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HE, ﬁﬂéﬁ?ﬁt\%ﬁff&’ﬂﬁj_{ﬁﬁ%%@{ﬁﬁ(upﬂow anaerobic sludge blanket, UASB) [z i ¢ , BB A5G T @8R A & E AL B
#7075 Y (high-rate ANAMMOX granules, HAG). LIZLRIREAZ A I5VE (flocculent ANAMMOX sludge, FAS) 1 Jxf I8 SR At
UOREEF 58 T HAG W30 122k dE. 45 R B, HAG Y H IR A A AL 1 T (specific ANAMMOX activity, SAA) iy 2.63
kge (kg-d) ~', & FAS 2. 5 £ ; XT3 BT UM SRR 1 21 R B (K ) 73904 17 mg-L ™" FT 19 mg-L~" KT FAS FYXTRAE ;
Xt | RS AN R R A ) B B (K, ) A3 11 679 505 F11735 mg- L~ S T FAS MOXF I {E. HAG HAT (kKA 3h )
SRR T, AT (A R IR v 5 G R BT, 3000 7R ) DR AR A R i T2 B A R o

KR IRE AL WRiTsle; g5 AP, R

FESHES. X703. 1 XEFRIRTE. A XEHRS . 0250-3301(2013)09-3544-08

Kinetic Characteristics of High-rate ANAMMOX Granules

TANG Chong-jian'”, XIONG Lei'”, WANG Yun-yan'”, ZHENG Ping’

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China; 2. Department of Environmental
Engineering, College of Environment and Resource Science, Zhejiang University, Hangzhou 310058, China; 3. National Engineering
Research Center for Control and Treatment of Heavy Metal Pollution, Changsha 410083, China)

Abstract: The high-rate ANAMMOX granules (HAG) were cultivated in an ANAMMOX upflow anaerobic sludge blanket ( UASB)
reactor. The kinetic characteristics of the HAG were investigated through baich tests, using flocculent ANAMMOX sludge (FAS) as a
control. The results suggested that the specific ANAMMOX activity (SAA) of the HAG reached as high as 2. 63 kg (kg-d) ™", which
was 2. 5 times of that of FAS. The half saturation constants for ammonium and nitrite of the HAG were 17 mg-L™" and 19 mg-L™",
respectively, both were lower than those of the FAS. The half inhibition constants of ammonium, free ammonia and nitrite were 11 679,
505 and 735 mg-L ™", respectively, which were far higher than the corresponding values of the FAS. The better kinetic performance of
the HAG contributed to the successful competition of substrates under tough conditions, which was helpful for the novel biomass
supplementation process for enhancement of the ANAMMOX performance.
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fE-RE T 21 kg BT 2 ~5 Koo)' Wik, A
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HAG; DL Z R IR H A A 1k 15 I ( flocculent
ANAMMOX sludge, FAS) 1R xf i SR F AL Uk it 56
5% T HAG B3l 124tk , DA i B ANAMMOX
PR I T2 B SR AR .

1 MR

1.1 K

PRI R AR IR K, L BN ( mg- L1 ) e
KH, PO, 0.01, CaCl, - 2H,0 0.0056, MgSO, - 7H,0
0.3, KHCO, 1.25; T m R k4w 1 . 145 1.25
mL-L~". RO E WA 1 B ( mg-L1) R,
EDTA 5, FeSO, 5; TR 4w I 19 %~
(mg-L™")"7". EDTA 15, H,BO, 0.014, MnCl, -
4H,0 0.99, CuSO,-5H,0 0.25, ZnS0, -7H,0 0. 43,
NiCl,-6H,0 0. 19, NaSeO, -10H,0 0.21, NaMoO, -
2H,0 0.22. NH;-N #l NO, -N Ll ( NH, ),S0, #I
NaNO, $&fit v FEHe 757 Fe .
1.2 ke E

BUINES I  # W 2 E = W /N = W ) P IV 14
(UASB) , HAFLBEES HI AL, SR 1.5 L, AR
1.1 L. ANSESAE | ARG GRS mi s m . S g ik
7K pH #&EHI7E 6.8 ~7. 0 2247, He/E L BE 45 il 7 35°C
+1°C. fEBfradfrh, i R g i K A T
Bt PR 6 e B 43 3 42 4l A7 250 ~ 300 mg- L' il 270 ~
350 mg-L ™", i1t B A 40 5 7K I 455 B B E] (hydraulic
retention time , HRT) ¥ 52 I 7 25 B3 T &0 ( NH, -N
+NO, -N) ZBE# F 4 5 % 50 kg (m’-d) ' LA E,
LI E HAG.

FAAE T B0 {1538 FAS B A A R84 328 17 1

—————— +——|r-+--®—+

| Sax Wil
A

o®SE

kA
Wi
1 RESEN UASB REFRRFTE
Fig. 1 Schematic diagram of the ANAMMOX UASB reactor system

ANAMMOX J3 #0525 ( sequencing batch reactor,
SBR) , BMARL 2.5 L, AR 2.2 L. frisfrid##
o IR ZedE ] SBR mYis AT A 12 h, HrpikoK 10
min, 11,5 h,{ﬁ:ﬁ 10 min, fE7K 10 min, 71
far 424 0. 30 ~0. 70 kg- (m’+d) .

