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Abstract

Streamwater chemistry at the Sarukawa Experimental Watershed was observed to investigate its variation
as a function of runoff rate and to evaluate annual nutrient runoff characteristics. The Sarukawa Experimental
Watershed, located in Miyazaki Prefecture, southwestern Japan, consists of three forested watersheds that
experience high annual precipitation of more than 2500 mm. Most precipitation fell during the summer and
autumn, resulting in seasonal variations in the runoff rate, which was high during the summer and autumn and
low during the winter. Most solute concentrations in the streamwater also showed seasonal variation, with a
strong negative correlation with the runoff rate. The streamwater chemistry is thus influenced by variations in
hydrological characteristics. Annual nutrient runoff rates of Na‘, Mg®', Ca*" and sulfur in the watersheds exceeded
the annual atmospheric inputs observed at the Tano Station near the study watersheds, suggesting that most of
these components are released from the soil and bedrock within the watershed by chemical weathering. On the
other hand, annual nitrogen runoff rate at No.2 and No.3 watersheds from 1997 to 1999, and at No.l watershed
in 1997 and 1998, were lower than the annual atmospheric N input owing to retention by the plants within the
watershed. However, at No.l watershed in 1999, where annual precipitation reached 4375 mm, the annual N runoff
rate exceeded the annual atmospheric nitrogen input, although streamwater nitrate concentrations in 1999 were
similar to those in 1997 and 1998. This phenomenon is likely to be caused by rapid nitrate leaching from surface
soils during a storm event, indicating that hydrological processes strongly affect nutrient budgets, particularly the
nitrogen budget, within the watershed.
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Fig. 1  Location of the Sarukawa Experimental Watershed

[ : Watershed No. 1, I : Watershed No. 2, Il : Watershed No. 3 and M: Meteorological station.
Part of “Arimizu” 1:25,000 topographic map published by the Geographical Survey Institute was used.
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Fig. 3 Variations of (A) daily precipitation, (B) daily runoff rate, (C) CI, NO; and SO,” concentrations, (D) Na*, K,
Mg and Ca™ concentrations and (E) Si and DIC concentrations at Watershed No. 2
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Table 1 SikBRIAIIC 1) % STAIER TG
B (BMERZE ) 2R (0=36) BE2 7))V 7 7Ny MEHBIREE TERGEVDASH S T L ZRT
(Tukey-Kramer @ HSD #7E, p<0.01)

Table 1 Solute concentrations for each watershed
Arithmetic means (standard deviations) are shown. Different letters show the significant difference (p<0.01)

+ + 2-

Watershed pH  EC Na K Mg** Ca** cr NO;” SO, Si DIC
(mSm™) (mmol L")
No.1 738 749 * 0.1674 ° 0.0139 ®* 0.1106 * 0.1536 * 0.1043 ®* 0.0311 * 0.0835 * 0.2495 ® 0.4366 *

(0.15) (0.91)  (0.0115)  (0.0024)  (0.0185)  (0.0257)  (0.0081)  (0.0091)  (0.0178)  (0.0287)  (0.0595)

No.2 734 697 ® 0.1787 * 0.0165 * 0.0968 * 0.1350 *® 0.1182 * 0.0156 ® 0.0687 ®© 0.2888 * 0.4165 *
0.15) (0.77)  (0.0117)  (0.0029)  (0.0146)  (0.0221)  (0.0082)  (0.0067)  (0.0120)  (0.0305)  (0.0557)

No.3 733 683 ° 01725 ® 00117 ¢ 0.1036 * 0.1305 > 0.0959 ¢ 0.0093 ¢ 00737 ® 02981 * 0.4249 *®
0.20) (1.27)  (0.0159)  (0.0023)  (0.0257)  (0.0346)  (0.0076) _ (0.0054)  (0.0195)  (0.0367) _ (0.0922)

