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Abstract; The multistage A/O + suspended carrier combined process was applied to treat low car-
bon source domestic sewage, and the effect of hydraulic retention time (HRT) on chemistry oxygen de-
mand (COD) , ammonia nitrogen (NH, —N) , total nitrogen (TN) and total phosphorus (TP) removal
efficiency was investigated. The experimental results showed that the effluent concentrations of COD,
NH, — N and TN could steadily achieve the first class A criteria specified in Discharge Standard of Pollu-
tants for Municipal Wastewater Treatment Plant ( GB 18918 —2002). However, the removal efficiency of
TP was relatively poor with removal rate of less than 75% . Anoxic microenvironment condition formed by
biofilm on suspended carrier was in favor of simultaneous nitrification and denitrification (SND) , so the

nitrogen removal efficiency was better than traditional activated sludge system. This provides a theoretical
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basis for selecting suitable HRT for low-carbon source sewage treatment.
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time ;

TR ENVFZ IR 15K A E K DARRR 5 A= 176 15 7K
S, T A A RS AR R SR L B
WAFAE 7 H AR K AP R AR 2 e A ) B, S5 40
IR 5 K HP o B R Ak B2 285 7K ) S B I 7E

PR AR 6 0 TR Ry &5 R R, 4 BE K
A/O TZEEA WA RCRE 14 N B 75 e ik
RSBV SRR s T A st
FIHEREED T BIR OB R — R A A, B
A e AT B 5 e vk B, it HLn] LUA AR )
PRALFE A EREE A F THACR A 1G5 B 18
MRS AR K BT ORI , BUR I
AR AR T E A, E S ERAERD
MG TR AL RIVE F R, Al A S0t X 7K i Ab 2
ROR AR T KK R, BAHA R E 0 A8 A B i
fif i e 117 B IR BURAE W b Y Bl S
BT BT R AR A TR MU AR A B, A
1M 5 F 5% A TR A Ak SR Ak (SND) B4 i 4k
TR 0 B985 55 B b ik R 7 A Y R A AR
M, AT LU SO R S0 pH (ERRE , 1 HL AT LA,
MBCE M R FR 45 R I AL TR TR R
AW A A AR AT LUE SR B 51, A R F 1SR
TSR W R BIRBE T . EHRAZ % A/0 +
BIFHURH L G 12 A BTG AR IR A 06 T K, ST T
HRT Xf COD \NH, - N TN FI TP £ BRI A0,
DI RIS B HRT $2 AR AR .

1 REMHE 7%
1.1 RBAKRSEE

TR SR K A R 2 T AR T T K, B HETS I
LI MATIRE MG E K, 15 K R K Rk
T ek B ) 22 0 I L U 2 B 3 sk A R AR B v 62 K
FEJE R ARV 25 o 356 3 1) K K B A e, i2E K
COD 4 215 ~240 mg/L,NH, — N 3} 35 ~42 mg/L,
TN 3 40 ~47 mg/L,TP 4 3.8 ~4.2 mg/L,pH &}y
6.8 ~7.9, JRAIATFE A AR HE K TG 0 45 I )
M TC/K CIRAN AR, i A (e I T 2B
15 7KK

IR B R AKF 2P A0 + B DR R
N gs A U0, T2 E 1, & AKFE R

suspended carrier;

simultaneous nitrification and denitrification

low carbon source;  hydraulic retention

512k 750 mm x 750 mm x 1 000 mm , 5 3¢5k 393
L; s W5 R 512 720 mm x 660 mm x 1 000 mm,
RO 332 L, o A RUKER g 70 em S 484
6] 5503 = BUEEAYE , B9 A X (A B R4 X
(O B) B2 AT LI 2ok o] B Al 7 B A T4, 4
DR R I Sk Mg ST B — 2 BT AE Y
SEORE, SRAE DOR AT K Z B B B e 1
m’/d, SRR T, B UE X R AT, B
#22 500 mm, {598 3} K EIHER 15 60°, &
1 BE A 850 mm, SR F HL O HEOK 1 = A R K
Jrao I U8 R FH GG sh A A T 2 kA — X

— ik H

1 sf N0+ BFHEMASTIZRE

Flow chart of multistage A/O + suspended carrier

9

-

bii % SQEN=A
LK H )

Fig. 1
combined process

1.2 BiFEYERN

K Kaldnes K 755 %5 B 58 £ 08}, L 52 (B
FER, ELAR RN BE 43 518 25 012 mm, B3 1R AR N
500 m®/m’ R HHHIBE , %15 R 950 kg/m’, L) I
[ P RE AT, FR R I 24 i A B T ik B P AR
SEIERNZE P, 23 BRSO 3l G KPR R
1.3 SHmERFE

COD R 5 4% g B 3 I 5, MILSS SR ] 8 %
M5 ,NH, — N SR 94 B3 700 43 06 06 B2 0 = , TN
SR R B 3o T B V1S 1 8 1 e B i I, TP R
FHBR PR B 53 Y6 E I o
1.4 REHR

