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J& DEEGFI )7 1 % MG 5 72012k L v A5y
AARILOIEIR AT K TH 505, HIK KB D E KM
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&, LfEHTd 72 ) OB A3 W O R =TS
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KR DN & DKL ¥ XILIRDZEAL % 574 L 725
BRrymrge (GRS, 2000), FESEAIC & 2 @672 Sl
s (PHLS,2007) 74 EAVEEMIZATON T2 D0,
FTE O B, FRICHETEREE O LK Td 5 sk
FIKET AN B W CEEHFEEE AW TRKL Y A0
AR A S 22 LRI R S e v, 207204
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ADFHAVEIC O WTEAi 24T > 770

RIFFED—ERIL, BHKEARLE 70 7 M2 H
ERIRBEAL AT MK BEZE 1 M T ¢ B O R & m EERT S
MroREE] (34020), K OFHUFEE (21580303) Mg %
ZAFCTHEM L 720 F 2B 72 > TULBIF
AR EMOKELR L O B A TS
WEFER T EEGFHBIT, LREMARSEL SO
DT AT 720 BRSO R ZET o

I REEHXOBE

1 F - E

AT 5% B BT IPHIL L LA IS L, Jhid
KRIEBIRF T OFFVE 360km, &5 & AHEOIFITHH
WA7iE LCB Y (Figl), #IEFEILK 20km®, A 1,300
Noh, T +ﬁm@ﬁﬂ&ﬁ#ﬁ#é$wT$H%@
BTH Do LEBIZIZIE S 30m Btk O 23545 L T
BY, EfbhnE Afw (MP#EIR, 1984),
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Figl FAZSHALE R
Location map of study area

Table 1 % HBMEREY (Kiks, 1974 ([JHILE)
Stratigraphic sequence in Tarama Island
(retouched with Ooga et. al. 1974)

FEoR H = JE =
= W THEHERE
g | WEEERY A
BIU V—Fry s Lom
% (AL HERE W B > THEHERE W
0 PN mab
B
#e | B | BRERGIKE 50~
B | (ZRMEBARIKE) 60m
% & B8 |
= |5 b % LA 2
Ao i =
fia

BX D S HIKER 5K A EDE (BIE
~20m), ] z;&ik'%/:!&t%%_()?f‘:?héﬁnkar
=i (EIE 50 ~ 60m), AT EME DK A% B RE
(FEBPETEIC ) 295 L Tw b (Fig2).

% B O BEITMEIITR ST, MERAIK
XL B REE AEAICES (Table 1), HEkAIKE X
B E - BE RIS, RIKERGIKE, o an
JKEE 7 EOFMIX B S, WREEVEES m O
XN PR EA O 720 L L T 528, 2T
WHRE 2L, REFBE~FEEO L OD% v, (IR,
1984) .

2 WTFAFAIRR

1979 ~ 2000 4£ D % BB 12 B 1 5 F 3 B K = 1F
2,036mm/ £ Th b £ B ETIIEEEKEREE (EK
FRE 10" misec) ASHEARIELLTIZH 0, KA AR E
WKL AT ENT WS T EDBH SN T WS, [
& 10m FI O B2, AIKETERSEEEED 5
N, BoOKEBEELTHHBSNTEZ (PR, 1984),
BB L 1 RO 72 FIERA K S OF KRR EIL B DO EELT
B0 AIKEERAIKS, EREE RIS D H E )
5 ATEER T 8.8 X 10°misec, M ¥ TAIKE, 1)K
Ak, BB ERIK S OEED O 5 LER Tl
2.5 x 10*m/sec, HFLHIEAIKE S 5 KA BTl 8.0
X 10°misec DEAHRE SN TS (EH S, 1988),

BTG RKIZIRAK L v X &K & LS KGE IR
LT, 2007 SEEEDL BB ICBIT 2 ZKED
FERER AR 1S 189,502m%y (FAK AL 1,237 A) TH -
7= (PhHRIE, 2009)

Fig.2 FiATHb i B - Wrmid (DRI, 1984 12NgE)
Geological map and geological section of study area
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2005 A2 BT B FF T AR (LR TIAE D 48 % 12 72 %
953ha Th V), FEEMAEECTIXRAAA57%,
FEN3M%EEDDL, BOTIBEIER~— Y EFIENR
B AKEDREALTIET, RARDHMmIFIZFE, FIiEo0
BeER TR T Ve BRI & 720 a FIH LT
BOKFEE LTEIALETHDL Z s, NEFIHHEE
BHEBRTIRRKL v X% BERKEE T 2846, 112,
Fealiny e SR & 72 2 BB Re R OILIB A Ed L, %
KV v XOMBEFEEMLT D720, KBERKL v X
BH SE BN R N A % 2007 4R & 1) £ LA CEHE L C
w2 (H1E - £H, 2009).
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W KD BERNTERE % EEE Im IZHE Lz fieTa
S OFHIL - BEfFHTTIZB W THTF KA &2 % L 720
AN D70 UMWY OB L R/ANRE T 5720, 23
PRI CTHE B W BHAFL 2 S MEIZ RN E 21T 5 72,
Fig.3 (24 b T (7 & X %, Table 2 |[ZEIAIFLE & OB
FEHFFHILE R T,

2 BHEEERICLZHBOEEEETE

KK L ¥ AGAIROFAEIZOWTIE, 72 Hn 70
1) I DZEF] (Schneider and Kruse, 2003) L 1), %52
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BRI X o THEM A CIR RS FREE 25l 2 ©
XD EDTRENT VDD, WERAIKE~OEHRHL
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TV — FHEBHERIC L o THKE RO SRR KD
HFHEEZPAS DI T DS, ARIZETIZ NS OWIZETH
WHENTWA V=T - b— T HEEREEEE (h+ 4
Geonics Ltd. ! EM34-3) %V, M TKOERGEE %
HIE L7219 OS2 B\ THUE 0B 5 A3 5E L 72
EM34-3 l3%E T AV L ZE T A VORI % 10m, 20m,
AM DI WY LEZ L ENTE, MBEIRKELRBI1EE
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Fig.3 PR A7 E X
Location of observation holes and wells

Table 2 BillfLb L OBEAFHTREIT
Specifics of the observation holes and wells.

Wi | iR | RIZ | HE W%

18T1 11.71m | 57.0m 5cm
18T2 13.75m | 29.7m 5cm
| 19T4 12.79m | 30.0m 5cm
Wo|o19T7 11.91m | 63.0m 5cm
fL | 1978 11.05m | 50.0m 5cm
19T10 9.68m | 30.0m 5cm
2073 10.97m | 30.0m 5cm

F—=IVANL—F,
et B

102 | 12.05m | 130m| 1.2m
103 10.25m | 10.8m| 80cm| 2> 7 VU — hHF
104 | 1016m | 11.1m| 11m
105 | 1042m | 137m| 25cm[
106 | 12.30m | 17.9m| 25.5cm | HEFHF
107 | 12.25m | 135m| 1.0m
301 | 15.17m | 156m| 1.0m B
302 9.30m | 100m| 15m|~¥ 7YV~ MEA
303 | 12.06m | 12.3m| 1.0m
306 13.70m | 21.1m | 15cm | 4= v ot
403 8.45m | 15.6m 15cm
405 9.90m | 99m| 1om|T¥ 7V MHH

o H o E

Table3 EM34-3 23513 % I A VIEIFE & A (MoNeill, 1980)
Exploration depths for EM34-3 at various intercoil spacings

%AE PEAEE (m)
I A VTR JE W% KT A RE—) HEESA K-
(Hz) E—F E—F
10m 6,400 7.5 15
20m 1,600 15 30
40m 400 30 60

BV, THEHT A K= IVE— FIZHEREWER I b K
BEAFEL, KEFAR—E— FIHBHECES 2
WREE & D, Table 312 EM34-3 IZ2BIT HillEE— K -
I AV T 2 % E M L, McNeill (1980)
& D ERRE Y RS

Schneider and Kruse (2003) (21352 E— FIiZ2oWT
EREHDS e 2o 72D T, AWIZETIE T3S (1997) O
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Fig.4  FEMGRATN IR
Scenery of electromagnetic survey

Electric conductivity mS/m

Electric conductivity mS/m
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Distribution of electric conductivity of groundwater
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2R -em £ TOES B 200mS/m LUF % #EF
L, ZNLAECREES I TICOoN TR A IfELS EA- L,
T -13m Tl 3,750mS/m [ Z3E L 720 1 ZIFBE 0 HLLERIS
L9 % 19T4 TiE 200mS/m LLTF O &EPH A H T /K I 72 &
TE-Tm ETE, 18TL L D RREL o7z, TR
Tld 18T kR, EEESETICONTEHEA IES LA L,
T -16m TlE 4,220mS/Im I Z3E L7z S 2 B EH
FERPS, BORIITTIIHEAL v REZ—EDEX %
o THELTWAS LS 2 b

BOHLLA S 2km 1F &L 19T10 Tld 200mS/m L
TOMEZRL7ZZOEH T AKAfTED 15727 THY),
5 -1.3m DR CEAEE OMEARE & 12 EA L7,
BOHLA S 2.5km 1 EHEIL7Z 19T8 Tl BADEE DS
200mS/m LA OFEIEAME < 70 ), B -1.9m LLETER
REEOMESEE L LI LR Lze 26 OB R
5, BOFLDS 2km RBEEN S &SRR L v XIEIEF IS
WL hBEER DS

B HLIMZ W EEF 1 306 CTlXEA REE LT
K7 HFLE F TIRWEZ o TV iz BOHLAS
2.5km |3 EHEIL T B BEAFHE T 302 TIEAKEA® 15cm
Lo 72hs, BRIGEEEL 220mS/m #ETH - 72,
COEHITKFEE L TEDLILTW BT IS IEENRE % &
LT HFANICHEKRTZBASEROIEEE > T D,

2 WBROR,IFEER

REGRAEC X 5 Mk o H = %2 (& 2008 4 11 H
26 ~ 28 H 2213 TArb N 720 EM34-3 131 [0 o il 52
T10 77— 2 NG L 2O LT3 %25, 4 EO
MAETIZ LA S 720 10 B OWE % 1T - 72, Fig.6 12
19T4 2B 2 MER R TR T T A IVHEE 10m, 20m,
40m DO FIfi 8.3, 14.4, 46.6 (2xf T A IEHEFAEITEN
211022, 0.06, 021 TdH V) PEARHRITLE L Tz,
1S D720 OBEERMIZI A VORE), 57— 7O
o, Yo EFiEsEsy E 20 ~ 30 SHEETH o 72,
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Fig.6 eEWRAIERA (19T4)
Result of electromagnetic terrain conductivity measurement (19T4)

Table 4 |2 Z P EH STIZ B % T A v &R O E#
BAEBR (A2 SEEOFHMHE) & hy M7= H
RTK-GPS {12 £ » TRD 2T H OIS 2 7R 3o

WAEO BT EERIIETORELSICBWTI AV
k@ 40m Tk b K& <, T A VK 20m, 10m DJIEIC
INEL o7z,

vV £ &

1 BREFEERRCBRERREDORR

A RIOW5E TILH T K OB RAZEEEGREDIMIE IS L -
THEARE PRAME T X 7SI BUAL 7 T TH -
720 AL O I 60 ~ 4,500mS/m D HFIFAIZH b,
FRBE T T TURMEK & IR OIR A IAT 5 ~ 10m 7 4%
T b ERARARIIEKE YKOEBEEEROIT Y M T AT
POERERZHEET LHDOT, 22 TIEHKERKkDH
M 2,000mS/m % — D DOIFE L L, KHEIEMEIZB
THEFEA 5 2,000mS/m T TOFEE (LT 2,000mS/m 4
FELRLT) L EREEAEMSRY L 72,

B IERAT A R O MEHT L, Interpex Limited #1: # 1X1D
(v3.42) # vy, MIHIEFVIZL EH  10mS/m, 10m,
2 EH :1,000mS/m, 10m, 3JEH : 4,000mS/m & 3 JBi#
&L LGl 2 47 5 72,

Fig7 ICWifETIC L o TROBNELRBEE 2B D
ERERE L MR KEBIIAL Tl sE & U7z 2,000mS/m
FExRT

WHEDOMIZIEEmWIEOME (R*=0.956) .51 %,

Table 4 FERFEAAG R (AT EESR) & A IS
Terrain conductivities and elevation of measurement points

FEFLIA Hh 5 I A VbR PRATE &
5 10m 20m 40m (m)
18T1 13.18 17.33 49.61 11.69
18T2 4.45 13.90 50.38 13.56
19T10 15.74 31.14 74.44 9.59
1974 8.38 14.31 46.60 12.73
19T7 7.76 18.65 58.69 11.55
1978 10.76 31.30 80.37 11.06
2073 8.90 17.33 54.65 11.03
102 29.89 26.60 52.17 11.86
103 20.66 29.87 65.98 10.04

104 18.15 29.28 71.82 9.70
105 13.53 23.88 64.29 10.56
106 9.77 16.69 4222 12.20
107 11.66 17.13 51.88 12.13
301 11.49 17.08 4557 14.28
302 12.82 35.94 92.42 9.14
303 13.53 22.28 61.11 11.80
306 5.14 10.13 41.69 13.44
403 11.08 4050 86.51 8.40
405 9.10 25.55 76.10 9.74

HAT - mS/m
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Comparison of 2,000mS/m depths and conductivity boundary depth

COZ L EARTEEIC L AR RT L COREE
HFTAHIERRLTWAD, FHHE (2009) X, MILZE
% % xf 12 TDEM  (IRg SR HE AR TR) 10X o C
BRERA K DANBRN T & Gl o TR 2 B 6 26
LTV, KFEETRELEL 2BIIHT, 4EET
VT O & A 7275, R KA A 2 4 2 S A
BIHESN o700

T, BEAREIZL > THES N MO R EE
RIEE LTI ERIT, WEEESH—07 14—V K
WCTIIH P RAL S SRR FUREE THh 5o 4l T RAL
BIHITIZ L 5 TRELENLZWVOT, TNEhoas
VI L > TR SR R EERE Tk
AL THISE 72 2,000mS/m HEE & LR L 72, W
DR % Fig.8 12777

WENO A VEBICBW T MEIZE DM %R
o MBREIZIAVHBIEL 22128 KELRD,
I A VIEFEAY 20m, 40m DA R® = 0.92 & IEF IZE A -
7oo ZAUIHT LT a A VIHFEAY 10m A 1L R = 0.36
ERVAEELMBIEED SNV, TOHEBIZT AN
MW 10m OKFEE — FCIIEREENERT EC, FE
14.5 ~ 23.6m LUEDIRAKIE 2 M § 5 2 L Sk w7z
DThHDLEEZEZHLND,

Fig8 lZBWTikbmWAHMZ R L7zDIZa A VIR
4m DWEMTH 5o HONIEPEIH L Y, HiksE
FREEA RN O BT 12 T2 oWC, a4 VR
40m O HEI5E(H % 2,000mS/m R 2R L 72 i % Table 5
(7 S

Table 5 \CIEZNZNDOIHFTOEEDRL TV 5,
B L7 2,000mS/m R & ENENOITREZ KT
LY, WTFROHFTIZHBWTHHE L 72 2,000mS/m %
JEDTHREL Y, FHANC X - THER S - gigz b
BHTH -7,

B AR JEMHcm. 45 210 % (2009)

X a4 JLRERE10m O J4JLREFE20m @ O )LFEIFE40m

26

y = 43.322¢ 70017
R? = 0.9228

24 x o °
22 o

20

X

y:2,000mS/miEE(m)
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Fig.8 TERMHEAIC X 2 ik A E8mEs L
2,000mS/m ZREE DX I
Comparison of 2,000mS/m depths and terrain conductivities

Table 5 FEAFH7 12 &1 351F % HE e IR pede SRR e
Estimated freshwater-saltwater interface depths at 12 wells

L 2000mS/miz & A
(m) (m)
18T1 22.08
18T2 22.41
19T10 14.63
19T4 23.71
19T7 19.47
1978 15.49
20T3 19.20
102 21.20 12.9
103 17.55 10.8
104 16.20 11.0
105 17.96 135
106 24.30 17.8
107 21.28 13.7
301 23.20 15.6
302 12.21 10.0
303 18.76 12.3
306 24.47 21.0
403 13.24 9.0
405 15.27 9.9

RFHIITER D b O

2 BAOEXRERRESH

Table 5 |Z7R 3R IR SR O FERME B & OHEEE X
DTz, BN ORI 2,000mS/m SR X &
Fig.9 IZ7R T,

BAUREE 2,000mS/m DFEE I O W YAT T T -10m
EVELSRY, BEEIZ &L DA, FoHLIEeR
JLiZff > T %, Ruppel etal. (2000) £7 A1) H Dk
YT a—VBIZBWTRKL Y ADG AL, 1)
EORMIIZD KL » AL SITHE L T b I L ER
BLCTWwbh, REBIZBWTYH, Bl 30m £
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Fig.9 EXAZENE 2,000mS/m [
Distribution of freshwater thickness (EC<2,000mS/m)
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THY, TAVEE20m, 40m 122V TIEIER 2@
fEZRR U720 T72, BON ML 0 HEE L7
A 12 H I B 5 BARIEEE 2,000mS/m L, W
FTNOHTRE LY K&, HFTNIEAT RS N w
BUIRE R L BEETH 572,
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Distribution of the Freshwater-Saltwater Interface Depths
in Tarama Island, Japan

ISHIDA Satoshi, TSUCHIHARA Takeo, YOSHIMOTO Shuhei,
MINAKAWA Hiroki, MASUMOTO Takao and IMAIZUMI Masayuki

Summary

Electric conductivity of groundwater was measured every 1 m depth in wells on Tarama Island, Japan to clarify
the thickness of the fresh water lens. In addition, electric underground conductivity was measured by electromagnetic
surveys, and the results were compared with the freshwater-saltwater interface depths. As a result, it was clarified that
the maximum thickness of the fresh water lens (electric conductivity less than 2,000 mS/m) on Tarama Island was 10 m
or more. There was a high negative correlation between the electric conductivity and the freshwater-saltwater interface
depth. This result shows that the electromagnetic survey is an effective tool to measure the thickness of a freshwater lens.
Subsequently, electromagnetic surveys were carried out at 19 points on the island, and the shape of the freshwater lens
of this island was clarified.

Keywords : Groundwater, Freshwater lens, Freshwater-saltwater interface, Electromagnetic survey
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ENTV BT, BKRAEOMEERE A L, #Hik
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DEEDE L, ML T51%, BAKATHTIA%TH 5.
NDZ L HHREWIZE > TRILLR TV NH-NTH 2
LB EMMED NK BRI CTH B EHIWTE D, LS
(2007) 134 E 5 r TS AREERELTWE XS
VHEET TV N OWHLEONEE G BN LT D, F
NS LML T, NEKDPEL, &HT 5 NOKG
ANHNTH L L) 1T, IHENA A< AT T 2 b
O & 2 E 5 7 Fr oMb & 1312 IZFEETH - 72,
SEFEPSOESTTIE, Y TTFY (Mo) <Y Y
(Mn) SEDEMOEFTIZLELZMEEROE TN IV
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Monthly amount of feedstock and products
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Table 6 ARG E D5
Composition of liquid samples
i BT (n = 19) 5 AMEER (n = 10) ML (n = 23) Bk A (n = 19)
A
Ty (EEHEAR ) 1y (EEHEAR ) 1 (EEHEAR ) 1 (B aEfR )
EIKEE % 95.3 (1.9) 94.5 (0.4) 95.9 (0.4) 98.9 (0.4)
pH 47 (0.5) 7.3 (0.3) 7.7 (0.2) 7.9 (0.2)
EC S/m 0.805 (0.069) 1.53 (0.37) 1.96 (0.15) 1.92 (0.27)
SS mg/L 19500 (12200) 36600 (6780) 26700 (5040) 283 (256)
VSsS mg/L 18200 (11600) 26000 (5480) 17900 (3630) 154 (114)
TS mg/L 52900 (10200) 53000 (3250) 41300 (7420) 11500 (4342)
S mg/L 44900 (10400) 35400 (1810) 24200 (2840) 2420 (569)
CODy, mg/L 24300 (9670) 20400 (1990) 14100 (6280) 1070 (134)
BOD mg/L 29400 (9500) 14700 (5520) 2320 (890) 400 (271)
TOC mg/L 14600 (4260) 10510 (2470) 6220 (1920) 695 (249)
aRHE mg/L 16200 (94920) 16600 (4430) 9790 (1920) 2250 (554)
WAL A 4+ v mg/L 448 (186) 1480 (660) 1390 (395) 1400 (550)
T rvESTHER mg/L 190 (106) 1260 (163) 1740 (300) 1300 (199)
AR ISR mg/L 0.611 (1.95) 0.870 (1.83) 0.434 (1.60) 0.372 (1.58)
] aEEES mg/L 100 (114) <0.3 - <0.3 - <0.3 -
EE e mg/L 1530 (495) 2950 (263) 3390 (628) 1420 (300)
4 v mg/L 280 (107) 701 (225) 536 (161) 9.94 (3.76)
) ) v mg/L 283 (205) 282 (214) 169 (159) 437 (151)
RV RVN mg/L 2690 (416) 2790 (462) 3210 (444) 2600 (602)
HUYT LA K mg/L 2470 (386) 2810 (368) 2860 (677) 2470 (304)
# mg/L - - - - 78.5 (25.4) 9.73 (4.26)
A% mg/L 190 (13) 420 (217) 260 (71) 320 (79)
Bl mg/L - - - - 3.42 (0.53) <0.05 -
G mg/L - - - - 13.0 (1.6) 0.300 (0.298)
i mg/L - - - - 0.17 (0.07) <0.01 -
HRI L mg/L - - - - 0.01 (0.01) <0.01 -
= mg/L - - - - 0.19 (0.07) <0.01 -
[OF S mg/L - - - - 0.02 (0.01) <0.01 -
/AN mg/L - - - - 0.18 (0.05) <0.005 -
7R mg/L - - - - <0.0005 - <0.00005 -
AN L mg/L - - - - 1600 (242) 100 (19)
BT FTT A mg/L - - - - 661 (139) 190 (24)
F R YL mg/L - - - - 850 (114) 640 (61)
< HY mg/L - - - - 13.0 (15) 2.23 (0.54)
EYTTFY mg/L - - - - 0.0583 (0.0009) <0.1 -
VS mg/L 1.83 (0.78) 1.44 (0.13)
Table 7 [EAGE O R4
Composition of solid samples
. A4S AR (n=18) M (n = 19) ik —% (n=17) R (n = 4)
)
SR (Rt fm ) Ty (BEiEfR =) Ty (EEHEAR ) 1 (B fR )
Bk % 84 (1.8) 70 (5.1) 79 (2.4) 0.30 (0.60)
S % 42 (1.9) 44 (1.4) 37 (2.5) 36 (3.2)
LEHR % 2.4 (0.43) 1.8 (0.53) 4.4 (0.63) 43 (1.1)
&) v % 0.70 (0.19) 0.45 (0.19) 2.2 (0.42) 2.8 (0.60)
H A % 2.1 (0.42) 1.0 (0.26) 15 (0.74) 21 (0.14)
S/ AV A % 0.65 (0.16) 0.40 (0.10) 13 (0.29) 2.2 (0.10)
KL % 1.7 (0.38) 1.2 (0.25) 48 (1.0) 8.5 (1.0)
B % 0.090 - 0.11 (0.030) 21 (0.76) 38 -
Ak % 0.90 (0.23) 0.75 (0.090) 0.20 - - -

M BAREDSMNIEM S 72 ) O,
XK WK —F2ERE LR THD,



AL PRTE(Y)

TitiAb 7k F8 ¢ (ppm)

80

60
40 |

20

FARTEA - ML - LG B - ATICT - BRI - KER - PR - MR A Y VBT T Y o b T 7 ViLER & RIVER T — 5 DT 21

[t oA gt e

. “ . N e "
Ve IOV 2 T Tl Ra A e
X TR YT

7891011121 23 4567 891011121 23 456 7 891011121 23 4567891011121 2 3 456738
2005 2006 2007 2008 2009

Fig5 NA T HATD A5 i
Methane concentration of biogas

8% .. st

78 91011121 23 456 7 8 91011121 2 3 456 78 91011121 2 3 4567 8 91011121 2 3 456 7 8
2005 2006 2007 2008 2009

Fig.6 /NA % 7 A O LK ik
Hydrogen sulfide concentration of biogas

.=y b1, 2007b)