Table 2 ['5IRICHIT 2 HIRHIKE (log(Q)) 75 NS EIBIER IR DB TH] (* 1& p<0.05. ** & p<0.01 CHEKMHETH BT LZRT )
Table 2 Correlation matrix for streamwater chemistry and runoff rate (log(Q)) at Watershed No. 1. Significant level: *p<0.05, **p<0.01
No.1

Na® K’ Mg** Ca** cr NO; S0,” Si DIC
K 0.541 °
Mg** 0.627 ™ 0313
Ca** 0.615 ™ 0.349 0.995 **
cr 0.707 ™ 0.162 0.142 0.129
NOy -0.046 0296 *  -0.116 -0.082 -0.114
S0,* 0.516 ™ 0.089 0.954 ™ 0933 ™ 0.128 -0.177
Si 0371 © 0526 °  -0.267 -0.246 0.478 ™ 0.035 -0.471 ™
DIC 0.777 ™ 0490 © 0921 ™ 0920 7 0.266 -0.112 0.818 ™ -0.043

wok wok wk

log(Q) -0.744 ™ -0201  -0.831 ™ -0.809 * -0420 " 0.147  -0.811 0111  -0.779

Table 3 [=iRICHIT ZHTRHIKE (log(Q)) DTN EIAFERITIRE DMHBIATY (* 13 p<0.05, ** & p<0.01 THEGMHKTHEH T L2RT)
Table 3 Correlation matrix for streamwater chemistry and runoff rate (log(Q)) at Watershed No. 2. Significant level: *p<0.05, **p<0.01
No.2

Na' K Mg Ca** cr NO; So,” Si DIC
K 0.396
Mg* 0.605 ™ 0.367
Ca™ 0.526 ™ 0.365 0.991 **
cr 0.630 ™ -0.011 -0.129 -0.213
NOy 0.120 0.467 ™ 0.389 0.374 -0.322
S0,” 0.230 -0.013 0.840 ™ 0.860 ™ -0.403 " 0.275
Si 0.531 ™ 0466 *© -0.073 -0.107 0.612 ™ -0257 " -0479 ™
DIC 0734 ™ 05397 0946 ™ 0922 7 0.044 0.395 0.662 ™ 0.137
log(Q) -0.728 ™ -0.139 -0.844 ™ -0.802 " -0.200 -0.315 -0.660 ™ 0.012 -0.831 ™

Table 4 MS{RIcHTZHVIHIKE (log(Q)) 725 TNCEIATERITIIEDOMHBITI (* 13 p<0.05, **1& p<0.01 THELMHTH LI LZ/RT )
Table 4 Correlation matrix for streamwater chemistry and runoff rate (log(Q)) at Watershed No. 3. Significant level: *p<0.05, **p<0.01
No.3

Na® K Mg Ca*" cr NO;° S0,” Si DIC
K 0.376
Mg™ 0.795 ™ 0.300
Ca** 0.756 **  0.294 0.994 **
cr 0.846 ™ 0260 © 0489 ™ 0433 "
NOy -0.005 0.592 ™ 0.072 0.033 -0.092
S0~ 0.657 ™ 0.056 0934 ™ 0938 ™ 0.387 -0.131
Si 0460 © 0354 °  -0.062 -0.078 0.608 *  -0.154 -0.219
DIC 0.856 ™ 0.368 0981 ™ 0966 ™ 0570 7 0.084 0.871 ™ 0.061
log(Q) -0.827 ™ -0.317 -0.833 ™ 0786 ™ -0.614 7 -0.255 0714 ™ -0.048 -0.852 ™
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Fig. 5 Relationship between solute concentrations and daily runoff rate
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Table 5 FAMIRIKIC 1S 2 VAR DR H A &

YOSHINAGA, S. et al.

