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8 =2 7ake) AquaStar™ BWMSZ| sioREEAlel] v)x)= ks

ety Slste] 14} rREA TR Skeletonema
costatum, 12} 28| A2 £F57 o

Y5 Brachionus plicatilis 3 AR} R A O‘l-rr( Z]) Paralichtys olivaceus= ©]-4-3}o]
AquaStar™ BWMSJ WSS AR e shetadel digh S 91sld 7ke 3sisit. HH%‘F%”/\]&@T%
71 93 AE2 S, costatum©] AL A 20 psu HIET O] =EH S W NOEC 25.00%, LOEC 50.00% %! 72hr-
EC;°] 69.97%3T}. B. plicatilis$} P. olivaceus= - 20 psu HiZE=ol] W=

Z=59S v NOEC ¥ LOEC7} 2+ 50.00
2 100.00%S3 tF. AquaStar™ BWMS| A A @ &

=22 F 18702, bromate, 771 2] volatile halogenated organic

compounds, 77]12] halogenated acetic acids, 372 halogenated acetonitriles 2 chloropicrin®] 1 th. A3 ¥ E2 52

A& T A=544E Hol= a4 glglov, =49 AsA & Frishr ol B o] =8kt 18y

MAMPEC Eg-& o] &-3lo] A 187] B2 2] PECE 4.58x10%~4.87 pg L' 3, PNECE 0.016~320.00 pg L%

o, 1870 3}EE4 ] PEC/PNEC HE2 1S ZT31X] ettt whalba ﬂﬁ%sﬁﬂﬁﬂéi}« AquaStar™ BWMSe®]|

oJate] Al aG7t B A & 27F S v A F= Ao ® Vet gk A7 E o] &k
BWMSS] vlj&ell tigt S. costatum®] ECsp> 27| TROEE, HAAsS T% W T8} o2l A7) alltt.

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
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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 ug
L', PNECs of them were ranged from 1.6x107 to 3.2x10* pg 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(’d 23 3 5=32] 7)), Electrolysis(3 7]-&-3l), Whole Effluent
Toxicity test(H&5=5/3 A1 %), Environmental risk assessment($] 31’33 71
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vbg =0l A AA A7) vjEEe ok 1909 Eo]u:] = 3938
Trof| A Aty 4o mjEeS oF 2f<d*ﬂ.“{ 491 glok
(Kim[2005], Choi et al.[2009]). 1< Y F2 A
27} o] Aukggaglo] vhsiA| L, #%*Jﬂ%(ﬂol e md=
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ATHKIm[2005]). PFU Aukg gl o)gt 2EE F9)S 9]
{8l FABIAR 1= 200430 Aulg el B2 Aloje} 7
& g SAFIE ] doby s AsIlth(Kim[2005]).
o] FAHFE WEQAE THTOEMN WA 0% F-o vl
g 2% (BWMS: Ballast Water Management Systems) 2]
HAE -8l Zloth(Kim[2005]). Aukg &4 3ok
?«l HZ2718 D-217g ol AAISHAA o] HULS]"C BWMS
AP T 7 Vs 3 ea ek 8-S Elshe
A& 7F =7ke] ARERE WeE 183} o9} FAlel
& A3k el diste] @AEH0] 22F o T ¥4
o] m|R|= S FRIsH= 51EAHGY)S AASIe] MEPC(marine
environment protectlon committee, 3 YEH RS 23] )l A
TUE HEF SUTHKIm ef al[2012]).

AugE —*ri&al oo sfelE I ukE BWMSE 20124 69
74 & 42712] BWMS7| IMOZHE] 7125918 Wigkom 287]19]
BWMS7} #E5¢1-8 WTHIMO[2010b], MEPC[2011d], [2011e~h],
[2012a~d]). =7PAE= gh=re] 7H wol 7idste] s9ls 53t
R, 71 HE 57 dEo] 9l tkKim et al[2012]). L
T AR ZA A7 RE AHESRs BWMSZH & 19712

