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Abstract This study aimed to compare the pretreatment methods of phytoplankton for type approval of
the Ballast Water Treatment System (BWMS). The International Maritime Organization (IMO) and the
United States Maritime Police (USCG) use two different test methods for this purpose. To compare the
two methods, a test for concentration and non-concentration was performed with cultured and natural
phytoplankton, and samples from the land-based BWMS test. The extent of damages caused by the
process of concentration varied between cultured and natural species, indicating differences depending
on the physiological and morphological characteristics of the species. In the land-based test, in the
control water with a high biological population, the number of non-concentrated samples was about
twice as high as that of the concentrated samples. There was no distinct difference between the two
methods in the treated water with a low biological population. Thus, although there is a difference
between concentration and non-concentration for phytoplankton sampling, the concentration method
can be applied as a method of evaluating BWMS performance. However, a method for evaluating
whether live species in treated water may be lost or damaged during the concentration process of
sampling should be developed and validated.
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Fig. 1. Comparison of net concentration with whole

water sampling of monoclonal cultures for
organisms = 10 ym and < 50 um. three
monoclonal phytoplankton cultures (= 10 um
and < 50 um in minimum dimension) of one
dinoflagellate Prorocentrum minimum (~16
pm) and two chained diatoms Stephanopyxis
turris (~20 pm) and Melosira nummuloides
(13-20 pm).
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Fig. 2. Effects of the volume of filtered seawater on
the abundance of three cultured plankton in
the netting through 7 um in mesh size.
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Table 2. Comparison test between concentration
and non-concentration in the process of
taking a sample of phytoplankton that
appeared in Puan Bay.

Pl}ytoplankton species Size (m)  Type Con. Non-C
Diatom on.
Amphora  sp. 40 S* 1
Asterionellopsis glacialis 10-20 c* 99 560
Asterionellopsis kariana 20-50 C 22 117
Chaetoceros danicus 20 C 2 20
Chaetoceros didymus 20-30 C 3
Chaetoceros radicans 20-30 C 7 33
Chaetoceros  similis 20-30 C 2
Chaetoceros  socialis 15 C 42 207
Chaetoceros teres 20-30 C 4 33
Chaetoceros  sp. 10-30 C 15 63
Cylindrotheca closterium 10 S 1 7
Ditylium brightwellii 40-50 S 2 10
Entomoneis alata 40-50 S
Eucampiazodiacus 30-50 C 4 110
Fragilaria sp. 10-30 C
Guinardia delicatula 10-20 C 7
Gyrosigma sp. 15-20 S 1
Leptocylindrus danicus 10-15 C 4
Licmophora sp. 30 S 3
Navicula sp. 10-20 S 1
Nitzschia reversa 10-20 S 3
Nitzschia sp. 10-20 S
Odontella longicruris 30-50 C 9
Odo?tella longicruris var 40-50 c 2
hyalina
Paralia sulcata 20-40 C 25 80
Pleurosigma sp. 40 S 1
Podosira stelliger 50 S 7
Pseudonitzschia pungens 5 C 8 27
Rhizosolenia pungens 20-30 C 2 17
Rhizosolenia setigera 20-30 C 1
Skeletonema spp. 10-30 C 195 2303
Thalassionema 5 c 27 290
nitzschioides
Thalassiosira eccentrica 20-50 S 2 3
Thalassiosira fallax 15-40 C 3
Thalassiosira
nordenskioeldii 10-40 ¢ 16 137
Thalassiosira sp. 10-50 S or C 59 130
Dinoflagellate
Gymnodinium sp. 20 S 1 3
Katodinium glaucum 20 S 1
Prorocentrum minimum 17-22 S 356 2383
Torodinium teredo 30 S 1
Number of species 34 23
Abundance (cells/mL) 992 6546

* S: solid type, C: chain type
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Table 3. Comparison test between concentration
and non-concentration in the process of
taking a sample of phytoplankton that
appeared in Incheon Bay.

Phytoplax?kton species Size (m)  Type Con. Non-C
Diatom on.
Actinoptychus senarius 40 S* 1
Amphora sp. 40 S 1
Asterionellopsis glacialis 10-20 C* 1
Asterionellopsis kariana 20-50 C 1
Bacillaria paxillifer 7-10 C 5
Bacteriosira fragilis 10-20 C 1 6
Caloneis sp. 30 S 1 1
Chaetoceros danicus 20 C
Chaetoceros debilis 20-30 C 9 71
Chaetoceros  similis 20-30 C 1
Chaetoceros teres 20-30 C 1 5
Chaetoceros  sp. 10-30 C 2 45
Cylindrotheca closterium 10 S 1 2
Cylindrotheca gracilis 10 S 1
Detonula confervacea 10-15 C 1
Diploneis sp. 20 S 1 1
Ditylium brightwellii 40-50 S 1
Entomoneis alata 40-50 S 1 1
Fragilaria sp. 10-30 C 1
Guinardia delicatula 10-20 C 1
Melosira moniliformis 20-30 C 2
Melosira nummuloides 20-30 C 1
Navicula cancellata 20 S 1
Navicula sp. 10-20 S 1 3
Nitzschia lorenziana 10 S 1
Nitzschia sp. 10 S 1
Odontella longicruris 30-50 C 1
Paralia sulcata 20-40 C 7 59
Plagiotropis lepidoptera 40 S 1
Pleurosigma sp. 40 S 1
Skeletonema spp. 10-30 C 3 38
Thalassiosira anguste 30 c 1
lineata
Thalassiosira fallax 15-40 C 2 26
Thalassiosira
nordenskioeldii 10-40 ¢ 17 144
Thalassiosira pacifica 15-40 C 2 7
Thalassiosira rotula 15-40 C 3 2
Thalassiosira sp. 10-50 S or C 7 33
Dinoflagellate
Amphidinium sp. 30 S 1
Prorocentrum minimum 17-22 S 1 1
Number of species 27 28
Abundance (cells/mL) 70 461

