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Fig.2 Consumption of different flame retardants in worldwide
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Fig. 3 Consumption of flame retardants worldwide
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OPEs G/ A (IF A R BB, 245 MiE
OPEs 1E A B K 338 908 570) S5 KB H , 25518
SCHRAE T HAE M E K U a3 SRR R oy
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Table 1 Physical and chemical structure, toxicity and application of OPEs

R . ALAHE ,
AIR(FHS) RS st Phvsical anchhemical gL 27 Jig e 26.27]
Name ( Abbreviation) CAS No. Chemical structure Y h reri ’t' Toxicity Application
characteristics
W= logKyw = 2.59 ) e )
- Cl . SEA BT FELATRI 8 2859
( l_it;‘i;?)%g VR 13674-84-5 R':RZZRF;( v WS: 71 2 fOL3 IP Suspected carcinogenicity Flame retarilanl:‘ R pl}aslicizer
p=2.7x10"" Pa
PR AR Y »‘5*\
i logKow= 144 e phpaphy Do SRR
EQREIDOM )5 o6 g e We=17.0 gL' Carcinogenicit VR JBOK T AL MR
TCEP Ri=R,=R;= 5 v 1108 . ¥ Flame retardants, plasticizer
Vo= 8.2 Pa neurotoxicity K ) .
P paint, glue, industrial process
N - , . SELIASR) A5 g
B = o K= g e U
(1,3-Z5-2-N3E) g 13674-87-8 RFRFRF{ Ws=7.0x 107 g L™ Carcinogenicity o .
. Cl ~ . Flame retardants, plasticizer
TDCPP Vp=19.8 x 107 Pa neurotoxicity .
paint, glue
logKyy = 3.6 B R K
WL =5 TBR /_< BELEL 55 ol i
~71- W= 1.6 x 1072 g L™ ’
TiBP 126-71-6 Ri=R,=Rs= S _ & e Paint, glue, foam inhibitor
Ve = 1.71 Pa industrial process
HEAR] RO b
| BUEL Bk
ogKoy = 4.0 LI Tl it
PR — 5 SEAL I 227 o
WAL=IE T 126-73-8 R=R,=Rj=">"> We=0.28 g ! RELL 2275 @. ) Plasticizer,
TBP(TnBP) Suspected neurotoxicity .
Vp=0.15Pa hydraulic pressure,
paint, glue, foam inhibitor,
industrial process
RELBASR B 98500 BUEC |
= T2 logKow = 3.75 BB I VR K B
" ;BEP 8 78-51-3 R|=R2=R3=/\/O\/\/ Ws=1.1gL" Suspected Flame retardants, plasticizer
Vp=3.3%10°Pa carcinogenicity antifungal agent, paint,
glue, foam inhibitor
MR = O FE TR
%MTH?)LH“ 2528-39-4 R,=R,=Ry="""\ n. a. n. a. n a.
logKyw = 5.29
S — iy LS
%Mﬁﬁ%ﬁﬁ 2528-38-3 Ri=Ro=Rs=~ _~_~_ Wg=3.3x10*gL" n. a. n. a.
e
Vp=12.2%x 107 Pa
= o logKoy = 949 BRI S IB), 0 2R
(2-2.3E ) fig 78-42-2 R'_Rz_Rr/j/\/\ We=6.0x 10" g L™ n. a. Flame retardants,
TEHP Vp=1.1%107 Pa plasticizer antifungal agent
logK gy = 4.59 ‘ Iﬂi‘%?fu‘\iiﬁﬁu \?ﬁ}f?fu N
BNSESo popere () W Lowiotgrs | b i R ek
TPP(TPALP) e S ) B Suspected neurotoxicity  Flame retardants, plasticizer
Ve=8.4 X107 Pa hydraulic pressure, paint, glue
BELKATR B 5R) g
I logKoy = 5.11 Bk Sk | Toll i
;‘C IT(TCP)E 1330-78-5 RFRZ:R}:@ We=3.6x10"* gL n. a. Flame retardants,
: Vp=8.0x 107 Pa hydraulic pressure, paint,
glue, industrial process
o RELBASR) 4 e A HRIBGH) |
S B0 losKow = 283 Jplob g RAEE R B
- TPj;)O ' 791-28-6 ©/ t W= 6.3 x1072 gL Toxicity to aquatic Flame retardants , metal ligand,

