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Optimization of pre—coated vacuum filtration for sludge dewatering

process

Hyebin Park

Division of Earth Environmental System Sciences,
Major of Environmental Engineering, The Graduate School,

Pukyong National University

Abstract

This study is designed to find out the effect on Total Nitrogen, Total
Phosphorus, Biochemical Oxygen Demand and Suspended Solids of the

dewatering solution and reduction of moisture content of the night soil
and sewage sludge in the pre—coated filter process using a mixture of
diatomite and natural materials.

Reducing the amount of night soil and sewage sludge dewatering cakes
can reduce the operating costs of the sludge treatment facility. Therefore,
it was considered that water treatment of sludge cake and water
treatment of filtrate would be necessary.

The experiment can be divided into two main types: first experiment is
vacuum pressure and filtration time are set as parameters, vacuum
pressure is set at 420-600 mmHg, and filtration time is set at 19-25min.

The second experiment was to filter the night soil sludge by mixing
the diatomite and filtration supplement properly. Variables contained in
oyster shell, charcoal powder, and dolomite were fixed at 50% and
filtered for 22min. The results showed that the greater the vacuum
pressure and the greater the filtration time, the smaller the moisture
content of the sludge dehydration cake, and the higher the TN, TP and
BOD removal rate of the dewatering filtrate. And the moisture content of
sludge dehydration cake was smaller when dolomite was mainly achieved
rather than oyster shell and charcoal powder, and the rate of removal of
TN, TP and BOD of the dewatering filtrate increased.
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2.1. T2E o3
211 72E 53 2 &&

TEES Hyt 27] 50-100 ym =719 FEFI e F
FAUZZ o] Fox HAzo JgAoln Az F=gu 7}
A kol th(F A, 2002, A4, 2018; Y Al-Degs, 2001). E=3F W1&E &
= AtgtEol WHAste dAlEY 234 =9 2o waivt HHT &4
oAYE AuFth old = 3 JHe] A mFe] dFER A H o
dom Jrxeo 3}ty AL Table 21.8 ®HW & F X0 A9
SiO2z2 FA 5] ARG, 2018, AAALF, 2008). FEESY ZAH
T-%+ Na', Ca*, Mg?'¢9} #& o]l w3k %o]leg 373 HEmin
Erdem, 2005).

TFERES Fit 71FAe] 2E 10625 nmolal 7]F AV] ¥ T
W otxES vxdAy b &S 47 18
(Guodong Sheng, 2009). T3t -z 2pAe] HZFsh e I Aul7]Y
Az} B oA FF wited fREE W dxe uAFTFS ZHRIti(F
A, 2018, £A41%,1987). 18l & " gAY 2 =& 359, 35hA
S84 553 584 54 7R do] A (Ahmet Erdal Osmanliogluy,
2007, Sanja Martinovic, 2006; ZHANG, 2009) Cake filtration®] &%

ZAAN L g 47 BAS 05444 EF sdge Bde g8



2 Qi AR, 2018; §24135,1987).

Table 2.1. Chemical composition of Diatomite

SiOg AlgOg Fego;g CaO Mg O
89.50%% 4.10% 1.50% 0.60% 0.3%

TEES 4 A4S /AL Joerg oY §xr &85
of AHgHE fEEE AFA, F2A, SHA
gGdq], A Fol ATHAFAREE, 2008, ZHANG, 2009; Sanja
Martinovic, 2006).

o B

rlr

A7HA, FA,

TEEE 28 35

S = 5 TE&E e o3 He AARTH 05
umET e AAE st 4 gtk 1] wjRe] 19203 56 o 7 A
2 rEEE Wol AREskR v (A, 2000). 12]al 525TC o] 3o &=

oA Huolu NIRRT g0 e, HEd AAA #= HdES 7L

Apz gdAz AgHM, ndY, §FE 5 neYHE 4% Bast
i 717 BAAR ASHTY B e WE Be F54, 88 o

44 ada Mo qete] S WA Foumg HIMA R AREEHW o

v}

W FERES AVE 1-50 ym FAE=O|th FREE HIUMAE A8 F

o Qe A, Fepsy, Eelol"dl A o]tk AHAY,

T
-

32
-z
M

2008).



212 TZE AH{7|<

FEE 77| &e thae w-ards avdon AAes] 9@

or FEZEE vE :YF F s shgel ol th(UEA,
2003, 415, 1989). A uhe} olvgre e A5em, FHE Pa

FTHHA %, 2000).
TEE of3b7]%e A% g ofsho] Fhsg A o] §5]v o
BuzAE AGHE FRES BB S, o3 A AsY Wi
Begol A4 BEF e B AGHA BUA EFste] Aok
A D, 2000; AAL, 2002),
AR B el A HolM wE TEEES FYstel

A = go] A7|=F sfof do o] S AP TI= o= o3I

oo] gobd AREA 7] Gtk B, AT EES 4A Wl
5 ol AAT GolSTHRAY, 2000, 1T AFE Axge 2 g
Aol SsA £ds)7) A9 FEGUE AR TEE FAE o
2 clsm gAuch A go] Angwoln, $Fu e 1/3 JEolth
Asha, A wWHol 2y s)Ee] ozpryng 2 o
52 20 bede] F5E 5 Jlg B §ER Aol ge] s

stOHAFG A -, 2008; ©] =71, 2007).
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sHAl Eth o] ¥ EFol 55 Yo A = A2 oE 5 glen, ol
3 Az ony dAA= Yo AEHRT Bolx A
A <3, 2000).
olg]dt JrxE ofd= o] HAMHAY LdH o] EFFHA B Aol
, THshE A AR mel R EREAE e BEAR AR
| F Ut 2Ya rxE AFdMe L5AR A
A 9%+ Entamoeba histolytica cysts®t 28 HYd v A E7A] o 3} 5]
7] wEell @A A ERE olygl vrggk AFd okl S8 AT
(7874, 2003; AA<E, 2002).



2.2 AT HZA

£ QAN AUEY] F3tE HHo=
A A 13 AZZA FANARE dAx, BFH, dE dd =
st 82 g8Holgom, eyl gi A5 = ARG ofygt
At

gole WART, YRS, AA M6l o edn, WX

248010 ATE HY £ AN ) AHE mA R <
b W& oF 11,938 ton/yr=Z PMIOH= =2 68,890 ton/yr¥} H| s}
e W 17%E A @hE @do] Yk £o) 70-90%7F BAR o] Fof
A oglen] 8 Ak 44 W HEENLE) D o) TgEol Uk
ge wyl2e] TaHofATHA A, 2010; M, 2007). WEE oA
6-098 == 2o pHE 89ol2 &S " ol =9 Ui

1~

7] Wit FAREol Atk A, 2010). ol¥ YAEC] WMEE Pt
A=t ofAe] &stHHA £o] 7[Eo] Ho FATHS wEol £
(BFd =, 2007).



222 = Ad7) 7MF

(0]

= A7 7FFe 744 ES YER Table 255 W & 5 3150
= AdV]= gabEE(CaCoy) oz FA 5 o mfavs, 9, & 5

°of A& dYaE MHFoeR FFIHAEE, 2010). = A7 7+

ARow # FAGPe T AAel Yol E st ot olsh FAl
W@ AU gEe BATAS FuE] gEel F Ads) ABEL

ol=H A = AuZle = AME, H3H H H AlE o= AEEE
I At (Kwon et al.,2004). =3+ 16 g/kg? P &% S o] o] A (Yoon
et al, 2003), AP ELS T3, dF T 55 52 L P AAE AT
& B oo A= AlEel o stoh B 7| A A VxR §)
of AFAANZE AL SFATHY A2, 2009; W.H. Park,2008; G.L.Yoo
n, 2002).

