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Ä��µ¦Á°ºÊ°Á¢g�°°»��¦�rÄ��µ¦ª·�¥́ Â¨³�°�°��»��´��·�ª·�¥µ΅¥ Îµ®¦́��°��»��¸É��́�»�Ä��µ¦
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���̧É�1
���Îµ

1.1 �ªµ¤Á�}�¤µÂ¨³�ªµ¤Îµ�́��°��{�®µ
�¦³Á�«Å�¥Á�}��¦³Á�«Á°�¦µ��¹É�Å¤nÁ�¥��Á�}�Á¤º°��¹Ê��°��µ�·Ä�� �ÎµÄ®o�¦³Á�«Å�¥Á�}�

�¦³Á�«�¸É¤̧£µ¬µ� ª́���¦¦¤� Â¨³�¦³Á¡� ̧ Á�}��°���Á°�� Ã�¥Á�¡µ³Ä��µ¦Â��°°�Ä��oµ�
«·¨�³ª́���¦¦¤� Â¨³�µ�{�¥�¦¦¤�nµ�Ç� Á�n� Ã�¦µ�ª́��»� Ã�¦µ��µ�� �¹É��°��µ��³Á�}�¤¦��
�µ�ª́���¦¦¤�°��µ�·Å�¥Â öª� �°��µ��¸Ê¥´�Á�}�¤¦���°�Ã¨�� Á�n�� Ä���́®ª́�¡¦³��¦«¦̧°¥»�¥µ
��³�¦¦¤�µ¦Â®n��µ�·ªnµ�oª¥�µ¦«¹�¬µª·�¥µ«µ�¦rÂ¨³ª́���¦¦¤Â®n�®�¦³�µ�µ�·� (UNESCO)
Å�o�¦³�µ«Ä®o°»�¥µ��¦³ª́�·«µ�¦r¡¦³��¦«¦̧°¥»�¥µÁ�}�¤���Ã¨��Á¤ºÉ°ª́��¸É�13 �´�ªµ�¤�¡.«. 2534
�. �¦»��µ¦rÁ��� �¦³Á�«�¼�Á̧�¥̧� �°��µ��¸Ê¥´�Á�}�¦n°�¦°¥Â®n�°��̧�µ¨�¸É�n��°��¹�ª·��̧¸ª·�Â¨³�ªµ¤
Á�}�¤µ� �µ¦�n°¼o�°��¦¦¡�»¦»¬�µ�·Å�¥� �¹É�·É�Á® n̈µ�¸ÊÁ¦µÅ¤nµ¤µ¦��¸É�³¦oµ��¹Ê�¤µÄ®¤nÄ®oÁ®¤º°�Á�·¤
®¦º°®µ·É�°ºÉ�¤µ��Â��Å�o��¦³Á�«Å�¥�´Ê�¤̧Ã�¦µ��µ�°¥¼nÁ�}��Îµ�ª�¤µ�� Â�n�{��»��́Ã�¦µ��µ�
Á® n̈µ�¸Ê�Îµ΅��¼��Îµ¨µ¥��´É��º°¤̧£µ¡�¦»�Ã�¦¤�Á�ºÉ°�¤µ�µ��nµ��µ¨Áª¨µ¤µ®¨µ¥¦o°¥�e� Â¨³ öª�Â�n
�´Ê�°¥¼n�¦·Áª��¨µ�Â�o��¹��ÎµÄ®oÁ�·��µ¦¹��¦n°�°¥nµ�¦ª�Á¦Èª� �´Ê��µ��µ¦�¦³�Îµ�°�£µª³Âª� ö°¤
�µ¤�¦¦¤�µ�·Â¨³�µ¦�¦³�Îµ�°�¤�»¬¥r�ª·�¸�µ¦°�»¦́�¬rÁ�}��{�®µÄ®�n�¸É�n°Ä®oÁ�·��µ¦��Á�¥̧�¦³®ªnµ�
�´�ª·�µ�µ¦Â¨³�¼o��·�´�·°¥¼nÁ¤°� Á¡ºÉ°Á�}��µ¦��́�»��µ¦¡·�µ¦�µÁ º̈°�¦¦ª·�¸�µ¦�¸ÉÁ®¤µ³¤Ä�
�µ¦°�»¦́�¬r� �¹��ÎµÁ�}��o°�¤̧�µ¦«¹�¬µª·�¥́Á¡ºÉ°®µµÁ®�»� Â¨³�¦³�ª��µ¦Â�o�¦·��¸É�ÎµÄ®oÃ�¦µ��µ�
Á�·��µ¦�Îµ¦»��¦»�Ã�¦¤� Á¡ºÉ°�¸É�³µ¤µ¦�¡·�µ¦�µ®µª·�¸�µ¦Â�oÅ�� Â¨³ª·�¸�j°��´��¸ÉÁ®¤µ³¤�n°Å�
�µ¦�´��¦n°��ÈÁ�}��{��¥́�¸ÉÎµ�´��{��¥́®�¹É�� �¹É��ÎµÄ®oÁ�·��µ¦ÁºÉ°¤£µ¡�°�Ã�¦µ��µ�� Â¨³¥�́
µ¤µ¦�Á�·�Å�oÄ�®¨µ¥Ç µÁ®�»� µÁ®�»®�¹É��¸ÉÎµ�´�Â¨³Á�·��µ��pµ�¤¨¡·¬�¸É¤�»¬¥rÁ�}��¼o�¨�� n̈°¥
¼n�´Ê��¦¦¥µ�µ«� Å�oÂ�n� �pµ��´̈ Á¢°¦rÅ�°°�Å��r (SO2)� �¹É�Á¤ºÉ°�Îµ��·�·¦·¥µ��́�ÊÎµÄ��¦¦¥µ�µ«Å¤nªnµÄ�
¦¼��°��ªµ¤�ºÊ�®¦º°�ÊÎµ ��³Á�·�Á�}��¦��´̈ ¢¼¦·�� �¹É��¦�Á® n̈µ�¸Êµ¤µ¦���́�¦n°�ª́��»�»���·�� Ã�¥�³
¡��¦·¤µ�¤µ�Ä�Á���¦·Áª��¸É¤̧�µ¦�¦µ�¦��́�´É�� ®¦º°¤̧Ã¦��µ�°»�µ®�¦¦¤�Îµ�ª�¤µ�� �´É�®¤µ¥�¹�
Ã�¦µ��µ��¸É�´Ê�°¥¼nÄ�¥nµ��¸É¤̧�µ¦�¦µ�¦�¸É�´��´É�� ®¦º°Ä�¥nµ��°�Ã¦��µ�°»�µ®�¦¦¤�´Ê�� ¥n°¤¤̧
�ªµ¤Á̧É¥��n°�µ¦�´��¦n°�¼��µ¤Å��oª¥ Ã�¥�´Ê��¸Ê¦³�´��°��ªµ¤¦»�Â¦��¸É�n°Ä®oÁ�·��ªµ¤Á̧¥®µ¥�n°
Ã�¦µ��µ��µ��{�®µ¤¨£µª³�µ�°µ�µ« Ã�¥Á�¡µ³°¥nµ�¥·É��µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r� Ã�¥�³
�¹Ê�°¥¼n��́�ªµ¤Á�o¤�o��°�µ¦¤¨¡·¬�Â¨³¦³¥³Áª¨µ�¸ÉÅ�o¦́�®¦º°́¤�́µ¦¤¨¡·¬�®µ�Å�o¦́�µ¦¤¨¡·¬
�¸É¤̧�ªµ¤Á�o¤�o�¼�Â¤o�³Å�o¦́�Ä�¦³¥³Áª¨µ́Ê�Ç� �È�ÎµÄ®oÁ�·��ªµ¤Á̧¥®µ¥�¹Ê�Å�o¤µ�� ®¦º°®µ�Å�o¦́�
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µ¦¤¨¡·¬�¸É¤̧�ªµ¤Á�o¤�o��ÉÎµÂ�nÅ�o¦́�®¦º°́¤�́µ¦¤¨¡·¬Á�}�¦³¥³Áª¨µ�µ�� �Èµ¤µ¦��ÎµÄ®oÁ�·�
�ªµ¤Á̧¥®µ¥Å�o¤µ�Á�n���́

�µ�Á®�»�¨�oµ��o��¸Ê�³Á®È�Å�oªnµ�µ¦�´��¦n°�Ã�¥�pµ�¤¨¡·¬�´Ê�¤̧�ªµ¤Îµ�´� Â¨³��́ª́��³
Á¡·É¤�ªµ¤¦»�Â¦�¤µ�¥·É��¹Ê�� Â�nÄ��{��»��́�¸ÊÄ��¦³Á�«Å�¥Á°�� °»��¦�rÂ¨³Á�¦ºÉ°�¤º°�¸ÉÄ�o��°�
°́�¦µ�µ¦�´��¦n°�Ã�¥�pµ�¤¨¡·¬Ä�°µ�µ«Ã�¥�¦��´Ê�¥�́Å¤n¤̧� Â¨³Ä��µ¦«¹�¬µ�µ¦��́�¦n°�� �µ¦�Îµ
�µ¦��¨°�Ä�£µ¡Âª� ö°¤�¦·��´Ê��³�o°�Ä�oÁª¨µÄ��µ¦��¨°�� Â¨³�¦³Á¤·��¨�n°��oµ��µ�� °µ�
Á�}�Áª¨µ�¹� 10 �e� ®¦º°�µ��ªnµ�´Ê�� Â¨³�³�o°�Á̧¥�nµÄ�o�nµ¥¼�� Á¡ºÉ°Ä®oÅ�o�¨�µ¦��¨°��¸É¦ª�Á¦ÈªÂ¨³
�´��n°�µ¦�´��¦n°��¸É°µ��³Á�·��¹Ê�

�´��´Ê�Ä��µ�ª·�¥́ª·�¥µ�·¡��r�¸Ê� �¹�Å�o�Îµ�µ¦¡´��µÁ�¦ºÉ°�¤º°�¹Ê�¤µÁ¡ºÉ°«¹�¬µ�µ¦��́�¦n°�
Â¨³°́�¦µ�µ¦�´��¦n°��¸É°µ��³Á�·��¹Ê�Å�o� Â¨³Å�oÄ�o�µ¦��°��µ¦��́�¦n°�Ä�£µª³Á¦n�� �´É��º°¤̧�µ¦
Á¡·É¤�ªµ¤Á�o¤�o��°�µ¦¤¨¡·¬Ä®o¤µ��¹Ê�� Â¨³¤µ��ªnµÄ�£µª³�¸ÉÁ�·��¹Ê��¦·�� Á¡ºÉ°¦n�¦³¥³Áª¨µ�°�
�µ¦��¨°�¨�

1.2 ª´��»�¦³��r
1) ¡´��µª·�¸�µ¦Ä��µ¦«¹�¬µ Â¨³��°��µ¦��́�¦n°�ª́�»Ã�¥¤¨¡·¬�µ�°µ�µ«Ä�£µª³

�pµ�
2) Á¡ºÉ°«¹�¬µ�µ¦��́�¦n°�� Â¨³°́�¦µ�µ¦�´��¦n°��°�ª́�»�µ�Â® n̈�Ã�¦µ��µ� Ã�¥�pµ�

�´̈ Á¢°¦rÅ�°°�Å��r (SO2) �¸É�ªµ¤Á�o¤�o��nµ�Ç
3) Á¡ºÉ°�Îµ�µ¥°́�¦µ�µ¦��́�¦n°��°�Ã�¦µ��µ�

1.3 �°�Á���µ¦«¹�¬µ
1)��Îµ�µ¦��¨°�«¹�¬µ�µ¦��́�¦n°��oª¥Á�¦ºÉ°�¤º°�¸É�Îµ�µ¦¡�́�µ
2)�ª́�»�¸ÉÄ�oÄ��µ�ª·�´¥

(1) ª́�»�´ªÂ���°�Ã�¦µ��µ�� Å�oÂ�n� °·�Á�nµ ��µ��¦³¤µ� 2.5 x 2.5 x 2.5
Á���·Á¤�¦� Â¨³�¼��{��Á�nµ� ��µ��¦³¤µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦� �µ�Ã�¦µ��µ� �¦·Áª�
Á�µ³Á¤º°����´�®ª́�¡¦³��¦«¦̧°¥»�¥µ

(2) ª́�»Á�¦̧¥�Á�¥̧��Å�oÂ�n�°·��{��»�´�  ��µ��¦³¤µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦
Â¨³��¼��{���{��»�´����µ��¦³¤µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦

3)�¡ºÊ��¸É«¹�¬µ�Å�oÂ�n�ª́�¡¦³¦µ¤���´�®ª́�¡¦³��¦«¦̧°¥»�¥µ
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4)��pµ�¤¨¡·¬�Å�oÂ�n��pµ��´¨Á¢°¦rÅ�°°�Å��r�(SO2)
5)� ª·�¸�µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦�´��¦n°�� ¤̧� 4 ª·�¸� Å�oÂ�n� �µ¦�¦ª�°�΅�¬�³

£µ¥�°��oª¥�µ, � ö°��»¨�¦¦«�r°·Á È̈��¦°�Â��n°��¦µ�� (Scanning Electron Microscope,
SEM), �µ¦ª·Á�¦µ³®rÃ�¦�¦oµ��oª¥Á���·��µ¦Á¨̧Ê¥ªÁ���°�¦́�̧Á°È��r� (X-ray diffraction, XRD) Â¨³
�µ¦�´É��ÊÎµ®��́®µ�ÊÎµ®��́�¸É®µ¥Å� (weight loss)

�µ¦µ��¸É�1.1 Â��ª·�¸�µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦��́�¦n°�Ä��µ�ª·�´¥
·É��¸É«¹�¬µ ª·�¸�µ¦«¹�¬µ ª́��»�¦³��r

�¦ª�°�΅�¬�³£µ¥�°��oª¥�µ � ö°��nµ¥¦¼�
Ã�¦�¦oµ�£µ¥Ä� � ö°��»̈ �¦¦«�r°·Á È̈��¦°�Â��n°��¦µ�
°��r�¦³�°�ª́�» X-ray diffraction

«¹�¬µ�µ¦��́�¦n°�

�ÊÎµ®��́�¸É®µ¥Å� (weight loss) Á�¦ºÉ°��´É��ÊÎµ®�´�°¥nµ�¨³Á°̧¥��4 �ÎµÂ®�n� «¹�¬µ°́�¦µ�µ¦��́�¦n°�

6)� Á�È��´ª°¥nµ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r� (SO2) Ä�¡ºÊ��¸É«¹�¬µ� Ã�¥ª·��¸¡µ¦µÃ¦�µ�·̈ ¸�
pararosaniline method

1.4 �µ¦�ÎµÁ�·��µ¦ª·�́¥
Ä��µ¦�ÎµÁ�·��µ¦ª·�¥́�³Â�n�°°�Á�}��5 �́Ê��°�Å�oÂ�n
1)�¦ª�¦ª¤�o°¤¼¨¡ºÊ��µ�Á�ºÊ°��o��Å�oÂ�n

(1)�Â® n̈�Ã�¦µ��µ�
(2) ª́�»�°�Ã�¦µ��µ��Å�oÂ�n���·��Â¨³�»�¤��́·�°�ª́�»
(3)��¦¦¥µ�µ«£µª³Âª� ö°¤Ä�¡ºÊ��¸É«¹�¬µ�Å�oÂ�n��ªµ¤Á�o¤�o��°��SO2

(4)��µ¦��́�¦n°�
(5) ª·�¸�µ¦«¹�¬µ�µ¦��́�¦n°�

2)�°°�Â��Á�¦ºÉ°�¤º°Ä��µ¦«¹�¬µ�µ¦��́�¦n°�
(1)�«¹�¬µ¤¤�·�µ��¸ÉÄ�oÄ��µ¦�Îµ�ª�Â¨³°°�Â��Á�¦ºÉ°�¤º°
(2)�°°�Â��Á�¦ºÉ°�¤º°Ä��µ¦��°��µ¦��́�¦n°�
(3)��·�·�¸ÉÁ�¸É¥ª�o°�
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3)���°�Á�¦ºÉ°�¤º°�¸É¡�́�µ
�Îµ�µ¦Á�¦̧¥¤Á�¦ºÉ°�¤º°��°�Ä�®o°���·�´�·�µ¦� Ã�¥«¹�¬µ�¦ª�ª́��ªµ¤Á�o¤�o��°�

�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�¦̧¥¤� °»�®£¼¤·� �ªµ¤��́� Â¨³�ªµ¤�ºÊ�� Â¨³�Îµ�µ¦��°�Á�¦ºÉ°�¤º°Ã�¥
��°�£µ¥�°�°µ�µ¦ Â¨³Ä�o°·��{��»�´�Á�}��´ª��°��¨�µ¦��¨°��µ�Á�¦ºÉ°�¤º°�¸É¡´��µ�¹Ê�¤µ
�¹É��¨�µ¦��¨°��¸ÉÅ�o�ª¦�³¤̧�ªµ¤°�� ö°���́�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �¸É��¨°�
�oª¥�ªµ¤Á�o¤�o��nµ�Ç��¹É�Å�o�µ��µ¦Á�¦̧¥¤Ä�®o°���·�´�·�µ¦

4)���°���́ª́�»�¦·���nµ�°��´ªÂ�¦°·¦³�¸É«¹�¬µ¤̧�´��¸Ê

�µ¦µ��¸É�1.2 Â���nµ�°��´ªÂ�¦°·¦³�nµ�Ç��¸ÉÄ�o«¹�¬µÄ��µ�ª·�´¥
�´ªÂ�¦°·¦³�¸É«¹�¬µ �ªµ¤Á�o¤�o��°�

�pµ��´̈ Á¢°¦rÅ�°°�Å��r�(ppm)
¦³¥³Áª¨µÄ��µ¦́¤�́

(́��µ®r)
�nµ�¸É«¹�¬µ 50, 100, 200, 400, 800 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

5) �Îµ�µ¦¦ª�¦ª¤�o°¤¼¨�¨�µ¦��¨°��¼�µ¦�´��¦n°��¸ÉÁ�·��¹Ê��Â¨³®µ°́�¦µ�µ¦�´��¦n°�
6)� �¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��r� (SO2) Ä�¡ºÊ��¸É«¹�¬µ� Á¡ºÉ°�Îµ¤µ��¨°�®µ�ªµ¤́¤¡´��r

�°�°́�¦µ�µ¦�´��¦n°��¸ÉÅ�o

1.5 �¦³Ã¥��r�̧É�µ�ªnµ�³Å�o¦́�
1)� Á�}�Â�ª�µ�Ä��µ¦¡�́�µÁ�¦ºÉ°�¤º° Ä��µ¦«¹�¬µ�µ¦��́�¦n°��¸ÉÁ�·��µ�¤¨¡·¬�µ�°µ�µ«

Ä�£µª³�pµ��n°Å�
2)� �µ¦�¦́��¦»�Â���Îµ¨°��¸É�¤�µ�΅�¬�³�°��µ¦Å�o¦́��¨�¦³���µ�°µ�µ« ΅�¬�³

�°��ªµ¤Á�o¤�o��°�¤¨µ¦ Â¨³¦³¥³Áª¨µ�¸ÉÅ�o¦́�¤¨µ¦� �ÎµÄ®oµ¤µ¦��µ��µ¦�r̈ nª�®�oµ�¹�°́�¦µ
�µ¦�´��¦n°��¸É�³Á�·��¹Ê��µ�¤¨¡·¬Ä��¦¦¥µ�µ«�n°Ã�¦µ��µ��nµ�Ç�Å�o

3)� Á¤ºÉ°µ¤µ¦��µ��µ¦�r°́�¦µ�µ¦��́�¦n°�Å�o� �Èµ¤µ¦��ÎµÅ�¼n�µ¦�´��µ¦�¸ÉÁ®¤µ³¤� Á¡ºÉ°
�µ¦°�»¦́�¬r�Â¨³¦́�¬µÃ�¦µ��µ�Ä®o¤̧°µ¥»¥µª�µ��¸É»�

1.6 �Îµ�Îµ��́�ªµ¤�̧ÉÄ�oÄ��µ�ª·�́¥
Ã�¦µ��µ� ®¤µ¥�¹�� °́�®µ¦·¤�¦́¡¥r� �¹É�Ã�¥°µ¥»� ®¦º°Ã�¥΅�¬�³Â®n��µ¦�n°¦oµ�

®¦º°Ã�¥®΅��µ�Á�¸É¥ª�´��¦³ª́�·�°�°́�®µ¦·¤�¦́¡¥r�´Ê�� Á�}��¦³Ã¥��r� Â¨³¤̧�»��nµ�µ��oµ�«·̈ �³
�¦³ª́�·«µ�¦r�Â¨³Ã�¦µ���¸��µ¤Á���rÃ�¥�´ÉªÅ��³�o°�¤̧°µ¥»Á�nµ�ªnµ�100 �e�¹Ê�Å�
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°·��®¤µ¥�¹��°·�¤°��®¦º°�o°�ª́��»�n°�´��Îµ�µ��·�Á®�¥̧ª®¦º°�·��µ���µ¤���·�ÎµÁ�}��o°�
̧ÉÁ®¨̧É¥¤���³�¸É¥´�¤̧£µ¡Á®�¥̧ªµ¤µ¦��{��Å�o�Â öªÁ°µÁ�oµ°�®¦º°Á�µÄ�Á�µ

°·��{��»�´��®¤µ¥�¹��°·�¤°��¹É��Îµ�µ¦� ·̈�Ä���́®ª́�¡¦³��¦«¦̧°¥»�¥µ��e�¡.«.2547
°·�Á�nµ� ®¤µ¥�¹�� °·�¤°��¹É�¤̧°µ¥»¤µ��ªnµ� 100 �e� Ä��µ�ª·�´¥�¸ÊÄ�o°·��¹É�� ·̈�Ä�¤́¥� °¥»�¥µ

�¦·Áª�ª́�¡¦³¦µ¤���́®ª́�¡¦³��¦«¦̧°¥»�¥µ
�¼��{��� ®¤µ¥�¹�� �¼���·�®�¹É�� �Îµ�oª¥�¼��µª�¤�¦µ¥¨³Á°̧¥�� �ÊÎµ�µª®��́� Â¨³�ÊÎµÁ�ºÊ°

�ÊÎµ�µ¨�Ä�o�{��¦¼��nµ�Ç�Á�n��®�oµ�´��¨µ¥�¦³®���®ª́�µ���¦³�´��µ¤°µ�µ¦®¦º°·É��n°¦oµ�
�¼��{���{��»�´��®¤µ¥�¹���¼��{���¹É��Îµ�µ¦� ·̈�Ä���́®ª́�¡¦³��¦«¦̧°¥»�¥µ���e�¡.«.2547
�¼��{��Á�nµ� ®¤µ¥�¹�� �¼��{���¹É�¤̧°µ¥»¤µ��ªnµ� 100 �e� Ä��µ�ª·�´¥�¸ÊÄ�o�¼��{���¹É�� ·̈�Ä�¤́¥

