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¥, AL, FEAE, AL Fh, HOEAES, 2K

et TR a2 5 HOR % B, b5t 100029

W OE XA E AR e R, R SRR, DL A Rk & LG, TR T ERTE TR AR
BFRALB A, BEkRBETREE., MEMAK 3.0 mm<d<5.0mm) . F (1.5 mm<d<3.0mm) . /) (d<1.5 mm)
3 o RS () it 25 -G S8UBOR V5 U8 (dspergillus-AGS) AT T HEREXT L, S8R5 25 5 I A BRBE I BE S I M, X il 2245 n
JE ERE G AR AT 40T . KIST Y Aspergillus-AGS SR ALIE  BEAEHMSNZ R Y531, INTTA R TR0k Ak P g
P8, AFPURRES, I ARG TI5 Y LR . EIMA FRR R RN &8, At WA, M
Aspergillus YE RSB BRI AEXT A LRIV . K. PARVNST RN 5 Lo 52 4.17% . 85.67%. 47.20% Fil
58.00%. LN, KR SFORL R A, 4N FH2E NOB. PAO i HUAH HE LAt S 1 2% BH & 8w, b s Ak il
Ferruginibacter . Castellaniella SEERE, MAKRBEAHEHHE, L-AGSIER 6 h NEZMWERER RN 77.2%, BAZE
BRFRN 52.8%, MBERIEIRFEN 49.2%, WIRERAEERRR 93.9%;

KHEIR  REEREIE; B, RS MOAEE; BLARREE

Bl AEA R OOHERE , WEAETS | T RIS K HE O B AR R, ARFRIR K LA NG K B TS e
BTEJERE . K ARG BUKIA R B IR, Wi, Hax YA BHeeetk, 1 EUBRLT5 8 (acrobic
granular sludge, AGS) li&BRBERESIEZLRIERCRT &, BAIT TAEHN, SiEMHESIIEMHL, AGS HA
AEYratE, DIREMERRLT, PurbdibaaE IR . FTLATUN, AGS KA Tl A Kk i & e T
m, (HZ, AGS BWIEMZ BT 2R NEEG MW, A5 RN iatT, PR . dA0KE S, Hi,
PRI W SV — N EZ R B R BRI, ReRS PRl & U SR RERY AGS R AR BE AT RAFyfit
FHRTES

HET, KT et kb 23T 7 REIE . HAO 1% KB, * WY P45 Mg,
Ca™| Fe*'. Cu*'. Zn™Fl K'FI LUl AR EAEHISE 0 EPS FNAHAALET, FEOESERURILIT, N Y3ShmE &
MBS TR . BN BRI, SR, Wine)E s e AR, ARLUnEEk
R R e M. AR ZE S HAWSRIEARSS &, LIS E AGS BUEk iR et . LONG %P &3,
25% W AGS 5 2RIEVETSJedefh, 76 18 d INRIRT AR 5T . (H2 AGS MELIFI ] H SR B
i, H AGS VE %R KRS R A TIEERI . TSIMEARRENS R AGS HIRIGRTE AR, ik
TAEYIRERE, AT SRR AL B . LIANG %5 i, #8000 3.5 gL' RSF2h (0.2 +0.025) mm AU TG PR
e, 5738 M L RERESERT 12 d 158G AGS . AR SR AR RSO RS . 20T T
VERTER, PEM L. AR AT LU AGS RUTIRGEEE, BE3R AGS RREN:, ATRATESERH SR
AN e AHZE TEE SIS IR i A AR AR R, KR R REAS, LS AAE R TS PRI X 13
TR AR, R TR, PRSI R R R S RS e kAL, SRR T H AR
FB.
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SCHRHGEAS ISR, B WrT USSRk, fEIX SERTE YRR |, B2k (2R
HE I A FEIE) WHAATIREREER . 5o, m e, WHHEReLr . RS ReReim,
REMIBAFHINRERESFIL T PERED ', Mo AGS IR AR Hibk, CHEN 261 M IS s th B e 144U
krimife, IEBRA T HAR ST A RERACR . [N, S SelBORiT5 IR R T 4SRRI AR oA, AT
SEMRBRPERE" . Ak, RASRIRAE AR E YRR A B L, BRTEESIAN AT T 22 Bk AR 4
SERRLTS TR L S5 e BRI A B2 o

