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# # 4789082020 : MAJOR ENVIRONMENTAL SCIENCE

KEY WORD : UASB / CHLORIDE / GRANULATION / PETROCHEMICAL WASTEWATER
NATTARIKA TANTIWONG : EFFECT OF CHLORIDE ON COD REMOVAL FROM
PETROCHEMICAL WASTEWATER USING UASB SYSTEM. THESIS ADVISOR :
ASST. PROF. CHAVALIT RATANATAMSKUL, Ph.D., 168 pp.

This research is to study effect of chloride on removal of COD in petrochemical
wastewater using UASB system. The research was divided into 2 experiments. Both experiments
using 3 identical UASB reactor. The first experiment used the petrochemical wastewater. [t was
prepared with varying COD ratios at 1,000, 1,500 and 2,000 mg/l, respectively. The second
experiment used the petrochemical wastewater added with sodium chloride (NaCl) to maintain
concentration at 600, 1,200 and 2,400 mg/l., respectively.

The results of the first experiment with petrochemical wastewater of COD ratio at 1,000,
1,500 and 2,000 mg/l, it was found that COD removal efficiencies percentile 50 at steady state
were 88.66, 90.49 and 89.58 %, respectively. The second experiment with petrochemical
wastewater and sodium ehloride (NaCl). It was found that COD removal efficiencies percentile
50 were 84.00, 89.44 and 86.54 %, respectively. The UASB system with COD ratios at 1,500
mg/1 have the best performance in terms of removal for COD were 89.44 %.

Scanning electron microscope observation of the sludge granule, it was start-up 2
experiments of sludge granule is not absolutely right. It have cavity in cell. Analysis of particle
size distribution with D,; and Dy, of COD concentration was kept constant at 1,500 mg/l have the
greatly for the UASB system.

Frorh. the result] it can conclude that the appearance of chloride effect on the efficiency of
COD removal and sludge granule formation only during the period of system can adapt
themselves which can be seen as the efficiency of COD removal of 3 reactors are closely.
Furthermore, in the secand reactor, COD concentration is 1,500 mg/l, the size of sludge granule is
the biggest and it is the most effection on COD removal so, it show that chloride is not effect on

the efficiency of COD removal when operate system in long period.

Field of study ...Environmental Science .................. ...Student’s signature. ﬁa‘Hm' Ik'?' L“”H’MJ

Academic year.......... 2007, o+ Advisor's mgnaturcé/dwm‘w

Co-advisor's SIgnature. .................
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AININD 2.6

Hydrogenic acidogens
Sulfate-reducers
Methanosarcina spp.
Hz2-using methanogens

Hydrogenic acetogens
Hz-using methanogens

| Methanosaeta spp.

Ala: Active acetate use (low affinity)

; aier
Bulk liquid 13 g | Granule
FRIGVP | G: Active glucose use
Hiat Hna 1 P: Active propionale use
AsiAs | Am Hha: Active Hz use (high affinity)
TG Hla: Active Hz use (low affinity)
= Aha: Active acetate use (high affinity)
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Concentration =
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Y
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nglaa (Guiot HazAme, 1992)
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7NN 2.7

I} | | Predominsatbacteria ln each layer
Bacterial composition | I = Outer layer:
Acidogens + H2-coatumerns
I = Middle layer: SM + Mx
100% Il = Center core: Mx

A :Acidogens

SM: Syntrophic mlcrocaloales
0% Mx: Methanothriz sp.

d' 9 1 ==t g; = o
MNN 2.7 TﬂiQﬁﬁNllaZﬂ3HJW‘Ll1LL°L!‘L!‘Uf]QLL“]JﬂW!iﬂiuu%ﬁﬂﬂigmﬂﬂﬁI‘UUI,%MWI (Fang,
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2.8 nszmunmﬁmﬁﬂmnauﬁauﬁﬂ (Process of Granulation)

2.8.1 ANUTAYVOY Extra Cellular Polymers (ECP) aomsiainnznougdunsd
(Schmidt s#as Ahring, 1995)
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1ag Ahring, 1995)
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WUF U (substratum) F 19T UNGUUUANITE1TOOUNIAVOWTUNDY TasiTuraIINITINIG
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3 ! 3 | 9 @ { & a 4
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ﬂallﬂfﬂii’J‘JJG]?S%‘H’JNLLU?WILS?J 2 1aa lage1de ECP aunanauiianznou
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(@) Mhe reversible association of twa hicleris becomes
weevesible adhesion. ECE are used 1o bind the two hacteria to cacl
uther. (W) Cell division provides sister ¢Cils that are bound within the
ECE. fel Microaulany formvtion. (d) Grandlation i a feaction of eell

division ‘within the microcolonics and new recruitment of bacteria
from the luguid.

a @ 1 A A J @ < <
MNN 2.10 ﬂallﬂﬂ”lﬁﬁ')i]ﬁ')ﬁgﬁj']\u!fﬂﬂﬂlﬁﬂ 2 1gaa Tﬂ‘(’l@']ﬁﬂ ECP aunanauiiiansnou

98UN3§ (Schmidt 1A Arhing, 1995)
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2.8.3 nalnmsiMaianznougdun3d (Pelletization)
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Y E4

JUADU A1

gVvss/i
- praseb— prote Il prave T1L
15 - i {
i ' ; space loading rate
"""-.,L . (kg CO0/kgVSS.day)
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Process) Hulshoff-Pol azAnue (1983) (9190914 dufian, 2548)
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B4 9
¥ o

U duinszuudesegluyreguuginmmnzau
1 = 1 d' 1 o S A A

- ATNLDY (pH) M YIEFUaenITRIuvesuanseluszuy A

6.5-7.8
[ 3’ = Y I

- dnvaems lnavesindeluszuuezdeuduuny Plug flow W51211N
I . o Y @ I o
Hunny Completely mix 3¢ 1fiA1ANA UM IFoaveslaTagaud

Y 9 1
- ¥ilaueainde aaulsznouveindes 9991V1N (Cation) LAZAITNHH
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3)aazidon lvvesszuu s uduss U (Start up) 1Y
a o ~ 1
- ATTUTINNE1T0UNTO (Organic Loading Rate) 35 UUNNAINTEUTINN
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oy
Funitousl COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l
vt 1heen v 1heon v ¥hoon
31/1/2550 7.54 8.01 7.49 7.83 7.54 7.88
2/2/2550 7.48 TGS 7.46 7.69 7.49 7.79
5/2/2550 7.81 8.30 7.69 7.77 7.65 8.05
7/2/2550 7.90 8.01 7.70 7.83 7.78 7.93
9/2/2550 7.92 8.22 7.89 7.98 7.89 8.29
12/2/2550 7.58 8.31 7.62 8.40 7.70 7.58
14/2/2550 7.50 8.02 7.50 8.20 7.49 8.19
16/2/2550 7.63 8.21 7.60 8.25 7.62 8.31
19/2/2550 7.81 8.30 7.69 7.93 7.77 7.77
21/2/2550 7.73 8.00 7.75 8.01 7.80 8.10
23/2/2550 7.92 8.32 7.89 8.21 7.67 8.00
26/2/2550 7.70 8.16 7.70 8.41 7.65 8.22
28/2/2550 7.73 8.07 7.75 8.28 7.74 8.04
2/3/2550 7.69 7.76 7.73 8.08 7.75 8.13
5/3/2550 7.92 8.22 7.89 8.30 7.89 8.29
7/3/2550 7.76 8.07 7.29 8.13 7.36 8.01
9/3/2550 7.64 7.92 7.65 8.12 7.73 7.99
12/3/2550 7.65 8.18 7.65 8.21 7.63 8.31
14/3/2550 7.77 8.22 7.77 8.18 7.79 8.27
16/3/2550 7.85 8.24 7.87 8.21 7.85 8.20
19/3/2550 7.69 8.28 7.74 8.29 7.77 8.40
21/3/2550 7.69 8.16 7.58 8.13 7.65 8.00
23/3/2550 7.74 8.00 7.59 7.73 7.65 7.72
26/3/2550 7.76 8.07 7.70 7.92 7.70 7.88
28/3/2550 7.76 8.20 7.69 8.06 7.63 7.88
30/3/2550 7.94 7.95 7.95 7.92 7.57 7.57
2/4/2550 7.69 7.91 7.58 7.95 7.52 7.47
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oy
Fundon/l COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l
s iheen it iheon st 1heon
4/4/2550 7.60 8.00 7.51 8.27 7.45 7.36
6/4/2550 7.53 7.30 7.56 7.62 7.47 6.92
9/4/2550 7.63 8.12 7.56 7.97 7.52 7.43
11/4/2550 7.81 8.01 7.70 7.83 7.56 7.38
13/4/2550 7.65 7.98 7.55 7.88 7.25 7.53
16/4/2550 7.38 7.76 7.58 7.89 7.49 7.63
18/4/2550 7.65 7.67 7.46 7.56 7.22 7.30
20/4/2550 7.47 7.72 7.43 7.56 7.36 7.46
23/4/2550 7.53 7.95 7.52 7.82 7.43 7.54
25/4/2550 7.61 8.10 7.65 8.01 7.59 8.05
27/4/2550 7.63 8.12 7.55 7.98 7.62 7.97
30/4/2550 7.49 7.92 7.50 7.98 7.62 8.01
2/5/2550 7.75 8.25 7.72 8.10 7.65 7.96
4/5/2550 7.35 7.90 7.42 7.77 7.40 7.58
7/5/2550 7.77 8.08 7.70 8.25 7.50 8.05
9/5/2550 7.60 8.16 7.50 7.86 7.12 7.76
11/5/2550 7.85 7.76 7.56 7.79 7.43 7.55
14/5/2550 7793 8.19 7.52 8.08 7.49 7.91
16/5/2550 7.67 8.20 i 7.97 7.60 7.60
18/5/2550 7.54 7.60 7.49 7.8 7.19 7.20
21/5/2550 7.56 8.01 7.51 7.79 7.39 7.85
23/5/2550 7.65 7.86 7.60 7.70 7.54 7.30
25/5/2550 7.57 7.80 7.47 7.59 7.14 6.92
28/5/2550 7:50 8.09 7.46 7.93 741 7.80
30/5/2550 7.53 8.09 7.45 7.55 7.41 7.48
Annitea 7.94 8.32 7.95 8.41 7.89 8.40
Afosiian 7.35 7.30 7.29 7.28 7.12 6.92
AT 398.85 417.40 396.09 414.05 393.13 41421
ma 7.67 8.03 7.62 7.96 7.56 7.80
wWosidua Ind 50 7.66 8.07 7.595 7.97 7.58 7.88
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Sundtou/l COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l
v yhoon v 1heon vt iheen

31/1/2550 30.00 28.50 30.50 28.00 30.00 28.50
2/2/2550 29.50 28.00 29.00 28.50 29.50 28.00
5/2/2550 30.50 29.00 30.50 29.00 29.00 29.50
7/2/2550 29.00 28.50 30.50 30.50 29.00 30.00
9/2/2550 28.50 26.50 27.50 26.50 28.00 26.50
12/2/2550 28.00 30.00 28.00 30.00 28.00 30.00
14/2/2550 29.00 30.00 29.00 30.00 29.00 29.00
16/2/2550 28.00 30.00 29.00 30.00 28.00 30.00
19/2/2550 29.50 30.00 29.50 30.50 29.00 30.50
21/2/2550 28.50 29.00 28.50 29.50 28.50 29.00
23/2/1950 29.00 30.50 29.00 30.50 29.00 30.00
26/2/2550 30.00 29.00 30.00 29.00 29.00 29.00
28/2/2550 30.00 29.00 30.00 29.00 29.00 29.00
2/3/2550 29.00 30.00 29.00 30.00 29.00 30.00
5/3/2550 29.00 29.00 29.00 28.00 29.00 28.00
7/3/2550 29.00 30.00 29.00 30.00 29.00 30.00
9/3/2550 30.00 29.00 30.00 29.50 30.00 29.50
12/3/2550 30.00 28.00 30.00 28.00 30.00 28.00
14/3/2550 28.50 29.00 28.00 28.50 28.00 28.50
16/3/2550 29.50 29.00 29.50 29.00 29.00 29.00
19/3/2550 30.00 28.50 30.00 28.00 30.00 28.00
21/3/2550 30.00 28.50 30.00 28.50 29.00 29.00
23/3/2550 30.00 29.00 30.00 29.00 29.00 29.00
26/3/2550 30.00 30.50 30.00 30.50 30.00 30.50
28/3/2550 31.00 30.00 31.00 30.00 31.00 29.00
30/3/2550 31.00 31.50 30.50 32.00 30.00 32.00
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Nyl
Tuidou/l COD = 1,000 mg/l COD = 1,500 mg/I COD = 2,000 mg/l
st ihoen it iheen st 1heon
2/4/2550 30.50 31.00 30.00 31.00 30.50 31.00
4/4/2550 31.00 29.50 31.00 29.00 31.00 29.00
6/4/2550 31.00 28.50 31.00 28.00 31.00 27.50
9/4/2550 30.00 29.00 30.00 29.00 30.00 29.00
11/4/2550 29.00 28.00 29.00 28.00 29.00 28.00
13/4/2550 31.50 31.00 31.50 31.50 31.00 31.50
16/4/2550 30.50 31.00 31.50 32.00 31.00 32.00
18/4/2550 29.50 29.00 30.00 28.00 30.00 29.00
20/4/2550 32.00 32.50 32.00 33.00 31.50 33.00
23/4/2550 32.50 33.50 32.50 32.50 32.00 33.00
25/4/2550 32.50 30.00 32.00 30.00 32.00 30.50
27/4/2550 32.00 32.00 32.00 32.50 32.00 32.50
30/4/2550 32.00 32.00 32.00 32.00 32.00 32.50
2/5/2550 28.50 26.50 27.50 26.50 27.00 26.50
4/5/2550 27.00 27.00 27.00 27.50 27.00 27.00
7/5/2550 29.50 29.00 29.50 29.00 29.50 29.00
9/5/2550 30.50 29.50 30.50 30.00 30.50 30.50
11/5/2550 28.50 29.50 29.00 29.50 29.00 30.00
14/5/2550 29.50 27.50 29.00 28.00 29.00 28.00
16/5/2550 29.50 30.00 29.50 30.00 29.50 30.00
18/5/2550 30.00 30.50 30.00 31.00 30.00 31.00
21/5/2550 31.00 29.00 30.50 29.00 30.50 29.50
23/5/2550 31.50 31.00 31.00 30.50 30.50 30.50
25/5/2550 31,00 30.00 30:50 30.00 30.50 30.00
28/5/2550 31.50 30.00 31.50 29.50 31.50 29.50
30/5/2550 31.50 30.00 31.00 30.00 30.50 30.00
Auniiga 32.50 33.50 32.50 33.00 32.00 33.00
Afosiiaa 27.00 26.50 27.00 26.50 27.00 26.50
HATIN 1,560.00 | 1,536.50 | 1,558.00 | 1,539.00 | 1,546.00 | 1,539.50
mae 30.00 29.55 29.96 29.60 29.73 29.61
wWesigualng 50 30.00 29.50 30.00 29.50 29.75 29.5
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Fa
AMNANNIHUA (LaanTw/ang)

