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Table 1 Inflow and outflow characteristics of wastewater treatment plant

mg/L
K b COD BOD SS NH:-N TN TP
HEAR K B 200~1000 50~200 100~300 20~50 30~60 1~5
7KK T 50~120 20~50 10~50 10~30 30~60 1~5
bR <100 <30 <30 <25 — <3
— 2 ABRIE <50 <10 <10 <5 <15 <05

1 : BOD WAL S, TP AL, TP S B

22 AWEE

BEXT Tl 255 K I R DA K T /K A 38T 30
B LR G BOT TR PR 4 RE T2, Hisk
8 R E R EED TR K DT A
SIS AE Y 4 b BT

nE PR, A 2EE AT 5 1.6 m, EA20.6 m,
JEC 7 RITRE B 79 V6 R 9 MU R0 1.2 m b A, i
J-1RYE A S (I RTEEE R 78 50 1R
B, VA BRIFOK A Y SS TP 5 75 24 3t R AR R) i3 11
SR, GRS P 1 (o [ AR YR B8 710) 70 70V A oM T
AR, I I Sh A A B8 S A = R 2.2 m,
BE20.12 m, /0B 2 0 2.4 m, AR 0.32 m, JIl AR EE
FU R JE K il DP-130 i FEFR I L L 52 K eI
A 1Y B A ] JE 7 JE 20FPDO4Z TR A 2% 32

fih 3 AR R TE A, 2840 B &M L R TR ki
B, IE T 5 HE S 5 K AR DTE AT 55 4.5 m, FLAR
0.5 m, JEA PTG U, 15 K IR EA , &5 2 %
3853 SS F COD 5 Hil B 5 il A6 B <0 A= W 0 it el
R 4.3 m, EAR 0.5 m A AL B UE AT ke K L
UL, BEAE R LA SRR AR 4351 6 ~ 8 mm,
4~6 mm Ml 3 ~5 mm, HA7RIC)Z 5 0.3 m, I8k
4.0 m, KT HE R 1.0 m, BT = G AE 4 o I
fiti 1k DNt 48 AL Al 1k CN R as 46 Nt , B 43 51
17 A Ak A AR AL RN, X5 7K H ) TN, COD
FINH,-N PEF7 48 1k 25 45, ON 3 AT N b il i 23 TR L
AT, HIEHEY R A ) Ly oy =X, R &
BRI MRS /K o e B H AR 2 ¢

i
T
M th =
I h!r‘ ﬁ
N AR
u || | :
- e — il 0
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23 KESHHE

Fadtim LR L% 4 LB DN rNn W

E1 HiRETEE

Fig.1 Schematic of pilot experiment
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31 BITSHEMK
3.1.1 KBTI

K i TR Ak B 5T B A F R A i — 20 KBk R
COD F1 SS ¥ £ iy [R] i, 44 g 7K 53 1w AR AR PR,
H S EHI S50 HRT (UK 5 B kel ) o 9 i
Xf it Hi 7K COD |, SS ¢ ) )2 BOD/COD F K6 5 43
Mt AL HRT,

WE 2 i, 24 HRT ££ 2.0 h LA R A, COD it 2=
BRFA R 30.0 %, H T B ) e 0, X &R 4 5B id 32
BRI ETEIR COD, ik HRT B8 =, 7K
HR X R il A BIL TS G TE K RN e R B VE T
A s IR MR TR Ny S BRI
B, COD (1) 25 B R A A W T 55, 35 51 50 % LA
o B K COD R BE R I8 T [, 7K BOD 1Y
WL BE 2 R R, AH R T 0D R K H B [ A A AL
e BE T AE LB L 7K COD VR BE T e 119 1l e 22
T 7K BOD iR B2 B 114)34% | H 7K BOD/COD 1)
FelE b= TH i . 4 3 s, #E7K BOD/COD 1Y
AT 0.3 ~ 0.4, 24 HRT K T°2.0 h i}, 7k BOD/
COD MfH 2 0.4 L)L b 125 HRT KF 4.0 hif, K
R YRR A AL 2L 52 BUK AR, 7K COD 25 BRR
AR, BOD/COD E W I LR s . Frlh, 24
HRT 4™T-2.0 ~ 4.0 hi5f, 47k BOD/COD Fi{H {43515
0.4 L I, J& TR ST A ISR, G BT/
S W i — AL B L R B A AN Y
T S AR S B HRT (9T & i ok,
i Hff a2 K R R ALY HRT 24 2.0 ho

