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Vertical distributions of 226Ra, 228Ra, and "’Cs activities

in the southwestern part of the Sea of Okhotsk

M. Inoue', K. Yoshida', M. Minakawa”, H. Kofuji’, S. Nagao', Y. Hamajima' and M. Yamamoto'
'Institute of Nature and Environmental Technology, Kanazawa University
*Fisheries Research Agency, National Research Institute of Fisheries Science

3Japan Marine Science Foundation

In the southwestern Sea of Okhotsk, circulation of water masses is markedly complicated
and variable. In winter, the convective mixing of surface water is believed to form an
intermediate layer. However, the vertical circulation characteristics have not yet been well
determined. In this study, we applied low-background y-spectrometry to conduct an investigation
of vertical profiles of **°Ra (t;,= 1600 y), ***Ra (5.75 y), and "*’Cs (30.2 y) in the southwestern
part of the Sea of Okhotsk, so we could elucidate the flow patterns of water masses in this area.

Samples and experimental methods: We collected 14 seawater samples (~60 L) on the
southwestern slope of the Kuril Basin in the Sea of Okhotsk (site SY09C; N45°01°, E145°01°;
1850 m depth) during the Soyo Maru expedition (Jul-Aug 2009). Detailed explanations of
experimental procedures are presented elsewhere.

Results and Discussion: The water column in this area is considered to consist of
intermediate cold water (ICW) (temperature of -1.8-+2°C, salinity of 32.8-33.4) (50-300 m),
transient layer water (TLW) (1-2°C, 33.4-34.3) (300-1200 m), and deep layer water (below
~1200 m to bottom) beneath the surface water (above ~50 m) (Figs. 1a and b). The variation of
?2°Ra activity in surface and ICW is small (~2 mBg/L) (Fig. 1c). In the transient and deep layers,
22Ra activity gradually increases from 2-5 mBg/L, reflecting the reserve of “*°Ra that is
continuously supplied from bottom sediment (and settling particles) and/or the long residence
time of deep layer water. **Ra activity in the ICW exhibits small variation (~0.4 mBq/L) after
the decrease from the surface (~0.6 mBq/L) (Fig. 1d). ***Ra activity steeply decreases in TLW
and is markedly low in the deep layer water (<0.1 mBg/L). The profile of **Ra/***Ra ratio
mainly results from large variation in the activity of short-lived **Ra, exhibiting a constant value
(0.15) in ICW (Fig. le). *’Cs activity in the SY09C waters also exhibits small variation in ICW
(~1 mBqg/L), remaining similar to the surface level, and it continues to decrease in TLW and the

deep layer water (0.5 to 0.1 mBg/L) (Fig. 1f). "*’Cs activity of the SY09C waters is lower than

_16_



that of waters from the Japan Basin in the Sea of Japan (the site SY09B; N43°00°, E138°00’;
3700 m depth; our unpublished data) at all depths and, therefore, the estimated inventory of
SY09C waters (0.7 kBg/m?*; 0-1850 m depth) is approximately 1/3 times that of the SY09B waters
(2 kBg/m?; 0-2000 m). This indicates that the water current from the Sea of Japan do not
contribute to effective accumulation of *’Cs in the southwestern Sea of Okhotsk. In the
northwestern Okhotsk, rapid sea-ice formation leads to production of dense shelf water (26.9c¢
maximum density), which directly joins to Okhotsk Sea Intermediate water (26.8-27.4cy;
250-1000 m depth) in the off-shore area. Nuclide features in ICW are plausibly explained by
downward delivery of ?**Ra and "*’Cs from the surface accompanying the convective mixing of
surface water, which starts to migrate from the northwest Okhotsk to this area, before/during the
homogenization by vertical mixing. Activities of all nuclides in the water sample from 500 m
depth remain at similar levels as those of ICW, suggesting that the convection of surface water

affects the upper part of TLW.
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Fig. 1: Vertical profiles of a) salinity and potential temperature, b) density, c) 26Ra and d) ***Ra activities,

e) **Ra/***Ra ratio, and f) "*’Cs activity of the SY09C water samples.
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Time after FP Induced U-237 Total Archive data Monitoring
explosion location
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Measurement of Global Fallout *°U in Surface Soil by Accelerator Mass

Spectrometry (AMS)
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Kenta MINO?, Jumpei TOMITA?, Masayoshi YAMAMOTO?

