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Yutaka Kanai (2002) Study on natural radioactive nuclides in spring waters in Fukushima Prefecture.
Bull. Geol. Surv. Japan, vol.53(7/8), p.559-571, 10 figs.

Abstract: To survey the uranium concentration and understand the relationships among uranium se-
ries nuclides in the environment, the spring waters in Fukushima Prefecture were studied. The aver-
age U concentration in spring waters related to granitic rocks was higher than those related to schist,
sedimentary rocks and pyroclastic rocks. Most of the U concentrations are less than 0.2 ppb, and this
may be deduced from the reducing underground environment. The U-234/U-238, Ra-226/U-234 and
Rn-222/Ra-226 activity ratios are greater than 1. The Ra concentration seemed to have a correlation
with the water temperature. The U concentration in waters related to the granitic rocks has positive
relationships with the redox potential and dissolved oxygen content and negative relationships with
pH. The Rn is dissolved much more than expected from Ra. The source of the excess Rn is assumed to
be the Ra in the rock around the micro pass way, and it is qualitatively deduced by using a simple

model.

Keywords: natural radioactive nuclides, geochemistry, spring, Fukushima.
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Table 2 Concentrations of U, Ra and Rn and activity ratios in spring waters taken from Fukushima Prefecture.

No. | geology concentrations activity ratios
W 2BR, *Rn 23477 /238 22615, /238 22615, /234 22215 /238T] 2221 /226
wgh mBy/l Byl U/58y Ra/238U Ra/2U Rn/2%U 222Rn/?%Ra
1 Gd 056 19=*11 19.5 £ 0.1 1.09%0.04 27 16 25+ 1.6 2.810.1 1.0 £ 0.6
2 G 0.02 23*11 17.2 £ 0.1 - 93. = 91. - 6.91+3.5 7.4 £35
3| Gd 028 19*11 6.23+ 0.03 1.04%0.08 54+ 33 5.2+ 3.6 1.8+0.1 33+20
4 Gd 0.02 29=*11 4.80=x 0.03 - 116. =101. - 1.9%+1.0 1.7+ 0.6
5 Gd 0.05 26=*x10 23.2 £ 0.1 1.02£0.14 42, = 25. 41. £ 30. 3.7+0.8 89=*36
6 G <0.01 21x11 0.19=£ 0.01 - - - - 9.0 5.0
7 Gd <0.01 25x12 45.8 = 0.1 - - - - 1.8 £0.8
8 Gd 013 15=*=10 14.5 = 0.05 1.19£0.08 9.1+ 7.0 7.6 6.4 9.0+0.7 9.9 +6.9
9| Gd 0.02 18%£10 1.19+ 0.01 - 71. £ 76. - 48+2.4 6.7 +39
10| Gd 001 22=*x10 0.51=x 0.01 - 173. =255. - 41142 24+12
11| Gd 1.15 21x£10 12.1 = 0.04 1.14£0.04 15 0.7 1.3t 0.7 8.5%+0.1 57 £2.7
12| Gd <0.01 34=*11 3.58+ 0.02 - - - - 1.1+03
13| G <0.01 29=x10 5.81% 0.03 - - - 2.0x0.7
14| G 554 30x10 272 £ 0.1 1.11£0.03 04+ 0.1 04=% 0.1 3.9%+0.0 9.2=+32
15| V 0.02 41=%11 - 1.344+0.22 167. =128 124. +116. - -
16| V-t2 0.01 59=x20 - 1.18+=0.40  476. =640 404. £680. - -
17 | V-t2 <0.01 53=*21 - - - - - -
18| V-t2 0.04 11545 - 1.37+0.51 232. 148 169. =171. - -
19| V-t2 <0.01 63x21 - - - - - -
20| V-2 0.02 90=*22 - 1.21£0.18  361. £268 298. £266. -
21|V 005 22x10 0.12=+ 0.01 2.241+0.18 35. £ 23 16. = 11. 1.910.5 5.6 =3.0
22|V <0.01 4+11 1.60=% 0.02 - - - - 4.6 =14.7
23| t3d <0.01 24=*11 0.00=% 0.01 - - - -
24| Gd <0.01 612 1.20=% 0.02 - - - - 2.0=*x39
25| #4 0.01 20=*11 0.06=x 0.01 1.00=0.15 161. *253. 161. +277. 4.8+5.6 3.0*x22
26| t4 0.05 35=*12 0.18=%+ 0.01 1.20£0.20 56. = 30. 47. £33. 2.9%+0.7 52 £2.0
27| Gd 011 19=%11 1.84=% 0.02 1.25+0.12 14. £+ 10. 11. = 9. 1.3%+0.1 9.6 £5.7
28| Gd <0.01 17x13 0.79=£ 0.01 - - - - 4.8 =37
29| Gd 356 44=+12 0.60=% 0.01 1.08+£0.03 1.0t 03 0.9=% 0.3 1.4£0.0 1.4+04
30| Gd 001 18*12 3.14% 0.02 5531212  148. £241. 27. £ 54. 2.5+2.5 1.7%+11
31| Gd <0.01 35x12 1.74=% 0.02 - - - 50X 1.7
32| t3-t1 045 53=*x12 0.50=% 0.01 1.44£0.09 95+ 24 6.6+ 2.1 8.9+04 9524
33| Gd <0.01 14=x11 3.07x 0.02 - - - - 21=*x16
34| S2 <0.01 31x11 0.62=x 0.01 - - - - 2008
35 Gd <0.01 72=*12 0.05% 0.01 1.25£0.29 - - - 0.7 0.3
36| Gd 001 33+*12 5.847 0.03 6.2810.89  261. £355. 42. +62. 47+47 1.8+0.7
37| t3 004 1311 1.27£ 0.01 1.40£0.20 26. = 29. 19. = 23. 2.60.7 9.8 =85
38| t3 <0.01 12=*11 1.24+ 0.01 - - - - 1.0 £0.9
39| t2 <0.01 15%+11 0.88=* 0.01 1.00%0.38 - 5.9 1+46
40| Gd 0.04 19=%11 9.94+ 0.04 - 38. = 32. - 2.0+0.5 53 *x3.1
41 Gd <0.01 23=*12 25.8 £ 0.1 - - - - 1.1+0.6
42 | S1 <0.01 6111 0.73£ 0.01 - - - - 1.2x21
= : errors indicate the statistic counting errors - :notdetermined
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Table 3 Ranges and averages of concentrations of U, Ra and Rn, and activity ratios in spring waters.