BWMS 7liell 71 o] E-8-5 11 SISt Sl = A7)
AR E o]L3le] BWMSE /st QAW ks & tlgre] 7)
Aso] em, 1 5 ofFoto]qlA] ()= Smart Pipe, X713
2] 4 F3PgAE T A Z Sh= AquaStar™ BWMSE 71|
lgeie i
AquaStar™ BWMSE 3= 52] F3UEFNaCl)S d3d=
sto] A EHQ APotd AN E F (sodium hypochlorite, NaOCIl)
3} Z}o}sd Ak hypochlorous acid, HOCIS A4 A7 a4 U Al
o W ZHFTES APEAZ)7] S8 19k Au|o]tHMEPC[2011a)).
NaOCl12} Hocu AL e A7) Al FellA da
(chlorine, CLY} A4/3% a1, 2=l G2 EF (sodium hydroxide,
NaOH)°] A9t} NaOHS} CL2] W3-l 2Jale] NaoCle] 434
= o] g} sAlel ClLi= =¥ ¥-3-3ke] HOCIE: A4 aHA] €.
HOCE: T2 pH7}F 5718 whe} §74x0]2 (hydrogen ion, HY)} 2}
oA tol = (gypochlorite, OCI) O % #2]= 11, pHZ| AAshd th
Al Agste] HoCcle] Htt. a5 Fell& F 60~70 mg/Le] B
(bromine, Br)°] ©]22] Elj(bromide, Br)% £A5="l|(Lee and
Yang[1998]), &2He] Z71o)A Bri= HOCIO &&ke] jolH EAt
(hypobromous acid, HOBrn)Z Ats}=™, oCIe] 843} At vk
507 zotHFAL o] & (hypobromite, OBr)°] A3/d¥Itt. X17]—‘56H
Aol 4423 F NaOCl, HOCI, OCl, HOBr#} OBr5- 4%

AR T35 f7l= 2o, Euold A AlA <} *H? L
AA B3t G392 7R UtKLee et al.[1997], Park er

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

A0 2 A7 RaE 0§ BWMSE HlERl 4] Qi
o g AEe] AR 5 9L, it AY1%a) A i sl
e & FAHEE A= 4 90 bromate, volatile halogenated
organic compounds, halogenated acetonitrils (HANS), halogenated acetic
acids (HAAs), chlorinated phenol, brominated phenol®} adsorbable
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organic halogens 5] HlEFell 7 5= Qlrk. o] = <lslo] A7)
HalE o] g3H= BWMSS] njE<ro]l 23kl A B3} HAHEEo)

S FAYe A F AR JaFs 2T = ok whebA wiET2
TR 9 flEldel digh H7k= REEA] F e gk Folnt,
£ AFolM = A7 E AHSShe AquaStar™ BWMSe]|
oJ3 A st s ol 8E7He AR IS 3
71t A}; SIS, o1& 98k AquaStar™ BWMSZE A 2]¥ wlj&
=] th8t WET(whole effluents toxicity) tests 53519312, AW 3}
S gjsk B4 W A 7158 7)1 2S masln ek Al

%

% 3pelEAe] PBTHIS (per51stence) AE3217d (bioacculumation)
2 ABE=A] (toxicity)) 5293 815721 PEC(predicted environmental

concentration, ¢IVd¥35 5 )/PNEC (predicted no effect concentration,

AT EE)E o]8-3F 374 9l8l/dH 7HERA, environmental

risk assessment) S 0|23l AquaStar™ BWMSS] #2]¥ j
ol vl 1s1S skt sk,

2= 3 E

2.1 BWMS HiE2| AZE

AquaStar™ BWMSS] *2]=]%= Smart Pipe, Electrolyzer®} &
PR 9] AR AT A AR E] BWMSE ETJr
AA Ams AAT g Aelg Bl Baskal, BWMSE
AR Bl tiET Bl Bt she 597 AXAIFH 5 —ﬁr
tjzT-e} Ael B s T3k F alEsiSith(Fig. 1). Wi

EFENUFE A% ARE 59 F ofeTe Aelsel 9o

HN

o) - BRE - 719

H|E Al ZF2E 400 Lo} 600 LE A5=8le] A g e o851 thFig. 1]
sampling point (d)2} (e)). BWMSe]| 2]t 244 ER1S 93t 3}
sHEA 2 BWMSS A5 ASAE FU(Fig. 12 sampling point
(@)~(c)y 5« —?—(Flg 19] sampling point (d)2H(e))ll A13L=, ol
27 2 AT 11 Agsielnh Alsd g5 Ag4ke] wish
£ 9] $15d 1@. G REACRS T4 T FA] ofo]AHEA
off Yol AFARE Rk A2 Ay 3 HE AJeke] 4]
W2 2.3 BPSREA] el AT

2.2 BWMS2| H{==~01| LSt WET test

22.1 WEE 5l

AHE A5E GAAE o] gate] AFARE 2W8I%lA, 3 um
CP filter(Chisso Filter, Japan)%Z o33t & wl&4-5 34 (=7
o] g)3le] BIESE 100%, 50%, 25%, 12.5%, 6.25% 2 0%(THZT)<]
SEE AATE AFSIoH, 7 s 150 LA AlFxsto] sk
X AP A A 3 7 /\]54 o] AE-EFITE. Skeletonema
costatum®} Brachionus plicatilis®] 382 0.45 pm membrane
filter. AFFE o173 & ARE-SiTt

2.2.2 Skeletonema costatum

TR, GFF W R ABRAGL, 92 L 4T 7
AFAES 0] 838 Al oA AL Balo)A] A e A

& 9 A4l 7 fEst 2o ® SIS
&7} S, costatum®] WA A7l v R FES dolr Y|
O1

3l 1S0°lA ATt W el whet =313 (IS0 10253[2006]),

Ballasting
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Treated water
Tank

