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Abstract: Carbon-to-nitrogen ratio (C/N) is one of the
most important factors affecting aerobic denitrification
effect. Based on the cyclic activated sludge system
(CASS) process with low-carbon (C/N=1.8) influent, the
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effects of drainage ratio, aeration time, and water intake
mode on denitrification effect are investigated separately.
The results show that limited by the influent carbon
source concentration, the drainage ratio is the main factor
affecting the nitrogen removal efficiency. The average
total nitrogen (TN) concentration of CASS effluent was
17.8 mg-L"', 9.5 mg-L' and 6.6 mg-L' when the drainage
ratio was 30%, 40% and 50%, respectively; Therefore, for
CASS process, the drainage ratio should be adjusted
appropriately according to the carbon nitrogen ratio
instead of being set to 30%.

Key words: low carbon to nitrogen ratio; cyclic

activated sludge system (CASS); process optimization;

carbon source allocation

H i IR A= 15 15 7K i A7 7E R A& (C/N)
BAVR Y (R R, pR LG (75 15 K A FERONE: L2 S5 390 v 2550
BRuE o X TR C/N T3 K b A 3220 %6 T A
ORI = C/N™ . QR JHT5IIR AR B
KoK SRR B SR & B 53 B AR oAb i
PR QU T 2B A7, A B IR e
Hrh Ik OMQ BREA R = 15K B Ik i, (H )2
WA T 15K i 5 ia B A iy
2Ol A T2 RIS A ¥ 5 K b Ak
I3 BE AN RIS BB, 56 0 A RS K s SHeE.
ST S R

S 3170 B 2 1 5 118 5 (ceyelic activated sludge
system, CASS) & —FhLAE4E SBR 1.2 Jy Bt 1) 4%
BT W T A0 AR < RS IO FHEZK

FEETH R N HREHE I & BT KRHE SR L 51 (2017B020236004)

B PESEIE(1976—), 95, Tl B , SRR 5 05 ) o K A 3 5 B AL R

E-mail: pangweihai(@tongji. edu. cn

AN W (1976—) , Lo, 0% W AR I, TAA L 2RI T7 1) s /K A Ak B e SR

E-mail: sally. xieli@tongji. edu. cn

> AN

A%\
03



1258

6] 5% K 2 2 (A 4K BE 2 B

%49 %

T FEERIN B RIGZAE 5 T IR
Mo PRI 3 7 R QX% T2 B4 i S B0 A7
A, LAFES R DTS 7K B DR i v B i A A AR
BEoxt e] RSN AR B A SRR ZA HEOK EE IR
S B] A2 BeE ok 5 3o 3d 24 K CASS T2k
PO, AT S I g i — S 00 i — S B K A A
PET, DATIIAF XM TI0 S RE 8i PR 0 J  4 e g sf
[F) JU) R A0 5 A A B2 IR 5 23 i B it ok O XS
AO T 28 1 JFR e I 53 14 77 AL, 5850 FH]
JEA BRIRBEAT RO AL 0T o ISR AE R AT SBR
T X C/N R 2.9 By A TR 15 K HEAT AL 3R 3
T B TR RT3 — S0 SO g A R DR
JE AT B o i SR80 . SR AR AR RS TR 2
Btk J7 T SBR T ZERE B ARCR kW] T 73 i
Bt /K nl AT BB TR RCR: (A ANTR] C/N T 7K
KT SRR . A, WA BRI,
e 7 il W AR Gt S R P R R, il R R - R
(77 At AT R R TP AR . A OGS
Pt B {5 7K C/NAH T 2R e 2~5 5 N, (H 3R
el B 5 B e A 16 5 K C/NAR T 2, SR 2R A%

C/N AR 157K, B 75 B 7045 R R A T 2 T i
AR . R AR 9 o R HEK L ] B A
Sy BEHE K 7 2 BRIE T CASS T 20 AR K
15K C/NU/INF 2 AR 36 15 K B P b ab 3 7 =X, DA
ST AR VRT3 7K A b R

