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Research progress on treatment technologies of

organophosphorus flame retardants derived water pollution
XU Yingying,ZHAO Qiuyu, CHANG Zhimiao, YU Xiangfei
(Key Laboratory of Songliao Aquatic Environment , Ministry of Education ,
Jilin Jianzhu University , Changchun 130118, China )

Abstract: Since the prohibition of brominated flame retardants worldwide , organophosphorus flame retardants(OPFRs)
have gradually replaced them as mainstream products with increasing consumption. However, the widespread use of
OPFRs has caused large-scale pollution of the water environment, and pose a serious threat to human life and health and
aquatic organisms through the food chain. So, it is urgent to develop efficient OPFRs water treatment technology. The
research findings of four major OPFRs pollution control technologies (i.e. microbial degradation, advanced oxidation
process, filter membrane and adsorption material and ecological remediation) in recent years were reviewed , and the
treating performance , removal mechanisms, advantages and shortcomings were deeply analyzed. Taking typical chlorinated
OPFRs as an example, the treatment efficiency and practical application potential of each technology were compared
and analyzed, and the future research direction was prospected. It is hoped to summarize experience and provide
suggestions for developing green, economic and efficient OPFRs degradation technology in China.
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Table 1 Physicochemical properties of common OPFRs
$e ) . = PR VA i i IR A IEFEK
e i it CAS No. LR B (25 °C) (25°C) WE AR
Cl.
Wik = (- L)l TCEP  115-96-8 Io 7 000 1.46x1072 0.3 1.44
Cl/\/"\‘l/o\/\U
ClL.
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I
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Table 2 Characteristics of OPFRs degrading bacteria
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Serratia odorifém[lgJ 2 mmol/L 1/4 30 HAC B -
TBP Rhodopseudomonas palustris: 14) 2 mmol/L 21 70~80 STt —
Klebsiella pneumoniae §3020) 1 g/l 2 70 AR KA H
Sphingobium sp. Strain RSMS'" 10 mmol/L 1 100 i 5 A0 B KA A
B#EYC-BJ1™Y 100 mg/L, 4 99.8 T 5 K i Ve
Sohing Sumot, MO 922 B K AR R R
B ZY 12 1 mg/L 1 100 — K il A RS A AR
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Sphingobium yanoikuyae YC-XJ2''® 100 mg/L 1 99 ik 5 IKfFAE
Aspergillus sydowii FJH-1'2%) 20 mg/L 90 — IR AR AU AR T
HREYC-BJ1 100 mg/L 4 16.5 T U5 —
P e e 0 = KA
B YC-BJ112Y 100 mg/L 4 22 (3 —
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b e o o 0w 2100 A ST
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T2 5 2 CE B A (14 B RS 06 Sl = Sl ey P A=
g5 F IR A W i B R X S48 OPFRs [



ik b 5aR

Tl K AR F 2023-05,43(5)

fiff 25 A g, HL X A OPFRs B W i AT A7 A A 39
K B RAR P R P AR SR S ) A [ X
T F% fi# OPFRs 19 B ¥k (Bf ) L 2 2 TPhP #1 TBP 45 3
S A OPFRs 1Y [ fiff T Ak (B ), X 3k B i 1) S8 AR
OPFRs [ Pk (B ) # 18 F1 g A A D T, Kok
BN 56 T e i S0 OPFRs K H: Hb 8] 72 ) (1 % it
HUBE 38 2ok 552 155 ol A 0 % fie ook R b 0 0 il 1) L
JE NG PRI I 3 1 A

2 BHREMAEAR

H BT 5 T 2 AL B R B i OPFRs 1Y BIF5E &
ZEP5 ] Fenton Ak DG 1k 10 DL B RAEVA AL SE B
A9 2 38 3 R s BB ™ AR B s AR AR 1Y - OH B
# S0, 7, A H il 56 Ik X B 19 OPFRs™

Fenton 15 2% %8 1k 72: 52 UL H,O0, N SE AL F] . Fe™ hy
R AT 1 — ol 359 A A Ak STk BN B B e AR
<OH fig W S ALK K 9 OPFRs. J& H J 4609 % 3
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(e7), [RIBFAEAN A L7 Ay IE HL A 25 90 (hT) , L 1
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FEL PN, G R DL ik L A28 HE B OPFRs #0 B8 2L Bk L (ELX)
K ZH OPFRs (W] 1f it &2 1k & 4 2 800~8 250 ng/L)
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BRI FINFREE R , 1 58 547 OPFRs (75 /K B,
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B 7K =3 KR B, 5 A i B EE RTS8 R e K VR
BB B AE ACs FTE IR M ACR . xR
OPFRs, EfI1AI LA ACs Z [8] 77 A m—m SEAH BLAE
WG H AT ey 00 W B AR A B A i, I Ah, OPFRs
WM L g AR 70 5 ACs b E RE I (In—OH .
—COOH Fl—NH,) iy & Ji 7 U A 8, 38 2 25 5 0
B 2R MR R R B KR BB X TCEP f W B
T A SRR B o 5T M i B Ak R A AL
A B K R SN r-r i EERS S
W Ao A 3 P e R R A7 T 3 R I R, By AR AR
P e W R P T B S ARG ORI 3 1 L (R K
PR e M T IR A R o 53 A, pHOGE R ) I
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T 1 HL Y FRE L HE SR OPFRs iy IF L B P—
O, ASFIF W B [RIRE A B V5 W 1 pHL A 23 X 1%
B 7= A 5 W, W B R A pH=3 BE s B R R, R
G W R B R fE 25 BR B 4> OPFRs, {H H b R A B 7 4=
P2 A &, AR TR R R . B,
AR RIF 5 N 25 ) F I & BRA BB ) 5 AL
AR URTE YL /N AR I D 1 RN R B A R
4 EXBEEAK

