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(BE] Pis/KHRE O XEUR R MG, RAKREFHLN S (anaerobic sequencing batch reac-
tor, ASBR), FIFHA#bifg AL B A5 /K (EREEL) 26, NH, - N A1 NO, - N &K EH R 70 mg - L")
XU IR S A T S N, 7E pH A 7.5 ~7.9 FNEJE 30 CH&MAT, &id 55 d WEE
Yifessgs, IR TIRAE SR RS, R N #is T 70 d ek Bk, SHEHLE Kb g NH, - N Al
NO, - N [ RBRFYAE] T 98% LA b, MBHLTE KA NH, - N 1 NO, - N s ik 42 55 21 140 mg - L™
fF, NH; - N P RBRE R 74. 7% , 1 NO, — N (P38 R BR3A5i5 5] 99. 2% , MLA ZH M EBERZ LR
1:1.33, ARF R R4 E AL R I 09 P A2 5 6 &, # ASBR 32 FH T 52 B 5 7K (4 JBd S0 Ak #E s, 3
NH, - N Hl NO; — N (V-3 2 Br 453 3B Ry 67. 0% H1185. 1%
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Abstract: The enrichment of marine anaerobic ammonium oxidation ( Anammox) bacteria was investiga-
ted using sediment samples obtained from a sea-based waste disposal site. The cultivation was carried out
using the simulated wastewater as culture medium at pH 7.5 = 8.9 and 30 °C within an anaerobic sequencing
batch reactor (ASBR). The enrichment of marine Anammox bacteria was obtained after 55 days cultivation,
and the Anammox process got stable in ASBR after 70 days operation. The enrichment Anammox bacteria
were used to treat the simulated saline wastewater of NH; =N 70 mg - L™', NO, =N 70 mg - L. "' and salinity
26. The removal efficiencies of NH, = N and NO, — N were up to 98% . When the concentrations of NH, = N
and NO, — N increased to 140 mg « L™", the average removal efficiency of NH," = N was 74. 7% and that of
NO, — N was 99. 2% . The molar consumption ratio of ammonium to nitrite was 1: 1. 33, which was well con-
sistent with the stoichiometric ratio for the Anammox reaction. Finally, the ASBR was used to treat the real
wastewater, and the average removal efficiencies of NH, — N and NO, — N were 67. 0% and 85. 1% , respec-

tively, indicating that the reactor might be suitable for the treatment of high salinity wastewater.
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HI T k5K . AR TR TS K RO R BE RG], Ok 1Y & B AL G W A KIR, 5 g
TKIEIEE, S1R KRR E SR, IR RSP B, 15K A AR Bk K5 G
TEERAK A R B GE R BB IR, JREZASE M (anaerobic ammonia oxidation, Anammox) F&=—
ML B T EEA DO RS IRER A W T S2 AR B E Y L, RO B, RES S 335 K I AU Ak 3
WER ., SEEME - A T 2L, REZAMRA T Zaa sk, WaEshs ),
WA S W G

M T ROK BHIR B =, —Sei i T RN K A T BC TR AR (b | H3E 0K SE) | Tolk
BEIKSE, SECT MK HE R RIS shah, &R T, R H . g AT T
A K T A ] B e v B R SR R i R 4 B, R B K B U A AR AN T
ST — 2Rk K . A MBI PRI ) SRR I &5 R KB B R T, i m B R
MRS E, R REBEEYAET, B, S m AR K A PR BA 5 7K Ak B A i
AR AIE R

FaT, Fx e sl 5 FIRE A SRR 2, ¥ RIRE & AR & )5 25 | 2
FEO L R R R TR SR, T R AR R A R K B A B R A R R =, D
AR FERA LGS SRR SR NTE R | AN RS | REN TS i &5
RATRAY D E RS, W DI IR KA T h ki IR SR B A5 VR SR A TN BB R I
TR A Bl Ak 3 e 5 B 2 K ) DR AR 2 S AR R A e i R DL AR TE AR, MR AB IR ISR R, IR
S EATAT A IR IR T B AU R AT R A R AL R 13 ~ 12 P (R
HARRAET, RAZEEMRE M HEEAR, MELLARNTGKAABZR, STk, A SCAT57KHRE ket
SRR DA AR, 35 X v 6 i AU K P I A B8R, DI R i e s ik v LTS 7K Ak
PR — SRR

