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Y, Hamajima: Tungsten shield for low level counting
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Inoue, M., Minakawa, M., Yoshida, K., Nakano, Y., Kofuji, H., Nagao, S., Hamajima, Y. and
Yamamoto, M.: Vertical profiles of °Ra and ***Ra in the Japan Basin of the Sea of Japan
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TEBE A AR TIEEFE—E (~0.1 mBg/L) 727z (Fig. 1c)o
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Fig. 1. Vertical profiles of a) potential temperature and salinity, b) *26Ra, and ¢) ***Ra activities of

the SY07 water samples from the Japan Basin.
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[ 7K B 0 RAR S D) Tsushima Tsugaru and
AWE TR, 2 Ry Z ZETIN (RO Strait el Soya Strits
(MLW) + EEEAKE (UPW) & TERE = MLW {’ZSRa] (Bq;ms)‘ID

HKIE (UPW)) ZHEL. ®Ra, ®Ra # |  250m _—,
EXD., TEHEAKOHERHRZFRELL 1000 m
(Fig. 2). 2000 m DPW ) (m|3 fL)
FHRE A KB D 2°Ra, P*Ra BIZ 1), 2) V a) [26Ra],,
V8[2*Ra]p/st = [2*Ra]asuyv + Fr26S — S() 4F Bl
[226R3]Dv N [ZgﬁRa]DVlm 3 bottom sediment

Fig. 2. A simple two-box model for the delivery

V8[**Rao/dt = "RV + FsS ~ of 22°Ra and ?**Ra to the DPW

[nsRa] v—[**RalpVians 2)

[V: FEbEAKE (m)): [Ra], [**Ra] ; “°Ra, **Ra #BE (Bq/m’ (= mBq/L)) : v; {REE- LIBE
AKE & FEBEA KB OREEE (m’ly) : Fas Fag ; RS S O P°Ra & *Ra ODIEH 7
Fw U A (Be/mly) : S ; WEHEOMEFE (m?) @ Aoe, hazs s BEERK (1y)] (FHED M+U, DI EE
&+ b BB A K RE 3 & OV ERE A K E)

26Ra, 5Ra JMIE MEFIREEGE (5[P°Ra)p/st =6 [PRalp/t=0) T 5 &,

A Ralsuyn/Tw + Fa26S/V — [*Ralphazs =0 1)’

AP Ra]eu)p/ty + FaosS/V — [PRalphang =0 2)°

CCCREA KRR EL = V) (). [P°Ra] aeu) - [P Ralp
[P*Ralp = [*Ral vy ET 2 & 1 BR 3) LD RED SN,

{ 7\-226[ Ra]D—Fzzﬁfpzzslzzs[nsRa]D /{A[? Ra}(MiU} D_Fzzesz28A[228Ra]:M+U)-D} 3)

H AW EAER D) —F > T EBR TR 72 P°Ra/P Ra . (Fpe/Fas =0.92) . IREE+ EEEA
KIEH L O FEE A KE D 2°Ra, *Ra D1 >R b — ([P°Ra]mu = 1.83 mBg/L; [*°Ra]p = 2.47
mBq/L; [***Ra] vy = 1.08 mBg/L; [**Ralp = 0.11 mBg/L) & 3) ICRAT D&, 100 F &S il
"Bensd, WEEE 100 FIHYT 2RO LEANTHEEKBIEALTWS EEX E5NS,
T ORERVE, B, B e iEIc k0 EHE S N2 EA KEO# R (100-200 y: °H [2]; C [3, 4];
PL5) EFEIIRN,

22 228
= [*"Ra] m+uy- p» [ Ra] mevy -

/Ty, =

B 3HR : [1] Nakano, Y., Inoue, M., Komura, K.: J. Oceanogr. 64, 713-717 (2008). [2] Watanabe, Y. W.,
Watanabe, S., Tsunogai, S.: Mar. Chem. 34, 97-108 (1991). [3] Chen, C.-T. A., Bychkov, A. S., Wang, S.
L., Pavlova, G. Y.: J. Geophys. Res. 100 (C7), 13737-13745 (1995). [4] Kumamoto, Y., Yoneda, M.,
Shibata, Y., Kume, H., Tanaka, A., Uehiro, T., Morita, M., Shitashima, K.: Geophys. Res. Lett. 25,
651-654 (1998). [5] Suzuki, T., Minakawa, M., Togawa, O.: Geophys. Res. Leit. (2009) (submitted).
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T. Tokunari, S. Nagao, T. Suzuki, M. Yamamoto: Investigation on transport of suspended solids from Satoyama
to Satoumi : a case study in Nanao, Ishikawa Prefecture, Japan
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Fig.2 Depth profiles of excess Pb-210 and Cs-137 from soil : potencial sources of suspended solids
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Tablel. Results of bed sediments and surface soils
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N. Matsuda S. Nagao, M. Yamamoto: Study of soil organic matter accumulation using carbon isotopic signature
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substances by various metal ions

