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The Study on the Marine Eco-toxicity and Ecological Risk of
Treated Discharge Water from Ballast Water Management
System Using Electrolysis

M.-B. Shon', M.H. Son', J. Lee?, Y.-J. Son®, G.H. Lee®, C.H. Moon* and Y.-S. Kim>'

'Marine Eco-technology Institute
’Korea Testing and Research Institute
’AQUA Eng. Co. Ltd

) ‘Pukyong National University
’Korea Marine Equipment Research Institute

O OF
i =

HYF] FUS =] fEl Mg et =2 Aoj TElE Ad sAIF ko] 2004 de) AAE L o]l whet
TheFet Aubd e weldA) 7t sk 3 Qlok, 2 ATtellM= A7 RSl E ol 8ste] AuBdEs W sl E AAE S
S X2 7P AquaStar™ BWMSZ| alloRiElAlell viX|& F3ks sletsl] flate] 1xk BARKEA 12T Skeletonema
costatum, 12} 2B AAZ A 857 Brachionus plicatilis 31 E2V A2 A O] F-(FX]) Paralichtys olivaceuss ©]-83+
AquaStar™ BWMS9] HE5= A1z g E slstEel dist 3918 7 Fasieitt. vlEr5d4 184 2
71 IR AL S, costarum©] 1L A 20 psu WlETOl 1eE E S Wl NOEC 25.00%, LOEC 50.00% %! 72hr-
EC5,°] 69.97%3AT}. B. plicatilis®}: P. olivaceus= G+ 20 psu ¥lEol] &% 30S w NOEC @ LOEC7} 242} 50.00
4 100.00%3A o}, AquaStar™ BWMSell A A4 ¥ &34 F 187 =, bromate, 771 9] volatile halogenated organic
compounds, 771 ¢] halogenated acetic acids, 37]2] halogenated acetonitriles 2! chloropicrin®] 1t} A E &2 &2
A& T EF4GE Bol&= 342 glglov, =29 AH5A & F71sk7 ol EedA o] =8kt a8y
MAMPEC R 22 o] £&1o] AW 187] B2 2] PECE 4.58x107~4.87 pg L', PNECE 0.016~320.00 pg L'}
o, 187 ==42] PEC/PNEC HIE-2 15 Z78H4] kgt whebs S 9)el/3871a 7= AquaStar™ BWMSO]|
ojato] Hej® a7t s e Aol 8 27F Y3 vRA] e AR vERsth EE AT E o] &5k
BWMS2] &5l thgt S. costatum®) ECye& %7) TROEE, HAAsS] 5 9 F579} o] AaaA17F A%tk

Abstract — The International Convention for the Control and Management of Ship's Ballast Water and Sedi-
ments was adopted at 2004 and then various BWMS (ballast water management system) have been developed.
In this study, WET (whole effluent toxicity) test with algae (diatom) Skelefonema costatum as primary pro-
ducer, invertebrate (rotifera) Brachionus plicatilis as 1st consumer and fish (olive flounder) Paralichthys oliva-
ceus as predator, chemical analysis and ERA (environmental risk assessment) were conducted to assess the

fCorresponding author: catenatum@komeri.re.kr
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unacceptable effect on marine ecosystem by emitting the discharge water treated with AquaStar™ BWMS using
electrolysis as main treatment equipment for removing the marine organisms in the ship’s ballast water. The
most sensitive test organism on discharge water treated with AquaStar™ BWMS was S. costatum that gave the
NOEC value of 25.00%, LOEC value of 50.00% and 72hr-ECs, value of 69.97% from WET test result for 20
psu salinity treated discharge water. NOEC and LOEC value of B. plicatilis and P. olivaceus exposed at 20 psu
salinity treated discharge water were 50.00% and 100.00%, respectively. In the chemical analysis results, total

number of substances produced by AquaStar™

BWMS was 18 which were bromate, 7 volatile halogenated

organic compounds, 7 halogenated acetic acids, 3 halogenated acetonitriles and chloropicrin. Eighteen sub-
stances did not consider as persistence and bioaccumulative chemicals. Uncertainty of toxic property of 18 sub-
stances was high. PECs of 18 substances calculated by MAMPEC model were ranged from 4.58x10*to 4.87 pg
L, PNECs of them were ranged from 1.6x10? to 3.2x10? ug L. And, the PEC/PNEC ratio of 18 substances
did not exceed 1. Therefore, ERA for produced substances indicate that the discharge water treated with

AquaStar™

BWMS does not pose unacceptable effect on marine life. And ECs, value of S. costatum on dis-

charge water treated by BWMS using the electrolysis had positive correlation with initial TRO concentration,

concentration and kind & level of HAAs.

Keywords: Ballast Water Management System(X1 23 & 4=3+2] % X]), Electrolysis(% 7]+3l]), Whole Effluent
Toxicity test(H1&5573 A1), Environmental risk assessment($] 314337}

=7F 3k el ul wY g0 Aol sk deEel
SFOJAEA, Adutel] ofsle] 7} 3t Bem A9 (RO R o]
] A AA AR viE R oF 1 ,
ThollA Adubg e wiEge o 23w Eow
(Kim[2005], Choi ez al.[2009]). 3l
27} o] Adukg o] WA a, FsAE (S, dlde]
ojuf TRET )] AP E B ke vt slelo® &
ARA A} 17F 3A7de I TR ARdo] LA, du)
BHFE A 918 SHdo] v F AR RE A4
SITHKim[2005]). BFIU] AulE e o] o|3 )2 #91< 9]
L1l FARIAE 1= 20040l “dulg el d=e] Aloje} v
= S8 AR ] by AEEISItH(Kim[2005)).
of AP viE S TN WAH O 7 ol duto
72X (BWMS: Ballast Water Management Systems) 2]
S o F3sh= 210l tHKim[2005]). AvFEE el ok 3
352) ZRAE DY ASHEA olo) FEIIE B
23} 2k 7154 T2l A 42 shlahe
B e P
FAJEA S /\]-%o].— o tiste] GAER0] 23} 94 & 3
o PRl s FRIsK= SANEAHGYE AASId MEPC(marine
environment protection committee, 334 2 T 23] el AR
59UE WEE AT (Kim e al.[2012)).
Aﬁubﬂzsﬂ’\z}g] Folo] Aelwl = skyEl BWMSE 20124 69
7] F 427112] BWMSZ}F IMOZH-E] 7]5-1E jigkon | 287)9]
BWMS7| #5518 ¥SITHIMO[2010b], MEPC[2011d], [2011e~h],
[2012a~d) I7PHEE $hero] 7 gl Ete] 508 HS3h
R, 1 HE YT Aol 8lu QItkKim et al[2012]). 1 F
Fo YA A A7 EWEAE AHEeRs BWMS7HE 19702

