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[EMARLIE ] & iE, Ffifkofolto 2 & %15
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%S 0.015%

2. K5 - BRBRIGLIFLE

T, KDILEEZTHATL L), HEDIZ
EAEDKITEIHFEL T FE T, HERPHEDL SR
FELRERITEZEY) WE L THR-TEET,
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THRREIDLWEOPIZEIN TV LITHED
B EEEPICHOLEETRLIZLDOTY, fl
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HImE
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BT EMHEN D 5T T ZD72OMm%k%
Fole b (4 RBia+iy) &G
LI 35720, xR EZNEITAAT T,
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PRALER 72 AT\ IR D LI E L A £ 970
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IE—HEREEH OZES e W 2 L) B 72078
5& - HE[E % 4T o 728212 ICP-MS % H\W Ttk
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(=/KE) TF, DL TKREEVSTYH,
FIZRLD ) 925, KR TIE—HKIZE {fEib
NTWVDLHBIZOWTH L2 EBwE S,

69

(1 B IR F T 92 FR)

2. B TAEYT HHEE

Hy T KFACIIBIG THES 2HEDH ) . K
i, pH. EC. ORP. DO % &5 L 9 (1),
FRIKImIZ R DS @3 % SMERE D L 720, £
DO THELZ TR ) T A MOHH X5
MBI LR TP HMET 2560 H ) 375
W OfEM & BT H 2 L b H L DT, HH
BHITHEL TWE T, WINLFELEODH
REZ R — 2 TV ORERZESH ) T34 (K1),
A —F = Rl & o THRIEHPE PR R 2 )
F9OT, WIEEIZE L 2HlERE T Hv 50
EaH D FS. LT T, FHEHOEHIZOWT
FEHEICEHAL 9

IRIZAK DL T KR IEAR % EREUS
FLTwaKTIIABOEEZ T T, WET S
R RRERIIC K o TRECELL 975 HFK
FEHHNZH HKDIZORGAEZFELTBHT, F
MA@ CTIRIET—ZLlr R LET 72720,
EVH T AROKIRIZEAKDEBORE R & h 2T
T2EALT 560 H 0 3, BEWHTT K TIZHIER
DB EZIT B 720, KB HEBIZDITTOKIR
PEATHIELH) T3, T2, BEINTE
B & o TKIRIZZIL T 720, [/ CHIS O T
KOKEDEIZE Y. REDLTT D, HEREHD
EWEHRT LI ENTELHE0HD £,
pH (potential of hydrogen) (Z/KDERMER 7 L
H)MEDOREZIRSMET, KEA T DEEE K
ML CTwWE S, b DL "“=n=" LT
NaHZEdbHN T LD, BEITHERD THEHE
eV =Ty F F0d E—T AT LE
T2 AR S NCV E 3, pHIEERE (pH < 7).
ik (pH=7). 7 UM (BEEME) pH > 7)
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F1. KE.

2023 AE R

EC. pH. ORP. DO M4

o
S

HAL

Y

JKik  water temperature

SRR 7 EREUHE L TV AIKTIE
CHE T ARIZH I B B KO O RA LT L TB L3, FEMAE L TEIZ—E LA

CEESEGH TR TR OERE Y ST b0, KEDHGEE

- [6] CHIS O H T K DRI DA & D

FHI R I 12 & o TRE <ML T %

&RT
I8 ORI
THIEbHD

V EEEREOREPLECEILES 5 2 & b

pH  potential of hydrogen

: Nlﬁuﬂzmiﬂ FARTIRKINT A DB E %

- pH7 LU —B&ME, pH = 7~k pH7 D b—7 v ) (f41E)
: EIZF@i{hTﬂ(T &, —fkrC

6~ 7THIRDEZRY
VLT R CIRA IS NE (TVr ) ) OEEZRT I EPFEn
JCRIEE R Z LA S

EC electrical conductivity

mS/m, S/m

S H R KT, —%A9IC EC 1 10 ~ 30 mS/m Z /R HLT AN s,

- gk EC 13 4,000 ~ 4,500 mS/m & IEH 12

CKICEFL TR WEEORE Y RT
- EC OENE T EKIZHET TO B A REIEE 2 505, MA5ET TW B0 h13e

BTERw

(%7K EC 1338% 3 mS/m LT O iz 7”9

Kl g o
KW A CHEKATRA L TV 2 HF K, REEORVIIT K% & CIRRIL o R4
BT TV B0 ECIEEL b

W20, KO DOIERA T HE

oxidation-reduction
orp Xeat
potential

[ 3(®

Vi

A

mV

SRS
CEEFREUCHEN TV B X I REK TR SEM S S 5 720, HXTIcE

SRV TR 7 B

12HBH. BEWRETICH 2 00HEICHVS5NS

W Z RS

U G2 H 25581213 ORP IFR W HZ RS

DO dissolved oxygen

AT IR

*‘H
i

mg/L, ppm

S KIZENL S VOBEEIET TSP ERT
- DO DS\ ERFED L ST THB Y, DO MR & AR F i3
- DO MR EEB LR B L TW b 720

PR\
. ENEERBE R IR 2B R CAH

SNhTwb

1.

(/) EC-pH x—%— (D-54, HORIBA).

ORP X —%— (PH72, YOKOGAWA)

X T& 9, pHIFMED

HARDOH TR TIE

H2 988
‘?/ =

rxFRY <,
—HZAIIZ 6 ~ 7 HitROMEZ IR

WEHHAEIZS ) £, L L. EC OfEH
SIIAAE T TVL00Ebh ) T/ A, BRI
B IR EE T T vz, EC I EE
3mS/m (3T =X A/ A—P) LT
WEE R L CWE o — &Il EC 1% Rk
T TICHED ) IZONTEL L EAD D
DEd., HAROEGA, FHMWIZIE5~20mS/m
BMEOMEZRL TWE T, HTRTIE, —HKIIZ
EC {310 ~ 30 mS/m % /R # T A% T F 2%,
KL D 3T 7R R0 AL THE RS A LT
BT, EEORVIT K (R R
TR ALAHEKDREAL TWAHTK) 7 &ETiE
FILOBGHE T T LEED% . EC bREw
BRI Elln) T, 2Lz KD EC

(%)

TfCZ&:ﬁ§§9V‘7??fﬁ§\ R TR TIIA I &
WIE (TV ) 2R 2 ENEL L Tk
WO # TR TIZKINT A DR & 21T T
PEERTHENL AT,

EC (electrical conductivity)

HIFEINTHED, KITEFL T2 WEE
2B TE 9, EC OfEidsE T EKIZ (ﬁ

70

1% 4,000 ~ 4500 mS/m & IEFWIZE V2D, T
KIZBU KR ADEEE EC 205 & 5 R
i A NN/ i Gl = e S

ORP (oxidation-reduction potential) |3EE1L &
TLEA & BIFIENTB Y . KPHFEEHTICH
B BT 2 D OHETHIZHV 5T
WET, FEERRICENR TV S X9 2[R iiE
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K TR EMEICZH 5 729, ORP X 200 ~
300 mV DA IS WEZ R L 9 H% RV
TRz ERERB R R T ICH S 561213 ORP 1
TWfEZRLET ((200mV LTI 25460
HHET)o

DO (dissolved oxygen) \Z&EfFlEHE= & b I
I, KIZENL S VDEREDPET T L0 ER
JAE T, mg/L F721F ppm THER S, A
BVIEEL S OBEPEFLTWDL I LR
o DO IIHEM R AEYEB) LR BE L TW A 72
O, WMEREZIEETABICECHHIN TN E
To 72 X AL DL Ve (—ik
IR ETHBEBDE L TV L) TIREEIhS
WFENL {570 DO DML 2 ) . BERFINE
Eo THEYPARTELRVWERETHL I LD
Y Ed,
INHOEHZWEL, 7— % 2T T
ML CHFEDAAEZER T 5 2 & Ty T KD
IKIEDENR, T KREBOILEZR SIIEHT %
ZENTEET,

3. EHBREA A EKEHERE

KICIEWE % BT HEYD Y . RILofEED
WEPEFLTwET, L2LAd S, MH3ELT
TV 2OPEH T RO RLEE, WEOFM%
EWEoTRRLIO, HITEETHNET S &
WL TmasZenTcEEd, B BT
KEZOEMEZIRET 5 72008#E 3y 7572
Fe&) 3B FTA. ZIUIETHET 5720
FHEREDHR, ZEHEE LTHHT 2008
YF L, ERREERMDZOE, T e
ST CEET 2 LENHY 5,
HFIKISHEFE L TV B0 TRt E & F
NTWbb0L LT, BEREFA T VBT 5N
F3, SHIE. FhU T ALY (Nab), 7
a4y (KD, 7T YyE=ZYLAF Y (NH).
AN AL Ty (Ca), ¥ T AT T ATV
(Mg”) EDBAF &, A+~ (Cl).

