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Nutrients Runoff from a Forested Catchment during an Extreme Storm Event:
A Case Study of the Headwaters of the Shimanto River
in the Western Part of Kochi Prefecture, Japan in July, 2011
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We investigated the loads of suspended solids (SS), total (TN) and dissolved (DN) nitrogen during an extreme
storm event (total rainfall, 742 mm) on 18 and 19 July 2011 in a forested mountain headwater catchment of the
Shimanto River in the western part of Kochi Prefecture, Japan. We compared the extreme storm event with the normal
event (total rainfall, below 100 mm) and the storm event (total rainfall, 100 — 300 mm). The experimental catchment
(73 ha) has an underlayer of sandstone and is mainly covered with a secondary forest that comprises evergreen trees.
Samples of streamwater were collected every two hours using an automatic water sampler during six events (total
rainfall, 44 — 742 mm). The load of TN during the extreme storm event was about 5 kg ha™ event™, which is similar to
the domestic average annual TN load (4.9 kg ha™ yr'). The proportion of DN to TN in the specific cumulative load
decreased sharply from 97% — 99% in the normal event and 77% — 97% in the storm event to 5% in the extreme storm
event phase. The results clearly show that the load of particulate nitrogen was markedly greater than the load of DN

during the extreme storm event.
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Fig. 1 Location of the experimental site.
This figure is based on the map presented by
Geospatial Information Authority of Japan.
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Fig. 2 The relationship between water level and runoff.
Open circles represent observed datasets.
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Fig. 3 Separation of stormflow and baseflow.
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Fig. 4 The relationship between SS concentration and PN/
TN ratio.
Two open circles represent datasets excluded for
calculating the regression equation.
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Table 1 Rainfall events characteristics.

Average rainfall

The number of event Date Total rainfall

Maximum Antecedent rainfall

Direct runoff ~ Direct runoff ratio

intensity rainfall intensity within 5 days

No. mm mm h' mm h' mm mm %

@® 2011/5/11-12 44.0 2.9 11.0 36.0 13.5 30.7
@ 2010/10/8-9 775 2.5 9.5 28.0 22.7 29.3
&) 2011/9/2-3 133.0 4.6 115 6.5 24.1 18.1
@ 2012/8/1-5 142.0 4.7 19.0 2.0 459 323
® 2011/5/26-29 210.5 2.5 185 53.0 83.9 39.9
© 2011/7/18-19 741.5 16.5 45.5 5.5 361.4 43.7
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Fig. 5 Temporal variation in rainfall, runoff and nutrients
concentration of stream water during “normal event
(event M) ”.
Two black arrows represent the begin (left) and
the end (right) of the cumulative specific runoff.
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concentration of stream water during “storm event
(event ®)".

Two black arrows represent the begin (left) and
the end (right) of the cumulative specific runoff.
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Fig. 7 Temporal variation in rainfall, runoff and nutrients
concentration of stream water during “extremely
storm event (event 8®)".

Two black arrows represent the begin (left) and
the end (right) of the cumulative specific runoff.
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kg ha' T, “AKHAK" @0.11~0.19 kg ha™ & LTI
12% <, KA OFHMIKHLTHBETHo7ze —
Ji, “FdHiK” © DN St id 0.28 kg ha' T,
KK OFME (013 kg ha) IS L TR 21 e,
SSR TN IZHRTHFE DML h o7z

3.5 SS, TN, DN OEBGHarmE

EM o SS, TN, DN ot thfam & #2553 57290, 8
WAED 7 KO B (2) KiZ Table 212R L
7B wmH U ChYgHEE Lizs “Mim bk 2358k L7z
2011 £ SS, TN, DN O4ER it th B s i 2 i L 7258 31
(Method B {2 & 5 RIEHMNIZERR), ZhEh
5607 (7270) kg ha™ yr', 13.7 (15.8) kg ha yr?, 4.2
kg hat yr' Tdh 72 (Table 3), 7 X ¥ A8 5 [k
Fl 2w, 2011 48, 2012 sED4ERKR (ZhEh
4006 mm, 4087 mm)'” 13 FAEfE (3329 mm)'” k) %
MmolzZ Enn, FEHOVBBMLZFIEFEL) DLW
THhol- L HHTX 5,

