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Fig.1 Chemical structure of quinones used as potential redox mediators
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Fig.3 Development of methods for evaluating the redox capacity of humic substances
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Tablel Comparison of chemical evaluation methods for the redox capacity of humic substances

. ETC EAC EDC
S TR % - .
Pd/ALO, Pd H,S C4H.FeO, Fe(NO); FeCN FeCi Fe(OH),
Types of HA -
pH6.5/80  pHS80  pH6.0/6.5 pH6.5  pH50  pHE.0
AHA 1.73/1.11 0.88 0.3/3.1
SRFA 0.60/0.48 0.13
SRHA 0.94/0.74 0.53
SHHA 1.68/1.14 0.75
SHA 2.99/1.94 1.46
PPHA, 0.71/0.65 0.37
PPFA 0.71/0.65 0.37
LHA 2.86/1.42 0.78
[i# Ak HA Broad-leaved
2.17 3.17
forest HA
PPHA, 0.3/3.1 0.33 0.11 0.23

1 :PPHA, :pH 6.0 F16.5 B 43 BIA B AL S (HLS ) A (Zn) 38 J5 5 B /R 78 B 43 S5 4 R ( AHA) (95 J7 Je i) & FLER (SRFA) 95 J7 JE 1] Ji
B2 (SRHA) (#5377 Je i BiK PERR (SHHA) | 3551 B (SHA) (e 5 FH IR (PPHA, ) (8 pe i & HLER (PPFA) e M A B (LHA) 43 517
(1)pH=8.0.4li Pd # A (HA F1 FA: 0.5 mg/mLL)"*"; (2)pH 8.0 . Pd/ALO; ; (3)pH 6.5.Pd/ALO,"*" 444 T if J5 ; % 4k it bk HA . pH=
7.0+0.1, 3 A H, AR 5L R, 369235 72 h P8 3 J50 FE i i v Kk Ab B bt 3 R 8 b LS AU B /K 7598 HA FA HA FA 540 RRIE
&, Hi B2 TOC 2100 mg/L, 38 A No/H,(95% Ny, 5% Hy) HYIR G S4A 15 min, #HE T IREIE FRAR GOV 72 h, ARSI ek , 1 3R
W% W vk BEAT I 2 Y. Note: PPHA,: H,S and Zn reduction at pH 6.0 and 6.5, respectively; AHA, SRFA, SRHA, SHHA, SHA,
PPHA,, PPFA, LHA are respectively (1) pH=8.0, Pure Pd powder (HA and FA: 0.5 mg/mL) ""’; (2) pH 8.0; Pd/ALO, (3) pH 6.5,
Pd/A1,0,/*!; Evergreen broad-leaved forest HA: pH=7.0--0.1, H, was added with palladium-carbon catalyst, and the light was shaken for
72 h!®) HA, FA of dehydrated sludge after belt press filtration treatment at a municipal sewage treatment plant : HA and FA were mixed with
palladium carbon, diluted to TOC to 100 mg/L, then N,/H, (95% N,, 5% H,) was injected into the mixture for 15 min, then placed in an an-

aerobic incubator for light shielding reaction for 72 h, and ferric citrate was added for determination using the phallozine reagent method ™,
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Fig. 4 Electrochemical test of redox capacity of humic substances(Adapted from reference [12])
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Table 2 A mediating substances commonly used in the determination of electron transfer

in humus by mediated electrochemical method

PSR/

Mediating substances

TP HEEHS 1,17 -Bis(cyanomethyl)-4, 4" -bipyridyl, cyanomethyl
viologen'®?!

