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##5270544121 : MAJOR ENVIRONMENTAL ENGINEERING
KEYWORDS : DOMESTIC WASTEWATER / LOW STRENGTH WASTEWATER /
ATTACHED GROWTH / BIOGAS / KINETIC PARATER
SIRINPA SITTITHAM: EFFECT OF COD CONCENTRATION AND MEDIA
SURFACE AREA ON EFFICIENCY OF ANAEROBIC FILTER PROCESS.

ADVISOR: ASST. PROF. SARUN TEJASEN, Ph.D., 132 pp.

This research studied the efficiency of anaerobic filter process treating low
concentrations of sugar synthetic wastewater of 100 200 500 1,000 2,000 and 5,000 mg-COD/L
or0.1020.512and5 kg-COD/m3/d as organic loading rates (OLRs), respectively. Continuous
flow rate was controlled at 36 liters per day, resulted in a hydraulic retention time of 24 hrs. with
pH of 6.8-7.2. Reactors had a diameter of 0.2 m. and height of 1.5 m and filled up with R-190
plastic media with a specific surface of 190 m’/m’. Tnoculums were swine manure incubated with
the synthetic wastewater for 203 days previously. Results showed that COD removal efficiencies
were increased with concentrations to 90+0.7 91.1+1.2 95.4+1 9740.1 97.8+0.4 and 97.7+0.3%
with OLRs of 0.1, 0.2, 0.5, 1, 2, and 5 kg-COD/m3/d ,the, respectively. The results showed that
most COD were reduced at first 0.25 m. of reactor. Tracer studies using NaCl showed that
distributions of flow were between completely mixed and plug flow conditions. Varying media
from 56,000 to 0 cmz, while treating both 0.1 and 1.0 kg-COD/mB/d, did not affect the system
efficiencies which were about 83+1.7 to 92.3+1.6%. Hydraulic retention times were reduced with
increasing OLRs, which were 3.8, 9.8, 10.9, 15.8, 5.5, and 18% reduction, respectively. COD
removal rates were found to be increased linearly with influent concentrations, with the first order
constant (k,) of 68.98 per day. Computer modeling was performed using AQUASIM 2.1b
program, and modeling results were agreed with laboratory results. The standard error of
estimation was less than 10 percent of the initial COD concentration showing the model could be

used to design an anaerobic filter treatment process.
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a

1 a a J S 1 9 =Y I
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100% COD

SUSPENDED ORGANIC MATTER:
PROTEINS, CAREOHYDRATES, LIPIDS.

39%

21% 40% / HYDROLYSIS
50 34%

AMINO ACIDS, SUGARS FATTYACIDS

BE% 34% ACIDOGENESIS

09 INTERMEDIATE PRODUCTS:
]

PROPIONATE, BUTIRATE, ETC.

N itk 3 ACETOGENESIS

39% 12% 8% 1%
Ta
ACETATE = HYDROGEN
T0% 0%
METHANQ GENESIS
METHANE
100% CoD

M 2.1 na'lnmsgesaarsnuy13e1n1# (Adrianus 1ag Jeroen, 2007)
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2.3.1 Tusoui 1 nizudaumslalas lada (Hydrolysis)

lalaslada HunszurumsdesaatsTuanantivuialvg wu ariTu'laase Tisau
v q 9 | < T 1 a o
pag lviiuldnaredlulumnavuiadnas wu thetangIna nsaeziiTu nsalviiu Tagns
9 9
aooou lsivesuaiizolumsdesaaisans luduasuiidylitimiandlod uailumsdos
1 1 1 aagais 1 1 1 i

1q Y aan A a daf [
as luanalvg lviidnas Teslnsenninayuaaannis 2.1 2.2 uag 2.3

Polysaccharides + Amylase ——— Monosaccharides ...(2.1)
Protein + Protease — Peptides + Amino Acid ...(2.2)
Fats + Lipase —» Fatty Acids + Glycerines ...(2.3)

S ! P / .
232 TUAUN 2 NTTVIUMITAI190IA (Acidogenesis)

aaa A A A v o Y A a o J
Naiﬂﬂﬂ@]ﬂiEﬂLL‘iﬂﬂZQﬂu’Uﬂ‘1/]!5‘6‘1/\!’Jﬂ‘ﬂﬁ'ﬁNﬂiﬂuWUlﬂi%LW@Na@ﬂiﬂhlﬂmuim‘Vit’N1EJ
A J

. . ] aa Aa A A aa I 9 % I a {
(Volatile fatty acid) ¥4 n5A0LFAN n3a 1139 1otin asatNTn Wudu Fuilunsadunssni

2 Y o J 1A
mwuﬂimaqam ngﬁmiuauﬁ)mﬂuqnmu 5 0vnou

gl.; { Y an Y .
233 mumuﬁ 3 ﬂ‘igU’J‘Hﬂﬁ’diNﬂiﬂ@%‘;}mﬂ%WﬂﬂiﬂulelliJ‘LliZl,ﬁt’l (Acetogenesis)

a

9 { Y 2 . g’/ { Y a
nsa luiuszmen 189 NNT2UIUMT Acidogenesis LAz NUUATE sWINN A3 19N TADLTAN
A va P P P L & 2 a2
(Acetogeus) W/asulmilunsnerdan msveu lasen lud uazlalaswu Feiuneuiiazinaiu

