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FEE . RIS 20 0 RO A W Ve A8 Mt BEBE IR LUK ( DGGE ) M AR  #R9E 1 IR A TG T e Fe( ) 3B SR 24
b ( Feammox ) S BL AL BB A DIRES SN, 25 R R W Y RN AE 1T 255 24 d B NH, &A%k, [RIETA E] No, Al
Fe( 1) WAL, RGPS IR R AFEE Fe () 07 NH, EALR N, =Y 20 NO; FiFe( I1) , FEfERE 1 N, A%, it 84
d ]335 BRI KRR 29. 85 mg-L ™" B4R 7 59. 7% , 7K NO; Hii{E ik 24. 56 mg-L~"'. 1GYET5 I8+ Feammox M7= 1R
R KR T pH (H TR, BRI R P RUE MRS S A R AR AR R, S 51E M5 e Feammox R TS 43 #F 74 76 B 9%
T FRAT R R AR BT 4.
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Simultaneous Ferric Reduction with Ammonia Oxidation Phenomena in

Activated Sludge in Anaerobic Environment

LI Xiang'?, LIN Xing'*, YANG Peng-bing'*, HUANG Yong'*, LIU Heng-wei'”

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China;
2. Institute of Environmental Biotechnology, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: In recent years, a few phenomena of ferric reduction and ammonia oxidation (Feammox) have been discovered in Paddy
soil, lake sediments and wetland soil, but none was observed in activated sludge. Thus, the Feammox process and the dynamic
response of corresponding microbial community in activated sludge were explored by conventional chemical analyses and microbial
community denatured gradient gel electrophoresis ( DGGE) technique. After 24 d of operation, ammonia transformation occurred.
Nitrate and ferrous ion were detected in the reactor, indicating the existence of Feammox process in activated sludge with a reduction of
nitrate and ferrous ion accompanied by a small amount of nitrogen gas. After 84 days of culture, the highest inversion of ammonia was
29.85 mg-L™", the conversion rate of ammonia reached 59. 7% , and the highest nitrate concentration of the reactor effluent was 24. 56
mg-L™". Feammox in activated sludge was a process that resulted in acid leading, which decreased the pH value. The structure of
community bands changed during the whole incubation, some communities were retained and part of the dominant bacteria were
enriched in the reaction of activated sludge.
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XENH,-N 28 Ak 25 B 2R 2 ma ik 2 B, A D
Fe( 1) A Bh FHE B NH, -NFY R, Sesront 4
FETEPETS IR H RN 0. 15 mol - L™ A G AL AR I 0 H:
HEATOOME , A5 RTINS AL RS 15 I I A AR R
TREESRT. (FURXT T HEGERNH, -NAAL AL ) 5 B e
//I\’%@Hﬂ F Feammox Bl G2 7775 1175 B0 A T Wi
1 H 8736 75 Ve h A K Feammox A 142t 6 45
2 iH.

I, A BT DR AR AR T R A K BT 43
BT B A MRS FE S L UKk ( DGGE ) F A X 3% 135 8 +h
Feammox W A7 TE M #4701 £ W58, I X%T Feammox
Bt e i A v U E W e I i AR AR AT LS, LA
$91 A T G 5 A G 3 e T e e B AL 4R e
2%,

1 HESH®

1.1 3 REstiscit

SR E AT B R 250 mL BURS 4 IV , 125
SR REBIBAT A R CE A A IR R
AT IR R 32°CTHE ; K 125 remin ' K
FERR I A 2 d; K pH{EHR 6.5 ~7.0, 18 1t
0.5 mol - L™ YR BRI #2105 F5 U8 5 K AR
PRFFAE 200 mL. S i R 2l E S 15min DABR A
K R A, ik ORP HEAT R AF, FF 7K 2 N 2% N
ORP il £ ( —60 £20) mV.
1.2 R esk i 5 Se g koK

