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Fig. 1. Objectives of the present study. Three experiments were conducted;
(1) dredged suspended sediment (SS) exposure to five species of
fish; (2) heavy metal contaminated SS exposure to flounder; and

(3) single heavy metal (copper) and SS mixed exposure to flounder.

Fig. 2. Schematic diagram of suspended sediment (SS) exposure system.
Overall system is consist of three layers of closed chamber and
each layer has a function; (1) Upper: measure dissolved oxygen
(DO) before fish respiration; (2) Middle: fish respiration chamber;
and (3) Lower: measure DO after fish respiration. The DO and
temperature data transfer minutely from optic sensor to monitoring
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Fig. 3. Schematic diagram of experimental process .........ccccceeevvveenunene 19

Fig. 4. Mean of oxygen consumption rate (OCR) of the four pelagic fishes
(Sebastes schlegelii, Takifugu niphobles, Acanthopagrus schlegelii,

and Oplegnathus fasciatus) in seawater treatment ....................... 28

Fig. 5. Oxygen consumption rate (OCR) of the four pelagic fishes
(Sebastes schlegelii, Takifugu niphobles, Acanthopagrus schlegelii,
and Oplegnathus fasciatus) exposure to dredged suspended
sediment (SS) after 12 hours. Sediment samples were collected in
dredging area; (A) Incheon; (B) Gwangyang; (C) Busan; and (D)
Jeju harbor. The legend on the right side serves OCR of each
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Fig. 6.

species in the seawater treatment.............cccveeeeereiveeeeeniieeeeennenenn. 29

Oxygen consumption rate (OCR) of different size of flounder
(small individual; 6.8 + 0.8cm, large individual; 14.1 £ 0.8cm)
during suspended sediment (SS) exposure; (A) OCR during 12
hours every 10 minutes; (B) relative OCR compared to seawater
treatment; and (C) OCR at start, maximum, and end of SS

exposure during 12 hours. ........cccuveveeriiiieeeniiiieeeieee e 32

Fig. 7. Oxygen consumption rate (OCR) of flounder exposure to non-

Fig. 8.

heavy metal contaminated and heavy metal contaminated

suspended sediments (SS).....cuviieeiiiiiieeiiiiieeeee e 36

Oxygen consumption rate (OCR) of flounder exposure to (A) only
dissolved copper, and (B) dissolved copper and suspended

sediment (SS) mixture during 12 hours. ..........ccceecvveeeeniieeennnee. 39

Fig. 9. Comparison of measured and addictive oxygen consumption rate

(OCR) among seawater (negative control), dissolved copper, and
dissolved copper and suspended sediment (SS) mixture. Addictive

model of OCR was calculated based on the OCR of flounder

exposure to only SS and only copper........cceeeviieeeiiiiiiieniiieeen, 40

Fig. 10.Changing of the oxygen consumption rate (OCR) of flounder

exposure to three types of suspended sediment (SS) during 12
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Optic dissolved oxygen sensor calibration. The oxygen calibration
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Quality assurance and quality control (QA/QC) of temperature
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Appendix 15. Representative examples of physiological (respiratory)
effects of suspended sediment (SS) on major groups of
marine organisms derived from journal articles and reports.
The response curve on the upper side indicate four cases:
(a) linear increasing, (b) linear decreasing, (c) level, and

(d) non-linear parabolic responses to increasing levels of
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[ Sampling & Sample preparation ]

|
y

Suspended Marine
sediment fishes
o) fish
/ \  species ( Korean rockfish )
Dredged Al Grass puffer
suspended sediment “f Black sea bream
\. J \ Rock bream y,
Q2 fish
. "\size-dependant [ h
Dredged . 3 Olive flounder
suspended sediment
. J \ J
Q3 Sediment heavy metal
( "\ contamination h
Heavy metal contaminated Olivi: fsiinider
suspended sediment
\ J J
Y
o ™
Oxygen consumption rate
N ~
Y

Understanding the effect of
suspended sediment
on the oxygen consumption rate of marine fishes

