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Potential and Future Directions of Effect Assessment
of Polluted Sediment Using Sediment Elutriates:
Effects on Growth and Molecular Biomarkers on Marine Copepod
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Abstract : Several bioassays have been performed for assessment of the impact of polluted
sediments. The direct exposure method using sediments is limited by difficulty controlling feeding
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and its effects on organisms. Furthermore, only macro-organisms and benthic organisms are used.

To evaluate the potential application of sediment elutriate as a complementary strategy for impact

assessment, copepods, small organisms with a short life cycle, were exposed to sediment elutriates,

and several end-points were measured. As a result, sediment elutriates prepared from polluted sites

caused growth retardation in marine copepods. In terms of molecular biomarkers, antioxidant-

related and chaperone protein gene expression levels were increased in a dose- and time-dependent

manner. Thus, we suggest that sediment elutriate tests can provide an effective alternative for

toxicity assessment using whole sediment samples. Further studies are required to obtain sufficient

data for future applications.

Keywords : Sediment elutriates, Sediment evaluation, Chronic exposure, Copepod, Paracyclopina
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7] 18l = B o EA s 2 A
FEA A A A s el vlAE 9
ol AW= HojZtHBat & Raffaelli 1998; Ferraz
et al, 2017; Vethaak et al, 2017), AA|= 7Az|Ho],
oJujuljF T TR AN ES I HAE =
AEoA B0 254, AL AAE HE H 3=
5 o83 =g v 2ot A ® Fol ayE ofgk
ChH(Phelps 1989; Bat & Raffaelli 1998; ASTM 2009).

2| e FrREopll A= EAA A EE 0] 85
of JHA|Eeh wizg 2o Ao B FFFS Fdst
1 2Hg5h7] 91 A7F 3 E AL Qlrh(Sarkar et
al, 2006; Schettino et al, 2012), FA} 42520f| A 2]

BE BH BEEA L AR Qo] e

Hgke] eyt oA Aol A 2HelE = Mgt
g AE 939 A2 (initiating point)& F4

A st 2 FEA ] Al FaFolal oo &

& 3} (Ankley et al, 2010).
a8y g8E 0| WIS g EAAIA 2
282 dAof] MAsk= AEA W] AR E 2fo]

o HAEe] wEAA VAT S b HRE,
o AAER)S o83 eF AW Fol o o) 4
53 glon] olejd B B S AFUIMY 42
of 419} Bue] ofelgol ick, E3L, HHEo| 4
A e AYIE 7L e sk F 4 gl dn
o 3 G Ei HA RS FI 0GB ke

Arstolth(Word et al. 2005).

T4 8549 g HARRNY R o

4

3

= Wk 5t (Harkey 1994; Haring 2010), E2 &5

Al leFAIZIHA BT 4 Sl Thet =23t

3 Qlal, Ao AF YEL
th= Ao =

o 53] HH80 $54L FAREAGY F 017

A Z A @ 8FS] (American Society for Testing and

=2 A2 A& B7HE Al ol&HaL e
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(Ludwig et al. 1989; Moore 2001; USEPA 2016),
B 22 A mEo] o2& viA o tiet 54
7 o2 AAEIL Qe AAE s B
Qo & BEoF 9 B - E &0 A9 W v 2]
oto] e/ H7F WS AATE vF QLo (ASTM
2009), EoF woFo] A9 EH S-S o83 AH =54
H7HE SRt &&= Aol tieh dtol| tiet HES}
Hgkol| gt =917} 9lofgtHNam & An 2014),
L7FE U AtolA SR ET 2 S =4
glo]| o] 8| oj¢tH(Raisuddin et al, 2007; Dahl
2008; Kwok et al, 2015; Dahms et al, 2016). 3l
A @7V2 Paracyclopina nana= 2|2 Wdjgh B2}
A=A JRE vl g thofet 8 At o]
I QlthH(Lee et al, 2015; Dahms et al, 2016), &

oo

FAFSHA| o] &-E|al Q= Bf 8.7bFof Hlgf o 2
87 Aol e e Wy % AR Folol
B v} 9l 9w (Dahms et al, 2016), vjoFo] 4t