AT AGS BIPREIE W SO0 BB AR ERER IR SE, I HIRTT M 2R PERERIMLEE, ABIFFE S
R RAFSIE PR EE T 1| ARAEDS A A BRIV, RO, b /0 3 RO R R 228K, dd e ]
KNSR EPS 70 FORAALHERE . 15 UMIRBREEREES . LRI M A R DU R AR 7R
BRI RS AGS i B AR B LR, R A AT AGS PERERISZ I ALEE,
N AGS BRI R SRS BRI S

1 #MR5REE
L1 SRR

S HBE FH ) L DR AR SE I = T AR =1 AREREKELS % (COD=1 000 mg-L™)
MEHREDTHMATFA AR ER, & 18S Table 1 The table of synthetic simulated wastewater
DNA %5¢ W HH & (Aspergillus sp.) o I composition

AT S ZE PSR R AR A AL RUTT AR gIR MR W mgL ) ik el /(mg L)
oK) ARG KA PR R ZO RS e, RIln C.H,,0, 468.72 CaCl, 166.51
TR RL:, RAMWMKAFHS, SVI<200, L4 CH,COONa 640.63 EDTA 50
PEUIBOKITE 1 BRI, BN 2 e s 5o, .
S Tj’ﬁﬁim’%o KH,PO, 22 MnCl,-4H,0 5.06
12 *Iﬁ%% K,HPO, 24 (NH,),Mo,0,-4H,0 1.1

ARBFGER 250 mL LI, (R MgSO 25.38 CuSO, 5H,0 1.57
ORI U A SR AR A TR R AR (L R ES ) ‘ e '

FeSO, 20.34 CoCl,'5H,0 1.61

HBRAF], ZQZY-A8V) fi4F 120 rmin™', 28 C.
HHEEEER | AR b SE R e S N
1.3 SCe75E

KHH PDB SHE4E/KACLL 101 s FR3E, JEATEsH] pH 78 3~6 MIIRIMEIE T, #MF, IR
28 C. i 180 rmin” F&MA SR 36 h, THEMERERUFITALZZIK,

LR GERIF IR TR oy 1:3, ARG AR (A 28 °C, FBiA#E A 120 rmin',
FN; B A T4 R K - R R AR U SR IR U - K i O s A7, 1 AT B 8 h, L, #kk
5min, #E 105 min, 4855 360 min, iM% 5 min, 17K 5 mine HEEAGEITITIRSER, fRFATHIK,
B -5 g i e o FERG IR AR R IR R U T
1.4 DA

KRG B (SMZ-DV320, AR, HE) MR BTG IR g e . RHE T
RN T 5 R TR . FH R G — BObRERf e T Ve, ARG TS TR T e AR B VB Rl N A
BIFAETGUCALE 34 . MLSS Fl1 SVI RS EE . ARIESCER, # Rs AR LA R i, 1k
“FT AR (COD) FHESREEMIE , FARMAMIERIAF O ERENRE, S (TN) iR e
FE, BE (TP) FHPTIRIMLERZM >,  eAE R (SOUR) R #E0A E I (METTLER TOLEDO,
S4-Meter) S, SRS A MANEAREES DA TR Br5 IR EPSU . LA I35 8 (AT AR, 4351
SR T s I R - B R I 2, (B RN 2o

Wik R R RS TR E LS, 6 h I RIS AT T4, FAEkhia e,

K E.ZN.A.Z141 DNA {57 (Omega Biotek, Norcross, GA, USA) MA[FIRIFAYZREERFT AGS HE5h
(FMRERZ 0.5 mL) SRR, S 11 341F (CCTACGGGNGGCWGCAG) #1 805R (GACTACHV




