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P A R B o A A 4 A UL {5 T S L1 PRk
w2 U, ) AT
LA TR E A S50 TR EE, [ M 5100065 2. WA S (FEHD) FRAR, %Il 518000

W O OCRARESE1.5% 0 SERRENEE I 3R, 78 4 °CF #EE6E 77 A RS T (AGS) 7 H , IRF A7
JE B AGS HFATIEPEIRE o 44T T A2 5 AGS BRAL R 2R AL DL At A7 J5 AGS IRE TG 0L, LIk AGS fifi 77 i fitt
125 AGS PR & )7 ik M B2 (1A ME M 2% . 45 R R . B0 AGS TEff A7 2 B rp & AR fig i, 0k A% AR
AN, LR . MLVSS/MLSS 1l & 16 1 (DHA) 43 51 K [T 43.93% . 22.22% 1 43.34%, VLHITE 4 C T fifi
VR 5 T2 1 R At A7 AGS HLAT W AT, IR AF T TR e R b T i RE AGS IS5 M e B MU T . 4l
9d ISR, AGS 22K E FIEAF AT KFE . WKE SR AGS N E e (o, FRmEH, BAREER MBI, Tk
KR E B A AE 1.3~2.5mm, SV, 4 31.9 mL-g™', VIFEHE A 492,71 mh™, MIHMR G Y (EPS) &k 43 50 75.05
mg'g”', DHA i 86.21 ug-(gh)™, RIKE 5 W AGS UL REE L, MAEMEEE . E 5 AGS X} COD,
NH,-N. TN 1 TP iy E &R 51N 96.5% ., 97.8% 827%. 73.5%, F.A B UFHIRIT5 8.

KBRIR ARG TR fRAE; TR TR

-5 UKL V5 8 (aerobic granular sludge, AGS) J& il 2 W 18 i S I i v [ BRI il it — Fh A 9 R 4R
PRU2 HHATIREEREOL R AW b« A PLGAT (R0 5 AU B w2 UL R Y XS AGS 4%
ARAETT KA FRI A & T R RLHFT A T AGS Y3 LR« 52 w3 b i PRV 2R DA RO L3
WA T ZHRS, A AGS K WMEAF)E, Pbii5 RS BEIR . AR . U R 2
ek B B, R A I 4E R AGS i FAa g Pk B AGS i A7 I B 39 P PRSI S 104 5 v 2 Al D i
AR AR AR FH B O B RN B AR 5501
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Kt , ABFGERARIETE 4 °C NI BERR N EE AR AE AGS AT AT, LAV i 2 A 8 Oy AR 147
AGS WEAESEK, %58 T A AT IS AGS BEAL R A8 1 L K it f7 J5 AGS I 1B L, A4 AGS fif
TERGEATIG AGS PREK 5 7 ik s BRI I MEN 2%

1 MB5RF*®
1.1 AGS Bf#7F

K AETE Pt 2 5LV #% (sequencing batch reactor, SBR) H 1% #: 15 | (19 AGS AT 617355 . AGS F
TRFEIBAKIEVE 3 0, RIS AT R EUN 11.5% W RN T, PR B RUR AR 2218 B T
AT ECH 4.0% FALES W T, AGS L3 [ 2 7R B AN EE IR N, A BT AGS 19T BE R A
BB AR 4 °C FlREhEE 74 H .

1.2 AGSHIRE

D) HERIE . LABAEIE B AGS VE RIEFT5 e . A7 AGS [0 R BA e I e e, (A 17 e
) AGS Z#E AN, i1k AGS WL E Al e it — 2 2 451, A 0.01 mol- L™ B i iR 4 2% b i
GBIV AGS RIH MR Y . A IS VRIS 1 AGS #2822 SBR 1,

2) LI K . AGS k& 5256 K i N T BE i (AL SO A, ARSI B A SR A TR A R,
8 R, B S B N BEIR, FH NaHCO, W5 #E /K pH R 7.5 247 . HARK T Fabr: A HLI5 5
Yk (UL COD it )k 500~1 000 mg-L™, 44 4% (NH,-N)_Jy 80~120 mg-L™', & & (TN) K 85~
126 mg-L™", R (TP) 4 6.7~11.2mg L™, JFIE AGS FP M Ew B K, Rk K asin 1 mL-L
MITAE TC R IS o ol O BV R L AR 21 B[R] 2= G A 5507 T ik o

