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APPENDICES

Appendix A Experimental Data of Characterization of Mineral medium and

Palm Qil

Table AL Characterization of mineral medium and palm ol

Mineral ,
Parameters mﬁﬂdmm palm oil
COD (mg/1) 0 1,250,821.88
TOC (my/1) 0 4213157
Total nitrogen (mg/2) 290 1,500
Total phosphorus (mg/1) 291.33 0
CIN ratio 16/1 28.09
C/p ratio _ 141 468.13
Total suspended solids (mg/1) 0 0
Surfactant concentration (XCMC) 0 0
pH 8.6 46
Surface tension (mN/m) 67.09 :
Table A2 Density of palm oil
Densit
No. 8m
1 0.97918
2 0.97687
3 0.94572
4 091481
5 091752
6 090076
[ 0.96076
8 098900

Ag 09481



Table A3 Chemical oxygen demand (COD) of palm oil

No. Palm Qil Palm Qil Dlwater  Diluted COD COD Avg.COD

ol oo pullbose W il ™Y
125082188

1 ] !
2 000051 0000537931 2499462069  280.33 1,302,816 50
3 00005 0000527383 2499472617  238.33 1,129,776.55



Table A4 Total organic carbon (TOC) of palm oil

wt, of RO
Subsance - Sample SFT - water  [SFT) TOC (mg/})
No. é%? (mlg (A)W/V% NO.I NO2 Avy  Total Avg.
SFT 1 0150038 150 010003 1586 157.3 15795
solution 2 0150038 150 010003 1587 1537 156.2 174.22
3 0150038 150 010003 2046 2094 2085

wt. of
Sample  SFT SFT] ~ SFT  Palmoail [Palm oil] TOC (mg/1)
substance g™ ) (LA)W/V) solution — (ml) " (%vh)”  Sampledilution  Palm ol 100% W Avg
(ml) NO.I NO.2 Awg. Smg/l) Paim oil
Pamoil+ 4 0150038 010003 10 0.04 0 322 334 3528 17858  44,645.83

5 0150038 010003 10 005

4
S 05  38L4 3808 3856 21138 4227667 4213157
soluion 6  0.150038 010003 10 0.06 06

4125 409.6 41105 23683 3947222
 Surfactant (SFT): Triton X-100
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Table A5 Total nitrogen (TP) and total nitrogen (TN) of mineral medium and palm oil

Substances

Palm ol

K2HPO4
0.1005 /100 ml DI water

KH2PO4
0.0503 g/ 100 ml DI water

NaN03
0.2003 ¢/ 100 ml DI water

ORI = ORI = CO PR —= GORD —

=
©

\Volume of test

(mi)
Sample  water

1 %

1 9%

1 9%
05 45
05 45
05 45
05 45
05 45
05 45
01 04
0.1 0.4
01 . 04

Diluted TP
(mgll)

0.9

08
1

16.9

16.7
16.3

123
123
124

Actual Avg.
TP T
(mg/l)  (mg/l
90) (mgl2)
80 90
100
169
167 168
168
123
173 123333
124

Diluted TN

(mg/D)

19
13
13

ol
ol
60

Actual Avg.
TN T

myl) (mg/l
(1’303 (mg/1)
1,300 1,500

1,300

285
285 290
300

64



Table A6 Surface tension of the mineral medium in the influent at an oilloading rate of 2 kg/m3d with C:N of 16:1 and C:P of 14:1

C%/dclle Tlin)1e I
cycle No.
% 69.17
2 69.74
3 68.45

Table A7 Surface tension of the mineral medium in the influent at an il loading rate of 2 kg/m3d at 2 dicycle

C:N ratio

No.|

16:0.57 70.76
16:1 69.74
16:3 68.49

No.2

71,60
71091
10.78

No.2
70.98
7091
70.65

No0.3
70.29
70 %
70.71

No0.3
7191
70.95
69.96

No.4

10.60
10.92
10.78

No.4
71.12
70.92
70.12

Surface tension >N/m)
No.>  Nob  No./
7071 7087 7119
7080 7103 712
7080 7084 7173

Surface tension [raN/m)7
No.5  Nob  No,

7151 7121 7168
7080 7103 712
7020 707 7046

No.8
71.26
7140
7193

No.8
1177
7140
70.66

No.9
7167
71.25
7178

No.9
71.76
71.25
10.7

No. 10
71.56
71.37
71.86

No.10
7157
71.37
70 53

Avg.
70.39
70.96
10.97

Avg.
7143
70.96
10 25

65



Table A8 COD and TOC of oil and mineral medium in the influent at an oil loading rate of 2 kg/m3d

- : - Vol. of  Val.of : COD. of Toal  TOC of
e O O g Medd gy o0 CODofol g cob ol
(dlcycle) (g/ml) (6wihv)  (%viv)  (%viv (ml) (ml) (mg/2) (mg/1) (mgl)  (mgl))
1 0006 06 0.63 99.3 496.836 3.164 1915.76 0 7915.76  266.63
2 0006 06 063  99.37 493,672 0.328 15,831.52 0 1583152  533.25
3 0006 06 063 9937 490.507 9493  23,741.28 0 23,14728  199.88
100 - 0 500  1,250,821.88 42,131.57

