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Abstract

To minimize the risk to the environment and to human health arising from the transfer of harmful aquatic 
organisms and pathogens through the discharge of ship’s ballast water, an international treaty has been adopted, 
February 2004. The installation of a ballast water processing system, which complies with the standard of the treaty, is 
required for ships constructed after 2009.  

In this study, transfer examples of aquatic organisms  in a past and the actual circumstances in ballast tank are 
investigated. Mud precipitating in the ballast tank, and microorganisms in the mud were observed. 

Method of processing and development situation were also investigated.  Via various methods; such as Ultraviolet 
irradiation3UV4, electrolytic, ozone and specialized pipes have been developed. By developing a test plant to demonstrate 
of ballast water processing, and using anthracite filtrating, the basic data of characteristics of marine organism filtration 
were obtained. The unit showed an effective removal of the microorganisms, excepting pathogens, from the natural 
seawater.  

The effect to the coating film and structure steel in using the biocides was investigated and whitening of a part of 
coating material was observed. In addition, the fundamental burden of the ballast water treatment was also examined. 
The burden is big since the quantity of the ballast water is abounding. 
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ª������¦*T
µ*§��¨!�%�[EIMO ��� !"%��
�ÕÖ�%�¦[���°*�� !b��ºV�

�����¼½�T�Òº��������� �

Ê!Ed"� 16 ����3��»
÷øùúª»

#ó$ïð�îï%$»ôö&õïö&%$'(òõðñðþó)*î)ð+»òö*&$öïïî'

,þõýöï�*î%$»ö--îïõ',þõýöï�*î%$»ôö&õïõþþö'

,þõýöï�*î%$»$îï%&%$',þõýöï�*î%$»&ö$ö*õï+õ'

(*ð&ðñõ*î�îïî%$»þõðïî+'(*ð&ðñõ*î�îïî%$»

ñõï&ö.ðï%$»

��� ª»

,ôö*&îö»ð$ð*îî'�õï&*ðñö.õ+»ö/�ð$îïöþî+'

�õï&*ðñö.õ+»&óñîô%+'0î$ïðî&òðïö»+îïõï+î+'

1î&òðïö»�ö2î+öõ'(+õ%�ð�îöñ&ð$%+»$ö*îï%+'

(+õ%�ð�îöñ&ð$%+»-ð*/õ+î'(+õ%�ð�îöñ&ð$%+»

îïðñîï%+»

»�bĒ °�±°*�34�5�`�67²°b

��ºú�89�àáÑ�G°3��E5�67|

�:«{|<0�;T3�<{|�gcE��Eâ

5��=T>äG°[���?�cE×{ÕÖ��

ºÑ�MN3��T�@��°*�g��[���

�E��`°*Ø%A[��EMN{%��[�4

5%#$S 0�Q3�°*TBJC^���Kì

�g�TÃÄ��»

�D�MNOP��#$IJã2{�#$IJ�

EF���F%b^�ÁÂº"�°*0G�§��

n[�Eå×�æç�°*H4Ç0IJK"�LÇ

�MG�N

(minimum 
dimension)� 50 µm
�cÆÜ�OPQR

�°*,STUnop

§/

���� !"

1 m3g�c 10 Hjk

�MG�N� 10 µm
�cÆÜa 50 µm �
cM��OPQR�

°*

,ST S nop§/

���� !"

1 ml g�c 10 Hjk

VW�XYYZT�

�CZ¶·¸

¶[)���¸ O-1 ��
O-139 � 100 ml � 1 cfu

jkE

Æ\¸ 100 ml � 250 cfu
jkE

\]¸ 100 ml � 100 cfu
jk
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8 �����W�W

"	 	 	 	 # 1992 XIY@��������F�2F&�3Z[N@������\CT
�]^
1998 X 8 _ 1 `IY@>?()abcdef��g
2001 Xh_i`IY@
�������j95%k��g@Decision Support 
System l2m�����n�opqfrNstu/v�wx�q9yzS@"
#�������� �!$%&�'������()*+{

|}�~��/
�

1992 XIY@��������jde��k
3Z4@�������~/N�����������N��6���@�4

�������N��@�4�����f��SK������

�	 	 	 	 8 1993 XIY@��������/�2F3Z��&�@��������j�
� 200 E� �@�¡ 2,000 ¢ �EFk
1999 X 7 _ 1 `IY@>?()abc£¤f��gj������4��k
2000 X 1 _ 1 `IY@,W¥�W|�#@¦#213���������j�
� 200 E� �k	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
2000 X 9 _ 22 `IY@§¨/�/#@¦#213���������j�
� 50 E� �k	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

,	 	 -	 	 . 1998 X 1 _ 1 `IY@�/0���12134
���������

©	 	 	 	 	 8 1998 XIY@�,ª¥«�1@¬2)[N�����<=��

u��®W 1994 XIY@u��®W¯1�°±²³N&´�N3Z��&�@�µ¶�4
·�¸¹º�FIY��K»
9N��������
	 EiLat °134@¼EN»½9N������@¾¿E½¯1°134@
�À
9N���

Á	 	 	 	 � 1995 XIY@������Â��N��:Ãl2
ÄÅ��4¦ÆNÇÈÉ¸ÊN¹ºËFIYÌ±&��I �3ZÍ@E�I
Y 12 E� ���K��������
������N����Î9 �LM@1Ï9N�����<�NÐ�@g
�ÑÒjÓÔÕÖ×ØÙ×-��ÚÛjsodium hypochloritekÜK4ÓÔÕÖ
×ØÙ,W¨ÚÛkf������ÝÞ��

®0��W »ßIYN3Z��S��������
ÄÅ�à�¾FIYN3Z��S@������ÜK4Ñá�U�âÐO?
��

�Wã/Á/ 1990 XIY@äåæ��uÅ�14@ÄÅ�à�¾FIYNç1°13��S@
�����N×Ø����
j×Ø4@����v/0Nèé>fèê�������ÝÞk

ª	 -	 ë ª-ëì�Ï9N�����<=íî

¿	 	 	 	 	 8 1996 XIY@ïðÇÈÉËFjC� O-157kIYN3Z@Ñáñò��
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� ������	~�tuvôë;µ��ô��

	ô�$�	ô<}=ô=OÚ�©~�T��?

@v£^TôX~�\Ø)>)?TÔ$ D-2 �@
ANt���w%½¬¹yØ�½y£Õ

������	��\¢£v½Oemcke,DT56
u£^ 17)Õ������	��tuv½ UV3<}
=4BCôâDEôFPôÔPôë;µ��ôÁ�ô

GHzIô��	ô�$9:I3��Y�4ôÐDã

>=BCôJ:;<=>ÔÂ�>�BCô#�$ô

=OÚ�ôpH 5¯ôüzKbôgDK�>��

D¦~�©T�SB@^Õ�$9:Ituv½ü

OôL�Oô��KI�MDôN=�üOô§¨Dô

OOô�=��Oô¦<g<�<QP�ô¦<�>

<=ô�<=ô�QÓÍR\]^9XYIôS�§

DôStT©TÔ^ÕÊ@B�ÎRt�B@�

*×\)BúUuv��\��Õ

(1) UV 3<}=4BC
� UV BC½w�VWc\]^Tô�-5 \�?@^
]�\/XY&XY�	\	�TÔ^ÕÊ@½%

ZyéY¿XNuy£Õ

1) ��<�ô�K���©:{
VW�K���Ô^'�½ô[\\#£v¿l

Ü2ýBC	�D-T]�?@v£^Tô¿

tlX�K���t��<�^���\\b

OP½y£ÕUV ¿BC?@�£.¢ýXY½ô
#Ë_Ó`Ë_�6B@^]�yË_Å�¿�uô

A@T!¸BCïb�Ô^Õ

� �-6 ��½ôBC½`Ë_t#Ë_¿�+uv
\ú?@ys@;yBy£Êt¿�� 18)Õ̀ Ë_½

aÆ.$tu�b��\b¿0c^Êt\]Ævd

�B@^ÕFitt et al.19)\]^t E.coli36e:4Ó
halophilic bacterium3fü:4 NRC 41227 ½%
Z\`Ë_u(3log in 24hr) ô4 
Þ`g�dR
Æ��#Ë_��ÜÝ\#\?B?@�
½ôB

zµ\#Ë_�^Õ

� wÀyhOë�Ty£(.��<�½ô#Ë

_ t ý ` Ë _ ½ y £ T ô Anabaena spp. 
Cynanophages½ CyanobacteriumtiÆ�tU½
#Ë_�^ 20)Õ

� ï 60mW.s/cm2 UV BC½�K���ô(.
��<�|}(.æXXY\	�TÔ$ô

120mW.s/cm2 BC�½Í\jk¼Ô^
��

Ó��<�¿Ú£�¿tlX&XY\	�TÔ^

Êt¿�luv£^ 17)Õ

2) ¬{
� UV BC	�¿0c^��\½�����m
�b¿0c^1×TÔ$ôn$¿Ú��^r�\]

$ô
��\	�¿0cv£^Õop¬{ Anabaena 
spp.3)3qî'4½%Zy#Ë_TÔ$ôBCT
\S^\rÆvD^Õ

Oemcke(1998)21)½ôUV T dinoflagellate alga 
Amphidinium sp.3)3)'4tæçè¬sN>

tuÂ^���\¢	�Ô^Êt¿�u�ÕBC

�����gDK.vw\]Æv#_�¼¿²¼\

�U^Õ-ux�\b¿0c^Êt½^���¿\

�Õ()
��½ UV BC�½^���?@y£Õ
	�µyæçè¬()
���	��\½ô

GHzIý 20!m abÁ�T×y?@^ÕUV �
<�
���½æçè¬
��\½¢	�y£t

z{?@^Õ(.pqT�D��Q����3

(Amphidinium sp.) | } ¢ é æ ç è ¬ (G.
catenatum)X>¼Ô^tuÂt
���ÇÜ
@�Õ Amphidinum sp.¿�D�I><�^��\ô
UV BC� 3 �ýB 5 �`g3�����it|)
\·U^4�XYvw½ôï 100mW}s/cm2B

Cc>%�~zy9:	�TÔ^ÕÊXY`

gvw�b�½/.pq?@�Õ�	� 20!m
��<g>½ UV BC	�¿\�u�Õ#AB.
¬{�I�KÓ¢ë�M¿ÚUô�8XY�

UV m�¿���^Õ0cB@�\b(32�)½^
���¿\úu�ÕAmphidinium sp.½ô����
�i\ì²u�XY�½y£Tô�¸\��¼TÔ

^� UV 	�pq\>%?@�ÕÊ���
�½�����i\ì²�^�XY\/c^1×

TÔ^ÕG. catenatum X>¼Ô^Á½ô`

g�vw\ruv Amphidinium sp.t|�]�
\b�uô��y^��� (>99.98%)\1×y
50mW } s/cm2 ��BC�\b¿0c�Õ G.
catenatum 
��½ 1,600mW}s/cm2 UV BCR
��.OP¿.syýÆ�Õ
���D�I><

��ô��<g>�½GHzIT UV ��	t
uv1×t?@^Õ25!m R���<g>T¢éæ
çè¬\1×�Ô$ô20!m ØT�Á�¬{
(dinoflagellate)¿XN�^�'
��\1×
�Ô^Õ�Á�¬{(dinoflagellate)
���
Ö½ôGHzIT	�µ�Ô^Êt¿�luv£^Õ

3) UV 
����`
UV �DH½����>¿!uv�¿BC�

^Tô�i³´Y�	\]$£@^ÕÊ@½�

= <
��\]^Ø�ô������½_`y

£ÜÁ�Õuýuab�^�����i�7ö

3Í\ iron(�)4½ô�DH��>0\�	
uô1y��	H�D�½ UV BC�\��
	T1×�ÔÁ�Õ������	�½ UV BC
½��µ�ö�¼TÔ$ôA�¼¿"Bý\�^

��\/XYXY\¢£v(.Q>gT1×�

Ô^Õ���� UV 
�������I��pq
M�\½ô��K�>DÓJ��I��KID¿Ø

Æ�ØTm�?@^Õ

�q�½ôUV T�%r	�Ô^BCc���
���\	�TÔ^���¿�uv£^Õ)±p

q��¿�RS��u.Auv��?@� UV 
�
��TFG?@@;ôA
���\]ÆvônÆ

��iÓjk¼Ô^XY^���¿\����

TÔ^Õ?B\ô����gDK.�Âhi½

UV \]$ß�¿.s��XY^��¿\��
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� 17)

�Ws/cm2 log  
������    
Adenovirus 40 30,124 1,4 Meng&Gerba(1996) 
MS-2 coliphage 14,65.2 1,4 Meng&Gerba(1996) 
Poliovirus 1 4-6 1 Meng&Gerba(1996),Harris et al.(1987)
 22-31 4 Meng&Gerba(1996),Harris et al.(1987)

Bacteria    

E. coli 3-12 2-3 Jarroll(1988) ,Sobsey(1989) , Severin et al. 
(1983)

Bacilus subtilis spores 24-60 3 Sommer et al. (1995) , Sobsey(1989) 

Yeast    

Candida parapsilosis 2831 2 Severin et al.(1983) 
Cyanobacteria    
Anabaena spp. 100 3.2-3.7 Levine & Thiel(1987) 

Protozoa���������    

Giardia lamblia 43-63 0.8 Jarroll(1988) 
Acanthamoeba castellanii 100 3 Sobsey(1989) 
Crytosporidium parvum 80,120 1,2 Campbell et al.(1995) 
������    
Infectious Pancreatic Necrosis 
Virus 

