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(1 PHRE R BRI BT 24 Bt , 5 PR T A W25 55 AR5 S S0 00 38, =i 2 X Al T W e s ) T
BARBFE L EK 400716)
(2 D4)1] 45 4 BTl PR A s, DO 14 B 621000)

W E QAR (RC) EMARESIEIR(HA) B JFERENE TR, SRR H, IR 00R + s ik
XF HA 23 BT A2 R M AR B, 73 51 LURHRER (Fe (NO5 ) 5 ) AR Bk (FeCit) VEHL T34 M E T = F
HA( FGEA SH, REDLE TI, 8 =10 JY) WANKIE R A & (NRC) , /20 JF 455 (CRC) , WUE Wi R4 =
(MRC) , X AFEFZEFMT AFPERESFAF R SR RC T, 25RFKH ., =F HA
o DA 2 D R IO S0 RC i35 , IR A T A K, 4324 20.21 £0.26 mmol, mol ' C (NRC) 26.02
+1.12 mmol, mol ' C (CRC)H129.29 £1.56 mmol, mol ' C (MRC), PIFFH, T2k KM Fe(NO,), 757
1 RC W5 TAE FeGit 25T, B40, A HA 19 RC W R TR, i IE S 8mis A= 2 —
Xof i 5 HAR IR/ NASUR A B 540 MR O, A2 3 HA IR SRR E B F 2R 52 . X H = AN R A
HHEFR & B CRC FI MRC W23 KT NRC, 1 CRC Fl MRC Z A LI K/NEFR | I CRC Sk AE HA B

WL R IR SR A i (MRC) 38 T VE7E— PRk

KR WA TR TR A R A
hESHES  8156.2;X171.3

WL (Humic acid, HA ) /F 2k Ji§ 4 R Hh e T
BRIy, T AET AR, A LHE
FEEs A W B FE S S e ) 5 RS R L AR
AR Rt B B IR B 2
O A7 SCHR AR T8, HA ASACREAE Jy o T S gl g2
AR Ay -2 388 e [ A7) S S o 4 g S
B HETE R KA LG R A, AR, HA
AL/ A SRR B AR T Y A W s Bk AL S 2 v
MIVER H 2532 3006775 HA W JFEAE i F 2
KRG T B A TR 5 2 TR R SN0 SE A
B FRIEEREIE SR HA 105 B MRS 20 Fngh
A5 Fe AN ™4 s 2T F S SR PP A B
FRitZ A, SN - (AR 9 A7 7R L SOAS [ g 532 14
RS HA B8 B BE 177 AR B 5 W, b A
(Reduction capacity, RC) /2ffiff& HA it iU GE 1 1 &

X kERIRAD A

FHEFRS @ N RC BN E 5 RAE, AT LA T i
HA TEIREE 5 el 2 v Jirdo e 1) A €2

BT HA 2SR AR B R A 9, A5 1
AV S5 I A AN [R] 1 2% 5, X HL - 32 AR 1) 38 R R
HMAFAEN 22 5, i RC & AR, EAH—
SERE SR TR S HA B RC U E T4,
(1SRG N [ N R R N N i i B R I GV N N |
FPETA MR RC Y He 48 BF 58 38 6 A 238 5 ] i g
75 R A2 B RC B % WLBEHr HA 95 e 4 58
JEBE 7 B = B E SR L A I, AR SCRE BT PR
HL P2 A R AR E T =R AR 1Y RC, I LA
T RS X HA I R 28 R 5 R 5T
RN HLF 24K 4 F RC 284k, Bl 2% R AF HA
B A IR M 48 7 B R AE AR S R BT T i 1
FHRN SRR 22K 35

# [HZ HIRFAREA T H (40971147/D010503) V4 g KAEBFFCAE R AR AL G I H (ky2010013 ) il o @ SR AR 55 9% % T8 4 95

H (XDJK2009C053 ) % Bl
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1 bR 7k
1.1 iR

JEHE A (JY) SR&E A %% = 1w &k W ARR
(0 ~15em +)2) AR 1 mm G5 , 08 PR 5E
[t 2 (THSS ) #E#E ik (B R ULTE T ) 3R A5 81
TS, 5 WA %) PR R S B R (T AR Ak 2
BHEA IR H SH  RHDCE A Ak T 5T T)) —
EHATLAL, Sk 7 R 08 IR U VE 15 4R 15 51

