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ABSTRACT

B AL SR Q15 840 2 | o] F4(Si) S840] WME7] 517 2 AP} Aol )=
T2, 5175 0] EAEHA Shs A7 8179} shR ol EASHE 454 S1F B AR 9 54 50] £4.2 F)
£9}47]2, 123 BSi £Eo] ojm e A vlFEA] Fohuokeh. 20148 1197420151 39 54 407 B3 522 o)
U, 712, BSi HES FAGAL, 22 70]5 o] §5to] 157 175 04 A 59| 52 o] Wake dohaghek, AN 0
 BSi 5% WsH HATe 2 U Wstel 3o AEAS Balt AskEol 4217 okt E

2252 UYAELN HED), §712, Bsi g0l BA2 02 Zrjelg on], S8 24 9] ggo] u]
wel oA ebdh U5 517 BE HARL SH15 S 71202 Y3} 150] Qs §718 BRI FG Ao| S B
Ar}. SH1S WS- 47 7k 2ol 7t 24 FSkoLt, SoheE SL e U, §712, BSi G Kol skl ofst 24 4
A @Ao] FEAA ekt % 9152 AAZ OR AT HOR 248 B3 HHE ) U A3t5712, Bsi Gl #ast
= A Bk 57 §42 30 B4 23}, 5He% A4 o) F Aot 4712, Bsi Gae] 28] At on], vt 24}
of oJ5t F|HE Wet % o1 7-5o0] oJgh B 43I 7H4v} €910 B Helr), bR ol FHND2) ol 4= ta 14
T} 9 Qb 24 0] G0 2 0F 38 cm F-2ol 4] E|2ATo] 51 ¥l ] 23] WStk 57502 Q1gH2e) 4§73 9] WSl Bsi
o] ] 2| RS A AT AALIE B7] §I51e] BSin B T3 B, AHAsk 7 217 sk ATA 9] el Al st
2 P55 BSin st A AAshon), 3R PURE 0] 2 Bark HE Sl SRS | F0R 22 o e,
o}2-2 90| H2 WA}, ol sl-o] gt 9l 4 B A A} ST} o) 5] F2 E2A Y FAT WSS Pelow
2 5 Ik, S9N 912 A H(ND2) 51019] BSine 51715 24 o] AAGH 9] g BAOR, o] e 5402 Qg
2 57 0] 5717} 2202 Preeh, Jeltt s s A4 olF BSint 27 AESIE0H, ol 24 L @ $olulE A
2 % A0 g

Current study is a part of the efforts to assess the estuarine barrage effects on the coastal ecosystem induced by the Si flux changes.
Surface sediments from Seomjin and Nakdong estuary and sediment cores from Nakdong estuary was analysed to investigate the effect
of estuarine barrage on the distribution of grain size, organic matter (loss on ignition: LOI) and biogenic silica (BSi). The samples of
Seomjin estuary were collected in March, 2015 and those of Nakdong estuary were collected in November, 2014. Generally, the
longitudinal distribution of grain size, LOI and BSi in Seomyjin estuary, natural estuary, was gradually changed. However mud (silt and
clay), LOI and BSi increased from station mid-estuary where tide reaches year-round. The distribution of grain size, LOI and BSi in
Nakdong estuary, however, were entirely different between inside and outside of estuarine barrage. The mud percentage and LOI were
low and consistent in inside of the barrage except R0S5, inside of right gate, yet those of outside of the barrage were higher and varied by
adjacent sluices. Mud, LOI and BSi of ND1 and ND2 decreased immediately after the construction of Nakdong estuarine barrage due
to disturbance of sediment and decrease of sediment supply. To exclude the physical effects by the barrage, BSi excess (BSiex) was
calculated using regression equation of BSi-LOI and BSi-mud of Seomjin estuary. BSi.y. of Seomjin estuary decreased gradually from
upper estuary to lower estuary. BSiey. of Nakdong estuary were positive in inside of the barrage and negative in outside of the barrage.
BSi retention and shift of species composition of diatom by the barrage would affect BSicy. distribution. Before the construction of
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Nakdong estuarine barrage, BSiex. of ND2 was negative and consistent owing to high mud sedimentation. After the construction, BSicy.
of ND2, however, fluctuated due to continuous disturbance of sediment due to construction of Eulsuk bridge and East gate.

Keywords: Nakdong estuary, Nakdong esturine barrage, Biogenic silica, BSi retention
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SHE S8 e AEsas MolAH o, A u, 715 o thaRt AHA ] aRlo] ofs BRRt oS Ho
L z]9Jo|t}(Kim and Ha, 2001; MOE, 2015a; Park et al., 2016). S}= A4 o] =11 Qsfjefe] A 2Alo] Holu} of| 2 HE]|
QI7F 0] TAIX| 2 o8& gHth(Teal, 1962; Elliott and McLusky, 2002; An, 2005; Park et al., 2016). S| A= Q17+
o] HOE Pfafl sk B w2, WA 214, 744, vl -5 vhedRt o] o FolA ghom, o] = QIs| st Al Hal, 7]
a9 24 A 3l 5 okt 2P BAIE A7) E|QIEHChang and Oh, 1991; Choi ef al., 1995; Kim et al., 1996;
Williams et al., 2013; MOE, 2015a).
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ATHBurt and Rees, 2001). =rHjoll= 5733 27, GA o2 22gdste] =1 12 2F 50%01l -85 55 2 Aol A
5207 sl5o] Ax]=]o] Qlth(Bae, 2002; Lee et al., 2011). SF-5-2 Het sl wehe xjtheta g, 7j4ofo] A4 x]

o] 519] =2 A= ThF 2 A 212)7F Aok HohBurt and Rees, 2001; MOE, 2015a). T3+ oF-5-2 732} v} 71

=4 wehS 2pdsto] @ i50] 54 A H 950 24 fdF AaE o, 2 okt 219 Wt 9l 5l-= W@l
M| eFeA <o F3FS nlXIthMeade and Parker, 1985; Friedl and Wiiest, 2002; Walling and Fang, 2003).