SR R R AR S RS B T BE 1, A
N T, 38 20 B 38 0 A2 25 R G0 % A0 WK 52 0 R 1k
PEERIT 1) & AR, N T3 b 2 1 3 0 2R B B
RZ— e i BB R OPFRs £2 AR . A T8 il

T A R AT R R B B A AR AR S B s K
OPFRs F A R, XF OPFRs Y 22 55 5% 18 7] 35 80%
PL b, HA R G40 OPFRs 25 B K o (82.28+7.48) 9% 5 it
HIE AR OPFRs, W TCEP £ Bk 4 (48.37+9.52) % , TCPP
EBRFE N (63.76£10.25) %" . KM YK TCPP By &
bR B K AFE, Pan QIN 2 HF 57 K BRI A AE 9 1
N T8 H X TCPP /Y 25 B 38 29 02 ToAE ) N T3 i 1%
2%, X5 B A B FE R KB /N R R oK L B
OPFRs 45 5 — 2, A4 %) OPFRs A — & W i Fl 7
i BRI E T o T A A A Y R R TR
Mo P TCPP WY IT 8 42 & B, 4 X TCPP 1 & 4 2 22
LEPAEAR TR (43.72~52.31) %, f71E 0] L FERS I #a 0
TP PR TCPP (5 FL A% . 3 4 BRI 4 5 T 1, kK
o OPFRs & i Y 13.8% 1] g 23 ik 25 S /E I (pH A 7~
11 A1 1.9x107°~1.1x10™) Pa %148 T ILF A K ) =6
fRL R R B R N T RE A A7 OPFRs i 7 o ke 51
FIVEFHAR K, BTRRRAL N 3.3%7 . BIF9E 211 k1l 4
WA H A HETE 5 W B TCPP™Y . 3L X OPFRs A W B
A 458 3R T W R R P EE, R EAZ Y T R B KM
O3 T KN T W 5 5 5 5 Te) ) ECREAE B2 . A
OPFRs 7] 3 i #5 % K DG B4 Wik 12 Kbk,
{AS A OPFRs( 41 TCEP F1 TCPP) 7EHS P 3055 N LA &%
K AR v O H AR AZE IR RGNS IR
A WX 54 OPFRs A RS i AN B, o R 3
eI H AT 582 TCPP () 22 ff ik 2 — . J. CRISTALE
SEUSHIESE TCPP FE 47K 5 A AT UL (A=290 nm ) B fig %
29 7% , 10 TCEP AN & A . kW 2T
4 25 B OPFRs A9 i £ 2R 12, 3 oL PR 5 & (7]
P2 A5 B A W B R ) B 2 TCPP i K L i Y
33.23%"“", Tao LIU %" 3@ 1 X A T8 Mo AR PR st A= 40
TEVE G A IEA T A3 0T, 22 B 41 T8 v 119 10 2 B B i
W 5 1 T B A [ A OPFRs I fiE f1 . A A\ TR M
HE7K H OPFRs W B2 38 3k 241K, (H H X OPFRs 19 2 B ATy
AFAEAD BRI R A BRI 22 45 ), % R i)
L W0 7% ¥ R D' e fige 110 2 B AL Ak AT AS B, ok 25 v )
7 ) PP R Ao el RS B, ST R IR AR
5 ARAILGERANERAERERAEAN
T KR 4 AR X 4 &8 OPFRs 1 25 B 2 2R
e A ME LA X 43 22 5 o 0E R X HAS [R] Ak B
AR X6 i Y i % i 5448 OPFRs(TCEP) iy 25 [ % |, 15 5]
BB AR ] RO < 5 P G A AR > B — TR b B >
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# , BR )5 i Ak SN L Russel 52 v DA X oK AR T,
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Jo B AR EG R OPFRs 1T A2 P B 84 T
WAL T2 A g TG e, IR e e T
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PERTRE A SR A W HE . BRI, R ok T J 2k 1 = Al
B — TR R TR A R R OB &, A LR U B i 80 SR 1 ] B
P05 DAAR CRF ) 190 PR 158385 17 8 T o 0 B R IR S A e} 42
ARAFAENT 27K P OPFRs 25 BR800 35 22 4 [a) 31, 8
ORI 4 T R R R . AR B HR T
SEAE Y T AR ) = R ST S A AR S B
OPFRs I B fit 5 LB 0 LBRBUR A TH— "R S
TR A5 B TE IR figp 22 TR0, % 3 ok 12300 4R 114 )y =X o fi
N T4 A WL B9 N T3 4 5K 356, 8 5& T OPFRs
15 Gl 7K AR 1 3 7 L 4 AR AR i ¥ B
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Table 3 Removal pathway of TCEP by different treatment technologies

VGBI ESN FBRAE (WA T RV E  HRT) B (R fi ) i 12
ﬁ%ﬂ.ﬁiﬂﬁLL a . oH cl
-55.7%~35.3%(237 ng/L. 4.4 h) ; U

—-22%~38%(327.9 ng/L.,5.4 h)
AT R -
22%(100 mg/L.,96 h) ;
17.8%(1 mg/L,36 h)
BA— Rk
100%(2.74 mg/L.,48 h) ;
100%(50 mg/L.,20~25 h)

?ﬁi%%mﬁ*[ 12,22,24,30-31,49-50]
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