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Abstract

Small size privately owned wastewater treatment plants have been difficult to treat their wasted sludge and maintain steady
effluent quality compared with publicly owned wastewater treatment plants. Therefore, this study has focused on treatment
efficiency enhancement, specially nitrogen removal efficiency by recycling dewatering filtrate as an alkalinity additive from
filter press using CaCOs. As the result, it was found that the optimal mixing ratio between the excess sludge and CaCO3 was
1:2. The major operation parameters such as specific substrate utilization rate, specific nitrification rate, and specific
denitrification rate were also improved 64% (0.048-0.079 mg BODs/mg MLVSS-day), 35% (0.020-0.027 mg NH3-N/mg
MLVSS-day) and 68% (0.051-0.086 mg NO;-N/mg MLVSS-day), respectively, after the adoption of new methods.
Therefore, both the problem of sludge treatment at small scale plants and the need for efficiency improvement could be solved.
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Table 1. Experimental conditions of batch test
Item Mode 1 Mode 2 Mode 3 Mode 4 Mode §
CaCOs Mixture rate (Sludge : CaCO3) 1:1 1:1.2 1:1.5 1:2 1:3
Sludge Conc. (mg/L) 10,000
Mixing time (min) 20
Dehydration time (hr) 2
Table 2. Specifications of filter press Table 3. Operational factors of A’/O process
Equipment size The number | Filteration | Compressor Parameter Unit Value
(mm) of filter (ea) | volume (L) |pressure (HP) Volume L 79
L1,100-W400-H500 7 10 2 Influent Flow L/day 50
Influent pH 7.0-7.5
271 9 294 7R ZHIZH29 AMFS Table 1, 290 Anaerobic hr 1.6
Uehhddth Adol AMgE doAdEEAY sEe Ades HRT Anoxic hr 8.4
A AA HF 55 €8x MLSS %% 10,000 mg/LZ Oxic hr 28.0
P o™, CaCO; FYHIES 1:1, 1:1.2, 1:1.5, 1:2, 1:3 Anaerobic mg/L 0.1-0.2
(Sludge : CaCOs;, wt)Z A3t th EIJ Jar-testers ©]& DO Anoxic mg/L 0.1-0.2
ste] SR 9 CaCOs7F €A ZFHES sH 2™, CaCO;s Oxic mg/L 2.0-3.0
FQld e 28x wWsE BAs7] ¢ste] EPS (Extra- SRT day 20
cellular polymeric substances)E 783t th EPS& PIAE Reactor MLSS Conc. mg/L 3,000
B A EZEA PAE FF 2% 9%s Recycling Sludge MLSS Conc mg/L 8,000
oM, EPSEEF 22 F od Aol 2Ase A= MLVSS/MLSS % 70
B33 QtHKim, 2005). WA B AFfoM s ZEEE Internal Recycle Flow % 150
o] oS EPSEEE EAMoEHN &8 FHWS oF e External Recycle Flow % 70
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Fig. 3. Schematic diagram of process.
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3. Results and Discussion
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Table 4. The result of EPS concentration and moisture content
with CaCO; injection ratio

Sludge MLSS Conc. : 10,000 mg/L
Initial EPS Conc. 90mg/L

Parameter

Sludge: CaCO; mixture Rate
(wt @ wt)
Moisture content of
dehydrate cake (%)

1:1 1.2 115 12 1:3

86 78 64 58 54

<2179
YetH, FHFEY F7, FH9E, £8AY d=8E 2
&, pH, 2& 2 E¥4= % Q
A FLHERE 2FAZXAS JF¥s & 2
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TSSY BH#sZE 247 298, 16 mg/LE et
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(a) Before sludge surface change (b) After sludge surface change
Fig. 4. Analysis result of sludge SEM and EDX.
Table 5. The characteristics of supernatant and filtrate
Sludge supernatant (mg/L) Filtrate (mg/L)
Parameter - -
Max. Min. Ave. Max. Min. Ave.
TBOD;s 30.6 14.8 214 42.8 20.7 29.8
Alkalinity 138 80 102 314 120 195
NH;-N 6.7 3.5 4.8 1.5 0.4 0.8
NO;-N 8.7 1.2 5.3 42 1.2 2.0
PO,"-P 10.2 53 8.2 10.2 6.3 8.0
TSS 81 32 54 24 9 16
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3.3. Lab. scale E
WM HI}
331. fS S4