JunaouAl COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l

v vhoon v 1heon v 1heon

16/2/2550 332 404 324 598 324 732
23/2/2550 450 466 360 420 440 480
2/3/2550 284 296 294 280 304 292
9/3/2550 508 498 494 506 470 486
16/3/2550 492 478 450 484 440 450
23/3/2550 432 514 798 654 608 410
30/3/2550 446 514 718 656 648 590
6/4/2550 580 482 678 546 782 290
13/4/2550 513 498 698 601 715 440
20/4/2550 492 478 508 498 648 590
27/4/2550 546 484 628 588 762 700
4/5/2550 464 484 642 624 780 460
11/5/2550 523 320 470 460 682 690
18/5/2550 532 480 640 458 846 864
25/5/2550 450 312 704 350 1006 774
1/6/2550 522 320 758 366 872 342
8/6/2550 470 410 682 638 908 390
15/6/2550 460 418 550 496 554 618
Atnniiea 580 514 798 656 1006 864
Atfosiiga 284 296 294 280 304 290
HAT 8496 7856 10396 9223 11789 9598
mae 472 436 578 512 655 533
1esiFud Ind 50 481 478 634 502 665 483
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I a a o A
VYDULUILVIUADY (WAANTN/ANT)

JunaouAl COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/1
vt 1heon vt 1heon v 1heon
13/2/2550 55.30 16.10 35.30 18.50 52.10 63.90
20/2/2550 30.20 31.70 37.50 43.80 29.50 33.60
27/2/2550 17.90 25.20 19.90 45.90 16.10 78.20
6/3/2550 36.40 28.75 29.70 34.45 27.00 33.70
13/3/2550 30.90 45.70 36.00 64.60 31.00 46.60
20/3/2550 15.40 24.60 39.90 34.00 30.20 31.70
27/3/2550 19.50 21.04 33.00 57.45 37.50 52.40
3/4/2550 17.90 14.10 33.70 23.90 46.60 65.40
10/4/2550 19.80 19.90 33.30 35.20 48.80 63.00
17/4/2550 40.30 39.30 46.60 45.40 37.50 30.10
24/4/2550 31.50 1630 53.00 26.40 71.90 51.80
1/5/2550 38.80 16.60 34.40 20.30 40.80 33.30
8/5/2550 19.40 39.20 35.60 23.00 36.90 35.50
15/5/2550 35.60 23.00 93.20 135.25 107.10 94.50
22/5/2550 36.90 18.70 58.10 45.40 71.30 51.44
29/5/2550 82.00 72.37 129.90 85.00 151.60 120.60
5/6/2550 83.30 64.70 117.80 99.20 110.30 78.60
12/6/2550 63.30 38.50 40.70 15.20 125.40 110.35
Amnnitge 8330 7237 129.90 135.25 151.60 120.60
Anfooiiga 15.40 14.10 19.90 15.20 16.10 30.10
HATIY 674.40 555.76 907.60 852.95 1,071.60 | 1,074.69
mae 37.47 30.88 50.42 4739 59.53 59.71
WesiFudlnd 50 33.55 24.90 36.75 39.50 43.70 52.10
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2 o A a o a
VDIULUINMIHUA (UAANTU/ANT)

JunaouAl COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l
vt vhoon vt vhoon v vhoon
13/2/2550 3,678.00 10650 | 3.086.50 | 140450 | 3,144.50 1,871.50
20/2/2550 3,009.54 | 298145 | 3.811.50 | 2.633.50 | 3,186.50 1,844.50
27/2/2550 2,968.50 | 3,027.00 | 2.863.00 | 3,077.00 | 2,913.00 2,982.50
6/3/2550 381650 | 2,631.50 | 4,108.50 | 2,974.00 | 4203.50 3,441.00
13/3/2550 4231.00 | 429050 | 4253.50 | 4,289.50 | 4,327.00 4.253.50
20/3/2550 3,826,000 | 3.881.50 | 491850 | 4343.00 | 5,061.50 4,082.00
27/3/2550 432650 | 4,693.50 | 533600 | 551550 | 5,121.00 4,722.00
3/4/2550 4,199.50 | 3,858.00 | 5,101.00 | 4,608.50 | 7,413.50 7,469.00
10/4/2550 3,836.50 | 3,560.50 | 4,779.00 | 4414.00 | 6,759.50 6,079.00
17/4/2550 481850 | 4,532.00 | 7.413.50 | 644300 | 5.282.00 5,061.50
24/4/2550 3,806.50 | 349400 | 455150 | 4351.00 | 6,288.00 5,522.00
1/5/2550 5210.00 | 3.480.00 | 500500 | 460850 | 4,656.50 3,755.00
8/5/2550 3,105.50 | 2,8%6.50 | 3469.50 | 3,305.00 | 5416.50 5,309.50
15/5/2550 4,505.50 | 4,877.00 | 9,632.50 | 10.285.00 | 11,716.50 | 10,851.00
22/5/2550 4,089.50 | 3,981.50 | 551650 | 5388.00 | 7,815.00 6,944.50
29/5/2550 4,036.00 | 391250 | 6,077.50 | 5,795.50 | 7,394.50 6,938.00
5/6/2550 6,141.50- | 5.671.50. | 8,055.50| 7,510.50-| 10,288.00 | 8,800.50
12/6/2550 251067 | 2,972.67 | 2282.67 | 342467 | 11,960.00 | 10,973.00
Auaniiaa 6,141:50 | “5,671.50 || 9,632.50 | 10,285:00" | 11,960.00 | 10,973.00
Anfosiian 2,510.67 10650 | 228267 | 140450 | 2,913.00 1,844.50
AT 72,115.71 | 64,838.12 | 90,261.67 | 84,370.67 | 112,947.00 | 100,900.00
nae 400643 | 3,602.12 | 501454 | 468726 | 6274.83 5,605.56
wWesiiualng 50 3,93625 | 3,70925 | 484875 | 438250 | 5349.25 5,185.50
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M3 1.6 VOWIIALAWUDIFININAGDIN 1

Yyeaudsazans (Taansu/ans)
JunaouAl COD = 1,000 mg/l COD = 1,500 mg/1 COD = 2,000 mg/1
v vhoon vt vhoon vt vhoon

13/2/2550 3,62270 | 1,09040 | 3,051.20 | 1386.00 | 3,092.40 1,807.60
20/2/2550 297934 | 294975 | 3,774.00 | 2,589.70 | 3,157.00 1,810.90
27/2/2550 2,950.60 | 3,001.80 | 2.843.10 | 3,031.10 | 2,896.90 | 2,904.30
6/3/2550 3,780.10 | 2.602.75 | 4.078.80 | 2,939.55 | 417650 | 3,407.30
13/3/2550 4200.10 | 422480 | 421750 | 422490 | 429600 | 4206.90
20/3/2550 3,810.60 | 3.856.90 | 4,878.60 | 4,309.00 | 503130 | 4,050.30
27/3/2550 4307.00 | 467246 | 5303.00 | 541790 | 5083.50 | 4,669.60
3/4/2550 4,181.60 | 384390 | 506730 | 458460 | 736690 | 7,403.60
10/4/2550 381670 | 3,540.60 | 474570 | 437880 | 6,710.70 | 6,016.00
17/4/2550 477820 | 449270 | 736690 | 6397.60 | 524450 | 5031.40
24/4/2550 3,775.00 | 347770 | 449850 | 432460 | 621610 | 5470.20
1/5/2550 517120 | 346340 | 4970.60 | 458820 | 461570 | 3,721.70
8/5/2550 3,086.10 | 2.84730 | 3.433.90 | 328200 | 5379.60 | 5,274.00
15/5/2550 4,469.90. | 4.854.00 | 9,539.30 | 10,149.75 | 11,609.40 | 10,642.75
22/5/2550 405260 | 396280 | 545840 | 534260 | 774370 | 6,893.06
29/5/2550 3,954.00 | 3,777.10 | 5947.60 | 571050 | 724290 | 6,817.40
5/6/2550 6,056.20 | 5.606.80 | ~7,937.70 | 741130 10,153.10 | 8,721.90
12/6/2550 241317 | 2.934.17 | 224197 | 340947 | 11,544.00 | 10,704.50
Auniiea 6,056.20. ‘|- 5,606.80" | 9,539:30 | 10,14975 | 11,60940 | 10,704.50
Atfosiiga 241317 | 1,090.40 | 224197 | 1386.00 | 2.896.90 1,807.60
HATIY 71,405.11 | 65,199.33 | 89,354.07 | 8347757 | 111,560.20 | 99,553.41
mag 396695 | 3,622.19 | 496412 | 463764 | 619779 | 553075
Wesidualnd 50 | 3,885.35 | 3.658.85 | 481215 | 4351.70 5,312.05 5,152.70
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#1o@ (aanju/ans)

TundouAl COD = 1,000 mg/1 COD = 1,500 mg/l COD = 2,000 mg/1
v vhoon v vhoon vt 1heon
13/2/2550 960 156 1,500 180 1,980 240
15/2/2550 860 100 1,240 40 1,600 180
20/2/2550 960 80 1,560 100 2,160 200
22/2/2550 920 60 1,280 120 1,800 80
27/2/2550 850 150 1,480 131 1,850 280
1/3/2550 920 60 1,450 120 1,950 280
6/3/2550 840 160 1,480 100 1,600 180
8/3/2550 900 100 1,560 100 2,050 130
13/3/2550 920 60 1,480 170 1,980 220
15/3/2550 920 20 1,500 120 1,900 120
20/3/2550 920 60 1,240 40 2,000 160
22/3/2550 840 120 1,560 100 1,600 180
27/3/2550 720 80 1,640 280 1,960 180
29/3/2550 880 120 1,120 200 1,600 200
3/4/2550 960 200 1,240 100 1,640 280
5/4/2550 920 60 1,500 200 2,060 400
10/4/2550 920 120 1,080 80 1,480 100
12/4/2550 980 140 1,550 30 2,000 100
17/4/2550 1,050 40 1,450 100 1,960 280
19/4/2550 980 60 1,430 100 1,890 200
24/4/2550 920 200 1,450 250 1,860 159
26/4/2550 920 200 1,350 193 1,780 330
1/5/2550 980 20 1,350 100 1,850 180
3/5/2550 970 138 1,480 247 1,950 209
8/5/2550 970 150 1,370 196 1,760 160
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= = a a v a
%1o@ (aansu/ans)

Tundou/l COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l

v vhoon v vhoon vt 1heon
10/5/2550 1,000 180 1,450 140 1,950 100
15/5/2550 960 280 1,450 250 2,000 400
17/5/2550 880 200 1,550 310 1,860 200
22/5/2550 920 200 1,240 160 1,520 80
24/5/2550 920 80 1,480 200 2,020 250
29/5/2550 880 320 1,550 340 1,980 300
31/5/2550 760 80 1,350 150 1,980 80
5/6/2550 840 200 1,240 200 1,560 160
7/6/2550 760 280 1,280 40 1,640 160
12/6/2550 980 20 1,640 160 1,980 80
14/6/2550 1,020 120 1,520 80 2,240 40
Auniiga 1,050 320 1,640 340 2,240 400
mlesiien 720 20 1,080 30 1,480 40

AT 32,900 4614 51,090 5,427 66,990 6,878
mae 914 128 1,419 151 1,861 191
wWesiFudlng 50 920 120 1,450 136 1,925 180

= SIS o v Aas A 1 A
AT NN N.8 Lﬂ@‘ilcﬁu@lﬂﬁﬂ?%ﬂmiﬂﬂﬂlﬂﬁﬂﬂﬂﬁﬂﬂﬁﬂﬂﬂ 1

I3 J o v A =
wosikuamsiiia & 1o

Tundauil : ' :
dalfnsaiii 1 dallnsain 2 dalfnsain 3
13/2/2550 83.75 88.00 87.88
15/2/2550 88.37 96.77 88.75
20/2/2550 91.69 93.59 90.74
22/2/2550 93.48 90.63 95.56
27/2/2550 82.35 91.11 84.85
1/3/2550 93.48 91.72 85.64
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I 3 J o v A =
lesisuamstiie & lod

Fundeu/l
Salfnsaldi 1 dalfnsaiii 2 falfnsali 3
6/3/2550 80.95 93.24 88.75
8/3/2550 88.89 93.59 93.64
13/3/2550 93.48 88.51 88.88
15/3/2550 97.83 92.00 93.68
20/3/2550 93.48 96.77 92.00
22/3/2550 85.71 93.59 88.75
27/3/2550 88.89 82.93 90.82
29/3/2550 86.36 82.14 87.50
3/4/2550 79.17 91.94 82.93
5/4/2550 93.48 86.67 80.58
10/4/2550 86.96 92.59 93.24
12/4/2550 85.71 98.06 95.00
17/4/2550 96.19 93.10 85.71
19/4/2550 93.88 93.01 89.42
24/4/2550 78.26 82.78 91.45
26/4/2550 78.26 85.70 81.46
1/5/2550 97.96 92.59 90.27
3/5/2550 85.77 83.33 89.28
8/5/2550 84.53 85.69 90.91
10/5/2550 82.00 90.34 94.87
15/5/2550 70.83 82.78 80.00
17/5/2550 77.27 80.13 89.25
22/5/2550 78.26 87.10 94.74
24/5/2550 91.30 86.49 87.62
29/5/2550 63.64 78.06 84.85
31/5/2550 89.47 88.88 95.95
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I <3 J o v A =
Y oa A nosiuansfiga & loa
TundeuAl
o (a oA v 1a A v (a 7
falgnaain 1 falgnaain 2 fagnsain 3
5/6/2550 76.19 83.87 89.74
7/6/2550 63.16 96.90 90.24
12/6/2550 97.96 90.24 95.95
14/6/2550 88.24 94.74 98.21
AN 97.96 98.06 98.21
Alosiga 63.16 78.06 80.00
Ha3IN 3,087.20 3,219.58 3,229.11
Ay 85.76 89.43 89.70
I I 4
losidud Ind 50 86.66 90.49 89.58

