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2 A7E FAEAFFAMO) E vl= SIPEEI U (USCG) Fal5 A3 Q705 A|PAE SHE 98], Al TR/2

3} 55 A E T U 235t F ol 7K 20 (EFAE UIE(PN), =HZE(DF), 53] 5%71(ECPC), =HZE 9}
E3] 557 Al WA(DF+ECPC))C.E /55 vl 71t o] 55 ] 2023 797-E] 129714 e A
gk s oA AFAs|GE Bgste] 7=l om, BE AX= HA3 25 um FEIE ARESlaL 33) wkE S7dsolt).
3452 IMO U USCGOM 7783 F 714 A712] AE+(210 pum and <50 pm, 50 um)S 71502 F-435150), &
] A3} ECPC7F F A&7 5ol 7 38 398210 pm and <50 pm: 75.0%, =50 pm: 59.1%)S B o,
PNO| 71 w2 &85 VERATH AEE E4oA = PN2 210 um and <50 um AJET-A 21437 (regrowth)o] ¥z
F931, 250 pm YETNAE BE A A Agto] Aol ufet AEEo] At oef st A 1 9l AIZF A3
of M AEE zfol= S AREA A fFosHl UERTHp < .05). & 2 B AR|olA Mg A o' £
A E G om WME-S FAM X]4=(PSC)= 210 pm and <50 pm A=A Hit 79.6£7.1%, =50 um AETANA = 3
T 90.0+5.3%%, 53] <50 pm AYErellA] vl FARSE HF] FRE Bl o]efdt AvE SElA] ECPCE AR AR
FRE 9% 55 a87do] 7P erRlon], AESHA & 7] SHelxE PNe| AR o= frElsglvt. whebA
2] ko] B3 82 AE 55 a8 A t2ds Al R ¢ Qs A84 eloE AAE = glom
AT 27= IMO 2 USCG 715 S53h= A88= 3547 Bdel 71918 5= & A o= 7gect.

o M

Abstract — This study compared and evaluated the performance of three filtration and concentration devices, indi-
vidually and in combination, under four distinct conditions required for the International Maritime Organization
(IMO) and United States Coast Guard (USCG) type approval testing for ballast water management systems. The
tested conditions included a plankton net (PN), drum filter (DF), patented plankton concentrator (ECPC), and a
combination of drum filter and patented plankton concentrator (DF+ECPC). All devices were assessed using natu-
ral seawater collected from Jaran Bay, Gyeongsangnam-do, South Korea, between July and December 2023,
employing identical 25 pm filters in triplicate measurements. The recovery efficiency was analyzed based on two
size classes specified by IMO and USCG standards (=10 um and <50 pm, >50 pm). Results showed that ECPC
achieved the highest recovery rates for both size classes (>10 um and <50 pm: 75.0%, >50 pm: 59.1%), while PN
exhibited the lowest efficiency. Survival analysis revealed regrowth in the >10 pm and <50 um size class from the
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PN group, whereas survival rates in the >50 um size class generally decreased over time across all devices. Signifi-
cant differences among devices and over time were confirmed by repeated measures ANOVA (p < .05). Species
composition remained stable across all devices, with the percentage similarity coefficient (PSC) averaging
79.6£7.1% for the 210 pm and <50 pm size class and 90.0+5.3% for the 250 um size class, indicating particularly
high similarity in the smaller size class (<50 um). Consequently, ECPC demonstrated superior efficiency for con-
centrating organisms required for testing purposes, whereas PN showed advantages in maintaining biological via-
bility. Combining multiple devices may provide a practical solution to simultaneously optimize concentration
efficiency and ecological representativeness. The outcomes of this study are expected to contribute to the establish-
ment of organism supply protocols meeting IMO and USCG standards.
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(Drake and Lodge[2004]).

o] EL% Al t-g-eto] Al AL 1T (IMO)= 2004 A1H}3
o Vq 5ol BA| 4 Fe]of| 33 A1FHBWM Convention)s
, Aol A mliEw)= g @grel] 3k AEe WRs S
44 ] ﬁﬂ] 3tal Qlt}. ©] % IMO+ Ballast Water Management
System Code(MEPC.300(72))E AIgsld &2l52A8 dAE %
Fakslolrt. BEgh vl 745 5% (USEPA) SliQd Rt (USCG =
L2170l 201 AAS nlAske] ETV Protocol(USEPA[2010])S
3l Al R 208 AREkL Alvk

