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The Distribution and Interannual Variation in Suspended Solid and Particulate
Organic Carbon in the Northern East China Sea

Dongseon Kim'*, Sang-Hwa Choi’, Kyung Hee Kim', and Cheol-Ho Kim'

!Climate Change & Coastal Disaster Research Department, KORDI
2Ocean Data Management Team, KORDI
Ansan PO. Box 29, Seoul 425-600, Korea

Abstract : In order to establish annual variations in the marine ecosystem of the East China Sea,
suspended solids (SSs) and particulate organic carbon (POC) were extensively investigated in the northern
part of the East China Sea from August 2003 to April 2008. Surface SS concentrations showed large
spatial variations in spring and fall, but not in summer. Surface SS concentrations in spring were lower
than those in summer and fall. In summer, SSs discharged from Changjiang were mostly deposited in the
coastal areas and did not reach our study area which was located about 260 km from the river mouth. High
SS concentrations were observed near the bottom, which resulted from resuspension of bottom sediments
by the bottom currents. Surface POC concentrations did not exhibited large seasonal variations.
Phytoplankton biomass was a main factor controlling surface POC concentrations. POC/chlorophyll ratios
showed large seasonal variations, with maximum numbers in summer. POC/PON ratios were higher in
summer than the Redfield ratio (6.6), while they were lower in spring and fall. In summer, higher POC/
chlorophyll and POC/PON ratios were probably attributed to the high phytoplankton mortality caused by
nutrient depletion in surface waters.

Key words : suspended solid, particulate organic carbon, chlorophyll, northern East China Sea
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o= A GelA 7P 2 thEFalol™ Bl Chen and Wang 1999). =3 MZEo 2= S5 7
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1985). Agoll= A7+ WRaFo] #aL HA130] e &
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< ©HE HREY F3e g A wiEF dEeS
7t2AY FFa FEH G Y-S v GAsA T

(Changjiang Diluted Water)’} £ 8 32 g4 St
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Fig. 1. Study area and sampling stations in the northern East China Sea. Filled squares indicate surface sampling sta-
tions, and open circles hydrocasting stations. A thick grey line indicates a thermohaline Front, and TWC is the
Tsushima Warm Current.
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Fig. 2. Surface distribution of suspended solids (mg /™!) in the northern East China Sea from August 2003 to April
2008.
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Fig. 3. Surface distribution of salinity in the northern East China Sea from August 2003 to April 2008.
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ol MiEFHe A7 48X 108802, A7} FF=a| oA
BHEA] 7P S a3 719o 2 4 A A tiMilliman
and Syvitski 1992). WFe} A7) &7 Aoz #
JeAA FHEdE 3 =] FHEE vt
Z71eloFd Aotk AN A7 frEre] YIS wWol #
2 20032 20061’:] oﬂ

H],E%—tv'—?r%é = 95 J%ﬂl'aﬂ o wzt & *
o]& YERYtHFig. 2) 20043 ol ¥ —f}if‘f& %5 =
A FEE 0.5-36.5mg 'Y WS

8.6 mg /101, 2008 Eoll& 7~226mg el 9
AE YL Hi FEE 11.7mgl 'O g9 H]g]
A 2 WtK(Table 1). 200413 Eoll& SAZ¢] E¥k
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Table 1. Concentrations of suspended solid and particu-
late organic carbon (POC) in the surface
waters from 2003 to 2008

Season Time Suspended solid POC

(mg ™) (nmol I™)
73-16.4 (19%)  11.3-32.4 (19)

Aug. 2003135135 (19.745.7)
115-17.3 (33)  8.3-41.0 (33)

Summer Jul. 2006 (14.7+1.1) (21.2+10.2)
15.0-203 (33)  5.1-40.8 (33)

Jul. 2007 (17.0+0.9) (16.6+10.9)
0.5-36.5(30)  6.7-52.6 (30)

o May2004 Vg 6igs) (16.848.8)
Spring 0.7-22.6 (26)  8.4-67.3 (29)

Apr. 2008 (11.7£8.2) (23.8+12.8)

