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Abstract: Reduction capacity (RC) has been recognized as an important parameter for evaluating the redox role of humic acid (HA).
Thus, for understanding the capacity of HA for the reduction of mercury (Hg’* ), chemical reduction capacity ( CRC), microbial
reduction capacity (MRC) and native reduction capacity (NRC) for mercury reduction by three types of HAs extracted from various
sources (SH, TJ and JY) were measured respectively, following the pre-treatment of the HA samples by saturated hydrogen oscillation,
soil solution incubation and the control ( without any pretreatment). Three electron acceptors including mercuric chloride ( HgCl, ),

** reduction method.

mercuric nitrate [ Hg(NO, ), ] and ferric citrate (FeCit) as a reference were adapted respectively based on the Fe
The principal results indicated that; (D the capacity of HA for the reduction of Hg was significantly affected by various electron
acceptors, with the RC values obtained under FeCit condition were all greatly higher than those in the conditions of Hg(NO, ), and
HgCl, , which suggested that the RC obtained using Fe’* reduction method could exaggerate the actual capacity of HA for the reduction
of Hg’* ; @ significant differences existed for the reduction capacity of Hg>* by different HAs, with those of JY were the highest,
which were (0.95 +0.03) mmol_+mol ™' (NRC), (5.95 +0.63)mmol +mol™" (CRC) and (6.26 +0.51) mmol_ +mol ™' (MRC)
respectively; 3 HA in solution forms had approximately 100% - 691. 67% higher reduction capacity than those as solid forms.
Meanwhile, through comparison of the differences among three RC indices, higher CRC and MRC values than NRC were observed, but
no significant difference between CRC and MRC was concluded. Thus, CRC may not be applicable to comprehensively represent the
real reduction capacity of HA for Hg reduction under microbial condition.

Key words: humic acid; electron acceptor; mercury; reduction capacity; native reduction capacity; chemical reduction capacity;

microbial reduction capacity
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KA R AL TWF5E BT T)) — i dE 17 4lifb. HAK
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Table 1  Basic properties of the HA samples

TR & Ci/% Fe/ng-g™! By #2%E/mmol -g ! FRIEE/mmol -g 7! FRIE/ meq-g ! E/Eg
SH 59.93 5.32+£0.91 4.91 3.23 0.62 5.08 £0.22
TJ 51.89 2.06 0. 35 3.09 3.62 0.51 5.31+0.19
JY 66. 06 3.31 +£0. 06 6.31 6. 15 1. 06 2.92 £0.62

1.2 I
12,1 FiAHEHAJR HA

TEFE N, BIICE IR bt HA i 56 R 1738 i Ak
HLOR A H, SR X HA T4k AR iR
JE L RSHL 15 mL 3 Ff HA V& WA 35 mL 53 F /K
F 100 mL PVC B.08 15 8RB R 50 mL, %
b C &30 mg- L™ J8% pH 7.0 +0. 1, [H]
F IR 2% (15 PR B 5% Pr) 100 mg- L™ A fi
B3R A H /N, (RFLEE R 1/19) J5 25 B B 04
25°C F#EEPRT (160 remin~')72 h Ji, i A N, HE
W H, R

S AR WS 6 HA AT A R
Ji . 7E 100 mL PVC B HHIIA 1 g 204 H150 mL %
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h G 11 wm ZR4ER PR E Y IRAT IR ; SR
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A AL FEAY HA A% B8 T 5E NRC.

S 5 [ 25 AR RS HA X 5K 18 IR RE ) 2%
S, 73S HA BoE 8ol AK3E R 1 th4s HA 1Y
C i, RSO0 E N T o 2 — 1 B 7 P43 B R B
3 Fhil 4R SH 2.5029 g . TJ2.8907 g.JY 2.2707 ¢
F 100 mL PVC B8, & MA 50 mL 81K,
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FARIIR RC E3 8% & T HeCl, &M .

IS B Fe’ /Fe” U AR AL I8 B AL 137 /)N
F He’* /Hg , BI 3 554  He' P 302 Fe’ AR5
AR WA IR 0 45 R ATA . X R BE AT HA

B 33 %

- 25

E o HeCly (a) AT A it a
= 20 B8 Hg(NO3 )2 VQS\
g © FeCit \\\
T‘:; %
=)

&

b

]

b

s

T R I e R (LLCH Y mmolemol ™ fb2E iR R 2R it (BLCHFYmmole-mol ™!
[ I ! |

ERL G

i1 HA o7 R RUING 56y S-N-K J7 2207
LERZERIERE P <0.05
E1 AEETEERNT HA K RC LR
Fig. 1 Comparison of HA reduction capacities under

different electron acceptors
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FEREALAR” 0k He?* Fl Fe'* BRIl HA 1 3)
RESE A A Ah 38 2 BE N HA P85 455 45
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HERb LS FEUR LA E 1Y RC EAR.