R G R A A 2P B B Mkt AT 4lifk ,60°C 8
PRV I, 028 T 345 50 Bl [ 4, >R H Sk
[9,10 ] J7 vk il & SH BRI WY 25 W (I M Lk
(DOC) C100 mg L") . [E{& HA A 2] % & 7K
H1, 0.1 mol L' NaOH J%£ pH (8.0 +0.2) fifi HA
W), JH0.1 mol L™" HCI % pH £ 6.0 +0. 1,
FEH0.45 wm SF4EZR BT IE M2 C 100 mg L™
& H . JE S0 o T A SR v A R A
AT, FIESCHR [32 ] J7 3 D e AL 3 i1 285 150 4507 A
KHEAMER (£ 1),

=1 SR ERMER

Table 1 Basic properties of the HA samples tested

, Wi Py 5 e TRk WKy

R g Fe . .
Carbon content Phenolic hydroxyl group Carboxyl group Quinone group E,/Eq Ash

Humic acid No. (pgg ~'C)

(% ) (C mmol g ~1) ( Cmmol g71) (Cmeqg™!) (%)
SH 59.93 5.32+0.91 4.91 3.23 0. 62 5.08 £0.22 1.32
TJ 51.89 2.06 +0.35 3.09 3.62 0.51 5.31+0.19 1.26
JY 66. 06 3.31 £0.06 6.31 6.15 1.06 2.92 +0.62 0.76

1.2 HAXREBENHE

ZHOCHR[ 8], 4 HA Y RC 43 =Fh . AR i
J5i%¥ 4 ( Native reducing capacity, NRC)  fb2i8 J7
%% 1% ( Chemical reducing capacity, CRC) Fllf#f: #ik
J5Z5 5 ( Microbial reducing capacity, MRC) , 435l 2
fIE HA P ERRIE I 75 i (R AR AT AL B ) b 2=k
JUAC L (FISEL H, A AR 3T ) FUUE 95 5 F IiE
B2 i (2t B

1.3 RESEH
1.3.1 TiALFRIR R HA TEFT N, B TCE IR

X HA #E47T WAL B, SR AR H, 4% 5% k0 xE
HA ST F30 i A HA $2 HE B €30 mg L'
BT 100 ml PVC B0, 84 pH 4 7.0 0. 1, [A]
RS I 2k (TGS & P 5% ) 100 mg L™ fiifi
5,58 A Hy/N, (RFREE R 1/19) J5 B 3 B804,
25°C F#EYEPR (160 r min ') 72 h Ji il A N, HEH
i W, BEAA SRT R AR X HA HE
TFMUE MR i # BB 20 o L' (280 4 Jf i/ gl K 4K
B SRAE +HEEM®K (pH =7.0 £0.1), I-H N
10 mmol L~ BEBRENAE A BRI , 75 A0t 8 4 1) Ach B
YERZS . Ny 24 h JEPY 11 pum £F4E %
DEREITUE Y ARAFUE 5 ARG HL 10 m] JE A 100 ml
OB, AW E L WA HA (& R

C30 mg L") J&5 , %% (pH =7.0 0. 1,160 r min ',
25°C) 72 h )5, %M,

JBEST S RE RS HA (iR JREE 1 22 5,
RAEFR 1 P4 HA Wik & &, 50 FHE S HA B E
B AR TR RO (T4 22—
BE ) A BIFRE 3 R AR SH2. 5 029 ¢ TJ2. 8 907 g.
JY2.2 707 g F 100 ml PVC L, B AIA 50 ml
FETIK, AR AR R P SR S C30 mg L'
Her HA T B =C R HA