A stold Agelel 723 2571 golstol
ARG o 2 AR E Rt YTAL ARte] 2

o
A T (end—point)= A IR o] 5

ek,

S5 AR olg3 AP HANYES o
§3 U] ]3] AY B LTEE AR EE
A=) FS AR 5 900 TATE FobA
AR T AZE 0L AR AN M) WS
stol A% Aael et A% B2 S B 4
Gtk e et

ERolA L 0B et AREA U AR
AGH7H] ol ol GEL A KT A
Aol Ao AAAES ol gto] 2H9l F=rt

A AHA, Eeske] of 4dxt Sl A
& HjokA el A RIS, wiek7]= 24°C, 12h
light/12h dark photoperiodZE §A|st9oH, 15
psu (practical salinity unit)®] 1% d4>(Instant
Ocean Sea Salt, United pet group, Inc.
Cincinnati, OH USA)(pH 7.9~8.2)ol| 4] 8ljoFa}

Hol2= 25 Tetraselmis suecicas 530t

~

ENE &4 A
A2 0d %
5 HAE(Test, T 2 A RE AT 9]
(Control, C)9] 3 B8 &g o]&53ict W2
A Aol A AlSte WSt & SolA o) EAE W «
HEH(F5%, PAH, PCDD/F) %7} frolstA A}
o] Yl B ¥ 8} 9l ©u(Shin 2008, Ra et al.
2009; Moon et al, 2012a; Won et al, 2012) oA
A= 2 ARoA o] &3t EAE AlRE it A
o f - 9S50l HFT 5 HHEY a5 2
PAHs %27} AFo]ghS B9l vl QIth(Shin, 2009),
A5 54 s el ofdd, ol i)
NOAA7|Z2] ERM (effect range median)S A3
stglon U5y} PAHSO S gA] AlgkE U
=0 AT AlolA 22z 21 1028 ng/g dw I}
1042 ng/g dwo] =& »= 5 R th(Shin 2009).
S&4 2o E T oA EAET g2 EHE Al
B 54 Axsto Y EEska(-20°0),
USEPACA] AAISt= it 2 A4F =2 v)
B o g £45}ko] A %8 tHUSEPA 1991; Novelli
et al. 2006). L:4(w/v)H|2 BXd=d SH4E &8
3lo] rotary shakero| Al 24 A7k E¢F &3tst &
(250rpm), 3000rpmol|A] 2087F $A Eejsto]
A& 25 228t ©]F 0.2um®] membrane
filter o]-&ste] Hf AXE AAsAH(Figure
). 8&59 922 g% 54 =84 (ATAGO,
MASTER—-S28M, Japan)& ©]&3sto] &4 & A
AES FAS A7 58S T HE(80psw) o
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Water =
(DW. or clean seawater from site) | | . |

80% by volume 2% by weight

Shaking
vigorously in
( bottle for 24h

supematant

Settle for 1h

Centrifugation
3000rpm, 20min

0.2um fitration

Use for exposure test

Figure 1. Schematic flow of preparing sediment elutriate
using sediment

MEA Azsto] o] &3kt &E9 AEYFS
ghlsl7] flate] A& o]&slo] FH|3 85
= 100%% 313, QR A] oF df49F E3H 25%,
50%, 75%9] =45 W=t
3. ME & U IXFE

T4 =& Agol= 240 siekS AA Aol A ™
A A& 7H7 A GAE o]8aktt o] E el 150

um meshAfo] 29| A2 & U—M(egg sac)g &L

A AR AAE AAT dFY B AEE FH
Sko] ThA] 12A]7F 59t vl $- 150 um meshAto] =
2 oaksto] &8 gl Sl AAO 150um)E &

du)7 stollA AEsieitt, =& AES HoHH%

12—well vjFIH(12—well plate)o] €& 4mLE A

71 3 96412 50} A|AHE

FE 7GR AGAREE EEfste] 12417 o] %
100um mesh Ato] 29 A2 Zejste] A5 T3t

=]
& 9 7l a7 Yad dasiae o 8
AN hyi

= 9% % EH“— copepodldi} “Xﬂa o]-g-3}
ok, ShA FHIRE w7k thE 8-E4oll oF 500714
Table 1. Primer set used in this study (Sequence

information of biomarkers was cited from Won
etal., 2015 and Han et al. 2015)

