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Large amounts of 137Cs released from the Fukushima Daiichi nuclear power plant are
continuously entering Lake Kasumigaura (Ibaraki Prefecture) from surrounding rivers,
which could pose a potential radiation threat to drinking water safety and local fishing
products. Given that more than 95% of 137Cs in rivers are tightly bound to suspended
sediments (SS), understanding the dynamics of particulate 137Cs input/emission and
the mechanisms behind controlling their transport is critical for the region. Land use is
often considered a key factor affecting sediment yield and 137Cs inventory. Especially
during the rainy season, its differences in soil erodibility can be greatly amplified, thus
altering the supply of river sediment and the discharge of particulate 137Cs. Significant
differences in land use composition have been identified in two sub-basins adjacent to
Lake Kasumigaura (i.e., the Koise River basin and Sakura River basin), but due to the
lack of long-term river monitoring data along the Kasumigaura Lake area, it remains
difficult to evaluate the effect of such land use differences on sediment supply, river
suspended sediment and particulate 137Cs fluxes. To fill this knowledge gap, we
conducted a six-year monitoring campaign in two sub-basins (i.e., Koise River basin and
Sakura River basin) and combined hysteresis analysis and 137Cs tracing to specifically
explore differences in sediment supply and transport across land-use basins. We found
that sediment loads were more significantly correlated with discharge/rainfall in the
Koise River ( a higher proportion of forest fraction), and the dynamics of particulate
137Cs were more consistent over the same period. In contrast, the control of water
flow/rainfall on sediment transport with 137Cs is relatively weaker in Sakura River (a
higher PFU fraction). Hysteresis analysis shows that the frequency of clockwise event
(CW) in the Koise exceeded 50%, while the figure of eight (F8) hysteresis occurred more
frequently. We thus hypothesize that rainfall promotes sediment outflow from the forest
edge in the Koise catchment, while the Sakura catchment has more paddy land, which
leads to a more complex sediment composition due to its higher connectivity. To further

study the location of sediment sources in two catchments, we propose a novel index to
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describe the spatial distribution of 137Cs loss using meteorological radar data, quantified
land use, and 137Cs inventories. We found a significant positive correlation between this
metric and 137Cs dynamics in the Koise, rather than Sakura, which well-supports our
explanation of highly 137Cs contaminated sediment in Koise mainly from the forest.
Overall, our results suggest that forested areas in Kasumigaura lake may continue to
discharge particulate 137Cs in the future. Moreover, the new index would be a useful tool

to locate the potential sediment sources and benefit future catchment management.
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HK 2B L, KEIE % B3 2 % E 2 HollHic s v, Hi T /KOS LB
DIFALREECTH 2. [IHERELICE T 2 Tk e FKOHEER D% < 13, MK
% T & % hyporheic zone (GHIK[EFGE/KIK) OF TR I > T3 2 &L NT NS,
ZDOHRTY, AP HRDS X7 8T X o TEKERE & W R % FEo 1l
MR C X, SBHMTKBREBICHFS LW EFHINE, L2Ladb,
hyporheic zone &MEKDHAFEHDOWIETHWONTEZ XS REEBHFAA Ve
ED ML =Y —TIHABRM TKORHZHBEICOR T Z LR TE AW LBBRTH 5.
EHRRIFEIN A TH 2 7 F v (Rn-222) 1%, EHBH D 7 27 L (Ra-226) D HUEHERRE#EIC X
o THL F/KICHERG S, A2 3.8 H e\ wiz0, HiFKE DREEIKE W, 20D
728, Wk EMEKOMEMEHZFHET 2 L —F— & LCIERKICAMTH S, £
T, AWFETIE, BRI Rn-222 % P L—F— & LTHW 3 2 &C, IIHBIRTRE
ICH T 2 H T K Rn-222 IR DR - R AR L, MK & LK BRI 2 H &
PICT BT HEME L BT MR BRI E VN LEK<cH 5. < oHilId R
cEbLTEY, AR LA TH 5. HITK - FEFKEERIRL, Rn-222 BE,
F - KBRLEFNRL, FEEGFEA G VIREZO L. KB T, KEPHE
F - OKBELEFMAL CIIEECTHERIC X 2HDENIZIZE AR ONRD 5 7273,
Hi 7Kk Rn-222 R, fERass o AL - BB L W BRSSO EE R L2, A
(2007) TiF, ELEE L ~HIcE T D Bi-214 DOEHREHECE % ik L 72 #5158,
JEfbic & - T U-238 oML L 2R Lz, 2D ehb, Shassadl - B
NCEKBEDE N L TEAD» D DTLREBEHPET L VS B X B &, KITIE
EEAEWPTND 20, ERBERTH B RN E WV EF X bz, AT /KO ER
IK~DFEH I, KE PR - KELERIGLAR L TR IC X © & 722> > 7. Rn-222
HEEICEWTIE, EAKADERKTIE Rn-222 B I N o 72, KECEES - KE
LRI B W TIE, Bk EEKIATIZE A LB D - 72720, Z ORI
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I X 2B~ D Z It W HERE Y > SIS T 2 REER H 5, T X ) TR
DD, G E N E T ICOE WS ER BUN 't XAFS it 2 v T BREEEUR
HCOILED D FL_ADEREFIZFH L, X0 REN AR APIERICHE DT AE
It v 2 —ic BT 2 TCRIEIR O FEE PRV EZRE L T & 72, NEIE2Y X —T
PRHL L 7= HERE IS0 3 2 RAL - iSO 7 KB 2 e U 7= St co i SRR < 1, HERED)
HFIZ% L TN b8k Fe) DL AIREDE(LD As © U OFEicKEApEL2 525 C
ERREINTE, ThHIEAFREEY 2 —DHREYICEWT, Fe 357 74 b
(FelICO3(Sid.), B FCT%E)., 7= U4 K74 F(FeEOOH-nH20(Fh.), K& FT
HZE), 7 —% 4 b (a-FelllOOH(Gt.), K5 T TLIE)D 3 2D LA fCFEEL. K
HOREFEIEE O _EFICEWHEREY T O Fe DAL 2 iz & 3 o §aH~ & 21k
L., ZORICAs ZB B LD TIE RV L W) T L TH 5B, FEiTi5E(Guo et al.,
2013) X v, Sid. 25 Gt~ LGP ZE L T GEFRICEWT As DA RS 2T
52 lpEINTNE, L LRARDEREEICT I OBRREAMRL W58 IR i<
Bl FEEFDAARLIIRE S o Ty, AR TR, AJBHEE Y 2 —HT
PHLL 7= R ~D As + U OWGE - iE DL SOG % . IEEIER IR 2 28 2 T~ 7z,
TR % P 72 p-XAFS i X 0 HERR)ICiERE & v 5 Sid. - Gt.-Fh. o Fe SE¥HH I
As & U (387 205 -FEEIRECHET 2 2 e B0 o 72, % =R HERTR DRk
DI L D, Fe OfLFERIIPAT TIIED Hwv—7 ., KT TREELM 7 fligic 2
b5 MR IN, MATENERLY, KATTSid»b G~ Z{bd 5L
D As OWE T LFEEGIREEDZE(L #~7-& 2 A, Fe i ZLIC X D As DU
Mg b 2L, As OEBR FR L7z, 2o DRI, ABlEX v 2 — 120 T
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HoBITHEREE AR L 72 Sid I KA TFICT Gt~ Zb L, 20T 3 As i
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Tokunagaa, K., Takahashic, Y., & Kozaia, N. (2023). Arsenic and iron speciation and
binding in the surface soils in Ningyo-toge mill tailings pond using X-ray absorption fine