3) LR E R 217 AE SBRAWK G RIS 1 AGS. SN #i 3 1A 2 Fh A AL 367 28 il ki 1) [3)
FEAR, HANFE DK 9.8cm, EmEEE N 100 cm, AXEE H K 98 em, AL H/D 24 10, A%
AR 739 L, SBRIZATHEBALTE: MK, B, DITE. HEOKFINE S BB, s17 8 WR
6h, HEH N 50%. 7 AGS K& iF FE R SBR B K ()18 47 2 BORBEAK K i &4 an 2 1 FioR .

R 1 SBRRNFZEBITSHMEN
Table 1 Operating parameters and conditions of SBR reactor

N
BT Bf{gin B COD. #A . BMAMEH (g L")  copzmii
A fa]/d (m*h™") (g(L-d)h
HEAK WS ULRE HK HE coD NH/-N TN TP
1 4 338 15 1 2 0.12~0.3 500 80 85 6.7 0.41
2 4 339 14 1 2 0.32 600 90 93 7.5 0.48
3 4 341 712 1 2 0.34 600 90 94 7.8 0.48
4 4. 343 10 1 2 0.36 700 100 106 8.4 0.65
5 4 344 9 1 2 0.37 700 100 106 8.6 0.65
6 4 347 6 1 2 0.39 800 110 115 9.2 0.83
7 4 349 4 1 2 0.43 900 110 117 10.6 1.16
8 4 351 2 1 2 0.46 1000 120 124 11.7 1.36
9 4 351 2 1 2 0.5 1000 120 126 11.2 1.36

1.3 SthiEE

AGS B &R A MLEEAT WL o 1R A W2 77 B K & & (mixed liquid suspended solids, MLSS).
TR A WA K M 2 77 81 R ¥k i (mixed liquor volatile suspended solid, MLVSS) . {5 & & B35 £t (SVL,,).
COD. NH,-N. TN. TP Hl COD % FRf fif 4 5% M & S #E 7 0 2 1, AGS BRLAR 5k H 18 =X i 43
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2OV, DT R R U0 R R I E PO SR AR BRI P B OB A 2R A W) (extracellular
polymeric substance, EPS), EPS & i Hi & [ it (protein, PN) F1Z ## (polysaccharide, PS) &L & & £~ , H
e PS F B R K W — B R 10 2 ¥, PN & &R FH BCA (bicinchoninic acid) 43 960t B i3 ) 5 1,
EPS. PN I PS & LUBRA it it MLVSS 1. i &l 4 (Dehydrogenase Activity, DHA) 2 H 2,3,5—
S = IR D RO AR D R A T I A P, DB R B MLVSS A
2 #HR5iTE
2.1 AGS A FRIEHELEF S

fif6 77 110 S5 AGS 1T 356 12 £ 358 152 75 Ak 155 10
WE AR . AGS EfFRIN T, RIDEH H
BRI, RLAR FE A AE 1.5~2.5 mm (B 1(a)).
YE R AGS i 17 28 1A 1) 65 35 18 4 D56 Je e 3 1 4
Yo, 2B (B 1(b). TE 4 C T 74
AJG, BT IR 5% 5 B0 35 R 0 58 i B e bk
KR, AR — 2 (W o T
FREh e B A e, W I R AR (18] 1(c))
it f7J5 1) AGS IR ¥ 4, i AGS =15
WE R A ERTS U8 5 AGS K42 £ 4 A AE 0.6~
1.5 mm, SHEFERTAHLL, $677)5 B9 AGS kT
b2 R B (R 2), HUURE R RE (UL Bk
BE). A ¥ (MLVSS/MLSS) #il DHA %3 %) F
R T 43.93%. 22.22% Fl 43.34%, 5 F AT 58

