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HAMEO : A HY5, A3 P A A 2~8, ZAE AETF, =10 and <50 um A=, USCG Phase 11

Abstract : The type approval test for USCG Phase Il must be satisfied such that living natural biota occupy more than 75 % of whole biota in a test
tank. Thus, we harvested a community of natural organisms using a net at Masan Bay (eutrophic) and Jangmok Bay (mesotrophic) during winter season
to meet this guideline. Furthermore, cell viability was measured to determine the mortality rate. Based on the organism concentration volume (I ton) at
Masan and Jangmok Bay, abundance of >10 and <50 um sized organisms was observed to be 4.7 x 10" cells mLand 0.8 x 10° cells mL”", and their
survival rates were 90.4 % and 88.0 %, respectively. In particular, chain-forming small diatoms such as Skeletonema costatum-like species were abundant
at Jangmok Bay, while small flagellate (<10 um) and non chain-forming large dinoflagellates, such as Akashiwo sanguinea and Heterocapsa triquetra,
were abundant at Masan Bay. Due to the size-difference of the dominant species, concentration efficiency was higher at Jangmok Bay than at Masan Bay.
The mortality rate in samples treated by Ballast Water Treatment System (BWMS) (Day 0) was a little lower for samples from Jangmok Bay than
from Masan Bay, with values of 90.4% and 93%, respectively. After 5 days, the mortality rates in control and treatment group were found to be
6.7% and >99%, respectively. Consequently, the phytoplankton concentration method alone did not easily satisfy the type approval standards of USCG
Phase II (>1.0 x 10° cells mL" in 500-ton tank) during winter season, and alternative options such as mass culture and/or harvesting system using natural

phytoplankton communities may be helpful in meeting USCG Phase II biological criteria.
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Hud - MEs - o] e - A Ae
1. M 2 S e UE 5o BTE olgetd 1R &
£ gH3 ¥ BWMSAIATY AESEE B e
AU YL AN LAZAL fAe] bda g WARE AN TH A (mesocosm)F 2T F A
G2 0] oA Aders Zoln, A Adow ezt s & AUhekel 2~39 B A Qo) AEEYE
~ 1009 R o] F ¥ Yrh(Kang et al, 2010). Aty NER FARFE DSk HS e = 5
Zofl o]% ¥ WREY ABL MEFHE Y A4 Heah v ATANE WA AAGECH HH P
A B3 A, AN Yol BT FL aohy Ko °1EF AE EF A USCG Phase II 34 SAN
Futafol QuAE w7 5 dnamo, 2001). ol = AF FRE FHAA 5 AT WHAA AL
) 8| A} 7] 7-(IMO: International Maritime Organization)ol] A= 21 10-50 pm =7 Ae 2 xR AR R A
1 & =3 2] A] 2~ B (BWMS: Ballast Water Management System) st Wstetn, o= WEE ol 8% AdAE
S Mt ARS ARHoR AA D AGA F s A TEE SARS AN 5 ol w2
of s} Al M P ehe) 9 OHIMO D2 regulation)e Alg = 10-50pm 7] ARTHS it RE e A
S THIMO, 2001). IMO D274l olatd, AutAa s xg A T ARFE I8l A w5 9l
Ga)o] G450 oot 54 o] DL =10 and <50pm T A A3 qAe e ¢ Jde AR
7] AEORE AEZLGIE odt 1050 um 7] AR LA SHT
2 7)ol BIAE s B AAYETLH o THA
glo] A 3%(Phylum) 5%(Species) ©]4Fo] EAJal|oF a}nl, 2. Mg & 2
we 9 F59 233 AAF DEGE1.0x 10° cells mL™)
S FABIES AlPSFE Ak Ak ol#Ee IMO 14 2.1 ASEHIE NHE 5
S FFA717] fEA R 459 AgrjFeA e | AAE AE 552 FERT upibnieA 20159 1€ 15
Al BWMS S74A18 8 Al Ahdsllel A izl v A3 229 daaldaEred AT
SR E(d: Tetraselmis suecicays 3]23Fo] A|d4 A= 2 A FAAHFig 1). E 5 54
55 F5A1713 S = UE Ald v3) duide® MAs dUE
akx]gk IMO D2 71Z Rt} 10008] 7Z3tEl USCGUS Coast = d=HE Td7|d A& 5%S a7
Guard) Phase 11 2 F17IFol A= Aol A A8 A Ao, MASF D=7t Jdldoz 2 Adoe B
ETAE 5% oo ® FAGIES st A2 284S 7 23 HsH AES 55T § Us How
S thMiller et al, 2011). wehA USCG Phase I1 25214 wjFEo|t}, FEuty}l vpabvte] zaAl:= 7zt 2 9x
He Y37 M E =2 TR AAYES FHde wE 35 AES UERZ QS 20L &
Aol wlg- Fastth A AdEe 10-50um 7] AES & W IFS AA HEE BAsG 0% 4~
H3l7] M e A AARZ gy G5l AES AJTE 24 845 T AFdE A58 1B gas =5
a)Jangmok Bay b) Masan Bay
\ Masanhoewon-gu
Jangmokeri
“ CHANGWON CITY
Dotseom
GEOJE CITY e lkm
L1,