100 500 0

66



Table A9 Composition of mineral medium with C/N of 16/1 and ¢/p of 14/1 at an oil loading rate of 2 kg/m3d

| o INof  TNof Total  Wanted -
C%c]ee [Oil] ail media ™ N Wanted TN F!II Nal(\jI.Os CN rato
Inmeala
(d/cycle %W m myl) . (mgl my/l) . in'meadia (mg/ 0
g 92 2%8916)5 2%7.637 56.96621 7172( ) 0.(1151 16:1
2 0 6 18984 286330 305314 33328 14.344 0.2302 16:1
3 0.6 2?54(%6 28519%95 312971 49993 21517 03453 16:1

Cude oy TROE - TROT TORI yanted TP Wanted TP Fill KH2PO#  Fill KaHPO4

time ol media : _ AT T
Goycle) (k) (ng) (gD (gt (mgyy  Mmede meod'a in el
106 0570 289486 290.056 19,045 s i o 141
) 06 113 287643 288782 38089 36950 0050 01383 141
306 I ZETO A SN B 0081 072074 141

C:P ratio

67



Table A10° Composition of mineral medium with C/N of 16/3.and 16/0.57, ¢/p of 14/1 at an oil loading rate of 2 kg/md

- - - - Vol. of  Vol.of CODof  COD of Total  TOC of
Qe i o o] Mede] R VG ol Teda  COD o

(dlcycle) ( ml)  (Cowhv)  (Coviv)  (%viv) (ml) (ml) (my/L) (my/L) (my)  (mo/2)
2 0006 06 0.63 9937 493672 6328 1583152 0 1583152 53325

Qe i TNofol  TNOT To TN Wented TN Wented TN - Fill NaNOe

(dloycle)  (owh) () ()  (myl)  (mgly) in(mefﬁia n midia
2 06 18984 286330 305314  99.984 i 0 %s 16:3

C:N ratio

2 06 1% . 180  18% . | 16057
o0 TG mef Tod T Wened T Waned TP FlKHPOS RINKEPOL
eyck)) (owh) (g) (gl (gd) (gl '”ﬁgﬁ‘i‘a ' @ﬁ;'a ' (r%’}eléj'a |

) 06 113 28764 288782 3808 IO 000 0B w1
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Appendix B Experimental Data of Biosurfactant Production at an Oil Loading

Rate of 2 kg/m3d with Different of Cycle Times at C/N 16/1 and ¢/p 14/1

.. Effect of Cycle Time on Biosurfactant Production.
11 Chemical Oxygen Demand (COD)

Table BL Influent, effluent COD and COD removal on days 1-10 of operation in

the SBR at 1 d/cycle
Volume of test
Day (ml)

RO.
Sample Water

0 -
1 0.1 2.4
2 005 " 245
3 0.05 2.45
4 0.05 2.45
5 0.075 2.425
6 0.025 2.475
7 0.025 2.475
8 0.025 2.475
9 0025 2475
10 0.025 2.475

Centrifuge

Diluted effluent COD (mg/1)

No.l

122
123
122
76
8
76
1
70
72

.25

54
54
67
68
69
18
22
21
19
26
21
25
23

22
26
20
28
21
20
22

No.2

123

122 -

123
67
67
69
7
70
72
25
54
54
67
68
69
18
22
20
18
26
20
25
23

22
26
20
28
21
20
22

No.3

I 124
124
124
« 69
70
-69
a7
70
72
25
. 54
54
67
68
69
18
22
19
18
26
20
25
23

22
26
20
28
21
20
22

avg.

123
123
123
70.67
71.67
71.33
1
70
12
25
54
54
67
68
69
18
22
20
18.33
26
20.33
25
23

22
26
20
28
21
20
22

Avg.
CcoD

123

71.22

73.00

44

68

20

21.56

23

25

21.00

Actual
effluent
coD

(mg/l)
3,075
3,561.11
3,650.00
2,217
2,266.67
2,000
2,155.56
2,333
2,467

2,100.00

Influent

CcoD

(mg/1)

7,915.76

7,915.76

7,915.76

7,915.76

7,915.76

7,915.76

7,915.76

7,915.76

7,915.76

7,915.76

% COD

removal

61.15

55.01

53.89

71.99

71.36

7473

12,17

70.52

68.84

73.47
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Table B2 Influent and effluent COD and COD removal on days 1-20 of operation

Diluted effluent COD (mg/1)

No.l

125
127
56
22
38
29
24
24
21
29
21
22
16
1
13
18
18
16
10
23
18
29
26
26
25
13
20
13

inthe SBR at 2 d/cycle
Volume of test
Day (m1) R0
Sample Watér
0 - -
2 0.025 2475
4 0.025  2.475
6 0.025 2475
8 0.025  2.475
10 0.025  2.475
12 0.025  2.475
14 0.025 2475
16 0.025  2.475
18 0.025  2.475
20 0.025  2.475

13
13

Centrifuge
No.2 No.3
126 127
127 131
56 57

22 23

39 39

30 3

25 26

25 25

28 28

29 ki

21 22 .
22 23

17 17

1 12

13 14

18 18

18 18

16 17

10 10

24 24

18 18

30 3

21 21

26 26

25 27

13 13

20 22

15 1

13 13

13 12

avg.