W1+ >~ (NO;). Bl A 4> (SO%). I~

71

B A 4~ (POS). MEKFEA+ > (HCOy) 7
EOBEAF B £3. FIRHEER EFHIT
HHZ LA LTEBY ., FHEREMAE TP
Mo Tz k) T2, BRI EE (F124
Frru<x 757 (I0) #FHTHI LT,
b A & > EBEA A % I HRE R 2> D kG EE T
WES 5 EATEE . HERPFTIL ICS-3000
% ICS-6000 (V3741 % Thermo Fisher Scientific
HE) ZHVTHHMLTNET, 2 LA 4>
DIy FRFIVDTNVIZFEREN TV D
BEDNHYETOT, AL SALTEIZR 722
EWBHDEND LNETA A4 VEFIE @
‘mg/L" (ILHIM mg DA+ U HEFNTN D
) L LTERENE T, mol FRAETREN
DAL H Y ETH. WIS LRI T,

A% VREIIEEE L CERRESNFE T2, Rl
DO & BT 261203, BiETIEER LIz<
WIGEDRH D 9, FI T, BT TWLEGOHE
PR LT, KEORBAZIEET 2 HEl L CH
WHNTWE T, ZORZKREMBEEE AT
F 9, KEMBMIZIZRBTFEOE NI L) L
OFEFNH Y FTH, T2 TIRREILLfEbILTWwS
SATFATIAT T IRE NI ZTEAT TS
LIZOWTHHALET,

YaT A TIAT T A (stiff diagram) 1.
A g LA+ OREZNATEOMTEL:
LOT, BRKESLLKEDIFRE VL O T
BIH2enTEEYT (M2 ANFHFAT T
TALMENLZLbHY TT, B, BEOH
filZ meq/L OKILICEEND I ) L&fl) & H
WTWET, WBFITRLTWE LHIC, BEAF%E
0% L. Nk A 4> (E26 Na"+K', Ca™.
Mg™). G4 4+ > (k25 ClL HCO; .
SO +NOy) #7ua vy bL., FNENDHE/R
THSNEMERTE T T, BATOEMD S HEED
BN TWBITE, TabbLKOEIKE W ERE
BENZ L%, LD EOWEPEFEL T
HZ LR ET,

TaATATIAT T T ATIEROEDSKED
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A5 2 LA TEE T BB R K EHLAL 4
OBl LTH2IZRLE L7z 113K T, Na
ECI 2L LEATBY, 20X KRB %
Na-Cl Bl LR L E9, 72, HJFIHIC 1/200 TF
RENTND 720, BENEFICECI LA%b
D4, 2 3AKEHIROEKT, Ca® & HCOy
DA IFREE ENTE HF, Ca-HCO Bl & 72 o
TWwEd, AKEZREES VY 724 (CaCO,) %
TR & § AHERE T KIZEMS % &£ “CaCOs
+CO,+H,0—Ca® + 2HCO; " DAL FUBAME L
KD Ca®™ & HCOy MEAR S 2 0 9, $E7L
WO TR FEEOKEMEE R L E 305, BE
FGATIC L o TRRPRL ) £ 9, 3IZHEEN
WFAR EHFOK) T Na-HCO, Bl 2R L T
WET, HARTIERVH T ARRLEA, K &
TIE Ca-HCO; BUDSEBE L TWE 972% RWHLT
FKITH IR L C WO LIRS A 720,
& DS & DAL SRS A U CORE D Z L L
(7z& 213, MitsiLkE oS Tld, Ca™ %
Mg” A3k 812 S, Na™ %K' HCO,
AR SN D 720, Ko Na®™ % K' HCO, i#
BEDE L 70D £9). Na-HCO; B O /KE K % 7~
TIENLL D Ed, BICFEREELAKTIE

2 KEMEE (Y271 T7LATTIL)

72

Na- (CI+HCO,) Bl Na-Cl Bl D & 9 (1287 - 72
KEMBIZEALT DD T4, EEN
1,000m 2B 2 % &9 HIFEFIZEEVHTKTT 9
LKBEOREP A I NTBY (KEIE
1977 ; Fu3F, 2014 & &), WEOEEIIMZ . b
AEKOEELEEZIT TR EEZONE T,
F7o. KIROY A RVHUTKDIZ ) AVEERS
BIIZ L hoTwET, 207D, KEMBE A
B2 LT, BOHTARD, RAHTARPOKE D
RIEHRERLZENTEET (ZoBNIHTIEE
LawEadbd ) £9), 413 CaSO, BT, 4L
2 L WKBHLR T 9o KILGEJE IS O T K - (5
KRR, EERIL % & OB AV AT 3 5 Mg o
WK% ETRSNAKEME T Ca-SO, B
DKTIEFe (k) Mn (v T V) g
BICRIBE LS EAE . HEEVERE
FOKETHLEFAET. TNH 4 DDKEM
JEDIEAIZ D Ca-Cl A (MK b L 72 Pk RS
HIDOEBRZZ I TREETRONG) REE
el OBEPH ) 3, WTNIZL TS,
L RESERNLZET, HLELHBOMTART
HIUTH T AR TEE e KB ORI TAH Z &
HTEFET L. i THIDMARDOREADHHE
DIE2 KB OBREERC HE O E12 5
T5ZENTE, HTFKREFIE CIIIRFEICEE
BRFFIRD T,

b=, IKHHSNDKEDFREDD D
T3, )Y ZTF AT 7T 4 (trilinear diagram)
EFENS S DT, HROEVEER (F—54
TTIN) b ER2ODZMEERKN SR F
T (K 3)o 784 /3—=% 47 7 A (piper diagram)
EBMIENTVWES, Ya Tt 754 TTI0E
BRI, BEA A 2 ARG, WA A4 v A2 S
ELTVwET, ZOKTIEZENEND A F ViR
DY EMOEE (MER) 2ERRLTVED,
BN RIS N FFAD, [LFRTIRED
X 2B 2 R ICER T 2 2 e TE £ 9,
HE. NIV T AT T LOEREER DL

BN
4D,y T T7 vl ) BFERERER |,
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3. KEMHEE (MVUZTHATI T L)

I [7nh0) REER L 7 V) RHEIER
FRIEFL ). IV [ 74 ) FERIBIET | LIFATW
T3, IBLVMOERT &2 HIZ ETIZ 255G L,
WHIOERS %2 [HEE] & LCERTLIHEALD
DET,

ENETNOREIDL LI E LT, TIIREH
TR, KR ERTT Y S, HED
FIARRH TR TIEIRD L  OHEIA T DEBIFIC
GENE T, MITITEEH TR S FE A T
BIRGIKAS 78 Y b S FE 3 MIZIRIRRE K (2
K) At KIS O T A - B &
NVIZx#EKRRENTay s E 3 (B,
2011)o 7272 L. §XTCOKD LFRROFHIEE
THRTEZVOT (221, \RATH I
Ty FENDZLGEPHY ). TOMITER
LCKREDOFHIZATH) LEP DD £3. M2D
AT ATIAT T I ATRLEZABAIZON
T, 1 (K EWVic, 2 GBAK) 112, 3 (I
JEHTK) I, 4 CRIDHISO@EAK) (XIS
Ty FENTBY, 1T LR L5518 LT
WL ZEDbR2Y T, ST 4 HEDOARDEIR
TID, B~BEAXBZD L) %% OMETY
F—DIZ7ay A2 ENTE LD, B
B5r DTS & iR, [6] Uil S COKE DR
BZAL A IR T 2RISR 2 S L £ 97

CDEHNIT 2T ATIAT T ITLABLU MY
V=T AT 7T ATIEFRUKET -5 N6 RR

73

LIEHRAEBRLZEDNTEL 2D, HEBIIBLTS
OHTRFERFZE TR SN TWE T,

4. HEKS

KA L EPE TN T D 0 & M &
BWEd, 72z Fe (k) ® Mn (w4 ),
Al (7)VI=724),Cu (§i).Zn (H$H).Sr (A
fo v+ a), Hg Ok, As (v3K) 2 &
HHET INHIBEFBOLEEETR ICP-MS G
BAEG 77 A EESNED RETHETLI L
ATE T, I ICP-MS TIIE DT % [A I
WZHHTT 22 EDTE, MIBEEIZITTRIZE ST
BN 9, ppb~ppt DA —F—THllET S
CENTET T, HERFTIZ, Agilent 7500cx %
Agilent 8900 ICP-QQQ T/ L TV T ¥,

H T K OB B DI I BT & > TRE D
F9A5 KL O # T K TIX Al R Fe. Mn,
B (hUH) BEEXLCHEATVEZEDPLNT
T o, BEBSOZ CIHERRE 2o T
B720, AR g s R L T 2 R
B OR\HT K TIRIREDE 2 2z H ) £
o FMMRICAEE R As R Hg . Cd(1 K37 4),
Pb ($8) REZLZLHEATVAHELH )., H
TARGEROIBCEIEELRHA L 2D F T, Ih
SOTLRII AL 2IEGIC L) AR SN B a0
LTy A, WEEOHRREOLOLH D F
To F20 V ONFIVT L) OXHICELILRE
— DR & N7z Hhis D H KK TR ATE W
THELH Y. T LW T AKEE) R K E
DEVERARDLBICFACTEE T, T2, WECE
) LDV EFNLILHRIEE LR > TVD 20, H
TR OWERTEETIEST S 2 LT, HTFK
MECHER A EECEL25E0HVET, 20
L9z, TR ZE CIEmER S S L —
P—E LTHEIERHT A LN TEET,

5. KOKRERLLF
ZEFMMVAEIE A 2B S ) 5. K
(H,0) 2T 5mHEOH kFE) £ 0 (BF)
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S REFAMADz D Y. KELEFRMAE (LU,
O°H) B L UOBEZERMAE (LT, 6%0) LI
ENTnwEd, INSOFRMKIIKEDLDE %

D FTOT, KOBEZALIET % 720 DI 13
nizbb—4%— GBEF) &40 ET. 2B, FH
MARDFEMIZ OV TId, At 7o [3% ek
Ffifk] % S8 L7230,

H & O ORMARGHT TlE. 22D T RTLEE
AT o OB E RGN EE THIE T 2 DMk
TL2A, EEREEAFY Y - FyET 1)~
7y v a7 (WS-CRDS) DB s % I &
5T LIZED. (EkOBEEGSIEITHIET 256
EHART I fEE» O T3 % 2 AT
BEE 720 F L7z HERRFCIL, 3@% &, WS-CRDS
? L2130 B £ U L21404 (W31 b Picarro ##)
ZFHLTVWET,

OB LU SH ICIEBOF-A DY, Th
5OR# 2 G LT £ < QT IKIEIIFZE TF
HanTwEd, flEo—6%2, DML
ESE I

- FEIR O H T K O [RIAAR L O Z2 [ 45045 & R

Z LT, KB OE R H KR, ook

WEDRADHFER EEITIBET LI ENTE

9. LB, KD 600 & 5 H 13H 0% T
WH O T ARRLFEAR, WIKE LD LA
HHCEEZ R 720, IR T KR
ADHRIZHDTEHT A L3 TEE 7,
CO-FAT T AV ITHUT KRB, MK
B bKMD 6®0 & FH % 7 v b L TR
BT L1280, HHKABHIEAL TV
5 ETFRENLAIDOZNENOREEE %
WETHIENTREE D ELH D T
Oy Ble KO FRINAR I XA 72
FENDHIENFMELY ET,

