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Abstract

The objective of this research was to study the efficiency of coalescer for oil separation from
crude palm oil mill wastewater. The wastewater samples were collected from equalization pond
before biogas system. The temperature during experimental operation was controlled at 60-70 °C to
prevent grease forming. The coalesce reactor used was a vertical column with 15 cm. of diameter and
50 cm. of height or 8 liters of volume operated in continuous mode. The filters media studied were
polyethylene terephthalate (PET) and polypropylene (PP) and each type contained two forms, fiber
and granular. The flow rate was varied from 44 to 267 ml/min. The treated wastewater samples were
collected at the height of 10, 20, 30 and 40 cm. of column since 30 minutes until 180 minutes of
operation times. These samples were analyzed their COD and oil and grease contents. The result was
found that the appropriate of coalesce column height for oil separation should not be exceed 20 cm at
operation time 90-180 minutes and the flow rate of 44-89 ml/min. At this condition, the system could
reduce COD and oil and grease by 14.58-18.26% and 39.58-53.13% respectively. Moreover the result
also showed the coalescer used fibrous PP media could reduce COD (18.56%) and oil and grease
(53.13%) effectively. It was caused by the filtration mechanism, oil particles aggregation and
increasing of contact surface area that occurred during the wastewater flow through the fibrous
hydrophobic media. For the natural separation process, it could reduce COD and oil and grease only
1060% and 18.65% respectively. Therefore the coalesce process could enhance the reduction of COD
and oil and grease in palm oil mill wastewater by 1.8 and 2.9 times respectively, in comparing with

the natural separation process efficiency.
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Y @ @ Ja A
ﬁﬂ»ﬂ D99 HUTNANAANA LasAY, 2536

A i = ~ 3 o
3199 2-3 msudlewSinageganioon i 1alutiniuhdy

astuitlow 128 dihinhdusssimnd | dsnhdufirmunszuaumsada
1Han Haaniuaen lansu 5.0 2.5
NoAg Haaniuaen lansu 0.4 0.1
Az Haansuaen lansu 0.1 0.1
aMIHY waanfuden laniy 0.1 0.1
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VIATIEADYNA Snunuzdiatufive iy
180111 0.05 lunsou Td5ala (Transparent)

0.05 - 0.10 lupsou U5 T159as (Translucent)
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Y
v o

= I [ I sq’ o Aa v o a dgl a 1% 4 zi 9
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Mwlszneun 2-14 TpezamesasuuuIuILOY
(1) Coalescer Body; (2) Filter Medium; (3) Tanks;
(4) Stainless Steel Impellers; (5) Punp; (6) Valve of Oil discharge

131 : Sokolovic et al., (2553)
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STEP 1

Emulsion contains small water droplets

‘ oil & emulsions

/t
6 Th,8

—_— Media/Filter

STEP 2
Water droplets coalesce withbonded

droplets to form larger droplets

water

oil & emulsions

e

— — — — — Media/Filter

STEP 3

Water droplets pass through media or filte

‘ / water
‘ ’ ‘ / oil & emulsions
—_— _‘— — Media/Filter
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1 I A=Y ] @ { <
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2.7.2.2 Polyethylene terephthalate (PET)
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Granular Fiber
Coalescing media
PET PP PET PP
Bulk Density (g/L) * 992 655 379 221
Density (kg/mS) ° 1400 960 1400 960
particle size (mm) 2.64-2.69 2.75-2.79 0.16-0.28 0.37-0.39
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1 30 266.67 98.81 95.83
2 60 266.67 97.31 83.33
3 90 266.67 95.87 64.58
4 120 266.67 93.58 62.40
5 180 266.67 88.27 62.29
6 30 1333 98.79 93.75
7 60 1333 96.67 83.13
8 90 1333 91.76 64.58
9 120 1333 88.76 61.46
10 180 1333 85.34 61.09
11 30 88.89 98.79 91.67
12 60 88.89 85.43 81.77
13 90 88.89 81.75 61.25
14 120 88.89 81.62 54.15
15 180 88.89 81.59 49.58
16 30 66.67 98.78 90.68
17 60 66.67 85.42 81.46
18 90 66.67 81.74 60.42
19 120 66.67 81.58 52.71
20 180 66.67 81.57 48.13
21 30 444 98.76 90.63
22 60 444 85.32 81.25
23 90 444 81.70 60.31
24 120 444 81.45 51.98
25 180 444 81.44 46.88
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715197 4-9 Model Summary

Material | Type Predict R Square | Equation
PP Fiber COD 0.701 COD =89.576 + 0.215*H - 0.078*T + 0.031*F
SE,, =+3.509
Oil&Grease | 0.718 Oil&Grease = 76.190 + 0.515*H - 0.186*T + 0.032*F
SE_, =+7.348
Granular | COD 0.712 COD =92.988 + 0.153* H - 0.058*T + 0.018* F
SE,, =+2.417
Oil&Grease | 0.743 Oil&Grease = 80.105 + 0.395*H - 0.175*T + 0.055*F
SE,, =+6.576
PET Fiber COD 0.664 COD =90.346 +0.213* H- 0.059* T + 0.02* F
SE,, = +3.039
Oil&Grease | 0.737 Oil&Grease = 79.470 + 0.469*H - 0.187*T + 0.034*F
SE,, = +6.898
Granular | COD 0.688 COD =92.314 + 0.164*H - 0.055*T + 0.021*F
SE_, = +2.580
Oil&Grease | 0.718 Oil&Grease = 77.681+ 0.439*H - 0.142*T + 0.053*F
SE,, =+6.233
(GRIVER COD = %Tod (Vaaniuaoany)
Oil&Grease = Ve i (Naansunoans)
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I (mﬁ) COD Removal (%) Oil&grease Removal (%)
30 1.20 6.25
60 4.60 8.59
90 5.90 10.55
120 10.59 18.65
150 10.59 18.65
180 10.60 18.65
210 10.60 18.65
240 10.60 18.66
270 10.60 18.65
300 10.60 18.66
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iy | N on31Mslvia
M0ea (mﬁ) 44.4 (ml/min) 66.7 (ml/min) 88.9 (ml/min) 133.3 (ml/min) 266.7 (ml/min)
COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
10 cm 30 1.19 4.17 1.21 6.25 1.21 8.33 1.22 9.32 1.24 9.38
60 2.69 16.67 3.33 16.88 14.57 18.23 14.58 18.54 14.68 18.75
90 4.13 35.42 8.24 35.42 18.25 38.75 18.27 39.58 18.30 39.69
120 6.42 37.60 11.24 38.54 18.38 45.85 18.42 47.29 18.55 48.02
180 11.72 37.71 14.66 38.91 18.41 50.42 18.43 51.88 18.56 53.13
20 cm 30 1.18 5.21 1.19 8.33 1.19 9.38 1.21 9.58 1.22 9.90
60 2.58 15.10 3.30 16.77 14.35 18.23 14.45 18.54 14.46 18.75
920 4.12 32.29 8.22 34.58 17.44 39.06 18.23 39.38 18.28 39.58
120 6.37 35.63 11.22 36.56 18.17 45.85 18.37 46.35 18.46 46.67
180 11.63 35.94 14.63 36.82 18.19 48.96 18.41 50.00 18.55 51.75
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COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
30 cm 30 1.15 5.42 1.18 8.85 1.19 9.58 1.19 10.29 1.21 10.31
60 2.54 14.38 3.24 16.67 3.94 18.54 5.25 18.85 6.57 19.06
920 4.11 21.35 8.17 21.46 10.73 29.06 12.06 29.17 13.37 33.46
120 6.33 24.48 11.14 27.19 12.83 35.52 14.23 36.25 15.63 37.40
180 8.84 25.10 13.25 27.45 14.45 36.00 15.90 37.00 16.97 39.06
40 cm 30 1.13 5.31 1.17 9.17 1.18 9.38 1.18 9.49 1.20 9.57
60 2.53 14.38 3.13 14.58 3.77 14.69 3.88 14.74 3.88 14.79
90 4.00 15.73 5.90 16.82 6.04 16.98 6.30 17.48 6.57 18.88
120 5.74 17.71 6.17 17.92 6.24 18.02 6.72 18.05 7.70 19.17
180 6.17 18.00 7.77 18.59 7.90 18.91 8.04 19.27 8.05 20.31

78




ATUMUTANTIMS IHaTA NG 30 110z 40 cm

&9 40 flow 44.4

0 30 60 20 120 150 180

M (mﬁ)

-~ 50 =+—=(C0D

=

:" 40 ~8-Oil&Grease
g 30

()

Removal
~
[=]

\

&9 30 flow 44.4

—4—C0D

1] 30 60 90 120 150 180
v

—#—Oil&Grease

&9 40 flow 66.7

-~ 50 f —+—CO0D
=)
: 40 ~l-0il&Grease

181 ()

&9 40 flow 88.9

— 50 —4—COD

J

S

— ——0il&Grease
g 30

=]

E 2

o

o

0 30 60 90 120 150 180

a1 (i)

——Oil&Grease
EEl
-]
E 20
173
= 10
0

0 30 60 90 120 150 180

&9 30 flow 66.7

—4— (0D

a1 ()

——-0il&Grease
g 30
2
£ 20
7]
2 10
0

&9 30 flow 88.9

—+—COD

N (i)

&9 40 flow 133.3

60

&9 30 flow 133.3

i
0
0 30 60 90 120 150 180

na1 (i)

60
;e.. 50 ——COD g 50 ——COD
40
=40 —m-Oil&Grease -y 8- OilkGrease
g 30 g 30
220 £
& 10 & 10
0 0
0 20 60 a0 120 150 180 0 30 60 90 120 150 180
=
nm(mﬁ) naun)
&v 40 flow 266.7 &y 30 flow 266.7
60 60
—~50 +—Co0 —~ 50 —+—CoD
= =
— 40 ~8-0il&Grease ~— 40 —B—Oil&Grease
E 30 g 30
=] =]
£ 20 £ 20
3 3
[ & 10

30 60 90 120 150 180

naani)

MW A-1 NIINUAAIANUTUNUTIZH 19 % removeal Y99 COD LAz Oil&Grease HUMAT NAY

Y H 4 i Ly g’/ 1 .
gavesnodautl 30 1az 40 cm enasunasdnsins Tnaasua 44.4 59 266.7 ml/min Vo<

Tnoziaaisoin197aq PP Uy fiber 111 media
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NI UMNINATING IHANAINGS 10 182 20 cm