U Ra Rn Activity Ratio
g/l mBq/1 Bq/l BAY/BSY  226Ra /%8 222Rp /2881 222Rn /2%5Ra

(1) Granite-granodiorite (n=25)

min. <0.01 6 0.1 1.02 0.4 14 0.7

max. 5.54 72 45.8 1.19 261 69.1x10° 1.80x10°

AVE 0.46 25 9.4 1.10 65 16.2x10° 419

STD 1.29 13 114 0.06 79 20.7x10° 471
(2) Schist (n=2)

min. <0.01 6 0.6 20

max. <0.01 31 0.7 116

AVE <0.01 19 0.7 68

STD - 17 0.1 68
(3) Neogene sedimentary rocks (n=7)

min. 0.00 12 0.0 1.44 9.5 89 0

max. 0.45 53 13 1.44 161 2.55x10° 100

AVE 0.08 25 0.6 1.44 63 854 39

STD 0.17 15 0.5 68 1.14x10° 45
(4) Pyroclastic materials (n=8)

min. <0.01 4 0.1 1.18 35 193 5.6

max. 0.05 115 1.6 2.24 476 193 457

AVE 0.02 56 0.9 1.47 254 193 231

STD 0.02 36 1.0 0.44 171 - 319

min.: minimum  max.: maximum AVE: average STD: standard deviation

WS A H Sk D ELUR K O 77 BTG R A HUR O R K KD S &
WEWSETREL S TOE G ARE 2 75729101
FEMF = ZOENBDENDT 5D LF — 2 AT
DENHD, E7 KEDTO Y LRI o AKB RS
TR HBWE (B ZIZEER~ Y Y ORI Zi2 X5
TRESHHENZD T, ZhBIZ DN TEMRET T 2L EM
b5,

43 HABKPDOSFN L RE

AR THIEXN I8 VRS, 0-46 Bq/1D%H
T, Tid6.8Bq/1DIRE TH 5. FE/IZDNTE, K
HHREROPELE THP LB TIRESFARLh TEHD
(B, KEIEA, 1954; TH -, 1961; YNNI,
1979; LHIE A, 1984) , Zh 63 EL ~NILOMIEM A £
W, ZNETICHE XN TP VIBEICEL T, A kX
BAMOMNH5. BN TEILHEHEERD
1.2x10°Bq/1& W) SRS 25 ST B (IR, 1984) .
ZHEWA VWA BRI R OB LI L > T
pr#Ez6N5,

i R AKEICEAINS I VIR L B 5
EDOBREHEIRI CITESHNARL 2. ZholcEEh b
TR AT, B BRI 3 2SI do N Tt MV
DHIEEDEIH YL EEWIREARLT0S. Thbb,7
FYDMFE LD VRTIVILEBEENZ DL T AR
WA EAKICKBEN TWBEEZENS,

4.4 9TV LSRN OMEEEL

YT AT R BRI o4& L T U-238, U-234
PIFAEL T3, U-2343 7 5 RH| DO HIRGHE TS 5U-238
7 5Th-234 , Pa-234% % CH U BT, Zh s O
TR OO R TIZ U-238L U-2341C Jb R TEM I F W 72012
U-238L DERMPEEEL KD,