PA SR FAAE AEEA a3 A3 (Biological Efficacy
Test)> 4212 47 fFaids F7iehes 3 AldoR, 94 9
E8 gFGE 3% olhe 7R Aol A EREAES
‘challenge water’%. gH3jjo} HHIMO[2018]; USEPA[2010]). T+
AH O 2= >50 um A== 10° organisms/m® ©1F, =10 um and
<50 pum AYET- 10° organisms/mL ©]/Fe] W7} @ FFEH, A]
goll Fed 32 H4 250 m’ oot

eyt dAQtelM= AA, A4 QRlel et EFEEe
U =4 Fo] F45HA tﬂEO}U%(Lee et al.[2001]; Sun et al.
[2022]), A8 Z1e]] Hilel= Z9aES oy # o7 stHsly] of
18 A0l W ARAEE EAAOL HHT 4 R A
/\Eﬂg] Tolo] JJ/'\ﬁo]\:]-

SAE 5% WPoRE Beld el 1, 998 5
S50 240 WHle) EAGAR, BASUY 27 20 3
ol ofzh o] 74 AgHoleke wm el ATE B
3 AX =] YrHLemieux er al.[2010]). EUEE Y
HHA 0 & ARGE]E= Aoy, 5 wow %—«1 EA3 71A1H

A=l w2 AEE A3t 7Fs7do] B0 H (Jang et al.[2020]),
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Z2]), Type Approval Test(8 2] 5 A A &), Test
3} &= #A]), Biological Efficacy Test(’\ggffqu

F5 o] % AARE A A B g Ast AL 2shs Flo s
UERATHBurkholder et al.[2007]; Casas-Monroy et al.[2020]).
Aol A 7)o FEshs AR g1 ke Al
A 3, Al F570) A 55 X (EFFAE UE, 558,
53 5571)= B gl zgste] T vl 7 2AER S UE
=, 58] 571, EHgE9} 58] 57 A HAhow A
Aata, 7t 219 &, S Y T s vl
Atk velrt 2k A2 s 549 ”ﬂﬂ 7Fs/dE 7INEe =,
BWMS g2)5Ir38 9] A847 deisty] disds Aol v
sk "]"54"35‘% I AAL AHE FAow gt

1/\% /H

N

2.1 042} 5 FAK|

B Aol Al 79 A3t 55 FAE olgsto] A ES
st AR FA= EHTE W E (Plankton net, ©]3} PN),
= ZE|(Drum Filter, ©]3} DF), 18] 1 53] 529 5%7)
(Enhanced Concentrator for Plankton Capture, ECPC, 53] #]10-
2196997%.)°]tt. DF+ECPCE -7 dH|E A4 gtk BE &
A& T Y38 o (25 um, Polyethylene mono-filter, SAATI)S-
/\]_&O}Oﬂ o:r:] 7} zl—x],] TZ3= q._‘L} 7L1;1r PN—— 707:1 300 mm, Qo]
500 mm, DF= A7 1,200 mm, 2] 2,000 mm(D1200, Ecofishvill),
ECPCE 273 300 mm, d°] 1,000 mmE 7J%o] 91w, ECPC=
A3 FA o) gto] 2A| A 2E AU ch(Fig. 1).

BE e 20239 79VE 12970 APHE A 3]
oA SHOM, NHFE shelzlel AAH 200} P o]
galo] 340 olFalgic. Htel AAE 47 200 mme]
A 50 mm 11O BA3t] A A BA KU
= Ash. fe WYE FIAZ ol8stel AN S5
slom, 7 Ao Folet £9) o] FAHES Gk} A0S
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Fig. 1. Photographs of the filtration and concentration devices used in this study.

2.3 2A U

AollE AR Uk 42 FASAA e 1 Al
T2 EL]'E]' s o, Z}2}e] o3} w5 AR E Folo] 55
H AABES AR oufjell And oz TESISITH(USEPA[2010]).