spectroscopy. Journal of Nuclear and Radiochemical Sciences, 23, 14-19.

Y-7



Y-23-05

Effect of yeast-based magnetic nanocomposites on trace elements levels

in water at old uranium mill tailings site

K4 : MAAMOUN Ibrahim
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1. Bk
Ningyo-toge mine, located in Okayama Prefecture, was used for uranium mining, milling
and refining for around 18-20 years, until it was closed in 1982. The site is disclosed as
radiation area, originated from the mining residues discarded and left after closing the
mine. Currently, the Ningyo-toge site is planned for cleanup and the prevention of any
future environmental contamination. Applying water treatment technologies in the site
(e.g., Ba sulfate co-precipitation, and natural attenuation by ferrihydrite) can contribute
to lowering the levels of trace elements of main in water, including uranium (238U) and
arsenic (As). Meanwhile, yeast cells have been utilized as biosorbent for the removal of
heavy metals, dyes, and organic compounds from wastewater, owing to its low-cost, easy
production, and high sorption abilities. Correspondingly, magnetic nanomaterials (e.g.,
zero-valent iron (Fe0), bimetallic Fe0, and others) have shown remarkable performance
in reducing 238U and As concentrations from real Ningyo-toge water samples, with
removal efficiency > 90% (ERAN-FY-22-03). Hence, in accordance with such research
aspects, the main aim of this work is to investigate the effect of yeast-based magnetic
nanocomposites on lowering the trace elements levels in real contaminated water from
the old uranium mill tailings site. The yeast cell suspension was used for the synthesis of
yeast-based magnetic nanocomposite via chemical reduction of iron precursors,
considering two approaches (i.e., pre-synthesis (annotated YFe0-Pre) and post-synthesis
(annotated as YFe0-Post)). Batch experiments were conducted using the synthesized
nanocomposites for the simultaneous removal of 238U and As from both synthetic water
(initial concentration: 10 mg/L), and real mill tailing pond water (initial concentration:
20-238U ug/L and 7-As ug/L). A dose of 0.1 g/L yeast-based magnetic nanocomposites
(YFe0-Pre and YFe0-Post) showed faster 238U/As removal compared to that of bare Fe0,

yielding full simultaneous removal of 10 mg/L initial 238U/As concentration. FTIR
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spectra of the freshly synthesized yeast-based magnetic nanocomposites showed an
abundance of amide I/II groups in both YFe0-Pre and YFe0-Post, which could have
contributed to better adsorption of 238U/As species. Unlike YFe0O-Pre, typical Fe0
crystalline peaks were not maintained in the amorphous YFeO-Post, resulting in better
238U/As simultaneous removal efficiency, which was depicted by XRD patterns.
Furthermore, the XRD of spent YFe(0-Pre showed several peaks attributed to iron oxides
and U/As-Fe complexes. In conclusion, the synthesized yeast-based magnetic
nanocomposites showed enhanced performance in the simultaneous removal of 238U/As

within real mill tailings water samples.
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1. #5558 The southern Okhotsk Sea is an excellent fishing ground, producing 352 kton
/ year of scallops, crabs, salmon, etc. Fed by the Soya Warm current (SWC, high salinity)
and the East Sakhalin Current (ESC, cold and low salinity), surface water of the southern
Okhotsk can be grouped into Coastal and Offshore areas. Previously we found that 1291
is carried southward by the ESC. Likewise, in the surface waters 1291 (Offshore >
Coastal) anti-correlates with salinity. The Cold Water Belt (CWB) is formed by the
upwelling of cold subsurface seawater. Hence, the CWB exhibits high biological
production (Mustapha and Saitoh, 2009). The formation mechanism of the CWB have
been studied leaving 2 theories: 1. The upwelling due to resonance and 2. The elevation
of thermocline through baroclinic-wave adjustment. However, both theories allocate the
source of the CWB before and after Soya Strait (at the intermediate cold water, ICW),
respectively.  To elucidate the nutrients’ cycle at the southern Okhotsk Sea, it is
indispensable to clarify the formation mechanism of the CWB. After an identification of
the different water masses based on their physical properties, we found that 1. The
highest 1291/1271 ratio was observed at OSW’s subsurface (1.33-1.53 x10-10), which is
modified by Sea Ice melting. 2. Dense-SWC, as Japan Sea’s winter-mixed water, has
higher 1291/1271 ratios than SWC, but lower than Okhotsk Sea surface water (offshore
area). 3. It is likely that ICW do not have a high 1291/1271 ratio. 4. The CWB had a low
1291/1271 ratio (< 1.10 x10-10), even lower than ICW’s. From the difference in
1291/1271 ratios of the endmembers, it can be concluded that the formation mechanism
of the CWB would be the upwelling of Japan Sea’s subsurface waters due to resonance.
Such mechanism has been previously theorized as follows: when a stratified barotropic
flow passes through the shallow (50 m depth) Soya Strait, internal Kelvin waves cause a

nonlinear resonance with the seafloor, provoking a large boundary surface displacement



that causes the lower layer to rise (Mitsudera et al., 2011a) at the Cape Krillion (at the
left respect to the passing flow), whereas the baroclinic adjustment generated after the
strong upwelling causes a strong baroclinic jet in the surface layer along the SWC axis
and a dome-like structure in the subsurface layer (Mitsudera et al., 2011b). A further re-

