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# E: B SA (Feammox ) S2 3473k & LAY —Fh T ALY R A A SRR G = Mgk [ Fe () T30 JE Y B RUE AR R ARRT
FRAESRZRETMAR A TREA E EEMER . (FJEAXT T KA B H 138, H AT A SR K KT Feammox 4 5¢ 1)
WEFEARTEL D o Ry b, ARBIF 5 R AR AR [R) X SRR 15 A7 DR S8 3%, I8 B [R5 38 AR A 1 A 2 55 T B, DT RR
Pk B A G T L Feammox 500 38 DL S AR R S EAT THRSE . KA SR v, k[ Fe ( 1) ] A TE S A
e B LA S TURR G 25 RN 00 28 Ak, 22 B TU AR vh & 42 T Feammox W, I HLiBRER (NO3 ) 24 (NH} ) AL i 277
Yz —o AREE(NHL-N) IR0 DA SR 5200 R 0, NH il DM Fe( 1) IR 5L, (EL 1 f) NHG AJ BB 227 A 3 AL
Mo ANIE] Fe( T0) BN 145 b B, NH -N Y B2 (19 2846 70 b 2 25 53 (P>0.05, ANOVA) L {H & Fe( D) R i b v,
EERER AL (NOS-N) Ik 2 1 3 8 T H T A B (P<0.01, ANOVA) &1 Fe( 1) RYASIN AT LA NHY 446y NOS iyl # . IR
AR T, NOS-N YR B SR b T fE SCHRECR B A R G Ak T e R G Y D AR X S B Y ORI i, 18 B R R vhoap
BERAT Feammox FISAHALINFEG o A0 2 & AR B F 45 R R W], K WA 7] IX 3 DT AR 2498 3¢5 1) Feammox 785 7E 3R 32
(0.17~0.51 mg N/ (kg-d) ) , B Feammox 7E KA K Hifrid Bl e k¥ T HZMIMEH .
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Ferric iron reduction coupled to anaerobic ammonium oxidation in the sediments of
Lake Taihu™”

Chen Xiaofeng ™ , Wang Runzhu, Chen Jing & Zhu Shiya
(School of Environmental Science and Engineering, Yangzhou University, Yangzhou 225127, P.R.China)

Abstract: Ferric iron [ Fe( Il ) ] reduction coupled with anaerobic ammonium oxidation ( Feammox ), a novel nitrogen removal
pathway discovered in recent years, may play an important role in nitrogen self-purification in aquatic ecosystems. However, current
research on this process is mainly focused on wastewater treatment or agricultural soils, with limited studies in natural lakes. In this
study, sediments collected from different areas of Lake Taihu were anaerobically cultured and the bacteria involved in the iron and
nitrogen cycles, the factors influencing Feammox and the potential rates in the sediments were investigated using high-throughput
sequencing and isotope technology. During anaerobic culture, changes in the concentrations of iron [ Fe( II ) ] and various forms of
nitrogen, as well as the morphology and colour of the sediments, indicated the presence of Feammox in the sediments, with nitrate
(NO3) being an important product of ammonia (NH} ) oxidation. The addition of NH} can promote the reduction of Fe( Il ) , but
excessive NH can have an inhibitory effect. In the treatments with different Fe( Il ) additions, there were no significant changes in
NH;-N (P>0.05, ANOVA). However, the NO3-N concentration in the treatment with the highest Fe( Il ) addition was signifi-
cantly higher than in the other treatments ( P<0.01, ANOVA) , indicating that Fe( [l ) addition could promote the production of
NO3-N. The concentration of NO3-N increased sharply and then decreased rapidly during anaerobic culture, accompanied by a sig-
nificant increase in the relative abundance of genera associated with denitrification, indicating that the coupling of Feammox and
denitrification occurred in the system. The results of the isotope enrichment experiment showed that the potential rates of Feammox

were relatively high in different regions of Lake Taihu (0.17-0.51 mg N/(kg-d) ), indicating that Feammox may play an impor-
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tant role in the nitrogen self-purification of Lake Taihu.