Fig 1. Objectives of the present study. Three oxygen consumption rate
detecting experiments were conducted; (1) dredged suspended
sediment (SS) exposure to four species of marine fishes; (2)
dredged SS exposure to two different size of flounder; and (3)
heavy metal contaminated SS exposure to flounder.
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DO/Temperature
monitoring module

—» Seawater flow
— Seawater flow line

Fig. 2. Schematic diagram of suspended sediment (SS) exposure system.
Overall system is consist of three layers of closed chamber and each
layer has a function; (1) Upper: measure dissolved oxygen (DO)
before fish respiration; (2) Middle: fish respiration chamber; and (3)
Lower: measure DO after fish respiration. The DO and temperature
data transfer minutely from optic sensor to monitoring module.
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[ Experiment preparation ] [ Experiment ]
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[ Sample preparation ]— Calculating oxygen consumption rate

Fig. 3. Schematic diagram of experimental process.

19 2 A <



o] g
}91 TH(Jobling 1982, Eq. 2).

S

=
=

dlolH

ol 3A[FE o] %

ted

o7 AAk

]

A
&

Mo

ol
NIl

(Eq. 2)

= [(CCp X F]/ W

(1g O, g' h)

olm

olm

O
Fow
3
‘WO ;ﬁo
~
=
ﬂ)MO
4=
mmﬂ LOU
X
@B

2.6 TAEY

3

).

A
A

il

NI

il

Y

BH

4ar

—_
fife)

]

W

A

A7 Q1 Mann Whitney U test =

Aol

AE 7h-dl

551 ECs (Effective concentration)t © % H| W&} t}, o] df

Hl =
=

ol
;OO

jpage]

o=
O -1

2,000 mg L', 2

NY)

SPSS 24.0 (IBM, Armonk,

=] o
T'___}S}'C

i

1
-

A skl

20



Table 1. Details of test materials, test organisms, condition details of suspended sediment (SS), and endpoint in this study.

Experiment

I

I

m

Test materials

Exposure material

Test organisms

Species

Fork length (cm)

Condition details
Duration (h)
Temperature (°C)

Endpoint

Sub-lethal effect

Data presented in

dredged suspended sediment

Korean rockfish '
Grass puffer >
Black sea bream *
Rock bream *

12.5+0.8"
9.6+0.7°
126 +0.9°
8.6+0.8"

12
20

Oxygen consumption rate
Fig. 4,5

dredged suspended sediment

Olive flounder™®

141+0.8°
6.8+0.8°

12
20

Oxygen consumption rate
Fig. 6

heavy metal contaminated
suspended sediment

Olive flounder ”®

6.4+0.7"’
6.4+0.7°8

12
20

Oxygen consumption rate
Fig. 7, 8
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Table 2. Grain size, heavy metals concentration, and hazard quotient (XHQ ) of five sediment samples.

Grain size (%)

Heavy metals

Cd C C Ni Pb V4 H
Sampling station ' " ' " & | ZHQuew
Silt Clay mg/kg ngkg
Incheon 74 26 <1 81 28 33 29 51 <0.1 2
Gwangyang 80 20 <1 69 23 30 26 41 <0.1 2
Busan 84 16 <1 68 33 30 30 48 <0.1 2
Jeju 82 18 <1 122 62 539 27 227 <0.1 4
Ansan 71 29 13 740 1057 627 926 1035 <0.1 48
*PEL 3 181 64 81 119 157 0.62

* Probable Effects Level (PEL)
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S S 5 drhar B E vE QITHAn et al. 2007; Hertwig et al. 1992).
ZUe] o] Atel olskd Al X[ o] F¥o] WIWEtty Kl
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2015; Kim et al. 2018).
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0 : : .

