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AAA 0 7 ALEE = aitkEAl ] A 9l ke U FREES SUA7IH AR ok g wlRiT)
SR vl Al AFHE A8l ST FEEo] slFdEAll nAE Gl Bet A nEst AAolrh 2 A
TolME F-REAe tisl] FARAES o] &8 AEFFG 7oA B85 2 T84 (endpoint)? YAEES ERls)
7] S8l A ATE FsEk] BRIt T2 AF AR BT A 2 ERTOE, HFEE(58%), AT
E(38%), Z5(4%) 0.7, TUHL ol APIS(50%), XIAH30%), BEHH-(20%) =0 2 W A7) 3w}
HEFE (17NN oFXAES T AbRAR]E, EREolM = Yol dH & o), SIRES-(HolR)e] T2 B
ek FHFEE ] ARl = APGE, A 74, HALE, o A, F8HE, o XAMES oAM= Akl &, A
e, AAAAEge] T2 SN, ZRAME AT AT Ru st HAG TR HHE Hoks wl, [
B5T 2 Q257 Ha2A 0 71 wzkel 1.(100-1000 mg L), AThA 02 o) Foll A AleAE wizke=e] xlo|7} =
Al VFERSITE, gt T s ERellx] F3F B 2ol 7 UEF o, 53] ZFelA] Auldom & aolE Bl A
W oz 2 AFeM= 7|Ee] F-Ed T Frtel 2 AR AT T, U AIPE, HAGTFEEE st
R, o= FF HHEd AEGTFAH o] 7xARE &8 7 s Zo® Jge

Abstract — Marine sand mining for construction resources increases suspended solids in the marine environment,
causing adverse effects on fishery resources. However, criteria for suspended solids in the marine ecosystem are
insufficient. In this study, documents were collected and analyzed to identify the major experimental endpoint and
threshold concentration in the biological impact assessment on aquatic organisms for suspended solids. The main
experimental taxa were vertebrates (58%), invertebrates (38%), and algae (4%). In terms of experimental end-
points, research on sub-lethal effect was mostly performed (50%), followed by a lethal (30%) and behavioral
response (20%). The oxygen consumption rate in sub-lethal endpoint and the feeding rate (pelagic fish) and eva-
sion (demersal fish) in behavioral response were mainly observed in vertebrates (fish). In invertebrates, the lethal
study was mainly performed including mortality, reduced population, reproductive rates, egg production rates, and
hatchability. Oxygen consumption rate, osmotic pressure, and reduced growth rate were major endpoints in the
sub-lethal effect of invertebrates. The reduced population was the only endpoint assessed for algae (phytoplank-
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ton). In threshold concentration, copepods were the most sensitive to suspended solids (100-1000 mg L") among
all taxa, and a relative difference in sensitivity was great by life stage in fish. In addition, differences in impacts
between species in the same taxon were great, especially in algae showed a relatively great difference. Overall, in
this study, major endpoints, representative experimental species, and threshold concentrations mainly used to eval-
uate the effects of suspended solids were identified. The results of this study are expected to provide baseline data

for experiments on the effects of suspended solids.
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5 HelA A7I3F Ffshd Al . U F itz A
A d7E AEH 07 AT otk (Waters[1995]; Bilotta and
Brazier[2008]; Gordon and Palmer[2015]). %854 g8 wlo]
kg gha, 2enish Agiste) 2 =e) Al ¥Wstkel pH W
E, QA=A YR e 22 58H WEkE opjshe
At 7131l wet 8EAle] 7] S mIE 5= Atk (Dawson
and Macklin[1998]; Kronvang et al.[2003]; Miller[1997]; Harrod
and Theurer[2002]; Haygarth et al.[2006]; Russell et al.[1998]).

