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Depth difference of ***Ra/***Ra ratios around density current

generator installed in Kojima Bay, Okayama, Japan
Ritsuo Nomura', Akira Tsujimoto', Kenichi Fukuda® and Takahiro Ishiguro’

Abstract: Radium isotope is useful to distinguish water masses in coastal water. In Kojima Bay

228 226
we measured ~Ra/

Ra ratios to understand the influence of mixed water using a density current
generator. Mn-impregnated fiber was used to collect dissolved Ra from upper (1.2-1.3 m), middle
(2.9-3.0 m) and lower water (1.0 m above the bottom floor) at three locations distributed in 400 m
apart each. The monthly variations of **Ra/**’Ra ratios were partly related to salinity and to oxygen
content of the water. Except for the lower water, **Ra/**’Ra ratios in the upper and middle water
indicate a 3.7-7.9 with little variation at each location. A clear seasonal variation of the ratios was
not indicated, but a monthly variation was conspicuous in Winter and Spring. The monthly variation
was clearly indicated in the locations near the density current generator and was more distinct when
the density current generator was working. The location most far from the generator indicates that
the monthly ***Ra/**Ra ratios little varied. Euclidean distance suggests the close relation of the
upper and middle water near the generator, but the lower water was not closely related to the upper

and middle waters even in the same location.
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RIS CTRE B TOKDBEREZ ML TW5. Z
Dizs, HEIDHI I K WkOE) & o8B & AH FIC
B X B2 DICHARE TH 5. HFETIIKIT LD
B2V LED B T VT L d EICHBHETEER SO K
HOEEZE6ZA5 L ——LTHHEINT
X 7z (Okubo, 1980; Yamada and Nozaki, 1986; Nozaki,
et al., 1989; Inoue, et al., 2005, 2006 ; Kawakami and
Kusakabe, 2008).

ZNZENo Ra [Nk, L2AHEEDNECTH
%128, PEREIHOEWV *Ra & *Ra O/KHIC BT %
HHRELE I, RIS 455 U 72 *"Ra/PRa LRI,
Fz, ARICHRIETH % PTh ™ Th ic &< 7
% (Moore, 2003; Moore et al., 2006). UL, /K
DB 2T, K1H 5 RN Tz & RAAARD LY
IR IS U Tiks DR OMRICHERE L T
WLk, BITED Th 5 O R & FINIAA DA
DEWMC K> T, BUHRELLIEEZ->TL%. &L,
Ra & "Ra B —EROAEZ TS L1z5, ™Ra
ld *Ra LT 278 f51E0 < AT 5 (KALRIZ
A, 1979 ; Krest et al., 1999). LA L, *Ra & Ra
NSO OHEREY) D& F LT 75 & OYER o2
W&o TIEEENEZ S THEIKX, BRELTE
NZNOENAADLENZ(LT D (Krest et al., 1999).
iz, FHMNICABHEILT 5K RMTIE, HEM
Yirh @ Fe 72 3 SRBIEYIE DR EZR TIC X - THE
HEd 5728 Ra iR DIBHMMEHEENZ L EEH S
(Bollinger and Moore, 1993). Nomura et al (2013) I,
EAR R g & % BHEHME KIS D /i 22 (b 2 5\ Tz
R, AR LzEFR0O *Ra/Ra LLIZIAFIESR
IRV 1091275 - 7o 4720 "R/ Ra F & D @i <
o TWB T &l LTz, —MIC, Rald *Ra
R PRa N TRE N RBEZ (LN DIz &N
BTN T3 (Bollinger and Moore, 1984, 1993).

WINC BV TN « WIBECE 72770K -
WCBTBTIT LOWMENERTH O, FHICHEK
(groundwater) W SHENE T VT L, HFEEY
S OIEHRFEY D 5 DML EICKRENWT &
R, XN RELL E FDOREE L DR TE S
DMwEND S (Jz & 21X, Kelly and Moran, 2002 ;
Rapaglia et al., 2010).
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Location map and sampling image in relation to density current generator.
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Table 1 Activities of ***Ra and **’Ra in Kojima Bay.