Vp=3.47 x 107 Pa organism

extractant, synthetic intermediates,

crystallization agent

H:ona s EEEARE A Note: n.a. .

not applicable
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Note: a: mean content of OPEs in River Oder and nearby rain water and roof runoff; b: mean content of OPEs in River Tiber; ¢: OPEs in German

2|

urban and suburban lakes; d: mean content of OPEs in 6 rivers in German; e; OPEs in River Aire in Britain; f; mean content of OPEs in 40 rivers a-
round Bohai Sea in China
4 HFRAKH OPEs KIS Fa

Fig. 4 Distribution of OPEs in surface water

1.2 OPEs EESHHH T
XF OPEs FEE N ZE o i AR £,
TS SRR MO U1, B L2 S3S BT

H

>N

FHA OPEs, ifi % S K A2 fE 2 1) OPEs 78 T LU
HABAER OPEs,
X T OPEs 7E#FAb2s b B HRE AT D | Cas-

TSP MPME S SRS ISR tro—Jiménez 55 N IH T Mo il | PR K 2 3R KR

i, H f TaBP, TCEP, TCPP, TDCPP, TBEP K&
TPhP EY AR (2 2) . Fioi 2 ENERK
A& OPEs B & 84400 200 i 55 [ 28 N 28 UK

i OPEs WY fii, 7EIZIXI KA H, £k 14
OPEs #i#6 H , Hov TCPP 78 iZ X 8 B A R & 1+
J&, H TCPP J TCEP 7 Fr A #£ i b ¥4 i, X 3=

A2 TPAP NI 1.798 x 10° ng ¢!V, KT WK AR OPEs nJ BB & 3% X 38 K AP 3 BEA7 72 1)
5,25 KA OPEs(TCEP 2 TCPP) (& 8% 5 OPEs™
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K2 OPEs EEATSHIHNM (LA ngm™?)
Table 2 Distribution of OPEs in indoor air (unit: ng m™)
e TR — R — TR — N e .
BRCITR G mzanm (-R2-p (13- —Ha-panmg O TR B S
TCEP TCPP TDCPP A
1.8 ~ 100* 1.4 ~ 30° n. d. n. d. 0.4 ~ 30° 1.2 ~ 10° [29]
0.2 ~ 120° 0.4 ~ 730° 5.1 ~ 570° 0.2 ~ 150° 0.2 ~ 55° 0.1 ~ 23° [30]
7 ~ 35° 11 ~ 250° 14 ~ 41° n. d. 1.4 ~ 5.9 0.5 ~ 0.8° [11]
9 ~ 18° 15 ~ 36° 14 ~ 28° n. d. 20 ~ 36° 12 ~ 40° [31]
0.1 ~29° 0.2 ~ 56° 0.1 ~ 260° 0.1* 3¢ 1.5 ~5.7° [32]
1~ 1728 1 ~ 870° 1 ~ 2300° 5 ~7° 1 ~ 130° 1 ~17° [33]
4 ~ 138° 11 ~ 110° 10 ~ 112° n. d. 0.8 ~ 46° 0.5 ~ 35° [34]
0.4 ~ 30.6° 0.7 ~ 136° 0.9 ~ 1260° 0.6" 0.6 ~ 14° 5.4° [35]
n. d. n. d. 52¢ n. d. n. d. n. d. [36]
2.0 ~ 80° 2.0 ~ 33° 2.0 ~ 45° n.d. ~ 30° 2.0 ~ 1279° n.d. ~ 0.9 [37]
0.07 ~ 2.2" 0.2 ~ 94" 0.5 ~ 73" 0.2 ~ 67" 14 ~ 5300" 0.9 ~ 110" [1]
n.d. 0.1 ~ 121" 0.1 ~ 375" n. d. n. d. n.d. [36]
0.04 ~ 0.9" 0.1 ~ 40" 1.2 ~ 40° 0.05 ~ 11° 1.6 ~ 48° 0.4 ~ 4.9 [38]
0.07 ~ 0.65" 0.25 ~9.8" 0.35 ~ 10.3% 0.05 ~ 1.1° 1.2 ~ 19° 0.3 ~9.5" [39]
20 ~ 7545 20 ~ 7605" 20 ~ 7615 20 ~ 16560" 50 ~ 27325" 20 ~ 35190° [20]
0.3 ~3.7° 0.1 ~8.3" 0.7 ~ 47.0" 3.9 ~ 150" 1.6 ~ 4711° 0.3 ~ 64.5" [37]
n.d. n.d. 140 ~ 5490° 90 ~ 56090" n.d. 150 ~ 1798000" [21]

