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The Study on Marine Ecological Risk of Ship's Ballast Water Treated by Electrolysis

Tae Won Kim

Department of Oceanography, The Graduate School,
Pukyung National University

Abstract

The international Convention for Control and Management of the Ship's Ballast
Water and Sediments (BWM convention) has ~been adopted by the IMO
(International Martime Organization) in 2004.to prevent transfer of exotic species by
ballast water! Since ' then, ‘many type of BWMSs (Ballast Water, Management
Systems) have been developed. However the processing method using Electrolysis
makes active - substances | to remove the organisms, which generates relevant
chemicals. Therefore, when treated ballast water is discharged. into reciving water, it
may cause toxic:effects to. marine organisms.

To verify the unacceptable effects of ship's ballast water:treated by Electrolysis on
marine ecosystem, the WET . (Whole @ Effluent” Toxicity) test using diatom,
Skeletonema costatum as primary producer, rotifer, Brachionus plicatilis as first con-
sumer and olive flounder fish, Paralichthys olivaceus as predetor, chemical analysis
for identifying substances produced by Electrolysis BWMS was conducted. In addi-
tion, Marine ERA (Ecological Risk Assessment) using PBT properties and PEC
(Predicted Environmental Concentration) / PNEC (Predicted No Effect Concentration)
ratios of produced substances was conducted.

S. costatum was the most sensitive organism that gave the NOEC (No Observed

Effect Concentration), LOEC (Lowest Observed Effect Concentration) and ECsy (50%



Effect Concentration) values of 12.50%, 25.00% and 83.32%, respectively from WET
test results for 20psu of discharged water. In the chemical analysis results, 21 of the
substances were newly produced by the Electorysis BWMS, composing of bromate,
9 volatile halogenated organic compounds, 2 halogenated acetonitriles, 8 halogenated
acetic acids and chloropicrin. Twenty one substances was not considered as persist-
ance and bioaccumulative chemicals because the half-life and log Kow value of sub-
stances did not exeed 60 days and 3 days, respectively. Uncertainty of toxic prop-
erty of substances was high. However, the PECs of 21 substances calculated by the
MAMPEC program ranged from 7.02x10* to 5.39x10° pg/L and PNECs of them
ranged from 2.00x107 to 4.24x10% pg/L. The PEC/PNEC. ratio of 20 substances did
not exeed 1. Therefore, the results of the WET test with discharged water from
Electrolysis BWMS and ERA for generated substances in-the discharged water in-
dicated that the ship's ballast:water treated by Electrolysis was not predicted an ad-
verse effect on the marine ‘ecosystem.

However, WET test results were shown that the ship's ballast water treated by
Electrolysis can have' potential. negative effects on the marine ecosystem. Therefore
aquatic toxic effect of dischargedwater should not be overlooked’ and should be
kept an eye out to. prevent-an adverse effect on marine ecosystem through con-

tinuous monitoring system:
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Table 1-1. Guidelines of BWM Convention (IMO, 2012)

No Title of Guidelines Adopted resolution
Gl Guidelines for sediment reception facilities resolution MEPC.152 (55)
G2 Guidelines for ballast water sampling resolution MEPC.173 (58)
G3  Guidelines for ballast water management resolution MEPC.123 (53)
equivalent compliance
G4  Guidelines for ballast water management and resolution MEPC.127 (53)
development of ballast water management plans
G5 Guidelines for ballast water reception facilities resolution MEPC.153 (55)
G6 Guidelines for-ballast water exchange resolution MEPC.124 (53)
o7 Guidelines for risk assessment under regulation - resolution MEPC.162 (56)
A-4 of the BWM Convention
Gg  Guidelines for approval of ballast water resolution MEPC.174 (58)
management systems
Procedure for approval of ballast water resolution MEPC.169 (57)
G9 management systems that make| use of Active
Substances
Guidelines for approval and oversight of resolution” MEPC.140 (54)
G10 prototype ballast.water treatment technology
programs
G11 Guidelines for ballast water exchange design resolution MEPC.149 (55)
and construction standards
G12 Guidelines on design and construction to resolution MEPC.150 (55)
facilitate sediment control on ships
Guidelines for additional measures regarding resolution MEPC.161 (56)
G13  ballast water management including emergency
situations
G14 Cuidelines on designation of areas for ballast resolution MEPC.151 (55)
water exchange
G15 Guidelines for ballast water exchange in the resolution MEPC.163 (56)

Antarctic treaty area




Table 1-2. Ballast water treatment performance standard proposed by IMO (MEPC,

2008a)

IMO Regulation D-2
Viable organisms

before treatment

after treatment Remark
(for test water) (for discharged water)
50 pym < organism > 10° inds./m® < 10 inds./m? at least
5 species
from at least
10 < and < 50 ym organism > 10° inds./mL < 10 inds./mL 3 phyla

Toxicogenic

< 1 cfu/100 mL or,

Vibrio cholerae < 1 cfu/g (wet weight)

of zooplankton samples

Escherichia -coli < 250 *cfu/100 mL
not need to be

added,
but measurement

indicator

Enterococcus group
microbes

=
Intestinal Enterococci 100 CRUKLOQe

Coliform

Heterotrophic bacteria >10* inds./mL

*cfu: colony forming unit

13 A7IE3HE )& AHE

T A
BWMS®] o] &%+ AEA A2

iE

TRAn 224 APAe B ol ga

U 2539 9 A4 sE o8
s (72 #, 2003), 38HA A AES AAT 5 e G4 E D (active
substances)= A3 H7FAY S EAS] AAS FEE F e A E0] o] &

#oH(Kim and Shin, 2005).



1.3.1 /g3

IMOZH-E] G9¥} ##sle] 7]E%91(Basic Approval)S -2 BWMSE 2012
1147kA B 42787F lew, 1 5 el e e 157H%lH HE:5<
(Final Approval)7}#] %2 BWMS:= R 287101™, 1 & =rulolA] 7fdte 3o
10702 71 2kti(Table 1-3.; ClassNK, 2013; IMO, 2012a; Korean Register of
Shipping, 2010; MEPC, 2008c, 2012c, 2012d). BWMSS] A EAAWAE 2= 7] &
$¢ T HEHAS v 42709 BWMSHE A7|EE o] &3 BWMSZ) 2070
2 78 w@ska UvE o] &3t Zlo] 1A, LES o]&3t AL 4f3loH, FEF4]

4 718 S o] &3 Zle] 1T a8y uve A

(Kim, 2012).



Table 1-3. List of ballast water management systems that make use of active substances which received basic and final approval
from IMO (ClassNK, 2013; IMO, 2012; Korean Register of Shipping, 2010; MEPC, 2008d, 2012c, 2012d)

IMO
P .
No Name of systems Name of manufacturer roposing  Approval Process
country -
Basic Final

1 PureBallast system AlfaLaval / Wallenius Water AB Norway @) O Filtration+UV/TiO2
2 Electro-Cleen™ Techcross Ltd. and KORDI Korea Electrolysis
3 SEDNA® Degussa GmbH Germany @) O  Filtration+peracetic acid
4 OceanSaver® OceanSaver AS Norway @) O F|Itra.t|on_+CaV|tat|on+.

Deoxidation+Electrolysis
5 CleanBallast RWO GmbH Marine Water, Technology Germany O O Filtration+Electrolysis
6 NK-O3 BlueBallast System NK Company Ltd. Japan O O Ozonation
7 ClearBallast Hitachi, Ltd. / Hitachi Plant technologies, Ltd. Korea O O  Filtrarion+Coagulation
8 Greenship Sedinox Greenship Ltd. Netherlands O O Hidrocyclone+Electrolysis
9 GloEn-Patrol™ Panasia_Co., Ltd. Korea O O Filtration+UV
10 Resource Ballast Technologies System Resource-Ballast Technologies Ltd. South Africa O O F|Itrat|o.n +Cavntat|onf

Ozonation+Electrolysis
11 JFE BallastACE® JFE Engineering-Corporation Japan O O Flltr§t|9n+ChI0r|nat|on+

Cavitation
12 EcoBallast Hyundai Heavy Industries Co., Ltd. Korea O O  Filtration+UV
13 SP-Hybrid Ozone version Mitsui Engineering & Shipbuilding Co., Ltd. Japan O O Cavitation+Ozonation




Table 1-3. continued

IMO
P .
No Name of BWMS Name of manufacturer foPosing  Approval - Process
country -
Basic Final
14 ARA Ballast 21st Century Shipbuilding Co., Ltd. Korea @) O  Filtration+UV+Plasma
15 BalClor Qingdao Sunrui Corrosion and Fouling Control Company China @) O Filtration+Electrolysis
16 OceanGuard™ Qingdao Headway Technology Co.; Ltd. Norway O O Filtration+Electrolysis
17 Ecochlor® Ecochlor, INC, Acton, the United States Germany @) O  Filtration+ClO2
18 BalPure® Severn Trent De Nora, LLC Germany O O Filtration+Electrolysis
19 Hiballast Hyundai Heavy Industries Co., Ltd. Korea @) O Filtration+Electrolysis
20 Purimar Samsung Heavy Industries Co., Ltd. Korea O O Filtration+Electrolysis
21 SiICURE™ Siemens Water Technologies Germany O O gg&?&ﬁn;ypochlorite
toron
22 ERMA FIRST ERMA FIRST.E.S.K. Engineering Solutions S.A.  Greece O O fgﬂ?gyg;’dmcydo”e
23 MICROFADE™ Kuraray Co., Ltd. Japan o O (Fllglrgﬂithypochlorite
24 AguaStar™ AQUA Eng..Co. Korea O O Filtration+Electrolysis
25 Neo-Purimar™ Samsung Heavy. Industries Co., Ltd: Korea o O (letl]t;a;:izr;r injection
26 DESMI Ocean Guard DESMI Ocean Guard A/S Denmark @) O Filtration+UV+Ozonation
27 JFE BallastAce (NEO-CHLOR MARINE™)  JFE Engineering Corporation Japan O 0 E'::;;“g; njection
28 Smart Ballast STX Metal Co., Ltd. Korea @) O  Electrolysis




Table 1-3. continued

IMO
P .
No Name of BWMS Name of manufacturer roposing  Approval Process
country -
Basic Final
29 Blue Ocean Shield China Ocean Shipping. Company China O - Filtration+UV
30 AquaTriCombTM Aquaworx ATC GmbH Germany O - Filtration+UV+Ultrasound
31 En-Ballast Kwang SanCo., Ltd Korea @) - Filtration+Electrolysis
32 BlueSeas Envirotech and Consultancy Pte. Ltd. Singapore O - Filtration+Electrolysis
32 SKY-SYSTEM® Katayama Chemical, Inc. Japan o . CFiwaton+
Chemical injection
34 BallastMaster GEA Westfalia Separator Systems GmbH Germany O - F||trat|p n+' I
Chemical injection
35 BlueWorld Envirotech and Consultancy Pte. Ltd. Singapore O - F|Itrat|9 n+' I
Chemical injection
. - ! . . Filtration+
36 DMU-OH Dalian "Maritime University China O " Oxygen compound
37 EcoGuardian™ Hanla IMS Co.,"Ltd. Korea O - Filtration+Electrolysis
. . TM
38 KTM Korea Top Marine(KT Marine) Co.; Ltd: Korea O . Plankil p|_pe *
Electrolysis
39 Hamworthy AquariusTM-EC Hamworthy Water Systems Ltd. Netherlands O - Filtration+Electrolysis
40 OceanDoctor Jluug ng Precision Measuring Technology Research China @) - Filtration+Photocatalytic
Institute
41 HS-BALLAST HWASEUNG R&A Co., Ltd. Korea O - Electrolysis
42 Gloen-Saver™ PANASIA Co., Ltd. Korea O - Filtration+Electrolysis

_10_



132 AEAALY 2 AGSBIE

AT AFEE BWMSE A7IRSE o] &sto] EAEAS AHAA AES
AASE oz AuEgdeE Az A FoA7Ie Aoae olgshH,
1 A3 Plankill pipe™ unit®} Electolyzer unit, Neutralizer unit <=0 % 17 5 o]
A THFig. 1-1). ballasting Al A=ollAl &2 Q1 FAo] 7l A =5 11Qke Plankill
pipe™E E33t F Electolyzer unitel X BAEHS At BES ATEA 7T
olul, TRO (Fz7FA3s}E: total residual oxidants)®] 3 %+ 10 mg/Le]™
HWlE Al B85 Y TROY Fxol whel Neutralizer unitoll = $31A1Q €]l 2 34k

L} E F(Sodium thiosulfate, Na,S,03)s Flste] vlE5 <] TROE =S 0.2 mg/lL ©]

c‘ ==,

)

Mixer

<Discharge Mode>

Fig. 1-1. Scheme of direction treated water flow (unbroken arrow line) and control
water flow (dotted arrow line) in efficacy test of ballast management system and
sampling point (S1~5).



