BN by Bl s Vol. 32 ,No. 11
ENVIRONMENTAL SCIENCE Nov. ,2011

X

w

(3]
g
=%
o=
=

e Btk 8 D Aar I [R) IS 3 260 R ik 2 U ARURE 75 Y0 T X

iﬂ(ml 2’/\%/:]]* ﬁ“%“ﬁl 2

(L. R} 2 Bt B AR A P 0F 9 B B85 5 8 ) A A ) T s s 3 = IR B A A D D0 )1 4 S B = T 6100415 2. B R
B0 A= e, db 50 100049 )

WRE AR 4 L S s vh, LURN I i 260 6 R BR R i 1) 2 3 12 K hy 16 JBT, AN 8 b s PR U8 I N R SROIR VR P e R K b 2 A A
AT PO 5 . 0 A R K O FE B AT S AF (B Wi m COD NH, =N A7 fip | 445 8 U7 B I [R) L 2 v g 03 ) 85 9% ) I I 40 I sk 4 4
WKLY e, W 98 T 12 4 AU URE V5 e 14 150 S0 3% Tl 1y 3 T e g L 57y e o ) W) L 4 SRR T B AEUBORE Y T Dk b s B A R
MERAR R0 724 0.5 ~3.5 mm. COD FI NH," -N 41 5 5> B 7F 4. 80 ~12.6 kg- (m”+d) ~"F1 0.217 ~0.503 kg- (m’-d) ~" I, 442 5
Frvs Je s COD B ERRE >94% ,%F NH, -N FJEBRE >98% . 24 COD il NH," -N 4 4> Ml 4% /& & 15.70 kg (m’-d) ~' 1 0. 723
kg- (m’+d) "' IFIEAT 4 d T, ON NSRBI TR DT R AR 2 T T BRI, NH, N K R R R B Z 81. 6% . HE B 43 TG B OF
A% A 4k 8238 4T, ORIV P8 19 NH,' -N 25 B & ) 3G 0 52 58 98% LA b A BT 9% 855 97 10 I S0 BURE V5 U8 B AT I 0 1 [0 I B 480 I sk
Yy, 7T LA 5Z /& COD Fl NH," -N i fif (19 %05 o o

R A < R T SR SR 5 B SEURORE V5 V06 5 () N S0k 56 5 A7 e ol 5 4 3 B UK

FE K XT03. 1 SCERBRIREG A SCE 45 :0250-3301 (2011 ) 11-3405-07
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Abstract:In a 4 L reactor, aerobic granular sludge was cultured with piggery wastewater with glucose and ammonium sulfate as the
additional carbon and nitrogen sources, respectively. No exotic activated sludge was inoculated, and activated carbon powder was used
to immobilize the indigenous microorganisms of wastewater in the set-up period. The reaction was conducted under controlled conditions
of progressively increasing COD and NH, -N loading rates, decreasing settlement time, and enhancing aeration. The resulted aerobic
granular sludge was capable of simultaneous COD and nitrogen removal. The performance (COD and NH," -N removal efficiencies) and
characteristics of aerobic granules at high loading rates were investigated. The mature aerobic granular sludge was brown-yellow, and
took an irregular spherical shape with a diameter of 0.5-3.5 mm. Under the COD loading rates of 4.80-12.6 kg« (m’-d) "' and
NH, -N loading rates of 0.217-0. 503 kg+ (m®-d) ', the removal efficiencies of COD and NH," -N were greater than 94% and 98% ,
respectively. When the COD and NH," -N loading rates reached 15.7 kg+(m®+d) ~"and 0.723 kg+(m’+d) ~", respectively, the floc
sludge grew quickly, and the granules disaggregated. The removal efficiency of NH, -N decreased to 81.6% in four days. Yet the
removal efficiency of NH," -N returned to higher than 98% when the sludge was partially removed and the loading rates were reduced.
The aerobic granules cultured in this study exhibited excellent abilities of simultaneous COD and nitrogen removal, and resistance to
simultaneous shock of high COD and NH," -N loading rates.
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Table 1  Characteristics of piggery wastewater
KR COD/mg-1.~! NH, -N/mg-L ™! NO, -N /mg-L ™' NO; -N /mg-L~" pH
Wi 5K 4100 ~5 200 470 ~ 580 <0.02 <2.0 7.0~8.5
W Bk 2 500 ~ 16 000 110 ~730 <0.02 <2.0 7.5~8.5

