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M. P 4 i IR B fi 11k Fe,0,@LDH (urea-Fe,0,@LDH) X i iR = Z£l (TPhP) (9 = BRF B R mod:fe, {8
AN TR PR BE 4 1 XF TPhP 25 B S 52 w7 AR 0 o 26 Tk, A @08 1 B0k, & LR (FA). T 5 R
(HA) Fl 45 I 1128 11 (BSA) SRR h A7 76 19 RAR A LY, BrAE b LIS YWy, %548 T M 85 B X urea-
Fe;O,@LDH W[l TPhP (540 . 255 M . B @b £V THE , urea-Fe,O,@LDH X} TPhP 1) 3B % e T = Ja
AR, Ym0 b YR 3 9 100~200 mg:L 0, urea-Fe,O,@LDH Xf TPhP 2 [ %R & 3 76 [F — 504 H ik BT, Bl WOk:
KBLAE B/, TPhP 2 B R A R R A B 2 1 W b A BILW) ok B2 38 K, TPhP 25 R SR A BT BRI, HL 7€ pH=6 i X}
TPhP (1) 23 % % 5 T 78 pH=4 o pH=8 I3t B 1) 25 BR %, iV W BT 3 78 LA 19 43 F o 2 X TPhP 25 Bk 2 14 5% i R
K3 Br AETEXT TPhP i 25 R 3R B A5 5% . urea-Fe,0,@LDH 2 [ TPhP HA7 B 4F A BREEE 1L, LA B AR5 4% 5l
by HAE SR K A R R 2
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BELAZA 2 iz T 280k AR RN AR b, FHOR BN RE R nT R PED, 2012 4F, v B AT BLB FH
PR =k 17.9%10% ¢, 7EA HLBEBHEL R, B2 — KR (TPhP) 2 —FhE = &=, TR &
LG AL SO K T g R I £ B, SRR b R K T %) TPhP B =ik 150 ng' L' AE
HHEAAMEYT., TPhP MR EE AT LATKE] 65 ng L' BLAh, FEMRIA A9T5 KA B H kGl £ T TPhPE-L,
TE R 55 B Y TPhP 23 38 2 Tk & 3 AR R g i A, E T 5| A 28 e ) 8, A AR R,
TPhP X IEIG AR . MARGM ARG LA HFHEN . X FHEBAY RS A, MEETF 0.10mg L™
TPhP i}, XP.0MEAE HAE RMBEEEM; @i % 288 T 100 pg- L' TPhP B9 S AF B8 5 fa i A= ) &
FRARC TS, & AR Y TPhP ¥ BF Al ik 3.12 pgeg 'V, NI, JF & —FhA a9 a8 L 22 Rk
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o1 TPhP $44E 0517 o

AW R, JRE H AEH L Fe;0,@LDH (urea-Fe,0,@LDH) Xf TPhP £ 1 T K 4 i) & Bk
B, BRI 0% LI b, R Rk 589 me-g !, ELA 0 A W BE A L R R Rk
49.9 mg-(grmin) ', H. B 5 B XTI B B2 M B /0N o T AS [R) P 15 A% A 52 i) WA RS Ao R v 25 40 5 B AR B AR
FH, % %% urea-Fe,0,@LDH % [ TPhP 52 BRI 45 (1) 5 Wi 155 1 S TE W47 .

RIRIKME P AEAE G B TR ORI, M 7K rp o I 14 1) SF- 259 B2 29 200 mg- L', 4 S bl o 155
T, HATREET 500 mg L' 7RI SRR MUK, RIURIAE XS 25 5 DLRE , ORI AT MLEE TS B
BT, S B05 R RFEn R s /INBURL2S 5 78 SE PRz 2l K AR sl 52 i PR 2% 08 T 2%, T
5150 E 28l 55 mls gL Py LB U KR S i AF AR ) R SR HL Y (natural organic
matter, NOM) 1 R 20 A2 W52 B 590 119 2 11 Aoy 258 0 7K P ARG Pk S5 Joi 5 M MR S 7500 8 K AR AR5 v A
S8 MRS e W 1) 25 BRI SEBRIE K R — A AL TE AL TS Y A AE Be AR — R ML Y
CATHE, FER AWK, MK Tk KR KA, A R i ) ) 288 i {1