RUDIT] BHEwEE, 138 - #HlY - KBKPTHENICRD 6N, hERE TRLERICEHETS
ERYTHD. TNHRBEODTHA X - LFHRERLT, HH®AICOZZDNHT 5. AERE
DEHHEIL, FOEBWEBITHELEDOHEERICED, KAKFIZBIZ2BLEOBITERICKE LY
BEEZD, SBTHEBENGEDE, BEMEIIEBEL TH ANKRELD, HBRRICNT v
TENSHAEEMENH S, TNHEEDT, BEDEICESSIN@BiEZED. LEX-T, BEY
BORER, @B THEOBITEMCAEZREELE5A5LTHEINS. LALANS, ZOREANZ
ZLDEMTONTIZHLN TR, BEOBHEME S T 1 XKEEREHONCT ST &Ik, &
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BHUZ.
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peat HA (I-HA)) ZEM L7-. ®BckOBEERIERICIE, M0 O NaCl, Ag(ClO+)H20,
CaClz(2H20) 3 £ T Eu(NO3)3(6H20) & W = fk 4 7 & IE e R L /2 7 2 > 50 mg/l 1A %,
W5 - 25CT—MuigiR U7z, BB OBRE 045 pm O 7 4 )Y — Tl L 7z#, pH 247, 280 nm @
MR RE A3 L O AR 1 HER 7 O~ b5 7 4 —(HPSEC)#TIcft Uiz, 7ad, ERCRISIEH
13, e A RACKSMTOEMLERERT 2 EHNT, FEREZMABNWTIT k.
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HIPHIZ & o 7=, Na++ Ca2+ B ORI HE S FRAFRCE T, SIRICHRIRE ORI NRS TR L.
—75 Ag* + EusBEEORICES Th 613, H2SBURREMNTICBIT D, IR OEADHIE
DENZ. HlAIE F-HA KX, Agt 10mM fHEMNS 2 mM @ AgEINTHEXT 60 %, Eud+40 pM iz
5 12 uM @ Eu3BIINT, BEZ 70 %t OWHENED L7z, Na+ - Ca2ic &% HPSEC 7 O /5
A (F 1ab) 13, &EBICHEEOLENHRZENT, &2 778 (9ml D) OFA, &2 (8.4
ml L) ICHUBIRMICEEL 22 2RMLE. ZhXDDBRENELSZD L, HTED T HDH#
REGEEE (045 pm 7 4 )V —IZ L BBRE) NEH SN, ZOMMIE DLVO Him TEMAICHIHTE
LEZLNS. Thbb, &EAFVRENMEL, LEN>Ta01 FRTOXRBEMEVIRET
13, MK TFIZEEBRNBHERENWNSSESICRETS. —7F, 2RI ACRENEGERD L, §##
BERDREEIZ XV TFROBRWRFENWNE /2D, HFR (A X)) OREVKTFOHED, 7F
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BAICX BB NNKEBENESICTED. ZTNEMBMIZ, Agr Eud+ T (H 1c,d), BEDOHTY
A BIRMEIZFEE T, DLVOHRE IR I AN AATRELZEEZ NS,

R E O EASEIC BT 2B RIZBEZ 5X103 mol/g T, EEEFRFIZ2TO Eud+ (50 pM) A3 EHEL)
BEHEELTD, 0% FLEOBEMIFHINTICES. EuHBERMBENKREL, AgHld Ro5h
B CHENSD, BHEMEENBREARELRTEEZIOND. INSORBEEHIIBKIETSHS
& & (Engebretson et al., 1994), 2 Eu3 OB GEmWEN 2k TIRBTRELZEHES NS Z
EMS, BHESTFRESLTI VIR NAEEENHS. LEOTENS, BEMEOEEAN
ZAALE, BESHITIEHES THERBORMCES BE (DLVO Bim) &, WNERSEERREDBK
HEEFITKDIBIVERD 2 DB RRBESINS.

Eud+ & EHEME O 1:1 BEADOLEEER (~106) 7 5, BHERIM FO 60 %REENEBILELEEL,
SRR END EHEESNS. FHEMET, BB T O 60 %D EICKD I ML (BE) i
Z5ETHE, TOLRBERIIROKLIICENIND :

[mt=%+o.6(c—:c)m

T, Mltid, HmEINESBITLEORIEE (mol/), KIZEBHEMEESEILED 1:1 BISHAL EEE
¥, CECIREHEWED T O A Rmolg), z |\ dBBITHEDA 4 MK, A SEHYEREE @) T
H5. AgrEIBHEWMED 1:1 MEEEEROREFIZZ L WA, RU NEMEKRERRKRT S EEAGN
% Cu+ & B EOFN 513~105 EHME SN S, Bryan et al. (2001)1%, T Cuz B LE 5X10°5
M THEHET 2 EIRE L TW5. T OME TEBEYEIREA) ORISRV, WM O RRER T
7£0.05g1 L FTHHE, (CEC % 5X103mol/g ELT) ERBES—HLLHEREZELS. ZOoZeM
5, RCIBHEYE & NERHAZ IR T 2 8BTRITH L, RHEMEICH T 2 EEYE ORGSR,
ERMICTFRIE NS AfEENRE N,

