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2 o 2 A7 FF E g3k A2 9SHolA= USCG Phase Il B45AARS HiHloh7] #is SYBR
Green I#} SYBR Gold9] ¥4 &O S H|@3t T M Fgo| =o AOFS AA AulEEx] TR (electrolysis
type, UV + electrolysis type)g& St Aol H&sA Holth A2 217t 05 mL ~ 2 mL, E4 Ak
(Stock solution)& 1008 % ZOOHH 345t Z704 GAE Hlo|g|A7) 7B AWEA #EE IS SYBR Green
17} SYBR Gold9 d¥a&2 o AESE sfe2A AFPTA [t XolE Eo|A] FUAT, SYBR Gold9] =3
Ao v SYBR Green 122 FME A|FZoJA drdsts = &3go] Hr} AWs|A o] Lost ﬂo; glo]
=t AetE g4 AR (electrolysis type, UV + electrolysis type)E SIoHA] &2 Ay 9 Z=o]| 4] 9]
SoF HlolgA HEFLS oF 10°~10" VLP 100 mL"' o& Fold wHd, Hg4olAL Ao} Q& H}omy} biE
HA] gkokrh. A4 235 EW, SYBR Green [ 3H—’F, 715, @ 270014 anpEog fMo] He Zor &
o]gohq- ]q-olio]- ‘i]'l—g Cg_,_;(-]ﬂﬂgoﬂ Fq- 27]—7(-1 7—1Z \:ﬂ Cﬂ/kﬂ HH:H 7H1:ﬂ—o] m_g_g].;(]?l.‘ SYBR Green I %;31‘4
HE USCG Phase II =@ AGAAY vlol2|A P4l ] 2 tigto] H 4= & ASE wWoHr)

Abstract To prepare more stringent regulations for USCG Phase II ballast water management, this study
investigated the staining efficiency of SYBR Green I(SGI) and SYBR Gold(SG) on the virus-like particle
(VLP). A dye with high staining efficiency was applied to the treated water that was passed through the
ballast water treatment system (BWTS). VLP staining was observed most clearly under the 100-fold and
200-fold dilution of the stock solution when the volume of filtered samples was 0.5 mL to 2 mL. The
staining efficiency of SGI and SG did not show a significant difference. On the other hand, the green
fluorescence of viruses in the sample stained with SGI was more pronounced than in the samples stained
with SG (expressed yellow fluorescence), making it easier to observe. The abundance of VLP in the test
water and control water treatments that did not pass through the two types of BWTS (electrolysis type,
UV + electrolysis type) was approximately 10° - 10' VLP 100 mL™". In contrast, no stained VLP was
observed in the treated water treatments. Moreover, SGI was confirmed to be effectively stained under
various salinity conditions, including seawater, brackish water, and freshwater. Further verification tests
and development of staining methods under various BWTS are required, but the SGI staining method is
believed to be a good alternative to the VLP live/dead determination of the USCG Phase II type approval
test.
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1. M2

AE PS5 9l olsHAX= BEole olWl® &
A, TAEEHIE 4 ofF 7|7t Z-2 BfE 2ok} vt
olgiALE EIE} Hio|H A= S A 7P B
2 MAGE 2= ES AR, AollA= dutxe
2 mlL @ 10’~10° virus-like particles(VLP)O.& &
Aoh, MptHo g Qg A4E NAles Hhste 4
g HRITH1]. wahA] vlolgAes =A% oft oAt
EA5l= FESHE g A0|A|RE, S BEY AP} vl
B FATAEY 24T i A 2 7] 7] #
A FFS 1A 5 UTH2L

