POPRIEBERNI—R

Science
FOF FSTIZHEHS

. EBEF OZTHEWRR
Asian %%

Environment

B I KRFRFRRBEGMHFVRRR

GRADUATE SCHOOL OF ENVIRONMENTAL AND LIFE SCIENCE, OKAYAMA UNIVERSITY







7T B AR o — R
TRk 2 64EE Fuxr NEY RS E

H x

PRI I 1T DRHEAE B FROE DS RS RIE

— T LRER A LRI O [LAEEREHE AR C T DA — e e

FRE#E ATEsFsL IR - mEEE, RILFE

AR APERIC T D RATERER & ikt

— TLDAEPE « FiBE HIRZE R — ceeerreeeeiieiintiiiiiiiiiiiiaen.,

PR A BIEE - PURBEM, Ak, e

PRI~ DA MR DBURERRE «cvevrreeerreeeeen...
PREHE - IEREL JBEE TR
Rl — AR (B WV TF v —) DIBMERRR ORI G 2 5 58

REZE I W BEE A A%

PR WHSRSA A ADZE « F IR T AT covvrrerrereneenenn.

FREHE : Md. Azhar Uddin  BIE#H  HEFE, fm &

VLT ORI~ A L MR DR E F ORI T ceeeeees

FREE RS JREHE  OKHEEEA

B R TIZINT B MU G FROD TR v v o evvvornrvoensnsenenseaennes

EHZE e JB{E# - SENG Bandith

e 1~17

ce+ 19~33

cee 45»‘\/55



A
FEIIN—T 15
- FREZEIC & 2 I EME oW
A (U= 1T KD SRR AR M OVEAR
< A K D IS T OB




MHICH T HEEEEDEVNVVTIERLICRIZTTEE
— R M FLBETLMRE K OREILICER S ERKICE T HRE—

WL R R BREEAEm A AR e R
BTESFEL, AT S

1. Bi&
(7 T REBAERNa—Z] O—EEE LT, XREFATZEB IO LERENICET 2 RHIER
BFzT—~I2, FHNEE, H3E, EERFEEZToL. I TRROmEY THho. b, EEE
%@iﬁ%ﬁn%kimfimb,@ﬂ%ﬁﬁn%%ﬁ_mﬁéﬁk.§M$im,%E@ﬁ,
KILFED 24 TH 5.

2. ZFRLA)L [HIE - KESWOFEICHITI2EESIVHEREDEY T L H)
(1) 6 3 2 X 2[H BB T 2250 501 558

WA« RN T LEH %Té?é
RIERD AT STOL

(2) 7H 3K X 51A : BREEBE T 527 B
NE - LEREE IR R T TR O BAS
AT 2R TN
(3) 8 A 3HKH X 51A D BREEPE TR 527 e
WA KPR, Uy, Wi, 741 Bor FEORE
AT ST
(4) 9A 3KH X 51A BREEBL T80 527 7528
WA . AIfaRE Y VRO HTEOTS, 7 —ZFH
ahl - AT SFIA
(5) 10~1H 2FMX5RE . BREH T 501 5=

WE:%%T@%%%KW?t&Di&@,%%ﬁ@
AR AT ST A

3. ik L AL [RILRIRETIC &S (T S HEBMOMEA LIERXEICRIFTHEICET 6FE]
W] L SR AEFS O TREE DR % A%, b/ I aid L, DABEOFMREOR I 2 LT,
7z, R ORmEIZE W T HERAZ T 7.

(1) 1HAS5H  6HRH : WLRInEET
WA« B
sl ATFESTEL, WS



4. EBLAL [SLAROBEN LRSS R 3HE)

~ hJ A7 x4 Huong Binh U2 B\W\ T, T ARG OREN 11 - KEBEICHE X D843
B L7, FLFIEORIT L HEEHNNEY GG, BWNIC L2 BERHAA L, HEAERDSO
ML EEMETT AN H S, AL TIE, I AFIEREFHE TEEBLOEVIZER L,
T EOKEG Y KT 5B A LTz,

[[144 Quang Dien #1[X Quang Thanh ¥/ Ci%, ZEBE a1 LT, BULFAEE « BRI O B
KHIG IO ALA TS, Lo LR b, R TE, HTEKREAES, WEHETH L0,
KB ORI TAEFICB T AMEOFENRREWEBbhs., SRIOFHETIE, Rae¥E
GG BT D T KA 21T 72,

(1) 6AH23H (H) ~6HA27H (&) :XhFLarv=x

6/23 #nFHAE (Huong Binh)

6/24 FTAMWEBLOMEEY B X OLEHE, HFKHRAE

6/256 FALAMEHOMEIRY B L OHERHA, KA

6/26 T AMEBLOM XY B X O A, HFKHRA

6/27 LRI Y O KA

(2) Wik

1. BEEV A (EEERE, THEEHLY)

2. TAMEERE (LMK, 2%EF SREGHFE, BEHEERSAE
G, pH, CEC, %%, IKFOLEBREL L)
I AMAE O T KA CeBERE, pH, EC)

4.  EERBFIRREESGOM KA (pH, EC, AHEHIE)

, ATkERE Y

AAl  REILORT ATESEIL, A7, IR/, efHE, SFEFBHL BREHA
J = bV E DE LT R PR T
7 TR KY Hoang Thi Thai Hoa

#71%/ : Ha Thi Kim Thanh ([#l|LiX*%) , Pham Viet Dung (dLifiE K%)



HIZH T IEEETEDROVNLIESEICRETEE
— A LBEHT LRSS UE LA BRI 1T 2R E -

RIBAGRFMER HSERBREFER

1. ZALRNIL . TEOSHTFEOMFT
Hidi L~ L EEE L LT T O EBR O
OO FEESFE L

1.1 LIRS
D SR

TEORREY - OEREERT, S 5
~10 cm O +HEZ 100 ml = 7 IZERER L 7=,
105°CC 24 yfRHZIRAR ICFE & L T2,
it

it v b, BoElG, 00, THEY A
SR LT, kit (0.002 mm LATF)., 2Lk
(0. 002~0. 02 mm) 22OV TIEE 2y FE,
b (0.02~0.2 mm), AW (0.2~2 mm) (Z-D
WTIES D W T ZRD T,
pH, EC

T K=1:10 OEHEHEZ pH A —H —
(pH/ION METER F-23, HORIBA) 35 X% EC
A — % — (CONDUCTIVITY METER DS-14,
HORIBA) TZr#rL7-.

BIRFE (10), BHEHE (IN)

THEAE ML %I N 2 — & —
(MT-700 Mark-II, Yanako) T43#TL7=.
fERgRe a8 (NOs-N, NH4=N)

2 JKCL (£33 :KCl=1:10) THiH#%,
4 — 7+ Z7 4% — (QuAAtro 2-HR,
BLTEC) T4r#rL7z.
rvA—2 P (Truog—P)

FEIZRIH S D ATksHE P 27”9, L
A —27"P (1 MHS0, 3 LT (NHy) 2S04 DIRA

48426165 SHAPE L
48426153 KILFF

Wi, T3 WiE=1:200) THiH%, 4
— N7 F T A —ThHHT L.
4V v (TP)

+H58% 550°C T 1 Fff# KL S H72121T 20
HoS0, (48 : H,S0,=1: 50) THhH#%, =
— N7 F T AP —ThHHT L.

2. gL AL - EILRIEER & ER RIS

BT HHEENLERBICE A SHE
2.1 E2HLUVAM

fo] | L1 B AR O N TARCILE B2 E P
R2Mfrbinsd. UL, MKIEREDOEWIC
£ R~ OREIT L Do T
VN ARBFSE O B IR LRI 0 $BE R AR
AIAHE U, Bk BHHICE 2 5%
BERALNZTDHZETHD. TDRD,
LTV aHiRE LTRWHLENDZ
TR E R, ot L7,
2.2 AEMBE

o] | L S LR O v B X OO
FHEBMICBWTHkZ LTWHHR L L
TWRWHILE D 2 Hiio b 1% 3
SO L7z (201641 H 5 H) . R
HAIZES & HERNY 40 T, 2 #HuRH O
FEEEIZA 70 m T, MIRERIT30%7E~7-. M
e U Tl WML DR L 1L 1330 A /ha,
Mtk LT\ DM IE 930 A/ha 7272, [
%1% 2014 0 9~10 A OfIcATbNT. 4
BT FEBETHAE & L CEBEONSHE, pl,
EC Zpfr L7z,



2.3 #BR

MNIEEIT2HSEH 0.8 gem P FRE T
72 ho7 (K1, p> 0.05) . pH b 2 #
RED 4.0 ELEBELRL, ZiTro
72 (p>0.05) . ECIEffkdH V HHLT26 u
S em!, 72 LHIAT20 1S emt & 2 Ht
RETOLERD -T2 (K2) .

1+
T 08 o é
€
o
2 06
Z
w
$ 0.4 4
o
=
3 0.2
01
No thinning Thinning
1. FHSICB T 20 SBE
30 5
25 1 @ £
w20 - + 4.5
£ [
9 15+ [ i
g0 LY 14
5 l
0 : L35
No thinning Thinning
X 2. #HUIZIIT S pH, EC
2.4 $55m

(o] L0 SR LT 0T O B BERS AR T IR LK
I pH, NSEEITHEL o 72h, EC T
XZEMNE U, ARl o M& DO A
Wiz, THHERRER S AR & OB

EPMLETHD.

3. ERRLAL R P FLFHILHIZET
6;@6TE“E$¢E%EE$%6%§

1 ERRUVER

~N K~ LD T 44 Huong Binh #0 Huong
Loc F/"CIE 1993 b BUN 7 1 775 I 327
WX o TITAFEEMTOR TS, TAH
TIEA EBBRCVEZEE 7] B oD 72 DIZFREL
fThhvTnd. oL, FEMNRZRVIRET
TR AE Z 0 T, REREITHIC
Ko THBELENI Z D ATREMENH 5. A
WSO BE9IE, $i72 5 BREE A LHEE
WCHZDWBERALNITHIETHD.
DD, F2EEREL TS 1 REFRLFE
1 BIFRE LTV D 2 BFEICK LT AHD
JERFE RO/ & B & 21TV, HEEZ R
HL7- (20144E6 H 23—27 H) .
3.2 AEHMEE

FHAE ML R L7 =44 Huong Binh f
Huong Loc £ = AT, 4E 2 [HIRE A L
TWD RS (AR 4.2 ) L4 1 RIFRE A
waéﬁ£<@%59ﬁ)%ﬁhﬁ 16
RHTIR - T, RES, TRES, TFEBIC T
2%&ﬂﬁ>e> 0—2.5, 2.5-5, 5-10, 10-15 cm
D@ A 3 HCERE L (X 3) .
ﬁ@aii@,w,m,mw,m%
Truog—P, TN, TP TH 5.



O ++- Rubber tree

[eoNoNeoNoNoNoNoNoNoNoNoNo N
Upper Middle Lower

Direction of slope =——s

B --- Sampling plot
Frequency of Weeding : 1 time/year Frequency of Weeding : 2time/year
(slope : 5.9° ) (slope : 4.2° )
Farmer : Dang and Vinh Farmer : Tam
Valley
0000000000000 A OOOOOOOOOOOOOI
& m
o O 00000 [eNeNe (el el OCO0O00O0 (oo
21m 11m 4mi5m 12 m 18 m
o O [eNeNeoNoNoNe] [eNeoNe] [eNeNe] O O0OO0O0O0 %‘JOO
m

O0O000O0O0OD0O0O0O0O0O0O0O0OO0OO0O
Lower Middle Upper
+——— Direction of slope

X 3

3.3 AR

3EFE L I AR OBLAIT 1993 4,
R 550 A/ha , (LFAEEHI N: P K
=16-16-8 Z{E/H L C\i=. FEiRsEIE 4
ARORDHF LR A 2 2 LIk %
BT D HETH- T, HEIEEITE 2 [k
EHLTWAHEZIL0.50kg/7T (28 g/m?), 4
1 [BIBRELL TV A EZIL 0,15, 0.30 kg/JR
(8, 17g/m?) Th-o'=. BREDOFIEL, 4
2 [EIBREDEFITHM T, 4 1 BIFRE D
FIIEIR & JRFE TR L T\

T E AL vV N, KiEOFEIE N
TR0 0 Ko7 (K 4) . pH I
WTIEBRBESAEIC L DN A Lo T2
2N, FOHSL 5.0 BREL®BETH- -
(K5 p>0.05) . ECIZOW\WTHREAE
FIZ X B ZEITH NS T2, EOHR
LKL, AEMEROREESHFREIT D
WweE bz (K6, p> 0.05) . HEpgRe
ZEFRIT NN 2OV TIEBREHEEIC L 52
LA B2 o7e (K7, p>0.05) . NO;-N
HBREEETE S 7208, NO-NIZ TS L < idd&wy
tREIZLVZ<EENTWE (K8, p>
0.05) . IZDOWT b BREBEEIC K

D

Truog—P

REZT-ITLHROBE

HETHR NI o7, FT2, TE® 0-5
miICOBEENTW= (K9, p>0.05) .
TN IZOWT HBREMEIC LD EITA LN

Mot Fim, EEREEZLID L TN 250
ROZNZ LML HEMOERITIZEAL
DEMRES 57 (10, p> 0.05) . TP T

DOWTHRREHEEIZ LD ETA LR Do
7=. (K11, p > 0.05) .