'Research Institute for Radiation Biology and Medicine, Hiroshima Univ., Hiroshima 734-5883,
Japan

’Low Level Radioactivity Laboratory, K-INET, Kanazawa Univ.,, Ishikawa 923-1224, Japan

3VERA-laboratorium, Institut fiir Isotopenforschung und Kernphysik, Universitit Wien, Wihringer
Str. 17, A-1090 Wien

Recently, uranium isotopes **°U (T, = 2.342x10" y, a-decay) has been recognized as one of the
“environmental uranium (U) isotopes™ due to the development of instruments and measuring
techniques of *°U, and applications which use *°U as proxy/tool for environmental and
geochemical uranium studies are developing.

The occurrence of *°U on the surface of the Earth’s crust is mainly due to four origins: nuclear
reactions of % 5U(n,y) mainly induced by (1) the (o,n) reactions on light elements such as Na and
Mg and by (2) thermal neutrons derived from cosmic rays, (3) anthropogenic >**U which was found
e.g. around nuclear reprocessing facilities, the vicinity of Chernobyl and the depleted uranium (DU)
contaminated areas in Kosovo at relatively high >*°U/>**U atom ratios from107 - 10, and (4) global
fallout of 2**U produced by nuclear or thermonuclear atomic bombs, in which the most significant
contribution will originate from ***U(n,3n)*°U.

Due to its low specific activity, 2*°U is not measured with sufficient sensitivity by conventional
counting techniques, but it can be determined by thermal ionization mass spectrometry (TIMS) and
accelerator mass spectrometry (AMS).

In this paper, we report the first results on global fallout **°U in surface soil by AMS. Emphasis
was placed on the evaluation of the level and depth distribution of global fallout **°U by using soil
samples, coupled with the use of global fallout "*'Cs and #****°Pu.

In February 2009, a 30 cm core with 4.7 cm in diameter was taken at the site named T3 in
Sakaguchi et al. (2009) at the forest near LLRL. The core was subdivided into 6 parts of 0-5, 5-10,
10-15, 15-20, 20-25 and 25-30 cm depth. The top layer (0-5 cm) of this core was soil of fresh
organic appearance and contains only a small amount of inorganic soil compared with the other
layers. *’Cs was determined by y-ray spectrometry using an Ge-detector. Pu isotopes were
determined by a- spectrometry after chemical separation and purification. For U analysis, a portion
(3-5 g) of soil samples was leached with 8M HNOj on a hot plate with continual agitation. The total
amount of solution leached was weighed and separated into two aliquots: 1) one third for
determining the total amount of leached ***U by a-spectroscopy and 2) two thirds for determining
the *°U/*®U atom ratio by AMS. For the AMS measurements of 2*°U/>*U at the VERA facility at
the University of Vienna, U in the solution was separated and purified in the same manner as above,
but without the addition of **U tracer. The sputter targets for the AMS measurement were prepared
with an iron oxide matrix by calcination at 800 °C for two hours after co-precipitation with Fe(OH);.
These targets were prepared with 2**U concentration of 2-3 pg mg™' Fe oxide. The resultant Z*U""
currents ranged from 20 to 100 pA, compared to typically 50 nA observed for pure U3Og samples.
To achieve sufficient precision of the current measurement, the integration time for Z*U’™" was
extended to up to 1 s. More information on the measurement of 2*°U by AMS is given by Steier et al.
(2010). VERA reaches an abundance sensitivity of *°U/>*U = 1077,
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Results on *’Cs, #"2*Py and U in the Ishikawa core sample are presented in Tables 1 and 2.
As seen from Table 1, 2°U was detected even in the deepest layer of 25-30 cm depth, and *°U
concentration was found to be in the range from 7.62x10° to 7.62x10% (atom g'), and
(3.85+0.63)x10"" to (9.24+0.43)x10'? (atom m™) for all of the layers measured. The depth profiles
of *7Cs, #”?*%Pu and **°U had a subsurface maximum in the 5-10 cm depth layer below the top
fresh-organic soil layer (0-5 cm), and then decreased steeply deeper than this depth. These depth
profiles demonstrate that 80% of the '*’Cs, 62% of the ***"***Pu and 58% of the **°U remained in
the 0 to 10 cm layer out of the total radioactivity up to 30 cm depth. One hundred percent of "*’Cs
and 98% of *°U and »*"**°Pu were in the top 25 cm. Considering these depth profiles, it can be
assumed that substantially all deposited "*’Cs, %*"***Pu and #*°U have been recovered using the 30
cm core. It is also noted from the depth profiles of the 2*°U/*°"2**Pu and #°U/"*’Cs ratios (Table 2)
that the downward migration behavior of *°U in the soil is apparently similar to that of >*****°Pu.
The '*’Cs is liable to be retained in upper layers compared with *°U and >*****°Pu. The accumulated
areal inventories of ’Cs, %****Pu and *°U were 4.340 Bq m™ for *’Cs and 141 Bq m™ for
2391290pyy and 1.48x10" atoms m™ for *°U. The ratios of 2*°U/"*’Cs and *°U/*°***Pu were (4.10+
0.12)x10° and (1.26 = 0.04)x10'"" atoms Bq’, respectively. These values are consistent with
previous measurements (Sakaguchi et al., 2009).

