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Removal of *°Po and *'Th from Seawater at the
East-southern Coastal Region of Korea Peninsula in Spring
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Department of Oceanography, National Fisheries University of Pusan, Pusan 608-737, Korea
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The vertical profiles of the natural *°Po, **Pb and **Th activities were measured at the upper 150 m
or 200 m of water column from west-east intersection in the east-southern coastal area of the Korea
Peninsula during the period from 26 to 29 April 1994 to compare the removal rates (residence time)
and removal processes for **°Po and **Th,

At the inshore stations, the *°Po activity was generally higher in the thermocline and its under layer
than in the surface mixed layer, while represented the reversed pattern at the offshore stations.
However, the *°Pb activity decreased generally with depth. Also, the activity of ¥°Po relative to its
parent '°Pb was deficient in the water column above the main thermocline, but was slightly excess or
close to equilibrium in the thermocline and its under layer. The vertical profiles for the activity of 2'°Pb
relative to its parent **Ra showed the reversed pattern with the vertical variation of *°Po excess (or
deficiency). The ***Th activity was significantly lower in the surface mixed layer and thermocline than
in the deeper layer.

The residence time of °Po ranged from 1 to 4 years at the five stations except station E8 that
showed very long residence time (approximately 10 years). The long residence time at the station E8
may resulted from the thicker surface mixed layer and subsequent the vertical mixing of '’Po which was
recycled in the lower surface mixed layer compared to at the other stations. Also, the residence time
of "Po was shorter at the inshore stations than at the offshore stations. However, the residence time
of *Th ranged from 52 to 74 days at all station without the significant variation, was very much shorter
relative to the residence time of *'Po.

The correlation between the removal rate of dissolved **Th and the concentration of total suspended
matter (TSM) was generally positive. Therefore, it seems that the major route of the removal mechanism
of ™Th from seawater in the surface mixed layer is via adsorption onto suspended particle surfaces
(most likely inorganic particles) and subsequent settling to the bottom layer. Between the removal rate
of dissolved °Po and the concentration of chlorophyll-a was positively good correlation. Consequently,
most likely the removal of ¥’Po may be occurred by uptake to organisms (mainly such as planktonic
debris or fecal pellets) and subsequent settling.

Key words : removal process, removal rate, residence time, adsorption, uptake
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Fig. 1. Location of hydrographic stations at the
east-southern coastal region of Korea
Peninsula in April, 1994.
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Table 1. Chemical data for seawater at the east-southern coastal region of Korea Peninsula during
26~29 April, 1994. Standard deviation is based on propagated counting error