Keywords: Feammox; sediments; Lake Taihu; cyanobacterial bloom

PLLHAESR KR R E SR B AR A 3R BT ) B U 4L A i I A 1 T R 2 — , [
el KRR E IR AR I BRI E R — o SO AR EUR A Z A AL (Anammox) AT LUK /K (A H i) SRR e
bk Ny i, RN JE K 25 R PR R e B T B AR o SR, Anammox S 1 3R LA )
FR RS, 5 5 S e T A AR 35 S AT S g DX, DRI T 78 R A K PR B0, S i A T RE AR e = 221
AR

UTARA, —FoBT B B h R WA = 19 Anammox 5 = Bk [ Fe (1) |3 J5UAH &5 & 19 77 30 (Bk 2 AL,
Feammox ) 7E{ V{5 Y Y RS I i R rh gl A 8L, iz B o, 70 B (NHG) B840 LA R ER (NO, ) 1Y A I i
PEBEE Fe(ID) BUIRJE . BUJR , Feammox SFHIZETF £ BT, KRG £ W RIAHR A ] g 7 R ot
B h & B, B NOSAM, Feammox st 2 o NHY 3£ n] i 01k ol N, slChs R4k (NO3) ™', AASILHR) - 4
Feammox W (JrE2(1) ((2) .(3) ) M A F fAEAE " R , 26 A N RN B8 2 2 1 R R e ik A
H1 Feammox SNL™ Az (4 N, 1] LA H KA Y THCE 745 (NO, B NOS ) SCRT LR BORS A 4R LI 47, PR it

Feammox [FFE ] BEXTIK A B R G IWAE A¥A B KIER.
3Fe( OH),+5H*+NH! >3Fe( 11 ) +0.5N,+9H,0 (A,G, =—245 kJ/mol) (1)
6Fe( OH) ;+10H" +NH;—6Fe( Il ) +NO,+16H,0 (A,G, =—164 kJ/mol) (2)
8Fe( OH),+14H'+NH. —8Fe( Il ) +NO;+21H,0 (A,G, =-207 kJ/mol) (3)

KT, TR 2239 k2 3 [R5 = AWK IA ,, BAT TR Bt TR K Aiisgsmae" .
UEIL4E0k , R B 5 3Rk B R ™ 3, O 4R 2 R WS Bk A . TS e, B 2 I WA 0y Ak T 20 R o bR
A, HCRU R AT AR B O B RO R A RE Y TR A R B T U A A AR R
EALLIAT B A5 AT — S0 1 J 2R3 2 L ok S 34 20 £ 58 R0V g e 45 i AS W A

AT RO R, KR h S A R 2 i ot R TR o RE T G R D4 7 R KR Y
NH;™ S8 K I LR Th AE 16 50 fL B Feammox SRR . LAM , W MK R 5 2 2 5 1 1 1 KB 48 R
T AR A BRI T 35k o 4 4 R A5 5 Y BR B B A 2 Feammox 717 9 PGS 07 o BRI B AT
Feammox 1] fE7E B 2 KW 2 1A PR P R 45 TN B AMEI . it , ABF 52 SR 4 K1 AR 7] IX 3 0 A7
WIHEATIR GG I5 , 45 4 4 T AR W02 T B, %) Feammox & 75 0] LALE A W) U0 RL oh 2% 26 R ) i 490 e 13 o
Feammox A2 IR LI S R [F] X 5k Feammox 875 4 %
SEHEATERSY, AR B INA R R IR SR G, O K
FeAL IR PR AR 0

1 MR E5AE

1.1 B 5T XS A AR R

TR AR K] (2022 4 8 H) Al R AR DU A
f (1) o SRAEIE] N R 4 14:00— 16:00, K,
WIT 5598 3 G, RAE I KAk 1 5 6 77 1 FRAE ) 44
R o A RAE R I X (AR C) MER T ik i i
B HFEEVE X (AL B )T LA B 22 B0 B 20 A, T
3 DX A 96 3 B8 DA O AR 00 P 8 A 2R Y 3 SR
EWNARIZ VIR, A A B AR5 5 TR
o IR T 3 T 52 50 3 5 7 B0 T S B 0 A 3 R
PREEHE F7 S50, R4 B9 UCRRI AT il T 4°C KA V2 8L,
JH 00 7 200 B R A 45 A4 PR i DB T - 70°C IR I vk BT ORMERAEALA
AP IR Fig.1 Location of sampling points in Lake Taihu
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1.2 [EiR B X+ Feammox B2

