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Table1  Sampling condition for suspended particulates in the atmosphere.
Sampler: STEP-Sampler (Green blue corp.)
Filter: Ncuclepore filter (N100,1 um)

Sample trapped area:

4.5 mma®

Time interval for sampling: 1 hr

Sampling volume:
Sampling position:

1 L/min
Ground up 1.5-5.0 m
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Table 2 Operating condition for PIXE.

Excitation
Charged particle : Proton
Source :
Energy : 2.9 MeV
Current : 25-40 nA
Charge: 1.6-5.0 uC
Beam spot 3 mmao

Detection

Low energy X-ray:
(Detected elements: Na-Fe)
High energy X-ray:
(Detected elements: K-U)

Data collection and spectrum analysis
Energy analyzer:

Small-size cyclotron (SHIMADZU, MCY-1750)

Si(Li) detector without absorber (ORTEC, SLP 041 60-P)

Si(Li) detector with 300um mylar film as absorber (ORTEC, SLP 06165-P)

1024ch peak height analyzer (SEIKO EG & G, MCY-7800)

Analytical program: Spectrum analysis for PIXE (SAPIX)
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Fig. 4 X-ay spectra of suspended particulate at Barajima Monitoring station .
(Sampling: 11/May/'95, 10-11 time)

Table 3 Analytical result of X-ray spectra from suspended particulate by PIXE™.

Analysis value (ng/cm? *Error** Analysis value (ng/cm? *Error

Na 2400+180
Mg 460+50
Al 890170
Si 30404210
p 180+50
s 5160+350
cl 1430100
K 41030
Ca 54304320
Ti 58.5+4.4
\ 3.6+1.7

Cr
Mn
Fe
Co
Ni
Cu
Zn
Br
Sr
Pb

16.1+1.5
17.7%£1.6
580+30
3.7+1.2
11.6+1.1
11.1+1.1
141+8.6
39.0+3.0
6.9+1.56
12.0+2.8

* Barajima monitoring station for general environmental air and automotive
exhaust gas (sampling: 11/May/’86, 10-11 time).
** Statistical error by spectrum analysis.
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Table 4 Concentrations (ng/m®) of elements in suspended particulate in the atmosphere.

Element Barajima St. AkitaHC Syougunno St. Syouwa St.

Mean* Max Min Mean Max Min Mean Max Min Mean Max Min
Na 4340 8620 200 5990 18050 1580 820 3710 ND** 1540 4130 ND
Mg 890 3110 80 1190 3540 330 320 780 ND 500 1430 ND
Al 1040 3420 30 2070 13090 220 530 1870 ND 990 3840 110
Si 3780 13670 420 5400 39770 380 1390 5040 20 2700 12210 210
P 300 1870 ND ND ND 20 250 ND 20 200 ND
S 10790 28890 930 8090 24330 500 1340 3880 310 4720 11280 680
cl 2060 8540 ND 1160 4350 ND 440 3720 ND 10 150 ND
K 810 2680 130 750 2400 120 250 580 80 420 1090 70
Ca 10550 29950 90 1250 5580 150 300 1340 ND 380 1290 40
Ti 133 2077 ND 121 843 14 12 62 ND 20 112 ND
v 18.7 64.3 ND 148 445 ND 11.2 175 ND 148 235 7.9
Cr 18.8 727 ND 54 244 ND 34 159 ND 156 36.0 0.3
Mn 75 545 3 24 98 3 8 34 ND 12 50 ND
Fe 940 4980 80 700 3480 120 240 990 10 350 1060 50
Co 20 186 ND 55 275 ND 29 183 ND 6.0 19.1 ND
Ni 15.2 76.0 ND 42 285 ND 15 54 ND 2.8 6.9 ND
Cu 152 524 1.8 9.6 285 ND 58 29.9 ND 79 21.7 1.2
Zn 161.8 651.4 16.7 63.1 3055 7.3 87.5 506.7 4.2 717 2134 213
Ga ND ND ND ND 0.2 2.7 ND 0.1 1.4 ND
As 19 309 ND 25 147 ND 0.8 6.4 ND 1.1 10.0 ND
Se 0.2 2.6 ND 0.4 3.3 ND 06 3.8 ND 0.8 41 ND
Rb 53 488 ND 22 271 ND 1.5 16.9 ND 40 259 ND
Sr 16.0 46.4 ND 3.4 239 ND 06 6.8 ND 0.8 54 ND
Zr 40 254 ND 06 13.6 ND 0.5 6.7 ND 0.4 7.3 ND
Nb 0.2 8.6 ND ND ND 0.1 24 ND 0.2 7.3 ND
Mo 0.4 9.5 ND ND ND 0.1 45 ND 0.3 8.7 ND
Pb 20.7 107.7 1.3 38.8 128.0 ND 16.9 445 35 36.6 110.6 ND

* Not detected cases were assumed to be zero for calculation of mean.