126.00
128.33
56.33
22.33
38.67
30.00
: 25.00
24.67
27.67
- 29.67
21.33
22.33
' 16.67
11.33
13.33
- 18.00
- 18.00
16.33
10.00
23.67
18.00
. 30.00
26.67
26.00
25.67
113,
20.67
13,
13.00
12.67

Avg.
cobD

(mgl1)

103.56

30.33

25.78

24.44

13.78

17.44

17.22

27.56

19.78

12.89

Actual
CcoD

(mgl1)

10,355.56

3,033.33

2,571.18

2,444 44

1,371.78

1,744 44

1,722.22

2,195.56

1,971.78

1,288.89

Influent
coD

(mgll)

15,831.52

15,831.52

15,831.52

15,831.52

15,831.52

15,831.52

15,831.52

15,831.52

15,831.52

15,831.52

% COD
removal

34.59

80.84

83.72

84.56

91.30

88.98

89.12

82.59

87.51

91.86



/1

Table B3 Influent and effluent COD and COD removal on days 1-30 of operation
inthe SBR at 3 d/cycle

Day

0

18

Al

2

21

30

Volume of test

(mi)

0.025
0.025
0.025
0.025

0.025

0.025

0.025
0.025
0.025

0.02

2475

2475

2475

2475

2475

2475

2475

2475

2475

2.48

139
143
141
165
155
166
141
14
140
140
144
127
14

145

143

139'

13

164
165
164
121
127
145
149
142
140
142
107
104
110

~ Centrifuge
Diluted effluent COD (mg/1)

Sample Vflzact)'er Nol No2 No3 aw.

139
143
141
165
155
166
141
14
140
140
144
121
14
145

143

139
131

164
165
164
107
127
145
149
143
140
140
107
104
110

139
143
14]
165
155
166
141
14
140
140
144
135
144
145
143

139
131

164
165
164
108
127
145
149
143
140
140
107
104
110

139
143
141
165
155
166
141
14
140
140
14
130

144 -

145
143

139
13

164
165
164
114
121
145
149
143
140
141
107
104
110

Avg.  Actual
C CoD

() (gt

4 14100
16200 16,200
14167  14,166.67

P18 13,789

144 14400

145 14467
14767 14,766.67

140 14,033

41 14111

10700 13375

Influent
CcoD

(mg/2)
2374128
2374128
2374128
2374128

23,741.28

23,741.28

23,741.28
23,741.28
23,741.28

23,741.28

%COD
removal

40.62

3178

40.34

41.93

39.36

39.08

31.82

4091

40.58

43.68



12
12 Suspended Solid (SS)
Table B4 Effluent SS on days 1-10 of operation inthe SBR at 1d/cycle

Dy Volsample wtfilter —wtfiltert  Effluent Effluent Effluent Effluent
ay TS5 S S S S
m) © @ my) Mol Myl

0 . .

L4 oM 0087 003 U3 285 e
44 089 oot 15 2 2

) 4 8 008l 000 53 I a
I 028 0078 0uB: b5 13 !

;4 0079 08 000 49 I g
4007 00r8 0009 49 12 !

e 4 0 00 00 43 0B g
{003 0% 0wl 43 Lop !

;b 01D 0o 0 25 W0 g
500/ 077 0 25 B
5008 00766 00038 3B TR0 4
5 0078 . 00766 0008 38 760

;b0 00w 0L 2] M gy
5 0074 00 0036 36 720

g 4 00 0074 003 B3 135 e
4003 007 00053 B3 I b
500755 0087 0002 92 IBMD g
5 00718 00dr 00089 89 Lp@0 l

o 5 007 00 00099 99 1980 g
5 0028 00 000%2 82 18 !
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Table B5 Effluent ss on days 2-20 of operation in the SBR at 2 d/cycle

D Vol.sample . wtfilter+ Effluent Effluent Effluent

ay wtfilter — SS SS SS SS

, ™m0 o M 9 [

) 5 007 0078 00012 72 M0 g4
5 00732 00778 00046 456 920 !

45 0074 00787 0008 63 L0 g4
5 00712 00791 00079 19 1580 !

