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Humic Substance Components and Appearance Indicators

in Moor Spring Water in Hokkaido, Japan

Keishi Takano"* Eiji Ucano” and Naoki Aoyanacr”

Abstract

Brownish moor spring water attracts a lot of people who are fond of bathing. The
origin of brownish color was identified as humic substances, including humic acids, fulvic
acids, and humin. Here, we seek to clarify the relationship between the humic components
in the moor spring water and its appearance.

Eight water samples from brownish springs, Sta 1, 2a, 2b, 3-7, were collected in seven
districts across Hokkaido, Japan, from March 2014 to February 2016. The color of the
spring waters was high at above 100 degrees in three samples (Sta. 3, 6 and 7), and below 50
degrees in the other five samples, respectively. Turbidity was also relatively high at above
0.1 degree for the three springs (Sta. 3, 6 and 7), and below 0.02 degrees for the other five
springs. The UV-VIS absorbance of all spring waters rapidly decreased in wavelength in
the UV range, with no remarkable peaks in the wavelength between 200 and 800nm. One
sample, Sta 3, showed a moderate decrease in wavelength from 200 to 600 nm, but two
samples, Sta 2b and 4, showed rapid decreases in the wavelength from 200 to 250 nm.

The precipitations in the spring water samples under acidic conditions corresponded to
the humic acid content. From the amounts, we can estimate that the concentrations of
humic acids were above 15mg/L in the three springs (Sta. 3, 6 and 7), but below 2mg/L in
the other springs. Carbon concentrations in humic acids were higher than those in fulvic
acids in four spring samples (Sta. 3, 5, 6 and 7). The carbon concentrations in humic acids
and fulvic acids range between 0.2 and 28.1 mg/L and between 1.0 and 13.8 mg/L,
respectively. The values of the humification indices Alog K and As/C were 0.7, and 0.13-
2.54, respectively.

The color and turbidity were related to amount of humic substances present in the
samples. The highest correlation coefficient was found between turbidity and humic acid
(amount of precipitation). The color or turbidity of the spring water samples were better
correlated with the humic acid carbon rather than the fulvic acid carbon. A rapid decrease

240

VGBS AT ZERT T060-0819  AbifgE AL ALIX AL 19 4574 12 T H. YHokkaido Institute of Public
Health, Kitaku Kita 19 Nishi 12, Sapporo 060-0819, Japan. *Corresponding author : E-mail takakei@
iph.pref.hokkaido.jp, TEL 011-747-2735, FAX 011-736-9476.



5 68 & (2019) ACHREIZ T 1T % F — LSRR O IEREYIEIR 5 & SHBHE R

in UV absorbance was observed in spring water samples with higher concentrations of
fulvic acid carbons in comparison with those with higher concentrations of humic acid
carbons. The humification indices as Alog K or and A«/C were not correlated with humic
substance content.

Therefore, we propose that UV absorbance of moor spring waters are dependent on
humic components, and the color and turbidity are related to the humic acids.

Key words : Humic substances, UV-VIS absorbance, color, turbidity
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T IVRIRIIERHWE D7 I VR 7 VR L > THEICEGR L, ZOMNBoRHRP B
WMDY O ABEICAREELED TS, dLBENISE N 2 T — VR 8 i OSMBIREL & F
WWER S EOBREHLMCTLZEZ2HME Lz, B SIERTI B EEEL, &
DOSIREIZES0ELLTFTH -7z WEIXSERTOLE LS <, 5ERIE 002 5
UTFTHo7z. UV-VIS WOLEIZ & TORMAEIE TCERITHI L, B TH. -2 —2
ERO SN h o7z 1R T 200—600 nm (223 TRER 248, 2 ik T 200—250nm T
BB IFED SNz, WRKZ BRI U CAER LB 7 I VIR L, ShR T
dHasr GR¥EA AAREBERM, 2014) oGMHE T [EEE] L L ilihTwns, [73
UHE OBAEED) | B 3SR T 15me/L BLEEE L, MBolRiZ 2meg/L MTFTTHo72. 4l
WTT I VIBREREDN 7 IVRBRFRE XD DL MBI N 73 VERREREZ 02—
281mg/L T7 VAR RFZEEIZ 1.0—138mg/L DF#PHNTD - 72, BHILE TH 5 Alog K
DI EAEDIMRETOTEDMEEZ &Y, Aw/C DX 013—254 DFEFHANTH 7. &
EBLOEBEL (7308 UBRE) ), 73 VR 7 VRS, BUKERBYR S RE, %
FERRZETCUHEIED SN, KO BVHBEREI S LN-0EmEE [73 V8 U8
WE)] THY, Z7VRBRFZRZ7IVBRFZIZEQEB I OWWE L OMBREEEL k2o
72, BRI BT ANOLEO SRR DRO SNT2DIE T I VEBRFEL D L T VKRERED
BEEPEHWIRRAKTH o7z, Alog KR As/C i [7 3 VI UBHEED | o2 ToOIEBIIHL
THBERBE R -7, ThonZ ehn, BEICES LARRKISH LT, BYEOES
AR OGN ARER TR Tx 52, BMEBIOHEIX [73I VB BHE) ]
DEHFEDHRIIHRD I EHIREINT.

