ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

$38% Z£10E
2017

FE R B SRR S AL E
4 % & K B R




w % B 37 5538 % 4510 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4610 A 15 H

H &
T R S A BRI FARAPHT  ooeovevoeemsosenssnnns U, EHE, K, KIEE, BEF(3987)
TERIEAE NO, AR FEHI R +veeveereeerseensesesi ®TH, BXH, THEW, FF(3998)
SORTTIR TS 5 P AOBER B SUABIAURATAG --oevveoseemseem s TR, RAR, MR, X8 (4005)
RUIL A A T R (AL ST oo I, KB, R, RV, LRE, 2£E, FRE, HF(4015)
géllﬁﬁﬁ/ﬁ$ﬁﬁﬁﬁ/ﬁ{§ﬂﬁfﬂéﬂ?%*ﬁ&ﬁ*ﬁﬁéﬁ%ﬁ R IE + e e
...................................................... AR, LA, AW, MiE, T4, S, ok, %k E ik, i (4024)
AT R RPN SR P FALRIG T ACRE oeooeeeeeos AR, EEY, KR, U, Euk(4034)
ST PM, § KV MBS T 25 A ALREE SOR IR - KEW, FRE, AR, M, KEH, FUR(4044)
2011 ~2012 Jb i KA PM, , HEE 4 B TS YR G SR YBL AT weeeeeerre e
...................................................... JIEW, Hh%E, ki, ik, EF4, ko, "k, LAKRE(4054)
BT THE X PM,  FP B R IC R TG YT BORIR AT oveemereeeneeneeee RAH, Tk, REK, VR, &, HATH(4061)
HEHAE PM, TGI8 CER 15 YRR S AR P -ooeeeeeeeeeeeeeees Kk, KAA, TAD, FRE, XAk, B (4071)
FEHE UL PM, o Bl A BB ZE AR «eeeevmeeesmmmee e A, kI, HEE, EAT(4077)
JEHORIX & 2 S IGYI Y €2 ~ Co BRA AP EHEFFIE ~ovveereeeeeees FA, RA, BT, BAA, BAR, ) E(4084)
2016 AU ETTH B R A IR 15 YA E B IR WM ARHT  coveeeerre e
............................................................ Bk, EAE EE, £&, A, 25 xEE, K AHE(4092)
R TI 5 2 SLAUA R SO A B R B R -+ 3%, REM, THOk, XM, ok, RWE, S0, i)l (4100)
NGBV KK TG -veeeemesensomenenees B, WO, RE, XL, ¥, 5 E(4108)
SV X K A ZE VA RAR ML TR ZE R R S U DU AR T BLSE AR JZE RG] e vveeeeemnm e
............................................................... FBRWE, BXh, TR, FEE, BRI, KT, gg}ﬁ%, F#(4120)