FeEER (diquat) 1,1 -Ethylene-2, 2 -bipyridyl 55!
9,10-Ei{-2, 6- R (AQDS) 9, 10-Anthraquinone-2, 6-disul-

fonicacid %265

2, 2-WR R - —(3- 2 FE - EME -6 - 1R ) £k 2,2 -azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid )diammonium salt

2,2 -BREHE(3- L HAR T FHEMER-6-T R, BTS) 2,2 -Azino-
bis(3-ethylbenzothiazoline-6-sulfonicacid

2,6- "G Bk (DCPIP) 2, 6-Dichlorophenolindophenol
HR-2-#8 1 (AQC) Anthraquinone-2-carboxylic acid ™’

Frifeid LA/ V etk
Standard reduction potential Quality
—0.14
SEAAHELOCHK , 5 pH JC I 3 B B S5
—0.35
03 JKARRE I8, 23 TTEA AL S e A, v
- M2 N R S 5

+0.68 TR SR AT T A
+0.22 T )7 B R R

ALY
/ T AL B B, ]

PR I T B B, AR AR ARGE D T 15 mL HLH
A, M LAAR B 6% 1) 3 D 25 8 4 1 FH T )5 et
8o T 104FEAK , LAk 2= UM JE 58 BT T 55 4 e )
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JE JE B BT A 2 AR A g EE T 12 RO [
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SEORAF AL AT 5 58 R S AL SRR i SR S e
A RS FR W, 76 Ak T 10 S IS 4 5 Y L
25218 1 (EAC) B, PR b i) L 26 20 3 7T 5B 23 52 1
I SE R MERRE . LiZEHO % B, WA IREE (NO. ) &1
Pt FEL Al 20 45 S, DA T 532 W) o) g T 4R A 340 i g
TR HERR P, I BRI —52 ), BF5E 5 | R A At
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TRV AR SRS N JE 58 BORE S b 1 NO. 3285
T EAC Wl f e AT S5 PR . X — Ak Ty kv
T AR R 2 IR R v S P, O TR
e 0 1t VA 5 5T 1 4R Ak O D R T B AL T R R AR
B eAh  ASFEINE J kA EAC P AT REAAAE &R
itk 2 % . Rincon-Rodriguez %557 % 4 S k2%
i J51 (MER) AL 2 S8 AL 8 J5UR A€ 1 (CRT) X Ji
FATR A - 580 EAC #4717 RGEME , IFx5 2 #por ik
YN A 25 R AT T 0 o B, 25 SRR T, 2 %0 5 ik il
1419 EAC (HE ML {H CRT 15853 5 T MER,
HEMH R AT CRT By B ) e K, (i 5 B 2 44k

W JEFE AT DL SR A SOy o X SeF o 3R, AR VAL
B 5T AR AR S RE T B I AR i S 50 T SR I BRI Y
D 7, AL ZE I LA 2 250, LAS2 i 5 R Y
HERRPERT AT LU
2.3 MEWE

2 0 B AW (microbial extracellular respira-
tion) A& T AR HT & I IR EA T A g s A QT
3, 8 IR S5 T TR W 78 i R IR S AL A DL
JCHRL -, 28 0 oA I I % £ 386 2 PR A1 - 32 AR fif IR
Ji, [R] B RS ik B R AR R AR ) A B AR A B Y Rt
RO ARy SR B R W A0 M P9 5 A R R Y
HL A2 R TR - A 2 ) A5 38 1 P 7 X