LR B N [RDRLAR 2G-S SO S PR A TR A8 Xof I R SR i BE 1 52 ) 171

GGGTATCTAATCC) ik PCR 4lifk 16S rDNA (¥ V3 1 V4 A[ A8 [X, K EEL K 460 bpl'”, SRIFIEFE %
1 Novogene (1 EFLT) HEATIRMRLE & Al )7

2 @RS
2.1 BEEAIKEFFHRML

D) BefbE . 1 IR NARERERE T, WL St
BRSO . SRR, AR 107 cfu-(m?) Al
I, Kifed, A (3.8+1.1) mm, SiEFHE 10" -
cfus(m®)™" ((3.5+1.0) mm) AHZEA K, Y3 £ 3
HZE 10" cfu-(m®) ' i, FARI/NE (2.9£0.5) mm; g |
RIS 102 cfu-(m?) B, RAeEN, T & I
FlJE (1.0£0.1) mm. FHICATLABHE A1, BEERZRD 1H % :
HETE, BRI HERSE RN, B 7
PR, BRI s (B e R 07 10 1 12 13
KN, SEUERECE RS AT REMEREAR, BYYIA 1At (log sporem”™)
KN, IERH ARG R, BAME, K El1 EMESELIRRIENER
j(’ ?@%ﬁj(g’ E%ﬁ@ﬁxﬁﬁﬁéﬁﬁkﬁﬁfxw Fig. I Relationship between inoculum amount
W ARsEEE I, ¥R 10'~107 cfu~(m3)’1 and mycelium pellet size
SR N e

2) pH. pH BT Ak Ty fsz’;f *fgf”‘iﬂf,@ﬁfﬁﬁ*"'ﬁ"ff
WK, BIWGM. SIRYIRAER . S able 2 Thetab ¢ ol myeetium peflet grow
B TP ) pH (O % 2 RfER in diferent pH medium
7 pH i FeBEIRBE h B2 Bk R KA HE pH R
pH 7 6.0 I, JEBAY B 22 BRI AR BN, BROR 52 3.0 WLk,
#%, AfuEiZ. MR pH R 8.0 i, BBk 6.0 Wk, B2
SRR HEL, JFEREZ SRR, MR 7.0 LBk ER
JE pH R 2 10.0 B, &N ICH e sl 223k, 25 8.0 WP, R
Ard, Rigedk pH SRR R, ART . AT

RS A, I HEARTIEARZ2K, H2am
FoETRIRMESRT, W 23Tt iU 223 BEWGRAL, AEMIP Ik 3 2 oA K . PSR A B pH X TR 2285k
WAL SRARFA BRI . LIU Fl WURPYER5Y T pH X Cordyceps sinensis Cs-HK 1 J& ¥R 22 BK 152 1]
HERILEE, 4 pH {H (4.0~5.0) KTt pH (H (6.0) B}, RZZBRASFSAIS], s pH {H (8~9) #=i AR Y,
220K

3) o AEHE AR R R, SR AGE A EEE L, —RIEN T, BFFEAS A REEIE,
W22k, I FHARXTAEY RS, X rTRERFE A MR . 5YY) . ISR ISCRARANGT, S/ E R AR
AR o RIS E 2, EHRESIE P 2 BRI S U LA TO0AL, 4012 120, 180, 240 #1300 r'min™,
[l 2(a) 503201, BuiiRm, BRI R ZZBR M ARCREE . ol 120 rmin' B, EZRGRERZ, &
ik 0.93 g FS'(g MB) ™' (g FS(g MB) ™" F/R s A 2K M2 Z0RIe i) o[RS, %30k 180 F1 240 rmin™
i, IR HES) S 120 rmin BIAHZEAZ, S0l 0.92 F10.88 g FS-(g MB) ',