S. schlegelii  T. niphobles A. schlegeli 0. fasciatus
Species

Fig. 4. Mean of oxygen consumption rate (OCR) of the four pelagicfishes
(Sebastes schlegelii, Takifugu niphobles, Acanthopagrus schlegelii, and
Oplegnathus fasciatus) in the seawater.
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S i ot
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Fig. 5. Oxygen consumption rate (OCR) of the four pelagic fishes (Sebastes schlegelii, Takifugu niphobles,
Acanthopagrus schlegelii, and Oplegnathus fasciatus) exposure to dredged suspended sediment (SS) after 12
hours. Sediment samples were collected in dredging area; (A) Incheon; (B) Gwangyang; (C) Busan; and
(D) Jeju harbor. The legend on the right side serves OCR of each species in the seawater treatment.
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Fig. 6. Oxygen consumption rate (OCR) of different size of flounder (small individual; 6.8 & 0.8cm, large individual; 14.1 + 0.8cm) during
suspended sediment (SS) exposure; (A) OCR during 12 hours in every 10 minutes; (B) relative OCR compared to seawater treatment;
and (C) OCR at start, maximum, and end of SS exposure during 12 hours.
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Fig. 7. Oxygen consumption rate (OCR) of flounder exposure to non-heavy
metal
contaminated and heavy metal contaminated suspended sediments (SS).

36

4 A& sk



]

A 9]

HolA

1|

=

=

<=l
2}o]
=9

i

)
gl

A 9]

HAE B A THp<0.05).
=
9]

[e)

i

A oA A
F3 THp<0.05, Fig. 8A).

°©

o
A e el A
e

=

T8 2 mg L' AT

) =F FE(12A1ZHA]
A2 v 54 %

So= 1

T'}i‘
HA2 giae® 781 mg LS 65 2 (250,

0

@3
A]
2]

<
25
=
=
PN
<
T

T
=
AL

T
a

=

=

&

S

E
o]

3

°©
=

]

Z]

l

H

-
ol

I

T2
]
1,000, 2,000 mg L%

Bl

5

A ] ol

ol

;o.t

J)
fife)

7
NJo

ZAoZ EbRT

T2 1 mg L' ¥ FFEZE 1,000, 2,000 mg L

R

L —

[e)

il
L —
R

}

H
gul

& gEA 2tk el 1 omg L ATl
Aol gng 72 1 mg L' 9 BREAE 250 mg L' o] E3E

] 2] 7ol A
e TH(p<0.05, Fig. 8B).

(p<0.05).

e
A

ol

;o.t

Aoz e e o)

A=
15 -

o)

il

bostebAm 84

2

=

o

w3 ©

5-24%)7)

2 E 7]A

o] &0

T2

ks A (Veli and Alyiiz 2007)

L —
R

o]

(Appendix 7).

X
s

ol

37



T =EE oFe AE 72 4 JesS vEE A W s
A © ZITHEPA 2016; Spicer and weber 1991; Sutherland and major 1981).
T w=ZF¥ YA(Halocynthia roretzi)® 735 7NAe] A7 we} 1.6
mg L' oA 4ol 80-88 % AT, AAAHES 8387 %
Zraddtty Bae vk QthKang and Hur 2012). %3F 2=
AR wet th=2va dHA = @2 FUcartia tonsa)®] 735
T8 % FEPedYolE 6Ut w=EFe A && T FAo] S
Aty Ra%E ¥l Qlth(Laver and Bianchini 2010). & A2} F-AFsH

rie

&L T HHE £ =F9de W S5 AE FHE T
Pesch (1979)] <o w=w £ g, 28 T8 &3
T8 EF AV AgTE =F sls W & T8 AgelA HE
Z SAe Bt Busgith. 53] Ax gEo] &TH9 SIAtH
Zhed & Tl =EHAE W us dFe] & o=
=

ATe A% gE T

Y

E N )

2w Mk
-3

Sl TH(Simpson  2005).

BREAE B 54 e SRR A5 A Pek vase
Woofds] e AzzpES AT ot THd FRHAE {19
£ ¥l WASA gedeE dwdd eguA e i)
A Wl wls) ol Arhivgel 9L D F AL PA AT



>

(B)

)

g Seawater Copper only

c ) 200 & Feon | @ 1

Lo e : © 0.008 %%%o%%% o SRy, o %,

g— = oS & Dissolved copper s AR ns| Copper + SS

5 A 00125 o o T, | e 14250

2 > 1001 L 100+ fffjg,?a% > - )

o) D Ny, = 005 il s @ 1+1000

& = T

% g @1 ® 1+2000

g 0 T T T T T e2 (mg L-i) 0 T T T T T (mg L-l)

'®) 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Exposure time (h) Exposure time (h)

Fig. 8. Oxygen consumption rate (OCR) of flounder exposure to (A) only dissolved copper and (B) dissolved copper and suspended sediment
(SS) mixture during 12 hours.
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Table 3. Effective concentrations of oxygen consumption rate in three types of
suspended sediment (SS) 12 hours exposure to flounder.