9 ~ = [ = ° 1 c;y.; Aaan A a é‘ [ ~
VlﬂLﬂW1$ﬁﬂ1’3$‘1/]]1Eliﬂi!ﬂullﬂ’ﬂllﬂuWﬁ!G]iEla@HVl1uu1ﬂﬂﬂ§]ﬂiﬂ1ﬂlﬂﬂﬂlu ANTUNITN 2.4

ag 2.5
CH,CH,COOH +2H,0 ~ «+——  CH,COOH + CO, + 3H, .(2.4)
CH,CH,CH,COOH + 2H,0 «——  2CH,COOH + 2H, ..(2.5)

o { P .
2.3.4 TUaUN 4 NIZVIUNTAI19HMNU (Methanogenesis)

dy 9 aa k) %) ~ = A aa
ﬂi%‘]_liluﬂﬁuslﬂfﬂiﬂ@%clfﬁﬂ "l,aimmu AINMNHUNUBIUDNHUDIINNTADS HANLDES
Y == Y o 1 1 a 9 9 =\ 1 Ja
"l,aimﬁmum LL‘]Jﬂ‘VILiEJ@T’l]Gl,"]fﬁ‘]J’cﬂG]iG]@81\1\‘]181JN"H‘1!$5]‘luﬂﬁ’ﬁiﬁﬂwmmu U nsanesun
Y 1 = @ v a @ g < d Aaa A A
uazmﬁmaa”lﬂwummﬂu (Uugu AUNALINY, 2542) GINHJ‘L!Nﬂﬂ1ﬂﬂ§]ﬂ§81‘u@ﬂlmﬂ‘ﬂﬁﬁm
) El A A = A Y A = a A

AINNIA Lm%i]%Qﬂ%ﬁﬂﬂlmﬂ‘mifJ’E]ﬂﬂiglﬂ“ﬂﬂuQLW’E]I‘]ﬂHﬂﬁﬁiN?JWIu FauanGelsenn

<1 ,

S A 1 S A = = o dy
YN LUANLTYTTNUNY (Methanogeus) N 2 NTLUIUNTT AU
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NFTUIUNITN 1
a > a a I [23 = a2 A ' .
mannnstlaounsasunid lihiumesfiimulasuuafiFonqu Acetoclastic
1 =1 1 2w H
methanogens ("lﬁ’l,m Methanosarcina \Wag Methanothrix SINIIINI Methanoseat) FINFUINUN
a 49! g}z dy a [ = ~ a dg! [ ~
navuluvuasuiinalszuia 70% voamatmunausamnayu 1d 1uss Uy daaunsn 2.6
CH,COOH —CH, + CO, (Aceticlastic methanogens) AG = -31 kI/mol .. 2.6
AFZUIUMITN 2
a == ' I 9) < @ 9
NAINLUATAISoNQY Hydrogen-utilizing methanogens 1aaly la Tasnuiludaald
a ~ o I3 v v A [ ~
dlannsou tazliasueu lavon lsailudrsudmnasou aaaunsn 2.7
CO, +4H, —CH, + 2H,0 (Hydrogen-utilizing methanogens) AG =-1354 kJ/mol ... 2.7
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2 y @ ] Y
Sulfate-reducing  bacteria v 1dnatlywluszun iWelidamaogluiinges Tag

s Aa
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2.4 ﬂszmmmmzmums‘l%’mmﬂ
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2.4.1 Degoaaand
2990 o o ok a A ¢ o Ay v
53‘1J1J1A1%1J11Jﬂﬁaﬂilclmﬂuﬂ$ﬂE]uE]uTlit’J 'E]\Tﬂﬂ53ﬂﬁ]ﬂﬁﬁﬂT635$UUu‘1ﬂllaﬂ\11u
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' { <3| v 1 o { 1
digester) @UNNA 2.3 1WUGWRVUBAIIGINAMIUENAZNBUDDNIINN

NN 2.2 D IUUUDATIEN

nu: Bitton, 2005

Digester gas cutiat

Gas siorage

Sulpemmht
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e
Sludge oulets
Shudge

FIRST STAGE
[compely maed,
= o o A~
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2004)
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50% (3aalua)

1-Chloropropene 0.1
Nitrobenzene 0.1
Acrolein 0.2
1-Chloropropane 1.9
Formaldehyde 2.4
Lauric acid 2.6
Ethyl benzene 32
Acrylonitrile 4
3-Chlorol-1, 2-propandediol 6
Crotonaldehyde 6.5
2-Chloropropionic acid 8
Vinyl acetate 8
Actaldehyde 10
Ethyl acetate 11
Acrylic acid 12
Catechol 24
Phenol 26
Aniline 26
Resorcinol 29
Propanol 90
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Model R-190
Type Random Flow Configuration
Material Polyethylene
Size (LxWxH) Diameter : 70 mm.

Height : 22 mm.

Specific surface 190 m’/m’ of media
Void ratio 90%
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2.7.2 auN3UD9 Lineweaver-Burk (Grady, Daigger #a¥ Lim, 1999)
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2.7.3 auN3UD9 Hanes (Grady, Daigger {1a Lim, 1999)
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2.7.4 auN3UD9 Hofstee (Grady, Daigger a2 Lim, 1999)
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5190 2.11 ANseenuuUTEUUILANUY Upflow Attached Growth Reactor (Metcalf and

Eddy, 2004)
COD Recycle COD
Packing Temp
Wasterwater loading HRT (d) Ratio removal
type (°c) s
(kg/m".d) R/Q (%)
1. Guar Gum Pall ring 37 7.7 1.2 5.0 61
2. Chemical Process Pall ring 37 12-15 0.9-1.3 5.0 80-90
Pall ring 15-25 0.1-0.2 0.5-0.75 0 50-70
3. Domestic Tubular 37 0.2-0.7 25-37 0 90-96
4. Landfill leachate Cross-flow 35 1.5-2.5 2-3 0.25 89
5. Food Canning Cross-flow 30 4-6 1.8-2.5 0 90