°¥»�¥µ��¦·Áª�ª́�¡¦³¦µ¤���́®ª́�¡¦³��¦«¦̧°¥»�¥µ
�µ¦�´��¦n°��®¤µ¥�¹���µ¦�¸Éª́�»�Îµ��·�·¦·¥µ��́�¦¦¥µ�µ«Âª� ö°¤Â öª�ÎµÄ®o¼�Á̧¥Á�ºÊ°�°�

ª́�»�®¦º°°µ�Á�·�Á�}�µ¦�¦³�°�°ºÉ��Â öª¤̧£µ¡¼�Á̧¥Å�
°́�¦µ�µ¦�´��¦n°��®¤µ¥�¹���¦·¤µ��µ¦¼�Á̧¥Á�ºÊ°�°�ª́�»�n°Áª¨µ
®o°���°�� (testing chamber) ®¤µ¥�¹�� ®o°��¸ÉÄ�oÄ��µ¦��°��ª́°¥nµ�� Ã�¥µ¤µ¦�

�Îµ®���nµ¤¨µ¦�¸É�ªµ¤Á�o¤�o��nµ�Ç�Å�o



���̧É 2
���ª�Á°�µ¦Â¨³�µ�ª·�́¥

2.1 ¤¨¡·¬�µ�°µ�µ«
£µª³¤¨¡·¬�µ�°µ�µ« (Air Pollution) ®¤µ¥�¹� £µª³�°�°µ�µ«  �¹É�¤̧µ¦Á�º°��°¥¼nÄ�

�¦·¤µ��¸É¤µ�¡° Â¨³Á�}�¦³¥³Áª¨µ�¸É�µ�¡° �¸É�³�ÎµÄ®oÁ�·��¨Á̧¥®µ¥�n°»�£µ¡°�µ¤́¥�°���
́�ªr ¡º� Â¨³ª́�»�nµ�Ç µ¦�¸É� n̈µª�¹�°µ�Á�}��µ�»®¦º°µ¦�¦³�°� °µ�Á�·��¹Ê�Á°��µ¤�¦¦¤�µ�· ®¦º°
Á�·��µ��µ¦�¦³�Îµ�°�¤�»¬¥r °µ��³°¥¼nÄ�¦¼��°� �pµ� ®¥��°�Á®¨ª ®¦º°°�»£µ��°��°�Â�È��ÈÅ�o
(�¦¤�ª��»¤¤¨¡·¬, 2538) µ¦¤¨¡·¬�µ�°µ�µ«®΅��¸ÉÎµ�´� �º°  »i�¨³°°�, �pµ�Ã°Ã��, �³�´Éª,
�pµ��µ¦r�°�¤°�°�Å��r, �pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³�pµ�°°�Å��r�°�Å�Ã�¦Á��

¦³��£µª³¤¨¡·¬�µ�°µ�µ« (Air Pollution System) �¦³�°�Å��oª¥nª��¦³�°� 3 nª�
�¸É¤̧�ªµ¤́¤¡�́�r��́ �º° Â® n̈��ÎµÁ�·�µ¦¤¨¡·¬�µ�°µ�µ« (Emission Sources) °µ�µ« ®¦º°
�¦¦¥µ�µ« (Atmosphere) Â¨³�¼o¦́��¨Á̧¥®µ¥ ®¦º°�¨�¦³�� (Receptors) ��́Â��Á�}�Â��£¼¤·
�ªµ¤́¤¡´��r Ä�¦¼��¸É 2.1

¦¼��¸É 2.1  ¦³��£µª³¤¨¡·¬�µ�°µ�µ« (Air  Pollution  Systems)
�¸É¤µ : �¦¤�ª��»¤¤¨¡·¬ (2538)

 Atmosphere

 Emission  Sources Receptors

Pollutants  Dispersion
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2.2 �pµ��́¨Á¢°¦rÅ�°°�Å��r

�pµ��´̈ Á¢°¦rÅ�°°�Å��r Á�}��pµ���·�®�¹É��¹É��º°ªnµÁ�}��pµ�¤¨¡·¬�¸ÉÎµ�´��¹É��n°Ä®oÁ�·��{�®µ
£µª³¤¨¡·¬�µ�°µ�µ« Á�ºÉ°��µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�n°Ä®oÁ�·��¨Á̧¥®µ¥�nµ�Ç Å¤nªnµ�³Á�}��¨
�n°¤�»¬¥r ́�ªr ¡º� �¨°���ª́�»·É��n°¦oµ��nµ�Ç

2.2.1 ¨´�¬�³�́ÉªÅ��°��pµ��́¨Á¢°¦rÅ�°°�Å��r
µ¦�¦³�°��°��´̈ Á¢°¦r�¸Éµ¤µ¦�¡�Ä��¦¦¥µ�µ«¤̧°¥¼n 3 ��·� �º° �´̈ Á¢°¦rÅ�°°�Å��r

(SO2) Å±Ã�¦Á���´̈ Å¢�r (H2S) Â¨³�´̈ Á¢� (SO4
2-) Ä�¦¼��°�¨³°°� (aerosol) �¹É�Á¤ºÉ°Á�¦̧¥�Á�¥̧�

¦³®ªnµ�µ¦ 3 ��·��¸Ê¡�ªnµ �´̈ Á¢°¦rÅ�°°�Å��r ¤̧�ªµ¤Îµ�´��¸É»� (¡·¤¨ Â¨³�´¥ª́��r, 2525) �¹É�
�°��µ��´̈ Á¢°¦rÅ�°°�Å��r�³n��¨�¦³��Ã�¥�¦��n°»�£µ¡�°�¤�»¬¥rÂ öª Á¤ºÉ°°¥¼nÄ��¦¦¥µ�µ«�¸É
¤̧�ªµ¤�ºÊ�Á¡¥̧�¡°�³µ¤µ¦�Á�¨̧É¥�Á�}�µ¦�¸É¤̧§��·ÍÁ�}��¦��ÎµÄ®oÁ�·��ªµ¤Á̧¥®µ¥�n°ª́�» Â¨³
¡º��¨�µ��µ¦Á�¬�¦

�´̈ Á¢°¦rÅ�°°�Å��r (SO2) Á�}��pµ��¸ÉÅ¤n�·�Å¢ Å¤n¦³Á�·� Å¤n¤̧̧ ¤̧� ·̈É�Á®¤º°��¦� ¤̧�»�Á�º°��¸É
�10 °�«µÁ�¨Á�¥̧ �¹É��³¤̧�¨�¦³���n°¦³���µ�Á�·�®µ¥Ä� �oµ¤̧�ªµ¤Á�o¤�o��°��pµ��¹� 0.3 - 1
nª�Ä� öµ�nª� Â¨³�³Á¦·É¤Å�o� ·̈É��oµ¤̧�´¨Á¢°¦rÅ�°°�Å��r�¹� 3 nª�Ä� öµ�nª� Ã�¥�³¤̧� ·̈É��»�
Â��¤¼� (ª¦µª»�, 2542) �pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ« �¦³¤µ� 2 Ä� 3 �°��´Ê�®¤�
¤µ�µ�Â® n̈��ÎµÁ�·��¦¦¤�µ�· �µ���·�·¦·¥µ°°��·Á��´É��°�Å±Ã�¦Á���´̈ Å¢�r �¹É�Á�·��µ��µ¦Á�nµÁ�g~°¥
�°�µ¦°·��¦̧¥r Á�n� �µ�¡º� �µ�́�ªr Ã�¥�»̈ ·��¦̧¥r��·��¸ÉÅ¤n�o°��µ¦°°��·Á�� (Anaerobic bacteria)
Â¨³�¸ÉÁ® º̈°°̧� 1 Ä� 3 ¤̧Â® n̈��ÎµÁ�·��µ� �µ¦�¦³�Îµ�°�¤�»¬¥rÃ�¥�µ¦Á�µÅ®¤oÁ�ºÊ°Á¡ ·̈� Á�n� �nµ�®·�
Â¨³�ÊÎµ¤́��dÃ�¦Á¨̧¥¤

Ã�¥�»�¤�´�·�µ��µ¥£µ¡Â¨³�»�¤��́·�µ�Á�¤̧�°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �´�Â��Ä�
�µ¦µ��¸É 2.1
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�µ¦µ��¸É 2.1 �»�¤�´�·�µ��µ¥£µ¡ Â¨³�»�¤��́·�µ�Á�¤̧�°��´¨Á¢°¦rÅ�°°�Å��r

�»�¤��́· �»��nµ

¼�¦Ã¤Á¨�»̈ SO2

¦¼�Á®¤º°� Sulfurous anhydride, sulfurous oxide, sulfur oxide,
sulfurous acid anhydride

�ÊÎµ®��́Ã¤Á¨�»̈ 64.07

�µ¦¨³¨µ¥ ¨³¨µ¥Ä��ÊÎµ, Â°¨�°±° r̈, �¦�Â°�·�·�, �¦��´̈ ¢¼¦·�, °̧Á�°¦r
Â¨³�¨°Ã¦¢°¦r¤

�ªµ¤®�µÂ�n� 2.811 �¦́¤�n° ·̈�¦

�ªµ¤�´�Å° 3×10�3 ¤·¨ ·̈ ·̈�¦�¦°� �¸É 25 °�«µÁ�¨Á�¥̧

�ªµ¤�´�Å°°·É¤�´ª 0.47 lb/ft3 �¸É 15 °�«µÁ�¨Á�¥̧

�»�®¨°¤Á®¨ª �72 °�«µÁ�¨Á�¥̧

�»�Á�º°� �10 °�«µÁ�¨Á�¥̧

�µ¦Â�¨�®�nª¥,

1 �¦¦¥µ�µ«

1 nª�Ä� öµ�nª� = 2.6 ¤·¨ ·̈�¦́¤�n° ¼̈��µ«�rÁ¤�¦

1 ¤·¨ ·̈�¦́¤�n° ¼̈��µ«�rÁ¤�¦ = 0.38 nª�Ä� öµ�nª�

�¸É¤µ : �´�Â�¨��µ� Hazardous Substances Data Bank (2000).

2.2.2 Â®¨n��ÎµÁ�·��°��pµ��́¨Á¢°¦rÅ�°°�Å��r
�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«¤µ�µ�Â® n̈��ÎµÁ�·� 2 Â® n̈� �º° �µ��µ¦�¦³�Îµ�°�

¤�»¬¥r Â¨³Â® n̈��¦¦¤�µ�· (¡·¤¨Â¨³�´¥ª́��r , 2525) �´��¸Ê
1) Â® n̈��ÎµÁ�·��µ��µ¦�¦³�Îµ�°�¤�»¬¥r Á�·��µ��µ¦Á�µÅ®¤o�°��´¨Á¢°¦r�¸É�¦µ��

°¥¼nÄ�Á�ºÊ°Á¡ ·̈��¸É¤µ�µ��dÃ�¦Á¨̧¥¤ Â¨³�nµ�®·� Á�ºÉ°��µ�Á�ºÊ°Á¡ ·̈�Á® n̈µ�¸Ê¤̧µ¦�¦³�°��°��´¨Á¢°¦r
®¦º° �Îµ¤³��́�³��°¥¼n �¹É��nµ�®·��µ��µ�Â® n̈��´Ê�¤̧�¦·¤µ��´̈ Á¢°¦r¼��¹�¦o°¥¨³ 3 Ã�¥�ÊÎµ®��́ nª�
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�ÊÎµ¤́��dÃ�¦Á¨̧¥¤¤̧�¦³¤µ�¦o°¥¨³ 0.5 Ã�¥�ÊÎµ®�´� Á¤ºÉ°Á�µÅ®¤oÁ�ºÊ°Á¡ ·̈�Á® n̈µ�¸Ê �´̈ Á¢°¦r�¼�°°��·Å�r
Á�}��´̈ Á¢°¦rÅ�°°�Å��r �¹É�Â��Å�o�oª¥¤�µ¦�´ÉªÅ� �´��¸Ê

S  + O2                       SO2              (2.1)

�°��µ��¸ÊÄ��µ¦Á�µÅ®¤o°µ�Á�·��´̈ Á¢°¦rÅ�¦°°�Å��r (SO3) �¹Ê��oµ�Â�n�È¤̧�¦·¤µ�Å¤n¤µ���́
Îµ®¦́��Îµ¤³��́�¸ÉÁ�}�°��r�¦³�°�Ä��nµ�®·���·��nµ�Ç nª�Ä®�n�³°¥¼nÄ�¦¼��°�Á® È̈�Å¡Å¦�r (Iron
pyrite) �¹É�¤̧¼�¦�´ÉªÅ�Á�}� FeS2 Á¤ºÉ°Á�·��µ¦Á�µÅ®¤o�´¨Á¢°¦rÄ�Á® È̈�Å¡Å¦�r�³�¼�°°��·Å�rÅ�Á�}�
�pµ��´̈ Á¢°¦rÅ�°°�Å��r  Â��Å�o�´�¤�µ¦�¸É (2.2)

4 FeS2  +  11 O2  2 Fe2O3  +  8 SO2              (2.2)

�¹É��µ¦�¦³¤µ��¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¦³�µ¥°°�¤µ �³�¦³¤µ��µ��¦·¤µ�
�´̈ Á¢°¦r�¸É�¦µ��°¥¼nÄ�Â�n̈ ³Á�ºÊ°Á¡ ·̈� Â® n̈��ÎµÁ�·��µ��µ¦Ä�oÁ�ºÊ°Á¡ ·̈��¸ÉÎµ�´�°̧�Â® n̈�®�¹É� �´É��º°
°»�µ®�¦¦¤�µ¦� »̈�Ã¨®³ Á�n� �µ¦� »̈��³�´Éª Â¨³́��³̧ �¹É�·�Â¦n�¸ÉÁ�}�°��r�¦³�°�Îµ�´��°�
�³�´Éª�¸É°¥¼nÄ�¦¼��°��³�´Éª�´¨Å¢�r (PbS) nª�́��³̧°¥¼nÄ�¦¼�́��³̧�´̈ Å¢�r (ZnS) ¦³®ªnµ��µ¦� »̈�Â¦n
�¹�¤̧�µ¦¦³�µ¥�pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�oµ¼n�¦¦¥µ�µ«�oª¥

2) Â® n̈��ÎµÁ�·��µ��¦¦¤�µ�· Á¤ºÉ°µ¦°·��¦̧¥rÁ�·�Á�nµÁ�g~°¥¥n°¥¨µ¥Å�Ã�¥�»̈ ·��¦̧¥r
�¦³Á£��¸ÉÅ¤n�o°��µ¦°°��·Á��  (Anaerobic bacteria) �³Á�·�Å±Ã�¦Á���´̈ Å¢�r�¹Ê� �¹É�µ¤µ¦��¼�
°°��·Å�rÅ�oÃ�¥ O, O2 ®¦º° O3 �´��¸Ê

H2S  +  O     HS  +  HO  particulate  SO2  +  H2O              (2.3)

H2S  +  3/2 O2   SO2  +  H2O                                   (2.4)

H2S  +  O3+ P  SO2  +  H2O  +  P               (2.5)

µ¦ P Ä�¤�µ¦ °µ�Á�}�°�»£µ�Á È̈�Ç �¸ÉÂ�ª�¨°¥Ä�°µ�µ« Á�n�  »i�¨³°°� ®¦º°¨³°°��ÊÎµ
�¹É��Îµ®�oµ�¸ÉÁ�}��´ªÁ¦n���·�·¦·¥µ ��·�·¦·¥µ�´Ê� 3 �oµ��o��³Á�·�Á¦Èª�¹Ê�Ä��¦¦¥µ�µ«�°� Photochemical
smog Á¡¦µ³ O , O3 Â¨³ Particulates ¤̧°¥¼nÄ��¦·¤µ��¸ÉÁ�o¤�o��ªnµ �¦¹É��¸ª·� (Half-life) �°��´̈ Á¢°¦r
Ä��¦¦¥µ�µ« �¦³¤µ�Å�oÁ¡¥̧� 3 ª́�Á�nµ�´Ê� � n̈µª�º° �¦¹É�®�¹É��°��´̈ Á¢°¦r�³�¼����́°°�Å��µ�
�¦¦¥µ�µ«Ä�¦¼��°��³�°�£µ¥Ä� 3 ª́� �oµ°µ�µ«¤̧�ªµ¤�ºÊ�Á¡¥̧�¡°�´¨Á¢°¦rÅ�°°�Å��r (SO2) �³
¦ª¤�´ª�´��ÊÎµ®¦º°�ªµ¤�ºÊ�Ã�¥�¦� Å�o�¦��´̈ ¢¼¦́�¹É�Â���ª́Ä®o HSO-

3 ®¦º°Å��´¨Å¢�r �¹É��³�¼�
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°°��·Å�r�n°Å�Á�}��¦��´̈ ¢¼¦·� (H2SO4) Å�oÅ¤n¥µ� �oµ¤̧ »i�¨³°°��¹É��Îµ®�oµ�¸ÉÁ�}��´ªÁ¦n���·�·¦·¥µ°¥¼n
�oª¥ �¹É�Â����·�·¦·¥µ�¸ÉÁ�·��¹Ê�Å�o�´Ê��¸Ê

SO2  +  H2O  H2SO3              (2.6)

H2SO3  +  1/2 O2  particulate  H2SO4              (2.7)

�¦��´̈ ¢¼¦·� (H2SO4) �¸ÉÁ�·��¹Ê�°µ��Îµ��·�·¦·¥µ�´�Â°¤Ã¤Á�¥̧ (NH3) ®¦º°Á� º̈°�°�Ã¨®³ Á�n�
NaCI Á�·�Á�}��´̈ Á¢� (SO4

2-) Å�o��́�¸Ê

H2SO4  +  2NH3 (NH4)2SO4              (2.8)

H2SO4  +  2NaCI Na2SO4  +  2HCI               (2.9)

�¦��´̈ ¢¼¦·� �´̈ Á¢� Â¨³�¦�Á� º̈°�¸ÉÁ�·��¹Ê��³¨�¼n�·ª�·� �oµ¤̧ ����³�ÎµÄ®o�ÊÎµ �¤̧§��·ÍÁ�}�
�¦� ®¦º°Á¦̧¥�ªnµ  ��¦� (Acid rain) �´É�Á°� Ã�¥�´ÉªÅ� ��¦�¤̧�nª�¡¸Á°�°¥¼n�¸É 2.1 - 5.0 �¹É��¹Ê�°¥¼n�´�
�¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �¹É� ��¦��¸Ê�n°Ä®oÁ�·��¨�¦³���n°�·� �º°�ÎµÄ®o�·�Á�¦̧Ê¥ª Â¨³¥´�
n��¨�¦³���n°¤�»¬¥rÂ¨³·É�Âª� ö°¤°̧��oª¥

2.2.3 �¨�°��pµ��́¨Á¢°¦rÅ�°°�Å��r
Á�ºÉ°��µ��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«�³�¼�Á�¨̧É¥�Å�°¥¼nÄ�¦¼��¸É�ÎµÄ®o¤̧§��·ÍÁ�}��¦� �¹�

¤̧�¨Ã�¥�¦��n°·É�¤̧�¸ª·� ¦ª¤�´Ê��n°Ä®oÁ�·��ªµ¤Á̧¥®µ¥�n°·É��n°¦oµ�ª́�»Å�o Ã�¥�¨�¦³���¸ÉÁ�·��µ�
�´̈ Á¢°¦rÅ�°°�Å��r�´��¸Ê

1) �¨�n°�µ¦¤°�Á®È� �pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«Á¤ºÉ°�¨µ¥Á�}��´̈ Á¢� �³
¤̧��µ�Á È̈��ªnµ 2 Å¤�¦°� Ã�¥¤̧��µ�nª�Ä®�n°¥¼n¦³®ªnµ� 0.2-0.9 Å¤�¦°� �¹É��³¤̧�¨�ÎµÄ®o
�µ¦¤°�Á®È� (Visibility) ¨�¨� �oµ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«¤̧¼��¹� 0.1
nª�Ä� öµ�nª� Ã�¥�¸É¤̧�ªµ¤�ºÊ�́¤¡�́�rÁ¡¥̧� 50 Á�°¦rÁ���r �³¨��µ¦¤°�Á®È�Ä®oÁ® º̈° 5 Å¤ r̈ �¹É�
�³Á�}�°»�¦¦�¤µ��n°�µ¦�·� (ª¦µª»�, 2542)

2) �¨�n°»�£µ¡ �pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³�¦��´̈ ¢¼¦·� �ÎµÄ®oÁ�·�°µ�µ¦Â��¤¼�
Â¨³�° �ÎµÄ®oÁ�·��{�®µ�n°¦³���µ�Á�·�®µ¥Ä� ¤̧®΅��µ�Á¡¥̧�¡°�¸É�³Á�ºÉ°Å�oªnµµ¦�´Ê�°��¸Ê�ÎµÄ®o
�Á̧¨̧¥ (Celia) Á� º̈É°�Å®ª�oµ¨��¹��n°Ä®oÁ�·��{�®µ Á¡¦µ³�Á̧¨̧¥�Îµ®�oµ�¸É��´� »i�¨³°°� µ¦�¸ÉÁ�}�¡·¬
Â¨³�´ª�»̈ ·��¦̧¥r �µ�®¨°�¨¤®µ¥Ä� �oµµ¦�´Ê�°��¸ÊÁ�oµ¼n�°� �³�ÎµÄ®oÁ�·��¨�¦³���n°¦³���µ¦
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®µ¥Ä� Â¨³Á�}�¡·¬��́�¸ (¡·¤¨ Â¨³�´¥ª́��r, 2525) �´¨Á¢°¦rÅ�°°�Å��r�³¤̧�¨�n°»�£µ¡Á¡·É¤�¹Ê�¤µ�
Á¤ºÉ°�¦µ��°¥¼n¦nª¤��́ »i� Â¨³�ªµ¤�ºÊ�Ä�°µ�µ« ¤̧�µ¦«¹�¬µ�¹��¨�n°¦nµ��µ¥�°��´̈ Á¢°¦rÅ�°°�Å��r
Â¨³�´̈ Á¢°¦rÅ�¦°°�Å��r�´�́�ªr Â¨³Å�o¡�ªnµ�´¨Á¢°¦rÅ�°°�Å��r¤̧�¨�n°¦³��®µ¥Ä�nª��� Á¤ºÉ°�¸É
¤̧¦³�´��ÉÎµ�ªnµ 20 nª�Ä� öµ�nª� Â¨³�´̈ Á¢°¦rÅ�°°�Å��r¤̧�¨Á�¡µ³�¨Á�̧¥�¡΅�Å¤n¤̧�¨Á¦ºÊ°¦́� �µ�
�µ¦«¹�¬µ��́́�ªr¡�ªnµ �µ¦Å�o¦́��´¨Á¢°¦rÅ�°°�Å��r��µ��µ��¨µ�Â¨³Å¤n�n°Á�ºÉ°��³Å¤n¤̧�¨³¤
Ä�Ç Â¨³�³�o°�¤̧¦³�´����¹� 1 nª�Ä� öµ�nª� �¹��³Á�·��¨��́»�£µ¡®¦º°Ä®o�¨Â���nµ�¦³®ªnµ�
�����·