F—T— 8 ERYE, WOBEHER, WE, B

1. U &I

HERPEF A T I T 2 IR RIIMEOTIR L, RRRPHER 2 EPDER L2 E 2 5N YE
DT IVEBERTVERRICE > THEOEEIBDOONDL I LD D, HREICI DHFERDERIC
BRI E RS AEE DR L, L ED LN TVARW. LeALAAS, BHWEIZL > TH
I L7 R IS E— VRIERE LS N, SMBINICIESH 5 2 LR, HofliEs» s [EILo
Wil LilRbil, AREICANZDH A, dbilEld, E—VRERZHIBOEELE LTHEHAL, 220,
fReExMoTwa (uiffEEERCHEMER, 2005).

INFE TORMY LT AEId B E AL L7 3 VRSO, OB L 0L
W 2 b 0L TH -7 G, 2003). F72, BEKDOBHEWE IR 25Tl
KRR Z RIS LGS L (B ZI3/ME, 1967 BRS, 2007). —F, RAKIZDOWT
FE—VRIERAEHZEDTORHRICO 22D ST, ST LBHWEOE S X RN HHZ
ARG I v (B ZE5FES, 2004).

BEEEE DD T DI DN % FB5R L 72 8L IR 8t (BRBE FARBRBE R, 2014)
W20, BRWEICEDLZEE L LT [7 3 U (B | oamErBfRshTtwns, i,
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TR 2 SR CHRtE L L, — R RE L QLB 2 B 8, Thi EmiiCllEST 52 HETH
5. —HOSHHREN WS 2 TETH Y, BHOFRKOH 5 50MEETIEMNLETETHL. L
L2, COHERX7IVBOAZGHNRELTEBY, 7ZVRBOMWEICIZEL TV ARV, F
72, EES (2016a) (E—#D 7 I VERIZHEEERETEIC X o TEUREYAER LR T WIEEO D
DOHY, EMELRNENTELRVWZ E2HE Lz RKTOBHYE &E %2R 57201213
ROL) HREER BRI, TVEBRL NI RE L, JOBELRGSTPLETH .
JEREYE DGR T IR O L LT RICE#R SN T2 01E, EHEKODH 28005 BI»H
FoNs, L2LARDVS, BHWEEZEZE TSR~ v MV EI2L 280050050 5N 5iiR
LD, HMBORIZE > TE—ILVRBBICELTERT S LIFRELZ B THERESED 2. HHS
(2005) 131K 9 4ED & ALHEE N T I 205 ORI BV THIR TR (BRI S Bk
BREGIAE, 2014) ([ZHEOKHHT, [7 3 Vi (BRE) | A Szl onfi R, ZOWE%
oML TEZ ZOMEMEEZSEICLT, R TlRALIEN THBEROE GBI b, »D,
(73 V8 OBHE) ] AW SNZRRZRIRL, SMBL2 2300 L R E 2 0 h b ALK
HEOBBREHLMITAZIEEZHE L.

2. MRBETE

2.1 FHEHEE

JeHEE M o 8 R AR & L, SURHRIUZ 2014 48 3 H 725 2016 48 2 HIZ2 0 T o 72, 3RRHR
B 5 % Fig. 1 12/R L7z, Fig 1 FORPMHAOFZIXEE S (2018) L —HKLTwab. JLiED
[7 3 UM OBERED) | MEEDSES VIR O MM 2, SNSRI, IR TR, G5 PR R L
BY, TN EMET LUK 6 A, BI 1 M, e 1A RIS SR L L7 St 2a & Sta.
2b W —ITPICEH LTV AR HTH D, Tho 2R OIS S (2016b) IS LTV 5.
Wi A% Tkm BERTH Y, T OESIZ500m 12 & Sta. 2b DH AL, BHEWERE D Sta.
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Fig. 1 Location of spring water sample collection
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2b 23w, BRHARUR O T, 72 R R OB SRINL 72, 2B, RINLETO
T KB & OIIKEEDRIEIL L TWv e,

