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A FFLoF = F-AEE 3l QA 2 G5 o15<] AY9sizt 2k vk dEe] AAE st F
AR Hh A 9 2% RBAL FE F $2X]2) vlagko 2 A% 7he] A A9 AREAE delsE 4R ¥tk B
ALE Q1% T F-8 o] FA4 <l B30l (4stroconger myriaster), 8] A $-(Litopenaeus vannamei) 12] 31 g 3]
(Paralichthys olivaceus) 3 2] 43S AEARYL=E Frlsily g9 HAGAE UR=E Frlsisict. 538
= xF 4 QAFE APde] BREZAL 6d-LCsS 62,335 mg/L, 7d-LCs& 54,838 mg/L ©13ith. Aok)A)$-= 74
FE7F F 47,152 + 1691 mg/L o)l A4 5YU o) FHIUE 1 o FFo) AN FA Aol FRALF
5 °F 18,185 £ 926 mg/L o) dollM HA 6 U o) =EHIUS W Sl FF2 W 281 F-RALFE 4,763 +
76 mg/L7HAE WA FAR FaEel 9% wRA 43ttt AR F3lels d%e] oy FHF 73] Ay
itk 91 R3RlolE B5AL SR 1009 + 2.6 mg/Lell 1 97 =34 APEE A7 B3E G iR RS ES
3 A, 4d-LCs 99.4 mg/Lo| T}, o179 BRI g B} 22451 A9 At Wide] o s
B FHARAPIME AEEL 52 59 T4 FHME 90% o1/8e] BEES Kof AARHFA FHAL Y
Ado] 73eg & = ATk, 2B 23} AF || xjoj= B e BfAl FE A F3E FRIEINTE 4R
T, A B-RARs Al AAAQ YL F 5 Slo], Ae)of] WA= FfAF - 39 ool Akgkshs
ojFe] /A WEel 9L v1A 5 A& Ao gt

Abstract — It has been suggested that the suspended sediment in water column resulting from human activities is
causing damage to the ecosystem and particluar species of fish. It is not easy to identify a direct causal relationship
between impacts of organisms and suspended sediment just by comparing the amount of suspended sediment gen-
erated or the suspended sediment concentration. The impact on conger(Astroconger myriaster), whiteleg shrimp
(Litopenaeus vannamei) and olive flounder(Paralichthys olivaceus), that are considered as a useful resource in
Korea, due to suspended sediment were evaluated by bioassays. Sensitivity of olive flounder by stage of occur-
rence was also evaluated. Mortality of conger was observed on 4-day exposure at the suspended sediment concen-
tration of 46,752 mg/L. Estimated the median lethal concentration, 6d-LCs, and 7d-LC,;, were 62,335 mg/L and
54,838 mg/L respectively. Whiteleg shrimps had an effect on survival when exposed for at least 5 days at a sus-
pended sediment concentration of about 47,152 + 1691 mg/L or higher, where olive flounders had an effect on sur-
vival when exposed for at least 6 days at a suspended sediment concentration of about 18,185 + 926 mg/L or higher. The
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suspended sediment concentration until 4,763 + 76 mg/L did not affect the flounder embryo hatching rate. Although,
there was no effect on hatching, but morphological deformities were observed. Mortality of olive flounder fry was
observed at a suspended sediment concentration of 100.9 + 2.6 mg/L with a single day exposure. After estimating
the median lethal concentration, 4d-LCs, was 99.4 mg/L. It was confirmed that the suspended sediment tolerance
of the crustacean such as whiteleg shrimp was stronger than that of the fish such as conger and olive flounder.
Other researches also showed that organisms had a survival rate of more than 90% even in high concentrations of
suspended sediment, indicating that overall tolerance to suspended sediment is strong. However, lethality under rel-
atively low suspended sediment concentration conditions was observed for olive flounders that had been just
hatched. Suspended sediment around the habitat can have a direct impact on survival, which is expected to have an
effect on the change in fish populations during spawning season.

Keywords: Suspended sediment(}*---A}), Bioassay("d 27 4), Astroconger myriaster(’-7+°1), Litopenaeus

vannamei(FTHANS-), Paralichthys olivaceus(d%])

LA E

AEAA oI ojujst BER-E] AEF 811 Aolele AENA
oXE GFgE APAH R Yolry] g AFPS o3} et
A, 874998 2L QA ads dov|E 9uEdd Ad AP
7] AERte g &8 5 gl= AR AR SHE Tl
o, AeA FA A} Zo] 2 R 9] AF At N
F431] ofeld dUEARS] AAFAE Gobd F Utk FA
o] i}, ofwgt Q1o AJEe]| FFS v|X AejAL] W] &
ZEE @6 E Aol BAE gelsta, FF FolE Y53t
34} sichd BERAe] Fasi

AR AR s 22 QRHAYHE O E 63-um ©]8F
73] AEg} HE)e] H-RES D3 (Waters[1995]; Garcia[2008]).
EF 2] F3le A9AU e, 3 gy f 34, 2=
A 34, g 5 AR #Ho| Yx 7NE g, 715 713
T IPEEQ] o] At slijt 2 sl vis, 4, A A
3 T A sl FFelH ekwt &S WA 5= k. ¥
AR diEAR) 93 92 F sfe|th(Maeng ef al.[2006]; Kim
et al.[2014]). TSR FRALR Q151e] A 2 AR 0]F2] of
A9z} s ks SAdEo] AAEei it AR 24
Z 22 85 T TR 33 7Fedla, oiSAge st =
ARE 53] 8L £ o, 9A X9 nHjagto 2 o] 7ho)
232 AIpFAE Helsp = €A ¥rh(U.S. ACE, [2015]). ©]
F7H AL 2EHE 50 9@ 4 olon UAREEF
ulth -84 2l 2 Qs tE1 Aoz | vz i o
(Ao, o] Ao F)ell xE =W TS #A2%71E F U
(Mohammed, [2013]).

