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Abstract Wastewater treatment plants ( WWTPs) undertake the major task of sewage treatment. So it is of great practical significance
to evaluate their treatment effect objectively and scientifically. On the basis of comparison method and guarantee rate method, the
evaluation method of WWTPs’ treatment effect based on mathematical statistics and numerical analysis was proposed. First,
mathematic expectation, confidence interval (a«=0.1) and coefficient of variation were applied to characterize the average level, major
range of change and stability to reach the designed standard respectively in this method. Second, the method adopted normal
distribution to describe the general information. Third, the method adopted normal curve to fit the frequency distribution and obtain
probability density function. Finally, the development trend was quantitatively predicted based on the solution of the probability density
function in this method. The practical operation of this method was demonstrated in combination with cases. Results indicated that the
new method could be used for the parallel analysis between multi objective WWTPs and multi assessment indices. Besides, the
application of this method in the optimization of scheduling and design, risk analysis of excessive effluent quality in WWTPs was
demonstrated.
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VEFRT B 45 5 B0, (RN BB 4 T | A2 s PEAR V5 7K b 3
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TR K (R A TR LB AR e, e
FRRE T AR AR AU ) N ARz, AR
BORGETAFEA T A 50 A thl TR > 7
TG K AL BRAE , B g T HL A R A R A ——
HA R R G AL A , 40 Oliveira %5 SR

BERGTXTELPE 166 HET5 K 1Y 6 FpAbER T 247
T, XSS R R ST R,
V57K 3R 7KK BT (R AR A AREAE i DA B3¢ R A DA TE 25
SYARRUEE TSR ) S AR K R SR 4
Mr, RAIE AR sREOH TG K 8 F AR AT T
HESE o HR BRG] P 75 7K A ISR PPA 45
2 GE FHASE /D PRI, AR SCHRLG) 38 T 808 S 1 FIEL
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PRI H i WA e BT, et 43 i, AR
FE IR T 0 2SR 25 1l 07, 35 K RIS T
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PRt g TRRSLRE, T WA A T AR A T 45
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Tab.1 Limits Values of Conventional Indices for Common Discharge Standards at Home
N COD,/ BODs/ ss/ TN(PAN )/ AN/ TP P i)/ ERGHEREY
(mgel™)  (mgL)  (mglT) (mgelT) (mglT) (mgel) (L)
GB 18918—2002 —% B 60 20 20 20 8(15)% 1(1.5)?% 10 000
—g A 50 10 10 15 5(8)® 0.5(1)® 1 000
GB 3838—2002 IV 30 6 - 1.5 1.5 0.3(0.1)® 20 000
IIES 20 4 - 1 1 0.2(0.05)% 10 000
DB 11/890—2012 B #x 30 6 5 15 1.5(2.5)% 0.3 1 000
A B 20 5 5 10 1.0(1.5)® 0.2 500
DB 12/599—2015  C#% 50 10 10 15 5(8)® 0.5 1 000
B #7 40 5 5 15 2.0(3.5)% 0.4 1000
Ak 30 6 5 10 1.5(3.0)® 0.3 1 000

1 GB 3838—2002 K [ ZARUE M /K I EE BT AR 1E) s DB 11/890—2012 Sy At 50 M 7 AR v A V5 AK AL BT /KI5 e Wy HERCFRMEY s DB 12/
5992015 2k K HeRT b i UL KA B0 35 Y HERObR i) 3 4 B AN R K> 12 °C I A AR b L 495 5 I B K HR < 12 °C I Y
Pkl br; PHESAM R 2006 4F 1 1 1 BT HEAL, FE5 P9 2005 4F 12 7 31 HATEA © S W PR K IR 35S oAl VS
AE12 11 H—KAE 3 31 AR 4 B 0 M RE4E 117 1 H—WKA4E 3 1 31 HARATRRE.
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Bk 8 T m/d, AL RECH 1.3; L) i FikiX i
DI X, A 10 1 m/d, AL R
1332 ) PR X, B 7.5 1 m'/d,
AL RECN 1.4, 3 JBET5 K AL BT H K K R #1$00F T
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2 iR, GTREAR 4T 2018 4—2020 411 iz
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Tab.2 Designed Influent and Effluent Quality of WWTPs