= g ' ~
MINN N.9 ﬂﬁﬂvliﬂsl]ﬂﬂslﬂﬂﬂ"ﬁ‘ﬂﬂﬁﬂﬁ‘ﬂ 1

YSinanan'lsa @aansu/ans)
Junaou/l COD = 1,000 mg/1 COD = 1,500 mg/1 COD = 2,000 mg/l
vt ¥hoon vt vheon v thoon
14/2/2550 575.1200 | 591.4000 | 524.6000 | 554.3000 | 518.1000 617.5000
21/2/2550 5824300 | 557.2350 | 689.3650 | 601.1850 | 730.8400 816.9750
28/2/2550 336.0850 | 350.1530 | 671.7480 | 674.6280 | 437.2100 416.7130
7/3/2550 5897400 | 623.0700 | 354.1300° | 348.0700 | 743.5800 616.4500
14/3/2550 3073230 | 311.1190 | 289.5770 | 264.4320 | 239.6530 262.0490
21/3/2550 233.5800. | 233.1440 | 481.6840. | 334.9890. | - 437.5330 400.5460
28/3/2550 198.3250 | 284.8580 | 458.4540 | 4292170 | 415.9740 391.2690
4/4/2550 211.6250 | 248.5450 | 401.8670 | 331.8440 | 739.3830 631.7780
11/4/2550 384.7730 | 340.0140 | 503.8610 | 456.5940 | 767.5290 319.0550
18/4/2550 287.1200 | 276.9590 | 410.0680 | 405.4660 | 461.5060 633.7080
25/4/2550 287.1200 | 276.9590 | 410.0680 | 405.4660 | 461.5060 633.7080
2/5/2550 4795180 | 553.4300 | 3267220 | 387.6200 | 564.6630 559.8800
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YSinanaelss @aaniwany)
TundouAl COD = 1,000 mg/1 COD = 1,500 mg/l COD = 2,000 mg/1
vt 1heon v 1heon v 1heon
9/5/2550 446.1080 | 315.8420 | 738.7830 | 565.8770 | 503.9630 | 244.0920
16/5/2550 282.8420 | 391.4530 | 828.5700 | 864.5190 | 951.6280 | 929.7860
23/5/2550 380.2560 | 364.1800 | 607.3920 | 529.8220 | 814.7290 | 875.6220
30/5/2550 380.4880 | 402.1940 | 581.5060 | 610.3140 | 751.8610 | 750.1300
6/6/2550 614.4230 | 388.9140 | 654.4620 | 640.0850 | 660.6300 | 724.8530
13/6/2550 588.7500 | 567.3500 | 888.8010 | 878.4030 | 8552150 | 646.2180
Annitee 6144230 | 623.0700 | 888.8010 | 878.4030 | 951.6280 | 929.7860
milesiien 1983250 | 233.1440 | 289.5770 | 264.4320 | 239.6530 | 244.0920
HATIY 7,165.6260 | 7,076.8190 | 9,821.6580 | 9,282.8310 | 11,055.5030 | 10,470.3320

mae 398.0903 | 393.1566 | 545.6477 | 5157128 | 614.1946 | 581.6851
Wesibud Ing 50 | 3803720 | 357.1665 | 514.2305 | 4932080 | 612.6465 | 624.6390

A15199 1.10 YTV NIUeaURIFIMITNAABIN 1

BMUa (Naansu/ans)

Fundeu/ll COD = 1,000 mg/l COD = 1,500 mg/I COD = 2,000 mg/I
st hoon vt iheen vt 1heon
13/2/2550 573.4938 452.3028 633.2237 483.4661 750.9522 441.0492
15/2/2550 6542463 | 450.2886 542.7890 3207130 | 988.1312 | 693.7720
20/2/2550 778.5753 717.7719 625.3516 167.8671 814.8820 508.5941
22/2/2550 903.8554 | 1 453.0316 923.1760 118:1314 | 930.5364 | 762.1676
27/2/2550 906.8648 | 441.0492 540.4830 458.1314 | 894.7455 | 568.9753
1/3/2550 888.1342 565.7286 515.7326 459.0862 677.9280 573.9050
6/3/2550 666.4243 547.1358 454.7731 383.5892 908.2304 763.1196
8/3/2550 681.7582 593.8760 496.8512 382.0791 325.7761 310.6181
13/3/2550 573.4938 483.4661 452.3026 30.7306 576.9564 82.6697
15/3/2550 633.2237 120.7583 906.7694 640.9240 750.9522 441.0492
20/3/2550 447.8620 326.7487 467.6356 300.0544 430.5601 287.6959
22/3/2550 778.5753 | 327.7374 792.9112 292.1450 | 894.7452 | 568.9752
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PNUA (Vaansu/ans)

Tundeu/l COD = 1,000 mg/I COD = 1,500 mg/I COD = 2,000 mg/I
v vhoon vt vheon vt 1heon
27/3/2550 1,381.1755 | 590.2320 1,090.5037 597.6470 | 1,309.4963 | 888.3188
29/3/2550 1,096.9302 | 565.0205 799.3376 616.9262 | 1,040.0812 | 310.4355
3/4/2550 468.1300 | 185.8619 960.4924 327.7374 | 888.8131 | 523.4960
5/4/2550 7785753 | 717.7715 1,072.7075 319.3336 | 871.5112 | 5309111
10/4/2550 751.3866 | 479.0054 1,113.2434 488.8922 | 814.6621 | 506.1941
12/4/2550 240.2393 | 332.6808 525.9677 480.4884 | 550.6847 | 398.4280
17/4/2550 478.9580 | 203.8619 868.5230 319.3383 | 777.4787 | 716.8820
19/4/2550 528.9877 | 430.4484 699.2467 554.8690 | 757.9230 | 690.3021
24/4/2550 565.1580 | 100.2081 329.7568 121.0170 | 474.7692 | 70.2952
26/4/2550 159.3835 | 131.4215 322.6037 18.2729 | 460.4630 | 65.0930
1/5/2550 666.3080 | 309.1978 679.5820 4167581 | 721.9561 | 681.7372
3/5/2550 654.2463 | 299.1937 683.5090 2777344 | 836.9749 | 182.7936
8/5/2550 1,738.5291 | 109.0735 223.1109 176.2908 | 209.4551 | 132.0718
10/5/2550 518.1944 | 480.2886 722.1981 628.0041 | 633.3333 | 601.0401
15/5/2550 2745595 | 163.0173 609.1861 157.7635 | 6253516 | 167.8670
17/5/2550 530:3791 | 472.5873 540.4825 462.0797 | 1,195.9950 | 359.4285
22/5/2550 2,614.1166 | 1,067.4790 1,999.0180 | 1,449.7939 | 947.5267 | 345.0683
24/5/2550 2,485.6006 | 1,161.6432 | . 2,554.3041 | 1,493.4480 | 2,132.7877 | 755.4842
29/5/2550 2773601 |~ 273.3188 114.9248 111.6634 | 203.0270 | 80.2740
31/5/2550 101.5883 49.2070 203.8353 150.9982 | 385.6975 | 114.6258
5/6/2550 988.1314 | 686.7237 3,444.6591 867.0531 | 1,472.0765 | 824.7309
7/6/2550 923.1760 | 903.8550 930.5364 453.0361 | 762.1676 | 118.1341
12/6/2550 1,043.7023 | 999.5400 971.0185 926.8562 | 1,050.1426 | 883.6139
14/6/2550 3,819.6706 | 2,365.9950 964.5782 352.7463 | 961.8180 | 117.2141
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SundouAl

NIUea (Waansu/ans)

COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l
2 v 2 g 2 2 2
HUUT HIDON UV HION HUU HION
Annniiga 3,819.6706 | 2,365.9950 | 3,444.6591 | 1,493.4480 | 2,132.7877 888.3188
tlesiiga 101.5883 49.2070 114.9248 18.2729 203.0270 65.0930
CERLT 31,570.9935 | 18,557.5269 | 29,775.3245 | 15,805.6653 | 29,028.5878 | 16,067.0302
naY 876.9720 | 5154869 | 827.0923 | 439.0463 806.3497 446.3064
osisudlng 50 | 666.3662 452.6672 681.5455 382.8342 796.0704 473.6217

M1519% .11 USIaUMEFINNVIF 1IN INAAIN 1

v
a Y % a 1
ﬂimmmcﬁ%amw*nwm(am/au)

Tundaou/il
COD = 1,000 mg/l COD = 1,500 mg/l COD = 2,000 mg/l

7/2/2550 0.72 1.08 324
21/2/2550 432 3.60 5.04
7/3/2550 2.40 1.92 0.72
21/3/2550 2.40 2.40 2.88
11/4/2550 423 2.50 3.26
25/4/2550 3.20 2.00 2.75
9/5/2550 232 1.86 2.63
23/5/2550 2.40 1.96 3.23
Auniiga 4.32 3.60 5.04
Afosiiqa 432 3.60 5.04
HATIN 21.99 17.32 23.75
inde 2.75 217 2.97
nlesidud Ing 50 2.40 1.98 3.06
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No%
Fundoufl dailfnseii 1 dailfnzali 2 dalfnzalii 3
vudh vheen | 1t 1hoon vt 1heen
18/6/2550 7.70 7.99 773 7.65 7.62 7.62
20/6/2550 7.74 8.00 7.67 7.75 7.64 7.78
22/6/2550 7.64 8.01 7.56 7.77 7.57 7.22
25/6/2550 7.60 7.84 7.54 7.71 7.50 7.56
27/6/2550 7.80 8.00 7.70 7.87 7.64 7.55
29/6/2550 7.49 7.69 7.48 7.54 7.50 7.50
2/7/2550 7.65 8.04 7.60 7.83 7.58 7.60
4/7/2550 7.61 7.96 7.60 7.74 7.49 7.54
6/7/2550 7.49 7.55 7.46 7.62 7.53 7.61
9/7/2550 7.53 8.02 7.27 1.75 7.40 7.60
11/7/2550 7.20 8.02 7.40 7.32 7.31 7.50
13/7/2550 7.45 7.73 7.53 7.10 7.50 7.50
16/7/2550 7.54 7.93 7.49 7.87 7.33 7.52
18/7/2550 7.40 7.85 7.40 7.86 7.36 7.39
20/7/2550 7.53 7.69 7.63 7.73 7.65 7.69
AMINNGA 7.80 8.04 7.73 7.87 765 7.78
mifosiiga 7.20 7.55 7.27 7.10 7.31 7.22
AGERYY 128.37 13391 | 128.06 130.08 12758 | 128.18
mae 14.26 14.88 14.23 14.45 14.18 14.24
wosidud Ina 50 7.54 7.96 7.54 7.74 7.5 7.55
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QUNRI

FundiouAl falfnsalii 1 falfnaaii 2 dalgnsalii 3
viudh yheen vt Yheen v yheen
18/6/2550 31.50 30.00 31.50 29.50 31.50 30.00
20/6/2550 31.00 31.00 31.00 31.00 30.50 31.50
22/6/2550 31.50 30.00 31.00 29.50 30.50 31.50
25/6/2550 30.00 30.50 30.50 31.00 30.00 30.50
27/6/2550 30.00 29.50 30.50 29.50 30.50 29.50
29/6/2550 31.00 30.00 31.00 30.00 31.00 30.00
2/7/2550 29.50 29.50 30.00 30.00 29.50 29.50
4/7/2550 29.00 28.50 29.50 30.00 30.00 30.50
6/7/2550 28.50 28.00 30.00 30.50 28.50 28.00
9/7/2550 29.50 29.50 29.00 30.00 28.50 30.00
11/7/2550 29.50 28.00 29.50 28.50 29.50 28.00
13/7/2550 30.00 30.00 29.50 30.50 29.50 28.50
16/7/2550 30.50 30.00 30.50 30.00 30.50 30.00
18/7/2550 29.50 30.00 29.50 30.50 29.00 30.50
20/7/2550 30.00 30.50 30.50 30.50 30.00 30.50
Annniga 31.50 31.00 31.50 3100 | 3150 31.50
Anfesiiga 28.50 28.00 29.00 2850 | 2850 28.00
AGRRFY 511.00 504.00 514.00 510.50 509.00 508.00
ﬁlﬁlﬂ 56.78 56.00 57.11 56.72 56.56 56.44
wosidud Ing 50 30.00 30.00 30.50 30.00 30.00 30.00
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Y
ANNANNIHNA (WaanTn/ans)

Tundou/l Slfnsaidi 1 Salfnsaid 2 Salfnsaid 3
viudh yheen v yheen vt yheen
20/6/2550 454 360 667 598 732 680
22/6/2550 558 420 726 666 694 650
27/6/2550 458 336 763 672 882 516
29/6/2550 524 418 792 594 800 608
4/7/2550 552 320 780 660 846 650
6/7/2550 554 308 766 716 880 542
11/7/2550 568 420 690 750 820 889
13/7/2550 554 410 778 890 750 430
18/7/2550 522 320 682 638 730 570
20/7/2550 566 448 734 774 998 784
Annilga 568 448 792 890 998 889
Afosiiga 454 308 667 594 694 430
CGERIY 5,310.00 | 3.760.00 | 7,378.00 | 6,958.00 | 8,132.00 | 6,319.00
mﬁﬁl 895.53846 | 636.61538 | 1247.3077 | 1184.6154 | 1381.2308 | 1073.6154
wosidud ng 50 553 385 748.5 669 810 629

. . /]
A1319N V.4 VOIVUIVILADIVDININAADILIIN 2

< a a o Aa
YDIULVILLVIUADY (WAaNTN/DAT)

Sundou/l fafAzend 1 FalgAzenii 2 FalgAzend 3
1%1!6191}1 fi‘mﬁlﬂ 1{1!,‘%}1 ‘Li,mﬂﬂ ﬁyu"lgh lilm@ﬂ
19/6/2550 30.10 42.10 63.00 78.90 61.30 54.90
21/6/2550 35.20 31.70 37.50 43.80 29.50 33.60
26/6/2550 169.50 117.34 99.30 68.10 106.00 63.00
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{ < ] { 1
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voaudarane (Naaniw/ans)

Fundeu/l SalfAsend 1 Salgisend 2 Salfnsen 3
vt | vheen | siudh [ aheen | siudh | vheen
28/6/2550 108.56 | 89.45 | 103.50 | 78.43 96.70 54.20
3/7/2550 61.70 | 49.50 | 107.70 | 75.40 | 147.20 92.90
5/7/2550 66.83 5120 | 89.60 [ 73.70 | 138.90 95.40
10/7/2550 95.50 87.30 | 19930 | 68.10 | 106.00 63.00
12/7/2550 98.50 89.30 | 105.50 | 79.60 | 113.40 79.50
17/7/2550 91.70 79.50 | 107.70 | 75.40 | 147.20 92.90
19/7/2550 69.20° | 45.80 | 89.70 | 65.40 95.80 73.50
Annndiga 169.50 | 117.34 | 107.70 | 79.60 | 147.20 95.40
Atfosiiga 30.10 31.70 | 37.50 | 43.80 29.50 33.60
AR 826.79 683.19 | 902.80 | 706.83 1,042.00 702.90
méﬂ 82.68 68.32 90.28 70.68 104.20 70.29
wosidudng s0 | 8045 | 6535 | 9930 | 7455 | 106.00 68.25

{ < usz} [ {
Q13199 V.5 VOIVININUAVDIFIINTNAADIN 2

< 3 A Aa o a
YDILUININUA (UAANTU/ANT)

% A ~ o Aaaa 1 o Aaaa { o Aaaa {
TundeuAl 0alnTe 1 fa1lgnsenn 2 aa1lanTenn 3

Y Y

Y 9 Y F
i 111990 wuin | dheen | vdwin 1990

19/6/2550 5,887.00 | 5,616.00 | 8,557.00" | 8,957.00 | 9,416.00 | -11,230.00

21/6/2550 5,416.00 | 5,309.00 | 8,055.00 | 7,510.00 | 10,288.00 | 8,800.00

26/6/2550 6,599.00 | 6,716.50 | 9,895.50 | 9,453.50 | 10,930.50 | 10,344.50

28/6/2550 6,077.50 | 6,141.50 | 7,815.00 | 6,944.50 | 11,960.00 | 10,980.00

3/7/2550 6,588.00 | 5,978.00 | 8,437.00 | 8,407.50 | 10,278.00 | 10,179.00

5/7/2550 6,759.50 | 6,079.00 | 7,413.50 | 7,469.50 | 10,405.00 | 10,370.00
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<3 Qsj A Aa o A
YDULUININUA (UAaNTU/ANT)