FA A7 193040dd] ARA = 5550 Aldks A E
o] &3 WA (Elis[1931]; Ellis[1936]; Ellis[1944]; Moore
[1937]; Moore[1944]y& A2t 2, 1950-60'A tholl= ol AgHe
% A7E T8 "= ofF AMATHS] #A A7 F A
Aol A== 8 th(Moore[1950]; Hambric[1953]; Cordone and
Kelly[1961]). 1970 dth o]l £ &4, st 4 2] F&Fl it A)
E2¥ B4 A3z Y AEARY 97 77 AU

(Gammon[1970]; Froshage and Carter[1974]; Doudoroff[1976];
Morton[1977]; Forester and Lawrence[1978]). F-f-A+e] L1kl
e 9FOE 1A} AB4FY A(Irwin and Stevenson[1951];
Claffey[1955); Toetz[1967]; Iwamoto ef al.[1978]), BU+ &)
AT (Toetz{1967]; Beaumont[1975]; Kelley er al[1976]; Jones and
Bachmann[1978]), &177-2] He | 3Eol] thet & A7 (Toetz[1966];
Winner[1975]; Doudoroff[1976]) 12|31 ©15-2] A42] #&dsie] A
A% Wb A7 (June[1977); Schwassmann[1971]; Peters and Hontela
[1978); Schreck and Scanlon[1977]) 5°] H&=| |5 AJefE] 9
T F33kE SN A7 A g FRAA ZAS
AAeHA] 3Tt o) F skdoly 4 F418 F-iA A7 &
o 3l 3¢k o] 87t et wet HBBES] AEARE T
A2 A A= Hxp FA=E )

HZ HRALR QI ofF obrlv] F20] wsls} Jlee] &4 4
TME AFE 359 oF EF k& T Ak F57} AstE
A 2H1EE BE S18IAAIN k2 T F Fol e 7l =
= H719EQ1 vhg-g R 7S ¥ u3|3ith(Hess ef al.[2017)).
2ade] gl AY A4 o|{FE o= 3%, o)Ad & A4
2 YeolA 22 29 Aol 2 HHte dii} 715 7A
& & AE FE0] YL AF LR HoRE FEo| EAYE R
sI5itt

£ dFelMs A9F R F-RAPT 28EIE o Sl B E
Al w3t 23 F] FFE FE7HE wekatuat sU A4 AE 3
FL o83 AEFHUL FE3] Brlela W7 Ane} 7|1 A
7o AFHES T3] TP A8 EC] viXE 9% Bt
slAck. 3% F £8ole AA, Aok X5HE dde = 5
ot gekE e 2 FRRES] BB F B2ed) 7] GAVH A
A B} o 9zsicka 224 lthMiddaugh and Dean,[1977];
Ringwood[1990]; Schmieder et al.[2000]; Mohammed et al.[2009];
Mohammed[2013]). ET}e]Al$-2] 24 AELS AF AA7]E A
818 g 713t A4 AEHe gl A4 A8 A7)
ZAgZ ol 3] A7t 7] GAR, AP B4 EvFssich
I olf= SRS Rl Algdthy Sl 28 2o &
733 8907 YL W=A], xEF AT JIUA] FEE
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= Q7] "ot} a8y gXe dF FARS 78 § o] A
@ 713t Aeko] glom 27| BBAL DA gt AlgHe] At
ol | E o E 24 27] 99 IFE Bt
(Kim et al.[2010]; Whang et al.[2012]; Sung[2020]).

F-HEAL I/ F71E0 718 F 7K 4t 30 s
T 3oH {718 F-REAS Aol QA =27] 7|9EH &
ol w2} SeRIth(Wood[1997)]). 5718 E42 3E 24, (A 5%
o} 7] B 502 AHA TEECHNichols[1999]; Beussink[2007]).
£ delMe A7 FEE AAT 771 E25 e Al 3
£30] 77148 B g 29 wisht /7] S4EZS Al
33t

2. M=

2.1 Algg=e] My

F-RAP} #F EA vIXE FTE golrr] S A of
A BEZ 3730)(4Astroconger myriaster), BN ANS-(Litopenaeus
vannamei) B @ X|(Paralichthys olivaceusys 273 st} 5-730]
= U e ZAg ] AAehe ofF T8 AR olH,
A7 B2eld F8 golAgoltt. | 27]|8Ak] A
& &84 7€ N oE=E o el Bt JeS delny] 9
g FL 2ROt} S0l AAE AP AMSsIgion, 8
Al 501 o] 7] AxQ o™ AAIE, 2l ¥
TR, 73R, Ao] T AL 7] 32l HEsh= Tl
Ag oz Ao ARSIt

2.2 B RAIL| #EH|

HAEL gai’l viek] AAr ul diFgelA AFsk A9
of] ARg3llt). AFE HAES 7= &3] HY 77152
AAT o2 = AE 9 AR 3719 YAH<62 pm)THE- o]£-3}

o Al ARSIt

A E T2 FfAF 5= M7 T3 AR 7] EMinistry of
Oceans and Fisheries[2018]) #|478-2] A5% ¥ 9AF 2 (SPM:
Suspended Particulate Matter) 578 "ol wje} SAI%. 1%
59 Alse 34 FRF F IMurE F3lo] T8 Asigith