HIFRMNICBU BEFRA AN RL D CIC HAKHIC B 2 ERE AR S RT
1o @A - B R (2001), *2: BREEE - BBMERVAIRIRETE (2002), *3: A DS (1994), *4: SEHH - #0E (1991), *5: Baba and
Okazaki (1998). *6: Ikeda and Miyanaga (2001), *7: Kunimatsu et al. (2001), *8: {&¥ 5 (2000), *9: Ef5 (1992) iIc k%

Table 5 Nutrient runoff rates for each watershed.
Atmospheric input near the Sarukawa experiment watershed and results of nutrient runoff rates in other region in Japan were
also shown.
*1: Takagi and Nogami (2001), *2: Committee of Acid Rain Monitoring Survey, Ministry of Environment (2002), *3: Inokura
et al. (1994), *4: Hirata and Muraoka (1991), *5: Baba and Okazaki (1998), *6: Ikeda and Miyanaga (2001), *7: Kunimatsu et
al. (2001), *8: Asano et al. (2000) and *9: Kunimatsu et al. (1992)
Site Year Precipitation Runoffrate ~ Na" K* Mgt ca” Ccr DIN S Si DIC
mm mm kmol ha™ y'1
Nutrient runoff at the Sarukawa
No.1 1997 3169 1565 238 020 130 181 153 049 092 4.02 552
1998 2859 1672 2.59 0.22 1.45 2.03 1.65 0.51 1.04 4.28 6.12
1999 4375 3371 503 043 263 3.68 325 1.06 185 870 11.38
mean 3468 2202 334 028 179 251 215 069 127 567 @ 7.67
No.2 1997 3169 1508 347 033 1.59 219 244 023 1.16 6.16 17.16
1998 2859 1511 3.53 033 1.66 229 245 024 120 6.16 741
1999 4375 3157 711 0.68 3.12 428 507 046 229 1291 14.18
mean 3468 2059 4.70 0.45 2.13 2.92 3.32 0.31 1.55 8.41 9.58
No.3 1997 3169 1611 300 009 135 169 175 012 1.0l 590 594
1998 2859 1753 334 0.11 1.56 195 1.94 0.14 116 644 6381
1999 4375 3008 543  0.13 231 288 321 021 1.74 1099 10.27
mean 3468 2124 3.92  0.11 1.74 217 230 0.15 1.30 7.78  7.68
Atmospheric input near the Sarukawa
Tano " 1997-1999 3417 1.6 0.1 0.2 0.4 2.0 0.7 0.5
Ebino 2000 2923 095 0.05 0.11 025 093 063 0.60
Shiiba-A" 1991 4537 0.61 0.04 0.07 018 0.71 023 043
Shiiba-B "™ 1991 5014 052 013 009 023 061 046 0.81
Nutrient runoff in other regions
Tsukuba (Ibaraki)™®  1985-1988 721 199 017 052 065 122 092 027 258
Hakyuchi (Tokyo) 1995 410 070 002 057 056 075 095 026 1.60
Jingahata (Yamanashi)"® 1990 1979 132 027 018 090 041 0.17 030 292 293
Chugu (Ishikawa) 1988 2518 441 062 208 947 322 094 163 313 21.10
Aburahi-N (Shiga)”  1989-1991 1062 264 025 074 219 136 032 000 2.67
Aburahi-S (Shiga)*7 1995-1998 772 1.94 0.09 0.52 1.09 1.31 0.21 0.17 1.87
Myokoji (Shiga)"”’ 1991-1992 1265 224 025 023 021 090 019 021 273
Kiryu (Shiga)® 1995-1997 763 233  0.14 028 026 0.83 1.08 1.00 074 0.36
Jakujo (Shiga)"™® 1995-1997 611 .75  0.14 022 024 050 0.05 1.77 052 033
Rachidani (Shiga)"™® 1995-1997 937 147 0.06 007 008 050 006 079 164 042
Asahinomori-R (Shiga)” 1989 1636 280 013 046 029 246 0.09 029 1.75
Asahinomori-L (Shiga)*S 1989 1140 1.75 0.05 0.37 0.27 1.59 0.06 0.19 1.08
Higashidani (Kochi)™ 1994 1821 120 015 056 462 08 028 116 115 756