GRS, LW AR AF 5 1Y AGS 45 1 56 S : e
Bk | UTREVERE R 9008 P B R . 3 LA “”ﬁﬁ’ﬁ%ﬁ%ﬁ?ﬁi - ;«‘1)%7?53@:@
L;g@éﬁﬁﬂ%ﬂiiuﬁgﬁ 4 ﬂ;jﬁaqj ik BEl1 AGS AERBRMEREEINRLTL

Fig. 1 Changes of AGS and sodium alginate gel
before and after storage

TR AN B I K I B A AGS HoE AT AT ML % 1%
17 )7 1 A B b Mo A7+ AGS 45 ¥ 52881, I 4E
—ETREE YR AGS BT s M

R2 AGS EFRIEEUEEIERTK
Table 2 Changes of physicochemical properties of AGS before and after storage

FEAERSE)/d SVIL/(mL-g ') MLSS/(mg-L™") JiFE#E/(m'h™) MLVSS/MLSS EPS/mg-g') PN/(mg-g"') PS/mg-g"') DHA/(ug-(g-h)")
0 28.7+1.95 24 140 94.63+1.27 0.72 68.60£6.13 41.86+4.61 26.74+2.85  82.65+3.02

210 61.44£2.06 15720 53.06+2.41 0.56 37.4845.61 21.96+3.05 15.52+2.56 46.83+2.74

22 AGS EmEEREFHEBHIFHETL

1) AGSHMULAE AL . 181 2 2 AGS TEVR S i R b i APk o 1 52 55 4 RINF By AGS R WL AN ] 2(a)
fias, REE, PURCRESH AN H R TR . B8 T 2% AGS R py A E o, #F—HiEm
B, B AGS Tz /K 185Ul g in . Bk, KIS IEARA N A AGS TERCR S U1 M E T
AL AN A BRAR o R 5 9 RIS, AGS i, Bk 5 pR BN EOIR 19 ST RS, K24
AGS RiA2 5 A 7E 1.3~2.5 mm (& 2(b)); & &E &M, HEF AGS (9 SVL, A 31.9mL-g ', JUREHEE K
92.71 m-h™', MLSS & 25 830 mg-L™', MLVSS/MLSS # 0.70, EPS Jii & 434} 75.05 mg-g”', DHA Wy
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86.21 pg-(g'h)™", FHHK WM JE 1 AGS &
9 d 1) FF- 45 37 B AT 58 4k 52 3 i A7 TR
GAO %5 "l AGS fiff #7 1£ —25 C ¥ B b 84>
A, %3 10 d PR SR AT S AGS I 4
M ZHANG %5 PSR i 14 d A K 52 AGS 1 45 7
TR NG M

2) SVI,, MUTRKEH A4k . 7E AGS YK & ik
P, SVI, Bk 2 T RERE ., TRl B Ik
EHmES, mE3pR. AR 1K, AGS
() SVL,, A 61.4mL-g™", PiFFHE A 53.06 m-h',
S5 A L, SVL 3N T 53.3%, LR 65 100

B2 HmEFESDAGSIIRTNL
Fig. 2 Appearance changes of AGS during reactivation

Ta
FERWE T 43.93%. LR RIN, [HOhHE bR ol }\ il | Pl
B2 0075 e s HE H SBR R 2%, FTLL SVIL, B o / _
VIR, LT R GG AGS MR FRE | K 0 =
BrEr, SLUTHEEIESNGNS . W3 KT Bl - £
W VB TF BT, B 6 R ULKE M E W N E] < 3 i) tx. | &
83.05 mh'', Ffi & AGS K & T2 A Wi e i, 30 ¥ leo
AGS 1 U B M BB 78 AN W 4 &, B 9K L {/i/l
AGS 1 SVL, } 31.9 mL-g™", T[54 By 92.71 2, 5 p B s 0°
m-h', FUWKE G AGS 450 % 52, DR IR TE)/d
AER 4. B 3 SVI,, FAi7 IR & RE 1k & i) B9 32 1L
3)MLSS FIMLVSS/MLSS Z8fk, &4 2k AGS Fig. 3 Changes in SVI,;, and settlement velocity with

recovery time

TEWK & 352 F2 b MLSS #1 MLVSS/MLSS 425 1k 15

. 7F AGS K& 155 1~2 K, T i5 Uik 28000 To
B[] 45 J, R 20T ek HE s SBR, A It 26000 F o M eSS