2.2 SEEEORTE

AMBIHRIE L LT, i, HES I OENA—TH (UV-VIS) WotELZ e Lz, HMEEH 52T
® Whatman GF/F 9 A7 4 V¥ —%& @ L THMEEIT- 7z, S X O EIL T SEHKRER T
(AARBMEm S, 1998) (H# U CHlw Lz, MBI GRbA&mEy ) v a8 L O ko
NV NETE) CROE L7 - fEED (HARE M T3EH, WA6000) 12X 1) 390nm O WL % #l
ELTCHZRD 2. BWEIIEEEER (RYAF LV RHTBER) CRIELZFEAUCEE - @i
FHC X D 660nm DOWSEEE 2 M E LT Z Ko 72, UV-VIS WGEEIZ 86 E (3 7 80T 4,
U-1500) %z vy, %5 200—800nm Tl L, WOt %2 KD 72, £ ToOlms T 200nm Tl
iz R L7720, ZOWREOWSEEE 1L LT 800nm £ TOMIGEZH I L7,

2.3 [73VE (BHE) ]| OAE

TR [7 3 Vi (BHE) | o501 % Fig 2 1R L7z, U045 um DX Y75 74
WV —THM L 72HRK 500 mL (C3EREZ 10mL L (pH 1.5 #4E), # 16 RERIFHE L Cibigkw
R SEz. FOHK, HOENLOESEESIFE0LSUM DA VT T VT 4 IV F — LIZREY
D, 2 %EMBEET LT, Ty —F —NTHRESE2HL ’ﬁ‘é%%b ¥ 7 R
BRDI:. BT DIRG KD DT, HOPLDEIZmOTHEALDIZIA Y TIT T4
g — LB AN, A AN—F —IC X D IRBES 72, ORI S, ) 63\ R [7
IV UBRE) | omIZLBY EIRGOEZEOEN LR L.

2.4 73IVEBRBELLIVTIVAERT (BRKHERMES) ORIE

JERE R R OB EBRVER 5 7 I VBB L T VERBTH D, Thurman and Malcolm (1981)
D F5 312 # U T Supelite DAX-8 B (Supelco) % HI\% 1i:THT - 72. SHTATRE % Fig. 212
AUz N3 288 % 01 mol/L KEE(LF M) 7 AERIC4 H ﬂﬂ@iﬁLt. B, 1HZ
LI EEADOKEEILT MY U LABHEEET, BILOKBILF MY Y ABEE R L. Z0%, vy
JAV—HiligREHWT, A% /7=, T =MV, JZFNI—FTNBLITRXY ) —VOJE
TENEN 24 BT OWE Lz, i L2BIRIENE 12mm B S 150mm O 7 A D, 25
12 Milli-Q /K< 8 B[] (3 1 mL/min) #E# L 7.

AT AMAEA M (Whatman GF/F) 12X - TlH[ A8 L 72iR K 100mL % pH 2.0 2% L,

LR LR 2 5h 2 9 A 1 mL/min Tt L7z, FEE R & v 87 HS O FREAE S
WEA a0t L, 73 VBBIOT VKRR E o ZBURERRIER 5325 h T AN OBHIR IR AE
3 5. 0%, 50mL @ 0.1mol/L KELF V) 7 LB E 7 T A OHE DS 02mL/min TH L,
BRI WE U 7z BORTERRE R 5 2 B S TR L 72, 2o 7 AR 23N L < pH %
PRI ERER R, Milli-Q K2 A CT4a®%E 100mL & L7z, BN L 2Bk EmBEmE cEEns k%
AR FER (BEEAE TOC-VCSH) 2 W TEEEBR A X 0 ISR ORI BICHlE L 7.
F72, BAIIIZ2% 275 X9 h 7 AEMHISIERRZ N A, £ 16 REHEHE L 720 R A
TNVRBTHDHZ LS, MLE)ICEAFRRETCRERZWE L. 73 VIRORERIL, B
REBEWE DO RFEREDPS T VRBORFEREZZ LTIV THE L.
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| Sample ‘
Filtration with Filtration with
Whatman GF/F 0.45 pm membrane filter
| Filtrates | | Filtrates |
Precipitation with HC1
TOC Analyzer Separation with
Supelite DAX-8
column Measure by the weight
DOC ~ Yoo
| Elution ‘ | Humic acid
TOC Analyzer Precipitation with HC1
l
Hydrophobic acid
carbon TOC Analyzer

l
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Humic acid carbon
Difference between fulvic acid carbon
and hydrophobic acid carbon