A Fd W BHRT FYMode NH &

=1
T o

g0l

o A 39 (Mode

)l ME FYdF J4E BYsgen, 1 Z2FE Table 6
o ettt %94 BODsY HF& 5+ Mode 194

286.3 mg/Lol™, Mode 2914 398.9 mg/LEZX Mode 1 X
t 39% B=7F 715 Aog EAFQth T3 NH;-N9
A Mode 1914 HF 1048 mgLE &3 JCH, Mode
2004 117.8 mg/LEAN Mode 12Tt 124% ZF71at= A
o7 Tt TSSE Mode 1914 HiF 117.9 mg/LY

ol A9 NH;-N9 AASAHL 1048 mg/LZ FYHo] B
1.9 mgLZ FHIA+ ALE YEIGOH, Mode 2914+
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‘?-}%]’31 =7t &5
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Lab. scale ZA¥
Test bed W &5
42 378 (Mode 1)4 7
S AAS oo WE #

Atk 2717 5 Mode 1914 +

s
=
=

3L %
T o

EX& Table 89 el
44 Ul BODs9 B#E

=

52 Bolia 9o, Mode 29 F$ T 492 mg/LE = 3598 mgLE EAMHALH, NH:-N & TSS9 &%=
N B53Y A8 weh 230w BadtE F¥L Helw & A% BF 803, 95.1 mgld FE Helw v =@
Q. ol 7|&2FF U &8A AR A= AR Mode 2 #95 BODs9 2% B 4202 mgLE=EE &
Z 459 2 FFEUAY fFEPE 4FEA me  ASL ler, NHeN ¥ TSS9 B4 & A% 880,
fYF N EaHY FZF2RFE U A g3 7] 56.5 mgLE EAEHJY @53 HEd w2t BODs 2
2 9 gods A Ao B =x=rtz godd NH;-N9 gkol 242 16.7% 2 9% Z7hshe Aoz s
dom, TSS9 A HTE 56.5 mgLEA MAZHe] 71&
332. /712 ¥ FUYAUR MAHEY &It A Fd Bk 60% Fagt Ao et
Mode® 718 % FYIF AASEE Frisilen,
3 ZAFE Table 7 2 Fig. 59 YeEMIATE Mode 19 ¥ 342. /712 ¥ FAYAF MH=EE EIt
4 4 WFS5 BODsY %+ Hit 2863 mg/Le 5.7 mg/L Mode ¥ A3 W 7€ 2 Y7 SH<S Table 9
2 ZHHAeH, Mode 29 B HHF 3989 mg/LE FY 2 Fig. 69 YERAQITE Mode 1 95 W BODsY A%
ol 43 mgLE FRIE A& € F Atk = Mode 1 B 359.8 mg/LE FYHA B 73 mgLE GRE= A
Table 6. The characteristics of Lab. scale reactor influent concentration with varying mode
Influent concentration (mg/L)
Parameter Mode 1 Mode 2
Max. Min. Ave. Max. Min. Ave.
TBOD:s 367.2 2222 286.3 474.0 324.6 398.9
NH;-N 124.2 84.6 104.8 160.2 94.4 117.8
NOs;-N 3.6 0.5 1.7 1.9 0.3 1.1
PO,"-P 13.4 8.8 10.4 10.8 3.7 8.9
TSS 146.0 92.0 117.9 70.0 22.0 49.2
Table 7. The Characteristics of effluent concentration in lab. scale reactor
Effluent concentration, mg/L
Parameter Mode 1 Mode 2
Max. Min. Ave. Max. Min. Ave
TBOD:s 92 3.8 5.7 5.6 3.1 43
NH3-N 2.8 1.3 1.9 1.6 0.4 0.8
NO;-N 19.9 14.9 17.4 11.2 8.0 8.9
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Fig. 5. Organic matter and nitrogen removal efficiencies in Fig. 6. Organic matter and nitrogen removal efficiencies in
the lab. scale reactor. a test bed.
Table 8. The characteristics of test bed influent concentration with varying mode
Influent concentration (mg/L)
Parameter Mode 1 Mode 2
Max Min. Ave. Max. Min. Ave.
TBODs 482.2 307.2 359.8 542.6 347.6 420.2
NH;-N 91.4 73.4 80.3 99.2 78.8 88.0
NOs;-N 32 0.4 1.4 3.2 0.4 1.5
PO43‘-P 12.1 7.9 9.4 10.2 6.2 8.2
TSS 113.0 68.0 95.1 82.0 38.0 56.5
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Table 9. The Characteristics of effluent concentration in a test bed