Fig. 1. The location of sampling of 10-50 um marine organism in Jangmok Bay and Masan Bay.
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USCG Phase 11 Aulg3 s A H7ME 93 3

Table 1. The frequency of netting in Jangmok Bay (JM) and Masan

Bay (MS)
) Vertical Surface towing time
Location .
towing (5 m) 30 sec. 60 sec.
M 72 0 15
MS 4 18 45

22 MEtEE A A- (BWMS) 28 IR

B oA A H89 BWMSE Fig 29} #o] A} A&
RS AXUA AES APEA7IE FHOE A AAA
o7 AgA ekdAde] HEE W] o] thKim, 2012). ¥ ®F
2e] AE AA Ao gsiA kAl AvlEkd, AlES
W A= 75um 7] ZE oS 1AH 0w A AV |
U5 A7EAGAE AXAA A9aket A" AbsE
(HOCI, OCI, HOBr, Obr, Oy, H;05)0 934 2214 o2 A&
o] AAEA HArk & Aol AHE¥ BWMS FH] AEARE

9 AN EES Bhe W FEAEE o §F A8

1527k vtk 55 AIRE o] 8% /\164(1% deo 1}
ol Zaatgleh Al Al 9 250~ 300 & ow 7zt

o) O
Eone

A AR E E5HH H] X%j/]-r(Control water: 250%)<}
A FXE S8 28] 43(Treated water: 250%) B A2 S

HuHA gtk AAMREE A% AR 42 1A g
T 3 AEg g el wheh 3525 %, 50 %, 75 %)=
o] Jaatgion, odatol e ST 2 ek AlY
T (Test water)2} *] 2] 4~(Treated water)ol] tH3lA AALEE S
FastdlaL, 59 Foll= AEnt vA et A2l s
A oAl Ak S AAEIA g ETe] A 2ES A

BEAEA Y

A

7k shgick A4 W S 9 1050 um 7] AE A
@8 A ok ge ¥ @A) A8l AU 008
L

B MER ofghsEe oy EAs,

5 um

Operation mode of BWMS

Control Water
Tank

(250 ton)

Ballast
Pump

vy | Treated Water |
== Tank

Test Water
Tank H
(250ton) |

(500 ton)

Fig. 2. Ballast Water Management System (BWMS) operating

mode at initial test.