** Notdetected.
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Fig. 5 Diurnal variation of 1-hour for elements in the atmospheric suspended particulates (1).



Concentration (ng/m?)

60000
50000 | Si —+— Barajima St.
—a— Akita HC
40000 —a— Shyougunno St.
—»— Syouwa St.
30000 |
20000 -
10000 |
0
40000
S —e— Barajima St.
30000 + —m— Akita HC
—a— Shyougunno St.
—— Syouwa St.
20000 -
10000
0
4000
K
3000 L --— Barajima St.
—a— Akita HC
—aA— Shyougunno St.
2000 - ~>— Syouwa St.
1000 |
0
15 21 3 9 15 21 o
Time ° °
6000
5000 |
Fe —e— Barajima St.
4000 | —m— Akita HC
—a— Shyougunno St.
3000 | —— Syouwa St.
2000 |-
1000 [
0

Fig. 5 Diurnal variation of 1-hour for elements in the atmospheric suspended particulates (2).



4. ¥&8

PIXEHIZL D SPHM G, SP & FAR & OBEFRP
KEREE & DBIRERETT 5 DI +H R EBETLEN
SMBILRETOD 28 0% %, 20 HFEE O RH KR
THRBRICERTER., SITKBPEIT SP ORI
WL TR TWBWN, EEBERITRIITIEER T

BLUOMERFHEONa, Mg, Al, Si, S, Cl, K,

Ca, Ti, Fe, Zn TH»o/=, /=, BLHRLDBDEKR
i E B/ MEIZIIRERBEENRH D, THRICK- T
4 F—F—DENHRALNZ, BILRIBEDEH/S

& — 213, SP OMEMRIZ L > Te<Bz>THD,

JERIBEIT SP OMEMSDOEIBREICKREZEE
INTWBEEZ LN, TRIBEOEEHE S Na,
Mg, SOEFNY — IR —FH LA, £, Al
Si, K, Fe, Co, Cu OZ /¥ —iRIZEFFRL T
Holz. %L, PKERICIARTROTERRE
H &I, TTREOHBEECTRER & O LB,
TC3E DR S A BHREATC IR F T 2170, SP OFA
BREMRFE2TVEZNEZEZI TS,

KPE - IFE2ED BI2H20, SP OME I
N FE o RBEROERBHB L UOHATTRERS
BMORAY w7 &, PKEMTZHEG T E o B4
71V b—THweCHESY obO by —
BIREFERREYI 70O Y —DAY
w7 IEHE L HITET,

X Bk
1) BRHE—, dlmRk, KEHIERK, TSk
WEAFIF T MRECKIEINY TSR

IV O, RKIERFRTE, 19, 183~193,

1984.

2) SEAFE  EFEAF I FNOBRRESED
R E 12 EEERE - AEWRRRRS >
R ATREE, 29~34, 1997.

3) BETRGARERRKHRIRE © Frk 7 FEE—KR
REXKMERDRERREBE, pp. 6~70,
1996.

4) BETRLKGREHBEBEEEEE R Yk
7 FEEE B BB T A BE RHRIE R RS, pp.
9~67, 1996.

5) HIRATEREIIE  ERSFEEREDE, ¥
HR, pp.36~44, 1996.

6) G.M. Hidy, et al.: Summary of the California
aerosol characterization experiment, J. Air
Control assoc., 25, 1106~1114, 1975.

7) BETRKGZRRIHHIRR | FlEh-RYE
DOFERFTL5MICHRE ) Ty —ETIVEA
OFVR ERE Bk IR E R F R
HRTHIFEEERETS) , 1992.

8) M B, GRS, HOEN  HITB T
X DR FIRWE AL IRED HANES), X
KB aFE, 29, 163~178, 1994.

9) K. Sera, T. Yanagisawa, H. Tsunoda, S. Futa—
tugawa, Y. Saitoh, S. Suzuki, H. Orihara: Bio—
PIXE at Takizawa Facility (Bio-PIXE with a
Baby Cyclotron), Internationat Journal of
PIXE, 2, 325~330, 1995.

10) ME=AK  PKEHBEOLY OV )VRI T DInk
SFT, L7 TOVIVEFSE, 8, 118~123, 1993.

11) AEFHS : PXEZEOERRBAOEA, RA
&, 1994, 612~618, 1994.

12) A W B %, BRI — RS C AR
TLHEBEIE D728 ORERFNEHE OFiR & PIXE 2
¥, DNEEXWE, 23, No.6, 15~24, 1987.

13) K. Sera, S. Futatsugawa, K. Saitoh: Method of
quantitative analysis making use of bromine
in a Nuclepore filter, International Journal of
PIXE, Accepted, 1997.