T3k A 20100 Ay CaCOs7F FA4ES] 244 d3 EY3T

Aol Tud L9E o] b sHERt ofue} pH
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Table 2.2. Chemical composition of oyster—shell

Compos CaCO;; SlOz Mg O A1203 SrO P 205 N agO S 03 Total
ition (%) (%) (%) (%) (%) (%) (%) (%) (%)

Content

(%) 95994 069 0.649 0419 033 0204 0984 0.724 100.0
O

Table 2.3. Physical properties of oyster—shell

Mean ) Apparent ) BET Surface
] Bulk density . Porosity
particle (a/cm3) density (%) area
cm
size (mm) & (g/cm3) ° (m2/g)
1.65 1.152 2.56 54.99 1.75

2.2.3 EETlolE

ZEuto]Ex Wi Molgial EEw, WA 5} E-e CaMg(COs):
2 el A gk gkl o] 53 o AE 24 calcites}
magnesite?] T3+ FEO 2T EE /A= FEZ, AAAHOZ ¢
TR EAE 53] %, JAEulAlol, HY E Sl A
2ol WA @ (Ahmad B. Albadarina, 2012). W-&-412 Ca¥d#Foll Mg* o]
o] &3 hA ] FAHE Ao o]BH o g CaCO;s 54.35% S M
gCO; 45.65% ™= MgO7}F 21.9%, CaO7} 30.4%, CO7F 47.7% % -4 =
Aow, A4 Fx= vtadlEd Bz Ee] giA Fos 7

o agla ERAFEEE 2-3 Axolal, HFE 28-3.1¢tH(Ahmad B. Alb

adarina, 2012; %F<Fs] 2014; o] Ay, 2016).
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ZNAA g Xy 4y, HME B Ty s d4lE
248 Zg 27t 9 (Guohua Chen, 2002). A& &7 A$ $4&S
72-80%°]™, FF o= A gstr] wimol - xzto] FH (et
st =3 3], 2011; HHE 3] ,2009). BHA, 7ttE T A, AEZH A

F7loll va] S A Aol FEol 55-65%= wrom, 13] AR

o] tH(Richard J. Wakeman, 2007; 3t=r4tal==¢ 3], 2011; vH4 3],
2009). 18aL A4V =Y eRr Add &S A7 A =
B o)A nEA A A 220l Atk (Maryla Smollen, 1990; 4
WS, 2014). AR A $F £8A A FFELS T5-80%0] T
(24 3, 2009).

olgld Eelx Bl el T3 a2 AFAEH vAdA
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2.4. Sewage generation by year(unit : m®/day)

Sewage generation amount

Year

Within sewage treatment area

Outside sewage treatment area

Total Total Total
2004 | 11,946,075 9,721,712 2,224,364
2005 | 16,684,026 14,831,762 1,852,264
2006 | 16,919,995 15,168,474 1,751,520
2007 | 16,744,875 15,254,641 1,490,234
2008 | 17,113,106 15,661,509 1,451,597
2009 | 16,681,388 15,449,412 1,231,976
2010 | 16,111,195 15,033,969 1,077,226
2011 | 18,660,762 17,531,359 1,129,403
2012 | 15,722,166 14,705,087 1,017,079
2013 | 15,148,298 14,119,268 1,029,030
2014 | 14,401,314 13,384,103 1,017,211
2015 | 14,975,476 13,835,052 1,140,424
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Table 2.5. Sewage sludge treatment status by year(unit : ton/year)

Recycle | Recycle | Recycle | Incine ] Marine
year | Total ) o ] Dry | Landfill | Other ]
Fueling | Fertilizer | Other ration dumping
2,743, 350,912 34,245
07 382,462.8 - 107,813.0 1,868,423.5
857.4 9 2
2,817, 458,205
08 533,638.0 - 103,904.0 - 1,721,309.0
056.0 .0
3,024, 409,936
09 746,055.0 - 440,783.0 - 1,427,561.0
336.0 .0
3,080, 544 592 9,382.
10 238,697.0 635,318.0 - 337,966.0 1,314,087.0
043.0 .0 0
3,095, 687,868 110,41
11 223,257.0 802,318.0 = 261,262.0 1,010,322.0
441.0 .0 3.0
3,607, 1,276,1 244 50
12 322,414.3 1,233,561.4 v 531,119.2 0.0
743.2 40.8 75
3,529, 846,241 458,12
13 349,679.0 1,469,343.0 - 406,574.0 0.0
965.0 .0 9.0
3,651, 815,425 | 56,8 51,680
14 890,881.7 | 250,103.3 | 893,825.7 692,274.2 -
029.7 Nl 39.4 2
10,526 902.
15 7 2,171.9 1,164.5 2,660.8 1,971.4 7 1,444.2 211.3 -
9,810. 682.
16 5 2,000.5 3,015.6 1,689.1 1,447.1 5 829.3 146.3 -
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Table 2.6. Night soil generation by year(unit : m®/day)

Year

night soil generation amount

Total Collection Flush
'04 49,053.0 3,004.7 46,048.3
05 47,626.5 2,883.4 44,743.0
'06 47,093.5 2,003.2 45,090.4
07 44,766.2 2,006.1 42,760.2
'08 46,419.6 5,457.2 40,962.5
09 48,748.8 5,184.0 43,564.8
'10 46,188.9 3,691.4 42,4975
11 42,357.7 3,294.0 39,063.7
12 41,746.7 3,761.6 37,985.2
'13 37,624.0 2,865.7 34,758.3
14 36,394.6 3,683.8 32,710.8
15 37,892.3 4,783.1 33,109.2

Table 2.7. Night

soil sludge treatment status by year

(unit : ton/year)

Genera Linéia Carryo
tion Amount of disposal prgo ce ver
amount ssing amount
Ye Land |f hcin”| Marine | 4,
ar Total Total | Recycle il eratio | dumpin fo Other | Total | Total
n g
06 | 453,315 | 453,140 46,168 9,156 | 3,502 392,404 - 1,911 - 175
07 | 181,035 | 180,828 64,894 9,890 | 3,873 44,707 - 57,464 - 207
08 | 192,371 | 191,931 89,491 34,434 | 3,911 63,195 - 899 - 440
09 | 221,081 | 220,798 76,525 10,455 | 2,315 130,177 - 1,327 - 282
10 | 177,148 | 176,919 84,718 9,253 5135 38,264 | 28982 | 10,567 - 229
11 | 171,353 | 170,842 74,551 14,403 | 9,847 65,866 1,613 4562 - 511
12 | 144,937 | 144,730 87,384 13,991 | 12,314 | 25,100 3,646 2,295 - 207
13 | 131,518 | 131,248 68,213 21,273 | 22,412 12,391 3,992 2,967 - 270
14 | 140,149 | 140,084 73,307 22,7126 | 32,786 0 1,990 9,275 - 65
15 | 349,901 | 349,783 113914 | 25,734 | 25,079 0 0 185,057 118
16 | 316,345 | 316,245 51,038 22,225 | 18,309 0 365 224,307 100 -
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A3 gkvh FR AN &= Fig. 3.1 UEbY ko] FYAolA, 7h~H
a4, 71AA %71, stz @57 o= S84 AgAAR Hold=T
Aol A& SeA= g7 7 Aol AFMA AdEAT Ex
Ao B A 2ol A TR AL o, f8ANE & A2
Fig. 3.2.01 Yel Stk A &= AlRFdnz A4y, A7z,
A s A9, Seli-BCEA, AENSE, ddx= Agdr Fe5s 2
HAMY AR FAE AL S2A s 5408 2R S AXA " o]
H gdn] dol SAE AFHs] AR (FASE ). 2
Al pre-coat Hol U= FEEZ £8A 30 mLE FHt o Hsk3d
t}.

Ao 7 A==

N
u
1
M

M

|

o [
i

b

o

Y

AFZEZ HEZ Sel-BCHA| JEERLT /—) LML L 8
| [ [ I

| |

pe L] O EA3

o
o
rc
il
2]
o
ri
i
ulx
i
]
uf?
4
[Tl
o

Fig. 3.2. Sludge Treatment System of Sanitary laboratory
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3.1.3 pre—coat ¥ o3 AF FxX

2 Ao A ALEShE HEE A 2Rl USAS GastAbell Al Al &gk th
olofzz gl 2 21 HZ(Oilless Diaphragm Unit)o| ™, AF&¥ HZ ] 14
< Table 3.1.o] Yetdt. Hf W& 640 mmHgol 2 Hdl 52 6
0 PsiZ 3102.89 mmHgo|t} HZ = A Eo] 10 cm?e =714 9 7hx &

N7 Eaag ddstel Agsart

Table 3.1. Pump Specifications

Volume 32 Liter/min

25.5 Hg (= -640 mmHg)
(Fa - &% 3 =31Hg)

Max vaccum

Max Pressure 60 Psi(4.2 Bar)
Size 18 x 15 x 27 cm
Weight 8.7 kg
Power 230 V 60 Hz, 1/8 HP
Noise < 70 dBA
Humidity 20-80%
Mixture Shiige

(water + filter aid) (30 mL)

5T

Vacuum Pump

water E@ z

(50 mL) ::>

filter aid
(10 g)

Pre-coated filter

Vacuum Pump

Mix Pre-coat Filtration

Fig. 3.3. A schematic diagram of the experimental process
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FH A7 H)= 7148 et A2 foaess 2k ol A

FHAE dabd s A & gl W dEriES FasA7IEAN W

7 HEE Heg 7148 o+ gith. dibd o2 Wol AR HE Foas

2 0.01, 0.05, 010 S°] ABH(HA 2011). L83l FAZZ A AL
45 = oFo]i= Table 3.2.9 YEY )

