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WANG Hai- bo MA Dlng, YUE Zheng bo, T O Wel CHEN Tian- hu WANC Jig*
(Sohool of Reqourﬁ‘és and Environmental Envlq,eérlng, Hefﬂ UanPr%lty of Technology, Hefei 230009 China)
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Abstract; Nltrogen eléments play an important rolen in the blogeochemlt sal cycle of dI‘tlfi]dl wetldnds In! this study, we 1nvest1gdted the
anaerobic transformation of ammonia mtrogen and’ its m!am pathways in sediment in an artificial 'wetland. Results showed thiat the
anaerobic ammonia oxidation (ANAMMOX) proce%s 4nd ifon reductlon occurred inwetland sediment, coupled with anaerobic ammonia
oxlddflon {Fedmmox) Feammox used Fe( IlI) to oxidize a dmmonla fitrogen to produce nitrogen; intermediate products were nitrate,
nitrite, and N, @ Addition of ferrihydrite promioted the Feammox process and ammonia nitrogen loss caused by Feammox was enhanced
from 1. 69 to 2.72 mg- (kg-d) ~'. When ferrihydrite was added, a loss of 28% of total nitrogen (TN) in the wetland occurred,
associated with Feammox, increasing to 42% . Anaerobic ammonia oxidation was significantly inhibited with addition of ferrihydrite and
TN loss in the system decreased by about 25% . Results showed that the formation of goethite by mineralization of ferrihydrite inhibited
the ANAMMOX process, promoting Feammox to lead to competing electronic donors for the SSANAMMOX process, causing inhibition
of the SSANAMMOX process. This achieves the purpose of reducing TN loss in the wetland system. In addition, this may have some
significance for further understanding the interaction between iron reduction and the nitrogen cycle in the wetland.

Key words : ammonia; anaerobic ammonia oxidation( ANAMMOX) ; Feammox; ferrihydrite; mining wastewater
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TP T AT P B B TR TR 2 b
THW, 7 AFRE10. 0 g FRTEHK (pH=~6.5) B T 25
A~50.0 mL MMV, BEEAS A 30.0 mL ¥ 57
W, 4% BRSC S o ZHAH Y N A NH, C1 W (1 719. 49
mg-L™") FIZKERW™, W02 0 0 v s L
90.0 mg-kg™'. STEINA M E FEW A" N
16.0 mg-L~" KH,PO,; 300.0 mg-L~" MgCl,-6H,0;
74.0 mg-L~" KCl; 840.0 mg-L~" NaHCO,; 200.0
mg-L~" NaCl; 180.0 mg-L~'CaCl, -2H,0; ff{ & T
RBEW 1.0 mL-L™'. fE e K WAL N . 204.0
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220.0 mg-L~' Na,MoO, - 2H,0; 190.0 mg-L""
NiCl, -6H,0; 140.0 mg-L~' H,BO, - 2H,0; 210.0
mg-L~" NaSeO, -10H,0.
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XPHRZH, A 2.0 mL £ F/K; S ZHMA 2.0
mL NH,Cl %W ; 5% =41 A 2.0 mL NH,Cl ¥,
RS 30.0% ( ~3 kPa) B, S5 IUZH N
A 2.0 mL NH,Cl YA 1 41. 24 mg /KERH™; 45 40
JIA 2.0 mL NH,Cl %W . 41.24 mg K0, L2
A 30.0% ((~3 kPa) ZHRAER. BB
NH, ClIFBF K 8RB 5, 4 A 17 i 8 < 15
min(DO <0. 10 mg-L™") BAAZ 5% &, Hrpss =
FEE H A B R L2 6. 0 mL, BRHNAEAFR
(1) e G BE 4 2Bk (99. 99% ) Sk, R EE A 30. 0%
( ~3 kPa) ™. SRIEKE A TS E T 32°C BE 5540
W TR 15 d, RS 1 ~2 d B 100 remin ™'
$#5% 1.0 min.
1.3 T

RN, R BE R 6 e A B 1% {3 (SP 6890,
BN B A Bk AT BRZS /) A — SR A AU
(N, 0) AL LA e 21 90 384 (VERTEX 70,
) K B ALK (H,S) R SOMAN TR Uk
JEREL (GMA xx, L ¥ 53 B (RS B2 7y
) K pH RIS - E R 22, D20 A
gt OV oy | "yt

