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W OE BAREKARENEEHRZ —. EXPRIG KT, T 32 20 E R A6 10 i A= 28 1 e 5
%, Zzpd, B0k, DSGEHERNBEARIESITEB R g 2w, Bk, R A E b ARk
AL S B B EEE L, &R AN % = B (polyoxypropylene triol, PPT) i 14 J5 1Y 3 2 /& B
(polyvinyl alcohol, PVA) #E fist U AT LA 50K 16 P 75 PR R AT [ e b JF FH Fis KA FE v . g5 R0 . 2o PE IS A B
REAHRREMT . LM S . WRMAEKR . SALEBRKEM A, FISUHE IR 20 B e Woh A 8 916 f5
AEPETS e, S IR E IS, SRR L, ZALERET 18.28%, MFUCH R 2.01%, HlT
JE IR DR, B SFERER, MU R SRR . WR R R A TR, A RIME R R
Frikge, AEMRMRERKIGET, AR EBERIER 0%, LR BFFE A 40T T olo: UL 1Y) 14 58 L Bt 3513 14 V5
U b A W B RN S M 0 AR AR, T O S A R T 1 VS TR A R AR E AR AR B R IR S

KEEIR EEACORL; WEMEISUE; MR NE; AR

AL EIG PE IS ek R PR AE I F R, B EAERKZEE, 52N RS,
pH. M . %% (dissolved oxygen, DO) Fl1 C/N %5 2 fdi il £k 1 15 14 52 230 i, B 5 A DA 7 %) 4 [
58 I K AR R AT W A BRI AT A i R B, 15 KA IR RS AL B R AR 2.9 mg-(g-h) (BA
VSSit), A% T B il AL % 4 mg-(g-h) ' (GB 50014-2006). X Al fE S N i fL i &) 52 FR 55 52 i
ARG, B, R AR RE R 0T P S e AT [ E A 3B A X

AL T T AR A AR S B R IR A M5 e v AR 1 9% 2 P R0 3 0y 0. I M s e e AR 1k
A et 2 1] 8K 52 V7 #% (sequencing batch reactor, SBR) & £ ik MEAT A AL B & 4RI, HA AR . B
FhAe e . A WA ARG SR 00 o I B D Bl R K B R & R A, R R A R 1 K
fESEE AT Y B0, AR E AL E R B A, BIRSERS AL A AV S s e pa G L, (AR R
Kt BHA: 2019-11-25; R HHA: 2020-03-01

ESTE: EFAKES LG 5iHEHE F KL B (20172X07202001-004); L5454 TS &% GE2 & B) BHE R 6 TR 5 H
(BE2015622)
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PVA JKEEWEZS MM A2, A F & BALBRE5 ), Y se PEar, ol FAE S M5 Je 0,
{H PVA #E R BR B AL AT /N A E L B 5 R AR RIS . R &AL =B —Fh Rk £ ot
P, B ARSI, AT R VR ek el

A5 38 o 5L T REAR C/N LUy 3 V5 Ui w AR vk B TR e T e Ak e L DR IR S S TS
U il VE J5 o 5 e A 38 J0RE L A3 AT LA T U A A R R T 1 3 e AE N [ B B 1 el A P BV AR Ak
F5 IR iE e bR, DLHA g AT 1 1 35 Ve 40 1 UKL 78 I /K 04 B AT Y vl AT iRt S
1 MB5RF*®
1.1 FEMERES

DL IG5 T T S K AL BTG it 15 PR 75 U (activated sludge, AS) VE N M5, R H SBR X
N e B T SR . Wik AR, Y BEJK COD i 300 mg- L'y TP b 4 mg-L™'; i /K NH]-N
WRELL S Ao VAN JE, BRI SET 1 RIERE, KRl 25, 35, 45mg- L', 38 ot it Uy =k AR kK ik
A, THMAENEE, HFRIN—SMA TR, RIEE G U b A Y B i A KB . KRR
o A AN WIS NS B Na,CO; IS, A K pH Oy 7.5~8.5, LA S A AL TR ie AR A A7 251
1.2 BESEURLH &