&9 20 flow 44.4

&9 10 flow 44.4

at (uii)

oD —~ 50 ——C0D
X &0l =
:‘ 40 OiltGrease ~ 40 —-0Oil&Grease
g 30 g 30
] 8
§ 20 g 20
& 10 LT
0 0
0 30 60 90 120 150 180 0 0 60 90 120 150 180
a
na(un) vat (ui)
#9 20 flow 66.7 9 10 flow 66.7
60
w —+—COD 60
g —m—Oil&grease - 50 ——COD
< 40 S a0
= ~ —m—Oil&Grease
H g 30
]
E 20 E 20
10 | £ 1
0 0
0 30 60 90 120 150 180
0 30 60 90 120 150 180
a1 (i) nan (uid)
&4 20 flow 88.9 &9 10 flow 88.9
60 60
~ 50 —4—COD 50 —+—COD
) 40 § i
= —m—Oil&Grease < 40 —8-Qil&Grease
g 30 E 30
20
5 E 20
£ 10 &
o 10
0 30 60 90 120 15 180 0
0 30 60 90 120 150 180
o
nawm) na (uid)
&9 20 flow 133.3 &9 10 flow 133.3
60 60
50 e COD — 50 ~=4—COD
—_ =
=X a0 —m—Oil&grease o —m—Oil&Grease
< et
= 30 30
20 20
: 5
2w 10
1] 0
0 30 60 a0 120 150 180 0 30 60 20 120 150 180
o
13271 (HN) v (uid)
&9 20 flow 266.7 &9 10 flow 266.7
60 60
g 50 —+—con —~ 50 —+—COD
A
< a0 S0
T - —8—Oil&grease
z® g 30 !
£ 20 E 20
©Z 10
E 19
0
0 30 80 90 120 150 180 °
P 0 30 60 90 120 150 180
1 (HIN)

v o J ' . o 1
MN A-2 NI1NLEAINNUTUIUTTENI1 % removeal Y99 COD Lag Oil&Grease NULIAT na1w

1 H 9
geveaneamy 10 uaz 30 cm Wenldsunilassasins Inadaua 44.4 53 266.7 ml/min Vo<

@ I
TnozaayosnlFiag PP uw fiber iU media
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Ansamuaindewlinnugs 30 naz 40 em

- -
G 40 a1 30 U &9 30 1Ia1 30 U
60 60 |
~ 50 ——COD —~s0 —+—COD
S i S ;
= 40 —B—0il&Grease E; 10 —B—Oil&Grease
= p—
£ g 30 |
20
£ £ 20
& 10 & g |
I — I B ~— |
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Flow (mi/min) Flow (ml/min)
- -
&9 40 a1 60 U &9 30 11a1 60 un
60 &0
—~s0 ——COD ——coD
= —~ 50
< a0 —8—Oil&Grease 2 ~@-Oil&Grease
= < a0
= 30 —_—
2 S 30
E 20 ]
-H-i—a—-1
& 10 £ s s —
o *———0 + & 10
0 50 100 150 200 250 300 Y
Flow (mi/min) 0D S0 100 150 200 250 300
Flow (ml/min)
-
&9 40 12a1 90 Ui g9 30 12a1 90 Ui
60
~ 50 - ——C0D &0 =—=C0D
£ - 50 ——0il&Grease
a0 —B—0il&Grease S a0
= —_—
g 30 % 10 L.
SR o S e e— £ 20
& 10 | *——— — & 10 | H““.‘\‘
0
0 50 100 150 200 250 300 0 o 50 10 10 200 250 300
Flow (ml/min) Flow (ml/min)
= =
g9 40 1Ia1 120 un &9 30 a1 120 U
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—+—COD
;_: 50 ) —~ 50 —+—COD
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= =~ 0 —@—0li&Grease
g 30 T 20
g g
E20 O £
S —— & 10 ‘*“'*0\.
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0 S0 100 150 200 250 300 0 50 100 150 200 250 300
Flow (ml/min) Flow (ml/min)
ot -
&9 40 17an 180 U &9 30 1281 180 U
60
50 o0 —4—(COD
50 §
E 40 —— 0D g ~B-0li&Grease
E ) oo |
= 30 —m—Oli&Grease -
g g 30
g2 BEsg m—— 5 £ 20 |
g g ""0——0\_‘
e 10 e * = 10
0 o
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Flow (ml/min) Flow (ml/min)

v o J 1 . v o
M A-3 NINUEAINNUTUHRUTTEHIN % removeal Y99 COD 1ag Oil&Grease ﬂﬂ@ﬁi'lfﬂﬁllﬂﬁ

A @ 4 = I~} @ 1 Z '
ﬂﬂ'ﬂugﬂ“\l'ﬂﬂﬂﬂﬁﬂﬁ 30 1ag 40 cm Lﬁ'ﬂlllﬂEJULL’IJa\ina"lﬁluﬂ"limﬂﬁ')ﬂﬁl"l\iﬁ\um 30 5\1 180 min

o o 3
yo1 Inozaasosn153ag PP vy fiber 11U media
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nosamunafin/dsuliinnugs 10 saz 20 cm
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60
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o A

{ @ { s o 1 H '
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s2q Yo 3| .
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Asamudnms lnaiinnugigg

Flow 44.4 Flow 44.4
ﬂ:eh 20 —+—10cm = 60 =—+—10cm
<ogs —m—20em ‘i:ig —m=20cm
E 10 | —#—30cm 230 —A—30cm
5 ——d40cm £ ——40cm
= 5 @
o g 10
g o &0
0 30 60 90 120 150 180 Z o 10 60 80 120 150 180
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REATCAID] 131 (W)
Flow 66.7 Flow 66.7
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20 60
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PN A-5 NTINUEAAIANUFUIUTIZH I % removeal 399 COD Hag Oil&Grease AUNAT NAY
¥ Y
gavesnoautl 10 20 30 1ag 40 cm WENNTAUIBATINT lvadaua 44.4 54 266.7 ml/min voaInoy

sq Yo 3 .
o3 153ag PP v fiber 111 media
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RO UMUANNGIionINs Inadigg

a1 ()

181 ()

g9 40 cm F940cm
20
60
g ——F266.7 § w | F266.7
-_: 15 —m—F1333 ;40 ‘ —W-F1333
2 10 - F88.9 an caso
5 =——FE6.7 E 0 —F56.7
8" - g /.#_d ——F44.4
Q
S 9 0
0 Z 0 30 60 90 120 150 180 210
0 30 60 90 120 150 180 210 -
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3 60
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~ 15 5
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o
2 10 ——F88.9 H —+—F88.9
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2 ——F66.7 g
5 3 ——
g ——F44.4 8 Faa.4
° 5
(]
o
0 30 60 90 120 150 180 210 T 0 30 60 90 120 150 180 210
o
na N @
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20 -
g ——F266.7 i~ ——F266.7
L 5
=15 —m—F133.3 =1 —=—F1333
g 10 | —a—F88.9 E —a—F889
E ——F66.7 g ——F66.7
a 5 - ——Fa4.4 ﬁ e FA4.4
8 g
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0 30 60 90 120 150 180 210 3 0 0 80 80 120 150 180 210
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B e a1 (M)
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20 -
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~ 15 —m—F133.3 E —=—F133.3
] 889 H —a—F889
=)
g ——F66.7 E ——F66.7
[
b | @ 44 .4
A s Fa4.4 ]
=] g
o 1=
0 £ 0 30 60 90 120 150 180 210
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v o ' o '
MN A-6 NIVLTAIANUTUNUTIZHIN % removeal Y99 COD 11a Oil&Grease NLLIA il

v

M5 1¥0 44.4 66.7 88.9 133.3 1182 266.7 ml/min 1HENTWUINANUFIAWLA 10 D3 40 cm VDY

{ @ I
Tnoziamaosnldiag PP uu fiber 11 media
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2 o ¥ v ¥ o I a 4 o @ a
M3 N-3 ﬂ'liLLﬂﬂu'lllu@FJﬂi]1ﬂu1l§'815\3\‘1'luﬁ'ﬂﬂunJ‘HﬂWQMﬂUﬁUHIﬂﬂglaﬁlﬁﬁﬂiiﬂﬂi%ﬁﬁﬂﬁﬁﬂaN PP ¥UA Granular

iy | N on31Mslvia
A0ea (mﬁ) 44.4 (ml/min) 66.7 (ml/min) 88.9 (ml/min) 133.3 (ml/min) 266.7 (ml/min)
COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
10 cm 30 1.19 4.17 1.21 6.46 1.21 9.17 1.22 9.32 1.24 10.31
60 2.69 6.20 3.33 7.24 6.57 15.10 6.58 15.42 6.69 15.63
90 4.13 14.58 8.24 16.67 11.59 28.33 12.93 29.17 12.97 29.27
120 6.42 25.94 11.24 28.13 13.05 38.56 13.09 38.96 13.22 39.58
180 7.20 30.00 12.30 32.03 14.60 47.29 14.61 48.00 14.91 48.02
20 cm 30 1.18 4.11 1.18 6.25 1.19 7.40 1.21 9.58 1.22 9.90
60 2.58 5.31 3.30 7.03 6.46 9.38 6.54 18.54 6.56 18.75
90 4.12 13.54 8.22 16.35 11.04 28.13 12.90 39.38 12.95 39.58
120 6.37 25.83 11.22 26.15 12.84 37.52 13.03 46.35 13.13 46.67
180 7.19 29.80 12.21 31.51 14.59 46.04 14.59 47.00 14.89 47.08
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ons1M3Ivia

Uy | N
A3081d (mﬁ) 44.4 (ml/min) 66.7 (ml/min) 88.9 (ml/min) 133.3 (ml/min) 266.7 (ml/min)
COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
30 cm 30 1.14 4.06 1.18 6.15 1.18 7.29 1.19 9.58 1.21 9.38
60 2.54 5.00 3.24 8.33 5.02 17.50 5.56 18.85 5.61 19.06
920 4.11 11.56 4.57 19.74 7.93 26.98 9.40 28.02 10.83 29.29
120 6.33 20.21 9.81 20.94 10.17 30.31 10.23 33.13 11.63 33.23
180 6.50 20.31 9.93 22.03 10.70 34.07 10.70 34.53 11.70 35.05
40 cm 30 1.13 391 1.17 6.04 1.18 7.08 1.18 7.41 1.20 7.49
60 2.53 4.90 3.21 7.50 3.77 8.44 3.88 10.57 3.90 11.67
90 3.87 10.52 4.04 12.34 4.01 12.81 4.02 15.40 4.14 15.75
120 4.00 13.33 4.10 14.38 4.50 14.90 4.64 17.01 4.70 17.08
180 4.05 15.00 4.14 16.00 4.60 17.00 4.71 17.03 4.90 18.07
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ANTUMUTANTIMS THafinuga 30 1az 40 cm