SS concentration (mg L™)

Test materials

12 h-ECs
Various heavy metal contaminated SS 707
Copper contaminated SS 2,516
Non-contaminated SS 6,011
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Appendix 1. The components of suspended sediment exposure system (A) Optic
dissolved oxygen sensor cap for sensor fixing on the lid of top and
bottom chabmer, (B) Silicon tube for seawater flow in the entire
experimental system, (C) Air outlet for remove extra air bubble
before experiment, and (D) Electrical wiring for install submerged
motors in the chamber.
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Appendix 2. Optic dissolved oxygen sensor calibration. The oxygen calibration
conducted in (A)-(B)-(C) order. (A) General setting screen, (B)
Calibration screen in PONSEL.DO category in general setting
screen, and (C) Data transport screen from module to PC software
form (Micro office excel).
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Appendix 3. Quality assurance and quality control (QA/QC) of temperature and
dissolved oxygen (DO) in experimental system (A) temperature, (B)
dissolved oxygen, (C) DO variation after exposure SS without fish,
and (D) DO variation depends on flow rate of experimental

seawater.
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Appendix 4. Schematic figures showing dissolved oxygen (DO) variation and calculation
process of oxygen consumption rate (OCR) during experiment procedure.
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Appendix 5. Test organism management in present study. The all acclimation chamber was placed in a temperature controlled room.
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Appendix 7. Oxygen consumption rate (OCR) of different size of flounder exposure to dredged suspended sediment (SS).

SS concentration

Exposure time

Small individual

Large individual

" p-value p-value
(mg L") (h) Control (SW)  Treatment (SS) Control (SW)  Treatment (SS)
125
0.5 268 +£24 349+19 0.01(*) 123+ 16 121 £ 21 0.87
12 333 +29 343+41 0.76 109 + 20 124 + 10 0.23
250
0.5 277 £32 326+ 15 0.15 123 £ 16 146 £ 58 0.68
12 333+29 295+6 0.17 109 + 20 125+ 34 0.32
500
0.5 268 £ 24 341 £25 0.02(*) 123 £16 134 £32 0.39
12 333+29 325+52 0.81 109 £ 20 114 £ 17 0.65
1000
0.5 268 +£24 359 £30 0.03(*) 123+ 16 110 £34 0.29
12 333+29 234 £ 12 0.005(*) 109 + 20 107 £ 12 0.90
2000
0.5 282 + 33 368 £8 0.03(*) 123 £ 16 102 £ 11 0.03(*)
12 336 £ 24 242 £21 0.01(*) 109 + 20 119 £20 0.37
4000
0.5 268 +£24 350+ 54 0.08 112 £ 16 115+ 19 0.47
12 333 +£29 207 £ 51 0.02(*) 109 £20 103 £4 0.66

*The asterisk indicates significant difference of the OCR between control and treatment at the 0.05 probability level.
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Appendix 8. Oxygen consumption rate (OCR) of different size of flounder exposure to non-heavy metal contaminated suspended sediment

(SS) and heavy metal contaminated SS.

Small individual

SS concentration Exposure time
0 p-value
(mgL™) (h) Control (SW) Treatment (SS)
250
3 203 +49 178 £ 9 0.444
12 195 + 36 156 +9 0.148
500
3 182 +21 170 £ 19 0.519
12 179 +23 212+ 81 0.536
1000
3 208 + 39 260 + 87 0.397
12 191 £39 297 £ 30 0.049 (*)
2000
3 238 £ 18 248 £42 0.727
12 168 +16 398 +£37 0.015 (*)

*The asterisk indicates significant difference of the OCR between control and treatment at the 0.05 probability level.
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Appendix 9. Oxygen consumption rate (OCR) of flounder exposure to dissolved copper.