3) �¨�n°¡º� �{�®µÎµ��́�¸ÉÁ�·��¹Ê��µ��´̈ Á¢°¦rÅ�°°�Å��r�¸Én��¨�¦³��Ã�¥�¦��n°
¡º� �º° �µ¦Á�·� ��¦� �¹É��³�ÎµÄ®o�·�¤̧¡Á̧°� (pH) �ÉÎµÁ�·�Å��¨µ¥Á�}��·�Á�¦̧Ê¥ª¤̧΅�¬�³Å¤nÁ®¤µ³
�´��µ¦Á�¦·�Á�·�Ã��°�¡º� Â¨³�oµ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��rÁ¡¸¥� 0.03 nª�Ä� öµ�nª� �È
µ¤µ¦��Îµ�ªµ¤Á̧¥®µ¥Â�nÄ�Å¤oÅ�o Ã�¥�³Å�¢°�̧�°�Ä�Å¤o Â¨³�ÎµÄ®o�o�Å¤o ö¤�µ¥Ä��¸É»�

4) �¨�n°ª́�» Â¨³·É��n°¦oµ� �´¨Á¢°¦rÅ�°°�Å��r�³¤̧�¨�ÎµÄ®o·É��°�¸É�Îµ�oª¥�oµ jµ¥
Å�¨°� Â¨³Á¦¥°� ¦ª¤�´Ê�ª́��»�¸É�Îµ�oª¥́�ªrÂ¨³¥µ� �´Ê�¥µ�́�Á�¦µ³®rÂ¨³¥µ��¦¦¤�µ�· ÁºÉ°¤
�»�£µ¡ Â¨³̧�µ�¨�Á¦Èª�ªnµ���· ¦ª¤�´Ê�̧�µ�oµ���̧ Â¨³¨°�°°� ¤̧�µ¦«¹�¬µ¡�ªnµ �·ª̧�³Â®o��oµ
¨��oµ¤̧�´̈ Á¢°¦rÅ�°°�Å��r�¦µ��°¥¼n Á�n� �oµ�ªµ¤Á�o¤�o��°��´¨Á¢°¦rÅ�°°�Å��r�¸É 2 nª�Ä� öµ�nª�
�³�ÎµÄ®o̧Â®o��oµ¨� 50-100 Á�°¦rÁ���r Â¨³�oµ�ªµ¤Á�o¤�o�¼��¹Ê��¹� 7-10 nª�Ä� öµ�nª� �³Ä�oÁª¨µ
Á¡·É¤Á�}� 2-3 ª́� Â¨³�·ª�°�̧�³Å¤n¤̧�ªµ¤����°̧��oª¥ �´̈ Á¢°¦rÅ�°°�Å��r¥�́¤̧�¨�n°�µ¦�´��¦n°�
Ã¨®³Ã�¥�µ¦Á�¨̧É¥�¦¼�Á�}��¦��´Ê�Ä�°µ�µ« Â¨³�¸É�·ª�°�Ã¨®³

�°��µ��¸Ê¥´�¤̧�¨�ÎµÄ®o·É��n°¦oµ��¸ÉÁ�}�®·��¼� (Limestone) Â¨³®·�°n°� (Marble) �Îµ¦»�
Â¨³¹��¦n°�Å�o Á¤ºÉ°�´¨Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«�¼��¼�� º̈�Á�oµÅ��³µ¤µ¦��¼�°°��·Å�rÁ�}�
�´̈ Á¢�Å�o Â¨³Ä��¸É»��³Á�oµÅ�Â���¸É �µ¦r�°Á�� (CO3

2-) Ä�Â�¨Á�¥̧¤�µ¦r�°Á�� (CaCO3) Á�ºÉ°��µ�
Â�¨Á�¥̧¤�´̈ Á¢� (CaSO4) ¤̧�ªµ¤®�µÂ�n��o°¥�ªnµÂ�¨Á�¥̧¤�µ¦r�°Á�� �¹�Á�·��µ¦�¥µ¥�ª́�¹Ê�Ä�
Ã�¦�¦nµ� (Matrix) �°�Â�¨Á�¥̧¤�µ¦r�Á�� �ÎµÄ®oÁ�·�¦°¥¦oµªÂ¨³¹��¦n°�Ä��¸É»� �¦µ���µ¦�r�¸ÊÁ�}�
�{�®µ¤µ��n°Ã�¦µ�ª́��» °�»µª¦̧¥r �¦³�·¤µ�¦¦¤ Â¨³¦¼�£µ¡Ä�¡·¡·�£́��r �¹É�µ¤µ¦�́�Á��Á®È�
�ªµ¤�Îµ¦»��¦»�Ã�¦¤�¸ÉÁ�·��¹Ê�Å�o (¡·¤¨ Â¨³�´¥ª́��r, 2525 °oµ��¹�Ä� »�·µ, 2543)

Ã�¥���·Á¤ºÉ°Áª¨µ�nµ�Å�·É�� ¼̈�¦oµ��nµ�Ç Á�n� ¦¼��{��Â�³΅� °�»µª¦̧¥r ®¦º°°µ�µ¦�nµ�Ç
�³Á�·���ª��µ¦�»¡´�Â¨³¨µ¥�ª́�µ¤�¦¦¤�µ�·°¥¼nÂ öª �¹É�Á�}�µÁ®�»Îµ�´��n°�ªµ¤Á̧¥®µ¥�¸ÉÁ�·�
�¹Ê� �´ª°¥nµ�Á�n� Ä�Áª�·�ªµ¤Á̧¥®µ¥�¸ÉÁ�·��¹Ê���́¦¼��{�� Â¨³°�»µª¦̧¥r nª�¤µ��³Á�·��µ���ª��µ¦
�»¡´��µ¤�¦¦¤��· Â¨³�µ��ÊÎµ�³Á¨ Å¤nÄ�nÁ�·��µ��pµ��µ�Ã¦��µ�°»�µ®�¦¦¤ ®¦º°�µ�Á¦º°¥��r Â�n�È
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¥´�Á�}��¸É�nµ́�Á��Å�oªnµ µ¦¤¨¡·¬Á® n̈µ�¸Ê°µ��³�ÎµÄ®oÁ�·��ªµ¤Á̧¥®µ¥Á¡·É¤�¹Ê�Å�o (Levy, 1998)
Á�ºÉ°��µ�µ¦¤¨¡·¬�µ�°µ�µ«�º°Á�}�µÁ®�»®�¹É��¸É�ÎµÄ®oÁ�·��µ¦¹��¦n°��°��·ªª́�»Å�o Ã�¥Á�¡µ³
Ä�¦¼��°��´¨Á¢°¦rÅ�°°�Å��r �¸Éµ¤µ¦���³¤�¸É�·ª�°�ª́�»Â öªÁ�·���·�·¦·¥µÁ�¨̧É¥�°¥¼nÄ�¦¼�¸É¤̧�¨Ä®o
ª́�»¹��¦n°�Å�o

�¦³�ª��µ¦�¸É�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«�¼�¡�́¡µ Â¨³�¼��¼��´����·ª�°�®·��´Ê�
Á�}��¦³�ª��µ¦�¸ÉÁ¦̧¥�ªnµ �µ¦��³¤�°��¦� (Acid depositon) �¹É��oµÁ�·�Ä�£µª³�¸É¤̧�ÊÎµÁ�}�
nª��¦³�°��³Á¦̧¥�ªnµ �µ¦��³¤Á�e¥� (Wet deposition) Â�n�oµ®µ�Á�·�Ä�£µª³�¸ÉÅ¤n¤̧�ÊÎµÁ�}�
nª��¦³�°����·ª®·��¸ÉÂ®o��³Á¦̧¥�ªnµ �µ¦��³¤Â®o� (Dry deposition) �¹É��³n��¨Ä®oÁ�·�
�µ¦�´��¦n°��·ª�°�ª́�»Â¨³Á¤ºÉ°�·ª®�oµ® »̈�¦n°�Å��È�³¹��¦n°� ¹̈�¨�Å�Ä�Á�ºÊ°�°�ª́�» (Pollution
Control Department, 2001) �¦µ���µ¦�r�¸ÉÁ�·��¹Ê��¸Ê ¥´��¨�ÎµÄ®o¤̧�¼o�Ä�«¹�¬µ�¹��¨�¸É�³Á�·��n°
�·ªª́�» Ã�¥Á�¡µ³®·��¼�, �¼��{��, �¼��µ�, �¼�° Â¨³®·�°n°� �¹É� öª�¤̧Â�¨Á�¥̧¤�µ¦r�°Á��Á�}�
nª��¦³�°�®΅� Â¨³Á�}�ª́�»Îµ�´��¸ÉÄ�oÄ��µ�«·̈ �³�nµ�Ç Ã�¥�µ¦�Îµ�¹��¹��¨�¦³���¸É�³Á�·��n°
Ã�¦µ��µ� Â¨³Ã�¦µ�ª́��»�nµ�Ç

¦¼��¸É 2.2 Annual emissions of sulfur dioxide (as millions of tonnes of sulfur, MtS) and the
atmospheric sulfur dioxide cycle.

�¸É¤µ : CSIRO (2001)
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�µ�¦µ¥�µ��°��¦¤�ª��»¤¤¨¡·¬¡�ªnµ �µ¦¨��ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�

�¦¦¥µ�µ«�µ� 0.15 nª�Ä� öµ�nª� ¨�Å��¸É 0.05 nª�Ä� öµ�nª� �³µ¤µ¦�¨�°́�¦µ�µ¦��́�¦n°�
�°�́��³̧¨�Å�o 4 Á�nµ nª�° ¼̈¤·Á�¥̧¤�n°��oµ��³�����n°�pµ��´̈ Á¢°¦rÅ�°°�Å��r °¥nµ�Å¦�È�µ¤�¸É
�ªµ¤�ºÊ�́¤¡´��r¼��ªnµ 70 Á�°¦rÁ���r °́�¦µ�°��µ¦�´��¦n°��³Á¡·É¤¼��¹Ê� (Pollution Control
Department, 2000) Â¨³�µ�¦µ¥�µ��¨�µ¦«¹�¬µ�°�Ã�¦��µ¦ Atmospheric Corrosion-Organic
Coatings Ã�¥�µ��́ª·�¥́ª·�¥µ«µ�¦rÂ¨³Á��Ã�Ã¨¥Â̧®n��¦³Á�«Å�¥ �e ¡.«.2537 �¹É�Á�}��µ¦«¹�¬µ
£µ¡°µ�µ«Â¨³·É�Âª� ö°¤ Ä��¦¦¥µ�µ«�¸É¤̧�¨�¦³���n°�»�¤��́·�°�ª́�»�nµ�Ç �´Ê� ¡�ªnµ�µ¦
¹��¦n°��°�ª́�»�nµ�Ç Ä��¦¦¥µ�µ« Ã�¥�¼�µ�°́�¦µ�µ¦¹��¦n°�Ä��eÂ¦�Ä�Á��¡ºÊ��¸É�nµ�Ç ¡�ªnµ¤̧
°́�¦µ�µ¦¹��¦n°��µ�¤µ�Å��o°¥ �º° Á���µ¥�³Á¨ Á��°»�µ®�¦¦¤ Á��Á¤º°� Á������ �µ¤ Î̈µ��́
Â¨³¥´�¡�°̧��oª¥ªnµ°́�¦µ�µ¦¹��¦n°�Á�¨̧É¥�°�ª́�»Ä��e�¸É 2 �³¤̧�nµ¨�¨� Á�ºÉ°��µ��µ¦¹��¦n°��¸É
Á�·��¹Ê�Ä��eÂ¦��´Ê� �³�Îµ®�oµ�¸ÉÁ¤º°�Á�}�Á�¦µ³�j°���́�µ¦�Îµ��·�·¦·¥µ¦³®ªnµ�ª́�»��́°µ�µ«�n°Å�
(Îµ��́�µ�Á¨�µ�·�µ¦ª»�·£µ, 2539)

2.2.4 �µ¦ª·Á�¦µ³®r�pµ��́¨Á¢°¦rÅ�°°�Å��r
¤¨µ¦�°��pµ�Ä�°µ�µ«�¹É�� n̈°¥°°��µ���ª��µ¦� ·̈� Â¨³°»��¦�rÁ�µÅ®¤oÁ�ºÊ°Á¡ ·̈� ¤̧

®¨µ¥�¦³Á£��oª¥�´� Â¨³¥�́¤̧�ªµ¤Á�o¤�o�Ä��nª��¸É�ªoµ�¤µ� �´Ê�Â�n�µ�®¨µ¥Á�°¦rÁ���r���¹�¦³�´�
nª�Ä� öµ�nª� �¹É�°��r�¦³�°��¨°����ªµ¤Á�o¤�o��°��pµ�Á® n̈µ�¸Ê¥´�Â�¦Á�¨̧É¥�Å�o°¥nµ�¦ª�Á¦Èª
�µ¤Áª¨µ Ã�¥�¹Ê�°¥¼n�´�Á�ºÉ°�Å��°��·��¦¦¤�´Ê�Ç �¹��o°�¤̧�µ¦�·��o�®µ¤µ�¦�µ¦�µ¦Á�È��ª́°¥nµ��¸É
Á®¤µ³¤ Ã�¥¡¥µ¥µ¤Ä®o�´ª°¥nµ�°µ�µ«�¸ÉÁ�È�Å�oÁ�}��ª́Â���¸É�¼��o°��°�Â® n̈�Á�·�¤¨µ¦�´Ê�

ª·�¸�µ¦ª́��pµ��´¨Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«¤̧®¨µ¥ª·�¸�oª¥��́ Ã�¥�³�°� n̈µª¦»�Á�}�
®΅��µ¦ ��́�µ¦µ��¸É 2.2
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�µ¦µ��¸É 2.2 �µ¦ª·Á�¦µ³®r�´̈ Á¢°¦rÅ�°°�Å��r

ª·�¸ª·Á�¦µ³®r �°��nµ¥ ®΅��µ¦ª·Á�¦µ³®r ·É�¦��ª�
ª·�¸�°���́Ã�
Á¤�¦·�

�¦³¤µ� 50 �¹�
10,000 ppm

�Îµ�´ª°¥nµ��pµ�Å�́¤�́��́µ¦
¨³¨µ¥�Îµ��·�·¦·¥µÄ�°́�¦µnª�
�¤�¸É���¸É Á¡ºÉ°Ä®oÁ�·��µ¦�¼�
� º̈�°¥nµ�¤�¼¦�r Ã�¥ª́��¨
�nµ��°��ªµ¤�ÎµÅ¢¢jµ�n°�Â¨³
®΅��µ¦�¼�� º̈�

�ªµ¤�¨µ�Á� º̈É°��oµ�
�ª�®¦º°¨� Á�·�Å�o�µ�
µ¦�¸É¨³¨µ¥Å�o Ä�µ¦
¨³¨µ¥�¼�� º̈� Â öª
Â���»�¤��́·�µ¦�Îµ
Å¢¢jµ

ª·�
¸°¥
nµ��
n°Á�
ºÉ°�

ª·�¸ª·Á�¦µ³®r
�pµ�Â�� IR

0 �¹� 1,000
 ppm

ª́��ªµ¤Á�o¤�o��°� SO2 Ã�¥
Á�¦ºÉ°�ª·Á�¦µ³®rÂ��
Nondispersive Infrared �¹É�Ä�o
�¦³Ã¥��rÂ���r�¼�� º̈��°�
SO2 Ä�¥nµ� IR

�ªµ¤�ºÊ��n°Ä®oÁ�·�
�ªµ¤�¨µ�Á� º̈É°�
�oµ��ª�

ª·�¸®¨°��¸Ê�°�
(Indicator Tube)

�¦³¤µ�20 �¹�
3,000 ppm
(Á�}�ª·�¸�¸É³�ª�
Îµ®¦́��µ¦�¦³
¤µ��¦nµªÇ)

n��´ª°¥nµ��pµ��¦·¤µ�Â�n�°�
�nµ�®¨°��¸Ê�°� SO2 Á¡ºÉ°ª́�
�ªµ¤Á�o¤�o��µ��ªµ¤¥µª�°�
�´Ê��¸É�·�̧�¹Ê�

µ¦�¦³�°��¸É¦̧�·ª�r
(Å±Ã�¦Á���´̈ Å¢�r ²¨²)
�n°Ä®oÁ�·��ªµ¤�¨µ�
Á� º̈É°��oµ��ª�

�¸É¤µ : «·¦·�´¨¥µ Â¨³��³ (2542)

2.3 �»�£µ¡°µ�µ«Â¨³�nµ¤µ�¦�µ��̧ÉÁ�¸É¥ª�o°�
Ä��¦¦¥µ�µ«Ã�¥�´ÉªÅ��³¤̧°��r�¦³�°��°��pµ��nµ�Ç °¥¼nÂ öªÄ��¦¦¤�µ�·Á�·��¹Ê�Ä�́�nª�

�¸É�nµ��´� Å�oÂ�n �pµ�Å�Ã�¦Á�� �pµ�°°��·Á�� �pµ��µ¦r�°�Å�°°�Å��r Â¨³�pµ�Å±Ã�¦Á�� Á�}��o�
Ã�¥°��r�¦³�°��°��pµ��nµ�Ç Ä��¦¦¥µ�µ«�¦·»��·ÍÂ��Å�o�´��µ¦µ��¸É 2.3 Â�nÁ�ºÉ°��µ�·��¦¦¤�nµ�Ç
Ä��µ¦�Îµ¦��ª̧·��°�¤�»¬¥r Å�oÂ�n �µ¦Á�µÅ®¤oÁ�ºÊ°Á¡ ·̈�Á¡ºÉ°�µ¦�¤�µ�¤ �µ¦®»��o¤ Â¨³Ä®o�ªµ¤¦o°�
¦ª¤�´Ê��µ¦Ä�oÁ�ºÊ°Á¡ ·̈�Ä�°»�µ®�¦¦¤Á¡ºÉ°�µ¦� ·̈��nµ�Ç �·��¦¦¤Á® n̈µ�¸Ê̈ oª��n°Ä®oÁ�·�µ¦¤¨¡·¬�¹Ê�¼n
�¦¦¥µ�µ«Å�o�´Ê�·Ê�
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�µ¦µ��¸É  2.3  °��r�¦³�°��°�°µ�µ«�¦·»��·ÍÂ®o��¸É¦³�´��ÊÎµ�³Á¨

°��r�¦³�°� ¦o°¥¨³ nª�Ä� öµ�nª�  (ppm)
Å�Ã�¦Á��
°°���·Á��
°µ¦r�°�
�µ¦r�°�Å�°°�Å��r
�¸°°�
±Á̧¨̧¥¤
�¦·��°�
��̧°�
Å��¦́°°�Å��r
Å±Ã�¦Á��
¤̧Á��
Å�Ã�¦Á��Å�°°�Å��r
Ã°Ã��
�´̈ Á¢°¦rÅ�°°�Å��r
�µ¦r�°�Å�°°�Å��r
Â°¤Ã¤Á�¥̧

78.09
20.94
0.93
0.0318
0.0018
0.00052
0.0001
0.000008
0.000025
0.00005
0.0015
0.0000001
0.000002
0.00000002
0.00001
0.000001

780,900
209,400
9,30
318
18.0
5.2
1.0
0.08
0.25
0.5
1.5
0.01
0.02
0.0002
0.1
0.1

�¸É¤µ : American Chemical Society (1969) (°oµ��¹�Ä� ª�«r¡´��r, �·�¥µ Â¨³�¸¦³, 2536)

2.3.1 ¤µ�¦�µ��»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«�́ÉªÅ��°��¦³Á�«Å�¥
¤µ�¦�µ��»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«�´ÉªÅ� Á�}�Á�jµ®¤µ¥¦³��́�»�£µ¡°µ�µ« (Air

Quality Goals) �¸É�o°��µ¦ �¹É�Â��°¥¼nÄ�¦¼��°��ªµ¤Á�o¤�o�Á�¨̧É¥�°�µ¦¤¨¡·¬Â�n̈ ³��·��¸É¥°¤
Ä®o¤̧Å�oÄ��¦¦¥µ�µ«Ä��nª�¦³¥³Áª¨µ�¸É�Îµ®��Åªo �¹É��Îµ®��Ã�¥Ä�o�o°¤¼¨Â¨³�¨�µ¦«¹�¬µª·�¥́�µ�
ª·�¥µ«µ�¦r �¹É��n��°��¹��¨Á̧¥®µ¥Â¨³°́��¦µ¥�°�µ¦¤¨¡·¬Â�n̈ ³��·� ®µ�́¤�́�´�µ¦¤¨¡·¬
�´Ê�Ç �¸É¦³�´��ªµ¤Á�o¤�o� Â¨³¦³¥³Áª¨µ́¤�́�nµ�Ç �´�Á�}�¡ºÊ��µ�®΅� Â¨³°µ�Ä�o�{��¥́°ºÉ�Ç
�¦³�°��oª¥ Á�n� �{��¥́�µ�Á��Ã�Ã¨¥ ̧ Â¨³�{��¥́�µ�Á«¦¬��·� Á�}��o� �´��´Ê�¤µ�¦�µ��»�£µ¡
°µ�µ«Ä��¦¦¥µ�µ«�³�o°�¤̧�µ¦Å�o¦́��µ¦���ª� Â¨³�¦́��¦»�Ä®oÁ®¤µ³¤��́�µ��µ¦�rÁ�}�
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¦³¥³Ç Ä��e ¡.«. 2538 �¦¤�ª��»¤¤¨¡·¬Å�o�Îµ�µ¦�¦́��¦»�¤µ�¦�µ��»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«
�´ÉªÅ��°��¦³Á�«Å�¥ Ã�¥Å�o¤̧�µ¦�¦́�Á�¨̧É¥��nµ¤µ�¦�µ�Îµ®¦́��pµ��µ¦r�°�¤°�°�Å��r Â¨³
�³�´ÉªÄ®oÁ�o¤�ª��¹Ê� Â¨³Á¡·É¤Á�·¤�nµ¤µ�¦�µ�Îµ®¦́��pµ��´¨Á¢°¦rÅ�°°�Å��r  »i�¨³°°���µ�Á È̈��ªnµ
10 Å¤�¦°� �´�¦µ¥¨³Á°̧¥�Ä��µ¦µ��¸É 2.4 �´Ê��¸Ê Á�}��µ¦�Îµ®���µ¤¤µ�¦µ 32 �°�¡¦³¦µ��´���́·
n�Á¦·¤Â¨³¦́�¬µ�»�£µ¡ ·É�Âª� ö°¤Â®n��µ�· ¡.«. 2535 �¹É��Îµ®��Ä®o�µ¦�Îµ®��¤µ�¦�µ�
�»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«�´ÉªÅ� �³�o°�°µ«´¥®΅�ª·�µ�µ¦ ��Á���r Â¨³®΅��µ��µ�
ª·�¥µ«µ�¦r Á�}�¡ºÊ��µ� Â¨³�³�o°��Îµ�¹��¹��ªµ¤Á�}�Å�Å�oÄ�Á�·�Á«¦¬��·� ́��¤ Â¨³Á��Ã�Ã¨¥¸
�¸ÉÁ�¸É¥ª�o°��oª¥