¥R (Da) St (0a) ¥ (0a) SFE (0a)
00100 1 00100 1 100100 10 L R

(d)

Eud+
[uM]

WAEE (280 nm)

75 85 95 105 11575 85 95 105 11575 85 95 105 11575 85 95 105 1.5
BHER 0 FHUER () BHENR () BEER @)

1 (a)Na*, (b)Ca?+, ()Ag*, (d)Eus+ BEEMKIZFHED F-HA @ HPSEC 70O M5 ADZ L. [
RoEmT I-HA THRH 6Nk,

[Z% k] Engebretson, R., Wandruszka, R. (1994): Environ. Sci. Technol., 28, 1934-1941.

Bryan, N.D., Jones, M.N., Birkett, J., Livens, F.R. (2001): Anal. Chim. Acta, 437, 281-289.
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Variations in A™C of POC in Waters from the Upper to Lower Ishikari River

Seiya Nagao', Masato Mikami’, Takayuki Tanaka’
' Low Level Radioactivity Laboratory, KU-INET, Kanazawa University
? Graduate School of Environmental Science, Hokkaido University

3 Aomori Research and Development Center, Japan Atomic Energy Agency

The dynamics of bulk particulate organic carbon (POC) discharged from rivers is important to understand the role of
rivers in global biogeochemical cycles. We have been investigated dynamics of riverine POC at the Ishikari River
system, which is 268 km long from the source to mouth and a drainage basin of 14330 km’, in northern Japan. The
Ishikari River has two peaks of water discharge at spring snowmelt and autumn rain events. For better understanding
the origin, forms, and fate of POC, it is important to study the characteristics of riverine POC because of its

heterogeneous mixtures of organic matter.

This study reports the variations in A'*C values of POC at three observation sites from the Upper to Lower Ishikari
River during spring to autumn in 2006. Riverine suspended particles were collected with a single-bowl
continuous-flow centrifuge. The organic "C measurements were performed by accelerator mass spectrometry at the

Aomori Research Center of Japan Atomic Energy Agency.

Variations in A'*C values of riverine POC are different from each station. In the Lower Ishikari, the A'C values were
~260 %o for the spring snowmelt season, and —148 ~ —122 %o for the normal flow condition. On the other hand, POC
of the Middle site shows opposite variation trend. The POC had A"™C of —47 %o and —148 ~ —122 %o at the spring
snowmelt and low water discharge, respectively. In the upper Ishikari, the A'*C values were +19 %o for the spring
snowmelt season, but —148 and +208 %, for the normal flow condition. The variation range of A™C value is in the
order of the Middle < Lower < Upper stations during spring to autumn. These results suggest that the sources and

supply processes of POC from watershed are different from the Upper, Middle and Lower Ishikari River.



Spatial distribution of A'C values of organic matter in surface sediments off Saru
River in southern Hokkaido, Japan

S.Nagao', T. Irino?, T. Aramaki’, K. Ikehara’, M. Uchida’, Y. Shibata’

" LLRL, KU-INET, Kanazawa University
? Faculty of Environmental Earth Science, Hokkaido University
3 AIST, Geological Survey of Japan

% National Institute for Environmental Studies

A variety of geochemical approaches have been employed to define the mixing ratio of marine and terrestrial organic
matter. The simultaneous use of A"C and 8'*C values adds a second dimension to isotopic studies of carbon cycling
in surface aquatic environments. This study discussed the effects of the flood on the spatial distribution of organic
matter at shelf region on the basis of the A'C and 8"°C values. Because transport of organic matter due to flooding is
important for the dynamics and flux of organic matter released from terrestrial environment. The surface sediments
off the Saru River, southern part of Hokkaido, Japan were collected from twenty sites with a grab sampler in August
of 2007, one year after the severe flood in 2006. Suspended particles of the Saru River were concentrated with a
single-bowl continuous flow centrifuge in August 2007 and 2008. '*C measurements were performed by accelerator

mass spectrometry at the National Institute for Environmental Studies.

The A'C values of organic matter in surface sediments (water depth of 10 to 39 m) off the Saru River range from
~665 to —77 %o. The silt and clay sediments have A'*C values of ~240 to —77 %o, but the sandy sediments ranges from
~665 10 —388 %o. The A'*C values of particulate organic carbon in the Saru River are —292 to —247 %o at normal flow
condition. The sediments with fine particles deposited by flood events have organic carbon with a mixture of young
and older organic carbon. Therefore, these results indicate that surface soil with younger organic matter is deposited
by flooding on the sediment off the Saru River and/or freshly produced organic matter in sea surface is deposited

after the flooding.
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Uranium in acidic mine drainage at the former Ogoya Mine in Ishikawa
Prefecture of Japan

Masayoshi Yamamoto,'* Aya Sakaguchi,” Hisaki Kofuji’

'"Low Level Radioactivity Laboratory, K-/NET, Kanazawa University, Wake, Nomi-shi,
Ishikawa 923-1224, Japan.

