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High-rate composting of barley dregs with sewage sludge and
its application

Student : Li-An Lu Advisor : Dr. Jih-Gaw Lin
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Abstract

Barley dregs wastes accounts for about 20% of the 300,000 tons of
beer production per year in Taiwan: The disposal of barley dregs wastes
is difficult due to the restrictive characteristics of barley dregs, such as
high protein, carbohydrates and'cellulose contents. The large amounts of
sewage sludge are discharged by households and industry which
gradually increases to affect the water and soil quality. Therefore, it is
necessary to develop pretreatment and recycling methods for barley
dregs wastes with sewage sludge. Consequently, the reduction and
reclamation of barley dregs and sewage sludge would achieve
simultaneously by using aerobic composting process.

From the results of temperature, CO, evolution rate and volatile solid

loss rate showed that the organic matters in the barley dregs and sewage



sludge could be completely biodegraded within 5 to 7 days. A central
composite design (CCD) and response surface methodology (RSM) were
applied to investigate the influence of operational conditions (mix ration
and moisture content) on the properties of product obtained (carbon
decomposition rate and TVS loss rate) in order to determine the
optimaum operating conditions for the composting of barley dregs with
sewage sludge. The range of the independent variable measured was
35-40% for mix ratio and 55-60% for moisture content. A second-order
polynomial model consistingsof two independent variables was found to
accurately describe the carbon decomposition rate and TVS loss rate.
The adsorption capacity of compost -product for Cu ( ) and Pb ( )
was studied at various initial metal ion concentrations (from 10 to 250
mg/L). The biosorption data fitted better with Langmuir adsorption
isotherm model. Batch experiments showed that the maximum
adsorption capacities of compost for lead and copper were 0.58 and 0.10

mmol/g, respectively.

Keywords: barley dregs, sewage sludge, central composite experimental

design, optimaum operating condition, biosorption
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MATHAFLEY 2 XA Fa B o - s Eded 23 905 40
20-200 = 2 B> A ¥pg AT PRI R A HTALA A B ehdl Bho dodl X g
GRS PEAT > RIARCZ R H et Z R UG E B R g
PF A AR o eI E fpik F @&%F@ﬁay\§§@ﬁg
T FLS  BAFRFMTE MG T A SRR E R g R
Bt S 2 8 0 WA 2-3 ¢ T L GF N ek R R i e
iR hkFe FREFERE S G M ELFRAEZHNBEE > BT

VAR F AR R hE Bock .

s
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221 FRARILSZBEALN
Moist
| oisture EC VS
Material content pH C:N Reference
(pusicm) (%)
(%)
Winery waste
81.6 8.3 2060 45.4 5.4 Bertran et al., (2004)
sludge
Anaerobic digestion )
87.0 8.3 83.0 7.2 Liang etal., (1997)
sludge
Oliver mill
58 7900 46.5 26.6 Paredes et al., (2002)
wastewater sludge
Min-Sheng
Nuclear research
wastewater plant 85.1 7.7 65.5 7.4
centre
sludge cake
Ba-Li wastewater Nuclear research
66.7 7.9 29.7 8.1
plant sludge cake centre
2 22 BLEE /AL E LT LA
_ Concentration of heavy metals #
Material Reference
Hg Cd Ni As Pb Cu Cr Zn
Winery waste Bertran
0.00 <1.50 24.0 48 1,342 321
sludge et al., (2004)
Min-Sheng
Nuclear
wastewater
041 564 534 36 122 249 659 1,009 research
plant sludge
centre
cake
Ba-Li
Nuclear
wastewater
1.13 457 449 54 144 887 370 1,352 research
plant sludge
centre
cake

 unit mg/kg dry matter basis
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o r g R g Mg RF 23 BTz 23 M #7 k5 i CIN
AR TR G R RFERP o YT 0L E DR T Ak o F i 35T
BABME T A E el R L A - A ER S R0 R T R
HE R FfeR EET 0 XE T RFRIES MR R SO o B3R

L3 chp AT drd 24 S o
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3023 ARATRRE AW 2R

Composting Reaction Composting
Reference Substance )
method temperature time
In-vessel _
, , Vinasse Control at 20-35
Diaz et al., (2003) composting o
+cotton waste 55-C days
(21L)
Aerated static ) ,
, Sludge+winery Maximum 100-110
Bertran et al., (2004) pile (D: 2.5 m; H: o
waste (grape stalks) 65-°C days
1.5 m)
) In-vessel o ,
Liang et al., , Anaerobic digestion  Control at 50-60
composting o
(1997) sludge+red mud 55-C days
(30L)
Aerated static Olive mill ,
i Maximum 180-190
Paredes et al., (2002) pile (2x3 mbase; wastewater sludge 65°C davs
H: 1.5 m) +agricultural waste y
Aerated static ,
Hassouneh et al., , Al-Salt wastewater ~ Maximum 30-45
pile (D: 2.0 m; H: o
(1999) 1.3 m) sludge 73°C days
Aerated static , , ,
Hoyos et al., , Gelatin-grenetine Maximum 60-70
pile (D: 1.5 m; H: | o
(2002) 0.15 m) industry sludge 69~C days
In-vessel 80-90
Diaz et al., (2002) composting  Vinasse+grape mac davs
21L) y

17



% 2-4. RERVWAFT KRR~ $8Z FRERR

. , Optimum o
Reference Substance Mix ratio , , Evaluation index
mix ratio
Soybean residues
Wong et al., (2001) 1:1
+leaves
Paredes et al., Sludge+maize straw 18:82
. 'z 30:70 OM loss (%)
(2002) Sludge+cotton waste 30:70
Bertran et al., Sludge + winer 1:1
HEaS = WINSLY 1:2 temperature (°C)
(2004) waste (grape stalks) 1:2
Qiao et al., Anaerobic digestion 0, 10, 20%
| ' dIgest ° 20% TOC loss (kg)
(1996) sludge+red mud (Red mud)
, Vinasse 0-80% biodegradability (%)
Diaz et al., (2003 : 20-30% ,
( ) +cotton waste (Vinasse) ° Kjeldahl-N loss (%)
. . 0-40% . -
Diaz et al., (2002) Vinasse+grape -marc , 10-20% biodegradability (%)
(Vinasse)

18



26 A3 PHER

2.6.1 #¥2 &% 74 (Denaturing gradient gel electrophoresis)

B RABT A (DGGE)» - AR A2 2R k2 F 5L 47
(Muyzer et al., 2000 ; Ishii et al., 2000 ; Pedro et al., 2001 ; Haruta et al.,
2002) - DGGE &_d s % & (Gel electrophoresis) #7424 @ & e- f& 3 &
LA o

tit7 DGGE # A 2% > 7 A&7 PCR F &>+ ¥4 W4k & ¢
16S rDNA A FP ERBE MR E > FRFAF BY 4 » - B GCclamp (9
= 40bp) > # #Fiz 7 DGGEFE" DNA (f§ - ds DNA) 7 ¢ = > {2
(denature) ~» B =% iFHEMDNA> 2 - dsDNA 2 A7 £ 8 > R

PR §F A ki BT Ben band (Muyzer et al., 1993) -
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2.7 ¥ 4 FeridHanE &5

ST R R R GORAR A £ & hde L ek - o F R enE R R - 4
4 & Langmuir §= Freundlich & f& > B ** 2 $= e ' cagp B = /gki;fﬁ&r%
2-5 ST fFERNF L e R &R hE £ e 4 Cu(ID), Pb (1), Cd (1)
fe Zn (II) A& % > @ - K & fEs iR feig Langmuir 08 &g fiost
(el S
2.7.1 Langmuir % g A st

Langmuir % 8 Aot ot 2-1 99570 0 @ 3% 2-1 end (2558 Blde
FV2-2 5 0 B F B Qmaxefe b F LA 1/(XIm) # (1/Ce) ER ¢

BE R AL 2w ip 217 3] ((Nurgul etal.,-2004) -

g= x/m= (b.qmax-Ce) / (1 + b.Cy) (5 2-1)
1/(x/m)= (1/b.Amax)(1/Ce) + (1/0max) (54 2-2)
#e q: =rftac 4 (mg of solute adsorbed per g of adsorbent)

Ce: wMfteR T Iz RER (MO/L)

Omax - B~ 7% ' i #  (mg of solute adsorbed per g of adsorbent)

b : Langmuir ¥ #c

2.7.2 Freundlich ¥ g &= 30

Freundlich % /8 & e s fiost cnd 3N 4est 2-3 9957 0 35 2-3 B~

L5 (& 2:4) @REen 2 K Keo ¥ o K fo 10 7 d E] T 0

20



FEED > EEAAF L7 T2 Freundlich ¢ 4x4p % (Wang,

2002) -

q. = Kec:'" (5% 2-3)
1 .

Ing, =InK; +Hlnce (3¢ 2-4)

B g, FH-FE S GR=HE (Mg of solute adsorbed per g of

adsorbent)

Ke o 3 fpic 4 2 i & ehdp ke

¢, BT Tk R (mgl/L)

21



% 2-5. j:_‘_;fi»v}.lﬁ;}pmgegkfﬁgl

) Isotherm Reaction Omax
Literature Adsorbent Metal , , ,
fitted time (min)  (mmol/g)
Pagnanelli Sphaerotilus Pb, Cu, , Cu: 0.63
Langmuir 30
et al., (2003) Natans Zn, Cd Pb: 0.65
Sag et al.,, (2003) Activated sludge Cu,Pb  Freundlich 150
Basci et al., ,
barleyshell Cu Langmuir 120 0.13
(2004)
Kaewsarn marine algae ,
. Cu Langmuir 30 0.8
et al., (2002) Padina sp.
Ozdemir Pantoea sp. Cr, Cd, ,
Langmuir 120 Cu: 0.49
et al., (2004) TEM18 Cu
Igbal et al., Phanerochaete — Pb, Cu, _ Cu: 1.56
| Langmuir 125
(2004) chrysosporium Zn Pb: 0.65
Phanerochaete. Ca, Pb;, _ Cu: 0.42
Say et al., (2001) , Langmuir 360
chrysosporium Cu Pb: 0.41
Matheickal . . Cu:1.3
marine algae Cu, Pb  Langmuir 150
et al., (1999) Pb: 1.55

22



28 $pBETKSEREMWAERZ PHKT
2.8.1 ¢ & & X% (CCD)

=0 R IE4p B {ofb 2 % i (Dependent and independent variables)

IRRER: R S TR S EE S Tp e

CCD ¢ 71 - 2° %3 %3 (F~P2) 2K BwZds (27
L) 4o Ng B @ wZf %@ FH 7 Uit did Fodok 305 B 73 ki
PO BER] L F] S TR Ehenpedr Y 1 B H o B¢ oS BT R BhenpRdE . +a o
Bt |al<1- CCD i % 2% F1¥4ks Rcnh g 38R 4R3Y 50
Fl+ fetliE (% o) Z g ey ca @2 CCD %]+ A i %
Bl Mo dok 2 S REERRER @ E- ek i o= (29)
F+ 4 6] K= 2 B a= 14145 = 7|3 &9 e &% 24 4 4o §) 2-1 977
(Techapun et al., 2002) -