1.3 4ZFhi5ie

UASB SN # R0 5 R B H SE 50 = 5 5 IR
A A A Ts e, H b IR A 2 A AL I T (specific
ANAMMOX activity, SAA) N 1.9 kg- (kg-d) ~'. #%
Tl I DA S0 5 AR IORE | IA595 JR Hk BE (LA VSS i)
19 ~22 g-L~", VSS/TSS 24 0. 86 ~0. 89.

1.4 WEmH 5%

AR K ER- I E R AR R L R A V-
(12550 - OG5 A AL AN ok
LTS pHpHS-9V BUFRIE ] SS| VSS, H A
fb27 75 % & ( chemical oxygen demand, COD) : %%
AL JURLTS JERLAR 20 A1 - QCOLite KK 43 My
A
1.5 ks
1.5.1 RS S/ A AT I

7E 120 mL I 3 JE 4 fm A 100 mL &% — &
NH, -NFI NO, -N ¥ B2 iR 48L 2% /K (I b S i Ak 1
PR 5 #5488 F1 NO, -N BB U%E K ) |, B A
ZWERRZE MR (pH =7) #hisk 5 RF TS T8 , R 354)
IRTS IR EEL 1 g- L' 1 95% Ar-5% CO, K
B PR 23 20 min. L T A R 28 58
BOORIE AR M, B /N PR R I BRKE T
35°C H i % FF AH b O R R B A 150
remin ' 8BRS, 43 5000 A K FE P NH, N
FNO, -N VR BE. H 3 o vk B P A i 26 1T 3 s
Ve b IR A B A TG P [ N/ (VSS - 1) B NH, -N/
(VSS-¢) TR SAB AL 16 ¥ [ NO, -N/(VSS-1) ], B
i Fkg- (kg-d) ~'.

1.5.2  AHLAY RIS

AR F AR P R W KRR A LY. ek
KAEPEZR GErh  KEEA LY (RO T ALY ) — BT
B RS, SRS T R AR A 4 R
TR RS AR 5 308 IR A A R X 52, %
FEILXT IR A S AT Ve ) S A S

£ 120 mlL I IIA 100 mL 7% 70 mg- L™
NH, -N. 70 mg-L~" NO, -N Fl— & H HL ¥ ( i %
W) W AR K, BRI A 2B IR 2 i (pH =7)
hYE S WIE ISR, REFERI MRS R W B A 1
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B 2% 34 3%

g-L™" 11 95% Ar-5% CO, M &4 H 9455, 20
min. IV R T AR S 2 26 B AR AR 35 0
BTSRRI K E T 35°C R B R4 .
R R HH 150 remin ™", E R EURE 4 b, 43 510 &
JKFEHY NH,-N 1 NO, -N % B, 558 A LY (i
IR W REXT HAG 15 14 301 5 i

2 HBRESH

2.1 FAS Wzl Ji2= etk

iR FAS B A AN Y SBR. 7R Wiz it
1 ( >100 d) ,SBR M #s 7K NH, -N Fl NO, -N
e B 43 AR 7 4 250 ~ 350 mg-L™' 1 300 ~ 400
mg-L™" 3 2 H K NH,-N ¥ K (29 + 16)
mg-L™" SEH K NO, -N ¥R (6 £8) mg-L~',
I NO; -N W R (75 +9) mg-L~"; F44 NH, -N
FINO, -N EBFI0 N 92% +4% F199% +2% ;
SEIZF NH, -N | NO, -N 5L i 2 25 B3 4% 43 7]
90.30,0.39 F10. 69 kg+ (m*-d) . [T S FAS
IR A5 (0.
2.1.1  JRAFAAMB) TR

0.7

0.6

- 0.5 —— Haldane i &
5 y=0.71/(1 + 1.78/x + x/643.97)
2 04 R2=0992
S
= 03|
<
w
02
0.1 - (a) NH4 N

1 1 1 |

I I L L I
0 10 20

NH4*-N/mmol-L™

I
30 40 50 60 70 80 90 100 110

FAS MR E A A A SRt sl 2 s, M
Hal UL FAS 1R SRS AL B T 2 B £ A SR T
3l )12 4 8 —Haldane BRI [ (1) ], SR
IZREARD R IR B A TG, 4345 3] FAS X[ &l
2(a) JFIEREERER [ ] 2 (b) T BB S e &
BUR) A3 90.992 #10.983 (E 2). hizx(2). &
(3) AT 1% FAS M35 K LU IR S Ak T P (SAA)
111 kg- (kg-d) ™" XF 204 BB EE(KS yyon ) H
1.78 mmol -L™" (25 mg-L™") [ K 2(a) ], MV AR ER
DR ST (K nosx ) A 1.51 mmol-L™" (21
mg-L™") [ &1 2(b) ] ZBIFA0H] 52K i) N
644.0 mmol -L.™" (9016 mg-L.™") [E2(a) ], ¥R
WER R (FA) MR BE (1Cs) 4, ) N 430 mg-L~", 3IF.
TR £5 1Y 2 fip %‘Jﬁﬁ([{,,\,oi_,\l) 4 12.8 mmol-L~'
(179 mg-L™-")[E 2(b) ].

v = max ( 1 )

1+§S+

S
K
v G IRTENE; v,, WK TG IRETE; K
IR SUE NSO RSN S8

0.7

0.6

0.5

:;."; y —— Haldane 3
=< y= L1141 + L.51/x + x/12.80)
[=11] 2
i 03 R*=10.983
<
w
0.2
0.1 (b) NOy™-N

(] 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9
NO; -N/mmol-L™!

