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Abstract — In order to understand the water mass properties in the southern location of the East Sea in the
Korean coasts, the vertical distributions (down to 2,000 m deep) of water temperature, salinity, and dissolved
inorganic nutrients were determined in April of 2005. The water mass of the surveyed location showed distinct ver-
tical layers; highly saline surface, surface mixing layer, and thermocline of low temperature and salinity. The water
layer below 300 m was characterized by water temperature lower than 1°C and salinity 34.06, showing a rep-
resentative water mass of the East Sea. The inorganic nutrients rapidly increased from 200 m in the northern and
southern parts around Ulleung Basin. A marked environmental difference was found between two layers separated
by thermocline. The upper layer of the thermocline was oligotrophic and the vertical distribution of nutrient was very
stable. In the water layer between 100 and 200 m the nutrients slightly increased but remained still stable. From south-
em coasts to northeastern Ulleung, the water mass properties were site specific; the thickness of the surface mixed
layer and nutricline showed a trend diminishing toward the northern locations probably due to diminished influence
of Tsushima water. Redfield ratio (N:P=16:1) based on the ratio of chemical composition in organism revealed that
nitrogen value continuously decreased to less than 16 with the water depth down to 100m from the thermocline. The
value in the water layer deeper than 100 to 200 m, thereafter, showed an increasing trend (over 16). This result was
further supported by the finding of lower chirophyll @ content in the layer.
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Fig. 1. The map showing the sampling area and stations.
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Fig. 2. Vertical profiles of temperature and salinity along U-transect
in April, 2005.
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Fig. 3. Vertical profiles of temperature and salinity along D-transect
in April, 2005.
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Table 1. Mean values of temperature and salinity at each water mass type in the East Sea in April, 2005.

Water mass Depth U line D line
type (m) Temperature(°C) Salinity Temperature(°C) Salinity

1 <1 11.71(10.55~12.34) 34.05(33.40~34.51) 12.41(11.29~13.22) 32.99(32.27~33.45)

II <20 11.06(8.52~12.13) 34.37(33.71~34.76) 11.27(10.28~12.24) 34.32(33.93~34.76)

m <100 8.24(2.21~11.96) 34.24(33.74~34.53) 9.33(4.77~12.23) 34.31(33.96~34.55)

v <200 4.25(1.01~9.42) 34.08(33.85~34.30) 5.16(1.40~10.20) 34.12(33.92~34.37)
<300 1.50(0.72~6.04) 34.04(33.83~34.09) 1.50(0.79~5.02) 34.04(33.94~34.07)

v <400 0.80(0.58~1.59) 34.05(33.97~34.07) 0.86(0.65~1.38) 34.06(34.04~34.07)
>400 0.33(0.17~0.90) 34.06(34.02~34.07) 0.33(0.20~0.84) 34.06(34.06~34.07)

and Kim[1983]°0] A &3t 58 1-5-5-(ESPW, East Sea Proper
Water)E YERRTE. Moriyasu[1972] 5312 thu} 4R 24
o] ok 200m Fol| 2] 1~4°C, BEC] 340501312 AL AHEoE
EQEE 971 Atk 813, ©]Z2& Kim and Chung[1984]
< F3| F$5<(The East Sea Intermediate Wter)2t1l 3F 2™,
waet B3 URS 52 F3 5t BEloiX|a e, B
319) ok 100~300 m FellA YepdT),

£ MR 20855 343k 100~300 m(Type IV)ellA
T AXAFDLZE BIFFINKCW, North Korea Cold Water)S]
4 LERISITE 20 m 9] 9] EEETE(Type IO E=
11°C oA}, 9 343 ojAko 2 12188 Jehf&= tiupd
FZT(TMW, Tsushima Middle Water)?] 532 YeAt}
(Park[1979]; Kim and Kim[1983]; Yang et al[1991]). +22k2
9] AFFR-E A= 20~100 m(Type M)A = thepdFrol &
F3F7t £3kE S92 =9 722 & E35(<1 m), Type
oM i DO A £& 11°C oA}, G0l 33.8 0]8}2A] 3L
2 AEY B3-S Yehl= tiodF E3<7(TSW, Tsushima Surface
Water)?] £4-& YehITH(Park[1979]; Yang er al.[1991]). $HH
o9 UoME A el 295 Jepiied, £58A &
Sl A8 U4st UsellMe 23 gito] Hat 12.3°C, 33.62
2 gvpdi 2550 5AE vepgloy, $5849 SRS
35 ARG UL~U3M &= 23 @80 Bt 11.4°C, 34.30
o7 divhdR $F5Y EAE Uehde Aold a9 35S
Bt W2 20059 FAll dehdF E3r @9 DE wet
Bl £58A4 TEZ0F S-S ¢ AUATH(Table 1).
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Table 2. Mean concentration of nutrients at each water mass type in the East Sea in April, 2005.
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Water  Depth
mass type (m)