—

3t F¥En B T RIS o83t i
Ho| o] AR8-Eo]x] gt} SHATE DAPIE o83 32
e GAE Hlolg Al W AI7|7F SEA oA
Hlo|ZAE A3 Ag=olr]of &olotA] toH (5], Fit
AR HE B 299 AL =0A,
An7 Hge] vls) 2o s, AlgE A2 sl=t]
QojA W2 A7HS BQ 2 SIITH6-7]. et =22
I Jido] Fagh Asgolglon, 2ol DAPI &
Aeo] Hls] et FFS LAAIZl= SYBR Green
I(SGD¥} SYBR Gold(SG) A4 W o] 7= ojA] ARE-
%]oj#|1L et Leichsenring, and Lawrence [8]2] &
ToIME FFEnFES 85 A4 HHo] FRHAH

e

u)7 ¥R Jeert o Busigich £ A 1
Organization)ol A= ABHEEol o5t sideAl @ ¥ E5% A=W DNA® RNAS Eotste HiHnucleic
4 WA5H7] A8l 20049 290 ‘ARtEPSTFYF  acid)S Ik WHOR SGIe ¥ AvAstlA 7
(IMO D2 regulation)& AEsFF 3], 20179 99 8 St HME HI, SG= LS Htt. Patel et al. [9]19]
A HEE ot meka ARAL oRHoz Huhgdg<s Nature Protocol Ado] ¥ast W&& B9, SGI <
HEAA(BWTS: Ballast Water Treatment System) — SGHIH2 thE FAwo] vlg)] Zhdslal FA §80] &
£ AX5lof shal, Ua Aol AxE Auk2 202497k obA] ol AREEI AT, sH) Aoy el
£AH o2 Autg gAY PRE AR ofof gty Es  wEbA AlRQt JAAekY] R 2a4 TEA FE5)ok
At g ge@de @2 IMO7ZE skl Lo sl Rha BuEy Qo 3 ol A Higo] AR A
F73HH(USCG: United States Coast Guard)= A HHYPLA AR vHlolg|A Ao R AAJAE

ZASAZIFEIMO:  International ~ Maritime

9] S|FYEA K E Yol A= o) ek IMO 7]1& B g3t A3t AFSE AFo|tt

o} 473t 7]2&(USCG Phase 1)& 27313 loHi[4], £ A7olAE= SGI%F SG G TS $il WA
TFE APy Hlo|gAE BFA A 7l Bot A AR o B 9 QM s I T £ &
oF 10001 H= 7ZskE MZE & 7ISUSCG Aol dM 588 vlusiith @4 J8o] ¥2 Al
Phase IDE AAT APE 7FA AL Ut Table 11. 514 kS BWTS(Electrolysis type, UV+Electrolysis type)
9t USCG Phase II &% 7IE0llA] Hiol2iAQl AL X & IRt Agjseo] FE4A s, ', 715 245t

22 7]2 100 mL F <10* VLPZ AZHolof s}
71E%E QUA] o} 7EA] ojw gt HPHE R Jlo]EEQIE A
A8k Q1A gich.

3% vlolelx wEL A3 FAclE DAPI 94 &

4] USCG Phase 11 A|8 A& 7FsAlS gQls) HauAt
St BWTSE 283t 482 dA|e] USCG Phase I

B4 5 A 710l E3iA AdeE 2SI

Table 1. Comparison of discharge standard.

W IMO D-2 &
Classification USCG Phase I USCG Phase II
Or'gfﬁmisms greate.r than 50 gm in (10 / m <001/ m®
minimum dimension
Organisms 10-50 ¢m in minimum <10 / mL <001/ mL

dimension

<10* Bacteria / 100 mL
(10* Viruses & Viruses-like particles / 100 mL

(1 cfu/ 100 mL
{126 cfu / 100 mL
{33 cfu /100 mL

Organisms less than 10 #m in minimum
dimension

<1 cfu’ /100 mL
{250 cfu / 100 mL
< 100 cfu / 100 mL

Toxicogenic Vibrio cholera
Escherichia coli

Intestinal Enterococci
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Table 2. Experimental preparation.

49 £9)

(1) SYBR Green I(Molecular Probes-Invitrogen, cat. no. S-7563) Al2F& %£%0.02 um filter-autoclaved MilliQ H,O)E ©]-&3a14 1008
3|43t

(2) FE F-2ol Bgo] B FAsE AL WASH] I8f slowfade diamond antifade mountant AMH(FE A= ME Shig oF 30 pLs
Fdsior goz 43 B AR Foll wAFE £H)

(3) B A717F 100W =2 1 o] Al71E 2= o] AatE g3 dn3(100 x vl T 7hssfiok eht HielglA A4 915 10x 10 square
gide7} a3k

4) MESHA Ad 9 Bt A= A7 AEQ25mm glass type filtration sets)?t BZE AZASIIL (25 cm Hg (~1/3 atm) &3 3tollA] ojztasfof
g ol AES ER(filter funnel) FZ2] AE-2 HlolA Ag & SHAbe fIsiA HEEA] SASkaL Slofof g

Table 3. Staining Procedure.