0.8-30.0 36)  8.3-33.3(36)

Fall © Nov.2005 "y 92771 (17.446.5)

*Parenthesis indicates the number of data.
“Parenthesis indicates the average value and standard deviation.

mg /7 019 =2 FEE UERTE 20089 ol BE
AR Sk e R ARl B

==

ol violt}. 7hgell= 20059 3 A& AEE st
A, 235 FHEd vEe B AR, BHO%‘ o w
2t 2 Aols HERTH(Fig. 2). 20053 7heol #53 %
Z PHEE FEE 0.8~30.0 mg/ ' MYE B I3

7+ BEE 147 mgl '02, 89 A= = FAlSE)
&’i Eo] #=3 gER T EUTHTable 1). 7Holle
mg /7' o]3le] W R{EH F7} 9 X (patch) FE

Lh



The Distribution of Suspended Solid and Particulate Organic Carbon 223

125€

-20m
-40m 4
-50m -
-80m 4

-100m

-120m

126€

125E

Nov. 2005 "‘*s\

Fig. 4. Vertical distribution of suspended solids (mg /™!) along the C-Line in the northern East China Sea from August

2003 to April 2008.
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Fig. 5. Vertical distribution of water density along the C-Line in the northern East China Sea from August 2003 to

April 2008.

2 oy Zudl SAsit #5 Fied T2l SloiA
7V 2 AdEste] EAL oSl dldel w5
‘*‘ﬁ}ﬂ A F3 vl dAE
A, w3 7Rl sl el wet v 2 HskE e 2
oJt}.

m
L
Ho
il
T
o
B9
iz

) 5,‘——.—‘?'—::53 HojFE) 2003 o Foll= A&
oM 50 mg ! o] EE K{EH LT
o, FHEd T BE YA ZF5HET AZA
ket 200633 20073 ool = —‘T‘—%%él FE} 3
Al AL Al whel SR AI vk

S0mgl! ool 2 FHEH T
AZolM FHEL v/t =2 A2 A
EA o] AF-F=A7 rIHTOlEP(Hoshlk

4wk 53 Azslooly &

A 1

_,d
ry
Ay
1)

2 Hir o ofw m

H’I

e 2 Z
Wt

Hog
o, 2L u{m

s oy

5 o 5

RUNE-S

(D:lm_l

o)

t al.

003). A
Az

o
o

=

)

e

=
°

Al

>,\1
flo

SR

9] 4lo] obA AFF7} A5 27| wRo

K

Fig. 5= A7alelol ] 291 C2 et #23 s 4 A
FARES RolEr) ool 5 S0l w3 KE

Fo] Yol 3 30~40 mollA A=
=0] 7}8l A=3l2 Q3) A =T
do] FFo® WEA] ot F FHEH =7 A
Pxﬁ.i 10~20 mg [~ ]—4 A L8sHA FAIE

Bolli= AFolA ARE FREH F=7F 60 mg /!
oo g oF3 7k Hlﬁﬂ 53] =UdTHFig. 4). =l
A ZzoA BHEGEZH o7 7F =& 2102 Bol o
ASFO fréo] 7P A Ao Azt gole oe
I 2] ASsT sl WA ekokFig. 5), ASellA

T oo H

F

AR PHELe] 3o gwsel B3 ¥ ¥
57k Azl ol A ) BHEEAh 7HelE Aol
AGE PfEDo] Bl ewslo] 3 PHED 5



224

Kim, D. et al.

b A ASHAT webA el ¥2F FRed &
7b Aol wel & AolE Hole R xFdr A
et Al wet gt AZeM ATfE e
ETOE NEE AR tE27] wEolt). gl #
F4EAe) FAREE g2 Al v$ g e
Bt 574 12655 AAR A& ol HEEe
AF-F2 el FFE Fr vl =30 A0l el
S7hhe W, & ol M= AFF7F A8 oA
ol HHEA F57F 5 AN 10 mgl! o|stE
u§- Sokal el wE Wk Aol glTh(Fig. 4). &
e AFF7E F-5 o w S8 dYRANS AA=
FHEA] FAREL & AJolE Rol= Aoz A7t
o} AR 7R A5 FREE S BE 9] A3
A e FEE Ve, 53 A8 e FHREE B3
thFig. 4). ol FAREE= 7heole ASH7F A5
Fo g &8 MEf M AF-frE FRrEdo] e5o=
°0]%5%%17] wo|t}t. Hoshikra et al.(2003)= &%= 3
A AZFIE Agde E-5 Bder 523 7hgd=
A ko g 2ty Byske], 919 Awe Huks)