SRS Qo] 8 YAPBAAIRI 0] AiHdoll Fake vl 4= Sk 2= W7 @/d-E ol 7HAES o851,
AL 72 A o] A 3ES] EohE-S 59l - E th(Guillard and Kilham, 1978; Del Amo and Brzezinski, 1999;
Ragueneau ef al., 2006). S/dollA] ol 1#4HH2 5P 53l 2ol = 355, _]:rLJTO]‘/]' o] Yx]et s o] A f

AHE2 5 WSl A== ke Bl sht5ol o3 2§53 =2 4t 5= shHES WS9] & Aaks 571
AlZ|H(Conley et al., 1989), O]= 152 A 57] HEZN A A(Biogenic silica; BSi) A4He] S71et 25 1H4AHE AR
o]ojzlch. UuFA © = BSi=thE A7 g=dol Hlol HlFe] i -8ofk&o] Wol A ditgo] vl 2ar B3 Yo 2 &
ZHH(Teodoru ez al., 2006). ©Z {15H #]':IL:'T WSl BSiZH AL, o5 Q50 & REF = 114 EY T4
£=20] Si:N, Si:P H|7} 742t Teodoru ef al., 2006). SH-5 21Z G4 H] Q] 7Hat= Aot FE|AIS F2571 94

ZdolM PR ER T HITHE AlEEF TEC] AR &8 0 & HitH, o]@f R AYLERRO] HiShE Blo|fo] ’SLE of

12K Cociasu et al., 1996; Humborg et al., 1997; Teodoru et al., 2006). T3t 550 O3t 14 2 A AR Q19 ¢
FEol A AEERAE FE2 AXE A o7= Folld 2R/7FFE ol F0] 55 915 9 At o] foid A
Z I v 9 ot S7tsHH, o] Aot AejAlo] 2 F3S u|x]7A| Hoh(Bologa ef al., 1995; Bouvier ef al., 1998;
Bodeanu, 1992). T2A] sht=0] Sht 9 AP AJEAof m] 2= ks ot 7] 1ol 74 £ 40 HIShE ot =212
o Fasfch

i e e R AR e A ) Sy e HSE7} St B Qo] ofw gt FokE m]*]=R] Yol a1z} 5k
t}. FrfUolet E7 oM A4 T B Tron Gates—J A2 Qs ¥ U529 BSi A % E off Ate] AR ATt

ZAJo] 'S tH Cociasu
et al., 1996; Humborg et al., 1997; Teodoru et al., 2006). 57 51 GA] 51415 A4 o]F 5175 H=2] BSi FA7T &
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el go] Hat BEEHE U A%, 5712, BSi B0 ofwdh Gk HXER] Lokiy] flste] skl 4217
shet shpmo] AX)E W b o] B EHE BAG AAstgeh. B 5h s 44 7 Fo] B2 g0 WskE o}
17] 91510} SHE )50l H AR Hols Aste] HAE B4 Akt niAste B Sl 2R Qe Y5t o
T 274 st jof T2 29le] ©Jg BSi £ HgkES o] 915ke] o] BSil BSi excess (BSie) S 73T ©] 2
e vlgto 8 W7t shRol 4 S8 nlAle Gk gobi A st

2, 2= X 'gE

2.1 @AY

Y57 & G297 0] oF 520 km, HlHZ 0] 2F26,000 km? 2 2 tiehil=toll A = WA 2 2 ZFolthJeong et al., 2007,
Williams ef al., 2013). &7} SH-= HIEA| Q1 AR H61aL 9l om, 19340 =4t 7t tf-s 2 A4S AlRTe 2 AR
71A] 7o) 5] AP = 2] oot U7t SHEE-2 1983-1987W0] A R0, 2009 SohRo] 4 %|Q)
THMOE, 2015a). FRM4=ET} QQMlaz, =4t 22 217 2 a]o] gt obtE 9152 ot Sl ol wet &
24 o] th2 7 0 & =t Williams ef al., 2013; MOE, 2015a). 231732 &S24 0] 9F210 km 2]
4,960 km® 0 & tifghql=tol Al v A2 F 730 |thMOE, 2015b). 4717 oht= =iuie] of2 tfd 2353 2] oh-5ol A
Z|=jo] Q2] oFot AkAsH-e] EA4J-S HKKim and Lee, 2009). 4317} sl 40 ofsf) o b F-27k4] A4
st W 71492 /dst™(Kwon et al., 2002), 77 Efs AU AT A7 15451HA] ¢hot @ o] =]2] gk
2174t shto|th(Kim er al., 2008). 12|t 5H Q=3 T Aok g AT A 25 H F == Aok 2 w450

o
2 olet g @ A7} tiFu= 2] Holtk(Lee et al., 2001; Na and Son, 2005).

or

BZ FHE AlEE20154 39 A7 ok 1371 %3, 20149 119 57 5H- 1370 30l A] pony grabs o]-851o]
ARSI, FAE 7o) 222014 119 574 5175 915 7195 91 274 ND1 79941 9}2] ND2, 271
7§74el1A push core 410 2 A5l ATk Table 1, Fig. 1). 2+ Al thate] Qwet Fazte BSi #4418 Sahstoirh