TEra: 230 OPEs (&L b 2 RAT OPEs Y% 50, d. ¢ RAGIH]
Note: a: content of OPEs in air; b: content of OPEs in air dust; n. d. : not detecte

1.3 OPEs TR+ HI5%H

AN THURRY T OPEs 15 4R B8 £ -
HRILT 1985 4, Ishikawa 55 B SE7E AR TR oS DU
F| TCEP(13 ~ 28 ng g™ ) X TCPP(9 ~ 17 ng g™ )™,
IS Kawagoshi SF7EIEA B S AR 4G Y o vk B2
f\) TBEP(7.4 ng g”' ) &2 TCPP(2.0 ng g™') ,JF45H iR
PR A o 2 DO TRk e B Bk AL
Martinez—Carballo Z5[RIEEZE B0 A ]V TR iR H e
i58.7 ng g BYTBEP, 20 ng g™ FJ TCPP 50 ng g™ Y
TBP'™ , Garcia—Lopez %531 T PEHEA Galicia HbIX J[3
KNG OUEWIH OPEs /AR, TiBP (7.8 ng ¢7') ,
TCEP (45.9 ng g”'), TPhP (6.4 ng g”') K TCPP
(6.4 ng g " ) BH K Chung ZENIHGE T A5V
FETAE R X 3 K TR TR TCPP, TCEP, TDCPP %
TPhP 4347, Horp TCPP W JE 7535 9.5 ng ¢ 1%,
2012 4F, Cao S5 URHRE T KT 7 Flt OPEs 11
g WFFTHE H TBEP(3.38 ~ 14.25 ng g7'), TCEP
(0.62 ~3.17ng g ) e TCPP(MQL ~ 2.27 ng g ) H
FEGYY) FHEWT ATSE ST OPEs 1937
HAFREHL WY fw] LI ), TCPP, TCEP J
TBEP N1 32 OPEs,,

A, Kawagoshi M Martinez—Carballo 55 i fifF 5%
WIRU K A8 25 OPEs 4 TEHP 25, {5 5] T 16
DUBW hEg 4ET s A R s TS AP R A

OPEs 7EUURRY) T i 43 A A
1.4 OPEs EEMHEHRHIS

W) OPEs 3 %238 o PF I £ ARz jK %
BEREIEAAE YR Y B2 AR A= YA 43 A Al
BN AR UEA IR R, S5
YiAH OPEs M43 A1 DL UL 2% 3, Sundkvist 45 78 iy L
WA N & B2 Fh OPEs 1Y & 4, Hovb TPP %
TCPP FY ¥ B 385, o o W FE 43 003K 770 ng ¢!
180 ng g™, I 48 H B 3T V5 YL IR A9 77 76 2 f I8
OPEs @i & 45 1 E LA R, i iR gl
W T OPEs 7 3 iAo ZLyt v iy % i, & B
H1 5 OPEs 15 46 ~ 180 ng ¢', Ifif TCPP J2 TBP %
B, Ak 82 ng g M 57 ng g ) Kim
ST Iy Je BTSRRI A Wb OPEs 1950 AR HEA T
TV HOEHR 9 A OPEs JLT-7E BT 1 PR 2R 9
AR o L TeBP S E 85 e, HAE 49
AP ()R J3E d5 1 T35 420 ng ¢ 7' RIS IZ ISR A4
AT A 1A 9 T BETE 5 4 OPEs'™ . Chen 4§
JEAF T Huron 11 Hb X ¥ KY 25 b OPEs 1Y & &, Hirp
TCEP,TCPP J TBEP Jy 2554y, HHk B 43 5l B
k0.6 ngg ' 4. 1ngg! K2 2ngg" M Mak
WFE T rp R T = A 9 Ml X £7 28 K 28 OPEs 1Y)
&, b TnBP, TCEP J2 TBEP FBE# i, 76 fi 2k
H 5k 2946 ng g7, 4692 ng g7 J% 8842 ng g7 ¥
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{HARYE Sundkvist & Ma ZFHUBIESE AL T 904 M EEY
AN ZZ & OPEs & R AR Tz b X i 28 x4

