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=#�� �2 ��/)J�
/#���7 P�)Z �4 
K- ���/ $,  p�� .% #�� �4 1,"�� #/ mI �
�N'�� M�"�

�06�- I % 8J�/)7 ��2 g"J&J �4 15 #/ m!6.�� gA)�
8J�/)��8J�/)� ��
�)*	 ��
�)q)*	 ��
�)q)*	 % �
��4 ��"�*7 

)��)� ��D�� M�N ���&4($, ��/ .c: ����Q 1�.� =�2
$,�2� &2 �f�� �/,�� =G
���7 #/ P%�<6� �2��/ .����Q -

���7 $,�2� 1�.� &6."4 =�2 �*C&� 15 �� &6."4 =#����/ %
4&m-+.

F	G"�H�� ����	 ���B� 
&"'�� PW�"��
/,A l�4���7 �
 \�� &2 #/ &
�I�� % ,�6�2 

���&4$#/,�/ �4 ���5 =���&4 �*Z/ �
�"N"  % �
�"��7 =/8A/ 
��/� �"N2/ �\�� %KZ�C _
�6� #/��=#��#�4 =/&4 1/)J

c"S�K"-.J �&7 $��<6�/ ���7 �
 \�� .���&4=�2 PW�"� 
$�
% �4 &"'����"�# �� =K- =&"' �"N2/ #/ \����7 

�Z�: % KNC #/ �� �*9	 ��� �� � #�/ �4 l�� % ,��/��):&4 
\����7 g"�&J�6 /� �2,�/]����3 .[ ���&4 �)i�� �4

�� /,64/ &"'�� PW�"�!"�# #/ �9��A P�9��D� ��
�4 ����� 
=�2�/,:� �����&'� ���7=��k�2�� �=#��!"�# =�2 ��
�"N" 

��\�/� (�k�/ ��D�� �
/#���7 ��/)J % =��0� .M�"� &"'�� =�2
K- ���7 ���� �)*4 c�)J =�%,C �J �7 ,��/� ])�6� =�2

�� M&6�7 1�48"�$#/,�/ !"�}N2 �,�) ���&4 �� ���5 ==�2
 !"4 �I)-�%&-"���J�>, ��.� 1%&-"� .�2�' % ��94/

&"'�� PW�"� �� �)A)� &6:� =�2#�	 g"7&J���&4 �4 =�2

\���� !""9J =��0�,�)  .$��� �&"'�� PW�"� &6."4 ��
=� 15 #/ mI % @5 �*Z/��/ GN� % !4&7,"�7/ .���&4 ��

��/ =��"�4 �"N2/ =/�/� 8"� g��L #�	 !""9J &"'�� PW�"� .
���7 M)*S� �
�"N"  g"7&J g"7&J �4 �N"�6�� F�fJ�/ �/�

J % ��/� ���� =�N'�� �
�"N"  ���� =�N'�� �
�"N"  g"7&
!"�# �"9?)� h��/&4 8"� @%; �.�� �� �7 =�/)� ])� ��6:��

�� @%; % �06�"�5 ,Z�� % l
/,A 1/8"� �@%; ,Z�� �,�) 
\���� &""XJ &"�� =�2,�7 .���7 M)*S� �
�"N"  g"7&J �/�
�� % ��: =�2,��0"� ��+&	 % �*Z/ �/)� =�/,9J K��  ,�/)J

 �4 =8*	 �/)� ,]��.[���7 M)*S� $�06��:�� �/� ,�/)J
, �4 $&"L % ��)'&'� ��SD� ��
�N'�� .c�)J $�06��: !
/

�)J%8
/ ���&4 ���&4 % 1H%�,"2 % 1�"�7/ �/,
�I =�2
�� ��.� &"'�� PW�"��)  .1��# &i� #/ &"'�� PW�"�

�� p"��J @;�7 �
)��� % �
)��� ��"�%/ $%&' �� �4 K"-.J ,�) 
 �7�'�
% U&9� @;�7 �
)��� % �"�%/ ])� , � �R PW�"� =�2

�
)��� ��/ �,�6�2 P&A��� =�2&"�� �7 ���0�2 $�
% �4 �2
p6�"� % M�"�!"�# @5 =�2 �, �4 &i� ,� $�/)0�� ���� 