Bl 2(b) MIFRETIEAL, 120 rmin' FEH0N, TR SN 23R S SICTRE T, AORRE
T HR0= . Fit, e e Ret S REFEMIRE, HE8E 180 r-min™ SAH5ad FUAE A A ZZBRIE )
L
22 HIE-FEFRLSRES

R T ERFEANRPRIAR i B U R RS Ve R ok AL AR S5 Uk o, R R B 22k 3 RN,
SRR RS L-AGS (3.0 mm<d<5.0 mm) . H% R M-AGS (1.5 mm<d<3.0 mm) FI/NRST S-AGS (d<
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Fig. 2 Relationship between rotational speed and mycelium pellet growth

1.5 mm) o FFTRARKT AR DURRIERE . TORERIE | FEFEEHR LA R N2 SR 3 b IS

V) A=Y SUIREYERE . B 3 IR A AR RAS I A R 5 Y B B IR AT T, 25 F it TR iy tkr
FEdERE, HohE 3(a) MRS HORIFHEIAMEE (MLSS) , FH¥FE N AGS PRI, MLSS Ak, 1t
T, SRR AL BRI K I RCR R o MR ITRUE H, S-AGS 2 3 d A BT A5 HAh
REFH AR ARG, SEB/NRSE AGS XA e AR e 25 . M-AGS 7655 15 d 358 T A E iR
8, 20 8.74 g- L', {HZRIHHE AT LIWEES] L-AGS 7658 9 d Wiih®] T 8.22 gL', MM, L-AGS 4=
R, BIRTERRGSA MK, RN E /KT Rit, L-AGS RENSAERE T
WS AR R ik, RSk R A IR

] 3(c) MRFFRART AGS UIRFEHCRAINZR , DIRGE AR, DLIAUTREPEREERLT, [ S i T ik
R, BRI IR A, L-AGS Uik m THAM 2 40, —J51H, FIGed T H S Jsemahngg 1
Uik, B—I7H, S8 EYRIEN, WATLIEH, L-AGS Bohi b HEm ey, S5Mhnsss, Hve 7N
PERRATTREERE . BARTE 3 d AR RUTRGER G, HOR NI, X ] e i AT ERIE S HES AR
SETER, TEZJEREER R, L-AGS {595 60 m-h™' 245 IRGE DTG HE

WAL, e R i, L-AGS s, HATPATIRES, PRk (AR i o
SERATE NS, AR Rt

2) ks B AR AR, ORI B 7R R S0 Loh ! KR4k 6 h e, YRR, SIBEAETHEL,
WOk SEHE R . MRIEIR] 3(b) WTLLEH, S-AGS PURisea iR, (U 66%, MIREH TR AR/NFEEEIA
FoE, FERBRK bl ™, MELAGRERRE , FER AP S 2R S o, s /KoK, ] Re i
IKII3EFE, L-AGS BEMSIRIFREIE 98% NoeHebt, 45K, WA PRI EE SRR A R
Ro WAERRSHEM A TR, SR, BRI, HEIRAE T, BB
JE, U R GG 25 NS, R R i B e

FLAESHR (SOUR) FETS IR B K R — AN CHE R, FRRIECE TG, s i Py iR
LR S {5 e b RS AEEA I B L™, 7ERE RIS R Hh FUAE SR AR an & 3(d) TR, 7E3%3R%5 0 d
I, RRST 2R B fo s HUAESGHE R 30.1 mg O, (g VSS-h) !, J&/NRSFRY 2 4%, ATRER TR R
Ky MEEASEZ, RIAMBFEYIEZ, FERENE B2 im0, eyt A mnE K
B, MR, R S AR N, HAE SRR . #4OkE, SOUR L>M>S,
5REAMERER, DRRTERTE 0~9 d HLFEAEE P2 35.4 mg O,(g VSS-h) ' J&, TIREH Tk
SRR i, BRI R AR, SEUEME TR, B, g RaT AL, AINCGTRZERARN
RE MRS R AR IR, KR SHIk R e M b, SR, brmnhBe IR, AEs A
KLU BRI SR S M bR B s PR I S P R