MULTIELEMENTAL ANALYSIS OF SOLUBLE AND INSOLUBLE
COMPONENT IN FRESH SURFACE SNOW ON MOUNTAINS
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Abstract: Chemical composition of soluble and insoluble were determined in fresh surface snow
samples which were collected at the top or near the top (700-1500m altitude) of five mountains in Akita
Pref. of Japan. The snow samples were thawed and separated to soluble and insoluble component by
filtration. Various anions and cations were determined by lon Chromatography, and 37 soluble elements
were determined by Inductively Coupled Plasma Mass Spectrometer. 19 kinds of insoluble elements on
the filter were determined by Particle Induced X-ray Emission. These results were represented as a back
ground of elemental composition for fresh surface snow andseveral characteristics, i.e. effectof seasalt,
for each mountains were observed.

Key words: Multielemental analysis, Fresh surface snow, Mountain snow, Ion Chromatography,
ICP-MS, PIXE

INTRODUCTION

Various scientific fields are concerned with composition and chemical form of elements in rain and snow. Many
reports have been described thata lot of ions and elements in precipitation by human activity such as industrial and traffic.
It is very interesting in elemental andionic composition for fresh surface snow on mountains far from human living area
because they have similar composition to cloudsand also arising native rainand snow. But there are few research project
for determination of multielements in fresh surface snow on mountains.

Multielemental analysis and chemical characterization are necessary for environmental science because this field often
needs many kinds and number of analytical data. Ion Chromatography (IC) has been often used for determination and
characterization of soluble ions in rainandsnow. Nowadays, many scientists recognize Inductively Coupled Plasma Mass
Spectrometer (ICP-MS) as a powerful tool for simultaneous analysis for tracesoluble elements in water sample. Onthe
other hand, multielemental analysis for insoluble component in rainfall and snowfall is not so easy because mass of the
component is limited and often complete dissolution is not able to do. A newcomer to simultaneous analysis for trace
element, Particle Induced X-ray Emission (PIXE) is suitable for small amount of analytical sample on a thin film.

In this paper, we collected fresh snow samples from five mountains far from humanliving and separated soluble and
insoluble component by filtration. We analyzed soluble component by IC andICP-MS, insoluble component by PIXE.

EXPERIMENTAL

Sampling location of fresh surface snow shows in Fig.1, andsampling site anddate givein Table 1.  The samples were



collected with deposit gauzes and transported into polyethylene
bottles (2L). The gauzes and the plastic bottles were cleaned and

Mt Tashiro Lake Towada

kept in polyethylene bags prior to the sampling.

The snow samples were slowly thawed at room temperature in
laboratory. The samples were filtered by a polycarbonate filter
(Ncuclepore 25mm¢,. 0.2um) on a membrane filter (Millipore
25mm¢, 0.8um). Theanalyses of anions of CI°, NO,, Br, SO L
and NO;", and of cations of Na*, NH,*, K*, Mg?* and Ca** were M oga-Honzan Mt Mortyost
determined by IC (Dionex DX-100).. Details of IC analysis are \. Akita Mt Akita-Koma @
described elsewhere [1]. Soluble elements were analyzed by l / Tazagake
ICP-MS (Yokogawa HP 4500), and details of ICP-MS were w '
demonstrated elsewhere [2,3].  In ICP-MS analysis, the semi- . o N

eAkita ™|

quantitative analysis of 71 elements (Li - U) was conductedusing
internal standards of Y, Se and Tl. And then 37 elements were
analyzed quantitatively using standard solution for each elements.
For the insoluble elements, Particle Induced X-ray Emission
(PIXE) analysis [4,5] was carried out with insoluble component on
the polycarbonate filter for 200 mL of the thawed snow samples,
and used one of the Japan radioisotope association Nishina

140" E

Mt. Yamabushi

0 10 20 30km
[ N MY

memorial cyclotron center.
Fig. 1 Sampling location.

Table1l Sampling site and date of fresh surface snow samples

Sampling Site Point Altitude (m) Date

Mt. Yamabushi The top 1315 19/Feb./95
Mt. Akita-Koma Near the top 1320 26/Feb./'95
Mt. Oga-Honzan Near the top 650 28/Feb./'95
Mt. Tashiro The top 1178 05/Mar./'95
Mt. Moriyoshi The top 1454 12/Mar./'95

RESULTS AND DISCUSSION

pH and ion concentrations in fresh surface snow are shownin Table 2. pH was in the range of 4.80 to 4.47. The
concentrations of ions were 92.0-12.2 ueg/L-range for SO,*, 20.6-7.7 peg/L-range for NO;, 16.1-3.9 peg/L-range for NH,",
24.0-1.6 peg/L-range for Ca,*. The ion concentrations in snow samples from the mountains, except Mt. Oga-Honzan,
were the similar levels compared with several mountain samplesin Japan [6-8]. Table 3 shows the contribution seasalt
for ionic abundance. The ion concentrations in Mt. Oga-Honzan snow sample was influenced by sea salt.

