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The distributional characteristics of the major dissolved
artificial radionuclides in the adjacent seas of Korea

(I: Yellow Sea)
by
Chang Soo Chung(l), Young ill Kim, Deok Soo Moon, Suk Hyun Kim,
Jun Kun Park, Seung Mo Seo and Gi Hoon Hong

[+] of

gaie] F8 AFTUA A Vs, B¥py, Bpy, Fore) BY 54 FHEY] Y5y,
A 2 249 Y #22 AANFdA AgE Y9t T3 A8 (1008ED)= S5 FE
£ o] &3 49:, 10 m o8 FAdME PEF AFAAFE ol &S A TET9 AFHA
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HhALA dE 719he di7] Yol AEL szl

Abstract

Dissolved 137Cs, mapy ®8py and ®Sr contents in winter and spring of the Yellow Sea

were determined to describe the distribution of artificial radionuclides. Surface water
samples (100 liter) were collected by using a submerged pump, and subsurface samples
(>10m depth) were collected using a 10L Niskin water sampler mounted to the Rosette
sampler. The levels in the surface water ranged between 1.78~3.38 mBq kg™ for 137Cs,
217~1335 p#Ba kg for ®**Py, and 1.97~396 mBq kg ' for ¥Sr, respectively. In
particular, the concentration of #520p, were 1/10 of those in the vicinity of Changjiang
estuary (61~83 xBq kg™). The difference of 2**°Py concentration between surface and
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bottom water was <3.0 u«Bq kg™

in the Yellow Sea.

e

It suggests that in the Yellow

Sea, which has shallow and high suspended sediments, “**Pu is preferentially removed
from the water columm. The water column inventory of B920py in the Yellow Sea
constitute about 0.7~0.9 % of the estimated fallout input to the area.

The activity ratios of “***Pu/"¥Cs and "'Cs/*Sr ranged between 0.001~0.005, 0.79~1.65,
respectively, and similar to those of open ocean which global fallout is the only source of
artificial radionuclides. Therefore, it suggests that most of these artificial radionuclides in
the Yellow Sea may be controlled by the atmospheric input.
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Fig. 1 Map of sampling stations in the Yellow
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0|7} Z+zt <1 mBq kg™, Z**Pue 3 u#Bq kg
olat2 vl FY3tFTh (Table 1).

27 (20008 49) ¥24% 9Cs 2 Ysr =
= Z+7 162~257 (BT 1.36), 1.83~3.96 (B
#: 256) mBq kg W BEAM EAY wlIyR 2
Ed8 BEX oy BelA @gkovt ¥Cs A
FEE FA9 o AutgFoldrt (Fig. 5 7).
HMpy =w w3 331~11.33 (B 414) 4Bq
kg” HMUERA FARG wn Adsid ZAm
JAA AHH DDA Hdigte =Zgu (Fig. 6).
FARozE FAS naAg Vs 2 ¥sre
X - A&7e) #o|7t 27k <1 mBq kg, Z**py

.