Sundousl falfAsend 1 falfAsendi 2 dalfasendi 3
1511L%}1 ‘1;’]@'E]ﬂ ‘1;]!;%’] 13:"]'E]E]ﬂ 13:"]!,6]9])'] 13:"]'E]E]ﬂ
10/7/2550 7,991.50 | 9,364.00 | 9,016.00 | 9,857.50 | 13,019.50 | 12,967.50
12/7/2550 7,512.65 | 7,982.00 | 9,873.00 | 10,121.50 | 12,541.50 | 12,443.50
17/7/2550 7,305.85 | 8,052.00 | 10,184.00 | 8,941.50 | 12,994.50 | 12,141.00
19/7/2550 7,680.50 | 8,132.00 | 9,654.00 | 10,731.50 | 11,571.50 | 10,281.50
Anniga 7,991.50 | 9,364.00 | 10,184.00 | 10,731.50 | 13,019.50 | 12,967.50
Afosiiga 5,416.00 | 5,309.00 | 7,413.50 | 6,944.50 | 9,416.00 | 8,800.00
HATIN 67,817.50 | 69,370.00 | 88,900.00 | $8,394.00 | 113,404.50 | 109,737.00
mae 6,781.75 | 6,937.00 | 8,890.00 | 8,839.40 | 11,340.45 | 10,973.70
Wosidud nd 50 | 6,679.25 | 6,429.00 | 8,786.50 | 8.949.25 | 11.251.00 | 10,675.00

A < 1 A
ATWNN V.6 VDULUIAZAYVDIFWNNITINAADIN 2

YoTIazane (Haansu/ans)
Sundon/l falfAsenii 1 falgazend 2 FalgAzenii 3
ﬁwaﬁ 1{166ﬂ 1::‘1!,619])1 fimﬂﬂ 1‘3’1?191)1 fimﬁlﬂ

19/6/2550 5,856.90 | 5,573.90 | 8,494.00 | 8,878.10 | 9,354.70 | 11,175.10
21/6/2550 5,380.80 | 5,277.30 | 8,017.50 | 7,466.20 | 10,258.50 | 8,766.40
26/6/2550 6,429.50 | 6,599.16 | 9,796.20 | 9,385.40 | 10,824.50 | 10,281.50
28/6/2550 5,968.94 | 6,052.05 | 7,711.50 | 6,866.07 | 11,863.30 | 10,925.80
3/7/2550 6,526.30 | 5,928.50 | 8,329.30 | 8,332.10 | 10,130.80 | 10,086.10
5/7/2550 6,692.67 | 6,027.80 | 7,323.90 | 7,395.80 | 10,266.10 | 10,274.60
10/7/2550 7,896.00 | 9,276.70 | 8,916.70 | 9,789.40 | 12,913.50 | 12,904.50
12/7/2550 7,414.15 | 7,892.70 | 9,767.50 | 10,041.90 | 12,428.10 | 12,364.00
17/7/2550 7,214.15 | 7,972.50 | 10,076.30 | 8,866.10 | 12,847.30 | 12,048.10
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< A a o A
VYDULUIALAY (UaanITu/aag)

Tundou/l FalfAsendi 1 falfAsmd 2 fa1§Asend 3
vudh | sheen vudh | aheon vt yheon
19/7/2550 7,611.30 | 8,086.20 | 9,564.30 | 10,666.10 | 11,475.70 | 10,208.00
Annige 7,896.00 | 9,276.70 | 10,076.30 | 10,666.10 | 12,913.50 | 12,904.50
mfesiiga 5,380.80 | 5,277.30 | 7,323.90 | 6.866.07 | 9,354.70 8,766.40
AR 66,990.71 | 68,686.81 | 87,997.20 | 87,687.17 | 112,362.50 | 109,034.10
mae 6,699.07 | 6,868.68 | 8,799.72 | 8,768.72 | 11,23625 | 10,903.41
Wesidud Ingd 50 | 6,609.49 | 6,325.61 | 8,705.35 | 8,872.10 | 11,150.10 | 10,603.65
A151991 1.7 & ToRuoa¥9mInaan i 2
Tod
Sundoul COD = 1,000 mg/l COD = 1,500 mg/1 COD =2,000 mg/1
vt Hheon st | aoon vt sheon
19/6/2550 1,000 150 1,550 130 2,160 240
21/6/2550 1,120 100 1,240 140 2,200 180
26/6/2550 960 120 1,280 80 2,060 160
28/6/2550 1,000 240 1,440 160 1,900 240
3/7/2550 920 200 1,320 240 2,040 250
5/7/2550 1,000 160 1,600 200 1,960 280
10/7/2550 720 120 1,560 370 1,720 160
12/7/2550 1,000 160 1,600 200 2,040 160
17/7/2550 1,040 200 1,400 240 1,880 200
19/7/2550 1,160 360 1,680 280 1,960 280
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ANINNGA 1,160 360 1,680 370 2,200 280
AioeNga 720 100 1,240 80 1,720 160
Ha3 I 9,920 1,810 14,670 2,040 19,920 2,150
nay 992 181 1,467 204 1,992 215
J I 4
wlesidudlng 50 | 1,000 160 1,495 200 2,000 220

A 3 o o v ASs -~ ' A
AT NN V.8 Lﬂ@il“]fl‘!ﬁﬂ'lﬁﬂWﬂ“IfT’f)ﬂ‘ll@\isﬁﬁﬁﬂﬁﬂﬂﬁ@Qﬂ 2

< A o v A =
1WesiFuamMsnn Gﬁiﬂﬂ

Jundeu/l
COD = 1,000 mg/1 COD = 1,500 mg/l COD = 2,000 mg/l

19/6/2550 85.00 91.61 88.88
21/6/2550 88.04 90.16 90.35
26/6/2550 87.50 93.75 92.23
28/6/2550 76.00 88.88 87.37
3/7/2550 78.26 81.82 87.75
5/7/2550 84.00 90.00 85.71
10/7/2550 84.21 76.28 80.20
12/7/2550 84.00 90.00 84.31
17/7/2550 80.77 82.86 81.91
19/7/2550 68.97 8333 80.61
Annilga 88.04 93.75 92.23
Afasian 68.97 7628 8020
HATIN 816.75 868.69 859.32
mae 81.68 86.87 85.93
o3 idud nd 50 84.00 89.44 86.54
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A J 1 A
AINN V.9 ﬂﬁﬂulﬁﬂﬂ]@\?%?ﬂﬂWiﬂﬂaﬂ\?ﬂ 2

Ysuanaelsa (Haansu/ans)

Fundion/l fFalfnsaiii 1 Falfnaaii 2 fagnzaii 3
vt vheen viuth vheon vt vheen
18/6/2550 595.6410 | 5922165 | 588.6530 | 591.6285 | 633.0500 | 637.8630
20/6/2550 640.0380 | 638.4510 | 5512440 | 5459820 | 626.0620 | 637.2750
22/6/2550 6057813 | 607.2360 | 614.3455 | 6150398 | 610.8515 | 614.7458
25/6/2550 1,143.5460 | 1,222.9050 | 1,195.7390 | 1,223.7100 | 1,151.5150 | 1,200.7250
27/6/2550 1,099.4300 | 1,199.9200 | 1,187.7880 | 1,245.8900 | 1,203.6900 | 1,201.5300
29/6/2550 1,065.8050 | 1,112.5355 | 1,165.6950 | 1,188.8300 | 1,118.3600 | 1,145.7603
2/7/2550 1,116.6200 | 1,149.0419 | 1,156.6950 | 1,188.8300 | 1,132.5800 | 1,135.9155
4/7/2550 1,041.6900 | 1,059.6210 | 1,089.9200 | 1,165.4500 | 1,223.4700 | 1,212.2100
6/7/2550 1,202.8900 | 1,239.0463 | 1,179.5333 | 1,200.7300 | 1,188.4920 | 1,205.9800
9/7/2550 2,518.5200 | 2,385.9350 | 2,304.5730 | 2,395.4570 | 2,472.3750 | 2,586.3540
11/7/2550 2,642.3750 | 2,517.0600 | 2,400.5250 | 2,141.1300 | 2,249.4750 | 2,424.2850
13/6/2550 2,359.9570 | 2,409.7500 | 2,513.9130 | 2,407.8790 | 2,435.9750 | 2,510.2520
16/7/2550 2,342.7570 | 24574750 | 2,449.3590 | 2,350.5730 | 2,448.7560 | 2,467.2680
18/7/2550 2,359.9500 | 2,257.3550 | 2,340.2900 | 2.320.5450 | 2,637.2000 | 2,246.9900
20/7/2550 2,374.3750 | 2,390.8750 | 2,408.8670 | 2.425.7540 | 2,320.9580 | 2,430.3750
Amniiga 2,642.3750 | 2,517.0600 | 2,513.9130 | 2,425.7540 | 2,637.2000 | 2,586.3540
Arfouiiga 59564107 |1 5922165 /| 5512440~ | 5459820 | 610.8515 | 614.7458
HATIN 26,347.3913 | 26,348.6997 | 26,212.2968 | 25,979.1643 |-26,700.8610 | 26,858.6284
mae 2,927.4879 | 2,927.6333 | 2,912.4774 | 2.886.5738 |2,966.7623 | 2,984.2920
wWosidud Ind 50 | 1,143.5460 | 1,222.9050 | 1,187.7880 | 1,223.7100 | 1,203.6900 | 1,205.9800
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5uaemuea (Waaniu/ans)
TundouAl daulfnseii 1 Salfnsaif 2 Salgnseid 3

viudh vheen vt yheon vt vheen

19/6/2550 948.9373 459.4719 986.6593 141.1353 1,136.6271 471.6165
21/6/2550 948.0173 825.6509 994.0197 576.3180 1,035.4218 948.0173
26/6/2550 554.8809 463.1521 1,004.4898 618.2722 1,356.5185 678.6273
28/6/2550 1,132.9469 910.2953 1,124.6665 419.3394 1,394.1485 274.5423
3/7/2550 1,062.4713 633.3609 1,041.8622 484.9480 1,039.1020 395.9886
5/7/2550 963.6581 874.4135 879.9338 446.8120 1,031.7417 699.6044
10/7/2550 1,894.3417 | 1,882.3810 | 1,943.4726 | 1,899.5859 | 1,952.6727 | 1,891.1215
12/7/2550 1,381.1755 590.2320 1,072.7075 319.3336 1,449.7939 5309111
17/7/2550 972.8586 590.1870 1,029.9016 660.0423 1,044.6223 408.8693
19/7/2550 843.1318 645.3216 1,088.7846 332.5053 2,566.5655 395.9886
ﬂ"lll"lﬂﬁf‘lﬂ 1,894.3417 | 1,882.3810 | 1,943.4726 | 1,899.5859 | 2,566.5655 | 1,891.1215
i"h‘lf’f)fl‘ﬁf]:ﬂ 554.8809 459.4719 879.9338 141.1353 1,031.7417 274.5423
CGERIY 13,151.6420 | 10,216.3191 | 13,989.9040 | 7,939.0132 | 17,605.5212 | 8,860.9507
mae 2,023.3295 | 1,571.7414 | 2,152.2929 | 1,221.3866 | 2,708.5417 | 1,363.2232
Wosiud 1nd 50 | 9682584 | 639.3413 | 1,035.8819 | 465.8800 | 1,246.5728 | 501.2638

{ a [ 09.1} ] §
A1519N V.11 ﬂiiﬂﬂ!fﬂ“])'%'z]ﬂWWﬂQTiiJﬂelJ@\?“B'J\TﬂWﬁﬂﬂﬂ@\‘lﬁ 2

v
a %) o a o
TN BFINNNINUA@AT/IN)

/e u/Al
COD = 1,000 mg/l | COD =1,500 mg/l | COD = 2,000 mg/l
6/6/2550 2.40 2.40 4.80
13/6/2550 2.08 432 3.96
20/6/2550 2.40 2.50 1.60
27/6/2550 2.20 3.20 2.10
4/7/2550 1.65 1.62 1.80
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Y
a 2 % a [
1Jimmﬂw%amwmwm(am/’m)

JunpouAl
COD = 1,000 mg/l | COD=1,500 mg/l | COD = 2,000 mg/l

18/7/2550 2.30 2.50 1.90
Annndiga 2.40 4.32 4.80
Afosiiga 1.65 1.62 1.60
AT 13.03 16.54 16.16
mae 2.17 2.76 2.69
wosidud nd 50 225 2.50 2.00

{ 1 <3
A15199 V.12 ANUAUTUYBIMURLA I VaReI e (MLVSS) luszuunasansnaaes

o [ a of
FZAUANVGIVOINNnIal

YSinavewduinasesziie (MLVSS) (gVSS/L)

@ a s
991gn3ain 1

(% a 7
aalgnsain 2

[% a s
0a1gnsain 3

(FUANAT)
COD = 1,000 mg/l | COD = 1,500mg/l | COD = 2,000 mg/l
0.0 7.538 5.326 2.923
20.0 5.230 4.128 2.155
40.0 0.528 0.698 0.872
60.0 0.479 0.710 0.749
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Analysis Result

