Juoogtd
oottt

oo botdtd: bgdug

gd

0o oo, oo oo, oo oo, oo oo,
go oo, od od, od god, oo gg

gooon

Tazaki Kazue, Yamauchi Yoritaka, Inukai
Masanari, Nakayama Kazumasa, Inuzuka
Toshihiro, Morii Issei, Katagiri Ayumi, ltono
Taeko

OO0 o000

O 58

O 6

O00 389-405

000 2004-11-25

URL http://doi.org/10.24517/00061693

doi: 10.15080/agcjchikyukagaku.58.6_389

Creative Commons : 00O - 000 -0000O
http://creativecommons.org/licenses/by-nc-nd/3.0/deed. ja Bt MG MD

@080




The Association for the Geol ogical Collaboration in Japan (AGC])

HEREIF 58 &, 389 ~ 405 (2004 4F)
Earth Science (Chikyu Kagaku) vol. 58, 389-405. 2004

AN & TIERICH (T HTKDEE
—RMAE LR - BBRE

FHM RIS o (PN« KERRFRL™ « FLFTE « RIFBIE* - BRI —ak -
Frid A A" - SREFID7+

389

Behavior of rainfall between stem flow and soils in the woods ;
Field study and laboratory tests of leaching and absorption elements

TAZAKI Kazue™ ™, YAMAUCHI Yoritaka“, INUKAI Masanari’, NAKAYAMA Kazumasa®,
INUZUKA Toshihiro", MORII Issei”, KATAGIRI Ayumi* and ITONO Taeko®

Abstract Field and laboratory studies were conducted to investigate the successive changes in the chemical and
physical characteristics of rainwater through stemflow as well as soil in three different forest ecosystems. That
is, Sugi (Cryptomeria japonica), Konara (Quercus serrata), and Mousoutiku (Phyllostachys heterocycla) forests which
are located in the Kakuma campus of Kanazawa University, Ishikawa Prefecture, Japan. Rainwater outside
those forests was also sampled as control precipitation. For field investigation, the rainwater samples as throughfall
and stemflow were collected from February 25 to March 18, 2004. For laboratory investigation, the batch
leaching experiment using control rainwater was performed over a period of one week, and the continuous
filtration experiment using downflow soil bed system with the stemflow of those trees was undertaken as well.
XRD analyses of bulk soil and < 2 ¢ m fraction of soil samples collected from those forests showed similar
mineral compositions composed of quartz, feldspars, cristobalite, gibbsite, chlorite, vermiculite, and kaolin
minerals. The leaching experimental data showed similar mineral decreases in the rainwater pH of Sugi forest
(pH ~ 4), while little change in the rainwater pH of Konara forest was observed. Conversely, the rainwater pH
of Mousoutiku forest tended to increase. These pH changes may be the result of dissolution of K and Ca
contained in the bark of those trees in agreement with the experimental data of chemical composition of rainwater
analyzed by ED-XRF. Scanning electron microscopic observations of tree bark showed that the surfaces of bark
after leaching became smoother than those before leaching, and their EDX spectra showed that there were
decreases in the K and Ca contents after leaching. The continuous filtration experiment demonstrated that there
were significant changes in the pH, EC, and Eh of the effluent rainwater after filtering through a soil filter bed
with several kinds of minerals, indicating that minerals serve as a natural buffer. These results indicate that the
type of plants and mineralogical composition of soils in forest ecosystems have effects on the successive changes
in the chemical and physical characteristics of rainwater.

Key Words - precipitation, through fall, stem flow, Crypromeria japonica, Quercus serrata, Phyllostachys heterocycla, soil, tree bark,
clay, ion exchange capacity
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v —Oft, ACkOHEKMAD, = SIcHhEOHEET TEE
WO EENEIMLL Tn 5 | BEERIZ K 2 RO L0
OBELODICRI > EERROBEDHRESNTND
(Carnan 1984;Rinallo et al. 1986; HIBRERERTZ% % 2003).
HDFEOHEINTRGIEEIN U TS <, iRy
CE BRI RRE 2T 2T TE ﬁf)ﬁ?ﬁliﬁﬁé.
—RICEARIZESIES L, BARTIERPHNEEDATY
% (A 1993).

ZOEITEERCEBIE LEICHENTERL THHEIA
WBEDL S RFEEZ, FIRECEDIIREEEZGA
TWEDEADh. HMERERIZE ST, F/KIZKD O
ﬁ%t@«@%”ﬁﬁW@~o&LTé%ﬁ&ﬁfﬁ)Ln
5. WKPOBERMT, HEEzliEd s I EiCi>TRE
<ﬁ%ﬁ§mb,%@&k@m@_£ﬁfﬁﬂél&ﬁﬂ6
NTwa (Riding and Percy 1985 ; Grill et al. 1987 ;
Sauter and Voss 1988 ; £ IZ 2 1997 5 REFZH 2004).
FRRIZ I © 72 RKISBIE R 72 3N & U TR <Ay,
IDEFEFRIIBRREICMHEL TLLIHEYE (N, S) O
vl EMSDA A4 (Na, K, Ca) DR, 512, 1
SOMBERIVAT L ARNT 2 HEINTNS
(Carnan 1984 : %R 1999). Zo kI Ic#KRickDEEs
FZUARAR BB DEE, BERARKIIRINEINS. £,
K2R L THRELZEZIEEL, BOLBIINAS. A
FORBFICOWTIIMAR LR L TpH AR 2S I &
MG INTWS (EEFEN 1997). —F, oEARIZE L
TEEDLIBRENDPRDENZDTHA DM, AFLSND
BT 2 Rk OEB CRBIC D W TREE I D7 <R
Bz m R <EEINTNh 5,