) S W gt oInN 20 g H 28 18 K B Ry K i
PEB, IR A ALK S 4 L, # B 8 100 L-h ™' %
MR (20°C Ze Ay ) Rod gk S d. A S N A A IS 7R A
A MU 45 (IR, 5 30 min, 41 3.5 L
FIEEK.

A SI0 K H e kK 1) O SIS AT 3 W A
RGN RN RTINS E N TR S i e
(RAEEID) 7). fE R N AR 12 AT W, — AN s AT A
24 h, 4850k k7K 1.0 min, YTF% 5.0 ~15.0 min,
7K 1.0 min, Ho4x o4 Mg AU ). & — ANz AT 5 0 g

K25 LAARIAZ# ANy 62.5% . 4 18 d &2, K — 4
IZ AT JA I T 4 A 12 e, 43030 2k BEJK 1.0 min, 3T
0.7 ~4.5 min, H: 7K 1. 0 min, 354> Jhy Mg B (]
—ANIEAT K 2.0 LR RIAS e %4 50.0% . A
is A7 5 WA 2.
1.3 9 Hr ik

(1) HE 7K BE 48 A Ja BORE 5 H K FF 5 5000 -
min "' B{.0» 6 min ( Centrifuge 5804 R, Eppendorf) 5
W W

(2) COD NH, -N . NO, -N NO, -N | 52 3K H 1

R2 ORPIHETEMD
Table 2 Operation conditions of the reactor

BAT I e 1 341 LR A1 A BSORL T 1k 35 UK 13 23 B g il 4 B 4e7 Pk 523
BT RKH/d 1~5 6~17 18 ~23 24 ~ 40 41 ~61 62 ~ 65
Z47 I /h — 24 12 12 12 12
NAENE &) — 62.5 50.0 50.0 50.0 50.0

Mg fH/L-h ! 100 100 100 ~ 200 200 200 ~240 60
COD fi £/ kg (m®+d) ~! 1.59 1.59 3.00 ~4.00 4.80 ~7.60 7.80 ~15. 68 5.50
NH, -N 444/ kg (m®+d) ! 0.074 0.074 ~0. 090 0.136 ~0. 143 0.217 ~0. 260 0.300 ~0.723 0. 240
LB I [A] /min — 15.0~5.0 4.5~2.5 2.5~1.0 1.0~0.7 0.7

1) 5 18.2 ~23.3;3E/K pH7.5 ~8.5
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E WTW £ I f& 7K it 48 #T {X ( The Spectroquant
Analysis System PhotoLab S12). {2 X ] WTW 2 7]
CR 2200 fnhads. 1877 24 BR 08 (Merck ) 24 w) e £ 18 71

(3) pH A{H I 5 >R H 26 [ AL %F (EUTECH) 2+
pH Tester 30 2 =481 45 I & (X

(4) V5P ULRELE (SV) R R HEAKHT , I &
(40 cm 40 ) HOFE EVCE A1 100 mL A 4, i 30
min J& i 5E -

(5) WORLAE R L R A 1 100 mL K i, 76 B
s E 30 min J5, BURL B9 AR B TS U8 B AR B
gy L.

(6) L S BURL VS e 2 45 /9 K 1 H R JEOL 2
) JSM25900LV §7 4 H 5% M 4%

(7)) BURL Y5 e [ SR ] A BE 40D AHALAT .

