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Abstract @ In order to classify the trophic state and environmental quality of marine coastal system, an approach using the characteristics and
biochemical composition in the sediments can be available. This research, including 25 coastal bay, belong to 131 stations, was carried out along the
south coasts of Korea in February 2007. Type of sediment, total ogranic carbon, total nitrogen, phytopigments and biochemical composition(proteins,
lipids, carbohydrates) were analyzed. Result from Multi-dimensional Scaling(MDS) ordination indicates that four group can be identified. The result of
ANOVA with tukey test shows that the concentrations of proteins, carbohydrates and biopolymeric carbon were significantly different to four groups. We
propose the trophic state classification for these groups using the biochemical composition of sediment organic matter. [ group(Masan, Jinhae,
Haengam) has been defined as hypertrophic state, I group(Tongyeong, GoseongJaran, Geoje et al.), as eutrophic; Il group(Gamak, Deungnyang, Yeoja
et al.), as mesotrophic and 1V group(Sinan, Jindo, Muan), as oligotrophic. On the basis of results reported in this study, the biochemical composition of

sediment organic matter could be considered an useful and sensitive tool for the classification of the trophic state of marine coastal systems.

Key Words : Trophic state, Biochemical composition in the sediments, Proteins, Carbonydrates, Biopolymeric carbon
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el AQFE L ATKEPA, 2012). 5, A= 7
gto = gk w5 FA419] A0 ¥ (Static perspectlve)oﬂ/ﬂ +
Q]- 4k (Input-response) 7 0.2 #3}alar ) tH(Cloern, 2001).

Nixon(1995)2 3] F-oF<kslel diste] 7]&E9 U<

SRt dHo] e {r|EY] Fuel guE Fol, &
e Fgol 712E F YA H EFY 7Ies ASreA
T}, Fabiano et al.(1995)-> Nixon2] /Nd S A A HAE
fi71E 24 @ 57 S A A GEEEHE &7 A
g Ax7F E  Jdva gk 74 AFelMe ©
< F7IEAE F45ts Bl AL ol F71ES] A3
Z }_H_q]

=
=1 SFh(Danovaro et al,, 1993; Tselepides et
al, 2000). =g, F A =] JIFH WstE H4E
o] W% EA(Conservative nature) . & 23] #7159 &
Hoe §715 24 SHA 95 FHsH "}E]r‘ﬂr‘jr(Dell'
Anno et al,, 2002). E1 A& W F7]ES £ SH(labile) 33
o] 239 F -?rﬂg(TOM)«] FrT) AlzEle] A AYak
Ho] W] 1 WIZhek o8 Holw, o= ¢ AYEiA
JAdH S 47 93 =& A A A Proxy)E A& A &

SJ th(Pusceddu et al., 2005).
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e & F A A WY Euk oty AA AEEANA
o] 87153 ¥ o] & (Food availability)S ¥ 7}3l7] $13F 83t
Fetolglal WM a15F3 tH(Rossi and Lardeci, 2002; Cividanes et

al., 2002; Cotano and Villate, 2006). X3}, Dell' Anno et al.(2002)

< E]X—q'ngl Astet A & o] &ste] At AEjA e FF
FEHE FEslgle, 53] HAEY] ddE sEE AAe
FEFHE e E 8% E5A o2 Busgitt
U9 EHE U 718 32 Add g FHEA H
U F VR AEAQ] ATt o] FoALE Y2 (Kang
et al., 1993; Noh et al., 2006; Hwang et al., 2006), ¥ & ] A}
st 2SS o83 At AHA HUF AdTE AEHA
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2 2 A ARAAE F7F AEEE A H(NFRDL
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Fig. 1. Location map of coastal and offshore areas for environmental monitoring in the southern coast of Korea.
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and phaeopigments), T & (Proteins), EH4=3}E(Carbohydrates),
] 2 (Lipids) S 4] 8} Th.

HZAlo]l BFE Folk(1968)2] HHo| wlskow TOCS
TN #4]2 CHN ¢2#47|(Flash EA-1112, Thermo
Fimnigan)2 743ttt #EA 2 (Chlorophyll a and
phaeopigments)+= Lorenzen and Jeffrey(1980)2] WS w5t
o} @l A2 Folin-ciocalteus ©]-8-3lo] WHA3E Lowry et
al.(1951)<] g=3lE 2 Dubois et al.(1956)9]
Phenol-sulphuric acid ®H o2, X|d&
2 FZ3 5 Marsh and Weinstein(1966)2] W 02 1213}
o AEE 429 ol 049, 040, 0.75(ug C ughel W3k
FrE ol&ste wATFor WEAN F Filsto]
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Table 1. Grain size, texture and type in the surface sediments, the southern coast of Korea