6 5 0012 0014 0002 22 M) g
S 00732 00759 00027 27 540

g 5 0013 00Kl 0008 28 B0 oy
5 00725 00749 00024 24 430

o 5 0072 0036 0004 24 A oy
5 00701 — 00729 ~ 00028 28 560

D 5 00709 00728 00019 19 380 10
5 00713 00736 00023  23. - 460

1" 5 00726 00742 00016 16 320 270
5 00716 -~ 0.0727 ~ 00011 11 220

6 5 00719 00749' 0003 3 60 gy
S 00717 00744 00027 27 « 540

g o 0012 005 0008 38 - T60 gy
S 00708 0072 00012 ~ 12 240

o > 0016 0013 0004 14 - B0
5 00705 00717 00012 12 240



Table B6 Effluent ss on days 3-30 of operation in the SBR at 3 d/cycle

Day

B B K o o w o

Vol.sample

(mi)

oTo1Toc1o1IoOTc1oO1IgIcoT o EEeEPREEPREPRRLCDLOPRER

wt filter

(0)

0.073
0.073
0.0728
00728
00724
0.0724
00729
0.0729
0.0721
0.0722
0.0731

0.0731
0.0733
00733
0.072
0072
0.072
0.0727
0.0721
0.0725

wtfilter+ Effluent
SS

SS
(0)

0.0944
0.0944
0.0862
0.0862
0.094
0.0939
0.0959
0.0962
0.0908
00908
0.1145

0.1145
0.1214
0.1214
0.1174
0.1174
0.1163
0.1213
0.1195
0.1178

(0)

0.0214
0.0214
0.0134
00134
0.0216
0.0215
0.023
0.0233
018/
00186
0.0414

0:0414
0.0481
0.0481
0.0454
0.0454
6.0443
0.0486
0.0474
0 0453

Effluent

Effluent
SS

(/D)

9,350
5,350
4,467
4,467
5,400
9,319
5,750
5,825
4675
4650
8,260

8,260
9,620
9,620
9,080
9,080
8,860
9,720
9,480
9,060

14

Effluent
SS
(mg/D)

5,350
4,467
5,368
5,188
4,663
8,280
9,620
9,080
9,290
9,210



Table B7 Effluent MLSS on days 1-10 of operation in the SBR at ld/cycle

Day

10

1.3 Mixed Liquor Suspended Solid (MLSS)

Vol.sample wtfilter wtfilter+  Effluent Effluent  Effluent
i) MLSS ~ MLSS  MLSS  MLSS
m

1010101 0O1TO0O1T0C1IO0OT1IO0OTITOCTO1TO0OTOC1TO0OTITOT1OTOT1O1O0O1OT1 !

)

0.0714
00721
0.0687
0.0682
0.0697
0.0692
0.0717
0.0724
0.0715
0.0707
0.0698
0.0698
0.0698
0.0699
0.0705
0.0706
0.0715
00718
00721
0.0728

©

0.087
0.0886
0.0805
0.0812
0.0802
0.07%
0.0865
0.0845
0.0821
0.0806
0.0818
0.0815
0.0868
0.0866
0.089%4
0.0904
0.082
0.0807
00825
0.083

@

0.0156
0.0165
0.0118
0.013
0.0105
0.0103
0.0148
0.0121

0.0106.

0.0099

0.012 -

0.0117
0.017

0.0167

0.0189
0.0198
0.0105
0.0089
0.0104
0.0102

(mg)

156
165
118
13
105
103
148
121
106
9.9
12
117
17
16.7

189 -

198
105
8.9
104
10.2

(mg/1)

3,120
3,300
2,360
2,600
2,100
2,060

2,400
2,340
3,400
3,340
3,780
3,960
2,100
1,780
2,080
2,040

15

Avg.
effluent
MLSS
(my'L)
3,210

: 2,480

+ 2,080

2,960 1;
2,420.
2,120
1980 -

2,690
2,050
2,310
3,310
3810
1940
2,060



Table B8 Effluent MLSs on days 2-20 of operation in the SBR at 2 d/cycle

Day

10
12
14
16
18
20

Vol.sample  wtfilter wt filter

(mi)

Ol O1 0101010101011 O0C1O01TOC1IO1OTOTO1O1 O1O1O1

(0

0.0713
0071

0.0728
0.0711
0.0721
0.0715
0071

0.0708
0.0714
0.0714
0.0719
0.0725
0.0732
0.0722
0.0712
0.0724
0.0721
0.0713
0.0708
0.0712

MLSS ]
@ @ (mg (MY  (mgl)
01308 0059 8 10 7pq
00829 00119 119 230
0061 00283 233 4BR0 g0
009 00249 249 4980 "
0085 0085 15 2700 g0
00862 0047 147 20 ©
0084 003 B 2600 g
00842 00134 134 2680  ©
0084 0014 U 2800  gee
0093 00216 26 430 O
0087 00BL LI 300 g9 .
0085 0017 17 - 3400
00935 00204 204 4080 5o
00881 00559 159 3180
00763 0051 51 100 g
00778 00054 54 1080 -
00762 0004L 41 B0 g
00775 00062 62 1240
00782 00074 T4 L0 4y
00752 0004 4 80

Avo.
+ Effluent Effluent Effluent efflugent
MLSS  MLSS  MLSS MLSS

16



Table B9 Effluent MLSS on days 3-30 of operation in the SBR at 3 d/cycle

Day
0
3
6
9
12

1§
18

il

24
21
30

Vol.sample wtfilter witfilter+ Effluent Effluent Effluent Etrillent
MLSS  MLSS MLSS MLSS ~ MLSS

(mi)

