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���-�|�t�-�0���P�!�‘�•�•�–�0�Q�J�0�-�v�;�7���v�1�u�b�r�|�v���o�=���|�_�;���<���1�†�|�;��Calanus���r�-�1�h�-�]�;�=���ˆ�;�u�v�b�o�m��

�•�:�•���P���-�]�;�u���;�|���-�t�:�7 �‘�•�•�•�Q���o�=���|�_�;�����†�b�t�7���+�o�†�u�����‰�m�����o�7�;�t���P���+�����Q���r�t�-�|�=�o�u�l��

�P�_�|�|�r�v�9�F�F�‰�‰�‰�:�7�;�0�|�o�Š�:�b�m�=�o�F�0�‹�o�l�:�_�|�l�t�Q�:�� �$�_�;�� �r�-�u�;�m�|�� �|�b�v�v�†�;�� �1�o�m�1�;�m�|�u�-�J

tion Ctissue,p���Pμ�l�o�t���h�]ww
�´�•) in the organisms over time was described by 

�|�_�;���=�o�t�t�o�‰�b�m�]���o�u�7�b�m�-�u�‹���7�b�=�=�;�u�;�m�|�b�-�t���;�t�†�-�|�b�o�m�9

where Cwater�� �b�v�� �|�_�;�� �-�ˆ�;�u�-�]�;�� �l�;�7�b�†�l�� �1�o�m�1�;�m�|�u�-�|�b�o�m�� �Pμ�l�o�t�S���́ �•), the 

�†�r�|�-�h�;�� �u�-�|�;��ku� � � P� �� � � h� ]ww
�́ �• day�́ �•�Q�� �7�;�v�1�u�b�0�;�v�� �7�;�u�l�-�t�� �-�m�7�� �u�;�v�r�b�u�-�|�o�u�‹��

�†�r�|�-�h�;���-�m�7���|�_�;���;�t�b�l�b�m�-�|�b�o�m���u�-�|�;��ke���P�7�-�‹�́ �•) integrates the elimination 

�o�=���|�_�;���r�-�u�;�m�|���1�o�l�r�o�†�m�7���0�‹���-�1�|�b�ˆ�;���-�m�7���r�-�v�v�b�ˆ�;���;�Š�1�u�;�|�b�o�m���-�v���‰�;�t�t���-�v��

�0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m�:

�
�o�u���|�_�;���1�o�l�r�o�†�m�7�v���-�Œ�o�Š�‹�v�|�u�o�0�b�m�7���1�b�|�-�t�o�r�u�-�l�7���1�‹�r�u�o�7�b�m�b�t�7���7�b�1�t�o�=�;�m�-�1�7��

�|�;�0�†�1�o�m�-�Œ�o�t�;�� �-�m�7�� �|�;�u�0�†�|�u�‹�m�7�� �-�7�7�b�|�b�o�m�-�t�� �l�o�7�;�t�v�� �‰�b�|�_�� �-�m�� �b�l�r�t�;�l�;�m�|�-�J

�|�b�o�m���o�=���0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m���P�<�0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m���l�o�7�;�t�=�Q���-�v���b�m�7�;�r�;�m�7�;�m�|��

�;�t�b�l�b�m�-�|�b�o�m�� �r�u�o�1�;�v�v���‰�;�u�;�� �=�b�|�|�;�7�:���$�o�� �u�;�7�†�1�;�� �l�o�7�;�t�t�;�7�� �r�-�u�-�l�;�|�;�u�v�� �-�m�7��

�†�m�1�;�u�|�-�b�m�|�b�;�v�7�� �0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m�� �r�-�|�_�‰�-�‹�v���‰�;�u�;�� �v�b�l�r�t�b�=�b�;�7�� �0�‹�� �]�u�o�†�r�J

�b�m�]�� ���$���v�� �b�m�|�o�� �|�o�|�-�t�� �r�u�b�l�-�u�‹��Ctissue,m,1st and secondary Ctissue,m,2nd�� ���$����

�|�b�v�v�†�;���1�o�m�1�;�m�|�u�-�|�b�o�m�v���P�
�†���;�|���-�t�:�7 �‘�•�•�v�Q���‰�b�|�_���|�_�;���1�o�u�u�;�v�r�o�m�7�b�m�]���r�-�u�;�m�|��

�1�o�l�r�o�†�m�7���o�u�����$���� �-�v���r�u�;�1�†�u�v�o�u���u�;�v�r�;�1�|�b�ˆ�;�t�‹�:���$�_�;�u�;�0�‹���|�_�;�� �|�o�|�-�t�� �;�t�b�l�b�J

�m�-�|�b�o�m���o�=���|�_�;���r�-�u�;�m�|��ke���b�v���v�;�r�-�u�-�|�;�7���b�m�|�o���-�m���;�t�b�l�b�m�-�|�b�o�m���u�-�|�;���=�o�u���;�Š�1�u�;�J

tion k�;�7�r���P�7�-�‹�´�•�Q���-�m�7���-���u�-�|�;���=�o�u���r�u�b�l�-�u�‹���0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m��km,1st���P�7�-�‹�´�•). 

