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Abstract

This study was conducted to investigate the effect of salt concentration and turbidity on the inactivation of Artemia sp. by
electrolysis, UV photolysis, electrolysis+UV process to treat ballast water in the presence of brackish water or muddy water caused by
rainfall. The inactivation at different salt concentrations (30 g/L and 3 g/L) and turbidity levels (0, 156, 779 NTU) was compared. A
decrease in salt concentration reduced RNO (OH radical generation index) degradation and TRO (Total Residual Oxidant) production,
indicating that a longer electrolysis time is required to achieve a 100% inactivation rate in electrolysis process. In the UV process, the
higher turbidity results in lower UV transmittance and lower inactivation efficiency of Artemiasp. Higher the turbidity resulted in
lower ultraviolet transmittance in the UV process and lower inactivation efficiency of Artemiasp. A UV exposure time of over 30
seconds was required for 100% inactivation. Factors affecting inactivation efficiency of Artemiasp. in low salt concentration are in the
order: electrolysistUV > electrolysis > UV process. In the case of electrolysistUV process, TRO is lower than the electrolysis
process, but RNO is more decomposed, indicating that the OH radical has a greater effect on the inactivation effect. In low salt
concentrations and high turbidity conditions, factors affecting Artemia sp. inactivation were in the order electrolysis >
electrolysis+UV > UV process. When the salt concentration is low and the turbidity is high, the electrolysis process is affected by the
salt concentration and the UV process is affected by turbidity. Therefore, the synergy due to the combination of the electrolysis process
and the UV process was small, and the inactivation was lower than that of the single electrolysis process only affected by the salt
concentration.
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(Moreno-Andrés et al., 2017). o]|2{3F thg Alvre] =
7V I8l 715 5, ATHE 3 (Ballast water) ©] 24,
7] % oAIBlEkA 271 5 ol 714 sheF 2.8 BA}
THgsiar glom, A AlAZ R olzjt AIE siast
7] 13t At i 2 o] XIgEal QIEHIMO,

3], Alte] 52, SbaA 9 EAS S AMg
spEEse A AAE O Gzk30-509] £ o4
of AREAL Q= o= FAEIAL =t oA =
Aol ol AR Az S e o
21,7667 =011 =02 W= 72 9F 70,6327 =
52 A% It Choi et al., 2009). ARE &= Yjof|
= ulejelol, QSR 2 4 Fo] A Sl )
SR, AbERE i) wEslo] sl ARl
FrAEH 21 2[99 Siof 2, B AYEiA oAl
gk opUjat ]l TsjE WAl Ao s
11 QJti(Hayes et al., 2003; Pimentel et al., 2005).

AgEs BAE shEst] Sl AT
(IMO, International Maritime Organization)= 2004
W A4 9 AR welE it A 2
OIBIA(IMO, 2004), 20161 9 8 ATH=7} ok
of 7ItshaA 3071= olde] Fef v, vlEs HAr
Aol s el A Al AAae] 35% ool 5%
715 55 o] 1274 § Befol A Hrk 1
of &fgte] 2017 9U 8UFE = A AAA o= HiGZ
Q1 Al Al el Aol o) AlpEEs: Xe)
Zz)9] 2|7} o)Fsh=E| it Korea P&I Club, 2017).
JejmE B A HelE St 71 Aol
FEUERE v A AlA A ZrdsiA] ZgEar ok
(Yoon et al., 2005).

AR Ael7les 24 2214 A2rle skst
A A ler EREm, dARE, 71AA v, Alst
S 5= AT 71eE0] o] 8-=aL It Werschkun et
al., 2014). 2016W 109S 7|Zo= A7+
(IMO)°fA 25 513t AHRE = 22| 7|52 41714]
Z(IMO, 2017), olF nEl et A5aa0] F&
A7l g7de 77 Wol o] 83fal Jlom, ARg-do]
ek ARI(UV) aste 28551 3t Werschkun
etal., 2012).
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715k W o 2 uigkae] ARke] dalel(Cl)o]
o] HITHES 7R wf Aol Zjopdavt
(HOCI)o] v IAye #nt ozt 20;), It}
2(H0,) 5 ARA ASH| & ikslefo)zt S
sk, o5 ARHIE ol8sto] AubERss 52 1]
AES ESYSE A 4= glom, A= 2132 FF
02 AL ofgt Alaznt atalE Fslo] ngES A
Agk gk ope}, 2ERshe el ofsiA] nPAdEe] A
249l AAE 7F53HKim and Park, 2009). o]] ]
S ALl a8 ZpeJAl of|JA7E mES] DNAE &
ZIAA mPES AT WH O =M, ZLe) o] ALE]
A uRYE AR ] Sito] HEPHA] AIXITARS] Aoli7}
gl SA15 e Aok o] ndEs 528t AX1
tH(Cheon et al., 2011).
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WHTE o] Qlo] 7|4 Ao o] o Tt S =
oflX] A7|Esl 5] A8 A AR FE7 R
of Afs FEO| TAE|IL =2 HAYL] AR-O R Q1% o]
UA| 2x87F S7R 4= Qltk(Park, 2014). 3L AR
25 tfFe] 2FE AFEAE 8 o, &
0| o §E]= ARl o whe- X Feo] opslE ke
2 sl Bt R Elo] HigtkEo] iRl B
Ago] AhE= tHES 7|2 QItk(Bai et al., 2016).
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Fig. 1. Schematic diagram of the reactors used for electrolysis, UV, electrolysistUV process.
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Artemia sp. &] WS Fig. 29k -2 3324 uij719]
A olFolH). =4 EAER] Artemia sp.= Azt
Foll ks 4% AR YFo=M, I E Febt
BolstaL, 7iAla S8 f1gh EEg A7t HashA|
2471 wel] B35t &8-S vushr] $13t X3 e
X o] AM8-E| 1 QIrk(Tsolaki et al., 2010).