Samples  [110621/12:00 110826/12:00

Ra: Bg/fiber =+ Ra: Bg/fiber + 28Ra/***Ra + |228Ra: Bg/fiber + 22Ra: Bg/fiber + ®Ra/"Ra =
7-Upper 0.319 0.021 0.069 0.006 4.62 0.48 0.883 0.033 0.172 0.008 5.14 0.31
7-Middle 0.725 0.029 0.126 0.007 5.77 0.41 1.180 0.038 0.214 0.009 5.51 0.29
7-Lower 0.151 0.016 0.041 0.006 3.67 0.69 0.443 0.024 0.063 0.005 7.06 0.65
12-Upper 0.355 0.022 0.076 0.006 4.65 0.45 1.015 0.035 0.211 0.009 4.82 0.26
12-Middle 0.738 0.032 0.116 0.007 6.37 0.47 0.833 0.032 0.154 0.008 5.42 0.36
12-Lower 0417 0.023 0.073 0.006 5.69 0.57 0.628 0.028 0.099 0.006 6.32 0.49
16-Upper 0.547 0.027 0.109 0.007 5.01 0.39 1.363 0.040 0.283 0.010 4.82 0.23
16-Middle 0.586 0.027 0.115 0.007 5.10 0.38 1.025 0.038 0.174 0.009 5.88 0.36
16-Lower 0.288 0.019 0.045 0.004 6.36 0.75 0.700 0.029 0.157 0.008 4.45 0.29
Samples [111017/14:00 111209/15:00

“%Ra: Bg/fiber + *Ra:Bg/ffiber + **Ra/*Ra + [|*®Ra:Bgffiber + *Ra:Bgffiber + **Ra/*Ra +
7-Upper 1.460 0.041 0.304 0.011 4.81 0.22 0.428 0.023 0.086 0.008 4.97 0.55
7-Middle 1.814 0.047 0.383 0.012 4.73 0.19 0.969 0.037 0.176 0.008 5.49 0.33
7-Lower 0.367 0.022 0.078 0.006 4.68 0.44 0.320 0.021 0.062 0.006 5.14 0.57
12-Upper 1.458 0.042 0.295 0.010 4.95 0.22 0.554 0.026 0.128 0.010 4.32 0.38
12-Middle 1.675 0.044 0.322 0.013 5.21 0.25 1.451 0.042 0.268 0.010 5.41 0.26
12-Lower 0.625 0.027 0.110 0.007 5.66 0.43 0.233 0.019 0.053 0.007 4.37 0.66
16-Upper 1.136 0.037 0.236 0.009 4.81 0.25 0.562 0.027 0.092 0.007 6.13 0.54
16-Middle 1.511 0.042 0.280 0.010 5.40 0.25 0.898 0.036 0.169 0.008 5.32 0.33
16-Lower 0.423 0.026 0.078 0.006 5.41 0.52 0.249 0.020 0.031 0.005 8.04 1.41
Samples [120124/15:00 120221/15:00

“Ra: Bg/fiber + 2Ra: Bg/fiber + 28Ra/***Ra + [|*Ra: Bg/fiber =+ 2Ra: Bg/fiber + 28Ra/**Ra +
7-Upper 0.668 0.028 0.113 0.007 5.92 0.46 0.094 0.016 0.025 0.005 3.78 0.95
7-Middle 0.562 0.026 0.102 0.007 5.49 0.48 0.404 0.028 0.084 0.006 4.79 0.49
7-Lower 0.238 0.020 0.034 0.006 6.97 1.37 0.100 0.014 0.018 0.006 5.69 1.98
12-Upper 0.977 0.036 0.156 0.008 6.26 0.39 0.228 0.020 0.049 0.009 4.70 0.94
12-Middle 0.967 0.034 0.141 0.008 6.85 0.47 0.185 0.017 0.033 0.004 5.64 0.90
12-Lower 0.179 0.020 0.037 0.007 4.83 1.04 0.248 0.020 0.050 0.005 4.96 0.63
16-Upper 0.596 0.028 0.115 0.007 5.19 0.40 0.253 0.019 0.046 0.005 5.48 0.73
16-Middle 0.600 0.027 0.101 0.007 5.97 0.47 0.232 0.019 0.042 0.005 5.50 0.76
16-Lower 0.240 0.019 0.044 0.005 541 0.72 0.143 0.015 0.022 0.004 6.53 1.35
Samples  [120315/15:00 120417/15:00

