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Hot Springs in the United States of America
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Department of Chemistry, Toho University

ABSTRACT

The author visited the United States to study hot springs in 1961-1962, 1965 and
1971, and made an investigation of the hot springs mainly in Yellowstone National Park,
Lassen Volcanic National Park and Hot Springs National Park.

I) Hot springs in Arkansas were weak alkaline springs and poor in mineral matter,
but high in radioactivity. The highest temperature 63.9°C (by Haywood); the
highest radon content 30. 5X10~° curie R#z/l (by Kuroda); radium content 1. 38 X102 g
Rall; radium content of black manganese oxide sediments (black tufa) 3751 x10-12g
Ralg; radium content of calcium carbonate sediments (tufa) 15.2X10-2g Ra/g (by
Schlundt).

1I) As for the hot springs in Lassen Volcanic National Park, all the springs of Bumpass
Hell, Little Hot Springs Valley, Sulphur Works and Devils Kitchen were poor in
chloride and high in sulphuric acid. The lowest pH-value was found to be 2.0 and
the highest sulphuric acid content 1616 mg/l. Morgan and Growler Springs were
weak alkaline springs and rich in Na, Cl, Li, As and HBO,.

III)  As for the hot springs in Yellowstone National Park, the springs in Upper, Midway,
Lower and West Thumb Geyser Basins were mainly alkaline springs and rich in
chloride and other mineral components. In Norris Geyser Basin, the springs were
mainly acid, but neutral springs also were found. The springs in Crater Hills were
the richest in chloride and other mineral components. The strongest acid spring
in Yellowstone was Sulphur Caldron Spring with 1.6 pH-value. All of the strong
acid water in Yellowstone was very pcor in chloride and rich in sulphuric acid.
Moreover, the rate of flow of those strong acid waters were very small. The strong
acid water in Japan, such as Tamagawa Hot Springs with 1.2 pH-value, were richer
in hydrochloric acid than sulphuric acid and very rich in the rate of flow. This is
the distinct difference between strong acid springs in Yellowstone and Tamagawa
Hot Springs in Japan.

In Yellowstone National Park, no radioactive springs have been found. But according
to the results of our study in the summer of 1971, two black radioactive manganese oxide
sediment depositing springs were found on the plain in the west part of Lower Geyser
Basin. The activity of the springs measured at the orifices, by using a Survey Meter
made by Rikenkeiki Co. was found to be 600-700 cpm. While, the reading of the Survey
Meter at the orifices of the other springs were found to be 70-80 cpm in Yellowstone.
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J{o> Lassen Volcanic National Park ®EFi3# 1T Yellowstone DERE L WL 50, &
DI ET 5.

(2) Arkansas /i Hot Springs @ X 5 ICHBEBEX HE LTHBA LTV L DT
RETNTE->TLEY, HBET G2 HA L TKREARTIE, /MirbKRTHT LT X
> THEGRE F TTF CABBCHKERECFIALTCW 23 0. Z0BA, FRIT 4 FEo
2 EZT RACEIh w5, FRIXERTH 52 bath house 1R TH 3.

(3) RIS Swd ) BFRL L, ghhicd, ABCLFAIRT, BRKE
FOEFPWRE T3 0. California MO KEEFRHIROEF T OBICIET 5.

Data of Geochemistry }¢® Radioactive Tables of Some Natural Waters 1ZZi#x
RTOWBEBEOHSERCOWTEMNE & OFR 0 DR CHE 1 KiCR L, EETHEAD
BTz oI DBLL LW ENRTFEREINRZN, 7 A) ALECHTIRAESHOR XFDMH
T b THAS, HbiEFE Wyoming, California, New Mexico, Utah, Calorado,
Oregon, Arkansas 75 X DOIMics\ ., £33 1961 4~1962 4F, 1965 4F, 1971 4Eo 3 [H]
¥R L, & LT Wyoming M@ Yellowstone National Park, California /> Lassen
Volcanic National Park, Arkansas /{® Hot Springs National Park DR FH4E Uiz
DT, THLDERICOWTHET S.