L SRR R S 4 B A8 7 AL fh i it S g AR Sy v
I AR FIAE Y, A YA R B
FALTEYERY A 2e W i, 3 BT AR A o A W M Ab
HL A% 0 o U AT IE T 508 T A R AR i HEL 52
i, A EA ML I DR SR AR P A Ak FE A BL L TPk
BRI g A A R B AR . Lovley
sel22lph -3 Geobacter metallireducens B VL 2.8 N
B TR, 308 ek TR S IO W R 3 D S B I . 2R AR BH 45T
I AERUE R 7S BRI R NI AJE 58 5L A A
T AT, — R T T /S ER I L BRAL
R XNEAREETY K 0T B AE A W M A
TSRy R AR T A AR, SR T R B RR )
S FE Y L BRI 2R A, R T
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FR(>80%) . BAWF R, MAEY =T k) iz
FHTVPAS T8 58 T 76 1A= W0 -5 9 S A D s o v 1)
YEHT, R HAE i 7 2R R AL i Fe (D) i 1Y)
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B WE5E K B, i 58 5 v TR R e R SR )
IR B AR v R A SCHRVE T . LR
M AL 7 3 Al GE TS TR R (SQ) /Y EAC Fl
EDC, % B EAC 8 (19 SQ iEWS (i 3 35k Klebsiella
preumoniae L17 1 Fe (Il ) 4 5 38 5 Fl 14 388 fig
I3, i — L WA TR B BV S T R AR I T BE
IR, Wu S5 B8 T I8 B8 S /e B AN B8 Corynebac-
terium humireducens MFC-5 /- ) AL 0 5 e vh
MIVEF, S5 R R WY I FE R EAC 5 R L 5 i %
DIAH 2%, EAC B i 1 85 A T RE 8 A7 2 e it C. hae
mireducens MFC-5 i8 Jit Fe([ll) MIRE T, X EEMFTT
HE— 2 3R], A W2 7 A BE S A 3 T B
J5T (4 S8 AL I JELRE T L 30 RE A% 46 7 J BB o L A A= ) BIK
B Fe(lll) i I AEREE E AL S i VE T,
fige T I L S AE A Wy sk Ak 2 AR b i D e Rt T
TR TR o VA P 1 4 5 ] ZE RO PR 55 vh i T
., A B SR TR Je 2z ), A R Ad
JEERE ST R A A AR IR ATV b BT AR
TR Wy AR5 75 e Wy 1 ) A% 336 v 1, It 75 4L 4k
JEEAL . Zhang %57 % BIK RS RS U6 b i K ik
Z 54 Y M AT, L RERE A T2 B S SOR
My I S S8 . I 1 B I i B B RE ) Y T
PRANEE 3 iz, d5c i L %) TR AR Ay A B DX TR R AT 78
F 58 35 AL 81 Bl 1 15 T V5 R 2 ik R DR
FAEJE 5 Y A AR S RE T .

TR AR S 4 e A 25 R G AN ] Bk Y & 45, %
JEE BEL I H, 5 R o R OCBEVE T o R A= W3
Wi TR RE T, BETR A AR - HERUE W 0 AT &
7 AT e A EAE ] A B T8 R A DL
I BARBLE, Ry 1 - S AR M B R A R
JIF R R E AR M —E S ARG . R L
AEYVEN LIPS AR O B 2 0 i i
P LR A A W AR R AR PP AR S R G
At RSB BA N 1. A, Bk A B
TG A YRR RE A Z R AR BAE A o AR, 31X
— D7 AT I 1 22 PR, A T 1 A A 2 | L
AEYIRETR 0 S B S SRR 1 Je R DA R AT RE 1Y
A SRR o X BEORTE PRIV o, 75 B 5
B2 B % IR Z IR A AR i, Do IR 52 45
B HERE R T
24 EFEER

A2 2 v AR AE T o R 1k 3 R S
I A A 30 5t B ok R v H - B ke AT T B 5 1Y

FAGIRIRRE ST o JEBE R 1 A AR 3 1 5 46
FFNE BE W A AR 25 UIAH OC | A DG BIF 9 3 % 3% 7 4
AR RAE JE B 5T 4548 FE RE AT 1422 52 W i I ) 4R
PIE JEE P o T 3 2 BOR AL 4 £ 40 - T L
3%k (ultraviolet-visible spectroscopy, UV-Vis) \£L
A 3% % (fourier transform infrared spectroscopy,
FTIR) . = 4k 2% ) ) 1% ¥ (three-dimensional excita-
tion-emission matrix, 3DEEM) | #% # 3t % 5% 3% =
(nuclear magnetic resonance, NMR) Fl 1 - H JiE 4t
P& P 115 7% (electronspin resonance, ESR) %5 . iR
AR Y5 3 L I AR A3 it S g i I DG e AR
R 2 LT T T2 P9 AR A 3R D 1