[ SIRTEWEAZ7R U 7ce —/5. DIN O H & e
BRI I HSRPREZL, ROTI SR, MSRDIEE
Tole, e, 3BBRIRE & 1T 1999 F D 4F i ik
HE 1997 FE5TIC 1998 FDM 2 5L x> TWB T
O, TOFERZT T 1999 4 O XIEFH T O FE R M
BEE 1997 F7& 5 TIC 1998 F D) 2 fFIc i L 7z,

4.
1) P HA KPR O fth i IS 35 1 2 1472 00 T2

L Db
PHR AR RNIE R AR & U < & PUJ5 4 D HER
BN DR E NS SR O LR D . B &M

KLU TW53, T OHIEKIC B TEHEMRE O KD
ISAE R B 2 Mk e U CRMIN L 723 & L Tid, 1
54 B 1R R R i L Bt (48 )5 - s, 2008;
Fukushima and Tokuchi, 2009). & %1652 J5 0T 85 B (L
AERH (e 5. 2006a; 2006b), AR PO A W] E
BB/ SGABR A (AR - L 19955 1996). H
MR UES P SB T  ) 1 3 WA K25 P 2 S P B T AR (B
MR ERIEET + — )V FRIEBER R Y 2 —HETF T
4 —)VER, LLFTHB LRSS ; FES, 1998; @ADL,
2004) WET BN, KB, HEFEENHRMKEIKEGER
HIE D10 km BICOiE L, P, HUEL, SRS
BHELLTWE EEZLENS, THDLOREE KT
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&, 2R UTHEERDHEBITELUL T2 D,
WO R RT Cl BT, S O~ KB L TH
BTm <. ENBRREZKEBHIE 2 NI RS @O IRE
R UTee Eio, ENIBRMREIK B #IO Mg®', Ca®',
SO, BEIXME X 0 IV DD, 7 EEHE 15 Bk i
X0 b @<, EHLERERTR 5 I/ XGRBRH & 1
MO ZR LTz, NOy IBEICDWTIE, [ BIRMN#E
PR | L B Bt D 5 B MR DRI & A LX)V TH S 0.03
mmol L FEEDEWER R LA, ISR E SR,
ZTNUNOFRIB LR L)V OEWERR LTz, T 51T,
Z AR AR KGR B b oD 5 B /K (1961) 12 K % = I
BWNZRNZERI. KIENNCBT 2IEFR R &
FLPIL R E R LIz, ThbDT e b, EHK
KGR BRHIIC 351 2 VATE B0 AEL R 76 e H A AR
DHBMIRIKDOZ N LT TH O, T OHIH DR =
RLTWBEEZLNS,

2) TBAEIEO IR IS DA T 2E A

Pk, WHUKICAET % Cl B EE R FHZ(b
BRHENT, BKANY NEICEBED2BICE TS
ZLHMCIEFR 28 U TREZ(LDDIRNED TH S
TEMHENTVS (KHEZR. T 5.2002; EHI5.
2005 7% & ) EJIARMBEKEERHIC K12 ClIBE LS.
INSOWZE L FMICHBR AR FHZEH ZRE T, FKk
AN MRFIC A8 ZIRITHE N U2 DM IG IR 1E &
ELTWVS, CI BEIEHRHKENEML TE B
WAL Ty (Fig. 5) 2O Lid, BERAXRY
I RF D 208U PR A R Lk R ke i e £ o FR R R
HIR D DB R T % 721 Tld e <. HERFROHA
R E A K & Vo e RKIC K B IE B R TR O 52
BRZFlbDEEZLND,

