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Study on the removal of ammonia nitrogen with sulfate from organic

wastewater by anaerobic fermentation and its mechanism
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Abstract; To explore sulfate and ammonia nitrogen removal phenomenon of synchronization in organic wastewater,
an ASBR and a UASB are used in repetitive experiments, and the microbial population structure was investigated by
using molecular biology technology. The results show that after 100 days’ operation from startup of the ASBR and
80 days’ operation from startup of the USAB with high concentration of COD and low pH value, both the ASBR
and the UASB successfully accomplished sulfate reducing anaerobic ammonium oxidation. While the concentration
of ammonium nitrogen and sulfate of the influent were 20mg/L. and 50mg/L, the removal of ammonium nitrogen
and sulfate by the ASBR were both 70% and for the UASB, they were 90% and 50%. The optimum pH value was
4.52~5.96. Microorganisms in the sludge were mostly of rod and curved-rod shape. The dominant bacteria were
identified as sulfate reducing bacteria in both reactors while no sulfate reducing anaerobic ammonium oxidation
bacteria were found. Parts of the removed sulfate were transformed to sulfide. The ratio of the rest part of sulfate
and removed ammonia nitrogen was 1 ¢ 2, and the sulfate removed were transformed to sulfur and found in the
sludge. In the ASBR reactor, the ratio of the sulfate removed from sulfate reducing anaerobic ammonium oxidation
and sulfate reduction was 0.9 : 1, while in the UASB reactor the ratio was 1. 6 : 1, which is considered to have no
relevance founded between the two reactions. This research has laid foundation for the realization of the direct

anaerobic ammonium oxidation of domestic sewage.
Key words: biological nitrogen removal; sulfate reduction; sulfate-reducing anaerobic ammonium oxidation; ASBR;

UASB
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i T RN B0 A5 R0k 25 B 0 4 B 9 1 DR 4 S A it
RIG, PRAEAAA(ANAMMOX) 4y A it 5 T
RET #1842 . 78 ANAMMOX H, #ifE Z 5K
—PEER WA THRER, K55 —F
RAARER A RELIBIA . Wk ANAMMOX B4
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BT ERER 10 [l 25 B, R4 H T B IR 3k 7 R A
UL R ; LIU Sitong %5t #8 PR 4 & A4k R
SRS B R ARG S, R R A
S5 EEEE R B ABYIR R . QIEI 5 %
B SVl 1 6 789 R 4R 0 S AN T 15 R R IR A R
R ARIE . R, BT X PR A R 2 1) 1A
ik R, BEIAAELE I

AN AR EARE T, @ W%
BRI E, B s IR EA Y
W SRR Z A TR, BT LUR R A
WEAAEZ GO Fi#fT . EREMRKRRY o
SAE COD 45 i i 3R 85 vp SEBL T 6% S0 170 257 56 e 1)
Tk PR S A A0 Y . BLER L 7E COD900 ~
2 700 mg/LE W (pH 4 4. 2~4.5) = A R4
o, ARGE T R AR A R A B BB B i S A
M2 S Ak R R U 0 ) i B, R E
MLERES T 0] DL A i b R R A Ak . R i IR
A R A A AL & AL AL FR VT RE 5 ANAM-
MOX A[q].

DRAE IR B Hp i IR R A8 s I R A B s B R

380 SR B A DL L AR P BB A A RO, T Lt
AR P R A R A A ECS R BB
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5 ASBR, & &S iR A ML K B9 DR AU R
BREAT T RIE.
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B 6 h, QL4E#/ K 10 min, HEFE 290 min, JLJE
60 min. Ay 7 ORIFIBEE N B A, R [E]
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241 30%. UASB & W 2845 90 cm, HAR 16 cn( Hirdr
fRIL)Z 5 cm, W ER 6 cm), ARUAEBL2.54 L. WV
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Fig. 1 Schematic diagram of the ASBR reactor
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Fig. 2 Schematic diagram of the UASB reactor

