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A0 I FAAAE, EEAES, A, WHE, AurH Y55, Skeletonema sp., Dunaliella tertiolecta

Abstract @ To understand the ecotoxicological differences between representative Skeletonema sp. and Dunaliella tertiolecta, both producers as
international standard test species for marine ecotoxicity testing, we compared each standard test method, and comparatively analyzed the suitability of
the species for environmental assessment and their sensitivity to various test substances. Although most of the test conditions were the same in each
method, there were differences in limitation of pH changing and the initial inoculation density in the validation criteria, which is supposed to originate
from the low growth rate of D. fertiolecta. In terms of suitability, both species showed consistency in test performance by repeatedly meeting the
validation criteria required by the standard test methods. The salinity ranges available for testing were 20 and 10 psu for Skeletonema sp. and D.
tertioelecta, respectively. Finally, regarding sensitivity, the toxicity sensitivity of Skeletonema sp. was relatively higher than that of D. tertiolecta for the
reference toxicant, actual polluted water discharged (ballast water), and other chemicals. This implies that using at least two species of microalgae from
different classification groups could help increase the reliability and objectivity of test results in the performance of marine ecotoxicity tests using

producers.
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A3to ZH 7]E9 3}eHEA
frald& Brkeke gl ‘JrOVP A AE] AZIAL,
A gl AE S AR HFHA
2 9o B on dojd = Qe
Moz Hriek 4= Q&= 7I'HolthRand and Petrocelli,
Min et al., 2000; An et al., 2008).

18631 Penny and Adams®] 2% FA A SHA W 48
oF W W §9 5 AARE FHow SAAHEAT
(aquatic toxicology)2] & Q/d o] §2+x 7] Al Z}s}e] (Hoffiman et
al, 2002), 19503t o] FHH trFdt FAYES o] 83 FA
e A g H o] A 73717410, International Organization
for Standardization), 74 #l| # & 7| 7]5+(OECD, Organization for
Economic Cooperation and Development), V| =}%}+7 K. % % (USEPA,
US Environmental Protection Agency), 7] = 5] % ¥ 3|(ASTM,
American Society of Testing and Materials) 2 W] = 3312713
3](APHA, American Public Health Association) 5= T4 S&2
MEERAoH, o] T AAZA Add HFRES o] &g
AP G Y2 oF 5094717} E A3 TH(Rand, 1995; Park
et al., 2008).

AA7A e A FBES o] &S WFAEH=AHA A
53] s A e A9 A F3s Hrhatr] fla A

FIAAE dET 5 A= LA, 28R, 22
AE st 7 GAEE 1F EE 1 ol Al
Al8kal QTHUS EPA, 2002).
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o] 43744 3l &(growth inhibition rate)S F L (end point) 2
st /\]@‘ﬂéol Aty olty, EFAFToZ = T2F B
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2 O W (ASTM, 2004; ISO, 2016) ©] = S
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ol EFAIFAFOE AA o] ITHASTM, 2004).
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of oa] WA Fow et MY MAZF FolA 7t
ol ZEe FAAYeZ AR shk(Samo et al., 2007).
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menzelii, S. tropicum J A A
HEAAAIE Eokll e =4 =AM AEH 327
Aol ABA fA%

At FAS V2R 3 UE AY
At st S S costatum O 2 A AA] AL S costatum sl
T Skeletonema sp.E E8% L 9 TH(Kooistar et al, 2008;
ISO, 2016). A WX = Skeletonema sp. o FA 0.2 =
o] vt s ERE ol &3 HFAE =R A
W} gk A7 ] e Eo] $Om(An et al, 2008;
Lee et al., 2008), 20180l = S. costatums: ©]-&3F | FA el =
BAAE Yol g E e S FT BT EEI G E
Hyoz AA At