AR TIIF A OEEITHIET, D, BERIIERTIZ
¥ (Cryptomeria japonica), 1+ 7 (Quercus serrata), €7
7 F 27 (Phyllostachys heterocycla) DRIV, MR, HBI#HA,
TEICOWT, FABEBEENERICKD, 80514
OEFERF LTz, ZORBR, AIOBROZELZTRN,
M LT 5D OK IV @ precipitation), ERFEO
Mzl L T< 2K MA@ through fall), £/, #iC
o THENEDS DK BER - stem flow) ORMICITIKRE
REBRNBOONZOTHRET S, 2B, INSOWNOAHK
WEAETT (2000) 12HEo 7.

S A 3 15

AT BT 2 BRGNS TH 5 iR K, 199241
SIRTHRLENSBEL, BHE ARFY 2 NAE, BEZ
INEWLZIZFAENEE 200D EARMOTICH 5. [HH
Skm PANICIZ AR T8, KB, RO L
EHOEE 2 CRGIERICEEE 52 HRBIIGE LW OF
TR, 72, £IRKFEAMTF v 2 N AIRES K S5 A
HES AT AN 1998 FEIZEA SN, AT v/ AICBT
LELERNERE L TN TW5S, AT v NANDR
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F—41%, LELE SRR ER0T—F ERESAR
4. FlAIE. 199848 H & 19994 | A DRI OREKE
LR AL S OBIE & LA BTH - (Bl - |
%5 1999). Z OB, gz BN THEENE &
BIONTHRABNEZ L EVWIRELABL Tha (FE
2004). 728, SRKREAMF v O NAEULITE, %U_EI%EE
HFoEBEOWREEEE L, mAEFﬂ&ﬂm@ﬁ%E
MESHREL TWD, AFETHELZAF, 275, 'Y
UF 7 OEARIE, Wihb, ZOREBO RICERLTY
2.
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JVh—Z&EEDT~ (B), ZOBH, 2+ I3%ELTS
D, WEIZATTWS, 512, B3I 13m, HEE0.16m
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BIE L7215, Hx OFERICHN-.

ARFEIE, 20042 H25 Hs 20043 A 18 HIZHA
JIR 43R AT I 3 B SR K FARF + 2 /SADQ BT
EEEERETHF (81, 2N). ZIEFTTHAF, O
+3, BEVYIFIOIBOBAIIONTENZTNTIATD
Mk, L, RO ETo . . MKIZDWTIX
AL, RN, ﬁ%ﬁ@B@%ﬁﬁbt.éb_,%hb
OFKDKERES L MEEMEO 2T EIT> 2. 128,
HARE, FRINRE, BEERIAOBEUE 2004452 H 25 B2 5 2004
F£3HISHETHEKL Trok., FRAGICEEZ-ILE
MARHEFEE STV TVA LT OB 2RI U GE21R).
AR (precipitation) : FHEME & 72 250k & U CTEIOBIAR
DEBEZ\FIRNFEAK
WWF (through fall)
R ED B2 WRK
B (stem flow)  FNFNOBARICE2RKIZRT L DI

DY EZ— LI R—AEREZ D, BELRDIFK
11 (soils) : FNFNOBAN S ImEEN 2B ORE L.
Bt (tree bark) @ FNFNOBADETLNSH L5 mOE
S DRI T2

-r-rw<

L ENENOBIANENK D HNT,

NI | -El ectronic Library Service



The Association for the Geol ogical Collaboration in Japan (AGC])

FRARBIR & BRI B AWK O%HE), 391
® #AE
X @ BIRKF
A L
FEWl &
R Huh 5478 m %
BEE 130° 43 ]
kg 35° 3 ]

S B 1 ) e e
B ‘,'m-‘v—""“’t“wa}"l‘ P

1R SRR S OMER.

Fig. 1. Map of the study area and sampling stations in the Kakuma campus of Kanazawa University, Ishikawa Prefecture, Japan.
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F£2H MBHRIULRORT (200442 H 26 HiRR).

