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RO 72O K ATB00mML LETH L 2 L2 b, K

HEL TN M2 B 5 T N iREE2ES
5 ENHEETH 720

COL) RMEORYEE LT, HES (2003) 1
RYVAFVL 740 n (DF, 78T 4 VA) 12
E5T FUAEEFREL TS, Zolgkid, #lET
NEASEHAE T, KEDPDHRWEHETOMES TR TH 5 7%
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L72HBNE T 2%, BHic 7 VA ZBEHTH200
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RY)AFL UL, BEAFO— VG EORT—OHE
HICEZCHWON TV RS THRTHL, R AFL
YOG FREEIIEERFEEINTEY, FHEERILK
FTHLH MV EOEUENS, TR ERINE 21
WHE LRIV, MY EDOHEFHRRY Y FL—%
AR LT, X512, FOERITHEEY > FL—
TarvEHNZE L TwWh, o 2WEE DL G
1999)

COMWEEMALT, HES (2003) &, —EV A X
— BRI AR AF L 7 4 )V APDLSHL (=
ST, FRVIRILT 4V A) BT N ofiigillEik
LCRA%E - Wb L7z 74 V20— ) OEEIX
1.00g, ¥ A XL 50mm X 65mm X 0.3mm DK & X THh
% GAES, 2003)e TDT7 4 NV A EHFAKPICEKEL,
—EHMBICEIL T, MV REDY Y FL—F 12
BIREEDE, TAIVAPRINLTT FrET @AY v
FlL—arhvryyTHETAHIENTE D,
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VIEEECy [BaL Y] OREPKFICERE SN T 4 VA
DT FUEIE A [Bakg™ '] ORREEZEIIE, ROMG
FHRERICLDZHMAEET NV THT LN TEXL GIEDS
2003) .

dA. / dt = kCy — KA (1)
CTIT, MFKOEEIZL kgL ] LABRLTEY, t
F7 4 VA ORENH [day], kB L Ok (3 HEEEH
[day™] THb, RBEHDOT A NVAIZT FAEETIN
TwWiaW =00 EA =0 LT, (1) XEHS
T5E, WD L Z LD TE D,

R=R. {1-exp(kt)| (2)
ST, R=k/kT, FEREKEFIND GFEDS,
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57 4NVADT FyBEDR) THhY, RATEET
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RIFFHEMMPEWIZE LA L, 0% (t—w)
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ORI ALE S 2 kL (B 877m) TlE, i 500m
DRI H A OB SREAE L L, FIEC LT Tl
BB SHICEA L CW A=/ oftmat (EmEpIkk
E)RERIE RV Y 7 2 VA) DR E L T o TV A (5
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—J7, D IEHORBHEO KT HIIER T — LB
WHREHAS 2D, TNHOHEMITAIINZ L - TS
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DO FANNE TN F R G255 A L, Mo /KT 1 0
KT 10m LI OB 1 — 4 8 28 #okl 8 o2 oA
LTw5 (T8 5, 1988),

FUEIL OB 53AS BEKDS IZ, PSS AE
i 5 D FE WD & 70 B RHEIHERE M 2 A5 K8 & L
W2 7 &SR & T KA 2 s S L
TWwbEEZHLNSE (KBS, 2006), TNHDH B,
EmaEE, — R P OB THLI VI LRSS
CEATVD, TD7-80, TEREHEZTHKEIZETEK
T, I FVREPFFICE b, —F, ReEhIs
M 2HKDE 1, AHEBMOETISELLTWD
(KBS, 2006),

BAEA I D 2 BA TEIERT OB, HTF K
M7= DD T % i%E LT 5b, I JE B O 1 W
WA % Fig2 12RT, WEIX Eurs, £L o—
L, BIKE YOV Mg, SR EHT oM E LT (FHS,
2005b), FLITIZHFER 25 30ecm Ei2dH 5, HIEEOH
TARAIZALIO S —7—9m O TEE L Tw72o 4B,
BUNAH T OREM L, W& 100mm O EIEL Y =)L
& (VP-100) TH 5o

vV HRRGE

1 REEEICLB T RUBEDAE

PEREIC L BT F UL, EES (1997) O FEIC
Heotze ¥ FL—% (PPO4.0gL ™" & POPOPO.1gL ™)
VRIS MV 2 40mL & BRI L 72 4T 7k 500mL
WZhnA CHERE, BREL, SREL/72 br 20mL &4 T
ANA T VIZERL T, Wtk FL—varhor
5 (7%y S — FHEBL2250CA) CTHIE L 720 Mg R 1T
130K 50 43¢, MHBRFEH 0.037BqL * TH %,
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Subsurface geology in the study area (modified from the subsurface geological map of Makabe and Tsuchiura) and the observation sites
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Fig. 2 RASTHRIZEAT N o B o R X (T E 5, 2005b)
Geological section around the borehole in the National Institute for Rural Engineering (NIRE)
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2 TAIWLDT RURRNEDETE