Tel:=+[{44] (0)1684-892456 Fax:+{44] (0)1684-892789

Y a

{ < a J Aa
ﬂ’]‘Wﬁ f.1 ﬂ’]iﬂ§'$Fﬂ’lﬂﬂlu’lﬂﬂl'ﬁ]ﬁlﬂ@@zﬂ@ui}auﬂgg NOULTUAUIAUISUY

139

Sample Details
Sample ID: Bacteria Run Number: 19 Measured: 9 Oct 2006 16:19PM
Sample File: CHULA Record Number: 764 Analysed: 9 Oct 2006 16:19PM
Sample Path: C:\SIZERS\DATA\ Result Source: Analysed
Sample Notes: Wet Analysis System
Dispersing Medium : Water
Ultrasonic : no
System Details
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 17.6 %
Presentation: 30HD [Particle R.I. = ( 1.5295, 0.1000);  Dispersant R.l. = 1.3300]
Analysis Model: Polydisperse Residual: 0.263 %
Modifications: None
Result Statistics
Distribution Type: Volume Concentration = 0.0139 %Vol Density = 1.000 g/ cub. cm Specific S.A. = 20.9778sq.m /g
Mean Diameters: D(v,0.1)= 0.07 um D(v,0.5)= 22.69um D(v,0.9)= 208.70 um
D[4,3]= 61.33um D[3.2]= 0.29um Span = 9.194E+00 Uniformity = 2.367E+00
Size_Low (um) In % Size_High (um) Under% Size_Low (um) In% Size_High (um) Under%
0.05 5.01 0.06 5.01 6.63 0.84 1.72 26.76
0.06 6.58 0.07 11.60 772 1.24 9.00 28.01
0.07 5.56 0.08 17.15 9.00 1.78 10.48 29.78
0.08 3.56 0.09 20.71 10.48 245 12.21 32.23
0.09 1.86 0.11 22.58 12.21 3.23 14.22 35.46
0.1 0.86 0.13 23.44 14.22 4.05 16.57 39.51
0.13 0.39 0.15 23.83 16.57 4.81 19.31 44.33
0.15 0.18 0.17 24.01 19.31 5.35 22.49 49.68
0.17 0.09 0.20 24.10 22,49 5.57 26.20 5525
0.20 0.05 0.23 24.15 26.20 5.45 30.53 60.71
0.23 0.03 0.27 24.18 30.53 5.04 35.56 65.75
0.27 0.02 0.31 24.20 35.56 4.44 41.43 70.19
0.31 0.01 0.38 24.24 41.43 3.77 48.27 73.96
0.36 0.01 0.42 2422 48.27 3.10 56.23 77.07
0.42 0.01 0.4¢ 24.23 56.23 2.49 65.51 79.55
0.49 0.01 0.58 24.24 65.51 1.97 76.32 81.52
0.58 0.01 0.67 24.25 76.32 1.56 88.91 83.08
0.67 0.01 0.78 24.27 88.91 1.23 103.58 84.32
0.78 0.02 0.91 2428 103.58 1.10 120.67 85.42
0.91 0.02 1.06 2431 120.67 1.1 140.58 86.53
1.06 0.03 1.24 24.33 140.58 1.21 163.77 87.74
1.24 0.03 1.44 24.36 163.77 1.37 190.80 89.10
1.44 0.03 1.68 2439 190.80 1.57 222.28 90.67
1.68 0.04 1.95 24.42 22228 1.76 258.95 92.43
1.95 0.04 2.28 24 .47 258.95 1.87 301.68 94.30
228 0.0 2865 24.52 301.68 1.84 351.46 96.14
2.65 0.07 3.09 24.59 351.46 1.61 409.45 97.75
3.09 0.10 3.60 24.68 409.45 1.21 477.01 98.96
3.60 0.14 4.19 24.82 477.01 0.73 555.71 99.69
4.19 0.22 4.88 25.04 555.71 0.31 647.41 100.00
4.88 0.34 569 25.38 647.41 0.00 754.23 100.00
5.69 0.55 6.63 25.93 754.23 0.00 878.67 100.00
Volume (%
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1 80
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0.01 0.1 1.0 10.0 100.0 1000.0
Particle Diameter (um.)
Malvern Instruments Ltd. Mastersizer S long bed Ver. 2.19 p. 9
Malvern, UK Serial Number: 32734-89 09 Oct 06 16:22



140

guiintualioiinimmmamniunznlulag 1mmmn'~uwﬁ'nnﬁt

wwrsonfu f  ppneaneel sew s angtin diadu npewns sooso D osladioar oeien Tevea et
T — Teshnological Aesearch Equipmem Cenire Chulslongkurn  Universiy

Bwilding 3§ Chuls Soi B2 Phaye-Thai Rd, Phopamess Bangkok 10330 Tal, Zudscndde, edvn Fas. 2540201

Analysis Result
Sample Delails
Senpa i 12 Ruh Number: 1 MaaBunbd B May 2007 16.03FW
Sampls File: THULAA Frgisnd Humber, 133 Andyied I Bay 2007 16:20PM
Samgle Path: CASITEREDATAL Resull Sowsrr Asalyses
G NOEY WS ARRRE Sy
Deaparning Mediam ; Wi
Ulirasoric : na.
System Dwtails
Range Less: 300RF mm Beam Lergit: 340 mm Sampler MSIT Obaceration. 1T.0%
Prisdéniation: JI0HD [Partiche FLL = | 15395, 01003k  Clagmmsant AL = 1.3300)
Arghn Medel Poipinpein Fhnduk; 69T %
et cwmony hisne
I -
Divbeibalion Ty, Voluma Concentrafons = GU03HE Wval Diemalty = 1000 5 / cub, om Speciic GA & 11737 s miyg
dwan Camaion: Oifw, 0738 0. e Ojw, 05} 8 GOTIwm Div. 0¥ = 1943 um
Dfe. 3= BFOSum O Zs 051em Foun 5 L1S1E30 Unifoeméty = B.AXIE-D1
— BN T Trarr Fm) | In % Sce %!MJ_ Wrdechy |
[10] 181 T 1] BE] . 1557
s 788 ar iT 11 03 400 531
ooy EA L aca ' i oo 0w L] 1084
oo 273 ey 1058 1048 0AT fFE] (L
oo 158 11 (EE ] 2 [T L] 7
an 1.d4 il LEE | e ne %57 tLE]
o1 . i LR 14,50 1857 i8] i e
[353 LT o (L] LR 183 TRAY n.e
a7 [0 420 1500 ey tal ] 230 FEF ]
LF ] i L Fx] 1506 mm 183 13 2811
[-F ] i nar 1508 WE it E 1% 1]
0z L5 EEL 1810 E- 1 ane 4143 ME
LEH . ade wn 4143 Y] A &b
034 L) Bz L 44T LEH [ ¥ EE5E
04z .13 (2] 1542 “un L1 855 [+E]
[R5 o =L | g .51 T TE.x} BOAE
05a non L1 1 LR R LR LA 1] ana
0Er 0 T wa LR e 1035 Tis
[y} 00 N 1502 10254 547 BT THED
s o0 108 oz AT 450 0,58 (1571
104 1] 1M 16 40 385 16T BE 04
1 oo ] 16512 85T 100 190,80 L1
LA 1] 158 512 190 80 55 mm [ FET]
.58 0.0 1.5 1o sm in a8 BT
144 . 3% 1512 FoLL L] 181 2 B4 1
228 a0y L VitE bl ] 1.5 35148 A
FL oo RE 1518 3186 108 40045 |1
08 [ A 1423 40545 a8 ATTH s
AED ooy 419 1530 AT AL 35511 100,00
o L2l A 1541 Ham LI Al 18000
488 AL L1 15.55 TA1 0.0 TR 190,00
[ b 663 LT - 78423 0.8 3TRET 16050
Viokame (%)
(L, e 100
a0
&0
- Ej|
I
L a Y &0
|
+ ."I 1|| 50
| [
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L ! Al
v
%, 7 ‘ 20
i
3 \ Fi \\ 20
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Particls Diarmeter ()
Malvern Ingtnaments Lid. Mastersizer 5 lang bed Ver, 218 po13
Serial Number. 327 34-88 08 May 07 1613

Mabsern, UK
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Analysis Result
Samphe Details
Swwply 1 31 Pun Mumbsr 4 Measures & My 2007 172004
Bample e CHULAY Aeeond Mumbsr 103 Anglyhss B May 2007 172008
Eample Pat CASIZERSDATAL Rebull Soce: Analyied
Slmpla Moty Wl Afslylis Syilien
igariing N © Wsker
LRLBSOAE | frd
) Eysiom Detalls
B Lsna: JOORF mm By Lpglh: 140 mm Sampler: ME1T Cbacunaion; 176 %
Prabialafon JOHD |Particle FLL = 15298, 0.1008);  Disparasat el w 13300]
Arnalysin Ud-;mm Baaidusl: 0300 %
Instrizaian Type: Wokume Congenitaim = 30324 % Canshy = 1008 g / cub. om SpadficGA s TRITRMg m/ig
Maan Dhametiers: BiwAi)s LiSwm O v, 8} m 11304 um Ofv, 08 = Z70.58 us
DM, X = X258 um OR.2H= 0Tum Sfbdhom T AEIE D Wnifornity = T.054E-01
L L S 1 L S 377 T S Y S
ETT (R[] il [T !?21“'1 LEF
.08 1.5 «.ar 3y LI ik ] 5.3 .48
aar S a0 8% 900 o T I
s 147 008 T 1040 LEF wan 1208
o 1.8, an (E] 120 aar pi k) 1243
811 L. R ] LE Iz -] AT 1388
-E k2 s 987 ST 080 103t 1338
a8 Lk BiF 34 1M aei Fan 1359
X1 n ] 103 2240 arr 2630 e
%] nos [-¥1] 0 ;0 10 30,83 16.78
¥+ -1 -] o 0 3053 134 5L LFA ]
%1} 1 &1 1035 pLE 1.80 4143 L5
(21} oy Lt ] 134 L] 281 7 nH
o am (-2 0ar a8 3 LR S.13 2447
o4z om 047 0ar 873 40 LA 8 G
G449 Qi 055 Lk BEH 4. Ta.xx 3Aan
058 oo LE: LR Mz LY Lo b L] nu
L oo on a0 B&0n 653 109,58 EHE-]
0.8 1 1] [ o 0158 T8 12087 an
LE ] G 16 wag 12047 Tad 140 58 B0
- o 124 L FLLE ] T4 1T Lig )
134 L 144 e Fr T 190,80 ThE
144 -] 144 10 19053 LE -] A #1890
a8 e 158 hluk- ] Fr e ETa riasd arsa
148 0.8 218 b1-5 -+ A 4Ty 301,59 [ FE ]
28 nm 249 10bé £t ] 188 5148 G2
6% 004 08 LT ] 145 4 Al Af o8 51
208 054 8 1065 A A5 13 47T i A
280 0sr a1 072 ATT01 (RT3 aShn 10000
LR L] 458 ALY G55 Ty Lo BATAT =t ]
aRA niz a0 AU = L. TR R0
559 AT E63 108 ki % S .00 aT8 A7 00,00
Volume %)
0, - — o i 100
80
80
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f \
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T !-" ! &0
! 1]
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I
i
| 40
i
- / 30
1
/ / .
. /’ 10
0 -
| T, A — B e nassa P 0
0.6 0.1 1.0 b0 100.0 1000.0
Particle Diameter (pm. )
Wi‘llhm“ Lid. Mashersizer 5 long bed Ver, 2.19 p. 2%
Serial Number.  327T34-89 08 Mary 0T 1T:21
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Analysis Result
Sample Details
Ganps ilr 3.2 R Rariber. 1 Wagiured: § Bay 2007 175400
Swmghe Flec CHULAS Focerd Nember 319 Anabysed: 8 May 2057 175400
Samgls Par: CASEERSDATAY Rasel Goarma: Anyied
Fampis Hetes: Wil Asalpai Syseem
Diapaiing Medium ; Waler
Ulmews i re
Bystem Details
Hange Lens: M0HF mm Beam i 248 mm Eampier WE17 Obscuration: T35%
Prseiaion 30HY |Particle RL = [ 16288, 0 1000F  Disparsant fl w 13300
Analysis bodel: Polyciipann Fesidusl 2304 %
Medteanamn: Eans
Distiuton Type: Wolurw Concantration = 20357 Wyal Dunslty = 1,000 g/ cub, om fpacfie 54 8 LHMT M Mg
Mt Dpenodnd, n;,l-ﬂ- 0.0 um D[, 08)® 8152 um Div. 08 = 23717 um
OH 3= 10X em DR XN 081 um Span = 3 B0EE0 Unifpemity = 8.843E-01
ine ur ] Tnder® | ﬁﬁ_ nn w_ ME
_"ﬁ’_l__lﬁf_.q 147 CEr] ! [
Rl 238 og# Y -3 .7 M (1] 1875
0. @60 oo 41 800 LEL AL 1598
oo 30 e L kr) 1048 253 2y 156
e 1.73 i o4 2@ L “Ha 1837
o 113 oia 1150 pLE:] aT 1667 18,54
(Rt L1 o 1238 .7 [T wn e
0iE BaT LB} 1202 189.3 112 248 10,20
oar % o 12m na 144 030 2043
o.an g a prd ) mm . p LA 5] FEET]
a2 G naT 1iM 0.8 40 EEE ] 4.7
oIy -1+ %1 | 1208 5.5 305 41.43 Fril ]
2] 0.4 o0 1280 4143 i a7 2155
LE ] i Az 18 Ll L) L b ] kR
[ FFH] LX) X1 1800 BE 33 m BEEY 4141
L] a8 [-1.1] 1201 BES LR - % F] amn
111 [ 17 rLog & F] LR B sz
a7 L C.78 .03 (11 Bad .58 BO.11
T 002 (-1 REE 10358 045 13T BEET
L2 L] 1.0 oy 12087 [ 14058 TRET
104 [ LE 30w HIER L5 ] AT TEAT
.24 s a4 13z TELTT LR 000 ELTS
144 LI} 140 1544 it ] a4 1T shan
15 u 14 1318 fredd] 187 Fo R i
it ] LX ] 208 nn 25505 18 At w5
2. ags 285 10 0088 236 35 A8 ek
8 008 EE ] 1132 LR ] 157 A AS | F-]
el (-1 ] L1 AR AR L0545 % | L] Rl
180 [Tt e 1381 AT .00 571 100,00
&0 015 M 1348 55T .00 T A 18d.00
48a (-8 1] (1] LEE ] BT AT o.00 Tha 100
111 024 EES s TH.5 00 T8 AT LT
Vielurna (%)
10, | T — ¥ - 100
i
1 a0
L B0
70
/ ) 60
+ /| 50
1
1 / ©
! \
i '-,II a0
B Y 20
ILu
I A 10
.:-"‘
ol - e o
e P —
0.5 0.1 io fo.0 100.0 " 1000.0
Particle Diameter (um.) :
Maksem Instruments Lid. Maslesioer 8 long bed Var. 219 p. 35
Makvam, UK Seral Numnbar.  32734-85 08 May 07 1757
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Analysis Result
Sample Detalls
Sampls 13 R Run Wumber: 28 Measeeed: 28 Jus 2007 140000
Zampia File: CHULAS Feesrs Nuseer 303 Aralpsad: 25 Jun J00T 14:00P
Sarmpis Paty CHSPFREADATAL Rl St Anayied
Sampht Nobea: Wit Analyss System
Cisgwining Medus | Walbsr
Wirasonic : no
T Bystom Details
Ringé Lans: JORF mm Beam Langtc 240 mm Sarmpler. M31T Obwcuration: 108 %
Presealalpn JOHD [Pavtiche Rl = 18060, Q0000 Dispesani AL = 1.3300)
Aralysis Hodel: Povdisparse Rphidusl: 0495 %
Madbralan hans
.
igtrutan Trpa: Viokme Concestralion = 0184 WVl oty = 1800 5/ cub, cm Spechic 54 = 148BEsa. mig
Mean Dikmales, D 01)= 000w O v 08)= &018em Dy, 00y 158,39 um
OH. 3= E3um O 2j= Odtum £ran = 38876400 Uniarmity 8 1. 1558400
(Eos Towfim) [ w% L 1 0 . — - —
(I3 X F 1 E1] 772 15
0 178 (X [EN .12 ™ 00 038
asr 3.8 (1] e 200 LT 4] 1048 095
= in ] 1348 5.0 B.B5 1 3.0
(= F. an 1672 120 1.1 4.2 i
0 138 613 1708 14.22 110 18,57 TR
LRE] ors a1k 1783 18,57 238 LLE L] I7.08
0.14 [ET] a1l RLEL] mn 114 149 - F ]
oz o o.20 1840 40 4 20 3424
om o8 [ %] jLEL] o ¥ 405 053 W
on 12 er 1853 30,53 L] ¥5.58 44,95
0 [ TE] o3 ELE 5.5 [E] 4143 1.20
o ong Lt 1857 4143 (E 7 4827 S7.88
LE] o0 X+ 0.5 4827 B4 8.1 4.0
042 1] ik L] 5433 Y 55,51 To.28
[E1] 00 0.8 (LT £5.51 528 T2 T8
s LT o6 ne TN 448 L L4
aa? nng o,re bl T -] LA 184 1558 158
Lk .00 -1 ] L] 108,65 *TE T .36
ow 00 106 RLL 12087 Fd 145,58 HLar
108 QD 134 pLL ] 140.58 157 T s
124 o.00 a4 ELE ] 18T L 18082 AL
144 L] T ] 1] 10080 188 feek | R
188 0.0 168 1HEY e um 258,95 .10
186 LE2 e W T50.95 14 Wl 7.7
T8 nos 265 L Wi 137 351,48 W
6% LE ] i [LErg 251 48 o 0945 WTE
Lo adh RET ALY A0 4% nrs 47701 15000
360 042 A mee ATTON 000 AT 100,00
410 015 el w3 3N [T 4741 100,00
488 0w 5T [HEE] LCRR ] pl- TEE 23 100,00
.68 D15 [1:] 10EA LT nen BTR.ET 100,08
0 e e i), 1. 100
80
a0
70
]
50
40
30
i
y 20
10
0.0 ] 10.0 100.0 10000
Particle Diameter (pm.)
Mavem Instruments Lid. Mastarazor 8 long bed Ver, 2,18 pE
Mahsamn, LIK Serial Number:  32734-80 25 Jun 07 14202
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Analysis Result
Eample Detalls
Bumpsé I R2 Rt Mumber, 31 MaIRAd: TS Jun TOOT 14:12PM
Sample Filw. CHLAS Fostrs Number: 320 Azalyied 25 Jon JOT 14:13PW
ESample Pai CASTEREDATAL Femsult Squrce: Anafysed
Giampah Mobie: Wil Asatai Syitem
Disparning edium : Waksr
UMranonkc : no
Eystomn Details
PRasge Lera: JHAF mm Baam Langth: 140 mm Sampler: MEAT Cioscundon 21.8%
Pressatnon 30HD [Panicis AL = {15205, 01000F Diapessast RA = 13300
Aruipil Mbsal PaiEiapRa Radidull: 0437 %
MR TAS: B
Diskibuton Type: Volums Cosotnlialion = DO2ST Wiial Danaity = L0/ cib. cm Specific EA. = 1012188 mig
Mean Dismaters: Bifw, B.1)=  GuOB wm D, 0Syw S9.410um Diw 0%= 185T0um
D X ThES O, 2= Gutum Gpah & 3, 106E w00 Uniigemity = 5. 30GE-01
X L S . ., 85 . 3 1
3 L2 I 0.4 172 -
(1] ixn o7 537 172 043 (11 1500
o.a7 Sar o LE ] L 0.53 in4g 1953
n.ga aeq 0.0 1 HAE 082 (FFd] AT
0.c9 18 an 1262 123 (i1 e Fu kg
a1 138 013 1531 wa 0% AT 087
oA .10 014 .92 T 1.2 wa 1
nas LEL) 017 18,54 Wi 1.5 2240 2444
oAz 01y (] L) ] 2248 208 F o e
U an [ LA 2820 ] 03 WA
o nos [ 0 .53 343 558 pEE
oar oea L 700 ELE ] LF -} LE:] 1242
ow (-1 0.4 iT4d 4143 B 4827 4213
0 LT 042 1704 a8 IT e 5523 a7 82
[ TF] -1 -] a4n ara? 5573 BAT [1E3] ERE ]
LEL) an LE] 177 L] 637 TEAD 8038
nse .00 081 AT TRA2 . BW [ 1] BEEG
[T LT [ ] 1707 L] 559 1058 T
(%] LT ng 7T 10058 LETS 12087 TR
@ L .05 17T THET (¥ 14058 B3
1.08 a0 124 1707 140 58 - WELTT a7
Taid 00 144 LhE 1 ERTT 347 T AT
144 L] 18 77 TE0.B0 M R ] 4 52
188 a8 195 1.1 LA 248 L5 05 9557
195 05 F¥ | 1718 28808 15 30168 T80
128 o0k 288 1152 30168 14 251,48 j I E]
268 1] 109 van 35,46 are Alha8 1]
a0 L0 R 1740 A4S .08 AT 1000
60 14 418 ira ATt o0 555,71 100,00
418 aie 488 " ST ong T4 106,00
458 L 68 s T4 .00 THA.23 A00.00
1] %] LY i FL] TE4.23 a0 EET 00,00
Volame
10 T F:ﬁi 100
B0
&0
m
B0
50
40
30
20
10
"} . . . 0
0.01 ] 100 100.0 1000.0
Particle Diameater (um.)
Malvern Instruments Lid. Mastersizer 5 long bad ar, 2.19 p. 12
Mabsrn, UK Sorial Mumber, 32734-89 26 Jun O7 14:15
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Analysis Result