AE A A A H(mmHg)# o #AIH (min)Ss FHHEF= A5
Ko SAYERL st D ik SHAY FEEH, TN(FHL), TP
(%21), BOD, SSeo|t}, g 4ol M= Minitab 15322 150 A HE-S-
EHAGH S ol&ato] dA o, 2F 4= (mmHg) o W= 420 -
600 mmHgo] ™, o] #A]7Hmin)e] M9+ 19-25 mino.2 AAsto] 43
stach A3 AAY 2712 Table 3.3.9 YER}S]
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g, TN(Z4dA), TP(FSD), BOD, SSolth. =/l of 31 34| 9

A ZHmin)e] M= 22 minCe &2 A3t Ao A3 HAA %

748 Table 3.4.3% 7t}

Table 3.2. Abbreviations and meanings used in
statistical programs

Abbreviation Meaning
DF Degree of freedom
Seq SS Sequential sums of squares
Adj SS Adjust sums of squares
Adj; MS Adjust mean square
SS Sums of squares
MS Mean squares
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Table 3.3. Pre—coat diatomite filtration Experiment

conditions for sewage and night soil sludge

Case Vacuum Pressure Filtratio.n Time
(mmHg) (min)
1 420 22
2 450 20
3 450 24
4 510 19
5 510 22
6 510 25
7 570 20
8 570 24
9 600 22

Table 3.4. Optimization experiment conditions of filtration

aids as a pre—coat material for night soil sludge

Case Oyster shell Dolomite Charcoal Diatomite | Total
powder (%) (%) powder (%) (%) (%)

1 0.00 0.00 50.00 50.00 100
2 0.00 25.00 25.00 50.00 100
3 0.00 50.00 0.00 50.00 100
4 8.33 8.33 33.33 50.00 100
5 8.33 33.33 8.33 50.00 100
6 16.67 16.67 16.67 50.00 100
7 25.00 0.00 25.00 50.00 100
8 25.00 25.00 0.00 50.00 100
9 33.33 8.33 8.33 50.00 100
10 50.00 0.00 0.00 50.00 100
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Akl P-ghol FFE 0000, AP 0024, AFS 0009, WEHEL
03019 o & g, naHes AT A7 F
Bu Zomz A3 95%0l A Fl5-THde] Za4En 3 AkEE A

2]
& 22k 3| EFAE Table 425 W 8T + Ad=d A2 eq. (D

y = 141999 - 0.059x; - 4.467xs + 0.098x,° - 0.001x;Xz eq. (1)

ol v a4 welAe FRFFH%)T e x% xE A=

= E¥E9 R-Aw, 89 R-Alw, 959 R-Alu<= detd=d, R-
A2 Table 4.3.°1 YEY A+ Regression® Seq SSe} Total Seq SS
o] vz Pk AFAFR)E 097582 FHAF (1)L 09878tk =
22 FFEG S 27/ SHHFet st SEA FEEEAHe] AT

9758% = =2 As FAE 5 ATh

Lo

‘1 (

Table 4.1. Water content(%) of Sewage Sludge on

each case
Case Vacuum Pressure | Filtration Time Sewage
(mmHg) (min) Water content (%)
1 420 22 63.14
2 450 20 67.02
3 450 24 66.15
4 510 19 63.87
5 510 22 66.05
6 510 25 66.37
7 570 20 64.13
8 570 24 64.50
9 600 22 63.13
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Sewage_Water
content(%)

< B86.0

66.0 - B75

W75 - 630
W0 - 7S
] > 708 725

700

67.5
Water content(%)

Filtration Time {min)

65.0

450 500 550 600 Filtration Time (min) 600 Vacuum Pressure (mmHg)
Vacuum Pressure (mmHg)

(a) (b)

Fig. 4.1. (a) Contour plots and (b) Three-dimensional response
surface plots of Vacuum Press (mmHg) and filtration time (min)

according to the water content(%) of sewage sludge

Table 4.2. Estimated Regression Coefficients for Sewage
sludge Water content (%)

Term Coef SE Coef T P
Constant 141.999 19.638 7.231 0.000
Vacuum Pressure (mmHg) -0.059 0.0376 -1.56 0.163
Filtration Time (min) -4.467 1.2211 -3.658 0.008
Vacuum Pressure (mmHg) * 0 0 2574 0.037

Vacuum Pressure (mmHg)V

Filtration Time (min) *
Filtration Time (min) 0.098 0.0242 4.045 0.005

Vacuum Pressure (mmHg) * _ _
Filtration Time (min) 0.001 0.0012 0.914 0.391

1) 27 Qxte] weALg FukE ofulgict.



Table 4.3. Analysis of Variance for Sewage sludge Water
content (%)

Source DF Seq SS Adj SS Adj MS F p
Regression 5 21.9449 21.9449 4.3890 56.38 | 0.000
Linear 2 20.3339 1.0425 0.5212 6.7 0.024
Square 2 1.546 1.5460 0.7730 9.93 | 0.009
Interaction 1 0.065 0.0650 0.0650 0.84 | 0.391
Residual Error | 7 0.545 0.5450 0.0779
Lack-of-Fit? 3 0.545 0.5450 0.1817 s« s«
Pure Error 4 0 0 0
Total ) 22.4899

Table 4.4. R—squared of models

R-Sq R-Sq(pred) R-Sq(adj)

97.58% 82.57% 95.85%

eq. )= F SyHF WE s SHAY] STl wE 344
./_l’:

Hel wgae uehad yE e A FREFO0S s

_l

2 ARASE 0956601 mF FEGT UF dZga Adg Abelrt
da Aow el & & vk =@ Prol 00000 B2 A P 95%

2) A 2olg it
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Regression
- == 95% PI

s 0.363508
R-Sq 91.5%
R-Sq(adj) 90.7%

Predicted Sewage Watercontent{%])

66 67 68 69 70
Experimented Sewage Watercontent(%)
Fig. 4.2. Plots of experimented value vs predicted values
derived from model of Water content (%) of Sewage
Sludge
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66 -

water content({%)

420 450 510 570 600 19 20 22 24 25

Fig. 4.3. Main Effects Plot for Water content (%) of
Sewage Sludge
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Table 4.6. TN removal(%) of Sewage Sludge on each

case
Case Vacuum Pressure | Filtration Time Sewage
(mmHg) (min) TN removal (%)
1 420 22 69.79
2 450 20 68.76
3 450 24 72.61
4 510 19 71.38
5 510 22 73.57
6 510 25 73.96
7 570 20 72.14
8 570 24 74.51
9 600 22 75.47

Sewage_TH

removal(%)

< 88

88 - 70
mno -T2 75

W2 -7
] = T4 TH removal{%) A

69

Filtration Time (min)

66

450 500 550 600

ttration Ti 0 \acuum Pressure (mmHg)
Vacuum Pressure (mmHg) Filration Time {min)

Fig. 4.4. (a) Contour plots and (b) Three-dimensional response
surface plots of Vacuum Press (mmHg) and filtration time (min)

according to the TN removal (%) of sewage sludge
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Table 4.7. Estimated Regression Coefficients for Sewage sludge
TN removal (%)

Term Coef SE Coef T P
Constant -72.6644 42.1379 -1.724 0.128
Vacuum Pressure (mmHg) 0.2138 0.0806 2.652 0.033
Filtration Time (min) 7.0833 2.62 2.703 0.03
Vacuum Pressure (mmHg) =1 50001 | 00001 | -2552 | 0038

Vacuum Pressure (mmHg)

Filtration Time (min) * - )
Filtration Time (min) 0.1283 0.052 2.466 0.043

Vacuum Pressure (mmHg) * y -
Filtration Time (min) 0.0016 0.0025 0.651 0.536

y = 453 + 0.0276x; + 0.611x» eq. (5)

Predicted Sewage TN removal(%) = 7.072 + 0.9097 * Experimented
Sewage TN removal(%) eq. (6)

eq. O)E FHHT IE St E9%] FEL AAESY I)H A W
AAS YERAT eq. (B o3 AikE A3y Agztoez F3k 3
A¥= eq. (6), Table 4.10., Fig. 45019, 3#A2 ¢ A

T B8%E FTHAL AAE W Sz AR Alolrb A gl

T3 kA Y] sdedAE Wder udA SHAC-211E)E
FARE o] A (2009) o Al ol FH A= 51.29-60.86%71HA4 Al

HATH EF dFFGA SBAETHNAM = s S A SHAE
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olx= FAA A AL 68.76-75.47%2 FFE pre—coated filter