Test Water
Tank
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Electrolyzer

L

Nuetralizer

A

Control water

Sampling point (a)

Tank
4

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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72X 96X ZNAIEE] A37s BESISIT. S. costatum
O il nE 2814, &1 2241 °CE AR, X151 7)
Ae] 37 =81 21380 3,000 lux Lﬁgﬁ o7 &3
Aol AF8E S, costatum®] WGTE ABAIZ 39 A AdEsto
Hjeksl o ALE-3IA a1, AR 20 psu HiEF] AlES 257t /\i]ﬁ}
T Algo) ARESFATE 15 mL test tubeel] 28145 H7FsE A)E
FE 10 mL 5% F 7] U 3,000 cells mL 7} HEE
3}»\-1— 718 RS Folch vk AFe] vk TS
Al SSieh AlEE R0 RS 218l v 24413) itk T4}
ATl 282 2 mLeb | mLA 2331, 25 A5 1 mLe
Chlorophyll-a®] %5 Z74317] A3l 90% oMlEC = FE3)o]
33229 7] (Turner Designs Model 10 AU, USA)= 34 460 nm
(excitation filter)?} 683 nm(emission filter) 9|4 SHTE 73
A, A 279 1 mL 25 AEe AEEE S48 98
Sedgwick-Rafter chamberE- ©]-8-5}0] =3 &1]7(CKX 31, Olympus)
stellA] AlFatgith. tiz7 oA chlorophyll-a®] E%=9} AEH %=
Alele] ﬂﬂ”“é@‘g T8 v 4% 7 AlFT-9) chlorophyll-a
9] TR AXULEE eIt S. costatum®] /3 78-E (growth
rate, )= r=(InN,- InN,) / t (r = S. costatum®] ’37¢%E, N,= t Al
o AEEE, N,= ’\]ﬁd 2719 AERUTE, ¢ = vjAIzhe] 2o
olate] AESIsith tlz7 ) pHe) Wsh= AIEAA A3 A EEE
Z 3o pH meter (Orion Research, INC. Model 230A", USA)E
ol-gste] S5

Alg el A w2 theTte] AEC] 092 day! o1, tHET
AA7E-2] W59 (coefficient variation)ake] 7%, pH W37}
LoollolH, AlRAA= Fae TSIt

o

f

2.2.3 Brachionus plicatilis

WEF7F B. plicatilis®] 285 9 7RAITE 2378l vIA= 9=
dolr 7] sl ASTM[2004]1} Janssen et al.[1994]014] A8+ v
Hell whet 38891, 24A3F BES(FAEF3) 443 HAT
AAE VI EH)S iﬂ% 15193}, B. plicatilis= cyst(MicroBioTests
Inc., Belgium)E 5% 20 psu, T 25+1 °C, 1,000~3,000 lux2]
LT AL Zrste] 244178 FRE FEAIZ L, F-5) 5 2A[7F o]
o] F-3-+48 (neonateyS Al ol ARE-SIAATE ZF Al s wiE
5 0.45 pm membrane filter= 123+ ¥ 48 well plate]] 1 mL
A FF 5] F3AS 171 culture wellell S7HA1 A58+ 1L
1271 €] REE2 310, 25+1 °c,1 orz 7oA wljekstT), B
sHES BEE 9 AT AES AHESE S8l &S F3)
A2 & JAA9A (8251, Olympus)ol"”ﬂ’ﬂ A3tk AP
NAS] A A LTS A E50] 527 98k = TN
A F R A A=E TS W wkgo] gl JIAE APEE
A2 BT}, B. plicatilis®] 73735 (growth rate, 7, r,, =
(InN, - InNy) / 4 (r,,= B. plicatilis®] /WA 3E, N,= 44 2
WA, Ny= 859 B. plicatilis®] 7NA5=, 4 = 9]FA)2] 2o
o5t 4k=31gint.

Al R 55341 A9t Fakrg e
AEE] 90%01d, TP A9 %’—"r el A FHARE 3%

E0] 0550130 % AAFE NEEET(6.25%)
oA A7 ANTE (percentage growth mhlbmon)O] 50% PIRERI %

Zole, wF f e FEch

2.2.4 Paralichthys olivaceus

BWMS?] Hj&57} o) 7o) AL Bl 7] mA= A3
&olr 7] $l5te] OECDOIA AlAIgE B of)
_._(H/\—]E_/\—] );4_ +4 a]",] 77 Ag_f_ al 7]?’S§HL%(U})\%EM e}