1 SEIEse

1.1 JHEIKKER

SERHEKICA TR s k) kI Bk
FEPR BT BME AR LN . 15K Fife b X oh A
IR 2R G0, KRS 93 14, 1 o B PR 45 I B
Ji57K COD . NH, -N Al TN -2 Jif 29 B 40 1)k
79.4mg-L", 23.5mg L' f45. 7mg-L". —fBiAN
AT A (BOD) 5 A A (TN) HAE>2. 86
A e SIS R R 1 RS AR 12475 7K BOD/ TN
SAMTRIE S R, 1 TRk AR (COD)
5 A (TN) HAE F1 BOD/TN {E 43 54X Jg 1. 8 Fil
0. 6, SAEILAR T3 [ BT 5 K AL BT C/N, B
AN RS RS K B AR

x1 BKKRSH
Tab.1 Sewage water quality parameters
KA b COD/(mg'.™))  BOD/(mg'L.™)) NH,"—N/(mg'L.™")  TN/(mgL ™" COD/TN BOD/TN
SEME bR s 79.4+12.1 25.5+0.6 23.5£8.3 45.746.3 1.840.4 0.6=+0.1
AR =93

1.2 XWRESHWHE

A SZE H, CASS T2 H il 5 B AL B R Sy
40t-d'. CASS T. AW Siaty =0 8Fh: | %6,
BEHEIK He 435115 B R 3094 ,40%6 A1 50 %, % 5 HE K
FURT 8 U8R 5 ] 5 LV, o 1 T 1 A 1) B A
1% & A 60min . 90min F1 120min , AF 57 B[] ) 5%
Wil 5 B J , WF 5 0 B BeatE K aa A TR R I AR 152
Mo SERG I AR A TR E BT — RS, 2R
HH DEK 2 280K B TEL 53 HT AL (VLI ) 1% 220

FEHEH K COD  NH, -N F1 TN, 438 A [a) 45 il 5
N CASS T2 20

2 GRS

HE 7K bk 151 33 Bt S SR 22 i
W LRI F 4054 CASS T2 HPK I
BEE A 30%0.40% F150% , AT HEAS R HEZK Eb 251
T CASS T 2% COD \NH, "-N 1 TN B Z=BRECR
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Fig.1 CASS control sequence of different drainage ratios
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iy &l 2a A1, CASS T2 HEZK H 43 il i &
30%.40% F150% Bif, HH 7K i COD -85 Jo s vk J 3
I3 29. 3 mg-1L" . 38. 7 mg- L F123. 9 mg-L", 4%
FR, HEK AR B X COD £ BRSCR N, 15
K A LA AR 4R B B 5 SR A A o i, Sk 7R
S BEAE N RS AR BRI X AR R 15 7K ik
BRI, COD Ry 25 bk 32 B4R v e I S B S R TR 1Y 4
bt o B 2-b RARTRIHEK R CASS T 2% NH, ™
N B BRI, 2 HEK He a3 31R 3096 .40 % F150 %%
B, 7K i NH, =N - 349 57 20 B2 43 5018 2. 58 mg -
L' 1.01 mg-L 11,05 mg-L", jial W, 248 &t
A A Ak SN SR BT, NH, N ] LAl
JEE Ak, i HEZK A1 78 A X A £ A1 FH 52 e 8 43 (P&
2b) o M 2¢ AT AT, TN ZBRAECR 52 HEK Le 52 i 85
K, HEAK HE R 3096 .40 % A1 50 %6 B, 727K H TN 43
A 17.8 mg-1.".9.5 mg-L" Fl16.6 mg-L.", CASS
T X TN -2 2B #3537l ik 51 58. 326 . 78. 8 %6 Fil
85.4% . HIMETT UL, TN LBRICRR CASS T ZHEK
LB mi g . En g2 S W R, i Y i
5 SBR T ZHEK Ll 427+ TN LBRECR . X2 T
SBR H1 CASS ix 2 [l i =X /e b #s fE s At # v, |
— A FEIARHEH K &5 T — R R KR A S T
PEATALER, 4 b —JEHHE K R, T — R E K
ST, BRI A K R BEVE ARG, B L&
5K C/NAEARX B R o s X T 1.2 F 3 A i
—ANJAH COD F TN LBt R 3L, Y HEK L4
AR 3096 .40 % F 50 %6 B, 5 —AJE I C/N B 43531
R 1.67.2.06F12. 22, FH LS InHEAK ) mT 48
FrE K C/N, ik BB AR B Y. X T
ARHFFEM T, B S HEK L3 3] 50 %6 i, NH, N
FBRBCRA A SZ B 52, K HE K L S0 1 2
JEK ST, A S g 4 O U8R, P 25 R A
IE COD FINH, -N A& L BRI AT T, 4k 223 K
CASS T ZHk I, DLtk — b4 7+ CASS T2
2.2 EBSEEMRESRZI

