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Abstract — As marine sand mining increases, marine problems (spread of suspended sediment, changes in the sea-
bed, destruction of spawning and habitats) are increasing. The criteria for evaluating the biological impact of sus-
pended sediment are limited to freshwater ecosystems, and the environmental quality standards for marine
ecosystems are insufficient. In this study, we reviewed domestic and international studies on the effects of sus-
pended sediment on marine organisms, which evaluated the range of effective concentrations for domestic organ-
isms. As a result of reviewing a total of 93 papers and reports, it was possible to classify the effects of suspended
sediment on various marine organisms (nekton, benthos, and plankton) into various life stages and endpoints
(physiology, physical, and behavior). The minimum effective concentration is 50 mg L' for domestic benthic fish
and pelagic fish, 250 mg L™ for shrimp, 10 mg L' for bivalve, 1,000 mg L™ for gastropods, 8,000 mg L' for microal-
gae, and 100 mg L™ for copepods and rotifers. Although young life stage organisms were generally more sensitive
than adults to suspended sediment, the differences between species were larger. It was found that the effective con-
centration affected by the suspended sediment was greatly affected by the species, exposure time, and the distribu-
tion of the particle size of the suspended sediment. In the future, it is necessary to present a systematic and
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scientific guideline concentration of suspended sediment in the marine ecosystem that is suitable for domestic con-
ditions through ecological impact assessment that takes into account the scale of the spread of suspended sedi-

ment, background concentration, and species sensitivity.
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and Lim[2009]; Seo et al.[2018]). 53] FFAl 2L sfokgE2]
Tl SjuNEE-S ekl 7 Al v ] S of
7)8h= o= AdeA k(Pollock et al [2014]). Z7] Aol Ak
S (Pollock et al[2014]), 7} (Rosewarne et al.[2014]), ©]=}3H+F
(Aldridge et al.[1987]; Elfwing and Tedengre [2002]; Zheng et al.
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Fig. 1. Schematic diagram of the studies considered in this review. (a) Temporal trend of published studies on the impact of suspended solids
on marine organisms; (b) Taxonomic group investigated; (c) Life stages investigated; (d) Category of variable considered.
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Fig. 2. Biological effects of suspended sediment on nekton
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Table 1. A domestic study of the biological effects of suspended sediment on nekton

Taxa Endpoint Species SI;;; EXtIl) gf:re Co(lzlclegngﬁt)lon Reference
Teleost (Benthic) Physiology Oxygen consumption Acanthopagrus schlegelii Adult 12h 250 MOF[2016]
1d 80
Oplegnathus fasciatus 1h 500
Paralichthys olivaceus 12h 125
1d 50
1d 80
1d 80
1d 80
4d 50
Pleuronectes yokohamae 14d 10000
Sebastes schlegelii 12h 2000
1d 50
Paralichthys olivaceus Juvenile 12h 125 Chu et al.[2020]
Cortisol concentration Oplegnathus fasciatus Adult 1h 500 MOF[2016]
%h 4000
Paralichthys olivaceus 1h 310
Sebastes schlegelii 1h 470
Growth rate Acanthopagrus schlegelii Juvenile 7d 400 Cho et al.[2003]
Physical =~ Mortality Pseudopleuronectes yokohamae Adult 10d 100
Acanthopagrus schlegelii Egg 3d 200
Oplegnathus fasciatus 3d 50
Paralichthys olivaceus Juvenile 7d 2000 Yoon and Park[2011]
Behavior Evasion Pseudopleuronectes yokohamae Adult 10d 100 Cho et al.[2003]
Acanthopagrus schlegelii Juvenile 7d 400
Sebastes pachycephalus 7d 1000
Teleost (Pelagic) Physiology Oxygen consumption Chasmichthys dolichognathus Adult 15d 100 MOF[2016]
Conger myriaster 14d 10000
Hexagrammos agrammus 15d 100
Hexagrammos otakii 14d 10000
Lateolabrax maculatus 1d 80
Mugil cephalus 14d 10000
Takifugu niphobles 12h 2000
Growth rate Lateolabrax japonicus Juvenile 7d 50 Cho et al.[2003]
Seriola quinqueradiata 15d 100
Hexagrammos otakii Larva 15d 200
Physical ~ Mortality Pagrus major Egg 3d 200
Takifugu porphyreus 10d 600
Lateolabrax japonicus Juvenile 7d 50
Behavior  Evasion Seriola quinqueradiata 15d 100
Sillago japonica 7d 1000
Trachunus japonicus 7d 180

%’4% 100-1,000 mg L' VEREo ™,

Lol A Yehd 052 A 7HAR] (Pseudopleuronectes
yokohama )/g]oig], t”'oi (Serzola quinqueradiata) X = 14'15]"’1”‘3]'
= E7I7Re 72t 308005} 7
1A Pl Fae Slshr % 2

smurgo] 7}
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1542 YERLS.