,��/� �&4��7 .���7 �� �)A)� �
)��� % �"�%/ &"'�� PW�"� #/ % �2
�� �*R�44 ���5 �
����  =/&4 1/)J PW�"� ]/)�/ �:&

���7 �+)Nk� �"�.J �#�������7 !""9J % �$�
% �0����7 =�2
�C/)��6 /� /� 87&NJ !
&6."4 PW�"� !
/ ���5 �� �7 =/ % ,�/

l"I % �f��S� g"�&J =/&4 ��� % ��.	 ,+��� c
/&  ��"4
 �&7 $��<6�/]��[.�� �W)N9� ��
�)q)*	 �8J�/)7 �*Z/ ���7 $�

�"�*7 ��"��2 % #�I)J ��
��4 ��
&��<�/ ��"�)�%� ��"J�I5 �
��
&6"��7&"'�� =�2 M�"�$,  ~�/8' ��/ ]��[.

�9&I��/)J �
/#���7 ��7�=#�� �� �
�)*	$)7,"<� .
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,*A��$��N  �����4 ��3�Y ���7 % =#����)'&'��"� ���� PW �� K"V.J,"<� $)7 �
�)*	 �����7. . .���

�l2%�I !
/ ��PW�"��'�
% h�j�/ &j4 =�j2 \�� -
O�jJ/ =��� �� =��0�)°C ��(%�jq/�/ =�j2��"9� h�j�/ &j4 

$,j #,j�)�
� % !
�6j /,*' ���%� cj�)J ]�Y��T[$��=,�4 
,j ,�.�a&'/PW�"�K-j  �j4 =�2 ])jj�6�$,
��jj� -

K-jj  �jj�% ^,�)jj �� �)jj*4 �jj<�� =�2 PW�"� �jj	�

�jj�/ M%/,jj6� �jj
�)*	 ���jj7 �� $,jj .PW�"� �$,".7 

8"��4$�
%���7 �� 8J�/)j7 % �j
��4 =�j2%��/� �)A .,2/) 
G
��4 �� 8"� �.� % �', PW�"�$,j
� ���) .�-���a 

K- ,  �6<' &"'�� PW�"� c�)J =�%,C �J % $�)4 ])�6�
�� M&6�7 1�48"� ���7 ���� �)*4�)  .PW�"� �"��2 ��

 ,�&"04 �): �4 /� 1�48"� ���7 �<�� !
�)*4 K- ��/ !-N�
 �
pi� �4 P,  �4,� �4 !�I %.�����7 =�2�I �6�� �4
!"

P��4&7 ,���� �@): |� �4 =�2 =#)�|�$�/)
� �=�2 PW�"�
�6	�
 �9�)J 1�48"� ���7 |� �)D� M)R �� g*L/,�/ .K- -

=�2 K-  �NX*  % =%&7 8"�,�6�2 _
/� 8J�/)7 �� $�
% �4 .
���C ���7&"'�� PW�"� ��)� ��J % =/&6."4���7 �� 2=�

�� �9�)J �"J�I5 ,���� =�).�� % $,".7,�4�
 ]��.[PW�"� 
$,2�j.� @;�7 �
)��� % �
)��� ��"�%/ K- �� �4 ���7 ^,�) 

�j4 _
�6� 1�)4 ���� #/ 1��"NR/ =/&4�j�� �$,j�5 (�jNJ
$#/,j�/=&"'&j4 �jj2 �JW�"�=/�/� �jj7 ,j  (�jjk�/ 

=/&4 (#W =�2��"9�PW�"��"�%/ ]�Y[,j��)4.��)� ��D�� �� 
����&4��)N� �7 ,  � /�&4 �
�)*	 U�<  % �)*4 � �� =�2
 ���5 �� ]/)�/PW�"��
�)*	 �����7 $)7,"<� #�	 GJ P�)Z �4

 M�"� #/ ��L)L(���4 #/ ��L #�	 GJ)V(=#�	 %� %)L+V (
�� $,
��)  .=#�	 %� PW�"�)L+V ( $#/,�/ % &6."4 ��/%/&	

6'�84,��/� &"'�� PW�"� &
�� �4 �f�� &.!
&6."4 ���5 M)R
 �4µm ����,��)K- �(.