Sta.  Depth Temp. Sal. TSM Chla #Th %% 21ppy
No. (m) (© (%) (mgh) (ug/) (dpm/D) (dpm/100/) (dpm/100)
E3 3 1564 3463 102 0.61 1471 0.10 8.85+ 0.65 12.78%+ 1.24
25 1466 3459 114 0.55 1.23+0.10 7111060 1086+ 1.08
50 1122 3453 090 0.26 1.01£0.07 8.19% 042 9.01£0.72
75 530 3411 082 0.13 1.40% 0.08 7.88%0.76 6.70% 0.69
100 244 3404 049 0.03 200£0.12 869 0.81 6.391+0.73
125 183 3404 051 0.09 231£0.10 9.91+0.89 7481 0.86
150 152 3405 043 0.04 222+ 0.11 8671 0.81 7.2510.77
E4 3 1564 3461 129 0.58 161 0.11 10.25% 0.89 1512+ 1.34
25 1542 3464 138 0.52 150+ 0.10 8.96% 0.78 13.60% 1.00
50 1368 3455 1.00 0.27 1.29% 0.07 1167+ 1.04 10.811£0.73
75 1172 3449 061 0.16 1.40x 0.09 11.07£0.99 10.14£ 0.85
100 359 3414 080 0.08 159+ 0.10 1081+ 0495 881+ 0.77
125 198 3405 042 0.13 175+ 0.11 8.81+0.87 6.91* 0.66
150 166 3404 038 0.05 2.30+0.13 7.70% 0.66 745%0.70
E5 3 - 462 097 0.56 154+ 0.10 11.73£1.02 1498+ 1.23
25 - 3466 117 0.85 1.26+0.10 641+ 0.62 12471 0.85
50 - 34.68 0.86 0.49 1.75% 0.10 6.57% 0.51 10.04% 0.81
7% - 3455 069 0.18 1.29+0.09 11.77+0.96 9.05%0.79
100 - 3447 041 0.20 1.71+0.08 863+ 0.75 7651 0.71
125 - 3411 046 0.06 2231012 10.08+ 0.76 7.63%0.84
150 - 3405 029 0.11 2.2910.14 6.25% 0.59 6.07% 0.68
E6 3 1550 3461 1.20 0.74 159+ 0.08 9311 0.87 1605+ 1.22
25 1543 3467 0.78 049 1.55% 0.07 11.60% 1.05 15.46* 1.59
50 1508 3472 061 0.24 148+ 0.10 10.71£0.97 13.38+ 1.32
75 1368 3460 071 0.37 124 0.10 11,58+ 0.67 1228+ 1.09
100 1251 3455 050 0.22 1.23%0.09 1061+ 0.93 1058+ 1.12
125 1146 3452 050 0.17 1.38+0.10 10.04£ 0.89 8.891+0.93
150 340 3417 037 0.09 232+ 017 6.66* 0.61 6.08% 0.62
E7 3 - 3465 093 0.55 157+ 0.10 1267+ 1.10 14,30+ 1.14
25 - ‘3464 087 045 1.38+£0.09 12.33+ 0.94 1350% 1.19
50 - 3465 063 0.39 1.66% 0.10 1141+ 1.09 12.29+ 140
75 - 3468 059 031 155+ 0.08 7961 0.73 10231 1.14
100 - 3461 039 0.28 147+ 0.09 7.12% 042 8.76% 0.98
125 - 3453 050 0.10 1.35+£ 0.06 8.15%0.76 6.641 0.60
150 - 431 015 0.05 207+ 0.09 1017+ 0.73 7.70% 0.65
E8 3 1511 3467 0.70 0.45 162 0.11 12.90% 1.15 1488+ 1.08
25 1505 3467 060 0.17 1.331£0.08 12.11% 1.00 1361+ 0.98
50 1468 3468  0.68 0.20 1.66x 0.09 11.04£ 1.09 11.12+ 0.88
7 1459 3469 059 0.13 1.321 0.09 11151 0.89 1121+ 085
100 1441 3470 049 0.16 1.64%0.11 9.96+t 0.87 10.02£ 0.85
125 1369 3468 034 0.10 175+ 0.13 7871057 6481+ 0.74
200 216 3403 030 0.02 201+£0.10 802+ 0.71 6.761 0.63
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Fig. 2. Vertical distributions of temperature, salinity, total suspended matter(TSM) and chlorophyil-a.
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Fig. 3. Vertical profiles of total °Po and *°Pb activities in the unfiltered seawater, dissolved **Ra
activity in seawater. **Ra activity was calculated by a relation with salinity (Yang et al., 1994).
The dashed line represents vertical profile of *°Ra activity and the hatched area represents

thermocline.
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g1 918& AAHET (Nozaki and Tsunogai, 1976;
Bacon et al, 1976).
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al, 1995) 7 ¥l w3 EW, 2ppe] T %
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Table 2. Inventory and residence time of each radionuclide
Inventory(dpm/cm®) Residence time(7)
Sta' Z(m)* 210 2101 238 234/ 210 234
Pb Po U Th Po(yr) Th(day)