Hal|] ]

3IHI

ZIH)

A imgl )
i

= 150

[/ S S T

B2 A[EHRT#tHKCODREREBRE
Fig.2 Inflow and outflow concentration of COD and

removal rate with different HRT

[ AL
B ) A

| II'iI 2 I;':’-I % I'-j'l I IJ-il‘i
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B3 AR HRT#H7k BOD/COD B #E
Fig.3 Inflow and outflow BOD/COD with different HRT

BEAN, K At K Y SS A ik Y < PR AE
J1o T TALZEE K & A B 2 R i R T?
Yy, B RE IR EEF 2T LL 25 50.0 %, {H M
JK 1) SS He 4TI 60.0 mg/L, 41 S iX 26 SS BT #5557 A
T b K 2 g b ) S R R, e K b R
ST U 2 %5 7K v SR 4 3 RS A T ) P R
BRVE R, H/K G SS A B HE— 25 11 e bk, FLk 3 S AR
TRIFTE40.0 mg/L LT, BRFAE44.0 %L o BT
IR SS 1Y 22 55 5 B 3 o 18 BE A BRFE
i K9 HRT XSS 119 25 68 31 JC BH 8 (R0, Jr AT
T by b 1 AR BR A5 K AL R K gt e T A
i A S A n] DU T , A B R 2 bR R K
) SS F1COD ffE
3.1.2  BALALF EE

RS H AL(SO.) R A& A4 (PAC) (FeCly
FUER A BRI (PFS) DU RN & FH A TR EER , 38 4 %) Ji
IK AR 7K i TP e B 11 25 5% At o 1 FH PFS Syt Ak
A2 Bl 10 PR TR BB 391, %o LA 245 b R e [
PSS T Y,

W 4 fr7 , b TRBE R PES £ (34 , 7k
o TP B MR RN W D o AR 2 K ) 30.0 mg/L
BF, 7K o TP A v B © I T 0.5 mg/L, 25 R 654 3|
75.0 %L I ARIEERERBRBE M BT g,
EBE1 mghIP, 72 1.8 mg i Fe, JE/KH TP ik &
£ 1 mg/L 2 4 mg/L, A /K TP /NT 0.5 mg/L,
% 5 2 12.0 mg/L IRIREK , L 271> 40.0 %A1 3L
ST, T 30.0 mg/L, HEUKFER R Ak
Be2h504 40.0 mg/L, BEAF A H 7K TP R4 0.3 mg/L
ATDAGRIE R KK AT — 2 A HERORHER 2K .
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Fig.4 Concentration and removel rate of TP with

o ]

different dosage inflow and outflow water

T 5 PFS M35 24 & J , % 33 £E s 18] gE 47 1740
fbo TER 2 40.0 mg/L 2506 T, AR ast ], )
B K TPUREE o B i) Stk th 7K TP ok B R 2 Bk
RN 5 i, BB TR ] B8 K 7K TP Y ik
FEARWI L B E] A 5.0 min #4115 15.0 min, 7K
TP B EBR R T 5.1 %, 1l A 15.0 min 3% fi1 3]
30.0 min, £ BRRAEEE T 2.0 %, UL A9 FER
B TP B 25 BRI 0 3 R, I i 2538 s o
RE VR FE A S 0 SRR .t T K TPk
PUNTER—H ARHEZER B 0.5 mg/L, N ZE1T
BAR 125 58 B S EEREFER TRD A 15 min.