INBilE DS U-234/U-238% 5522 756 VN
6IX (@ ITRL 7z g 1kDE K& LMLk -7, U-238%
U-234137 7 DR A TILFNCIERIC 8% 3585
ZENBH IRICBIL TU-234D BT RV Th
13U-2340 — D i O BiA%HE TdH ATh-2341% , U-238%" o 3
% CTh-2342 755 L E1C o KIS K> TSI T2 57K
WU THEMLR T WIREBIZH 2 EZ6N TWER6TH
% (Kigoshi, 1971). € > C,U-234/U-238 s BE LL A3 1 LD
LRELLESTVBEDIEL, 2L 7z o KPEDEIREELNZ B,

U-234/U-238 A BEIIZ , 7 T VIR A MRIRE 12 512
e KRELLBEENRRENS, TSI ERROWAKT
LRONZAHIA T, I 7 VIRE NG DE o« REOZIR
PRI KELES7-EL TE &N 5 (Kanai, 1989).
U-234%513Th-230% %% TRa-226& % % . Ra-226/U-234/%
SHaerbd  FICL<E2E A5 NIE6XI (D) IZRL 7= M h g2
AR AR TZORETREIZ1LDE A B KEN 572, 5
VLT AR TIRAGETTRIE O MBS HE D2
BODT, — Y7 KDIZERPISET L Z0nwe
WA 5 s 7 2880kHEN0.144 N0.29 T , W Fhiw v
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4.5 HPKDOILEHERKREDBERFR

T KRB OB A A — K AR EE
LT - & E LB BAEEL T0d, — DD ME I1E
PORFEDOEETHAEL TWBEREZLS. 22T, U7
VRIVYL FRVE AT ORGSRt DR E A
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Fig.6 (a) U-234/U-238, (b) Ra-226/U-234 and (c) Rn-222/Ra-226

activity ratios in spring waters.
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Z T RICT — 2D B[ ik TOBHZI DWW T
OB RAE TN FARITRLE. w7 I3BIETE
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Fig.7 Correlation between U, Ra and Rn concentrations and (a)
conductivity, (b) pH and (c) alkalinity.
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Table 4 Correlation matrix among radioactive nuclides and water qualities in spring waters related to a granitic area.

. pEEL 5
[=} — o~

EE iz . cefffFf I8 L0882 e 288
Tw  1.00 [0:61 -0.27 030 0.24 -0.15 [0:61] -0.09 0.25 -0.11 0.04 -0.16 [0:59" 0.04 [0.71 0.62 0.55 0.62 0.41 035 -0.19 0.09 -0.26
Cond. 1.00 0.19 -0.13 025 0.01 [0.83 -0.22 0.05 0.03 -0.15 -0.25 10.99] 0.13 [0.86 0.97 0.97 0.96 0.87 0.84" 0.17 0.19 -0.09
Redox 1.00[20:780:62" 0.49 0.18 -0.28 -0.22 0.26 -0.31 -0.23 0.12 -0.23 0.14 0.09 0.29 0.03 041 0.24 036 0.18 0.31
pH 1.00 0.47 -0.49 -0.18 0.15 0.35 035 0.28 0.12 -0.04 058 0.21 -0.06 -0.28 0.10 -0.49 -0.33 [FOI64 -0.44 -0.29
DO 1.00 046 0.09 -0.23 [-0.64 -0.77 0.87 -0.23 0.16 -0.40 029 0.17 034 010 035 0.12 0.10 0.33 -0.40
U 1.00 0.20 0.21 -0.30 -041 -0.37 0.13 -0.06 -0.26 -0.20 -0.08 0.11 -0.15 0.24 0.12 0.38 0.24 0.00
Ra 1.00 -0.10 -0.24 0.13 0.10 -0.20 [0:78 0.03 [0:61 0.77 0.83 0.75 0.75 0.65' 0.14 0.17 -0.17
Rn 1.00 -0.40 -0.38 0.21 [0.97 0.21 -0.11 -0.12 -0.17 -0.24 -0.19 0.20 -0.16 -0.18 -0.07 0.14
/AU 1.00 [0:59" 0.14 -0.42 0.38 1052 0.42 -0.09 -0.12 F0I65]-0.40 -0.37 -0.36 -0.13 -0.13
2Ra/™*U 1.00 [0:54 -0.46 0.43 [0.66 -0.09 0.00 -0.24 [0.61 -0.47 -0.28 -0.31 -0.33 0.23
#2Rn/*U 1.00 0.15 0.01 0.36 -0.12 -0.22 -0.28 0.33 -0.43 -0.48 -0.47 -0.27 0.15
*’Rn/*'Ra 1.00 -0.24 -0.13 -0.14 -0.19 -0.27 -0.21 -0.20 -0.18 -0.20 -0.11 0.23
total ion 1.00 0.23 [0:87 10.98"0.94 0:98" 0:83 0:85" 0.15 0.14 -0.08

