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eezngv_, » YAMOSNENKo, | Accumuiation of & I puddie sediments within urban Journal of Environmental Radioactivity 101 8 643-646 | 2010
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and Gerzabe M.H. as observed in lysimeters under crop rotation.
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Almgren S., Isaksson M. Vertical migration studies of i Cs from nuclear weapons Journal of Environmental Radioactivity 91 1-2 90-102 | 2006
fallout and the Chernobyl accident
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- Voitsekovitch, V.V. Kanivets |of the Dnieper River reservoirs system (Ukraine)
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T.Matsunaga, H.Amano, Discharge of dissolved and particulate *'Cs in the Kuiji River, Applied Geochemistry 6 2 159-167 | 1991
N.Yanase Japan
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Lars Hakanson, Jim T. Smith, ngev.v and assgssmer.n of models for predicting the Journal of Environmental Radioactivity 75 1 83-103 | 2004
migration of radionuclides from catchments
Marcel van der Perk
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Evaluation of migration of cesium-137
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Table 2

Transport parameters found in this and other studies

Study (reference) v (cm/year) D (cm’/year) v (cm/year) D (cm’/year)
(range) (range) (mean 4+ 1 SD) (mean + 1 SD)
(median) (median)
Bossew and Kirchner (2004) 0—0.5 0.05—0.5
Bossew and Strebl (2001) 0.09-0.16 0.68—1.02 0.14 £0.09 079+ 049
Ivanov et al. (1997) 0.066—0.896 0.057—0.691
Krstic et al. (2004) 0-0.26 0.34—1.47 0.068 £0.10 076 +£0.32
Schuller et al. (2004) 0.03—0.11 0.015-0.18 0.056 median 0.048 median
Schuller et al. (2002) —0.056—0.0014 0.0159—-0.108 —0.012 median 0.043 median
Schuller et al. (1997) 0.001—0.047 0.253—3.807 0.019 median 1.24 median
Smith and Elder (1999) 0.32—1.073 0.118—2.253 0.68 £0.26 022 +0.076
Szerbin et al. (1999) 027 £0.18 0.61+0.39
This study 0—-0.35 0.06—2.63
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Fig. 3. An example of the total depth distribution (solid line) due to both Chernoby! and nuclear weapons fallout. The
parameters from the fitting procedure were used to determine the distributions due to each source: Chernobyl (dashed
line) and NWF (dash—dot line). The dots show measured values of the site Stenungsund.
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EL-ME, 137Cs, 134Cs, B OBENREINTWD, KAOEEKME (3 A 11 B26 3 A
18 H) Il ELTHTFLAEEZEMMMICE T LEED KD Z2 GO Tz (137Cs (22T
X 68%, BILIZOWTIE 97%), SWIMICBIT AINZFEND, Kt v ade /£
AXDOF ¥y ) E—IZFNTN 62.3115.8%, 65.0+18.2%23F (GEN) ShTwiz, Zh
EUERTERAIZ, BILIZOWTIE e /T L AXTHEBENE L - TEY, ZZEN 25.1+22.7%,
50.9+74% CTdH o7, HHMEEL T 7 LIZHONWT, KRYOEEKIABICEIT 2RI /¥ T
92%, AX T 93%7- -7z, £72, 4 AETIIMHATE Lot YL DAL Ty M &
DHEBEREL Y L o700, 5 HUBIZZOMEN SR L, $v / E—>2NkHtrs v
LD 2WIIBRPFRTIL L oo TWVWD T ERRB I NI,

Table 1. Amount of Rainfall, Throughfall, Stemflow, and Radionuchdes Fallout at Forest Floor Duning Each Sampling Peniod®

Total Amount (mm) Wes Deposition (Bq m % Mo Deposston (Bq m % ey Deposition (Bq m %

Cypress Codar Cypress Codar Cypress Ceodar Cypress Codar

Samplng Poiod RF TF SF TFRF TF SF TFRF KRF TF SF IF SF RF ¥ SF IF SF RF TF SE TF SF

WIVVII328 212 153 285 072 139 056 066 S420 434 I8S 389 125 SIS0 385 240 354 140 28400 19400 2470 13800 527
201U3/28-4/1 924 742 073 080 567 - 061 1010 389 947 266 - 1010 327 S$34 231 . 821 nd. nd nd .