Bk ? wfie N=2K+2K+1> 29 K R4 75 S 8cBiic, 113
Bz 7+ i b Ke 2 vz fsketis: 9 2 (Diaz et al,
2003) -

0 EaBL ECREcfe; % i (Visualization) 2 S #ici F P g
B TS Rk EEFSD Y 2-5 11 (Normalized) & -1.414 3

1.414 > b & R A2 ae { ﬂ‘%i%f;'.gl‘}"ﬁﬁ?ffﬁiﬁi:rﬁ PR e X2 T

23



-

——k

.#____

+ A

H..____

B 2-1.2 %5 CCD 7+ % ®

pas

[}

®

N
o

Xn=— X=X (¢ 2-5)
(X max— X min)/2

X 0 b REDEHE

X @ SETHE
Xmax feXmin: F#ch < M2 & B
2.8.2 F B¢ % ;# (Response surface methodology)
FRew w2 (RSM) e ¥ P & & S3K3 7 {3 sc# A 5 B48h

F b2 fBcnP BEpEcd it chp o Bk it P hF i 5 (V) 317
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A5 A B e (K) 5 5ok () RIE Bl 5B 805§k cha
4o 2-6 i o
Y= f (Xq,Xo)+€ (¢ 2-6)
HY g R4 F @S Y P rRp R L oo dofi o
Y= £ (X0 Xo) 0 RIS AR5 418 2 b @ AL 5 F b 6 o 117 RSM

2EFART AT G AR FEES PR

25



29 FEIg

A E e TR TRk - BRI N ) EHaOTE
THF T ims i (1) kAT T4 (2) L8 BT E T (
@z > 2003)
291 kAFETH
ko R T R e T SN
(M7w' — M7w) = Weecomp. — Wevp. — Waer — Wium (3% 2-7)
My d-dspb R i iR &5k £hE £ (Q)
MY : s F R f GRS 75 il (9)
W AEERF D REF R KE (%)
whe e E R f R 8950 5 kB (%)
Waecomp. & e 4 " fR403 125 5 2 4 -k £ ()
Wew. © k2 Z% £ (9)
Waer * FIR F @ & » 3557 ¢ gk E (g)
Wiy © §8383¢ = R A g2 £ (9) o 01538380 5 - R P2 & il et 30

P Y ERTE T

26



Wdecomp. = fvs x AMys (37\" 2'8)
s ficd % AT 1L B H A 2 kL RS (EE )
PR R AR e PRTA G  A 2 k2 B L 0.5236°

AMs @ Sl F fls- KR SEF 2T 55> 2 (9)

PP ORRIZRZ R ARE TS gk SR TR F

oo HABR PR E RS S ot GRS BB B AR AT LR IR & P
Z_ it %‘3 )7\“ f—; C30H51N025 ° TFJ::‘;{ Tf'—i L ’iﬁj’raifET ’ /Iﬁhv’(i 'Jf;" /o ﬁgi’g_ﬂw s é\' 'f;”

it B g i AR T A

C30H51NO25 + 29.50, — 30C0O; + 24H;0 + NHj; (7% 2-9)

d PRV ae ] ¥R R A LSBT AL 24 ¥R GRS F L L H
FE G R LS T U A4 05236 H = ks

TR TR A K F R 4T N

Wevp. = Wair + Weur = Mair X Wout (% 2-10)
Wy @ R ERIBWHPN - 1 BDE kA RITE ()

Wy, (W%EP\ - LRI & fﬁ-é\i/') ’ Zs“%% ;‘L) = %jﬂ}iﬁi’i@_w%ﬁ\}E

27



SRR F A s P gk F 4o

Waer. = Mair X Win (¥ 2-11)

Mair - R 5 £ (9)

Win - B F Fvks 72 2 (%)

292 WHFE G BFfrr A FE LG

A R R ST A

AMi = Mys — M (¢ 2-12)
My @ Hc4 47 % fR4T5 15 $8 47 B

Miys @ A= 4P Y i R & 75 5 34 5 g g £ (Q)

Mg @ 300 £ e f (53840 e anEf (Q)

e ke g e o TN

My = My + My + Man = M7 + My + My (¢ 2-13)

M@ e R (R 3857 5k it E R (Q)

My @ A4 i R S 3se 5 @ ok A £ £ (Q)

Mash : A= 4oPER i R &35 589 cnt P E R (Q)

PR (R D) e RE B i AEE T Bl bR 4eT

(% 2-14)
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M'ash =(1'Ri)[MiT(1'wi)J (3 2-15)
i e I R G0 SRS 8 U EA S S

Mivs :Miash RI - (;\ 2'16)

NEF - BRSO E T N

M7 = M, + M+ Mhn = wMT + M + M (54 2-17)
MY : st £ s f R &35 5k chin £ £ (Q)

M\, @ 3a%e F Rpsf f R &35k ¢ kA £ 8 (Q)

Mien @ 3250 F RpERF f R S3% 58 ¢ chh x££ (Q)

PR T A F R i I g o 0] R e T 3

f__ M N
M’ ash + M’ ys.

R R &t A TE "
i = (1-RO - . 219
LA g B R B KA

f f R X
M vs = M ash X 2-20)
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¥=% xR 2aHH

AT RSB FRB LV RESE kS

1
=
;‘i
%
T
(%
a3
£

IR - HFEF B FRR ST R G FRiEARE T &KX

N+

3¢ en? oL £ 2% (Central composite design, CCD) 122 & o & ;
(Respond surface method, RSM) » rz #p i& 7 & -° e7F S 23S 1 & 3 ik
fEig it o

LS

31 FHRHFEXRA
311 F%HH
(1) g™ kizik

AL 2 S B T B R AR s R IR R SR K
e - XHFF ARG OE O FET S 48 T RE R AR R AR
RorMaE h L S TR A K F R b 4°C AR
gy o AA AP Aok 3-1 9557 o
(2) # &+ (Bulking agent)

—BE N I AEH IR AN S BRRE o AT RS s WA
BEARRE D ZRF RN A 60% Fo F REREACER 3-1 577 0 K
Bl xplge gl UERTFIAFEHF BERRF 2 ERAAF LF R
BB RE AT REFUARTLIREIHAFRE  AFETLF

fo CIN w22 H > H k& & B frded 3-1 557 o
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60 |
55 |
50 |
45| e

o P
35} &
30}
25
20

—s-Rice hulk
-o- Sawdust

Temperature (°C)

0 20 40 60 80 100
Time (hours)

B 31 A S feRirA 5B EHF REA F

(3) A

BAED hb st aged s a2 BFY o A FTRERAS 2 o - L5
FORRIEIT o O GRY RH - FEC N R AR RAP AL A
ZRGEHR BRI R LA E e L (S A B o Bl PP %
BAEFLSREALIFUEBLERABL R NASA S ESPEFod
3-1 #f7m o

312 F%EKH
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2 31 FRFHEZARES

, Sewage _ Recycle
Constituents Barley dreg Rice husk
sludge compost
Moisture (%) 9.5-10.5 750-76.0 10.0-110 12.0-15.0
Ash (% dry matter) 3.7-4.0 300-310 11.5-120 12.0-13.0
TVS (% dry matter) 96.0-96.3 69.0-70.0 89.0-90.0 87.0-88.0
pH 6.2-64 6.3-6.5 7.2-74 7.5-78
Sewage . Recycle
Elements Barley dreg Rice husk
sludge compost
C (%) 47.8-491 36.3-364 41.2-414 41.0-420
H (%) 66-7.0 55-5.6 53-54 5.7-5.9
O (%) 405428 52.0.-523 51.8-523 495-51.0
N (%) 28-34 59-6.0 1.2-14 23-26
C/N 141 - 17.5++6:05-6.17 294-345 158-18.3
Chemical formula C13H31012N C7H1308N C38H59036N Con33013N

PR MAEELF G, R MBI R SR MR E A i

e T

1) M EEEFLF BH

FRethz2 i8: 248415 (2/2 50cm~% 50cm~5 0.5cm- »

B A 100L) F fhhene B- KIER &R BN 45 AR

WaE o R B R e R Bt 30 L KB R R R E (Timer) i@

2z IR > AR T WL P e F B RERESEPERL
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B 3-2. F BRAESEPRLS ¥

FE s RPN PR E R A 3-2 om0 KR et B 2 Rl A
SRR T AU 0 0 R ) AR R B S

8 F Bt A RRE 2§ AACE R ISR S 2

couple) # » & it ® AR RIE A < F B S k- F AR u g

ERIDEFMY - F CRUERER - FRRE TR BB 330 F &

N

B 4B 34 v oo
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B ok
CO, /0,
29.8|[29.7]|55.3 A 17 &
r—rL___J ABB EL1020
G G CO, 20.8%
CRIE 0 0%
T\ A
N\

y
PREEHE

B

o2 %

ARk ek KR

3B _/

[
»

B 3-3. R%KAE R

(2 #F 2 mERERA
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(3) &2 cHKA

AT S R g AR o R Y Ak E
FALR TATEINT 32 BOREBY o L ER S RE -G EE (MR

TR R ELR) CERMN R e rp st 2 o R - ERS LR 2
Bl B3k g Hef A f 5°C - H A pF MY Srkoa & ok 1l
R S Y- S T

4) FEERETE

F@/ﬂ-}i{u [ )‘F@ﬁﬂ "~ %éﬁ‘ ‘%@F’E/FJ S

N
=
Rg
W
&
=y
IR
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(i
o
&R
53:\
ﬁ?

o TrEER o FRERKET ‘3*3%] Rigd &% 06 + B
PEE S B R T R SRR A e B TR kAo
(B) = §F "RIERA TR

EARE RSN - Rix s ¥ - Rixe 20-100 L/br
ZRAE R E D - F CRUER ATk (ABBEL1020) TR T R - §
2R ATER A BAEN T AT R Bt F g Rz 550

o

%

g

BRI+ BRI T TS ERAETREE S BRI E e s
O ko

(6) jﬁ"c%}"fvgj ‘l}f L

HeF AR R RMA BR oG PRSI RATRE L TREERES 1

(7) R+ B¢

oavdaie B oA RAF B AL 0 Mes s BiEARY FATRE O 2
BE -
(8) #Ls

IR (B 3-5) 2 182 8miF (E 60cm~ % 46cm-~ § 64
om > R 180 L) > PN fiek SR Bl B e WRE ¢ 0 T 1l

EEF L@ ¥ 30U AR AR E SR ZPIBF g e
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3.2 Rk

FohAGzBA (B 36) FLEHER Y F-kF 2§ VB B3
FREMES R g > pH CTERZEIFTIREAFA
PARE A EFF it > Fokeny - PP T &L 27 & & 2E
2R Jed dEEF R EBREBPDT R o 5 PRI A A S 4 F R P
DGGE » : BB $ a8t T Ki5 KR LW T HHBR T o § = KB 5 - 13
BB R X BT L - fhATehd A kgt £ (Cu ()~ Pb
(1)) FFH LT R FL 5 W A SHL G I R

