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Abstract; Organophosphorus flame retardants (OPFRs), an alternative of traditional flame-retardant, are widely
used in furniture, electronics, textile and chemical industries. With the rapid increase of yield and usage in recent
years, OPFRs have been continuously released in the environment, and commonly found in various environmental
media. The ever-increasing of amount of residues, will have a potential and huge harm to the ecological environ-
ment and the human health. Wetland ecosystems which are located in the junction of land ecosystems and aquatic
ecosystems, have multiple ecological functions, and have an irreplaceable role in protecting the ecological environ-
ment, maintaining biodiversity and developing the economy and society. Moreover, mangrove, an important type of
wetland ecosystem, is widely distributed in the Guangdong-Hong Kong-Macao Greater Bay Area. So far, OPFRs
have been commonly found in mangroves, but the pollution status of OPFRs in this area is seldom studied. There-
fore, the pollution status of OPFRs in mangrove medium (e.g., water and sediment), and the migratory and transfor-
mational pathways of OPFRs in environmental media and plants will be summarized in this article. The absorption
and accumulation of OPFRs by mangrove plants will also be analyzed. Above all, three proposals for the subse-
quent research on ecological remediation (e.g., mangrove plants) of OPFRs will be put forward: (1) strengthen the
in-depth investigations on OPFRs exposure and explore the transformation mechanism in the environment or in vi-
vo; (2) deeply detect the environmental effects and ecological risks of OPFRs; and (3) enrich datasets and toxic
mechanisms of OPFRs.

Keywords: organophosphorus flame retardants; mangrove; ecological remediation; Guangdong-Hong Kong-Macao

Greater Bay Area; environmental pollution

FHA#% 7] (flame retardants, FRs)J& — & BE45 FH. 11
KA VMRS RS 1 1 KA A2 46 s i 351, 4 IR
2H NG53R A DA SR A T HLRERA R 2 T
HLBH A A S A AL 55 (aluminum trihydroxide, ATH) .,
S A (magnesium hydroxide, MIH) A1 = 4% fk —%6
(antimony trioxide, ATO)%% ; A HLFHKA I 4% 41 Wi ot R
4k A HLE & BH 4 59 (organochlorine flame retard-
ants, OCFRs), 7 #IL ¥ % BH #% 7 (organic bromine
flame retardants, OBFRs) 145 #L# & BH4& 7 (organo-
phosphorus flame retardants, OPFRs)%, Ffizg T4k
F T A PR R R = MR Tz N
1R B KA NATTH AR 35 RN B 28 423 i ™ H 5
M), BELRA TR B4 e S FH A2 BTG . 4k TR
FBHSAFN EHA A & B Fr A EE AR R S
S E B W AS ], OPFRs AR5 R B9 BEAA 14 g S AIK
B DRI pa SRR PR SO HAE A vz T
2 EA AN Y S i R R Rt | B = N | A U
ORI AR R B AR, PR HRIE 2012 4E 4
BR OPFRs 14 %% 8N 55 J7 t,2018 4E42Ek OPFRs f§)
I SR ELHE IR 105 J7 ¢ FHod R E 6 3R RO
TH S50 Bl N T FEBELBA 77 o5 22 1 Bl K ML IX, 2 4
BRISAER Y 60% P, f FAEA = FE A ferp

OPFRs =253 i3 1y 3 F B A SN BH R 5 44
BRI A LS A i B K 2% OPFRs HA P44 &
PE A HAR &) 38 ik 45 A | B 4 e i 45 O AR
B A2 A AE B DU KIRRTR R £
FREREEA B, R BA 5 H AR XA SR AR
TR EE R, Z 8 2 CED, AR E W
() OPFRs 4 PR S5 HAL M ANZR 1 iR,

W, #E£1 A% AR TR A 387 3k K 4 OPFRs,
XoF RS 1 B R ] 28 SCA AR T I, AR SR OP-
FRs 7ELLRMA A5 R G0 (1 A B A ot K AR )
(RIS YL FIOIR B 2 25 KU | L R AN (] 21 W) A 0 o) L
W BV A TR0 28 43 A7 5 TR | 2238 20 MR b
BRGNP 5 SRR 22K