Line U Line D
NO;-N + NO-N PO.-P Si0,-8i NO;-N + NO-N PO,-P Si0,-Si
(uM) (uM) (uM) (uM) (uM) (uM)

I 0 0.47(0.16~0.78) 0.13(0.10~0.16) 3.87(3.11~5.09) 0.10(0.03~0.29) 0.52(0.13~1.60) 4.74(3.41~5.48)
I 20 0.44(0.16~1.08) 0.15(0.10~0.20) 3.21(2.32~3.72) 1.93(0.39~3.25) 0.55(0.14~1.76) 4.36(3.91~5.68)
HI 50 2.53(1.05~6.45) 0.21(0.11~0.36)  3.72(1.51~5.08) 3.91(2.33~6.45) 0.68(0.19~1.87) 4.79(3.85~6.14)
100 7.67(4.87~9.35) 0.37(0.32~0.43)  5.93(5.42~6.57) 14.27(9.35~23.42)  0.51(0.28~0.85) 9.30(5.54~15.56)
v 200 28.68(26.50~32.03) 1.17(1.06~1.23) 20.91(19.72~22.91) 18.18(4.10~30.24)  0.76(0.41~1.33) 14.46(6.15~24.19)
300 32.74(25.15~36.83)  1.40(1.23~1.51) 26.75(21.39~30.13) 18.28(6.12~31.44)  1.24(1.09~1.41) 26.76(21.39~34.50)
500 31.83(27.00~40.33) 1.64(1.41~1.88) 33.58(26.32~45.21) 31.83(23.38~40.33) 1.70(1.26~2.09) 34.15(21.42~43.45
\Y% 1000 36.63(30.34~43.68)  1.80(1.64~1.92) 50.82(40.48~62.74) 31.19(22.50~39.21) 1.75(1.54~1.98) 46.72(36.93~57.46)
1500 42.90(35.83~46.47) 1.89(1.68~2.04) 64.61(51.15~78.03) 36.53(25.86~45.60) 1.76(1.51~1.96) 59.11(39.52~93.97)
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Fig. 6. Depths of nutriclines along the U and D-transect in April, 2005.
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Table 3. N/P and Si/P ratios at the each water mass type along U-transect and D-transect in April, 2005,

Si/P

Line D

Line U

Line D

3.52(2.10~4.80)

29.29(23.24~31.48)

21.38(3.42~31.48)

8.16(1.85~5.33)

21.87(15.03~26.07)

20.17(3.23~29.53)

11.53(1.46~17.90)
18.99(6.19~27.66)

20.77(11.24~42.34)
15.93(14.86~16.84)

13.07(3.29~21.17)
18.18(15.25~19.77)

18.60(20.65~24.71)
14.46(9.58~22.33)

17.98(16.38~19.66)
19.01(17.41~19.93)

36.27(15.60~93.65)
34.36(17.41~73.06)

Water mass  Depth N/P
type (m) Line U

I 0 3.50(1.42~5.13)

I 20 3.52(1.15~10.75)

I 50 12.02(8.56~18.62)
100 20.34(15.15~21.99)

v 200 24.65(21.43~27.50)
300 23.29(20.47~27.00)
500 19.35(17.51~23.12)

A% 1000 20.25(17.19~23.41)
1500 22.67(21.28~27.93)

19.37(11.19~23.12)
18.12(11.39~21.39)
20.56(17.18~23.92)

20.24(18.63~24.02)
28.12(24.63~32.62)
24.27(21.72~25.45)

19.84(16.97~21.97)
26.57(23.96~26.34)
33.00(26.27~42.94)




