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N+CCa

Fig. 3.2 Schematic diagram of the Hungate station. Gases (a) were passed
through cupper chips in a glass cylinder was heated to 250~270°C with a
heating mantle (b) to remove residual oxygen. Oxidized cupper chips
were reduced by passing H, gas through the glass cylinder for several
minutes before each use.
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332 8% %
3.3.2.1 REAA %
F T F ¥ ¥ % 3 (TA medium, Huang et al.,
1998) » 35 % f& = 4 Table 3.1 o B 1L KE
LY oo AT 2~3 » & 4v ~ 1 ml Trace elements > 0.4 g
K,HPO, > 0.0005 g Resazurin (¥ i* ) 0.05¢

CaCl, 2H,0 0.1 gMgCl, 6H,0: % 1g(NH,)CI -

fey
bk

150 4t r 05gLecysteine #2 3.9 gNaHCO; 8 & {5

e N B ¥ SR & (N, CO,=80%
20%)a BEL ¢ CO, R LR .
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B M 121°C~ 15 T FISA

35



Table 3.1 Components of TA medium.

Component Content Source

Carbon source

-cellulose, filter paper 2.0 g/L Sigma, Whatman No.1
K,HPO, 040 ¢g Riedel-deHaén
Resazurin 0.0005 g Sigma
CaCl, * 2H,O 0.05¢g Riedel-deHaén
MgCl, » 6H,0 0.10 g Riedel-deHaén
(NH4)CI 1.00 g Riedel-deHaén
L-Cysteine” 050 g Sigma
NaHCO;" 390 ¢ Riedel-deHaén
Trace elements® 1.00 ml
Vitamin solution® 10 ml
Na,S + 9H,0° 025¢g Riedel-deHaén
Peptone* 1.0 g/L Difco
Yeast extract’ 1.0 g/L Difco
Dist. H,O add to 1000

ml

NaHCO; was added after coaling the medium to room temperatures.
Component of trace mineral solution was shown in Table 3.2
Component of vitamin solution was shown in Table 3.3

Sterilized stock solution was added to medium before inoculation.
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Table 3.2 Components of trace mineral solution.

Component Content Source

conc. HCl 1.0 ml Riedel-deHaén
NiCl, 0.05¢ Riedel-deHaén
EDTA? 050¢g Riedel-deHaén
H;BO; 0.05¢ Riedel-deHaén
FeCl, « 4H,0 2.00 g Riedel-deHaén
CuCl, 0.03 ¢ Riedel-deHaén
ZnCl, 0.05¢g Riedel-deHaén
(NH4) éMo0,0,4 * 4H,0 0.05¢ Riedel-deHaén
MnCl, 0.05¢g Riedel-deHaén
CoCl, * 6H,O 0.05¢ Riedel-deHaén
AlCl; 0.05¢g Riedel-deHaén
Na,SeO; « 5SH,O 0.10 g Riedel-deHaén

Dist. Hzo

add to 1000 ml

a

Add EDTA and HCI to some water first.
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Table 3.3 Components of vitamin solution*.

Component Content Source
Biotin 2.0 mg Sigma
Thiamine-HCl 5.0 mg Sigma
Pyridoxine-HCI 10.0 mg Sigma
Nicotinic acid 5.0 mg Sigma
Riboflavin 5.0 mg Sigma
Vitamin B12 0.1 mg Sigma
DL-Ca-pantothenate 5.0 mg Sigma
Lipoic acid 5.0 mg Sigma
P-aminobenzoic acid 5.0 mg Sigma
Folic acid 2.0 mg Sigma
Dist. H,O add to 1000 ml

* Stock vitamin solution was sterilized by passing solution through a 0.2 p

filter. Preparation of vitamin solution was done in the anaerobic hood.
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Table 3.4 pH ranges of TA medium adjusted by various buffer solutions.