(a) 5523 dBYaN A P) A RE, BEf2<0.5 mm

(b) 340 dity AT SURIRY, $E120.5-2.5 mm
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2.1 LSRG YR K R MO S e D e
I S N s A G e I R I D, BRI RE R 20 N
4 B Be. 25N Bi B As NS TR I B SO &
R 3T Pros.
K3 U BTG e R T R

Table 3 Development process of aerobic granular sludge
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Ve TG A
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Wik H 4%/ mm — — <0.5 0.5~2.5

(c) &6l d&?ﬁﬁ#dﬁrﬁhﬁ!ﬂﬂ‘ﬂﬂﬁ,

{#0.5~3.5 mm

B 1R [ AT B B R B BB V5

Fig. 1 Aerobic granular sludge in the development process of aerobic granular sludge
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HH 6 ~15 d FaELE 44.56% ~56.82% 2 Ji), It )5
MM 15 d 19 52.58% EFH 255 18 d 19 94.77%

[P 3 (b)) ] d FAHE S R $F 7 COD A fig
(L4 2) fil i DO W% ( >5 mg- L") il B 40 1
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Fig.2 Settlement time, SV and granulation rate
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in the formation and growth of aerobic granular sludge
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Fig.3 Effluent concentration and removal rates of COD and NH," -N in the formation and growth of aerobic granular sludge
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4.5 min BB 45 % 2.5 min (WL 2), 5 R %
COD %BR% >94% [ WIE3(a) ], % NH, -N L%
>99% [ WL 3(b) 1. 3&4T 4 23 d, Jx N 4 R &
W VAR S AR B, F T 4A B b B AN ) R R
[ 1(a) ], A4 0.5 mm LLR. BF 97 % W] 47 4
WORLYS JE T AE COD i fif 1.5 ~ 15 kg (m’-d) 7' F
T R, H (K T I A (- f hy 1..0 ~ 5.0 min) & 1 9%
USSR V5 U8 ) 06 B4 0 Y B T I I )
2.5 ~ 4.5 min, COD 41 fif & 3.00 ~ 4.00
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S DU Be (55 24 ~40d) Sy 0k Y. T ik

5 e

RIORLYS e IR T AR 8T, 8k — 20 4 J U B iy (] 2 1.0
min( W& 2) , k7K COD F1 NH, -N 4 15 43 %) A 4. 80
~7.60 kg (m’-d) "' F10.217 ~0.260 kg+(m’-d) "
(W2 2), 37K COD F1 NH, -N ¥ £ 43 51 k4 800 ~
7 600mg-L "1 217 ~260 mg-L™" (W& 3). dhik f2
H,COD LBr# >94% [ 3(a)],NH,-N LERE >
98% [ & 3(h) ]. B MK Gy IR 4w, N 28 9 IR
SV Z¢fg BT, UKL AR K, HOm 18 22, ¥ Je UKL AL B B2
W (W 2) . S BORURE A B R I R P, A
55% (31 d) 38 34 K B 76. 19% (40 d) , [7) B 3500k A5
A, HARHR 0.5 ~2.5 mm[ WL 1(b) ]. Bk
Je AR r A I W 4. b R L RORE v Y ) 1 [ A
Bl 4(c) |2 el Bk B A/ 5 A0 AT B 4, R R I 22
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Fig. 4 Scanning electron photomicrographs of granular sludge
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R A5 23E 7K AT R AN (5] R o 4 BURE V5 g AT i
R 50 3 Ky G A o 3R A 52 A

B i A 5 41 ~ 61 d. iy T RIS L AR kL
V5 Ve RE T 52 1R J¢ e b i A far , NER 40 ~ 57 d, kK
COD F1 NH, -N 1 % 4> % A\ 6.90 kg+(m’-d) ~' F
0.260 kg- (m’-d) " ZEWi 2 5 F 12.6 kg (m’-d)
#10.503 kg+(m’-d) "' [ W 5(a) 1 5(b)],#EK
COD 1 NH, -N ¥ J# 4> % M. 6 900 mg-L ™' Fl 260