H A (NH-N) Fl Fe () #e BEH AT AU o Feammox [ 52 ), SR FH A2 T w0 b (3705 B) 1T
FUIRE AT AR B R S 0, BRI AN R A DU R 5 R B FoK LU L 13 IR AT U Bl %, e 3
BHZ VKT - TOCHBARIR KA R LA T A TR RIS S50 53 B o FRER 12 g B3R UR3K 30 £33, 43515 80 mL 2%
BETFKIEAFEMAMIE (2 140 mL) o, SRR 20 min J5 MR 2 B /KT . IRETFE46 bt
722 d, LR BRFE RIS M NOS (NO; DA KR IR MR L5 W, S — A d A 0.5 mL 0.1 mol/L
NH, Cl, AR [E AT 0.5 mol/L FeCl, {#15 Fe () #4514 0.2.8.5.6.8.4.14.0 mg; 5 2N A 0.5
mL 0.5 mol/L FeCl, , Fi4 Sl A R4 0.1 mol/L NH,Cl, ffif NH-N ¥4 31k 0.0.14 ,0.28 .0.42 0.7
mg NH}-N, &b EE 3 S TPA7, iR FRAEBRDEE F7 , 2 R EE Ly, M iR Eh 2 (NOS-N) I f
R A (NOS-N) NH-N FUFAR B F[ Fe (1) ] #e B, B IBORE Ja F 3t % 4, LA B IR RSB F- B4 rh il g
FREAMASAEA o SCURZE AR, S B TR A B €0 725 1 b fic B 0 K Ab B4, 384T DNA 2 ORI = = o
1.3 AEEERE A XiGiNIRY Feammox B 7R ZENE

AR X 8, 3 A7k TR AL BT vk IR Lo 7R R 35 2 d J5 KRR A 3951, B 0.5 mL
T 4.5 mL 2 mol/L KCI B .0, FHLUIE NHY-N & i, MR BIRSCIe 4550, 20 JI s — & & 1)
Fe( 1) A1 NH;-N(99% , Y4 , B 5 5 A7, 25°C FIRERDEET R 24 h )5 , 6 A 54 A
0.1 mL 7 pmol/L ZnCl, A5 1k i 3 9 - (0 i A= 00 156 3, 368 ok BE 422 10 J 3 S ( MIMES ) 3000 52 N, IO N, 0 e
TR & AR 2 1 NH; N 2536 Feammox P7EHE R (90 7= 2R T, (NS % Ding %' )71, R A
R=Ry/ (Ps)  HEATHCIE, R R 2 Feammox ¥ TR 5, Ry BN, P2 A K, P 5 NH-N (5 8 NH-N fiy
el
1.4 DNA iREUFI R B ENF

K F EZNA +3¢ DNA 42 BUA5R & (Omega, USA) 2 ERUTBIY B K 240 DNA, BE £ 5| ¥ X5 338F (5°-
ACTCCTACGGGAGGCAGCA-3 ) il 806R (5’ -GGACTACHVGGGTWTCTAAT-3" ) %} 16S rRNA F:[A ) V3 ~
V4 KIRFEATY 8 o SR Nlumina MiSeq - & #F47 538 &I, A H Mothur SE84E4 T 40 B R I& 2540 Je 24
PEAAT , I JE AR R 5 2 NCBI $di /& , SRA 455 PRINA905072,, i e A 434 T 4Rl s JB

AR A T e
1.5 LR S
UURRMIAT L 35 R /KR A I 5 73501 2 BEAR i 7 15 GB9834 — 1988) FIC HI613— 2011 ) BEAT 5 >R 41

PR B AR 2 b7 DM BE W R T AR 15 e K, SR P T 05 T A% — DL WAL 73 D10 Ol B 12 0 5 Rk 5 4, SR )
KCl $ BUR IR 736 BEA DN 2 DUARY b NHG-N &4, S5 R B LT HE 05 R AT YST A 85 2K 5 23 A A0 5
FJZKMREG pH FIVE S (DO) 5 23 531 R F N B B B3 D' e BE ¥ K A R 23 6 6 BE 1 58 A0 23 e e B2 1 Al
N-(1-283E) -2 e OB B IR I K it 4¢3 @ NH{-N NO-N Fil NO3-N ¥k g