1. Hot Springs National Park DERE
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BIRYE Y, 1804 4EEE A B ACFIH SRS X 51T/ » 7. {ERi Hot Spring Mountain &
ER S NMUOEIZEX 700m OBRICHKELTW5, 557 4 » ) HEHTR TR GHEE DK
B 63°C Th B, K-V v IReRTrbh Ty, FR 4 JEoq 2 E20 AR
L, {IE 3Tk CTEE LicBii—BRER 2 v 2 ICED bR, TInbIUD ED X v 7~
RY T THEF bh, WCHEZEC X ZKEXFIHLTHE bath house NG2AELR T2,
ES7KiZ bath house ~3%BHHBHIC, KK TARCHET HIRE X T/, BEHESh, K
BHBBENLS XN 0 GBI TETETREANRD X570 &ikiews, & & TRECGREREIC
LS BCHG RT3, BEvAREEEBH OIS 5 ERAKOME T EERILOA
239 21 OFE T TERRRCET - TRDL. b o & SAEEECH 2 KTERK & TR
STEADPORSB & BEOWHAEL Bbhb X5k KT hinh DANKERATFEE > TR
5., LAMBLBCHEEX 2] (10X 5 THS.

Esob2mait J. K. Haywood (1905) 12 X5 L8 1£D@H TH 5. 1932 4% Schlundt
M FVESOY ADEERTIAEL 1.38X102g Ra/l &L, BT FVEIIKFCERFT
550y ARRIMTET FYELD 300G RE V- EEHIC L, o EFoREC X
Hot Springs @ Palace Spring 7> b b 0 LicAIKHE (tufa) 13 156.2x107"% g
Ra/g <# 5%, AU Palace Spring » b bhicBafidy (black tufa) 135 =
ft=v#vTHnn, HELL 7Py agEM»AEL 3751x10™ g Ra/l R lic. ByAH
Hot Springs OHEHKFE Gregg OHBIC L5 &, b= vy vaXls L +5R6
DOILTEYN LI IR D DR ER 2 v 7 ~NBL A TRl L, BRORIKEIEL 2V 71D
BaNMUD 2 v 7~ P EIC bath house %% -1 7T bath house 7>BEHx 27 Y — 27

w1FE T—hvy—0OEAEDLFEMK (ppm)
(534738 J. K. Haywood)

Sp. No. Total | SiO, SOy HCO; NO, NO; PO, AsOy Cl Br
1) 280.8 | 45.1 7.8 166.5 | 0.88 trace | trace | none 2.5 trace
25) 282.9 | 47.3 7.8 166.5 | trace | 0.0007 | trace none 255 trace
43) 310.0 | 43.2 28.7 160.5 | 0.22 | 0.0013 | 0.53 none 5.8
I Fe+AL| Mn Ca Mg K Na Li NH4
1) trace 0.24 0.36 46.1 | 4.8 1.65 4.52 trace 0.30
25) trace 0.19 0.29 46.8 | 5.0 1.69 4.73 trace 0.028
43) trace 0.44 | none 49.2 | 4.2 8.84 8.33 trace 0.008

mo2R T—Hhv/—DREREDTIVYVER
SrE FOoE=HE 1961

Temperature °C Rnx10-9 curie/l CO; mg]/l
Display Spring No. 1 57.1~57.3 0.24~0.41 24.4~29.0
Display Spring No. 2 52.2~52.9 6.10~9.00 12.4~17.2
Reservoir* — 1.76~2.09 21.0~24.5

* Resevoir FEIEAGEICHKEBECRAL TR 2502V 7 THB.
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VARKETDDOTES S, Eh BT ARMI L > v 413 T 0w ASEAEE -,

REDLIXZDORFEDS FYRO L v v4B2HI%E L 0.90x10~° curie thoron per liter #3#

L fe

IR & OKEEORIR & & et 2 & REMILRSAK T 13.8X10~° curie Rn/l, B5T
1% 27.5x107° curie Rn/! TWROFVRREMELR R Uiz, 452 I i32EEn 1961 FH1
H¥#ifE LT Display Spring No. 1, No. 2 KROYESAR AIBLAKEBECHD T3 Re-
SEIVOir ICoWT T Ny &k L M. REFHCIHIE LAExR Lic, BEOCEWERD M
FYEESPIRCAPNER SRS, 7 FYOREIC O T HIRE SR AU B b 5 B as

M GEHRTH L5 TH 5.

