
����������
	
��

�����
��


����������
	
��

�����
��

���
 ������

�������
��������

�����������������

���
 ������

�������
��������

�����������������



�)�G�P�G�T�C�N���E�Q�P�U�K�F�G�T�C�V�K�Q�P�U�)�G�P�G�T�C�N���E�Q�P�U�K�F�G�T�C�V�K�Q�P�U

� �6�Q�Z�K�E�Q�N�Q�I�[���K�U���V�J�G���U�E�K�G�P�E�G���Y�J�K�E�J���N�G�V�U��
�W�U���M�P�Q�Y���J�Q�Y���U�W�D�U�V�C�P�E�G�U���E�C�P���J�C�T�O���N�K�H�G��
�D�[���R�J�[�U�K�E�Q���E�J�G�O�K�E�C�N���T�G�C�E�V�K�Q�P�U���Y�K�V�J��
�N�K�X�K�P�I���E�G�N�N�U

� �#�N�N���U�W�D�U�V�C�P�E�G�U�����Y�J�G�V�J�G�T���U�[�P�V�J�G�V�K�E���Q�T��
�P�C�V�W�T�C�N�����E�C�P���E�C�W�U�G���J�C�T�O���V�Q���R�G�Q�R�N�G����
�C�P�K�O�C�N�U�����R�N�C�P�V�U�����O�K�E�T�Q���Q�T�I�C�P�K�U�O�U�����C�P�F��
�V�J�G�K�T���G�P�X�K�T�Q�P�O�G�P�V

� �6�Q�Z�K�E�Q�N�Q�I�[���K�U���V�J�G���U�E�K�G�P�E�G���Y�J�K�E�J���N�G�V�U��
�W�U���M�P�Q�Y���J�Q�Y���U�W�D�U�V�C�P�E�G�U���E�C�P���J�C�T�O���N�K�H�G��
�D�[���R�J�[�U�K�E�Q���E�J�G�O�K�E�C�N���T�G�C�E�V�K�Q�P�U���Y�K�V�J��
�N�K�X�K�P�I���E�G�N�N�U

� �#�N�N���U�W�D�U�V�C�P�E�G�U�����Y�J�G�V�J�G�T���U�[�P�V�J�G�V�K�E���Q�T��
�P�C�V�W�T�C�N�����E�C�P���E�C�W�U�G���J�C�T�O���V�Q���R�G�Q�R�N�G����
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� �6�J�G�T�G���C�T�G���P�C�V�W�T�C�N�N�[���Q�E�E�W�T�T�K�P�I��
�U�W�D�U�V�C�P�E�G�U���Y�J�K�E�J���C�T�G���C�U���R�Q�K�U�Q�P�Q�W�U���C�U��
�Q�T���O�Q�T�G���R�Q�K�U�Q�P�Q�W�U���V�J�C�P���V�J�G���O�Q�U�V��
�V�Q�Z�K�E���U�[�P�V�J�G�V�K�E���E�J�G�O�K�E�C�N�U

� �(�Q�T���G�Z�C�O�R�N�G���� �T�K�E�K�P�����%�N�Q�U�V�T�K�F�K�W�O��
�D�Q�V�W�N�K�P�W�O�V�Q�Z�K�P�����U�C�Z�K�V�Q�Z�K�P

� �6�J�G�T�G���C�T�G���P�C�V�W�T�C�N�N�[���Q�E�E�W�T�T�K�P�I��
�U�W�D�U�V�C�P�E�G�U���Y�J�K�E�J���C�T�G���C�U���R�Q�K�U�Q�P�Q�W�U���C�U��
�Q�T���O�Q�T�G���R�Q�K�U�Q�P�Q�W�U���V�J�C�P���V�J�G���O�Q�U�V��
�V�Q�Z�K�E���U�[�P�V�J�G�V�K�E���E�J�G�O�K�E�C�N�U