1.2 #FiTiR 5 L% Ak

WA B2 g PN 42 s e B PG 2 SR TR
AH B LR UASB h20IRT5 1 - #F0 5 PN IOV
FNTTVRIR EEFERITE 12 000 mg/L /45 . SE5a A
ARMANTHE K, Iz, S8, TKER
OAERIE . AIER G, Hp COD 2 000 mg/L,
NH, -N 15.7~20 mg/L., SO! -S 20.5~40.5 mg/L.
LK HIIN— € B BRIR 2L B0 A iR — 0B (MR 4
K pH B 5E ) LLE4ERR 5B 2% N pH 7E 4.5 1+0. 2.
BC 1 B g ISR ) pH A 7 A2 A
1.3 S E
L3. 1 HHAEbRD T

225 KPR W 5 B J7 ik (6 U W) ), B
., NH, -N: @RGSO -S: 85I A1
JEE VR, ST-S: hF A AR W R ROk B ks

COD:; E%Eﬁ?%ﬁa{{t, TN: ﬁ@ﬁ@ﬁ@{ﬁﬁ@&:, pH:
DR H AR .

TR OB AR R BOE R A (2 E N 8
1.S230) . Bt H5CR ) X ST S (H Ak &tk
# 2 UltimanlV) | ¥5 J2 4 P9 41 R H 1 3 B B3
(SEM) ( H A B JSM-6510LV) i#E47 0.

1.3.2 YRS AT

BRI AW M DNA R H OMEGA BIO-
TEK 1 Soil DNA Kit (50)5625-01 & 3 & 1 B,
PCR 5|9 Ky sk 1 frow.

DGGE R H 8% i M ik BE i, HASTE B8 R
40%~60%, 60 °C/130 V FiIT 10 min, 4RJ5 80 V
21712 h, SEREHITREAFR, HXi#EST PCR
FE I, 2 ) B r= i 4T v B D )

®1 PCRIIMRYHEER
Tab. 1 Primer and amplification program of PCR
519 751
GCOGSE CGCCCGCCGCGLCGLGGCGGGEGGGGCGGGGGCA
CGGGGGGAACGCGAAGAACCTTAC
1401R CGGTGTGTACAAGACCC
7 e/ C I )
oA 44 95 2min
AT 95 30s
Bk 53 30s 30 MG ER
S fif 72 2min
44 fifp 72 10min

2 GR5®

REmBELTERIRENZ I
#EsK COD #k B 2 000 mg/L, NH,-N ¥ )

2.1

15.7 mg/L, SO -S#kPEFE X 20.5 mg/L £4HF )R
2] ASBR, [ IV #% % 28 25 0 A B TR 6 6 1 2 B AR
0% LLF . fEB4T R 20 d &£ 4Ry, NH/-N &
SO -SEBEKF 30% f 40% &£ 4, HAkh
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Fig. 3 Concentration profiles of ammonium nitrogen,
sulfate and sulfide sulfur in the ASBR reactor

during its start-up

S-S ERFMMEIMEL 1.5 mg/L, XUEW KW
ar P IS M BUGRIR ERIA IR . 5% 50 d i 4 e Bk
KH) NH -N # B E 20 mg/L 47, SO -S #KBEF
250 mg/L 4. &l 15 d EAWIETT, ZAM
B B ER B Y 25 PR R FR B AE 5026 ~60% 2 b] . il it
MR EBREERILE TR I, AR EEBEITE
97 dike, DIASE S-S %?Ekﬂ@m@ﬁﬁ&ﬁlﬁ
JRE R B4 SOT -S, [N &% ZFRis i NH, -N
5R AR ERE RV ZBRE) SOT -S E’JF’”"?’T\H:L
BHIEHEELE 2~3 2, X5 Fdz Polanco'®

5 Liu Sitong"™ 4513 H B9 57 B2 35 210 K 4 2 A AL 1)
R BLEBREE/RIA 2 #0,  ihenT DLk AT i 4
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Fig. 4 Concentration profiles of ammonium nitrogen,
sulfate and and sulfide sulfur in the UASB

reactor during its start-up
BES UASB K2R 8% 55 3l f2 b & 9 B il 72
feinlE 4 Fros . AHEE TR BRA ASBR K2R 2%, 4%
TR RSB R TE . FEIB AT R 20 d I, NH/-N
5 SOT -S KRBT RE, KRR DM ETE
602701 5096 Zi 4T, 4kSk *ﬁiéﬁ 43 d if, $RE i