122-200 3 Liltved et al.(1995) 

baculoviruses �460 1 Chang et al.(1998) 

Bacteria    

Streptcoccus. sp. 21.1 4.43 Sugita et al.(1992) 
Vibrio anguillarum 22 6.8 Sugita et al.(1992) 
Pasteurella piscicida 10.8 �6.5 Sugita et al.(1992) 
Vibrio salmonicida 1.8 5 Liltved et al.(1995) 
��	 log ��� 1 log ! 90%���2 log ! 99%���3 log ! 99.9%��"#$%&'

���� �������	��� ���� 	 �� �� !"#$%&!'(�

��� ()*+ ,-. (1) /-.() 0�+,1 (3) 
� 17)

��      
Escherichia coli 4  10.6(4) Harris et al.(1987) 
Streotococcus faecalis 8  15(4) Harris et al.(1987)
��      
Aeromonas salmonicida 3.2 8.1 9.5(2) 10.6 Liltved & Landfald(1996) 
Vibro anguillarum 2.8 8.1 6.3(2) 13.4 Liltved & Landfald(1996)
Yersinia ruckeri 1.2 5.3 4.9(2) 8.5 Liltved & Landfald(1996)
Notes(1)48 hours in dark in nutrient free phosphate buffered saline(PBS); (2)1,500Lux;(3)8 hours 1,500 lux 
followed by 48 hr in dark in nutrient free PBS;(4) 2 hours at 5cm below Duro Test Vitalite�23/� lamps
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�) ����� UV ������������ !
�"#$%&'()�*+��,-���

.) UV /01234/56&7�819:��;4
2<��=>/?!@�AB�A�C ��D24

EF�GHI�J ��=>/@�AB�A�KL

#M/NOPQKL#�"��R�STUV�<�

��WX	YZ[�\]�,-���^]�LQ

_`a����3ABb�cd�ef	�gX�h

iPQUV���\]�,-���

(2) jkl
m knopqr��jkl�st !��P[uv

-w%Qxy�����_`z�{E|}~�P[

%���������������X������

�������-y���_`-����	�u

X����������jkl�� 2 ����-�
��w��jkl�8�4jkl����w��j

kl�������\]�%�8�4jkl� 1989
 ¡¢£PQ¤¥�¦§X¨P%op��#y20©
100kHz �ªl«	��Py�������¬�
|®P]�%�8�4jkl����¯°±{4z

²A(w³´µ)	¶#y�D2·¸¹�º»X�sy
w³¼½/¾¿�À�Á�F� 1000ÂM¼½	¶��
GiardiaFÃÄ2ÃÄÅM� CryptosporidiumFB
Æ@��ÇÆÃÈEM�ÉA�942��Ê][d

Q��]}�z�{E��Ë[����#yuv-

�ZQ�Ì�Í43�ÎÏXÐÑ��Ò}]�%�m

ÓdÔ�%ÕÖ�8�4jkl	��PQ���

<��×@�A��ØÙ-ÚÛ\][%� 22)�%Ô

}|�ÜÝ�Þßà-��-y����-Óá�â

ãX����äTå���æË[%��P|Pyç

èéê��knëì2í4�&�/yëì2í4î

ï�ðñ�òó�ôõö-y÷ø�d�Óá�;4

2 � � � � � � Ó d � ù 4 ú 2 � � � �

Cryptosporidium oocystsFBÆ@��ÇÆÃÈEû
üýþMçèé<�z�{E� 20 ����� 93©
98.6%���ö�	�[%��¤¥���:�<�
��%[ 10 ����� 4log �w		
P[%��
Drama & O’ Dette(1998)�y20 ��jkl�"#y
Cryptosporidium parvumF�� ���My
helminth ovaF�b ��MypoliovirusFÇÆ�
È12�MySalmonellaq sp.(�2�ì��)yE coli
FÓ��M���ö��y^]�]

7log(99.99999%) y 4.2log(99.994%) y

8log(99.999999%) y  9log(99.9999999%) y

9log(99.9999999%) 
	Ý�P[%��jkl_`�������� !

�uvX�_`�P[J�\�}]���ö-�#y

É��X�®�u���|®P]�%�

(3) Magnetic fields(��)
m ������ !�B{ÆÄ�ÉA�942��

´_`-��\]Q��A8�z�{E- B. 

subtilis spores �ÉA�942�"#\]Q$%�
<�\]Q-uv��|ZQ�������%[�

Í43�ÐÑ��Ò}]�%�

(4) Electric fields &�
m &´&'��(X�y&´op-ÐÑ�Ò}]�

-yP|P�-}z�{E���/¶?�)��*

+-
\][%�®��,�%�®P-�!-�]

.-/y�0Ay1/2y�12y34y+56�

&�uvy1�71-y81->	J \�y^�

uv���+5b�1�¶��"��
9\][%

��P|Py^]}�:ü�;<����&� 30 
volt/cm DC � E.-coli �m Staphylococcus aureus
�=>PQ- B. anthracoides��=>P�|ZQ�
&´Xz²:B�?@A=�z�����ö���

�\]Q�AC100Vy5 �����<�\]Q 6 B
>�Ë[�z���+5	��ö�\�Q�H3&

³�uv�-/�J /À�6C�"�®��yz

²:B�"�®����%�UV �@�DE���
uv�P[&´82���B{ÆÄ���ö��u

v-���Ý�\][%������������

��op�FG�)PH&�ÜÝ��%��|}É

91ú!�F��IJýM	uvX��K��Qx

��y&´XLM-,�\]y�B{ÆÄ+5	

09:B�FNUNOM��&���OP�ef�

"�®��QÊ]���|}�B{ÆÄ/=>	�

Ô��=>PQ��Ý�-�����op/yLM

/09:B�	2�PQ¶?��@9R��)PQ

H&�ÜÝ��%��yST������d^��

�%�

(5) UVXW¸���
m ����ÇA@�òó	X#HYÇA@��³ï

uv/�Z[ï	sxI !��K�uv	sx�

|®\]�%��]�äx�G]-��|®P]�

%�

(6) ^eop
m ������ñPQ01234_

m `û�e��yabc�eyd�%y'�d�%

/01234ye:¯PQ01234yf0123

4-���50gm �01234�Óh&�?!@�
AB�A��u��#y20gm �01234�

dinoflagellateF?@A=Mz��	X#�Ô��-
�d��40gm �01234�¦§XiÔjL]�
klMê	_`�].E��¯m1yDriessena 
polymorphaFnD�m1Fo�p��í�MM	q
=rUs��K�d��tu�v�E��¯m1�

�K�� 100gm e:zw	
9P[%���]}
�1D� Undaria pinnatifida(�oe)y%Ô}|�
� microalgaeFIx�=MyprotozoansF� ?
!My�B{ÆÄyÈ12���K��yz{^��

�%�|-7 ���"^���!�Ód\�0123
4�e:zw	
��



1) ���Á�
:£n[D��	tuva���ô¢ë

çÚ������	tuvÖ£�¿!>�t

u���Ty?@vU�Õ�>��K<Ú�� 

�®�\½�]�yØTÔ^Õ

?��<g>���®]$6U£Ø¿ë;µ

\��Õ

?£.Bý�?£�>��K<¿�i\¶$~FÕ

?��<g>.BÙç.\�RB ^Õ

?Ö£�>��K<¿��å\£@^Õ

?��<g>Ùç\¡�Ó½�? ^Õ

?�I�K¿N>? ^Õ

?XYµz¿Ç�Õ

���Á��b 5�30m/hô1,000t/h ���
���	\#£v 33�200m2 �¢¾T1×ty

^ÕÊ@B��<g>½ 1.5�60!m £Âî
¿[D�^TÊXY£Â)B½!��^Õ]

$G."RÆ���<g>½Á�	¤T[��^Tô

��<g>T��¿G¥�^\½ô£Â½¦�Ó§

h¨\y^Êt¿1×t�^Õ

2) �K�>D3Screens4
æ�\Ø]^T�I�KI¿©úuy£�ôª«

¬���D���K�>D½ôï 10�20!m R

�Á��^ÊtT�U^Õª«¬�0��<g>

½ 3!m R�K�>D\�^ÊtT�U^Õ0��
<g>½�¿c®���Á�T1×�Ô^Õ

3) * ¬ � � > � � D ¦ � � < g > (DE: 
Diatomaceous earth precoat filtration) 
*¬��>��D¦��<g>½ô�¯*¬�

3DE4¿�i\°Cuô±��¢\ DE ¿Z�uô
�>��K<Þ�i\XY¿²BS^��\>

%�^ÕDE ��<g>½ 5�17!m R�¶$Ú.
ÊtT�Uô1!m R�Ú��U^ØØÔ^Õ�

�<g>³�	�µy� T�?.y^\¢@vô

´µ��/�Ó�D��D����T\úu

TÝ�Ô^ÕJ�¶�¶$·���\½ôH�DK

�D��®T6U.y^Õ

4) ���<g>3Membrane filters4
�K���¿�ýBÚ.¸lµy���<g>¹

���½ô0.2!m ���®T	�µ�Ô$ô?

B\�?£ØT��<�Ú�\>%?@^Õ0.2
!m�½�K���ôæX[Y
��Ó oocysts
¿Ú.\>%?@^Õ��¡�ô�0\Z�?

@�¨tuv��<�T¡�u�&XY²ºôZ

�»0\t$Êo��<�¿Ú.ÊtT�U^Õ³

´GçýBZ¼ô£@cd��ô���<g

>tuv 50�200!m ��<g>T1×�Ô$ô

´µXY�Öþç¿Z��^��\ôpH 5¯T1

×�Ô^ÕM½�t´µ���Týý^��ôÍ¾

y�%Ó�j��	\�B@v£^ÕÊ~�½ô

�� 2��	��K���Ú� UVÓüO�	
]$ô##]A 12 ¿t 22 ¿J.y^Õ���½�
»ýBø4��	\#£v 0.35�0.49 US$/m3

���Týý^ÕuýuyTBôÀÁS��T

½ 7� µ£���X�mn¡¢BDC�0ÃJÄ�

�Âu�ÊttôõöªÃçH�D��¹���

T>Ü@^]�\y$ã>���Tß6u�Êt�ô

Ê~����½��\�TÆv#$ôôÀ½ô

���<g>tüO¿ÄoþÜ �������	

½ôK<>Å]�y�\½mÆuv£^Õ

 (7) Cyclonic separation (GHzI)
� �����i(.XY½ô�\À£�Ö�Ô

$ô(.½ªz�Z[�^�ôA@B½ÇÈyu

�½�	uy£ÕÊ@½�Ö6U£(.GHY

Ó�ÖC£ÉzI��M�trsµ�Ô^Õ

æçèÊ�Ö½ 1.05 ]$6U.ô
\½ 1.1 ]
$6U£�GHzI������ýBÚ��U^Õ

������	%�¶GHzI¦¯½��?@v

£^Õ

 (8) ��	
� �\]^������	ØËQ�TU�� 1¢
�Ô^Õ:DEDÌ�Ý%� 45�R�ÍA�U^
�Q�D¦½Ô^Tô��56�½�Î\Auv£

y£3��4Õ§>�����3 Broken Hill 
Propriety fÏ4�½:DEDÐÑ�\]^��
?@��¿¥DH�����gDK\�@ô���

��¿ÒÓ�^~��0pqTÇÜ@�Õ3 gD
K¬¾zTô����gDK.ÍAÔ>K\b

38�R�¥DHZÕ?@ô35��0� 20 
ÞZ�
?@�Õ[YH�DK�D½�l�£^T]�?

@�Tô�?£*¬(5!m)tÖèÊ½ô��0�
q�½XUv£�ÕÌ�Ý%u�����¿ÒÓ~

�\]$×@? ^~�T¸¹?@v£^Õ��	

	¤Tr0�^ýØ6@y£Õ

¥>�D��½ 100!m ��<g>t 60�
70��0�	¿��uv£^TôQ>g½RB@
y£Õ

� §>�����ØÞFG
���½ôÏ><

rsY 6U?