01/4/1-413 527 262 021 050 193 . 037 400 180 360 901 - 359 189 N9 76x - nd nd. nd nd -

2011413427 249 149 229 060 127 000 081 328 265 664 280 024 328 242 727 262 049 nd nd nd nd nd
2011/427-5/20 542 M5 738 064 361 099 067 345 483 nd 374 100 277 S5 nd 370 468 nd rnd. nd nd nd
2011/520-5728 437 296 592 068 297 052 068 111 200 7.88 146 232 121 175 593 117 2482 nd nd. nd nd nd
2011/828-5/30 646 440 765 068 455 128 070 712 137 nd 114 nd nd 141 212 112 nd nd nd. nd nd nd
2011/830-6/13 313 223 266 071 200 010 068 270 234 nd 329 085 195 216 nd 295 0% nd nd nd nd nd
2011/6/13-6/22 417 291 S11 070 316 044 076 756 112 nd 202 L8 686 922 nd 15 nd nd nd nd nd nd
011/622-T/18 .5 524 826 066 531 084 067 nd 328 407 414 nd nd 270 nd. 357 nd nd nd. nd nd nd

2011/7718-7/22 184 150 154 031 157 496 085 nd 529 nd 1 nd nd 132 nd nd nd nd nd nd nd ad
2000/722-8/19 159 112 112 070 131 568 083 ad 967 nd 325 nd nd nd nd 471 nd nd nd nd nd nad
Total 719 S14 70 071 $39 15 Q75 K030 2910 119 27RO 28 7510 2460 95 2380 22 29200 19400 2470 13800 S27

*The values in the table were Rainfall (RF), the mean of 20 measuring points for throughfall (TF), and the mean of 3 samplers for siemflow (SF); n.d.
represents the deposition amount was below detection level.
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1. BEXBHR

X% 2t | [XH&ES : 50

S 1 bk JU | Vertical migration of ®°Co, 3’"Cs and 2%°Ra in agricultural soils as
(&30 observed in lysimeters under crop rotation.

1RV | WBETRDSAIA=I—ICHBITDIRMTEDPD °Co. '*"Cs . ??*°Ra DEBE
(3030 pakif]

F — 7 — | Migration; ©°Co;'3’Cs;??%Ra; Ploughed soil; Convection-dispersion
~ model

=B Shinonaga T.,Schimmack W.,Gerzabe M H.

SZ @k Journal of environmental radioactivity, 79 (2), p.93-106, 2005

(1) xR
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RETHD, TAVA—H—DP A XTI 1X1X0.75 m TH-7=, 15 cm OWF| DO PEKE N
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1990 FFICHM SN R D TERENENICASTND, £T7 4 A—%—D Ap & (0-20
cm) OFTHEOME X Table 1 IZRENTWS,

TN TEENENDTA A —F =00 3 T OiTol, YTV T L3y
FHEZ A4 v A—X—ATE=MARICRDLI I IICRESN, 1 i TRS DR ST,

(2) EERMERK

T E O FEEL AT IR — ROt Dt - 43 Bk O Moy R A VTR S av7e (1),
oC ’C aC

oc_ jo°C¢  oC 1
ar Coxr  ox (1)

2T, CIEHERETORE (Bq cm®), t 1EHH (a). x IZHEEE (cm) THDH, &
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WEOWAEFERBRT, SSKCTRINDHGEETHD, 22T, KlImEdfrEk SIXBEEO%
EEZORETHD, ZOFR, vIHREKOEE w & BRI RolZ L > T v=whp T, D
IR D EAEE Do & RpiZ X > C D=DyRp TRD B, (2) KBV Lo,

%Kd 2)
ZIT, pEINESEE, OIXHEAKSEETH D,
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Fig.2 121%, 1999 D+ 1 12 BT 5 BICs IHMEDRE S A E R LTIz, OEDDT A A
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Fig. 2. Depth distribution of the activity of '*’Cs in the three pits (1-3) of soil I in 1999. The activity is
given as percentage of the activity applied to the lysimeter in 1990 per cm soil layer.

Table 2(Z1%, 1990-19994 D20 cm D Ap/& #MHE L T, MO T T VIZ X - Tkl s
72420 T A4 v A—H —LBICEBIT 2 KA MEWE O BN T OEERE (v) &0t (D)
NDRENTWD, BICsOEEEE IR N T0.3cmalT, 0b RN, —J7F CHEBREILK
x<, BICsTIIHAT3.1lemal Th o7z, BcsE & 3 bR B o R B P 722 < RSPk
Ll (BE7 Y OMB%REr=0.03, AT v OMBEFRERE=-0.08, p>0.05) .
REBERNEL, BBEKOBL/NE otz itk v/ hNE&L ot E2 BN, #
TEHIR I T ~OxtifiE 7z v e B 2 b, A PR Z KB D R0 o o 7o DITiRFEH
EH/NSholz, idhBEX A TICL2EEREVTIRON >0 (p>0.05) . DIZIVDO
TEI AT THOLEEI Y bELS o (p<0.01), ZhiE, HENVO AR~ o 15
XoErolledThrEBELLNT,
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Table 2
Estimated apparent migration velocity v (cma ') and apparent dispersion coefficient D (em?a ') of *Co,
137Cs and *?°Ra in the four soils (plough depth in cm) of the lysimeters evaluated by a convection—

dispersion model, assuming a constant thickness of the Ap horizon of 20 cm during the migration period
from 1990 to 1999