BIRE & e 4 oo
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Ascertaining the Operational Factors

Mix ratio

Moisture
content

v

Central Composite Design

:

Composting mixture
pretreatment

:

:

Sampling

:

Sample analysis

:

—p»| DGGE

Using maturated
compost as a

Reactor (=sse——pl biosorbentto absorb

heavy metal (Cu (II)
Pb (II))

MC, ash, TVS, pH, CO,,
O,, Temperature, TOCw,
TKNw, Seed
germination test

Response Surface Method

:

Establishing the Optimum
Operating Conditions

Bl 3-6. F & iA2H
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AR BN B EL L R EE R R e R R
Rk o FIEHIe FRATJL ~ W2 B F > HFHRAITEHF > Fwp
FA AT
(1) Bt g

WPda T oRF R fERA B R R 2 LR B (F At T RIE R

REFALL 10 kg) » b PR L5 F R A G ARG GS v RiE P

N

2 P Hede kB b2 R E BRI TE 7K

43

(F et indeie frfe il W
ARG 2kg 2 3kg) o EE AP IR L35 B F B S
% o
(2) ##2 3 5

MEFESEEAF B 2R (S 5 rpm) o - T
PR (%% 20 2434 5 A dm) PR paE i R WA AT

2 Feff o FridF B ERTRRLPF R (15 Lairmin) &4

=

(3) H#HkA 5

Weo RER (812 L PE) B F BRI B BESS 100-150 g 35
TG BPEE B AT RHF R RERLE c REENAESS T
At pH RHRGE S X8 2RI R BB RE S RFE Ao T - A

BN AR e 40C R N pRALBE A
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34 A£5IE P F 3%
AL AR e FEA AP FkF B ETR& pH T
W £ TLW\/}EE VA ERS SR AP :\_\F ¥R ~ 7 Ap Eres # ~DGGE

Fotkd TP ~ 2 2R LI R FEAE 32 47T o 4 AT AR 37 7

>
o

341 BRZ - § 'R

AP EfREARY 2 FHMAGF CRERZF BHEAR A BY - F
CRERAAFTREZALTBEFEFNER
342pH 2 T &

pH 2 T # A @ chplad#inivfayer 3 55 -kix 1:10 (w/v dry
weight basis) ‘¢ iR fo2_ 1 2 & E Pl
343 Kt~ 5okEE RITHE L HWS

Gk F 2 wITg B Ry A ulied 103°C 24 ) e 550°C 8 | pF

\F‘b

GenF R LB EE & o

3.4.4 3w E B

d 30T AR ik B L R 0 R 3F S e i AL TR AR R IR
A g R R R S e R 1 FIR AR PR PR o gt KB 0B 18 0 3
A M- w k qer 3 g3 ok i 1010 (w/v dry weight basis) 52 e > 48

BREFT T - s> 2 2000 rpm e 10 A48 0 B FR S 045
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Reactor

:

Sampling, 100 g

wet
|
2 y y
85 g wet 5 g wet matter 10 g wet matter
matter
|
A 2 L 4 l l
80 g wet 59 wet Compost DNA Extraction
matter matter extraction
¢ * solution l
Drying (105, 24 | [ Add water 50 l PCR
hrs) ml
T TOC, TKN I
¢ Analysis
o pH, EC DGGE
Analysis

v

Drying (550 , 4 hrs)

:

TVS/Ash
Analysis

B 3-7. R &A 17 ALH

um g ki@ (Wong et al., 2001; Kwon et al., 2004) » ‘5ot 3 284717 2. 3
B W OB TP RBIRAPE G WA S RAPYCNF 2 A F T RREL AT o

3.45 &+ % ipli# (Seed germination test)
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F s WHATMAN#1 iz & @ > % 50 3+ (&7 %7

2 BT LG BF) LA GRALY > & 20-25°C B T A 48 )

4 32 AH5IEPR S EERE

Analysis

) Method Instrument Model

item

pH NIEA R208.00T pH meter Suntex sp-2200
Electrical

EC NIEA W203.51B Suntex sc-120

conductivity meter

TOC NIEA W532.51C TOC analyzer O - I Analytical 1010

Moisture  NIEA R301, 01C Oven RISEN
’ (103~ 105°C)
Ash/TVS  NIEA R301,01C Oven 550°C
CO2/0O; C0OL/O, analyzer ABB EL1020
TKN TKN analyzer Gerhardt
Temperature Thermal couple JENCO 791
Weight Platform scales JADEVER JPC-150

BLRS Tke TP 10 ml FARk D PR A Y TS R
# (Wong et al., 2001) -

346 A3 3 B P
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AFT R TR Y 0 B e $e genomic DNA S £ ie 7 PCR #-
# 16S rDNA fragment 2z = t5:2{7 DGGE § A A 45 A4 H T A BT 45

A G2 'ﬁ»’%i félv’ q.ﬁk}:\rl‘?lgff”‘/}ﬁfﬁ?ﬁ;

3.4.6.1 DNA %2~
% 52~ DNA Kit &7 5B picd 2. DNA o F]Z 3wk & € v
Befi b oRA > B S B A FER R Y o A AT e r i

Foold ok (RE) RTZRAeE P EREY o 3ma DNA

3.4.6.2 PCR ¢ %%

#-Z P-4 k2. DNA § 5 dksx(Template) » 12§ § 2. primer & {7
PCR » &*+ DNA t& - 2% % 17 519fGC & 907r i % primer o B~
10 ul PCR master mix ##&] > 4 » primer-r-GC 1.5 ul %2 primer-f 1.5 ul >
# 4~ 2 pulDNAtemplate » & is4c 2 33 ka8 1 50 ul > f #c B i 4~ 10
i ieis PCR 25 o
3.4.6.3 DGGE ¢ %%

2 A PCR A4 > F 5224 2 kA3 £a G i &
Acrylamide kR > 2F5% %5 PCR F Risa$ 55 200bp» if & ¢ *

10% acrylamide & & % (4r% 3-3 #f7r ) Denaturing # Fl:E# 30%
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% 70% - DGGE condition # 1 # ¢ TAE Buffer # 2 56°C -~ 200V 37

BT 300 A 4B o 2 (5B d L EtBr 44 (S E o

# 3-3. MHER

Acrylamide DNA base pair

concentration

6% 300-1000bp
8% 200-400bp
10% 100-300bp
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35 P FHAD

Bwf Rk 5 2 FlF (BEV -~ ZkEF) hd LR H
PBEWLEAAEAEE SRR E2Z B (BE 10kg B & 50% T
ARG R SKg) - BEHELF BREA B QLT LRAMS A S 2R
AfEF o m = BT REANWEGT S BOREER B E (Xq) S
20% % 80%: 5 -k (Xo) BIEE_40% I 70% o H *r4ffuchp 2R %8
(Natural levels) 2 %75 % #c (Coded levels) 4-% 3-4 #7171 o &d st
#88 Minitab ¢ & & SR PP F I kb s BE 0 P BB F

BArri- £ ERE 1 iR RI0H 35 17 o

% 34, FlF R4

Level
Factor
-1.414 -1 0 1 1.414
X1: Mix ratio (%) 20 29 50 71 80
Xa2: Moisture content (%) 40 44 55 66 70

46



% 35 DR iviEi

Coded value Natural value

StdOrder Moisture
X1 X2 Mix ratio (%)
Content (%)

7 0 -1.414 50 40
2 1 -1 71 44
8 0 1.414 50 70
10 0 0 50 55
3 -1 1 29 66
1 -1 -1 29 44
9 0 0 50 55
5 -1.414 0 20 55
4 1 1 71 66
6 1.414 0 80 55

11 0. 0 50 95
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3.6 fI* FRw LR HE £HT %

R rEB2 F £ s Cu( )2 Pb( )A A #rE® 3w s o
B i B TIE R T 2 BT - PR B 3t 4°C 4
BEv o Mg g 2 O p R RE o TR I RS
5 B VAr 2 403 cnd oA Cu( ) fo Pb () B i i3 iR~ wd
CuSO,4+ 5H,0 122 Pb(NOs), fie & 1000 ppm > £ d &5 % 2RI 7§
Sk e 4 xR sk pH ¥4 » A d HCI fv NaOH (0.1 N)
KA EI R pH i -

S FERART A LA RIOAHY - akd pH BEF % VL
- WL w] i Langmiur ZF &G F 5 % Freundlich %08 A5 b3 S o B
o B3 iw g v Mt {8 PR AC 240 4 17 Energy dispersive X-ray
(EDX, Hitachi S-4700l) -

3.6.1 pH &% %

F%E Cu( ) frPb( )kARY 5 50 ppm & pH % §F
5280 F At 7 B 250 mlehz £455g¢ L4 r 1g FEwE 50
ppm £ £/E3 % 100 ml > 2 (58 pH A3 2-8> 2y B B+ 5 250
rom 2F 2 -]} 5 2000 rpm Hre 10 445 BH B E 0.45 um

AR d LGN RS ek ik (HITACHI model: Z-8100) & 4 47 o
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3.6.2 Langmuir %8 s 9 %
Cu( )= Pb( ) krR~»WF#s 10, 20, 30, 40, 50, 100, 150,
200, 250 ppm 4 BikA - B4 B 250 ml thz £4ECE 4 r 1 g FR

e AR ERE £BAR 100 ml> B pH 2 d pH &EF %71 5

fgz. pH By R B2 250rpm B 2 ) PEs 2 1555 2000 rpm
e 10 2450 B~ FERE 045 um g Af d VBRIt kR &
PR

3.6.3 Freundlich %8 sie '3 5%

Cu( ) f= Pb( ) kRS FH =i 50,100, 150, 200, 250 ppm > =
- ERPNB B 250 ml g0z £48A55 & 4 ~ 0.25, 0.5, 0.75, 1, 1.25,
159 F#mwuz p- ERELZEZRA00m A% pH 24 pH &EF
Seer B2 ff pH ok R EL 1 2501pm BF 2 B 2 f kg
2000 rpm &t 10 A48 0 B~ ki 0.45um R d LiEN R T o

£ R AT
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FrE BERAHEG
4.1 $pmBETRFRAR LD %
bave ol fe e AR Y & Tk A PRI R BRT I B i3

s L AT ) THAFE TR o W PWHF e RAER s W

W

Xr

g

=

ot B - 35 p P 2 Ej;l_-r"lu/P_%ﬂg{lﬁil-%K§;:4tI} | %_o L BF

ﬁi};}gﬁ’f’]\ﬁ,ﬁ. l——iﬁw ‘L@ﬁi“’ 7w jt Kﬁ'yg? 3%& s A 1Y 1-}‘—3\:‘ ,pl_L‘,;\,

S@‘
\_

TR B R TIE R e RGP (B 6 1 B0%, FokF
55%)> flarie B 47 FTALEL e B Y P ST ORI R B EM (8
) b"’fmfé? v B Ard 4-10ErT s e RS R A E S A 10 kg o
AW R R fE B A £ 2 MEE G 22 kg fr 3 kg o iR dn i R P
5 PR o T GE R R AR o 2 A 7 R A EL
55% o 1 S SR F o A ML R £ X3R4 0.3-1.2