25

15
X
10
5
0 T T T T T ]

weeding weeding weeding weeding weeding weeding
2times 1time 2times 1times 2times 1times

X 4. &HEOI N, HEoES

567
52—

44—

W Clay
osilt

-8-weeding 2 times
=O-weeding 1 time

P

0-2.52.5-5 5-1010-15
tm cm cm cm

4.0 4

0-2.52.5-5 5-1010-15
m cm cm cm

5. #HHRICE

0-2.52.5-5 5-1010-15
m cm cm cm

7% pH



70 -8-weeding 2 times

60 =O-weeding 1time
~ 50
£ a0
3 30 %
2 20 J

10

0+

0-2.52.5-5 5-1010-15 0-2.52.5-5 5-1010-15 0-2.52.5-5 5-1010-15
cm cm cm cm cm cm cm cm cm cm cm cm
B 6. &AHURIZIIT 5 EC

10.0 -8-weeding 2 times
~ =O-weeding 1time
W 80
<
L")
E 6.0
Z 40
§ 20

0.0 +

0-2.52.5-5 5-1010-15
cm cm cm cm

0-2.52.5-5 5-1010-15
cm cm cm cm

0-2.52.5-5 5-1010-15
tm cm cm cm

X 7. FHUEICRBIT AT VBT RREERS
H

e

14 + -@-weeding 2 times
~ 12 =O-weeding 1time

0-2.52.5-5 5-1010-15
m cm cm cm

0-2.52.5-5 5-10 10-15
m cm cm cm

0-2.52.5-5 5-10 10-15
m cm cm cm

X 8. AHURIZIRIT HIHREER S A&

16 -8-weeding 2 times
=O-weeding 1time

Truog-P(mg kg?)

0-2.52.5-5 5-1010-15
cm cm cm cm

0-2.52.5-5 5-1010-15
cm cm cm cm

0-2.52.5-5 5-1010-15
cm cm cm cm

9. BHRIZRT DAY o E A&

-8~ weeding 2 times
=O-weeding 1time

T-N (g kg“)

0-2.52.5-5 5-1010-15
cm cm cm cm

0-2.52.5-5 5-1010-15
cm cm cm cm

0-2.52.5-5 5-10 10-15
m cm cm cm

B4 10. FHLRICH T O RERE A=
120 -@-weeding 2 times
100 =O-weeding 1time
=80 ¢ i
2
‘é" 60 #
""L 40 +
20 +
0
0-2.5¢cm 0-2.5¢m 0-2.5cm
BRI BIT LR e AE
3.4 HER

AEﬁELtE2E%E?é%mk$1
[ FRE 2 M T OGN E BIEIE
%iﬁﬁ%?’bfiﬁﬁok.if:, ER, HPEE
£ 0 H T T NO;-N <° Truog-P OEHEN
Lot Uk Z Linn, BRERIEK
WO TRERO BRI EE TnWH & E
ZHNDH. %I, AT LRERINLAR
RORREHRT DNERD D,



TuYxl NEBEOBE
BREEAEMBIEIIZER SR BRI S RLIL
48426165 HHEITE

FAEO7Ta Y =7 NEBZEL CTEEORFAETIIE N o o EH KR %
THZLENTE .

FAL~L T, HEOSITFEICOWTFEATL. ESD Eikm Cliffi i ctta ol
DT x 7ok, ANHE, DO AN72b & W@+ 22 L oEENE BE CREICR D&
AT L TS ZERKREL L NS T EE2FAR

FEN L~ LU, ] (L REE LT O S EERARIZ 36 1T 2 BIRSREE OV A HEERH IC B KIF

WBIZOWTHE L., ZTORE, pH ENZBEEIZOWTUIMROEENL BN H -
72 BEC IZIT00m B L TV a2 b Tz,

E/ L)L T, X hF A7 x4 Huong Binh 1 Huong Loc & = AT C FEE
BOENN TEFHIC S 2 5B O THET 272 DICREAZFE 2R L T DR &4 1
Bl L CWDHLE O HEST 21T o7z, ZOFER, EH060HE S HERMEAEZ > TH Y,
AR OFFHERICE D T FTEEHOE IR ICITEE LW X T,

AEOFEBRZBBLTHARATHER M ATHRZ LD REREMENH Y, BHOEORE
MEZ fiFRT 5 2 LIRS OBREMBEZFRT 5 Z LIZ b DORNBLDTEE N T L&KL
To. F7z, SEIOEEFE TR N FLADORBREO T 207 T RFOFAEEZ R LR THEY
DFFEORESIOEEZFE L. L, HEXAZENI EL ELLRITHLY = AF ¥
—RETHhIREITaAI 2= —2a U PENA Z ERghoTe. 5 F THDILEGENGE
BFRNWLAEOANE FaZIa=r—Ya URERRWE B o TR EMRIIZEELNT S Z
EMTERDPSTZD, SRIFAETLY BEWBAICEE LT TAHA LD o7,

BB D DT U T T, LR I%E LTIHWERMLKRT L ) — X NG
L& RFD%AS, HuongLoe MORFEDS, 7 RFEOREE, £ L TEELELICL
TERIMBIEHELET. LT, ZOXIREHERRES L5 A TS o CATHEEIZEE
EEHE L ET.



EEHORE & AR
REAEMBIEIIIER AR ERIE LI
48426153 K HYE

FAMZ L > TT U7 AR 2 =228 2EEH X, FALSARLGEELNLE T
TIZBWTEETIIRR TE RWERRERIENY Thole, Ra—RATEALELL L
WZOWTHTR & R~ 5,

[N L~

FALUZEBN T, KRR, EBREE L CHEoSI HiEE AR, Bary
2 — B W 2 £ LCIT O BFERICHTB T 2 FACIE, 2 2 THAPLFOmH%IT
HERETE T o T, BBUTIZ AWM 2 FR I P RN ER D 2 L b b oTeds, ZAET
EIXRRAEENOEREMBEIZONWTEIDLZENTE L ZonT otz
[EAN L~ ]

FEN LU LT OSHEERIAR 2 %R & L TR EEE IS 2 5 BIZ SV Tl
L7z, AEIOFEE NG ZT TIERERIC X 2 BITHMEICIZR R o2, JIR= U T 0
TEEN R T TH S 2 EC THIKOAEICL 5N A 6ND Z ERaiic, 5% b
SlEEERDIMENLETH D03, AREIXSRICHT 2 EMET — & 2155 2 L3k
7mEEZ TS,

F7. AFTRAIIR L RALER O (L TIT o 7283, LT O it & o M 20\ &
L7z, PHETY 73S 600m, AL 400 LW ) BABLOHIE Lo TR Y AITIEHE
I LV EAEFENEEDR CH -T2, ZDL IR, Lo TNDDNR- & DRI THE
HKEATOMEREO T # DR VS ZWD TR L Z LN TETfHE L RoT,

[EEE L]
EEEL LTI b A « 7EOEMIIBIT 2 T M Z2 %R FEEFLOE O 1

T RIETHBIZOWTHA Lz, RIFFICLY ., 5 - U U»MERMO T CREN
EOVERZR S, BEHESEZ o Tn A Z RS, LavL, FTEFHEICES
EWVIARRETZ T TEHALNE 2o TN, HET U 7 ORI R 2 809
REIOLRDLPEORBNLETHD LK U,

Flo, RRE TR N LAORMNEZINZ & T, Bl -6 RO ER>Z &
MTE, BRTIHRL TR CERWERERFHZB I T2 ENTEILEE LD, X
L AARTIHAEYEEIRREN R > TS 2 b — 5 CREFIIEDSAM Ok
IZHELATWDL W) HAREDILHR b H DL Z L7l UL > THEZLDRDE LG
HIENTEETRY ) MEoTm, ZORBRELSHD NEITTEN L TOVE 720,

RBICAT B Y 27 MZBWTIREEL D2 0BE K20 ZH %2150 £ Lz, £1-
2L DFADPODWINDEEL WIZE &AL 720 L, ZOLEMED TO &0 G

EFET, S BREHI TEVELE,



Influence of Different Vegetation Managements on Soil Erosion

in Two Forests, Central Vietnam and Northern Okayama

Graduate School of Environmental and Life Science

1. Laboratory level : Acquirement of
soil analysis techniques
I learned analysis techniques to conduct

studies at domestic and international levels.

1.1 Soil analysis techniques

I learned analysis techniques of soil texture,
Bulk density, pH, EC total carbon (T-C), total
nitrogen (T-N), inorganic N (NO3z-N, NHs-N),
Truog-P (available P), total phosphorus (T-P) .

2. Domestic level : Influence of different
densities of thinning on soil erosion in
the Japanese cypress forest, Northern
Okayama

2.1 Background

In northern Okayama, cypress forest is
regularly conducted thinning to arrange the
growing environment of coniferous trees like
Hinoki and Cryptomeria. But tinning might
influence to soil erosion by some form. To
investigate this problem, we collected soil from
thinning area and no thinning area in cypress
forest in northern Okayama. And we studied
about influence of different densities of

thinning on soil erosion.

2.2 Sampling area and method
We collected soil from artificial forest in
northern

Tuyama city located

(2015/1/5) . We classified thinning area and

Okayama

48426165 Teppei Yoden

no thinning area. In thinning area, Altitude was
about 600 m and slope was about 40 degree and
density was about 900 tree/ha. In No thinning
area, Altitude was about 600 m and slope was
about 40 degree and density was about 1300
tree/ha and thinning was carried out from
September to October in last year. Distance
between thinning area and no thinning area was
about 70 m. We only analyzed pH and EC, bulk
density.

2.3 Results

Bulk density and pH were no different by
thinning (p > 0.05) . EC only had a little
different. (Fig.1,2) .
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Fig 2. pH and EC in each point



2.4 Conclusion

Bulk density and pH had no difference by
thinning. Only EC had difference by thinning.
But difference was small. So we could not
reveal about clear influence of thinning in this

investigation.

3. International cource : Influence of the
different weed managements on soil
Central

erosion in the rubber forest,

Vietnam

3.1 Background

In the Huong Binh area in Hue province in
Vietnam, Many Farmers Cultivate rubber trees
by government program that was established in
1993. Farmers carried out weeding to remove
snake in rubber forest. However, little weed
may lead soil erosion. In this study, we did

interviews and collected soil to investigate

influence of soil physical properties and

nutrient contents by weeding.