Fig. 2 Schema of analytical procedure for humic substance components

2 EREMERSOMMTFIR

3. HMRBIUBE
3.1 BRKDREYE, AMBIVCERRS

MR

KOG B L OV Table 1 12R L7z, RiEB X U pH SO FEARM R MERITHE S (2018)
A L7z, BB, $kB LU~ 4 VIR L Table 2 1278 L7z, Sta. 2a, 38 X U85 1 AR5,
Sta. 1,6 BL O 713F MY A—mBKERER, Sta. 2b BI 4135 Y T 2A—HLWRTH - 7.
AR E S Sta. 4 SR D 5 <, IRV T Sta. 2b, Sta. 7 255 h o 72, DR WVIEEIX Sta. 3 TH -
7z, R AKOBEERFO—2 L EZ 5N LPOPEEIL Sta. 7 25K T 06mg/kg, ML~
DRI Sta. 2b 2T 02mg/kg TH Y, FRHATRBOEOXBOLRETIERL, E—

VRIMEDET I L TRESHEE LV EEZ LN
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Table 1 Qualities and characteristics of spring waters
*® 1 BRKORE, pH, BEVERESLVRE
Total
Station L dissolved  Temperature
number Qualitative type pH matter C)
(gkg)
1 Na—HCO,-Cl 7.9 1.9 55.5
2a Simple 7.4 0.5 51.6
2b Na-Ca—Cl 7.5 3.9 83.8
3 Alkali Simple 8.7 0.4 40.2
4 Na—Cl 8.2 4.8 43.6
5 Simple 7.6 0.7 43.1
6 Na—HCO,-Cl 8.1 2.8 18.1
7 Na—HCO,-Cl 8.3 3.2 17.2

Table 2 Major component concentrations in spring waters
*® 2 BRKOEERDERE

1 2a 2b 3 4 5 6 7
Na 490 133 1055 85 1633 128 842 860
K 43 1 14 2 49 8 20 46
Mg 1 2 13 0 1 1 11 9
Ca 5 27 309 1 62 2 16 5
Cl 172 139 2033 19 2683 20 774 412
SOy 1 96 274 1 0 0 1 1
HCO3 1023 76 43 113 141 351 994 1684
Fe 0.1 0.4 0.0 0.4 0.0 0.3 0.5 0.6
Mn 0.1 0.1 0.2 0.0 0.0 0.0 0.0 0.0
unit : mg/kg

3.2 ®E, BESHIV UV-VIS LIRS E R

It AKOEES L W2 Fig. 31" L7z, I Sta. 3,6 3 X U7 T 100 BELLEE &<, R
13 Sta. 7 ® 288 J&, Sta. 1, 2a, 2b, 4 B L 512DV TIE 50 LT, se/hid Sta. 4 D 249 ETH - 7.
WD EERMIZ, Sta. 3,6 BXIUT7TOIUEEEL, K&l Sta. 7D 041, Sta. 1, 2a, 2b, 4 B &
513002 EELLUF, /NI Sta. 1 BEU4D0ETH -7z
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i KD UV-VIS WO l# % Fig. 4 1R L7z, T Ol O WL 240—440 nm O [
TOLVTICE THWA L7z, 200—800 nm (X2 TIEZ Hil), FFEDKERREDOY — 7 138D 5k

oz,
(faiR, 2011) TH -7z, Sta. 3122V T,
200 nm 7> 5 600 nm 12 2>V THENE 2 B FEAS
RN, THEIFHIEIC Sta. 2b B
X V4 T3 200nm A 5 250nm Ta#
WE L.

Sta. 2a T & 270 nm f 3%, Sta. 2b T i
230 3 & OF 270 nm A 2r T HWOGEE it A3
— N B AT b7z, hE (1969)
(& 230 nm I DOWSEEDE T 1) 25580 5
NBHZLITDWT, MEEA + v & 2L A
T VEOEW OB THLE L. Tz,
Cunha et al. (2009) & 270 nm 3K DYWL
i v b OREICHRT AL
ZRL7c. NS OB — 2l %
% 853 13O HIR DTS TIEHIFEICGED 5
N9, Sta. 2 OWHWHHICE S 7254 TH >
72, FOFRRIZOWTIEIAHTH 5.