* S solid type, C: chain type

W 5201602 sEohe YIE W& 7], BE W,
83 AE ol BAgle] A oA 5o R
A AEZFIE £4H80] 75-80% = UEETHL B
Jstyom, F8 9L 8FA Pseudo-nitzscha
spp.2] 717} BEE B 4= Q7] YRoE B
oH12]. ¥lE 2 {’—c«] AAFE v ]%I(IOL THHE
2 9K(120, 240, 3601)2 7\P°4°H B5MA Yet

A= o
=



AHFSANEN AL 9]

AEETIE ST Y Hn

o AT %o Tig a8t ol Tie 4 2el
2 NBEYAEY 3| ey SHOZ Huse] B
=

7} SAFSIEE Malone et al.(1979)% & At X}
YE FE(Q22 pm)o] E ACE AP FPFAT, A&
EF3ES] FHF Z7]0) wet YE ¢4o] 50% P

7h ARt HasicH11].

T

3.3 SHAIE AE9 s&/HIsSF H|W AIH
S 259 55/v1E% AIE dike BY, A
A A Qo] vl A&7 sHAEEC oF 28]
A= g2 HAFE YErTHTable 4). 12} A1} 2
2 Ao A= 10 L 553 AlR9 EYT YES W
AUzE Amo] YEFO] fARRE AAGE HE AR
32t AlgolAls VB4 B Uzt Eo] oF 1/38
A5kt 399 Al BE AIBR] Cyclotella sp.Y
&0l =L, 53] 1212} 22} A[FOA] o] Fo] -
ottt o] Foll tigt thx4=9] Bt /HAFY] 535/H]
5 S B9, 1%, 23}, 32 AlFelA 2 2.4, 1.7,
1.52 Azto] Aol wl 55/8ls% v7h sk
S YeERIIT
SAAES Y% AESHFIE AL 12 AllA
3917-199, 22} Al 3931-49 29, 34} AlE2 4
418-20% Atold] o]FofA Z2 FolEte AA AJef<]
3 2ol wet Zo|7F vEhd Zlo & woEd, o)y
gt 34 A wet AlEe] 371u A Al A7 dH
9] Zpo|7} Qlo] HlE%/w% HlY AlolE e Q1Y
$= Sloh E3F 33; AJFo] 139t 22F Al wfET} o]
9] WAL ARt A& WobA ARG AT 55/4]
5= v JFE £ F USS AR
SAAHol ARSE EET ik Ao obet Ak
QILoll A AT FEol7]| W] koA AFe 55
/8155 Aol fALSlof shA|TE @5]3 wjokEat fAt
3 ATFE Bt ol S4JAIEC] BWMSY 4= B
7Fohz Aldol7] wiiEo] AlEs xS w57] Yo o
A RES Aske BAA HE o5t s=0] o|F
o7t} o]Z Qg YE 5o o5t £4 9 &4o] &
HEEL 12802 239 =o] 4 £ Glrt. o]& <l
AEE o] AESHIE TRA0] AT FAHHET
9REFL H5E/55 vV BoAle Ao doEh
SAE Ae49] A9 553 vle59 Aol7t 3
SHA| YRR QR3ttt o]E BWMSZE AlgS: W &S
A E|ste] AEje W Aolgle HES] 7 FE5H

51
=4
51
=
o

1 O

431

Table 4. Comparison test between concentration
and non-concentration in the process of
taking a sample of phytoplankton that
appeared in treated water and control
water during the land test

cow” TDW"
N-C?  Con Con” N-C__ Con.”
1% test cycle
Bacillariophyta
Cyclotella spp. 862 360 357
Aulacoseira spp. 6
Navicula sp. 2
Melosira sp. 11
Dinophyto
Alexandrium spp. 1
Ciliate 12 1
Unidentified 7 9 7 008 008
organism
Phylum/ Species 3/5 3/1 2/1 1/1 1/1
Total Live 4 899 370 363 008 008
organism(cells ml™)
2 test cycle
Bacillariophyta
Cyclotella spp. 1119 662 570
Eucampia zodiacus 105 57 13
Melosira sp. 133 29 13
Navicula sp. 2
Dinophyto
Akashiwo sanguinea
Gyrodinium sp. 2
Unidentified 4 1
dinoflagellate
Ciliate 10 2 17
Unide.ntified 3 13 0.08
organism
Phylum/ Species 3/6 3/7 3/5 1/1 0/0
Towl Live = y3p0 0 755 67 008 0
organism(cells ml™)
3™ test cycle
Bacillariophyta
Chaetoceros spp. 14 15
Cyclotella spp. 443 304 103
Melosira spp. 498 345 87
Skeletonema spp. 22 1
stephanopyxis spp. 3
Dinophyto
Protoperidinium spp. 3
CHRYSOPHYTA
Euglena spp. 3 1 13
Ciliate
Unide.ntified 3 5 17 017 0.08
organism
Phylum/ Species 3/8 2/6 2/4 1/1 1/1
Total Live 1008 672 220 017 0.8

organism(cells ml™)
U CDW: control discharge water, TDW: Treated discharge water.
? N-C: non-concentration. 7Con.: concentration in the net.
9Con.: concentration outside the net
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