7R OPEs 1ELEAE R M A S 2%

R3 4£¥HED OPEs AT (B ngg™")
Table 3 Distribution of OPEs in biota(unit: ng g™')

e e BETR= I
s e IR BEIR= I e BERT I N
. o :;A ‘:4A - N 1.3- ,‘:AA ‘:4A ~ AA*‘ ‘:4A ,‘:;‘
Rt Rg P R o e e (DA BMST RS Gy TRE RGO B
Sampling point/species LR IE T T HEE N ZH-2- AR BN O3 ) =R HE HR TR
(TEP)  (TnBP) N WH)BE (TBEP) (TPhP) (TPPO) (THP)  (TCrP)
(TCEP) (TCPP) (TEHP)
(TDCPP)
e Tl AN >k [46]
;[F{#IE_BﬂEI{i'T%/@jC/ . ~ nd ~ _ _ _ nd. ~ nd ~ nd ~ B _ n.d. ~
antabay, itippines 410 590 50 120 2000 16
Fish
Fii g 1) _ 1.6 ~ nd ~ 23~ nd ~ nd ~ 42~ ~ _ _ nd ~
Sweden/Fish 4900 160 770 140 1000 810 137
L VPN Il ~ 1~ 21~ 2~ 16~ nd ~ 32~ _ nd. ~
Sweden/Human 57 8.2 82 5.3 63 11 3.7
b3/ it & 7 _ _ 0.16 ~ 0.21 ~ nd ~ 0.16~ n.d ~ ~ _ _ _
North America/Gull eggs 0.28 4.1 0.17 2.2 0.13
PEBT A ) nd. ~ 439 ~ 827 ~ 627 ~ nd ~ 164 ~ nd ~ nd ~ nd ~ nd ~ nd ~
Zhujiang Delta, China/Fish ~ 8.23 2946 4692 883 251 8842 45.7 3.61 12.9 1.39 83.5
BT = A W

Z[f] ;EZL . g ]{Jll%{ d 11.7 ~ 33.7 ~ 3.89 ~ nd. ~ 48.1 ~ nd. ~ nd. ~ nd. ~ nd ~ nd ~
= ujlang - Delta, 1. ¢ 281 162 21.4 43.7 266 209 13.9 37.2 2.17 11.8

China/Poultry

W an. d. o RE ]
Note: n. d. : not detected

2 OPEs By #r ik

QG FTA  APLBERR R ) IZ - AR T M85 S B W)
AHP, PRLHCAS I PR 458 K A= 10 AH PN A2 2 0 Jo i) ok
O3 HAE R L, WA XY By o3 Hr 7
2 F LA AE—BE (GC-MS) HHER S WA £
TS (LC-MS) R, (R, il TZEY AR 3R
SEANEMUAR N B0 B DR e A X A 0 A s
TEAETT B0 AT W A, X TR SR
FHR A3 A7 7 A WO A OB [T AR 2R B, TR
R, — BT R S AT AR IO, T T
DUBRIRE G S AU RE S TR TR0 52 4 TR
R HNEER 135 O ( Gel permeation chromatogra-
phy ) LR HAB A A AL RS A AT 3645 9347 o

2.1 7k#8h OPEs IS5 3%
2.1.1 WRIRAHL

IT R A DL R TG A B AL G 07 1%
FEFRZRAE TN AR W BEZE Rk
FVE S RWCGE 545 L (RO A UL AT B35 1Y

n

R BE AN R AT ALV AR L A LR B xS 3
FEHLAED . BRAh  TROBAE O At 4 BT 4 114 [l
WCREAG, 40 HXT TCEP 1 [DSCRAL A 39% ',
M, VAR TR 4 M8 T [T A A BRI U
2.1.2  [EFZER

XF TR AR AR I, ) B R A A = L A
Hi7K £ Oasis HLB /M Supelco LC—18 & Lichrolut
RP-18 4575 %) By FE o] I3 44 A 700 P-4y A
FEr 5 RV R K o) TR R A WOE A
SRR TR R AR IR AR DR A TR T 77 75 oK
/N T AR e B i AR MR SR L B 1B
K OPEs HiAb B 22750k
2.2 X5 OPEs WAk