¥Z HHE AR @A i B4 87} G7]2 9 BSi £A41 .0 7 TS| WEsle] R sllr), 5|48 7o) A]

940 Solet 25 ofe]

= FRESI o, 35004 30 cm Zo7EA] 1 em IFACE, 30 cm Z10] 0] F2=2 cm
7HA o 2 B Esiglrt. BldE o] HaE2 9 2483 -§7]= 9 BSi w4180 2 thro] Wioto] W spirt

5 HAE EEE T AR T -f7E 9 BSI A8 AR 70°ColA A3 5 Fitdiohl 3-s A s 2 o] 4

EA7(CMT co, Lid., TI-100)Z o} §5}e] Eaae)z 4he natstsck
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Table 1. The coordinates of ND1 and ND2 in DMS system

Station Latitude Longitude
NDI 35°4'14.23"N 128°52'36.69"E
ND2 35°5'14.75"N 128°55'53.90"E

35.3°N

35.2°N

351°N

127.T'E 127.8°E

128.9°E 129.0°'E

Fig. 1. The map of sampling stations of (a) Seomjin estuary and (b) Nakdong estuary. Solid circle means sampling stations of
surface sediment and star means coring stations. Red stars mean core stations from Williams et a/ (2013).

23 UEEN

QU 2A.e TAFBAL 190(34.5%) 7} 10% HCl -8 o} ajo] A |z o] Bhielz) $712-8 A71st 5 12
ShAk 4 @ BEAE 01§ FAA DL o) 2AY(<4 )T L A4 0)S TRk AL 0°CoI A% T BE
A2 0185101 2 PRE 4 P71 @ 0= Balslglon], YAe Batsln A7 a7e] %R Micromeritics,
SediGraph 111 5120)Z 0183101 5 OHE 12 G717 Helslgict. ol 08 FAIS ol 8ajo] Almo] Qs Al Aed, 4
Eda o] MR g shitslslr.

w2h2 A2 712 B dohi] $istel JA7T RS NS FAuTS HHBS L0 /Kgsle] 4

AEe f71Ea0] e 0l Halw Ho il dds Ftehe o g, & AolM s s d s g A ol et &2
_]

2.5BSi &AM

BSi 12412 DeMaster (1981)2] 2415 E= Fi AJsto] AAISII B A= 20A = 30 mg= E©] 0.5 M NaOH
88 40 mlo] a1 85°CollA] 7HEst A= U SiE FE3IT. o]l mohte= Sit=d=7]¥Si (Lithogenic silica; LSi)2}
BSi7} &6t &, §ofke 2fol& A1e{sto] AIRPE Si E 5k F-01& Foll LSiE EASI: o1 #1530+, 60+, 90+, 120
1, 18042, 2404200 Si 2N RHEE olgloH, ZF A&, ARPE Si & AlE+ ST BHO|E Aok o] &t A&

Sofl B3 A Shimadzu, UV-1650PC) S o] 85}0] 8 745t ] 0,2 Shataloict,
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3.1 EAE e 2

Y4 B M ATAG PR ST hEH -2 AP TS HYov, s-8e 4% A7A 9
SR S5 9120 2 242 AL HE0] vl o] 7 AoKAEN i, 2010, S A0S e o1 2

= d
5 A7 0 7 YHof o] 71kl o, S07 AHlE 710 ® 11 Hs T SREIsHA LERTHFig. 2(a)). A%172] S11
A AEH] 60.7%, HEZC] 9.1%= 7P AlHS =g Bt Y574 5] RO1-R04 487} R06 442

= A 1t AfolE Holz] ¢iotom, Abdo] Hat 97.4%2 vl 21t Bl B ATHFig. 2(b)). ZLeu-$hla-= W5
O] RO5 A& AEA 52.4%, HEZA 2.9%= 1|9 Mgt EJ2ARS B Atk(Fig. 2(c)). 9574 5% &2 Y=H yd
ghefo] QoL tiA|= AWO] SARE e ol Itk (Fig. 2(b), (¢)). ERH 574 skt )52 Hoke 2ol wet 4 &
27t 2ol Bl o, tid® pmollA Al Fom A4S AlgoliAl= e Btk 2Rhl= 952 Abdo] 3
88.5%= 47 7+ 2Jo| & Hol7] pkgkom, e @152 B01 oA AEH] 5.2%, HEAC] 40.5%= 1i-¢- A

A JAEE Bt 4t 5 9]5-2 AF Slafo] ZH2) 85.4%, 92.3% Tk
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Fig. 2. Grain size, loss on ignition (LOI), Biogenic silica (BSi) and Biogenic silica excess (BSiex) in Seomjin and Nakdong estuary
(see Fig. 1 for the sampling locations). The graphs in the first box are from Seomijin estuary, and those in the second and the
third box are from Nakdong estuary. Inside stations are located inside the barrage and outside stations are located outside the
barrage. BO1 sample was not enough to analyse LOI.
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E|ZE FoJ=NDI1ojIA 2F 75 emE 71502, ND20JA 2F 120 cm®}38 cmS 7|50 =2 :Ll‘,i_— 3o EebithFig. 3(a),
(). ND1 T 120 cmOfA] 70 em7kA] AP o] 57.3-95.9%2 B A At EJAARS B9 9™, 70 cm o] APHo]
B 96.1%2 1-$ ZH5k! YA EAARS B thFig. 3(a)). ND2 1= 140 cmol|4] 120 cm77]'3<] A gFFo] 52.9% 2
Tha A|EE B AARS HQl 5, 120 cm ©]F 94.7%2 FATH YA o] 7ha7F VR THFig 3(e)). 120 cmFE] 38 em7HA] AFA
o] 4510 30.2% 2 7 B2 g2 HRITh 38 cm ©]F- THA] APEo| §45] S7I5te] AFEo] Bt 85.5% & Tl okl
%_1;( St Q;GAPO Eodr,]-

