õ»Î·î¿P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �ÌÀë¿ÑÇ �è¹âÃ �ÖÃÒ¼­È �¬¿¸±

�

�ÖÃ �æ° �ñÈ,� �¯À �è° �ó»,� �®¹ �Â½ �öÇ �

�¤±ÖÁú°ÐÇâ±ú¼ø¿ �¯Èæ°ø°ÐÇú°

�

�W�a�s�t�e� �M�i�n�i�m�i�z�a�t�i�o�n� �U�s�i�n�g� �N�e�w� �P�o�l�l�u�t�i�o�n� �I�n�d�i�c�e�s�

�

�K�y�e�o�n�g�-�H�e�e� �C�h�o�i�,� �K�y�e�-� �S�a�n�g� �Y�o�o�,� �S�e�u�n�g�-�H�y�e�o�n� �M�o�o�n� �

�D�e�p�t�.� �o�f� �E�n�v�i�r�o�n�.� �S�c�i�.� �&� �E�n�g�.�,� �K�J�I�S�T�,� �K�w�a�n�g�j�u� �5�0�6�-�3�0�3�,� �K�o�r�e�a�

�

�­¼ �Ð·

� �¯Èæ°®¹¦Á¡¿ �ë´ÑÇ �ç»¸ÈûÀ �ü°É½ÌÀ �ô³Æ¾öÁí° �¤ÁÎºÇÀ �¯Èæ° �Ô±¦Áµµ �­°­ÈÇµé¸­¼ �¯Èæ° �À¿°¿°¹úÁ»À �ÙÁÌÀâ± �§ÀÑÇ �ø°¤Á³°±¼ÇÀ �ÊÇä¿º¼ÌÀ �ë´ÎµÇµí° �ÖÀÙ´.� �ÌÀ¯·ÑÇ �ø°¤Á �³°±¼¡¿­¼Â´ �¢° �ø°¤ÁÌÀ �¯Èæ°¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �ª³¸Å»³Â´ �¤Á®·ûÀÎÀ �â±ØÁÌÀ �ÊÇä¿ÏÇÙ´.� �â±¸ÁÇÀ �¬¿¸±Â´ �óÆâ±°¹ÇÀ �ç¾¸¸»À �¤Á®·ûÀÎÀ �´ÃµµÎ· �¦ÁÃ½ÏÇ´¿öÁ¸¸,� �»º �¬¿¸±¡¿­¼Â´ �M�a�s�s� �I�n�d�e�x�Ü¿¡¿ �óÆâ±°¹ÇÀ �B�O�D�ª³ �T�o�x�i�c�i�t�y�¡¿ �ë´ÑÇ �¤Á¸º¦¸ �¦Áø°ÒÇ �ö¼ �ÖÀÂ´ �B�O�D� �I�n�d�e�x�,� �T�o�x�i�c�i�t�y� �I�n�d�e�x�¦¸ �¤ÁÇÀÏÇ©¿ �ÌÀ �¼¼¡°öÁ �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �ç»Ê·¬¿¸±¦¸ �ëÅØÇ �ø°¤Á¡¿ �ûÀë¿ÏÇí° �è°ê»ÏÇ©¿ �óÆâ±°¹ÇÀ �ç¾ÌÀª³ �B�O�D�,� �T�o�x�i�c�i�t�y� �øÃé¸¡¿­¼ �ø°¤ÁÇÀ �³°±¼ �¤Áµµ¦¸ �ÄÆÇ¾ØÇ �¸ºÒ¾Ù´.�

� �

�°¹úÁö¼öÁÇÀ �³°ä³ú° �P�o�l�l�u�t�i�o�n� �I�n�d�e�x� �

�1�.� �°¹úÁö¼öÁÇÀ �³°ä³

� �ÏÀÝ¹ûÀ¸ÀÎ· �ø°¤ÁÇÀ �À¿°¿°¹úÁ �ö¼öÁ(�P�o�l�l�u�t�i�o�n� �B�a�l�a�n�c�e�)�Ä½ºÀ �Æ¾¡·Í¿ �°°Ù´.�[�1�]� �

�

�[�À¿°¿°¹úÁ �àÃûÀ]�=�[�À¿°¿°¹úÁ �¯ÀÔÀ]�+�[�À¿°¿°¹úÁ �ý»º¼]�-�[�À¿°¿°¹úÁ �¯ÀâÃ]�-�[�À¿°¿°¹úÁ �è¹âÃ]�

�

� �ë´³°ÇÀ �æ°ì¿ �ø°¤ÁÇÀ �î¿üÀ �¶ÁÇ°ºÀ �¤Áó»ó»ÂÅÌÀÇ¹Î· �§ÀÇÀ �Ä½¡¿­¼ �°¹úÁ �àÃûÀ×ÇÌÀ �¦ÁÅ°ÏÇé¸ �°¹úÁ �ö¼öÁÄ½ºÀ �Æ¾¡·Í¿ �°°Ô° �ÈµÙ´.� �

� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������I�j�,�k�x�i�,�k� � �+� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������V�k��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������r�i�W�i� � �=� � � ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������O�j�,�k�x�i�,�k� � �+� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������F�k�x�i�,�k� � � � �(�1�)� �

�I�j� �:� �Ü´§À �ø°¤Á¸ÀÎ· �éµî¾À¿Â´ �¯ÀÔÀ �åÈ§¸ÇÀ �úÁ®·¯ÀÓ¼ � � � � �x�i� �:� �¢° �I�j�¡¿ �÷ÆÔÇÈµ �À¿°¿°¹úÁÇÀ �úÁ®·ñº

�O�j� �:� �Ü´§À �ø°¤Á¡¿­¼ �ª³¡°Â´ �¯ÀâÃ �åÈ§¸ÇÀ �úÁ®·¯ÀÓ¼ � � � � � � �k� �:� �üÀ¼Ã �ø°¤Á¡¿ �÷ÆÔÇÈµ �Ü´§À �ø°¤ÁÇÀ �³°ö¼

�r�i� �:� �­ÈÐÇ �Ý¹ÀÀ¡¿­¼ �À¿°¿°¹úÁ �i�ÇÀ �Ý¹ÀÀÓ¼µµ � � � � � � � � � � � � � �W�i� �:� �À¿°¿°¹úÁ �i�ÇÀ �ÐºÚÀ®· �

�F�k� �:� �k�ø¹°Â �Ü´§À �ø°¤ÁÈ¾¡¿­¼ �è¹âÃÇµÂ´ �úÁ®·¯ÀÓ¼ � � � � � � � �V� �:� �r�e�a�c�t�o�r�ÇÀ �ÎºÇÇ �

�

�ûµó¶­¼ �§ÀÇÀ �°¹úÁ �ö¼öÁÄ½ �(�1�)�¦¸ �ÌÀë¿ÏÇ©¿ �¦Á°ÇÇÀ �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �ò¾»À �ö¼ �ÖÀÙ´.� �

�

�2�.� �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�

�(� �M�a�s�s� �I�n�d�e�x� �:� �¦Á°ÇÇÀ �Ü´§À �úÁ®·ç´ �ý»º¼Èµ �óÆâ±°¹ÇÀ �ç¾»À �ª³¸Å½³Ù´.�[�1�]�[�2�]�

�(�M� �=��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������(��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������I�j�,�k�x�i�,�k� �+��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������V�k��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������r�i�W�i� �)� �=��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������(��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������O�j�,�k�x�i�,�k� � �+� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������F�k�x�i�,�k�)� � � � � �

�(� �P� �:� �ø°¤Á¡¿­¼ �ý»ê»Èµ �¦Á°ÇÇÀ �úÁ®· �)�

�(� �B�O�D� �I�n�d�e�x� �:� �¦Á°ÇÇÀ �Ü´§À �úÁ®·ç´ �óÆâ±°¹ÇÀ �B�O�D�u� �ö¼¡ÄÎ· �¤ÁÇÀÈµÙ´.� �

�(�B� �=��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � ��������� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������B�i� �(��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������I�j�,�k�x�i�,�k� � �+� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������V�k�r�i�W�i� �)� �=��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � ��������� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������B�i�(��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������O�j�,�k�x�i�,�k� � �+� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������F�k�x�i�,�k�)� � � � �

�(� �B�i� �:� �À¿°¿ �°¹úÁ �i�ÇÀ �B�O�D�u� �)�

� � �B�O�D� �I�n�d�e�x�Â´ �óÆâ±°¹ �³Ã®¸Ã½ �ý»°¹ÐÇûÀ �³Ã®¸¦¸ �ÒÇ �§¶,� �B�O�D� �I�n�d�e�x�ÇÀ �¤Áµµ¡¿ �ûµó¶ �¼¼Îº �ú°¤Á»À �á°¤ÁÏÇí° �ø°¤ÁÇÀ �î¿àÇ �Ã½£°,� �³Ã®¸®· �îµ»À �ßÃê»ÏÇÂ´¥µ �ÌÀë¿Éµ �ö¼ �ÖÀÙ´.�

�(� �T�o�x�i�c�i�t�y� �I�n�d�e�x� �:� �¦Á°ÇÇÀ �Ü´§À �úÁ®·ç´ �óÆâ±°¹ÇÀ �T�o�x�i�c�i�t�y� �ö¼¡ÄÎ· �¤ÁÇÀÈµÙ´.� �

�(�T�=��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � ��������� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������T�i�-�1�(��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������(�i�,�j�I�j�,�k�x�i�,�k� �+��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������(�i�,�k� �V�k�r�i�W�i�)�=��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � ��������� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������T�i�-�1� �(��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������(�i�,�j�O�j�,�k�x�i�,�k� �+��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������(�i�,�k�F�k�x�i�,�k�)� � � �

�(� �T�i� �:� �À¿°¿ �°¹úÁ �i�ÇÀ �L�D�5�0�,� � � � �(�i�,�j� �:�:� �î¾À´ �s�t�r�e�a�m�¡¿­¼ �À¿°¿°¹úÁ �i�ÇÀ �Ð¹µµ)� �

� � �¦Á¶Á �ú°¤Á¡¿­¼ �ß¹ý»ÇµÂ´ �óÆâ±°¹ÇÀ �T�o�x�i�c�i�t�y�Â´ �M�a�s�s�ª³ �B�O�D�Í¿Â´ �Þ´®¸ �ý»°¹¡¿ �÷Á¢ÁûÀÎÀ �µ¿âÇ»À �ÖÁâ± �§¶®¹¡¿ �¯Èæ° �µ¿âÇ �òÆ¡°Ã½ �ßÁä¿ÑÇ �ÎÀÚÀ¡° �ÈµÙ´.� �

�

�ç»Ê· �¬¿¸±

� �¼¼¦Á¦¸ �¸¸åµÂ´ �ø°¤Á¡¿­¼ �óÆâ±°¹»À �ÖÃÒ¼­ÈÏÇâ± �§ÀØÇ �ø°¤Á»À �³°±¼ØÇ¸ºí° �â±¸ÁÇÀ �ø°¤Áú° �³°±¼Èµ �ø°¤Á¡¿­¼ �M�a�s�s� �I�n�d�e�x�Ü¿¡¿ �õ»Î· �¤ÁÇÀÑÇ �B�O�D� �I�n�d�e�x�Í¿ �T�o�x�i�c�i�t�y� �I�n�d�e�x�¦¸ �ßÃ¡°Î· �ñº³±ØÇ �½º¸ÀÎ·á½ �¢° �ø°¤ÁéµÌÀ �¯Èæ°¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �¤Á®·ûÀÎÀ �ö¼¡ÄÎ· �ÄÆÇ¾ØÇ �¸ºí°ÚÀ �ÑÇÙ´.� �

� �ÌÀ �¬¿¸±¡¿ �ç»ë¿Èµ �ø°¤Áð¸ç» �S�o�f�t�w�a�r�e�Â´ �S�u�p�e�r�P�r�o�-�D�e�s�i�g�n�e�r�Î· �­ÈÐÇ �ø°¤Á �îµ¡¿­¼ �ö¼àÇÇµÂ´ �óÆâ±°¹ �çÀ°Èë¿,� �³Ã®¸,� �³ÃÐºÇÀ �ø°¤Á»À �³¼è°ÏÇí° �¯Èæ°ûÀ �µ¿âÇ»À �è°ê»ÏÇÂ´¥µ �ÌÀë¿ÈµÙ´.� �

