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ABSTRACT

As for traditional subsurface flow constructed wetlands for wastewater treatment
load is low, and the treatment effect influenced by the temperature, biological contact
oxidation process and improvement of subsurface flow wetland combined process were
adopted to treat with high concentration waste water in normal temperature and low
concentration waste water in low temperature. Optimized to improve the constructed
wetland hydraulic parameters, reported the characteristics and law of horizontal and
vertical subsurface flow constructed wetlands to remove pollutants. In addition,
researched the horizontal subsurface flow constructed wetland substrate at different
depths within the distribution of pollutants and the reoxygenation effect of natural
reoxygenation tank. Based on the construction of complex subsurface flow constructed
wetlands, composite subsurface flow constructed wetlands with different water at room
temperature and low temperature removal of pollutants were researched. Combined
with the experiment results, reaction kinetics and hydraulic characteristics of complex
subsurface flow wetland were discussed, and the kinetic parameters were calculated.
According to the characteristics of biological oxidation and complex subsurface flow
wetland, the wastewater treatment conditions for biological oxidation and complex
sequence of different combinations of subsurface flow constructed wetlands was
proposed and verified in the process of pilot test.

Test of complex subsurface flow wetland showed that the optimal hydraulic
retention time should not more than 96h, or the removal of pollutants will fall; complex
subsurface flow constructed wetlands can effectively improve hydraulic loading rate of
the wetlands. Normal temperature season could be increased 35%; low temperature
season could be increased by 25%; increasing the volumetric loading rate can improve
pollutant removal rate, when the COD, TP, TN and NHs-N volumetric loading rate are
at the range of (5 ~70) g * m?ed?, (0.05~0.65) g- m?ed?!, (05~75)g- m?ed?!
and (0.25 ~ 4.5) g » m™ » d* respectively, the removal rate and the VLR show obvious
took on linear relationship; Reflux has a obvious effect to improve pollutant removal
efficiency of pollutants, but has a small impact of SS and TP. When R = 0.5, the
removal efficiency of SS and TP could get the peak, the removal rate of COD, NH3-N
and TN were relatively higher, which could get the peak when R = 1.0 If the

corresponding reflux ratio continues to increase, then the removal rate started to decline;
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complex pollutant removal characteristics of the complex wetland showed that
subsurface flow constructed wetland flow pattern close to plug-flow state.

The test of bio-contact oxidation pre and post group technology which based on
complex subsurface flow wetland showed, the pre-process can be used in the condition
of high concentration of pollutants in the influent and effluent TN and NH3-N couldn’t
meet the criteria. The post-process is suitable for the condition of pollutant
concentration is not high, but low temperature, the effluent TN and NH3-N could not
meet the criteria. The two processes can solve the low efficiency problem when the
nitrogen concentration was higher and wetlands at low temperature. In normal
temperature and low temperature season, effluent data can meet the "Municipal
Wastewater Treatment Plant Pollutant Emission Standards” (GB18918-2002) the 1st B
emission standards; reflux ratio and the gas water ratio are the important hydraulic
conditions which affect the post-process of bio-contact oxidation, the reflux ratio on the
impact of the removal of pollutants was even more significant, recommended reflux
ratio is R = 1.0; the gas water ratio on the removal of NH3-N has a significant effect, but
with high energy consumption, recommended gas water ratio was 4:1; biological
contact oxidation on the front have a higher COD removal rate, but cannot achieve full
use of wetland function, resulting in high energy consumption; while biological contact
oxidation post-process can achieve full use of the wetland function, only in low season
on the NH3-N and TN removal were enhanced, low energy consumption.

Productive experiments indicated that on the condition that the average
temperature is 8.6°C, flooding water COD :(128-203) mg L™, NHs-N: (4.83~23.88 )
mgL?t, TP: (1.08~7.29) mgLl™, SS: (89~106 ) mg L™, retention time of biological
contact oxidation combined process in hydraulic is 72h, hydraulic load is 150cmed™,
reflux ratio of activating biological contact oxidation is 100%, activating chemical
dephosphorization ,dosage of PAC is 10mgeL™, effluent quality indexes can achieve the
urban sewage treatment plants standards for pollutants discharge (GB18918-2002), 1st
A standard.

Keywords: complex subsurface constructed wetlands; biological contact oxidation;
group technology; sewage treatment
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TR EL A AR A K . 2000~2008 4F = BE7KAR R AFE K PP 25 SR LI 1.2,

* 11 R EEERRK I RS R (2000~2008)
Tab. 1.1 Water quality evaluation of key rivers (2000~2008)

GRIRERS ZESTISEN RIS NS
i (km) S 3 I IVE VR HVE T-IER
2000 1140429 4.9 24 29.8 16.1 8.1 171 58.7
2001 1211012 5.0 276 28.8 14.2 7.8 16.6 61.4
2002 122601.5 5.6 33.1 26 12.2 5.6 175 64.7

2003 134593 5.7 30.7 26.2 10.9 5.8 20.7 62.6
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LK SYHIT A PEAR T L (%)
i (km) S IS IES \ES \VES EAAES IRSIIES
2004 133594.5 6.3 27.2 25.9 12.8 6.0 21.8 59.4
2005 140496.6 5.1 28.7 27.1 11.8 6.0 213 60.9
2006 138736.9 3.5 27.3 27.5 13.4 6.5 21.8 58.3
2007 143604.4 4.1 28.2 27.2 135 53 21.7 59.5
2008 147727.5 3.5 31.8 259 11.4 6.8 20.6 61.2
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Fig. 1.2 Trend curve of key rivers water quality
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2008 4F5xF 1 [E 44 AN AW 18356.2km? K TR HEAT 7K B U5 5T RIR 0 BT
N WP ARy, AR CT~TID REAAE 20 A, Ay
WH 45.5%,  (IV~V) 28I 13 4>, (HPPO S 29.5%; 95 V 2R 11 4,
PPN T 25.0%: AP KTITIAR K 23: A4 CT~IID 201K
1 8119.6km?, [HIFMIEIAL (1 44.2%, (IV~V) 25/Kf 5954.8km?, A PEAH I AN
[t 32.5%, 45 VKM 4281.8km?, 5 23.3%; LUEFEALIRMIEYY, #0ETRWIiHE
1A, PEFRENEA 22 4, BEEEIRHIEAE 104y, hEEERNA 11 1.
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® 12 PHETEAK SRR FUR LR (2000~2008)
Tab. 1.2 Water quality evaluation of key lakes (2000~2008)

UK A5 %153 LUE SRR 53
FRE K o \ \ B
L2 V-5V REGEC | 208R PEE wER EsEe

2000 24 9 15 1.67 1 4 19 3.80
2001 24 10 14 1.40 1 12 11 0.85
2002 24 6 18 3.00 1 4 19 3.80
2003 52 21 30 1.43 0 26 26 1.00
2004 50 18 32 1.78 0 17 32 1.88
2005 48 17 31 1.82 1 14 32 2.13
2006 43 20 23 1.15 1 17 25 1.39
2007 44 15 29 1.93 1 15 27 1.69
2008 44 20 24 1.20 1 22 21 0.91
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Fig. 1.3 Over standard survey of key lakes water quality

Wit 1.2 fE 1.3 7J%1,  (2000~2008) 4 [E 3= B i K A4 e B AE B |
R R G BRSBTS R S E AT, B FREE AR ] LATTT
A, AEAR KRR LS VIO E2, EEEARIE &80 (TP L BA (TN,
CODwmn» CODcr 1 NH3-N.



HRK 22 AL S

1.1.3 SEYIRIFEHI R 5 1
2007 A E AT A — A [ s e A ), R A R A T ) T
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Fig. 1.4 Source structure of typical water pollutants (2007) unit: 10*t
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Fig. 1.6  Surface flow constructed wetland
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Fig. 1.7 Horizontal subsurface flow constructed wetland
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Fig. 1.8 Vertical subsurface flow constructed wetland
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Fig. 1.9  Schematic structure of BCO tank
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Tab.2.1 Water quality of influent

& b JEK B T e i {9
SS (mgt™h 321~385 145~254
CODcr (mgi™) 651~815 235~415
COD# (mgt™) 339~404 148~212

TP (mgt™ 7.8~8.96 3.44~5.23

DO (mgt™ 1.6~2.7 1.9~3.1
NH;~N ( mgt™ 87.5~95.4 52.5~60.2

TN (mgt™h 158.3~183.2 65~90

pH 7.34~8.21 6.80~7.44
KT 12.86~24.0 12.86~24.0

2.1.2 RIEtz
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Fig. 2.1 Flow chart of pilot test
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Fig. 2.2 Pilot test of CW picture.
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Tab. 2.2 Analytical apparatus of physical items
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Tab. 2.3 Main analytical apparatus and methods
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Fig. 3.1 Schematic diagram of CW
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Fig. 3.2 The picture of media
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Tab. 3.1 Media in the constructed wetlands

Wl E TR PHUAR (M) Bife(mm)  CFHERE
F—% 0.35 18~20
TERIRHE B % FE U3 ITA 0.35 15~18 0.52
W= fifg e R} 0.35 12~15
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(UM TR WATS: )7 S E—. fifg fe LR} 1.10 8~10 0.35
W= 2.00 5~8 0.32
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Tab. 3.2 the plants in the constructed wetlands
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Fig. 3.5 Results of COD removal in start-up of two kinds of wetland
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Fig. 3.6 Results of SS removal in start-up test
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Fig. 3.7 Results of TN removal in start-up test
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Fig. 3.8 Results of TP removal in start-up test
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Fig. 3.9 The development of plant root and adhesive bio-film
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Fig. 3.10 The pictures of bio-facies
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Fig. 3.11 The photograph of constructed wetlands during start-up test
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Fig. 3.12 Effect of HRT on treatment result (normal temperature)
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Fig. 3.13 Effect of HRT on treatment result (low temperature)
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Fig. 3.14 Effect of temperature on CW to main pollutants
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Fig. 3.15  Treatment efficiency comparison of CW1 and CW?2 in given HRT
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Fig. 3.16 Effect of hydraulic load on treatment result (normal temperature)

HE 3.16 ] 0L, FERIRAAE N, CWL Al CW2 J ik COD Bl /K 1)
Guir I INIZ 0 FBE, T SS. NHa-N. TN K& TP B /K I S, LBt
EiG BB, Hob SS. NHa-N. TN 7F HLR=150 cm d™iAFI&fl, TP 7F 100 cmd™
R FEAE . CWL NI CW2 Wb v Gedy 2: B AL AR [R], R 1 BA CWL 43 )
Bre

Xt SS 1T, BEE K I S K BRI, /8 HLR=150 cm d™ A 26l
25 90%, ARG 5IK I AT R . R e /N, AKRSEEAS A2 LA
L /INRIORE AP A AT B R T A A B AT RN 8, DR AR A S A
DR A BE A 7K D) A Anr B 0 TR Ry s AEAT K ) Sk K, B A K SR B D R A
AR O B, G SS ZEFRAM T K.