analysis will be performed when chlorophyll-a and macronutrients data becomes available.
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Mundo, R., Matsunaka, T., Nakanowatari, T., Taniuchi, Y., Inoue, M., Kasai, H., ... &
Seiya, N. (2023). A review of the oceanographic structure and biological productivity in
the southern Okhotsk Sea. Progress in Oceanography, 103194.
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7y 7 LT, SRETHTE OEILEE 7L - BINAEMBTE T I X Y 1291 OofAT -
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KHJKFRICE T 5 2 LRI 51 % A~ DBEH € & 7 L OBFTR IS O fig
B K4 R ZAWIEE BB LRSS - BRMEN. 1LY, BRSSP
i 5 56— R D Filte . KR O —E W - 8 Tl AR 72 B AEEE IC B T 2 BEHE Cs
D FHEME 100Bq/kg-wet % 2 % AREDHER & T B, IR O fRFR & ORFEIY 72
MR e 72 JR G E D AR & it B 720 1 1E, PIKIEZERER N T D 137Cs DFEAT -
ERERN A NEST 208D H 5, AWFFETIE, Y~X - 7D 137Cs BEE & IEDH
BADSERE S 40T 237K (JibK 2019) 1ICEH L. k2 & fafi~o 137Cs T - &
BRI Z RS 2720, BN 5 HIEICEH T 2 137Cs OFIKERE & v 2774 L2
PRI B O L2 U D SRR IR R R R L 72, 2013~2022 4EFEIC RPN 5 1A <ol L %
WCY A RBHT S L L IR BRI 72, FAEFR X, BT Tk 2014~2021
R, BREAClE 2013~2021 4FE, BEEF X L Cld 2013~2016 R, KAfix <l
2014~2022 fERE, B & LTld 2017~2022 FFETH o 7=, L 727 74 T2 E.

R, RERUHAR O 137Cs BEZMIE L, BRILL 727K IZ7AFRED 137Cs IRE %
HIE L7z, 228 20cm Kiii D 7 74 L IKEFEICO W T, 137Cs IBE DL 5 & Btk
iRt U7z, 137Cs IR DRI & 7 7 4 AR EZ B L, 2 hThok
X & RN OB CHEHET 2175 2 L CHERL 72, I b, EET L DR TD
BRI L, ko 137Cs B & OBIfRZBET L7z, FiBEOWkigFREL v
7' A D 137Cs R IR OfRE & & HIT{E T LTz, 137Cs DI & &
7 A R EIIA O R X A i L 7258, 538 0 H. BoTil, B X Lo 2380 °F
DR BTz (T, p<0.05), IARIC 31T 2 AR & v 77 A4 A RE2ER
W, WK CRBOTIA — B X L, KA & o, B Z L, v 7 4 TRBOTI — 1)1 &
L, G- B X L B X L TERRD b (ke Y 74202 1089
3y ST, p<0.05), £ L DD T ORMERE (aCR) ZRD7HER, &
KB L 2022 FEFE O Kifi £ 20 13,569, f/MiElx 2017 FEORFEH D 503 & 7% 5 7z,



WAKHRHA & v 27 A EREE R0, B O IEMERE (aCR) 1EiBIc L > TRE 2
TEDRIN, WK S Y 24 ~D 137Cs BT - ERRIITINE & iciET 5
EVRETH D EEZ LN, FklE, 137Cs BEICIES2E A 5N 52K 20cm
AEDERICOWTHFEET 20HLEH 5, £72. v 74 ~D 137Cs DBEITIZIHIAKLL
NLWEL TV Lrb, BHAEYEDZ OMOERICOWTHBETL T,
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BERNRIEIC I T 2 KEEY OBE L > v LRE L RV OBER