3.2 Sampling area and method

We selected rubber forest where weeding was
carried out 2 times/year (slope was 4.2 degree)
and 1 time/year (slope was 5.9 degree) in
Houng Binh area in Hue province in Vietnam.
We interviewed 3 farmers who managed this
rubber forest. 1 farmer weeded 2 times/year and
2 farmers weeded 1 time/year. As shown in Fig
3, we classified each area to the upper part, the
middle part, the lower part. And we chose three
plots about all parts. We collected soil from
each plot that divided by four layers 0-2.5 cm,
2.5-5 ¢cm, 5-10 cm, 10-15 cm from surface. We
analyzed about soil texture, Bulk density, pH,
EC, NO3-N, NHz-N, Truog-P, T-N and T-P.
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Frequency of Weeding : 1 time/year
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Farmer : Dang and Vinh Farmer : Tam
Valley
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Fig 3. Sampling area in rubber forest
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3.3 Result T-P was no difference by frequencies of weed
In weeding 2 time/year area, farmer started controls too (Fig 11, p>0.05) .

cultivation of rubber tree from 1993, planting 25

density was 550 tree/ha, farmer used fertilizer 20

15

about N:P: K=16-16-8 of 0.50 kg/hole (28 g/m?) 1o m Clay

osilt

%

and farmer weed by machine. In weeding 1 5
0

weeding weeding weeding weeding weeding weeding
2times 1time 2times 1ltimes 2times 1times

time/year area, farmers started cultivation of
rubber forest from 1993, planting density was
550 tree/ha, farmers used fertilizer about N : Fig 4. Silt and Clay contents in each plot
P:K=16-16-8 of 0.15 kg/hole (8 g/m?) and 0.30

2 - 0 - -8-weeding 2 times
kg/hole (17 g/m?) and farmers weed by machine 60 ~omweadng 1tme
. .. . . R 56 +
and chemical herbicide. Fertilizer application
52 +
method was putted fertilizer in holes that were i a1 KEE % 2 3:3 .
dug in the center of four trees. 44 4
Silt and Clay contents were very low in all 40 T
0-2.52.5-5 5-1010-15 0-2.52.5-5 5-1010-15 0-2.52.5-55-1010-15
plot (Fig 4, p > 0.05) . pH was no difference by nocmoomoem o cmocmocmocmocmocmocmoom
frequencies of weed controls. And soil in all Fig 5. pH in each plot

plot showed weakly acidity (Fig5, p >0.05) .

EC was no difference by frequencies of weed L ~4-weading2times

60 - =O-weeding 1time
controls too. And because of EC generally low, 750 +
£a0
we thought nutrient was little in this area (Fig 6, 930 -
g 2 W E : v=0

p > 0.05) . NHs-N content was no difference by

frequencies of weed controls too (Fig 7, p > 0
0-2.52.5-5 5-1010-15 0-2.52.5-5 5-1010-15 0-2.52.5-5 5-1010-15
0.05) . NOs-N content was no difference by cmocmoemocmocmoomoemocmoocmoomoomocm
frequencies of weed controls too. And NOs-N Fig 6. EC in each plot
content in Lower plot was higher than Middle
and Upper plot (Fig 8, p > 0.05) . Truog-P 100 ~8-weeding 2 times
] ] 2 80 =O-weeding 1time
content was no difference by frequencies of %‘;60
FN3
weed controls too. And Truog-P only existed in Z w0 %
I
Lower plot (Fig 9, p > 0.05) . We thought z ;2
results of NOs-N content and Truog-P content 0-2525-55-1010-15  0-2.525-55-1010-15  0-2.52.5-5 5-1010-15
cm Cm cm cm cm cm cm cm tm cm cm cm

showed soil erosion was happened in this area.
T-N content was no difference by frequencies Fig 7. NHz-N content in each plot
of weed controls too (Fig 10, p > 0.05) . And
from result of T-N and organic content, most

nitrogen in this area were in organic form.
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Fig 8. NOs-N content in each plot
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Fig 9. Truog-P content in each plot
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Fig 10. T-N content in each plot
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Fig 11. T-P content in each plot

3.4 Conclusion

There were no clear differences between 2
times/year and 1 time/year. More nutrients
existed in Lower plots than middle and upper
plots. The 0-2.5 cm layers had more nutrient
than the other layers. From the above,
difference in weed management did not
influence soil erosion in this study area. This
study investigated only 3 farmers who weed
2time/year and 1time/year. In the future, it is
necessary to investigate other farmers who

weed other time.



The project researches on Environmental Rehabilitation in Asia

Influence of Different Vegetation Managements on Soil Erosion in Two Forests,

Central Vietham and the Northern Okayama

Graduate School of Environmental and Life Science,Okayama University
48426153ShoheiOyama

1. Campus Level : “The acquisition of the analysis technique of soil”

We learned analysis techniques for an experiment to perform at the domestic level
and the international level.
1.1 Analysis of soil
Bulk density

It shows the mass of a given volume of soil. We collected soil that 5-10cm in depth in
Core samplers( ¢ 5 cm X5 cm).We weighted it after having dried them at 105 °C Celsius
for 24 hours,
Soil texture

It means a ratio of clay and silt and sand.After having broken down organic matter of
the soil by H202, we demanded the fraction of soil.The method are thepipet
methodabout clay(0-0.002 mm) and silt(0.002-0.02 mm), and screening about the coarse
sand(0.2-2 mm) and the fine sand(0.02-0.2 mm).
pH and EC

We analyzed Suspensions(Soil: Water=1:10) by the pH meter (pH/ION METER F-23,
HORIBA) and the EC meter (CONDUCTIVITY METER DS-14, HORIBA).
Total carbon (TC), Total nitrogen (TN)

We analyzed TC and TNby CN Corder (MT-700 Mark- I, Yanako)after having

pulverized.
Inorganic nitrogen (NO3-N, NH4-N)

We analyzed NOs-Nand NH4-N bythe automatic analyzer (QuAAtro 2-HR, BLTEC)
after having extracted those in 2 MKCI1 (Soil : KC1=1 : 10).
Available phosphorus (Truog-P)

We analyzed Truog-PbyAutomatic Analyzerafter having extracted phosphorus
inTroug(mixed solutionof 1 M H2SOsand (NH4)2s04;Soil : TrougP=1 : 200).
Total phosphorus(TP)

We extracted phosphorus in2M H2SO04(Soil : HoSO4=1 : 50)after having let heated soil

at 550 °C Celsius for one hour and become ash. We analyzed the solution by Automatic

Analyzer.
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2. Domestic Level : “Influence of different densitiesof thinning on soil erosion

in the Japanese cypress forest, the Northern Okayama”
2.1 Background and Purpose

In cypress forest of the northern Okayama woods for commerce as Japanese cypress
and Japanese cedariscultivated.In this area, the cypress forest is regularly conducted
thinning to arrange the growing environment of coniferous trees.

However, Thinning might influence to soil erosion by some form.In this course,we
researched influence of thinning on soil erosion in cypress forests in the Northern
Okayama.We collected soil from each sites where the thinning is carried out and is not
carried out. And we analyzed soil in this area.

2.2 Summary of survey area

I performed the soil collection in two spots where the thinning is carried out (site A)
and is not carried out (site B) in the coniferous forest where Hinoki and Cedar were
planted in Kamo town,TsuyamaCity, Okayama Prefecture. (Jan. 5, 2015) Sampling sites
is the area of slant approximately 40° both.In addition, distance between two spots was
approximately 70m, and the thinning rate was 30%. The planting density was 1,330
trees’ha at the site where the thinning is not carried out. On the other hand, it was 931
trees /ha at the spot that site where the thinning is carried out.The thinning was carried
out from September to October, 2014.In this time, we analyzed only bulk density, pH,
EC of soil as a basic investigation.

2.3 Result

As for the value of the bulk density, sitesA and B were both approximately 0.8 g/cm.
The bulk density did not have the difference between site A and site B(Fig.1).pH was
about around 4.0 with two sites, too, and there was not the difference between site A
and site B.Soil of this area was shown to be acid soil from the result of pH.The value of
the EC was 261 S cm-1 in site A and was 20 S cm-1 in site B.As a result of having
performed t-test, EC met the significance level of 5%.From this result, the difference in

two spots was shown just a little.

1 —+ 30 - Th
S - oEC i
£E08 - ¢ I i
bo ] - 1 4
206 -+ £ 20 - -4
Eo . w15 i &
] 4 ] -

E E 10 + '!pH T4
2 0- : : 01 : : - 35
No thinning Thinning No thinning Thinning
Fig.1Soil bulk density Fig.2Soil pH and EC

14



2.4 Conclusion

In the coniferous forest ofKamo town, Tsuyama City, Okayama Prefecture, the bulk
density and pH did not have the difference between the site that thinning is carried out
and the site that tinning is not carried out. There was statistical differencein the result
ofonly EC.However, it is right or is not clear because there is little the march of time
from the last time. So it is necessary that we analyze Soil texture and nutrient contents
and we investigate soil after a certain time period passes from the last thinning to know

the influence by the thinning in detail.

3. International Level : “Influence of the differentweed managements on soil

erosion in therubber forest, Central Vietnam”
3.1Background and Purpose

Rubber cultivations began in 1993 by government program 327
inHuongLocVillage,HuongBinhCommune, Hue province, Vietnam. Weeding is carried
out for prevention snakes and improvement of the work efficiency in the rubber
forest.However, in the slant place with a little undergrowth of weeds by weeding, soil
outflow is easy to happen. It is concerned about leading to soil erosion and deterioration
of surrounding water environment.

The purpose of this study is to clarify influence of the difference weeding management
on soil erosion in the Rubber forest.We performed meeting-style questionnaire about
manuring practice to a farmer who carried out weeding twice a year and two farmers
who carried out weeding once a year.We performed collection soil in rubber forest that
three farmers owned, and we analyzed the collection soil. (Jun. 23-27, 2014)

3.2 Summary of survey area

We performed soil collection in two sites where weeding is carried out twice a year
and once a year in Rubber forestsofHuonglocVillage,HuongBinh Commune, Hue
province,Vietnam.

Wepartitioned each sites to the upper part, the middle part, the lower part for a

central valley. We divided soil

. ® +++ Rubbertree
into four layers(0—2.5, 2.5-5, ® ... Sampling plot

Frequency of Weeding : 1 time/year Frequency of Weeding : 2 time/year
5-10, 10-15cm) from the (Slope : 5.9° ) (Slope : 4.2° )

R

surface and collected soil in
e @ L N N N N *e e
each layers. (Fig.3) . Analysis E P31 E Tim §4m

ecdooscecdesce
parameteraresoﬂ texture, ® OO OOOOOPSOOOOOS oeoeeoocococecoooocoe
Upper Middle Lower Lower Middle Upper
pH, EC, NH4_N, NOS_N, Direction of slope =——— | 4———— Direction of slope
Truog-P, TN, TP. Fig.3Summery of sampling sites in the rubber forest
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3.3Result

The start time of the rubber cultivation was 1,993 years in all farmers. The planting
density of the rubber forest is 550 trees/ha, and they use the fertilizer of N:P:K=16:16:8.
The method of the fertilization was way howthey put fertilizer in holes that were dug in
center of four trees. The quantity of fertilization was more farmer who carried out
weeding twice a year (0.50 g/hole)than two farmers who carried out weeding once a year
(0.15 g/hole and 0.30g/hole).

As a result of soil analysis, soil texture in all soil was shown to have lower ratio of silt
and clay than a ratio of sand(Fig.4). pH was not showed difference due to weeding
frequency, but, the value of pH was about 5.0 at all places and showed that an in soil of
survey area was acid soil(Fig.5).EC showed the numerical value that there are low in
soil of all site and we can expectedthat there is little nutrient contents of soilin all sites
(Fig.6). As for inorganic nitrogen, both NH4+N andNOs Nwere not showed difference due
to the weeding frequency. NOsNwas included a lot in the slight layer of the lower
part.Truog-P was included in only a surface layer (0-5cm) of the lower part (Fig.9).The
quantity of total nitrogen was considerably more than inorganic nitrogen. As for
nitrogen of the survey area, almost all were shown to be organic nitrogen from the
result (Fig.10).Furthermore, the difference due to weeding frequency was not shown in

the TP like other analysis parameters (Fig.11).