A7) 28 o] 43 BWMSE 5 & F2A29 A IEF(NaC)S o] 43+
ZFold A4 E F(NaOCl) 3 2Folsd Ak (Hypochlorous acid, HOCI)S A4 &kA] &,

olZ o] gstel MuEAS o] AES APEAZ7] $18) 1eke ulo] tHMEPC,

ol

2011a). sl+E AA o= AV|Eastd FH)=olMs FAAd0l Ad diTbs
(Chlorine, Clp)7F A H 1 &(—)FolA= A8 EH(Sodium hydroxide, NaOH)

o] A HT}(Figl-2). Cl,¢ NaOHi+ ®H-§-3Fe] NaOCle] A E 1 FAlo Clhv

&3 W-&3ke] HoClo] 34 | th(Figl-2). 473 % HOCI pH7} S7kske H9} A
o} AAko]2(Gypochlorite, OCIN) .2 &2l 5 3l pH7F #F43skd HOCIC] Fe=z &

Atk s el £A6HE BE(Bromine, Br)< ©]-22] & e(Bromice, Br)® =
At ke skl HOCIH RE-g-8Fo] x}olH =k (Hypobromous acid, HOBr)
o] A E o] HOCIH fAFSHHES-© & X}olH ZAo].2 (Hypobromite; OBr)o] 44
ArhFigl-2). sls=g A7PEsiel sl 4d® F4EHQ Naocl, HOCl, ocl,

HOBril OBr52 4% #71% al, dtuyold A4 A7, 4t 9 AZAdo

Jiﬂ

43t g3 7k th(Lee et al, 1997; Kim and Gil., 2007; Yoon et al., 2005; %4
5, 2012). AutgEE el AR Aoz ey AvjRee] s 1

AHow B ARl JrEs 2hgo R ANE BB @

o

&2 ArdEdtE AALDCE 5, 2006). £3], NaOClS Zazgldo=w oAl

=

(HCNS 2@ yrch 1.48] =th(Yoon et al., 2005). o]&dt S EHAEL 7

de 7 e gl A4 o AeAtdrss 7HEITH(E 5, 2012).
A7 E ol&3 BWMSel g3 HEld wiEse 449 SAELT we

ato] thoksh FAbE

™=
=

el Aeld wiEFs AGAEAd FAAJ] FEFE vIES A webA

[UE

=0l AH AFd 5 dnh ol Fole B EAA

oX,
o
iy

7= E-E0] E3E F Q7] Wi AV|EHE o] L3+= BWMSO



BWMSS] wj&<=ol thale] sk EoA nXe= dFS5A 9 A
7}7F EEA] SErbE of of 3ty
Na+
NaOH <
Cathode

HOCI + Br h
4=\ W 3
HOBr
H+ OBr

b

NaOCl, HOCI

Fig. 1-2. The diagram

of reactions during electroysis of seawater.



Atk BWMSE Auhg
BWMSel olsll A2® wjEas kAl FAAd dF= vE ¢ e

FAE S 7HA AL LTk

Q
4
1o

f
iy

o
r_‘%
2
)
N,
é‘.:
_Fg
E
=

E
1,
kﬂ
rlr

w

s

<

wn

1o
ox
i
2
N

111
ok,
>

nAE GEFE Frrek] Aol mEkA AR R A Augdes @

FAE AN A= T Aolntreks e sFHNeH
fletel BWMSell olal] A wiEare] thsh s SA AT S s
AdE setEdS geoteinh E3 A steEd s EulE gl A%
J (persistency) 2} A& 5= A (bioaccumulation), A8 Ell - (toxicity) 2 PEC (predicted

effect concentration) / PNEC (predicted no effect concentration)E ©]-83}o] 3| %

A el Sl el = 8 7ksk il
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A7 As 9 I
21 NE AA
BWMSY A5AZAEE Mugesan ol gm= 85y thokst Arzde

3ol 271 Z(set) ©]%

k=l
A
ol
2
o2
M
off
krt
-
(@)
o]
w
[
o
>
>,
N
B
o
N
L
L
r
>,
jui)
-
il
o
ofo

o ANEE Y= Busta Qlth(Resolution MEPC 125 (53), 2005). +

o=

BWMS?S ASsHASAIAS AR 5% 3dpsusl 20psus] zZ+7; 272 A do] 3
Hn A7)z Ak g Ege] ks Brke] A% Alse
Aedsrdel F3EE sdd ddolsd AH A3 1008 APAF

(test water) < 50=-2> BWMSE A # 2] 4= (treated water)-E .ol #73}% 31, 50

—

B2 BWMSE AA A ¢ar v A 84 (control water)- B ol # A3t Ay
+&7|17e 7Pgske] 543 ZF B RS 59, AE s TRO 5%
0.2 mg/L °ol&t7} HE% F8AlE Fste] Bl=sk3Ith(Fig. 1-1).

W&o AEEEe B4 A KR 59 F A4S 7

i
(o
jur)
==

=
(discharged water)2} ¥ A 2]4-5 ZF2F 400L9} 800LE A 3stoidt, 72 A=+ 318t
4o v EAPE AMAZ AZE 200Le] &G WEste] F7]9e

A5 Aasta SEustE HABAIZN A8 GRAE olgstel HyuE

etz de AdolRE B A ARt AEAY AL, ABA5

mode?] S3-5). BSEA A4 WHE U] o] ARE RHFE E nE
kS F9I5to] ofo]sube] Yol ABAR WAL AFH Axel W
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e 54

L1}

Y €l 8+ (Ecology) 2} =7 & (Toxicology)

o

shE-o| ). Truhaut (1977)

A ©j) 5 /d 8} (Ecotoxicology)

olthreta el

o

1o v

9
1t

BeA T4

feig
o

o 3

g ek
‘The ECOTOX

=
=

=
=

TERRETOX

=]
=~

sto] 19951 o

=42 s AEA

B A3l 2000 ) o

5

e
o

|t} 1) =3-7 B 5 3(US EPA: United States: Environmental
7N

=

19815 E] AQUIRE, PHYTOTOX
=

193 THUS EPA;-2009).

o

e

AEL 542 E (database) S S
[e)

S F Al B

O
(Ecotoxicology) database’

Protection Agency)
SRS N

=40l

Foict. werA,

S

oju
7o

o

oF
oy
nfp

%)

K
nf
;Oﬁ
=3

)

0

A

=
Holgtx

5ol

i)
55

o

F7] )

o] ¢ AA=7kA 5ket

e
i<}

3

W=
A=
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222 AdFE A 4 gdF AF

+9kEl AlE & 55 3um CP filter (Chisso Filter, Japan)® ©] ¥}t & n] x| 2]

f
>,
&
X
2L

7 AgELEs 24 ARl olgHA 4B FLFE psus)
20psu 270 e FEFINA ARSAL, SPES AE PP FAA S

A%ty MR AUA Holits F 2 dYgUAE ES S At

o
sy
=
o
of\
2
=
=
o
Ak
o2
=
9
1
re
-
)
§2
o
™
o%
i,
o
it
ofN
Hl
=
to
=
AN
>,
juii

ol A A AiAbgel golstal, AR MRS e S5 Agssit.
webA] 7]Z AARRFR A Skeletonema  costatum  (TFEF), 13 W] AFEA
Brachionus plicatilis (2 F]%), npA|= o %2 A2 A Paralichthys olivaceus (% ])

2 77 AgugF o Agstg,
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2.2.3 Skeletonema costatum= ©] €3t ZFAAAA A AL
AR E Hest AurF =7 Al A ] 7] = A Rl S, costatum 2]

AAE vAe dFS Lotry] S8 s E 34psuet 20psul] F AR RE

TAEATE AEFE 3dpsu HlETS] SAAAES A AP A 2170 Ak
(pre-culture)= AAIgE Fof Agde] o] &3t Hitv % 20psu HIET] HAAY
S 25 ol AFATONA AdHldES AW 5, AukS AAste] AFe o] &

sttt 7 wxo Adgdae f2 mixS H713Fe] membrane filter (pore size:

0.2 pum; Whatman)= ©32}dk $ 15 mL Al 3ol 10 mL¥ ZF8k ok HFUT &
3,000 cellsimL7} = =2 HEsta 22+41°C, 405 pmol/m’e] ZEOA ALz 3}o|

sttt FEA3 NiER = )2 FoleH, AAF AHE S HL W 24
Azt BE AEFES 59 AFEAS #AseE & 27 1 mLA £33t AlX
U s =459 S, costatum®] AEUEE thEel 25 Ag oA v 244
b uith EFHSE AlEE 90% oFA|lEC R FEoke] & P4 7] (Turner Designs
Model 10 AU, USA)9] 4607 683 nme| oAl F3 =5 o] g3te] chlor-
ophyll-a %5 Z4 sl di== 7+ Sedgwick-Rafter chambers ©]g-3}o] #3g
HAr]F(CKX 31, OLYMPUS) 3atellA Mxd=E #3 Algsialch dizx+2
chlorophyll-a 55} AlZU Aol A@aAAREA S st S ddsis
AN S o) gatd] e B AP AxUEE =430

]

S. costatum®] A &-E-(growth rate, 1)< ofgf 2] 241S o] &&ke] AAk

r = (InNg - InNp) / d

714, r = S. costatum®] A&
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Ng =d d 2 Mxd=

No =

|
>
%
>
N
N
>
lo
=
b
g
b

d = Hl7IZHY)

[

7 wed A

n?L’

9o HE 0385523574 7(WQC-22A, DKK-TOA)E o] &

st e AT FRAC] ZeAh

=]
A7 2 A Augdgd 57t S FAE A 12 4 u] Akl B. plicatilisell
v 2= w3 R GRS dotRy] fEl it 3dpsust 20psul] T Pt At