K SO -S Wk EEFE %) 50 mg/L, NH,;-N KEZR
2 20mg/L 4K LEIE AT, K NI AEGL R RE LN
80 %l 45% , #‘@bﬂ}%% W R R, 4

EBNG 52 d FFiq, N IR A B H) S-S

AH 4 B 6 R Eh B (B LL_F%JiFfJﬂZ/"E’J@m) 2al
ARV RG LRI R BT iR, 79 79 d )G

FaETE 2 Zita, FF H UASB X} SOf*—S 5 NH;-N
B R BRECR S ik 90 % F1 50 % L E . 5 ASBR R
N 25 1 28 BLAH AL }J\Jiﬁrﬁ%ﬂéﬁ UASB 1%
PR AR A IR I 07 s B T 36 348 Ik Ak By, T B IR 3R
AR AL BN ) K R Eh S DR R R R R, AR
RECIEEAL PR AN — B, BRI S RO 2 N I B
REL LR B I W SRR, RIGER R 6 JR& 2 A
LR PR A A AR
2 RERBRALTEREZERIENLFITE

o

& 5 BT 7R A ASBR R 2 ) — 4> L 7 JE 1 N
Gk B AR AR . BET UL, RIBEKE, KB
JCR B BN s N A B KA RS, Bl R B ) ZE
K, KM # PN NH-N, SO -S ¥ & & i F# 1%,
S-S HRIEZREIE I . X —E 4y SO N i%#E
R S

XPi5 e BEAT XRD kil (ULIE 6). Hop(a)h
ASBR W gt igié XRD &, (b)k UASB Jz W
#ydig e XRD &, H 5 G 500 i W W& 78 4% A
22,1, 23.2, 26.1, 27.7 f1 36.0 AbMAE, #
WS RP AR GFE . CE2RAENIE 1Y
WEE A GG IR AT P e i 55, Hodh NHL -N Hy
8.46 mg/L &R E 2.69 mg/L I FE[E 5.77 mg/L,
P14 0.412 mol/L, SO -S H 14. 88 mg/L [FLE
3.64 mg/L, FLFFE 11.24 mg/L, 4 0.351 mol/
L, S-Sk 1. 32 mg/L ¥M=ZE 6. 41 mg/L, £7*
A 5.09 mg/L, #74 0.159 mol/L. X}z [ %8 #t 7K
A KR ) BRI E S o aE R LW, oK
Hh ) B BE A T K, i DA S R R A o B TR R
i (SO -S) Kmifb i (S -S) My A& 484k b, 0
VIR FE B 2B N RS, B K A i ¥ i 1
A& BRI, S B IERERE TKOY
o, PRI A 3 K Hb T A RS A 22 8 3 43 D
SRS B GRERTT . PR R T G, BRIRER
A JE S ALTE#E T 0. 159 mol/L i S. . 2% H Bt
B4 0. 412 mol/L & 48] I 2 A ik 0. 192 mol/L 1Y
BT, P EEJREL A 2. 15, b S ofe BT 52 N 8%
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Fig. 5 Concentration profiles of ammonium nitrogen and

sulfide sulfur in a typical cycle of the ASBR reactor
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Fig. 6 XRD atlas of the sludge

UASB JZ W45 % 4% 6 h KRBl LI 7,
B FITE T A . S /D, NH) -N ()
EBEEA A 1,25, 1.25, 0.80, 0.57, 0.85
Ml 1. 11 mol/L; SO -S & M. 0.70, 0.79,
0.74, 0.43, 0.45 1 0.41 mol/L; S-S A i & A
0.21, 0.21, 0.19., 0.23. 0.20 FI 0.14 mol/L. [d]
FEAL ] XRD X5 9 247 H9 3 % e (DLIEL 6b), &3
HRP S AR AAAE, iR S EA L
B i 5 BB T AR R 1) 0 OB 2% B L 4 0 ok
2.51, 2.15, 1.44, 2.88, 3.43 Ml 4.20, FFEL
2 WY RBRBER I LB 4T, SRR L & R T 6
Eh A R SAAR Y, . RIZ R % N A R s L T
it 19 5 38 D5 52 . % T 12 6 73 DR A S A B

=

60 . E :
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Fig. 7 Profiles of water quality of the effluent
from the UASB reactor within 6 h
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Tab. 2 The performances of the reactor without feeding

ammonium
154 BEIK 2 hJEHK 5 hJEHK
NH,-N/mg - L* 0 1. 045 1. 21
SOi -S/mg - L} 31. 88 21.63 23.34
S -S/mg - L' 0 10.12 7.93
COD/mg - L' 2 185.92 1 629. 44 1591.92