6.0
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T 5 4.5
: |
o] |
w 0
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2tmes 1time 2tmes 1tmes 2tmes 1tmes 0-25 255 5-10 1015 0-25 2.5:5 5-10 10-15 0-25 255 5410 10-15
LOWE!' MIddIE‘ U cmn cm com cm cm cm cm cm cm cm cm cm
- o e «—— lower —p «—— Middle —» «— Upper —»
Fig. 4Silt and Clay Contents Fig.5Soil pH
] . . T --weeding 2 times
60 --weed!ng 2 limes 2~ 8 -~weeding 1 time
==weeding 1fime 1y :
T 5 W 6
E 0 |1 ! s 2 , [
v:;. 30 I MO/O\Q z 471 L1 [
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CRERS ) 22 | I J
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0-25 2.5-5 5-10 10-15 0-2.5 2.5-5 510 10-15 025 2.55 510 10415 0-25 2.55 510 1015 0-25 2.55 510 10-15 0-2.5 255 510 1015
cm cm cm cm cm om cm cm cm cm cm cm @n cm om cm cm cm cm cm cm cm cm cm
“«—— lower —s «— Middle —s «— Upper —» <«— Llower — — Middle — «— Upper —»
Fig. 6Soil EC Fig. 7Soil NH4+-N Content
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3.4 Conclusion
That was showed that difference of weeding frequency that it is the case of once a
year and twice a year did not had a difference in a physicochemical characteristicfrom
the result of international course.In addition, there was more contents of NO3-Nand
Truog-Pthe lower part than the upper part and the middle part. Our study suggested
that it is thought that soil erosionis caused in both weeding frequency sites and
different by the weeding management do not affect soil erosion in this surveyarea from
the result mentioned above.
It will be necessary for us to investigate that whether this result comes under other
areasbyenlarging an investigation areaand investigates in the place that the weeding

frequency is different from this timein the future,.
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Report of project practice (FY 2014)

Sustainable agricultural development by settlement policy
in Hue and Kasaoka

Graduate School of Environmental and Life Science, Okayama University
48426154 Yuki KADOWAKI

m Campus level

We conducted the preparing of research plan for domestic level. We collected

information about Kasaoka city and considered the methods of survey.

m Domestic level

We conducted the practice in Kasaoka city, Okayama Prefecture from October 30, 2014
to November 1. In this practice, we conducted surveys on corporate agriculture in
Kasaoka bay polder. In this vast area, farmland (i.e., agriculture, dairy, stock) occupy
most of polder and farmers manage large-scale farm. Recently, corporations launch
large-scale agriculture. This movement have caused changes of land use in polder area.
For that reason, we conducted the interview to both city side and corporation side to
research the background of changes of land use in polder area. In this survey, we asked

object person about present situation of corporate agriculture.

[ Corporations entry in polder]
Many corporations want to enter in search of large scale farms and some corporations

lease lands from individual farmers. For that reason, total lease area is increasing in
250
Kasaoka polder. . 206 216
/) L
14 154 154 1547

| S—

(=]
=
=

Check points of selection of corporation

n
=

entry into agriculture are spillover effect

=
=

to local area, sustainability of agriculture,

Total lease area (ha)

possibility of the branding, and influence

tn
=

3 1y

on surrounding environment etc. ’ ‘

2005 2006 2007 2008 2009 2010 2011 2012 2013
year

Fig.1 Total lease area in Kasaoka polder

=

[ Case study of a corporation entry (Corporation A) ]
In 2007, use of lease land by Corporation A was admitted. And, Corporation A prepared
large pick up point and large machine, and managed large-scale agriculture. At present,
corporation A produces broccolis of 3milions per year in about 110 ha.

Corporation A contract with the company which sale and produce vegetables nationwide.
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And, this company purchases the full amount from Corporation A and circulates to
other areas. However, Corporation A isn’t belongs to network with JA and organization
in polder. For that reason, this corporation struggle to find a place in local community in

polder.

m International level

We conducted the practice in Hue Province,
Vietnam from June 22, 2014 to June 28. In
this practice, we conducted surveys on local
rubber industry in Huong Binh village in
Hue.

Previously, this place was jungle, hence
malaria area. But, at present, about 3,000
People (600 households) live here. Their
main livelihoods are forest plantation (.e.,
acacia and rubber), paddy field, swidden
etc. Above all, recently, rubber cropping
had expanded rapidly. However, the
process of rubber cropping spread was not
so clear.

Then, we conducted the interview in Huong
Binh village to survey the background of
rubber cropping spread. We interviewed to

commune office, farmer, middleman, and

processing factory.

Pic.2 Collected tree sap by using cup

[the process of the rubber cropping spread in Huong Binh village]
By hearing survey, it is suggested that policies were trigger of rubber cropping spread.
ONew Economic Zone (1975)
This is immigration policy after the Vietnam war. 130 households had settled from
coastal area at first. The number of households had once decreased, but since the 1990s
population have started to increase. Therefore, we can call this policy “Population
growth by immigration”.
OProgram 327 (1993)

The purpose of this policy is reforestation by rubber planting. For that reason, people
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acquired the right of rubber plantations in state forests. By this policy, rubber planting
had started.

O Agricultural Diversification Project

(2001)
By this policy, financing of the bank for 1575 New Economic Zone

farmers was conducted. Herewith, the

cropping area of rubber had rapidly
expanded during 2001 and 2004. 1993 | Program 327

By above survey results, it is suggested

that rubber plantations had been 50
expanded by policy. In addition, policy .T- Agricultural Diversification Project

became a trigger of rubber cropping

Fig.2 the process of the rubber cropping spread in Huong

and supported the villagers’ rubber
) Binh village
production.

[ Conclusion and perspective]
Effective use of roughage area in Kasaoka and settlement policy in Hue have common
factor. So, we considered change of land use and settlement which was caused by policy
as common factor. In each area, growth and development of infrastructure by policy
made agriculture active.
However, with change of land-use and agricultural form, environmental problem (e.g.,
water pollution, ground pollution etc.) may happen in the future. And, it is important to

prepare the community formation and social capital in settlement area.
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The report of “Special Course for Environmental Rehabilitation in Asia”

Graduate School of Environmental and Life Science, Okayama University

Sosuke MATSUNAGA 48426161

[International Level Practice]
We had the research practice in Hue province, the Socialist Republic of Vietnam

(referred to as Hue, Vietnam) during June 23 to June 27 in 2014. Our research focused

'i.:

on lubber farming by governmental migration project.
The lubber (the right photo) is produced as a natural
lubber material for tires and any lubber products. After
1975, the end year of Vietnam War, government carried
out some agricultural development project with
migration project. Huong Binh Village where we had
interview and research was one of the villages carried
out these projects after 1975. Before the first project
started, the village didn’t have general industries but % e
only had small-scale agriculture like acacia or slash and burn faming. Then three
governmental projects carried out after 1975, the migration from the coast area settled
to the village.

There are three steps of governmental projects in the village. 1) New Economic
Zone (1975); after the war, the government carried out the project for migration, this
project brought the migrations around 130 households at its first phase from coast
areas to the village. 2) Project 327 (1993); this project played the roll as land allocation
for lubber farming. Before the settlement, migrations carried on their lives from
fishery or related. We considered this project made the lubber farming basis in the
village. 3) Agricultural Diversification Project (2001); It works as financial supports for
lubber farmers we considered. After this project carrying out, the land using for lubber
farming increased dramatically. Above these three projects, we consider these
governmental projects have worked as “migration”, “lands allocation” and “Financial
support” to lubber farming development in the village.

We brought one hypothesis to the Hue research, the land using changes by
migration agricultural development have caused “some” environmental problems in
the village. Finally we couldn’t find out these confirmation of that during the research
period. However, based on our research experience and interview, we've considered

that some environmental problems caused by these agricultural developments on the
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lubber farming in the village will occur problems as soil or water pollution in the

future.

[Domestic Level Practice]

During October 30 to November 1,2014 we had research in the Kasaoka City,
Okayama. We choose the topic about land using changes by contracting farming in
Kasaoka polder (the right photo) finished
reclaiming by government in 1991. The
polder has 1,811 ha, its 66% 1s used for
agriculture including farming, households
and so on. The polder also includes idle
areas keeping just as glass farming on
around 380 ha. Since 2005, Kasaoka city has

started to recruit the settle farmers to use of

the land using as faming from idles. In the
2005, only one corporate company joined the project and started the contract farming
on 13 ha. In 2013, now five settlers used 216 ha of idle land.

Our hypothesis was that the land using changes have caused water pollution and
other environmental problems by draining water from new farming areas ex. Idle
lands. However result of interviews and water quality test records don’t show the turn
for worse. Because every settler have taken the responsibility to keep the polder and
Kasaoka bay environmental, so they have managed the fertilizer and draining.

Finally our hypothesis didn’t get evidence however we consider that some of new
settlers feel difficulty to join the polder farmers communities. Because their product
amount is so huge so some farmers who farm in the polder since before 2005 feel new
settlers are new threat to the original farmer’s management. We conclude this problem
is one of settlement farming problems in Japan and government has to introduce the

settlers and original farmers for keeping the environment in the land using changes.

[ Campus Level Practice]

We had classes and seminars for this special course practices and presentations
in two semesters of the academic year in 2014. We learned the skills of international
and domestic research and the wide view from these two experiences. Also we tried to
get English presentation and interview skills. 'm sure these studies and experiences

will improve my study about agricultural development around Southeast Asia.
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Sustainable agricultural development by settlement policy in Hue and Kasaoka
48426162 Ayaka Miura

[Campus level / Domestic level]

In campus level, we prepared a research plan for domestic level.

In domestic level, we had fieldwork in Kasaoka Bay Polder in Okayama Pref. Kasaoka city
1s located in the southwestern part of Okayama pref. There was not blessed with water and
land for a long time, so Kasaoka Bay Polder was made as government project by Ministry of
Agriculture, Forestry and Fisheries. Kasaoka Bay was closed by bank, and it was developed
new land. It was started in 1966, and completed in 1990. It was cost 30 billion yen. The most
of Polder area, it is occupied by farmland. There are large scale farm to use vast polder area.
These days, land use of the part of roughage area (under public ownership) is changed by
corporation entry into agriculture. So, we interviewed to both city side and corporation side
to research background of changes of land use and present situation of corporate agriculture.

Roughage area is under public ownership of Okayama pref. & Kasaoka city. It covered a
vast area to provide feed cheaply, but supply exceeded demand. Roughage area became
unused land reason for oversupply. So city started to recommend corporation entry into
agriculture by policy. There are some check points of selection of corporation entry into
agriculture: Spillover effect to local area, Sustainability of agriculture, Possibility of the
branding, Influence on environment and so on. Many corporations want to enter in search of
large scale farms, so some corporations lease lands from individual farmers. Tablel shows
corporations entry in polder. Now, 5 corporations enter into Kasaoka Polder area. This arrow

heads means term of contract. For 8 years, total lease area increased by 17 times.

Corporation A had an Tablel: Total lease land to corporation
application and an Year
2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
allowance to lease land Coap

in 2007. Now, they | .. s * l

produce Smilions | = p ﬁ M

Broccolis  in  110ha. | M *

They had large pick up Coap. D

point and machines to

Coap. E ﬁ

develop large-scale
Total(ha) | 13 13 154 | 154 | 154 | 154 | 197 | 216 | 216

agriculture. They have
contract with the company which sale and process of vegetables nationwide, so the company
purchases the full amount of vegetables and circulates to other areas (for example Tokyo or
Osaka). They don’t have network with JA or organizations in polder, so they have struggle to

find a place in local community in polder.
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[International level]

In international level, we had fieldwork in Hong Binh village in Hue Prov. Vietnam, and
surveys on local rubber industry.

Huong Binh village was formed by settler
from other areas by policy. Approximately
3,000 people (600 households) live, and
agriculture and forestry business is
prosperous. Cassava, acacia, and rice
grown in a dry field were cultivated
everywhere in the village. In recent years,
the rubber plantations greatly expanded,
and the farmers who make the rubber

cultivation increased. However, about the

process of the rubber cultivation in the
Huong Binh village has many uncertain Figurel: Collection of the sap of rubber
points. Therefore we interviewed to Huong Binh village office, rubber farmers and
middlemen to research present situation and factors of Expansion of the rubber plantation.
It was thought that three policies contributed to expansion of the rubber plantation in the
Huong Binh village. The first is a settlement policy called "New Economic Zone" in 1975. By
this policy, people settled to Huong Binh village, and village population increased. The
second "is Program 327" in 1993. By this policy, people who wanted to perform rubber
cultivation were assigned the land of the country. This led to the rubber cultivation start in
the Huong Binh village. The third is a policy called "Agricultural Diversification Project"
which in 2001. By this policy, because the financing from the bank for rubber farming
families was carried out, the rubber cultivation in the Huong Binh village spread rapidly.
Therefore, in the Huong Binh village, some policies not only pushed the settlement of people
and the opportunity of the rubber cultivation start, but also contributed to expansion of the

rubber cultivation and changed the land use of the village.

[ Conclusion]

In these two cases, backgrounds of changes are different, but they have common factors
that change of land use and settlement was caused by policy. Growth and development of
infrastructure made activation of the agriculture. However, there are some future issues;
environmental problem at the point of change of land use and community formation in

settlement area.
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Current situation and challenges in waste management in Da Nang City
48426302 YUKI ADACHI

Introduction

Today's society is a mass disposal and environmental issues is also serious such as
global warming, depletion of natural resources, large-scale resource extraction. The
challenge is to build a sustainable society that does not put the burden on the global
environment. Our objective are understanding the current situation and problems of
waste management in Okayama City and Vietnam in Da Nang City, and to suggest the

resolution of problems.