X COD i, T Blys /K NI 2R 48 00 KA DU 1 SE 3k AR R %
TR AE IR B SRJE B B A E ) A, DRI COD 22 BB 7K g 4r IR T v
MRRAG,  FERL K ) Sag I, V57K N AT L) & 1 3 B R o A A Mo e e, 22
R IR A

X NHa-N A TN 15, #K I AR, 2 P BRGNP AR 5
AER, 330 NHa-N A1 TN ZERF T, BRIAERAUK a5 T, L%l
K I3 Agar BRI LG, AE7K ) SR Aar B I S AT N, 7K 45 B Ik ) T A A BT (1 AR
IR, 0 TR AR K A, T8 NH-N T TN LR R

TP LA A SRR, TR R S Ol s B S R B . AR Ak
PIe, DABE OB b F2 o KO AT i G, SRR G AN R ECIRES G L
B FECEBR R TR, K Gy ik K st 56 Fm 2 i, S 80 BRI B )
PN R, GBI,

40



3 HHERA TR

100%

90%
R I e S e S
\°./ 70% k/—‘\‘-\ o — |
s 60% ——
& 50% A
K 40%

30%

20% WN

10% m

0% ' ' ' '

50 100 150 200 300 400
KAHH (cmdl)
——CODcr —#-SS —+TP ——TN —e—NH3-N CW-1

100%
90% T
2 80% ——
= 70% —_—
60% ——T— &
3 o
‘]i; 50%
1 40%
30% =
10% g
0% . . . . . .
50 100 150 200 300 400
KB Hdr (emet)

——CODcr —#-SS ——TP —<TN —e—NH3-N CW-2
3.17  HLR XFAbFRRC S (IR

Fig. 3.17 Effect of hydraulic load on treatment result (low temperature)
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Fig. 3.20 Pollutants concentration variation with substrates depth
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Fig. 3.21 DO variation of wastewater with natural oxygen re-dissolving region extent
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Fig. 3.26 Concentration changes of COD along the flow in the complex wetland
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Fig. 3.28 Concentration changes of TN along the flow in the complex wetland
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Fig. 3.30 Concentration changes of SS along the flow in the complex wetland
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AL BRI 86.7%, (KIEFTT4FE SS B E 4 90.4%, HT 3/5 Br kR 77.5%,
r R R B R 85.7%.
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SS Fl TP 7E R=0.5 J:fr R IA R i mfl, % COD, NHa-N K& TN Z:BRZ58 m AH X5
K, {E R=1 WiABgmERRE, FAHN[ENR GRS, W 2BRETFah T B
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V5 YR fR DO WRFEZR, SRR s DO 75 1) faf A 5H it -

O A 75 YW B R BE HRT 3900 8056 T i Ja B e, 2
WO Hh 7K 715 B IS B 2RI 2R B AR HRT s, ANEOET 96h, DL G ab 3%
[ B ey i TR P 18K

@ BB T 25 B HLR, 5 253 % i HLR (1 150 cm @™ 4255 %1 200
cm ™, (RIE 2T i 100 cm dt 2 F 125 om d, 2 DB SR L RE FE 0.7m
iF, ATLAEAR G HLR =4y (30~40) %.

O AW VLR 575 W) LRI FM SR N 3, % COD. TP,
TN A NHs-N ¥ VLR 23 5175 (5~70)g m> d*.(0.05~0.65)g m™ d™.(0.5~7.5) g m> d*
Je (0.25~4.5) g dt JElE NI, KBRS VLR RILHE N I B MLIEX R,
K VLR, 23R & T H e (.

@ H K RIS 3 v 52 v i 5 G ) LR AR W i, SS A TP 78 R=0.5 2
B A $E 5 15%, COD, NHg-N A TN 7E R=1 I n 425 30%, {H37 A1 b4k 4l
K, MIEBRBCR I T .

@i QWi 2B AT H AT B, BEE R HOSAT I K, SE) 3
VE R LB 105 B ot 5 30 ) S8 1 IS BT A% (AR, 3R I 52 5 1 DA b 7K A 2

@5 G LT HIN VG G B B 1) L BR AR, 21T KK TR AR 3] (4
BUG /KA V5 e HEb R UE ) (GB18918-2002) — 2K B HEME K, {HAE(RIRLZTY
P T3 P 0 A A TR R SR A A AR A TR B Z M, TN A NHg-N LB A ek br, HL
CIT YA LA F] (GB18918-2002) — %K B FbRE
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4 EEETRHR R H % Bk ) SRR

N TR KA BEECARAE 0 B AR A (s, AE S A s DL ]
DU B R aF A BEACR 5 H Reb b5 R L ERpLEL R A BOFA RN, E2 W
V5 G2 BRI AT SR A S 0 B K A BB w0 P PR o 0 SR AR . R, [
P AR TN TR M5 G 25 BR A AR T (AT S0 240 ek, SRRy e LBt
RAFEEPIARIL . — ez S A L F R 15 A R Monod BRI AL A/

41 RN H=FEE
4,11 TRIRE

TP R P O VS ) 2 BRI R “RRAR T, AR R dEas AT Al i
ST Rl NGV N R, A EIE R RS kv i . KR
(1) 3% Pl AL TR AN R B KR Y K SR IR P I AR I o S B iy s 5 ), (H RS 3
—, TR AN EA I NN R, VAR IR A . R SRR A, 1
NG R LR SCAR I, 2 B B K K T 55 P B 2 ) 158 225 4 1 vl 4252
VoI . dB3 N TR B 3 vh 2 T 8 A B K IR N L R e g
%k 4.1,

® AL KPR S R

Tab. 4.1 Attenuation equations of horizontal subsurface flow constructed wetland

1594 kT R Ciy (mgt™  Co/ (mgt™  g/cmd™) R?

TSS Co=0.09 Ci+4.7 0~330 0~60 0.67
BODs Co=0.11 Ci+1.87 1~330 1~50 0.8~22 0.74
TP Co=0.65 Ci+0.71 0.5~19 0.1~14 0.8~22 0.75
TN Co=0.52 Ci+3.1  4~142 5~69 0.8~22 0.63

412 X hFEE

G TRV IR BCA R T IO I o K, WFIE B I AE R B T N AR M 2R AL
R IF A, Wynn FI Liehr 1 4 H K e o i AR KL BRI, 78 bRl B
J& T ARG AT, B 6 M ORI TR AL G, s BRIEIA . A
P ZKPAT . AP B IR SO IR AR o B2 R 2 R R v o] A ) 11 2%
5, A T RS e R AR . BT B N S BRI | T
BRI M K BOD. B WA, AVE. WREUREWRE, Wiz
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HAFEmIE L /K BOD. 2 A HRERE. AHA. WE ke, s
15 AB) 105k, 42 N EYE. A KA S8, FPLBAR ) R R
B FIRN T AR o P 3B 1R 8% S N el RE AL e TR VEFH SR &, O N TV R 2R 1)
RIBSMHE T B, HAF B Har AN H T4 5 N T e vt, i H
TR ED TG TE, FERFER: OS8ud 2, HPiRZ 800 E K
SERCE ML, I JCEAER AR B i 5 QBB BT A R s 2B
55 SEBR B A A AN, JCH R AR R A=, WS, @R T
08 4 T L PR Ak A s R A S R ) 2 BR A, an AR IR ) A% e B %
I JTFOXT R R O A FH 45
4.1.3 —R/EHHFHEE
— 2R E) ) AR R N R B SR FH I Bl S A, SR SRR St SR
FEASLLAS T 5, BEARAVFZ R RYE, B R e A kR vt vy e 22 Bk 1) o
HIEWRTTRE, TN TG R BRI . ARPE TR A R =R, S
JIEERETIN] 3 RS H NS HR =23
RSB ) R R R IA N
Co=Ci * exp(-ky t) (4.1)
mk Co=Ci * exp(-ka/q) (4.2)
X Ci—3KIREE, ML)
Co—HiZkikEE, [ML®]
kv— AR LR R R, [T
ka— TR LBRERE R, [LT7];
t—/K A5 RN, [T]:
q—/K N b, [LT™]
— R B )2 TR R B B AL B A S A BRI R R, B DU
JF ) B AR RN — S N B 7 2 Ry Bt o 85 AR IR P 1) — S8 S R0 n e S
w5 K ) S B AR TE G, AR R KR B AR e R A . TR
FHAARATHL 5 350 kv SR 7 0 1 T 9 (R AR R P TR T 2 280 K A 8 3 P
TR, kv 2 F T e, ka U TR VR e
BBHR P LA — A3 kv 5 kao 7E Eckenfelder #E84rr, G tys 4L
YR AEAEANT] AR ARES 2 , WFRAE 5 R R IS AT A2 W) B e PR FE 0T . (09
Hurb, BIAESA AT REAR IS a8, R EH R KDk A2 A L BL R AR
A 2R 2 P AR SR B, 192 Kadlec £ Knight ZH 5 AT SR EE, KT
SORBE T B NAS B B, AE— NS )7 D5 BRI SR ST C*, Hy
WS HL— BB )R, wHRIEA N
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(Co-C*)/(Ci-C*) =exp (-kv t) (4.3)

(Co-C*)/(Ci-C*)=exp(-ka / @) (4.4)

ANRIPSHOE NS EIGERL, (R TR e, #AREIRFF S
SENE, TRMFTER N T =288,

SRR DL K g BECERT K (AR s e, A TS S e A
BARGATGENE, M=K R B ) B S HOTEA AR I E RE, T2
15— € Hl A 224K o

R 1%, Y LR e (M T

r=Q * Ci(1-exp(-kv.t) (4.5)
r=Q « Ci(1-exp(-ka/q) (4.6)

B BRI %N, 2B 2R I Ik K FE e A CRIgE K5 Gy far ) ()38 K
MR, IEXFEAEREE EAAAE LR S A . Ky g o i m, - LB
AT LUCIREGR, WA TR 2EREE ), X WARE LB AT .