AGS 1 MLSS %8 F . W45 2 KIFG, MLSS 2a000 b 19
TEURHI . A5 4 KIKF) 16 360 merL, B~ 0] 1" 4
fiti 7 B 1Y MLSS, #£ 55 9 K MLSS ik %] 25 830 2ol 10.64 %
mg L', BhAh, HE 4RI, AGSIKEH 1K 2 {062 7
B () MLVSS/MLSS 4 0.56, Fifi % o A= 9 %) A= 3% 5 10T 10.60 §
PRI IE B, M5 3 K, MLVSS/MLSS JF b foooor Toss
BRI O e R AE L R, AGS I 14000 - Tose
AP RS SR R B = W 22 0 T K TR B L i 12000 : : - : .

W, TEAEYNE Y SBR HYIB AT 40 - 38 3% WA A/
UHSNENIPIR PN e LR PN 4 MLSS #1 MLVSS/MLSS B 1% 5 B 18 49 35 .
MLVSS/MLSS #X} & hFa g, 4EHF7E 0.69~0.7, Fig.4 Changes in MLSS and MLVSS/MLSS with
1255 9 K AiF MLVSS/MLSS 4 0.70., recovery time

4)EPS., PN Ml PS A fk . & 5 A AGS 14k & i #2 H EPS. PS Fll PN ) & i A L& Il . 7F AGS
PR 1~2 K, PS &M, PN &R &R NE IR T, AGS FIMEY
r KR PS4k FE HOE B AR AR 30 i 7 SBR R B R 5E , RO UL R IA) 45 4, BRCE R
COD 2 /1, 5 PR 10 AR W 4 e T8) 5 JE 38 0 0 sh 25 A7, A ol A= 9 18 8 MR AR 6 3l sz 30 9, Rk
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PN & il L TRk ss . W& AGS Bk & ,
EPS #l PN & & AW i, 7% 7 X EPS #1 PN
50 & 43 K4 ) A 73.67 mg-g”' Al 41.84 mg-g',
1M PS FEAR Y F57E 25~31 mg-g ' FE AR E o
B, AGSHWEPS ST LAKYE, x5
HE %P (e 25 8 — 3. 24 AGS 78 &k &2 i)
GE9XR), PNEEU B & FPS, Uil EPSH
FE R 4 PN, I EPS. PN Al PS i it 20 %
3 91h 75.05, 42.22 F132.83 mgg ',

5) i &l (DHA) iy A8 fk . i A B2 E Y
ST RS FA LY, REHE BhSCE W e LR D
A, IR R RN ) 2 s e T ¥ 8 T T 1
55012 LR U T M R AR R o R
) AGS T AE W iE P, &l 6 S AGS 1) DHA #F
PR L R AR L. 55 1~3 K, A AGS
(1) 80 A 9 1E b F X SBR 12 47 4% 14 1) 3 197 v B
it L. DHA ¥4 hn 8 0 ~F 2%, K & i Y 46.83
ng-(g-h) ' B E 5134 pg(gh)'. A 3R,
KSR AGS 1 Y Bl A= 9 X6 BR B3 38 B 5 JF 4 K
K B (B 4), fi DHA JFIR B &1 n . A
o8 RIS 85.27 g+(g'h) s 24 AGS 524K
SEIEYERE (55 9 X), DHA Jy 86.21 pg-(g-h) .