L air/kg dry solid-min (Kulcu and Yaldiz, 2004) 2. & > @ *8 3 “r:5 % & *

2N

24§ € 5 1.6 Lair/kg dry solid-min » #4455 5 1 :2 (4= 5 » 484
SHEL 10 A4B)c 3RS A 300C BAHE RER C FoRF -8
HHEMHAMPFASF 2 F PRASF - THER B BRIy S
FTF&RMNE pH EX TR F8HF i L dpihifm B L A4 40T !
411 F R R %1

FRERRZHRBEREZ Ytk - > a2 P ILEBF B 11
P
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% 41 $40 50% §kF 55% e

Material Weight (kg)
Sewage sludge 5
Barleydreg 5
Rice husk 3
Recycle compost 2
Water 7.85

3 ¥4 W enfe & (Hassouneh etal., 1999) - ia‘"ﬂ’n%”ﬁﬂwf* 1k 4
A ETREF B TR A AL K2 F P2 A5 (Pena
etal, 1992) > d >t 4 X g A3 EE B E ~ Hin 2 HEATE L N T
de b F RHEE k> RERERER AL E cd B 41 T FoF b

A 18 P RER LOF BREFY TR ARE Y 22 B EwE

—

(=)

47°C » 7 it » % B 4p (Thermophilic phase) » 5 s pF3a s i kv 4 &
At 8 2 7 ik o 2% o 45 F (Wong et al., 2000) - L+
FokFenT e b pH B A HeA R MU L S R B T R
Lo ERA BRI EFER e (Hoyos et al,, 2002) - B® 1 &% 5

FRNEE FPV BB F G 45 Rz 2V E R A
APRGRFILRELPATHRE #RRR T KB 57 25
o MR IRTEE (B0°C) T2 LA LA YT L IR

Fe g it o v 1El 4-1,4-2,4-3 'F"ETTTP\ g gt GREE o HER
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B % AR S i E - S e Rk 45 BEARAKEEINR  f
HAD e A AN FF AT EICRREERABIT > AT FHR
AFEEA RSP T ERFBER Y TR E > BAWEEL Fa P L
(Hassouneh et al., 1999) - 4p# 2. T % T K5k 7 ERBF > F BE AR D
B4 12 BEAXEEAL > @ 2R 45°0C b g R
& & 80 'J‘Fﬁ%éiﬁ)ii]ﬁa“ii STFR AL A AR I XANTRS
ALY T LRI WFTIER. c BEFE-HKPEF TRKARLTER
B FER AYRET G BFDSMEAS -
412 pH g

PH 5% it ¥ AR 5 il A deiddz & &0 pH B MP| ¢ 32 5502 v
ZE e - AR E KLY FE pH EFE R Y 78 2 F
(Nakasaki et al., 1993) - 4rB] 4-4 #7114~ 4p3ae sl pH B35 6.3 d
BP AT aF A 31 R pH g FlicE b R R B AL
Wira e A0 &bT %23 5,05 =+ (Mathur, 1991) - & &1
By EEELE > BEM pH B4t 231 9 24 EAREILF]
7 ¥ Sik4 # % i (Ammonification) % # ¢ (Mineralizeation) % » &
BEAEL NHS 2 NHz» # 2 ¥ pH @iz52 % (Bishop and Godfrey,
1983) - ' i) 4-4 ¥ 45 v UFRF T RFEZERFEFpH B2

FOAALT A S A Ak H RFIR TS B pH A e 1 o T
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Temperature (°C)

0 20 40 60 80 100 120
Time (hours)

B 4-1. 3% i i§fe® R L% (MR:50%, MC55%)

B A (o)) ~
o o o o

w
o

Temperature (°C)

N
o

0 200 40 60 8 100 120
Time (hours)

B 4-2. 3awitiEfe? BR2Z %21 (MR:71%, MC44%)
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(o2}
o

al
o

w
o

Temperature (°C)
N
o

N
o
T

20 40 60 80 100 120
Time (hours)

o

W 4-3. & faafedinie G FR 2 B

10

‘—‘~‘/ d -®
vd

o P 9.32

5.05

4 2 [] 2 [] 2 [] 2 [] 2 [] 2 []
0 20 40 60 80 100 120

Time (hours)

B 4-4. 39w A pH2 $1 (MR:50%, MC55%)
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ot 0-0-9-0-4
o No—0-~
o-0-0__o-
/3.82 ~e-0-e
8t ® '
I /
il
6.88
ok
5k
4 [ [ [ [ " [ " [
0 20 40 60 80 100 120

Time (hours)

B 4-5. 3w it e pH2Ei (MR:71%, MC44%)
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Moisture Content (%)
a1 a1 (62
o N ESN

i
[e0]

»""‘o\
- 0—-0-¢
\o
‘o-o\
- °
- \./.\0\
®
0 20 40 60 80 100 120

Time (hours)

B 4-6. 3de A2 5-kx2 $ (MR:50%, MC55%)
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A E R PR e de pHOBRF o Fla s fopcd Foa R R

X

A o S R SR TORFAGEREF REAT LG BFY
IR Flo pH BX XA FE AL el o B 45 ¢ 5 e ¥ 60
P PFERS pH B IF TR 0 R TR d 3t g e 0 & g e s gl it ;;]/pi fL g
v & 4 g -+ o7& (Wongetal., 2001) -
413 §okF2 i

WiwiEiee okt EREREAEY REL NSk - FkFEE R
PR enE s Flo v ﬁﬁﬁﬁﬁﬁ?%@ﬁ%i%iﬁﬁﬁﬁﬂﬁ

% % 7 (Hassouneh et al., 1999)%s.5. [B] 4-6 ¥ 4 M3t ¥ {2/ i& (7 B A%

oo BRI b ABF L T IE S s im R AL P 2 KHEE R T
b2 i ABE o B R Fs SHETE A R B AT Ml s 2
FTWFEAL ARk > BBV RS RBILERYME (B 4-1)

Wm0l 23 o ek AR 10-30, 30-50, 60-80, 90-110 i ] FF =+

’

TR AL PR R R F kS E G B i

NV

v

o

-
=kt
—';\
[
|
(u

kA SN TFI BB ERCE N F AR A Gk As o B R4 2

7

S

a ,ﬁ—,ﬁ’_}i-lff; E"_. Eﬁ,ﬂFF'“r‘L‘ o K }@—70 Eﬁ g’J\—;}‘E‘J‘Q ;{agv—r %oy d ’/\fg}ﬁﬁ

FEHFE RS TERTA S c B SRR FEL S FE KT

B~ 100-150 250 > &2 F e R A TR ZokF o ptoh s AP 2k
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gFES T A FEAREF BRAN S AFTI T2 FokF G 4

v

BoBARBWHEMTE p P F 02 NT AR B R G ey )

_

|

A AL e
414 TERE2Z B

THRE (EC) F T 3w ? BRIV 2R 4oB 4-7 977 > ek
BiEse? EC @7 0.3-1.1 ms/cm 2z FF%d o 22 5 g v i (B 4-1)
EC Bt 4F ~ REFRF - EFHF - » & 10-20, 30-40, 60-80
1% 90-100 | FFrFEc > MR EC e g o> a4 IR % Ad NS F A
fEF A A B 2 s B (kB {frg 32+ %) (Wong et al,,
2001) - s F e R gt b 80 [P {E EC fEut e 0 VoA A7) S
BOEADPRE R L {eAH b BEAREEERSE S (Wong et al., 1995) > @
P EEA T RS L HE S g R g A
(Hassouneh et al., 1999) -

415 - F L RAFHRAF-F AL AR BT

\?m

- F CRAST R PG s f25 (Kwon and Lee, 2004) o i 5w

iR o AP TER L FHATY 2R FRAHEY 4 A

ey

CECF Wt o WP iR g SFCRAFAR 0 TR S

CRLE S AP B e KA PR BnF R S PRE o ot FE] 4-8

ey

SR 41 LERREET o S F CRERESERR AN 0 - F 4
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B 4-7. 3w i igfe? T EARE2 % (MR:50%, MC55%)

_. 20 8000
<

% >
> 16} P
2 16000 §
O —_—
9 12} S
2 {4000 &,
® O
% 8 , O
c s
=S 3.254 2000 ¥
S :
3 | 5
N 0 . 1 . 1 . 1 . 1 . 1 O
S "0 20 40 60 80 100 120

Time (hours)

B 48 i 'RAFEIHAE2Z R (MR:50%, MC55%)
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7L
1B

M2 PFREGO AR o ed SRR E G RAArcEk o F R E AP
W2 TR A ATR vtk F PR A e B R RERS oA 4 e b X

¥ - F YA S A u L 144, 13.2,15.8,18.8 2 15.7 g CO,/kg
VS-hrs 2% T2 F B B A% 47,46,58,63 2 45°C - ¢t 5 ] 4-8
PR3 PR R O AR R F - F CRA T R A
BE BAEFFLR A d B 49 TREREE-F CHAAFEIRD A
RO BRAEFAN-PFRRBFEZRAAE 7RI F PRAE
% o Roger (1979) #7214 = §F P A FAJF S MI Qiht A5 2 2
frzo— o TEARG AT E AR R SEFF BT PRAST &

F sk 120 /) pEis T % ) 3.25'9 COxkg VS-hr» &% & 160 /| p*

51 149 Mt hoA A S (188 2L AL — v ipd A R T KR
RAAT AT X N E TR -

4.1.6 %7 #p (TOCw) fedm< § (TKNw) 2 %1
AT BARBER T TREF B TS JEORAE > A PN § ke
BRI R AR F I d R B s Bt
BIT UL o T P E L RF SR ) o B 4-10 BT 307 B
AT WRR L R R AR AR B2ER (R 41) koG 4 B
A Heppr PR o A AR B ] A FoRfRIES R BT

e B ARG B B R R R L e P
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12

10

*

y = 0.4839x - 11.164
Rf = 0.8893

CO2 evolution rate (g CO2/Kg VS-hr)

20 30 40 50 60 70

Temperature (°C)

W 49 - § ta A% gERe Bt (MR:50%, MC55%)
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Bl 4-10. 357 EA2RF B2 %1+ (MR:50%, MC55%)
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Tl Z) NP R B0 R SN3LG ASEL K TR AP e o 325 5 18 80 ) pF