BE

s

TR fmpe Lty

] : . : : L]
[ ] 15 i 25 [l

RS min

B 5 AREHREEESHK TP IRE R EBRER

Fig.5 Concentration and removel rate of TP with

different stirring time inflow and outflow water

3.1.3 SR AFR W

JFoK 51REER PFS TR A J5 i A, H &
K i 8 A FE A R T DL SR B A TR
Bt LBR . AIRHER IR AR, FEA
VSRR T R Ll A 45 1 S 80, i 2 gk R K
TR Rl B VT 1 I A A W= ST N B Y e Gl

AR IIRHM I L BRI i 6 iR, HioK
T A Bl A SO T AR AT 2 = AN B B

98 HEIRERNF

M J1/NF 2 kglem® B, PR IE B SRR IR 5K
KKK A BLARIBORL 4 L BRBE T A R o A6 R 138
3.5 kg/em’ Y A&, Bl A SRR BN, SR
(2B WA T Wi E . (H IS RIAE I 6L
SR AR AW /N, H K I E AN PRI, X
U BH I SHRLAR /NI AR B, T2 24 <
AR R 2% BRI B SR B . — Y
IR T LR AR 7E 40.0 pm 2247, AR
gl DIE Y%A TR 3.5 kg/em? B3 AT UKL
PR I 2 BRASCR , SR /K il 2.73 mg/L,
RN 84.6 %, i ik i VA S 1 R ol
{14 it R RE A T AE

n

- | EE gLt

=

i

L L L . L
| (-] 2 Ly L X i L5 L]
YT h Lo ©)

E6 AEBSEHFHKSMEREREBRE
Fig.6 Concentration and removel rate of oil with different
pressure inflow and outflow water

[ HE AT 25 3 e (K 22 IR 1R 7 B, TR )
FBRBCRZ I L2 . Sl LG T30 %
iF, i TR S0, K s i R e A
2. Y R F] 30.0 % ~ 50.0 %, IR 2
SRR B A o T 24 D E G R 3 50.0 % L LB,
EEBRBAHI TR, &0 A JE TR a S
el &, R A R A RS, S EURIR
BRCRAR 2% O TR BRI P [ 3 LR 50.0 %, It
i K S R 3,12 mg/L, 2R3 82.9 %,
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Fig.7 Concentration and removel rate of oil with different
reflux ratio inflow and outflow water



3.1.4 A/OFREBLR

I S BRLTT R FH I S A A A e .
P S B0 FA MR b HRT AR, 3 X
7K COD . TN .NH3-N F1 DO BRI , %t 2 S804
k.

[ 37 B 2 i SO A I S T 2 v e o Y
I SH, B BB WK TN ) L BRACR . AR
fiki T %) BOD i far A Ak £ far 7153 LA & COD
AT A% , 7B HRT My 45.0 min, /K L A 5:1 1Y
ZMEF K AT RS E S B — 2 AR bRHERR, B JEAE
50 % ~ 250 %R Bl X SR R b i TS 52 .
& 8 T 71, 24 [0 37 L M 50 %8 3] 150 %I, H ok
TN {9V B ZEAN KT 5, TN B 22 53 30 AN T 42 55
X R A R F A IR, 7K A VR Ay H 52 A B il
PR AN IE S T A Ak R 5 1 Bl 2 [ 3 LL 1)
T, A R IR R AR 32k, IR K
1A DUAE R i R, 75 TC T A e I ) 2% F
T, 58 U AR B T U B EL T L A
150 %2k 25 Fh i, H 7K TN 4 ¥ 38 0 AS P-4 8 [
I, 3TN E] 200 %AF TN () ZLBRR O TR, —
D5 T, Bt 25 i PR R B8 R BT T v, i K R 1 ik
VEAS & T T 52 ) S A AR IR 3R A 7 5 55 — D i, B o]
i EL RSN, E A DN b (9 75 Lt AE 38 1T i
TR HL A2 A4, S 4 I BELAS- Al 2 6 1) 38 i
I I 5 447 410 ) I k8 SR A T i /R DA L
FFVHRT 85 5 T 55 5 1 St A8 SR 5 AR AR, K 52
B+ 2 i TR 25 1, X 100 % . 125 % . 150 % Al
175 % P> B3 b LA K 45 A~ [ EE T 7K TN Bifi
HRT Wb 7 i — DR .