Campus Practice : Waste management in Okayama University

The amount of waste in the Okayama University is an increasing trend, 2013 fiscal
ratio of recycled product emissions to the total waste emissions (recycling rate) are also
worse compared to last year. In Okayama University has paper that can resource
recovery is discharged still as combustible waste. Solutions are confirmation the
contents of the separation situation of waste by faculty and students and public

awareness of the paper recovery of the guidance and (HP or booklet), and the like as.

Regional Practice:Waste management in Okayama City

In Okayama City, introduced a garbage fee into February H21, it was achieved
significant improvement in waste collection amount of reduction and recycling rate. The
waste generation per person per day is 8379 in H22, and ,the goal is to reduce the waste
generation 720g in H37.
Challenge of Okayama City are (DLow recycle participation rate such as young people
and students @Low implementation rate of Reduce /
Reuse @Students and young people do not participate
much in environmental education. ( The reference to the
Web survey results was carried out in January 2013)
October 12, 2014 in order to solve the current
problems,we planned 4R experience event and held. Title
is [Tabekiri-no,Nomikiri-no de hazimaru Onitaizi2014]
Place are the surrounding area of Nishikawa Ryokudo
park ~ Shimoishii park and "Harenomino nishigawa"
event cooperation stores 19 stores participating stores 55

stores. Purpose are improvement of awareness and
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understanding the 4R of

oung people that do not | | |
youns peob Before the event 37% 36%
penetrate.
Incorporating the 4R
After the event 19% 11%
experience and game
elements to the Stagel ~ 0% 20% 40% 60% 80% 100%

Staged 4R experience B | know the word and meaning

events along the story of | know the word
Momotaro. | don't know
128 people participated Awareness and understanding of the 4R

in 4R experience events ,

young people, which has been considered as the target initially (20-40 years old)
accounted for 72.5% of the participants. We asked impressions of this event, who
answered "very good", "good" is 98%, most of the participants had a good impression for
the even We examined the awareness and understanding of the 4R of pre- and
post-events, the person who answered "I know the word and meaning" became 27% —
70%, who answered "I don't know" became 36% — 11%.We were able to confirm the

enlightenment effect of events.

International Practice:Waste management in Da Nang City

We visited Hanoi and Da Nang in Vietnam from August 25,to0 September 1,in 2014. I
especially learned the situation and problems of waste management in Da Nang City.

The population is about 990 000 people and waste amount is 0.72kg per person per day
in Da Nang City. In Cam Le district the urban area of Da Nang City, population is about
100,000, area about 35km2, the waste amount is 0.57kg per person per day. In Hoa
Vanh district the rural area of Da Nang City, population is about 125,000, area about
736km2 the waste amount is 0.4kg per person per day. We collected data on waste
management in Da Nang City at Da
Nang DONRE (Department. of Natural
Resources and Environment) , Da Nang
URENCO ( Urban Environment
Company) , Cam Le Factory(Company
that manages the waste in Cam Le) ,
Hoa Vanh Factory(Company that
manages the waste in Hoa Vanh),

Transportation company.
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Current situation and challenge of

waste collection and
transportation in Da Nang are
Tricycle door-to-door system and
forklift dustbin collection system
are majority. Compactor truck
door-to-door system: used in 3
wards. In average population
density area, waste collection is a
15-30min / 660L, but in low
population density area, waste
collection is a 70-80min/660L.
Public collection is not penetrated
in Hoa Vang district. (Collection
coverage is 40% -70% ).Because
the ratio of kitchen waste is high,
they are considering a small
composting on-site. Costs of waste
collection and transportation is
large, its efficiency has become a
challenge.

We were collecting the data of
waste collection amount and
collection time of the one day of
each region of Da Nang. at landfill
site. Collection time of waste per

ton has been average of about 33

Total worker
®Tricycleandforkiit [ 294

@Compactor [N 15.2
@Japanesestation collection [N 9.2

0 10 20 30 40

Total cost
(D Tricycle and forklift  EEEEEGEGEGENSESTIN—
@Compactor  EENGETEN

(3)Japanese stationcollection |l 2,264 Il

0 2,000 4000 6,000
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0 2 4 6

Collecitontime
@ Tricycle andforklit IIEEENESZIENN
@Compactor NGOG
3)Japanese station collecton [N 24 4 I

0 20 40 60
{min/ton)

Scenario evaluation for the improvement of collection

minutes in Cam Le. We evaluated scenario for collection and transportation cost of Cam

Le district based on these scenarios.

D Tricycle and forklift collection and

transportation in Da Nang ( survey data) @ Compactor truck collection and

transportation in Da Nang (®Waste collection and transportation in Japan.

As a result of the scenario evaluation, number of employee, cost, number of tracks of

Japanese system, was more efficient than the collection system of Danang.

By incorporating a waste collection system in Japan, could be improved collection

efficiency. But, there is waste picker in Vietnam. It is necessary to consider them if they

incorporate a waste collection system in Japan.
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Project Researches on “Environmental Rehabilitation in Asia”
The Effects of Land-use Change for Rubber Plantation on Properties of Surface Soil
in Central Vietnam

I Campus practice

For domestic and international practice we
collected soil samples for analysis. For
campus practice, experiment method of the
following is learned.

Soil physical properties

Bulk Density:
Actual volumetric method

Particle size distribution:
Pipette and Sieve analysis

Soil chemical properties

Total-C and Total-N-:
Dry combustion method (CN-Corder)

Total-P:
Dry ashing procedures and Molybdenum
blue method

Available-P:
Truog and Molybdenum blue method

Mineral concentration (Total-K, Total-Mg,
and Total-Ca) in soil:

Dry ashing procedures
absorption method

and Atomic

II Domestic practice

1. Introduction

After World War II , re-generation of
Japanese forests 1s achieved mainly by
artificial re-forestation. But most of Japanese
artificial forests become "Mono- -culture
forests" of cedar and cypress. Nearly 60% of
total artificial forests are still needed
thinning. However, it has been delayed,
because forest owners, especially small-scale
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ones, have lost their interest towards forestry.
The planting density of artificial forest was
very high which aimed for short rotation
reflecting the "WOOD BOOM" in those days.
So, it has become a serious problem that
understory declined and the surface soil was
easily removed by rain.

The purpose of this practice is to study the
effects of forest thinning on surface soil
movement in Mono-culture cypress forest.

2. Study area and Methods

We studied the effects of forest thinning on
surface soill movement in the dJapanese
cypress plantation at Tsuyama, Okayama
prefecture from May 27, 2013 to November 21,
2014.

We collected soil of leaching and measured
dry weight of runoff soil.

3. Results and Conclusion

Fig. 1 shows that the amounts of soil
particles were moved and washed out with
rain. The thinning and undisturbed areas
were not significantly different. It is likely
that the other factors, like slope degree or soil
texture, play the important role for movement
of surface soil.

__ 1000

5 800 ns

N

= 600

g

& 400 OSand (@<2.0mm)
T 200

« B Gravel (¢p=2.0mm)
E 0 - :

8 No thinning  The thinning

&)

Names of plots

Figure 1 The amounts of gravel and sand moved
with surface runoff.

Note: ns indicates not significant different. From May
27 to December 13, 2013



Il International practices

1. Introduction

In the humid tropics, accumulation of
organic matter is poor on the forest floor and
concentration of nutrient elements in soil are
lower than the temperate and semi-arid
regions. Because of low planting diversity and
the understory removal, soil degradation has
been a concern in Mono-culture plantation.

The purpose of this practice is to study the
effects of land-use change for Mono-culture
rubber plantation on properties of surface soil
in central Vietnam.

2. Study area and Methods

The study area is located in Huong Binh
commune, Thua Thien Hue province, Central
Vietnam. The seven rubber plantations were
chosen in this area for study which was
established from 2001 to 2003.

We got the information about land use
history, management and latex yields of them
by interview to the farmers from June 23 to
27, 2014. The topography and size of rubber
trees were measured. Then soil samples were
collected for analysis of mineral contents and
properties of soil.

3. Result and Conclusion

3.1 The topography

Topographies are different between areas
(Table 1). For example the slope is flat in Plot
No.3 but degree of slope 23.5° in Plot No.5.

Table 1 Slope degree of each plot

No. of plot Slope degree ()
1 8.6
9.0
<3.0
14.3
235
6.3

4.9

- & o B W M
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3.2 Land-use history
Land-use history can be divided into two
types as follows:

i)  Directly changed for rubber plantation
from natural forest or shrub (Plot No.1,
2, 4, and 6).

Acacia were planted or rice, soybean,
and sugarcane were cultivated before
rubber plantation (Plot No. 3, 5, and 7).

ii)

No. Year

Dloa!l"-EOUS 2000 1999 1997 1995 1992 1990 1983
i Rubber I

plantation Forest and Shrub

2 | Rubber plantation I Forest and Shrub

I Acacia
plantation

3 | Rubber plantation Ribel Forest and Shrub

4 | Rubber plantation I Forest and Shrub

5 |Rubber plantation | Rice | Forest and Shrub

Forestand Shrub

Not use @ Notuse | Rige | Forestand Shrub

Figure 2 Change of land use for last 30 years in
each plot.

The red line indicates the time of intentional burning.

6 | Rubber plantation

7 |Rubber plantation

3.3 Land management

Farmer applied chemical fertilizer to their
rubber plantation with different amount from
300 - 500 kg ha'? year'! (Table 2). In additions,
some farmer also applied organic fertilizer,
with the exception of Plot No.1 using
additional KCI.

Understory vegetation was poor in all plots
because the owners of rubber plantation
applied chemical herbicide before starting the
harvesting season. But only owner on plot
No.1 removes understory by hand.

The relationship between amount of
chemical fertilizer and latex yield and
diameter of rubber tree were shown in Fig. 3
and Fig. 4, respectively. There is a weak
correlation of them ( = 0.5004 and r= 0.5140,
respectively ). The results show that the yield
and size of rubber tree do not depend on
amount of chemical fertilizer because
nutrients elements could be leached out from
the soil easily.



Table 2 Manages of rubber plantation

No. Amounts of fertilizer(kg ha* year1)
of  Chem.fertilizer
plot  NPK(16:16:8) Others

KCl
50kg x2times

Org.(manure)
1000kg x2times

Org.(manure)
1330kg x2times

1 150kg x2times
2 250kg x2times

3 200kg x2times

4 200kg x2times -

Org.(pig dung +
straw)
nd

5 250kg x2times

6 150kg x2times -

Org.(manure)

7 167kg x2times 3330kg

Note: nd indicates no data.

~ 50
E Plot3 l Plot2
=40 o
S
< 30 Plot7 —
% 0 fo) T Plot5
5; 20 - Plot] —O—— Plot4 B —
& (e}
= 10 Plot6 =0.5004 —
<
= ns
= 0

0 200 400 600

Amount of chem. fertilizer (kg ha'l year)

Figure 3 The relationship between the amounts

of chemical fertilizer NPK) and latex yields.
Note: ns indicates not significant.

30
Plot3 Plot2
& 20 Plot1 , o
E B8O Pltsa O
b 1
g Plotg  Plot7 Plot5
g 10
.8
a 1=0.5140
ns
0
0 200 400 600

Amount of chem. fertilizer (kg ha'! year 1)

Figure 4 The relationship between the amounts
of chemical fertilizer (NPK) and diameter of

rubber trees.
Note: ns indicates not significant.
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3.4 Soil chemical properties

The results show that soil nitrogen,
phosphorus, and potassium supplied from
chemical fertilizer were not clearly different
between plots at each soil layer (Fig.5).
However, concentrations of calcium and
magnesium at Plot No.1, 2, and 3 were
significantly lower than Plot No.4, 5, 6, and 7,
where more magnesium was remained in soil
at deeper layers. Although, those elements
were not supplied with fertilizer, these results
may give good information of nutrient loss by
leaching.

b—

1250
21000 - be — ¢
750
500
250

0

2500 -~
= 2000
1500
1000

500 -

O 4

a_—bec_— bec |

Total Ca
(mg kg

Total Mg
(mg kg

1 2 3 4 5 6 7

Depth M0.0-2.5cm 02.5-5.0cm 05.0-10.0cm

No. of plots

Figure 5 The concentration of the nutrient

elements on each soil layer.

Note: Bars indicate standard deviation (n=3).Different
letters in the same chart represent significant
differences of the surface soil layer (0.0-2.5cm) at p<0.05
[Tukey's test].

3.5 Soil physical properties

Soil nutrient holding capacity could be
affected because of changed in soil textures by
leaching and erosion of surface soil.



