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Effects of AQDS and humic acids on the iron reduction process mediated by microorganisms

NIU Danni, GONG Xiaofeng', LI Yuanhang, SUN Yuheng, SHU Yao, ZENG Huiqing

(School of Resources, Environmental and Chemical Engineering, Nanchang University, Key Laboratory of Poyang Lake Environment and
Resource Utilization, Ministry of Education, Nanchang 330031, China)

Abstract: To explore the effects of electron transport on alienated iron reduction, the effects of humic acids and the humus kinoid
anthraquione—2,6—disulfonate (AQDS) on the reduction of dissimilated iron under the anaerobic condition was studied under the mediation
of Shewanella putrefaciens (Shewanella), and fitting of the logistic equation was performed. Moreover, elemental analysis, UV —visible

spectroscopy, and Fourier transform infrared spectroscopy of humic acids from different sources were carried out. The results showed that
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soil humic acid added with low mass concentration (10~100 mg+L™") made little difference in the promotion effect of the alienation iron

reduction process, but a high mass concentration (200~500 mg - L™") of soil humic acid promoted the effect significantly. Compared to the

control group, the final amount of Fe ( Il ) was increased in the system with peat wetland humic acid added, but the final amount showed

little difference along the different mass concentration gradient. AQDS promoted Fe ( Il ) reduction, and the reduction effect became

stronger with higher concentration. According to the logistic equation, both humic acid and AQDS could accelerate the Fe (Il ) reduction

rate and also improve the Fe(lll ) percent reduction effectively. The analysis results of the different sources of humic acids showed that both

humic acids had a large number of oxygen reactive functional groups, aromatic substances, and aliphatic substances. However, the degrees

of humification and aromatization of soil humic acid were stronger than those of humic acid from peat wetland. In conclusion, humic acids

and AQDS, as electron transport substances, play an important role in promoting the iron reduction process mediated by the

microorganisms, and the promotion effect is more significant when the degree of aromatization is stronger.

Keywords : Shewanella putrefaciens; dissimilated iron reduction; humic acid; anthraquione—2, 6-disulfonate (AQDS)

B Z 20 HE 22 80 4E AL W Ay BL IX T (Shewanella
putrefaciens) X GS—15 4z J& i Jil & (Geobacter metal-
lareducens )" [ L) 53 85, NATTA BAE AR B S A0 BR
I i3k R R DR AR P 5 v R 25 e Al i oy A — R
o3P S RE I AR ALY b Fe (11 ) ik
J5i FEIE A, B AR i TR, B
A R AL R Y WESE R, Fe (D) 34 U AR
#) Fe (1) Al AR J5E U VD Ce( VD)™ (Hg (I1)™
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BT A LTS B L Bt K Oy S R AL S
FIREEAR s I8 A BFFE A S N Fe (I 4604k 49 T 410 R
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AT RL LR A L T 32 4, K H 5% 088 2 L AR M T 77 A
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HEAEHI,
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1.1 I8

JEW A BLEC TR A A T AR A T A G T 5 SUmE e
L HEE A 1R (Elliott soil humic acid, ESHA) . I8 5% 15 Hi
J6% 2 (Pahokee peat humic acid, PPHA) ¥4 B [# Br
JEFE 2 o

Fe(OH); I AN T4 ™ FREL 38.07 g FeCls - 6H,0
F2 LRBEA A A T LB Tk, By Bt Bl
fi# %1 1 mol - L™ NaOH ¥ Wi i pH=7.0~7.6, 153 3| 2T
MR . T E R, RS2 W 2,
AEBTKEERE, T4 000 r-min™ 8.0 10 min, W E
53, LAERR Na'Bs2 M . S A T LR BFK 4
PSRRI TA R Fe(OH)s, H &k 4 8.09 g- L7

ATV I T 20« K B 7 2 WO K I 1 T
F 4000 r-min™ F &0, 2 EIEWR, 25 mmol - L
B 4L TR Al TR 22 PR VR U L B0 Itk EE AT 3 R
Joi o VA AR %) TR 2 P R Ak V7 DA A ) o T B TR
2 i) BT B W ODeoo =0.8 , IRAFET 4 CORF .