)

i 1o

o to ol g~
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Mo oy %ﬁ oo
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BWMS 7ol 71 o] &85 31 QISlth. srulellX = A7)
222 o] 4510] BWMSE /galar QAU /S 3t tlre) 7
gE0] 9lom, 71 F ool (F)= Smart Pipe, {71581
A W F3PdAE FQ AGAZ Sh= AquaStar™ BWMSE 7
sl

AquaStar™ BWMS= 3l
st} BB Aol

ol

=9 APHEFNaChE dadz
APEF(sodium hypochlorite, NaOCI)
3} 2o} A AH(hypochlorous acid, HOCI)S AAAIA 3l 1] Al
2 ZFIAEES APEAIFT7] Q1 2R o]t (MEPC[2011a]).
NaOCI3} HOCI®] 732 afl5=2] A7]8l Al =M A4
(chlorine, CLY’} Ad =) 31, S=oA] s EF (sodium hydroxide,
NaOH)°| “/d €t} NaOHS} CLE] REg-<ll 2J5te NaOCIe] 237
¥3L 0] gk EAlell Clyz =3 iks-ato] HOCE: 8793 dt.

HOCK: % pH7} 571t whe} 24-012 (hydrogen ion, H")?} A}
o} aAto] & (gypochlorite, OCIC 2 E&]¥) 1, pH7} 7h4sk E]—

Al Agatel HOCIe] €t a5 Folli= °F 60~70 mg/Le] H.

(bromine, Br)°] ©]2¢] E](bromide, Br)= EASH=Tl(Lee and
Yang[1998]), &+Z+2] %7104 Bri= HOCIOl| 9ate] xfotB 24k
(hypobromous acid, HOBrnZ AFs}=™, OCIe] &A= FAFSE vt
S0 7 ZJolHFAF o] (hypobromite, OBr)°] A E T 7 ]4-3)
] ellA A4JE NaOCl, HOCI, OCI, HOBr¥} OBrig< 4%

AzA 75 f71E ], YoM A A s At U =
AA BEd 23S 71 Ak(Lee e al[1997], Park et

al.[1998], Yoon, et al.[2005], Kim and Gil[2007], Park and Kim
[2011]).

Atz o7 A7)EE o] 8shs BWMSE HiESell 7] A=
o BYBATO] AR ¢ G, ek 7R A e sl
e & FAEE AAE 4 9l bromate, volatile halogenated
organic compounds, halogenated acetonitrils (HANS), halogenated acetic
acids (HAAs), chlorinated phenol, brominated phenol¥} adsorbable
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organic halogens 5o BlEl 78 4= Qith. o] & Iste] A7) HlE Al ZH2F 400 L2 600 LE A=ste] A& e o] 83131 thFig. 19
TOIE o83k BWMSY] HilESol| 3 B EAT FAMEEC]  sampling point (d)2} (e)). BWMSe]| o]k £ ER1S: 91t 3}
aFEe Al AR JaFe 2UE 7 vk wepA] wiEre] A BWMSE] A58 F Y (Fig. 1] sampling point
A 9 SlEldel dist F7ke HEEA] D st Ffoloh (@)~)P} 5¢ F(Fig. 19] sampling point (d)2H(e))ell AL, ol
2 AFeX= A7l AE AMEShs AquaStar™ BWMSell 27 2 AH5E 1 LA AGSIich Algd sk A37de] st
o3l e st sl gEelA FEETRE B4R JEE H E 9] flste] A 3T HEACRE 4] § SA| oo EbA
7¥etarzt siGltt. o5 918l AquaStar™ BWMSE Aejd v of Yol AFAE LRSSt A2 A3 & BHE Ajoke] ¢
o] tf$t WET(whole effluents toxicity) tests o8I0, AWdE 81 WhHE 2.3 3}ehHiad of| AAI3ITt
sEgle) oigt 54 2 A 7hsst 717k nEeisict. gk A

 3}elE2] PBTHIEA (persistence), 2825214 (bioacculumation) 2.2 BWMS?| HiE=0ll CHEH WET test

1 A=A (toxicity)) £33 7311415721 PEC(predicted environmental 2.2.1 v&9] )
concentration, V32355 )/PNEC (predicted no effect concentration, ARE A8 WIS o] fale] AR W6, 3 um

A e E)E o8-k 34 ¢ 7HERA, environmental — CP filter(Chisso Filter, Japan)&® 33t & wjl&4-5 34 ()=
risk assessment) 452 ©]-8-5}0] AquaStar™ BWMS] A2]d vl o]8)5}o HlES 100%, 50%, 25%, 12.5%, 6.25% 2 0%((CZ7)S]

Sl gk flelde g starat skt SRR AATE AFSI oW, ZF s 150 LA AlEsto] sk
B Aol A AIF) 5 2 Aol ARE-SISITY. Skeletonema
2. M= 3l di costatum™} Brachionus plicatilis®] 138> 0.45 um membrane

filter® A2 ol7)st & A28} )

2.1 BWMS HiE%2| R{Z

AquaStar™ BWMS®] *12]73X]:= Smart Pipe, Electrolyzer®} & 2.2.2 Skeletonema costatum
PR ] AR iR E A AT a2 BWMSE 5 TER, %7 2 R AlPxAGEE, FEF 9 B 7t

AA BES AASE dl= el Bl Rastal, BWMSE ¢ AIFAES o8-8t Aol A AAsEAY Edlollx] #|ATst A
3|AR Sl TRt Bl Bk slo] sAZE AXAALE 5U 0 E W Al 7R fele 208 At

=72 A2l B s 38t & &3k thFig. 1). 1l HIZE57} S. costatum®] WA 237l mxE s Lobnr]
ST AR A8 AEE 5Y T UixTtel Al Baeld Sl 1SoelA AT B el whet =35kl (IS0 10253[2006]),

Ballasting Sampling point (c)
v
AquaStar™ BWMS | Treated water
- Tank
Test Water » Smart Pipe » Electrolyzer J Nuetralizer
Tank
A _| Control water
" Tank
: *
Sampling point (a) Sampling point (b)

De-ballasting after 5 days from ballasting
..ssss Sampling point (d)

AquaStar™ BWMS Treated water
Tank
Test Water Smart Pipe Electrolyzer Nuetralizer
Tank
Control water

4 Tank

Sampling point (e)

