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Abstract: [ Objective] Reductive dechlorination is a key pathway for the degradation of hexachlorobenzene (HCB) which is a
persistent organic pollutant. In anaerobic paddy soils, magnetite (Fe;O4) can enhance the direct dechlorination under the action of

iron-reducing bacteria and their interacting microorganisms which have a dechlorination function. The process is characterized by an
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increased electron transfer rate and enhanced chemical reductive dechlorination of organic chlorinated pollutants by an acceleration
in the production of adsorbed Fe( ), which is an effective electron donor. To improve the dispersity of Fe;O,, this study attempted
to load nano-Fe;O, onto biochar and then clarified the effect of nano-Fe;O,/biochar composite material on the reductive
dechlorination of HCB in anaerobic paddy soil and their possible mechanisms. [ Method] First, nano-Fe;O,, biochar and
nano-Fe;Oy/biochar composite materials were prepared, and their surface morphologies, crystal structures, and characteristic
functional groups were characterized. Then, the anaerobic incubation experiment was conducted in slurry systems with Hydragric
Acrisols as the tested soil. The internal relationships between pH, Eh, adsorbed or dissolved Fe( ), and the HCB dechlorination
process in the reaction systems were analyzed. [ Result ] Results showed that the dechlorination degradation of HCB was negligible
for the sterilized control treatment, indicating that the reductive dechlorination of HCB was mainly completed by microorganisms.
The addition of single biochar accelerated the reductive dechlorination of HCB by increasing soil pH, enhancing the reducibility of
the reaction system, and promoting the formation of adsorbed Fe( ). The addition of exclusive nano-Fe;0, presented a stronger
effect on promoting the reductive dechlorination of HCB than the addition of biochar alone. This was mainly because nano-Fe;O,
could significantly enhance the production of adsorbed Fe( ) through dissimilatory Fe reduction and adsorbed Fe( ) as an
effective electron donor to accelerate the chemical reductive dechlorination of HCB. Also, the application of nano-Fe;O4/biochar
composite material presented a stronger effect on promoting the reductive dechlorination of HCB than the single nano-Fe;O,4. This
was attributed to the larger specific surface area of nano-Fe;O,/biochar composite material and better dispersity of nano-Fe;O,4 on the
biochar surface. This was more beneficial for the electron transfer process in the reaction system relative to the exclusive nano-Fe;O4
application. [ Conclusion] In conclusion, the nano-Fe;O,/biochar composite material was a more efficient remediation additive for

HCB-contaminated soil compared with single nano-Fe;O4 and biochar. In the future, the nano-Fe;O4/biochar composite material can

be promoted and applied in the remediation and treatment of polychlorinated organic pollutants.
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Fig. 1 SEM photos of biochar (a ), nano-Fe;O4 (b) and nano-Fe;O4/biochar (¢ )
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Fig. 2 XRD patterns of biochar ( BC ), nano-Fe;O4 ( Fe;04) and nano-Fe;O,/biochar ( Fe;0,/BC )
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Fig. 3 The FTIR spectra of nano-Fe;0, ( Fe;0, ), biochar ( BC) and nano-Fe;O4/biochar ( Fe;04/BC )
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F1 ATEEBRNIKEZEA pH & Eh B EA9 T4

Table 1 Temporal variation of pH and Eh in the reaction systems of different treatments during the incubation

fb 3 i) Time/d
pH/Eh
Treatment 0 7 14 21 28 35 42
pH S-CK 5.2+0.3b 5.3+£0.3b 5.4+0.3b 5.4+0.4b 5.5+0.4b 5.6+0.3b 5.6+£0.3b
CK 5.3+£0.4b 5.1+£0.4b 5.4+0.3b 5.6£0.3b 5.8+0.4b 5.7+0.2b 5.8+0.4b
Fe;04 5.3+£0.3b 5.1+£0.3b 5.3£0.4b 5.6+0.4b 5.7+0.3b 5.7+0.3b 5.9+0.4b
BC 5.6+0.3a 5.8+0.3a 6.2+0.5a 6.3+0.5a 6.3+0.5a 6.4+0.5a 6.4+0.5a
Fe;04/BC 5.6+0.5a 5.84+0.4a 6.2+0.5a 6.3+0.4a 6.3+0.4a 6.440.5a 6.3+0.3a
Eh/mV S-CK 79+5a 59+6a 53+6a 67+5a 49+4a 74+5a 61+7a
CK 68+6a 53+7ab —19+4b —53+7b —103£11b —148+18b -167+£22b
Fe;04 75+9a 47+6b —25+5bc —75+8¢ —141£18¢ -187+17¢ —218+17¢
BC 84+12a 51+8ab —25+4bc -98+11d —179+16d —229+21d —265+24d
Fe;04/BC 74+9a 47+5b —29+3c¢ —144+14e —231425¢ —282+24e —317+30e

1 [ —FN AR G AN R F B R RTE 0.05 /KA B35 25 5% . F Al . Note:: Different letters within a column indicate significant difference
at P<0.05. The same below.
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Fig. 4 Changes of absorbed and dissolved Fe ( Il ) contents with incubation time for different treatments
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Fig. 5 Changes of HCB resides and the sum of HCB metabolites ( including PeCB, 1,2,3,5-TeCB, 1,2,3,4-TeCB, 1,2,3-TCB,1,3,5-TCB and