The quantitative data of 37 soluble elements given in Table 4, resulted from the semi-quantitative analysis by which
44 elements were detected. The concentrations of soluble elements were several pug/L for nine major elements: Al, Mn,
Fe, Ni, Cu, Zn, Sr, Ba,Pb, and 0.1-0.01 pg/L-range for 15 minor elements: Li, Sc, Ti, V, Cr, Co, Ga, Ge, As, Se,Rb,
Mo, Cd, Sn, Sb, and 0.01-0.001 ug/L for 13 trace elements: Y, Zr, Cs, La, Ce, Pr, Nd, Hf, W, TI, Bi, Th, U. The
concentrations of soluble elements measured were higher in Mt.Akita-Koma than in other mountains. Although the
differences in elemental compositions were not shown between the mountain snow samples.

Fig. 2 shows the elemental composition of insoluble constitute in snow samples. By the PIXE analysis, 19
_elements were detected, and Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti and Fe were the major components in each mountain
sample.



We hope these analytical methods and data for fresh surface snow on mountains will be useful for rescarch for origin
and transport of acid rain and snow.

Table 2 pH andion concentrations in fresh surface snow

Sampling pH EC lon equivalent concentration (ueq / L)*1
site (uSlm) CF NO, Br NOg SO,Z Na* NH K& Mg Ca?*

Mt. Yamabushi 462 245 544 ND*2 ND 10.8 36.1 49.3 15.9 36 100 5.0
Mt. Akita-Koma 447 282 387 ND ND 206 295 33.1 161 30 63 56
Mt. Oga-Honzan 455 89.7 539.1 ND 0.7 83 920 4664 158 112 109.7 24.0
Mt. Tashiro 465 108 244 ND ND 128 122 17.7 39 09 26 1.6
Mt. Moriyoshi 480 139 222 ND ND 77 218 221 116 26 18 18

*1 lon concentrations determined from three repeated measurements of each sample.
*2 Not detected.

Table 3 Contribution of sea salt

Sampling Contribution percentage
site C  Br S04 Kt Mg?* ca?
Mt. Yamabushi 100 -*  16.2 28.6 0 40.0
Mt. Akita-Koma 100 - 134 25.0 0 27.3
Mt. Oga-Honzan 100 100 609 886 97.0 854
Mt. Tashiro 85.1 - 16.9 50.0 0 33.3
Mt. Moriyoshi 100 - 124  20.0 0 50.0

* Not detected.
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Fig. 2 Elemental composition of insoluble constitute in fresh surface snow.



Table4 Element concentrationsin fresh surface snow (ug/L)™

Element Mt. Yamabushi Mt. Akita-Koma Mt. Oga-Honzan Mt. Tashiro Mt Moriyoshi

Major elements
Al (27)*2 4,18 21.4 4.62 4.51 2.17
Mn (55) 1.18 4.28 1.17 0.819 0.484
Fe (57) 16.3 35.4 12.3 4.30 16.0
Ni (60) ND"3 0.806 ND 1.37 ND
Cu (63) 0.493 1.38 0.746 1.64 0.528
Zn (66) 8.94 10.5 2.66 7.05 1.25
Sr (88) 0.442 2.39 7.89 0.541 0.371
Ba (138) 0.343 1.73 0.488 0.372 0.364
Pb (208) 3.62 3.96 1.51 2.64 0.873

Minor elements
Li(7) ND 0.073 0.164 0.014 0.011
Sc (45) 0.050 0.053 0.044 0.012 0.077
Ti (47) 0.049 0.374 0.050 0.061 0.053
V (51) 0.119 0.394 0.307 0.082 0.150
Cr (53) 0.557 0.221 0.233 0.154 0.151
Co (59) 0.036 0.053 0.007 0.076 0.006
Ga (69) 0.044 0.157 0.044 0.025 0.033
Ge(72) 0.012 0.072 0.037 0.008 0.024
As (75) 0.247 —0.988 0.316 0.196 0.170
Se (82) 0.085 0.308 0.299 0.084 0.343
Rb (85) 0.080 0.322 0.212 0.578 0.118
Mo (95) 0.032 0.121 0.049 0.035 0.030
Cd (111) 0.142 0.201 0.053 0.104 0.056
Sn (120) 0.027 0.108 0.021 0.084 0.023
Sb (121) 0.066 0.192 0.044 0.072 0.049

Trace elements
Y (89) ND 0.019 0.003 0.002 ND
Zr (90) 0.002 0.021 0.004 0.006 0.005
Cs(133) 0.007 0.008 0.007 0.005 0.003
La (139) 0.010 0.024 0.006 0.011 0.003
Ce (140) 0.004 0.033 0.002 0.009 ND
Pr (141) 0.001 0.005 0.001 0.002 0.001
Nd (146) 0.004 0.018 0.005 0.006 0.004
Hf (178) 0.002 0.001 0.002 0.001 0.002
W (182) 0.002 0.028 0.006 0.004 0.005
Ti (205) 0.001 0.017 0.005 0.001 0.003
Bi(209) 0.001 0.011 0.007 0.006 0.004
Th (232) 0.001 0.007 0.001 0.001 0.001
U (238) 0.001 _ 0.013 0.004 0.001 0.001