A 23 7Zy 2447, 96417 Fok Ade A AskSith. 4lglof  o]g% B, plicatilist

cyst (MicroBioTests Inc., Belgium)e] H-3fA1S o] &3k th. cyst= 20psu?
B le o A 25+1°C, 27 pmolim® 258 A& w oA 28A17F EF H3}A

At 38 A (neonate)> 241 7k o|uj ] Addol o] &3kl Y 3dpsu Bl E T

o WAEAHARS FHF 107 5 Mpsu) AR FBA EAN F AE

7t 2HsY

A71ES = A2t AukEEer) B plicatilis?] AEE VA FEFES dolry)
Al F3k S 24M3 FRE AP G A wE:AA AEES BEgT AY
A 9@ WH2 ASTM E-1440-91 (2004)5 uhskch. Zh 23842 membrane filter
(pore size: 0.45um)% o] 3}3+ 5 48 hole well plateo] 1 mL% 333t} 3 hole

g sAAM Fastgon 12719 WETE TG 2551C, A% o)A
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ofo
12
1o
ol
rfo
e

I

BegAe A4 Afstel MRS SHaT 4 FEd AY

o='c
A7|Ee 2 A gst AurE e =71 B, plicatilise] /WA AFdEo| nx= I
= otry] 98 3 FAAS 96AIEFRE AT LN wEAA NATYTE
S BT Agdd w2 Janssen et al. (1994)°] WS upsich 7t

213 2912 membrane filter (pore size: 0.45um; Whatman)= o #}gk & o] &l
Chlorella vulgarisS 1 x 10° cells/mLe] WEZ} &%= 7} A3 gho] HE T
48 hole well plated]] 1 mLA =33ttt 3t holet™ 571414 5=
HHEETE FOIE 25+1C, (RS dEdolA Hiksiit AT AgES 96A7T
% 9JAldn]73(SzZ51, Olympus)s o] &3ske]l ZIAE AA Algste]l 43kt
B. plicatilis®] 7§ & =+ &E (population growth rate, ry)>-Ofzf ol 72 2lo] 2]3}o
A= AT

rm = (INN4 - InNg) / 4
1714, ry = B. plicatilis®] 7R+ A3 &

Ny = 4 -2 7hA|

No = HE3 7HA

ZF w2 Ad8de &, pH, DOt BIEFHEZH7I(WQC-22A,

DKK-TOA)E olg3to AgA & £8 A S3asrk
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2.2.5 Paralichthys olivaceusZ ©]-&
)=

7]

34psugt 20psul

=y
-

F3 dobn] g8 Qs

o] =
5]6‘

el

[

b

K

1
fu

A EEo] 1] X
of & EA|FA

=

ol

EiRc

=

<7} P. ‘olivaceus<
A

]

ko>
[€]

duhags
96A] 7+ F<t

Fiis

=

o1&

R

3

0

N2 A2

o

A7
ofR7] 2]

o)

=

0

Hr

el

th o1& 34psu WEFO &

whs

=
=

OECD 203 (1992)

e

]
=

foko @

T 2070

T

grxe sLHE

o
e

Fol Tk P. olivaceus®] =& W 244

9

aFITE 20+1°C, 27 umol/m? Z oA 16417Fe] W79} 8A7t

0.86+0.16_g, 4:54+0.35 cm %1%k 30 L A}7}
[e)

Foll 4 413

z}
Is)

;"

ol T8
719 =4

Z
o)

1), 4.910.29 cm(
=

9

] €]

A

A

0

!

Fotet.

9

4

=

=

Fol W 244]7be
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L erysy

A7 = Aest Adubsgdd 71 P oolivaceus®] Z7|A & Aol mx|= FFS
gotr 7] 93 FATES 7Y T AP LN wEFAA F3 F YEES AF
it Ad ey 9 9 OECD 212 (1998)2 watth 1 L g BlA B %
Az Azxd APE&HE 08 L A &5t 7] vEE Flom g vk
307hAI ] A TS e AP A Sl S5 49%
4t ekl

226 489 *EA
Aol ol &H AYAUNEFLAE S TARSAILHY A dde] et 7|Eo
2A%e FPgor AuAvst 2+ EARIRIA A e AH
a4 7] (validation criteria) (Table 2-1)°] &= o %-& 2lsk3ict
Table 2-1. Test validation of criteria of standard methods employed by the study
org;ra(leri;m (StanEdne?rdprc')rigth od) Validation of criteria
- Specific .growth rate in the control: > 0.9 day™

Skeletonema
costatum

-72 and 96h
growth inhibition
(ISO 10253: 2006)

--Coefficient variation of average growth in
replicate in the control: < 7%
- pH change in the control: < 1.0

Brachionus
plicatilis

-24h survival
(ASTM E-1440091:2004)

- Survival of all organisms in the control: = 90%

-96h population growth
(Janssen et al.;:1994)

- Population growth rate in the control: = 0.55
- Percentage growth inhibition in the lowest toxicant
concentration: < 50%

Paralichthys
olivaceus

-96h survival
(OECD 203:1992)

- Survival of all organisms in the control: = 90%

-7d survival
(OECD 212:1998)

- Survival of fertilized eggs in the control: = 70%
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227 TAEY
S. costatum® ZFAAFAMAENA AMEUEL AES A URT9
chlorophyll-a &9k Al ZAP] o] AaaAS 248k, AP A4S 73]

chl-a E25EH AEXUEE AAtsdth AaaA 243 377242 SPSS 12.0

il

program (IBM Inc., USA)S o]-&3&}ith

NOEC (no observed effect concentration), LOEC (lowest observed effect concen-

tration)o] A& 9elA S. costatume] A FE, B. plicatilis®] =& W jAL
A5, P. olivaceus®] AE82 AE o] g3t R AFESE Aol

Fol3t zpol o FF-= &Helslr] 918e] ANOVA (analysis of variance)S ©] &3}
I gz FAde Aok dEtve 48 F M W F5EE LOEC, Aol
7b YEtA oke THE

=lis

& 55 NOECE UER it ANOVAS 33}
$1st A fE(normal distribution)®] 52 Shapiro Wilk's test®} Komolgorov D
testS ©]-£3}91 31 Bartlett's test® A& 2] 52 A (homogenety)S 7% 5H%] Dunnett's
tests ©]§-3 ‘Fa a=0.05904 A ST 2 E =AY T2
S HolA 9= AS HESF O =F Steel's many-one. rank tests ©]-&-3Fo] 4
ST

S. costatum®] ECso (50% effect concentration)> -3 1. 7FH(linear interporation)
= o] &sto] A=ttt

e Adsddde Adgkel duid SAEA2 TOXCALC 50 program

(Tidepool scientific software, USA)E ©] &3}l Tt
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A7 5 o83k BWMSe] olaid ¥ &4 EH (active substance)$!
Chlorine, Bromine, Hypochlorous acid, Hypobromous acid, Sodium hypochlorite,
Sodium hypobromite 5+ DPD method %2 A}&-3F+= CLX online residual chlor-
ine moniter (HF scientific, USA)E ©]83Fo] TRO (total residual oxidant)®} FRO
(free residual oxidant)E =73to] Rlsaltt,

TROE F71& 3} HHE-3lo] relevant chemicalo] A E T} o5 &elslr] 9]l
bromate ion, volatile halogenated organic-compounds (VOCs), halogenated acetonitriles
(HANs), halogenated acetic acids (HAAs)S] &5 SAssith. 24t slFAl5e
A F A A7 A8 MAs 7] 98t AAEE 3§31, VOCs, halo-
genated phenols %! adsorbable organic halogens (AOX)ES =74 3}7] 913 A5& 7
E7F BAgsHA REE AAFEEe 7S ARA, AR e Ae "Hes
AP E F(NasS:0;, sodium' thiosulfate)S  H7ksk 5 AbS F7ksbSith. HANsz}
HAAsS & sH7l9lsh Als= @ fgel AL F 10 mgd dsdas A7t

stal AAkeM)S 1~2e UM 7]

= glJEl bromate:= P.E.H ol

H

Ethylenediamine 10 mg2—- 3 7}&Fo] A Aol ®WskA = sigitt. RE 38t &E2

A

e A

a
flo
=

TAEAYHE S olgsslon 24 =R Fu] Bl AU Table

2-201 Al A 3}FS T}
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Table 2-2. List of standard methods and instruments applied to chemical analysis

Compound Standard method Instrument
CLX online residual

TRO/FRO ISO 7393-2 : 1985 chlorine moniter
(HF scientific, USA)
HPLC

Bromate ISO 15061 : 2001

(Agilent, USA)

IC (DX-500,
Dionex, USA)

Bromide / Chlorate US EPA 300.1 : 1997

GC/MS
(QP 2010,-Simadzu)

Halogenated -phenol US EPA 8041A : 2007

Volatile halogenated
Purge & trap

GC/MS

organic| compounds US EPA 524.2 : 1995

(VOCs)

Halogenated micro ECD-GC MS

US EPA 551.1 : 1995

acetonitriles (HANS)

Halogenated acetic
acids (HAAs)

Adsorbable organic
halogens (AOX)

US EPA 552.2 : 1995

ISO 9562 : 2004

(Agilent, USA)

micro ECD-GC MS
(Agilent, USA)

Cl 10 (Behr Labor-
Technik, Germany)
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2.4 I Y393 7T
2.4.1. A F 7}

~3 €l 2] 3l 4 3 7HERA: ecological risk assessment)

rlr
av)
e
o
flo
Jz
%
o
0,
Jo
ol
rO
2

@
a
@
]
=
K
i
1,
iix)
i)
K
0%
ful
o
X
O
R
A
o
o
rO
of
o
o
i3
0%
o}
ol
Y
I
i3
0%
ok
)y

oAt A S 3F7] $l3ko|th(Calow, 1998; US EPA, 1992). 1990t Al #¥ ERA
= 712 o® A 9 FEtEdl] s4do xS v YS9

SAster @ AEste vt o® fsid S BUksks ol th(Bartell et al, 1992).
ERAS] A&l "R 52 US EPA, OECD (organisation for economic co-operation
and development) % EC (european commission)s -2 ¥& 7] W 7oA st
st Agstar Slthk 1 F EC (2003)+= frellEds sistEdz 43 9aAg
7} thdt 7)< <k A (technical guidance document on risk assessment)'S 7l 23}

1

O

Atk ECY ERA At B/AHIE fABSFEL FEHE FE -

ii’
ki

O{

21 (hazard identification)’, Y EfAlell F3FS FA U= F5E<] PNEC (o379

X2 predicted no effect concentration)E A 7d 5= & 7H(effect assessment)’, T/

_:_‘I_L_ [REN—Ny

=dol wiEHEs W FalsteEde] e EAE 55 x=<l PEC (el
5% predicted environmental concentration)E 273

£ ‘2% % 7}(exposure assess-
ment)’e] 3TAIS AXA =, vpxuto g PECS PNECY H| &S o] &&to] A&
H A4 (hazard index)E 3l AT E Fdshs HElE AEAE SR
wojzlth PECSE PNECS] Atgell Qo= AL 7 FFEAE e -