KA OPEs 1434 75 vk T IH 94 0 A ot s 4k
REMCUE I | e 25 | 25 BR K 23 R e S R OE 2
AT W WL E R TR Tsolute NH, ™) 5 &5
LR €8 Empore [&]FH A% B> G074 e ik
JE AP10 AFAERUEML O S H RO IR
R CHH 2 (Soxhlet extraction ) A JI 33 ¥ 751 26 B ( Ac-
celerated solvent extraction, ASE)%f, HJ5#& L aTH
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HA TR R,
2.3 ERYIH OPEs IS 75 i%

HI TR RN LA 2%, ULAR ) Hh OPEs 1 43
Mo B S 2 LRI AL B3 3 32200
KERT - ZE IO RN AL R A o 28 IO I 32 2R
) 7 A 8 7 Bl B 577 A5 B ( Ultrasound — assisted
solvent extraction, US)"™'*) 13 ik % Bh 2% B ( Micro-
wave assisted extraction, MAE) "7V D) J it v 77 2
BV A MR T, MAE LA 55 1 1 A O R
FIAE /D 1) 5 TRV RE 2 17 PR At 3 o K BB 30
Ve fEBR 2% B 7 E A HLB /M) PSA
(SR ARG iy = R A
2.4 HEWHESB OPEs I %

SSUCRIARL, A= YRR PRS0 0k 52 2= 25 %)
OPEs 14 43 7 i 52 ma AT 40, Btk A= 95 A b
OPEs 4341 7 AL 7T A 94 S A6 BRI FH AL Bk 2%
P FEDIR X T AR, B IR 5 22 A
EVA AR I RO 4l B A I 45 Tl R
FER R T 2o R R A R85

45 480 4
3 OPEs BB

OPEs ()3 1: F 2 fE i e it AR s dE 0k D 2L
TS (£ 1,4), 1989 4 mHE—-EHR T
TCEP X/INRUAY aEME: | #]3E 48 H — 2 MR BE 1Y TCEP 7]
SEUNRAEERR, JET R LT HA 8 ) &
A8 Fautz ZEMBFSE T TPRP K TPPO X M fil
FEANML A BRI, R HR B TPAP AT A0 0k 40 it A
AR A TEE I TPPO U LB A 24 0 07 X i |
WHAAAL ) Follmann %05k TCEP K TCPP X
A REE RIS, AN R MR EE 1Y TCEP J¢
TCPP 0] LIXF A e r A= 4 . Ren 25 035
WT TCEP X4t th /N 1 57 4 i i 4, 35 Hh s
WY TCEP BT 52 i 41 A T35 1 , 300 1 40 At &) 301 25
FIZE3A K DNA B4 1, [a) sk SCAT 32 7140 o LR i &
P TE ME Y . Dishaw 25 U #F %5 T TDCPP Xf PC12
A REPEVE R, SCRE Rt — s Vi B B i [ 2 8 1Y)
TDCPP A2 DNA -G BT M 40 it 44k

] Crump ZEMIA 4 TCPP K TDCPP 50 & 2
JHF 440 B Ao 2 4 %) S R A 0 S R  TH i 42 IR
P45 290 Megee il Dishaw 25 43 5l 5t TCEP,
TCPP K TDCPP X} BE 5t i 3¢ P HEAT T WF 5T, 45 1
FW] TDCPP X5 Hy o HAA & B #pth Mgk, H
TDCPP §% M BE 5 £f1 3L [ 41 DNA fiy F 3k R0
Farhat %5 FBFSE4E HH— 8 W B2 19 TCPP AT 52 1 4fE X5
Tl e ) [) B BB T — 2 VR FE 1% TDCPP WU AT 5%
M X U 16 i R0 IH 3 /N, R W 58 i
TCPP J TDCPP W] if T i i g | B D7 PR 45 &
FI A (028 P4503A437 K 2H1 FYF6ik1 | Pillai 25
WIRFSE T FM550 ( F 55324 TPAP) %F COST 2l
RN BF 9T 3R W] — 8 Wk B2 Y FMS50 7] 3 2 3%
PPARy, I 1] B35 S 4T B g AR R 17 i
Su ZERYHFFE N 2B 10 WM 1Y TPAP IR 38 i iG T
0 e A FE VT LA ) DPhP ) JC 0N (7]
I, iZBFFEIE R W] 10 M TPAP & DPhP X B4R
XA IR AR =R T SE IR N 3 Y A e S T
X SZAR TN X 52 R A O Y ik B B 35 5
uﬁl[ééﬂ 5

