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Abstract: [ Objective ] Reactive oxygen species (ROS) at the soil-water interface play a crucial role in carbon/nitrogen cycling
and pollutant transformation. However, it is still unclear how biochar influences the formation of ROS at the soil-water interface.
Thus, this study aims to explore the formation behaviors and factors influencing ROS generation at the soil-water interface
containing biochar. [ Method JUnder simulated solar illumination conditions, the probe capture method was used to quantitatively
analyze the generation kinetics and mechanisms of three typical ROS (hydroxyl radical «OH, hydrogen peroxide H,0O,, and
superoxide radical (O,") at the 10 g-kg™' biochar-amended soil-water interface. The effects of biochar pyrolysis temperature,
dissolved biochar carbon (DBC), clay minerals (kaolinite), and dissolved organic matter (fulvic acid) on ROS formation were also
examined at such interfaces. [ Result] The results showed that under light, substantial *OH and H,0, were generated at the
biochar-containing soil-water interface, with concentration ranges of 0.43-0.83 pmol-L™" and 21.12-30.93 umol-L™", respectively,
which were 1.39-2.65 times and 1.31-1.91 times higher than those at the biochar-free interface (control group). In contrast, O,”
concentration was low (< 0.2 umol-L™), significantly lower than that in the control. DBC played an important role in the
formation of ROS, and after removing DBC, the generation of H,O, in the water-soil interface containing biochar was
significantly inhibited, but the generation of *OH was not affected. Also, kaolinite significantly inhibited the capacity of biochar
to mediate ROS generation at the soil-water interface under light (except for high-temperature biochar) and reduced the
conversion efficiency of H,0, to <OH. Fulvic acid significantly enhanced H,O, generation at the light-irradiated,
biochar-containing soil-water interface but decreased *OH concentration. [ Conclusion ] Light plays a critical role in mediating
ROS formation at the biochar-amended interface: it not only promotes H,O, generation and transformation, but also facilitates
*OH production and O, conversion. However, biochar-mediated ROS generation at the interface is not entirely dependent on
light. The generation of ROS at the light-irradiated, biochar-amended soil-water interface is collectively determined by biochar
surface persistent free radicals, oxygen-containing functional groups, as well as dissolved organic carbon and Fe** contents at the
interface. These findings provide an important reference for understanding the formation and distribution of ROS in
biochar-amended soils.

Key words: Biochar; Reactive oxygen species; Hydroxyl radicals; Hydrogen peroxide; Superoxide radicals; Soil-water interface
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TR EH-OH Fl Hy0,, HHMRE & T A Y
REIK A E (R ). RfE G IRE R B 3E n, aK
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72 «OH Y EE 43 91h 0.83 . 0.43 1 0.62 pmol-L ™',
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Table 1 The physical-chemical properties of biochar

JRA5Y JLER JCR IR FEAHH A
Y e
pH Ash/ Element content/ ( g-kg™") Molar ratio PFRs/
Biochar g-factor
(gkg™) C H 0 N HC o/ (0+N)/C (10" spins-g ")
BC300 7.2 315.2 467.3 34.5 174.0 8.5 0.89 0.28 0.29 2.0000 3.84
BC500 8.4 398.1 457.2 18.4 119.0 6.9 0.48 0.19 0.21 1.9995 18.29
BC700 9.9 413.0 485.4 13.1 81.1 7.8 0.32 0.12 0.13 - -

H: BC300: 300 CTFHI&HEYTR; BC500: 500 CTHl&MAYFAR; BCT00: 700 CTHl& M EY K. Note: T,
BC300: 300 °C biochar; BC500: 500 °C biochar; BC700: 700 °C biochar. The same below.