TRV T 4 v aE, KIZK L TEW T K U
HL, —TEREDOT KU eEathRPICRET S L
EEBIZT FUYERINL TR CHEIREL 25, 20
TA VAL T, FROY yFL—F ICHEESED
E TANVAPWINL 72T R EElET LI ENTE
5o

R CTHEMT 5 7 1 v 2%, 37 BALHE 5T 5L
APDLSHL TdH %o HRRIFFIZT 4 )V A ZiKIET 515
&, 7 A IVAIZHETER 2mm AR EO/NR B BHE L, A
F TFEFIVA L EF) AT, 74 IV ADIKE
TR L LI L (Figl)e 74 NVLDT K
W, —ERIRRRE L 2R L, eIk
ERERY), YU F Ly BEM S VT 2 20mL
WEPLC WY v FL—varho s TllELR,
BRI HEsRE: & AR 130K 50 4T, kY v T
L—a v 212X AR ARIEH 6Bg kgt (9
0.006Bqg ') TH 5,

Fig.3 EAKIZT7 A VA RERBESTH2ODEHE
Picture of a setting instrument for the film

3 71 IVLEREREORE

FSRUVBILT ANV 2DT R UBINE,PSHTFRDS R
VIRERHET AHA, WELOIL, FHEIREICR S
T74 VL HBEL, X (4 OFHEE R ITERABZE R,
L TROTRHT LI ETH D, L L, TeIl T
RREIZ 7% 5 F T B KGR S 2 0T, FEHMIZ
1, PEPIRAEE A LT E Bk 2 e T 5
VDD 5o

RIFFECIE, BH TR OB IT (Figl 0@,
VI, BT ofLO2 503 14—15m (LT,
PRI 15m) 1274 VAR FHEL, BREMMHE 1-9HD
MTEZLRDELTANLDT FUBINEZIE L.
720 7 AV AR E RS, KL T RERO TS K
VIERERGERIETIE L, N0 OMEED S ERM t
&I FUGBIE R OBRE RO, BB, ZOHER,

20064E8 H3H25 10 H 12 HF TOMIZHER S N7z,
BikD X512, TOMMO T FiEEI: 8.3—101BgL
T3 9.2BaL T TIRIFEE RATIENTE D F 72,
O OKIRIZ 17.1—194T, 35 180T T, Ihd
IEE—ETHo T

4 TAILEBEHSADEE

T R VREOEKICHD ST K IR T 1 L L 25
FHWHETH D Z LA MERRT A72012, 74 VA DFkEM
ML, I FVBEORVHLT SERCHEAS NG VAR
CERETLLEDNRD DL, T00, T, HKNEK
12 #155 (Figl 0O 5@) 2B 2T K gELIER
HTHUE L7z 2O DUED 72O OFBHREUL, O
L®IZDOWTIX 2007 6 H 8 HIZ, ®%500I% 2008 4E
1H9HIZ, &1L 20084F 1 H 14 HIZZNZENEE
SNz,

BAKTOT FVEEOUEREY Table LIZR T 5
WIE B oKDY 56T 6.5—53.9BgL D HLEKIYIA
WO T FBERRL, @TIET N EENIEREIC
E<{B39BAL ' TH DL, TNHDT N LIEREDEVILTHT
KIETH HFHEHED LT 5 EADENIZLLH D
LEZBN, BICQUET P oBETHL TV AR
ZL EUIMEHOBET R ZIT TV 2 EDTRIE S
Nho —F, BT — 25T A E S 5 EKOH 5
@DF FisfEL19—97BqL Th 5,

ARIFFE I, SFIRILEED S 3R b EViREE R L7z
HKDEZDOEETT ANV LADERBEDTEETH o 72K
D%, MEO— L0517 14 VA DOREDES
THo 2 HEKRKOEQ% SR LH A OKEET &2
FE15m %, #NENT AV LAFEMEE L TRELZ,