% R TR A 45 T P T 5 < 43 B PR B 20 mg ESHA |
PPHA % 10 mL PIPES ZZ s %5, Fi 0.1 mol - L
NaOH % W 35 pH=7.0. #1904 4 h 56 B HE R v
it 0.22 wm BB AR, 71551 9 R GE A R A4 25 TR, T RAT
T4 COKFH . A EA PLER S MU E ESHA
PPHA fiff #5 ¥ 1) S AT HILRS 5T W 4371 R 1195011 740
mg- L', LA % f# A Pk (Dissolved organic carbon,
DOC)i
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FEIAE SUVA2ss (SUVA 63 M E I K AE 465,665 nm T [
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(Fourier transform infra—red spectroscopy , FT-IR) ll %
JEREFRFE &, TR A 4 000~400 cm™
1.4 BUBELESS
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HEZE .
2 #REIHR

2.1 REISRIEEEERA MR
2.1.1 JLRAN

X PR RS TOC R AL ST, i A C/H
C/N 11 HCAEL AT JE A IR R VR R 25 4 1) 22 S bk o 45
1R,

FH L ATAL PRI RIERAY C JH N S Frm 22 7 A
BEP>0.05), WA TEA R F B EES . CH
(B T 3 7 T AR R 110 5 75 PR AR R B i PE AR Y, e/
(BB, % A PE AR B O, BE MR bR /N . pR I T
HIESHA 15 B MEFEEE & F PPHA , S A5 B 2 1905
B ME LM 5 0 PPHA BE Wi PERR I K, A H 21
JR B 4544 o C/N {FL VU] 3 7 T8 AR 110 J8 A A 2,
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B AR B RO, PR T AR E
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Table 1 The elemental composition of humic acid

JEE AR Humic acid Cl% H/% N/% S/% C/N C/H
ESHA 51.51+0.01 4.23+0.01 3.91+0.01 0.44+0.01 13.18+0.03 12.19+0.01
PPHA 49.98+0.01 4.26+0.01 3.47+0.01 0.67+0.01 14.42+0.02 11.74+0.01

WWW.QEs.0r9.CN
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Figure 1 UV=Visible absorption spectrum curve
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PPHA &4 3 Z ANME AL PE A 73, 05 B v AU 5 Ak 2
FEH R

SUVAse N JEFEFRTE 436 nm | WG 3 L) 100 7
5 DOC J5t 5 v B (%) AR, 5 A PLY) v (o Tk 5 ot
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i R VA TR AE 465 nm F1 665 nm F B WG HL(E
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Table 2 UV-Visible absorption spectrum eigenvalues parameters

of humic acid

AL TR

.. SUVA»s, SUVAus6 E, EiEs
Humic acid
ESHA 0.83+0.09 0.74+0.02 0.06+0.01 2.48+0.02
PPHA 0.46+0.08 0.28+0.01 0.02+0.01 2.64+0.13

SEARES R, % LB, 05 A 40 5 R B s, A X
O3 e R, 26 2 AAT, ESHA 1905 & 46 6 F
JE FOAINS 207 i K F PPHA . WA S HIIR Eu/Es(H
BUNT 5 UL E 5 B G R e o T 450
B, £ 465 nm T WG HE ELfH SR IL 5 & 5
IEAHET U B ESHA TR L % i 2 T PPHA, X 5
SUVA e IR 25 3R —2