E3 0~60 0.629 0472 1.6

0~125 30.00 18.44 55
E4 0~45 0.589 0422 14

0~150 36.50 23.71 64
E5 0~60 0.723 0.460 1.0

0~125 30.18 19.35 62
E6 0~95 1.289 1.025 21

0~150 36.71 22.07 52
E7 0~110 1.272 1.113 38

0~150 36.75 23.05 59
E8 0~100 1.208 1.144 9.8

0~200 4898 33.38 74

* The layer which daughter nuclide is deficient relative to its parent.
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Fig. 4. Plots of removal rates(K}, and K%,) of
total *Po(A) and dissolved *'°Po(B) ver-
sus chlorophyll-a in the layer which dau-
ghter nuclide is deficient relative to its
parent. Dissolved *°Po activity is value
that subtract particulate form from total
form. The specific activity for *°Po was
assumed to be equal to 30 dpm/g(Kim
and Yang, 1996), and particulate Z°Po in
seawater was corrected as multipling this
value by TSM concentration.
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2 JIFEFoAT FRG AR S JeRR %‘2}2‘4,
222" 29 Ki9 Alolde vlud o AJ9 4
#4s B3 (Fig 4A). 3HA T 233 20pos} 210Pb
9 T AFHRA L H5F FTROER FEE
T YAERY JFS BN A9 FrEeA g
A =& W gozREH & pos £3Y A
&= (Kb) & AMstgd, &4, 4 (339 K9,
4 DY ke dad § pge oudEq
20ppo] ¥l3j *Pe7} F-EFE Holy FFAM T 9
Fo] ez RE A4S AAZEAFEA 2P,
7} d5 oudFoez Ry AAE F HEAJ
F4Hn A dEe A7 o8 sRFom
AAE 749 &245E oudid, 22t Kbk
B Kbt 4 #3594 F55 g £&H B
(2Po/Ph) 2 HE AMS 58 AASESTEA
Kb kol 248 2Po7t (£E > A EA F5 - A
At wdEe) 17) AR A& wzA & £330
ZRE AAdYde AL YUy, Kol 48
£&H Pt YAH 2 HolHe £x7t MES 9
o) gk},

£&d poe] AAEERF (Kb €229 a
Aol ARz & A9 FAHE EJG
(Fig. 4B). o1& #+%F 29Po2] A A gojx 2R G
29 H9F& A9 w3 gA g2 Jgudg o
A FHEFFNA 2Pox 2 AE7YY £719
AEAd o8 AAHL ASE AR, 28 2
229 29 F=7F 03 pg/l o130 F2%F 2 I 3
FFoME MPpert ofn|f s A A HAY
e #JFE BJon, KhEE 0 o8y #Fe
ettt ol BHERZ oY HENY A
B4 o8 AAE 2port YAEAe] HAIHA
g o 2port ArFoZ AN gl
g & gldh ole @ AL g olEF S £
L3 23 AM9Y F - AN A3 EAHE
@/3olct (Bacon et al, 1976, 1988; Chung and Finkel,
1988; Yang et al, 1995).

3. PThe| gix|2z 9 HA

43 MThe S04l 21 AR =y WAt
oo o FFac wetA o] F AFY FHA
JAF R EE Fig 591 JeRATh

A - 4718

209 ¥ 241~246dpm/IZ BAE 539 A
ol7} wi-¢ gke} a2} HThe) FEWIE 101~
232dpm/IE B FolBde $£54E o7l X
At & AR g} dhe Zole glot tAF
o2 BUEHSNM 7MY wka, #e42 S 0
R FoME ofnjdEel =Ug vl&d FEE BY
o}, &3 ou|dlFol oig MThe] E&FLe iAo
2 AdE 2 G XS AP BN a2
1, v % Qg 4HE (E7, E®)olA Juigoz
zd,

FH, B2 ZARAY 2850 FHY (Yang et
al, 1995)¢] 100m A¥FolAd 23 Hng MThe
e FEE N EY, 2450 FHHIGN
2% #The $5€ 0.76~118dpm/ HYE 2 %
A G E T 025~082dpm/! A% WOy, GHEE
e 2RE HF AgAE YN FAY B
ZAE A ] H&Ht 0|9} o] AgEo| FHHY
Hr} 2ThY] 527 tda £2 AL ofnix AdS
459 A7 FHAY] B2 FHEFES U9
5o AFAR] o o] WEolztn A

“poe] 349 gol BAF A G o] £31o] BT
A FAIZLE At 2The) AFALS 52~74¢
o HA2 FAH E6AM M #F BA EglA 7+
‘Riﬂ}(Table 2). AYI Mpeg] AFALETG F4

e Fuuy e g By §H, 2Thel A
Tar"]Zl% Yang et al. (1995)0) A& Eo] Fua)golA
Hg 18~309 8 0= thd ZYAT, gure 3o
9] ¢ 50~709 (Coale and Bruland, 1985, 1987)%}
HHY B d§ESd 9@ New York Bighto]
up% Ao A el 70 (Kaufman et al, 19813+
v &gl &880 FHHAHAE FRFEAY
Tzt & 2APEA vle) o o) Ax ugid 1
Polz Bala B A Ao Mgl 24Th ) F Al ko)
A8E0] Fasde) vl& 1 AL AAFLYSo]
doidez F5lo] dAso] YA 7] Wi A
AAY Ao2 AP,

=2, 4 (3 2e PeoL T 39 2Tho
AASEAS (K)o 2 423te] BAYH 8%
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Fig. 5. Vertical profiles of total **Th and dissolved *®U activities in seawater. **U activity was calcula-
ted by a relation with salinity (Ku et al, 1977), The hatched area represents thermocline.
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Fig. 6. Plots of removal rates(log K% and K%,)
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versus total suspended matter(TSM). Dis-
solved ?Th activity is value that subtract
particulate from total. The specific activity
for **Th was assumed to be equal to
1000 dpm/g (Minagawa and Tsunogai, 19
80; Wei and Hung, 1992), and particulate
¥Th in seawater was corrected as multip-
ling this value by TSM concentration.

