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Abstract Levels and distributions of eight organophosphorus flame retardants (OPFRs) in 17 sediment samples collected
from Dongjiang River were investigated. The analytes were Soxhlet extracted, enriched using HLB solid-phase extraction,
and determined by gas chromatography-mass spectrometry. OPFRs were detected in all the sediments at concentrations
ranging from 1.52~6.17ng/g. Tris (2-chloroiso-propyl) phosphate (TCPP) was the dominant compound, the highest
concentration was 51.64ng/g, followed by TPP, TCEP and TDCP with highest concentrations 22.03,9.51 and 6.09ng/g,
respectively. The other alkyled OPFRs were not detected, with the exception of triethyl phosphate (TEP). Highly
significant correlation(r=0.74,P<0.001) between the concentrations of OPFRs and total organic carbon (TOC) was
observed, indicating that TOC play a key role in determination of chlorinated OPFRs levels in the sediments. Although the
total concentrations of the assessed OPFRs (average value of 25.43ng/g) were much lower than those of PBDEs (average
value of 588ng/g), more environment concerns should be given for these emerging pollutants with the ban of the PBDES
in the worldwide.
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5¢ , TnBP-d27
, 10mL 75%~120%.
, 500mL (LOD) 3
HLB , HLB 8 OPFRs LOD 0.2~3ng/mL( 2).
4mL 4mL 4mL ,TEP TiPrP TPrP ,
, HLB TnBP TPP TCEP TCPP TDCP
20min , 2>4mL OPFRs ,
: 300puL, 4, ,
150ng TPP-d15. (LOQ) 5 X
1.3 ,LOQ 3
Agilent GC-MS 7890/5975 - . 50 300uL
, (ED), (SIM), , 8 OPFRs LOQ 0.06~
DB-5MS (30m x 0.25mm x 0.25um, 5.91ng/g,
J&W Scientific). 70 ( 2min), LOQ , LC-MS/MS (0.48~11ng/q)
15 /min 300 (  10min), GC-ICP-MS (2~4ng/g)>*,
lul , , 1.5mL/min,
290 290 1 OPFRs
230 150 . Table 1 The selected ions, retention time, linearity for the
1.4 (QA/QC) determination of OPFRs
/
4~5h (min) (mf2) (mf2) (R%
TEP 6.14 155 127 155 0.999
' 450 4n. TiPrP 6.96 125 183 183 0.999
TPIP 8.86 123 183 183 0.999
TnBP 11.10 155 211 211 0.999
TCEP 12.02 249 251 251 0.999
' a-TCPP 12.33 277 279 277 0.999
’ p-TCPP 12.39 277 279 277 0.999
, TDCP 15.76 379 381 381 0.999
TPP 16.20 325 326 326 0.999
’ ' ThBP-d27* 1097 103 231 231
! TPP-d15° 16.13 339 341 339
TnBP-d27, a -
5 2.
TPrP TnBP TCEP TCPP TDCP TPP,
21 TEP
8 OPFRs TiPrp,
1' ] 1]
7 , Vvan TEP 31%,
20~2000ng/mL, Martinez-Carballo ' TEP
) 63%. TEP TiPrP
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. DJ10(86.17ng/qg) OPFRs
2.2 OPFRs ( 3), DJ3  (28.92ng/g)
DJ4(2.48ng/qg)
3 ,TiPrP - TPrP TnBP DJ2(9.06ng/qg),
.TEP 10 OPFRs
0.47~4.58ng/g dw. TEP DJ14 DJ15
, TEP DJ16(38.22ng/g)  DJ17(23.30ng/g),
TCEP TCPP TDCP  TPP , ,OPFRs
TCPP ( 51.64ng/g), . DJ9-DJ13-DJ12-DJ14
TPP TCEP TDCP, 22.03, 9.51, ,OPFRs .
6.09ng/g. 4 OPFRs 4 OPFRs ,
1.52~86.17ng/qg, 25.43ng/g.
17 ,DJ9(77.01ng/g)
2
Table 2 Detection limits, recoveries and relative standard deviations of spiked blanks and spiked matrices
(n=3) (n=3)
(ng/mL) (ng/g) (%) (%) (%) (%)
TEP 3 0.18 20 37 - -
TiPrP 2 0.12 41 34 55 16
TPIP 1 0.06 65 8 75 4
TnBP 0.2 0.88 80 5 81 2
TCEP 2 3.27 103 5 103 3
a-TCPP 1 0.97 90 5 94 4
B-TCPP 03 0.26 101 10 108 5
TDCP 2 0.85 100 99 3
TPP 0.2 5.91 114 4 97 7
TnBP-d27° 120 111 5
OPFRs , Cao [ 7 OPFRs
(TnBP TCEP TCPP TDCP TPP
: [rrel (2 ) [TBEP])
OPFRs, TCEP  (45.9+ 3.38~14.25ng/g.
0.1)ng/g, TPP (6.4+0.3)ng/q, OPFRs . 2007 ,
TCPP  38ng/g™, Martinez-Carballo
2009 Chung ™ (Danube) OPFRs ,
Tai-shi  Chi-ku (Schwechat) TCPP TCEP TPP
, b 1300,160, 160ng/g, (Liesing) TCPP
OPFRs , MDPP( 95ng/g, . Kawagoshi [#
) , TCEP TDCP
TCPP TPP 1.0~12.6ng/g.2012 OPFRs, TCEP TCPP TDCP
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7395,1181,709, 130ng/g,

TPP

(ng/g, )

OPFRs
Table 3 Concentrations and distribution of OPFRs in sediments from Dongjiang River(ng/g, dw)
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