M3199 2.12 AMseenuuUsuUIhtaLyY Upflow Anaerobic Filter

MRS mitl¥esni 12 s
HRT 0.5-4 day Grady et al., 1996
OLR 5-15 kg-COD/ m’-d
HRT 24-48 hour Qasim, 1999
OLR 1-5 kg-COD/ m’-d
(COD 10,000-20,000 mg/1)
COD removal efficiency 75-85%
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Copper: CuCl,. 2H,0 Manganese: MnSO,. H,0
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N Speece, 1996
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29-0.a.-54 | 32 28 29 12-0.8.-54 | 107 28 27.9
2-130.8.-54 36 295 29 14-0.8.-54 | 109 28 27.9
4-130.8.-54 38 30 30 15-0.8.-54 | 110 31 30.5
5-10.8.-54 39 31 31 19-0.8.-54 | 114 29 29.5
14-10.0.-54 | 48 31 30.5 23-1.8.-54 | 118 31 30.5
17-.8.-54 | 51 30 30 24-3.8.-54 | 119 30 30.5
22-10.8.-54 | 56 30 29.5 | 26-i.0.-54 | 121 29 29.5
30-10.0.-54 | 64 28.5 29 30-0.8.-54 | 125 30 30.5
8-N.n.-54 72 30 30 5-N.A.-54 130 29 28.5
12-W.7.-54 76 30 30 10-n.A.-54 135 29.5 30
13-W.9.-54 77 30.5 30 15-n.9A.-54 140 28 28.5
14-W.9.-54 78 29 29 20-n.7.-54 145 29.5 29.5
15-W.A-54 | 79 28.5 29 24-n1.A-54 | 149 29 29.5
16-W.A.-54 | 80 28 28 30-n.A.-54 | 156 29.8 31
20-W.A.-54 | 84 28.5 28 2-4.a.-54 | 158 30 30
21-W.A.-54 | 85 29 28.5
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(Y] a A J = 2 (v
AT INISUITNNANTOUNIY 0.2 nn.—miaﬂ/au.u./m

S a1 QNN (°%.) i 81 AQUNNN (°.)
e | Gw | ddudr | ddeen | e | Gw | adwdh | sheen
19-1.0.-54 | 22 24.5 23 15-n.8.-54 | 202 28 28
23-0.A-54 | 26 28.5 29 16-N.8.-54 | 203 29 28
27-0.A.-54 | 30 27.8 275 | 17-n.8.-54 | 204 29 29
30-0.A.-54 | 33 253 225 | 29-n8.-54 | 216 29 29.5
4-90.8.-54 | 38 28 29 8-q.A.-54 | 225 29 29.5
6-1.8.-54 | 40 29.5 29 11-9.0.-54 | 228 28 27.9
8-1.8.-54 | 42 30 30 15-0.0.-54 | 232 29 29.5
22-14.8.-54 56 31 31 19-91.1.-54 236 31 30.5
30-114.9.-54 64 31 30.5 31-9.0.-54 248 28 28.5
22-NW.9.-54 86 30.6 30.8 8-N.8.-54 256 29 29.5
11-1.8.-54 106 30 29.5 15-W.9.-54 263 28.5 29
3-n.A-54 | 128 28.5 29 19-W.8.-54 | 267 29.5 29
15-0.0.-54 | 140 30 30 25-W.8.-54 | 273 29 29
30-n.0.-54 | 155 30 30.5 | 30-W.8.-54 | 278 28 28.5
7-N.8.-54 | 194 30 30 5-5.0.-54 | 283 28 28
8-N.g.-54 | 195 30 30 7-5.0.-54 | 285 29 29.5
9-n.8.-54 | 196 28.5 29 12-5.0.-54 | 290 28 28.5
11-n.8.-54 | 198 28 27 16-5.0.-54 | 294 27 27.5
dATIMITUTINNAITOUNIE 0.5 Nn.-Bod/a1.a./ Tu
fuii A AQUNYH (°5.) fui a1 A1QUNYH (°o8.)
a1 | Gw | b | dheen | @b | Gw | ddudr | ddeen
19-0.A.-54 | 22 24.5 235 | 15-n.8.-54 | 202 28 28
23-1.91.-54 26 28.5 29 16-n.9.-54 203 28.5 28.5
27-0.0.-54 | 30 27.2 278 | 17-N.8.-54 | 204 29.5 29.5
30-0.n.-54 | 33 24.5 225 | 29-n8.-54 | 216 29 29.5
4-91.8.-54 | 38 28.5 29 8-0.A.-54 | 225 29 29.5
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]
v A

]
v A

Ui A QN (°8.) Ui a1 A1QUNYN (°o8.)
e | G | adwh | dheen | G | Gw | shudh | adeen
6-10.8.-54 | 40 29 29 11-0.0.-54 | 228 28 27.9
8-.8.-54 | 42 30 30 15-0.0.-54 | 232 29 29.5
22-0.8.-54 | 56 31 31 19-0.0.-54 | 236 31 30.5
30-0.8.-54 | 64 31 31 31-0.0.-54 | 248 28 28.5
2-WA.-54 | 86 30.9 30.7 8-W.8.-54 | 256 29 29
11-1.8.-54 | 106 30 29 15-W.8.-54 | 263 28.5 28.5
3-n.A.-54 | 128 29 29 19-W.8.-54 | 267 29 29
15-0.0.-54 | 140 29.5 295 | 25-Wy.-54 | 273 29 29
30-n.9.-54 155 30 30 30-W.9.-54 278 28 28.5
7-0.8.-54 194 30 30 5-5.1.-54 283 28 28.5
8-N.8.-54 195 30 30 7-5.7.-54 285 29 29.5
9-n.8.-54 196 28.5 29 12-5.0.-54 290 28 28
11-n.8.-54 | 198 28 275 | 16-5.0.-54 | 294 27 27.5
danMszussNRaIsounsd 1 nn.-Hled/av.a./ Ty
il nan MUK (°%.) Tuil nan AQUNYI (°5.)
o) | Gw | dwhh | sheen | (1) | Gw | dwd | iheen
19-0.0.-54 | 22 25 23 4-9.9.-54 | 160 29 29.5
23-1.0.-54 | 26 28.5 29 9-0.A.-54 | 165 29.5 29.5
27-0.0.-54 | 30 27 275 | 12-8.9.-54 | 168 30 29.5
30-0.n.-54 | 33 24.6 22 14-0.9.-54 | 170 29.5 30
4-11.8.-54 38 29 28.5 19-91.91.-54 175 28.5 29
6-11.8.-54 40 29 29.5 27-9.9.-54 183 29 29
8-1.8.-54 | 42 30 30 3-n.8.-54 | 190 29.5 30
22-1.8.-54 | 56 31 31 7-n.8.-54 | 194 30 30
30-0.8.-54 | 64 31 31 8-n.8.-54 | 195 30 30
2-WA.-54 | 86 30.7 30.4 9-n.8.-54 | 196 28.5 29
11-i.8.-54 | 106 30 29 11-n.8.-54 | 198 28 27.5