*1 Element concentrations determined from three repeated measurement of
each sample. *2 Mass number. *3 Not detected. The underlines are max-
imum value for each element.
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3.4 BAKZDABHOEEIZDONT

bR DOBBEIZ L b & U /=N0x$S80: 55, NOs~
PS0 " BEREINB DT, N0 S042 X ARE
BCESBERMEIC R DY, 2ITC, FHAtA
BIFBBKEADARBIZEER 20, BA4
Y (NOs™ + nss-S04%7) FHDONO:~ DE|EERSIZRL
o WRLDFETIE, EF1500nk b EVHAT
130.1~0.2, WA TIX0.3UETH D, EEHE
KBRBIEENSLKBRBERERLTWEERSTW
30, WLORETHEHE, EF LD

DIZIFLMATO.JFEROBMEERLTHE D, AAEK
HERZIFIEENEODVWTEHEDEDRNESE
Y

#%8 NOs:-/(nss-S042-+ NOs~)LE

& E e
B ##50m 0.32 0.36 0.32 0.29 0.31
B #41650m 0.33 0.32 0.32 - 0.33
H#1000m  0.35 0.33 0.31 - 0.32
Bn4oE230m  0.33 0.32 0.34 0.37 0.34
B9+ &E650m  0.31 0.29 0.32 0.35 0.32
B4 E&1000m 0.30 0.28 0.33 0.35 0.32
ZA111650m 0.33 0.33 0.34 0.29 0.32
oA 0.26 0.28 0.32 0.28 0.28
Z 5 0.29 0.29 0.34 0.31 0.30
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E1000miz DWW Tk, T2 h23.6meq/m? /month,41.2
meq/m* /month CHEHIER D HiE@25.4meq/m’ /month & [A]
FERIIN2EOEERLE, 2O I, 4’71“/@
wERDRKE L EHERBERIH H. EEPEVIH
RTEIFEW R g LT A j‘/*ﬁb&ﬁpﬁﬁb\% 1))
D, BKEDPLENW DA UBHRERL LTIEEL
BRABERERLTWVWS, RIZEAAICHDB L, BEA
F DT, £HiA Tnss-804%"> N0s™>nss—Cl~
TH D, nss-5042"1EN0: " DRUEDHRERETH > I=o
nss-80+* T2 DWW TH D &, B4 &1000mH513. 8meq/m?
/monthtHRIFWEEZRL, fHEBOHBIDEN

BRI UTz. A A T, 597 E1000mzRR < £t

RN BH LD EWEZR L.

Fh, 24T VEREEBIIODWTEHLLEARS
&, XOptB b, BkEIZHF LT, Iy &E1000nT
FEAFHNEFONLUE, MEBO4ERWVEEZRL, K
FLULTCHBIEEINDZZ b oi-. BEE
OV EE, BICEFEDILBLYPOEWVEE
m~LTW3,

2T, A <H 25 EF1000m & 230miZ D
A A VREREEREORS 2R T2 EXI0DEED
THDD, ERASLOEFDONEE TIRIZITRE
WHRBT D, EFIZBVT,nssKB2RVWTERS
Ed, 230mt S CIXITEENTH D2 DIZx L, 1000m
WRTEBEWMEZR LTS,
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3.6 AEZEO6S0mith (2B B DL

ZZ650mIC BT A EHADA A UIEREERIOB L
VCRIER A A U EEEEERIB LORIIEAIIR
T, /2, K121z, FHEIC BT Bnss-50477,N0s 7, H,
N DA 4 VBRSO TV nEROFEHELE
Yo

HE650mi S BT AR EDE A T UEEED,
BIf83 eq/l, B4 &100eq/1, ZA11107 eq/1 T,
BrEe ARl DEA 4 BEEIRITITEVETH S
b, &1 A VEREETIHBKEDOLWEy BRI
DFLEDEWEEZR LTV,

WAz HD L, Zm e b, BEA 3 Tldnss-
S04%7, BA A Y TIRNDROLELEFh TV,
nss-8042T I DWTA A U FHEE 2 EHIBITHA D &,
KZEZHBWVTnss-S04> DAL TH2.9ueq/l, BV &
T28.31eq/1 T, IREIRIZH DRI HER WEMET
HO, BRLDFEBEICBNTH, HERERITLFEIInss-
S04 DIEBIZCENVWBIEIC 222 EBRLTWS,
Fi, tMORAFIZONVT Y, XRIZBNTAKLDE
EXDERIIEWERZRLTWED, 14V EBLER
BT 2 L, 500 S RIUDEKEDOBEZRTEH
EDHESFLUT EIR>TN 3,