2Faculty of Science, Hiroshima University, Kagamiyama, Higashi-Hiroshima,
Hiroshima 739-8526, Japan

3Japan Marine Science Foundation, Mutsu Marine Laboratory, Mutsu, Aomori
035-0064, Japan

Nowadays, radioactive disequilibrium (i.c., activity ratios among nuclides that are not unity)
in the uranium decay series is a quite common and well-investigated phenomenon. The
U280 radioactive disequilibrium is still of interest in connection with hot atom
phenomena, and the extent of this disequilibrium has been used as a tool in hydrologic
investigations such as water circulation, mixing of water masses between various aquifers and
geochronology.

We found high 24U/8U activity ratios of around 13 in acidic mine drainage (pH: around
3.5) from the former Ogoya Mine where is ca. 20 km from the LLRL. Generally, anomalous
ratios of **U/**®*U have been found in neutral water samples obtained mainly under a
reducing condition where weathering 120° . e .
(dissolution) of aquifer rock is i I
suppressed. Therefore, the appearance '
of high **U/**U activity ratios in

o d ; i . Japan
water under the acidic condition is a 3 4
SN 234+ 1,238 oy 77 I Pacitic Ocean
striking feature, because the ~"U/~"U SEEREINC N
activity ratio is considered to be near s ishikawa Pret,

unity if the dissolution of rocks is ; St e P s e e ESY
accelerated under the acidic water :
condition, which makes a better
understanding of the processes
controlling high **U/*"U  activity
ratios scientifically very interesting.

In this paper, we measured uranium
isotopes in mine drainage from the
former Ogoya Mine in Ishikawa
Prefecture, Japan, and in surface
waters from its surrounding rivers
from the viewpoint of radioactive
disequilibrium in the uranium decay
series. Based on the measurements, we
discuss probable processes controlling
the high **U/**U activity ratios in
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The results of the **U and ***U
concentrations and their 2**U/***U
activity ratios in water samples are

e
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Fig. 1 Map showing the location of the former
Ogoya Mine and water sapling points
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summarized in Table 1. The **U concentrations in the water samples varied widely from
0.0036-0.78 mBq/L with a factor of about 200. Higher values were found in the acidic water
samples from the pithead (A) and leakage (B).

Mine drainage discharged to the outside environment has been generally divided into three
categories from the viewpoint of water quality: (1) acidic water (pH: 3-5) of Ca-SO, type
including a large amount of iron; (2) mildly alkaline water (pH: 8-9) of NaHCO;-SOy4 type;
and (3) neutral water of Na-SO4 type. The drainage from the Ogoya Mine is probably
category (1).

It can be interpreted as given below. Immediately after the drainage flows onto the earth’s
surface, its pH is about 5, and it is acidified to pH of 2-3 rapidly on contact with air. Pyrite
(FeS,) is dissolved under the reducing condition, and after contact with air, Fe?' is oxidized to
Fe’*, then a brown precipitate of limonite is produced, and then the water is acidified strongly
by the oxidation of S to SO4*" By taking into account this interpretation, underground water in
deeper layer of mine drainage seems likely to be neutral and under reducing condition. The
acidic water may be
limited only in the Table 1 Uranium isotopes and their activity ratios in water samples
upper part Of the Sampling point Sampling date pH Concentration (mBg/l) Aclivity ratio

water in the pits. If U =y

" (A) 0604 03" 16 044 + 004 872 % 020 138 £ 10

the Undergl Ol.llld 11.28.02 3.7 062 4+ DO2 RO7T £ 0.19 130 £ 04
water in a deep layer 08,0995 16 075 + 003 10.8 &+ 0.4 143 + 09
. g Xr. 19295 s 0.7¢€ 008 10.5 £ 08 3gL 10
18 madc aCIdlC, Th 1pl_|3_‘14 is n]’.‘-:_: 009 957 4+ 0.67 ::: i l_t
isotopes in rocks are [§: 1] 11.28.02 6 059 + 003 826 + 029 140 4+ 03
112402 4.1 027 4+ 002 270 £ 0.10 il + 0.3

expeCted to be O3.20.02 43 035 4 004 367 £ 014 105 & 1.1
dissolved to some i3 3.7 057 4+ 007 773 = 08O 136 £ 1 2
. 06.02.94 is 050 £ 005 771 4 055 154 £ 1.1

eXtenta althOUgh th‘lS () 11,2402 6.9 (28 <+ 003 076 4 005 269 4+ 0215
iS specu!ative. ]n w130 56 018 4 002 67T £ 007 366 4+ (130
. (D) 11 2402 66 0032 & 0003 054 + 002 168 + 1.8