2.3 ST MZEE S AE

AYe] AL8E BAlE e $99 Eo] o =EH 13
Ak B0l E AEAR $U F A 72 FH AR 2296l
YRE31A] &3 Ho| ¥hgo] & Wizl A4 3 A7 AFA =4
ol SXAIZATE. ol F Pde] ¥ Qla FH Yol 7 ELd A
ThS Adste] Age] o] 83Tk F-AAE Bl AEe] wAE
QIS Frre] A% 7Y =F B FEE 0, 1004, 492421,
973+ 1.7, 2469+3.7, 2882+ 82, 487.3+149, 9864+ 14.1, 2448
+48, 4806 +209, 9496 + 289, 18398 + 877, 47808 + 1670 L&) 3L
90930 + 3549 mg/L (F 14 ‘5= ) ]3I tH(Table 1). 100-L &
o) ol FEEE 4 F-AE -8 30 LE sk, 4 A
ZEE 20| A (o] 425+4.8 cm, FA 111.0+37.7 g)=
10 vH)4 T8It EAES] 5 A FA1F S8l 7% %
7|2 s A 82 FITH Ago] AlFkE F ) 24 A3
AE WA 5 R, 715330, F 7 47 2E i AgS
S57} 18°CE AAIEE T vioRalelx] Arjsigion], Ay A
|8 3 GE2 32 psu o3t FA =E AY F Hole
THHA fgtew, A8 S Y A% wAlsiic. A A
T ARE 4F FHo] FRAK] BEE ST

Ao ARREE EFEL f7]E0] TFEHA & Ao §3
A #EE 5 gl HARE Qg EEE TR0 e ERly
A egtom i FE RIS A3l 7|2 TAZAE ARSIl
iU AIESFE wBsie] ST QIS YL A3 AF
T8 A £ FEE 8.72-8.94 mg/L H910]%i.

Table 1. Daily concentrations of Suspended Sediment exposed to conger, Asreoconger myriaster

Suspended Sediment (mg/L)

Day-1 Day-2 Day-3 Day-4 Day-5 Day-6 Day-7 Mean + SD
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0+0.0
9.7 10.2 10.3 9.7 9.9 10.4 9.6 10,0+ 0.4

48.5 524 48.4 478 48.1 51.7 473 492+£2.1
98.8 95.6 96.4 97.2 97.8 95.3 99.8 973x1.7

251.2 245.7 248.1 251 246.7 2443 241.1 246.9+3.7

287.4 299.6 281.9 283.4 285.9 299.4 279.5 288282

476.1 513.2 488.3 472.8 491.6 496.1 472.4 4873+ 14.9

993.9 989.4 991.7 962.8 979.5 1,007.4 979.6 986.4 + 14.1

2,486 2,435 2,493 2,420 2,507 2,382 2,413 2448 £ 48

4,799 4,617 4,992 4,767 4,574 5,163 4,724 4806 = 209

9,682 9,345 9,617 9,194 9,723 9,077 9,828 9496 + 289

18,895 17,424 19,461 17,794 18,991 17,273 18,946 18398 + 877

46,857 45,465 49,316 46,752 48,827 50,174 47,261 47808 + 1670

89,735 91,241 88,193 85,458 96,419 92,738 92,722 90930 + 3549




AERAANE T8 F-HAH APEE 9%t

303

Table 2. Daily concentrations of Suspended Sediment exposed to whiteleg shrimp, Litopenaeus vannamei

Suspended Sediment (mg/L)

Day-1 Day-2 Day-3 Day-4 Day-5 Day-6 Day-7 Mean + SD
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0+£0.0
11.2 10.7 10.3 9.8 9.9 10.5 10.0 10.4+0.5
51.2 479 473 49.4 48.2 479 52.0 492+19
99.4 95.5 98.0 97.5 97.2 100.6 98.7 98.2+ 1.7

261.7 244.7 241.9 255.8 241.7 246.8 248.0 2487+ 175

294.6 288.4 278.4 2925 281.2 288.3 294.7 288.3+6.5

497.5 481.5 476.8 497.5 483.7 499.2 489.5 489.4£9.0

977.5 963.7 981.8 969.6 977.0 997.4 986.7 979.1+ 11

2380 2358 2447 2391 2440 2491 2431 2420 + 46

4887 4799 4617 4992 4767 4574 5163 4829 + 207

9928 9849 9682 9300 9813 9888 9414 9697 + 247

18926 19486 17997 18588 17726 16919 18815 18352 + 862

47295 45738 44548 46628 48675 47684 49492 47152 £ 1691

88943 87861 93135 90948 95167 89193 86890 90306 + 2967

24 ECEIMS HEE £ 4 2.5 9X| xjoje| 4=EE 5F 48

Aol AMSE A= 3 EIRE k2 Tl
o A84E &2 F 4 2 4T A8 224 €A
AR, A3 eldo] Qlar SF o] &gt JiAlE AEsie] 4
e o) g3t FRAPT AoE)Alg-4] A& viXe 4TS 3
7117] 943 7Y =3 HH FEE 0,104+05,492+19, 982+ 1.7,
2487+75, 2883+6.5, 489490, 979.1+11.1, 242046, 4829+207,
9697 +247, 18352 + 862, 47152 + 1691 18] 3 90306 + 2967 mg/
L (& 14 5% ©@4) ©|3itKTable 2). 4-L £32] 30 F54
EMg F-RAL 89 2 LE FY3t, 2F MeEE dvkEie-E
©] 4,10+ 0.24 cm, 77 0.415+0.043 = 10 v}zl 13Kt} 5
ZES] F7 A A 2 AJE #ES 301 AT 24 3
st