OC1O101010C1I0O1I0T1 U101 O1O1O1O1 o1 OT10TOT1O0T1O01O

)

0.0725
0.0718
00723
00717
0.0714
0.0717
0.0722
0.0716
0.0721
0.0722
0.0731
0.0731
0.0733

0.0733
0.072
0.072
0072
0.0721
0.0721
0.0725

(9

0.1505
0.1518
0.14%
0.1076
0.1275
0.1315

0.1252
0.131
0.131
0.1324
0.1245
0.125
0.1231

0.1237
0 1245
0.1247
0.1312
0.1213
0.1232
0.1215

)

0.078
0.08
0.0772
0.0359
00361
0.0596

0.053
0.05%4
0.0589
0.0602
0.0514
0.0519
0.0498

0.0504
0.0525
0.0527
00592
0.0486
00511
0.049

(mg)

8
80
112
39.9
2.1
59.8

5
59.4
58.9
60.2
514

49

(mg/)

15,600
16,000
15,440
7180
11220
11,960
10600
11,880
f1.780
12,040
10,280
10,380
9960
10,080
105500
10540
11840
9720

10,220
9800

()
15,800

11,310
11,590

11,240
11,910
10,330

10,020

10,520
10,760
10,010

1



14 pH
Table BIO Influent and effluent pH inthe SBRs with 1, 2 and 3 dicycle.

Influent pH

Palm oil 46

Mineral medium 8.6

Enfluent pH

s EnoH  dors - Elent ot das — EhentpH

ays Uent p ays  Effluent p ays Uent p

1 5.33 2y 6 g 53
.27 4 6.27 6 559
53 6 6.06 9 545 -

501 8 6.03 2 5.98
¢ 537 10 6.24 15 5.01
5.3 12 6.08 18 551
5.41 14 561 il 5.63
5.64 16 58 24 5.68
5.1 18 6.05 21 5.6/
5.63 20 6.05 30 5.05 -
5.68 3 6.02
591
5.9
6.29
6.6

bRk EBwom—uwao oo~



1.5 Palm OU Content

Table BII Effluent palm oil and oil removal of 1 d/cycle

LOOO\I@()‘I-D(JOI\JHO\&UJ

S

Volume of test (ml)
sample 11 HCI DCM
24 0.18 %0
24 018 %
23 018 9
23 018 90
244 018 90
25 018 9%
262 018 90
25 018 90
282 018 90
25 018 90
25 018 90
25 018 90
25 018 90
25 018 90
25 088 %
25 0.18 90
25 018 %
2 018 9
2 08 %
25 08 9%

Wt flask

(9

513823
161.3255
161.201
113.1286
113.2945
101.2579
110.9911
109 1258
109.0928
101.0928
109.0995
113.0852
108.5147
161.1682
108.3316

110.0849
110.8707
109.0903
101.1061
109.0918

Wt flask
+ ol

9

51402
161 3454
161225/
113.1523
113.3047
101.2682
110.9997
109.134
109.1077
101 1059
109 1094
113.0952
108.5412
161 1902
108.3731

110.126
110.9113
109.1318
101 1303
109 1204

Wt l

(9)

0.0197
0.0199
0.02471
0.0237
0.0102
0.0103
0.0086
0.0082
0.0149
0.0131
00099
0.01
0.0265
0.022
0.0415

00411
00406
0.0415
0.0242
0.0286

Effluent

oll

(9/500ml)

0.4104
04146
0.5370
0.5152
0.2090
0.2060
0.1641
0.1640
0.2642
0.2620
0 1980
0.2000
0.5300
04400
0.8300

0.8220
0.8120
0.8300
0.4840
05720

Effluent

oll
Vil
0.8208
0.8292
1.0739
1.0304
04180
04120
03282
0.3280
0.5284
0.5240
0.3960
04000
10600
0.8800
16600

1.6440
1.6240
16600
0.9680
1.1440

Avg. effluent
[oil]

@)

0.825
1.052
0.415
0.328
0.526
0.398
0.970
1.652
1.642
1,056

Qil
removal
(%)
86.25
82.46
93.08
94.53
91.23
93.37
83.83
12.46
12.63
82.40

19



Table B12 Effluent palm oil and oil removal of 2 d/cycle

Day

10

14
16

20

Volume of test (ml)
sample 1.1 HCI DCM
25 0.8 90
25 018 90
25 0B 90
25 018 %0
25 0.18 %
25 018 %0
25 0B 90
25 018 90
25 018 90
25 0B 90
25 018 90
25 018 9N
2 018 90
25 018 %
25 018 90
25 018 90
25 018 9
25 018 90
25 0.18 90
25 018 90

Wt flask

(9

108.5093
110.8330
100.3536
1114922
101.1100
1114936
108.5151
113.2877
113.28%
111.4968
108.5169
101.1123
110.3500
1114728
101.0915
108.4955
110 3719
111 4980
113.2874
108.5191

Wt flask
+ ol

(9

108.5362
110 8785
100 4007
1115432
101.1300
111.5890
108.5440
113.3064
113 2924
111 4995
108.5187
101 1153
110 3565
111.5161
101.1028
108.5005
110.3746
111.5000
113 2939
108.5249

Wt ol

(9

0.0269
0.0455
0.0471
0.0510
0.0200

0.0954 .