�µ¦µ��¸É 2.4 ¤µ�¦�µ��»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«�´ÉªÅ��°��¦³Á�«Å�¥ (2538)

�nµÁ�¨¸É¥ 1 �¤. �nµÁ�¨¸É¥ 8 �¤. �nµÁ�¨¸É¥ 24 �¤. �nµÁ�¨¸É¥ 1 Á�º°� �nµÁ�¨¸É¥ 1 �e **µ¦¤¨¡·¬ *
mg.m-3 ppm mg.m-3 ppm mg.m-3 ppm mg.m-3 ppm mg.m-3 ppm

ª·��̧µ¦�¦ª�ª´�

�µ¦r�°�¤°�°�Å��r
(CO)

34.2 30 10.26 9 - - - - - - Non-Dispersive
Infrared Detection

Å�Ã�¦Á��Å�°°�Å��r
(NO2)

0.32 0.17 - - - - - - - - Chemilluminescence

�´¨Á¢°¦rÅ�°°�Å��r
(SO2)

0.78 0.30 - - 0.30 0.12 - - 0.10 0.04 UV-Fluorescence

�¦·¤µ�°�»£µ�Â�ª�
¨°¥¦ª¤ (TSP)

- - - - 0.33 - - - 0.10 - Gravimetric-High
Volume

°�»£µ� »i�
(PM-10)

- - - - 0.12 - - - 0.05 - Gravimetric-High
Volume

Ã°Ã��
(O3)

0.20 0.10 - - - - - - - - Chemilluminescence

�³�́Éª
(Pb)

- - - - - - 1.5 - - - Atomic Absorption
Spectrometer

®¤µ¥Á®�» * �nµ�ªµ¤Á�o¤�o��°��pµ� �Îµ�ª��¸É�ªµ¤�´� 1 �¦¦¥µ�µ« °»�®£¼¤· 25 °�«µÁ�¨Á�¥̧
** �nµÁ�¨̧É¥Á¦�µ��·�
/a �nµ¤µ�¦�µ�  SO2 Á�¨̧É¥ 1 �´ÉªÃ¤� - 1,300 µg.m-3 Îµ®¦́�¡ºÊ��¸ÉÂ¤nÁ¤µ³

- 780 µg.m-3 Îµ®¦́��¦·Áª�°ºÉ�Ç �´ÉªÅ�

�¸É¤µ : �¦¤�ª��»¤¤¨¡·¬ (2543)
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2.3.2 ¤µ�¦�µ��µ¦¦³�µ¥µ¦¤¨¡·¬�µ�Ã¦��µ�°»�µ®�¦¦¤
�¦¤Ã¦��µ�°»�µ®�¦¦¤�Îµ�µ¦�Îµ®���ªµ¤Á�o¤�o��°�µ¦¤¨¡·¬��·��nµ�Ç �µ¤�¦³�µ«

�¦³�¦ª�°»�µ®�¦¦¤ ���́�¸É 2 ¡.«. 2536 °°��µ¤�ªµ¤Ä�¡¦³¦µ���́��́·Ã¦��µ� ¡.«. 2535 Á¦ºÉ°�
�Îµ®���nµ�¦·¤µ��°�µ¦Á�º°��Ä�°µ�µ«�¸É¦³�µ¥°°��µ�Ã¦��µ� Îµ®¦́�µ¦¤¨¡·¬�Îµ�ª� 15
��·� Ã�¥®oµ¤Ä�oª·�¸Á�º°�µ� Â¨³Ä®o�Îµ�ª�Á�¦̧¥�Á�¥̧��¸É�ªµ¤�´� 1 �¦¦¥µ�µ« Â¨³�¸É°»�®£¼¤· 25
°�«µÁ�¨Á�¥̧ ��́¦µ¥¨³Á°̧¥�Ä��µ¦µ��¸É 2.5

�µ¦µ��¸É 2.5   ¤µ�¦�µ��µ¦¦³�µ¥µ¦¤¨¡·¬�µ�Ã¦��µ�°»�µ®�¦¦¤�°��¦¤Ã¦��µ�°»�µ®�¦¦¤
(�ªµ¤��́ 1 �¦¦¥µ�µ« Â¨³ °»�®£¼¤· 25 °�«µÁ�¨Á�¥̧)

�¦³Á£�µ¦¤¨¡·¬ Â® n̈��¸É¤µ�°�µ¦¤¨¡·¬ �nµ¤µ�¦�µ� (mg.m-3)
1.  »i�¨³°°�

2. ¡¨ª�
3. µ¦®�¼
4. �°�Â��
5. �³�´Éª
6. �¨°¦̧�
7. Å±Ã�¦Á���¨°Å¦�r
8. �¦°�
9. �µ¦r�°�¤°�°�Å��r
10. �¦��Îµ¤³�´�
11. Å±Ã�¦Á���́¨Å¢�r
12. �́¨Á¢°¦rÅ�°°�Å��r

13. °°�Å��r�°�Å�Ã�¦Á��
(ª́�Ä�¦¼� NOx)

14. Å�¨̧�**
15. �¦̧�°¨

®¤o°Å°�ÊÎµ�̧ÉÄ�oÁ�ºÊ°Á¡ ·̈� �´��̧Ê
     - �ÊÎµ¤´�Á�µ
     - �nµ�®·�
     - Á�ºÊ°Á¡ ·̈��nµ� Ç
�µ¦� »̈�® n̈°®¨°¤ ¦̧��¹� Â¨³� ·̈�
Á® È̈�� öµ °³ ¼̈¤·Á�̧¥¤

�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�

�µ¦®¨°¤®¦º°�µ¦� »̈�
�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�

�µ¦� ·̈��¦��́¨¢dª¦·�
�µ¦Á�µÅ®¤oÁ�ºÊ°Á¡ ·̈��̧ÉÄ�o�ÊÎµ¤´�Á�µ*
®¤o°Å°�ÊÎµ�̧ÉÄ�oÁ�ºÊ°Á¡ ·̈� �´��̧Ê
     - �nµ�®·�
     - Á�ºÊ°Á¡ ·̈�

�µ¦� ·̈��́ÉªÅ�
�µ¦� ·̈��́ÉªÅ�

300
400
400
300

400
20
20
30
30
30
200
3

1,000 (870 ppm)
100 (25 ppm)
140 (100 ppm)

1,300 (500 ppm)
1,250 ppm

940 (500 ppm)
740 (250 ppm)
870 (200 ppm)

22 (5 ppm)

�¸É¤µ:  �¦³�µ«�¦³�¦ª�°»�µ®�¦¦¤ ��´��¸É 2 Á¦ºÉ°��Îµ®���nµ�¦·¤µ��°�µ¦Á�º°��Ä�°µ�µ«�¸É¦³�µ¥°°��µ�
Ã¦��µ� 14 ��·� (�¦³�µ« � ª́��¸É 20 �¦��µ�¤ 2536)
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* �¦³�µ«�¦³�¦ª�°»�µ®�¦¦¤ ��´��¸É 9 Á¦ºÉ°��Îµ®���nµ�¦·¤µ��°�µ¦Á�º°��Ä�°µ�µ«�¸É¦³�µ¥°°�
�µ�Ã¦��µ�Á¡·É¤°¸� 1 ��·� (�¦³�µ« � ª́��¸É 6 �́�¥µ¥� 2538)

** �¦³�µ«�¦³�¦ª�°»�µ®�¦¦¤ ��´��¸É 2 Á¦ºÉ°��Îµ®���nµ�¦·¤µ��°�µ¦Á�º°��Ä�°µ�µ«�¸É¦³�µ¥°°�
�µ�Ã¦��µ�Á¡·É¤ °¸� 1 ��·� (�¦³�µ« � ª́��¸É 11 Á¤¬µ¥� 2543) ¥�Á ·̈��¦³�µ«�¦³�¦ª�°»�µ®�¦¦¤
��´��¸É 3  (�¦³�µ« � ª́��¸É 3 Á¤¬µ¥� 2539)

2.4 °·�Â¨³�¼��{��
°·�Â¨³�¼��{�� ¤�»¬¥r�´Ê�¦¼o��́� ·̈��¹Ê�Á¡ºÉ°�Îµ¤µÄ�oÄ��µ��oµ��µ��n°¦oµ�Â¨³�¦³�·¤µ�¦¦¤

¤µÁ�}�Áª¨µ�oµ�µ�¤µÂ öª �¹É�́�Á��Å�o�µ�Ã�¦µ��µ��nµ�Ç �µ��¦³ª́�·«µ�¦r Á�n� ª́�¡¦³¦µ¤
ª́�¡¦³«¦̧¦¦Á¡�¦ ��́®ª́�¡¦³��¦«¦̧°¥»�¥µ ®¦º° Á��¥̧rÁ�nµ°¥»�¥µÃ�¦µ� Á�}��o�

2.4.1 �¦³�ª��µ¦�¨·�°·�
°·�Á�}�ª́�»�n°¦oµ��¸É¤̧�ªµ¤Â�È�Â¦�Â¨³¤̧�ªµ¤Îµ�´�¤µ��¸É¤�»¬¥r¦¼o�´��Îµ¤µÄ�o �´Ê�Â�n¤́¥

Ã�¦µ�®¨µ¥¡�́�e¤µÂ öª Â¨³¥´���Ä�o¤µ���¹��{��»�´� °·�Ä�¤́¥Ã�¦µ��´Ê��Îµ¤µ�µ��·�Á®�¥̧ª
Ã�¥�µ¦�¹Ê�¦¼�Á�}��o°�°·��oª¥¤º° �¹É��³¡�ªnµ°·��¸ÉÅ�o�´Ê��³¤̧��µ��¸ÉÅ¤nÁ�nµ�´� Ä��{��»�´�Å�o¤̧�µ¦
¡´��µª·�¸�µ¦ Â¨³�ÎµÁ��Ã�Ã¨¥Á̧�oµ¤µ�¤�µ�Ä��¦³�ª��µ¦� ·̈�  �¨°����µ¦�Îµ®��¤µ�¦�µ�
Ä��µ¦� ·̈�°·��ÎµÄ®o°·��¸ÉÅ�o¤̧¤µ�¦�µ�¤µ��¹Ê� ��µ��°�°·��¹��¦³¤µ�Á�nµ��́ Â�n°¥nµ�Å¦�È�µ¤
Â¤oªnµÄ��{��»�´��¸ÊÅ�o¤̧�µ¦� ·̈�°·�Ä�¦¼��°�°»�µ®�¦¦¤ Â�n�È¥�́¤̧®¨µ¥Â®n��¸É¥�́���¦¦¤ª·�¸�µ¦� ·̈�
Á�n�°�¸�

2.4.1.1 ª́��»�·�
1) ª́��»�·�Îµ�´��¸ÉÄ�oÄ��µ¦� ·̈�°·�¤°� �¦³�°��oª¥

(1) �·�Á®�¥̧ª���¦µ¥ Á�}��·��¸É¤̧̧�ÊÎµ�µ¨°n°� ̧�ÊÎµ�µ¨Â�n Â¨³̧
Á�µÂ�n Á¤È�¨³Á°̧¥� �³�o°�¤̧�ªµ¤Á®�¥̧ª¡°�¸É�³�¦��ª́°¥¼nÅ�o �´Ê�Ä���³�¸ÉÁ�e¥�Â¨³Â®o� Å¤n¥»��ª́
Â��¨µ¥ �oµÁ®�¥̧ª¤µ�Á�·�Å��·��³®��ª́¤µ��o°�Ä�oª́�»°ºÉ��¤ Á�n� �¦µ¥ Â�¨� Á¡ºÉ°Ä®o
�ªµ¤Á®�¥̧ª¡°� ̧Â¨³¤̧�ªµ¤®��´ª�o°¥

(2) Â�¨� Â�¨�Á�}�ª́�»�¤�¸ÉÄ�o�¤��́�·�Á®�¥̧ª Á¡ºÉ°¨��ªµ¤
Á®�¥̧ª Â¨³�ÎµÄ®o°·�¤̧�ÊÎµ®��́Á�µ �j°��´��µ¦Â��¦oµª �µ¦®� ®¦º°�·��´ª�°�°·� Á¤ºÉ°�Îµ�µ¦Á�µÂ�¨�
�¸É�¤�È�³Á�µÅ®¤o �nª¥�ÎµÄ®o°·�»�Á¦Èª Â¨³Á� º̈°�Á�ºÊ°Á¡ ·̈��o°¥ Á�ºÊ°°·�¤̧¦¼¡¦»�µ¤µ¦��¼��ÊÎµÅ�o¤µ�
�µ¦�¼��ÊÎµ�°�°·� �³�ÎµÄ®oÅ¤n·Ê�Á� º̈°��¼�° Â¨³�¼��³Á�µ³Â�n�°·��·�Â�n�� ̧ �µ¦Ä�oÂ�¨��¤
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Â���nµ��´�Å��µ¤�ªµ¤�·¥¤�°�Â�n¨³�o°��¸É °·�¤°��³Ä�oÂ�¨��¤ �¦³¤µ� 15-25 �·Ã¨�¦́¤�n°
°·� 1,000 �o°�

(3) �¦µ¥ �¦µ¥Ä�o�¤��́�·�Á®�¥̧ª Á¤ºÉ°�·�¤̧�ªµ¤Á®�¥̧ª Â¨³®�
�´ª¤µ� �¦µ¥�³Á¡·É¤�ªµ¤Â�È�Â�¦n�¦́��ÊÎµ®��́Å�o� ̧ �µ¦�¤�¦µ¥Ä��¦·¤µ�¡°Á®¤µ³�³�nª¥�j°��´�
�µ¦®��ª́ �µ¦Â��¦oµª Â¨³�µ¦�·��ª́ Á¤ºÉ°Á�µ�oµ�¤�¦µ¥¤µ�Á�·�Å��³�Îµ¨µ¥�ªµ¤Á�ºÉ°¤Â�n��°�
°·� °·��³Á�¦µ³®�́�nµ¥ �µ¦Ä�o�¦µ¥�¤�·�Á®�¥̧ª�´Ê�Å¤n�ÎµÁ�}�Á¤°Å� �oµ®µ�Á�}��·�Á®�¥̧ª�¸É¤̧
�»�£µ¡Á®¤µ³Îµ®¦́�� ·̈�°·� (Marl Clay) Â öªÅ¤n�o°�Ä�o�¦µ¥�¤Á¨¥

2) �»�¤��́·�°��·�Á®�¥̧ªÂ¨³nª��¤�°�µ¦Ä��·�
ª́��»�·��¸ÉÄ�oÄ��µ¦� ·̈�°·�¤°�Ã�¥�¦� �º° �·�Á®�¥̧ª ��́�´Ê��n°��¸É�³�Îµ

�·�Á®�¥̧ª ¤µ� ·̈��ª¦�³¡·�µ¦�µÄ�Á¦ºÉ°� �´��n°Å��¸Ê
(1) �·��¸É�³�Îµ¤µÄ�oÄ��µ¦� ·̈�°·��³�o°�Å¤nÁ®�¥̧ªÁ�·�Å� ®¦º°Á�}�

�·��¸É¤̧�¦µ¥��°¥¼n¤µ�Á�·�Å� Â¨³Å¤n¤̧�¦ª��� �·��¸É�³� ·̈�°·�Å�o��̧o°�Á�}��·�Á®�¥̧ª�¸É¤̧�¦µ¥��°¥¼n
�µ¤°́�¦µ�¸ÉÁ®¤µ³¤ �³�nª¥�ÎµÄ®o°·���¦¼�°¥¼nÅ�o �oµ¤̧�¦µ¥��Á�·��ªnµ¦o°¥¨³ 25 Â öª�³�ÎµÄ®o°·�
Á�¦µ³Å¤nÂ�È�Â¦�

(2) �µ¤���· �·��¸É�³�Îµ¤µÄ�o� ·̈�°·��ª¦Á�}��·��¸É�»� ¹̈�¨�Å��µ�
®�oµ�·��¦³¤µ� 1-2 Á¤�¦ Â�n�·��¸É�»��ºÊ��ªnµ�¸Ê�´Ê�°µ��³Ä�oÅ�o�oµµ¤µ¦��Îµ¤µ�¤ Â¨³�ª���
Á�ºÊ°�·�¨³Á°̧¥�Á®�¥̧ªÅ�o

(3) �µ��oµ�ª·�µ�µ¦�´Ê� nª��¤�°�µ¦Ä��·��¸ÉÄ�o�Îµ°·��¸É��̧³�o°�
¤̧�·�Á®�¥̧ªÂ�oÇ ¦o°¥¨³ 60 �¦µ¥¦o°¥¨³ 20 Â¨³Â¦n�µ�»°ºÉ� Á�n� ®·��¼� Á® È̈�°°�Å��r Â¤��¸Á�¥̧¤
�¼��µª ²¨² °̧�¦o°¥¨³ 20

3) �»�¤��́·�°�nª��¤�nµ�Ç
¤̧�»�¤��́·�¸ÉÂ���nµ���́°°�Å� µ¤µ¦�°�·�µ¥Å�o�´��¸Ê

(1) �·�Á®�¥̧ª ¤̧�»�¤��́·�nª¥Ä®oÁ¤È��·�Á�µ³��́Á�}��o°�Å�o���¸ÉÄ�
¦³®ªnµ��¸É¥´�Á�}�°·��·� (°·��¸É¥´�Å¤nÁ�µ)

(2) �¦µ¥  ¤̧�»�¤��́·�j°���́�µ¦¦oµª �µ¦®� Â¨³�µ¦�·��´ª
(3) Â¦n�µ�»°ºÉ�Ç �³�nª¥Ä��µ¦Â�¦£µ¡�°�µ¦Ä��·� Ä���³�¸É�¼�

�ªµ¤¦o°�Á�µÄ®o»� Îµ®¦́�¡ª�°p°�Å��r�³�nª¥Ä®o°·�¤̧̧�nµ�Ç Á¤ºÉ°Á�µ��»�Â öª Ã�¥Â¦n�µ�»�nµ�Ç
�¸É�¤°¥¼nÄ��·�Á®�¥̧ª  Å�oÂ�n
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(3.1) �µ�»�¼� (Carbonate of lime) �oµ¤̧°¥¼nÄ��·�Á®�¥̧ª

¤µ�Ç Á¤ºÉ°°·��¸ÉÁ�µÂ öª�¼��ÊÎµ�³Â��Â¥�°°��µ���́
(3.2) �µ�»�¸̈ ¸Á�� (Silicate of Lime) ®¦º° �¼��µª�¸̈ ·Á��

�oµ¤̧¤µ�Á�·�Å��³�ÎµÄ®o°·��·��° Á̧¥¦¼�Á¤ºÉ°Á�µ
(3.3) �µ�»Â¤��Á̧�¥̧¤ (Magnesium) �oµ¤̧�o°¥�ÈÅ¤nÄ®o�¨

°¥nµ�Å¦ Á¡¸¥�Â�n�ÎµÄ®o°·�¤̧̧�ÊÎµ�µ¨ �µ��¸ÉÄ�oÁ�·¤Ä��·�Á®�¥̧ª�ÎµÄ®oÂ�È�Â¦� Ä�o�Îµ�¦³Á�ºÊ°��¼¡ºÊ�
�¼�µ�Á�oµÂ¨³Á�¨̧¥�

(3.4) �¦µ¥ (Sand)  �oµ¤̧�¤°¥¼nÁ�·��ªnµ¦o°¥¨³ 25 �³
�ÎµÄ®o°·�Á�¦µ³Å¤nÂ�È�Â¦�®´��nµ¥

(3.5) �·¤Á® È̈� (Iron Oxide) Â¨³ �´̈ Å¢�r�°�Á® È̈�
(Sulphide of Iron) �oµ¡�ªnµ¤̧°¥¼nÄ��·�Á®�¥̧ªÁ�·��ªnµ¦o°¥¨³ 2-3 �ÈÅ¤nÁ®¤µ³Îµ®¦́�� ·̈�°·���Å¢
(Fire brick) �·¤Á® È̈� ®¦º° Á® È̈�°p°�Å��r�Îµ®�oµ�¸ÉÁ�}�ª́�»�µ� (flux) Á¡·É¤�ªµ¤Â�È� Â¨³�ªµ¤
Â�È�Â¦�Ä®o�´�°·� �ÎµÄ®o°·�¤̧̧Â�� Á�}�́�nª��´��¦·¤µ�Á® È̈�°p°�Å��r�¼��µª ®¦º°�µ�»�¸̈ ·Á�� Â¨³
�oµ®µ�¤̧¤µ��ªnµ�·¤Á® È̈� °·��³¤̧̧Á® º̈°�Â¨³®��ª́¤µ�

4) �·��¸ÉÄ�oÄ��µ¦� ·̈�°·�
�µ¦Â�n���·��°��·�Á®�¥̧ª�¸ÉÄ�oÄ��µ¦� ·̈�°·� Â�n�°°��µ¤nª��¦³�°�

�µ�Á�¤̧Â¨³¢d·�r nª��¦³�°��µ�Á�¤̧¤̧�¨�ÎµÄ®o°·�¤̧�»�£µ¡Â¨³̧�nµ�Ç  �´� �¹É� Â�n�°°�Å�oÁ�}� 4
��·� �º°

(1) �·�Îµ®¦́�� ·̈�°·� Ã�¥�¦¦¤�µ�· (Marl or Calcareous Clays)
Á�}��·��¸É¤̧�¼��µª (Lime) ��°¥¼nÃ�¥�¦¦¤�µ�·Á�}�nª�¤µ� �·��¦³Á£��¸ÊÁ�}��·��¸ÉÁ®¤µ³Îµ®¦́�� ·̈�
°·�¤µ��¸É»� Â¨³Å¤n�ÎµÁ�}��³�o°�Á°µª́�»°ºÉ�Ç �¤Á�oµÅ��oª¥ Á¤ºÉ°� ·̈�°·�»�Â öª�³¤̧̧Á® º̈°� ®¦º°
̧°n°�Ç ¨³¨µ¥Á�ºÉ°¤ Â�n�°·�°¥¼n

(2) �·�Á®�¥̧ª���¦µ¥ (Loame Clay) Á�}��·�Á®�¥̧ª�¸É¤̧�¦µ¥°¥¼n
¤µ��oµ��o°¥�oµ��µ¤΅�¬�³£¼¤·�¦³Á�« �·�Á®�¥̧ª���¦µ¥�¸ÉÁ®¤µ³¤Îµ®¦́��µ¦� ·̈�°·��³�o°�¤̧
�¦µ¥�¤°¥¼n�¦³¤µ�Å¤nÁ�·�¦o°¥¨³ 25 Â¨³¤̧�¼��µª (Lime) ��°¥¼n�oµ�Á È̈��o°¥Â öª�³�nª¥Ä®o°·�
��¦¼�°¥¼nÅ�o �oµ¤̧�¦µ¥�¤°¥¼nÁ�·��ªnµ¦o°¥¨³ 25 Â öª �³�ÎµÄ®o°·�Á�¦µ³Å¤nÂ�È�Â¦� Â¨³Á¤ºÉ°Á�µ¤̧̧
�ÊÎµ�µ¨
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(3) �·�Á®�¥̧ªÂ�n (Plastic or Strong Clay) Á�}��·�Á®�¥̧ªÂ�oÇ �¸É