SFYEA W e I o ® v s FoE A
sitprt ofe] ARlel] oJs e §48] St AlFE A ot
“T~(Gironde estuary)$} &3l HH-ollA = 2+t 2p1 4] WAy} 4o
o8 ] ¥ % 4,000 mg L' (Doxaran et al.[2009]; Fettweis et al.
[2011]), AT T2k (Chesapeake Bay)ollAl= =47 E7) Huj
100,000 mg L' 7] 2F5$hchar B a1 % vl 1 tk(Nichols et al.
[1990]). I5Ee] F-R-EZ2 = Anlel] thefst odaks
Atk AR E FEY w22 43 Ad 9] BRuHa
(Quinn et al.[1992)), F+HFEEAAE ol HI& T7F, AAUE 7
&, F U B S A, A A, o g i 24 5
4 gFo] H 11 E S th(Nuttall and Bielby[1973]; Rosenberg and
Wiens[1978]; Wagener and Laperriere[1985]; Quinn et al.[1992];
Shaw and Richardson[2001]). ol77ollX= Xk <71, 39)& 5
7V FEE A, o) AAE W i Ad o] £ 58 Yo
=R o2 & A th(Herbert et al.[1961]; Slaney et al.[1977];
Stober et al.[1981]; Reynolds et al.[1988]; Lake and Hinch[1999];
Shaw and Richardson [2001]; Robertson et al.[2007]). &2
93 D SN H7PE AGE 3 AR FR PP} e
A TR A7} SRS, SN AP 58 ol
Fo] 2& wolfiol wat A7} FH A0 T SHFTHGoldes er
al[1988]; Newcombe and Jensen[1996]; Wilber and Clark[2001]).
i o= sfatol el tigt At A= A TR
e Gl et A7t mulgh AEigict.
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¥

oo that R AR 2R JTHMOF[1999]; Kim and Lim
[2009]; Seo er al.[2018]). 4] o7t = vheFet QQloll ofsl
Ak AR el o2 9 ofglell szt Jlvkar Fdstar Slck
SHAIRE o] sl =l HX= YT S
G, LAEAY 2 Q1Y Az} e AR QRlE0]

TA]of] S n|x|7]o AFEQ HrP) olede AAo)th(Kim et

of tisll F-f=4 =& <A77 5= AcH(Chang and Chin[1978];
Yoon and Park[2011]; Chu ez al.[2020]). SFAqE 715E ALEollM ARE-
$F S ARlou FEAlo] Aolstar, AAARI AT 7 H=5%
Aot} HRelMs HiEd kol FAVES AAste] 2

T AR HEshal Aek(Table 1), Ziutttell M R,

SRR e ATHAATE 24417k 302)0] B 7]
F4, sl e BAR 7o), Bl 19181 71

= Aglstaes FUg 7egk, S50 FE AT A= Ao 9l
Jod = 2] o 71k AREshal JITHANZECC[2000];
EU[2006]; CCME[2007]; US EPA[2007]). &3 oA % o]}
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Table 1. Summary of water quality guidelines for suspended solids in the United States, Canada, European Union, Australia, and New Zealand

Country Water Target Guideline
Unite States Freshwater - < 10% compensation point for photosynthesis
Canada Freshwater & marine Clear flow, short-term (24h) 25mgL!
Freshwater & marine Clear flow, long-term (24h—30d) Increasing 5 mg L™ from background
Freshwater & marine ~ High flow (background 25-250 mg L") Increasing 25 mg L'
Freshwater & marine High flow (background >250 mg L") Increasing 10%
European Union Freshwater - 25mg L
Australia (South East) Freshwater Upland rivers (150 m < altitude < 1500 m) 2-25 NTU
Freshwater Lowland rivers (altitude < 150 m) 6-50 NTU
Freshwater Lakes and reservoirs 120 NTU
Australia (Tropical) Freshwater Upland rivers (150 m < altitude < 1500 m) 2-15NTU
Freshwater Lowland rivers (altitude < 150 m) 2-15NTU
Freshwater Lakes and reservoirs 2-200 NTU
Australia (South West) Freshwater Upland rivers (150 m < altitude < 1500 m) 1020 NTU
Freshwater Lowland rivers (altitude < 150 m) 1020 NTU
Freshwater Lakes and reservoirs 10-100 NTU
Australia (South Central) Freshwater Upland rivers (150 m < altitude < 1500 m) 1-50 NTU
Freshwater Lowland rivers (altitude < 150 m) 1-50 NTU
Freshwater Lakes and reservoirs 1-100 NTU
New Zealand Freshwater Upland rivers (150 m < altitude < 1500 m) 4.1 NTU
Freshwater Lowland rivers (altitude < 150 m) 5.6 NTU
o E ol A Al T2 (endpoint) (KA, AbaAn] &, ARE, 3. 21 g nEt
Ea)EA, vlo] AR, BTN 5y @ 7 170% ARt
o] A% 3 V) AT BRI FREA JTWAS B} 31 TR MY Z Y ZUH
QI3k7] $l8l Aol e} Hol R Fsle] AL WYKLk E HAEA0] ARIFATE 196001 1980dThA) A%
g Adnt Bfi=dat odd BAEde] AdFdE TSl & A SR 19902000 thell HAHA L, o] % ThA] 2010 Th