Soil/pit %Co 7Cs ?Ra

v D RSS v D RSS v D RSS
1/1 0.1 0.2 2.1 0.1 0.1 2.3 0.1 0.2 23
12 0.3 1.0 1.7 0.3 1.1 1.7 0.0 1.5 6.6
1/3 0.3 2.3 2.3 0.3 2.4 1.6 0.3 3.6 0.8
11/1 0.3 43 1.7 0.3 2.0 2.4 0.4 22 2.1
11/3 0.0 0.6 3.5 0.0 0.4 3.1 0.0 0.8 6.1
111/2 0.0 1.4 1.5 0.0 1.4 1.3 0.0 1.7 2.5
111/3 0.3 0.2 1.6 0.3 0.2 1.1 0.3 0.2 1.7
1v/1 0.2 5.0 0.9 0.0 3.1 23 0.2 4.9 1.0
V)2 0.0 2.5 3.0 0.0 2.4 2.8 0.0 4.6 1.5
1V/3 0.0 2.2 1.1 0.0 2.0 1.2 0.0 3.6 1.6

RSS = residual sum of squares ((% cm')?).
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1. BXRBHR

X% e | [#ss : 87

S 1)U | Accumulation of 137Cs in puddle sediments within urban ecosystem

(&3O

SRV | BBRIREBEPTDKRKIETONAD 137Cs DERE

(F032)

& — ) — | 187Cs, Activity concentration, Puddle sediments, Local migration, Urban

N ecosystem

Z8 Seleznev, AA; Yarmoshenko, IV; Ekidin, AA

Sk JOURNAL OF ENVIRONMENTAL RADIOACTIVITY, Vol.101, 643-646,
2010

(1) XIZRibis

THTFYVTITNVT, gl T

(2) EEREE

Fig. 3 IZMOMIEEIC L2 KEFN L O RENHIES 156cm £ TO 137Cs TG H &,
7o & ZIERBHN 1980 FITEK I N HETHNIT, RENLLHESI 15ecm £ TIZHK 24Bg/kg
DO BICs NEENTWNDH LN Z &IThD,
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Fig. 3. Modeling concentration of ’Cs in upper 15cm layer of soil in 2007 in
dependence on year of surface formation.

Table.1 [Z=A 7 VU 771N 8 Xl (&F 109 7»Fr) ToO LS 7o 137Cs Hl
EREROF LD TH D, BINFEY, %M, 100Bg/kg UL ERBH SNV 7Y 75T
DENENTRENTWS, o PO ITR Y=o T,
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Table 1

Arithmetic, geometric mean and portion of samples with ¥7Cs concentration
=100 Bq/kg by districts of Ekaterinburg city. Results based on gamma spectrometry
measurements in samples of puddle sediments.

District Arithmetic Geometric mean '¥/Cs, Portion of
mean of ¥7Cs concentration, samples
concentration, Bq/kg with 1¥7Cs
Bq/kg concentration

>100 Bq/kg
West 147 76 0.3
Center 83 71 0.25
East 73 48 0.23
South West 66 36 0.1
South 64 52 0.12
South East 51 49 0
Suburb

North West 44 41 0
Suburb

North East 12 7 0
Suburb

FLEHEOIIKEZEDIERET D 137Cs DIEFRE~ORKE T ED G5 R4 HE LT,
7kf:i D EZEEP@{%@:@E/%E Cwater(Bq/kg) %i(l)itfi—_j‘;{. %héo

S
Cwater I[-k " (1)

T,
I: 20 D 137Cs KX BE T & (Bg/m2), # 1000Bq/m2,
k: REBETED ) BAKRILED ~EFEL LT LZEEA,
S K72 E Y OFEKIBEAE (M), FHIR R AL 200m?2,
m: Ki=E0oERE kg, FHHRE &L 400kg,
Flo. BEEREZ Conb T2 L, JERFD 137Cs DRE Ceea ()X TERIND,

S
Csed. ‘I'k'a + Csoi!- (2)

Z ZC.Fig.3 £V Csir=20 Ba/kg, £/ HIEME LV Csea=80 Ba/kg % (2)XUTIRAT 2 &
B)XD XY, k=0.12 LRDDHZ LR KD,
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Ceod. %{”‘uo 80. (3)
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1. EXBHR

) 3 )1] | | X#ES : O
H A4 k)b | BCs and °Sr in water and suspended particulate matter of theDnieper
(FE30) River—Reservoirs System (Ukraine)
ZA MV | R=x= P JIKRIZ (U7 T4 F) 28T KPP EBEBRFFO PCs 25 W
(Fn30) (2 *°Sr
¥ — U — | annual discharge, Dnieper River, river water, suspended particulate
K matter,