F= ol

n|X|= AAEGTS

E/APE MAMME O|Xl= ct' ek

i °A}7} AX =l
UEPITHFig. 3). 14 mg L' oA 3k
| 27N (Mya arenaria) /3] A2, A
5, HoXFEeE EREIL(Grant and Thorpe[1991]; MacDonald

4-77,000 mg L' M=

1 R e i E e

et al[1998)), 2337118 (Placopecten magellanicus) 5’342 7d
& (MacDonald ef al.[1998])3} 71l ol &8R= Paphies australis
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Fig. 3. Biological effects of suspended sediment on benthos.
Z3A1e] ArHEE YERATHNorkko er al[2006]). 7F8 w48 A= F 650 55 150l AR A7 FREUL, & 519 ST
A2 S QS AN S-(Epinephelus coioides) ‘3 A & XAHE:  EH(ARAASNE, AL, XY 555 1?4 shFe] Ky

(77,000 mg LZ }EFSTH(McFarland and Peddicord[1980]).
& AR AL SRR of7ta o]
Ho] w2 A FIE v = S =] i (Lefevre ef al[2015];
Jobling[1982]; Liu[1997]), Hold# &2 SBE Alopt A
wo] w2 A o] dojup= SAFE F vt U A °1E‘r
(Wenger et al.[2012]). AXBE & 7S Wo| A7} 3¢
T2 o REA Ttiekst g 9l SR gt 03_?7} T
= et ojulsl = EAE] 323 Ao ks AE T PR
F-AR] o A7 wheh S Ao AV FA AR Faks W
4 9l7] wRo] A7} who] A El A o2 B ThBricelj ef
al[1984]). LA F3HLNE nlwslE A, 7ol *OF

AFHeb A5 B XA &3 Bejnkgo] ARkt e

Hal o] £ Ao ® yeRgth vhd ofusi O%E =74
g5yl 2le)7F ep A %%Sik%tﬂ Olh 5—7& o] w0 A=
= Stk XAkl ot =
At A-F77E 7P B4 H‘& %— = L}E}kkiﬂ%
i 0= YERTH

F-fARE =] AA AR v)AE AR TS 10-4,000 mg L
9= LR TH(Table 2). WA AA =] A4 =2 ouljg)

eSSk $fEe] 53

o o7

A}, AN -2 5= (Mactra veneriformis), @H?}(Meretrm lusoria),
7V 8] (Patinopecten yessoensis)®ll thaFo] ®a1E ¢l 0™ 25—
1,000 mg L'9] theFeh Al s flolx] Gaks W o=
el iS55, I3 (Scapharca broughtonii), A2
(Tapes philippinarum)®l] thaled B a1E$1a1 100-1,000 mg L] &k
S H9E vEbe T diakeS A AdYE SRS 5 8
U i mF7)30e] 15-23U % 7] APS B3l At et
ston Al o= A1) RS S TRIT o) 80
=743 molzh akent,

el Eeld FES vHE A ETESE 100-4,000 mg
L' W92 YeRTE 250 mg L' s%olA A2 ls-(Litopenaeus
vannamei)®] o}7F] &3S R AL, ol misl el HETL] AAH:
3 gFko] Z}z} 100-1,000 mg L'} 1,000-4,000 mg Lol LFER}.
o] uljfj o] HIBH Bl aidshs Aol FfAtell skl
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Table 2. A domestic study of the biological effects of suspended sediment on benthos
Taxa Endpoint Species Life EXPosure Concentr?]tion Reference
stage time (mgL™)
Crustacean (shrimp) Physical Gill damage Litopenaeus vannamei Adult 7d 250 MOF[2016]
Bivalve Physiology Oxygen consumption Mactra veneriformis 4d 25
Meretrix lusoria 46d 1000 Chang et al.[1976]
Patinopecten yessoensis 6d 600 NFRDI[2010]
Metabolic rate Mactra veneriformis 23d 250 Lee[1994]
Scapharca broughtonii 15d 1000 Chung ef al.[1994]
Tapes philippinarum 25d 100 Chin et al.[1998]
Blood volume Patinopecten yessoensis 6d 600 NFRDI[2010]
Respiration rate Crassostrea virginica 4d 20 Cho et al.[2003]
Physical Mortality Cyclina sinensis 35d 1000 Chang and Chin[1978]
Mactra veneriformis 35d 1000
Meretrix lusoria 46d 1000 Chang et al.[1976]
Patinopecten yessoensis 41d 600 NFRDI[2010]
Scapharca broughtonii 15d 1000 Chung et al.[1994]
Tapes philippinarum 25d 100 Chin et al.[1998]
Attach ability Mptilus edulis 1d 50 Cho et al.[2003]
Behavior  Filteration Pinctada fucata 4d 10
Tapes philippinarum 15d 100 Cho[2004]
Shell movement Cyclina sinensis 35d 1000 Chang and Chin[1978]
Mactra veneriformis 35d 1000

