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X 4 I R sE %ﬂh_@ém %%ﬁIJEHﬁTNI( 1) %t ANAMMOX 14 J 31 14 1 5% i %EEM’EFHT,NK ) %f
ANAMMOX 7776 “ AR A2 R 3" VE . SARFIINGCI0) X B, 38000 1 mg-1L7" Ni( 1) Bf ANAMMOX B9 L R R AL T P (SAA ) $i
BT 11, 14%; 30 100 mg-L™" Ni( IL) B} SAA AR T 49.55%, Ni( IL) 92140 461 v BE 1C,, 9 83.86 mg-L~'. i Ni( 1) %F
ANAMMOX FE NI fE 2 15 mg-L~" AN 1) B, I Monod J5 BB #L ANAMMOX 3 Jj %, 13 5] ¢, , (LA TN/VSS
1) I Ky 35028 12.25 mg- (g-h) ~'F1405. 36 mg-L™" ;30 50 mg-L" Ni( 11 ) i, B IEJ5 () Haldane 5 AI84 ANAMMOX
) 1558 g, (VA TN/VSS i) Ko K, 43514 6. 78 mg- (g-h) =" 313.28 mg-L ™" F1 1. 32. Ni( Il ) %} ANAMMOX 3} 1241
A S S PEA L S350 Ni( I X ANAMMOX JBE0PERE A ) 32 B8 5 40 AP RO NG ( I) A7 5, U PAING (D) X ANAMMOX
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Effect of Nl( 1) on Anaeroblc Ammomum Ox1dat10n, and Changes in Klnel;lcs

SUN/Qi, ZHAO Bai- hang FAN Sa, ZHOU Bang-‘lel LI Yu-qi ¢ S
(School of Civil Epgmeermg, Beijing UmveImEy of T'!thology, Beijing 100124, Chlna) | g oo ._;..3-'

Abstract; Anagtobit: ammonium oxidation (ANAMMOX) i W1dely used for treatmej'l't of’ ammomum -rich wastewater“because” ofits
economic and gnvirontfiental benefits. However, ANAMMOX bacteria are sensitive'to enyironmental conditions, especially to heavy
metals. The, short- termt and long-term effects” of Ni¢'Il )¥on ANAMMOX were studied by batch and'continuous flow experiments,

respe@tlvely Results. Showedsthat low concentrations/of; Nl( I )+hadspromoted nitrogen removal by ANAMMOX and high concentrations
inhibited ANAMMOX performance during a .§hort- term perlod "Compared with the specific anaerobic ammonium 0x1dat10n activity
(SAA) W}thoul Ni( ) addition, SAA with 1 mg-L~ "Ni( II) addition increased by 11. 14% and the SAA with 100 mg-L~" Ni( I )
addition{reduced by 49.55%. The IC, of Ni( II ) for ANAMMOX was determined to be 83.86 mg-L™'. In contrast, long-term
Ni( I ) addition significantly suppressed nitrogen removal of ANAMMOX, and the suppression threshold of Ni( I ) on ANAMMOX
was 15 mg+L~". The Monod model was applied to simulate the kinetics of ANAMMOX without Ni( Il ) addition. The ¢, ,(TN/VSS)
and K, values were 12. 25 mg+(g+h) ' and 405. 36 mg-L ™", respectively. The modified Haldane model was suitable to describe the
kinetics of ANAMMOX with 50 mg+L™" Ni( Il ) addition. The ¢,  (TN/VSS), K, and K, values were 6.78 mg-(g-h) ™', 313.2
mg-L™", and 1. 32, respectively. The inhibition of ANAMMOX by Ni( I ) is anticompetitive inhibition. In addition, the inhibition of
Ni(II') on ANAMMOX was mainly related to the content of intracellular Ni( Il ). The ICyyucettatar nic 1y ( VSS) of intracellular Ni( II)
was 0.072 mg-g ™'

