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x1 BFEAM

Table 1 ~ Composition of the medium
Components Concentration/ ( g/L) Components Concentration/ ( g/L)
KH, PO, 0.015 KHCO, 1.25
CaCl, 0. 00566 Trace element 1, II 1 mL respectively
MgSO,. 7H,0 0.3 Nitrogen compound Adding needed

1.3 SitEsFile

FHAE HE T JeALER S SR R 2 G VR IR A
5, LB ER TS Ve rh 20 A& RS ZUFIAS B9 1Y)
SN, K290.09 gVSS IR E A A s E G Ry
Ff T 65 mL L, %0 50 mL & A SRS AL, R
AMRBEIEFRHE 10 min, LER I A E S, IFHT
R FEEE, MAEHEE T 30 C AHE #2IR e
TP B35 7, 8] B — 2 B ) B 37 W I 4% % AL Ak
YR . AR 3 NEE, AR
AR A E BV IE IR XTI
1.4 SHiNERZE

AR K K IR-IE R ER S O CIE 5 AR
RRH N-(1-Z83%) & Wb iRk /0 Y6 e FE vk s il
BRI E 5 VSS SR E " s pH
Mettler-Toledo FE20 pH/mV if, ¥R HE Frear Fl
Burrell $43E (6 73 6 ' B i 5 106 AR 418 [ A
GB/T15507-1995 v — H1 41 JL 7% I 5 43 )l ol B 1%
M

2 #XR

2.1 REEENEEEFUTRNFELEE
SRR AL B IEH i TR, Oy T B 5
R A A R BRI AN FRER A S AL
BE, WIS SR ML S R, LR N FE A T
TR IR o MR A S5 e R i ] £ A (P

1) Al L AR I (0 =3 h) , A5 il A e
JUF-2 HA TR, Z AWK 2.869 mmol /L. [ %
1. 295 mmol/L, W fi§ & e & M 2.937 mmol/L [F &
0.675 mmol/L, £ & ¥ &£ )\ 5.806 mmol/L [ =
1. 970 mmol/L; 7E W J (3 -6 h) , Z A FIEAH A
SRR, A T A AR R B 4 0
0. 819 mmol/L 0. 003 mmol/L F10. 822 mmol/L, M
S EE AR ER T AR, 25 h LA
W0, A A BT R,

FH—G s 8l 7775 1 (1) X PR o e o e J 32
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Fig. 1 Conversion of ammonium and nitrite by anammox

enrichment.



WS PR AT BT SR H SR R RO e AR RIT 5T / T E 2741 (2010) 50 (4) 487

BEM A2 A 1 B AT U5, 005 BP9 7 RE W36 2, AH
KERBCN0.98 LI b, ARG TR, IREE A
b R TR S RS WA U R K L s Ve e Ak
B4y ) Rk 0.296 mmol/ ( gVSS. h) FiI 0.356 mmol/
(gVSS. h) b F 3R 1 (R A = K- (0. 115 mmol
2/¢VSS/h; 1.2 mmol Z/gProtein/h;0.535 mmol

F/gVSS/h) P I RE IR A S W A 2 H A
1/1. 20 3 B A 1/1. 32

Cy, = Cpe™ (1)
Horr, C, RHEmT 2 R N B, Bl mol/1; €y Sy
SIS 00 Uh e BE A R mol/ L ky SRy RN R
B i h'

R2 RESSUEEEFIELEERMUMEAE

Table 2 Curve-fit equations for the substrates conversion course in each test

Reaction Substrate Curve-fit equations R

NH; & + NO; NH, C =2.817¢*"™ 0.9843
NO; C = 3.0049¢ % 0. 9929

NH,OH/ NO, =1/1 NH, OH C = 2.197¢ %58 0. 9946
NO,; C =2.3305¢"""™ 0. 9859

NH,0H/NO, =1/2 NH,OH C = 2.2250¢ "4 0. 9907
NO, C = 4.6000e™" " 0. 9576

NH,O0H/ NO, =2/1 NH, OH C = 4.8220e 5™ 0.9783
NO; C = 2.4720e 2" 0. 9869
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i 7 A 27 SRS TR T e AL R S, 5 58 T S AR 2R
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Fig. 2

Conversion of hydroxylamine and nitrite without anammox

inocula.

2.2.2 MR AEYEAL AR SRR PR 1Y
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FEHIIA (0 =2 h) , B2 e vike BE 5 H 26T B, vk FE A
2. 197 mmol/L [&Z 0. 767 mmol/L, E3 i e & {k
RNy 0.397 mmol/ (gVSS. h) ;i J5#1(2-7.5h),
FEREHA A WS , W R 2 0. 072 mmol/ L, SF-H5
AR A 0. 070 mmol/ (gVSS. h) ,
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Fig. 3 Conversion of hydroxylamine and nitrite with anammox

inoculua.