Fig. 1. Scheme of direction seawater flow (unbroken arrow line) in efficacy test of ballast water management system and sampling point (dotted
arrow line).
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T2A3 96417 s AAE s BRIt S. costatum A
F0) vjoFRL iR, &% 22+1 °CE A1), X&A A
2] S fresk] A8l 3,000 luxe] A&z OZ St
Aol AREEL S, costatum®] WIFTE= ABAIE 3 A LS8t
Rl S AMEERIaL, A 20 psu HlESS] AP 257 A8
S Aol AFEEFITE. 15 mL test tubeel] F20X]E 71 Al
FE 10 mL 53 & %27] U= 3,000 cells mL'7} B 53 A
S 370 8] WS AT vlkS AEe] vk st
Al aFdek. AEUES] A S 218w 24A13F mit chz=-e}
A&t ZH2F 2 mLg} 1 mLA BHEI T, #5 A152] 1 mLs
Chlorophyll-a?] 555 57387 18l 90% obAli=C® F+53to]
342971 (Turner Designs Model 10 AU, USA)Z 31 460 nm
(excitation filter)2} 683 nm(emission filter) oA S35 E 743}
R, YA 279 1 mL B35 A g AEE 534S 98
Sedgwick-Rafter chamberE ©]-43}o] =9&m]73(CKX 31, Olympus)
St A AlGslAtt. thZTolA chlorophyll-a2] &5} AlXH T
Atele] s|AEAE T8k thsy S4% ZF A139] chlorophyll-a
9 =R AXUEE SIS S. costatum®] 373E (growth
rate, )= r=(InN,- InN,) / t (r = S. costatum®] ’37&%E, N,= ¢t A|
28 AEEE, Ny= A 2719 AL, = wirIzHe] 2|
o] ARESIsith. 7 pHe) Mgk AlEA R 9 AESR
Z 5o pH meter (Orion Research, INC. Model 230A", USA)E
ol-g3te] 43Il

Ao fray daS tixe] AddEe] 092 day! o1, tiET
752 WE 79 (coefficient variation)gke] 7%¢1Ul, pH H3}7}
Loolulo, Al T= FadS TSIt

2.2.3 Brachionus plicatilis

WE7} B. plicatilis®] 8E W NAT /378l vx= FFS
olr 7] $13] ASTM[2004]3} Janssen et al.[1994]0l4] A|A|8E )
Holl whet FaEklar, 244]3F BEEFEA )T 443 AT
AFERMIEAS BESISIT. B. plicatilis= cyst(MicroBioTests
Inc., Belgium)E G5 % 20 psu, T 25+1 °C, 1,000~3,000 [ux2]
ZER AL Frsto] 24417F FRF FEAIZ T, F-5F F 243 0]
] F-3--A (neonateys Aol ARSSIGITE 7 Alds o wiE
= 0.45 pm membrane filter? 373+ 5 48 well plate©l] 1 mL
A 2Hste] F3-5402 171 culture wellol] S7IA2 HE8H9 1,
12709 RS 9l om ) 2541 °CO) YFEAA Hijokalgith.
SRS AEE 9 AT AES AHES] S8l s B3
A2 =5 AN (SZ51, Olympus)stolld A=A AP
A A AF LTS AR E50] 523 F98HA = N
A T HEE AmA A5E TS 1 wkgo] §le JIAE AP
NAZ BT, B. plicatilis®] /3735 (growth rate, 7, )= 7, =
(InN, - InN,) / 4 (r,,= B. plicatilis®] /WA 4E, N, = 44 9]
WA, Ny=AFE B. plicatilis) /NAIF, 4 = wjoFd4=)2] 2o

olajel AT,

AEDEEZEE R REEE

o
Fo] 05501 0% AAFEAIRNN 7P S AIFEET(6.25%)
ol AJ7I A& (percentage growth inhibition)] 50% WITIQI 2=
Ao, B Fads =3Il

!
AEE] 90%01, RPI =419

2.2.4 Paralichthys olivaceus

BWMSS| &7} o] 72] AE 9l 71Edge] nx)= 3
ot 7] f1te] OECDeNA AAIEH ol whet X]ofo] 443t A
EEAEDT R 19 AE E s S #
23 THOECD[1992], [1998b]). Al ol A8 ] X| (Paralichthys
olivaceus) X|°1= A1 A 27 B 33 AP AN A8t
Ao, Hol= AR GFAAE, 15)E ARSIl oAlIFZe]
4%k 8 g)E 3T 33| FwIITE. B 34 psu HIET AIFel AF
|5 xofo] A AT 247 2.0£0.22 em(F AR AT}
0.03£0.02 g0 0™, ¥ 20 psu WiES AlE o AHEE Xoj=
4.31+0.38 cm¥} 0.59+0.15 go]t}. X|o12] 447t A= Al 30
L frelezell AlgSs 20 LE 255 = 93] 2|o] 2071A1% 78
sliom, 37§2] WS FOITE ARSI =12 2041 °C, WY
7] 16L:8DE Z% 2,000 lux©] 1L FE=HA Z718130ch. A9
N2 290 13] Alo]ES o] gato] FEnbete] v ES A|ASH
AA AlRRe] 2/37FS Srallon, ol waekA] kit

TgRke] A Yl 71 Al 48 - 1241k o] ok
3 TBAANGFETAL, olg)elA] FeFtol ARgsigl o, 7t
Aol 79 53t mE:AIA o] A7) A7EA] €] 717HEE
AEET 71 WEES SIS AEE AP 1 L Hjo]A
AlAgH 0.8 LE 7 ¢ F A 307lE E8taleH, 3712
HHEE T AR S 2|0]9] 443 AEAR Y F
AatA sielt.

AlRAe] fra/de 4943 AE A e] A5tz #]o] A&
Fo] 90%e1d, TRkl 77 AE Y 71 AJE e e Al
AFE Al thzTrollA] T bellA] F-ghatol o] AEE 70%C 1<)
olm, BF FEAS TRl 747 AE B Ve A

AEE-L Kim[2000], Shin er al.[2009]3 Kim[2007]2] F31

J)

N
wo 1o Ao

2.2.5 FAREA

LOEC(lowest observed effect concentration)2} NOEC(no observed
effect concentration)i= S. costatum NAIT- 475, B. plicatilisS]
AEE L 7N AGE, P oolivaceus®] AEET 718 g %}
S ANOVA tests o]-g-3lo] AHEalola, vz #kasl 7H AlE
T AR HA-S v A TE ANOVA test®] A=l Shapiro-
Wilk’s test® AF5.2] XS 753 T, Bartlett’s test= A&
9] SHARS #5311, Dunnett’s test?} Steel’s many-one rank
test(B. plicatilis®] & 2 MAT HAE Am)E ol&ato] F

Sl a=0.05914 Zpol& HF3IATt. S. costatum@} B. plicatilis
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9] L(E)Csp> A8 X 71 (linear interpolation)= ©] 4313117, P,
olivaceus®] LCsp> 74 WEE AR E AFE8F9] Maximum
Likelihood-Probit " © & AFEaR3Ivh. BE AR 9] FAEAl
TOXCALC 5.0 program(Tidepool scientific software, USA)E ©]

