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Estimating the Residence Time of Land-origin Waters in the Surface
of the Yeoja Bay, Korea, using Radium Isotopes
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We have measured the salinity and the activities of short-lived radium isotopes (***Ra and 2*>*Ra) in stream
water, coastal porewater, and surface seawater around Yeoja Bay in the southern sea of Korea to estimate the
residence time of bay water. The porewater was characterized by low salinity and high activities of Ra isotopes
relative to the seawater around Yeoja Bay. The correlation between activities of Ra isotopes and salinity in sea-
water reveal that the porewater is the major source of Ra isotopes for bay waters. Based on the **Ra/**’Ra
ratio model using the activities of short-lived Ra isotopes in porewater and outer seawater of bay, the mean
residence time of surface water (< 3 m depth) in Yeoja Bay estimated was about 6 days. This residence time
also reflects the staying time of land-origin materials moved from inner region of bay to open ocean. Our
results suggest that it is necessary to consider the residence time of bay water calculated by using Ra isotopes
for estimating the allowable load of land-based pollutant in order to sustain the production of aquaculture
organisms and to maintain the water quality in Yeoja Bay.
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Fig. 1. A map showing the sampling sites in the study region during August 11-15, 2009. The Ra samples of stream
water and shallow porewater were collected from the stations marked with filled triangles (Sts. R1 and R2) and
blank squares (Sts. P1~P8), respectively. The filled circle marks represent the seawater sampling sites (Sts.

S1~S11).

2.2. ZNES ¥ MUY

APt W sli<ee] AFARE AEEh] f1ste] 2009
8 1097 1597k ofxet Fwe] s 27)
BRI, R2), 255 &) 4 (P1~P8), si2] 3+

oW 97 A (S1~S9), 7 9] 270 A (S10, S11)el
M NEE AeeithFig. D). skt 3592 A
< olg3le] FrtE Wt olEstaA AEE )
A=, e A9 ] TS A ge FF
AR A7 Faolgs o183t F 200 LE A3t

ol =1
1 A

, FFTE AE Al S T Aog 3ol
TRE ohe U B8 Y wE o)
o ¢F 60 L A|3lGic). dlg= adsatdetd =
AL B 7SE EfAL WHO] QK%o] A9 A3 Al vE
o] QA RE] HEFOR o]FshHA], THe] npgES
JzAol 7Re] JrellA] 45 2 (submersible pump)

£ olgalol 44 oF 15 m R2o ¥E A4E o

e

Of
-



198 T - T - ¥

100~150 L =<=3lsich.

s} I et die FUle FEAIYS
Model - Professional Plus)s, a2 &3 o
= AEA(CTD, Model — Seabird 19)S o]&3}
AN Sgsn). = Aalde sl T e

3 giel 55 RE B4 sk slskel 5
F 9EAE B3 AEORTE 1 m 2ol

3P8lHA 1 m 7HH o2 3 diES SASINTh
S, T, Sl & #PRa 3 PRa A
Kim et al?o] AR&3F "ol wh} 253k 260~
200 L)S Zz]==z324 S (polypropylene cubitainer, ~
20L)9l ¥& 5 MnO,fiber (~60g wet weight)7}
S0} JE ok=E IEFA 45cm, Zo] 20cm)ol ~1
L/min® $E2 FIHAA +£F° Ra s9LLE
MnO,fiberl] SEHAIZE URbH oz s} H4s
FE3HE AHAT FollA Ra T9LAE FEs=H 7HE
BEAQ viAlE Atshdzte] lEE ol=d Alf-(man-
ganese-impregnated acrylic fiber, MnO,-fiber)o]™29,
Yamada and Nozaki??ol|] ¢]3PH MnO,-fiberS %3}3}
= d4] f<5ol 2.0 Lmin ©131Y W] 45 Ra©] 95%
ol F=HL B} o]F Ra FHYAE &
ZIAZ1 MnOy-fibers AFAZ A 2h2 ZehiE &
(A7 2.5 cm, Z°] 20 cm)ell WAL F7IHEE ©]8-3)
o] s4Je] 422 AASISIT. ol MnO,fiber 52
o] & 749 Radl EIFR! Z=(Rn)°] MnO,-fiber
wo 2 wrhe 218 WellE ] wio|uhB® g
I A SRS A AE MnO,fibers DCC S4E =
2k &7 50cm, Z°] 30cm)l %74 Moore

P

g

Air flow : 6 ~8 L/min

- AT - ol

and Arnold®7} 7§23t Delayed Coincidence Coun-
ter (DCOYE AMEsle] 22Rax}t 24RaS BA519T). o)
DCC= *Raz} 2Rac] WAFE 3l tho= 2Rn(Rk
A7) 3.92 Z)3 ZRn(H7): 545 2)ye e BE
%3] scintillation counterd] E3A|A Rnd 2 E3=F
2 ZZFHPo) TALEREPo, WHH7]: 1.8x10°%;
216py, W7}7): 0.162)5 =438 ©E Rnd} Po Wt
A717F wg- &7) wEel 3719 £¥EEE 6~81/
min® s thFig. 2).