SCOG e PVAYE N EE A AR, US> & 1976 35 B2 49 (sodium alginate, SA), LA 2% fif
PVA B R, JF 0/ & PPT (PPT J& —FP SRl 2 oo, # FHESE ) 01T, oo 3858 e R ) ML AW i
FERE T e, () A 38 2ok 40 ) 34 45 T 1 ok el st A RE R KV I T 1 . S SR R AR AR CaCl, ¥ IR
VE R 22 B3, i i NaHCO, ¥ 15 52 BE 1 (0 pH, ¥ ¥k - U5 o 388 i 181 52tk /N BR /9 5 B, JIF R A
Na,SO, Wit — 232k, DA R R X S i P i 52 i o L BRBORL A9 il 35 B 4G LA R 5 AP BR

D) ¥ PVA(E 25 1799 Yy, KB F K530 DMRF 800 10% 1 90% THM IR G, R B #Eh
I 2~3 ho FEMBGE R, FURWHIEFEE RS2 38 5), B 2 PVA BB 7E 2Wfs , 45 1ot
BHEZEHE,

2) Yk J5 A4k 75 R 7E 3 000 r-min' £cF T B0 15 min, 5 0.9% NaCl i b, @& Z#H
E2 %,

3) K dn 5 A A5 e . SA. PPT DL i & 5 IR A W ARFLEL 10:1:0.2:88.8 IR G5 )5,
T 2% SEALES B 1 AU R A T L BRTE BURE, T 4 °C VKA TP CE 30 min SSHE [E AL, SR 5B
Krug s, FH 0.9% NaCl i i 1 2 111 5% B 1) B R 14 VAR

4) by B0 3 RSURE () HUBRSR B, K ISORLAE —20 °C R oK AR BL R 2 R 3 IR .

5) VRl e i R R B K IEVE, HCE TR IS K, T 4 C KT R .

1.3 S5 E

W2y 10 mL P8 /KIRA W, S0W IR 1 min, J5 RS INA 60 uL H Btk &% 5 mL NaOH
W (Imol'L™Y, HT4CE&MTHRY3h/G, 7£4°C, 10000 rrmin”' 557F F &L 15 min, T8 FE
W 0.22 um P8 BT U8, 52075 U6 A EPS. SR 25 T 5 1 1 R U -6 2 L €5 3T X A SR A
(extracellular polymeric substances, EPS) H1 4 [ (PN) FlZ ¥ (PS) & = AT %E -

V5 15 00 6 L S BR 7E 4K R R 30 min, DA S BR UKL NI R R AR A, AP E —
R BRI, R 5 R AR A R 140 VA IE W pH /NT 5, LU ] 42 45 0B 1) it
AN 5 2R R R ZK V8 500 8 e A Hh T 6 YL B 9 1 7 (30.0£0.1) °C, SR FHRE 40 1 25 8 DR W 78 53
BA, M A WAL, THEEER MU 2% T R4 L IBOR 5 25 8 oK DL 14 iR B L
RA, BN 250 mL (VA UM, FREel A RS 2 h, A UK R A IR A A SE AT AR, SRR IRK
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B IR R (30.0£0.1) °C, SRAHE I WEPEER A R IR G, WA LOE SRR G W P A
A, AR URL UL BT R AL

TE I 22 A AL 33 % (ammonia uptake rate, AUR) B, B3 PE 15 Je 8 & A 16 PR 15 Je 09 9 74 i A 21 il
R, W oINS & NH,CLHI NaHCO,, BUJF4ER DO 297 2 mg- L', [AImFAWIHEHE, &
TEA RS MG TR A 35T, I R IR G W E AR B B S S AR, IS AR AW
RO S R e B TR R A AL R R A LA AU R (specific oxygen uptake rate, SOUR) B, K i
PV U8 5 A 1 MRS VR A W AR B B R, R R I AR LR TR TS KO TR R, A
MR, FEARWIEERE, SRUEE RS IEYEE IR A 1A, o I e R R S TR R [ B
[ A0 DO, FF45 G TR AW s M5 U8 0 ik BE 1T 53 LU I %