- HIEOFENE KO FRAR R AE < 7 B
BEFHL T, T ARLEKDEIOE R,
TigEd (HEK) TERFEOBEDNB L REE
PR LZENTET T,

- R L AR B OB DTS 5 7200 (5

74

FERD) . C OFRA R L CH T KR K
REDHERZHESTH I ENTEET,
- R KO AR IS R RTZE (LA A0 7 < IR
—EL72MEE R L E 305 Bk (B RHS)
ARy MEICFMARSKE SEBT 572
O, FEAK &K O BT A 47\ i O [F
MR % eid 5 2 & T Bl - iibaEEo
IHICORITAZ L TEE T,
COEHII, LRERETELDEREHFL L
NTE DIz, 6°0 % FH 1T T KRBT
R ZEDTERVEELZHHE > TV E T,

6. HEREFE DT

FEEHY 72 H R KA 247 9 BRICIE, H N KOs
R RURT A S E D EEE 2D 5. KO
VR A RS B 720 IO h D SN D 1
FIH, FOHFTYH H R CFCs. SFs # flwv 72
W HEPLCFHEIRTVES,
HAZAKFEO MG ERAMAT, M) Frae X
ENTVET, BT 1OEHET 2 006/
NAEHHET, pAEKRHE LT He (N7 4) 12
B E9, 123244589 5 LR L.
INEPFEH VL E T, FEOEGET 5 LR
DR HWE A LT KO % H5E
T5IENTEET, WX Bg/L £7213 TUCH
JF A=y b ;1 TU=0118 Bq/L) TREN
T3, oL zIE. HDHHTKFEAEHI OV S
72800 *H A 10 Bq/L T, BAED °H i
FE7S 25 Ba/L DA, 1/4 DEEIZHAL LT
572, W E X # 25 4F CEEM x 2)
ThoEHEESNT T *HOFEM 0 E
Wi, B~ 100 45 1F & 0w EE IR O3 5E |2 F)
HATEEd, 203N, #TKROFELMZETIE
MC (R 5730 45) % PCL (R 301000 42)
7 EORMEHERMARDSFIH EN TV E T, Th
SIS R W0, R 2T 4E ~ 100
TEODLEICETLEVLDICH L THEERD
4. HADMTRTIZ GEFICEVHITRZ B
&) BAE~ 100 ERE ORI S\ 720, Fl
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HATE2#SIEMoNTEET,

CFCsld 7 mu 7 Vvt uh — K yH
(Chlorofluorocarbons) & W\, CFC-11, CFC-12,
CFC-L13 2 &3 ) £ 9 WA R HEEH 2 &
DIFEHE L T1930 FRUIC N TR ER S L7z
HREILEW T, LI CREREE 2 Fo
729, MM E N7z CFCs I RAPICERSNE L
720 SR L o TR D CFCs IREN R 5 72
B, KD CFCs izl LT, #EDORE T
DWW LT 52 12X D, KHSEEE S N4
REHEET LI ENTEET,

SFe 178 7 v ALt # (sulfur hexafluoride) @
LT, BAREIHEL OB ALLT
1960 SER 2 HFH SN TV EMEKTT, b0
IR ICRELRME2F>TB ). R ORE
FHAES ML TWwE 4, CFCs & FFRIZ, K
D SFe g2 MIE LT, #MEDORAPOREL I
Y22 El2X), KpEESNFReHET
LI ENTEET, CFCs LKL T, X#HL
WK (RS 10 42 X ) bV K) OFERHE
EDVFRETT o

Rk o °H g, K5 @ CFCs (CFC-11, 12,
113) B LU SF REOFRFZALZ M4 1R L £
L7ze SO DR EREKOREZ IS 25 2
XD HES NI L T30 T, #R
ELTCmERMERD DL 2 ENTEE 72721,
HALZJEE A LT 5 72 CREEDE O NLRT
37 L BRI O X AIZBWTH T KIS % %5

R4 FEKDHIEE., KSH D CFCs & & U SF i
EOREZTL (FiF, 2021 D % —EpHN%E -81F)

75

L% s20oT GEFEIIETVERWT
BETLE3) . ZAFHEL2) 3505, BEL
BHEBo e TEET,

7. BbUI—ILF L —H =L TOFMNM—
VBT L L 912, T KREIIZE CldE
R RAZE, Z<OHEEZ PL—H%—L
LTHERHT2IENTEET, TNHD ML —
= ZHATHHTAZ LB TEX I B
FL—H—% P CHHT S Z L THELNLEHR
IR 2. FEEEL T, TEA7E
FELDF— 2 %2552 EREELVWEERTE
To 2HILEBEED ML —H—ZHTHLHES
RHT L iRV F ML ==t EnE
o YV F ML= =i, REE RS L
TARRENIZE 7 ECHEICRI RN TH D EE LN
ESE I

BEO ML =Y —2HW202Es & LT, 2
HomNFHECTERLHELT K5 IRLEL
oo CORNE. WIET S TS A I EE0
pHE a7 4 75 AT 77 LAOFHGA %R L
TWwWE S, Wil e b2, pHIZ B (M) T
gL P (FED 22 ) KON TIRF LTS
D, FICH DM EBIESIRE (LT D
ZENDbRNFET, CORMPLY ., EPELELT
W50 T pH A7 BifADEE O T KR KD
TINZIHMAL TWAL Z B FHREINE T, T2
PH DAL L TWAME T 274 75 AT 75
LOBRRESHRRENLTEY ., Tl
RO IRE AL TEE O LT KRB K DK B AL
FEFNTWE T, 0L pH RAEMBIX 2
FOBHDO ML —H— (ZVF L —H—) %
FIHS 22 12X Kk & T ROF E BAR
WCOWTHRICHHRE T2 2 T&FE L, 20D
WZEBITIZ 22D b L—H—% W/l b o
TYA, FIEBEO ML —H— %5 2 & T,
LD BEHEL TR OIHIC S DT A Z &8
T&hrtE2bNE T,

SRFEA L7 b L= — DI, BT KRE
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5. ANIKDpH EXEZEE (ILREBEFHORES) (i, 2020)

W52 C 1L S B AT L I H T b B Srli R ff 1t
(*"Sr/*Sr) % Pb [AfLR L (**Pb/”Ph, *"Pb/*"Ph)
REERFHLEMIELHEZ TETBY., 4%, ~
VF L =B =2 LS5 % 505 E
N SR I s

AR

D) 65477 n &3, Ml (x@h) 12 0%0.
Hewh (v #h) 12 0°H & &0, KB R
e 7uy FLHOZ EE2ERLE T,

2) RR R & XK R IR EEDSHL T ISR % L
CHAKIE (T 1L E X208 L.
T AR HF A2 B L T, & A GATICEHET
LETIIhD oMo L E2ERLTWE
o BHIZE ZIIKOFEIHL L £,

3k

R - EELE - EHAE— - REET -
ZF] - A (1977) @ iR FE O BE
JEHTKDOKEE T NV IREORHIZE).
HAH T K58, 19, 87-103

76

JAHFE (2014) T EHRPE DTG HE T K. MRS,
123, 172-181.

BFERE (2011) @ bR K OIKE & ZoE R D
W B LT oiE . SRR [T
EAKTEBROR ] 4R, 41-68.

BOR R (2020) @ 2B\ & B A O H K.
BIOCITY, 84, 36-43.

BGERE (2021) (TR Z %] WTKkofihz [R
2515912 T 5121F ? - LEFRAARS CFCs,
SF, & F\ 723 F 7k O #8188 & OV IRF R
DOeE -, HIERFE, 75, 91-96.

EE1EH
BORER FLE KSR
AT AT BRI 2B T
2016 4F 4 H & ) & M Bk SR B =
WHFEATICHTE . B WAk L
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R HTK - FEKOKE ORFEEE
B, WEECABE TN RO H
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FEIfI{F#RXl (Isoscape)

TR OLERMARILIE, TTREOHE (L2056
E7zh) RBSEE (0 X ) ICELLTE D)
EATERTT . Bl2IE, Kok - BERFM
RIETHIUL, KBED X HIZEIET L0, KA
FEDQXHIIBEIL, I TEERED, L2ICH
E LTS, T2 WA RL I & L
TEDEHITHNTL DR EILLST, HbY;
Pl HKOKE - BREFNMARLITEE L 2T %
KR

Z 2T, BIZITBEAKRDKDKTE - BREFINAR L
272 SADOHBETHEL T, MO EIZEHENT
AbL, br) ERAKD L) [FRMELOS
IRMOMM | 2EL A TETT, CNE[HE
firfk (Isotope) #* 5 R7zJA % (landscape) & \»
9 EWBE T, Isoscape & MO £ 4 (West et al
2010)0 EFREH Y FEAH, T T [FEfE
W] & LTBEFEL &9 FAAMZF S
5 & ZOWET O RNAR I OIRILASERATIZ D )
DFE9. EBEIZH O W DT OFRAMAK 2 %S
HZLIETERVOT, AR ZILT 5 M

X 1.