L o] U@ ARE BEAES Ausn oM HFBA A9 FYE %

32

A%

20 UF PR FNAA wFR AF T Bekels] A9 HotE
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2ol A&A (P, persistency), E%24(B, bioaccumulation) % A EjEAI(T, tox-

icity)= H7lsh= PBTS/ B7H7F F7H=Qleh whepa] 2 AFtelA = A7l &
o] g3 BWMSS wWiES 54AHI BWMSE Qg AA7Ms3% 854S

bk

ol

EAeT AR 2ol Og s H N EE 5

2.4.2. FAHN AN H 7 B

AZ1RA 2 AHe Aukgds Yol EAsks G4BT BHEAo] o
MEE NS w AP A v A g FEE W] g8 wEsl
Hz22 JEAY A#5e w7 5 B 2o yEg ANE EEAs
oz PBTEAS Brtatsich. A5AL sl5 el A2l Wizt7)(Half-life) 7+ 602

3, AESHALE log Kowke] 32 Z 38k} BCF (bioconcentration factor)

o
P

ol 2,0008 =3, AE 5L 5] s NOECH#®] 0.01 mg/L wvHYd

3% PBTEAS 7HA= 4% ddsqlth. PBT #H 7kl o] & w371, log Ko

=

2 BCF #t- EPl suit™ (v 4.1, US EPA)S &&ala, Aol 23 A7) &=
A A4 Agsreh AHSAAEE ECOTOX database (US EPA, 2009)5 &4
Eia=g

e slehEZ o PEC 4F&E2 MAMPEC (marine antifaulant model for PEC)

w
o
td

i)
ftlo
o
ofo

sto] W& ol gstEAS] HA FEE MAMPEC 3.0 2
A A g A 52 3HGESAMP-BWWG model harbor)ell 2 -&3to] At&atdct. A
® 7} g}stE Ao thdt H K= OECD SIDS?} European Commission Joint Research
Centre W =72 #| ZAF2] MSDS (material safety data sheet)E 3113} T

PNEC? 2t PBTSA 7 T 4" YHS59ARE @&t 1 =

i

7 e kel sldE = ¥ 7} A S (assessment factor, IMO, 2012b)E  # 8-3}o]
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AESth BASE 2 e8] A% AR TYLLT Table 2390 AAFHATE

Table 2-3. Assignment of Assessment Factors used for deriving PNEC values (IMO,
2012b)

Data-set Assessment Factor

Lowest short-term L(E)Cso from freshwater or marine

1,000
species representing one or two trophic levels
Lowest short-term-L(E)Cso from three freshwater or 100
marine species representing three trophic levels
Lowest short-term L(E)Csq from three freshwater or
marine species representing three trophic levels + 1

at least two short-term L(E)Cso from additional
marine taxnomic groups
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A3 43
3.1 YL E

3.1.1 Skeletonema costatum 4 Z A&

22 AlZEE Tof] uhE S, costatum®] chlorophyll-a &%= 9 25 AlS=38F Al Z
Do ATAFARA A, JEFLE 34psugt 20psul] MEFES o] g3 F A
D5 % oFol AHdAE K tH(Table 3-1; r=0.991, 0.994, n=16, p<0.01). chlor-
ophyll-a E=9} AAAFE AEULe AL A3, A47A5R)E 098~
0992 wWl¢ ¥ AFPEE HTKFig. 3-1; p<0.05). wEpA iz
Chlorophyll-a 5%=¢} 3B 2 & o] &ato] tlz79 ZAldT52 AMEUEs
Azl ool ZA e AE AN W A AAS A 8Tk (Table 3-1, Fig
3-2).

A7)l 2 A st 3dpsus] HjESTE o8-8k S. costatume] 72411 A3 A S A ¥
A, 100% 7ol Al APAl S T 2447 o] ¢ RE dixTE E3e UE FE
Tol mla) A F B2 EASUCKFig. 3-2a). AFFEAI YA et AFE
& 1.63+0.040] 91 o1} 100%2] 5= T7loll A 0.7240.02% thxT-9k 235 zo]

= H3tK(Table 3-1, Fig.-3-3a; ANOVA, p<0.05).

B=)

PEF5E 20psul] WESE o] &3t S. costatum®] 72A]7He] A A s A E A

rr

iz} wlamate] 25%, 50% % 100%2] FZTIbell Al AFAIA T 2443 B
48A1ZHTE s 27E smobdlel whet A A s 7E A E ATH(Fig. 3-2b). AT EA

dol A 279 dFES 1.65£0.010] 1 o1 25%, 50% 2 100%2] & %=7-%FellA

rlr

Zy7} 1.46+0.04, 1.08+0.02 %! 0.76x0.02= ulx79t F23 AolE HATH

(Table 3-1, Fig. 3-3 b; ANOVA, p< 0.05).
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y=0.93x +3.48
R?=0.99

log4q Cell density (cells/mL)

y =0.89X + 3.65
R2= 0.98

log4, Cell density (cells/mL)
%

0 L L L L L
-0.5 0.0 0.5 1.0 1.5 2.0 25

log,, Chlorophyll a (ug/mL)

3.0

Fig. 3-1. Linear regression—between chlorophyll a concentrations and

cell density in the control of Skeletonema

inhibition test (a: 72h-34psu test, b: 72h-20psu test).
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Fig. 3-2. Growth curves of Skeletonema costatum
exposed during 72 hours on 34 and 20psu discharged
water from Eletrolysis BWMS (a: 72h-34psu test, b:
72h-20psu test).
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Table 3-1. Specific growth rate of Skeletonema costatum exposed during 72 hours
on 34 and 20psu discharged water from the Eletrolysis BWMS (mean + standard

deviation)
Test salinity Test Conc. Elapsed time (h)
(psu) (%) 24 48 72

0.00 1.91+0.17 2.17+0.13 1.63+0.04
6.25 2.03+0.17 2.16+0.13 1.65+0.04
12.50 1.98+0.12 2.18+0.06 1.65+0.03

34
25.00 1.86+0.12 2.12+0.06 1.64+0.03
50.00 1.90+0.15 2.08+0.03 1.56+0.02
100.00 1.79£0.15 1.34+0.03 0.72+0.02
0.00 3.03+0.13 2.35+0.07 1.65+0.01
6.25 3.23+0.13 2.49+0.07 1.81+0.01
12.50 2.71+0.22 2.18+0.03 1.56+0.04

20
25.00 3.50+0.22 2.29+0.03 1.46+0.04
50.00 3.25+0.16 1.91+0.13 1.08+0.02
100.00 1.89+0.16 1.31+0.13 0.76+0.02
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Fig. 3-3. Concentration-response curves/of specific growth rate of Skeletonema
costatum exposed on 34 and-20psu discharged water from Eletrolysis BWMS
after 72 hour. The dotted lineis represented as—0.05 level of significance and
vertical bar is represented maximum and minimum value(a: 72h-34psu test, b:
72h-20psu test).
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3.1.2 Brachionus plicatilis & 94 EA4 A3
7l. 284=4
A7 2 E A & 34psu W E&45 o] &3 B. plicatilis-‘ﬂ 24N BEE

Adgds dxos 29 Be A b AR AAE &g

mld

A3l th(Table 3-2).
AiEF5E 20psu HIETE o83 APAY, gxTE X HE HAIFE
7oA 95.045.8~100.0%2 "¢ F AESS BHIow thRTof HlE] F9

g 2}o] 7} UEL}A] 2kkTh(Fig. 3-4; ANOVA, p > 0.05).

Table 3-2. Survival proportion of Brachionus plicatilis exposed during 24 hours on
34 and 20psu’ discharged water from the 'Eletrolysis BWMS (mean + standard

deviation)
. N Test Conc. . .
End point © Test salinity (psu) %) Survival proportion (%)
0
0.00 100.0+0.0
6.25 100:0+0.0
12.50 100.0£0.0
34
25.00 100.0+0.0
50.00 100.0+0.0
100.00 100.0+0.0
24h-survival
0.00 100.0+0.0
6.25 100.0+0.0
12.50 100.0+0.0
20
25.00 100.0+0.0
50.00 95.0+5.8
100.00 95.0+5.8
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Fig. 3-4. Concentration-response curves of survival proportion of Brachionus plicatilis
exposed on 34 (a) and 20psu (b) discharged water from Electrolysis BWMS after 24
hour. Vertical bar is represented maximum and minimum value. Vertical bar is
represented maximum and minimum value.
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S ZkA A FAFSHAl NAS7F S7EES 18It (Fig. 3-5a). A 8 F A A ol A
9 WA AZAES 05640.0290 30 YA 7z} R4 = 0.50+0.05 ~

0.56£0.030. % w7} F2gt xfo]7b §lSlth(Table 3-3; Fig 3-6a; ANOVA, p>

G55 20psu HIETE o] &t A AN, 34psu AP FAFSHA A F A2
T 24X 7 o] ZRE JRAIFL S el tH(Fig. 3-5b). A FFE A H A T2
MAT AddES0.60+£0.0290 7 YA 7} FEFEeA = 0.58+0.02 ~0.60+0.01.0.

2 =T fF% zol 7t gl th(Table 3-3; Fig 3-6b; ANOVA, p >0.05).
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Fig. 3-5. Mean number-of-Brachionus plicatilis-exposed during 96 hours
on 34 (a) and 20psu (b) discharged water from the Electrolysis BWMS.

Vertical bar is represented standard deviation.

_37_



Table 3-3. Population growth rate of Brachionus plicatilis exposed during 96 hours

on 34 and 20psu discharged water from the Electrolysis BWMS (mean + standard

deviation)
Test salinity Test Conc. Elapsed time (h)
(psu) (%) 24 48 72 96
0.00 0.00+0.00 0.38+0.09 0.49+0.07 0.56%0.02
6.25 0.00+0.00 0.31+0.09 0.41+0.07 0.53+0.03
12.50 0.00+0.00-- 0.30£0.11 0.39+0.08 0.50+0.05
34
25.00 0.00+0.00 0.30+0.06  0.43+0.05 0.51+0.07
50.00 0.00+0.00 = 0.28+0.12 0.40+0.09' 0.56+0.03
100.00 0.00+0.00. 0.24+0.08 0.39£0.06 0.55+0.04
0.00 0.00£0.00 0.60£0.11 0.70£0.04/ 0.60+0.02
6.25 0.00+0.00 0.53+0.08 .10.68+0.06 0.58%0.02
12.50 0.00+£0.00 0.51+0.05 0.63+0.05 0.59£0.02
20
25.00 0.00+0.00 0.52+0.08 0.62+0.04 0.60+0.01
50.00 0.02+0.05 0.42+0.08 0.60+0.05 0.59+0.03
100.00 0.02+0.05 0.53+0.09 0.61+0.06 0.59+0.02
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Fig. 3-6. Concentration-response—curves of “population growth rate of Brachionus

plicatilis exposed on 34 (a) and 20psu (b) discharged water from Electrolysis BWMS
after 96 hour. Vertical bar is represented maximum and minimum value.
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3.1.3 Paralichthys olivaceus & 9 SAA Y

7t 24574

A7l 2 A2t AEE% 34psu MEFE o438 P. olivaceus®] 96417+ A
=& A¥A3, R AEELS 95.0#5.0019 01 ymx FEFIHAME
90.0+0.5~96.745.8% thxT-9} gt xtol7}  GISTH(Table 3-3; Fig. 3-7a;
ANOVA, p>0.05).