30 3 6 I ) PN RS NSRRI NH -N i 3 7K
FE SV g NH, -N sl HEZS , R0 R 8% 2 h
% 5 h B K, g5 mE 2 Pron . i oK i
fE B TR, BB SRR SO -S I
EKBREE S -SIAREILFHIE, 50H 7E 5 )
PSS IR B  NH-N J5, Bz EE A R A A S
ik, RS SOT -S JLP-4 3058 i 5 R 21 A
JRR N A bR, MAERKESM NH, -N J&5, WM
WA IEF, B — 5 B E T B R 308 JR R N 5 B R
b 7 PR A S AUk SN [ B A7 78 1) BT RE.
2.3 pHMREFRBRLETERIRZENE N

AEE R MAE pH R 5. 0~6. 0 B B2 R4 IR
B (SRB) o LLIEF A K i A pH FE & 2.5~
4.5 W, ARl T AR TR R SR A SRR L i PR A
KNigsr, SRB £x 5 7= W g A6 IS 9 R H 7 1
e

TR B e, BE RS AR AL .
AR FTAEIZ AT I o 0 22 3R AE 3 K b R IR 1R &
W, RN ERNE pH S TREE 3.6 A4 . BEBEK
Ii] R 2 BN 2 2080, Sk bl ) W 28 N pH
YETE 4. 7H0. 2.

F1 2% 5% pH A RN 242 1T E DL A s, il
T AE K AR N 1 S B A Ak Bk el A R
wNM pH A, fIHASSEETE 4. 52~8. 27 Z 4],
mE 8 R, RM#sN pH H 4.52 BT, 6
B K E RS R, RSB GEE,
AALES F 2% . AR pH Ry 5. 96 I KA & = 5
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BRI, S FUHAHUR K o R R R AU R v 23S R B AR SE AL 5T 719

BRACA, HKGAY SBEIEK . 2GR pH
Mgk T, oK o 2R R AL i R BUR 2
Ak, HKRER S EIF RS, ik S BN
RS . 24 pH 23k 7. 28 LI b I I 480 B B it 52 i )L
PAEIE - O S RKIAEAR pH (4. 520, 2) BRI T
1817, BEREY pH P2 % BV 882 177 AR W kY
. % RS ROEH pH BAE 4. 52~5. 96 Z ).

_\a;nl(’ " NH-N <535 =505 |0
Bt 1355
% 8F —30%
5 .
= ar {25%
Z o

. A A . " N : . 20
452 5.52 5.87 5.96 6.14 6.45 6.72 7.28 8.27
pH

8  pH i it i K Bt & Y %2 i
Fig. 8 Effect of pH value on desulfuration and

denitrification
2.4 BREBEVHRESESRBENEESEN
SR8 HUBE (SEM) X {5 Y B 25 2E AT ML4E
LRI 9 I8 10 Pros . WL UASB KW & M {5
PR Y EE AR E . DR AINE, KK
FEZ) )y 2~3 pm; ASBR RV &8 P T5 U8 o 60 240 1 L
BT E . NI, MK 2~3 pm. B
Rrg o BB, X HRIEN KR Fk

B BRI AR B 1 £ S AR AL

9 FHBET ASBR RNEHTRES
Fig. 9 Sludge morphology of scanning electron

microscope in the

kM PCR-DGGE AR 43 5% ASBR Jz B 2% &
UASB Jz 7 2 v i b B E AT A, sl 9 Bow,
A, B4k ASBR 5 iR FI UASB i578.

FFHH) 16S r DNA JFE 34 N\ Gene Bank #{
)%, WEAT BLASTN FEXF, M 45 2R pn] LU
F|: O ASBR & W # ", bandl 5 & H1H &
Citrobacter (¥ BB A @) AHLLE 100%, band2 |
band4 . band6 5 Desul fovibrio( BiHRINH J& ) FH AL
BE 97%, band3 5 Desul furomonadales (i & 5 M
B E) AL 94%, band5 5 Delta proteobacteria