414 K-TAREE

TEALR ST K A B Bt N B 25 R A Ab B AR Gy, T AR 8¢ 21 il 5 b 7K ik
RGN, RMNBh ) os NEFHAS K, N T AW BIR A oh, V53¢
VIR LA RN K-TT T R

dC/dt=-ko.,[C/(K+C)] (4.7)
dC / dz=-koyae/Q-[C/(K+C)]= [-ko.a/(q.2)] -[C/(K+C)] (4.8)
e ko, vV—EAARBUE R F H, [MLPT]

Ko, A—ZHIMBUIRFH X, [ML?TY

K—EmEs, [ML®]

Z—mHRIACE, L] ;

e—mHI R LB Z,  [L3L°]

a— I R AL, [L2)s

Q—uik, [L’TY.

X PR R, ko,  URAARA V —38, T RE K SZ A4 ) e K B8
i, PR R LR AR RE, B ko, v Vo 53 AR L, Monod 3
D) RS A E AL PRS2 B0, B T A e 3 A IR v e 1%
(SUKEN

H AR R Z A58 — 8 J e R . TR 8 )RR ROR - A AR, I
—RF) Sy AT T RS A R E TR R R g 2 v R A A I
A, FEBORRNE SEEFNRCM T A, 2 F T R Kk B ARG T 4
V5 B KIR FE BTG v I, b R G ST R T AR S R S N R AR, AT
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NZLREN AR E W 2 8] i PeRAS W] i Monod BEARAE, i R
M3 P R A Y RERT S Monod 2 55, W 2R Y R e b B AR R IR RO K
/NN 22 AR I ST R R I T 7L, (RS 240 )l o 5 PR P

42 —KH N RS R
4.2.1 BB I FEEE

MRS 45 A0 2 ) SR FAT IS, AR5 45 A AT AL 45 SR B B

B Gn F: O e TAA CGEH KRR A I [0 AR 10 @)v5 G
VIR R N — R N8y % @KU S BARHER A

ARV Je VR R B U T, A R I S S A IR AS . Bl
7K G R B mT LR 7R W R

Co = C; - e KeHRT (4.10)

Kb k15 HRT XRLI, Zdif B8 E s R AR L e w4, o
e i 205 SRR
Xt EAXBEAT AL R AT

In (“/5.) =k -HRT (4.11)
F 3 4.11 23 06 H AR IR 2R 1T 45 T A R 1 — 0 8l ) A gt

(ELSE
@ COD £Bki—2hah 15y

#* 42 COD Llgp—ah il HE

Tab. 4.2 First order kinetics calculation of COD removal

R {197
HRT (d)
Co/Ci In(Co/Ci) Co/Ci In(Co/Ci)
1 0.277 -1.2837 0.313 -1.1616
2 0.154 -1.8708 0.211 -1.5559
3 0.096 -2.3434 0.148 -1.9105
4 0.092 -2.3860 0.145 -1.9310
5 0.088 -2.4304 0.143 -1.9449

ISR BT 4 LA 4.2, MR STEAREE T In(ColCi) 5 HRT %5, i
K 4.1.

66



4 S ERRH RN B )2 KoK ) S I

1 -1
-1.2
. 12 *

-14

-1.6 -14
0 -18 5 N
Q Py g
S 3 16
£ E

2.2 -1.8

=-0.2809x - 1.2203 *
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Fig. 4.1 Recurrence between In(Ci/Co) and HRT in COD removal

B 4.1 w50, FiERZET R AE IR RSN COD LBR I —H ) 1B 1)
WL TN In(Co/Ci)=-0.2809HRT-1.2203, R?=0.8198; AKILZ= 54718 N
In(Co/Ci)=-0.1942HRT-1.1182, R*=0.8051. Hfl-& i FEr LA, —25h Jy 2@ piny
A USRI Ay i i b COD [ & B iAW1 LA B s 4f

@ TN EFRI—8) ) 218

* 43 TN LB Hahat R

Tab. 4.3 First order kinetics calculation of TN removal

R ikt
HRT (d)
Co/Ci In(Co/Ci) Col/Ci In(Co/Ci)
1 0.577 -0.5499 0.765 -0.2679
2 0.482 -0.7298 0.702 -0.3538
3 0.438 -0.8255 0.671 -0.3990
4 0.463 -0.7700 0.666 -0.4065

I Prig g R 4.3, AR TSR 2257 In(Co/Ci) 5 HRT ¢ & K]
42 K 4.1, HE 4.2 WAL, HIRFETESEREB RGN TN LERIK—2%38) )5
R (K404 77 F224 « In(Co/Ci)=-0.0756HRT-0.5298, R*=0.67; ik = 15l & 7 F h «
In(Co/Ci)=-0.0461HRT-0.2416, R*=0.8734. & i FErTLAH H, — ) Ji2a i
& HRT=4d o[ N, RGBS, 4akisK 5 B TE, #2514l
HIES T
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Fig. 4.2 Recurrence between In(Ci/Co) and HRT in TN removal
@TN ELFRI— 5 )2
* 44 NHz-N ZBr—%3h )itk
Tab. 4.4 First order kinetics calculation of NH3-N removal
i it
HRT (d>
Co/Ci In(Co/Ci) Co/Ci In(Co/Ci)
1 0.503 -0.68717 0.703 -0.3524
2 0.461 -0.77436 0.707 -0.3467
3 0.439 -0.82326 0.715 -0.3355
4 0.445 -0.80968 0.712 -0.3397
-0.65 -0.334
-0.67 -0.336 &
-0.71 -0.34 - : °
5 073 5 0342
8 -0.75 8 -0.344
E 077 * £ -0.346 2
079 -6.0416x - 0.6695 0.3
-0.81 Y —ET0X-0. . -0.35
-0.83 R==0.77 ¢ -0.352 -
-0.85 ‘ ‘ ‘ ‘ -0.354 ; ; ‘ ‘
0 1 2 3 4 5 0 1 2 3 4 5
HRT(d) Hif22.5C HRT(d) f&if13.1C

4.3 NHs-N 2 In(Ci/Co)55 HRT |4 % %

Fig. 4.3 Recurrence between In(Ci/Co) and HRT in NH3-N removal

NHs-N [ In(Co/Ci) 5 HRT k&K 4.3. HE 4.3 041, WiEETESER
Mo R A NHeN £ BRI — %z B E TR
In(Ci/C0)=-0.0416HRT-0.6695 , R?=0.7715 ; 1% i = ¥ L & 5 & N -
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In(Ci/C0)=0.0049HRT-0.3559, R*=0.7241. & /7 FE vl LAE Y, IRIRZT5 1 NHa-N
ZRRFIBAR, AHLVE M ABEE (5 5 R 3 LT
422 —FAN N FRUE R S5 5

X EE
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Fig. 4.4 First order model simulation value and actual effluent COD value contrast
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Fig. 4.5 First order model simulation value and actual effluent TN value contrast
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4.3 EEETITHIK I F4FE R ML IR

Fe 7K 7 2 25 S U SIS TR R sk 2 N AR e M B AR . Ve KA
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2 W T B 8 [ T R BRI KB o SRR GRAR A0 27 s 1 2 B 12 A
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A, AN R N2 G5 A B AR S A R AR T I R B o AE B RO R HE 2, 51N Peclect
HEEL (Pe) IVIRVRFEE . 4 Pe,—0 I, LIS AE N 7, MNRALIEAEE
Wi/, R FRARSE AR A (CSTR), Y Pe,—oolff, 7 HUfL M R 1] 2%, S
FEI R £, B4 BRAR R 20 B 3% (PR o Pe, I IS ()45 B 20 A7 R $U 3R AT
Fik Ak

0} = ——(1—ePw) (4.12)

e T 54 Pe I BT BB 22 85 1R 1 3% L ColCi,
KL N
Co 4aexp (P%)

C_i - (14a)2 exp (ap%)—(l—a)z exp (_ap%) (4.13)

A a= (1+4kT [Pg) V2

K AN R0 5 N3 6 0

Ci, Co—J W #&3E LI W EE (mg » L™D;

T — PR (D

T8 3 X 60 6 1 I P 5 I o S KR B S R AR, i B B O Y i DU B

(PIASLATL B8 [ T e M P SE PR A, IR S5 R rh P, fH/N T 100, UiHH RGEAFAE—E
RIIR IR . Kadlec £1 Knight X iR BT 58 H 33 P, & (3~14), ZdEskit
B R Hrie i o (11~19).
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K B RN 2 AR AT U, 4331 M AT BL Pe, A (9~15) ZJH],
AR (25~40) 2 0], WK 4.5. HiT Pk, &hmy BORREADN, &
GUK AT HAER A, AR T REMIFLRRE . T L AR ) KT
Bl T SWBBsE, KiFEd TIRIBILS, WMARLSRE AN, XE8
B Y5 G X 22 R DU = ) R R 22—

* A5 BSHBALN S A L K COD Bt
Tab.4.5 The predicted COD of effluent based on dispersed model

IK A ger T Pez a 5 ColCi, sl ColCi,
100 3 20 1.16 0.18 0.13
150 2 45 1.05 0.30 0.24

4.3.2 ESRRIEH KN FHIRIT S

PANBRTS: 18 47 o B AR S G N E vl e = 0 S e IDV 7/ P i s B e
BRI e o 7K 3 25 A R B vk A0 A2 T B AN DU £ PR AR 5 T 1l R ()
BARAFAVAEAL AT, IRBIE 0 RIS AR P m RGERRTS R 1 H 1

ORI £k 1) 7

KT RIEH, EKE A RO, ARSI A R BRI Al ML T
VB, 5 I 5 T D A 2 o 0T Ut 3L 110 55, A T 35 3 AT ] ke 351 11
RAYGE T I AT IAT BOM AR AR A F AT, AT S mi A 4 A1 A 25 B2
o NI PATBRAHRLIES RS ST IR .