AEEE 20psu HIETE ol &S APAY, dEx2E vxXe Be AP
A AV

sk 7lA7F Sl Th(Table 3-3; Fig.-3-7b; ANOVA, p>0.05).

Table 3-4. Survival proportion of Paralichthys olivaceus-exposed during 96 hours on
34 and 20psu/ discharged waterfrom the' Electrolysis BWMS (mean + standard
deviation)

End point = Test salinity (psu) Test Conc. (%)  Survival proportion (%)

0.00 95.045.0
6.25 95.0+7.6
12.50 96.7+5.8

34
25.00 95.0+8.7
50.00 90.0+5.0
100.00 96.7+5.8

96h-survival

0.00 100.0+0.0
6.25 100.0+0.0
12.50 100.0+0.0

20
25.00 100.0+0.0
50.00 100.0+0.0
100.00 100.0+0.0
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Fig. 3-7. Concentration-response curves ' of survival  proportion of Paralichthys
olivaceus exposed on 34(a) and 20psu (b) discharged water-from Electrolysis BWMS
after 96 hour. The dotted line is represented as-0.05 level of significace and vertical
bar is represented maximum and minimum value.
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ol
jultd
S

& 34psu ¥iEFE ©]&3% P. olivaceus 7 &

1o
\‘

2]
A AES AFAY, HAFTEAIHAA 50%2] % FIFelA dz=T5 27
e st vlaste] AEE0] 7P Hkth(Fig. 3-8a). A FEAIF A
gz =52 86.7+12.0% N3 ZF AP AEELS 64.4~90.0%3 tH(Table
3-3). 28 FAREA A, tixzT9 vlwste] folsk xFolrt gl Th(Fig. 3-9a;
ANOVA, p>0.05).

AEEE 20psu HiETE ol &5k AdAN, AAFTEAHAA 1250%2 F%
TR 275 L3 8 FEF7H vlaste] AEgo] /Mg W kth(Fig.
3-8h). A FEAHAAM x2T] FEEL 722+1.9% %3 2 AFF] =S
& 63.3~84.4%%AtH(Table 3-3). 1y} FAEA A%, dx7-9 vlwste] /2%

Zo] 7} 9191 th(Fig. 3-9b; ANOVA, p>0.05).
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Fig. 3-8. Mean survival rate of fertilized Paralichthys olivaceus eggs
exposed during 7 days on 34 (a) and 20psu (b) discharged water from
Electrolysis BWMS. Vertical bar is represented standard deviation.
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Table 3-5. Survival rate of Paralichthys olivaceus from egg to sac-fry stage exposed during 7 days on 34 and 20psu

discharged water from the Electrolysis BWMS (mean + standard deviation)

Test salinity Test Conc. Elapsed time (day)
(psu) (%) 1 2 3 4 5 6 7
0.00 98.9+1.9 95.645.1 95.6+5.1  93.3+5.8 90.0+8.8 87.8+12.6 86.7+12.0
6.25 100.0+£0.0 = 95.6+5.1 94.4+6.9 92.2+8.4 92.2+8.4 91.1+8.4 90.0+8.8
12.50 97.8£3.8 94.4+6.9 92.2410.7 90.0£11.5 88.9+10.7 88.9+10.7 83.3+15.3
4 25.00 97.8+£1.9 91.1+1.9 88.9+1.9 87.8+1.9 87.8+1.9 87.8+1.9 81.1+7.7
50.00 100.0+0.0 88.9+10.7 76.7+3.3 70.0+6.7 67.8+8.4 65.6+6.9 64.4+7.7
100.00 97.8+1.9 96.7+£3.3 96.7+£3.3 92.2+1.9 90.0+3.3 90.0+3.3 85.6+1.9
0.00 93.3£3.3 91.1+6.9 78.918.4 75.615.1 73.3+3.3 72.2+1.9 72.2+1.9
6.25 94:4+3.8 90.0+8.8 80.0+8.8 78.9+£10.2 77.8+10.7 76.7+8.8 75.616.9
12.50 90.0£3.3 84.4£8:4 76.7£5.8 75.6£5.1 73.3+3.3 63.3£8.8 63.3£8.8
20 25.00 94.4+1.9 93.3+0.0 91.1+1.9 90.0+3.3 87.8+5.1 85.6+3.8 80.0+1.9
50.00 97.8+3.8 94.445.1 92.2+6.9 91.1+8.4 88.9+6.9 86.71£5.8 84.4+1.9
100.00 97.8+1.9 94.4+1.9 87.818.4 84.4+5.1 75.6+1.9 72.245.1 72.245.1
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Fig. 3-9. Concentration-response curves—of ~survival proportion of fertilized
Paralichthys olivaceus eggs exposed on 34 (a) and 20psu (b) discharged water from
Electrolysis BWMS after 7 day. The dotted line is represented as 0.05 level of
significace and vertical bar is represented maximum and minimum value.
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314 FEE

A71EsE o] g3 BWMSel 23] A2 H mlETE ol $3 279 gAEAE,

LOEC % E(L)Csp #tS A&&F3ItH(Table 3-4). W&ol disfl 7 w13t A&
S. costatume]It}. 34psu WlETE ol &t 72A17He] A A, NOEC, LOEC ¥
E(L)Cso #t Z7F 25.00, 50.00 % 93.97% 1o 20psu HIEFE o] &3
72417ke] A3 A3 NOEC, LOEC % E(L)Cso #-> Z}7; 12,50, 25.00 %! 83.32%
o]t

B. plicatilis?} P. olivaceusE ©]g&3+ BE F4 49 w5443 A9z

o] 43t NOECS} LOEC %> 5 100.00% ©]7o 2 A& & 3l th(Table 3-6).
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Table 3-6. Values of NOEC, LOEC and E(L)Cso calculated from end point of each test for 34 and 20psu discharged water
from Electrolysis BWMS

95% Confidence

Test Test salinity End point NOEC (%) LOEC (%) E(L)Cso (%) of limit (%)
organism (psu) Lower upper
Skeletonema 34 72h-growth-inhibition 25.00 50.00 93.97  92.08  95.77
costatum 20 72h-growth inhibition 12.50 25.00 83.32 7213 9216
24h-survival 100.00 >100.00 >100.00 - -
34
Brachionus 96h-population growth 100:00 >100.00 >100.00 - -
plicatilis 24h-survival 100.00 >100.00 >100.00 - -
20
96h-population growth 100.00 >100.00 >100.00 - -
96h-survival 100.00 >100.00 >100.00 - -
34
Paralichthys 7d-survival 100.00 >100.00 >100.00 - -
olivaceus 96h-survival 100.00 >100.00 >100.00 - -
20
7d-survival 100.00 >100.00 >100.00 - -
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32 3= AEH

A7 2 At dEE% 3psu vIETS] TRO F%+ 003 pg/l w]Rke]gict,
EAE AL promate?t VOCs 9%, HANs 2%, HAAs 953} chloropicrine 3£ 38Hst
T 22F°] AEHUH(Table 3-7). ©] & Al@FEH WiEFolA Hx AAHAY
Hoh & 5% AF5o BWMS 93 dFo R Ay =42 bromatest
VOCs 9%, HANs 2%, HAAs 73} chloropicring ¥3H3F % 20%F0]2l ). VOCs=
Trichloromethane©] 5.16 pg/L= 71 WSkl 1,2-dichloroethane©] 236 pg/Lo. =
7F4 =3tk HANsE  bromochloroacetonitrile} dibromoacetonitrile©] Z}2} 0.19,
5.25 pg/Lo] Stk HAAs: bromochloroacetic acid”} 0.98 ug/L= 7F& Yt mon-
obromoacetic acid”} 381 ug/L= 7F =9kt =S chloropiclin 0.03 ug/LO]
HA=Hk AR AJFel o] 8% A4 ule]  Monobromoacetic  acid,
Trichloroacetic acid®] o4 BT} F& FEZ HEHJ A, olgs Aulr} o]l
A AR5 FI8H7] 213kl HAAsE SR AlglS 13] F7F a8t &7t
AlE Ax, wiEFUSl TRO 55 006 pg/ll o9l A 8%2 HAAsSE,
Monobromoacetic ‘acid”}/1.78 pg/L= 7} 9k ™ Dibromoacetic acid”} 68.3 n
g/LE 7F& 3=Skth(Table-3-8).

AEEE 20psu] HIESFU Sl TRO &%+ 0.03 g/l vvtolith Faksde
bromate} VOCs 5%, HANs 1%, HAAs 95 33 F 16%°] HEEHULh o
s A@Frd wiEredA Hx AHEHAY B 5 sEE HEEo] BWMS
of 9%t JFoz ForE = EA2 bromatet VOCs 3%, HANs 15, HAAs 652
EEe F 1150|th(Table 3-9). VOCs+= dichloropropane®] 2.50 pg/L= 7}
Skl tribromomethane©] 204 pg/LS. 2 7} =%kt HANsi= bromochloroacetonitrile

© 2 0.03 pg/Loltk. HAAs:E dichloroactic acid”} 2.90 pg/L® 7Hg Skl di-
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bromoacetic acid”} 79.0 pg/L=E 7} =Skt

Table 3-7. Concentrations of generated active substance and relevant chemicals in
34psu test water, control, treated and discharged water from Electrolysis BWMS at
day 0 and 5 day (MDL: method detection limit, unit: ug/L)

Day of sampling

MDL Day 0 Day 5

Substance (HO/L)  Test Discharged

water Control Treated Control water

Bromate 0.08 - - 13.5 - 32.3
Volatile halogenated organic compounds (VOCSs)
Dichloromethane 0.02 2.13 2.39 15.8 0.80 2.18
Bromochloromethane 0.01 5.29 6.20 28.0 6.52 13.2
Trichloromethane 0.01 3.60 3.64 13.4 4.35 5.16
1,2-dichloroethane 0.01 .-1.52 1.59 - 1.72 236
1,2-dichloropropane 0.02  18.9 18.5 71.7 7.14 29.8
Dichlorobromomethane 0.02 - - 4.58 - 9.49
Dibromochloromethane | 0.01 - - 12.1 - 57.5
Tribromomethane 0.03 5.62 5.95 147 2.14 217
Bromobenzene 0.01. 111 1.04 474 0.78 89.6
Halogenated acetonitriles (HANS)
Bromochloroacetonitrile-:0.01 - - 0.70 - 0.19
Dibromoacetonitrile 0.01 - - 13.2 - 5.25
Halogenated acetic acids (HAAS)

Monobromoacetic acid 0.04 47.2 42.1 198 143 381
Dichloroacetic acid 0.02 4.46 4.75 1.17 2.05 4.65
Dalapon 0.04 4.32 3.96 8.50 4.69 9.49
Trichloroacetic acid 0.02 70.0 62.1 65.3 104 139
Dibromoacetic acid 0.01 0.83 1.18 2.32 0.55 30.4
Bromodichloroacetic acid 0.03  0.91 1.77 0.59 2.11 0.98
Tribromoacetic acid 0.24 - - 0.70 - 13.6
Chloropicrin 0.01 - - 0.35 - 0.03
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Table 3-8. Concentrations of generated halogenated acetic acids in 2nd-33psu test
water, Control, treated and discharged water from Electrolysis BWMS at day 0
and 5 day (MDL: method detection limit, unit: pg/L)