23 uBq kg o8tz ¥l FYIA

Table 1 Concentrations of dissolved 7Cs, 2***py, *Sr in the Yellow Sea.
; . L9+ 24 z
. _iDepth Sampling Temp.| Sal. ¥iCs “Pu “Pu *Sr
Station (m) Season| Depth (C) | (psw) | (mBq kg™ - (mBg kg™
(m) (#Bqg kg™
Bl 63 | winter | surface | 4.22 | 31.87 | 22910.18 | 2.17*£0.13 [ 043+043 | 2.22%0.07
winter 511 | 32.06 | 250%x0.23 | 13.35%=0.78 ND 2.46%0.06
B'1 64 surface
spring 6.22 | 31.62 - 4.36%0.36 - 2.18+0.38
surface | 350 | 31.88 | 2.36£0.18 | 864%+050 | 1.13=0.08 | 3.00%0.08
B2 43 | winter
bottom | 355 | 31.89 | 3.18£0.29 | 3.33%£0.19 | 042+042 | 1.79%0.06
B2 winter | surface | 572 | 3217 | 236022 | 354%£021 |} 1.38+0.07 | 2.01%0.08
winter 6.24 | 3250 | 2941024 | 331£0.19 | 066£023 | 2.39%=0.05
B3 surface
spring 712 132051 2061012 | 247%£0.20 | 062*£0.12 | 359%0.39
winter 735 | 3238 275+£022 | 627037 | 050+0.18 | 2.37%0.03
B4 80 surface
spring 789 | 32.36 - 459+0.38 | 0.26+£0.09 | 2.17%0.31
surface | 7.88 | 3240 | 2.79%+0.18 | 553%£0.32 | 053+0.19 | 260%=0.10
B5 80 | winter
bottom | 7.89 | 3239 | 3.12+£0.22 | 3.89%£0.23 | 1.73£0.22 | 1.89%0.04
winter 530 | 3214 | 3.01x0.21 | 7251042 | 060£0.60 | 2.08%£0.07
Cl1 19 surface
spring 10.38 1 31.30 | 244£0.22 | 3.31£0.27 - 3.55%0.50
C'1 82 | winter| surface | 867 | 3253 | 2391014 | 6.10£0.36 | 0.41+0.08 | 1.97%0.12
C2 27 | winter | surface | 574 | 3219 | 298+0.21 | 7.09£0.41 | 062£022 | 2.19%0.12
surface | 6.41 | 32.37 | 2.65%£0.19 | 248%£0.14 | 050%=0.10 | 2.31%0.08
C3 43 | winter
bottom | 6.33 | 3237 | 262+0.37 | 3.10%£0.18 | 0.72+0.14 | 1.94%0.11
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fejuiel FHHY F AIUANM HE 22X EM(: o)
Station Depth Season Sall)rzgil}?g Temp.| Sal. YiCg EIHpY “¥py wg
o -1 -1
{m) (m) (C) | (psw) | (mBq kg ) (#Bq kg™ (mBg kg™ )
C4 55 | winter | surface | 6.34 | 3245 | 252£0.19 | 494%+029 | 049+049 | 258%0.18
C5 80 | winter | surface | 7.12 | 3252 | 2.65%£0.21 | 3.42%£020 { 031£0.31 -
surface | 759 | 3248 | 2.94%023 | 6.28%+0.37 | 2.28+0.10 -
winter
C6 85 bottom | 757 | 3251 | 247%X023 | 406024 | 054%+0.19
spring | bottom | 845 | 32.46 | 1.62%=0.09 | 3.73%0.31 [1.33%0.12 263+0.17
Cc7 77 | winter | surface | 8.300 | 3251 | 264%£022 | 3.21=0.19 | 1.60%+0.31 -
D1 winter | surface | 840 | 3213 | 1.90£0.20 | 11.33+093 | 065+0.04 | 2.78%£0.14
surface | 766 | 32.15 | 1.96£0.14 | 4.06%=0.34 - 2.81%£0.13
D2 spring 20m 752 | 32.24 - 464*£038 | 0.25£0.09 | 2.21%£022
40m 6.98 | 32.34 - 7021058 | 243%£004 | 198%£0.22
D3 winter | surface | 831 | 32.60 - 5.93%0.49 - 1.83+0.05
surface | 849 | 3260 | 257£0.15 | 3.35=0.28 | 0.15x0.15 | 1.72+0.04
D4 92 | spring
bottom | 874 | 3254 - - - 2721014
winter 845 | 3255 | 3.01£0.20 | 568%033 | 044£0.44 -
D5 84 surface
spring 866 | 3257 - 5741047 | 036%x0.36 | 1.74£0.13
surface | 871 | 32.69 | 2.84%=0.18 | 540%£031 | 0.90%0.21 -
E2 80 | winter
bottom | 12.63 | 34.05 | 250*£0.23 | 6.90*£040 | 1.57%=0.14 -
E3 64 | winter | surface | 832 | 3264 | 283+026 | 516%0.30 | 0.57x057 ~
E4 98 | winter | surface | 9.36 | 3267 | 241%0.18 | 7.32%£0.43 | 0.73£0.26 -
E5 82 | winter| surface | 10.14 | 32.81 | 3381022 | 899%0.52 ND -
winter 1051 | 33.04 | 211£022 | 385*=022 | 089*0.17 -
E6 81 surface
spring 952 | 3275 | 2451025 | 342+028 | 0.13£0.13 | 3.96%0.35
surface | 12.35 | 33.92 | 269%0.29 | 743£042 | 1.58+£0.56 -
F1 89 | winter
bottome | 1262 | 34.00 | 267x0.23 | 561%£0.33 | 0.80£0.28 -
winter 1198 | 3367 | 1.781024 | 818%048 | 0.55£0.55 -
F2 65 surface
spring 1094 {3243 [ 1.95+0.12 | 5661047 | 049017 | 2.52%0.12
winter 2641021 | 6.11%0.37 | 081028 | 2.34+0.08
Average surface
spring 1.73£0.12 | 4142034 | 0281008 | 256%0.23
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Fig. 2 Horizontal distribution of dissolved “ICs concentration of surface water in the
Yellow Sea (Febuary 1999).
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Fig. 3 Horizontal distribution of dissolved Z***®Pu concentration of surface water in the
Yellow Sea (Febuary 1999).
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Fig. 4 Horizontal distribution of dissolved %S¢ concentration of surface water in the Yellow Sea
(Febuary 1999).
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rdlol A3ae] YA
= e, dA4RFEAL
oA A AFEY] A7 A 92 A E
HAEZ Aol Gl (Koide et all1979)
Nakamura and Nagayal1985], [1990); Carpenter
et al[1987]; Sholkovitz and Mann[1987];
Kershaw et al[1988]; Nozaki et al.[1989],
[1991]). =g AFTHAAY #HFo] A vAY
2% AR E NFAES o groz o] F3HA
JalZog ANEXE HU (Biscaye et al. [1988];
Narita et al[1990]). t1&o] 3JE F3 g5 ¥
AR ERD 48 dd9y ATHAAE g5 &
E£F 2 £¥ & 4L &% (Simpson et al.
[1975); Hayes and Sackett[19871; Donoghue et
al[1989]; Olsen et al[l1989]; McLean and
Summers[1990]; Nakamura and Nagayal1990]).
A Ayt digdE g F40) 100m )R
Ei, A FHoZRE Hg F YAAAERE
Ao FYo] 2 FaoMEe F8 AFHAAY
TE Y A - IHY E¥ot AYe we
HalE Bl