X} ESHA Fl PPHA %A~ S8 SMEIE S BUE AT 7 22
DT EE IR 30 SUVAsss . SUVAwe Fl E 1 PB4/
F0.05, 150 BH P9 o JE 4T 4 T8 AR B D R i i 5
FEA B E S EJEB) P>0.05, 1 WA W5 85 A R
FEAX 3 F i E R E 25 YA KRS FHEIY .
2.1.3 fEH LTSNSO TE 43 BT

p P 2 ] T T R R R L BT A AL ) R a0
Ui B HA AL A S5 AR AE (R AR W SR B A
X5 27 CHR[36-38] 1 ff B : 3 300 em™ &b W AT I
H1 LS4 5 i —OH AR IR S 2 5 2 920 em™ J2 i

R3 BHEREIIMHISHENSESHT

Table 3 The variance analysis of UV—-Visible eigenvalues parameters of humic acid

J5 22385 Sources of variance 175 2% Mean square error F {8 F-Measure P{H P-Measure fLF P Significance
SUVAss 0.21 28.77 0.01 B
SUVAsg 0.32 112024 4.75%10°° e
E, 0.01 1028.57 5.63x10° B
EJJE, 0.04 4.54 0.10 ENTES

1% WHART]
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SERME 3R . XA AR kA& LR R
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Figure 2 The FTIR spectra of humic acid

8 000

[ (a)ESHA
6000
=
80
E 4000
&
2000
0
0 13 26 39 52 65
Fsf ] ¢/d
& X4 @ Omg-L' A 10mg-L' ¥ 50mg-L"

L'ESHA 7€ 40 d J5 W KA o 1 Fe (D) A 5. 24
K Z 5 500 mg- L™ ESHA B, 76 20~40 d Fe (1)
TR L, 76 40 d B3k BIARE , I Fe () 405
RIKFN66.71% . W 3(b) FT/R A1 EL T H B A0 SE 5
ZH, IS0 ) o B Mk 3 PPHA BOAR PRI A2 3E T Fe (M)
IR 5L, H 45 BT St vk B 22 ] 1 Fe (I ) 8 JE 238 22 SR
W3 (P>0.05) Y978 35% A4 o X RR R IE 1) Ji R i
HEL 505 225001, 2 B 3 6 S A k3 SR e R A A1 R 2L
22 5 g 2 (P<0.05) .

WE AQDS ¥ 43 %1 2 0.0.1.0.5.1.0,4.0.8.0
mmol « L™, AT AQDS ¥ 8 X £k Lol Tt 1 52 M, &5
RWME 4FTR . HE 400 B R A AQDS &
EHER T Fe (D) AR AR , HAE JFAICR 4 (4 55 4
F Y AQDS Y B 5 IEAH K (P<0.05) . AR EA
0.1~1.0 mmol - L™ AQDS i}, e ¢ Fe (1) i 5t % 458 X
TG S 5 A A HE R T 1.40~1.94 £ . WS N 4.0
mmol L™ AQDS WL B0 7F 25 d Ji5 Fe( 11 )il S,
EE RN S AR 2.77 5. YK R S A 8.0
mmol - L7 AQDS i, A2 8 d FF 4, Fe (1 ) 3R 38 38 Ji
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Figure 3 Effects of humic acid on microbial-mediated iron reduction
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Figure 4 Effects of AQDS on microbial-mediated iron reduction
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SR S ARG T Fe CTD) P A S W AVE A . X PPHA T
T, bl A L A ok B A R, Fe (T ) 34 Ji R AR AR 45
JIN S5 R 5 /N T e A T 36 JIr Xof Iy ) i
) AH BG-G9 SE g0 B8 AT T 5.01~8.26 . UL
A1, PPHA =25 MR Fe (1) 0 J5 38 %R B 4E FH , i
XTHE N Fe () 77 A= 1 (/R AN i 25 (P>0.05) o X Lk
PRI B A R 1) 3N 01 % 2500, 76 10~100 mg - L™ JiT V¢
JEN, W 2 59 B3 (P>0.05) 5 78 200,500 mg -
LN, ESHA A 2| Fe (1) e F it 38 5 iy X 7 1 Bisf
6] B 2 < F PPHA ,{H Fe (I ) iff J >R %5 PPHA 38 K T
A