1 OPFRs FEZT#{#k H 3975 451 ( Pollution char-
acteristics of OPFRs in mangroves)

AR RGN TR A S R Sk AEER R
B AE A A TR AR S R G HKAEAT R
GEl A A S R G, AR R Z B W)
P PE RN AR5 f 450 R b A 25 R g
) H AR S A T E TR E R AR
I5 W AR S R G BA SR A ST Re TR A 85
Bt DREFEY) ZREE DL N R R At o B AN A]
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BRMEZEEM, BHar, | EHA R 6 600
2T hm® 2 i S T B 10% |, £ 4 vV
AR AL ) N8 Ay = L A I TS A S
A4, EE A TR ENFEN 11 A4 G X))
FEI AR 5 L X)) 2T B4 K (mangrove ) 2 H [ i i A
BRGH—Fh I BT A7 A6 T il b 5 5 P 58 Y
VR HATY | 2 bl o ) g T P AR AR S R G, B
ERPAE LM EM A MRS TEES . 2o pA
KAty 55 30 s g R R0 2 R MK =R
PALT B A Ry T B A AR 2 ) E T 5 2 ) o 0 4
TeAR FEARLM S AT, HAr, etk B 2w
HWIA 16 Bl 24 J& 84 Fh, /06 TRadb 4 3202 1]
(AT | B3 Ay B BE T RV -V 1 I 1) 2R
Z AN SE NV B RETE i S PG AR U A PG O B 2R KR
28 IRESG LAY 22 B 26 TR 38 Filt, Horp
FLLTAAREY) 13 BE 15 & 27 Fb, R2o Aty 9 B 11
J& 11 By PEA ALY 19 B 23 Fb, £ 24 A 78 b E Y
VR AR TV BT AR W VL R W X
ZTAR PRI L D) e — B A7 2 e B EE AL, (H Pl T I
X TP ARFIR T A Y GOl &, BT 4w 2 B
TGl BN R A2 e . ORI LU Ry
(A BILBR & e A F i SRR S TS

P E AR SR, BTG T A P R PR
7 (OPFRs) 75 £ A MR 1l 1) 43 A 175 DU 58 L /001
1.1 OPFRs ZEULERYH (1534

ORI OPFRs Ak B 76 A [A] b X 22 S 30K
(G 2)MH AR, Bl A A AL B R R G R
KUY OPFRs WY T5 et B B & 7 &™),
W, 78 HAS, AR it 7 S R ) Hh i) )
B e B OPFRs, OPFRs FME TGl 4 ~ 10 900
ng-g " dw!™ 75 PUBESF 55 19 8 BRI 0 7 A
T R T 34 P FEL SV iy, TR A A i R I TR R
JEh 3.8 ~824 ng-g ' i) OPFRs, T8 /{0 5 #E 2
ZQR-AS NI ER(TCPP)  BEIR-2- L AL C Ak — AL
Fi5(EHDPP) , # % = M 2R fiig (TCrP) A1 8% B2 = g (TE-
HP), ¥ JE 735} 4.5365 .15 ~63 6.7 ~84 2.8 ~290
ng-g ", TEIRE AR WITR T RV Y
OPFRs MY A il 5% . 76 B 15 L g, DLFRY) ' OPFRs
() E R 1.0 ~13 ng-g ™' dw, BiE —(2-54 235 )ik
(TCEP) B2 —(1,3- 5 7 N %L)EE(TDCP) , TCPP F1
WAL = ZKR(TPhP) Ry B 431 FE VT 95 AW, Ui
Y)h OPFRs SR IE N 34 ~14 ng-g™' dw, BiZ —1F
T JiE(TnBP) . TCEP .TCPP ,TDCP . TPhP Ik = (T
AL B (TBEP)

®1 MMENRPELAVEERBELAFT (OPFRs) ZIREIEBALMER

Table 1 The names of common organophosphorus flame retardants (OPFRs) and physicochemical
properties in environmental media
FEOKNAR  HIEWHERR yssRE
s . (logK,,) (logK,.) (BCF)
T34 P& AR