F72, INHOFEAKITMZT, BRI O# T /K
TH1m (L2 5 8—10m, PUF, /KIEE ) & ERE
15m b 7 4V AikiER & L TEE L7,

Tablel DL IXHHDEKRD T N iR
2Rn concentration of springs in the study area

Springs Rn [BqL 1] M easurement
(DFureai-no-sato 126(+1.3%)
(@Hiyamizu 53.9(+0.6% )
(®Inaba-shuzo 24.8(+0.9% ) "
o Jun. 8", 2007
@iIchijo-in 83(+1.6%)
(5K okage-san 131(+12%)
(®Ozawa 6.5(£1.8%)
(DMizuho-minami 6.7(+1.9%)
(®Mizuho-kita 9.7(+15%) "
Jan. 97, 2008
©Yatabe 57(£20%)
OHanari 19(+4.0% )
MHanamuro 42(+24%) "
Jan. 14", 2008
(2Sakura 45(£22%)

IR O E RIS E T T
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5 74V LOEMEATTEEM DT V BRELUER

TRV T A VAL BT KT B BENE DB
B R 2 a5 72012, FaRick > THEESN 1 74 IVLDOERBN L FEBEHRE
72RO, @, @, @QrREIHFOKEET, #EE BETHHFOFEE 15m 2B 55 FURILT7 1V A
15M IZBWVT 7 4 WV ADORE &R EZITV, 714 IVAD OHBEHIM L DT N HHE R OMRE Figd 2R T,
T RVBINEEERIFIZL DT FUBEEL L7, PERFETHME L72T N B OHMBHIL 83—10.1Bg L
FHIR & Table2 1278 T 7 4 VA%, KHIH 18R (6 F1E92Bq L ThHo7ze HHELE R, REEBZEE &
HLLE 8 B @ LRI L, 20mL o> > F EDICLERTAY, (VP AHEBALE RIZNEHBA,
L= BB LT bR o721k, 5 F IR A 2 ZFD%1E30—36 DR TIFIFHIE NI > T Do 23,
L7z Fiz, HERIHERETT FURE Cy 2 MET REBRIZBIT D7 4 VLI LT Frmoatiiais
Herbio, BRMEEE (LT, EC) &k (BEmE 13 4.2—7.4% DHFHTH - 725
W SC82) M L7z, 512, BLWHTTIE, H Figd Of R, FREMMAS5—9HOMTHIIE
FH DO O T KA Z KR (742 v Uiz TANLDT FUGRBRIIRELSEDLL RV EHPHL
WL2000) T 1RMIB S ICHBIBIML 2o HFEKk=EIZD M7 o 70, BB 2K 1M (6 0L 8 0 AimM)
CBHEBOERBEREDT AT AT #5R 172, EFUE, DS 1 ARERIR L CA AR EEH VA

WEDH RS, ¥ LBEMZELZLEEDT VLD DOLRVOTERNTHLEEL DL, —T7, R (2 DiF
SFYHEER & AICy E LTEEL, RRoOSHi%ZA BREETVICZoMREE N0, LHAMEID D
iz 7z, Co RMOKEIHE OWERYT— 5 205 %5 OB 0T K aiREs R, BWFRkPOT Ky
WEICBITDHTRT NV EEOET ML, Bl BEAMET LI LDUETH L, 72720, HBEMHH
FIDSITRE 72 S0 12D W THET L 72, BOBAIE, 74VADT Py 2L TW5EHTH

B2, PAENKE L R DWEMEND DO THEEDPLE
EEbLND,

Table2 #Miiio EC, K, 7 FYREDTIGE L OEERE (CV), 745 NTHPE DB & ¥
Means and variation coefficients (CV's) of EC and “?Rn concentration, and periods and times of the measurement

M easurement EC[mSm™']  Temperature [C] ZRn[BqL "]

Sites Period Time Mean CcVv Mean CcVv Mean Ccv
(DFureai-no-sato Aug. 20th, 2007, — Dec. 24th, 2007 18 1.4  6.70% 153 580% 149 (+1.2%) 8.80%
(@Hiyamizu Aug. 27th, 2007, — Dec. 24th, 2007 18 1.1 3.20% 148 990% 589 (+£0.6%) 6.70%
(DMizuho-minami Jan. 28th, 2008, — Feb. 25th, 2008 4 346  4.20% 9.9 27% 6.9 (£1.9%) 17%
(2Sakura Jan. 14th, 2008, — Feb. 25th, 2008 5 271 1.90% 95 40% 47 (£2.3%) 24%
ONIRE (IBN) Jul. 19th, 2006, — Feb. 14th, 2008 89 11.7 16% 17 7.30% 7.7 (£1.9%) 36%
ONIRE (15m") Jul. 19th, 2006, — Feb. 14th, 2008 89 131 13% 17 570% 86 (£1.7%) 18%