3.3 BHREYMEICETIIEEZERT?SSLVE
HE1LE

MR K D SR T EAREE (BRI HIRER
ilEfm, 2014) TRDA [7 3 VEE (EHE
) | 0% Fig. 5I1I/R L7z, Sta. 3,68
L7 THWIEELZRL, Sta 7 Tld 257
mg/L LB EVIRETH 72, 2O
Hi STl 2mg/L LLUFC, Sta. 2b Tl E®
TREAE 0.1 mg/L % Ful- 7.

T IVEBREB LT VA RFIREE
Fig. 6 (2R L7z, 7 3 VERIRFZILEEDS 7 L
RBRRFEIE LD b EVDI Sta. 3,5, 6 B
LT T, 7NVEBRRFZED LT—26 15T
o7z, Sta. 2a TIEA OBEEHITIZM
ST, FOMOMTTIE T VR IRFEDT
IVBRFED 10D LRV 5 7-.
7 3 VERIRFIRED R D H\VOIE Sta. 7T
281mg/L, B bWV DIXSta. 1B L ¥4
D 02mg/L TH o7z, 7NVREBERFIRE
Vb EWVOIE Sta. 7D 138mg/L, & d
BV oiZ Sta. 2a D 1.0mg/L THo72. %
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Fig. 3 Color and turbidity of spring waters
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Fig. 5 Humic acid concentration in spring waters by Japanese formal
standards of analysis for spring water

5 SRRDATEIES (2006) OHIEICLBERKDT I VRIRE
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Fig. 6 Humic acid carbon and fulvic acid carbon concentration in
spring waters

6 BREKDT IVBRRRESLVITINFARRTRE

B, SHRAHEOBEEARERE (DOC) #EEE B X OB ME MR 75 B 13 5 5 & (2016b, 2018) 2%
L7z,

RO O & v TR RIALEE & SN 2 R R O RIS R T 2 RSB S CTw 5
Kumada et al. (1967) IS E TN D4 R OWOLEES T REF fili & AlogK iz Kb, 7 3
CYEROBW B EAT o7z REMEIE 7 I Y BRKIEO 600 nm (23 1F 5 WIBEE & Z D KIER O #
R VEBERERENPOENLMETH Y, AlogK HIZ 7 I Y BRAKEE D 400nm 1235 1F 2 WOLE &
600 nm 2BV AWOLED IO E AN TH 5. Kumada (1965) (& RF MHICIZEERN ik % & A
3L, AlogK ODFPIEFMEICRKD SNLEETH S & LTWw5b. Tkeya and Watanabe (2003) 1%
REMEZRD L2008~ A A ) 7 AHE R LD SIEMICIE LR T WinErREREZ Hv,
RF i & [il%5: 72 Aco/C i (Ao 12 600nm 12513 W56, C i DOCHEE) 12X 0 7 3 YBo45H
AT o 72 ARFZEIZ BT B AKD AlogK & Aw/C Dfii% Table 31278 L7z, AlogK filiiZ 0.56—1.20
OHPAZH Y, BBLZ 0T HHEDMHEICH BUIIRAE Do 72 Aw/C il 013—254 DHEIPHIZH D,
AlogK X ) SEHIE S A LCTwrz, Y - . (1991) 1, 7 VABIE7 I VERE LN AlogK
fEAKRE L, REMEAVNENWZEZHE LTS, Lo L, BIFRICBITS2 7 VKREBRENT IV
WRFE L D EL T2 3l TIE, Sta 2b EEHOLMITY TIZE 575, Sta. 1 BX U4 Tid Aw/C
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fEARE S, BT S L7,

3.4 SEEE CBEMERD OB

ol X OV & IR o) & OMBISRE % Table 4 1R L7z, Th 64T ORI MARBIRR
B (t=ry/(2)/V (1%, t: BOEME, 7 AN, n: %> 7VE) XY IEOMBARED 5
h7z (p<0.05). ’él#kﬂyt%)ﬁﬁg{-ﬁiﬁ# Do T2 DRFIR TSRS HRD72 [7 I VM (A
BH)JIRET, WICEDP 272037 I VRRFERETH o 72, DM DIE 7 VRRRFZERETH -
7o, WEERWOLEOWRED 5 IRE ) O HEBORRO DR S OREL N RICBMHEILL 7DD TH
5. MR 7 I VRISGER T 2HEPRENZ EATRR I N/, HEL RO MHEPE» o 72
Db [7 3 UEHE) | T kv TEfrfaigi R (DOC)