&9 40 flow 44.4 &9 30 flow 44.4
60 60
? 50 —+—CoD 50 —+—COD
':' 40 ~B=-0il&Grease E\‘ 40 —@—Oil&Grease
§ 2 g3
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0 — — o
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naeni) a1 (i)
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7 U
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a1 i) 1781 (1)
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o o J 1 o v
MW A-7 NINUFAAIANUTURUTIZHIN % removeal YBI COD 1@ Oil&Grease NUIA na

1 H Y
geueaneauy 30 uaz 40 cm WenAsunilassas s Inadaud 44.4 53 266.7 ml/min Vo<

Tnoziaaiso i 197aq PP 1uU Granular 15U media
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AN UMNOANTIMS Hainuga 10 1az 20 cm

&9 20 flow 44.4

&9 10 flow 44.4
60 60
50 ——COD o~ 50 ——CoD
3 i =
E\— 40 —l-Oil&Grease 40 —@=0il&Grease
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3 2
E 20 g 20
7} U
& 10 %10
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a
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e & & © O
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E -
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= 10
0
0 30 60 90 120 150 180 0
“ (1] 30 60 90 120 150 180
1A (HN) a1 (ui)
&9 20 flow 133.3 &9 10 flow 133.3
50 . 60
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) -
é: 40 ~@—0Oil&grease é}.; 40 —@—Oil&Grease
EELN E 30
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§ 20 E 20
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0 0
0 30 60 90 120 150 180 0 30 60 90 120 150 180
o
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&V 20 flow 266.7 &v 10 flow 266.7
60 60
N o 50 ——COD
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2 8
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0
0 30 60 90 120 150 180 0
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nanm
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o o J 1 o v
MW A-8 NINUAAIANUTURUTIZHIN % removeal YBI COD 1@ Oil&Grease NUIA na

1 v v
gavesnoautl 10 ag 20 cm ionasunilasdniims Tnaduue 44.4 59 266.7 ml/min V04
P @ I
Tnoziadiwosn143ag PP 1Y Granular 11U media
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Aosamaaiin/dswlfinnigs 30 uaz 40 cm

g9 40 1281 30 Ui
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10 10 H—o——o________’
———sp +
0 he e 0
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5438

Removal (%
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MW A-9 NINAAIANUTUNUTIZHI1E % removeal YOI COD 1ag Oil&Grease TUBATINS 1¥ia

= v A = 3 o 1 H 1 = .
NANNGIVDINDANY 30 18 40 cm mmﬂaﬂuuﬂmnaﬂumim‘um’aﬂnmgm 30 99 180 min

saq Yo 3 .
Y01 InoziaaiwesN143iag PP uUY Granular 11U media
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Nosamunafinfdsuliinnugs 10 vaz 20 cm

&9 20 12a1 30 U

0 50 100 150 200 250
Flow (ml/min)
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NO1AUMNTASIMS lrafinnageaigg

Flow 44.4 Flow 44.4
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Flow 266.7 Flow 266.7
20 60
g 10em gsn ——10cm
~ 15 | = ~@=20cm
- —|-20cm F a0 -
g s —&—30cm
5 10 | =30 cm E 30
£ o ——40cm
E s | e 40 €M : 20 -
a § 10
S o 3 0
0 0 60 90 120 150 180 T 0 30 60 90 120 150 180 210
101 (i) a1 (i)
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¥ Y
gaveenoautl 1020 30 1ag 40 cm WPNNTAUIBATINS lvanaua 44.4 54 266.7 ml/min Vo4

o o 3
Tnoziaayosn193aq PP 11y Granular 11U media
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MW A-12 AINUTAINNVTUNUTIZHIN % removeal YOI COD Ay Oil&Grease NLIIAT Noas
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9o

Tnoziaaisoin197aq PP 1Y Granular 15U media
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2 o ¥ v ¥ o I a 4 o o a .
M3 A-4 ﬂ'liLLﬂﬂu'lllu@FJﬂi]1ﬂu1l§'815\3\‘1'I‘Llﬁ'ﬂﬂunJ‘HﬂWQMﬂUﬁUHIﬂﬂglaﬁlﬁﬁﬂiiﬂﬂi%ﬁﬁﬂﬁﬁﬂaN PET %1 Fiber

iy | N on31Mslvia
A0ea (mﬁ) 44.4 (ml/min) 66.7 (ml/min) 88.9 (ml/min) 133.3 (ml/min) 266.7 (ml/min)
COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
10cm | 30 1.198 4.17 1.205 6.25 1.210 8.33 1.221 9.32 1.238 9.38
60 6.138 10.42 6.145 13.75 11.089 15.10 11.099 15.42 6.685 15.63
90 6.336 24.48 11.084 26.04 15.535 26.25 15.544 28.13 15.559 28.23
120 7.028 35.52 12.072 36.46 15.584 45.85 15.766 47.29 15.766 48.02
180 8.114 36.25 13.324 37.41 15.634 50.42 15.643 51.51 15.657 52.08
20cm | 30 1.196 5.21 1.198 8.33 1.201 9.38 1.214 9.58 1.212 9.90
60 6.136 9.90 6.138 13.65 11.081 14.06 11.093 15.42 6.685 15.52
90 6.333 24.06 11.078 24.38 15.527 39.06 15.538 39.38 15.536 39.58
120 7.025 35.42 12.066 35.63 15.576 45.85 15.766 46.35 15.766 46.67
180 8.112 35.21 13.324 36.25 15.626 48.13 15.637 49.22 15.699 50.00
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ons1M3Ivia

Uy | N
A3081d (mﬁ) 44.4 (ml/min) 66.7 (ml/min) 88.9 (ml/min) 133.3 (ml/min) 266.7 (ml/min)
COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
30cm | 30 1.145 5.42 1.178 8.85 1.185 9.58 1.192 10.29 1.212 10.31
60 2.544 9.17 3.237 13.33 6.503 13.54 6.529 13.65 6.569 14.90
920 4.110 18.23 8.169 23.54 10.728 23.85 10.728 23.96 10.703 26.79
120 6.330 23.44 11.141 24.27 11.501 24.38 11.568 25.83 11.634 26.98
180 7.502 24.06 11.914 25.10 11.782 35.21 11.701 36.04 11.754 36.02
40cm |30 1.132 5.31 1.172 9.17 1.178 9.38 1.184 9.49 1.092 9.57
60 2.531 9.07 3.131 12.29 3.917 14.69 3.924 14.74 3.930 14.79
920 2.667 14.69 4.170 15.63 4.410 16.82 4.677 17.73 4.704 17.79
120 4.144 16.77 4.197 17.19 4.437 17.99 4.704 18.02 4.730 18.13
180 4.170 17.50 4.184 18.00 4.970 18.01 5.103 18.02 5.370 19.06
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NOIUMNTAATIMS I1afin 3G 30 1ag 40 cm
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MW A-13 NTINUAAIANVAFNWNUTIZH I % removeal Y99 COD LAz Oil&Grease LA NANY

Y H 4 d g ?1’/ 1
gaueeneail 30 az 40 cm Wenlasuniaadnsinis 1vaaue 44.4 83 266.7 ml/min V04

sHq Yo <
Tnoziameosn193aq PET uuu Fiber 1 media
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Tneziaaaosn1¥iaq PET uuy Fiber iy media
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NO1UMNIN3INS lrafinnugengg
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RNIUMNANNGININTIMS IHamgg

&9 40 cm &9 40 cm
20
- ——F266.7 60
S 5 ——F266.7
<15 —-—F1333 <50
3 5 10 —-—F1333
3 10 woFess g —+—F88.9
g E
g —FG6.7 2 20 ——F66.7
= o
a 5 e % mw ——Fd4.4
8 £
0 g 0 30 60 90 120 150 180
0 30 60 a0 120 150 180 a
anib a1 ()
naum
&9 30cm &9 30cm
20
';Q‘ —+—F266.7 z 50 | ——F266.7
=15 ——F1333 E iz [ —.—F133.3
= |
2 10 ——F88.0 an [ e F88.9
g ——F66.7 £ 50 | ——F66.7
o P—
a 5 ——Fas.4 210 | Fa4.4
Q 2
L= 0
] 2
Z o 30 60 90 120 150 180
0 30 60 90 120 150 180 .
1781 (3117) faanm
&9 20 cm §920cm
—~ 20 ——F266.7 50
L] —4+—F266.7
= —_—F1333 £
~ 15 = -=—F133.3
= ——F88.9 T a0
E S —4—F88.9
E 10 e F66.7 g o F66.7
——F44.4 2 =
a s E 10 Fa4.4
S 3
o 2 0
o o 20 0 920 120 150 150 3 4] 30 60 a0 120 150 180
=
na(ni) 1381 (MM)
&9 10 cm &9 10cm
20 60
2 ——F266.7 3 ——F266.7
~— 15 | —8—F133.3 :iz —=F133.3
f— =
H —de—F88.9 2 —#—F88.9
2 10 g 30
-] ——F66.7 5 6.7
2 = 20
o ——
a s ——Fa4.4 210 Faa.4
=} £ o
(=] 24
0 £ 0 30 6 9 120 150 180
1] 30 60 90 120 150 180 =] a
1381 (11T Fm gy

v o ' v { o
MN A-18 NI NUAAIANUTUNUTIZHIN % removeal YB3 COD 1182 Oil&Grease NULIAT Nons
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2 o ¥ v ¥ o I a 4 o @ a
AT N-5 ﬂ'liLLﬂﬂu'lllu@FJﬂi]1ﬂu1l§'815\3\‘1'I‘Llﬁ'ﬂﬂunJ‘HﬂWQMﬂUﬁUHIﬂﬂglaﬁlﬁﬁﬂiiﬂﬂi%ﬁﬁﬂﬁﬁﬂaN PET U@ Granular

iy | N on31Mslvia
A0ea (mﬁ) 44.4 (ml/min) 66.7 (ml/min) 88.9 (ml/min) 133.3 (ml/min) 266.7 (ml/min)
COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
10cm | 30 1.198 4.17 1.205 6.25 1.210 8.33 1.221 9.32 1.238 9.38
60 2.139 8.33 3.479 10.63 6.557 15.10 6.636 16.46 6.685 17.71
90 5.017 14.06 6.552 18.75 12.870 24.17 12.878 25.00 12.892 28.23
120 5.695 24.58 9.407 28.96 14.300 43.77 14.366 44.17 14.433 44.90
180 6.836 24.90 11.200 29.06 14.600 44.53 14.502 44.79 14.500 45.00
20cm | 30 1.196 3.96 1.198 8.33 1.201 9.38 1.214 9.58 1.212 9.90
60 2.133 8.13 3.464 9.38 6.396 11.98 6.503 15.42 6.685 15.52
90 5.003 14.06 6.543 15.00 12.847 24.48 12.84 39.38 12.759 39.58
120 5.682 24.53 9.402 25.21 14.193 29.81 14.233 40.10 14.366 40.42
180 6.504 20.00 11.121 28.02 14.586 42.81 14.486 43.02 14.480 44.01
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ons1M3Ivia