1.6 RS

SHA Li 05k AR Feammox S0 A b ft, JEA S
N,=3.65Xpxhx(1-W)XR (4)

KA N AR EBRR (V(km’ 2a)) 50 KRBT EE (g/em’) sh K A Feammox S R 1Y 10 AR 4 1R 1
(em) ;W N EIKF(% ) ;R N Feammox W7E R (mg/ (kg-d)) . R SPSS18.0 # {41k £7 4 51 ( Pearson)
FIEHN 272237 (One-way ANOVA) , P<0.05 {03 /K-, P<0.01 {4 Fehk B3k

2 BZRE M

2.1 KA R XKk R F i AR AL i

H 7RISR R T, R K AR T I 2R 3R o e AR ey, FE T 1 XA 5] 83.9 me/m” T X LA
47.7 mg/m’ o SZEHOCA RS ,3 ALK AR A 5 0 T e S, OF EL SR B vk . 3 ALK
AIULARY A BTN BR T 28 9 5 e 35 LU e, FE b Al SR 0 vh O i B A DL IR B SR 2 15,14 mg/ L, T 11X
Y EBRE 23.7 g/kg, TTERER ATHRHL Fe ( I0) Al Fe () ¥ ik 2.5 5.4 ¢/kg(DW) (£ 1) o
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Tab.1 Physiochemical properties of the water and sediments in different areas of Lake Taihu

- #IK Rt

g R TR kR, AUR NN REEFeCI/ EEFe(ID/ G
(mg/L) (mgm’) % (/ke(DW)) (g/kg(DW)) (/ke(DW)) (&/kg(DW)) (&/ke(DW))

A 9.34 9.00 47.7 38.27 9.02 0.16 1.9 4.2 21.3

B 8.61 9.19 69.2 36.45 15.14 0.20 2.3 5.1 22.4

C 9.31 9.21 83.9 35.44 11.90 0.18 2.5 5.4 23.7

2.2 [RYIiREXT KMINARY B Feammox A MM

K FIH RV bt (f s B) DT AAT 2 IR ARG TR 50 3, B4R ] Fe (M) & X Feammox 33 #2 1Y
T 2) . WEFR TS A H A iy NHS-N FERESRAURT 24 h NI BORIR BE R My i 72, s 7
i L, 76 48 h 5 MAFEL T . & SRR Y NOS-N W EEAERE R IR 2R B, HIFEE Fe( D) &1
TG, S NOS-N #e SO R . 5 NOS-N W BEARfE R $A2pl Fe ( 1) W FE L 7E SR 5 8 h 5 28 1
F LD TR RRE  Fe( 1) M8 e A, H Fe(ID) W5 R IR Fe( 1) W B
L EREFREE UG A8 13.9 mg/L, NOS-N ¥k (AL 3 5 NOS-N 25, (A2 I8 24 FRAR M KT, ik
KAEALA 0.05 mg/L Ay,

Py CF s TFl ——-#—- TF2 —-—=—-- TF3 — -o — TF4

18 3.5
(a) (b)
16 | 30k
21 2, {\
£ 12 Bl
=1 @2.0—/ *i
£ s i \
= SLOf iy TN
Z Z 43 \§ ........ S -
- D . ——--—I"_" ﬁ \‘_l\ 3
0 12 24 36 48 60 72 84 96
I fia)/h
(d)
006
—
2 | A
= 0.04
i
N
P S
50.024
ooy 4

& =0 5
60 72 0 12 24 36 48 60 72 84 96
I 1) /h Al /b

Bl 2 ARl Fe( D) %0 A A3 NH;-N (a) \NO3-N (b) [Fe* () NO,-N (d) ik 254k
(CF g H&ZH ; TF1 TF2 TF3 TF4 433750 2.8 .5.6 8.4 .14.0 mg Fe( 1) (¥4 38)
Fig.2 Variations of the concentrations of NH;-N (a), NO;-N (b), Fe**(¢) and NO;-N (d) in the
treatments with different Fe( Il ) addition ( CF represented control group; TF1, TF2, TF3 and TF4 were the
treatments with the additions of 2.8, 5.6, 8.4 and 14.0 mg Fe( Il ) , respectively)