Sample Details
Sample ID: R3 Run Number: 20 Measured: 25 Jun 2007 14:20PM
Sample File: CHULAS Record Number: 362 Analysed: 25 Jun 2007 14:20PM
Sample Path: C\SIZERS\DATAL Result Source: Analysed
Sample Notes: Wet Analysis System
Dispersing Medium : Water
Ultrasenic : no
System Details
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS17 Qbscuration: 22.9 %
Prasentation: 30HD [Particle Rl = { 1.5205, 0.1000); Dispersant Rl = 1.3300]
Analysis Model: Polydisperse Residual: 0.454 %
Modifications: None
Result Statistics
Distribution Type: Volume Concentration = 0.0246 %Vol Densily = 1,000 g / cub. em Specific 5.A. = 142613sq.m/g
Mean Diameters: D{v,0.)= 0.08um Div,0.5)= 51.43um Oiv, 0.9)= 185.08 um
D[4, 3= 74.55um D[3.2]= 042um Span = 3.597E+00 Uniformity = 1.087E+00
Size_Low (um) In % Size_High (um) Undertk [ Size_Low (um) In % Size_High (um) Under%
0.05 2.26 0.06 2.26 6.63 0.46 7.2 20.57
0.08 353 0.07 578 Tt 0.56 8.00 21.13
0.07 378 0.08 9.54 9.00 0.67 10.48 21.80
0.08 321 0.08 12,75 10.48 0.82 1221 2282
0.08 232 on 15.07 1221 1.01 1422 2383
o1 1.48 0.13 16.55 14.22 1.26 16.57 24.89
0.13 . 087 045 17.42 18.57 1.60 19.31 . 2849
0.15 0.50 017 17.92 18.31 2,03 2249 28.52
0.17 0.27 0.20 18.18 2248 256 26.20 31.08
0.20 0.15 0,22 18.34 26.20 318 30.53 3428
023 0.08 a.27 18.42 30.53 3.85 35.56 38.11
0.27 0.05 0.31 18.48 25.56 4.52 4143 4262
0.31 0.04 0.36 18.52 4143 5.11 48.27 47.74
0.36 0.04 042 18.55 48.27 5.55 56.23 5328
0.42 0.04 0.49 18.59 56.23 517 65.51 59,06
0.49 0.00 0.58 12.58 85.51 578 76.32 64.81
0.58 0.00 0.67 12.58 76.32 5.52 88.91 70.33
087 0.00 0.78 18.58 88.91 5.12 103.58 7545
078 0.00 0.1 1859 103.58 484 12067 80.09
0.91 0.00 1.06 18.59 12067 401 140.58 84.10
1.06 0.00 1.24 12.59 140.58 3.48 163.77 87.56
1.24 0.00 1.44 18.59 183.77 3.0 190.80 90.57
1.44 0.08 168 1885 150.80 285 22228 93.22
168 0.06 1.95 12.70 22228 2.30 258.95 95.52
195 0.06 228 12,76 258.95 191 301.68 97.43
228 0.07 285 18.84 301.68 142 35148 98.85
285 0.09 308 1293 35146 0.88 409.45 9071
3.09 0.13 360 18.08 409.45 0.2% 477.01 100,00
360 0.17 419 18.22 477.01 0.00 555.71 100.00
418 023 4,88 19.45 555.71 0.00 647.41 100,00
488 029 569 19.75 B47.41 0.00 754.23 100,00
5.69 0.7 663 20.12 754.23 0.08 878.67 100.00
Volume (%)
10 . L ———— ——— E— N . | . . . 100
80
80
70
60
50
40
+ 30
/ 20
10
0.01 0.1 1.0 10.0 100.0 1000.0
Particle Diameter (um.)
Malvern Instruments Ltd. Mastersizer S long bed Ver. 2.19 p. 13
Malvern, UK Serial Number: 32734-89 25 Jun 07 14:28

Tel:=+44] (0}1684-892456 Fax:+[{44] (0)1684-892789
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Analysis Result
Samphe Datails
Eampla ICx A1 Aun Humber ¥ Maasuied: 11 Jul 2007 1EMIPM
Sampla File: CHULAS Becond Nember, 723 Anplyied: 11 3l 2007 1051PM
Sample Pt CUSZERTDATA Besult Erurce: Analysed
Sample Soles. Wet fealysis Syaiem
Cispersing Megum * War
(L e
term Delasls
Fangs Leea: J00AF mm Beam Langty 2 40 me Sy Samgies; M317 Obacaration. 174N
Prasanuson: SOHC [Packcie L = { L5395, 00000k  Deppaviact RL = 133000
Anwyid Modet Polpfspeise Ragidusl: 0700 %
Wiificaiom, Mum
Fionar Satistios
Distriteation Type: Valu=a Concealration 8 0.0Z20 %Vod Dungily = 10005 / cub. cm Zpecilic 8.4 = 124850 59 mig
Wb Cametien Div. B0} = L8 wm Oy, Gbjm 5647 um Ofu.0f}e 1REEY W
DEN= #103wm DR 2= Osdum Spsa s 2060640 Urdlmiy = 1 DRE =0
DT L S 1. L 8 W 7Y
113 L] (13 e BT T
5,08 183 4T g1 732 037 .00 WLAT
a7 240 08 wh w00 040 1048 1]
=11 ] a1 ) L 1h48 G52 1 iTea
[ 1.40 on 1152 123 8% 1422 m
an arg 813 4.5 14.22 (L] AT i
a1y [-F F] .18 14 54 AT 129 193 HH
&1k atd a7 460 1M LTe FFEH] Fl ]
a1y o086 0. 474 2rap 43 m bk
L k] a0 ok ] 1478 M 20 1 30,53 FiE L]
L] LI an 47T 05 30 FEE T 3184
027 om LET| .78 3.5 B2 143 5 86
(&1} 200 LE | 1478 iy 0 Lk 4300
o.M oh P 14T 43,27 LE X 00
A2 =0 ] LN 1479 54523 bR 65.81 54 8T
[Tt 2,00 LR 14,78 ©.8 a1 ™ BALTE
LE ] am bar 14,80 Th A2 LES] L ) o2l
L L1 o7 1481 L] 58 103,54 T3
o [ g 1402 189,58 LR | 12087 B8O
LET] oo 106 14.85 130T im 140 54 LR ]
188 .oy 1. 1 140.68 im T L1 ]
1 1] 144 1400 AL=Ni 247 190 80 oy
144 002 184 1483 150,50 R 22008 ey
184 [ird 1% bLH - N 195 25095 AT
1.5 [iLird L LKy ol E 179 301.88 e
m 002 285 iLE ] 30188 147 18148 7,53
268 0o 209 15,03 EEIRT] 124 P T I
3o LLc 10 .08 409 45 oA aTrm LR
1560 nar 408 15,15 L) oAy ST 100.00
408 a1 ARH 15T 5557 S BATE1 100,00
4 88 (R 509 1541 AT A 1L T2y 100,03
L] oz 283 1880 TE4 3 om0 BTR.ET 1000
Maluime
1 s 100
0
80
70
&0
,’ 50
40
30
¥ 20
10
0 - - Q
0.01 0.1 10 10.0 100.0 1000.0
Particle Diameter {um.)

Malssm Instruaments Lid
Meadoem, UK
Tl=+[44] (011554-892456 Fax: oj44) (0H584-0927850
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Analysis Result
Samphe Details
Sasrgls I0r e Fus Number @ Measured: 11 Jul 3007 13:.33F60
Sanght Fil: CHULAS Recond Numbar 147 Anabpas 11 Jul 2007 12350
Famply Path: C/SIIERSDATAY Rabull Gt Anbiyiad
Eample Motes: Wl Analysis Sysiem
iaperaiag Mesium  Waiet
URrRBONG | B
System Details
Bange Lind: J00RF mm e Lisgih: 240 mm Sampiar MENT Obsewration: 131 %
Praealation; J0HD [Paitiche RL = { 15536, 0.1000);  Diaparsant RL = 1.3300]
Fralyes Mot Pobndngane Resideal 0579 %
Mefealan Mee
Result Snatistics
Distrisrion Type: Valume Coresairaton ® O 0248 %ol Diamalty = 1000 g / cub. om Epacilic 5.4 = 72108k mig
[ AR T T Dfw. 0] 417 um Oriw, 08Y S 10800 wn Dfv, 08 25200 us
D 3= 12401 um DR.Z)= §BIum Tran = RIVEHD \spernity = 6 581E-D1
in% Lrdes In % E High [um] Underks
E‘?ﬂw ] %‘E TS E.E&'il!ﬂ EEL] EEE] T
nsa .58 0.07 283 72 LET L 2082
- E=1) 108 -5 ] i35 (2] (] 0.4 1.1
[ 188 i B2 1048 033 12 144
LT 138 an 15 w2 L& N e
(X1} oar o1 a0 4,77 0435 18,57 1237
813 (-] -3 1] (8] e 0.82 (LR 1] 2
18 oM iy M 103 [T 5] a9 12.43
a7 ol %] 441 g [E L 147
LE] L [ F2] 4D | ™ 10 0,53 LEE ]
0.1} ood oI .53 0.5 149 1554 LLE ]
&) o0 o LF -] WS 153 4143 18.64
(X1 0o adk 9.87 e 288 4837 FIRT]
LE 3 ang naz 955 anzi an .73 50
043 002 048 E2- I3 4» 8351 mmn
(X ] am o508 L 141 6561 [ #0] TE.X2 AR
ass L1+ il WY kL% B L L] LUk
LI 00z o Wb 1] 708 109,58 AT 44
arE .02 an E 1] ! jiE ] T4 THEY .
(-5 3] 1] 1.06 BN 18T 7.0 14058 [ SR
108 [T 124 ) 1A a4 18377 iz
124 LI 184 Lxs VLTT 7.5 190,80 TS
144 00z 158 575 180,80 .57 THLIE “a
148 .03 108 BIT Fre B4 28408 WTE
108 00 228 9Bl 25405 a 30068 s
228 LL 264 LT 20068 F21 25045 T
T8 0o 108 (1] 5048 18 A wa
308 .08 380 fa L X -2 T 1000
180 aer A0 1 o 0,00 555,71 10000
418 ann Ann LR 555,71 0,00 BAT.41 100,00
4.0 oz 568 10 BT A 8] THDY 19003
$E0 2,18 &3 1638 78423 000 BTRET 1000
Wialuma
10 r— - ; m Y - | 100
0
&0
70
60
50
40
30
\ 20
!( 10
0 —— \ . 0
0. 01 1.0 10.0 100.0 1000.0
Particle Diameter {um.)
Meabvedn Instruments Lid Masiersizer 5 long bed Var, 2,19 L]
Sanal Number. 32734-89 1 Jul 07 13:38

