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Abstract The influence mechanism of natural organic matter (NOM) on the removal of contaminant by iron-based
nanomaterials remains controversial. In this study, the effect of humic acid (representing NOM) on the degradation of
decabromodiphenyl ether (BDE209) by biochar supported Ni/Fe nanoparticles (BC@Ni/Fe ) were investigated, which indi-
cated that the removal of BDE209 by BC@Ni/Fe was inhibited in the presence of HA, and with the increase of HA concen-
tration, the inhibitory effect showed more significant. The interaction between HA and BC@Ni/Fe shown that HA was
quickly adsorbed on the BC@Ni/Fe. The results of the Zeta potential and sedimentation experiment of BC@Ni/Fe showed
that the stability and surface charge of BC@Ni/Fe were effectively improved with the increase of HA concentration, indicat-
ing that the inhibitory effect of HA in the debromination of BDE209 by BC@Ni/Fe was not through inhibiting the perfor-
mance of nanoparticles by HA. The corrosion capacity of BC@Ni/Fe decreased with the increase of HA, which did positively
correlate with the effect of HA on the reactivity of BC@Ni/Fe in the removal of BDE209. Additionally, those typical quinone
compounds in HA (lawsone and AQDS), which have the electron transfer function, did not serve as an electron transfer me-
dium to directly participating in the reaction process, on the contrary, those compounds did adversely effect on the removal of
BDE209. In the coexisting system of HA and BDE209, the equilibrium adsorption capacity of HA on BC@Ni/Fe was 4.75
mg/g. Conversely, the adsorption quantities of BDE209 on BC@Ni/Fe in the absence of HA was 0.31 mg/g, which was about
1.3 times higher than that of in the presence of HA (the adsorption quantities of BDE209 was 0.23 mg/g). Moreover, in the
coexistent system of HA and BDE209, the kinetic rate constants for the adsorption of HA was 0.1854 min "', which was
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approximately 45 times greater than that of BDE209 (0.0041 min'). It was shown from the analyzed results that the adsorp-
tion rate of HA on BC@Ni/Fe was much greater than that of BDE209. Therefore, that is to say, HA could be preferentially
adsorbed onto the surface of BC@Ni/Fe. The adsorbed HA coated on the surface of BC@Ni/Fe occupied the active sites,
which hindered the nanoparticles to contact with H,O, reduced the corrosion of Fe’, thus inhibited the removal of BDE209.
Keywords natural organic matter; nanoscale zero valent iron; BC@Ni/Fe; decabromodiphenyl ether; influence mechanism
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Figure 1 SEM images of biochar(a), Ni/Fe(b) and BC@Ni/Fe (c)
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Figure 2 Effects of the concentration of HA on the removal efficiency
of BDE209 (a) and the kinetics constants (b)
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Figure 3 The removal of HA by BC@Ni/Fe (a) and adsorption kinetics

of HA by BC@Ni/Fe nanoparticles (b)
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Figure 4 Effects of HA on the sedimentation (inset, settling rate con-
stants) (a) and zeta potential (b) of BC@Ni/Fe
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Figure 5 The dissolved iron (a) and nickle (b) content leaching from the

BC@Ni/Fe nanoparticles under different concentration of HA
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KM mE BC@Ni/Fe [IJEMEE 7, #—Bm T
BC@Ni/Fe %[ BDE209.

WAL, WP T RSO S, A
B n] LAE RS BT, AFEREE HA 14 RIEW T
RS F BR FE R A S LT R ) BT, ST S R R
%, N 10 min B, ANFEIREE HA B RS H)
WEESr 8 1.818 mg/L 2.413 mg/L. 1.886 mg/L. 1.715
mg/L. 2.235 mg/L, {EFFERIE, ElH RSN &
BIe g V5 K HEBb R R B (1 me/L) iR R
P #E(GB8978-1996, 1 [H), (H2&, RMAHRZ )5, AFE
HA & R 8BS TR BE 7334 0.132 mg/L. 0.181
mg/L. 0.192 mg/L. 0.204 mg/L. 0.138 mg/L, ¥JAiHid
5 7K HE AR HE R B T (1 me/L) 1 5% v HE RS HE
(GB8978-1996, Hr[H). #RT, VR FY AR FH 40K 2 2k
Z:F% BDE209 X 3 h J&, R ERE TS EN 448
mg/LP. T 3 BRI V00 HR R B T I R U A 1) JERL TR T K
— 7 TH AWK RS A R I P 2 A R B T 53— T i BE
H HA WREM =, HA W IHEE BC@Ni/Fe KM,
FHAS T BC@Ni/Fe 5/KA ®d%fih, A0 12T
WA 7R T .
2.6 ERFEYIFERT BC@Ni/Fe Xk BDE209 HISZNH