Key words ; anaerobic ammonium oxidation (ANAMMOX) ; Ni( I ) ; short-term effects; long-term effects; kinetics characteristics
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Chen 25758 13 b K LB A5 HNi (D) A9 Mk AR T
1.74 mg-L "B, SAA #2571 63.5% . Ni( 1 ) 1E R4
Ji P AR b Al il B ) T B IR e A
PR KA R S R EE AN () £
5B e EE RN & (1 B 254, 30 1 S04 4 1) e
AR H AT, Tk KA BOE KRNI ) v
FEYEE R 3.8 ~183.56 mg-L ™" gEws THE A
A S T B . SR, Ni( 1T ) X ANAMMOX
TR RS i R 58 4 R | A OCH G £ D
WEFENI( 1) X ANAMMOX 520 % Ti% 1. 25
SR R RS K A B AR 1 1 R ELA R X
BRI, AR SC FEZFEE T . ONi( 1) XF ANAMMOX HR
Rk BE 0 A R o R MERE K &, @ Ni( ) 7E
ANAMMOX # 4t " 1 43 4 5 20 30 il 19 56 &
@Ni( I YEH T ANAMMOX 3l J1 2% B 1iE (1) 25 4k
@Ni( 11 )% ANAMMOX Jii U E R i K 51 0 ril

1 #Me5EHZ%

EAK 5 AR 15 U8
AR SR L TBC K, e BN N%‘DNO N
éy\ﬂlJFh NH, CF il Na,NO, 4 fit. Ni (L), L;L',uN].Crlz
6H oﬂﬁﬁﬁ#ﬁﬁﬁﬁn LS Bt ANAMMOX 15
e 1 I B 52 B 52 A1 U ASE % 2%, Ji
I A 9 G L TN/VSS fr) jcé’J 7%
g(Eny . . ; d la L~
1.2/ #tRses 3

HR 2B 7E 250 mL Y LI P EAT ﬁﬁ AMZIS
TR 180 mL. 7578 H 0. 1 mol-L ™" #J NaCl VRS IA T
YEUE 3 WK, B A HCL (1 mol-L™") 5 NaOH
(2 mol-L™") ¥ pH JEFE 7.0 0. 2. R4 & <%
5 min, K5 R0 VE R E T (35 £ 1)°C #1120
remin ' PR TRAIR S 5 FRAE . LI (4 B i) [R] g SBORE
DU = AT B M PN (I ) VAR B
1.2.1  Ni( II)%F ANAMMOX JJid 01 RE f4 4 1A 5% 0
KRS VERE

Ni( )R A0, 1,5, 10, 25, 50 Fil
100 mg-L~". SEHG 25 ST, O/ B3 15 Je Ff & FH 00
MLVSS Bk S0 (HDH) 36 PE 8 (A iR Mok
BN I ) e A P NG (1) o 8 9 52 B B FH ek
K EDTA Yk F2 77170 vk U & A i i i
ANAMMOX V51, SC50 i) 5 24 h 54508 6 I W), &
24 h BRI E = A
1.2.2  3JI2FHHE

HHENI( 11 ) X ANAMMOX 3l /124 R E () 500
FAFRYIRES BR(TN) LRHER ¢ LR, EY
(NH, -N,NO, -N) W (mg-L™") . (35,46) |

1.1

-
-~ F

(55,73) (75, 99) (105, 139) (125, 165) . (150,
198) . (200, 264) .(250, 330) .(300, 396) F1(400,
528) ,Ni( II) YA 50 mg-L~".

1.3 LR

SIS AERAE 1B 1T UASB W g4 6 B B
AT, B Hr Bk AT 20 d, 45 P, P, P, P, P, Fil Ps.
¥ P, B M, P, P, P, FTP, BYEENI( D) Y
WRE 5 1,5, 10 A1 15 mg-L~", P, & -4 m
Ni( IT), PL%2¢ ANAMMOX 76 KNI ( 1) 36 s i
BRI RE 7. A H BUREIN A = TR B
1.4 e HFITE

S 2RGE 1 20 EC IR 230 o BE | I 2 ik
N-(1-Z53%) - G REBE  i AUE o 2240 3t
FEREBNE NI (D) E’m%r“uiT @ﬂﬁljé}
TG REINE . HABFEAR I AE J7 R LR -

(1) BEPINIC D) M iy I iﬁtw\;& R4t R
ik DA I 355 9 BT 1 g(mi>%ﬁﬁ/5ﬁ FH}JEB’J
EDTA JEik T > {5&3 < I HNO, (4 m01 L)
ﬁ’z{:m}%@nn A 120 Y min "~ 4 f# 25 mins ﬁjt): I
22 000 gF a5 Biin u%ﬁ%tza@ i IcP,
Instrument Perkm Elme’f OES Optima 2000" BV {“JXELa
THI NI H)W&f“