� �(�Q�T���G�Z�C�O�R�N�G���� �T�K�E�K�P�����%�N�Q�U�V�T�K�F�K�W�O��
�D�Q�V�W�N�K�P�W�O�V�Q�Z�K�P�����U�C�Z�K�V�Q�Z�K�P
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� �6�J�G���V�Q�Z�K�E�K�V�[���
�R�Q�K�U�Q�P�Q�W�U���P�C�V�W�T�G�����Q�H��
�C�P�[���U�W�D�U�V�C�P�E�G���K�U���K�P�X�G�T�U�G�N�[���T�G�N�C�V�G�F��
�V�Q���V�J�G���C�O�Q�W�P�V���
�F�Q�U�G�����T�G�S�W�K�T�G�F���V�Q��
�E�C�W�U�G���J�C�T�O
� �6�J�G���O�Q�T�G���V�J�C�V���K�U���T�G�S�W�K�T�G�F�����V�J�G���N�Q�Y�G�T��

�V�J�G���V�Q�Z�K�E�K�V�[

� �$�W�V���$�W�V���$�W�V���$�W�V���� �C�N�N���U�W�D�U�V�C�P�E�G�U���C�T�G���V�Q�Z�K�E���C�V���C��
�J�K�I�J���G�P�Q�W�I�J���F�Q�U�G

� �6�J�G���V�Q�Z�K�E�K�V�[���
�R�Q�K�U�Q�P�Q�W�U���P�C�V�W�T�G�����Q�H��
�C�P�[���U�W�D�U�V�C�P�E�G���K�U���K�P�X�G�T�U�G�N�[���T�G�N�C�V�G�F��
�V�Q���V�J�G���C�O�Q�W�P�V���
�F�Q�U�G�����T�G�S�W�K�T�G�F���V�Q��
�E�C�W�U�G���J�C�T�O
� �6�J�G���O�Q�T�G���V�J�C�V���K�U���T�G�S�W�K�T�G�F�����V�J�G���N�Q�Y�G�T��

�V�J�G���V�Q�Z�K�E�K�V�[

� �$�W�V���$�W�V���$�W�V���$�W�V���� �C�N�N���U�W�D�U�V�C�P�E�G�U���C�T�G���V�Q�Z�K�E���C�V���C��
�J�K�I�J���G�P�Q�W�I�J���F�Q�U�G
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� �5�W�D�U�V�C�P�E�G�U���V�J�C�V���E�C�P���E�C�W�U�G���J�C�T�O��
�H�Q�N�N�Q�Y�K�P�I���G�Z�R�Q�U�W�T�G���V�Q���X�G�T�[���U�O�C�N�N��
�C�O�Q�W�P�V�U�����U�Q�O�G�V�K�O�G�U���P�Q���O�Q�T�G���V�J�C�P���C��
�H�G�Y���O�Q�N�G�E�W�N�G�U�����C�T�G���U�C�K�F���V�Q���D�G��
�G�Z�V�T�G�O�G�N�[���V�Q�Z�K�E

� �5�W�D�U�V�C�P�E�G�U���V�J�C�V���T�G�S�W�K�T�G���G�Z�R�Q�U�W�T�G���V�Q��
�O�C�P�[���I�T�C�O�U���D�G�H�Q�T�G���J�C�T�O���T�G�U�W�N�V�U���C�T�G��
�U�C�K�F���V�Q���J�C�X�G���N�Q�Y���V�Q�Z�K�E�K�V�[

� �5�W�D�U�V�C�P�E�G�U���V�J�C�V���E�C�P���E�C�W�U�G���J�C�T�O��
�H�Q�N�N�Q�Y�K�P�I���G�Z�R�Q�U�W�T�G���V�Q���X�G�T�[���U�O�C�N�N��
�C�O�Q�W�P�V�U�����U�Q�O�G�V�K�O�G�U���P�Q���O�Q�T�G���V�J�C�P���C��
�H�G�Y���O�Q�N�G�E�W�N�G�U�����C�T�G���U�C�K�F���V�Q���D�G��
�G�Z�V�T�G�O�G�N�[���V�Q�Z�K�E

� �5�W�D�U�V�C�P�E�G�U���V�J�C�V���T�G�S�W�K�T�G���G�Z�R�Q�U�W�T�G���V�Q��
�O�C�P�[���I�T�C�O�U���D�G�H�Q�T�G���J�C�T�O���T�G�U�W�N�V�U���C�T�G��
�U�C�K�F���V�Q���J�C�X�G���N�Q�Y���V�Q�Z�K�E�K�V�[
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� �'�X�G�P���G�U�U�G�P�V�K�C�N���P�W�V�T�K�G�P�V�U���D�G�E�Q�O�G��
�V�Q�Z�K�E���K�H���V�J�G���C�O�Q�W�P�V���K�P�I�G�U�V�G�F���K�U��
�C�D�Q�X�G���C���E�G�T�V�C�K�P���C�E�E�G�R�V�C�D�N�G���F�Q�U�G