HAEat
(1) A& 87|+ 50 mL conical tubeE AREsHH, MEF Al 33] washing F A2 AFHT
(2) =" 3 AEE 0.02 pmE AHE 3 2WR[37~39% (wt/vol) formaldehyde solution] 0.2 7153t ©l2A] HEEL7} 2% HE2 140k

& 9E AES 28] 10845 23 T 99 AUS A% Wk 441 ool A4S Rokn Kt HUY A% AAULE olgAA I
2 ¥ -80°Col ma

|
(3) HiolE A FAL e8517] YafiA Ald FUofl SYBR Green I working stock #} slowfade diamond antifade mountantS H]3} Z8|% A2k
Aglo] AP A IS flolA AMES obH, e Adstr] sl A2k 8712 mL centrifuge tube)= ¥FUE TY SOF Holx HA

(4) Anodisc filteroll SYBR Green | @49k o[ 8al4 @4 5437 9Isl ZHlat W=t H(perridish)ol §48:2 o] 8s14] We(olaaig G4
2 wio] ohd yitiw)o] Wag HuE 7|53

(5) AFE AEES AFs] A, RF Eo|=2 0.02 pmE T EFE MilliQ H.O 1 mLE ol &84 WA wHE(7~19¥ F). o] AL Zud
Z255 9 IAE Hlo]f A {E FR1S 93t Zlo]7] o] BIEA] X4 23] o4 £ A AT

(6) AFrS B9 2 mL, YolAY o] 2 9] AP 5~20 mL 3}

() S FUsP] A Be w15 mL §%) BEE ol BEE 3% FRAE AHek, th REE AHT F Aokl EA(Kimwipe)E ol SolA
e ROl BU1E AR

(8) 0.8 #m AA mixed-ester membrane filterS WE| ZHof ¢l & o3} Wyt 33} Z{F54E 0| 85)4] HEE FEI| HAE. E7| S8E3] At
I s HIg ol 8ajA] WElS] fE-E AAS th, 0.02 #m anodisc filterg Holl 2. o|mf anodisc filtere= ARANA H7] 3 vidE
Jefo] ko2 AA-TE fof glofok &

(9) A1Ze] Aou7HA] oAl FA(clamp)E ©1-&3A SHsHA 173t

(10) M0 o834 A2E Be) EGunne)ol FAT F of3kS AYKEIT A] AL 20 kPa F 20 cm Hg VACE 94| F=s F9))

(11) AAZHA] 5] Eo] v wbdA 27t vkl sdo] Eloji 4 221 o AR & AAS 0|84 Anodisc filterE &3 121 Reld
anodisc filteri= ZLo]ZA Qo] Qojx] £2S AAF

(12) 334 =201 AIA" anodisc filter= A AFEHIE)] vle] 2ul8 A Helo] A of g2 & A3HE B3l WeollA o 3~483t ThA]
A AZRAEES] ARA7IA] & A GM0] Az A o=

(13) 7512 0}8314 SYBR Green | working A1%F 10 nLE 9ol £5515 ofslo] o514 9 v 1 Slof 4wiA] glofA] oF 15~2087F 4]
A QARENS B A% 9l @ B4 Qe A9 94 A7 308 elE S

(14) of3h B WAL olgolA] WEE Sof 8 5, WEIY| o Hi USlolLAS ol golA WA Hobz. Wele FAAE dite] o)
2L A4S P ¥

(15) oA 9] sdg Hobe &, oA (12)9] A% Hg& P

(16) Az ATAE &eto|=o] &2]7] M|, slowfade diamond antifade mountant 10 uLE &Eo|= o] B335l WEE gL & oiA] o
20 pLE E53 & s IAEHAF AZei(cover glass)E S