FHZA BAE F22Y9 80% A0 FEFg
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AN FEFEAF H7194 e A 2 A
9~22% (Bennett, 1980) ¥ %1 %25, North Seacl A %
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FHEAT FR/71% (TOM) & FAd 2~26% (Zuo
1993) At weby FH{E2H o
FEE F2 471949 FYA”4H 448 5+ 9
ot a2E & 2AEAY BREFFAAN PThe
T2 HAE74Y FUYAEAe o aHor
AAEGL AA4En, 2The] 25535 YA 5T
7t 90% o148l 4l FFoA K)ol & AL of
e B7YAEAS B f71E o] HEHo] ¢
ARz FHAF U ARY) gREIAE BE
(Mckee et al, 1986).

and Eisma,

o o]
I =

A7E deheFY FRYA FH gre

T AFNUNT AABHL Gopr gt}
EUAdoE dUE FRSNE FREY
TP FR2oA gx ¥
A, wEE AYSNE BFUERZA 03
ol AS BTk 2elu 2ppE F40] o)
Aol e A2 pade A% BAY £¥ B9
EHEANE JAFOZ o7} ojujgEuy HE
S Hol}, £2okES ¥AT HRZME ofn|
953 79 FAEEY FES HoAY ok B
YL HYT} ppe BHEFEAE ojn8F
RN T BYFL Rol}, SR T &R
2oL o7t REFL BoAY & Ae) WAl
8 5 E BT MThe
o] 2 FRFuT WA ot

20poe] ARAHE 1~4de) Moz M)A Aol
o BPE (B3, E4, E5)o] upRzo] X% 37
(E6, ED®T #3teh e 37 Egol = o
oz v)9 Agen o & FUES v E
EFEO FAL BAR G FREHSNA AL
g Wpgrt £AEFHNY) BBY Aol qw, M
Thel AFAIZFS 52~7492] W9z FAY o)y}
a0k =27 $o, 2Pee] AFAZ) WA Y
W ST,

HAERS WM A+F #The &EHY &

—_ i
o)
feh B O(Eomin IR

ofw



A 32 G AgHAAAN H5F 2Post PThe A7
9 AASEAF7 FRFEAS Z R4S YE within the Califomia coastal transition zone. .
= AoE Hol 22 HAEVYUY £7YUA F Geophys. Res., 98, 857~864.
’—"rﬂ‘ﬂ AAF L Qe dtdd], MPo= SZH Y A Kaufman, A., Y. H. Li and K. K. Turekian. 1981. The
E357 2228 a8 A9 84S Yehle A removal rates of 2Th from waters of the New
Qﬁ Hoel 2 MEA (F2 % - HEEFIE) York Bight. Earth Planet. Sci. Lett., 54, 385~392.
EF5Ho AAHD YAED s A 9FE  Kim, S. S. and H. S. Yang 1996. The geochemical

BA % R 2k

1]
o]
Ho
rok

Bacon, M. P.,, D. W. Spencer and P. G. Brewer.
1976. 2°Pb/***Ra and #'°Po/*'°Pb disequilibria in
seawater and suspended particulate matter. Ea-
rth Planet. Sci. Lett., 32, 277~296.

Bacon, M. P, R. A. Belastock, M. Tecotzky, K. K.
Turekian and D. W. Spencer. 1988. Lead-210
and polonium-210 in ocean water profiles of
the continental shelf and slope south of New
England. Contin. Shelf Res., 8, 841~853.

Bennett, J. T. 1980. The biogeochemical significance
of zooplankton fecal material in a biologically
productive, temperate fiord. Ph.D. thesis, Univ.
Washington, 258p.

Chung, Y. and R. Finkel. 1988. *'°Po in the westem
Indian Ocean: distributions, disequilibria and
partitioning between the dissolved and particu-
late phases. Earth Planet. Sci. Lett., 88, 232~
240.