BAN R HeCl, Fll Hg( NO, ), BT 345 05 8k
MR RS 25 5 AT RESE: R T M & ki IR rL o
£5%  SEEEZH TR AR 2 Bk 4, cl
RN R RS He KA G, Wi fgsm HA 5
He* 20> T S50 HA iR He* R

IZI B0 B R ke’ 18 I 4R 15 HA 19 RC
{H, ZEIE KT HA MR BSR40 AR HI Al
HVPAE HA XF He®* B0 J5L B 2 R SRV H. 8
BRI R B - 1) AL 3 -2 5 I g R A AL
il -+ S A fEA i — DR AW
2.2 N[A HA &5 ORBE T Y L

AN HA BRI 3 B 250 1 22 54, S BRI
WEABFAHEREER (P <0.05), WK 2. L
Hg(NO, ), NH T3 SH TJ F JY ) NRC {4351
9(0.52 +£0.10) . (0.22 +0.15) F1(0.95 +0.03)
mmol _-mol ' ; CRC "1, JY X Kb R 5 e K,
(5.95 +0.63) mmol_-mol ™", F/NA TJ; 24 HA #
AR S, SH T A1 JY 9 MRC B4k (4. 32
+0.67), (2.96 = 0.43) Fl (6.26 + 0.51)

-1
mmol _ -mol ™.

= o= k) W e LA v -] oo
— T T T T

W 5 R BACHFYmmol-mol ™!

ENCEGE

[f]— RC bR, AR/ NG F8E R S-N-K J5 22 34 R
25T P <0.05, L Hg(NO, ), N F3Z 1k
E2 AEAHRIERFENLLE
Fig. 2 Comparison of reduction capacities of different

HAs for Hg?* reduction

SRR L3 F HA iR R A 22 5 3 (P <
0.05),LAJY MR )45 i e R, SH IRZ, i /INA TY.
XA BEF HA (L5 FITIREIE AT A 6. & 1 il I,
HA H 8 3 2 36 IR 3 FN 55 (L B2 (E,/E,

/N AR B R ) BT LA DY SR, AH R A
REJf , X 5 O A SCERRE — B0, i — 2P RS T
HA IR 525 2 5 Wy 8 3k R ik RTR 3 5 1 Je 55
TR

HRLIR T Fe B 40 1 4 52 M) S Ak 3 TR R
PRS2 (H S A IR, HL A AL AR T DL Z e
A AR B HA(SH TT M JY) B Fe &
H(LLCH) 2910 (5.32 £0.91) (2. 06 £0.35) Fl
(3.31£0.06) pg-g ', F B A WL E|HXT HA iR
YEHIB SR, BRI R, 2 5040 it B o 3l A 1Y) 32 8
HA 45 #9 o i) B JE, ¥ 56 Wy 7% 3 55 ML R
6_}{8,19~21J.

2.3 AEPIRZS HA B ESRAEE Y HL i

[ HA (A LR AS ([ A R A ) %R 1
R R P (£ 2) , 24 HA NSRS, RC
PIEEHR (P <0.05). TJ 19 NRC /B AR} (0. 12
+0.00) mmol_-mol ™", B I M IFE WA MY (0.95 +
0.03) mmol_-mol =", MHET 7 £%, HiAy RC 4Rt 2
TE—AE DAL (E AR OE B2 SH RN T) 3% 2 Rl &
fig2 , ¥ELLIE A 5 2S HA U 59 NRC, Z17E HA ¥ 2%
P DA, H NRC B 43 91 F: (0.52 £ 0.10)
mmol _-mol ~' ( SH) A1 (0.22 +0.15) mmol,_-mol "'
(T). ISR b7, %S B B A AT HA X He™*
38 J, 5 A HA H He, b 2 R OR.
Schliiter ™' A HA X Hg® ™ B3 JEAE ] 32 2 2 =2 5
HA %% 5 B = A=l s A AL (DOM) 520 5 7E
EABRE R0 HA R He " KR 1
HA % 55 N7

WA 2 RSN RC Z MK, nTEES 2 #
RASS HA 4323 [ S50 G, 3 5 D A8 S A 2
1 DOC AT AL, B4 HA FEfR & P DOC & &K T
WA (<30 mg- L"), UEHH [ ASE HA Z540 R 48 , 78
ali KR ZR RS o7 FREMROR AR G A e R TT
ifS HA PR S5 3 A 0 1 4 8 A e e
M HA RS RASET G55 2 BoR &7 R b IR T
FE A 5 7843, PR S A ) X o (438 S .
2.4 3 FAJEA AR IR A

53 HI7E Hg(NO, ), Fl HeCl, Z54F , 155 3 F
E A AR,

WE 3 iR, Y17 7E SN IR AL 2 s A Y L
HEARET 5 R 198 B RE S 5 (£ 2) , CRC A
MRC B} & K F NRC, X fl & A Wf ¢ 45 it —
! {H CRC Ml MRC Z A K/N KR FEH
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