23 AGSKRISHRTWL

1) AGS 2 & COD 19 2% 1 22 fb o AGS X
COD H) 2 BRAUR AL N T 7% o A LR kK
COD 2/ 500 mg-L™", /K CODH 213 mg'L™',
COD EBERN 57.4% H FHEA7 )5 1 AGS
AR e AR e S 6 A R A
COD % B F [k . Bl & SBR X I #%F A~ Wi iz
17, AGS "G W5 g BLGA: W T v A
B Sl AGS % COD 1 2 55 2 ) B84
B, RN AriaAT 255 5 KA, By SBR
BRI 1) AGS 15 BRI, 2R V5 V8w HE 1
FR gy RS U8 5 AR, FTLAER 5 K,
AGS Xf COD By 25 [ 2 I & 3 hn o 5% 9 K it
AGS X HE /K HF ) COD 2B Rk F] 96.5%, Thififi
TERTHY AGS X 3E7K COD 2 B %0 959%54,

I %16 %
90 -
80 - PS
~ | 22N ]
w O C3EPS 5
» 60 i i
=g I ;
mﬁ 40 b 1124
T Bl
= 30 2 1) f)
IR R
g g1 a1allall G
St el a1allallallb
A1 8llallgllallgllgll g
09| 7 mn 0
a1l a1 allallagllgallala
1 2 3 4.5 6 .7 8 9
WA i) /d

E 5 EPS.« PN #1 PS F 1k E BB BT 1k

Fig. 5 Changes in EPS; PNand PS with recovery time
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Fig. 6 Change in DHA with recovery time
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Fig. 7 Change in COD removal efficiency with recovery time

2) AGS Xf NH,"-N HI TN i 2058 . AGS XF NH,"-N H1 TN i 2 B2 & 8 BTk . SBR iafT
M55 1K, AGS Xf NH,-N Fl TN (%) £ bR R 5351k 67.5% 1 52.3%., —Jiifi, H WEAF)E 1 AGS N
BRI TS AR, AR AE W B R AR A A K e 8 o RS Ak o B S AR A a8 o0 — T
T, BB 250 50 B VE DR R BCAF 1 AGS,  HHL A [R] 25 S 90 Al Ak A0 S A Ak 08 SIOUE BR 85855700 B LAAE K



512 XS NUAF - TR R BB A A 4 AU 15 8 S G Kk A2 3961

140 100 130 85
—&— jJE/KNH,-N 1o [ —*—#KTN

120 f —0— ii/kKNH,N 195 —Oo— HKTN - 80
~ N HO P —a—TNERRR
- —5— NH,-NEFR& {90 ~
= 100 | 7, 100 115
g 85 & & o0f -
= 80} ¥ £ 170" 88
P > = 80} AT
fé( 480 % i &
Z o > B 0 465 ﬁ
= 175 + E 60 F =
z T X
= N7 lo © & sof 1%
Z 40+

20 165 ol 155

0 60 20 50
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4.5 6 7 8 9 10
WA It /d PR i) /d
(a) NH,-NEERECR (b) TNEBRECR

8 NH,-N 0 TN & R385 b 1k & B+ i8] A 2E 4k
Fig. 8 Changes in NH,"-N and TN removal efficiency with recovery time

W AGS XF NH,-N #l TN A — 1 KRR . B 5K, #7K NH,-NH 100 mg-L™", #K
TN & 106 mg- L™ B9 54T, AGS %F NH,-N Fl TN [ BRR 05K 78.2% . 68.4%. FfiFF SBR L #%
AWz tT, AR AGS R E URLIR S5 #8520 4 /N B0 15 e R AR 1S K, il Ak A0 S A A0 A FH A Bl
Z iR, EPET AGS XFHEK RAE M L. S 9K, AGSX NH,-N Fil TN iy £ R Ry 9k 8 T
97.8%. 82.7%. W51 AGS XF TN 2 B Za g w5 T A7 17 1 25 BR 3 (BEAE T 19 25 BR R 80%) .

3)AGS % Bk TP Ay 8 A5 fb o AGS X TP (1 J2 B &% S A5 4k 4n 1 9 fF 7R . SBR iz 17 #7 # (56
1~3 K), T I5 IR YRR ] 46 %5 (1 15 min [ 2 12 min), (#6577 )5 T8 8009 AGS #E F FTE0R T e 9
HEH SBR, [HIt, AGS XF TP By ZER-%h 48.5%