3) SEM FMZEH . el IR AASRAR I A RS Ve iR, 38 B SR [ AR A4 (A 5]
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Fig: 37 Changes of physical properties of aerobic granular sludge with different particle sizes

THIZEAE , 5] 4(b)~(d) SRS IERIIURL S 18] 4(a) BRABRIARLL, W1 AT VR RISRmE 40 1R 2357, Jf
HARESRIA, AR RIS, 2R S EmRs . Hrh, M-AGS (c B) WIS, H225h
KAYHOLE D, RV REE L M-AGS PERESAF, (HIRSS S MURLRERE | IR AR RILURESR
HAEARA, L-AGS HAFMIGBATERE, X3, 12 L-AGS $24t Tl S KNERIE, TR T
FaE WL . 456K 4ABCD VIMIZEHI M, L-AGS (& 4D) BALE A KRS, AMUER T
PREEAFAEH, AR TRIBESR S S, IFH SR R RE DI T2aiaE, iking e
PRI BEE 1 HERI

4) MSNRE IR M. TS Ve RSN 51 (EPS) XHAEBAINREATRI N, E2hE
FR (PN) FIZHE (PS) 41, MRMIINEEY) (EPS) A B FIi M= EMIR AL, ABhTHAH . &
T DUREARYE, JFRBR—L R B T5 Rt 22 BEE R EIRRS BT . PRI



174 ok L B ¥ W 18 %

a: kL

500 pm 1'mm

Ak (et ) NN B:5-AGS (bl ) [ R C:M-AGS (72t ) R D:L-AGS (L0 ) e
> q datae A A | 3 / .\. \

ol

7

100 pm

4 RERRFEERGSRFRMEE SEM 1R 5EE
Fig. 4 The SEM of apparent structure of aerobic granular sludge with different particle sizes

A AR SE , 15U EPS WAL . S5HVERTRITRE S A B s BAREY. WIE] 3(e) S 2RI IR A KA
WARRERIE N AGS 1Y EPS Z0UEHL . $RSCHRIRGE , ISRt Ssema i AE Y 2 (R 05 B AL, DA
A —FRIUT R RERGTRZZERIIMA S T A BRI EPS 2557, BUCKE, 25
U EPS Sl S PR gk, R BE R GE T R, [RIE T REXT A EPS A3 i
IR A2 BRI, EPS & M>L>S ByH 3l 0,53, 0.69. 0.61 g(g VSS)™'o EWEEDE, %N
HHREZER)G, EPS /M EEMZEAK, HIE L-AGS (1) PN/PS (K H(EREL 1.7, J2HAl 3 4189 3 5L,
PN (Wi & SR PR B RN, AR ERA AR &R R, FrLL, H#E L-AGS T4 PN 7Efitk:
AR AR A
2.3 BhE-FEFALSRISREINIAR

El 5 FE 6 2l RS B fh B - A e R 5 e oK A B AR L. ARIEIET 5(a) PTLAE S, ANRDkIAR
Wikri5le COD ZEBRMZEAK, 6 h NIRTIRE] 90% L L, Ui, MhE-i- ks fE s L 525 H
AT, PUEGFRIREE T COD EBRAET . IFHATLIAH S-AGS X COD LBRECRELS, AIREE ErARm
RIZERYER T 5K AR, AR TAEReREE R . 1 5(b) MR AEIRCREER, Hrf L-AGS BARHT
WA ShAEHA A 5508 , AHRAERRRE VS, RBRRCRER, ik 80.86%. HEIATREZH T L-AGS i
WL R, eI, (DB RUK & o, ek EA —E B E AR
MR PERE, BEASIET A MR fR R BR A WL s G