(17) B3 A8 2Y(immersion oi)E AHZEA Qo o= & 1008, blue excitation T4 323t SYBR Green 1 A|2FS o]-&3fi4 Ztj
488 nm 1S ZH= dsDNA THE2 BP blue-excitation and long-pass (LP) green-emission filterS AR&3HH &o|gt

(18) 10 x 10 gride® ol83}4] 10 field o4} A=E Sh4 ATHE AEH10 field® T2 YLoIE BT WA Hhol2iz %7} 200 A vlgbol
b0 @ Jjo WES o A4 200 AR ol AR A FH

(19) Hol22 AL
Virus (or bacteria) (mL™)= RSF x X x (100/n)/V
RSF: oJ3}2] W2 /eyepiece grid W2
X: BE WAS, nn T field 45, Vi o7 25 (ml)
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F

2.1 of{f HIO|ZA HA v

2719] @M(SYBR Green I, SYBR Gold)-&H(stock
solution)& ©]&3d|l4 working solution(50~4004] 3]
A W= T AR F 0.1 mLE FIs¥eH, g
Hlo]HA0] B2 P |AS RG] sl 10%(wt/vol)
p-phenylenediamine® 1:1 glycerol:PBS £94& A]
2 G 30pl FYsHTE BE GA HX= Patal et al
919 ==of PAI=E] Sl WHol| F9iA Table 2
and 33 Z2 o R AASH

2.2 M¥ ANz Out 20| 3 FAl
3g Hiolg A dAEFL HYYst J E oY 3
Soll wet 2epx)7] 2] A4 AR ot §F 2 FA
Aok BEE FRIsH] YA 5709 o3t AlE F1](0.1
mL, 0.2 mL, 0.5 mL, 1.0 mL, 2.0 mL)?} 4712] @A
AJF B(50, 100, 200, 4004 34)E AgsfA] wlo]
A QY {7 Jx 9 A 7 oRE A

Aot 55

2.3 MH| 72 A5
Al | &9
BRPAEA LA
23], UV+H7] 53]
e AWA. 2 BFF AFL 5008 A

=
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A& (Ballasting)@} 24 B9} A4 g9 Y B2
H&5h= £8 A8 (de-ballasting) 22 Wo]A] 2135}
AHFig. 11. A& Al Al A|@4== USCG Phase T 7]
Z ZF55 938 A7}=(starch, glucose, silica) ¥ 5=
H JFABET ITFE Yot tHTable 4]. sjgHto]
YA Age AR AR A AP, T2 AT Al dizs 2
A2lE AlFo] APEl= 5t 44 0 & (continuous)
AMEHY °]’Mq'-

Table 4. Minimum water quality parameters according
to the ETV protocol (USCG Phase ).

Test water
Parameter  Fresh water({1 PSU), Brackish water(10-20 PSU),
Marine water(28-36 PSU)
DOC 6 mg L
POC 4 mg L
'TSS 24 mg L'

DOC: Dissolved organic carbon, POC: Particulate organic
carbon, TSS: Total suspended solid

BWMS Ballasting Mode

?V -

Dhsthirgs n
[Ny R—

Fig. 1. Ballast water treatment system schematic
diagram, showing ballasting and
de-ballasting modes.

3. Zat R UFE

3.1 XY A2 OfF PI| X 9N Ao 55
Patel et al. [9]2 Hlo]2A Al A
SGE HAIE &= 1o, 9 F A2 54T 5= A
|7Fssithal Bausiyinh. 1A 2 AT V\E HA
SGI @M A|oFof| thsiA Als Fxjof o2 FA
BFEE RIS e 7 SGoF 9M 58 H]JL
Z1gstict. SGI M Al JAeE ofat Ag ¢ ¢
=5 A7o7] 8l Table 59F 22 A+
ASS APt A& 0.1 mL ~ 2 mL
19F = FrHfjof] whet Hio]# 0] A
3}, SGI stock solution®] 100812k 200
ol A= Hlol2A o] -goldk ¥HH|Fig.
08l SAE 2o A= BlolH A7t AT o
2 9}‘5}711 o] ElojA Alg=ol=t] tha 2ol 3l
AtHFig. 2fl. A& 0.1 mL¥ 0.2 mLE FY59= 73
FAHE R AL 529 Hio|Z A A7} TEE =T
[Fig. 2b, 2cl, o= AZE A7t HojA Aite] 4l
3 gHsl] offoal wREE & v ofet A=
F5EA] g2 Yol dMAIko] vl (Background)S
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s3]

100

I Rujzh g Aoz sagR|nh 2 A 59
Tt FARE 491 S Hiol# A Ao golgt
£ 0.5 mL ~ 2.0 mLo|¥, SGI GMAet k=
~ 2008 91 Aoz A= ATHTable 5].