2 mol L7 KO ¥ SR o ) NH (NO,-
FINOS , 485210 h J, FiBE S ~ 10 fFJF R
Sy PSR CMAS3xx, L GALH S B A gt
BRASE], ) 85 0.5 mol- L~ HCI ¥ e 3 IR
FhiyFe( 1) Fike (M), FHEE M 52 125 000 % 15 W
fFe( T0) FFe () WeBE™; BiARER (SOT ) RHI 1
+1 HCl ¥ ¥ 2 ik P2 B, B 7 35 43 (e A,
S600 ) W7 FY i iR £h v &5 BRAL Pk B (S* ) SR H
SAREIE L (AJ-2100 SR F IR IOGIEAY, i
LARIMRHE A BR A R RS TR (S) R
OB 68,3151 ( ULTIMATE 3000, USA) A&7,
AR W R A TR I (WAYEE-WYS
2200) Kl 5 TOC ¥R & R FH 285 i 4 ke .

2 HFR5IHE

AFERR AN, 7

FL AR AR FR R A B 2 R R A SR
ZERWE 1 PR, EAE A AP R EREN
(0.80 £0.05) mg-kg ™', A A HZE N (0.05 +
0.003) mg-(kg-d) ~", 5 HAlh =2 %F Lo mT DA 22 -
NH, AR P A" ER R (63.17 £5.34)
mg-kg_', AE TS RN (4.21 = 0.36)
mg- (kg-d) ™', VLAY A B R B B T (70.15 =

2.1
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1.25)%. NH; + C,H, AR R PRI ERN
(25.35 +£3.32) mg-kg ™', A AERFEN(1.69 +
0.221) mg- (kg-d) ~", VIR ABIRILE] T (27. 05
+2.01)%. NH, +Fe( ) AR R P RA N
(41.07 £5.17) mg-kg71 s ﬁ%ﬁﬁzﬁ%‘:%j(Z 74 +
0.35) mg-(kg-d) ", VIR A KIEE] T (45. 44
+0.98)%. NH; +Fe(Il) +C,H, HIARPRS™
AR (38.18 £1.23) mg-kg ™', AR ERN
(2.55+0.08) mg-(kg-d) ™", UIRWERMIKIER T
(42.29 £2.11)%.

PN R C,H, IR AR
GENR A 3 S A AL R e SR A R AR AR Ty
0.301 ~1.595 mg- (kg-d) ", HHHRERZNT5
S AR A AE A OC mFH%J\#B’Jé;% i4ElEY
Al A 2 0 I i Ak B R R 1,561 ~ 1.786
mg- (kg-d) =", AN C,H, T0HIF] R 8 R/ R
E%tmﬂc{ﬁmm 53.42% ~169.70% . Y iE VL
By, T3 dikizit, G H, 40K =0.7 kPa i 7]
SE4 10 B Y Ak i AR P N,O0 iR RN ‘8] ﬁ'ﬁ
ANAMMOX Hf 75 %[.C, H, 9] 1’EFHE13H ’E}ip Y
J»'7'%>7-0 Pa B Eﬂ?}ﬁﬁﬂ # 959% Feammax E[@iﬁ'_
CH, 1Y OB BAR . w1 szrﬂH* +
Fe( 1) +C . R R NH; p¥e( )2
(P<0.05) || NH, + C,H, éﬂﬂﬁfﬁfﬁaﬂiﬁ‘ NH,
?H(P <0 01), Lfﬁmﬂa?akﬁﬁbn/\ﬂ&ﬁﬁﬂc
53 ANAMMOX*‘M&%E?%E%TW%M’EFH[ “”
itk NH, + C,H, 411 NH, + Fe(1l) + C, H, 41
W%#imﬁﬁ%m?ﬁmﬁEWMW%,ﬂ%%
Wit Fe( ) 251 Feammox 5 SO, &5y S-
ANAMMOX.

ARSI R PR R SR AR AL v s A 22
AR, A& (307,59 £65.21 ) mg-kg ™' Fl(64. 64
+3.83) mg-kg . RMWAKFRKEFE 15 d )5, R:
SR M (28411 +£25.48) ~ (295.1 + 38.73)
- BRI SR (89. 04 £12.51) ~ (114,56
+25.93) mg-kg ™', HUBBLAEMR R PO BRI
F[E1(b)]. BRI, Fe( )5 S0;~ [F
ERHFZIEREA TR LR, Fe( ) IH T SO;-
OB JE 20 R, A TS b TR ) PR R ER 0 38
Jad R RIS R E S S5, WA k4 S-
ANAMMOX “E#fb2= it #2. NH, + C,H, 41F1 NH,
+Fe( ) +C,H, AKRZR T C,H, BMHITER, N,
FFN Feammox 1 F2 /=AY, W W 5 #E=C (1) B

mg-kg

. AN, RSB R COH, SEER A R AR R

WL T 0.19 mg- (kg-d) ~', [A] Ding 25" B3k E %L

P, Yang 6 AOTFGE R BLAE S 55 24 h $ 2k

Mt JEF Feammox ;=4 A K K4 K 0.32

mg- (kg-d) - , Li %LIZJ IAF 98 & BRAEBE 35 24 h )