Aa0ich, 2 9E BB AT} A SR AP) wlEe]  HEE BE A7} o Foltk(Fig. 1). 7 ol A7E AFA
Avh 0 w7 32 340095 Ok R A% Anpwio] AN BE WEFE(67), FHREE(S507), () wolek. H

w3}, Fowol et AEgFA= AAA ] A vlszshAl 19504
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Fig. 1. Major (a) experimental taxa and (b) experimental endpoint of studies which are reported significant effects of suspended sediment
by period.
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Table 2. Endpoints measured in previous studies on lethal, sublethal, and behavioral responses

Lethal (n) Sublethal (n) Behavioral (n)
Mortality 38 Oxygen consumption rate 20 Feeding rate 22
Population growth 4 Reduced Growth rate 15 Avoiding predation 2
Hatching rate 3 Hematocrit volume Evasion 2
Egg production rate 1 Metabolic reaction Burial time 1
Reduced reproductive rate 1 Cortisol level Shell movement 1

Developmental delay
Osmotic pressure
Swimming impairment
Gill ventilation rate
Respiration rate
Ammonium excretion
Antioxidant enzyme
Blood property
Deformation
DNA damage
Epidermal damage
Epithelial thickness
Gill cell volume
Gill damage
Glycogen content
Hatching time
Net absorption efficiency
Net energy budget
Nucleic acid ratio
Pillar system volume
Plasma concentration
RNA isolation
Thyroid hormone
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o] AT 1AL, 1980 Tl (1720)9F 2000 T (1871)ell ol 2 HMFS=0| et R I 9 { o7 STH
?El%iﬂ} FHZE5o] thet AEFFATE 1960 thHE A% @T%E(Oiw)oﬂ & AT S A s F 677101914,
AL, 1980 ti7HA] AT~ 7} kst o) % Aa Fadhs 25 Aolwrt 1641, Folwrt 51710181tkFig. 2). FolFE ol&
75‘30‘:—3— BTk 25l vig AEFE A= 1990Lﬂ1‘41 ol g AT AlEIZE B2 A AR o ® T vpekio] Fstel A
A= ek Ao g FHEAY YEIIATE T2 AFTE HYTE7IIM AsEs Ao glom, st Ayo] golgh i
o FHFFE AEEe] A%, Zell tigt °§6§ A7F At o] aElE ZloR ket AojFel Folfel tidk AT B
FAEA AEITAT FLHL 19509 thE] 227k A OWA}HJ% A7t 7P ek, xl/«}ﬂ Tk o' At
&2 0% vhistEl= AEe Walvh A 7P EAL, ofxARES, o] FAESITE Aolfel] thet oA AL e FUAL Ak

o T e
HEule e FEE FUHS ofx AR A7 K757]) 7B ol H]&(87)), AT LA F 27180t A AAH]%% AE2] ey
TR AL, AAHATR), f‘%‘% 5 (281) Ao R Ak Eel A HiAkE Sk thRA]l TR o A5HoR st ¢
’*%E]O*E}(Table 2). AZIA 0 2= AAY, oA AES 9= 1960 O & oW A] AL H7FEE = Qlth(Jobling[1982]; Lefevre ef
e, BEke 1970Ldﬂ4TE1 A7 ARE I o] F AEA S 4l[2015]; Liu[1997]). A 45 AET T/ Blé 1
% 7k A4S B3I 53] 2000 o Folli= o AZIE. IeE letehs HInwH, 24 Bl 719 Vs Ak 52 = Sl