[

A
IUN

]
v A

I AQUNYI (°c1.) un I AQUNY (°8.)
e | Gw | oadwdh | dheen | o)) | G | dudh | ddeen
3-n.A-54 | 128 29 29 15-0.8.-54 | 202 28 28
15-0.0.-54 | 140 30 295 | 16-N.8.-54 | 203 28.5 28
30-0.0.-54 | 155 30 30.5 | 17-n.8.-54 | 204 28.5 29.5
dANMIZUIINNEITOUNSE 2 nn.-Fled/av.u. Ty
il nal AQUNYI (°%.) il na MQUNYL (°o5.)
e | Gw | shedr | dheen | b | G | shedy | iheen
2-11.8.-54 9 29 29 19-n.8.-54 | 118 31 30.5
10-1.8.-54 | 17 29.5 295 | 20-n.8.-54 | 119 30.5 30.5
18-11.4.-54 25 29.5 29.5 1-91.9.-54 130 29 29
25-11.8.-54 32 30 30 6-91.9.-54 135 29 29
29-11.8.-54 36 30.5 30.5 27-9.9.-54 149 31 30
2-N.f.-54 39 28.5 29 29-91.9.-54 158 30 30
14-n.0.-54 | 51 29 29 5-W8.-54 | 165 29 29
19-n.0.-54 | 56 29.5 30 16-W.8.-54 | 176 28.5 29
27-N.A.-54 | 64 29.5 29.5 2-5.0.-54 | 192 27.5 27.5
40054 | 72 29 29 13-5..-54 | 203 27 27
8-0.n.-54 | 76 29.5 295 | 20-5.A.-54 | 210 26.3 26.5
O-e.n.-54 | 77 30 30 22-5.0.-54 | 212 26 26
10-e0.0.-54 | 78 29 29.5 4-u.n.-55 | 225 28.5 28.5
12-°0.0.-54 | 80 28 28 20-0.A.-55 | 241 29.5 29.5
16-9.91.-54 84 28 28 27-4.9.-55 248 29 29
17-9.91.-54 85 28.5 28.5 6-N.N.-55 258 29.5 29.5
18-a.0.-54 | 86 29.5 29.5 11-n.0.55 | 263 29 29
2-a.0.-54 | 90 29.5 31 18-N.W.-55 | 270 29 29
30-0.0.-54 | 98 29 30 28-N.W.-55 | 280 29.5 30
11-n.8.-54 | 110 28 279 | 11-0.A-55 | 292 30 30
15-n.8.54 | 114 29.5 29.5 14-5.0.55 | 295 29.5 315
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(Y] a A J IR 2 [
AT INISUITNNANTOUNIY 5 nn.—miaﬂ/au.u./m

QJd'
UN

o d'
IUN

a1 AQUNNN (°.) a1 AQUNNN (°.)
(3-a-1) (W) Yuih Yieon (3-a-1) (TW) vwdh | vheon
2-11.8.-54 9 29 29 19-.8.-54 118 31 30.5
10-3.0.-54 17 30 30 20-n.6.-54 | 119 30.5 30.5
18-1.0.-54 | 25 29.5 29.5 1-9.91.-54 130 28.5 28.5
25-H.9.-54 | 32 30 30 6-91.01.-54 135 29 29
29-1.9.-54 | 36 30.5 30.5 27-9.0.-54 | 149 30 31
2-11.0.-54 39 28.5 28.5 29-0.0.-54 | 158 29.5 30
14-n.a.-54 | 51 29 29 5-W.0.-54 165 29 29
19-n.A-54 | 56 29.5 29.5 16-W.0.-54 | 176 28 28
27-N.A.-54 | 64 29 29 2-5.0.-54 192 27 275
4-.91.-54 72 285 29 13-5.A.-54 | 203 26.5 26.5
8-40.9.-54 76 30 30 20-5.A.-54 | 210 25.7 26.4
9-¢1.91.-54 77 30 30 22-5.A.-54 | 212 26 26
10-80.A.-54 | 78 29 29.5 4-9.0.-55 | 225 28 28
12-8.A.-54 | 80 27.5 28 20-1.0.-55 | 241 29.5 29.5
16-9.A.-54 | 84 28 27.5 27-U.0.-55 | 248 29 29.5
17-9.A.-54 | 85 29 28 6-N.N.-55 | 258 29.5 29.5
18-8.A.-54 | 86 29.5 29 11-N.W.-55 | 263 29 29
22-4.A.-54 | 90 29 31 18-N.W.-55 | 270 28.5 29
30-e0.n.-54 | 98 29.5 30 28-N.W.-55 | 280 29.5 30
11-n.8.-54 | 110 275 27.9 11-0.a-55 | 292 30 30
15-n.8.54 | 114 29.5 29.5 14-0.a.55 | 295 29.5 31.5




d' =y 9 g‘/ A o a A J1 A A
M NN N.-2 ﬂ‘ill1i1‘lﬂ'l‘;]ﬁ/N1/i§J@11/1'8’]@]5']51158‘1J§51/]‘ﬂt’f'lif]uﬂifl@'lﬁ“]Lilf]ﬁ'ﬂ'l’)gﬂ\‘iﬂ
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Y

