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� �­È®¼¬¿á·ÇÀ �¬¿Ò¼¡¿ �ÇÀØÇ �ß¹ý»ÏÇÂ´ �S�O�2�Â´ �ê»º¼ñº,� � �ë´â±úÁÇÀ �Ç¾­È,� �¤±­ÈÐÇ �º½ð¸×± �îµ»À �ß¹ý»Ã½ÑÄ � �¹¸ºÀ �®¹¦Á¦¸ �ÏÀ¸À°Åí° � �ÖÀ¸Àç¸,� �À¿°¿°¹úÁÇÀ �è¹âÃ»À �ö¾Ý°÷È �Ô±¦ÁÏÇí° �ÖÀÂ´ �ó»²ÈÌÀÙ´.�[�1�]�


� � �è¹¬¿»Å²Èø°¤ÁºÀ �©ÅÔ° �À½Ä½ý¹,� �Ç°Ä½ý¹,� �Ý¹Ç°Ä½ý¹¸ÀÎ· �ª³µ´î¾úÁ �ö¼ �ÖÀÙ´.� �»º �¬¿¸±¡¿­¼ �ÖÁÎ· �ü°É½»À �Ðµ �Í°ºÀ �Ý¹Ç°Ä½ý¹ÌÀÙ´.� �Ý¹Ç°Ä½ �æ¹ý¹ºÀ �â±-�í° �Ý¹ÀÀ»À �ÖÁÎ·ÏÇÂ´ �Ç°Ä½ý¹¸ºÙ´ �¦ÁÅ°²ÀÌÀ �ô³í°,� �åÀ¡Ä¡° �À½Ä½ý¹¡¿ �ñºÏÇ©¿ �ñº³±ûÀ �Ü´ø¼ÏÇ©¿ �â±¸ÁÇÀ �ø°¤Á¡¿ �Îº¡°ÏÇ©¿ �ç»ë¿ÏÇâ± �¬½î¿ �ÌÀ¡ÁÌÀ �ÖÀÙ´.� � �×±¯·ª³,� �À½Ä½ý¹¡¿ �ñºÏÇ©¿ �¦ÁÅ°²ÀÌÀ �·³Æ¾ � �í°ó³µµÇÀ �è¹âÃ¡°º½¡¿ �ç»ë¿ÏÇâ±¡¿Â´ � �î¾Á·î¿ �®¹¦Á¡ÁÌÀ �ÖÀî¾,� �öÇçÀÂ´ �úÀó³µµÇÀ �è¹âÃ¡°º½¡¿ �ûÀë¿ÏÇ©¿ �ç»ë¿ÏÇí° �ÖÀÙ´.�[�2�]�[�3�]�


� �Ý¹Ç°Ä½ý¹ºÀ �À½Ä½ý¹,� �Ç°Ä½ý¹¡¿ �ñºÏÇ©¿ �¦ÁÅ° �¿È²À»À � �ó»Â½Ã½³Å �ö¼ �ÖÀÂ´ �æ¹ý¹ÌÀ �¹¸ÌÀ �¦ÁÃ½ �Çµí° �ÖÀî¾ �öÇçÀ �¹¸ºÀ � �¬¿¸±¡° �ÌÀç·î¾öÁí° �ÖÀÙ´.� �íÈö¼¦ÁÇÀ �³°±¼,� �Å½íÈö¼¦ÁÇÀ �³°ß¹,� �¢ÁËÃæ¹Ä½ÇÀ �³°±¼,� �íÈö¼¦ÁÇÀ �çÀ°Èë¿ �îµÌÀ �ÖÁÎ· �¬¿¸±Çµí° �ÖÀÙ´.�


� �»º �¬¿¸±¡¿­¼Â´ �©¿¯· �¡°öÁ �¬¿Ò¼ �Ã½³¼¡¿­¼ �ß¹ý»Éµ �ö¼ �ÖÀÂ´ �óÆ¡°º½¦¸ �ë´ó»¸ÀÎ· �ÏÇ©¿ �Ý¹Ç°Ä½ �è¹¬¿»Å²ÈåÀ¡Ä¦¸ � �¦ÁÛÀÏÇ©¿ � �S�O�2�ÇÀ �¦ÁÅ° �Ç½èÇ»À �àÇÏÇ´¿Ù´.� �×±®¸í°,� �íÈö¼¦ÁÇÀ �Ý¹ÀÀº¼»À �ô³ÌÀâ± �§ÀÏÇ©¿ �p�H�¦¸ �¶ÁýÀÏÇ©¿ �p�H� �¯º­È¡¿ �ûµ¥¸ �S�O�2� �¦ÁÅ°²ÀÇÀ �¯º­È¦¸ �ü°ûÂÏÇ´¿Ù´.�
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�Ç½èÇ


