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Statistical analysis between operating parameters and effluent quality on advanced wastewater treatment plant
was performed. Through factor analysis four factors derived varimax rotation were sclected each plant. Four
components explained 80%, 82% of the total variance of the process, respectively. The components on MLE

plant were identified in the following order :

1) HRT increase and BOD load decrease by influent decrease, 2)

Biomass, 3) SVI increase by internal return increase, 4) Microbial diversity by SRT increase. On A,O plant, we

defined them as follows: factor 1,

high MLSS by return rate increase, HRT increase by influent decrease;

factor 2, biomass; factor 3, BOD of influent; factor 4 was relate to DO.
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Fig. 1. Schematic diagram of MLE process plant.
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Fig. 2. Schematic diagram of A0 process plant.
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Fig. 3. The effluent quality and the removal efficiency
on MLE plant.
(BODr : BOD removal efficiency, TNr : TN re-
moval efficiency, TPr : TP removal efficiency)
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Table 1. The monthly variation of operating parameters on MLE process plant

F/M BOD load
Influent  Temp DO MLSS Return SRT Internal
ME . 0. o) o) S s (SEODS (BN ) rerum(og)
Jan 94,706 18.3 2.20 2,706 92 45 0.05 0.13 19.2 2435
Feb 94,394 19.0 2.26 2,526 101 41 0.05 0.13 224 139.3
Mar 98,024 22.6 2.01 2,955 87 44 0.04 0.12 182 100.0
Apr 104,910 25.7 2.03 2,377 81 46 0.06 0.16 14.7 106.0
May 100,754 276 2.03 2,514 79 56 0.07 0.17 143 150.0
Jun 98,949 289 212 2,106 12 51 0.07 0.14 171 150.0
Jul 113,813 28.0 2.00 2,279 69 41 0.09 0.15 188 150.0
Aug 97,648 29.7 1.80 3,047 30 52 0.10 0.15 242 183.9
Sep 101,520 29.0 220 2,955 A 53 0.11 0.16 209 193.3
Oct 85,983 216 2.30 2,566 87 63 0.05 0.09 18.7 200.0
Nov 98,184 253 2.00 2,782 a1 53 0.06 0.11 18.2 200.0
Dec 94,253 217 2.10 2,829 33 48 0.06 0.13 206 161.3
Avg 98,595 25.3 2.1 2,679 84 49.3 0.07 0.14 189 164.7
Max 113,813 29.7 23 3,047 101 63 0.11 0.17 24.2 2435
Min 85,983 18.3 18 2,106 69 41 0.04 0.09 14.3 100.0
Table 2. The monthly variation of operating parameters on A2O process plant
no Ifent Temp DO MISS i Rewm (FA POD I SRr mmtema
(w/d)  (C). (g/2) (ng/#) ratio(%) keMLSS) 1 - d) G) return(%)
Jan 19718 98 18 2015 218 88 0.10 0.20 21.9 150
Feb 97731 120 34 2616 217 92 0.09 023 532 150
Mar 113,173 149 29 2,766 214 30 0.09 025 23.0 162
Apr 131,266 18.2 2.7 2880 1773 67 0.08 0.21 195 187.7
May 137,420 212 29 2657 1230 62 0.08 0.21 221 239.3
Jun 153,265 23.3 3.0 2705 1197 58 0.08 0.21 21.2 215.3
Jul 154,123 232 29 2466 1203 60 0.05 0.11 46.1 131.0
Aug 146,374 5.7 2.8 2659 1570 61 0.06 0.16 26.6 1473
Sep 149945 24.8 25 2187 1306 60 0.07 017 23.3 138.8
Oct 143,649 21.6 2.2 2856 1604 62 0.12 0.25 186 1445
Nov 156,461 177 30 2633 166.9 56 0.10 0.19 174 1355
Dec 140,302 142 3.0 2676 195 63 012 0.23 188 119
Avg 137,119 189 2.8 2,648 167 674 0.09 0.20 26.0 160
Max 156,461 257 34 2,380 218 92 0.12 0.25 53.2 239
Min 107,731 9.8 1.8 2075 120 56 0.05 0.11 174 119
Table 3. The correlation coefficient between effluent quality and operating parameters on MLE plant
MLE BOD COD SS TN TP BODr CODr SSr TNr TPr
Influent ~-0.078 0.044 0164 -0671" -0.035 0023 -002 -0027 369" -0.198
Temp. -0454"  0510" -0118 -0.302° -0.183 022 -0429™ -0294" 0007 -0560"
DO 0.26 -0.144 0.114 0.103 0362 -0.19 0018 -0124 -0284 -0.199
MLSS 0.218 0028 -0127 -0.06 -0.236 -0.195 0351 0622 0351° 048"
MLVSS 0403° -022 -0.225 038" -0.032 -0249 039% 0573 025 0566™
SVI 0206 -026 -0.017 024 0.187 -0.323° 0455 0237 -0.073 0.174
Return rate -0.320° 0517"  0.108 0192 -0.16 02017 -0348" -0.303° -0206 -0.213
F/M 0001 -0.149 0081 -0.244 0329 043" -0.043 -0307" -0128 -0.241
BOD load 0107 -0172 0088 -0.278 0.269 0536 0137 -0.023 0029  0.009
SRT 0252 -0407" -0.24 0440 0104 -0326° 0.189 0109 -0.363" 0.094
HRT 0172 -0087 -0221 0680 0091 -008 0074 0099 -0369° 0217
Internal return 0,133 0.215 0.211 0.468"  0.129 0046 -0316" -0257 -0.343° -0.128