Fig. 2. View of the study area and sampling method of tree bark.
(A) Sugi (Cryptomeria japonica) forest, (B) Konara (Quercus serrata) forest, and (C) Mousoutiku (Phyllostachys heterocycla) forest.
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Fig. 3. Photograph of the soil-beddown flow filter used for the
continuous filtration experiment.
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ERZEIRBIUEAMICRT. 2Rl B W TIAF, 0
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T.AF, aFT, FUVIFIES 141148 AlTTT
TU— RiaEHMGED NS, FREFNOIFL 7Y O—
VIR DA, AF T 148 AN —EF164AICY T ML, —
HIRGETLIEMND, AATIALNREHEL, D, 7O
TANEN=3F 271 NOBFEREALNS, IF T EE
) F 7 T 14.1-146 AOREN, TF L2/ a—))
A TIIBEREIZIE S 7 RO 6NANI EMBE AR T F A
FOEEIZRDLNT, yOIA FERIIN—=IF 2T b
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394 AR L AE A
H EC Eh DO WT
P (£S/cm) (mV)  (mg/) (%)
HAER 5.4 29 318 7 10.8
2% KA/ 73 82 282 6 12.3
BER 3.5 309 329 6 11.1
3 HAm 6.1 28 292 6 12.4
7 wes | 52 171 282 7 97
. A TEs] 70 63 297 6 13.3
OV BER 6.2 36 296 6 113

2004453 H 1780 ~200443R 18H
1R MAN, HARBSIUBEHROKERIEREE.
Table 1. Physical characteristics of rainwater as precipitation, throughfall and stemflow in three forests [i.e., Sugi ( Crypromeria japonica), Konara
(Quercus serratd), and Mousoutiku (Phyllostachys heterocycla) forests] sampled on March 17~18, 2004.

Na Si Mg Ca Al K

WIS n.d. 7653 268 885 n.d. n.d.
2% KA/ nd 7623 521 3655 229 n.d.
Wi 2321 8181 544 557 185 n.d.

= 7 NATES] nd. 6780 n.d. 803 n.d. n.d.
BER| 2725 7548 789 1269 n.d. 4284

. HRM| nd 9954 396 4317 307 547
EOYIFI BMER  nd 7137 395 1142 231 n.d.

(Bf5;CPS)
n.d.; not detected

Eo&k M, NN, BERO ED -XRF 44T R.
Table 2. Energy dispersive X-ray fluorescence spectroscopic analyses of rainwater as precipitation, throughfall, and stemflow.

MR TIEOED-XRFAHTHER (LA

FRR MERD

Ax Si>>>Fe>>ADK, Ca>Ti>Mg, Mn, P Zn, Sr, Zr
aF5 Si>>>Fe>>ADK>TI, Ca>Mg, Mn, P Zn, Sr, Zr
EIVIFY Si>>Fe>AIDK>Ca, Ti>Mg, Mn, P Zn, Sr, Zr

MR TEOXRDAHTIEER (SRR

EN=wekill <2umaHr |
A¥ Q.>Feld. Crist. [Sm., Chl. or Ver., Kao.
= Q.Feld.Crist.Gb. | Chl. or Ver., Kao.

EY9YY9FH | QOFeld. Crist. Chl. or Ver., Kao.

Q.. BE, Feld.: RALE, Crist.; 7YARASAK, Gb.; ¥ TH b
ZAAHBA R, Chl.: #7054, Ver.; IN—3 1% 154k, Kao.; hA L 8:4)

$3XR. HALED ED XRF 34712 K 2L ##AL & XRD 4TI & 28Rk (&7, 2 ¢ mBUF).
Table 3. Energy dispersive X-ray fluorescence spectroscopic analyses and X-ray powder diffraction analyses of soils collected from three
forests [i.e., Sugi (Cryptomeria japonica), Konara (Quercus serrata), and Mousoutiku (Phyllostachys heterocycla) forests].

(38)
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MBI L HERICBIT 2K D%EE) 395
_ EEOH
4Co”58t2\ Q:BHE Feld: EFE
- . Crist.; ZURAR\SAk
Q. 4.26 A.\ Q.334A  gp F¥THqr
| ZoromA ' Mica. ZRH L 4418
Gb. 4.84 A Pxn. 2.89 A
_ \ \J
aF77 WM
Mica. 9.99 A
10 20 30 40 50
CuKa 26(°)
<2umLl T
N.T. ENE Sm.; AAZBAF
&= EG.;TFLYT)a—)L#  Chl; ya54b
N.T Ver: N—3Fa1354k
T Chl. or Ver. 14.8 A Kao.; A7 84
Y Kao.
E.G. 717 A

\

= by
N.T.

E.G.

E9UHFY
N.T.

E.G.

1 1 1

5 10 15

CuKa 26(°)
FEAR. MALEOXRD 2HHER (B 28, T2 omBF).

Fig. 4. X-ray powder diffraction analyses of bulk soil and < 2 12 m fraction of soil samples collected from three forests
(i.e., Sugi, Konara, and Mousoutiku forests).
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396 FH AL

2 HEERDpH (2004.2 25BN D #4VRE)

(AGQT)