15U RLAR R BT-2003 HRFHOERLEE 43 A A 20 i R eI s #4431 >R T TGAS500 AL 4 7y
B, JEEE A 30~500 °C, FHRE A 10 C-min™'; SEM K JH SUS010 %Y i3 Ak #4714 i B il ik 5
BET >k ] Belsorp-Max %14 [ 5l [ 2R 11 A AL Bt 23 A5 U s {338 s DO & J i il WTW FDO 925-3 i #;
KZSHOKF AT AN I ; NH-N W R B AR LS M2 ; A5 DNA A9 32 BUR FH 4 498 56 R 41 2 BUA
Rl BB, SCHAR), FFRFES] 1 & RE A YA PR )58 A 16S tRNA S [ i i 38 520 15 A Ak )
REVE 51T o
2 #BR512
21 FEMERSRFERBINBEEYNTL

ML LA LT DR 7R A T 4R K VTS 7 kAR
L AR R L TR TS TR R R i = e s
RORWEAG BT, 100% R IR E 929%, FiRE I = w0 \ ./“7”7’90
8500 ets (LRGN AN SRR . e
F, m2smgl WAERmgL!, HiEHAE 5 O IR
38mgL”, WIS REAERICEAN 5 o} 2 g 150
T 8 T . I, 23t 15 d Yl wldh 7 14
fL 859, 3 S T2 69 AUR i 2,044 me-(g-h)” 1
(UL VSS i) 2 I} % 2.645 mg-(g-h)", SOUR % 35 6 o 12 s
19317 mg-(g-h)'(BL VSS it ) JI & 21.868 | e N
e’ (g‘h)’] o MHALTEREBLRE PR 5 IE A 101 52 A9 Fig. 1 Reoial ijiZZfl:L i fnﬁlﬁi:bnitrogen by
SRS T LR A IR ctivated shudae

P 2 A 3 AT LA . EPS X3 75 e
B VR A R, SR M 2R Table | Biolosical activity of activated slud
able iological activity of activated sludge
Wy AR AR, B R B b Y B beforeind after do}rlnestication :

* 1 YMETEEMESREYEN

B KU ON HORTBENR . ZMRE L ——
0, 15 A AN [a) 72 B%{EE , PN/PS A %E%EE_‘I%‘ o X2 RHEL (mg-L™) (mg-L™) (mg'(gh)™)  (mg(gh)™)

HRMTEMR CON &, B TPmIEAGRZ, it YHERT 4368 2 460 2.044 19.317
Yt 2 EE R B i i . fEYIE R 5= YIULE 4008 2387 2.645 21.868

o, AR S Je 2R R, &

FOE TS Yo kL AR AT IR D, R A A AR AR RS B, A AR N R W Y 28.38 um AL F] 27.09 um,
EAEMEYEKRERMEZER S, B, SEASEWEI. CO/NRBIEIS, HE Y o ki
Z, X EELIS 2. Yifb B g AR E AR, ERAR R, WM TR G B R
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Fig. 2 Particle size distribution of activated sludge Fig. 3 Changes of PN and PS in activated sludge
at different domestication stages during domestication

NARZR, AR RN Ft, ZSRREARREE R F&EA, PNPS AKiTH .
2.2 UMERERS BURIR (LM AR

BECER LR 200 3.4 mm, PSS ICER SR T RTZ R 11226 mg, #5298 33.85 mg, B
JERLAE TS R AT R B A

4R LA B, 785 A (30~50 °C) &, i R I 40 R M, B PR A B A
1.1166% F1 0.8015%, 15 B ¢ g URL # IR T IAe0E M RB A o BECWURI7F 435 C £ R R | K.
EWAMET , etk Bk 2 51 AR T R L O RN, 1 B T I R R TR IR T BB A BT

.

100 - 6 100 - 6
. - — . - - A

9 F \\\\ — R E 15 90 \\\\ — I RAE 5

80 - .l 14 80T Tl 14
- ‘\ o i iR 2
70 . 1, = 70 | 1%
S S N S
& 60f E @ eor &
- 12 = ® 12 =
50 F i 50 F By
1 ¥ ], =

40 F k\ 40 F .
30 Vo0 30 L0
20 1 1 1 1 1 1 -1 20 1 1 1 1 1 1 -1
0 100 200 300 400 500 0 100 200 300 400 500
W EE/C I/ C
(a) ARPEEERER (b) BPEBERER