“%Ra: Bg/fiber + *Ra:Bg/fiber + **Ra/*Ra +  |**Ra: Bg/t + *6Ra: Bg/1 + %Ra/**Ra +
7-Upper 0.334 0.021 0.042 0.005 7.94 1.02 0.373 0.022 0.064 0.006 5.84 0.69
7-Middle 0.625 0.028 0.089 0.006 7.01 0.59 0.526 0.025 0.103 0.007 5.13 0.42
7-Lower 0.089 0.015 0.009 0.006 10.47 791 0.118 0.020 0.013 0.006 9.17 4.83
12-Upper 0.440 0.024 0.070 0.006 6.27 0.62 0.292 0.020 0.062 0.006 4.69 0.54
12-Middle 0.446 0.027 0.069 0.007 6.42 0.73 0.549 0.026 0.074 0.012 7.41 1.28
12-Lower 0.139 0.017 0.024 0.006 5.75 1.68 0.140 0.017 0.033 0.007 431 1.07
16-Upper 0419 0.023 0.075 0.005 5.58 0.49 0.408 0.023 0.062 0.005 6.56 0.63
16-Middle 0.582 0.029 0.092 0.006 6.30 0.53 0.740 0.031 0.130 0.007 5.71 0.39
16-Lower 0.123 0.016 0.013 0.004 9.60 3.54 0.245 0.019 0.050 0.005 4.90 0.64
Samples [120521/15:00 120625/15:00

Ra: Bg/fiber + Ra: Bqg/fiber + Ra*Ra +  [**Ra: Bqg/fiber + Ra: Bq/fiber + 28Ra/***Ra +
7-Upper 1.323 0.042 0.210 0.009 6.29 0.34 0.746 0.030 0.153 0.008 4.88 0.31
7-Middle 1.929 0.048 0.303 0.011 6.36 0.27 0.842 0.032 0.156 0.009 5.39 0.38
7-Lower 0.537 0.026 0.094 0.006 5.73 0.47 0.319 0.023 0.054 0.005 5.88 0.72
12-Upper 2.028 0.049 0.324 0.014 6.27 0.31 0.608 0.027 0.140 0.008 4.34 0.31
12-Middle 2.369 0.053 0.399 0.012 5.94 0.22 0.747 0.030 0.146 0.007 5.11 0.33
12-Lower 0.471 0.025 0.077 0.006 6.11 0.59 0.220 0.018 0.055 0.006 3.99 0.56
16-Upper 1.834 0.047 0.306 0.011 6.00 0.26 0.486 0.025 0.109 0.007 4.45 0.37
16-Middle 2434 0.054 0.385 0.012 6.33 0.24 1.547 0.043 0.288 0.010 5.38 0.25
16-Lower 0.781 0.031 0.135 0.007 5.78 0.39 0.219 0.020 0.041 0.005 5.33 0.78
Samples  |120821/15:00 121015/15:00

Ra: Bg/fiber =+ Ra: Bg/fiber + Ra/"*Ra +  [*Ra: Bg/fiber =+ Ra: Bg/fiber + Ra/"*Ra +
7-Upper 0.941 0.033 0.201 0.009 4.67 0.26 0.460 0.024 0.108 0.008 4.27 0.38
7-Middle 1.526 0.043 0.280 0.010 5.45 0.25 0.547 0.028 0.088 0.006 6.19 0.55
7-Lower 0.318 0.023 0.063 0.005 5.02 0.56 0.142 0.016 0.024 0.005 5.89 1.48
12-Upper 0.815 0.031 0.168 0.008 4.84 0.30 0.502 0.025 0.101 0.006 4.97 0.40
12-Middle 1.815 0.046 0.365 0.012 4.97 0.20 0.637 0.028 0.136 0.007 4.68 0.32
12-Lower 0.259 0.027 0.058 0.007 4.44 0.70 0.144 0.020 0.034 0.007 423 1.07
16-Upper 1.195 0.038 0.216 0.009 5.52 0.29 0.380 0.024 0.087 0.006 4.37 0.42
16-Middle 1.665 0.047 0.311 0.011 5.35 0.24 0.419 0.024 0.069 0.008 6.08 0.82
16-Lower 0.373 0.025 0.076 0.006 4.91 0.50 0.247 0.019 0.052 0.005 4.79 0.57
Samples  [121217/15:00 Samples  [110621-111209 :average