7

FE = — &8
(1 B IR F T 92 FR)

TRV, R EANFLZD LTGIS (HiE
B AT L) ETERLES, flziX, M1 T
E. ETVIC K DHEE SN RAKRETERMET S
NSRRI R OBEERFRAMRL (6°0) ofl%
ALETH, [BICERAMAE] OB CHB L.
[REED = VI ERBFNARILDP R 2 2] 28
DIRDIKFE - BRFRINLAR D 534 O FEB ST KAy
ICHfFCEE T,

B 1 3B O ZRAAR L OB T3 25, [ Ut
FH Ao TR OFMAELLE HAQAGDEL I L
BbTEFJ, K2ITRLETLHIE, D EDODN
MARMIK T [ CFEMAEL ] 2R3 8rE7: <
EADY FIH, BEEORMARIZE T 5 ALK
WM EEREDLEL LT, I DEIS L BT
DYFENTEXDIREMN D ) T3 BIZIX, HY
IRDOFERL B OB L Cid, Hks72
TR & 72 A ATANIRE SN L T705, EDFFEIC
LB B FE T bR x [40Hk
FALAA# (Multi-Isoscapes) | & MUY, & O
RHEXEHIED L) E L TWET,

EFVCE N HEE S N KB TER M S N - ERITFIIREKDOEERREGIALL (6'°0) DA (Terzer et al. 2013),



O o >

2. ZLERMAHE (Multi-lsoscapes) D
12O RDORMFMBREZ 1 & LAFEE 2
DHTIEA~DDIKOREELEHE TKHE
DEDEHHIRBINET,

3CHR

Terzer S, Wassenaar LI, Araguas-Araguas L],
Aggarwal PK (2013) Global isoscapes for
00 and d°H in precipitation: improved

prediction using regionalized climatic

78

v HUEEG B ECiE (2023) FAAARBREE IR A8 HESE - 2023 AR

regression models. Hydrology and Earth
System Sciences 17: 4713-4728.
https://doi.org/doi:10.5194/hess-17-4713-2013
West B, Bowen GJ, Dawson TE, Tu KP (2010)
Isoscapes: Understanding movement,
pattern, and process on Earth through

isotope mapping. Springer
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f—HEUT«

1. FL—HEUFAEVWIEE

ML =¥ 7 1 (Traceability : b L —4 ¥
V7 —kdEiLEN5EH) &, BIF (Trace)
Lhed) (Ability) ZMAEDEEFET, HAEA
FECIE MBERTREME] EIRT I EITEE T, &
i EHE AL, TSERLN BTERSG 2 £ IkIC b5
THELR TS TTH, S TEEMD b
L= 71 2Bl CGHRIL 9, BACH
XTI, EEE CHEEPERENGT 52 L3
7 B TREAEE RS 72012, ETTES
N2 O TRV RSV EBVWTE T,
iz, S 2HECHEORMIZ, FRICBWTBSE (F
HEATIRINE . Bovine Spongiform Encephalopathy)
MENAE L &R, B FHAEIEY
(genetically modified organism) (2R84 %A% 7%
EbdoT, ERMO ML —HEY T4 HNEH S
TwEdo PL—HEYT112d, FL—ANY
7 @k) L hL—A757—F (GAER) Ok
M) FT. AIHEIERED [ LM 127285
DTHHDIZ L, mEE [FRA] 1272850
DTS PL—H YT 1 DL L 728 T,
b LS ORISR INFE, FL—ANy
ZHEREE VT ERANC E 2013 ) . ZoRED
JARAZBRTHZ IR THIENTEE T,
7o, PL—A7x7—FiREZHWT, 215
DR OTL R Z 7280 . BEA L2 iEEO H
LiEErETAZ e cEET(AEMmML—
eV T4 VAT LABADOTFEE | URTRES
2008) . HfE., HEATIXFAB L OKIZOWTH
L—=%EY T hERBILINTET, b0
FL—=HEYF 1 I22o0nTiE, WIhtd A2
T 57201 E) EIF72 A7 ATHY
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FE = — &8
(1 B IR F T 92 FR)

INOPIERWICHEET 2 2 L THEDEEEES
TENRTELEEZONTT,
FTABLTKRIZOWTO ML =B ) T4 2%
A4, [EM] W ETE 5720, IE
L ML =% T4 DML S iU, BERIC
ETRCOML =YY 71 &2 ANFPEHRT S 2
ENTEET Lol BoREMICEHL TIEZ
OB TO N L —HE ) 7 1 135 L T v
7280, HEE DB © 72 & B — i % Tk
FIEL £ 8 Ao I, EmOEREZHY 720 Ewn
IWMENHEFEICAETINTETBY., FHUIHIS
To80C TEEE] 2 TOORE] L) FR%EH
29562808 hoTETWET, TlE, B
W EM AR T 5 kbbb LI »? B
. BO ML =YY 71 ZRELIEHT 20
Bid. HIZT (DNA) 1Bz HwoF ke H
BEEx H\V7-F9: (B Leal et al. 2015). %%
AR OTER R ED3H ) 925, W ROEMIC
ML CEOFEM R LTI MEt3
BUENHY ET,

2. REMNL—YEUT 1
CO[ML—HE) T 1] MEEEREIIBNT
EALZEN [RENL - )T 1] T, B
WLFLZELIIZ, FL—=HEY) T 1 DMLDT
DITIZHLBRIZE LT L =2y 7 GHK)
EMLV—RAT73T—F (GBF) TR 5 EW
BT,
EEMEORERZ 0 EnWTATET &, HAIZ
BWTEERENOAEMBEOEELE 2T
T REERATNEE SN, RADOHYE, KED
5. TIEOERL S L CRESRITSNE
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L7ze ZIUIHES Ty B TGICIEKE HE P Ik
AED B LIHHK 2 BT 2 EEE s E L
720 BEOHZIIBWTIR, 20X % [KRA ¥
Fy =2 (EF)] 25T 2HEEWEICET
B EIZOWTUI ERW 2 KIS TE D
— DI THBED R R & FREPIIR ERTW
E9o Ll EFEBEAE L C & 7z M BRERBE R
WBWTiE, [V vBAL v by —2A GEEE) ] &
FHEN D, HELRBEROIZ->E) LAVWHRL S
L MEEENTWET, TOXEEZIS 729012
EHARFUI BT 2 @ % #5355 LED D
D F 9. REEMA R L CwIUE, BIEEE
MICHEPE L TV WESZETA, b LS
POWEDREN LR LOoOoH o720, ZOHE
WED > TWwo 720 3L, 4% 5 2O fEDS
XL THA ALBEBETH-72EL
Th, 20 [HE] BEDboTWERNE ) I
LTy WAHWALRITTRREOZALL, FMARLLO
TALRZ 52812 X > T, MO ML =Ny 7
(@) EML—=2757—F GBE) VDT
bTED L)% [FPHEAL] 25800 2o & 9 7t
MAbz [REML—HFLEY T4 LWHIEZHT
EHZTWVWI ) EEZTVET,
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3R

(BRI L —HEY T4 AT LEADFH]E ]
WERIZAES (2008) ffn b L—H LY 71 ¥
AT LBADFG| &
http://www.maff.go.jp/j/syouan/seisaku/
trace/index.html

Leal, M.C,, Pimentel, T, Ricardo, F., Rosa, R. and
Calado, R. (2015) Seafood traceability: current
needs, available tools, and biotechnological
challenges for origin certification. Trends in
Biotechnology 33: 331-336.
https://doiorg/10.1016/j.tibtech.2015.03.003

EEEH

FeZe—HR (& HERBREE A HF 28T
W RIS £ >~ 7 —#d%) 1997
UK 2R 2 B B 22 B JE BHE
T (Bl HAIRE
KEFIIFEE - H AT HREL 2
HLEERINEZE B % T 2002 4E A
HEREBR BT £ B FE AT B T, 2003 4R
HAHPREAEREA T~ & — Bh#
% - dEHIR. 2014 4F &0 Bl

(2020 45 3 H 31 HE#)
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[RfL AR ERTE L EATZE ] (2012 4RFE~) 1.
A I ERBR RS FE T T1T - T\ A LRI ZEHE T,
HARD K - FFZeBI 720 CTlde < ROKEE - BFZERR & & —#ICF7E L T E 3,
— IR T o TV AIIEE DT 2 6, HIRENEZ ML T2 1,
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KIZHIR EZ CECHEMERLTVE T, BRELIKERIEZL L), MRELZRELEE
To MIE. NNEZoTiNAD L EDIT, EAMADOLLEHIAATHTKE LTLW - DN
F9, BERERGICL o Ty K2 DIREEZ WAL b EMEN JAED» HWEN LS E D
& &L, KOKFE - BMBELEFRMAILSIZALLE T, —H, TRD LI 12, IREELE
TN DAL, FMARITEE S, TofizRkbEd, 2o &) REHE S LI,
IROPEBRZDOWTED L) BT Db bOh, BAERN LI RTAEL LI,
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KORERGLIFE AV TR EKDBEHOHTE
— BB RAREOWIES —

1. KEEEWE?

WERIL L TKROEE" LI TV E A5
KIZAM S &0, B HE & T I3
EARM R HDT, HIADZOKRY S 1LE LK
MENTWEHZ EEBWET, TF, SEEIC
P9 Bk O Z AL NI K 3 2 KFH O
HEINZ & o TKEBEDARARE L T HHIEAH ) |
F 7o NHINGENC & o CHI & T SNz FRHG G
HREOMBLELTWE T, IR ICIZHERCK
WL VA MK B & R TERE TR
ELTBY, INHRZZENENDMILTRED
TId % CVHEMICERE R > TWE T, Bl 23,
KT ANF =7 82X o THlED S L 72kF%
RIIEE R, WEBKESE T T, WIZHEEIH]
FE L. —HIEHERZ AT M#E I A Ly
— AT ICIRE LTk (iR T k)
ERD F3 IR T RIZEE LT, T 5
Rl C 2587 ) 905, mfnyiiflcimt L
o T L7c—EDHT A 7L TUKIEER" LT
NTWEd, KOWEERZHEST LI LI2LD), H
TIKDFEGRKOM G 7 &\ B4 7 BEBEE % %
RO RNWEEL720, KOWETIZE T
bEELMEE o TwET,

C OKIEBRFFEED—D2 L LT, T KDHE%
BB L 2 e IT o F 3 HTKREE) & 1X.
KBEZTTHESI N, EZEREBLTVL00%
BHOPIZTH LT, bAaAIC, HES I, F
KRNI, HEREK 72 & DRI 2> 512
ELCHTKEIGETAZEAERLTVET,
HWTFRKAEEZHS 22T 52 EATEE, 1
KOBGHF R K DOFHR W B A HIZ OV TR L
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(1 & IR F T 92 FR)