7g o]

Table 4.8. Analysis of Variance for Sewage sludge TN

removal (%)

Source DF Seq SS Adj SS Adj; MS F P
Regression 5 40.0622 40.06221 8.01244 22.35 | 0.000
Linear 2 36.0897 3.55441 17772 4.96 0.046
Square 2 3.8205 3.82045 1.91023 5.33 0.039
Interaction 1 0.1521 0.1521 0.1521 0.42 0.536
Residual Error y’ 2.5091 2.50908 0.35844
Lack-of-Fit 3 2.5091 2.50908 0.83636 * *
Pure Error 4 0 0 0
Total 12 42.5713
Table 4.9. R-squared of models
R-Sq R-Sq(pred) R-Sq(adj)
94.11% 57.711% 89.90%

Table 4.10. Analysis
predicted values derived from model of TN removal

(%) of Sewage Sludge

of experimented value Vs

Source DF SS MS F P
Regression 1 30.8176 30.8176 | 114.54

Error 5) 1.3453 0.2691

Total 6 32.1629
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5 0.518712
R-5g 95.8%
R-Sqiadj) 85.0%

Predicted Sewage TN removal(%)

69 70 71 T2 73 T4 75 76

Experimented Sewage TN removal(%)

Fig. 4.5. Plots of experimented value vs predicted values
derived from model of TN removal (%) of Sewage Sludge

Vacuum Pressure (mmHg) Filtration Time (min)

76 4

75 1
74
o] /

T2 1

TN removal(%)

71 1

70 -

60 4

420 430 310 570 60O 19 20 22 24 25

Fig. 4.6. Main Effects Plot for TN removal (%) of Sewage
Sludge
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Table 4.11. TP removal(%) of Sewage Sludge on each

case
Case Vacuum Pressure | Filtration Time Sewage
(mmHg) (min) TP removal (%)
1 420 22 82.95
2 450 20 80.39
3 450 24 34.64
4 510 19 84.08
5} 510 22 83.84
6 510 25 88.90
7 570 20 90.77
8 570 24 91.33
9 600 22 91.89

Sewage_TP
removal(%)
82
82 - 8
T W -9
E W -
o [ > 84 %
E
C 0
]
]
o
=] 85
= TP removal(%)
('
80
450 500 550 600
Vacuum Pressure (mmHg) Filtration Time {min) Vacuum Pressure (mmHgy)

Fig. 4.7. (a) Contour plots and (b) Three-dimensional response
surface plots of Vacuum Press (mmHg) and filtration time (min)

according to the TP removal (%) of sewage sludge

y = 39.6 + 0.0598x; + 0.708xs eq. (8)

Predicted Sewage TP removal(%) = 1887 + 0.7848 * Experimented
Sewage TP removal(%) eq. (9)
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() eI eq. (9), Table 4.15.9} Fig. 4.8.5 eq. (8)o] <&l A4t
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Table 4.12. Estimated Regression Coefficients for Sewage
sludge TP removal (%)

Term Coef SE Coef T P
Constant 215.63 52.6911 4.092 0.005
Vacuum Pressure (mmHg) -0.232 0.1008 -2.298 0.055
Filtration Time (min) -8.704 3.2762 -2.657 | 0.033
Vacuum Pressure (mmHg) * 0 0.0001 6.249 0.000

Vacuum Pressure (mmHg)

Filtration Time (min) *
Filtration Time (min) 0.303 0.065 4.66 0.002

Vacuum Pressure (mmHg) * _ _
Filtration Time (min) 0.008 0.0031 2.464 0.043
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Table 4.13. Analysis of Variance for Sewage sludge TP

removal (%)

Source DF | Seq SS Adj SS Adj; MS F P
Regression 5 158.839 158.8391 31.7678 56.68 | 0.000
Linear 2 126.352 4.8207 2.4104 4.3 0.061
Square 2 29.083 29.0831 145415 | 2595 | 0.001
Interaction 1 3.404 3.404 3.404 6.07 | 0.043
Residual Error 7 3.923 3.9232 0.5605
Lack-of-Fit 3 3.923 3.9232 1.3077 * *
Pure Error 4 0 0 0
Total 32 4 B62Y/60
Table 4.14. R-squared of models
Raika R-Sq(pred) R-Sq(adj)
97.59% 82.64% 95.87%

Table 4.15. Analysis of experimented value vs predicted

values derived from model of TP removal (%) of Sewage

Sludge
Source DF SS MS F P
Regression 1 79.47 79.47 57.77 0
Error 9 12.3796 1.3755
Total 10 91.8496
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Fig. 4.8. Plots of experimented value vs predicted values

derived from model of TP removal (%) of Sewage Sludge
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92 -
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Fig. 4.9. Main Effects Plot for TP removal (%) of Sewage
Sludge
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414 A4, qHAZ] BE 2242 BOD R SS AA

Table 4.16.2 F&sted oA mE st &e1A¢ BOD AlA
& % SS AAsES vedH st £2A1¢ BODY sX:+= 1300.74
mg/L, SS¢ FXE+ 22600 mg/Lelgltt. BOD= Hul 99.07%, HA
91.08%7F A A= Lo, SS 4% 99.56-99.78% 7} A| 7t}

ol (2009) = WiTol e A £ SYHAE HYeR
stol  aEA SH/AC-211E) Fdsiivt. 1 A= BODO 4-¢
85.89-95.11% 74 A A=A o™, SS+&= 99.31-99.79% 74 A A= o=

AT A9} v =kt ES UTH A FAAAETHE T
Aol ot g £y A SRAE FYstH BODE 90%°]7d A7
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AAE] ¢ worg SHARY gyHolgtar FoHT}
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Table 4.16. BOD & SS removal(%) of Sewage Sludge on

each case

Sewage Sewage
Case Vacuum Pressure | Filtration Time BOD SS
(mmHg) (min) removal removal
(%) (%)
1 420 22 92.07 99.78
2 450 20 95.00 99.56
3 450 24 91.08 99.56
4 510 19 95.53 99.78
5 510 22 98.01 99.78
6 510 25 99.07 99.78
7 570 20 95.37 99.78
8 570 24 93.92 99.78
9 600 22 95.27 99.78
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Table 4.17. Water content(2%) of Night Soil Sludge on

each case
Case Vacuum Pressure | Filtration Time Night Soil
(mmHg) (min) Water content (%)
1 420 22 65.68
2 450 20 63.24
3 450 24 63.06
4 510 19 66.80
5 510 22 64.47
6 510 25 63.57
7 570 20 62.95
8 570 24 62.43
9 600 22 62.47

25

Night
soil_Water
24 content(%)

« 835

63.5 - 65.0
W 650 - 865
I 655 - €20 | pater content(’) 63
] = 680

Tz

G

63

Filtration Time {min)

450 500 550 600

I 600
Vacuum Pressure (mmHg) Filtration Time (min) Vacuum Pressure (mmHg)

Fig. 4.11. (a) Contour plots and (b) Three-dimensional response
surface plots of Vacuum Press (mmHg) and Filtration time
(min) according to the Water content(%) of Night Soil Sludge
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Table 4.18. Estimated Regression Coefficients for Night Soil
sludge Water content (%)

Term Coef SE Coef T
Constant 207.033 27.19 7.614

Vacuum Pressure (mmHg) -0.161 0.052 -3.087 0.018

Filtration Time (min) -8.133 1.6906 -4.81 0.002
Vacuum Pressure (mmHg) * _
Vacuum Pressure (mmHg) 0 0 1.949 0.092

Filtration Time (min) *

Filtration Time (min) 0.058 0.0336 1.735 0.126
Vacuum Pressure (mmHg) *

Filtration Time (min) 0.01 0.0016 6.032 0.001

Table 4.19. Analysis of Variance for

content (%)

Night Soil sludge Water

Source DF Seq SS Adj SS Adj MS F P
Regression 5 33.2998 33.2998 6.65996 44.63 0
Linear 2 26.6283 3.61766 1.80883 12.12 | 0.005
Square 2 1.2406 1.24062 0.62031 4.16 0.065
Interaction 1 5.4309 5.43088 5.43088 36.39 | 0.001
Residual Error 7 1.0447 1.04469 0.14924
Lack-of-Fit 3 1.0447 1.04469 0.34823 * *
Pure Error 4 0 0 0
Total 12 34.3445
Table 4.20. R—squared of models
R-Sq R-Sq(pred) R-Sq(adj)
96.96% 78.21% 94.79%
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y = 88 - 0.0211x; - 0.619x eq. (11)

