT A e B DX A el JE RIX. 12.1
S9 A LK, B R A LS, AR 8RN Rk IX 14.5
S10 Tl kX, AdbdsiL Rl X 3.3
SI1 e HIALABIX, N i RBIX 13.7
s12 i85 TERTTIX, b RBIX 15.2
S13 JCHIETIE AR St by, 388 T4, BHER 255, AT MK A A A X 4.2
S14 Sl SSGHEARAL, LR, NG 3Z3 X 3.9
S15 L) EETTX, AR ZBIX. 6.4
S16 &0 JERIX | SO S Hroe JERX 2.5
s17 HRIFHE A FE AR RIX, A B4k JERIX 2.0~
s18 bk ROLIX, e A S, B k)E Fill X 2.0
S19 vl 7 L, LA A A A ZEEIX ‘ffi.:'4-
S20 KIZI] FLIX, SRR AR mE, SSlEk Rl IX J26
21 T JRR K, BT, fIFF M L RRK e .=
s22 H A i RIK SRR A, 15T . Bx S 423
23 LS JERIX, s, ﬂhﬁfﬂklx il VO ERX 106" 4
24 CE RO S THERRS | Yooy Vo pTx 2.0
825 A RRK ivs ~F 2 F) ot RE SIS X' P
# F g ..I u ,-‘ _,‘ /" Iz ‘__.-' .J‘ = — —
5 mL FHEETEALIE A C-18 A, 10 L Ei@k%ﬂﬁ%?ﬁ Ht 12 WAL EBRY )«"'fh'ﬁm%ﬁfﬁ EIE , ﬁ&ﬂn

RV BRI, 554 30 min flﬁ%ﬂw} 10l Z,

ﬁﬁa@aﬁ TYEIL, %{%%ﬁﬂw&?mo 5 L. z/
% [0 J:ﬁO"QZ pm ﬁ*ﬂ*ﬁdﬁﬂ% TR #ﬁﬁﬁ’
AL .

R A 2 BB FHAY ( EL ) ( GC456-SCION
TQ, Bruker Daltonics Inc. )Xﬂ'ﬁé it OPFRs #E4T4)
Br, B PR (SIM) , BN R s A K.
M DB-5HT (15 m x0.25 mm x 0.1 pum, Agilent
Technologies ) BANE #1. FEFE T | A4 ME 1R
T3 5o 270°C . 300°C F1 250°C , A3 HEEE,
HERERFURN 1 pl. THEFEF .60°CAEE 1 min, PL40
C-min~" FF ¥ # 150°C, £ FF 1min, 7 LI 20
°C -min "' FHIRE F) 280°C, A FF Smin. A E N
1.5 mL+min ™'

1.4 JFisEfAiES R EEH (QA/QC)

SEE AN RES T 3 ABATRERIN S, At
i%ﬁmgﬁlleéﬁ\mﬁﬁﬁﬁ%%%ﬁﬁ
HFRTRES I ARG, T3 AN AS 3 B b S 56 4 il
FrE R AT HE ) B R X AN K AR S S TR B . —
SAHBE(1: 1 IRFRLE) WA WRIS T 450°C LA

(= S 1&/&ﬁﬁ’34 it OPFRs A7 i ] e fin o
Tﬂfiuu, HP AR Y 69% ~ 135% , 16 A AL i
ZEILHTEIAS N & A= (2 A0 TPhP-D15, JL [l
FH 8% £ 15%. HAFF WYY Jr ke i PR
(LODs) 5& YRy 3 A8 25 FUE bR 1 i 22 5% DA B I 4
MR BE (LLO. 1 g RARFER) . KAFES H 4 Ff
OPFRs Y LODs 4 3 ~15 ng-g '