fact, although we tried ., 01.13.94 70 0022 £ 0.005 029 % 003 136 £ 33
tO detect Th iSOtOpeS (F O7.03.95 12 0071 £ QOO0 QDI = 0,001 .17 + 0.23
. (602 95 6.7 00036 + 000014 Q019 £+ 0002 536 +£ 091

by usimng water 11,3094 6.6 00060 -+ 00011 0024 4+ 0.003 195 + 058
Samp]cs Of 1?0 L 011394 70 CHESG 4 00008 0022 = 0,002 393 4+ 0520
5 . (G) 112402 6.8 GORY & 0,003 017 £ 001 201 £ 0.5

fl'On'l the mine p1thead, (Hy 11.24.02 5.4 0063 £ 0.007 1l = 001 169 + 0.24
the detected (18] 11.24.02 0 0022 £ 0.003 0069 + G006 3.15 + 051
F [8}] 11.24.02 63 0021 £ 0.003 Q065 £+ 0006 117 £ 055
concentrations were (x, 112400 64 011 + 001 026 < 002 242 + 027
very low. The 334Th 10.13.99 59 G050 + 0.008 021 % 0,02 209 + 054

concentration, which

is expected to be ejected directly by recoil due to the a-decay of 80, was a similar level to
that of **U. The respective concentrations of **°Th, a daughter nuclide of ***U, and **Th
werel00 times lower than that of its parent nuclide ***U, and one order of magnitude lower
than that of **U, respectively, although the activities of 2Th in rocks sampled around here
were nearly the same as those of 2*U. Thus, the existence of excess ***Th relative to ***U
could not be observed and Th dissolution was found to be very low compared with U,
indicating that deeper water of the pits was unlikely to be under the acidic condition. Under
the neutral condition, Th hydrolyses very easily and is rapidly adsorbed by the surface of
surrounding mineral particles. High >**U concentration may be attributed to the preferential
leaching of ***U produced mainly from such ***Th adsorbed on the surface of the mineral
particles. It seems to be reasonable to assume that the acidic water flowing from the mine
pithead is from only the upper layer of the pits, and its high 24U/ ratio is attributable to
the deeper underground water under the neutral and reducing conditions.
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Toward the solution of radiation dose assessment to the residents living around the
former USSR’s nuclear test site: laying stress on Sarzhal and Karaul settlements
in the southern area

K. KAWAI', K. MINO', S. OIKAWA?, T. IMANAKA®, M. HOSHI",
A. SAKAGUCHT, K. N. APSALLIKOV®, M. YAMAMOTO'

'Low Level Radioactivity Laboratory, Kanazawa Univ., Nomi, Ishikawa, 923-1224, Japan
’Marine Ecology Research Institute (MERI), Shinjyuku, Tokyo 162-0801 Japan
‘Research Reactor Institute, Kyoto Univ., Kumatori-cho, Osaka 590-0494, Japan

“Research Institute for Radiation Biology and Medicine, Hiroshima Univ., Minami-ku,
Hiroshima 734-8553, Japan
Graduate School of Science, Hiroshima Univ., 1-3-1 Higashi-Hiroshima, 739-8526, Japan
®Kazkh Scientific Research Institute for Radiation Medicine and Ecology,
The Kazakhstan Republic

Over a period of 40 years from 1949-1989, the former Union of Soviet Socialistic Republics
(USSR) conducted more than 450 nuclear explosions at the Semipalatinsk Nuclear Test Site
(SNTS), Kazakhstan. It has been said that several hundred thousand peoples who were living
in settlements around the SNTS have been impacted by long-term low-dose radiation from the
close-in fallout. Considerable efforts have been devoted to investigate the consequences of
radiation exposures to the residents living in the area, particularly in villages contaminated
heavily by fallout of the radioactive clouds. Since 1994, we have also investigated the
radiological situation in and around the SNTS, and measured long-lived radionuclides such as
¥7Cs and plutonium (Pu) isotopes, mainly for soil samples from various areas.

From the detailed soil sampling around Dolon village affected directly by the radioactive
plume associated with the 29 August 1949 nuclear test, it has been gradually clarified that
residents of Dolon received a radiation dose in air around 0.5 Gy.

In this paper, to obtain a more reliable estimation of radiation dose to residents of Sarzhal
and Karaul villages contaminated mainly by the USSR’s first hydrogen bomb in 1953, many
soil samples up to a depth of 30 cm were collected along a line perpendicular to the supposed
center-axis of the plume in 1953 and
their Pu isotopes and 'Y'Cs were
measured. Based on the measurements,

we discuss the spatial distribution of
the close-in fallout from the 1953 test.
Furthermore, we present information
on the neutron-induced radionuclides
2By and *’Co which were detected in
some soil samples.