g 2 Ad 248" B25FT 4 AF
abyd BEE59] HP ¥E & PCse] 242 mBg
kg, ®#pue 564 uBq kg™, PSre] 257 mBg
kg'2A e 98 2Rx ARGy F
8 ATYAY #HF FESE FAEIY (j1F4Y
A1 A7) 4[1999]). olAL HAAAE A
gl TR go] AFHAA AFEZHEH
gL s A& vt a2y 5533
2 Agg g uHMaE ¥iCs 2 PSre fA1E
A gk, P0pye g7 T UM MY (61~83
#Bq kg, Nagaya and Nakamura[1992])¢] 9]
FAE o 1/10 FEo2 ¥ oA FIUF
Edo A E AFTLAAY HAFE YAAE B

A e 2 5232 495y Qo wat

.|°="

A ALY dgE
A4 dZo o 7121 #Zo] a9E)
- A2$5n B¥py xx Rojx= 30 kBg
kg o)NZA 36 £Bq kg'd & AolE Hole
dut dfddes FHE FEIFY (Nagaya and
Nakamura [1992]). °l213 F2EE ol &
T 2 AAEHES] dEZ (Inventory) 22 FEH
FA3E 4 gloh

ga F4d4AE (AFH CoAAM slF E7E
BUpy HAZF (Inventory)2 044 Bg m 2o\,
uhdo] HAEo|AE 1034 Bg m° (Hong et
al[2001DEA sl dvls] oF 249 Fo}h o] A
g7t 4] 100m oWz €& vkAd, A=A
nogad FrE ErgEd, P¥pyo] YA
HEaEde 27kl o3 rergro)l AAHA
ol wa ZFHHo #gd uvld siAEHAEY
HEFo] ¥ Aoz Algdch

gaol A drlz2e FU8E P¥pue 7o
=g A3 A A% 40~60° NolA &FE
AR gr1dd "AzF (50~60 Bq m
UNSCEAR [1993]) A8 & ¢&3ld, gale o
2193 F 9 07~09 % A= g BERZ
I JueE AL orjdin