Day of sampling

MDL Day 0 Day 5
Substance .
(ug/L) Test Discharged
Control Treated Control
water water
Monochloroacetic acid 0.24 - - 781 - 67.5
Monobromoacetic acid 0.04 - - 15.7 - 1.78
Dalapon 0.04 - - 1.32 - 6.14
Trichloroacetic acid 0.02 - - 0.75 - 2.86
Bromochloroacetic acid 0.02 - - 15.8 - 7.38
Dibromoacetic acid 0.01 - - 31.3 - 68.3
Bromodichloroacetic acid 0.03 - - 1.57 - 4.48
Tribromoacetic acid 0.24 - - 173 - 11.9
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Table 3-9. Concentrations of generated active substance and relevant chemicals in
20psu test water, Control, treated and discharged water from Electrolysis BWMS
at day 0 and 5 day (MDL: method detection limit, unit: ug/L)

Day of sampling

MDL Day 0 Day 5
Substance (ug/L) Test Discharged
water Control Treated Control water
Bromate 0.08 - - 15.5 - 20.7
Volatile halogenated organic compounds (VOCSs)

1,2-dichloropropane 0.02 131 1.28 2.95 0.03 2.50

Dibromochloromethane  0.01  14.5 12.0 17.8 7.54 25.0

Tribromomethane 0.03 - E 50.3 - 204
Halogenated acetonitriles (HANS)

Bromochloroacetonitrile  0.0% - - 0.03 - 0.03
Halogenated acetic acids (HAAS)

Monobromoacetic acid | 0.04 8.45 8.87 15.3 13.4 34.0

Dichloroacetic acid 0.02 1.06 1.16 2.60 - 2.90

Trichloroacetic acid 0.02 0.83 0.87 9.92 1.38 44.0

Bromochloroacetic acid 0.02 . 0.89 0.80 43.6 1.47 6.85

Dibromoacetic acid 001 261 1.79 7.97 0.96 79.0

Tribromoacetic acid 0.24 - - 145 - 61.5
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3.3 G ANEH )

331 AHKA, BEF3F 4 AHFA

BWMS?] A7|@&allz AdE 2152 o= e] W)= 87~-3759 % 60
S x2HeeE BHES QUTh log Kow #¥ BCF Al: Zh2zE 0.41~2.999
3.16~43.6 L/Kg wet-weight= log Kow #©] 3.08 Z=¥sAY BCF Al57F 2,000

L/Kg wet-weights =73t 542 S tH(Table 3-9).

BdE 21F9 spetEde dist 54 B A SAAA A o P wE

NOEC#< Bromate®} HANSs, Chloropicrin®]  7-$ lx %] ¢k9kth VOCs:

1,730~433,000ug/L 0] 91 37, HAAs:= 1,600~100,000 pg/Lo] 2Ek(Table 3-10).
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Table 3-10. Half-life, log Kow and bioconcentration factor (BCF) of relevant
chemicals in 34 and 20psu discharged water from Electrolysis BWMS (a;
KOWWIN v. 1.68 of EPI Suite (2011), b; BCFBAF v. 3.01 of EPI Suite (2011))

Substance ng:;)'/i)fe log Kow” (UKg \I?vce:E \l:veight)
Bromate 15.0 0.63 3.16
Volatile halogenated organic compounds (VOCS)
Dichloromethane 37.5 1.34 3.10
Bromochloromethane 15.0 1.43 3.96
Trichloromethane 37.5 1.52 9.26
1,2-dichloroethane 37.5 1.48 4.40
1,2-dichloropropane 37.5 1.98 9.41
Dichlorobromomethane 375 2.00 9.70
Dibromochloromethane 37.5 2.16 12.4
Tribromomethane 37.5 2.40 17.8
Bromobenzene 37.5 2.99 43.6
Halogenated acetonitriles (HANS)
Bromochloroacetonitrile 37.5 0.38 3.16
Dibromoacetonitrile 37.5 0.47 4.16
Halogenated acetic acids (HAAS)
Monobromoacetic- acid 8.7 0:41 3.16
Dichloroacetic acid 15.0 0.92 3.16
Dalapon 37.5 0.78 3.16
Trichloroacetic acid 37.5 1.33 3.16
Bromochloroacetic acid 15.0 0.61 3.16
Dibromoacetic acid 15.0 0.70 3.16
Bromodichloroacetic acid 375 1.53 3.16
Tribromoacetic acid 15.0 1.71 3.16
Chloropicrin 60.0 2.09 111
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Table 3-11. Ecotoxicity data of relevant chemicals in 34 and 20psu discharged water from Electrolysis BWMS

Substance Media type  Taxnomic group Scientific name End point  Conc. (ug/L) Effects
Crustacean Neomysis awatschensis 24h-LC50 176,000 Mortality
Bromate SW Fish Oncorhynchus keta 96h-LC50 512,000 Mortality
other Crassostrea gigas 48h-EC50 30,000 Development
Volatile halogenated organic carbon (VOCSs)
Algae Chlamydomonas reinhardtii 72h-EC10 115,000
FW Crustacean Daphnia_magna 48h-EC50 1,250,000 Immobilization
Dichloromethane Fish Danio re.rio : ; NOEC 65,500 Behavior
Algae Pseudokirchneriella subcapitata NOEC 56,000
SW Crustacean Americamysis bahia NOEC 42,400 Mortality
Fish Fundulus heteroclitus 48h-LC50 97,000 Mortality
Bromochloromethane FW Fish Cyprinus carpio 48h-LC50 67,000 Mortality
Algae Chlamydomonas reinhardtii 72h-EC10 3,610 Population
W Crustacean Ceriodaphnia dubia 7d-NOEC 3,400 Mortality
Fish Lepomis macrachirus EC50 185 Mortality
. other Brachionus calyciflorus LC50 2,000 Mortality, 1h
Trichloromethane -
Algae Skeletonema costatum NOEC 216,000 Population, 5days
SwW Crustacesn Penaeus duorarum NOEC 32,000 Mortality, 4days
Fish Pleuronectiformes LC50 28,000 Mortality, 96h
other Brachionus plicatilis LC50 2,400 Mortality, 1h
Algae Microcystis aeruginosa LOEC 105,000 Population, N.R.
1,2-dichloroethane FW Crustacean Daphnia magna NOEC 68,000 Mortality, 48h
Fish Danio rerio NOEC 1,820 Behavior, 14days
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Table 3-11. continued

Substance Media type  Taxnomic group Scientific name End point  Conc. (ug/L) Effects
Algae Skeletonema costatum NOEC 433,000 Population, 72h
1,2-dichloroethane SwW Crustacean Altemia salina 24h-EC50 36,400 Immobilization
Fish Pleuronectiformes 96h-LC50 115,000 Mortality
Algae Chlamydomonas reinhardtii NOEC 29,000 Population, 10 days
FW Crustacean Daphnia magna NOEL 8,300 Reproduction, 21days
. Fish Pimephales promelas 96h-L.C50 127,000 Mortality
1,2-dichloropropane -
Algae Skeletonema costatum NOEC 18,000 Population, 5 days
SW Crustacean Americamysis bahia NOEC 4,090 Mortality, 28 days
Fish Pleuronectiformes 96h-LC50 61,000 Mortality
Dichlorobromomethane FW other Tetrahymena pyriformis 24h-EC50 240,000 Population
Dibromochloromethane W Fish Cyprinus carpio . : 72h-LC50 34,000 Mortahty
other Tetrahymena pyriformis 24h-EC50 65,000 Population
Algae Pseudokirchneriella subcapitata NOEC 10,000 Population
FwW Crustacean Daphnia magna NOEC 7,800 Mortality
. Fish Lepomis macrochirus LC50 29,000 Mortality
Tribromomethane ;
Algae Skeletonema costatum NOEC 1,730 Population, 96h
SW Crustacean Americamysis-bhahia NOEC 8,670 Mortality, 96h
Fish Cyprinodon 'variegatus NOEC 2,900 Mortality, 96h
Crustacean Daphnia magna EC50 1,600 Immobilization
Bromobenzene FW : : :
Fish Pimephales promelas LC50 5,600 Mortality
Halogenated acetonitriles (HANS)
Bromochloroacetonitrile N.R. N.R. N.R. N.R. 20
Dibromoacetonitrile FW Fish Pimephales promelas 96h-LC50 550 Mortality
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Table 3-11. continued

Substance Media type  Taxnomic group Scientific name End point  Conc. (ug/L) Effects
Halogenated acetic acids (HAAS)
Algae Scenedsemus subspicatus 72h-EC50 200 Population
Monobromoacetic acid FW Crustacean Daphnia magna NOEC 1,600 Reproduction, 21days
Fish Cyprinuscarpio 5h-LC100 222,000 Mortality
Algae Scendesmus subspicatus 7d-EC03 1,485,000 Histology
Dichloroacetic acid FW Crustacean Daphnia magna 24h-EC50 106,000 Behavior, equilibrium
Crustacean Nitocra spinipes 96h-LC50 23,000 Mortality
Algae Chlorella vulgaris NOEC 100,000 Popuration, 96h
FW Crustacean Daphnia magna 26h-LC50 6,000 Mortality
Fish Labeo rohita 24d-L.C00 750 Mortality, field
Dalapon Algae Phaeodactylum tricornutum 1.5h-EC50 25,000 Photosynthesis
SwW Crustacean Crangon crangon 48h-LC50 100,000 Mortality
Fish Platichthys flesus 48h-LC50 100,000 Mortality
other Cerastoderma edule 48h-LC50 100,000 Mortality
Algae Scenedesmus subspicatus 72h-EC50 3,000 Population
FW Crustacean Streptocephalus proboscideus 24h-LC50 1,200 Mortality
Trichloroacetic acid Fish Salmonidae 96h-LC50 1,050,000 Mortality
SW Crustacean Nitocra spinipes 96h-LC50 4,800,000 Mortality
Fish Alburnus-alburnus 96h-LC50 9,300,000 Mortality
Bromochloroacetic acid N.R. Fish N.R. 96h-LC50 69,000 Mortality
Dibromoacetic acid FW Fish Pimephales promelas 96h-LC50 69,000 Mortality
Bromodichloroacetic acid N.R. Fish N.R. 96h-LC50 52,800 Mortality
Tribromoacetic acid N.R. Fish N.R. 96h-LC50 101,000 Mortality
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Table 3-11. continued

Substance Media type  Taxnomic group Scientific name End point  Conc. (ug/L) Effects
Algae Scenedesmus subspicatus 7d-EC03 130 Histology
. . Crustacean Daphnia magna NOEC 32,000 Reproduction, 21days
M hl t d FwW ) . h .
onochioroacetic ac Fish Cyprinus carpio 0.125d-LC50 177,000 Mortality
other Tetrahymena pyriformis 36h-1C50 16,000 Population
W Crustacean Daphnia pulex 48h-EC50 63 Immobilization
Chloropicrin Fish Oncorhynchus mykiss 96h-LC50 17 Mortality
SW Crustacean Americamysis bahia 96h-LC50 30 Mortality
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3.3.2. PEC, PNEC

A71ReEAE  ol&d BwWMSel o8 AAE  21F  FstEAe  PECE
7.02x107~5.39 pg/LSli PNECE Table 3-102] 714 e A 54l ghell 1~1,0009]
BIMAFES AEd A, 2.00x10%~4.24x10°  pg/lLolSlth.  PEC/PNECE:
Monobromoacetic acid”} 2.70x10° pg/LE 1S Z#}a¢ith. 2211} Monobromoacetic
acidZ A3 BE 24 295x10°~4.03x10" pg/LE 1S Z &b kgt