C-0-C
9 COOH\Z‘ 930 s b) BC300
C=C,C=0 1608
C14530%
BC700 —~—
COOH 1447 _
BC50 RO A C218.10%
COOH 1 695 —! C37.33%
b C42.05%
BC300 i \,v/ \\f,\
| T
Ph-OH 1314
4000 3500 3000 2500 2000 1500 1000 500 288 290 292 294 296 298
% Wavenumber/cm™ 2546 Binding energy/eV
¢) BC500 d) BC700
C155.70% C152.03%
C2621%
C26.15% €3 18.19%
0,
catnioe N C4.0.35%

288 290 292 294 296 298 288 290 292 294 296

298
#5456 Binding energy/eV

Z54rfik Binding energy/eV

. Cl: B3 C-C/C-H; C2: BEHESHIL C-0; C3: MILHERIL C=0; C4: RILEMRIL 0-C=0., Note: Cl: hydrocarbon group
C-C/C-H; C2: ether bond and hydroxyl group C-O; C3: carbonyl group and quinonyl group C=0; C4: carboxyl group and ester group O-C=0.

Bl AR TOR IR 2R R (a) AW BC300 (b), BC500 (¢ ), BC700 (d) i C LRI X HLE
LT RETE ]
The Fourier transform infrared spectroscopy ( FTIR ) spectra of biochar( a ) and X-ray photoelectron spectroscopy spectra of surface C for
BC300 (b), BC500 (c), and BC700 (d)

Fig. 1
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. S: LE; BCRD300: ERRIEMIERRAT 300 CAEYFiR; BCRD500: EREMIEMAY 500 CHPFm; BCRD700: &
ERETERRBY 700 CH¥) % . T JA] . Note: S:soil; BCRD300:300 °C biochar removed dissolved carbon; BC500:500 °C biochar removed

dissolved carbon; BC700: 700 °C biochar removed dissolved carbon. The same below.

K2 el (a~c), BEEAME (d~F) LUSOBIRAMT & EBRiE Mtk A=Y Bz (BCRD) (g~i) /Kt #«OH
(a), Hy0, (b) F10," (¢) ApishJ15 2k

Fig. 2 The generation kinetic curves of OH( a ), H,0,( b ), and O,  ( ¢ )at the soil-water interface under light conditions( a-c ), dark conditions

(d-f), and light conditions for biochar removed dissolved carbon ( BCRD ) ( g-i)

i o ARBFFEH & AW T K BTG BB S T AR
MIE| [ -OH Fl HyO, ¥k BB 55 T A A 5 A= W it
HARZR . BN, Zhao VL BSR4 NilE iR 1
etk AU feOH AR EEZ) M 0.08~0.38 pmol-L ',
Wu 25155 B K RS AR b+ I R A K+ B e
B4 T = A -0H M HL0, MR BE 430 49
0.06 pmol-L™" F1 0.7 pmol-L™" (FrEJGHE ). Xik
WA= ) I3 o ] g 2 A i 1 AR 454 R K - BT v -OH
A H,0, FIE . X TF 0,7, AW L IERAIET
T oK & Fm PRI R O, R R (<
0.2 pumol-L™"), BIRAKT+ OH Ml HO, HeJ¥, Ak
FAREGEY TR A (B 2¢), X5 3CHR[1]0F
AR B, WE R, O, R IEE BT
4 0.6~25.96 umol-kg ', Mi«OH F1 H,0, ¥ & 43 5 v

ik 2.33~462 umol-kg ' Al 31.8~509 pmol-kg ', O,
1) B I 1k JBE 458« OH A1 HL O, 1Y) 5 e 1R AR 24 3 i
g, O 2B AR S, FE/K A iU et
it H2 HO,+0, —H,0,+0,+0H ,k=1X 10 M "s")
5% (HO,+HO, —»H,0,+0,, £k=8.5x10° M s')
AR N 5 4k R H0,1%)

T AR IR SRR (R ) Xk
Yy e K A TE H ROS T B A BTk, ASBF 585 b T
BIEFIET ROS BB G (Kl 2d~ Kl 2f ), RIS
ZMF (K 2d) % BC300, BC500, BC700 7K+ A
T 1 eOH & 43 5 20 R Y6 BT (&1 2a) 11 40%
97%. 16%, HJILFITC H,0, RERE (& 2¢), MWK
R CIE 2f) KM EN O, e Bt AR T IR 4%
P, FAE & BC300 A/K H 5. X v DG IEXS &
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W FOR K B A S ROS TR AT B4R A,
BN b AR #E & A= B e K E 3 R HL0, 1Y
AL, WA BT OH 4l K O, fufk (ht
AR ). (H R EE A N HRAR K 2] -OH A1 O, Y fF
e, JLHAES BCS00 kR b, RIS GMAMFT
*OH My A B AR H20, UL ZE Y Bk A5/ ROS
AR 52 AR A IR