Fig.5, Fig.6 ([Z/NA W AHD A & Vg, WibkE
AR, A ViR, FERER A % RIS L 72 2005
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OWTIRAHTH %, Bl ma i ohiefl K ik %
FELTCWAZD, 1FF0THILRETHILN, FI7N
YA b (FEB12) THlk_7o k912, BIRE ORI T
HBEIT LTz, bk FERE SRS 350ppm £
TEF U720 208, BH OB A2 AT VIEEEIZ0 12K >
720 ZDORITIRED LA % 16D 2 B BLHLH O 2 % 47
IMINEE DI EIZED, BRfbKEIRE % (1213 0 DIRGE
IZHEEEL T B,

3 MEPRE
a X&UREAREOMEINE

Ay v EEESEOY BN % Table 8 I27R 3, Table
8(a) 1Z/R L7z OWE R O — i % - 5 A LB I ZH L 72
2007 43 A5 2009 4F 8 H £ TOHTY, K 1t H7:
D OWEINFT TH B, Table 8(b) 121% b 5 7 VAR % &
CEEEELIN (22T, FITVOD bbb WEI
TN T B DR & 7o 72 RHEW I AR oo i 1 1] %
Fr CHAM) oW BN %7537, Table 8(a) & Table 8(b)
RIS LI12ED, NI TVOEEO—HIEZRT
ETED,

K RIAT OFIYEINT TH % Table 8(a) & 4 5 &,
BASNBLERNL, FUESAR, B ABikm, B3
MZ NI 2.224d, 1.79t/d, 0.65¢/d DAE] 4.66t/d TH 5o
Pe A S 7z EURNS B EE S I, B9 (FkER) 0.59t/d
SHEMBAERERR I 6 H I, FR D D 4.07t HIFERAEIHRA S
N, NAFHATI9NmM? (A% >~ 46.4 Nm?, FR{LHRE

335 Nm?) &ML 3.96t S ER S b, A 1t 72D
WCHES B L, N FH A LTAINM (A F >~ 9.97 Nm?,
Tk 7.09 Nm?) LM LI 0.85t A E N D, F
FRICHEASINIZS 0D ) b, FED R & v
HDIZEENDL CO21%0 AL v & LTS Rz,
FERHCE TN AR SO N, P, Kid, FMme LT
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Table 8 x ¥  FsiAE ORI
Material balance in methane fermentation process
(a) T (2007.3-2009. 8)
//’ | [ b2 0 OWTLE B 1t B 72 D DYEDINE ‘\\
c N P K e c N P K R
(kg/d)  (kg/d)  (kg/d)  (kefd) (t/d) (ke/FE1Y)  (keJE1Y  (ke/Ei1t) (ke/JF1E) (kg/Jt1t)
AASAR 15011 8.55 253 741 222 LS AR 32.26 1.84 0.54 159 048
FSABLHER  29.67 529 126 501 1.79 2R 5 A R 6.38 1.14 027 1.08 0.38
3 10.43 0.99 0.18 1.74 0.65 93t 224 0.21 0.04 0.37 0.14
at 19021 1483 3.97 14.16 4.66 at 40.88 3.19 0.85 3.04 1.00
OUT C N P K iigie OUT C N P K Hi
(kg/d)  (kg/d)  (kg/d)  (kefd) (t/d) (ke/FE1t) (keg/E1Y)  (ke/E1Y (ke (kg/Ji1t)
P 79.26 3.14 0.80 1.82 0.59 I 17.03 0.67 0.17 0.39 0.13
CH(/NAATA)  24.88 0.00 0.00 0.00 0.03 (46.4Nm*/d) ~ CH,(/AHA) 535 0.00 0.00 0.00  0.01 (9.97Nm*/J5i11)
CONNAATA)  17.93 0.00 0.00 0.00 0.07 (33.5Nm/d)  CO(/AHNA) 385 0.00 0.00 0.00  0.01 (7.19Nm*/JE1t)
HILIR 38.78 13.42 2.12 12.72 3.96 IR 8.33 2.88 0.46 273 0.85
#t 160.85  16.56 2.92 14.54 4.65 i 34.56 3.55 0.63 312 1.00/
(b) TESGEHRE (2007.3-2009.8 5%, 5 JILEARE (2008. 12. 24-2009. 3. 8) % ExL M7= HARD)
//' L7 ) oW ‘\\
c N P K %8
(kg/d)  (kg/d)  (kg/d)  (kg/d) (td)
LS AR 166.29 9.47 2.80 821 245
FESABHER 2941 5.24 1.25 497 1.78
B 10.86 1.03 0.19 181 0.67
Bl 20656  15.74 4.24 14.99 4.90
OouUT (¢ N P K g
kg/d)  (kg/d)  (kg/d)  (kg/d) (td)
PN 87.58 3.47 0.88 2.01 0.66
CH (7 MATTA)  26.06 0.00 0.00 0.00  0.03 (48.7Nm%/d)
CO(NAAHA)  18.78 0.00 0.00 0.00  0.07 (35.1Nm*/d)
bEkI=1E3 40.57 14.04 222 13.31 4.14
Kéﬂr 17299 1751 3.10 15.32 4.90J
Table 9 7L [ 53 B A% D B IS Table 10  x & > F5HLEFL O BN
Material balance in digested solid-liquid separation process Material balance in methane refining process
AL 1t 7= OWEIE S FH A INm® B2 Y DYWL
C N P K Hik
U wemy Gty ke Geiily @i cH, co, -
IR 9.79 3.39 0.54 321 1.00 (Nm) (Nm) (Nm?)
R YRR 8 . A
i)/{imﬁ%s $ 0.00 0.00 0.00 0.00 0.0037 S A A 0.58 0.42 1.00
B TEHER] 0.50 0.06 0.00 0.00 0.0030 -
B TRRAL 54 0.34 0.00 0.62 0.24 " 038 4 Ho
Uk . ) : : )
2 10.83 3.79 0.54 3.83 125 Q
ouT CH, co, H
T ¢ N p K i (Nm®) (Nm*) (Nm*)
kg/iH1D  (ke/TH1D  (kg/W1D  (kgAH1D  (1AH1D WL A X T A 0.54 0.02 0.56
WA —% 9.31 1.11 0.56 0.39 0.12 FTHA 0.04 0.40 0.44
fii ok ik 253 1.60 0.01 2.93 1.13 it 0.58 0.42 1.00
3t 11.84 2.71 0.57 332 125

IR D 7301 572 N OREITIENH-N Th h, HHkRE
N ORF TR —F IR FIFoN2eEZ LN
%o

C A TEELERZOMEINE

A8 FEELEAEOWE I % Table 10 1278 $ . /N1
F A A INm3IE, PSAZEEIC L DR ST, By
YIHA056 NmASTE, 58D 044 Nm3 34 7 A& L

TREIWHHEEN D, 27 v ORIEE ON4 FH AZE
INLAT DL, BEAY AL L CHINTE 7
HE) 1%, 3% THo72,

4 BAHER RER
H i - MR OB EEE Fig7 1R T IHHNA
FRATT U N EROBINHBERIIEIILRL, XS
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Table 11 12 55300 I A5 H & BLE 11512 52 60 % HL i
FEHEDHPH (Z O#PHOT T, HOERFEMFED gD
FEIHIILN U THMEELZED D) 2RT . HIEIL 2005
)25 2009 SEDRIIZ 7 AT - T b, T, K,
HEDOBRBE LM OB L Z T DD, BESEOZHR T
FOBEEFTH) 2 EI2E D, FHRBREIES
2006 4E F TIAT - 72011 3 MBI E L, HAb2E i A
i) LT\ 2RI, 2007 4 LARE O 4 [ f AL 3 1 A5 )
LCWZWIRRETH %,

BRRSOWREIZEARIAC, U, AR TT
YIS IET L RAIIME S 7 BT R &I
T&E b, TOHRTRALEEARE L T\ 7207 3 1ol
ETIE, 7TYEZT, HALKEDREDSRRE Do 72
B, IR CH - 72 BP0 4 ANERALEEE A
BLTBHT, 2 V5EER, PSA, IV AL — 3
YHBE L T LR THE LR T2 7. ZOWhE, ER
WEIZTRTHERALT Th - 720 BATRBEICHE LT
D RALFEE A E L T DO EEN PR E o 72
B, AR EDHRE S X ¥ SR, PSA 5T DR
BLTWBLEORLIBBII/NE Do 70 200947 D
WEE, WOhTORETH 72720, BEIEL, R
SIERREL ool Bbils,

Ut Z &ns, IWHNA A~YRAT T 2 N TOERY)
Bk, RAEdhuliikcd b L I TE 22
Ay CEWET T v NI ER A v N e 3%
MATHLOT, REARDP R VL TH D LEE SN D,

B, WWHANA Y AT T 2 M-SR 2 BB
LTHBY, HEENRBAIZIEZNSHERERO LD
HEEINTWD, T2, IHHENSNA AY AT T v MEEHE%-
A SR F COMREATE , FRIC, RILEES
5 OHEH A DL ALE D & BAMEH A A O E T
OIEEAF 3m OKTHHE) i olze TD720,
B X UREIRED SO DM & 7 o 72TTHEWD D 5 6

V &

il

AT, IHHNA F AT T 2 O 4 ERICBL
5N 7IVicsE EETF—F BTl AY VTS
Y MIBIAWENE, T AVF-HEONY, bF T
VBT T v b OG- 2 ARSI L7,

IWHENA A< AT S 2 Tl [F 72 X, TR, Tt
bk, TEBRIHHE - REEROEE] HEKN O L b
T TNDEA LTz BRSNS ARICHE
DEOEIEDF I 7 ZHRAL T2 2 LI K BBk
HEOFHET), AFICHED EOKRICES sz ki
L EBROFRELED N T T VD% L, FLILESART
DEEIEEIC L > THRR SN DR R 5 2 & % ik
LCT Iy oE&sEt2 3562k, BRORGEMNT— 5
TR T T v M ORRTER ORI & EEICA
NTRRENEWFAT LI EDUETH L 2 LHVRIES
n7ze 72, ALKFERERLZ I AT %52 50T,
ALK FRE DL # FEH L, BilisE ORRRIC A2
MaZATH) CENEETH L I &, HEEERIER 2 F &8
L72ED B EBHOMEFEDS BRI T 5 2 &2 s, i
O EEOXIOBLETH S I EHhRSNI, Uk
DIERIIA Y VBT 5~ b OREN T EEICES T
%o

IHNA A~ A7 5 2 b OEEEED» S, FERA
WA MDY VEEET T 2 MIBIT A XY V3R
WAL, WALEAGERE, A& BB RIS X
D&tk - 2 BOHEBENOREM 2T 52 &5 C
Elzo AY UEBMETIE, FEE SN, FH A
17.ANm3 (* % > 9.97 Nm®, FRMbi3 7.19 Nm?3) &
1L 0.85t 2SAE L &, (HEBEINIEE 1t H72 ) 8.6kw
Thbo F7z, HAGHET S HEER T, LK 1t 12
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Table 11 FL53 0 I 4%
Results of odor measurement

e EDDLZENTED

Hf7 | 2005.12.13 | 2006.10.11 | 2006.12.13 | 2007.9.10 | 2007.12.6 | 2008.8.13 | 2009.7.21 P
TUEZT ppm 0.05 0.09 0.23 <0.1 <0.1 <0.1 <0.1 1~5
AFIVANATH | ppm | 0.0005 <0.0001 | <0.0001 | <0.001 <0.001 <0.001 <0.001 0.002 ~ 0.001
Atk F ppm 0.050 0.0021 0.0004 <0.01 <0.01 <0.01 <0.01 0.02 ~ 0.2
AL A F v ppm | 0.0007 0.0002 <0.0001 | <0.001 <0.001 <0.001 <0.001 0.01 ~ 0.2
Zhrfb ATV ppm | <0.0001 | <0.0001 | <0.0001 <0.001 <0.001 <0.001 <0.001 0.009 ~ 0.1
FOAFLT IV ppm - - - - - - <0.0005 0.005 ~ 0.07
VAR Y ppm | <0.0001 0.0002 <0.0001 | <0.002 <0.002 <0.002 <0.002 0.03 ~ 0.2
IV OVER ppm | <0.0001 0.0001 <0.0001 | <0.0002 | <0.0002 | <0.0002 | <0.0002 0.001 ~ 0.006
JOVROVERRR ppm | <0.0001 | <0.0001 | <0.0001 | <0.0002 | <0.0002 | <0.0002 | <0.0002 0.0009 ~ 0.004
AV EH RS ppm | <0.0001 | <0.0001 | <0.0001 | <0.0002 | <0.0002 | <0.0002 | <0.0002 0.001 ~ 0.01
BT - 20 13 13 <10 <10 <10 16 10 ~21

¥ BB, ESREIREREAT N TED 2 BREDFIPIN T, HIROFEFIIS L, RAFIED b
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Trouble Records and Analysis of Operation Data
for Methane Fermentation Plant

— A Case Study at Yamada Biomass Plant —

NAKAMURA Masato, YUYAMA Yoshito, YAMAOKA Masaru, ORITATE Fumiko,
FUJIKAWA Tomonori, SHIMIZU Natsuki, ABE Kunio and AIHARA Hideki

Summary

Methane fermentation is a biomass conversion process to produce energy as methane and fertilizer as digested liquid
from feedstock biomass such as livestock wastes and food residues. Little data is available on the operation of methane
fermentation plants, so it is important to collect such data. This paper describes material balance, energy consumption,
odors from the plant and troubles that have occurred in the methane fermentation plant (Yamada Biomass Plant) during
the last four years. The following conclusions were made
(1) Basic information on material balance and energy consumption in methane fermentation processes can be used to
evaluate the effects of the application of methane fermentation technology on fossil energy reduction and global
warming prevention.

(2) Atroubles list that contains “causes of troubles”, “measures against troubles” and “lessons learned” can contribute
to stable operation of methane fermentation plants.

(3) Concentrations of malodorous substances at the methane fermentation plant were low, so odor around a methane
fermentation plant is considered negligible.

Keywords : methane fermentation, methane refining, digested liquid, troubles list, material balance,
energy consumptions, odor
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Presentation of ideas in the workshop
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Intervention Study about How to Support Promotion of
the Area Where Those Who Live Cannot but Give Up
a Change of Generation after Themselves

— Case Study of Nanmoku Village in Gunma Prefecture —
ENDO Kazuko, KARASAKI Takuya, YASUNAKA Seiji and ISHIDA Kenji

Summary

We studied how to support promotion of the area where those who live cannot but give up a change of generation
after themselves using the approach of an intervention study in case of Nanmoku Village in Gunma Prefecture. Although
we supported for this village, that action was trial and error. As a result of our support, five young men formed the group
to draw the future vision of the village finally. It was showed that the reason was in the following point by analyzing
record of activity. First, the resident sense which tries to activate their village was fomented by having gained experience
of the workshop. And, we and the staffs of the village made the confidential relation brew through various activities.
Furthermore, it was thought by respecting residents’ independent activity that it was urged to residents’ empowerment.

Keywords : giving up of a generation change, promotion support, Nanmoku Village
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Fig.3-2 EEASWEIZ L AIEEIFEORT (F BRE)
Work-training by the persons with disabilities in ‘F-farm’
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Fig.3-4 B WHIC L 2 BIEEORT (D Mgk
Working by the persons with disabilities in ‘D- sheltered workshop’
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Table 1 FEMI 2 L 72 FIRE i & S8 5
Problems and suggesting solutions corresponding to type
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Identifying Problems in and Suggesting Solutions
for the Provision of Support by Classifying
Work Style of Persons with Disabilities in Agriculture

YASUNAKA Seiji, YAMASHITA Masashi, KATAYAMA Chie and ISHIDA Kenji

Summary

This paper classified the work style of persons with disabilities in agriculture and identified the problems in provid-
ing them with work-related support. Based on showing typical cases from our case studies, the work style of persons with
disabilities in agriculture is classified four types from the two view points. One viewpoint is competitive employment or
non-competitive employment style. Other viewpoint is that their working place is in existent farm households and agri-
cultural legal persons or not in such as a residence for persons with disabilities, a industrial workshop, and a newcomer
from other industry.

In order to promote the employment of a person with disabilities, support in both agricultural work sector and
welfare or vocational rehabilitation sector of them is indispensable. Though such support systems vary with the prob-
lems depending on the type of work style, lack of cooperation between the two makes the situation difficult for a person
with disabilities working in agriculture. Information exchange is the most important factor to facilitate cooperation
between the both. It is also important to build this cooperative relationship by using a local resource and increase the
concerns on the agricultural side.

Keywords : persons with disabilities, work-related support, symbiatic society, use of skill, rural development,
entry in agriculture, classification
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Changes of Nitrogen Concentration in Branch River of
Lake Kasumigaura and Their Causes

MATSUMORI Kenji and ITAHASHI Sunao

Summary

Recently, the change concerning the management situation of the paddy field like the abandonment of cultivation,
the paddy-upland rotation, and the farm land consolidation, etc. is large. It is expected that a decrease in the paddy field
area and these changes influence the nitrogen outflow load of the watershed as a decrease in the water quality purifica-
tion ability.

Then, causes of the change of the nitrogen concentration was examined in branch rivers of the Lake Kasumigaura
in Ibaraki Prefecture. In this study, water monitoring data of 24 rivers observed by public sectors, statistical data and GIS
data were analyzed. And then, to clarify the decrease in the purification function, high density synoptic observed data of
nitrate-nitrogen concentration in the Hishiki River watershed that is branch in Lake Kasumigaura were analyzed.

As aresult, it became clear the following. (D The change in nitrogen concentration until middle of the 1990’s relates
to the nitrogen load amount change of the non-point and point source. (2)The rise of the nitrogen concentration of the
irrigation period is controlled by the cyclic irrigation. (3 The increase of the amount of the nitrogen load corresponding
to the rise of the concentration of nitrogen after 1997 is not observed. 4 The nitrogen purification ability has decreased
by the change in the condition of the paddy field such as fallow, abandonments, and rotational upland fields.

Keywords : Nitrate-nitrogen, paddy field, denitrification, farm land consolidation, cultivation abandonment
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HWERDPL BT S [HAZOEZLORE] 22
PHICB X, F9IE20MENER L OHERE 2 LES
HIEEHME L7z RO REFARNA L L7-BLH
VX, B & 0T EEICEREDTITRE T, AL L
TORENES THHZ &, TR L7 EAR %@ LT
HMRICLBHERELZITRT W LIz, Ri#Th
LRI BT 2 HERSIMB ORA R AEF T L Cldfk
AEPENTED, HEFELRETLIIIH2) LER
ERNMR 25720 TH 5, B, RFFRIZBITLH
FEOFERIHE LT, MVATBOE AR - S5 SERA
WA W7 AT LW e AT Bt S FR O TR & T
NxnT720iz, FodE0 R % B LS 2 5
N2 212, o TBILEH L EiF7zuv,

I FEEMESSURESE

1 AEHOHRE

AFEZANEN & BB E PRI IR 25 K
WED R LW THXANOFEH B L ORBEFHO
KHREZ SR E L7 (Figl), /NEJNOHNE (B
12m) (ZHHMEH S B I OWEFH S, =294 L, BHEH
ATEARRD (B 15m) (2f7iE$ % (Figd). flA
PRI KHOEZ B C HIIZRE L, fEORE
L 7-HEf&IE A 0 3,708m% T :1.251m% /N @ 495m% = ¢
272m* TH b

2 WEHE

AL, RFELREANE 2 o IHERE £ 5o T, B
B - B o 2 B TR L 720 BB I2IE, RIS
BIL T £ ) B E 5872 70V RSE TOREN B 2 K5
AT 7272 & REERERE R T AR OB 2 1T > 726

N

%

L\

o 500 m
| I —

Fig.1 FRATk St
Location of the study site
C O M X B R 0 Ffit # 2] 25000
(GG [T2E] 2f#HL, ERLzboTH S,

a HFR1BICLIERHRE
AR SR OREE % IEFEICIBIRT B 72012, Wil
V2 & DA AR, KHREA B L CoORERS T A
L CWBHEMREIZ L BT L 5 L 72, BT HHE
HABLOTOfEA% 2004 49 H 20 H (RfE:W) 12,
FEINIRFHNB L= DffiA % 2006 44 H 25 H (K
i s &) SRR Lo, AR, PERE I X D
R ERUELCA, Td 204, 7/, =% 1549 & L7,
IV E 2N S BKEEFEOMATATIE, —H
THThall b2 T h38a304<, SRdRE Lk
BRI KBTI a2 R & w2 5, Sl
ETIE, HRIXHATHEES -, SaiEo 3
BEFAT—Y, #HWHEOTFEN 25, SO
WRIXANZ BT BEE S X O E OB X 5525
HIBL7RAELSELRE L2, 2B, AR
FE DIREENIAT - T,
b MHEADKELEICH T 2HE

IO TN, B3 TR & & R R () 3T
AT R U B ITRAE A T2 9EHT) ASFEME L 72 5
MBS - BERATHE N OFEE Ta s g A% FH LT
2004 4£ 9 H 30 H (CRfE © Peis) 123Kk - R OB
H2%TiTo7, 5324 (D bM3s) oWEE%
5% 5\ 6 ZDFE6 FEIZoT, FAICLE S A%t
FTLEELZINZ 5720 3PETOKMAA B L oo
Tz BB ORMEL, B, EFER, 2L ThiidiR
KA O R T, iR 20 @A 5 50T TT
0 A D L o7z (Table 1), F2BMBEOVTN
b B FR O BARBIS S SN0 5 B 2 8 &
DZHRBFN N L R L TV D, HEREIC L 25
I TOFMETERL 720 1) & NHEWHRER o R
RN I ERE LM R T 2R 45 (200) %
FiAn, 2) B CHREXPNIAET T 23X CoOEM%
FRELTI LWV EIER, 3) RGUKHHNOREY % 20 53
THEREE, 2P EAZHEM L 720 BB IR LTI
IZHHE 2SS 24T - 728, AN READ A F LA
DREYN S 2 A0 FEER R TV 7 & O —4017
blirolze TIHMYWREDORE S L LT, HEkL
LCH LA EE L CREL TOllibaWwz &, Y

Table 1 B A 0 # 4F hin fed

Age group of examinee in autumn survey

) A . X " . '

PE g NEC 20m%f% 30REft  40mEft 50EfL

1 A 5 0 4 1 0

2 A 5 3 (1 1 1 0

3 4 6 1 4 1 0

4 ui 5 2 (1) 2 1 0

5 o 5 1 2 1 1

6 o 6 3 (1) 1 2 0
2t 32 10 (3) 14 7 1

) ) Mo A
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RO—FHTIE R, WTHEEON KD 72T EE L TRE
TAHIL, 02 HEMEHI Lz RERMIZOWTIE,
[HAZOHEE S OFE] FI2XB2HERSMOEYBISE
EDOTOTTAPEMEDZB\NE D205 ~ 1 KRR
WA TWDE 2 e Ea2BE|L, FENBCTATR %
BZELCTHEE L.