B2 HEEROpH (20043 5O N R)

m I N B & ar5 E’¥VIIFY avkn—)L  AF ars  EVVIFY
RERAI 53 53 53 53 EERAT 4.7 4.7 47 4.7
18# 5.2 43 5.0 5.6 18# 48 3.9 45 6.0
2B#% 517 42 49 6.0 28#% 48 39 47 6.1
3% 6.1 4.1 49 6.1 38#% 4.9 3.9 438 6.3
AH® 6.0 40 48 6.1 481 50 3.9 49 6.4
5% 5.7 39 4.7 6.0 581 5.0 3.8 4.8 6.4
1=k:3 6.0 4.0 4.7 6.2 1=k:3 5.1 3.9 4.8 6.5
EC (1£S/cm) EC (¢ S/cm)

avko—)L  A¥ arsS  EIVYIFY avko—)L  A¥ atr3  E®IVIFY
KERAT 91 91 91 91 EERAT 71 n I I
18#% 49 39 78 51 18#% 70 94 89 150
28 66 56 48 74 28#% 70 103 87 140
3H#% 122 200 52 97 3B#% 82 97 84 147
A% 213 " 55 107 48% 99 96 82 148
5H#% 80 76 56 106 58 81 103 82 161
6B 84 105 98 102 68#%& 76 96 87 169
Eh (mV) Eh (mV)

avka—)L AF a+>  EIVIFY avko—jb  A¥ aFS E®YVIFH
KB 275 275 275 275 EERHI 291 291 291 29
18#% 283 267 241 253 18# 308 318 279 263
2H% 245 308 255 190 2% 295 344 303 177
3B#% 245 313 260 158 3% 313 333 304 169
4H% 242 317 265 230 48 & 311 384 306 161
58% 315 362 304 247 SH% 332 386 323 192
6H#% 272 318 269 234 1=k:3 315 368 309 148
DO (mg/D) DO (mg/D)

avka—iL  A¥ ars  ®IYIFH avka—iL A¥X ars  EYIYIFD
RERAI 10 10 10 10 EEBAT 8 8 8 8
18% 8 7 8 7 18% 5 5 3 4
28#% 6 5 5 2 2H#% 5 5 2 2
3H#% 7 5 4 4 3% 5 5 2 3
48% 5 5 4 4 4H1% 5 4 2 2
5H#% 6 5 4 4 5H#% 5 4 2 2
6H#% 5 5 5 4 6H & 5 4 2 2

g4k EHHEBRO-EEOKELEL.

FEMR) 3 2004 4E 2 A 25 HICERE L 72 MAVR 2 BRI, G 200443 A 5 HICER L IR 2 ERICTHEH.
Table 4. Physical characteristics (pH, EC, Eh, and DO) of rainwater as throughfall and stemflow (collected on February 25, 2004
and on March 5, 2004) in the leaching experiment over a period of one week.

V) W, AF, OF5, EUVIFIOEEEEIICA
NnT, BHIKESKEOELZE 1 EAMBRE L. 20T
EREREEAREFESNIRT. EREEBEATF LI
DORIZKIE, EEBZWNSEAICELED, TV IF I
EERORMMGET £ 8 & T, KO RBIZEMIZRED shaho

2. B, 2 EOEBRERIZFZREOHERNE S N —
FFHAEC DENRESZELLZBAH - =nE R LT
FEo/k.

AFX O pHIZBHER 1 %I 1.0 FEEL, pH43 &
o, 2HUMEEE R A b b 7s < pHAIZRE L /2. T,

(40)
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Fig. 5. Physical characteristics (pH, EC, Eh, and DO) of rainwater as throughfall and stemflow (collected on February 25, 2004
and on March 2, 2004) in the leaching experiment over a period of one week.
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398 Sl STANES
ZHAEDED-XRFAHTIZ L BILEHM R
Na Mg Al Si P K Fe
avhA—J| nd 370 660 8689 nd 8801 466
p & nd. nd 615 7714 nd. 8852 398
a5 nd. nd 677 8369 nd 3555 370
EDYIFH 813 529 697 10314 3376 25109 534
EERRTOH E DED-XRFAMTIZ L AL MR
_ Mg Al Si P K Ca Ti Mn Fe Zn Sr
pES 150 925 11376 3385 7104 25118 568 nd. 4978 nd.  nd.
-y nd. 1671 12329 2676 5241200972 1536 2210 11104 580 1474
EQYDITFH 126 2918 38266 4612 66961 11544 2329 nd. 42764 nd. nd.
EERRE OB E DED-XRFAMTIZ L AL MR
i Mg Al Si P K Ca Mn Fe
A¥ nd. 1381 12585 3438 11531 33297 nd. 2943
=y nd. 1001 10727 2171 6048 146377 999 2321
EDYUIFH  nd. 2949 45125 2688 17473 3134 858 4594

$EEXR. BB I UHE D ED -XRF 44 R.

(Bifii;C.P.S)
n.d.:not detected

Table 5. Energy dispersive X-ray fluorescence spectroscopic analyses of rainwater in the leaching experiment (after and before leaching).

EUVTFZE1I A#BICpHA0.3-1.3 ER L T2 HLAE pHE
WERELR, £, a>bo—=)bEarSi3ERRAB®S 6
A% ETpHE BLUpHS OLTE L /~flEZERL 2.

MR (2> bho—)l) OECHEH—ELANE SN SR
NHHNTICHED, 2EEDFEFRC LD RERSES
Fhfc AFBEUPOF 1380~ 100 ¢ S/em & K ERZEAL

RO s Nmo . —H, BV UF Y OAHNEBEBIER
ﬁ?/: WERL, 6 HBIZIZ 170 1 S/em k< £ TEL .