K4 0 A it
ZAWSEE « FIH B
1. BR
B RAINEIC B 2 AR OCERAED O E > v ZRE K4 04 Mt 2
ABFFEE « fIH B RS ArE 3 2 PSRRI < B 2 I 3. B
Gk, WKL) Ottty v 4 (v 4 137, LU, 137Cs) B BHE T 21
S ANEE (LU, AMEE) &L TRV ERIC S 5, 72, AXF Lateolabrax
japonicus @ 137Cs B IZ B M OIAEE X Y HIEFITUEWIRIETIEH 2 28, FMHH X Y
HIIFHCTHO T ICm W EA2 D 5 ()11 1.70Bg/kg-wet, 7K 0.98Bq/kg-wet) .
ZOEBEL ZERICOWTREEDH A OEETT 2720, WL MEEcoORX*
K OZNENOHHRO RV EY 2 N RICHE 21T o7, 2019 4£~2023 FFI1T21F T,
HNIHE & IS B3\ TR X F R OBIRHEY) % 840 L . 137Cs IR D JIE K O H 3 - %
FRREFMAL (§13C KU §15N) OO EfTo7, AXFICOWTiE, &F.
R, REZHIE L, BNEYOBIE21To72, AXXOHNEYOHBKIZ, i
TIRAEHST9% (b AR IF AT 34%, =472 15%, % DflhaE 30%)., )]
IR 77% (5 b 7 I8 45%, T v 19%, % Ol H#HE 9%, 77 =% 4%)
TH Y, SR EIHTIEENEYOMKAKE L R > Tz, WITHICET 5
BEEMEYI D 137Cs IO WTCHERICH ZICHE L 72, TvHoavF ARy e
1% 0.48Bq/kg-wet, H=FAD XN/ 7 7% 4V H="7T 0.43~0.91Bq/kg-wet TH - 7z,
MNEHO AR FicowC, FIH. WlgaT. 5. KRMNED 4 #5159 T 137Cs IR
% Wi 3 % & FIHIZ 0.6~2.68Bq/kg-wet, Mil#RTIZ 0.52~11.7Bq/k-wet, =11 0.78
~3.51Bq/kg-wet, KM F 0.63~3.3Bq/kg-wet TH v . ML IC 1ZEE D WA FHA
LT3 S CIE S TE Do, AXFAEE L THVERR IR N
LhEZOND O, EREY E A CER L 137Cs IBEE T 2 & & BRETL
Tw3, CNRERMELIHOREE, IH ORI AEY D § 15N 1% 9.84%0 TH4iFD
2R % DEEIAEYITH B 47 2% (5 15N:9.04%0) LT ETH Y, 6 13C 13— 14.45%0
TIIHD AR F (513C:—15.50%0) XY bEhoTz, DI LLIEBTKEL -
AR F (513C:—17.08%0) 2SAJIEICEA L, BITE O BEEEY) (6 13C:—14.45%0)
RIBEHT 2 -0 MIHETERlE N S 2 X% (613C:—15.50%0) D §13C 234MEX Y B
El B DRI NS, T2, 613C & 137Cs IR ICTFOMBERH 2 2 & 225,
HREHR X O AITHECEIB X 112 A X F @ 137Cs IEEAE W OIE, BHED0ENICE S D
DIZLRBI NI,
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1. AR
PEIRICVLE L 72 137Cs oI & R L CHUKIR R RIS~ LA T 228, %
DM 7R BB I X R 23 B % . BEAERFZE T IR BREDK D 9 bR~ 4 7
o g (SML (Sea surface microlayer), 7KFEM2*S Imm £ TOfE) KUFEHSOET
K OKEER 0.5m) ICEHF NS 137Cs I IX, BB EREEO W Ld SML AE
TKIDENZ &EHEINTWS (e.g. Calmet and Fernandez 1990), AHFIE Tl
BREKT D 137Cs iR O A Ic 5720, 20224 10 H 14 H A& 1) KU 2023
10 A 11 B GA#E 2) Il o N TEHRE 1 #im1C 35> T SML S OVE 7K % $2HL
L. AR RRED 137Cs IRFEE R HIE L7z, SML I3BRKER %2 Fl v TRy 6 BERE 2> 1F
TERHLL . ETKIE SML REUD Hijf2 I AR K 8 &2 F VTR L 72, BREDKEURHE
0.45um 7 A VX—=ICXYABEL, 74 VX —% @l 72d DEIRFRE, 74 04— L
IR L2b o2 RERE L LTl L 725, IBFR8IL AMP IRIEEIC K VLB L, Zh
Z3 137Cs WEZHEE Lz, 72, FAHSICE W CHHER ICHEREY 2 5L 72, HERE
P EHI | A1 X 0 BiKULER % 17 5 72 #4. 137Cs I D MIE 217\, [Falklo & H
HUZZEERE2HCCHEREY 0 0 137Cs BEICHE L2, SML OFE Y- D
137Cs IREEIZE /K X 0 b A RE(SML:11.3~11.6 mBq/L. & F7K:4.69~11.0 mBq/L)
JOERERE (SML : 13.3~25.6 mBq/L, E F/K : 1.91~5.40mBq/L) & b I &\EHR
DR T N7z, IRMEGREL (SML / ET/K) 2R L THIRLZZE 25, & 1 DR
REITFE 2 L 0 DIATRE (I 1 :2.05~2.48, F#E 2 1 1.03~2.11) LU @kiEmE Gi
1 :8.09~13.4, FFAE2 :2.46~4.12) Ly iITEEHASHER S -, $7-. BiEkE
DEFEY 7Y D 137Cs EETH FEkOMEM A4 5 1, SML Tl 513~882 Bg/kg. &
Tk Tl 423~588 Bq/kg. IEAEIREUIFHHE 1 <k 1.50, ##E 2 Tlx 1.15~1.21 TH -
7o HEREMI D 137Cs 21X 18.3~22.5Bq/kg TH Y, Hilhe (EEY7=V) D 137Cs
BEX VAL P ITENETH 2 & & RS iz MBS T 2 HERH O 1 5
MW T —2 Lk LzE 2 A, #AE 1 LRIH O 112ecm, 101em, 94cm,
94cm, 103cm, 117cm, 133cm &AL, 5l E Wi bMOFELZ T CTWb EE 2
b, FE 2 oFHO#EIN X 47cm, 53cm. 67cm, 85cm. 104cm. 120cm, 129cm &



EHL, MbMOFEDARAZITITEEEZLNEZI L L, BT X 2H)IIKPifK
DIAD R OPFEMOEDER O —> L E 2 bz, Stklt. BIEHHR K.
o) LU TS 2 & & bac, 51 WIS, B EIREIC o1 72 SML B Z 1T 5 &
&C, WIC X 2B DL FEHEICONTHMEEL T <,
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L. Bk
In response to concerns regarding radiation exposure, particularly in regions like Japan
where dietary habits significantly contribute to internal radiation exposure, recent
research has focused on unraveling the dynamics of 210Pb deposition. The Sea-of-Japan
experiences notably high levels of 210Pb deposition during winter. This has led us to
conduct a study aimed at elucidating its deposition mechanism. To address this, a
combined WRF-HIRAT model was utilized to simulate atmospheric dynamics and 210Pb
deposition across the Northern Hemisphere. The simulation spanned from 2012 to 2015,
focusing on understanding 210Pb residence time and deposition flux. The results of the
research revealed significant insights into 210Pb deposition patterns. The model
successfully replicated observed deposition patterns across the Northern Hemisphere,
particularly along the Sea-of-Japan coast. Analysis showed distinct variations in
deposition patterns based on season and latitude, with winter monsoons significantly
impacting deposition in Japan. Mechanisms behind high deposition in the Far East-Japan
region were also elucidated, attributing it to the transport of 210Pb from upwind
continental areas. Overall, this research marks a significant advancement in
understanding 210Pb deposition dynamics. By mapping deposition distributions,
analyzing seasonal and latitudinal variations, and uncovering deposition mechanisms,
this study offers valuable insights into radiation exposure in Japan and informs strategies

for mitigating internal radiation exposure risks in affected regions.