4 JEH

25 LRk I HARSK OPEs 7= HFFgi i K, i
GUSAWY K, O G — PSS 2 #2405
Yy A I S N AR AR T B R A T AR R
W, HHT,OPEs 7£ 2 Fh B A it K A= A vh Bl A
A RO I F R AL E e 2 YR T R
FEBUG T —E ML, BXTURY KSR
T AT OPEs (43T v 5 2 A ~7 Pk 3 HH 1)
SIMTITIE KT OPEs (43 A A1 5 4T 28 40 4 1 Hh
5T, LU 8 7R HAE IR EE v 1 i B 5% AL L S A AR
YRR ) & RO, X T OPEs 1 3 B2 f
¢, BT s> DA 2% T B R 40 4 s LB AL Y
5T, A ) B2 25 T B S IR A I X — 4
B, 30K B I N4 1 M R S [ B OPEs 19 %%
BEVER 910 OPEs 1) 3858 IXURS: K% fae J52 LR D7 51
TEER
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Table 4 Toxicity of OPEs in related documents
W W4 WHFEas R 275 3CHk
Substance researched Species used Research results Reference
MR = (1,3- "5~ 1. W] 5 3P B {4 . TDBPP (3.3 wM); TDCPP (10 uM); TCPP (n. a.);
2-79 k) ig TCEP(n. a. ) ;
(TDCPP) Threshold of obvious toxicity: TDBPP(3.3 uM) ; TDCPP(10 uM) ; TCPP(n. a. ) ;
Wi = (2~ TCEP(n. a.);
AT H) Mg 2. B . TDBPP(JE) ; TDCPP () ; TCPP(TE) ; TCEP(TE) ;
(TCEP) B fhr Teratogenicity; TDBPP(No) ; TDCPP( Yes) ; TCPP(No) ; TCEP(No) ; (651
W =(1-5- Zebra fish 3. A=A {E (dpf) : TDBPP (4) ; TDCPP (1) ;TCPP(n. a. ) ;TCEP(n. a. ) ;
2-THHE) g Median survival (dpf) ;: TDBPP(4) ;TDCPP(1);TCPP(n. a. );TCEP(n.a);
(TCPP) 4. MZSEAR P {E . TDBPP (0. 56 uM) ; TDCPP (3. 14 uM) ; TCPP (100 pM) ;
iR =(2,3- TCEP(31.4 pM) ;
TIRNIEL) iR Treshold of Neurological symptoms: TDBPP(0.56 uM) ; TDCPP (3. 14 uM) ; TCPP
(TDBPP) (100 wM) ; TCEP(31.4 pM).
1. FM550(90 uM) . TPP (40 puM) . ITP (100 wM) %% 5 24 /INAFEE FMS550 (50
uM) [ TPP(20 uM) ITP(30 uM) 5% 7 K, BMS2 ‘5L 40 i 34 G4 i i 2k ;
Exposure of FM550(90 uM), TPP(40 uM), ITP(100 uM) for 24 hours or expo-
sure of FM550(50 uM), TPP (20 pM), ITP (30 pM) for 7 days can not make
BMS2 marrow stroma cell lose;
R N NS B AL R A 2; FM550(20 pM) & TPP(%O M) ZE 5 12 /I\,zysz H B3 7T 40 A T B 40
(TPP) BMS2 marrow stroma cell 9%, K& W, Caspase3 8 R S 40 B IRSE 2R R 5
FM550 Exposure of FM550(20 uM) and TPP (20 wM) for 12 days can not make BMS2 [67]
T R — i Cos7 4112 marrow stroma cell lose and induce no up-regulation of Caspase 3 and release of cell
(ITP) CosT cell necrosis protein;
3. 20 pM FM550 7] g #3435 PPARY(EC50 = 47 pM);
FMS550 at 20 pM can significantly activate PPARY(EC5, = 47 uM) ;
4. 10 uM FM550 T 5235 [l W7 75 S 4 i S AL I i B AL R
FMS50 at 10uM can significantly induce cell differentiation and enhance lipid accu-
mulation.
1. 10 wM TPP AbBRLH B i BRAN TG4 , i DPP (TPP X)) 7E 1000 uM A7)
e A R
TPP at 10 wM shows cell toxicity, but DPP ( metabolite of TPP) shows no cell toxic-
e X0 JUR 16 240 ity even at 1000 wM;
*(T;Ij; K Chicken embryo 2. 10 pM TPP J2 DPP XPHIACHE AR Sese A Abihin  PRIRIM R 2K [68]
liver cells RJCEE X AR BT X 52 AR SCEE R ) 3Rk B i 35 m
TPP and DPP at 10 M significantly influence the expression of genes related to sugar
metabolism, fat metabolisim, immune system, oxidative stress, thyroid hormone me-
tabolism, Farnesoid X receptor and liver X receptor.
1. TECP J TDCPP ¥ ANZ5% et [a]
Both TECP and TDCPP can not decrease the incubation period ;
2. 9240 J2 51600 ng/g iy TCPP Ab 3 HH bl S04 5 A [va) B 40 Jod i A 4 BE
B = (-4 206 ) S TCPP at 9240 and 51600 ng/g obviously prolong the incubation period and decrease
(TCEP) the length of tarsale;
N _ X5 3. 45000 ng/g TDCPP 4b#HA 5y /0 Jifs 1) T 2 FNIH A 1) /)N
@?M:%;’S_:%_ Eggs TDCPP at 45000 ng/g decrease the weight of embryo and volume of gallbladder; L66]
2(‘TD(;§“ 4. TCPP U155 SHBEBNG FFIRITHRLH A B 1 AN PASO3A3T 0263k