2R ABROEELERE R ) 7,
WEKEW) ZERXZHCEHE N HEL DD
WCEZ WAL LNFERAD, KEKEFEE LTH
HanTwzh, TEREFEMK, FETIIRMS
DEOIZFHENTWY & FIZR B DL
WZH BRI TnE T, ®ATIE, Xy bR
FMLVOKE LT, HROMTKZIT TR, HH
OHTFARBIEEL TVWETOT, BIRETHIZ
L7z HbDTRENTLE) D DX
RHTKREGEHT 2720120, KOB %25 2
EMEEELRoTWET,

2. EX2THRICIOKDEREBMGIIFL

FNTiE, HCTRA2ZEDOTE LW FARDIGE
NZHBETHIZIEE) LAEZSEWTLL ) 22?3
NIKRWE R &, MKEIZH 2 KOB) X (ZEHEH
BCTE D720, WEWHEHRE L4 <, FMAD
LRTWVOTED, #FI2Hh LM TRITEFEIZH
T TENTERVO, RAEZIEET 201
JEHICHEETY . ZOKROTENZLRT L 72012
BEOPDTERDHLDOTTA, ZOHTHEL
RSN T2 b0 LCRMERD Y F3. [
PRI X ORI & ) O L A2
169 2 B ERIAAR & BRSO L CARE % 5E
FIMARDH ) T4, 2 2 TRBEHEDOLERMEKIC
DWTHBL T,

LRERMARZ FEOIe#EIZIE, Ho Co N, O, S,
P % OMENH ) £95%, KIZHO THE
BENTWFETOT, H OkFE) L0 (KR o
BERNARDRRE ) 5. KEOREFRNMA
3 'H (RARFEAE1E99.984%) & *H ([ 0.016%)
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0. BEFEOLRERMAT 0 (7 99.762%)
YO (7] 0.038% ) .0 ([A] 0.200%) A3 1 % 9~ (Meija
et al, 2016)s 2D b, FHEES—FRKEVD
DE2FBHIZKREVHODLERY ., *H/H, B
LOP0/M0 E LTORLET S, b ltiddE
WIS Wiz, BEEFE K (vSMOW) 2
SOTHERAETHL i LTERENET,
H & O 0L ERMAARIE— I % 50T Tlds
A% EE LTS MOKIDOBEARLETE R ED
WA WRVIZIZIEIARETH L7720, KD
MNZBEHETL2OIZHLTWET, 2O LHITK
OZERNVARIIEF 22 F L —H— (GBET) TF
M5, 20 ~ 30 FFALHT F T ATFEDEHEL <. 4
Witkse (HESHED DBRON T2, [
ROGHHEE BT DD 207 0 WEET L2 3
SETIEI 7 MR OBS 70 &b A, JHRERH
THOOMEICEORBEUMETESE L) 10k
D, kA ZEIECIHERHEINS L)1) $ L7
IROLFEFNARIL, KIEERITZEIII R R D
DIZ > TETVET,

X 1.
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3. KORERMMLAL &ESDRERIE?
KOLEFRARE W TROFEN LIRS 5 72
DL, KROLEFRMAEOFE & FfFE$ 5 2 LS
PEETY o 7o& 213, KO ERAAR L % B2
BIFLE, DTFO L) BRI ELE T,
1) FEEhrE b e, FVALITES 22 (&
FER )
2) mEPEL %5 L, FAELIEIE 22 (R
FER )
3) WERIZ L, AR 25 (NEERIE)
4) EREREIZE, MRS 2 % (EREERDE)
NS ORYPRIZIKZEG D S BERDTER & 5 15
DM (LAY =) 2Lk Thb3nFET,
FREOFBD D B, BERR L NERIROM A
TR LE L7z HED X9 IS T,
N TCIIEE ML . WERCRES S %
DAL L F R O H TR R I
DRI 72D BERDR & BRI, IR
B EEHRIEEL WL EEZET. 20X
I IR DL EFRMAR L OB E IG5 2 & T
KBREZ DO RI-OP LIRS 5 2 LD TREE %
DEd,

REDR. SEVDROBEH (Fig, 2021) OR%ZxTICHE
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4. WTFKDEBHOHEE — EBEEMBERHO
sl —

WU, IROZERAAE % F\72BF5E6112 DWW T
HALEST, ZOWETIEERMHEETORF
I % FRATRT I & L R Hs o0 b T UK Rk A
DI 1T K GEEY, W R 2 R 5
EERHME LTEBMLTEST @IE, 2020),

IO T IRRLFEKO B 2 R T 57200
T—4% L LT, 201444 A5 201543 HF T
D 1A, BT O RS & NEEER O AT
F COMIZFERRH 57 % 4 HprakiE L. 2 20 H
W BRI L £ L7z Bk o
#1310 m. 50m. 220m. 515m T, M2
BFENA L&) A 2 i 2 72 B O [K
B ZE L E L BRI (2 133
a2 L CRREICIAE L, pH & EC (F
SUREER) ZWE L. HBEEATo 2 RIERE &K
FOLERNARE %2 % L £ L7zo FAARGAT
. 2o TUFHSRE TR HE PR R E 12 & 530
WP 24T o 7ot BHESHTEFE V) IR
D RAEZR TN LT E L72AS, ImE IO hk
OEHD W C, 2o T { Do)
HIASHRE T A WS-CRDS (Wavelength scanned-
cavity ring down spectroscopy) EASBHEE S,
K3 ¢ 2 »CRDS #: o # % (121304,
Picarro #1384 ; X 2) #HWTHIT L L7,

BeAGRE O BE R E RN (0°0) &kFER
ERMARLE (0°H) O&HS o 1EROFIHE %
KD DD, ZNENOHHNOBEKEE HWWT
MEFI L, 55N FAEL L &m0
BIRAR IR LE Lo TOMTIZ 4 HisiokE
KT = FIZIZFEHR IR LHic7ay bEh
TWETOT, &L FMVARIZIIHErSH 5 2 &
Whh) 3. L7z, FEEFEVHAIT EFAAE
HIHEWEEZ R L T ETOT, HRREOMHM
b O IR, ZOMBIZIZ3ETHM L
EEEPIGFET LI EDRHLNERD F L7,
i & AR OBIFRIE. 60 Tt -0.24% /100 m
(A 100 m BS54 2 & 0%0 13 024% 1% % %
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2. Picarro L2130-i (HIKHAE%E)

CEEBEWRLTWETY), 5°H T -20% /100m &
D EL, CORREEHCEE, flZIX, #T
KD 80 MDY -8.0%0 d°H % -52% TH 1L (14
3D%) . HTFIKDOFIGN 7 B IL 150 m &
fETE T (BF, 2020,

D& NI BAKORMARLA S BB % 0
BT LI ENTELOTTN., BKEND R VY
AR, FIRRPILE R EO&M. Bkt Em 2 5
T RES 5B CEKORELRELLZIT5
L9 YA, BoROEMARIEAZAL S 5 ] e
MAHHZEMEHEINTOET, 2070, 1
BEINEROMAETIZ, £KIEEIEET X 58K
BRSOk - KFERERMARL
LEEOT - RV CHBEERY RO F L7
(B04)o TORMRLY ., BRI FAKD R
o EFIR, 00 13 -026% /100 m. §°H iE
16 % /100m & 7 V. I # T K 0 60 A
-80% 0°H 2% -52% TH LT (X4 Ok), (HE
EElE200m FEEHEETEE T (Fw, 2020),
BEKDT— & % 7Bk & 135 T2EH )
TH, A== LTI R—H L Tnp 2Lt
b ¥, BEEREROMIETIZ, 29 Lz
BRI D & IH T KRR K O AR s e e
L. ZNENORERFHHERER B 2 W5 %
HTWET,
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3. BEKDEMIfAL &BEBERR

4. BKDOREMKL &HEERR

5 EbHY)IC
PLETRLZZ L9112, MR BIRO L ER A
HEEE L OMBREHVS LT #FKRRLEK
O GEEI) Z2WMAZEDHRRELD T,
E 512, KOFMARLOIED I, BEBGERK
. pH. fioFMAEZR & EEOEH % 4 C
BS54 2 & T BEESCKOTNIZONTX
DEEICRT ZEDTED LI IR D720, KIE
BRI BT OHEED N L —F =% 5k
(multiple tracer methods) 735 #4% 4 EE |72 >
TLbEERET,
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3R

ol BAE (2020) @ 4@ S IR AL ERIG B 4 o0 3 R K
BIRSE O ARE I DIEE & g Rk 2 v
T AEM O E. T KFREE 62 (3),
449-471.

B EAE (202D): [RZ 2w ] #FKoFNE [ 5
25 T AHIE? — BERAMER
CFCs, SF; & W7z FRO BB L O
G AR OHEEEE — HEREFS, 75, 91-96.