Chinese name English name

Octanol-water Soil adsorption  Bioaccumulation

Abbreviations

partition coefficient coefficient factor
(logK,,,) (logK,.) (BCF)
iR = MR Triethyl phosphate TEP 0.80 1.68 388
iR — W K TR Tricresyl phosphate TCrP 5.11 - -
Wiz = 7Kg Triphenyl phosphate TPhP 459 372 113.00
iR — T & T Tris (2-butoxyethyle) phosphate TBEP 375 5.67 -
Wiz =T Eg Tri-n-butyl phosphate TnBP 400 328 1.03x103
IR = -5 5 15 3k ) e Tris (1-chloro-2-propyl) phosphate TCPP 2.59 271 42 40
iR =& LB Tris (2-chloroethyl) phosphate TCEP 144 248 137
Wi =1 3-" A& SAH)EE  Tris (1,3-dichloro-2-propyl) phosphate TDCP 380 - -
Wime = RN Triisopropyl phosphate TiPP 2.12 391 142
R =T R Tri-n-propylphosphate TnPP -0.05 1.00 3.16
WifR = 1R Tris (2-ethyhexyl) phosphate TEHP 949 687 1.0x10°
W -2- £ B O B RS TR 2-Ethylhexyldiphenyl phosphate EHDPP 573 420 -

B R 258 TF R (http://www.chemspider.com) ; — 2 78 B85 AR HL

Note: The data comes from the website database (http://www.chemspider.com); — means the data is not available.
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J FBRG T HE T AR AR, RZVURY 1 OPFRs
MHEE N 1.5 ~86.2 ng-g™' dw, TCPP TPhP , TCEP
1 TDCP Ny % p 43" OPFRs #¢ J¥ it 5 T Hh [ oK
WA E SR Y T Y OPFRs & &t KT H
A AR Ak B TR ) th OPFRs Wk i ; 7 3% [ 2R
ZFHHLIX , % P TCEP 1 TBEP &AM b iy £ 2
fEmt,
1.2 OPFRs 7E/K & 1) 545

TR IR v 7 56 T ), 6 N SR I K Y
— RIS T, R IREE 1 OPFRs BT E R LT
Z— HiG o — R ARG, IRk,
] P AP 2 3 B 28 035 43 1R 5 Rk X ) R SR 7K BR 45%
CITE A AR 7K 26) AR K BR5 (75 7K RN
7K %) OPFRs 5% B4 IR &L 4T T 94 4F , Sheldon Al
Hites®™ M\ 1976 4E 8 H %] 1977 4E 3 H il i W 18
$7 45 7RI A K FE A L P 9 OPFRs % i, IR K
BUK IS5 A A ALBE B ) , 6045 TBEP R —
TBR(TBP)MI TPhP, ULJ5 ki OPFRs 7 & (Y3 fin |
G 7512 114 2 A N B AL A B AIG , OPFRs £ 7K h
Ok Z PR, BT, TSR N T KIS (157K
FIR 7K S5 i S [ AR K R B8 (T 3 030 A b K
ZEVERBERSIN Y OPFRs MYAFAE, Hob W 45 v 1A
6 Fft, 43 %] /& TCPP . TDCP ., TCEP ., TBEP TPhP
TnBPP 3R LB | 2% SR RARTE 22 1 G0
1.2.1 57K

A F 5% 3 38 TA R 15 7K 2 i K BR85E B  OP-
FRs 1 EZR R, [ IL, 75 /K 4b B #2 7 OPFRs 1)
WREEARBL G I T AATR0 e B DGR fER TR I 4

HiLIX, 757K ' OPFRs 41 il 45 52077 (H 5 7K G
Ik B %% B B OPFRs 1 &y TCPP, TBEP FiI
TCEP®™ | Loos %™ ARK I 90 ~¥5 7K AL PR (sew-
age treatment) >k 48 1Y 75 K A i tp At 7 F OP-
FRs, H "1, TCPP, TBEP flI TCEP Ay ¥ J& 43 %l
620,190 171 ng-L™", 584k F(580 .130 F1 74 ng-
LOAHRL, REraERi s T B b st is K B v
OPFRs [ & & , 45 R B 15 /K Ab 3 A K K
HBBE G W M =5 Mk BE OPFRs, 5 7K &b B T 1 K v
OPFRs HE7E 1 000 ng-L™"' ) | TCEP fE#E/K
FHK 14350 408 ng-L™' #1179 ng-L™" , TBEP 43
Wk 254 ng- L™ 1 600 ng-L™', 5 H A FEZE M,
OPFRs F{k BE 45 155, TCPP 4 5 A2 41K, 4351 by 431
ng-L™' f1225 ng-L™", BbAb, PMVERL SR X o B 5
INFETG KA BRI KRR T TR DU, & 8 7 Fh OP-
FRs, HoA1(1,3-4(-2-4 %) Wl 2 — i (TDCPP) 4 ¥
JE el MR BE N 218 g+ L7 AS[A] [ 58 A X 35 7K
EP OPFRS mgﬁn%‘:{ 3 9]"3_;‘[27728,32733] .
1.2.2 HRHK