�"�;�1�o�m�7�-�u�‹�� �0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m�� �b�v�� �7�;�v�1�u�b�0�;�7�� �-�m�-�t�o�]�o�†�v�t�‹�� �†�v�b�m�]��km,2nd 

�P�7�-�‹�´�•�Q�:���
�†�u�|�_�;�u�l�o�u�;�7���;�t�b�l�b�m�-�|�b�o�m���u�-�|�;�v���=�o�u���|�_�;���r�u�b�l�-�u�‹��ke,1st���P�7�-�‹�´�•) and 

secondary ke,2nd���P�7�-�‹�´�•�Q�����$���v���-�u�;���b�m�|�u�o�7�†�1�;�7�:���$�_�;���=�b�u�v�|�J�o�u�7�;�u���o�u�7�b�m�-�u�‹��

�7�b�=�=�;�u�;�m�|�b�-�t���;�t�†�-�|�b�o�m�v���;�l�r�t�o�‹�;�7���b�m���|�_�;���l�o�7�;�t���-�u�;���7�;�v�1�u�b�0�;�7���-�v���=�o�t�t�o�‰�v�9

���-�u�;�m�|���1�o�l�r�o�†�m�7�9

���u�b�l�-�u�‹�����$���v�9

�"�;�1�o�m�7�-�u�‹�����$���v�9

���b�m�;�|�b�1�������
�v���P�����
�h�b�m�Q���‰�;�u�;���1�-�t�1�†�t�-�|�;�7���0�-�v�;�7���o�m���|�_�;���h�b�m�;�|�b�1���u�-�|�;�v�9

���7�7�b�|�b�o�m�-�t�t�‹�7���-�r�r�-�u�;�m�|���0�b�o�1�o�m�1�;�m�|�u�-�|�b�o�m���=�-�1�|�o�u�v���P���u�m�o�|���_�����o�0�-�v�7 2006) 

�-�=�|�;�u���‘�“�S�_���o�=���;�Š�r�o�v�†�u�;���P�����
24h�7�������h�]ww
�́ �•) were calculated as the ratio 

�0�;�|�‰�;�;�m�� �|�_�;�� �;�Š�r�;�u�b�l�;�m�|�-�t�� �7�;�|�;�u�l�b�m�;�7�� �-�ˆ�;�u�-�]�;�� �1�o�m�1�;�m�|�u�-�|�b�o�m�� �o�=�� �|�_�;��

�r�-�u�;�m�|�� �1�o�l�r�o�†�m�7���b�m���|�_�;�� �|�;�v�|�� �l�;�7�b�†�l�� �-�m�7���|�_�;�� �b�m�|�;�u�m�-�t�� �1�o�m�1�;�m�|�u�-�|�b�o�m��

�-�=�|�;�u���‘�“�S�_���PCtissue,p,���P�‘�“�_�Q, μ�l�o�t���h�]ww
�́ �•):

���t�t�� �l�o�7�;�t�� �r�-�u�-�l�;�|�;�u�v�� �‰�;�u�;�� �=�b�|�|�;�7�� �v�b�l�†�t�|�-�m�;�o�†�v�t�‹�� �|�o�� �|�_�;�� �l�;�-�v�†�u�;�7��

internal concentrations using the analytical solution according to 

���-�]�;�u���-�m�7�����v�_�-�†�;�u �P�‘�•�•�v). Data sets were weighted by the number 

�o�=���-�m�b�l�-�t�v���r�;�u���u�;�r�t�b�1�-�|�;�:���	�†�u�b�m�]���|�_�;���†�r�|�-�h�;���r�_�-�v�;�7���|�_�;���-�ˆ�;�u�-�]�;���l�;�-�J

sured medium concentration was used and medium concentrations 

�‰�;�u�;���v�;�|���|�o���Œ�;�u�o���7�†�u�b�m�]���|�_�;���;�t�b�l�b�m�-�|�b�o�m���r�_�-�v�;�7���‰�_�b�1�_���‰�-�v���1�o�m�=�b�u�l�;�7��

�0�‹�� �|�_�;�� �1�_�;�l�b�1�-�t�� �-�m�-�t�‹�v�b�v�:�� ���;�v�|�J�=�b�|�� �r�-�u�-�l�;�|�;�u�v�� �-�m�7�� �–�”�w�� �1�o�m�=�b�7�;�m�1�;��

�b�m�|�;�u�ˆ�-�t�v�� �P�����v�Q�7�� �†�v�b�m�]�� �r�u�o�=�b�t�;�� �t�b�h�;�t�b�_�o�o�7�v�7�� �‰�;�u�;�� �†�v�;�7�� �=�o�u�� �=�†�u�|�_�;�u�� �7�-�|�-��

�r�u�o�1�;�v�v�b�m�]�:

���=�� �|�_�;�� �0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m�� �l�o�7�;�t�v�� �]�;�m�;�u�-�|�;�7�� �ˆ�-�u�b�o�†�v�� �o�†�|�r�†�|�v��

�o�=���1�o�l�r�-�u�-�0�t�;�����h�-�b�h�;���b�m�=�o�u�l�-�|�b�o�m���1�u�b�|�;�u�b�o�m�v���P�������7���7�b�=�=�;�u�;�m�1�;���t�;�v�v��

�|�_�-�m���‘�Q�7���|�_�;���=�b�m�-�t���l�o�7�;�t���v�o�t�†�|�b�o�m���‰�-�v���v�;�t�;�1�|�;�7���b�m���=�-�ˆ�o�†�u���o�=���-���_�b�]�_�;�u��

R2���=�o�u���|�_�;���r�-�u�;�m�|���-�m�7���r�u�b�l�-�u�‹�����$���7���u�-�|�_�;�u���|�_�-�m���|�_�;���v�;�1�o�m�7�-�u�‹�����$���:��

�$�_�;���7�;�1�b�v�b�o�m���‰�-�v���0�-�v�;�7���o�m���|�_�;���=�-�1�|���|�_�-�|���|�_�;���v�;�1�o�m�7�-�u�‹�����$�����1�o�m�J

�1�;�m�|�u�-�|�b�o�m�v���‰�;�u�;���7�;�|�;�u�l�b�m�;�7���‰�b�|�_���_�b�]�_�;�u���†�m�1�;�u�|�-�b�m�|�‹�:�����m�=�o�u�l�-�|�b�o�m��

�o�m�� �|�_�;�� �1�-�t�1�†�t�-�|�b�o�m�� �o�=�� �;�t�b�l�b�m�-�|�b�o�m�� �_�-�t�=�J�t�b�=�;�� �|�b�l�;�v��t1/2  and time to 

�u�;�-�1�_���–�”�w���o�=���|�_�;�� �v�|�;�-�7�‹�J�v�|�-�|�;��t ss�� �P�;�t�†�b�t�b�0�u�b�†�l�� �1�o�m�7�b�|�b�o�m�Q���-�u�;�� �r�u�o�J

�ˆ�b�7�;�7���b�m���"�������•.