%7z, Eh ixf\: O 5 & BITERBIBROF 300mV 2
SHZEED ZEIRLZICERL, 6 HZIZIZH 380mV A1
IZEL 7 iaﬁ T, BEUVUFIIIERBGE -2 &I
ETFREL, 6 HREITIZKES O 148mV I L7z, DOIZ
DNTIETNTOREN 12 HRIZIE TR U703 BEARIC
WBRELERR 2, AFIX1-2 A% 4-5mg/I TREL
W, AF T EETTITFIE2-Amg/IET FELEZDBICE
ELT.

RERELUEEBAHDED - XRF 9iER

EHES LR HERFIZOR EZIZDOWT, ED-XRF 7

WRBIFE DO REES REFEORITRT. MIE (D
ho=)) OFEFMESIEKTH S, a2 bO—)L &g
LTAFORHBICEAREREVETR SRR, a2 b
O—)L TR L7ZMg B AF THIRHBAUTTH /- 2

(42)

FSORBHRTIRKAI Y ba—LO 1/ 2 FE TR L
M, FOMOTTHETIRELBE PR SN ho7z £, £
T2 QR R TIEMOBR—IETIERE I NANr-> 2
Na, PAIHZIZRHIN, SiEKbar hn—L& b4
SNBSS N, BIZKEZ2 2 OO 3EOEE
~LUTE

EBAOSHEOMEDERFTNTNH S, K, Ca, Fez
EOETEHN, GHEEICERNRD NS, BHERKOD
B DL T ERTO D & T 5 &, AFRK, Ca
MERRFDE O L 05,000-10,000 cps. I < B A HEE N
LTWwa, 2+ 73 FeMR1/51CEADL, Cadiid &
ThHd, EUVIFZE, ERAIODBOIDEREOB KD
EON, b MITSiAEmL, —%4, P, K, Ca, Feld2-10
5, NEICHAD Lz b, TV F 7o MnidiRHE
GO G =X gV
B D3 EERFIE D SEM - EDX 94 IC K BEL DL

2 ERT & BB OE K O SEM 5EI1C & 5 M RED
BB L VEDX I L B L E R O & L% i U7 GB7
B). AFOfERIE, BEEBINIMOAEE TH o720, £
Ertg, B oXRmEIT BRI 2 (A). BB ED-XRF
ISR T RhEROZETRIBETE RN >~ SH, SEM
EDX i HETIEH S M SN, bbb, AF o
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Fig. 6. Energy dispersive X-ray fluorescence spectroscopic analyses of rainwater in the leaching experiment (after and before leaching).

(43)

NI | -El ectronic Library Service



The Association for the Geol ogical Collaboration in Japan (AGC])

400 IR 7

Gz}
e

CEIIIFY

K

S
Ai[

cl|

/ Car

[\/ I Fe Oz
YT T Y

! i
4.0 [X

G {7rd

!
80

BTH BEORHEREIEZO SEM-EDX iR, Cul Zn OE—7IE SEM OB 60 THS.
Fig. 7. Scanning electron micrographs and energy dispersive X-ray analyses of tree bark of Sugi (Cryptomeria japonica). Konara (Quercus servata),
and Mousoutiku (Phyllostachys heterocycla) in the leaching experiment (before and after leaching). Cu and Zn peaks are from brazen SEM stub.

(44)

NI | -El ectronic Library Service



AMBIA L LB BT DK D%

FIZHE, KOARST SHLEENSIEHRTS I EMEBIN
L. Tz, AF T OB, ESETORE IR O
MEHFIZ R SN2, EBRBII AT &I i T
1257z (B). 24 5 OEDX Mk RiL, ATz~~~ ED-XRF
IHRER TS FVEEICHEN R > EKOBEH 2 X VG
CRBZEMTESD, £/, PHAERINCH R TEREOR
KCIREADLTWE ZENFERIN. TV TF 7 Otk
W, EBRETIERE R LM S E B IR SN,
FERIGIL, 2RI D BRI MmE < o7 (C). EDX
THERED, TOVIF I OBEOERSIISITHY, E
BRANI BN Lo =2 T, EBRBIIN Y 2T 5
CROEE DMLY, AEMENED L &) RS
Nz E5I1CP S K, Cant—rHE<ZD, ZhHd
TERMBERPIAEE L EAWEnTH D, —F, Ekk
DD St OEH BRI Th b,

TEEERBRER

BAREGOD S ERANTEIIEO LD ABEL T Thae
HBH7=DIZ, BRTBICEHRZEBT HENERZTL,
ZOCFHR OB R EHER U=, FOIF B OfER %
IZRT.