TR N 2 R s e K, Ak R 7K A /% OP-
FRs 588 515 YR 5 A2 B A2 5 1)1z 56
T, ARk AR & R HI7K o OPFRs 1144 Ji2 it izt
T K F1y5 7K Ffr OPFRs AR, 76 I KL |
X Tl X AR A 5% XA 2R 7K OPFRs ¥
FERGIN , & RS 5 X 4 1) OPFRs ¥ i 6l ND ~
008 ng- L™, &K Hb X OPFRs ¥ J¥ 3Ll y ND ~
12.06 ng-L™", Tl [X OPFRs ¥ i 7l 4 ND ~71.05
ng-L™'PY TR AT BE 23 MK 9B - 5

x2 HoEZRMMXTRYH OFPRs KR E
Table 2 Concentration of OFPRs in sediments in selected countries and regions
(ng-g™" dw)
EAE S| WFFEAL B e RESE I Z:7% 3k
Sample types Location Concentration range References
Vi) Sediment FEHEIT 49 FCHI Navarra River, Spain 49 ~53 [14]
DU Sediment PEHEIT PG AW Casilla River, Spain 3.8 ~292 [14]
ViAW) Sediment G B2 A 47 ] B 579R)- Asturias River, Spain 153 ~824 [14]
UL Sediment 1[5 5 V530 Offshore, Taiwan, China 10~13 [15]
U Sediment 1 [E K Taihu Lake, China 34~14 [16-17]
VIFY) Sediment 1 [E] 4<YT. Dongjiang River, China 15~862 [18]
VIR Sediment B I River, Austria 24 ~1940 [20]
VLAY Sediment H AR Y AE FHU5 T Waste treatment station offshore, Japan 1.3 ~ 1 800 [13]
VUFRY) Sediment YRR 3 River, Norway 486 ~2 250 [21]
VIFY) Sediment P [E A River, Germany 63 ~1 969 22]
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IR KR A, PRI HE ok — 22 v A f R XU . 7
5 [, 38 20 6 RO 2K FE i OPFRs R B2 4G N, & B0
afizK JHE K A1 B k7K Hr ) OPFRs & ¥k FE 73 il
101,104 F134.9 ng- L7"™ 75 & [= W7 VAT A1
PN X5 AN [ AR FH ZKRE it A6z 0 & B >k 7K OPFRs
SEHRIE N 192 ng- L', W3 T Aok Pk e
(59 ng - L") Fi ke AK PS4 B2 (4.0 ng - L"), H.
TBEP . TPP il TCPP J& OPFRs [ 8 pi 430, rft
F2EE R FIK T OPFRs Yk BE Gngs 4 FFRE%
1.2.3 #FK

OPFRs 7E M2 K G 3t WATA AT | 428 3 A
A% K A5 A . BT TCEP il TCPP (1%
/7K 53 e R AL (log K., A FAR, PRI, PE AR Hh 285
et oA EEE Ry, WSTR[ (%) S B 3R 2
7K H OPFRs ¥ J3 5y , Wk BE S FRlJ2& 113 ~26 300 ng-
L', E% 4 TCPP . TCEP A1 TDCP"  fii[E Ha
R PYBES; R A 35 B H A A K, OP-
FRs FO ¥ 2 5 Bl & 76 ~2 230 ng-L™', T N
TBEP . TCPP . TCEP .TDCP Il TnBP™ | F [ kK
o OPFRs ¥ JEJLH M 123 ~ 338 ng- L™, W& T 26

[ 3.02 ~366 ng-L™'™ HET#EZA B KK R
K H RGN . OPFRs™! | #F 5% % BRI I H OPFRs [
W TE 22 S AN ot 2 /K MR B 25 Ak, R
FAHLIX H /K OPFRs AN 3E 5 FiR®4 1
1.2.4 K