Table 5. Heatmap showing the relative convenience
of observation using epifluorescence
microscope according to the
concentration of SYBR Green I and
sampling filtration volume.

Sample Dilution ratio of SYBR Green I Stock solution

volume (mL) x 400 x 200 x 100 x50

0.1
0.2
0.5 N
.

1.0

+

2.0

Good to
observe

Observable

+ Unobservable

0.1mL, 400}
o "

. 0.5mL, 1008} |

‘| 1mL, 1008] 2mL, 4008}

Fig. 2. Photographs of stained viruses according
to the concentration of SYBR Green I and
sampling filtration volume.

3.2 g9M g8 H|w It

AETE sl o 8aA 4719 FAZH(x1, x10,
%20, x50)°4 SGI &} SG ¥A && v|u AFS Ay
Shch S-S APoetr] 2 AolAl s Hiol# A
o] "4 /A4S B9, SGI7F 8.3x10° VLP 100 mL™’
08 92x10° VLP 100 mL™'Ql SGRET} tha @A vt
wtot [Fig. 3. FA9 108 345 A3 FolAle SGI7t
2.9x10® VLP 100 mL'2& 2.2x10® VLP 100 mL
Ql SG Hr} &9kor, 208 L 508 Aol E =
ARPR7Eo] E3igt 2lolg ERIE 5= Qloict gRtF oz
ahg|gjolLt Hiol# At 2he 37|17} w9 2R
Alg Al 22 B Yol A9 #lE-2 Zpo|7F Aot
oHlA] 927] Wiol, SGI9F SGO] FM AL H|SSGH A

o
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o gtk B3 AY AFolAE F FA A2k
AEEE FO3t ZJolg HolR] =ty HiErt
[10]. SGIZ FAE vlo]gAofA] WHEE= =4 o]
LS E= SGE GAE Hiolg A Ho gA EE
T E47 92 A3 dAtollA SGE e =3l |
o} SGIE fAH H-2 =Ao] 5|71 £o] Frk=
AFY A4t ATE oA, ABFFATAE &
3 AF AYolA= SGI GAHEE ARESiA B7hE 53
FCHIL. 3t FAE Hiol# A9 P FA F=E Eel
of & A, 0% SGI ¢ SGE AT B BX &
Alo] - 2 ARF Yol WASEAIRE, slow-fade diamond
antifade mountantE AR 3% 23 A|7F (9F 30~
60%) B F4 gQlo] HFoR ARgol 7hsFirh

—_ B SYBR Green SYBR Gold
o 100 1
E
s |
=
= 80
s
= 60
—
X
@
g 40
=
s
£
3 20
<
0 B

10 20
Dilutien ratio

50

Fig. 3. Comparison of virus staining efficiency
between SYBR Green I and SYBR Gold.

3.3 USCG Phase |l ASINE ME 7159 Gt

USCG Phase II A[@O)A vlo]{A B2 viEA] A
g]eo| et X3k, viE st A BlolE A A
A4 10,000 VLP 100 mL'& H 1 E|Qlc}. & o]
M AR Al ARl 5UZ] BE|7E & FRAl
A gz 2 AERE o854 SGI Aol
USCG Phase II Hlo|#A A3 Hhgo g2 AL 7153514
SRolsl Botth A7|Ea] W] BWTS A2 sfj<=ofA
23] zggo] = 9lom, Al A Al A Hio]#29]
AL 25 2.1x10° VLP 100 mL'o|H, 28 A%
A HzxgoMe 27t 15%10° VLP 100 mL ™'z}
9.6x10° VLP 100 mL"' & &l=|QltHFig. 4]. 59%
AgpoAe GAE vio|H A7t WAER] it s,
714, B 242 23] A1EE A UV+71 &84