1 #B57FE

L1 RS Aﬁ%blﬁf

R By 2 A P AEF W A% (anaerobic se- )
quencing batch reactor, ASBR), 31[51 1, }%ﬂj%ﬁﬁh g TR0 K ¥ %K [ Effluent
(A4 L), A E, #EKE | RAKAFERYE O, @ Sludge effuent ¥ otkn

Influent

KAO5REAEME, DfRimRg s TIRARSE, #
IK RIS G B AER S8 1, AR5 1k A A ik
Ao RNV ArET AR KE T, a8 g R 2
SR AR o S 0 (R s ) 40 P 2 2 18 40 P 1 35 U A
FEETRIRA, LA E R N T,
1.2 SR

FERG VR AT 2R 88— 4b ¥5 7K HE i 15 Ak /Y 3 1 O
e, RIRERM, AIHEMN H,S bk, FHrp a7 AR E ik
¥ (total solids, TS) AFIEEH(0.73 £0.13)g - em ™,
AR P45 R L A B (10.3 £1.2) %, #ER 1 FEsSSHERNEREE
ERRRPTEA 1 LINAR 2 L B R5 K P i #E i, Fig.1  Schematic diagram of Anammox reactor
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RIS uE, Brbmhiks, Vb, MabiE, BmBIE 1 s iR & h TR,
1.3 RIEAK

RIS HZKCR N TR ], BTG K Bl ik anr . B2 HEVS 52 /N 2 gk, 20k
0.45 pm LF4ER BRI U85 TRCHIBAIE K, BRHEEZK AT NH - N NO; = N Fl NO; - N Joi &t ik i 43
HIM0.7, 0.3, 4.2mg - L', A 26, BBUEKBECTT S OCHL [10, 20], HAmE 1, H,
TR [N (g- L") : EDTA5.00, FeSO,5.00; ffimtR M4 (g- L") : EDTA 15.0,
ZnS0, - 7H,0 0.43, CoCl, - 6H,0 0.240, MnCl, - 4H,0 0.99, CuSO, - 5H,0 0.25, NaMoO, - 2H,0
0.22, NiCl,- 6H,0 0.190, H,BO, 0.014,

R ERSKEL AR

Tab.1 Chemical composition of the simulated wastewater

43 Component 1~224d 55~76 d 77 ~110 d
p(NH,; =N)/(mg - L") 70.0 70.0 140.0
p(NO; -N)/(mg - L") 70.0 70.0 140.0
p(KHCO,)/(mg - L") 500.0 500.0 500.0
p(KH,PO,)/(mg - L") 27.2 27.2 27.2
p(MgSO, - 7TH,0)/(mg - L") 300.0 300.0 300.0
p(CaCl, + 2H,0)/(mg - L") 180.0 180.0 180.0
V(#EICZE T Trace elements solution 1)/mL 1.0 1.0 1.0
V(#5IGZ I Trace elements solution II )/mL 1.0 1.0 1.0

1.4 RIEFE

ASBR AP R Gtk . RV, UUUE ., HEK 4 38 TP EAT, SEKCRHEK B B ] B4 I 7E 0. 25 h
P, DUTERTIE] 2 h, S 7B (R AR 4 S 1 A aE A TS A TR Y, BRI, 1) HE 70 mg - L7
NH, - N 170 mg - L™'NO, - N BB HI5 /K i sh IR SR s A A OB 4, %305 7K (1% pH =7.5 ~ 7.9,
SN ARSI AE 30 °C 5 2) asis i (1 ~22 d), BEKIEE B[R] (hydraulic retention
time, HRT) 724 h, BMEICREE—IK, WRIEEITHIROR, MEGH HRT 83K 72 h, RI4E3 d REE—
W 3) BRUCRFERT, Se MR BiRERS, IR N AR EE 2 h 5, FECR e E R R KRS
1000 mL, R5ERERNG, AR AE AN TI57K 1000 mL, DAGR-F5 520 P 3 i AR FR A AR A 34 52
4) NTi5KFEEHZS TS 20 min, VOGS SE T EARN S, 5) fF R4 shlsh
J&, FHEATI5KM NH, - N F1 NO; — N Btk 2@ %) 140 mg - L',

R TSI, MR SR AR RSO AN AT 2 R S IR G B L T MR v B BEOR S A T
BB .

