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Effects of biochar and its dissolved fractions on microbial reduction of ferrihydrite. XIA Jin-xia, SUN Jin-tao, YU Rui, WANG
Yi-chu, AN Wei-qi, JIN Jie, CAO Dan-dan (College of Environmental Science and Engineering, North China Electric Power
University, Beijing 102206, China). China Environmental Science, 2023,43(10): 5422~5432

Abstract: In this study, biochar (BC) was prepared from rice straw at different pyrolysis temperatures (300, 400, and 500 °C), and
was used for dissolved fractions (DBC) extraction. In this study, the effects of BC and DBC on the reduction of ferrihydrite by
Geobacter sulphurreducens PCA were investigated by combining microbial reduction experiments and various characterization
methods including Fourier transition infrared spectroscopy (FTIR), X-ray diffraction crystal diffraction (XRD), and Electron
paramagnetic resonance (EPR). The results showed that the highest reduction rate of ferrihydrite was achieved after the addition of
BC prepared at 400°C (BC-400), which increased the rate of microbial dissimilatory iron reduction by 12 times. Containing the most
quinone and carboxyl groups, BC-400 could function as an electron shuttle to promote electron transfer. BC could not serve as an
electron donor to provide electrons directly to PCA or ferrihydrite. DBC increased the degree of long-term microbial reduction extent
and initial reduction rate by more than 10 times and 2 times, respectively. DBC extracted from BC prepared at 500°C served as an
both electron shuttle and electron donor to promote the microbial reduction of ferrihydrite, but it cannot directly chemically reduce
ferrihydrite.

Key words: biochar; dissolved biochar fractions; ferrihydrite; dissimilatory iron-reducing bacteria
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A LN AR BEZL R, L8N 5 249 5 A 20mmol/L.

UEAM BC A8 DBC #EH7 PRAASERS, LA
PRIT DBC TEMA M) S A D a5 v 1 B v SEE
904 i Fe(ll) ¥1 4 < B2 S0mmol/L, Z 1% #h
20mmol/L, DBC 20mgC/L,FH AR IIE A 10%(v/v).
LB T 4 HAANFLLHPCA H+DBCH ZERH+



5424 S

A 43 %

IKEN;PCA 1 +DBC+ /K0 ;DBC+K N ;PCA
W+ RN+ KA.

If1) L3756 RN 80% N, A1 20% CO, TR AA
ML 22 B4 B T T A e ZE 58 11, LR f3 R 48
IREE 40 M1 ) B AT &3 R LA 100r/min $2 8)), 54>
AFRTEA 3 URLEAN[R) AN ) fA) o, FH G B R Skl HX
R B MLV TR EBURE 77 i i T 0 A R 2
0.5mL,H 1mol/L HCl #5#% 0.5mL fif &l H & & 1
e 2R IE A 0.5mol/L, B A 1 8 V7 W S N b 44, LA
22 R WP AE [ AR OKERET . 4l iRl BC)ZR 1 L1
Fe(I). AR5 2 iF L 0.45um JENE 23 54 [ 44, AR 5E
Dk LG LT Fe(ID) 3R B, 45 4h—nT WG 1A
(UV-2700,Japan)7F 510nm AK I 5 (1RO 1
1.3 FEMRIE

ARSI 56 0F ke Ak A 3 D sk R K BT AT
XRD 437 i 50 5 o ok e v 7K Bk A 1) i 7R e 15 1 A
Ak, IR F XRD 23 B BC 45 K 20 45K ] FTIR
(Thermo Fisher Is50,America)’)#7 4~ [ BC Fl DBC
() EY RE ALK, 2 A1 FL AU AL IR SR BE ) ok YT IS Zeta
Hi 7. A% (Zetasizer Nano ZSE,Shanghai)illl i@ BC [¥]
Zeta FLIALL K RIAR, T Al BC 1128 1] HL Ay 2 i LK ir
&R NFIRLAR 204 R ] EPR(EMX  10/12, Bruker,
Germany) Gl 2 HTik il 5 BC AHSCH B2 A
3 A8 EPR B PN B9 (0.0015g) BC
K. EPR L (1) = ZESHON ik % 9.38GHz, 1
I 20dB(Ek 2.0mW),$1 4 58 1 200G, 3144 i [A]
30ms.

F 965966 B 1 (F-4600, Japan)Jll i T DBC
FR 5 D' A — A 506 1% (BEMD), UK (B B
200~450nm, & i (Em) 3% K 250~500nm, 34 & 4
s 7E I HT 255 T8 DBC FESH SRR
% TOC K%K 20mgC/L.AEANFE S EL 2400nm/min
PR AT T JLUCTHAT PG F 4, 2Bl i 45 1 1
BRI AN 7 2 ),

7t 180~800nm i [l N H 5 4b—ml WOt 43 o
(UV-Vis) G BETH- & DBC WG, DL 2 B8k 1E
s AT T BT DBC FEALTE 250 A1 365nm
Ab AW 6 B B (BT Eo/E5) FYG 1% 28 Sh7s 205( BRI
(A275~An9s)/20){H, LA S I DBC 4375 7 BE A~
S ERMwW) RN AT UV-Vis 52 77, 16581
2B /KK DBC FEMIAI MR 2 TOC WIE N

20mgC/L, LA IE f P 38 1) ot 9 250 ot L 7 A g 1),
P4 M T DBC (1 254nm AW OGE (4yss, cm )
B L& H B TOC (mgC/L) n 5 Lk 48 4h W i J
(SUVA,s4, L/(mgC-m))!'7.
1.4 b e

K H Excel. Origin 2021 X BT I s B 3:4 T
WA ER 3 SRR 3 APATRE
2 () T3 AR HE 22).