F10 1HEHO0mbERIZHIT 214 F U IERE (BAT: 1eq/1)
nss— nss—_ nss— nss— nss—
S0 NOa cl H* K' NH. " Ca”’ Mg~ Total
B # 21.8 13.5 1.3 14.2 1.8 19.5 3.8 0.8 83
53 yooE 33.0 15.6 2.0 19.3 1.6 21.7 5.8 0.6 100
A il 35.9 16.9 2.1 19.2 3.5 21.5 6.8 0.7 107




F11 FEECSOMBEIZHIT S F U ELEE (HfI:meq/m’ /month)

nss— nss— nss— nss— nss—
S0.%” NOs ™ - c1” H* K NH« " ca’’ Mg® Total
=} £ 7.7 3.7 0.4 3.6 2.4 4.1 1.4 0.2 23.6
w s E 13.0 6.1 0.8 7.6 0.6 8.5 2.3 0.3 39.2
a i 6.3 3.0 0.3 3.2 0.6 3.8 1.2 0.1 18.6
120.0 50.0

ueag/l

F11 AEEmESOMbRIZHIF M A IEBRESL UM A VIAEE
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3.7 BaMLtbizHF3BEFECIDONT 108178 ~180 DFE T, 1THIXFHEEY, 18H
3.7.1 BREBOKRBR'S BLUSHERR ZE2VDRZETH oz, 1THFHRINE, WPLETE
EREESH DT T, 21 HIc B AT DN S RIER EDFEEL, BHORHHIT R > THENEIH THIE
EAEHERLEEDIZ, BHERLRICR 2 KU,
B, BirESESHAEL2E-T, 2ACEEL L TERETHI~4H OFAE T, BN AR LOKSE
ot BIF2IHRIZHEE L, 22HKRBHIC—RREA - MIFKRBBICHEIAILEZHISER L, DN TH o=
b, FEEESSE L, FATTEREIC S U s, P, FOBEY ORIETH o=, REFGK, BWT
ERTECH21HOHETIE, REHED —EL HolDs, FRIKEISBDIREL, RIIRZ LR
C, FRISED 5 BHENL U S, FHEORHEI 1L FLh , AHOBREETHEIE > TN,
U7, THNHOR/ETIE, RIEDWEKLED T, 10HI8HOME TR, FVREDHLE>TEDOD
HEBARIC T TWED, BRICED D F81 KIETH > Iz. TERE, MBS TWRED, FER2A
IBEICE L 2o E»SEIREL, FERIUNEICHETNE R,



3.7.2 HBkBLUBKDOHDRE

F1 #11000miz 517 2 KB L UK D HER % (pH,
ECE ) 2R12, HABEERISIIRT, pHiZDWT
134.8~5.8C, IXITRREAICERE U /=Fk & i U 7=
B, Bokoplidd. 9~5.40@ETH b, IFFRR
EZRLTN3,

ECIz DWW Tk, B/KiZ9~86 15/ cm, BEKIZ12~20 1
S/em T, BRAKIZ B UTHEKDEWEEZR L.

ERTEEICRELEBKS LURBKORSEBESD
S ORI 2 XI13IZR U=,

FGKIERBAKICHB LT, PRVEVEERZRLTH
b, EHRIZHS L &ZEZEIZS0457, NOs™, NHa*, BhZ(Z
BunthNa*, (1 BELEENWE, BKIEBWTD
EIzNa,Cl DBELEFNTB Y, FRITHB LT
MBICHEEOREER BRI TCNELEILSN S,

T, pHBMENZ &, AR L, BWICH
D EBIRRGETHDHI DS, NOs7/S0.%7 Lk i&
Bkt b RESRBZEEZSNTNEH'Y, HLDH
BT, N0 7/S0.* b2 BH T 2L, ER6EETH

kD31.0, BEAKHL.1, SBRRTEE CHKTO.9, kD
0.6, PHSERE CIXBAB L UKL 120.4TH D,
SEME YT 2 L BKEIBKLIZIERULETH -
o SOZ ENS, YHIBIZBW T, BTN REY
ZIFEAERVWEDEEZ BN,

¥/, EFHSFETHI~MHOHFEIZDOWT, M1 4 V&
EEB L OECOERELERIAIRT B DR ERIT
BRAOBEB LRI E L HEIEET 220N
TELRBIEAERLTWR 2 T VIBEEELAD
Y EFRERZ533 ueq/1 TH o=, FEAE L C20KE
BITIX193 eq/1E 72 b, #1/3OBEIZET LT
%,