Copper concentration Exposure time Small individual p-value
(mg L") (h) Control (SW) Treatment (SS)
0.125
0.5 178 +4 172 +14 0.459
12 178 +18 179 £12 0.920
0.25
0.5 178 + 4 183 +18 0.655
12 178 + 18 167 £16 0.477
1
0.5 178 +4 147 + 13 0.168
12 178 + 18 145+3 0.096
2
0.5 178 + 4 175 £ 11 0.589
12 178 + 18 59+1 0.003(*)

*The asterisk indicates significant difference of the OCR between control and treatment at the 0.05 probability level.
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Appendix 10. Oxygen consumption rate (OCR) of flounder exposure to dissolved copper and suspended sediment (SS) mixture.

Small individual

SS concentration Exposure time p-value
(mg L") (h) Control (Copper’) Treatment (Copper and SS)
250
0.5 147 £ 13 186 £25 0.140
12 145+3 167+5 0.013(*)
1000
0.5 147 + 13 166 +4 0.278
12 145+3 169 + 19 0.198
4000
0.5 147 + 13 153 +10 0.593
12 145+3 134 £ 41 0.741

*The asterisk indicates significant difference of the OCR between control and treatment at the 0.05 probability level.

*Copper concentration:] mg L™
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Appendix 11. Initial and final copper concentration in experimental chamber during 12 hours.

Copper concentration (mg L™)
Initial Final
0.125 nd’
0.5 0.4
1 0.6
2 1.3

*nd: not detected
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Appendix 12. Copper concentration in seawater and suspended sediment (SS) after copper and SS mixture treatment after 12 hours.

Copper concentration (mg L™)

Treatment (mg L)

Seawater Suspended sediment (SS)
Copper (1) and SS (250) 0.16 £0.01 0.45+0.04
Copper (1) and SS (1000) 0.19+£0.03 0.37+0.01
Copper (1) and SS (4000) 0.37+0.02 0.62 +0.06
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Appendix 13. The effects of suspended sediment (SS) on marine organisms.

Test organism Experimental condition Effect
References
Species Life stage SS conlcentratlon Duration Endpoints Results
(mg L7) (d)
Gastropod
Nordotis discus juvenile 50 96 Mortality No effect Jung et al. 1993
OCR Decreasing 3-8%
200 Mortality Increasing 10-30%
OCR Decreasing 16-22%
600 Mortality Increasing 28-40%
OCR Decreasing 34-44%
1000 Mortality Increasing 46-63%
OCR Decreasing 43-73%
Coral
Lophelia pertusa  N/A 5 (Natural) 84 OCR No effect Larson et al. 2013
Fully extended polyps Increasing 18%
Skeletal growth rate Increasing 42%
Budding rate Increasing 39%
25 84 OCR No effect
Fully extended polyps Increasing 30%
Skeletal growth rate Increasing 26%
Budding rate Increasing 39%
N/A 5 (Drill cutting) 84 OCR No effect
Fully extended polyps Decreasing 56%
Skeletal growth rate Increasing 10%
Budding rate Decreasing 6%
25 84 OCR No effect
Fully extended polyps Decreasing 72%
Skeletal growth rate Decreasing 29%
Budding rate Increasing 41%
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Appendix 13.(Continued)

Test organism Experimental condition Effect
References
Species Life stage SS conlcentratlon Duration Endpoints Results
(mg L) (d)
Bivalve
Perna viridis Juvenile 180 14 OCR No effect Shin et al. 2002
DGSI No effect
Clearance rate Decreasing 25%
Byssus production Decreasing 45%
Gill damage Decreasing 10%
300 14 OCR No effect
DGSI No effect
Clearance rate Decreasing 23%
Byssus production Decreasing 36%
Gill damage Decreasing 41%
440 14 OCR No effect
DGSI No effect
Clearance rate Decreasing 30%
Byssus production Decreasing 41%
Gill damage Increasing 36%
600 14 OCR No effect
DGSI No effect

Clearance rate
Byssus production
Gill damage

Decreasing 11%
Decreasing 15%
No effect
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Appendix 13.(Continued)