390t

2.3 BEhEA

AquaStar™ BWMSel| 2J5le] 4 7Fsst @208 gRIsH|
£181¢ ozone, chlorine peroxide, sulfide, bromate?} bromideZ
233}91 a1, CHOH, BrOH, BrO™ 5> TRO(total residual oxidant,
A9} FRO(free residual oxidant, 2] A18HE)0) 2
573kt 57 7H] = DPD(N,N'-diethyl-p-phenylenediamine)
methodE AF-&-3F= CLX online residual chlorine monitor(HF
scientific, USA)E ARE-310] ddolla] S48t

FAEHR TRO= 5ol EASh= #1717 RES-S1] relevant
chemicalsE 3438 Ev o]& &<I3}7] 913l bromate, volatile
halogenated organic compounds, halogenated acetonitriles(HANS),
halogenated acetic acids(HAAs), chlorinated phenols(ClIPhs), brominated
phenols(BrPhs)¥} adsorbable organic halogens(AOX)E 73131
o el 2R Al A A7 AlRL] S 9] 918to] volatile
halogenated organic compounds, halogenated phenols 2! AOXi=
7127 A7 WANA FEF S AlRE Al 7S e A
A47) e AlBE B LSAPIEE(N,,S,0,, sodium thiosulfate)
& 7R F Ak 37181900 HANsSF HAAsE Z41h2]3el 10
mg®] A3l FES H7kehal oMy 1238 3718k $ Al E
Fegel] 71327} QS AW5S1ATE. bromate= PE Hol| Ethylenediamine
10 me& H7Falo] A29) AAo] HAHES Bl9ic), wE seke
Mo SARFAGIN T PASAL, 7 4RE 20 )

LN b B S T
1 TFEAIIPHL Table 190 AASIAL.

2.4 9| X&Y, ME58Y H MEI=Y

AquaStar™ BWMSel| 2lste] AAE st wiE Al sl
ElAlel wXi= S8 55 s SlsiM AR sEEEs
Odo=z 7t shehE3 ] A& (P, persistency)?t =524 (B,
bioaccumulation) 7] 37 AY NS4 (T, toxicity)ys 7+ FSIth. A

£ Py 3R] WHV|E, AEF44B) log Kow 72,
AES2(T)e RS AEEE ol83te] B7ekinh. PBT B7k=
MEPC[2011c]ollA] #|QHst 7|5 &-8-ste] w717} 60Y %7,
log Kow - 3 23, 73573 Aol 2]gk NOEC#t©] 0.01 mg/L
739 PBT 545 7I& =42 3§t PBT H71&
7

2.5 PEC2} PNEC
AquaStar™ BWMS?| #l&57} sljofel] viE= e 79 3¢
] A

A 71 % Qe o Rs waal] slajol falx

54 o] thake] PECS} PNECE AME3fo] v s} 2
PEC/PNEC7} 1 ool A= A9 flaidS 7= 2o i
sk A E 7} 3429 0] PECE MAMPEC 3.05 9o B2
A FI3(GESAMP-BWWG model harbour)ys 2835t A&
31l Ch(Baart er al.[2008]). A3 7} sFetEAof T3t 54 R
OECD SIDS ¥ European commission joint Research Centre®l| 4]
A|&3h= databasel|X] 54313101, databaseol] 1= 3}sHE2--
=4 AZANA] Algsi= MSDS(material safety data sheet)?] =}
EE Z83I9it}. PNECE 78 AesAd4sm 5 7P w2 %k
of] 371715 (assessment factor, MEPC[2011¢c])E 2]-8-5}0] AM=3}
AT PNEC A Al 7t setaof| st AejsA g Be] 3
ECOTOX database(US EPA[2009])E ©]4-5}1t}.

3.1 BWMS2| HiZ=~0f| CHEt WET test

AquaStar™ BWMSS] Bl&o =E2AI7 AlFAESS] 4382
o]l 2718 NOEC, LOECS} LCy, == ECya AHE319 UK Table
2). AquaStar™ BWMS 9] vl &Foll 7} wizkel A @ A= 8.
costatum®]TF. B 20 psu HIEFol| 724172t =& AP A
1= NOEC, LOEC % EC,©] ZH} 25.00, 50.00 2 69.97%331 12,

Table 1. List of standard methods applied to chemical analysis in this study (TRO: total residual oxidant; FRO: free residual oxidant)

Compound Standard method (year) Instrument
TRO/FRO ISO 7393-2 (1985) OT-method, DPD-method
Ozone APHA Standard Method 21* Edition, 4500-O;-B (2005) Indigo colorimetric method

Chlorine dioxide
Bromide US EPA 300.1 (1997)

Bromate ISO 15061 (2001)

Volatile halogenated organic compounds ~ US EPA 524.2 (1995)
Halogenated acetonitriles US EPA 551.1 (1995)
Halogenated acetic acid US EPA 552.2 (1995)
Chlorinated phenol / Brominated phenol ~ US EPA 8041A (2007)
Adsorbable organichalogens ISO 9562 (2004)

APHA Standard Method 21* Edition 4500-C1O,-B (2005)

Titration method

IC (DX-500, Dionex, USA)

HPLC (Agilent, USA)

Purge & trap GC/MS

micro ECD-GC MS (Agilent, USA)
micro ECD-GC MS (Agilent, USA)
GC/MS (QP 2010, Simadzu)

Cl1 10 (Behr Labor-Technik, Germany)
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Table 2. NOEC, LOEC and L(E)Cs, value calculated from end point of each test organism exposed on treated discharge water (TDW) from
AquaStar™ BWMS (G.L.: growth inhibition; S.R.: survival rate; P.G.: population growth)

Test organism TD(fjsgpe Endpoint NOEC (%)  LOEC (%) L((lg%c):go %Zoofvzrrlﬁdeme ofh[rjn;; (/)
34 72hr-G.1. 25.00 50.00 >100.00 - -
Skeletonema costatum 96hr-G.I. >100.00 >100.00 >100.00 - -
20 72hr-G.1. 25.00 50.00 69.97 27.71 116.50
96hr-G.I. 50.00 100.00 85.68 74.73 95.04
34 24hr-S.R. >100.00 >100.00 >100.00 - -
Brachionus plicatilis 96hr-P.G. >100.00 >100.00 >100.00 - -
20 24hr-S.R. >100.00 >100.00 >100.00 - -
96hr-P.G. 50.00 100.00 >100.00 - -
34 96hr-S.R. >100.00 >100.00 >100.00 - -
Paralichthys olivaceus 7d-S.R. >100.00 >100.00 >100.00 - -
20 96-S.R. >100.00 >100.00 >100.00 - -
7d-S.R. 50.00 100.00 >100.00 - -

9641 7H5¢ &3 Al A = NOEC, LOEC B ECy°] ZHz}
50.00, 100.00 2 85.68%At}. B. plicatilis®) /NAT A4S o) &
3 SN2 A 20 psu HIESl 96417 =EAIZ] A}
NOECS} LOEC7} 242} 50.00% 2 100.00%33 3L LCy 100.00%
ol AREEHSITE GX(P. olivaceus) T T o] 45t AF AT AR
20 psu HiZES=o 4 NOEC 2 LOEC7} Z+2} 50.00 2! 100.00%33 12,
LCs 100.00% ©)/d0 2 AH&%ltH(Table 2).