FERN TS PRI A T5 M 15 K AL 2R R TTTE
MLVSS/MLSS 24 0. 65. 525 % 7K >R I 7K B
% 7K T2 B 4 9 NH,CL(NH, -N 50 mg-L™") .
FeCl,[ Fe (I ) #& 7 Bc il ], NaHCO; 600 mg-L™",
KH,PO, 27 mg-L~", CaCl,-2H,0 92 mg-L~", MgCl,
+7H,0 16.5 mg-L™". i 0 R W 46 W 73
EDTA 5 000 mg-L~", ZnSO, - 7H,0 430 mg-L~',
CoCl, » 6H,0 240 mg-L~', NaMoO, - 2H,0 220
mg-L~", NiCl, - 6H,0 190 mg-L~", NaSeO, - 10H,0

210 mg-L™" H,BO,14 mg-L~". T EZ®KImEN
1.25 mL-L7".
1.3 ihirik

IYMTITEES DL SCHER[15]. NH, -N . 44 [Gik 7] 43
HEEE L NO, -NFINO, -N: 8% 1CS900/AS23 &5
T, %; pH: W& 44 pH211 B R J¥ 3f; MLSS A
MLVSS; H % ; TN PANH, -N, NO, -NFINO, -N—=
HZHFEIR TN; TOC . 75 E HEEE Multi 3100 TON/TC

1; Fe( I1) FiFe( 1) « >R FHSRIERT 053G BE 1.
1.4 DNA f#£H5 PCR-DGGE

RN ARIZEAT 0, 48 F184 d B 4rHIHRIL S ¢ 16k
1576, M H3E DNA PR 205 £ (MP, 3B ) #2
HUDNA. PCR ¥ 3§}, SR EL 40T 16S rRNA i ]
51 ¥ ¥341 (5’ CgCCCgCCglgleC  ggCgog
CggeeCeeeoeCACggegeeCC) Hl R518 (5" ATT ACC
gCgeCTgCTeg3") , 514 F341 5'3i4 —4> GC & (TAC
geeAgeCAgCAG3") ALY AT (1) &
PCR SN ARF R . WA M 95°C, 5 min; #1420 K
PEFFE 94°C 75 PE 10 s, 58°C B 4k 30 s,72°C ZEAH 5
s, PEHRSEEE  72°C ZE{# 5 min.

X H Bio-Rad A F] Deode™ 3 [K 98 A5 46 1l] 22 4t
AT DGGE 43 Mr. ZEVEBE EE I 45% ~ 65%
(100% HYZ5MEF g 7 mol - L' I JR 1 40% 1) 2= 85
THBER TR A Y)) . FRBCBE RS B B A HLTK
il U5 pL PCR KESH RS INREZE thig ) LR, 7E 80
VHLE F,60°C HL UK 16 h. HL UK 45 H 5, # Be H
BRI N A S TRAR 1 3 Wb HEAT Y48 5 min.
SRIG X A VKB RIS AT 5 A, O 5 IR v 2% 2
TPARZSARGS G AT RER 5L 5 R N AR DI RE R G 2.
1.5 Fe( Il)FiFe( 1) ME

Fe( 1) FiFe (1) 0 22 Y5 SR FH 4B JE 1wk 43Sl
B, Ry ikt G BORE b R A R Fe (1) By 52, £
TEDU S A 1, 0 P R R R DL S DK A
HFe( 1) K 0.5 mol-L ™" £h FR W AE N Fii
PR, A A7 BRLAS (0 & F R AT BBORE. e B SEm
UL, SR 108 BEORL A TR T R PN A I A K
K. @5 Fe( I1) FiFe( ) P52 . FHA YRS
(AT R T 10mL e 58 42 )5 B T5 T TSR A 40
mL # B Y 50 mL B0 4, fERE IR PR 30
min, A 0.22 wm JE 50 17 5 pg e, WA gk b
Fe( 1) #1Fe( W) e 3, 774 55 /KA 5 AHTA].