(2) Wb UG (HDH) 35 P 0 22 ?H:(ki%
2 M I3 6 T 50 g (VR H) PWRLI5 I, 1E
22000 g, 4°C F &L 20 min, FH R 44 2% w8 (20
' pHT. 0) TREPIIR. SR 5K Ve 5 115
FAT 20 mL AR ZE 0P 2 TR 24 h, S b3
(225 W, 4°C, 30 min). IRAWITE 22000 g, 4C T
20 30 min PAZRAS b VSR EOR, 00 2 vk
JEA HDH 5 . #2405 240 B’ A9 Bradford J5 35 I
M BT B HDH {GPEBGAE S AR R 3L 3 mL, ARk
A 1.5 mL B2 2% M W (200 mmol-L™"), 0.3
mL 2 }fd {4 2 ¢ (500 pmol-L™"), 1.0 mL M (75
mmol + L.™") 1 0. 2 mL B, 7£ 550 nm Ak 75 1K
JEEE. HDH 36 MY 507 ( LR R g e R o/ B H
i) M : wmol « (min+mg) ™'
1.5y FIfiR
1.5.1 SAA WHfisE

o IR 48 24 S8 A 0% 1R [ SAA, DL TN/VSS 3,
mg-(g-h) 7']:

SAA =

mmol - L.~

(CTN(izﬁ) - cTN(?K)) xV (1)
24 h x MLVSS

SR oy P ey, SIS0 TF 16 17285 110 24
FOKRIE (mg- L"),V ML B (L), MLVSS
HTEVEHTE (mg-1. ).
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SAA,
SAA(%) = gt x 100 (2)
0

A, SAA, I SZIS 41 SAA, SAA, X IR 41 A
SAA.

1.5.2  IC, WIHIE
(1) ZRPkmE e
SAA, - SAA,
IP(%) = —San x 100 (3)
i, SAA, Fll SAA, EXTREZ A ENI( 1) ] FIstm

A EAFHERNI(I) ] SAA. 24 TP =50% A,
XFRING () e 2 RIS 1Cs,.
(2) Fa%kml= e
1

IP(%) =100 x |1 - -1 (4)
1+ (CNi(]D/ICso)

AU ey BENICIL) VI (mee L7 TG S 40
I (mg- L"), a EAUASHL

1.5.3  ZhJj2ERim
(1) Monod %Y "
— q"]ﬂ‘(S 5
q - KS + (5)

K g, R BRI Z B R B0y S
mele g ) A JROTN = B NS At
mg- (goh) K B B Cmge L) S 2R
T Qg L) o, " B

(#(2)Haldane B L /
| g A L
J y . qmax X S r— 5
9 > (6)
. S+K + (S/Ky)
K, g R TN K BRECR [ L TN/VSS i,

mg-(g-h) 7' ],q & TN EFRE K[ LI TN/VSS i,
mg+ (g-h) '], K, JEE AW E (mg- L"), S SR
YIYeFE (mg- L") K, 240 250
1.5.4 Ak

S LARURN 7 A P 4 il A5 B S A NG (T /Y
VX ANAMMOX JBE ] He Z I 5

IP — IPmachi(ﬂ) (7)
K + ¢y

1P, SR EAMHIEE (100% ) ey ) M R
NI ID) SR LA VSS i, mg-g™' ], K 230 5
1.5.5 il A Iy

Ni( I1) X5 ANAMMOX 41 i (% 2 780w 3 3 1

FHRE(8) F(9) S HI .
Qs = Qoo X K~ (8)
Ky = Ky x K¢ (9)

X, g0 F g, 57 0 & ANAMMOX Jz b A $ i
Ni( D) A0 50 mg-L~" Ni( I1 ) B f ok TN 55

HE[LLTN/VSS 3, mge (gh) ™ )5 K 1 K 5351
St ANAMMOX JZ BT A BEHING ( 11) FIHEENT SO me-1."
Ni( I0) BF A AR B (mg - L") 5K R K 402 K
K i R,