FTEEHIAES AE(G mL)E AAHW A (Olympus SZ51,
magnification 10~40x)0. 2 WA F2 A S AlGs &, 17g N
(Lugol’s solution)s AR&-310] B APEAIZ] 7 AA /WA & 74]
FRIRATE. AA| A FollM] 52 WA FE wio] AollE WA E

APFeFITE. ofuf 2 ZAe] WL A B A EX]O]_E
ddaiglon, F2o)A] k= Al ASEte] 10 F<t FA¢
o] glow =& Aoz FHsKIT

AE2EHAELS GG (Olympus CX43, exciter BP 480/40;
dichroic FT 505; barrier BP 530/30)2 A48} Al &0l FDAS}
CMFDAE 713t 3, 8345 sto] B8k A3tk (Drake
et al[2011]).
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AHAEL] E5-&(Recovery, %oy FAE T3l 555 A5
RBEFS A1) AEH nwste] v 20 = ARleeict. 1
o3} 5% Aol thall 33] HHE S8 (n=3)S e o, Jé{f
3ok BEAAE ARSI,

WH

CPxC
IPxIC

Recovry(%) = ( x 100 1)
oP7IM 1P = A1) A U=

1€=%9 % 3

CP=3sFE AR A= U

CC=3sFH ANRY T TF

232 AES

7} ofs} 5% A 23 E] S AQAEC] A Survival, %)
& of3} AF0E] 5ol 24417k 1M 0 S AT ARE 0L

o maskgl or, 28 A
A frAsiics S8 it 3
oflolello] g X4

A Upro] 20 L Fex2ad 43
A4 25245 £ 0.3C)¢2 £Ask

71, 10~13F &4719] 357 235 dAska

FEAA. ATES k2] 48 olg o] AL,
. Nx
Survival(%) = (ﬁ) x 100 )

i

A7IM N=57 LAl BE A
=27 WAl

APEE AP TSR AlsE 38 HiEsle] 3EiSit). 210 pm
and <50 pm A== AFsh] 8, FYTE 1 LE o3 55
slo] HZE 1| mLS #A3I T, o7} BF XS B B3 A

B 371 5% glol 1 mLE AT, >50 ume] AETE §
A 1 LE o3 553 AR 10 mLe} 93} 5 AX 5 S35t
FHEAR 10 mLE 242 AE 5 @adsiglch

233 F 24 4

7t o3} 55 AAellA gEE Als i AE 7Y S
F71sk7] Y3l 5 2/d(species composition)} 5
group) oA A4S IRl AFE AlEs 2 AR E E
3l F&3 & 38t n) 7 (SZ61, Olympus)S ©]-8-3510] =] &
EZHAE SRS VIR F R B U stk & 24
7] AP WS AMS
PSC)E AHg-ste] oo o
ME TS T AR gl HEE
abundance)= H| w3l AXFSIA

< (taxonomic

A|4=(Percentage Similarity Coefficient,
7}3FA THUSEPA[2010]). PSCE=
Zh F2] 242 vl & (relative

ovf, AREAE vt Aok
PSC = (1-0.5% |a—b|) x 100 3)

A7VA a, b = Z7F2] AAolA T B F e BRTY A
];HX‘] u] S

A Aol ZF oA e Fo] Al vES nhg
S & PSCE AXFeIR o, 7t AX] 23] o
Foto] A 1§ 2] AV g7k
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st 3Gl 39S (Recovery)?] ] 7t 2oli= LYkt
2 (one-way ANOVA)C 2 H7|3131 o f-2]8k = }017 glolgl 7S

TukeyS] AF77 (Tukey’s HSD testys &3l 2} A=
7 ti H| w33k, EE(Survival)®] Hsh= XO]'X]QJF AZHAAY

Qlo & MAE Wl ZA B

[e)
=

&4 (repeated measures ANOVA)

A T e} T’:
OF FAsIRlon, 2 S Sl ARE Aol uhe AEEe] W

3}, A= Q=S xJo), TE]T F 29l 7+ A A 7 7
Eslelth B A w4 78 el 4314 (normality) 7 24k

547d (homogeneity of variance)S &1t FA4 Fo4d2
p <.05 oA detsieint

k3

3. 44} =

=

I F 249 AL IMOS} USCG7} 1143 &4

gHzolt}, IMOS] BWMS Code(MEPC.300(72))
ARt (USCG)2] ETV Protocol(USEPA[2010])0l141+=
A= —DJE, AEY, A=A U3 FRE I35 2o
Arfste], A Ane] b AleldS Badskal Stk (Gollasch er
al.[2024]; Adraktas[2024]). & ATE ol st A4 7EE TF
sh= A3 S TS, 7 o7 w5 XY A