II. Lassen Volcanic National Park MDE5

BEiS 10457 feet dE kIl Lassen Peak @it s 2 Micx+ L 5= Bumpass Hell,

pH

T —~1

N /
1.0~ 29 ® .00 ‘& S
30 ~ 49 " G Bumpass Hell “~—_——
> & Sulphur Works -
50 ~ 6.4 E
- &
85 ~ 74

Devils Kitchen ®

75 ~ 84 ® Boiling Springs Lake
85~94

Terminal Geyser_

Park ® )/
~_Head-quarter Ranger /
\ Mineral  Station

2 Lassen Peak WigicH1F 25D pH 5745

0 1 2 3 4miles 4
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# 3 % Lassen Peak WHEIC B0 3 ZEEAHORERE LIFRSOREEE

Name of hot
spring group

Tem-
per-
ature

Na | K | Li | As | SO, |[NH4| Ca | Mg |HBOz| HsS

Bumpass Hell

Little Hot Spring
Valley

Sulphur Works
Devils Kitchen

°C
92.5

93.3

98.2
94

mg/l| mg/l mg/l| mg/l| mg/ll mg/l| mg/l| mg/l| mg/l| mg/l
16.6| 10.00.013) 0.18 965/ 26 25 17 33.6/ 2.5

68.0 18.20.029 0.38 1502 30 48| 21.6, 138 2.7

42.0| 18.00.019, 0.35/ 1616/410 190 75.6| 171 0.6
25.4/ 9.80.020, 0.13] 711j100 49 14.0, 27.4 1.7

Boiling Spring Lake

49.8

8.6/ 3.90.015 0.23 383 1.6 20 11.2 1.6 O

Morgan
Growler

94.6
95.2

1340 |167 |7.28 |10.3 | 110, 0.8 116 3.1} 338 3.4
1410 |205 |8.10 | 9.7 87 1.3 92 9.2| 354 2.2

%3
® Morgan ¥ Growler @

on Cresk Hors

(iFE WOE=H, IR, HO0)

5
)
e

ancold 5P
Cl

0

000
1000 2000 3 mg¢

Lassen Peak f{:30idi@ Cl &8 & HBO: &EOHR

O Bumpass Hell, Little Hot Springs Valley, Sulphur Works ] Devils Kitchen

DI 5

03 1
{
02 \—LNIE ratio of Morgan and Growler' Hot Sps.
01
i
L]
g
0 40
: Na 60 80 mg/l

w4 Lassen Peak [ff37® Bumpass Hell, Little Hot Springs Valley, Sulphur
Works KU Devils Kitchen i 81 28RO Li 48& Na &8 E DR
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Little Hot Springs Valley, Sulphur Works, Devils Kitchen 4D EEOERIERD D,
3,0 & {ELUEEIC 1T Morgan, Growler @337 4 7 V) PHE2AFEAET 5. WAL 30°C @
B D KRGS T DISHE o\,

CHODRBEITHL SR PR TH DA, MERTFEIF /TED pH 2.0~2.4.
SO, 711~1616 mg/l #5732, Cl 4Ei1L 1~4mg/l TREE7\w». WHEOT vE =720
e BT EEIR TS, ZhIcK L Morgan Ko Growler oif #i% Na, K, Li, Cl,
As, HBO, HILEA TV, RBKPCEENLRSHELOBEGREYHT S & Cl & HBO,, Na
L Li opfREgE 3, 4 Micq L. El% Lassen Peak MEEoiEsi: I, II TEINLHEE

Yellowstone Lassen

S -
Tl ratluo of sea water

Cl

0 1000 2000 3000 4000 mg ¢

5 Lassen Peak [:TDiEF & Yellowstone ODEFENICHEAITD>TD Li/Cl
HiD Mg

Yellowstore

d
0 1000 2000 3000
>

26 Lassen Peak [f{:EDiE i & Yellowstone DiRE® Br/Cl H D i
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mg i cnlorid®
1500

Na

1000 N ratio of sea Water

500

Cl

0 1000 2000 3000 mgq

7 Yellowstone @ Norris Geyser Basin ific Crater Hills it B AR &
Lassen @ Morgan J (¥ Growler ORI D>T Na &&EE Cl G2DOHR
O Norris Geyser Basin DR 5
& Crater Hills OFF
® Morgan U Growler Diiii