�1�.� �â±¸Á �ø°¤ÁÇÀ �³¼í¸

� �F�i�g�u�r�e� �1�ºÀ �¼¼¦Á¦¸ �ý»ê»ÏÇâ± �§ÀÑÇ �³°«·ûÀÎÀ �ø°¤ÁµµÌÀÙ´.� �ø¿á· �°¹úÁÎÀ �B�e�n�z�e�n�e�ú° �D�o�d�e�c�e�n�e�ºÀ �A�l�C�l�3�¦¸ �ËÃÅ¸Î· �a�l�k�y�l�a�t�o�r�¡¿­¼ �Ý¹ÀÀÏÇ©¿ �D�o�d�e�c�y�l�b�e�n�z�e�n�e�»À �ý»º¼ÏÇí°,� �ËÃÅ¸¦Á �A�l�C�l�3�Â´ �c�r�u�d�e� �a�l�k�y�l�a�t�e�Î·ÎºÍÅ �s�e�t�t�l�e�r� �1�¡¿­¼ �Ðº®¸Çµî¾ �s�l�u�d�g�e�Î· �è¹âÃÈµÙ´.� � �S�e�t�t�l�e�r�¡¿­¼ �Ðº®¸Èµ �×¾ó»ÇÀ �a�l�k�y�l�a�t�e�Â´ �3�³°ÇÀ �÷ÁÄ· �õÁù·¾Å»À �ëÅØÇ �Ðº®¸Çµí° �a�l�k�y�l�a�t�o�r�¡¿­¼ �Ì¹Ý¹ÀÀÈµ �B�e�n�z�e�n�e�ú° �D�o�d�e�c�e�n�e�ºÀ �çÀ°Èë¿Çµî¾ �ø¿á· �°¹úÁÎ· �ç»ë¿ÈµÙ´.� �¼¼ø¹°Â �õÁù·¾Å¡¿­¼Â´ �D�o�d�e�c�y�l�b�e�n�z�e�n�e�ÌÀ �Ðº®¸Çµí° �²³ºÀ �h�e�a�v�y� �a�l�k�y�l�a�t�e� �f�r�a�c�t�i�o�n�ºÀ �è¹âÃÈµÙ´.� �Ðº®¸Èµ �D�o�d�e�c�y�l�b�e�n�z�e�n�e�ºÀ �s�u�l�f�o�n�a�t�o�r�Î· �¸º»³öÁí° �O�l�e�u�m�ú° �Ý¹ÀÀÏÇ©¿ �à¾ �9�5�%�ÇÀ �üÀ¯È²ÀÎ·D�o�d�e�c�y�l�b�e�n�z�e�n�e� �s�u�l�f�o�n�i�c� �a�c�i�d�¦¸ �üÇº¼ÏÇí° �ª³Ó¸öÁÂ´ �Îºê»°¹Î· �5�%�¤ÁµµÇÀ �D�i�s�u�l�f�o�n�e�»À �üÇº¼ÑÇÙ´.� � �S�e�t�t�l�e�r� �2�¡¿­¼Â´ �ç»ë¿Èµ �S�u�l�f�u�r�i�c� �a�c�i�d�¦¸ �¦ÁÅ°ÏÇí° �ê»ÇÀ �ó³µµ¦¸ �ñÈ®¼ÏÇâ± �§ÀØÇ �¹¸ºÀ �ç¾ÇÀ �°¹ÌÀ �·Ã¡°ÈµÙ´.� �N�e�u�t�r�a�l�i�z�e�r�¡¿­¼ �D�o�d�e�c�y�l�b�e�n�-�z�e�n�e� �s�u�l�f�o�n�i�c� �a�c�i�d�Â´ �N�a�O�H�Î· �ßÁ­ÈÇµî¾ �S�o�d�i�u�m� �d�o�d�e�c�y�l�b�e�n�z�e�n�e� �s�u�l�f�o�n�a�t�e�Í¿ �óÆâ±°¹ÎÀ �S�o�d�i�u�m� �d�i�s�u�l�f�o�n�a�t�e�,� �S�o�d�i�u�m� �s�u�l�f�a�t�e�¦¸ �üÇº¼ÏÇí°,� �M�i�x�e�r�¡¿­¼ �b�u�i�l�d�e�r�ÎÀ �S�o�d�i�u�m� �p�o�l�y�-�p�h�o�s�p�h�a�t�e�,� �S�o�d�i�u�m� �s�i�l�i�c�a�t�e�Í¿ �¥ÈÕÇÈµÙ´.� �ÌÀ �¥ÈÕÇ°¹ÌÀ �s�p�r�a�y� �d�r�y�e�r�¡¿­¼ �óÆâ±°¹ú° �Ç°¶ÁÑÇ �¼¼¦Á �Ðº»¸Î· �Ðº®¸Çµî¾ �¼¼¦Á¡° �ý»ê»ÈµÙ´.� �ÌÀ �ø°¤ÁÇÀ �°¹úÁ �ö¼öÁÂ´ �T�a�b�l�e� �1�¡¿ �ª³¸Å»³ú¾Ù´.� �[�1�]�[�3�]�

�2�.� �³°±¼Èµ �ø°¤ÁÇÀ �³¼í¸

� �Ù´½ÀºÀ �§ÀÇÀ �¢° �åÈ§¸ �A�,�B�,�C�,�D�,�E�¡¿­¼ �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �ÙÁÌÀâ± �§ÀØÇ �³°±¼ÑÇ �»³ë¿»À �ª³¸Å½³ �Í°ÌÀÙ´.�[�1�]� �

�(�åÈ§¸ �A� �:� �Ç°¶Áâ±¦¸ �³¼¡ÄÏÇ©¿ �A�l�C�l�3� �s�l�u�d�g�e�¡¿ �÷ÆÔÇÈµ �ø¿á· �°¹úÁ»À �Ðº®¸ØÇ �çÀ°Èë¿ÏÇ´¿Ù´.�

�(�åÈ§¸ �B� �:� �×¾ó» �óÆâ±°¹ÎÀ �h�e�a�v�y� �a�l�k�y�l�a�t�e�d� �f�r�a�c�t�i�o�n�ºÀ �±À°È¯À �¦Á¶Á÷¾¼ÃÎ· �ø°Þ±Éµ �ö¼ �ÖÀÙ´.� �

�(�åÈ§¸ �C� �:� �D�o�d�e�c�y�l� �b�e�n�z�e�n�e� �ú° �O�l�e�u�m�ÌÀ �Ý¹ÀÀÒÇ �§¶ �Îºê»°¹Î·D�i�s�u�l�f�o�n�e�»À �ý»º¼ÑÇÙ´.� �Â¿µµÇÀ �ÖÃûÀ­È¦¸ �ëÅÏÇ©¿ �Îºê»°¹ÎÀ �D�i�s�u�l�f�o�n�e�ÇÀ �ç¾»À �1�%� �¤Áµµ �ÙÁÏÀ �ö¼ �ÖÀÙ´.�

�(�åÈ§¸ �D� �:� �åÈ§¸ �D�ÇÀ �À¿°¿ �°¹úÁÇÀ �ø¿ÎÀºÀ �s�u�l�f�u�r�i�c� �a�c�i�d�Í¿ �d�i�s�u�l�f�o�n�e� �§¶®¹ÌÀÙ´.� �S�e�t�t�l�e�r� �2�¡¿ �·Ã¡°ÇµÂ´ �¼¼´Ãö¼ÇÀ �úÁ®· �¯ÀÓ¼»À �1�3�4�.�2� �k�g�/�h�¡¿­¼ �3�6�5�.�1�1� �k�g�/�h�Î· �õÁ¡°Ã½°Åé¸ �åÈ§¸ �D�¡¿ �÷ÆÔÇÇµÂ´ �ê»ÇÀ �ó³µµ¡° �7�3�.�6�%�¡¿­¼ �5�0�%�Î· �ÙÁî¾ �éµî¾­¼ �ÖÃ¾Á �¦Á°Ç �ý»ê»Ã½ �ß¹ý»ÏÇÂ´ �óÆâ±°¹ �s�o�d�i�u�m� �s�u�l�f�a�t�e�ÇÀ �ç¾»À �¨°Ò¼ÒÇ �ö¼ �ÖÀÙ´.� �

�(�åÈ§¸ �E� �:� �S�p�r�a�y� �d�r�y�e�r�¡¿­¼ �è¹âÃÇµÂ´ �e�f�f�l�u�e�n�t� �Ó¼¡¿ �÷ÆÔÇÈµ �í°üÇ �óÆâ±°¹»À �c�y�c�l�o�n�e� �s�e�p�a�r�a�t�o�r�¦¸ �³¼¡ÄÏÇ©¿ �¸Èö¼ÒÇ �ö¼ �ÖÀ¸ÀÇ¹Î· �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �ÙÁÏÀ �ö¼ �ÖÀÙ´.�

��� �E�M�B�E�D� �S�P�D�F�l�o�w�s�h�e�e�t� � �������F�i�g�u�r�e� �1�.� �A� �s�i�m�p�l�i�f�i�e�d� �f�l�o�w�s�h�e�e�t� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a� �d�e�t�e�r�g�e�n�t�.�

�

�T�a�b�l�e� �1�.� �O�v�e�r�a�l�l� �m�a�t�e�r�i�a�l� �b�a�l�a�n�c�e� �o�f� �t�h�e� �p�r�o�c�e�s�s�

�

�C�o�m�p�o�n�e�n�t���T�o�t�a�l� �I�n� �

�(�k�g�/�h�)���T�o�t�a�l� �O�u�t� �

�(�k�g�/�h�)���O�u�t� �a�s� �S�o�l�i�d� �W�a�s�t�e� �(�k�g�/�h�)���O�u�t� �a�s� �L�i�q�u�i�d� �W�a�s�t�e� �(�k�g�/�h�)�����A�l�C�l�3���1�4�.�1�8���1�4�.�1�8���1�4�.�1�8���0�.�0�0�����B�e�n�z�e�n�e���1�8�0�.�0�0���0�.�4�5���0�.�4�5���0�.�0�0�����D�o�d�e�c�y�l� �b�e�n�z�e�n�e� �s�u�l�f�o�n�i�c� �a�c�i�d���0�.�0�0���0�.�0�0���0�.�0�0���0�.�0�0�����D�o�d�e�c�e�n�e���3�8�7�.�8�9���0�.�9�7���0�.�9�7���0�.�0�0�����D�i�s�u�l�f�o�n�e���0�.�0�0���0�.�0�0���0�.�0�0���0�.�0�0�����D�o�d�e�c�y�l� �b�e�n�z�e�n�e���0�.�0�0���2�9�.�8�0���0�.�0�0���2�9�.�8�0�����O�l�e�u�m���5�3�6�.�6�5���1�3�0�.�5�2���0�.�0�0���0�.�0�0�����S�o�d�i�u�m� �d�o�d�e�c�y�l� �b�e�n�z�e�n�e� �s�u�l�f�o�n�a�t�e���0�.�0�0���7�2�4�.�4�3���0�.�0�0���0�.�0�0�����S�o�d�i�u�m� �d�i�s�u�l�f�o�n�a�t�e���0�.�0�0���4�2�.�7�6���4�2�.�7�6���0�.�0�0�����S�o�d�i�u�m� �h�y�d�r�o�x�i�d�e���1�2�3�.�7�5���0�.�0�1���0�.�0�0���0�.�0�0�����S�o�d�i�u�m� �s�u�l�f�a�t�e���0�.�0�0���6�4�.�7�4���6�4�.�7�4���0�.�0�0�����S�o�d�i�u�m� �p�o�l�y�p�h�o�s�p�h�a�t�e��� �7�2�.�1�2��� � � � � �7�2�.�1�2���0�.�0�0���0�.�0�0�����S�o�d�i�u�m� �s�i�l�i�c�a�t�e���3�6�.�0�5���3�6�.�0�5���0�.�0�0���0�.�0�0�����S�u�l�f�u�r�i�c� �a�c�i�d���0�.�0�0���1�7�8�.�8�8���0�.�0�0���0�.�0�0�����W�a�t�e�r���9�6�5�.�8�3���1�0�2�1�.�5�3���0�.�0�0���0�.�0�0�����T�o�t�a�l���2�3�1�6�.�4�7���2�3�1�6�.�4�4���1�2�3�.�1�0���2�9�.�8�0����� �§ÀÇÀ �³°±¼Èµ �ø°¤Á �I�¡¿­¼ �Ù´Ã½ �³°±¼ØÇß¾ �ÒÇ �¡Á»À �£ÃÆ¾ �¸ºé¸ �A�l�C�l�3� �s�l�u�d�g�e�ÌÀÙ´.� �Ç°¶Áâ±¡¿­¼ �Ðº®¸Èµ �A�l�C�l�3�¦¸ �ËÃÅ¸ �¸Èö¼ �×¹ �°Èº¼­È �ø°¤Á»À �ëÅÏÇ©¿ �Ý¹ÀÀ¡¿ �çÀç»ë¿ �ÑÇÙ´é¸,� �óÆâ±°¹»À �õ´í¿ �ÙÁÏÀ �ö¼ �ÖÀÙ´.� �ÌÀ �ú°¤ÁÌÀ �³°±¼Èµ �ø°¤Á �I�I�ÌÀÙ´.�

�3�.� �á°ú° �×¹ �í°ûÂ

� �â±¸ÁÇÀ �ø°¤Áú° �³°±¼Èµ �ø°¤Á �I�,� �I�I�ÇÀ �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �×± �¾Áù·¡¿ �ûµó¶ �è°ê»ÏÇÂ´ �ú°¤Á»À �T�a�b�l�e� �2�¡¿ �ª³¸Å»³ú¾í° � �F�i�g�u�r�e�2�¡¿­¼Â´ �¾Áù·°ºÎ· �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �ñº³±ØÇ �¸ºÒ¾Ù´.� � �

�

�T�a�b�l�e� �2�.� �T�h�e� �P�o�l�l�u�t�i�o�n� �I�n�d�e�x� �C�a�l�c�u�l�a�t�i�o�n�

�����P�r�o�d�u�c�t� ���T�o�t�a�l� �W�a�s�t�e���B�O�D�u���T�o�x�i�c�i�t�y���M�a�s�s� �I�n�d�e�x���B�O�D� �I�n�d�e�x���T�o�x�i�c�i�t�y� �I�n�d�e�x�����T�h�e� �e�x�i�s�t�i�n�g� �p�r�o�c�e�s�s���

�8�3�2�.�6�1�4�3���

�1�5�2�.�9�0�2�4���

�1�5�2�4�.�6���

�7�3�9�8�9�.�9���

�0�.�1�8�3�6���

�1�.�8�3�1�1���

�8�8�.�8�6�4�6�����T�h�e� �i�m�p�r�o�v�e�d� �p�r�o�c�e�s�s� �I���

�8�4�6�.�2�5�4�0���

�9�8�.�6�3�3�4���

�5�8�5�.�4���

�7�0�6�8�5�.�7���

�0�.�1�1�6�6���

�0�.�6�9�1�8���

�8�3�.�5�2�7�8�����T�h�e� �i�m�p�r�o�v�e�d� �p�r�o�c�e�s�s� �I�I���

�8�4�6�.�2�5�4�0���

�8�4�.�4�5�3�4���

�5�8�5�.�4���

�2�5�7�5�1�.�7���

�0�.�0�9�9�8���

�0�.�6�9�1�8���

�3�0�.�4�3�0�2��������� �E�M�B�E�D� �E�x�c�e�l�.�C�h�a�r�t�.�5� �\�s� ������� �F�i�g�u�r�e� �2�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �p�o�l�l�u�t�i�o�n� �i�n�d�e�x� �o�f�

� � � � � � � � � �p�r�o�c�e�s�s�e�s�.� �(� �T�o�x�i�c�i�t�y� �i�n�d�e�x�*� �:� �T�o�x�i�c�i�t�y� �i�n�d�e�x�/�1�0�0� �)�

� �Õ¸úÀ �M�a�s�s� �I�n�d�e�x�¡¿ �ë´ÑÇ �ñº³±ÎºÍÅ �ÏÇé¸,� �â±¸ÁÇÀ �ø°¤Á¡¿ �ë´ØÇ �³°±¼Èµ �ø°¤ÁI�ºÀ �à¾ �3�6�.�5�3�%� �¤Áµµ,� �³°±¼Èµ �ø°¤ÁI�I�Â´ �à¾ �4�5�.�6�6�%� �¤ÁµµÇÀ �¨°Ò¼²À»À �ª³¸Å»³ú¾Ù´.� �ÌÀÍ°ºÀ �â±¸ÁÇÀ �ø°¤Á¡¿­¼ �è¹âÃÇµÂ´ �s�l�u�d�g�e�ª³ �×¾ó» �óÆâ±°¹»À �çÀ°Èë¿,� �çÀ³Ã®¸ÏÇ©¿ �Ù´Ã½ �ç»ë¿ÔÇ¸ÀÎ·á½ �è¹âÃÇµÂ´ �À¿°¿ �°¹úÁ»À �ÙÁÏÀ �ö¼ �ÖÀú¾â± �§¶®¹ÌÀÙ´.� �Ù´½À �B�O�D� �I�n�d�e�x�¦¸ �ñº³±ÏÇé¸,� �â±¸ÁÇÀ �ø°¤Á¡¿ �ë´ØÇ �³°±¼Èµ �ø°¤Á �I�ºÀ �à¾ �6�2�.�2�2�%� �¤ÁµµÌÀí° �³°±¼Èµ �ø°¤Á �I�¡¿­¼ �I�I�Î· �³°±¼Éµ �§¶,� �M�a�s�s� �I�n�d�e�x�Â´ �1�4�.�3�8�%� �¡°®· �¨°Ò¼ÑÇ �Ý¹é¸ �B�O�D� �I�n�d�e�x�Â´ �¨°Ò¼®·ÌÀ �ø¾¸ÀÇ¹Î· �B�O�D� �I�n�d�e�x�¦¸ �â±ØÁ¸ÀÎ· �ø°¤ÁÇÀ �³°±¼ �©¿Îº¦¸ �á°¤ÁÒÇ �§¶¡¿Â´ �³°±¼Èµ �ø°¤Á �I�I�Î·ÇÀ �ú°¤ÁºÀ �«¹ÇÀÌ¹ÏÇÙ´.� �¶¸öÁ·¸¸ÀÎ· �T�o�x�i�c�i�t�y� �I�n�d�e�x�¦¸ �ì»ìÆ¸ºé¸,� �â±¸ÁÇÀ �ø°¤Á¡¿ �ë´ØÇ �³°±¼Èµ �ø°¤Á �I�ºÀ �¨°Ò¼²ÀÌÀ �à¾ �6�.�0�1�%� �¤ÁµµÌÀí° �³°±¼Èµ �ø°¤Á �I�I�Î·Â´ �à¾ �6�5�.�7�6�%� �¤ÁµµÇÀ �¨°Ò¼²À»À �¸º©¿ØÁÙ´.� �ÌÀÍ°ºÀ �ø°¤Á �I�I�¡¿­¼ �T�o�x�i�c�i�t�y� �I�n�d�e�x�ÇÀ �«Å �ÎºÐº»À �÷ÂöÁÏÇø´ �A�l�C�l�3� �s�l�u�d�g�e�¦¸ �çÀ°Èë¿ÔÇ¸ÀÎ·á½ �ò¾î¾øÁ �á°ú°ÌÀÙ´.� �á°¹± �B�O�D� �I�n�d�e�x�Í¿Â´ �Þ´®¸ �³°±¼Èµ �ø°¤Á �I�I�ÇÀ �üÇÂÅÎ· �ø°¤Á»À �³°±¼ÏÇÂ´ �Í°ºÀ �üÀ¼Ã �óÆâ±°¹ÇÀ �T�o�x�i�c�i�t�y�¦¸ �¨°Ò¼ÏÇÂ´¥µ �«Å �¿Èú°¦¸ �ò¾»À �ö¼ �ÖÀ½À»À �Ë¾ �ö¼ �ÖÀÙ´.� �

� �

�á°Ð· �×¹ �¦Áð¾

� �»º �¬¿¸±¡¿­¼Â´ �ø°¤ÁÌÀ �¯Èæ°¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �ª³¸Å»³Â´ �¤Á®·ûÀÎÀ �´ÃµµÎ· �â±¸ÁÇÀ �M�a�s�s� �I�n�d�e�x� �Ü¿¡¿ �óÆâ±°¹ÇÀ �B�O�D�Í¿ �T�o�x�i�c�i�t�y�¡¿ �ë´ÑÇ �¤Á¸º¦¸ �ÙÁ �ö¼ �ÖÀÂ´ �B�O�D� �I�n�d�e�x�Í¿ �T�o�x�i�c�i�t�y� �I�n�d�e�x�¦¸ �¦ÁÃ½ÏÇí° �ç»Ê· �¬¿¸±¦¸ �ëÅÏÇ©¿ �â±¸ÁÇÀ �ø°¤Áú° �W�a�s�t�e� �M�i�n�i�m�i�z�a�t�i�o�n�»À �í°Á·ÏÇ©¿ �³°±¼Èµ �õ»Î·î¿ �ø°¤ÁÇÀ �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�¦¸ �è°ê»,� �ñº³±ÏÇ©¿ �ø°¤ÁÇÀ �³°±¼ �¤Áµµ¦¸ �Ë¾Æ¾¸ºÒ¾Ù´.� �M�a�s�s� �I�n�d�e�x�Â´ �ø°¤ÁÇÀ �À¿°¿ �°¹úÁ �è¹âÃ®·ÇÀ �¤Á®·ûÀÎÀ �´Ãµµ¡° �ÇµÇ¹Î· �è¹âÃ �³Ã®¸ �Ã½³¼ÇÀ �ë¿®·ú° �³Ã®¸ �ñºë¿»À �á°¤ÁÏÇÂ´ �â±ØÁÌÀ �Éµ �ö¼ �ÖÀÙ´.� �B�O�D� �I�n�d�e�x�Â´ �¯Àâ±°¹Î· �¸±º¼Èµ �óÆâ±°¹»À �³Ã®¸ÒÇ �§¶ �³Ã®¸ �ë¿®·ÌÀª³ �ñºë¿»À �ßÃê»ÒÇ �ö¼ �ÖÀÂ´ �Ù±Å°¡° �Çµí° �T�o�x�i�c�i�t�y� �I�n�d�e�x�Â´ �ø°¤ÁÇÀ �¯ÀØÇº¼»À �¤Áº¼ûÀÎÀ �ÚÀá·¡° �Æ¾Ï´ó¶ �¤Á®·ûÀÎÀ �ö¼¡ÄÎ· �¸º©¿ �ØÁÙ´Â´ �¡Á¡¿­¼ �ÇÀÌ¹¦¸ �¡°øÁÙ´.� �P�o�l�l�u�t�i�o�n� �I�n�d�e�x�Â´ �ø°¤ÁÇÀ �À¿°¿ �°¹úÁ �è¹âÃÇÀ �¤Á®·ûÀÎÀ �´Ãµµ¡° �Çµâ± �§¶®¹¡¿ �¯Èæ° �¯ÀØÇµµ¡° �·³ºÀ �ø°¤Á»À �³°ß¹ÏÇÂ´¥µ �Å¸ì¿ �ßÁä¿ÏÇÔ° �ûÀë¿ÈµÙ´.� �¯Æ÷È �Îµ �ø°¤Á»À �ñº³±ÏÇ©¿ �±¼ÃÅØÇß¾ �ÒÇ �æ°ì¿ �´°ü°ûÀÎÀ �â±ØÁÌÀ �Éµ �ö¼ �ÖÀÙ´.� �ø°¤Á³°±¼»À �§ÀÑÇ �ñºë¿ú° �öÇçÀÇÀ �óÆâ±°¹ �³Ã®¸¡¿ �ûµ¥¸ �ñºë¿»À �ñº³±ØÇ �½º¸ÀÎ·á½ �³°±¼Èµ �ø°¤ÁÇÀ �æ°¦Áº¼»À �Ë°äÅÏÇÂ´ �Í°ºÀ �ßÃÄÈ¡¿ �¬¿¸±ØÇß¾ÒÇ �ú°¦ÁÌÀÙ´.� � � � � � � � �

�

�üÂí° �®¹åÇ �

�1�.� �A�h�m�a�d� �K�.� �H�i�l�a�l�y� �a�n�d� �S�u�b�h�a�s� �K�.� �S�i�k�d�a�r� �:� �P�o�l�l�u�t�i�o�n� �B�a�l�a�n�c�e� �:� �A� �N�e�w� �M�e�t�h�o�d�o�l�o�g�y� �M�i�n�i�m�i�z�i�n�g� �W�a�s�t�e� �P�r�o�d�u�c�t�i�o�n� �i�n� �M�a�n�u�f�a�c�t�u�r�i�n�g� �P�r�o�c�e�s�s�,� �J�.� �o�f� �A�i�r� �&� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �A�s�s�o�c�.�,� �4�4�,� �p�p�.�1�3�0�3�-�1�3�0�8� �(�1�9�9�4�)�

�2�.� �A�h�m�a�d� �K�.� �H�i�l�a�l�y� �a�n�d� �S�u�b�h�a�s� �K�.� �S�i�k�d�a�r� �:� �P�r�o�c�e�s�s� �S�i�m�u�l�a�t�i�o�n� �T�o�o�l�s� �f�o�r� �P�o�l�l�u�t�i�o�n� �P�r�e�v�e�n�t�i�o�n�,� �C�h�e�m�.� �E�n�g�.�,� �9�2�(�2�)�,� �p�p�.�9�8�-�1�0�5� �(�1�9�9�6�)�

�3�.� �M�.� �S�.� �P�e�t�e�r�s� �a�n�d� �K�.� �D�.� �T�i�m�m�e�r�h�a�u�s� �:� �P�l�a�n�t� �d�e�s�i�g�n� �a�n�d� �e�c�o�n�o�m�i�c�s� �f�o�r� �c�h�e�m�i�c�a�l� �e�n�g�i�n�e�e�r�s�,� �M�c�G�r�a�w�-�H�i�l�l� �:� �N�e�w� �Y�o�r�k�,� �p�p�.�2�4�-�3�3� �(�1�9�6�8�)�
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