Coale, K. H. and K. W. Bruland. 1985. #*Th:**U di-
sequilibria within the Califomia Current. Limnol.
Oceanogr., 30, 22~33.

Coale, K. H. and K. W. Bruland. 1987. Oceanic stra-
tified euphotic zone as elucidated by **Th:>*U
disequilibria. Limnol. Oceanogr.,, 32, 189~200.

Holm-Hansen, O., C. . Lorenzen, R. W. Holms and
). D. H. Stiickland. 1965. Fluorometric determi-
nation of chlorophyll. J. Cons. Perm. Int. Explor.
Mer., 30, 3~15.

Kadko, D. 1993. Excess *"°Pb and nutrient recycling

343

behavior of **Th and °Po in seawaters from
the Suyeong Bay, Pusan. J. Korean Soc. Ocea-
nogr., (in press).

Ku, T. H., K. G. Knauss and G. G. Matheiu. 1977.
Uranium in the open ocean: concentration and
isotopic composition. Deep-Sea Res., 24, 13~
26.

Mckee, B. A, D. J. DeMaster and C. A. Nittrouer.
1984. The use of **Th/?®U disequilibrium to
examine the fate of particle-reactive species on
the Yangtze continental shelf. Earth Planet. Sci.
Lett, 68, 431~442.

Mckee, B. A, D. J. DeMaster and C. A. Nittrouer,
1986. Temporal variability in the pattitioning of
thorium between dissolved and particulate
phases on the Amazon shelf: implications for
the scavenging of particle-reactive species. Co-
ntin. Shelf Res., 6, 87~106.

Minagawa, M. and S. Tsunogai. 1980. Removal of
**Th from a coastal sea: Funka Bay, Japan. Earth
Planet. Sci. Lett,, 47, 51~64.

Nozaki, Y., S. Tsunogai and M. Nishimura. 1973.
Lead-210 in the Japan Sea. ). Oceanogr. Soc. Ja-
pan, 29, 251256,

Nozaki, Y. and S. Tsunogai. 1976. *Ra, *°Pb and
%o disequilibria in the westemn North Pacific.
Earth Planet. Sci. Lett.,, 32, 313~321.

Nozaki, Y. and M. Yamada. 1987. Thorium and pro-
tactinium isotope distributions in waters of the
Japan Sea. Deep-Sea Res., 34(8), 1417~1430.

Nozaki, Y., N. lkuta and M. Yashima. 1990. Unusua-
lly large "°Po deficiencies relative to 7'°Pb in
the Kuroshio cument of the East China and Phi-
lippine Seas. J. Geophys. Res., 95, 5321~5329.

Santschi, N. R, Y. H. Li and ). Bell. 1979. Natural



o4 - FHA -

radionuclides in the water of Narragansett Bay.
Earth Planet. Sci. Lett., 45, 201~213.

Tanaka, N. Y. and S. Tsunogai. 1983. Biological ef-
fect on removal of **Th, *'°Po and *°Pb from
surface water in Funka Bay, Japan. Geochim.
Cosmochim. Acta, 47, 1783~1790.

Wei, C. L. and C. C. Hung. 1992. Spatial variation
of ?*Th scavenging in the surface water of the
Bashi Channel and the Luzon Strait. J. Ocea-
nogr. 48, 427~437.

Welschmeyer, N. A. and C. ). Lorenzen. 1985. Role
of hervibory in controlling phytoplankton abun-
dance: annual pigment budget for a temperate
marine fjord. Mar. Biol. 90, 75~ 86.

Yang, H. S., P. ). Kim, J. C. Lee and C. H. Moon.
1994. Origin of the cold water below 10C

oY
N
o

occurring in the southern coastal region of the
Korean East Sea in summer by Ra isotope dist-
ribution. Bull. Korean Fish. Soc. 27(4), 404~412
(in Korean).

Yang, H. S., S. S. Kim and ). C. Lee. 1995. Effect of
eddy on the cycle of 2°Po and **Th in the ce-
ntral region of Korean East Sea. J. Korean Soc.
Oceanogr., 30(4). 279~287 (in Korean).

Zuo, Z. and D. Eisma. 1993. °Pb and ?"°Po distri-
butions and disequilibrium in the coastal and
shelf waters of the southem Notth Sea. Contin,
Shlef Res., 13, 999~1022.

1996 1¥ 31Y He
19964 59 449 59

344