IO EiE, BRERIIKRFOBKEDDRL,
FRGBRBNIVWEDHEEIRTNSE?,

H# Lt DR E 100002 OF X T, pHIZFFIZ KW E
ERUTWERND, BKICHE L TEVWR T BEL2ES
ABEDRELTWARRTH %,

12 g#1000miz B1F3TKE L UEKDIHERR

W % BB WE BT WHE=E pH EC
No. & %8 A H B A H i (m1) (1 S/cm)
6F-1 % 6/21 15:00 6/22 3:00 140 5.70 8.6
H.6 6F-2 % 6/22 5:20 6/22 7:20 45 4.86 17.1
6R-1 i 6/20 11:00 6/27 11:00 598 5.13 11.6
TF-1 % 6/21 . 13:00 6/21 18:00 56 4.87 68.8
TR-1 il 6/19 11:00 6/26 11:00 140 4.94 19.7
7F-2 % 7/20 11:00 7/20 14:00 62 5.79 23.7
H.7 7F-3 % 7/20 14:00 7/20 17:00 82 5.41 12.7
F-4 2 10/17 13:20 10/17 17:20 40 5.40 42.8
7F-5 % 10/17 17:30 10/18 6:30 80 4.81 51.3
R-2 il 10/16 11:00 10/23 11:00 460 5.39 18.6
8F-1 % 7/3 13:00 7/3 15:00 100 5.18 44.6
8F-2 & 1/3 15:00 1/3 17:00 120 5.41 35.3
8F-3 % 7/3 17:00 7/3 19:00 85 5.00 30.2
8F-4 & 1/3 19:00 /4 5:00 1200 4.38 29.3
H.8 8F-5 B 7/4 5:00 7/4 7:00 240 5.48 16.4
8F-6 & 7/4 7:00 /4 9:00 350 5.38 15.1
8F-7 % 7/4 9:00 /4 11:00 350 5.10 16.6
8R-1 il /1 11:00 7/8 11:00 2445 4.91 19.2
8F-8 B 10/18 14:00 10/18 16:00 60 5.25 85.6
8R-2 il 10/14 11:00 10/21 11:00 2814 4.92 19.2




#F13  BLi1000mz B3 2FRB L UBKD A F &R (B4 pea/1)

No. 80.%" NOs™ ClI~ H Na* K NH.* Ca®* Mg®*  Total NOs /S0.%"
6F-1 14.6 16.9 16.9 2.0 14.3 5.6 15.0 18.0 <0.1 104 1.16
6F-2 39.2 30.6 15.5 13.8 16.1 2.8 33.9 <0.1 <0.1 152 0.78
6R-1 50.2 52.9 17.2 1.6 21.3 11.5 66.1 20.0 6.6 247 1.05
7F-1 148.8 148.7 83.2 13.5 32.6 8.7 287.2 30.5 12.3 766 1.00
7R-1 49.4 36.8 20.9 11.5 20.9 13.8 38.9 9.0 5.8 206 0.74
7F-2 50.2 52.9 17.2 1.6 21.3 11.5 66.1 20.0 6.6 247 1.05
7F-3 27.1 29.0 8.7 3.9 5.2 7.7 411 10.0 0.8 134 1.07
TF-4 45.2 53.4 182.5 4.0 132.6 14.1 75.6 21.0 30.5 559 1.18
TF-5 69.4 3.6 199.4 15.5 193.9 9.7 62.8 17.0 37.9 641 0.51
7R-2 26.5 13.2 94.5 4.1 83.5 5.6 13.9 7.0 17.3 266 0.50
8F-1 163.1 70.2 29.3 6.6 2.7 9.5 213.9 13.0 5.8 533 0.43
8F-2 121.0 50.2 18.9 3.9 11.3 5.9 173.9 7.5 3.3 396 0.41
8F-3 97.9 46.3 17.5 10.0 10.0 4.6 159.4 6.5 2.5 355 0.47
8F-4 91.3 46.1 13.0 “n.1 7.4 6.1 125.0 5.5 2.5 339 0.51
8F-5 54.8 20.3 10.2 3.3 5.2 41 86.1 4.5 2.5 19 0.37
8F-6 53.3 18.7 9.0 4.2 4.8 2.8 76.1 3.5 1.6 174 0.35
8F-7 60.0 23.2 11.3 7.9 5.7 3.1 17.2 3.0 1.6 193 0.39
8R-1 66.0 29.7 13.0 12.3 10.4 3.6 77.8 10.5 3.3 221 0.45
8F-8 119.6 36.8 620.0 5.6 452.7 24.8 70.6 43.0 119.3 1490 0.31
8R-2 3.7 1.0 102.4 12.0 79.6 11.3 12.8 11.5 18.9 291 0.35
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BUENICL2ZMECBI2REDERRINS =
8, A—idic B 2EEZE, B—ERICBiT 5t
BOEZEDRHELER L, BN ORKREZIEEL
o ¥, BMLHAEZI000mRIZBNWTHET S
FOTE & EM L, Bk & DRSO LS HE KRS D
BRALEEEEL .
1) ZEvkitss o & IZ BT 2Bk DpHOELEEI
4.7~4.9C, BELIELRZIZONT, THIHLDLP
RE LR BIEREER Uz ECOELEHEIZII~ITuS
/em T, BEDE <7zczati2:{fﬁ< 7B IERDBR S Wiz
2) 1A VIEEER, EEPELRZIZONT, 1&E
TARCDORS DIEE DMK < tc%ftﬁmﬁ DI SIS
BRI A 4 i, BLHIEE1000mT24 Leg/1,
FHYR RS 7 EAEE1000m T30 eq/1 T, THfFHIDKN
DDETH o=,
3) Bl L OHREAE & OFE 1000mic BT B
A4 F U REEERICOVWTIE, EEDEWI I B L
TAZVIEEEDEND DD, BKEBZNWED,
e FASEFEEZNULOEER LR,
4) FHNCAB YL, BEEOEWHATIE, 14 V5
WEBDLBIIBVWTHORE LV EU ELOFWER
RLTEBY, BELLUTEZEBIIERINZ DD,
SBIIBEDEMIIKEORELEHT ILEDDH B
EE XD,
5) MHEEBOHMHHIZB N EFI00mEEDE S
F Tl ABHES I >NWT. A—HRic BT 25E
EIZ L DBENVWERICRD S W25k,
6) EE650mit DA 4 VEEECOWTIE, BFED
%Ejﬁu_ﬁbw\][‘%@[ﬂﬂ?ﬁﬂ%@’fﬁ%ktt’\mb\{ﬁ%fﬁ L=
D, A AV REIRE EIT D W T, I RS o & D8,
BEAIZERNLEOFWVMEEZRLTHEY, H—
BETH o> TCHHIBIZ L > TEDBDSNI=.
7) EARLH1000mT OFEKIE, FEKIC ELEET 2 & pHIX
FIFEREREZE R LD, ECE L OB EE I E W E
2R LU,
8) BKIZESFENZMHEEA Z > LIREEA A2 DD
KEFIERIER L 22 D5 FRATRERZTIEZEA
ElanweEZ 5N,
9) koA A VFEEEX, BORERICEVWEEZT
L, RRAEE T 2 I D TEE DMK R 2 {EFR DA
2% ¢
10) BIEBKICHEB LU CBANRETHZ DS,
S HMOBMME I OV T HBEORELFM L, R
DO EEX ST T 20EDPHDLER
%o
11) 37E, ZMHEIZ BT 2 RGE IR BFFRETH
2h5, EEI000mIZ BN T bt & EkkR A 4 fEik