AT UL O 15 3 A I S E R A 55 A0 R
AT LS i B A D W, 4 B HC L BRGE (A e - B
n-m BRIE ) , AR 7R i 58 2 19 43 —F S5 A R AT, e 2
FFEGAG R o B Y S R BE IR 07 A PR 48 A
A SUV A, SUVA 55, Esy/Eog %1% SUVA,, 5
JEE T 43 T B AN AN C = C A 3G, SUV A, BK
AHIFN C = CHEBZ | JETH BT J5LRE ) 3G ok, i F-5%
FERETTBRER . SUVA 135 BB FE BT 3~ (TR S 221
B BRI APERR L R E B A 2K, SUVA 5
R, TR e TR S B, R A ST AR AL RE
M

Y EIER A A E REVIE B IR
SRR RN T T Z B ST S A K
AN R 105 B AT 2% AR RE T 1Y D7 A 4 AL, = 4R
i 38 2ok () B 0 e AN DR i T8 R ARIORT 7 e B i K
TSGR B A O K - R S i K A g B A
WO W SR AR T 0 4 F 45 4 RUE fg A AR
ML Chen S HA R FA 19586615 43
R SAS X, A 45 DX BRSO B AT R AR R A, Dk
T [A] D387 2 Fo e W T B J5 1) ¢ ' 41 3 AP AIE
(%4). Ex260~265nm.Em 460~485 nm j& #L#I 1
JE3 58 TR 5 G IX B8, 3 3ok AR i e i 8 A Ak W51 B8 B
B I BB T 2 A R A B Y A AE i RE ) S
ERT ARy o

2140 T 38 Sk W A I A7 K W R A 2R
Vb A5 B J5 TS L T J g S A WA A7 AR 0 iR ) A Ak
K WL BE R 2 5 AR R i R N E BE AT SR S
JO7 AR B LS AT A PR v A e R R R ) R o 0 £
TE 1 700~1 750 1 2 500~3 500 cm ", ¥ FE 7 i s {7
£ 3 200~3 600 ecm ', I35 A FF . C—H ## e (C=
O) /4 & (C=C ) W W g e 457 43 51 7% 1 500~1 600 .
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Table 3 Humic substances reducing bacteria

JEFH 5 A B B Humus reducing bacteria

L A& Electron donor

H1F3Z & Electron acceptor

Shewanella oneidensis MR-117%

FLIR Lactic acid

2-Hydroxy-1,4-naphthoquinone
(Lawsone), AQDS,AQS,HA

;%H‘ K lil Shewanella putrefaciens'™ HZBE Glucose AQDS,HA
Shewanella
Shewanella sacchrophila"™ 2.1 Acetic acid AQDS
Shewanella cinica D14 T P Lactic acid AQDS
Geobacter metallireducens™ ' 2R Acetic acid AQDS,HA ,HS
AT Geobacter sulfurreducens™™" 1% Acetic acid AQDS,HA
Geobact . N " L
eobacter Geobacter . Va7 Aceu_c ac1(.j ﬁi@x Propionic acid \FL& AQDS.HA
Lactic acid . Z,J# Ethyl alcohol
Desulfitobacterium dehalogenans™" LB Lactic acid ,H, AQDS,HA
Desulfitobacterium PCE1'®") FLAR Lactic acid, H, AQDS,HA
W B Desulfitobacterium chlorerespirans Co23'% 4% Acetic acid AQDS,HA
VAL [
Desulfitobacterium  ppsytfirobacterium SDB-1 LR Acetic acid AR Propionic acid . 2. AQDS
esulfitobacterium Ethyl alcohol \BEHIZ Succinic acid Q
, 2% Acetic acid \JNR Propionic acid 35
Desulfitobacterium FD-1%? B2 Acetic aClA ﬁ@& . rop-lomc acid BEH AQDS
; fi£ Succinic acid
BN Propionibacterium freudenreichii™® LR Acetic acid .M Propionic acid AQDS
ermentative nterococus cecorum'® JHi Glucose
F E sl WA Gl HA
bacterium Lactococcus lactis™ HiHIBE Glucose HA
Methanobacterium palusre F'S7 SRS Tsopropanol \H, AQDS
Methanococcus z‘herm()Zz'thz'zr()phi('u.s'”m H, AQDS,HA
Methanobacterium thermoautotrophicum H, AQDS,HA
FEH e Methanococcus voltaei H, AQDS
Methanogen Methanolobus vulcani P1.-12/M H, AQDS
Methanosarcina barkeri MS H, .4 Acetic acid AQDS
Methanosarcina cuniculi H, AQDS,HA
Methanospirillum hungatei H, AQDS,HA
Archaeoglobus fulgidus™” FLM2 Lactic acid \H, AQDS,HS
Methanopyrus kandleri®®” H, AQDS,HS
Pyrobaculum islandicum"s"” H, AQDS,HS
TR Pyrococcus. }‘"urz'mm‘}m H AQDS,HS
Thermophile Y T ? T
Pyrodictium abyssi™"” H, AQDS,HS
Thermococcus celer™ H, AQDS,HS
Thermotoga maritima (871 H, AQDS,HS