AT T AL 72 BREERED S, HMRICK > TF
NCZOTHFEEINL L & HI1Z, —EROMEWIZ O
TIXFAFIMER A5 L 72

c HHOHEEICWT IHE

FEH oML, BELAREMNE 7 21Nz, KRERE
HCHMBESSAOSIREY D % GRS B L 04
EHMORKEALZD 2 ZOBNH 57T 2005 4 4 H 26 H
(K5 - W) \2FERML 72 (Table 2), HiEFAEDOK RIZ,
FRICHIAS L 7B EHDSBHE R Ch o 727280, BT 5
RBEE (RTEEEMNICAAWER) N, =& L7z, BBk
HIZ 282, N, 2K L EITORAEL 2. KK
A CTOREFIEE, AL RS LS, BRER
IZDWTIE, FERNREEIL o/ &h 5 15457
BICHEM L CEM L7z, $72, HBHo@AETIE, 28Mm
WOZEB DT DBRDOIRETING 2 5B E BT 52
Ex HWIZ, JeAT UCAS L7 KH CRgE L 22 12 o
WCTHEMRNZEOW TEMOFEZ1TH & b I T
B R HSEodilEz gz Lzob, &) ioKH
DHEEREERIT > 720 T2, WBRE ORETE S —
YEWHS DT B72012, GPS ZEHE (GARMIN
Geko201) % & NIZEEAE L TH S5\, AR ORE BB
REE, PEE AR L 7

Z N CTERE SN2 RTOMII D TULREIME AR 3
s, HFEES Nz,

I EROLUER

1 MEADMEERE IO B RARIEE

a BWEBREORERHEATEE

BMR 1202 & D HATHATIE, HEE Y & S
ExRHbET, #HMEHO A T23f, T T3I3MEEMMELL

Table 2 FHEIFIA O ERZ IR

Examinee attribution in spring survey

py ) LY==

W owEERE MR SN HPY - B SR
A L 28 T [ 2 HY
I B 5 35 RELR L
C 5 51 BIETR L
D 5 51 BEELA L
E 5 20 AR HY
F L2 26 BFEAR L
I G B 36 LR L
H 5 41 RELAR L
I 5 46 BEELAR 7L

WILidNn—=, HIEZ=—> N DOIETRHEZIT- 72

720 BEERE OB 72 1) OFIGREFMEHIIKT A T
105, T CT166FfTH -7z, FEWEITIL 30K
M OXAETE OFRERIT 40 AL EOFRER E L L T
Dl ER L7 (Table3), £72, 22 LT 34
TR BRE L 72 50 MO BT FERREEATEY,
IR IS AR B H & D L7272, T2, PEH
FLOFREFFEEIIKE A Tl 19 ~22F, T Tl330 ~
/LY, FRIFAEIC X AMEREME L W5%H 50
EEM o720 F72, FHARETHE T Lho7h, #
B O X o CHRESNEMIL, KA TS 37,
INFANF R EQHE, T YA, TR E L2
fliz #5272 (Table 4), HAPHETHERSN2FED S
L, A SRR ITF I EREBRE AR BT HERE
FKO8U AL DI L TIE, BHMRICLLHE
L TORERIEN SV E AL SN, BICREES
EA LU EEEWEROSL x, RERBED mWEN %
RL7z0 L22L, 4AKZY, FHT79, ver)any
TARHABORERIZIESDE RN, EREEEL Y E
REDFIATE 720 SO BEFERERAE & ORLEDNR T S AUR
s, $72, KHA, vy, a-F 2T,
7R L% ECTIREOEMNEL { o7z
b BEELEICLZEEI & OWIRESMTE

B (1969) F, MW RS 2 HMEOMGRE R
THRAMN IR E LTRSS (Summed Dominance
Ratio: SDR) ##EL T, MEL L TRAELES
EEr Wl L7 A, SDRIE THIZL BT &) $4bb,
RS LTo [RELLT ] OEE LTHHH
T&5EHML, Table5 0 X ) (ZHIEEICEHANIT L7
SDR, # & L, /KHA, TOTREESNIEEMORE
L OMBRE Fig2 IZR L7,
REFENOU L L E LR LBHDH L, 1405 1 X
YL fXEx, a)FF 7)) ak&ld, SDR, 7'&
BHEENLVIZORELRLTVWEEZ LN, —), #
ERPBVEMD )L, F7 TR AL, FHTTHY
7 ED SDR, o 7o INH DOFEARIZIE, FEEENT
Loz, INITH-72)LTH, F7EDLHIC
HZbedWwiterd Aok ) cfis L CXIEE
UERTVIHFBMW 2 REEZEITLL00% LGN,
SDR, & FREFAMRVERE X, FY A/ KRF v/ 3
) TAR G EABWHOBEEMR I v NaRP e

Table 3 4R Bl O R HR 4 5
Plants collection ratio by age bracket

. 4 KH 0 K H
TR TNE romeek | B PRk
20~ 307K Al 4 10.3 6 14.0
30~ 4055 A il 9 9.8 5 16.6
40~507% i 3 13.0 4 16.3
505% ML 0 - 1 34.0

Iy 10.5 16.6
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Table 4 FIHFHAIZ BV TRlsE - FE S Mz hifd
Herbal species recorded/collected at autumn survey
(1) KHA (2) KHw
EE BE L. B REE (%) % BE ., B FEE (%)
4 e (g s T g 4 S - Tl
TV B W &fk 13 28 3% AT=V BhE Lk &fk 43 SHL 63
1 4 (@) 2 I O 8 80 100 67 A% - 2 I O 83 80 80 100
aF¥ 0,0 2 m O 100 100 100 100 A Kz O 2 M O 83 100 80 83
F4 YL (@) 2 N O 75 80 80 67 IFF 0,0 2 M O 88 100 100 67
TINA A 2 I O 69 8 60 67 t¥Yz @) 2 I O 83 100 80 83
S A O,0 1 1O O 100 100 100 100 ¥F¥47 0,0 2 I O 63 8 60 50
E VA O,0 1 1O O 9 100 100 8 XAy /¥ 0,0 2 I O 44 60 60 17
NERAY 0,0 1 I O 5 80 60 33 f2¢x O 1 I O 100 100 100 100
A ZXERY WA 0,0 1 I O 50 60 60 33 Z¥iA [1LO,O + N O 94 100 80 100
Favvss 0,0 1 I O 50 40 60 50 ¥/% 0,0 + O O 75 100 80 50
VA (@) 1 I O 19 20 20 17  F4nUA 0,0 + m O 69 80 60 67
NTLTEG N O + M O 5 60 20 67 AA*E 0,0 + I O 63 60 80 50
TAYATEF 0,0 + IO O 50 60 8 17 kAIYNF 0,0 + I O 63 60 8 50
§rrT7ES 0,0 + I O 25 60 20 0 AZXAJbwHIY  O,0 + M O 5 80 40 50
L2455 O + N O 19 0 20 33 AxFxZNA 0,0 + m O 50 80 60 17
A+ K2 OJ + I O 19 0 60 0 #a%7ow 0,0 + M O 5 80 20 50
g7 ay 0,0 + N O 6 20 0 0 FavIVy¥y 0,0 + M O 50 8 40 33
AFF A r T O 31 40 20 33 A3X%7 O + M O 50 60 60 33
+1) O r I O 25 20 40 17  bE¥VY (@) + I O 44 100 20 17
yroa¥ 0,0 r v O 25 20 20 33 IV O + VvV O 44 60 20 50
VP AVEE S O r I O 13 40 0 0 bASw O + V O 38 40 40 33
EDEVEN A r I O 6 20 0 0 FE¥Y 00 + M O 38 0 60 50
AL YN (@) r m O 6 0 20 0 FAUInT A + I O 31 20 60 17
L7 a (@) r m O 0 0 0 0 A~JFEFTA 0,0 + M O 31 0 8 17
Ny O r I - 19 20 0 33 ~wynA A + I - 25 20 20 33
LA/ (@) r m - 13 20 0 17 7AUAa7¥+ 0,0 + I O 19 0 0 50
| )] (@) r I - 13 0 40 0 ZI/%7% [l r I O 31 0 40 50
NFA NS (@) r I - 13 0 0 33 VYhvA O r I O 25 0 40 33
52 NS A r I - 6 20 0 0 47iT7EF 0,0 r I O 19 20 0 33
TAV XY TA T O r V- 6 0 20 0 AUA O r I O 19 20 40 0
SRV A © r o - 6 0 0 17 AVbI/4 O r I O 19 60 0 0
)3I)TAR A r I - 6 0 0 17 TXF/UFEvyH3 O r I O 6 20 0 O
oo 2 31 2 19 2 iﬁﬂﬁ 0o r 1 O o0 0 0 0
ATAHYY)
2 HH AT — oW FIES L OCWAD S FEA A ey o b O e oo
HAEW O BN O, EE~EH : O, TRLTWS, Yy b r M - 19 0 20 33
b AL IR AEORE L BE A RAIL LS T, Ho . 0 M - 19 40 20 0
REAE AR ISR 2 0 RICLUFOREIZIB> TS L, 230 0 r I - 19 60 0 0
BEASRAERE D 120 ~ Ud 5 L. F21E, ZNLFT R KLY N ; P 6 20 0 0
&> THREEED D T\ 22, BEAFRATHRE D 1/20 DL 59T o Coom - 6 20 0 0
TTH2H, AFEHEZ 1 BOTROGEE TS % ) A r T - 6 0 20 0
EAEL -+, FIUTHRAEE TS S 1. O o Coom - 6 0 20 0
c EEE, PN REA»SHIELC, 1 ~5emE 1, 5 By A Coom - 6 0 2 0
~1OCmﬁF§1H, 10"'300“’11‘%&[{1, 30~50cm?nﬁ'_‘xil\/, VEVE A r 1 _ 6 0 20 0
Soem BLE -V, £ L7z, i FAVAEYFY S A r I - 6 0 20 0
d CERERIL, WS ERRRETCE AR (N=32) B % Hsp, A ; I - 6 0 20 0
L OEHEORER BB THE L 72, P
% 33 45 30 35 30

X)) B EONETEN S { o7z, F72, SDR, 2550
DEEEWERD S L, EEiEmne A h~, 3v, £
L CEBIEWD OOFERNIREW N F Y 7 ORE
I oz TOHHELT, IROHDFEMDE L
X, HTPERY (e xA~, 33) HD5WITIEOTED
gk (b)) Thizo, WEEILN &
I ol B E LNz, DEOER»S, RS
B oOFAETIE, SEEPL VD, oS LR ET

L HYOEMAS, WWSHEIZBET 2R A 7
VBRI L > TOHREINR TV EEZ LN/ —T7,
N B VIZEB AT — VA WRMIERR, Hi7z7k
WAEEREIT A &9 EMICH LTI, & AREDOMHER
REERAAH L TV W ERES NI WT EATRIB SN,
FERSIMAFE TR S U WERIASET 5 L%
25Nz,
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Table 5 FRdE L EEDS M
Conversion of SDR,
(Summed Dominance Ratio)

MO A B H'
2 100 I 3.125
1 50 I 9.375

+ 25 I 25

r 5 v 50

\Y% 100

. - A"+ H'
MEBELIE (SDRy) =~

BIRIE, MAEESE 2, FE T,
100 + 25

SDR, =~

=625

2 HFHOWEEREICH AT

a BWEBREORERHECATHEE
BRI L DHAFHE IR T 235, =T25
TR T & 72 (Table 6), BEREIZ X 2 A TORER
TREE, HATHAE COMRMEICINE ), FHTEIND
1371, =T124fL %), MYWBERE~DOBIMEE
Bhid A E T LY £ OFMERE T E H AR
g7z (Table 7). F 72, B OFIAR M THAE ZIIC
H % lom il SDR; 2SI VAR FLRE & BB | CBR4E
STz BlZIE, TR G —7 O TH AR
eI 4H (BRBITHR, 2000) DI AT/ AHPEFLT

79

GHRL
100 oY @ \ O [
1%
@ O N
e
FUE X2 o o
80 = DE]
O L S{RET (LT @
E HAn4 0 @
£ 50 EXSUNF [ 1.
x ()

SO O\ SR, RELBFL
y 0. (% 1K5%, a1,
Natal EFY3, A4RET,
AXETHE)

o
o

(&)

NN BT I E R
(FYR/REY, I/ /NaN,
J2)IRR, EFHVIEE)

60 80
PNEALBE (SDR;)

Fig.2 fHMpIRETE L REEE5E & OBTR
Scatter chart of plants collection ratio and SDR,
@ KHA OEM [ KHDO OFRERM

100

BY,EE ST L TTFEANCHE L T o 7278,
INIBWTHEBREDIC L > TRES N, IR
SEADOBNIRERRD % AW EIC T 2 koD% ik
B DI X o T34 2 o aiL iy 254 S e
Clid, mAHE & OO RAILIRIC B A ERS
HFRAEOTREEE R L& VWR b,
b WEREDOKRETE/NZ— >
BERE 55 L7 GPS B O 7T — 4 22 b, BRET

Table 6 FWIFAEICHB VTR - RES N HE
Herbal species recorded/collected at spring survey

(1) ZKH2N (2) KH=

' EEH WA L. PR EE WA L. PR
% 2r-v @ 0 (%) OR fi 2r—v @i 0 (%) OR
ER O 3 v 100 750 YFIsT 2,0 2 I 100 29.7
e VLA A,0,0 + Jiig 100 150 HHAFT 0,0 1 II 89 25.0
AN Y TRy 2,0,0 + il 100 150 bA¥Fw A0 3 \ 89  100.0
YF¥syT 2,0 3 I 100 547 AV rINF A,0,0 + I 78 7.2
T AN A 0,0 1 I 89 250 ARRX/)TuRY 0,0 + I 78 15.0
ARRX TRy 0,0 + I 89 150 HFsH A, 0 + I 78 7.2
I IIFTY @) + I 89 150 YF+¥457 2,0 3 I 78 51.6
NV A 0,0 + I 78 72 AU A 0,0 1 II 78 25.0
J)3I)TAY 0,0 + II 78 150 3JI¥ O 3 v 67 75.0
H A3y 0,0 + v 78 275  AAEAFT 0,0 + il 67 15.0
e 2,0 3 il 67 547 < TEYART 0,0 2 v 67 50.0
FANEAF T 0,0 + I 67 150 AHh ¥ IRy A,0,0 1 il 56 17.2
IavAY O 1 I 56 250 HXITIUHY 2,0 1 I 44 17.2
¥Y Ay 0,0 + I 44 150 a,nanN 0,0 + I 44 7.2
)T VA A @) + I 44 72 I rv¥IIFTH (@) + I 33 15.0
F AT 0,0 + \ 44 525 AR/ Ay O,0 + v 33 275
UaVAs AN @) + il 44 72  *F¥F AN @) + Y 33 275
L 0,0 2 I 33 375 Y7 A + i} 33 15.0
INNT T 0,0 r I 22 52 FVaino 0,0 + I 22 7.2
+1) 2,0 r I 11 52 JF KX 2,0 + 1 22 4.1
1v3Ih7 A + I 1 72 AV 0,0 + 1 11 4.1
VA= O + Y 1 525 J3IJ)TAY 0,0 + I 11 7.2
IZX%a/F A r I 1 21 VA A + il 11 7.2
O F 23s voy A, 0 + I 11 4.1
Y AT 2,0 + I 11 7.2

& %% Fh 25
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Table 7 FHORA T BT % HhrE OBREEEL
Number of plants species collected by examinee in spring survey
T Bigi PR N
o BERE IO | EtE N REH =
A Y 18 21 KB
I B L 12 8
C L 9 10
D 7L 13 15
11:2 f) 3 15 13 e s HEED
& 11 6
I G %L 15 9 K=
H %L 12 14 a
I L 18 16
DNy — VIEFig3 DL H 112388 — IZHALT X N
oo Tbb, [HERER ] ZRAERRNIC C F 2 A
RKWNZA& L85 — T, [JLR] (TFHEXOYE
e \ERICHEERED, ROEICEHE D T EESL R BIREA A #IREC
Vs y = [ERT] EFRE XA OB £ E AR mEY Aaxn L]

BT 28— Th Do F NS L7z GPS DL T —
Zab, BNy —OFERRK (154) WIZBIT L
AR (L AP F A R), FHEE, 2 L CHAL
HWEH ) OBEEEEZ B L. /37 — O L
LC, (MR (ZHAIHRE S 72 1) O R A% 0.15 ~
0.44 %% /m? & Il 4E <, BBEOFIEEE L 10m 55
DLl e Rpoietzw, HAHERS 72 ) OB E <
7o 7z (Table 8), [JEMH ] TIL, W& FE 1L 0.24 ~
038 %/ m? & [HEFH | L REREDZ L o 72
A, FHEEIETEL 2D, TOLOEEH) D
BEE i TR X dE kol [HEPE] @
W, 05 B  miEitR e [HEEER] < [EuR]
LY R 2 MHEMARL, FHHEEDLEL, HEHLD
DORBIEL KD 720 0.2Tm Lk DL otz T 72,
WA 3 2 BRERDRIL, [HRPR] L0 b [HEEE ]
2 [RBAE] TR RbEMER LIz, —F, I AR
J AR U & SDR, /NS WEAG L [T | TR
XN ENEL, TEPH] OXHITLo< Y L

Fig. 3 #:lERE OREATE NS — »
Collecting behavior excursion of examiners
MEFB O IFIB) 2 7R L7z,

BLUTHET A/ — 0 Tld, BEIOEEIEL, —7
HICEE F B oA 7w [HEFER] < [FLR ] <R
EENDL RO EREL ) AW REEAVRIZE S Nz, F
7o, FUREEHABREL CL T ) EEFE, HEWESE,
ENOBNFERO & 5 #cE A, E T, MofbE L)
b rodze UL, BRE LAY QRS o)
F OB #ZEZT o250 2 MIHFAETIE, WEREF
RTINS RSN L 72, SREMSIL 1L H
XY 2 H TR AN (Table7) 2R L7225,
M OFEH CORENRICFEGT LI EEZ LN
A, EHEROMINE, EEMOFEEICL > T2z - T
BRI SETCLEIBENLRL, 4% 7o
7T LOWBEDOTFA R EHFEE LTS,

F7o, GlER - BRESNIHEEMOER AT — VICHEH

Table 8 BEfA DOIREATHYHAT
Analysis of examinee’s collecting behavior

s | e WA s P BEgaae | TREEE (%) EER HEER
o ’ #/m?) (m/43) (m/m2) N = (1a1 H) (2l H)
A 0.27 13.3 0.51 78% 84% 28% 43%
. E 0.16 12.2 0.39 65% 52% 15% 47%
Eakei|
F 0.15 14.2 0.41 48% 24% 67% 64%
H 0.44 10.2 0.36 52% 56% 71% 92%
B 0.26 11.9 0.39 52% 32% 33% 50%
JE R G 0.38 8.7 0.30 65% 36% 33% 47%
I 0.24 9.0 0.34 78% 64% 50% 78%
frp C 0.52 8.5 0.27 39% 40% 56% 70%
D 0.46 79 0.27 57% 60% 62% 67%

a R, REEERME 15 M & 72 b Ofi % KIAERT TR L 72,
b o PREMEE B CRERE S M- R OB TR L 720

¢ CPREMEE D ) HEMW L TRE L 2B OE G
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4 S O SV R B © - T LR

0 0.1 02 03 04 05 0.6
EBRT—OORHKIE x EE 0K

Fig.4 FEMEPRENE S L OHPITZEE & OB#%
Correlation of repetition collection frequency and plant trait

x5z Gz - £FH 1, BAE @ 2, HFE~HFE
B :3), EFAT—VOMMMELEFGONE L OKLEE
BHHEE E OB E R CADL L, AEZIEOMHE (A7
~ Y ONERAHE] ¢ p<0.01) RED LN/ s, A
B OGP L e W E, NITH# O b ) D
BWERER AT B 5 P CIEAHEO X % 385%
LIC K b 2 R sig: (Figd),

L2 L, SEOERD S, 8505 EHEN DS
VRWIGETL, RETHFEORL 24 L OBMMHEIC
LI LT, HPHOERL GO, PHOHEMFE
12 & 2 EREE O P & %2 L OB TRETTET
BHHT ENPIRENTZ,

|\ T —

FEW R0 3 B R R 2 Fr 7 e WER O BN
L2 KMOMAETELIBEL, ZORBERITLIzE Z
5, mIZEWERER L HVDEIERE LR T <,
INITHIRZEREIIRB I LR T W EATRIEB S L7,
7, ZEOBIMEELZRAETIE, HVHEOIER L&D,
PEOFMFIZL D EEEMOFE L REBS L OZENDL
DOREBAFRETRETH L 2 DR ENT. 512, ME
TTEYOHEE DN & 1%, FIFEHIX N Z < F 72 R T
R TR 2 LT Lo L )t Guhiiy % Bia 3 4[4
HEL O/ — RSN DL 2 E 2R L7z [l ]
(LR ) OWELTE)CIE, THEPR] X1 S REMEDS
% B BN AR L7720, BEEDPKBERDD R WE
FliZe S5 AU OWELRIE [T ] THREE SN
, AN ROELE Y A FOFLEFEER L 20121, [
R TRAMRE] 720 T [£PHE] S ED7-450
FERDPZINT 2 EOEEUDPIRLIZ.ZOZ Ehb,
HETOWEHRE L CGREZEOITE) S Y — 5 [HgEN] 2
TRy ] 23 T, EZ D F Rk &8
HEFZSHEEDL I LI o, FAEEEON EE XN
LUREMD B 5o S5, MWHEHFRO AT 5 %S

FZx LT, IR OFEF I X o TRESFEZ NS &
5NA T EORESNDS, W UEMEAMEDEREL T
LEIYEEENPLALTCLE T 00, HEERPRER
WZIE62X0HHERICEZFAELICE L TIE, Zheh
DHEEL NI U728 70 75 AORBEHKLETH
HITENHEE LTSN L L, ERSBINEIZX
LHEOE BN ZPEOIMEIZ X 2 EREH OFEOH;
AL L CIRA IS, REEL A LS 5720121,
B 287207 Tl ERRA ERD Z LPLETH
bo Fo, HEME LT, MWSEICE L CREOL
WS, BHICEMRORENTREE 7% AR
BELEZONDL, &%, KEWBOZING ESINED
B B A R, AKELAL ORI 5y, B A DL
NDORREN BT RO S T30, (LRSI
BN X 2 B IR OAETEFTEO Y A7 2LE XY 72
Vi

WAL TIE, BEY T E O HEE RIS A AW SR
{EIRD 720 O H A2 & 2RI, Fr7c e Rt AR g
VAT LADOHFE D HE SN TS (Janzen, 2004) , H AT
EllBW T4k, SHERL/OKHOMAREZ LT
O, EREBMMOGRE 57 [HELOFE] ORE
L0, HIROAYMRATER KT B 7 AR
REEHIER SN, PR AR Y AT L ORE
WZDO%DAh T &Lz,
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A View of Trends of Behavior in Investigation of Flora
in Paddy Fields with Residents’ Participation

MINETA Takuya, MATSUMORI Kenji, HIROSE Yuichi and ISHIDA Kenji

Summary

Recently, the case of survey on flora/ fauna in paddy fields and surrounding environment with residents’ participation
has increased. Although the survey data obtained by community participation is requested to be situated as natural history
information in the region, the analysis of the survey characteristic and verification concerning investigator’s survey data
with a little knowledge and experience to animal and plants are insufficient.

This study was conducted to understand the collection characteristics and collection accuracy of the survey by ex-
aminers with a little knowledge to plant taxonomy for vegetation in the paddy field.

It was shown that high SDR (summed dominance ratio) the collections of the high SDR species were frequent, but
low SDR or unremarkable species before flowering were not frequent in autumn survey. Moreover, species that the entire
participant was able to collect surpassed confirmation species by the specialist though the total species that was able to
be collected privately was limited.

In the spring survey with wearable GPS examinee, the number of collection plants has increased by “examinee of
all covering type” that walks all over in the investigation site and “examinee of around type” that particularly walks in
the surrounding site. On the other hand, it was suggested that learning effect to the herbal plants increase in “examinee
of concentrated type” that the residence time in one place is long.