[RJERE, AN AT ] F90 Ak B A 61 25 MR TRAS HA R

XF R £ I SE NRC,
1.3.2 AR ERINE [FIAEAE TS R R
F Fe’ IR JFIE T E RCMH, 7EASC1.3.1 71
J7 3 il £ 4 19 HA BE b 28 5 im A 10 ml ¥
&4 2 mmol L~ YF7 15 BR L ( FeCit) |, fil FR 8k ( Fe
(NO,) ), IBE T 100 ml 45 7] £ P 20 3% 2219 PVC
%;L\%ﬁj,ﬁﬁ[ﬁjﬁg 60 h J5,4 000 r min ' B 0>
Je R RS E S EVE W E Fe® K DL R
JIA FeCit,Fe (NO, ), Ab B 25 (A XF IR, Fe* 1)
T 7 SR FH A8 ME 27 o HE a9k ) RC AR 4 A R
A Fe? " i B T 5 3 (ZE I 1 mol Fe?* 7 %
1 mol HLF) , .0 & mmol, mol ' C, 7~ B FE
IRHR ) HA P AL i 7 3
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1.4 HIEAE

RIS A A B = AN E R, IR B A
S5 H )5, K FH SPSS12.0 A1 Excel2003 #E17
S-N-KF7 5 #r .

2 R3S

2.1 AEBFEGRZFHTHEBRHERETEILER
IR T B A Fe’* LA 4 (FeCit Al Fe
(NOy) ), RIAERR 6, LT 2 MO A], 2
HA i S 45 B R/l A W I 22 53 (p <0.05) (K
1), XFHEE AR , FeCit Z4F IS = Flig
JEFEHR(NRC, CRC, MRC) /N FLL Fe (NO, ), fE N
LTS A S F T A AL, 3% AN T fL 7 52 A %)
HA b JE A BRI 253X 5 SRR [ 8-9 | AR I8 AY 45

TJ Y
RS

Various humic acid
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ﬁé 51
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F—,

K H FeCit Al Fe(NO,) , AT 3R 15K RC 2 5%,
ARESEH T E AR R 2R, S8EZ
HLFRE T AR S TR, A SOk A A h S Al
A AR A T L E A A S PR N T
G (R BT MBS 1R TR B 38 H T
BMMWBEER , BT REHEWEEE T — 7
AT I8 Ji - G A TR AR 2 RIS 4 AR
A e AR M B A A R R O TR B
SO 55 5 1 30 JEAE 7 AR A 5 T S
YER T IE R L B F X5, 7 HA Fil Fe’* &
YEFH I, 52 B A7 4K Cit’ ™ A PR Bl BS F NOS 152
M, Fe’* 5 HA S5 5 R BE R, LK F'' 5
HA Hrak Ji 3 1 55 R 2 2552 i HA X Fe'*
B ab JE

2 s
<
a
S
8 40 1
3]
=1
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R
S
= E
£ =
235207
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&
> ol
=
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B0
RS
~ TJ
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Various humic acid
B
O FeCit
8 Fe(NO,),

W

Various humic acid

C

Y WIEER S, RIS SR N S-N-K A4 S R IR, pe0.0S. A-ARJRIEIRALR; BALEERAN; CHUEMIEIR
55 Note: Means followed by the same letter(s) within the same HA compartment are not significantly different at ¢=0.05 by S-N-K test.
A-NRC; B-CRC; C-MRC

Al 1

Fig. 1

RT3 5 ft

HA reduction capacity as affected by difference in electron acceptor
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[, HA 5 4 & B8 1 1F S 25 [ 4546 1) 22 4k
WA HEFEL HA IR JF FeCit % Fe (NO, ), 1 RC /),
“HAR SR HLERL” PO A TR AZ AR BRI HA R
DI ReFE A Al Ah iR 25 1 A HA W5 456
IR A ROV, (A HA S5 48 P38 A HE TR 8 /)y HA-
Fe FMASE REFRAR, A5 R — 5 {15 s iy 4
J& B RS SRR N, R 3G n T AN 4 R B T
PEA HA P05 38 J 3 1 & AR VR R PL &1
RO R IE AT (i~ ) 5 Fe’* 45 & B IR T
HERTF NO; P NI T FeCit FRHEAL Fe' ™ 5
HA PIEBIA S I P & A 2 il WL 2, 3 B0 I 5
) RC AR AL,

AR P R 1 Fe’ 3 J5 3 3545 HA 9 RC
H,3% Fe’ LB YRI5, iy B A5 0 38 R
o HOE A, AR X R, Bk Ah, dn SRR A
Fe’ " B JF O PEAl HA XF HoAth 35 Y ¥ ( ) 40 o 4
J& A HLTG e 45 ) 3R JE IS0 L R i A [
HH BR ) A X 8 JRURE ) KN TR BE B HA X
15O W) S B A R A i, TR U T R