HIROCHER U TR ISR A LR 5] - b, ARk, K, AN, KR, B, TR, E/NME(4130)
R S Byt Ny o O P S SRRSO

................................................... AiE, BT R CERY, EW, kB Z, FiRk, REeg, PEE, HH(4141)
B0 K PRI 25 0 RFIE ROL K SR T RIER oore FHE,2H, SHE, B, S, RIEE(4151)
T B TAT 7K B A B T S MR L 25 S JT A v v e vemeemem ettt
------------------------------------ IE, RS, BB, ABE, i, Bk, AT, £ER, HOE, BikdE(4160)
LESRNAL /I ol et S N PR S A B AN AR THXE, MBI, KEE, M, hE, TR, FHERX(4169)
F SR IERR A1 T 0 e 32 AR WL 1] S B R AR oo kA, A, REAT, TR, BATE, XH(4178)
AISAE T RIS LE — e X A A K 0 b P05 S S AP, oo W, T, SR, AR (4187)
VI T K R IR 5 LA TN | SR BRIRET oeooeeeeeeeeeneenoes IR, KR, LLF, HHE(4194)
e R 2 e AR TT & AR K PP WU BRTE B 7K S S A2 KU BT <+ v v e eevvereremmmermmmeriieni i,
....................................................................................... FH, LA, TEHE, REXR, 4 F, Ef&(4212)
SEB A AT BB S SRR B AIEGR oo s, THE, wHE, HER, Bisk, BRE, KWA(4220)
J R F TURAEHEA S PAHs BORUIIOEUIIMUBRITAT  ooveveeeereese e TR, WRE, KE, BRD(4228)
FLTZ3 0] J A A HE T K METGPERTZS AR coveneeri XF, ERKR, KA, EFE, ERE(4236)
Ag-Agl/CN/MA AW 56 BT WOGHEALIERE  eeerreeereemmeeeme R KWW, B A5(4245)
SRR XS 3 E T AL AP R R R BEIIRIEI ooveoeemseemseesencens ik, WA, o, HH(4253)
IS Cu( 1) B KSR AL E DR AL B 5 Co( V) BEAK oeeveeeoe Meved, RESE, Wik, R, Ak, F¥(4262)
A B T 1 H L B E R GE A PR 17 R T BB RE B 75 e vveeeemen e eei e
........................................................................... AR, XU, 4, e, BB, REX, FFEH(4271)
AT 15K PR K AR R BRI oo BREA, &XIF, B, ik—(4279)
Ep IS T F/SUE VIR S/ L V(AN I MEL, BRE THA, BH, Bk, TR, SH(4286)
AnMBR-A-MBR il A*-MBR T- 24 BAEALBOKHCR S GAEREE D BAREXT L woeeeeeeneeennns AR, FIEIE, REF(4293)
FEF AT B F AR CANON T 2 FAEPEIBAT ~orevrerrrerrrrrrmrnee, T HRT,KME FZE A (4302)
WA E AR R AL B AE AR BE AR --rvereerre e FEW, MmE, x| Bim, EW P (4309)
S A 1L R BRI B SHCRE T oo REE, XY, EBE, BRE, T, 2#, £F(4316)
TR RIHER TSR B A T R B R EAL T SR FE BIEFE o vvvvererneemmrerii i
.................................................................. IR, W, hfhd, WHEE, ZB, %%, Samwine Thomas (4324 )
T3 B 0 SR DR B L BRI oo Ik, T, TH, AW, BE, BAMH, FF(4332)
R B L AR TR oo FlZk, F24, MR, w7 M, HiRL, i, BT (4340)
BT B RS EE S B A SIS TEN ST G LAIE A ATIE L] veeererrrere
........................................................................... FR, R, A, NEE, K, q B, KE L (4348)
BPRAIR DD AN AR T R 15 GR DL B AU oo R, EREEF, TRE, FFL, AT, KWH(4360)
WP X BRI AT CH, HERC AR AR SR DZR oeeeeeeeeeee e RER, MRH, FE, HSMH, TKE(4370)
o B 5 Xt S AR AR GENOFETAIYFEME woeveemeeemmenmeemeeneeeens Bab, KA, KA, AR, BEY, TKMH(4380)
AN AT BT 15 PR HENE T AR 2 CAHE U RO oeeeeeeeeeeeeeeeeeen WAKTE, MR, TR, MR, AR E(4390)
R AR A T S FE B AR o eeeee e R
--------------------------- AT, ETE, REW, B, R, ERE, HF, £k, KEA, M, ¥kYI(4398)
M TP S EE LR R TEEIBIEATR L, oo WINE, EARA, HRAEIE(4405)
BN AWy T Yy e s L el DA BRI 4 1T - - =Y 1 TP PP N s
.................. TR REF, RILW, o133, Az, heT, THE, BT, £FH(4412)
15 ) 2 REPE N SRR AR BU B +oeeeemmme oo e e WL, 2EH, PHE . 2 (4420)
ZUNEE O, AL A LTI MBI -oeeveeeeeesseesnenneenns BBE, AR, BUE, BEP, AU, A (4427)
F R PG I T DX P K AR TR o oo BlUefd, iy, XIXE, RIE, ME, Hik(4438)

(BBl ) fERR 00 (4261 ) (PMERIEYAETT R 57 (4270) {5 E.(4186, 4404 , 4446)



o5 38 B4 10 ) 7 1% Bl 2 Vol. 38,No. 10
2017 % 10 A ENVIRONMENTAL SCIENCE Oct. ,2017

7 B IR S 3T OF S LT e B T BE BY =2 i

FCORT, R, B, BMET, BE, BARM, %

(LA T REFEF TR, dbat 100124 2. SR i HEKE G BRTTEA A, LI 100044)