1
)
32
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es]
e
E
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Ne}
LS
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O
o0
S
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o
2
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S,
jin
:¥
=
EN
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oyl
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Ko, “*Ol— ﬂﬂ/\b(rﬁf\}i, 18)= Al%ﬁh@ Oixﬂ%%u
4%(°F 8 @)= 317 33] Fwollth A 34 psu vlET Al A
S5 o9 AT} AT ZH2F 2.040.22 em(B T EETHAR) T
0.03+0.02 g1 o™, A& 20 psu HIES Aol AFEF X]oj=
4.3120.38 cm¥} 0.59+0.15 AT} X|o]2] 4431 AE AJEL 30
L 3ol A4 20 LE WS & g4 AJo] 2071AH &
stom, 3702 WS FOITh AR RS 5 2041 °C, WY
7] 16L:8DE %% z,ooo lux®] 3L FEFA) 271833 A1
B2 29e]] 13] Alo]EE o] gate] FEnbete] M ES A|ASH
WA AR 2371 Eslglo, Boli= 3gskA] sk
TgRke] AE 9 71 A 8 - 1241k olule] ok
73S FEAPE A FTAL, og)ollA] Eekitel Abgstl o, 7t
Foll 7 FRF EAIA WEo] AREA7] A7k 9] 717kERE
AEEY 713 WS TESISITE AEE AP 1 L alo]A
AlEEN 0.8 LE W 3 & 547 30705 8819, 3719
= T AR EA s X|0]9] 443 AEAR Y F
AaHA sieltt.
Al FaAdS U7t AE A1) A tizTellA] X|o] A&

/\] ko3|

£0] 90%)d, A7 71t AL gl V1 Al - Al
TR At é% 1 A TﬂX}OH —é 70%°174€]

2.2.5 FAREA

LOEC(lowest observed effect concentration)$} NOEC(no observed
effect concentration)= S. costatum /WA 375, B. plicatilis®]
AEE 9 NAT EE, P oolivaceus®] BEET) 718 g 2|
T2 ANOVA tests ©]83}o] AHE3ISaL, thT- AFwek 2F A9
T AR HS N2 E Tl ANOVA test®] ZX}= Shapiro-
Wilk’s testZ A}5.2] FEXEE 7153 3 Bartlett’s test® A&
9] Ta-4kE 75385 AL, Dunnett’s test2} Steel’s many-one rank
test(B plicatilis®] &5 2 7HX1]; A5 A R)E o] &35k +
4 a=0.05°014 2fo|& ASSIITE. S. costatum¥} B. plicatilis
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9] L(E)Cyy2 A8 ¥ 3 (linear interpolation)S ©]-&3}% 1L, P,
olivaceus®] LCs> 743 WEE AR E AR89 Maximum
Likelihood-Probit W & AF=313ith & AR 0] FAIEAS
TOXCALC 5.0 program(Tidepool scientific software, USA)E ©]
g3isit.

2.3 3fshEN

AquaStar™ BWMSe]| 2|5t A4 71ssk S E2S ERish

£18101 ozone, chlorine peroxide, sulfide, bromate?} bromideE
243}31 31, CHOH, BrOH, BrO" 5= TRO(total residual oxidant,
AN} FRO(free residual oxidant, -F-e] 3418 )0] 555
=73k}, 57 4u] = DPD(N,N'-diethyl-p-phenylenediamine)
methodE AF&-3F= CLX online residual chlorine monitor(HF
scientific, USA)E ARSIy ddol|A 5743513},

GAEAR] TROE T30l EAlEHE fA71E7 W3] relevant
chemicalsE "33 E™ ©]& &R1s}7] $13)| bromate, volatile
halogenated organic compounds, halogenated acetonitriles(HANS),
halogenated acetic acids(HAAs), chlorinated phenols(CIPhs), brominated
phenols(BrPhs)¥} adsorbable organic halogens(AOX)E =73+
o &l AR AL A A7 AlRC] RS 97] 9181 volatile
halogenated organic compounds, halogenated phenols 2! AOX+
71327} A7 INA FEF Sl Al AR 7S Ak 2

227} A= AlEE B Q3R FEE(Na,S,0,, sodium thiosulfate)
= A7RE 5 Ak 718100 HANseF HAAs 240 F el 10
mg?] A ES H7kekal ik eMyS 1-28& 71 - AlRE
felgell 7137} §lw= 2SS, bromate= PE Hel| Ethylenediamine
10 mge 7kl AR 2] Aol fA1¥ =% sigint. B 3ok
A FAEFAH O R B, 7 AR A ]
2 EFAIEYH Table 19 AAEHATE