Gene Primer
heogo | F: CGCACCCTCATCATACAGAC
Sp R: TGATGAGCTTGCCCTTCTC
hogo | F: GCCTGTTGCCAACGAAGAC
Sp R: CTCGATGACCTTGTTAACAATGAC
o0 | FPAACCAACCTGCTGTCACCATC
P R: CAGGAGGGATGCCAGTCAAG
heoo0 | F: CTGCATTGTCACCTCTCAGTATG
S R: GCTGTGGTCAGGGTTGATTTC
F: ATGGTTTCCACGTGCATGAG
CuZn-SOD | ¢ CACCGGCATGCCTAGTTTC
Minsop | F: GGCAGCTATTTCCAGAGACTTTG
o R: TAGCCCAACCATCCCCATC
Catal F: TACAGGACTCAGGTGAAGAACTATC
aldlase | R TTCCTGCCGTCGTCATTAG
R F: GGGCGAAAGTTGGCACATAG
R: GTGATGCCACACGTTCCTATC
ST F: CATGGATGGAGAGAGTGGAAATC
“OMCEL | R GCACAACAGGATCTTCCTTCATAG
Gstmy | FrATTGAGGCTGGAACCATTGAC
" | R: GCCTTGATGTGATCACCCTTG
GSTopera | F: TACTCGGGCAAATACTGTGTG
e | R. AATTCTGTTGATGTTATGGAAATG
F: GGAAGTGCAGGAAAGGCTGTAC
CYP3027FL | . CCGGTCGTGTTCAGTCAAAG
18 rRNA | F: TGTGTGATTGACGGAGGTTTC
A R:GCGTATTAAGCCTGCTTTGAG
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170 35=(0, 25, 50, 75, 100%)°] wh
26 1 Bch 390 S v 4
13l oF bl sl F7k= ARt whE
S QO 517 Sl AT AlRE AZ23E 100%9]
SE700 6, 12, 24, 48N7F SO 8ARE =5 Al
1 % =3 A7t thE RNA AJ&E SHHsHGiT
Total RNAE= TRIZOL® A|9FS o]-&35}0] &3}
3L, 1ug® RNAE ©]&3to] cDNAE A Zksh3ich
(SuperScript III RT kit, Invitrogen, Carlsbad,
CA, USA), RABAA 2= P nanaclA 7] A
H 12719] A} 2l e PEA vHEele FAAE
tfAre 2 310l primers Al&Fotal AAE SEEA
A Y9S- (real—time RT-PCR, AriaMx Real-Time
PCR System G8830A, Serial No, MY15245245,
Agilent Technologies)2 485} tH(Table 1), &
A2 33] WHE5}9 91 housekeeping -2 A= 18s
rRNAE o]-&3t3itt, WagF22 24 methodE ©]
£3to] AXetArh(Livak & Schmittgen 2001).
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~

>~

5. SAEZM

Adle= B REUAR FASIGITH 29| 5
AP A ol= Levene AAWS ol gstlon, v
U A 7bo]| wWhE FHof H| W= Tukey o] AFS-AA £A4
S wgtthone—way ANOVA, p<0.05). 242 4
7t ohE F AR HAE 3o e A H &

i

O
-

ARYA A 2] BHE 2ol = student t—testS o]-&
ATH(p<0.05). &7 Z2IH2 SPSSE o[-t 3ltt
(SPSS® version 23,0 software (SPSS Inc., Chicago,
IL, USA),

SNE=

39 ot AT ol A A AREo] Y

Z] ?%‘}k‘:}(%h, 0.05). 12 53t HeA] Hof
LA A dAE AL NI-N3, N4-N6(&

*ﬁ, Nauplius 1-6), C1-C2(copepodidl—2), C3—

C4(copepodid3—4), A (adult)] & SHAE U=

(A

100%
80%
60%

40%

Proportion

20%

0%

/ wAdult

#C3-C4
-2
HN4-N6

mN1-N3

1 2 3 4 5 6 7 8 9 10 11 12
Exposure day

Figure 2. The proportion of developmental phase of
Paracyclopina nana exposed to (A) control and
(B) test sediments elutriates

o] UehfSitH(Figure 2). ti&w(control)ol =&H
fAL 12U7ke] = F ok AAReE A7 A A]
koot Mg (test)ol A& copepodid THA7HA]
Fot2] otal FATA A S HAIE Eeldt
o, 129 59k oF 36+11,5%2] AAES =2
2ol vja) 1~297}2ke] AslE