Uy | N
A3081d (mﬁ) 44.4 (ml/min) 66.7 (ml/min) 88.9 (ml/min) 133.3 (ml/min) 266.7 (ml/min)
COD Oil & COD Oil & COD Oil & COD Oil & COD Oil &
removal grease removal grease removal grease removal grease removal grease
(%) removal (%) removal (%) removal (%) removal (%) removal
(%) (%) (%) (%) (%)
30cm | 30 1.145 3.85 1.178 8.85 1.185 9.58 1.192 10.29 1.212 10.31
60 2.011 7.81 3.237 13.33 6.263 14.06 6.436 14.11 6.569 14.90
90 4.110 9.90 6.529 15.63 8.062 17.60 9.528 19.90 9.623 26.79
120 5.655 13.02 9.275 17.40 9.635 24.38 10.768 25.83 10.808 26.98
180 6.000 15.00 10.601 20.00 10.624 27.97 10.771 29.06 10.814 30.04
40cm | 30 1.132 3.23 1.172 7.08 1.178 8.13 1.184 9.49 1.092 9.57
60 1.998 7.50 2.065 9.27 3.519 10.52 3.524 10.57 3.930 10.63
90 2.654 8.33 3.077 10.00 3.797 11.61 3.811 12.21 4.090 12.29
120 2.971 9.48 3.131 11.98 4.437 12.78 4.441 13.85 4.450 14.69
180 3.077 11.09 3.191 14.01 4.570 14.95 4.497 14.98 4.504 15.00

102




ANTUMUOANTINS IHaTiA NG 30 18z 40 cm

&V 40 flow 44.4 &9 30 flow 44.4
60 60
g 50 ——COD ’: 50 | —4—COD
=0 ~B—Qil&Grease ‘? 40
30

—B—0il&Grease

)
g § %
E 20 £ 20
0 0
0 30 60 90 120 150 180

0 30 60 90 120 150 180

a1 (i) na (i)
&9 40 flow 66.7 g9 30 flow 66.7
60 60
ol e —50 —+—COD
S
E‘a 40 ——Qil&Grease E} 40 == 0il&Grease
g 30 EETN
£ 20 2
H § 20
& 10 N * & 10
0 e e A
0 30 60 90 120 150 180 0
0 30 60 S0 120 150 180
naani) a1 (i)
&9 40 flow 88.9 &9 30 flow 88.9
60 60
50 | ——COD 0 —+—CoD
=
a0

=]

Removal
i
==

L
"
e o o

~B—0Oil&Grease
20 —#—Oil&Grease

Removal (%)
A g B w

. Y &

0 —
0 30 60 90 120 150 180

0 30 60 90 120 150 180
-, =
nalum) na(uIn)
9 40 flow 133.3 &9 30 flow 133.3
60 60
50 - —4—COD ~ 50 ——COD
g S
=~ 40 —m—0il&Grease = ~— Oil&Grease
30
2 30 g
20
E 20 £
& 10 & 10 |
0 [i
0 30 60 90 120 150 180 0 30 60 90 120 150 180
a1 (1) 1721 (117)
& 40 flow 266.7 &9 30 flow 266.7
60 60
50 | —+—COoD —~ 50 ——CoD
2 S .
~ 40 —8—0il&Grease : 40 —B—0il&Grease
= S 30
g0 3
E 20 £ 20
o ]
& 40 © & 10
0 ——b < 0 .‘lf::ﬁ :
0 30 0 90 120 150 180 0 30 60 9 120 150 180
nani) na1ni)

MW A-19 NTINUAAIANVAFNWNUTITZH T % removeal Y99 COD LAz Oil&Grease LA NANY
¥ v v
gaveneaut 30 taz 40 cm enasunilasensins Tnaduie 44.4 59 266.7 ml/min Vo9

sq Yo 3| .
Tnoziaaiyesn143a9 PET 41U Granular 11U media

103



ANIUMNOIANTIMS THalinNga 10 1az 20 cm

&9 20 flow 44.4 &9 10 flow 44.4
60 |

I ——CoD
=

a0 | =B 0il&Grease
g 30
e
E 20 |
7]
o 19 |
0

0 30 60 o0 120 150 1

—+C0D

—B—Oil&Grease

8
Removal (%)
o 5 3 8 8

o

30 60 920 120 150 120

na G nan (u)
&9 20 flow 66.7 &9 10 flow 66.7
60 60
50 ——CoD
—_
S —@—Qil&grease ;; 50 —tCOD
~ 40 ~— 40 i
= et - Qil&Grease
S0 g 30
E 20 - E 20
£ 10 & 10
0 o
o 30 60 90 120 150 180 0 30 60 90 130 150 180
na (“]ﬁ) an (\l'lﬂ)

&9 20 flow 88.9

3

&+ 10 flow 88.9

50 - —4—COD 50 =—4—CO0D
£ g
;; 40 Oil&Grease :, 40 - ——0il&Grease
EEC E 30
E 20 E 2
10
= 10
o
0 30 60 90 120 150 180 0
0 30 60 90 120 150 180
M) v (uif)
&9 20 flow 133.3 g9 10 flow 133.3
60 ¢ 60
—~50 ——COD - 50 —4—COD
> =
~ 40 —a—0il&grease — 40
30

—l—0il&Grease

-
o Q
(=]
17
Q
Removal
= B B

60 90 120 150 180

o 30 60 90 120 150 180
o
) nan (uii)
&9 20 flow 266.7 &9 10 flow 266.7
60 ¢ 60
;; 50 | cop 50 ——CoD
a0 : =
— —#—0il&GRease ~ 40 ol
[ — -0 ease
g X S 30 &
! =}
§ 20 £ 20
10 |
& 10
0
0 30 60 90 120 150 180 0
0 30 60 90 120 150 180
A1)
tian (ui)

v o J ' . @ {
M A-20 NINUTAIANUTUNUTIZHIIN % removeal ¥DI COD 1182 Oil&Grease NULIAT nanw

1 H v
geueaneail 10 uaz 20 cm onlasunilasdasims lvadais 44.4 53 266.7 ml/min V09
@ I
Tnozaayosnl¥iaq PET uuy Ganular 111 media

104



Ansamuaindewlinnugs 30 vaz 40 em

o
&9 40 v1an 30 U &4 30 1281 30 U
60 60
- 50 ——C0D ~50 ——COD
?— 40 —B-0Oil&Grease § 40 —m—Oil&Grease
g 30 - '?'g 30
=}
nE) 20 £
& 0 - H—._.\. ® 10
0 *——4 + o
0 50 100 150 200 250 300 0 S0 100 150 200 250 300
Flow (mi/min) Flow [ml/min)
-
&9 40 1A 60 U &9 30 12a1 60 Ui
60 60
=50 —+—COD =4—=CO0D
Ew —B—0ilgGrease g —B-Oil&Grease
— < a0
g 30 —-
] g 30
E 20 ]
& 10 E 20
. & H—I—Q\-
0 50 100 150 200 250 300 0 +
Flow (ml/min) 0 50 100 150 200 250 300
Flow (ml/min)
-
&9 40 12a1 90 Ui &9 30 a1 90 U
60 |
60 —4—CO0D
—~ 50 ——C0D
e — 50 —m—0il&Grease
~ 40 ~8— Oil&Grease =
—g- ~— 40
30 | =
2 g 30
E 20 | <
o [ EHEE_g g
o L +—2o o € 10 ey —w
0 50 100 150 200 250 300 0
Flow (mi/min) 0 50 100 150 200 250 300
Flow (ml/min)
- -
g9 40 1181 120 U &9 30 1A 120U
60
60
—~50 —+—COD +—CoD
) ~— 50
S a0 —8—Oil&Grease = —B—Oli&Grease
= a0 |
% 30 Tg 30
=
E o LA s S g “\-\-
0 ——t 10 | .—H—Q__________‘
0 o |
0 50100150 200 250 300 0 S0 100 150 200 250 300
Flow (ml/min) Flow (ml/min)
-
9 40 1A 180 Ui &9 30 2R 180 Ui
60 0
50 ——C0D 50 *CQD
‘§ 40 —B—Oli&Grease 5;40 —B—0li&Grease
< -
= 30 B 30 |
g g
S 2p | E 20 |
E .. 2
& w0 10 | 0—0+—+-—~________.
s &
o ! 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Flow (ml/min} Flow (ml/min)

MW A-21 NTINUEAAIANUFUINUTIZH I % removeal 399 COD tag Oil&Grease AUBATINI 1ha

A @ 4 = I~} @ 1 ? '
ﬂﬂ'ﬂugﬂ“\l'ﬂﬂﬂﬂaﬂﬁ 30 1ag 40 cm Lﬁﬂll]ﬂEJULL’IJaﬁl')f’l"lﬁluﬂ"lilﬂﬂﬁ')’E]ﬁl"l\WNLm 30 5\1 180 min

g Yo 2 .
voulnozaaiyoinl¥iag PET 1 Granular (11 media

105



Ansamunaindsullinnugs 10 vaz 20 cm

&9 20 1A 30 Ui &9 10 1281 30 Ui
60
60 | —+—coD
—4—COD — 50 )
;°: o —l—0Oli&Grease é 40 = cilfgrease
~ 40 =
T; 30 g 30
E 20 E 20
£ 10 & 10
6 S0 100 150 200 250 300 0 50 100 150 200 250 300
Flow (ml/min) Flow (ml/min)
&9 20 1A 60 U &9 10 1Ia1 60 U
60 &0 —e—caD
=% —eeon ok —m—OilgGrease
E, 40 - ~@-0li&Grease = a0
g 30 g 30
E 20
o
=