2. #wxX



Y-23-12

Study on Influence Factors on Radon Exhalation rate from soil - the improvement of

accumulation chamber technique and back diffusion effects

X4 : JIN Qianhao
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HEWTEHE - Gl %5h - ik &

L. Bk
Study on Influence Factors on Radon Exhalation rate from soil - the improvement of
accumulation chamber technique and back diffusion effects Qianhao JIN, Akihiro
SAKODA, Takeshi IMOTO Report In this research focusing on the potential
environmental parameters influencing the measurement result of Radon exhalation rate
using accumulation chamber technique, we have conducted the a long-term in-situ
continuous measurement of Radon exhalation from outdoor soil surface in Ningyo-Toge,
Okayama Prefecture, where nearby the closed Uranium mining site. By parallelly
measuring the soil temperature and soil water contents of the soil surface in and out side
of the accumulation chamber during the continuous measurement, it has been observed
that these two considered parameters shows 1-2 hours lag inside the accumulation
chamber comparing with the outside environment. After precipitations, the water
contents of soil inside of the chamber reduce slower and cannot recover to the same level
of soil water contents of outside environment. As in past research, soil water contents is
one of the important factors affecting Radon exhalation rate from soil surface, and
showing inverse-correlation with each other, same as the result in this measurement
presented. This illustrated that during a long-term continuous in-situ measurement of
Radon exhalation rate from soil surface wusing accumulation chamber
technique (ventilation type) without enough refreshment of covered soil conditions, after
precipitation, the measured result cannot represent the Radon exhalation rate from soil
in this area. We also compared the model corrected result through the temperature and
water contents of soil in and out of the accumulation chamber according to past
laboratory experiment with in-situ spot measurement of Radon exhalation rate on
uncovered soil surface. The provided model shows a slight effect on decreasing the

scattering of the fitting data of Radon exhalation rate, but shows a good result on fixing



the data of special situations of sudden increase of Radon exhalation rate in the beginning
of precipitation. Based on the result, we noticed that the model according to the past
laboratory experiment cannot correct the influenced data sufficiently. In the future
research, the correlation between soil conditions and Radon exhalation rate will be
continuously researched both in laboratory and in outdoor environment, to provide

improvement strategy on Radon exhalation rate measurement.

S
i}



Y-23-13
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. AR

Vi i PR 0 [ X S 2 o ] TR P v R s 1%, IR C I3 AU 0 5B S & 28
& 57 L (e.g. Tsudaand Ide 2005), BEn7-EW%HEE+Ry P ARy FTH D]
BEVER SV, — T, TR OHIKCRIFERFROFEICLY, v IFHE T Lo EYREOME
HWEBELLET L2 WOEE XS 225 (Mpller et al. 2013), D FERE, & Ik
R NI D ML B GRS 13+ iciHii E hTwn ey, % 2 TARIfgEC
i, I 2 Mz A IBI0e 7T v ENRIC, AHURICE T 3 REOEGHE
EERFHET 2 2 &2 AN, DOf#EES XY v 7ARE, 2) EMEEARNT, 3)
EEIRN - AMEHISEN & ok ZfTo 72, BB L OCREFT25725 27T, Lk
il 2 FIC oW TR AR L 20 E s X O - )T D BRE % 15 5 RN
i CEML 7, FELEY Y 7 uh 5 DNA 2L, BMEET2Itav Y7
DNA i 2T, COI (Folmeretal. 1994) ¥ X 1f 16S (Simon etal. 1994) fHEIk o K
fAfgs % T, BT —2 2B L7, £ LT, KIFFeEE S caE&Hchli&H
H-REL T2V A IBIRe 700 2 MoEET—2 &AL, £HE
(BRI 2 T\, 150 2 Tl 08 (R % BRI B (R 1 D W CETiMfi L 72, Iba
¥ F U7 DNA i o0 BiafEiconT, 5y A€ ITiE, BEENEEEER
At % Uik L 72 54 OB S ERIE IR ©H - 72, &FET 126 o~T o x4
THREh, BEBENTALNEAT B XA 7L, HALHIR & FEED b D 3% o 7,
—77, €77 v T, REBRN L EEEIMbIE % i U 723856 O BRI % R 1 R
fET, T 25 T u x4 TR I N, EHEOER T, 2021 425 2023 4F
D 3FEMITH 72 O WIS v TAEREE L Cw A HLE TH 543, 2021 B X U 2023
FEICRE L 722 S HIER 2~ 7 a2 4 T E Nz, 2oz &pb, RS
HE MR I oW T lE, i OBIRC RS CORE LD 5 X 51, B BN O EY%
Pdy b ARy FThDAREMEATRR I N7z,
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1. AR

RO P 72 &R AN 3 2 EIREM o NI iZ. BRI oMEHIC X > THAR
W YEE B ERE T 2 2 83D 5, % OFEHR. U RED EIX 37 IR < v, Hig
I R 2 ATREMED B 2, Z 0O DEMEWE CTH 3 L IdFBA I T ICHEDED Y
ICTFTE L. 2 HZERITHEHEYE & LRI & v, HiBiA 7R & DU HRICBIIH A o fiE
W2 — TSI T BRIICH B, T DX D R L . MR IEEEDS IR H o
H SRR EYE o FAR W 7 R I A, BCENICHAAE 3 2 HERY B L <. JIE -
A D HEICIG U 72 BURBE D & BRI 2 0E ik 2 Bt L 72, BAREICIZ. SR EA
LR IIRBT 23T B HERERIEE > V) — X [1] 2 3£ i NORM o it BERIE 128
L7z Fik - e %8 E T 5 72010, OFNIESHATFRETH O . QA Bk 4 7 iifdic
HIGATRE T, @ EDFE - HEICHEL L T, 2 w) 300%&EHREL, 2h
O &7 IHE B AR Lz, @E N HE TR ICE W T, NORM DB HEHIE
ICRRICKRERPEL G 2 2HEEME - IEEZFE L, ZOREZFHE L7z, %72, AW
TDOT—AAZT 4L LT, FRCFHIN TV T =L FR 2 HMERES K E »
BOE NHERE S S L E L= Fiil [2] 2 ffeo T B, Ge REABRHIERIC LS ¥y A~
JhaA ) =BT BEIAA L) OFECIE, FHTN - R coE=2 ) v
ICB T BRE L MR B 720, v — 2 SRR A B B BRI B EEHERRR
LAEER AR Z 2 2 & BRINEEARY) — D E A ELY FR & SRR LA DT
L7z filED 72013y 3 2L —> a VBB BETH LD, ZDETAEED 720 ICHH
R - REEDIEIR D /-0 2 D ik 2 MEt L7z, 1 DHIZ CT ZHwT
KRG CTIRE ZIEE T 2 75, 2 DHIIBRE 2 (b3 2 75iETH 5, Fric 1 oH
T —ARAZT A L7 AR, HRRYNO R Z hBHOAR, K& X - JEX olFR
#5223 TEEDY, @BICX2 -2 —Fo v 7 HBELEROFEE T CT 7—%
RO T VOEBIZHREECSH o 72, 5121, BUEIC XL 2 A7 P L OE{LORE
DFH %, AFEOBEH ATREREF OFEZ FEM L T <, T, fhoBEFIEIC OV T
b, EHICFEDORE WER ORGE % M L. SHETFEORICE H 3~ 2 IHH oL
7>5. NORM DBURBERIE AR ORER L HED T <,
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Design and realization of a smart survey meter based on low-cost electronic components

for simultaneous ambient equivalent dose rate and radon concentration measurement:

Calibration with a stable radon gas in low, medium and high concentration

X4 : MBARNDOUKA Jacob
AW - KRR EA] - fiH EF
H[FEffF5E4E : Saidou - OUMAR BOBBO Modibo

1. AR
A study was carried out to assess the indoor radon/thoron concentrations, radon in soil-
gas ambient dose rate and primordial radionuclide in soil samples (226 Ra 232Th and
40K) in the radon-prone area of the Adamawa region, Cameroon. RADTRAK and
RADUET detectors, thoron progeny monitors and DTPS/DRPS are used for indoor
radon/thoron and their progeny measurement, while the RADONEYE Plus detectors are
used to evaluate the daily dynamic variations. A Passivated Implanted Planar Silicon
(PIPS) detector, type Markus 10 were used for radon in soil gas measurements. The
ambient dose measurements were carried out using the RADEye detector (Nal (TI)
scintillation detector). The indoor radon and thoron ranged from 80 to 538 Bq m-3 and
from 17 to 1000 Bq m-3 respectively, while radon in soil gas ranged from 26 to 166 kBq
m—3 with a mean of 80 kBq m—3. The daily maximum value of indoor radon
concentration was observed overnight and the minimum value during the afternoon. The
inhalation dose ranged from 2 to 10.3 mSv y— 1, with an average of 5 mSv y—1. Radon
and thoron progenies’ contributions to the inhalation dose are 72% (3.6mSv y—1) and
26% (1 mSv y—1), respectively. The average value of the excess lifetime cancer risk is
about 14%. The radon map was obtained by using the ordinary kriging and the inverse
distance weighting methods. It was observed that both methods give acceptable results

due to the lower root mean square error (RMSE).

2. #wxX
HAR D BRI RE & T #] [Internet]. [cited 2023 Mar 9]. JETREMIE L V) — X,



Available from: https://www.kankyo-hoshano.go.jp/library/series/ 2. /INih5A3E, B2 fm
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Hosoda, Kwato Njock, Shinji Tokonami (2023). Mapping in a radon  prone area in
Adamawa region, Cameroon, by measurement of radon activity concentration in soil,

Radiation and Environmental Biophysics. https://doi.org/10.1007/s00411-023-01042-3
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Environmental radiation exposure in the Fukushima Prefecture and in a radon prone area

of the Adamawa region in Cameroon
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1. AR
Design and realization of a smart survey meter based on low-cost electronic components
for simultaneous ambient equivalent dose rate and radon concentration measurement:
calibration with stable radon gas in low, medium and high concentration Nowadays, the
prevalence of respiratory diseases is very high and one of the major causes is residential
exposure to radon and its descendants. Real-time monitoring of radon in homes should
be a priority in every country in the world. In Africa, the process of measuring
radioactivity or radon is taken care of by international laboratories, as there are very few
calibration systems for radon detectors on the continent. This delays decision-making for
the protection of populations against radioactive gases. The project on the local
production of survey meters and their calibration based on radioactive sources such as
Cs137 and radon at stable concentrations, aims to : * Promote the local
production of measuring devices based on low-cost electronic components;
Mastering techniques for calibrating radon detectors and ambient equivalent dose
rate in Africa, specifically in Cameroon; * Realize survey meters made in

Cameroon in collaboration with Japan.
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Establishing the first radon and thoron detectors calibration system in Africa:

Second step

X4 : OUMAR BOBBO Modibo
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1. Bk

This work aims to develop the first calibration system for radon and thoron detectors in
Africa at the Research Centre for Nuclear Science and Technology (CRSTN), of the
Institute of Geological and Mining Research (IRGM) in Cameroon. The radon
calibration chamber, radon source, references devices have been provided to Cameroon
by the International Atomic Energy Agency (IAEA). Using these materials, radon
detectors commercially known as Raduets have been exposed to three different level of
radon concentrations (Low, Medium and High) either in CRSTN and in the Institute of
Radiation Emergency Medicine (IREM) of the Hirosaki University in Japan. Those
concentrations were 132.46, 468.65 and 899.24 kBq h m-3 respectively in CRSTN and
193.05, 549.03 and 923.69 kBq h m-3 respectively in IREM. The determined calibration
factors were 3.85 £ 0.21 and 3,74 * 0.17 tracks cm-2 kBq-1 m3 h-1for low exchange
rate chamber and high exchange rate chamber, respectively for the detectors exposed in
CRSTN. And, 3.43 £ 0.23 and 3.30 = 0.20 tracks cm-2 kBq-1 m3 h-1 for low exchange
rate chamber and high exchange rate chamber, respectively for the detectors exposed in
IREM. The calibration factors obtained using the CRSTN calibration system are similar
to those obtained using IREM calibration system and indicate the reliability of the
CRSTN calibration system.

2. i
HA DB HE & i #t [Internet]. [cited 2023 Mar 9]. B BERIE KR S Y — X
Available from: https://www.kankyo-hoshano.go.jp/library/series/ 2. /INth5AZE, FHZEfE
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FELIN e gm e & RS, PRIEYIEE. 2022;57(3):140-5.0umar Bobbo Modibo, Guosheng

Yang, Saidou, Hirofumi Tazoe, Naofumi Akata, Chutima Kranrod, Masahiro Hosoda and



Shinji Tokonami (2023). Environmental radioactivity measurements in soil using
inductively coupled plasma mass spectrometry and gamma-ray spectrometry in various
areas in Cameroon. ] Radioanal Nucl Chem (2023). https://doi.org/10.1007/s10967 -
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Alpha particle spectroscopy using Fluorescent Nuclear Track Detectors and confocal laser