>

2.4 29| XY, M=FHd A Ye=d

AquaStar™ BWMS°ﬂ oste] AAE seHEA wiE Al Sl
e Al A= Sl S ek flaiA A sekEAl S
Ao 2 7t 318HE4 o] A 44 (P, persistency)? =214 (B,

bioaccumulation) 72| 1 A=A (T, toxicity)y= H715 It} A

lo

“i?
AN

- o) -

APy ke N2 AEEHA (B) log Kow #tC.E,
AESA (T BEHS9ARE o83l 37slltt. PBT 871
MEPC[2011c]ellA Aokt 7]|5=S #g-alo] Wizk7]7} 60 %3},
log Kow #k 3 23}, 7=/ el & sk NOECHt©] 0.01 mg/L

kel B¢ PBT 573& 7= 242 il PBT 87k

213 1z, log Kow 2 BCF 719 EPI suit™ (v4.1, US EPA)
5 Z8siglar, Aol A% ATt le B AEE 4 4
g39ict. 54 AFEi= ECOTOX database (US EPA[2009])E
28313l

2.5 PEC2} PNEC

AquaStar™ BWMS] HH
i 7 % gl oy
del HAASISIE. el
szl tiato] PECﬂ- PNECE
PEC/PNEC7} 1 o)/do] A&d 75 %oH
gtk A E 7} 31824 2] PECi: MAMPEC 3.05 EOﬂ A
4 F93(GESAMP-BWWG model harbour)s %-8-5l0] A&
O]'O’]E]'G?aaart et al.[2008]). A= Zr g]rzs Ao sl EA A=
OECD SIDS %! European commission joint Research Centreol| ]
#|5-8H= databaseollA] 331301, database®] Q= FerE2l2
=2 A ZA A AlFER= MSDS(material safety data sheet)®] A}
52 2590 PNECE 248 AUSHAR 5 M e @

o] H7HAl9=(assessment factor, MEPC[2011c])E 283l A=3}
St} PNEC A= A] 7} slskEAof 3k AeSAA B 428
ECOTOX database(US EPA[2009])E ©]-8-3}3]Itt.

} el MEHE 29 239
] S5 FAA
Z

3.2 1

3.1 BWMS2| tiE=~0i CHEF WET test

AquaStar™ BWMSS] wll&ol] =2A17] AP E
Fo]] ZAE}] NOEC, LOECS} LCy, Bt ECi& AFE3I3TH(Table
2). AquaStar™ BWMS S| w &) 714 2ighel AEAPZLS s,
costatum®]) . G- 20 psu HlEoll 72478t =23t }‘]DJQ
1= NOEC, LOEC ¥ EC,°] 2} 25.00, 50.00 2 69.97%31

So 194

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-O5-B (2005) Indigo colorimetric method

Chlorine dioxide
US EPA 300.1 (1997)
ISO 15061 (2001)

Bromide
Bromate

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 1SO 9562 (2004)

APHA Standard Method 21* Edition 4500-C10,-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.I.: growth inhibition; S.R.: survival rate; P.G.: population growth)

95% Confid f limit (%
Test organism TDW type Endpoint NOEC (%) LOEC (%) L(EO)C5°  Confidence of limit (%)
(psu) (%) Lower Upper
34 72hr-Gl1. 25.00 50.00 >100.00 - -
96hr-G.I. >100.00 >100.00 >100.00 - -
Skeletonema costatum
20 72hr-G.I 25.00 50.00 69.97 27.71 116.50
96hr-G.I. 50.00 100.00 85.68 74.73 95.04
3 24hr-S.R. >100.00 >100.00 >100.00 - -
. o 96hr-P.G. >100.00 >100.00 >100.00 - -
Brachionus plicatilis
20 24hr-S.R. >100.00 >100.00 >100.00 - -
96hr-P.G. 50.00 100.00 >100.00 - -
1 96hr-S.R. >100.00 >100.00 >100.00 - -
. . 7d-S.R. >100.00 >100.00 >100.00 - -
Paralichthys olivaceus
20 96-S.R. >100.00 >100.00 >100.00 - -
7d-S.R. 50.00 100.00 >100.00 - -
96| 52t %?& A A3+ NOEC, LOEC ¥ EC,,©] Z+2F 7%, HANs7} 15, HAASZ) 7502 & 165°] #E 50 tH(Table
50.00, 100.00 2 85.68%33t}. B. plicatilis®] 7Hxﬂv“f dAS olf  3). I F MAEERT 28 558 HE5 0] Electrolysis BWMS
s ”}}‘45)‘4"]@3 A2 20 psu HH ol 96X =EAIZ Ap of] AE R o T AddE= 31842 volatile halogenated organic

NOECS} LOEC7} ZH2} 50.00% 2! 100.00%33 3L LCs 100.00%
o A= H . HA(P. olivaceus) 73 T 0|83 A Ay dE
20 psu HiES=ol4 NOEC 4! LOEC7} Z+2} 50.00 2! 100.00%33 3L
LCyr 100.00% ©)4-0 & A 3 TH(Table 2).