E 4 EFEK TG/DTG BhZk
Fig. 4 TG/DTG curve of gel ball
KL S B PE RS B ER I A B &, BORAS 053028 1000, 5000 A1 10 000 f5. FTLAE Y, K
PERT LRS54 L hs i, HALBRRR; ikt )G, fLBRSSAAEXT AR, HALE K/NBSA FRAL, X
5 2 J5 M 54% o 3 32 i A FEARAR AT 5 o
&2 WL T R eloPE B e URE T PPT 2le P B fise MUk Lb 2R T AR ARNFLAR A Ol . ATLAE
PPT S0Pk S5 A8 E 3K 9 L 2R T AR AR LA BRI K, P 3ALAR 0N, 405l 0315 m* g™, 0.004 cm’- g™
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(a) RUAEBERER(1 000£7) (b) RECHEEELIR(S 000f)

(d) HPEBEIERR(1 000f%) (&) BCHEBEIEFR(S 000£)
Bs5 HBFEEAHE

Fig. 5 Scanning electron microscopic images

H151.870 nm 48 >4 1.527 m>g ', 0.015 cm® g ' Fll x2 MHBEFRNILEHRSH
39.362 nm. X158 PPT g e i 08 s 40, B o i 2 Table 2 Pore structural parameters of modified

N e L s N = bedded icl
51, PR AT A WS S, e i embedded partictes
O M & SR B A0 4 4% 1) PVA- FE R/ (m* g™ BFALER (em’ g™ FFL4AA/nm
SA K HEIE A YA IRHIEL, PPT etk e ks RHIERERR 0t 0004 1870
fLE S RIS, LRILTH%, gy R 1 0015 39.362

PPT BB WORE 52 8 G E W i AT AT — e 42
Frasal . VPR AT AU ST 45 RN, IR0 5 UK L 2 T RS i R] DA e 6 2T 1 3 e A ) A
E B AR . P, PPT Se i B s MORE AT LA RO AE — Bl 36 4 75 D8 A0 3144 80 1 1 ] T I8 KA
Hrp
LR & —Fh 2 FUARE, BEIRCBURL N A Bt s i o FLBR AT AR . LR B . A
SR VRS VR R L R T A i W BT, AR SRR R B S OB e A AR TS Ve Bk 1
HEPFH bR o S0 U R E 15 AT RO BEI L HRBORL , ERFEAN [R5 e £ J7 sU0S BEG IR . AL
PERERUSZ IR . A4S PU SR AOWTSE , BRI BORL PN 5 A 208 B R 2 D, 13 SRR EY WL (1),
6Cya(l+a) )R_2
9+9a+q,’a®>)-(Co(1+a)-Cya)] g%t
X DoAY WAL, m’s"s G EREWR I A BERIRE , mgL™; G h ERER S
BEFTR W MRV, IUE S0 mg L' o WWARIAR SRR AL, BUE 45 ¢, WAEFIEM; R NFOR
iz, HUE 3.4x107 m.
R R AR, K () TR AR, SRR (2),
ln(cb(1+a)—1)=ln( 6(1+a) )_(Deqlz)t 2

Cyoa 9+9a+q,*a® R?

Bl6 e 7 s s R, G EAUAK ) 15 2 FIBERCERA PPT S MEBERLER A9 249 1K

D, =1n( M
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ZH D, 59K 4.867x107° m*s! 1 4.463%x10710 m*s 7,

K7 B 7Y B s g R, Bl G LRRAR Q) 75 2 FIBEREER A PPT B BRI BR B A9 HE
%ﬁDﬁ%ﬁﬂ%ﬂWOZ”ﬁm%MW%m

H SR g 25 S mTJ0, WSINECPE R S , BBk 2 A% M e R A% PR RE X A A TRl R B B B AIR . 3X
A B A2 H T 8 5 3R v S I e A A B éﬂaﬂ%qﬂ@%ﬁ%@az, oA B b gE L o R AR
3 15%PVA 25 HEE IR A AP BREH 6.9x10"° m*s™'. WIESMANN 25130 56 31 4 #1352 ) 4 o0
BRIVEY BRECN 1x1071°~10x107"0 m*-s" o A% S 56 0 45 2l e o8 e 0 391 00K 114 A8 4850 100 3R 038 A ke A
fI%, R FTRERIRIE . Bk AR LA B A8 A a3 45 ot 068 M 6 311 A7 A2 J5 P BB 1) 5 Tl
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Fig. 6 Ammonia diffusion experiments and the fitting curve of effective diffusion coefficient in immobilized particles
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Fig. 7 Oxygen diffusion experiments and the fitting curve of effective diffusion coefficient in immobilized particles
23 BREREEENERMEYIEEEL