Dunaliella tertiolectat= M| Al Ate] Wol Fx3h &
s st gk ol Al G AolM = AEo
7V53 T O Sekeletonema sp.2F 2] MAEH §lo
FHEH 2 EA3cH(Moon, 2016). o= D. tertiolecta®] 3
wshol We A § 27 5AS olgstel e
HE, SGE 9 voler) el e Aol {4
13]-(Rlzwan et al., 2017).
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SRAAEY] FAAQ BEAPTOR A AE AA
ol 74 wol o8 Skeletonema sp.<}
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do I M o ox O 41 o2 g

AT o] &H EFAIFHERA)S I
nAlEFE o] &d AEANAE R IS0 10253 Water
qulity-Marine algal growth inhibition test with Skeletonema sp. and
Phaeodactylum  tricornutum’ 1233} ASTMO A A4 H L3
A8 21 ASTM E 1218-04 “Standard Guide for Conducting Static
Toxicity Tests with Microalgae’ 12 S Z}7} ©]-8-3}3 TH(Table 1).

ARAFe] A vz vjal 24 9l o] &¥ AlY
L0 79 Skeletonema sp.(CCAP 1077/1C strain)g]r D. tertiolecta
(CCAP 19/5 strain) %7 ISO 10253 TFZ oA HI13}= CCAP
(Culture Collection of Algae and Protozoa, UK)oll A & F S o}
Aol ol &atsith A HuE fs dxz-o

ra
7] = (validation criteria) WA ¢S W =35 AEH
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Table 1. Summary of test conditions and validation criteria for the microalgae growth inhibition test (ISO 10253 and ASTM E

1218-04)

A

e

LR - o

PN
T3

Test parameter

ASTM E 1218-04
(Dunaliella tertiolecta)

Test type
Temperature

Light quality

Light intensity
Photoperiod

Test chamber type
Test chamber size
Test solution volume
Initial cell density
No. replicate per conc.
Shaking rate
Dilution water

Test concentration
Test duration
Endpoint

ISO 10253
(Skeletonema_sp.)
Static
20+£2°C
'‘Cool white' fluorescent lamp
60 pmol m’s’!
Continuous illumination
Glass flask
250 mL
100 mL
Not exceed 10,000 cells/mL
3
100 t/min

Natural or atificial sea water (0.2 um filtered)
Not exceed 3.2 ratio

72 hr

Growth inhibition

Static

20+2°C

'Cool white' fluorescent lamp

60 pmol ms™”

Continuous illumination

Glass flask

Any size flask can be used

Not exceed 50 % of the flask volume
10,000-20,000 cells/mL

3

100 r/min

Natural or Artificial sea water (0.2 um filtered)
6

72 hr

Growth inhibition

Validation criteria

- 72 specific growth rate : >0.9 day’

- 72h specific growth rate : >0.9 day’

- C.V. value' : <7%
- Temperature change (highest/lowest) : <4°C

- CV. value' : <7%
- pH change : <1.0

(in the control)

'Coefficient of variation of average specific growth rates

AEE AES IS e Wz E vlal BA8 98 At AAATZE d2d ANFAES] T ES ANOVA (analysis
Ao X AsteE FAFHEFK.CrO;, potassium dichromate)  of variance)E ©]&3Fe] 19} Wuste] {F2]8 o]z}
S o] &3 FE2EH 5 AE (reference toxicant tes)@F AA| 2 UERE AT F P @ TR A FHEE
ArEAEZDRE AEd AugEH)E o2 F=7H] E(LOEC, lowest effect observed concentration)®} thZ7-2} H] L
(100, 62.5, 50, 25, 12.5, 625 B 0%)st] SQAHS Fhst ot 9]& 7‘]“3]7} YEtA &= v T 7P w2 %E