� �5�Q�O�G���U�W�D�U�V�C�P�E�G�U���U�W�E�J���C�U���Q�Z�[�I�G�P���C�T�G��
�V�Q�Z�K�E���
�J�C�T�O�H�W�N�����C�V���V�J�G���F�Q�U�G���Y�J�K�E�J���K�U��
�G�U�U�G�P�V�K�C�N���H�Q�T���N�K�H�G�����9�G���C�T�G���R�T�Q�V�G�E�V�G�F��
�D�[���C�P�V�K���Q�Z�K�F�C�P�V�U
� �1�Z�[�I�G�P���K�U���V�Q�Z�K�E���C�V���C�N�N���N�G�X�G�N�U���V�Q��

�Q�D�N�K�I�C�V�G���C�P�C�G�T�Q�D�G�U���
�V�Q�Z�K�E�K�V�[��
�E�N�C�U�U�K�H�K�E�C�V�K�Q�P�!��

� �'�X�G�P���G�U�U�G�P�V�K�C�N���P�W�V�T�K�G�P�V�U���D�G�E�Q�O�G��
�V�Q�Z�K�E���K�H���V�J�G���C�O�Q�W�P�V���K�P�I�G�U�V�G�F���K�U��
�C�D�Q�X�G���C���E�G�T�V�C�K�P���C�E�E�G�R�V�C�D�N�G���F�Q�U�G

� �5�Q�O�G���U�W�D�U�V�C�P�E�G�U���U�W�E�J���C�U���Q�Z�[�I�G�P���C�T�G��
�V�Q�Z�K�E���
�J�C�T�O�H�W�N�����C�V���V�J�G���F�Q�U�G���Y�J�K�E�J���K�U��
�G�U�U�G�P�V�K�C�N���H�Q�T���N�K�H�G�����9�G���C�T�G���R�T�Q�V�G�E�V�G�F��
�D�[���C�P�V�K���Q�Z�K�F�C�P�V�U
� �1�Z�[�I�G�P���K�U���V�Q�Z�K�E���C�V���C�N�N���N�G�X�G�N�U���V�Q��

�Q�D�N�K�I�C�V�G���C�P�C�G�T�Q�D�G�U���
�V�Q�Z�K�E�K�V�[��
�E�N�C�U�U�K�H�K�E�C�V�K�Q�P�!��



Increasing DoseIncreasing Dose

Threshold Threshold 
NonstochasticNonstochastic
ToxicantToxicant

ThresholdThreshold

NoNo--Threshold Threshold 
Stochastic Stochastic 
ToxicantToxicant

Essential Essential 
NutrientNutrient

Increasing Increasing 
adverse effectadverse effect
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�9�J�C�V���K�U���C���R�Q�K�U�Q�P�!�9�J�C�V���K�U���C���R�Q�K�U�Q�P�!

� ���������[�G�C�T�U���C�I�Q�����C���R�J�[�U�K�E�K�C�P���E�C�N�N�G�F��
�2�C�T�C�E�G�N�U�W�U���Y�T�Q�V�G���V�J�G���H�Q�N�N�Q�Y�K�P�I��
�H�W�P�F�C�O�G�P�V�C�N���T�W�N�G���Q�H���V�Q�Z�K�E�Q�N�Q�I�[��
� ���1�P�N�[���V�J�G���F�Q�U�G���T�G�S�W�K�T�G�F���O�C�M�G�U���V�J�G��

�F�K�H�H�G�T�G�P�E�G���D�G�V�Y�G�G�P���C���E�W�T�G���C�P�F���C��
�R�Q�K�U�Q�P�
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� ���������[�G�C�T�U���C�I�Q�����C���R�J�[�U�K�E�K�C�P���E�C�N�N�G�F��
�2�C�T�C�E�G�N�U�W�U���Y�T�Q�V�G���V�J�G���H�Q�N�N�Q�Y�K�P�I��
�H�W�P�F�C�O�G�P�V�C�N���T�W�N�G���Q�H���V�Q�Z�K�E�Q�N�Q�I�[��
� ���1�P�N�[���V�J�G���F�Q�U�G���T�G�S�W�K�T�G�F���O�C�M�G�U���V�J�G��

�F�K�H�H�G�T�G�P�E�G���D�G�V�Y�G�G�P���C���E�W�T�G���C�P�F���C��
�R�Q�K�U�Q�P�


� �0�Q�V�G�����2�C�T�C�E�G�N�U�W�U���K�U���V�J�G���P�C�O�G���I�K�X�G�P��
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� �9�C�V�G�T���!���� �G�U�U�G�P�V�K�C�N���H�Q�T���N�K�H�G���D�W�V��
�R�G�Q�R�N�G���J�C�X�G���F�K�G�F���H�T�Q�O���F�T�K�P�M�K�P�I���V�Q�Q��
�O�W�E�J���R�W�T�G���Y�C�V�G�T�����Y�C�U�J�K�P�I���Q�W�V��
�G�U�U�G�P�V�K�C�N���U�C�N�V�U���U�W�E�J���C�U���U�Q�F�K�W�O��
�E�J�N�Q�T�K�F�G���C�P�F���R�Q�V�C�U�U�K�W�O���E�J�N�Q�T�K�F�G

� �(�T�G�U�J���Y�C�V�G�T���H�K�U�J���T�C�T�G�N�[���U�W�T�X�K�X�G���K�P��
�U�C�N�V���Y�C�V�G�T���Q�T���U�C�N�V���Y�C�V�G�T���H�K�U�J���K�P��
�H�T�G�U�J���Y�C�V�G�T���C�P�F���U�Q���D�Q�V�J���E�Q�W�N�F���D�G��
�E�N�C�U�U�K�H�K�G�F���C�U�����R�Q�K�U�Q�P�U�


� �9�C�V�G�T���!���� �G�U�U�G�P�V�K�C�N���H�Q�T���N�K�H�G���D�W�V��
�R�G�Q�R�N�G���J�C�X�G���F�K�G�F���H�T�Q�O���F�T�K�P�M�K�P�I���V�Q�Q��
�O�W�E�J���R�W�T�G���Y�C�V�G�T�����Y�C�U�J�K�P�I���Q�W�V��
�G�U�U�G�P�V�K�C�N���U�C�N�V�U���U�W�E�J���C�U���U�Q�F�K�W�O��
�E�J�N�Q�T�K�F�G���C�P�F���R�Q�V�C�U�U�K�W�O���E�J�N�Q�T�K�F�G

� �(�T�G�U�J���Y�C�V�G�T���H�K�U�J���T�C�T�G�N�[���U�W�T�X�K�X�G���K�P��
�U�C�N�V���Y�C�V�G�T���Q�T���U�C�N�V���Y�C�V�G�T���H�K�U�J���K�P��
�H�T�G�U�J���Y�C�V�G�T���C�P�F���U�Q���D�Q�V�J���E�Q�W�N�F���D�G��
�E�N�C�U�U�K�H�K�G�F���C�U�����R�Q�K�U�Q�P�U�
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� �8�K�V�C�O�K�P���#���!���� �G�U�U�G�P�V�K�C�N���H�Q�T���J�W�O�C�P��
�J�G�C�N�V�J�����K�V���K�U���H�C�K�T�N�[���G�C�U�[���V�Q���G�Z�E�G�G�F��
�V�J�G���T�G�S�W�K�T�G�F���F�Q�U�G���C�P�F���R�G�Q�R�N�G���J�C�X�G��
�F�K�G�F���H�T�Q�O���G�C�V�K�P�I���V�Q�Q���O�W�E�J
� �+�V���O�C�[���C�N�U�Q���E�C�W�U�G���F�G�X�G�N�Q�R�O�G�P�V�C�N��

�C�D�P�Q�T�O�C�N�K�V�K�G�U���K�P���D�C�D�K�G�U���K�H���V�J�G�K�T���O�Q�V�J�G�T�U��
�E�Q�P�U�W�O�G���V�Q�Q���O�W�E�J���Y�J�K�N�G���E�C�T�T�[�K�P�I���V�J�G�O��
�F�W�T�K�P�I���R�T�G�I�P�C�P�E�[��

� �8�K�V�C�O�K�P���#���!���� �G�U�U�G�P�V�K�C�N���H�Q�T���J�W�O�C�P��
�J�G�C�N�V�J�����K�V���K�U���H�C�K�T�N�[���G�C�U�[���V�Q���G�Z�E�G�G�F��
�V�J�G���T�G�S�W�K�T�G�F���F�Q�U�G���C�P�F���R�G�Q�R�N�G���J�C�X�G��
�F�K�G�F���H�T�Q�O���G�C�V�K�P�I���V�Q�Q���O�W�E�J
� �+�V���O�C�[���C�N�U�Q���E�C�W�U�G���F�G�X�G�N�Q�R�O�G�P�V�C�N��

�C�D�P�Q�T�O�C�N�K�V�K�G�U���K�P���D�C�D�K�G�U���K�H���V�J�G�K�T���O�Q�V�J�G�T�U��
�E�Q�P�U�W�O�G���V�Q�Q���O�W�E�J���Y�J�K�N�G���E�C�T�T�[�K�P�I���V�J�G�O��
�F�W�T�K�P�I���R�T�G�I�P�C�P�E�[��
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� �#�H�N�C�V�Q�Z�K�P�����H�T�Q�O���V�J�G���H�W�P�I�W�U��
�#�U�R�G�T�I�K�N�N�W�U���H�N�C�X�W�U�����K�U���Q�P�G���V�J�G���O�Q�U�V��
�R�Q�V�G�P�V���E�C�T�E�K�P�Q�I�G�P�U���M�P�Q�Y�P�����E�C�W�U�K�P�I��
�N�K�X�G�T���E�C�P�E�G�T���K�P���R�G�Q�R�N�G�����D�K�T�F�U���C�P�F��
�H�K�U�J���C�H�V�G�T���G�C�V�K�P�I���H�Q�Q�F���O�C�F�G���H�T�Q�O��
�E�Q�P�V�C�O�K�P�C�V�G�F���E�G�T�G�C�N�U���U�W�E�J���C�U���T�K�E�G

� �#�H�N�C�V�Q�Z�K�P�����H�T�Q�O���V�J�G���H�W�P�I�W�U��
�#�U�R�G�T�I�K�N�N�W�U���H�N�C�X�W�U�����K�U���Q�P�G���V�J�G���O�Q�U�V��
�R�Q�V�G�P�V���E�C�T�E�K�P�Q�I�G�P�U���M�P�Q�Y�P�����E�C�W�U�K�P�I��
�N�K�X�G�T���E�C�P�E�G�T���K�P���R�G�Q�R�N�G�����D�K�T�F�U���C�P�F��
�H�K�U�J���C�H�V�G�T���G�C�V�K�P�I���H�Q�Q�F���O�C�F�G���H�T�Q�O��
�E�Q�P�V�C�O�K�P�C�V�G�F���E�G�T�G�C�N�U���U�W�E�J���C�U���T�K�E�G



�0�C�V�W�T�C�N���C�P�F���U�[�P�V�J�G�V�K�E��
�E�J�G�O�K�E�C�N�U

�0�C�V�W�T�C�N���C�P�F���U�[�P�V�J�G�V�K�E��
�E�J�G�O�K�E�C�N�U

� �6�J�G���F�K�U�V�K�P�E�V�K�Q�P���D�G�V�Y�G�G�P���P�C�V�W�T�C�N�N�[��
�Q�E�E�W�T�T�K�P�I���U�W�D�U�V�C�P�E�G�U���C�P�F���U�[�P�V�J�G�V�K�E��
�U�W�D�U�V�C�P�E�G�U���K�U���Q�H���N�K�V�V�N�G���X�C�N�W�G���K�P��
�E�Q�P�U�K�F�G�T�K�P�I���V�Q�Z�K�E�K�V�[

� �2�W�T�G���P�C�V�W�T�C�N���X�K�V�C�O�K�P���%���C�P�F���R�W�T�G��
�U�[�P�V�J�G�V�K�E���X�K�V�C�O�K�P���%���C�T�G���K�F�G�P�V�K�E�C�N��
�O�Q�N�G�E�W�N�G�U���C�P�F���G�S�W�C�N�N�[���I�Q�Q�F���H�Q�T���R�G�Q�R�N�G