wiE 8 s, WS ETGJes, SR BRSO 2l 3 Oy EK @ EARAN 3.4x107 m, i
28 114.027 mg.,

H12E 3 Al 1, OTU % Ml Chao $84  BLi M 55, Ui YL IR i e b, fEFFEi RS SR
TV FE R AT, TSI R Y R R B S T R ORI R A R RS Bk
SR S BR, ARATE MR SR A S, B A R RIE S . AR AL B SR R
Shannon 1 Shannoneven 2 ¥ Z FEPEFE R AR, AR RGE MRS Ve G FH e, BRI YIERE SRt fE b, K
PRIAE TS 5 U R A A IR AR R BT, NI, A W B R 2 R R R R X 2 S R R A 5 Al
IEBEI R , TERUF R PR SRR SR8 LA R B0 R K S8 R IR A5 F T, 2% 2B W T e D
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LT RS, Wik, MAEYRREZFEE
FRRXT B S RERE Fh vy, B REAR AT

BHET O T, 3 ANHE A b iy 40 TR DA b 8
F &, UL Proteobacteria("Z ¥ ). Bacterioidetes
(FLFFEE) . Planctomycetes(7F 75 4K 1 ) Ml Acidoba-
cteria(]R ¥ & ) b F o H v Proteobacteria

Bacterioidetes = 1G5 R G T B T BEHE H R T

e, EEZS5A YY) B0RE R A 2 R R (a) = EHEERESR (b) EHRIRHETS IERELK
¥ BB SRE

Planctomycetes J2&—"TMS (TR ], 4 i RE 8 RRRLRLR

Fig. 8 Colloid particle morphology

3= 3 Alpha ZH#1EIEH
Table 3  Alpha diversity indexes

g/ KR OME L 3 o 40 M9 P9 B (intracytoplasmic
membrane, ICM) ¥ 41 ffd 43 4 AS 8] 19 3 41, K

wAIEIE R, FERE SRR,

A1 66 I 1, B B 6 U R 1 (1 Planctomyces R OTU Chao  Shannon Shannoneven
bekefii . Planctomyces guttaeformis ¥ Planctomyces R 1322 1318 >4 071
stramskae), TE¥E B R 1 41 10 79 B RS+ Eq e R 1392 1636 4.90 0.67

BE [T, H RS EAL T (Anammox bacteria) BEALISIE 1638 1856 5.89 0.79
ETERRT P A R — 2K, EREAE 1007 Eg}tl;;;iicrobia

W B EEAEM . BRAMG, Acidobacteria B Candidatus Saccharibacteria
7 HOMAT 4R, IR 3 2 A — o1 B Poreetciena
BB IRAL, 1 Acidobacreria fe—Fvgm: | B Lorccnacri

o BRILZ AN, Nitrospirae(fEALTE ) 2 & 15 EL;( = ie’j",,‘,‘é‘;",,fl’lif,‘jff
VRS EE T, BRI AT E | B imobactera

Hr 2B, 34-Br Bt W Nitrospirae = F£ 41 5l b = ZZVZTiZZZgZZiems
0.008, 0.020, 0.006, X% C/N{EL. DO # 20} B Chloroflext

TR B £ A BT SRR L & Pancomeas

o, TEATE TR RS (HBER S, Thae 0L | WL W Bacteroideres

e R TR XE SRR (L 3 B R T e Wb

SER R, RHAR TR T T2 B, o R 9 [TKFERHEYE AR E

HE 10050, BAKEEEESRESE I A Fig. 9 Microbial community composition at phylum level
BBt ARk 88 K . B Nitrospira(f 1L 1 J& ) A1 Nitrosomonas(OWV. A8 AL B & ) 78 1% 4 75 Ve i &0 #2 vp o
EEEAME, 3B B Nitrospira - FE43 7 2 0.008. 0.020, 0.006, Nitrosomonas - F£ 435l 2 0.
0.002, 0.004 %% ETHE TR, X2y PR IR B oWl ., AL i B R T
JEEAL R A BT T B, 31X T BE S DR DA W S5 AN ) A 055 ek A 1 3 1 2 B A