BARMEI L, 2 o08ickBlxns. Tixgm7 v v aAtg, IIixmtR<ch 5. Fi Lassen
@ Morgan, Growler OiE % Yellowstone @ Norris Basin, Crater Hills OER & H
W45 &85 Mizadmd Li/Cl gk T Yellowstone X b iEic/h& L, WADEL D E
L REWT b, iz Br/Cl Tl (28 6 X&) Lassen DR R OBl Yellowstone
DIRFDOEE N AES K E L, KO Br/Cl X b #/hIvw, 3 Na/Cl fecik (387X
£I8) Yellowstone @ Norris Basin, Crater Hills OJR 5 OfEi:z NaCl ORI IZIF—3K
LTk b, Lassen DlRRix Na/Cl QAT DfEL H &5/, #WAKD Na/Cllkk bR
W Eh D,

4 F HAILS ADHK

Temper- Residual
Place Date S H,0 COq H,S gas

°C Vol. % | Vol. % | Vol. % | Vol. %

Bumpass Hell July 20, 1965 153 99.52 0.46 0.015 0.004
Sulphur Works July 21, 1965 98.2 87.37 12.5 0.040 0.11

(b %o, BE, BHodh)
%5 F ERILY ADEHEKD(LEHIEL

pH HeS NH, | HBO, Cl

mg/l | mg/l | mg/l | mg/l
Bumpass Hell 4.6 58.3 273 1.6 0

Sulphur Works 5.8 7.4 2.5 0
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—75 Lassen Peak oOMIEICIsit 2BEFLOEESEE L Bumpass Hell ® 153°C <5 %
By, ZOEKOMBULE 4 BIORTH D KBRS % 5, CO,p, HS BV BEFEIND
2%, HClL ii& B S hTwinys, ¥ OB bRGEIC X - TE bt HS 28
SEICEH IR TSR, NHy, HBO, &34 7, HBIEHEIhTWwiw (53%E). #
- T Lassen Peak [ff3r OFRIRE ORI DO Crik7ES, H.S, CO,, HBO,, NH; 7z &% &
% HCl % & F 700l O 7 AR TR 2 b ESA L, & ZRMmic £ LB &0 X -
TRILIATLEDOREEAEL, IORBIEEERIELTHEADEBRSE LML, THIC
HITF KD 2 0% FRASBA LT EBED BREAN BRShicbo s I h%. Morgan,
Growler DRBEKITOWTIIE 4 DIFFCELHMITE G 557 47 V) O R OBGK A HT
FEE»ABERL, EARPMTAMREAL, 5THLRTECEH L0 LBB IS,

III. Yellowstone National Park OB R

Z OAREITERERAD National Park T{AMTE 3458 mile?, EaEOMUEOEFIZY 5
ETbhTwb, (EB8XEME). EEix 7000~8000 feet TH 5. Yellowstone 1% 143 {f
D Geyser WIEAET A, =D Geyser ZHiiic L T4 % & Upper Geyser Basin 64 f{f,
Midway Geyser Basin 5 {fl, Lower Geyser Basin 25 {#, Norris Geyser Basin 27 {,
West Thumb Geyser Basin 4 {ffl, Shoshone Geyser Basin 11 f{, Heart Lake Geyser
Basin 3, Gibbon Geyser Basin 4 {§TH 5. FoOfT¥ Old Faithful Geyser a3 #l
HIELS T2 &, HROFEI B OTILAbh TR Y APADOEITRD &\, HEE
MERERER 4 4, TEISIRIERTS 66 4, EIEOm S 116~171 feet TH 5.

ER
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Yellowstone National Park A ZiCITBEALE RIS & L0l 5T, F0EED
AEOHRTHH 2K AT DI T o L THTEEY S bbhiulrs by, 1971 4%
1Zik West Yellowstone T cabin 8 h THTE LD CEH HBECHECMAETL AH
WCAND LOYEDORS 5 ACAZHI DO~ =27 B Z 0D, $h BmANRS L EF 5
ROBEDBLE  OBAREELOBAT /0bb ranger 2R TILL, BICEALT
< e,

Yellowstone ARDHRILE 6 RITRTA < — M IEFICEIR THIERAS V. & LT
ﬁo)ﬁﬁﬁfgﬁ‘%@%ﬁﬁ@ﬁ,ﬁ Ih 1~2°C Enbonf4b b, “h BiTBEvx huis kBB

EH 2. Solitary Geyser D[
COMBCRIHEEOR S 8m, MEEERITEER 2 2, IRIERH] 2~6 55
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B DI HARBEOER T ¥ 2BILCHEATS EELCHEINRACHERIh L0 ERINS.
Lone Star, Upper Geyser Basin, Midway Geyser Basin, Lower Geyser Basin O
SIIMLTT ARV ETH D, BTiEBikobodbd s, Norris Geyser Basin Cidfg
PERAIZ DS, FEORB L2 H 5. Zh HLORRFEACELERRIMh S L B0
MreAThh, BHILOHECRERBEOEENRLhS. (FEL1E2MR). %/ Upper
Geyser Basin o#EHic79 % Solitary Geyser OWEEAYEE 212k Lz, BILEZONTH
P b EEEETH .