14 80

W3] 78.3%, Y4 SBRIZATHIHE 4 KIF, F N
o AR B AGS 4519 58 s MR 2, L TR P 12r 173
RedtE— %, KE VTR BB R IF ) AGS T oop 170
W E e SBR I, SIS RHEE B, Bl 2 gl les &
%7 ¥ —— é
AGS X TP 1 & BR R [ 2 73.1%, B AGS ) = B Jo
BR U ACR IR AERRAE 73% oo MERE, AGS 2 | —oTeEER T
Xt TP A 25 B R 8 1 A4 0 25 I % (70%). & .
559 KEF, fE#EAK TP M 112 mg L' AT, di I
AGS X TP 11 £ B8R Hg 73.5%. 45445 9 K i T T R S
AGS XF 3 7k ‘COD . NH,"-N #1 TN 2 B & 1 % WAz
B . SBRIZTHELE 9 d, M A % 17 )5 K9 B9 TP RFRAMRBE KRS ER L 1
AGS. % 75 3k 552 2o 8 B AE BT B 7K F Fig. 9 Changes in TP removal efficiency with recovery time
3 it

V) 7 4 °C T Mg i TR 4N 58 S 0 A7 AGS LA AT AT, A7 7 1k il 35 b 4 K AGS 19 245 44 5¢
BTG . S0 AGS Rife . UIFEH E . MLVSS/MLSS #il DHA 5 f# 77 1 48 b 3 A
R

2) R h, AGS BRIAS . TR B . MLVSS/MLSS. DHA J EPS J&i & 43 5 15 5 B[] Fi
FERIG I aHh . Bl K i By s Gk FE B W, AGS X COD. NH,'-N. TN FI TP (1) % FR &R
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o 2 3
3) Zad 9d SR, EAE 7AW AGS W M58 W & BIE A AT K F o KR 19 AGS b8
W, BAREAUIETERE R E Gt B G AGS B RIFRIBRTS R, SAEFERTH L,
HXFiE 7K H1 i COD. NH,'-N. TN Al TP i 25 BR s A 3 hn, 2 513k 5] 96.5% . 97.8%. 82.7%.
73.5%.
4) TEJR SRR GE Y, R 9T 5 R A R 7 Tl . ARTRL IR B v B AF AGS IR 25 55 1 3 T 4 5t
JBEX; AGS fifi 7 fa e MR o FE LA B RS S ab I, XF AGS B OW &5 4 #EF T A o8 . br, &
15 AGS TOIE S . T E, i AF L B2 P 0 T A W B V% S EPS A1l AR qb S5, ik — 2B R 5T 1 B 1R
BB BT AGS BYVEHIPLH .
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Storage of aerobic granular sludge by sodium alginate gel and its recovery
analysis
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Abstract  Aerobic Granular Sludge (AGS) was stored at 4 °C in the dark for 7 months with 11.5% sodium
alginate gel as carrier, and the activity of the stored AGS was recovered. The physical and chemical properties of
AGS before and after storage as well-as the recovery of AGS after storage were analyzed, in order to provide a
valuable reference for the selection of AGS storage methods and rapid recovery of AGS after storage. The
results showed that some AGS disintegrated during storage, their particle size became smaller, and the
sedimentation velocity; MLVSS/MLSS and Dehydrogenase Activity (DHA) decreased by 43.93%, 22.22% and
43.34%, respectively, indicating that it was feasible to use sodium alginate gel to store AGS at 4 °C. The storage
method could maintain the structural integrity and microbial activity of AGS to some extent. After 9 days of
recultivation, the AGS recovered completely. The recovered AGS was yellowish brown with smooth surface and
spherical or ellipsoid shape, the particle size was mainly distributed in 1.3-2.5 mm, the SVI,, was 31.9 mL-g ',
the sedimentation velocity was 92.71 m-h™', the extracellular polymeric substance (EPS) concentration was
75.05 mg-g ' and the DHA was 86.21 pg:(g-h)™', which indicated that the recovered AGS had a better settling
performance-and higher microbial activity. The recovered AGS had good removal effects of pollutants, and the
removal rates of COD, NH,"-N TN and TP were 96.5%, 97.8%, 82.7% and 73.5%, respectively.

Keywords aerobic granular sludge; sodium alginate gel; storage; reactivation; activity
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