11 e T A3 EE R Y AUR HiT SOUR 728 {15 . AUR F1 SOUR 4351 4 2.418 mg-(g-h)™!
F118.929 mg-(g'h)', SHIRTS VAL, AUR BE T, A 18.28% WTHiE, A F TKIKEAME
% ; SOUR WA TRE, FEARIEEE N 2.01%, X5 BB AYMUEA . 22 Koy fe v,
PEIWNIR 2 52 VR Rl A5 2R A X SR D TG AT — s A RIAE T, 3 0 B 0 A S I R B8 B T K

TP 12 F0E 13 s, W A 0 B IS K b T A e A R R T R A S R, HLOh T
SREEICIRHLAIR BE, FE-20 °C PREE T SRRl , Y0 T 14 75 U8 09 Tl A W i VA — e R B RS2
PR, R FHABEADLR 7K X B JE BR AR AT A W 6 e R A2 S 3, AT P it NS e, & 12 h 2 1 SE 8 A
W, 6 ANSEY R, BE ARG Hy W A8 S 0 A K R S I R Sl 6 A A I S MR A
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100
[ Others [ Unclassified-Bacteroidetes
30 [ Nitrospira = Unclassified-Rhodocyclaceae
I Nitrosomonas = Unclassified-Sphingobacteriales
I Clostridium_sensu_stricto [ Unclassified-Chromatiaceae
[ Unclassified-Chitinophagaceae BB Unclassified-Gammaproteobacteria
& 60 1 Gemmatimonas -Unclassiﬁed-Betaproteobacteria
@ [ Unclassified-Proteobacteria :lSphingomonas
HE I Dechloromonas I Unclassified-Bacteria
Fo [ Cloacibacterium I Unclassified-Aeromonadaceae
2 4 [ Pseudomonas I Acromonas
I Phycisphaera [ Unclassified-Alphaproteobacteria
I /gnavibacterium I Acinetobacter
[ Unclassified-Planctomycetaceae [ Thiobacillus
20 [ Unclassified-Myxococcales
0
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10 BRKFHREDEBEERBEN
Fig. 10 Microbial community composition at genus level
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Fig. 11 AUR and SOUR of Gel embedded activated sludge
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Fig. 12 Morphology of gel particles Fig. 13 Ammonia nitrogen removal performance of gel

after activity recovery embedded activated sludge after activity recovery
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BERE BRI TG PEVS Ve AE 1 A T R N e A AU B8R 15 mg L' & A, WHE R ERP s Es e i
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Abstract Nitrogen removol is one of the most important objectives in sewage treatment. In actual sewage
treatment, the nitorgen removal capacity of activated sludge can be easily influenced due to the slow
reproduction and metabolism rates, susceptible to shock and easy-loss of nitrifying bacteria, which play the key
role in nitrogen removal. So it is of great significance to use immobilized microorganism technology to maintain
nitrifying bacteria in biochemical tank. The polyvinyl alcohol (PVA) gel particles modified by
polyoxypropylene triol (PPT) can effectively immobilize activated sludge and be used in sewage treatment. This
study showed that the modified gel ball had the advantages of good thermal stability, uniform pore distribution,
large specific surface area, and large total pore volume. After activity recovery, the embedded and domesticated
activated sludge by modified polyvinyl alcohol gel particles showed 18.28% increase in its ammonia oxidizing
rate and 2.01% decrease in its respiration rate when compared with the original sludge. Due to the formation of
the anaerobic-anoxic-aerobic environment in gel particle, the microbial community diversity indexes, i.e.
shannon diversity, species richness, and community evenness, increased, and good ammonia nitrogen removal
occurred for immobilized activated sludge. The removal rate of ammonia nitrogen could reach 70% for low
strength wastewater treatment. In this research, the properties of modified gel materials and the changes of
microbial community and activity in embedded activated sludge were studied and analyzed, which provides
reference for the research of gel-embedding activated sludge technology in ammonia nitrogen wastewater
treatment.

Keywords gel particles; activated sludge; microbial activity; ammonia nitrogen
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