Depth (em)

Fig. 6 shows the proportion of sand, silt and
clay in each layer. The proportion of sand was
much higher than clay and silt (classified as
“Sandy loam” and “Sandy clay loam”). There
1s no significant difference in soil proportions
between plots at the surface layer (0.0-2.5cm).
The proportion of silt of deeper layers,
however, was higher at Plot No.5 than Plot
No.3. Many calcium and magnesium were
also remained in lower layers in Plot No.5.

These results suggest that topography and
land use history are also important factors
affected on soil texture. In Plot No.5, before
establishing rubber plantation, rice was
cultivated for 5 years. In Plot No.3, acacia
trees were planted for 4 years and put fire
caused to serious disturbance of soil. This is
could be the reason why Mg and Ca were not
remained at the soil surface for Plot No.3.

Sand. silt, clay (g kg?)
0 250 500

Plot1

750 1000

0.0-2.5
2.5-5.0
5.0-10.0

0.0-2.5
2.5-5.0
5.0-10.0

Plot2

0.0-2.5
2.5-5.0
5.0-10.0

Plot3

0.0-2.5
2.5-5.0
5.0-10.0

Plot4

0.0-2.5
2.5-5.0
5.0-10.0

Plot5

0.0-2.5
2.5-5.0
5.0-10.0

Plot6

0.0-2.5
2.5-5.0
5.0-10.0

Plot7

T 0 e T e

OSand ®Silt @Clay

Figure 6 Proportion of Sand, silt and clay of
surface soil.

3.6 Total-C and Total-N

The relationship between concentration of
carbon and nitrogen in each soil layer is
presented in Fig. 7.

For almost plots, accumulation of carbon and
nitrogen was relatively lower, which was
consistent with other area in Vietnam
country.

The concentration of total nitrogen was
positively increased with that of total carbon
in each layer. This result suggests that the
remaining of organic matters in soil reflects
the lower leaching.

1.5 |
Depth
A0.0-2.5cm
_ 10 L B255.0cm E
i 05.0-10.0cm ad
& @)
z O
E
e
0.5
A
A
r=0.9558*
0.0 I
0.0 5.0 10.0 15.0

Total-C (g kg

Figure 7 The relationship between total-C and
total-N.

* represent significant differences at p<0.05.

IV Conclusion

The results of this experiment are as follows:
Land use history and topographies may be
important factor affected on soil degradation
of rubber plantation. But the other
management factors such as manure
application or frequency and season of
weeding remains as a matter for further
Iinvestigation.

In artificial monoculture forests, land-use
and management are very important. To
ensure production activity and utilize forest
continuously, we need consider forest
management.
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Study of technologies for conversion and utilization of palm
derived biomass

Md. Azhar Uddin, Assoc. Professor, Graduate School of Environmental and Life Science

This project was conducted as a part of the "Asia environmental regeneration
special course" designed for the master course students of the Graduate School of
Environment and Life Science of Okayama University. The main purpose of this course
is to nurture talented people who can exercise leadership internationally towards the
environmental regeneration of Asia" and it is planned to achieve through
practice/exercise a research topic in two stages: In-campus Course and Domestic Course,
and International Course.

The main theme of this study is “Study of technologies for conversion and utilization
of palm derived biomass” and the particular study subject is conversion of biomass
waste derived from oil palm to bio-oil fuel gases and activated carbon. Two master
course students have participated in this study. Details of the students’ activities in this

course are described in this report.

¢ International Course

Palm oil is one of the major agricultural industries in Malaysia and oil palm is
cultivated in 14% of the land area of Malaysia. In the course of palm oil production,
huge quantity of lignocellulosic biomass waste is generated and these wastes require
proper management and utilization. Combustion of biomass to extract thermal energy,
pyrolysis and gasification to produce fuel oil and carbonization to produce functional
materials such as activated carbon are suggested as potential technologies to utilize
these waste. Palm kernel shell (PKS) is one of the wastes generated from palm oil
production. In this project, main focus of the study was utilization of PKS.

In the ‘International Course’, an excursion to a palm oil mill in Ipoh, Malaysia and
pyrolysis of PKS to bio-oil was carried out at University Technology PETRONAS,
Malaysia. At first the students visited a palm oil mill called FELCRA Company in
Ipoh, Malaysia with the students of University Technology Petronas. In this excursion,
the participating students have learned about how to make palm oil and what kind of
biomass wastes are produced from this process and what are uses of these wastes in the
oil mill. Pyrolysis of PKS collected from the FELCRA Company was carried out at the
Center for Biofuel Biochemical Research, University Technology PETRONAS (UTP)
with the collaboration of the students of Professor Yoshimitsu Uemura’s laboratory. In

this practice, the students learned about the experimental techniques to produce bio oil
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from PKS.

¢ In-campus and Domestic Course
In the ‘In-campus and Domestic Course’, the students conducted the following
experiments at the laboratory of Environmental Reaction Engineering Laboratory at
Okayama University with PKS collected from Malaysia. In these experiments the
students learned about the method of conversion PKS biomass into fuel gases and
activated carbon. Here, the students gained experiences in wide range of experimental

techniques and analytical procedures for biomass conversion technologies.

Final Remarks:

¢ This program provided the students unique opportunities to gain hand-on
experiences in learning some useful techniques for the utilization of biomass in
the campus, domestic and international courses.

¢ The students have improved their ability to communicate in English by
practicing in an international atmosphere.

¢ It can be expected that these experiences will add immeasurable benefits in
building their future career and leadership both domestically and

internationally.

Center for biofuel biochemical research
University Technology PETRONAS (UTP)
professor Yoshimitsu Uemura and
group members.

FELCRA BERHAD NASARUDDIN

3] OIL PALM MILL
CENTRE FOR BIOFUEL AND .

BIOCHEMICAL RESEARCH -
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Study of technologies for conversion and utilization of palm derived biomass
Graduate School of Environmental and Life Science Okayama University
48426366 Mitsutaka Demiya

1. Introduction

The plantation of o1l palm is carried out in 14% of the land area of Malaysia. 93 million
tons of oil palm is produced annually. Palm oil is produced from oil palm, and mainly
used as cooking oil. 34 million tons of waste is generated from the production of palm oil.
This waste can be used as biomass. In this project, the aim of this project is to “Study of
conversion and utilization technology of biomass from oil palm waste”
In this study, we focused on palm kernel shell(PKS) which is a waste product of palm oil
production. PKS is the shell on the seed of the oil palm. 3 different experiments were
carried out using PKS such as i) pyrolysis of PKS to obtain bio-oil, gasification fuel gas

of PKS to obtain and preparation of activated carbon.

2. International Level
2.1 Palm Oil Mill Visit

First we visited a palm oil mill of FELCRA Company in Ipoh, Malaysia. FELCRA
Company has eight factories in Malaysia, accounting for 40% at the market share in
palm oil production. This mill produces palm oil from oil palm procuring from nearby
fresh palm oil stem plantations and it also manages the way of transportation.
2.1.2 Process of the production of palm oil
First is weighing of harvested oil palm. Next is heating oil palm with Steam Heat and
soften it. Then oil palm is separated into fruit and bunch. Empty fruit bunch is made
into fiber and used as fuel of the Steam Heat boiler. Palm oil is obtained from the fruit.
Further inside the fruit there is a Palm Kernel. Palm Kernel is separated into fruit and
shell. Further oil can be obtained from Palm Kernel fruit. PKS is a waste product and

this PKS was used as biomass in our study.
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Fig.1 Palm Oil production process

2.2 Pyrolysis of PKS

Pyrolysis experiments of PKS carried out at University Technology PETRONAS in
Malaysia. The UTP has a center for bio-fuel and bio-chemical research. The center
carried out some biomass investigation with the vision to be leading a center for

biomass research in Asia.
PKS pyrolysis was carried out with Drop-tube fixed-bed type pyrolyzer (Fig.1) at 500°C

under nitrogen atmosphere. PKS particle size was 0.5-1.0 mm.

Electric
heater

Fig.2 Drop-tube fixed-bed type pyrolyzer

2.2.1 Results of Pyrolysis of PKS

Fig.2 shows the results. Pyrolysis experiments were performed 3 times. PKS was
converted to char, Bio-oil and gas by pyrolysis with average yield of 41.2%, 47.7% and
11.1%. The oil is consisted of hydrocarbons and oxygenated hydrocarbons and both oil
and gases can be used as fuel. And Char from PKS was used as raw materials of the

Activated carbon at Okayama University.
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Fig.3 The yield of products by pyrolysis of PKS

3. Campus level
3.1 Production of activated carbon from PKS char
The activated carbon is used for quality of the water purification and deodorization.

The production conditions of activated carbon from a char made at UTP was examined.

3.1.1 Production of activated carbon by the gas activation
3.1.1.1 Experimental method

Activated carbons were produced by gas activation using carbon dioxide in this study.
The activation of char is carried out to develop pores and increase the specific surface
area. A ceramic boat was filled with PKS char and putted in the center of the reactor
tube.

At first, the furnace was heated to 700-750°C in N2 atmosphere then activation with

COz2 was carried out after deaeration under N2 on various conditions.

3.1.1.2 Results of activation

The specific surface area decreased with the increase of activation time and increased
with the increase of activation temperature up to 720°C but it decreased at 750°C. The
decrease of pore less than 50 nm called micropore and mesopore were seen for sample
prepared at 750°C. It was suggested that the decrease in the specific surface area is
caused by decrease of these pores volume.
3.1.2 Adsorption of benzene in gas phase

Benzene is one of the major pollutants in air and it is carcinogenic. The adsorption
removal using the active carbon is one of the removal methods of benzene.
3.1.2.1 Experimental method

Adsorption of benzene with AC was carried out in a fixed-bed flow-type reactor under
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the following conditions. The exit concentration of benzene was measured using a FID
detector.
3.1.2.2 Result of benzene adsorption

The sample used in this study was AC obtained from PKS char activated at 750°C for
1 hour and commercial coconut shell AC. AC from PKS char showed much lower
benzene adsorption capacity than coconut shell AC. (Fig.3) It was predicted that the
difference of the specific surface area is related to the difference in the quantity of

adsorption.

N
v

= = N
o (¥, o
T T T

Quantity of benzene
adsorption(mL/g)

wvi
T

0 o B

Coconut shell PKS

Fig.4 Results of capacity of benzene adsorption

3.1.3 Adsorption of VOC from liquid phase

Trichloroethylene (TCE) was used as a degreaser and solvent of dry cleaning until the
1950s.TCE is persistent substance. So groundwater was contaminated as a result of
leakage or dumping of waste. Harmfulness of TCE was confirmed in 1970 and the
environmental standards were set in 1997.

There are many technologies for the removal of TCE such as volatilization, adsorption
with activated carbon and decomposition with iron powder. In this study TCE was used
as model VOC in the liquid phase adsorption on AC.
3.1.3.1 Experimental method

At first, 10ml of ion-exchanged water, 10mg of Activated carbon and TCE were added
in a 30ml vial. Next, the vials were stirred by thermostat shaker. Finally, the gas in the
headspace were collected and analyzed by GC-FID.
3.1.3.2 Results of TCE adsorption

Fig.4 and 5 shows the relationship between the Stirring time and changing of TCE
concentration. TCE concentration was measured at stirring time of 6, 12, 18, 24 hours.
Performance of PKS AC was compared with commercial coconut shell AC like the
benzene adsorption experiments. TCE adsorption by Coconut shell AC was faster than
that of PKS AC especially in the first 6 hour. However, finally both of the ACs adsorbed
almost all of the TCE in 24h.
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Fig.5 Results of TCE adsorption by (a)PKS AC and (b)Coconut shell AC

3.2 gasification of PKS
The biomass can be converted into clean fuel gases such as Hz and CO by gasification

at high temperature under N2 atmosphere. These gases are can be used as fuel and raw
materials for chemical manufacturing. In this study PKS was used as biomass and
steam gasification was carried out in a fixed-bed reactor.
3.2.1 Experimental method

Biomass sample was packed in a glass reactor, then the reactor temperature was
raised from 200°C to 850°C under nitrogen atmosphere containing water vapor. The
exit gases were measured using a gas chromatograph.
3.2.2 Results of gasification

Fig.6 shows the total of the quantity of gas production. It is evident that clean fuel
gases such as hydrogen and methane were produced from gasification of PKS with
steam. Thus, the gasification can be considered as an effective conversion method of
PKS.
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Fig.6 Results of gasification
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4. Conclusions
1. International level: pyrolysis

Approximately 48% of PKS raw materials could be collected as bio-oil in a drop tube
pyrolysis experiment.
2. Campus level: production of activated carbon

AC of PKS showed very low benzene adsorption performance in gas. However it
showed good TCE adsorption performance in liquid.
3. Campus level: gasification

PKS was converted to hydrogen, carbon monoxide, methane etc. These gases can be

used for clean energy production.
Thus in this project, it has been demonstrated that PKS, which is a waste product of

palm oil production, can be converted into fuel gas, bio-oil and adsorbent (Activated

Carbon) by applying various technologies.
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Study of technologies for conversion and utilization of palm derived biomass

Graduate School of Environmental and Life Science Okayama University

1. Introduction

The plantation of oil palm is carried out
in 14% of the land area of Malaysia. 93
million tons of oil palm is produced
annually. Palm oil is produced from oil
palm, and mainly used as cooking oil for
instant food and snack food. 34 million
tons of waste is generated from the
production of palm oil.
In this study, we focused on palm kernel
shell (PKS) which in a waste product of
palm oil production and study the
conversion and utilization technology of
biomass for PKS. PKS is the shell on the
inside of the fruit of the oil palm. Three
experiments were carried out to using
PKS such as Dpyrolysis of PKS to obtain
bio-oil, @gasification of PKS to obtain
fuel gas and @preparation of activated
carbon from PKS. These studies were
carried in two stages: International and

domestic or campus level.