mg- L~ 3% Wi #2 5 )12 600 mg-L ™' Fl 503 mg-L~'
LW S(e) . el #Eh COD L fRr % >96% ,NH, -N
ZBRA >99% . v5 e SV B W 3G K, MUK 4k S 1 £ A
KLV Ve Uk AL R B 8 55 44 d 3k 5] 89.29% (WL &
6) , HEA [ N s L 58 4 BORLAK. 1 I T B I ) 24
1.0 min( WL EE 2), BF 5T R W) AT 2 D0TE N )
1.0~ 5.0 min I, 75 ¢ 4 fig 4 ¥ ¥ 10 4 I %0 B
R ARBTG5 R . 55 58 d %5 COD A
NH, -N 7 fif 4> 5 32 &5 4 15.68 kg-(m'-d) ~'
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0.723 kg+(m’+d) "' 3847 4 d J5 NH, -N LB E &
2 81.59% , [A] i SV (3 ZE & 24 ) W 58, v Y
DR e A 22 |, WORL AR F5 SR T B3, 0RE F 6 5 1
[WE 1(e) ], BN 0.5 ~3.5 mm. & W] L 51 fif o
i O T UKL VSV BT e AR 2 I PR EE, 3 3
i & Ly e I 4 IR AL

By PR W A 5 62 ~65 d. 55 61 d I IR
RN T 2.5 L KE AW, I COD M
NH, -N 47 fif 4 5 B 42 5.50 kg-(m’-d) "' 1 0.240
kg+(m’-d) "' #5 65 d NH,-N KRR EHkEZ S
98.94% ,COD [ % Hh 94.49% (W 5). & WY
L SRR ¥ 6 28 v A b o I AR R A S 2R R I
H H 3 4375 Ve R B A HE K A, U AEUBURL VS T R 4
(1 1t 6 ) e e 8 T Pk 2.
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Fig. 5 Effluent concentration, loading rates and removal rates

in the stage of load shock and load recovery
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Fig. 6 SV and granulation rate in the stage of high loading rates
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(WP 7). 38474 14 d, Hi/K 7 NO, -N 1 NO,; -N #!
ZEMD(KAH <50 mg-L7") ;5 14 ~ 18 d, b
% NH, -N %%\ 51.15% B #7555 5 94.77%
[ WLIE3(b) ], 7K NO, -N I NO; -N 1) F & 5 43 il
M 14 d 2. 10 mg-L ™" F1 1.0 mg-L " ¥ n%| 18 d
¥ 50. 00 mg-L~"Fl 13.2 mg-L~". #ff Il sb Iy B 5 7%
B AL T 15 B4 2R B, NH, -N X3 e % Ak B il 4k 77
Y. AH BT U A 2 (K COD B 100 ~ 200
mg- L™, A A6 1R A AT AN ) i, 9 3L NO, N
I NO; -N (R R. 78005 s AT, 88 W 4 v gk 7K
f¥) COD/NH, -N (& & L) , 4@k /K COD/NH, -N >
24 [, H 7K NO, -N Fl NO, -N #U2 ik F 0 & ek 2>
(WK 7).

80 32
- 60} % z
,‘_.] i —4A— NO, -N +;
) —— NO;N =
:§ 40 r —=— COD/NH, N 116 £
¥ 1s 8§
0 0

6 10 14 18 22 26 30 34 38 42
BATI I/

7 NO, -N.NOj; -N 7k # £ & COD/NH," -N ] X &

Fig.7 Relationship between COD/NH," -N and accumulation

of NO, -N and NO; -N

B 5518 ~42 d ) COD/NH, -N F1 6§ 4L 7= 4
2R EE A SPSS 13. 0 &3l 24 A4 1¥) Bivariate i 2 3
ITHR KR, M di RIE 4, 7T LUE H RS H
7K NO, -N Fl NO; -N ¥ #1 % ¥k FE F1 ik 7K COD/
NH," -N 52 B o (0 470 AH OC ¢ &R DRI ot 280 2 4
27K 1) COD/NH, =N, il 46 7= 9 (1 # 88 1n) i 2 w]
DL E 1K

#4 NOj -NNOj -N /K% 15 COD /NH, -N 40 H7 4

Table 4  Correlation analysis between COD /NH," -N and

accumulation of NO, -N and NO; -N

e R P
NO, -N -0.888 <0.001
NO; -N -0.882 <0.001

L) R 3 2 dLH00E 1 Pearson AH G 2 40, 4 41 18 3 W 2 SO OGHE, R
AL 1 R WA G MR AT 52) P ORI AS 38 R HE =, P < 0..001 I\ A7
WRH MG X