Keywords : flora of rice paddy fields, collection accuracy, summed dominance ratio, collection characteristic,
collection behavioral, global positioning system
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AOFHERBEHE (03%) PHIELTL L, ZNITLD
ARSI & 7 B IR, (SUKHTEARL) x
0.3% =250 Jj ha X 0.3% =7500ha & %2 %, Z®H %, T
HOZ L Db EEZHNL TIERO Cd IR
MBI LT, pH BREE R K - KL Z: & oW
HHe 774 PL AT =Y a v 2ATA5E LT
b, —HO CdRENE VR TIE, ERETHLET
RZORBTHOBHPLEE b,

FATEE, BRAM SRR FE N TR E LA
CHHSNTETETH Y, 2o Ro R
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DWTHILE, WIEShTwad (IhHE, 2007). —77,
HLTEORMESE LT OEaANTHLIE, @O
Bl Lo TIERHEDETEM DO ATV HEETH L Z &,
@F L HOMNPEICER 2532, %o HhEHS
NTws, OICHHE LT, A MOZHETS L EEE
BRI END 2 EHRLE VA (BRES, 1983), L3k
WHE I ERT 5 & MHEES 30em B L2235 720,
KR LD REEDOLNEN BTN 2 DY iidd %o €
LC, RSO LA %8 5 70L& 12179 A,
EH%25 3R NOME LY LEEAEE 2 b5, T2,
AL T, EROZ SR 1%L — b O
OWEES 26, ZITHEARATELRW T —2Abd b,

DL BERTHED S OMEE FHRT L THNTE
D—2 & L THRIIEO T EE LIS 7 FF o BB
MG LR (EKEE) 256 5. EK #:1d, 1980 4E4X
O ARG B HED S, 1980 SEMRRICITEE)E
HH TG i~ D H (Lageman et al., 1989) 2S#E/r &
NTWb, ERIZBWTIE, FI2HF+Y F 4 MO
YeDordro 7ot E v, ANLHEEMEO#E) -
B2 N2 2B Z L & L CIfgER D &
NTHBH (Wadaand Umegaki (2001), il 5 (2001a,
2001b, 2002), H1JI1 5 (2003) 7 &), #&FHLATHIH & (2002),
B e (2003), RS (2008) 2L FEHHENTWVD,
F72, FKH S (2004), IEVES (2005) (&, 47 ¥ &%
SOFEMPEAZY, FLHEICE ) BRI BIT 2HED
KERFEMBEGFCELERBEL TV, S2RWEE LT
BIF iR e B TCnb,

—h, RFEA BSRGR R T IEAGE T 235 AT,
Chang etal. (2008), JIl# (2006, 2008) 7 & iHFLAYIZ A
TOUMDTIRENTH 5o LIS L DOKIZBIT
HEEE TGRS ORRIE, OF bt R E O EE A
BEL TRV, @ RAILHPICILAT > TV D 2 &, O
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ALxt Rtz O TIFIIIVEW A % SIHICB W -3 0 2 b
DEEI KD SNDLZ &, Thb, Hiilk s BBy
LIRMDENE D 2O HYREOIE Y T4 &, Bl
X CAd 2OV T LA 1A S b 3G geonf ok
Pl RS A R ILEED 150ppm TH L DK LT,
el IZ BT A EA RO ERIE 15ppm F2E T, — K
R R T B oppm R, S SIS Lo TR
04ppm FEETLIEM T O Cd EHEN S T AN D
%o JEH Y RO Cd &A= DOF13 0.3ppm LT TH 1,
TGO EOE VW E EE L TH ZOEITERE

LTwa,

BENTERANT DTG4 12 1~ o ] fe M & R IS
DWTIE, IS (2006, 2008) 12 & V) RIS TV B AT,
MEIZ TRV fiEo T, EKED B TIEA~ W
DU MR WRETT 5 720121%, FEEOHGIEL vz
G LiBRZ FERE L, LT — 5 ORAEREX L Z
ENMEDORETH D EE 272,

Z 2T, AWETIE, HEROWFIETARAE L Tz E
D A EK FOBHA OB 2179 720, Ea
B L 2 B RGeS e S S 2 X TRIE 7z
AR LEIR L CEK 0wl ARBR A 1T ) o EK HEAE
B TER I8N T, CdR—#IZEREFR TCd &
HLPOBREZRT EVwbid Zn 2 L THBTH 5 5
&9, FRCE BRI E AR T B T CIURE O
CdIZH LTHBMTH A0 », S6ICHET HIER
RECBEITROHEIL L) B, FOHIZOWTERNZ
MEt 2479 o

B, AR, B O LFEBERE (BT
WFZEAT - BREEEM - WE LT o Nf v y) 12X 2HED
—#TH L. A TIEO—IIL, BERHER GUEFT
SEWFGERT - BURZE - BMEEHTE A IIeRE RS X
DIt 2. F2, BEEEOSH - FHMITETIE
KRB () RREBRBHANIIGERT) O THE 4 E
TG TILRE 7 & NI FE TG (RS A
Ze0T), HWPIE—IK (BRER) oz, 512,
Mg o—e LT, RUHEHEOESEEERLEE D
By a2, SR L THER2ET S,

I EKGEDFREBEME TR

1 BEFIREFE (EKE)

EK g dIc @B S5 2 & CHE 2 724 F &~
L0 FHPERICL > TELL2BLABEY (F72138EK
KE), EICHELWEOBBIAES THEET LEL
Bk, S OICHIRIC X B HEE - RS R &2 R
L7-3#EB X O T RIEROEALEMT TH %,

BEIKE) L BRIRBRIC L B MBATOBEI D7
Sy 7 AN OBEMABZ BT & §5HKRANTERS
Nz (FHS, 2002),

J, =-uz FCVE+ gC,VE ,,,,, (1)
n

(1) XoFE—HIBR KT EL, FHIERRE
MaFET. R o u (TEXIKEEEIE, 7131 4 >~ Offi
¥, FIZ77 97— %F8 CILikE, ¢l dKkOFEREK
n B ORELREL, SR T oY — 5B, E X
BN THbD, B, —MIZA T Y HEE TIBELKIKIIO
FHMEEMICRE WV (FIH S, 2002).

F 72, WEBALCIETEE O £ Y kOES S
i DR D SUSDHE Z 5 o

B%*ﬁ : 2H,0 — 4AH" + 0, T + 4 000 e (2)
Wt : 2H,0 + 4e — 40H + 2H, 1 ----- (3)

CITHEBLAZH EOH IZ (1) RIHEo TEMY
L TEOFR A HEA L TEoBEAL (i) &7
A AL (BBl %D %,

—7, EEEITHEIL, —HRICHERICB W TRES
WARICMZ T FOF T A 4 v Kb, R
ALYy, AHEEE A 4 > e R4 RIERETHAEL TV 5 (F
H, 1984), T 2 CTHENERMELT S & H OMWINIZ &
B ARG A & v OEHRLEEARD S OTZHLAE, ik
DOERENAE L, EREITCHIEMBKFICA+ & LT
M ESNE, ZIUIL > CGEF, EOMBEZFEOESLRE
A4 VIFEABE) (F72IZBROKE) 12X o TREmmc
BEIT 5,

AR A & TR T CKER LY & L TR LR E)
WhRbb, TR0, HRNICESELIHRET S
121E, Bffiar 571 a=72 (Reedetal, 1995) &I
EN LR TEL L7 VA & pfll Lk~ B4 ¢
ERYLBENROONDL, BT a7
S A2ERMEW R, AEER (Fi S, 2001a, 2001b)
I L, WETIEIREANOREN LIV NSV EEZ S
NLEERR 7 W (3RS, 2008) & 5\ IEAKEERE (I
Hb,2006) L\ o 72EREEA T 2HAD R EIN TV 5,

2 HELE

A T, BIBOESBRFHRIES SN 2 XD
KA TR EN2HDTH b, A, Hib#
75 D4 B HLIL D N IR AT T B K HIEE s S HREL
EN2H0ThY, THSEIEARFAIC L B & E&fEHE
RIKE T B4 5 E 1T 2 MR il 11255
HENL, P EL T, IBERIC 8L KR E DR
B a1 7N EE O T ARHEIEK %08 U7 R T 4R
HHD O N, H BRI RSHED O N7 EDSH 5o
—7J7, EEBIX, NI O RSEREY 2 RE L T 5
KEAELEDL SRS N2 0T, SRR T A +
Td Do FHHLIX TIEITBE o SR 68 T35 o BB % 5
EFT BHIGGAELT L 1970 FIZ 2 Cd G HEAHH &
PR, Tk, TEIGESREFEIZ LD &L ANR



APREERER - ASRLBR - RS - AR - ZEBRE - I\t

HED SNTAEED D S

Zzheho o XA B L UHH0E X i &
5 F R B L ORI A Table 1127797, a1
T ogWE, LA TEREASER L TEBEST
BRHDRVOIZH LT, TEBIIAENHEELTEY
EREE BN E L GATVDL LWV #HWDH L 72,
FAbsk (Fe,0p) IEIIEAICIVEZCETN TN,

T3 A B, Sz, W ICILEkT
Wi L& ENHMRELZ) RE, 2mm D55\ %
WL72b o MERE e Lz, B0 CEC I, 1A
7% 25.5cmol kg™, 1% B 28 23.4cmol kg™ T - 72,

B, FHoREcHIEAOTTLERO Cd R Zn &
EOELE 0.IM HCl P E AT LB KA > 720 T, T

CKHEE AR & LN T & 2 BRI AR 85
[EHiY (ZnSO, - TH,0) %L, ALiHg L LT
FEERIZAE L 720 TRl SR O TR InE 3 & L CRlEz -
1kg 47:10 2.04g & L, HEIZRET S L, Hdiad
wO IR HE S aniid, ok LToLES
2 TEEESL LOoDORE L. TOE, M lEo
it 1% 349mgkg™ (0.1M HCI i), 394mgkg™ (1M
HCIHliH) & 7%~ 7: (Table2),

S A B
S =

M HSLEER

1 HSLRER
a EBAhHE
THEEA RS E LT, FiglllRdh T ARBEL H

(LiEA)

Table 1 HtA13E0 M & SH M
Soil properties and classification

* TN | ap FHEA | FEEREL | ERE | RRG | AAZ A D Fe,0,
THEA | AIRIK AR T O @) -- - 10.8 (3.7)
TR | MikGRS T A L ©) O - A - - 6.3 (2.0)
. Ot O%wm Avhi + /R - e »
MR B N 9 IEEREL O
BAT LY L EERE b % (ZEENHRE%)
RNEFRGHE, KM Cu, €/ 71X —5 i, EEIL 40KV, e -
RIS BHEF: 100mA, AU v bR 1° -1.26mm -1° -0.3mm i{ Z;E ) ;r ;?E;O%V 3008
7Y L NE 00200, FEREEE 20 mint, EAME: 3~70° s ah PR
TR Rigaku RINT2500 A% A XK 1755 & Esi# EDX-700HS2
Table2 X TIEOMMMLZEIC L 2T EOESE &
Heavy metal content of soils by soil extraction methods (unit: mg - kg™ DW)
i Fe Mn cd Zn Pb Cu As Cr Ni
N 0.1M HCI i 456 181 0.42 349 46 33 0.1 0.1 0.8
j: t%% Al)
1M HCI JiliH 8800 594 0.50 394 126 28.7 1.3 5.1 47.1
+ om B 0.1M HCI #liH 455 233 13.2 183 21 6.2 0.2 0.3 2.7
1 M HCI it 6700 533 15.7 353 149 18.8 48 3.8 37.7
FHGOKHOFHED W ESROZ & - 76.3%  0265% 7239  306¥ 447Y 097% 0.169  0.42%
1) BEERWEL 2SI (Zn & LT 463 mgkg?) L 72
2) W (2001) @ p.7 F 1428 HIEGKHLE (n=231) OFELOFI4H
3) 0.IMHCIfilith, 4) IMHCI i, 5) 0.2M-CH,COONH, (pH4.5) HiiH}
Ko7
® ® P
EOE N2 il ﬂ
C |' I
¥ =y = k(-
o | B R RO | o
0 EERERAEE TR
° pH 1.7
1+ (— i 5em i
Tk | ) 1 EATL (64 X 30em(L) RrL
Y :
EIBIE EIBEC)

BHEEE (BRLETERD

Figl seBplei (7 23Uk 1)
Schematic diagram of laboratory setup
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W EK LR 2 1T o 720 A LIIE IR 4om, E S
30ecm DT 7 ) IVELS G AT L, Wi A K, A
Or Xy, ZILT7 7 VMVBIZE DR L7z, T
FHEIZH/zoT, BT LIRS AMIZ 25em OO 1%
BTAL, —BEIZH T AT 20 BDO0%20n CHIER
Y —E %2 L) FERCFTE L2, TEOTERRE
1 1.02gcm® Td - 72,

BT AW AZ R ISR & AR A B AR & B
L7z BARIIBGMRIC R (p3mm) %, FEMRICIZAT
YL AR (¢p2mm) & 7z, BEICIEERR 2 2%,
SHICHEERICER SN S, BRI ERIREILE
AR DOBFERE D W7 BE 2 W TB ) BRE O
IO T LD BE L7z THEEFIE & FEE O A T AN
o222, M OB A F a5k ERALT,
A S, ERIE, =HiEAT24 = 1CITHE X
N7-ERENTEREL 720

FEERHGAR S, O oBEELHERT 2720, Bk
TED A F ¥ RIZEMHE & LT NaCl KEH % 5Tk
M7z, BESEME, FEBRYPMOHMETRIE 0V & L
WLIHBE2LHNEES 50V ICEHE L, 20Ok, BRIt
FEICTEN O E R % Bz G 72 H R (72.4d) 12725
T, ERBELMCHEELL. b, @EIHRT LI
H T LANOBIESA S ERIIZIZZENL L2 T
11o72,

Wi X RO BREIE, KEBICERBL72AF
PEE DORSr & B2 D 72O ERR Y T TR L A
AT XTI 720 BB ClL, A L 72 AR
<Ay N F U7 X0 A F SRR SR
Thbo F7o, BEETIIETpHAHEHAE LA
TERAT (pHL7) &R FTHRAL, £ THEL L4
FRZERER Y T THNAICERILL T 5, AEEEETT
OFNEINTEMIGD pH A4 2 iR ICIEE SN £ 9
VIS U CHRELZFE L2 By THREORESL
Table 312787, WM OFEILZ NN 70mL THE
TR D3R X A28 0.67 0, FEf&AT0.34 H T
Ho7z,

L3 5 2021% 5em R T pH EIELB L OB
EMER (A7 L 28 BETEMEERAE
WA FE L, pH & BALEICENMIZ 4 ~5 HEOMHE
fEIEFRIClE L, BEMZEET—% 04— (Graphtec £
GL800) T 14T - 720 13 pH OHEIEIL pH 2 — %

Table3 iiHEESMt (77 AR A)
Flow discharge condition of experiment (Test A)

iy LN R/
B[Ok # E (mud) 108 129 56
| Eh o RN (d) | 067 1.25 0.54
e | Bk B (mLd) 213 305 126
B\ B OMRER () | 0.34 0.56 0.23

(HANNA #I: - 3 pH A — % HI199121) # I\, FR{LiE
TCTEAL O {1 72 1 3 A 1 R (2 TR A & B AR |2 R
L, B&EmREOENEEZ TFT—y 0l —CllE LEER
OB L7z 0k & BHNOLEEICIIRETS
~ SHFMIRRE R FE L 720 4B, IWECER % Bl |2 i
L7235 el 1okl Lz el L2828, B
fEIZZADEZR S N7 DD S NI BT O 7%
BEIEIZIZFE CTh - 72

T FEABAE 0 5 BRIL S Nz, EHEESE % ICP-
MS (PerkinElmer, ELAN DRC II), # DAt 1 4 >
w447~k 77 (DIONEX, DX320) TH#rL
720 KESWIEH % Table 4 12779, 72, HEho®E
SR/ E AR, 0.1M HCH I & - TEHii L 720 0.1M
HCI 4l T 100mL D 75 A F v 7 Bz
4 10g & 0.IM HCI 50mL % AL, EE H R T1LEMO
ARE 2L D ES RO EEAZ I, %
8L (Advantec No.5B) TiEil L7z, KB &R L
{ICP-MS TH T L7z iz - OFIEEIZH Tz o TlX, &
O AR = N ot Rl Ny - AWl 2
TIEO BN ATIEAE - WA T S B S T b,
AT IZ OV, fiiEE & LT 0AM HCIHIZZE 2 T
IMHCI # W2 b O b A b THH L7z,

Table4 KE HTIEH
Items of water quality analysis

pH pHE

Cd, Zn, Cu, Fe, Cr,
Mn, Ni, As, Pb

Cl, NO;, NO,, SO/,
Br-, PO Na', K
NH4+, ng, Ca?

AFrruxtvr7r77

b ERhsLURREDHEEN

O EIRIEDOZAL LT ES

FEERIA T v o TN O BT 434l & B i O 2L & Fig.2
2R $ e FUNEE % 50V IC ER L7z1d & ) EBHAEIZ
AMA I E CTEA L, 124d 1BV THRALEIMAZ & D
TR L 720 T2, BHEIL, 3~ 5d 2BV TR
725 0 ~ 2.5cm O LIEIALIZB W TR E REERT A
Aoz ns, D%, 5d LLEIE 2.5 ~ 7.5cm, 13d LR
13 7.5 ~12.5cm, 22d DIR&1E 125 ~ 17.5cm, 32d DL
17.5 ~ 22.5cm, 49d PLF& 1% 22,5 ~ 27.5cm, 63d DL B 1
27.5 ~ 30cm DI CTNER EL & T = OIMA A b7z,
Co&HIZ, B, EERET AL I > T
W7o b O, R E & L IC eI ELT 2@ TH -
726

@1HB LB pH & 13 ORP

4% pH & ERALEITCEN. (ORP) DZAL% Fig.3 |Z/R
Fo LB pH (X249, £6576.1 ~ 6.4 DHEIPHIZH - 7225,
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Current (mA)
N E=

Voltage (V)