SRR T, & ARk 7K 1 A TE H ROS /Y
PUERTRRIR AR EEA . AW B KR PFRs
4% ROS j=f, PFRs Al Wi A0t 7, =g
0, f1 H,0,, H,0, A #f 4k 2L 53 it «OH, HJ
PFRs—0,  —H,0,—«0HP"; = J& 4k ¥y i j5¢ Fil 1 45
A B BEA PR (DOC) WIBOET RS 0,
R FEH: ROS 21, BC300 Al BC500 H K (1) PFRs
A RE EAEA 3 Tk LA m b ROS WTE . R, &
YIS R DBC, FE80& AW B K 4+ A
DOC &t TA S AW B ik L5 m (£ 2),
XA A W T A 1 K b B T AR O B T A
% ROS. SL4wRW], REAEY KT E DBC JF,
£ BCRD300, BCRD500 & BCRD700 7k + %1
H,0, MR (&l 2h) 238 823046, i BCRDS00
1 BCRD700 411y O, RSB A TGN (&l 2i ), iX
S Tk i A DOC W] R RG], 8 i i
HFNESBGE B REAS, MmO, 14 3% i T4 %
0,", Ja#& &Pt Ak v 4k A H,0,°1, DBC 1)
FBRAEHE R T H0, 248 R SC OB LB, 5
e I AR A ) B e Bk 1 42 BCRD AR SR AT {2 i L
M O, 53, ARl 0,7, MM 3% O, /Y 2L, 1M «OH

%2 KkEFAEHAEMBEBENHE (DOC) M F S E

Table 2 The content of dissolved organic carbon (DOC) and Fe** in
soil-water interfaces

P/ o TP
B IRPEA MR
Soil-water interface Fe*'/ (mgL™")
DOC/ (mg'L™")
type

P i 324 0.21
& BC300 7K+ 5 im® 473 0.23
& BC500 7K L+ 1w 449 0.28
& BC700 7K+ i 36.1 0.38

(DSoil-water interface, @ Soil-water interface with BC300;
® Soil-water interface with BC500; @Soil-water interface with
BC700.

B A B AR T FR 3 OFGs M Fe ™I Ktk , 3
2 DBC Ja HAEBJL T Az (K 2g). &AW
HHIK A b Fe® i BE T BIRR( £ 2),
XA AT T OH A 1l

AN 7] il B 3R BE 4 AE ) J5T e X K b T = A
ROS JERLAZ M AE, X 51/ OFGs Hl PFRs
WY OCHK eI gT A AW I R T S C-O
VBN 45 iR, nT i i B i T3 A 38 42 1) O, 3% H,0,
PR T, BK3he OH A; MkHIE C=0 REfE N
TEERIR, (i #F 75 A= W) ot e - S AR A i ) 4% 3
21 BC300 H & A ¥ 1 PFRs Al N F & 1Y OFGs
(F£1, B 2), LHESEREEMNE®RIE C-0 4
HLFIEHT, ffifS BC300 AIYE A L F ALK KR A
T 0, LIy=A: ROS, i HiH 45 & AU 3 C=0
AR T 2 M AN S L T3 . X SE S5 44 (1145 it
fin BC300 AY/K i Hy0, 1] «OH 551k 3% R fx
w, K 3.9% (& 3a), ZEAE AW K 5
Y 2 /%, BC500 ' PFRs &t , AEACIF s
&4 0,77 E Hy,0,, #R1f1 BC500 K 1fl OFGs
Fr s, IR B R LA A i TR T R
AR H0, A KB4 3 JE 45 1) FL 17 4 5 i
J+OH, S8 i BC500 47K + Bt H H,0, [7]+OH
B FEAL SRR, AR 1.4% (8] 3a), % T BC700,
FAREY AL C-O F B, (HH &G B HEILss
FE & BB AT A 2 o ae Y, g
AR T AL 45 0, AR O, Ml HyO,0 BEAE,
BC700 K453 E & Fe Jo &, L INE fy7K + F i
TR Feo ot (35 0.38 mgL'); A, J
I HO-C=0 RILA1EN L4 A FIFE Fe™', {2k
Fe’' 5 H,0, & /4 35 il ) % ( Fe?'+H,0,—Fe’'+
«OH+OH ), Ff % ii-OH, HZAr/K + F i Se
By HyO,—  OH ¥ AbE0R (2.8% ) (&l 3a),
23 BEAXMNEYRK-KEZRTEEKR ROS B