FEREABEFR I R, B T R BE 55 W ) PR
FIUIEAE AR BE AN, TR AN T 2 A R 2,
FEGTRRI R D AR AR 20 3.5 h
SRR BEZEWT EFFE) 0. 338 mmol/L,3.5 -7.5 h &
RIRE FREERMBR LT, LR S AR E S
N Z oA 0. 154, 5y S A Z ek
0.072,

TERINR A R A & R =R e 4 b, &
7.5 h AR Ak, FE R FE 2 8T 2. 197 mmol/ LI
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%] 0 mmol/L, {H IV fil§ 2LV i 5% 58 0. 812 mmol/L,
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PEE T, WA R th AR EAR A, el
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Fig.4  Effects of hydroxylamine to nitrite ratio on substrate conversion.
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A PRI R 6. 9% 5 % HRZ /Y WAl A B K L5 e 5%
AE3HF T 0. 145 mmol/ (gVSS. h) ,iXBe2H 1 1Y AH A
K H 5 iR 2R 0. 158 mmol/ (gVSS. h) , . fiF
RIEACHRIE R 9. 0% o X BLZE R, X HRA i
FERFR AN R 2 HAE & T IR & E A, $2 5 WA
Rk BN R AR R E A AR K

P2 AR X L 0 5 o A A 52 e [ 4-C
F14-D Jfrzn o FEXTHRAE A, I (0 =2 h) $ %
WREE R THE R ,2 — 6.5 h Ak 3t 3 DRI v 3 R A1 i
Ha2% ,6.5 — 10 h 54k B DR ik 3 30T 2 i 45 1k 5 7R
B2H 2 v, ROWAIIE (0 -2 h) FRRGHR B 5 AT R,
2 -6.5 h F e B4k S P FRAIK, 6.5 - 10 h %4k
R PR BT AR T A 2% . e X B2 rp BRI RE R (]
B AEEIR R, U A E AT B . KRl 2 1
STV SR A T v T R IR I 4 2 YRR
RO e 2 [ R R I BR AT, 156 BH 2 e AR X FE 44
X B A0 2 2 JEAE R R RN A R 2 E a3l
1/0. 772 11 1/0. 539 , 42 = F2 B AH X Eb A7) 5 BOZ R Fn
DIRTENIN)FA R i 42 N

o FRME RN 2 04 10 il R A T — 2
a2 E TR 2, X BRAH R K TS T8
AL A 0. 535 mmol/ (gVSS. h) , i 4H 2 HFEIE
K 5 e AEH % 0. 678 mmol/ (gVSS. h) , F2
AR R R 26. 7% ;X FRZH AW AE R oK HL i e %
A 0. 145 mmol/ (gVSS. h) 150 2H 2 f)IEAH A
K F G IR AL R K7 0. 320 mmol/ (gVSS. h) , W fil
RELAL R 120.7% . _EiREE R FI, %} HR 2
VEE BRI A il 82 OO ARG, e 1 R iR 35 K 7,
PR PR v B ] I B R i IR R AR
2.3.2 X fal e A5 0 < TE R PR TR R AR
v 0 R B A e, KRR 0 - 3.5 ho B
TR ) B E R EE T ,3.5 - 10 h SR P &
RUTEFE BRI R LT, BB s & 2 E N
0.338 mmol/L, 43 %Il A 34 F #J 45 ¥2 B Wk 1
15. 4% 106 WAl R FE 1Y 13. 5% FNH0) 4f B R0k
(7. 2% ;3R 4L 1 71,0 - 2h B5 5P & Rk
SRITEE,2 -3.5 h R B AW E SR T
K, UG 18 M BRI BR LT, B R A e R R
k7 1.810 mmol/L (& 5) , 43 0 S 900 U6y 2 B ¥R B (1)
80. 3% 414 V. Airs 2Lk B Y 37. 6% ) IR ol vk
[ 25.6% . SXHRAME, KB4 1 R BRHER
WAL T v , L e ) R T

PR 0l R0 AN 35 i e P A 1) 2%
T i3 40 2 1,0 - Sh 5537 P Y & R Tk I T T
1,5 - 10h B 32 i A R IR E 218 R R, FL R
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Fig. 5 Effects of hydroxylamine to nitrite ratio on ammonia
accumulation. In control nitrite and hydroxylamine are both about 2.5
mmol/L; in testl nitrite goes up to about 5 mmol/L relative to control ;

in test2 hydroxylamine goes up to about 5 mmol/L relative to control.