SEBRAK A SORL Y B R SRR ), R R (FA). JEBE R (HA) ] s vk ik Py |l e
Y1 (SMPs) J& NOM 19 i B 220 43 o A58 A e 08 L BCUB0R 0, I as HERR . 1 1R R4 Il 3 1
1 (BSA) BEUK R R AEZE A HLY, DL R BeAE M HLIE e ¥, %45 T DL b3R5 4 14 Xt urea-
Fe,O,@LDH W [f} TPhP Ay 521 . F1] ] urea-Fe,O,@LDH W B 51 (% ¥ 107 45 14 A1 BA 25 7 S e bk, IRAT
it W 5 R e A LB TS G W i L BB, LUIOA urea-Fe,0,@LDH 7 52 bR /K AR BR 85 v Z2 B A HLIE V5
Loe 2%,
1 MB5RF*®
1.1 Zham Rt

W R — K e (465 >98%) . X H A% 5L S 502 g AN U &0 vk g (THF) 1 [ 22 se kB fRBH A R 2
A), Fe,0, Fll 3-2 N K& = & %8 5L 6k ¢ (APTES) W 3 Bl v T A= AL B 52 e A BR A 7], Na,CO, W H
Sigma-Aldrich, Mg(NO,),"6H,0. AI(NO,),"9H,0. FA Fl HA Iy [ & 2 k=K%, BSA W H |4
MR ARAA .
1.2 S HTNER YRR

I FH 155 REOBAH € 3% HPLC 0 2 5 W h ) TPhP W B, WU K 204 nm, 37 8l AH Ay FH IR A
TRB B0 70%, Foh 1.0 mL-min "o F NOH ZEU JF % (1) J5 2 i A RHI Z 2 FL AT (pHpp0)0 R
FH AR B A8 0 27 AR 43 566 BETE (FT-IR, Nicolet iS10, ZEER K /RBHL A 7, 35 ) 46 00 41 BB AE
o KM Zeta AL HTALAZS90, B /R SUALER A BR AR, ) W st AR A o FH A0 AT I 43
6B A HLIAE 250 nm(E,) . 365 nm(E,). 465 nm(E,) 1 665 nm(E,) &b iYW 6
1.3 MRS Al &

$ 0.35 g 11 Fe O, 4 KRR 75 73 #07F 30 mL 55 T 7Kk, 5 15 mL % NaOH (0.76 g) il Na,CO,
(0.64 @) AT, EHHET, W 15 mL 9 Mg(NO,), 6H,0 (2.32 g) Hl AI(NO;),-9H,0 (1.13 g) IR & #
WM AP'=3:1), HiFE 20 mine RJEFFE, BUB LW 20 mL, FFNA %R L ZFE, #HFE 10 min,
BIREWEA 110 C i 2 R FF 12 he BB EIABER ZE 9, 7860 C N T, BRES 2|
Fe,0,@LDH ¥}k . ¥ Fe,0,@LDH 4 #(#£ 100 mL Z 1, il A APTES (0.1 g), 7£ 80 °C F I3 10 h,
ok . PE . TG 15 5] NH,-Fe,0,@LDH. K5 2 (41 L 20 508 THF Hr,  Jin A K H 2 356 53 0 IR 1
0.03g, =T, MMM 24h, HOBEFKBEE, T 60 °C F T4, 1435 urea-Fe,0,@LDH,
1.4 R B 570 A9 1 A8 T

UM B 1.9 mg-L™"' i TPhP 9 500 mL, fil A 10 mg-L™' W B3], LA 200 r'min™' $i6$F 6 h, A
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i TPhP FIKN A 7 BE () UKL . FA. HA. BSA MR A, R JH 0.1 mol-L™" HCI Fil NaOH ¥ 15 7
pH. TPhP I Br IR A AR v, R+ TPhP ¥ [ A48, Br A0 AW b 10 mg- L', W BF 50145 i
4100 mg-L™o 25 B AN B R AR 2 (1) At 2) AT AL

n:%xm()% )
C,—-C)V
qlz% )

e g HEBRRE; C AW WP TPhP WV, mg'L'; C, A [alz i TPhP B ¥ , mgL™';
¢SV E], hy VR IRESARER, L g, A IFIE] ¢ Y ERASL BT i B A IR B, meeg s m IR
BRI, go
2 #ER5TR
2.1 BRI