E 20
Y
P S & 10 “'\-M.
o TV Y— —————»
0 50 100 150 200 250 300

0 50 100 150 200 250 300
Flow (ml/min)

Flow (ml/min)

9 20 12@1 90 Ui &9 10 11a1 90 U
& 80 —4—COD
~50 | ——COD 50 | -
£ —B—Oil&Grease g 0 —B—0il&Grease
_5' 30 Tg w0 |
E2 g
10 - e & 10 e o
a 0
0 50 100 150 200 250 300 0 S0 100 150 200 250 300
Flow (ml/min) Flow (ml/min)
&9 20 a1 120 u &9 10 1Ia1 120 uvi
60 60
50 ——CO0D —+—COD
2. —#—Oil&Grease o) :g —=—Oil&Grease
‘g 30 - g 30 “\l\.
E 20 £
& 10 “—\\. & 10 ._’_‘\0\_‘
0 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Flow (ml/min) Flow (ml/min)
9 20 12a 180 Ui 9 10 a1 180 um
60 60
—~50 - *C_OD =50 —+—C0D
5 40 —=-Oil&Grease ?; 40 —B—Qil&Grease
'T'Bc 30 | E 30
E 20 | £ 20
o

3
210 "‘"\g_\. ® 10 H\\.
0
0 50 100 150 200 250 300
Flow {ml/min)

0 50 100 150 200 250 300
Flow (ml/min)

[ o J 1 v o
MN A-22 NSINLAAIANUTUNUTITZHIN % removeal YB3 COD 40 Oil&Grease ﬂ‘]JE)ﬁi']ﬂTi"l‘l’iﬁ
A (4 A = 3 o 1 H ' = .
NANUFIVDIABANY 10 t4ag 20 cm walasunlasan lumsinudlessaua 30 94 180 min

Yo

7 S .
vodlnozaawoiN14iag PET 1Y Granular 11/ media

106



a w l:' 1
wmimmmmﬂmi"lﬂanmmgamac]

Flow 44.4 Flow 44.4
20 60
- ~4=10cm ) —+—10cm
s ~@-20cm <30 ——20cm
— =
g —4—30cm z 0 —4—30cm
& 10 £ 30 |
E =40 cm ] ——40cm
o 5 20
o 5 ﬁ
8 g
=Y g0
1] 30 60 90 120 150 180 g 0 30 60 90 120 150 180
) =
naEIm) a1 (1)
Flow 66.7 Flow 66.7
20 60
’a\? —4+=10cm ’B.E . —+—10 cm
& 15 —8-20cm ‘T-; —8—20cm
= S 40
S 10 =&—30cm E 0 “~=30cm
£ 40 cm 2 20 e 40 €M
2 s H
8 $ 10
o 0 8 0
o 30 60 80 120 150 180 3 o 310 60 90 120 150 180
a
1a1(3110) 1 (i)
Flow 88.9 Flow 88.9
20 60
’E'E‘ —4—10cm T —t—10cm
R |
=15 —m—-20cm = —--20cm
—_ = 40 | —r
§ 10 —4—30cm g w0 30¢m
E 40 cm 2 —=—40cm
= 5 220
o
8 210 |
=2 ki
4 0
0 0 60 90 120 150 180 =
- S 0 30 60 90 120 150 180
nalEIn) -
101 (11)
Flow 133.3 Flow 133.3
12 60 —4—10cm
;:3 10 —+—10cm ';g' 50 |
= =~ —|—20cm
—_ 8 —@=20cm T a0
g 20 H —&—30cm
E 6 om E 30 | ——40cm
g 4 - —— 40 cm 3 20
a 2 810
S g
S o 2o
[} 30 60 90 120 150 180 g 0 30 60 90 120 150 180
-
na1 i) 178101
Flow 266.7 Flow 266.7
20 60
;:-: —+—10cm g 50 —+—10cm
~ 15 = ~@-20cm
—_ ~@=20cm E a0
[ 2 —#—30cm
o 10 - —d—30cm £ 30 -
£ H ——a0cm
] ——40cm 520
L 5 2
a 3w
S o ih 0
0 30 60 9 120 150 180 z 0 30 60 90 120 150 180
na1ani) 1121 (1)

v o ' @ A
M a-23 N5 vluanInNUFURUTIZU I % removeal Y89 COD tag Oil&Grease NUNIAT AW
' Y
geupaneamy 10 20 30 1A 40 cm WONITUIBATING Inanaud 4.4 53 266.7 ml/min Vo1 Tnoz

sag Yo < .
o3 N 19 ia 9 PET 11UV Granular 11l media

107



w

RNTUMNANNGINONTIM IHameg

" &9 40 cm &9 40 cm
-~ ——F266.7 60 |
S 2 ——F266.7
S —m-F1333 Eso | 1323
E —a—F88.9 £a0 —+—F88.9
10 |
5 —F66.7 N ——F66.7
a s ——F44.4 220 | ——Faa2
8 10 |
0 2,
0 30 60 90 120 150 180 ° 30 6 90 120 150 180
A (i) a1 (1)
&9 30cm &9 30cm
20
- 60
= ——F266.7 2 —4—F266.7
T—; 5 —m-F1333 5 —8—F133.3
E 10 —a—F88.9 E“D I —a—F88.9
2 ——F66.7 s 30 ——F66.7
8 5 e Fana g2 ——Fa4.4
S 10
0 Ef
0 30 60 %0 120 150 Z o0
60 90 120
a1 () &
1281 ()
g9 20cm &9 20cm
- 20 ——F266.7 -~
= g ——F266.7
< s —m—F1333 =t —=—F1333
— o
g 10 —&—F88.9 E —#—F88.9
5 i F66.7 E = F66.7
o 5 ——F44.4 % ——Fas.4
1<)
“ o Ef
0 30 60 9 120 150 S 60 90 120
=
a1 (i) 1281 (1)
g9 10cm &9 10cm
20 60
—_~ ——F266.7 < ——F266.7
= Eso |
<o | —m—F1333 = —m—F133.3
= 0
] —aF88.9 E —4—F88.9
=]
g ——F66.7 g% C66.7
E . e Faa 4 g2 ——Fas.4
g 10 |
8 =
0 5 0
o 30 e 90 10 150 180 g o 30 60 90 120 150 180
o
a1 () 0 (i)

M a-24 n3vluanInNuFURUTIEN I8 % removeal YD COD 1Ay Oil&Grease FUNAT AEAT
M5 1¥0 44.4 66.7 88.9 133.3 1182 266.7 ml/min 1HENTUINANUFIAWA 10 D3 40 cm VDY

sq Yo <
TnoziaaiyesN143a9 PET 41U Granular 114 media

108



MANUIN 3

HaMI AT IZHMIaDa

4. 1 T-tast tlay F-test

4. 2 Multiple linear regression
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3aq PP 14U Fiber: COD

4. 1 T-tast (lae F-test

Group Statistics

High N Mean Std. Deviation Std. Error Mean
COD H10 25 88.8840 7.15195 1.43039
H20 25 88.9840 7.09335 1.41867
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference Difference Lower Upper
COD Equal variances assumed .005 .946] -.050 48 961 -.10000 2.01461 -4.15064 3.95064
Equal variances not -.050| 47.997 961 -.10000 2.01461 -4.15064 3.95064
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
COD2 H20 25 88.9840 7.09335 1.41867
H30 25 91.7820 5.49098 1.09820
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference Difference Lower Upper
COD2 Equal variances assumed 4.159 .047] -1.560 48 125 -2.79800 1.79406]  -6.40520 .80920
Equal variances not -1.560] 45.164 126 -2.79800 1.79406 -6.41106 .81506)
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
COD3 H30 25 91.7820 5.49098 1.09820
H40 25 95.1056 2.44401 48880
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference Difference Lower Upper
COD3 Equal variances assumed 27.564 .000| -2.765 48 .008 -3.32360 1.20206] -5.74051 -.90669
Equal variances not -2.765]  33.150 .009 -3.32360 1.20206] -5.76880 -.87840
assumed
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}J'ﬁ@ PP uu Fiber: Oil&Grease

Group Statistics

Highl N Mean Std. Deviation Std. Error Mean
Oill H10 25 69.4124 16.05613 3.21123
H20 25 70.0328 1527175 3.05435
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oill Equal variances assumed 171 6811  -.140 48 .889 -.62040 4.43182 -9.53117 8.29037
Equal variances not -.140]  47.880 .889 -.62040 443182 -9.53175 8.29095
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
Oil2 H20 25 70.0328 1527175 3.05435
H30 25 76.3244 10.33518 2.06704
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oil2 Equal variances assumed 8.636 .005] -1.706 48 .094 -6.29160 3.68805( -13.70691 1.12371
Equal variances not -1.706] 42.172 095  -6.29160 3.68805( -13.73348 1.15028
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
Oil3 H30 25 76.3244 10.33518 2.06704
H40 25 84.4836 3.96717 79343
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oil3 Equal variances assumed 24.205 .000| -3.685 48 .001 -8.15920 2.21409] -12.61092 -3.70748
Equal variances not -3.685]  30.922 .001 -8.15920 2.21409| -12.67532 -3.64308

assumed
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Jaq PP U Granular: COD

Group Statistics

Highl N Mean Std. Deviation Std. Error Mean
COD1 H10 25 91.9028 5.03533 1.00707
H20 25 91.9716 5.01303 1.00261
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
COD1 Equal variances assumed .002 968| -.048 48 962 -.06880 1.42106 -2.92602 2.78842
Equal variances not -.048|  47.999 962 -.06880 1.42106]  -2.92602 2.78842
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
COD2 H20 25 91.9716 5.01303 1.00261
H30 25 93.5036 3.81389 76278
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
COD2 Equal variances assumed 3.853 .055] -1.216 48 2301 -1.53200 1.25978 -4.06496 1.00096
Equal variances not -1.216] 44.811 2301 -1.53200 1.25978 -4.06963 1.00563
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
COD3 H30 25 93.5036 3.81389 76278
H40 25 96.4972 1.28399 .25680
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
COD3 Equal variances assumed 36.906 .000] -3.719 48 .001 -2.99360 .80485 -4.61185 -1.37535
Equal variances not -3.719]  29.371 .001 -2.99360 .80485 -4.63879 -1.34841
assumed
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%ﬁTQ PP 11UV Granular: Oil&Grease