- — Impressed voltage
----- Anode tank (AT)
- 2.5cm from AT
y —— 7.5¢cm from AT

R R 12.5¢cm from AT
-\ 17.5cm from AT
—— 22.5¢cm from AT
Y -=-27.5¢cm from AT
~~~~~~~~~~~ Cathode tank

—0—2.5¢cm from AT
- 75cm from AT

—0-12.5cm from AT
-®-17.5cm from AT
——22.5cm from AT
-4 27 5cm from AT

AT: anode tank

0 il 1 1 1 1
0 10 20 30 40 60 70 80
Time (d)
Fig.2 i & WA (77 258k 1)
Current and distribution of voltage
o
o
o
T
o
80
Time (d)
Fig3 +3#7 5 24® ORP (V) & pH i
Distribution of ORP and pH along soil column
TR ITRFHARE & & b (B2 & TRIEAL2SET L,

[ A5 A 7> & 2.5cm O Hb A T 11d OEF AT pH 234 DL T IS
P L, JEYK, 7.5cm T 14.6d, 12.5cm T 26d, 17.5cm T
35d, 22.5cm “C 55d, 27.5cm T 72d O i i T pH A% 4 L),
T L7ze B LRITCEMD pHIK T & GbETLA
b B AEAIDBISE S 72,

B, EBRGHROBBMICEIT 2 pH L, BB T
42 1.9 ~ 2.4, [ERAET 2.2 ~ 24 DHPHTDH > 72,

c ELBOKREEM

BAAE L) IS N EEEORED S B & BRI
J - EEREREEE % Figd 2R G012 gy m
%<& END Mn, Fe & N TLiHWHE & LTjJ[]Kf’
N 2OV THAh b, BEEA 5o Mn, zZn ORI
AL WA, Feld 0.3~ 0.7mgd” O#IPH TN hf:o

—J7, B TIX, ¥ 0 FeoBIS L L &I
50d LLFE Mn OB 238 5B 12890 L 64d Fi 2 C 7mgd™
WCE—=2 %Mz, ZOBBYLTwD, Zn 3EBRBA

%h 5 60d TTIX01~02mgdt EBrEIZIZE A LT
Iro 2, FOBRBIEEIZALF L, AER T
(72d) 121X 11.7mgd* F TLEH L 72

N FE 10 0.AM HCL R 10k A FE S R 2:
R (Fig.5) TH S &, Feld 50d LLEE R R H0E§ % 273
BRI Rzl D 7z o ThEZE A 9 &, 40 ~45d 121, 0.1M
HCl it % L2 BrE 2 S TdB Y, 0.1M HCl il
WAL L LA ok (DUF Tt THkE]
EWET) IR 164% 123 L 720 [AEELC Mn 13 50d
PLBEBR 25N L 72d 1213196 % & 7 > 720 — 77, Zn
i 60d F TIEBREDNTE A LT T, 60d LI IZEGELIC
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Bredgaydi ey, SEBGIE TREICIZ 75%12E L 72,

Fe & Mn 22\ T 0.IM HCI it E % K& (B2 D1
EEPESNAHEBBE LT, $£—12, VR (0.AM
HCD) Tt SN WIERETHAET % Fe & Mn O—#H8
BHLZTREENZ 2605, 2hid, WMEEDHI21IM
HCH & AS0.1M HCHl & & T~ 1%k (Table
2) LV EPOLFEGICHERZE SN D EK LI O K
M D72 B IRERIE TN OBEEIC L 2RO ETH S,

—77, Zn X 0.1IM HCI Jliiti & & 1M HCI i i % fhi
LCTd 349mg kg* & 394mg kg & KER V. FDT20,
Figd ° Fig5 1A SN 5 Zn Lo H» LR T 5
EFEBTIREICBIT S Zn BB 72T TH % &l
ENED, bLIOFFERELHEITTWALLTD Zn
ORFBREFEI100% 2 KE LD LIFE 212 \V,
Figs.6(a) |2 B O TIERAE DA 2R 3755, Zn T
X, WEIE L IR TRERERIID 2, 512840
Re fi Al T 2 D 25 ~ 30em 12 LT B, ito T, )
WCEBBMZEREL CW225ATH, Zn oYL Figs
DTT IOy FEERERLTEPIE Zn OkE5ED
B, BERALEREICE T > Tz Zn AT L 9 L3
RIGFEITHL R D EEZZON L, Zn D ERFT 5
&, R E @ 0.1M HCI #l & 135mg (100%) 2k}
L CHrZs &7 Zn 25 100mg (75%), LIFEFRHE 25 15mg
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Figs.6 OMLEL A 32 BT 2R E EEE 54 % A D
&L RO Zn BB Mn D BRI £ ) £ SR L
TWLEIDA S LS, Fe ld 2 Bl 7% & A3
S\, S OBEIZHMEICIZ DS 2\ AS, Fe ld Bl
PHONINEL VL BnI Ens, BIZHEELHEA
FTUEORETCTEPEZBETL e AR RVED
EEZOLND,

W2, cdB LU Cu, PbIZDOWWTHS, CdiE, 0.1M
HCI i & 25 0.42 mgkg™ (Table 2) & JEH SR H DT
i (%R, 2001) T&H 5 0.265mgkg™ & L~ THEIZE
WhIFTIE Ve [ Cu & Pb o FedhH & 13 P E
LIERD LR, IS AR I LB AR ©
BENLHGIZOWT, FEEFEO 0.1M HCI fill & D 45
fi (Figs.6(b)) % &% &, Cu & PhldmEIC R %% <
HHET L0 LT, CdiZlmucRe) -2 x5
DA FEO. RIS S ORE#EDS 0 ~ 15em
FTOLHEIIH S A2 Cd AYFEFRFT O 13 & T _TIR C,
HALDHEA T D LTSN D, T2, BRI S 7R
U CHFEENTZCAdIZDOWT Y, Figssb) 245 &
60d 20 HRRNR—AZ FHOTE ) HAHMIIZ10%I122E L
TWwb, TOZ LiE, EKALEDS, 1ppm i O (K B
CdEARLIEICHLTY, HLREANTHL I LaR
LTwh, —F, Cu& Pb CIERZFHEATHLEZLDOD
(Figs.5(b)), 7&H =54 (Figs.6(b)) % &A1 0.1M
HCIHHE DO T IEA SN, THUZOWTIE, #E
BANZANELISRVAY, FeR Mn &L < 0.1M
HCI & 12k L TRy IM HCLH B E S L T b
borEZLND,

d ELBLUNOERAS A+ OREERKRE

OfRA 4+ > o710 —

REFTIE, BB pH OO 2% A LT
WA, T TIEMHERA 4~ (NOy) DT EATH L,
Figs.7(a) 1277 9~ & 9 12 B 4% 12 £ 200 ~ 300mgd™ T
NO, S AZINTHEY, T biy231, BEimfE)s
BARICE > CTlEHERESNSL, $72, BREMANO NO,

(o]
30} o
5
.gA“A
s
20| Cu 8
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Ao
10 AO R d
xO Cd
5 e
.A‘.O"“‘..’-Q *®
oleee®” ...
0 10 20 30 40 50 60 70 80
Time (d)
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Figs.5 MitHIEOESIE 0.1M HCl i & 2R3 2 RS BR % (%)
Ratio of amount of HMs cumulative removal to amount of the content of soil HMs (0.1M HCI extraction)
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Distribution of content of soil heavy metals before and after EK treatment (0.1M HCI extracted)
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O—HhiL, MATHEEEA 4 2 (NO,) 7 Y E=7 L
A4 (NH,) IZEITCS N7 WEEMEA S 5o 52 NH,
BRI 28 U Tl E T b BARAL A & 1]
IWE N7z NH, i E D 5 NH, & L CRRRA i L
2o, b L BB A S NOy Al ©
BILENTZH DD, EIZOWTIEARWHTH Y ERIZY 72
VEBETET D,

—75, BRI S L7z NO,y IZ B AU E) < g
WA AR, EIZHBRAT 28 L TehCHmasE 2 g
#EY b, Figs.7(b) = & 5% & BRFINATR, 7d 121d NOy #F
P ABAlIC R L CB Y, 15d 121 144mgd™ & 742 ) 0tk
FIFIRLEEL T b, ERIGLEHET 2 & ez @
T, NOy #% AfmAHY 4.51g (2t L CHrZeiEAt 4.89g & 9%
BREENL L, EWICEL IS YETADL EHAD
3.65g l2xf L Tt 4.21g & 15% B EmN LR &
Tolze VI X, EBRRE TN HIERICEZ O

NO; D& LT\ %,
QOmtE A+ >~ Ok

TIERICEEND FELERA 4 2 OBREICOVTH
725 DN Figs.8 TH B, THEEH OAHMEIE I 1T D
WELWRERTH LAY, EK MBI LY, Bzt
BEHROBGA T o EE N RESNTLE ), Figs8(a) &
A LEMAEICIRIE S E T ) B SN D IRULSIER T &
bo TF, Na DHESLHICHA L, KIZK & Mg™ A
T 5, Ca 13244 15 ~ 23mgd™ & &\ BRI B & At
¢ 5H%, 50d 825 & AR LZF 0% 3mgd™
TIT 5, &£ 25T Mg” 13K 6.9mgd™ 7> 5 0.6mgd*
FCRTT5H, K 1222 ~25mgd" 725 0.7 ~ 1.0mgd*
FCIRT T 52X\, Table 1 TIZFER XN\ DS,
ERERIC BT BB S B A & 2 & RIS 7z Hus o
TEIE 21 TR TS S CEEFN TR LD LT
HY, TNITLD K OFRFRIEESHERTLIIEEL
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PEABE
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(2009)

80
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(b) Anode

Figs.8 TZMAE A 4 > OFpFdE (mgd?)
Removal velocity of major ions

Table5 R A 4+ > Dzt 1kg 47 ) OFEH I &
(B9 13085 1)

Total amount of removal quantity of inorganic ions (unit: cmol, kg™)

Cl sO2 Na* K* Mg* Ca*

FsfsAli - 052 043  0.03 0.27 0 0
e Bt 0.08 0 018 073 22 65

% & 060 043 021 10 22 65
PN 0.68*

PRI O ST IE (IMEEZHT)
B £ = (%)

0.64
(156) 84 84

262 71.72

(cmol_kgt)

*Znso,

TWAHIREND D 5,

Figs.8(b) (L 6ifl % i U /- IE4% A 4+ > O BrdellfE 2 7R
LTWb, 2 2 TR S N7z Crid, sk g sk oz,
FEERBIAG BN L 72 NaClL ICHISRT A L £ 2 5 b,
F 72, S0 b LM OM, LHEHIZRA L7 ZnSo,
CHRT L2 DEEZSNDL, Table 5 ([ZER A+ > D
HABEREREL R,

Q R

2 H7LHER2 (13#EB)
a EEAFE

T3EB 2R G & LT, Fig9 |IRdH T L EREEE %
W CEIEARELRER 2 17 o 700 BE 1 HRIZ P 4em,
FE&20cmo7 27y vy 5 A 2£E L (0.96gcm™),
MimaJERkE T 70 Xy 2 TR L7z, FEEEE
717 LR L LGB T S AL VO CTHEE S & L SR
N5,

T, Bt pH HEH ORI pHL3 & L, B
WE DA F » ZEKROFAE L FIC~ )4y by 27T
HAG L7z Ry T Oimakt 24k % Table 6 (2777 75,
AR O3 WAL T 051 H, PR T 0.34 H
Th o7,

FERIZIET. o TR A 4 > 2cHok 2 iEA L+
BT AOWNGHEE A R S 7, TOB, 7T 4L
ERIZ 2T 7ML B BRI E L Lo, Z Dk, FEERBHIAE
BRI O W BN 2 RS 2 72O I tRiE 0 1 F >
AR % pHL.3 ORISR L /-0 B I2F B % BdG L
7oo MANIFVINETE 2430V & L, #@EIREZMHEZL
mH S, ARERBIAAT: 24 BRI 220 5 i % 10mA (8.0AM?)

QUA I Y il il SIEDIE N
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o| ®EW || sEwrmEs . BHEC) 0

0 AEBOH) —<z D~ 0
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Fig9 szbplei (7 238k 2)
Schematic diagram of laboratory setup
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Table6 JiiESRM (77 438k 2)
Flow discharge condition of experiment

71T LERER 2 OFLRRE

O FIgFRAGHE
0~2d (=day) (mL/d) 22
2~33d (mL/d) 138
Q) FEHEAG - 347385 R 1R [ (d) 0.51
Bt | A F Bk DK E (L) 427
(2~33d)
@F > THkE (2~33d) (L) 4.28
® (=3-®@) (L) -0.01
OFHFRAGEFE (mL/d) 206
DTERAYE O T35 B8 I ) (d) 0.34
@A (pH1.3) OffkE (L) 6.48
Ferti (2~33d) ’
@R > Tk (2~33d) (L) 6.20
© (=©-©@) (L) 0.28
DB - PEABAl I D AN S D 7 0.2
(=10-®) (L) '

CHREEL, ZomEMEKT EF CERRSEMNCHE L,
B, TOMOHMEEITHEIHMEE Lz, FEERFEGE
3 HE X el o BimE NI F Y O S e RS s
7%, AR O B A RE LT A v —F Hw
T— BRI IR L 7z FEBRIE 20T 12552 L 72 1HIR
FNTERL 72

A HTIE H 1E Table 4 ®IH H 2N 2 TARFEER Tt
EC (BARIEE) ZMlwE L7z,

WERBL, BT LK OELSCEES HEOETE
AW A B L 2235 2% b5V 72 33 H H T
TL7

b EEhHIUEREDHERYE
OB EIRAE & BIEAE - LB

FEERHH PO LENOEFEAR & ILIKTTOZEL %
Fig.10 |ZR§ . BEHEARITERBWEIC 120 ~ 140vm™ T
Ho7zAs, 2d 5K L, 10d A5 11d 12AFC—H
AU 7228, 13d DIRESERRIE T F TR L 72, Zh
VYRR BT B AT A 4 v T (EBIES)
LK E N o72b DA, BRI L > THEMIECIHLE L
H* %2 OH 2 & 218 - MR EE L Ol 2 ftia
EN2NO, VWEIEHE T THES S AICAY, EEME
M EL72720EEZ2 515,

T BB A0l U CRIE A & A7 2R Bl i
[ % 7R3 A%, Bl & sl Tl Tas &, RERET
D 1~ 6d TR O IIRGLATE <, Z O L < 7d
DIRE B C i < 7 B ISR B Tz

@BMALF KD pH & EC

Fig.11 (2B FHI KD pH & EC % 7” ¢, pH 13
TIAKOBRSHEICLDELL H LV BmIEEZREL,
ERIEEME VIEETLZOH I T VA MRS
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Temporal change of electric gradient and resistance
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Temporal change of pH and EC

2

A, EERCIIAMIEZ N2 BRI L Tn b,
AR 2 331F 2 5P pH IOV TRETT 50 F 3R
2BV, KOBERIZE S H OE#EE cid (2) i
IZBWT, ERATI0MA TH5HZ A5, c=10 (mA) =001
(Cs") =001 x (624 x 10®)/(6.02 x 10”) (mols™) =0.373
(mmolh™) & 7% %,

0L XOBMBEOLEAEIX, =575 (mlh?) T
HHH5, [H] =c/g=0065 (mol L") &7bh, +i%
HITLEDH ROH OWMAN ZHH L, MNOTEER
EERMGET UL, BAEOFEEFO pH 1$ 119 & % %,
Figll # A % &, BHBMEIO pH IE 1.3 ~ 1.8 & R
fEX D EV. 2L, H OTIEN I LADBEI OH
DG BIRFE~ORE),ELPFERE LTEZOND, —
H, BI85 AMEEIC X D H OFRILER X 0.433
mmol h™ T& %, FEEMRIZIBIT S OH" A i E B 13 B
WO H L FEHEIZ0373mmol h THBH 5, #LF
EOH OFAFRIZ 0060 mmol h' &7 5%, fit-> T, &
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M OZHHEE (858mIh™) #EET 5 &, PR
0.00699 mol L™ (=pH:2.16) &7 %,

pH DFHEMEIL, &AM TG4 8D 2 Fifh 5 5d
DABRIC 3Rt b 72 0, 10d 1213 4 22 TIRRMER & 1,
FO®BWIEL, 20 ~22 ko720 MEDS, FEEW
& TR O T pH & KEZR WA, HlET
E LD O BB~ O OH FEORENZ LY pH (2L E)2S
ELTWA I EDHERSND,

F 72, ECIZOWTIERBRRIAT 3d £ TR LK E W
28 4d DUEIS LB Y222 S 5 o PR AEIC 8d LIREIZ R0 R0
BB LT, Bl Tld1sd EHE Y —2 & Lz
o EAPRONS,

c E2EOKREEM

Figs.12 |2 BARAE I o> 5 42 I8 bz 2 3R B 0 g [ 22 b % 7R
T

BB FEICEmL S B S 7 (Figs.12), &k
WokrFREr H D&, E—2Ild Fe TERWLA2S od
1223 C, Mn & Znid13d, Cdix 15d iICdH b, FEEA)
75 Fe, Mn, Zn, Cd, Cu DIETIKREDHEITL TV 5D

FAT TAERFETEGHR. 45 210 %

(2009)

ZEDb D, Culd 15d PLFED & B M D3R o C 7%
ZOMIZER L, MEKTEHCBWTHBREAEATY
5T EMBIEESINTz, B, S B S BRI,
FEE KR L= CTHA DL E Mn 150mg, Fe 110mg, Zn 75mg,
Cd 4.0mg ONET, 9IHH O AFHL 340mg TH - 72D
xf L, FfifEix, Fe22mg, Zn 0.9mg, Mn 0.7mg & i &
GEtiZ2amg TH Y, EE&EORMFRLAE (366mg) |2
x5 % Bt 2 6 OB L E A 1L 94% ThH o 72,

Figs.13 (2t Tt O HEE)E 0.1M HCI &2 5 %
FEHBREREZRT, TNEADLE, Mnid 1l ~ 13d |2
100% % 8 L CIEERFC T (33d) 1213 270% 12:# L T
W5, Feld 20d Hif£ 12 100% % 8 2 C 33d 12 120% 12,
Zn {3 15 ~ 18d 12 100% % #8 2 C 33d 121X 173% 123 L
720 2OEIHIZ, EEME,LSEINSN-EeEEr v
THEEZFMT 2L L OEHATI00% %2 BATLZF
Vo THUIH T LR L OEEBOBREFET L A &
I, EHE D 0.IM HCIIZ X 2B Tl S h
W32 GO THRESN TWEEELEZ SNL, [

FRIC Cd 1%, 11d DIgICHEERZHO FAPEL 18 ~

6
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Temporal change of removal ratio of heavy metal components
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Figs.13 M HIEOEAE 0.1M HCI Hlithim 10k 3 2 f 2 (7 F 2548k 2)
Ratio of amount of HMs cumulative removal to amount of the content of soil HMs (0.1M HCI extraction)



APREIE RER - ASLBR - RS - BRI - ZHBPRE -

21d (2 22F T 100% % 8 2 THALIIIZ 128% 125 L 7278,
Pb & Culd33d 2BV TH 19% & 32% 12 T - 72
T/, MEBOTIES S LAWIZBT 5O Cd D
0.1M HCI #hi i & 13 0.4mgkg™ T - 7275, st -IEH
13.2mgkg™ TH o722 &H 5, HiEHPEN— 2 DRE
TILTBIFEL 720 —7, Zn Tl3fitEt 120 183mgkg™
A5 56mgkg™ (IR LERZRIL 70% TH - 72

d ELBUNDERA L DBE KRR

PRI FE BRI BV CESB U/ OER 1 4 ik, ©
TEIZh b EETN TV, QBBICHEAL:
HNO; ICHRT 2 b 0, @FZERBHGATE A 2 Al 1o 4% A
L7z HNO; ICHIRT A b DD ENTH b, RN L 723
B EOESNEREA F > ORESME (Table7) 1%, %
NZIUCHIRT B A 4+ OBHEZ TR L TV 5,728,
CCITEELARTINER LRV EIE, G 7vid
ARG A & R & AT Tot i L 72 A & BRI - 30T L
TWbLIZETHD, TDOROROMEIETEED S DT
FEFELTVWEOTIE R, BERMEATE L 250

Table 7 MEHE A oF > Dzt 1kg H72 1) OFEHEKR I E
(5 238 2)
Total amount of removal quantity of inorganic ions
(unit: cmol, kg™)

WA KHIREZ R E LB ERNTEI & 5 EER IR R

93

RZDOHEOFKIAMOE % L T, filo X
HNKEROMBUIZEE L ES S,

Table 7 25 71 5 2 5kBk 1 & [FRRIZBaAsAl % 38 1 C K,
Mg, Ca 7% & ORHEMEIRIED TR SN T D T & DR
Nz AR A U TS ot b g 1o
IR AMEER T ~ By A8 2O EhR%2HEE
THE, K TT7%, Mg™ T 63%, Ca™ T45%TH - 720

IV JKHEZ EK 5%

1 EBAHE

# T NERERIC T, KA O % HE L 72K TR
WAL % & DKM EK Bag: (Fig.14) 2 afEL, fit
AMITEALX T L CEREIT- 72, KEROHMIE, 3
Bpa o AL DA RE (T 5L B2, KEN
D#H & SUEIZ BV 72K B B 2 PR L 72 =N
AT, EKIEOBHAEZRAADL L TH D,

HEZRIE T 2 ) VT, TIEMO KL 450 (i
150cm, 75 & 30cm, W 10cm) & L, H3El - EEo ik
B EAR, BRI B L - [etilp IC[EER A R L
7oo LEHEE BRI, 7o) VB L—E R
T/IMLEZRT 72 A ) TZIROWRE Z D FIZH 72 2 EIE K
(Advantec No.2) (2L > TfTo7z0 F72, BEEMBOE L

N + K+ M 2+ C 2+
o o om  ow A CRAET 2 A A (RISKETR) R0
- chl 051 0% 20 o A FREEL, 2L )R SN R %
A—% oﬁ oﬁ @ 55 FMZHEH T 2 72000 A3 & fLa %iE L 72,
St 50 A B A o > W A P L2 X R AR & TR L R & PRFF S S pH
MR 123 473 124 BEAHME LT, 7T yEBAKER Amoll?) #E&ENR
[3,/? f 3’; (%) 77 63 45 ‘/7°GCJZ V) @fﬁ?ﬂ@if:ﬂiy 4'\7‘_%”%“0:4: OVCFEﬁkE’:J
BT cmol_ kg WAL (Q)o 7 T VO AHEEL, BHAEND
pH Z B4 3 LN IZIRD &9, iAo pH il % 21
EOF L)
| Q4-2 Q4-1
] < —>
HRIREFL
150 cm _I T B
1+ -
E3T T - °
P =

7

® e sy g
Q2 R g e Qs
v 1 ; 0
T .k 7 ] p—
-2 @ C
«— )
© pH, ORP AIFEA

Fig.14 2B
Schematic diagram of laboratory setup
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LaAROBEN U THE Lz, $72, BREERE L
FEM N ORI SG 7 RE LT, RBEOEELHLE S
7o, EEAYTEHWTEBEEEE (Q) €7,
AR O \IPUL B AR (Q,,=0.73Ld™, F38), [EfmAl
(Qg=2.27Ld", F¥) & L7z

RERZEANO TIEFHUI LT OB TIT- 720 7, B
S 25em EIC B A X FED /2R, EAK s5em iR Y
HWOBRTB L Z 2kgw D CHIEmM &R LT FARALL
FoomzEx, Fok7TIVTERERSLT, KED
TR A LTz, T0%, FFOFHEZMEYEL, Gh
T REXRAERCTES 30cm O LIEM % Fl L 72,
TIEOFEIEEEE L 1.04gem® TH o 720 HIEITTEH LD
A 3k G L CRERM S 7z, T o MiE
W2 Figl4 \ R & ) W HENCBIEHIE B & Bl L (9
AR 3F), FEEIZIFIELE 13mm OEIIFL (518 x 3 51))
3T pH OMEICAE L 720

[ U2 o 5 2881 EoFERFEoT R
FHERIE, ORI (Al 2 5RFE (B (2m
72 4RIEIRE (P39 15.0mmd™Y) 23E L B X ) Rk E
iFol22 b, QRO pH IR TlER < 7
VR L2 L, GREIBIENOEMmIKE R 2 7T
mEE7/-28, Thbh,

HWEIAMIE 24 OB & L72o FEBRITRNERGA T
FHi L7225, FEBPoOREREIIRIREBF 0L
VF, #4215 ~ 22C DHIPHCTEF) L 726

WERT R, LB EES sem BICHRIL, EiZ S8
721%, 0.AM HCIHHIC X ) BB &= ORI % 1T - 720
b, TEARICT B EICE, ERIE A PR L THh6T7-
727z, BEFOHBEKIETHICBEL, ZIUfEoT
BN O—H O BE) LR H 5, T2, HiZL
DI H T2 o TIE, LHOKIZIELE &I EIn:
7o, TIEOSHHEIIIEL - T W3 A5 B S T
Wb,

B

Current (A)
o
N

2 R
a EBRPOREEHG

EERIAR b o TN O FEIE 554 & B OZb% Fig.15
\RT o B ORFRFEALIEE Dt 2 v e h
I AREE L TR NZEBESM (Fig2) 12815 15 ~
20 HHF COMELDFMUERASLND, —J7, HiE
HE LT, B & IO I B 2 EERT & (F
LIRIT) TH D, Fig2 2 H D L, kil L TIEMOE
£ (27.5cm from anode tank ~ cathode tank [#]) 3%k
VIS E WS, Figls 12817 5 EERET (29cm from
anode tank ~ cathode tank ) %, 4#%IZ 10V = L[l -
Tk, 17531 0EELOLELS, ZHICIEA
BRdeE ORI BIAR L, LR & AR o R oA,
KHB EK BERZE TR L > Tz DB RNO—2T
D EWERINT, REFHFEETIE, THEE L BHED
BNV A 7 IO ARSI E, BIOEOAE
AT B 720 ORI TRPHETHA ) DX
I, RBRITTHEOBEDAIMNIHE S NLIE N ZWST S
ElE, EK O TH D 2 A b L ALEEE R IC AT 5 0
T, EKFMroERb % X5 B EE R BEREO O
EDIZ T D,

b EE2ENEE

RERtE O 1B O 0.AM HCLHEE R OMIED S5 51
72, EKEIZ L 2 EEBEORBE)IC DWW T Figs.16 12777,
CIZTIE, AT LR TEICHET LA Mn, Fe, ZniZ
Mz T, Wi zadio 7 9 FEOEEIR AL I12 2V THER
MEICBITL2ESEORS HOENER LT 7T 7
PR TR SN BB, RO 1B RS
2355 L, ZNZFNIZOVWTESRE 0.1M HCI i &
DERBLUR/MEOHIFAZRL TWb, %28, kL
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Evaluating Heavy Metal Removal in Paddy Soil
by Electrokinetic Remediation

KUBOTA Tomijiro, HITOMI Tadayoshi, HAMADA Kaoji,
SHIRATANI Eisaku, MIENO Toshihiko and SHIOHAMA Keiji

Summary

In this study, laboratory experiments were conducted to characterize heavy metal (HM) removal in paddy soil by
electrokinetic (EK) remediation. Two paddy soils obtained from the plow layer of rice fields (fine grey lowland soil
from the Tohoku region, Soil A; and fine gley soil from the Kyushu region with Cd and Zn contamination, Soil B) were
subjected to EK remediation in bench-scale tests.

Significant removal or migration of Cd was observed in both paddy soils, even for low initial Cd concentrations.
Cd removal near the anode tank employed in the EK remediation was markedly reduced, and the average removal ratio
of Cd was 10% for Soil A and 97% for Soil B.

EK remediation was conducted on a lab-scale rice paddy field of Soil A before and after the treatment with analysis
of soil layers in 5-cm increments. Following the EK treatment, Zn migrated from the upper layers (0-10 cm) to the layer
at 10-15 cm while Cd only migrated from the top layer (0-5 cm from anode tank) to the next layer (5-10 cm). Removal
of HMs from the soil both before and after the spike was as follows: Fe>Mn>Zn>Cd. This suggests that the efficiency
of Cd removal might be influenced by the concentrations of Fe, Mn and Zn.

Soil pH and cation exchange ability were markedly decreased by EK treatment.

Keywords : electrokinetic soil treatment, heavy metals, farmland soil, cadmium
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Outline of the Water treatment apparatus
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Mg, KI:0.9 pug, MnCl, - 4H,0 : 3.6 ug, Na,MoO, - 2H,0:1.8
ug, ZnSO, - 7H,0 : 3.6 ug, CoCl, - 6H,0 : 45ug & L7z,

4 KBHHH

IKIEE O DOC, BAFREERIREL, 2TV 74
V% (L% 0.2um, Advantec) TH i L 72D A o
JEFE L L7z, DOC 1E TN #lIZEZRfF & TOC & (TOC-Vepn,
EEEBERNT) TNPOC & LT, NO,-NixAf+ > u~
k25 7 (DX-320, Dionex) G, DN i& TN illl %€ #51) &
TOC &l (TOC-Vepy, BEHERT) THAT L 720

5 X/ 5o
g G AR R B & AR, BRI L 72 KB SRR 22 & F
J R B L. ¥ IR E o SRR