ASIATR] B NHG-N A0 B b NHE-N iR BETE RS 97 4~ 8 h S 34T BRI R [, T -5 Z A X L, NOS -N
WP BTt BE SR 12 h J5, NHE-N ¥R B 28] B Th, s ARS8 R R, S B B U sh i A A AR i
NO;-N ¥ B W2 T R (HJRTE 48 h 5 SOFIRZENE T, 5 NHI-N FI NO;-N R [A], 4 ab B b Fe (11) ¥
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BESFREE L TE, P AR BRAT TAT(NH-N #3059 0.14 mg) B9 b T B2 R b, 76 55 95 45 o204k BEZH b Y
Fe( 1) W&k 20.7 mg/L, SHMIAFE & Fe (1) (940 BEAHAL, NOS-N ¥ J3 thn 2 557 78 541K 169 7K SF- , W {4
0.05 mg/L A4y (JREIEFR)E 8 h, & 3)

—e—CA v TAl —— - TA2 ——0—--TA3 — -« —TA4
(b)

5

w B

NH,"-N¥¢J&/(mg/L)
(3]

NO,-NH & /(mg/L)

—_

1 1
0 12 24 36 48 60 72 84 96

1)/
0.08
(d)

5 0.06 -
520
£
w15 0.04
E 10
= 0.02%

5

1 1
0 12 24 36 48 60 72 84 96 0
B l/h i al/h

Pl 3 RIF) NHG-N B b 3 NH-N (a) \NO3-N (b) \Fe*'(c¢) NO;-N (d) ¥k 7251k
(CA MXFHEZH; TAL TA2 TA3 TA4 /35780 0.14,0.28 ,0.42 0.7 mg NH;-N fj4b )
Fig.3 Variations of the concentration of NH;-N (a), NO;-N (b), Fe**(¢), NO;-N (d)
in the treatments with different NH}-N addition ( CA represented control group; TA1, TA2, TA3 and
TA4 were the treatments with the additions of 0.14, 0.28, 0.42 and 0.7 mg NH-N, respectively)

2.3 REERNENRAYHHNARBEEEHTL

PRAEE TR, %5/ 0.70 mg NH-N F1 8.4 mg Fe( ) A4t (TF3) vh T FRY B € FNIE 2572 Al fe S A
., R ez B TR HEA T AN RE IS 454 20 A7 o i3 Dlumina MiSeq I FF £ 3845 T 221553 A5y it
J7 3 P L 425 bp) , #4F 4 (19 Shannon FRe i & X HE 7 6 1, RUIFEAKIE ik 2 A1, BT 97%
B BIE AT OTU 225, 4R15 1904 ~2883 /N4 OTU £, s LL 4w 1h 58 177,154 49,335 H 477 £}.741 J&,
PREFEFRTG M R R G RO AE L . 35 TR L v I8 18 49 R AR 1728 JE 147 ( Proteobacteria) 1%
BAARH(30.6% ~37.0% ) , R AL R T (11.6% ~13.9% ) AR ] (7.0% ~9.3% ) HATH T (7.4% ~
10.1% ) 55, FEFREEdE  JRERER 1 F BRI m , BRI 1.9% ~2.5% $& £ 26.2% ~40.3% , HE ]
HEHI A TH B F2 FEARAE AR EERY R (BHE 1) , i Chaol | Simpson 25497 32 & BE$5 it 3¢ WA 40 781 i £ A4k
TERESEFRIGA — BB IREAR (R 1) .