Ra: Bg/ffiber + *Ra:Bg/fiber = **Ra/*Ra + *Ra/*Ra +
7-Upper 0.299 0.020 0.050 0.005 5.94 0.70 7-Upper 4.89 0.39 Index of
7-Middle 0.589 0.027 0.095 0.008 6.20 0.57 7-Middle 5.38 0.31 Sample collected
7-Lower 0.235 0.018 0.050 0.005 4.68 0.58 7-Lower 5.14 0.59 110621/12:00
12-Upper 0.549 0.026 0.088 0.006 6.24 0.52 12-Upper 4.69 0.33 year 2011
12-Middle 0.892 0.032 0.159 0.008 5.62 0.35 12-Middle 5.60 0.33 month 6
12-Lower 0.229 0.021 0.046 0.007 5.00 0.92 12-Lower 5.51 0.54 day 21
16-Upper 0.259 0.019 0.033 0.007 7.84 1.80 16-Upper 5.19 0.35 time  12:00
16-Middle 0.638 0.027 0.087 0.006 7.31 0.59 16-Middle 543 0.33
16-Lower 0.170 0.017 0.014 0.007 11.88 5.82 16-Lower 6.07 0.74
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Fig. 3 Vertical profile of water temperature, salinity, and dissolved oxygen content in each month.
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Ra ratios in the upper, middle, and lower water at three

z £

(1) *Ra/™Ra Ltk & 185, AEBEREEEOBR
Ra A ADEENE EHBEZE>TWVWE T L
MNERFEE N T3 (Moore et al,, 1995; Hancock and
Murray, 1996; Krest et al., 1999), F7z, kD E
W Ra 1% *Ra I LR THERI O BEEZ LAV NS WEE
WHH 5. HEHMEDOROIKIE TOERBFAEICK S
&, IBMFIBZRIRE L OMFREALN, IBFHBERME
T3 %EZFED *Ra/*Ra LLid@m< &b, BIFEZRE
JEMNEWATRIIIZME < 5. #idD K S ICKE
DIB{LIETCIRAEIC > T Fe, Mn LY L



BPRRR « A

MRa JLRDBEMNE(L EHEHZICBEFRLTVWEEDE
#A 5 11 % (Bollinger and Moore, 1993; Nomura et al.,
2013). U kXS ehn, T TLERMEE
U T L AT 2R S & ORRZERET LTz (K5,
6). %35, FHEKOD *Ra/*RatbicDOWVTIE, Higk
7TeHig16 DX S, HEBOZELHNRE S FHRAEHE
L RETAL DB, LLFOFEMCIEE M LAV
cllclLiz. Fiz, T TH-=/KEREHD Mn
MHEIC K 5 Ra OFFRMEEH L3 ERIc—H L T»
Bholt b HY, PRa/Ralt & OIS
Bz d 2 L3 TERnEBbng. KEH
EHE RafEMEXEMIE I NS 4 HEVLOZ EH
2, HIvE LT, 2011 4E 12 Al 10 HOBEWAH -
o (21, K3). Lieh> T FO#E#RTIE, /KE
D HBZIIC KT % P°Ra/*Ra [LOX¥8) % BIfiE 3 %
ceell.