P 1 g A [ e JiE DR A% 19 185 02 - X% urea-Fe,O,@LDH W [} TPhP B 52 25 5.t & 1 /41, 7EHH
EE IR RO X s l%} e A e BE X urea- zz2200~450 pm 74~200 um
Fe,0,@LDH % [%: TPhP 75 th — & Ml bk, 2 AN\ 3074 um B2 <30 pm
BABIR 2 €/t = e o (A RER o O B T i T 1
4 200~450 pm B, @E U4 A 0~100 mg-L', 80
Bifi %5 ¥ B 0 185 K, urea-Fe,O,@LDH X} TPhP Y
B 88% HE T F) 98%; Y I + ¥ EE>100
mg-L™' [}, TPhP 25 Bk 0% A7 F [, 1 98% [
K2 78%. X J& H T & 08 1 X TPhP A — & 1Y
W RHEF (] 2). M4 mid 3R EE3E K 2 100 mg- L™ 20
BF, TPhP 2% BR R 0 2] 37%, b5 = 08 £ i ‘
BE R T, R b R R St R T B 2
TPhP, Kb, 3% TPhP Y L BRRAa BTt & .
B 5 U e B g Ak S . TPhP-fY 25 4 28 [ 1 ARIREFNZE SR L3 urea-Fe,0,@LDH
{66, 3R B S 85 05 K0 T B 55 TPhP i) RS TPhP K921

Fig. 1 Effect of kaolin with different concentrations and
% IR b LR
P A o i e A VR 500 mg-L i, TPhP particle sizes on TPhP adsorption by the urea-Fe,O,@LDH
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Fig. 2 Adsorption efficiency of TPhP by kaolin



98 ok L B ¥ W LAARE

I+ XF TPhP B 25 Bl A1
22 BHYIHS G

H T NOM I fb.2% o3 T 25 K Ltk A [R], 5055 0 ek ] i R 0 45 45 1 4 AR L3306 B S [R) 09,
K, NOM £ 7E FIAS[R] 43 7 i i A B X urea-Fe,O,@LDH W [ff TPhP B A — & AU 0. 83 K
NOM 1 () FA. HA Fll BSA X urea-Fe;O,@LDH W [ft TPhP [ 5% i 45 5 o W &l 3(a) Fi 7, 764 [A]
pH &E T, MW P FA W 0 mg L' #4 K %) 200 mg-L™' i, urea-Fe,0,@LDH %} TPhP [ [ %
A% o urea-Fe,O,@LDH W [t TPhP < & & Ao AH BLAE AT, WRBAEF0) %) 55 3 22 10.5, E pH R 4~8 B,
FER A EH A (pH,>pH), 11 FA PR REE | D530 . MR EEE . Ry R4S | ok SRR 1R 1 Ak
0 fifE B 0 FA 5 AT, 5L AT W B 3] urea-Fe,O,@LDH 17 , 5 35 R 0] € 0 o foF 52 020, AT
{45 TPhP 1) KB RAT BT FEAR . 7 FAWRBEAM RSO T, 7€ pH=6 1, urea-Fe;O,@LDH X} TPhP
F B T pH=4 1 8 I X 1Y B2 . H & 4 Al 1, pH 7E 4~8 IFf, urea-Fe;O,@LDH f) Zeta Hi {3/
hIE, W BRI R A E AT, LSRN K, Bk, TPhP 2k B AR Ak B B H I A i Al e faf i
pH 22 LT B/ . TPhP AR R 56 A h U R+ HA m BT =% B, (845 TPhP kA it 1k, )
B 500 545 1E FLfer (%) TPhP A B HER 5 BEE VAW pH W FHi, A0 A s, I35 3 18 55 TPhP 2
] HE R D055, A 670 R far A9 S0 RIHY L PR A f0 WA F 700 3 I 22 (D) i LV 3G 5, k5 3% TPRP R 2%
BrBPE R RSNV pH, TPhP tf O=P JL A% IF fafar , W B 7755 TPhP Ho i i i ik P & A= ik
JFAERRY, fe & S TPhP 1Y B R A P FEAR
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Fig. 3 Effect of FA, HA and BSA on TPhP adsorption by the urea-Fe,O,@LDH
€ 3(b) & HA %} urea-Fe;O,@LDH W fff TPhP S0r
(9B % S 4 pH=6 FLS B . B2 HAVE IS B0 “'{\\q
ijty TPhP %@%%%Z%%o iﬁﬁ T-TT *HE 30 - J'\I