Test organism Experimental condition Effect
. ' References
Species Life stage SS c_(l)ncentratlon Duration Endpoints Results
(gLl?) (d)
Crustacean
. Steger and
Petrolisthes elongatus Aadult 0.2 0.04 OCR No effect Gardner 2007
1 Clearance rate Increasing 4%
Absorption efficiency Decreasing 244%
1.4 0.04 OCR No effect
1 Clearance rate Decreasing 64%
Absorption efficiency Decreasing 225%
Fish
Tilapia rendalli Juvenile 10 0.03 OCR Increasing 76-103%  Preez et al. 1995
20 OCR Increasing 136-152%
40 OCR Increasing 181-184%
Oreochromis mossambicus ~ Juvenile 50 0.02 OCR Increasing 46-55% Preez et al. 1996
10 OCR Increasing 93-107%
15 OCR Increasing 14-40%
20 OCR Increasing 58-71%
Tilapia rendalli juvenile 20-140 2 Mortality LCs=22 gL ]f;‘;;mann ot al
Adult 10-34 2 Mortality LCs=42 gL
Egg fertilization _ 4 Galbraith et al.
Sockeye salmon egg 0.8-50 50 SUCeess LC5=28 gL 2006
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Appendix 13.(Continued)

Test organism Experimental condition Effect
. ' References
Species Life stage SS conlcentratlon Duration Endpoints Results
(mg L7) (d)
Fish
Orcorhynchus mykiss Juvenile 300-1300 24 Standard length No effect g/(l)llc ;1 cletal.
Condition factor No effect
Hepato-somatic index No effect
Total mass No effect
Growth rate No effect
Spleen-somatic index  No effect
5000 24 Standard length No effect
Condition factor Decreasing about
10%
Hepato-somatic index Increasing about 35%
Total mass No effect
Growth rate No effect
Spleen-somatic index Increasing about 35%
Sebastes schlegelii Juvenile 1 9 OCR No effect Lee et al. 2013
5 7 OCR No effect
25 9 OCR Increasing 20%
120 8 OCR Decreasing 37%
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Appendix 14. The effects of heavy metals on marine organisms.

Test organism Experimental condition Effect
References
Species Exposure Concerlltratlon Duration Endpoints Results
(mg L") (d)
Crustacean
523;2:;?5 enaeus Cu 17 35 OCR Decreasing 34% Marcos et al. 2000
0.02 Feed efficiency  Decreasing 4%
43 35 OCR Decreasing 34%
0.02 Feed efficiency  Decreasing 28%
85 35 OCR Decreasing 36%
0.02 Feed efficiency  Decreasing 12.5%
212 35 OCR Decreasing 24%
0.02 Feed efficiency  Decreasing 27%
Zn 41 35 OCR Decreasing 28%
0.02 Feed efficiency ~ No effect
106 35 OCR Decreasing 31%
0.02 Feed efficiency  No effect
212 35 OCR Decreasing 40%
0.02 Feed efficiency  Decreasing 2%
525 35 OCR Decreasing 30%
0.02 Feed efficiency  Decreasing 25%
Cu+Zn 17+41 35 OCR No effect
0.02 Feed efficiency  Decreasing 6%
43+106 35 OCR Decreasing 14%
0.02 Feed efficiency  Decreasing 3%
85+212 35 OCR Decreasing 8%
0.02 Feed efficiency  Decreasing 10%
212+525 35 OCR Decreasing 35%
0.02 Feed efficiency  Decreasing 8%
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Appendix 14. (Continued)

Test organism Experimental condition Effect
References
Species Life stage Exposure Conce_rlltratlon Duration Endpoints Results
(mg L7) (d)
Crustasean
Litopenaeus vannamei  Juvenile Cd 0.5 4 Mortality No effect Wu and Chen 2004
1 Mortality Increasing 40%
2 Mortality Increasing 100%
3 0.2 OCR Decreasing 10%
1 Amm(?nlum Increasing 154%
excretion
Osmotic pressure  Decreasing 5%
Accumulation . o
(aill tissue) Increasing 170%
4 Mortality Increasing 100%
5 Mortality Increasing 100%
8 Mortality Increasing 100%
Zn 1 4 Mortality Increasing 35%
3 0.2 OCR Decreasing 25%
1 Amm(?nlum Increasing 144%
excretion
Osmotic pressure  Decreasing 5%
Accumulation . o
(aill tissue) Increasing 236%
5 Mortality Increasing 95%
10 Mortality Increasing 100%
50 Mortality Increasing 100%
100 Mortality Increasing 100%
Appendix 14. (Continued)
Tact Aaraanicmm i B3 antal nanditinn L ffant Dafarannac
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Concentration