5 Aol g %
22 ol XA o 7 n)w-Frlsksict

54_**

BHA)
=

3.1 38
/\] HAE 355 (Recovery) w4 43} ECPC7T F A& AV
FoA M w2 3485 YERIT(=10 um and <50 pm: 33

T 75.0%, >50 pum: Jﬂ& 59.1%). R, PN 2+2; Ho 17.8%,
203%%E 7FF Fe A5S Btk DFSF DF+ECPC AAE X =
2t 9 F5ES VERL O (DF: 57.4%, 47.6%; DF+ECPC:
47.7%, 35.6%), LYEAHEA (one-way ANOVA) A3} F 7|+
BollA R 7F 413k 2pol 7} ERIE SITkp < .01, Fig. 2).

TAHOZE, >10 um and <50 pm AYET2] 3)5EollA =] 7H
Frolat 2lo) 7t YERGTHE(3, 8) = 78.059, p <.001). Tukey A7
%) A7} PNo| thE AAER} fel8hA| S8kowH (p <.05), ECPC=

71 = 3485 BT < .05). DF$} DF+ECPC 7l §-2
3k zpo] 7} 919l 0 vk(p = .375), DFY ECPC(p =.009), ECPC$}
DF+ECPC(p = .001y= M2 28l 23k

B, >50 um AETIME A 2 34 °ﬂ o)k 2ol 7t &
A= ATHE(3, 8)=40.702, p <.001). PNo| 7} w& 18 B
(p <.05), DFS} ECPC 7k 2pol& f-28kA] 23kThp = .066). 12ivt
DF 2} DF+ECPC(p = .045), ECPC®} DF+ECPC(p = .001) {tol|=
247} frelgk i}(-’l;— e

ECPC g=#]© §lT:2-_r8 LU FFH] avAll =3y A
2)9] &840l tﬂd Veldhuis ez al.[2006]2] A7+ Ak} A=)513
th 9bd) PN P27} eesla BlE @829 AT sk
il

1, (o}
| slgo] ok AT e SIS NBFE 2 TaR 23

rr
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210 um and <50 um M 210 um and <50 um
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Fig. 2. Comparison of recovery (%) for 210 pm and <50 pm, and
>50 pm size classes among four different filtration and concentra-
tion devices based on one-way ANOVA. Significant differences in
recovery rates were observed among devices for the >10 um and
<50 um size group (F(3, 8)="78.059, p <.001), as well as for the
>50 pum size group (F(3, 8) =40.702, p <.001). Different letters (a,
b, c¢) above the bars indicate statistically significant differences
between groups based on post-hoc comparisons (p <.05). Error bars
represent standard deviations.
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MHE =

Al &5 ARl gA7E YERITE. Stehouwer[2016]=
fﬂ— oq:rLoﬂ ;\1 1:].01 o:‘| erulﬂ o] 51_74]

A
= 2R o4 v =

ukro] @ dltla Aokst ) 9t} & AT teA 9] DF+ECPC ¢
Al 2L o) 9f 2L vhA] 55 R AR AR H7L
= ik

32 UEE
>10 pm and <50 pm AYETE GO E 55 F 5UTH A=
(Survivalye WHES7 EAHEA 0 7 718t A3} Al7Hday)ol w}
B FEIHF(2.040, 16.320) =31.404, p <.001)¢} =] (Group) 7F
FAIHFG, 8) = 13.335, p=.002, n*= 8337} EF 525t t).
F3F AR} 3] 7R] A5 2H8-(Day * Group) &2 9A] F-2]5H]
YERETHE(6.120, 16.320)=5.868, p=.002). ©|+= =74 A7 o) wheh
AEEo] G aL, ZA] 1F i EEIM T ZJo)7) 9o, 7}
A AEE W3} odo] Algte] Ade] we gebsleg ©
Eik=g