FRWRTZERC o MAPFET Ay P £ LR T -
Moo § gV ABF AR 4-11 from o0 Bk A4 60 ) PER ’Z%ri#%%ﬁ“ﬂ
FOOIEFLIEr A X HT %G 3 BOEOBGEZL o F 5 50 ]

o N FRAPREL < BALE B EA BIAIZ T 5 2 15 RIAB R e

417 BRITF P FMPIFL T2 B0
JRIEFHLAMS (TVS) Phan 257 A2l B8 s F U fzsr
f2enlEa; (Kwon and Lee, 2004) 5 %t - o H3p 4 5 7+ By fdpicd 3= 1 #
AR o - a7 o e T AERI 2 A T R AR
FAfE eh e > B9 L5 °20-30% AT 1 EMY R ER L - §F
% -k (Penaetal, 1992) - d B 4-12 2. TVS S *B¥ =w55&E 5 % 2
il A G 0 VDY 23% FAF oo -4 TVS AHEERE A
35-40% #= @ (Garrido Hoyos etal., 2002) > ie d »> % 4@ 7 5 # 5 i
faes (rFaZfrA TR E) ER 5 s mErEp TVS dudf 4 Ff-
e o Rm > TVS 4 SRt AT 2LE RAMH S AES > G = K
AL RE R B IR 156-22,40-60 2 70-100 ) pF2 B o pt ot GO AR
Wi Bk ARG PR (T Bl 41 2 Bl 4-8 4ot igi) 0 fEd AR M 2

T T EE R A T AR B A fR2 )
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4.1.8 3w B4 2 R &

- ARl RN BR S E T O B R S P Y X P S E T e

=1

B (doppd ) Sdpiekd 2 - B R% A T 0 A R AR ERY L8R
i3] 50°C v R R o PR ST A RS R s b A
7P RTEARR TR A £ R 1993 £ 41371 U.S.EPA40 CFR 503 2
FrORge R 2 g (Bio-fertilizer) - ik k¢ R SR F % b iR
Bomdgiezm g o FaY N AERE (In-vessel composting) @ & &
B 55°C r a4 3 x b pli A s (Class A) 2 4 4 74
(Biosolid) > st 15 — B F M@t kA LG LR A - A K;m B &4
PBHAMZ P e S RaaeER  FRERT G 4 AL

55°C» b % 2 4 I FRE T s ST (B4 1 A &8 (3 193 2003)
7

A
A
=
>§_
kit
o
g
_r
P
=2
(w
(e
=2
>a
=)
[
et
-
(4

FI'B s B FM2 R 7

e Fps g RELAF TR SR AR 2 4K
ZH RSO IE 48 L R 2 R RS RAoB] 413 ATF o el
TRl RS b EY AT L E T T 64%  HRLE V5
76% - - #EkE ¥ 5 4pdkc (Germination index, Gl) z & < ** 60% ¥+

(Diaz et al., 2003; Zocconi et al., 1985) - &g R S iE3a e 2 K {8 2. & F- T %
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& HHEP B g gl o
AT A R Y o 4ol 414 i > B RiEARS AT 5 AR

AR & - R e2 gpd - RoFERRE -3 PRAFUE 5

FHFHREY LB B2 gk Ry AL 2 3w g SRR
PRI S R o gt BiE S v g B AR e e 4-2

8
-
=

gl
N\

R A B R Bl Rl AP E 2 4
POEF]S 0 RIT R ERCE 20 R R B T ST o b
fgod AR *FRITLEW R > ARy E 2R L TER TR
2 o AR SRR A R T 2 F £
2 4-3 41710 %1 s i B ACE S AR o R a R
FAMREL PN 0 T B s B B Y W 2 R AR A T 0
BRBALFE LT o ST T ORGSR R R AT X A £ T A 2 A E AR

* o
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B 4-13. 5 5 TR % %%
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Compostin Compostin
Reference posiing Substance Temperature .p N9
method time
High-rat
This stud 9 ra.e Barley dreg Maximum 5-7
'S study composing +sewage sludge 64°C days
(100 L)
In- I
, " vess.e Vinasse Control at 20-35
Diaz et al., (2003) composting +cotton waste 550G days
(21 L)
. In-vessel Anaerobic
Liang _ _ _ Control at 50-60
etal., (1997) composting digestion sludge 550G davs
g (30 L) +red mud y
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% 4-3. Ap T REs AR RE 2T EREL

Metal concentration limitation 2

Country
Hg Cd Ni As Pb Cu Cr Zn
ROC 2 5 25 50 150 150 150 500
USA 17 39 420 41 300 1,500 1,200 2,800
Japan 2 5 300 50 100 - 500 -
Austria 2 2 25 - 100 300 50 1,500

Canada 0.15 3 60,10 150 60 50 2

Germany 1 1 50 - = 150 100 100 400
England 2 10100 - 250 400 - 1,000
This study - ND 102 - 26 44 156 208

Data resource: U.S. EPA. (1989), Barods et al. (1992), Briton (1992), Furhacker et al.
(1995), Haug (1993)

@ Unit mg/kg dry matter basis
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42 FgerToRFAER S E LD %
421 ¥ & L AR ILE
BAFESERY LT RBEVE FRF A EFEITSE UFRRL
P L SRR B 602 RITG LA I Sl S R¥HE TVS
1A I B g i 5 e o F PR AL Ec kY Minitab 21t 7| e 2% e #ic
FohESicd 4424 45 5 d BT B R ORI HEWRE BT R
P EA O TS RF AR F R R P ES o 0 g it
BRREZE BN F MEAS o Ra fkdp S Minitab 24518 > BLA
fEo e TVS 4 F2 F dum 2 X RRE A~ B 4cB 4-15- B 4-16 ~ B

4-17 o @) 4-18 #7157 o Filfgd & BlendBa o B2, 0 oA d > 7 15 4 g

LT o B AR A & RS R R o
NWRAFHEANTEE IR T RS HAR DR ERELE > A
BE VAP RFPIPRA LT B v EFB LV SH T TE R
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% 44 ¢ L ERRPFIFEHEF B L

Coded value Natural value Dependent variables
StdOrder Mix Moisture Actual moisture TVS .
X1 , Carbon decomposition rate (%)
ratio (%)  content (%) content (%) loss (%)
7 0 -1.414 50 40 42 18.13 60.83
2 1 -1 71 44 46 16.71 50.63
8 0 1.414 50 70 69 17.79 69.72
10 0 0 50 55 54 22.97 76.97
3 -1 1 29 66 65 20.11 72.80
1 -1 -1 29 44 42 17.31 69.49
9 0 0 50 55 57 22.90 79.10
5 -1.414 0 20 55 53 24.02 71.78
4 1 1 71 66 67 17.16 44.65
6 1.414 0 80 55 59 22.03 76.91
11 0 0 50 55 54 23.30 77.30
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% 45 ¢ L ESEPTFF M F R SEE

Coded value Natural value Dependent variables
StdOrder X Mix Moisture Maximum Maximum CO, evolution rate Final oH

1 ratio (%)  content (%) temperature (°C) (g CO2/Kg VS-hr) narp
7 0 -1.414 50 40 65 20.36 8.84
2 1 -1 71 44 60 18.63 8.60
8 0 1.414 50 70 51 12.48 8.65
10 0 0 50 55 63 18.81 9.32
3 -1 1 29 66 49 14.10 8.77
1 -1 -1 29 44 58 14.87 9.02
9 0 0 50 55 64 18.70 9.08
5 -1.414 0 20 55 56 15.04 8.87
4 1 1 71 66 44 8.34 8.98
6 1.414 0 80 55 48 15.88 9.21
11 0 0 50 55 63 17.28 9.18
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TVS loss (%)
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MR A fEF LR AR R R BB L gl & 35-45% ¥ 7ok F A
55-60% 2 R P g A R T 5] 78% 1 o E 1 TVS 34 F 4 :Ei
FathpE > @ Adp 500 30-40% P 7 kS 55-60% ik (T ET 0 TVS
WA FE 2% b o FEN T BEMET 0 FRETRBIRREHTER
g & vt 5 35-40% 0 @ 3ok F P A 55-60% 2 B o
4.2.2 peig = FERCRI K3

LA fEF S TVS 44 52 $ R AL F40d 46 ok 48 =7
7 0 1% P-value (¥3%3 frm & Bk hdc | B F R E) k2erH B Fis
% a5 005 &y P 005 A EFEEFFF - F1i6 4=
ZH e POEy ] (<0.08) 0 s E ARRIEL A 258 TVS 4 57 %55
fE - Z R Y oo AR S 47 vk 49 ¢ T ER

TVS 34 Fenpp i 3l R* 5 804% @ 32 e RP4rv § 60.8% &

(6 RTEAB A o oo LGB ETS G051 0 EATE I R
BRIk afy g RIS (Hierarchy principle, ©idp % :

~ BPSEPERIS T R B PRI 0t KPEIE) 0 K @ R LA E TS

M,éf @I L e RPE o 2 RS RS TVS 4 e R® &% 7

80% r1t g Aord SRR W 6 K5O TR B R R S L
Fo AT FHRETBEATE L EF BEAA B4R 41 2 42 A e
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 4-6. AfEF2Z BRRA A

Source DF SeqSS AdjSS AdjMS F P
Regression 5 1193.81 1193.812 238.762 29.23 0.003

Linear 2 499.61 400.293 200.146 24.50 0.006

N

Square 672.63 672.628 336.314 41.17 0.002
Interaction 1 21.58 21.576 21576 2.64 0.179
Residual Error 4 32.68 32.675 8.169

Lack-of-Fit 2 30.05 30.047 15.023 11.43 0.080

N

2.63 2.629 1.314
1226.49

Pure Error

Total

©

% 47 WEFGERRRA RS2 5%

Term Coef SE Coef T P
Constant -163.118 37.9394 -4.299  0.013
Mix ratio 2576  0.4636 5.556  0.005
Moisture content 6.821 1.2378 5.511 0.005
Mix ratio*Mix ratio -0.026 0.0033 -7.761 0.001
Moisture content*Moisture content -0.056 0.0109 -5.195 0.007
Mix ratio*Moisture content -0.010 0.0062 -1.625 0.179

S=2.858 R-Sq= 97.3% R-Sq (adj)= 94.0%
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4 4-8.TVSHF4 F2 BB A

Source DF SeqSS Adj SS Adj MS F P

Regression 5 66.2277 66.2277 13.2455 4.10 0.074

Linear 2 6.0216 6.0216 3.0108 0.93 0.453
Square 2  58.8255 58.8255 29.4127 9.10 0.022
Interaction 1 1.3806 1.3806 1.3806 0.43 0.542