OPFRs =223 2 1] it (1 442 1 FH 1 A 217K
PR DRI, T K R OPFRs #k B #5 i , H i C 1E 1
JK A H Z F OPFRs, Bollmann 259 7E 2012 4F %}
VG b Hp T 11 A T KRS 2 LI K T OPFRs ¥k &
B, Hod BERR — 5 T I (TiBP) , TnBP £ TCEP i
A3 152 117 F1702 ng-L™", deAhwfep E
T U JE T IE 0 BOE | AR I ) Y KR
A58 K& B, TCEP , TCPP  TDCPP Fl#% R —(2,3-—
TRV EE(TDBPP) A g A6t | H 4 Fp ) o ik 2 1 °F-
KM 23 5 N 134.44 1196.70 84.12 1 109.28 ng -
L' SRBATRE KB i TCEP oA f E 0, Wk B
i, W & TDCPP I TDBPP, ¥ B 4 &5, [,
WF5E M | 3% = WE & OPFRs 15 YLt /™ 5 [ [X 35, OP-
FRs [ P-4 iE Jy 738 4 ng-L™" & TJE171(227.7 ng
LM H(129.5 ng-L7H)H

R3 ARERTKSIE #HkFH kG OPFRs BIiR E

Table 3 OPFRs concentration in influent and effluent of sewage treatment in different countries

(ng-L™")

EER 7K OPFRs 2% OPFRs types EEDUN
Country Water TBP TPhP TBEP TDCP TCEP TCPP References

Fiit Mt 7K Influent 6 600 ~52 000 76 ~290 5200 ~35000 210 ~450 90 ~1 000 1100 ~18 000 28]
Sweden 7K Effluent 360 ~6 100 41 ~1 303 100 ~30 000 130 ~340 350 ~890 1500 ~24 000

T[] #7K Influent 360 ~1 200 81 ~130 3 700 ~4 000 100 ~ 110 350 ~890 1500 ~24 000 B2]
Germany 7K Effluent 100 ~ 520 20 ~70 81 ~440 130 ~ 150 350 ~370 820 ~3 000

ok #EK Influent - 3 100 ~ 14 000 - 630 ~ 820 - - 071
Norway 7K Effluent - 1 700 ~3 500 - 86 ~ 740 - -
BRI
Australia H7K Effluent 146 ~292 0~26 794 ~967 81 ~387 67 ~391 560 ~733 [33]

U TBP /R AR = T JiAy OPERs R4 T B L5 WA 1 - FoR B AR IR
Note: TBP stands for tributyl phosphate; abbreviations of the remaining OPERs types refer to Table 1; — means the data is not available.
*4 HhEMEEKRABKD OPFRs KR ELLE
Table 4 OPFRs concentrations of drinking water in China and the United States
(ng-L™")
EER OPFRs 2% OPFRs types EZ PN
Country TBEP TCEP TCPP TDCPP TnBP TPhP References
*FE China 241 ~152 125 144 ~832 <1 748 198 ~84.1 [37]

Z£[H the United States 357 95 - - 48 49 [38]

TE : TDCPP FoRBARR = (1 3- 5 57 5 ; HiAy OPERs MM S B LS W3R 1 -FRm BRI,
Note: TDCPP stands for tris (2,3-dichloropropyl) phosphate; abbreviations of the remaining OPERs types refer to Table 1;— means the data is not available.
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1.2.5 R[FIZK&H OPFRs #e R

WF5E % B, /K& th OPFRs 3% a4y TCPP |
TCEP . TDCP ,TnBP , TPhP F1 TBEP, 7 A [A] /K fA&
WRRE 22 S K, 15 K o OPFRs ¥ Ji fie K, Hop
TBEP ¥ & e , AJK R R 35 000 ng- L' 4K
FH7K o OPFRs ¥ B f5e/)h , Hor TCEP ¥ JE e {1, AX
485 ng- L7 i K R K VA K ' OPFRs
W BE 22 BB/ KA G HH Y OPFRs € B A% i 4
i;‘:z 6 }5)’{,%[22,}9,44,46—48]0
1.3 K¥%X OPFRs 75 YL LR

L R AT DX v [ R B e i L R T
R A X B — AR 275 X TH 4 1S XA T
VS DX 22 S A AR5 U RV X, A A ) TR
DI BRI kL b ARSE EEER VLT EN 9 T AN
Uk R TER AT B, B AR 2 65 000 km™ | i
N EEGE L7 000 77, AR REE A RS A B
BRI T Ah Y TR e R S YRRV X0 b A