Ail, 7le Sd setede d@ T AREY] G

S ECOTOX database(US EPA, 20095 &-&3}o] W3}t *J%é?&ivk L5 fﬂ Ll EJ%E(ECSO, 50 % effect concentratlon)
BE AES AE A F A 2F ol Althul W(batch culture) = 5 ¥ (point estimation) S ©]-&-3le] A& RE A¥
S AR F 72~96A1712] A vl K(pre-culture)yS s X Froll digk FAIEA]2 TOXCALC 5.0 program(Tidepool scientific
T3471 A71e MEES AR o] &3tk e Al software, USA)E ©]&-313ith
= Agt ol a8k YA E Hrket & =
ato] Algol o] &3kl 4J o= FYLUtt. AFE = 3. 43 9 DA
2w 244wkt Al @ &S 1 mlA EHSH AlEEE
= 343} 1 % (CKX31SF, Olympus Japany& o8- A Al 31 gEAEY H@m 2
T F opge] A5 o]&ste] Altesint A ZRE o4 AR A FEAFEQ
Skeletonema sp.2} D. tertiolecta®] 57 WS 9]3] 121802
r= (nN;~InN,)/d ) 7t B2 REARER ANET = ARTA 150
10253(2016)7} ASTM E 1218-04(2004)°] A& zx71S H|ul3kS]
oo ABIZGRgE AT AALE th 2 23 ZE AFERA F gRE 53y Fon 3
Ny 1d @ Fo A= kol 7F WA AN 271 TR} A F e Fade] 7]
Ny AR A AlEEE Fol| A= A= Aol ftH(Table 1). ASTM E 1218-040 A= =
d YIS 718% DEZ 10,000 ~20,000 cellsmLe] W= F3T AL
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Table 2. Results of reference toxicant test (Potassium dichromate) with Skeletonema sp. and Dunaliella tertiolecta

Varidation criteria (in the control)

Acceptable Initial

Test Test organisms 72h-ECs range inoculum
substance  (Standard method) growth rate  C.V. value'! mC.V. value>  pH change (mg/L) (mg/L) (cells/mL)
Skeletonema sp. 1.56 6.5 13.5 0.80 2.39
(ISO 10253) 1436
1.41 4.9 19.4 0.96 2.29 (ISO, 2016) 5,000
Potassium 1.21 3.0 8.7 0.74 2.99
dichromate :
(KoCr0p)  Dunaliclla 1.13 53 26.6 0.73 12.16
tertiolecta
(ASTM E 7.02-15.41
1218-04) 1.07 59 14.7 0.81 13.67 (Prato et al., 10,000
2012)
1.10 0.4 7.8 0.73 10.26
'Coefficient of variation of average specific growth rates, “mean Coefficient of variation for section by section growth rates (OECD
201, 2011)
A S 91O 1SO 1025391 4 10,000 cells/mLE 238k Bt} =rha ol A vhKremer et al., 2017), 1912 0. &
TS HWasta o, Alge] faEAolA= ASTM E - FAE AlSHAQ] JdulA] sl A= oo 2 AE
1218-048F =] AR A&t FRAA e pH ®SHE 10 WIvE o] AHdRe] YEhE o® Holw, o]jgk v A%
o2 Agketa Yo} 1 Y420 Skeletonema sp.2] %71 % E°] ASTM E 1218-0491 4 D. tertiolecta®] W14 £ *7|
Wk Eow ALYl PHT YN AFoR A3 HFUEE Ausa pH Wil R ATS FA 2 9
FAE wfFnt APET] §7 T CoF aFHa ol ]l T sty FAHHET

Bea7] el wjkd e HCOy ol F5 % Co 2 thAg
t}h olol wel B = OHE &) wiFN o] pHY} $EobA]
v AN 02 Skeletonema spi= U ©)F AFAALES FAT
T e Al AEEAY] 549 G d=rE o] e
Y 4= 2 Th(Hailing-Serensen et al., 1996; ISO, 2008). w24
ISO 102539 M = AETUEE 44 oz v/ Adsia
pH W3} A A Fa84 7702 AAsto, Ald 23
off tig A AdE gHstaz) g oz FdH.