1
1011

E 2 FAS WRESELIH N ZEE
Fig. 2 ANAMMOX kinetics of FAS

2.1.2 G EI R e

FESEBRIE K AR 5 & L. ALY
X RA R EAL T 2 RE P A AR O AR
FERHATGR I AT T A WL (%) XF FAS 1)
B4 h) M 25 RN 3 (a) R, HRIEE 3 (a)
TP DA I e ] A5 30 1 A BT FAS RS A AR TS
PR 30 4R B (1C,, ) oM 67.5 mmol-L™" (12 960
mg-L~', 2L COD ). ZEAM AL RS T, AL
e B — B T2 000 mg- L") W%k BE (A
PLYI (R0 ) X FAS (%) A2 4 v 200
2.1.3 AHfbiE

SRHEAR I E T FAS B9 SRS Fb 6 M, 45
WE 4 (a) s, #ULEE NO, A ALY R i
/b K] FAS BA RAEATE P, T35 B H T
THALTEPE (SDA) 24 0. 07 kg (kg-d) ~'. il E] FAS
A SAEAE R RV HBA Atk hae , vl Rl TS
AR BRI B A WL AT Rl AL " X ml g 5 3
FAETE — 2 f (1 SRS AL TR A G
2.2 HAG W358 Kah etk

R A & A AL UASB by #% 9 7K NH, -N
F1INO, -N ¥ £ 43 51 o~ 250 ~ 350 mg-L ™' Fl 270 ~
370 mg-L~", LIHIZK NO, -N ¥R B 38 bR, i 4
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0.5
04 F
=) L
g, 03
=
%
—
< 02F
-
w
0.1 L
(a) FAS
0 L 1 L 1 L 1 'l 1
0 10 20 30 40 50 60 70 80 90

i A5/ mmol-L™!

0.8

0.6

SAA/Kg-(kg-d)™!

04 +

(b} HAG

0 I L 1 L 1 I 1 L
0 10 20 30 40 50 6f) 70 ®0 90

ili 44 i /mmol-L™!

B3 #HIMMREIENTREENEHZN
Fig. 3 Short-term effect of glucose on ANAMMOX activity of FAS and HAG

500

ik e g /me L

100 N

500

400 M

300

200

100 M

(b) HAG

0 ! ! ! ! L
0 2 4 [ 8 10 12

ik e g /me L

B4 FAS 1 HAG B R L EEIE
Fig. 4 SDA determination of FAS and HAG

ICSSIFIVELTIAWI NO, -N KT 100 mg-[fl ,JZ%/F
# HRT H10.55 h 45555 0.21 h[ K 5(a) ], 728
TridfEd, SN a2 AT PERE IR ERRS 2, K NH, -N
I NO, -N WEE/r 534 (78 +15) mg-L ™' (54 +11)
mg-L~" NH,; -N Fll NO, -N £BEE53 54 77.8% +
20% F184.3% +7.3% , I 4 V- P4 25 B A 2=
PR3N (54.71 £7.88) kg-(m’+d) ~', kb T 3CHlik R
BB E K26 ~77 kg (m®-d) 7' 9520 FE T
WK LT, 558 1 ANAMMOX 5 78 5 i 44 (1)
M2, ki kiie 2 ~4 mm( & 6).
2.2.1 JRAFEAEAMBN IR

HAG WA A3 Ty et & 7 s, R
F Haldane BEAIHLA 15 2] HAG X 20 A1 IF 6l 12 £6 1)
12T AR 4358 0. 966 il 0. 985.

135 HAG 1 H e K H IR R & AL T P (SAA)
2.63 kg-(kg-d) ™'y HAG XF & 0y 2F K %
(Ks iz ) 4 1.21 mmol-L™" (17 mg-L™") , WL 7
() 5 oF 7 ib 1 5k 9~ 38 R B8 (K v ) A 1,39
mmol-L ™" (19 mg-L™") , WK 7(b) ; 2% HAG [y
A B (K ) 9 834.2 mmol-L™" (11679
mg- L"), WP 7 (b) ; X6F i A3 B 2 (FA ) 230 i e
JE (1C5, 1y )} 505 mg-L~" W AHERERXT HAG A4
W B (K, xo; 1) 9525 mmol L™ (735 mg-L7"),
WL 7(b); 5 FAS ) ANAMMOX 3l 72 548 41 1
(% 1),HAG [ SAA & E 8 M (20 FAS 19 2.5
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