Group Statistics

assumed

Highl N Mean Std. Deviation Std. Error Mean
Oill H10 25 76.2588 14.22101 2.84420
H20 25 75.3140 15.53961 3.10792
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oill Equal variances assumed 419 521 224 48 .824 .94480 4.21292] -7.52584 9.41544
Equal variances not 224 47.627 .824 .94480 4.21292] -7.52755 9.41715
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
0Oil2 H20 25 75.3140 15.53961 3.10792
H30 25 79.8168 10.33334 2.06667
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oil2 Equal variances assumed 8.204 .006] -1.206 48 234  -4.50280 3.73233|-12.00716 3.00156
Equal variances not -1.206] 41.754 234 -4.50280 3.73233|-12.03627 3.03067
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
Oil3 H30 25 79.8168 10.33334 2.06667
H40 25 87.9352 437512 .87502
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oil3 Equal variances assumed 14.981 .000| -3.617 48 .001 -8.11840 2.24428|-12.63082 -3.60598
Equal variances not -3.617| 32.337 .001 -8.11840 2.24428|-12.68798 -3.54882)
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JaqQ PET 4wy Fiber: COD

Group Statistics

Highl N Mean Std. Deviation Std. Error Mean
COD1 H10 25 90.1656 5.61305 1.12261
H20 25 90.1680 5.61720 1.12344
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
COD1 Equal variances assumed .000 997 -.002 48 999 -.00240 1.58820] -3.19568 3.19088
Equal variances not -.002| 48.000 999 -.00240 1.58820] -3.19568 3.19088
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
COD2 H20 25 90.1680 5.61720 1.12344
H30 25 92.6988 4.20831 .84166]
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
COD2 Equal variances assumed 4.055 .050] -1.803 48 .078|  -2.53080 1.40375| -5.35323 29163
Equal variances not -1.803]  44.487 .078| -2.53080 1.40375| -5.35900 .29740
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
COD3 H30 25 92.6988 4.20831 .84166]
H40 25 96.4076 1.40955 28191
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
COD3 Equal variances assumed 36.972 .000] -4.178 48 .000 -3.70880 .88762| -5.49348 -1.92412)
Equal variances not -4.178 29.318 .000 -3.70880 .88762] -5.52333 -1.89427
assumed
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}J'ﬁ@ PET 11UV Fiber: Oil&Greasel

Group Statistics

assumed

Highl N Mean Std. Deviation Std. Error Mean
Oill H10 25 72.4784 15.65350 3.13070
H20 25 71.7316 15.71383 3.14277
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oill Equal variances assumed 264 .610 .168 48 867 74680 4.43602] -8.17241 9.66601
Equal variances not .168] 47.999 867 74680 4.43602] -8.17242 9.66602
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
Oil2 H20 25 71.7316 15.71383 3.14277
H30 25 79.7980 9.01787 1.80357
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oil2 Equal variances assumed 21.059 .000 -2.226 48 .031 -8.06640 3.62351]-15.35196 -.78084
Equal variances not -2.226] 38.261 032  -8.06640 3.62351|-15.40017 -.73263
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
Oil3 H30 25 79.7980 9.01787 1.80357
H40 25 85.4192 4.29820 .85964
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
0Oil3 Equal variances assumed 18.224 .000 -2.813 48 .007| -5.62120 1.99796| -9.63837 -1.60403
Equal variances not -2.813] 34.369 .008| -5.62120 1.99796] -9.67994 -1.56246

115



}J'ﬁ@ PET 11UV Granular: COD

Group Statistics

Highl N Mean Std. Deviation Std. Error Mean
CODI H10 25 91.9344 5.17008 1.03402
H20 25 91.9904 5.15521 1.03104
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
Sig. t df tailed) Difference | Difference Lower Upper
COD1 Equal variances assumed .000 .999 -.038 48 970 -.05600 1.46022| -2.99197 2.87997
Equal variances not -.038] 48.000 970 -.05600 1.46022| -2.99197 2.87997
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
COD2 H20 25 91.9904 5.15521 1.03104
H30 25 93.4712 3.68156 73631
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
Sig. t df tailed) Difference | Difference Lower Upper
COD2 Equal variances assumed 6.582 .013 -1.169 48 248 -1.48080 1.26697| -4.02821 1.06661
Equal variances not -1.169| 43.427 .249 -1.48080 1.26697| -4.03515 1.07355
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
COD3 H30 25 93.4712 3.68156 73631
H40 25 96.9008 1.22559 24512
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
Sig. t df tailed) Difference | Difference Lower Upper
COD3 Equal variances assumed 27.397 .000 -4.419 48 .000|  -3.42960 77604 -4.98993 -1.86927
Equal variances not -4.419] 29.255 .000|  -3.42960 77604 -5.01618 -1.84302
assumed
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v

399 PET #UY Granular: Oil&Grease
Group Statistics
Highl N Mean Std. Deviation Std. Error Mean
Oill H10 25 76.3788 14.00272 2.80054
H20 25 77.1212 13.48486 2.69697
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oill Equal variances assumed .006 940 -.191 48 .849 -.74240 3.88802| -8.55979 7.07499
Equal variances not -.191] 47.932 .849 -.74240 3.88802| -8.56008 7.07528
assumed
Group Statistics
High2 N Mean Std. Deviation Std. Error Mean
Oil2 H20 25 77.1212 13.484386 2.69697
H30 25 82.9372 7.51957 1.50391
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oil2 Equal variances assumed 13.963 .000 -1.883 48 066 -5.81600 3.08795|-12.02473 39273
Equal variances not -1.883] 37.610 .067| -5.81600 3.08795|-12.06935 43735
assumed
Group Statistics
High3 N Mean Std. Deviation Std. Error Mean
Oil3 H30 25 82.9372 7.51957 1.50391
H40 25 89.0712 2.88930 57786
Independent Samples Test
Levene's Test for Equality
of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error
F Sig. t df tailed) Difference | Difference Lower Upper
Oil3 Equal variances assumed 21.312 .000 -3.807 48 .000 -6.13400 1.61111] -9.37336 -2.89464
Equal variances not -3.807] 30.935 .001 -6.13400 1.61111] -9.42016 -2.84784
assumed
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386 PP U Fiber: COD

4. 2 Multiple linear regression

Descriptive Statistics

Mean Std. Deviation N
COD 91.1889 6.31562 100)
High 25.0000 11.23666 100
Time 96.0000 51.87397 100
Flow 120.0000 79.40564 100
Correlations
COD High Time Flow

Pearson Correlation COD 1.000 382 -.637 .387

High 382 1.000 .000 .000)

Time -.637 .000 1.000 .000,

Flow 387 .000 .000 1.000
Sig. (1-tailed) COD .000 .000 .000,

High .000 .500 .500

Time .000 .500 .500,

Flow .000 .500 .500
N COD 100 100 100 100

High 100 100 100 100

Time 100 100 100 100

Flow 100 100 100 100

Model Summary'i
Change Statistics
Adjusted R | Std. Error of the| R Square Sig. F |Durbin-

Model R | R Square Square Estimate Change F Change df1 df2 Change |Watson
1 637" 405 399 4.89474 405 66.820 1 98 .000
2 745° 555 .546 425722 .149]  32.549 1 97 .000
3 837° 701 691 3.50922 .146|  46.759 1 96 .000] 1.204

a. Predictors: (Constant), Time

b. Predictors: (Constant), Time, Flow

c. Predictors: (Constant), Time, Flow, High

d. Dependent Variable: COD
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ANOVA'

Model Sum of Squares df Mean Square F Sig.
1 Regression 1600.893 1 1600.893 66.820 .000°
Residual 2347.928 98 23.958
Total 3948.821 99
2 Regression 2190.801 2 1095.400 60.440 .000°
Residual 1758.020 97 18.124
Total 3948.821 99
3 Regression 2766.616 3 922.205 74.887 .000°
Residual 1182.205 96 12.315
Total 3948.821 99
a. Predictors: (Constant), Time
b. Predictors: (Constant), Time, Flow
c. Predictors: (Constant), Time, Flow, High
d. Dependent Variable: COD
Coefficients’
Standardized
Unstandardized Coefficients Coefficients Correlations Collinearity Statistics
Zero-
Model B Std. Error Beta t Sig. order | Partial | Part | Tolerance VIF
1 (Constant) 98.631 1.034 95.421 .000
Time -.078 .009 -.637 -8.174 .000 -637| -.637| -.637 1.000 1.000
2 (Constant) 94.942 1.107 85.734 .000
Time -.078 .008 -.637 -9.398 .000 -.637| -.690| -.637 1.000 1.000
Flow .031 .005 387 5.705 .000 387 .501 387 1.000 1.000
3 (Constant) 89.576 1.204 74.415 .000
Time -.078 .007 -.637| -11.402 .000 -637| -.758| -.637 1.000 1.000
Flow .031 .004 387 6.921 .000 .387 577 387 1.000 1.000
High 215 .031 382 6.838 .000 382 572 382 1.000 1.000

a. Dependent Variable: COD
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Excluded Variables’

Collinearity Statistics
Model Beta In t Sig. Partial Correlation Tolerance VIF Minimum Tolerance
1 High 382" 5.614 .000 495 1.000 1.000 1.000
Flow 387" 5.705 .000 .501 1.000 1.000 1.000
2 High 382" 6.838 .000 572 1.000 1.000 1.000

a. Predictors in the Model: (Constant), Time
b. Predictors in the Model: (Constant), Time, Flow

c. Dependent Variable: COD

Collinearity Diagnostics'

Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) Time Flow High
1 1 1.881 1.000 .06 .06
2 119 3.972 94 .94
2 1 2.636 1.000 .02 .03 .04
2 .268 3.135 .01 33 .66
3 .096 5.242 97 .64 .30
3 1 3.469 1.000 .01 .02 .02 .01
2 275 3.551 .00 18 78 .03
3 .195 4215 .01 .52 .05 43
4 .061 7.563 98 28 15 .53
a. Dependent Variable: COD
Residuals Statistics’
Minimum Maximum Mean Std. Deviation N
Predicted Value 79.1350 104.0335 91.1889 5.28636 100
Residual -7.17144 7.99701 .00000 3.45564 100
Std. Predicted Value -2.280 2.430 .000 1.000 100
Std. Residual -2.044 2.279 .000 985 100

a. Dependent Variable: COD
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386 PP U Fiber: Oil&Grease