Residual Error 5 16.1566 16.1566 3.2313

Lack-of-Fit 3 16.0653  16.0653 5.3551 117.35 0.008

Pure Error 2 0.0913 0.0913 0.0456
Total 10 82.3843

% 49 BRI TVSH LA F2L 5%

Term Coef SE Coef T P

Constant 23.0567 1.0378 22.216  0.000

Mix ratio -0.7955  0.6355  -1.252 0.266

Moisture content 0.3461 0.6355 0.545 0.609

Mix ratio*Mix ratio -0.6833 0.7564 -0.903 0.408

Moisture content*Moisture content -3.2158 0.7564 -4.251 0.008

Mix ratio*Moisture content -0.5875 0.8988 -0.654 0.542
S=1.798 R-Sg= 80.4% R-Sq (adj)= 60.8%
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Y= -163.118 + 2.576X; + 6.821X, - 0.026X:2- 0.056X,? - 0.01X;X,
(5% 4-1)
Y2= 23.0567 - 0.7955X, + 0.3461X, - 0.6833X,2 - 3.2158X,? - 0.5875X:X,
(5% 4-2)
Ho oYy BA RS (%)
Yo TVS 4% % (%)
Xio & (%)

Xo: 7kF (%)

4.2.3 HAE § 8 ¥ G IRERR &R

Yok A L AR do % B G DR R R P E A L e BRI AR R
et Eul T P R R e 45T R L AR M £ e
- MR e LE A L e PR R 419 2 W 4-21 5
T oORA RS RIY LG E K R R (efuR L Al Foah Al) 0 £
FHRA L IR R E AT B E - TVS A FHP d 28 L B ] o
AR 2 EERALDY A GRI Ry 0 BB E RS LG BT

EFZNARLAE D RT URERT BT ok F L0 DB TR
o PlieRe Bz aAake - kg P R Fam¥ it 2%
A FHRAFSVF Ay Tk d 0 R EEREY L DR - 2

AP FRLEF B2 LA FHEF ErTtd ke a Rz HA
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Residual

Percent (%)

45 50 55 60 65 70 75
Fitted Value

B 4-19. g~ 25208 £ {Weig B R
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Residual

Bl 4-20. AfaFz AL ¥ LBFF
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4.3 A P54 HNFH

% 410 Br A3 P 2 3 PR A FESFEF BER ST b o

AoFRRAF A TERF RATAMEL o T o d 2 F PRASES
SRR PN GT TR BT AL AR A R F o~ SR

FURMELATROET AL RFZAWERY o AFF LG PR
BAA ZF AT Tt 0 d RS F LRl F o TR R B

4

o

=

2B BENG PP EE 2 KRG REM G

gz ek gt

TVS 4 52 Pl 2 X HEHRFLZHREALAB 2B a2 3 b2 5

R R e BRSO RR
";ﬁF%i’g‘_BW;}EF&g'\b}g%t’ e iR NEE S Mt ate kR 2 B4 BN s e d

NRAT e RSB RTEAARSS P POt 8 R T2 7
oo Hopad 22 084 5 L5k o TR ERE T RFAR E
F VBLA FE A BN A E R Rosso (1993) it 4-3 Ao 2o i3t
A FRBARANZIPEAETY F PRARABE > nd R
Eh iz 053 Mt @2 EFEr 092 (B 4-23): kR

&R e

RCOZopt( max)(T Tmm)
T

RCO, = | L
R [ e e o e B
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#¢ > RCO= - § i A% (g CO/Kg VS-day)
RCOgopt= BB B ¥TH 2 = § i A 5 (g CO/Kg VS-day)
Ton= 2 3 A 25 R R (15°C)
Top= 397 F b % 8 (°C)

Tmax= 2 4 4 f2 5 8 & (70°C)

%0410 - F CRAFLERE CTMI KA TTR E2 48 M ik

Coded value Natural value
% Xz Mix Moisture Temperaturg V.S. CTMI ,
ratio (%) = content (%) CO; (R?) model (R%)
0 -1.414 50 40 0.8953 0.6360
1 -1 71 44 0.9291 0.9150
0 1.414 50 70 0.8116 0.6128
0 0 50 55 0.8893 0.7461
-1 1 29 66 0.9224 0.7944
-1 -1 29 44 0.8828 0.8680
0 0 50 55 0.9091 0.5276
-1.414 0 20 55 0.8677 0.6650
1 1 71 66 0.9369 0.8875
1.414 0 80 55 0.8201 0.7882

0 0 50 55 0.8394 0.7150
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—a— CTMI model
—e— MR71%, MC44%

R* 0.9150

0 20 40 60 80 100 120
Time (hours)

COy, evolution rate (g CO,/Kg VS-day)

B 4-23. CTMI %3 Rl 2 d VR & F Eor 7 2 v )
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4.4 $AaBTORFRR EFET Gr
Wi R AP TR A LKA CILF R e A Z A s 2

MR F R R 4ok A HIE G S & T B iEr B F i A

2o AN LEBE BRI FREETI S XTEITFETI T ARE K
BRATE G s A R
441 kA FET g

(MfTwf — MiTwi) = Wdecomp. — Wevp. — Waer. (7% 4-4)

GRLI LN AR SR A A T S R bR IR M s P A E
PO HRET Y BRI AEEIEE e B b B R E AR
4-11 #77]-H ¢ Wdecomp. RypF2ki% VS ~ 2% ( Mvs) 5 2583
Drooom YRR E AT F MG A2 kg S (fus) 5 0.5236 0 = d
;¢ 2-8 #1 VS sp¥tRATA A ki 13525 25 5 Wevp., &R A B &
~ 120 P PEBEE BB RS R RTHEZ F kA ZE 2410
% de o a‘r",fi‘}}?.'f FRAKAZ R RS HEETL Wevp. s £ RN F

Eixom150L F B 120 s 5 £ 5 108000L>m 25 0C p*F
A3 AT FHAEL 244 L aRgarks 78 33% wiEFRRFE G
4426.2 3 B 7% 796721 250 ox 38 2-11 # 3] Waer. 5 2629.2 =

oo b @l Wt ek A% £ 5 63733 25
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Wdecomp. = fvs x  Mvs = 0.5236 x 2583 = 1352.5
Wevp. = Mair x wout = 9728.8 — 2826.2 = 5096.6

Waer. = Mair x win = 79672.1 x 0.033 = 2629.2

3 411 kA TR A

FRSAE A iokd FREARE  Bupokg W VYS RENVS

i Kg-d Kg-d
(M. 9) (W', %) (M, g) (w', %) (mgtte?)/ (magtte?)/
22200 54 55 14600 49.32 8.648 6.065
P Mrw' (g) Wiecomp. (9) Wevwp. (9) Waer. (9) M5w' (g)
= 12110.1 - - - 7200.7
LR 12110.1 13525 5096.6 2629.2 5736.8
£ B - - - - 1463.9

442 FHELT B FTEZH
AT E IR ARY AdnPER T 2 RS %#ﬁ%%%ﬁiﬁxfﬁﬁr% 4-11 #t

-t

7o & w5V 2412, 2-14, 2-15, 2-16, 2-18, 2-19 {v 2-20 # 3|7 738

sl .
B .

M 8648

Ri=— _ = =0,
M1, +M! ~ 22200(1-0.5455)

857

MY, = (1-R)M! 01— w')|= (1-0.857)[22200(1 - 0.5455)] = 1443

My =M, R—i ~1443 257

= 8650
1-R 1-0.857

Ri__ Mg 6065 _
ML +M[ 14600(1-0.4932)

820
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M/, =(@1-R"M, (- 0")]= (1-0.82)[14600(1 - 0.4932)] = 1332

f
R 1330 982 _goeg
R 82

ML=M]

ash

AM, =M! —M | =8650—-6068 = 2582
STt E P B 44 5 2582 O i HATH PG 4 eh

FRT G 212 4ot kA RIS 270 FF @R P s g S

PR E T RO o e Bl 4-24 T F RSB TEL N5 6.1%

8.955—7.6
89910 1000
( 222 ) BEEAD HARE AT ER OB ENIRE

APRT > & T M PV R AR AR o

22.2 22.2
y y
7.6 8.955
FHE - BRHE
14.6 14.6

' v
W 4-24. 3ure i FE T G
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45 i~ 34 $E%5% (DGGE)

E AR E B R BT AITY s TN BT 1,2,
3,4,5 M2 % 7 T (£ 6 S##k) ¥ FmH DNA»iei7 DGGE A
pA T R TR F LR R A W L 26,38,43,60,30 2 25°C -
B 425 3 DGGE T AWM a@m%ss 1 1 7 X ARTHFRG 2-3
i¥ band L pApke =B NI RAp AR ORI P R FHITE
M P EpAxg Rer B o 8% 4 218 > band P ¥ 5 0 F

AT ORI R ER-ZERTE 7 A

b

w %

A o FEBTARY > X GF AELT KF -
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30%

70%
7 54 3 2 1Day

B 4-25. 48~ k5 R R AW (MR: 50%, MC: 55%) DGGE % i Fl
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4.6 fl* KRR E EHE R

4.6.1 pH &9 =%

¥

ol

PH &7 uin 2 s B Pl dE & fa £ & hF3

o

(Pagnanelli, 2003) > # I pH EF ¥ i € #4v & & fHames > Fladp

FARI BRE G AR R TA A o HOV 7 i e pH B (2-8)

‘tn

T Ek R ApRERS Cu( ) 2 Pb () %% (50 mg/L) 100
ml> 2 x4cdple 7 Bepdase (m= 10 g/L) > RB4S 2 0% B 3w ey
Cu( ) 2 Pb( ) shbeip pH i@ - r0 i 418 A i R iy e dif pH

TiE 7o B % b B 4-26.f6MI4-27 “r 0 & Cu( ) #wna § pH

o

Bl 4 pEF s e PR R Tl pHLE < 2 4 2 fsesan Pl Z A
7 - Basci (2004) 41* % % (Wheatshell) =4 Cu( ) #7i¥ 3| & pH
BRI A 560 FptE R pHOG FL A pH A Pb( ) gwia it
FARApR > F pH BT 3 pF > By PR Flrd] o pH E <3 3

v

Z g R < > TR IR hpH BEihde 0 50 2 (A K pH
wiEH pH7 521 Pb( ) g F sz 5 it pH E o
46.2Cu (II) 2 Pb (II) A= 4oik B 2 B89 %

fi* Frgasesog Cu( ) 2 Po( ) 25 R B4k REM
Bl 10-250 mg/L > ¥ sk &% drd 4-12 fvd 4-13 #77 o Cu( ) ='¢

FEHERT O CEFRAE SR e F AL A 5% o @ xim gt F R
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100

1 1 1 1 1 1 1 1 1
O O O O O O O O O O
S 0™~ O© IO < ™M —

(%) Aouaioiyg uondiosolg

¥

7
7
7

B 4-26. 445 pH E¥ Cu () ='ifrxF 2 R

O
2 -
(o)}
08 -
o
(o))
o o o o o o o o o
m (@] (o] M~ O Lo < ™ (q\]
(%) Aousio1yy3 uondiosolg

B 4-27. 44> pH &% Pb (II) =%}»
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7 UTH e AR 5 Pb () e Rl AR F R R i e IR LR