2. International Level
2.1 Palm oil mill visit

First we visited a palm oil mill of
FELCRA Company in Ipoh, Malaysia.
FELCRA Company has eight factories in
Malaysia, accounting for 40% at the
market share in palm oil production. This
mill produces palm oil from oil palm

procuring from nearby fresh palm oil
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stem plantations and it also manages the
palm oil production process.
2.2 Pyrolysis of PKS

We carried out pyrolysis of PKS
experiments at University Technology
PETRONAS in Malaysia. The UTP has a
center for bio-fuel and bio-chemical
research. The center carried out
investigations on biomass utilization
with the vision to be leading a center for
biomass research in Asia.

The pyrolysis of PKS was carried out in
a drop-tube fixed bed reactor (Fig.1) at
500°C under N2 atmosphere. The particle
size of PKS was about 0.5-1.0 mm.

RpF=
Nitrogen '
et |

Electric
heater

Fig.1 Bio-oil / Drop-tube fixed-bed type
pyrolyzer
2.2.1 Results of Pyrolysis of PKS
Fig.2 shows the results of pyrolysis

experiments. We performed three times.
PKS was converted into char, Bio-oil and
gas by pyrolysis with average yield of
41.2%, 47.7% and 11.1%. The o1l in

consisted of hydrocarbons and



oxygenated hydrocarbons and both oil
and gases can be used as fuel. Char from
PKS was used as raw materials of the

activated carbon at Okayama University.
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Fig.2 The yield of products by pyrolysis of
PKS

3. Campus level
3.1 Production of activated carbon from
PKS char

Activated carbon is used for quality of
the water purification and deodorization.
We examined the production conditions of
activated carbon from a char made from
pyrolysis experiment in UTP.
3.1.1 Production of activated carbon by
the gas activation

Experimental method

We produced the activated carbons by
gas activation method using carbon
dioxide in this study. The activation of
char is carried out to develop pores and
increase the specific surface area. Firstly,
a ceramic boat was filled with PKS char
and put it in the center of the reactor
tube inside an electric furnace. At first,
the furnace was heated to 700~750 C
in N2 atmosphere. Activation with CO2
was carried out after deaeration under N2
at 700~750 °C, for 1~3 h.
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Results of activation

The specific surface area of the ACs
decreased with the increase of activation
time and increased with the increase of
activation temperature up to 720 C.
However the specific surface area
decreased at 750 °C. The decrease of pore
less than 50 nm (micropore and
mesopore) were seen for sample prepared
at 750 ‘C. We supposed that the decrease
in the specific surface area is caused by
decrease of micro and meso pores volume.
3.1.2 Adsorption of benzene in gas phase

Benzene is one of the major pollutants
in air and it is carcinogenic. The
adsorption collection using the activated
carbon is one of the effector removal
methods of benzene.

Experimental method

Adsorption of benzene with AC was
carried out in a fixed-bed flow-type
reactor under the following conditions.
The exit concentration of benzene was
measured using a FID detector.

Result of benzene adsorption

The sample used in this study was AC
obtained from PKS char activated at
750 °C for 1 hour and commercial
coconut shell AC. AC from PKS char
showed much lower benzene adsorption
capacity than coconut shell AC. (Fig.3)
We predicted that the difference of the
specific surface area is related to
the difference in the quantity of

adsorption.
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capacities of ACs
3.1.3 Adsorption of VOC from liquid
phase
Trichloroethylene (TCE) was used as a

degreaser and solvent of dry cleaning
until the 1950s. These are persistent
substance. So groundwater was
contaminated as a result of leakage or
dumping of waste. Harmfulness of
organic chlorine compounds was
confirmed in 1970 and the environmental
standards were set in 1997. There are
many techniques for the removal of TCE
such as volatilization, adsorption with
activated carbon and decomposition with
iron powder. In this study, TCE was used
as model VOC in the liquid phase
adsorption experiment.

Experimental method

1st, 10ml of ion-exchanged water, 10mg
of Activated carbon and TCE were added
in a 30ml vial. Next, the vials were
stirred by thermostat shaker. Finally, the
gas in the headspace were collected and
analyzed by GC-FID
Results of TCE adsorption

Fig.4 and 5 shows the relationship

between the reaction time and changing
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of TCE concentration. TCE concentration
was measured at stirring time of 6, 12, 18,
24 hours. Performance of PKS AC was
compared with commercial coconut shell
AC like benzene adsorption experiments.
TCE adsorption by Coconut shell AC was
faster than that of PKS AC especially in
the first 6 hour. However, finally both of
the ACs adsorbed almost all of the TCE
in 24h.
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Fig.5 Results of TCE adsorption by
Coconut shell AC

3.2 Gasification of PKS

The biomass can be converted into clean
fuel gases such as Hz, CO and CH4 by
gasification at high temperature under
N2 atmosphere. These gases are can be

used as fuel and raw materials for



chemical manufacturing. In this study we
used PKS as a biomass and steam
gasification was carried out in a fixed-bed
reactor.

Experimental method

Biomass samples was packed in a glass
reactor, the reactor temperature was
raised from 200°C to 850°C under N2
atmosphere containing water vapor. The
exit gases were measured using a gas
chromatograph.

Results of gasification

Fig. 6 shows the total quantity of gas
production. It is evident that clean fuel
gases containing hydrogen, carbon
monoxide and methane were produced
from gasification of PKS with steam.
Thus, the gasification can be considered

as an effective conversion method of PKS.
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Fig.6 Results of gasification
4. Conclusions

1. International level: pyrolysis

We were able to collect approximately
48% of PKS raw materials as bio-oil in a
drop tube pyrolysis experiment.

2. Campus level: production of activated

carbon

AC of PKS showed very low benzene
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adsorption performance in gas.However
it showed good TCE adsorption
performance in liquid.

3. Campus level: gasification

We were able to convert PKS to
hydrogen, carbon monoxide, methane etc.
These gas can be used for clean energy

production.

Thus in this project, We have
demonstrated that PKS, which 1s a waste
product of palm oil production, can be
converted into fuel gas, bio-oil and
adsorbent (AC) by applying various

technologies
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Project exercise report in 2014

-Toward solutions to waste management in Malaysia-
Yasuhito YONEDA, 48426312

Campus Level
I studied method of composting from Yasuji YAMASAKI of eco technical committee in Okayama city. Input

waste are Food waste, Rice bran and Dead leaves. Proper moisture content for decomposition is 60%, while
Optimum temperature is around 60. To compost, we need to mix rice bran, food waste, dead leaves in the
same ratio. We can get coarse compost and Fine-grained compost next time instead of dead leaves. I learned

methods of instrumental analysis to identify waste characteristics.

Regional Level

I characterized waste composition with laboratory members in Okayama city on May 20.
The procedure was

1. Make a line of waste bags in the center

2. Pick up at regular intervals

3. Open the waste bag from smaller volume and sort manually

4. Measure each composition’s weight

Z£®5  ( )

BT DAY FE "RIED -
ARAA EBE |T5ARFyH| #E |JL-FE E 2O |RubRbY FEE | FEUA | HW
&8
BHGEES)+EFE
EEESEnE-HE
£33 1
TR+
8- TOMmaBH
HEEES
XEES
SOEYFRSE/ 2
EOMERBRIFERTE)

T5E (EE) [ EECHE [ | [rotECs. BhRD | |
HE HER(ES) ( )

Figure 1 Data sheet for characterizing waste composition

This survey was repeated until we measure 100 kg.
The samples were taken for the experiment to identify waste characteristics. The collected samples were
used for analyzing proximate analysis, calorific value and elemental analysis by using instruments.

Results of practice at regional level will be compared to global level’s.

Global Level

In global level, I visited Iskandar Malaysia to characterize waste composition and learn method of
composting.

Iskandar Malaysia is advanced large scale urban planning from 2006, total population of 3,000,000 in 2025
and achievement of 50 trillion Yen GDP. Economy of this area is growing rapidly. But, in Malaysia, waste
goes to landfill without separation and intermediate treatments at present. The landfill capacity is predicted

to be in short in the near future.
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In this time, I characterized waste composition at SEELONG LANDFILL with laboratory member and UTM
student on March 29-30.

The procedure of this research is

1. Picks up household waste disposed in landfill

2. Shovel and mix

3. Make coning and quartering

4. Weigh the composition

can
Petbottle 0% glass

Rubber & 0% 0% MNon-burnable
Leather refuse
0% 0%
Coconut
20%
Durian
1%
Others
13%
plastic bag
= Gy paper bag &
MNon-burnable Wrapping
refuse 0%
1%  gaeden Diaper, sanitary
> Rubber & "21¢ goods
o Leather il 2%
Diaper, paper bagpaper(recyclable) cloth& shiges 29 Hass plastic bag pet bottles
sanitary goods & Wrapping 9% 5% 2% 4% 0%
5% 1%

Figure2 Result of waste composition (Okayama city)| [Figure3 Result of waste composition (Malaysia)

Figure2 show result of waste composition in Okayama 7

city and Figure3 show result of Malaysia.

Kitchen waste, paper and plastic waste was major
proportion. Proportion of kitchen waste in Malaysia
higher than in Okayama city. In Malaysia, proportion of
coconut and others are high. But, Okayama city doesn’t
contain other wastes and coconut.

Others category indicates waste that we couldn’t assort

finally. It is unidentifiable composition. Picture 1 show

.h—.

I added coconut, durian and others category into [Picturel others waste

others waste. Apparently, it is kitchen waste also.

Kitchen waste category. Figure4 shows Result of waste
composition in Malaysia after added coconut, durian
and others into kitchen waste category. As a result,
Kitchen wastes proportion is 49%. It is predicted real
proportion of Kitchen waste is higher than Okayama
city.

paper bag &
Non-burnable Wrapping
refuse 0%
1% gaeden waste
4%
Rubber & Leather
0%

I show result of instrumental analysis.

Diaper, sanitary
goods
%
cloth & shoes mz?,:l glass plastic bag petbottes
5% 2% 4% 0%

Figure4 Result of waste composition remake
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Figure 5 result of elemental analysis (Okayama city) Figure 6 result of elemental analysis
There is no difference totally between results in Okayama city and Malaysia.
I show results of proximate analysis in Okayama city and Malaysia.
Fgure7 shows result of proximate analysis in Okayama city. Figure8 shows in Malaysia.
100% - 100% -
90% T 90% -
80% 20%
?0% N ?0% -
60% - ]
50: uash 60% = ash(%)
a0% + lcor'r-\bustibie ig;: ® burnable(%)
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20% - 20% -
10% A 10%
0% T T T T T 0% . . : : : :
Kitchen paper Diaper Textile Garden Plastic Kitchen paper Diaper Textile Garden Plastic
waste waste waste waste
Figure 7 Result of proximate analysis (Okayama city) | [Figure 8 Result of proximate analysis (Malaysia)

Moisture of kitchen waste and garden waste in Malaysia is almost as much as Okayama city. But moisture
of paper, diaper, textile and plastic waste in Malaysia is higher than in Okayama city. Most of wastes are

normally dry in daily life.