Yellowstone AREOERIC>WT pH & Cl GEOBFREE I KR LA. ZoFag Cl
PR T5 L pH w35, Blbmeiss% 5 2 & X Norris Basin ©& 1% Upper Basin

9K pH & Cl &2 & OBR
® Upper Geyser Basin, Midway Geyser Basin, Lower Geyser Basin Oif#
A Norris Geyser Basin D i
O Mammoth Hot Springs

87 R DWIERICGTEUTEET 3 700 VIR SRR & O L

Tem-
Sample 3 _ | Alka-
per- pH Cl SO2 S CO; | HoS
No. e linity
2E mg]/l mg/l | meaq/l| mg/l| mg/l
Paint Pot Sps. 5y 94.0 9.0 496 114 2.26 0| 0.8
50 85.0 3.4 0 50 0 410
Giant Geyser 16 93 8.6 291 16 9.40 0| 0.4
Sp. near the Giant Geyser 22 63 32 9 117 0 221 0
Imperial Geyser 43 94 8.8 196 21 6.48 0| 0.5
Sp. near the Imperial Geyser 44 94 3.2 0 168 0 — 1 0
Calcite Spring 135 92.5 7.9 252 356 — — | 6.8
Sp. near Calcite Spring 136 88.0 3~4 211 1303 — — | 4.3
Spring in Norris Basin 62 93.5 4.1 725 88 0.03 8| 0.7
” 61 56 2.l 11 790 0 50| O

(GirE BOE=HE - BOBE)
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Na

N\

i hloride
xComposition of sodium ¢

Cl
0 100 200 300 400 500 600 700 800 900

1000 mgc
%10 X Na @& Cl #8LOHRF

Norris Geyser Basin OJi#

Mammoth Hot Springs

Crater Hills 0Ojf 5

Lone Star, West Thumb, Upper Geyser Basin, Midway Geyser Basin Lower

Geyser Basin O 5

®@®OO

o cl
0 100 200 300 400 500 600 700 800 800 1000 mg/
. l

=11 Li €8& Cl €8 & D%
® Lone Star, Upper Geyser Basin, Midway Geyser Basin, Lower Geyser
Basin OjfF

O Norris Geyser Basin O F

[0 Mammoth Hot Springs
—.|— Calcite Springs

® Crater Hills Qg5

A West Thumb Geyser Basin Djf F
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% Lower Basin DR & i+ % & Cl SEWCHIE LT pH OEAVN S WATHERESIER
LT3, ETRCRTRED, TEH m H5IEE 10m OFHEECFEET 2MERET
LA ) PR ERHTCREST S E T A2 ) EROFMTR S ERT, Cl R, HS ICES,
TRt FUTIREAME L, RERCE 4, Cl 237 <, BLKFLEFEIhigw,

M ¥ P SR RIE T A H VR X D BB FEET S, ThbDoZ LeEETh
¥ Yellowstone 1@ CiEdETHZE 7 v 5 U EOEVK S TR b A L. 2 ha R
WIRALTHERMES IS HeS 7o A0 LT ER LEK CTBLI N TRBEAEL, Zh2ERy
W TR ARSI AK EBA LTHERAE b0 LB IS, ZO X5 UTA LIiRED
TR RN EGE S EIROBUK EBEET 5 & LI X » TS E IR SRS hic &%
%2 BhB., =0 Lk Norris 2R3 A HALIC S LB R AR DRSS TH IR X
DRMEIME T LTWB S E L AHICEEIND.,

Cl & Na & oBH%% 10 oz Uiz, Norris OEFBICOWTULH B2 EREIFRE
. L, B Na/Cl kst NaCl @ Na/Cl iz @iz L. West Thumb Geyser Basin, Upper
Geyser Basin, Midway Geyser Basin, Lower Geyser Basin O{E Rz 715 VR THS
2, CHODRBIFZOEMEMRLY Na oL H~ThTnws, Fic Li & C LoBfkz
11 ]k L, o84 Norris OJRFICOWTIEH S EOEMRBIRIEILT 5.