50 F DR S Gi Cu( ) 4= Pb( ) emwrgd B s rita
4 > 2% Langmuir {= Freundlich isotherm ** 7 445k R > F B % 5%
FIRAN* KRy Cu () o Pb () 977 ¢ F S Bdp e
Langmuir isotherm > # Cu ( ) 2 Pb ( ) 4p® ¥ £ 3] 0.97 4-H
4-28 fr@ 4-29 #7571 o # 1/(x/m) ¥ 1/Ce TR d A F¥ 11 #F| Qmax
LB EF Cu( ) e Pb( ) ¢ Qmax B4 % 5 058 2 0.10 ¥
POETE AR BT e Cu (st Pb () B R 2 4
4-14 2 v = ;I?e v o B 1R 3 endl Basci-(2004) i * BT L ek R
it Cu () B3 OQmax E & OA3B0dE $opger & 2 L M Hdpin Foifdl > £
TETRFEREERWRELS > VP UEE R g A LA e B o

% 1% Energy dispersive X-ray microanalysis (EDX) 4 1773 2% fq
A B2 A2 M2 7y 0 gd EDX 247389 2 B Ay T (S do
4-30a,b #77+ > f 3.3KeV 2 & 0.9 4r 8.0KeV #rdi gLz 4% & & W ¥
S7F K(I) & Cu(ll) > srin fs kAT 7 7 Askigis ki mg
T4 e 4 o - A 2 A e W m e BEenE R e R
Ao b BEOTAREAT Blme BEY R 2 ko TRt fr T < 4 B

¢ ]2 — > Cho (2003) ~ 4 N4 4 2 B g 2 3k eniid] o d EDX
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Fﬁ/’v\‘f‘?“*%?ﬁ‘r ’ H AF 3 D 2
’ Grdfd B LR FlE s g Sl T 3 @
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% 4-12.Cu (@) #~4o kB ¥ 2 vtz B

z

Co(mg/L) Ce(mgll) adso(r:t?epdp(er;g/L) (mg CuzJ');/gmcompost) E?‘:giseonrgjl?‘%) (L/1r:1(r:neol) (g comp:)/s(t)/dnTerol Cu?)
10 3.15 6.85 0.685 68.50 20.16 92.70
20 4.50 15.50 1.550 77.50 14.11 40.97
30 4.90 25.10 2:510 83.67 12.96 25.30
40 5.60 34.40 3.440 86.00 11.34 18.46
50 6.00 44.00 4.400 88.00 10.58 14.43
100 8.40 91.60 9.160 91.60 7.56 6.93
150 21.20 128.80 12.880 85.87 3.00 4.93
200 51.00 149.00 14.900 74.50 1.25 4.26
250 95.00 155.00 15.500 62.00 0.67 4.10

m=10 g/L, rpm=250, pH=6, t=2 h
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% 4-13.Pb () # 4k B2 gz B

Co (Mg/L) Ce(mglL) Lead 2+x/m B'io'sorption 1/Ce 1/(x/m) .

adsorbed (mg/L) (mg Pb“"/g compost) efficiency (%) (L/mmol) (g compost/mmol Pb~")
10 0.65 9.35 0.935 93.50 318.77 221.60
20 1.86 18.14 1.814 90.70 111.40 114.22
30 2.30 27.70 2,770 92.33 90.09 74.80
40 3.40 36.60 3.660 91.50 60.94 56.61
50 3.70 46.30 4.630 92.60 56.00 44.75
100 17.80 82.20 8.220 82.20 11.64 25.21
150 11.20 138.80 13.880 92.53 18.50 14.93
200 13.00 187.00 18.700 93.50 15.94 11.08
250 20.50 229.50 22.950 91.80 10.11 9.03

m=10 g/L, rpm=250, pH=7,t=2 h
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1/(x/m)

y = 1.6566x + 1.7326 2
R? = 0.9652

0.00

200 4.00 6.00 8.00 10.00 12.00 14.00
1/Ce

B 4-28.Cu (II) 2 = aj;38 2 Langmuir isotherm

270.00

240.00
210.00 p
180.00 P
150.00
120.00
90.00
60.00
30.00
0.00

0.00

"y =0.6912x + 10.329

R?=0.9699

50.00 100.00 150.00 200.00 250.00 300.00 350.00
1/Ce

B 4-29.Pb (II) 2 $=rtsmidas;38 2. Langmuir isotherm
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% 4-14. % 2 F 3R Cu (1) %2 Pb (II) st 4 v & (Qmax)

Adsorbent Pb**  Cu* Reference
Wheat shell 0.13 Basci et al., (2004)
Phanerochaete chrysosporium 0.41 0.42 Say et al., (2001)
Pantoea sp. TEM18 0.49 Ozdemir et al., (2004)
Compost 0.10 0.58 This study
Sphaerotilus natans 0.65 0.63 Pagnanelli et al., (2003)
marine algae Padina sp. 0.80 Kaewsarn et al., (2002)
marine algae 1.55 1.30 Matheickal et al., (1999)
Phanerochaete chrysosporium 0.65 1.56 Igbal et al., (2004)
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CRAFERNAF BAT O o
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422 35 0 K b 35:40% 2 v A 5ok S b 55-60% 2 ¥
G2 " fEF o

4. g T @R A A5 2 TVS 414 F i - - R REEYE R

A

By 80% ! %ﬁ‘d ARSI RRAEFE VR FRF T

F.

R BEIA LA fFF 2 TVS 44 5
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Roa k- RASY FPREIRATED S BHE > BF S
F it Ak ARG e Y B adgd e

7.4 2 pe? pH EH2 PR R PRFEL LS o R AR RS S
Bl gt Cu () 2 Pb () %0 & pH Pt 4 T
FRPL R pH T e F R L A S ok A F %A WiER pHE
27 %3 Cu( )2 Pb( ) mrtfck > Q4B

8. wmrprr ik § X Bl dpk R AOWE G A Cu( ) & Pb( ) %
Tk pe g Langmuir isotherm » & % e %4 it 4 (Qmax) A B A

0.58 2 0.10 mmol/g -
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itr- AT AT RERN R
Genomic DNA E;s“Bwb&F

1. Add 800ul of Extraction Solution into 15 ml polypropylene centrifuge
tube, add < 1 g soil sample to the solution, vortex vigorously for 30s.
* Do not use polyethylene tube, which cannot be used in microwave
oven.
2. Loose the cap and stand the tube in a glass beaker and put into the
microwave oven. Heat the sample for 10 s.
*If treat mutliple samples at a time, adjust heating time until extraction
solution is foaming without popping-out.
3. Vortex vigorously for 30s-1min, then centrifuge at 3,500g for 5 min at
RT.
4. Transfer the supernatant into"1.5'ml microcentrifuge tube.
Optional: If RNA-free DNA is desired, add 4 ul RNaseA solution
(100mg/ml ) and incubate at RT for 5 min.
5. Add 1/3 volume of Precipitation Solution, mix by inverting the tube,
incubate on ice for 5 min.
*The solution will become cloudy, becouse of precipitation of detergen
and proteins.
6. Centrifuge at top speed (12-14,000 rpm) for 5 min at RT.

7. Collect the supernatant into a new microcentrifuge tube without
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disturbing the pellet.

8. Add 0.5 volume of Binding Solution and one volume of Ethanol, mix
throughly by pippeting.

*For Example: To 400 pl lysate, add 200ul Binding Solution and 400l
Ethanol.

9. Transfer 650 pl of the mixture including any precipitate into Spin
Column with collection tube and spin for 1 min and discard the
flow-through.

10. Repeat step 9 with remaining mixture.

11. Optional : Discard the flow-threugh, wash with 500 pl of Binding

Buffer.
*Apply this step to remove.excess-fumic acid for high humic acid sail,
which will make eluted DNA-brewnish.

12. Discard the flow-through, wash twice with 700 ul of Wash Solution.

13. Discard the flow-through, centrifuge for 3 min at top speed to remove

ethanol.

14. Place the column in a new microcentrifuge tube, and incubate the

spin column at 50-60°C oven for 5 mins to evaporate all the ethanol

before eluting the DNA.

15. Add preheated 60-70°C of 100-200 ul Elution Solution or H,O or TE

(pH must between 7.0-8.5 ), wait for 1-2 min, to elute the DNA by
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centrifugation for 1 min, and store the DNA at -20

PCR 4 2

1. % -°¢ 1a T_eF F 4 B4 ~ 200 yl eppendrop ¥

3. *%» PCR %8¢ ird - fZRERF

Item Quantity (pl)
DNA template 2
Primer-f-GC 1.5
Primer-r 1.5
PCR master mix 10
d>H>0 35
Total 50

%= PCR F B#&E %

Procedure
Cycle 1 (1x) Step1 94°C for 6:00
Cycle 2 (35X) Step1 94°C for 1:00
Step2 55°C for 1:00
Step3 72°C for 1:10
Cycle 3(1X) Step1 72°C for 6:00
Cycle 4 (1X)  Step 1 4°C for «
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DGGE %% 2
1ot BRI RN TR R B S E ML PR S e

2. M P LT B RS A AFEIENR S o B VI LT P

Q. E TR ER (40 0% 2 100% > +B % = ) # 40%
acrylamide ~ TAE buffer ~ formamide ~urea %2 4 g3 -k LR 5353 (%
T overtex WA AL F e ) F 2 oo

4. #4EW R b cnd B Rk s o 4% 10% APS 2 TEMED 4

S. MEEMEY 2 XS FRBMARIAHI N P BB IR FEMR T
gL AL e AN RN oS  FEYHRT (9 2

DGGE % i/ :

1. £# 1XTAE buffer sg 4.3 ¥ 60 -

2. P~if ¥ £2 PCR product # 4 » if § £ 2 6X loading buffer s &g
2o | e

3. %—ﬁﬂ? 1 ¢ buffer @ > T AR > T REFS TR o
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4. x4 Z¢ 2 ¢ PCR product loading x *48 1 o well p o 23 B £ o

DGGE # =8

40% Acrylamide
50x TAE
Formamide
Urea
d>H,0
10% APS
TEMED

40% Acrylamide
50x TAE
Formamide
Urea
d>H,0
10% APS
TEMED

CRBREPER

%= DGGE #® & E %42

80% Denaturing solution

8% Gel (200-400b)p

10% Gel (100-300bp)
25mi 20ml 25mi 20ml
6.25ml 5ml 5ml 4dml
0.5ml 0.4ml 0.5ml 0.4ml
8ml 6.4ml 8ml 6.4ml
8.49g 6.72g 8.49g 6.729
To 25ml To 20ml To 25ml To 20ml
250 1| 200 ¢ | 250 ¢ | 200 ¢
10 1| 8ul 10 1| 8ul

40% Denaturing solution

10% Gel (100-300bp) 8% Gel (200-400b)p

25ml 20ml 25mi 20ml
6.25ml 5ml 5mi 4ml
0.5ml 0.4ml 0.5ml 0.4ml
4ml 3.2ml 4ml 3.2ml
4.249g 3.369g 4.249g 3.369
To 25ml To 20ml To 25ml To 20ml
250 i 200 | 250 1| 200 |
10 1| 8ul 10 1| 8ul
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# &A% E - & MR: 50%, MC: 40%