2394248

Table T Depth distribution of concentration and inventory for 'Cs, Pu and U in 30 cm soil core from Ishikawa in 2009.

Concentration Inventery

Depth Total W. IS?CS 239&240?“ 23&1: 137(:5 239?21(!1)“ 236{}

{cm) (2) (mBgq/g) (mBq/g) (atom/g) (Bg/m®) % (Bq/m®) % (atom/m?) Yo
0-5 1477 454 = 023 0.9 + 0.04 (L31£0.07)x10° 387 £ 2 89 763 03 54 (LI12:0.06)x107 63
5.0 5645 9454 £ 0.84 246 + 0.07  (2.84+013)x10° 3076 = 27 709 0.0 + 2.4 565 (9.2420.43)x10% 352.0
1015 75.60 1239 = 0.11 0.6 £ 0.02  (7.69:0.47)x107 540 £ 5 124 26.0 £ 0.7 184  (3.35:0.20)x107 189
1520 69.75 373 = 009 0.22 = 0.01 (3.04:0.22)x107 150 = 3 35 868 £ 03 61 (1.2220.09x10" 6.9
20-25  125.93 2.38 = 0.04 0.22 £ 9.01  (3.39:0.25)x107 187 £ 3 43 163 0.5 115 (2.46x0.18)x10" 13.8
25-30 87.55 N.D. 0.06 %= 1].[](]3 (7.62£0.12)x10° b 0.0 2.94 = 0.2 2.1 (3.85+0.63)x10" 22
Total r434ﬂ + 28 1415 £ 3 (1.78+0.05)=x10"

N.D.: Not Detected

Table 2 Depth profile of activity/atom ratios among "Cs, **'Pu and **U in 30 cm soil core
from Ishikawa in 2009,

Depth  Total weight Bpy /7 Cs BOy/MCs BT Py

(cm) ) {A.R)* (atom/Bq) (atom/Bq)
0-5 14.8 0.0197 £ 0.0008 (2.89+0.17)x10° (1.46+£0.10)x10"
5-10 71.2 0.0260 £ 0.0008 (3.00+0.14)x10° (1.15+0.06)<10"
10-15 146.8 0.0481 + 0.0014 (6.21+0.38)x10° (1.29+0.09)x10"
15-20 216.6 0.0579 £ 0.0023 (8.16+0.61)x10° (1.41£0.11)x10"
20-25 3425 0.0867 + 0.0027 (13.1£0.98)x10° (1.52:0.12)x10"
25-30 430.1 N.A N.A (1.3120.24)x10"
12219 0.0326 0.0006 (4.10£0.12)x10° (1.26:0.04)x10"

*: Activity Ratio
N.A.: Not Analysis

Sakaguchi A, Kawai K, Steier P. Quinto F, Mino M, Tomita J, Hoshi M, Whitehead N, Yamamoto M:
First results on >**U levels in global fallout, Science of the Total Environment, 407, 4238-4242 (2009).
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BAERRE Z AW HBIIKRICE T 2B HEABY OBITEBBIR

RREM | BRRG°, mEhs’, FRkkL . WEREMS, ILARKE
NHEE . emET!