7 AQDS : B AU AR £E s HS \HA ¥JZRRJEFE T . Note: AQDS: Anthraquinone disulfonate; HS and HA represent humic substances.

2 850~2 960 11 600~1 750 em ' Akt Rt R
ST W S Ve 5 58, D555 5 A PR RN e Bk C—H I
WA i B T S Do D) 7= A R R

T 8 5 o ST TR AR B R AE P e TR R Y
T L5 B % AR AR R S A AL B R SRR
FEME R RAERE )1 S 2 H N DA B AR
2 bk -\l WG (UV-Vis) Fl = 4k 9% 566 1% (3D-
EEM) £ 5 92 H 8 HL kAR e 21 405685 (FTIR) BUA
I, TAZ G R D (NMR ) 45 H, I % A 4% 9 33
(ESR) W K% £ &8 5t Z BT KRB F & 5 2R

Hi b 7 1, UV -Vis 1 3D-EEM X 75 15 i 1 % B A
e, FTIR ML A B R, NMR 7 5 AR5
VAt e AU EE A ESR W B TV R T LAASUE F FR
A5 T AR m, UV-Vis . 3D-EEM 1 FT-
TR 038 37 42 1 B i 2%, 1 NMIR AT ESR 5 &l A B
fift b7 2 A4 3 s A R AERE ) I, UV-Vis i i SU-
VA, 55 2 85082 VFAk 5 48 Ak 38 TR 4 1 3D-
EEM fi##fr 5 6415y 5 B e B 2 4 FTIR #8 78 F fig
VA 25 BT8R, NMIR A2 o 43 Bk 1 2 20 i -5 908 5 A
RIEE  ESR M B HEA# 3K [ i e d PR a5 BRI,
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Table 4 Fluorescence integral region division

and attribution

ORI R
Xi  Ex/nm Em/nm N FHFIAR .
Fluorescent component assignment
[
I 200~250  290~330 RO
Tyrosine-like fluorophores
SN Ay L T I ..
I 200~250 >>330~380 REARAR
Tryptophan-like fluorophores
Sy R
200~250  >>380~-520 .
i 0 Fulvic-like fluorophores
TR
VI >250~400 290~380
! Microbial byproduct-like fluorophores
I FHIR )

[ >250~400 >380~520
v Humic-like fluorophores

XA RIIETE H AR ] e i B — HOR sCR HI 2 6% B
SR, LS IR GE AR A IR S PR R AT i 2
i JE f AT

B T 5O Mr BORER AN, 058 B AR
M3 RE 1 L AR TE A A ik S A B AR
K APAPY I 9 R (4 T RS BE 1 . Walpen 551 37
BEES TR (FIA) S5 gk s AL 1 % i
PEAT AL P Y H TR D BE SR AT A0 H R B AR 4
8 A T I T TR 6 1 40 8 0% B0 AR A LB (e o
eI <1 mg/L)  (HZEARRAR BB H B A1
AR F BRI . Yuan 26101 FF % T — Fif fi] 2 (i
RSN ITE A2, 2'- FHE X (3- L LR TFWE e -6-
iR ) | (ABTS.+) Bl 5 2 8 % B R TEA
ABTS (), g PR v iy 2t 00 2 A () 925 A AT BILA) 114
EDC. iz sy (eI BR i v i A BILBR e 2 7