13705, 908y
2H Sansone, U., Bellia, M., Voitsekovitch, 0.V.,KanivetsV.V.
STk Science of the Total Environment 186 (1996) 257-271

(2) Xzt
F V) T A VRO () BT F)I) b K 500km RO BMEFE TORREL,

(2) EEBHER
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Fig. 3. Patterns of '’Cs and ™Sr and annual water discharge in the Pripyat river from 1987 1o 1993. Experimental data were
smoothed using a moving average procedure.
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N T, B, HFH | | Z@iES - 101
2 A hVv Discharge of dissolved and particulate '*’Cs in the Kuji River, Japan
(F£30)

24 bv | ZBENINICRITDIBEFREEMTRE Cs DR

(Fn30)

% — U — | Kuji River; '¥Cs; discharge; existence forms

K

2H T.Matsunaga, H.Amano, N.Yanase

STk Appl. Geochem., 6(2), 159-167, 1991.

(3) xigii
The Kuji River has a watershed of - 1500 km2 (Fig. 1). It originates from the
Yamizo mountain area in the center of Japan, which area consists of steep hills,
covered with forests. It runs downstream through an agricultural plain and
flows into the Pacific Ocean. It travels -120 km with no artificial control
structures. There are no nuclear facilities along the river except at its mouth.

(2) EBBHER

Table 2. Hydrology, particulate material, radioactivity and discharge of 1*7Cs under high flow conditions

Hydrological condition Particulate material Radioactivity Discharge
Preceding
Sampling precipitation® Flow rate  Concentration  1Li  Dissolved  Particulate Dissolved Particulate
Experiment date {mm) (m's) (mg1) (%) (mBg) (mBag/l) (Bg/dkm®) Bg/dkm®)
HI 14-04-1988 3.3+ 75.4 96 15 0.23 (R)§ 0.77(7) 1188 (10) 4058 (8)
H2 15-04-1988 B.5 59.4 9.3 15 008 (14) 004 (15) 333 (16) 1325 (6)
H3 16-04- 1988 02 393 18.7 22 0.07 (11) 006 (5) 237 (19) 603 (7)
H4 17-04- 1988 0.4 27.5 9.8 19 007 {14) 0.02 (15) 285 (10 216 (9)
H5 18-04- 198K X1} 231 9.5 p. 0,10 (25) 0.08 (7) 33 (1N 176 {10}

* As preceding | day of the mean in the watershed, except for H1
" As preceding 2 days of the mean in the watershed.

flgnition loss.

§Figure in parenthesis denotes error in %,
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FiG. 6. Correlation between the particulate "*'Cs content
and the ignition loss of the particulate material.
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HETT S L VIR PR KO T O 137Cs OO THH R Z LT OIS

137Cs in water Bq m™
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a L
—o— total concentration in water Moira I
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months after the deposition event

Fig. 1. Results of a model intercomparison exercise. The scenario of contamination assumes a pulse
deposition of '*’Cs on the catchment of a river.

137Cs in fish Bq kg™
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Fig. 2. Comparison of the models AQUASTAR, CASTEAUR and MOIRA for a scenario of

contamination involving a pulse release of '*’Cs into river water. The output is the concentration of
radionuclide in predatory fish species 100 km downsiream the release point.
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[Abstract]
Key Words: Non-point sources, Radioactive materials, Fate and transport, Deposition

A large quantity of radioactive materials was emitted to environment from
Fukushima Daiichi Nuclear Power Station in March, 2011, and partially accumulated in
soil. There is a lack of knowledge for understanding the behavior of radioactive materials
which are washed out and transported to the downstream by runoff process. We selected
cesium as targeted radioactive material and collected relevant papers on transport and fate
of the radioactive material in forests, farmlands, urban areas, rivers and soils from
domestic and international journals. Then we compiled 125 important papers into a
database with short summaries. In making the database, we focused on useful findings and
information for better understanding of runoff behavior and pathways and for effective
monitoring and decontamination. We summarized characteristics of radioactive material
behavior in forests, farmlands, urban areas, and picked out points to keep in mind for
monitoring. There are many points taken up so that we could understand how radioactive
materials are transported and accumulated in the environment from both of short- and
long-term aspects. Finally, we presented the following future challenges: i) it is necessary
to evaluate environmental dynamics of radioactive material in Asia monsoon area as the
future challenge, ii) it is necessary to systematize and strategically accumulate the
achievement of on-going monitoring research on dynamics of radioactive material and iii)
it is also necessary to develop an advection-dispersion model with appropriate setting of
parameters such as partition coefficient of the target radioactive material so that we could
predict environmental dynamics and evaluate effective countermeasures.
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