U555 DR AU S I s ) b 5 M 58 R85 5 ) S
ZH0 S 5 F g S K R 8 S 60min, 90min il
120mmin 42 il 420 01 ER S20R 8] bt B2 T B /U380
BRI A 3 s .

WA da fir 7, 24 12 S 4 R 60min , 90min Al
120min B}, H 7K B9 COD - ¥4 JiT 12 ¥ & 53 51 R 26. 9
mg-L" 18.4 mg-L"F131.9 mg-L", By it 15 B B <,
BT COD R BRECR A K . 3X 3222 IR

BRUE TS K AL B R v CASS s N S ik T30
AR A DU A R . X NH, N 22 BRAL
S & 4b Fr R, 24 SR S 60ming, 90min Al
120min iy NH, NP B 52 53514 5. 2 mg- L
3.4mg L1 8 mg-L"'o Htn] WA A K
B /NI 2 R NH, N 2Bl ) B A a)R
JE A AL SR ARG, B AR ) a4 )5 [ 35 1) 22
TRBERE , AR TULTE AL R TR o RR DRSS 58 ok
N ETEXF CASS T2 Ao & B, 5% 0 NH, -N
FI55 R DRI 22 BRI R/ MU Sy s i Sk > e =
B > HEK L > B S PR ] o 18] e SR B R BE S
AT CASS T 2% TN RBRACH . 4580, kb
MR AT | BV I 38 i ke 40 s I Fsf ) - A db 25 B
JI SR L DRI TR C/N 5 7K AR 5 80T o5, B ke
ZRF T A RE AN EERNE, T i —
PR R GRS, B SRR IR 53 o
2.3 HKERITRRLR M

KAy BEE K B 5 20, CASS T2 0T R IG5
Jc SRR H A RRTE , SIE I TR A ) I R o AR SE RS 4y
R PR A A ] 24 7K RN g S A5 0 =0 (= Btk K
A" =B KB WF58 CASS T 2RSSR, T.
AT A S B

WA 6a 7, 24 CASS T 2520 BilsR F “ = Btk ok
AV = Batok B7EGE AT, 27K COD i
We FE 3k 24.7 mg- L' F127. 4 mg-L", i b A UL
CASS T.22%F COD £ BRRCR LT A 52 47 i Br a7k
SO, (H R 2R FH 2 Brlk K, CASS T 255 NH,
N LSRR Z 205, “ = Bidkk A7 fi = BEgk K
B”iz 4780 CASS 7 /K i NH, N - 34 o 5k i
3R 13. 4 mg- L' A19. 6 mg- L' (& 6b), Hi/K NH,
N AL — P ABRIE . X R A o0 s B it 7K
KT, a4 S B 28 O 233 i NH, N i £k
S, AT B B A B A TE S5 SR LANH, N 2
F L A BEFE K AT TN LB A — & TR
([ 6c), “ = Btakk A”F“ =Btk /K B"ig 478
(4 1 7K TN -2 & & B 43 51 4 15,8 mg-L' Al
18.7 mg-L", TN LBRACR W 2 . /it Btk H
(IR A8/ AR N 2 i A7 =, SE R m]— i D)
PIAS ] B P A R A A 23 BT, 44 i — o B A S <
A3 K H A NH, N stk A s iR b US| FEE A —F
A3 TR K ZE RN A P, R BT R A K r Al S 3
AR . TAEASBIETE Y, 8 TN 25 Bk ) 4 T 25 SR
M, o0 Bei AR e i KR 3 HEK L
XATYSR R TG57K C/N IR ik . 87Uk a5 i it
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Fig.2 CASS removal effect in different drainage ratio
R s ([T oo NANNE{S
N 0 0.5h 1.0h 1.5h 2.0h 2.5h 3.0h 35h 4.0h 45h 5.0h
E‘“Eﬂ /h | 1 1 I 1 1 L 1 1 1 1 1 | 1 1 1 | 1 1 i |
| 1760 min M F—iEir A |