ND1 ND2
(a) Grainsize (%) (b)  LOI (%) (c) BSi (%) (d) BSigye (%) (e)Grain size (%) () LOI (%) (@) BSi(%) (h) BSiexc (%)
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Fig. 3. The profiles of grain size, LOI, BSi and BSiex of ND1 and ND2. Approximate dates are based on sediment rates of Williams
etal (2013).

3.2 E[HE U 7|2 ko] e}

718 S U v 2 g 271 717 sk /778 3(S01-06) 7 578 SH-5 LS ollA mile- Heko,
slrEEl A7) ok s 7(807-13) 3 FE 7 oS 94%01%1 B e dEe EtH(Fig. 2(d)-(f). A7
TG oA SRR A4E f718 Tl HAA 0= Frtelgl om, £5] S07 4R E FIg HilE B Y qmg
2(d)). S11 BN 9.7%= 7 =2 5715 TS Btk Fad -Hﬂa; 52 RO1-R04 57} MG L 50]
R06 “87339] 1718 o] Bt 0.5%= o 211 AAH HRE B o), 9hall=R U159 RO5 542 3.7% UH% s
71 TS BAhFig. 2(e), (). oMH5 152 Y= 2 YIS HTH {712 o] w30 oH, diAZ Al £0
22 7 {FAfolE Kol ¢k M(Fig. 2(e)), 1Ml 2152 B02

i} 2

FESHGIE. QIR S5 it 1.4%E A
- B 9120 0 7B Fako] 7F2E2.6%, 1.8%THFig. 2(e)).
71Z&o 2 7 By Ao bR E]‘(Flg 3(b),
|

H] & FA] YERFTHFig. 3(b)). 70 cm ©|

4L 4.0% 7

B2 & 70} =NDI1°A 275 cmE 7]% 0 &, ND2oJA 9$ 120 cm, 38 cm=

(). ND1 Zo= 120 cmollA 70 em7HA] 5712 90 1.6-3.4% 2 =11, H50

LS Bt 1.3%5 H| w2 2l Q73R RS Btk ND2 Fo= 140 em©llA] 120 em7HA] 71 o] Hat

3.1%= =11 AASH B3 F, 120 cm ©]F- 1.4%= 778 o] F45] ZAstth(Fig. 3(f). 120 cmF-E] 38 cm7H#]
A7 o] M2 7161 4.2%2 HUIZEE B9l 5, 2.4%2 tHA] 3243] Z4asto] Bt 2.1%2 A5 EE5H

UH"?‘E’;TS ]E 0 o= E%Q’(Flg 2(f))

F

O



178 = "The Seas Journal of the Korean Society of Oceanography Vol. 22, No. 4, 2017

3.3 EIME U AA(BSI)] 13t
BSi= A2 SFEolAE Yot 4718 BRetnkiz s 472 g0 gRelA SRR 2455 H4Bsi 93l 371t
(e 20). oA Y ST ol 71 e i aiel Aot UG e GIciFie 20

(i)). 9574 3% W=2] RO1°114 R04 AZ7EA] BSie= 0.8%0114] 0.5%712] AZ 7445 5 Fohl4~2 =2 R06 FH
A1 0.7%, -2 52 ROS 4 0lA 2.5%2 57 Fotaitt. 2Rl 2152 BSiZF Bt 0.4% 2 34 ﬂi} ==l
o]z] 2k H(Fig. 2(h)), oMl 2122 B0l A2 2.8%= 714 =2 BSi FS H Atk(Fig. 2(1)). Z4F 7 9)=2

BSi @] 2H2H0.7%, 0.4% ek Fig. 2(h)
B2 F019] BSi BE P A%, 7127 vk 2 NDIGIA] 75 em, ND2JA oF 120 eme} 38 em ZoJollA

A% HslE Bt NDI o1 120 cm*E] 70 em7HA] BSi M1 0.9-2.6% .20, 70 em P8 HE571A1= B 1.0%
2y

A BSi RS B ATKFig. 3(c)). ©12H 22 ND2 Fof= 140 cm €] 120 cm 71 BSiZh B+t 2.1%2 11 U4
2 B39, 120 cmollA BSi &aFo] 245] AT, 38 emZEA] Bt 1.4% 2 W1l YA BIE H AthFig. 3(g)).
8 em*FE] HF7HA BSi H91=0.9-1.9%2 uf¢- & Z0 2 viFatglct

o
S

(98]

4. E 9

4.1 31750 Y=o} R7120| BROj 0|2l Y3

ShoA] 28 UL 715 B 34, 51§ el ©Js) et B4 salwRe shee) A3, 2428, v
SF W #4015 55 chere 212 a21e] ©J8) ZFckKim and Ha, 2001). 44747 S5 ¢417)
YA G712 v F2 ] ATAAS BAOPFig. 4), oI5 o) T BU| Halo] JTFS nlA| 2]
S FEY S Ik A 5 5 I ko] Gige] X 417 5Ho] sk AH(S07-13) 7
Sy 3 51 1 L 51 W1 0] BAeIsL i, A, of Tl ok 7ol QLS 18 AR
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N
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(a) (b)
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[ J [ J
S
-g 40 1 'S
=
20 4 ) [ ]
[}
o
0 - T T - - T T - -
0 2 4 6 8 10 0 2 4 6 8 10
Loss on Ignition (%) Loss on Ignition (%)

Fig. 4. The relationship between mud percentage and LOI of (a) Seomjin and (b) Nakdong estuary. Each solid line means the
correlation of Seomjin and Nakdong estuary.