Descriptive Statistics

Mean Std. Deviation N
Oil 75.0633 13.63862 100)
High 25.0000 11.23666 100
Time 96.0000 51.87397 100
Flow 120.0000 79.40564 100
Correlations
Oil High Time Flow
Pearson Correlation Oil 1.000 424 -.709 .189)
High 424 1.000 .000 .000]
Time -.709 .000 1.000 .000,
Flow 189 .000 .000 1.000
Sig. (1-tailed) Oil . .000 .000 .030,
High .000 . .500 .500,
Time .000 .500 . .500,
Flow .030 .500 .500
N Oil 100 100 100 100
High 100 100 100 100
Time 100 100 100 100
Flow 100 100 100 100

Model Summaryd

Change Statistics
Adjusted R | Std. Error of the | R Square Sig. F | Durbin-
Model R R Square |  Square Estimate Change F Change dfl df2 Change | Watson
1 709° .503 498 9.66647 .503 99.079 1 98 .000
2 826" .683 .676 7.76007 .180 55.066 1 97 .000
3 .848° 718 710 7.34861 .036 12.166 1 96 .001 1.291

a. Predictors: (Constant), Time
b. Predictors: (Constant), Time, High
c. Predictors: (Constant), Time, High, Flow

d. Dependent Variable: Oil
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ANOVA'

Model Sum of Squares df Mean Square F Sig.
1 Regression 9258.003 1 9258.003 99.079 .000}
Residual 9157.191 98 93.441
Total 18415.195 99
2 Regression 12573.985 2 6286.993 104.403 .000°
Residual 5841.209 97 60.219
Total 18415.195 99
3 Regression 13231.001 3 4410.334 81.670 .000°
Residual 5184.194 96 54.002
Total 18415.195 99
a. Predictors: (Constant), Time
b. Predictors: (Constant), Time, High
c. Predictors: (Constant), Time, High, Flow
d. Dependent Variable: Oil
Coefficients”
Standardized
Unstandardized Coefficients | Coefficients Correlations Collinearity Statistics
Model B Std. Error Beta t Sig. Zero-order Partial Part Tolerance VIF
1 (Constant) 92.960 2.041 45.539 .000
Time -.186 .019 -.709 -9.954 .000 -.709 -.709 -.709 1.000 1.000,
2 (Constant) 80.083 2.387 33.554 .000
Time -.186 015 =709 -12.399 .000 709 -.783 -.709 1.000 1.000,
High 515 .069 424 7.421 .000 424 .602 424 1.000 1.000
3 (Constant) 76.190 2.521 30.225 .000
Time -.186 014 -709| -13.093 .000 -.709 -.801 -.709 1.000 1.000,
High 515 .066 424 7.836 .000 424 .625 424 1.000 1.000,
Flow .032 .009 .189 3.488 .001 .189 335 .189 1.000 1.000,

a. Dependent Variable: Oil
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Excluded Variables’

Collinearity Statistics
Model Beta In t Sig. Partial Correlation Tolerance VIF Minimum Tolerance
1 High 424" 7.421 .000 .602 1.000 1.000 1.000
Flow 189" 2.738 .007 268 1.000 1.000 1.000
2 Flow 189° 3.488 .001 335 1.000 1.000 1.000

a. Predictors in the Model: (Constant), Time

b. Predictors in the Model: (Constant), Time, High

c. Dependent Variable: Oil

Collinearity Diagnostics'

Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) Time High Flow
1 1 1.881 1.000 .06 .06
2 119 3.972 94 .94
2 1 2.733 1.000 .01 .03 .02
2 .199 3.710 .01 .66 .34
3 .069 6.298 98 32 .64
3 1 3.469 1.000 .01 .02 .01 .02
2 275 3.551 .00 18 .03 78
3 .195 4215 .01 .52 43 .05
4 .061 7.563 98 28 .53 15
a. Dependent Variable: Oil
Residuals Statistics’
Minimum Maximum Mean Std. Deviation N
Predicted Value 49.2269 99.8512 75.0633 11.56056 100]
Residual -12.85467 15.33034 .00000 7.23641 100
Std. Predicted Value -2.235 2.144 .000 1.000 100
Std. Residual -1.749 2.086 .000 985 100]

a. Dependent Variable: Oil
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386 PP UUY Granular: COD

Descriptive Statistics

Mean Std. Deviation N
COD 93.4688 4.43467 100
High 25.0000 11.23666 100
Time 96.0000 51.87397 100
Flow 120.0000 79.40564 100
Correlations
COD High Time Flow

Pearson Correlation COD 1.000 388 -.674 .326)

High .388 1.000 .000 .000

Time -.674 .000 1.000 .000

Flow 326 .000 .000 1.000,
Sig. (1-tailed) COD .000 .000 .000]

High .000 .500 .500

Time .000 .500 .500

Flow .000 .500 .500
N COD 100 100 100 100

High 100 100 100 100

Time 100 100 100 100

Flow 100 100 100 100

Model Summaryd
Change Statistics
Adjusted R | Std. Error of the| R Square Durbin-

Model R R Square | Square Estimate Change F Change| dfl df2 Sig. F Change Watson
1 674 455 449 3.29103 455 81.761 1 98 .000
2 778" .605 .597 2.81423 51 37.020 1 97 .000
3 844° 712 703 2.41715 .106] 35.488 1 96 .000 1.191

a. Predictors: (Constant), Time
b. Predictors: (Constant), Time, High
c. Predictors: (Constant), Time, High, Flow

d. Dependent Variable: COD
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ANOVA'

Model Sum of Squares df Mean Square F Sig.
1 Regression 885.539 1 885.539 81.761 .000}
Residual 1061.426 98 10.831
Total 1946.964 99
2 Regression 1178.733 2 589.366 74.416 .000°
Residual 768.231 97 7.920
Total 1946.964 99
3 Regression 1386.073 3 462.024 79.078 .000°
Residual 560.891 96 5.843
Total 1946.964 99
a. Predictors: (Constant), Time
b. Predictors: (Constant), Time, High
c. Predictors: (Constant), Time, High, Flow
d. Dependent Variable: COD
Coefficients”
Unstandardized Standardized
Coefficients Coefficients Correlations Collinearity Statistics
Model B Std. Error Beta t Sig. Zero-order | Partial Part |Tolerance VIF
1 (Constant) 99.004 695 142.455 .000
Time -.058 .006 -.674 -9.042 .000 -.674] -.674 -.674 1.000 1.000,
2 (Constant) 95.175 .866 109.959 .000
Time -.058 .005 -.674 -10.574 .000 -674] -732 -.674 1.000 1.000,
High 153 .025 388 6.084 .000 .388 .526 .388 1.000 1.000
3 (Constant) 92.988 .829 112.151 .000
Time -.058 .005 -.674 -12.311 .000 -.674] -.782 -.674 1.000 1.000,
High 153 .022 .388 7.084 .000 .388 .586 .388 1.000 1.000,
Flow 018 .003 326 5.957 .000 326 .520 326 1.000 1.000,

a. Dependent Variable: COD
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Excluded Variables’

Partial Collinearity Statistics
Model Beta In t Sig. Correlation Tolerance VIF Minimum Tolerance
1 High 388" 6.084 .000 .526 1.000 1.000 1.000
Flow 326' 4.853 .000 442 1.000 1.000 1.000
2 Flow 326" 5.957 .000 .520 1.000 1.000 1.000
a. Predictors in the Model: (Constant), Time
b. Predictors in the Model: (Constant), Time, High
c. Dependent Variable: COD
Collinearity Diagnostics'
Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) Time High Flow
1 1 1.881 1.000 .06 .06
2 119 3.972 94 .94
2 1 2.733 1.000 .01 .03 .02
2 .199 3.710 .01 .66 .34
3 .069 6.298 98 32 .64
3 1 3.469 1.000 .01 .02 .01 .02
2 275 3.551 .00 .18 .03 78
3 .195 4215 .01 .52 43 .05
4 .061 7.563 98 28 .53 15

a. Dependent Variable: COD

Residuals Statistics’

Minimum Maximum Mean Std. Deviation
Predicted Value 84.9514 102.2444 93.4688 3.74176 100
Residual -4.97702 5.55403 .00000 2.38024 100
Std. Predicted Value -2.276 2.345 .000 1.000 100
Std. Residual -2.059 2.298 .000 985 100

a. Dependent Variable: COD
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EJJCTQ PP 11UV Granular: Oil&Grease

Descriptive Statistics

Mean Std. Deviation N
Oil 79.8312 12.76925 100
High 25.0000 11.23666 100
Time 96.0000 51.87397 100
Flow 120.0000 79.40564 100)
Correlations
Oil High Time Flow

Pearson Correlation Oil 1.000 348 =710 343

High 348 1.000 .000 .000,

Time -710 .000 1.000 .000,

Flow .343 .000 .000 1.000
Sig. (1-tailed) Oil .000 .000 .000)

High .000 .500 .500,

Time .000 .500 .500,

Flow .000 .500 .500
N Oil 100 100 100 100

High 100 100 100 100

Time 100 100 100 100

Flow 100 100 100 100

Model Summaryb
Change Statistics
Adjusted R Std. Error of | R Square Sig. F Durbin-

Model R R Square Square the Estimate Change F Change dfl df2 Change Watson
1 862" 743 735 6.57677 743 92.400 3 96 .000 1.078

a. Predictors: (Constant), Flow, Time, High

b. Dependent Variable: Oil
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ANOVA'

Model Sum of Squares df Mean Square F Sig.
1 Regression 11989.954 3 3996.651 92.400 .000}
Residual 4152.372 96 43.254
Total 16142.325 99
a. Predictors: (Constant), Flow, Time, High
b. Dependent Variable: Oil
Coefficients’
Unstandardized Standardized Collinearity
Coefficients Coefficients Correlations Statistics
Toleran
Model B Std. Error Beta Sig. Zero-order Partial Part ce VIF
1 (Constant) 80.105 2.256 35.508 .000
High .395 .059 .348] 6.720 .000 348 .566 .348| 1.000 1.000
Time =175 .013 -.710]-13.715 .000 =710 -.814 -.710] 1.000 1.000
Flow .055 .008 343 6.628 .000 343 .560 343  1.000 1.000
a. Dependent Variable: Oil
Collinearity Diagnostics’
Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) High Time Flow
1 1 3.469 1.000 .01 .01 .02 .02
2 275 3.551 .00 .03 .18 78
3 .195 4215 .01 43 .52 .05
4 .061 7.563 98 53 28 15
a. Dependent Variable: Oil
Residuals Statistics'
Minimum Maximum Mean Std. Deviation N
Predicted Value 55.0525 105.3875 79.8312 11.00503 100
Residual -17.06793 15.01788 .00000 6.47635 100
Std. Predicted Value -2.252 2.322 .000 1.000 100
Std. Residual -2.595 2.283 .000 985 100

a. Dependent Variable: Oil
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a9 PET 1UY Fiber: COD