Meija J, Coplen TB, Berglund M, Brand WA,
Bievre PD, Groning M, Holden NE, Irrgeher
J. Loss RD, Walczyk T and Prohaska T
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(2016): Isotopic compositions of the elements
2013 (IUPAC Technical Report). Pure and
Applied Chemistry, 88, 293-306.
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T DKIE AR ?
— BERREEHOREN ShH 21l & —

1. #TKDFBEEE X

B SADI - TV L HIHO FIIZIRILoK (b
k) DEFRE ST E 3, HidKIEZE oY
RPEEIZ LD IR E T RICK S S, LS
SRATHTKE L Y TICH LKIHT AR EFFIEN
TWwEd, COMTKOIFEICEAL T, mikio X
) IZHIERTE 2> 5 KANRE LR T WHITE AN A 2S5 H
IR KA T IR % LT Tk & s L
TWLHELH D FTTH. LB, SRS TL
BREADRE VT REOL VBT TE T,
MR KDY A L5 Hdsl ORHT) 2 & &k
v HARD &9 1% WHTE S F T,
WP AKRDBE DL I ERE D E9, Lo
T AR O { O EE 1T AR I E2E S
THhLHTENEHIEEL T RN EPEWNT
T AN S E BEN D ORI T A
%) EVEMZ 2T TR TETWS 2 &g
WCHECH D T A TOKRDOFNT X ZZRERIZA
BB Z AUSEERSI A Y L CB Y . ST [
R LIS E 9, MR O ERIT.
Rk Ro M F /K AT T ISIRE LTk g (T /K i)
WZEL/EEER0 (Ea) &L, TR HHP %
WENLC. ®AHYGANCEET 2 F T o 72
MoZ e, La3nTwiEd, 72720, HEHE2S
T K £ TOR T OIFE S BHFIZE NG A
d. COFEEETLHLENHY T, HRDO X
9 7% BN N K 0 B e L LR 3
%<, BEOHF LR ETHH SN TV A EHA
(LR TAK) TEREFE~ETFEA -5 — Dl
IREfH] 2 7R HL T K AL T A5, — T TR
RIKBEKFE 2 ETHHI N TS 100m % #8 2
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B I & &
(1 & IR F T 92 FR)

5 89 A (REHTK) TIRIEHE~8E
Fy Al Lo TETHEL EOWHRR R 27895
G T3 FIZ1000m % i#8R 5 IFF IR
HHETE, BE~BHEOEZRTZELH
DEds

2. HEEBEOHETERE
COLIICHEERIENY -2 g VIZBAT
WEFH, ENTIEZ ) LRI ED L9
WCLTRDENTVDLDTL L) M7

IKOGHE R OHEE IO T ERH ) T3
B E LRI ENTWAFEE LT
S FNAR 2 - 2 DS ETT 6 g 37,
[F) AR D JE A% E— 7 D IR ] D el | 2 A v T 4
Zx L TR ICZAL L £ 925, ZOEFED
PR DIZES B 2 PR & v T3,
BlZIZH (b Foa) TIE12324F, "C T
5730 4. *°Cl TIX 301,000 £ & > T E T, =
OMWE ZFH LT, EIK OB R AL A O EE
ZlE L, BEOKRSRYT— 5 LT 52 LI
LM A ET A ENTEE T, — IR
WA O 10 (R OBFR £ CTHEET A 2 &8
TELELENTVETOT, *H TIEEHE~100
EAREE, MC TIEBTE~HUTERE, PCl Tk
B HE~THEOF — & — OB OHEE L
FHENTOET AN VKRERRL TERE
NOWF RN AR DIREZ BT 5 2 L2 XD G
M AHET L2 LN TE O THEN R TH:T
TN G E T B A FEAAR DS N RIS ER B
WZHEH ENA12IE S O I EO B AR EE L2 7
LZEbdET,
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Z Oz, 1990 £ A &5 CFCs X SFy &
Wt OHEES TN T E 3, CFCs i
ryuau 7 )vAud—KH (chlorofluorocarbons)
Ewviin, CFC-11, CFC-12, CFC-113 & &EH 1 |
IR R PR 22 O TEH & LT 1930 414412
NLHNZAR S N72ERILED T, AL
TRELRME = F> TWnE 3, SFg 137 v bt
# (sulfur hexafluoride) ® = & T, BXARE T
FedR e EOfifx AT A & LT 1960 A SR H &
NTWLEMAETY . CFCs X SFs & iV 2 T
ZBE~100 13 O E R 2 #EE S 25 2 &8
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EoTh, TNRAROFETL £ 9H. HITHE
IR BHED Z 4> TLAM TS 2K, b
55 AEENEOKTT (72720, HABEDY
FrCld, WEOMEPrOERIECZ LD F
T)o TNTIL, MEEIE OTHICH T 2 - 72
Ba. TOREEABKENPTAOTL &9 0o
HEERILL, PO TLL Y Do TLED, T
BTz B DERA TW A IKEKRD £ 512, ER RO
TL &I

72 H AT E WA G T B S X O < 27
B 2 HIX & BT B 2 MO %
HL. KEOEBIZOWTHRT Lze TO—HF
. S5/ 11 ERTO 2011 4E 3 A 11 B2 584
L 72 7 RS E T bR OB S & B R E
% F IO, CALHI & SR B F 7
P X o0 < O#ERIZIEH 10km 128 & O
HEDNAAYY . B3R & LRI S AR
DANATIED > TWE L7z WEOILIZIEEL
DEEFETOENTEBY ., 72, THAFRRIZCD
TH BRI NIEN (HIE) 15h) LI
MMDBIRN > TWwE LA (M1 LAL. Kith
BORBIIE L -ERIC L > T, FEREL.
FEIRVIZ & o 72PB AR 7 A% S 4, B AR
L. MK b MERA PR . EROF A IFE
W X DT CREEE ko TWE L7z, £
D%, BWVER Z 20T, HEE L 2B R B,

153

BB E E

(FEHIKIRIBEF AR TTRN)

B 1. SWIEEMH (LA T EMKEESF
2011 £1 B 4 BI&®)

Wb EOBED b, BAERITTOEHTIIRD
AiEE LTV AERDPE VW ET,

P cid, B 6 BRAOH % F-
TWABRERNL L EERKRLREER, PHh L
WAHESNTWE Lz #RICE o THIRL TL
FoHFELHY T LD, Z0k, HLIED
EHIRELT, BRBLIFKEFRBSNL TV
HZl wEd, INSLOIFTFOKEZHEET S
Z LT, 2011 SEDFEWIC & AIEALO A R,
C D JEBHIL DA DT IKOIKENZ DWW THIS
CENTEET, HIZKOLRERMEKLR
CFCs". SFy” % LD %479 2 & T, KO
RIS OWTHERET 22 A TE 5 L
EZONET, LB, HEEL ERKDHER S
HFIZIEE LHKE (K ISk S D
CLERERLTBY, BN L IZEESAE L LY
IO LBl T T, £72, ik & 6%



Fesz—BB. HIZEHL MEUFECUAR (2023) RIRLARBRSEY2S 2 A3 < A - 2023 4Eh)

IRAH T IZRAE L CiisKiE (FoK) (L L
X% 0% L. HFARDSHB AR LT b2
ICENET B TP RO Z & T, i
IZE RNKDOFEIZHYE L 9, 215 ORI,
SBROFHE N 2 M T KR ZAT ) 729010 b HE
BT Zd. B R 5 R e 2 12
ML CTIE3ED [HFAREFEICBIT A~V T

ML =Y —DiEHE] TLHRALTWETOT,
TBEIZLTLEZE W,

AHFZE TIANE T EIREF X ORIV ER O
FE (&I 1P, @I b i) LK & R
FL L TRELXTV., ZRZNROKEDHE#
HiZs b, KEEEICOWTHL 2T L2 % H
e L CRERTRK TV E Lize fidH i ofr
B 212, AT OMEZRIITRLEL
720 B, WTFKEOH AL 2018 4 12 H A
LEA%ERL TBY M TIE EC (BREEE),
pH. K%z HE L T E 3o BB T M

X2 HAEMSONVER

x1. AEHSOBE

HriNo FERE i TR TR

N °E m (asl) m

Sl 38236 140995 2.3 AL} -

S3 38236 140991 09 I 30.0

S4 38241 140989 09 I 28.0

S5 38243 140989 1.0 I 30.0

S6 38244 140989 11 EHA 31

S7 38244 140986 1.0 I 300

S8 38243 140988 1.3 RHA 340
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®ILHE BERMAEOSHH L LT, 250 mL &
THRRB AR L F L7z F72. MEE s
D728 D CFCs R SF 0 At H O FRZK b 2019 45 1
HICFERL F L7zo AR TIEHRIC 2018 4F 12 H ~
2019 4 12 HICHER L 72 A RO W TREM L
9,

2. EEBATERD O

PR L 72 N KRB L OKEEDKFEHZ DWW T,
KA+ > (F, CI, NO,, Br, NO;, SO, PO,”) &
Mi1 4+ > (Li", Na', NH,", K", Mg*", Ca*") &A1 #
yru~x k777 (ICS-3000 F 721 1CS-6000) .
HCO4 (& pH48 7V 71 1) FEifE & FW T L
FL7ze NSO RZFMAL T, 2019 49
H~ 12 FIZHKR L 723 o R BEARBE (2 2 7 4
TIATTITL)RERLE L72(3)e ¥ 27 4
TEAT T MIKERE O R B A R x
—HTIRT 2 2 D TE, BEHEMAOED L
RFTVEVHFIEADH Y 5,

K (S1) DA Na-Cl B C A7
EIZ RO EI A A LT E T,
LA L %D, KEOBEFRTEILKE ) b4
72 (BARD 1/10 ~ 17212 &), BRI X - T
FEDZEALT D720, mIKSeHAK BEIZE-T
FEEOMTKL &) LREGLTWDZ LA
AET,

HEH T K (S6) 1& (Na+Ca) -HCO, Bl AR L,
VAT B K S0 R T M T K & TR LAY
WA %WTT, ZORENL. D &ALk
IZBWTIE, 2011 FF O EPRIC & B K Lo R 3
FELTHW RV EDPHLNTT, F/2. B
Lo TOREMEL FRICHEFRE) 2WELLTE
D, BIZIEK 3 TIE 201949 AL 10 AR <©%
L TWwWE$. 2019 4F 10 HIZIZIEH 124 K D%
K. KEFD AMeDAS 7 — % (https.//
www.jma.gojp/ima/indexhtml) (2& % &, &
OBLHIHL T 6445 mm (BUAISE F14AD) . AL
B A 7T 555.0 mm (1] 1 47) #Fdk L T E 9
S6 DHFEREIZ3Im LEVTD, LEICE-S
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(legend)
Na™+K* Cl-
Ca’* HCOs3~
Mg2* 304;\(1\103-)
S-1 S-3 S-4 S-5 S-6 S-7 S-8
Oct 31,2019 f :I ; :I > :| > : > :‘ > :l >
17100 /5 s /5 1/5 1/5
111 N T Y NN AN S S | N Y Y N [ IR I A I [ NN I N M N NN NN NN N
2 1 0 1 2 21 0 1 2 2 1 0 1 210 12 21012 2101 2 2101 2
(meq/L) (meq/L) (meq/| (meq/L) (megq/L) (meq/L) (meq/L)