Aol AR gA] Kol e AAe] FEuFE A 8131
ok 94 XolF A¥AR &7 F 4 397 ¥4 214 &A
A, Seto 2 Roks o eide] AF glu S o] 78 T
g FiARRE AEste] AJe o] 8sisitt. /AP EA] )09
A& BAE FE F7RP] A8 19 =F Hd 550, 102
+£0.5, 30.9+1.4, 48.9+1.8, 1002+2.8, 291.6+9.9, 490.8 + 12,
976.1+£22, 2404+ 34, 4770+ 161, 9730+ 151, 18185926, 47298+
851 2231 91147 4927 mg/L. & 14 5% ©]) oI3Ick(Table 3).
4L 8F9 2o FEEE AT F-R/AL £ 2LE FUstaL,
z} Mgl g X]o]@o] 2.49+034 cm, T 0.109+0.050 9=
10718 Fdsiich. HAEL] Fi dH A € AIE e B
o019 whalat 2 33

Table 3. Daily concentrations of Suspended Sediment exposed to olive flounder, Paralichthys olivaceus juvenile

Suspended Sediment (mg/L)

Day-1 Day-2 Day-3 Day-4 Day-5 Day-6 Day-7 Mean + SD
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0+0.0
10.2 11.0 9.9 9.9 9.7 10.4 9.8 102+0.5
32.1 29.5 314 30.1 29.7 30.0 329 309+ 14
48.7 48.6 48.2 51.9 46.3 498 482 489+1.8

104.1 102.4 101.7 98.5 97.4 96.8 100.3 100.2+2.8

299.3 294.8 288.3 301.0 279.4 300.4 277.9 291.6+£9.9

499.7 501.5 483.4 493.4 471.9 503.7 481.7 490.8 £ 12

978.3 976.4 929.5 977.4 998.2 989.9 982.4 976.1£22

2349 2423 2382 2414 2392 2455 2414 2404 £+ 34
4799 4673 4748 4898 4884 4919 4467 4770 = 161
9728 9680 9728 9868 9456 9719 9927 9730 £ 151

18829 17426 18285 16462 18735 19062 18495 18185 + 926

48285 49647 43825 47261 48085 46218 47763 47298 + 1851

98173 91164 97594 89943 86442 88437 86271 91147 £ 4927
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Table 4. Concentrations of Suspended Sediment exposed to olive
flounder, Paralichthys olivaceus embryo

Suspended Sediment (mg/L)

R1 R2 R3 Mean + SD

0.0 0.0 0.0 0.0+0.0

49.7 48.4 46.9 484+ 1.5
243.4 242.1 237.1 240.9+3.4
479.8 483.7 462.6 4754113
22472 24194 2373.8 2347+ 90
4791.5 4819.2 4677.0 4762.6 £ 76

2.6 Xl £FTI2| B3iE £ A

Ao AME gR] FATLE AFTES] TR T8
ok gX] FARLE F40] o]FAT F 4AI7E ool AHef| ALS-
It T xE AF Al ¥EA I B T FEE 0, 484
+1.5, 2409+34, 4754+ 113, 2347+ 90 12| 1L 4762.6+ 76 mg/L
& 6% W) oglL, == 3 WHE AT Table 4). 80-
ml §3¢] £ FFHR0|E 874 FEE FA4F F-HAL &
A& Fsta, 871kt gA] %L 50 /M FYsisic. 3

IIT™ Temp. controller

T2 WA A] F GRS A ARSR] 9] Wi st
o] AYslgda 7] 4544 5= 8.2 mgl o)1, A% F8
Al FEE 7.88 mg/L olSith HAEY B4 A FAE $1819
o}3E A2 rotating wheelel] 2+ A8 8715 |51 5 rpme]
£c 2 3As =F3SthFig. 1). APo] AFE F 12 A]Ztv}
o} BT S B339 1, diZTeA 8 BE} 90% o) o]
o7 A F & 712 A3 A AN x2S TR A8
1807} FAHES A7) B35 5204 o|Foifon,
Ao|) ALg-H 2] FE-E 32 psu I3k

2.7 X F2xjoie] EE 5 4¥

A AF-E 9] FsiAels AFES TR 73
FADE FIAA Aol AREIT. F-APE 9A] F3lAje 9
AT vl YL Brls] H 4 2F B FES0, 10
+02, 323+1, 48.1+ 1.1, 100.9+2.6, 240.1 + 7.1, 290.6 + 10.7,
4813+ 132, 9714+ 14, 2378+ 77, 4719+ 119, 9767 + 137, 18519
4908 12|31 46627 + 1455 mg/L (F 14 F= BA) ©]3tH(Table
5). F3Ale = AE AAE Alrdhe AR0NA 283 AU &

Fig. 1. Rotating wheel, A: used for suspended sediment exposure testing, B: Schematic diagram of rotating wheel.