�‘�:�–�J|�J ���u�u�_�;�m�b�†�v���;�t�†�-�|�b�o�m

���m�� �o�u�7�;�u�� �|�o�� �7�;�|�;�u�l�b�m�;�� �|�_�;�� �7�;�r�;�m�7�;�m�1�;�� �o�=�� �|�o�Š�b�1�o�h�b�m�;�|�b�1�� �u�-�|�;�v�� �-�m�7��

�v�|�-�m�7�-�u�7�� �l�;�|�-�0�o�t�b�1�� �u�-�|�;�v�� �o�m�� �|�;�l�r�;�u�-�|�†�u�;�7�� �|�_�;�� ���u�u�_�;�m�b�†�v�� �;�t�†�-�|�b�o�m��

�‰�-�v�� �-�r�r�t�b�;�7�7�� �‰�_�b�1�_�� �-�v�v�†�l�;�v�� �-�m�� �;�Š�r�o�m�;�m�|�b�-�t�� �u�;�t�-�|�b�o�m�v�_�b�r�� �0�;�|�‰�;�;�m��

�|�;�l�r�;�u�-�|�†�u�;�� �-�m�7�� �|�_�;�� �u�;�-�1�|�b�o�m�� �u�-�|�;�v�:�� �$�_�;�� �m�-�|�†�u�-�t�� �t�o�]�-�u�b�|�_�l�� �o�=�� �|�_�;��

�l�o�7�;�t�t�;�7�� �u�-�|�;�v�� �P�t�m��k�Q�� �‰�-�v�� �r�t�o�|�|�;�7�� �-�]�-�b�m�v�|�� �|�_�;�� �b�m�ˆ�;�u�v�;�� �|�;�l�r�;�u�-�|�†�u�;��

�P�$�́ �•� � �b�m�����́ �• �Q���-�m�7���|�_�;�� ���u�u�_�;�m�b�†�v���|�;�l�r�;�u�-�|�†�u�;��TA���P���Q���‰�-�v���7�;�u�b�ˆ�;�7���=�u�o�l��

�|�_�;���v�t�o�r�;���o�=���-���t�b�m�;�-�u���u�;�]�u�;�v�v�b�o�m���†�v�b�m�]���|�_�;���=�o�t�t�o�‰�b�m�]���;�t�†�-�|�b�o�m�9

where A���b�v���|�_�;���=�u�;�t�†�;�m�1�‹���=�-�1�|�o�u���-�m�7���b�m�|�;�u�1�;�r�|���‰�b�|�_���|�_�;���-�Š�b�v���o�=���o�u�7�b�m�-�|�;�:

�$�_�;�� �t�b�m�;�-�u�� �u�;�]�u�;�v�v�b�o�m�� �=�b�|�v�� �‰�;�u�;�� �1�-�t�1�†�t�-�|�;�7�� �b�m�� ���u�-�r�_���-�7�� ���u�b�v�l��

�–�:�“�:�•�� �P���u�-�r�_���-�7�� �"�o�=�|�‰�-�u�;�7�� ���m�1�:�Q�:�� ���u�u�_�;�m�b�†�v�� �|�;�l�r�;�u�-�|�†�u�;�v�� �‰�;�u�;��

�P�•�Q
dCtissue,p(t)

dt
= Cwater(t) ∙ ku − Ctissue,p(t) ∙ ke

�P�‘�Q
dCtissue,p(t)

dt
= Cwater(t) ∙ ku − Ctissue,p(t) ∙ ke,p − Ctissue,p(t) ∙ km,1st

�P�’�Q

dCtissue,m,1st(t)

dt
= Ctissue,p(t) ∙ km,1st − Ctissue,m,1st(t) ∙ ke,1st − Ctissue,m,1st(t) ∙ km,2nd

�P�“�Q
dCtissue,m,2nd(t)

dt
= Ctissue,m,1st(t) ∙ km,2nd − Ctissue,m,2nd(t) ∙ ke,2nd

�P�”�QBCFkin =
ku

ke
or

ku

ke,p + km,1st

�P�u�QBCF24h =
Ctissue,p,(24h)

Cwater

�P�•�Qln k = − TA
1

T
+ ln A
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�P���l���7 �‘�•�•�v�Q���=�o�u��G. pulex���PTA =�S�•�•�7�”�u�•�S���Q���-�m�7��H. azteca���PTA =�S�•�•�7�v�’�•�S���Q�:��

�$�_�;���|�;�l�r�;�u�-�|�†�u�;���7�;�r�;�m�7�;�m�1�‹���o�=���|�_�;�������
�h�b�m was assessed by using a 
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�=�;�u�;�m�|���=�u�o�l���Œ�;�u�o���Pp <�S�:�•�”�Q�7���-���|�;�l�r�;�u�-�|�†�u�;���7�;�r�;�m�7�;�m�1�‹���o�=���|�_�;�������
�h�b�m 