Time Temperature Electrical conductivity Moisture content CO- evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 26 6.39 0.36 42 0.00 0.00 0.00
13 34 6.32 0.51 42 2.02 -0.08 0.98
21 48 6.33 0.52 42 7.39 2.78 7.65
29 40 5.79 0.64 42 5.00 5.23 11.50
37 42 6.74 0.59 42 9.93 5.86 16.03
45 57 8.45 0.62 42 11.56 9.06 24.89
53 52 8.67 0.82 40 12.56 8.50 32.03
61 57 9.02 0.88 39 18.00 11.76 40.84
69 45 9.05 0.73 40 1.55 15.84 46.78
77 42 8.78 0.80 43 5.61 22.69 48.57
97 38 8.94 0.55 38 3.22 19.85 56.35
107 40 8.81 0.61 35 3.03 18.06 59.26

120 30 8.84 0.70 33 0.71 18.13 60.83
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P A A%IE - 2 MR: 71%, MC: 44%

Time Temperature Electrical conductivity Moisture content CO- evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 20 6.88 0.46 47 0.00 0.00 0.00
8 37 6.74 0.48 46 6.23 0.99 2.33
16 54 8.09 0.60 45 18.64 3.39 12.43
24 59 8.82 0.85 42 16.43 4.71 24.09
32 44 9.13 0.67 39 5.85 8.00 32.98
40 35 9.17 0.57 38 3.24 11.01 35.17
48 39 9.07 0.53 37 4.39 12.18 38.33
56 39 9.10 0.45 36 4.16 13.86 41.70
64 37 9.00 0.36 34 3.09 14.33 43.96
72 36 8.69 0.50 32 2.83 15.28 45.81
80 35 8.76 0.38 31 1.99 15.82 47.28
88 31 8.69 0.42 28 1.72 16.09 48.50
96 28 8.55 0.45 27 1.15 16.23 49.38
104 28 8.65 0.37 27 0.86 15.96 49.83
112 26 8.61 0.31 26 0.57 16.37 50.23

120 26 8.60 0.42 26 0.57 16.71 50.63
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# &A% E = 2 MR: 50%, MC: 70%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 23 6.26 0.35 69 0.00 0.00 0.00
14 39 5.35 0.49 68 6.57 -0.72 4.32
23 36 5.02 0.41 67 1.51 -3.66 7.08
31 35 5.03 0.24 67 2.29 0.45 8.30
39 36 5.35 - 67 5.79 1.75 10.95
47 41 6.35 - 68 7.02 5.21 15.98
55 43 6.49 0.51 66 6.71 3.46 21.05
63 42 6.77 0.50 66 7.61 5.47 26.30
71 43 7.11 0.49 66 8.53 7.80 32.57
79 44 7.20 0.56 65 7.84 8.52 37.56
87 46 7.50 0.52 65 11.75 10.74 43.83
95 45 7.69 0.55 65 10.25 12.51 51.08
103 45 8.07 0.53 65 10.01 14.85 57.85
111 38 8.32 0.51 66 9.10 18.43 63.81

120 35 8.65 0.68 65 7.95 17.79 69.72
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# A &A% e 2 MR: 50%, MC: 55%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 19 6.30 0.33 55 0.00 0.00 0.00
7 23 6.06 0.45 55 0.57 1.07 0.26
15 28 5.88 0.54 55 0.97 2.36 0.69
23 46 5.76 0.47 55 2.37 3.22 5.37
31 34 5.05 0.78 54 3.01 4.08 6.92
39 42 6.12 0.56 54 6.74 6.13 13.18
47 43 6.88 0.61 54 8.50 8.31 17.98
55 47 7.81 0.72 53 13.88 9.44 24.70
63 57 8.80 0.90 53 11.10 11.75 33.64
71 47 8.90 1.04 53 8.88 14.55 40.63
79 62 9.19 1.1 52 18.22 16.21 51.46
87 49 9.31 0.92 50 8.01 16.03 59.95
95 34 9.19 0.94 50 4.28 19.38 62.93
103 44 9.44 1.02 50 13.93 20.52 70.66

120 37 9.32 0.95 49 3.74 22.97 76.97
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Pl EREITFT 2 MR 29%, MC: 66%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 28 6.15 0.40 65 0.00 0.00 0.00
13 27 6.00 0.40 65 0.16 -0.96 0.19
22 38 4.93 0.50 65 7.17 1.66 3.61
36 41 5.39 0.50 64 7.65 2.50 8.90
44 43 6.38 0.40 64 6.02 5.20 14.11
61 43 7.32 0.61 64 8.83 7.58 24.91
68 48 7.34 0.69 64 11.26 9.60 30.40
85 48 7.69 0.93 64 11.23 12.50 43.45
97 47 8.30 1.33 64 8.66 14.73 52.70
109 45 8.67 1.93 64 12.92 18.06 63.59

120 43 8.77 1.91 64 10.65 20.11 72.80
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¢od A% E A 2 MR 29%, MC: 44%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 25 6.29 0.39 42 0.00 0.00 0.00
21 38 5.36 0.43 42 4.30 3.12 4.42
29 46 6.14 0.38 41 10.11 4.91 9.83
49 47 6.96 0.41 39 10.79 7.03 21.77
65 50 8.60 0.63 38 10.48 10.73 36.22
73 54 8.84 0.74 36 10.96 12.09 43.27
81 55 9.07 0.92 41 13.14 22.44 51.34
89 50 9.16 0.62 33 8.91 14.79 56.63
97 49 9.14 0.74 31 8.23 14.72 61.98
105 44 9.09 0.68 31 6.76 16.34 65.57
113 38 9.17 0.70 30 3.11 16.88 68.23

120 34 9.02 0.71 29 2.16 17.31 69.49
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# &A% E S & MR: 50%, MC: 55%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 19 7.01 0.40 56.90 0.00 0.00 0.00
14 29 6.44 0.47 57.10 1.90 2.09 0.64
23 46 5.48 0.61 57.37 8.81 4.41 5.48
30 47 5.83 0.75 57.51 717 6.43 10.64
38 46 6.67 0.56 57.01 7.93 6.96 15.19
47 43 7.56 0.70 57.70 10.30 10.02 21.74
56 53 8.23 0.68 57.20 13.86 11.04 30.74
71 47 8.82 1.29 60.03 11.43 19.80 43.76
78 59 8.88 113 55.77 18.18 12.94 50.94
86 53 9.23 1.23 54.47 11.97 13.83 58.26
100 43 9.20 1.01 55.55 4.66 19.52 69.41
110 39 9.16 1.36 55.96 6.49 21.98 73.33

120 42 9.08 1.05 55.72 10.67 22.90 79.10
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# &A% E A MR: 20%, MC: 55%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) °C) PH (ms/cm) (%) (g COz/Kg VS-hr) (%) (%)
0 27 6.29 0.37 53 0.00 0.00 0.00
23 38 5.36 0.46 54 2.07 3.99 5.54
31 36 6.14 0.45 52 4.19 -0.08 7.05
39 45 6.96 0.37 54 12.74 5.63 13.19
47 39 8.60 0.40 54 4.80 7.20 17.21
55 42 8.84 0.37 54 7.72 8.63 21.20
63 48 9.07 0.50 54 12.43 10.19 26.94
71 51 9.16 0.53 53 14.52 11.51 34.23
79 53 9.14 0.80 54 13.68 14.45 42.99
87 51 9.09 - 54 10.33 18.12 49.92
95 55 9.17 1.40 54 13.03 18.47 56.73
111 52 9.02 1.53 54 8.04 20.81 67.90

120 56 8.87 1.53 54 6.85 24.02 71.78
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dA A% 4 2 MR: 71%, MC: 66%

Time Temperature Electrical conductivity Moisture content CO- evolution rate TVS loss Carbon decomposition rate

(hr) (°C) PH (ms/cm) (%) (g CO2/Kg VS-hr) (%) (%)
0 24 6.58 0.59 67 0.00 0.00 0.00

7 31 6.20 0.64 67 1.73 0.41 0.81
15 30 5.93 0.53 67 3.48 0.37 2.88
23 26 5.66 0.47 66 0.50 2.70 4.13
31 31 5.91 0.68 67 3.56 4.84 5.44
39 39 6.00 0.54 65 4.88 3.42 8.79
48 42 6.08 0.51 64 5.98 3.96 13.78
55 39 6.61 0.63 65 6.04 - 17.82
63 41 6.77 0.71 64 5.84 7.28 22.29
71 42 7.44 0.63 63 8.06 9.24 27.18
79 40 8.23 0.55 64 6.53 14.37 33.10
88 37 8.72 0.80 63 4.69 13.25 37.04
96 36 8.85 0.83 63 4.19 15.24 40.18
103 31 8.93 0.91 62 2.54 16.10 41.96
113 28 8.94 1.00 62 2.01 16.42 43.70

120 29 8.98 0.96 62 1.16 17.16 44.65
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# &A% L e MR: 80%, MC: 55%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) (°C) PH (ms/cm) (%) (g CO2/Kg VS-hr) (%) (%)
0 22 6.89 0.36 60 0.00 0.00 0.00
11 44 6.87 0.58 60 13.89 4.93 9.08
20 45 7.34 0.45 60 11.91 8.12 19.30
28 45 7.77 0.52 60 14.08 10.51 28.89
36 45 8.60 0.90 B9 13.10 12.49 39.13
44 46 8.99 0.67 519 14.99 14.60 50.40
52 39 9.12 1.13 58 6.30 15.60 57.61
60 34 9.18 1.1 58 5.39 19.69 62.04
68 31 9.24 0.94 58 4.78 21.96 65.41
76 33 9.24 0.96 57 5.18 21.65 68.48
84 34 9.23 1.08 57 3.49 23.16 71.54
92 31 9.24 0.81 57 2.46 25.24 73.76
100 24 9.25 0.69 57 1.42 25.37 74.78
109 23 9.21 0.73 57 1.07 26.26 75.63

120 23 9.21 - 57 1.07 27.07 76.91
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P&t EL- 2 MR 50%, MC: 55%

Time Temperature Electrical conductivity Moisture content CO; evolution rate TVS loss Carbon decomposition rate

(hr) (°C) PH (ms/cm) (%) (g CO2/Kg VS-hr) (%) (%)
0 19 6.91 0.38 54 0.00 0.00 0.00
14 29 6.47 0.42 55 7.37 2.03 1.29
28 47 5.32 0.79 55 5.66 4.80 7.99
46 47 7.46 0.61 55 9.94 7.22 21.36
o4 53 7.95 0.54 54 13.80 8.73 29.67
62 54 8.48 0.86 55 13.77 12.54 39.32
74 60 8.81 1.29 55 14.51 16.08 43.03
84 53 8.90 1.81 55 16.61 18.54 53.31
100 44 9.10 1.47 54 14.71 21.32 65.97
110 40 9.09 1.63 54 9.41 22.37 74.67

120 41 9.18 1.36 54 8.35 23.30 77.30
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