The distributions of  "Cs
inventories are respectively plotted in
Fig. 2 for Sarzhal and Karaul as a
function of distance from the supposed
center axis of the radioactive plume
from the 12 August 1953 hydrogen
bomb test. All data are as of the date of
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Fig.1 Locations of settlements in the

Semipalatinsk historical cohort
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measurements (2007-2008).
Positive and negative values on

the abscissa correspond to the o~ . 137Cg [T R ——
distances from the trace E "o | ®Pointaverage (Geo.mean)
center-axis toward the @ saanl 5w
directions. F AN Sarzhal
In Sarzhal village, although € o o%%: 0
the inventories of these g 5000 | 0, ° '*Eg*’ o . o
nuclides vary largely, overall, 3 banl o :‘?2..: e
peak-like distributions similar & °s ;B.B 2 8o i, .oo'; Soet
to Gaussian function seem to 0 BLe. 0 e
be observed for both "*’Cs and - W . . by b

239,240p Distance from supposed cloud centerline (km)

u. Their maxima are
near the supposed center-axis.
It is probable that the '*’Cs and

#920py  inventories at the 16000 137 -

¢ : d 10.000 P Cs o Individual measurement
center-axis are azlroun 0, & e Ponit average (Geo.mean)
and 2,000 Bg/m", respectively, Z 10000 } iCarsal
and in the village where were o -
located at about 5 km away g 0® 30";
from the center-axis, their § - o ®o0g %0 °
inventories are, respectively, £ % %3 8,8 ]

. ] %o oe ° Bo
approximately 5,000 and © o g, B Toie e 8
500-1,000 Bg/m’. ? L8 ek oo o, g

On the other hand, in Karaul -10 0 5 L
village, although nearly the Distance from supposed cloud centerline (km)

same distribution pattern as the
7Cs and #*?*Pu inventories
found in Sarzhal was observed,
their levels seem lower for
each maximum. It is probable
that the real center-axis where
the plume passed is near the village several km away from the supposed centerline. The *’Cs
and **"Pu inventories in the vicinity of the village are 5,000-7,700 and 200-400 Bqlmz,
respectively. The 239290py /137 activity ratios in Sarzhal and Karaul vary in a wide range
from 0.1-0.6 and 0.1-0.3, respectively.

Fig. 2 Spatial distribution of '*'Cs inventories for soil
samples collected from 38 locations around Sarzhal
and Karaul villages. Average values (solid circles) are
plotted as geometric mean.

Neutron-induced radionuclides '**Eu and ®’Co were detected successfully by using extremely
low-background Ge detector installed at the Ogoya underground laboratory after simple
chemical separation. The 2By contents do not vary so largely, ranging from 120-184 Bq;’m?',
while “Co contents change in a wide range from 268 Bq»’m2 in Tailan to 23 Bqﬁ’m2 in Karaul,
with increasing distance from hypocenter. It seems likely that the %Co found is attributable to
Co which is contained in materials used for the hydrogen atomic bomb, the iron tower and so
on. These data will provide useful information on the efforts to estimate radiation dose to
the residents living in Sarzhal and Karaul villages.
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Uranium and thorium records in the Holocene high-resolution sediments from
Borsog Bay in Lake Hovsgol, Mongolia

K. MINO', A. SAKAGUCHI?, S. KRIVONOGOV?, A. ORKHONELENGE®,
T.NAKAMURA®, K. KASHIWAYA®, M. YAMAMOTO'

'Low Level Radioactivity Laboratory, K-INET, Kanazawa University, Tatsunokuchi,

Nomi-shi, Ishikawa 923-1224, Japan

2Do::part‘mc:n‘r of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima

University, 1-3-1 Higashi-Hiroshima, 739-8526, Japan

3United Institute of Geology, Geophysics and Mineralogy of the Russian Academy of Science

“Institute of Geography, Mongolian Academy of Science

SCenter for Chronological Research, Nagoya University, Chikusa, Nagoya 464-8602 Japan

6Department of Earth and Environmental Science, K-INET, Kanazawa University, Kanazawa,

Ishikawa 920-1192, Japan

Climatic changes occurring in central Asia have been
recorded in lacustrine sediments as variations of indices such
as diatoms, pollen particles, water content and chemical
fossils (Fedtov et al., 2004; Prokopenko et al., 2005, 2007).
Among these indices, trace element, uranium (U) has also
been noted as one of the most important chemical fossils
(Edgington et al., 1996; Goldberg 2008).

Lake Hovsgol (elevation 1645 m), the largest lake in
Mongolia, is located in the Baikal Rift Zone on the southern
fringes of the East Siberian permafrost zone and it is
connected to Lake Baikal through the Egiin River, a tributary
of the Selenga River. These features promise a sensitive
response to regional environmental changes in East Asia. It is,
therefore, of great interest to study sedimentary U and Th and
their sedimentation behaviors in Lake Hovsgol, considering
the unique aqueous chemical conditions such as high salinity
and alkalinity, and past changes in lake-level and other
factors.