1,2,4-TCB ) with incubation time for different treatments

%2 TRAIE HCBBRME—/“RHNEHRYALER

Table 2 Pseudo-first-order and pseudo-second-order kinetic fitting results of HCB degradation for different treatments

Lb HE—23) )% HEZ 32
Treatment kyd™! R? 2L 40/d ky/ (d”'-pmol™) R? AT 4, /d
S-CK 0.002 7 0.88 259.4 0.000 2 0.87 319.6
CK 0.009 5 0.98 727 0.000 7 0.99 73.8
Fe;0, 0.014 8 0.98 46.9 0.0013 0.99 41.7
BC 0.011 4 0.98 62.3 0.000 9 0.99 58.1
Fe;0,/BC 0.017 2 0.99 40.3 0.001 7 0.99 31.7
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PeCB A /NMERIIGE AN . AR AL PeCB AR it K/
R : Fe;04/BC>Fe;0,>BC>CK>S-CK., M 28 d
UG, bR KR AL FEAE HoAh 4 A b BRIAHE T TeCB
M TCB, fU4% 1,2,3,5-TeCB. 1,2,3,4-TeCB., 1,2,3-TCB,
1,3,5-TCB #11,2,4-TCB. 1 1,2,3,5-TeCB 4 hl i
BT 1,2,3,4-TeCB; 1,3,5-TCB H2E i m T 1,2,3-TCB
#11,2,4-TCB.,

ATl Ab H R AR = o HCB S~ 9 (4
PeCB. 1,2,3,5-TeCB. 1,2,3,4-TeCB. 1,2,3-TCB. 1,3,5-
TCB il 1,2,4-TCB) kit Bl 5% 0 [A] i 28 f i 72 Dl
5. ATLVE N, KEAFELR HCB G- 9 B i
1%, HL B35 73 055 ] 9 22 AR AR /DN s FoAth 4 A4~ #E Y HCB
L ) R A SR R RS T SR FRAE T,
S-CK 4t 311y HCB Jiit 50 ) B & AN o W) 4 HCB 75 it
) 1.9%, 1A KEA CK. Fe;04. BC Fll Fe;0,/BC
AREREY) HCB LS9 i 43 51 i Wit HCB &5 511
26.4%. 33.7%. 29.1%%0 39.7%, B AN[ELLFE ) HCB
Ji5 S W e A K /NILRE R« Fe;04/BC>Fe;0,>BC>
CK>S-CK, S A[RILLHIA] HCB 5% B2 HHAY 2 FAHW) &

3 3 ®

3.1 HCB &5 i SRR 2 RALE 47

% 3 ATLAHEN, HCB B4 & e itk
PeCB, PeCB EZ LN MiFh & (&l 6 ) 4kZE i 51
WS . PeCB—1,2,3,5-TeCB—1,3,5-TCB # PeCB—
1,2,3,4-TeCB—1,2,4-TCB, HURI—Fh&ie N+,

Cl

Cl
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Cl
Cl
(¢] cl Cl ] a
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1% 5 Fathepure 25 MF 5% B — 3, T8 N 485 |
AR BB CLBEEUC X5 R B TR, — g R4
ClIAMEE I, LU XL, T8l 7 CL iR 5 i B R P,

AHIA AW h HCB Hil PeCB T 9l 107 78 7 /R BE
N5 K POPs, [A]lf HCB. PeCB. 1,2,4,5-TeCB
F11,2,4-TCB T 8 3¢ E B RGBS A 31 R L Seds
Hil¥5 Yedn 44 PO AREFSE R B, HCB i JF =4
F#E & PeCB, TeCB 1 TCB 1R/, ik, dnfrssfk
PeCB MRt b 5 E A . ASBF 5K E] HCB (1)
W) 1,2,4-TCB, U5 1,2,4-TCB 75 44
JEREA —Ri5Y:, WA HCB. PeCB Fl TeCB Jii 54
R = e — k5 Y, . — 7T, 1,2,4-TCB B =&
P, H—J)5T, 1,2,4-TCB B B EAT 548
A7, RIS FIREE 3 Fpas (Bl 4h 4 . Kk, 1,2,4-TCB 1E
N E B ARG YY), HARPRE P AR AT
N 5| S

KA b B ) HCB i 587 1) S AR /b, B HCB
W DI S T AR S A T R 54T . HCB YA i
i N R SR ek o S QAR 7/ DT 1B e S W R A= S
JOB S PR R T, GBS Fe (1) 3R BHAY
R o SACAE R AR YT R TR A e R E L R
HIRITIAE Fe (), HGAJE ™ ) Fe (11 ) Al 5+
e Iz A7 AR I 45 R A HLRT G AL S A R A 2 A AR
., AR RS A G o I ST U e T+
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Cl Cl

Cl

Cl

+
Cl Cl
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TeCB TCB

Kl 6 HCB ik J5 it s b g A
Fig. 6 Reductive dechlorination pathway of HCB

http://pedologica.issas.ac.cn



539 XIARGENE : IHK FesOu/ 4= W) 5Ae BELLSEME /KRS - rh 7S SR AU S T 1319

fi™, weAh, IREAETR, RZRNE I Tk P Hs A
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Desulfovibrio .
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