Duration

i i Ex r Endpoints Results
Species Life stage posure (mg L) %) p
Ascidiacea
Sea squirt Adult Cr 0.05 2 Filtration rate Decreasing 9-14% Kang and Hur 2012

OCR Increasing 13-23%

0.1 Filtration rate Decreasing 19-24%
OCR Decreasing 21-22%

0.2 Filtration rate Decreasing 45-51%
OCR Decreasing 35-44%

0.4 Filtration rate Decreasing 59-64%
OCR Decreasing 69-70%

0.8 Filtration rate Decreasing 72-81%
OCR Increasing 13-23%

1.6 Filtration rate Decreasing 88-93%
OCR Decreasing 75-83%

Cu 0.05 2 Filtration rate Decreasing 5-6%

OCR Increasing 5-9%

0.1 Filtration rate Decreasing 16-18%
OCR Increasing 10-13%

0.2 Filtration rate Decreasing 34-41%
OCR Decreasing 4-11%

0.4 Filtration rate Decreasing 47-53%
OCR Decreasing 39-55%

0.8 Filtration rate Decreasing 66-72%
OCR Decreasing 74-81%

1.6 Filtration rate Decreasing 80-88%
OCR Decreasing 83-87%

Appendix 14. (Continued)
References

Test organism

Experimental condition

Effect
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. . Concentration  Duration .
t
Species Life stage Exposure (mg L") (d) Endpoints Results
Ascidiacea
Sea squirt Adult Zn 0.05 2 Filtration rate Decreasing 5-7% Kang and Hur 2012
OCR Increasing 6-9%
0.1 Filtration rate Decreasing 9-12%
OCR Decreasing 3-9%
0.2 Filtration rate Decreasing 52-55%
OCR Decreasing 5-10%
0.4 Filtration rate Decreasing 63-69%
OCR Decreasing 27-39%
0.8 Filtration rate Decreasing 72-79%
OCR Decreasing 55-71%
1.6 Filtration rate Decreasing 72-81%

OCR

Decreasing 75-83%
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Appendix 14. (Continued)

Test organism Experimental condition Effect
' References
Species Life stage Exposure Conce_rlltratlon DU Endpoints Results
(mg L") (d)
Bivalve
Perna viridis Juvenile Cd 0.15 ppm 20 OCR No effect Cheung and
21 Mortality No effect Cheung 1995
Ammonia excretion Decreasing 20%
rate
O:N ratio No effect
0.32 ppm 20 OCR No effect
21 Mortality No effect
Ammonia excretion Decreasing 3%
rate
O:N ratio No effect
0.7 ppm 20 OCR No effect
21 Mortality No effect
Ammonia excretion Decreasing 20%
rate
O:N ratio No effect
1.5 ppm 20 OCR No effect
21 Mortality Increasing 90%
Ammonia excretion Decreasing 55%
rate
O:N ratio No effect
Appendix 14. (Continued)
Test organism Experimental condition Effect References
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Concentration

Duration

Species Life stage Exposure . Endpoints Results
mglh) @
Bivalve
L . Cheung and
Perna viridis Juvenile Zn 0.6 ppm 20 OCR No effect Cheung 1995
21 Mortality No effect
Ammonia excretion Increasing 14%
rate
O:N ratio No effect
1.29 ppm 20 OCR No effect
21 Mortality Increasing 63%
Ammonia excretion Decreasing 27%
rate
O:N ratio No effect
2.79 ppm 20 OCR No effect
21 Mortality Increasing 100%
7 Ammonia excretion Decreasing 85%
rate
O:N ratio No effect
6 ppm 20 OCR No effect
21 Mortality Increasing 100%
14 ;A;rtrelmoma excretion Decreasing 66%
O:N ratio No effect
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Appendix 14. (Continued)