X TN fIZBRIT R (E 5(0) , SRAEBRMFE, TN EMECRRL, EREBEERARE, KT 60%, XnlbE
RSP A R AR BESE . HAh, S-AGS Hil M-AGS 7ESA LB, AiiE shis
18 AR, XATREEH T RAA G AEREARUEZE R, [T 52 WA MR E R . S
LB ILE 5(d) P, L-AGS EBREICT AR RS, BAERTHIRERERN . ARIERE RS L 5RPLIE, 44
PR Ve AL I B il , DR Be s Bl PRIGHEI S-AGS I M-AGS TE 448 B IS B 0o B
4 WIREH T L-AGS RAPR, TRERXTER, USSR L, IR LRACRA 2,

AMFFEANT L BRI HIRER 1 2B S5 AR L AR AR OUR T HRFE, S5 6 s . MEEE R A
i, L-AGS TERSIREE RER AN SR ER R 2A I AL HE . 7E 210 min {7, 3 H2ZERAK, {HEFE 210 min )7,
S-AGS il M-AGS W fil§ A O L E M I £ . S-AGS A M-AGS & £ H 1 fil§ BiR £k 105 43 591 i 490 4 s 11
4.05 F13.76 mg- L' [-F+2 10.49 F1 8.11 mg-L ', ZREH], TR AR FE, BARHR A R A
fRth, (HREMTFIEFEASRRER MR = s MR, PECUMIRERFNER . M, L-AGS ffiae, EIRES
R, RO TREORAPRAAIX L, BN T, BN AR RS, MR TR ER Y X
BREH, L-AGS I AT IRER, JLFaihkbk.
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Fig. 5 The pollutant removal efficiency of aerobic granular sludge with different particle sizes
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Fig. 6 The accumulation of nitrite and nitrate in aerobic granular sludge of different particle sizes
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Fig. 7 The specific denitrification and phosphorus removal reaction rate of aerobic granular sludge with different sizes.
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Fig. 8 Community structure of aerobic granular sludge with different particle sizes at genus level
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Effects of different size Aspergillus-aerobic granular sludge microenvironment
on nitrogen and phosphorus removal capacity

JIN Yu, ZHANG Qiuhua, HU Tenghui, XIONG Wei, SU Haijia", WANG Shaojie

College of Life Sciences and Technology, Beijing University of Chemical Technology, Beijing 100029, China
*Corresponding author, E-mail: suhj@mail.buct.edu.cn

Abstract  Aiming at the problems of slow granulation and poor stability of aerobic granular sludge in
laboratory. Aspergillus, obtained by screening and separation in the laboratory, which can form into balls
automatically in the process of oscillation culture, was added to the flocculent sludge system in reverse as a
carrier to promote the granulation process. The performance of the large (3.0 mm < D. < 5.0 mm), medium
(1.5 mm < D =3.0 mm), and small (D <1.5 mm) AGS were compared, and when combined with the
monitoring experimental data of pollutant removal performance, and the evolution of bacterial community
structure were analyzed. The results showed that the large size was the most optimal AGS size compared to the
small and middle, which could promote the secretion of extracellular polymeric substances, thus improving the
granulation performance, maintaining the stable structure of particles, and showing good comprehensive ability
in the treatment of pollutants. In the reactors with different particle sizes, microbial community analysis showed
that the fungus Aspergillus, as the dominant carrier of aerobic granular sludge, accounted for 4.17%, 85.67%,
47.20%, and 58.00% in the flocculent sludge, large, middle and small size reactors. In addition, the proportion of
bacteria NOB and PAO in the large size adding reactor was significantly higher than those in the other two
reactors. Denitrification bacteria such as Ferruginibacter-and. Castellaniella had high abundance and had
obvious advantages in nitrogen and phosphorus removal. The removal rate of ammonia nitrogen, total nitrogen,
total phosphorus and nitrate in L-AGS system within 6 h was 77.2%, 52.8%, 49.2% and 93.9%, respectively.
Keywords acrobic granular sludge; Aspergillus; particle size; microenvironment; nitrogen and phosphorus
removal
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