Mz A¥st 66x10° VLP 100 mL' ~ 1.3x10%
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VLP 100 mL™'9] #1915 HAW, 8 AY A] x50
ME 45%10° VLP 100 mL" ~ 1.1x10" VLP 100
mL "o WS Bk T2 A3 A] Mo A7
Eaara) vt 2 gAE vlol# ATt PEER]
Ut 2 A Aol Ao AE Hiol# A

WAt SRIEIA] Rk, HE Al AlRofA A

=y RR

d F5guElelobt BANAT, B AT A 4w
BAUPATANHE SR A AFE ZAUV, A7

3 Z3holl =EAIZ] A4 S| HiolH ATt AN
AIE TIPS AF, UV A7 Earae Ba A
AH SFHFEANaOC)S SGI2] P a80 JFE 1|
A e Ao FRIFICE HAIA BWTS AFollAl
AA7IA] QA2 BWTSSY 2F 90%7F UV < A 718-5h
FAE ARSI S, 714, " 2704 BE &-8o]
7Fsdtthe AME =5, SGI |4 #HS USCG
Phase II A HPLAZZA] FAS/AAE Hiol2A
Ao 8 7Hsd o= wekdct. oAt Addhg
FAgA=9] 2F(QE, UV, Heating, NADCC 5,
Ay 3 27AG2, &, pH, £844, §71E
= 5 9 A F B3 AIZE 5 oF 7HA] QAL Hlol
22 A Aato]] RS v)E 4= Q7] wiEol 7t
29l A% Ago] Wagt Aoz woEc

1.6e+10

Electrolysis UV+Electrolysis

1.4e+10

1.2e+10 o

1.0e+10 4

8.0e+9 o

6.0e+9 -

Abundance (VLP 100 mL‘1)

4.0e+9 A

2.0e+9 A

0.0

S-1st S-2nd S-1st S-2nd F-1st F-2nd B-1st B-2nd

Fig. 4. Viral abundance in each experimental
treatment passed through by 2 type of
BWTS under sea water, brackish water,
and fresh water conditions. The brown,
orange, green bars represent the Test
Water (TW), Discharge Control Water
(DC), Discharge Treated Water (DT).

4, 4=

BWTSE &3t sioi g0l ozt Brpdde A4 o
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Akeo] ZhsA w2 AlZF W AR AT & gl
of ste, B4 AN T LY ARE B A o] &
ZH oz fA| = oo} 5k, npA|Eto g A F-go| ot
of gttt SGI G- GAjo] ZhetalAl T2 A vy
(e.g., Yo-Pro)oll vl A& oR A= HAE] Azto]
Fo, dAE vlojgart wdsh= 3= AFAH(30
Folihoz §x 9 2yt ofde} 277} ufe- Z2 H}
olfart FEI] A 7T R PR B4 FFe
ATt B SGI7E s, V1, g 24 9 A7)
EajA] k= slebEA(NaOCho] g A
X FAo] 7HsT A& BRI 5= Uit whekA]
] A PeA gz FASANE BE B4 Al
ZHOAZHE 13T 49, SGI MM USCG Phase
11 Al Al vho]ix gAjuhdo] £2 digto] € &= Qlok
3 ke SRk AR 7 TAIE USCG Hrolg 2
718 A Al A5 AR 1 mLS oJFste] 20 filedE
TAsHo] AGEIAS o, 170 BEEolx 81,920
VLP 100 mL'& #i&s 7158 55514 $51A) €t
E3t o2 QI5f ofFsh= AR F& TUIAIFIW ot
Azt 37 2 oAy Eo] Fot FHOZ Qg £
Qa7 et £ 9y, wkA USCG Phase 1T HO]
24 Hof 4 7]Fo] K} gstElo] 857 ok= ot
I M B, ARE WA AHE(Pre-filter)sto] 2
717F 2 BES AANA B2 ARE o = e
W5 271 A7 988 Aow wohgr

1
%

¢

2~ =

=

o
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