Test organism Experimental condition Effect
' ' References
Species Life stage Exposure Conce_rlltratlon DU Endpoints Results
(mg L") (d)
Bivalve
Mactra veneriformis Juvenile Cu 0.025 28 OCR Decreasing 66% Shin et al. 2013
Mortality Increasing 80%
. . Mantle, Gill, Foot,
Histological Y
degeneration D}ges@ve
diverticulum
Lipofuscin
distribution No effect
0.05 28 OCR Decreasing 75%
Mortality Increasing 65%
Histological Mantlg, Gill, Foot,
degeneration Digestive
diverticulum
Lipofuscin e
distribution Increasing 4%
0.1 14 OCR Increasing 60%
Mortality Increasing 100%
Hlstologlc;al Increasing 6%
degeneration
Lipofuscin Mantlg, Gill, Foot,
A Digestive
distribution Lo
diverticulum

77



Physiological response

Total E b d
Review Species N M }—i N SS con.*
L. H
Gastropoda 2) 2 — — — i l
Coral 3 2 = 1 - + -
Bivalve 6 4 1 2 - |1l |
Crustacean 2 1 1 1 5= '
Fish 6 6 1 - = |1 |
Total b d
This study Exp. N V‘ }—f N SS con.*
Fish L H
-Benthic
Juvenile P. olivacues 3 1 — — 2 T J,
Juvenile-Adult P. olivacues 1 — - 1 — - =
-Pelagic
Juvenile A. schlegelii 1 = = — 1 T J,
O. fasciatus 1 = = = 1 T =
T. niphobles 1 = = = 1 T l
S. schlegelii 1 = = — 1 T i

* L: Low concentration of S8 (1-500 mg L)
H: High concentration of SS (1000-4000 mg L)

Appendix 15. Representative examples of physiological (respiratory) effects of
suspended sediment (SS) on major groups of marine organisms
derived from journal articles and reports. The response curve on
the upper side indicate four cases: (a) linear increasing, (b) linear
decreasing, (c) level, and (d) non-linear parabolic responses to
increasing levels of SS.
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e

Suspended sediment (SS) often present in high concentration in coastal
area due to natural disaster or human industrial activities. Several previous
studies have mainly evaluated the effect of SS through chronic effect to
salmonid fishes, while the acute effect to marine fishes has not been well
documented. The purpose of this study was to investigate the acute respiratory
effects of SS on various marine fishes. The three experiments were conducted 1)
species-dependent, 2) age-dependent, 3) heavy metal contamination of
sediment exposure to five marine fishes. The sediments used four in situ
dredged sediments and one heavy metal contaminated sediment nearby
industrial area. Four species of pelagic fishes (Sebastes schlegelii, Takifugu
niphobles, Acanthopagrus schlegelii, and Oplegnathus fasciatus) and a benthic
fish (Paralichthys olivaceus) were used for this study. At a result, oxygen
consumption rate of Korean rockfish and Grass puffer decreased gradually
when they were exposed to SS above 1000 mg L™ (p<0.05). Rock bream and
Black sea bream showed no significantly difference between seawater and SS
treatment (p<0.05). The oxygen consumption rate of smaller size of flounder
(6.8 £ 0.8cm) exposed to dredged sediment, were more changed than larger size
(14.1 £ 0.8cm). The oxygen consumption rates of flounder exposed to heavy
metal contaminated SS increased up to 240% compared with that exposure to
same concentration of non- heavy metal contaminated SS (p<0.05). Oxygen
consumption rate of flounder exposure to dissolved copper decreased compared
to seawater treatment (p<0.05), and synergistic effect was not observed when
copper spiked seawater and non- heavy metal contaminated SS mixture
(»<0.05). Overall, the respiratory effect of SS depends on the species and life
stage of fish and heavy metal contamination level of sediment. In conclusion,
our results provide useful information about the effect of evaluated SS

concentrations on marine fishes.

Keywords: Suspended sediment, marine fish, oxygen consumption rate,
heavy metal.

Student Number: 2016-20433
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