At A4717) st 24 0] RS Hb= 24 94| shR, At Ao wfet 7144 2] 97T ERIthKim
and Lee, 2009; Park et al., 2012; MOE, 2015a). 49 9] 4 Hh= 5170l A £5-0] 4~ G, pH, §E4H4: 52 5l|F9]
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oJgfo] m| 2= A of whal et 2 2(Kwon ef al., 2002; Park ef al., 2012), 2717} shL= AFRolA slRa 242 24,
3feH4 glAo] ARA 0 2 Malel 71 0 2 Helth MOE (2015a)0] W2 W 4217} sl Z44=7]0f] S05 AA7HA], &4:7]9]
S09 g7 7kA] 24 9] ggfo] mlZict. waba] 317} S S05-S09 FREH B, stk g o] Msht uepd Zlo 2 3
q e Bt dofg A o= e Ax17 5he] k. E U2 ARbE o= A

7l el A 57613 o™, £5] S07 34 E 11 Halr T EiskA YR TH(Fig. 2(a),
S84 o] Uit §71E El-of feeh 2P o 2 v Uehd Avta H]lck

nt)
)
A
o
1IN
b
1N
).
J
o
)
)
o,

R
s
O
ol
Ju
fru
SN
>
i
e,
o]
Jo

(d)). °I=507 FAHHE

PN
i)
i
rO
ol

EH X7} ob 33 ElF =S U 9 f71E SRR 7P 915791 S12, S13 AR ETES11 ARolA 7P =SiTh o=
ZRE QI YA {7 B AEF E EjF o] ¥olo 2 TrhETHOh, 1999). Fx A S12 A7 S13 4 E4E W Y&
T}-f71Ee] 2ol ofste] FYT QRO & o) Fsto] BAE 1, EjAE YHut 7= dRTe]| Yx A f]5 0 2 Ajols
sto] o]eet Bk oS Bl Ao 2 FAHTh EotS11 A2 T FAAIEAS HIEste] daitdeAExt ot
2l0] ol W HlS=0] frelo] gro] ghS 7o 2 Hoo, 7 A7 S11 A uf$- =2 5715 TS Hol o= Hrhech

&7 e S0 & Qlof] si=9] X jlo] AhdE]o] WS} 9)50] &4 weto] Agh E € o]th(Chung and Youn,

1

A
2013; MOE, 2015a). h-50l| oJgt 73t vieigto] 4 wek Asfli= a7 skt o] &2, 3o}, =0t o7& Hish A7
o, o] = Bl 2ol FFS vFS A0 2 ekt shrEat | A= gt &) 24 A= A AlA| of =] ZellAl
e AR S R 2o ke
2 o] 2= bR HiEolA] shtEoll ot Yt f71E9] AT ek
a2 W= 491 Ro6 A2 THE WS 4HE(R01-04)7 YT 771 o] BISeSHA2H(Fig. 2(b), (e)), 1=
FeHfRo] 9288 SJsfl TEEA -2 E]of(Williams ef al., 2013; MOE, 2015a) U} -57]20] WZof FA5]4]
F L1502 {2 1 Aul= Tt o5 B9l ob 5] R -2 Alo] B Ao dES I = Qlqlrk
Y574 ob 5 Q52 Akl ez, 18] 11 =4k E et Holal 9o, &

ggo] uf$- th2 A Vet Williams ef al., 2013; MOE, 2015a). 41217} 617
o] ElF 2 Eald St WHSHITRIAIE 7B R, Y shE 915 oA
o] A& th2A Yt A 0 & mekEIti(Fig, 2(b), (), (o), (f)). FHITE 9=0] ot G718
3 YRH RIS B OH(Fig. 2(b), (e)), ©h= FRPll-Z o] ZFEAAITH RSto] f&0] Het 240 E|Zo
ol et AxtE H Itk Williams ef al., 2013; MOE, 2015a). AT 517 912219343 7 -2 |3t o))
T2 oFa1 Qo] o 2 RE 2HA 0 2 Jlul= Haeet Edo] glow,

PEIThWilliams ef al., 2013; MOE, 2015a). =54t 2 Q152 B -Frdo] glo] f50] Wol EjZof uf-9- 213t
TR AR FR Ml Q5 -GART VA 9 5712 oS Bl 210 2 mkEThFig. 2(b), (e)). 71019
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4.2 5}7150| BSi 20| 0|2} = gk

Y5 o 35 EAES] BSi e 0.4-2.8%%, FHE ks Wou S47H 549 frélo] B AP AR At
BSi 52} R[5t tHDeMaster, 1981; Norris and Hackney, 1999; Liu ef al., 2002). Y574 5FollA BSi 22X+ UL,
71 Lo e ShES UiS) 150 Ael7t A o] yehA] QT Fig. 2(h), (1)). F-3HlleE U529l R05 52 A9
g S-S W59l BSi Bt F 0.65% 300, Pl 21520] B0l A Alelet s 2152 BSi Bt skt
0.66%=, oh= S 2152] Ht BSi &7 vl Al LEtt). sk W59] -5 7Fd 3572l RO1 “3ellA
R04 A77H] BSi7F 42 A5l o, <kl W59 R05 A4 29kl U152 Ro6 A5 olA BSiZFS7 st
S5l o8l BSiZFsh= WSl A o= Qi U2, 57183 23] BSiZF ARl oM = A% A
FE] 4ol B fFrefobA| 28ttt A o= Heltt, fhllzo] 24 WAoo =

210

—_

o

o
J
l"

g 22 BSiZH Yo -frlEk et Hl5o] =0
215l RO5 4 ollA BSiZF A= o] 7MY =& 55 HAthFig. 2(1)).