A ¢ v¥ael A= ECPC7} +& 155 (PN, DF, DF+ECPC)X.
O frofshl S st AAEE(89.27%)e B30 (p <.05), PN,
DF, DF+ECPC 7toll= BAIA 02 F2)3t 2po]7} /Iithp > .05).
Al A WS AR, 27119 25 B = 100%)7E] 3
A 2HeEt = 131.17%)y7H] AEEo] FelsHl S7Fsk o (p <
.05), ©]+= Casas-Monroy et al.[2016] 2 Liebich et al.[2012]2]
Aol Ry F 24, 2%, 2 FA4 2l uE 3E5
(W37, regrowth) Az} AR o)), 12y} s XHEd =
91.00%)°lli= ThAl Fashs S Bl

53] PNE 718 2EdT} ol 39 A e AEES
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Fig. 3. Changes in Survival (%) over 5 days for the 210 pm and <50
um size class. Repeated measures ANOVA revealed significant dif-
ferences in survival among device groups (F(3, 8)=13.335, p=
.002, n* = .833). The ECPC group exhibited significantly lower sur-
vival compared to the other groups (p < .05). Different letters (a, b)
indicate statistically significant differences among groups based on
post-hoc comparisons (p < .05). Error bars represent standard errors.

gAErd oM 49 AT AF 0] AR BS LeERjgIT)
(Fig. 3). )= PNo] AJ2a+8 2+ Gxof f2)8t 248 AT

= AR

kA, >50 um A=) A (Survival) 4 (Fig. 4)14] RE=
7 AR A3, AR (day)oll WHE TR} Al e
THF(1.609, 12.871)=352.112, p <.001, n?*=.978). A& %7](1¥

=
=

2}, Bt = 100%) 0] A7ro] Ao wha} =L N &HH o7
Aaa1e], 59 AT =10.25%)0 7FF Sk} o= Copepod &
SEEFLEC] e 7IAA TAH o wstel] mizke 54 o)
O R Holr, Ag A55E Y& o3 vt vae A

Fobe A=)FT} | (Group) I FEANE EAH R FolEHA
UERH=HI(F3, 8) =27.243, p <.001, n*= .911), ZHIE Y E
(PN, Bt =61.93%)y} th& =]Q1 DF(42.33%), ECPC(46.60%),
DF+ECPC(44.67%)5.ct f-28H] 352 AEES HIATHp <.05).
T PNS AlLle U] Al 1E gl f2dt ZJol7) e
2] ¥kt TS, Day x Group 3+ 4@ 2H8- ¥} 94| f2laHA
ER=T(F(4.827, 12.871) =5.238, p=.008, ’=.663), PN 22
A A 02 5 AEES RIS Wi, V] Al 155 (DF,

ECPC, DF+ECPC)- XU} 5438 74 A1 BT} o= Garéia-
Garay and Franco-Herrera[2018]9] X 119} Zo], sEEE0]
55 oA k= 71418 Aol 543] vizkebA vkeE

U= AAFEiTE

olte] AHE-2- BWMS A3 A4S
sh5% a8 ot A= &Y §A7 E
whebA] X)) A 1wl A A ;q_l_[.é_ Lo} lg.é-_
EYAE HAslshs 247} HIEA] JigEojok
David[2010]°] A|QFeH vle} o] AY=&S W

e %

137

100

80

60

Survival (%)

40

20

v

Day

=/~PN DF =X=ECPC =1=DF+ECPC

Fig. 4. Changes in Survival (%) over 5 days for the >50 um size class.
Repeated measures ANOVA revealed significant differences in sur-
vival among device groups (F(3, 8) =27.243, p <.001, n?=.911).
The PN group exhibited significantly higher survival than all other
groups, while no significant differences were observed among DF,
ECPC, and DF+ECPC groups. Different letters (a, b) indicate sta-
tistically significant differences based on post-hoc comparisons (p < .05).
Error bars represent standard errors.
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Table 1. Relative species composition (%) and Percent Similarity Coefficient (PSC) of 210 pm and <50 pm phytoplankton collected using
different filtration and concentration devices