1.5 WEREWMREESLHZIIE

LR AR EBRFCNTEIR, WE50 T BRI pH {EAIES IRl B R A S A T R 52

1) pH X IREEEAMERBEm (B EE R 70 mg - L' NH, - N FINO, - N (A4l
TEK, A BUEARAEL TS K R R SR I B IR Y MK pH (B, % E HRT A 72 h, W SRR N 30 °C
AR

2) TREEXT R AALER e i TR Y 70 mg - L7'AY NH, - N AT NO, — N (L4
15K, TERGEE pH EAMT, 433178 20, 25, 30, 40 C N THEFE,

1.6 M7 %

NH," — N BAGI R FSE 1 5 20 e B NO, — N BRI R N - (1 - Z53E) — 2 Hoe
LY NOS - N RINR 2240 o e A s pHER A X 2 T K 43 M (WTW, Multi
3420) i,
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SV AB A TR A I E K NH = N A NO, — N F IR, Sl i rh & A SR A Xof I
s T RERA N, Z RSO EE 3 d RFE—I, MESE /K NH, - N ATNO, - N Bk, Al
Rl NOS — N B E | pH {H, ##4% (dissolved oxygen, DO) HMITGIRHEAIR, AN SN Az AT 1Y
R,

2 #R5iTiE
2.1 FAEEFRMER R M EEMIEITHR

FORN AABAT I 110 d, KRAZH T RE AR 10 M= -2

RN ARSI (1 ~22d), #EHK NHS =N, NO; - N Fi i B (b 45 SR WK 2, £ 1 ~10 d,
R K NO, - N B iR EEARAK, JLFR 05 i /K i NO; - N Fia ik EAR LR K, 7
5.7~6.3mg - L', BT AE SRR R T A NO; - N iR (9.1 mg - L', SRAJEIA
PARC N T Y5 BT AT K ) 5 H 7K S SR e i o 0Bk, o b B 5 e b Sk v 2 A 2 (L
B, AIRERE RN AR SR, AR RAE A AR R D TEERIR, A REA RO AR AT
H, MGG RSP SEESNAEIY (5100 ¢ TURYIH A 10.3 ¢ GHLY) , Ho it
(1) 52 SR R X SE G AL R, 0o R A o= AR 2, DTS 3850 HE 7K A 2 205 R s v TR K 1
F— AT RERY IR N . B Rl Je el NEB A KR BE e R v, B s AR 4 AV A6 T, NI RS
A, 2 B K S AU R R B T K Y

MEERRVE AR BT, I Je AL F RS TCACRA, FERIRIREE T, Ve (14 S il Ak 20 12 )
A A WL RS TR A PR T AL, KA NO, - N S RIL, #5810 (I
Bl 2a) . $EULHEN, SEB B RS AL P D A A B, R A R S RO

80 1 1120 100
~ SEPE0E0EEEEEIENENEeae o
7 AANAAAANN 1 g ~ -
560 f YN S %
x 5 2 i
= ! - #EJK Influent &%AA 1 80 &“‘E é 60 1
/Z\ -O- Hi7K Effluent Ah e =
\'N I~ LB Removal efficiency 1 60 ZI § Z| 40 - -0~ JEJK Influent
o F B to
z 40 S T . o i
g Sz z 20 17K Effluent
20 5 <
z 0r
O I I Il 1 |
0 5 10 15 20 25 0 5 10 15 20 25
ild thd
a) NO,-N b) NH,-N

B2 KAMFZSITHHHEEK NO,-NNH,~N HNREREMERE
Fig.2 The concentrations and removal efficiencies of NO,—N and NH,~N in the initial stage of the reactor operation

RN AFE1T 11 ~22 d, HKE NO, - N ik B, 2.4 mg- L' FFE25.7 mg - L7,
EBRFM97% TREZR 63% ., 7K NH, - N BTt ik BEAR LA K, (h8Rmg & Tk (WLEl 2b) . fEiz
1TEI5 22 d B, K NO, — N A DO By BT, &I NO; - N Bt i FE AR ERFAE BARK -, R
6.4 mg - L', SEHIBHNIEKIEGEK T NO; - N (BT EEA Y, DO MTERE FFAS]1.71 mg - L7,
P MCHERT, I B S g SO AR A g s s, AEATS R 2 AR A AU DA AR . 3K Pl R 2 R A
B PERE R B T BU Y A i A T R, I TR A EAME . Strous 257 4R3H, KN A
DO 15T ¥ B2 TR 3 2 SRR BE 1Y 0. 5% B sl 2 0 il DR ARz S8 AR PE T, T2 DO Joit 2 vk B 3k B A A
WEER) 2. 1% B, DRAZEEAVER S 2], (X Fpdm il T8 my
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T IEER DO SENR, BT T RS IR IR, fRE IR UG, RN AR TG K 2
JE YA 70 mg - LAY NH, - N FII NO, — N B9 JCSAASELTG K B, U052 I #2010 T A e Je b
I B 1k R RIS R B PR A E A AT A (11 d) P, R R AR E B By
B2 35 ~49 A, HULEE T R N ARl K, AR LA (110 d) BUb KB E NH, -
N, NO, - N sk, %555 K, KM NH, - N, NO, - N [Ai ] B iHFE, &l DO KM LT
R#500.2 mg - L7'UF, R BN E 2B IREZ A G, e, WEIEFERCREE,
3 dREE—IK,
2.2 EHERESMBERNFEITER

