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It is difficult to reuse the construction sludge directly because the water content of it is extremely high.
Therefore, it has been disposed as industrial waste in the final disposal site. In order to reduce the construction
cost and environmental load, the effective reuse of construction sludge has been an important problem. In order
to increase the recycling rate of construction sludge and to solve the above mentioned problem, the authors have
already developed a new recycling method for construction sludge by using paper debris and cement. As this
method can improve the high water content sludge into high quality ground materials on sites, this method has
already been utilized in over 400 construction sites in Japan.

On the other hand, the biodegradation of fibrous materials is not made clear as yet. It is considered qualitatively
that fibrous materials used in this method is hard to be biodegraded by soil microbes, because fibrous materials still
remains in the soil which was improved by this method 10 years ago. However, the degradation by soil microbes is
not confirmed quantitatively.

Therefore, the biodegradability of fibrous materials was investigated experimentally through a culture test and
a soil buried test. As a result, it was found that paper fragments were degraded in the solution of pH7.0, but were
not degraded in the solution of pH9.5. Furthermore, it was confirmed through soil buried test that paper fragments
buried in the normal mud were degraded significantly, but those buried in Fiber-Cement-Stabilized soils were not
degraded and fibrous materials remained. Therefore, it was concluded that the fibrous materials in Fiber-Cement-
Stabilized soil are not degraded by soil microbes when pH of Fiber-Cement-Stabilized soil is over 9.5, and they
remains in the modified soils for a long time.
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Fig.1 Mud sampling situation.
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Table 1 Composition of the medium in cellulose biodegradation test (per 1000mL).
H,0 998mL
KH,PO4 1.5g
KH2P04 2.9g
CH4N20 241g
Yeast extract 0.45¢
L-Cysteine-HCI * H,O 0.3g
0.1%(W/V)Resazurin-Na 1.0mL
Vitamin mixture(100mL)

* Biotin : Img

+ Cobalamin : 1mg

* P-ABA : 3mg

- Folic acid : Smg 1-0mL

+ Thiamin : 5Smg

+ Riboflavin : Smg

+ Pyridoxamine : 15mg

pH7.0 : MOPS o 20.9¢
(Morpholinopropane sulfonic acid)

pH9.5 : CHES 207
(N-Cyclohexyl-2-aminoethanesulfonic acid) '8
pH12.0 : CAPS M1
(N-Cyclohexyl-3-aminopropanesulfonic acid) e

S BIT, FEHUTHIN L 7o BAR R OE VAL 1 — A RIS
LW Z & &R T 572, pHT.0 ICFHHEE L7=H5HlC pH9.5 F
¥R A CH D CHES, pHI12.0 Fl O#EfE#]CTH 5 CAPS Z iR L
7o BEHIIE, 918 mm X 180 mm> 42 U HFREREIZ 10ml $°2/07E L,
TAVICHEME R SR T Lo BA A AR L 7oA (B PEIEAE No.2, 3R
PEIEAE, I8 10 mm X £ & 50 mm (W) 2B A Lz, SRRL7=
Je 1%, Table 2 IR THEKIA UKL T 5 5N, iz
AR 0.3ml 23 BE I LTz, e onsrFraste”
AEERT Y a—Fy v TEL, £— 7 L—7HHE (121C
154550) U7z, BEaisdicis i 2 —MoEEE, MEHREESR
AR FCTHRRRNCAT o 72, A m— A RICKT DIRE D%
AL, BEARIT 1020 - 30°CTHEM L, EHEATIT
AN L7202 & 2R 5720, e ha T IRl L
ToBEH S O CTHERR LT, F72, WEMEZ @O 57O RELA DR
Bz 3AERLL, Ziz 105 HEEE Lz, S50 ciE Lz
B EHIRNCT U2 AT TR L, MR O fRMEBIZE L
72o RRBRORA—T % Table 3 (27857,

TRE, ABFIE T, MR R L BEM O Bk Th D e —
2N, BEPICHFET D L0 —AGREIC L > TS b0
BN ERGET D Z ENBENTH L7720, RLICEENDHFEDOR:
EIEEN Lo le, £27C, ARBRICL D, ELZJeLh
DV v — RS RERE OTFAEA B EVERINCHH <572, pHT.0 12
TR L 7o RO SV LA B LT igiR % 3 APEREL, 30CT
20 F[HE5EE U7 Tskin 2 50 L 7=,

PRBREE TS 2 B OMAD RO EE TlE, HHIEIENE
Wigo7 Vv a—UHE L HIZ, Hy, COz, CHy 72 EH ANPERMS
1D KRB A L7255 #1121, Yeast extract ZE DU D
DAFRMBEEN TN D72, RHEHHE LR TR
PEMAEIDNERET 5 &, R0 ORI B H ABNERK S
N5, LI=N-T, 5icer o — 2 MRNET LT84, #
REBMUZRB O NEL OB ANERSNDIFTTHD, %
ZC, BREERE TSR AR n — AR K B AR & iR
572, pH 7.0 & 12.0 DFUEHE 30°C THEZE L 72 3BT O SR
SIS AT AL, K53 3570+ 105 HHIZHEIT S Hy - COp -
CHs D% TCD Mtligs 2358 Lic W A/ u~< N7 7 (GC-
3200, —T A = 2) ZAWTHIE L, Fil 1L 4720 04
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Table 2 Composition of anaerobic diluent solution in cellulose biodegradation test
(per 100mL).