Tw: water temperature, Cond: conductivity, Redox: reduction-oxidation potential, DO: dissolved oxygen
IR |> 0.4 means 90% confidence and | R | > 0.51 means 98%confidence (n=25)

EpH TIOKIRL DU A AEDIEIFIZ<nZ & F DR EDOMBARE A 0.6 <, HREOMBIE &> T3 (a%k

EFRELEWHRTHS. LrL, T — 20BN THD K ZM) . T P VBN RSN 5725, TRV E
ELHEN =T —2ZH T ONTHR2 T EHBAH2 K51 SR T H D S D I DV R FE S — AR i FE & U AH B

RAZICHE VW ERMELHD WMeMH 57 -2 NET B-DHEHALL TH3EDLEbhs,
SREN DD, T, EBSD LAY F VN T D

KHEELZEZIZE, 9T VIRELE 7L ) ELORIZIE 6 .
HE R OHEBEA BTz (£:1E s, 1993) . 5l 5
13, fE R Mg < B 3 AR R - KIS > TATE 58 4
B0 £ 51 W5 2 T 5o e BT A 500 2. ° & alkainity > 1.5meq
DTIEBENWZE , TLHIVERDEFYKRELNWZE , HpHT 5,
WBIBIRE DN Bk EN MR BfRE S 72561 T ; o
WA ATHEME A D )

Hi (I 4, 1998) Tl , AR A SRR 72 bk o) s 4 5 o s N
HEEZORBADOA X VR REDBFRE R 72 PH
N UEBEDOBRIEHS» Tldhh 572, 250 T I8 A 6
YV BRITEAOHEHIC K> TEHEINE THAIN (FlA . L
X, EAE - B E O WM O/ ILE) 2 LAKIER @ pH<8
B E ORISR KX BEEZT TOBEDEE LD 5% a pH<s] |
N7z, 2 T CURE & OB & B L C A7 RS R 23 ]
DIBAITIZHEED 72D HHIL TOBDO T, AKEEL TR 2
SROSCHREZ | SCHR O IO GORHE BRENIRE 0 J2 g % 15 1 *
ELT, w5y, 5V SRVIRELOBBRESIKIZRL 0—'—&%&—'—&—‘&—&—‘
7.5y SEVIZRIEE OBIRAMS A THEL, TUY L 0 1 alkaliniy (meql) 4
DWW TEEW RS HMA P AL N, AR RG2S B iRE
EHEARTNWIEEREL TS, OTRL R ORE QX TEI IR B S 2R R - WK O T s L pH, 7
BHHEEOLD TR ESHHL 728D TH 25, FFFITIZ LA DBAFR
RN 7y b ENBEREED T, 2H5F A5 X0EAD Fig.8 Correlation between U concentration and pH and alkalinity
BRENS . FHIAERAEL BRI 23>\ Tt L in the sample obtained in a granitic area.
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4.6 SN OEEETIL

BREROIN L A GBRPOFEHERTT0EY T
VRGO —DTH 5. FHIH P 2SN TLB IRV R
XHIIFIRRIE TORNIF VIR KOS EIREICE S
eI R A LS S BD A E W (B2, S TF,
1991) . Hi F A KB OSSRV ZBBEDO Ty A XDEIZ
BENIZEVIRE THAEL TOAZ YL 2228, ZhiZ
R AKRHIZE RS2 LG EN T BZEE2RIEL T
W5, . ZZT, 9N VIREICE TR A AT > TAS.

(1) EISEHT B HTK

KREKHHE DM THEMB TR b BEE O b i
K ZKMHOEREZNZFNVw, Va, KOOIV EEZ N
ZNMw, Mak 3 5L b= (Mw/Vw)/(Ma/Va) %5 B4R
HD,b L T0.306(15°C),0.263(20°C) & 525N T3
(BRI BRIRER, 1978; {L#HE, 1975). 6L , X4
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MU 72728, & B Hisix e x+dx DB O/ TSR ViR
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%), EHIRETIE
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AR CE®) - rri-dx-dt+ Ara-27r-dx- a-p-dt
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dt=1/v-dx THs251)RiL,
dC(x)/dx =-Ar/v:-C(X) + Ar/V (2/1)  a -

2)X
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fFTiRL,
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Fig.9 Correlation between water temperature and U, Ra, Rn con-
centrations in spring waters. O indicates hot spring sample
whose temperature was measured after cooling and assumed
to be higher.
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a : surface density of Ra Fig.10

B : dissolution factor
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