3.6 “HEERHZK” O SS ORIERMAR B & UREBLKE

KD SSEEZRLE L 23 B (A XY O 2011 4F
7H19H 4:00) Ok S X OV 2R R E RS 5
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Fig. 8 The relationships (a) between the cumulative
specific runoff and the cumulative specific load of
SS, (b) between the cumulative specific runoff and
the cumulative specific load of total nitrogen and
(c) between the cumulative specific runoff and the
cumulative specific load of dissolved nitrogen.

Table 2 Parameter values of the TL-2Q (XL=a¢ (2Q)")
method.

SS TN DN
a b R’ a b R? a b R’
411x10™ 255 0935 9.89x10™* 1.37 0916 155 0513 0.860

Table 3 Annual SS, TN and DN loads estimated by the XL-XQ method.

Proportion of loads during flood

Year Annual loads event to the annual loads
SS TN DN SS TN DN
kg ha yr' kg ha™ yr' kg ha yr! % % %
Method A 2011 5607 13.7 4.2 99.6 87.3 58.4
2012 7097 16.2 6.0 99.6 83.2 55.1
Method B 2011 7270 15.8 - 99.7 88.9 -
2012 10327 22.2 - 99.7 87.8 -
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%, ZNZNFig. 9, Fig. 10 121" F o RS N7
W, TRERIS 72 ) O KBENBEEE (455 mm h™) % fdék
L2E#ET, WMERY—27I10ET 25 BMEITh o 72,
SS DRAAEALEIZ, 0.212~2 mm AIFEBEIRIZE L, ko
83% % 5720 0.063~0.212 mm 728 10%, 0.5 ~ 63 um
234%, 2~9 mm D 3% TH o720 SSHEDOHERL 5D
EHFIX12%E, KiB5 2 EEWASEO TWiz, Mg
L THBLE, 05~63 um, 0.063~0.212 mm, 0.212~2
mm D&MW DAEER DO EHRILZFNZFIN16%, 10%,
10%, 2~9 mm 5D & 75% Tdh > 720

3.7 SSIEE & PNEEEDER

SSigEE L PNIREE L DBIfR (n=50) % Fig. 1117”7,
BRE LTIESSIENREL 25 E PNEDREL R
LERDIAR S NIz, FEICAD &, SSiEEAT128 mg L'
(n=41) DUF O#iPFOMBIFRENL 0.95 & ®ir o7z, SSit
E’Z?ﬁ%ﬂi DREWVEIPATIE, SSHEEA 530 mg L' @

, PNIBREEAT0.11 mg L' SSi&EEAY890 mg L o,

PN TEFEAS7.32 mg L7 OFENEABIL S, FRED SS

O 0.5~63gm, O 0.06370.212mm, Q O.212~2m‘m, ] 2~9mm

0% 20% 40% 60% 80% 100%

Fig. 9 The particle size distribution of SS obtained at a.m.
4:00 on 19 July, 2011 during “extremely storm
event (event ®)".

0.5~63 pm 0.063~0.212 mm  0.212~2 mm 2~9 mm

d O organic
O inorganic

Fig. 10 The ignition loss of SS obtained during “extremely
storm event (event ©)".
Two numbers within each circle represent organic
and inorganic matter contents.