YEHT, HA W il 7 urea-Fe,O,@LDH # £ K 1 ,
BB 90 0 K R i 075 B K 0
TPRP 5 U I 7 bR T . WA AR T |
TRHP W00, AT, HA 22 B3 R4S Fy ol \\
55 TPRP fi] {4 m-n HH T 1 Ji {2 386 T TPhP 1 H 45 {
HA [, [FIAET{# TPhP LG R A A s, It

20

Zetali {ii/mV

1 1 1 1 J
4 6 8 10 12

I HA FIE B 55 25 BE % J5 Bk TPhP, WANG %5 pH
I 2 FOAS R B BE 7E HA B9 A7 7E T W B A AL 4 Urea-Fe,0,@LDH &Y Zeta B8 {i

BEHARSR, LBRREEH HA W 093 i R A PR +5 Fig. 4 Zeta potential of the urea-Fe,O,@LDH
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fE 5, o TPhP 2 B 6 HA Ve B A9 3% KM %5 . PANG %™ (9 iF 58 R B, W4 7E MOF fiik £ Bt
A HLBE SRR A Z 2 HA 9520 . SRTAT, HA AT LA Pk B2 85, AT RZ i ¥ e 1 BRI,
R, 7F pH=4 B, Fifi HA WREEF- 5, TPhP (1 A BRZFEFEAC . BLET BT+ 46 9 TPhP 47 1F B faf, AN 55 ¢
R £ Y 1IE F 1) urea-Fe,0,@LDH i b, 1 HA & KEBRYEN S, 255 W HHEW A B, &
T AR A S, BE HA W TF i, urea-Fe,O,@LDH %} TPhP 1255 i/ . HA Xf TPhP i £
B R Bl ok B T TR E , i {K T urea-Fe,0,@LDH™, # 35 TPhP %[5 K[ (% .

& 3(c) M i Fil BSA A% 48l SMPs {15 0L K, H: X} urea-Fe,O,@LDH " fff TPhP 520 45 5 . 7£ #H 7]
pH 14T, B BSA M 34 K, urea-Fe,0,@LDH % TPhP [ 2[R RIEAL. & H T BSA h & A
K @I IE, 1l 4 urea-Fe,0,@LDH 3 [ 1 W ff 37 55 5 BSA A i i (pK,=4.7), %55 %
W BFF A 7 I R ARG U B SR e 1T, O HLHCk B i = T TPhP, (5 4 urea-Fe,O,@LDH {9 7if P {7 sk £ |
TPhP (1) K BRF AL, HeAh, BSA A —&E L EEAEN, FLAEUE 0L (F MBI A i e , AT BSA Xf
TPhP (1) KB F M4 K . TPhP (1) 5 BR R AE pH Ry 6 (9 554 F = T pH=4 M 8 (ML T, &R
FA. HA X} TPhP 23 FR3BMY52 M 45 1 — 0. YU pH=6 F1 8 i, BSA 7 i rLfar, g W BT 21 41 L
K1, &8 urea-Fe,0,@LDH W7 5, S50 TPhP 2 (R Pk R [ 5 24 W (1) pH=4 I}, BSA Ffi
HWEIEHLAT, 7 PR R B ARG L s 3D, AT TPhP 2 BR% R R AR 418 .