20053 #7 Fal S e 73 BT U Ay 24

iy 241

60 80 -
Lne U ; LineD
50 . L) .
[ .
g 40 - o ’: .
= i | ¥=1837x+ 05019
& 30 y = 22.638x - 1.4285 g ki R =024
Z R = 09558 T ) .
8 2 8w t »
0 - 10 r
| *
0 - ST et e e 0 l.‘,; JT i SN
0.0 05 1.0 15 20 2.5 0.0 05 10 15 20 25
POsuM) POs(uM)

%0 9 r

80 Line U - 80 LineD ’.

0 £y

4 0 R

g % 50 et O
g 540[ ¥ =24.506x- 18116 .
& 2 R = 06338

N

»

) g‘m"/ RS Fig. 7. Plots of NOytNO, and SiO; vs.

‘ ] 20 25 00 05 10 is 20 25 POy along the U-transect and D-transect
PO«(uM) POs(uM) in April, 2005.

Table 39IME =283 N/PS} Si/pe] 271e] Btz W9l of % —
o) Uehgiolirh. N/PE Type 19941 119 50 m7HA)= 3.50~12.02 N b . e
2 Redfileld ration T WA ERGTh 223 Y eekzal o o X o

4 . . 200m
Type HI(S0 melE @b 1224 tha 24 et 160 717ke 204 "? . 5 00
] v m
FAZ BYE, ol FAVINES dold £o) Age 57§ _"’A o 1aom
v ji]
A2l EFOE el 489 FACNE 20-50me] FHAHE D 2 v, L
.
Pol FUL PES PHAL YFL L F IR wREA 0o ’ °
of 59 Fazlo] YalolA wshe A EEYAES FHL B o o
5 [ 3 v
3o QJgle WA aulsle) B0 dUd TARNE & . tLgto
& QL Stowel 1979]), Type 19 EollA NP Fd "o e w0 15 20 25 a0
Chlorophyll a(ug/L})

==
ok 3.53A4] Redfileld ratioB T} ZA HA ‘%E‘r‘ﬂoi Axrkgo] A&
EHIE ”%}J AglAlE g3 QS &+ Yk A+
A E3 BEFA ZHE 2.1(Chung ef of.[1989])3 3.0(Shim
et a1[1989])£1L FAFHA, ) £5EA A S48 18.56(Moon
et al[1996])°] Hlgtd= ZA W& A F B3ith

Type 112] 100 m¥E] HalFEQd Type V7EE 18.12~24.65
EA} AYIA 22 Redfileld ratio?! 1620 A vebdth a8in
@ DO} A B8 B (D1 D2)lA] VERE S A E
3o 2 Type IVZIAE H7gho] w U] 2R tha 97
25 =

SiPE N/POjlA LFERS
54L& Holx gdstor,

A= A AolstA 8 g
AHE 02 20ui9]e] & 3hoF UEh
s}, 300 mo Q) A4 (Type VS VielAs wbd Ugl DY) 2%
H 22.99) 28484 242 A4 UERG =1 Kido and Nishimura
[1973}= B3 HEolA syPY vl&o] 1l 80, 2183 Tsunogai
[1972]% Bl Aol 1200)8k % Buslar Qo).

N/P$} Chlorophyll a2 %2 41 A ABAE B (Fig. 8)
EZ(0~20 m)PIXE Chlorophyll at= HAF 243184 N/PE 50

Fig. 8. Plots of N/P ratio vs. Chlorophyll & concentration at each
depth in April, 2005.

32 w7 veRgon, £4ol TUMEFE A Npe UL
F41 100~200 molid oA oF 16014 28744 %8 EEE Jet
ic}, vl Chlorophyll o2 WEE oF 0.3 pg/l ©)8tE A9
YA FEEEE HAoh A FA 200 mel Aol viERd
Chlorophyll &= non-living particleol*] 2% 2102 Ho|w, &
ZARIG M E EFolst 100 molUjelM ABEFAEY 4l
Fglo] i el AP ] Ews] dojua S ¢
At



242 s - T - |8
FLAF(FA 100 m7HA), 2232 A5 o
100~300 m)@} 834 300 molA)0 2 U = ik &
& WYL SFEAE R ¢ @ UM E 4
100~200 m Afololl FAE k5] 23 453} Hol AFk
A9 (oligotrophic regiony} 5% F% X% (eutrophic region)
o7 FEHo FRE 49 A Yepgitt. -8 92
g T DolM e i Re 543 A vehe #739 At
A ek, i) 539 8 34 fache 2UEEE
o] FAS s% S E & 4 4 Qlodth