KEUERR

O TEGEBERD AR OKEEN EHSKR U6 £z
AT, BBRAOMBHEOBIIAF EIFSIHAEREL, T
TV IF I EAEHTH > 7. BEng 2 HEICER S8
LKL BOEIIIEOBALERoNho72. AF
D pHIZ3 55571 EF LA, OF F1385.270 5 4.6
TRBL, EUYIF 7 HRAKIZ62ME591CHT N TR
Uk, ECRAFEIF I 100 1 S/em FELZD, £
DI F 7RI K20 1 S/em R LU AFOERIE 329
mvVns 247mVIiZ FEL 201K LT, O+ 713 282mV
WH354AMVIZ ER LR, TV IUF 73 E G EH%BET
BIFEAEREDBDENAN> . £2, DORAFHY
3mg/I FEUEY, OF 7TV IF 7R ERE LN
Bongnr-rz B, KEIEZSEEE WIind5-7CER
L7z,

ED - XRF iR

TIEE W BHENR OB ML OF & 5B % ORKOED
XREITIC K 20 A L E2H6 % (F) 1RT. AFO%EH
HIE T AL SHIZRERZB{IERWA, Na, Mg, Calik
W% 2-8 51T /=, #i2, CaldfSfEEmL 3ok T
ROHETH /. T/ S K, Feldi@Zl@goAcmts
1, BFIZSHH9 25,000 cps. LHEFCEHWEZRL, 2
PHDIETFIZE BRI EFEEREL Tnd, OF 51
Na, Mg, Si, K, Cani& biz@E@gicamhiizmxl, £
NalZBET O/ 2 (5L 7z, X512, AlRBRBOAIZ
BHINIFHEOHF T—HL WA, ZIUIEHED XRD 20z
K0, FTHA MO FTOLBORIRO N EEM
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Fig. 8. Physical characteristics (pH, EC, and Eh) of rainwater in the
continuous filtration experiment (before and after filtration).

BILTWA, —4, S, Feld &EBITHRHBERU T TH 72, &
LT BV F7RAIDERIEETEIRCBEERLZ
DIZHLT, Mg, S, Cal3BlBaiLDEBEDEI N2 ES
WiEARR L2 £, KIZBREROA KIS, Na, S, Fe
WEEWEAT S BERIE S DITRHERLU T TH - /-
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402 S EEINIRESAE

TEOBARBROKEEHER

pH EC{uS/cm) Eh(mV) DO(mg/1) WT(°C)
2% 1B i 35 309 329 6 11.1
EAE 57 182 247 3 16.5
_ BT 52 171 282 7 9.7
=y ﬁl—ﬁu
Ba% 46 84 354 6 16.8
B BET 6.2 36 296 6 11.3
Eyngy | RN
Eak 59 52 300 6 16.7

XBBREOT—FIBAEROK 1 BRBLELOERE

TIEOBZBEEBROED-XRFS ISR

Fox THEOBBERMEZOKEHES LV ED -XRF 747 #ER.

Na Mg Al Si S K Ca Fe

2% B Al 2321 544 185 8181 n.d. n.d. 557 n.d.
EiE 4943 1138 243 8732 24985 1202 4189 241

- B A 2725 789 nd. 7548 nd. 4284 1269 n.d.
Eib & 5465 1081 592 9819 nd 6309 2122 n.d.

. EIB AT n.d. 395 231 7137 n.d. nd. 1142 n.d.
g n.d. 833 166 10544 nd. 2366 2465 n.d.
(Hifii;CP.S)

n.d.;not detected

Table 6. Physical characteristics and chemical compositions of rainwater in the continuous filtration experiment (before and after filtration).

Z £

AW, 3EOEIARE HIBHICBIT 2RKDEFHITON
THAT, MR ROBERRED 3 DDKE DR S HH A
OB ODWTHRH LR, AF, a7 5, TOVIFY
ORI > DEFTRERFBNIRD 6N £z, 3F
OKERARES<SERD, TNERWT 2 LD ITFHRHE
L, MAKEZHOMIZBY 2B OBENIEE ICBZEIN
2. IR, MARICE DB EN SO F > OFE & TigE
WIZEDA T OB DNTERT S,
BEHRICLB2MEOERESXKEEL

O EABARICHNSE T, EOERED» SEDICE
EFNIWOMBETHT L3 E<HmENTWS, TR
WIZ& 0, BOERMEREL TWDRI I ARIT I IRBE
N 2 REHSAIEIN, BHN 6 K, Ca, Mg DR
BAOMETHETNSTHD, LIFUITEARDOREIREZ £4<
(Riding and Percy 1985 ; Grill et al. 1987 ; Sauter and
Voss 1988 ; &1l 2003). £/, HAROpH O L 7II%E
DAV T LAF > (K) BEHT 5 & ERERBRND S
M, EOREOT v I AR T U TBEHED L DEBIENE

(46)

DHD & DA URMOBEIMEN A L BEO AN &N
et % (Carnan 1984 5 511 2002). &5i2, A5
TVHNOKRNEDS L OBBROMFERT DENWIZDNT,
FoCiEs (2000) DS L TW5, Fhizkbd &, BEBRO
A FEEL, RNROZTNLDBEEWL, I VITBnT
AR & B U TN TIENHAY, KB LU Ca?t /s, e
BT K BIU Caz AL, 14 OEHIAD SN,
mTHK ODEHNEETH - 2.