Effluent concentration, mg/L

Parameter Mode 1 Mode 2
Max. Min. Ave. Max. Min. Ave.
TBOD;s 9.8 42 7.3 7.7 3.8 6.0
NH;-N 3.0 1.3 1.7 1.5 0.2 0.8
NOs5-N 19.4 16.4 18.9 10.9 7.1 9.0

o2 ZFFHT EF NH;-NE B 803 mgLZ F9)
o 1.7 mgLE FRFIAJLH, H&ZE W TF NH:-N 5%
7t EAghe Aoz eyt B FAhR 9 TR )
NO;-Ne H# 55= 247 62 9 189 mg/LE YElsth

Mode 29 A9 BT 4202 mgLd =2 FYHYL
H, 6.0 mg/LY EEE WRI= A2 IIHIT. =
T4 9 9FTY NH-N9 FHs=E 47 88.0, 0.8 mg/L
2 F3HLen, NOs-N9 B¢ ez 9 E7]F0A
d ]

247 Fa 2.2 mg/L 2 9.0 mg/LE UERTh

343 AMElgs Y MAQUK =&

Z27}E EWE Mode ¥ &
FAE FGaRen, =28 AAAA 2 HIAEE
Table 107 1191 YERRATE Mode 1 XA w-37]
ATAE A4 27 BODsY AZEES 97.9%= &1
gom old wWE HyRARLU)Y A$ 0.048d"Y
Hola itk EF NH:-N 2 NOs-N9 AH3gage 7
99.8 2 82.7%=ZA, SNR¥} SDNR#S 27+ 0.020 ¥
0.059d'9] < Holx Ytk EF Mode 29 EAFA 2
7 BODs9 B AAZTELS 98.9%0°]H, olo] mZ U<
A9 0.079d"'2M Mode 13} ¥2E BF 60%014 Z71st

N ot & mo mlo mx

Table 10. Operational factor and Design factors

Sl ESH NH:-N ¥ NOy-N¢ Hi AAZES 474 99.3,

Be HET 2% JAzeAY 98 Aelsh HeE W
B SRT #7407k 7BsslAm, ol h2 ugE GY=
e B AR gol NEZFRG FHES L F 9

metd gaEgel 488 AAsFAGNLL HAY
A9 B aFARN 229 AAAR Hgol 5T 2
o

T
2 gog
4. Conclusion

2 ATgNE MASEANAL W @t ¥ "Ejx
HAE o] & ETHY F87tedT ol B AET
4 A3y Asde Bkt stk B A7s
53 =29 422 o9 20
) TEAYZE W s8A FEHsE Y3 S znEe

Fgstgen, 1 2% AYEFULS 128 dege

H, ol "AE W A4 o=z s

-

Parameter Unit Mode 1 Mode 2

U d’ 0.048 0.079

, SNR q, d’ 0.020 0.027

Design factor |

SDNR qan d 0.059 0.085

FM mg BOD/mg MLVSS 0.051 0.086

MLVSS mg/L 3,500 2,900

SRT day 25.2 19.1

Operation factor Anaerobic 1.6 1.6

HRT Anoxic hr 8.4 8.4

Oxic 28.0 28.0

s Na;HCO3 kg/day 10 0
Chemical injection
CH;0H kg/day 20 10
Table 11. Removal efficiency of organic matter and nutrients
Mode 1 Mode 2
Parameter

Influent Effluent R.E(%) Influent Effluent R.E(%)

TBODs (mg/L) 286.0 5.8 99.9 398 43 99.9
NH;-N (mg/L) 104.8 1.8 99.8 117.8 0.8 99.3
NOs-N (mg/L) 103.0 17.8 82.7 117.0 11.2 90.4
PO, -P (mg/L) 10.4 9.9 48 8.9 79 112

TSS (mg/L) 722 8.0 88.9 49.2 6.0 87.8

'RE : removal efficiency
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