BWEHEZ M EE . ARIE I S i =
TIITRLHE (0 ZTARE A J2 T s R ROV DX b A 285 1) o 2
ZH LR A3, Bl A il ol 1 R ) & R Ak R Al
FH,OPFRs KitFkFAERTE I LA E R H |
RN IS ARV S A SN ;37 NP O RC Y E B3
T LR AR b TURY) OPFRs A & BRER T IR
PR M 3 2L ARDTF A OPFRs ¥ i 43 51l 2
132 ~33.7.17.5 ~377.1 254 ~106.8 ng-g ' dw,
TRYIT AN M TT OPFRs ¥ & B & i TERIEE T, = Hb
OPFRs I F 24 53 J& TCEP Fl TCPPF!

2 OPFRs £ SRR 5 # 14 i% 12 ( Biologi-
cal toxicity effects and transformation pathways of
OPFRs)
2.1 OPFRs Y EE RN

OPFRs T L R A BELAA G SRk, 2 7 o
O AN, T OPFRs = 358 3 ¢ #EL s i

£S5 AEEZRMHEXiERKF OPFRs HIKE

Table 5 OPFRs concentrations of surface water in different countries and regions

(ng-L™")
SRR FE 2R OPFRs fi2% OPFRs types 225 0k
Sampling site Sample types TnBP TDCP TPhP TBEP TCEP TCPP References
1 [E KT, Yangtze River, China 7K River 16.8 - 42 - 86.6 226 1]
AR ERYT. Pearl River, China 7K River 102.8 354 226 178.5 127.7 137.5 [42]
T [E K] Tai Lake, China 7K River 15 20 54 52 88 286 [43]
18 [E3E B4 Rhine, Germany 7K River 6 ~28 - 1~28 54 12~25  5~160 [44]
FEE TR /K Urban rain, Germany ~ Fi7K Rain water 57 13 - 77 77 880 [45]
K FIAE 37 Three Rivers, Australia 7K River 20~110 nd~19  nd~10 24~500 13~130 33 ~170 33]
I : OPERs P4 H LS WA 1 - Fm Bl R IR
Note: Abbreviations of OPERs types refer to Table 1; — means the data is not available.
F6 AEIKEHIEHE OPFRs iRk E
Table 6 The concentrations of OPFRs detected in different water bodies
(ng-L™")
OPFRRs FfiZ 157Kk E7K K K K TRAIK MK R ] 225 ik
OPFRs types  Sewage influent ~ Sewage effluent  Surface water ~ Ground water Drinking water ~ Sea River Rainfall ~ References
TCPP 18 000 24 000 26 050 379 5791 1795 82 1702 [39]
TCEP 1 000 890 3 700 688 485 318 99 6179 [46]
TDCP 820 740 145 20 532 250 3779 - [47]
TnBP 52 000 6 100 960 83 1679 213 100 - [22]
TPhP 14 000 3 500 - 830 - 85 - 33 ~170 [44]
TBEP 35 000 30 000 200 652 1616 94 350 6 [48]

TE: OPERs MG R LS L 1 -Fon Bl R,

Note: Abbreviations of OPERs types refer to Table 1; — means the data is not available.
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A RITIEAE S5 6 8 E AT A 2R A 4 & i 5 i
R BRI 145 7 ik A, 33 OPFRs 7£
W I AR . AR, WF5E &K B OPFRs AN
o | AR P 2 AT S R A REE R
PE RS SR A R 43I TPt i HL AT LA
FEARA BT AT T B8 e b, % AR AR PR B8 TN A £t
s g fE . HAT & T OPFRs (4L W #EERL
REWFFEANER 7 BrR 20
2.2 A HUBEBHER I AE LT AR ERBE (1 e ki 1%
BEFHARE ST W, 250 OPFRs fEFEKIA 25K
A EEA PP LI RIS A TP B B, X AR SRR
FUN AR 5 T AE B 50K TE A b R Tl
YRR ACF AR YA 3 R R Bk, W