0.0289
0018/
0.0028
0.0027
0.0018
0.0030
00065
0.0433
00113
00050
0.002/
0.0020
0.0065
0 0058

Effluent
oll
(9/500ml)

0.5380
0.9100
09420
1.0200
0.4000
1.9080
0.5780
03740
0.0560
0 0540
0.0360
00600
0 1300
0 8660
0.2260
0.1000
0.0540
0.0400
0.1300
0 1160

Effluent
[oil]
1)

1.0760
1.8200
1.8840

2.0400

0.8000

3.8160

1.1560

0 7480

0.1120

0.1080

00720

0.1200

0.2600

1.7320

0.4520

02000

0 1080

0.0800

02600

0.2320

Avg. effluent
(r0|!l
1448
1.962
2.308
0.952
011
0.09%
0.996
0.326
0.094

0.246

Qil

removal

(%)

87.93

83.65
80.77
92.07
99.08
99.20
91.70
97.28
99.22
97.95

80



Table B13 Effluent palm oil and oil removal of 3 dicycle

Day

Lo O

Volume of test (ml)
sample 11 HCI DCM
242 018 9
25 018 %0
24 018 %0
25 018 9%
25 018 %0
25 018 %0
25 018 %0
25 018 %0
264 018 %
25 018 %0
25 018 9
25 0.18 90
288 018 90
25 018 %0
2 018 %
25 018 9
25 018 %
25 018 90
2 018 %
25 0.8 %0

Wt flask

(9

108.6068
109.5612
109 0997
113.1256
161.2344
113 2025
51,3807
109.3207
109 0989
113 025/
112.9463
109.5568
113 2862
1133122
113.2992
113.2852
113.2103
109.0692
101.1046
110.7921

Wt.flask
+0il

(9

108.6951
109.6558
109.1527
113.184/
161.3373
113 3061
51,5152
109.4942
109.2518
113 1705
113.0994
109.7094
113 5210
113.5200
1135134
1135014
1134256
109.2484
101.2285
110.9068

Wt. ol

(9

0.0883
0.0946
00530
00591
0.1029
0.1036
0.1345
0.1335
0.1529 '
0.1443
0.1526
0.1526
0.2343
0.2078
0.2142
0.2162
0.1553
0.1792
0.1239
0.1147

Efflulent
(g/g?;'o]mn

1.8244
1.8920
1.1042
11820
2.0580
20720
2 6300
2.6700
2.8958
2.8960
3.0520
3.0520
40764
41560
4.2840
4.3240
3.1060
3.5840
2 4780
2.2940

Effluent

ol
!

3.6488
3.7840
2.2083
2.3640
41160
4.1440
5.3800
5 3400
9.7917
9.1920
6.1040
6.1040
8.1528
8.3120
8.9680
8.6480
6 2120
7 1680
4 9560
4 5880

Avg. effluent
i
3.716
2.286
4.130
5.360
5.792
6.104
8.232
8.608

6.69
4.172

Qil

removal

(%)

719.35

67.30
17,05
10.22
67.82
66.09
54.26
52.17
62.83
7349

61



16 Surface Tension

Table B14 Surface tension and surface tension of 1 d/cycle

=1
<

HOoomovwo o~ wro o

Table B15 Surface tension and surface tension of 2 dfcycle

Day

ERkBEocorrrho

16
20

No.|
70.89
28.96
28.92
29.85
2851
29.52
29.86
316
3176
31.04
30.59

No.|
70.96
29.23
30.89
32.56
29 55
29 02
2847
29.87
29.36
30.46
2959

Surface tension (mN/m)

No.2
70.89
29.42
29.07
29.18
29.02
29.73
29.74
2.2
3161
3156
30.52.

No.2
70.96
29.28
30 39
32.45
29.62
29.31
28.56
29.74
29.18
30.49
2958

No.3
70.89
2981
2843
29.76
29.74
29.36
29.79
31.99
31.98
31.44
30.89

No.4
70.89
29.06
28.94
29.45
29.16
2957
2979
38
31.88
31.12
30 %

No0.5
70.89
29.29
2853
29.3
29.74
2974
29.2
31.66
3192
31.16
30.76

Surface tension (mN/m)

No.3
70.96
29.10
30.67
32.00
29.49
29 28
26.89
29.46
29.30
3042
29.28

No.4
70.96
29.08
30.44
32.30
2945
29 36
26.68
29.70
29.38
30.39
2941

No.5
70.96
29.17
3049
33.23
29.39
29.22
21.26
29.46
28.98
3047
29.44

Avg,

70.89
29.308
28.718
29.508
29.234
29.584
29.676
31.862
31.83
31.264
30.74

avg.
10.%
29.17
30.58
3251
29.50
2924
2157
29.65
29.24
30.45
29 46

82

Surface
tension

reduction (%)
0
58.66
59.40
58.37
58.76
58.27
58.14
55.05
55.10
5590
56 64

Surface
tension
reduction (%)
0

58.89
56 91
54.19
5843
58.60
61.14
58.22
58.79
57.09
58.43
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Table B16 Surface tension and surface tension of 3 d/cycle