Table 5. Daily concentrations of Suspended Sediment exposed to olive flounder, Paralichthys olivaceus fry

Suspended Sediment (mg/L)

Day-1 Day-2 Day-3 Day-4 Mean + SD
0.0 0.0 0.0 0.0 0.0+0.0
9.9 10.2 9.8 10.0 10.0+0.2

334 325 314 31.6 323+£1.0
48.7 46.8 49.1 47.5 48.1+1.1
101.7 98.4 104.1 99.4 100.9+2.6

2443 2374 2314 247.2 240.1+7.1

299.1 298.4 276.4 288.3 290.6+ 11

473.4 483.8 469.1 498.7 4813+ 13

986.4 968.3 977.0 953.6 971.4+ 14

2419 2337 2293 2462 2378 £ 77
4880 4650 4613 4731 4719+ 119
9769 9585 9917 9795 9767 + 137
19456 18984 18261 17374 18519 + 908
47286 46365 44730 48124 46627 + 1455
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F15HA] oAE A4S tRARIESI 80 ml £2] 3 E&)7}
BYo|E 4715 AT with 4 /4% Fnjsi8ic). EEE SA%
BHAL Sag F9s}ar, 7]nict g R3RlelE 20 ZHAY F
it HAES F-A23H RXE 913 rotating wheel& ©]-%-
sigict. Ago] A= F Z)zt 24, 48, 72, 96 AlZI0] HE A1A |
Z} AR 1 Y 8718 St AE AAE A
A FE A 1Y &7 U §E2A SEE 7.15-7.61 mg/L ¥
$jelict.

3.4 1

3.1 SHO| ¥E8

gekst B/} sofld 7 U3t =E% A9, B/l FE 47808
+1670 mg/L oA 4 LARE AV /A7 B2} P2
kEA|Zo] AojA AN AAEA FAsle] Aol FREHE=TY
Aol 60%2] AEEE Bt} F-HAL 55 90930 + 3549 mg/L
e 5 GANE AP A7 R, 6 Al B AFEsE
SchFig. 2). wEhA £ AL EE7T oF 47800 mg/L ©1d
N Fa 4 A ol =E2ESE o] YEof FFE P FoF o
ARG, A8 HFs AYZRE 2F3AZE 6 L 7 D2 ukeH]
APEE(LCs,, median lethal concentration)s- AT A4t
¥ (Linear interpolation method, USEPA[2002])2 ©]-§3}9] LCy,&

Astroconger myriaster

100 B s g

Suspended Sediments
Concentration (mg/L)

Survival (%)
2

—8- 18,398
—6— 47,808
=—A— 90,930

0 - a3
1 2 3 4 5 7
Elapsed time (day)

Fig. 2. Survival rate of conger, Asreoconger myriaster to various
concentrations of Suspended Sediment.

Litopenaeus vannamei

100 & = B

if- Suspended Sediments
8§ 60 | Concentration (mg/L)
n% i —8— 18,352
- 47,152
20
—A— 90,306

1 2 3 4 5 6 7
Elapsed time (day)

Fig. 3. Survival rate of whiteleg shrimp, Litopenaeus vannamei to
various concentrations of Suspended Sediment.

3% A3, 6d-LCs> 62335 mg/L, 7d-LCs 54838 mg/LE
A=At

3.2 ECRMS HES

F-RALF5 18352 + 862 mg/L °]3F BE ATl 74 =
¢ 23, AP e A @ AR ST EA R
47152 £ 1691 mg/LeX= 6 AATE AFE 71A17F =911, 7
A ] PEEL 80%C13TE F-HAF F5 90306 + 2967 mg/LelA
£ 5 QAIRE AR A7 YRt 7 AAle] AEE 9A] 80%
o] AtHFig. 3). WEkA BTt FAF F57) oF 47152+
1691 mg/L oPdellx Hi 59 ol =E2HAS o Ao T2
Hh= 02 AR

3.3 9X| x| MEE

FHHAL F= 9730+ 151 mg/Lolet APl 74 =29 o
A Aol & MAE AFFSHA| L3k F-frAL F= 18185+ 926
mg/LA= 6 94 Hi el APde] BEe] BEEL 90%01H
31 o|Hr} EL F52l 47298 + 1851 mg/Loll A= APLst A7}
3ol R 91910H, 91147 + 4927 mg/LolA = & 6 AA7IA
100% BEEE 2ol oy 7 4A 710%= 24513 chFig. 4). °143<)
A T, 94 Aol F7AF F5 oF 18185+ 926 mg/L
odela] Hi 6 Y o =ZE NS W S TS e AL
F AR
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Fig. 4. Survival rate of olive flounder, Paralichthys olivaceus juve-
nile to various concentrations of Suspended Sediment.
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Fig. 5. Hatching rate of olive flounder, Paralichthys olivaceus to
various concentrations of Suspended Sediment.
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Fig. 6. The appearance of normally hatched fry of olive flounder,
Paralichthys olivaceus (A) in the control and and malformed fry (B)
in the suspended sediment concentration of 4762.6 + 76 mg/L.
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Fig. 7. Daily survival rate of olive flounder Paralichthys olivaceus
fry exposed to varying concentrations of suspended sediments.

3.4 X £FT &

WA AT F3HEE BE AETelA 90% oo ® e
thFig. 5). FE F-HAL FE 4762.6 + 76 mg/L7HAE ¥A £3
& 5318 FEL vAA G A0 ARG U, o ¥
sl U 440) FEiE AEE 23, 7 22 TR Rl
ggko] glolo HejF 7)go] BEE UL Ao] AAe| =T
B AR 2.41 £0.13 mm B} B 2,13 +0.23 o)t} 13
a1 HFgka 9l X)) o] 718 =5 U7 B2 IkFg. 6). ©]2
1A 718 JRAE AAL ok 30% A= AAFA