15 R W 7 32 AR R PE M HA X T1%05 e i) 5
PRifJERE ), BT 5 B0 4 e A Ak i -5 A
FR RS VR AL 43 52 2% | & X2 B 0 i 72
HR R AMEAER MM E R BRI —P WA
5T,
2.2 AEHSEIEFEE N EE

M T HA 2R e v b & 9, H a5
A BT Fifi R A [] T 4% 5, 3 BOE 52 i A TR
(F2), BRI, =Ff HA (918 7 25 & 2% 5 B
W(p<0.05), L JY Bif J5 45 & e K, H NRC |
CRC I MRC fH 43914 20. 21 £0. 26 mmol, mol ™'
€.26.02 +1.12 mmol_ mol ™' C F129.29 +1.56
mmol, mol ~'C, XA HEF HA 1945+ F1 1) fE 3 HF
B, HE AT HA 0By #2355 AR 3%
I TACTEE (E,/E 8/, 55 7 10 72 B bl s ) £
DL Y e, A N 8 J5 g ) f i, SH R, T) &
5, X 5E A SCERRGE — 8, RS T HA
I Ji 25 5 T R R | R R RN IBR R B i O ) A
o, i 5 H 55 A AR fROR G 20

35
z 30 [
3
850 25|
;) TL) a ] SH
S © [
5§ E 15 BT
ZE 10 2 ¢ Iy
mm é ~ L
& 5 1
=
¥ 0 -

A SRR SR A ENRC AL 2R R B CRC WA R A BEMRC
USR8 = €icp i

Various reduction capacity index

i AR, ARG FRIIHS-N-KJj 25 e RERIERE, p<0.05. PFeCithHF34k Note:
Means followed by the same lowcase letter(s) within the same RC index compartment are not significantly different at a
=0.05 by S-N-K test. FeCit is the electron acceptor designated

K2 ARSI A

Fig. 2 Comparison between different Has in reduction capacity

MR TI R MRC {55 T SHI2. 56% | 1fii
NRC Fll CRC BJ/NTF SH, X P22 7 a] iE 5 {2 fikk
B AR HA W HUA A BT 5G, T HA 45
P ek LA 40 v B B2 32 SR L T 19 UL A R
FEPARTAIMIR - LA () BB B2 A — 3K, T RE & &
B 7€ 1Y) HA 38 J7 %5 £ (CRC Al MRC fH) A fr
ZESt,

[l O A OB IE S R T Fe Bt 235 M
HAAE R L) (0 A A, Ho s & ek

VEFIRTLAZIE AT AR5 i, 1 HA (SH, TJ
K JY) H B Fe &850 5.32 £0.91 pgg™' C,
2.06+0.35 pg g™ C Ff13.31 £0.06 pg g 'C, &
A MEEE] Fe X HA 38 25 55 1Y 1 & 50 A I
o AR, 2 58 R SRR FEEOE HA 454
H A HLFER o2 )
2.3 ESMBESHSEREFEENILE

I 2 ATAL, AT A ARAS (SRS ) T
1) HA 30525 i W] AN TR] . >4 HA [ 2878 i
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B RC HEER K (p <0.05) . Fe4liE T #9 CRC,
TE[EZSEF HAE A 5.02 + 1. 16 mmol, mol ™' C, 1M 7E %
TS CRC 4 16. 30 + 1. 60 mmol_ mol ™' C., Bl 12
220% , MIHE L&, B A R T HA X Fe’*
IA 55 5 A HA ML, A e i R,
AR T RC ZRMJEH, AT 5 ™
RS HA 4> Fa5 M 250 A OC, R 48 R J [
A HACEMEME Sk EIAS C30 mg L',

H R AR Z H DOC & A5 SR AR T AE, 43 1k
C7.96 mg L™' (SH), 6.41 mg L™' (TJ) Al
11.69 mg L™"(JY) . Hi LA DL jR] 42 156 B [ 245 s
HA S50 R 45, 78 2i K AR &, K 53 o + 85 K
R A WA 6 & R IF, [T HA I8 i 5t 14
TC ¥ 4 T B 1 AH 5 ik T2 HA O RS I
LEA B 2 R EY R O P T A A R R R AT
PRI T B A T T 4 R B A JEAE

x2 EFMBRSHHERETIRES

Table 2 Comparison between solid and liquid Has in reduction capacity( mmol, mol ~'C)

i AR bR

BAEHR Humic acid

Reduction mﬂtﬁﬂ’j‘s
capacitiy index Varlous status SH T Y

NRC [ 2% Soild 6.23+0.20 b 4.56+1.33 b 10.01 £0.02 b
RIS Aquesou solution 11.32+0.67 a 10.32+1.33 a 20.21+0.26 a