10 FAFBET UASB REFHRTRES
Fig. 10 Sludge morphology of scanning electron
microscope in the UASBASBR

(o-Z B ) FBLLEE 100% , band7 5 Propionibacte-
rium (W IRAT B8 ) AHALEE 97005 @ UASB )W &%
1, bandl 5 Citrobacter (FF 12 B FF A J& ) 40 L )=
100% , band2 5 Desul furomonadales( B 2 My 7
JE)MRLEE 94% , band3 5 Nitrospinaceae (Wi G FF
W )E ) AHLLEE 94%, band4. band6, band8 45 Des-
ul fovibrio( WL G 9N & JB8 ) AH LB 97%, bands 5
Delta proteobacteria (8-78 & W) A L JF 98%,
band7 5 Anaerolineaceae ( JK % 28 1 ) #H &) B
95% .

4 4
5
6
6
7
7 8

11 PCR-DGGE [ i
Fig. 11 PCR-DGGE fingerprint

WX AR LR S, BEAF W ECHE
Ja 7 50 26 B A v ) RH ARLBE L RN % b 1 R
R RRILC IR E, HAWEE, R
25 v B SEAE HEAT R R R A S I R . AH R . 25 v
YR % DU 48 ] ) 6 12 36 DR AR s AL T

HujfE i i IR IR A e, FE 2
SRR DL ASRY™ B #k B ) IE 1 & B Uncul-
tured bacillus sp. clone YLJ-2I kK . i1 — ATE
I % B v s G801 1) PR 058 vb % 3% D A R IR 3 B R



720 WOk # 5B K

O HHRFEER) 4519 %

HAAR, AUIURAES COD K pH fE 4.7 /£
A I TR T B0 55 v Ak HE 1) 5 TR R Y IR 4 2 S Ak I
B, BB S A B AS TR n] BE S B0 T RN 4% N D RE I
AN ; WAE PCR-DGGE 1, 4 7 #fif& H #5 DNA
REBL S BOF I8 Y, A S50 25 ) 1E I i ik
##, % OMEGA BIO-TEK #9 Soil DNA Kit
(50)5625-01 o | & $2 BCAH 18 S DNA; 725191
W F, LIU Sitong 2 % BB Anammoxoglobus
sul fate PR Z25% K BLH) ASR B AR DL K x)
EN % ILH) Uncultured bacillus sp. clone YLJ-2
Fipo S MR Eh R PR A AL, HAEY W b 3y
MR B A0 R 0 E 51, s 5 —
R AR 2 e B S5 B )P I IE i, BE o 5 8
R — 2 )53 . 2k R IT R, XA E R
i N2 DNA JBe, #6nr LU A 5199 ok
D . R RS S5 P R B4 514 0T LB O/ B K B IR
TR D T K B PR R Y IR A AL T 1) DNA R BL Y-
B

3 iTfig

ME R 2R BB SCER T LLE B, — A Rk ER
T 5 70 PR 40 2 S8 AL T o 1 3% 280 0 1A T O TR R IR T
oSSR, BatEm COD B, milkih
R R % B AR R R Y #8583 )
W, COD Rtk &R e, pH 8BNS, W
IR JE P P, FE R N g a sh I Bl T
BRER LA SRR N, T A PS4y AT, BB ER ER
IR A A A 1 B R B (2NH +SO7 —>N, + 8
FAH, O) R[5 Y, BRlR 3k A R A & A Ak 7 M
(9 75 5 1 B B RE S — 45. 35 kJ/mol™, ] L)
PEATAHAR X 2248, i L6 195 3k A R S 2 S Ak T
Bt , WELE WA AL L8836 S o
.

AT COD 32 B 4 & I 7= 2 4 1 Fl 5 5%
BRI R BT R . e BRR Ak B S 5 R PR R
(0. 03 kgVSS/kgCOD) fl 5, 4 #BiEsK 2 000 mg/
L) COD fFrag Mk KR A 'R 7.4 mg/L £
(7B CH.NO, &4 12.38% 1), KR v 48
H 20 me/L BIER A 60% DL _E Sl A b R
5t B3 45 11

BT RS MM 45 Ok E, BT R %8 N
P AR pH, 5 RS 43 20 DA M DL AE IR %
WAK, IET & B 40 0 Fh 28 5, IRV %8 Y
(1) 5 SR 1 DL O R 26 1 IR 0 o i BT & AR I R
NORFE, Bilgih AR A A A LA S E A