WEEICXT L C PN igEEOE L R E L, HBRENZ0.73
NMETF L7z (1=50), SS IR LT PN EEOKWT
—Zi WomiAKT OFICTHEEEFAE TSN D
DTHolze LLED@Y, SSiEEARER 100 mg L 2
W Z R WHLPHCIE SS TR L PN IR & OMBIZE VDS,
SSEREEAMEA 100 mg L il 2 5 & PN OB
REDPo7z

4. EBE

4.1 “HEimHIK” @SS, TN, DNIBEEDLEE

w12 B A SSIREEE, WEY — 27 OEHIT
BT ORAILEE, 5982 mg L AR L7z, Jhud,
N O BT T RHBE 2 KB GBFEK = 156~411
mm) (ZEH S R, 120~814 mg L%, #9200
~650 mg LY, #600mg L' k14— —K
EWTH -7 (Table 4), RIRLHMEDORFE % L5R1E
DI LFELEEIBA, 10° F — 7 — D E o SS i A

ENDA, WEHOBMOFERTIZ 10’ A — 5 — D SS HL
10 5

!

R

= ]

gb ] eceding rimb in

=~ 1 “extremely storm event”

E 0.1 5 ®e Yoo
] °

0.01 4R —0rrrrrm

10 100 1000 10000
SS (mg L)

Fig. 11 The relationship between SS concentration and PN
concentration.
Twenty open diamond shapes on the horizontal
axis represent invisible datasets in Fig. 11 because
of PN concentration < 0.01 mg L™. Thirteen open
circles represent datasets obtained during
“extremely storm event (event ®)”. Open circles
surrounded by dotted line represent datasets
obtained during the receding rimb.

Table 4 Maximum of SS and TN concentrations during storm event and extreme storm event.

. Total Maximum rainfall Maximum SS Maximum TN
Location . R . . .

rainfall intensity concentration concentration
mm mm h™ mgL* mg L*!
This study Kochi 741.5 455 5982 7.39
This study Kochi 210.5 185 85 0.91
This study Kochi 142.0 19.0 53 0.89
This study Kochi 133.0 115 51 0.90
Hotta et al. (2007)% Chiba 410.8 62.2 814 -
Hotta et al. (2007)* Chiba 158.6 64.2 3207 -
Hotta et al. (2007)* Chiba 227.1 30.9 120° -
Zhang et al. (2007)“? Mie 209 34 650" 218
Zhang et al. (2007)" Mie 182 14 (30)" 240° 1.82
Zhang et al. (2007)" Mie 156 25 2007 1.4°
Ide et al. (2009)" Fukuoka 190 74* 600° -

*1 Intensity at that the maximum of TN concentration was observed, the number with parenthesis represents maximum intensity during rainfall event

*2 Intensity converted from rainfall intensity per 10 minutes
*3 The approximately value visually judged from figures

Vol. 42 No. 5 (2019)

225



B A5 3L — Survey Paper

MWENBZ LIHEERWE, BIRHAK Tid, KB
HFHROTHEAKTH - TDH 10° mg L' F— ¥ — 0> SS iz
DEIENDL Z Ebholz,

ZHEEOE 2 F N TR TEEIZEE S KO TN 3
ORI 22 mg L7, #18mgL”, 14 mgL”
THo7z (Table 4), “KIK" 2B 5 FiHAKD TN i
FEIZSEATIIZEY & N TRREA o 720 STHIE, ARBFZE
DIFH DRARD SSI|BEI/NS W LD, BEYWHD
T DN LA L RS D B BN
Ll olzold, BEREHA X2 OFRBEKER AR
WBREED N S W Th - 722 &, Ffriige!! oRE
Oz FANTHRTH Y, KIFEL Y REVES D>
T2MTREMEASE Z Db, “WinAK” O TNREIXEY
— 7 AHECRKE 7 5 2 EAXATIZEY LU, B
FHLBE & RO LTl TN R L, JfTise'™ X0 3
IR 2R L72e JEATIIZEYY Bk 209 mm DR
A X bR, PofETRAD TN iR 564 mg L™
EBIILCWD Z L& 2T, Afgecilill sz TN
W (739 mg L) BKELREIETH 5%, BENDH
N1FLMETH Lo BERBBEIRKEZ % ->TH, TNRE
DN BEDLIIKTILZ R — 27T
WRIZHR Do THIUIKEDNE Z UL, |BmbrsL, 3%
IRRPFETIE B CHTE L Tz, XD K& LR T L&)
LIED A7 Th b,