2 FR5WE

2.1 BC 1 DBC fEA1LE

2.1.1 BC #1 DBC f#] FTIR 234t &JH FTIR 43 ¥
T BC #1 DBC [\ e e, i 1 frs, nf LR L
BC #1 DBC BA B AN AHL FTIR S, (H 2 — Lok
HEWR Y A7 A B 25 1 2 53 A 1098~1164em ' Ak (11
Wt R T 4 A AT 2 C—O0—C B4R 3,
75 1430em ™ FIWCHT & Ty 23 76 1610em ™' 4k )&
TS RI P (C=0) B HE #E 1696em " Ak )8 T
W C=C Mgz 75 1098cm~1164cm™ Aib,
BC-400 1AW 5 2 248 in, 3 W] BC-400 £F4E
FHKAEERN SRR MERENT &,
2858cm ' Fi1 2928cm ™ Z A {75 A ik C-H WA 5
JEZHTRGS, BC-500 JLT-BEA W B i iy, 1
re T AR AW T 53 A S ARG, R 4 R AR
(LS o . AE 1610cm ! Ab ) BC-400 MR UCH ot

il 2, BC-400 W] RE A I 2 I B, 2 1T B9
WAL TSR WL AR 2E 1) BC A2 HL R ) —
ook B T,

AT DBC-300 1 DBC-400, DBC-500 7&
1610~1696¢m ™" 2 [ MR A ot 155 0 2 18 o, 3 W) vl
A (1) DBC 75 77 5 ¥ 1, H. DBC-500 15 5 H £ 1)
77 BRI HE(C=0) B i FE. LA, X e BC Fil DBC
) FTIR Jei%, al IR I BC Y — LS HE M IO 7
DBC H1i %%, 11 1310, 878, 777 1 474cm ' g T
75 8 C—H M 4ade 50,1 X 3 BIAH LG T BEAM KL BC,
DBC HA ARG 75 A k.

2.1.2 BC ] Zeta H1£7..XRD Y3l EPR £4E
1 T LUE 3 RS R Hil#5 1) BC 1) Zeta FLA AT
AN A ER A% R 34 0 L B0 BC R 6t L fir,
K2R BC R I 70 5 4 B e 2% 25 o 14



10 14 Rt PR MK ALK R T 0 5425

B J5. BC-300. BC-400. BC-500 ] Zeta HLA753
h (-33.38+2.82),(-34.42+2.28) Fl (-35.26+1.16)mV,
A UL BC (1) Zeta HLA7 20 Bl i B2 138 I S B0
TH a3, 3% 55 R BRI — S0 T AE 1 97
W, BC-400 [ Zeta LT 4800 551K, 31X 1] B A2 £
T BC-400 1) B ks 2 B dm v, A BRI 45 FL T RE
23, R AT 8 2K 25— 40 F 1, DT ASE A7 i 5 gk
b EAMNE AR AR A BC Rt e v
TR IR IR BC,IX AT BE A PR A G i PR A5 21 1)
BC A&t L LR iy 7 s 2 [
ﬁ[Zl].

2028, 2858
1 DBC-500

.. DBC-400

3440

11 DBC-300

4000 3500 3000 2500 2000 1500 1000 500
¥ (em™
Bl 1 AF#i#EE F BC A1 DBC (¥ FTIR Jei
Fig.1 FTIR spectra of BC and DBC prepared at different

pyrolysis temperatures

1 BCEKRRFIFFEDE Zeta BIL

Table 1 Zeta potential of BC in aqueous solution and culture

medium
A Zeta FLA7(mV)
BC-300(7K) -33.38+2.82
BC-300(k5573) -14.37+1.83
BC-400(/K) ~34.42+2.28
BC-400(k5573) -12.17+0.57
BC-500(7K) -35.26+1.16
BC-500(k5573) -16.57£2.27
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Fig.2 XRD spectra of BC prepared at different pyrolysis

temperatures
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Fig.3 EPR signal of BC prepared at different pyrolysis

temperatures
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DBC-500 P340 T8 /D A H G RER Syrs00s
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Fig.4 TOC concentration and SUVA,s, of DBC extracted

from BC prepared at different pyrolysis temperatures

%2 DBC B SUVAysy. EoE; LEAE. Syys005 (TP ETFE
EI97E DBC iRE N 20mgC/L TS)
Table 2 SUVA,s4, Eo/E; ratio, and S»75995 values of DBC (all
data obtained in the table were measured at a DBC

concentration of 20mgC/L)

SUV2s4 SUVAysqy J5 7

bBe (L/(mgC-m’) (%) s S s
DBC-300 116 117 631 00023
DBC-400 1.59 14.01 588 0.0035
DBC-500 2.42 1939 7.63 00057
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Fig.5 Ultraviolet-visible absorption spectra and fluorescence excitation—emission spectra of different DBC solutions
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Fig.6 Effects of BC prepared at different pyrolysis temperatures on the reduction of ferrihydrite
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Fig.7 Effects of different DBC on the reduction of ferrihydrite
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