[ AL T
2

£l

LLLH 3§

E8 A[EEF L i H 7k TN R E R KR =R

Fig.8 Inflow and outflow concentration of TN and

removal rate with different reflux ratio

WK 9 s , AEAH RN DA L 250, B8 HRT /Y

BT, 7K TN 0 e B B 22 R AT, A o) 5 T 1Y)
FBR S . (H—0y, 25 HRT #% i1 £ 20.0 min
DLW, H K TN MR BE AR B 3 D S L B 32 iy 34
TINERAEAS V-2, 1 H T a5 BA S AR R A AN T 1
T AT PR H K TN VR B3k 31— 9 A HERIURR 1 22
3K 15.0 mg/L LA, 88 171 3 LR 125 %, HRT 2y
20.0 min SHEEE, BLAF /K TNVRIE 12.74 mg/L,
FBRFEN 67.0 %,

1161 "4 10 Me 131 % 174 %

-.1—-"'&"“"\,..

TR L ey 1)

i £[1]

I|I|."II R0 %00 0 200 300 e 30 Q00 260 00 050 F020 5040 50
HHKT 'min

s— Bk h—Hd o— ERE

B9 AEEFLAHRT # Kk TNREREBRR
Fig.9 Inflow and outflow concentration of TN and

removal rate with different reflux ratio and HRT

Vs A AU R g SR E P A R AR ) F
R0 TRER A Y g kU, K i g R R R4, B
25 FEMLAY B B R B A AR TR TS A T 7E , iR Y
M A BRI AR 0 BT AR A R R T 5 ot v
S — T2 A T IR 3%, — i & 83U
A IS M B R AR A AN R AIERLT
SRR AE A SR E A . IXEE X CN
7K COD W B LA K A BR8], % B < i ik A 7
SRR . WNE10 TR, Bl W<t B 38 , HiK
COD F e B il 2 AN R B, 23 BR B AE A BT 5
B AE BRI INE] 0.8 m¥/h I, WG I5 46 7 19 25 1k 6
AN, XU A 33 22 1 S A i 8T COD 1 &
PRETERKAMEH, Ratmsh 713 e CN
RS R 0.8 m'/h, IUHS 7K DO EEAE 2.5 mg/L 42
A, AUKHE 401, CON YA H K B A 5 m 19 DO ¥
BE AN 11 Fs e AN S , R IR R 4%
PR KK ) NHL-N A 55 1 LB, [l K
COD V& AR AL R AR, H 7K NHL-N R it 5 g
SRR R TR TR, S T35 B — % A HERUbR
B 7E N A BE A HEN 0.6 m¥/h, M HH 7K DO ik 7
3.0 mg/L /AT, KR 31,
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Fig.10 Inflow and outflow concentration of COD and

removal rate with different aeration rate
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Fig.11 Inflow and outflow concentration of NH;-N and

removal rate with different aeration rate
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AR 113 A3 ) I s 5 % 7K 55 e < XUBIL 8% 4 ik
o dse, N 12 s . WER A B RS AL B
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1, S ANATHE H—F DN, DL S B B i Fi 45
(i) , [ B2 5% R XML IR £ 2R A T B 48, W] 13 i,
FEER BT AR AR )

FRAE A N B I A 55 AR & a3 A
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Fig.12 Process of pre—denitrification BAF
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Fig.13 Process of post—denitrification BAF

FR2 ARBERIZETIEZITHEAXLL
Table 2 Economic calculation of upgrading

reconstruction program

. " "

W et teoin
A TR 3462.85 3691.25
B B 9370.48 7592.03
T MR 2059.82 2279.75
i sty 14 893.15 13 563.03

FH AR I 5 2 ] 0 1533

HAbz 172 684531 7226.32
AT 6 845.31 8759.32

S T O AL AL R B RS AL T AR5 B
WAL T2 89 B2 F v I, o A SR s
PR B R R B 1 330,12 0700 s N 7EAR B 1T 3%
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RI7E TR 52 UG 465 2 48, I T 2 i gk s 47
BB SRR IR R ERAE T A2 )G
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A Tk 255 K IR B AL B 2 i T A rh
R, 5 A5 KB B T A0, HileE T
TGl i T2, i 14 Fios .