BEDPHY, FMEBR~NOREVBTI N
I, Si&iE, oIz DWW T d Rk RAEZEKT
2L i HEPTHERESRANLRRELEML
RT3 2R EDBH B EBbDN S,

&E Xk
DA EPEAER : BRMRT — A DS A HE, RE, NEOT
HEEEOERD SR Z 5 BEHBEAE Vol.32.No.
12 22 1996
DIRTEE : BURSIC I 2FMANOREICHET 25
B & MREFT OEGE  BRIEMTSE NO.99  149~154
1995
AR BN EBELEYEOBMERIC R TR
# pE/NE Vol.27,N0.10 32~35 1991
)RR RS ERRBRIE HE 47 FRR8EIZH
5)RE BRI BMEN Lol KABRFSHE
H26HH1E A2 1991
6)FREPFF - BK B AT - B B AR > & — gL R
MAERRRREIBEE A F B8 28~ 1994
T EEAEFRLEE Vol .19 19 1994
8) 1 1ZEER - IR B - AR BRI BE 9 2 A 95 -
MRS =7V IVOBRIZDOWT HBRER
t & —EH No.21 70~83 1995
9)iE /=283 - BB E] - REL : AR OZMHEIZ BT
ZEMRF-BUZICOVWT BREARRERMfiEY ¥ —
%R No.23 36~46 1995
10) AT SPEE K ER RS TBIE R D ERE A
7 No.3 29 1991
1) F kI I RBRE SN & —F#,N0.12,
94 1984
12) EBchl-/MUsh:H b b & Bi= HAROBEMERT BT
WRA-AETCES N ERR L SBROBE-RRIGRT
25 H2655151991
13) S BAHET A (8, BB Ty L T &
O SR  HEAEERER A RATER 79 1991
14)*@@1:&5 BN e BuSE 43

15) L& KA e w— B - Eik ke
A—8 - EAIRIE MU AK—RE - BB B - A
FRE S & L SEER - A BPERAS : H AR D ILEIA 23
m@r@ﬂ?%mm FUEEE L ETREIAES
5t No.11 916 1995
16) At A REE  KHEKS AR FR6EH, F
RTE6H, FERLT410A
17) LB 75 - SPARRE R B 5h - VRIS A
EHIERIC BT BB oMY RERSLAEWIRT
265 29 1994
18) /112 - Gk — - M Eth - HPIEF - Rip
BME O & eE R B ARMEEEE Nolb
698 1991

E L A% Vol.2