In this study, an attempt was made to understand the U

&5

Lake

Map of
showing coring sites BBO3.

Fig.1 Hovsgol

depositional behavior as a link to the further possibility of U serving as a climatic indicator. A
sediment core (BB03) was obtained from Borsog Bay on the eastern shore of Lake Hovsgol.

By taking into account the BB04 core (7.2 m
length, already dated by “C) which was
previously taken near where core BBO03 was
obtained, the BB03 core is expected to retain
records for about the past 10 kyr, during the
Holocene period, and to be characterized as a core
having a high sedimentation rate (ca. 0.1 cm;y).
The concentrations of U and Th isotopes (*°U,

Age fyr C BP}
Y » B
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\ 4 sadimentation rale
0.13 emiyr
-
g Toc
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| & Wood fragment |

234y, 2°Th, 22Th) and some major elements (Fe,

200 4 L o

Depth [om]

Fig.2 Downcore distributions of the conventional "C age of
TOC. plant residue and wood fragment. The shaded areas
indicate a layer with sedimentation rate anomalies.

Al, Ti, etc.) in the sediment core BB03 were
measured along with '“C dating, sediment
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composition (organic, carbonate and
biogenic silica contents, etc.) and grain
sizes of whole sediment particle and
mineral.

The "“C age for TOC was 2.5 kyr BP
at the surface layer, and 9.0 kyr BP at
the lowermost layer. Small age
differences observed at depth ranges of
87-177, 504-802 and 981-1061
suggested the occurrence of some
climatic events that increased the
sedimentation rate. These events were
tentatively estimated to be 0.3-0.8,
3.5-4.0 and 5.5-6.0 kyr '“C BP by

Concentration [Bq/kg)

Depth [cm]

Fig.3 The depth profiles of **U, *“Th and
““Th in bulk sediments.

subtracting 2.0-2.5 kyr as the regional reservoir effect from '“C ages for TOC. The **U/**U
and *°Th/***U ratios during event periods showed a trend to move closer to equilibrium,

indicating that a large amount of
terrestrial matter deposited rapidly.

The discrepancy of the depth
distributions between ***Th and Ti or
Al suggested the existence of
authigenic ***Th in sediments. The
authigenic ***Th fraction estimated by
using Ti as the correction index for
terrigenous component was up to 80%
of the bulk concentration. The
existence of authigenic “OTh would
have a serious effect on U-Th dating
for lacustrine sediments.

The downcore distribution of
authigenic U estimated by using Ti
correlated well with that of bulk U in

sediments. The apparent distribution coefficient
Fe at present was estimated to be 10°° (log (YKd

Auth Fe [%]

TTTTTTTTTTY

Auth Fe Auth 28y

600
Depth [em]

400

with iron oxy-hydroxides was the main cause of authigenic U.

The U concentration in bulk
sediments was more likely to be
controlled by dissolved U, the
amount  of  precipitated  iron
oxy-hydroxides and “Kd"™. If the
UKd" values have been constant, the
U concentration of bulk sediments
could reflect the intensity of
chemical weathering of terrestrial
rock. However, considerin%J the
instability and variation of “Kd"
under the conditions of Lake
Hovsgol, further interpretation of the
variation of U in sediments will be
needed.
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Fig.4 Comparison of authigenic Fe and authigenic **U.

g”Kcho) between dissolved U and authigenic
‘0) = 5.5), suggesting that the coprecipitation
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Fig.5 Product of “Kd" and U, calculated from
authigenic Fe and U.
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Radium isotopes in Na-Cl type groundwater from the Japan Sea side of Japan,
Central Japan
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Masayoshi YAMAMOTO'

'Low Level Radioactivity Laboratory, Kanazawa University, Nomi-shi, Ishikawa,
923-1224, Japan
’Department of Cultural Properties & Heritage, Kanazawa Gakuin University,
Kanazawa 920-1392, Japan

Radium isotopes, mainly **°Ra, in groundwater have been investigated worldwide from
various viewpoints such as radiation exposure and behavior of Ra isotopes at oil- and
gas-fields, search of uranium deposit at underground, Ra isotope contamination of drinking
water (Vengosh et al., 2009), and natural analogue study related to radioactive waste disposal.
Anomalously high ***Ra concentrations over several tens of Bq kg have been often found in
brine and saline waters from oil-and gas-fields worldwide.

In Japan, *°Ra contents in groundwater have been measured from 1930’s, and many
studies have focused on the survey of radioactive springs or analytical methods. However,
detailed and systematic studies on Ra isotope transport into groundwater were very scarce.
Recently, with the development of more sophisticated drilling techniques, various types of
deep groundwaters have been obtained from deep wells over 1000 m in depth drilled in
sedimentary basin and coastal areas. These groundwaters are commonly characterized by
Na-Cl type groundwaters with intermediate salinity (ca. 1-36%o) and are considered to be
fossil seawater in origin from the stable isotope signature, which makes a better
understanding of the processes controlling 225Ra concentrations and ***Ra/**°Ra activity ratios
in these groundwaters scientifically very interesting.