AN TR) A HLY 1 2 10 b 2 M 0 0 25 BRSR B 2 R [R) SR 5 HG G I o 0 RN A ML VS e i AR
L, SR AN R IR EJE, Tl EJEANE A WLYIDY B MR P 8 5™, andk 1 i, NOM [ 5
B e A PEXT L FASHA>BSA, FA Fl HA 3R & A1 8 2 09 R IR 55 05 T 3L MR AR 3t | BRI S it
FEP, HL, HEEWEE o non AH B AE AR R AE EAE W B 3 urea-Fe,0,@LDH I . 164 HLY e &
KT 50 mg- L' B, FA. HA REWE WL FFF3 44k
T, F A A R AR I SR RE Ok W
TPhP, {#i15 TPhP LFR R e, HEMA

x=1 BRI R

Table 1 Property of organic matters

Rk, TR BSA B9 E LR AR SR s e PTRMDe B £/,
24, (B FCRF TPhP W2 J1 55 488 TPhP % " - e %
G S A ARG 47 Y A WA e e HA 0 s 73
urea-Fe,O,@LDH 2 i W i 55 245 HL4, W b 5 HA 0.8-1.4 3.36 6.9
5 TPhP % fill R PG, JR E B BEHTXT TPhP W [ HA 20 3.23 6.6
fie S0k, TPhP 2[4 R FHAK . BSA 66 1.10 12

W, FARF B8N, /T 0.3 kDa;
HA 19 53 F B i — g JLE BT, K384 3.5, 0.8~1.4 Fil 20 kDa; BSA 4 F JFi &t 20 24 66
KDa, A4 T A4 MUY FE urea-Fe,0,@LDH L3 4 4 BOM WL AR AT BF AR . 18 S A7 L
73 ¥ Ji X urea-Fe,O,@LDH W B TPhP F52 M0 2528 . A HLY % O 0~40 mg- L™ I, A7 HLY) 73 ot
i 4] urea-Fe,0,@LDH W fif TPhP Y 2 BR AR LM AN K, 31X 2 1 T W B 32 AR5 B RE 141 10 A J2 I BA 591
AfLIE . Hob, R[4 7 i HA X urea-Fe,0,@LDH W Fff TPhP Y ZCRA — @50 . 24 HA WRJE N
0~40 mg-L " I}, urea-Fe;O,@LDH X} TPhP % [4 S Hg A MK, >4 HA V& B 4k 234 ik, %F TPhP (1) %
B A0 B . HA AT (5 4% urea-Fe,0,@LDH 4 6 2 1 0% B 37 15 1B LB, 400 7795 e W 1) 5 6
TPhP £ BRFFEAK s [F] I HA REAE WM A MLBE L G, 5 Wik PElios . 5 HA Z 1) i I B 22 4
Bk, AR TIBEZ R, TPhP KBR3 1T,
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Fig. 5 Effect of organic matters with different molecular weights on TPhP adsorption by the urea-Fe,;O,@LDH
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urea-Fe,0,@LDH X} TPhP 2 [ % [ 52 M 25
gh LR, urea-Fe,0,@LDH X} TPhP fff] 2= B %
FE R I B A B RS2 e, i X Be ) KB
HRik# 53%, I, urea-Fe,0,@LDH 1] L) [a] Hif
W Fff TPhP A1 JC AL B B F Br . 7N urea-
Fe,0,@LDHW fff TPhP i J5 ) FT-IR i . H
7 AT, WZ B TPhP J5, AR T H 00 LR
fIE g, 7E 1 544 cm™'4b B N—H 0§ A FT 98 55
71116 cm ' AbY C—OWE R} Hy L N—O #k 3l
I, X 3% B urca-Fe,O,@LDH Fl TPhP 2 [a] f7-7E
Fr AR, 78 1519 om kb 4 2K 3R 78 W B &
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Fig. 6 Adsorption efficiency of TPhP and Br™ by

the urea-Fe,O,@LDH

TR, R T I IN R e A EAEH . AN, 7E 1370 em™ AL COT RS, FB] TPhP %
A kA LDH JZ[E . JA Br A% B i & T TPhP, X # W] TPhP Ml Br 7£ urea-Fe,0,@LDH F % A &
A e G M, Bronl GEIE O B - 2c e iE AR ], X2 Brom ek R A48 1 A . urea-Fe,O,@LDH W
B Br 5 & Oh— 28l 1% 7 FE (R=0.995), Br 71 W BiE 7] 2 1 hy B 2 W R (1 8). dBLad 3l ) 2 S 4
A0, Br By s KW K 55 mg-g !, W EH R A 11.9 mg-(g-h) .
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before and after adsorption Fig. 8 Adsorption kinetics of Br” by the urea-Fe,O,@LDH
3 g