2.3 YAHHEY

o MAE 1232520 (USCG Phase M)l 4] 10-50 um
7] AE g 71ES B, VA AR #sA = IMO
D2 Aol Bl el 1000HH sk S Aoy, A =
=5 A% 24 el disiA e WaetA ddetal A &
o = 04?01]7\1‘“ Ev}i 102 de AH8-5 3l 21+ Fluorescein
diacetate(FDA) &3 21" (Garvey et al., 2007; Baek and Shin, 2009;
Hyun et al, 2014)2} #7133 (Autofluorescence) 2+ =+
(Tang et al,, 2007)S Bl &M AhH o2 FHo] T2
= AR F AIF A& WA FDA 94 /‘1°—F
FDA(10209CE, Sigma-Aldrich) A1 ¢ 100 mgS 25 mL 22
o ¥ % 20mL9 dimethysulfoxide(DMSO)2} &3
F& NS A5 th(Baek and Shin, 2015). A #EF
S 4004) EAE F AR 1mLol 25uLE YolM oF 15
pElol Ash Qe Mg A the JBa
(Axioplan II, Carl Zeiss, Germany) blue excitation filter(excitation:
450-490nm, emission: >520 nm) kol A G FHF5E FE}A
b A7t 3a 2% FDASE 5Ug ol 42335k
AYALTHE L Sedgewick-Rafter counting chamberoll &% % Al&
S 100~200 uL 53] 5E3F HAAAIZL F 2000 vl =

54 % AFshs Eow sasgit.

of

_1
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::’4

>~
R
o ™ 12 e of rlo nE R

3. 22t ¢ n#

Ml

3.1 FDA @MY U Rp7be Hman
CERERCIEE

14 Hol gl
oE FDA JAMI A7ME AW Z8S s
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(Table 2, Fig. 3 and 4). TA1S] w2l 5U AR5 ©] 83131
Lol Batar HAA2 o2 FDA 9177 £116 cells mL™)
BohE 27 F 32 (497 + 59 cells mL™)oll A Aol gl= A
=7 28] ol = YEETE 53] FDA A2 AQlS
Pt 1 EFA Chaetoceros spp., Skeletonema costatum-like
species, Thalassiosira spp.o| Al Z}7}8 F3ZH 1o} Aol =
A7 A A Yebst=Tl, o= FDA 579 54 932 4
Ao go] sk Aol AstAl Wekst7] wliEol thFig. 4a
-4c). Hyun et al(2014)9] Aol M= 54 )& F(e.g Ditylum
brightwelliiyS A $]3FH FDA @4 Z&0] 90% o]atolH, &
3] Chaetoceros dffiniss A2+ Chaetoceros spp., Cylindrotheca
closterium, Pseudo-nitzschia spp. o< 40 % ©°]&}g}1 X 1135}
Tt E3H Hyun et al(2014)Z} Baek and Shin(2015)2 S.
costatum-like species = FDA @Ao] Z =X gF=rla H s}
Stk whebA FDA @A 64
o, & A e AtEFaAYE S EAEESE B
HE f3 AAdE o s Y-8 st

Table 2. List of 10-50 um organisms and their response to vital stain

fluorescein diacetate assay (FDA) and autofluorescence (AF)

FDA AF

10-50 pm marine organism

BACILLARIOPHYCEAE
Asterionellopsis glacialis + +
Chaetoceros spp. + +H +
Cylindrotheca closterium + +
Eucampia zodiacus +
Navicula spp. +
Odontella longicruris + +
Pleurosigma spp. +
Pseudo-nitzschia spp. +H A+
Skeletonema costatum like species + + + +=+
Thalassiosira spp. + +H ot
DINOPHYCEAE
Gyrodinium spirale +
Protoperidinium spp. + + +
Scrippsiella trochoidea + o+ 4+
Unindentified dinoflagellate +
>10 and <50 pm phytoplankton i
(Unidentified)
EUGLENOPHYCEAE

Euglena spp. +H+

>10 and <50 pm live cell

abundance (cells mL-l) 70 160 300 430 520 540

Notes: +, 1~50 cells mL’l; ++, 51~100 cells mL‘l;
+++, > 101 cells mL™.

(a) Chaetoceors sp.