IR R = B S it Kaa 1777 20, K i &= 4y
Bebb R 5« 3 0 2, S X RN | IX ISR 2 - 3,
SR DR TR 2 < =X, DO AR 0.5.1.0 I
1.5 mg/L, B IF AW IERHA TR H 40% 1913 LR
F100% , 7K 20 ~25 °C 5 e HEHilfE 15 d A2
o Y0 7E HRT 254 6.8 .10 F112 h A>T T i

.32,



www. watergasheat. com

MR %, 5 HRT 35 20 A/0 + RiFAMA T L BRRB Yok

£BE FOM

17, B LOLE AT — BBt ] i ¥ ek b B, fp il & T
LIBATRE ]G MR A BOK PR AR TR I . 25 i3
WA T EBATIRA K A MU iR P SERLAE I 1Y
TR PO AN QN P v e R, LS P SR B AR
JRE S — N AR JEE W S R Ay IRk A i 6 ] ) AH
HAR, bR B SR A AIL G A AT 3] 5 F IE
FP i TS, RPJE#E T HRT 12 h (8%, 55 i
17 HRT 2 4 h iyif5
2 #R5H®
2.1 HRT XCOD EB R HIE N

W& HRT i35 K, COD LBR e s # T
FaE (WK 2) o HRT 24 10 h #1112 h B, {7k COD
BIFE 20 mg/L 2247, AR 1 COD AN AR AL W [
i ) BT ) AR T W %) 35 B 0, LG 7K A R A
%, B IER A WU RRE B A= Mkt COD i 2 Bk 3
FAERHRT 2 6 h 18 h i}, Hi7k COD 7F 40 mg/L
LT, ZBR34%1T 85% s HRT 2y 4 h i), #H 1L T HRT
7 8 h i 2 000 mg/L [ MLSS, 2% MLSS ¥ i FAI%
T 35% ,{X%174 1 300 mg/L,{HX} COD iy B 8 4%
i 80% , KBRBURIE L, X 2 RGETE R = A
BLEAr N as AT, Bt (e Rk B i SE rxA ALY
AR AR L S A LS e
B, AP AR TG YRR, TR 6 AH A ) R0 AR ) e 3
hn, ELB & AH A A B AR Y T 8 Ee R A
ML AT 3G gy i, R BE 4l & T8 — 2 1A it o
I AMTRE T o A BL AR F 54 e B, AT L o 3 K [m]

TR I G T4 WG 5 e v B, DT 4% i %)
COD [P LBRAICR
zsowloo
200} 1%
o N e 190
g I e = gtk 85 &
8 1004 ‘4/_.—' - 1k 30 H
o RBRER
504 —— . o . 175
0 : : : 9o
4 6 8 10 12
HRT/h

B2 HRT xt%Bk COD BS5ME
Fig.2 Effect of HRT on COD removal
2.2 HRT 3Rt @ E 5200
Xt NHy = N RTTN (9 LBRRBEH HRT (3 i
AW, 7 HRT >8 h 4T, /K NH; - N Al

TN Ve B AT A2 38 3 BT K AR 31 ¥ G 4y HE ik
FrifE) (GB 18918—2002) i —4¢ A i (WLIE 3) o
HRT 34 10 h F112 h B, H37K NH, - N ¥ /N F
1.2 mg/L, LBEFAE 97% L 5 HRT iy 8 h i, H/K
NH, — N &5 2.94 mg/L, £5% 4 91.67% ; HRT
6 h B, % NHy - N KBRS EZE 70% , BB 51
PEVG IR RGAA L, B IR ERHAE W I A ) A
FERAS 15 TRt K, A A T HEAC A I 3 B ek
JE 08 B R AL AN T A K O R R A T
HIRSALRE 115 AR TE, L, 6 T 2 ML aeRik
SRAEFFTER /K s HRT 4y 4 h i), B TAE IR B 1Y
il A0 20 TR 7843 O 422 Ml B[] ] B s 7K 9 £ s R
SRR PE AR T UE H A Ak 2 TR R R, AT 3 B K
NH; — N V& Bt i , AN SO 9 B R 475 4230 60%
ST R Gt & TIRZ .

=+ itk TN - H/K TN = #E K NHs-N
o 7K NHs=N -+ TN ZBE% o NHs-N ZBE%R

;
s ~
= H
= 10l
o : 140
0 ! ?-_._._.__ . _430
4 6 8 10 12
HRT/h

3 HRT x$&&Bk NH; - N F0 TN g9 2 0m

Fig.3 Effect of HRT on NH, = N and TN removal

HRT 74 h i}, /K TN F 28 mg/L, ZfRHRH
A 40% , BLit HRT 3o &, oK 8 Kk, S 2oy
A f S I, G P A R R PR DR 1 5 Qalf, AT 52
W 52 i A 200 T ) St R 5 DR 2 7 O i A R, 7K
DR A OB it 42 DI T A= IR SR, A=
IR AN AL LIRS B0 S i P i R o i 114 ik SR B3,
Xt TN B EBRFCR A HRT 25 6 h #18 h iif, HioK
TN 435124 20 F1 11.93 mg/L, Ibit 245 H NO, - N
WL T B, NO; = N R BEETH R, 7K 7457 B s ] Fr) S 4
AR TR AN 1 A 1 [R] Bk P2 SEOR AR I 1 1Y
AP AL T TG ) SR SR BRI 25 F , A R] 20 A 1
SCRHAR N I, Jd SRR B o 7K g 4= B I [6]
10 h A1 12 h B}, TN £B&2R45 508 75% 1 81. 4% ,
IR 45 B ISP E] [ E— 22 3 X H oK TN B2 ) 2
AR

- 33 .