WEko] 911, 1,000 mg L' HE A J&Fo] YELtH(Chang and
Chin[1978]). ]wioli7-2] sz} 329 oo daids} =4
RS tiatshes A3 5 shkEA e QRle) wizdst vke- 5 skt
Z 4 A 2 tHRao[1954]; Langton[1977]; Ameyaw-Ajynfu and
Naylor[1987]). ol # W52 10 mg L' s =ollH AFZ7
(Pinctada fucata)ll Q& PA= 02 LER O ofuljaflF A
=9 5 7P ks AR el o]nj#l e ol A=
Hol| g3 & opriu)7t Hol& el 918 AR AA Adlel &
FEE PEE AR FHAPE ool A HoldH 285

%
o
&

10-8000 mg L' W] & Webstth(Fig. 4). 7F¢ Wtet 9= o
M2+ 3% (Fragilaria sp., Nitzchia sp., Tabellaria sp.)2] /3 73*

(e}
#4&(10 mg LI (Quinn et al.[1992]), 7Fd 43 3¢+
)

)

d

p

o
2

M Z5 25 (Isochrysis galbana, Nannochloropsis oculata) 2
A&f€-(8000 mg LZ YERLTHMOF[2016]). 7 W175HA L
bt vJAIZR 35 B5AL 55 10 mg L'ollA 134447H56)
eFA] B IR O] oF 40%2] A378E0] 72 ATk Quinn e
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Fig. 4. Biological effects of suspended sediment on plankton.
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Table 3. A domestic study of the biological effects of suspended sediment on plankton

Taxa Endpoint Species SI;;; Exggls:re Cor(l;egn}fﬁt)lon Reference
Microalgae Physiology Growth rate Isochrysis galbana - 1d 8000 MOF[2016]
Nannochloropsis oculata - 1d 8000
Copepod Physical Mortality Acartia sp. Adult 2d 100
Paracalanus sp. 3d 100
7d 100 Kang[2012]
Paracyclopina nana 4d 125 MOF[2016]
Tigriopus japonicus 4d 500 Yoon and Park[2011]
Behavior Hatching rate ~ Paracalanus sp. 7d 100 Kang[2012]
Feeding rate 7d 100
Acartia sp. 2d 100 MOF[2016]
Paracalanus sp. 3d 100
Rotifer Physiology Growth rate Brachionus plicatilis 7d 100

o] FdE AslIAA A ez olofA)7] wiZell F-frAtel o
3} A BZelgE 0] AAA | JRe F Q3 AT = shjolu),
F-HARF =] E23Ee vx)e AAEY T2 100-8,000 mg L
= YEPtH(Table 3). A4 E3E2 *MX* P mAlx
ol FEHE e ® A9 FAE AL, AdErle] BarEgl
o} v AR A 8000 mg L ol ko] ol A
© 2 R 9PA(MOF[2016)]), 572 4FE2 100 mg L' &
EollA AFS HATHMOF[2016]). &2 gl g 23
TIRIE T 14E ol FolR oM fFFE AW oR SR}

2o 52F{E FQ Ho|Z o] &3 KKim and Kim[2015]). &5
F7F Al eEEE BRSOl ek R A

§F As]7] Wil sx2F7E HolE ol R U & 4
SRS Wk 710 2 AR HLy, SR Uigh £ J3 270
A|AFEro] HaE AL,
Paracyclopina nana, Tigriopus japonicus)®ll T3 XA 100
500 mg L' =04 &kl Qe Ao % VYEFHTHMOF[2016];
Kang[2012]; Yoon and Park[2011]). 22570 tlgt XA} ke %
G Q77 (Acartia sp., Paracalanus sp., Paracyclopina nana)7}
A2 Q2 (Tigriopus japonicus)ll B3] F-Alell tis] o %
Ao R YEhth AXA 92T 28 Aeole O]”H”Hvﬂ %L
o] AAeIA HAET A k= 5HS A7) wWitel vk
o]l “13}‘4“4"1 MAshs XYY L SF e 22 el

H3)] F-RaEdel theh MRert v ot} E3AEe] tish 3
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E5 100 mg L' F5E0lA Fao] 9l A o= VERITHMOF[2016];
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speh= vlEE el om owigh 911 o] Ffpatel] theh =
AR A& W] wigel| wigkstAl vekd o= Qi

Q7VF 4% (Acartia sp., Paracalanus sp.,

3.4 BR=Z0|| CHeh 22t
B ArellA] Slgh F-frAtel] of g
i s

FSue] sjkdEe] A 9F
Zo}CH(Table 4). ZU|S] F-GA}el] o)k ABEd Sk A}

Table 4. Minimum impact standards of marine organisms on suspended
sediment analyzed in international and domestic studies

Minimum effective
concentration (mg L")

Group Life stage International ~ Domestic
studies studies
Benthic fish Egg/Larvae 100 50
Juvenile 100 125
Adult 50 50
Pelagic fish Egg/Larvae 46 200
Juvenile 25 50
Adult 1 80
Crustacean (crab) Juvenile 15,900 -
Adult 310 -
Crustacean (shrimp)  Juvenile 65 -
Adult 50 250
Bivalve Egg/Larvae 750 -
Juvenile 14 -
Adult 1 10
Gastropod Juvenile - 1,000
Polychaeta Adult 48 -
Phytoplankton - 10 8,000
Copepod Adult 100 100
Rotifer Adult 100 100
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