³´GHY Ù�100!m
[YH�DK�D 50�1,000!m
Dinoflagellate hypnocysts 20�80!m
Protozoa(æX[Y) 2�1,000!m
�K��� 0.1�30!m
��<� 0.02�1.5!m

��<g> ��
"

�K�>D 20�1,000!m
0��<g> Ú�100!m
Pre-coat filters Ú�1000!m
Membrance filters 0.01�10!m



�������� 50�	30 
��������
���������������� �!"	#$

%&���' 35��()*"+�,-�.%/01
23456�789:�;<*	=>?@A+23

.%/0�BC	.%/0�D*"�E"���F

�6GH�I�JK�;<��,-L1MN*��

�OPQ����R�ST��-U�A�,23V

WX&�D*"YZ�VWX&���[�\]^�

_`@B�@	abc�de@-�fg�hi*	

#$%&j�Rkl23.%/0@mnoL"+�,

p qrst�uv.%&�w*"1+xyz��2

3�{|@}J�B�,ab1 45�� 0.5~3 ��
B�,35~40���9:	32�� 3 ����B�,
35.5��qrs�� minitum ��k�����

�����1����UoL�,��� 38����
�1��de@�5%�A�"+�,-���1�

?6$��&�	��*����� Undariap
pinnatifida�����	��*� &� Asterias 
amurensis	0$¡¢£¤£ Dreissena polymorpha	
�¥�¦xU§¨oL�,*z*���+xyz

�©1��ª�@B�,���R�«C¬a��

�C®¯��-U1	��°�����'�)�C

�«�"±²@B�,³±��ab1«C¬x	�

+789:@�´oL���	45��µ�1¶x�
·¸N�1¦¹@A+,ºU*"1»�¼�·¸N

Aeromonas salmonicida 	 Yersinia ruckeri 	
Renibacterium salmoninarum 	 infectious 
pancreatic necrosis virus	 viral haemorrhagic 
septicaemia virus ½«¾#�/¿À�ÁÂ@B�,
ÃÄ�Å:�·¸N1 45��µ�1¦¹@A+,
p ÆÇ	�ÈÉ�#$%&�23ÊË�mn@ÌÍ

L"+�,

(9) ÎÏ�ChlorineÐ Cl�
#�/¿À	Ñ£4%	#�/¿ÀÂ�	N	¸

ÒÓ?�Ô¦�B�@	¬+ÕÖ×@�´oL�,

qrs���Gymnodinium catenatum��.%&
�Temporary cyst 35~40Øm diameter��¦zA
+,

»�j��ÎÏMN�ÙÚ�5�1ÛA+,

ÜÝ?�Þb«CÎÏ��@¶+Îß�B�»�1

àÎÏáÎ	ÎÏáÎ	ÜÏáÎ@�I�,

HOCl+Br-âHOBr+Cl-p p p p 10 
ã�äå
ÎÏ1æÝ?	çÝ?	èU1�é°xäå*	ê

�¤�U1ë�xCUäå��,

NH3+HOClâNH2Cl+H2O
NH2Cl+HOClâNHCl2+H2O
NHCl2+HOClâNCl3+H2O
2NH3+3HOClâN2+3H2O+3HCl 
NH3+HOBrâNH2Br+H2O
Monochloramine(NH2Cl)1 10Øg/L ���ì�4
�¼�Ôí�B�,qrs�.%&�¦¹@A+-

U	îï?�íð¾ñòAÝóôe�]^õÍö�

U÷���øùAúe�1�ûü�B�,p

p

(10)pÜÏ�BromineÐ Br�p
p á�ýþj���«C	¬ pH �ÎÏ«C¦¹�
B���µ�(��úeoL"I�,p

p

(11)p�ÑÏ�IodineÐ I�p
p ·�°����	
@úe��,pH @ 8 «C�
I+91¦¹A*,#�/¿À	#�/¿ÀÂ�	

Ñ£4%	¸ÒÓ?�.%&���Ô¦,Ô��

���»�åe�I�@	ÎÏ��E"��Q�A

+,�×úe1��*xA+,p

p

(12)p � � � � 4 À � � � Monochloramine Ð
HH2Cl�p
pp����4À��1ÎÏ°����«��Ô?

Uäå*A+��	¬Þb�ÎÏ@��A�^��

*é*éúeoL�,����4À���78Þb

9:�C.t�Þb 9:�@ 500 ~ 3,000mg.min/L
� Giardia muris�!ÝlR¸t�.%&(5~15�	
7.5~ 9pH)� 2logs(99%)� � � � � , � � 	
9,600mg.min/L � Cryptosporidium parvump��
¿6&%F¿�Ñ0�oocysts�7õ�"��p1.7logs
�98%������,#ÂR��Ñ£4% SA11 �
���1 6,100mg.min/L � C.t @���B�,-L
y���1 poliovirus° E.coli���UoL�«C
¬+,C.t � 10,000mg.min/L U$%��U#$%
&�MN�úeoL�Þb1 3~4mg/L ����B
�,Chloramine �¯P�Uí�1&'Q�( �
L y L A + M N ) � B � , * � + � , � 1

Chloramine �-%�1fg�B�,p
p

(13)p�áÝÎÏ�Chlorine dioxideÐ ClO2�p

�áÝÎÏ1	�.�/oL�«��ÎáUàÎ

Ïá0&¿Ñ0�äåoö�-U�«CÒoL�,p

pp4HCl+5NaClO2â4ClO2+5NaCl+2H2O
ÎÏMNU�E"1%&Q�õÍA+��µ��M

N�1úeoLA+,ClO21ê£05Aäå1B�

@*�Ô?U1äå*A+,�2��MN�½+

" trihalomethane 1nÒ*A+,ÜÝ?°À��
WÀUäå*A+,�áÝÎÏMN1	Ú -8 �
poliovirus ° Giardia muris ��5��3yL�«
��ab�45@Û*B�,pH ���-U�«

�"¦¹@¬�yL��º!éÚ-8 � rotavirus�,
�áÝÎÏ1Â�	6��	#�/¿À	Ñ£4%

�Ô¦�B�,����.%/0�½+" 5mg/L �
zebra mussel veliger(0$¡¢£¤£)�7891
70%�BC	C.t(Þb 9: )1[yL"+A+,
ClO2 1îï?U*" chlorate�ÎÏáÎ�U
chlorite(àÎÏáÎ )�nÒoö�,¬ì�4�1
ClO210$¡¢£¤£��:�³±��,;áÎ�

<Çµ�í��<µoö�,ÎÏáÎ1=>���

��³±��@	1mg/L ì�4�µ�1í�1?
@oLAz��,ABCÓ?°¼�1í�@ÛAx	

D*+ ClO2nÒÊË1ÎÏáÎ�ÒEA+,



½ >� ÅÆmuÇ����µ$�ÈÉÊËÌÍÎ�

���������	
������ 20mg/L �
�������� ClO�� 60�70%������
�������� !"#�$%&��'()*�

+,-.������/0�1234�56789

:��;ClO2�������<�=� >�#�?

���'@AB#���ClO2��CC-��+��

���;DE�F�
�GHF��IJK��L�

+,-.��MN�'(OE�8*��P�8F

:���QRSL�TUVW�
GH:�X;YJ

K�OE�8��P�9Z:��$%&�;YJ

:�K�B#��#[\�]*�^VW�_:�)

*`�56#�TUVW�!"
�ab�����

c

(14) O3c de4

��L� O3 �C-7f4Wg2�:���h�

 ijk����lm�nm� pH �;C.t �o� 4
�10mg.min/L�Cryptosporidium parvum oocysts
� 2log(99%)�Bp&�;Giardia muris cysts �
2mg.min/L qF�Bp&���r��� O3�Ts

tuv�wx�V�f4Wg2�� y�z{&�

��

c ��!"�|}�Ade4!"�h�A*�~�

qF���(����

(a)de4������#������&����
��1��&�&�]*�

(b)���=�� ��-���X chloramine�7
C�]*� ��;�=+,-;�����

bromoamines �C���
(c)de4��=-�MN:��;r�L�ij�{
����

(d)�������=�ab����
(e)��L���5��
c r�L���=-����'(de4/��ij

�{�]�]��;hypobromous acid �'@Ai
j567C���r�L����de4�MN�d

e4��9�7 5.3 ��:��de4��0�A*

�+,-; ;¡4¢4;�?����£�MN�;

¤!"���¥��de47¦§�:��ijk�

�A¨C&©�ªm'(+,«�§:�ªm�OE

�)*¬�[;�=+,«������8*ªm

�[���®¢¯°]±²����de4�TUV

W��³´µ�l� ijk��]*��¶·�;

�#�¸¹x�º2(0.2»m)!"¼��ij:�½
¾�¿ ÀÁµ]N{�]���¶·���LÂÃ

��ÄÅ&���

TUVW�!"�de4�ab�7Æ�:� y

�;ÇÈL�!"�É*A� 2 ÊËW�ÌÍ�!"
�ÎÏu4Ð�]&� �ÑÒ�ÊËW�ÌÍ�Ó

Ôj(B. subtilis)�Õ<��É*AÖ×�56;pH;
 ���ØÙC-�Ú	�É*AÛÜ� ��ÝÞ

�ÌÍ��v4¹xÏßàwáâ (Amphidinium 
sp.)
�de4�Ö×567ÛÜ� �ÓÔj (B. 
subtilis)��ÌÍ�;14mg/L P��Ö×� pH8 �
24 ãä�åæãä�ç/]ij (99.99%�Õ<�
=)7]��è� y�¦§��@ �pH 7é�F
è����;24 ãä�åæãä� 99.99%Õ<�=
�§ê&��Ö×ë7 9mg/L �89� �ìí#�
� �îï�de4�+5�78F&© �v4¹

ßÏßàwáâ(Amphidinium sp.)� 99.99%Õ<
�=��;de4�Ö×ë� 8mg/L P��¦§��
@ �����Ö×ë�)�;rð��#��ñò

�de4;10mg/L '(¥*Ö×ë�¦§�'·�
�������ó6�ôõ�fVWÎÏu4Ð½¾

�;�#�C-7B�de4!"�fVW�OE�

)*��7ö� �+�÷øù� (G. catenatum 
cysts)���!"Ï2º�ôõ��;Õ<�=�Ö
×ë�&��)�](;ú��7!"K�¹x�º

2û��üý/þ�Bp�ab�����;�Í�

&�]#@ ���ij56Ï2º�ò�A;TU

VW��ÊÏß�4W�;ÊÏß�4W�)��

+,-�ìíC�-7���*���'(��&�

�=�µ��	µ]
���7��'·����

��� �� �� �	 
�� ���	����
���� � ��� ��� ��������

��� 
! " # # $
! %" # &�'(%�$ $)*
! #& # %�+(" $)*

&�*"(%�& , " %�#(*�' # %�&(#�% "
&�*,(&�"# %& " &�$(&�* # &�%,(&�# "

-./01
2��345�6�7�8�95:5���9�383��593 ! #& # $$ $
;<=>
25?�4�3��5�6�7�8�@5A7� %�$ ! #" ,& % !' %
��B?343 # ' ## $& % ,&CD ,

&�##(%�%$ ! #" $�$(#'�' # $�!(,�* #
&�%%("�"" ! " %�$(%,' # !�#(%'�" #

E�@56�@8�@�F��@8B?343 !�' %" # !& $
8����8G%�H�5�BI894�@��G%++&�J8G#�K@5���G%+''�J8G$�L95�@4MN�7����4G%++#�J8G*�O45@7FG%+'+�J8G"�O�F39?G%+'+�J
G,���?@�@�9894�@��G%++!�

<>

N����A�573

P�4@A�5738OQ%%8B9��8@33�B�@496

E�@56�@8�75�38B?343



��������	
�������������

����	
������ !�"#$%&��

�'$(&)��������*�+,-./0

1����

(i) 23�45�6/789:;< (dinoflagellate)
=>?$@A:/B��/0B��	
CD$EF

GH>?�IJB��'@KL��M��	


NOP�QR=>ST'&3I&�U�VWXYP

/Z[�����\�]^_`abcVdefg

NOP�QR=>ST�hQR'&3iJB��

'�j�U�

(ii) VWXYk�^_`ablcmnQR=>S
T/oU3�	
p_`>�qrSst�u4v

5wx;<$yzQR�{|$}&3U��&~&

����qrSst9���� 5�10�m �M��
U45��	
/������~c����k

�$0B���^_`ab=>ST����0�

���

(15) ���V��Hydrogen peroxide� H2O2�

� ���V����������� �iJ��

�����V� pH� 4�7���¡�&�U��
¢£¤�¥0'����qrSst�¦9�QR/

�24 k� 13,000�14,000mg/L �C§¨�¥0�
� � � � � � V �  � © ª « ¬ Dreissea
polymorpha �4�®s¯°b±4/EF�²
�U³���´��M�®s¯°b±4� 9mg/L
�£¤� 95.9%�µ¶·����q«>?VQR/
y¸·���U'¹º�����1.4mg/L �C§¨
»�¼½�¾�¿À�ÁÂEF����&~&

8.2mg/L �£¤ÃÄf�»�¼$@AÅ/B��
q«>?VQR/�ÆB�ÇÈ�U�

(16) É`a`t`ÊËÌ�Glutaraldehyde�
OHC(CH2)3CHO�

� É`a`t`ÊËÌ����ÍÎ�Ï¾Ð'&

3iJ����45ÑGÒÓÐ���Ô&ÕÖ/i

J����×ÃØ½q«>?V�Ù��U��/a


r�Ú�45�ÛÜ/ÝÞ��)�ßU¦9Ï&

��àá/}â5���$ã\ä���:��z�

å`Tt`ÊËÌ�MEF��U�pH �¢U'�

æ/��¡��)ÔEF�z�çè�n��/é�

3êzEz�Poliovirus / 500mg/L�C§¨��
20,000mg/L �qrSst�¦9/¥0'����
ëì45�íº���îï�Êba�U�

Glutaraldehyde $iJB�=>STq«>?V
� pH � 4.2�8.6 /¡�&�ßU pH ðñ�¥0�
���q«>?P��Ú'�òæó&z�

20,000mg/L �£¤¢Ç����

(17) ÉsHb`��Glycolic acid� HOCH2COOH�
É s H b ` �  × Ã Ø / Ù � NOBOB(No 

Ballast on Board)ô��iJ�õö��3U��1
2,000mg/L ÷��C§¨� E.coli /¥0'���

Daphnia spp.�zebra 'ø� LC50 100mg/L ��
��

(18) �ù��Peracetic acid(PAA)� CH3CO(O2)H�
� �ù�����ÍÎ�_ús>�^«
>�.