&6."4 PW�"� #/ &6-a)7 �/>�*"� &6�)�>>1%&-"� (
K4�? g���� =�)� �)-�%&-"� G
 GN7 �4 ���J % ,�6�2

$,2�.�,�/ .$#/,�/ M)N9� =���5 �����&4=�2 �I)-�%&-"� 
!"4��J�>/ ��/ 1%&-"� ��PW�"� #/ &6-a)7 �1%&-"� 

��/� �)A% 8"� .&<C !
/$�2�N6C/ 8
� �*": �WG
 #/ �.�4 
,�
/&	�6�)"I l2�7 �9"fR $#/,�/ =PW�"� �4 1,"�� �J 

�D�� ��� G
 ��94/,�6�2 !
�)*4 �-f  �� ,C/% =/ ]��[.��/ 
!"4 ��D�� �� ���5 $#/,�/ !
&6."4µmT����/ .PW�"� K- 

 &"'�� �� pi���� % $,".7 �J =)�"4 % =%&7 #/ ��D�� ��
 &""XJ��/.

�� �"�%/ &"'�� PW�"� #/ �
)��� &"'�� PW�"� �*7 �)R �4
,��/� =&6-a)7 $#/,�/ ��D�� .��D�� �� �
)��� &"'�� PW�"�

 =#�	 %� P�)Z �4)L+V(#�' =�2#�	 GJ �)V(�
�� %)L(
�� $,
��)  .� #�' @�fC &D? $#/,�/ &"'�� PW�"� �µm ���

��/ .PW�"��
�� #�	 GJ)L(#�' %)V(���)N� �� 8" �2
�j7 ,  $�/� �"�.J ���&4 =/&4 =�2�k�����8
� g���� 

,��)f� .&D? % �&+ �M)R �K-  �g��L #�	 �&"'�� M�"� ])�
 M%,A �� PW�"����/ $,  �q/�/ .

�9& JE�/ :� #�	 ^�"�%/ &"'�� PW�"��
� )L(#�' #�	 �)V(�
)��� &"'�� PW�"� �)S(�@:�"�%/ &"'�� PW�"� )L+V (�
)��� &"'�� PW�"� %
)S(��:�
�� #�	 ^�"�%/ &"'�� PW�"� )L(���4 #�	 �)V(.

$��!,\��,"<� $)7 ��D�� �� &"'�� PW�"� =��0�.
��"H$��	 K��"�H�� ����	 K��L+�# ����9&$�2)µm(M"N)µm(
u�"�%/L+V L$,".7 �=%&7 �=)�"4>�-��3-�µm
��"�%/LL=%&7 �=)�"4>�-T�-�µm 
v�"�%/VV=)�"4 �$,".7>����-�µm 
x�
)���VV=%&7>3�-�µm 
t�
)���LL=%&7>3�-�µm 
��
)���L+V L$,".7 �=%&7>��-3µm 
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��)I !R% �=��45&{� �N"2/&4/ �$�/# |H�I ��Nq�?��)J�: �.
%�� 1/&
/ ����  ���7 % ���� �)*4 �*k� ���

�H�� ����	 ���& 1��O� � �PF	���"
���&4 =�2 &"'�� PW�"� ~%� #/ �-
 !"j"9J =/&j4 ,"<� =�2

 ��/ �����7 K"-.J =�j�� �j� �7 =��jj
# 1�j�"NR/ �j4 ,j�/)J
 �j��7 M�"j� =�)  �A�� % �
�"N"  g"7&J !"j"9J =/&j4 #�j�

 �)j  $��<6j�/ 8j"�]�����[.��j�4 @�jfC �f�j� �ja&2 �j4
 2/): &JW�4 1��6	/ (/� �4 =��� , �4 &6."4 �)4 ,.�j"9?/% !j
/