Buffer Type pH range Source
MES*® Free acid 5.5~7.0 J.T. Baker
HEPES" Free acid 6.5~8.5 J.T. Baker
Tris* Base 7.5~10.0 J.T. Baker

* 1 2-Morpholinoethanesulfonic Acid
® 1 4-(2-hydroxyerhyl)piperazine-1-erhanesulfonic acid

¢ : Tris(hydroxymethyl)aminoethane
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35 #4773

3.51 7= AR

Ly L #r  (Gas Chromatograph Shimadzu,
GC-14B) > * (flame ionization detector, FID) 4
17 9 *2 (methane) > % 30m = 0.319 mm x 0.50 um 2_

DB-WAX (J&W, USA)
P~ 100 pl =7y, (headspace gas) > GC-FID e

b=y 1Y ¥ 5w » GC 4 #% i% i+ 4c Table 3.5
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Table 3.5 Program of Gas Chromatograph for methane analysis.

Temperature progam Flow rate
Injector 200°C N,* 60 ml/min
Column 40C H, 60 ml/min

Detector 250°C Air 60 ml/min

* N, was carrier gas.
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- 29 A T 03 2N oo

-~ < 1

=3 115 ml 2. S ¥ 10min & » 12 n-butyl
stopper ¥R ¥ F g oA oz F

(99.9 %, Methane Standard, Supelco) =% F K (10~20

% 30 umole)s® = & B~ 100 ul F 7
; i B o
F1* > 9100 pl 730 pmole ¥ = A (peak area) (7x—
To)mz AR g R
Sz )i °
—F\J_ v )= )i
ER R molesCH, Pressure (atm) x sample value (10041)
0.082 x Temperture ‘K
(moles CH, J
100 zd
Calibration factor(CF):—'u » peak area
peak area
B o
FI#* BAPRpE > LR A B & FY
fs 7B » B 100 pl 5y, (headspace gas) & #-
FRE N
L F 7 0 & 70 it 4o Table 3.5 #- =E)
A A S

47

A

K 18



[
g
~
an

* moles CH, ,y 4 = peak x CF

A

b. ¥x Bz =2

headspace volume (liters)
100 2

xmoles CH, 9

3.5.2 455 {og s (VFAs)A 14
FE5 M Py APk 1Y 1+ GC-FID (Shimadzu, GC-14B):i& {7
AR D % DB-WAX (J&W GC Column Performance
Summary) ° )5 30mx 0.319 mm % 0.50 pm ° 1 * ¥
S (flow rate % 60 ml/min) > H, flow rate = 60 ml/min >
air flow rate 3 60 ml/min > GC 4 37 % & 4 Table 3.6 o
4 g s pr & (Volatile Acid Standard Mix,
46975-U, SUPELCO) 4 #7 » &2 & A& = 4 Table 3.7 o
ol R ) Slulely ¥k sE 2

¥ (Fig33)e# #&% 34 B2 B HHES

v iR (T 2
- fk (acetic acid, Glacial, J.T.Baker) = 20~40~60 ~
80 2 100mM » » 12 1ul PN S LIV A
E (Fig. 3.4) -
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Table 3.6 Program of Gas Chromatograph for volatile fatty acid analysis.

Injector Detector Init/Temp  Init/Time Program Final/Temp  Final/Time

230°C 210°C 120°C 0.5min 20°C/min 200°C 2 min
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Table 3.7 Composition of volatile acid standard mixture.

Component Concentration pg/ml (10mM)
Acetic acid 601

Propionic acid 741

Isobutyric acid 881
Butyric acid 881

Isovaleric acid 1021

n-Valeric acid 1021

Isocaproic acid 1162

n-Caproic acid 1162

Heptanoic acid 1302
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Isobutyric acid
-
Butyric acid
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Fig. 3.3 GC-FID Chromatogram of Volatile Acid Standard Mixture

(46975-U, SUPELCO). Injecting volume was 1 pl.
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Fig. 3.4 Calibration curve of acetic acid.
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1 * - Bk /2 (Anthrone-sulfuric acid colorimetric

method) 2% 7 (Updegraff, 1969 Vilesetal., 1949 - %

41 * acetic-nitric acid reagent ¥ &£ (7 1 {8 > i -k

’

o Rk SRR = 58 (carbohydrate)fs 0 &2

(anthrone reagent) ’ o HazE 7
ZR AR ) P ’ i3 A2 5

A5 deT

1. £ % (anthrone reagent) > 2~ 100 ml A& (96.4%)
e x 02¢g s 0 ] I [EE IR gk
PFis % o