‘MK 1285 DNIEEIXREIEZ 5 & EA L, it
WK AD & DN BIELE T Lz, “MimtK" & “kKH
K DAXRY FOIZBWTIE, BRA XY M
K" AZB S DN EELH & RO EE 2R L7225, it
WA OB T, DNIBEIXKT LiGD, DNIEEEAS
FERAT & 0 S IREE S — @ W ke 9~ % & v o 72 A8 %
RLU72e 29 L7720, Jiskimmfi 73 ha ®K & % itk
DK TR SN2 RTH 5720, —ERO/NRIR
WECTRXHLTIE R L, RNO/NUEM XS5
AV S Nz, ARTEIN T O 2 A B % R
LTWbEEZOLND, FRIIBICE VTR E 2 HKE
DIEFEKD DN &S OZ N L Tl L 72 1
RN7-50 0, Z07, KO DN O 5 &% 2
S5NBEDIENO, M THHI DS, NO; I
BIATHIGE & Il % ik B o NO; BEEDTK & 7 HIKIRELZ
B TE—7iim I ) BB CHFIINF 952 &2,
AL OB 247 mm KO8 289 mm'” o, =&
WhEAKR 182 mm' DR A Ny FTHRESRTw 5,
DN BEOHEZZKTIE, “KHAK 205 “BWigHK" 12
BOTHEMICKRI IR EEZONL, /2, TN &
By, HEIME TS E, DN EEEEmD S
WKHA LB, SO EDND, MBNOHFAERIZERZ D
WoreEZHNS,

4.2 “HEiRHIK” @SS, TN, DN HHE &R E D

Ao “fug K™ @ SS, TN, DN i H & i 2 1%
ZhZh 3108 kg ha' event”, 5.2 kg ha' event’, 0.3
kg ha' event!' Th o720 EPD 23 FRAFTIR THFEK
44~398 mm O 72 MK % H\ZEEBI X 7 1 kB2 D
T AR CEBM) 1%, SS, TN, DN DJEIZ, 70694,
456, 323 kg ha™ event” THh o720 —F, TAEDOFHMH
12B99°% SS, TN, DN OBEHAZO L ¥ 2 —Tl, 133, 4.9,
52 kg ha! yr! L EnCTwaY, RS okt
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i, K" @SS, TN, DN OWg iy JEEIC
INEV, BAFFEY BHE L KRE LTI BE TN
B, RWOPELCTOWLIREED S 5 DT, t7EHDITATHE
% LT 5o ZORE, HEAKT Tid 1 Eo
KT, B OB O 1 AE5ICIEECT 5 TN 2595
L2 tdbhol, ZOHBE LT, “WMlAK Tid
I K X AT &= o> 105 f%, Ko TN BRI B
B TN #EO 7 &, “KHAK (RKFEEIE 5~23 %
RO TN 3~5 %) LR THEL WG 5720
Thhb,

TN BB w12 5% 5 DN BhL A s mo# 4,
‘KT T97~99%, “KHAK” TH 7T7~97% L, HAKRE
BT A2 EORBIIBLAENIRLEEZ D2 (Fig.
12), L2 L, “WumitiAK” o3& Tk TN Bkt &fra
2 ® 5 DN BN EM RO EE13 5% & o TR L 74
D, W LB FIRREEEC R . Z ORI,
R K RO FERMICE LT, MMtz X I
AR & BT T E NI 3 2 0B 2 5 72
DThH Do BBEOBIEH T B0 H AR B
PHLHLY TENTE LA, AFHTIE WimhAK” OEEH
FEHIZE L CRRBIEDSE B 2 B 2 & #WAEITR L 720