WE . T 4 DARFEBEK RN SEIRERTT, 151 TR b EUNOR 5 8 3 110 5 77 B 7 B SR 300 B B R e M AR B U, X T
NO, -NFINO; -N RS AL RCR AL, Ak, SCERTEHR IR (20 ~23°C) &4 F, R — B AN e R IR A 2 RS 2 5 &
MRS BRI B AR S B AT A A MRS U8 SBR RN A%, R AT 1, 2, 3 hiX 3 MR Bearilizfy, iz H
FAHHBE (SEM) MR 2438 Fi AR (FISH) X FURi 5 R AT /04T, 5% AGS RIS K, [Aifbiig 1487+, NO, -NAY R
AL (DL LVSS ) FERE R 2 h B 2R, 159. 66 mg- (g+h) ™' WAHS AR BEAWTIEE 77. 84% , AR
e f ik 70% . Eﬂﬁﬁmﬂlﬂ\liﬁﬁ%iﬂ% HANE 2 LIBRE | ERR A £, 2 LR (AOB) & B L il i 13, 70%
T2 15.40% . Rt 3 ik P B g Ao AR S T 4 AR (W20 i Ak SO Ak AR 0T B A R I AU M g

REIA . BB I EUBORLTS e %ﬂﬁﬂiﬁﬁﬁﬂcfiﬁﬁ%- WARRER,; bR

FESEE, X703.5 XEFRIAE. A XEHS. 0250-3301(2017)10-4332-08  DOI; 10. 13227/j. hjkx. 201703207

Effect of Two-Stage Aeration on Nitrogen Removal Performance of Aerobic

Granular Sludge " =/
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Abstract: Four minis expenmentﬂ were conducted at/ dlfferent copd1t1ons The heterotrop’luc microorganisms on the aerolnc granular
sludge ‘surface Lonsumed organic compounds at the l'ﬂltldl sta,ge of aeration. The demtnﬁcatlon rate dn_d the efficiency of NO, =N\ dnd-
NO;§ -N témoval” were velatively low. Therefora, det” the normal temperature gonditions (20- 23°C) aerobic granular” sludgg.-'
sequencing batclr‘reactor (SBR) was operated n the two- étage ‘aeration mode ( first'in/Jow aeratiofi then in high aerationgmode )u The
low aeratlon time were.carried out at 1, 2 and 3 hour% srjige% respectively, and the characteristics of the granular sludge and‘its eﬂb( ts
o mlcroorgdmsms wete analyzed by scanning Jelectrom mic¢roscopy (SEM) and fluoréscenge in situ hybridization ( FISH) teohmque
The lgpsults show that the 1ncrease in the aerobic granular sludge (AGS) particle size improved thé demtrlflcanon capacity; the
denitrification rates of NO,: -N was the highest at low detation” mo_de‘ with 2 h and reached 9. 66 mg-(g-h) ~'. The accumulation rate of
nitrité ificreased to 71.84% and the total nitrogen removal Tate to 70% . The bacterial count inside the granular sludge increased and
they weré 'rnainly cocci, bacillus, and ellipsoidal bacteria. Moreover, the proportion of ammonia-oxidizing bacteria in total bacterial
count increased from 13. 70% to 15.40% . Therefore, the two-stage aeration process achieved shortened simultaneous nitrification and
denitrification processes and showed a good denitrification performance.

Key words : two-stage aeration; aerobic granular sludge; shortcut simultaneous nitrification and denitrification; nitrite accumulation

rate; denitrification rate
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Fig. 1__Mini experimental deyice

APEIRLE R SBR S50 B ANTEL D) A SR
R D, 4B AT L
h23.5 Cm,‘-‘f%gﬂﬂ 50 cm. ﬁ@%ﬁ%ﬁ%ﬁ&%%
B SR PSR U 3 B T U R TR
F RS EELEAT oK E HEAK He o 6098 , BRI A
A SR R ARG 60% . 21 S
DO {ELE Wi .

DOk pHEFE L
;&,1;”_7:2300000 I_
o®a
9 9
”0 D”
=] (=]
o &% 8 HT i
°D°e o it
27 o 0
AGS—/] oDO o
o Coe -
|1'j‘¢|-|jooo oo: AR
SR
a L]
B2 FEBMALSE SBR RNSEEERE

Fig. 2 Aerobic granular sludge SBR reactor experimental device
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PR R wERAI(5-3) [ | N ‘ s A
NS01225 CGC CAT TGT ATT) ACG FGT GA Ammotiia oxidizitg beta-proteobacteria |
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/EUB338 iy GCT GCC TG GGIAGE AGT /' Wost baeleria. Py
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7 N v B
4 | = ! ) ‘ -
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Fig. 3 Schematic diagram of substrate degradation
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Fig. 4 Change curve of the parameters under different conditions
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