�´��¤��́°¥¼nÁ�}�Áª¨µ�µ� ¤̧·É�°ºÉ���°¥¼n�oµ�Á È̈��o°¥ Á�n� ®·��¼� Á® È̈� Â¤��Á̧�¥̧¤ Ã��µÁ� º̈°
Â�nÅ¤n¤̧Â¦n�µ�»�Îµ¡ª��·̈ ·�µ (�¦µ¥) �¤°¥¼n�oª¥ ¤̧�»�£µ¡� öµ¥®·� Á¤ºÉ°Á�e¥��³Á®�¥̧ªÁ®�°³®�³
Å¤n¤µ��´� �ÎµÄ®o°·�¤̧̧Â��

(4) �·��¤ (Malm) Á�}��·��¸É�¤�¹Ê�Ã�¥Ä�o�·�Á®�¥̧ª�¤��́�° r̈�

5) ª·�¸�µ¦�¦ª�°��·��¸ÉÄ�oÄ��µ¦� ·̈�°·�
ª·�¸�µ¦�¦ª�°�ªnµ�·���·�Ä�¤̧�»�¤��́·Á®¤µ³Îµ®¦́��µ¦� ·̈�°·� ®¦º°Å¤n

ª·�¸�¸É��̧¸É»��º°Ä�oª·�¸Á°µ�·�¤µ�{��Á�}��o°�Â öª� n̈°¥Ä®o�¹É�¨¤ ®¦º°�µ�Â��Ä®oÂ®o� �oµ�o°�°·�®��ª́
Â¨³Â��¦oµª¤µ� �o°�Á¡·É¤nª��°��¦µ¥®¦º°Â�¨��¤Á�oµÅ�°̧� �oµ°·�¥»n¥®¦º°Á�¦µ³ �È®¤µ¥�ªµ¤ªnµ
¤̧�¦µ¥�¤°¥¼n¤µ�Á�·�Å��³�o°�¨��Îµ�ª��¦µ¥¨� ®¦º°Á¡·É¤Á�·¤�·�Á®�¥̧ªÄ®o¤µ��¹Ê� �oµ�³Ä®oÅ�o�¨
Â�n�°��ª¦��°�Ã�¥�µ¦� ·̈�°·� ¨°�Á�µ Â¨³́�Á��®΅��µ��·�»�Â öª

2.4.1.2 �́Ê��°�Ä��µ¦� ·̈�°·�
�́Ê��°�Ä��µ¦� ·̈�°·��´Ê� Ã�¥�´ÉªÅ�Â öª¤̧�́Ê��°���́Â��Ä�¦¼��¸É 2.3 �¹É�µ¤µ¦�

°�·�µ¥Â�n¨³�́Ê��°�°¥nµ��¦nµªÇ Å�o�´��n°Å��¸Ê
1) �µ¦Á º̈°��·��¸ÉÁ®¤µ³¤ �µ¦Á º̈°��·�Á®�¥̧ª�¸ÉÁ®¤µ³¤�¸É�³� ·̈�°·�

�µ¤�¸É� n̈µª¤µÂ öªÄ�Á¦ºÉ°��»�¤��́·�°��·� �·��¸ÉÄ�oÄ��µ¦� ·̈�°·� ª·�¸�µ¦Â�oÅ��·� Â¨³ª·�¸�µ¦
�¦ª�°��·�

2) �µ¦Á�È� �µ¦Á�È��·��´Ê��³�°��µ�¨¤Åªo�¦·Áª�Ã¦��µ�� ·̈�°·� �¹É�
�µ¦�ÎµÄ®o�·�Á®�¥̧ª¤̧�»�¤��́·�¸�¹Ê� �ª¦�µ�¨¤Åªo�¦³¤µ� 2 �¹� 3 Á�º°� ®¦º°�¹� 2 �e �n°� Â¨³
Á¤ºÉ°�¤�ÊÎµ�³�ÎµÄ®o�·�°n°��»n¤��̧¹Ê� Â¨³�ÎµÄ®o�µ�»Á� º̈°�µ���·�¦³Á®¥°°�Å�

3) �µ¦Á�¦̧¥¤�·� Ã�¥�µ¦¢{��·�Ä®ö ³Á°̧¥��oª¥�°� ��́Á°µ·É��¸ÉÅ¤n
�o°��µ¦°°� Á�n� �o°��¦ª� �o°�®·���¦µ�Å¤o ¦µ�®�oµ �¹É��·��·�°°�Ä®o®¤�

4) �µ¦®¤́��·� �Îµ�·��¸ÉÅ�o�¸ÊÅ�Á�ÅªoÄ�® »̈¤Â�n�·� �¹É�ÄnÅªoÂ öª¡°
�¦³¤µ�Ä�°́�¦µnª��¸ÉÁ¤ºÉ°�¤�·��´�Â�¨�Â öª �ªµ¤Á®¨ª�°��·��o°�°¥¼nÄ�¦³��́�¸Éµ¤µ¦���́�´ª
�´�Á�}�Â�n�Å�o Ã�¥�¸ÉÁ¤ºÉ°�·Ê�Åªo�³Å¤nÁ̧¥¦¼��¦�Å� �µ¦�¸É�o°�®¤́�®¦º°Â�n�·��¸ÊÁ¡ºÉ°�»��¦³��r�º°Ä®o�·�
Å�o°»o¤�ÊÎµ �³Á�¨̧É¥�£µ¡�µ��o°��·�Á�}�Á�ºÊ°Á�¸¥ªÅ�oÁ¤ºÉ°Å�o¦́��µ¦¥ÉÎµ®¦º°�ª� (�º°�µ¦�ÎµÄ®oÁ�}�Á�ºÊ°
Á�¥̧ª�´�)
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5) �µ¦�¤ Á¤ºÉ°®¤́��·�Åªo�¦³¤µ� 1 �º�Â öª�Îµ�¦µ¥ Â�¨� ®¦º°

�̧ÊÁ�oµÂ�¨� �¤¨�Å� nª��¤�°��¦µ¥Å¤n�ª¦�³¤µ�Á�·�Å�Á¡¦µ³°·��³Á�¦µ³�nµ¥
6) �µ¦�ª�®¦º°�µ¦¥ÉÎµ�·� Á�}��µ¦�ª��·�Ä®o�·�¤̧�ªµ¤Á®�¥̧ªµ¤µ¦�

�ÎµÅ��{��Á�}��o°� �¹É��µ¦Ä�oÁ�¦ºÉ°��ª��·��³�ÎµÄ®o�µ¦�ª��·�Å�o�¨�¸ Á¡¦µ³�·��³�¼���̧�Â��¨³Á°̧¥�
Á�oµÁ�}�Á�ºÊ°Á�¸¥ª��́ ¤̧�ªµ¤Á®�¥̧ª��̧ªnµ�·��¸É¥ÉÎµÃ�¥Ä�oÂ¦��µ��� �µ¦Ä�oÁ�¦ºÉ°��ª��·�µ¤µ¦��³
� ·̈�Å�oÁ¦ÈªÂ¨³�¦³®¥´�Â¦��µ����oª¥ Á¤ºÉ°�Îµ�·�°°��µ�Á�¦ºÉ°��ª��Èµ¤µ¦��ÎµÅ��{��Á�}��o°�Å�o
�´��¸

7) �µ¦Á�È�®¤́� �µ¦Á�È��·�®¤́�Åªo®΅��µ��ª� ®¦º°¥ÉÎµ Ä®o�µ�
�¦³¤µ� 1-2 ª́� �³�ÎµÄ®o�»�£µ¡�°�Á�ºÊ°�·��¸É�³�{��Á�}��o°��¸�¹Ê� �µ¦�{��°·��·��³Å¤n�·�Å¤oÂ��
®¦º°�³�ÎµÅ��{�� ®¦º°�°�Á¨¥�ÈÅ�o

8) �µ¦�{��°·��·�®¦º°�µ¦�°�°·� �µ¦�{��°·�nª�Ä®�nÄ�oÂ¦��µ��� �º°
�{���oª¥¤º° Ã�¥Ä�o°́��·�¨�Ä�Å¤oÂ���¹É�¤̧��µ��nµ�Ç �´�°°�Å��µ¤��µ��°�°·��¸É�o°��µ¦

ª·�¸�µ¦°́��·� �¼o�{���³ªµ�Â��¨���¡ºÊ�Á¦̧¥� Á�n� Å¤o�¦³�µ� ®¦º°
¡ºÊ��·��¸É°́�Â�n�Ã¦¥�oª¥���̧ÊÁ�oµÂ�¨� £µ¥Ä�Å¤oÂ���³Ã¦¥���̧ÊÁ�oµÂ�¨�Åªo�oª¥ Á¡ºÉ°�³�nª¥Å¤nÄ®o
�·�Á®�¥̧ª�·�¡ºÊ�®¦º°�·�Å¤oÂ�� �·��¸É°́�¨�Å�Ä�Å¤oÂ���´Ê� �¼o�{���³Ä�o¤º°�»n¤�ÊÎµÂ öª�ª́��·�¤µÄnÄ�
Å¤oÂ���¸̈ ³�n°�°́��·�Ä®oÂ�n� Ä�o¤º°°̧��oµ��µ��·�Ä®oÁ¦̧¥�Á¤°��́Å¤oÂ�� �n°�µ��´Ê��È�ª́��·�ÄnÄ�
�n°��n°Å� °́�Ä®oÂ�n� �µ��·�Ä®oÁ¦̧¥� �ÎµÁ�n��¸Ê���¦��»��n°�Ä�Å¤oÂ�� �µ��´Ê��¹�Ä�o¤º°�»n¤�ÊÎµÂ öª�Îµ
¤µ ¼̈��¸É®�oµ�·�Ä�Å¤oÂ��Ä®o®�oµ�·��oµ�®�oµ�¸Ê�³Å¤n¤̧�µ¦��Â�n�°̧�

9) �µ¦�¹É�Ä®oÂ®o� Á¤ºÉ°�{���·�Á®�¥̧ªÁ�}��o°�°·�Â öª�o°��¹É�°·��·�Ä®oÂ®o�
ª·�¸�¹É�¤̧ 2 Â�� �º°

(1) Ä�o�¹É�¨¤ Á°µ�o°�°·��·�ªµ���Â�n�Å¤o¦°�Â öªªµ����´Ê� Ä®o¤̧
�n°�Ã�¦n� ®¦º°�¹É��o°�°·��·�Ä�¨µ��·�Ä�¦n¤ ¡°�·�®¤µ�Â öªÁ°µÅ��´Ê�Á¦̧¥��o°���́Á�}��´Ê�Ç Ä®o¤̧�n°�
Ã�¦n�Îµ®¦́�°µ�µ«�nµ�Å�o���·�Â®o��·� �µ¦�¹É�Â���¸ÊÂ®o��oµ°µ��³�o°��¹É��¹� 7 ª́� ®¦º°¤µ��ªnµ�´Ê�
Á�n�°µ��¹É��¹� 10 ª́� �oµÁ�}�§�¼ � Â�n�·��³Â®o�¤ÉÎµÁ¤°�´Ê�£µ¥Ä�Â¨³£µ¥�°��o°� �ÎµÄ®o
�ªµ¤Á̧¥®µ¥Á�ºÉ°��µ��µ¦Á�µ Á�n� �µ¦Â�� ®¦º°¦oµª �°�°·��³¤̧�o°¥¤µ�

(2) �µ¦�¹É�°·�Ã�¥ª·�¸�µ¦�µ�Â�� �¹É�Ä��µ¦�¹É�°·�Ã�¥�µ�Â��Åªo
�¨µ�Â�o�Â���¸Ê �¼o� ·̈�Ä�¦³��́°»�µ®�¦¦¤Ä��¦́ªÁ¦º°��·¥¤ª·�¸�µ¦�¹É�°·�ª·��̧¸Ê Á¡¦µ³�¼o� ·̈��³�{��°·�
Ä�¨µ��·��¸ÉÅ¤n¤̧®΅��µ� »̈¤ Á¤ºÉ°�°�Â��Â öª� n̈°¥�µ�Â��Åªo�¦³¤µ� 3-4 �´ÉªÃ¤� Ä�®�oµ°·�
®¤µ�Ç Ä�oÅ¤o��®�oµ°·�Ä®oÁ¦̧¥� (��³�¸É�{��°·�Á¤ºÉ°��Â öª�e�Á È̈�Ç ®¦º°¦°¥�¦»�¦³�³®µ¥Å��ÎµÄ®o
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®�oµ°·�Á¦̧¥�Á¤°��́) Â öª� n̈°¥Ä®o°·��·��µ�Â���µ�¨¤°¥¼n��¨µ� �µ¦�¹É�°·�Â���¸Ê°µ��³Â®o�Á¦Èª
Á�ºÉ°��µ�Å�o¦́��ªµ¤¦o°��µ�Â�°µ�·�¥r Á¤ºÉ°�µ�°·�Å�o 1-2 Â�� ¡°°·�Â®o�®¤µ�Ç Â öª�¹��ÎµÅ��µ�
�¹É��³�µ��nµ¥Å¤nÂ�È�Â¨³°n°���Á�·�Å� Ä��nª��°��µ¦�µ�°·��¸Ê°·��³�¼��ÊÎµÅ¤nÅ�oÁ¨¥ Á¡¦µ³�³�ÎµÄ®o
Á̧¥®µ¥Å�o

�¦��̧¸ÉÅ¤n¤̧Â���³�o°��µ�Åªo°¥nµ�Á�n���́ ®¦º°�¦� ̧���
�È�o°��ÎµÅ��µ�¨¤ÅªoÄ��¸É¦n¤ �¹É�Á¦̧¥�°̧�°¥nµ�®�¹É�ªnµ�µ¦Ã�¦n� Á¤ºÉ°�µ�°·�Ä®o®¤µ�Â öª�o°��µ�°·�
Á¡ºÉ°��Â�n�°·�Ä®oÁ¦̧¥�°̧��´Ê� 5 �oµ� Â öª�Îµ¤µ�µ�Â��°̧��¦³¤µ� 3-5 ª́� �È°µ��³Ä�oÁ�µÅ�oÂ öª
�oµÁ�}�§�¼ � �È°µ��³Ä�oÁª¨µ¤µ��ªnµ�¸Ê �µ¦�¹É�°·�ª·�¸�¸Ê¤̧�o°Á̧¥®¨µ¥°¥nµ��º° �µ¦Å�o¦́��ªµ¤¦o°�¦o°�
Â¦�Á�·�Å� �·ª�·�£µ¥�°��³Â®o�Â�È��´ªÁ¦Èª�ªnµ£µ¥Ä� Á¤ºÉ°Á°µÅ�Á�µ�·��¸É�ºÊ�°¥¼n£µ¥Ä��³�ÎµÄ®o°·�
Â��¦oµªÅ�o¤µ� Â¨³Ä���³�¸É�Îµ�µ¦�µ�Â�� °»�®£¼¤·�°�°µ�µ«�³Â���nµ��´�¤µ� ¦³®ªnµ�Áª¨µ
�¨µ�ª́���́�¨µ��º� °·�°µ��³®��ª́Å¤n¤ÉÎµÁ¤° Â¨³�ÎµÄ®o�o°�°·��·�Á�¸Ê¥ª Å¤n°¥¼nÄ�¦¼��¸ÉÁ®¤µ³¤
�°��µ��¸Ê�µ¦�µ�ÅªoÄ��¸ÉÃ n̈��³Å¤nÁ�}��µ¦³�ª�Ä�§�¼ �Á¤ºÉ° ���¨�¤µ °µ��³�o°�®µ�¸É� »̈¤ ®¦º°
Á�È�Á�oµÄ�Ã¦� �oµÅ¤n¤̧·É�Á® n̈µ�¸Ê�o°�°·��·�Á¤ºÉ°�¼� �°µ��³¥»�Å�o

10) �µ¦��Â�n�°·��·�®¦º°�µ¦�µ�°·� Á�}��µ¦�µ�°·�Ä®o�·ª®�oµ°·��»�
�oµ�Á¦̧¥�Á¤°��́Å¤n¤̧¦°¥�¦»�¦³ Ã�¥¤µ�¤́��µ���́�°�Â��¦n¤ Á�n� �°�Á¥È� ®¦º°��Å��µ�Ä��¸É¦n¤
�ÈÅ�o �µ¦�µ�°·��¸ÊÁ�}��µ¦Á�È�°·��°�Åªo°°��oª¥ ®΅��µ��µ�Â öª�È�³�ÎµÅ�Ã�¦n�Åªo � �¸É�¹É�Å¤n
�¸��ªµ� �µ¦�Îµ�µ�°ºÉ�Ç �´Ê��¸ÊÁ¡ºÉ°�¸É�³Å�o�Îµ�µ¦�°�°·�Ä®¤n�¸É̈ µ��´Ê��n°°̧�

�µ¦Ã�¦n�°·� ®΅��µ��µ�°·�Â öª�ÎµÁ�}��o°�¤̧�µ¦�µ�°·�°̧��¦́Ê�
Á¡¦µ³�¸É�µ� 2 ª́� �n°�®�oµ�¸Ê�o°�°·�¥�́Å¤nÂ�È�Á¡¥̧�¡° �µ¦�µ�Ä��nª�®΅��µ��¸Ê Á¦̧¥�ªnµ �µ¦Ã�¦n�°·�
�¹É�°µ�Ã�¦n�ÅªoÄ��¸É¦n¤®¦º°�¨µ�Â���ÈÅ�o Ã�¥�µ¦�´Ê��o°�Á¦̧¥�¼��¹Ê�Å� �¹É�¼��¦³¤µ� 130-140
Á���·Á¤�¦ �µ¦Ã�¦n�°·��³�´Ê��´��¹Ê�Å�Ã�¥Å¤n�¦³��®�oµ�·��¹É��´�Â¨³��́ Â¨³�³Á°µ�oµ�®�oµ�´Ê�Á�}�
�µ�Â¨³�³Å¤n�´Ê��·��´�Á¡ºÉ°Ä®oÃ�¦n� �¹É��³Ã�¦n�Åªo�¦³¤µ� 3 ª́� Å¤nªnµÄ��¸É¦n¤®¦º°�¨µ�Â��

�µ¦�¹�°·� Á�}��µ¦Á�È�Á°µ°·��·� (°·��¸É¥�́Å¤nÁ�µ) ¤µ�´Ê��o°�ÅªoÁ�}�
�°�Ä®�n ¤̧΅�¬�³Á�}�¦¼�Â�n�̧ÉÁ®¨̧É¥¤ ¼̈��µ«�r �¸É¤̧΅�¬�³�°��µ¦�¹��º° �´Ê��o°�Ç �´� �·��´�
�´Ê�®¤� �́Ê��°��¸Ê�³Á�}��́Ê��°��°��µ¦Á�¦̧¥¤�¸É�³�ÎµÅ��´Ê�Á�}�Á�µÁ�µÁ¡ºÉ°�ÎµÄ®oÁ�}�°·�»� Ä��nª��¸Ê
�ÈÅ¤n�ª¦�¸É�³Ä®o�¼��ÊÎµ ®¦º°�¼� �Á�n���́

11) �µ¦Á¦̧¥�°·��·�Ä�Á�µÁ�µ �Îµ°·��·��¹É��¹É���Â®o��·�Â¨³�µ�Â�n�
Á¦̧¥�¦o°¥Â öª Å�ªµ�Á¦̧¥��o°���́Á�}��´Ê�Ä�Ã¦�Á�µÁ�µ Ã�¥Á¦̧¥��´Ê�Á°µ́�nª��ªoµ��¹Ê� �´Ê� n̈µ�Á¦̧¥�Â��
Ã�¦n� �µ�Â���o°�Áªo��n°�Îµ®¦́�Än¢g��oª¥ (�oµÁ�µ�oª¥¢g�) nª��´Ê���Ç �¹Ê�¤µÁ¦̧¥��o°��·���́ Â�n
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Áªo��n°�¦³®ªnµ�Â�n�ÅªoÁ¡ºÉ°Ä®o�ªµ¤¦o°�°�Å�o�´ÉªÂ�n� �µ¦ªµ�Á¦̧¥�°·��·��¸Ê�³ªµ��¸É�´Ê�Â¨³�ªoµ�¥µª
Á�nµÄ��ÈÂ öªÂ�n�ªµ¤�o°��µ¦ªnµ�³Á�µ°·��¦́Ê�®�¹É�Ç 10,000-300,000 �o°� Îµ®¦́�Á�µÁ�µ�¸ÉÁ�µ�oª¥
Â�¨�¤́��³Ä®o�°�°·�¼��¦³¤µ� 1-1.5 Á¤�¦ �´Ê��¸ÊÁ¡¦µ³�o°��µ¦Ä®o³�ª�Áª¨µÁ�·¤Â�¨�Á�ºÊ°Á¡ ·̈�
nª�Á�µ�¸ÉÁ�µ�oª¥Å¤o¢g��´Ê��µ��̧¼��¹� 2 Á¤�¦�ÈÅ�o

12) �µ¦Á�µ°·� Á¤ºÉ°�´Ê�Á�µÁ¦̧¥�¦o°¥Â öª�È�³�´Ê��ÎµÂ¡�Ä� Î̈µ��́»��oµ¥
�µ¦�n°�ÎµÂ¡��¸Ê Ä��́Ê�Â¦��³�n°�ÎµÂ¡�Á¡¥̧��¦¹É�®�¹É��°��ªµ¤¼��°�Á�µ°·��n°� �³�n°Ã�¥¦°��´Ê�
̧É�oµ� ®¦º°°µ��n°¼�Á�nµÁ�µÁ¨¥�Á̧�¸¥ª�ÈÅ�o �´Ê��¸ÊÂ öªÂ�n΅�¬�³�°��µ¦Á�µ ®¦º°�µ¦�»�Å¢Á�µ°·�ªnµ
Á¦·É¤ � �»�Ä��n°�

13) �µ¦� n̈°¥Ä®o°·�»�Á¥È�Á¤ºÉ°°·�»�Â öª Ã�¥�µ¦́�Á���µ��°��̧ÊÁ�oµ�¸É
Å¤n¥»�¨�Å�°̧�Á¤ºÉ°Á°µÅ¤oÁ�¨̧É¥ Â��ªnµ�̧ÊÁ�oµÁ�È¤Á�µ Å¤nµ¤µ¦�Á�Â�¨�¨�Å�Á�µÄ®oÁ�·��ªµ¤¦o°�
£µ¥Ä�Á�µÅ�o°̧� �È�³®¥»��µ¦ÄnÂ�¨� Â�n�³� n̈°¥�·Ê�Åªo°¥nµ��´Ê�Á¡ºÉ°Ä®oÅ¢£µ¥Ä���́Ä®o®¤��³Ä�o
Áª¨µ�¦³¤µ� 2 ª́� �¹É��oµ�³Á°µ°·�°°��µ�Á�µ�È�³�o°�Á�d��ÎµÂ¡��»��oµ� Â öª��́�̧ÊÁ�oµ�¹É�¤̧΅�¬�³
Á®¤º°��°�Â�n®�oµÂ���ªnµ Á¡ºÉ°Ä®o³�ª��n°�µ¦ÄnÁ�oµÅ�Ä��n°�Å¢Â öª�¹�Á°µ�̧ÊÁ�oµ°°�¤µ �µ¦�¸ÉÁ°µ
�̧ÊÁ�oµ°°��¸ÊÁ¡ºÉ°�´�Å¢Ä®o®¤�Ã�¥·Ê�Á�·� Â¨³Á¡ºÉ°�ªµ¤³�ª�Ä��µ¦®µ�°·��oª¥ Á¡¦µ³�³�o°�¦ºÊ°°·�
°°� �oµÁ°µ�̧ÊÁ�oµ°°��n°�Â öª »i��³Å¤n¢»j� Â¨³Å¤n¦o°�

Áª¨µ 2 ª́� �¸É� n̈°¥Ä®oÅ¢��́®¤��´Ê�Á�}��nª��°��µ¦�n¤°·�Ä�Á�µ�³
�n°¥Ç Á¥È�¨�Á¦ºÉ°¥Ç �ÎµÄ®o¤ª¨µ¦Å¤nÁ�¨̧É¥�°»�®£¼¤·°¥nµ�¦ª�Á¦Èª¤µ���́ �ÎµÄ®o°·��¸ÉÅ�o¤̧�ªµ¤Â�¦n�
°¥nµ�¤�¼¦�r ��°�Å�oÃ�¥�µ¦¢{�Á̧¥�°·��¸ÉÁ¤ºÉ°Á�µ³Á̧¥��³��́�o°�Á®¤º°�Á�µ³Á® È̈��´� Â�n®µ�¡°
°·�»�Â öª¦̧�Á°µ�ÎµÂ¡�°°�Â öª�´��̧ÊÁ�oµ°°��´��¸�´Ê� �³�ÎµÄ®o°·�Å¤n��Â¨³Á�¦µ³�nµ¥

14) �µ¦��°°��µ�Á�µ Á¤ºÉ°°·�»��´Éª�¹���́Â öª �¼o� ·̈�nª�Ä®�n�³Å¤n��
°·�»� °°��µ�Á�µÅ�Á�È�Åªo�¸É°ºÉ�Á¡ºÉ°¦°�Îµ®�nµ¥ Â�n�³� n̈°¥Ä®o°·�»�ÅªoÄ�Á�µ�n°Å����ªnµ�³�Îµ®�nµ¥
Å�o �´��´Ê�Á�µÁ�µ°·��¹�Á�}��´Ê�Á�µÁ�µ°·�Â¨³�µ��¸É�Îµ®�nµ¥°·� Á¤ºÉ°¤̧�µ¦�Îµ®�nµ¥°·��µ¦��°·�°°�
�µ�Á�µ�³Ä�oª·�¸�µ¦���nµ¥�oª¥�µ¦®µ�Å��¹Ê�¥�́¦��¦¦�»�¦́��ºÊ°°·��¸É�°�°¥¼n®�oµÃ¦�°·� �µ¦���nµ¥�³
�o°�Á̧¥�nµÄ�o�nµ¥Ä��µ¦��¥oµ¥�oª¥
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¦¼��¸É 2.3 Â��Â��£¼¤·�¦¦¤ª·�¸Ä��µ¦� ·̈�°·�

1) �µ¦Á º̈°��·�
�¸ÉÁ®¤µ³¤

2) �µ¦Á�È� 3) �µ¦Á�¦̧¥¤�·�

4) �µ¦®¤́��·�5) �µ¦�¤6) �µ¦�ª��®¦º°
�µ¦¥ÉÎµ�·�

7) �µ¦Á�È�®¤́� 8) �µ¦�{��°·��·�
®¦º°�µ¦�°�

9) �µ¦�¹É�Ä®oÂ®o�

10) �µ¦��Â�n�°·��·�
®¦º°�µ¦�µ�

11) �µ¦Á¦̧¥�°·�
Ä�Á�µÁ�µ

12) �µ¦Á�µ

13) �µ¦� n̈°¥
Ä®oÁ¥È�

14) �µ¦��
°°��µ�Á�µ

�µ¦Á�È�¦°
�µ¦�Îµ®�nµ¥
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2.4.2 �¦³�ª��µ¦�Îµ�¼��{��
«·¨�³Ã�¦µ�ª́��»�¦³Á£��¼��{���¸É¡�nª�Ä®�n ¤́��³Á�}�«·¨�³Ã�¦µ�ª́��»�¸É�{���¹Ê�Á¡ºÉ°Á�}�

·É��¦³��́�µ¤��´�Ã�¦µ��µ� Á�n� ��´�Ã��r ��´�Á��¥̧r Á�}��o� ·É��¸É�{��°µ��³Á�}�¦¼��� ¦¼�́�ªr
�nµ�Ç Á�ª�µ �µ�¢jµ ²¨² �¹É�³�o°��¹��¸ª·��ªµ¤Á�}�°¥¼n�°���Ä�¤́¥�´Ê�Ç

2.4.2.1 ª́�»Â¨³°»��¦�r
ª́�»Â¨³°»��¦�r�¸ÉÁ�}��{��¥́Îµ�´�Îµ®¦́��¦³�ª��µ¦�{���¼� �¹É�Ä�Â�n̈ ³�o°��¸É�³

Â���nµ��´�°°�Å� Â�nÃ�¥�´ÉªÅ��´Ê��³¤̧ª́�»Â¨³°»��¦�r�´��n°Å��¸Ê
(1) �¼��µª Ä�o�¼���·��¸É�Îµ�µ�®·��¼� ΅�¬�³Á�}��� ̧�µª
(2) �¦µ¥ Ä�o�¦µ¥��·��¸É�´��µ�Â¤n�ÊÎµ nª��¦µ¥��·��¸É�Îµ¤µ�µ�®µ��¦µ¥

�µ¥�³Á¨Å¤nÁ�}��¸É�·¥¤Ä�oÁ�}�ª́�»�¦³�°��µ¦�{���¼�
(3) �µª Ä�o�µª��·��¸É�Îµ�µ�®��́ª́ª ®¦º°®��́�ªµ¥�¹É�Â�¦¦¼�¤µÂ öª Á�}�

�µªÂ�n��ÈÅ�o
(4) Á� º̈°��¦³�¼n Ä�oÁ� º̈°���·�Â®o� �Îµ¤µ�o¤Ä®o¥µ��� Á¡ºÉ°Ä�o�ÊÎµ¥µ��¤

�´��µª®��́
(5) �ÊÎµ�µ¨Ã���®¦º°�ÊÎµ�µ¨°o°¥ Ä�o��·�Ä���·�®�¹É��ÈÅ�o Â�¦¦¼�Ä®oÁ®¨ª

Á¡ºÉ°�¤�´� �¼��µª
(6) �¦³�µ¬¢µ� ®¦º°¢µ��oµªÂ®o� Ä�o�¦³�µ¬¢µ� ®¦º°¢µ��oµªÂ®o�

��·�Ä���·�®�¹É� �¹É�Â�¦¦¼�Ä®oÁ�}����i�Â öª�¤�´��¼��µª
°�¹É� ª́�»�¸É�Îµ®��Ä��o°�¸Ê ¤̧�µ��Îµ¦µÄ�o®´ª�¦³�µ¬ ®ª́�¨°¥ ®¦º°�»n� °¥nµ�Ä�

°¥nµ�®�¹É��¤�´��¼��µªÂ���µ¦Ä�o�¦³�µ¬¢µ�®¦º°¢µ��oµª�È¤̧
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2.4.2.2 �́Ê��°��°��¦³�ª��µ¦�{���¼�
Ã�¥�´ÉªÅ�¤̧�́Ê��°��¦³�ª��µ¦�{���¼� ��́�n°Å��¸Ê

1) �µ¦Á�¦̧¥¤�¼�
�¼��µª�¸É�³Ä�oÎµ®¦́��{���n°Å��´Ê� �nµ��¼��{���³Å¤n�·¥¤Ä�o�¼��µªÄ®¤nÇ �Îµ

¤µ�ÎµÁ¨¥ Â�n�³�Îµ�¼��µªÄ®¤n�´Ê�Än¨�Ä�Ã°n� Än�ÊÎµ³°µ�¨�Å�Ä®o¡°�nª¤�¼� �d� µÃ°n� Â¨³Â�n
�¼��µªÄ®¤n�´Ê�Åªo�µ�Ç °µ�Á�}�Â¦¤Á�º°� �µ¦Â�n�¼��·Ê�Åªo�µ�Ç Á�n��¸Ê Á�}��µ¦�ÎµÄ®o�¼��´Ê�¤̧�ªµ¤
Á®�¥̧ª��́Á¤ºÉ°�ÎµÅ��{��Â öª�³��́�´ª� ̧Å¤n¦n°� ®¦º°Â��¦oµª�nµ¥Ä�£µ¥®΅�Á¤ºÉ°�¼��{���´Ê�Â®o� �¼��µª�¸É
Å�o�Îµ�µ¦Â�n�ÊÎµÁ�¦̧¥¤Åªo�µ�Ç �¸Ê Á¦̧¥�ªnµ ��¼�®¤́�� Á¤ºÉ°�¹�Áª¨µ�³Ä�o�È�´�Á°µÂ�nÁ�ºÊ°�¼��¹Ê�¤µ�¹É�Â��
Ä®o¡°®¤µ�Â öª�³�ÎµÅ��Îµ�n°Å�

°��r�¦³�°��¼��{���¸ÉÄ�o�{��Á�}�¦¼�£µ¡ ®¦º°¨ª�¨µ¥�nµ�Ç ¤̧°��r�¦³�°�
¡ºÊ��µ�Ä��µ¦�Îµ�¼�Îµ®¦́��³�ÎµÅ��{�� Å�oÂ�n �¼��µª, �µª®��́, �¦µ¥¨³Á°̧¥�, �¦³�µ¬ ¢µ�Â�n�ÊÎµ
Â¨³�ÊÎµ°o°¥®¦º°�ÊÎµ�µ¨Ã��� °��r�¦³�°�Îµ®¦́��ÎµÁ�}��¼��{���¸Ê ¤̧�µ¦�Îµ®��°́�¦µnª�ª́�»Á�}�
°��r�¦³�°� Â�n̈ ³·É��nµ��´�Å� Á�n�

°́�¦µnª�Â���¸É 1 Ä�o : �¼��µª 3 �́�
�¦µ¥��́�¦³�µ¬ 1 �́�
�ÊÎµ�µ¨ 1 �°�¤º°

°́�¦µnª�Â���¸É 2 Ä�o : �¼��µª 3 �¦³�l°��¤
�¦µ¥��́�¦³�µ¬ 1 �¦³�l°��¤
�ÊÎµ�µ¨ 1 �´¡¡¸

°́�¦µnª�Â���¸É 3 Ä�o : �¼��µª 3 nª�
�¦µ¥ 1 nª�
�¦³�µ¬ 5 Â�n�
�ÊÎµ�µ¨ 1 �³¨µ

�´��ª́°¥nµ�°́�¦µnª���́� n̈µª�¸Ê °́�¦µnª�Îµ®¦́�ª́�»Â�n¨³·É��¸É�³�Îµ¤µ
�¤Á�oµ�oª¥�´��¸Ê °µ�¤̧°́�¦µnª��nµ���́Á�}�°¥nµ�°ºÉ�°̧�®¨µ¥Â���oª¥�´� �´Ê��¸Ê�¹Ê�°¥¼n�´�¼�¦΅�
Á�¡µ³�ª́�°��nµ��{���¼�
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2) �µ¦�Îµ�¼��{��
�µ¦�Îµ�¼��{��Á�}��́Ê��°��n°Å��µ��µ¦Á�¦̧¥¤ª́�»�nµ�Ç �¸É�³�Îµ�µ¦�ÎµÁ°µ

°��r�¦³�°��°��¼��{��¤µ�¤Â¨³�ÎµÄ®oÁ�oµÁ�}�Á�ºÊ°Á�¥̧ª�´� Â¨³Ä®oÁ®�¥̧ª��́�´ª°¥¼nÅ�o¡°Â�n�µ¦�¸É
�³�Îµ�µ¦�{���n°Å� Á�n� ®µ�Ä�onª��¤��́�oµ��o��¸É¥��ª́°¥nµ�¤µ �µ¦�Îµ�¼��{��Ä��́Ê��o� �³�Îµ
�¼��µª�¤��́�¦µ¥�µ¤°́�¦µnª��´�� n̈µªÄ®oÁ�oµ�´� Â öªÁ°µÄn̈ �Ä��¦�Á�·¤�¦³�µ¬¢µ��µ¤nª�
Ã�¨��ÎµÄ®oÁ�oµ�´�́�¡�́�¹�Än�ÊÎµ�µª�¤¦nª¤¨�Å� Ã�¨��Îµ�n°Å���nª��¤Á�oµ�´�Á�}�Á�ºÊ°Á�¸¥ª Â¨³
Á®�¥̧ª��́��́Å¤nÂ��¦nª� ¡°�¹��°��¸Ê�ÈÁ�·¤�ÊÎµ�µ¨°o°¥®¦º°�ÊÎµ�µ¨Ã��� �¹É��Îµ�µ¦Â�¦¦¼��oª¥�µ¦
Á�¸É¥ªÄ®oÁ�}��ÊÎµ¥µ�Á®�¥̧ªÄn̈ �Å�Ä��¼��¸ÉÅ�o�ÎµÅªo�n°� Â öª�Îµ�µ¦Ã�¨��Îµ�¼���́�ÊÎµ�µ¨Ä®oÁ�oµ�oª¥��́
�·�� ̧�¹���́�¼��Îµ�¹Ê��µ��¦�¡�́¦°ÅªoÎµ®¦́��ÎµÅ��{���n°Å� �µ¦�Îµ�¼��{���¸Ê

�¼��{���¹É��nµ��µ¦Ã�¨��Îµ��Á®�¥̧ªÅ�o�¸É��̧´Ê� ®¤µ¥�¹��¼��¸É¤̧�ªµ¤Á®�¥̧ª
��́���·��¨µ¥µ��¹Ê�¤µ��³¥�µ��¹Ê��µ��o��¦� Á¤ºÉ°Å�o�¼��ÎµÅ�o�¸ÉÁ�n��¸ÊÂ öª�oµ¥´�Å¤n�¹�Áª¨µ�³
�ÎµÅ��{���ÎµÁ�}�¦¼�£µ¡®¦º°¨ª�¨µ¥ �nµ��{���¼��È�³�Îµ¨�Á�È�¡´�ÅªoÄ�Ã°n��d� µÄ®o¤·��·� ®¦º°Än
°nµ��·�� »̈¤�d��oª¥�oµ�¦³°��»n¤�ÊÎµ� »̈¤Ä®o¤·� Á¡ºÉ°¤·Ä®o�¼���́�ª́Â®o�Á̧¥�n°��³�¹�Áª¨µ�ÎµÅ��{��

3) �́Ê��°��µ¦�{���¼�
�µ¦�{���¼��ÎµÁ��È�¦¼�£µ¡ ®¦º°�ÎµÁ�}�¨ª�¨µ¥ ¤̧�́Ê��°�Ä��µ¦�{���´��¸Ê

(1) �µ¦¦nµ�Â��
�µ¦�{���¼�Ä��́Ê��o��o°�¦nµ�Â�� �º°Á�̧¥�Á�}�£µ¡¦nµ� Á�}�Á�oµÃ�¦�

®¥µ�Ç �¹Ê���¡ºÊ��¸É�³�{���¼��´Ê�Ä®oÁ®È�Ã�¦��µ��´Ê�®¤��¸É�³�Îµ�n°Å� �µ¦Á�̧¥�¦nµ�Â���¸Ê�nµ��{���¼�
Â�n�n°��·¥¤Ä�o�nµ�Å¤o �¹É�Ä�o�o�¡¦·��Îµ¤µÁ�µ�ÎµÁ�}��nµ�Îµ®¦́�Á�̧¥�¦nµ�£µ¡ Ã�¥Ä�o�nµ�Å¤o��·��¸Ê
Á�̧¥�¦nµ�¨���¡ºÊ�Å���Á�È¤Ã�¦��µ� �¦ª�Â�o�ª́£µ¡ �´ª¨µ¥ Â¨³�n°�Å¢ Ä®oÅ�o��́®ª³Á®¤µ³¤
�¨¤� º̈�ª¥�µ¤¡°�Â̧ öª�¹�¨�Áo�®¤¹��´�Áo�¦nµ� �¹É��µ¦¨�Áo�®¤¹��´�Áo�¦nµ��¸ÉÁ�̧¥��oª¥�nµ�Å¤o
�¹Ê��n°��ÈÁ¡ºÉ°�ÎµÄ®o£µ¡¦nµ���́Á�� �Îµ®��Áo��°�¦¼��°�¨µ¥Ä®oÂ�n�°� Â¨³¥�́Å¤n�ÎµÄ®oÂ���¸Éªµ�Åªo
��¡ºÊ��¸É�³�{��¨�Á º̈°�Å�Ä�¦³®ªnµ��Îµ�µ¦�{��

�µ¦¨�Áo�®¤¹��¸Ê �nµ��{���¼�Ä�o¡¼n��́�»n¤®¤¹���̧¨���́Å���Áo�¦nµ�
®¦º°¨�Â�oÁo�¦nµ�Ä®oÁ�oµ¦¼��oµ�Å�Ã�¥ Î̈µ�´� Â�n�µ¦¨�Áo�®¤¹��nµ��{���¼��³Å¤n¡·�¡̧·�´�¨�Áo�°¥nµ�
Á¦̧¥�¦o°¥ �¦³��̧°¥nµ��´��µ¦Á�̧¥�¨µ¥�d��°�¦��ÊÎµ Á�µ�³¨�Áo�®¤¹�°¥nµ��¸É�nµ�Á�̧¥� ̧�ÊÎµ�µª
Ã�¦µ� Á¦̧¥�ªnµ �Á�̧¥��¦³��Áo�� �´Ê��¸Ê�ÈÁ�ºÉ°��µ�Áo�®¤¹��¸É̈ �Åªo��¡ºÊ��´Ê� Ä�Áª¨µ�n°¤µ�È�³�¼�
�{���¼���́�¨�®¤� Å¤nÁ® º̈°Áo�¦°¥Ä®oÁ®È�Å�oÁ¨¥�´É�Á°�
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(2) �µ¦�{��¦¼�Ã�¨�
�µ¦�{���¼�¨���¡ºÊ��nµ�Ç Á�n�¡ºÊ���·��n°°·��º°�¼� ¡ºÊ��¦³�µ�

Á�}��o� �¹É�Á�}�¡ºÊ�¦µ��¸É¤̧�·ªÁ¦̧¥�¥n°¤Á�}�¡ºÊ��¸É�¼��{���³Á�µ³®¦º°�´�¥¹��·���́¡ºÊ��´Ê�Å�o¥µ� ®¦º°°µ�
Å¤n¤́É���°¥¼nÅ�o�µ�Ç �´��´Ê�Ä��́Ê��o��¹��o°��Îµ·É��nª¥�µ¦��́¥¹�Ä®o��́�¼��¸É�³�{����́¨�Å��¹Ê�Á̧¥�n°�
·É��¸É�³�nª¥Ä®o�¼���́¥¹��´�¡ºÊ��¸É¦°�¦́�°¥¼n�´Ê�°µ��ÎµÅ�o�oª¥�µ¦Ä�oÁ® È̈���́ ®¦º° ¼̈��ªµ�́�¨��¸É¡ºÊ�
�¦��¸É�³�{���¼��´Ê�Ä®oÁ�}�¦°¥�¸ÉÇ �´ÉªÅ� Ä®oÁ�·�¦·Êª¦°¥®¥µ�¡°Á�}�·É�Ä®o�¼�Á�µ³��́°¥¼n¤́É���ª·�¸®�¹É�
�´�Ä�oÅ¤oÅ�nÂ�nÁ®¨µ�ÎµÁ�}� ¼̈��°¥ �°�¨��¦�¡ºÊ��¸É�³�{���¼�΅���́Å� Ã�¥Ä®oÁ® º̈°�¨µ¥ ¼̈��°¥Ã� n̈
¡o�¡ºÊ��¸É�³�{��¦¼�£µ¡®¦º°¨ª�¨µ¥�´Ê��¦³¤µ� 1 °��»¨̧ �È�³Á�}�·É��nª¥Ä®o�¼���́®¦º°Á�µ³¡ºÊ��¸É
¦°�¦́�°¥¼n�´Ê�Å�o¤́É���Â¨³�µª¦¥·É��¹Ê��ªnµª·�Â̧¦� Á¤ºÉ°�´��Îµ·É��nª¥Ä®o�¼���́¥¹�¡ºÊ��¸É�¹É��³�{���¼���́¨�
Å�Â öª�¹��Îµ�µ¦�¹Ê�¦¼�Ã�¨� �µ¦�¹Ê�¦¼�Ã�¨� �º°�µ¦Än�¼�Â�³¨�Å��µ¤Â�ªÁo�¦nµ��¸ÉÅ�o�Îµ�¹Ê�Á�}�
Á�oµÃ�¦�Åªo Ã�¥Ä�oÁ�¦̧¥���́�¼�Â�³Â�³Ä®o�·�Á�}��g���µ�Ç Ä®o�´Éª¡ºÊ��¸ÉÁ�}�¦¼�£µ¡ ®¦º°¨ª�¨µ¥ �ÎµÄ®o
¡ºÊ��¸É�¦·Áª��´Ê�Á�·�Á�}��·ª�¦»�¦³�¹Ê� Â öª¡´�ÅªoÄ®o�¼��¸É�¹Ê�Ã�¨�Åªo�¦µªÂ¦��¸Ê®¤µ�Â¨³��́�·�¡ºÊ��¸¡°
Â öª�¹��¹Ê�¦¼�Ã�¨� �́Ê��n°Å�

�µ¦�¹Ê�¦¼�Ã�¨��n°¤µ �º°�µ¦¡°��¼��´�¨����·ª�¼��¸ÉÃ�¨��¹Ê�Á¤ºÉ°
�¦µªÂ¦�Ä®o®�µ�¹Ê� Â¨³�{���ÎµÁ�}�¦¼��¦�®¥µ�Ç ¡°Ä®oÁ�oµÃ�¦��¸É�³�{���Îµnª�¨³Á°̧¥�Á¡·É¤Á�·¤ Ä�
�́Ê��n°Å�

(3) �µ¦�{��¦́�¦¼� � ¦́�¨µ¥
�µ¦�{���¼��́Ê��¸Ê �º°�µ¦¡°��¼� Â¨³�{���Îµ¦¼�£µ¡ ®¦º°¨ª�¨µ¥