Species Seawater (%) PN (%) DF (%) ECPC (%) DF+ECPC (%)
Actinoptychus senarius 1.6 1.1 1.1 1.6 0.4
Chaetoceros spp. 322 56.5 37.2 329 44.0
Cylindrotheca spp. 1.3 0.0 0.4 0.0 0.0
Ditylum brightwellii 0.0 0.0 1.1 0.9 0.0
Guinardia delicatula 0.0 0.0 0.0 0.0 0.4
Guinardia striata 0.0 0.0 0.4 0.4 0.5
Leptocylindrus spp. 10.2 1.5 4.8 4.7 1.6
Lithodesmium spp. 28.5 13.4 29.1 20.8 24.1
Nizschia sp. 0.6 0.0 0.0 0.0 0.0
Pseudo-nitzschia spp. 11.5 17.3 13.4 18.2 133
Rhizosolenia spp. 0.0 0.0 2.2 0.5 0.5
Rhizosolenia setigera 0.0 0.7 0.0 0.4 0.4
Thalassionema spp. 3.8 5.2 2.6 2.1 2.0
Thalassiosira spp. 9.6 24 7.0 17.2 13.0
Protoperidinum sp. 0.6 0.7 0.4 0.4 0.0
Tripos furca 0.0 0.4 0.0 0.0 0.0
Tripos fusus 0.0 0.7 0.0 0.0 0.0
Total (%) 100.0 100.0 100.0 100.0 100.0
PSC (%) 79.6+7.1

Fig. 5. Dominant phytoplankton species in the >10 pm and <50 pm size class collected by filtration and concentration devices. The species
shown from right to left are Chaetoceros spp., Lithodesmium spp., Thalassionema spp., and Thalassiosira spp. The scale bar represents
50 pm.
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Table 2. Relative species composition (%) and Percent Similarity Coefficient (PSC) of >50 pm zooplankton collected using different filtration

and concentration devices

Species Seawater (%) PN (%) DF (%) ECPC (%) DF+ECPC (%)
Copepods 70.1 66.0 76.7 81.6 81.4
Gastropoda larva 0.3 0.4 0.1 0.3 0.2
Nauplii 16.1 15.2 7.3 4.5 4.6
Polychaeta larva 0.6 6.4 1.9 1.1 2.0
Protozoa 2.2 34 33 1.7 1.0
Synchaeta sp. 10.7 8.6 10.6 10.7 10.7
Total (%) 100.0 100.0 100.0 100.0 100.0
PSC (%) 90.0+5.3

G

50 um

Fig. 6. Dominant zooplankton species in the >50 um size class concentrated by filtration and concentration devices. The images show rep-
resentative copepods, nauplii, and a polychaete larva. The scale bar represents 50 um.

} 14 BWMS #4524 84 A
A2 45 Hol7k 4R %
SR A 41
ozt 4B B 4 Sw
SVE B S F2E AN, T 2 Q7] s 5
Azl A3 3173 AN EEE Flo|B7  o]F tokst A4 &
& 270l Qksialol shl sahs tis AFE Besk k.

2
AR Wes) e AR

_4

F 4 A 9 gl AR IAH AEAAE Aasehe
AR 2 5 ARIA O A M 208 urk T
Aol A9 2 AL Gk s1e. w0, chye 87 il

= 7



140 AEE - A - 29 -

l S o} A E FUTHIAIN S RS-2023-00278862, FTho}
A7 7R e wAIRE Aduke] dubgda Bl g nAlsE

AR AP AdHEZ] B4 Z]—]:]]ﬂ]%).

—l—x 70

ﬂHﬂ JE r*°

*ﬂ

References

[1] Adraktas, G, 2024, Ballast water treatment systems in vessels,
Master's thesis, University of Piraeus, Piracus, Greece.

[2] Burkholder, J.M., Hallegraeff, GM., Melia, G., Cohen, A., Bow-
ers, H.A., Oldach, D.W., Parrow, M.W., Sullivan, M.J., Zimba,
P.V,, Allen, E.H., Kinder, C.A. and Mallin, M.A., 2007, Phyto-
plankton and bacterial assemblages in ballast water of U.S.
military ships as a function of port of origin, voyage time, and
ocean exchange practices, Harmful Algae, 6(4), 486-518.

[3] Casas-Monroy, O., Chan, P.S. and Linley, R.D., 2016, Compar-
ison of three techniques to evaluate the number of viable phy-
toplankton cells in ballast water after ultraviolet irradiation
treatment, J. Appl. Phycol., 28(3), 1375-1384.

[4] Casas-Monroy, O., Rajakaruna, H. and Bailey, S.A., 2020,
Improving estimation of phytoplankton abundance and distri-
bution in ballast water discharges, J. Appl. Phycol., 32, 1185-
1199.