2 ZER5iTie

2.1 Feammox W idFE PR ERS LK EEL
{4 BEKNH, -NHRJE 50 mg-L~", Fe( ) ¥ JE
50 mg- L' A KWaT45 R aniE 1 fros. AR gk
JKNH, -NV B (19 25 Ak K B AN 38 47 B 8] 43R 2 A B
BEYIMEBT B (0 ~23 d) FIE £ F BB (24 ~ 84
d). Y4k By B, K NH, -N ¥ B 5 = 18 3 60
mg-L~" BB K F K, 2SO Z B B9k LA
NH," -NFFe( 1) S3E 20 B F= 44, s g
() S SR8 ) SR 43 T AR IS R B 1) A FR R



3116 AN 5%

B % 37 %

P BAETS, S8R & P NH, NIRRT R SR
Mgz 47 ) 18d J5, Hi K NH, -N 3 7 i 28 76 50
mg- L™ ZEA IS, 6B IR AN O 35 A il A 4 9
ARG, RV A8 R I RUE S TR LA TR E
24d FFhR ,NH, -NFFURERE T 1%, 1R & ot il e )
NO; -NA A, [RI R 2 A Fe( 1) A< B, BT R0
THATTHIIEAT TRR4, th ORP [ Wil $8 45 & Hi A
R PORE AR, BT LAHERR A AL B A2 BENO, -NFY AT fE
e — (i, T 32 i Fe (D) , FF LLIA K NOS -N &
Fe( 1) 5NH, -NJ WA i, Bifi 5 ia 47 8] 38 K
NH," -NF AL AE RWi in, 55 76 d i RE3) 20. 15
mg-L~"  FbF N 59. 7% |, 1 H 7K NO, -N 5 &t B
ZHR Bl Ik 24,56 mg- L' ARV ES Rz
7 72 b i UK NO, =N ¥ JiE AR b FEAR T 2
mg-L~". R4 RICESFE AT, R A iE Tl AR
SA T R R K B RRE  h
N,.

70

—=— JEKNHS-NiRHE  —o— I7KNHL N
60 | fog —o— HKNOTNWHE  —v— thKNOy Nkt

N B /mg-L™!

PSP S v S T
0 10 20 30 40 50 60 70 80 90
A i/d

B 1 Feammox KA FEHREERERL

Fig. 1 Nitrogen transformation in Feammox reaction

HAj i 38 Y Feammox X N ™ %) £ % A
NO, 107 oNO; N, T LN, 01 Yang
SRS R R AN — 30T B 5 T LE R 4L
WS O, HF Y B, Feammox J 7 1] DLFEAR
ZABURN R TE v AR B AR S SR ) 3 BT
A= By AT BE P B R, [R) i AR DA B B 7 T R
Feammox 5 W r=A: N, ke NO, gl NO; WAL, Ding
U BRI N, AR E R N, A 0T EE 2
Feammox j”/ NO; 5% NO; LUE KA Ak IR
AEEAL R = A Y. Park 25U R 4TS R AE 56
1E Feammox 7™ ¥) /& 75 NO, I il & A K 2
(1) NO; , R Ry HoAe iy PR AT e B IR A 2 S Ak )
RET, B LU I NO, W R RO AR i NOy . i

LA, HAGX Feammox [ Y 7= 4 DA I 32 ) 25 14 58 5
—AMRAFI . ARSI IR AR T 3T, A
FIESFAL AT M NH, 52400 =) =258 NOy ik
AH/DER NO, A N,. Feammox ¥, NH, Z&—
HIRF NO; | NO, 8N, , b A HAth A= 4k s v 4t [
S8 A 7 B HE— 2SR A ST
2.2  Feammox i3 T PR R I A SOk i 1) 5% 4k
Feammox Jz I 1 F2 H PR 5 2 7K Fe (1) ¥ & 50
mg-L™'REE | K Fe( 1) FFe( ) A8 fL 4N & 2 FF
N VHTEA K FEAR B A Fe (1) A2, 55 6 d i
JKNH, -N KN - T i 52 BT B 5, e i K
Fe( 1) JFaa T, a5 %) 8.34 mg-L~". I 5%E 2 i &%
kK TOC 28 0 mg-L~", HIWr A WL S5 Fe( 1)
R AE R Fe( 1) BT REME A K, L Fe( 1)
Fe(Il) 5NH, -NR W ™). B K NH, -N ) FF
SEREAR, K Fe (1) FFURIZESHETE, T (E A 16. 95
mg-L~". 5518 d K IFGRA NO; -NAE AL, LT
RZ e T1) M BT b Pk B, D42 B s I JF
U R R KA R Fe () & & — H A T35
Fl. 0 ~6 d, KA EAHFe( 1) 4 MEF, HKH
Fe( ) EEHARME, H 13. 61 mg- L™ B &K S
6.84 mg-L™". %56 d J5th/KFe( 1) FFin T, LAT
H"JJ(':F'FG( M)Zﬁﬁﬁf&,%gg%fﬁﬁ 1~5 mg-L_1
BN, 5518 d Ji, HKFe( 1) TF i R B AR,
PEBF K HFe () A5 T s R 3, o6 274 i
JEmFe( 1) #Akimisk  (HiRBE LA 10 mg- L' 4.
MAEREA R o KA SBR[ Fe( 1) HFe( 1) Z
] — HARLAL T 7K (50 mg-L7").