AL R F R DOE St e (b B R 22 R
K SRS A S | T A W e A it 7 32 B Ak
YIREMRAESS . H AT Y B AL b 2 e AL R 1
R Z AV R

OPFRs 43T &45 #5 B A [m] | 480 Ak 551 9 22 5= L BH BH
B IR E A pHELAY g (PR 52 M L R A R 1 3
BREY ) FEAMMIAREE T, ZEA LT 3 A Jrim
AT X (O)OCRVEM . BT84 OPFRs k¢
Rl = kA A RIS R RE T, AN L4
fife , RIS ] H, 0, \TiO, | 3x) Bt iR £k F1 6 78 1R 25 4 Ak
FIFE UV X5 Yt A7 . OPFRs FHAAH 43
TR, B R R ], LR R B
—E RO BB AR I I o R e SR,

&7 OPFRs WEMEHERN
Table 7 A summary of OPFRs biological toxicity

3 AU OPFRs Fhi2 225 3Tk
Toxicity Effects OPFRs types References
GIF a7/ ENAEI TE=R A&
T V55 DNA Sl Fdi g seT TCPP . TCEP ,TDCPP . TnBP . TEHP 52-53]
Acute toxicity Cause cellular oxidative stress of organisms, EHDPP . TBOEP ,TPhP ,TCP ,TOCP
induce DNA damage and cell death
AT 5 R E TR il £ 2 BETE ) R W, MR A7 17 5 S AL
TDCPP ,TDBPP , TCIPP
Reproductive and Decrease fish fertility, survival [54]
TBOEP , TPhP , TCP
developmental toxicity rate and hatching rate of embryos
MR Xif 2 5 b A DG I S A A A ) TCEP  TDCPP , TCIPP ,TOCP [55]
Neurotoxicity Suppress multiple receptors relevant to neurons TPhP [ TCP TIPPP
|2 T 2 i 4 A R
JUE 2 2 O M A AR, X DNA & s 1 TDCPP , TDBPP .BDBPP | [56]
Visceral toxicity Cause cellular oxidative stress of liver, generate TPhP . TIPPP ,CDP
excessive reactive oxygen, result in DNA damage
FHEOANEIE R S
e VR W o A I R TR 3 3
b A N ] TCPP ,TCEP ,TDCIPP , TDBPP  TCIPP
. - Cause gene changes of Daphnia magna, [57]
Genotoxicity and mutagenicity S ] TEP , TnBP , TBOEP , TPhP
decrease individuals and gene expression of
Tetrahymena thermophila
e FE F BRI KR N R R T
P4 Tt TCPP  TCEP , TDCPP  TCIPP , TnBP
Increase endogenous hormone levels on animals, [371

Endocrine disruptors

cause endocrine disorder

TEHP ,TBOEP ,TPhP ,TCP

11 . TBOEP H£/RBEIR = (2-T &) L5 ; TCP F/R B2 = W g ; TOCP /R BilR = W LG ; TDBPP F/RBEIR = (2,3- 1R N %E)Mg ; TCIPP %7~
IR — (- TN E)ER ; TIPPP R i — 5 N A SLTH ; BDBPP R/ iR — (2,3 - IR N LR ; CDP &/ iR FF 28 — KR ; TDCIPP R iiiig —(1,

3-SR IS HiA OPERs MR B R Y ZINFE 1,

Note: TBOEP stands for tris (2-butoxyethyl) phosphate; TCP stands for tricresyl phosphate; TOCP stands for tri-o-cresyl phosphate; TDBPP stands for

tris (2,3-dibromopropyl) phosphate; TCIPP stands for tris (1-chloro-2-propyl) phosphate; TIPPP stands for tri (4-isopropylphenyl) phosphate; BDBPP

stands for bis (2,3-dibromopropyl) phosphate; CDP stands for cresyl diphenyl phosphate; TDCIPP stands for tris (1,3-dichloro-2-propyl) phosphate; Ab-

breviations of the remaining OPERs types refer to Table 1.
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IK it s R AR BN Q) /K AR . D5 228 OPFRs A2
TEVEZE 5 WAl B A e 22 OPFRs F2UE M T
J5 525 OPFRs, BEARENE ; b 52 OPFRs foE M,
MELAFE i, /3§ HE 58 K, OPFRs 4 logK,, #H i 3%
R AR e B FNZE R AR S LR/ | BRI FoK
WHEE L WZE pH BT, OPFRs A & fife I 5
h GRS B A IS B HEST ) TE MR
J5 %25 OPFRs 7 4f 4 7% 11~ R PR 3 % %, 4n TCP
FERKH S d NSRSl A: W DG R A, TPhP 73T
AP D PR 3 ~ 12 d*, kEFESE OPFRs
£ 45 TnBP 1 TiBP fig il o A& Py B 15 81— 2 3
THBR, M TEHP A DL AE 4 B ™ % 5028 OPFRs
(TCPP ,TCEP #il TDCP)7E 15 /K Ab ¥ i3 F8 A e gk A=
YR AE SIS OPFRs FEMFRTE 55% ~89% Z ],
2.3 ZIRFEYIXT OPFRs W& 4E