HH ASTM E1218-042] - Algde] f-a84 7154 pH
Wstol] g AlghS FA FRhom 7] HFEE HA] ISO
102530 Wl v]alF] BE 10,000 ~ 20,000 cells/mLe] L= 2
AT AL dAasta o) L ARl geidE Hx Al
H AR Al oJu gk =7t HA=A ER1E e gl
A AR SA0A BHE AZtdA = AlEA A A7)
+ pH ¥Wst= v EF Ao zFE 7|g Zow, =Y
gk A Gl A A AfS AES EHOE oAA F
AthE oA pH ¥ st
A ¥ tHISO, 2008). L3t & 45 o 3
ZFrel vE) gl "olx=
™ (Oh et al., 2015), A A 23S
tertiolecta(1.10+0.03 day™)7} Skeletonema sp.(1.39+0.17 day™’)H.
ok oF 21 % W& Ao Z YEtHTable 2).

dutHow AAFeol = HxFe AFEC] FEF

ey o83k D, tertiolecta®l e AAES wE g} 8t
tete 389 W] vud 5o JFEEe U Az
Fob mR A 2 48719 B3 el A co, 1S
doZ & dom, wixAz g 9 AF7IZE F 3 WS
5 gSsA dojd = e ol dae] HAS WA,

Al Ao 3k 48 2] (Accuracy control)E ¢34 gt =
S

q
-
2 dggn. AAR 9FERFErERT, 525 2 92
o]t vl M ZF 4FA S A1 OECD 2014 %=
2E AlgoM pH W3} 7|FS 152 Algslal I HHOECD,

3.2 Hgty Hlw #A
Skeletonema sp.2} D. tertiolecta®] = AFT ATAE]
AlEatA 9 A skl date] F(E) AFAES vl

pds

J

A9e FaAste] YT @A

%% )
T SE v st
2t AFEFe Fa4d 719 U5 AqFE gdstr] 8
ISO 102532} ASTM E 1218-04°] A A &2 717w 9] F4 8kl
S {8 FAsAl AAE A= 3HEE A (reference toxicant)
ol FAFAHZE (Potassium dichromate, KoCry0)& ©]-8-5}¢]
FREASAANDES 24 AES do 2 33] F3s3la of
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Table 3. Results of microalgae growth inhibition test on ballast water treated by BWMS' with Skeletonema sp. and Dunaliella tertiolecta

After Salinity

Effective concentration (%)

Test substance treatment (psu) Test organisms NOEC LOEC ECq End point
33 Skeletonema sp. 50.00 100.00 >100.00
Treated ballast water Day 2 Dunaliella tertiolecta 100.00 >100.00 >100.00
by BWMS (A type) 20 Skeletonema sp. 25.00 50.00 >100.00
Dunaliella tertiolecta 100.00 >100.00 >100.00
33 Skeletonema sp. 50.00 62.50 >100.00

Day 2 Dunaliella tertiolecta 100.00 >100.00 >100.00 72h-ECso
20 Skeletonema sp. 62.50 100.00 >100.00
Treated ballast water Dunaliella tertiolecta 100.00 >100.00 >100.00
by BWMS (B type) 33 Skeletonema sp. 50.00 62.50 >100.00
Day 5 Dunaliella tertiolecta 100.00 >100.00 >100.00
20 Skeletonema sp. 50.00 62.50 >100.00
Dunaliella tertiolecta 100.00 >100.00 >100.00

'Ballast Water Management System

3] Ao dizTel a fFadel Ve

A3} F F RE AN FEHOR 8
Z

3} C.V.(Coefficient of variation)#t2] 7% 212}
(e}
=

7 7% ol3ti 33] K W= 3
o] W3l M= D. tertiolecta®] 735 33]

kol 1SO 102539 &7 %70 Bataldt.
AldatAel M= -8k o OECD 201014 3%@}
Row x| 7} ghESE Afo]iEnt ofujel 3k A
(section-by-section growth rate)e] W3}7FA = A f?}%
mC.V.(mean Coefficient of variation)at2] 3]-87](<35 %)
fato e 7 F BT WSS 818 th(Table 2).