� �üÀ¼ÃÃ½º½ÛÅÇÀ �³°ä³µµ¦¸ �F�i�g�u�r�e� � �1�¡¿ �ª³¸Å»³ú¾Ù´.�


� �Ðº«¹Ç°¶Á �Ý¹ÀÀâ±Â´ �ÎºÄ½»À �í°Á·ÏÇ©¿ �s�t�a�i�n�l�e�s�s� �s�t�e�e�l�Î· �¦ÁÛÀÇµú¾Ù´.� �Ý¹ÀÀâ±ÇÀ �­ÀÎºÐº¡¿ �Ðºç» �n�o�z�z�l�e�ÌÀ �ÎºøÂÇµî¾ÖÀÙ´.� �ð¸ç»¡°º½Â´ �ø¼ö¼ �S�O�2�Í¿ � �Ð¾àÃø°â±¦¸ �¥ÈÕÇÏÇ©¿ �Ç½èÇ¡¿ � �ÊÇä¿ÑÇ �ó³µµ¦¸ �Â¸ßÃú¾Ù´.� �C�a�(�O�H�)�2� �µµÔÀÎºÂ´ �s�l�u�r�r�y� �t�a�n�k�Í¿ �³±Ý¹åÀ¡ÄÎ· �¸±º¼Çµî¾ �ÖÀ¸Àç¸,� �×¾¼Ãë¿ �«¹Æ¸ù· �¤Á®· �ßÆÁÇ¦¸ �ÌÀë¿ÏÇ©¿ �ÏÀ¤Á®·ÇÀ �×¾¼Ã¦¸ �ø°Þ±ÒÇ �ö¼ �ÖÀµµÏ· �Çµî¾ �ÖÀÙ´.� �


� �Ðº®¼ÎºÂ´ �è¹âÃÇµÂ´ �óÆ¡°º½¦¸ �ÏÀÎºÐº �Ðº®¸ÏÇ©¿ �íÈö¼×¾(�H�2�O�2�)�¡¿ �íÈö¼Ã½ÑÄ �ûÀ¤ÁÏÇ©¿ �Ðº®¼ÏÇ´¿Ù´.� �p�r�e�a�h�e�a�t�e�r�Â´ �üÀâ±¦¸ �ÌÀë¿ÏÇ©¿ �¡°­¿ÏÇÔ° �Çµî¾ �ÖÀ¸Àç¸,� �1�0�0�­¡2�5�0�É¡ÇÀ �ü¹§À¡¿­¼ �Â¿µµ¦¸ �¶ÁýÀÏÇ©¿ �â±¼Ã¦¸ �¡°­¿ÒÇ �ö¼ �ÖÀµµÏ· �³¼è°Çµú¾Ù´.�


� �Ç½èÇ �¯ºö¼éµºÀ �íÈö¼¦ÁÇÀ �ó³µµ,� �íÈö¼×¾ÇÀ �ÎºÇÇ¯À®·,� � �µµÔÀóÆ¡°º½ÇÀ �S�O�2� �ó³µµ �îµ¸ÀÎ· �³¼¤ÁßÇÙ´.� �×±®¸í°,� � �íÈö¼¦ÁÇÀ �Ý¹ÀÀº¼»À �ô³ÌÀâ± �æ¹ý¹¸ÀÎ· � �íÈö¼×¾ �½½¯·®¸ÇÀ �p�H�¦¸ �³¼¤ÁÏÇ´¿í°,� �p�H� �¯º­È¡¿ �ûµ¥¸ �S�O�2� �¦ÁÅ°²ÀÇÀ �¯º­È¦¸ �Ç½èÇÏÇ´¿Ù´.�
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�á°ú° �×¹ �äÅÐ·