2. S5mlhgaE R & F & 1 7850xg 15 min
(HSIANGTALI, CN-3600) °

3. #vt»>3ml p&  p& (acetic nitric reagent =150 ml 80 % f&
15 ml 65 % &) J B L 6>% 3 -k 30mine

4. 11 7850%xg 5 min & >

5. 4r»> 10ml K A fs o 30

6. 4t »>2ml67% & (Vv/v) > S 6 B-]pFo
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10.

P~ 1ml 6 2 s 40 2 2ml X i ,
/EJ»@' e ”‘I)\}?}( P\ *ir%ﬁ
Vi 7J< (16 rmn) %é ’ ¢ ;;J( (2_3

min) * *x ¥ 8 (5-10 min)

2 UV/Vis & 3£ & & 3+ (UV/Visible Spectrophotometer,

Shimadzu, UVmini-1240) = 620 nm & ki o
FICE B SR B

a-cellulose (Sigma) A& i® & o R % 0~025~0.5~

1~1.5~2~25~3¢g/L(Fig.3.5)> =% 5 0.12¢g

cellulose/L -
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Fig. 3.5 Calibration curve of cellulose in cultural medium determined by
Anthrone-sulfuric acid colorimetric method.
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354 a4 k&

) # (cellular protein)z & 4 %  (biomass)
1 E o 14 %45 # (Bio-Rad Laboratories,
Richmond, USA) » 4] #* Bradford Method & {7 AR SIS - il
1@ Tris buffer g F ke N3 ) e

P 7y e ® Bio-Rad dye reagent (Coomassie Brilliant
Blue G-250) & =~ (Bradford, 1976) - & 47

1. P~05ml g 1 177xg 10 min (Spectrafuge 16M,
C0160) s o

2. “4v > 1 ml Tris buffer (pH 7.6) ’ {s

3. 2 - =X o

4. 4v > 0.9 ml Tris buffer (pH 7.6)% 0.1 ml IN NaOH >

o

5. 2 100C* 104~ > fs 2~ 0.8 ml » dr o 0.2 ml
Bio-Rad dye reagent ;& & °
6. M KEEIFAS595mm & & fE
R e AR R (2-4-6-8~10
mg/L)Z. (Bovine serum albumin, BSA, Sigma
A2153)i% & 0 £ig o = (Fig.
36 > % 1.2 mg protein/L -
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Fig. 3.6 Calibration curve of cellular protein using bovine serum

albumin (BSA) as standard.
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3.5.6 TCOD & SCOD & %~ #7

" TCOD # SCOD % % f J& 2. NaHCO; i *¢ a4
SRR B4 AR P % t1COD » 12 COD

Z_ % i NaHCO; /,"'J‘ v o353 zZBEE AT 2 #-5ml

TSR EFREEF BRES (7850%g ; 15 min){s 2_ Py B

I ml 127 SCOD e ot BRI & 1ml KA

BEF R TCOD - K#k4c » 38 2 e e
moo T o

ik » 2 COD B & 33 237 (NIEA

W515.53A) -

COD IRE:

1 ik 2_

a. P 10ml e (0.0417 M)4c » 4N 2 100 ml

b. ser 30ml ik (96.4 %) R £

c. IERE A r233 (ferroin) ¥R
=

d 7025M : 5

e v i 2 COD # &-pF U
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ER B #&COD R

2 g 5 COD (mg/L):(A—B)xCXSOOO

v
A Z. (ml)
B k# 2z @ (ml)
C p® 2 E (M)

VR (ml)
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7 B (M)= I(I)mlﬁ; 0.025M
2. P~k 20 ml
s pit (% )E 23
fvr 2ml B& (10g NL pge)>R”RE a
‘v >~ 10 ml e (0.0417 M)is > v~ 28ml &
» VR g
2T~ 4y R 0 11 150C 4 s 2 hours & > I
3
4v ~ 60 ml &9 ko R A
e x 230 2 R A {8 pa
¥