ER M ESE ol 8F SN 1Y 2 9FL v

=

T AT FAKRI Aol Ui T AIFFT o & g g differences (p <0.05) compared with control (35 psu).
AHAE doliy] &) SEE AFE vuAdgs Fas) The dotted line represent at 0.9 day' growth rate.

G}t 1 A3}, Skeletonema sp.8t D. tertiolecta 55 20 psuZ7}-A]

© 2T G5pswet Hlaste] AgEC] fFolg AFol7t WA 3.3 0iZtE Hlw

2 kA THFig. 1; p>0.05) 107 Spsudl| A= tZ&T-<F v] sk Skeletonema sp.2} D. tertiolecta®] =AET ATAE] T}
o o3t Apol7k YERLK(Fig. 1; p<005) Lee et al(2008)°] <3k 3}3tEd 2 o odd wjES5ol sl UehE 54 9T
Aot FAREE Ao YElgth 28y D otertiolecta - & vl wE7] 9)ate]l A Blnl BAA] o]l&H HxEA
10psucll A 72413F G4t d 750l 1.08 day'= 1AM 27 ZAgA e AWE o] 889, A SANEFGE AE
sk FaAde] 71E(09 day) S whEst] Alg@A g0l s A= APEE) ﬁi‘ﬁéﬁéé 2] 2 A 2~ (BWMS, Ballast
stS Elskoith Water Management System)©S. 2 A S(AH2])3F AMuld g4m)E

Skeletonema sp.2} D. tertiolecta®] A8 F2 A S &9
3 A3} T F % A ALY OECD 201904 £
L 49 NEE A%HoR BEse AU5
R

2 B3 Skeletonema sp.2] 745~ 20psu, D. tertiolecta
A9 10psue) Gl AU AW L sletaalr.

72h-Specific Growth Rate (day™)

ﬂ-]lO _ln

L
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L

1. 72hr specific growth rates of Skeletonema sp. and D.

tertiolecta on each salinity conditions.

Z Bz =

naE= }\‘]/\]@Zﬂi

effluent toxicity test)ye 4~ S} T}

33]9] 3

*Significant

Aoz e & By 717k} %%?G(OHT, 7R
sto Zb AES o= wlEers

AT (WET test, whole

3}, Skeletonema sp.S} D. tertiolecta
9] 72h-ECso L5l A& 14 (1SO 10253) 2 Prato et al.(2012)
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Table 4. Microalgae growth inhibition test data of chemicals using both Skeletonema sp. and Dunaliella tertiolecta

Chemicals Duration ECs) Value (mg/L)

(CAS No.) (days)  Skeletonema sp. Duneliella tertiolecta Reference
Cu (7440-50-8) 3 > 0.25 0.58 Peterson and Stauber (1996), Stauber (1995)
CasHasFeNy (67485-29-4) 3 0.00018 0.0108 Walsh (1983)
CioHy0O4 (85-68-7) 3 0.5 2 ECOTOX database
CuSO,-5H,0 (7758-99-87) 4/3 0.29 > 0.98 Franklin et al. (2001), Bao et al. (2011)
C6HCL50 (87-86-5) 4 0.0203 0.17 ECOTOX database
Ci,HpsNaO,S (151-21-3) 4/3 1.2 15 Peterson and Stauber (1996), Masten et al. (1994)
CoH;oCLN,O (330-54-1) 4 0.0059 0.0092 Bao et al. (2011), DeLorenzo et al. (2013)
C3CLN, (1897-45-6) 0.013 0.064 Bao et al. (2011), DeLorenzo and Serrano (2003)
CsH4CINs (1912-24-9) 4 0.067 0.069 DeLorenzo and Serrano (2003), Hoberg (1998)
C,F3NaO; (2923-18-4) 4/3 > 2400 > 124 ECOTOX database
CiiHioNsS (28159-98-0) 4 0.00029 0.00073 Zhang et al. (2008), DeLorenzo and Serrano (2006)
CasHosFeNy (67485-29-4) 3 0.00018 0.0108 ECOTOX database
of AT HEW el B wEsto] FPA NAEE A PEETe] AR Q8] W DhEC, kol FYH
FABE Ao R Yehgth 2y At B8k A ¥ Copper(Cu), Sulfuric acid copper(2+) (CuSO45H0) =