HEMNR Increasing rate (% ) 81.70 126.32 101. 90
CRC [ 4% Soild 9.21+0.65 b 5.02+1.16 b 13.26 +0.15 b
WA Aquesou solution 17.03+1.00 a 16.30 +1.60 a 26.02+1.12 a

H /N Increasing rate (% ) 84.91 224.70 96.23
MRC [ 2% Soild 7.15£0.20 b 6.93+0.89 b 15.29 2. 12 b
RIS Aquesou solution 12.12£0.41 a 15.16 £1.50 a 29.29 +1.56 a

/N Increasing rate (% ) 70.22 118.76 91.56

U [l — i AR AR P S A ARNG PR S-N-K 7 2204 R 2 M B3, p <0. 05, L FeCit 9 BT 3244 ND Fom Ry, 34

# = (RCyyzs -RCjsz ) X 100/RC g5 Note:In the same category of RC index, means followed by the same lowcase letter(s) within the same column are

not significantly different at o =0.05 by S-N-K test. FeCit is the designated electron acceptor. ND =Non Detected. Increasing rate = (RC_ 00 = RCoiq ) %

100/RC,

solid

2.4 =FiITEA=EROLEE

MALEAEANIEAL 22 1) 5 ol s A 4 v - (AR AAC | 5
SRR A A JRLRE Sy 45 (18 3) , CRC A1 MRC #4701 & K
T NRC, % 58 A W54 —5"", {4 CRC Al

FeCit  [o A JEIRJF A NRC

? 35 - |[efbZEEEAECRC

% 30| it A3 R A BMRC a
8 ]
2720

2E;s

L

%c 5

a5 0

TJ
[ ZT

Various humic acid

A

MRC Z R RN R R BN IR,

AE KA 4> MRC HW] KT CRC, A
TR G B 22 5, DB MRC HEE/NF CRC (3,
p <0.05) ; 1lii Peretyazhko 1 Sposito'®' il I HA i J5

FeNOs); | o i I ¢ ENRC

£ 500 | ekEEHARCRC

g 457 | offEYIEHARMRC a
8§ 40¢ 3
g0

530"

FES

& .20

25t

LEw0

’ 0

TJ
WG

Various humic acid

B

H: F—HAH, RE/NGFREHS-N-KIj 25 RERIERE, p<0.05, A-fEFeCitfifhT; B-fEFe(NOy): AT
Note: Means followed by the same lowcase letter(s) within the same HA compartment are not significantly different at 0=0.05 by S-N-K
test. A- FeCit Condition; B- Fe(NO;); Condition
3 SEEE

Fig. 3  Three reduction capacity indexes of HA
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FeCit 132] = RC {4, 7A% CRC I MRC Jf-TCH] i
2= 5 AT LA CRC Rk FRAF S B50R 28 2o T A= W3 it
JE R RS, X R 22 5, T BE AT el
TZAR(FeCit Al Fe(NO, ) ) A 3, Ak, 244k
Tk LA (B 4) S AT HA R BS AEAE RS
(FE5) ,HA 52br BB 2 ™k 2 APtk
(HA BHARHBE A B 1) 80 T H & 354K (Elec-
tron mediator) , H FAFRKIE HA H 4=, 5
FHOH HA #2322 SN 1 SRR B R — 2, IR, 24
SMURAL R TR AR R H,, 3
RRRER, ML)

Exogenetic chemical electron donors
(e.g. dithionite, electrochemical cell)

+e

HA $HSEik 5, #-45 H AR 5B AH i i, A%
BT RIRE ST R/, R SR T i A
JEHA, 22 3 EUHA 2540 K A= 8 fk, NITTE2E HA R
A BT A R T R A A 1 2 S
WAl REZ R HA 3 IR,

PRIt , CA RS 00 B CRC (B K HO
HA FEESC [ RIS (A B4R 1=, G951 7%
i JRVESE) B Wi U (9348 IR A B (MRC) /Y
WL, A it — 25T

LA .