THICH LT, Na'y Mg™, Ca’, SO/, DIC &
WEHICE U, &I ER T 2 HB R FRHIZE 2R
L7z (Fig. 2. 3. 4)o £, TNDOBEERS I
HE K EO M EUE sV BE OB Z R Lz, Thb
DT eF. ENHRMREKGERHICB T 5 2N b DIEF
BRI, KRB RSO F/HZH, 3
THOBHRHKENEHICZ L, XD R0nE NS
ZECZEHENTVWETEERLTVS, EHIC, T
NS DOBEFHTIBEGEHAICIMA T, BKAN
Y MRS RS B %R L7, Na', Mg, Ca®',
DIC 7z E O 3 ANIc B TRILIC & > TRMB S
AR TENSEH L, WRAEHRET 2, 2Dk,
TN DBEIEMTIREEREK, Tk, #HiFK - R
IKDNEICEBEN EFH T2 (FH - K, 198872 8 ),
Lizh-> T, HH/KZEOHEINMCEE A>T, Thb
DR IEEN DT 5 C L3, REmRHZBRT
2 R 7KIT Fe A THE S VIS VA T7 B0 TR FE AR U 3K
RREKDIBADEEZRET 5, T, —MRICHHIK
KEENS SO OfEE LTiE, BKICAFEL T
ENntol, EBMELICLELEEENTV D
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W (S) At Lz8D, REoTICEBICHEZEINTY
2LOMNEETNS, HERES. FRICEROES. HE
WCIEEBILE LTHENZTEN TR T EAENT
B (FEDB. 1981), EJIFRMELKGER I 7949
BEBEARICEHMENTENTVBEEEZADNS, &
WRL7e &k 91c, SO Bk Na™, Mg™', Ca®", DIC
BEELRABOLZILERLTVS, TOT EIEEHMK
HOKGABRH O KIS E E NS SOF D EfkIE, KK
CE2EDTIEEL, BRICE-> TEBEON S Na',
Mg .Ca® L L BICIA LI EDTH B ATHEMED FE W,

—J7. Si & EME LR D I EED SIAH X NIER
K%, LA L, SiigEge Mg™, Ca*, DIC i
ELIHEMNRDENT, FHALEERHICEI £
RO DO 2 b 2 RS, iz, SiEE & HiiH
KEE OMICHEZBERLED S NEV, —/7, SiE
X Cl R & AT KA R MR R84 7RI
BEMETL, Cl BELDOMICIZHOIEDHBE SRR
WoNb, ThHDT &, SiDEHEREDN Mg™,
Ca" LHERZTEHRMT D, SIBEICHONSH
Hicm <. ZHITRCFEIZARE. ST o7 HhEfE»n—
FNTIRELFICZHENTNE T EZRB LT
%, Mg™', Ca” JBEN SiEHE L Bk EHE(bE
RO, Mg, Ca’’ OFHICITEBAEGH S DOTAH
DHIEET, LSBT B A A4 3 HfDREKIC X B it
HBOFENREE L TWEEHEHES N, 5%, M
BRI ETH B EEZ S,

NO; B HRMHRBEDOEIE DR, BRA NV
FRACAIRA TIRORBE LRAMVEOOLNE T LEH o
2o £z, AiH/KkEEEOBEBREEDENET LV,
WARY MSE> TNOy EEDO R AR LA MR
bNB T EIEHARZHTEO® 5N TH D (Muraoka
and Hirata, 1988; 5115, 2000, 2004; Shibata et al,
2001; #EE 5. 2006a, 2006b 7% &), HEFTE R
ENTWVS (FARD, 2004), TH 5 DRI TIXEN
ARV FORKGETET NOy BEORAM A EFEAEC
2HL00, BAGERE TIHEPMICEFIETTEC L
MME SN TV S, E)IFRIBELKEER I W) TREK
EBARDLNTRECH O NOy EEDNLT LU E &M E
BOREROVOE, BEWRIC K %KM O {ER & R
HRUREEDHERICKIZEDEEZONS, T4
B, BERHHOREKERICHR L 2R TRIEED |
ST D EOKGERR TERE L 725U Tk & [H
LARIWVETEEMERLZEHESNS, 2D EIF.
NO; BEDLEB Z NS 5 Tdicid. KERD5 AL
DiEKE, HHKEEROBDKREIC RS LR
RLTW3,