LI PRAEZS 22 G0 v 8 3k G 1) OPFRs, Hi % i
T A= 5 ) 1 A AR A, AN 23 X0 7K A= Bl ) R 2L
HEW 7= A 0 S #51 , {H OFPRs ME LA A i H 76 R385
KA RTLIAR AR AR 25 28 G0 PN A i SR A7 7 T A
JEIT LR AR R W OPFRs ik 2 FHL
HEFT X FBHOK MRS Y, 2@ 2R R
WA 5 X5 F B 7K P B 5 A9 OPFRs, 18 i 5 21 B A 4
HRZ T ) 2 1T 45 A R ™ . OPFRs 1] LA A7
15 YL HHERTTRR Y T A B A AR Y IR E T
Wyste NN AR S TR AR fEE 5 s v 7 i
SR, OPFRs 7] SRR IR s A4 &,
T A TS ) B 0 3 i BAE 0 1) b 1Ry AR 2T
FEY AT RO R R 5 S RS IR
W AE F AT 8 23 X6F A AR B ™ A6 B T S A
B S A W i iz OPFRs 1Y B 58 & B, G i
FES IR OPFRs RN il SCHEVE T, (B8R 1 A

B ZEA YW s 35 OPFRs o 78 o i ELR 7 LR

AN,
3 #F3EEE (Summary and prospects)

H#T, E 4 ¢ OPFRs [ORF 5T B T 547
ERE ARBAFFEVF 2N R B PR IR E AN 5
SEHIF 5T A O DL R T
3.1 OPFRs (2o R #5554 W IR (Lo

H RIHIFSE 2 48 oh Tl & OPFRs 75 & HLEA S
FFE S M3 A T OPFRs 15 B 2 J0 Y FRES
HOE R AR T K K TR A A R A5 B85 v
(A% 55 7 e S 7 T A B30T i 3B A/ R X
OPFRs 7EZ Ju IR 53 ) 2 @& WF 9€ . OPFRs AJ LU7E

AR B B b, HLRE o & W ek AN
A X A A I 5 A R e T AR X
TE RS v S A A 9 % AR AL AR 5T 4820, OPFRs 7F
IS5 v sl AR A NI A A AL B A, G 3
fife A2 R i S MR 0 25 A S AR AL B B AT
F5E, LA W5 G T OPFRs 76385 i Iz A= A I
EEALHLTIASE .
3.2 OPFRs ISR 5 4 8 KI5

OPFRs HAARAF () BLIAROR , I 2 &84 2
N T BB A KR AL T OPFRs 7E
I E FUH 25 W10, % AR M bR S A S B i
W R EEAE G %, EA ISR, OPFRs AEMSXT
AP AT N A S R B
SERBEPE S B MR N W TP, SR, OP-
FRs XA [ ZfAE 4 B N AR B ELAASE i A W] i = 3
(1) PSR 1A 285 IRUBS: AN TR BB, 75 X OPFRs 1348 5E
B0 AR 25 KU R T B R PR AN ISR
3.3 OPFRs Y4t dn 5 dE8 i o

OPFRs I 5| #fi 258 | A= 5 1L DR 46 T T 2 1
A EEIE R AR SUEVE ™, AT OPFRs £ 24K
PRI 0 r 1 R 28 3 R DA A B R R RN UK
S B i TR 2% OPFRs HA 1% & 1 ELA MELE PR 53
R A LA S e (A AR ) e B R 8, W OPFRs 1Y
EROZEIRAMTCESEM, HAET, XF OPFRs
TEAS R 3E A J50 HP A 2 P 5 i D 3k 1z 2 A — S F
9% B RN BB M EEE LTI B AN S 2, 7
PRI 5835, A5 A 454 OPFRs 78 24 F 3
BEOER AR AT, 210 F-FR R R Pk o
5 kLRI OPFRs 154,

BHAEEEN . 22 A1983—), %, M+, T#)F, T Z2HE
FEARKESFE,
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