� �6�J�G���F�K�U�V�K�P�E�V�K�Q�P���D�G�V�Y�G�G�P���P�C�V�W�T�C�N�N�[��
�Q�E�E�W�T�T�K�P�I���U�W�D�U�V�C�P�E�G�U���C�P�F���U�[�P�V�J�G�V�K�E��
�U�W�D�U�V�C�P�E�G�U���K�U���Q�H���N�K�V�V�N�G���X�C�N�W�G���K�P��
�E�Q�P�U�K�F�G�T�K�P�I���V�Q�Z�K�E�K�V�[

� �2�W�T�G���P�C�V�W�T�C�N���X�K�V�C�O�K�P���%���C�P�F���R�W�T�G��
�U�[�P�V�J�G�V�K�E���X�K�V�C�O�K�P���%���C�T�G���K�F�G�P�V�K�E�C�N��
�O�Q�N�G�E�W�N�G�U���C�P�F���G�S�W�C�N�N�[���I�Q�Q�F���H�Q�T���R�G�Q�R�N�G
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�4�Q�W�V�G�U���Q�H���F�K�T�G�E�V���J�W�O�C�P���G�Z�R�Q�U�W�T�G�4�Q�W�V�G�U���Q�H���F�K�T�G�E�V���J�W�O�C�P���G�Z�R�Q�U�W�T�G�4�Q�W�V�G�U���Q�H���F�K�T�G�E�V���J�W�O�C�P���G�Z�R�Q�U�W�T�G

EyesEyes
EarsEarsRespiration through nose and mouthRespiration through nose and mouth

Ingestion through Ingestion through mouth*mouth*

Absorption through skin, Absorption through skin, 
woundswounds

Exposure of baby in the Exposure of baby in the 
womb through the placentawomb through the placenta

*Do not forget exposure of babies through *Do not forget exposure of babies through 
mothermother’’s milk s milk 
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Chemical Exposure Chemical Exposure 

PhasePhase
ToxicokineticToxicokinetic

PhasePhase
ToxicodynamicToxicodynamic PhasePhase

Potentially Potentially 
Toxic Toxic 

SubstancesSubstances

Derivatives Derivatives 
or or 

FormulationFormulation

BiotransformationBiotransformation

AbsorptionAbsorption
CirculationCirculation

Toxicity Toxicity 
InitiatorInitiator

Tissue BindingTissue Binding

CirculationCirculation

ExcretionExcretion

Reaction at Reaction at 
Key Sites Key Sites 

(receptors)(receptors)

ToxicityToxicity
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Fat Soluble Fat Soluble 
SubstancesSubstances

Highly Fat Highly Fat 
Soluble Soluble 

SubstancesSubstances

Binding to blood cells, albumin, Binding to blood cells, albumin, 
lipoproteins, lymph cells, lymph proteinslipoproteins, lymph cells, lymph proteins Physical localization, Physical localization, 

accumulation in fatty accumulation in fatty 
tissuetissue

Phase 1 and Phase 2 ReactionsPhase 1 and Phase 2 Reactions

Water soluble productsWater soluble products

Blood CirculationBlood Circulation

Excretion in UrineExcretion in Urine

Blood Blood 
CirculationCirculation

Excretion in Excretion in 
Bile to the Bile to the 

GutGut

Excretion in FaecesExcretion in Faeces

ReabsorptionReabsorption
from Gutfrom Gut

Hydrolysis in GutHydrolysis in Gut

Milk, sweat Milk, sweat 
and other and other 
secretions, secretions, 
including including 
genital genital 
secretionssecretions

Breathed Out Breathed Out 
in Airin Air



�#�E�W�V�G���V�Q�Z�K�E�K�V�[�#�E�W�V�G���V�Q�Z�K�E�K�V�[

� �6�Q�Z�K�E�K�V�[���T�G�U�W�N�V�K�P�I���H�T�Q�O���U�J�Q�T�V���G�Z�R�Q�U�W�T�G��
�K�U���E�C�N�N�G�F���C�E�W�V�G���C�E�W�V�G���C�E�W�V�G���C�E�W�V�G���V�Q�Z�K�E�K�V�[�V�Q�Z�K�E�K�V�[�V�Q�Z�K�E�K�V�[�V�Q�Z�K�E�K�V�[