West Thumb Gepser Basin, Midway Geyser Basin, Lower Geyser Basin, Upper
Geyser Basin O RICOWTiEdH 5 b O1L - OEMHBEGRH B L oS HicTFhns, —J

o
- Cl

0 200 400 600 800 1000
9

%12 ¥ Cl £#8& Br 5B L ORF
® Upper Geyser Basin, Midway Geyser Basin }.¢f Lower Geyser Basin D it
O Norris Geyser Basin Difif
1 Mammoth Hot Springs
—‘— Calcite Springs
® Crater Hills O 5



7 AV h DR A 67
H 8 F HEEILK ADILEFEALL
Place Date Temper-| - 0 CO: HS Resgfsual
°C | Vol. % | Vol. % | Vol. % | Vol. %
Black Growler . June 23, 1965 94° 99.86 0.136 0.0027 0.0006
Porcelain Terrace June 24, 1965 99.64 0.345 0.0063 0.0004
Roaring Mountain July 2, 1965 94° 99.50 0.491 0.0051 0.0003
(o7 TOE=H, EEE— o)
B9 E EHRILF ADEREKDILEMK
Place pH CO, H,S NH, Cl=
mg/l mg/l mg/l mg/l
Black Growler o — 16.0 2.9 0
Porcelain Terrace 4.2 297 11.3 0 0
Roaring Mountain 4.1 246 7.2 0 0

(D3 FOE=M, L¥EHE— B0

Br/Cl itk (55 12[X£H) Yellowstone ORI filh b WICH—EMR LB S h T 5.

43 Roaring Mountain, Black Growler, Porcelain Terrace DMK DR EIC N % ¥
L7z51C (8,9FEM) BB 94°C 2R L, HEUIKESAKET G2 b, ZhicdbEo
CO,, H,S 723% % h, HCl 1B I hixhrote. ZOEEHN BREGHNC X b i LicEiEK
121 CO,, HoS 73% < &% h, HCL i3l 2 hich o,

P EDRERD B

Yellowstone DR ORKA»EZ3 % & Cl, H,S, Br, Na, Li 7c & %4765 5 hHcmuns
BKBH TR 2 b EF L, Thl ERBRPEEOEGLEELTT v h VIECBIT LIch D
7% Upper Geyser Basin < Lower Geyser Basin 717 VERCTH S LI N5, &
B oh b7 Ah VHEROD 2 S OIEA» bEELICEEITh? Li, Na oA XY
Li/Cl fific Na/Cl ¥k L7-E R5Z &l X 5. Roaring Mountain < Black
Growler TR b 2L 2 h b OEIRDEKS DEEFEMERS, §78b BAKES, CO,, HeS
RENSEHLTCER LD EMEINS. L EETIEZ R DOBSIT TR & &
7r&h 5. % Dr. Day (% Yellowstone Park 12kl 5 KESOESRE 138°C oL
5°C DI FAMNEA LT 93°C DB RKNEELE S & LT Yellowstone DO RKDEHEK
GEBIHE Lieh, ZOFHEOMTIIZM Tl Th A 5. Mammoth Hot Springs Tk
KA EORIKIENRR SRS, ZOEFITKR 74°C, Cl 172mg/l #7330, REES ACEZ,
, BEOERBHIL T APRGHEINTWS, ZORRKDOEEICOWTIE Yellowstone D
BEKORW, DHEEL T ERAL, ERRPFAKERZEB LD EBBEIND. KbiegE
hBLBORBHI N>y MIRKBCHETHTHAS.
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12 X Ut Lower Geyser Basin O 1120 OSEHNCIHAD THREHEO ZiMb~< v i v (Bf)
DT B R 2 MR Ehic, Wb KR 86°C, pH 7.4 /R Uiz, AU CHIFEHREK
R — <2 — 2 — THREHEZTE Lz 512 600~700cpm 7R Lic, (Z OHukod D
BUS OB CETh 70~80cpm Thotc.) & OREUBHE BANGRD, Rk 109
TGN 5.5g (JkEHE 300 cpm, back ground 50~60cpm) %7K 305cc 1@
DFEH LT 78 AHKEBL, KPCEETSI FYERELLS 1] IKELT 6.74
mache #7 L. 3B 110 BRI Lic: oA 5.95 mache o F Fvaifiish
72, M 2 ORRAQCIIBR LRSI S hien - 7.