V�Ï¾QR/iJ��3U��

PAA ���V�(H2O2)'ù�(CH3COOH)ûñ~
� 10%PAA �4ü������ýþ5���$ã
\�U��pH ���ã\��.VQR��4

j)qrSst½�C§¨1 11mg/L ��qrS
st�¦9/ pH3�1 300mg/L�C§¨����
pH8.4 �EF�U�Êba²�U�

(19) ���6��Ï¾Ð�Proprietary biocides�
� �z�6�J�/Ï��Ï¾Ð��Å��3U��

6��WM	U�
�$¥0'&�6���:�}

E���÷&z�U��J����������

����>«_T$��&3U�qrSst�ÛÜ

/iJ���_��t	��æ5�Kathon WT��
10,000ppm ��è�}��� ; Gymnodinium 
catenatum cysts /E~�~!)�
���Ñ5"/éU3#q«>?V/$%B�h

/ëì45�Íu¾�EL$&'B�¥0����

(20) (_�
�Copper ions�
(y;Ð��M��)*+�VP�qrSst

/�:��M�,s�p_`>�ÛÜ/iJ��3

j)�-��./.�@0�(-���4����

t
12t���:������}â5'�æ5�

34�æ5$�M�45½�}E:$56��(�7�

8�è�ëì�;<���$ÛÜ&�9V�:;

�<s=2½��:� LC50�0.83mg/L(96hours)�
4.07mg/L(24hours)����200mg/L �C§¨}
��� ;�=>?�@A:�/EF��~!)�

q«>?V��>Ç�Êba@?f��M��Ñ

@(�q«>?VQR½�iJó&U�'$(

A&3U��

(21) (BC=>ST�Copper+Silver systems�
Cu/Ag�

� ('C�DE�J�FYæ[GÍÎ�)V=>

ST�qrSst�H¯�I«J2Kb1^L«

� Legionella pneumophila � � ? s + M ¾

Mycobacterium avium) �ÛÜ/iJ��3j)�
NOG/Å4&)(�C/8H®`���$Pº)

#�qrSst�H¯�I«J2Kb1^L«�

ªÌpQ¾�Staphylococcus spp.��ÛÜ/EF�
���RSVQR�)Ô/����3j)�>_T


ÉUb`½�ñJ�ÝV��)�p_`>/ð&

3��7W'X6Yè�EF����('C'Zp

� Pseudomonas cepacia �[Á/iJ��3j
)�C���\�'�]zûñ&�0\�U AgCl
� AgBr $Å4�G��ëVP/0\�C��è
7à^_ûñ/`aU3�3.14b10-2�g/L ����



ô�Kb�ST 3,000!g/LôTT 1,300!g/L �Ô
^ÕÔÛµ\GX�^T/STV�������	\
��?@�Õuýuô�u�T½�q�½¸b?

@2ôÊ
���½9:Ituv½Ün?@�Õ

Ê
���������	����½y£Õ

(22) ÐDã>=BC3Gamma irradiation4
   Caesium 137 R�½ Cobalt 60 TÐDã>={
tuv>%?@^ÕVWc¿5¯�U^ÝÞD�>

\�¿!uô
><�?@�ÝÞD�>.\ßÂ\

uvM¯�^Õ500krad T���K����	\
1×�Ô$ô��9:Ituv>%?@vU�Õ

Ê
���½������	\½���Ty£Õ

(23) J:;<=>ÔÂ�>�BC3High energy 
electron beam irradiation4

ÔÂ�>�BC½J:;<=>ÔÂ¿�	�\

àÝ~Fú�ë\]ÆvÇÜ@^ÕÔÂBC½	¤

µ\á�Ó�\¡�u���<�¿Ú��U^ÕB

C	�½üOÓ pH ¿�c^Êtô¦áI©ú\
]Æv%Z\J�B@^ÕA@½�Çi���`

�Ô^Õõö
���½ôâ£���BC\]

^�ô�����½¶cT(£��ô6UyLM

¿×�^Õ���JÓõöM��½������

	\½^wÀ�Ô^Õ

(24) #�$3Photochemistry4
#�$\]^9:½b��J£=O�¿µ^�

�\:ã#Óä#¿>%�^Õ�Ý�D<>Ó�

=�ÝgD]�yÙÚ¿J pH há�>%�^Õ
���½J�B@�Ô�P#åÙTpoB@v£

^Õ�æ0½>%?@v£y£Õ¥�§��<�Ó

e.:\	�TÔ^t��TÔ^Õ�9:I

\�Tv>£°å
Þ¿×uô^���Ø[.��

����	\½^wÀ�ÔÁ�Õ

(25) =OaÚ3Oxygen deprivation4
� ç�YÓ¬¹\Ý%�U^�O{ôfS;�è

]�y=O¿y�^Y�¿©úu9¡�^XYýB

=O¿é�ÕP�QÄX\	�TÔ^TôUndaria 
pinnatifida spores 9�\½NêuyýÆ�Õ
Carcinus maenas zoea \Ø	�Ty£�ÔÁ�Õ
V¬ô¬{ô
��ôëÁôìÛ��K���Ó�

�<�\	�½y?A��Ô^ÕìÛí½æçè¬


��\½OPuy£Õ	�µy������	½

�Uy£�ÔÁ�uô ¡�ìÛ��K���¿�

Ûîs^J£��KTÔ^Õ������	\½ï

ðÝA�\y£Õ

(26) pH 5¯3pH adjustment4
� (.XY½ñòó=�?�< ��(pH)�½
X U B @ y £ Õ ¢ é æ ç è ¬ (Gymnodinium
catenatum)
��½ pH2�10 �XUv£s^ÕpH
¿[.�^Êt½ ô�OPT6U.ôpH ¿0

c^Êt½�$µ\^�ny�\y^Õ

� õ3ö÷��¦R�½�DK�>�Ì³Ý%T

øù?@v£^Õ

(27) üzKb\]^~�
1.5 � 4.2%  ü z ý B } @ ^ t Asterias 

amurensis ÄX½�S^ÊtT�Uy£Õüz5
¯½ Gymnodinium catenatum(æçè¬s) �½ 0
�10%R�	�Ty£ÕUndaria pinnatifida ½ú�
i�XU^ÊtT�Uôú�½(.åæ:Ó()

háXY\¢	�y£Õüz¿�c^Êt½Éu

.ô�������
üz¿0c^Êt½�%µ

�Ô^Õ

(28) gDK�>��D¦3Tank coatings4
� gDK�>��D¦½�����\]^°�¿[

D�^��>ÅÞ[û~�tuvmÆ?@^Õ

½�u�XY½����gDK.�½ñB@y£Ê

tÓ½��^XY½Ö×�y£ÊtýBôXY9�

gDK�>��D¦½%Zy	�Ty£tØ�Ü

@v£^Õ�����ü�ÅÞ]$XYX�ýÅ

Þ~T?£Õ����gDK�Q��D�ÓN

>u�´»XY½����gDK.zy�{�Ô

$ôgDK�>��D¦½	�y.ôgDK.�X

þ����>��D¦	�½�_�Ô^Õ

�>��D¦½ 2�3 òj\uys@;yBy£Õ
��Ê@½�¼Ô^~�t½�Sy£Õ

(29) A�
� �9ÊIØ»¼\½�ý@v£^Tô/XY

�%½ñB@y£ÕStüO�Èµ%ÄoþÜ

 ½ E. coli Ó� MS-2 coliphage \>%?@vU�Õ
�=üôFeO42-½ï 10�20mg/L ��c���

<�Ó��a�e.:^���\>%?@v

U�Õ������E�YôNaN3½ 500mg/L R�
��cR�æçè¬
��\	�TyýÆ�Õã

�KIEÓ�§D��Ø�K����	\½>%?

@vU�Õ�ãDÐD= �Ø%£B@ôN>u�

�����Ð�^���½�U^Tô2.5mg/L �
!�EÞ>ÄX 60%þ�AN\�	y£Õ

:
Qtuv���:ô6e:ôe�:T%

£B@^TôÊ@BX7@Aô9:~�©\¢£

v56uô¯	u�Ø¿�-9 \�� 23)24)25)Õ

���������
��ýB GloBallast/IMO \UV?@v£���

����	��¿iH\ô�¤ô���¥DQD�

¦<>H�XYz{\r�^	�¿�-10 \t$
Rt��Õy#ô	�\ìuv½ôº�»¼¤�

¿ARR�%�^Êt¿��tu�Tôº�»¼

\À�^¤�T²£Ø\ruv½ô���q

êfÓXY)�µy6ñ¿�\�u�Õ�

£2@��\#£vØô��µ\½XY¿Ú�ô
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pH7.8�8.6�
R ¢ £ ¤ 18 �
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��������Lloyd’s 
Register ���������� 26)��������

�� -11 �!"#�$%&'� 2),27)� IMO (�
)*+,-./"�����	0�#�$%12

(G9)34561278- -12 �!" 2)�9:;<

��=#>?@ABCDEF���
� 28)�GHI

JKLMN 2)OP TG Ballastcleaner and TG 
EnvironmentalguardQRSTUVW�XY%CZ
D[VW�XY%-\/]&^:12-_����

`�<�ab-^�c�d��#�$%�ef-g

h��

(1) ij()*k+,-lm"�#�$%

1) UV -\/n���#�$%
opq�PureBallast #�$% [�YrstF /u?v
uw��?]x
`�#�$%�����	yz{�B|vA?}

s-~n������l+-��"��B|vA?

}s����	�yz��(����������

�Vk�(AOT)-�s��n���('����
�('��VkZ}F(TiO2)��r�?�s(UV)&
��<��{��l"�vXs���?Q�L^xw

OH]��� l+�¡¢£-¤¥"������
	¦§{���¨�©}Fª«(¬Pmn�l+

-®¯�°��±��¬� AOT ²³´�-~"�
`�C��A@����vA?}s��µ-¶·�

����	�¦§���¸·�vA?}s¹º�X

�ª-¦�n����k»¼½�yz����G9
�^:12OP�¾12� MEPC56 (12���
���G8 �¿N12�À?Yrs;< 2008 Á 6 Â
�_����

(ii) CloEn-PatrolTM #�$%[ÃÄ/PANASIA Co., 
LTD]x
`�#�$%� 50ÅmÆÇCUVÈÉ
���Ê

�Ëm������MEPC57 ( G9 �^:12&2
±<�����

2) ÌJKÍ���#�$%
(i) Electro Clean #�$% (ECS)[ÃÄ /Techcoss 
Ltd.]x
����	�ÎFB���#sZÏ��-~n�

i�Ð0«ÑÎFÒFÓ����Ô	(�ÕÖTU

0.2×2.5mg/L Ø���	�ÙÚÛ&'��±ÕÖT
U 10×30mg/L (
�ÜÝ&Þß�����`�C
��`�����	�Ìàá&âã���`�ts

}&äF�ås? PC ��H±<���`�ts}
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ECM  %&�'()�*+,%-./012)3

 %(456789�:;$<��=� TRO
#�>�./?��"�� PC �	@A���B
CDEF ECM �GH���FICJDE�

�K�LMNHJO*I�P�QR$S*T�U

VW��ECS XOY�H2Z�K Cl2Z�J[\W��

[\W�Z�$]^�_`�a�J��	bc �

d�Z�efghNHJ����ij�GH�k

l���;��<��=� Z�DE)JGH��

LMP�QRJ H2 K Cl2 J:m 3%./
0.8ppm 7no�pUV �d�O*W��ECS $
H2K Cl2J:m 4%./ 1ppm 7no�pUV
W������ 
�������B$q�!�

�	rs��������p�tuB$v<wx

y�z{R��	Y|��Y|��B TRO
}~$�/<��=� TRO #�>�7��Ik
v������� ���Y|P�QR$ TRO
 ����7efW��G9  ����J MEPC54
��G9  ����J MEPC58 ����kl��
Y|� ��J��K����

(ii) EctoSysTMP�QR[�{����/Permascand 
AB]�
� P�QR$ 50�m �����=�����

K:���%h� 
���	¡¢���G9
 ����$ MEPC55 ����kl�J�G9 �
���$ MEPC57 ��d;kl£l�
(iii) Hybrid BWTS[¤�/¥¦§¨(©)]�
� P�QR$ 50�m ª« \¬7®T�¯

	°�±
²I�³B%´µ¶��	!�����

7
²I��Qz·7
�W��MEPC56 � G9  
����J�d;kl£l�

(iv) Greenship BWMS[<��¸/Greenship Ltd]�
� P�QR$¹º»¼,½� 10�m ª« #

��¾��K*¿¬7°ÀI�%´µ¶��	��

Qz·KÁ\¬7
²W��MEPC58 � G9  ��
��J�d;kl��

(v) OceanSaver Â  BEMS[ Ã � { Ä � /Ocean 
Saver]�
� P�QR$¯	ÅÆ����B7�=���

��I�Ç�ÈÉÊQ�PË�7[\�ÌÍÎ¬7

ÏÐW��: ÈÉÊQ�PË� Ç�Ñ¶Z�7

Ò�IÓx¶ÔÕ�W��: Ö%h� T×��

��	
��7\¢IÒ�I���������

������B��p�$ÈÉÊQ�PË�7gI

k��W��G9  ����$ MEPC57 ��G9  
����$ MEPC58 ��d;kl��

3) <Ø����P�QR
(i) Special Pipe BWMS[¤�/¤�³ÙÚVÛÜ]�
� P�QR$�¯	ÅÆ����B7Ýtu�

=���7gI<Ø�7Ò�W��: Ö�z��

ÃÞ�7gI�Ö�Z�7,½I��������

�����p�$Ötu7Ik��W���ß<

Ø�45`$ 4mg/L �a��MEPC55 � G9  �
���J�d;kl��

(ii) NKO3 Blue Ballast P�QR [àá /NK Co. 
LTd]�
� P�QR$x¶[\)�<Ø�[\)�<Ø

�Ò�./âã��K?��"��P�QR��

	¡¢���G9  ����$ MEPC55 �$�d
;£±ä�J MEPC56 ��d;kl��G9  
����$ MEPC58 ��d;kl£l�
(iii) Resource Ballast Technology P�QR[å·�
z æ /RWO GmbH Marine Water Technology, 
Veolia Water Solutions & Technology]�
ç � P�QR�$ÈÉÊQ�PË��Á\¬7