lZz7auaR)Vas - X5 )= )VREW (2:1viv) ZiFRML
T—BpRE ) LTI L2, it o —% 1) —x
ARL—% (RE400, Yamato) |2 CHZ[E SH 7z, W EY %
AFA L THIH L2, B — ) v Y (Sep-Pac
Plus Silica, Waters) 207 S 72, BB S — ~ 1) v
DIWEEEZFX ) ohs, 2%V TF NI =T )b - A
FHOWEHICL ) AFF ) VR, 0% TF VI —F
Vo AFFVEBICE VR ) R AL 225, FEE
O—% 1) —T/)NKRL — % Tl S ¥ 72, ol L72&F )
CETE M THIP L, 7R N THILL 2% 7 »
% ODS 77 9 & (HPLC Column ZORBAX ODS (4.6 ¢ X
250mm), Aglent Technologies) #2%7 L 7z@ ik~ o
< M5 7 14— (SCL-10AVP, B8 i) 12X 1) 48k
LT, 74 M AF—F7 L AME (SPD-M10A, 5
HEBLERT) 12X XFF 2 1F270nm, LEF ) U iE
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275nm OWSEREEIZ TR L 7zo
KEFEMMPSF /) VHIZ, ¥/ OEHERERFEOH
frERERL-)oeHER (Mhitsd) & LB Lz,
m#E R

1 KERMEEEICL 25 LR

Fig.3 12, /NS 4 2 A — & |2kl L 72K E S b E
NOFEAKM & FEFEO LM (FA) & T (Fl)
128517 % DOC & DN DAL R T, HE DT
AIKEDPLE L TW7z22007FE7 H3 H~19 HTix k-
T E TR OBEEDOEDN S ZWEOREFEL KD 5
&, DOC TIEEWEED T 17.7%, HOLEE AT
23.7% &, DN TILEMHEEE AT 11.3%, HOLEEDS
1 23.2% L, ENHEBEBANOTEAKEDENEE O Z
I L T L, WEEEDE R 72120 b 5T,
DOC, DN & b IZEWwrEsRaEl L Tz, 22T,
HENOMAKREN D% L, EENOTE M ZNE
T L TEL 2o 72 BRIROF 5 R0 5 B
HLL 7278, BB ORI T DOC, DN ) # i L 72354,
WENFE LD L EWRE LD L FREOK TEIFHV
Er2s oz, %8, 9H 3 HUBEIZKHANOERK
OWAEDNT & A Lo 127200, FEEHNTOROKFT;
BIOFAUI DTN THo72EEZ BN,

2 PREEMRERAER

153 SEER IS X0 AW 7 BUR C & % Bl a2 3 % 52
L7zo Kigl NOy # 5L AR ZRA L CEBESLNE
L 72 I 22 1 MR AR BRI B W CTREFRAY 22 NOS-N I
BT EZHE L7 RRIENO, 1T AEWAEL R\ E
DOREND 5720 (FIZ2IE, FF - /A (1995)), Ziud
BENOARGRFEN AT L 7B st W20 7 I 2315
BEHLTWAIEZRLTWDEEWVWR D, T2, 95
BBE 7 & e 2558 B3 5 1258V NO,-N i FE %° DOC it
BEOMTHE, 2%, HEHEINKT LT AT
BigRE N2z, RIFZE CIRERE B S Rk S
WSS A B Z2 R & L 72, Table 2 [CRKREEH 72
DOREHEL T L DL, RPTOREEEIIARKROZ

120 10 20 10 - - 20
EREE ® DOC(iiEA) O DOC(Fitt) ® DOC(ifii A) O DOC(i i)

100 [ - - -xmeE g LADNGREA) ADNGHEH) || 44 g [LADNGEA) ADNGEH) || ¢
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i ! S ' Bs 88 "2 S bo27sa a | Z
B 8,008 Lo |,5  8,psl as |, 3
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a) JEAKE
Influent flow

Fig.3

7/2 7/17 8/1 8/16 8/31 9/15

b) &WILEE
Transparent apparatus

7/2 1/17 8/1 8/16 8/31 9/15

o) WEELEE
Light shield apparatus

HEEALZEE AN DWAIKE & AR E AR R

Water treatment activities of the water treatment apparatus
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Table2 [A53EERIC X BHEHED T L
Results of denitrificaion batch experiments

1A% 2H % 3H%

1B - 0.43 0.60

B E 52 B - 0.42 0.38
55 3 Bt - 0.74 0.37

% 1B 1.15 0.98 0.81

JESGHE 52 B 1.33 0.44 0.69
3B 0.46 1.03 0.61

BT © [mglg-SS/d]

PRERM) OMEL Lz, EPTOREHEEIIARD
VIRE R M) O L Lz, BHEEORE,S 1H
BoOT— ik, RERICBWTHEE S NO,-NEEOKT
DVHER SN 2o llzdT =% LE Lo KiRERED
7o) SR, EPIREI I L GERREATE
fEITZ 3 > 72

3 X/ HWER
i 22 G P R E B & AL, RSB D S IR L
TeRREEASF 7 YEAHLL, ¥/ v 0EFE%
RiROHAERL ) oaHR (M) TRl 72,
Table 312Kk HHIE - BB Lo EF ) & X5 F
J UV EERRT . —RIIMAEMNIIFSIR 2 T A B
U %, BEENRE T LB A TR Y EFIRT
LEEDLNTWA, X/ VT, EREENOARE
HICIE L C, BHEENORKER > ST S -+
J VEFEWEBNICSH o 7z L VR R$IREE L
THHEENIAFTF ) 28X ) VOEVLKTH D
MK/Q Lt i3 ZEPH3E & C© 1.41 ~ 3.38, 2% 1E CT1.49~5.13
THoTzo 2ODEED MKIQ HLICHHIEZR Z=IZ R VW24
LTho 7. MKIQ ML, —#2M) 72 K BREE Tl 0.14 ~ 0.54,

THEBREI T 25 ~34 LOHENH L (Ff, 1992),
KRIRFHOBESE, THEESIGIVWERETHLEEZDS
b,

X UM oORE, 3HEBEO X v LD
AT X VAWM - ERm SNz, Figd IR S b E
FZBRORFEPSEIL72F )~ OSREREERT. &
PHEEE 2D 3 AR TOBELE: ) V28 Q-10 725722
LRI, BHEELELEEL QICELY ) Vi
MK-6 TdH o> 720 F72, ZHEETIX, 2% Vi
Q-10 > Q-8 > Q-9 & 7 ZfHIMAY, #ILFEE TIE, Q-10
L Q8 AMAMEIZE {, KWT Q-8 & 4D MHIANS
N7ze XF% 7 2Tl MK-6, MK-7, MK-8, MK-8(H,)
DEH R ENEANZ D o 720 GRS E2FH L
T2HBTH T 7K 70 & OIFRILERIZ A 5 N b — i 2 EIf] & L
T, 2EF ) OS54 EERIZ Q-8 > Q-10 > Q-9 DIHT
HY, AFF U TIEMK-T R MK-8 OF HHE AT W
EENTBY (FA, 1992), MEXEFE L EHREZ T
S 2 SHEGEENEEHRO X ) S REEIEWE VR
%o

Vv £ g

1 KEHMEEBRAOMENBHEBRSOEL
EY OREE, BT, RRMIGENDTH D Z LA
EZOND, ¥ YR LMA WL SR C
1, FREEE L v RE A AR L CED B EOEN %
ERMICFHIT SN D 2 0%\, 22T, F 7 Vo0Hks
Fxd L IIHEMEZEM L. JEEME (D) 13X (1)
W25 2 A O —F / Y 3 FREIZ DOV TEL % D
ARE & L TR, & FHiIC B 5 2 OO G
FromKMEE 100 £ 57202 TEHB)THY, 7u7 7

Table3 RREHDOF / > DEHE
Quinone content on the Charcoal

a) EHIEE T
Transparent apparatus

1B

53 B

1A% 2Htk 3k

IH#% 20tk 3AMk IH# 20tk 3[R

2EE 7 [mmolikg] 202 252 169 346 287 191 136 497 59
AF % [mmollkg] 466 560 516 1139 970 269 251 1429 191
EX ) v [mmol/kg] 668 812 685 1485 1256 460 386 1926 250
MK/QIt [-] 231 2.22 3.06 3.29 3.38 1.41 1.84 2.88 3.25
b) st iE
Light shield apparatus
1B 82 B 53 B

1A%  2A#% 3H# 1A% 2HA#% 3H# 1A% 2H#% 3H#
2EF 7 [mmolikgl 124 230 98 170 85 74 100 53 69
AFx v [mmollkg] 185 671 328 426 434 255 176 144 147
X v [mmol/kg] 308 901 426 596 518 329 276 197 215
MK/QLt [-] 1.49 291 3.34 251 5.13 3.45 1.77 2.74 2.14
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Light shield apparatus
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Quinone content in the water treatment apparatus

AN DENZERICEHETE 5,
Ylor-oi

D= i=1
2

SIT, Q-Q X/ Ui oWmERE [EV%], n:
X v OHEH.

Table 4 |2 K B b2 BN O AWk E O IREME %
Yo Table da IZIIKEFLEEDOSE 1B, H2E, #
3B O OIEFLEE %, Table 4b 1213 KBS LEEEH O
MR ZE LI & 2 A B o 2 bioxh§ 2 JEEEEE % ok
L7 DEIZ0~ 100 DfEiz & 1), /NS VI EHL
AT <, HATR E VI EFEPPED MR V. D AT 20%
R 7Y A I RS AR R ENH D L S
M, DAY 10% LT O3 &3 A W SR s 12 2R
RIEWDRWE IS,

R BT 2 KBS LR E N OME Y LR O JE
FUEII/NS L, 3HBROEHEEDSE 2 B E 1B
55 3B L MUEM TR IS B R EN A S N DAL,
AR OB N T OMA Y TEEREE L & 2T HUEDS
L, EHEOENILTWEEZSND,, HENOFN
BIZBT BRI LT, EEEOR 2 B
T 231 LW HENA SN DAL, Mo IEEME o8
NS, EE PR ERE I ECDS R W EER S
Nb, 2F D, EREE, EXEEL LIS, Th2ho

FEO P OMAMBEEE L, WP, BRI ZEL
TBYEHI/NE W, 72, Figd X EREETHL
X/ vyoEaFIZ1ARICEBREw OO, 2 A%,
3HBICIRL Za s o Nz, —F, EREET
F) LEMA RSN DIEEIEOATH o720 TD
b, ERELEEE T, MAEMTEERMED
EBIIFEVEH 72 VR Do

2 BRERICEWMEMBHERE

Ples s & % 7 VAR & i3 2 54, Table 2 127K
L7-igssfiE L Table 312k Lo RKpH7- ) OF ) v &
HELY, ¥ b)) OREREICERS 20T 055
%o Table5 2%/ U&7 ) OEHREEZ RS, 714 ¥
A =5 TOREGEFLHERTIL, AR LI G S
NTWBH STl DN BrERIGEEE S o722 &
75 (Fig3), KEEEEORT ¥ ¥ v v & LTI,
ENEEOB VRN S L. KRSV DOF ) O
HHEIS BB D EIIZH > 72 b D (Table 2),
Table 5 (2R L72F /7 v &7z 1) ONLEEHE 1385
WA S 0, EEREAN T E US55
S L Tzt E2z 65, LLAds
5, ZEWNICTHAKITEARETS, KIMEHT L L) 2B
BiCld, EWHEETO DN BREERESEHWET S o/
ZEDDL, TOL)BKRRTTIETIA T A—FIZEHEL
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Table 4 /KB AL PN O 57 5 O IR
Dissimilarity of quinone profiles in the water treatment apparatus

a) ZEHEN T ORI DEN I & 5 HLE
Comparison between differences of place

& WO E Wb OE

. 1B 552 Bt 953 B 51 B 552 B %3 Bt
H B 1B 0.0 1B 0.0
w H2E 12.8 0.0 52 B 14.3 0.0

%3 10.1 135 0.0 83 B 10.7 12.1 0.0
, B 1B 52 Bt 3B 51 B 052 B 53 B
A B 1B 0.0 1B 0.0
w2k 10.8 0.0 52 B 13.0 0.0

%3 B 9.1 7.4 0.0 B3 B 10.3 135 0.0

B 1B 82 B %3 B 1B %2 Bt 53 Bt

3
H HLE 0.0 1B 0.0
n M2k 214 0.0 2B 42 0.0

%3 B 8.8 22.6 0.0 3B 138 1.1 0.0

b) #EEE 1 & A 2L
Change by time
P I e @

n 1Rt 2 H# 3H#% 1 H# 2 Atk 3H#%
%
. 1A% 0.0 1H# 0.0
w2 Atk 115 0.0 2 At 18.7 0.0

3A% 11.6 13.0 0.0 3 A% 18.9 11.1 0.0
" B 1B B2 Bt 3B 1 Ht 2 Atk 3H#%
o 1HE 0.0 1H# 0.0
g 2R 11.4 0.0 2 At 16.2 0.0

3A#% 23.1 19.2 0.0 3 A% 12.2 8.4 0.0
» 1B 92 B B3 B 1At 2 Rtk 3HA#%
3 1h 0.0 1Atk 0.0
B 2 At 19.5 0.0 2 At 15.0 0.0

3A#% 14.9 14.5 0.0 3 A% 10.0 12.0 0.0

Table5 /> M7 Ofig R
Denitrification rate per unit quinone

EXFETIZ, MHOREDOHREZLLOTLEY D
T ELTHW/ 1y b7 —% & LT L7z
PN, TR EN TR 5 Y s I OKH R T

1 A# 2 Htk 3%

851 B - 1.69 3.58 LTl FENICHA L CTEEN TS 0EY
EWRE B2 - 146 2.00 ORFIIFA L TH Y, 205 OMAEMBEOWRE (K
LN 49 62 HE) DTS LIS ) BB (2o TEE
1B 9.33 4.26 8.21 e o e i A . N .
T, Sa1 61 0.37 J M) OREERENZILLTWALEEZONDLD

8.90 5TH b, Table6 12K F / ¥ DV, e/, IeREH=R,
BEH IS 2 %%/ » EHROMBREE R T, 4
I, RO F ) v EHRIPPIERE & O HE

93 Bt 4.62 19.48

HifiZ : g-N/mmol-quinone/d

7o BN TOREERINE L, RimrTag e LTw
B EEENIE S L ZBIOBROFEG IR ENT L8
RIEEND,

WIZ, Table 512/R L7z 7 ¥ &7z ) OPLEEHE kT
THE&F /v OMBBREEREFICEVH#EELT, M
BIAREL A ST L 72 MRAT ORI, B & e

IRE o7 ZDOHR TS, FLEME & IEOMBE 2 -
72012 Q-8, ADMHMAMNE 2> 7-DIE MK-7 & MK-11
Th o7,

S50, SRR L VAEIE Lo HaEdE %
HRELT, ¥/ vOEFFEEHMEKELTK (2
VZHEEE AN HT 2 A B IS X 0 FEHE L 72,
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Table 6 LEHE 2R T 5 %/ » OMHBEREK
Correlation coefficients

FUERE (%]

FHES AR5
oo (R - R )

Q-8 100 ( 51 - 140 ) 0.49
Q-9 63 ( 36 — 139 ) -0.17
Q-10 1.7 ( 41 - 280 ) -0.33
MK-6 249 (181 - 301 ) 0.08
MK-7 93 ( 66 - 110 ) -0.64
MK-7(H,) 1.0 ( 03 - 27 ) 0.21
MK-8 126 ( 77 - 177 ) 0.02
MK-8(H,) 112 ( 74 - 163 ) -0.13
MK-9 30 (17 - 42 ) 0.26
MK-9(H,) 16 ( 00 - 34 ) -0.16
MK-10 10 ( 04 - 20 ) 0.29
MK-9(H,) 33 ( 14 - 62 ) 0.12
MK-11 36 ( 10 - 62 ) -0.48
MK-11(H,) 05 ( 02 - 13 ) 0.05

DNR=B, +B,0, +B,0, +...+B, 0, * = = = + + - (2)

ZCZ°C, DNR: i&HE, B, @ EEFRE, m: HH%E
e LT LY 2 v o, BERUFSITOE, 5
2R L OMBAE & SEIEEIEE 7 b, £
I, BF ) v OEHRERFELOME TR, R
DOHXHEAS 0.5 UL OB 1B ATE W L W L ¢, &
R DA OB ZDOW DX 7 2 HHHERE 7 5 5w
Il M EVWF oL 5 BHEKE T
LR EABEIE, TPHERREZLERLTL)ENE
VRSB E Lz, E51, T ORECHBSE L
BB OB 55 L 2 WA, BEoEEIC
MDD 5 L LT, B2 SHU) v CTRERT
kA D BRI AR &) PSR A3 5 S
BUE LTze AT 280 8 Lom 8, 3L % Q-8,
MK-6, MK-7 (H,), MK-8 ® 42 & L T F &A% 5172,

DNR = 2786 +1.100,, +0.400, 1 ¢
35700700 07500 = 7 7 7 T (3)

Fig5 IS N7z EREFRIZ L ) Pl S b g &
Bl S N 7-MERE O LA, Table 7 |2FE [\JF 547 O
EREFIR T, MIER 27051 TH Y, Figh 2w L7
e PHEEOKIZIEFTETO—HTH D, tHIZE
R 2 R EAE TR LMETH 279, CEiTVTh
L2 U EOEIE SN MK-6 & MK-8 I2%F§ % P- 8
250.15 £ 0.06 & RREHWEE R L7228, ZNLAHE 0.05
DR CTHholzo BELESRR/NE 020 7228, TR
F& L7727 — Y HSHAZERIC I L CENERE LS
WEEHHEEEZ HND, ERRGIIC LY HHEK
ELTHRIREN 4 FEED ¥ 7 VRO E )RR T 4T
EDETH o720 TNSDF ) AHIIMENTEOR %
WEICKECHRT L EEZOND, SAERE L7

Table 7 i 58 L | 2% 5 2 TEIAG S0 4T D A
Result of multiple linear regression analysis

B EPESa
FR¥L ti P-fili
Q-8 1.10 2.99 0.01
Q-9
Q-10
MK-6 0.40 1.56 0.15
MK-7
MK-7(H,) 357 2.64 0.02
MK-8 0.75 2.10 0.06
MK-8(H,)
MK-9
MK-9(H,)
MK-10
MK-9(H,)
MK-11
MK-11(H,)
il -27.86 -2.98 0.01
R? 0.65
#iIER? 0.51
— 20 ~
~ 2 .
m o
§§15 3
E?’ 10 0
W £ (ﬁ@@
ME 5 x
8=z g
o)
0 5 10 15 20
Rt 22 & EGRIE ()

[e-N/mmol-quinone/d]

Fig.5 [hiZs ol fE & BlIAE & E R4 I X 2 FHlfE O HiE
Comparisons between observed denitrification rate and
values predicted by multiple linear regression analysis

¥/ 095 Q-8 MK-6, MK-8 ® 3D FI&Ait
10%%BZTBY X VHBICBWTEELRF ) VT
H o7z, MK-7(H,) OFIHEHHEIL 1.0% & IFFIT/NS
Polz. WMEMOX ) v EFREIHIM TR E 2D
LTwkThE, MAEMHEDLRPTOERRNLY) EmK
FOUN, MEFREICIDKRECHBLTNDEEZS
NB7z0, FNERE»S Q-8, MK-6, MK-8 ® 3flimD ¥
J UDEREEHNTOREREE REEBRTLEEZD
n, Inoox ) AAliEFIHT MUK E S
HENTOREREIZH G L TWwE I LERLTW
5o

[l

V &

ARpe MR L 72K E i LR E O B T R E EH i 1k
MEREIEER L, BN T OB REMEFERIC L D, KEE
LR E DT 5T 2 & 12, HKENOBEWTEER
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Ea ) VHIKTIEME L 720 TS DORREE IS S
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3) Q-8, MK-6, MK-8 % & & fit A= W A3 /K BL i AL 3 i
NTOREREICRE ST 5 RBESEWC
L

RS NIz ARWFZEIC K 0 BT & O\ BILRASTE T

AN HEFIN T LA AT S

WZB5-5 2 uReEATE , EFEOF AR L 45

TREMED B V. LA LDSS, BB CIIias e L

TeTF—=FDRoNTBY, &%, ALY TIVERNS
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Comparison between Denitrification Activity and Quinone Content
in the Water Treatment Apparatus for Paddy Drainage Treatment

HAMADA Koji, FUJITA Masafumi, HITOMI Tadayoshi,
KUBOTA Tomijiro and SHIRATANI Eisaku

Summary

Two apparatuses, a transparent apparatus and a light shield apparatus, for water conservation that uses charcoal
media were adapted to remove nutrients from paddy field drainage. Quinone contents of microorganisms on the charcoal
media in the water treatment apparatus were analyzed to compare the denitrification activity and quinone profiles. Q-8
content, the highest ubiquinone, had the strongest correlation coefficient between the denitrification rate and the detected
ubiquinone. Three results as follows were obtained in this study.

i ) Denirtification rate per quinone in the transparent apparatus was higher than that in light shield apparatus,

ii) Microorganisms community structure was stable toward time and place,

iii) Ubiquinone Q-8, menaquinone MK-6 and/or menaquinone MK-8 containing microorganisms acted the important
roll in the denitrification rate in the water treatment apparatus.

Keywords : nitrogen removal, quinone profiling, biomarker, light condition, paddy drainage
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I ® 8

AR, KREOEIREE K & L CORNTI LIERSED
FHREHEIZ X D3P RSB R Lt v 5 — o3 KA
WZEoTHREEIN TS, LaL, T EXEOHK
AN, AKRFIMERL KA R AR L 21055, &
BEERS A & 2 HARTE, 3 7% b BIERI N sk
BFOZLIZTH RIS TE RV EDE L, IR
EXEE L COETIR LEMDS, B TRE & HAKE
FrFEIEDLEV)MEPELTWD, TRITHL
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Fig.l B & ARG I AN S L 7 KB Lo METFIH (KIES, 2009)
Procedure for water management against grain damage under high temperatures during ripening of
rice with corporation of agricultural extension sector and agricultural water supply sector
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Introduced area of direct seeding rice cultivaton
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Table 1 #EERLHREA BN R 72 RS A S8 O
Types of introduced direct seeding rice cultivation
(WAL - FipE)
! WZ H T3 K ESR
R RS A
Hhite At i i J=%ic
KB A A B 4 5 17 10 2
KHBEAREE 5 2 7 4 0
A RERLA - T SE AL 2 2 2 7 0
IR A - AL 1 0 4 10 0
(HgA<, 2008)
Table 2 #&EHEAN N WL 72K REFRHEE OB AR (MEA, 2008)

Recognised effects of introduction of direct seeding rice cultivation (% : A1)
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ECS N 38 17 18 26 2 12 21 37 13 6
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Fig.3 fHIERAALETEE, fEHROVER TR OHER (RAMOKES, 2009b)
Planted area of whole crop rice silage and rice for grain feed
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Table 3 FEREZPFrk 2ok, FRIEREMLEIR L ORI I B 5 2 Frk

Cropping season characteristics of rice varieties for new demand and whole crop rice silage
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Table 4 FRFEFRALEIE OFEAROFH] GBI

A crop calender of rice production including whole crop rice silage in Niigata pref.
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Table 5 FZKEHZ IR B iR E 0 3 & 2 0 HAKREA O

B AR JEMHcm. 45 210 % (2009)

(KIES, 2009)

Water management techniques for high temperatures during ripenig of rice and influences of them on water demand
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Figd ZKHEEDE RELIHE ) HAKTFENORE
Changes of paddy field agriculture and its influences on agricultural water demand

Fig.5 K HIEREH K S MR & K HTESE D& RZEALICHE 5 #5%
Components of paddy field irrigation water and impacts of rice production changes
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Policy Dimension of Paddy Field Agriculture
and its Influences on Agricultural Water Management

TOMOSHO Tatsumi and YAMASHITA Tadashi

Summary

Correct policy dimension of paddy field agriculture and its influences on agricultural water management are dis-
cussed by literature study. Extension of rice cropping season caused by diversification of rice variety, introduction of
direct seeding rice cultivation, introduction of rice cultivation for new demand including whole crop rice silage, and
countermeasures against grain damage under high temperatures during ripening of rice are driving force of agricultural
water demand changes. The present problem is inappropriate water management against grain damage under high tem-
peratures during ripening of rice with corporation of agricultural extension sector and agricultural water supply sector.
Adequate renewal of water right and water supply infrastructure is medium and long term problem.

Keywords : paddy field, agricultural water demand, new demand rice, whole crop rice silage,
grain damage under high temperature during ripening of rice, agricultural water management,
direct seeding rice cultivation
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Table 1 &EROS(:
Condition of experiment

KAz 1mA Fhiz 2 [AE HHH 2

Tl Z ATV A% 24000 A /ha (Ja%)
M AD EURBETR + 20 A DS (RIERR)
il iyl #Hk 15 %5 (Nil5) k8 75 (Ni8) Ak 15 5 (Ni15)
FoE 2007.4.6 ~ 2008.1.16 2008.3.25 ~ 2009.1.14 2007.9.6 ~ 2009.1.14
RERIX A AL HERHX A EERAT X A fLEEAIEHX

B. TLZEAEEL + 1% /34 A jIX B. X B. fLAE AR + N A X

C. ALSAIEA + WAL + 1% /3K A jRIX | C AL ALEHX C. WALTEARE: + N7 A Jie X

D. LEEAEEL + 2% 37 A j X D. {b&E AR X

E. ALAAEE: + AL + 2% N A RIX | E AL IR + 30 2 R IX
FALSAIER Eafed + N7 2 i [X

X} - SR BEIE 130cm HENE 130cm BEWE 130cm, 1 [X 20m?
A X 20m?, 4 5UE A X 5m? 4 AR SAE 1R E 7% LI
B,C.DE [X 10m’, 3 X7& B IX 5m°, 6 ){% PR 2,3 (EHiED 1) [

C,D,EF X 20m°, 3 fH

AR GEHAE) | 2007.4.6 © N,PK : 60,33.8,33.8 kg/ha 2008.5.7 : N,PK : 66,37.5,37.5 kg/ha |2007.9.7 : N,PK : 72,40.5,40.5 kg/ha
JBAE1 - ¥+ |2007.6.6 1 N,PK : 60,33.8,33.8 kg/ha 2008.6.20 : N,PK : 70,39.4,39.4 kg/ha | 2007.10.25 : N,P,K : 48,27,27 kg/ha

SEAE 2 - #54+ | 2007.7.11 1 N,PK : 80,45,45 kg/ha 2008.7.11 : N,PK : 70,39.4,39.4 kg/ha |2008.2.19 : N,P,K : 120,67.5,67.5 kg/ha
HALHREH | 5000 L/ha (283 &+ 4kglha) 4/Lii% | 76300L/ha (%8 %+ 68kg/ha) 9000 L/ha (& 7.2kg/ha, AEAhE
2007.7.26 |2 C,E I HHwI % %[B¥ % & 3.6kg/ha)

64000L/ha (83 & 58Kg/ha) 2007.9.6 12 C XIZHAL & L CTHEM
2008.6.20 & 7.11 |2 D,E,F [X 123 At | 81000 L/ha (253 & & 64.8kg/ha, HE%Y
&L KEEET D L 32.4kg/ha)

2007.12.28 |2 380

VE N Z GO Z T 30cm F TIZ HIEDOFRE RO 1%, 2% D/NF A (9, 18tha) ZHifH. FMZ 1HIH D 1%X %KW,