1) FIFH & 08 B AR BAUBORLY , Y 08 1Mk B 0~100 mg-g ' B, Bl 2 LV BE A T, Wt

FIXF TPhP i £ BR R BEZ 80 ; Y d -k E>100 mg-g ' I, TPhP £BRFRIgA T fER—HkE

& B R HRORDRLAR AU, TPhP 25 BRRBEZ (R =08 - XF TPhP BAT B, K BRR

B RAEIAF] 40%, H 4Bk K /NN 74~200 wm BF, X TPhP it W B 250 5 i o

2) I FA. HA il BSA B4 K AR P A2 7E A ALY . FEARTR] pH 2508 T, BEE W D A LY i B2
(I3, TPhP 425 5 R4 TR 7E pH=6 I}, TPhP ¥ £ % % & T pH=4 & 8 I Xf B 19 £ BR%K; 4>
F I X TPhP 25 BRF AR A K

3) urea-Fe;0,@LDH X TPhP 1) & BR AR R4 37 3] Br A £ W52, H RE W2 [F] i) 0 B Br,
WORIRF 53% Zedy, B EIA S 55 me-g s WA LBk Br A5 & O — a8l Ji2# i, BORBRZ M

4) urea-Fe,O,@LDH W [ff T2 2245 R 2 5 GE 415 TPhP [ B L AEH M n-n /EH ;. 7 — B MR

FlN, urea-Fe;0,@LDH % Fi TPhP ZZ /R{Kh WOk d) . A WL A TCHLI B TR g/, J&—Fh RBRIE

KA A8 IS Y L HJE TPhP (149 R 40 B 71

& Z X Wk

(1) SR, VIZENE, XUHVE, 45, S0 R TUE B2 IH i 7 VA v A YR 2R BELIR R R R B84 S B B ). BB TR0,
2016, 10(10): 5937-5942.

[2] GU J'P, SUF, HONG P P, et al. '"H NMR-based metabolomic analysis of nine organophosphate flame retardants metabolic
disturbance in Hep G2 cell line[J]. Science of the Total Environment, 2019, 665: 162-170.

(3] /TEO T L L, MCDONALD J A, COLEMAN H M, et al. Analysis of organophosphate flame retardants and plasticisers in water
by isotope dilution gas chromatography-electron ionisation tandem mass spectrometry[J]. Talanta, 2015, 143: 114-120.

[4] WANG X W, LIU ] F, YIN Y G. Development of an ultra-high-performance liquid chromatography-tandem mass
spectrometry method for high throughput determination of organophosphorus flame retardants in environmental water[J].
Journal of Chromatography A, 2011, 1218(38): 6705-6711.

[5] PANG L, YUAN Y T, HE H, et al. Occurrence, distribution, and potential affecting factors of organophosphate flame

retardants in sewage sludge of wastewater treatment plants in Henan Province, Central China[J]. Chemosphere, 2016, 152:


http://dx.doi.org/10.12030/j.cjee.201604027
http://dx.doi.org/10.1016/j.scitotenv.2019.02.055
http://dx.doi.org/10.1016/j.talanta.2015.04.091
http://dx.doi.org/10.1016/j.chroma.2011.07.067
http://dx.doi.org/10.1016/j.chemosphere.2016.02.104
http://dx.doi.org/10.12030/j.cjee.201604027
http://dx.doi.org/10.1016/j.scitotenv.2019.02.055
http://dx.doi.org/10.1016/j.talanta.2015.04.091
http://dx.doi.org/10.1016/j.chroma.2011.07.067
http://dx.doi.org/10.1016/j.chemosphere.2016.02.104

102 ok L B ¥ W 5%

245-251.

(6] #ats. A HLBARRRI(OPEs) X o1 Z kM| A S48 AL FE [D]. F it R AR, 2018,

[7] DU Z, WANG G, GAO S, et al. Aryl organophosphate flame retardants induced cardiotoxicity ~during zebrafish
embryogenesis: By disturbing expression of the transcriptional regulators[J]. Aquatic Toxicology, 2015, 161: 25-32.