2 ZR5iTie

2.1 OPFRs By &K
%2 0R 3 a4 OPFRs 7F 25 N RFE S A

AIFIFEBE RS Y, TCPP K iRk 88% , TDCPP )
Kt %k 44% , TBEP Kt %4 92% , {H TCEP £

BORAH, 3X5 H Al M X 2= SRS 55 OPFRs 1Y
R RARML fﬁ\JIIFEI:JEE%Tf"EP OPFRs 1
M2 ND ~8901.66 ng-g™', FH & E
1907. 88 ng-g ™", XFHRIX KA H. ﬁ\JllﬂiEﬁ("‘EP
4 F OPFRs W 4{H i 194 TBEP, BI{E K 915. 46

ng-g -t YRk TCPP, Y{E N 804. 07 ng-g ', K
b TDCPP, ¥J{E 4 185.09 ng-g~'; TCEP 1£ KFB43
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BESR R, SRTEEE ND ~62.16 ng-g™', ¥ WHESETK, BHHERAX | KRG TR BELEK
{4 3.25 ng-g™". XAHES TCEP AN T HABR 22 .
R2 BABMREFRPEVNHEEMFNEE /ng-g!
Table 2 Concentrations of OPFRs in 25 outdoor dust samples/ng-g '
e TCEP TCPP TDCPP TBEP > OPFRs
si ND ND ND ND —
S 62.16(53.25~78.65)  152.49(135.56 ~181.09) ND 738.73(651.63 ~872.71)  953.39(840.44 ~1132.45)
s3 3.12(1.12 ~6.23) 43.79(37.54 ~47.30) ND 442.35(348.60 ~578.48)  489.25(387.26 ~632.01)
4 ND 413.36(383.65 ~454.75)  630.48(491.77 ~784.61)  1480.46(1353.57 ~1701.08) 2 524.30(2228.99 ~2 940.44)
$5 ND 384.95(373.27 ~404.13)  430.41(291.70~591.73)  883.62(839.19~909.30)  1698.98(1504.16 ~1905. 16)
s6 ND 591.77(462.42 ~721.13)  667.14(463.96 ~870.32)  961.69(783.14 ~1140.25) 2220.61(1709.52 ~2731.70)
§7 ND 673.13(637.15 ~720.78)  788.44(760.10 ~805.68)  1295.97(1 174.66 ~1511.03) 2757.54(2571.91 ~3 037.49)
8 ND 884.52(808.30 ~1007.47) ND 1675.66(1432.95 ~2012.12) 2560.19(2241.25 ~3019.59)
9 ND 6931.46(6521.53 ~7 224.59) ND 1970.20(266.35 ~3580.32)  8901.66(6787.88 ~ 10 804.91)
S10 ND 725.09(577.30 ~978.00) ND 2021.15(1829.93 ~2306.12) 2746.25(2407.23 ~3284.12)
st ND ND ND ND —
s12 ND 32.71(35.01 ~63.11) 55.24(ND ~102. 16) 290.89(ND ~563.03) 378.84(35.01 ~728.30)
s13 ND 86.11(67.49 ~112.90)  234.76(193.49 ~287.26)  451.53(441.45 ~460.89)  772.40(702.43 ~861.05)
S14  8.41(ND~15.29) 67.22(61.76 ~72.10) ND 687.93(618.07 ~750.58)  763.56(679.83 ~837.97)
815 ND 43.21(42.03 ~45.04) ND 466.39(400.81 ~525.41)  509.60(442. 84 +570.45),
SI6  7.46(ND~13.83) 50.58(46.47 ~55.05) ND 369.12(287.58 £431.91)  427.17(334.05 ~5oo 9)
s17 ND 532.01(491.64 ~602.57) _624.71(508.52 ~801.96)  2010.63(1254.27 ~2512.69) 3167.35(2:254: 43 '3917.22)
s18 ND 488.25(394.75 ~381.74) | 420,21(360.57 ~479.85)  1583. 56 (1'400.54 ~ 1 766.59) 2492.02(2155. 86 ~2828, 18)
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Fig. 2 Concentrations of OPFRs in 25 outdoor dust samples
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