FTARC 2% Mo NH A RMEHEORS  1m® (HIROWEER) x 03m (FifHkEE) x 10000m” (1ha) x 1% x (1-70% (N
B A Gk ) = 9t/ha



124

FAT TAEFETEGHR. 45 210 %

(2009)

Table2 fiflaxs
Design for fertilizer application

BREA LIMH (EARRTEEER)

Bl AT 1 JBJE 2
RS qumm (NPK)  BGAE (NPK) LR (NPK)  BGAE (NPK)  (BIEE (NPK) CIL# BRI (NPK)
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha ~* L/ha) (kg/ha)
A 286, 199, 56 60, 33.8, 338 286, 199, 56 60, 33.8, 33.8 381, 265, 75,0 80, 45, 45
B 286, 199, 56 60, 33.8, 33.8 286, 199, 56 60, 33.8, 33.8 381, 265, 750 80, 45, 45
c 286, 199, 56 60, 33.8, 33.8 286, 199, 56 60, 33.8, 33.8 381, 265, 75 5000 84, 455, 45
D 286, 199, 56 60, 33.8, 33.8 286, 199, 56 60, 33.8, 33.8 381, 265, 750 80, 45, 45
E 286, 199, 56 60, 33.8, 33.8 286, 199, 56 60, 33.8, 338 381, 265, 75/5000 84, 455, 45
EHEAREHEN, P, KIdEE (21%), @BRaK (17%), HAbAa) (60%) % fiiH

THALIE D N,PK & & 13 0.08%, 0.009%, 0% TdH o7z

P 2T, MALIIETERED 115 LI L Tw i o7z

A 2 H (BELEAER)

=i BIE 1 JBJE 2
ABK qems mAE (NPK) (BIRE LR M (NPK) LR AL MR (NPK)
(kg/ha) (kg/ha) (kg/ha /" L/ha) (kg/ha) (kg/ha ./ L/ha) (kg/ha)
A 0 0 0.0 0 0.0 0
B 4125 66, 37.5, 37.5 223070 36, 20.1, 20.1 2230 70 36, 20.1, 20.1
c 4125 66, 37.5, 375 43750 70, 39.4, 39.4 437570 70, 39.4, 39.4
D 4125 66, 37.5, 375 223.0 /76300 104, 269, 20.1 223.0 /76300 104, 269, 20.1
E 4125 66, 37.5, 375 223.0 / 76300 104, 269, 20.1 223.0 / 76300 104, 26.9, 20.1
F 4125 66, 37.5, 37.5 451.2 / 64000 130, 46.3, 40.6 451.2 / 64000 130, 46.3, 40.6
EHATERON P, KIZ16%, 9%, 9% TH5D
ML NPK ikl 0.09%, 0.036%, 0.024% TdHh - 7=
Bz (BANEER)
LB JBHE 1 JEJIE 2
AR e e 1 i 2 BEIEE (NPK) 955 i (N,PK) 955 MifHE (NPK)
(kg/ha ~ L/ha /" Liha) (kg/ha) (kg/ha ~* L/ha) (kg/ha) (kg/ha /" L/ha) (kg/ha)
A 450 /0.0 72, 40.5, 40.5 300 48, 27, 27 750 120, 67.5, 67.5
B 450 /0.0 72, 405, 405 300 48, 27, 27 750 120, 67.5, 67.5
C 079000 81000 72, 32.4, 216 300 48, 27, 27 750 120, 67.5, 67.5
AR N, P, KIZ16%, 9%, 9% TH 5

THALIE D N,PK &3 0.08%, 0.009%, 0% TdHh o7z

FHHI AT, 1B OMLEORAREPAR L2720, LIHHOBEL Y KN 2 B H O Ll 2 BinieH L 7z

(DD SPAD : SPAD it D fii (EMk D EFHE &
WL hbl, ERFRERLL R, FEORRLH
< b, SPAD FHIZ, IERE AR RN KM
TIEMICT Y Y VERT 584ETH5)

@Y o Brix (779 v 7 &)« fEER (EPFED o
5 FR7 il

MR A © Mg CFoR sz e B Ry il
HUZHE DT g & F TV B & v o 725 DL FE
ZRTE) (IBAEG A H RO SND)

O/NFADTER © EVER & B IHERS % Hab ol L

b DERGIREL hOER
Q] B & DU oS HEVET S
T AR = OB 2R X u] SR 100 (1)
T LR = PSR (BERE Brix) x HRERERE (BERE

XY x ) (2)
MhAES = (EHERANT AR M vEHE) x (&
JRNIT A NI A (100g)) (3)

Vx T IEERRE SN OEE Yy T L - a R
(H 25 08 T SR AT i 28 4, 1983) IZRA L C
K7z,
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Table 4 Az 118 H O3 L0 ZAL
Change in soil chemical properties of spring planted (First)

# F (%) e F(%)
o X - R
it B Fi I = it A i I 7
A fEFREHX 0.153 0.156 0.003 1.295 1.365 0.071
B. 1L2EEL + 1% /3 H A X 0.153 0.170 0.017 1.331 2.212 0.881
C. ALZEME} + AL + 1% /N A R IX 0.150 0.166 0.016 1.248 1.865 0.613
D. LI + 2% /37 A JEIX 0.155 0.175 0.020 1.269 2.903 1.634
E. fL22 BBl + JHALE + 2% /37 A ik [X 0.148 0.175 0.026 1.878 3.523 1.645
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Table5 HHiz @ HIELFEDOZAL
Change in soil chemical properties of summer planted

HifES b Witz L
moE X TN (%) T-C (%) TN (%) TC (%)
RERERT | NEEfR | RERERT | WURERR | ERCET | DUEERR | Miler | DU
A, ALFIEEX 0.176 0.160 1.536 1514 0.149 0.148 1.018 1.155
B. AL+ /37 A i IX 0.182 0.197 1.415 3.830 0.158 0.159 1.160 2.672
C. THALHAHE: + N A R X 0.189 0.180 1.458 2.722 0.160 0.159 1.133 3.197
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Change in stalk length, leaves number and leaf color of spring planted sugarcane (First)
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Table6 Fffiz 1 HOY b FEEF
Growth of spring planted sugarcane (First)

L[ Brix i AL TERESE | GURZEE | Wi FRIE L
(%) (%) (%) (%) (kg/a) (kg/a) (%)

A ALFHEHX 20.4 18.9 11.1 15.0 851.9 127.5 100.0
B. fLEEEL + 19% /N7 A R IX 20.2 18.6 10.7 14.8 957.4 141.1 110.7
C. AL + THALI + 1% 73577 A jie X 20.0 18.6 11.0 14.8 912.8 135.5 106.3
D. fLEEIEEL+ 2% /XA A i [X 20.4 18.8 11.3 14.8 900.4 133.6 104.8
E. AL R+ AL + 2% /377 R jRIX 20.3 18.9 11.3 15.0 969.0 145.6 114.2
e ZE (cm) 2% (em) TERE (em?) SPAD R (K Ja) —%FE (g)
Ty * Ty * Py ES Py ES Ty * Ty +

A 227 1 2.45 0.14 259 66 39.7 3.2 853 99 1003 88

B 238 17 2.48 0.13 262 52 40.1 35 867 81 1106 45

C 230 18 2.41 0.16 261 50 39.9 4.7 893 103 1033 142

D 234 15 2.51 0.14 257 63 39.8 3.2 880 40 1023 40

E 231 18 2.40 0.15 278 47 39.5 3.6 913 58 1063 43
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Fig. 13 Fhfiz 2 HH 7 ¥ EOZEH, KEE L EROREMZIL
Change in stalk number, stalk length, stalk diameter of spring planted sugarcane (Second)

bHote TNUL, ERENMROIUENS 8, 9 HICIE, HiH
ZL1EIHOY b % i 120em (MO 7z0125 L, %
FEZ 2B HOH b7 FEid80em LA d o 7272
DTHb, HHZ1IEBIZHEITSH8 9HMOKEH
660mm 2k L, Al 2 2 [0l B o BRI 310mm L 227 725
72 MRERDM O % 2o 72 ERIIKIA R EZEZ BN D,
FhizZ 2 M HCIHEL 72 b X C0ER, R #
MifE, —2EH, SPADfE, Brix fiti, FEEE, ik, Wil
WEER BURLZEEE, WHLEE % Table 7 1R L7z (3 AR
DEEHDINT Y F1F 15% DA TH - 72) 0

A EREIE X % B €, & BRIX O Brix RAEE R L0
EIZEN RSN h o 7278, DALEIERMEEX, E 1L

FHRMCER + N H A BRIX, F AL, B gfed + N A A S
X DT AL 7z, WERESR DS C AL EX & )
Ko7 AL, DE,FROWVT NS FEZEEDC X
LV EWzo, ZXOWHEERITCX L ENEDr 72,
F72, NHARBHOE, FIXOBFERZEIMBOK LD
BV EnS, FIXDRET, NFAROEKNFIZ
MY X ECORREEIEEY G Z T EZLND,
51T, A EREIX R B RIX & L ¢, DL
BB XKIIERZERE S, EEEIMmL-Z L
5, HALE O MRS RO HERRE T & 720

FiEz LIMH & 2 M HOFFEEWH2IZZFE ETH LD
12, 118l H OALF IR oo ] s 1 128 kgla (2R L

Table7 FHffiz 2 HOY b7 X EEF
Growth of spring planted sugarcane (Second)
- . LI G

A Brix | HE | mes | o | R IR

JLEE X (%) (%) (%) b E 3 b Ay (%)

(%) (kg/a) (kg/a)
A, EREAEX 20.4 18.3 12.2 14.0 310.3 43.4 67.4
B. IAEX 19.8 17.8 11.9 13.7 356.4 48.8 75.9
C. AbEMEHX 19.9 17.6 11.2 13.6 473.4 64.3 100.0
D. fb& MR EX 19.5 17.2 115 13.2 4895 64.5 100.2
E. AL ERHER + 3 R X 19.9 17.3 11.7 13.2 520.2 68.5 106.6
F. ALFHUR B + N A i X 19.1 16.9 11.7 13.0 508.8 66.3 103.0
*E (cm) £ (cm) Btk R (K fa) —%E (g)
ALFR X — — — — —

Py * Py * Ty * Ty * Ty *

A 183.3 16.0 2.10 0.16 17.1 2.4 487.2 68.4 652.1 80.9

B 178.8 18.8 2.09 0.16 16.3 2.8 532.1 47.0 672.5 275

C 185.5 17.3 2.00 0.16 16.9 2.2 618.6 55.6 7714 64.0

D 186.9 21.4 1.98 0.22 16.7 2.7 628.2 10.7 779.0 13.3

E 200.4 16.0 2.13 0.13 17.0 2.4 641.0 29.9 811.9 7.9

F 196.9 13.3 2.16 0.15 175 1.9 592.9 29.9 855.7 775
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Change in stalk number, stalk length, stalk diameter of summer planted sugarcane
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Table8 HEiz O by FEAEH FifEd D)
Growth of summer planted sugarcane (have front-planning)

WL Brix i) s HAE 5 TEESR | JFURZEE | bR ik L
(%) (%) (%) (%) (kg/a) (kg/a) (%)

A ALFIEEX 21.0 19.2 11.6 15.0 1182.7 176.9 100.0
B. AL L+ /34 A X 20.6 19.1 12.0 14.8 1093.8 161.9 915
C. AR + /357 AR IX 20.8 18.8 11.7 14.6 1054.8 153.7 86.9

— ZE (em) 25 (em) Hi%L LEHRE (cm?) SPAD EEEY | —%®
iy + Ty + Ty + Ty + Ty + (& Ja) (g)

A 281.8 | 447 2.01 0.21 343 5.3 14228 | 114.0 40.0 3.2 1187.5 995.9

B 299.7 25.9 2.06 0.14 39.9 48 1418.9 | 2346 | 40.0 42 1048.1 1044.7

C 2794 | 247 2.00 0.14 37.8 3.1 1439.9 | 1108 40.5 2.0 1062.5 995.4

Table9 Effiz o by FEAF FfEzL)
Growth of summer planted sugarcane (no front-planning)

L[ Brix g A 5 TR | FRZEE | Wi RHE L
(%) (%) (%) (%) (kg/a) (kg/a) (%)
A AL IEEX 21.3 19.1 125 14.4 1030.8 148.8 100.0
B. ALFENUEL+ 37 R jie X 20.3 18.4 12.2 14.1 782.7 110.0 73.9
C. THALIARE: + /377 AR IX 21.4 19.6 125 15.0 749.0 112.5 75.6

. %K (cm) %£E (em) H %L FEHRE (om®) SPAD RN B _xw
Sz + Ty + Sz + Ty + Sar) + (& fa) (9)

A 278.2 21.3 1.97 0.14 39.2 2.7 1365.7 | 116.6 413 42 1028.8 1001.9

B 265.2 25.8 2.16 0.11 432 2.5 1465.4 | 2143 | 411 2.2 846.2 925.0

C 250.9 17.3 2.04 0.22 38.1 2.4 11745 | 1049 | 394 0.9 817.3 916.5
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Impact of the Application of Converted Biomass
to Upland Soil and Sugarcane Growth

CHEN Yan, TAIRA Masahiko, MAEDA Goki, HIKA Akemi,
KUBA Mineko and SHINOGI Yoshiyuki

Summary

This study dealt with the influences of application of digested slurry and bagasse charcoal to Shimajiri-maji soil on
sugarcane growth. Digested slurry and bagasse charcoal were incorporated into Shimajiri-maji soil. Spring and summer
planted sugarcanes were cultivated on Shimajiri-maji soil. The indexes of the Sugarcane growth, such as the stem diam-
eter and length, yield, Brix of sugarcane in each experiment plot were clarified. Changes in soil chemical properties such
as pH, EC, concentrations of total nitrogen, total carbon, potassium and phosphoric, and soil physical properties such as
water content, dry density, permeability and available moisture in soil between planting and harvesting were observed.

The results indicate that the bagasse charcoal increased available soil moisture in Shimajiri-maji soil. It became
clear that maintaining an appropriate level of water content in soil has resulted in increased yields of sugarcane. In addi-
tion, application of the bagasse charcoal increased the soil nitrogen absorption. It can be concluded that the application
of bagasse charcoal is able to reduce the volume of nitrogen percolation.

Keeping the appropriate irrigation and restocking the death stem is very important on spring planted sugarcane crop.
It was clear that in two years, twice spring planted can increase crops than once summer planted.

Digested slurry is effective in substituting nitrogen fertilizer. The appropriate fertilization efficiency of digested
slurry is 0.5.

Keywords : digested slurry, bagasse charcoal, sugarcane cultivation, commercial cane sugar production, available moisture
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Analysis of Inundation Caused by Failure of Small Earth Dams and
the Way of Evaluation of the Damage in the Downstream Sites

TANI Shigeru and INOUE Keisuke

Summary

Earthquakes and heavy rains sometimes destroy water storage facilities such as small earth dams, and cause the second disasters
in the downstream sites. Human suffering must be prevented completely, and it is important, in particular, to identify flood-prone areas
and evaluate economic damage in advance. A system which is easy to analyze those things in the sites was constructed with WEB
GIS and geographical information. Using this inundation analysis of small earth dams, consequently, enables to assume the damage in
the downstream sites easily. In this paper, in addition, the authors figure out the amount of damage caused by floods and cost-benefit
performance (B/C) in the case of countermeasure works, based on both the range of affected sites supposed using “Inundation Analy-
sis System of Small Earth Dams”, which the authors developed before, and the indexes to show the damage such as maximum water
depth and maximum velocity. As to the way of evaluation, its basic calculation items, calculation methods and evaluation methods are

also examined and organized here.

Keywords : small earth dam, fill dam, flood analysis, economic damage, damage
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Safety of Old Fill-Dams Considering the Risk of
Strong Earthquake Motion

TANI shigeru and HORI Toshikazu

Summary

Recently, it is required to assess the safety of old fill-dams considering the risk of strong earthquake motion and
optimize the methods of earthquake-proof reinforcement based on the conception of LCC (Life cycle cost). In this study,
the deformation analysis using Monte Carlo Simulation Method is conducted for the model fill-dams at the level-2-earth-
quake to consider the variety of fill materials. Moreover, both the seismic hazard evaluation and the failure probability
of embankments after the aseismic reinforcement as well as in the present condition are performed. Furthermore, the
amount of the damage by the collapse of them is assumed, and the measures for the earthquake-proof reinforcement are
investigated from the view point of LCC. In addition, in this study the amount of damage is figured out on the assumption
that model fill-dams are failed, but in the future it must be necessary to set the existing fill-dams of certain areas and to
estimate the real cost of damage in order to consider LCC.

Keywords : old fill dam, earthquake, risk, earthquake-resistant, performanced-based design
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tan ¢ d R 0.692 0.138 Silty Sand (2)
tan ¢ d BB A 0.597 0.148 Clayey silt (2)
" () - 37.6 0.09 Sand (3)
") - 15.3 0.21 Clayey , silt (3)
AN - 33.3 0.09 Clayey , silt (3)
tan ¢ - 0.744 0.09 Sand (3)
¢ (kPa) TEHL5 A 13.7 0.193 Silty Sand (4)
tan ¢ R 0.615 0.0575 Silty Sand (4)
¢ (kpa) EHL G 37.2 0.334 | Sandy loam (4)
tan ¢ EHLG i 0.714 0.127 | Sandy loam (4)




B BALBFIET ALY AOWE Y XY %I L S AR 159
[ (t/mz)
0 2.0 4.0
E OH
Hﬁ
LY
g -—1.::1‘:'\\
. Larl® A
I‘r.n ‘.-\
B
v N
—3—=
(@) 1 H#RiLz) () T W {c} m B
Cu D43 Ai WAL D Cu O 5 A
o TV P | BERE | EEIRE Hhdsk LR | HETIV B
(n) (t /m") (t /m") v London clay 0.184 m# Bl — >
i) 148 119 5.50 1.250 0.227 Hong kong A” 0.316 17 N —
PNCERE 231 1.25 0.380 0.304 Hong kong BY 0.259 1% IR —
BRI 86 4.10 1.000 0.244 Greece ! 0410 17 ey
& 238 3.00 0.870 0.289 Detroit clay ¥ 0.30 ~ 0.41 — Tl A
W 21 3.50 1.230 0.350 Barbicon © 0.15 ~ 0.33 mH =i uu
T % 192 1.45 0.310 0.214 Walton © 0.18 ~ 0.42 % =i uu
L # Cu D4 AR
i 3 n a b o Cu v EiE, B
JER % 60 | 1.250 | 0.245 | 0.567 | 2.06 | 0.28
s % 52 | 1.240 | 0.153 | 0.486 | 1.59 | 0.30
PALIE 56 | 1.560 | 0.075 | 0.435 | 1.80 | 0.24 .
-~ W
I 60 | 1.100 | 0.194 | 0584 | 1.61 | 0.35
HBI % 29 | 0910 | 0.140 | 0.345 | 1.46 | 0.24
& * 40 | 2.780 | 0579 | 0.216 | 3.93 | 0.28
HOL T 159 | 0.527 | 0.126 | 0.482 | 1.95 | 0.25
Sl RS 101 | 0.336 | 0.130 | 0583 | 255 | 0.23 .
= VS
i) 78 | 1.350 | 0.140 | 0.350 | 2.60 | 0.14
SR 154 | 0.300 | 0.156 | 0.330 | 2.20 | 0.16
(RFERFICL )
Fig.9 SRR IE T O IEPKE A WIBRE Cu OFETIVEE (NZEIEq, 1977)
x ¥id, 0 bt IR T
Wb, BERNLE, . T
L0~ I 0.6 . e ie .
- . 0.5 e
0.8} » ’ . 5" 3
: b= 0.4 1 - -
£ * ' .8 =
s osF ¥ i SRV ET
g L ‘e £ 0.3F :' L I T pa .
x x - - - -.. ..
b 0.4 < :v i . = n* -; s ®
_x-x i e 0.2-_ i x,.‘ o
oofer Hen " < b ‘
TEatest B, L G W Sl T
I- . x' v i . o X x % %x & X
1 VAL G0 e S 1 il W Ll W, MY a 1 ) 1 | 1 i)
0 0.2 04 06 08 10 0 01 02 03 04 05 0.6
tan ¢ ¢ (kg/cm?)

Fig.10 C & tan ¢ & D%
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Bs, BEMEOFERFFE LT, BHEWIZITHERIC
BEPELZE LTOEz kbRl Lo
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LAV 2 BEEEN I3 L C b I KB RE & PRISR L SR 2 #EPH 0
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Wb, ITET VOB E Figl2 IRT, ZDE XD
fROZ ML, A.Casagrande DFFESEH HFFHEI L TV 5,

44 IEBEEDIES D& CHBREWERDETE

Bl NV O INEE N0 LT, bR ik
R OWBELEDIES D & % EE L /2811 FEM fi#
WOEYFHAMVA - P 3Ial—arzFEmL, K
WL TEROIESDE 2 HET B, £72, TORRIZ
HoWT, FRAMBEIZBT 2HEEGHEEL LT,
Kk TEORFEE AT 2R HET 5o

(i)

AN WEEORAIEEZ /85 2 —5 & L, AJJHE
B L~V T L IZEM L 2B ST I L 'Y TV -
YIal—YaVERICLDBHESHLXLVO T4 VS
LADOBGHERE KD, ZN 5 OREFEZ HERYIZFHMET 5
Z L TR L IEGHREOMRE RO L I LTS
5o

BEFED LCC SR FHI TIE, AJTILEREL NV & LT

B FEM AT O € 71

150gal, 300gal, 600gal # % & L C, ThZhDNEE
LAIZBW BT 2 vy 7 )vd - 3
L= a Vi g iro CWwWah.ErFhrn-v 32l —
VA VEERICEDWT, Figl3 IR X )12, AhHEE
LNV TORBETEDOL AN I L ERDTND, &
@ Fig.13 IR T RMIE, Rk T = O F34E & ik
TR & RO 7 BOEB AT OMEFR B ERTH 50 &
TFREE L~V IZ BT 2 BI5ERIE, Fig13 ORTRL
TV AERBEMBICHE ST, KiftiL T & 50cm % 3
ZHMEREL LS5, BIfEToEs 7700 -
YIalb=va Y EAT) I L NV ORGEIZ 25T
X, BEHEE2 025 1 OFPTRY 5% WnE )T, &
KTH 3 LANIWONEEL NV & EET 5 LEND S,

FOE FHEBKREROSETE

51 —ifi

EVYTFALE -V Ial—TarpbiEohii
FIMTEE & = 2 e B 4 CBL L 7= F8 45 B il A
BRI 5o F7z, WENY— FHl# & D727 HA
A (TR V=vay) b, LEMY) ORR
@R (LT, T4EMER]) 2545,
G E M OFMGTEL 5.2 1260 . 72, FERm
R OEHIE 53 1269 6




(2009)

162 RAT AR SE TR 5 210 %
20 o4 20 04
15 A\ 03 15 03
| u ¥ o %
L@IO» 0.2%&%10 o.z‘{g
5 7 0.1 5 0.1
0 \NHH.HHHH‘HH“
0.0 L N R R A R R A R B A
0 5 100 150 200 250 300 % 50 100 15 200 250 300
Rk Tk (em) RUIL T (cm)
(a) B KM FE 150gal (b) Fie KM HE 300gal
20 04
15 03
E 10 02 =
5 %__ Ol]
o bt Mx L 0
0 50 100 150 200 250 300
Kbk (em)
(c) I RN L 600gal
Fig.13 KL FTmOL A7 T 4
() we—_ /
RGEE MR L L, RFVREDSFEE T 2R L HEOK
ESBLTRBLZb O Th D, —F, WENF—F °
&, WEOHBM, >F 0 1FEMHAZ) OMEEDIE 4 05
HHERZFML 720D THD I &hn, MELEET L %
TET, LAEMA) OMEIC L 2 EEHSR (FRH %R ® 04 W AHIG0om)
ﬁEE’Tf:) j]\‘jki 2o / —— W R#%G0cm)
02 -
5.2 IEHERIROE o
S, EYF AL S YAl ay 0 300 6;;;;][.55;3(;?)0 1200 1500

2545 5N D S RMEEE & =R o B 47 2 A Bk
BLI3AG O BRE AT R TR 2 2 & TRl 40

[#%5]

ATTHEB ORIINHIEZ /8T A —F & L 72Kk
LNV OEGHERIL 44 | RS HETRD B 2 L sk
%o BB, 4.4 TROZEIMEE L~V OEE
TR A2 M E LTRD LI LIk b, WM~
B 72 5 T, BINEREE L~V ORISR A5 $iiE
WA ORFESAEBTH L E LTRDD Z LAk
5o TOMEIFIZONWTIE, WHFEKEHNLZLTRD S
ZENHRD,

BEAE D LCC FHtio ) & L, JBEEMRZ Ko 72
FEH % Fig.l4 IZR T XRATO 7 4 V¥ A0 LTI
TN RE 150, 300, 600gal, x5 Iox L ikt
FEE 300, 600, 900gal TEYFANE - Ial— g
VEFERLTWA, INHOFE LI, Figld hiz

Fig.14 Rl R O IRLG R HIAR

Oy bLTHoH. BB, W EIER A O R0
MBI TH L L LTlE LA ERTRL Th b,

53 FRKEEROEH

PRI, TREE MM & R N — Nl
MO TRATHEBET LI LD TE S,
(2)

dH ()
do

p=JF(a)

Z 2, p AR
Fla) : fEEE AR
H(a) @ M5 — Nl
a ©ERKIHEE




& YR BRI ERLT 4 VY AOMEE ) RV R FRE L 7o EEil:

Table 4 47 [ B URESR D S0 A
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o | da | M | M@ | oM | Flo) G | Flo) G | T O ede ] Flod e de

0.0 0.0 1.000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

4.6 4.6 0.381 0.619 1.36E-01 7.58E-23 1.31E-85 4.69E-23 8.11E-86