* S-11&1/100% 7T, S-3, 4, 5, 7, 8l 1/5% T

3. KEMERE

72K DIREDFE % 2\ THUTF KOKEHZEAL
LizeEZ2zoNES, 10D 27147547
7T AORGEIR 9 A ERTHA L Tw SIS
BT, BAROIRGIZEDHROMREL LTF
JED S ) A

R T KT 2 HEOKEMEAFED b1 E
Fo S4. 5. 7. 8D 4 M T TiE Na-HCO, #I T H
HDIHR L, S-3 Tl Na- (CI+HCO,) Hl & 7% -
THBY MoFEBHTARLY S CUEEILwA +>)
BENEHL o TWwE T, S3IMEOH T LD B
R CICMET 2D, WK, H50IE
RO EIKEN G EEE 2 TnD 2 LTl
SNF T, $72. BEHTKOKEIZTVTNOH
HHITIE—ELTHEY., Na" & HCO, BEFEEAAH
NS E VKB 2 RS 2 e b, BKROZE
T2, HBWEWEERR 2 AL Twbs I L
W) E L7z,

3. R EXFDRERMLIALEDFFE

F W OBEFREE RN (6°0) & KERE
A 7 fk It (°H) % CRDS #: (Picarro L2130-)
WX DHE L, R A T o-diagram #1ERL L
FLA (M4 ZOMIZIE, S1~S8DT—%
DIEHNIT, ZE L L THRAR G HbIF 0 35 THRIL
L7k oA 70y M LTwET,

K (S1) REEHTK (S6) ORAMARIIE
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B L FRRICEB SR & L ko
ZFTWwb EEZ LN T T, S1 oM JFERIE
FH = 6415"0-0.155 (r*=0995) & 7> THB Y,
C DEYFROEREMR LAWK 7Ty b EhTwn
¥ 9. o T, ddiagram OFERICEBWTDH S
TR EDRENRSHZ EEZRBLTVET, F
72y S 1 ORNARIDOZE R E VDI, FAKD
BTN A . KEHNC X 0 KR ORICIR AT 2K
D& (FHE) PRECEMLTVwD I EITRERL
TWbEEZONE T, WK RN AR
2720 (%0, 0°H & 12K 0%) . Bl s, i
KOEHNL L b b, KO R IZARRT 912

4. J-diagram
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BWEEZRT I &R £, —F. BoKoEAL
RILIZFERA N ML o TRLE D20, ZD
K¢ % D FEIK R D 528 % 50 TR gL T KD
FMARIE EAF MR T T 52281220 £5,

EEH T K (S4. 5. 7. 8) ORIAMAEIIZIZIE
FLMHE o> TWETAH, S3IFMomLD b
HTEAL o TE§, BRE EKFORIERN A
AR ZERE LT, MoK & DIRARES
DEBLR ENH N TV, BHEHOBESDE NS
ZD—DTT, — KM, BHEBOESI &
W FAROFEMAEIIIMRL 20 30T (FHEo
EERE) . S MoHT LY b EESOER
WEWZ EPTFHRINT T,

F/o. (2. ERBEAR S ORE] CTHIL
S3 OKERKERTIE, HARLHIEDOLEN B
FATVWEDOTIE RV EHEEL LA KIZ
R AN HEARDSTRA L 728561 21&, Ko FAAR
A TR L ) SAHFICENMETH L7280, H
TRDOFEARL S ENEZ RS L1242 £,
EZAD, Bl L72X 912, S3 DFMARIEA
DFEBHTARKOMIT LD RRLENEEZRLTE
D, ZORFRE,S S3OHTARIZHAKBEITRA
LTWABIREMIIE 2 ) 9. 20720, ik
DIRATIEZ <L WEASRA LT ClUIgED S <
o TWAHREENEVEEZEZ bNE T, Tld.
C ORI TH 5D, &) BER A
DET BATHIRICE D L. OIS
{LEWEARD D 5 2 Lt ST ) (NHIZA,
2005). =9 L7zAbA gk A3 H g v o S5 45 12 W
HL. TORST GEE) SHTKICHERT L2 L
T, W PNRD ClRENE L 2 5HPI > & £ 7,
LLahs, TOERIZOWTIEE ZAHET
Ho7zO, MO T—5 2% ELT. &
BOWME 2D TOW E F T,

4. WFKOHEERFE

Frbe TR - P ARFIH 2 B2 %) 7201213, #
TAROGERKHR (HESNTHrLMRET2ETO
RHORES) BT EPEELL->TEE

156

To WM ZHEET 57201380 OFEN
HY FIH, RiFFETIEH T RO CFCs & SFy
EEAHEL T, ®EOREH D CFCs & SF; i
BEL T 5 2 & THU T KO R M 2 2T 5
HEEFMMBLZE L7, 201941 AIZEA T4 #
FUCHRIL L 72K EHZ 2T CFCs & SFy D43 #T
PEML., EFIVEHWTHRI LR b
DB F O R OHEEME L 70 FFFIRTH 5
CEbh)FE L, OB, EEBTAKD
KEHBEORRE DT EVH ) £ A

5. SHEDODHRDERICOVT

AT L BR R - KR OLERMAR O H 52
B AIB T ERE X O AT O & # T K
ERIEH T AROKE DR, HTFK &ifEKE &
OBEK & DBBREHS 2212 L, KEERIZOWT
ERT D2 ENTET L7z, iEISEVERLT
KOKENNZIIREOZED B L ATV W REMEAS
ROLNE L7722, EEH T KB X OERHT K
& B2 2011 FE OIS K AHEAIIZAEL T
WZELILRTEFE L,

A TIANB T E B X 0iff el AZALE T 5
REFH T OREAERE FLITHANA L F L2 K
A O < QR EIE) ICHT72 SRR E L 7R
D% B 3HFTOBIIOFA L 2020 4F 2 H A
SR LTEY ., K E T KOMEEHIZOW
TEREED T FE T, F 72, BAAR R KRR
iz, A rarFy aoRtEL (Sr/%Sr)
FOMWELIT, BHEO ML —H—%FH L T,
MG TR RO AT H T K OB, #T
KIRENZ DOV CTHEICHET T A FETT,

AT

RWFgEi. FHEmrseEmibh e (K (A). &
My 18H04146. BFEEH « BRIREH B
RFHIZ) OPx I CEBML VT T, #Hik
TIIMRE RS SRIGHIEE OFE S ATRE - &
KaATFo T2 &F Lz, T2, HAOHREIC
DVTIE, FiEMXOFEROE S IR TH
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WeRZEF L7 iRECOES b= TH A DM
FTIE, WILFBERY: BEATOTPREZHE
WCREBMEFICRY F L7z, TZIZRL T, %<
AL L EIFE 9

AR

1)

2)

7 7)u A u 7 —R >4 (Chlorofluorocarbons)
& v, CFC-11. CFC-12, CFC-113 &2 &8
HYFET WHFARVEAN 2 EOTHEME L
T 1930 RIS A IICAE R S - B LG
YT AL TLELREE 2 707290,
B E N7z CFCs IZRAPICHERSINIT L
720 AU L o> TREHF D CFCs iREA 70
%728, KD CFCs 2 e LT, #Z:
DREZFDOWREE T 52 12X, KA
B SNTZAEREZHEST L LTSI,
N7 v AR (Sulfur hexafluoride) ® & & T,
BERXEL S EOFKA A L LT 1960 4F
KPS FHEIN TV B RMAETT . fLFmicdE
WICEELRMETF->TB) . R ORE
FHAELHML TwE§, CFCs & BRI,
IKH D SFy i fE 2 e LT, @R RGHhO
BELIET A EICLD, KBESI N
FREMET LI LN TEET, CFCs & 1t
LT, I 0#F Lk (R 210 4 &
D HHEVIK) DERIEEDTRETT
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3k

Yabusaki S, Yamamoto R, Shibasaki N (2022)

P - 2 E

Seasonal variation in groundwater quality
revealed by the multi-tracer near the coastal
area of Sendai, Japan. Journal of Japan
Society of Hydrology and Water Resources.,
35 (3), 192-201.
https://doi.org/10.3178/jjshwr.35.192
CRAANR - KRB - K
B (2005) LG FEFICH1T % N IR &
B 5098 2D 1. 3RITHI T IKIRE) -
Bk T 7OV OREEE. H ARG REE
27 (2), 115-130.
https://doi.org/10.11367/grsj1979.27.115

EERH

BGER S RF R R+
AR A BRI R AR R A5 T o
2016 4 4 H & ) #& M Bk Br 55 5~
e 2T IR . B P R A4 7K ST
2. MRS, FHORBEKOFAL
REMEIEC, HTK - HEAROK
BHoOREIE, MERRIIGTHO
RO T KA, 2 I O

KRBV Z: &2 T o TV E T,

(2022 42 3 H 31 HE#)
(2023 4£ 3 H 31 HEZW)



Fesz—BB. HIZEHL MEUFECUAR (2023) RIRLARBRSEY2S 2 A3 < A - 2023 4Eh)

ETEBBICHEI BT RKORNDOEERGLETED

MR, BRORbK. EZERIK. TERK A L
JRCHEICFH SN B EE KGR TS, #FK
DOKEIT %2 201213, K4 BALF R D2
fbEREH L. ABB L CHRHRROLAE
BHOWMAERMT A EDPEZELE LD T4, AR
R DILEWE DR A, IBRHKBIZBIT S
WK DER AN X BRI KILEE) 2 A 72 H
WCTOBKETORAZL D LER T v HEED
FAZEDOERH ) T3, T, HELH T KD
KEEALDBIZ &L b2 0B T3, HFK
BT 5 REA 4 VIRE. METTRERE., ©F
AR %2 5004 5 2 & T MBS T
IROALFALRZEA 2 B L 72BF2E 05 20 H 1)
T30 BAMEITTROLERAAAR % v 725
FIZINFTTIEEAETDRTVWE T A