1D &tzin

FEFE T B L Z BB S E I, AT AT P e A A -

Q=-AKs dh/dx (4.14)
A, Qi
A—ik /K i
Ks—2iE 24
h—7J<5k;
X—UAE

fEE BTt RIS ARG, AR KRIELER, didh 24
I (RS 5 1T LAY B R G (R 44
(1) ANFEKIEIE, Q M Ks AH4, JRME =0, JRIEAEEH W, N
4.14 W] LAER
Q=-hWKs dh/dx (4.15)
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TR vI A
h’= (-2Q/WKs) X+C (4.16)
K KA hi, HK A ho, A
h’= h%+ (2Q/WKs) (L-K) (4.17)
X FANERREK LKA hiy S AL BLR BRI 451
h%< h%—2Q/WKs (4.18)
FAESE R RS R IOAI, 5K 4.18 PN AHE, OIS IR R -
S = [h; — /h; — (2QL/WK,]/L (4.19)

A MR 7K TR R e v T B B, WUIAERE 1 — g i S )R S el K, R AR JR A
ARIE, IR T RAERE, g R AR ol 4.17 w40, Ksilh, K
TR PR, B/ INIRREAE T SN K, DRIIHRE AR /0N -5 A 3 20 R R 3 i T i
FHK o

(2) NFEKIEE, Q K Ks N4, JRARILAE 3740, IR AHE W, WAL
4.14 "] LAER

Q=- (h+Jx) WKs « dh/dx (4.20)

R 5AF x=L, h= hO_IH

¥ = 7 WK, (h=ho)

m Ks T-M) expi(; Q
75 3>0 i, ik 4.21 w4 S H B K 2 FnZE K thek, i 2E /K i 2 7E 7K P
MR TR R, SHE SRR . AR NS R AB I, MR
e, FEPURING K I TE AT S, I R A FH S AR RURITE Ji R 4 (R k)
R R, SRR TR 4.20 45k
Q=hnWKs * J (4.22)
R T, Q A CVAIEL, I hn IRIEFEMIAR RIRSEEFE
(3) N TR Hb 75 2 R il B i A B R s, DRI b 9 B S Bl K SR 2k AR A,
BB R BB » I W=Wo+B x, H 4.14 A[15.

) (4.2

Q=-h (Wp+B x ) Ks ¢ dh/dx (4.23)
WA AL 4644 x=L, h=ho 1] 15:
h’= h%e+{2Q/KsB In[(B L+Wy) / (Wo+p x) )]} (4.24)

B >0 I, SEEBHTREIT, KILE T, K& BATH; 2B <0
I, BTN, KIIGOE TR, KIS (ESEh TR, 2%}
PRI IAR 5 BEAT L

(4) WA THI], BB REAE 0 L), BEER KRS, T AwhE
MM AR AT, DM PR E A 2R, B E0EE R BN A LY
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P, I Ks=Kee®™, fEAI 4.14 715,

Q=-hW Kge** « dh/dx (4.25)
ML 44t x=L, h=ho "] 15:
h?= h%+(2Q/aWKo) (e ™-e*) (4.26)

2 a>0 M, KGN BC N E, 2 a>00,, /KEZ DB ™ E;
XFHI 59 ME AT A . N T SERRIg AT, — e 38 a>0, b THRIHXME
MBS B TR I i ) ZRC IR, AR AR 7 1) 5 BRI o

(5) FIPHUKFIMBEENNS RO, SAHKEINE A BT, Bttt Ak
TR K TR SR AL, U Q=Qo (1+y x), fAAI 4.14 W] 1.

Qo (1+y x) =-hW K™ « dh/dx (4.27)
PR IL T4 x=L, h=ho 1] 15:
h%= h%+2Qo[L-x+y /2(L%-x)]1/WKs (4.28)

My >0, WREAKESE R, KL BEN, FENK, HRT 4ikd; Hy <0,
TR KRR, IKIEARZE, W, HRT e By b scbefi o i & 8e it
FERE I 3 N B A IS, RN AR vt b 2 R B K R 28 A R R S

fHEOL (1) ~ (5) A1k
Q (x) =-A (hx) Ks (h,x) dh/dx (4.29)

i1 B AU HE SR O ik pEB i A, I EESRIB s h /K B A 2R A
FFE BB A IS5, BREE AR R ANREL K, AE RS TR, EHA
AAE S, BPARZMEZ U ) .

2) AR4MBii

MW (Re) @i 10 W), BRI, e AIATE A Ak IE, mE
H Ergun 2 2Ok -

—pg (g) = 150{[p(1 — n)2]D?n3}p + 1.75[2" 2 (4.30)

Dn3

%+ K= 7=pgD?n’/u(1 — n)?
_1 3
Kt_ﬁ gDhn”/(1 —n)

=X 4.30 A LARAE A -

dh _ Q

_dh 1 2 jar212
= K.wh +KtQ /W<h (4.31)

X EATIRIEIL A 56T x=L, h=ho BEATRAR. 45 REH], mARLIESmE
HDPINTES 2590 N i | BT B G NS e /8

@ iim s LK et

MR — iz Iy S N5 R«

73



H PR AL 22 AR

Ci/Co=e™
b R SRS O =2 R i TP
t=¢ LWH/Q
A, & —HEALER
B HEE XA .
HUn Ron LBRACE, WA
n =1- Ci/Co=1-exp (-ke LWH/Q) (4.32)
¥ Q=WHKsJ 77 A3\ 4.32, NI
n =l-exp (-ke L/KsJ) (4.33)
X BT, WA
In (1-n ) =-ke L/ (KsJ ) (4.34)

BT Ks He bk, 1l He goxtt, dX 4.34 750, ¢ e,
e R R R, > IR, B B N AL BOK .

R T, — B L, HBiE R A Ks il ik 250 28 ol ik vl
BIEBE R ENE, EREn EVROHEEME, WA EE, AR % 5
WY k RALmE. Rt 4.34 ArfEes

k’=¢ L/J (4.35)

In——

Hrpk = 1k_” Ks

i J=A h/L, #if A3 4.35, WA
k’=¢ LYA h (4.36)
DRI, Wb B v Iy, R e e BRI e 22 SR 2 BB IS DL T, AR =X
4.36, 4G GO AL R AAFIATIRE, DS K %A
A2, A &ARRE A IR — e BN A, BRI AR, hJif#
I, B REAN R AT S5 D 7K 7 Bk S A B vk 5 P Bl S5 3 (R 2 12 B9 7 1)
Z
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5 ERBMIMSEYEMAXESTIZXEMR

U () 52 5 W N TR 0V e ) B A B B 2B AR IR RS KK B
FEAIA B TS KA ER )75 W HE S bR ) (GB18918-2002) — 2 B bRl it
Ko AH TR A B AN B AR AL B 4 K fry 5t i ROSIOAIoT - cop, TP At SS
Vg gen LA E] (GB18918-2002) —2 B HEJStbRME, {H TN I NHs-N Hi 7KK
WIABEEAR: RN ks 45 R T LLA Y, A i e B IR AR 2= 10 TN
FTNHg-N ) LB —MAE 65%LL T, #7 7K TN F NHg-N W mr, B 4%
PE R H AR TABAZAE AR v REPE . BRI JER T 52 5rv n i b 5 2B P #2 A A5 Ak
BB ALY S 7K, R AP i A 2 B /N, AR B 2 = SR L, E7KIR
BAR B KT Yk B i, A sh ARk et it Inas S0 BRI, R
UEH7KIEHF o
5.1 It

AT HON ) 2R AN RIS AR FEEA T T IR R (1) KB IR BER
(TN>60mg £, NH3-N>40 mg ™) S8, dilih & Bl 50, E i & %
% AE 65%LL T, 1T (GB18918-2002) —%2% B Frifk TN Az NHa-N HEBdE b5 A
20mg £ 2 8 (15) mg L™ (2) “FRKIEBE TR L R AR S 5 Werker
W9, W 10°CAh, fifbidiZesz 23], WEE<6 CIN, il b Fa g e 3 %

BRI IR 25 AR, (R TN & NHa-N LR i 2 N B
(20~30) %, R4 TR LR —MAE 35% LU, BRI KR FEAAR, HK
WA AR o BRI H K AR b S A s ) i B AN AR e b S A e B 2
511 A¥MEMEL+ESBRTHITE

TEF£AE: 3EK TN J2 NH3-N 75 Y409 5 2 e, TN>60mg £, NHa-N>40 mg £

BARRHE: FH YA AT A E A, [FI FEARES w g COD, [%
RSB RB A AT 5, (RUFH KA bR, ZORMFSCER I, BT f#ETE COD [4f#
I XFARU SE 4 e 1, A6 COD MR B I WM B AL P2 AR 3 o Bt A e
il AT E T2, AMERTLUNsRE B S, 1 5 T DURFRA iR COD )&, FRIL
XF e SR A A FH 4

TERE: /KA YA AT LT COD HIBEAR, RGHEANE G
T A A A SE BRI 22 B, [ COD MEAT IR A .t T COD
FEFA AR Mo (9 2255, SO ARE FE ] REAZ AEBC TN AL i), N R SRR
%2 kK K A s, W 5.1, % 12 T ML AR i A A ) B il 322 482
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BAT R A AL R ) o

o _PEEgEIX HEZS AL B X
U R e
]ﬁ‘&ﬂez 4

LD

| T

B 5.1 Rl A AT E T 2R R

Fig. 5.1 Flow chart of pre-nitrification

512 EABREH+EMIEMENLTIZ

RS FEKT Rk A%, TN<60mg-L™, NH3-N<40 mg'L™*, {H/KIRLE
fiX, “FH#4 10°CLA R,

BARRHE: RIEARE K PR 2 A s i, 6B A AL bt
AT, K5 K [RLR H Ar o al s, AMETT DR R B AR, R4
w17 DO i, PRI AT DB m AU bR 28, 3 m] LA I e v e ) LBt i

TERBR: V5K e iR 2 B o5 Gy, HKEE N AR ful S8 Ak it dE 47
Ak, ARIE IR R AT T AT e, Wb D AR B, TA 5 K
IEFRHEBG LB 5.2 1% T &M AP il A0 5 0 A KR AR 5 8, 7T LA
AR H 7K 7K FTR B0 A 2 [ 9E EE K/

============ EAMEK
TR BRTRENL WREAERI R |

L e A 772 ' HiK P |
K

L =T - L _ |

[T Pt R |
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Fig. 5.2 Flow chart of post-nitrification
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RNV ASA MR FARFEBUREER . E SR ) A b o
Gt (1) 66 5 LA R T a2 b AE ) BB A BRI DR 5 ) N4 ik P T
BERT5 Ve, A3 AT RS IL B R A 2B RN DR 4 v S I 3 7 g, AR R
F 7 2R3, e a s

B e P BN AV AR RIS SR TR G K, el lEE 8h
Jo, IR, B DO 4 (2~3) mg Lt RIS UTEE 1h, HEt B,
TR 2%, LT 3 K ARJE R A il KSR, Wi K,
HLR=0.125m%m? h , ¥%fi#48 DO #hiI7E (2~3) mg L, AERMEREH K COD K
FE, B 3 RHC L R AR E A .