3.2 SR AN
AE 34 psu HIEF oA TROE 0.03 mg/LelstzE HEH S

F-AHE 22 bromate, volatile halogenated organic compounds7}

compounds 6&, HAAs 7& %

organic compounds 6% 5 1,2-dichloroethane®]

HANs 155°]3]t}. Volatile halogenated
7} 0,08 pg/l ' ®
7F kAL, tribromomethane®] 5%+ 486.00 ug L'Z 71 =
S¥t}. HAAs 7% < trichloroacetic acid®] %7} 0.88 pg L= 7}

<} W¥9k a1, monochloroacetic acid®] &%= 54.90 g L'Z 7
=24t} HAN dibromoacetonitrile 15°] 3.42 pg L9 55 &
HEE I

A 20 psu HlEFolA TROE 0.03 mg/Lo)dtz AEH L,

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 (ng/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 0.69 422 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=A 159 FAREA 2150] AEH AT FAREEE volatile
halogenated organic compounds”} 8%, HAAs”} 9%, HANs”} 3
%3} chloropictin®] &% THTable 4). L 5 AquaStar™ BWMS®]|
AdE Zl o AdEE 3184 volatile halogenated organic
compounds 5%, HAAs 6%, HANs 4% 4 chloropicrin®] | T}
(Table 4). Volatile halogenated organic compounds 5% & bromo-
chloromethane®] &5+= 5.32 pg L'Z 71 S3ka1, tribromomethane
o] F5%7} 129.00 pg L2 71 334t} HAAs 6% < dichloroacetic
acid?] &%=+ 1.08 pg L'= 7 w3kl monochloroacetic acid®]
FEF 151.00 pg L'= 7 =94t HANs 4 % bromochlo-
roacetonitrile®] 0.11 pg L% 7 wkal, dibromoacetonitrile®]
FEE 0.24 pg L'2 7P =90t Chloropicrin®] 5% 0.08 pg
L'o]qlct.

3.3 XEY, MES8Y H MEl=Y

AquaStar™ BWMSe]] &Jste] A9 18% sea4 o] Rigt =
8.67~60.004 &= 6045 Z¥sh= =22 3, log Kow %47}
BCF 7157} 2+2} 0.22~2.167} 3.16~17.80 L kg wet-wt. & log
Kow #t°] 3& Z33sALt BCF A7} 2,000 L Kg! wet-wt.5 %
Y 38E4S 191t Table 5).

AquaStar™ BWMSe] &J3l A3 18%-2] s}ek
Bl =A%k Table 60l FElaigivt. 15 HE 2t
o AejEAI 7S AR | bromateol] T3 48 hr-EC,2 30,000
pg L3132, volatile halogenated organic compounds®] AJEll=5/d
- 1,200~240,000 pg L'0)30ch HAAsS] AEREATS 28~69,000 pg

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

L9037, HANs®| ABESAd 3k 20~550 pg L0121 2™, chloropicrin
o] AEEAIZEE 16~63,000 pg L'OI3ATH
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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-LCs, 512,000
Oyster Crassostrea gigas 48hr-ECy, 30,000
Volatile halogenated organic compounds
Algae Scenedesmus quadricauda LOEC 10,000
Fresh water Crustacean Daphnia magna NOEC 68,000
. Fish Leuciscus idus LCs, 1,800
1,2-dichloromethane
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-LCs, 45,000
Bromochloromethane Fresh water Fish Cyprinus carpio 72hr-LCs, 67,000
Dichlorobromomethane Fresh water other Tetrahymena pyriformis 24hr-ECy, 240,000
. Fish Cyprinus carpio 72hr-LCs, 34,000
Dibromochloromethane Fresh water ) )
other Tetrahymena pyriformis 24hr-ECs, 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-LC, 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 LCs, 2,000
Trichloromethane
Algae Skeletonema costatum NOEC 216,000
Crustcean Penaeus duorarum NOEC 32,000
Seawater . .
Fish Pleuronectiformes LC,, 28,000
other Brachionus plicatilis LCy, 2,400
Halogenated acetic acids (HAAs)
Algae Scenedesmus subspicatus 48hr-EC;, 28
X . Crustacean Daphnia magna NOEC 32,000
Monochloroacetic acid Fresh water .
Fish Cyprinus carpio 0.125d-LC,, 177,000
other Tetrahymena pyriformis 36hr-ICs, 16,000
Algae
Lo 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-ECy, 106,000
Seawater Crustacean Nitocra spinipes 96hr-LCs, 23,000
Algae Chlorella vularis NOEC 100,000
Fresh water Crustacean Heliodiaptomus viduus 13.1D-LT;, 100
Fish Labeo rohita 24D-LC,, 750
Dalapon Algae Dunaliella tertiolecta 1.5hr-EC;, 25,000
Crustacean Crangon carngon 48hr-LCs, 100,000
Seawater .
Fish Platichthys flesus 48hr-LCy, 100,000
other Cerastodema eddule 24hr-LCy, 100,000

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



96 &ru

Table 6. (Continue)