15 JE /K |, Thermodesulfovibrionia_norank f2& 35 F2RTUIERY) R RS , LFE iR 5 8.7% ~ 10.0% , Hyk
J& uncultured Sutterellaceae(3.3% ~4.1% ) Fl uncultured Steroidobacteraceae(2.2% ~3.7% ) , MTER A2 Z )5
Symbiobacteraceae_uncultured BN PEHEE , H A F] 15.0% ~27.7% , H K & Thermodesulfovibrionia_norank
(5.7% ~7.4% ) F1 Alicyclobacillus (3.3% ~7.4% ) (MHE T ) .
2.4 KA E XY Feammox FE7EHE R

JEEHIUR X} Feammox (SIS SF F2 B, B3 5.6 mg Fe (1) (4bFZL TF2) Fil 0.28 mg NH;-N ( 4k B2
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TA2) FY A4k B Hp S8 S A A BRI D AR A, DAY I T 90X

0.7
PSS A X R AS (7] X ST AR YY) Feammox {575 30 R 47 o BN BN
WIS o WE 4 5 R IUB R (3 3 St B 3 1 T
HU A BN, P A R, 4 0.1 mg N/ < 05

(kg-d) , WO X FRAR, A WA T 0.05 mg N/ (kg-d) , REKX £
BT N, A A ] 0.55~0.59 mg N/ (kg+d) , 5B
R TN R (P<0.01) IR R P Bz 1 02

“NH;, RABUSSE 2 d R I3 g NH-N &0, ks 2 01F . - ]
LK MG O A DS 11 X B Feammox WEfERERAM S 00— 5 c
o 0.17.0.28 1 0.51 mg N/ (kg-d) o s AMVUEWI AR K {8

FASBF BE S 1.36 g/em’, F /K % 44.15% ", JF H R & Bl 4 [l fr 2R A IR AR R ON, A
Feammox JZ i F T BUIVRBE R 0~5 em'® M4 3 AN fy NGBS (A5 A B A C 25k
Feammox Y575 R, T3 HK I Feammox SEUMAIRZS W0 DX A SR b O R EL I HE T 11 1X0)

BAR2.4~72 / (km*+a) . Fig.4 Production rates of 30N2 and 29N2
s in the isotopic anaerobic culture (Sites A, B
3 itig

and C are the center of Lake Taihu, the
3.1 REEEEGETABIMRY %+ T Feammox & ki center of Meiliang Bay and the estuary

AN Fe (I A NHS BT A5 LB NOS of Zhihugang, xespectively)

NO, #R L il R IR LB, JF BAERE A S ad B v — BLOR R T 4% 1 R T, R B g R v = A 1
NO; HUgidat NH (i Uk, 1 ) 037 3 8 4 S0 56 v 72 A 9™ N At HURE B4k U8 T NHG i IR A4 A, i
SR NH (R A8 AL P NOS PNOS B Rl Ak sl R A Ak R o W Fe (D) J& , BLBU K2
BT A EEURY , X S SR TE S SR B g W 2k (BRI ), IR PRRE S Kt Fe (1) ¥R BE Y T, 18
WU R Z 1 Fe( 1) MBEBHA SR, AHOCHE I HrEs 2R (B 1) B, 7E 96 h R4 FRad # b, NHL -N ik
JES Fe( 1) 3 NO;-N ¥ i i 35 A OC (P<0.01) , 1] Fe (1) 15 NOS-N ¥R B2 g 3 1IE ARG (P<0.01) , iX R W
Fe (1) i RS AR 7E NH R4 Ak S NOS Ryt B h R4 T EBAE M, BVR A& T Feammox I, WF5E & HL,
NH; 9 DR AEEA L FT LAFE SRR A B R EBRIRERSE " o ACHIF S R X B Ak 8 D57 g A K T, R 77 9
SR R TR R ST 2 AL AR TR, (FU AR S R B, KT rh = Ak R S R S B
ERHY 7.4 4%, RIS g R FR R NOS Bl N, 1= AR AT RE B 5 Fe () 38 A C,

BRI JE , 4N Exiguobacterium , Geobacter , Shewanella F1 Acidimicrobiaceae 252" TT IR FH Fe (1) R F
ZAE B CTRER FURRER A5 (A b SR A iR 2 T T e . A H AT N RE R S 5 Bk
G ALHERR I A A, (B R S T LA ) B S A i R AR BE T, TR A 23 A X A2 A Feam-
mox PRI EEANE " . PURBIRGE IR  DUB T Bod I B TR AT 11 2.83% +0.36% 1T 2 4.3% +
L.77% (BHEIV ), 3%t A W2 A BE R R T 85 3R B2 Hp 0 & 248 T Feammox I o
3.2 R4 E Xt Feammox B0