3.5 x| #2ixj0] 4ES

HA| F-3Ajoi ] EELE 1 4 =2 ¥-7Al F% 1009+
2.6 mg/LolA] AFEEE A7} B2E A 2 U7 2EA ¢l 481
+ 1.1 mg/LelA, 3 U3t =Z3A = 32.3 + 1.0 mg/LoflA] AP 7QA]
ZHUERRIL, 4 93t eE3: Al A HAEER] 100+ 02 mg/Lell
M AP 7A7F B2 ESICKFig. 7). B-FAF SR 9714+ 14 mg/L
oA 34 AEEo] 70%CIN L, 4 DAl 35%E, LCx 4 BA<]
AEEE ARSI AU (USEPA, 2002)S- ©]8319] LC&
3% B3, 4d-LC 99.4 mg/LE ARFESICL. F-FAL E5 4719
+ 119 mg/Lef|A] 3 A AEE] 60%, 4 YAl 30% ©)1H.
FAF FE 46627 + 1455 mg/Lof|A 2] AEEo] 1 YARE 50%=
243819130 1d-LCsi >47285 mg/L, 2d-LCs 31305 mg/L, 3d-
LCs S 18261 mg/L.O2 A=

4.1 E

B Ao M= BHAP) B3] (Astroconger myriaster), ETk2]
AN-$-(Litopenaeus vannamei), A= (Paralichthys olivaceus) 3 &,
F-3ixje] 8l X|oje] A& K3} v|AE= FFg YEAA 3
o FEAle & A9, ol Al T2 v w2 F&2 FF
Al 2% Z A= 2102 FRIFSIT oF 18,000 mg/Ld] &
oM BAolgl At 7 9 B 25 AFE T, 9A
e, dixT9} fou)E xle] §lol, 90%7t AESItt. ol Rt
H & FE0M 7Y 54 =E3 Ao S0 F 48,000 mg/
LolA 60%7F BE315101, 90,000 mg/Lo e 25 AFgsisict. vt
d, FoElale-2l 34 XolE= 90,000 mg/LAE 22} 80%, 70%
9] & AELS B F- AN O o] B3oH 555
& 5 QA% |A] R K3lge, A% HuFES] °F 4,700
mg/LAME 95% F38-S R tixTel| A o] F31821 96%s} &
zlelg Kol okt el H313t fA8e] f1¥e] Aol o
I 50] oA Sl A G5 =], K3} o) %o f432] A
Eoll= 9 1A F USRS 5T 7 Aok T3kl AEE
S H|3E 3 FEoME go] A4 ARH o 3w
HAE o=, AFES] F-RAL s E F3o] Ss B
FH2 ol Xojuf AdAlle] F-{AL WAdo] st stoeks A
Ao AZA 3y Fo] Yu RFAF wd 2| v
Al AFAY F A= AR

BHAE sl E vlR = 9EE AN 7€) A7
Gyeongsang National University[2002]2] AF5ol = /A 7
o FRE B RE ST B019] A9 172437 mg/L, ¥I7Hjul=
131201 mg/LE B u3}3it}. £ A7llM FHE F30i9] 7 Bt
R ARS R 9 54,838 mg/L = Gyeongsang National University
[2002]2] Ak=2F= 1008 ©]4e) AAdet Zpo]7t Q). whebA, &
AFoM = FRAPT FARENA PR FEl B 455
TRt vlw 1A FHAPE gl vl ¥R,
TR E, ZYE, IYE, 7318, WA E HHE, 9FHE, 388,
AEE Fo| Utk(Table 6). Gilmour[1999]= A3 FH<
Acropora digitifera®] T7RE, WYE, D YE] 1X= AR 9
L ARISY FES FPES vl 3 F59 50mg/l
o ity B st ol AP A 2L 5 74
o A AEehd R R AR 2F5A4S ATV HEeE
At & AFelA gx Fakrte) 2] PYEE0] 100-150 mg/L
WA 50%% Zidhs Ak olgk fARE ool 710% AL
2 ARG a2 gRA e AFFER AR F AREEEY
AR 414 0] AREe] §o B R B{APL E]F o ofrlv]
zA o] F3sle] 42414 TR FHeA 7tAngo] Y8R
319 AAs00e Zos 238 4 ok 28y 2HES 100
mg/LAME GBS ¥R =ty e, ol F35o F-iA
7} EAEIEEEE B F<Q vloHembryoys RO E B EHY]
Yol F-RAL E57) ST ER: Hlolol] A H AR AFE WA
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Table 6. Response of various organisms to suspended sediment