²W��: èé7«ê��d�%´µ¶ë<Ø�

7Ò�W��tu������B7������

����Ý� 40�m �=������W��

MEPC57 � G9  ����J�d;kl��

(2) � ìí7��W�P�QR
(i) PERACLEAN® Ocean7�l� SEDNA®P�Q
Rîï=ðñDegussa GmbHò�ç

SEDNA®P�QR$����B¯	Å9Y��
=���ó��:$ 2 ôõ ¬uT,½Kx�

�� PERACLEAN® Ocean��öx÷14ø17%��
x�B¶÷13ø17%�öx÷24ø29%�B 39ø49%�
��� 2 Çtu78Æâ������ùlkl��
¬uT,½ �ú ôõ$�����B3 û� 

�d�üý�Gþ����I��[I��=ï"

>=�"��a��2 Ç ¬uT,½$?����
£ 50�m ¾�P� S�����=����a��
�=��� 	��$
���äk������

ß 100mbar��:Ik�=���Ä¾��$��
�7��Ì��³B� 1 �ù������P�Q
RJr«�ólkl�p��=ï">=�"�±;

}�I�F ���#��¾���./�±l�=

���±; ��¬$:; [\�����	�

�Il���=�$�;£l� 2 Çtu$
PERACLEAN® Ocean �µ¶�z� tu�a��
�öxJ��
��ë
{=���KIk���

�J�:$��·¾���ë���FèéJa��

PERACLEAN® Ocean $¬uTtuÖ����B
�S*T�������ì$^�@A����

�q�! �  (`�!äk"'���

MEPC54 � G9  �����MEPC57 � G9  ��
��J�kl��2008 # 6 $�ï=ð�%&�
�7'kl��

(ii) ClearBallast P�QR[¤�/¤(!���Q�
Ã"��]�
� P�QR$)*���	\¬ë+ ,-¬7

./I)*�"���Ik,½W��0h,½$0

�17�lk)*�"��7,½I2�Ikl��

MEPC57 � G9  ����J�d;kl��
(iii) TG Ballastcleaner and TG Ä��ã·z�3
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�45�46"789:;/�<:)=>�?�

@ABC�DE�FGHI�	�J4�"KLM

0N1����OPQ��LM����O�RNR

S=>)T*>��UBV	W�"KXYZ[\

]$^_,`PQ0N1G9 �a�bcd MEPC58
ecf_g$hN1

(iv) Ecochlori����OLM���� [j k
/Ecochlorilm
������� 2 n�\o(p Puratei(NaClO3

40%qH2O2 8%)FUB)rh$sB\@A)'�]
$t:0N1sB\@A�LMuv�w 5.0mg/L e
xN1G9�a�bcd MEPC58ecf_g$hN1

(3)yz(p){r];hF]$hN����
Mitsubishi VOS(Venturi Oxygen Stripping)���
�[|}D~/N.E.I(��\����)]�
m �����������^_�yz��)'�]q

����O���] pH )����q�BAuv�
]$LM0N1D�D|�Y�"K 2007 � 10 ��
3�bc)��$hN1

���� �� �����

���H�� 
���"
N����OLM����

����O������� �!	 ¡¢4��
 ��£¤ ����!45
PQ��¥\( ¡4�"N¡G�W4�LM

(�)��,¦§¨©
�

� �!	 /=> /GHI�
	�J4���"N���
�OLM����

����O������� �!	 =>LM
(NaClOªH2O2) �4«¬D	�"NGHI�	
�J4LM ����!45
PQ��Na2SO3�"NXYLM �4«¬D	�
"NGHI�	�J4LM PO

JFE 4®¯|D
4���

 C	������"N�
���OLM����

 C	���)��]qpH ���F�BAuv�
"NLM1

Ocean Saverq��
\����

°±²³£¤���"N�
���OLM����

´<µ¶�°±��²z·)¸¹]q£¤�º	
j)»¼1

���½
�4�
�5¾¿®	

� �!	 /ÀÁÂ���"
N����OLM����

� �!	�"NÃÄ(£¤F UV ÅÆ OptiMarin/( � ) �
D¡ÇD4�È5

sB\«!4ÉÊË���
"N����OLM���
�(Pure Ballast) 

� �!	Ì7ÍvB\ÎÏLM1ÊËÐÑ�É
dÒÓNF�®~�(OH)d�']q�®~�d<
ÔÕ)Ö×1

|��|Ø���
(�)

sB\@A�"N����
OLM����

����OX� ClO2uv) 5mg/L eLM1� 2
Ù=>�Purate(NaClO3+1/2H2O2�ÚÛ)FUB1

��	�Ø5D
	4

=> (PERACLEAN Ocean)
�"N����OLM��
��

PERACLEAN�ÜÝBªÜB\OAªÝBªO1
Þß£¤�q� �!	(50àm)+PERACLEAN 
á Ó � G H I � 	 � J 4 ª â ã ä ª
PERACLEAN. 

��åæ\o�ç

èÜ /éLM�éÙê��
�"N����OLM��
��

Þß�]ë |4��ì �èÜí ����!
45 PQ��éLM�éÙê��1

��îïðç

����OLM���� 50àm � �!	qGHI�	�J4qñA��q
ò³LM

¡	�H4ó �
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�s
��	S�t 8.0 m3��	�uvt 2.0 m3�
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(1) yzpmv��^��RJ J
(i) 50�m ��

35�m(�� 50�m)vom�rm��r>[)
�	��D����wm��(10%)�U+
�k]�	]�R20 L 
�	
��tu�	]�R1 3

¡M �¢£ 2 ¤	�X(10�m ¥�¦§)tu
J �	]�R1m3

(ii) 10�m �� 50�m ¨©
35 �m(�� 50�m)vom�rm��r>ª

�U]>«� 10�m lq¬l¥m®¯m°±

�²³>[)�	��D����wm��(10%)
�U+

�k]�	]�R0.5 L 
�	
��tu�	]�R1 L 
¡M �¢£ 2 ¤	�Xtu�	]�R1 L 

(2) yz��
(i) 50�m ��
���´µ¶>[)�·¸�vom�rm��¹

8º>|(U+

�·��»¼º�¸��½¾º�¿¼�/�

¿¼º�>8º�U+

�vom�rmpqÀÁÂ�Ã¹Ä¹ÅÆ)

Ç}7È 50�m ¨©/Èj(UÉÊ�y

Ë�8º�U+

·�vom�rmyzKyÌ� �yÌ�Rpmv

���yÌ�>ÍËU�>�D�ÎÏvom�

� %���,��Ù¢�ÚÛ+�,-�,àáâ�

½ �%���.ßãÎ;ÚÛäåæ�Wr�Ig%ç� è

�[�.ßéPê$UÈëÚ¨ì9�=�
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>pmv��Ïvom�rmº'�U+�

k]R1/12�	
��tuR1/8J
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k]�	
��tuR1/160 
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(ii) 10�m �� 50�m ¨©
���´µ¶>[)�·¸�vom�rm���

8º>|(U+

�	
�[)U 10�m lq¬l¥m®¯m°±
�²³���ÑÏiÒy�QÓ����Ñ

(10%���wm\])Ï·¸�vom�rm
���8º>|(U+

�·��»¼º�¸��½¾º�¿¼�/�

¿¼º�>8º�U+

����»º�J
�

�^J

ÔÕÖ kJ ]J tJ u

���

×J

06.1.24 1,346,350
»¼/m3

160
»¼

/m3

99.99850 µm
��

�L x
�³

v�J
06.2.16 289,200

»¼/m3

88 
»¼

/m3

99.970

06.1.24 41.25 
»¼/ml

0.25 
»¼

/ml 
99.394

10 µm
��

50 µm
¨©

�S x
�³

v�J

06.2.16 42.47 
»¼/ml

0.038
»¼

/ml 
99.911
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½ �E� +�,-�,íîãÎï%\ðg +�,-�,ñÃ�;µò \Iðg=só¨eZuÙ,+Bô�II)çI�ç�)�

����������������������������������������������������������������������õö÷øùî;?�î=çú��

� � � � � ���	
 �� ��� ��

����� ����� ������� !� ������� !� Protoperidinium " 3,200 2080 40 
#$��� %�� &'� ()*-+� Stephanopyxis palmeriana 800  
#$��� %�� &'� ,-./���-0-� Coscinodiscus " 800 160 

#$��� %�� 12� 34�.5+� Amphiprora "  160 16 
#$��� %�� 12� 34�.5+� Amphora "  160 8
6�7� 8�� 9:6�7� -3;+!*� Tintinnopsis " 636 8 
6�7� 8�� 9:6�7� <=0�;+!*� Stenosemella nivalis 84  

>?@�� �AB;�B� �AB;�B�(D CDE) 24  8
>?@�� �AB;�B� �AB;�B�(FGH�IDE) 48  
JK@�� LM� ;+N-� O�+;+N-� Paracalanus " (,��H�P�B<IDE ) 36  
JK@�� LM� .0)Q�-� ,�R -� Corycaeus "(,��H�P�B<IDE) 24 8 
JK@�� LM� OSO�0T0-� U0��/VA� Microsetella norvegica 12  
JK@�� LM� OSO�0T0-� U0��/VA� Microsetella " (,��H�P�B<IDE ) 24  

           50 µm

�
�
�
�
�
�
�

JK@�� LM� WXY�(/ZQ�� -IDE) 96 8 16 
����� ����� ������� !� R+T !� Ceratium fusus 800  
����� ����� ������� !� R+T !� Ceratium lineatum 480  
����� ����� ������� !� ������� !� Protoperidinium " 320 320 48 
#$��� %�� &'� 4�<�[SQ�F� Eucampia zodiacus 407,680 5,920 
#$��� %�� &'� P+*\*-+� Thalassiosira " 14,080  52 
#$��� %�� &'� ,-./���-0-� Coscinodiscus " 640  8
#$��� %�� &'� ��\��SP� Actinoptychus senarius 320  
#$��� %�� &'� �V�V]�F� Rhizosolenia setigera 640  
#$��� %�� &'� �V�V]�F� Rhizosolenia styliformis 1,440  
#$��� %�� &'� 4�<�[SQ�F� Eucampia zodiacus 139,520 12,960 208 
#$��� %�� &'� 4�<�[SQ�F� Hemiaulus sinensis 640  
#$��� %�� &'� .-<R)-� Chaetoceros danicum 2,080  
#$��� %�� &'� .-<R)-� Chaetoceros debile 75,520  
#$��� %�� &'� .-<R)-� Chaetoceros didymum 7,040  
#$��� %�� &'� .-<R)-� Chaetoceros " 20,480 160 
#$��� %�� 12� 34�.5+� Pinnularia "  160 16 
#$��� %�� 12� 34�.5+� Pleurosigma " 3,200 3,520 60 
#$��� %�� 12� �=TF� Bacillaria paxillifer 3,200 1,760 32 
#$��� %�� 12� �=TF� Nitzschia " 480 160 16 
#$��� #^$�� ���0T\;� ���0T\;� Dictyocha fibula 160  
6�7� 8�� 9:6�7� -3;+!*� Tintinnopsis " 228 16 4
6�7� 8�� 9:6�7� <=0�;+!*� Stenosemella nivalis 12  

_`@�� a!*� bc� d-�ea!*� Trichocerca "  16 20 
_`@�� a!*� bc� O\�a!*� Colurella " 4
>?@�� �AB;�B� �AB;�B�(D CDE)  232 62 

�
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inim
um

 dim
ension

�
�
�
�

JK@�� LM� WXY�(/ZQ�� -IDE) 12 568 94 

� fgh 1/160 1/12  � � � � � � ijklm 20l 20l 1m3

� 1/4 1/2                                                  no� p/m3

qrstuv�wxyz	E�{3 |}	 minimum dimension u~��{v��z�r������

E���
33,948,600  624 

� 50 µm �����E�� 289,200  88 
一



½ �\� +�,-�,íîãÎï%\ðg+�,-�,ñÃ�`Û�P �Iðg¡¢BDCsó¨eZuÙ,+Bô�

�II)çI�ç�)����������������������������������������������������������õö÷?�î;øùî=çú��

C� s� Q� �� '�� æ�� ��¦¯ bÖ�

æçèkYC� æçè¬s ����������Q� � Gymnodiniales Q 2

æçèkYC� æçè¬s ���������Q� ������� Ceratium fusus 380  

æçèkYC� æçè¬s ���������Q� � Peridiniales Q 2

� kYC� *¬s� ÛHQ� !�"#"$��� Thalassiosira 3 160 2 4

� kYC� *¬s� ÛHQ� %&"$��� Melosira granulata 20  

� kYC� *¬s� ÛHQ� %&"$��� Melosira sulcata 60  

� kYC� *¬s� ÛHQ� '(�����()(� Coscinodiscus 3 20 2 

� kYC� *¬s� ÛHQ� �*�*+�,�� Rhizosolenia styliformis 60  

� kYC� *¬s� ÛHQ� -�.�/01�,� Eucampia zodiacus 1,580 48 3

� kYC� *¬s� ÛHQ� -�.�/01�,� Hemiaulus sinensis 160 2 

� kYC� *¬s� ÛHQ� �$.�&(�� Chaetoceros danicum 380  

� kYC� *¬s� ÛHQ� �$.�&(�� Chaetoceros debile 480  

� kYC� *¬s� ÛHQ� �$.�&(�� Chaetoceros didymum 100  

� kYC� *¬s� ÛHQ� �$.�&(�� Chaetoceros 3 360  

� kYC� *¬s� 2hQ� ���,.$3�� Fragilaria crotonensis 180 16 15 

� kYC� *¬s� 2hQ� ���,.$3�� Grammatophora marina 20  

� kYC� *¬s� 2hQ� ���,.$3�� Licmophora 3 20 4 

� kYC� *¬s� 2hQ� 4-��5��� Amphiprora 3 20 16 

� kYC� *¬s� 2hQ� 4-��5��� Amphora 3 20  

� kYC� *¬s� 2hQ� 4-��5��� Cymbella 3 20 4 

� kYC� *¬s� 2hQ� 4-��5��� Navicula 3 80 30 3

� kYC� *¬s� 2hQ� 4-��5��� Pinnularia 3  14 1

� kYC� *¬s� 2hQ� 4-��5��� Pleurosigma 3 60 58 1

� kYC� *¬s� 2hQ� �6�,�� Bacillaria paxillifer  64 1

� kYC� *¬s� 2hQ� �6�,�� Nitzschia 3  42 

� kYC� *¬s� 2hQ� (�+��� Surirella 3 20  

� kYC� �õ ¬s ���)�#7Q� ���)�#7�� Distephanus speculum 20 2 

81�.kYC� 81�.¬s� � � Haptophyceae s 20  

9.���"kYC� :$)�+4¬s � � Euglenophyceae s 20  

;H[YC� <�"s� ´»Q� =(�9<�"�� Trichocerca 3  1 

;H[YC� <�"s� ´»Q� 8#�<�"�� Colurella 3  5 5

>?[YC� �ªs� 9"�@'Q� *��9"�@'�� Bosmina 3 1 1 

35!m H�DK�D;��!���DH
<c3L4 0.5 1 1 

� 14  35 !m 1��@).@=6.z33 �N minimum dimension ¿�+ 33,948,600 �/m3

©¿�AÅ�4�
33.94 0.000624

10 !m 1�0!B�DH<GnCiXY310 !m ]$6U£XY4� 8.52 0.037 

10-50 !m3S ¦<>H4þ�� 42.46 0.038 



���������	
������������

��� 10 �m���������� !"#$
%&'()*+��,-./01/.���2

�34������!56'78/�2

�94������78:7;<

=> (?@AB)C1/20D)EFGHC1/2 
M IJK 2 LD/MGHC5678

(3) N478OPQ
Q R-13 S 2006 T 1 U 24 VWXYT 2 U 16 V�
OP'Z,[R-14\15 SYT 2 U 16 V�]^.
_`OP'a/b�+2R-13 �N478OPcd
=>ef>gSh*+����GHij>�N4�

k l.mn<! 99.394\99.998%,.�b�+2
.opRl.>NN4�qrstu'v-33\36 S
a*2R-14 w! 50�m xy�R-15 w! 10\50
�m ��������01'/b�+�N4�z
{|}�~���cd{��b�����+�[

~���Sc+7����!�/�2

�

��������	
������ � �

R-13 �OP' D-2 ��S��/ ��b�+,
50�m xy�N46!��'��b�+2Z� 10
\50�m �N4S��b!=>ef>gB���
����6�����>�j��������[�

�	��	�eG8gw!��w��� 104� /ml
¡.�,� 103 � /ml xy�� '¢/b�.£
��.�.��¤¥`w!¦���§dH¨©c

d� 1�¡.���2mn<'ª�b0«*+,

103 �/ml w! D-2 ��'��*�104� /ml ,
mn<��0«*+, D-2 ��'�¬/b�.�2
/�/¤�����N4�®cd�mnS¯°

'o�b�+�[¤N478±}w!Y@�01

S²³�´$µ¶�?@/bodN·¸@e¹º

��»¸@g!¼�b�.�2·½/b����!

m¾/.£��.�.��N·¸@!�/�2

Q

���������������� � �

¤¿À����w!0ÁÂÃcdD)EF�Ä

Å>�ijSÆªÇÈ'ÉÊ,/�ÉijSc+

N4�®'0Á/bodËÌÍ�Î@S�Ï�

bÐÑl.N4·®_`'¥Ò/b�+2

(1)Q ÉijSc+N4�·®ÐÑ_`
Q ÓÔ 70\120ÕÖ×:Ø 0\15 7�ÙÚw�
��������¶ÛSh*+®<eÜÝ»Þ

<g'ßà/�,¦á80Õe5 7Øijgw��
����,rN4Nâ<�ãä.å¡æç��[�

�Éij�¢è»�é�wê�2ëì�_`So

�b]^.í&%�îï,�&ð�ñ&$w�¥à

�¤EF'¿À*+yw¯ò,.+2

(2)  5 VØóFeôõö÷gì�øù·®_`
Q óFScd������1!å¡*+����

����� ����� !"#$#%&' ()�*�

50�m

50�m

����� +,-��� ./01022342350�

50�m

����� +,-��� 67809:30�;4<30872�

����� =>���� ?@A%&BCDE

FGH)�*� �

50�m
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�  !"#$���%&'(�)	
��*�+,

-./0123�45��67����)8- 1)9
:,;<=>?@A�*�B�CDEFG�HI�

����JK)2)LMNLOP-QR�H�)3)S
TUTVW&X�YZ�X[\]C^_:�`��

����)�*a)Bb	
�c�defg�$�

h1i�j�����)	kl
�c�$�)G8
-23�mn��op�$�-qrs�tu$��

��

(3) �T&SvwXxyop�)
�z{�|}~
-� 2 ����������JK:�ja)�-�
m���bs�JK�C��

(4) ��x$��@A$��tvw� 10 µm*a�
��vw�-+,� D-2�h*a��I�y���
Z)��'��-�/�YZ�
�-�A����

j��

(5) 	
��*�+,-./01235 80�<5
��
�?��ST�XT��+,+��-��C

� ¡¢�������

\�)��nû�

£�STX-
�:K<10 µm ¤¥-+,-¦§
�?� 99.394¨99.998%�j��)xy-©��
D-2 �h�ª��C��$$)��'��
�K
«¬��*a�h�������JK:�j��

)�� ÔÕ�Ö�D,-üäýb�þ��

)���±²��s�����R[����

 IMO �£�®¯�-°±����-²³��8
-*´C�-�j��

1) EctoSysTM 
µ¶s·¸%&'(�@A���

9:,; 28)<MEPC55/2/4:&¹º[»T?EctoSysTM

�S&X
�%&'(�*a
����¼-°½:

�¾
�-¼��$�¿��C��

EctoSysTM �*�®¯$�ÀÁ�
����ÂÃ

Ä¼(35PSU)-ÅsÆÇµÈ�
���ÉÊ�Ë�
100mV ��$)Ì$�ÂÃ¼-s·¸�Í:�ÂÃ
9:ÎÏ-ÐÑ-�Z)�ÉÊ�ÒÓÂÃ-~��

ÔaÐIC��

  ASTM �h23Õc�Ö×�°±23�ØÙ�

���L¥�@A���µ¶s·¸�
����Ä

¼NÎ�� $YÚÉ¼-�m-Ë�®¯$��-

� ASTM G31-72 ÛÜ Standard Practice for 
Laboratory Immersion Corrosion Testing of 
MaterialsÝ� ASTM D1654-05: ÜStandard Test 
Method for Evaluation of Painted or Coated 
Specimens Subjected to Corrosive EnvironmentsÝ

�j��$$C�5)Ì-*´C23545�

�»[\�ÞÃL¥-ßà�ja´�°±-áâ�

�ãä�C��åæç�)èéa�ê¥bë�2

3ìí�ØîL¥bë�23ìí-ïÕ�ðñ�

�òó�-°±ôõ�ö÷�����*a�-øù

�úaûÚÉ�EctoSysTM �S&X¼
�%&'(
�*×�
����¼-°½:�üé5C���´

ýþ�)�C×���-�<W[XC$���&\

T�[�-��-W['	TV?-
�QR�áâ

����w��[�[�[��T(Bremerhaven)
��Z5���[&&\»	-����¸����

���°½�®$�,�s·¸:;<���ÅsÆ

ÇµÈ� pH?�)®¯�j���i-���)¯
ñ¸�|������a�-¼� EctoSysTM�*×

�
���� ¼� 5!��"��#$���%&
�r<'()*+?������w�,-./<DIN
EN 12502?�Ö×�e¯-23�0é����S
&X¼-12�%34�[X$� 2¨7 56�¼�
B$I����7�Nµ8�)ÅsÆÇµÈ)Ås

>-9�N pH -:S)[\�;��àä×�üs
�Ø<��C×������=Å'(>- {-

?@-A��)%&���°½�B5�C×��

°½-�*C'&X��%&'(-z�-i�D�

�E½�°½�-FGCHI2A�C×��J�

ñ�)B$�ò�(K6 �L)23�)ê¥�-?ë
�23M@��T�$�)�S&X¼\T�N|-

ßO�|}����67�ûPQRST-UB�V

�)2006-08 -��5-23��i�J�ñ�WX
����¼i�+@���¼ÅSYZ]� pH �Q
R��[)ÂÃ¼i- pH ~��QR$C��
�
i-\ñ¸CÅsÆÇ���� EctoSysTMµ¶s·

]]-M^� H+/OH-w_T�-�ST&-`a-

üs�bc�Ö×�)Ä¼NÎ��YÚÉ¼-

EctoSysTM 
��¼- pH ~�QR�d�C���
e¸�)���QR�ÂÃÄ¼i-fgK«�*×

�h7¸�ij�����Ä¼-°½:�QR�d

��ý:S)[\� EctoSysTM
��*aßà¥ü

sk[�l×����

2) Electro Clean System µ¶�m�n<op?
� opq�- Electro-Clean System(ECS)-Ër
�åæ 30)��W['	TV�����s���

C��)2 t¤¥@A$��[Y\T��-°½u
v����²³�j��ÂÃÄ¼� ECS 
�¼�
wxC°½�C���S&X\T�y�� ECSz

�*aÂÃÄ¼i�°½��IØ�����²³�

������

3) Ä¼µm�{]&�@A$��w�*��S
&X¼
�%&'(-9:,; 31)<MEPC56/2Û|
}?

8'ÎÏÅ~X�¹(��9:,;���-s·

¸:;�ja)����$�°½:�j��$��

×�)�S&X\T�N%&-°½-�&����

�����0�����$�C���S&X¼A

-���© / �SwTN�S&X\T��)*+



��������	
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�������� ��!"#!#$%&��'(

)���*+!�,-%.�/012�34315

)&67 (5.0mg/L)!� �� (89� :;�
FAC<Free active chlorine=5>!?,@ABCD
�EF������GHIJKL�M!NOPQ�

RS�����,TU�V�WXYZ
[�FRP Z

[�\A	
��Z
[�]^67!� ��

_`1,500mg/L=�a3�bcd5e��>�)!P
Qfg%hiRS! MGPS_jkl�mnop�
qrst�RSu5e��v

4) NK03 w	,xyBC?,@A(NK03 PWTS z
{|}�)32) GESAMP-BWWG3/9 
~�!��f�����se��*�!�� �

��3��jk����!�����������

����w	,xy����L�[ (GESAMP 
-BWWG)%����5��|}�BC��Xw	,
xy%*�!��V ¡31�¢£¤¥V¦§3X

>�V¨©ª«X�¬�|}�%®VI¯��°

l�V±�>���W�*+²V&³���BWWG
%�´��µ¶�1¢£¤¥5¬�·¸���>

�V¹§���

5) ,º?»LZ
[w	,xyBC?,@A 33)

_|}��¼½�MEPC55/2�12April 2006r
>!?,@A5~i�¾q��X¿�*+VÀ>

�|}�%ÁÂ~ÃÄ!ÅÆ�Ç��ÈÉ��1Ê

�Ë1)1��|}�%Ì�®ÍÎS5e�!s�

f�%Ï*+ V'Ð3�ÑË1Ê�Ë1)1��

>!?,@A!¾E��X|}�67VS�X�G

HÍ��JÒ�*+¢£�3X5W��f�VÑÓ

31Ê�Ë1)1�ÔÕ5Ö×«)�X�]3jy

D!|}�67_®ÍØ67r5 0.3mg/L se�1
)�>!67%¾EBC"Ù_|}�5±ÚBCÛ

�Üx�ÝÞ��X"Ùr!ßse��à��áâ

�GãVÎS�ä�áâÄ!*+ÅÆ%�|}�V

å/s�1�jyD!]!�M�æç1)Â�M3

�|}�!*+ÅÆ%àès©��|}�!IJé

7%é�!s�ê�-Ás!PQës 0.3mg/L ìí
�67%&í���M�î�*+Bq%ï�ê�-

Ù!PQ�w	,xê�-ë�ðñ��1��34

315)�|}�ò�ó!PQ4)��[�ï�ê

�-Ás%ô�,ê�x�|}��ï����M�

î�>�)!õö%÷ø!X«��u(Ë,@�U

,!��1|}��Ï*+ !e���sÎ)��

ùð5e��Ï*+ !ú¥%û��?ô�@ü�

s]ý¿þ%��3X5�t¿þ!����!¿

%>!ú¥%���&í3X�3X5W�|}��

t¿þ�����PQ�%û��?ô�@ü�%

�Ê��©se��i	!����>!?,@A5

¾q���~ës%��q�PQ!fg%|}�*

+V'Ð3�Ñ)Ë1Ê�Ë1)Â�3X5W�~

Ã%M!��1|}�!ÅÆV
Ê�%�Ê1��

>!�´s%�;®:!®Í %�2�|}�!*

+as�Ê�>�5s©��|}�!*+a5

ðñ���>!?,@A!�Õ%�>!?,@AV

¾q��X«�m¡��X�Õ�Êse��ï�ê

�-Ù!PQ�w	,xê�-%��!jyw	,

x�����1��s���W���>�5�4W

X�

6) �
�4)����X� ������!¦§
(PERACLEAN OCEAN) 34)MEPC54/2/12_28 
February 2006r ANNEX1(page55 
67)/GESAMP-BWWG1/9v ANNEX5 
!�3X,@�U,5PQ�"�,	
��#�

�#�?�L$�%��[�RS����©se��

&'��X PERACLEAM OCEAN %()û��?
�ê�-ô�@ü��*+V,(1��-���

��>!	-!.�!X«�*+ÅÆV/�ê��

�>�V¹«������%01�^�2� 5e

�!s�~!w	,x?,@APQ5ëõsGãV

ÎS�ä����>�s%�>!3ö!RS54�

���%51�.�5ùðse��

PERACLEAN !w	,xyê�-ës!³6�
Ç��%ìí!���-�)�����

PERACLEAN !7¶8!9:%;<® 23mg/L�
;®Íy;y 21mg/L�<® 38mg/L !=>67s
e��M��a�3� PERACLEAN !w	,xy
D!=>67 PERACLEAN 150mg /L se��w	
,xy�RSÙ�peracetic acid !?ø16@5�
�Ù 10 15 ¿þÙ�AB��X�C
Lê�s>
3X©��1jy_&67! POC/DOCr�
PERACLEAN150mg /L VRS3X 1 Ç!¬£�$
���;®Íy;y!67% 5 10¿þÙs 20mg/L�
D 25%!³E��3� 50 ¿þ��Ùs 15mg/L 5
EF��X�H2O217.2mg/L � 30mg/L V�
��
�LF(Kiel Harbour)!y�9:3XG!¬£�$
���H2O2 24 ¿þÙ!67% 1.4-2.5mg/L_D 92%
³H 24 ¿þrseWX�
v

v

��������	
�������������

w	,xê�-��Ä!� ��ÅÆIJ¢£V

KWX�¢£>þ5L>þse�5M!M;�Ç�

�¦§���

v BCNOP%� ��VQS��w	,xyQC

?,@A��_G9r! IMO Ä!RS�TUVW!
XU¤¥VY�¬SÍ!Z[ 5'()��|}��

\0:;®�;<®�VS��¢£VKWX�67

�Ç��%]^_is`5e�5ab!±ÚBC6

7VY)�'(X�

��������
�������

v w	,xyQCcD^ú�d�±ÚBC;æs�

 Í��5RS���Z[ �ef�w	,xê�

-����Ä!ÅÆVX�X�



(1) �q
� _N 18òb\èÕV�t�DüO 30ppm�$V
�¿>ÆvôÅN:¥�
�4 5 '{\¢U 6 üó
EF�ql�����pq¿ÇÆ�ÕÊOP

ñ¾Ø$56�½ô1 '{�����µ6UyD
GTñB@�TôEF�qlpq½��µ\pq�

T®duv#$ô12uØ��LÇ@A¿�Huv

£y£ÊtýBô_N 19òb½Ê¦¯\ÅSvô
�-37 I>g�>l�����pq¿>£ô�
��Y�Ø�DüO\úSvô�=��Oô§¨D

¿IúuvOPñ¾Ø$56¿ÇÆ�Õ

¦¯½ô�4pqJ3200K4004T 16 L¶$½
sB@ô\b 40�\Z��U^°±í34 íô� 200
���<4t�Á�D�I><í34 íô� 200 �
��<4��N?@^Õ�-37 ½.BTñS^]�
\MBz¿¶$}u�há�Ô^ÕpqJ½�j

k¿�+uvN~r\ 1 zÞ 20 ËO�°±tYÛ
»¿b�$�^Õ

�ípq�½ôPªQV�È67RSTUV

]ýBjó)Ë���T.ôW5
3üzKbï 3%
¿�Z�^��4\¶��gDKI>�>|Õuô

H��Ý�KÁ�>��gDK35 �D4\XS�
ØÕYªQV�¿Zõ[ÝgDÔò�ÔÛzu

�DüOKbT 30ppm\y^]�5¯u�ØÕ
\ªQV�\JKb�=��O�335%4¿wcú
Sv�=��OKb 150ppm \5þu�ØÕ]§
¨D�GX¦¯31�3ppm ï 20 ���</z4�±
Øµ\ùú?@^Ø�Ô^Õ�DüOV�i�

D
Þ½V�i¢ëYc\Ø^7�^Tï 1��
ÔÆ�Õ|)\�=��O�D
Þ½ï���Ô

Æ�Õ§¨DV�i�D
Þ½34 30)\]^t 6
_abt?.ô§¨D�GX¦¯ýB 5m abÏ
>�¿>Æv°±í\�°Ë�3���BýB4uô

�D�I><í\`0B��H\]Æva?@ô×

@�^Þ\§¨DKb½ 0.5ppm ab\[�uv£
�Õ

(2) �q��
� _N 19 ò 6 ó 1 ��11 ó 30 �Þôï 6 üó
ÞbÔØy.±Ø����pq¿Ç�ÊtTbó

�ÕÊÞ\ 5 Ë�u£cQV�t��u�Õ
�-38 \ 6 üó/��+,¿��ÕÊÊ�ô�4
' A�D ½A@d@ô:¥�
�4�Iâô:¥�

ef�4J�g���âô:¥�
ef�4�I

âô²�Iâ:¥�
ef�4�Ô^ÕZ�háT

6U£h\ôpq�t�4ÄoþÜ ½ô�=�

�O Dô�DüO Dô�=��O Cô�DüO Cô
�=��O Aô�DüO A �Ô^ÕÊ@t�-39 
DGc\½i�jrTÔ^Õ

DG��

� �¦pq´½pq���öªÔÂck\]^p

��������	
��������

qJ�çÖcln¿Ç�~���Lu�Õ�-39
\DGc/�¢¾3g/m24¿��ÕÊÊ�ôpqJ

��\½��î�¿�+�^1×TÔ^ÕÊÊ�

£�DG½��D-\]^Ø�y.Öc3ªb4

\]^Ø�Ô^Õ

?zm�¢¾½��¢�Üs¢¾�Ô$ôn¢

¢¾TER@v£y£ÕuýuyTBzÂDG

c\½n¢ØER@v£^Õ

?�¦pqJ��rs¢�>��D¦T�¦�

�?ï 300!m �¦¿ÇÆv£^Õ)~ô��r
s}n¢�>��D¦½���? 500�700!m
ab�£�¦¿ÇÆv£^��ô�DK3YÛ

i4DGc½ôÊn¢ýB VOC íb©T
8tµt�SB@^Õy#ôn¢�>��D¦�

¦½ A�D pvô|��4�ÇÆv£^��ôD
Gcìro\6Uypq½y.ôªQV�ÓYÛ

it��3DGcr4\#£vpq¿�¢Õ

Ê@¿sù�@; AôD ½§¨DtªQV��|
�.B£�bc�ôBôC ½§¨D~T(.�
sbuv£^Õ�=��O#]}�DüO��4�

bT6U£'{TÔ^T3���?\OP�^¿X

�½y.4Z¼��tuv�¼\OPuy£ot

�SB@^Tô�4�¢Tt<t<uv#$3pq

����¦pqJEuhá�½�¢\vT7ö

uå@^tvT½.há4ô�D��D�
we©

xeT�SB@^Õ

� �¦�D��D�Ó PSPC3����gDK�¦
���@4pq\#£v½ô���?���?@

^T�-16 t�-40 \ô�¦��t 6 �ó/��
���?�lo¿��Õ�-16 |}�-40 i 1
½§¨Dô2 ½�=��Oô3 ½�DüOô4 ½ªQ
V�ô5 ½YÛi�Ô^Õ�ç¿!�v�lyr

pqJ

°±í

�D�I><í
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�Û������

��� A ��� B ��� C ��� D
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����� ���������	�

��� ��� ��� ��� ��� � 	 
 ���
� 269 290 276 264 275 A-1 270 279 289 279
	 269 300 243 253 266 A-2 283 282 268 277

 281 293 242 260 254 A-3 222 248 235 235
� 292 292 286 280 277 A-4 270 278 257 268
� 301 312 242 282 303 A-5 287 271 281 280

��� 282 297 258 268 275 B-1 297 280 279 285
B-1 B-2 B-3 B-4 B-5 B-2 310 258 262 277

� 274 322 348 278 287 B-3 317 279 302 299
	 265 335 324 297 301 B-4 287 261 278 275

 307 259 306 287 268 B-5 290 265 249 268
� 259 265 253 265 253 C-1 262 266 245 258
� 254 246 240 283 252 C-2 241 258 243 247

��� 272 285 294 282 272 C-3 218 214 187 207
C-1 C-2 C-3 C-4 C-5 C-4 217 237 202 219

� 235 240 228 206 207 C-5 216 223 215 218
	 258 260 201 201 208 D-1 371 373 414 386

 262 241 228 223 216 D-2 407 303 360 357
� 246 235 204 223 201 D-3 337 396 355 363
� 249 246 213 212 199 D-4 385 422 412 406

��� 250 244 215 213 206 D-5 400 385 312 365
D-1 D-2 D-3 D-4 D-5

� 355 367 349 371 351
	 386 377 366 403 346

 367 404 433 372 373
� 292 414 400 389 398
� 313 394 419 325 372

��� 343 391 393 372 368

������ �����������
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����� ���	
������� �������

\�	y£abÅ��Ô^TôÖcÅ��y��

DG���6U.DGuv£� D �DüOt�

=��O\ÓÓ¢py���?DTñB@�Øô

D ½�ç\�Å��T6U£��ô��\]^DG

��\½��TÔ^Õ

��d?

�-41 \���U½Tupq��¿��Õ�i
z{P½ 5 ó 29 �ôY½ 12 ó 4 �Q>g�
Ô^Õ�4' A �½�V�OP���dbT6U
.yÆv£^TôÊ@½ô��.\�zTßàuv

£.�a��$Å�\]$©�T�Çu�Øt�

S^Õ��db½ 6 üó�J>pq� 5MPa Ô
@;|zt�Ü@v#$ôCôD �½ô���Y©

ú}~\ìÜB2|zyo¿ZÆv£^Õ

(3) ��
PSPC �½ô180 �Þpq\]$ô>Å315 ò

ab4����¿��u]�t�^Ø�ô��

��gDK@A¿�Hu� 5'{���TMn?
@v£^TôA��ty^½ 35�V��Ô^Õ
�pq��Y�OP\½ôPSPC ¿º�\uvô
]$
��yî�tuô40�tMnuôPSPC ]
�\\b��K<ô\b�t]�y¶,½ýs2

\��y°±pq�½Ô^Øô6 üóÞ±Ø
LO\]$�T��?@���\ruv��Y

�OP¿uBT�Õ���@;>Å315 òab4
ÞOP¿*�ñ¾Ø^ÊtT��t�Sv£^Õ

A���Ô^Tô)�\ô�	�i��Y�½


Þ/�ttØ\A��TàÜ@v£.Õ��

Y�'{\Ø]^Tô180 �°±pq½��
)Xz\Ø�À�^ÕfS;ô�DüOV�i�

DÅ½î�3V�i¢ëY\]$��?@^Õ6

7RSTUV]�V��½ 1 �4t�=��O
���1 �\��uv>£Tô�\����MV¿
ò 10 Ët�@;òÞ� 10 �abOPôrÆv
180 �pq½ 18 òÞMV\�À�^Õ§¨D
\�Æv½ô�DÅ½ 5 _�.3�pq�½ 6sec
ab4t?@v#$ô180 �t£�°±
Þ½ýy
$�������¿Ç�Êtty^Õ3�Üô\V

�\]$�u����OPØ���^1×TÔ

^ÊtýBô180 �pqÅÞ½1×�Ô^Õ¸

§¨D¿Ë��^�½y.ôwÀy�Dg>�<

�Ë��^~�Ø�SB@^TôR2½|)î�\

]$��¿ÇÆ�4Õ�Ýô180 ��DGT 15%\
|��>�ØÔÆ�Tô��y 180 ��½².ô15
òd\|���pqt£�Êt¿sù�@;ô�D

üOô�=��Oô§¨D 3 '{���Y�\
]^OP½ô�4'\]ÆvOP�£TÔ^Ø

3���¢°¡\tXRÆv#$4��µy�

çZ¼���OP½A@¿X6U£Ø�½y£

t���^Õuýuô§¨D\¢£v½�D
ÞT

?£��ô[Kbhá�OP56\yÆv#$ô

����gDK\Ë��^��\#£v½Ëp¿×

�^t�SB@^Õ

����������� !"#$%&'()*+,-.