5iE S 15K AL ) L 5K 4ab ) 75K B
YN Hk HEAK K HEAK Hk
COD,/(mg-L7") BItHE 320 50 320 50 350 50
Sz 91. 1~269. 2 12.4~39.8 70.3~771.0 6.0~36. 1 64.0~988.0 10.0~48.0
BODs/(mg-L™") BEITHE 160 10 130 10 150 10
SEE 32.7~82.4 2.0~7.9 34.0~254.0 0.2~4.4 42.4~296. 1 0.5~2.7
TN/ (mg-L™") BiHE 40 15 35 15 30 15
S E 9.8~50.0 4.2~14.6 11.3~39.7 6.1~14.8 10.6~67. 8 3.1~14.8
AA/ (mg- L") BEITE 30 5(8) 25 5(8) 25 5(8)
FLE 3.53~28.30 0.02~4.52 3.60~29. 60 0.05~4. 80 5.86~65.25 0.01~4.07
SS/(mg-L™") WA 220 10 200 10 200 10
SE 115.5~320.5 3.0~7.5 42.0~560.0 1.0~9.0 21.0~5247.0 4.0~20.0
TP/ (mg-L™") WATHE 3 0.5 4 0.5 2 0.5
SEH 0.38~3.57 0.10~0.49 0.92~4.65 0.06~0. 49 0. 48~29.01 0.02~0.79
VE R A S AN K IR > 12 CRE IR bR 455 BUE /K IR < 12 CRIPE R
2.2 HESW oa
Lk S V5K AL BT H LB R, ek AR 0
SPGB 5r BIAnPE 1 R 2 e 3 o
B A (A 3 BT, th P 1Al Sk S33k
fE5.2 07 w'/d bR W8, KT 4.0 5 ~6.5 “‘g“%i)
7w’/ d AKX A 2.2 T7 ~8.3 7 m/d,, 30
TP 2 T 1, ARTIE A KR O (K, 509% . 85% | s , ‘ ,
90% .95% {1 ilE % 55 V{1 48 ] 4 52 39160 080, ' | 1

61 391,65 440 m*/d,, Hi& 3 A1, H ALK A
IR, W1 N 52 309 m’/d, B A5 X 6] K
(38 478,65 556) m’/d, M 3 AJAI, ILEE HAE
PEAAEA B~ KE RN AR ARL DX (1], {H TG 32 4 1 3= AR
A DX 8] 5 PR E 2R Tk AR AR AR A A2 10 DX ] 5 £
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Fig.2 Cumulative Frequency of Daily Treatment Capacity
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Fig.3 Distribution Histogram of Daily Treatment Capacity
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Tab.3 Comparative Statistics of Daily Treatment Capacity

of S WWTP
I H R
BHHE(Q,)/(m*-d™) 80 000
Mo fe/ME/ (m?-d7h) 21 800
FRAB/ (m? -d ") 83 294
T/ (m? -d7h) 52 309
PRIIE T 509%#IEZE/ (m? -d ") 52 391
85%AFIER/ (m*+d7") 60 080
90% MiE R/ (m*-d™") 61 391
95% fHIEA/ (m® -d ™) 65 440
LIS ARV B (EX)/(m?-d™") 52 309
FREZE (o) /(m-d™h) 8 256
AR REL(CV) 15.9%
EFFHR(0)/(m*-d7") 38 478
EAEEBR(0)/(m-d") 65 556

ORI RO ST RE S 4t S 5 7K b B
JAE BRI SRS B0, b SR (E AT UA Ak B AL
RIGEEARNE L, bR vl 22 F0 728 S Z800] LA ) Ak 3
RORBIRSENE , B X 8] A LAFR 5K K280
LT RB AR . AL 5 PRI AL 1 R AR
CFIEBRIN) B GertREA i i 5 — 5, %o
GEHE BT R AEE A O B TREAR G TH A
T35 RGeS R e L 2 0 A
FHAUREAS BOME A 182 BRI, SR 3 5 SR A M R
JEE RS2 T B PP A Xk e 3K B i o A — A (R A HE
AR, MR W B ST AR R B B LA B I e
b, VAR R IO B L n] T X RS X R A

HEHAE T T
2.3 ZRER

A5G KA BT 3 TR ST Tk 1 T K A BRAICR
PEARSE RN 4 PR,

S.LMZ 3 a5 KT 1) H AN FRK & CV 40518
15.9% .10. 9% 1 10. 7% , %8 L ¥5/K) F1 Z ¥57K )
KA B AR BEAHAT, 117 S V5K K R Sh AR A A 1L
KM Z V5K KR, BLS 15K R, oK
COD,, .BOD, . TN & & .SS . TP 4 CV 344 29.9% .
23.8% .26.8% 174. 4% .16.1% 13. 8%, i B S 157K
] 6 TiFE bR 14 35 bR AR 1 DL /IN B RAR R O A
COD,, \TN .BOD, .SS. TP, L\ COD,, Mfl,S L.Z 3 Ji&
157K HiK COD,, B9 CV 43514 29. 9% . 30. 3% il
27.7% Ut 3 JBEY5 K ) COD,, F8 b ik br ke g o
M/NBIRARIH LS Z, HAlFRhR LA R, S L
M Z 3 G K Bt KEE R CV a5l R
20. 7% .30. 1% £ 82. 9% , i /K FE R F-2 CV 4351 K
47.5% 53. 3% F 45. 4% , i B Htk 7K K 5 ik sh AR
H/NBIRARIR N S L. Z, KK BT AR E P B /N8I K
WA LS Z,

3 HtA
3.1 Mt 5REE

DL S V57K ARBRT Ry i, FLoko s T AR ZESKR 7KK
JRAE GB 18918—2002 — ¢ A Fp fE 19 3 mli |,
COD, .BOD; \Z % TP $27t %] GB 3838—2002 ¥ Il
Kb HE, TR TN B e B iR 3 6 mg/ L,