TCPP obviously induce the expression of deiodinase, liver fatty acid binding protein,
cytochrome P4503A37;

5. TDCPP V5S40l (43 P4503A37 K CYP2HI [3Rik;

TDCPP induce the expression of cytochrome P4503A437 and CYP2HI.
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1. TDCPP XfJF KA 20 ML LCsy 43914 60.3 +45.8 uM J228.7 = 19.1 pM;
B = (13- — . LCy, of TDCPP to hepatocyte and to neurocyte are 60.3 + 45.8 pM and 28.7 =
2-TiHL) S EES R 19.1 puM respectively;
—INZEE H . -
(TDCPP) Avian hepatocytes 2. TCPP 7 300 M 5 20 it 15 AT JC R i 5 (637
B = (2230 ) ELiEax)) ] TCPP at 300M shows no influence on cell activity;

o TCEP ) Nerve cell 3. KF 10 uM B TDCPP K TCPP 5 55 B A: Wy B i\ TH & 48 SR 75 56 5
TDCPP and TCPP more than 10 wM influence biomass metabolism, TH pathway and
lipid regulation.

1. TDCPP 1] DNA & 5, B HIFEHBEHREE (10 ~ 50 pM) K RIS (1 ~
6 d) RN ;
e L TDCPP inhibit DNA synthesis and the inhibition increases with the increasement of
PR = (1,3- 4 ) ' _
2P i concentration( 10 ~ 50 pM) and exposure time(1 ~ 6 d);
2. TDCPP 4b B 2H 241 it 5 ik /L
(TDCPP) TDCPP d th % uf/ll
. L ; decrease the amount of cells;
B = (2- R 2 3E) ut of cel _— .
PCI2 41 3. 161 50 M TDCPP 3455 4 KANMI T, HIR B S M AR & T 22 % {540
(TCEP) . [62]
. . PCI2 cell M3 S T ARk
TR — (1 - —2-TH ) R . ir lipi idati i
(TCPP) For cells exposed in 50 wM TDCPP, their lipid peroxidation effects increase by
e . 5 22% , but cell activity doesn’ t change;
PRR (2 3~ IR o g " s N
(TDBPP) 4. TDCPP #AEEIRIE (10 ~ 50 M) T 34 ik o 2 40 D -1 g 25 L B B 28
JIEB i RE A 5
TDCPP(10 ~ 50 wM) induce neurocytes to differentiate into dopaminergic and cho-
linergic lipid phenotype.
1. 10 mg/L 1 TCEP FRARAHML I A 16 (R B2 FLRR NG 0BG T T
TCEP at 10 mg/L decrease cell activity but enhance the activity of lactate dehydrogenase ;
. " 2. 10 mg/L B9 TCEP ] CDK4 | cyclin D1 ,CDK2 Fl cyclink )3 15 [ A% 21 it £k
G Eg o, o TR 3 o
e . i : HH1 DNA A8, B3R5 p2 1 WAF/Cipl F p27Kipl (3555
Wil = (2-% ZF)BE  Rabbit proximal tubule Lo . . .
o TCEP at 10 mg/L inhibits the expression of CDK4 , cyclin D1, CDK2 and cyclinE and [61]
TCEP epithelial cells . ) . i ] .
DNA synthesis, but increase the expression of p21 WAF/Cipl and p27Kipl ;
3. 10 pg/L H) TECP {8 p2l WAF/ Cipl F p27Kipl FIZEAFIMH] DNA H94 ;
TCEP at 10 pg/L only increase the expression of p21 WAF/Cipl and p27Kipl, but in-
hibit DNA synthesis.
1. TCEP 7EKF 10 pM BFXF V79 AA & 7R 34055 M # 44 , i TCPP 78 1 uM I
CRURL 44000 V7o BIXE V79 4 AR ik
Hamster fibroblasts V79 TCEP at more than 10 wM shows slight cell toxicity to V79 cell and TCPP at 1 pM
BER = (22— L HE) BE  WAFEVDTTIRFFE shows toxicity to V79 cell;
(TCEP) Salmonella typhimurium 2. TCEP 1 TCPP ¥ AGEAS: DNA 551K ;
@iﬂgj( 1-4-2- i B Both TCEP and TCPP can not induce fracture of DNA strands; [60]
L) i Yeast 3. TCEP I TCPP 76T 1 uM BH R S BT 1B 5 25 5