REBEREO L~ EOEDE, Bh 54
FcEL< &0, EFENSHBIIHIF TEL 25 EN
MAHH5NS. FE~TED *Ra/Raltt, &ZFh
LEFTHLERTHELS RS, TOXS HHEOHE
3k Ra/Ra b, RI2Z(bD/R2— 7R T
WAEIICEIHZ D, TTTHDE PRa/Ra kD
BRICDOWTAE T R VDIENAHBE ZFHET % &,
027 (Mg 7), 069 (M5 12), 053 (Mg 16) &
0, HigS 12 OGO ARG ZRHETH -
fo. Fiz, RBOFBEICENTIXRTOHLED |E
KICEBT BHi5 & "Ra/PRa bk & OBIfRICIE, B
BRIV R E s o7z (K5).

REEERERD L~ g OAFIERRE A
&<, W42 10 ~ 12 mg/L 29, EZEH) 5k
I TATFIR SRR I3 4 mg/LEE TEK T 5.
DX S BINFIREEEOFMEE, LAk
IZ **Ra/*Ra LEOFEHIZ L & BT O E TN T
BB (K6). LhL, mEOHEKRZFRERICAET
<V OIENHETHS &, Higi 12 Od gk TR
MERTICE R 059 R LTzI1Eid, Hifs 16 D
FEK TR 036 TH D, HEIMICEE
BRI RE Niaro Tz,

DL Eo X5, *Ra/*Ra kDR x2S
R—NF, o TA e R OZREIZ b & e
M TH 2D, SRIOFHE TIERETICLRIEET NS
WEREGBCENTERMSTzEWVWAS. T, B
S50 P*Ra/*Ra LEOZEFIZ{IZ, FhiEORASTEK
B OZEiZS b (Nomura et al , 2013) & 13 WO % (4
bbb, AFIELERITE ) IKik>TWAHT &
WHERENTZ. TOEVOFMIIAHTHSH, T
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i e fEHE — - ARG

WAEMNNE L, KRR E I EIREIC R 5
OB KOG & L IR R, BEHEETSE
DO NERDVSEE 75 VLSS & DIKIDIE N
ENTVBEDEHENS.

%7z, RalAINiRDHIEZ /KD S I1E H: Mn [k
ICRE S/ T WA 728, KM ORI X 21t
S UHNOMENDOENTHEENS. DI
DT, WD 2010 fED A REAA O H~ 11 H)
IKBWT, SRIOXS & FHERE KA EK
T *Ra/"Ra [t IR U IAS R T, BEXO kT
RO DK AEA IO FI L T035 &
LBEX O FTIRFELT008 mh otz 12720,
ARIDFREL « BOKRFHD —H L TWiah o & d
HO, FHHICOVWTIESHORETH S, SO
B TIXREYIC K B HERELEAN O EIT RN D &
Lo 7z

(2) *"Ra/*Ra Lt & 32 R DAERS

3RO LJE - PfEO *Ra/Ra bEiE, o0&
S\ HRIZEAE D RRIE S DR IR Ta AR R IR &
W7eZe b7z md i (i 12 OER) EHNE,

NG SR =2 DA ENDHIE, leHbN
RO RUR EEMRBIR R L TV e, TTTIE,

fE & U CHSE ORI EDREDE D TH S
R U, K 70%, SHisEo FE e ez —iEic
LU CiEiM otz R Uiz, 3HiEOZkidA S
CICENTNEE-TED, — RT3 LkiEHABN
. UL, FE/KOHE 7 &l 12 13872 &
S EF AT EIRL, FlHEKOM 7 &
M6 EBNFDS Z T K 2 aEd7ZRd. L
MU, HEKOHE 12 & E/KOMmD 2 Hifh &1k
BizgolentizRLTWVW5. Thb/EMIOE(L
WL, #E{b U B EMEZ MG 57201, 3
i 3 ERE (L - g - TR, &9 sl O
PRa/PRa kD a—2 0w Ri#ER L > T RO X
3753 DD ERITo Iz