@5 5 K it
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5 O A D 9O DD DD A e o N HE
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—— MK —m— KR —a— Sl
b. NH5-N
Kl 5.3 JaahEY A LI COD Al NHa-N (1) 2 BRI
Fig. 5.3  COD&NH3-N removal performance during start-up of BCO tank
Ja B FERESE: 2 4, AR E T 27K COD i NHa-N A1k %3, H
KU 5.3 Pim. M 5.3 a4, kK COD {HAE (287~456) mg L™ i il 448
fbIsF, Hi7k COD BB RTIZE (150~200) mg L1284k, BhE/K COD #3h: &7
(100~150) mg L™ 484k, BB REAL, [N RMeREERE ETE, Hshd R 4ikr
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R4 70% 5 337K NHa-N {E7E (46.9~73.5) mg L™ Ju [} 840Ny, Hi7k NHa-N &2
AT HIREZK NHa-N 33l JEINIE D BRAK, LB zditae Lot JHEh g Rn Lk
YEFFAE 50% 2o A AR SR L T mT 4, AR R S Ak it I Bh e

@AW A KA

2ot (9~11) dIEAT )i, nT LARH S0 5 B A= 1 it P SEDRL R THT B s I 2% PA) e
EEET B O, 5= KRB R AR AR A
HCH /> s A e e e T OSE, TT DA B B e, By, B AR R
L, PEYIREE KOS IR R, XU AR R QL LR, R
5.2.2 HET Zr)EE MR IE

YA A S SR s, 5N TR R ik, Jedk T AR i AR AL
BB 9T . SRR B e N s it LK R Gk, BEAT I
PRI, BRI 1A N 10 Ko AR A AR AR BT K g S R P AE 0.125m® /m? h,
SUKEE A 15:1, LL COD. NHs-N. SS #1 TP 4 N idakr. B 5.4 44
TS A SIS Y 22 bR

W (mgL®) EBE (%)
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Fig. 5.4 pollutants removal performance during start-up of the combination process

& 5.4 Af%0, 7edi/K COD fHAE (368~437) mg L™ S N B sh - T
P& T LK COD it , mAMRFE 50mg LT LLF, COD %R
P, o W BT PRRFAERRIE 90% 7K T o #E3E /K NHg-N {E7E (56.5~69.4)mg L™
NEEBITEOL R, AE T2 RS, 7Rk NHe-N IREEATE LT,
FRFBWN, BARFRAE 60% LAE. U6 B A il A A RN T3 M R IR
WA T AAERAT 10 RIS, 6wk s e LB Faoe, wl LT
I8 TR .

5.3 £¥iEME L+ ES/BRNIT T2

HEK F 875044 COD. NHs-N. TN Fl TP “EIJIKEE4r 9k 373.0mg L™,
59.1mg L™\ 68.3mg L™ Al 5.4mg L SRI0 I A 2545 1 ¥ K3l (12.6~14.9) C,
P34 7K (15.4~23.1) °C o e AP b e A AL B AR K O IR 3R 207

HWIRZET

IKEBURHR R Ak Ta) L SFORL A AR Ay 6 . SO EE =711, Herp BUUK B 5 3
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VLB 2%, bl B A A HE K A 2R 0.125m° /m® h, HEFTH iR
AR ZE TSR G20 504 18:1, 15:1. 12:1 A1 9:1 PUAS LA RGBT 9T . i 2=y
1l COD. NH3-N. TN. TP HI SS #545; - TP 1 SS S2if B B/, i
ZEAIEI COD. NHa-N. TN K 2B .
531 AEIRERSKILFZRHT COD ERBRMEEN R

R Al A AT B T A s Gk FE AR VTS K, IR AR 2R A
S K EE 4 R i COD AR LK 5.5,

450 /./.\18*:-].—_’ 15:1 12:1 9:1 100%
400
pugiescd R N E »/*\\\’_‘\ oo
= 300 ——— — 3 <
o J « T — i
g 20 ~— et ®
N I S P 90% g
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B 15 #
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50 [ —— e, M
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Fig. 5.5 COD removal performance under different aeration ratio

H& 5.5 AT 40, 243K COD WK JELE (295.6~437.4) mg L™ 1130 il N AS AL i) (1)
4 373mgL™), Hi/K COD kJEZEAE AR 50mgL-1, ¥ME% 35mL™, k3
GB18918-2002 —%¢ A Frifl; il ML ZE 17 COD ~F3 R IYTE 900% Aty ,
2T LR ZE T m 2 (2~5) ANF 40 AL KT COD 2 BRASCR K 5% i AN (2 5
SOK ARG COD LBRFEMINA T2, 1EAUK AR, B UK Tt
i, COD [ 2B s A T, 247K Ee it 9:1 9 K % 15:1, COD Py Z: R % 111 90%
FFE 92%., IR I, UK KIS 2 58 COD LBRF FRF, RS K L
KIS TE R ZL 2R B /K U, KBS At A (14 2 A FL AT e iR ¥ BY D R g
HEREYIIS R Ve, S EGE AT HLK COD R R, MM B 2B % 0 R .
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I, KA AT & L2 £ COD ANER I RAUKEL, F85E KK,
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Fig. 5.6 The average of TN change under different aeration ratio and temperature

K FRERRE A1 IBCOTE 45 24E W4 fih | b it ¥t /K 11, EBOCT 5 2E WM 48 Ak it
() K 1 T B R MR O HE /K 1Ak, EVSFW 2 36 T30 AR 1 HH K 11 At 2
37 IR PR (338K AL, EHSFW 237 2 Hb R i H 7K 1AL

M 5.6 7%, VEFE COD MEEEWT G, Ffbs kit Xt COD 2B otk %
AR, MR KPR R 5 6 LR HR 22 R DT R AR ZE AR, R IR
HE/K COD 154l T, BEWRHUR S BILHAERINAYIE . ARSUKE /T COD #
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Fig. 5.7 NHs-N removal performances under different aeration ratio
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Fig. 5.8 The average of NH3-N change under different aeration ratio
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Fig. 5.9 TN removal performances under different aeration ratio
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Fig. 5.10 The average of TN change under different aeration ratio
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Fig. 5.14 The average of SS change under different aeration ratio
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Fig. 5.17 NH3-N removal performances under varied hydraulic conditions

A 5.47 7140, 19 B AT K HE 6 NHa-N 25 B8 52 i 3 e 4ok, 3E7K NH3-N
WREAE (17.3~25.9) mgeL i, HA4ME R R LR (45~65) % [M451k.,

M EE R=1.0 I, A/KEER 9:1 B, NH3-N %) 65%, H/KKEAEEE]
10mgeL™! LLF, SR EE Ay 4:1 15, NHg-N 25552 54%, Hi/KiKk FEfigik 3] 12.5mgeL*
PAR o R=0.5 I, /K ELh 9:1 1, NHa-N 25 B 4 55%, H /KK & fig ik #1) 12.5mge L™
PAR, SKEE R 4:1 1, NHa-N Z55% 45 47%, HKHKE gL S 15.0mgeL™ LI T,

AR DG B R AT IR0 45 SR T 1, DO 7 5t && HRT % NHg-N % BAT W 2%
FHOCHE, PR, 330 DO & A& HRT 24K (19 LA K L X NH3-N Ab 2% 52
i {2 2%

25 70%
\ | eow
20
2 \\ / - 50%
©
g el [ =
~ i
- 30%
10
5 - 20%
5
/ . - 10%
N I
IVSFW  EVSFW EHSFW EBCOT  ERZ

S 7K H9:1,R=1,NH,-N¥: FRBUE &
- RE R SNH3-NIKE S B R E AR

93



H PR AL 22 AR

25 50%

- 45%

20 — Pl 40%
2 - 35% A~

2 \"\\/

2 15 30% >
E \( | 250/0 ‘%I-
® 10 20% &
£ - 15%

5 - 10%

L

0 = - 0%

IVSFW  EVSFW EHSFW  EBCOT  Efg#
7K H4:1,R=0.5,NH,- Ny FR B /5
AR DCNHINIKIE - R ERTIE

Kl 5.18 A[FIZKIIZAE T NHa-N {EHFEAR L

Fig. 5.18 The average of NH3-N change under varied hydraulic conditions

H & 5.18 A%, Bt NHs-N £ orik 2 de ok, Hokoh 3 B B R K F
Boigh, HKWIR G RS LR DTRR R L 7%, DRI R A A e
59, RINAAEEIERKBEEA . AFRIZK SIZ0E T NHa-N 3 AR AL I L A
—5,

543 BB TSKEE. EIFTEEX TN KFREESM

50 91 41 85%

45 S

N/ N\ AL s A
1Y TN =
- f/\/M;‘\\/ﬁ w b 65%
30 ?’e—_e/\\//ﬂ\ A\\/B\/ﬁ_/\ 55%

25 —
\; t 45%
20 e lx/\

o \(/%\(_//_X
. [M W L 350

EBE (%)

TNRE (mgL1)