adai Wnaufsnmmafinatuea wa.5u)
fisasmszussnnassunss (nn.-3Ted/an.u. )
0.1 0.2 0.5 1 2 5
1 51 1555.5 3162 7956 23783 52836
2 204 1530 2550 6018 23783 63954
3 255 1173 4947 7905 23783 83283
4 255 918 4692 6324 17238 47736
5 255 1581 3774 6375 24378 54162
6 153 1249.5 4947 7905 21165 65994
7 561 1071 4845 8007 17493 65943
8 204 1530 3570 7191 16473 65994
9 127.5 1326 4488 5992.5 16473 55692
10 102 1581 4488 6069 22287 55641
11 306 1632 3621 5967 22950 55590
12 153 1377 4029 5100 21267 63954
13 165.75 1326 3672 5061.75 19023
14 229.5 1377 2805 6681 22695
15 280.5 1020 8211 21879
16 127.5 7701
17 178.5 6298.5
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f.-2 Nﬁﬂ1§‘i’lﬂﬁﬂﬂﬂ1§@ﬂﬁu

a ' o o o ' Yy ¥ ¥ A o o )
A13190 N.-3 ﬂ1ﬂ'§TV‘IiJW]5§11!Llﬁﬂ\iﬂ’ﬂﬂﬁiJWUﬁigﬂ’JNﬂ'ﬂNL"UﬂJ"UuuHﬂﬁfJﬂUﬂ1ﬂ1§u1ul1’\|W1

AMUITNTU NaCl (un./a.) A5 i (uS/em) Qg (°%.)
100 278 29.8
200 521 29.8
500 1,192 29.8
700 1,671 29.8
1,000 2,320 29.7
1,200 2,800 29.6
1,500 3.420 29.7
2,000 4,390 29.5

v
v A

vinmsnaaeanuNAIMIi lnihgegavesdan 1-6 110D 1,889 1,829 1,789 1,747
= g 4‘ = % 1 Y] d' 1
2,008 tag 1748 luTasdmuaaosuy. dodounuansmuiasgiuawaalunini 427 wun
1 Y 9 %’ A ] a . = = Y 9
annududuveaiunae luguny 1,000 un./a. (Li wazame, 2006) FeUSuimnnuidudu

[ J 1 A A o o a A
mﬂmﬂmﬂuﬂsu1m1/1*11ﬂmnmsmqmmammmsa
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a d
1.-3 HAMTIATIZHMBFININW

a J @ {
HANISAATIEHUTAIAINNA N.-2 - A.-15

Analysis Date & Time : 8/8/2555 15:04:45

User Name : Admin
Vial# 0
Sample Name : SAM-1
Sample ID ;
Sample Type : Unknown
[njection Volume
ISTD Amount
Data Name : CAGCsolution\Data\Project1\air TCD260.gcd
Method Name : C:AGCsolution\Data\Project] \Packed column (TCD)-CO2.gem
Intensity
5000000 “
4000000~
3000000~ |
2000000~
1 |
1000000 ;
e o e [ T .
0 1 2
min
Peak# Ret.Time Area Height Conc.  Unit Mark ID# Cmpd Name
| 0.438 31158567 4834391 0.000 %
% 0.678 1179337 207299 0.000 T
SR [ 1067475 76977 0.000 A%
Total 33405379 5118667

d' a E4 ~ A Yy 9 = = g’/ A
MNN N.-2 NANTITAATIEUDTIEEINTNNAINUNUY 100 llﬂ.-‘flfiﬂﬂ/a. AIIN 1

NUGINE : Peak#1 = Air  Peak#2=CH, Peak#3 =CO,



Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

- 13/9/2555 10:04:50
: Admin

20
: SAM-1

Unknown

: C:\GCsolution\Data\Project 1 \air TCD274.gcd
: C:AGCsolution\Data\Project [ \Packed column (TCD)-CO2.gecm

109

[
30000007|

2000000

1000000

0483/

0,721/

Peak# Ret.Time
| 0.483
2 0.721

Area Height
18459359 3402392
1787867 299331

Total

20247226 3701723

Unit Mark 1D#

b —
(V5]

Cmpd Name

v

a a /0 A i v 9 as A A
MNN N.-3 HANITUATIEHN IV INTNNAINUIUUUY 100 uﬂ.-%Teﬂ/a. ATIN 2

NUUINE : Peak#1 = Air

Peak#2 = CH,

min



Analysis Date & Time : 8/8/2555 15:12:49

User Name : Admin
Vial# 20

Sample Name : SAM-2
Sample ID :

Sample Type : Unknown

Injection Volume
ISTD Amount

110

Data Name : C\GCsolution\Data\Project1lair TCD261.gcd
Method Name : C:\GCsolution\Data\Project]\Packed column (TCD)-CO2.gcm
Intensity
4000000
3000000~
i
2000000~
1000000~
:
i s I
0 — “Trr T :
0 1 2 3
min
Pcak# Ret.Time Area Height  Conc.  Unit Mark ID# Cmpd Name
1 0.476 16506146 3242162 0.000 V
2 0.669 8856142 1355260 0.000 vV
: 3 1.143 1119736 130490 0.000 g "
Total 26482024 4727912

d' a L4 = A E) = = {,’j A
MNN N.-4 HANTITAATIEUNIEBINTNNANNUNUU 200 Nﬂ.-“ﬁjﬂﬂ/a.ﬂiﬁ‘ﬂ 1

UL : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,
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Analysis Date & Time : 13/9/2555 10:12:10

User Name : Admin
Vial# 0

Sample Name : SAM-2
Sample ID :

Sample Type : Unknown

Injection Volume
ISTD Amount

Data Name : C:A\GCsolution\Data'\Project] \air TCD275.gcd
Method Name : CAGCsolutioniData\Project1\Packed column (TCD)-CO2.gcm
Intensity
3000000~
]
2000000 |
1 g
B =
1000000— .
i
0 — LI i W QT G U T T
0 1 2 3
min
Peak# Ret.Time Area Height  Conc.  Unit Mark ID# Cmpd Name
I 0.503 14997262 3024642 0.000
2 0.702 7620262 1214911 0.000 Vv
B AT SSRES WAL e O (0 oo s, S g
Total 23173252 4318460