91 OHE, FEHE Q011 4 6 AN 5 2012
12 HETO 1BHR]) O TE2—#E L CHEttEE
ZREt U, fiRE, £2 () ITRENS LIS,
g e EE, i PRa/PRa LEANENE D E F S
FoNnBg. FEEHE 12 180T EEERWVEG
MHLNTC xR &, K EE |- hEe
OBFRIFENEVWZ S, HifSH 7O EEIIVWED L
LT, i 7omE (299) iifi12 (255 O
JERH Y, 7 omEIGEWEDE LT, Hil
120 FE (273) cHigg16 odiE (1.97) Kb 5.
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Fig. 5 Monthly variation of **Ra/***Ra ratios and salinity in the upper and middle water at three

locations. Plots were geometrically smoothed.
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Fig. 6 Monthly variation of **Ra/**’Ra ratios and dissolved oxygen content in the upper and middle water

at three locations. Plots were geometrically smoothed.
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Fig.7 *Ra/**Ra ratios indicated by geometric smoothing in the upper water (a) and the middle water (b).
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#£2 3 (Loc7, Loc, 12, Loc. 16) @ [J&, Hijg, TEOI—7 Y v R K % EREEFHE.

BPF R

A

R RS R ERRED 30%LL FORRZRT .
(a) MR 2AORER. (b) M EBEATOMEEMR, Lo 3B OEEEMHR. (o B@ED
#"Ra/*Ra T4 & OFFTHED < BABAR O REHEFR.

Table 2 Distance correlation of Upper, Middle, Lower samples from three localities, using Euclidean distance.

Bold face indicating = 30% of most long distance.
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FRHE — - AR A

K=l

(a) whole period, (b) period before DCG working (lower half) and period of working (upper half) | (c)

working period with reference to the averaged ***Ra/’

226

Ra ratios during the pre-working .

(a)

7-Upper 7-Middle 7-Lower 112-Upper 12-Middle 12-Lower {16-Upper 16-Middle 16-Lower
7-Upper 0
7-Middle 2.99 0|
7-Lower 5.70 6.44 0
12-Upper 2.55 2.73 7.20 0
12-Middle 3.62 3.44 5.73 3.80 0
12-Lower 3.89 3.72 8.01 2.96 4.39 0
16-Upper 3.97 3.63 7.51 3.55 3.59 4.64 0|
16-Middle 3.58 1.97 6.49 2.83 3.28 4.12 2.86 0
16-Lower 7.80 7.29 9.92 8.09 8.15 9.23 6.61 6.86 0
(b)

7-Middle 7-Lower 112-Upper 12-Middle 12-Lower i16-Upper 16-Middle 16-Lower

7-Upper 2.68 5.28 2.44 3.10 3.39 3.76 3.40 6.89
7-Middle 1.32 5.88 2.08 3.35 3.32 3.42 1.68 6.68
7-Lower 2.15 2.63 6.72 4.74 7.61 6.97 6.17 8.69
12-Upper 0.74 1.77 2.59 3.14 2.22 3.03 2.34 6.95
12-Middle 1.87 0.78 3.21 2.14 4.09 3.16 2.98 7.65
12-Lower 1.90 1.67 2.49 1.96 1.60 3.87 3.93 8.23
16-Upper 1.26 1.21 2.79 1.85 1.70 2.56 2.46 6.14
16-Middle 1.12 1.03 2.00 1.59 1.37 1.23 1.46 6.00
16-Lower 3.65 2.90 4.79 4.14 2.81 4.18 2.44 3.32

Lower half: Distance correlation before working. Upper half: Distance correlation during working

(c)
7-Upper 7-Middle 7-Lower }12-Upper 12-Middle 12-Lower |16-Upper 16-Middle 16-Lower
7-Upper 0
7-Middle 2.63 0 |
7-Lower 4.84 6.21 0
12-Upper 2.43 1.96 6.09 0
12-Middle 3.14 3.37 5.54 3.15 0
12-Lower 4.73 3.66 8.41 4.38 3.89 0
16-Upper 3.75 3.40 7.03 3.00 3.19 4.54 0 |
16-Middle 3.08 1.63 6.49 1.58 3.11 4.15 2.27 0
16-Lower 6.12 6.26 9.17 6.02 7.39 7.30 5.52 5.75 0
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Fig. 8 Results of cluster analysis based on Euclidean distance.

(a) Clusters before the density current generator working. (b) Clusters during DCG
(density current generator) working. (¢) Clusters based on the data of working
DCG, but subtracted by averaged “**Ra/**’Ra ratio before DCG. working,
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