DLRwCE Lz &k 91c. ENNFmRABKEBRtIC B %
K E 13 Na', Mg®', Ca’, SO,”. DIC & & DA
R B AR K EOFEHZ I I S N LH
. SiREESEFICEREIN L TR RS, £, &£
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JUFRPRE KGR B M A0 18 9 % 78 RS H A A PE T lds
JEDERWERKA N FOEEICHRAEL, ZNICES R
HKEDZEBC K2 FRD 2 WVIFHEKERICEIT S
Hwiitick v, EiciBFemmsichinz T, Cl, Si,
NO; R EDMDNIBENZLTZLEEZ BN,

3) BT O WK E O & jE & DR
FAEDEBWNREKEICEZ 2B OVTRE
COMLMFE LN, & < KD HEED RO
(Vitousek, 1977 72 £ ) . HFMKER D% (Likens et
al., 1970; Vitousek and Melillo, 1979 7= & ) AFHX5S
NTER, BREERICOVTIR, MEDHEEICE LK
5 ETOWINEDZE(IC KD, FFIC NOy JEEIC 2
DEHNZZENARICBEBVTEHONT WS (i,
2005; I 5, 2005; &5 - i, 2008 7% £ ), AKif
WTRGE Ul 3 iBimisidnz Lo, A
HiJE « £HICRKEREVZ RV, HEIXERE S,
[ SIRE A WIS IR Z O, (LE A - AR
Wik /) FHEEMD AT 2, 15 RIGTRE O s
ICIRBERS B SE RN E NLUIMIT I TR BE R — RS 0 A
T35, MBRIE. OB AFHENTH4THED
D, RES KMBVEN > TE Y., (LERE - BE
WKIEAF - e JFEZMDRTH LTS, —f, Kl
Bamisic B 2B FEKDMKIE. T BIRTIEEC KD
T2 Mg™, Ca®, SO,” IRENPLRE L. SiBENR
RENEZE R Uy MSIRIE RIS TATE R 1 HVE
<, TBREEHEDOMDOERZRT, MEDFEDEN
ZREZITIPTVETHINE NO,y BES I 5IRT
REEL, IERTERWERZ/RST D, 3 iBmREic
B BHEEDE VDD NOy JBEDZEDER % R%
TBH5EIFAMMWITESNEN T, Tz, 1996 FIC
BU23MBRHCBIZ2HEEDEREREIT I BIRD
#1160 m’ha”. M EIRDOK 140 m’ha' ICHERT, 0I5
RIEH 260 m*ha & T WEZRT AN, 1992 £ 5
1996 FEICM I COEROHEINE X 3 i & &1
LU TWiz (EKS, 2008), TOC &, FHWIC
XBESOWINEN 3 HABRHICBVWTHREETH %
TEEREKT S, O, IRBRREKICE T 58
R IF . Fig5 lcn L& 51 Si & NOy LIsk
DIEFHRREICITEEZE R ENEDLNZVDTH A
S0 —77. IRMBIREOMEICIE RERENTVICE
Mhb5d., [ BIRICBWT ST EBEMEWVT &id, #t
I BT 2KOBEHRERICHIT 5 Tk - iRk E K
BEA s LB L ORKIGRBE DT DR BHE
MYl ZRLT WS, [ BIRICBWVTNO; B
EDNECHEEICDOWTIERIHTH 20, &I H
DEWVH NO;y BEDABRICEHN TV HEEND 2,
[ FIREBRFEHED TSR, MEREDRKEL. 2
THKDBEURT OVHIETH S C L BRI N T3
(Flis. 1960), 5%, THIKOHHADF 55T
ICRFENICE T Z2HER EOFEL EFDH T, 3Bk