10 | | | | | | | | | | | | | | | | | | 2506
%) 3 5 S A G 9 Q N Vv 9] > \e} () A\ Ss) S Q \Y
R N N Y SO Y N N e S N SN N N N N N B33
——R=1, HKIRE  E-R=LIKIKIE D R=05KKE  —R=05, HUKKE —=R=1ZLK%E —oR=05, LK% i

Kl 5.19 A[FEIZKIZHE T TN I LEBRESERE

Fig. 5.19 TN removal performances under varied hydraulic conditions

M 5.19 w401, [FIA EE AR EES TN 25 B8R 2 m e 4k A 5 NH3-N AR,
HEK TN IKJEAE (25.1~38.49) mgeL™ I}, &Fh&cth NP2 %4E (45~65) %2

94



5 K Gt 5 Y A AL & T 2T

] AR A, o

Mtk R=1.0 W, SUKEHHA 9:1 B, TN LERFZ 65%, H/KikEREERT]
156mg L™ Ay, AOKHCh 41 B, TN 2R L) 60%, HKHKEELE (15~20) mgL™
218 R=0.5 I, S/KLE A 9:1 I, TN ZpRF L 55%, H/KIKELE (15~20) mg L™
2], SOKEEA 4:1 5, TN ERRHYL) 45%, HIKHE RER S 20.0mg L /24

MR AL T 2GR T TN 23 1) 3 2 R 3 U TR A it B R sk
JEE ARV B AL B SRR B A R A R A A AL, K Rl Cw2
BKSPBERTBE, BT S EdE K v e I 2 AR, AR AN AT TN 2 B IR B il T 3%
DRI TN 2B AR I 5 NH-N BRI — 3. e 2 &3t AJO I
TR 8 T LLIEAT 7820 1O S Ak Ak, Mg 7 TN 5B,

K ELEEI NHa-N FOASAEFE RS, (A1 EE M NH3-N 5 3G b A= 4 J s fh s ]
PR 6 TN R NH3-N 2344 15 2 5

Kl 5.20 Wt T TN WRFEAEA G L 2R ol 4, H K B S W 3R
ot TN LBRvikZ ok, HOO) B FLBOR/K-FBOiE L, il i sk 3 S 7
DU AR R P R MR A RE 08055, 5 B A A Aot NHs-N PR32 TN
LRI BREINE D B . ANFIZK I 44F F NHg-N iR BT FEAR AL A AR — 35

45 70%
X £]

40 7 - 60%
35
- >~ / - 50%
30 ~—_ S
g 25 P - a0% S
w20 - 30% ﬁ
B 15 - 200

10

c . - 10%

L - o
IVSFW  EVSFW EHSFW  EBCOT  Ef#%
KK H.9:1,R=1, TN FR B2 /5

BT AR - TNKE S B ERE AR

45 60%

40 .
s ~_ o [ 50%
2030 T~ 40% 3

(=)
£ ® >/ 30%
w 20 T i
¥ 15 20% 4
10
0 / =3 L 0%

IVSFW  EVSFW  EHSFW  EBCOT Eff 4
K 7K E4:1,R=0.5 TNYE TR BU{E &
B R e TNIRE B B RRE AR

95



H PR AL 22 AR

5.20 ANFEIZK J1 444 F TN W EATREAR AL

Fig. 5.20 The average of TN change under varied hydraulic conditions
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Fig. 5.21 TP removal performances under varied hydraulic conditions
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Fig. 5.22 The average of TP change under varied hydraulic conditions
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3R K EE AT ARAIE NHg-N R TN KA B

(3) kil (12.6°C~14.9C) AT N A G B T 27E /K COD WE
£ (170.8~221.3) mg LI, SR 4&AF R FEBRR AR 90%, Hi/K COD iK)E
A3t 25mg L #E7K NHa-N ¥R 7E(17.3~25.9)mg L B, SE45) 225 2247 (45~65)%
Z A4k, Hi7K NHa-N AT 15mg L #E7K TN iR 7E (25.1~38.49) mg L™t
I, SF-44) 2% [ HAE (45~65)%, Hi7K TN M AN T 20mg L k7K TP ik 76 (2.2~3.1)
mg L™ i, P LB RAE (65~80) %2 (A48 1k, /K TP AR 1.0mg LY,
T 85 Y Fa bRy vl LA $) GB18918-2002 — %% B HE bR UE

[F3E LU AR G2 e AR b A G B T 2 SR 4k, IR LRl
LOXT 575 R ) B i SO0 (3, HEFR I EE R=1.0; “UKEEXT NHa-N 2:fR%k
Rsgmi bl =, (AREFER &, HERUKEE A 4:1,

(4) V5 Y FEIR E AT 45 SRR I A S A i RN 5 8 T 2 R FE 3
ST I A A A TR IR R A AU A, 23 NHe-N A TN LB, (HEfE L2
X] COD i £bR%E, AReiss oA g COD (M 2:kREe)), & RREFEE
s ARV AL S L W] LA A KRR AR D RE AR 0
NHs-N A1 TN L FrifATamtl, ReFEfft.
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6 AEILZHEFMKEMR

F TR BRI 5 T A, SR AR A AN S AV R M M R L A T T
DL 43 S St RO 25 1 o A B RV BB Vs K HE AT R A B, (H y T2 22
BLER ], TP (kbR WA . B s K (0 T i K S B AR eI A, MIGIRAIG
YR FEE A A AR A I R B ARTT LU, (HN T/ A7 TP BRI KA, 1
HARL 0T 8 £ S ARV A0 T A 0 8 A LB /N, S BEARNG T o e e
VLK RN, e AR BRI AR R, R B 2B S S R, S
B fE 7 R

F TN VR 0] R E A AR, A B0 RS2 IR B SRR, AL
NN, TP T 2R MLER SR, W B /), 428 2B A L B 21K 15%~34% .
BRI RV e 2kt S [ OO A XN T ARG A A 35
BT REE, DIEAT U e ATEE N S 2R, 7E
TR AT A B RN LR AR M SR S IR M X 1
TR KB 35 S OTOSIEO |y TP 2 e A7 2 i Y M 32 A7 4 B K 0% R BRI, AU
J2 W 1K 7428 B I D RV A A A2 T RS AT

SRS bR IR, R T SRR 4y LR, DU 1148 SRR By ik
WIREEX &7 (2007 4F 11 H~2008 45 1 H) HEAT T 5 A7 i 5 A4 i e Ak
24 L LM R BT

6.1 56 K1

6.1.1 HIBERSIEREH

PR GIXA T AR LR 1000537, b4 27043, J@milihSi, Wk E, i
iR 3300 K, S fiGifEdk 2668 K, “T-IAiE4k 2944 K, 5 /K Ab Bk B 7E Ab ik 2700
Ko TS, 000 B, BT A 100 K, KA R I 5.9 2Kk AT,
AT N 1.2 KOk AT, DRI, 00y 7Kk A B 7 v 40 1) e o R T R A A
FFE o

DX S T e B DR Bl PR il A s, AR P40l 10.7°C, 12 HPER A
37°C, 7 AFHAEA 15.9°C, MR T-12.5°C LA, Rhg Kb HE b A
YIRS A BT — e A EIYE R . 2007 4F 11 H~2008 4 2 HV¥<iH 3.7C, 1
Bk A 8.6°C.
6.1.2 E¥HH 5itHE

PN K AR R RS AR S, JRSsTKAEEE R 3IT 19 B 37
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Flo 3 TUK S B KFIBEK =PRI 11 A . SLR 3K AT
B KA R, TS 4 MR DUKWIRRE AT IS IR, 4
B SEMHR T2 ZIREREESE 5 MR SRR AT TR whEk 2 MIER
A EBRBGAT LS ST, P iKY SR A 2, TUKAEY RS
B2, PR, AOKIR 0.3m 2 7m (195l A5 DK, BRI,
X YEFFY I R A KA S B B SR
6.1.3 KEFH

2007 4 11 J1~2008 £ 1 FJBE/K AR FHEALERFRE » (A 1 40 0 BB e e £
HI ) W I A il IS IX, 1 TR 1 A A mT o 1 {8 s 5 A0
W2 gk, IR AL E R 6.1 Pras.

*£ 6.1 SEBRIEKAKT

Tab. 6.1  Practical water quality of influent

febr COD (mgeL™) SS (mgeL™  NHsN (mgeL™ TP (mgeL™ pH

HEK 128~203 89~106 4.83~16.38 1.08~7.29 6.95~7.24

PSR 5K AA Z X, HOWY i BT ACOK IR RS L, AR FE A5
TRYTHVESK, AP KA TR 255 3] (GB18918-2002) —2¢ A FrifE. [,
AU AT KA Bk 2t AR TR 6.2:

* 6.2 vtk KK
Tab. 6.2  The design water quality of inlet and effluent

E = 7N BODs CODcr SS  NHs;-N TN TP BV

Vel K Bi(mgeL™) 150 200 200 20 35 81
P KK Fi(meeLY) 10 50 10  5(8) 15 05  GB18918-2002

6.2 TZMILFtgE
6.2.1 iR T Z itz

T3 KK TSR IA B (a5 K ) V5 AR i) (GB18918-2002)
—g A FrifEe TS HV R, SPRARIREBIR, 6T, &Il TEA
WHREH 2 O A G T2, AR EREEIX . A0 e b A 2 X A= Py ik
FALIX =3B, R HAMRREILE 6.1,
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A HAWTIE AL FE X

»fé’ ‘ - AL 1
= ] : ."”‘1HHHHHHHHHH l
————— T —_—— merth H g W/QE
. V5K I | e | e [11] 3715 7K | tL & $ N l]
| L : L
L - J
VBl A X

6.1 AELZRGHK

Fig. 6.1 System diagram of combined process

ZERRBEX . (R B AR ACTAR, 6 BRI B 7 KT B, 1 H 3 T
B3 AT A B4 0 W B B 0 2 g0 v R, i B A I TR Y M 1 R IE AT Rt
TR 7Y R ks SR k- R E DO R T2, (R K TP FReibhr. k27
NEAEAE (PACL), Fohnt2iktih > fi, BOmES (10~20) mgeL™.