:'1 a <Y = A Yy 9 = = gﬂ A
MNN N.-5 NANTITAATIEUNIEBINTNNAINIUNUY 200 ‘LIﬂ.-“]ST’éJﬂ/ﬁ. ATIN 2

UL : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,



Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

1 8/8/2555 15:18:53
: Admin

20

: SAM-3

Unknown

: C:\GCsolution\Data\Project1\air TCD262.gcd
: C:\GCsolution\Data\Project1'\Packed column (TCD)-CO2.gcm

5000000
4000000&

J
3000000

2000000

o

4

0497/

1000000
0 T N T
0 1 2 3
Peak# Ret.Time Area Height Conc.  Unit Mark 1D# Cmpd Name
| 0.497 16026841 3141282 0.000
2 0.698 7462620 1166169 0.000 SV
SRR T L) 1360211 200294  0.000
Total 24849672 4507745

q' a <Y = A Yy 9 = = gﬂ A
MNN N.-6 NANTITAATIEUNTIEBINTNNAINNIUNUU 500 ‘LIﬂ.-“]ST’éJﬂ/ﬁ. AIIN 1

UYL : Peak#1 = Air

Peak#2 =CH, Peak#3=CO,

112



Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

<1 3/912555 10:1:7:35
- Admin

0

: SAM-3

: Unknown

: C:\GCsolution\Data\Project1\air TCD276.gcd
: ChGCsolution\Data\Project]\Packed column (TCD)-CO2.gecm

3000000—
|

2000000

1000000~

0,690 /

113

Peak#  Ret.Time
] 0.507
2 0.690
oty s RS Pl [
Total

:'1 a <Y = A Yy 9 = = gﬂ A
MNN N.-7 HANTITAATIEUNTIEBINTNNAINNUNUY 500 ‘LIﬂ.-“]ST’éJﬂ/ﬁ. ATIN 2

1 2 3
Area Height Conc.  Unit Mark ID# Cmpd Name
12723233 2668447 0.000
9811226 1541010 0.000 \%

__2430996 327603  0.000
24965455 4537060

UL : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,

min



114

Analysis Date & Time : 8/8/2555 15:24:43

User Name : Admin
Vial# 0

Sample Name : SAM-4
Sample ID :

Sample Type : Unknown

Injection Volume
ISTD Amount

Data Name . C\GCsolution\Data\Project]hair TCD263.gcd
Method Name : C:\GCsolution\Data\Project\Packed column (TCD)-CO2.gcm
Intensity
5000000 ~" }
4000000
3000000 :
2000000+ :
] |
1000000 l
5 s v ‘ o5 PN ESAlE T
0 | 2 3
min
Pealdi  Ret.Time Area Height ~ Conc.  Unit Mark [D# Cmpd Name
I 0. 517 13380811 2719568 0.000
2 0.708 8155076 1309380 0.000 vV
A s o 2562760 . 351257 0.000
Total 24008647 4380205

d' a Eds = A Yy 9 = = 3’/ A
MAUN N.-8 NANITAUATIZUNIHBINTNNANNLUNUU 1,000 Nﬂ.-%Iﬂﬂ/a. ATIN 1

NUULNS : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,
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Analysis Date & Time : 13/9/2555 10:22:56

User Name : Admin
Vial# 10

Sample Name : SAM-4
Sample ID :

Sample Type : Unknown

Injection Volume
ISTD Amount

Data Name : C\GCsolution\Data\Project1\air TCD277.gcd
Method Name : C:\GCsolution\Data\Project\Packed column (TCD)-CO2.gem
Intensity
3000000 7
g}
|
|
2000000 o
] |
1000000~ |
1 “ l
7 |
*%
0 P S ) aa — 1 1 -t
0 1 2 3
min
Peak# Ret. Time Area Height  Conc.  Unit Mark 1D# Cmpd Name
1 0.532 7912171 1754681 0.000
2 0.709 9235822 1522461 0.000 \%
3 1.153 4142589 579380 0.000

Total 21290582 3856522

q' a Edd = A Yy 9 = = 3’/ A
MAUN 0.-9 HANTITAUATIEUN LB INTNNANNLUNUU 1,000 llﬂ.-“h’T’f)ﬂ/a. ATIN 2

UL : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,
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Analysis Date & Time : 8/8/2555 15:43:11
User Name : Admin

Vial# 10

Sample Name : SAM-5

Sample 1D :

Sample Type : Unknown
Injection Volume

ISTD Amount

Data Name : C:AGCsolution\Data\Project1\air TCD267.gcd
Method Name : C:\GCsolution\Data\Project]\Packed column (TCD)-CO2.gcm

Intensity

4000000

3000000

0,529/

2000000~

0.708/

‘ |
1000000 |
. \

|

0 1 2

min

Peak# Ret.Time Area Height Conc.  Unit Mark 1D# Cmpd Name

1 0.529 10258751 2141842 0.000
2 0.708 9847274 15321006 0.000 Vv
SRR . e e |51 L 2836493 394439 0.000
Total 22942518 4068387

d' a Ed) =~ A Y 9 = = c’a’z A
MAUN N.-10 HANITUATIEHOIYYINTNNAINNUNUU 2,000 llﬂ.-“]fIfJﬂ/a. ATIN 1

UL : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,
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Analysis Date & Time : 13/9/2555 10:30:06

User Name : Admin
Vial# =i

Sample Name 1 SAM-5
Sample 1D :