'T923-1224 {)I|IREEETMGET &R KFE B AREEEREN % ¥ —LLRL
*T657-8501 fL/EEMF X ANEE 5 KERZEGEFIER
*T035-0064 FRARETOH AT B AR T R REES Rz ¥ —
'T305-8506 FIIES X/ ESLEREERF IR LS ER SRR FE e ik
T 840-8502 EEBMEETR AL EERKERE ST ERE L ¥ —
NAGAO, S., FUJITAKE, N., TANAKA, N., ARAMAKI, T., KODAMA, H., YAMAMOTO,

M., UCHIDA, M., SHIBATA, Y.
Study on transport of dissolved organic matter in the Tokachi River system using radiocarbon.

[1ZzTwic]

faiEk s O HEFE G S AR L OB A RY X, HIERRE COREFEBERICBWVW TEE
BT EEZ BN TS, FFICEFREAHEY D 40-80% % 5 5 &y T EME DA HEE CTh
HIGHEME (7 B, 7VRER) TS THY . REOITFEBEERLEEZ S Z EHKD,
T, BHEWEIIMEERA 4 L OEEAEREL. MEEZBEDOITY VT & LTEHAL., [k
K OIS 38U 31T 2 A ER (L SR 22 IS ICEES 5 L T 5, 8O LR SIS E, i
JIessk R, HEEEY O SEENET L, ERR~OREFTMPIEELRBRFHRE S E X
HNTWNWD, TD=d, HEREB TOWEMBRICEER2EE 2 H > TV D IEFIEREYE O,
BATEH L OEREZEET D ENEE LD,

A"C L8"°C B & A EDOE MR FIEL. B COREYOBITHELHRFTT5 ML —
=L LTCOFEHEPRESN, BEERY. BHEDE., BREBEEEMICER S NBEO

(Raymond and Bauer, 2001, Nagao et al., 2004,2005 &), AL TliL. BFAEY O KE 75 %
SO L EHEMEICER L, dbEEB)I O LR, s X O CERE L 72 B E O KU % IR
FEIRBEZERNMKLEZRE L, W FHRATOEEDE OBFENDL ., MEE LR L ERE
HBET D,

[ 35 ]

TR R ORI R E 1. AbiEE O+ B o R AE 12T 2004 45 & 2005 4ED 6 A |
TIOEERETIX 2003 9 A & 2005 6 A, +BJIFFRISAET 5 Ziwo/ M), BB T
2005 4 6 HIZ DAX-8 s 2 AW CiJIIKNOoBE L7 (K1), DAX-8 #iAFICRE L 7= fEHf
WKL Y A THBES Y, MR CpH LICHRE L., kT 5 7 I VB L RRICETET S
TNHRBRIZBE LTz, 7VARBRIITE DAX-S BiRICRE S, ZOMOEHY L BEL. BA 4
AR, BEEAZ AW THER L., BRI, BEZEEEERIC L 0 BRRORE 257,
C-14/C-12 ORPEIX, BARRF LB EEST RMERRE L ¥ — D oFEBT. KOETRE
WEZER OIS E B et 2 H L=, BIE L2 EIZA"C=((pMC/100)-1)x1000) & L TFE L7,
F72. C-13/C-12 DEIE X, BEHSITFHICIVITWSCIEE L TR L, BHEWEDORSE - KFE -
EFREEITTCHESPEHT IV AE LT,

[FE 53 & BE]

NN AR OFJIAZ X B (HA) & 7 VR EE FAREBOBEERIIK 2I1TRLE, +B
JINAT K O JEREE 1X. 8°C [EN-27. 7——26.5%0. A'"C fEIZ-247—+23%0 & LAY K % 72
TR Z R L=, WIAKDO 7 VREERIZT I VERICH TS CEIZEL . AMC EIXE W
Thol, LOELEBTIIAYCHER T T ATHY . BEBRLUE O EEY N HIE S MG
ENTWAZLERBLTWS, Z7IVBETITALRBOREZERMELPERSZ DT, 15
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N DOWHEMDOEWN, HDHWVWT, BEOEWVWABEEL TWALAEENREZ LN D,