HjoFRHS: s ARESlo] A|lxsIglom, a4
FEE A B2 QfelA] A8 HYHA(NaCl g,
88%) AREBIITE SEkAE BA(38 L)of 22 Lof 4=
FES YL g, 55530 g NaCI/LE 3A517] 913)
A 750 g0 g g2 the aRlekgITh 1Tt 7~8 ¢
9] Artemia sp. &(New Generation, GSL)& €2 &
48 hr 3+ vleFsI3Ich LED 278520 W)2: o850
9E 2ABIGL 37| HEE ol 85l 371E sd5t
o] DO 555 4 mg/LZE §X|51%.0H, 3|E|(Periha
HE-50W, a7 & ARgst] 225 2541 TC 2 &
A3t 2 & npRalE L2 AR o]85te] A|A
Sl Kol Artemia sp. & 26| SRS 1 mLY]
AEE AFIste] Artemia sp. ZiAlE SASHICE
Artemia sp. Al S Al BARPE 7|Eo® B4R
(appendage) 2] 2-5/3& AR SIYItE SQtoR ¥
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Fig. 2. Schematic diagram of Artemia sp. culturing device.
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TRO (Total Residual Oxidant)= 4=50f ZEF3aL
Sl A ABHAIE ojnlsn TRO Sk =884
(DR-2800, HACH)E 0]-83}0] 2439t} TRO =
L B s(US EPA method 316)0] oJslf &3=
530 nmoj|4] Br,& ©]83}] DPD (N,N-diethyl-p
-phenylenediamine) S A3y AFHS= 0~4.5
mg/Lojn] AeFHAl= 0.02 mg/Lo|AthKim et al.,
2014).
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e o2 vhgshs o il AEEd o &
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-nitrosoaniline)+= MG I}of| OJ3] 8L & 44| ke

o) FRsah Aol 7HIEIO] AMBSIACKLE et al,

2009). RNO FZ+= UV-VIS spectrophotometer
(Genesis 5, Spectronic)E AFE-310] =7} T2 RNO
Qoo ulEo] | Tupakol 440 nmol|A] Tt
S PAS AL A1g310] ek

P EA S
= 7}@3 o lon 3 gL U2 270w [2 W
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Fig. 4. Comparison of RNO degradation with salt
concentration.
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Artemia sp. 22431 YEICE

& E=TF 2 2414 Fig. 3(b)9] - 10~30%2
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Hok= 9 557 =5 o AE80] o WA Ugitha |
113} Lacasa et al.(2013)2}-GARRH 235 YeR] Sich

i
rr

il

3.2, Ei= W3l T2 UV 3H| Artemia sp. 223t
UV 342 A718s) 3-dik= thE2A 4 seoh =2



296 a4y -

80

—@— Control

—O— ONTU
—W¥— 156 NTU
—/\— 779 NTU

Artemia sp. (ea/mL)
5 3

N
o
T

0 20 40 60 80
Time (hr)

Fig. 6. Effect of turbidity [(O) 0 NTU, (W) 156 NTU, (A)
779 NTU] on the inactivation of Artemia sp. with

uv process.

ARb= Pk A T4 QAN B9} o] 219}4l 9]
Tl Faks = e 5880 A FFE &
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(0.5~72 hr) 2 Artemia sp.2] A= 7WH4-S ZAa}
XtHFig. 6).

Fig. 6 B, 12 We] UV HZE 30 271 2AK]
BIARI] 72 hrdd ) EErt EafelA] kg
Artemia sp.+= 9.7%7} L3I o1, 156 NTUOJA=
18.1% A=, 779 NTUOA = 25.0%7} &= 5
o) ehert F7ke BEs} U olRolzit. ol
L} R 0E UV Bl 2Abshs Aol
£0] 748} Artemia sp. o] B85} 5:80] 1ashs
Aoz vELh Liu et al(2016)= UVE o]83}
Microcydtis viridis?} Tetraselmis suecical] 2413}
Aol A FUgH e 2710ll4] Ape)A ARFS] 97}
25~500 ml/cm*0] ZAA] Ao 2AJEo| Z713k
5 Ee E2Ept STRIMAL HAarsigla,
Gullian et al.(2012)= <=310FAAo)| 4 9] Heterotrophic
Bacteria (HB) A|A A&ojlA] El=7} 8~30 NTUR &
VI UV Ak B840] Zhasielrka wrEslalet.
A8 Aolct ol ZAsHE o] Al ake 2k
37 $J5}0] EFEr) 1400 NTUS] 7-$-1c} 2400 NTU
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Fig. 7. Effect of irradiation distance and turbidity on UV-C

intensity.
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Fig. 8. Effect of salt concentration (3 g/L) on the

inactivation of Artemia sp. with three process
(electrolysis, UV, electrolysis+UV).
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Fig. 9. Comparison of RNO degradation of two process
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concentration (3 g/L).
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Fig. 10. Comparison of TRO concentration of two process
[(@) electrolysis, (O) electrolysis + UV] at low

salt concentration (3 g/L).
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