18.2 13.7 0.244 0.137 1.00E-02 4,75E-11 8.97E-46 6.52E-12 1.23E-46

36.4 18.2 0.181 0.063 3.47E-03 6.93E-07 1.28E-30 4.37E-08 8.07E-32

54.6 18.2 0.128 0.053 2.90E-03 5.60E-05 3.19E-23 2.96E-06 1.68E-24

72.8 18.2 0.092 0.036 1.98E-03 7.38E-04 1.25E-18 2.66E-05 4.49E-20

91.0 18.2 0.067 0.025 1.35E-03 4,04E-03 1.92E-15 9.94E-05 4,72E-17

109.2 18.2 0.050 0.017 9.50E-04 1.34E-02 4.43E-13 2.31E-04 7.66E-15

127.4 18.2 0.038 0.012 6.79E-04 3.22E-0.2 2.98E-11 3.98E-04 3.69E-13

145.6 18.2 0.029 0.009 4.93E-04 6.28E-0.2 8.59E-10 5.64E-04 7.71E-12

163.8 18.2 0.022 0.007 3.63E-04 1.05E-01 1.33E-08 6.95E-04 8.81E-11

182.0 18.2 0.017 0.005 2.70E-04 1.58E-01 1.30E-07 7.79E-04 6.41E-10

209.3 27.3 0.012 0.005 1.91E-04 2.52E-01 2.08E-06 1.31E-03 1.08E-08

236.6 27.3 0.008 0.003 1.28E-04 3.53E-01 1.86E-05 1.23E-03 6.49E-08

263.9 27.3 0.006 0.002 8.72E-05 4.53E-01 1.09E-04 1.08E-03 2.60E-07

291.2 27.3 0.004 0.002 6.05E-05 5.46E-01 4.63E-04 9.01E-04 7.64E-07

3185 27.3 0.003 0.001 4.24E-05 6.29E-01 1.53E-03 7.28E-04 1.77E-06

345.8 27.3 0.002 0.001 3.03E-05 7.00E-01 4.14E-03 5.79E-04 3.43E-06

373.1 27.3 0.001 0.001 2.19E-05 7.60E-01 9.56E-03 4.55E-04 5.72E-06

400.4 27.3 0.001 0.000 1.61E-05 8.09E-01 1.94E-02 3.54E-04 8.49E-06

427.7 27.3 0.001 0.000 1.19E-05 8.48E-01 3.52E-02 2.75E-04 1.14E-05

455.0 27.3 0.001 0.000 8.74E-06 8.80E-01 5.85E-02 2.10E-04 1.40E-05

500.5 455 0.001 0.000 6.07E-06 9.20E-01 1.16E-01 2.54E-04 3.21E-05

546.0 455 0.000 0.000 3.92E-06 9.46E-01 1.96E-01 1.69E-04 3.50E-05

591.5 455 0.000 0.000 2.58E-06 9.64E-01 2.94E-01 1.13E-04 3.45E-05

637.0 455 0.000 0.000 1.70E-06 9.76E-01 4.01E-01 7.55E-05 3.10E-05

682.6 455 0.000 0.000 1.18E-06 9.84E-01 5.07E-01 5.26E-05 2.71E-05

728.1 45.5 0.000 0.000 7.71E-07 9.89E-01 6.07E-01 3.47E-05 2.13E-05

773.6 455 0.000 0.000 5.13E-07 9.93E-01 6.94E-01 2.32E-05 1.62E-05

819.1 45.5 0.000 0.000 3.42E-07 9.95E-01 7.68E-01 1.55E-05 1.19E-05

910.1 91.0 0.000 1.73E-05 1.90E-07 9.98E-01 8.73E-01 1.72E-05 1.51E-05

A TH R A 2 ¥ 1.07E-02 2.70E-04

[fA#ZE5) 0.20 ‘ ‘ — 1.00

. —dH(a)/d o -

2) ROFEETH 2 Fla) I HEHERRZOL DT AN I P
BN, WENY— Nl H(a) OO dH (a ) /da 12, “E 015 [{=--Fla) %) // 0.75
R L B M IS B ATRENED & B ORI RE O 5 / 7
SEEBBICHNT 2 b D Th D, SBEEMR BEN < 010 / YA 050 2
P — PO Z N2 NASEREEIC L > THENTW D 2 / /

Bend, BRI L o THERS I ENTEDN, —  F ogs / . 025
FERIZ SRR & 72 B / s

ERNZIEE LTIk, HROEIEOY 7 b % i 000 L 4 000

LT, BER LRI E»SRD D T EPHR L, BEHED 0 150 300 450 600 750 900

LCC FHlilc BT A 5 H Mm% Table 4 12787 AFIEHIIZ
DWCIL[E Table ® 54 H & 6 5 H, FtzizoW Tk
5518 & 65 B OREMAEREMERICHY T 2, 2
RO Figl5 12Rd . BEFMRFEICL )RS

RFAMEEE (en/s?)

Fig.15 SRR OB EEE
(Rimik M= OBRFHE 50cm) Ol
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Table5 LR (Kimik FEFYE 50cm)

A T i S 2R
xF SR 1.07 x 107
x5 t4 2.70 x 10

Table 6 4ERBHESR (KoL T RIHE 75cm)

A T i S 2R
xF SR 4.92 x 10°
x5 th 5.77 x 10°

727 4V A OKR IO FE R BHERE R OB B/ R T,
FNZFN Table5 & Table 6 12787,

£6E LCCOEE

6.1 —ii%

RIS L, RPET, BWERA IV T LCC
R Do BT 6210600 B, WEA
IZOWTIE, BIREHT B Bk RHT 4612 3550 Tl
YIRS B

()

HELLZLCCIZEDWT, HRLLTWVWE T4V
A DNER K OLEMER, WEROBHICOWT, &
HYLZeaREE D, B, BEELZLCCIE, EF
L 7B S DA 7 ) A7 OZ bz ZEE L Tw
Bo LI T RBIZEZ SN T A NVT AIIONWTIE,
INETOY A7 WAL, B S A5 o LCC
FMiEAT) LR BLDOTHY, TNTTHOY AT %
LWL CEHIT A8 a101%, Bk ICH > T LCC % 5T
fidsZEDNUETHLELL LN,

6.2 HEAE

LCCiE, kXD bF—# VT A FTHEHET S,

7C(n)=C, +i ».C, (3)

22z, TC (n) - =% Va A b
Co & Kty
Cf : BeE%H
n AEEEER

b5

SEMBHEREE p 225, TREHAVT, 74 V5 L0
WEHNE M=% )L AMTC (n) OBEFRZIFML, &
AR MRWEIA MEAXER L MAHM o LCC

DEMEITH o

p.=pl-p)” (4)

7C(n)=C,+3 p,C, o

Z 2, p i EH TOMEERE R,
FROEZHIE, BEER 0 FORIZ [WIFNrORk
RMEEE R LC 1 maES 2 (1 mgEsiud, x
RLTHBEINDL D TTOLDERL D) |0 FRIL,
M1FEHICHEEST 2 | B [2EHICHES L HR, -
MEHICHET 2] HROMERTRE DL, ZNER
L7=DA3Figl6 THh b, DL, [n4FEHIHEET S ]
EWIHHERZE, [(h—1) FHETITHPEL 2] &w
VEEOTTCO MHEHIZEET L] FRTH D, (n -
1) FHETICHIEL Z2igsE (LEBIHEEST, 24
HlIoHEEs, - - - - (n—1) FEHLBEELZVE W
I S ERESE) (QRETRESN, nfFEHICRET S
i p & OFET nFEHIZHIET 25 p, RSN 5,

(1-py" (6)
Z2T, 1FEBRICHET AR p, 2FHICHIET L
Fp, - ERMEL, ENOMILTHLELTREL

Hbes I LT, KATRIND nFHE TORBERR
PEOND, COWBEERIZHEETIANC EZRLLZ
LT, nfEHFETOMEHEIA ML, 51T
WaAAMCEMAALEZE, nEHETOMHE N —%
VIAANERD,

> p (7)
i=1
—— nFRoOmERHER 0
1 E B IR 2 FHICHR
P P2

Py
p.=pl-p)" @)

pln)= ip, ©)

Fig.16 n 4L OB HE O &



Table 7 LCC OFIHEE (Kinit FmORARE% 50cm (2

N
N

e R RN BT 4 VT AR ) A 7 2 FE L ke

58, 50AEFE TR L TRY)

BRI o (Lp)™ S p(p-1)™ Co+Cf * X p(p-1)
n Cf=10 Cf=20 Cf=30
0 0.000E+00 | 0.000E+00 10.000 20.000 40.000
1 2.700E-04 2.700E-04 10.014 20.014 40.014
2 2.699E-04 5.399E-04 10.027 20.027 40.027
3 2.699E-04 8.098E-04 10.040 20.040 40.040
4 2.698E-04 1.080E-03 10.054 20.054 40.054
5 2.697E-04 1.349E-03 10.067 20.067 40.067
6 2.696E-04 1.619E-03 10.081 20.081 40.081
7 2.696E-04 1.888E-03 10.094 20.094 40.094
8 2.695E-04 2.158E-03 10.108 20.108 40.108
9 2.694E-04 2.427E-03 10.121 20.121 40.121
10 2.693E-04 2.697E-03 10.135 20.135 40.135
11 2.693E-04 2.966E-03 10.148 20.148 40.148
12 2.692E-04 3.235E-03 10.162 20.162 40.162
13 2.691E-04 3.504E-03 10.175 20.175 40.175
14 2.691E-04 3.773E-03 10.189 20.189 40.189
15 2.690E-04 4.042E-03 10.202 20.202 40.202
16 2.689E-04 4.311E-03 10.216 20.216 40.216
17 2.688E-04 4,580E-03 10.229 20.229 40.229
18 2.688E-04 4.849E-03 10.242 20.242 40.242
19 2.687E-04 5.118E-03 10.256 20.256 40.256
20 2.686E-04 5.386E-03 10.269 20.269 40.269
21 2.685E-04 5.655E-03 10.283 20.283 40.283
22 2.685E-04 5.923E-03 10.296 20.296 40.296
23 2.684E-04 6.192E-03 10.310 20.310 40.310
24 2.683E-04 6.460E-03 10.323 20.323 40.323
25 2.683E-04 6.728E-03 10.336 20.336 40.336
26 2.682E-04 6.996E-03 10.350 20.350 40.350
27 2.681E-04 7.264E-03 10.363 20.363 40.363
28 2.680E-04 7.533E-03 10.377 20.377 40.377
29 2.680E-04 7.800E-03 10.390 20.390 40.390
30 2.679E-04 8.068E-03 10.403 20.403 40.403
31 2.678E-04 8.336E-03 10.417 20.417 40.417
32 2.677E-04 8.604E-03 10.430 20.430 40.430
33 2.677E-04 8.872E-03 10.444 20.444 40.444
34 2.676E-04 9.139E-03 10.457 20.457 40.457
35 2.675E-04 9.407E-03 10.470 20.470 40.470
36 2.675E-04 9.674E-03 10.484 20.484 40.484
37 2.674E-04 9.942E-03 10.497 20.497 40.497
38 2.673E-04 1.021E-02 10510 20.510 40.510
39 2.672E-04 1.048E-02 10.524 20.524 40.524
40 2.672E-04 1.074E-02 10.537 20.537 40.537
41 2.671E-04 1.101E-02 10.551 20.551 40.551
42 2.670E-04 1.128E-02 10.564 20.564 40.564
43 2.670E-04 1.154E-02 10577 20.577 40.577
44 2.669E-04 1.181E-02 10.591 20.591 40.591
45 2.668E-04 1.208E-02 10.604 20.604 4.0604
46 2.667E-04 1.234E-02 10.617 20.617 40.617
47 2.667E-04 1.261E-02 10.631 20.631 40.631
48 2.666E-04 1.288E-02 10.644 20.644 40.644
49 2.665E-04 1.314E-02 10.657 20.657 40.657
50 2.665E-04 1.341E-02 10.671 20.671 40.671

R4 IAENES p = 270 x 10°
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Fig.l FHA&HIX O
Location map of study area
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Table 1 FiAATHE
Schedule of investigation
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©7 1 >Ny MEBERED /KT R

e - EAE /KT

Fit 8.0 ~ 9.0m%s - ¥ 3.2m - 177 90kw & 130kW O 2 &
DOr—=v b AFR—7x Y HIRXD/NKIEFE

FHRSE AT O /KT

Fif 1.5mfs - 77 1.4m - HiJJ 18KW O & A JKEE
OPE R S VANV ST

FARSE L HRFEHVE IS & BNk T

Fit 4.65m%s - %725 2.6m - 1)) 73kW D A 75 2 KE

26Sep.
(&)

Ty Ay TV

@71 ¥ Ny N ORI FLEE
FERISE ¢ & AR D /N KT
i 1.22m%s - 757 33.0m - 77 327kW @~ 0 2 7 0 —KHLASE 2 &

27Sep.
(+)

—a )Xy

W< A > - FF 7 EmmoikI s
ShRSE A A S ORHAKIZ & B KTT
Fii 4.8mfs - 7 18.0m - 1)) 720kW D T 5 L KE

28Sep.
(H)

Fr ALy TN

Qo 75— R
R © kA —h — % B E L H
02 70— KETEEHFR BRI AT 5

29Sep.
(H)

SNV

@YLEER O TIVOLI K158 BT %
G T NA TV VIRITEBIH AR T A 7 Vit LT
i 12.5m%s - 7= 4.5m - i) 450kW ;2 &

Table 2 2006 4F DA HEL A L F —DE &
Proportion of renewable energy in 2006

Table 3

B A V2B 2K FEERT L
Number of small hydroelectric power plants and output in Germany
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CEW)) # R | GEF | M 2005 4F- 2006 4F

(Twh) | (Twh) | (Twh) | (Twh) | (%) 5. 000KW LU 7201 7504
x 7 210 216 14 KD FREEL | 5,000kW DLE 155 155
Ja 7] 30.5 30.5 16.1 pn 7,356 7679
INA F A 18.6 83.9 275 | 1300 68.6 5,000kW LI 815 869
A B 20 20 1 o475 | 5,000kwW DL L 3,466 3,466
A B 34 34 18 At 4,680 4,700
H £ 0.1 2.1 2.1 1.1
& B 72.7 89.4 275 | 189.6 | 100.0
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Breast wheel of Naurfreunde in Kalsruhe
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Kaplan turbine at Main-Donau canal
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Figd P OFEEIT O
Outline of hydropower plant under construction

o

Fig.5 AFTE O &8 AKE
Spiral water mill of individual ownership
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River improvement that considers environment along
with water mill installation
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Situation in factory of Ossberger
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Fig.8 iRiletk = 3 Gt AR 1A
Board that prevents floating waste from flowing into a sluicegate
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Flash-type trash removal scleen

Fig.10 77— N % 1 7OBER
Gate-type trash removal scleen
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Investigation Report of Small Scale Hydropower
in South Germany and View in the Future of
Small Scale Hydropower of Rural Area in Japan

GOTO Masahiro, UESAKA Hiroyuki and KOBAYASHI Hisashi

Summary

We surveyed south Germany where a lot of small hydraulic power plants existed. As a result of the investigation,
interesting findings were obtained as follows.

1) The power plant of 5,000kW or less was constructed from 2005 to 2006 by about as much as 300 plats in Germany.
The average output of the constructed power plant in one place was about 160kW.

2) The existence of a small hydro-power entrepreneurs of individual ownership, a joint investment, the civic group,
and the public organization, etc. was able to be confirmed.

3) Feed-in electricity tariffs have been introduced in Germany to encourage the use of new energy technologies such as
wind power, biomass, hydropower, geothermal power and solar photovoltaics. FIT was €0.0767 per kWh in 2000,
€0.0967 per kWh in 2004 with responsible concern for the environment, €0.1167 per kWh in 2009.

4) A lot of small hydro-power companies have been approved as an enterprise.

Keywords : small scale hydropower, Germany, feed-in tariff
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Influence of Backwater, Free Overfall on Discharge Coefficients,
Overflow Regimes of High-density Labyrinth Weirs

TSUNESUMI Naoto, TAKAKI Kyoji, GOTO Masahiro and NAMIHIRA Atsushi

Summary

Labyrinth weirs have higher discharge capability than straight standard weirs. Therefore, it is useful for repair works
of small fill dam spillways required increase of discharge ability for safety of their downstream areas. Nevertheless dis-
charge capability of labyrinth weirs wasn’t clear in imperfect or submerged overflow which hydraulic designs of these
conditions can be effective for reduction of downstream channel volume in fill dam spillway, especially on high-density
labyrinth weirs which have high discharge ability and a good effect on efficient repair works by those compatible units
in spite of long crest length.

In this study, we investigated discharge coefficient, overflow regimes of a high-density and semi-triangular laby-
rinth weir which had relatively high discharge capability and stable overflow state in our former study. The results in
hydraulic experiments indicated below.

1) Discharge coefficients per unit width (C.) of labyrinth weir are not necessarily decreased to increase of backwa-
ter in case of low head in spite of high-density plan form.

2) Cuw change by plan overflow regimes of labyrinth weirs. Namely, C,r are relatively flat in free nappe regime,
increase in transitional regime, and decrease in imperfect or submerged nappe regime to increase of backwater.

3) Decrease of Cy in case of high head is low, which has capability of hydraulic design in imperfect overflow
state.

4) Hydraulic design routine in imperfect overflow regime was proposed using a regressive formula of discharge
coefficient from the above results.

5) Cur in case of drop right downstream of the labyrinth weir are nearly same with those in case of flat bed in spite
of difference of plan overflow regime at the same heads.

Keywords : weir, labyrinth weir, discharge coefficient, backwater, drop down, hydraulic experiment
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Figl A##E, BB LU CLMOKEERMN
Water channel system diagram of A trunk line,
B branch line and C branch line

Fig.2 A B KA
Hydrology longitudinal figure of A trunk line
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Fig3 B 3o K BRAEIT
Hydrology longitudinal figure of B branch line

Figd C 3o KBRAEIT
Hydrology longitudinal figure of C branch line

%o M5, BT E CHMITL — VEDPHRIN TV S, 12, ABBOTHRMO A ¥ FTIE, @kl (=7 A
Riskhk s L Ok EZ Table 1D L B Y THhH D, & TA v R), ISy e s R BLO
TR BOWTIRENTICH W iE L, PR ORI E % # AL (R SR O 3 HEA M S LTz,
EL, TH8HEDTH 6 MBI 5HEKEE L7z, fi)y, XWOETDOAY ¥ NIk @Gl (ZT7AF 1 v
ABBOTHME THOEHIZBITA A ¥ FTIE, X)), WSy T EREGFECHIZ EED 2 EA S

WREGEG 1E D xR TED S T Wb, FighIiZmd L9 Twie,
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Table 1 i@kt & Wit OFEIT
The dimension of facilities structure and flow rate
A FRf
2% v K% No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 | No.10 | No.11 | No.12 | No.13
EE 33 | 3275 | 3.275 4 3 3 3 3 3 3 3 3 3
& 2 2 2 2.3 2 25 25 25 25 25 25 25 4.25
) 5.9 416 | 5.46 6.5 7 7.4 73 5.95 73 595 | 755 | 7.25 8
— YK JE R 190.6 | 183.6 | 176.8 | 166.35 | 158.273 | 154.067 | 149.194 | 146.7 |141.743 | 138.139 | 132.993 | 128.627 | 122.35
e e THR | 191.2 185 | 178.25 | 167.903 | 159.55 | 156.695 | 150.04 | 147.969 | 144 |139.443 |135.493 | 130.57 | 124.05
WK 1.931 | 1.832 | 1.745 | 1.661 | 1.516 | 1.516 | 1.516 | 1516 | 1479 | 1.422 | 1.422 | 1333 | 1.476
oK 0.068 | 0.087 | 0.084 | 0.112 | 0.000 | 0.000 | 0.000 | 0.037 | 0.057 | 0.000 | 0050 | 0.024 | 0.177
— I 2 3.275 2 2.3 2 25 25 25 25 25 2 25 4
[ 4.85 2.9 45 555 | 595 | 5784 | 6.046 | 4.699 | 6.086 | 4724 | 6344 | 4302 73
£ 33 | 3275 | 3275 3 3 3 3 3 3 3 3 3 3
& 2 2 2 2.3 2 25 25 25 25 25 25 25 4.25
[ 5.9 416 | 546 6.8 7 7.4 73 5.95 73 595 | 755 | 7.25 8
ZUOKAE JE = 190.6 | 183.6 | 177.7 | 166.35 | 158.273 | 154.067 | 149.194 | 146.7 |141.743 | 138.139 | 132.993 | 128.627 | 122.35
RS TES | 1912 | 185 | 176.8 | 167.903 | 159.55 | 155.367 | 150.579 | 147.862 | 142.943 |0.664482| 134.193 | 130.57 | 124.05
S 7K 1.863 | 1.745 | 1.661 | 1.549 | 1.516 | 1.516 | 1.516 | 1479 | 1422 | 1.422 | 1372 | 1550 | 1.299
Gy K 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.00 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
B =i
VA No.14 | No.15 | No.16 | No.17 | No.18 | No.19 | No.20 | No.21 | No.22
o) 453 2.52 253 25 25 2 2 2 1.35
& 2.01 2.52 2.51 25 2.75 2 15 15 5
o) 6.924 | 6.487 | 5583 6.25 6.9 7.34 5.9 6.4 7.35
— YA = 1209 | 1181 |116.917 | 1142 | 1132 | 111.06 | 1105 | 107.96 | 105.4
RS TES | 1221 | 1198 | 118.034 | 1153 | 1143 | 11216 | 1115 | 108.96 | 106.3
K 0.794 | 0635 | 0626 | 0.618 | 0.592 | 0.554 | 0.488 | 0.403 | 0.251
o3 7K 0.000 | 0.009 | 0.008 | 0.026 | 0.038 | 0.066 | 0.053 | 0.152 | 0.050
— j 2.01 2.52 251 2.5 25 2 15 2 5
= 5.608 | 5.187 | 4.406 4.85 55 5.94 45 5 5.8
o) 2.03 2.52 2.52 25 25 25 2 25 2.1
i 2.01 252 2,51 25 2.75 2 15 15 5
) 6.924 | 6.487 | 5583 6.25 6.9 7.34 5.9 6.4 7.35
ZUIRAY T 1209 | 1181 |116.917 | 1142 | 113.2 | 111.06 | 110.05 | 107.96 | 105.4
W& TR | 1221 | 1193 | 118.031 | 1153 | 1143 | 112.06 | 111.5 | 108.96 | 106.3
7K 0.794 | 0626 | 0618 | 0.592 | 0.554 | 0.488 | 0.435 | 0.251 | 0.201
Gr K 0.159 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
C
Ay 4% No.23 | No.24 | No.25 | No.26 | No.27
£ 2.54 25 25 25 2
& 2 2 2 2 25
S 8303 | 5572 | 6.689 6.76 8.36
— YK JE 117.504 | 117.37 | 114.505 | 112.357 | 110.058
Wl TE R | 118.884 | 118.434 | 115.47 | 113.457 | 111.158
JHIK 0.505 | 0505 | 0.505 | 0.437 | 0.431
SRR 0.000 | 0.000 | 0.068 | 0.006 | 0.000
b ja‘ 2 2 2 2 25
= 7.008 | 4272 | 5389 | 5702 | 7.156
£ 1.99 2 2 2.02 4
i 2 2 2 2 25
S 8303 | 5572 | 6.689 6.76 8.36
ZUOKAE JE 117.504 | 117.37 | 114.505 | 112.357 | 110.058
BehiE THE | 120.329 | 118.434 | 115.47 | 113.457 | 111.158
KR 0.505 | 0505 | 0.437 | 0431 | 0431
Gy K 0.000 | 0.000 | 0.000 | 0.000 | 0.297
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Fig5 A% v Nk
The structure of the stand
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Time series change of the water-level in the surging phenomenon
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Table 2 BB L 72 IREYBLR o JE 0 Bk 12k

Frequency characteristics of observed surging phenomenon
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The element which formed the water channel structure of the U-tube
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Fig.9 A iR JE I 50
Frequency characteristics of the A trunk line

Fig.10 B SZH# o I KU
Frequency characteristics of the B branch line

Fig.1l  C 3C# o B IR E
Frequency characteristics of the C branch line
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Fig.12 A BHE 0 JE P JURE
Frequency characteristics of the A trunk line

Fig.13 B SZHE o R
Frequency characteristics of the B branch line

Fig.14 C o BRI
Frequency characteristics of the C branch line
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Frequency characteristics of the A trunk line

Fig.16 B S I U1
Frequency characteristics of the B branch line
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