ESRIE TR POE 9 BC@Ni/Fe Wit S35 545 T
BC@Ni/Fe 3 [H 35 PEAL s 401 S S EAT, (H 2R3
B 92 A v 78 S TR RS A BRI, A R R s H
Fris S 25 BRI, AR HA 4 BC@Ni/Fe 2k
BDE209 520 73 #r 45 R KE, TATHERT 276 A 5 10
o, JRTERE R A AT R S R AR AR AT
P FREBEAMEN, &, BAREHIESEREL
EWTE R NS FEAT B TR R AN VEH, (22 HA W
7 BC@Ni/Fe [ZRIH & 856 VAL i 3 4 F iz i K+
HA FERIAL AW S B FE 78 Y B TR RS 1A 1
. DR, FRATEEIE 1A R SR B TR R
BRI S48 Lawsone 1 AQDS %} BC@Ni/Fe
2:Fk BDE209 2. M 6 Hnl LA H, 58 BRI
Foma g 25 18L, Lawsone %T BDE209 [ 2= & E4MH11E H,
T LB A < B 1R T v, S PR 2, OB &5 TR
1k 2 F R4 Lawsone [ BC@Ni/Fe % BDE209 )25 fx %
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(100%) 53 B2 NAS[EH T Lawsone & R H111 83.64% (5
mg/L)- 70.35% (10 mg/L)- 55.75% (20 mg/L). 44.53% (40
mg/L). M4t BoKE Lawsone E{H % H £ BC@Ni/Fe
2:F% BDE209 [ 8 H R 15 FL R A B4R F hnd B
FRI5 4R 2B, A Lawsone X BC@Ni/Fe &
BDE209 M /EH LLRIVREE HA K. #FFURIH, BEk
1B VR R AE BT RS AE DR B2 i Ttk R SR
KA R SR SN, AR Rl E s . AR
TEMEA Sy A, UERS 5T R RN G, &7
A — RPN B BRAR =Y, SEOLRLEN. BT
BC@Ni/Fe EFIEEM:, AlFE45 Lawsone KA 14
WL JE R L, A A B A A TR PR =, AT A BE K
FERFRERS N TOVE R, TEBRIIE RS, B2
5 BDE209 438k = A s T, {8 BDE209 1934 JiR
A7 BNHIP. ghah, B 6(b) T LLE AR T A
AQDS & R1M T, AQDS *fT BC@Ni/Fe Z:[x BDE209
ECHNE M, 1 EBEE AQDS IR Ty, |1 F ik
B3, RMEEH)E, % BDE209 1R 514 93.51%
(5 mg/L)~ 79.65% (10 mg/L)~ 59.37% (20 mg/L)~ 49.63%
(40 mg/L). MZEHKE, AQDS T BC@Ni/Fe R
BDE209 i4#4E i /NT Lawson, 80X FhIL % ) 3 2
Ji R W] g E T 1 P R RS A A A 4 ) A [ 5 R 1

1004 a
X
3 80 7!
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L |
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] e e
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Figure 6 Effects of Lawsone (a) and AQDS (b) on the removal of
BDE209 by BC@Ni/Fe
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Rk, HA 88 (B 2R AL & ¥ % BC@Ni/Fe 2Bk
BDE209 A2 21| HL 15 3 1A FH $ i S B I 26, e 1
FIHIHIE .