BBE FOM

T OE 4 K HE K

www. watergasheat. com

2.3 HRT XfTP KB REIE0N

Bl HRT (IEK , %) TP (1) K BRFEH K HIA
JET5% , 7K TP W= . HRT 2 4 h B, th7K TP
F52.3 mg/L, ERF N 45.24% , M7k 7455 B4 (]
T, AT 532 e SR T e 40 W, X TP 1 25 BR &SR
2 HRT 9 6 h i, HiK TP g 1.8 mg/L, Z2ER%E
F+ % 53.16% ;HRT 34 8 .10 f1 12 h i, TP =[5 % 4
Bk 63.92% 69. 54% F172.77% . HF itk COD
W EEAN T A PR A B IR AE A o R Th M AR IR B
(RS AR BRSO — M, U 2% R Ak 2Bl 7 =X
3 4

O ZH A0+ BIFHEA A LEX 8y
L) R bR HRT f3E Kmide s . 4 HRT > 8
h i}, 7K COD \NH; — N 1 TN ¥ i fig 8 £2 0 15 5|
CHEETE K AL BT T3 e Wy HE bR ) (GB 18918—
2002) () —2% A Friff, BT AR B B IRA X, X TP |y
EBRBOR— M, nI 5 R B 7 B 7 =

Q@ B IFHURE PR R B s RO A
TR AL S it F i & A, % TN 9 22 BR sk R
W PGS R R G [RIE, B R R Bom
WA T ZHA BRI vp i T e

@  HRT 3 KA T R G i 20068 17 i il g
WA, FEORUE B KK R RTHE T, 29 A/0 + &
TFIERH A T 20 HRT 5 HI7E 8 h A N E . K
PEf ARG HRT f3& 1, 76 HRT LR, AR
ERCHE i R D HE U it L v T ZRURICR

SR

[ U] Bl PR, R4, 2. ANTR] S M aR I8 ) S i A 2
RESHARGTHE T[], 457K HEK,2010,36 (11)
125 —128.

BRI, (58, 557, 2. I BE S AN BRI X £ it
RERBEL RO [T ], BR8E T 22241, 2013,7(6)
2013 -2018.

L, OKER. SR Bot K T A W R B
PR S fetz il [ 1], BRIERE 2441, 2009, 29
(12) :2465 -2470.

BT, BB, PRAE, S 2Bt K AV0 ARYIBETZ
BATPEREAIBTSELT ], p E BREE R, 2011,31(10)
1644 —1650.

(2]

(3]

[4]

[5]

Cao G,Wang S,Peng Y et al. Biological nutrient remov-
al by applying modified four step-feed technology to treat
weak wastewater[ J]. Bioresour Technol ,2013,128(1) :

.34 .

[6]

(7]

[8]

(9]

[10]

[11]

(12]

[13]

[14]

604 —-611.

A, E G RO, A BRI R LA fL S RE X
T[] PR % KHK,2013,29(5)
50 - 54.

KRIBTE, B2, R T BURRAL TR RS e R 40
LT RE MRS HFFET]. ok ALER,2011,31(4)
19 -22.

Gonzalez B C,Spinola A L,Lamon A W,et al. The use
of microsensors to study the role of the loading rate and
surface velocity on the growth and the composition of ni-
trifying biofilms[ J]. Water Sci Technol,2011,64 (8) ;
1607 - 1613.

WSCUR RS, . AR PR P R S AR SR AR Y
MR J]. KALFIHAR ,2012,38(1) ;1 -5.

Wu G, Nielsen M, Sorensen K, et al. Distributions and
activities of ammonia oxidizing bacteria and polyphos-
phate accumulating organisms in a pumped-flow biofilm
reactor| J]. Water Res,2009,43(18) :4599 —4609.
XS], XUEE, Fril , 55 BROKARBEAT AL 5 i
MEIR R E[T]. RS 53R, 2010, 33
(S1):321 -326.

XU ARG, TR, . U AR S 445 (7]
ARSI [T ] BRI ,2014,35(6) 12230
-2235.

B—T e, ik A I FTE T ORI 4 A P
AL BRI A ()], PR T %4, 2012,6 (12)
4553 —4558.

SKOCHE, B R, AR SE. AL IR — AW
Mg PERE R ()], BB e 5 iR ,2012,34
(2):39 -44.

EEE AR E (1984 - ),

&4

9,
[ R N L by SEE S
H B AR TR BT B

E - mail: chenjieyun1004@ 163. com

W is HEE:2017 -01 - 13

WAL ITN,
it