TIB : KHEE T, 15m : % 15m

s QD prr e e
)Q: O

L= o W 0...9 ... A..... 8.
g 30 o) © ©

'5 20 f==e Q """"""""""""""""""""""""""""""""
D10 rrrrrerrerrenneesesessoi e
0

0 2 4 6 8

setting duration t [day]

Figd 7 4 )V A DOREWIM t & HE R, OB
Relationship between setting durations t and partition ratio of the film R,
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2 T4ILDT KHEREBHEATTAE

FkBER LB 2 L 728 KO, @, @, @I2BliT5
PERFETDT F il L EC 0L % Figh5l2, BATHF
HEIZBI BT F Uk, EC, HiIZEH A 5 DKM DZEAL,
AMWNE% Fig6 lcZNEIuRd, T, 7 FVigEs
EC, KinOF¥B L OEEIR % Table 2 12777, #K
HOT R YEEOEBE R TS L TLEELT
TEREL/NNE L, OB X OCQTIEIZE& I /N & v,
=77, BIWIHA TR E BN A XY N RISKA DS 1
AL, FRUHE-TI FUEELRT L TLE»AREL
% MDD Y, FROKEE FTT FREOZEE K
EV, TOX) BRERTHIHTCOMTRMEBLYT Fr
REOEFNZOWTIL, BEROREIC L 2 A MO ED
/s Tws (AHS, 20058, %3, ECYH, I F
VIEFE LR, BT T OEBIREDKE  BWE

WIRT S AEAPRSNLD, T FViREITEDHER
TEIRE 2\,

HwKOD, @, @, @B L CEITHIHEOKEET &%
FE1EmMIZBWT, 7R YIT7 4 v aD T K RIE
AL L GERFETMNELZT N VB Cy DR % Fig.7 12
AT BRI OKEE T B L OBRE 15m T, A
ECy DEBRDIZLDNT WD, fEREICEDT F Ui
FEDEBA B & VBT T O R %2 B+
X, Ak Gy EOMICIEFICEWHBEBEGR (R = 0.99)
HED SN, ZOEEHHIL Cy = A/26 RO LB,
F72, Cp & ADERERPOREINL T A VLDT
F > EREE R, O L EERE R, A LB C Table 3
VR o BITHEH T OKIETE T B X ORE 15m O R, 1%,
KO R, LB C, BEMRE, FHELICRE W,

............... 40 Feessasssssss=a=a=n=

%‘21 ----- 93—0— ------- 0609056028008 A,aa
"-'E 1g ............ 0’.6 ........... QOQ’&’Q 30 F---- AANAA
@ 8 i e I 20 b
SO S D e ngsato 10 5. Mizuho-minami
T A [ Sakura

0 | | 0 |

......... e . L A

§60 00t 22 ARPFUR 2 POVT 8 r--e- A ----- A...
B A0 [ Y.
N A
§ 20 MBS EESBEEEE OOVVEETEE” 2 beeeenneeeeeeioe

0 | | | | | O

2007/8/1 9/1 10/1 11/1 12/1 2008/1/1 21

Fig5 {EKMITICBIT S EC EHERIFICL DT KU REDLH)

222

EC and ““Rn concentrations at the springs

Tf‘1"|"rr|—|r-||r1r-|-l-. —l--l--.--.-Tl- 1'T'“Tr“TT“-""'-1-]"TT“WWTr'-'-“r'["""]'l"]" 1--'.....,.—|-||----rr0

""""""""""""""""""""""""" 100

"""""" 150

daily rainfall [mm]

EC [mS m1] depth of groundwater table [m]

O @ NIRE (15 m of depth) N
X @ NIRE (im‘mediately beneath of the grqundwater table)

222Rn [Bq LY

2006/7/1 2007/1/1

2008/1/1

2007/7/1

Fig6 RELTHFHFIZBITZHTRE, EC, 1EREICE DT FUigE, S dmoEKkEDZES)
EC, ?’Rn concentrations, and groundwater level at the borehole in NIRE, and rainfall in Tsukuba City
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T70 ¢