Fe( 1) f& Feammox JZ i (Y L 732 &, IR G 0 AL 1 Fe (TI) — AT AT NHE 94846 . Ding % %
FHIRSE 28 8 I 5 AR [ -+ 448 v 1) Feammox 3 4 B, N, 97 E 28 5 Fe (1) &t i E IEARG . ARBF
B Fe( D) B Ay 3G, NOS-N (77 2E o ik 19 (18] 2b) , BEH Fe (1) v B8 (42 2 ] e 23 i ik
NH; #E— 2800 NOS . S B GAL A I8, {1 Chen 257 78R A & EAL I BFIT h & BL, B Fe (1) ¥
JE RSN, NOS-N 38 ik 5 NH-N 3t/ A4 A8 58 35 289 015 Guan 2527 SRl 2 B3 32 4 X 3] Feammox i
FEFLE Y N, A1 NOx, & BLA NS5 "N, 0 2N, 0 7= i R R . B Ay 2 , 1 S Sk B R Xt it 0 42
PEATI3HT o AN Feammox [ i J5 i (1) A2 (3) KA, 1 mol NH IR AN NOS T EHFE 8 mol Fe( ),
B FE T4 N, 38 Fe (TIL) #eBEXT NHG 48046 NOS #3545 B ih BEZR B9 520 SR, 3 T AR ASHIE ST
NO;-N 1177 Az 5 B Fe (L) 738 0158 14 1 07 4t 25 18 m ) Js 1AL
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Y€K Feammox 1 8 rft i iy Ffitfd , NH 75 & [FIAE S R % S AR o (FZ 4 4] Feammox (5T K 246
PR K AR B R A T K P NG R R — AT s e, Rkt NH -N P B2 X6 Feammox [ 52 1 (4 AF 5 AH X6
Ferb o R  NHG 588 08 AT Fe (1) i 38 S50 o 82 %0 S5 4500 76 I R 0 4 2 025 O B4y
Feammox VY 7EBE ZI & 8L, WUAY NH,-N & 12 55 Feammox % 2 [B] I B4 B 3 AUAH M. 1M Desireddy
257 U Feammox AEFEK i NHEI UL B, K0 VR NHL-N J2BRoBA 2 NH, e 09 5 0
TR, ABFFE T, Al NH-N %50 (0.14 mg, TAL) (AL ERr (¥ Fe( 11 ) Ve J3 B 25 &5 X I 4 (P<0.01) , T
X RRZH g e T E NH-N AR i 4b 38 (P<0.01, ¥ 3c) , FLIR R AT RS2 NHG-N i 2 T o BR i Hh A Ui
B NH M T e s S8
3.3 Feammox 3t # ;AR = B &R Mk

TERK & B FRIA T, TR AR Y 06 A VB A B S FE K- KA T T Y 845 38 46, AR o () 7 i 4R
1E AR AT REAL T AR ™ LA i R RSB R AT A ) 15 mm 2247 BETI A 25 A 1 T V0AR
YR ENLE R RERRA Fe( 1) b, SRR R R v 3 1A] 3 RN H B ol 0 1 R A ) 2 R R AL K A
(s EKF, EBK-UUR T 2~6 mm TR LT B AL FIRACIRAE X Wy Feammox [ HEFT#5E T
BIERIFREE S L BN N SRR AL B S i K R R R E R T R — 1 R — T
IR L LI 1 K A R I B TR 3 S R BT R T L 5 2 M, X S A AR
AR E B 2 B R Al T, A S h Thiobacillus | Desulfuromonas F1 Geobacter %54 3 Ji B AH 5C J& 1) AH X+
FIEIRF] 2.4% ~ 6.7% 1 TMAHEGE A WITURIY h 8ka J5 B MR 1 oA 2.83% £0.36% (FHEIIV) , 150
XA 4 HAG S A Feammox SR MUE WA o S0 AR Y I8 B 00 PR S A AR C T RE U My
FELE , 22 W] Feammox [ I [JFF AT LA AE IX 26 & 8 FALINA A SEPRapig th & 42 o