o Eeg oﬁL ol vl8l = AT g AECeE B B Ao® A#A Qck(ones ef al[1997]). 1 &) oA FHEL A
o] T7FeINaL, o= i AellA thekst TR oR HR=e] R AN, S5E, IEHE S 5ol USTE Aol o
e Jﬂ7}o}1 UE AE UERITE HZolls Fi=da & 3 AR ATte AARER SOl tigE A B lar, BENkg

A9 eEAo] EAlo] Agshs AEkS JPget EEEA o) ke Sy (1)l tlak dtvke] BarE|gle) X)) ofxAL
FAF7Y R vp Qlont, BEabgel] Oigk dlA 9] ofeE 5o WhE AFelA HAPEEEe] M9l 7 45-10,000 mg L9} 45-
2 Q& vl A2 52 Ak I E Q) 2,000 mg L3131, opxAWES- 5 7 W17k S e Al
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Fig. 2. Number of study, composition of detailed experimental endpoint, and cumulative probability of threshold concentration of (a) demer-
sal fish and (b) pelagic fish.

£(50-500 mg L"), =73t T2 AFECITH45-2,000 mg &S =AU 4= Q7] W) HEAAL T3 T F SR B &
AFAALFE F5 2 th(Holmes and McCormick[2010]; Sirois and Dodson[2000]).

LY. o2 S elA s ow ofd
4 el nizket o] g, o= 7R Mt AAIE XAL A APGE 157, ekl disk 7k 27 QA
Aels)] Aol Foghs onjsict. Hlop7}h F-glsh= Al71E o] AL T 7H wizke A7 E -
Kol irel thet oA AEE-S Aol el Hlsf vhkskAl BuESl  fEE 9 AEHAE #ESE] A EscHPark er al[2002]).
t}h 7P Wo] 249 52 Ak aH] (9703 A A ElE(671) o HoF o] 7P wol RuElan(73d), 3E215]9]¢) 3]
o], WA A3, FIA M, F=EE T, AET $4E, u%t&%ﬂ 7} 2713 110 B Stk X|AL, opx|AL, BENkg A
ol7pu] JilEo] 7+ 27 =02 W 917} o] FoFlL), S5ollA W FH 29 eFs0) M= 7 50-300,000 mg L, 25-2,000 mg
A FE] T7h= o179 Aloks AT, ol dH &S 4-14,600 mg L& VFERGTE. ofxARAToA] T4 & Aka

o A7t 7P ek o, EA|zE Ao} AE

Asfate] Aol QEFs v ThsAd o] FobxIth(Wenger et al. ]%
x A Wglo e 4t REgo] vekdtt. - ankSelal= 3Tt

[2012]). ©1579] 37 7 AL el Agato] AAt

>
0‘501%“



Ffzdol tidt J&= 71 o 7] AIEE T Aolie |
| (Paralichthys olivaceus)’} 107102 7P 2 57} o]Foi%]
1, 23 E (Sebastes schlegelzz)O] 474, FA Yo ](Hexagrammos
otakiiy’} 271 AFE ST}, {X|, 29 &S s, A2, o7 <At

of MAshs T2 4t olFelaL, ] = Foprlotel] F= A
Aoz <A]F A& offfolnt. o5 Foll tigt A= F= :ﬂ"ﬂ
H T E A THChu et al.[2020]; Yoon and Park[2011]). H-]+