AEF % 34psu] F7HAE AT A E 852 HAAsS PECE 252x10%~1.21 p
g/l PNECE  130~1.20x10°}9lt}. PEC/PNECE  RE £

5.31x107~9.15x10™" pg/L& 1S Z38b#] okrh.
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Table 3-12. PEC, PNEC values and PEC/PNEC ratio of relevant chemicals

in 34 and 20psu discharged water from Electrolysis BWMS

Substance (igE/(If) T((:E/CLI;)/ AF ZJNgI/ELC; PEC/PNEC Remark
Bromate 1.63x10" 30,000 1,000 3.00x10"" 5.43x10° 34psu
Volatile halogenated organic compounds (VOCSs)

Dichloromethane 1.25%10° 42,400 10 4.24x10° 2.95x10° 34psu
Bromochloromethane  8.18x10° 67,000 1000 6.70x10" 1.22x10° 34psu
Trichloromethane 3.31%x107 185 1,000 1.85x10" 1.79x10" 34psu
1,2-dichloroethane 155x10° 1,820 10  1.82x10° 8.52x10° 34psu
1,2-dichloropropane 1.90%10" 4,090 10  4.09%10° 4.65x10" 34psu
Dichlorobromomethane  7.00x10° 240,000 1,000 2.40%x10° 2.92x10" 34psu
Dibromochloromethane 493x10"+ 34,000 71,000  3.40%x10"  145x10° 34psu
Tribromomethane 216x10° 1,730 10 = 1.73x10° 1.25%107 34psu
Bromobenzene 645%X10" 1,600 1,000  1.60x10° ' 4.03x10" 34psu
Halogenated acetonitriles (HANs)

Bromochloroacetonitrile. 4.18x10° 200 1,000 2.00%107 - 2.09%10" 34psu
Dibromoacetonitrile 1.17x10" 550/ 1,000 550%10" 213x10" 34psu
Halogenated -acetic -acids.(HAAS)

Monobromoacetic acid  539%10° 200 100.-2.00%x10°  2.70x10° 34psu
Dichloroacetic acid 8.22x10° 23000 1000 230%x10" 3.57x10° 34psu
Dalapon 2.11x10™7 750 10  7.50x10" 2.81x10° 34psu
Trichloroacetic acid 310x10° 1,200 10  1.20x10° 2.58x107 34psu
Bromochloroacetic acid 1.21x10" 69,000 1,000 6.90%x10" 1.75%10° 20psu
Dibromoacetic acid 140x10° 69,000 1,000 6.90x10" 2.03x10° 20psu
Bromodichloroacetic acid 2.18x10° 52,800 1,000  5.28x10" 4.13x10" 34psu
Tribromoacetic acid 1.09x10° 101,000 1,000  1.01x10° 1.08x10° 20psu
Chloropicrin 7.02%x10™ 17 1,000 1.70%107 4.13x107° 34psu
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Table 3-13. PEC, PNEC values and PEC/PNEC ratio of Halogenated acetic
acids in 2nd-34psu discharged water from BWMS

PEC Toxicity PNEC
Substance PEC/PNEC Remark
(HalL) (HalL) (Hg/L)
Monochloroacetic acid ~ 1.19%10° 130 100 1.30x10° 9.15x10"
Monobromoacetic acid 2.52x107 200 100 2.00x10° 1.26x107
Dalapon 1.37x10" 750 10 7.50%10" 1.83x10°

Trichloroacetic acid 6.37x10° 1,200 10 1.20x10° 5.31x10™

34psu-2nd
Bromochloroacetic acid 1.30x10"* 69,000 1,0006.90%10" 1.88x107
Dibromoacetic acid 1.21x10° 69,000 1,000 6.90%10" 1.75x107

Bromodichloroacetic acid 9.98x10%. 52,800 »1,000 5.28x10" 1.89x10°

Tribromoacetic acid 2.10x10" 101,000 1,000 1.01x10° 2.08x107
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FE8te] TEAAS #dstr] s S8 do] =9kx7 A E 3pstEd 2159
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Table 4-1. Most sensitive test organisms on dischaged water from developed
BWMS using electrolysis

Name of Most sensitive Effect

BWMS organism conc. (%) Test water Reference
CleanBallast  Skeletonema costatum ECs0=19 Blackishwater =~ MEPC, 2008b
Resource
Ballast Psammogobius

. ) LCs0=35 Seawater MEPC, 2008d

Technologies knysnaensis
System

OceanguardTM Skeletonema costatum ECso=54 Blackish~-water MEPC, 2010b
Balpure® Acartia tonsa NOEC=19 Low salinity MEPC, 2010b
Hiballast Skeletonema’ costatum ECso=50 Blackish water MEPC, 2010c
Aquastar™ Skeletonema costatum ECs=70 Blackish water ~MEPC, 2011a
Smart Ballast Skeletonema costatum ECs0=46 Blackish water  MEPC, 2012a
En-Ballast Skeletonema costatum ECso=64 Blackish water MEPC, 2009a

EcoGuardian™ Skeletonema cestatim 1ECse=75" Blackish - water MEPC, 2011b

Hamworthy

Cm Skeletonema costatum NOEC=72 Blackish water MEPC, 2011d
Aquarius "-EC

HS-BALLAST Skeletonema costatum ECso=56 Seawater MEPC, 2012b

_65_



R

fu

Sul IMO

141

°©

A7

HF e Aol weke]l A AAAQ ZAZ hFgel wet

elfEe] el o

5]

T

o
pa

=0
= 1

of ¢

I~
-

(€]

vl
=

A
1l

1

A5 A&
B A7)

A R~ T P T o L& T o W
T O™ R oW o ER Hw 7B GET S ~- %
o ¥ W = o o= N NOTT o F
- _— ~ iy = — B = mK XA ] B3 ~N
X O ) o 0 ﬂo ) =z _—
N I T R
DA | RN ~ ~ %z & o I
I ) N I W o 7 M
B X W e I I
[~ = B+ X dﬂ o -
0 k) _ o BT £ E.t - %) =0 —_ :i w
oLz X el N\ 2 ol
el ] ] ~ —
ﬂem B T d ! wm s ® W ol F T o» K g
K oyl &) g X EE L . o o
03 Al o o Jzo T o oal olo @H &@ it
S : o, W o T, 4 Boe X
o o) ‘ﬂl Bo X i :.rv % < E_H ,Nr,._ fant o 70
= i i N e —_
B4 R o oF 2ol Wk M - W Wi
5, R on N - SEER o WD o w o«
X = 7o ; ) )
TR o Mkl 2 W o5 o &+ ~q 55 A
B o= n el & T ELl ommE o P o=
K HL 5 w ! _O
B = ® k- =0 % B, = K P iy ”
. = s 5 7] — Mo o
Y iy o X oﬁ o° Y F MW — =
Z0 = X —_— 0 9V} iy
%o @ Pl B R, = D S 3
o = o = 28\ T ™ ~ o & w o Mo o
oy =K 1o = Iz o Ne !
P e T E\W RSP e/ - Y T %
o N o o g5 S ol o oo oy —
aTOR om DT e B E o EAY W T
0 0 = = 0 >
~ a k) o o 7] C..:! EE
N — o O_ C..:! =0 —_
A 03 X —_ Z.E O E._ &o o = ot < 09
"o R 5 OF Sl oz e o N 4w
7 4 = s A I C
3 o K 2 £} T Ho Mo ol o] hw > T+ o - &
wo ¥ Bo@ B w B OWoE T g )
T % L op o0 S BT
0 fr —_ — —
A E o D.A:; D.y =K ,.WL ) W ) M 0 - r :7»_
= X M9 oo %o e 5 do xE )
B om T o AF oy ® ¥ @m ¥ N o o XV

1

B

o]g3 BWMSS]

=
=

3N

o

ok T EREE AV
—-66—

k)
pa

SRk

3l 8 B Al ol

3

t BWMS7}

pul

o] 23l



A9 Aol mUHRS e g4 ot

A7hrero] mhE ojof & Zlo|t,

_67_



A6 Faed

S EE|FF. 2008. | FAY AL HE = T HE 219pp.
S E . 2010a. SN A Y= AR 266pp.
S E . 2010b. =12 sF 2| F. 37pp.

A, 2005, A NI Y =F(UMP) olF Bl e A deledat

Ac)
£
AL
fu)
olo
o=
oft
Fi‘l

7 &, 13, 143-168.

2006, A7)Edre F AFILEF T E A=
g A=A N ASS], 20061 =7 e o) 8] =], 133-133.

o] %3], 2008. AuH 4 g oke] S A SFH AT, 30, 253-278.

KBS 37 29

mh

.2004. 91719ttt A3H Fo] Sl B AEH,

ASTM E-1440-91.. 2004. .Standard guide for acute toxicity test with the rotifer
Brachionus. 8pp.

Bartell, S.M., Gardner, R.H., O'Neill, R.V. 1992. Ecological risk estimation. Lewis
Publisher, Boca Raton, FL.

Bax, N., Williamson A., Aguero M., Gozalez E. and Geeves W. 2003. Marine in-
vasive alien species: a threat to global biodiversity. Marine policy, 27, 313-323

Calow, P., 1998. Ecological risk assessment: risk for what? How do we decide?.
Ecotoxicology and Environmental Safety, 40, 15-18.

ClassNK. 2013. Latest information of approval of ballast water management system.

_68_



Relative from http://www.classnk.or.jp/hp/pdf/activities/statutory/ballast-
water/approval_ballast_e.pdf

EC. 2003. Technical Guidance Document on Risk Assessment in support of
Commission Directive 93/67/EEC on Risk assessment for new notified substances,
Commission Regulation (EC) 1488/94 on Risk assessment for existing substances
and Directive 98/8/EC of the European Parliament and of the Council concerning
the placing of biocidal products on the market. Parts 1-4. 2" edition. European
Commission (EC), Publication No. EUR 20418/EN/1, 20418/EN/2, 20418/EN/3,
20418/4 (Internet publication at http://ecb.jrc.it/).

Fox, J.F., and .D.L. Denton. 2006. Whole effluent . toxicity. Encyclopedia of
Environmetrics.

Harding, J.M. and Mann, R. 1999. Observations on the biology of the veined rapa
whelk, Rapana venosa' (Valenciennes, [1846) in the Chesapeake Bay. Journal of
Shelifish Research, 18(1), 9-17.

Hutchinson, T.H.,“J. Solbe and P. Kloepper-sams, 1998;" “Analysis of the ecetoc
aquatic toxicity (eat)-database iii-comparative. toxicity -of chemical substances to
different life stages of aquatic organisms”, Chemosphere., Vol.36, 129-142.

IMO. 2012a. International convention for the control and management of sheep's bal-
last water and sediment, 2004, List of ballast water management systems tha
make use of active substances which receved basic and final approval.
BWM.2/Circ.34/Rev.1.

IMO. 2012b. International convention for the control and management of sheep's bal-

last water and sediment, 2004, Methodology for information gathering and con-

_69_



duct of work of the GESAMP-BWWG. BWM.2/Circ.13/Rev.1.