=

YA fIekse] X 2 AEs)

o
rr
=5
ofji
-z
Y
i)
o
g
=
X
i)
o
R=)
N o
riu
)
o
i
i
1,

I
o
>
Hir
47
=
[\)
[}
S
~J
(L
o
i
N\
o
=3
ol
hinSs

F7eare] HEsEE 166 umol 2 TP 9t
2006491 21.2 gmol /7' .2 74 =UTH(Table 1). &
HaEd 5= 200790 7MY =2 7S RYA Y F
A7 1A T2 200730 78 e 7S vER)
o} Holl A5 X5 YARTIEAE s PG
A =L HES YERTH 20083 Eo] #=3F 3 ¢
A71e A HaE FEE 23.8 umol 'S 2004 &
o #=3 HF34(16.8 umol I)E T} ThA E=QTH(Table
1). 20053 7F&ol #=3F 1F A7 ekRe] a5
e 174 umol M2 2 B3} o Fol] A5 e & 3}
o]7} SIth AHER = YA E oSl HQkar Hoj
ol Al A< WalE wel wh, JAFEA Fae
Ao wh & zpolE YeRiA] skth 15 YAV R

=

i Fae oM 2 #S5eM 25 FReEd F

5!

)

(€}
g He= oz ke

a

2]
e FEde AR} g A wet & 2o
UERA] gkt oA A 85 2ol YA
a9 FHATEE dATHA0l EAlkE F74 12625

AR sFN I ME Aol FE 2ole Bt A

oo o A o

ulSa

35N 35N 35N
— y A fria
Aug. 2003 '%u?é%w Jul. 2006 'k%-;n;ﬁ’? . Jul. 2007 @/ﬁ‘?ﬁq
LD v
33N )] . . 33N 33N \
v(;it‘ 2 B .w. ok B
31N . T 31N | T 31N T T
12E 125E 127E 129E 122E 125E 127E 129E 123E 125E 127E 129E
35N = 35N 35N
el A L 3 “aal)
May 2004 e Apr. 2008 ST Nov.2005 & ./
FIN— ‘ 33N 33N
/20 » B #
0.
31N i T 3N . T 31N ; T
123E 125E 127E 129 {123E 125E 127E 129 123E 125 127E 129E

Fig. 6. Surface distribution of particulate organic carbon (umol /™!) in the northern East China Sea from August 2003

to April 2008.
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Fig. 10. Plots of particulate organic nitrogen (PON) vs. particulate organic carbon (POC) in the surface waters from
August 2003 to April 2008. C/N ratio was obtained from the slope of the linear regression line.

22 ¥ge 20 oo E wl$ =7] wFo(Meyers
1997), A5 S74714 f71E0°] & ATz Bol
FUEH F71e /A A v Eo] B3 7R vlsl] =4 €
o} SAIRE A5l #ES T FHELDY AR
2 FE7F B3 7REel HlE)

of §74719 f71E°] ol

=4 Kt

u

=
AT BolE o183k 4gel Bls) AR Wk, of
—2: B3| EEHE MEE FRELS tre
olZaf| ol HA T Ao 7HE 260 km 7
gol7 %E A3 H°ﬂ°ﬂ” wgs astth FHEY 5
e AT Z5ed), oA ASFl ol
n%%ﬂom Holth, 3 IAf7IE
825 g, A ek 2 Aol
QA 7184 s 5=
3 9L A9 2 e, HEEda

o oJa) FE S wkth, YR L
A E A A o] _%zgg}.‘: =7 1265S 7AA

9%:‘3] 1%

=]