2 ZR5iTie

2.1 Ni( II) % ANAMMOX i &0 RE 1 S 30 52 g K
PEREIR

[l] ANAMMOX Z 4t Fh 8 A [F] e BE NI ( 1)
JENH, -NFHINO, -N A4 i Bl sz 7 s 1] f 722 Ak an 14 1
(a) ME 1(b) Fros. #Im 1 mg-L™" Ni( ) i},
NH," -NFINO, -NHJHEEE 535114 0. 64 mg-L~" F12. 03
mg- L™ BN (ID) AL, 23 BRI  m 1
8.75% Fl 5. 84%; HLIR A SAALIHE(SAA) [ LL TN/
VSS i, mg- (g+h) ' 3 8.46 mg- (gebr)y L4 # 5
9.10 mg-(g-h) ', W8 T 11, 149% M 0 G i
(HDH ) & WE Hi (21.46 & @& %1 -23.3]
wmol - (min-mg) = 421 T 8.56% [ 1 (#) . &
HLAIE 2 v FERON ( 1) BT L4 5 ANAMMOX /E
Yy IR 40 HyF HDH WEHE X % AE 65 Mg L
ANAMMOX J2 17, 1 P35 BUR 1L S0l A T
HDH {5 PR B AT BDF ANAMMOX Ji g8 bt
5. DO 4 A e N TT) (1 mg- Lo %

ANAMMOX 75 {2 i i1, Chen 467 t33F 55 T {16 e

JFER) Cu(1 mg-L™") Ni(Il) (1.74 mg-L™") Fl Fe
(3.68 mg-L™") B HEE S ANAMMOX PEBE. Ni( IT)
J& F430 A0 T 2 N 4Y, F430 il 2 77 F g ok 72 P 4
A Z2 T B0 G DG AR R, B2 /K N (T ) e B g 34 o
REZS UL K430 WA B, P2 F e iy 7= 2

Bl NI (1) A B 4 v, RO 45 BRI NH, -NAT
NO, -NIJ EEAWT 57, 2 B ANAMMOX it & 1 fig
ZE| T AR B ] B0 100 mg-L~" Ni( 1),
NH," -NFINO, -NA ¥ 5 5 29. 23 mg- L' F136. 83
mg-L™', SAA U A £ Ni( 1) B SAA 1
50. 45% . [FlisF , HDH {644 AR (1 Bk B2 RENG ( T0) 1)
Ve PSR = B TR [ 1B 1 () J. o, AT E 4
JE XA R G A 3B fh TR AR R A
FE Y —LERe S 1 4 o i Ry A 4 s {45 2 1 B &
A ZE AR S R ECE AR IIRE R H L, R4
P S NI (D) R BE 2 T ANAMMOX A=
PIRNi (D) A 52 2 B2 R T ANAMMOX G B il
HDH AU 1 5 Y257, HDH 3% YRR 5 I AL 1k
e TR

Fl1(d) AW T 24, 48,72 f196 h k& )5
ANAMMOX £#) SAA. 4Ni( 1) B9#BE R 5 mg-L ™" Fl
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(a) ~m- Ni( 1) (0 mg-L™") o Ni(Il) (10 mg-L™") (b) & Ni(I1) (0 mg-L™") o Ni(II) (10 mg:L™)
e Ni(Il) (1 mgL™") = Ni(I1) (25 mg-L™") 80 e Ni(Il) (1 mg:L™") o Ni(Il) (25 mg:L™")

o Ni(I1) (5 mg-L™") - Ni(I1) (50 mg:L™")
2 Ni(11) (100 mg-L™")

\THs,
Y

NHy -Nje i /mg-L™!
tad
=
T

20
20 F
10
0 or
2 0 2 4 6 8 10 12 14 16 18 20 2 0 2 4 6 8% 10 12 14 16 18 20
t/h 50 t'h
200 :
{c)/l. —m— EE (d) —m—Ni(I[) (0 mg-L™")
3 \ —e— HDH{E#%: 45 —s—Ni(Il) (3 mgL™)
20 L —A— SAA s —a—Ni(Il) (10 mg-L™")
\l = _ = 40 —o—Ni(Il) (100 mg-L™")
\. W 4180 T, 5
{ ——e_ E E3s5r = lhhﬂ____al__________ﬂ_.__.
515t H'\\ e g i s a—
% n = w30 e—  °
: & 2 E./
= 4 160 = E 25 +
g wf Eq = u
k—*“'_ﬁ‘ g 20 F
st —
Iw -
A o =—— "
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