H 4 ATAL %) SRR FRACR AT R E TR E GB
18918—2002 —Z& A Frifit, {HICTE R E 1K B3 7K
bR, ARPEITE, BUIR H K COD, . BOD, TN | Z &
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Tab. 4  Statistical Analysis of Three WWTPs

S oK) I AR L y5oK) VAl VALY IR AT S
s EX/ o/ . (0.0)/ EX/ o/ . (6.0)/ EX/ o/ . (6.6)/
(m-d™) (m’-d™") (mPeaty  (m'ed™) (m'-d) (mP-d”ty  (m’d) (m’-d™) (m*-d™)

COD¢, 7k 140.3 13.2 9.4% (118.7,161.9) 199.5 75.7 38.0% (75.3,323.6) 238.6 140.1 58.7% (8.8,468.4)
Kk 20.4 6.1 29.9% (10.4,30.3) 15.0 4.5 30.3% (7.6,22.4) 28.6 7.9 27.7% (15.6,41.5)

BODs kK 56.8 6.6 11.7% (45.9,67.6) 106.4 34.3  32.3% (50,162.7)  129.0 53.6  41.6%  (41.1,217)

Ak 46 L1 23.8% (2.8,6.4) 1.6 0.7  423% (0.5,2.7) 1.6 0.5 32.7% (0.8,2.5)
TN bk 148 40 27.2% (8.2,21.5)  25.1 52 20.8% (16.5,33.6) 27.3 8.5 3L.1% (13.4,41.2)
Kk 7.6 2.0 26.8% (4.3,1.0) 1L.1 1.8 16.6% (8.1,14.1)  10.3 2.3 22.8% (6.5,14.2)
A K 108 3.4 31.3% (5.2,16.3)  17.1 4.0  23.4% (10.5,23.7)  25.5 7.1 27.9% (13.8,37.2)
Ak 0.4 0.6 174.4% (-0.7,1.4) 0.4 0.7 157.5% (-0.7,1.6) 0.7 0.8 113.1% (-0.6,1.9)

ss  iftk 188.5  19.6  10.4% (156.3,220.7) 103.3  39.9  38.6% (37.8,168.7) 279.4  624.9 223.6% (-745.4,1 304.2)

k5.0 0.8 16.1% (3.7,6.3) 3.1 1.0 322% (1.5,4.8) 7.3 1.6 21.9%  (4.7,10)
P ik 1.2 0.4 34.2% (0.5,1.9) 2.1 0.6 27.5% (1.2,3.0) 2.6 3.0 114.7% (-2.3,7.5)
k0.4 0.1 13.8% (0.3,0.5) 0.2 0.1 41.1%  (0.1,0.4) 0.2 0.1 54.0%  (0,0.4)

VE PR B TR, 45 48l th K SR o fE G
FTP 5 B A v i ME 2R 0 5 R 52.4% . 71.5%
78.6% .16. 0% 1 100% , 1J WL, 78 BURIEAK S 44T,
BOD; TN Fl TP 1 7K ¥ £ 6 1o 3 s o4 1 JRUBS: AR 15
COD,, H 7K e B 8 b 7 b o 1 XU e s, (AL Hh K
YR B R I KU IR, 48T BOD, A &
X} 358 5 b B 25 R 7K K R A8 Ak ——3R 7KK
JoT G A TR BT K K T, el TR A i A B0k Ak
PRt O FERT 1590 COD,, TN TP IR b 384T
Iy R R AL AL T2 R AL R g b T2
MHESRELZ,

THh, 4 Al BUIR K COD,, Joi i ik i 5k 4 S YEKST M IR TR
AAE T 30.3 mg/L,JiUﬂEEﬂ:géﬁ A FRUE 50 mg/ L Fig.4 Process Flow of WWTP S after Reconstruction
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st HAEAm B B, RAH R Gk 4 3.2 BERRESH

Bk A SEPRas AT 4R B BRI o5 e B T AR 52 VL Z J5KAL BT, T2 a0 6 s i
Prifokiase . do)n TR 4 Fis FATHZ) K TN EAF X R (6.5,14.2)

AN, M 3 %) H AR E R EIEEMEN  me/L AEEEAR IS . AN, BRI TS K Is A B
52309 m’/d, E{5 X [H] 24 (38 478,65 556) m'/d, Bk, HK TN B SCA7 BB oL, b ik TN
M2, Wit TR 5 K& Bt R A R+ e iR 2021 4F 1 H—3 Az & fixiz) —.
MAETEES), RERH4E61100m’/h 928 —H TREMAEMRG T TR, ARG
WA NSRRI 2 65 800 m*/h (ARSI JHRE T RN AKOKABRER A 0 K IR, KT A K K RE B B
TARGAT THF HiZg 72 G/NE 2 B RESHH KiER,

— 116 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 2,2024
February 25th, 2024

T B BB mm
B 5 IR WA
Fig.5 Layout of the Pumping Station

E6 Zis/kam) TZ
Fig. 6  Process Flow of WWTP Z
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Fig.7 Comparison of (a) TN and (b) Ammonia Nitrogen Removal
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