Descriptive Statistics

Mean Std. Deviation N
COD 92.3600 5.16309 100)
High 25.0000 11.23666 100
Time 96.0000 51.87397 100
Flow 120.0000 79.40564 100
Correlations
COD High Time Flow
Pearson Correlation COD 1.000 463 -.596 307
High 463 1.000 .000 .000,
Time -.596 .000 1.000 .000)
Flow 307 .000 .000 1.000
Sig. (1-tailed) COD . .000 .000 .001
High .000 . .500 .500,
Time .000 .500 . .500,
Flow .001 .500 .500
N COD 100 100 100 100
High 100 100 100 100
Time 100 100 100 100
Flow 100 100 100 100

Model Summaryh

Change Statistics

Adjusted R | Std. Error of | R Square Sig. F Durbin-
Model R R Square Square the Estimate | Change F Change dfl df2 Change Watson
1 815" .664 .653 3.03956 .664 63.217 3 96 .000 1.231

a. Predictors: (Constant), Flow, Time, High

b. Dependent Variable: COD
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ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression 1752.161 3 584.054 63.217 .000°
Residual 886.935 96 9.239
Total 2639.096 99
a. Predictors: (Constant), Flow, Time, High
b. Dependent Variable: COD
Coefficients’
Unstandardized Standardized
Coefficients Coefficients Correlations Collinearity Statistics
Model B Std. Error Beta t Sig. Zero-order Partial Part Tolerance VIF
1 (Constant) 90.346 1.043 86.652 .000
High 213 .027 463 7.819 .000 463 .624 463 1.000 1.000
Time -.059 .006 -.596] -10.078 .000 -.596 =717 -.596 1.000 1.000
Flow .020 .004 307 5.192 .000 307 468 307 1.000 1.000
a. Dependent Variable: COD
Collinearity Diagnostics'
Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) High Time Flow
1 1 3.469 1.000 .01 .01 .02 .02
2 275 3.551 .00 .03 18 78
3 .195 4215 .01 43 .52 .05
4 .061 7.563 98 .53 .28 15
a. Dependent Variable: COD
Residuals Statistics’
Minimum Maximum Mean Std. Deviation N
Predicted Value 82.6770 102.3952 92.3600 4.20697 100
Residual -6.56181 7.18096 .00000 2.99315 100
Std. Predicted Value -2.302 2.385 .000 1.000 100
Std. Residual -2.159 2.363 .000 985 100

a. Dependent Variable: COD
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386 PET UUY Fiber: Oil&Grease

Descriptive Statistics

Mean Std. Deviation N
Oil 77.3568 13.24294 100
High 25.0000 11.23666 100
Time 96.0000 51.87397 100
Flow 120.0000 79.40564 100
Correlations
Oil High Time Flow

Pearson Correlation Oil 1.000 398 =732 205

High 398 1.000 .000 .000

Time -732 .000 1.000 .000

Flow 205 .000 .000 1.000
Sig. (1-tailed) Oil .000 .000 .020

High .000 .500 .500

Time .000 .500 .500

Flow .020 .500 .500
N Oil 100 100 100 100

High 100 100 100 100

Time 100 100 100 100

Flow 100 100 100 100

Model Summaryh
Std. Error Change Statistics
Adjusted | ofthe R Square Durbin-
Model R R Square | R Square | Estimate | Change |F Change dfl df2 Sig. F Change Watson
1 858" 737 .729]  6.89866 737 89.605 3 96 .000 1.359
a. Predictors: (Constant), Flow, Time, High
b. Dependent Variable: Oil
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 12793.368 3 4264.456 89.605 .000}
Residual 4568.790 96 47.592
Total 17362.158 99
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a. Predictors: (Constant), Flow, Time, High

b. Dependent Variable: Oil

Coefficients"
Unstandardized Standardized
Coefficients Coefficients Correlations Collinearity Statistics
Model B Std. Error Beta t Sig. Zero-order | Partial Part |Tolerance VIF
1 (Constant) 79.470 2.366 33.583 .000
High 469 .062 398 7.599 .000 .398 613 .398 1.000 1.000
Time -.187 .013 -.732|-13.988 .000 -.732 -.819 =732 1.000 1.000
Flow .034 .009 205 3.925 .000 205 372 205 1.000 1.000
a. Dependent Variable: Oil
Collinearity Diagnostics'
Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) High Time Flow
1 1 3.469 1.000 .01 .01 .02 .02
2 275 3.551 .00 .03 18 78
3 .195 4.215 .01 A3 52 .05
4 .061 7.563 98 .53 .28 15
a. Dependent Variable: Oil
Residuals Statistics’
Minimum Maximum Mean Std. Deviation N
Predicted Value 52.0291 101.7563 77.3568 11.36776 100
Residual -15.30907 15.12243 .00000 6.79333 100
Std. Predicted Value -2.228 2.146 .000 1.000 100
Std. Residual -2.219 2.192 .000 985 100)

a. Dependent Variable: Oil
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386 PET #UY Granular: COD

Descriptive Statistics

Mean Std. Deviation N
COD 93.5742 4.54777 100
High 25.0000 11.23666 100
Time 96.0000 51.87397 100)
Flow 120.0000 79.40564 100
Correlations
COD High Time Flow

Pearson Correlation COD 1.000 405 -.629 358

High 405 1.000 .000 .000]

Time -.629 .000 1.000 .000]

Flow 358 .000 .000 1.000
Sig. (1-tailed) COD .000 .000 .000)

High .000 .500 .500,

Time .000 .500 .500,

Flow .000 .500 .500
N COD 100 100 100 100

High 100 100 100 100

Time 100 100 100 100

Flow 100 100 100 100

Model Summaryb
Change Statistics
Std. Error of the | R Square Sig. F Durbin-

Model R R Square |Adjusted R Square Estimate Change F Change dfl df2 Change Watson
1 829" .688 678 2.58034 .688 70.508 3 96 .000 1.108

a. Predictors: (Constant), Flow, Time, High

b. Dependent Variable: COD
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ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression 1408.359 3 469.453 70.508 .000'
Residual 639.183 96 6.658
Total 2047.542 99
a. Predictors: (Constant), Flow, Time, High
b. Dependent Variable: COD
Coefficients’
Unstandardized Standardized
Coefficients Coefficients Correlations Collinearity Statistics
Model B Std. Error Beta t Sig. Zero-order Partial Part | Tolerance VIF
1 (Constant) 92.314 885 104.29 .000
6
High .164 .023 405 7.097 .000 405 .587 405 1.000 1.000,
Time -.055 .005 -.629]-11.033 .000 -.629 -.748| -.629 1.000 1.000,
Flow .021 .003 358] 6.279 .000 358 .540 358 1.000 1.000,
a. Dependent Variable: COD
Collinearity Diagnostics’
Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) High Time Flow
1 1 3.469 1.000 .01 .01 .02 .02
2 275 3.551 .00 .03 .18 78
3 .195 4215 .01 43 .52 .05
4 .061 7.563 98 53 28 15
a. Dependent Variable: COD
Residuals Statistics'
Minimum Maximum Mean Std. Deviation N
Predicted Value 84.9345 102.6792 93.5742 3.77172 100
Residual -5.29821 5.65150 .00000 2.54094 100
Std. Predicted Value -2.291 2.414 .000 1.000 100
Std. Residual -2.053 2.190 .000 985 100

a. Dependent Variable: COD
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EJJCTQ PET uUU Granular: Oil&Grease

Descriptive Statistics

Mean Std. Deviation N
Oil 81.3771 11.56696 100
High 25.0000 11.23666 100
Time 96.0000 51.87397 100
Flow 120.0000 79.40564 100
Correlations
Oil High Time Flow
Pearson Correlation Oil 1.000 426 -.636 363
High 426 1.000 .000 .000]
Time -.636 .000 1.000 .000]
Flow 363 .000 .000 1.000
Sig. (1-tailed) Oil . .000 .000 .000
High .000 . .500 .500
Time .000 .500 . .500
Flow .000 .500 .500
N Oil 100 100 100 100
High 100 100 100 100
Time 100 100 100 100
Flow 100 100 100 100

Model Summaryh

Std. Error Change Statistics
Adjusted R | of the R Square Sig. F Durbin-
Model R R Square Square | Estimate Change F Change dfl df2 Change Watson
1 848" 718 710] 6.23398 718 81.611 3 96 .000 1.296

a. Predictors: (Constant), Flow, Time, High

b. Dependent Variable: Oil

ANOVA"
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Model Sum of Squares df Mean Square F Sig.

1 Regression 9514.849 3 3171.616 81.611 .000°
Residual 3730.802 96 38.863
Total 13245.651 99

a. Predictors: (Constant), Flow, Time, High

b. Dependent Variable: Oil

Coefficients"

Standardized Collinearity

Unstandardized Coefficients Coefficients Correlations Statistics
Model B Std. Error Beta t Sig. Zero-order Partial Part Tolerance | VIF

1 (Constant) 77.681 2.138 36.327 .000

High 439 .056 426 7.872 .000 426 .626 426 1.000] 1.000
Time -.142 012 -.636] -11.747 .000 -.636 -.768 -.636 1.000] 1.000
Flow .053 .008 363 6.699 .000 363 564 363 1.000] 1.000

a. Dependent Variable: Oil

Collinearity Diagnostics’

Variance Proportions
Model Dimension Eigenvalue Condition Index (Constant) High Time Flow
1 1 3.469 1.000 .01 .01 .02 .02
2 275 3.551 .00 .03 18 78
3 .195 4215 .01 43 .52 .05
4 .061 7.563 98 .53 .28 15

a. Dependent Variable: Oil

Residuals Statistics’

Minimum Maximum Mean Std. Deviation N
Predicted Value 58.8813 105.0779 81.3771 9.80355 100
Residual -16.58470 12.95070 .00000 6.13880 100
Std. Predicted Value -2.295 2.418 .000 1.000 100
Std. Residual -2.660 2.077 .000 985 100

a. Dependent Variable: Oil
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