scanning microscopy
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1. Bk
Aluminum oxide doped with carbon and magnesium (Al203:C,Mg)-based fluorescent
nuclear track detectors (FNTDs) are a novel type of small crystalline detector, which have
been successfully applied for neutron dosimetry as criticality dosimeter, for absorbed
dose measurement on photon fields in micro-beam radiation therapy, for single-track
measurements of protons and heavier ions. This detector can also visualize individual
alpha particles and simultaneously measure their location, velocity direction, energy and
LET with good accuracy. The main obstacle to applying FNTDs in radionuclide therapy
with alpha emitters is that it has not been known how to achieve an accurate and in situ
dose assessment for in vitro cellular experiments. In this study, we developed an
automatic 3D track reanalysis algorithm (ATRA) to analyze the alpha energy spectra in
FNTDs. The algorithm provides an excellent track identification rate and an excellent
track linking rate (0.961) without significant variations in various track densities. The
algorithm also achieves a reliable track detection rate exceeding 0.927 for track densities
at the level of in situ measurement, and it successfully measures the alpha energy spectra
for obtaining the absorbed dose. We also confirmed that the track overlap clearly
interferes with accurate track reconstruction for track densities beyond 1.5 X 106 tracks
cm— 2. We provided a correction equation that can be used to obtain the actual alpha
tracks for high track densities; the equation may also correct estimations of absorbed

doses due to alpha particles.
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Study of environmental radioactivity in Fukushima prefecture, JAPAN and in a rare-earth

element bearing area of Akonolinga, CAMEROON.
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1. Bk
INTRODUCTION Human beings are exposed daily to ionizing radiation of
natural and human origin. The earthquake and tsunami of March 2011 led to the accident
at the Fukushima Daichi nuclear power plant, thus causing the massive release of
radionuclides into the environment. Environmental radioactivity has therefore become a
subject of major concern for public health in this region. The project entitled “« study of
environmental radioactivity in Fukushima prefecture, Japan and in the rare-earth
element bearing area of Akonolinga, Cameroon »” granted by ERAN FY2021 is
subdivided into two parts: the first in Cameroon and the second in Japan. This project
has been maintained for the year 2023 in order to successfully achieve the objectives that
were set and particularly the objectives of the work in Fukushima prefecture. In particular,
collecting soil samples to measure the activity concentrations of Cs-137, Cs-134 and
other artificial radionuclides; measure rare earth elements in soil samples taken from the
site by XRF spectrometry and compare the results with those obtained in Cameroon;
evaluate the radiation doses received by residents more than 10 years after the accident;
measure exhalation rates of radon and thoron. RESULTS In Cameroon, in the rare-
earth element bearing area of Akonolinga, the annual effective dose values in the whole
study area vary from 0.13 to 0.96 mSv y-1 with an average of 0.3 mSv y-1. Radon
concentrations in the soil in the surveyed rare earth elements area bearing vary from 5.4
to 75.5 kBq m-3 with an average of 24.31 kBq m-3. This measurement was done for 27
randomly selected points on the site with Markus 10. RADUET were deployed in
fifty dwellings over three months, for indoor radon, thoron and progenies measurements.

The mean concentrations of indoor radon, thoron and their progenies in the study site



are 33.96, 63.5 and 5 Bq m-3 respectively. Several trace elements were identified by
XREF in this study and their average concentrations showed a wide range of values. Their
classification in ascending order is as follows: Fe > Ti >Zr > Mn > Cr >V > Ba > Zn >
Nb > Ni > Pb > Ga> Cu > Co > Y > Br >Sn.  For reasons beyond our control, the
work to be carried out at Fukushima in Japan did not take place this year and we hope to
carry it out in the new year. ~CONCLUSION Finally, this project has been
partially completed. The part to be carried out in Cameroon has been completed. A
publication on trace elements has been submitted and another on indoor radon and
thoron is being prepared. We hope in the near future to have the opportunity to carry out

part of the work devoted to Fukushima.
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Establishment of on-site culture system to evaluate cytogenetic effect on human and wild

mice in Fukushima

K4 : TRAN Thanh Mai
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L. Bk
Biodosimetry is recommended by the International Atomic Energy Agency/World Health
Organization (IAEA/WHO) to investigate biological effects for radiation victims. In case
of large-scale radiation accidents, estimating radiation doses by the dicentric
chromosome assay (DCA) is a reliable method. In IAEA’s protocol, human blood is
cultured at 37 ° C for 48 h in 5% CO2. Those conditions require electricity and an
appropriate laboratory with specialized equipment. But blood samples need to be
cultured as soon as possible after collection and the number of biodosimetry laboratories
are limited. This situation is intensified during emergency events, making timely and
optimal blood culture even more challenging. For example, in the Fukushima Daiichi
Nuclear Plant accident, biological samples obtained from humans and wild animals were
shipped to a remote research facility for culturing, which limited the analysis method.
Therefore, the purpose of this study is to simplify conventional culture methods that
enable blood culture for on-site DCA. Peripheral blood was obtained from healthy donors
who had not undergone medical treatment such as CT scans or radiation exposure before
the collection. Whole blood (WB) was cultured following the DCA method described by
the IAEA with other optimized culture conditions. First, different aspects of the culture
process were investigated, including the chamber used, container type and positioning,
CO2 provision, radiation dose, with the mitotic index (MI) serving as a metric to assess
the efficiency of each condition. Subsequently, the viability of pre-dispensed medium up
to one week was tested, evaluating its ability to support sufficient scorable cells using MI.
Additionally, to simplify the cell harvest protocol, hypotonic treatment and fixative
procedures were conducted at room temperature (20° C) instead of 37° C, with results
assessed using the MI. Finally, the most suitable conditions were then applied on-site,
considering the potential for contamination. In the initial experiment, there was no

significant difference in the MI between the IAEA conventional protocol and the closed



culture protocol for both irradiated and non-irradiated samples. In the second experiment,
aging the pre-dispensed medium for up to 7 days showed no impact on cell culture, as
indicated by comparable MIs. The third experiment revealed that harvesting at room
temperature had no effect on MI. Finally, on-site cultures remained uncontaminated
across all samples, even when conducted by different operators. Consequently, these
findings suggest that a simple culture is viable for on-site applications, requiring only

minimal laboratory equipment.
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Tritium concentration in natural water samples using ultra low-level

trittum counting system
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1. Bk

The Fukushima accident created large stockpiles of tritium containing cooling water,
which is to be gradually released into the Pacific Ocean, gaining attention from
surrounding countries, environmental groups and local residents concerned with the
possibility of increasing tritium concentrations in the water and food cycle. Establishing
baseline concentration levels and monitoring tritium immission values are important for
assuring public safety, providing data for scientific research and risk communication.
Japan uses multiple sources for drinking water, including river bank filtration from rivers,
lakes and reservoirs, springs and wells of various depths. Tritium concentrations in the
environment are very low, therefore tritium measurements require enrichment in order
to estimate the radiation exposure from drinking water intake and provide information
on the water cycle. Natural water samples were collected at Tomioka Town located south
of Fukushima Dai-ichi Nuclear Power Plant. Samples were enriched by distillation,
electrolysis and re-distillation to preconcentrate tritium to measureable levels. Tritium
concentrations were determined by a low-background liquid scintillation counter. The
observed tritium concentrations were relatively low, rainwater had a mean value of 0.40
Bq/L, freshwater samples showed similar concentrations, while saltwater samples were
below 0.13 Bq/L.
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Distribution of radioactive materials in freshwater and transport dynamic from

land to the coastal ocean
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Research Report: Distribution of radioactive materials in freshwater and transport
dynamic from land to the coastal ocean [Y-23-24] Author: Therese L L Jokam
Nenkam Affiliation: Graduate School of Science and Engineering, University of Toyama,
Toyama Gofuku 3190, Toyama 930-8555, Japan. Date: 15/03/2024 1.