3.2 EREAM A
34 psu HjEolA TROE 0.03 mg/Lol8tz HEE L,

B
RUN
&= 2]

o
=
AHEZ 2 bromate, volatile halogenated organic compounds”}

=]
TR

7%, HANs7} 155, HAAs7| 7522 F 165°] AZE5 2 Th(Table
3). 1 F AT ER 2 T2 AE5 9] Electrolysis BWMS
o] AR Aow ddkEl= 31822 volatile halogenated organic
compounds 6%, HAAs 7% 2 HANs 15]31T}. Volatile halogenated
organic compounds 6% % 1,2-dichloroethane®] %7} 0.08 pug/L'Z
7} w9kaL, tribromomethane®] &%= 486.00 ug L= 71 =
S¥tt. HAAs 7% <5 trichloroacetic acid®] %7} 0.88 pg L' 7}
% w8k 31, monochloroacetic acid®] &%= 54.90 ug L'=2 713
=3kth HAN-2 dibromoacetonitrile 15-°] 3.42 pg L'9] 5%
A=E A

A 20 psu HlEFolA TROE 0.03 mg/Lolst2 HEEH A,

Table 3. Concentration of generated relevant chemicals in salinity 34 psu treated discharge water (TDW) from AquaStar™ BWMS (MDL:

minimum detection limit; unit: pg/L)

Sampling time

Compounds MDL 0 day 5 day
Test Water Control Treated Control TDW
Bromate (pg/L) 0.13 - - 51.1 - 48.30
Volatile halogenated organic compounds
1,2-dichloroethane 0.08 - - 0.36 - 0.08
Dibromomethane 0.06 - - 0.23 - 0.64
Dichlorobromoethane 0.07 - - - - 0.28
Dibromochloromethane 0.06 - - 1.12 - 15.60
Trichloromethane 0.01 1.92 1.90 2.08 1.74 3.87
Tribromomethane 0.07 0.72 0.69 42.2 0.28 486.00
Halogenated acetic acids (HAAs)
Monochloroacetic acid 0.15 1.94 1.83 25.8 2.31 54.90
Dalapon 0.05 - - 0.67 - 0.88
Trichloroacetic acid 0.02 - - 2.82 - 0.79
Tribromoacetic acid 0.55 - - 6.37 - 5.70
Monobromoacetic acid 0.11 - - 1.17 - 2.79
Dibromoacetic acid 0.02 - - 9.26 - 20.10
Halogenated acetonitriles (HANs)
Dibromoacetonitrile 0.01 - - 12.7 - 3.42
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Table 4. Concentration of generated relevant chemicals in salinity 20 psu treated discharge water (TDW) from AquaStar™ BWMS (MDL:

minimum detection limit; unit: pg/L)

Sampling time

Compounds MDL 0 day 5 day
Test Water Control Treated Control TDW
Bromate 0.13 - - 21.3 - 14.0
Volatile halogenated organic compounds
Bromochloromethane 0.07 - - 0.55 - 5.32
Dibromomethane 0.06 - - 4.72 - 7.41
Dichlorobromomethane 0.07 - - - - 8.54
Dibromochloromethane 0.06 - - - - 11.10
Tribromomethane 0.07 - - 11.40 - 129.00
Halogenated acetic acids (HAAs)
Monochloroacetic acid 0.15 7.16 7.44 45.50 7.30 151.00
Dichloroacetic acid 0.07 0.32 0.29 0.29 0.24 1.08
Dalapon 0.05 - - 0.32 - 1.17
Tribromoacetic acid 0.55 - - 2.49 - 15.10
Monobromoacetic acid 0.11 092 - 5.59 0.49 1.56
Dibromoacetic acid 0.02 0.53 0.69 6.86 0.37 20.70
Halogenated acetonitriles (HANs)
Dibromoacetonitrile 0.01 - - 0.18 - 0.24
Bromochloroacetonitrile 0.01 - - 3.90 - 0.11
Dichloroacetonitrile 0.01 0.02 0.02 0.26 - 0.18
Chloropicrin 0.01 - - 0.09 - 0.08

A 158 A=A 2150] HEHUT FAEES volatile
halogenated organic compounds”} 8%, HAAs”} 9%, HANs7} 3
%3} chloropicrin®] &% THTable 4). L 5 AquaStar™ BWMSe]|
e Aoz fas s 318222 volatile halogenated organic
compounds 5%, HAAs 6%, HANs 4% 4 chloropicrin®] %] T}
(Table 4). Volatile halogenated organic compounds 5% % bromo-
chloromethane®] &%= 5.32 pug L'2 71 W8kl tribromomethane
9] F%7F 129.00 pg L'E 71 =340t HAAs 6% <5 dichloroacetic
acid®] F 5%+ 1.08 pg L'Z 71 W3kal, monochloroacetic acid®]
2 151.00 pg L2 714 594tk HANs 4% % bromochlo-
roacetonitrile®] 0.11 pg L2 7P Skal, dibromoacetonitrile2]
E5 0.24 pg L'= 7P 334}, Chloropicrin®] 5E 0.08 pg
L'o]3ict.

33 &Y, MESHY H MEI=Y

AquaStar™ BWMSel| €Jsto] A€ 18F stet=4le] vir]=
8.67~60.004 & 60 Z3}ah= 318522 1917, log Kow 743}
BCF Al5=7F 242} 0.22~2.163} 3.16~17.80 L kg wet-wt.Z log
Kow #k°] 3& Z3317Lt BCF A7} 2,000 L Kg' wet-wt.E X
Feh= s 3ISlth(Table 5).

AquaStar™ BWMSel 23l 4235 18F2] etz tish A
Bl 543k Table 60 Feleisit. 15 HE 2t 240 ojst 71
o A=A 7S AHE R | bromateol] T3 48 hr-EC,S 30,000
ug L'°]$137, volatile halogenated organic compounds®] AJEf5A
2 1,200~240,000 pg L70|3}. HAAsS] AElS/d-2 28~69,000 ug

Table 5. Half-life, log kow and bioconcentration factor (BCF) of relevant
chemicals generated by AquaStar™ BWMS (wet-wt.: wet weight)