ARFFeo 2011 4F, 2012 4EDERI 0 SS, TN i Hi £ &
(Table 3) 1%, Table 5 (ZR3FATHFZE 52 3% 1)
2%, 4ER O DN Ji i B 1333 Uk & Zaswn
EEO B otz. EHO SSHINERMEICE LT, %
FImrge" % X0 £ <, ENO 9 HkFEo SS i #
i R ARMIE632 kg hal yr' ™) X0 v a2 )L
720 ENALD 25 AT RO o> SS i s & 1
RTh, FNOHDOFTNTLY E o7, EMO TN Wi
AMREICELTY, BITHESY 0%, BN 17
IR O BT M (4.9 kg ha yr!, HORAE 209
kg hal yr'®) XV 3% h o7z SSR TN i A
ZE, mHAME DL Z @A SN TwA (Fig.
8). JeATHEgE™s > % 3% 1y KWfgeC SS % TN 25% 2
5720k, SHHTEN L2 bEZEOEE) 12
2, BMKEDZWETH 722 & (AR LIIEDRE)
PENTH B, 2512, Kbz % Xy @Epriac
5 (FHROWBOEE) L bHMamEL NS¢
BITNAEH LW REED S B0 T 72, £ TN i

100 f‘.

90 -
80 - °
70 -
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0 100 200 300 400
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Fig. 12 The relationship between the cumulative specific
runoff and the percentage of dissolved nitrogen
(DN) to total nitrogen (TN).
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Table 5 Comparison of annual loads of SS, TN and DN.

Location Year Annual rainfall Watershed area SS TN DN
! mm km® kg ha” yr kg ha™ yr! kg ha” yr!

This study” Kochi 2011 3991 0.73 5607 13.7 42
This study” Kochi 2012 4134 0.73 7097 16.2 6.0
BHS (1991)% Ibaraki 1985 1742 2.95 295 6.8 377
B - 2HE (1997) Shiga 1989 1709 AHH 64 14 0.6
Hotta et al. (2007)% Chiba 1996~1998 1740~2510" 0.008 71~126° - -
Hotta et al. (2007)% Chiba 1996~1998 1740~2510° 0.011 118~229° - -
Ide et al. (2009)" Fukuoka  2002~2006 1920 0.095 723" - -
w2012 D‘;‘EZ?‘C - - - 133° 49° 527
Bydk (2004)%" Hyogo 2003 2539 0.375 - 24.9 -
BdE (2004) Hyogo 2004 2336 0.375 - 33.2 -

*1 Results estimated by Method A, *2 NO;-N, *3 The approximately value visually judged from figures,

*4 Averaged value in 2002 to 2006 (n=5),

*5 Averaged value (n=9), *6 Averaged value (n=17), *7 Averaged value (n=10)

B2 10~30 kg ha yr' T, AKX Y R & 4%
B D3 B THIIKEHD S OB L BFHAILED
LZRMAIRREIZ D D MR TH 5, BRWANZD D%
M OEM O TN i AR EE (49 kg ha'yr')
D ZWZ ER>ARRBERLTH A2, TN OKIGIE
BIEREDRIRRE R FETH A ¥, T L, £WTTN
ML VARG TIE TN © 2/3 205 3/4 ¥ (Table 3 X
) 2011 4E 69 (73) %. 2012 4F 63 (73) %, HEIRADE
fifild Method B 1230 5E) 2VBETOHRM & 2o
ThBY, Fred £ %, Fo DN it B 2136
ITIRZE 1 LIZIZR U Ch o 720 RO & 5 R
753000 mm % # 2 % HiIs oo 4E B o DN ¥ 7S
ENOFHI 2T (1700 mm)®® 1235 W54 DN
HHEREEEDbL VI Ehs, RINAMRELASAT
% DN (EM, R OWhiIe UC 2kt 5 b D TidZ
{, W50 DN HHIZERTH S Z EHRREN S,
4.3 “fEigHIK” O SS, TN, DN #HEOBIRM - [R5
EE1E