H,0 85mL

S1 solution

- 0.6%(W/V) KoHPO, 7-5mb

S2 solution
+ 0.6%(W/V) KoHPO,
+ 1.2%(W/V) (NH4),SO4

- 1.2%(W/V) NaCl 7-5ml
- 0.12%(W/V) MgSOy + 7TH,0
+ 0.12%(W/V) CaCl, + 2H,0
0.1%(W/V)Resazurin-Na 0.1mL
L-Cysteine-HCI *+ H,O 50mg
pH 7.0
Gas(N) 100%
Table 3 Compounding list in cellulose biodegradation test.
No. Incubation oH Mud Buffer
Temperature Existence
1-1-0 7.0 X MOPS
1-1-1 7.0 O MOPS
1-2-0 9.5 X CHES
—_—] 10°C
1-2-1 9.5 O CHES
1-3-0 12.0 X CAPS
1-3-1 12.0 O CAPS
2-1-0 7.0 X MOPS
2-1-1 7.0 O MOPS
2-2-0 9.5 X CHES
— 20°C
2-2-1 9.5 O CHES
2-3-0 12.0 X CAPS
2-3-1 12.0 O CAPS
3-1-0 7.0 X MOPS
3-1-1 7.0 O MOPS
3-2-0 9.5 X CHES
E— 30C
3-2-1 9.5 O CHES
3-3-0 12.0 X CAPS
3-3-1 12.0 ©) CAPS
4-1-0 7.0 X CHES
4-1-1 7.0 O CHES
E— 30C
5-1-0 7.0 X CAPS
5-1-1 7.0 @) CAPS

A (mmol/L) 2 Bt L7z 12,

[FERIC, BRAealBls T4, SRBE N O 28 L, 5
MERENIE (VFA) Cd 2 BERE (Acetic acid) , "7 ©° A4 % (Propionic
acid) , - V&% (Isobutyric acid) , F&f# (Butyric acid) , A Y &H &
fi (Isovaleric acid) , 75 i (Valeric acid) DL % FID 125 % 3k
FELH AT a~ 8777 (G-5000, HNNAT 7 /ay—2X)
THIE L, HiH 1L 2472 Y O (mmol/L) 2 Fit L7z 1Y,

BRI, BRI T 1ICI T D8 il OWMAED BRI 2 Bl42
T 57280, EEFIE IS (SEM) T Lz, SBRENSER 1
L7t % 4%/ RT RV AT AT b RICREE L, #7232 K
R L2 RICHEE LTe, 20k, &Gkl (TL 7 /v—, H#EM)
T20 offgeta L, FHEAZKTHE L o R EBEE (Miniscope
TM3000, RYiNA 77 7 my—X) THUTO SEM BiH§ 2 i L7,
3.2 TEEEGAICK B O—RHRHER

FEEROARTIEONE L IEZE S L, MAEWIC XD A5k %
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(2) Sample curing

(5) Sample tamping

(6) Sample completion

Fig.2 Cellulose biodegradation test situation by soil buried method.
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Dayl Day20

Fig.3 Results of a preliminary test was conducted in order to investigate existence of cellulolytic fungus in the sampled mud.

Table 4 The Piece of paper condition photos in cellulose biodegradation test.

No. C pH | Mad | Buffer

1-1-0 (10 | 7.0 X MOPS

1-1-1 |10 | 7.0 o MOPS

1-2-0 |10 | 9.5 X CHES

1-2-1 |10 | 9.5 o CHES

1-3-0 |10 | 12.0 X CAPS

1-3-1 |10 |12.0 o CAPS

2-1-0 {20 | 7.0 X MOPS

2-1-1 {20 | 7.0 o MOPS

2-2-0 {20 | 9.5 X CHES

2-2-1 120 | 9.5 o CHES

2-3-0 {20 (12.0 X CAPS

2-3-1 120 (12.0 o CAPS

© 2016 The Mining and Materials Processing Institute of Japan @ http://doi.org/10.2473/journalofmmij.132.182
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No T pH | Mad | Buffer Dayl Dayl105

3-1-0 (30 | 7.0 X MOPS M
3-1-1 |30 7.0 o MOPS m
3-2-0 |30 | 9.5 X CHES ‘ m
3-2-1 (30| 9.5 o CHES i
3-3-0 |30 |12.0 X CAPS