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

Crustacean Strepocephalus proboscideus 24hr-LCs, 1,200
Fresh water . :
. . . Fish Salmonidae 96hr-LCs, 1,050,000
Trichloroacetic acid - —
S ‘ Crustacean Nitocra spinipes 96hr-LCs, 4,800,000
eawater
Fish Alburnus alburnus 96hr-LCs, 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-LC5, 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-LCs, 30

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

Table 7. PEC (predicted environmental concentration) value from MAMPEC 3.0, PNEC (predicted no effect 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 (ug/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 5.62x107 2,900 1,000 2.9 1.94x10
Bromochloromethane 532 3.30x107? 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 3.47x107
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 2.60x107
Trichloroacetic acid 79 1.76x10% 1,200 1,000 1.2 1.47x10%
Tribromoacetic acid 1,510 2.67x10"! 69,000 1,000 69 3.87x107
Monobromoacetic acid 279 3.94x107 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 2.42x107 20 1,000 0.02 1.21x10™"
Dichloroacetonitrile 18 3.85x10° 20 1,000 0.02 1.93x10™!
Chloropicrin 8 1.87x10° 16 1,000 0.016 1.17x10™!
3.4 PEC2} PNEC 2.54x10°~1.93x10"2 15 Z¥sh= getE2S ¢loitt.
AquaStar™ BWMSeIX] 8/3¥ 1859 slelada5S i wi=

%Fol 8.00x10°~4.86x10* pg L' 131, PECE 4.58x10°~4.87x10° ug 4. 0 &

L' It} (Table 7). PNECE 71 W2 AJE5/d7kel 10~1,0002] 37}
AFE 288 A7} 1.6x102~32x10* ug L't} PEC/PNECHE B Ao AquaStar™ BWMS?] viES=el 714 w17takA) Wk
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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 EC,,=50 Brackish water MEPC[2010a]
En-ballast Skeletonema costatum EC,,=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 EC,=17 Seawater MEPC[2010e]
Smart Ballast Skeletonema costatum EC,,=94 Brackish water MEPC[2010f1]
EcoGuardian™ Skeletonema costatum EC,=75 Seawater MEPC[2011b]

o

53 AELS S, costatum® 2 EC5,°] 69.97%2]31tF. MEPCO] A
¥ I RaMES dEsind, B A7]R3E A8k
BWMS Q] vj&<of thsle] AEZHTEQ S. costatum T
Isochrysis galbana?} 717 3381A RES3he 2 0F Hago] &
17-¢] Aol ARSI T(Table 8). 12t 7|2l A5 AH-
3= 471l BWMSS] HiEroli & AfR57do] AEEA] Yot £ A
T-o] A} xpo]E BITHMEPC[2010c], [20111], [2011h], [2012]).
AquaStar™ BWMS HIE59] 3Hi5/dS 57 A& o3t
Y FE QAR A7)RERE AHEshE BWMSS] - 27
TRO®| F¢ 58} ASAREe] Tl vkt vt geAle
Aoz AT}, AT AINES 18 2 F-I3t] S. costatum
9] ECsi#t® 271 TRO %5, AYE A5HAEES] TFTet &
SRR I59 5 Aleld] *oh&&ﬁli F2418191 tH(Table 9).
S. costatum®] EC5 k< 27] TRO9 & 748k ko] ZaaA
= E‘}ii(r—o 818, n=8, P<0.05), O]L ¢7l TRO? 5%
= ARA30] Hos ulditt. AsiAkE TR ECo
%5% o) AABAE B2 (1=0.854, n=8, P<0.01), HAAsA
=5 (1=0.712, n=8, P<0.01)%} ZF-(r=0.884, n=8, P<0.01) 5
EC, 3 2 ok AUiAE Btk S AUy A= i
SRS TR vk 5A0) Aelixiths 2 gvlst

[o}

b

¥

3L glom, 53] HAAsS] 57} thekallda5 SA4do] slixivh=
A& ou)sitt, 27l o] o] EFHE tist Z*@%" =42 7
o] 71 AR A WA UERd 7 gloH, viEsel] o
3 FEAAE] AL WRSA] pH W 5440 Fisdf ujet
Ao e AE8EE-S 3 4= QUi (Lloyd[1987]). WEFA 7]
AAIAR A= 7 B 55 ot S, costatum TNATE]
s AT 5 Slolx, ERC] Tt thdaiAE B4 E Al
5L g0 R s AMATE A Al vX= Gl 9
A F vk Zloz sae 4= Qlrk

—
=
o
B
~

FYEEE HAAsS] F75(=0.798, n=8, P<0.01)

83 %E(Fo 716, n=8, P<0.05)$} 35 AHIAIE Kt o=
7} 85 A HAAs 7= teisix]