� �íÈö¼¦ÁÇÀ �ó³µµ¡° �¢°¢° �0�.�4�,� �0�.�8�,� �1�%�ÎÀ �æ°ì¿ �S�O�2� �¦ÁÅ°®·»À �F�i�g�u�r�e� �2�,�3�,�4�¡¿ �¸º´¿Ù´.� �µµÔÀó³µµ¡° �1�0�0�0�p�p�m�¸ºÙ´ �·³ºÀ �æ°ì¿Â´ �µµÔÀó³µµ¡° �õÁ¡°ÔÇ¡¿ � �ûµó¶ �S�O�2� �¦ÁÅ°®·ºÀ �Þ±Ý°÷È �õÁ¡°ÏÇ´¿Ù´.� �×±¯·ª³,� �1�0�0�0�p�p�m� �ÌÀó»ÇÀ � �µµÔÀó³µµ¡¿­¼Â´ �¦ÁÅ°®·ÌÀ �Ï¿¸¸÷È �õÁ¡°ÏÇÂ´ �öÇó»»À �¸º´¿Ù´.� �


� �ÑÇíÆ �íÈö¼×¾ÇÀ �¯À®·ÌÀ �õÁ¡°ÔÇ¡¿ � �ûµó¶­¼ �S�O�2� �¦ÁÅ°®·ºÀ � �õÁ¡°ÏÇÂ´ �öÇó»»À �¸ºÎÀÙ´.� �íÈö¼×¾ÇÀ �ó³µµ¡° �ÏÀ¤ÁÒÇ �§¶ �¯À®·ÌÀ �õÁ¡°ÏÇé¸ �Ðºç» �n�o�z�z�l�e� �ÔÀ¸±¡¿­¼ÇÀ �×¾ûÀÇÀ �©Åâ±Â´ �¿ÄöÁí° �×¾ûÀÇÀ �ö¼®·ºÀ � �ÙÁî¾çµÙ´.� �×¾ûÀÇÀ �©Åâ±¡° �¿ÄüÁ¡¿ �ûµó¶ �¥Çé¸ûÀºÀ �¨°Ò¼ÒÇ �Í°ÌÀÙ´.� �Ç¶ÑÇ �×¾ûÀÇÀ � �ö¼®·¨°Ò¼µµ �¦ÁÅ°²À¡¿ �ÖÀî¾ �¨°Ò¼ �ä¿ÎÀÌÀ �ÇµöÁ¸¸,� � �íÈö¼×¾ÇÀ �¯À®·ÌÀ �Ã´î¾²³¡¿ � �ûµó¶­¼ �Ü´§ÀÃ½£°ç´ �íÈö¼¦ÁÇÀ �õÅÔÀ®·ÌÀ �õÁ¡°ÏÇ©¿ �¦ÁÅ°®·¡¿ �ÖÀî¾ �ó»Â½ �¿Èú°¦¸ �¡°®ÁÂ¿Ù´.� �ÌÀ �Îµ �¡°öÁ �¿Èú°¡° �æ°ïÀßÇ»À �§¶,� �ÄÈÚÀÇÀ � �¿Èú°¡° �¦ÁÅ°®·¡¿ �Ì¹¡ÄÂ´ �µ¿âÇÌÀ � �õ´ �«Å �Í°¸ÀÎ· �ç»á·ÈµÙ´.�


� �ÑÇíÆ,� �ÏÀ¤ÁÑÇ �íÈö¼×¾ �¯À®·¡¿­¼ �íÈö¼×¾ �ó³µµ¡° �õÁ¡°ÔÇ¡¿ �ûµó¶ �S�O�2� �¦ÁÅ°®·ºÀ �õÁ¡°ÏÇ´¿Ù´.� � �×±¯·ª³,� � �0�.�4�%�w�t�ÇÀ �æ°ì¿Â´ � �íÈö¼¦Á � �ÔÇ®·ÌÀ �·³â± � �§¶®¹¡¿ �1�0�0�0�p�p�m� �ÌÀó»ÎºÍÅ �¦ÁÅ°Èµ � �S�O�2�ÇÀ �ç¾ÌÀ �ÏÀ¤ÁÏÇÙ´.� � �0�.�8�%�,� �1�%�w�t�ÇÀ �æ°ì¿Â´ �1�5�0�0�p�p�m� �¤Áµµ¡¿­¼ �¦ÁÅ°®·ÌÀ �ÏÀ¤ÁØÇ �üÁ»À �Ë¾ �ö¼ �ÖÀÙ´.� �ûµó¶­¼ �íÈö¼¦Á �ó³µµ¡¿ �ûµ¥¸ �ÖÃë´ �S�O�2� �¦ÁÅ°®·ÌÀ �¸ÁçÀÏÇç¸,� � �íÈö¼¦ÁÇÀ �ó³µµ¡° �0�.�4�,� �0�.�8�,� �1�%�w�t�Î· �¯ºÒÇ �§¶ �ÖÃë´ �S�O�2� �¦ÁÅ°®·ºÀ �¢°¢° �0�.�1�0�8�,� �0�.�1�4�1�,� �0�.�1�5�3� �g� �S�O�2� �/� �g� �C�a�(�O�H�)�2� �ÌÀÙ´.�


� �S�O�2�ÇÀ �¦ÁÅ°²À»À �ô³ÌÀâ± �§ÀÏÇ©¿ �íÈö¼¦Á �½½¯·®¸ÇÀ �p�H�¦¸ �¯º­ÈÃ½´Å¸ÀÎ·á½ �ë¿ØÇµµ¡° �Å¸ì¿ �·³ºÀ �C�a�(�O�H�)�2�ÇÀ �ë¿ØÇµµ¦¸ �ô³©¿ �Ý¹ÀÀº¼»À �õÁ¡°Ã½°ÅÂ´ �Ç½èÇ»À �àÇÏÇ´¿Ù´.�


� �»º �Ç½èÇ¡¿­¼Â´ �ì¿±¼ �ø¼ö¼ �H�N�O�3�¦¸ �1�0�è¹ � �ñÈ®¼Ã½²Å �1�.�4�M� �ó³µµÇÀ �H�N�O�3�¦¸ �C�a�(�O�H�)�2� �½½¯·®¸¦¸ �õÅÔÀÏÇí° �×± � �p�H�ÇÀ �¯º­È¦¸ �ü°ûÂÏÇ´¿Ù´.� � �H�N�O�3� �õÅÔÀ¡¿ �ûµ¥¸ � �p�H�ÇÀ �¯º­È¦¸ �F�i�g�u�r�e� � �5�¡¿ �ª³¸Å»³ú¾Ù´.� �ÊÃâ±¡¿ � �Ù´®·ÇÀ �H�N�O�3�¡° �õÅÔÀÇµî¾µµ � �p�H�¡° �ÏÀ¤ÁÑÇ �ÌÀ¯ÀÂ´ �H�N�O�3�¡° �õÅÔÀÇµé¸ �ÌÀ¡¿ �ë´ÀÀÏÇ©¿ � � �Ì¹ë¿ØÇÈµ �C�a�(�O�H�)�2�¡° �C�a�+�+�,� �Í¿ � �2�O�H�-�Î· �Ðº®¸Çµî¾ �ª³À¿â± � �§¶®¹¡¿ �ßÁ­ÈÇµâ± �§¶®¹ÌÀÙ´.� �ÌÀ§¶,� �íÈö¼×¾ �½½¯·®¸ �Ó¼¡¿Â´ �S�O�2�Í¿ÇÀ �Ý¹ÀÀ¡¿ �üÂ¡°ÏÇÂ´ �C�a�+�+�ÇÀ �ó³µµ¡° � �õÁ¡°ÏÇÔ° �ÈµÙ´.� �ûµó¶­¼,� �p�H�¡° �ÏÀ¤ÁÏÇÔ° �¯ÀöÁÇµÂ´ �ÎºÐº¡¿­¼ �C�a�+�+�ÇÀ �ó³µµ¡° �õÁ¡°ÔÇ¡¿ � �ûµó¶ �S�O�2�ÇÀ �¦ÁÅ°²ÀÌÀ �õÁ¡°ÏÇÂ´ �Í°»À �ç»á·ÈµÙ´.� �×±¯·ª³,� �p�H�¡° �Þ±Ý°÷È �¯º­ÈÏÇÂ´ �ÎºÐº¡¿­¼Â´ � �C�a�(�O�H�)�2�Â´ �ë´ÎºÐº �ë¿ØÇÇµî¾ �C�a�+�+�ÇÀ �ó³µµÂ´ �õÁ¡°ÏÇöÁ �Ê¾í° �H�+�ÇÀ �ó³µµ¡° �õÁ¡°ÏÇÔ° �ÈµÙ´.� �ÌÀ§¶ �H�+� �ÌÀÂ¿ÌÀ �S�O�2�ÇÀ �ë¿ØÇµµ¦¸ �¨°Ò¼Ã½°Åâ± �§¶®¹¡¿ �¦ÁÅ°²ÀºÀ �¨°Ò¼ÏÇÂ´ �Í°¸ÀÎ· �ç»á·ÈµÙ´.� �p�H� �¯º­È¡¿ �ûµ¥¸ �¦ÁÅ°²ÀÇÀ �¯º­È¦¸ �F�i�g�u�r�e� �7�,�8�¡¿ �¸º´¿Ù´