3-3-1 (30 (12.0 o CAPS

4-1-0 |30 7.0 X CHES

4-1-1 (30| 7.0 o CHES

5-1-0 |30 | 7.0 X CAPS

5-1-1 |30 | 7.0 o CAPS

HEZRE N D, BEARIEEE 20°C & 30°C DK ClE, pH 7.0 DT
TR O R S 723, pH 9.5 & pH 12.0 Tl 105 HH
it LR ODRIIMER TE Renotz, ZhiE, Brr—2%
iR 156 O I WP pH % 48U 7= 7= O 18 28 FEIR £ 7= 1 3E B M 1k L,
EOFREREN T —EBEREINT, MABSHEINRNoT2HD
EHEE SN D, E DI, BHUCTRIN L 7= SAREAIA B e — R gy
RIS 2 5 B A TER LIRS AL, pH 7.0 IZFR%E L 7 K5 Hhic CHES
L OV CAPS Z IR L7258k (No.4-1-1 38 LU 5-1-1) TILRE 28
i L, CHES Z ¥R L pH 9.5 (ZiH%% L 7230k, CHAPS Z %S0
L pH 12.0 IZFH%EE L 72 3BE IR B3 fig L7e o 72, LTedio
T, M LA O X0 M A E Shan 2 &

RS N7,
WIZ, pH 7.0 & 12.0 D% 30°C CTEEFE L 7= 5B E O KA

DN T AR, B335 +70 - 105 HHIZHIT S Hy - COy -+
CHy O 2 E U 74 % Fig. 4 \TR$, pH 7.0 DHLA IR
IEERTHE, Hol&iZ & ARt &7, CHa (X105 HH £ TIC
1.2mmol/L, CO7 1% 3.9mmolL A &iz, ZNbDH A%, #
WICEENDEHY ERLHKROEEY ML ERINTZbLD L
Hgish s, £72, pH 7.0 DA TIEECTIE, Ho Xz AL
Ml ENen o728, COy & CHy XA RO HE LD L
AR EI, BEMIZIEL CH 138 12 1%, COx x4tk Sh
Too ZHURBEMIC X VA AR S, M ERINOSE XY
bHANEL RSN b D LIS, pH 12.0 DFENTIE,

(Bai) http://doi.org/10.2473/journalofmmij.132.182

A OFEICED LT, ST APRE S oT-, 2,
pH 12.0 B2 5% T CIIRAED OTEB DM 1R F 72 13FEW L 72720, #K
R anid D ENTETP, HDARKAELRhoT- b0 L HERS
na,

WIC, R T#%, RBRE N O 2 BRE L,
FEPENGNAER (VEA) ORERE S 4 Fig. 512773, pH7.0 DR #E7S
B CIE, FEER (Acetic acid) 2MENTEH Su=23, AN
EFCIE, FEBR & MTE < O T v B4 R (Propionic acid) , &
% (Butyric acid) 23 &7z, Ziud, Ban—2GfREICE -
TR NS, & TE LfE R, A RINARE O 723
%< VFA Bt &z b o L g s b, £72, pH 12.0 OFE
TIE, A OAEICED S VEA B Shie o7z, 2,
pH 12.0 B85 T CIIRAED OILE AME 1 F I ITFER L7728, #E
R ST HZEMTETS, VFARRELRNSTZH O L HEE
b,

BRI T 1, ARBRE 2 LW U7 BUEE 3-1-1 (30°CHE 3%,
pH7.0, JetH) R &, BB 3-3-1 (30°CHF#E, pHI2.0, &+
A) DA D SEM Hitg % Fig. 6 1ZRd, #0BH3-3-1 30°CH; %,
pHI2.0, BEH) ITMA O EHE > TE Y, MR AR ORHE
o TR, Bk 3-1-1 30°CH;: 2%, pH7.0, VBtA7) IT#EH
OB TEY, M1l R 1R L LT, £,
pHI2.0 TIXMEY & bt b OIFMER S22 o 7223, pHT.0
TIIHIEZE LMD BHER IS S THE L THWD 00

© 2016 The Mining and Materials Processing Institute of Japan



A& BN @SS 5L ki - AR e

20
(30°C ,pH7.0)
2 15 e
:
£ 0 /
.§ /
g
=
S 5
8 f// .............. Aecsseccecetnttenannnnes A
.................................. 0
0 PRSI % : g |

30 40 50 60 70 80 90 100 110
Time [days]

—&— H, (fiber) —a&— CO, (fiber) = —@=— CH, (fiber)

Vol.132, No.12, 2016
20
(30°C ,pH12.0)

=15
:
g 10
© Gas not detected.

0 Lm = S

30 40 50 60 70 80 90 100 110
Time [days]

—&— H, (fiber) —&— CO, (fiber) =~ —&— CH, (fiber)

eeeQeee H, (no fiber) ee+fes+ CO, (no fiber) *+*E>++ CH, (no fiber)

Fig.4 Relation between culture period and the gas concentration.
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Fig.5 Relation between the VFA type and the VFA concentration.
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Fig.6 SEM images of the sample 3-1-1 piece of paper and the sample 3-3-1 piece of paper.

The piece of paper which was buried in the mud

The Piece of paper which was buried in the Fiber-Cement-
Stabilized Mud

Fig.7 The piece of paper situation 6 months later.
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