Compounds Half-life log BCF
(day) Kow (L/Kg wet-wt)
Bromate 15.00 0.63 3.16
Halogenated organic compounds
1,2-dichloroethane 38.00 1.48 4.40
Dibromomethane 15.00 1.70 6.15
Bromochloromethane 15.00 1.43 3.96
Dichlorobromomethane 38.00 1.61 9.70
Dibromochloromethane 38.00 2.16 12.36
Trichloromethane 38.00 1.52 9.26
Tribromomethane 38.00 1.79 17.80
Halogenated acetic acids (HAAs)
Monochloroacetic acid 15.00 0.22 3.16
Dichloroacetic acid 15.00 0.92 3.16
Dalapon 38.00 0.78 3.16
Trichloroacetic acid 38.00 1.33 3.16
Tribromoacetic acid 15.00 1.71 3.16
Monobromoacetic acid 8.67 0.41 3.16
Dibromoacetic acid 15.00 0.70 3.16
Halogenated acetonitriles (HANs)
Dibromoacetonitrile 38.00 0.47 3.16
Bromochloroacetonitrile 38.00 0.38 3.16
Dichloroacetonitrile 38.00 0.29 3.16
Chloropicrin 60.00 2.09 11.12

L9137, HANs®] AJElSAd 462 20~550 pg L0122, chloropicrin
o] A=A 7S 16~63,000 pug L'o] 30T},
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Table 6. Ecotoxicity data of relevant chemicals generated by AquaStar™ BWMS (source: ECOTOX database (US EPA, 2009); N.R.: Not

reported)
Compounds Water type Taxonomic/Scientific name Endpoint Value (ng/L)
Crustacean Neomysis awatschensis 24hr-LCy, 176,000
Bromate Seawater Fish Oncorhynchus keta 96hr-LCj, 512,000
Oyster Crassostrea gigas 48hr-EC;, 30,000
Volatile halogenated organic compounds
Algae Scenedesmus quadricauda LOEC 10,000
Fresh water Crustacean Daphnia magna NOEC 68,000
Fish Leuci. idi LC; 1,800
1,2-dichloromethane 5 cuerseus raus %
Algae Skeletonema costatum NOEC 433,000
Seawater Crustacean Artemia salina 24hr-ECs, 36,400
Fish Pleuronectiformes 96hr-LCs, 115,000
*Dibromomethane Fresh water Fish Rainbow trout 96hr-LC,, 45,000
Bromochloromethane Fresh water Fish Cyprinus carpio 72hr-LCs, 67,000
Dichlorobromomethane Fresh water other Tetrahymena pyriformis 24hr-ECs, 240,000
Fish Cypri 7 72hr-LC 34,000
Dibromochloromethane Fresh water s JPrimis carpio s
other Tetrahymena pyriformis 24hr-ECy, 65,000
Algae Pseudokirchneriella subcapitata NOEC 10,000
Fresh water Crustacean Daphnia magna NOEC 7,800
Fish Lepomis macrochirus 96hr-LCs, 29,000
Tribromomethane Algae Skeletonema costatum NOEC 1,730
Crustacean Americamysis hahia NOEC 8,670
Seawater .
Fish Cyprinodon variegatus NOEC 2,900
other Protothaca staminea 28d-LCy, 7,000
Algae Chlamydomonas reinhardtii 72hr-EC,, 3,600
Crustacean Ceriodaphnia dubia NOEC 3,400
Fresh water .
Fish Oncorhynchus mykiss LCs, 1,200
. other Barachionus calyciflorus LCy, 2,000
Trichloromethane
Algae Skeletonema costatum NOEC 216,000
Crustcean Penaeus duorarum NOEC 32,000
Seawater .
Fish Pleuronectiformes LCs, 28,000
other Brachionus plicatilis LC,, 2,400
Halogenated acetic acids (HAAs)
Algae Scenedesmus subspicatus 48hr-ECy, 28
L. Crustacean Daphnia magna NOEC 32,000
Monochloroacetic acid Fresh water . ) )
Fish Cyprinus carpio 0.125d-LC,,, 177,000
other Tetrahymena pyriformis 36hr-IC,, 16,000
Algae
. . Crustacean
Monochloroacetic acid Sea water . )
Fish Pteramyzon marinus 24hr-EC 5,000
other
Algae Scenedesmus subspicatus 7d-EC; 1,485,000
. .. Fresh water )
Dichloroacetic acid Crustacean Daphnia magna 24hr-EC, 106,000
Seawater Crustacean Nitocra spinipes 96hr-LCs, 23,000
Algae Chlorella vularis NOEC 100,000
Fresh water Crustacean Heliodiaptomus viduus 13.1D-LTy, 100
Fish Labeo rohita 24D-LC,, 750
Dalapon Algae Dunaliella tertiolecta 1.5hr-EC;, 25,000
Crustacean Crangon carngon 48hr-LCsy, 100,000
Seawater . )
Fish Platichthys flesus 48hr-LCs, 100,000
other Cerastodema eddule 24hr-LCy, 100,000

*: ecotoxicity data source from MEPC[2011a] report
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Table 6. (Continue)

Compounds Water type Taxonomic/Scientific name Endpoint Value (ug/L)
Halogenated acetic acids (HAAs)

Crustacean Strepocephalus proboscideus 24hr-LC, 1,200
Fresh water . .
. . . Fish Salmonidae 96hr-LCj, 1,050,000
Trichloroacetic acid - —
S ¢ Crustacean Nitocra spinipes 96hr-LCs, 4,800,000
eawater
Fish Alburnus alburnus 96hr-LC5, 9,300,000
*Tribromoacetic acid Fresh water Fish N.R. 96hr-LCs, 101,000
Algae Scenedesmus subspicatus 48hr-LC,, 340
Monobromoacetic acid Fresh water Crustacean Daphnia magna NOEC 1,600
Fish Cyprinus carpio Shr-LC,, 222,000
Dibromoacetic acid Fresh water Fish Pimephales promelas 96hr-LCj, 69,000
Halogenated acetonitriles (HANs)
Dibromoacetonitrile Fresh water Fish Pimephales promelas 96hr-LCs, 550
*Bromochloroacetonitrile Fresh water Crustacean N.R. 20
*Dichloroacetonitrile Fresh water Algae N.R. 20
Crustacean Daphnia pulex 48hr-EC;, 63,000
.. Fresh water . )
Chloropicrin Fish Oncorhynchus mykiss 96hr-LCs, 16
Seawater Crustacean Americamysis hahia 96hr-LCj, 30

*: ecotoxicity data source from MEPC[2011a] report

Table 7. PEC (predicted environmental concentration) value from MAMPEC 3.0, PNEC (predicted no eftect concentration) value calculated
from lowest ecotoxicity data and assessment factor (AF) and PEC/PNEC of relevant chemicals generated by AquaStar™ BWMS (toxicity:
lowest ecotoxicity data)

Compounds Load (g/day) PEC (ng/L) Toxicity (ug/L) AF PNEC (ng/L)  PEC/PNEC

Bromate 4,830 2.44x10" 30,000 1,000 30 8.13x107

Volatile halogenated organic compounds
1,2-dichloroethane 8 4.58x10"* 1,800 10 180 2.54x10°¢
Dibromomethane 741 5.62x10 2,900 1,000 2.9 1.94x10
Bromochloromethane 532 3.30x10% 67,000 1,000 67 4.93x10™*
Dichlorobromomethane 854 6.25x107 240,000 1,000 240 2.60x10*
Dibromochloromethane 1,560 1.18x10! 34,000 1,000 34 3.47x103
Trichloromethane 1,536 6.63x107 1,200 10 120 5.53x10*
Tribromomethane 48,600 4.87x10° 1,730 10 173 2.82x107?