AR AL 0.795 mmol/LIKELS) , 7351 40 ik
FEMH LR 17. 8% W) HA LA Uk BZ Y 32. 4% %)
IR BRI 11. 5% o SXIRAAH L, 52 2 /Y
PRI A VEAE T w7 , (ELHR D (e i, EL VAR R
£ LSRRI, AN 4R v Y SR i 4R
FEMEHE , 329 23 T e ] = ) S R BUR 5 WA
AR T R R VA [] 12 T, R AR X 1
HUA A IR TRV I 5 AR ZR0RF Xk a0 R R
PR RO 5 TR
3 itk
3.1 RERSTHBRAOUFRENS
TERR R MRS IR, R oil o — 1 Al + 3 41,
PR AR S PR R T (9 ) S5, A e =2 ] AT i
KA A R AN R R (2) A1(3) X A7
JO7 (R v 55 AT 1 FR BE S A4 O S K, A s v
ARSI AR 2 18] (4 S Wl 5 &b (RAE
PR B 26 F N, B WS BRI 5 A R 2 1] 14 4k
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AL, P A B IS E AR T

Ln 2 1 ... 4
NHZOH + ?NO2 H?Nz + ?OH +?H2O
A’G" = =339 kJ/mol NH,OH (2)

NH,OH + NO, —»N,0 + OH™ +H,0

A’G" = -300.5 kJ/mol NH,OH (3)

NH, + NO, —N, +2H,0

A’G" = =335 kJ/mol NH; (4)
3.2 REAEUHRERNENLRE

AR N REERFE S R R A g pe T
FHE 6 F/n, Candidatus Brocadia anammoxidans 15
FERe A RUE RO R, SR e 2 e PN 28 R A
WA, B B R e AL R, TR 4 S FL 7
P A G R B2 e ) S o MIZAE B, ¥2 ke
A =R R R A A p TR

HN OH
Cytoplasm / ? \ P

NH,

6 REIAFTUHRBEHER
Fig.6 Pathway of anaerobic ammonium oxidation presented by van

de Graaf.

van de Star Wouter %[14] KPR A AL fE
2 e PR A R R 5 K 2 Pl gk — 2 B Ak R RSO
o Escherichia coli 21T BRIA 5 R2 S HA{ A,
HA AR R R RE S Y .

454 van de Graaf 19 R 2 AL DL S van
de Wouter FE LR A2 "  ME I T 7
Js )RR e IR AR 2 R AL B AR . iR E 5 R
I : WA R JF A e (it 5 ) s @Fp e 5 &= AR
B (i 6) s @B AR A (RN T) ;@
FRle kB (i 8) s @R A A A U&= (S
N 9) .

(DNO; +4H,0 +4e—>NH,0H + S0H"

A’G" =198.5 kJ/mol (5)
@NH, + NH,0H—N,H, + H,0
AG" = -52 kJ/mol (6)

@N,H, >N, +4H" +4e
A’G" = -149. 3 kJ/mol (7)

NH, ~
7 RESEUERELNTREERE
Fig.7  Speculative pathway of anammox involving hydroxylamine

conversion

@2NH,OH +2e—N,H, +20H"

A’G" = -59.2 kJ/mol (8)
(B53N,H,—N, +4NH,
A’G" = -203.2 kJ/mol (9)

TEAM S R A AL B R =Y, LA
R Ry BE 0T, A, NIV i 260 R % e e B B {1
FRARN AR AR B R BB, MR AE
N FE A L TR, n AR D x 1+ @) x2 + @) x
2,00:3NH,OH + NO, —»2N, + OH™ +4H,0; f T
A KRN A @ x3 +@ x2+@ x2 +
®), Bl :7NH,0H—3N, +4H" +7H,0 +4e + NH,,

B WAL 42 T BE A T 2%, BRI 3 2o Sz hy =X
7 ARG R T, TR B T A R
iR £ s nl i i Je i 3K 9 Bk A J AR A P
van de Wouter $R3H , 7 LA F2 i Sy ME— 8 i isf, w60
FBE AR L FEARBEST A K BB, AT AE
SEUN IR R LIS , A 2 R 1A FE K 2R i 1Y F
MAR3N TR Ak

H T EERE AT LU A R 2 (e i =X 8 ), TTIG 2
NaetE A R (i 9) , ME AN E M5 R i
R (R 6) BHE A 5 2 R B i 2
PR R B nT AR N 8 F 9, R A A R
KT R Rt 2 ek S g 6 il 7, B A IH AR
B R AT TG4 1, s R E B/ H 2
N T PR TR B RN S N, RS ER IR AN 2
x| U AL A2 B, T 365 i L i ik ) o 0
PRI 1 36 = WS R SR vk B, v AR gk S N 8 N 9, &
AR R E R TR, 0T R AT ; [ i
PRI A2, SN 6 A1 7 2Z Rz, Bl s A R R i
KFRE A 25 (HJE, i T AERREE o #r, i 7 B
T LN S THFE T AR R RN 5 AR
FRMe TR 2 N7 6, 35 2 AU PR 2k o
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4 %