was concluded.
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�|�_�;���=�b�u�v�|�J�o�u�7�;�u���o�m�;�J�1�o�l�r�-�u�|�l�;�m�|���l�o�7�;�t�:���$�_�;���t�o�]��Dow���b�v���v�_�o�‰�m���b�m���0�u�-�1�h�;�|�v���0�;�_�b�m�7���|�_�;���1�o�l�r�o�†�m�7���v�_�o�u�|�1�†�|�:�����o�l�r�o�†�m�7�v���-�u�;���v�o�u�|�;�7���0�‹���t�o�]��Dow. 
���$�7���-�|�;�m�o�t�o�t�7�����,�7���-�Œ�o�Š�‹�v�|�u�o�0�b�m�8�����$�*�7���0�;�m�Œ�o�|�u�b�-�Œ�o�t�;�8�������$�7���1�b�|�-�t�o�r�u�-�l�8�������,�7���1�-�u�0�-�l�-�Œ�;�r�b�m�;�8�����+�7���1�‹�r�u�o�7�b�m�b�t�8���	���
�7���7�b�1�t�o�=�;�m�-�1�8���
���&�7���=�t�†�o�r�‹�u�-�l�8��
�"�
�*�7���v�†�t�=�-�l�;�|�_�o�Š�-�Œ�o�t�;�8���$�����7���|�;�0�†�1�o�m�-�Œ�o�t�;�8���$���!�7���|�;�u�0�†�|�u�‹�m�8���$�����7���|�_�b�-�1�t�o�r�u�b�7�:���V = ���,���-�m�7���$�������v�_�o�‰�;�7���|�‰�o�J�1�o�l�r�-�u�|�l�;�m�|���h�b�m�;�|�b�1�v���P�"����A10). The 
�]�u�o�†�r�b�m�]���b�v���0�-�v�;�7���o�m���-���1�t�†�v�|�;�u���-�m�-�t�‹�v�b�v���o�=���|�_�;���†�r�|�-�h�;���u�-�|�;���=�o�u��G. pulex in �
�b�]�†�u�; �"�‘�‘ .
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in H. azteca�� �P�-�Œ�o�Š�‹�v�|�u�o�0�b�m�7�� �1�‹�r�u�o�7�b�m�b�t�7�� �1�b�|�-�t�o�r�u�-�l�7�� �|�;�u�0�†�|�u�‹�m�Q�7�� �|�_�;��

���$�����1�o�m�1�;�m�|�u�-�|�b�o�m�v���‰�;�u�;���v�†�=�=�b�1�b�;�m�|���P�v�†�l�����$���v��>�”�w���o�=���r�-�u�;�m�|���1�o�m�J

�1�;�m�|�u�-�|�b�o�m�� �-�=�|�;�u�� �‘�“�S�_�� �o�=�� �;�Š�r�o�v�†�u�;�Q�� �|�o�� �1�-�t�1�†�t�-�|�;�� �=�b�u�v�|�� �-�m�7�� �v�;�1�o�m�7��

�0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m�� �u�-�|�;�v�� �-�|�� �-�t�t�� �|�;�l�r�;�u�-�|�†�u�;�v�:�� ���m�� �o�ˆ�;�u�ˆ�b�;�‰�� �o�=�� �|�_�;��

�1�o�u�u�;�v�r�o�m�7�b�m�]�� �l�o�7�;�t�� �=�b�|�v�� �-�m�7�� �7�;�|�;�u�l�b�m�;�7�� �r�-�u�-�l�;�|�;�u�v�� �b�v�� �r�u�o�ˆ�b�7�;�7��

�b�m���"����A12�:���$�_�;���;�v�|�b�l�-�|�;�7���0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m���u�-�|�;�v���1�o�m�|�u�b�0�†�|�;�7���o�m�t�‹��

�-���l�b�m�o�u���r�u�o�r�o�u�|�b�o�m���P<�•�w�Q���|�o���|�_�;���|�o�|�-�t���r�-�u�;�m�|���;�t�b�l�b�m�-�|�b�o�m���o�=���1�‹�r�u�o�J

�7�b�m�b�t�7�� �|�;�0�†�1�o�m�-�Œ�o�t�;�� �-�m�7�� �|�;�u�0�†�|�u�‹�m�� �b�m��G. pulex�� �-�m�7�� �1�‹�r�u�o�7�b�m�b�t�� �b�m��H. 

azteca�:�� �
�o�u�� �-�Œ�o�Š�‹�v�|�u�o�0�b�m�� �P�†�r�� �|�o�� �u�•�w�Q�7�� �1�b�|�-�t�o�r�u�-�l�� �P�†�r�� �|�o�� �‘�•�w�Q�� �-�m�7��

�7�b�1�t�o�=�;�m�-�1�� �P�†�r�� �|�o�� �“�•�w�Q�� �0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m�� �1�o�m�|�u�b�0�†�|�;�7�� �b�m�� �_�b�]�_�;�u��

�r�u�o�r�o�u�|�b�o�m�v�� �|�o�� �|�_�;�� �o�ˆ�;�u�-�t�t�� �;�t�b�l�b�m�-�|�b�o�m�� �b�m��G. pulex�:�� ���o�l�r�-�u�-�|�b�ˆ�;�t�‹�7��

�|�o�|�-�t���;�t�b�l�b�m�-�|�b�o�m���o�=���-�Œ�o�Š�‹�v�|�u�o�0�b�m�7���|�;�0�†�1�o�m�-�Œ�o�t�;���-�m�7���|�;�u�0�†�|�u�‹�m���‰�-�v��

�7�o�l�b�m�-�|�;�7�� �0�‹�� �|�_�;�� �1�o�m�|�u�b�0�†�|�b�o�m�� �P�l�o�v�|�t�‹��>�–�•�w�Q�� �o�=�� �0�b�o�|�u�-�m�v�=�o�u�l�-�J

tion in H. azteca���P�
�b�]�†�u�; �"�’�‘ �Q�:�����o�m�v�;�t�†�;�m�|�t�‹�7��ke���‰�-�v���1�t�o�v�;���|�o���Œ�;�u�o���b�m��

�|�_�;�v�;���1�-�v�;�v���-�m�7���|�_�†�v���o�l�b�|�|�;�7���=�u�o�l���|�_�;��TA���1�o�l�r�-�u�b�v�o�m�:���$�_�;��TA�v���o�=��

�l�o�v�|���0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m���u�-�|�;�v���P�
�b�]�†�u�; 5) were very similar between 

�r�u�b�l�-�u�‹���-�m�7���v�;�1�o�m�7�-�u�‹�����$���v���-�v���‰�;�t�t���-�v��ke and stayed close to the 

�r�_�‹�v�b�o�t�o�]�b�1�-�t��TA�:�� �$�_�b�v�� �‰�-�v�� �m�o�|�� �|�_�;�� �1�-�v�;�� �=�o�u��km1�� �o�=�� �|�;�0�†�1�o�m�-�Œ�o�t�;�:��

�
�†�u�|�_�;�u�l�o�u�;�7�� �|�_�;��TA�� �o�=��ku and ke stayed very similar across mod�J

�;�t�t�;�7�� �r�-�u�-�l�;�|�;�u�v�� �=�u�o�l�� �0�o�|�_�� �o�m�;�J�1�o�l�r�-�u�|�l�;�m�|�� �l�o�7�;�t�v�� �‰�b�|�_�� �-�m�7��

�‰�b�|�_�o�†�|�� �0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m�� �P�
�b�]�†�u�;�v  4 and 5�Q�7�� �‰�b�|�_�� �|�_�;�� �;�Š�1�;�r�|�b�o�m��

�o�=���1�b�|�-�t�o�r�u�-�l���b�m��H. azteca. The latter had a much lower TA���o�=��ke in 

�|�_�;���r�-�u�;�m�|���l�o�7�;�t���|�_�-�m���|�_�;��TA���o�=���|�_�;���0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m���u�-�|�;�v�7���‰�_�b�1�_��

�‰�-�v���b�m���u�-�m�]�;���o�=���|�_�;���r�_�‹�v�b�o�t�o�]�b�1�-�t��TA.

� 
 � � � � � & � ! � � � � � ’ �J���Š�;�l�r�t�-�u�‹���1�o�l�r�-�u�b�v�o�m���o�=���|�_�;���|�o�Š�b�1�o�h�b�m�;�|�b�1���l�o�7�;�t���=�b�|�v���=�o�u���|�_�u�;�;���1�o�l�r�o�†�m�7�v���‰�b�|�_���7�b�=�=�;�u�;�m�|���r�-�|�|�;�u�m�v���P�-�K�1�Q���b�m���� = G. pulex�7���� = H. 
azteca�:���$�_�;���;�Š�r�o�v�†�u�;���1�o�m�1�;�m�|�u�-�|�b�o�m���‰�-�v���”�•�Sμ�]�S���́ �•���=�o�u���-�t�t���1�o�l�r�o�†�m�7�v�:�����;�-�v�†�u�;�7���|�b�v�v�†�;���1�o�m�1�;�m�|�u�-�|�b�o�m�v���-�u�;���r�u�;�v�;�m�|�;�7���-�v���7�-�|�-���r�o�b�m�|�v�7���-�m�7���|�_�;��
�l�o�7�;�t���=�b�|�v���-�v���1�o�m�|�b�m�†�o�†�v���t�b�m�;�v���‰�b�|�_���–�”�w�������v���-�v���7�o�|�|�;�7���t�b�m�;�v�:�����Š�r�o�m�;�m�|�b�-�t���b�m�1�u�;�-�v�;���=�b�|�v���P�7�K�=�Q���-�v���‰�;�t�t���-�v���|�_�;�����u�u�_�;�m�b�†�v���u�;�t�-�|�b�o�m�v�_�b�r�v���P�]�K�b�Q���-�u�;��
�v�_�o�‰�m���b�m���|�_�;���u�o�‰�v���0�;�t�o�‰�:���$�_�;���7�-�|�-���r�o�b�m�|�v���u�;�r�u�;�v�;�m�|���|�_�;���l�o�7�;�t�t�;�7���u�-�|�;�v���-�m�7���–�”�w�������v�:���$�_�;���t�b�m�;�v���u�;�r�u�;�v�;�m�|���|�_�;���;�Š�r�o�m�;�m�|�b�-�t���b�m�1�u�;�-�v�;���P�7�K�=�Q���-�m�7��
�t�b�m�;�-�u���u�;�]�u�;�v�v�b�o�m���P�]�K�b�Q���=�b�|�v���‰�b�|�_���|�_�;���–�”�w�������v���-�v���7�o�|�|�;�7���t�b�m�;�v�:���
�b�|���r�-�u�-�l�;�|�;�u�v���-�u�;���r�u�o�ˆ�b�7�;�7���b�m���"����A10���-�m�7���"����A14�:�����t�;�-�v�;���m�o�|�;���7�b�=�=�;�u�;�m�|���‹�J�-�Š�b�v��
scales.
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�$�_�;���0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m���l�o�7�;�t�v���‰�;�u�;���t�b�l�b�|�;�7���0�‹���|�_�;���_�b�]�_���m�†�l�0�;�u��

�o�=���r�-�u�-�l�;�|�;�u�v���-�m�7���|�_�;���=�b�|�v���u�;�v�†�t�|�;�7���b�m���_�b�]�_���†�m�1�;�u�|�-�b�m�|�b�;�v���o�=���|�_�;�����$����

�;�t�b�l�b�m�-�|�b�o�m�� �u�-�|�;�v�:�� ���m�� �1�-�v�;�� �o�=�� �7�b�1�t�o�=�;�m�-�1�7�� �o�m�;�� �o�=�� �|�_�;�� �l�-�b�m�� ���$���v�� �P�7�b�J

�1�t�o�=�;�m�-�1�� �|�-�†�u�b�m�;�Q�� �1�o�†�t�7�� �m�o�|�� �0�;�� �t�†�-�m�|�b�=�b�;�7�� �7�†�;�� �|�o�� �b�|�v�� �t�o�‰�� �b�o�m�b�Œ�-�|�b�o�m��

�;�=�=�b�1�b�;�m�1�‹���b�m���|�_�;���-�r�r�t�b�;�7���l�;�|�_�o�7���P�
�†���;�|���-�t�:�7 2021�Q�:�����;�m�;�u�-�t�t�‹�7���l�o�7�;�t�v��

�-�u�;���t�b�h�;�t�‹���|�o���0�;���t�b�l�b�|�;�7���0�‹���|�_�;���t�†�-�m�|�b�=�b�1�-�|�b�o�m���o�=���l�o�v�|�����$���v���†�v�b�m�]���|�_�;��

�r�-�u�;�m�|���1�-�t�b�0�u�-�|�b�o�m���7�†�;���|�o���l�b�v�v�b�m�]���u�;�=�;�u�;�m�1�;���l�-�|�;�u�b�-�t�7���‰�_�b�1�_���u�;�v�†�t�|�v���b�m��

higher uncertainties.

�’�:�u�J|�J �$�;�l�r�;�u�-�|�†�u�;���-�m�7���v�r�;�1�b�;�v���7�;�r�;�m�7�;�m�1�;���o�=���|�_�;��
bioconcentration factor

�
�o�u�� �l�o�v�|�� �1�o�l�r�o�†�m�7�v�7�� �|�_�;�� �����
�h�b�m�� �u�;�l�-�b�m�;�7�� �v�|�-�0�t�;�� �-�1�u�o�v�v�� �7�b�=�=�;�u�;�m�|��

�|�;�l�r�;�u�-�|�†�u�;�v�� �P�v�t�o�r�;�� �m�o�|�� �v�b�]�m�b�=�b�1�-�m�|�t�‹�� �7�b�=�=�;�u�;�m�|�� �=�u�o�l�� �Œ�;�u�o�8�� �"����A15) 

because ku and ke�� �‰�;�u�;�� �v�b�l�b�t�-�u�t�‹�� �-�=�=�;�1�|�;�7�� �0�‹�� �|�;�l�r�;�u�-�|�†�u�;�� �P�r�-�|�|�;�u�m��

�o�=���1�-�u�0�-�l�-�Œ�;�r�b�m�;�7���
�b�]�†�u�;�v 3 and 4�Q�:�����o�‰�;�ˆ�;�u�7���=�o�u���v�o�l�;���1�o�l�r�o�†�m�7�v�7��
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 � � � � � & � ! � � � � � “ �J���u�u�_�;�m�b�†�v���|�;�l�r�;�u�-�|�†�u�;�v��
�o�=���|�_�;���|�;�l�r�;�u�-�|�†�u�;�J�7�;�r�;�m�7�;�m�|���†�r�|�-�h�;��
and elimination rates in Gammarus pulex 
�P�|�o�r�Q���-�m�7��Hyalella azteca���P�0�o�|�|�o�l�Q���P±�"���Q�:��
�$�_�;���7�o�|�|�;�7���u�;�7���t�b�m�;�v���u�;�r�u�;�v�;�m�|���|�_�;��
�;�Š�r�;�u�b�l�;�m�|�-�t���7�;�|�;�u�l�b�m�;�7���r�_�‹�v�b�o�t�o�]�b�1�-�t��TA 
�P±���"���Q���=�o�u��H. azteca�:���$�_�;���7�-�u�h���0�t�†�;���t�b�m�;�v��
�u�;�r�u�;�v�;�m�|���|�_�;��TA���ˆ�-�t�†�;�v���=�u�o�l���|�_�;�����l����
�7�-�|�-�0�-�v�;�:�����$�7���-�|�;�m�o�t�o�t�8�����,�7���-�Œ�o�Š�‹�v�|�u�o�0�b�m�8��
���$�*�7���0�;�m�Œ�o�|�u�b�-�Œ�o�t�;�8�������$�7���1�b�|�-�t�o�r�u�-�l�8��
�����,�7���1�-�u�0�-�l�-�Œ�;�r�b�m�;�8�����+�7���1�‹�r�u�o�7�b�m�b�t�8��
�	���
�7���7�b�1�t�o�=�;�m�-�1�8���
���&�7���=�t�†�o�r�‹�u�-�l�8���"�
�*�7��
�v�†�t�=�-�l�;�|�_�o�Š�-�Œ�o�t�;�8���$�����7���|�;�0�†�1�o�m�-�Œ�o�t�;�8��
�$���!�7���|�;�u�0�†�|�u�‹�m�8���$�����7���|�_�b�-�1�t�o�r�u�b�7�:���V = ���,��
�-�m�7���$�������v�_�o�‰�;�7���|�‰�o�J�1�o�l�r�-�u�|�l�;�m�|��
�h�b�m�;�|�b�1�v���P�"����A10). b =�S�-�7�7�b�|�b�o�m�-�t��TA values 
�o�=���|�_�;���0�b�o�|�u�-�m�v�=�o�u�l�-�|�b�o�m���l�o�7�;�t�v���-�u�;��
�r�u�;�v�;�m�|�;�7���b�m���
�b�]�†�u�; 5. Underlying data are 
�r�u�o�ˆ�b�7�;�7���b�m���"����A14.
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�o�=���=�t�†�o�r�‹�u�-�l���b�m��Hyalella azteca���7�†�u�b�m�]���-���l�o�m�b�|�o�u�;�7���u�†�m�J�o�=�=���;�ˆ�;�m�|��
�P���-�†�r�;�u���;�|���-�t�:�7 2021). Internal concentrations ±�–�”�w���������‰�;�u�;��
�l�o�7�;�t�t�;�7���†�v�b�m�]���|�_�;���|�o�Š�b�1�o�h�b�m�;�|�b�1���u�-�|�;�v���7�;�|�;�u�l�b�m�;�7���b�m���|�_�;���r�u�;�v�;�m�|��
study.
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�v�†�]�]�;�v�|�;�7���;�-�u�t�b�;�u���0�‹���	�-�b���;�|���-�t�: �P2021). It has been demonstrated that 
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�$�o�Š�b�1�o�h�b�m�;�|�b�1�v�� �l�-�‹�� �-�t�v�o�� �0�;�� �b�m�=�t�†�;�m�1�;�7�� �0�‹�� �l�;�l�0�u�-�m�;�� �r�;�u�l�;�-�0�b�t�b�|�‹��

�7�b�u�;�1�|�t�‹�� �-�=�=�;�1�|�;�7�� �0�‹�� �|�;�l�r�;�u�-�|�†�u�;�� �o�u�� �b�m�7�b�u�;�1�|�t�‹�� �-�=�=�;�1�|�;�7�� �0�‹�� �1�_�-�m�]�;�v�� �b�m��

�t�b�r�b�7�� �1�o�l�r�o�v�b�|�b�o�m�� �-�v�� �‰�;�t�t�� �-�v�� �l�;�l�0�u�-�m�;�J�0�o�†�m�7�� �;�m�Œ�‹�l�;�� �7�;�m�v�b�|�‹�� �-�m�7��

�-�1�|�b�ˆ�b�|�‹�� �u�;�r�o�u�|�;�7�� �b�m�� �1�u�†�v�|�-�1�;�-�m�v�� �P���-�_�7�;�v�� �;�|�� �-�t�:�7 2010; Pruitt,  1990). 

�$�_�;�� �1�o�m�ˆ�;�u�]�;�m�1�;�� �o�=�� �|�;�v�|�� �|�;�l�r�;�u�-�|�†�u�;�v�� �‰�b�|�_�� �-�m�� �;�Š�1�;�;�7�-�m�1�;�� �o�=�� �r�_�‹�v�J

�b�o�t�o�]�b�1�-�t�� �o�r�|�b�l�†�l�� �|�;�l�r�;�u�-�|�†�u�;�v�� �l�-�‹�� �u�;�v�†�t�|�� �b�m�� �7�;�1�u�;�-�v�b�m�]�� �u�;�v�r�b�u�-�|�b�o�m��

�u�-�|�;�v���P���-�t�b�1���_���
�o�u�0�;�v�7 �‘�•�•�•�Q���-�m�7���;�m�Œ�‹�l�-�|�b�1���-�1�|�b�ˆ�b�|�‹���P���-�h�o�0���;�|���-�t�:�7 2021) 

�b�m���-�l�r�_�b�r�o�7�v�:�����m���v�†�1�_���1�-�v�;�v�7���m�o�m�J�1�t�-�v�v�b�1�����u�u�_�;�m�b�†�v���u�;�t�-�|�b�o�m�v�_�b�r�v���l�-�‹��

�-�r�r�t�‹���P���u�u�o�‹�o���;�|���-�t�:�7 2022; Meynet et al., 2020�Q�:�����o�‰�;�ˆ�;�u�7���v�†�1�_���t�b�l�b�|�-�J

�|�b�o�m�v���P�b�:�;�:���u�;�7�†�1�;�7���u�-�|�;�v���-�|���_�b�]�_�;�u���|�;�l�r�;�u�-�|�†�u�;�v�Q���‰�;�u�;���m�o�|���o�0�v�;�u�ˆ�;�7���b�m��

�|�_�;���r�u�;�v�;�m�|���7�-�|�-���v�;�|�:

���m���-�m�-�t�‹�v�b�v���o�=���-���r�u�;�ˆ�b�o�†�v�t�‹���1�o�m�7�†�1�|�;�7���v�|�†�7�‹���P�	�-�b���;�|���-�t�:�7 2021) with 

�|�;�u�u�;�v�|�u�b�-�t���‰�o�u�l�v���PEnchytraeus albidus�Q���;�Š�r�o�v�;�7���|�o���r�_�;�m�-�m�|�_�u�;�m�;���P�t�o�]��

�� ow 4.5) estimated a very similar TA�� �P�•�”�’�•�S±�S�v�u�•�S���Q�� �=�o�u�� �|�_�;�� �†�r�|�-�h�;��

�u�-�|�;�� �1�o�l�r�-�u�;�7�� �|�o�� �r�_�‹�v�b�o�t�o�]�b�1�-�t��TA�v�� �o�=�� �7�b�=�=�;�u�;�m�|�� �;�-�u�|�_�‰�o�u�l�� �v�r�;�1�b�;�v��

�P�"�������•�v), but also H. azteca�� �b�m�� �|�_�;�� �r�u�;�v�;�m�|�� �v�|�†�7�‹�:�� ���o�‰�;�ˆ�;�u�7�� �|�_�;��TA 
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�;�1�|�o�|�_�;�u�l�v���1�o�†�t�7���m�o�|���0�;���|�;�v�|�;�7�7���0�;�1�-�†�v�;���;�b�|�_�;�u���o�m�t�‹���|�‰�o���|�;�l�r�;�u�-�J

�|�†�u�;�v���‰�;�u�;���v�|�†�7�b�;�7�7���m�o���|�o�Š�b�1�o�h�b�m�;�|�b�1���u�-�|�;�v���‰�;�u�;���l�o�7�;�t�t�;�7���o�u���m�o���;�t�†�b�J

�t�b�0�u�b�†�l�� �1�o�m�7�b�|�b�o�m�v���‰�;�u�;�� �1�o�m�=�b�u�l�;�7���P���u�o�‰�m���;�|�� �-�t�:�7 2021�8�����†�1�_�‰�-�t�|�;�u��

et al., 2003�8�����-�l�r���_�����†�1�_�‰�-�t�|�;�u�7 2016; Cerveny et al., 2021�8�����;�b�v�t�;�u��

et al.,  2012�8�� ���†�o�� �_�� ���_�;�m�7 2021�8�� ���†�b�f�v�� �_�� ���o�m�h�;�u�7 2009�8�� ���-�‰�-�Œ�� �_��

���b�u�h�7 1996�Q�:���$�_�;���7�b�=�=�;�u�;�m�|���;�Š�r�;�u�b�l�;�m�|�-�t���v�1�o�r�;�v���-�m�7���-�r�r�u�o�-�1�_�;�v���l�-�‹��
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�h�b�m�:�� ���v�r�;�1�b�-�t�t�‹�� �0�;�1�-�†�v�;�� �|�_�;�� �;�t�†�b�t�b�0�u�b�†�l�� �1�o�m�7�b�|�b�o�m�v��

�-�u�;���l�†�1�_���t�-�|�;�u���u�;�-�1�_�;�7���-�|���t�o�‰�;�u���|�;�l�r�;�u�-�|�†�u�;�v���P�
�b�]�†�u�; 3), this could 
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�v�� �-�u�;�� �7�;�u�b�ˆ�;�7�:�� �$�_�b�v�� �†�m�7�;�u�t�b�m�;�v�� �|�_�;�� �m�;�1�;�v�v�b�|�‹�� �o�=�� �h�b�m�;�|�b�1��
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bioaccumulation research.
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�h�b�m�:�� ���o�‰�;�ˆ�;�u�7��ku and ke were generally higher in G. 
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et al., 2003�Q�:�� �$�_�b�v�� �‰�-�v�� �v�_�o�‰�m�� �0�‹�� �1�o�l�r�-�u�b�m�]�� �|�_�;��TA�� �o�=�� �|�_�;�� �v�|�-�m�7�-�u�7��
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�v�†�1�_�� �r�-�u�-�l�;�|�;�u�v�� �P�b�:�;�:�� ��2�� �1�o�m�v�†�l�r�|�b�o�m�Q�� �‰�;�u�;�� �-�ˆ�-�b�t�-�0�t�;�� �=�o�u�� �|�_�;�� �1�o�l�J

�r�-�u�b�v�o�m���o�=���|�_�;���|�‰�o���v�r�;�1�b�;�v�:�����m���0�o�|�_���v�r�;�1�b�;�v�7���|�_�;���u�;�v�r�o�m�v�;���o�=���|�o�Š�b�1�o�h�b�J

�m�;�|�b�1���u�-�|�;�v���|�o���|�;�l�r�;�u�-�|�†�u�;���‰�-�v���v�b�l�b�t�-�u�7���u�;�r�u�;�v�;�m�|�;�7���0�‹���v�b�l�b�t�-�u��TAs.

���ˆ�;�m���|�_�o�†�]�_���t�b�r�b�7���1�o�m�|�;�m�|���m�o�u�l�-�t�b�Œ�-�|�b�o�m���1�o�†�t�7���r�o�|�;�m�|�b�-�t�t�‹���;�Š�r�t�-�b�m��

�|�_�;���_�b�]�_�;�u�������
�v���o�=���t�;�v�v���r�o�t�-�u���1�o�l�r�o�†�m�7�v���b�m��H. azteca���P�|�‰�o���|�o���|�_�u�;�;��

�|�b�l�;�v�� �_�b�]�_�;�u�� �t�b�r�b�7�� �1�o�m�|�;�m�|�Q�7�� �t�b�r�b�7�� �m�o�u�l�-�t�b�Œ�-�|�b�o�m�� �_�-�v�� �|�o�� �0�;�� �_�-�m�7�t�;�7��

�1�-�u�;�=�†�t�t�‹�:���$�_�;���r�u�;�v�;�m�|���-�m�7���v�†�r�r�t�;�l�;�m�|�b�m�]���;�Š�r�;�u�b�l�;�m�|�v���‰�b�|�_��G. pulex 
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�o�=���|�_�;���;�Š�r�o�v�;�7���1�_�;�l�b�1�-�t�v���P�"����A9�Q�:���$�_�;���;�Š�r�;�u�b�l�;�m�|�v���‰�b�|�_��G. pulex also 

�1�o�ˆ�;�u�;�7���|�_�;���u�-�m�]�;���o�=���t�b�r�b�7���1�o�m�|�;�m�|�v���o�=��H. azteca���b�m���|�_�;���r�u�;�v�;�m�|���v�|�†�7�‹�:��

�
�†�u�|�_�;�u�l�o�u�;�7�����u�|�v���;�|���-�t�: �P1995) observed that an accumulated mod�J

�;�u�-�|�;�t�‹�� �t�b�r�o�r�_�b�t�b�1�� �1�o�m�|�-�l�b�m�-�m�|�� �P�|�u�b�-�t�t�-�|�;�7�� �t�o�]��K���)  =�S�“�:�“�Q�� �‰�-�v�� �b�m�7�;�;�7��

�-�v�v�o�1�b�-�|�;�7���‰�b�|�_���t�b�r�b�7�J�u�b�1�_���1�o�l�r�-�u�|�l�;�m�|�v���b�m��H. azteca and Gammarus 
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�|�;�l�r�;�u�-�|�†�u�;�� �7�;�r�;�m�7�;�m�|�:�� �
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�-�t�o�r�u�-�l�� �b�v�� �v�b�l�b�t�-�u�� �P>�–�”�w�� �1�-�|�b�o�m�b�1�Q�� �b�m�� �|�_�;�� �|�‰�o�� �|�;�v�|�� �v�‹�v�|�;�l�v�7�� �|�_�;�� �7�b�=�J
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�†�� �;�|�� �-�t�:�7 �‘�•�•�v; Rösch 

et al.,  �‘�•�•�•�Q�:�� �
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Cedergreen et al.,  2021�8�� �"�m�‹�7�;�u�7 2000). Additionally, antibiotics 
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