Dy Surface tension (mN/m) tSeurg?oCﬁ
No.1 No2 No3d Nod4 Nob avg  reduction (%)

0 7097 7097 7097 7097 7097 7097 0

3 2836 2844 2818 2825 2848 28342 60.06
6 2881 2994 2929 2933 2949 29372 58.61
9 2934 296 2979 2963 2953  295/8 58.32
2 2945 2941 2977 2985 2979  29.654 58.22
L 3862 3352 3342 3361 3367 33568 52 10
8 3338 337 3308 3363 333 33428 52.90
2 3075 2999 298 2954 29.74 29976 57.16
24 020 3023 2963 295 299 29904 57.86
21 3172 3134 3158 3171 319 3166 5.39
0 39 374 372 3164, 3162 31726 55.30

Table B17 Surface tension and surface tension reduction at steady state operation

Cycle time
Parameter 1d/c§cle 2y d/cgcle 3dlc gcle
SFT 30.37 28.82 30.93
%% Reducion ~ 57.15 59.39 h641

Table B18 Percent reduction of COD, oil and surface tension at steady state
operation

Cycle time
PAAIEETS ¢ g1l 7 dicycle 3 dlcycle

COD removal (%) 12,95 8.8 40.54
Oil removal (%) 80.48 96.66 117
Surface tension (%)  57.15 59.39 56.41
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2. Measurement of Surface Tension and Determining Critical Micelle Dilution
(CMD)

Table B19 Surface tension of supernatant from Pseudomonas aeruginosa SP4 with
aeration step during steady state cycle at 2 dicycle

Time Surface Tension (inN/m)

() No.l No2 No3 No4 No5 Nob6b No7 No8 No.9 No.10 Awg.
0 6592 6577 6584 6592 6566 6576 6537 672 6701 6515 6596
2 6495 6466 6497 6467 6459 64.05 6447 6366 6329 6363 64.29
4 6307 6329 6333 6276 6274 6261 6272 6255 6274 6221 6280
6 3393 3488 3431 3431 3346 3339 3338 B B9 B 3369
8 3527 3526 3544 3B2 B3I H28 3H3B 373 351 3754 36.00
10 3329 3376 3366 3343 3332 3325 3356 3107 3098 3093 3273
12 329 329% 3288 3278 329% 308 3075 309 308 3087 3188
4312 3107 3L14 3116 3117 3133 344 R N8 R 3151
16 2049 2955 2941 2938 294 293 2924 2894 2884 2894 29.25
18 2888 2894 2896 2896 2895 2895 2895 2001 29.02 29.04 28.97
20 2861 2828 2831 2863 2832 2844 2853 2842 283 2842 2843
2 283 283 2833 2856 2863 2852 2852 2934 2923 2923 28.72
24 2848 2805 2839 2805 2839 2819 2825 2855 2848 2836 2832
26 2820 2804 2825 2833 2859 2849 2848 2827 2839 2825 2833
28 2934 2066 2908 2954 2032 2912 2945 3191 3185 2928 29.86
0 2065 2053 2023 2967 2958 2934 2004 3377 3353 3358 3069
R 20972 2973 2968 2969 2964 2959 2061 2957 2928 2815 2947
3 2916 2916 2007 2854 2884 2881 2883 2856 2851 2843 2879
% 2064 2061 2073 2993 2051 2947 2939 2932 2926 2823 2941
B 2065 2077 2957 296 2958 2975 2958 2879 2957 2929 2952
0 2020 2923 203 2928 2921 2902 2984 29 2007 2014 2923
42 2949 2952 2954 2953 2941 2917 2914 2922 2924 2921 2.3
4 308 3086 3094 3036 3031 303 304 3073 308 3092 30.65
46 3009 3014 3041 3018 3026 3026 3024 3025 3022 3017 3022
48 3104 2986 2939 3123 372 97 3029 2974 3386 3208 3142

Table B20 The surface tension of serially dilutions of 2 dicycle with 10, 20, 30 and
40 h of aeration time,

Aetgragieon Surface tension (mN/m)
(ﬂ,} 10 99:1 95:5 010 7525 50:50  25:75
2.3 5330 6041 6221 5935 6859 6985

20 2043 4755 5837 62 6251 6961 665l
30 3069 3099 5398 5436 5855 6496 6645
40 2092 293  3NWU 519 %637 628 6497



Appendix ¢ Experimental Data of Biosurfactant Production at an Oil Loading Rate of 2 kg/m3d with Different C/N ratio of
16/0.57 and 16/3 at 2 dlcycle

1. Mixed Liquor Suspended Solid (MLSS)
Table Cl Effluent MLSS of 2 d/cycle inthe C/N ratio of 16/0.57 at oil loading rate of 2 kg/md

Vol.sample _ wt filter+ Effluent Effluent Effluent Av%/leffluent

Day SAMPIE 1 filter MLSS MLSS MLSS MLSS LSS
mh (g 9 () (mg) (myl) (mgl)
5 0.0691 0.0704 0.0013 13 260 250
5 0.0689 0.0701 0.0012 12 240

4 5 00692 0.0707 0.0015 15 300 290
5 0.0692 0.0706 0.0014 14 280

5 5 0.0695 0.07 0.0005 5= 100 140
5 0.0695 0.0704 00009 09 180

3 5 0.0693 0.0701 0.0008 08 160 160
5 0.0692 0.07 0.0008 0.8 160

85



Table C2 Effluent MLSS of 2 d/cycle in the C/N ratio of 16/3 at oil loading rate of 2 kg/m3d

Day

Vol.sample s fifter
()

1101010101010 !