m{

X

=2

o

y
o o
S ofr e o

S e
EQ_EHJ
= S
& o r
2R 2 18 b ol o o

o
4B
&
2
X
TN
—1> l:u
o2 ofy 1
2 Yo
=2 _N_
A o
_Q.
T,
N
EE%W%
(R
o & o

Hir e
rlo

e
=

OS2 Wlth fUIeA/EEL vE2 Al we) u-$-
2 zol& ‘/]‘E}LH 3 7RSe) B5gE vl &2 g
= 13 Bioll =2] eFgeh. B3, frled/d A
74]@"” w2t w9 & xtolE YR, =3 7]”“’”
fﬂ' Redfield ratloi‘:} wre whH | o Fo
14 %%“»}U} o5l #Z53 FTIHERAFA vE
fr7leka/Ad A vlEo] 53 7hEe BlEl w2 A o5l
4 O 2 Qs AEEHAEC] HAFsIRT] Wi

oA B =g A A7 oldxms Ad
S22 A2l A=gU T B3 A AN B =
5 72 gAY =AE, FeF, ]an 5
B BRAPEA R Ao ® ZALERHY T 2 A Eﬁﬂ
F-oll A 2 A g “7] st wE Eal(E %sﬂ
o] a3t & AJejA B TH(PM54850)°2 UF%BH“

A7) AARIQL A o] TS Fu 3 (T3
nx)= G ATF(PP00720)2] L3O T 53]

A&, A3, AR ], AR (2007) SF=38] E7-819 0l
M AET FFY, B, FRHELI REEY B A
7F W3}, Ocean and Polar Res 29:193-204

Beardsley RC, Limeburner R, Yu H, Cannon GA (1985)



228 Kim, D. et al.

Discharge of the Changjiang (Yangtze River) into the
East China Sea. Continental Shelf Research 4:57-76

Carlson CA, Ducklow HW, Michaels AF (1994) Annual
flux of organic carbon from the euphotic zone in the
northwestern Sargasso Sea. Nature 371:405-408

Chang J, Shiah F-K, Gong G-G, Chiang KP (2003) Cross-
shelf variation in carbon-to-chlorophyll @ ratios in the
East China Sea, 1998. Deep-Sea Res 1I,
50:1237-1247

Chen CTA, Ruo R, Pai SC, Liu CT, Wong GTF (1995)
Exchange of water masses between the East China Sea

summer

and the Kuroshio off northeastern Taiwan. Cont Shelf
Res 15:19-39

Chen CTA, Wang SL (1999) Carbon, alkalinity and nutrient
budgets on the East China Sea continental shelf. J
Geophys Res 104:20675-20686

Chester R (2000) Marine geochemistry, 2nd ed. Blackwell
Science Ltd, Oxford, 506 p.

Cullen JJ (1982) The deep
comparing vertical profiles of chlorophyll a. Canadian J
Fish Aquatic Sci 39:791-803

Geider RJ (1993) Quantitative phytoplankton physiology:
implications for primary production and phytoplankton
growth. ICES Mar Sci Sym 197:52-62

Gong G-C, Chang J, Chiang K-P, Hsiung T-M, Hung C-C,
Duan S-W, Codispoti LA (2006) Reduction of primary
production and changing of nutrient ratio in the East
China Sea: effect of the Three Gorges dam? Geophy Res
Lett 33:LO7610

Hickox R, Belkin I, Cornillon P, Shan Z (2000) Climatology
and seasonal variability of ocean fronts in the East
China, Yellow and Bohai Seas from satellite SST data.
Geophy Res Lett 27:2945-2948

Hoshika A, Tanimoto T, Mishima Y, Iseki K, Okamura K
(2003) Variation of turbidity and particle transport in the
bottom layer of the East China Sea. Deep-Sea Res II
50:443-455

Hu D (1994) Some striking features of circulation in
Huanghai Sea and East China Sea. In: Zhou D, Liang Y-
B, Zeng C-K (eds) Oceanology of China Seas, vol 1.

chlorophyll maximum:

Kluwar Academic, Norwell, pp 27-38

Humborg CV, Ittekkot AC, Bodungen BV (1997) Effect of
Danube River dam on Black Sea biogeochemistry and
ecosystem structure. Nature 386:385-388

Jiao N, Zhang Y, Zeng Y, Gardner W, Mishuonov V,
Richardson M, Hong N, Pan D, Yan X-H, Jo Y-H, Chen
CT, Wang P, Chen Y, Hong H, Bai Y, Chen X, Huang
B, Deng H, Shi Y, Yang D (2007) Ecological anomalies
in the East China Sea: impacts of the Three Gorges

dam? Water Res 41:1287-1293

Kim D, Shim JH, Yoo S (2006) Seasonal variations in
nutrients and chlorophyll-a concentrations in the northern
East China Sea. Ocean Sci J 41:125-137

Kranck K, Milligan G (1992) Characteristics of suspended
particles at an 11-hour anchor station in San Francisco
Bay, California. ] Geophy Res 97:11373-11382

Liu K-K, Gong G-C, Shyu C-Z, Pai S-C, Wei C-L, Chao S-
Y (1992) Response of Kuroshio upwelling to the onset
of the northeast monsoon in the sea north of Taiwan:
observations and a numerical simulation. J] Geophy Res
97:12511-12526

Liu K-K, Tang TY, Gong G-C, Chen YL, Shiah FK (2000)
Cross-shelf and along-shelf nutrient fluxes derived from
flow fields and chemical hydrography observed in the
southern East China Sea off northern Taiwan. Cont Shelf
Res 20:493-523

Matusike K, Okuda K, Uehara K (1983) Turbidity distribution
near oceanic front in the coastal region of the East
China Sea. La Mer 21:133-144

PA  (1997) Organic
paleoceanographic  paleolimnologie,
processes. Org Geochem 27:213-250

Milliman JD (1997) Blessed dam or damned dams? Nature
386:325-327

Milliman JD, Syvitski JPM (1992) Geomorphic/tectonic
control

Meyers geochemical proxies of

and paleoclimatic

of sediment discharge to the ocean: the
importance of small mountainous rivers. J Geol 100:525-
544

Okamura K, Iseki K, Kiyomoto Y, Hoshika A, Tanimoto T
(1997) Spring turbidity distribution on the shelf edge
zone in the East China Sea. Umi no Kenkyu 6:361-369

Redfield AC, Ketchum BH, Richards FA (1963) The
influence of organisms in the composition of seawater.
In: Hill MN (ed) The sea. Interscience, New York, pp
26-77

Sanford LP (1993) New sedimentation, resuspension, and
burial. Limnol Oceanogr 37:1164-1178

Sternberg RW, Larsen LH, Miao YT (1985) Tidally driven
sediment transport on the East China Sea continental
shelf. Cont Shelf Res 4:105-120

Su Y, Weng X (1994) Water masses in China Seas. In: Zhou
D, Liang Y-B, Zeng CK (eds) Oceanography of China
Seas. Kluwer Academic Publishers, Netherlands, pp 3-16

Tanaka K, Uno S, Sakamoto W, Shirota A (1987) Turbid
water area in the East China Sea. Bull Nansei Regional
National Fish Res Inst 64:13-23

Tian RC, Hu FX, Saliot A (1993) Biogeochemical processes
controlling nutrients at the turbidity maximum and the



The Distribution of Suspended Solid and Particulate Organic Carbon 229

plume water fronts in the Changjiang Estuary. Biogeochem ~ Yamamoto T (1995) Contribution of micro- and nanophyto-

19:83-102 plankton cell carbon to particulate organic carbon in the
Tsai CH, Chen IJ (1996) Variability of suspended particle East China Sea during May 1980. J Faculty Appl Biol
concentration due to tidal influences in the shelf sea Sci 34:147-160
north of Taiwan. La Mer 34:226-236
Walsh JJ (1991) Importance of continental margins in the Received Mar. 30, 2009
marine biogeochemical cycling of carbon and nitrogen. Revised May 13, 2009

Nature 350:53-55 Accepted Jun. 9, 2009