Oxidated HA ¢
—e +e

SR AW For

Reduced HA

K4 Aesamid SR s I e b A HLE R R

Fig. 4 Sketch of the mechanism for determination of HA reduction capacity after chemical pretreatment

HIRR

Nutrients source

A (RESR A T 2
BRI AR

Microbial community (donating
electrons to humic acid)

AALAHIRR Fe?*
Oxidated HA

+e —-e +e
B JFAS R Fe™
Reduced HA

K5 A T Ak B A0 ) 0 i i 7 B LB s T 1

Fig. 5 Sketch of the mechanism for determination of HA reduction capacity after microbial pretreatment

3 4 ik

1) 20X HA B8R RE s m B &, [F)
Pl HA 2508 T, FeCit 2514 45 89 RC EHP & T
FE Fe(NO,), T BT H T2 H &AL R
PEBTRZ R Ah , HA FE - 32 (R 9 28 -0 R i A
AR B, =R HA H, LY R
K, =AM %S f2 48 A5 (NRC,CRC Fl MRC) %
KT HAM PRSI EEIR . %116 55 A WA, HA 1)
S D 7 O S T [ S, = RC $8hR A Fr
iR S

2) =R R AR bR A E R AR HA 18
JE4FE, CRC A1 MRC & 3% K F NRC, 3t ] HA
A RAVE S B AR 3 v Rl 3l 2 R A5 A0 ok
[ a4 = A Bk R RE T . (H3Z2 HA $2 Fifgid
FHRE IRy 2 5 ¢, CRC il MRC 2 (8] JG B #ff K/
KF, I CRC IFANRE 78 AU R A Wik ) 45
4F HA B SZRJFEEE J1 (MRC) |, X 5 AHEBF 5T
5B A X,

2 % X o
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CHARACTERIZATION OF AND COMPARISON BETWEEN REDUCTION CAPACITIES
OF DIFFERENT HUMIC ACIDS

Jiang Tao' Wei Shiqiang'" Li Xuemei' Li Mengjie' Peng Guodong' Liu Shuangying’ Luo Chang'
(1 College of Resource and Environment, Southwest University, Chongqing Key Laboratory of Agricultural Resources and Environment, Engineering
Research Center for Agricultural Non-Point Source Pollution Conirol in the Three Gorges Reservoir Area, Chongqing 400716, China)

(2 Mianyang Environmental Monitoring Station, Mianyang, Sichuan 621000, China)

Abstract As an important parameter, Reduction capacity (RC) is recognized for evaluating redox characteristics
of humic acids (HA) in environment. In this study, three HAs (tagged as SH, TJ and JY respectively) from different
sources were selected and pretreated through methods of saturated hydrogen oscillation and soil solution incubation respec-
tively for determining chemical reduction capacity (CRC) and microbial reduction capacity (MRC) by reduction of two
electron acceptors including ferric nitrate (Fe(NO,),) and ferric citrate( FeCit) , in comparison with native reducing ca-
pacity (NRC) obtained through the same measurement method based on HA samples without any pretreatments. The re-
sults suggested that HA extracted from local humus layer of soil in JinYun Mountain had the greatest RC among three hu-
mic acids, which showed the highest RC values of 20.21 +0.26 mmol_ mol "' C (NRC), 26.02 +1.12 mmol, mol ' C
(CRC) and 29.29 +1.56 mmol_mol ' C (MRC) , respectively. Meanwhile, Of the two electron acceptors, Fe(NO, ),
induced much higher RC than FeCit. In addition, HA in solution status showed higher RC than in solid status. All the
above findings demonstrate that reduction capacity (RC) of HA is a variable parameter, which is closely related to the
structure and properties of the HA per se and also affected by its initial status (e. g. solution or solid) and electron accep-
tors. Comparison between the RC indexes of the HAs shows that CRC and MRC were evidently higher than NRC, however
no significant difference in magnitude was observed between CRC and MRC. However, whether it is feasible to use CRC
to characterize MRC needs further study for validation.

Key words Humic acid; Humic substance; Electron acceptor; Reduction capacity; Iron