[8] WANG G W, DU Z K, CHEN HY, et al. Tissue-specific accumulation, depuration, and transformation of triphenyl phosphate
(TPHP) in adult zebrafish (Danio rerio)[J]. Science of the Total Environment, 2016, 50(24): 13555-13564.

[9] HAO M J, GAO P, YANG D, et al. Highly efficient adsorption behavior and mechanism of urea-Fe,O,@LDH for triphenyl
phosphate[J/OL]. [2020-02-14]. Environmental Pollution. https://www-sciencedirect-com.proxy.lib.utk.edu/science/article/pii/
S0269749119339211.

[10] CHAI C C, LEE Z H, TOH P Y, et al. Effects of dissolved organic matter and suspended solids on the magnetophoretic
separation of microalgal cells from an aqueous environment[J]. Chemical Engineering Journal, 2015, 281: 523-530.

110 IhEAL, o2k, XN, 45 RS AR PRI X U A DLBE RS SR [). FREE T A2, 2017, 11(3): 1605-1614.

[12] PRASERTKULSAK S, CHIEMCHAISRI C, CHIEMCHAISRI W, et al. Removals of pharmaceutical compounds at different
sludge particle size fractions in membrane bioreactors operated under different solid retention times[J]. Journal of Hazardous
Materials, 2019, 368: 124-132.

(131 XK, T—, ¥, 4. GRS E AL VB A 245 I M S5 IR AR (0], PREERA 5 HR, 2018, 41(11): 93-99.

(14] £ RER, SLAFRE, TEIT, 55, AHUNEFOHREE-HOE -8 2 Bk T B G R 12 R [J]. FREE T RES441, 2016, 10(7): 3634-
3640.

[15] VAARTNOU M, LUST E. Adsorption of bromide ions at the Bi vertical bar gamma-valerolactone and Bi vertical bar
propylene carbonate interfaces[J]. Journal of Electroanalytical Chemistry, 2019, 851: 113438.

[16] NOH J S, SCHWARZ J A. Effect of HNOy treatment on the surface acidity of activated carbons[J]. Carbon, 1990, 28: 675-
682.

[17] GAO P, SONG Y, HAO M J, et al. An effective and magnetic Fe,0,-ZrO, catalyst for phenol degradation under neutral pH in
the heterogeneous Fenton-like reaction[J]. Separation and Purification Technology, 2018, 201: 238-243.

[18] SHEN M, HAIL X, SHANG Y, et al. Insights into aggregation and transport of graphene oxide in aqueous and saturated porous
media: Complex effects of cations with different molecular weight fractionated natural organic matter[J]. Science of the Total
Environment, 2019, 656: 843-851.

[19] WANG W, DENG S, LI D, et al. Sorption behavior and mechanism of organophosphate flame retardants on activated
carbons[J]. Chemical Engineering Journal, 2018, 332: 286-292.

[20] LAZAREVIC-PASTI T, ANICIJEVIC V, BALJOZOVIC M, et al. The impact of the structure of graphene-based materials on
the removal of organophosphorus pesticides from water[J]. Environmental Science-Nano, 2018, 5(6): 1482-1494.

[21] Z5da, S, SRR, ¥ I35 0 40 K Fe,O,/7K Jit T NOMIM B 3 8 Hh g ZK 0N 152 T [J]. 3445 TR 2441, 2012, 6(6): 1817-
1822.

[22] WANG W, DENG S, LI D, et al. Adsorptive removal of organophosphate flame retardants from water by non-ionic resins[J].

Chemical Engineering Journal, 2018, 354: 105-112.