Y574 oS 2159 BSi 2= okl e 420 2% HhAlof wheh A = thE A e ThFig. 2(h), (i); Williams ef
al., 2013). FRMIE Q152 F712]Q1 RE Q18] o] WEM(MOE, 2015a), L A3} BSi 2] %44 1t 2fe] 7 L tA]
2 XTH(Fig. 2(h)). T12fu MR =4 7 9152 X270 OJote] BSiZt 2ol A o= A48 ZAsitt
(Fig. 2(h), (i); Oh, 1999). TSt 2LHja=E 2152 BSi 3tego] thE HPEHT =9k H, o= bl 5ol B2t
550 BSiZt s A2 FYEchFig. 2(i)).

4.3 5}150| 31 [ 2HAo]| 0|2 |= Fg

Y57 oh= 1983-1987 SHA5 714 HIFSH] 2005 255 Tl 714, 20091 -HilE S -5 ot 9171
5ol 2301 FF Aot oHTHMOE, 2015a). o= |27 #istel] & Fk& rFle 2 o= guru s B3E
FojollA YL, F71E, BSi w3 o] F45] = A-EE tht SAP} ol FolX Al 0 & B}, Williams ef al.
(2013)2] A Ao wh=2 W, ND1 A3 91 FoI(ND17; Williams ez al., 2013)2] FJAE-L2F2.5 cm yr' 4.0™, ND2 A4
Q1 Fo|(ND13; Williams ef al., 2013)2] E]HEL F4.0 cm yr' ALt 0] 0]85}] Z} B|21E Fo]o] E|ZAto] F2 5]
5= Zo]o] A)712 AWK wf, ND1 Z012] 75 cm@FND2 F012] 120 em= 31-50] 7444 % 1983-19873 0| S5t
O™, ND2 70]9]38 cm= &5 a7k /45 2005 d 7] st o5 144 9] 92 ND1 F°J°fND2 o] 2

ol LehL 1 Gl BT Aol ML & 4 RO, -S4 it 2] G ND2 Folel At ekt ]
o] 1 o] T
- j i,

=

AT B olF UHT {71E el g4 6] Aaske AR Byl (Fig. 3). ol tivFi FARE 2
ol Bl Eo] wets o] Uehd Auta ot skt 74 o] 2 ND1 Aol YAat-f7120] F25] 7445 Fl 47k
SA =AU (Fig. 3(a), (b)), ND2 Zoj= UAut-f7120] F25] 1443 F 38 cm F-2714] H21571519(Fig. 3(e), () F
o] M= thg B4 2 BRI ol= ND1 37 ND2 430 EHege] A= gt uehd Aate et ND1
g2 79I lte] 27l f1A]et] f420] SFo] AR StolH, 25l ot B4 ARRE Qs Uit {71
o] Hal A7gshA| et 210 2 HRItk(Fig. 3(a), (b); Oh, 1999). olof| ¥IS ND2 42 ¢Sl 215 25k I
kel 1151, ND1 el Hlsl] 772] 5-50] ARf-5A] FotaL, AR E9 frelo] gle g fo] L7l 2|0
ok W2 3452 YA 3718 Bl fejohA 2H8etR 2 3 B4R | U 3715 ko] At SR Ao s whet

Hrk(Fig. 3(e), (). EIIND2 019] ©F 70 cm F-Zof|A] thA] YA ] glfo] S435] S7I5HEt. Williams er al. (2013)9]

S

Jo o
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E2E2 ol 8st3kE m, of= ARl AR 2/4dE flstod 744 Aljle] A2k F 1990de] stk Williams ez .,
2013). WEPA ND2 2019 70 emollA] YA 9] F4% 7h= AR 0 & <17t Hj2fE wde] ofRt 2o s 7.
255 i A o]F ND2 Fojs YA f7lE0l 345] #att & Qs fAE=dI(Fig. 3(e), (), ol &5
tha 2Vt b4 o] Aot X1l A= THETMOE, 2015a). A0l HiHR FALR Qlsto] EJ2E weto]
A&H 07 doltg Ao WHEH, o]& s ND2 o]0 YAt §71E o] Wil Aol fA1d Ao 3744
T ERFND2 A Lell= S5t tlal A ZRPYSHE 9fal] o F BEARE S5k (Cho e al., 2005), ©h= 10l

rO

Aot 3| BSi BlEo] A1 A2 02 dojuf=d] Yk 31 A o= Helrt.