(b) Eucampia zodiacus

(c) Pleurosigma sp. (d) Pseudo-nitzschia sp.

(e) Skeletonema costatum-like (f) Thalassiosira sp.
species

Fig. 3. Autofluorescence image of live 10-50 um phytoplankton.

(a) Chaetoceors sp. (b) Skeletonema costatum-

like species

(¢) Thalassiosira sp.

(d) Protoperidiniumsp.

Fig. 4. Live picture of 10-50 um phytoplankton stained with FDA.

A3 2 A7 3% 11F0] s om, HdvkE o z
7F g2 EFel 18 2 A7E&S 2o 53] 54
F2(7~10°C)ell = 3 . costatum-like species”} =

Kol
£ =59 th(Table 3). &9 A} 79 5, mpakuko] A
kel

10-50 ym 7] AES A7 B 5 23 3% 1250 =3
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USCG Phase 11 AeEtsH < Al's H7

S97, FERae ged dHRERsl F3UsE 49
<= ﬁiq-(Table 3). 53| Heterocapsa triquetra’} A T3] <]

70% oldow =93 =dsA

Table 3. The species list of net harvested sample in Jangmok Bay

(JM) and Masan Bay (MS)

Phylum Species M MS
Chaetoceros compressus *

Chaetoceros diadema *
Chaetoceros spp. * *

Cylindrotheca closterium *
Eucampia zodiacus * *
Bacillariophyta  Nitzschia spp. * *
Pleurosigma sp. *
Pseudo-nitzschia spp. * *

S. costatum - like species *k

Thalassiosira esscentrica *

Thalassiosira rotula

Thalassiosira sp. *

Alexandrium tamarense *
Akashiwo sanguinea *E
. Heterocapsa triquetra *x

Miozoa

Oxyphysis oxytoxoides *
Protoperidinium spp. *

Unidentified dinoflagellate *

Euglenophyta  Eutreptiella gymnastica *
Ciliophora Helicostomella sp. *

** dominant species

HX] m h:.

47x10%cells mL'= mFAFTH0.8 x 10* cells mL")E.th
o Aol 9l AES] HIEE HETo] 904 %= 88.0%
PR =4 e THFig Sa, 5b). FEREA w5
- /\]g_gl dz:ako] u]./K]—u]- /\]EE]_E} ok SHH XJE 15—0 ]

2} 5 ) of| A %38k 10-50pum 7] AEC] A
o

o

shabebel A 54

1/2-1/81 ™, =3 S costatum-like Speciesl‘— ﬂo]——
AafA o A DS
ot vk el s AR A
717} <10 ymE.t} 2+ SHRRZFE
9 Fo HAEg &84 HEE o
& ol 1050 um 7] A= 7))
o2 o dygHoz 7+ 3
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A vebE = deS 3AF 5 ATk ok ¢4 Fdg)
= T2 Aole AE &4 S9N AldE TS 7
2 gk 53], e FEo] Fdeds Za dA
G gfRFet vaste] fiTEe] Fue GHRERFE
TS UER FHIUE A Fdede] WolA A HH,
oli= A& Abdel A A F¢S v 5 Ark wEhA wf
AbRbal gre] A717b 2 AF WRZF P HEZEFIL
2 HER EAE G Aol AAF w5 TAI
Aae BE 9712 A3 20 umol A >30 umz A A
HER fF95= sl A3dE&s S7HIACKT UE 23]
o g ARE A F A F USs FoE HHr
g gl HEE VA e AEERAER] S 1
= Hat &7 Wl 55 2= &
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Fig. 5. Total abundances (a) and relative contribution (b) of net
harvested sample during winter season in Jangmok Bay and

Masan Bay.
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(Table 4; Fig. 6). vl2tqt Day 0 * 2]4=1) 4bo} NA

o) =
DA

T 7+3cells mL'E 7] AEAIEEELS 89.9 %ol 1, FE
vt Day 0 X%BHIH *E oF gl A Y 58+ 18 cells mL