Predicted Sewage water content(%) = 22.44 + 0.6051 * Experimented

Sewage water content(%) eq. (12)
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Table 4.21. Analysis of experimented value vs predicted
values derived from model of Water content (%) of
Night Soil Sludge

Source DF SS MS F
Regression 1 12.405 12.405 39.9 0
Error 9 2.7985 0.3109
Total 10 15.2035
= 5 0.557521
fé 67 . R-5g B1.6%
= R-Salad)) 79.5%
= »
S 66 -
=
"
= 651
.
£ 641
=z
o
E 63 4
E »
o 62 4

&2 6 6 6 6 67 68 69
Experimented Night soil Watecontent(%)
Fig. 4.12. Plots of experimented value vs predicted values
derived from model of Water content (%) of Night Soil
Sludge
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Fig. 4.13. Main Effects Plot for Water content (%) of
Night Soil Sludge
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Table 4.22. TN removal(%) of Night Soil Sludge on

each case
Case Vacuum Pressure | Filtration Time Night Soil
(mmHg) (min) TN removal (%)
1 420 22 62.92
2 450 20 66.80
3 450 24 71.66
4 510 19 73.23
5 510 22 79.25
6 510 25 80.59
7 570 20 83.48
8 570 24 31.96
9 600 22 84.79

Night
s0il_TN
removal(%
< 56
56 - 64
Ws: -72
W2 -2 TH remaoval(%)
] > 80

Filtration Time {min)

450 500 550 600

Filtration Time (i)
Vacuum Pressure (mmHg) Vacuum Pressure (mmHg)

Fig. 4.14. (a) Contour plots and (b) Three-dimensional response
surface plots of Vacuum Press (mmHg) and Filtration time
(min) according to the TN removal (%) of Night Soil Sludge

Sgelge] oe B sdx $02 AR HA40 THAL eq

_52_



y = 1.3 + 0117x; + 0.846x eq. (14)

Predicted Night Soil TN removal(%) = 20.39 + 0.7226 * Experimented
Night Soil TN removal(%) eq. (15)

mg/LZ 3-24% A AEAT o] A5 Hol FXxE o3es 159
7NES aoleE £ Ao ¥ HEgeE Ao Bt

Table 4.23. Estimated Regression Coefficients for Night Soil
sludge TN removal (%)

Term Coef SE Coef T P
Constant -441.135 66.42 -6.642 0
Vacuum Pressure (mmHg) 1.08 0.1271 85 0
Filtration Time (min) 18.711 41298 4531 0.003
Vacuum Pressure (mmHg) * B _
Vacuum Pressure (mmHg) 0.001 0.0001 7.215 0
Filtration Time (min) * B B
Filtration Time (min) 0.252 0.082 3.074 0.018
Vacuum Pressure (mmHg) * B _
Filtration Time (min) 0.013 0.0039 3.38 0.012
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Table 4.24. Analysis of Variance for Night Soil sludge TN

removal (%)

Source DF Seq SS Adj SS Adj MS F P
Regression 5 504.222 504.222 100.8444 | 113.24 0
Linear 2 444 827 64.9368 32.4684 36.46 0
Square 2 49.219 49.2188 24.6094 27.63 0
Interaction 1 10.176 10.1761 10.1761 11.43 0.012
Residual Error 7 6.234 6.234 0.8906
Lack-of-Fit 3 6.234 6.234 2.078 * *
Pure Error 4 0 0 0
Total 12 510.456
Table 4.25. R—squared of models
R+5¢ R-Sq(pred) R-Sq(adj)
98.78% 91.20% 97.91%

Table 4.26. Analysis of experimented value vs predicted values
derived from model of TN removal (%) of Night Soil Sludge

Source DF SS MS F P
Regression 1 215.083 215.083 | 251.55 0.000

Error 9 7.695 0.855

Total 10 222.778
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Fig. 4.15. Plots of experimented value vs predicted values

derived from model of TN removal (%) of Night Soil
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Fig. 4.16. Main Effects Plot for TN removal (%) of Night
Soil Sludge
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Table 4.27. TP removal(%) of Night Soil Sludge on

each case
Case Vacuum Pressure | Filtration Time Night Soil
(mmHg) (min) TP removal (%)
1 420 22 77.84
2 450 20 77.81
3 450 24 79.84
4 510 19 80.75
5} 510 22 82.10
6 510 25 82.64
7 570 20 84.95
8 570 24 82.65
9 600 22 34.13

Night
soil_TP
remaoval(%)

< 76
76 - 78

E

E W -8

- W - a2

E . = 82

£

=

L

i 25 RRAULANAY
£ TP removal(h) N RTLVARAR

450 500 550 600

Filtration Time {min
Vacuum Pressure (mmHg) Wacuum Pressure (mmHg) {min)

Fig. 4.17. (a) Contour plots and (b) Three-dimensional response
surface plots of Vacuum Press (mmHg) and Filtration time
(min) according to the TP removal (%) of Night Soil Sludge
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Table 4.28. Estimated Regression Coefficients
sludge TP removal (%)

for Night Soil

Term Coef SE Coef T P
Constant -103.681 31.2681 -3.316 0.013
Vacuum Pressure (mmHg) 0.383 0.0598 6.406 0
Filtration Time (min) 6.975 1.9442 3.587 0.009
Vacuum Pressure (mmHg) * _
Vacuum Pressure (mmHg) 0 0 3.354 0.012
Filtration Time (min) * _ _
Vacuum Pressure (mmHg) * - _
Filtration Time (min) 0.009 0.0019 4.873 0.002

Table 4.29. Analysis of Variance for Night Soil sludge TP

removal (%)

Source DF | Seq SS Adj SS Ad; MS F P
Regression 5 51.9903 51.99034 | 10.39807 | 52.68 0
Linear 2 449832 8.22862 411431 20.85 | 0.001
Square 2 2.3199 2.31988 1.15994 5.88 0.032
Interaction 1 4.6872 4.68722 468722 23.75 | 0.002
Residual Error 7 1.3816 1.38157 0.19737
Lack-of-Fit 3 1.3816 1.38157 0.46052 * *
Pure Error 4 0 0 0
Total 12 53.3719
Table 4.30. R—squared of models
R-Sq R-Sq(pred) R-Sq(adj)
97.41% 81.36% 95.56%%
eq. INE WFe] We Fo AZAge] AN $A4S epirt
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b AR Ao Bl & 5 9l
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y = 589 + 0.0380x; + 0.151xs eq. (17)

Predicted Night Soil TP removal(%) = 23.44 + 0.7087 * Experimented
Night Soil TP removal(%) eq. (18)

Belt Press &7 2 AHZsi= WS 484
o Ao wEw EFAL 9742%7HA AATE HAL ol FRE
pre—coated filter 3¢l A¥Ht} EQr} L3 A& (2003) 2 T
Z s e m xE o3 At 1 23 F9 s=7F
0.16-0.29 mg/LellA  0.101-0.126 mg/L= ZoEem, AAE

28-63% At g7 74 A S2Ae A9 RluE s W rxRE
ofit= fFrlE FHe] 2 E4Y Wl AAV 9 & HeE As d T A

.
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Table 4.31. Analysis of experimented value vs predicted values
derived from model of TP removal (%) of Night Soil Sludge

Source DF SS MS F P
Regression 1 22.5548 22.5548 264.06 0
Error 9 0.7688 0.0854
Total 10 23.3236

85 1

Regression
—_ — 55% Pl
5 0.292262
R-5q 56.7%
R-Sqiadj) 06.3%
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Predicted Night Soll TP removal(%)

77 L : i , , , ) ; ,
77/ 78 79 80 81 82| 83 84 85
Experimented Night Soil TP removal(%)

Fig. 4.18. Plots of experimented value vs predicted values
derived from model of TP removal (%) of Night Soil
Sludge
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821 e /
81 / e
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78 1
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Fig. 4.19. Main Effects Plot for TP removal (%) of Night
Soil Sludge
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424 A4, qfAZe] E 2242 BOD R SS AA

Aad=s 3 o g 3te] e £ £2(#¢ BOD # SS AAeS 4

ZA3¥+= Table 4.32.01 Yerdth &g47] 9 A Ex=<21%2 BOD
E5EE 134031 mg/L, SS9 HE+E 17450 mg/Lelth. Hd BOD A

A& 9978%0] 1L HA BOD AlAE&E 94.96%°]H, SS A AL 47
97.71-99.71%7} A A€ T},

LA, (2009) & =d=dAE ez S84 AFxoddAM v

HgAA A

2

r*o

o

d %=7]2 7% Belt Press 84 7]2 g 3t= =54
Atk oA SSe AAEL 6133%E FRE o3 AxHr @
viorth, sk 784, (2003) 9 AFANAE FF5F 3555 gL

il

O

2 2E 93 AYsidn. gdEA e SS+ 10-12 mg/LolA 0.3.-57
mg/L7HA] AAE AL, AAEL 47-97%°] A TE 15l o] Aol o
2W SS9 B% FFEH o] oI AA a¥rt ¥ e, Belt
Press 7| Wt} 71 ZE pre—coated filter &7 o] SS7} ©f Zo] #|AYH