Introduction Nuclear accidents like Fukushima released radioactive Cs-137, raising
concerns about its transport in water systems like the Kurobe River Alluvial Fan (KRAF).
KRAF serves as a crucial water resource, but recent trends like dilution and nutrient
depletion raise concerns about its long-term health. Despite its importance, our
understanding of KRAF's hydrogeochemistry, the interaction of water with geology, and
land use exacerbated by climate change remains limited. This research aims to address
this gap by analyzing, for the first time, the distribution of Cs-137, neodymium isotopes
(Nd-143/Nd-144), strontium isotopes (Sr-87), and rare earth elements (REEs) within
KRAF. These tracers will provide valuable insights into water movement, interaction with
aquifer materials, and ultimately Cs-137 transport, shedding light on KRAF's overall
health and future management. 2. Methods 2.1. Field Sampling and Analysis:
Sample Collection: During the summer and autumn of 2023, groundwater and surface
water samples from 35 locations across the KRAF aquifer were collected. This aquifer is
the biggest alluvial fan bordering Toyama Bay in the Sea of Japan and consists of multiple
layers. Field Measurements: In-situ parameters including water temperature, pH,
oxidation-reduction potential (ORP), and dissolved oxygen (DO) were measured at each
sampling site. 2.2. Laboratory Analysis:  Standard analytical procedures were
employed to determine the concentrations of major solutes (HCO3-, Cl-, Na+, Ca2+,
K+, Mg2+, NO3-, SO42-, Si02, PO43-), rare earth elements (REEs), and water stable



isotopes (6 2H and 6 180) in the collected samples. 2.3. Future Analysis:  Cs-137,
Nd-143/Nd-144, and Sr-87 analyses will be conducted in the next phase of the research
to fully address the study's objectives. 3. Preliminary results The total REE
concentration in the Kurobe River was higher in summer (around 247 ng/L) compared
to autumn (around 97 ng/L). Groundwater REE concentrations also varied seasonally,
ranging from 2.62 to 219.27 ng/L in summer and from 5.26 to 185.26 ng/L in autumn.
The REE patterns in water flowing on the alluvial fan exhibited distinct characteristics.
Our analysis identified three main groups of patterns that effectively explain the observed
variations. These variations are likely caused by factors including substrate geology. The
most distinctive characteristics included negative Ce anomalies, light REE (LREE)
depletion, and heavy REE (HREE) enrichment. The observed variations in groundwater
REEs might be due to a combination of local precipitation (influencing river recharge
and infiltration), weathering processes, and REE input from human activities (agriculture
and industrial production). Under the neutral to slightly acidic conditions of the KRAF
aquifer, REEs, particularly LREEs, are susceptible to removal from the water through
adsorption/co-precipitation reactions. The presence of a Ce anomaly further suggests a
link to the oxidation state of the groundwater environment. 4. Future work The
research will continue with the analysis of the collected water samples. Additionally,
137Cs, 143Nd/ 144Nd, and 87Sr/ 86Sr concentrations in surface and groundwater will
be measured. The expected outcomes include: © Understanding the distribution and
transport pathways of Cs-137 within KRAF. ¢ Elucidating the role of
hydrogeochemical processes in Cs-137 fate and transport. *Contributing to the
development of strategies for monitoring and managing radioactive contamination in

similar environments.
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Development of effective countermeasures for radon exposures: usage of the air cleaner

and room air conditioning as tools for sustainable mitigation of human effective dose
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1. Bk
As a continuation of the previous ERAN project (Y-22-24), the effectiveness of indoor
room appliances (air conditioner and air cleaner) has been newly investigated in this
fiscal year to reduce the effective doses of radon exposure. In the previous fiscal year, a
preliminary experiment was done using the air cleaner. Alternatively, a deeper
investigation of this research in coupling with air conditioning was done this year. The
spatiotemporal behavior of indoor radon and its decay products have been estimated to
be used indoors in Chiba prefecture. The obtained values determined radon dose
parameters of equilibrium factor, F, and unattached fractions, which were measured to
understand the effectiveness of home appliances in reducing radon dose. As a result,
using the air cleaner, a relatively stable indoor radon concentration was obtained. The
purification stage of the air cleaner might affect absorbing radon gas, which is a new
research topic to investigate. Alternatively, the air container operation reduced the F to
around half compared to the air coming OFF condition (0.3 and 0.6 respectively). The
air cleaner reduced the average radon concentrations by 25% after its operation due to
its spatiotemporal variability with indoor ventilation. Diverse time variation of indoor
radon decay products was observed between two sides of the air cleaner, possibly due to
the airflow direction to/from the air cleaner. In the case of air conditioning, outdoor
ventilation significantly influenced the filtration effects, altering the radon and F. Using
air cleaner altered the indoor ventilation rate to 0.4 hr-1, which might influence the
attachment mechanism of ambient aerosols to be filtered by the purifying stage. Overall,
both the air cleaner and air conditioner reduced the F significantly. However, the
unattached fraction increased while the filtration occurred due to the extreme filtration
by them. The effective dose calculation in developing the effective countermeasure of

radon by these two home appliances needs further research incorporating with



simultaneous indoor aerosol behavior estimations, which will be adjusted in future
research. Moreover, in the future, the results of this project will be adjusted with the
large-scale indoor in-situ radon measurement in Bangladeshi dwellings where such home

appliances are used.
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&3 % 72 @ OEUEE 7 1 i Spectral bin € 7L (Gelbard et al., 1980; Burd and
Jackson, 2002) % fH L7z, ZOE T NVIZEERL T DREEE - 7753 % K Smoluchowski
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