Sample Type : Unknown

Injection Volume
ISTD Amount

Data Name : CAGCsolution\Data\Projectl\air TCD278.gcd
Method Name : C:\GCsolution\Data\Project1\Packed column (TCD)-CO2.gem
[ntensity i
i
3000000— |
1 z ‘
|
‘ i
| |
2000000—
1 Z_:’i:l i
1000000~ i
0 ‘ T
0 1 2
min
Peak# Ret.Time Area Height Conc.  Unit Mark ID# Cmpd Name
| 0.463 11717061 2505891 0.000
2] 0.663 6041278 1073026 0.000 Vv
i, I 1.097 3737844 541484 0.000 ‘4 15 s
Total 21496183 4120401

q‘ a Ed = A Y Y = = 3’; A
MAUN N.-11 HANITUATIEHOIYBINTNNANNUVNUU 2,000 Mﬂ.-“h’T’f)ﬂ/a. ATIN 2

UL : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,



Analysis Date & Time
User Name

Vial#

Sample Name

Sample 1D

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

[ntensity

5000000~

4000000
3000000
2000000

1000000—

118

818125551 5:51:43
: Admin

0

: SAM-6

: Unknown

: C:\GCsolution\Data\Project1air TCD269.gcd
: C:AGCsolution\Data\Project1\Packed column (TCD)-CO2.gcm

Peak# Ret.Time

min

Ared Height Cone. — Unit Mark 1D# Cmpd Name

I 0.500 7857905 1686033 0.000
2 0.663 13344393 1906443 0.000 'l
3 1.105 6204602 766830  0.000 V.

Total

27406900 4359306

d' a Ed) =~ A Y 9 = = c’a’z A
MAUN N.-12 HANITUATIEHOIYYINTNNANNUNUU 5,000 llﬂ.-“]fIfJﬂ/a. ATIN 1

UL : Peak#] = Air  Peak#2 =CH, Peak#3 =CO,



Analysis Date & Time
User Name

Vial#

Sample Name

Sample ID

Sample Type
Injection Volume
ISTD Amount

Data Name

2 13/9/2555 10:34:54
: Admin

)

: SAM-6

Unknown

: C\GCsolution\Data\Project1\air TCD279.gcd

119

Method Name C:\GCsolution\Data\Project]\Packed column (TCD)-CO2.gecm
[ntensity
3(]()00{)(7|
1
I
2000000 ‘ z
|
1 =
10000007
0 T IR T 27 P e e e s
0 1 2 5
Peak# Ret.Time Area Height Conc.  Unit Mark ID# Cmpd Name
| 0.536 6112620 1449296 0.000
2 0.702 10564240 1733823 0.000 v
.. 8 1.122 8067407 1055849 0.000
lotal 24744267 4238968

d' a Ed) =~ A Y 9 = = c’a’z A
MAUN N.-13 HANITUATIEHOIYYINTNNANNUNUU 5,000 Nﬂ.-“ﬁiﬂﬂ/’d. ATIN 2

UYL : Peak#1 = Air

Peak#2 =CH, Peak#3=CO,

min



Analysis Date & Time : 13/9/2555 9:59:42

User Name : Admin
Vial# 0

Sample Name : STD-GH4
Sample 1D :

Sample Type : Unknown

Injection Volume
ISTD Amount

Data Name : C:\GCsolution\Data\Project1\air TCD273.ged
Method Name : CAGCsolution\Data\Project1\Packed column (TCD)-CO2.gcm

Intensity

3000000

0.668 /

2000000

1000000

0.543/
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0 e = TR

Peak# Ret.Time Area Height Conc. Unit Mark 1D# Cmpd Name
| 0.543 217846 36643 0.000
2 0.668 19274316 2663271 (2110 . ——

~ Total 19492162 2719914

d‘ a g =\ g’/ A
MNN N.-14 AANITAUATICUNFUNUNIATIIU ATIN 1



Analysis Date & Time
User Name

Vial#

Sample Name

Sample 1D

Sample Type
Injection Volume
ISTD Amount

Data Name
Method Name

Intensity

1 13/9/2555 9:44:24
: Admin

;0

: STD-GH4

: Unknown

: C:\GCsolution\Data\Project1‘air TCD270.gcd
: C:\GCsolution\Data\Project]\Packed column (TCD)-CO2.gcm

3000000

=k o

2000000

S et T e N P R ver L W

1000000—1

0.621/

0,493/

Peak# Ret.Time
1 0.493
2.2 0.62]

Total

Area Height Conc. Unit Mark 1D# Cmpd Name
162221 45533 0.000
17950445 2558664 0.000

18112666 2604197

d' a 4 = d A
MNN N-15 AANITAUATICUDIFUNUNINTIIU ATIN 2
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min
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[+
V.-1 ﬂ]iﬁﬁ—!ﬁmgﬂi]ﬂ]ﬁ‘lﬁﬁﬂli’)ﬂﬂu

AHUA 151195949 36 a.
naInnWNYasmaas 24 s,

W1oR31M3 l1ia (9./%4.)

\%
Q - HRT
36
Q B 24
Q = 1.5 2./%W.

Y o %} =
2218093103 Imaveatiude 1.5 a./w.

¥.-2 msminadszansmulumsihdadlen

~ - R Flomt1—alofoon
dszansmmlumsihiiaglon = (—————) x 100
& Toan

=1

U A o a A o = = [ A A o {
U NOATINITSUITNNAITOUNGY 0.1 nn.-% lof/au.a./7 e szuunan Ui 1
a L= = 90’ 9 1 % = = 901 1 v
FIAN WA, 2554 A% loAaz a1l uIUNINY 131.25 Un./a. A% loAaza1eu1oonmny 12

wn./a. Uszansammlunisintiaa leaaszminy
131.25-12

dszansamlumsiniaglod = (
131.25

) x 100

= 90.8 %

v IdszansamlumstiniadTod 90.8 %



AHUA

oA Y 9 ~ = 9 a J X
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¥.-3 MIMINIUONTIMINTAT oA

= a9 = =
% loarn— & loAoon

99131M311100 — ”
nannWnsamans

a? g

A% oAU 1Y 1,102 WA./a.