F2. FBINTROBEDEOAYC EIZ7 I UBEE 7 AR LE HIC ERICETEL .,
THROBENN —FBRENMETH 72, ZOZ L1k, LS FTHWICHE FT 25 £ T, HER
e WEEDE T ~OMBENEMT L ENEILLND,

AEE
ABFFE T DBEPER R DO O —FIE, B AR F HAFFERR R O fa s A R IV THEME L7z,
L L TR 2,

SR

Raymond,P.A. and Bauer,J.E.(2001) Riverine export of aged terrestrial organic matter to the North Atlantic
Ocean. Nature, 409, 1707-1717.

Nagao,S., Aramaki,T., Fujitake,N., Matsunaga,T. (2004) Radiocarbon of dissolved humic substances in river
waters from the Chernobyl area. Nucl. Instr. Method Phys, Res. B, 223-224, 848-853.

Nagao,S., Usui,T., Yamamoto,M., Minagawa,M., Iwatsuki, T. and Noda,A. (2005) Combined use of A'™C and
§'°C values to trace transportation and deposition proceeses of terrestrial particulate organic matter in
coastal marine environments. Chem. Geol., 218, 63-72.
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FUSHE PRI 31T B B A fE & F VO 72 390 N RREPRL 7~ D i HH 22 B
ERRER L REHM !
T923-1224 AJIEEEET SRKFER B ABREN T - # —LLRL
M.Kanamori,S.Nagao
Transport Behavior of River Suspended Solids in Kuzuryu River Basin using
Radionuclides as tracers

LHIT®IZ]

Bl B IR RE~OWEEREIC B W T, IO R 7= HRENIIEFITREZ W, 7)1
TED AR R LIRS RL 7 & U TR~ SR S8 5, AR I 138k~
IRWVENRE L TND T B —ERICE T A2WEEROENF L5, 20728,
) SRERL DR E L R & 0T 95 Z LI L0 | R — iR oOmE#hELEET 5
ZEWTED, LML, BRIZEBWT, BB DOREICE B LTFgesiE 72
<, TURA 7 — )L TOMZEHIT E A EITOI TV W, RIFFEClE, EHRICArET
LIRS BT 2V EERE AT T 27201, HGHEFED "Be,210Phey,137Cs
ZRhL—H—L L TRFTDZ 2R, EFEO SERIIREND HEERRE LI
L, e BRI E L, FINCAMINTHREZIIRE L2WZ LA LN
TW5b, o, KFOMGIREORNEBRELNELRD Z b, ZOREZERICE
WT hb—%—& LTHWE,

[FFiE]

FLEA®E) KR IT 146 OXFNHER SN T
W5, AR TIL, EER O BB & JLEE
ENARFEO FHRHROL 1 HAIZB W CJIlk
) 120L % Pl BB B | EifeiE D2 v
TR D & BRERL - D I % 43 BlE U | S B2 )8
L7z, INH0OREZHEN LT-%ICE AL,
y BRARY R U —IZ LY "Be,137Cs K& (N 210Pbeg
EEEBEEITOT, B, RHEFRU T TH- T2

FLEEEN T

.
AN LTl B/NEH T EBRIGER O Ge ¥ \ L
B 182 % L RS HT 21T - 7o e

1 SUBEE) VI 31T 5B Bk A
[FE R L&
BREE OF] IRt & & REhL 2 OBRE £ 1IRT, LEEE)IITIE, REOHE
Mme & HITFESITHEMNT 228, Jit&E 130 m3/s L E Tl b Lz, — 5. BE
JITIE, REOHEME & HICABIHEMT 28 2R Lz, Ziud, fkELic
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7Be(Ba/kg)