2 %27 BEAIEESLS 90.6%% UEIGT Aurzow A
g dde= g?o} BWMSS] FHE & =

= APEske] A9 i%rﬂi °] % Ao =2 z“ﬂfcl?iv}.
W EHEARE
o Ao Abo} 2% AE A ol
th Day 5 HIAEF AE e A A Al AT W A
B 559 A 552+ 94 cells mL'©] ™, day 5 =] 2] 5ol A
13+ 14cells mL'= <F 99.8%2] =2 HE Al
T} Day 5 H[A 25l A 10-50 pm 7] A&
S HEE o] &3 AE 55 Wie] ot *ﬁ%
S A AFAZIA Feths AE 9u| g
Al IMO 71%—% T3l BWMS A2
D% USCG Phase 11} QO] 7]

oo
3 I

e

ST Lo

Table 4.

1970 - 214

M

Comparison of results from live 10-50 pum organisms

between before and after treatment

Source

Test Live cell abundance

water  cycle Sample ID Sampling (cells mL)
20 % 67
50 % 64
Test water
80 % 54
MS Initial Mean + SD 62+7
Test 20 % 4
Treated water 50 % 7
(Day 0) 80 % 10
Mean + SD 7+3
20 % 678
50 % 611
Test water
80 % 468
Initial Mean + SD 562+ 103
Test 20 % 39
Treated water 50 % 61
(Day 0) 80 % 74
Mean + SD 58+ 18
M
20 % 527
Control water 50 % 473
(Day 5) 80 % 657
Final Mean + SD 5524943
Test 20 % 0.16
Treated water 50 % 2.85
(Day 5) 80 % 0.78
Mean + SD 1.3+14
100 -
~ 80+
)
@
8 60
=
3
g 40
Q
271
20 -
0 T T T
DO MS D0 JM D5 JM
Fig. 6. Removal rate (%) in DO (Day 0) and D5 (Day 5) samples
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& gystgon], A HEE 5%z AA 19010 (%
FAR). wEk dukgPedelde FRdeges A%
2 A4 @Al €

R

4 Ads IMO 7|3 gEo] B}t #sld
71?1 USCG Phase IE TH5A1Z = 3= BWMS 7tz &

AAH oz Brhgelshs Ay T Wad

2 ATE AA AE FHS 75% oo ® fA s of sk
USCG Phase I A¥4 = =
of Z7Fael A AN AT FE I whikuke] A
Zy7} 2mg o] AL e

719 Aes A-sFanh daHom A o] w2 A

0,
o
_oll:l

D7) Yelo] Ho} Az Azkel]l 500 >1.0 x 10° cells mL"
g AFFE 2T F g, 59 S Aol A%
Mo =/ FAHE AL FA T 4 dAgh =S 54
g g - AETHA wEA MES o83 AE
THage] Getd F U, 53] AdS FgAHsE =
F7b e MR EAEE A= 23 o] Auks o &
A 4] elg oz oF 6~8 A7HS Y EES o] &3 B
23 79 USCG Phase I SAAE A &S 7|28 228
TS Aoz duEnh v ez 2 <10 pmb T}
e LUREFE TFT ARZFIL 0] $ & LE E4
e ol A7 e BER Qe UE v% 58
o] A A= 7] wiLol] MEES o] &3 AE %3 i
of Mx3aF 9 =ExYsd AEEFEAS Zo] HasA
283 4 gl Wete] s Ao AuHY. AyHo
2B AFE SHA UEE o] &% 10-50um 27| ABE
&0 & USCG Phase Il 574418 AEF 7+ 58 +
Atk 7HsAA S AAFE F Qe B AT Ade 3
T

USCG Phase 11 A& 93 A
7

) %z
i oz
F430 AH89 5 S Aoz BH

o] A s YAk A (PM59300)l o8] A EAS
[RA=3
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