Bz 5 &) B RKWEETIE, FhilpiER e
MRAEL, LROTHHRBOEEE 2, EHICEEs
o0 3556055, FlzIE, ZEEZENLLE]I
THEEEBE, BAPEMCEELLZZEPHMEEINT
WaY, CHIRITICRE LSO EBL E 2 5N
Twh, Mg (Google Earth, #giH 2012/4/1, A
2016/10/1) THEZ L 7-#iPHTIZ, SHo “WiHK <
EAEHH ORI BIS S N o 7o I Tl )R
WEOFAER, NOy IED LA L wo HL MG s n
TWa7, LaLl, Ao "Btk #%o SS, TN,
DN BEEDY Mgk Pt & ) BvikE» s L v
~Z RO O N o7z, 2011 4E 7 F 19 H D H FEK
& (5435 mm) &, [#v=]) BIETOH 2 (L ORLERTZDS,
FLERAY 72 1 BAEK B 1E 2005 4E (595 mm), 2003 4E (455
mm), 2007 4£ (438 mm), 2004 4E (426 mm) (2 d EHES
EhTwa”, o, BE O 10 4EH (2001~2010
) I BO TR LRENICAEDLN TV 2 &H
Dhe T LD, TEMNIIARE LSS BT
FoTWlZEZIT v BLEXY), 4o “fimHh
K" T®SS, TN, DN ¥t I E A R B EE, & 5 I3
WKW E 2 EmOREEIMN 7 EOFFEDRFIZIEDI N
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72b 0TI R L, EROMREY, EiLEo g hs
RIFERIE LSO — KIS S ) BRI €
EEZONDL, ZOZLIX, FL XD RBBEOREIE
ENICHOR & 72548, F#BLO SS, TN, DN i A3 H
DR B EEEZ R LT 5,

FIiCBWT “BUmK” OREEFR NI BRE R H
MIZ% b2 L ZmL7z0s, EINOMOFARIET Wi
HAR" 2354 L7288, RO Z L5 X 20 Retico
WTHREN 5. SS, TN Ot N E IS U TR 5 2 &
X, TOUEDPSKZMTARAEDRLLEZ HNLDT,
DN MK N3 52 LICHEHT %, JiAH D DN O 1 E
LIRETH B NO, iEE" Y 12onT, K& 1K
BEIRT T2 2 EIRENTLRDONAHE Y 2
ATHEWHEE"Y b b, MU L) REBHIED SN
DIFEHEREITY . ZEEGEITY ToBT, Zh
S UHE (B H 5 v idlug i o s) Th
LTl AERKEDNS VT LS THSMEAYEDL Ty
5o ZD72%, [ UBBRKEIEHED X 71 = X L5387 L
TWhEEZONDL, —F, RBOLNTWRWHEFIZE
HH OB Y Th otz TNSORERHMIE, FEF (K
WOFAESEDE  2vy) g (LEPEL, #kit
AR SN D) & &SSP AELE R% ), DN
FEFEAMICT %2 4530 A BEIZET 5 £ 9 K& ka9
DI WD LR LTS, 72770, BEEOHMk
W R R E 151 mm O HKOES, BEEEITEBIEL T
WRIRIK, KD 1T, NO; AL L7222 &A%
WEENTWEY, THLEFHIHL L2 EET D
&, DN OGFLARIZARTH D, FEICKE HBEORK
MFAE L72BEIC TN il SRR TEIC L 2 8
EFEZHOTFMARTERD SN HWMEIRIEB SN S,