[ 290 min HAF—E(E AR |

[T

] #5120 min
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Fig.3 CASS control sequence for different aeration durations

Bep R AL A 77 R SBR T.Z204 C/N 4. 8 ~
5. 5 TG K AT AR B, 25 5 W 43 B Be k7K SBR T
TN LBRFCR B 00 T 48 SBR 1.2 {HEEBR
EERBCRAR TS RBRACR . SBaAR 4R H K o
SBR T Z%F C/N A 3 ~ 9 BTG /K HEA T IR B2 I R

AR PR, 238 S AT BN /D s iR R mT A 7K TN
2mg L', MiASLEFEK C/NAUH 1. 8, FK AR
FPEEANE AR S B G AR R 5 L ABR VR A4 [H]
I T NH, N A TN, 6 H S Y 5% = Bekk
B, CASS T2 oA R LB i fa — Btk g A
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Fig.4 The aeration time on the removal effect of pollutants
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Fig.5 CASS control sequence for different water inlet modes
FINH, N, AT FECGHK NH, N ET S . Bk 2.4 BRiESEITE
XF T C/NAAR A T5 7K A B, FF-AE3E I o3 i BeatE 7k ik 15 K Ab BT R IR 43 iC S 25 1) FE SEAT AT - [
o2 | I AR TEAE R S T OGRS K, R AT HLAY)
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0000
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i 410
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a CODEBRHR
SW{FEK-{Fﬁm N
T
451 =Bk kA i = Bidt/kB
~ 400 ! 000
T 35| [ =90
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E 30f i 170 =
> Sthoeel poooe i 160
<Looop ERTERE ! 150 g
jas) =40
z Ir i 130 R
101 [y = PP00p00000000¢ > 150
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HURE RS
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Fig.6 The effect of segmented water intake on pollutant removal effect

AR 22 T RBCR FHE BRoK B (TWA) (9 4E
TA(E 5 MR HEHE K A 7K TN (9 22 (83 g4 TN
i, R COD FI I R ECk FH 2. 86 (gCOD/gTN) ,
HHRARIEK 2,

2R 2 THEZE AT, JEK COD ot it ik B A
74.3~81.1mg-L", /K COD ik AT 18. 4 ~
38.6 mg-L"', th 7K COD /i i 7K COD L 51 25
23.3% ~47. 7%, 1R 4y COD J& X M A HLY)
HEAb, i T IEOK C/NAEBAR , #2 IR AR LR 1gTN iy
2. 86g AT R COD AT A, 32 Hi 7K COD & 1Y
ZEH IO B S BRis AT AR SR A AL R COD 4.

£ E#E 20 2L COD  NH, N 1 TN 4351 4 129. 0.,
25.6 f131.5 mg- L' (C/N=4. 3) A= 1 5 K Ab B it 72
WFFEXS G, Gl A B3 2 0, B4 T IRk
R BBV T ) sl 2 A A b st A i Rl AR VE T L LAk
YEFA DA B BRI bR R T oK i AR5 Hh K
C/NALH 1. 8 2247, JL¥5 7K Hh AR V5 TG ok 3 J B8
TR0 SRS A B TR T oK o B K He T A 3 Tt
TN EBRACR, MHEK Fe i 30 % 3 in 2 40 % #1150 %
B, CASS X TN -1 2B 2353 5120 58. 9% .78. 8%
F185. 6%, H24HEK He R 50 % il COD F TN 224
BRI I K C/N R A, (H 375 2 A8 B il
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#2 ARIABEXTHRESEMGE