ISO 7393-2. 1985. Water quality - determination of free chlorine and total chlorine -
Part 2: colorimetric method using N,N-diethyl-1,4-phenylene diamine, for routine
control purposes. International Standard Organisation, Geneva, Switzerland.

ISO 9562. 2004. Water quality - determination of absorbable organically bound halo-
gens (AOX). International Standard Organisation, Geneva, Switzerland.

ISO 10253. 2006. Water quality - marine algal growth inhibition test with
Skeletonema costatum and Phaeodactylum__tricornutum. International Standard
Organisation, Geneva, Switzerland.

ISO 15061. 2001. Water quality - determination of dissolved bromate - method by
liguidnchromatography of® ions. International. Standard - Organisation, Geneva,
Switzerland.

Janssen, C.R.,, G. Persoone and T.W. Snell. 1994. Cyst-based toxicity tests. VIII.
Short-chronic toxicity tests with the freshwater rotifer Brachionus calyciflorus.
Aquatic Toxicology, 28, 243-258.

Kim, E.-C. and K.-S. Shin. 2005.-Investigation on. ballast” water treatment technology
and its performance verification facilities. Proceedings of the Annual Autum
Meeting, SNAK, Yongin, 3-4 November, 2005, 160-169.

Kim, Eun-Chan. 2012. Consideration on the ballast water treatment system technology
and its development strategies. Journal of Korean Society for Marine
Environmental Engineering, 15, 349-356.

Kim, J.-S. and D.-S. Gill. 2007. Electrolysis characteristics of shipboard wastewater to

manage the marine pollution. Journal of Korean Society of Water Science and

_70_



Technology, 15, 17-24.

Kim, Sang-Eun. 2009. Formation and control of chlorinated disinfection by-products
in water supply system. Ph.D. thesis, University of Seoul, Seoul, Republic of
Korea.

Korean Register of Shipping. 2010. Guideline for Application of BWTS in Ships.

Lee, B.-H., J.-K., Lee, D.-S., Gil and S.-Y., Kwak. 1997. Ammonia-nitrogen removal
in sea water by using electrolysis. Journal of Aquaculture, 10, 435-438.

Lee, K.-J.,, J-E. Hong, H. Pyo, S.-J. Park,J.-K._ Yoo and D.-W. Lee. 2003. A study
on formation pattern of DBPs by disinfection of. drinking raw water.
ANALYTICAL SCIENCE & TECHNOLOGY, 16, 249-260.

Linville, R.G., Luoma, S.N., Cutter, L.S. and Cutter, G.A. 2002. Increased selenium
threat as a result of invasion of the exotic bivalva Potamocorbula amurensis into
the San Francisco Bay-Delta. Aquatic Toxicology, 57, 51-64

MEPC. 2008a.' Report of the ‘marine environment protection’ committee on its fif-
ty-eighth session. Marine Environment Protection Committee 58/23.

MEPC. 2008b. Harmful aquatic. organisms in ballast- water, application for final ap-
proval of the RWO ballast water management system submitted by germany.
Marine Enviroment Protection Comittee 59/2.

MEPC. 2008c. Harmful aquatic organisms in ballast water, application for basic ap-
proval of the AquaTriCombTM ballast water treatment system submitted by
germany. Marine Enviroment Protection Comittee 59/2/8.

MEPC. 2008d. Harmful aquatic organisms in ballast water, application for final ap-

proval of Resource ballast technologies system submitted by south africa. Marine

_71_



Enviroment Protection Comittee 59/2/10.

MEPC. 2009a. Harmful aquatic organisms in ballast water, application for basic ap-
proval of Kwang san Co., Ltd. (KS) ballast water treatment system "En-Ballast"
submitted by republic of korea. Marine Enviroment Protection Comittee 60/2/7.

MEPC. 2010a. Harmful aquatic organisms in ballast water, application for basic ap-
proval of AquaStar ballast water treatment system submitted by norway. Marine
Enviroment Protection Comittee 61/2/1.

MEPC. 2010b. Harmful aquatic organisms-inballast water, application for final ap-
proval of the OceanGuard™ ballast water treatment system submitted by norway.
Marine Enviroment Protection Comittee 61/2/7.

MEPC. 2010b. Harmful aquatic organisms in ballast water, application for final ap-
proval of Severn Trent De Nora BalPure™ ballast water treatment system sub-
mitted by germany. Marine Enviroment Protection Comittee 61/2/9.

MEPC. 2010c.' Harmful. aquatic organisms in ballast water, application for final ap-
proval of the "HHI ballast water treatment system submitted by republic of korea.
Marine Enviroment Protection-Comittee 62/2/5.

MEPC. 2010d. Harmful aquatic organisms in ballast water, application for basic ap-
proval of the STX Metal Co., Ltd. ballast water treatment system submitted by
republic of korea. Marine Enviroment Protection Comittee 62/2/8.

MEPC. 2011a. Harmful aquatic organisms in ballast water, application for final ap-
proval of the AquaStar™ ballast water treatment system submitted by the repub-
lic of korea. Marine Enviroment Protection Comittee 63/2/3.

MEPC. 2011b. Harmful aquatic organisms in ballast water, application for basic ap-

_72_



proval of the EcoGuardian'™ ballast water treatment system submitted by the re-
public of korea. Marine Enviroment Protection Comittee 63/2/4.

MEPC. 2011c. Harmful aquatic organisms in ballast water, application for final ap-
proval of the KTM-BWMS ballast water treatment system submitted by the re-
public of korea. Marine Enviroment Protection Comittee 63/2/8.

MEPC. 2011d. Harmful aquatic organisms in ballast water, application for basic ap-
proval of the Hamworthy Aquarius™-EC ballast water treatment system submitted
by the nerherlands. Marine Enviroment-Protection Comittee 63/2/9.

MEPC. 2012a. Harmful-aquatic organisms in ballast water, -application for final ap-
proval of the’Smart Ballast ballast water treatment system submitted by the re-
public of korea. Marine Enviroment Protection Comittee 64/2/2.

MEPC. 2012b. Harmful aquatic organisms in ballast water, application for basic ap-
proval of the HS-BALLAST ballast water treatment system submitted by the re-
public of korea. Marine Enviroment Protection Comittee 64/2/3.

MEPC. 2012c. Harmful ‘aquatic organisms; in ballast water, report of twenty-second
meeting of the GESAMP-Ballast Water Working Group. Marine Enviroment
Protection Comittee 64/2/7.

MEPC. 2012d. Harmful aquatic organisms in ballast water, report of twenty-rhird
meeting of the GESAMP-Ballast Water Working Group. Marine Enviroment
Protection Comittee 64/2/19.

Mohammed, A., 2013, “Why are early life stage of aquatic organisms more sensitive
to toxicants than adults?”, In: Gowder, S. (ed.), New insights into toxicity and

drug testing, InTech, 49-62.

_73_



OECD 203. 1992. Fish, acute toxicity test. OECD guideline for the testing of chem-
icals (202)

OECD 212. 1998. Fish, Short-term toxicity test on the embryo and sac-fry stages.
OECD guideline for the testing of chemicals (212)

Park, Y.-S., Y.-J. Kim, K.-P. Lee and K. Rhie, 2005, “Acute toxicity of electrolysis
on aquatic and marine fishes”, Institute of Global Environment, Vol.15, 69-77.
Resolution MEPC 125 (53). 2005. Procedure for approval of ballast water manage-

ment systems that make use of active substances (G8). 29pp.

Resolution MEPC 126 (53). 2005. Procedure for approval of_ ballast water manage-
ment systems<that make use of active substances (G9). 14pp.

Shon, Myung-Baek. 2012. The study on marine ecological risk assessment of dis-
charged ballast water from BWMS. Ph.D. thesis, Pukyong, National University,
Busan, Republic of Korea.

Tompson, J.K. and Parchaso F. 2004. The immigration' of an  asian bivalve
Potamocorbula-, into.San - fracisco bay and the subsequent enviromental change.
International Seminar-on Restoration of Damaged Laggon Enviroments.

Truhaut, R. 1977. Eco-toxicology - objectives, principles and perspectives.
Ecotoxicology and Environmental Safety, 1, 151-173.

US EPA 300.1. 1997. Determination of inorganic anions in drinking water by ion
chromatography. U.S. Environmental protection Agency, Cincinnati, Ohio, USA.

US EPA 524.2. 1995. Measurement of purgeable organic compounds in water by ca-
pillary column gas chromatography/mass spectrometry. U.S. Environmental pro-

tection Agency, Cincinnati, Ohio, USA.

_74_



us

us

us

us

us

us

EPA 551.1. 1995. Determination of chlorination disinfection byproducts, chlori-
nated solvents, and halogenated pesticides/herbicides in drinking water by re-
quid-liquid extraction and gas chromatography with electron-capture detection.
U.S. Environmental protection Agency, Cincinnati, Ohio, USA.

EPA 552.2. 1995. Determination of haloacetic acids and dalapon in drinking wa-
ter by liquid-liquid extraction, derivatization and gas chromatography with elec-
tron-capture detection. U.S. Environmental protection Agency, Cincinnati, Ohio,
USA.

EPA 8041A. 2007..Phenols by gas chromatography.

EPA. 1989. Generalized methodology for conducting - industrial* toxicity reduction
evaluations (TREs). EPA/600/2-88/070.

EPA. 1992. Framework for ecological risk assessment. Washington D.C.; Risk
Assessment forum, U.S. Environmental Protection Agency. EPA/630/R-92/001.
EPA. 2009:; The ECOTOX (ECOTOXicology) database. Retrived from

http://www.epa.gov/ecotox/ecotox_home.htm.

Yoon, B.S., JH. Rho, Kil._Kim; K.S. Park and H.R.-Kim.-2005. development of bal-

last water treatment technilogy (feasibility study of NaOCI produced by elec-
trolysis). Jounal of the Korean Society for Marine Environmental Engineering, 8,

174-178.

_75_



	제1장 서론
	1.1 선박평형수, 그리고 해양생태계 교란
	1.2 선박평형수 국제협약
	1.3 전기분해를 이용한 선박평형수관리장치
	1.3.1 개발현황
	1.3.2 생물제거원리 및 해양환경영향

	1.4 연구목적

	제2장 재료 및 방법
	2.1 시료 채집
	2.2 해양생태독성평가
	2.2.1 해양생태독성
	2.2.2 실험농도 설정 및 대상종 선정
	2.2.3 Skeletonema costatum을 이용한 조류성장저해실험
	2.2.4 Brachionus plicatilis를 이용한 급만성 독성실험
	2.2.5 Paralichthys olivaceus를 이용한 급만성 독성실험
	2.2.6 실험의 유효성
	2.2.7 통계분석

	2.3 화학물질 분석
	2.4 해양생태위해성평가
	2.4.1 생태위해성평가 
	2.4.2 해양생태위해성평가 방법


	제3장 결과
	3.1 해양생태독성실험
	3.1.1 Skeletonema costatum 성장저해실험
	3.1.2 Brachionus plicatilis 급만성 독성실험
	3.1.3 Paralichthys olivaceus 급만성 독성실험
	3.1.4 영향농도

	3.2 화학물질 분석
	3.3 해양생태위해성평가
	3.3.1 지속성, 생물축적 및 생태독성
	3.3.2 PEC, PNEC


	제4장 고찰
	제5장 결론
	제6장 참고문헌