7

D i I R 58 I W R BT, R R o D SR LA
BHLIR Je E o0 SR8 5 R R 08 JsUR aRAL Y,
RBEORFE M E EEW S RAGRKRLL, BATE6R
ML FER B ROl T, MR R4 B ML BEET, AT
TEW I SE 40 56 &, H A 00 75 5 TR 20048 Ji 1 A
it PR 3 700 IR AR A AL T T LUTE 3% B R 5 v 3 ] AR
K. 5, WA RV GRS RE, Wik
A HBLRE ) ANAMMOX ZiRER , IR 4% )5 3l
AN 51 3 R AR A A T A AL A R R 1R
SAE AL, X i B R IR R 8 Je IR AR A AL BT RE
B LU R A SR P O . X BUA B e R R R A D
PRACE AR H ) Bl 2B W = LB R AT BT A [

M 3 Fron, mMBEAZE TR, (£ ASBR
JO7 g HH B R 2k 23 DR A S Ak A R R 38 DT I8 F
BRER R ML B2k 0.9 ¢+ 1, i UASB I 8%
HEYEL IS 1.6 ¢ 1. Hop BRI R I I 4y 25 PR
BB Eh 5 B g AR ) A A R R, T R
TR PR A A AL T 23 25 B O B TR 3 0 55 2% Bk 442 4
RN L, $e% BB EAT . WA B 2 Ja) JF
AFEAESRHR, 45 1k 30 & 50 Bt R R 2 IR S &
S BTRL A 1k HEAT IR, G R A IR R AT AR IR
AT, EREEME ARG, RER R AL AL
ARSI

R3 RNBAMELEERIE

Tab.3 Proportions of sulfate transformation in the reactor

BRI FE AL L 5]/ %6
B MR Eh FE Ak iR A% &k
UASB  ASBR
TRIR R AR (ST ) HHLY  38.5 47. 4

TR R AR A RR(S) AR 61.5 52.6

B e v R S BIL W 1 415 1) B 0 1 £ 70 IR AL
AT, — 7T o T B A R L B IR A AL

TRE A Pl i) A B 4 B9 1, TG VK W A 0 bR
53— 77 1 AL 1T R S i R AR A IR R A A AL T RE A A
T LRI H 0% S0 o AH 1 R R g . R
JIT S B0 12 7 IR S B SR T ) B Y R TR R
R AR 45 R 3 i B B A B R kR R R E Ak I %
VLR Z 46 v B b0 B0 T 3R A7 6 B R R E R I R
TAEBBN Z RN k2 W RS, hFRE—P%
ARG b REY B Ty B ik, Ll HIhEe.

4 #Hit

(1)ASBR 5 UASB ¥)0] i 3h SE LA YL 4 7 7
IR IR ER AR S E ) [F R BB, Hop ASBR W
SR 100 d 224, UASB MW esAH X8t , B



5 5 39

FEMIT, A5 RURA LR K o R R DR AU B e b SR B A SR LB Y 721

80 d Z£47; FEHE/K NH{-N K SOi -S i B 45l
20 mg/L f 50 mg/L I, ASBR J W #%u] 2B %
PR AE 70%, T UASB W %8 19 2 B 3 R 18
90 % F1 50%.

(2) BN 2% P Te] B 1 B 0 T 6 08 D s 7 At
TR L RS A SAAL L . BRI SOF -S — 34y 4%
bk S-S, F AN SO -S 5 XFR#M NH, -N
ZWHE 1 s 2, HOX 4 0 IR R i 44 A0 Ok B 2R T
HFAET ISR . 8 ASBR M %% v o 15 25 79 IR 4
SRV AN B T2 8 38 D B2 N %) B 192 k1 4% 4k L 81 24
H50.9 : 1, W UASB JZ I 2% H (4 L 5] ) 25 K
1.6+ 1. B PR Eh M J5E S o 6 192 5 28 IR 4R 2 S Ak I
R Z [BIASFEAE R HE.
(3)7EW COD., A& pH (9 5544 F 0T L)L 3 fm] 5 3
R A IR N A R kA IR AR AL R, pH
JEEI A 4.52~5. 96, & T Fl 25 B 2 5 i 2
AT,

(4) W IR 25 v 3 2 B
X LT 19 R O T T 5T A T TR R R AR A
FHAERRES G#— RN .
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i
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