(9

0.0695
0.0692
0.0685
0.0685
0 0685
0.0684
0.0685
00685

wt filter+
MLSS

(9

0,0704
00702
0.0705
00708
0.0708
0.0708
0.0708
0.0708

Effluent
MLSS
(0)

0.0009
0.001

0.002

0.0023
0.0023
0.0024
0.0023
0.0023

Effluent
MLSS
(mg)

0.9
1
2

2.3

2.3

24

2.3

23

Effluent
MLSS
(mgl1)

180
200
400
460
460
480
460
460

Avgk/lﬁfglélent
(mg/1)
190
430
470
460



2. Suspended Solid (SS)
Table C3 Effluent SS of2 dicycle in the C/N ratio of 16/0.57 at oil loading rate of 2 kg/m3d

Day Vol.sample w filter - wtfilter+ SS Effluent S5 Effluent SS Effluent S5 Avg. effluent SS

;™ 9 9 my (g (mg/)

) 5001 00T 0003 13 260 -
50061 0001 000l 1 20

A5 006% 00007 000 11 20 0
500697 00706 00009 09 190

¢ 5 006% 007 0004 04 8 0
5 006% 0074 00008 08 160

¢ 5 0065 000 0006 06 120 -
5 006% 007 00004 04 8



Table C4 Effluent ss of 2 dicycle in the C/N ratio of 16/3 at oil loading rate of 2 kg/m3d

Vol.sample wtfilter  wtfilter+ S5 Effluent S5 Effluent SS  Effluent S5 Avg. effluent ss

Da

Oy m w ) m) (o) ()

) 50069 0069 00009 09 190 80
5 0.069 0.0699 0.0009 09 180

4 5 0.0687 00705 00018 18 360 %0
5 0.0681 00699 0.0018 18 360

‘ 500884 00705 002 21 40 m
5 0.0686 0.0709 0.0023 2.3 460

g 5 0.0685 0.0703 0.0018 18 360 120
5 0 0685 0.0709 0.0024 24 480

Table C5 Average effluent ss and MLSS (days 4-8) of 2 d/cycle in the difference of C/N ratio of 16/0.57 and 16/3 at oil loading rate
of 2 kg/md

- MLSS SS
CIN ratio
my/l ma/l
16/0.57 ( 18/7) ( 1%0)
16/1 3,467 403
16/3 453 407



3. Surface Tension and Surface Tension Reduction

Table C6 Surface tension and surface tension reduction of 2 d/cycle in the C/N ratio of 16/0.57 at oil loading rate of 2 kg/m3d

Day Surface tension (mN/m) tseunrg%r?
Nol No2 No3 Nod4 No5 avg. reduction (%)
0 709 7096 7096 709 7096 7096 :
2 4894 4845 4766 4635 4657 4759 32.93
4 4193 4170 4771 4483 4640 4691 33.89
0 4545 453 4547 4515 4514 4531 30.14
8 23 4217 4211 48201 419 4212 40.64

Table C7 Surface tension and surface tension reduction of 2 dicycle in the C/N ratio of 16/3 at oil loading rate of 2 kg/m3d

Surface tension (mN/m) tse“nq?gﬁ

Nol No2 No3 Nod4 Nob5 avg  reduction (%)
709% 7096 7096 7096 709 709 .

29 4260 4200 4143 4086 4197 40.85
4076 4167 4012 4010 4003 4074 42.59
D13 0B S 8215 4223 4226 40.44
4388 4368 4374 4428 4484 4408 37.87

Day

OO =~ O



Table C8 The average surface tension and surface tension reduction of2 d/cycle (days 4-8) in the different C/N ratio of 16/0.57and
16/3 at oil loading rate of 2 kg/m3d

Surface
C/IN ratio  tension % Reduciton
(raN/m)
16/0.57 4478 36.89
16/1 28.82 59.39
16/3 42.36 40.3

90



4, pH

Table C9  Effluent pH of 2 dicycle in the C/N ratio of 16/0.57and 16/3.

Effluent pH
Day 161057 1613
0 . .
2 57 569
4 573 571
6 521 606
8 527 569

Table CIO Average effluent pH (days 4-8) in the C/N ratio of 16/0.57and 16/3 at oil loading rate of 2 kg/m3d

CIN ratio Avg. pH

16/0.57 541
16/1 6.04
16/3 5.82
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