35000 - 35000 -
0 1 30000 -
25000 -
20 20000
15000 -
10000 - 15000 -
5000 - 10000 -
0 3 : : 3 . : 5000 -
Kitchen paper Diaper Textile Garden Plastic 0 T T T T T T
waste waste Kitchen paper Diaper Textile Garden Plastic
waste waste
® Low calorific value (k)/kg)
Figure 9 Calorific value (Okayama city) Figurel0 Calorific value (Malaysia)

Total low calorific value of waste in Malaysia is 6283.5kd/kg, but in Okayama city is 12442.3 kd/kg. There is
a great difference between both results. Low calorific value of waste in Malaysia is lower than in Okayama
city. Especially, there is a great difference between both results of paper, diaper, textile and plastic waste.

Waste in Malaysia contains high moisture because waste was mixed by shovel car when we researched, it
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was raining almost everyday in Malaysia and kitchen waste is major proportion. Therefor, high moisture

resulted low calorific value totally.

I visited composting site in Universiti Teknologi Malaysia (UTM) to learn how to compost on September 29.
Input wastes are kitchen waste and green wastes. Green wastes are material which dead leaves, wood chip,
horse dung are mixed in the ratio of 1:1:1.3. Kitchen waste is collected from 5 cafetria within UTM, and
Green waste is collected around campus. Each waste is crushed after collect. Each layer around 100kg,
which contain food waste 30kg, horse dung 21kg, wood chip 21kg and shredded dry leaves 28kg. Arrange
and mix food waste and green waste will come out compost with ratio 3:7. Monitoring of temperature,
moisture content, ph, conductivity, C/N ratio and humic acid need to done from the beginning until compost
mature. Optimum temperature for decomposition is around 60°C while optimum moisture content is

40%-60%.

A WA

Picture 3 Compost at UTM

Picture 2 composting site

Conclusion

About results of analysis in Okayama city and Malaysia, It is considered that it produce difference of results
that moisture moved from wet waste to dry waste because waste was mixed by shovel car.

In Malaysia, economy is growing rapidly at present. But waste goes to landfill directly without separation.
So I need to introduce 3R and intermediate treatments. Composting is sensible to reduce waste landfilling in

Malaysia if it is growing awareness of 3R and separation waste.
In this time, I had precious experience through exercise project. In Malaysia, when I characterized waste

composition with UTM student, I tried to communicate in English. But I couldn’t communicate well. I felt its

difficulty and importance.
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Environmental and Life Science
Sustainability of Resources
SENG Bandith
ID: 48426308

In Campus-Project Practice
Gas Analyzing by Geotech Gas Analyzer GA5000

In campus-project practice was carried out on June 18-20, 2014 with objective to utilize
GA5000 in monitoring of landfill management. Geotech GA500 is
a portable gas analyzer using for monitoring of landfill gas
emission, waste-to-energy and site investigation. It can measure
percentage of methane, carbon oxide, carbon dioxide, oxygen,
hydrogen and hydrogen sulfur. It can also measure gas flow from
borehole (L/h) and function as GPS navigator as well.

Calibration of the analyzer is very important; it can assure the
accuracy of measurement (£5%). Calibration should be made
regularly with two options, fresh air and calibration gases and
calibration history is stored in Gas Check.

Gas measurement should be made through landfill borehole with
being clarified that gases are not flowing out of the borehole whist
the landfill is well capped. Measurement takes less than 90second
for all parameters with flow rate of 550ml/min typically. Data can
be downloaded by using Gas Analyzer Manager, in short GAM.

Figure 1: GA5000

Regional-Project Practice
Household Waste Characterization: Eastern Clean Center of Okayama City, Japan

On May 20, 2014, one-day study trip was taken place at Eastern Clean Center of Okayama City,
Japan. The study aimed to characterize compositions of household waste in the city. Waste
transported to center was derived for characterization. Characterization was done with two main
categories, burnable (kitchen, plastic, paper, rubber, leather, textile waste) and recyclable
compositions. Every individual fraction was manually sorted and weighted.

In total, 29 bags of garbage were sorted. There are different volume of garbage bags such as 5L
(3 bags), 10L (5 bags), 20L (7 bags), 30L (7 bags) and 45L (7 bags). Characterization could
have made up to total garbage weight of 102.23Kg. 45L garbage bags shared the biggest
portion of total sorted waste, (38.69%) followed by 30L garbage bags (26.31%).

Result of characterization showed that majority of waste is organic fraction. It contained mostly
kitchen/food waste. Plastic and paper (both burnable and recyclable) was the second and third
largest portion respectively of household waste. Moreover, the result also showed that value of
recyclable composition is much higher that burnable manner.

International Project Practice
Landfill Municipal Solid Waste Characterization and Economic Benefit of Recycling
Case Study: Dangkor Landfill, Phnom Penh City, Cambodia

I. Background

In Cambodia, as a developing nation, solid waste is quite challenging regarding shortage of
financial and technological resources. Municipal solid waste (MSW) generation tends to
increase linearly due to its rapid economic development and population growth. Seriously, it
has become more unmanageable whilst such treatment facility does not exist. MSW is disposed
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and transported directly from sources to final disposal site even there is no pre-separation.
Objectives of this study are (1) to review MSW disposal to landfill, (2) to characterize MSW to
landfill and (3) to analyze recycling potentials and economic benefits.

Il. Methodology
2.1 Site Selection

The study is taken place in Dangkor Landfill. Dangkor Landfill is located in Ta Lei village,
Cheung EK commune, Dangkor district, Phnom Penh city, Cambodia. It is about 10Km away
from the city where and the total area of this landfill is 31.4ha (JICA, 2005). The landfill
operation has started since July 20, 2009 (Seng et al., 2010).

Map of Phnom Penh City Map of Cambodia

= Dangkor Landfill

Canal

- Water Resource
I:l District Boundary]

5,000 10,000
1 | Meters

7
Figure 2: Map of Dangkor Landfill site

GIS Source Data: MLMUPC, 2013

2.2 Data Collection

2.2.1 Key Informant Interviews

Key informants from (1) Department of Pollution Control/MoE, (2) JICA Cambodia, (3)
CINTRI Cambodia LTD. - private waste collection company, (4) Dangkor Landfill agency and
(5) CSAR NGO were interviewed. The interview was made separately to collect data of [a]
MSW generation and characterization, [b] waste management and treatment, [c] waste
economy and [d] future management plan.

2.2.2 Waste-to-Landfill Characterization

Waste characterization was taken place onsite of Dangkor Landfill in August to September
2014. Collection trucks from designated areas of Phnom Penh city where MSW collection
service is covered were selected randomly. In Phnom Penh, regarding to interviews of key
informants, consists of 12 districts; but, MSW collection service covers only nine of them.
Hence, totally nine of waste collection trucks were sampled as of one truck represented one
district. Five trucks were from residential areas while the rest was from commercial areas. By
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meantime, 300kg of waste from each sampled collection truck was obtained for waste
characterization by every single composition as following. Marketable and non-marketable
compositions carefully separated regarding to current market of waste.

2.2.3 Landfill Scavenger Interview

Obijective of the landfill scavenger interview is to identify recyclable fractions, quantity and its
economic benefits. Samples for interview were randomly selected at the landfill and the
calculation of total sample was based Yamane formula (1967) with 10% of error level.
Regarding to interview with official of Dangkor Landfill, currently there are about 300
scavengers in the landfill. Therefore, total sample for interview is 75.

lll. Waste Disposal in Dangkor Landfill

Generated MSW in Phnom Penh, except medical and industrial waste, is subject to dispose in
Dangkor Landfill. Wastes to landfill are general waste collected by PPWM & CINTRI LTD.
(99.29%), slaughter house (0.62%), and others, demolition, sewage sludge, etc. (0.08%) (Data
of landfill 2014). Waste disposal in landfill is noticeably increased from year to another. In
August 2009, waste to landfill was totally 33240.64 tons; but it was 53535.12 tons in July 2014.
Increasing volume is clearly seen regardless fluctuation varied by month. In average a day,
amount of waste is also fluctuated. For August 2009, MSW to landfill in average was only
1072.27 tons/day; but it reached 1784.504 tons/day in July 2014 (Data of landfill 2014).
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Figure 3: Amount of MSW to Dangkor landfill (August 2009-July 2014) (Data of landfill 2014)
IV. General MSW Characterization

Characterization found that organic fraction of kitchen and garden waste shares 55.42% of
Phnom Penh MSW composition. It is the largest portion followed by plastic, 20.75% and textile,
leather and diaper, 12.06% respectively. Rest of the portions (11.77%) are stone and ceramic,
paper, glass bottle, metal, wood and charcoal, battery, medical waste and others. Medical waste
is still found in MSW to landfill although it is object to be separately collected and incinerated.

MSW is potential for making compost as compostable compositions including Kitchen, garden
and wood portions 55.84% of total waste to landfill. Likely, valuable proportion remains also
high; 21.38% is found out to be marketable.
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Figure 4: Compositions of MSW to landfill
V. MSW Scavenging in Dangkor Landfill

In Dangkor Landfill, recently about 300 scavengers are scavenging for the marketable fractions
in both daytime and nighttime. However, there is no record of exact number of scavengers nor
of marketed quantity that the scavengers are marketing a day. In market, seven categories of
wastes are determined as source of income. There are kitchen waste, paper, cardboard, glass
bottle, metal (aluminum can, metal can, electrical wire and other metals), plastics (bag, sack,
PET, plastic cup, foam plastic, PVC and other plastics) and others. Mean of market value varies
by materials and dealers.

In average, scavenger in landfill could have scavenged 2023.56Kg/person/month. In sum, about
607.07tons of MSW to landfill have been marketed monthly to onsite and offsite waste dealers.
As of July 2014, this marketed waste shares only 1.13% of total MSW to Dangkor Landfill.
Plastic products is a major component that makes more than 50% of the market. Mainly, plastic
bag accounts over two third of total scavenged amount.
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Figure 5: Average quantity of scavenged waste in landfill (Kg/person/month)

Comparing to waste characterization (21.38%), scavenged amount of landfill scavengers
(1.13%) is very little. Most marketable fractions (20.25%) become valueless because of

98



collected MSW is being discharged continuously in the landfill. It makes the scavengers unable
to scavenge all the valuable things. Moreover, some valuable fractions might not be necessary
nor unmarketable, for example paper and foam plastic, due to its physical appearances and
quantity. Paper is too wet to be marketable while foam plastic is too light to be seen valued.
Consequently, paper and foam plastic loss its market value.

VI. Economic Benefits of MSW Recycling

Economic benefits of MSW recycling is calculated through average income generation of
landfill scavengers. The income generation is based on scavenging amount and market values
of specific materials. Waste dealers determine market values so that the values is different from
dealer to another. Result shows that scavenger could generate in average 244.19USD/person/
month. Plastic bag makes one fourth of total average income, 61.84USD/person/month, while
aluminum shares 16.29%, 39.78USD/person/month.

In overall of 607.07ton/month that total landfill scavengers could have marketed, the total
income can be 73257.91USD/month. This value is remarkably high; it can be generated just
only from marketing of 1.13%. Recycling MSW might be more valuable if market is well-
managed and it will be even more profitable if waste is pre-separated at sources of generation.
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Figure 6: Average of income generation (USD/person/month) in Dangkor Landfill
VII. Conclusions

Waste to Dangkor Landfill is 53535.12tons/month or in average 1726.94tons/day. Organic,
plastic and textile are respectively shares large portions in composition. Characteristically,
MSW is potential for composting and recycling while combustion is also an option. Informal
sector is playing important role. Landfill scavengers could recycled only 1.13% while another
20.25% of marketable manners are still dumped.
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Personal Impression

The project practice is very crucial in acquiring both soft and hard knowledge. Not only in
Japan, but, it would also bring the students to experience the foreign countries. Through the
practice in the three levels, campus, regional and international level, I could acquire and utilize
such useful theories into real practical lessons. It is complementary to lectures in the university
and the research thesis preparation. Likely, the credits | received from taking this project
practice is meaningful to benefit the graduation.

Moreover, | am also able to build up my personal skills as well through the practices that are
very beneficial in daily life including language and communication skill. Additionally, I could
strengthen my social networking among the people I get to know.

Lastly, 1 would appreciate the university as well as Prof. Takeshi Fujiwara and lab mates for
allowing, advising and assisting in the period of this practice. It is the memorable experience.
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