A

AR RO EENE LT, THRESE
YA IR ROS P2 AERIAT AR IR A B
Ay Rt S 3T ROS A AE S 40 A B
WRS, A 4 FR, CREAET, NEEYRR
Y fe U A - K B AR B R A - OH
(0.02 pmol-L™") /b4 H,0, (2.78 pmol-L™" ), X
B 5 R L - P e 6K R T ROS Y
TR /N e X5 Wu ZE ORI B0 B A E T e £ -
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I ARG TURR Without FA a)

45 T VRINET LR With FA .

X a &

2 36} 2

g b g

7 2.7¢ E

z c c kS

=18} =
0.0 m » » .

'é@; %7% \ 0300\% 0500\%/ < 00\)
70 ey Hue Fra

7K - %L Soil-water interfaces

A A7-7K FLTH] Kaolinite-water interfaces

. FA: & B8R . AR/NG FRERR AR A PER 22 5 8.3 ( P<0.05 ), T [A], Note: FA: Fulvic acid. Different lowercase letters mean
significant differences between different treatments ( P< 0.05) . The same below. @ Soil-water interface; @ Soil-water interface with
BC300; @ Soil-water interface with BC500; @ Soil-water interface with BC700; ) Kaolinite-water interface; © Kaolinite-water
interface with BC300; (@ Kaolinite-water interface with BC500; Kaolinite-water interface with BC700.

B3 AFEK 25 HyO, il OH AYFALAR Ca B8IIRIR B IN S BLIR & AR W BOom i) oK S ET, bl A7 - /K S IfT )

Fig.3 Conversion rate of H,O,to  OH in different soil-water interfaces (‘a. soil-water interfaces with and without fulvic acid, b. kaolinite-water interfaces )
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3 |5/~2—Ka+BC500 S |sl—&—W+BC500
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WE f
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[} /8] Time/min [ [8] Time/min
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~ ——Ka —~ —0—W
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S 1.5 |—2—Ka+BC500 I 15l—2—W+BC500
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# E T
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« T.E
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£05 205
3 5
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i) Time/min i) Time/min

. Ka: B4 ; W: /K, Note: Ka: Kaolinite; W: Water.

4 @ik A (Ka) KA AAY ER-KAEHOH (a, d), H0, (b, e) F1 0, (¢, f) sl izeihsk

Fig.4 The generated kinetic curves of *OH (a, d ), H,0, (b, ¢)and O, (¢, f) on kaolinite ( Ka ) -water interfaces and biochar-water interfaces
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KT A G OH =R (0.015umol- L") $E3T .
AH AN 5 3 e 0 AR ) 5 R - K RS T R
ROS, & A BFFEE 45 BC300-7K [ i 5 i 7= Ak
OH Fl HyO, AR BE 73 IR T 29.3% 1 52.6%( &1 4 ).
T BC300 HY I A7 -7K ST H,0, 191 «OH 5% A%
0 3.5% (Kl 3b), KT & BC300 7K 4 FL 1 iy i
R (3.9%) (K 3a). mIAAME BC500-7K [#
P = A2 «OH Al HaO, PV FE 43 ) N B T 43.9% 11
32.2% (& 4). % BC500 Y =508 41 - /K AL i HL0, [7]
«OH HYHEALSCRIU N 0.3% (& 3b), ZBIEET &
BC500 7K + AL A AL 0% (1.4% ) (Bl 3a). X1k
HH v U4 A B B D I 25 F T BC300 Al BCS500
34 ROS WHE S o B3R IOGTE PR B sk
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PERS YA e IS TR A, AR R
WA R, SRR PFRs 5 O, %
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Fig. 5 The generated kinetic curves of
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OH (a), H,0, (b) and O, “ (¢) on soil-water interfaces with fulvic acid ( FA )
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