MRS ZWILEERE ) INZ T, B )1 Tl A LB O EAE N 2\ oD IR DO H
ZEENEVNFET D,

NN OO ST RERE & BBk EOBGRE X 2 171, LEE®RE)I ClikkEk:
FEVEIML725GE. Be, 210Pbex OIRE HHEMT HMHAN RO, UL, 1B7Cs
DIRELEAL & BB EICHBEMEITI RO TREICEGR R IZE—EE L o7, £
HEF)IClix, BEBRL 1 & & BOTRER E I BEMEN R SR T3 RERL - E 1 % )
BAETYH., HETREEREOHEIIERD Shenotz, Tk, MENHEM L 2B+
BREENEML, 260 3EEORENEWVWTEOREBEENHENT H7-OFRIND
Zé. HDHINE, SEROBENMIWHENSDFEENRRKRIWZOTHDLZENEZLD
Nb, TO=, FLEAEIITIIRBREIC I > T, HIEREOR A0 BRI & L
THE SN Z ENEREBE 7oA EEXLON D, BT, JLEEEI & I13ER |
REBMELV O ITERENKRERERTFLR>TWNDEEEZZLNS,

IS OFERND | I AR S5 BRE R 1330 | TRIRBREE CK O G R & D 45
BICEEE L CEE T2 Z ENRAL NI T,

2000 800 350
® hEEE]I 300
1600 . A B
= 500 250
o —~
o
1200 A E ¢ S 200
X £ a
o [73
a 2 150
800 i A g £ 5 %
~ 400 { -
A A 5 100
L ]
400 x £ {
) 50
. ¢
0 ‘ J 200 : : : 0 : :
00 50 100 150 200 250 0.0 50 100 150 200 25 00 50 100 150 200
AR F=(mg/L) AR T E(me/L) BANTEme/L)

2 REERLIRE & O VEERE & OBk

F 1 JLEEE)I) I BERLF O B IR
£HL B B (Tg;%é) (nslz;ii) "Be(Bq/kg) 219pp  (Bq/kg) 137Cs(Bq/kg)
2010/6/17 83.1 5.6 454 + 49 400 =+ 34 9 += 2
7/6 165.5 4.4 276 + 66 367 =+ 75 8 += 2
gjjé 9/14 134.4 9.0 1546 =£ 48 565 =+ 21 18 = 3
ﬁ!‘i 10/26 71.0 3.9 147 + 18 331 =+ 9 8 += 2
11/22 45.2 0.6 1090 £ 105 453 + 83 9 += 4
2011/4/13 96.2 2.1 171 + 11 120 =+ 6 14 £ 3
2010/6/14  27.8 77 797 * 52 498  *= 23 5 * o
7/6 47.0 12.3 318 + 38 364 =+ 21 14 * 4
EE]L 9/14 48.2 23.2 599 + 29 408 =+ 26 18 =+ 3
) 10/26 48.0 7.2 1181 = 60 313 =+ 28 41 = 9
11/22 18.2 1.3 842 += 87 445 =+ 75 3 += 3
2011/4/13 104 8.2 597 + 25 336 =+ 13 15 =£ 1
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BRI EH ST AF v 7V F L —F 2L D Ge RHBOFHBRS DERE

1 B L
T923-1224 AJIEEEETRAENT &K B H AWEEREEE % — LLRL
HAMAIJIMA, Y.

Reduction of the cosmic ray components of the Ge detector utilizing the thin plastic scintillators for
anticoincidence
[F65] Ge RO Ny 7 7T RBKG)FKTD—2IZ, 2 WFHMBMZTD I 2 —hLFITH
KT oD, ZOMSERETH—FEL LT, E~VOIMUNZEE L FROT T X
F w7 FL—FP)EFKEL, Ge fRHER & OWRIKFHEDTRbiILD, ZOHFETIEPS
DHELN lkeps A LB N2, Ge DEDHEGZZ KT Z L0135, ZOMBEEERT 5720,
F7o, BERBRV ELZMICEIET 2 BT, Ge gz < ONMAIBRE~WORICIEAT S
WO PS, WREBNET 7 A /S—(WSF), /NUOKEFHEEE (PM) ZHWT Ge BHERH O
FHRREEBOERAKEZ ER LFEHHRH Y OBREZRAT-, 2008 EARSHE (1P22) O
KEREH e — AT LT — 2 LEITHET 5,