TCPP AT EMNEIEYNHE  Both TCEP and TCPP at more than 1 uM can not induce mutation of Salmonella typh-
Human endometrial imurium
tumor cells 4. TCEP #1 TCPP iﬁK%%@i%ﬁt&,
Both TCEP and TCPP can not induce hormone toxicity.
L. TPPO J TPP x| I 48 [ i 5 e AF T TR ) S i
e . TPPO and TPP show no obvious influence onmacrophage function of macrophage ;
R = 2 HEBL C57B1 - o oot rophage wnTon o) maciophas
. 2. TPP M F EANME TNF B AR AE NK A9 35 1, R B R i B B 20
(TPP) piann s TN
e o BTG LT 1 5 [59]
— AR B Female mice immune— Lo . .
TPP inhibit TNF activity of macrophage and NK activity of splenocyte;
(TPPO) competent cell

3. TPPO {45 E WELR M TNF K4S NK (97 1 5
TPPO regulate the activity ofmacrophage TNF and splenocyte NK.
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1. 1.5 % TECP fWag/Nl, Hopd s 2 0 0 5% 7 X A4/ B, TR R 41/ BUSE
TR TR R

Mice fed with 1.5 % TECP shows lighter weigh and higher death rate;

2. 1.5 Yo ] M ZEL Al B VB A0 PR AR B Y I T 2L

Male mice fed with 1.5 % TECP shows higher cancerization rate in renal cell than

R = (2-F L3k g NER male mice in control group; (58]
TCEP Mice 3..0.3 % S 1.5 % TCEP GalMpd bt B, 2L A0 Mo A2 5< B i 125 T X FRR 2L AfE B 5

Male mice fed with 0.3 % and 1.5 % TCEP shows higher cancerization rate in liver
cell than male mice in control group;
4. 1.5 % TCEP Frlifl B, FLIAMMD A 11 20 98 20 SR 0 Sl 1o 0 B B
Female mice fed with 1.5 % TCEP shows higher cancerization rate in mammary glan-
dular cell and in leukocyte than female mice in control group.

T a . EREREH

Note:n. a. ; not applicable
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DISTRIBUTION AND ANALYTICAL METHOD OF ORGANOPHOSPHATE
ESTERS (OPEs) IN ENVIRONMENT/BIOTA AND THEIR TOXICITY
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Tang Jianhui'
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Wu Huifeng'
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(2 University of the Chinese Academy of Science, Beijing 100049, China)

Abstrast The organophosphate esters (OPEs) are widely used as flame retardants and plasticizers and tend to release to the en-

vironment quite easily. Because of the banning of brominated flame retardants and the great increasement in production and consump-

tion of organophosphate esters flame retardants, OPEs has been regarded as a kind of emerging pollutant to which wide attention has

been paid in recent years. There have been many documents reporting the distribution of OPEs in the environment and biota and their

toxicity are also investigated. In this paper, distributions of OPEs in the surface water, sediment, atmosphere and biota have been sum-

marized. Additionally, the analytical method of OPEs and its toxicity have also been reviewed. Finally, the prospects of distributional

and toxical researches of OPEs have been discussed aiming at providing reference for subsequent studies.
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