2016 4E 4 HicsE Lo~ =F 22— F (Mw) 70
DREARIFEIZHE ) H KDL % BUIE A T
L 7cAs R RV L oo # T /K TH O 1 X
BB OERIE) SRS E Lz, &
72, HTKEEIR O KAE AR L O K
MODOKOBHIZ L > THPENS Z LAY, HO
G0 0~ H LR RGOS, B
MERDFE L7z — ATy RATBIIZERMA T
DV OO FTHALY A 4 >~ (CI). Fifg A
F v (SO, AvE B) BER LD EADHE
BMENF L2 TRSDOEGORBIZEE S
TWIEHA,

RIFFEClE. HTF AR ICHEICERT A2 T
4 (L) &R HF B) 2 bL—F—L LTHAL.
Li/°Li & "B/"B O AR A VT, REARHE
WD T AKROZAL AR L £ L7z, Wk, i
WA (AT AK) . BoKiZid, T KkeE
kL cyFya (L) LxvHE B) P EigE
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A Kk B AE.H B 5 K’

(B FRARESIREFL, “HEAKRFIEFE)
EENhTwET, T4, LifLiE "B/ 'Bo%
SEFARIIE, FAARR O 2 H AR &
Wz, AT = IVTRELGEFZRLE T, Bl
ZAE, 0Ll ~15%0 2> 5 +50%0 "B 1% -30%0 2
5 +60% DHEIFHEZ R L. MK TR E L Kl
ARRBERZEOEA TIHRNMEE L 5 2 LS
ncwnEd,

REARTELOM TKIZ, HARKO G IFHA H
Wch ., HoE B, EEEEL SO HMICfH
&N 100 T ADEFOREMEZ L2 TS,
C OHI O TIKIZ, FTEE S VT T 0 & JE Lo
EHTOWRKDREIZL > THBEINTEY, #
TIKIZHIZIZIE > CTHENREI L, TDIEEAL
HREARTTN O EBIZBNTER LTV E T,
72, FEHLIRERICIE, T RTEEIAMEG L
TWhHEL Ao FEd,

PRk AIE N 1 OREARMI O - IZFE L7z &
I WSO EZE LM T KOO F I
Ho7. 4207 (T11. T12. T34, T40) &
LA ORI TS, 209 6 TILIZEE 2
NOKTH HFEFEIALE L. A H I &
Mw70 KREDOBFOFCIIMEL TWET, &
SIZI AR D 2 45 (T21 & T45), Jbfl oz
o1 (T4l) THRAKZITWE L7z, 41 H
Ho## L, 20154E9 H 7-9 HIZAF T, 2\ H
EARED S 45 A D 2016 4 8 A 28-29 H 123
L F L7z

FE & AL O FE i - 72676 DD
TAREEE, Ca-HCO, Bl M FARTH ), 15%
B L CW A I EATRIEENE Lize —J. iR
B o 2RI EH L 2T RO #M % Ho
Na-HCO; BT L7z, Hi N KDFZmHEMAIZIE,
HBEORIHBETHO LB SNFREATL,
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e

1. REAHBOETEM T KARE AR EHRAKFF O A

KB DM 7—% (1) % CL-B-Li DAL
REM (K2) 1280 &AM 5EEIT) &
RS (T21, T45) &2 LAt TR CIL.
KBS DR E N H B Z LRI NE L7
(K20HM). 2F D, iEHRORBHIIZEAL
Ba—J—27a0y b F L7225 2ot
TAREEHIK O R REIZ Ty FENZ ERnD,
ET S 7R R0 H R AR O VR I B D3 B SO
LTWwahEEXZLNET,

BRI, i TR, BukiZw3n b iif s
M) AICEG2D, IS =ZE % BEANSH
BXHTAHIERAESTEDD THA L2L.
RYFE)F T Lo METTE A 4
Y O E % F T CLBLIAKK TIZ, i
O3 —F— AR, BEEE. BuktEe
V) 35 A TOHTIRAFFEIC T Oy FEhb
72, HTAKIZIRA L7 ABEER O H T KO [F 72 12
BT RO TR (T21 & T45) 1I2BWw
T BT Z @A, AR &, H
TCAAES SRR h 0K % & Tk T I
HR S 2 BHIKDOFG 5 LML T L7z,

R 2 O T T KR BN T, CLB-Li X2
BWT, ClI/(B+LD) st mgicigmL ., Cl oz —
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F=ANDTPIZT T L2 EICEs (K205
) HOEPRALEEILP R ONTE L7z —H.
R TCIE AT 7 MR- TR, B
ol T UL ADRENT VL ZEATRIESINE L
720 7272 L. CLB-Li i, AHFZE R 5 b8 4
TAKD L & B ORESK 20, HEIZHE S K
BEAIIBBE AN TH Y, ERBEE G
TR D 2DODKEEAD AT = X LHFIET
HZEERLIZICBEES A
COANZARNFRLPIIT L2002, dLi L
B OZEALE R TWEF Y, MER, Ba—F—
(M2 OFBIZTTY FENZ20DEBT
AR (T21 & T45) &, B o'Li (+427% &
+29.1%) & "B (+27.7% & +232%) D % 7R
L (R, WKEREOR G OME KL TW5
e E L, L, 2oz kid, Cl-B-Li
MoBEK (K20MA) RSN X912,
WK (0'Li T +31% "B T +40%) Z Db DA
RREHTANEERALTWS LSV,
DD DI, T SED A, O RER A
S8 S N7zl KHEERE T O F 512 & - Th &
I ENTbDEEZLNT Lz I LT,
FERBEOM TR TIE, ILi 58 +10%. 0'B
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100

Bx500

thEEIER O
ik i

BEHEYO
Rl oK

cl
o o 0 s s 0 s s 100
IREDEK Lix2000
X 2. #TFKD CI-B-Li X
F1. L9 h7—%
— : o —
IE T I R B A e 0 S o S A
5 A K E
T11 110 2015 812 19 -90 0.06 81 0041 0005 40 200
2016 834 21 309 137 95 0045 00061 27 160
2017 0040 00055 50 184
T12 90 2015 747 2 432 786 81 0040 00028 37 72
2016 712 24 440 837 94 0037 00029 31 75
T34 654 2015 851 39 -5 008 134 0087 00045 51 157
2016 757 38 131 0.60 142 0078 00045 69 139
T40 708 2015 693 23 410 762 83 0043 00037 33 73
2016 731 27 304 6.12 97 0040 00037 31 79
Ezu — 2015 838 22 429 756 81 0046 00045 31 86
2016 704 23 437 825 91 0041 00044 30 85
2017 0047 00056 28 75
i K
T21 15 2015 847 161 190 167 1504 181 00026 277 427
2016 868 139 379 152 1134 177 00024 249 405
T45 10 2015 957 137 112 008 452 117 00055 232 291
2016 944 156 83 067 526 135 00057 226 296
T41 60 2015 652 2 68 003 128 0014 00033 220 -26
2016 720 24 274 108 139 0012 00031 227 -15
EII
YO1 — 2018 771 30 449 899 132 0074 0009 07 112
TSU2 — 2018 820 34 378 886 141 0093 0012 05 109
JINS — 2018 800 35 382 858 153 0102 0013 06 99
KURO4 — 2018 780 35 405 885 143 0105 0013 11 94
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AT +4% & BRI — i xR L. T, 2
DOHITO KILVEHERE D A 5 72 Bk E, b L <k
CoOMIEE NS EZTMNITH L) (K10 X
) @ 6 1l (0'Li A% +10%0. 6''B 258 +0%o 5 % 1)
DTN EREL TWwb EBbE g,
MRERICHAE LR ER o T KRR (T2D)
OALEIZEAL (K 2) 1E, ILiBL V"B T —%
POORERINE LA (ED. ZHIEFEL LW
WM OWCIRIEBIRISER T 2 W REIH ) 5
T2l D& i K E (S 10m F2E) 13, i
FEDKIE SRR DAL HABL D 72 ATy T45 12
WAL B £ O AL O BFRK OB A O
WEAZITTBY., CLEE OB H# T KD
WL DBIRILTTE72H L Wik %l > CHREDH
B WIIACEHINGEIEN TRE LR TH L &
R F L7

AR LT, FEGREN M T K O Li-B [F]
AR RIS R, 1T AEZILLEIHATL
7ohs (D). BIEHELL, 3705 T11 H AT,
b FEMAEE LS BRI S N E Lz, 2o
FOKOM RN AR A FE RS 457 H TV 6 il
B/ ki, Lik BOEED ERICHEEL T
WET, ZOELE S HICHERT L2012, 2017
3 HIC T A 0B IMERAK 247 o 72458, b
Btk 11 HRI QR FAARILE b Il
WDV T WD T EDHERSNFE L (1),
O &) mE L - BIREEOH TKIZIE, 5
RE UK E . TS OBUKE VD 200
WD TS, INFEOHTRD LD ZHTE DR
PRA L7286, oLifii L o"BEIEHINT % 1%
TTED, HOFERPBM ST L7z, Eo Ty
K OIRAIEE 212 <L T 6 AR E % £
DK EZY T b LRBEEINE L7z, 2016 4F
DORERHMFE . A FHIETE O HANIE £ A7 o Py
AT TNTy Fi7z 7 BOK TR 2120
WL7Z2Z e DG ENTHB Y, A HIIFE O
Uil WALTE IS H B T11 Bl H~, [F Uk %
LOBKOFEGHEZLNE T,

T11 B EL T, #F4 1,000 m 20 5 5%
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BRA LT ENTVD 0, HEIZHE- T ik
Jg (& & 250 m BEHE) 12T XD RS
LitRavREH TR EBRE LIEEZONE LT,
SIS XY NI R HE L CHEE RIS
oSN ClL SO BifED EA AUz &
fERTE 9,

T11 TR & BIgR 7 V75 CTEH L 7Bk o [
T, Lit BOREBIOFZOMRMNAKILIE, S
D, BIFHE L OE T IR K E N D E
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DZFE L7
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