3 X @ NIRE (IB) 0‘
G 60 O @ NIRE (15 m*)

o < (@) Fureai-no-sato

£ 0l @ Hiyamizu

= A (@ Mizuho-minami

@ A {) Sakura

L 40 ¢

2

o

c

3 30 regression curve

g’ (without data of NIRE)

o 20 Cw=Ar126

= R?=0.99

s
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Q

o
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o

o 0 ]
o
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222Rn amounts absorbed in polyethylene films A [Bq kg]

Fig7 #1BMZE LSO 74 VLADT FURIE Ar EIERIEICL BT F Ve G OIS
Relationship between *’Rn amounts absorbed in the films A: and *’Rn concentrations in groundwater C,,

Table3 # 1LBEMZE L/Z2ED 7 4 VA0S N URIE A & FLER R, OB L LR
Means and CVs of “?Rn amount absorbed in the films A-and partition ratio &,

A: [Bgkgl. R, [nounit].
Sites Time Mean cv Mean Ccv
(DFureai-no-sato 18 390 (£3.7%) 3.30% 26 9.30%
(@Hiyamizu 18 1500 (*£1.7%) 5.50% 26 6.80%
(DMizuho-minami 4 210 (£5.4%) 13% 31 14%
(12Sakura 5 130 (£7.7%) 12% 29 15%
ONIRE (IB") 64 290 (£5.2%) 32% 45 67%
ONIRE (15m") 64 300 (+£4.6%) 16% 38 47%

CREMIE26H ML ESH R OFMBICH TIEE S VT —F IR LT B

Fig7 1R &N 5 £ 912, HEKRIZBITS A& Cy DMl
EREFILER LY, FomElEEy (4 RicdHT
ZOAUTTRELIM 18/ (t = 7) DR, 1326 TH 5o
RIFFEDOBEKRTIX, T FRFEOEENI/NS CLEL
(Fig.5), R, DZEBHREL /NS (Tabled)s 2D LD 7%
S RVBENZEL TV LHETHRTICLDET F g
FEE T4V DT KU IEZRE L, EFER 2 7R
Lotz KoL, 4) R2L->TT74 V2D F K
SN ENOHT KT FUBEELYHET A EATEET
Hbo —h, BLWHITONKEE T B L OHEE 156m Tl,
7 R UREOEEAIKE  (Figh), R, DEEIRED 47
—-67% TR &\ (Table3), 2D X2, T FVEED
ZEARZIVHEO R, IZIES2EPKREVOT, [

EAR AR T 2B/ T 2 R&ETH D,

TANLIZE DT FUREHEEROREL, 714V A
DT KV EDFIHEREDOAIZL D & AR RTIE, 17
—77% L FHETE % (Table 3), ftRiETORIEGAE
06—23% (Table2) TH 5, kK Z D LHIPHFEWMT
EWEE, EREOMNEEZIT) 7201 nfEomiE 3
TBmERIT/ NG R b 2 s, BB X Z 10150
L OFRPVELRE S, T 7bH 50mL LT OKE LA
BN TELZWEEIE T A VAL B IEEYHWSE Z &
TEYEEDL L VHIENTHETH D,

TAINVLHIZ—HIIRE N Fraid, BEOT
KAFDT R EEFZHIZELL TH, FBRIFEIR
IS 2OEFIV NSV, 2O ERS, 744
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Applicability of Polystyrene Film to Measurement of
Radon Concentration in Groundwater

YOSHIMOTO Shuhei, TSUCHIHARA Takeo, ISHIDA Satoshi and IMAIZUMI Masayuki

Summary

Application of polystyrene filmsis a new and simple way to measurement of *’Rn concentrations in groundwater
at sites where sufficient sample water is not available to apply existing methods. In order to examine the applicability
of the films, we set the films in groundwater at springs and wells in Tsukuba City, and measured absorbed amounts of
?Rn in the films along with *’Rn concentrations in the groundwater by an existing method. Practicable duration of
the film setting seems to be a week, because partition ratios of the films would remain roughly flat after 5 days from
installation of the films. The measuring method for “?Rn concentrations using the films would be enabled by making
aregression curve between *’Rn amounts absorbed in the films and *’Rn concentrations measured by the existing
method. At sites where groundwater sample of less than 50 mL is available, errors of measurement using the films are
estimated smaller than those by the existing method. Measured *’Rn concentrations by the films seems to reflect not
instantaneous concentrations but averaged concentrations in the setting durations, which should be confirmed by future
studies.

Keywords : Radon, Groundwater, Polystyrene film, Liquid scintillation, Easy method