d

i

42 2l
3 ol A

25 4AEEds
=

I A= Dol d d i R BAg A v
7} A2 e, g2 1964 d Fubyte] FEhE
AFHYA SNAP-9AE BA & #Fpy 1 kgol
Aozl g1 dxsol kel Ppyol
A AFHeR HPo2A FubFoa <F 22 %,
Urzles @irddA #3550 (Linsalata et
al[1980]). o128 3 Fpy/AMpy wj= o 025
Z2A #F7] Aol 9% iyl GRuEg < 10

o E

o

X

W =A S ol Zol Yl yEdE g%
o THYEE 2w YA T vE #

7) Mg MGl ATIAY AF
FAsed 4434 AHgHoen i

g3 A5 Fo AP dF Qe F
A7) 98 FCsMSr wE 079~165 (B
123) #HHYzEA T3 (13~19 Hong et
al[1999))st UNSCEAR (1993)0]l 4] #Z&® ¥
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T3 gridRA 8 16)d cAFezA F 3
F9 AFYAG #AF 719 UNF =t A
£ gA S gy ERY FRAFHUAAY AFE
9] H] Aole Fa FHFoANAMY olE AFTWAIA
AFE] A5 - 3EH Aolo] Qg
azoz NgEFAEL YCse Ysrug o
688 © Wy FFEd, YASHE WASE/
A x)o] Fol, AEASE FL& HeH9
HAHH B Fsrrgd oL ®ol ZHI
(Wahlgren and Marshall[1975]).

_‘:’E?} 239,240Pu/908r ‘;_! 239,?AOPU/137CS H]_Li_ Z_]'Z]'
0.001 ~0.004, 0.001~0.005 B2 HAFTH o
714248} (0038, 0.024; UNSCEAR[1993])E.c}+=
A3l &t} ol# 3 e wrALA HlE olh] o
g dFAE 9§ Anex dA s, oA
2 QAN HAE ZIaYE Pud MFoA Cs
2 Sroff vjs] AUHoR YAHGFE-FE LA g
27l A g o R A A A = oA 7] ) F-oj o}
(Fowler et al[1983); Hirose et al[1992]; Hong
et al[1999]). EZFF A YA Pu2 F Pu (£
2+ A% 16~17%E AA AT, ¥ese o

L

=1}

2 1% olWel E3}Et} (Hirose et al[1992]).
°|3 @ Pu Y& ARy AL EFA o

g A R, v g AT A
A HFEY FQ FFLLE FAHASHE EYAN
o] 20p, MTce Wl 0024 (Leel1997DEA Pu
o] XA uWrigdZuld ZFdg. 2y
ZoME oluch R L& 0006 (B S[2000])
L2, Puo] AYgHoz AAHY, dFdMe=
e #Aigozd, Pud A3EH £@33AHE
AXRWA, Pud} Csol £3=EE A& & F ok
FalolA Fa ATHAY AT EL uE o] & F
719 2 AT TAFEL o5 AF/QUANNRGE
Aztel HulAl+E AAFO2A, F Adsg
o ol t},

=

2 d7E e (PN0042000, PN0142800)
A9 el FAAAFUDG. wEe) FHY ¥
gl = =ge T4 A% YAAAIEA 2
A=y,

23 235

o, BEH MER, BIIE

1] 43535, 2000. AF_A LA FA7IEA
2, BSPN99380-00-1254-4. 292pp.

(2] o18%, B34, BHE, o1%%, 199. A2

=

FUE FF FAQe Pu AT 4 W,

71873 83 A, 15(2): 79-87.

3] TAdAHELA &Y, 1999. gAFANHE F
H O SAZA 2 "B uA. KINS/Ar-735.
[4] Carpenter, R., T.M. Beasley, D. Zahnle,

B.L.K. Somayajulu, 1987. Cycling of fallout (Pu,
“am, ®Cs) and natural (U. Th, Z°Pb)
radionuclides in Washington slope sediments,
Geochim Cosmochim Acta, 51: 1897-1921.

[5] Donoghue, JE. O.P. Bricker and CR.
Olsen, 1989. Particle-borne radionuclides as
tracer for sediment in the Susquehanna River
and Chesapeake Bay. Estuarine Coast. Shelf
Seci., 290 341-360.

[6] Fowler S.W. Ballestra S., La Rosa ],
Fukai R., 1983. Vertical transport of particle-
associated plutonium and americuim in the
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