B { T P Feammox 7= A4 B R KL R

0.24 ~0.36 mg- (kg-d) ™", Hi¥ X} Feammox 13 %
—EMFENR, RIS ] Feammox I 1 B 5.
6Fe(OH), + 10H" + 2NH; ——

6Fe’* + 18H,0 + N, 1 (1)

80

(a)
ol h
Eﬂ
g 40
=
20 +
[] —
AHR4L NHY' NH,'* NHy" NHy'+ Fe(TI)
+ Cg“: + Fe([ﬂ) T CZ“E
400
(b) SO/ s
_300 F
'ap
=
=1}
£ 200
=
41
100
0

A4 NHY NH,' NH4" NHy'+ Fe(IlI)
+CaH; +Fe(ll) +CiHa

B1 #EF15dEREERPREASTEM
R/ METEE
Fig. 1 Accumulative nitrogen production and sulfate/sulfide

content in the reaction system after 15 days

2.2 JKERETRYSENR

1E NH, 41M1 NH; + C,H, 40, Fe( Il) A
R, Fe( D) A m T AX A (K 2),
LI A B A REAE A2 E Fe () 36 J5 . e 41,
TE NH, + Fe( II) 411 NH, + Fe( ) + C,H, 4 {k
4, Fe( D) A it 53 9 o0 (3 394. 10 + 286. 34 )
mg-kg ' F1(2730.81 +442.11) mg-kg™", Fe(Il)
W JER A F I EL. 7E NH, 4081 NH, + C,H, 4ifk
FH Fe( 1) A Bt 40 24 (1139.97 +123.93)
mg-kg ' FI(1043.50 £54.69) mg-kg™', INASME
BRIAR R I Fe (1) Az B 8 B 8 T A B A I A Sk
AR R (K1 2). NH, +Fe( ) ZH 1L NH, 2H 5
i1 197.36% , NH,” + Fe(Il) + C,H, 41t NH, +
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C,H, A& 161.70% , BLEH/KERT BEHEBE 2B
FIFHFE AR HE T Feammox A= 4 4k 2 35 F2 110 12210
ASZEH NH, + C,H, 41F1 NH, + Fe( 1) + C,H,
HIAZR T Feammox /7 2E A A &M (25.35 £3.32)
mg-kg ' FI(38.18 +1.23) mg-kg ', VLA L
(4 A W T ) PR DA R SR BE A5 X Feammox 2 3]
W R AR RS, R R L R L 169
mg- (kg-d) "R 2. 72 mg- (kg-d) ~'. SCRRIRIE
Feammox FPREXT T3 A= Wy n] FIHE ALY & A
AR BAAT L 21, Fe (M) 34 SRR B AR 5 L
RHBAE B FERERD P Fe( ) 7] A H AR
=, BEE 2 ¥ Feammox 4 Ak o 2 ] B 38 J& A= hl
Fe( I )j9, 11, 13]‘

e 1 s, NHY AR N, 05T
NH, +Fe( ) ZHM AR ZR (P <0.01) , FHIKE
T AT A YA 2 B T 0 S R
R E AR SR, UFe( ) H T32KH K& H
Fe L W) BEVE 5 DL NO, bR T MK
ANAMMOX T B 76 11 75 3 | 17 7 32 50 JE &>
Fe( 1) 5 ROASALT 4 (¥ NO, 38 1o 2% Ji fi Al 40 -1

Fe( I GBS T , L Er Rk ) it

FAC A R, B TR NO; A1 XOy AL
P, BB R, BETAIR T ANAMMOX-AIZHE
ﬁ$§[22,24, 264127] ) m ;‘FSJ;%\EF‘ NH4+ -h’Fe( ]]I) zﬂ *ﬂ

NHg + FACT) +4C,H, 4177 B0 NO; Db 732 1y
ANAMMOX ol i 57 )8 [t e A ) NH
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