Noo o 2
== = }\}\}\}\q

Table 4.32. BOD & SS removal(%) of Night Soil Sludge on
each case

Case Vacu(um Pressure | Filtration Time Bg]l)gj}%riggal Slghglgé rr? (;)\931

mmHg) (min) (%) (9)
1 420 22 97.88 98.85
2 450 20 96.45 99.71
3 450 24 97.84 99.14
4 510 19 96.05 97.71
5 510 22 99.34 97.71
6 510 25 99.78 98.85
7 570 20 96.56 97.71
8 570 24 98.02 98.28
9 600 22 94.96 98.28
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25 Fi Night soil_TH 4 Night soil_TH
! removal(%) removal(%)
241 ! . u | —
Y (- G (N e 8
€ \ I Night = Night soil_TP
E 234 1 soil_Water T 2 removal(%)
] i content(%) ‘;’ a2
E ! 62 £ 84
- 224 L} 64 = 224
c 1 i =
2 1 ; Night soil_TP g
® | L1 I removal(%) e
5 2 ) ) — £n
[T 1 £ | |mm—— 85
\‘ :I
20 4 \‘ ! 20
\‘ ‘
19 T T | { 19 i : : AY
450 500 530 600 450 500 550 600

Vacuum Pressure (mmHg)

(b)

Vacuum Pressure (mmHg)

(a)

Fig. 4.20. Contour plots for deriving optimum operating

conditions (a)considering water content, TN and TP removal rates,

(b)considering TN and TP removal rates of Night soil sludge
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=, = Ad7] 7hF7F AoAdes R dasidth
Table 4.34.+= Enld & Ex&elx] FEdHe] =449 sAAF

2 A 7HA QAY gEFE YEd Fold. #4ARREA R

A3AE HES A Table 4.35.91 YEFY ATh Table 435.5 RW

317, A4, 229 Pat Fatel vetd de=dl ol 22+ 0.017, 0.021,

0.0640] T, 242 AT B S AF T2 95%0) A A7l 7] zE 2
AQl A% 01mth Aoms ATk 0%l A AT A )ztET, 1
23 Table 4343 W@ AFF 23 AARGHS F4T 5 v o

o WAL eq. (19)9F #Zoh
y = B86x; + 55.16xy + 49.3x3 - 5.34xixe + 20.44x1x3 - 15.67xX9X3
eq. (19)
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ol y= EnEdAY FEFEFS gretH, x; xo x3v FAE3}EHA]
T, B2l E, £7bFo dtEe 9w gt EgE B Y
9 R-AH, 48 R-AF, 158 R-AFS Table 436,90 thehtg)
o R-Al#2 Table 4.35.9 YEYAE Regression® Seq SS
(122.125)9F Total Seq SS(130.431)¢] HlZ T8 4= 9t} R*S oJnlst=
AAATE 93.63%=2 F#AAT+= 096760t 28 E= 23 IARF LS
N ZgHge BusdX] FE8F3e] AA7 9363% % vl &
T}

Table 4.33. Water content(%) of Night Soil Sludge on each

case according to mixing ratio of mixture

Case OysigTegiel Dolomite S ceal Diatomite Ni%l;te?rOil

Dp pels® e content (%)
1 0.00 0.00 50.00 50.00 49.26
2 0.00 25.00 25.00 50.00 48.39
3 0.00 50.00 0.00 50.00 54.70
4 8.33 8.33 33.33 50.00 52.46
5) 8.33 33.33 8.33 50.00 54.53
6 16.67 16.67 16.67 50.00 52.11
7 25.00 0.00 25.00 50.00 59.37
8 25.00 25.00 0.00 50.00 55.43
9 33.33 8.33 8.33 50.00 58.56
10 50.00 0.00 0.00 50.00 98.37
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Fig. 4.21. (a) Mixture Contour plots and (b) Three-dimensional
response Mixture surface plots of mixing ratio of mixture
according to the Water content(%) of Night Soil Sludge

Table 4.34. Estimated Regression Coefficients for Night Soil

sludge Water content (%) according to mixing ratio of mixture

Term Coef SE Coef T P VIF
Oyster shell powder 58.6 1.39 * * 1.964
Dolomite 55.16 1.39 * * 1.964
charcoal powder 49.3 1.39 * * 1.964
Oyster shell powder * 3 o2
Dolomite 5.34 6.405 0.83 0.452 1.982
Oyster shell powder *
charcoal powder 20.44 6.405 3.19 0.033 1.982
Dolomite * charcoal | _;5 67 6.405 245 | 0071 | 1982
powder

et HY A BRvheo|Ert Gge] Arka BEF F 9o we

NE QSR E, $£hE BESEE FRY Y Arhm wawc,
T (001) & A% 5897 200 mLel & Ad7] A Faho]
Yol WAE GFe Lot HFL g, 2 A bR
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Table 4.35. Analysis of Variance for Night Soil sludge Water

content (%) according to mixing ratio of mixture

Source DF Seq SS Adj SS Ad; MS F P
Regression | 5 122125 | 1221251 | 24425 | 1176 | 0017

Linear 9 86888 | 486785 | 243393 | 1172 | 0021
Quadratic | 3 35237 | 362374 | 117458 | 566 | 0064
Residual 4 8.306 8.3061 2.0765

Total 9 130.431

Table 4.36. R—squared of models

R-Sq R-Sq(pred) R-Sq(adj)

93.63% 45.56% 85.67%
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Fig. 4.22. Main Effects Plot for Water content (%) of

Night Soil Sludge according to mixing ratio of mixture
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TN AAEL =4u7] 7HF @ E2uolE @ £71F ¢ H|[7} 3297
1682 1 0.21Y Wl 90.09%= Hgow, 2299 : 236 : 246520 497}
80.34% = HAaAth @i Z Auy] 7tFE e} E2ulo]E] &) =
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ofj

Table 4.38.2 &3H]of] W& 3w S8A T2 AAES] F=HE 3
AAGZ Al A QA TS UEW Folv. EFAHEA o= 37 RkE
o] AAsxE HES A= Table 4.39.9] YE} AT Table 4.
B g9+ 0.004, A8 0.006, 22+ 0.0020]tF. 2E A A7
99%Al A HAF7F o] 71Z4dY. 18] a1 Table 4.38.5 HW H3Hsk 23
37 s 4T F d=d A2 eq. (2009 2ok

y = 87.56x; + 81.86xy + 88.88x; + 20.43x1xy - 33.61x1x3 + 3.19x9X3

eq. (20)
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Table 4.37. TN removal(%) of Night Soil Sludge on each case

Cose Oer bl poomice Sharcel - Dite 1\ ndla
1 0.00 0.00 50.00 50.00 89.12
2 0.00 25.00 25.00 50.00 85.88
3 0.00 50.00 0.00 50.00 81.63
4 8.33 8.33 33.33 50.00 84.35
5) 8.33 33.33 8.33 50.00 86.76
6 16.67 16.67 16.67 50.00 84.68
7 25.00 0.00 25.00 50.00 79.64
8 25.00 25.00 0.00 50.00 89.17
9 33.33 8.33 8.33 50.00 86.21
10 50.00 0.00 0.00 50.00 87.44

Oyster shell powder
50

Might
Soil_TN
remowal{¥}

< 82

W52 - B4
Was - 68
W% -3
Wi - %
| = 80
50 0 50
Dolomite charcoal powder

TN removal(%) 8

Dolomite

Oyster shell powder

charcoal powder

Fig. 4.23. (a) Mixture Contour plots and (b) Three-dimensional

response Mixture surface plots of mixing ratio of mixture
according to the TN removal (%) of Night Soil Sludge

w3l Table. 4.40.& &3

=9 R-A¥, #4¥ R-Al
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o] YelY glom AaASFr)E 098430tk e 23 3 RYL 3
Mo B By A 244 AASTH BAY 96.88%= v}

AR S el tid FEA=E detd 19 Fig. 424.0th
=7H7 Beas 4L AAE

Po-Kang Shih. (2015) & 7}4 & #H& Asstr] s dA=4u7&
AgotAdt AdAy TN Ha A& AAE 71.2-86.59% ] St