Mabgim. UK
Talwe{dd] (0)1684-202458 Fax+[2d] (O)1504-502T89
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Analysis Result
Sample Details
Sampie i Y Run Humber. 1 Measured: 11 Jul POOT 13:43PM
Sanpiy Fig CHULAS Aecond Mamber 75§ Asaiyiad: 11 Jul 2007 1342PM
Sample Pa®: CABLDERSIDATAY Rssutt Source Analysed
Sanple Bl Wil Aaslsta Syiter
Diaperaing kaciam - Walsr
Umns |
System Detalls
Fange Los: J02HF mm Eeam Lang®: 240 sm Sanpier: M517 Dbwcuration: 10.1 %
Praganisisn: SOHD [Paricie ALl = [ 1.5295, 0.1800) Cespersssifl = 1.3394]
Araiyis Mode! Polydiaperse Repldual 0525 %
Mosfeat st Kifg
“Resul Statistica
Dumribation Tyt ‘aluma Conoeatmtion m (L0158 %\ Derally ® 15005/ cub. om Speciic 54 e BITMZes mig
Waps Diw0i)® 0 %em Ov, BLEp=  BETY e Div 0w 22498 um
D&, 3= HO%B4 um DiLdl= aTum Span ® LSME0 Lindfoematy = 7 S62E-81
[ Tow (amy () [ Elzn_Wigh fumy | "E L) Tlew_Righ um| Unders:
(X3 AL [F] 5L [ 1. L
£.08 1.85 oo L] T.12 038 1] 12.53
(1 210 T 07 L 042 1048 133
208 1.93 il T 1048 LEL] 12 1388
0.0 182 an 253 12 0se 1432 4.8
2.1 .08 L REY (3] 14,52 o 1667 18147
13 68 0% Gt 16,57 oer W 1604
[ RE 81 a7 16.67 LEE1] 108 x40 LEAE ]
817 23 o 18 2349 138 2620 18.51
0 *13 F - ] 1903 030 7 3053 ol
[F=] LU a3 11.18 305y 7 2856 Frid
0z 004 LET A8 ELE 28 41.43 2844
[T 0,03 038 11,18 143 381 3T 26,08
LE] 0.0 42 L F 4857 440 LR ] 3348
042 -1 -C 1] 1123 I 6.1 520 845,59 BLY ]
044 0.0 (L1} 1133 8851 5903 a3z 4458
oga 0. anT 11z M B52 = #1.10
0ar LT ath Ui BAS LR 150.58 5852
iy} 053 ol 1. 10338 Eal 1H.87 B5.13
o 003 100 1139 12067 AT 14050 T2
1.06 04 124 LLE -3 40 54 L1 +] 18377 T
124 05 Lt 024 1B TT 588 190,80 B4TH
144 003 188 138 18080 a7 F--2 BB
188 LT .85 1141 22328 4,08 8.8 9377
195 [ .28 1148 25895 104 Er ] #5631
aam [l 168 11.44 e .05 545 08 86
285 206 108 1148 281 28 1.08 404 45 L]
308 ooe R F -] TR Ll 0.8 4778 100,00
282 LAl IRl 1.1 arr.o 080 SEETY 100,00
LA =R im 11.87 S8 0.0 24T 41 10000
488 [ K1 ] HEw 1208 BT (X 6433 10000
$:6% ] [17] 1229 75433 000 aTeeT 102,00
10 — w 100
a0
80
70
&0
50
40
30
20
10
0 L 0
0.01 0.1 1.0 10,0 100.0 1000.0
Particle Diameber {um.) .
Malvern bastrumants Lid, Mastarsizer 5 long bed Ver. 218 p. 7
Malvern, LUK Serial Number, 32734-83 11 Jul 07 13:56

Tel=+44] {0} 1664-802456 Fac+[£4] (0)1684-802788
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Scientific and Technological Research Eguipment Centre Chulalongkain University
Building 2-3 Chula So0i 62 Phaya Thai Rd. Phatumwan Bangkok 10330 Tel. 2188029-32, 2188101 Fax. 24y

Analysis Result

Sample Details .
Sample ID: R=1 Run Number: 2 Measured: 25 Jul 2007 10:28PM
Sample File: CHULAS Record Number: 807 Analysed: 25 Jul 2007 10:28PM
Sample Path; C\SIZERS\DATAL Result Source: Analysed
Sample Notes: Wet Analysis System
Dispersing Medium : Water
Ultrasonic : no
System Details
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: M517 Obscuration: 15.6 %
Presentation: 30HD [Particle R.1. = ( 1.5285, 0.1000); Dispersant R.l. = 1.3300]
Analysis Model: Polydisperse Residual: 0.381 %
Medifications. None
Result Statistics
Distribution Type: Volume Concentration = 0.0201 %Vol Dansity = 1.000 g/ cub. cm Specific S.A. = 11.9509sq. m/g
Mean Diameters: D(v,0.1)= 0.09um Div, 0.5 = B60.67um Div.08)= 193.13um
D[4,3)= 83.59um 0[2,2]= 0.50um Span = 3.182E+00 Uniformity = 9 402E-01
Size_Low (um) n % Size_High (um) Under¥ [Size_Low (um) In % Size_High (um) Under%
0.05 207 0.06 207 663 0.24 172 15.86
0.06 3.16 0.07 5.23 172 0.30 9.00 16.16
o.07 324 0.08 847 9.00 0.37 10.48 16.53
0.08 263 0.09 11.08 10.48 0.48 122 16.99
0.0% 1.77 0.11 12.87 12.21 0.59 14.22 17.58
on 1.04 0.13 13.91 14.22 079 16.57 18.36
013 0.55 0.15 14.46 16.57 1.08 18.31 19.45
0.15 0.28 0.A7 14.74 19.31 1.50 2249 20.95
0.7 0.13 0.20 14 87 2248 208 26.20 2303
0.20 0.06 0.23 14.93 26.20 282 30.53 2585
0.23 0.03 0.27 1495 3053 aTe 35.56 2957
0.27 o.M 0.31 14,97 35.56 472 41.43 3430
0N o.M 0.36 14,98 41.43 571 48.27 40.01
0.36 0.01 0.42 14,98 48.27 6.53 56.23 46.54
0.42 0.00 0.48 14.99 56.23 7.03 65.51 5357
0.49 0.00 0.58 14.99 65.51 in 76.32 6067
0.58 0.00 067 14,99 76.32 6.79 88.91 67.46
067 0.00 0.78 14.99 8B.91 617 103.58 7363
078 0.00 0.9 14.99 103.58 5.40 120,67 79.03
08 0.00 1.06 14.99 12067 438 140.58 8341
1.08 0.00 1.24 14.99 140.58 3.51 18377 86.92
124 0.00 1.44 14.99 16377 2.88 190.80 B89.79
1.44 0.00 1.68 14.99 150.80 246 222.28 92.25
168 0.00 1.85 14.88 22238 217 258.95 94.42
1.95 0.00 2.28 14,98 258.95 1.91 30168 96.33
228 0.03 265 15.02 301.68 1.58 351.46 97.91
265 0.04 3.08 15.05 35146 1.14 409.45 99.04
309 0.05 360 1510 409.45 0.70 47701 99.74
360 0.07 418 15.18 477.01 0.26 55571 100.00
418 0.1 4.88 15.28 555.71 0.00 64741 100.00
4.88 0.18 5.69 15.43 647.41 0.00 754.23 100.00
5.69 018 6.63 15.62 754.23 0.00 878.67 100.00
Volume (%)
10 100
90
80
70
60
/ 50
/ 40
)
" /\ / 30
! \ 20
10
0 — . 0
0.01 0.1 1.0 10.0 100.0 1000.0
Particle Diameter (um.)
Malvern Instruments Ltd. Mastersizer S long bed Ver. 2.19 p. 10
Malvern, UK Serial Number: 32734-89 25 Jul 07 10:36

Tel:=+{44] (0)1684-892456 Fax:+[44] (0)1684-892789
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Scientific and Technological Research Equipment Centre

Building 2.3 Chuta Soi B2 Phaya-Thal Rd

Analysis Result

Chulalongkorn
Phatumwan Bangkok 10330 Tel. 2188029.32. 2188101

University

Fax.

Sample Details
Sample ID: R=2 Run Number: 13 Measured: 25 Jul 2007 11:12PM
Sample File: CHULAS Record Number: 830 Analysed: 25 Jul 2007 11:12PM
Sample Path: C:\SIZERS\DATA\ Result Source: Analysed
Sample Notes: Wet Analysis System
Dispersing Medium : Water
Ultrasonic : no
System Details
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 19.2 %
Presentation: 30HD [Particle R.I. = ( 1.5295, 0.1000);  DispersantR.l. = 1.3300]
Analysis Model: Polydisperse Residual: 0.340 %
Modifications: None
Result Statistics
Distribution Type: Valume Concentration = 0.0315 %Vol Density = 1.000 g/ cub. cm Specific SA. = 9.4921sq.m/g
Mean Diameters: D{v,0.1)= 0.11um D(v,05)= 112.94um D(v,0.9)= 256.60 um
D[4,3]= 125.58 um D([3.2]= 063um Span = 2.271E+00 Uniformity = 6.569E-01
Size_Low (um) In % Size_High (um) Under% Size_Low {um) In % Size_High (um) Under%
0.05 1.57 0.06 157 6.63 0.19 7.72 13.06
0.06 242 0.07 4.00 772 0.23 9.00 13.29
0.07 2.54 0.08 6.53 9.00 028 10.48 13.57
0.08 211 0.09 8.65 10.48 0.32 12.21 13.89
0.09 1.48 0.11 10.13 12.21 0.37 14.22 14.26
0.1 0.91 0.13 11.04 14.22 0.42 16.57 14.68
0.13 0.52 0.15 11.56 16.57 0.48 19.31 15.16
0.15 0.28 0.17 11.84 19.31 0.56 22.49 15.72
0.17 0.14 0.20 11.98 22.49 0.68 26.20 16.40
0.20 0.07 0.23 12.08 26.20 0.86 30.53 17.26
0.23 0.04 0.27 12.09 30.53 1.14 35.56 18.40
0.27 0.02 0.31 12.11 35.56 1.55 41.43 18.95
0.31 0.02 0.36 12.13 41.43 210 4827 22.05
0.36 0.02 0.42 12.14 48.27 2.82 56.23 24.87
0.42 0.01 0.49 12.16 56.23 3.7 65.51 28.58
0.49 0.00 0.58 12.16 65.51 472 76.32 33.30
0.58 0.00 0.67 12.16 76.32 577 88.91 39.07
0.67 0.00 0.78 12.16 88.91 6.75 103.58 45.81
0.78 0.00 0.91 12.16 103.58 7.52 120.67 53.33
0.91 0.00 1.06 12.16 120.67 8.04 140.58 61.38
1.06 0.00 1.24 12.16 140.58 8.36 163.77 69.74
1.24 0.00 144 12.16 163.77 7.84 190.80 77.58
1.44 0.03 168 12.18 180.80 6.95 222.28 84.53
168 0.03 1.95 12.22 222.28 5.78 268.95 90.31
1.95 0.03 2.28 12.25 258.95 4.44 301.68 94.75
228 0.04 265 12.29 301.68 3.09 351.46 97.85
265 0.05 3.08 12.34 351.46 1.75 409.45 99.60
3.09 0.06 3.60 12.40 409.45 0.40 477.01 100.00
3.60 0.08 4.19 12.48 477.01 0.00 555.71 100.00
4.19 0.10 4.88 12.58 555.71 0.00 647.41 100.00
488 0.13 5.69 1271 647.41 0.00 754.23 100.00
5.69 0.16 6.63 12.86 754.23 0.00 878.67 100.00
Volume (%)
10 100
90
80
\ 70
\\ 60
/ 50
\
\\ 40
" \ 30
\ 20
\ 10
0 o~ \,_ 0
0.01 0.1 1.0 10.0 100.0 1000.0

Particle Diameter (um.)

Malvern Instruments Ltd.

Malvern, UK

Tel:=+[44] (0)1684-892456 Fax:+[44] (0)1684-892789
.

Mastersizer S long bed Ver. 2.19
Serial Number:  32734-89
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Analysis Result
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Chulalongkorn
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Sample Details
Sample ID: R=3 Run Number. 4 Measured: 26 Jul 2007 8:56PM
Sample Fite: CHULAS Record Number: 835 Analysed: 26 Jul 2007 8:56PM
Sample Path: C:\SIZERS\DATA\ Resuit Source: Analysed
Sample Notes: Wet Analysis System
Dispersing Medium : Water
Ultrasonic : no
System Details
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 21.2 %
Presentation: 30HD [Particle R... = ( 1.5295, 0.1000);  Dispersant R.i. = 1.3300]
Analysis Model: Polydisperse Residual: 0.389 %
Modifications: None
Result Statistics
Distribution Type: Volume Concentration = 0.0290 %Vol Density = 1.000 g/ cub. cm Specific S.A. = 11.1201sq. m/g
Mean Diameters: D(v,0.1)= 0.09um D(v,05)= 88.33um D(v,0.9)= 228.02um
Df4,3]= 104.33 um D[3.2]= 054um Span = 2.580E+00 Uniformity = 7.746E-01
Size_Low (um) In % Size_High (um) Under% Size_Low (um) In % Size_High (um) Under%
0.05 1.71 0.06 1.72 6.63 0.28 7.72 15.91
0.06 270 0.07 442 7.72 0.33 9.00 16.25
0.07 291 0.08 7.32 9.00 0.38 10.48 16.64
0.08 2.52 0.09 9.84 10.48 0.46 12.21 17.10
0.09 1.85 0.11 11.69 12.21 0.54 14.22 17.64
0.1 1.21 0.13 12.90 14.22 0.64 16.57 18.28
0.13 0.73 0.15 13.63 16.57 0.7¢ 19.31 19.04
0.15 0.42 0.17 14.06 19.31 0.93 22.49 19.97
017 0.24 0.20 14.30 2249 1.15 26.20 2112
0.20 0.13 0.23 14.43 26.20 1.47 30.53 22.59
0.23 0.08 0.27 14.51 30.53 1.89 35.56 24.48
0.27 0.05 0.31 14.56 35.56 243 41.43 26.91
0.31 0.04 0.36 14.60 41.43 3.09 48.27 30.00
0.36 0.03 0.42 14.63 48.27 3.86 56.23 33.86
0.42 0.03 0.49 14.66 56.23 469 65.51 38.55
0.49 0.00 0.58 14.66 65.51 5.50 76.32 44 .06
0.58 0.00 0.67 14.66 76.32 6.22 88.91 50.28
0.67 0.00 0.78 14.66 88.91 6.76 103.58 57.04
0.78 0.00 0.91 14.66 103.58 7.09 120.67 64.13
0.91 0.00 1.06 14.66 120.67 7.27 140.58 71.40
1.06 0.00 1.24 14.66 140.58 6.76 163.77 78.16
1.24 0.00 1.44 14.66 163.77 6.00 190.80 84.15
1.44 0.04 1.68 14.70 190.80 5.09 222.28 89.25
1.68 0.04 . 195 14.75 222.28 4.11 258.95 93.36
1.95 0.05 2.28 14.79 258.95 313 301.68 96.49
2.28 0.05 265 14.84 301.68 215 351.46 98.64
2.865 0.06 3.09 14.91 351.46 117 408.45 99.81
3.09 0.08 3.60 14.99 409.45 0.19 477.01 100.00
3.60 0.1 4.19 15.10 477.01 0.00 555.71 100.00
4.19 0.14 4.88 15.24 565.71 0.00 647.41 100.00
4.88 0.18 5.69 15.42 647.41 0.00 754.23 100.00
5.69 0.22 6.63 15.64 754.23 0.00 878.67 100.00
Volume (%,
10 - 100
90
80
70
60
%
50
\\
\ 40
> /\ / \ 30
A\ \ ®
A
\ 10
//
0 e o
0.01 0.1 1.0 10.0 100.0 1000.0

Malvern Instruments Ltd.
Malvern, UK

Particle Diameter (um.)