HERREBHAHERX : V53PN EELRXI, e, 8465t
T A AL 3

YR EAL X 7RI AR IR B e b K HE N2 iR Ak it 483 B < IRl
IR, R AR I R SRR s AR R FE KIS KK i S & AR il A
it HUKEEAN B HIAREE, ARJEHE o AR 8 TAREAGIR S, B Bl b
MRS S AT ISR A AE T, SRS AL K B 2R A e I, 7Evg AT S A
b, e R .

6.22 FETZSY

OAk 2= Bk X

Pk 2 6 k&A%Y, Sk 20min, KIS —. BB 0.045m/s,
= PUBCEIEE 0.023m/s, g ST 1.0 mx<1.0m, A RHUKE 3.8m, e A
0.73m; RHEFUTIE MR T (L>B>H) N 6.40m>5.60m>6.85m, it /K Jj fifif 1.51m%
(m?h), O60 #EETAMY, #HKE 1.0m, 60 2e%s . Ve FHE, MWik/K HaH
Fe it HEE RS P, e RE 50 EALRHEYE G o

@ HA g B X

D syl WE TWHZ /T, 75K 0 — 8 [ AR AN o AR A A LY
LW YOsE . AR M A R N AR E AR DA Je B, AV KaEE N S 42
N TRRHAE Lo o FRUE R 28 o5 s ahby, Jirh a5, JREE. 44k
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HOSEMIRTSE. LZREREE. S K AERE)

* 6.3 N LRI
Tab. 6.3 Main Designing parameters of the Stabilized Pond

B 42 (m%h) HRT 17.4 (h)
R 42 (mPh) (B EE R=100%) K ) fif 14000 (m*/(hm?.d))
L>B>H 37.0%19.6%1.2 (m) AP i 420 (kgBODs/(hm?.d))

2) BmyriiEith AR PR HCR ISR, AT E 6 41, A
oy 5 4%, BERE MR TEE S N B, AR KRR AR b BN T
WAL X, BRI R S LxB>XH=23.8>3.8X1.5m, ik ZEE A 1m, 1
B R A K AR P4, WE 6.2 Fizs.

* 6.4 P FER IS
Tab. 6.4  Main Designing parameters of the Cross Flow Wetland

B 42 (m*/h) HRT 12 (h)
Ik 42 (m*/h) ([F13% Lk R=100%) K1 b 23000(m*/(hm?.d))
L>B >H 3.853.81.5(m)>30(#%) PG 1800 (kgBODs/(hm?.d))

b e L

it o ol h

——

Kl 6.2 e pr A i it M ) i 14
Fig. 6.2 Ichnography of the Cross Flow Wetland

3 00 e s A ) ) s R R PR W A R, i 7 A R RT A LB >H
=65.3%7>0.7m, BEH AT NB, DB TR AR A AHIE o ) ) 9 N
AT A AT B 1) SRR ik S TE/K e IE, MWIESE 2 K, HRUKE 0.3 K, if
HORL S I 0.4 0K (58 4. 5 /NBIIRNATE A 0.6 oK, A &K 0.5 K)
HEBKSER 7K, EEAMKAERMY S Wt /K BN 1.43%. FARE A
K2 FE (2~5)mm, BET/KFEE 2.5m/s, VAR AR, LK 525
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Frifbl ey, WK A 5.0%0, WK 6.3 P,

é% = F ERRE T F - C
KEHRE — — —
— — —
. e .
G E1E K8 s sl |x s
A =) ye |/ N ~ ~ ~ ~ N
s Ss|1 S 1o B N A B 5 T 2
| 3| I < I - - ¥ I — - ~ = <
= AL A El
- o — 3
— g = o = g H
= e0c0dal o J‘o L = lenendl o
v

6.3 0] i i v v 1 T 1
Fig. 6.3 Ichnography of the Lateral Sub-surface Flow Wetland

000 2 A L F) A R A T i 7 R [P 2 A e 8 ek /K i A5 7KV 5

* 6.5 [ ) 3 R S

Tab. 6.5 Main Designing parameters of the Lateral Sub-surface Flow Wetland

Bl 42 (m*/h) IK I3 G 3000 (m*/(hmZ.d))
A PG 350 (kgBODs/(hm?.d)) AT 130 (kgNH3-N/(hm?.d))
L >B>xH 65.3>7 >0.7(m) %<7 (21) HRT 24 (h)
@AW fh A At

A ful R A b SR FH AR VR e - 45 4, ST 24 5.3>6.3>4.0m . ek 7K 745 B I 1]
HRT=8h. ¥H =4, [FyiiE Q=42m’h, i+ ¥ % 02YBG-3 AL/K N
KL, Sy e .

It IR R s o SRR T A I S 3 B, S AR R I 2
i, SLPEREM IR EE B A A U RE P R 3%, DUS AT BRI T (S 5 .
6.2.3 ML

ORI BT

BEAKFEKIE 8.9°C, /KiE 300m3d™, COD /& 175mg L™, NHs-N K J¥
15.3mg L™, TP #J¥ 5.45mg 7,

W RGN E A SR, AT 2y 3 AR,
R 3 AR, BT T 9 4lIEAZiKE . LL COD. NHa-N F1 TP {F h /K Fa bR idEAT
K, HK/KFIRFRIEH] (GB18918-2002) —#%¢ A Ar#Eid Ay 10 4y, ik %

103



H PR AL 22 AR

(GB18918-2002) —%k B #rifEicy 6 47, COD. NHs-N Fl TP BLFE 4 Hic N
(0.3,0.4,0.3), I IEALR KGR H MK 6.6,

* 6.6 Wit LU E R

Tab. 6.6 Optimal result of experiment

W1 W2 W3 W4 K5 wihe WK7 wlihe Ko

UKL 3 6 9 3 6 9 3 6 9
[H] 7t bt 0.5 1 1.5 1 1.5 0.5 1.5 0.5 1
E TR 10 15 20 20 10 15 15 20 10
TR 25 VT 7.2 10 10 8.4 8.8 10 10 10 8.8

ARG &5 B nT 5, 5 AR50 L H /KK 4 1A (GB18918-2002) —2k A
FRAEE SR (R4 10 4). 5 4RI A/ M4 R, ¥7E (0.16~0.21) Jo/m?,
ZRIARK. B, V5K SZpris b B ] M s 4 vl R TE R

6.3 IEAIBEMEEL T

2007 4 12 H~2008 4F 2 1, {ERE/K/KE (300~400) mPd™ 40 F, ARHEALAL
FIRIE T R G AR AL PR IAT T 0 #7 .
6.3.1 COD HyEFRIR

220

10 NN
N =/ A N
SIS A N A N N
NN VA N
5 N/ N AN RAN /
e &, NN\ NN T
38 60 W \W/x/\ \\%%
20 Ix X N\ "\
20 e T T e e Y DN

15
]

B3 (D
=ik —EEPEEibiiK A RUESEIK e BEPTRRHEK R AP MR K

6.4 AT TANY AL BRI

Fig. 6.4 COD removal in autumn and winter

HE 6.4 v LLFE Y, ABARGRIRT 1A KRIFK) COD £ERFCR, HHKHARRE
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k%] (GB18918-2002) Wit —ZibruE. BBt ], /K £ (300~400)m*/d, 4
Fi7K 715 R B] 48h~72h, A Vgt 2R 4o 45 R I 1) 48h LA b o AL H KR FE 2 1
TR SR AN K, A8 Ak 10 | R AS7E (20~30)mg L™ 22 Ji], Hi7K COD # =i J&F 40mg L™,
Bk 3| (s KB 75 WA SR dE ) (GB18918—2002) 2% A Arifl. Tk
IKIKRERAR, ARV IEIR 32, ik ®] 87%, “FH7E 70%LL L.
6.3.2 NH3-N B9 EFRZR

24
2 7 A A
i [\ A
1|A 16 R /I/A\\ / El\
E 1 A F\ A
5| A B\ 7\ W A\ y
EEAVAN =\ N AY~S/ N\ g
s

——dk EUlERdUK A RUESEIUK D BRITRRI LK KT R H K

B 65  FKATT NHe-N R b BRI Hr 8]

Fig. 6.5 NH3-N removals in autumn and winter

WE 65 Fias, HK NHe-N 2840 LA /L 2~4)mg L™ 2 10, S m ik
3.57mg L™, AR Oy KPS Y)Y (GB18918—2002) —%2% A
PR, AFE NHa-N AbBR AR, 7F 50%~80% 2 [Al. HE/K NH3-N ¥ & X] HizK
NHz-N W FERS A 52, EAREE SN, K NHa-N iR B &

6.3.3 TP BYERMR

TPIREE(mg L)
S

——dbk EeyiEitlik A RUEHIOK D BTRIEHT K R ACTlREI K
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Kl 6.6 KA1 AR TR AL BLACR 2 H ]

Fig. 6.6 TP removals in autumn and winter

FRAZENTGKT WIBNIZAT, AR A Ik Rk, HilFRsh Tk
“LEREE, TP LBRACRIFASZ B BRgmy . fh B R rT DU K B B D B
R, H UK BB B R R RS, YRR (VS KA B S Y HE kR
#E) (GB18918—2002) —&% A bR, XA 2B FEA AT fRAIE L BR R AE 70%LA L.
LG N T3 i oA 4t 3 K A B
6.3.4 FHITHIEMRYAETTELE

® 6.7 MAFWEESIDPICEERR

Tab. 6.7 main pollutants removal rate of each unit in winter

mo H K DluE | R | mEBORH | KPBUEH
W (mgL™ 132.81 115.15 96.12 57.65 21.00
COD | RilZr%E (%) 13.3% 27.6% 56.6% 84.2%
KB ERE (%) 13.3% 14.3% 29.0% 27.6%
Wl (mg ™t 19.11 16.96 13.69 5.70 2.25
NHz-N | Bil L% (%) 11.2% 28.4% 70.2% 88.3%
KB ERRE (%) 11.2% 17.1% 41.8% 18.1%
WS (mge™ 4.09 2.36 2.17 1.15 0.31
TP R EBRE (%) 42.3% 46.9% 71.9% 92.4%
KB ERE (%) 42.3% 4.6% 25.0% 20.5%