AW TIE, BERO pHIZAFAGREEYE, O 5055k
W, TV F R TH 720, ECERET S L, #Hot
M &R DR DB, $5IZNa, K, Caldfiins
DEBNERTH S EEALNS. HEOREER B5R)
L& B &, AF O RITHBRZITIICa, Al Si, KA%10,000
cps WmLAM, a+Z, £V 7F 7 TiE 50,000 cps,
8,000 cps. WAL TWS, ZnHOFEE, CaMAF OB
THEOAEN, 3FF, TUVUFITRERTSZE%
RLTWS, TORR, B2RIORLIZERIC, HAART O Ca
731885 cps I LT, AFDHNHEIZZED 45 FOEZR
LTWwWs, Car A4l ENSD, BT %0EpH
DENDOHRIT LT AZFONOz, NOz, S04, HCOz7z &
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AR & TR BT 2K DZE)

DOFER (Tazaki et al. 2004) @RI OLFHEIT S
EETH2EEZ5N%.

B O K 0BOZMITEHIKD ED-XRF 2R B &
U'SEM-EDX RN 6B Cat F > EFABO%EE 2 5L
TWa, BTV UF7ORNENER 6 HEZIZIE, Ehro2
e < B0l L T, =YY UF 7idpHe.2 @
59 AR L, BT ICIEKA25,109 cps. &2 hO—
WD 3EZIE>7 (B4, 5K). ZokdREFERE Q)
HYET LR -7 A HEEEA 2 OB H %
i, @) TIVAY - FIVAU TESREA 4 L OBSNS OF
HMELE & 2 W2 EOET L (PRI 25 L
TWaEEZSNTWD (Carnan 1984). WY OMRELT
FELTEINO—Z, AR O—X, RUFUERENS
o ThaEM, 2056, XIFUENEHELDELETS
CERETAHIENASNTVWS (Adams et al. 1990 ;
Turunen and Huttunen 1990 ; #A 1993). T7xbb, #
FABEZ RS F VENS W MERIZ E LB H 2 2 LiTh 5,
AT DRHEBICL D, SHOBADS S, TUVIFY
DK EFedSimizi@H U TRIL/10IZEAD Uz 2 S Mifues
DI THDRTF 2, RAKFELEY, BEELY RCOO
RCOOO), 5™, @ LIFEREIcmEL-EELZ NS,
R FIENEE LD T, &1 4 28ELT 50,
B IC XD F BN S T EQBIMENH B E D)
W EIERHRENEZ N,

SHEOBBAOETA 4 DEHIZENLZD NS I &
3, AR U2 XD ITBIR 2T 20 £ OB N OMIZ, ki
MOBALETEMDOENWDEZ NS, fIZE, FeDEhilx
LB eBM 2 LAT A, RERSIE, FeldEN T
Fe* THEIEL THBOMEYMEMIHE S Z LiICk O Fe it Z{bd
% (BpA 1993). DFED FeNELBETHBIEZENZTED
DRBZRTNIITAHIEICRE., IOIEEEETSHLE,
B D Fe DA LR OB LR LB MO E R L <3
LTWw5, 3205, Fe DEMAMR{LETCEM DAL ER &
BILTWEHEEZOND, WKOKEENIZL, #HPONE
HEBSETBBILEEORBEZBOT IS ik
1993). @FE 1 A 2T OB O ZE SR O ¥
DINVE, T3 B BRBREORBAA L EHET DY
BOEERLTHNHOTHAM, MEHOEREIINT 2MHHE
DU BEFEEARALENELERINTNS,

BRRP TERORNDELEEI ST

HIBIZEEND Ca2t, Mg R EDHA A4 13, MKicE
ENDEBUEYEETI L FFT2HENS D, T2, Ak
HOMRTIIEELRENESHEREL TEWM LB BRI
Y, CORTHEEMCESRS N <BRENZWZD, HikE
L BESES. 5T, TEIIEEMIOELRENE W
O, FAEHCERERMEZRET 2@ bH 5 (B
2003). IEDZ &EE2ZBEL T, AMETHWZ HIBORY
ZLURICIRAN S,
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BUODIZ, AFDOENCa* IZEATNS VWD T &R
METHHS N> TWBHN EHEN 2004), HEL &
B HIBICHRET 5720, YAAFHOLZET - Rictho L
BEDBECat ILEATLATHAD. AMAEKEETHECE
WARTE DI, BRI LEEERTA 8L T, Ca?t
DEMNS57 cps. 5 4,189 cps. &R FITEMLU . AF
FCa Iz BALLEROKERMN ST, HOEIRET
LEEZOND. F, BNOEBERINTNS NaN S
BBRIZ2MEBITR> TWA I LS, Na b Ca?t L[R2 25E)
BTAHLEEZONS. Thbb, AFOLE, L1EE2BRE
T HRENAT OCa? PNa' A A > 2 L <BEHT 2880 H 5
EEZOND. —F, 3T SOBBMBICEK AL EREN
TWBZEMMEINTWS (37 1987 &30 1994 &
BEIEA 1997) %, APIRICBVNTHHEZBEBIZKIL LS
fEIZEmMLTWwas, Lnl, A% SEM-EDXEE TR
WREBHOIFEORLN S K, CanAzsT, SHEEICHR
HENE BETR). —BICS0a 13, b L —Y—EBTHE
Wk S OERADENZ EMEIRBERME SN TS
UNKRIZA 1995). UL, KREHOA T IBRIEMNEA S
ZETHABRICBILEL, ML TIZA T U ARAKIC X
DLEBABITTHTHAD.