�


�üÂí°®¹åÇ


�S�t�e�r�n�,� �R�.�D�.�,� �“�A�n� �o�v�e�r�v�i�e�w� �o�f� �E�P�A�’�s� �p�r�o�g�r�a�m� �f�o�r� �r�e�t�r�o�f�i�t� �s�o�r�b�e�n�t� �i�n�j�e�c�t�i�o�n� �t�e�c�h�n�o�l�o�g�y�”�,� �E�P�A�/�E�P�R�I� �F�i�r�s�t� �c�o�m�b�i�n�e�d� �F�G�D� �s�y�m�p�o�.�,� �1�9�8�8�


�H�a�l�t�,�B�.�W�.�,�”�C�u�r�r�e�n�t� �S�t�a�t�u�s� �o�f� �t�h�e� �A�D�V�A�C�T�E� �p�r�o�c�e�s�s� �f�o�r� �t�h�e� �F�l�u�e� �G�a�s� �D�e�s�u�f�u�r�i�z�a�t�i�o�n�”�,� �J�.� �A�i�r� �a�n�d� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �A�s�s�o�c�.� �4�2�(�1�)�,� �1�9�9�2�


�D�e�l�l�e�n�e�y�,�R�.�D�.�,� �“�F�G�D� �R�e�s�e�a�r�c�h� �a�n�d� �D�e�v�e�l�o�p�m�e�n�t� �s�t�a�t�u�s� �i�n� �t�h�e� �U�S�”�,� �E�P�A�/�E�P�R�I� �F�i�r�s�t� �c�o�m�b�i�n�e�d� �F�G�D� �a�n�d� �D�r�y� �S�O�2� �C�o�n�t�r�o�l� �S�y�m�p�o�.�,� �1�9�8�8�


���E�M�B�E�D� �J�S�S�P�W�G�r�a�p�h�i�c������� � � � � ���E�M�B�E�D� �J�S�S�P�W�G�r�a�p�h�i�c�������


�F�i�g�u�r�e� �2�.� �T�h�e� �r�e�m�o�v�e�d� �S�O�2� �c�o�n�c�,� �w�i�t�h� �S�O�2� � � � � � � � � � � � � � � � �F�i�g�u�r�e� �3�.� �T�h�e� �r�e�m�o�v�e�d� �S�O�2� �c�o�n�c�,� �w�i�t�h� �S�O�2�


� � � � � � � � � � � �i�n�l�e�t� �C�o�n�c�.� �a�t� �t�h�e� �d�i�f�f�e�r�e�n�t� � � � � � � � � � � � � � � � � � � � � � � � � � � �i�n�l�e�t� �C�o�n�c�.� �a�t� �t�h�e� �d�i�f�f�e�r�e�n�t�


� � � � � � � � � � � �s�l�u�r�r�y� �r�a�t�e�.� �C�a�(�O�H�)�2� �0�.�4�%�w�t� �,�1�8�0�É¡ � � � � � � � � � � � � � � � � � � � � �s�l�u�r�r�y� �r�a�t�e�.� �C�a�(�O�H�)�2� �0�.�4�%�w�t� �,�1�8�0�É¡


� ���E�M�B�E�D� �J�S�S�P�W�G�r�a�p�h�i�c������� � � � � � � � � � � ���


�F�i�g�u�r�e� �4�.� �T�h�e� �r�e�m�o�v�e�d� �S�O�2� �c�o�n�c�,� �w�i�t�h� �S�O�2� � � � � � � � � � � � � � � � � � � � � � � � � �F�i�g�u�r�e� �5�.� �T�h�e� �p�H� �v�a�r�i�a�t�i�o�n� �w�i�t�h� �H�N�O�3� �


� � � � � � � � � � � �i�n�l�e�t� �c�o�n�c�.� �a�t� �t�h�e� �d�i�f�f�e�r�e�n�t� � � � � � � � � � � � � � � � � � � � � � � � � � � � �i�n�p�u�t� �a�m�o�u�n�t�
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