Redfield ratios Yehiis ZARgH Q9] 488 NP:
004 50 m7HAE= 3.50~12.022 Redfileld ratio® T WA VER)
o, A F20E%Q1 50 mo A= oF 1224 169l 7W7RE i
o5 AFo=REY fH gl J8 g FAE I
I S & Y. E3] EF<ol|A] HQl Redfileld ratiok.
o A @2 NPE 3.5 Zakde] AEEAAE A4l A
A= &8t Y-S AABEE et

T3 100~200 m o]FelME 16010 EA YT o]
213k ke A et Chlorophyll @ 25 BE919] 28 4
TFHAE YehRon, 2 A e E5018t 100 melu
oA ASEFIES A3, Sdel uE Jde] Agatabgo)
3] dojun S-S & 5 Ut

y
4
_.‘

il

ret

0

[1] ST, 2002, HEEE T YA E L, 43-268.

[2] Chester, R., 1990, Marine Geochemistry, Unwin Hyman, london,
698.

[3] Chung, C.S., Shim, L.H,, Park, Y.C. and Park, S.G,, 1989, “Pri-
mary productivity and nitrogenous nutrient dynamics in the East
Sea of Korea”, J. Oceanol. Soc. Korea, Vol. 24, 52-61.

[4] Feely, R., Wanninkhof, A.R., Cosca, C.E., Murphy, P.P., Lamb,
M.F. and Steckley, M.D., 1995, “CO2 distribution in the equa-
torial Pacific during the 1991-1992 ENSO event”, Deep-Sea
Res., Vol. 42, 365-386.

[5] Gamo, T. and Horibe, Y., 1983, “Abyssal circulation in the
Japan Sea”, J. Oceanogr. Soc. Japan, Vol. 39, 220-230.

[6] Gong, Y. and Park, CXK., 1969, “On the oceanographical char-
acter of the low temperature region in the Eastern Sea of Korea”,
Bull. Fish. Res. Dev. Ageency, Vol. 4, 69-91.

{71 Gong, Y. and Son, S.J,, 1982, “A study of thermal front in the
southwestern japan Sea”, Bull. Fish. Res. Dev. Agency, Vol. 28,
25-54.

[8] Hansen, D.V. and Swenson, M.S., 1996, “Mixed layer circula-
tion during EgPac and some thermochemical implications for
the equatorial cold tongue”, Deep-Sea Res., Vol. 43, 707-724.

[9] Ichiye, T., 1984, Some problem of circulation and hydrography
of the Japan Sea and the Tsushima Current. In: Ocean Hydrog-
raphy of the Japan Sea and East China Seas, edited by Ichiye,

L Be7] AR - olgat -

Ag=

T., Elsevier Science Publishers, Amsterdam, 15-54.

[10] Kesser, W.S. and McPhaden, M.J., 1995, “The 1991-1993 El
Nino in the equatorial Pacific”, Deep-Sea Res., Vol. 42, 295-333,

[11] Kido, K. and Nishimura, M., 1973, “Regeneration of silicate in
the Ocean. 1. The Japan Sea as a model of a closed system”, J.
Oceanogr. Soc. Japan, Vol. 29, 185-192.

[12] Kim, K. and Chung, J.Y., 1984, On the salinity-minimum and
dissolved oxygen-maximum layer in the East Sea (Sea of Japan),
In: Ocean Hydrodynamics of the Japan and East China Seas,
Ed. by T. Ichiye, Elsevier Science Publisher. Amsterdam. 55-65.

[13] Kim, C.H. and Kim, K., 1983, “Characteristics and origin of the
cold water mass along in the east coast of Korea”, J. Oceanol.
Soc. Korea, Vol. 18, 73-83.

[14] Kim, K.R., Rhee, T.S., Kim, K. and Chung, 1.Y., 1991, “Chem-
ical characteristics of the East Sea Intermediate Water in the
Ulleung Basin”, J. Oceanogr. Soc. Korea, Vol. 26, 278-290.