Halogenated acetic acids (HAAs)
Monochloroacetic acid 15,100 2.67x10° 32,000 100 320 8.34x1073
Dichloroacetic acid 108 1.87x10? 23,000 1,000 23 8.13x10*
Dalapon 117 2.60x107 100 10 10 2.60x10°
Trichloroacetic acid 79 1.76x107 1,200 1,000 1.2 1.47x10%
Tribromoacetic acid 1,510 2.67x10 69,000 1,000 69 3.87x107
Monobromoacetic acid 279 3.94x10% 340 100 3.4 1.16x107
Dibromoacetic acid 2,070 3.66x10 69,000 1,000 69 5.30x10°

Halogenated acetonitriles (HANs)
Dibromoacetonitrile 342 7.62x107 550 1,000 0.55 1.39x10!
Bromochloroacetonitrile 11 2.42x10° 20 1,000 0.02 1.21x10™
Dichloroacetonitrile 18 3.85x10° 20 1,000 0.02 1.93x10°!
Chloropicrin 8 1.87x107 16 1,000 0.016 1.17x10™
3.4 PEC2} PNEC 2.54x10%~1.93x10"%2 1% Z93h= 3FeE4d2 Iglct.
AquaStar™ BWMSeIA] A3 € 1852] sl Yxt viE

ko] 8.00x10°~4.86x10* pg L' 9112, PECE 4.58x107~4.87x10° pg 4.0 &

L' it} (Table 7). PNEC= 7H wHe- AEiSA7kell 10~1,0008] 87+
AFE 243 A3 1.6x102-32x10° ug L'tk PEC/PNECE 2 ArellA AquaStar™ BWMSS] vl &5ell 71 mizksiA| vt
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Table 8. Most sensitive test organisms on treated discharge water from developed BWMS using electrolysis (WET: whole effluent toxicity)

Name of BWMS Most sensitive test organism WET test (%) Remarks Reference
EctoSys™ electrochemical System Skeletonema costatum EC,,=19 Brackish water MEPC[2008a]
Resource Ballast Technologies System Psammogobius knysnaensis LC,=35 Seawater MEPC[2008b]
SiCURE™ Isochrysis galbana EC4=70 Brackish water MEPC[2011g]
HiBallast Skeletonema costatum EC4=50 Brackish water MEPC[2010a]
En-ballast Skeletonema costatum EC4=69 Brackish water MEPC[2009]
Ocean Guard™ Skeletonema costatum EC,=54 Brackish water MEPC[2010b]
Severn Trent DeNora BalPure® Acartia tonsa NOEC=18 low salinity MEPC[2010d]
BallastMaster Skeletonema costatum EC5=17 Seawater MEPC[2010¢]
Smart Ballast Skeletonema costatum EC,=94 Brackish water MEPC[2010f]
EcoGuardian™ Skeletonema costatum EC5,=75 Seawater MEPC[2011b]
S8 AE-L S costatum® Z EC,°] 69.97%C131tE. MEPCOl Al 12 9o, 53] HAAsY 77} teksda= SAo] Zeixich=
28 N RS Aesan, g2 AVRHE AR S Auisitt 27l o] £zl it e8] S A4
BWMS S| &4l thato] A EZEFAER] S. costatum = EHO] 7R ARG A WA e 5= glom, sjEarel o)
Isochrysis galbana?} 7V RIZFeHA Whgehz 210 ® Ralso] 2 3 £5A8=2 548 Wi pH 9 §34kae] s wet
qio] Aste} AASHATK Table 8). LeLh A/1E8] AAS A A5AE i AYHES & 5 AUrkLioyd[1987)). webd A7)
She 4l BWMSE] HilErol s o] AEEA] ot & o AR dvhke 4 24 st Shot S, costatum 7WA)
o] Ae} 2jo]E BSITHMEPC[2010c], [20111], [2011h], [2012]). A& AT 5 glolie, B4 77t vhetaiAd 245 Alo]
AquaStar™ BWMS WE59]) AR5AS 54 A4 o5 4L 4SS0z Q8] AT A oA A 4Pl o
20 2 A, 271N T AHgeke BWMSe] A% 2] AR 5 Glcke 20 s 4 gk,
TROS] 74 L9} A5FAEE] Firrol wet 7t gefxle TRO 7] FY55EE HAAsS] 7 (=0.798, n=8, P<0.01)
Aoz A7t APATANES 8 2 FES] S. costatum 18|11 FE(=0.716, n=8, P<0.05)%} = Ah&%ﬁl?— BT} o=
o) ECoft#h 27] TRO T2, 9% AFWAEES S50 & BB TR} 0845 AT HAAS THE g,

HRAHE 259 5 5F Aol AdAHAIE A It Table 9).
S. costatqu] EC, a2 7] TROQ] &L=} 73t k2] a3
£ X3 1(r=0.818, n=8, P<0.05), ©|i= %7] TROS| F&7} &
*ﬁ TR0l ol guisitt. A5 TR ECs
2 R AHIAE B 21 (1=0.854, n=8, P<0.01), HAASA
FE(=0.712, n=8, P<0.01)2} F75(r=0.884, n=8, P<0.01) =

EC, 7 =2 ko] A S Bt S A3daA A éﬂrf ES
SRS R TFEAT S 5A30] eItk s oJulst

=T wE o

o - - 3L

ol S omlstty. A Y § B4 ¥ = volatile
halogenated organic compounds®] 3+ 7551 THMs(trihalomethanes)2}
HANs, HAAse 2 759 #7123 947F ikssle] 4/t
(Chang et al.[2004]). THMs®] 7 533k A -4li= NOM(natural
organic material)®] /0] UJF-Eo| X7 NOMAEE &
biopolymer, building block, neutrals 5% A5HFAHE2] A+
A7t A = glon, ols AnHakEE0] eE HAAS’E THMs
B} =UHLee and Choi[2010]). Chang ef al.[2004}> AAAElE

Table 9. Correlation matrix between ECs, value of Skeletonema costatum and Isochrysis galbana in WET test results, injection concentration
of TRO as Cl, (TRO Conc.), and number (No.) & concentration (Conc.) of by-products (DBP: disinfection by-productVOCs: volatile halogenated organic
compounds; HAAs: halogenated acetic acids; HANSs: halogenated acetonitriles) of BWMSs using electrolysis. *is represented as significant
difference at P=0.05 (n=8, two-tail). **is represented as significant difference at P=0.01 (n=8, two-tail). Data source from MEPC ([2008a],
[2009], [2010a], [2010b], [2010¢], [2010f], [2011a], [2011b] and [2011f])