Tk, s e, (2017)9 Aol wEM tigte] EREA e st
T EHAE YO R Struvite 2A 3} FHo R A3 A3 NH;-NO
F57F 846.67 mg/LolA 49533 mg/L= =S EJT. olu AAELS
4150% 2 TEE B ARH A = ARG 22 AAES &<
g g dvk aglrE x2E, = AU7] 7HF, ER2volE, 7R &
FES ol 8% ool ¥ FHAolgtal AE T

Table 4.38. Estimated Regression Coefficients for Night Soil
sludge TN removal (%)

Term Coef SE Coef T P VIF
Oyster shell powder 87.56 0.7804 * * 1.964
Dolomite 81.86 0.7804 * * 1.964
charcoal powder 83.88 0.7804 * * 1.964
Oyster shell powder *

Dolomite 20.43 3.5966 5.68 0.005 1.982

Oyster shell powder * B B
charcoal powder 33.61 3.5966 9.34 0.001 1.982
Dolomite * charcoal powder 3.19 3.5966 0.89 0.425 1.982
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Table 4.39. Analysis

removal (%)

of Variance for Night Soil sludge TN

Source DF Seq SS Adj SS Adj; MS F P
Regression 5 81.27 81.27 16.254 24.83 | 0.004
Linear 2 1.9897 30.6117 15.3058 23.38 | 0.006
Quadratic 3 79.2803 79.2803 26.4268 40.36 | 0.002
Residual Error 4 2.6189 2.6189 0.6547
Total 9 83.8888
Table 4.40. R—-squared of models
R-Sq R-Sq(pred) R-Sq(adj)
96.88% 56.18% 92.98%
90 Oyster shell powder Dolomite
85
861 , o il )7
B4 NS . \
£ 82
m T T T T T T T T T T T T
= é§§3 a;} A é§§) (gl Q@ ﬁ 4}“".} A éﬁl ag& é§§)
Q & & o & & o
o RN : : Toor N : : -
g %7 @ 4 D P S S T L
E 90 charcoal powder
88 - /
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84 \'//
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Fig. 4.24. Main Effects Plot for TN removal (%) of Night
Soil Sludge
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TZ2E H3FS 50%2 14ty SHUFE S2rlole & 447
7HE, £7HFe SR ER AR £ AAE Ao 1 Ade
Table 4.41.¢} 2t} Ex £eA9 £99 ¥r
A AALEL = AYY] 7HF  EZulo]lE ¢ £rkRe w7010 1
o ] 4348%% HAPow, 4 1 : 191 A$7F 9850% = Huoigdith.
Fig. 425.9] (a)¢} (b)= o3} BEA 9 &3nd w2 FJ AALES Y
Bl Sadd gdoltt o] agz.E B TP AAEE = AU
7V L ERulolE ¢ £7bFe] HIZF 2930 ¢ 18.09 1 261 ¥ W 9%E

+ 188.57 mg/LolA oH,

o, 255 24.14 ¢ 233190 A$7F 55.18% % HAAUT. 18la 2=
nlolE gt & Aul7] 7}
< & F Ak

Table 442.= E3v & WE EuxsdA T AAeY 449 37

o FHfgol WeldsE Fo AARO] F7

u

vy = 912x; + 809x, + 86.7x3 + 70.7x1x0 + 285x1x3 - 139.4x9x3
eq. (21)
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Shih. (2015)¢] Aol w29, TP ¢ A= 50.58-95.5% Al A= U
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Table 4.41. TP removal(%) of Night Soil Sludge on each case
Night Soil
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Case  OvSter shell - bolomite ' Charcoal ~~Diato”  7p removal
1 0.00 0.00 50.00 50.00 87.32
2 0.00 25.00 25.00 50.00 43.48
3 0.00 50.00 0.00 50.00 78.78
4 8.33 8.33 33.33 50.00 79.08
5 8.33 33.33 8.33 50.00 38.03
6 16.67 16.67 16.67 50.00 79.32
7 25.00 0.00 25.00 50.00 93.46
8 25.00 25.00 0.00 50.00 98.36
9 33.33 8.33 8.33 50.00 98.50
10 50.00 0.00 0.00 50.00 91.92
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Fig. 4.25. (a) Mixture Contour plots and (b) Three-dimensional
response Mixture surface plots of mixing ratio of mixture
according to the TP removal (%) of Night Soil Sludge

Table 4.42. Estimated Regression Coefficients for Night Soil
sludge TP removal (%)

Term Coef SE Coef T P VIF
Oyster shell powder 91.2 7.154 * * 1.964
Dolomite 80.9 7.154 * * 1.964
Charcoal powder 36.7 7.154 * * 1.964
Oyster shell powder *
Dolomite 70.7 32.972 2.14 0.099 1.982
Oyster shell powder *
Charcoal powder 28.5 32.972 0.86 0.436 1.982
Dolomite * Charcoal _ _
powder 1394 32.972 4.23 0.013 1.982
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Table 4.43. Analysis of Variance for Night Soil sludge TP

removal (%)

Source DF Seq SS Adj SS Ad; MS F P
Regression 5 2090.88 2090.88 418.175 7.6 0.036
Linear 2 805.85 58.15 29.077 0.53 0.626
Quadratic 3 1285.02 1285.02 428.341 7.78 0.038
Residual 4 220.1 220.1 55.025
Total 9 231097
Table 4.44. R-squared of models
R-Sq R-Sq(pred) R-Sq(adj)
90.48% 0.00% 78.57%
Oyster shell powder Dolomite

A2 £

Charcoal powder
100 P

90 4 r"/\
_____..
30 1
70 4
i} 4]
QQ'

O A D
b : o b B o
L

TP removal{%)
ﬂ%a

Fig. 4.26. Main Effects Plot for TP removal (%) of Night
Soil Sludge

_75_



434 AFEZA EFH W& &g de BOD AA

TZ2E 73S 50%2 1gstal ojzprzae 3
AA4ste] BOD AAE A3gt A3+ Table 4.45.9]
BOD X+ 149477 mg/L °|%le™, BOD= & U777 @ &2v}o]
E =7 vz 1 01 4 o 98.07% = H A AEFSeH, 0
021 AB-57F A 7658%= AAHAT. Fig. 4.27. (a)©= o HEA 9
TeHle W& BOD AAES Ued saMdola (b FWEolth o
£ B4 BOD AAEe 45 = Ay 7bF 1 E2vielE ¢ £7FF9

Bufe o
a
=
i)y
kit
N
1o

H] 7} 26.28 : 830 : 1542< o] 97.36% = HUH o™, 191 : 46.16 : 1.93
ol A9V} 71885% = HAAr gl #F Adr] 759 =159 5
§o] ZoldA 2 BOD Al7AE o] 71k

2=
E@alel WE £xE3A BOD AAES] =42 AAAT=E Al 7HA
AAte] Fd& vepd AiE Table 446.001 YeRth, EaHEA o=
3 AEgo] HARANE HES A= Table 44791 Yt d=dl, o

} =2 = 0.036, 0.016, 0.23°]t}. 225 A &g 74
G AT B%AA FAF7Ed o] Y 4Enk 1E]al Table 4.46.5 ®A

A 274 3N RYNL FAT F Qe 2L eq. (22)9]th

y = 97383x; + 75.518xy + 93.33x3 + 32.283xix2 + 6.781xix3 +
18.367X2X3 €d. (22)

u
T4E R-A#, A58 R-A#2 Table 448 e}

W, i 24
T 9048% %2 A= 0.95120] B8 22 3RS 370 SHWHS
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o} #x&eA BOD AAEHe] #A7} =
A e ME(E JAEE, E2vtelE, £7b)d g FadEs o
Bl 198 Fig. 4280tk nlmAon ZgnlolE 7]&7|7t AR
FENEE Aty doE

Po-Kang Shih. (2015). o w2 HA=4d 75 7148 dA5E A3t
7§18 A9tg 23, BODs9 Al A& 89.3-85.02% ol Atk 18]l ©]

24 23 5SS AAR AsiA BODse LdH-7F AlA S AL A

i

Table 4.45. BOD removal (%) of Night Soil Sludge on each case

according to mixing ratio of mixture

Case Ovster el pojomige _chareoal - Ditlo 01 emiva
1 0.00 0.00 50.00 50.00 91.86
2 0.00 25.00 25.00 50.00 90.20
3 0.00 50.00 0.00 50.00 76.58
4 8.33 8.33 33.33 50.00 98.07
5) 8.33 33 &38 50.00 83.70
6 16.67 16.67 16.67 50.00 93.54
7 25.00 0.00 25.00 50.00 97.05
8 25.00 25.00 0.00 50.00 97.05
9 33.33 8.33 8.33 50.00 97.22
10 50.00 0.00 0.00 50.00 97.26
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Fig. 4.27. (a) Mixture Contour plots and (b) Three-dimensional
response Mixture surface plots of mixing ratio of mixture
according to the BOD removal (%) of Night Soil Sludge