T ESH %O} A& guldn A2 5 A E = volatile
halogenated organic compounds®] 3+ 75521 THMs(trihalomethanes)}
HANs, HAAse 2 5759 §7157% 947} ikgste] A€t
(Chang ef al.[2004]). THMs®] 7} §-218F 474 NOM(natural
organic material)®] F2 4 Eo] oA 7k NOMAEE =
biopolymer, building block, neutrals J--55% A~=FAH=2] A5+
A7t E 5= glom, ol a5HAEES] W52 HAAS’F THMs
BT} T (Lee and Choi[2010]). Chang et al.[20041> HAA2E

]

Table 9. Correlation matrix between EC;, 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; HANs: 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])

ECs, TRO Conc. DBPNo. VOCsNo. VOCsConc. HAAsNo. HAAs Conc. HANsNo. HANs Conc.
EC,, 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. 70.884 "0.798 0.900 0.500 -0.294 1
HAAs Conc. 0.712 0.716 "0.835 0.556 -0.269 '0.805 1
HANs No. 0.568 0.368 '0.733 0.703 0.355 0.434 0.613 1
HANs 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)

Approval
No. BWMS name Manufacturer —————— Remark
Basic  Final
1 Electro-Cleen™ Techross Ltd. And Korea Ocean Research and o O Electrolysis
Development Instite (KORDI)

2 NK-O3 BlueBallast System NK Co. Ltd., O O Ozonation

3 GloEn-Patrol™ Panasia Co., Ltd. O O  Filter+UV

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 pipet+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
g eIl BEE 255 THMs $7F S718k9lal, °lh o] ballast waters *|2]sh= 432 4% 4% TRO 59} B.
WSl A 7ol o) WG| Bo] A &A]0l HE plicatilis®l] tJgF 54 e A& Holx] kil 9L, TRO
0% ARl b Si4-E Al selt ek %EMI BOSE EE AL oje AT e 19eb) flans ne e

g

TePHA sligruie] APEE m8E 3} TROZ} A&
2 0 7 Hkg3lo] AR uliel 718l FRIE o835k BWMS
o] & Ulof] EAsks 25FAMEE2 TROS] FUET8} A
# °H‘T‘LH’] 7189 F79 ol e} Gep 1, A5FAEE2
S geoker s ARSAE SoRE o g ddEn)
5}-5, A 20 psul] viESANA ZEIH B. plicatilis®] 1] 2F3t
g =4 0] A& 5 A tKTable 2). A 7|73 & AHE-3F= RWO
BWMS(Clean Ballasty= A2 AlA3E| 918k TRO F5E 2 ppm
© 7 47310 ballast waters A 2oh= FX| 24 viE A SIAIA
TRO 555 0.2 ppm ©8}= wiE3IT) o] 18] 739 ¢ 22 psu
W&o X= B. plicatilis?l 574 Qo] YloH, 3|45l
32-35 psu BiE<ollA B. plicatilis®] NOEC, LOEC %! 72hr-EC,©] Z+
7t 46%, 56% 2 >100%C] 02 ¥ Ag-e] Avkel tha Aol
R ot viES2] B. plicatilisl] F7d) thgt RIS v]okst
70 2 LJERSFEHMEPC[2008a]). TWECO(Techwin Eco Co., Ltd)
BWMSE A78l1E o]8-51o] AES AlASH] $18] TRO &%
3 ppm O & AAste] Hulah= X2 wiE /\] F3AA TRO &
o|alz wliEsict. o] 2] -9 ballast water *]Z]
59 & %ﬁ}/\]ﬁ &3t ballast waterellA1i= B. plicatilisll 573 2]
TP E2do] 1EH A AUTHMEPC[2010¢]). 713815 AMSSR=
BWMS 5 Jti2 0% %& TRO %“53 AR88R= OceanGuard™
BWMSHEAAE $13F TROAEA F%: 15 ppm)i= ballast water
A ¥ S5l wiE Al TRO %‘Et 0.2 ppm ©]3}R1 “g=]0]A]
vk, e} 7)gR 0] wiESrol = B. plicatilisol] 5739 WS
AJo] HEEA| ATHMEPC[2010b]). webr A7) a5 o143}

1 AERTES

d

A7t FAEojof & Flow .

2 ATrollA o] 7o wjeksl R 5/ o] HEE Tk Table 2).
Park et al.[2005]= Ad| A5 g 9 @grofe] 54 o5
A AolA sodium thiosulfate® A3lTE F&Fst 3 o172 43
=78 ko] WAEA ot 7 ATY ol FAEY Ael UX
&1tk 1@} Park er al[2005]9] AT F FFEAEE 02 mg/Le)
A& oA Microphysogobio tungtingensis, Pungtungia nigra 2
Rodeus uyekire 74 ©1 & AZke W BE o f7F S
FEAMEY SOl BEEHA] Yot & A7A e} thas AlolE K
Stk B2 ATl o9 FHFEES 278G DA 3A
AR SAEZ e ¢ wiZdst 202 W 1% % tH(Mohammed
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