4 #HiE

D) il T Tl Zr 5 K HA sl bl i | n] 421
P2 SRR fige (14 T, 70368 oA 7 Ak B 7 24



RN b e s o)
T T

|84 d

by ST
.li.-.l-"llll! Bk

E14 S4BT ARBETZRE
Fig.14 Process of wastewater treatment plant upgrading

process

INABLHTALBE T2 dlad Hi i o8 R, Mk <
TEBRI T2 AT AR BR K A iR TS Rt i 55 2
Jo 5 K IR AL 12— I e A R s /K B il A
etk R REA 8 K bRk A 0SS, AT KLY T3
b PR . E RV AR J) 3.5 kg/em® B LR
50 % KRR AL HRT2.0 h 244 T, i 22 B JE K H
40 %A LG B4, JTF )5 7K () BOD/COD 42 %
040 L,

2) 38 5 X AR 58 R R 2255 0, B
B AL TR BE I 4 T 5% T LA S AR W it o 4
15K T s HA T N TR FE TR
HIBAT A RTEE T, 7850 1 R K A i R I 52
PRSP UR B Lo 78 81 L o 125 %, HRT A
20.0 min S5 F , HiZK TN FINH,-N #e ¥ 58 ik
B —Z A HEORE S

3) i i IR AR AT, B T AT Tl ZE A R K )
“Ab2F BRBESTR SR K S R AL R S A AR
AYuE BRI AL B AR T2 KWaa 5
F i T2 FHERE AR Sl B R Talk K,
BT s i AR BRCR , HUK g Fa e
IR ENFE 5 — 2 A HEROh R

SE 3k

[1] 2Bz, MER RS TR T LR ). 4K
HEZK, 2003, 29(8): 46-51.

[2] BLBC. BEUEYIIE I M BTTE R SR )], B TR, 2004, 10
(4): 25-29.

[3] Payaudeau M, Pearce A R. Experiment on biological aerated up-
flow filter for teriary treatment from pilot to full scale test[J].
WatSciTech, 2007, 44(3) : 63-68.

[4] 7%, RS B A W UE v ORI T i (0], B TR
2006, 20(6): 7-12.

[5] Gerber A, Villiers R H, Mostert E S, et al. The Phenomenon of
Simultaneous Phosphorus Uptake and Release and Its Importance
in Biological Nutrient Removal in: Biological Phosphate Removal
from Wastewaters[M]. Pergamon Press, Oxford, 2007, 123-134.

[6] Sinha B, Annachhatre A P. Assessment of partial nitrification re-
actor performance through microbial population shift using qui-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