B IR it il 8 46 7 T R 00 T AE S8 W T sl 59 0
Fe AR oA 2R S AR TR X AN ] 43— o i A T
12 EDC [ 78 HAT B A5 I HERfR P |, W it A HLE
() EDC 5 H AL 2275 A i R LA A WL &
AEXT o3 BTt AU T AL R R A G
3 FiEEEE

A2 A 15 A 2R T R W vk AR PR B
JoT 1) S AL A R i ) B A BR8N [ F Y
Y fH B (R 5) o A2 e vk 38 2 I g e PR 5
H,S \Pd/H, . 4 J& Zn 25 J5 3 0§ 1, 25 48 {77 29 04-00)
SN I 52 I 0 B8 I 77 4 e R ok 1 T I ) Ak
WRRE ST JE = H P IRATT AN Z SR A N
BRI A9 1k o AL VK8 B AR, O 445 2 1 M i
P TT BB A7 B LIS IR BT A b 4 B S AR R R 22 15 ]
AT A5 S0 2 (L 04 AR 22 5 R B, 1% 7 1k TG Tk ME A IX 43
JE B 5 ) SR AL AR IR 25 R BT e DR . BRI L A
WRBPEHEBM) (Fe' ") W ERER (NOs ) sifi R A
(SO ) FEnm EU AL PE Y I, 3 26 Ji AT e 5 38 i ) &
A TE e RN, B AR R SE BRI FE S 0, A I
(EN= T =R (= W i 97 W g 8 ) = B S A
B IE R K 2 B 254k A W e SR R AR v AT
e A B0 AR el LY i 58, S EUR A
5E4 , T RAL R MR IR IR RE T o B4 T L b2
WL EEA S Fe? Mn* &4 i B TULHE, FRARIAK
FR AR ISR BT AT SO B, 1 — 20 5 e )
F B 1 T A

x5 BEREWTFEENENRTELR

Table 5 Comparison of evaluation methods for redox capacity of humic substances

Tk A PREXE D) TR R fF
Method Cost Operational complexity Application Information
e it Ay £ PR O R RS A3 #r FWIL L RE ]
GER (a7 = RS JE BB AE JR R SE B TR R
ek e AR JE BT S A T B A AR T B TR A My 9296 i BRI T

SR o DS SR ot o N (B Ui R g D = T TR
B PR 22 1% B 2 25 Wi DO 9 o S A i Dt s v i
T P R A RS i e A s Dt e O A B Y
AR IRRE T, BAT R R, R AR R AL
LSBT R B A AR JRURE ) Y s B VEAY (%5
W B A T AR JCA T BRI, IR
A IR B R Yk A
Wy n] I BELIST A AR B 3 e 1] 42 e J 9 o ) 4 AL ik
JERE ST o BRI AE Sy R AR e B R e, 42

Y 48 A 38 T RE 7 14 5 553 A 2 46 P 23 figp AN A AN ]
I LA B BA AN R AR 735 o A R4 4 B4 T8 L
DA Wy 0 e DM A A JE PR S A AE T A A
Ayl A A W im 75, SR A 8 I X AR
AW P G B AR R A AR X AR 2% HL T A 8] B
Ir o PRI LR B I8 A T IS R I
SRIEFEIT T IE , WA S5 Z R I IE LR 5 70T, AR
2MfFER.