i 2% 5 Al A, B & 7K R o AQDS ¥k B Y 4 K,
Fe () B4 e A S5 07 3 246 5t B0 S k7N I 488 K A B 42
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R Ji 3 38 T X8 10 I B] B2 T T 4.46~7.26 d, TR AR IS TR EE T SO SR A BT . S350, i 1
Jon i o v B ESHA I S I SEJ5 1 297 do il ml AQDSE’JMK?EPFe(]]I) LR AR T 0.40~2.22
I, AR 5T vk B2 ESHA 52 A8 SR ) 39 k2 i B HIE AT, AQDS BEREAA 1 Fe (L) i J5L 35 £ -y
R4 BEBNKERIREZWNNNESH
Table 4 Kinetics parameters of the effects of humic acid on iron reduction process
R v Logistics J7 #2535 Logistics model parameter Vil Fe(Il )ﬁjﬁ$
Humic acid  pus/(mg-1) ) (mg-L-1-d) Tvnadd Percent reduction of
a c r Fe(lll)/%
ESHA 0 2 105.16+79.96 5.90+1.33 0.13+0.02 0.969 5 68.42+13.52 13.65+2.24 27.34+0.61
10 2438.02+131.28 4.95+2.33 0.19+0.05 0.8939 115.81+38.35 8.42+4.78 36.20+0.47
50 2 834.37+124.46 4.77+1.68 0.17+0.04 0.9322 120.46+38.88 9.19+3.23 38.35+1.38
100 2329.68+83.40 6.38+3.03 0.29+0.07 0.9322 168.90+48.28 6.39+4.06 31.66+0.27
200 4240.08+649.71 3.83+1.12 0.07+0.07 0.862 4 71.02£96.45  20.04+18.47 54.77£2.72
500 5934.44+374.60 7.79+1.90 0.09+0.02 0.962 4 139.46+40.35  21.84+7.15 69.36+0.74
PPHA 10 1998.48+50.78 8.62+3.92 0.40+0.08 0.956 4 199.85+46.06 5.39+3.55 28.21+0.34
50 2353.26+78.31 7.82+3.43 0.27+0.05 0.949 7 158.85+35.68 7.62+4.73 31.03+1.79
100 2528.24+77.77 8.29+3.21 0.25+0.04 0.960 7 158.02+30.92 8.46+4.79 34.21+1.10
200 2557.08+107.14 7.29+3.47 0.23+0.05 0.9320 147.03+39.46 8.64+5.68 35.34+0.67
500 2643.22+77.17 6.55+2.08 0.23+0.04 0.964 2 151.99+31.64 8.17+3.28 35.75+0.29
x5 AQDSIERE L B M) 3h 1 FSH
Table 5 Kinetics parameters of the effects of AQDS on iron reduction process
YR cxons/ Logistics J5 FEZ U Logistics model parameter Vi! . Fe(TN) ik 52
(mmol-L™") a b ¢ r (mmol-L"-d™") Percent reduction of Fe(TI)/%
0 2 105.16+79.96 5.90+1.33 0.13+0.02 0.969 5 68.42+13.52 13.65+2.24 27.34+0.61
0.1 2 646.28+102.04 11.89+7.62 0.32+0.08 0.933 8 211.70+63.13 7.74+6.77 38.35+0.55
0.5 3354.47+253.46 4.75+2.27 0.14+0.04 0.863 5 117.41+44.95 11.13+6.38 50.17+0.43
1.0 3342.86+358.74 4.14+2.55 0.13+0.05 0.754 6 108.64+57.93 10.93+8.45 55.69+0.95
4.0 6 697.51+1 487.76 6.25+1.50 0.06+0.02 09140 97.11+£62.50 31.60+7.93 75.78+2.02
8.0 6705.95+126.94 35.36+14.52 0.33+0.04 0.987 8 553.24+78.80 10.81+8.25 87.98+2.98
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Figure 5 The mechanism of reduction of metal ions and organic pollutants by dissimilatory iron reducing bacteria
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