2.7 HA #0n BC@Ni/Fe & BDE209 BI1EF#LHI

YRR LM BE A 2B AL S S 7w
THEIM B, AFAE G W B ik R R R B A 72, B gl
KPR PRI B H Aris Je i o B2 10, Bl 5 32 Bk
A S B A FLIXAN IS 3 2 & I 1. Devi 25 I8 72
MR AR AN K AR F 5 PCP A, PCP 1 SE P idi
W2 B 21 A ) IR S ERANOK R BR R T, B S SRR AR I D e
iR, VB PR S e AN IR . [ FEHb, Choi 2507
FE M 51 340K Fe/Pd 2% PCBs, K8 PCBs 15 56k
I AR B [ e, $E R A AR B, RN
W P 6 P A 2= Sz M AN ) B 2. [FIFEIY) Zhang
2T E BDE21 SE bR (4 M 77 AT BRI B, Bt
Je DRIE R AR R T R AR SR R AR R R E N Fe 5
T HaO B F=AE R T4, AL S &R A AE
FAFTEROE T, WP 7R 9K Bk A R R TH 1 i 4k 47
(¥ 11 70 2 4 A B AR ok Fe? Tl S Ak K
Fe'', SEEM KPR BIGK Bk R, LS
SN FR3E4T . Zhang 255 A Fe i Ji il i R £ o mi B A
SN R AT RE MR TS G Bk, BT oK R R
BIEFEEZRRE S, AR RPEELSFYRR, HTA
[R5 2 (B AR R AN [, 488 3 BC@Ni/Fe HI3E
BT NRAEARA. SEATRATZ AT szie gt nran, 1%k,
HA $21 | BC@Ni/Fe (R E R ML &, H2JF
A 7 BC@Ni/Fe Xf BDE209 2%, Hik, HA #I
il T BC@Ni/Fe FIJEM. 55, WF7E BC@Ni/Fe % fi
1 HA 3% G2 o7 H 5 A F I S R AT
Kk, FATHE HA %1F BC@Ni/Fe 2<% BDE209 [I540H
WL — 545/ Y HA 5 BDE209 & 4= 354+ [, B HA
o # BC@Ni/Fe W, L7 7E BC@Ni/Fe IR, 5
¥ 7 BC@Ni/Fe R AL A, 5201 T BC@Ni/Fe 5
KB, WD T R, TS ECT X BDE209 [ 2Bk
ROR TR,

NI, FATH A E T BC@Ni/Fe XfHAH HA,
BDE209 ¥k, PL& HA 1 BDE209 FLfi4k &
BC@Ni/Fe 735 2:F HA 1 BDE209 ({524, Hrh HA
R EEN 40 mg/L, FFRFHE—RWR B ah 122470 E
SERWE 7 R, AHRIMERISENE S3CLHER).
MEFRTLLE B, TCIREMME R T, BC@Ni/Fe Hef
PUOE HI B HA, RN 3 h, % HA HERRFREER
100%; AH/Hh, K73 h, ¥4 FHJC HA B BC@Ni/Fe it
BDE209 £ FE AN 100%, 1k &R hEE HA I}
BC@Ni/Fe X} BDE209 %£Fr#F A 64.36%. 75k, MFE
S1CGLHFHE B)H T LLE i, BC@Ni/Fe X 5L 1) HA 1)
I bt B 4.83 mg/g, HIK, 7E HA F1 BDE209 A7 {4
ZH, BC@Ni/Fe X HA [P b 59 4.75 mg/g, Mo
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Mras k& BC@Ni/Fe X HA Wbt &)L A %2
BDE209 {520, #H /23, BC@Ni/Fe X BDE209 F 1 iff
N 0.31 mg/g, ZIN7E HA # R T4 BDE209 -1 1%
P 5:(0.23 mg/g)ff) 1.34 fi5. b4k, 7F HA Fl BDE209 3t
{4775 ~, BC@Ni/Fe Xt HA U P3R5 A0 0.1854
min "' £59%F BDE209 [0 fft i3 2% % %(0.0041 min "))
45 1%, Eh/e i BC@Ni/Fe AEUE LSt HA.

120

removal BDE209 by BC@Ni/Fe

removal HA by BC@Ni/Fe in the absence of HA

in the absence of BDE209

N

o

o
1

removal HA by BC@Ni/Fe
in presence of BDE209

removal BDE209 by BC@Ni/Fe
in presence of HA(40 mg/L) v

_~ —=—BDE209+BC@Ni/Fe

—e— HA(40 mg/L)+BC@Ni/Fe

—a— HA(40 mg/L)+BDE209+BC@Ni/Fe

—v— HA(40 mg/L)+BDE209+BC@Ni/Fe
-20 0 20 40 60 80 100120140160180200
Reaction time/min

Removal efficiency/%
o)
?

T T T T T T T T T T
5] b . a 025
— ] O
o

4+ +0.20
— —~
@ 31 F0.15 @
() [o))
< 010 <
S ' S

11 , L0.05

“| m absorption of HA by BC@Ni/Fe in presence of BDE209
O absorption of BDE209 by Ni/Fe in absence of HA
O 4 © absorption of BDE209 by Ni/Fe in presence of HA L 0 00
—fitting curves ’

20 0 20 40 60 80 100120 140 160180200
Time /min

B 7 (a) HA 5 BDE209 fI5E 4+ ML sk58; (b) BC@Ni/Fe X BDE209
B FEBR )R 3 732

Figure7 (a) Competitive adsorption of BDE209 and HA; (b) Adsorp-
tion kinetics of HA, BDE209 by BC@Ni/Fe
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