SO UNINE R =R = S X/ M [ Y S R A T
R BE IR, 75 A o 55 77 Wk 82 1) 1 I A8 Al R
ik, I 5L Geny LA R JE 5t 09 R A 2 AR s B i A T
S AR BC FIR AR AL S 3 7 Y Rl i i Ak 72
Je AL A A AP S5 a0 h

(1) PR E AL T A 55 52 e [a] i) 5 10 72 e #n
WAHR . FRREANE A BB A b2 Aa e Ve R A
RAARS RN AR B AL s B TR AT 5 R R e
RISV 2 52 0, o8 5 e A0 10 o i e Tl i R AEG 5 I
I 3k AR A ] A 7 A R Ak 5 VRO Y AR
RHEE D 46 B (1 4. 694 mmol/L [ 2 45 o B 11y
0. 812 mmol/L, ¥4 % K 82. 7% ,

(2) IREE E AL S B 5 TR YR R e B B 1
AR . AERSEAMET  IRE R RS AL i K
TSI F Ty 0. 535 mmol/ (gVSS. h) , B KA R
ALK F i AR K H TS e i Ak Fe iy 1. 81
% 5 FR R BN 2 v 00 B KBV L T TR A Ak sk 2y
0. 680 mmol/ (gVSS. h) , B& & T & 2 W A& & ) 5%
KA TG IR L%

(3) LU 5 WA R Z L 10 1R 3R, 38 5 FE ik
W 5 R k2B PR e ARSI R A R B R A
TR R Ve i 2 P IO A AU A R B2 AN R, Uk ]
AHXT TR0, AR R PEAC R A vh o B |4k X 5
van de Graaf AA FABIAEY) &

(4) F2 R 5 W Ag A RS B o 101 3R R
JHe B i 260 Wk BE 8 2 3 R ] P2 ) A R &R
PRAEFR B T B AN AR 2 1 I R0V B B, B R
R BUE L 1. 810 mmol/L; LRFF A Z K B A
AR R MW R, R R A AR R EEE
0. 795 mmol/L; BFPE I T 1Y e K 2 FFR Rk i 1
KT*FHERY 0. 338 mmol/L,

5% Lk
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Hydroxylamine conversion by anammox enrichment

Anhui Hu, Ping Zheng™ , Huifeng Lu, Shuang Ding, Caihua Wang

( Department of Environmental Engineering, Zhejiang University, Hangzhou 310029, China)

Abstract ;[ Objective ] Hydroxylamine is an important intermediate product of anammox. This study was focused on the
characteristics of hydroxylamine and nitrite conversions by anammox enrichment. [ Methods] The changes of nitrogenous
substrates and related products with time were measured using batch tests with anammox enrichment as inoculum.
[ Results] Since hydroxylamine didn’t react with nitrite in uninoculated control culture, these two compounds were
chemically stable. Both of them decreased with time in anammox enrichment inoculated cultures, in which ammonia as
intermediate product would be produced and converted with the maximum concentration being 0. 338 mg/L. The total
nitrogen concentration decreased from 4. 694 mmol/L to 0. 812 mmol/L with conversion rate 82. 7% in the end. When
hydroxylamine and nitrite concentrations were about 2.5 mmol/L respectively, the maximum specific sludge conversion
rates of hydroxylamine was 0. 535 mmol/( gVSS. h), which was 1. 81 times bigger than that of ammonia in ammonia
reaction system; the maximum specific sludge rate of total nitrogen was slightly higher than that in ammonia reaction
system. When hydroxylamine concentration increased to 5.0 mmol/L, the hydroxylamine and nitrite conversion rates
promoted by 26. 7% and 120. 7% respectively; and the maximum ammonia accumulated was 1. 810 mmol/L. When
nitrite concentration increased to 5.0 mmol/L, the hydroxylamine and nitrite conversion rates promoted by 6.9% and
9.0% respectively; and the maximum ammonia accumulated was 0. 795 mmol/L. [ Conclusion] Anammox enrichment
was capable of converting hydroxylamine and nitrite simultaneously and had the higher conversion rate of hydroxylamine
than ammonia conversion rate. Hydroxylamine and nitrite conversion rates were less affected by increase in nitrite
concentration, but more significantly influenced by increase in hydroxylamine. The maximum ammonia concentration
accumulated would rise as the result of increasing both hydroxylamine and nitrite. The result of experiment was consistent
with pathway model presented by van de Graaf AA.

Keywords: anammox; hydroxylamine conversion; specific conversion rate; batch test
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