()Q%F"“'Cﬁ)o 7z, H Kol ;’(7Jl/ﬂ‘ﬁ§u€ﬁ=?}i%ﬁ"°f%o 7. Table 3 Humification index using
IVEERFELI D D DOC OB Er- -2 i, wE the visible absorbance in spring
\ . N o . waters
JTL“C@O)%%%%% 73 UBRICHE L“CE-/E. L“Cb £ 3 BEAOTRREE LK
TR H Y, 2D L) AR OFERLE ) OIS 7 L, WU 7 EREA L
SHHOPICTLUEND D, Station
UV-VIS KWL A 240 nm L EC 0.1 BUF & 7 - 72 Sta. namber 218K As/C

2b BEUATIE, 7IVKRBRRED 7 I VIRRFE L RS

WIBEETH o7 i, 73 BRI L R o oo
MR Enl% Sta. 3,5, 6 BX Y7 Tid, UV-VIS LWLE 2b 1.20 0.13
OLUFE 572013 335mm BLETH Y, wihd s 8 0.69 2.54
W HE DR & MSE R0 SR A5 72, Armstrong and 5 ot
Boalch (1961) 1344 2RI BT % Kk ORIV % 6 0.75 0.53

7 0.78 0.74

W, T OWICEMMAR A ZN TR R b 2 L 2 W] 5

Table 4 Correlation coefficients between appearance and each concentration
of humic substance components for spring waters

® 4 BRKOHIEIEE L BEME RS REDHEBRY

Organic matter Color Turbidity
Humic acid 0.969 0.982
Humic acid carbon 0.922 0.925
Fulvic acid carbon 0.865 0.834
Dissolved organic carbon® 0.914 0.940
Hydrophobic acid carbon* 0.914 0.912

*These concentrations were presented in Takano et «l. (2018).
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Table 5 Correlation coefficients between humification index and each concentration
of humic substance component for spring waters

x5 BERKOBHELE & BHEMERDIRE OHEBRE

Organic matter Alog K Agoo/C
Humic acid 0.190 —0.030
Humic acid carbon 0.218 —0.179
Fulvic acid carbon 0.394 —0.293
Dissolved organic carbon*® 0.255 —0.237
Hydrophobic acid carbon* 0.272 —0.214

*These concentrations were presented in Takano et al. (2018).

WL, ZOBERELTCERETLIERWICHLZ L2 L7z, /2, Kumada (1955) X7 3 v
W OWOLEE ORI, 73 VIBOWEOE NI X 5 TEILT 52 137 <, —B L 72 ihiket
BRTIEEWE L. AWIZETIZ 7 I VB E 7RI T UV IR % 220G o K055
HIEDPRBEEINT, BELLT7IVHETVEARET, TNENEL - 720E oSG sk %
Y, SIS TOEE ZUOEOWEIL 7 VERBROBM TH L EEZONS. toT, WBE IR
OB LY, BRKICEHEINDIBHWED 7 I VIR TH L2 7 VRBEARTDH 502
ETHIENTREEZZ DD, REEIL W Eh o5 E RSV ETH 5.

AlogK 3B X U Ae/C il & A B E 55 & OMIBIFRE % Table 5 1278 L7z, MHBERENE 4 Tt
04 LT T, MW BAEEMZEDON LD o7, TREITOMSE (AR, 1995) 12X % & AlogK
R Aaw/C (RF) OAEIZIEREYE OB 2 HLEDFIB 2 50 BUCIEA R L SNTW72s, RIFFRICED
TRKDEHWE AR E OMBIEKWZ LS 0L o7z,

ARWFZETIE, @EB X OWE 2R KONBIREE L UCGRIRL, WHYESEOERYIRE L oM
ARG L7z, TSGR KEKEIEE TR SN TV /MR CTH 525 (HABUE T
2, 1998 1 HAKIER S, 2011), Siadridkfast (BREEA ARBREERM, 2014) (ZIERi#ins %k <,
RS CTIERE LT ARWEH TH 5. IRRES 5 TR KOSMBIC S 2 R 7
HH X ER RIS > TV 5%, B X OWEEILE — VRIS L, BHWE RSO F =
HEAEICHEE T B2 DR WIRE L e B REM D H 5. #o~ v H VOB E LN & 5
EOFENEW ST BT E D ED, IRAKOE R K R R BRI 2 e 5720121, A
DEDLNBIBKDBIEL L BEOEREERTHIEVHELZION5,

4. ¥ & B
R & o THBDRED St OFVBHRIE &, RV EIZ B D 2L WHE & OBtk

%&L
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