In this paper, Ra isotopes (***Ra and *%Ra) in Na-Cl type groundwaters from Ishikawa,
Niigata and Toyama (Himi) prefectures, where
are located in the central Japan and face the 49000
Sea of Japan, were measured together with i
28U and *’Th contents of rock samples
(vertical borehole rock, rock from outcrop)
collected from each area. Transport behavior
of Ra isotope into groundwater was mainly
invesigated, based on 22°Ra concentrations and

8

Ra-228 (mBq kg'')
g

: 2 . on . . ' L
*»Ra/**Ra activity ratios in groundwaters, 1 -1 o ishikawa
and U and Th contents in rocks ol © Niigata

® Toyama (Himi)
measured. ,

Groundwater samples were approximately 1 10 100 1060 10000
neutral and their concentrations of total Ra-226 (mBq kg ')
dissolved solids (TDS), which were defined Fig.1 Relationship between 2*Ra and 228Ra
here as the sum of major dissolved ions, contents in Na-Cl type groundwaters

ranged from about 1-36 %o. Relationship
between “*°Ra and ***Ra concentrations in
Na-Cl type groundwater samples is shown in Fig. 1. The concentrations of ***Ra in the
groundwater samples ranged widely from 1.8-2143 mBq kg, and higher *2Ra concentrations
over 1000 mBq kg’I were found in some groundwater samples. Activity ratios of **Ra/***Ra
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in water samples varied from 0.32-12, and were similar to or higher than **Th/***U activity
ratio (0.12-2.3) of rock samples. It is worth noting that groundwater samples from Himi City,
Toyama prefecture, showed high “**Ra/***Ra activity ratio as high as around 10, most of the
groundwater being from 1-3. Such high 2%Ra/*Ra activity ratios in the groundwaters are
rarely seen.

Radium isotope are supplied into groundwater by multiple processes; (1) decay of
dissolved parent nuclides (Th isotope is considered as insoluble element), (2) weathering
and/or dissolution of aquifer rock, (3) o-recoil at water-rock interface and (4) desorption
reaction at water-rock interface.

For old groundwater, weathering and/or dissolution of Ra-bearing aquifer rock would result
in the lower “*Ra/**Ra (**Th/**U) activity ratio than those of host aquifer rock due to the
difference of their half-lives. On the other hand, a-recoil process would produce the same
**Ra/***Ra activity ratio in groundwater as the >**Th/*’Th (**Th/***U) activity ratio of host
rock. Desorption reaction at water-rock interface would reflect the same ***Ra/**°Ra
(**’Th/*Th and #*Th/***U) activity ratios in groundwater as those in rock surface. Thus,
a-recoil and desorption reaction are considered to be dominant processes to explain the
measured “**Ra/**°Ra activity ratio in

groundwater by assuming no retardation of ’ O Ishikawa

“®Ra relative to **Ra. Recently, some © Niigata ®»
researchers have pointed out the existence of &z * [ sl st s oo‘o
surface coating enriched in Th isotope at b4 é c% g
water-rock interface. It is interpreted as = o ! 00 z." =
given below. Thorium is extremely insoluble g Seo
element. Thorium isotope ejected into i ‘e 9'}?, o
groundwater by weathering of minerals I | & o ;{J -
might be rapidly precipitated onto the @ .
surface of aquifer grain due to their » L —
solubility limit. Radium isotope produced by 2 3 4 5

log (TDS), mg kg'!
Fig.2 Relationship between **Ra and TDS
contents in Na-Cl type groundwaters

the decay of such Th isotopes can be ejected
easily into water phase by o-recoil and
desorption reaction. Thorium-232
accumulated in the water-rock interface, therefore, might be acceptable and possible source
leading ***Ra/***Ra activity ratio in groundwater towards higher level.

As shown in Fig. 2, *°Ra concentrations in groundwater samples show a increasing
tendency with increasing TDS contents, indicating strongly that *°Ra concentrations in
groundwater samples are much more controlled by adsorption/desorption reaction depending
on salinity (Kraemer and Reid, 1984; Sturchio et al., 2001). If this is a main process leading
*26Ra concentration in groundwater towards higher level, higher production rate of Ra isotope
by a-recoil would be required. According to the equation by Kraemer (1981), such condition
can be readily attained if the layer of higher specific activity of Th isotope is present at grain
surface. Since half-life of **°Th (7.54 x 10" yr) is short compared with geological scale, the
activity of Th of surface coating might be supported by U isotope (***U and #%0U) in old
aquifer. Therefore, both salinity in groundwater and distribution of **Th and *°Th (***U) at
water-rock interface are considered to be very important for the transport of Ra isotope into
groundwater.
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