3 i

KB AT R e 1k 22 (2 23R AR UKL A 13 A
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LR A I A K R I SEBORL ¥ e R AE S B
B KRR 22— b K A R 5 4 S ORE V
VeRE MM B R R H R S e il e
SR VS TR 5w E 9T B AR P T A R K
COD 7 4iif 5y NH, =N A 43 5l 16 o o, 0 5K B 22
IR A 1D e Bl A7 At BT e b K JBURE V5 T8 1) 5 1 38
AR WARGE.

£ w5 COD i fiff o o7 5% W0 J5 11 , Moy 45" [y Jf
3 W LU 2 B BT 9% 10 b S UKL TS D6 BE i 52 COD
i 4 15 kge (m?-d) =" 4 ph ok, 3G COD X
W BT 7E 89% ~93% 2 [ 5 1My LA IS 19 45 5% 11 4 4R
WURLY5 P8 AE COD Sty 9 kge (m’-d) "Ik IF 46
e, H COD £ B #AE 97% #2475 . Chen 25 B R %
W COD 4 fiif $2 5 %1 12.0 kg (m’-d) ' J& , 4f % B
RL¥5 Y8 T Uh AR AR B2 A 4k 22 4T 90 d JE R &
FIRE IR A, B AT FE COD £ B R R E F 96% ~
98. 5% 2 [u). ¥ 5 NH, -N 4714 b b 52 ma Jy 17, X1 %2
P TR G R WY, NHL N AR () 3 4 0 R v
Ve R R, PR AR 22, UKL A6 28 K F%. 24 NH,-N 671 4
P F) 0.80 kg (m’-d) "' ORI A6 R 4. NH,-N 471
faf 1 0.48 kg (m’-d) ~" 42 /& F 0.80 kg+(m’-d) '
i, NH, -N £ 90% R3] 70% .

ASHIF GRS 3 3 1 K 35 AR W) AR 7R I
SEURORL Y V8, R e i 0K T T 0 3 R K JEAT T Bk
BN A bl WE T 45 RK WM COD Rl NH, -N
R 4y W 4% 7F #1568 kge(m’-d) "' Rl 0.723
kg (m®-d) ", 4 S ORI U I R R PE AT R 2%
FIRg . K, 5 O IE I AE ST 45 RAH L, AR 5T ES
I 10 4 SR ¥ 8 R [ I TR 52 52 % 7K 0 o Bk 8 97 A
P IR TR - DY G IR CTRU LSS TP S I AR
RN 5 COD By NH, -N 8 — 47 fiff b o 368 ol (14
SRR [, COD Al NH, -N 45 4> BI7E 6. 90
~ 12.6 kg-(m’-d)™" F 0.260 ~ 0.503
kg (m’-d) ~ I, 4 46 BURE VS U8 %) COD A NH, -N
R F o WIE F) 96% 1 99% LA . W = 2 il T
BORLy5 e K AR L E MW E £ B RE, i
DABE 5 38 B PR K 7K, 9 38 B H R e 1) A o 0
BBRBEIhBE. 5340, 0 NH,-N 25 B 252 6 fif v i 5%
Wi B JS 0 SR R IR S 433 e R A UK 6
NH, -N 225 Z 475 fig 3 1 &=

TIF 5 3 3 3 WA A e 8L ORE T 8 A R I A7 A B 9%
i e A1 R i B0 S Y A BT, AT S B I A e e i Ak

( simultaneous

q

nitrification  and  denitrification,

SND) 120 5 BF g 2 W G A OR ¥ U8 A B
% T R 1 R A B B AR X SE S %2 COD/NH, 9 5% i)
K. B UE K COD/ NH, -N [T &, [ 9% 8 b B
TS /D, S R B BT 2 IR N COD IR
75 MHIEUR R 2 1 IR R AL B K R A B
I fb 3 2 20T AWF9U7E COD fifif ik 6.9 ~12.6
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