TR E B (55 ~76 d), RNk NH - N, NO, - N i & B il R %, NH, - N &
WERE AR 55 K 32.2 mg - L' GE FFERISE 70 K 1.2 mg - L', AN EBRFMN 56.8% LT3
98.3% , ZJGRARAEWRES—LEEREAL, B TH 76 K, @AITEEREREIE N0, NO, - N BTk
JEMI R, 2055 64 RELIEE N 0, FBFIE 100% , WS FEEREFEAERE AL (WK 3),
NO; - N fFte e B Thes , R g Sy 5.7 ~6.3 mg - L' BK# 17. 1 mg - L™, HRIEKER
FAL B R R, 70 mg - L7 NH - N g F45724: 18.2 mg - L' NO; - N, i Fi#fd
BTG KK &A 4.2 mg - L' NO; - N, 7K NO; - N FiE i B Bl 22.4 mg - L™', 5K
PRAE/NFHICAE, W 25 WA SR AA A — o B B I SRS ARME T . T3S, RN #Ri2 1T 76 d I,
REEEAINH, - NEBRAM K 23.3 mg - L™ - d™', RAIL/E T8 A NO; - N LR AT
1L.8mg-L™" «d™', I, LB EBIRAAAIAMIGERER R, REEEMC B EFRI, N
A MEREAEIZ 1T 70 d FHATRRE
160 - @ K Influent O 117K Effluent - 120 160 - @ HEK Influent -0~ #17K Effluent 2120

140 A PR Removal efficiency 1000 & JBRF Removal efficiency
L - H K )( H H K S
120 AAAAA AAA%XX%AA: 100 ¥ ~ i NN 1100 %
—:100 80 3 s 100 o \ 2 %
; L % .2 P L g
£ & S WALDA A NDD &
Eg0 | / =8 Logl { #E
= oM = 60  E
~ 60 t Ly {{ FET 60 N
S 40 f 4025 T 40 ¢ 40 Z 2
< 20 | g 20 o
BX 20 & 20 %
0 r Z 0+
1 | 1 1 1 1 0 1 1 1 Il 1 1 0
50 60 70 8 90 100 110 120 50 60 70 8 90 100 110 120
t/d t/d
a) NO,—N b) NH,/~N

B3 Z1T55dERMEEFE#HHK NO,—NF1 NH,~N HREREREKBR R
Fig. 3 The concentrations and removal efficiencies of NO,—N and NH,*~N after 55 days cultivation

2.3 ROEAMBERMNFETER

MARIEAYEE 77 Ko, A5 /K NH, - N Al NO, — N S i BE 3 TH 3] 140 mg - L', K
NO, - N ik mAs A I8, (PR AERAEARMCKF, m AL 6 mg - L', PN 1.1 mg - L7,
IR BRRAIIREIR 99. 2% , HIKAY NH, - N Frid ik BB B kb NO, - N 5, “F¥ Rk 35.4 mg - L7,
S EBRRIEE 74. 7% . @RS, XAKB NH, - N filNO, - N LB Z ol 1:1.33, dE
WAL R AR EAL R NH, = N Al NO,; - N Z2B B FU A 12 1. 3217 39 al 2 17 4 PN 199 95 90 1) 23
RGN ER G, (AIFARZ I &2l E IR S & AL TR R 12T, X REEA N
2 R AE YIRS R R, IRA AR 4l AR, U= R Z R e A B (SR ) 1Y)
M, TSR DIEERERAr, WK, UK pH {H7E 7.58 ~8.07, Hif/KE pH {HIEF 7.54 ~7. 88
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FAEEIEAT Fh i, AR TH m R A Sk [15] GBEMIR 4 &, FTRER B R AR SO N K R T.05
K, K K B R R R RE T, SR K pH HAR RN,
2.4 HIMRESREAUKFERE
TR PR A E R sE m an sl 4 B, il 4 AT, S BROM AR IR M 20 “CTHR I 30 €, &
RN BRI 36% 1T 98% , SRS I a4 A I B HE— 20T i 31 40 C Y, S0 R BR3R B TTT ]
TREENT 52% , XU DR G AL EOE TR AEAAIR A 30 CAaA, X ST EaE " i 25 RAR L,
pH {2 52 PR A S B AL 1 53 — A E B, pH X R A A A AEH M m s L e s i
N HES AT, Y pH(EK 7.4 ~7.9 B, W4 x A M KBRRBAK, ik 98% LI I, Y
pH KT 8. 1 B, SRR L BRI BT