ND1 F0I2}ND2 F0{9] BSit= 5H-5 714 o] 157t 7hash 7 dAaA UepstthFig. 3(c), (2)). ©15 F3IND1
ARoA s ggko] U4, 7187 nitr |2 2 BSi Bzol| e 2]4:2] 0 & n]3-8-5 oF 4= QIth(Fig. 3(a)-(c)). L2t}
ND2 FojolA Y&t 57|18 Hix=obr-52] 9
o2 ke 710 2 HolH(Fig. 3(g)), °l=BSi7t U4
BSiot 2] FA} 7S] shtse] ol FAEl= Hlgo] WL, QI 50 & Qlal| shE - Ehe ol B Zl o 2 e
et ¥ BSit W/ AT 0 2 ot 15 S]] FA|EE Blgo] &1, 9]0 2 FEEE 80| Ut X3 BSi
Aato]] WAl 14t tiA 2 S0 g2l Bolakgo 2 Y=, Q191491 3532 #9] glthRagueneau er al.,
2006). THEbA] SHEE] 23t BSi AAhs 2152] 114 A TAE 2|42 0 & fileH| =], o] 2 QI3 sl 5 <&olA]
AL T E|HE F0|9] BSi sgo] sh5 A4 o] & fhAasle] §4] | A o2 ek
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ne
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ki
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4.4 Q12| M0l 2k=50| BSi 220 D|2|= Fek

oflA] 715 viel Zol X7 Y7t skt 1 A =elA 2214 ElA e ol wiet Bl =0] JEot-f7 )= ool
gt B3t E2)4 B8 g o) 2 = HAIE =
gHE214 221 9ol BSi Fk w3 F3kE & 4 e 1914 88191 Hlof J3FBSi EEA AAU 2R S 24 HIkE
A B 1A} sk

BSi 220 B84 @9l njx|= A viAsH ] l5le] BSiet Ik, BSiet A7 & EE 7H] AFHHA|A]-S o851
©Jo] BSi (BSi excess; BSiwe) T-E2 Yol thFig. 2(k), (1)). ZF ATTA LS 0835 BSi alA Zkat A4 BSi B 7]
AFE BSiex. 2 B O, BSie 7} 4] 7 Hol= 22 BSi 1 87, 2] k& Hol= A2 BSi 15 g7 0 2 1oty
t}. 2 Ao AR sk BEEEE T R A A (Fig. 5), Y d ot B5EAE v et At
Al I3 31 xR 7Y s RS ERE BEE Bt JTAIALS o] 85to] ZHEe) BSiE AFESHITHFig. 6). ZF
Alo]] thgt BSiewe B> TL 3%} gho] v FARI 0 B =, Al 4] 5 o] 21 o] 85tof e Rkl 71 0 & whekElTh whEbA
2 Aol AR Q] R? gro] 7Hd =41, ARAsHE1 AX17) oht BSERETRS Egh A AlE Sl A
BSiex a2 -85 Fig. 2()-(1), 3(d), (). F35 EIHE2] BSiee= R* #0] B =2 BSiet-f71& 7He] AL o]
SISO U Fig. 5(a)), E2&E 019 BSiwe 1715 271 £/482H8-5 112f5to] BSiot Y& 1He] Al AL o] 8sHltt

(Fig. 5(b)).
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[ ]

(@) (b) ¢
BSi (%) = 0.04 * Mud (%) + 0.46 BSi (%) = 0.33 * LOI (%) + 0.29
3{ R2=084

{ R2=091

Biogenic silica (%)

0 20 40 60 80 0 2 4 6 8 10
Mud (%) Loss on Ignition (%)

Fig. 5. The correlations of (a) BSi : mud percentage and (b) BSi : LOI of Seomjin estuary.

(a) (b) {c) mmmm Scomijin and Nakdong
= Seomjin
s Nakdong

g
@ 0.6
@
% No dat
o 00 o data
@
m
0.5
1.0 - - e e B
o et et ePcf PP Pen NP> RO1 R02 R03 RO04 RO6 AO1 A02 CO1 GO2 RO5 Bo1 B02 B03
NON-TIDAL EFFECT TIDAL EFFECT INSIDE OUTSIDE INSIDE OUTSIDE

Fig. 6. BSi excess using correlation between BSi and Loss on Ignition (LOI) in Seomjin and Nakdong estuary (see Fig. 1 for the
sampling locations). Black bars are found using correlation of Seomjin and Nakdong estuary, light grey bars are found using
correlation of Seomjin estuary only, and dark grey bars are found using Nakdong estuary only.

AFAsHQI 717 Shell A BSiE A+ 11 Aol AR Oﬂﬁ ShR= 2o M1 0 2 F716E S WK Fig. 2(g)), BSiexc% ﬁ
FA| Y] AbFolA ShrE 2= HAAH o2 ZhAsIAthFig. 2()). AR SFEONA BSiwee IR0 AFRA
(S01-06)°N14] o] Fh& Holal o5 (S07-13)0lA &2 2k Bt o] & Fall sll9Fe] 9 W= 2|92 BSiol 5

L ), B2 G AISS v BSiZL HET BUS & S QISlck ol 2 F2A0] Wap} 19102 Heltt
RN AR i TR g TERA o 21 7 U] o ol Conley et .