4.4 “HEIFHIK OBEBMEDMIR

“HuE K" B SS ORFMAIE, 0.212~2 mm 4},
Wb W MR EL Do 720 TR ANE 2,
WMDBRECDEEZOLNS, 2~9 mm 5D 5D
LEEIE 3% LML, POBEREGOEHEFRILTE% LR
M olze 2 mm L LK FORBEIMREE 72 5 X 9 Rt
IIGEL T 2wz, LWEOEWEEY O DI S
NeEZON 5, SSEEROFEEGTOEHHIE 12%
TdH o770 WAKIEIZIZ SS I 48 2 BRSO & DS
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KTFTAHIEPMESINTEY, JLiERE IO T 20
~30%%, JLHEEHEBOFEIT 42% (GREHL VEOIL
HAH)Y THh o720 WIRERE R MHREL, ¥%E 5SS
DR 2 SR B DT, WE L T L v
AWGED “WiGihAK" DIF ) BSHAKOBE L L TIEARE
WEEz b, SSOEKTOEEFITHKBEDZ
BZITTOWAUREENE Z S5 b,

I FE TSSIEE L PNIRE L ORI E RS0
ST, LaL, Fig. ILIRLZEY,  “Hi
K ZBWTIEIRETEZSLRT WL, PN e
L SSIBEE L OMBIZE K W BEMENRIZ SNz, 2
ME R IR TIE, [ LSS EEEE K LT E oM
IEFET PN R <, MEOEEERE TRy (Fig.
11) JRERALN-Z LR L TWD, 2O L9 %Ik
2R L72B BN TR TH 5. Ll "Wl
K" D7 IKALA D HAREET D SS OPEIRAEI G- LT
WBMRESED S 50 T OB TIN5 SSIEEITHRIR
OMKLR AT, RSP ERTHL, 2F ), PNz
HFEDRFEL Tz, SSIERE PNIBEOBIRE
FTNFECTLERLLIDIZLATRENEZZ 5D, EB
12, MK 1BV TIRKD SS RIEZ R LT
&, HL# (0.212~2 mm) 258 % (Fig. 9) % 4o, 2
D9 B9 HEIIERER S (Fig. 10) Thotze T2, i
Wbt 5 EEZONLIHMRIBOEREH &R
BN L7235 A, FEPKREL BB L EBFEOGHR
PHHL DI EHHE STV Y, BURTIE Ml
WK™ @ SSICET2EEAD R, SBEno %
BERL TV EPRUETH S,

BB O P BIRICZ 20, o%im K
WO FEAOEELMbIE, WRERB O & 28T
BL, KEZzEXEbysamikbEzonsY, v
2DV, BREER 2SR E O ERERICED L 9
BB 5 2 50OV TARM L SN % w2 & BT
WEhTwa, ArRNoKREKOKEFAETE, o
AR OEGHBE 2 722 LA S hTwa?, &
I L7 ERs, T 2 REEOREY & HEIZO W
THFELLKIBIRT 2D L0000 LI\, F/z,
NNHIL H S AR AT B & KAL) O A4 B E TR X
s, EPMHIIRERLRELZZHITHLEERESN
TS, R EAEIC KRR I T 2854, iR
DBIEDOEAIZK T 2R EILETH LY, maA<T, H
NOLBEET OB I IR TR 5, EOHIRTE
DREEOEALSFRE NS, Mt R AR T 0 2 f
BOERT HLVEDND S, G, Wk HKICBI 5%
FEIE T O % = R 2 R T O REULE, BEEOR
TAHIE L TV A REREHOLERHHO SN HIZOWT
HOPZT B EDRUETHLEEDNS,

b. £&®

BN VE 5B O BRI & X 4T, FERISR & 7 B
DK DFFAKD SS, TN, DN O EEEIZ DWW T 5 )
ICL720 #RZLDTICEED S,

@ “twimHAK” Tk, 1 oK TEE ORI 1 ESIC

FIZHYS T2 TN 2SI L2 &b h oz,

@ Mgk ORI HIIBHEO T 2SEBIIC

AHZEEREIR L2,
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