none profile, FISH and SEM[J]. Bioresource Technology,
2007, 98(18): 3602-3610.
Van L. Microbiological conversions in nitrogen removal[J]. Wat
Sci Tech, 2008, 38(1): 56-61.
Van Hulle, Stijn W H, Josefa L T, et al. Influence of temperature
and pH on the kinetics of the sharon nitritation process[J]. Jour-
nal of Chemical Technology and Biotechnology, 2007, 82(5) :
471-480.
Hascoet M, Florentz M. Influence of nitrates on biological phos-
phorus removal from wastewater[J]. Wat. S. A, 2008, 11(1): 1-8.
Doig S D, Boam A T, Livingston A G. Mass transfer of hydro-
phobic solutes in solvent swollen silicone rubber membranes[J].
Journal of Membrane Science, 2009, 1541, 154(1) :127.
Sombatsompop K. Evaluation of biofouling phenomenon insus-
pended and attached growthmembrane biore- actor systems[J].
Desalination, 2006, 201: 138-149.
Comeau Y, Oldham W K, Hall K J. Dynamics of Carbon Re-
serves in Biological Dephosphatation of Wastewater in: Biologi-
cal Phosphate Removal from Wastewaters[M]. Pergamon
Press, Oxford, 2007: 39-55.
Paredes, Kuschk D, Peter, et al. New aspects of microbial ni-
trogen transformations in the context of wastewater treatment-a
review[J]. Engineering in Life Sciences, 2007, 7(1): 13-25.
TR, B0, S, MSATEIIAY A R TR K 4R
FRALBRIT). 45K HEK , 2004, 12 43-45.
M5, RRAE, SR I IREETUE KRR AL - TR TG e 12
ARPRENGLI K [I]. Tolk K5 BEK , 2006(3) : 23-26.
MK, TEHALL. TR TR AR IR R b Tl /K A
WFFE[I). TolksK b3, 2005, 25(4): 26-29.
ZRERG. ILTRLR (1T B 7K A3 < IR K2 BEXT S 534 ).
IR PREFRI TR, 2003(1) : 42-43.
FERE, TR RS TR T 2R 5E]. 4h7K
HEZK L 2003, 29(8) : 46-51.
Wouter R L van der Star, Wiebe R A, Dennis Blommers, et al.
Startup of reactors for anoxic ammonium oxidation: Experienc-
es from the first full-scale anammox reactor in rotterdam[J]. Wa-
ter Research, 2007, 41(18): 4149-4163.
Chamchoi Nutchanat, Nitisoravut Suwanchai. Anammox en-
richment from different conventional sludges[J]. Chemosphere,
2007, 66(11): 2225-2232.
Jung J Y, Kang S H, Chung Y C, et al. Factors affecting the ac-
tivity of anammox bacteria during start up in the continuous cul-
ture reactor[J]. Water Science and Technology, Wastewater Rec-
lamation and Reuse for Sustainability, 2007, 55(1-2): 459-468.
Gut L, Plaza E, Trela J, et al. Combined partial nitritation/
aanmmox system for treatment of digester supernatant[J]. Wat.
Sci.Tech, 2006, 53(12): 149-159.
Isaka Kazuichi, Sumino Tatsuo, Tsuneda Satoshi, et al. High
nitrogen removal performance at moderately low temperature
utilizing anaerobic ammonium oxidation reactions[J]. Journal of
Bioscience and Bioengineering, 2007, 103(5): 486-490.
Gali A, Dosta J, van Loosdrecht M C M, et al. Two ways to
achieve an anammox influent from real reject water treatment at
lab-scale: Partial sbr nitrification and sharon process[J]. Process
Biochemistry, 2007, 42(4): 715-720.
Szatkowska Beata, Cema Grzegorz, Plaza Ela, et al. A one-
stage system with partial nitritation and anammox processes in
the moving-bed biofilm reactor[J]. Water Science and Technolo-
gy, Biofilm Systems VI, 2007, 55(8-9): 19-26.
Ganigue R, Lopez H, Balaguer M D, et al. Partial ammonium
oxidation to nitrite of high ammonium content urban landfill
leachates[J]. Water Research, 2007, 41(15): 3317-3326.

2013 155534 101



Research on industrial combined wastewater
treatment for biological aerated filter upgrading

Lin Qi"?, Song Yonghui'?, Li Dong’, Zhang Jie’

(1. Department of Urban Water Environmental Research, Chinese Research Academy of Environmental Sciences, Beijing 100012,
China; 2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental
Sciences, Beijing 100012, China; 3. Beijing Key Lab of Water Quality Science and Water Environment Recovery Engineering;
Beijing University of Technology, Beijing 100124, China)

[Abstract] The wastewater treatment plant based on biological aerated filter faces the upgrading recon-
struction to achieve the GB code first-level of wastewater discharge. Studies on the advanced treatment process
involving chemical phosphorus removal, air-floated oil removal, hydrolysis acidification and the anoxic/oxic bi-
ological aerated filter were conducted, the feasibility of the process and the optimal parameters were determined.
the feasibility of the process and the optimal parameters were determined. For pre-denitrification, the reflux ra-
tio was 125 %, the hydraulic retention time was 20 min. The cost of construction and operation were calculated.
The theoretical evidence and database can be used to the reference for the upgrading reconstruction of the similar
wastewater treatment plant.

[Key words] industrial combined wastewater; wastewater treatment plant; biological aerated filter; up-

grading reconstruction
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Research on theory and potential of basin
cleaner production

Xie Minghui, Qiao Qi, Sun Qihong

(Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

[Abstract] The basin cleaner production was discussed based on the theory and methodology of industrial
ecology, circular economy, sustainable development and systemic theory. Using the basic theory of cleaner pro-
duction, combining the requisition of cleaner production from practice in China, the implementation level of
cleaner production was improved from company to basin. The theoretical basis and methodology for basin clean-
er production was also discussed. And the system dynamics model of basin cleaner production potential (SDM-
BCPP) was established. The emission-reduction contribution of basin cleaner production was analyzed in the
case of Liaohe River basin. The technology roadmap among basin cleaner production was presented from the
case study.

[Key words] basin cleaner production; potential; system dynamics
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