http://dx.doi.org/10.1016/j.aquatox.2015.01.027
https://www-sciencedirect-com.proxy.lib.utk.edu/science/article/pii/S0269749119339211
https://www-sciencedirect-com.proxy.lib.utk.edu/science/article/pii/S0269749119339211
http://dx.doi.org/10.1016/j.cej.2015.06.108
http://dx.doi.org/10.12030/j.cjee.201511033
http://dx.doi.org/10.1016/j.jhazmat.2019.01.050
http://dx.doi.org/10.1016/j.jhazmat.2019.01.050
http://dx.doi.org/10.12030/j.cjee.201509052
http://dx.doi.org/10.1016/j.jelechem.2019.113438
http://dx.doi.org/10.1016/0008-6223(90)90069-B
http://dx.doi.org/10.1016/j.seppur.2018.03.017
http://dx.doi.org/10.1016/j.scitotenv.2018.11.387
http://dx.doi.org/10.1016/j.scitotenv.2018.11.387
http://dx.doi.org/10.1016/j.cej.2017.09.085
http://dx.doi.org/10.1039/C8EN00171E
http://dx.doi.org/10.1016/j.cej.2018.08.002
http://dx.doi.org/10.1016/j.aquatox.2015.01.027
https://www-sciencedirect-com.proxy.lib.utk.edu/science/article/pii/S0269749119339211
https://www-sciencedirect-com.proxy.lib.utk.edu/science/article/pii/S0269749119339211
http://dx.doi.org/10.1016/j.cej.2015.06.108
http://dx.doi.org/10.12030/j.cjee.201511033
http://dx.doi.org/10.1016/j.jhazmat.2019.01.050
http://dx.doi.org/10.1016/j.jhazmat.2019.01.050
http://dx.doi.org/10.12030/j.cjee.201509052
http://dx.doi.org/10.1016/j.jelechem.2019.113438
http://dx.doi.org/10.1016/0008-6223(90)90069-B
http://dx.doi.org/10.1016/j.seppur.2018.03.017
http://dx.doi.org/10.1016/j.scitotenv.2018.11.387
http://dx.doi.org/10.1016/j.scitotenv.2018.11.387
http://dx.doi.org/10.1016/j.cej.2017.09.085
http://dx.doi.org/10.1039/C8EN00171E
http://dx.doi.org/10.1016/j.cej.2018.08.002

%1 TR IHEEE . BRBE SN IR B A {b Fe,0,@LDHEBR TPhPHI R 103

[23] PANG L, YANG P, YANG H, et al. Application of Fe;0,@MIL-100 (Fe) core-shell magnetic microspheres for evaluating the
sorption of organophosphate esters to dissolved organic matter (DOM)[J]. Science of the Total Environment, 2018, 626: 42-47.

[24] WANG X L, SHU L, WANG Y Q, et al. Sorption of peat humic acids to multi-walled carbon nanotubes[J]. Science of the
Total Environment, 2011, 45(21): 9276-9283.

[25] WANG L, LI Y T, WENG L P, et al. Using chromatographic and spectroscopic parameters to characterize preference and

kinetics in the adsorption of humic and fulvic acid to goethite[J]. Science of the Total Environment, 2019, 666: 766-777.
(R 4. s I, FRpaAE, KA W)
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Abstract The particles, organic matters and inorganic anions in the actual water have important influences on
the adsorbent stability and the removal efficiency of pollutants. The prepared urea-functionalized Fe,O,@LDH
(urea-Fe,O,@LDH) showed a good performance for the triphenyl phosphate (TPhP) removal, but the effects of
different environmental conditions on TPhP removal are still unknown. Based on this, the kaolin was taken to
simulate the typical particles, fulvic acid (FA), humic acid (HA) and bovine serum albumin (BSA) were selected
to simulate the natural organic matters in the 'water, Br  was taken as an inorganic pollutant. Then the effects of
the environmental factors on TPhP removal by the urea-Fe,O,@LDH were thoroughly investigated. The results
showed that the TPhP removal efficiency by the urea-Fe,O,@LDH increased first and then decreased with the
increase of kaolin concentration. When the kaolin concentration was about 100~200 mg-L ™", the TPhP removal
efficiency was the highest. At.the same kaolin concentration, the TPhP removal efficiency decreased with the
decrease of the particle size. With the increase of the concentration of organic matters in the solution, the TPhP
removal efficiency decreased, and the TPhP removal efficiency at pH=6 was higher than that at pH=4 or 8. The
molecular weight of organic matters had little effect on the TPhP removal efficiency. The presence of Br™ had no
effect on the TPhP removal efficiency. Thus, the urea-Fe,O,@LDH showed a good environmental adaptability
toward TPhP removal. The‘above work provides a reference for the application of the adsorbent in the actual
water.

Keywords - urea-functionalized Fe,O,@LDH; triphenyl phosphate; adsorption; environmental conditions;

removal efficiency
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