 #/ $��<6�/ h��/ &"'�� PW�"� 1/)�+ �4!"�#_�� , .
���&4=�2 % ��� !""9J =/&4 p�� � %� &"'�� PW�"� 

�M)*S� =�) $�06��: �� �
�"N" )-
8"	 P/&""XJ % 15 
��/ M�"� K��-J ]��.[���7 M)*S� =��� �4 �/�$�06��: 
��/� �06�4 M)*S� .�7 �JW�"�$�06��: =��� �,��/� �
�N'�� 

,��/� �
W�4 �4 1,  F)*�� % =;)<� $�)J #/ 1,  �%� �4 %
@5���7 M)*S� =��� =)A =�2�� l2�7 P,  �4 �/�,4�
 .

#/ /� M)*S� =������&4�)J%8
/ % &"'�� PW�"� �/,
�I =�2
�� 1/)J �&7 !""9J!rND� &"'�� PW�"� �k����� �7 !
&J

��/ ~%� ]��.[/8"��� 8"� M)*S� =�)  1#/ ,�/)J�/>%�J
�> %, �4 &"X6� .�
�N'�� M)*S� �4 F)4&� =�)  !
&6."4
��/ .����&'� &"��J �SJ =&"	�)I &
�:; �� �7 �
�2 p"�6��

M)*S��� ��k
/ �
�N'�� =�2 #/ l"4 =�)  �,�) �>%�,��/�
���C ��p7 �7 �i*L !
&JNaCl �4��&' =�2�����7 �4 F)4&� 

/@5 �7 ��l"4 ��"�#&
# =�2 ���5 K"-.J �� /� l�� !
&J
$�)N� �<
/,�/ ]��.[���&4=�2 ��)� ��D�� �� �k����� 

���&4 &4 &"'�� PW�"� #/ $��<6�/ �4����7 #/ ��)N� =�2
�	&' P�)Z �
�)*	 .M%,A ����c�)6�$�/� =�2!"�#-

��k����� % =�)  ���0a��)N� ��)� =�2���&4/�/ $,  �q -
K- �� % ��/Y=�2�/�)N� ��)6� !0N2 =��� ��/%/&	 

&"'�� PW�"� 1, )Th(K- �� % =�)  %T�/�)N� 
�',  !0N2 =��� �',�7/&I ���)� ��D�� �� =�)  ���&4 

(&� #/ $��<6�/ �4 �/8	/Spss ��/ $,  p��.

$��!5$�/� c�)6�!"�# =�2� ]/)�/ ���0a % =�)  ��k�����,"<� $)7 �
�)*	 &"'�� PW�".
Density Salinity (wt%) TFM 

0C
TM
0C

TM(L-V)
0C

])� &"'�� PW�"� �
�"	/&XA M)R �
�"	/&XA �&+ ��)N� 
���/> 3>/� ��/��� 3�/3� ��Y L+V �"�%/ �/�T ��3� Y/�T ���> K3

_ _ _ _ ��� L �"�%/ �/�T ��3� Y/�T ���> K4

���/> 3�/� T3/3Y� 33/3� ��� V �"�%/ 3/�T ��3� �/�T ���> K6

_ _ _ _ 3/��� V �
)��� T/�Y ��3� �/�� ���> K7

_ _ _ _ �/��� V �
)��� �/�Y ��3� �/�T ���> K11

���/> Y3/� T�/��� ��/3� �/��� L �
)��� �/�� ��3� �/�T ���> K12

���/> YY/� ��� �/3� 3�/��� L+V �
)��� �/�� ��3� �/�T ���> K19

�9& QE�/ :�/�)N� =���!0N2 �&"'�� PW�"� �', @:&"'�� PW�"� =�)  �/�)N�.
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,*A��$��N  �����4 ��3�Y ���7 % =#����)'&'��"� ���� PW �� K"V.J,"<� $)7 �
�)*	 �����7. . .��Y