*p<0.05, "p<0.0l1, p : Probability
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Table 4. The correlation coefficient between effluent quality and operating parameters on A2O process plant
A0 BOD COD SS TN TP BODr CODr SSr TNr TPr
Influent -0628™ -0613" -0309° -0539" -0049 -0052 -0547" -0403" -0125 -0642"
Temp. -0759"  -0.703" -025%6  -0.701" -0.181 0327° -0418" -0397" 0024 -0.407"
DO -0107 -0325" -0273 -0173 -0065 -0087 -0093 -0008 -0161 -0.0%
MLSS -0.499" -0323° 0395 -0.072 0305° 0505 0.136 0253  -0102 -0.202
MLVSS -0268 -0146  -0333°  0.045 0.162 03%™  0.166 0339 -0.129  0.039
SVI 0610™  0554™ 011 0579™ 0271 -0087 0563 0568 002 0463
Return rate 0807  0.710" 0357 0574 -0089  -0.23 0.392" 0320° 0.143 0658"
M 03227 04747 048" 0295 0.183 0435 0461 0212  0458" 0408
BOD load 0.046 0.279 0305 0226 0353° 0714" 05427 0308 0443”7 0287
SRT 0196  -0033 0214  -007 -0178  -0215 -0.04 -0242 0103 0115
HRT 06427 06047 0286 0539™ 0022 0.001 0512  0409™ 0068 0638
Internal return  0.047 0.143 0.099 0.011 0.086 0253 0281 0193 0062 0215

*p<0.05, “p<0.01, p : Probability
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Table 5. The regression equation between effluent quality and operating parameters on advanced wastewater

treatment plants

A0 plant MLE plant
Effluent : : 5 - 5
Regression equation R Regression equation R
Return ratex(9.337x10) + HRTx MLVSSx(9.341x10°%) + MLSSx
BOD 0.746 . 0.504
(-0.418) + Temp. x(-7.05x107%) +2.686 (-5.14x10™%) + DOx(1.912)-3.443 .
_2 _
coD Retum rite><(5.983><10 )+ SRTx 0616 Return ratex(0.152)+SRTi<2( 0.172)+ 0.484
(-1.75x107%) + F/Mx(12.998) + 4.960 Internal returnx(1.963x107) +22.093
Temp.x(-0.237) + MLSS % Internal returnx(2.691x107%)+
™ (15591074 +10.171 0.576 HRTx(0.748) + Temp.x(-0.224) +4.498 0604
BODr BOD loadx37.934+F/Mx(-50.977)+92.701  0.656 F/Mx67.568+88.854 0.170
SVIx(7.148x10™%) +BOD loadx MLVSSx(8844x10™) +
CODr 74.732+F/Mx(-114.201) +56.553 0.8 Internal returnx(-4.45x107%) +39.802 0298
SVIx(4.429x10") +MLSSx MLSSx(2.707%10%) + Internal
SS . 501 .
r (3.072x10™) +75.023 0.0 returnx(~0.133) + 10.559 0520
‘2 _
TPr Return ratex0.415+BOD 0.482 MLVSSx(2.305x10 ) +DOx(-18.762) + 0,640
loadx45.476+12.977 Temp.x(~1.305) + SVIx(-0.459) + 106.811

BODr : BOD removal efficiency, CODr : COD removal efficiency, SSr : SS removal efficiency, TPr : TP removal

efficiency

Table 6. Varimax rotated factor loading on MLE plant

Factor 1 Factor 2 Factor 3 Factor 4 Communality
Influent -0921 -0.212 -3.533E-02 -0.163 0.922
Temp. 0.349 -0.744 -0.181 -0.210 0.751
DO 6.617E-02 -0.177 0.165 0.838 0.765
MLSS 0.256 0.845 0.241 -0.169 0.866
MLVSS 0.215 0.929 0.165 -0.118 0.951
SVI 1.417E-02 0.193 0.759 -0.128 0.629
Return rate 0.861 -0.206 0.167 0.159 0.837
F/M -0572 -0.257 -0.662 8.113E-02 0.837
BOD load -0618 0.149 -0.621 -1.951E-02 0.790
SRT 0.290 0.109 -0.221 0.797 0.780
HRT 0.921 0.220 -9.949E-03 0.131 0.914
Internal return -6.442E-03 0.232 0.705 0.148 0573
Eigen value 4314 2.593 1.463 1.246
Pct. variance(%) 35.950 21.612 12.188 10.381

Extraction Method : Principal Component Analysis. Rotation Method : Varimax with Kaiser Normalization

256



nEAY AFALYY SHEAY FARA

Table 7. Varimax rotated factor loading on A;O plant

Factor 1 Factor 2 Factor 3 Factor 4 Communality
Influent -0.891 -0.234 -2.193E-02 -0.286 0931
Temp. -0.828 0.360 -8.309E-02 0.207 0.866
DO -2.384E-02 0.252 -0.167 -0.754 0.661
MLSS -0.207 0.929 4.441E-02 -0.144 0.928
MLVSS 6.538E-02 0.954 -4.847TE-02 -0.126 0.933
SVI 0.843 -0.123 0.19%6 -0.236 0.820
Return rate 0913 -7.691E-02 -7.857E-02 0.303 0.937
M 0.198 -0.186 0.899 0.199 0.923
BOD load 8.026E-02 0.245 0.910 0.160 0.920
SRT 0.284 4.326E-02 -0.554 0.382 0.535
HRT 0.908 0.242 -5.071E-02 0.276 0.962
Internal rate 0.267 0419 8.087E-02 0.366 0.387
Eigen value 4302 2.373 2014 1.114
Pct. variance(%) 35.849 19.771 16.786 9.284

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization
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