EHL%C‘] *éi | Y she s 7o HSellM el g iS5l 501 b B lti(Fig. 2(k), (). °1& &

T e} S-S WSl 229 AAE ob7IshH
215l(Ross et al., 1987,
= Lﬂé ]le _‘4_01 _9,]—7—’]0] X/HQ 74
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Hir
rlo
e
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(Humborg et al., 1997; Teodoru et al., 2006), 5]
Sommer, 1988; Mehta, 1991) A== H]&o] O =& 702 4

it
L
[
I,
=]
ol

2
© & Holt}, o]} Zhe slEo] 0J5t BSi AAl= HL: Q=0] {14 ZYA 7H4 2 o]o|Z(Humborg ef al., 1997), 1 2
SIS @]=2] BSi A4 EJF o] A= 7] 0 2 A Qlth(Raugueneau et al., 2006). =3+ 714 23 A A= SilN
H|2} Si:P HIE HAA7|H, ol= 129 mZte] o+ o= Aot 12 5749 HIskE skl QEHRagueneau et al.,

2006). FA 57t 5112] Si:NH]= Redfield ratioQ] 1:1X 0] Si Alg o] 8 Aw & 2 41 57 A

201, FEF7 5L JITHMOE, 2015a). 12y o] Ao b2 it 714 o] ¢ 1 279] FL7t Aol om
(Moon and Choi, 1991), 0]+ 3145 2]Z0f| 4] BSie 7t 2] 712 Hole glof] S & 71072 eIt} T35t sl4-52 7
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THMOE, 2015a). ©]=2 <15}
s i 279} 7154, Wb 2R}
tioFslA| BaxsHA| ). o]9F 22 & & 24U 9] F AT HSK= Y57 BSin O] B/ A7 G sl E-S 7E0
= 540| defler ds « A ow FHTh
BSie7} 5175 714 0] -3} 0] %

S ToIH(Fig. 3(d), (h). Y=, 712, BSi
o]& Eth(p<0.05). ND1 F0}= 55 A4 o]H o= BSie 2] 50 tha A e o, $57t o5 A4 o] %
oyo] gko = ARSI LrebdThFig. 3(d)). o1 G54 5F 7ol OfsHEA Sl 1 ¥E o] 7havt el 0 2 ghtke]

.
o}, 5175 714 0] ol 7% 9lZ 0 2 $3IEls B4 9 ] ofo] 7451910 B(Kim and Ha, 2001), o1 QI 4

i
%
oS
o

Wi
i)
=)
%
N,
¥
12
B>
ikt

s (o
ne,
lo
N
=
N
&
i

N K
ol
o
N
rlo
&ll
¥
ot
9
i

oL ["_Q,
i)
>
Sh)

_{

171,
BSi EZof| A= 2 YERITHFig. 3). 5T 2152 o= 1A o] F B4 =] At vlEo] 24 ofyz] 9A] A
5}, (Ryu and Chang, 1979; Yang et al., 2002; Williams ef al., 2013), ©|==ND1 A 2] 24 -] 7H4ao} 5|54t
O] A5 Z 7Ho]| YIS TS 7.0 2 T, whekA] oshEol ok shd © 2 B E] §9El= B O] oFo] et 24

|
o4 219] Z4= ND1 oA BSieF 42l 710 & DA Uehh=tl] 344 0= 287t Z o & 7 Hr

ND2 F}=ND1 0|2} thA: THE BSiey w2 Y= B0 H, Y57 o5 144 A 2 BSie /23 2015 B3
thFig. 3(h); p<0.05). Y57 5F-5 4 oA ND2 F9] BSie =001 71718 2Ho 2 7 o] dgst9) oLy, slt5 744 o]
T BSie/F 2] 3h& Ko™ 2hgtelA| Estch ND2 F3-2 b7 95 Fd o=, Uad shts A4 o 55

2o, o= A FA] o] A=A ot AR 2 e O] ATHMOE, 2015a). ©]2 Q13| ND2
T}

¥
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e A B IS Gglovh, T ARMNGRI At M f450] el 2 B2 il et 37
wglon], 71 Au H 42 U LA o] 5ol BSiH 0] 2k 191 4 =} ND1 Stofo} 2] 2455 ot
O % ND2 1] BSi= 0] 9 Holn] 2 85-S R 0P, ol 45 vt A Solil4-E S4o] ddtop
wo] 42 weto] 2|40 2 dojut Atz BLHEITKMOE, 2015a)
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= A4 A% L, 1=, BSiZHAAA o2 9A45] F4st.om, o= FARR 1%t Fl2lE wite] ofjt Ao g wtE.
019 7 5100 B2V vt ol thEA UEhd e 01—%56}04 ND1 gHND2 3] 54 g0l Mz t5e o =
ST ND2 Fol= 5h-52] FFo] drA oz 2-8513), 01, 0% 2005d A12Hd 2555 i 7174372009 A1 2H -5
QhifE SA= It FAT 8 BistR lf El2Ake] Wkt o ¥ of LeRdTh

ole} g2 =4 27 Hste]| ofR BSi 5= ¥} G kS Al A sl f18l BSi- A, BSi-f7 1= 7] A S o185
o BSiexc S %Lﬁ}iiﬂr sl 4 shhe @A 0l AdRolA sHRE 245 BSie/F A 2519001, ol=

U YA UE 25 324 s U0 2tk HEL A7 B ST 71%0 Bl 2 %
3014 29142 HA0T, 41 5

AT Gow, AL T4 B AL 2l Bsa} S
Hol% Mol 8.2 BN FAAN 5718 OHS G8E U 4 U5Ach S 9150 94 olel B A2
CHEA Liekih, NDI 16101 B 51725 24 o1 8] 0.2 3 UelsLos, ol S 75ef I8 U 5
0] 7t 9] 0] 217} 9910 2 AZHEITE, ND2 51010 B = 5175 7441 o]

=~ = ;8« = =
o, ol W fE5o = Qlsf 2RkMES F6l frse Yol & HAE Avie mehdnt 25kt A4 o]

Ab A}

o] e Aok 7| RATAYARI2 )l OJol AT ST, AANE Tol FL 1S T4 A} I BE
7 2] BA= I,
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