Scientific name Classification Response Concentration (mg/L) Effects Ref.
Acropora digitifera Anthozoa Fertility 50 Fertility decrease 3)
Acropora digitifera Anthozoa Attaching 50 Attaching rate decrease 3)
Acropora digitifera Anthozoa Develop 100 No effect (3)
Paralichthys olivaceus Fish Hatching 4,763 No effect (£))]
Eyrytemora affinis Copepoda Reproduct 350 No effect (42d) (0
Erimonax monachus Fish Growth 25 Growth decrease (21d) (4)
Cyprinella galactura Fish Growth 100 Growth decrease (21d) C))]
Eyrytemora affinis Copepoda Growth 350 No effect (42d) (1)
Perna viridis Bivalvia Clrarance 600 No effect (14d) (2)
Perna viridis Bivalvia Respirate 600 No effect (14d) (2)
Tilapia rendalli Fish Respirate 10,000 Respiration up (40min) (5)
Paralichthys olivaceus (fry) Fish Survival 99.4 50% survival (4d) (&)]
Cymatogaster aggregata Fish Survival 6,000 50% survival (4d) (6)
Tilapia rendalli (juvenile) Fish Survival 24,000 50% survival (2d) (7
Tilapia rendalli (Adult) Fish Survival 42,000 50% survival (2d) @)
Cancer magister Brachyura Survival 32,000 50% survival (9d) (6)
Ascidia ceratodes Tunicata Survival 38,000 50% survival (4d) (6)
Neanthes succinea Polychaeta Survival 48,000 50% survival (9d) (6)
Crangon nigromaculata Prawn Survival 50,000 50% survival (9d) (6)
Astroconger myriaster Fish Survival 54,838 50% survival (7d) 9
Anisogammarus confervicolus Amphipoda Survival 78,000 50% survival (4d) 6)
Mytilus californianus Bivalvia Survival 96,000 50% survival (9d) (6)
Paralichthys olivaceus (juvenile) Fish Survival 18,495 Over 90% survival (7d) ®
Litopenaeus vannamei Prawn Survival 47,152 Over 90% survival (6d) (&)
Mytilus edulis Bivalvia Survival 100,000 Over 90% survival (10d) (6)
Molgula manhattensis Tunicata Survival 100,000 Over 90% survival (10d) (6)
Styela montereyensis Tunicata Survival 100,000 Over 90% survival (10d) (6)
Eyrytemora affinis Copepoda Survival 350 100% survival (42d) (0
Perna viridis Bivalvia Survival 1,200 100% survival (4d) (2)
Tilapia rendalli (juvenile) Fish Survival 15,000 100% survival (2d) (7
Tilapia rendalli (adult) Fish Survival 20,000 100% survival (2d) @)
Astroconger myriaster Fish Survival 18,398 100% survival (7d) (&)
Paranephrops planifirons Astacura Survival 20,000 100% survival (1d) (8)
Deleatidium sp. Insect Survival 20,000 100% survival (1d) (8)
Zephlebia sp. Insect Survival 20,000 100% survival (1d) (8)
Polyplectropus sp. Insect Survival 20,000 100% survival (1d) (8)
Triplectides obsoletus Insect Survival 20,000 100% survival (1d) (8)
Xanthocnemis zealandica Insect Survival 20,000 100% survival (1d) (8)
Strongylocentrotus purpuratus Sea urchin Survival 100,000 100% survival (10d) (6)
Tapes japonica Bivalvia Survival 100,000 100% survival (10d) (6)
Pagurus hirsutiusculus Anomura Survival 100,000 100% survival (10d) (6)
Sphaeroma pentodon Isopoda Survival 100,000 100% survival (10d) (6)
Nassarius obsoletus Gastropoda Survival 100,000 100% survival (10d) (6)

(1) Sellner and Bundy [1987], (2) Shin et al. [2002], (3) Gilmour [1999], (4) Sutherland and Meyer [2006], (5) Preez et al.[1996], (6)
McFarland and Peddicord [1980], (7) Buermann et al.[1997], (8) Suren et al.[2005], (9) This study

7 7] HEC = APt o) & AFelA F 5000 mg/Le] 4 A2 o] FHAPE fle 21T A7t flaE Bl
fEo R & B{AL oM s HX 8% $8}80] 4435  Sutherland and Meyer[2006F= 871521 Cyprinella galactura2t
2] 32 ARl AX|¥H, Sellner and Bundy[1987F= 221591 Erimonax monachus®) 21 U3} /3738°] 212} 100 mg/L, 25 mg/L
Eurytemora affini7} F-iAF F5 350 mg/Lelx] 42 A7ke] AEE oA o ZAdTiT Husto], A% F-HALY] dds v md
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Shin ef al.[2002]% B354 Perna viridis7} 14 Y3 600 mg/L2)
Bkl 2% o3& 5580 WislelR] gt %
o} o) & $EE T H|wE B ¥HAL FooME &
FFE WA S-S oJv|FHe) Preez et al[1996]2 H50l 79
Tilapia rendalli®] 3-58°] FAF %7} 10,000 mg/L ©]32] 1
S5} =9 7Rt a B aEigict. o g diah Ao Ax
2 3353 9l 487 TEES 84 AT AR A
73443 (scope for growth)ell olw g IS F=x] Lelri] §)
3 749 QA= 4= 1 lth(Bayne et al[1985]). AAZAHL
A=(C-F)-R+U)2] FE2 A=, Ce Hol=2 58 ol
A, F= oz uidE x|, RS EF22 AR% oUX], us
BHIES B3l ARE AUAE gu|dtt. o025 54,
383 AEg A7} EA5HA = &) 4gAAEL 7AsH
=) ol A4S )9 A, Hol F589] Ak, 3FES
S7F, e F71 5ol 7108 Aok, YutRo g AEHA
7} 2834 = 2ol Hovie ¥ L A 3 HER BE
o] Frshs olux|] Fo] 24sH =i, AE#HAe didslr)
95t 71xiAL 0]2]9] 23} oA E AMEEH HEE FEE0]
Z718HA 511, o] A} FulEE widBs FvsHA 9ot 02§t
AE ukg-o] A= HFH o AR o FYE F U= F
iA) Q] ke A 7|A HEg FEHo2E A5 4NE
o] ZAdh= AHZ YehtA grt. oHgo] AAsAY, 2EE
o] F7FHA HE AFAZY PEE AEHAS FF7e gt o
& 7 Sl <Table 6] AR E T3] f53l0] BY, H42%
F-FAF F571 10,000 mg/L o]4e] Hojof $F-E2] F7HE 4o
Z =9 A5R1 Zo 2 BRIt} Gyeongsang National University
[2002]8] Hre] oJshd g} v|drlelu]e] S580] F-At
Tt VR, wE3ARe] A4S 5ES0] Bashe A
o2 Bydla Qo ZHz} BiAl FE 59-96 mg/L Y 49-72 mg/L
9] ul g & FEQALANAN 3] #F 7 T W)l
SIEEC| YA Auto g Fadithy sigie, ol FRALF
=7} 71k 48EAIe] F7RIvR: guizt =9, ¥-5APL 5
71he B8 3|8 A5 43l FL g8 sk oz &
A=le], ANkEQl B8 = Ux|skA] Y=t