��

� 2 ���<Ð��¬\��Y�¿©úu�è
ÕV�¿�@ô�¦pqJ¿°±uvª�uOP¿

5T�Õ��Y�KbMn\¢£v½��\�T^

]�\Kb¿Mnu�Õ

1) �DüO=�����
üOKb½ 2mg/L(Lloy’d Resister,Ballast Water 
Treatment Technology)\Mn�^Õ

��������
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1 2 1 2 1 2 1 2

3 4 5 6
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��������	 50mg/L
�� 5mg/L���
�GESAMP-BWWG3/9,ANNEX7��
����������

NaClO=Na:23.0+Cl:35.5+O:16=74.5
���������� 12%���������� 
!"#$���%&	

12(%)'35.5(74.5=5.71% �) *

��� 2mg/L,2000ml ��+, +	 5.7%�� xL
-.#2000mL +, -#
0.0571'x=2000'0.000002 
x=0.07mL
12%��������������/5.7%�� 70
0L -.#12�345 2000mL +, *

2) 6�789:�;<=: K�
� David Wright, The use of SeakleenR as a 
treatment for Ballast tank�8:<>?@��A.
2.0mg/L BCDEF�GH�I -) *$J+K
�5L 2.0mg/L -M5NO�PQ*
3.0mg �-.#2,000mL -, *

3) RS�

RS�(peroxyacetic acid):[TU/VWXYZ[X
Y\]^_ Wikipedia] 
`ab CH3C(=O)OOH �c RS�#def

76.05# gh 0.1i#jh 35k36i#l mn/op
9qr�s2�#110i�t
#Rupv:��w
-K*PAA -x�J *y�z{S�|B) �}*l
~��-M5���/

RS�	C�~��-M5���J#6%��B��
�8�-�Q��n����J5� *�+���

��D�#~�+ 0.2%-0.3%�%&���"J *
�-���5���#��#��#�8p�+�M

�p<p�p7��-��!�J� �EF�`,

B#�p<p�p7��-¡�#¢}+�, £¤

a¥�¦p§>a#¨©ª�B«�*d��¬	

S�#R�X2��#R�X2�	®¯°+2-�

�+d��J ±²#N³°+�´µ¶�) *

l RS�	#·¸�+¹c�J ��+LºE�)

.#�p<p�p7��#»p��p7��#��

��������#R�X2�--L+¼½¾¿À

Á (WHO)B·¸��~��-M5ÂÃ, L��
w-K-ÄÅ5� *

ºÀÆ¬dÇ��È�/

ºÀÆ¬�dÇ�	#�X�-M5É��J *Ê

{�ËÆ	R�X2�-µ2S�!"ÌÍ�
��

5�� B#Î&�Ï�L�	ÐÑ°+t
aB

) -�J#ÒÓ�) *ÔÕ�Ö°+	ÒÓa�

«�6<×ØØRÙÚÛ� (mCPBA)��� ÜI
�) *

RS�+	��AQÄÝ��B) *

Þß×�:[�8à MEPC54/2/12] 
l PERACLEAN OCEAN 	��á�!"Ä �â

âA��%&�/l

ãlPeracetic acid(PAA)[79-210-0] 
  H3C-C(=O)-0-OH        14-ä17%
ã Hydrogen peroxidel R�X2�[7722-84-1] 
  H-O-O-H               13-ä15%
ã Acetic acid S� [64-19-7] 
  CH3-COOH              24-ä29%
ã Water 2
l H2O                   ä39-49%

Peracetic acid 	åa³�).#��æ�çß
��2Í^_Ìèé5±ê�Í+R�X2�2-ë

°ìí+Ä *Peracetic acid 	îïÄðÈñ>�
�	Ä�Bò��X��) * PERACLEAN 
OCEAN 	 UN No.3109#ºÀX�X<8ó F#
�}#dô 5.2� IMDG Codec+õö�J5� *

RS�[÷øùúXYûbZü]
RS�l l (CAS No.79-21-0)  36k42% 
S�l l l (CAS No.64-19-7)  38k45% 
R�X2�(CAS No.7722-84-1)  4k6% 
ýd	2

RS�[6p×ûbZü]
RS�l l (CAS No.79-21-0)  40% 
S�l l l (CAS No.64-19-7)  57% 
R�X2�(CAS No.7722-84-1) 3% 

�8à� PERACLEAN �çß��2þ�+â�
 ��®���f	��-â.�) *

RS� CH3-CO-OOH 23mg/L#R�X2�l H2O2

21mg/L#S� CH3-CO2H   38mg/L -ÄÅ5� *
��M±RS��Ý��	

RS�l l l l l 36k42%  �39.0%
S�l l l l l l 38k45%  �41.5%
R�X2�l l l 4k6%l �5%
2ýdl l l l l l l l l l l 14.5%
�) *RS�%&� 23mg/L +M5NO�PQ-
, *$���� xmL -.#12��J5#23mg/L
�� 2000mL ¤ -, *
�'0.39=0.000023'2000 
x=0.118mL 
��M±RS��Ý��� 0.118mL -.#12��
J5 2,000mL -, *

4) 	�X���ËÆ�
�XYÝ�a����2

��;9�>×��

$�ËÆ ClO2%&� 2mg/L +, *
ºE ClO2%&B 1000ppm �) *��� Cl - O2

-	�+ 1,000ppm �) *�
$��� xmL -.12� 2,000mL +, -#
0.001000'x=0.000002'2,000
x=4.0mL
�;9�>× 4.0mL ��.#12�345

2000mL -, *



5) ��������	
�������	��

���

����� ClO2��� 2mg/L � !"
NaClO2=Na:23.0+Cl:35.5+O:16#2=90.5 
��������	 6.7%$%!�$&'����
��(

6.7(%)#(35.5+16#2))90.5=5.00%
��*� xmL �+�� 2mg/L �,*- !-(
x#0.0500=0.000002#2,000mL 
x=0.08(mL)
��������	*���	����� 0.08mL
�+&./�012 2,000mL - !"

(1) 3456
7 89./-:;��/<=>�?0@A*�34

/�@A"BC@A:;��/<=>(DE��F

+"

1)G��������	
2ppm HI�
2)JK�(23ppm HI)
3)LMNO K
2ppm HI�
4)��������	(2ppm HI)
5)'���(2ppm HI)
7

34P(QOR�STU;VWX�EY+@AZ

[-&\Y+�@2]^_`abcdYe� 1 fY
+$ 250gm hi-j!kl-@Am�BC@A"
no34(&p:;��<=>�?0@A89./

� 1.5LqrAst 2.0L�u;�sv 1w-xy3
4P 1 z�qr2{|@&sv� 25}�/~��-
qr20�@2��A"34����-42 -� "
Y�34P��-43 -� "

(2) ����
34��-Y���� FT-IR �����&���

��]���!"��(34P 1 z-xy 3 w�
�l"34��34P(�/
/�/�$���<

=/��@A���/$��@&50}���~��
$ 48  ¡¢£@A�¤b¥XM¦$§�¨©@A
��� !"

(3) 34ª«
7 �� 25}$¬ 50 �no34���A"34P
�f®@2�����@A�¢£@&DE���-

x�2��A"

1)Y����¯°
7 34��Y���-&]±²³±j´�µ¶·j

](¸¹ºrj»�A"

2)Y���¼½
7 34¾¡-F�2&FT-IR ���¿R�À-ÁÂ
j](Ãºrj»�A"G����ÄÅ^mÆ�

?0@A89./$no34���A34P�&n

o��� FT-IR�¿R�À�ª«��-44Ç�-48-
� "

(4) È°
34¾¡�É¾$%+&ÁÂj](Ãºrj»

�A"ÊyËyÌ¾�no34�Í��·-Y�

�]��Î !Ï�$%!"

7

7

7

7

7

7

7

� E�� ���ì��³´GH�

7

� E%� üý³´��

7

7

7

7

7

7

7

7

7

7

7

7

7
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°±�

°±�

°±�

°±�

l i 
・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・+・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・+・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・+・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・+・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・．令．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．．

i i i i l 
! l l l l 

i▲ i i 

ヘ ロい
・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・+・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・+・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・+・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・ 
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＇ ふ •9
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v##]A�	¶·¿��y�¤\]$¸¹u�Õ

5t tonK���< >������	\1×y
[¼©\]^¥4¶·¿ô�������ô��


Þ<��H\]^�	ô��	\¢£v¸¹u�Õ

¦I\¢£v½�DüO=�	¿[�ftuv�%

¿�¤u�ÕÊÊ��������
>�D
Þ

<�½ 20,000 ton �¿Y\uvýBË��^�
�ô40,000 ton �¿�§ 23 m �Ëa��^Ø
tuv�¤u�Õ¥DÔD¦�<>3�I>�<>4

�½ 95%���� 20,000 tonK3 Ë¨60,000 ton
�ô99%���½ 20,000 tonK4.6 Ë=92,000 ton
�¿¶�Øtu�Õ��
Þ<��H�	½ 45
m �§ßà 32)tu�Õú��	½ 20,000 ton 
�¿ 11�ýB 45�33©\ú��^Øtuv�¤u

�Õ�

�

�	~�9×[¼©�¤f

(1) �������Pþ
?
>�D
Þ<È

� ����� 20,000ton ¿)Ë���^Õ¥DH
b¼½ª«¬½ô

ªÈ�ªb 1,000kg/m3

QÈ¥DHUbuc 600m3/h
HÈ�§ 23m 
ªQH=1.38K107kgm/h=3.83kgm/s=37.5kW
31kgm/s=9.8W4ty^Õ
¥DHb¼TÊK��Pþô�>g>[¼½

65kW ØT>%?@v£^Õ
20,000m3®600m3/h=33.3h 
65kWK33.3=2.1K103kWh 
2.1K103kwhK2 ¿¨4.2K103kWh3Y\uvýB
Ë��^��\ 2 ¿4:;<=>T1×ty^Õ

?�I>�<>3±Øµ\�¿¶$~oyTBa

�uv���^4È

� ¸\`)\Æþ?@v£^t�n�^tôKb C
tgDK¬c Q0t���c Q ì²½ô

0Q
Q

eC
�

�
ty^Õ 95%��t�^t C=0.05 �¯�Ëî
Q/Q0=3 ty^Õ
99%��t�^tôC=0.01 � Q/Q0=4.6 ty^Õ
rÆv 95%Ú��½ 2.1K 103kWhK 3=6.3K
103kWh [¼T1×ty$ô
� 99%Ú��½ 2.1K103kWhK4.6=9.7K103kWh
[¼T1×ty^Õ

(2) ��
Þ<��H�	
� ��
Þ<��H�	Pþßà�§½

45m35)�Ô^ýBô

ªQH=2.7K107kgm/h=74kW 
74.4kWK33.3h=2.5K103kWh 
¥DH?�>g>	¤¿ 57%tuvô
2.5K103kwh®0.57=4.4K103kwh [¼T1×t
y^Õ

(3) ú��	
� ú��	�½ô20,000m3�¿ 11�ýB 45�\
ú�u�Pþ�cýB1×y:;<=>¿y��Õ

20,000m3K(45�-11�)=6.8K10¯kcal 
                     =7.9K105kWh 
3 45 � t 11� ½ Makoto Yoshida B 36 4 

ON-BOARD OBSERVATIONS OF 
PHYTOPLANKTON VIABILITY IN SHIP’ 
BALLAST TANKS UNDER CRITICAL LIGHT 
AND TEMPERATURE CONDITIONS ýB�nu
�Õ4

P>g>ì²	¤¿ 50%tuv
7.9K105kwh®0.5=1.6K106kWh [¼T1×ty
^Õ

(4) ¦°�	
� �$Y�>%½ëì(IMO)noT£^ÕÊÊ
�½�\üO¿>%�^Pþ¿¸¹uvo^ÕfS

;ô�+�±�üO½ 1L \ 0.1mg �01×�Ô
^��ô

20,000tonK10-7=2kg üOT1%ty^Õ
�DüO=����>� NaClO¿%£^t�^tô
NaClO=(Na:23.0+Cl:35.5+O:16)=74.5 �Ô^ýBô
2.0kgK(74.5/35.5)=4.2kg �DüO=�����
T1×ty^Õ

²³?@v£^�DüO=�������C½

20kg ¥�´� 2,200 ÛôÊ��Ci¢	üO½
12%�Ô^��ô¥�gDKît�%½ôA@d
@ô2kg®(20kgK0.12)=0.833 ¥�´ô2,200 ÛK
0.833=1,832 Û�Ô^ÕV�½µ¶�TÔ^��ô
üO 20mg/L T1× 37)t�^tô���½Ê 200
¿abty^Õ

�	~���

�0 5t�DK���< >������
	~�\1×y[¼©¿���^t�-19 ]�\
y^Õ

������	¿��|}��j���	�^


¶·

��j��½ï 30 h�D�����¿�	�
^t�^Õ

Ê@¿ 5t�DK���I>�<>�����
���¿ 95%�^t�n�^tô��j��1×
y[¼½:

6.3K103kWhK
000,20
000,000,000,3 =9.6K108kWh  

3A ÖÉï 170,000ton4
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6.31103kwh1
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4.21103kwh2A 345

0.74ton6
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&() 95%
6.31103kwh2A 345

1.1ton6
!"#�$#%��


&() 99%
9.71103kwh2A 345

1.7ton6
>?@ABCD�78 4.41103kwh2A 345

0.77ton6
E78 1,6001103kwh2A 345

280ton6
FG78 HIJ1L C 0.1mg (&K

&LM)�N 1,800 O
HIJ1L C 0.2mg (PQ
RSLM)�N 3,700 O
HIJ1L C 0.7mg (&T
B#$LM)� 12,000 O
HIJ1L C 20mg2U&
VW6 �N 360,000 O

(A 34X )Y�Z[' 128.8g/PS\h ��]�)N
N

��� ����

N %��
&^5 _`.a� 30 =b�cdef
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