60 20

18

50 . 16
Doaol 14 _
& o] —0— jitrkFe(Il) 12 2
B —o— {1k Fe(IT) 0 E
= —w— -2
& 4 HikFe(1l) %
T =
= .
# 4

2 Feammox XM id 2Rk EFHL

Fig. 2 Iron transformation in Feammox reaction

Mazuelos 251" BF5T 26 W, k88 778 HE AT R LA
R, Fe( D) S5Fe( 1) M H 84S 5=+
A3 | DRI LR B B I A AT A A ) A8 A s ke
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PR EVE . T Bond %5V Al Pham %" WF97 %1,
MK R P R A A BRI, Geobacter sulfurreducen Fl
Aeromonas hydrophila WHFREE T LIE SR SF T A
Fe( ) 8% 0, BN FZIKS 5 RN, AL
SEIR AT, RSN N Fe () B 5L 0 LUIAE A HLF52
ENH, -NR I, HorpFe () 8 5 b Fe( D). {H
2 B FRERS H 5 R0 BN G Fe (1) THAE &
HHE(HE 21X 5 Ding %" Al Yang "7 ZERG
IR M 2 G5 F 5 45 9 AL, At TN R AT 2
Fe( D) &4 T HABR SR . SRMTEA S IR R 2
FNH, -NFl Fe (1) PIAN 4, Fe (1) Y23 2275
FETBE S HAM I B JC 6. T IR Fe (1) 5 NH, -N
J N J5 AR B H T A, 24 NOS -N die KA B N
24.56 mg-L~", X R A R R Fe (1) N 1% 7 2
761.09 mg-L~", MM /KE) 50 mg- L™ i A, X
7 Sawayama ' BB 5T o L A7 AR B, $42 S 7 AR L
o], FLik K e i B 2R 10 mmol - L7 HHENO, -N
S A R 23,33 mg- Lot (A LR N S R AR 3 1Y
NO, -Nf K AE WA 7 49 mg-L~" EFIEE Y 2 %
Z. SRS, T Z WA Fe(TT) 7]
il A2 W B A 35 U8 rh B AU TE B XA T, R
Fe(OH) /R (K, =2. 64 x 10 ™) 1] %1, pH I 7E
6.5 ~7 ZIaJ;, Fe( I1) 25 FR0E OTHE. 1 SEFR
FEY T NO, N 1 2 AR R, T RE R s R
Fe( ) B & ITHERIFe( 1) 5 NH, W IE .

2.3 JGiRMFe( 1) FMFe( 1) &

Wilfert %5 B8 R pH 7 0 ~ 14 Z [8]72%
BB FIE S S R A A, il T2 NFES
[ Fe, FeO, il Fe(OH) 1,14 pH >4 wtnl g
BUTHE (& 3). A T AE TS Fe( 1)
FiFe () it PRA AL TS R 5 M ik 2 TR, 24 a0k 7K 2k
B TWERT S mg- L, KRB TR E AR
SN, 23 LA Fe(OH) , JERTFEAE TN AR TS, A
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