F-5AE AL A vl GRS v|wF Tt AEF
thal AP} o] Fo]A] It} Suren ef al.[20051 H5AF 2574l
Deleatidium sp., Zephlebia sp., Polyplectropus sp., Triplectides obsoletus,
Xanthocnemis zealandica®} 7YA15R) Paranephrops planifirons7}, #
o 20,000 mg/L ©142] F5Eoll 24 ARF =EEHO R BT AERCH
2 31931, o AAE o] 87 AP Deleatidium sp 32
1,000 mg/L AEIA 1487 EHOE BF AEdiy Hys)
$tt. Buermann ef al.[1997F- B5717%] Tilapia rendalli®] A&
£9°] Aol 20,000 mg/L 7FA] 9G] $1aL, Xo|E 15,000 mg/L
7= Gge] YTt 519101, LCxE 4991 42,000-48,000 mg/L, X
] 21,000-24,000 mg/L2] W2 ¥ 15t} McFarland and

RS 4

Peddicord[1980]= THFet AAFTES] F-fAe st vh3-& =4}
SR =, A AT Strongylocentrotus purpuratus, ©] v} 351
Tapes japonica, AT Pagurus hirsutiusculus, 52Y5-3) Sphaeroma
pentodon, 5% Nassarius obsoletus ‘52 100,000 mg/L2] o}
F ¥ FE0IM 5-10 Y7 =EFHE AFER AAIE it
3151, DA Mytilus edulis®t S'3572) Molgula manhattensis,
Styela montereyensisc= &2 Z2 M AFEEC] 10% oWt
3t 2EE =2APE T3l FHT LG, #ol BAFY
Mtilus californianus”}t 96,000 mg/L, AR$-F<1 Crangon nigromaculata?t
50,000mg/L, A1 52! Cancer magister7} 32,000 mg/L, A= ] 71
Neanthes succinea?} 48,000 mg/L, ¥]'372] Ascidia ceratodes?t
38,000 mg/L, 2731 Anisogammarus confervicolus7} 78,000 mg/L,

2! Cymatogaster aggregata?} 6,000 mg/L. 591 Z10F B3
31t o) el ATEL T B, FRAl sl el 4
S = 71 WS 52 Cymatogaster aggregata ©13 1 (LCs,
= 6,000 mg/L), T2 LCs%ke] 10,000-100,000 mg/L 3 =9]
el fA18H, & A7l 48 88019 LGy, #3 60,284
mg/LE ©] 9] 5ol TR =8 B 75 552 100,000
mg/L AE9] F& FE9 F-HAL M 90% o1 BEE
& Hoj AtE o T Phale] digh vAge] A & 4 Sl

AL A AR 24E- o9)of 70 8EEA) F&S T
35 SAe] njRlE FRALe) 9Fel B3t ATES 3Tt Boeckman
and Bidwell[20061& E¥5Q] Daphnia pulexs] T2l°f tigt LCs,
o] F-fAk) 7t F7FIAA 7 1R Sl ol F-
TAPE 824389 FEol &g 33l TElY 5A4E AR
A3 2 A Er}. Pyle ef al[2002] =3 B0 52 Pimephales
promelas 232 YA g 96hr-LC,,0] F-fAF T=71 S7181
HA] $7 F71etka B 113131t} Schrap and Opperhuizen[1989F=
Y0152 Poecilia reticulata®] AMeY) 1,2,3- trichlorobenzene(TCB)
3} hexachlorobenzene(HCB)S] 52 &0] %59 AP} EA48
g} EA5HA] & WE vl 840 2% TCB: ¥
TAR] 932 AA Lor}, 584g0] okt HCBE F-Alel &
o] @o| Hof A FAo] WA vepdria sigict. o] & |
& FHAK] EA7F 249 soMe 28] e A& =
+°] 2 % Y= FHE & A AES

£ AT 2345 FHEE, v] A7) FHAF FEF H4
18,000 mg/L 2= 6 U ol A& o AEL] WS TS
u]E § Qs Ao veikth 2eu, A SAFH 2 FAE
9] F-HAF E57F 18,000 mg/L oVFo® 6 U o A&E s
AL okl AR webA, SAEAHE E3E S AL
2 A% FHAPL AR AEE AT AR ofd Zos ud
o}, FE F-iAPE 2 HE AEES olFAo] Jerw
2 39S o A Eo] Asshe AR §AZ Fo= o
ZEr}. dA|E Wildish and Power[1985]% ©15 % Osmerus
morda} F-7AF] 571 22 mg/L o1d o % FUFshd, 1 #j%)
HEEA] o5 AR MAXNE A7 Trhs ARE AP30
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2 Tasigint. wEA, AR B aF A s eiM S o5k
9 et AR A% il 71918 Ro) opeh, BEES &
T BHZ QI3 o5 7|1 A0 % Holo} & Rojr. 12, ¥
3 57 A% B P39 ASE S 489 Ao, F
3 2 %2 A2 FAK BlEE B FEME AHEA
e R e 5 8RR A% WA AL A2
A= AFeN Ak oF2] AAT WFe TS v
U Ao g},

sz 7

¥ 47 20219 G Adoz ARy |ed s
AN S%o) 8987} 7Ie7E, 20210427)9] A HE
ol T AFUH.
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