100 - S 100 o——0
%5 8ot # 5 g0 \\\
&< & & ©
HZ‘TE 60 ;E‘ 60
T2 ® Tz
E% 40 + %% 40 |
Z 20 Z 20+t
0 | | 1 1 1 1 0 | | | | 1 1 1
15 20 25 30 35 40 45 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4
0/°C pH
B4 BEMSREBREMNIMN B5 pHEMSRZEBRENZ N
Fig.4 The effects of temperature on the Fig.5 The effects of pH on the
removal efficiencies of NH,/~N removal efficiencies of NH,*~N

2.5 RMER4bHERERISKAIMR

R AT IR BIRRAE M B SO e F T AR FRER BE 10. 2 BYFEIRTTTE K, 15K B9 B A S BRI A 3 AL
RILFR 2, RN S, NH, - N B EBR%EHR 67.0% , LT (biochemical oxygen demand,
BOD) WH@IE/D, Al UL A Xt SCBRI5 K A NH, - N A —E BRSO, (H2BRaCR B A s
157K —FATRE, SEPRTs K& A HAB ST SR A ARG LY, WA B A TE O i 5 55 B ) PRk 2
FH, AT IR SRR W AR R BT R 2R R T 2 S RS R, M b A
( chemical oxygen demand, COD) >120 mg - L™'H, AHLXREAZEAMEIER; 24 coD A%
300 mg + L7'AF, NH, - N ZPRREE 47% , F5—Flag, SEPRT5K T A 220 F 9 25 IR A& A
PR AR A AbFRS 5K BOD, B 0 KRR, 2 Wit 2 7 38 45 H ) sl A7 75 AL e fige R DR AR
AR, B3 Z MmO EAE PSR, I DIRANII,

F2 FEHWHEKNKRESHMLERE

Tab.2 Parameters and treatment efficiencies of a municipal wastewater

" 157K R stewater h¥ JK Effl |
i}fﬁ( Parameters J?/Ti k aw Wﬁ_.bllﬁ‘wdlﬁ‘l L EEI’:H k lfm treated %l@%% Removal efficiency/%
/(mg-L7") /(mg+ L)

NH;—N 35.5 11.7 67.0

NO, -N 46.9° 7.0 85.1

NO; -N 1.3 2.2 —

COD 340. 1 299.3 12.0

BOD, 42.5 3.0 92.9

AW« FORETEKH NO; - N BRI 0.65 mg L™, 5 T4 RAR AR T K) NO; , B i A
NaNO, i H ST i - NH - N 19 1. 32 £,
Notes: * indicated that the concentration of NO, — N in the raw wastewater was 0. 65 mg + ™', In order to provide the necessary NO, — N

for the anaerobic ammonium oxidation, NaNO, was added to the ASBR at a concentration of 1. 32 times of the concentration of NH," - N.
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3 #ig

1) LAV5/K A R TR E e Rhis e, SRR ST L R R, A AR g 2K 08 e A B 075 7K
PEATIMLIE S, 5 pHAE N 7.5 ~7.9, W30 CE&UET, 29t 55 d I35, el R AR
AALTRRER AR, BPE 3h T IRE S AL R A

2) REFSEM N 2R 28 26 . NH, = N F1 NO, - N IR EI N 70 mg - L™ AR5 K
PEATACBREY , H NH, - N A1 NO, - N LB LA 98% LA Iy 45 /K ) NH, - N fil NO, - N
P B4 = 2 140 mg - LA, NH, - N (P KBRFEHR 74. 7% , 1 NO, — N 19-F-34 L BRR4)5 ik 5
99.2% .

3) FEAGAMHRTIBE, NH, - N FMNO, - N A2 ol 101,33, JEF RS & A b
Ab2ETH R, U R G R A B X A A AL AR W A B iR A%

[ &% 3Tk ]
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