Tab.2 Estimation of carbon source allocation under different working conditions

Hok o ik K

M e R =Rt =Buk

5 HH 30% 40% 50% 60min  90min  120min KA KB ik

1 oK/ (md 1) 40 40 40 40 40 40 40 40

2 kK COD/(g'm ™) 74.3  81.1  72.4 7.6  78.9 74.5 75.9  74.7

3 B A COD i/ (geoprd 1) 2972.6 3242.0 2897.6 2865.4 3158.8 2979.2 3034.4 2989.6 [1]1x[2]

4 117k COD/(gem ) 29.2  38.6  23.9  26.8 18.4 31.9 24.7  27.4

5 HK COD B/ (geoped ™) 1169.6 1545.8  955.2 1073.8  736.6 1275.2  987.8 1097.2 [11Xx[4]

6 K TN/ (gem ) 43.2  44.8  45.9  44.9  43.4 38.0 40.8  36.0

7 HK TN/ (gem™) 17.8 9.5 6.6 18.3 17.4 11.5 15.8 18.7

8 C/N 1.7 1.8 1.6 1.6 1.8 2.0 1.9 2.1 [2]/[6]

9 S TN/ (gred ™) 1016.3 1410.5 1569.6 1065.1 1038.9 1060.2 998.2  690.4  ([6]—[7])x[1]
10 R COD/ (geoped 1) 2906.7 4034.1 4489.2 3046.2 2971.2 3032.1 2854.9 1974.5 [9]X2.86

11 FH COD LBR%E/ % 60.7  52.3  67.0  62.5  76.7 57.2 67.4  63.3 (1—[4]/[2])x100
12 FH TN LB/ % 58.9 78.8 8.6  59.3  59.8 69. 8 61.2  48.0 (1—[7]/[6])x100

13 BRI/ (geoped D) 1103.7 2337.9 2546.8

1254.6 549.0 1328.1  808.3 82.1 —([3]—[5]—[10])

FaB IR BE A K, 3531 2 546. 8gCOD/d. X it B
FE WS [E] 2 120min  HEZK H Ry 50%6 19 T iz 17
T SRR A FCAE H T[] s e i f6 A B i Ak
YEAT, B T80T TN ZBRGCR 2T B . 48 i<
i [B] 174 B 4 U AN BE T 20 R T AR L 32 T TN &
BRACH , A 4351 2 60min, 90min A1 120min
B, TN 2[5 #8453 512k 59. 3% . 59. 8% F169. 8% , ik
PR IR 23 1) R 1 254. 6,549, 0 F11 328. 1gCOD, H
TR K Bl e BE A AT, iV PT E45 Jd sf [1) PR T
I B4t ol s A B9 COD g MERR At L , LA
PSRN B B ROR R . PR AR 5 A T K
M5, SR IR R T AR .
Ab, TR RS E AT R AR RO R 2 JRK
NH, -N R BEFL sk , Xt e R AR 32 52
Wi ) S R =2 — o SR FH A i B atE ok i 5 306F TN 2B
B ERTIBER, =Bk AR TN 2%
FRAEIRF| 61, 220, HERFRCRA IR HEK F A 5
SRR BB N IZ AT, TN 2 BR RN
48%0, /K TN P Br i ik B iR % 18. 7 mg- L', Z3Bk
RORAT RG22 o 3B BB A H a] 6, Xt K & e
BRI CASS T4 7, ToieJe R4 Btk , ik &
B8 n e SRR B ], YR BE AT B T X TN 19 2%
BRACR, iiisa nHEK He R e =

3 #Hig

PLCASS T2 0l 4R T HEK L B < )
DL BRI C/N 5 K B USR5 ), 5255
FEAGBWT

(1) 3288 kK SF-H COD M 79. 4 mg-L' \ TN &
45.7 mg- L', C/NZyJy 1. 8, 38 1o 1 ke 4 52 i i 1]

SRR FH A B Btk i 5 s T A 8 =5 CASS
T2 RRICR , B InHEAK L ol oAb B B i, 48
T TN ZBRECR

(2) 3 AL BRVE ST 5 mT 60, RV DK Hh BT e
VR TC i R AR AL TR SR AR T2 i S 8 )y
BRI, CASS T 25 nl FE A AN IR A 42 T
RAENLEWE 1o MHEK A 50% B, Hi7K TN -3
JriE e B Al LLiAFN 6. 6 mg- L7,

1B STEk i A -
VEAENE : SCH B A SCE N
A SRR e SRS
SRIR - BORFIBT R S
TR BRI S
T SERB AR S

S 3k :
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