55 4 3] ABIR 45« JETE PR AR S RE 1 AN O vk MR ] 31

4 INESRE

Ji 58 5 A 3 TR K A T2 B R AL
EEY Lz — TR 2 Ak s i i, 2 5
15 G ) 1 AR Ak 3 D I A T S ) LR R AT Ry o AR S
SEE T AR IR TR S Ak R AR AR 1 Y D
P STIA BERUN G R, PEAE AT T A IR TE T
A% 165 58 0 AR R RE R S R BR . AR
JERT A R T (EURG A A B Ak sk R
FE S RS 5 52 BN AN A B T 5 U2 Wi R 8 4
U M ABEAUL 18 AR S5 A B0 B B B A BT I ] 1A
S U BT R A S 30 RS AR W IR RO
I R B A DU A5 B B, RRE IS T BB MABSOR B U
NG, RIS R AR AR TS B A
TR T RREE A RN AR 7 AR G0 A A A A 4R 1L
I IR AR, HE 20 JE 5E T 48 Ak 3 B e T PE A B R 1 &
JE RN F o

PUAT 1 6 B o SR AR R RE I DAL iR AR E R
TR IS AR AN R G2 T R DI DL R n Y
Fil 32 BRAE [ . H AR 7 k= 5 90K B2 >
SER AR MGG AR BE T 7 AR BE 0T AE - HEf
TEAFAD R G DReh VER, R G A ZOTA
B LA IO A 722 A A 30 4 438 5 £ T ) VS A
FAMME . AR AR SR TR A PR R 0 5 0 i 1 F ik
PEMY T KL R 224 D T

1) ik — PR FO R BT I 8 o SR AR I g
VAT RN o BEE B BOR AN W gk 25, w] DL
FRVVEAN 7 TR B, 91 a0 R T AR R BOR Y e R
JE AL IR AR S ZE A LA 27 ) 1 SRS EE b B R
4 85 5 T AR A 3 JERE T 1Y A Y R R TE 2 Y T
HetE

2) ST A B TS RE ) S AR R R
BLU)ReZ A W ORI o TR AAZ IR FE o 5 IR
Yy A A ) R 2 ) B AR AR R ST T 5 o T
TGN SR A DL RS R SRR T AR
FABL

3) R I 5 o SR AL A I BE ) AR X AR A
A 3 A 9 B N AR S R G0 R T T A TR AE Y A
{8, Sy iR (B Y 1 498 5 AR AR PR B B AR} 2 K 4l
HRLHE
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Method for evaluating redox capacity of humic substances
and its applications

XIONG Juan, FANG Jing, XU Yun, TAN Wenfeng

College of Resources and Environment/State Key Laboratory of Soil Health Diagnosis and
Green Restoration, Huazhong Agricultural University, Wuhan 430070, China

Abstract Humic substances, as a natural organic matter commonly present in soil and sediment, is
crucial in the processes of biogeochemical cycling and energy flux within ecosystems. The active functional
groups including quinones contained in the molecular structure of humic acid endow humic acid with redox
properties , making it play a key role in the transformation of environmental pollutants and the improvement
of soil fertility. Accurately evaluating the redox capacity of humic substances is the foundation for the in-
depth elucidation of its environmental behavior and functional mechanisms. At present, the main methods
for evaluating the redox capacity of humic substances include redox titration, electrochemical techniques,
and microbial assays. This article reviewed the principles, experimental protocols, and application scope of
oxidation-reduction titration, electrochemical techniques, and microbial assays, and deeply analyzed the ad-
vantages and limitations of each method in evaluating the redox capacity of humic substances. The results
showed that the redox titration is simple to operate , but its quantitative accuracy is limited by the way of de-
termining endpoint. Electrochemical techniques have high sensitivity but are susceptible to external interfer-
ence from environments. Microbial assays can simulate natural conditions well but have a longer cycle of
analyses. The emerging trends for evaluating the redox capacity of humic substances are discussed in terms
of developing new electrochemical sensors, optimizing in-situ measurement techniques, and implementing
multi-modal analytical strategies.It will offer a theoretical framework for selecting appropriate methods for
evaluating the redox capacity of humic substances from diverse sources and establishing a robust scientific
foundation for promoting the application of humic substances in remediating environment and boosting agri-
cultural productivity.

Keywords humic substances; organic matter; soil; redox; electron transfer
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