Table 4.46. Estimated Regression Coefficients for Night Soil
sludge BOD removal (%) according to mixing ratio of mixture

Term Coef SE Coef T P VIF
Oyster shell powder 97.383 3.172 * * 1.964
Dolomite 75518 3.172 * * 1.964
Charcoal powder 93.33 3.172 * * 1.964
Oyster shell
powder*Dolomite 32.283 14.621 2.21 0.092 1.982

Oyster shell

powder*Charcoal 6.781 14.621 0.46 0.667 1.982
powder
Dolomite*Charcoal
powder 18.367 14.621 1.26 0.277 1.982
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Table 4.47. Analysis of Variance for Night Soil sludge BOD

removal (%) according to mixing ratio of mixture

Source DF Seq SS Adj SS Adj; MS F P
Regression 5 411.143 411.143 82.229 7.6 0.036

Linear 2 339.563 297.643 148.822 13.75 0.016
Quadratic 3 71.58 71.58 23.86 2.21 0.23
Residual

Error 4 43.281 43.281 10.82

Total 9 454.424

Table 4.48. R—squared of models

R-Sq R-Sq(pred) R-Sq(adj)
90.48% 0.00%6 78.57%
Oyster shell powder Dolomite

100 ~

95 | A B 1,
ey

£ g0
E T T
-
™
E q“-‘@ n_?;:' hﬁh a3 u“@ @@ R AR L. éﬁ@
EQ%,@{:@:@-Q-%,@:FL@@
a)
Charcoal powder

0 100 2
o

95 1 P

gu_ ._'_-_'_,-I-'- -

85

20

R SR
W : o o > 0
A

Fig. 4.28. Main Effects Plot for BOD removal (%) of Night
Soil Sludge
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435 ABREzA EHd wE A9 SS AA

TZE 4% 50%= 1At S&2utolE, =+ AU 7| 7HF, £7HE
o] FHFS HA 0%, A 50%= AAste] SS AAE IS P

X
N

A3 = Table 449.¢F 2t &x <£¢x9 SS F%+& 17450
mg/Lollew, & U7 7bF ¢ ERupelE ¢ E7FFe] M7t ]
o w H 7880%AAFNCT 1:1:0 oAt 4:1: 18 A% Ay
99.71% 7k A A = At

Po-Kang Shih. (2015)& 714 & #HA+E Aststr] & dA=4u7E
Age A7, AFAH 1S ATy FREd " dEF AAES
85.3-85.32% %1 T}

Table 4.49. SS removal(%) of Night Soil Sludge on each case

according to mixing ratio of mixture

Case Orgler shell . poiomie Sharmenl | Disty gt
1 0.00 0.00 50.00 50.00 93.98
2 0.00 25.00 25.00 50.00 96.85
3 0.00 50.00 0.00 50.00 94.96
4 8.33 8.33 33.33 50.00 94.56
5} 8.33 33.33 8.33 50.00 78.80
6 16.67 16.67 16.67 50.00 97.71
7 25.00 0.00 25.00 50.00 96.96
8 25.00 25.00 0.00 50.00 99.71
9 33.33 8.33 8.33 50.00 99.71
10 50.00 0.00 0.00 50.00 99.43
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otef o] Table. 4.50. 2 ofyH A ] Egnld W £ <A 719
o 7l FF )= e Foln #rlE 4 A9 HlRe w4
AP B Al BAH IS Wt ddei ¥R EHRlzde #f7=
ol 30% o] 4 AfoltHEEx &, 2017). ¥ AAddAH= 7=
ol 33.06-49.57%°] WMelE HHAER HiH| 23S FHIHIL = 5
Atk o] R (2017) o mEW uy AAA= F=d FrFol Bol &

Ao BEd fEFA vsE AMSE 5 o
1=

wE, U4, (2008) £ AT FAE B B A 2 A
o ol 65% olstz ARHW AF Hulse AvE sHsscin Ba
shelov], oz Qe seA AR MEL 2 5 e Aol Aud

Table. 4.50. Analysis of organic matter content of night soil

sludge cake

Case Oy;(t;?; d(selrlell Dolomite %%%532?1 Diatomite co%%%i%g% )
1 0 25 25 50 42.15
2 8.3 8.3 33.3 50 49.57
3 16.7 16.7 16.7 50 37.05
4 100 0 0 0 33.06
5) 0 0 0 100 48.14

_82_



=
—
Q

o
o
I\
3
&
rlo
)
O
Q

w0

(@)

i
ftl
>
o
o
ol
N
o
=)
W
to
rlr

dhe e Fag £ 9
Table. 4.51. Heavy metal experiment case of night soil
sludge cake (unit : %)
Case Oy;g%; d(Se}r]eu Dolomite %1(1)3\1;(012?1 Diatomite

1 0 25 25 50

2 8.3 8.3 33.3 50

3 el 16.7 1@ 50

4 100 0 0 0

5 0 0 100 0

6 0 0 0 100

Table. 4.52. Heavy metal concentration of night soil sludge cake in e

ach case and standard concentration (unit : mg/kg)

Case As Cd Hg Pb Cr Cu Ni n

1 1.47 1.12 0.42 5.83 6.83 102.94 4.88 255.49

2 1.74 1.26 0.52 5.41 8.66 102.86 529 | 30141

3 1.76 1.00 0.79 4.35 6.23 74.71 4.00 22749

4 1.73 0.64 0.29 1.02 3.21 39.34 2.14 108.06

5 1.21 0.75 0.61 2.01 4.60 30.45 3.16 83.89

6 2.60 2.03 1.33 7.38 12.15 116.90 7.81 388.31
Standard| 45 5 2 130 200 360 45 900
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old - (2012) &= 7} gl el A= Hrkskr] fsiA
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5 &5 AdS g ed #4853 As, Zn, Cu, Ni, Pb, CdZ H] A&
o g2 =R, ofd, 7, YA Jt=es2 drie #dN Ve
AR Fe g AEHAT. &3 Guodong Sheng. (2009) ¢ Y
Al-Degs. (2001) ¢ ATtol mEH FxE 93 Pb (IDY S22 p
7V STVl wet Frbel=d, pH 4.0-7.09014 A7) S7FskH, pH
7.0-10.0914 =2 FFS FASL pHZE 100 o4 45 F48HA &
2t aga g ool td fx2E §& 38 24 mg/g °olv. 1
R REE TE%5 T otUel 9s 53 AAst=d A et
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& ol AA a&E HE AL F 89 2o F oEHo| O
w Cd¥, Co®, Cr¥, Cu®, Mn> % Zn®' ¢} Z& &% o] &9 95-100%+=
FAAt 5 -10 & ool HZFsle] A AF AL =3 Ahmad B. (2012)
¢} Erol Pehlivan. (2009) ¢1toll w&w e Fa832 Cu®'el 7

% 826 mg, Ph*' 9 A 2174 mgl®E WMLAL Fgalow
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48.75-94.3 mg/gelAvh. 21ea = A7) +2e dAAE o] FE

UA o3 Aol M AAS] A%k gt Aol maH Rl FAA ot
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L gt SeA e 45, dadda ofg Azl me S8A 2799
ol 63.13%7hA Al aElal ode] TN AAEL 7547%
7HA], TP A $-ol= 92.6%7FA AA= A, BODe -9l 99.07%,
SS 99.78% 7k Al A F A

st A FEdd 22 ofdiet 2o, AAHATE 97.58%0°]
o g7 ye= FEFFOO= dnstal x0k o= ATAH, o FAIRE

S omEtth y = 141.999 - 0.059x; - 4.467x, + 0.098x," - 0.001x;xy

2. 8t A Ao Rl 63-66%clL el TN AAES 7

22%6-81%, TP AAE<] 80-85% ol &l =1 X&st# o] 541.66mm

3. Ex E8A A, IFdEHG AGA ] g SR E5A 9
ghg& o] 6243%7FA sk Ath =, of Ao TN 45 o 84.79%
VA, TP Hdl 84.95%7FA Al AE Stk BOD¥ SS9 4%, Ao 99.7

8%} 99.71% 7+A A A = Atk
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S 9m3t y = 207.033 - 0.161x; - 8.133x2 + 0.058x2” + 0.01x1x2

4, B S8 A AQY FR3FEo] 62-67%0]L A TN AAEL 76
-81%, TPl A|A o] 80-85% o]Ael AL &Pz o] 49952mmHg
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