1A a ¥

A% loAt08n 23 Un./a.
[ ] I'4

NANNNNFARENT 24 B,

¥19A31N15111A% 1oa (NH.-% lo@/a1.4./71)

1.102 kg/m3-0.023 kg/m3

( T )

99517151119

1.079 kg-COD/m’/d

Y v o o A = = = [
i]gulﬂﬂﬁﬁﬂ"l'i‘]ﬂﬂﬂc]ﬂ@ﬂ 1.709 ﬂﬂ.-“ﬁTﬂﬂ/ﬂU.iJ./’Ju

o 74 =
V.-4 mimmmﬂ?mmmmmmw

a 4J g’/ g’/ 1
Nammmswwnwﬁmummgm 99% N9 2 ATINUN

19,274,316+17,950,445
2

Areaof CH, = ( ) = 18,612,380.5

[

Total Area =27,406,900 Peak#l (Air) =7,857,905

Peak#2 (CH,) =13,344,393  Peak#3 (CO,) =6,204,602

A ' ) Fa a Ay ya A o
lfu@Qﬂ1ﬂ1u53ﬂﬂﬂ’liUﬂﬂﬁa']ﬂllﬂﬂhlia’lﬂ’lﬁuﬂ’f]')']NawaﬁﬂulﬂiJ!ﬂW'lgﬂ’lcﬂiJLﬂulla$ﬂ’lcﬁ

¢ du b s a A dyy @ A o s ¢
ﬂ'lﬁll'f)ullﬂ@@ﬂ]lcﬁﬂ ﬂQuumﬂmmm‘wwwu‘ﬂhlﬂﬂiwxlsummcmu‘vmuazﬂwmiuauhlmaﬂhlcmu1

1F Ui az'lan

13,344,393 X 99
18,612,380.5

%CH, = (. ) =70.98%

%CO, =100 - %CH, =29.02%
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o Y o d
dandsmaq flgadrauuudiassmeneniinneseiglisunsu AQUASIM 2.1b

fl.-1 Variables

COD: Description: Description: Conc. of wastewater
Type: Dyn. Volume State Var.
Unit: mg-COD/L
Relative Accuracy: 1e-006

Absolute Accuracy: 1e-006

CODin _real:  Description: Conc. of wastewater
Type: Real list variable
Unit: mg-COD/L
Argument: t

Std. Deviat: global

CODout _real: Description: Conc. of wastewater
Type: Real list variable
Unit: mg-COD/L
Argument: t

Std. Deviat: global

ratio b t: Description: Raotio of biodegradable soluble COD
Type: Formula Variable

Expression: 0.9704

ratio nb t: Description: Raotio of biodegradable non-soluble COD
Type: Formula Variable

Expression: 0.0296




Description: Degradation rate constant for SS
Type: Formula Variable
Unit: 1/d

Expression: 0.932
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Description: Degradation rate constant for microorganism
Type: Formula Variable
Unit: 1/d

Expression: 0.03

Description: Discharge
Type: Program Variable
Unit: I/d

Reference to: Discharge

Description: Water inflow
Type: Formula Variable
Unit: I/d

Expression: 36

Description: Time
Type: Program Variable
Unit: d

Reference to: Time

Description: Volume
Type: Program Variable
Unit: m3

Reference to: Reactor Volume




Description: Microorganism
Type: Dyn. Volume State Var.
Unit: g-COD/m3

Relative Accuracy: 1e-006

Absolute Accuracy: 1e-006
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X in:

Description: In conc. of microorganism
Type: Formula Variable
Unit: mg-COD/L

Expression: 0

X ini:

Description: Initial conc. of microorganism
Type: Formula Variable
Unit: mg-COD/L

Expression: 1528

Description: Growth yield
Type: Formula Variable
Unit: g-CellCOD/g-sCOD

Expression: 0.08




fl.-2 Processes

DecayCell: Description: Decay rate of cell
Type: Dynamic Process
Rate: b*X
Stoichiometry:
Variable : Stoichiometric Coefficient

X:-1
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Degradation: Description: Degradation rate of sCOD
Type: Dynamic Process
Rate: k*(COD-(CODin_real*ratio_nb_t))*X
Stoichiometry:
Variable : Stoichiometric Coefficient

COD : -1

GrowthCell: Description: Growth rate of microorganism
Type: Dynamic Process
Rate: k*(COD-(CODin_real*ratio nb_t))*X*Y
Stoichiometry:
Variable : Stoichiometric Coefficient

X:1
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f.-3 Compartments

AF: Description: Anaerobic Filter
Type: Mixed Reactor Compartment
Compartment Index: 0
Active Variables: COD, X
Active Processes: DecayCell, Degradation, GrowthCell
Initial Conditions:
Variable(Zone) : Initial Condition
X(Bulk Volume) : X ini
Inflow: Qin
Loadings:
Variable : Loading
COD : Qin*CODin _real
Volume: 36
Accuracies:
Rel. Acc. Q: 0.001
Abs. Acc. Q: 0.001
Rel. Acc. V: 0.001

Abs. Acc. V: 0.001




131

f.-4 Definitions of Calculations

Calculation: Description:
Calculation Number: 0
Initial Time: 0
Initial State: given, made consistent
Step Size: 1
Num. Steps: 350
Status: active for simulation

inactive for sensitivity analysis

fl.-5 Plot Definitions

COD: Description: COD

Abscissa: Time

Title: COD

Abscissa Label: time [d]

Ordinate Label: COD [mg/L]

Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]
Value : COD [0,AF,Bulk Volume,0]
Value : CODin_real [0,AF,Bulk Volume,0]

Value : CODout_real [0,AF,Bulk Volume,0]

X: Description: Microorganism
Abscissa: Time
Title: Cell
Abscissa Label: time [d]
Ordinate Label: Cell [mg/L]
Curves: Type : Variable [CalcNum,Comp.,Zone, Time/Space]

Value : X [0,AF,Bulk Volume,0]
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