REFFEARERT, TV IF VBN THARIZL 551, K,
Ca* DIEMRNAELTNWD I EaR Lz £, TEBRED
MK DACZEH R DS, DT & e L TRICSI & KA
FUNBNWTRKRENWZEZHONILE, INSO1F 203
EUVIFIDEERRTHIEELICETH D REEH,
2004). =91 (2002) 1T kUL, P IdEbN R &R
SIEINL THAL, SYEEELBoBE L2 MET 201
BHTHD., AFOWMMIZETY I FINREAL, AF¥%E
BN S HHBIGN KM TRIEIC 2o TWAHAS, MINFAER I
LA HROHEBIZMA, ZhsDOTEOBENT T Y
FOERALPTSTAEREZ DS > TWADMH LN,

PAESHOBAD LIBIZHET 2 513, LM SIERL
AR EEICERI N, HEIEA - REEEICE S T
FNHDAF L EFERIED. FOA1 A4 OEECRIIHA
Bl RS R R U Lad-> T, RCHES T3
RETH> THIFRDEMSCEMREDOREE2EAS LT,
AT DEHETHEET DUNEND S,

—H, BHRICBIT HHEDHERITR D1 F > ORI A
M, TERICE TN TN O EOBERICTFEL T
5. AT, FhENO LEFICE EN DI,
FBEORNWAAZ AN, 7051 NEFEN—-IFa2T51
B, 1A TS D I ENHENTIE o KR AF
OLBPITIEA A 2 HgE, B, AR E DR A In ik
BNBHBAAZIA NNEEL T, F, 2F 701
ZIEFE 71 MDD SN, WTFNOTBIH AU T A
1A 2B DI0ADERERTHMIRD SN h 72 L
MU, $EEND, FaA A 2 KBEDH L, pHRRA T 8
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FiCL > THEHNENT S CHERFES 2000). B1 4>
OHRTHY VB, EERERIV A TITIET S &R
AL WA A TH B, TNHDAF 2 ORT RO
EHE, TEOMESREARKMTIEERELETHL. £
MZRIZBNT, MRRIcEEN2 M4 oA LEEERT 52
ETHA L TWAHEREE, TEAOKIIEMICT A 258
S, pHOBERNNH D ZEHRBL TN,
HARRTOA A2 OMAER, Tz s, B
DIAATEA F 2 B BUEYSEDIIEEL, ©- <0 EWEE
BRAMFEL T, UL, BENICX2MERBRERENK
ENEA (BANE) DBUHMICRBL TWREE (BEE) o
WENHA, TEOBERORAEEA, HFHEER
BEEZBAROMEET ZENELLNS. KEBEOZE
RIZ KB HRHAEREROL L E T 2 LTHREM-BA- 1%
D3FORRERBTL L EIEETH S,

=)

GINESRT AN S 2 SRR FOAMF v > /N2
DAF, TFT, T FIOFKIEWT, HAFE, #
NN, BHERROKE DB XL FHRN ED KD ITELT Hn
PEERCRBLAE 2, TNFNOTED O &b
FHOZLD Ll U, 3512, #REMImI 18
2L, ZOEMgRELE &5 ATk

BRI LD TR I ENHE N 2. ZAFHIZBN
THARD pHL.4 DR, HINRIZPpH?7.3 R0, 7D, King
FHIEWEEpH3 s 2R Lz, Ffkica 5, ®EUVTTFS
EHMRNRIZIRE P 2R U O U THES RIS R - 99
Btk 2R U7z, MRV O pH O 2 kidNa, K-, Ca?',
Fe, SO 3 EDAF > DERDPREICL > THERIEN
5. AFBLUIT T OBERDO T A BE (EO) X, &KW
MOFNLVHEL, Nat, KEBXU Car AEmL Twa,
BEMNSDAF > OBERERTIZITIY IF I DFe KD
BHAEE TH -2 £, BEEDOSEM-EDX #5 - &
Wk L, MKICE D14 > DB X 2B EOZE (L E
BEORLZ, S5, AFMOTBIZEAAI YA NEE
B AEOREENEIENI ENRBINS. DI LEOKRIZ
BHROREITIRNABA- TIROBEGRELRT A ENEE

¥

THHIEEZRLTND,
HE AHRZITOCTHD, SRR AR FR MR iR

HAEOERIITHE, ERICTWH IV E Wz, B <EkH
AL k5.

B

BIHE R - REPRA - RREWR - BAER - -3 - WAz -
HEFIL (2004) ZICLDMAKRDEN. REORE LI
HEM - BRTFASEES. 20D,

Adams CM, Caporn SJM and Hutchinson TH (1990) Crystal occur-
rence and wax distruption on leaf surface of cabbage treated with
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