� �6�Q�Z�K�E�K�V�[���T�G�U�W�N�V�K�P�I���H�T�Q�O���U�J�Q�T�V���G�Z�R�Q�U�W�T�G��
�K�U���E�C�N�N�G�F���C�E�W�V�G���C�E�W�V�G���C�E�W�V�G���C�E�W�V�G���V�Q�Z�K�E�K�V�[�V�Q�Z�K�E�K�V�[�V�Q�Z�K�E�K�V�[�V�Q�Z�K�E�K�V�[

Duffus & Worth, ©IUPAC
39

Acute Toxicity
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� �6�Q�Z�K�E�K�V�[���T�G�U�W�N�V�K�P�I���H�T�Q�O���N�Q�P�I���V�G�T�O��

�G�Z�R�Q�U�W�T�G
� �6�Q�Z�K�E�K�V�[���T�G�U�W�N�V�K�P�I���H�T�Q�O���N�Q�P�I���V�G�T�O��

�G�Z�R�Q�U�W�T�G

Duffus & Worth, ©IUPAC
40

Chronic Toxicity
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� �%�J�T�Q�P�K�E���V�Q�Z�K�E�K�V�[���K�P�E�N�W�F�G�U���V�J�G��
�R�T�Q�F�W�E�V�K�Q�P���Q�H���E�C�P�E�G�T��
�
�E�C�T�E�K�P�Q�I�G�P�K�E�K�V�[�����C�P�F���R�Q�U�U�K�D�N�[���U�G�P�K�N�G��
�F�G�O�G�P�V�K�C���C�P�F���Q�V�J�G�T���F�K�U�G�C�U�G�U���Q�H���Q�N�F��
�C�I�G

� �0�Q�V�G���V�J�G���U�R�G�E�K�C�N���R�T�Q�D�N�G�O���Q�H���D�T�C�K�P��
�E�G�N�N�U.�����
��!������������

������������!��������������
������
���������
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�����

�

� �%�J�T�Q�P�K�E���V�Q�Z�K�E�K�V�[���K�P�E�N�W�F�G�U���V�J�G��
�R�T�Q�F�W�E�V�K�Q�P���Q�H���E�C�P�E�G�T��
�
�E�C�T�E�K�P�Q�I�G�P�K�E�K�V�[�����C�P�F���R�Q�U�U�K�D�N�[���U�G�P�K�N�G��
�F�G�O�G�P�V�K�C���C�P�F���Q�V�J�G�T���F�K�U�G�C�U�G�U���Q�H���Q�N�F��
�C�I�G

� �0�Q�V�G���V�J�G���U�R�G�E�K�C�N���R�T�Q�D�N�G�O���Q�H���D�T�C�K�P��
�E�G�N�N�U.�����
��!������������
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� �.�K�X�K�P�I���Q�T�I�C�P�K�U�O�U���C�T�G���G�Z�R�Q�U�G�F���V�Q���O�K�Z�V�W�T�G�U��
�Q�H���R�Q�V�G�P�V�K�C�N�N�[���J�C�T�O�H�W�N���U�W�D�U�V�C�P�E�G�U

� �6�J�G�T�G���C�T�G���H�Q�W�T���V�[�R�G�U���Q�H���G�H�H�G�E�V�U��
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30 µm

Lysosome

Ribosomes

Golgi apparatus

Plasmic
membrane

Microfilaments

Vacuole

Endoplasmic 
reticulum (rough)

Endoplasmic reticulum 
(smooth)

“THE CELL’S POWER 
PLANT” ATP synthesis

Synthesis of 
proteins for the cell 

and for export

“Waste 
treatment” : 
Intracellular 

digestion

Synthesizes carbohydrates 
which are packed with 

proteins for cellular use or 
export

Detoxification. Production of 
lipids, carbohydrates

Protein 
synthesis

Nucleus

Directs protein synthesis, 
regulates metabolism, 
reproduction. Contains 

chromatin, DNA

Mitochondria
Cytosol
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CellCell
membranemembrane

Cr(III) as
[Cr(H2O)6OH]2+

Cr(VI) as CrO4
2-

(chromate)

Sulfate / phosphate
active transport system

Cytochrome P450 
system

Cr (III / IV)
- species unknown

Reacts with phosphate and sulfate metabolism
enzymes, DNA, RNA and their polymerases?

Cr(VI) as CrO4
2-

(chromate)

Reactive Oxygen Species (ROS)

Mutations

Nuclear Nuclear 
membranemembrane

Hypotheses
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