[15] Laanements, J., Kononen, K., Pavelson, J. and Poutanen, E.-L.,
2004, “Vertical location of seasonal nutriclines in the western
Gulf of Finland”, I. of Marine Systems, Vol. 52, 1-13.

[16] Libes, S.M., 1992, An introduction to marine biogeochemistry.
John Wiliey and Sons, New York, 734.

[17] Mackey, D.J., Parslow, J., Higgins, HW., Griffiths, F.B. and Sul-
livan, LE., 1995, “Plankton productivity and biomass in the
western equatorial Pacific: Biological and physical controls”,
Deep sea Research II, Vol. 42, 499-533.

[18] Millero, F.J. and Sohn, M.L., 1992, Chemical oceanography.
CRC Press, London, 531.

[19] Moon, C.H., Yang, H.S. and Lee, K.W., 1996, “Regeneration
processes of nutrients in the polar front area of the East Sea: L.
Relationships between water mass and nutrient distribution pat-
tern in autumn”, Bull. Korean Fish. Soc., Vol. 29, No. 4, 503-526.

[20] Moriyasu, S., 1972, The Tsushima current. In: Kuroshio-its physical
aspects. Eds. by H. Stommel and K. Yoshida, University of Tokyo
Press, Tokyo, 353-369.

[21] Park, CK., 1979, “On the distribution of dissolved oxygen off
the east coast of Korea”, J. Oceanol. Soc. Korea, Vol. 14, 67-70.

[22] Redfield, A.C., Ketchum, B.H. and Richards, F.A., 1963, The
influence of organisms on the composition of sea water. In: The
Sea. Vol 2. Ed. by MN. Hill, 26-77.

[23] Senjyu, T. and Sudo, H., 1996, “Interannual variation of the
Upper Portion of the Japan Sea Proper water”, J. Oceanogr., Vol.
52, 27-42.

[24] Seung, Y.H. and Yoon, J.H., 1995, “Some features of winter con-
vection in the Japan Sea”, J. Oceanogr., Vol. 15, 61-73.

[25] Shim, J.H. and Park, Y.C., 1986, “Primary productivity mea-
surements using carbon-14 and nirogenous nutrient dynamics in
the southeastern sea of Korea”, J. Oceanol. Soc. Korea, Vol. 21,
13-24.

[26] Shim, JH., Yang, S.R. and Lee, W.H., 1989, “Phyto hydrogra-
phy and the vertical pattern of nitracline in the southemn waters
of the Korea East Sea in the southeastern sea of Korea”, J.



20053 A B3 TS Y

Oceanol. Soc. Korea, Vol. 21, 13-24,

[27] Shim, J.H., Yang, S.R. and Lee, W.H., 1989, “Phytohydrogra-
phy and the vertical patterm of nitracline in the southern waters
of the Korean east sea in early spring”, J. Oceanol. Soc. Korea,
Vol. 24, 15-28.

[29] Stowe, K.S., 1979, Ocean science. John Wiley & Sons, New
York, 610.

[30] Sudo, M., 1986, “A note on the Japan Sea Proper Water”, Prog.
Oceanog., Vol. 17, 313-336.

[31] Taylor, D., Nixon, S., Granger, S. and Buckey, B., 1995, “Nutri-
ent limitation and eutrophication of coastal lagoons”, Mar. Ecol.
Progr. Seri., Vol. 127, 235-244.

[32] Tsunogai, S., 1972, An estimation of the rate of decomposition
of organic matter in deep water of the Pacific Ocean. In bio-

g

G3 R W 88 54 @7 243

Hr
B

logical Oceanography of the Nothern North Pasific Ocean, Pro.
S. Motoda Commemoration Volume.

[33] Uda, M., 1938, “Research on Simoror current-rip in the seas and
oceans”, Geophy. Mag., Vol. 11, 307-372.

[34] Yang, H.S., Kim, S.S., Kang, C.G and Cho, K.D., 1991, “A study
on sea water and ocean current in the sea adjacent Korea Pen-
insula”, Bull. Korean Fish. Soc., Vol. 24, 185-192.

[35] Yasui, M., Yasuoka, Y., Tanioka, K. and Shiota, O., 1967, “Ocean-
ographic studies of the Japan Sea (1)-Water characteristics”,
Oceanographical Magzine, Vol. 19, 177-192.

2007d 7€ 1694 1A F
2007d 119 149 F42 A