[5] Drake, JM. and Lodge, D.M., 2004, Global hot spots of bio-
logical invasions: evaluating options for ballast-water manage-
ment, Proc. R. Soc. B Biol. Sci., 271(1539), 575-580.

[6] Drake, L.A., Lemieux, E.J., Robbins-Wamsley, S.H. et al., 2011,
Validation of filter skids to capture viable organisms >50 um
for evaluating biological efficacy of ships’ ballast water man-
agement systems, NRL Letter Report 3900, 6130/1124, Wash-
ington, DC.

[7] Gar¢ia-Garay, J. and Franco-Herrera, A., 2018, Zooplankton
sensitivity and phytoplankton regrowth for ballast water treatment
with advanced oxidation processes, Environ. Sci. Pollut. Res.,
25(14), 14016-14027.

[8] Gollasch, S. and David, M., 2010, Testing sample representa-
tiveness of a ballast water discharge and developing methods for
indicative analysis, Final Report, EMSA Tender N° EMSA/
NEG/09/2010, 124.

[9] Gollasch, S., David, M., van Slooten, C. and Peperzak, L., 2024,
Type approval tests of ballast water management systems, what
have we learned in >10 years testing, In Global Maritime Trans-
port and Ballast Water Management, Invading Nature - Springer

2 - Ao} - A - 7117

A

o

Series in Invasion Ecology, vol.16, Springer, Cham., 27-43.

[10] International Maritime Organization (IMO), 2018, Code for
approval of ballast water management systems (BWMS Code),
MEPC.300(72), Retrieved from https:/wwwecdn.imo.org/local-
resources/en/KnowledgeCentre/IndexofIMOResolutions/MEP-
CDocuments/MEPC.300(72).pdf.

[11] Jang, P.G,, Hyun, B.G, Lee, W.J. and Choi, K.H., 2020, Com-
parison of sampling method of phytoplankton for type approval
of ballast water management system, JKAIS., 21(12), 426-433.

[12] Lee, J.H., Chae, J.H., Kim, W.R., Jung, S.W. and Kim, J.M.,
2001, Seasonal variation of phytoplankton and zooplankton
communities in the coastal waters off Tongyeong in Korea, Ocean
Polar Res., 23, 233-245.

[13] Lemieux, E.J., Wier, T.P., Steinberg, M.K. et al., 2010, Design
and preliminary use of a commercial filter skid to capture organ-
isms >50 um for evaluating ships’ ballast water management
systems at land-based test facilities, NRL Letter Report 6130/
1029, Washington, DC.

[14] Liebich, V., Stehouwer, PP.V. and Veldhuis, M., 2012, Re-growth
of potential invasive phytoplankton following UV-based ballast
water treatment, IMO GloBallast Monograph Series No. 22.

[15] Stehouwer, P.P.V., 2016, Effects of various ballast water treat-
ment methods on the survival of phytoplankton and bacteria,
Doctoral dissertation, University of Groningen.

[16] Sun, Y., Youn, S.H., Oh, H.J.,, Joo, H.T., Kim, Y., Kang, J.J., Lee,
D., Kim, K., Jang, HK., Jo, N., Yun, M.S., Sun, L. and Lee, S.H.,
2022, Spatial and temporal distribution of phytoplankton com-
munity in relation to environmental factors in the southern coastal
waters of Korea, Front. Mar. Sci., 9, 950234,

[17] U.S. Environmental Protection Agency (USEPA), 2010, Envi-
ronmental Technology Verification (ETV) Protocol for Ballast Water
Treatment Technologies (Version 5.1), EPA/600/R-10/146, Wash-
ington, D.C., Retrieved from https:/cfpub.epa.gov/si/si_public_re-
cord_report.cfm?Lab=NRMRL&dirEntryld=230926.

[18] Veldhuis, M.J., Fuhr, F., Boon, J.P. and Ten Hallers-Tjabbers,
C.C., 2006, Treatment of ballast water; how to test a system with
a modular concept?, Environ. Technol., 27(8), 909-921.

Received 30 May 2025
Ist Revised 25 June 2025, 2nd Revised 9 July 2025
Accepted 23 July 2025



	선박평형수처리장치 형식승인시험을 위한 시험생물에 관한 연구
	요약
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	References