EC,, TRO Conc. DBP No. VOCsNo. VOCs Conc. HAAsNo. HAAs Conc. HANs No. HANs Conc.
ECs, 1
TRO Conc. '0.818 1
DPB No. "0.854 0.688 1
VOCs No. 0.486 0.285 0.799 1
VOCs Conc. -0.176 -0.556 -0.034 0.227 1
HAAs No. 0.884 "0.798 0.900 0.500 -0.294 1
HAAs Conc. '0.712 "0.716 "0.835 0.556 -0.269 '0.805 1
HANSs No. 0.568 0.368 "0.733 0.703 0.355 0.434 0.613 1
HANSs Conc. 0.260 -0.006 0.499 0.614 0.005 0.355 0.170 0.339 1
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Table 10. In Republic of Korea, list of ballast water management systems that make of Active Substances which received Basic and Final

Approval from IMO (IMO[2010b], MEPC[2011d], [2011e~h], [2012a~d]; BWMS: ballast water management system)

No. BWMS name Manufacturer —A,p prova.I Remark
Basic  Final
1 Electro-Cleen™ Techross Ltd. And Korea Ocean Research and 0 0 Electrolysis
Development Instite (KORDI)
2 NK-O3 BlueBallast System NK Co. Ltd., O O Ozonation
3 GloEn-Patrol™ Panasia Co., Ltd. O O  FiltertUV
4 EcoBallast Hyundai Heavy Industries Co., Ltd. O O  FiltertUV
5 ARA Ballast 21st Century Shipbuilding Co., Ltd O O Filter+Plasma+UV
6  HiBallast Hyundai Heavy Industries Co., Ltd. O O  Filter+Electrolysis
7  En-Ballast Kwang San Co., Ltd O - Filter+Electrolysis
8  TWECO (Purimar) Techwin Eco Co., Ltd. O O  Filter+Electrolysis
9  AquaStar™ AQUA Eng. Co., Ltd. O O Smart pipe+Electrolysis
10 Noe-Purimar™ Samsung Heavy Industries Co., Ltd. O O  Filter+Electrolysis
11 Smart Ballast STX Metal Co., Ltd. O O Electrolysis
12 EcoGuardian™ Hanla IMS Co., Ltd. O - Filter+Electrolysis
13 KTM Korea Top Marine(KT Marine) Co., Ltd. O - Plankill pipe™-+Electrolysis
14 HS-BALLAST HWASEUNG R&A Co., Ltd. O - Electrolysis
15  Gloen-Saver™ PANASIA Co., Ltd. O - Filtration+Electrolysis

S ArAdelr IEE 45 THMsS 557} 57kl ©
Tl A i) FETE 2
o= FAsIint webA siE AElekar 597 Al '] B
A sfigeuie] AbEE vdE 9 IERT1EET TROZE A%
2 07 Hkgalo] AR uliel 718l FAIE o]4sk= BWMS
HiE ol EAlsks AT EES TROS 524 ARE-
H sllule] 7189 S ool mEk @A 1, A5FAEEY]
TR TS RS E oK A o® wekEn)

ShH, G 20 psul] WlESolA ZEIH B. plicatilis®] v eFsk
A EA o] HEEH U TH(Table 2). 47128 S AL&38l= RWO
BWMS(Clean Ballasty= 323 AA3F7] 913 TRO 5E 2 ppm
© 7 47510 ballast waters: A 2lsh= A2 W= Al F3HAA
TRO 5%% 0.2 ppm ©|8}=2 HE3tT}, o] )] 49 & 22 psu
HjErolX= B. plicatilis®] 573 FE0] glaloH, alFdi-s=r]
32-35 psu HIEolA B. plicatilis®] NOEC, LOEC ¥ 72hr-EC;©] Z}
7} 46%, 56% 2 >100%01/ 0% 1 AAte] Ane) tha 2po)E
B3ou wiE52 B. plicatilisoll =73 thet =2 wjekst
21 © 2 YETHMEPC[2008a]). TWECO(Techwin Eco Co., Ltd.)
BWMS= A73lE o8-8l &S A78H7] 913 TRO 55
3 ppm o= AAste] Aelsh= FXZA wiE Al FEAIA TRO &5
%F 0.1 ppm O]} HjE3HCE o] U] 2] 79 ballast water *|2]
59 & Z3IAF wlE3t ballast waterl| A= B. plicatilis®ll %5732
WA EA o] HEEA] QEITHMEPC[2010c]). A7 E8)E AMg-dh=
BWMS & A8 02 =& TRO §55 AM-Sh= OceanGuard™
BWMS(EAIHE 1% TROAXA &%: 15 ppm)e ballast water
A2l & F3}ste] HlE Al TRO F%+ 0.2 ppm ©]3kQ1 Fx]0]A]
W, el 7o) viESell ks B. plicatilisell 573 2) RV
7do] AEEA ASITHMEPC[2010b]). whebA] A7) E8lE o] 85

=
b

9] x|&7el A& yFel A

o)

1o

Of

] ballast waterS #2]eb= 219 -9 274 TRO 559} B.
plicatilis®l gt 5732 <
E B AR g S
A7} 5 .
B Aol o 7o) wleksh Rk sA] o] % H Jltk(Table 2).
Park et al.[2005]= A3lla=ol] &3 sl 9 gro]] 54 o=
d AT A sodium thiosulfate® A3GE S8kt F ofF2] 54
=/ @] TEEA| oo} & AT] ofF FAEA Avkel U
SKITE 12y Park er al[2005]12] A7 & AHRAEE 0.2 mg/Le]
A sl X Microphysogobio tungtingensis, Pungtungia nigra
Rodeus uyekifz 74 ©13 =& AlZkE o BE o7 A&
FEAMNAS ol WEw A grop 1 Ao} tha xlo]E KB
Ak, w2 AEolA ol el FHF 5= 27 1GAE AT A
ARG 5A4ER o Wt 2102 H 1%t (Mohammed
[2013]). Hutchinson et al.[1998]> o]0l Slo]A] A}o]= o}
(embryos)?} X[ KT} S/dE4el visto] ¥ WIztstaL, Ajol= A
1 E‘r =3 EA el o WigkelA wh-shrhar sigitt 2 AtellA
FAael thet F 5ol2] S AN, I g AF&E =
TATE o] gsto] wopIAAGAN-E 2te)7] 53t viEell
wl ol 2o 9l Aol o] &5 Park er al.2] A7
$ A7)
AquaStar™ BWMS &
SRR &g ko] Fo ARIRl Ao w ekt e
quaStar™ BWMSe]l &Jsto] A dE 7t AgFitEd o EH
73918387 Ak o] =0l s dEiAlel mEE
& =7 }— g AR IS D]?]Xl %}% RO 04]—;5191
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