Textures (%) Mean size Sediment type
Area Gravel Sand Clay silt Mud () (Folk, 1968)
Ulsan 0.42 7.28 32.40 59.90 92.30 8.68 (gM
Onsan 0.11 4.70 2541 69.78 95.19 9.35 (gM
Busan 1.56 26.63 21.34 50.48 71.81 7.35 (gM
Haengam 0.00 1.82 29.08 69.11 98.18 9.14 C
Masan 0.00 5.55 31.83 62.62 94.45 9.18 M
Jinhae 0.03 1.47 27.34 71.16 98.50 9.48 (gM
Geoje 2.82 17.10 21.65 58.42 80.07 8.00 (gM
Tongyeong 5.93 8.57 30.72 54.78 85.51 7.79 M
GoseongJaran 0.45 0.79 25.20 73.57 98.76 9.63 (g)M
Sacheon 2.82 56.61 17.56 23.00 40.56 4.78 (g)mS
Jinju 2.44 48.81 21.99 26.76 48.75 5.41 (g)mS
Gwangyang 16.59 20.21 22.09 41.11 63.20 5.71 M
Yeosu 0.00 0.84 34.62 64.53 99.16 9.25 M
Namhae 6.38 24.40 22.66 46.55 69.22 6.75 M
Gamak 0.80 2.04 34.44 62.72 97.16 9.04 (g)M
Yeoja 0.23 1.74 13.23 84.80 98.03 10.37 (gM
Goheung 0.08 14.43 29.35 56.13 85.48 8.47 (gM
Deungnyang 0.11 2.27 41.16 56.47 97.62 8.99 (gM
Wando 21.95 19.25 10.89 47.90 58.80 5.74 gM
Doam 23.22 23.66 23.66 29.47 53.13 4.57 gM
Jindo 28.08 19.14 14.54 38.25 52.79 4.42 M
Haenam 0.47 0.80 18.76 79.98 98.74 10.18 (gM
Mokpo 0.04 4.58 27.94 67.44 95.38 9.36 (gM
Sinan 28.10 47.41 9.40 15.09 24.49 2.26 gmS
Muan 5.35 52.23 13.65 28.77 42.42 4.68 gmS
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Haf A ATEAE T 714 5 A5 E ANOVAR
A A 99 % A F|FEAA ol mE FAASRE
olgt ol & UEIIILE FhH7|etAhet TAALE AUHA

13.1

(Fig. 2), TOCE 0.62~42.16mg C g' dry(*3 3.16£7.57 mg
C g'dry)e] M2 A eqdsdoz defzl vkt
(26.05+10.12mg Cg' dry)oll A 7Hd & vE5 Hla,
o uh(25.44£0.99 mg C g’ dry)® 2 9 el 2
+893mgCgldry)= ¥ =8 WeEhdth =3 &
BRe Tt AT, AA A A = %6}1 A
slofol mlal 2~3u FS FEE Eoﬂt} TOC 5% gke] 7}
mg C g dry)o|™, &3l A
}71919] ko] w2 X
FHA A vl FA e

~6.17mgNg'dry (He 1.73£120mgNg’ dry)
o] ML=, 7}%} 2 392 TOCS mH7HA & mlihik3.60 +
1.94mg N g' dry)ol™], 71 w-& 89S 2048 +0.40 mg N
gldry) itk AAHoR T TR AFR SALFH
TOC9F TN®| F%7} stobA]= A3 et

Fro] EFARE AFEE 4 9 th(Lucas et al., 2000; Manini et

al, 2001). =38, HoUA|E slstdvx2 APA 7= FF
ARz FFY AEZFIE AAFS FHe=d o

)
Mo /\}%E]IL, 7?:701F AT E Theteke AEEEA
2 TH(Welschmeyer and Lorenzen, 1985).

ii%i—rﬁ -rr?ﬂ %]+ phaeopigment= U A A28}
= =3 % = (Zooplankton)E 2] 4 ©] -5 (Grazing activity)©ll
2] &) 4 2H(Shuman and Lorenzen, 1975; Hallegraeff, 1981), ¥4
EuUle] AA oA R}(Benthic filter-feeder) 2 E A& 2=}
(Deposit-feeder)oll <] 3 THE o] I Th(Hawkins et al., 1986). L&
=z ol&9 #3] A4 E(Phaeopigment)e] T+ AEIZH