=5 (Morone saxatilis)7} 1571 0.2 7} wokal, -4 7H5§‘°1
(Salmo gairdneri)’} 1471, 5013}+2] UZEA Epinephelus coioides
7} 107, ElEFY A (Clupea pallasiy’} 974 =0 2 Wo| B ¥}l
o} AtfA o7 A7) wo) alE B = B2 7RG
AAIBIE Fo2 S17ole] A4 Ee] Sl WA= A5l
gk Jaks 7k w=io] o2tk Au er al.[2020]; Auld and
Schubel[1978]; Breitburg[1988]; Herbert et al.[1961] Ross et al.
[1985]). whebA] 2l sirkaliF Al WAehs Ffiede] dE 4
&= Hreb] SleiME g A9 o] A4 ofFo R Adle] A3
Eojok 3 o7 JntEict T AE R Hks uf Fol{= A

o el Hla) ole] MEeAE Eakshs A7t AR o2
ol BAEE B i Aslokal 5 A9 dopdel tike
= ARE AL, YIEE A 7 o) 2 1E

3}01 TGS FrkeIsit) dnks o g Bf E'ﬂoﬂ =9

=5 5 ARl met iz e Fow e
7] S)tH(Sutherland and Meyer[2007]). W2t =G cfst 5
e JEFs AHT ol vkt oF QelE o7 AL

o] Z0] x]

AV sl 5 gk Alue] oS agsle] 3yt 48y
oo} g},
3 XSS tfst 7 E'E' sk HIL ¥ BLUA
qu‘liﬁoﬂ st AT = 2 507102, o)mjaiFo] thsk A

T} 287 0% T weka, ARG 821),
UL (27)), €57 (23)) o= B A7k 3=l o] vl
FrolMl= opxAEEol ot A7t 7} Rk 2]A
o7 W A7t FREUTKFig. 3). AN F 7HE o)
ATE FLHE AFANE(102)0] 9111, Az &(571), tiit
HES-(33) wo® W2 At A A A eES A E et
Z7-) ARES Hudo g7 54 F Qs /Hxl—xl—oHE 33
7¥she RaEAQl H“@ﬁﬂ *%*ngﬂr cAR MX] EHAPE—-

LZF(63), AT,

‘Es%hl, B

4 %ag, So2a
$F FE 1), 2EUA v A A ihe-g g
Fheh= wpEe] AbgEIgl oLt obd] QA 57} BEe gl

FHEA) O ollFe) Y FTe FAHEA 43 2L 5
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So} Foll what 3787 we= FEA JEE v Q7] wiiEel
A Qb FolA 7H ”}O] AtE A o7 AE t(Bricelj et
al[1984]). At A5 B XAF] digh ylgolgl o, sERE
=& HoldH &l 11 d,‘ 7zt FAYFAAG dj7to] ofgi=
), E4=E Y ARl ZF 11 HaEIt) HodF Eof] i
T A ATE AL HAwe Alste] Agshe olHlgRel &
o] mEE Ao ekt
A ZAL A7 7 ol FEE QAL oA At
T, Atsta s, kst asgld, dAME 471 2F 104 Baly
ATHFig. 3). AlFFellM= XA, AL, 8EWEE =07 A7}
ol ”Q?i*ﬂr(Flg 4). AT oFXAMES B AbAAH] &,
g, o] 2ol gt A7) 17144 BaE 9,
J3e- Hol g3 Eo] 11 RaEQlrh the R 7-9-oll=
AAF Ak 21 o' APEEI JRAIR ZHA7F BalE Sl ekFig. 4).
AR FEd JPOE QI3 AEYAR o] St R &
gk —’F okl & A 9lth(Kathyayani et al.
el a4 AL SHAEY A 50
V= X]Ji GE&E, oA TR} Y &
=2 e Ao w Hrleke 8 otk
(Kathyayani et al.[2021]; Steger and Gardner [2007]). AJ-$-F
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3t 0% vERET), ol oo Ajdo] Al nd<sAl
7 AA oA gl TﬁﬁElML, of ol ulal Wl <sA|e} AdA<]
A4 Rt A4 2 A o dEint
Q7N 2 43, BEHEgo] 371 AFEUTh AAF A A
ARE(23D), F-3HE(17), & A7) =o' A7) Wol 5
R, B B HoldFHE(33)ell sk A7 Ith(Fig. 5).
SFell Wt AT 110=E AAF AR AR A A
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> FHEE 22
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