IS B 2 1B IT DT BB 038 W 72 RIS a9
RNEND %

4) ARDR BT RO REAl

F 1 ZRARER KGR B 1 C L A 2% OO 7 25 1A 1 Hh i B 7k
DRFHE LIzh, Z OEFERTHBUEEHI L2 -
foo TOROEFRAAMENEHTET, FHikE LT
D < DIEFR D DINZZFMT 5 T & 1E TE R,
Z T T WBERD OWZ ZF i $ 2 fzdic. AR
LB T b N TS RO R 2 MG L 7.

HIFIC BV T FAETHBDZIEE — D 1997 F ~
1999 FITFRMA AR BN TN TV S (Table 5, ¥
5. 1998; @A - B L, 2001), F/z. Table 5iCiX
ENNAMEKG B X 0K 40 km PHIC(iES % T2 T
DI BT, BRETHE 4 XBUERANRHATEICE->T
2000 FE~ 2001 FEICEHI E N7 EFRA AR (FRER -
B M W R SRR BT 22, 2002), 7% 5 THIC 251 AR AR EEK AL
Bt K 0K 70 km JLOMEZERNIC AT E S 2 JUIN K22 = iR
B (LU, MELIRT 2 ) 1BV T 1991 il
EENFRAGamE (HES. 1994) &R LT,

ZUDEMEOEFRAEAMRIE, HERHOENIZ
HBHEDOD, KOANEEDOHEEICB W THlERED Na'
& Cl', 725 U DIN AW A 2 7R) 9 LUk & B
Lefliz "9, chicn LT, AFICB % SIAFEK
DOERAARRIZS EK ZHRVWTATDEHEB
KB 2EMAAREELD 2, FC Na™ & CI 04
HAARMENBWEZRL TS T &k, HETRIE
FRARD 5 OBREEN 15 km MO 2 #i5 K D & T &
I K> THEHKEDE D DEMOEE @R ZT T
21 THdLEZBNS, —J7. DIN DFFAATR
FIZHEF T3 0.5 kmol ha''y" & ERES 755 4 e MR o
RAEICEB T 2 2EBHSOFEETH S 0.52 kmol
haly' LIZIERIETH B, e, AT DR 5 TICHEE
TREVOEVEHZEOD, EEBEHEOMDIIES
DEOHIPAICINE > TWVB, THITHL TS DERA
B B I EREITH 4 RN IRFAEIC BT 5 2EE
HEOFEMETSH % 0.29 kmol ha'ly 12 bR T, W
NoOFICHBWTEEWMEZRL, i, ZUDITE
BEFFSE 4 REEMEN M ERFABIC B 2R AMEERLTY
oo TOESIC, ABICBI 3 EHRAARRIZIZTOD
BOVICHEEICBI 2 ZN LIRS ERITELL, &
BRI OME U TZYRERAARETHZ L E
ZbN3, £, HEFICHBT 2 HE AL OERKED
SEEMEE, AR O RN B 2 ERFKEDFEEMEE
[[% T % (Table 5) TNHDT &5, HEFICEHT
DEMAAMEZ HWT, ENFRMAEZKG BRI B
B IBIF T DU Z2 Mt U Tz

3 BRI & 1T 1997 ~ 1999 4E D VI T H 7= 45
&, Na', Mg™, Ca®*, SOEHHAREIHETICE
BERAAMEL D KERMERLZ, £z, KD
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EREARRIZ I SN, I5RTRERAARELD
ERKERMERRLED, MSRTRERAAME L H
HEThHol, CIl OFHHAMER T SRTEERA
BRBEXOKERMEERLEDN, | SRESCIKITS
RTRERABRMBEAETHo Tz, TNHICHL T,
DIN OFERH AR R | SR TRERAAR R & 5
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