90% 140
80% Gt 120

~ 70% B\\ 100 7,

(=) - T

S 60% g > = Ui

# 50% > r80 E .

% 40% ‘E\ - 60 1 u }@/‘\Eﬂg
30% e Fa0 B B
20% > ~
10% - 20 LR SR
0% 0

/TR <Vrce S 107 et L 12 O
—— Zil k% B CODIKEE
6.7 COD % ¥ IchkbHi R

Fig. 6.7 The COD removal rate of each unit

106




6 A& L2l

18

100%
90% = e | 16
_ 80% ~ —— C 14 A~
L 0% N 1
% 60% \ 10 E B TE
50% ~
= Lo AN 8 = Rl
30% /. 6 K e
20% P - I TR
wow | e |, W B
0% : : : 0
VO RUEME PV RN mRes
—o— Zab LA B NH3-NikJE
Kl 6.8 NHa-N % Hooabs s
Fig. 6.8 The NH3-N removal rate of each unit
100% 3
90% B\\\ ~
_ 80% N 2 A
S 70% N L N
*;r 60% N 2 2 = JE
0 N .
% ?1022 — \\ 1 B m e
a0 N e = P
0
10% A W
0% : 0

Vi RESE TAEH MR mreex
—— it kkE B TPk
K 6.9 TP &HGAEE

Fig. 6.9 The TP removal rate of each unit

% 6.7 XK 6.7~ 6.9 n%, (KL COD LER#H N 84.2%, H.rf kb H B
2Bk 27.6%, WWHLB Bk 57.6%, O 1) i B g R I i B 22 BR DR AR AR A3

W 2Ry 92.4%, 1h2415M0E 42.3%, Wit 45.5%, W1 a3 71k
P RRBE, VR TR BB AS A A AT BRI B A 00 v B 2 R %A 20.5% . AR
P B B, HEK B B AR T fe 45 S 80U BB RIS Rk A2, DR R 2 o]
Y b K PP Rl VR FE AN R I

FH AL A A A RO A i M AR, DR AT H ) 1A T /K R PR R 2
FASAT, [FINERAT B, e B3, A bR Aik 2 88.3%, Lt
B[] Pt B L L Bk 41.8%, U [r) 9 U B 22 B 18.1%, & Ak J5 1 Bl yE K
HEHEN BB, R R IR BAE R RS R R LR, SR
fl AL FO RS A T, K P 8 e 0 30 M NS b S i Ak, TR AR i T A
S, SRR I8 1) T I B I AN 52 A WU P R A A o e SR, 28R s PR
[V 75 e ) 5 AR R AR IR Ak s TR 0, S0 22 B - A3 DA o
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6.3.5 RHALIRBERR S N R I E R 1R

OULFE

WAEYAA AR AR KIS, 75— 2 PR VSR N, K2 H A8 AR
WG SR A W I TE R i i, B I R BRI U A IS
VGRS (10~35) °C, —B/KIMET 10°C, SFAEMAL BE 5 A0 R oK 7= AR AN F)
Rsgm . (Rl mEZE, YRR s MR A ZKIRAR, RUEYE T
R, ALFEACR 2 .

TR R G, AN [R] PRIGHRRs mT B A DA AR IS o0 I 7, e i 1 3R
GLALFEREIIBRAG. J—J7 THT, W HE H AR R A 1 A K R R, TS
FVRH R AL B RE . R TSR T, YRR, RERKRE, s
VIR 20 3 s MTAERK AR BRI, R AE KALRERRAG, 3020l A 25
I, WAL G I B T BB E RO, HAR X 4
MRE IR, B AR IAEAE AL RE ) R KB BRI R GEA% L 0 40 IR AR &
N 2R ) J: bR T R BT L

A
oo ORI ERE
90% =
n\ Egrouty
0% / 26, 9% R
7% 28. 8%
- /— OifiE
| 28. 4%
B0
- .
a0 ? 2. 4% RS
30% N
- ? a
10% 11. 5% 15. 8%
%
R Bid

6.10 (KI5 HR F 5 H.I0 COD PR LERFXS

Fig. 6.10 Comparison of COD removal rate between low and normal temperature
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100% - DRk
a0% 33. 0%
208 33 o D
(i / I
B0 /_ Pk
H 33, 9%
50k / | 28, %
0% / BiETEH
300 /_ 14, 7%
2 0% / OfmiET
10% T g 14. 1%
(%
iz =is

6.11 ARG HAR P FOCa BT R BN

Fig. 6.11 Comparison of Ammonia removal rate between low and normal temperature

100% Ol 5 i 2
0% 33. 0%

B0% 32, T Qe
0% T
B0% .
£ O3 i
40%

200 oz EiE
20

10% CyTEER,
(0%

i i
6.12 ikl 5 H A R IT TP P LERF T LE

Fig. 6.12 Comparison of TP removal rate between low and normal temperature

K 6.10~18 6.12 7] LG Hh il 0 52 A i i o 25 By B e ma i i, 5
IRIS G HURAL, R FH B K D tar 1 7 sCEAT Y, DLORIE H KR . 2R
FEEREE T, T ATREAOKEAG Pk, SEbRIs AT R, K SR g A P
ik, —E R EXNR AR B Z M . R LG, &8 4% i id
PRSI TR S AR o X2 i T A TR N IR — 2 IR R ER . i
—F R AR T RE AT SRS LROE S IS AR, N B R 22 K Pl ok
[R5, PRAE AW R AL P R AR T A — o AR B R . 4,
VRHLBR AW AR BRI AN, I BAAYIE . . WEHER, BESR DI ERAE A O 2
KEFRIIRE, ZIEEANE AN S, R e F RN TS, &
BV E AR DL R AR B A ZE K s SR X, AR — e LA

@ BEIKJEPIA FE

VAR RE T, T KT AL R Y B S REIR T R,
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it K B S A L & g A B DR RE M R N R 2 o I
I B2 K A e IR — I B K IR L (A A i AR A o (H AR b 2R
BRI W R I s)), I A i A S AR B BRASOR o AEREK R LI SN
RKI, Eainigih R K2 2] € 5N, EBEARYIIR AR €
NIV, A AR AR 40 TR 045 BN eI, R R Ay Ao ol 42
I, R BNl e A t /K BETHESR

6.4 RNEZiL

1EF-1)7K 0 8.6°C, kK COD:  (128~203) mg L™, NHs-N: (4.83~23.88 )
mgt™®, TP: (1.08~7.29) mgit?, SS: (89~106 ) mgL™* 4 F, Wi
W B A T EAEK RN, 72h, K Apds 150em dt, 3 sh itk
Mg 100%, JHEhL2ERREE, A EALEBINE 10mg L™, HZK K Fifiabrt al ik
B (G KACER)  ReHEhRE)  (GB18918-2002) 2% A kR, IB4T A
4 0.26 JG m°,
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7 SR A

7 LEeFNEWN
7.1 Z&ig

OIE X ACH R TR I SR BRI HAR B AX, nl LA InyE K wAT I
], DR, $EmARBAI R, B R e SR, AR R K S R
A TRIRR, AE Gt b AR S 1) B () P I+ AT S T 2Cb A 1 2 B U A T3 b
A] LR (P38 B K ) 44284k, 7893 IAEAS RN AR 3, v el S fr LA
PR IRIE R, A I TR SR R S

@K BRI R W], &K )45 B IS T AN BB 96h, 75 2% H 37 G
P AR, SEOSHIRAUE R, B AW v] 1 R i oK I 5
By AR L, FHRZE TR 35%, [RIURZ T IR 25%; B AR G R
A A R TS U 2B R, 2 CODL TP TN A2 NHa-N [ R A7 17 28 43 531l 46 (5~70)
gm3d?t. (0.05~0.65) gm?3d*. (0.5~7.5) gm?>d™ }z (0.25~4.5) gm>d™ Ju[H K
I, LB S B R R I B I R DR K BIR TS Je i &
R RSO, X SS F TP AN/, SS Al TP 71 R=0.5 BRIk
P, % COD, NH3-N & TN EERFFEUIHIBR, 1E R=1 I 1A 3 b i L B
R, AR EE RS OC, W2 BRZ TS R s ARG Yl 2 BRI R
BB RS LY N T T 3 I T

@JE & AT S N 5 1 2 RK ) F AR A 5T, #3 2 HLARLR 5
BRI — LR H) T35 RN TS SR, — 2030 ) AR R DU e 1)
WA LR, AR ER) 2 B T2 208 B K R RBCSS TR 35 1 5
PG FEAP R 22 s R B RSB I, TH AT 21 SOk i A e
B Pez {HATLUIAR] (20~45), H AR PIHEMASRAE, 2754t & R A
2o MBI AN LA F IR R e, $2 R G S AT N AZE R
G

@ VLI A U b Ay FEA ) AL W) B A A BT B AN S B AL T2 R W,
WU 208 T 3K Rk e sy, 5 B L 20 T3 KTS Rk AN =, A
IR B, PR A T2 KR BRI K EE AR P 464, w4y
A R AR A e AP I N 28 ARG P e s JR ARG 2 1 H K K BT 4
BT LA (IS K) 15 R HE R IE) (GB18918-2002) —2 B #xift; [RIiLL
FASIK A e A e il A 5 B T Z MK )45 0F, Jorr LRI Lo #57 4
W 22 SE A 5 O B3, HEREIIR HE R=1.05 /K HExF NHa-N 22 B2 B0R S i 5 2,
(AR BRI BEFERE Ry, ERESUK I 4:1; AT & T 2% COD %
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Bredm, Afes M DR, IS AeRE R S AR AL S B 2]
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YR 1: BREAKEE SRR e

- S CBLPID) | B (BINTED | M4z (o) | s el | B
mg L-1 mg £-1 mg £-1 mg £-1 (m)
10 0.001 0.02 0.0005 0.15 10
20 0.004 0.05 0.001 0.4
30 0.01 0.1 0.002 1
40 0.025 0.3 0.004 2 1.5
50 0.05 0.5 0.01 4 1
60 0.1 1 0.026 8 0.5
70 0.2 2 0.064 10 0.4
=1 80 0.6 6 0.16 25 0.3
90 0.9 9 0.4 40 0.2
100 1.3 16 1 60 0.12
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