Mastersizer S long bed Ver. 2.19
Serial Number: 32734-89

Tel:=+{44] (0)1684-892456 Fax:+[44] (0)1684-892789
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(Specific Methanogenic Activity; SMA)
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Methanogenic Activity; SMA) 3¢ 1¥g1lnsainaans uaasdenini .1
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Activity; SMA)
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gasnlFlumsmiudama Specific Methanogenic Activity (SMA)
AMINIA Specific Methanogenic Activity (SMA) 9211 lug9fisasimsinamasiimu

gagalusgnimsnaaes lasamnsadian ldan
SMA =R/CEXVXVSS

1o~ SMA "~ = £ Specific Methanogenic -Activity (SMA) %30 A INEINTDTUNE
WYOUUANFOATTINU (g COD-CH /g VSS-day)
R = 8ATIMINAMFTINY (mL- CH/day) W1 1da1nsianuduuesnsm

a [+ = A a dgl (Y
Usunasmatimuntnavununal

CF = Conversion Factor (mL- CH,/g COD) F11111991091319 4.1
A% = Effective volume U84 Reactor (L)
VSS = ﬂ'wmuﬁmmuaaﬂizma (Volatile Suspended Solid) UDIRNLNBOU

a

N4
0UNIY (g VSS/L)
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#137399 4.1 A1 Conversion Factor (CF) Ng# Qi1

QU

qmﬁgﬁ (’ENmL“h’a!,G?i ) 1 Conversion Factor (CF) (mL- CH,/g COD)
10 363
15 369
20 376
25 382
30 388
35 395
40 401
45 408

A0819MIATUIUTIA Specific Methanogenic Activity (SMA)

v Y
TuNilazveMuInUNITNIAT Specific  Methanogenic  Activity (SMA) Y94AZnoU
a ad A 9 [~ % 1 A o a A d o a Qs:
aunIdnewsuduszumudiedis laodioiiaznougaunsd lududumsamuidunou
an A Y Yy Yy 9 vy S @ A Aa 4 A \
Asmsnaaesi lanan Mudadeduee ladeyavesiSinamalimuimaungiaaiaie

AROANITNAADY LAAIAIATTIN 4.2 MINT 9.2
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(#21319) (aaan?) (aaan9)
0.0 0.00 0.00
0.5 1.30 1.30
1.0 2.00 3.30
1.5 2.50 5.80
2.0 2.80 8.60
2.5 3.60 12.20
3.0 4.30 16.50
3.5 4.90 21.40
4.0 5.00 26.40
4.5 5.70 32.10
5.0 5.90 40.00
5.5 5.90 43.90
6.0 5.90 44.80
6.5 5.90 45.60
7.0 5.90 45.70
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-
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szazIa1 (F1N9)

~ 1w a o =]
NNN N3 ABATINITOANIENINY

nnns ezl

sasimanamaimu@nuFuvens i) 6.9413 mL-CH,/day

f1 Conversion Factor gl 35°C = 395 mL- CH,/g COD

f1 Effective volume U849 Reactor (L) = 0.225L

f1 Volatile Suspended Solid = 6.245 gVSS/L
NNYAT SMA = R/ICFXVXVSS

UNUA SMA

(6.9413X24) / (395X0.225X6.245)

SMA = 0.30 g COD-CH,/g VSS-day
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A1519% 4.3 AN Specific Methanogenic Activity (SMA) A90AN1SNAADY

Specific Methanogenic Activity

Lo s | Sanmanamatimu R) VSS
palgnsain (SMA)
(mL-CH,/day) (g VSS/L)
(g COD-CH,/g VSS-day)
1 1.1894 7.5380 0.276
2 2.2294 5.3256 0.357
3 3.3146 2.9230 0.444
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Analysis Date & Time  : 2162350 10:30:47

User Name : Admin
Vial# H |
Sample Name : R1 20-06-0706
Sample 1D 1 C-10-11
Sample : Unknown
Injection Volume H
I5TD Amount f
Data Mame : CAGCsolution\Data\Fuel testing labi®AQ[OACOPOIOART 20-06-0706.ged
Method Name : CMGCsolution\Data\Fuel testing lab\porapak O (03).gem
Iritensi
3 o E R l
3 |
= I
<y |
20000- E-, = '
] A |
5 X |
= :
T |
100001 & \ |
E —
= |
.1 Ill = |
1 ¥ T} |
[ (J [N .
0 y . N - |
L 0L 70 NN
1 2 3 4

min
Peak# Ret.Time Area Height  Conc.  Unit Mark 1D# Cmpd Name
1 1.180 50579 B180 6800 % 1 Mitrogen
2 1.504 462812 26781 93500 % VW 2 Methane

i 3303 _3#3;2_ 2048 - 0000 =
Total 97 37009

A a oY Y A o a P A 1A =2
NNN 9.2 HANITUATICUNIFAIYATOI Gas Chromatography ﬂl@ﬁﬂ\iﬂgﬂimﬂ 1 lIﬂNJ’T’Oﬂ

AU 1,000 HANSUADANT BIINI1TNABBIN 1
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Analysis Date & Time 21062550 10:37:30
Ulser Name : Admin
Vialit Hy |
Sample Name : R2 20-06-0705
Sample 1D s C=10-11
Sample : Unknown
Injection Volume i
ISTD Amount
Data Mame 1 CAGCsolution\Data\Fuel testing lab® AO;0ACOPO;0ARE 20-06-0705, ged
Method Name 1 ChGCsolution’\Data\Fuel testing lab\porapak O (03).gem
Intensity
J._._._.._ = — e
! 8
i -
7]
| =
—
20000 \ "E“
gl —
H
=) -
- —
10000 e B,
% ,
— \ i
PE
0 R:‘I \ .n'_i\.__ - L% *
T LR L e s S R T e TP e et rprena e |
1 2 3 4 3 ] T 8 9 10 I
Peak#  Ret.Time Area Height  Conc.  Unit Mark 1D# Cmpd Mame
1 1.192 24860 4266 3342 % 1 Mitrogen
2 1.507 449009 263315 90711 % ¥ 2 Methane
: 33225 0 BASe4. 4599 0000 0
Total 558463 352040 .
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A a s Y A v (a A A Aas A
DNN 2.3 HANITAUATISHNIYAIUATOI Gas Chromatography ﬂl@ﬂﬂﬂﬂaﬂﬁmﬂZNﬂW“ﬁI@ﬂ

110U 1,500 Yaan5uABans $9MTNAADLN 1
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Analysis Date & Time  : 21/6/2550 10:52:45
: Admin

User Mame
Vial# :1
Sample Name : B3 20-06-0702
Sample ID s C-10-11
&l.mpleTﬂ:e : Unknown
IE'.FSEM olume :
| Amount
Drata Name : CAGCsolution\Data\Fuel testing hh\'AOJOﬁgO'OiDAW 20-06-0702.ged
Method Name : CMGCsohrtion\Data\Fuel testing lab\porapak ) (03).gem
Intensity
‘ El
| E -
10000- iy
=
-. & S
1 & o
M| [\ I /\
=
1 T T L) T L/ il L T
1 3 4
min
Peak#i Ret.Time Cone.  Unit Mark DN Cmpd Mame
1 1.193 26305 4464 3537 % | Mitrogen
2 1512 437000 25803 BB3(M W% 0V 2 Methane
3 3207
Total 564142 35651

A a s Y A v (a A Al As A
NN .4 HANITAUATISHTDIBAIYATOI Gas Chromatography m@ﬁﬂﬂﬂgﬂimﬂ3ﬂﬂ1%1@ﬂ

1110 2,000 YAANTUABAANT BIINTNAADIN 1
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1 a 9 [ A
UAATHURA %z"lﬂwammww 2.5

mATTIANmMATA ALEINEEART SRINTINNINeAY
ovuwarily wsaedalvnl omlyeiy npaome 10330
Depaumml of Chemical 'I'u:hrluln-g}, Faculty of Science, Chulalongkorn University

Pwa Thai Rad., Patumwan, Bangkok 10330, THAILAND
Tel: (6ii2y 2155324, 2185328-200 Fax; (662) 2555531 E-mail: chemtech®se chula.acth

23 nING AL 2550
Vilznavay

. A o =
A7 A Ation Ppronansen iy

ETIIE TP
VRTEUA LIS DN
Instrument

Carrier gas
f‘l
Injector Temy . J‘J-do /J

Column ﬁﬁp’f

A jy ,,p - l - Y "
.P'-‘fﬂl il SO Pl 0 mim From 40 °C e 66 *C for 2 min.

"\“\_\._{g.:;‘ ". 7 /
% Methane
BS.6
B4

T

f07U e U%ﬂ'lim.,f;;;.

etz

QW’]@\? NIULBANLRE]

AN ST
(3eImnanT s asouiosd  nunlizadging
wnninfanlfiidng EXTRACTION

23 NINGINY 2550

{ a do ) 4 [ {
MR 2.5 HAMIAATIEHAATIUVBINITAIBIATOI Gas Chromatography H1IMITNARDIN 2



Analysis Date & Time : 20772550 11:18:25
Llser Mame : Admin
Viak# i |
Sample Name 1 R1 20-07-0702
Sample 1D : sampledT 19
Sample Type : Unknown
Injection Volume :
ISTD Amount
Data Mame : CAGCsolution\Data\Fuel testing labPAOOACOOOAR ] 20-07-0702,
Method Name : CAGCsolution'\Data\Fuel testing hHSDgr]'ﬂnnldu'.:m.gnm 4
Intensity
a
30000- g
5|1
£l lq
20000~ =
1 -
] S | ’E‘
10000 ’ —
. fﬁ | S
1 L=4)
' {! A
o ¥ i /\\_ et ]
e e ae oo D o ' B T T ™ T & T T
1 2 3 4
min
Peakd  Ret.Time Area Height Conc.,  Unit Mark ID# Cmpd Name
1 1.112 50065 10283 B.000 % | Mitrogen
2 1.325 423832 20367 85600% WV 2 Methane
2002 0000 VW
Total 522103 42552

AN 2.6 WANTAAT

163

I I 4 v (a 7 '
gUMFAIYIATO Gas Chromatography V03091 n3aiN 1 HATTod

01 1,000 HaANTUABAAT FIMINAADIN 2
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Analysis Date & Time : 20/7/2550 11:23:34

User Mame : Admin
m N :{EMT-W
e Name :
Sample 1D : sample(719
Sample : Unknown
Injecticn Volume :
Amount
Drata Mame : CAGCsolution'Data\Fuel testing lab\* AQ;0ACOPO0AR2 20-07-07.ged
Method Name  CAGCsolution'\Data\Fuel testing lab\S0gr 1\Cooldown. gem
Intensity
1 |
1 |
g[|= |
20000- £ 18 |
] iz i |
- |
oy |
— |
10000- = \ a : |
1 =
, X |
' | AN |
1 |
" ]
e —— T T e e e
1 2 i 4

2

Peakté  Ret.Time Area Height  Conc. Unit Mark ID# Cmpd Mame
1 1113 45447 B794 . (. 6.562 % 1 Witrogen
2 1325 417761 29172 84374 % W 2 Methane

3 2362 0324 4867 0.000
Total 36532 42833

A a E4-) 9 A [ a oA A A =S
NNN 0.7 HANITUATICUNIFAIYATOI Gas Chromatography ﬂl@ﬂﬂ\iﬂgﬂimﬂ 2 llﬂNJ’T’Oﬂ

AU 1,500 Haan5uADAAT ¥IINITNAABIN 2
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Ana Date & Time : 2007/2550 11:29:00
User : Admin
Wialif i1
Sample Mame : B3 20-07-07
Sample ID : sample0719
Tv! : Unknown,
Injection Volome :
ISTD Amount
Data Mame : CMGCaolution Data'Fuel testing lab* AOOACUPOOARS 20-07-07,
Method Hame :MIMMWMMH{EHM? h:?.gﬁ'l .-
Intensity
30000- g) s
] AP
|
20000
{\ |
1 oo
(] =
Al r«
|
. i N
——r— T T T T T =T ! T —T T

1 2 3

Peal®  Ret.Time Area Height  Cone,  LUnit Mark 1D#§ ﬂmﬂNm
1 1.100 106555 17251 14432 % 1 Mitrogen
2 1.340 381534 27484 TT.0ST W%V 2 Methane
3 2382 AT6T2 3545 0,000

Tetal 335761 4E2ED

A a 4-J Y A [ a b A 1A =
NNN 9.8 NANTUATIEVNIEAIYANTDI Gas Chromatography ﬂl@ﬂﬂﬂﬂgﬂimﬂ 3 Nﬂﬁh’I@ﬂ

A 2,000 HAANTUADANT FIINTNABBIN 2
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Flodlugvosmatimu vz lavn

CH,,,,~ COD = (Total gas volumeX%CH, X 16,000X4) / (24.86XQ)
A
1o
=~ = Y =\ A Aa o 1T A
CH,,,-COD = Floalugvosmaiimu (Haaniuaoans)
4
Total gas volume = YFuasmamiariua Gadnsudednsae i)
%CH, £ $ooAzYDIMFIIMY
24.86 - UFasmas 1 Tua 11 30°C @a) WSuasma 1 Tua
1 0°C MmN 22.4 an5)
Y
Q = 0513 lravewindeasiu (@asae i)
16,000 = Wintnveelmy 1 Tua (Jaansy)
= = (9 =\ [ [
4 = % loAURINMFINU 1 N5 (NTN)

Flodlugiiimuazaemiluihesnainszuy ¥ lden

Soluble CH,-COD = K, ¢y, XPartial Pressure of CH, X16,000X4
A
130
K, 3 AasnveueuIdmsumatimun - 30°C
(yaneans) MmNy 12.4X10°
Partial Pressure of CH, = ANVAUNISIFoaveImFilinu (Fadu

) ~
NIFUNU)

COD,,, = soluble COD,+ CH, , -COD + COD,_ + Oxidize 1ug1l O,-COD

=}
1110
= = a’/‘ §' = 1 9
COoD, = ¥ ToANaruAve i NdsNoUIITLU
=) =) g’
soluble COD = FloRazagluiieaninszuy

CH,_-COD - & Tod lugduosmaiimu

4gas -
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= ad 1 J a A o
CoD, = Floanazaved luwaagaunidlussuunas
AIuNNgABDNIN
Y 4 4
Oxidize Tugi CO,-cOD = Floalugdvesmamsvoulasonloa
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