AEY AATF (Natural populations of phytoplankton)el] 4] £

23 2] 4 A}l (Physiological status) ¥ o] A st &3k
AR ARSE T
a1 chlorophyll a<}b phaeopigment FEE ATEY

(Fig. 3), chlorophyll 9] %= #93= 0.08 ~ 5.19 ngg' (A
1.72+0.96 11 g )] 3L, phaeopigment:= 0.58 ~ 332 ngg'(H
221+057ug g-‘)o]r:} Chlorophyll av= 3@ Rtell A 7} =&
338+053pug g'S Hlom, FetolA] 71 YW 0.66+0.24
ngg'e FEE Eoﬂr/} Phaeopigmentl_ Zhbell A 7 =&

3.1.3 ESEFEQ gL 2.82+038ug g'S B, Aletel A b W 0.96+0.291
EErAAe AE ERame @ GAMIES A% g el SRS By, AU, S AALE 49T
B A ZollA B9t s 7] ¥ Ax(Labile organic carbon)<] —Zrﬁ F59] s el A] chlorophyll aX.th phacopigment?] % %7} %
Fadolth. 1Al chlorophyll ai= Aol A ALkE T o Al YERRLT
Masan
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Fig. 2. Total organic carbon and total nitrogen concentrations in the surface sediments, the southern coast of Korea.
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south coasts of Korea.

3.1.4 EEEIRNEQ Y3t =Y

7} e g o] AshetA 24 wew Al wet SAA SR
ol gk kol & YERATHANOVA, p<0.01; Fig. 4). H3l<d
Qbell A ghrstEo] 7|5k HEe] Asteha 249 7t &
T 840]3(47 % of BPC pools), T (31 % of BPC pools),
A2 (22 % of BPC pools)s= &2 LFEFSETE

daldehd gd s HeE 057 ~ 1760mg g (B
509+3.74mg gHFth 57 M =& A9 TOC, TN
2ol mRAFRE(153+1.66mg gholal 7Hd w2 Xl Feb
(0.83+£0.30mg g"@} Hl=a) 18w] 7} Aol 7F Wt} Cotano
and Villate(2006)°] W= chald-o 91914 E-2 (Anthropogenic
material) ¥} ¥ o] vt 3G, o H AT E OIT R
T EAISE A H Y R o] & miil,
alf, gotwto] thE oo Hla} FE7F H%aL AR Fo

wA EokTh Eel AR S FollME &

_4

9.13+6.02 mg g'l)o]E‘r. A o] OHX* “z‘ﬂr J&Eﬁ_
T W, BstEe AAAE AT 2 S ER
o] A THCotano and Villate, 2006). ZL2] 3L J o] AF
Az} whpelE ) NG| %2 JRaAE =i A9
h(r=0.783, p<0.01). FE7} 7P =& a1 mRAkgk (23.25
£7.16mg gholal, 7} W& 92 2eh2.69+1.32mg g')
oAt ”Eﬂoﬂobl ol 2 /e LB H) = (.19 ~ 1.45(0.55+
0.18)9] FrtoZ giF-i 12} wokt. oy F7|HA4-T5Y
% %173 (Detrital-heterotrophic envionments)ol| A LEF}= 718 4
£ © & (Danovaro and Fabiano, 1996), th-%2] df oA
NN B0l SHeE Ao whEth gl Ho] B
stErv o waA FEstE ] i) olH e W v i
2 o frlddEe] EATS L}E}»HE}(Neweu and Field,
1983). ‘Fallelehd X A(Lipids) &%= W& 0.82 ~ 440 mg g’
(H 189+069mggho &, vt /M4 =o gode upit

e 248 o] 43k Fal el Adae Ht

h A REA

v (376+£0.59mg g'), 7 W 9 oIxvH1.22+0.33

mg g)01 QI T}, Pl E Aokl A H—‘?—é?ii drs 5=t
olA = e Ay} gslE s Aol A= 19} 2
& F Aol HolA| okt

BPC(Biopolymeric carbon)% 7<1 A AEe] o] 8753 Hol
ol "}*O“th T fr7l=3e] HES o] &3t
A}-8-H th(Rodil et al., 2008).