= Skeletonema sp.2] 73~ 72h-ECsy #k°] 2.29~2.99 mgL=Z 1}
El%al D tetiolecta®] 735 1026~13.67mglL® YERY D
tertiolecta’t °F 59 7V FAFAFOl el W =549
(A E)S Hole 3102 e THTable 2).

A 2% AP AHPTE U= WET test T332
3}, D. tertiolecta®] 73%- A, B Type =5 A & BHIAI7F 2
AR daglel H4 G o] JERIA kAT Skeletonema
sp.2] A% T2h-ECseS E5F >100.00 %= e 91 NOECE
25.00 ~ 100.00 %, LOEC: 50.00 ~> 100.00 %% 54 < 3Fo] e}
W Skeletonema sp.7} L2 HEFE WA O 2 D, tertiolecta
Hop iAo & SAGdTS Hole 2 o= Uewtt
(Table 3). Lefu} & Algol| o] &% Ao A9 +5
Aol Al HwA e =4

o)

5 [e}
g APEAdE dxd F gle A7 bk webd Y
o

o] ek Ba SAGF Aolol U FHE FF
st vma YRAA e BAIRE F ¢ Qe 4
% srod L A7 52 o gd AR vt S

Hojof & Ao et

71el kg shetE Ao g 549 dFS vlalatr] {8t
o] ECOTOX database Woll Skeletonema sp. B3 D. tertiolecta’s
o] &3] ZAA|Go] o] Fo|H FEHEH F 19255 M)
Rom, o] T F AFAE BFE o] &3t SN Pl F

e spetEdol dis) S4AFAIE Table 40 42l sho]

Jeses wastgeh 1 A3 T E BF APl suw
HFIEAL F RFOE UEgon], o F A@IYA

2,2,2-Trifluoroacetic acid sodium salt(1:1) (C;F;Na0,)2] 35S A
et 9% RE 3stE oA AlgAZZ et
ECso%k©l Skeletonema sp.7} D. tertiolecta® T} StA] YElL =

Aol Be AL FAaT

Skeletonema sp.7} D. tertiolecta B T} =15 2ol
& 5AGTES vEilon ol dlele thgg A
g2 54 a7 s Ao R ek
(2004)7} Weiner et al.(2004)> Z+& AL =17]9] v 277}
==l gk mzde] & Al s Hrhal ®ast
I ot B Aol o] &% Skeletonema sp.(8-13 um)ek D.
tertiolecta(7-12 ym)2] 739~ M| 7] 2] Z}o|7} HA A YA
ko Q3|H Skeletonema sp.7} 31 FAE(11-20 ym)= 7}
= Ao Eu(Lee, 2015; Kim, 2015) ©]2] 3t 54 o
AT AIE 3719 Aolrthe S EH W
= F 5014 e BT 5ol 711 Alow 4
(An et al,, 2008). F=7F49 o2 2 AT 4 Lee et al.(2008)2]
A M= Skeletonema sp.o| W3] FEUAdo] A3 FE0]
54 sstad(Ta i) vlad @ 54495k
Efton, o] mAlZRF] At el 2T A wdt 3
Uetves F o] A 54 w3 5499 Aol
Aol Y& Aoz FHHAY
14 FAA A FAEE FAAAS
o] Aelj=deA Sl et
w

S5 % ool e Sl T Fol 7

DeLorenzo et al.
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