3, o] Aolla 2BRax}t 2Ra®] 758 S(detec-
tion efficiency) ??Ra¥} ?2/Ra ¥F=8NS A7} 7
2 o2 MnO,fiberell F2AZ £ 45t 24
stlom, 2Rav} #Ra0] HEEEE 77t 0.14~0.17
cpm/dpm(E < 0.15 cpm/dpm)®} 0.31~0.35 cpm/dpm
&+ 0.33 cpm/dpm)e]Uth. ol AEE LS o] 835}]
22Rad} #Ra0] wEE Tl WA (DS o83

At
-B
g, = el 1 M

7N, Agee AEANZH A PRzt 2Rag) Fw
(dpm/100L)0]1 32, Cp\pie ?Ra, *'Razt BAIEHE 2
a)%<] A& (count per minute, cpm), B, & 7171
o] FAE (background) #A158(0.09~0.18 cpm), D.E.
= 2R3} PRad] AZEE, A= Ra(0.0608 day’)
3} 229Ra(0.1904 day™t) F919A0] HAHS] A<R(de-
cay constant), t= A& MHALZFE =H A7 A
I3k Al7H(day), V& ASEFH(L)yS YERATH

220 Rn 219Rn
y

Rn chamber
(DCCO)

;xe Flow meter
Air-filter I

MnO,-fiber
223 Ra’ 224 Ra

Fig. 2. The photograph (left) and schematic diagram (right) of the Rn circulation and Rn-Po counting system using
delayed coincidence counter for the measurement of *Ra and ?*Ra (Moore and Arnold®).
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Table 1. Salinity and the activities of 2’Ra and ?**Ra in the surface seawater, porewater and stream water around the

Yeoja Bay during August 10-15, 2009

. Samplin; Ra activit
Station number Location deII))th ; T(zmp. Sal. (dpm/ 1001?7) “Re/ ?ZgRa

Latitude Longitude (m) 0 “ZRa “21Ra Ratio

Stream water R1  34°56'36'N  127°29'59"E 0.0 26.6 0.0 1.7+0.2 29+1 17.1
R2 34°5045'N  127°20'34"E 0.0 19.8 0.0 2.5+0.2 361 144

Porewater P1  34°41'57'N  127°24'48"E < 05 28.0 21.5 68+1 720+3 10.6

P2 34°44'56"N  127°2328'E < 05 273 21.9 78+2 9705 124

P3  34°4835'N  127°2544'E < 05 27.1 16.0 190+3  1790%7 9.4

P4 34°50'18'N  127°2751"E < 05 26.2 10.2 120£2 13006 10.8

P5 34°50'21"N  127°29'19"E < 0.5 25.8 8.7 36+2 450+3 12.5

P6 34°5039"N  127°31'36"E < 0.5 28.2 20.9 180+4  2100+10 11.7

P7 34°4933"N  127°32'07"E < 0.5 27.1 8.0 59+2 790+5 134

P8 34°4759"N  127°33'46"E < 0.5 29.1 17.8 3204  2900+10 9.1

Bay seawater S1 34°48'45'N  127°24'44"E 1.5 27.6 20.6 36=+1 3601 10.0
S2  34°4820'N  127°29'04"E 1.5 273 25.1 14+1 1101 7.9

S3  34°4957'N  127°30'20"E 1.5 274 25.6 20+1 2002 10.0

S4  34°44'32'N  127°32'77T'E 1.5 28.3 26.0 14+1 1001 7.1

S5 34°46'69'N  127°29'21'E 1.5 26.5 24.6 15+1 1602 10.7

S6  34°43'88'N  127°26'53"E 1.5 26.0 28.8 13+1 1002 7.7

S7  34°42'50'N  127°30'89"E 1.5 26.0 28.2 15+1 1802 12.0

S8 34°42'46"'N  127°30'94"E 1.5 26.0 28.0 11+1 931 8.5

S9  34°41'02'N  127°29'16"E 1.5 254 29.6 12+1 1101 9.2

Open ocean water S10 34°34'43'N  127°30'54"E 1.5 25.4 29.3 11+1 54+1 4.9
S11  34°36'73'N  127°36'94"E 1.5 25.1 30.0 11+1 60+1 5.5
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Fig. 3. The horizontal distributions of temperature, salinity and the activities of 2°Ra and ??*Ra in stream water, coastal
porewater, and surface seawater of the study region observed during August 11~15, 2009.
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represents the expected activity by the conservative mixing between stream water and open ocean seawater out
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Table 2. A comparison of water residence time in the coastal bay of Korea

Average  Applied Applied Water
. . Bay area water .
Study region  Estimating methods 9 water water residence Reference
(km?) volume .
depth (m) depth (m) s 5 time (day)
(x10° m®)
Youngil Bay Ra-Si mass balance 120 ~ 20 9 1080 12~18 Kim et al.*V
Masan Bay Water balance 74 9.5 9.5 ~ 780 ~ 23 KORDI®
Gamak Bay Tidal prism 112 6.3 6.3 ~ 710 ~11*  Lee and Chang®
Ra tracer 150 8 8 1200 5~9  Hwang et al.*?
Deukryang Bay Tidal prism 420 7.8 7.8 ~ 3300 14~47 Cho et al*
Yeoja Bay Tidal prism 365 5.4 5.4 ~ 2300 ~ 70% Lee®
Ra-Si mass balance 320 5 3 960 5~8 Hwang et al.2?
Ra tracer 320 5 3 960 ~6 This study

*Water residence time was calculated by dividing the water volume of bay by the difference of tidal exchange volume
between ebb tide and flood tide reported in each literature.
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