[ R B A R R rp N, P A R 8 TN, U A 2 R JFUA 9 NH S Feammox Y 7E 7 3 £ 3
SEA BRI R A AR ] NH-N 75 5B Feammox ¥ 76 3 R HEATALIE . BIE R 101X
MG o0 X [ Feammox 72 3R 435 0.17.0.28 mg N/ (kg-d) , 5 Li 2" SR 71 11 380 1405 000 532 45
H(0.24~0.36 mg N/ (kg-d) ) 45305 A% TAR LMK L8009 0.48 mg N/ (kg-d) ™ LIZWSE R , KW
[ Feammox ‘S-54 1 Z45 2 fik 240 i B A (29 23.1 v/km™ ™ ) 19 10.2% ~31.2% o pi1 TRl 37 8 /s B SE 368 I
T Feammox JEEH , - HLIEAE 48X PR U PR ALE B AR BE T UEAT , r A3 235 SR b R 3k v Ay 31 1 S B Ak f o
Feammox IR ARAE 1. ik, RAHBINAR R Fe( 11) F1°NOZ-N J5 002 T HESEHS 000 X PR 7 s 1Y)
VAL SRR 4330 H 5.28.6.10 mg N/ (kg-d) 7 ], JFKf Feammox I8 75 7 5 5 2 475 H , 1] % A iH)
Feammox & 12 AU % 29 |5 SRS AL 3 12 1Y 3.2% ~ 5.3% , 1% 4% 5 W& A1 T SC ik v o I8 32 7K Ta) 3T B2 7 1Y
4.0% ~7.3% 7",

Feammox JZ Ji AT 4 % N, NO; 8% NO, , Hrh N, B M J& Feammox BYE HZ =4, 4 Guan 251 E 4T
PAMUTA D I b FRad AR R 2 B, H 3 Feammox j=/E 1) N, 2 (5 5L N, 7= AR (1) 75% ~82% , i+ V1. 11 [|]
U E4EH Feammox /1 1) N, Iy Ho {9 £ 25 1A 5] 78.5% ~93.2% ", {HZFE VRN Feammox JiE 4y fi) b 2
i1, Yang 251 &3 Feammox P24 19 N, B LGB Ky 47% ~T2% AR T F 3R A5, TRHIZAL B Feammox 77
Wy B A B R AR A N, 9 26 A B8R Y Bk . Huang 25 AR H T 52 98 M - S PR AR S i AR v e
YIREVE S5 44 09 A5 Ak, BN 77 A 1Y) N, AT BB 1R K —F 432K I T Feammox ;=4 NO, (¥ )z if fb sk R H A F Ak o
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3b), Wi 5 37 45 U5 , uncultured Symbiobacteraceae X — H. S 1t £k T AE 1) B J8 7 9 AR X = B2t I 5 37 17 19
0.25% ~0.31% 34N % 15.0% ~27.7% , BB IR A S F U 1 &£ T Feammox IR i L ARG, X Fh#E A
ATBEXTIIA AR A R B FEEAEH,
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Attached Fig. I Bacterial community structure at phyla level in sediments before (I) and after (F) anaerobic
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Attached Fig.II Bacterial community structure at genus level in sediments before (I)
and after (F) anaerobic culture
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Attached Fig. Il The sediment morphology and color before (L) and after (R) anaerobic culture
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Attached Fig. IV Changes in the abundance of the genera related to Fe (III) reduction before (I) and after (F)
anaerobic culture
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Attached Tab.I Bacterial diversity index before (I) and after (F) anaerobic culture

fr 5 Reads Chao Richness Shannon Simpson
I 331704637 3052+47 2807£72 9.69+0.08 0.0034+0.0002
F 3282743081 26724279 2265+320 7.64+0.12 0.0437+0.0144
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Attached Tab.II Correlation between NH4"-N. NO3 -N and Fe (I) concentrations during anaerobic culture

(n=300)
NHs~N  NO; -N Fe(II)
NH4*-N 1
NO;-N -337 1
Fe(1I) -.233" 159" 1

RKIRAE 0.01 K ERFEMR (R .