R

HAEe] ¢ 7HA FAN =
BPCO #7+d BX = TOCo A #2E oEle 2 wodsic)
AT A7 Yo (Dell' Anno et al., 2002), - Aol A]

% BPCS} TOCY] A#Ado] =7 ‘/}E]r‘z&”jr(r=0.86l, P <0.05;
Fig. 5). @3l¢i¢te] BPC 5% B9+ 1.85 ~ 2349 mg g' (H
I+ 7.56+4.51 mg ghHolH, 7}%} w2 AL vlrk(19.62+3.70
mggholar, 7} we a9 29k2.69+0.24 mg gh)olth.
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Fig. 4. Concentrations of biochemical composition in the sediments

in 2007 along the south coasts of Korea; (a) proteins, (b)

carbohydrates and (c) lipids. Standard deviations are
reported.
3.2 LI A B
dalderd HAE 2AALYE, Ak, TOC TN, W
A, Bk, A4, BPOE o] §3ke] thabel 2= MDS)
4 A3%E Fig 6o YEHAT 1 2FdE ok, X8
wh, g ekuto], M1E-2 AR AR, 5wk, Bl FAFASE
FTAARM, AR AR, 24bAQY, kAN, ARl W
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Fig. 5. Biopolymeric carbon concentrations in the surface sediments, the southern coast of Korea.
OE E=R, b, waldt, g Ak, B4 5 Table 2. Summarization of sediment variations of each stational group
S, Flebk, ol Seleh, oAb, alyiel, Vg Akl
oF, Mmoo olalors ¥ aaleltt. Group 1 Group II Group IIT Group IV
A A vl ) ZFel tiE WEe] F gk Table Proteins 1281366 559208 261110 1.11+040
! = 1= ek ! 1o
20 ERSICE 1 AT FadE, 3 A, S A Carbohydrates 2098 +6.02 10.37£3.55 4.59+120 3.39+0.93
3l dald ElE3E. BPC, 57|84 9 A Lok v
i 1d, BTEE, BRC, T4 o e 14 1 Lipids 2824099  1.95£0.57 154039 1.54+041
FolA NIEOR B4R SRk Basts Aol UEn
- _ BPC 16.79£4.51 835+243 427093 3.05+0.62
on, 53] @jd, ©@3tE, BPCAA 47 1mite] E=
2}o) 7} == A el TOC 2543+£8.23 1553+430 7.13+436 6.89+3.08
TN 340139 2184084 0.77+059 0.75+042

2D Stress: 0.01

Chlorophyll ¢ 124+030 1.83+1.01 1.87+099 0.73+0.16

Phacopigment ~ 1.89+0.81 249+036 2.13+045 1.20+031

Sinan Jinidi

— Sacheon

o

Haengam

Mean grain size 9.36+0.68 7.55+251 820+273 4.03+2.89

Jinju

Doam
Wando

Jinhae

Gwangyang

Busan

Namhae Tongyeong Onsan

I Goneung . A:::;o GGJgJU‘ Z OasE f71E R 2 AR 24 A5V AR
#9137 ghobn] 18] AEAHEA AT Table 3), 54

ol 7 Wk 9y eeskE, BPC, TOC, TN 350

99.99 % A EFEol A 2FE sl wet AR Fo

Fig. 6. Output of the non-metric multi-dimensional scaling g zpol7t e Aom yERRT Weh, 15 7He] Aol:
(MDS) analysis based on transformed data(proteins, ol 7] 913 AL A (Tukey test) A3}, Tl al g14=3} &,

carbohydrates, lipids, BPC, TOC, TN, chlorophyll a. BPColl A 47l19] 1&7ke] ztol7h H=5% Ao = e At

phaeopigment and grain size).
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Table 3. ANOVA with Tukey test
between studied areas

to identify differences

df ss ms F P Differences(Tukey)

Proteins 3 5703 1.901 12201 0.001 I=0O=I=IV

Carbohydrates 3 5.458 1.819 12663 0.001 I=0O=M=IV
Lipids 3 0356 0.119 19.25 0.001 I =1,I0,IV

BPC 3 4152 1.384 13886 0.001 [=0O=M=IV
TOC 3 4873 1.624 58.09 0.001 I =1 =1LV

TN 3 2652 0.884 5895 0.001 I =1 =1LV
Chlorophyll @ 3 0378 0.126 642  0.001 I,IV=1,I
Phaeopigment 3 0.393 0.131 27.51 0.001 I.M=0O=N
Grain size 3 0909 0303 728 0.001 [LOMm=IV
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Table 4. A proposal for the trophic state assessment using
biochemical composition of sediment in Korean
southern coastal areas

. Protein Carbohydrate BPC

Trophic state 1 r 0
(mg g7) (mg g7) (mg g7)

Hypertrophic 7.7 < 139 < 10.8 <
Eutrophic 3.7 - 77 58 - 139 52 -108
Mesotrophic 1.5 -37 43 -58 37-52

Oligotrophic <15 <43 <37
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