[#£&] PS IZ KURARAY # SCSN-81 7%
AFH #7272, ELIEN TECHNOLOGY
1 EJ-200 (180X 180 mm E & 3 mm, &' —
7ENWER 4250m (F) ) ITEFE LI,
PS EFHIZHE 1.2 mm #EX 2.0 mm OFE%
20, BICRON 0 BCF-91A (Ef% 1.0
mm, E— 7 R RE 494 nm (), BE
IRfE] 12 n sec, B3R 3.5m L E)WSF %
BmALEmIItax s 2 —%2m]Y 17
7. PSIIE(bT ¥ U KSRt 2 A L= 7
S IV A TEWESE L=, PM 130 < /N
DIEFATR k=2 28 H3165-10 (1/2 4 | WSF ZHA LI SO PS () & 5 KD CF 2K

FRNATANY KER, REEE NTEEL PM (P, &7 7 A —0D%h5E
300-650 nm, E—7% 420nm) C, SeiEc Wax g H— 2ROV — KEIZHV 54
Haxs Z—=WOMTFT=SEKO7 VT 757 A /3—(CF : B 1.0mm, &£ 80cm)Z HiaT
ARBICEE L, &7 7 A NRN—13ENF 2 —FITHEA LTz, Ge HHEHIASTT2 I = —H1
FOIXIE 2 st ZARHT D720, 2D WSF £ PS5 #8% 5 RO CF IZ#EHfE L7z, & PSHH D
EHIIMELLRY, ZOLDOEFEIBRNPAIELRD, LA IV TROERKEE
&L, FEiieCEESEE GERATZE) A3100 (2 AL list — R THIE L7,

(G L E2R] AT — %13 2008 SEICKRESTHRE L=, BMEE L PS, axs ¥ —,
7 VT 77 AN—IZLDMERE, MHIEEZ LD THET D,

PS RE DOIRHEE BLITo 72D T, REBIXFTHMRREERE L L CREyEREE L CHEMEICHE
RAFRETH D,
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5.24-27 ERHIZIAOCRP-3 (5 3817 VT « Ak 7 =7 MK it HRBh ik E RS ) |

(T%) =

6.26-7.3 REZIRIHE 15 FEFEHAYE P2 ERSHE ZIMD T2 AA o~k
5.30 MFERT Hdw R 1IE K Bl K KL I F1Eh K FRfT b A
7.8-9 | 9.13-17, 12.7~12, 23.2.14

(W) WP EBRBERFET RNl |15 K ERBFZED 72 kit
7.21 AAFFOWIFERREMER B BRK, SPE AR, B B FiE B,

HALKR: B Wk B KK WFSEfT b abE
7.29 A)IEKERGEZ— bR £ K, | EE K & B2 K HETbabt
8.1-3 BRETHUNHE - MM E O PP (4
8.30 FINHMSAN BT SW MM K P LA DY
9.13 [EEREMFEFT RE He K T H 5 bE
9.19-29 (LARZER [0 YV EEZERY B FE R O IR S o HEERHIEE .,

The IV International Conference on "Medical and biological and radio-ecological

problems on uranium- and oil-producing regions"Z D 7= 8 B 7 A & L SLFnE~HE

10.6-10 EJR#HIE ., KEHELHFZEE [The Tth East Asia International Workshop Present
Earth Surface Processes and Long—term Environmental Changes in East Asia] &0
D7 R E I iR

10.13-15 KRR 5 BIHERGIEE Y ANV w A Gl 2

10.17-20 ER#F. HAEE LS [The 4th International Symposium on Environment of
Rim of the Japan/East Sea] ZIND7- OikE~HE

10.23-30 # EBh# [Environmental Radioactivity 2010 &ND 7= A Z U 7 ~HE.

10.25-30 %2 8% [Environmental Radioactivity 2010/ B MDA % U 7 ~HiE.

12.1  EATBEEERGER SREME 48 %8 K IEiTba bt

12.2  ENAEBRY M B4 K T b hE
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12.14 HPE LR 3 4R 43 /458 B/NEM T HIEE R
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1.11-14  |UAZERRZ 1 16 ML BEERS VR YT A—)R B OB & BEE 4 25 RE—)
(= 85) 200
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