RAA A7 WA Q] vl g2 g2
8.6+£2.1%, AAolA= 68.4+1.5%%
Fo]& B ith(Figure 2, p<0.05).
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Figure 3. Relative expression Ievels of 12 different molecular blomarkers genesin copepod Paracyc/op/na nana exposed

7o W= mRNA 45
& Agel fole F7hE

to control and test sediment elutriates (asterisks and d

ifferent letters indicate significant differences in expression

levels between control and test group(t-test, p<0.05) and according to exposure doses by ANOVA test (Tukey's

post hoc test, p<0.05), respectively
oA 9 = Fro

23 1
ol 4he] A

(hsp70, CuZn—SOD, GST—omega, CYP3027F1)
of thaf AT ARE AR BAST e

o

A3

»
1=}
o

200

Relative expression levels

Figure 4.

SAAolA] AIH

RSP ST A B

§
5
<
¢

Effects of sediment elutriate on molecular
biomarker genes according to exposure time
(h). Significant differences according to the
exposure times were analyzed by ANOVA
(Tukey's post hoc test; p < 0.05). Different colors
of each bar indicate different samples in
exposure time (0, 12, 24, and 48h).

Ach(Figure 4). GST—-omega®] 7% 48A17H4 %]
of 36} 7hsF wrE o] F7bekial, CuZn—SODS)
mRNA H&-2 2441707 7HY =2
1, 48A17F Al &= 12A17F} Bl
(Figure 4).
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=S4 St ow
et al, 2013) Q7

o] A2 A4 dAE 2 g Eoﬂ RSP EO]:
3 2717} Wsf @} rEo] golstthDahms et
al, 2016), E3] AU vk 2AA Lty oZ 1-2
Aol gt “/}74]«] éxo—% Hoj ok 93 o 24A]7F 71
A9 Wz FARE QA7 Y AR B 7t
s 0}74] 2ﬂ"z}(Won et al. 2014) AAro] z1e1 e A}
ol AYeHgo] A RojFs A 87}t g &
ETOH Ll ﬁﬂ%ﬂw kg AR 2] g7
=9 9= Afa qgo= &%ﬂq

E

>~l

Az U 29=2(FaS 50 847 XMMW A
SIAEHAE TGS AARIT Jﬂ’\EEﬂ*Q}
LEv/] H}-

A AbE| 2 B fAAR ol gk &

W2 =EolA AR EEA Q] 7HeA ol /\]*}
= B} QItH(Won et al, 2014a; Won et al. 2014b).
E3| Pnana® GST. GR, Hsp 59| §AA= oA
Aol A of XAl FEL] T ol el AR A
= 2ol vl QJth(Lee et al, 2012).

PAHs®} 22 7] 2 H=2 9] afi= 72t S
Phase I 481 CYP450 AE AR} CYP3027F12)
A 55 Y frlededy &4 fges
HojZioh, AAZ Addof o]&3t EAES AFTE Al
3159 FSEHES I W2 AN S5
PAHs, PCB ¢|&]o| %= PBDE, PCDD/Fs®} -2 Al
T LAEHo] et FEE #4151 tHMoon
et al. 2012a; Moon et al, 2012b). WA 45
o] &3t AY A= EHEo| A5 Ld=4ol
E4 2004 BElA vA 4= = B F%F
= onl—zroi A 7]Hk U € F (effect—based
monitoring)7| & 93+ A=A Q] &8 715AS
Hojgr ﬁxﬂi 459 509 A E AEY
(passive sampler) 2] Z=&E-2 08351 LT 7o) A
Qx% oﬂ/&] 24/\‘] U] X%Ek_lﬂﬂ-_- o]- ] ﬂ% Og?%]:
=4 HTt 7sde BUHE 4 4l A|AFE B
Qlth(Vathaak et al, 2017).
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