�9&R=�)  �',�7/&I �/�)N��,"<� $)7 �
�)*	 &"'�� PW�"� �',  !0N2 =��� .

p7 ����&4 ��)� ��D�� �� 1,  !0N2 K"-.J =��� !
&J
 �
�)*	 ���7 &4 M�"�����6��� �A�� l"4 % �/&' =��� !
&J

M�"� 1,  !0N2 K"-.J�T>�6��� �A�� ��/ �/&' .=/&4
��)N� &"'�� PW�"� �� =�)  ,Z�� !""9J ���&4 ��)� =�2

,  $��<6�/ l
��&� ~%� #/ .�J &"'�� M�"� /,64/ ~%� !
/ ��
 =����>��� �&� �/&' �6��� �A�� �
 K��7 �)R �4 �J �) 

m�� % ,�84 /� �i<S� =��� ��4�� % �6�25 ,�%� G
 �4 
�� l
/8	/�)  K"-.J $��4%� M�"� $&D? !"�%/ �J ,�2� .=���

 $&D? !"�%/ K"-.J % �J/�,"2 p
,�%&*7 @%; ]%& Tfm 
�� $,"����)  .�� l2�7 �
 P�9D? ���� l
/8	/ �4 �7 ,4�


�� @%� �
 �9D? !
&:5 15 �� �7 �
��� �) Tm4 % ��/� (�� �
#/ $��<6�/Tm%TfmGN� ])� �=#/,0N2 �D�� =��� �
 %=�2

 #/ $��<6�/ �4 % M�"� �� �)A)�Tm�� /� =�)  ,Z�� �4 1/)J
��%5 ��� .�/8	/ (&� #/ $��<6�/ �4 PW�"� ���0a % =�) 

Flincor��/ $,  �f��S� .
��� =�2�/�)N� ���&4 �4=!0N2 �� �=�)  % �',  1/)J

�'� �7 �<'=�2 !"
�I =��� �� �9��D� ��)� ��D�� �
�)*	 
)!"0��"� �)R �4��T�6��� �A���/&' (!"
�I =�)  %)�)R �4

 !"0��"��%��(%��� % =�)  �7 �k�5 #/ % ��/ $,  K"-.J
 ��
��� % P�f��S� !
/ #/ ���/� M�"� ])� �4 �N"�6�� F�fJ�/

�7 �4 $,�5 ��,4 _
�6� �-
�8� % �2�����7 ]/)�/ �4 =�2����
�
��&'/&	 �!"�a �k"6���#/ W�N6C/ �
�N'�� M)*S� �7 �) 

 ])���/ �
��&'/&	 .=�2�����7�
��&'/&	 /,64/
�2�����7 �4 �
�6<'���"��9	 �4 F)4&� �4��&' �"��9	 �k"6� �� �7 �) 

1�.	 lJ5� % p7 `N+ �� % �2=���� K"-.J p7 % �) 
�=�� #/ 15 �>�J�>>X6� �A�� &""��/ .��� �6f�/ �J �
�2

3>> M)N9� 8"� �A�� ��/]��.[$#/,�/ =�)  �� $,  =&"'

 =�2�����7 $�%,S��
��&'/&	)�%��>(%�� �/&? $%o+ ��&"'
 15 &4���&4=�2�� 1�.� 8"� &"'�� PW�"� �k����� ,2�

$&6�' �� �����7 K"-.J =��� �7 =�2�����7 =�
��&'/&	 �/&? 
��/� .��/ \�25 =�2�����7 &
�� �4 ��
��� �� 15 �
��� 

�
��&'/&	 !"
�I��/1�N6:�� �4 F)4&� �15 K"�� �7 =�2
�06�-  % #�� ��*�'���7 M�"� l
�N"I ��
# �*Z�	 % �2 #��

@5 �4 �06�"�5 !"�}N2 % =;)<� $�)J KS� #/ =)A �&� =�2
 #/ �7 ��/=�2�/,:�c"S� �� _
/� =�2�
��&'/&	 ���/ 

=�)  �',�7/&I �/�)N��!0N2 =��� �� 1�.� 8"� �',  ,2�
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