Ä®o¤�¼¦�r�µ¤¦¼�΅�¬�r Ä®oÎµÁ¦È�Á�}�¦¼�¤�¼¦�r Á¦̧¥�¦o°¥ Â¨³ª¥�µ¤ �́Ê��°��¸Ê�nµ��{���¼��³�o°�
Ä�o�ªµ¤µ¤µ¦�Ä� e¤º° �ªµ¤�·� �ªµ¤¦¼o¹�Ä��µ¦Â��°°� �·���µ�µ¦ Â¨³�¦³��µ¦�r Ä��µ¦
�Îµ�µ�«·̈ ��¦¦¤�¦³Á£��¸Ê �nµ¥�°�°°�¤µÄ��µ¦�{���¼�°¥nµ�Á�È¤�ªµ¤µ¤µ¦� �¹��³Â���µ¦
¦́�¦¼� ®¦º°¦́�¨µ¥ Ä®o�¼¤�¦·�¤��́ Â¨³¤̧�»��nµ�ª¦Â�n�µ¦�¼�¤

4) �µ¦��Â�n��µ��{���¼�
�µ��{���¼��¸ÉÎµÁ¦È�Â öª�¦��·�³¤̧�·ªÁ�}�̧�µª �¹É�Á�}�̧Á�·¤°́�Á�}��¦¦¤�µ�·

�°��¼��µª�¸É�Îµ¤µÄ�o�{���µ��{���¼��¸É¤̧�·ªÁ�}�̧�µª³°µ�Á�n��¸Ê �¹Ê�°¥¼n�´��ªµ¤�·¥¤�°�Ä�®¤¼n
�nµ��{���¼�Â¨³���´ÉªÅ� �¹É��ªµ¤�·¥¤�µ¦��Â�n��µ��¼��{���¸ÉÅ�o�ÎµÄ®o¤̧΅�¬�³�nµ�Å��ªnµ�ªµ¤�·¥¤
�µ��{���¼���́� n̈µª�oµ��o��È¤̧°¥¼nÄ��µ��{���¼�®¨µ¥°¥nµ�®¨µ¥ª·�¸�oª¥��́ �´��¸Ê �µ¦��Â�n��oª¥�µ¦



30
¨�¦́��d��°�, �µ¦¨�¦́��d��°�¦n°��¦³��, �µ¦�¤¡ºÊ�Á�}�̧, �µ¦¦³�µ¥̧���µ��¼��{�� Â¨³�µ¦�Îµ
�¼��{��Ä®oÁ�}��¸

�µ��¼��{��Á�}�«·¨��¦¦¤�¸É¤̧�»��nµÄ��ª́¤́�Á°� Á�ºÉ°��µ��µ��¼��{��Á�}�«·¨��¦¦¤
�¦³Á£��¦³�·¤µ�¦¦¤�¸ÉÅ�o¦́��µ¦¦oµ�¦¦�r�¹Ê�Ã�¥�nµ��{���¼� °́��¦µ��Ä®oÁ®È�¤µÂ�nÃ�¦µ� �ª���́
¤̧�µ¦º��n°¤µÄ�£µ¥®΅�Ã�¥ Î̈µ�´����¦³�´É��¹��{��»�´� ��́ªnµ�µ��¼��{���¸ÊÁ�}�«·̈ ��¦¦¤�¦³�Îµ�µ�·
Â¨³¤̧�»��nµ�¸ÉÎµ�´�¥·É�

2.4.2.3 �»�¤��́· Â¨³��·�·¦·¥µ�¸ÉÁ�·��¹Ê�
«·¨�³Ã�¦µ�ª́��»�¦³Á£��¼��{���´Ê� Ä�nª��°��¼��µª�¸ÉÄ�oÅ�o�µ��µ¦�Îµ®·��¼� ®¦º°

Â�¨Á�¥̧¤�µ¦r�°Á�� (calcium carbonate) �¸É¤̧�»�£µ¡�¸ Á�ºÊ°®·��¦·»��·ÍÅ¤n¤̧�µ�»®¦º°µ¦°ºÉ�Â�¦�
��°¥¼n Á�ºÉ°��µ��oµ®·��¼�Å¤n�¦·»��·Í°µ��³¤̧nª��¤�°�®·���·�°ºÉ��� �ÎµÄ®o«·¨�³Ã�¦µ�ª́��»
�¦³Á£��¼��{���¸É� ·̈��¹Ê��³¤̧̧Â���nµ�°°�Å� �¹É��¹Ê�°¥¼n��́·É�Á�º°���´Ê� Á�n� �oµ®µ�·É��¸É¤µÁ�º°���´Ê�
Á�}�Â¤��Á̧�¥̧¤�µ¦r�°Á�� (magnecium carbonate) «·¨�³Ã�¦µ�ª́���»�¦³Á£��¼��{���¸É� ·̈��¹Ê�¤µ
�³¤̧̧°°��ª¨Ç ̧Å¤n�µª�¦·»��·Í ®΅��µ��´Ê�Á¤ºÉ°�Îµ®·��¼�¤µÁ�µÃ�¥Ä®o�ªµ¤¦o°� 900 °�«µÁ�¨Á�¥̧
�³�ÎµÄ®o®·��¼�¨µ¥�ª́Á�}��¼�»� ®¦º°Â�¨Á�¥̧¤°°�Å��r (calcium oxide) ΅�¬�³Á�}��o°�Ç ̧�µª
Â öª�Îµ�¼�»��´Ê�Å�Â�nÄ��n°�����¼�Á¥È� Â öª�¹��´��¦°�¨�Å�Ä�°̧��n°®�¹É� �µ¦�¦°��³Â¥�Á°µ�µ�
Â¨³·É�Á�º°���¹É�¨³¨µ¥°¥¼nÄ��´Ê��ÊÎµ°°�Á¡ºÉ°Ä®oÅ�oÁ�ºÊ°�¼�¨³Á°̧¥� Â�n·É�Á�º°���¸É°¥¼nÄ�Á�ºÊ°�¼��{���´Ê�
��´�°°�Å�o¥µ� (�·�·¤µ, 2539)

®΅��µ��´Ê��nµ��¼��{���¹��³�ÎµÅ��Îµ�n°�µ¤�¦³�ª��µ¦��́�¸É� n̈µª¤µÂ öª � n̈µª�º°
®¤́��¼��µªÅªoÄ�Ã°n� ®¦º°�n°�¼� Ã�¥Än�¼��µª�¦¹É�®�¹É�Á�·¤�ÊÎµ¨�Å��¦¹É�®�¹É�Á�n��´� ®¦º°Á�·¤�ÊÎµÄ®o¡°
�nª¤�¼��µª ®¤́É��ª�Â¨³�nµ¥�ÊÎµ�·Ê�®¨µ¥Ç �¦́Ê� Â öª�¹��ÎµÅ�Ä�o ���·¤́��³®¤́�Åªo�¦³¤µ� 3 Á�º°�
®¦º°�µ��ªnµ�´Ê� �¼��¸ÉÅ�oÁ¦̧¥�ªnµ �¼�®¤́� ®¦º°Â�¨Á�¥̧¤Å±�¦°�Å��r (calcium hydroxide) Â¨³�µ¦Ä�o
�µ��È¤́��Îµ�¼�®¤́��¸ÊÅ��¤��́ª́�»�nµ�Ç �µ¤¼�¦�°�Â�n¨³�¸É �¹É�Ã�¥®΅�Ç �º°�¤��́�¦µ¥ Â¨³
ª́�»�¦³µ� �¹É�°µ��³Á�}��ÊÎµ°o°¥ �oµªÁ®�¥̧ª Å�n�µª �µª®�´�́�ªr ®¦º°¥µ��µ��o�Å¤o Á�}��o�

�¦³�ª��µ¦��́�¸É� n̈µª¤µ�oµ��o��¸Ê Á¦µµ¤µ¦�¦»��¦³�ª��µ¦�¸ÉÁ�·��¹Ê�Å�oÄ�¦¼��¸É
2.4 Â¨³��·�·¦·¥µ (2.10) Å�o�´��¸Ê
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¦¼��¸É 2.4 Â���́��¦³�ª��µ¦Á�¨̧É¥�Â�¨��°��¼��{��

CaCO3    CaO    + H2O      Ca(OH)2              (2.10)
(calcium carbonate) (calcium oxide) (calcium hydroxide)

Ä���³�¸É�Îµ�¼�®¤́�¤µÄ�o�´Ê� �́Ê��°��¸Ê�¼�®¤́��³Á�¨̧É¥�Å�Á�}�®·��¼��¹É��³Á�·��µ¦
®��ª́ �ÎµÄ®o�¼��{���·�Á�¸Ê¥ª Á̧¥¦¼��¦�Å�o �¹�Á�·¤�¦µ¥Á�oµÅ�Á¡ºÉ°�ÎµÄ®o�¼��{��®��ª́�o°¥¨� Â�n®µ�
Á�·¤�¦µ¥¤µ�Á�·�Å��È�³�ÎµÄ®oÁ�ºÊ°�°��¼��{���´Ê�®¥µ� nª�µÁ®�»�°��µ¦Á�·¤ª́�»�¦³µ�Á�ºÉ°��µ�
Ä��°�Â¦�Ç �°��µ¦�{���´Ê� �¼�®¤́�Å¤nµ¤µ¦���¦¼�¦nµ�°¥¼nÅ�o �´��´Ê��¹��o°�Á�·¤ª́�»�¦³µ�Á¡ºÉ°Ä®o
�¼�®¤́��´Ê��{��Á�}�¦¼�¦nµ��µ¤�o°��µ¦Å�o

Á¤ºÉ°�Îµ¤µ�{��Á�}�¦¼��µ¤�¸É�o°��µ¦Â öª Ä���³�´Ê��¼��{���³¥�́Á�e¥�Â¨³°n°��´ª°¥¼n
�³�o°��·Ê��¼��{���´Ê�ÅªoÄ®oÂ®o�Â öª�¼��{���³Â�È��´ª�¨µ¥Á�}�®·��¼��µ¤£µ¡Á�·¤ ��ª��µ¦Â�È��ª́
�°��¼��{�� Á�}���ª��µ¦Â¨�Á�¨̧É¥��°��ÊÎµ�´��pµ��µ¦r�°�Å�°°�Å��r (carbondioxide) � n̈µª�º°
�ÊÎµÄ��¼��{���³Á�·��µ¦¦³Á®¥Ä®oÂ�n�¦¦¥µ�µ«¦°�Ç Â¨³Ä���³Á�¥̧ª��́�È�³Á�·��µ¦�¼��¹¤Á°µ�pµ�
�µ¦r�°�Å�°°�Å��r�µ��¦¦¥µ�µ«Á�oµ¼nª́��»

®·��¼� (Â�¨Á�̧¥¤�µ¦r�°Á��)
Á�µ�¸É  900 °�«µÁ�¨Á�̧¥

�¼�»� (Â�¨Á�̧¥¤°°�Å��r)

®¤́�Ä��n°�ÊÎµ

�¼�®¤́� (Â�¨Á�̧¥¤Å±�¦°�Å��r)�¼��{�� (¥́�Å¤nÂ�È��́ª)
�¦µ¥ Â¨³ ª́�»�¦³µ�

 900 oC
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¦¼��¸É 2.5 Â���́��¦³�ª��µ¦Â�È��´ª�°��¼��{��

       Ca(OH)2   +       CO2          CaCO3     +      H2O              (2.11)
(calcium hydroxide)    (carbondioxide)    (calcium carbonate)

�¼��{���µ�nª�¤̧Á�ºÊ°¥»n¥ ¹��¦n°� ¤̧¦°¥¦oµª ¦°¥Â�� ¤̧� ¹̈�Á� º̈° ¤̧�¦µ�Á�g�°�
¤̧�³Å�¦n µÁ®�»�°��µ¦ÁºÉ°¤£µ¡°µ�Á�·��µ��¦¦¤ª·�¸Ä��µ¦� ·̈� Á�n� �¦µ¥�¸É�Îµ¤µ�¤°µ��³¤̧
µ¦Á�º°�� ®¦º°Á� º̈°�³��¤µ �¹É�Á¤ºÉ° öµ�Å¤n³°µ�¡°�È�³¤̧Á� º̈°���oµ�°¥¼n �´��´Ê�Á� º̈°�¹�¥´���
�³��°¥¼nÄ�Á�ºÊ°�¼� Á¤ºÉ°�{��Á�}�¦¼�Â öª�·Ê�ÅªoÄ®oÂ®o��ÊÎµ�³¦³Á®¥°°�¤µÂ¨³¡µÁ°µÁ� º̈°°°�¤µ�¸É�·ª�°�
ª́��» �ÎµÄ®oÁ®È�Á�}��¦µ���̧�µª�¸É�·ª�°��¼��{�� Â�n�oµÁ� º̈°�´Ê�¥�́°¥¼n�oµ�Ä�Á�ºÊ°ª́��» Á¤ºÉ°�ÊÎµ¦³Á®¥°°�
Á� º̈°�³Á�·��µ¦��� ¹̈�Â¨³¤̧�¦·¤µ�¦Ä®�n�¹Ê��ÎµÄ®oÁ�·�¦°¥¦oµªÁ È̈�Ç �¹Ê�®΅��µ��¸É�¼�Â�È��´ªÂ öª
®΅��µ��´Ê��oµ�ªµ¤�ºÊ�¦°�Ç ª́��»¼��¹Ê� ª́��»�³�¼��ªµ¤�ºÊ�Á�oµ¤µ (Á¡ºÉ°�¦́�¦³��́�ªµ¤�ºÊ�́¤¡´��r
Ä®oÁ�oµ¼n£µª³¤�»¨) Â öª¡µÁ� º̈°�´Ê�Á�oµ¼n£µ¥Ä�Á�ºÊ°ª́��» Á� º̈°�µ���·�Á¤ºÉ°¦́��ªµ¤�ºÊ�Â öª�³Á�·�
�µ¦�¥µ¥�ª́Â öªÁ�·�Â¦���́°°�Å�Ã�¥¦°� �ÎµÄ®oÁ�·�¦°¥¦oµªÁ È̈�Ç Á¤ºÉ°Á�}�Á�n��¸ÊÁ¦ºÉ°¥Ç �ÎµÄ®oÁ�ºÊ°ª́��»
¥»n¥Â¨³�Îµ¦»�Å�o

Ä��¦¦¤ª·�¸�µ¦� ·̈��´Ê��È¤̧nª� ¤̧�µ¦Á�·¤ª́�»�¦³µ��¹É�¤́��³Á�}�°·��¦̧¥ª́��»�¹É��³
µ¤µ¦�ÁºÉ°¤£µ¡Å�oÃ�¥Â�ªnµ� �ªµ¤�ºÊ� �ªµ¤¦o°� Â¨³¤¨¡·¬�µ�°µ�µ« Á�ºÉ°��µ�°µ�µ«¤́�
�³¤̧�pµ��¹É�Á¤ºÉ°¦ª¤�´ª�´��ÊÎµ�¨µ¥Á�}��¦�°n°�Ç Á¤ºÉ°ª́�»�¦³µ�¨³¨µ¥°°�Å�Á¦ºÉ°¥Ç ®¦º°Á¤ºÉ°
°·��¦̧¥ª́��»�¸ÉÄ�o Á�}�ª́�»�¦³µ�ÁºÉ°¤£µ¡Å��n°��¸É�pµ��µ¦r�°�Å�°°�Å��r�µ�°µ�µ«�³�¼��¼��¹¤
Á�oµ¼nª́��» ®¦º°�pµ��µ¦r�°�Å�°°�Å��rÂ�¦��¹¤Á�oµÅ��o°¥Á�·�Å� �³�ÎµÄ®oÁ�ºÊ°�¼��{��¤̧Â¦�¥¹�Á®�¸É¥ª
¨�¨�°µ��³�ÎµÄ®oÁ̧¥¦¼��¦� Â¨³Å¤nµ¤µ¦�Á�¨̧É¥�Á�}�Â�¨Á�¥̧¤�µ¦r�°Á���¹É�Á�}�µ¦�¸É¤̧�ªµ¤Â�È�
Å�o Á�ºÊ°�°�ª́��»�¹�¥»n¥ �°��µ��¸Ê�pµ��µ���·�Ä��¦¦¥µ�µ«µ¤µ¦�Á�¨̧É¥�Á�ºÊ°�¼��{�� ®¦º°Â�¨Á�¥̧¤

�¼��{�� (¥́�Å¤nÂ�È��́ª) �¼��{�� (Â�È��́ª)�µ¦¦³Á®¥�°��ÊÎµÄ��¼��{��

�pµ��µ¦r�°�Å�°°�Å��r
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�µ¦r�°Á�� Ä®oÁ�}�Á� º̈°�¹É�¤̧�¦·¤µ�¦�¸ÉÄ®�n�¹Ê�Â¨³¤̧�ªµ¤Â�È�¤µ��ªnµÁ�ºÊ°�¼�Á�·¤ Á� º̈°�µ���·�
µ¤µ¦��¼��ªµ¤�ºÊ��µ�°µ�µ«Å�o�¸�¹��ÎµÄ®oÁ�ºÊ°¦µÂ¨³�³Å�¦nÁ�¦·�Å�o�¸�¸É�·ªª́��»

µÁ®�»°̧��¦³�µ¦�¸É�ÎµÄ®o�¼��{��Â��¦oµª Á�·��µ��µ¦�¸É�¼�Â¨³�¦µ¥¤̧́¤�¦³·��·Í
�µ¦�¥µ¥�ª́Å¤nÁ�nµ��́ �´��´Ê�Ä�Áª¨µ�¨µ�ª́��¹É�°µ�µ«�³¦o°��ªnµÄ��°�Á�oµÂ¨³�°�Á¥È�®¦º°ª́��»
Å�o¦́��ªµ¤¦o°�Á¡·É¤�¹Ê�Á�ºÉ°��µ�µÁ®�»Ä��È�µ¤ �¼�Â¨³�¦µ¥�³�¥µ¥�ª́�oª¥°́�¦µÅ¤nÁ�nµ�´� Á¤ºÉ°ª́��»
¤̧�µ¦�¥µ¥�ª́�³Á�·��µ¦�΅��´���́ Â�nÁ�ºÉ°��µ��¦µ¥¤̧�nµ�ªµ¤Â�È�¼��ªnµÁ�ºÊ°�¼� �¹��ÎµÄ®o�ªµ¤
Â�È�Â¦��°�Á�ºÊ°�¼�¨�¨�Â¨³Á®�»�µ¦�rÁ�n��¸ÊÁ�·��¹Ê��»�ª́� �¹��ÎµÄ®oÁ�·��µ¦Â��¦oµª�¹Ê�Å�o

£µ¡�°�°µ�µ«Â��¦o°��ºÊ��°��¦³Á�«Å�¥ �ÎµÄ®o�» ·̈��¦̧¥r�¸É¤̧°¥¼n�´ÉªÅ�®¨µ¥
µ¥¡´��»rÄ�°µ�µ«Á�¦·�Å�o°¥nµ�¦ª�Á¦Èª¤µ� �µ��¦́Ê��ªµ¤�ºÊ�Ä�Á�ºÊ°�¼�Á�·��µ��ÊÎµÄ�o�·��¸É�¹Ê�¤µ�µ�
��´��¸É�¼��{���´Ê��¦³��́°¥¼n �ÊÎµ�¹�¦³Á®¥°°��µ��¼��{�� �¹��ÎµÄ®o�¼��{���´Ê�¤̧�ªµ¤�ºÊ�¼�¤µ� ®¦º°Á�·�
�µ��µ¦�¸É�¼��{���¼��ÊÎµ ��ÊÎµ�oµ�Á�ºÉ°��µ�°¥¼n�°�°µ�µ¦ nª��¼��{���¸É°¥¼nÄ�®o°��´�Â��Á¤ºÉ°¤̧ »i�¤µ
³¤��ª́��» �¹É� ¼i�µ¤µ¦��¼��ªµ¤�ºÊ�Å�o�¸�ÎµÄ®o�¦·Áª��¸É¤̧ »i�Á�µ³¤̧�ªµ¤�ºÊ�¼��¹É�Á®¤µ³Â�n�µ¦
Á�¦·��°��»̈ ·��¦̧¥r µÁ®�»�´Ê�®¤��¸Ê�¹��ÎµÄ®oÁ�·��¦µ�̧�nµ�Ç Á�n� �Îµ �ÊÎµ�µ¨ Á® º̈°� Â¨³Á�̧¥ª �¹Ê�Å�o

�°��µ��¸Ê «·¨�³Ã�¦µ�ª́��»�¦³Á£��¼��{���¸É°¥¼n�°�°µ�µ¦�³�¼�Â¦��³�³�°�¨¤
 � �»�ª́� �»�Áª¨µ ¨¤�³¡µÁ°µ »i� Á«¬�·� Á«¬�¦µ¥ ¤µ�oª¥ Á¤ºÉ°�³�³��́ª́��»�»�ª́��¹��ÎµÄ®o
Á�ºÊ°�¼��{��Á�·��µ¦¹��¦n°�Å�o

2.5 �µ¦��́�¦n°�Â¨³�µ¦°�»¦́�¬rÃ�¦µ��µ�Â¨³Ã�¦µ�ª�́�»
Ä�«·̈ �³Ã�¦µ�ª́��»�³�¦³�°�Å��oª¥ª́�»��·��nµ�Ç ®¨µ¥��·� ª́�»Â�n¨³��·�¤̧�»�¤��́·

�nµ���́ Â¨³¤̧�¦¦¤ª·�¸Ä��µ¦� ·̈��¸ÉÂ���nµ���́°°�Å� Ä��µ�ª·�¥µ«µ�¦rµ¤µ¦�Â�n�ª́�»�¸ÉÁ�}�
°��r�¦³�°��°�«·̈ �³Ã�¦µ�ª́��»°°�Á�}� 2 �¦³Á£�Ä®�nÇ �º° °·��¦̧¥ª́��» Â¨³°��·��¦̧¥ª́��»
(�·¦µ£¦�r, 2539)

1) °·��¦̧¥ª́��» ®¤µ¥�¹�ª́�»�¸ÉÅ�o¤µ�µ�·É��¸É¤̧�ª̧·� ®¦º°Á�}�� ·̈��¨�¸ÉÅ�o¤µ�µ�·É��¸É¤̧�¸ª·�
�´��´Ê�°��r�¦³�°�®΅��°�«·̈ �³Ã�¦µ�ª́��»�¦³Á£��¸Ê �º° �µ¦r�°� Å±Ã�¦Á�� °°��·Á�� Â¨³
Å�Ã�¦Á�� �°��µ��¸Ê°·��¦̧¥ª́��»¥�́Â�n�°°�Á�}�

(1) °·��¦̧¥ª́��»�¸ÉÅ�o�µ�¡º� Å�oÂ�n �oµ jµ¥ �oµ ·̈�·� �oµ��nµ� �° Å¤o �¦³�µ¬ Ä�¨µ�
Á�¦ºÉ°��´�µ� Á�¦ºÉ°�Á�·� ¥µ�Å¤o ̧¥o°¤ ²¨² ª́��»�¦³Á£��¸Ê�³¤̧Á�¨ ¼̈Ã¨Á�}�°��r�¦³�°��¸ÉÎµ��́

(2) °·��¦̧¥ª́��»�¸ÉÅ�o�µ�́�ªr Å�oÂ�n �oµÅ®¤ �oµ��́�ªr ®��́́�ªr �¦³�¼� �µ Á�µ �¤
�� ²¨² ª́��»�¦³Á£��¸Ê�³¤̧Ã�¦�¸�Á�}�°��r�¦³�°�®΅��¸ÉÎµ�´�
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(3) °·��¦̧¥ª́��»�¸ÉÅ�o�µ��µ¦́�Á�¦µ³®r Å�oÂ�n ¡¨µ�·���·��nµ�Ç ¥µ�́�Á�¦µ³®r

¢d r̈¤�nµ¥¦¼� ¢d r̈¤£µ¡¥��¦r Â�n�Á̧¥� �oµÄ¥́�Á�¦µ³®r ²¨²
2) °�·��¦̧¥ª́��» ®¤µ¥�¹�ª́��»�¸É�Îµ¤µ�µ�·É��¸ÉÅ¤n¤̧�¸ª·� Å�oÂ�n ®·� �·� Â¦n�nµ�Ç Ã¨®³ ²¨²

�´ª°¥nµ�Á�n� Á® È̈��¸ÉÅ�o¤µ��µ��µ¦� »̈�Â¦nÁ® È̈� Á�¦ºÉ°��{���·�Á�µ�¸É�Îµ¤µ�µ��·�Á®�¥̧ª Â�oª�Îµ�µ�
�¦µ¥ �¼��{���Îµ�µ��¼��µª Á�}��o� �¹É�°�·��¦̧¥ª́��»¥´�µ¤µ¦�Â�n�°°�Å�oÁ�}� 2 � »̈n¤Ä®�n �´��¸Ê

(1) Ã¨®³ (metal) �¸ÉÎµ�´�Å�oÂ�n �°��Îµ Á�·� �°��Îµ�µª Á® È̈� �³�´Éª �°�Â�� ��̧»�
́��³̧ ²¨² Â¨³Ã¨®³�¤�nµ�Ç Á�n� Îµ¦·� (Ã¨®³�¤�°��°�Â����́�¸�»�) �°�Á® º̈°� (Ã¨®³�¤
�°��°�Â����́́��³̧) �·� (Ã¨®³�¤�°��³�´Éª�´���̧»�) Á�}��o�

(2) °Ã¨®³ (non- metal) �¸ÉÎµ�´�Å�oÂ�n ®·� °·� Á�¦ºÉ°��{���·�Á�µ �¼��{�� Á�¦ºÉ°�Á� º̈°�
Â¨³Â�oª Á�}��o�

�´��´Ê�Á¤ºÉ°ª́�»Á® n̈µ�¸Ê�¶��·�·¦·¥µ��́·É�Âª� ö°¤ �³Á�·��µ¦Á�¨̧É¥�Â�¨��µ�Á�¤̧ ¢d·�r Â¨³
�ª̧ª·�¥µ Ä�°́�¦µ�¸É�nµ��´� �µ¦Á�¨̧É¥�Â�¨���́� n̈µª�¸Ê�³Á�}�µÁ®�»Îµ�´��¸É�ÎµÄ®oÃ�¦µ��µ�Â¨³
Ã�¦µ�ª́��»�Îµ¦»��¦»�Ã�¦¤ÁºÉ°¤£µ¡

2.5.1 µÁ®�»�°��µ¦��́�¦n°�
µÁ®�»�¸É�ÎµÄ®oÃ�¦µ��µ�Â¨³Ã�¦µ�ª́��»Á��·��µ¦�Îµ¦»��¦»�Ã�¦¤ÁºÉ°¤£µ¡ µ¤µ¦�Â�n�

Å�oÁ�}�®¨µ¥µÁ®�»Â¨³®¨µ¥�¦³�ª��µ¦ �¹É��³Á�·��¹Ê�¡¦o°¤Ç �´� Â¨³¤̧�ªµ¤́¤¡�́�rÁ�¸É¥ªÁ�ºÉ°��´�
���µ��¦́Ê�Å¤nµ¤µ¦�Â¥�°°��µ���́Å�oÃ�¥Á�È��µ� �´Ê��¸Ê°µ�¤µ�µ�·É�Âª� ö°¤ �»�°n°�Ä��ª́ª́��»
Á°� ®¦º°�µ��µ¦�¦³�Îµ�°�¤�»¬¥rÂ¨³́�ªr (£́��·Í �¦�Á�¦·�, 2542) �¹É�µÁ®�»�µ�·É�Âª� ö°¤�´Ê�¤̧
���µ�Îµ��́¤µ��¸É»��n°�µ¦�Îµ¦»�ÁºÉ°¤£µ¡�°�Ã�¦µ��µ�Â¨³Ã�¦µ�ª́��» Á�ºÉ°��µ�Á�}��{��¥́
�¸ÉÅ¤n°µ�®¨̧�Á¨̧É¥�Å�o ®¦º°�j°��´�Å�o¥µ� Ã�¥Á�¡µ³°¥nµ�¥·É�Ã�¦µ��µ�Â¨³Ã�¦µ�ª́��»�¸É°¥¼n�¸É
�¨µ�Â�o��³Á�·��µ¦Á�¨̧É¥�Â�¨�¤µ��¸É»� �ªµ¤�ºÊ� �ªµ¤¦o°� Â�ªnµ� �pµ��nµ�Ç Ä��¦¦¥µ�µ«
 »i�¨³°°� Á� º̈° ¡º� ́�ªr Â¨³�» ·̈��¦̧¥r öª�¤̧���µ�Îµ��́�¸É�ÎµÄ®oÃ�¦µ��µ�Â¨³Ã�¦µ�ª́��»Á�·�
�µ¦Á�¨̧É¥�Â�¨� �¹É�µÁ®�»�µ��µ¦�¦³�Îµ�°�¤�»¬¥rÂ¨³́�ªr�´Ê� «·¨�Ã�¦µ�ª́��»�¸É�¼��Îµ¨µ¥¤́�
�Îµ¦»�ÁºÉ°¤£µ¡°¥nµ��µª¦

®µ�¡·�µ¦�µ�¦³�ª��µ¦�Îµ¦»�ÁºÉ°¤£µ¡�°�Ã�¦µ��µ�Â¨³Ã�¦µ�ª́��» Ã�¥°µ«´¥
�ªµ¤¦¼o�µ�ª·�¥µ«µ�¦r�´Ê� �³µ¤µ¦�°�·�µ¥Å�oªnµ�¦³�ª��µ¦�Îµ¦»�ÁºÉ°¤£µ¡�¸Ê Á�·��µ��µ¦
Á�¨̧É¥�Â�¨��µ�Á�·��¨ �µ��µ¥£µ¡ �µ�Á�¤̧ Â¨³�µ��¸ªª·�¥µ�°�«·̈ �Ã�¦µ�ª́��» Ã�¥¤̧µÁ®�»
�nµ�Ç ¤µ�¤µ¥ Á¡ºÉ°�ªµ¤³�ª�Ä��µ¦�¼Â¨¦́�¬µÃ�¦µ��µ�Â¨³Ã�¦µ�ª́��» �³Â�n�µÁ®�»�¸É�ÎµÄ®o
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«·¨�Ã�¦µ�ª́��» Á® n̈µ�¸ÊÁ�·��µ¦�Îµ¦»�ÁºÉ°¤£µ¡°°�Á�}� 2 � »̈n¤Ä®�nÇ �º° µÁ®�»£µ¥Ä� Â¨³
µÁ®�»£µ¥�°� (�·¦µ£¦�r, 2539)

1) µÁ®�»£µ¥Ä�
Á�}�µÁ®�»�µ��»�°n°�Ä��ª́ª́��»Á°�¤µ�µ��µ¦�¸Éª́�»�nµ�Ç �°�Ã�¦µ��µ� Â¨³

Ã�¦µ�ª́��»¤̧�»�¤��́·�¸ÉÂ���nµ���́ Á�n� �ªµ¤µ¤µ¦�Ä��µ¦�¼�Â¨³�µ¥�ªµ¤�ºÊ�Â���nµ��´� �¹É��³
�¹Ê�°¥¼n��́°��r�¦³�°� Â¨³ Ã�¦�¦oµ��°�ª́��»Â�n¨³��·��oª¥ �¹É�Ä�Á¦ºÉ°��°��¦³�µ¬ ®¦º°·É�¡·¤¡r
Ã�¦µ��´Ê��³¤̧µ¦�¦³Á£���́� µ¦o¤ Â¨³Á�ºÊ°Å¤o�µ���·��¸É�Îµ¤µ¥n°¥�Îµ�¦³�µ¬ �³¤̧µ¦ ·̈��·�
Á¤ºÉ°�µ�Á�oµ�È�³Á�¨̧É¥�£µ¡Á�}��¦� ®¦º°�ÊÎµ®¤¹��¸ÉÄ�oÁ�̧¥��È�³¤̧°��r�¦³�°��°� Á® È̈�¦ª¤°¥¼n�oª¥
¤̧�¨�n°�µ¦��́�¦n°�Â¨³�Îµ¨µ¥�oª¥Á�n���́ Â¤oÂ�n®·��È¤̧�»�°n°�£µ¥Ä��ª́Á°� ®·��µ���·�¤̧Â�ªÃ�o¤
�¸É�³Â��°°�Á�}��´Ê�Ç Ã�¥�nµ¥ ®·�Â�³΅�°µ�¤̧¦°¥¦oµª ¦°¥Â�� Â öªÁ�·��µ¦�³Á�µ³ Â��¦oµª �·É�
Â¨³® »̈�¦nª�°°�¤µÁ¤ºÉ°¤̧Â¦�¤µ�¦³��Á¡¥̧�Á È̈��o°¥

«·¨�Ã�¦µ�Á® n̈µ�¸Ê°µ�Á¦·É¤�Îµ¦»�ÁºÉ°¤£µ¡�´Ê�Â�n°¥¼nÄ�¦³®ªnµ��́Ê��°��µ¦� ·̈� ®¦º°
Ä�¦³®ªnµ��µ¦Ä�o�µ� °́�¦µ�µ¦�Îµ¦»�ÁºÉ°¤£µ¡�³¼��¹Ê�¤µ�Á¤ºÉ°�Îµ��·�·¦·¥µ��́·É�Âª� ö°¤ ®¦º°Á�È�
¦́�¬µ Â¨³��́Â���oª¥ª·�¸�¸ÉÅ¤nÁ®¤µ³¤

2) µÁ®�»£µ¥�°�
�¦³�ª��µ¦�Îµ¦»�ÁºÉ°¤£µ¡�°�«·¨�Ã�¦µ�ª́��»�¸ÉÁ�·��¹Ê� �¹É�Á�·��µ��µ¦�¦³�Îµ

�°�·É�Âª� ö°¤ Å�oÂ�n ¤�»¬¥r °»�®£¼¤· �ªµ¤�ºÊ� Â�ªnµ� ¨¤  �  »i�¨³°°� �pµ� �� ®�¼ ²¨²
µÁ®�»Á® n̈µ�¸Ê¤̧���µ�Îµ��́Ä��¦³�ª��µ¦�Îµ¦»�ÁºÉ°¤£µ¡�°�«·¨�Ã�¦µ�ª́��»

(1) ¤�»¬¥r
µÁ®�»�µ��µ¦�¦³�Îµ�°�¤�»¬¥r�´Ê� «·¨�Ã�¦µ�ª́��»�¸É�¼��Îµ¨µ¥¤́��Îµ¦»�

ÁºÉ°¤£µ¡°¥nµ��µª¦ Á�n� ¤�»¬¥r¤́��Îµ¨µ¥Ã�¥�µ¦��́®¦º°�Îµ¨µ¥«·¨�Ã�¦µ�ª́��» Á¡ºÉ°Á� º̈É°�¥oµ¥
�Îµ°°�Å��µ�Â® n̈�Á�·¤

(2) °»�®£¼¤·
°»�®£¼¤·¥�́¤̧�¨�n°�µ¦ÁºÉ°¤£µ¡Ä�΅�¬�³°ºÉ�Ç °̧� Á�n� °»�®£¼¤·¼��nª¥

Ä®oÁ�·���·�·¦·¥µÁ�¤̧�nµ�Ç Á�·��¹Ê�Å�o�¸Ã�¥Á�¡µ³°¥nµ�¥·É�Á¤ºÉ°¤̧�ªµ¤�ºÊ�Á�oµ¦nª¤�oª¥ ��·�·¦·¥µ�³¥·É��ª̧
�ªµ¤¦»�Â¦� Â�ªnµ� ¦́�̧°́¨�µÅªÃ°Á¨� Â¨³¦́�̧°·�¢¦µÁ¦�¤̧�ªµ¤¥µª� º̈É�°¥¼nÄ��nª��¸É�Îµ°́��¦µ¥
�n°°·��¦̧¥ª́��»Â���»���·� ¡΅��µ��µ�� º̈É�Â¤nÁ® È̈�Å¢¢jµÁ® n̈µ�¸Ê�³�ÎµÄ®oÃ¤Á¨�»̈ �°�°·��¦̧¥ª́��»
Á�·��µ¦Á�¨̧É¥�Â�¨�Ã�¥¤̧�́Ê��°��¸É΅��´��o°� �¨»��oµ¥�³�ÎµÄ®oÃ¤Á¨�»̈ Â��®�́ °·��¦̧¥ª́��»¤́�¤̧
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£µ¡�¦°�Á�¦µ³ �µ��ªµ¤Á®�¥̧ª �µ��ªµ¤¥º�®¥»n� ¤̧̧�¸��µ� �µ¦ÁºÉ°¤£µ¡Ä�΅�¬�³Á�n��¸Ê
�n°��oµ�¦»�Â¦�Â¨³¥µ��n°�µ¦°�»¦́�¬r

(3) �ªµ¤�ºÊ�Â¨³�ÊÎµ
�ÊÎµ �Â¨³�ªµ¤�ºÊ� ¤̧���µ�Îµ��́Â¨³�n°Ä®oÁ�·��µ¦�Îµ¦»�ÁºÉ°¤£µ¡Å�o

¦»�Â¦��¸É»� Ã�¥�³Á�oµ�Îµ��·�·¦·¥µ�´�ª́��»Ã�¥�¦� ®¦º°�nª¥Ä®o��·�·¦·¥µ¦³®ªnµ�ª́��»��́·É�Âª� ö°¤
°ºÉ�Ç Á�·��¹Ê�Å�o�¸¥·É��¹Ê� Ã�¥°µ�Å�¨³¨µ¥°��r�¦³�°��µ�nª��°�Ã�¦µ��µ� Â¨³Ã�¦µ�ª́��» ®¦º°
°µ�¦ª¤�´��·�  »i�¨³°°� �pµ��nµ�Ç Ä��¦¦¥µ�µ« ¦ª¤�´Ê�ª́�»�¸ÉÁ�}�°��r�¦³�°��°�Ã�¦µ��µ�
Â¨³Ã�¦µ�ª́��»Á°� Â öª�¨µ¥Á�}�µ¦¨³¨µ¥�¦� �nµ� ®¦º° Á� º̈° �¹É�Á�oµ�Îµ��·�·¦·¥µ��́Ã�¦µ��µ�
Â¨³Ã�¦µ�ª́��» Â öª�n°Ä®oÁ�·��µ¦Á�¨̧É¥�Â�¨�¤µ�¤µ¥ �ª́°¥nµ��¸ÉÁ®È�Å�o�´��¸É»��º° �µ¦Á�}��·¤
Â¨³�µ¦¹��¦n°� �°�Ã¨®³��·��nµ�Ç �µ¦¹��¦n°��°�®·� °·� �¼� ²¨²

(4) Â�ªnµ�
Á�}�µÁ®�»Ä®o«·¨�Ã�¦µ�ª́��»�¸É�Îµ�µ�°·��¦̧¥ª́��»�Îµ¦»�ÁºÉ°¤£µ¡ ª́��»�¸É

Å�o¦́�Â�Á�}�Áª¨µ�µ�Ç �³̧�¸��µ� ®¦º°¤̧̧Á�¨̧É¥�Å��µ�Á�·¤ Á�ºÊ°ª́��»¤́��¦°� Á�¦µ³ �µ��ªµ¤
Á®�¥̧ª �µ��ªµ¤¥º�®¥»n� �µ��ªµ¤Â�È�Â¦� �̧��µ��nµ¥ �ª́°¥nµ��¸ÉÁ®È�Å�o��́�º° £µ¡Á�̧¥� Â¨³
�oµÃ�¦µ� nª��¸ÉÅ�o¦́�Â�ªnµ�¤́�¤̧̧��̧�µ�¨� ®¦º°¤̧̧Á�¨̧É¥�Å��µ�Á�·¤ Áo�Ä¥Á�g~°¥�¦°��̧��µ�
�µ¦�Îµ¦»�ÁºÉ°¤£µ¡Á�n��¸ÊÁ�}��µ¦Á�¨̧É¥�Â�¨��¸ÉÁ�·��¹Ê�°¥nµ��µª¦ Å¤nµ¤µ¦��n°¤Â�¤®¦º°Â�oÅ�Ä®o
�΅�¼n£µ¡Á�·¤Å�o

(5) Â¤¨�
Â¤¨� Á�}�µÁ®�»Ä®o«·¨�Ã�¦µ�ª́��»�¸É�Îµ�µ�°·��¦̧¥ª́��»�Îµ¦»�ÁºÉ°¤£µ¡

Å�°¥nµ��nµÁ̧¥�µ¥ Á�ºÉ°��µ�Â¤¨�nª�Ä®�nÄ�o�µ���́�·��Îµ¨µ¥«·̈ �Ã�¦µ�ª́��» �ÎµÄ®oÁ�·��µ¦�Îµ¦»�
ÁºÉ°¤£µ¡°¥nµ��µª¦ Â¤¨��¸É¡�¤µ� Á�n� �¨ª�, Â¤¨�µ�, Å¦, Â¤¨�µ¤�nµ¤ Â¨³ ¤°� Á�}��o�

(6) �»̈ ·��¦̧¥r
�»̈ ·��¦̧¥r �¸É¤̧���µ�Îµ��́Á�}�µÁ®�»Ä®o«·¨�Ã�¦µ�ª́��»�Îµ¦»�ÁºÉ°¤£µ¡

Å�oÂ�n ¦µ, µ®¦nµ¥, Â���Á̧¦̧¥ Îµ®¦́�«·̈ �Ã�¦µ�ª́��»�¸ÉÁ�È�¦́�¬µÄ��¸É¦n¤�´Ê�¤́�¡�¦µ�¹Ê�Á�¦·�Á¤°
Ä��nª��¸É¤̧�ªµ¤�ºÊ�¼� ¦³®ªnµ�Á�º°�·�®µ�¤ - �»̈ µ�¤ �°��»��e nª�µ®¦nµ¥Â¨³Â���Á̧¦̧¥ �³¡�
�¦��̧¸É«·¨�Ã�¦µ�ª́��»°¥¼n�¨µ�Â�o�®¦º°°¥¼nÄ��¸É�ÊÎµ�nª¤�¹�®¦º°¤̧ �µ�®¦º°Á�e¥��ºÊ�°¥¼nÁ¤°

(7) ́�ªr°ºÉ�Ç
Å�oÂ�n ��, ®�¼ Â¨³�oµ��µª �nµ�¤̧���µ�Ä��µ¦�Îµ¨µ¥«·̈ �Ã�¦µ�ª́��»

�´Ê�Ã�¥�µ��¦�Â¨³Ã�¥�µ�°o°¤ ®µ�Á�}�®�¼Á�ºÊ°�°�«·¨�Ã�¦µ�ª́��»�³�¼���́�·�Á�}�°µ®µ¦ Á�·�Á�}�



37
�n°�Ã®ªn ®¦º°¦¼¡¦»� nª���Â¨³�oµ��µª ¤¼¨�ÎµÄ®o«·¨�Ã�¦µ�ª́��»��¦�Á�¦°³Á�g�°� ¹��¦n°�Â¨³
¤̧� ·̈É�Á®¤È�

(8) �pµ��nµ�Ç Ä��¦¦¥µ�µ«
�pµ�®¨µ¥��·�Ä��¦¦¥µ�µ« ¤̧���µ��n°�µ¦�Îµ¦»�ÁºÉ°¤£µ¡�°�ª́��»

®¨µ¥��·� Á�n� �pµ�°°��·Á���ÎµÄ®oÁ�·���·�·¦·¥µÁ�¤̧�nµ�Ç �ÎµÄ®oÃ¨®³Á�}��·¤ �pµ�Ã°Ã�� Á�}��´ªÁ�·¤
°°��·Á���¸É¦»�Â¦�µ¤µ¦��ÎµÄ®o¡´��³¦³®ªnµ�Ã¤Á¨�»̈ �°�°·��¦̧¥ª́��»®¨µ¥��·�Â��®�́°°� Ã�¥�µ¦
Á�¨̧É¥�Â�¨��¸ÉÁ®È�Å�o�´� �º° �ÎµÄ®o�oµ, �¦³�µ¬ Â¨³£µ¡Á�̧¥� °n°��»n¤ �̧��µ��nµ¥ Â¨³¤̧̧��̧�µ�
Ä��¦·Áª��¸É¤̧Ã¦��µ�°»�µ®�¦¦¤ ®¦º°¤̧�µ¦�¦µ�¦�¸É�´��´É� �³¡�Å�oªnµÄ��¦¦¥µ�µ«�¦·Áª��´Ê��³¤̧
�pµ��µ¦r�°�Å�°°�Å��r, �pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³�pµ�Å�Ã�¦Á��Å�°°�Å��r �³��°¥¼n�oª¥�¦·¤µ�
¼��ªnµ���· �pµ�Á® n̈µ�¸Ê�³¦ª¤�ª́�´��ÊÎµ®¦º°Å°�ÊÎµÂ öªÅ�o�¦� �¹É��³µ¤µ¦���́�¦n°�Á�ºÊ°ª́��»�»���·�
nª��pµ�Å±Ã�¦Á���´̈ Å¢�r�Îµ��·�·¦·¥µ�´�Ã¨®³ Â¨³Á� º̈°�°�Ã¨®³®¨µ¥��·��ÎµÄ®oÃ¨®³®¤°�� Ê̈Îµ
Á�}��·¤ Á� º̈°�°�Ã¨®³�µ���·�Ä�oÁ�}�¦��ª́��» (ª́��»Ä®o̧) Á¤ºÉ°�Îµ��·�·¦·¥µ��́�pµ�Å±Ã�¦Á���´̈ Å¢�r
�³Á�¨̧É¥�̧ Á�n� ̧�µª¤µ�µ��³�´Éª�µ¦r�°Á��¤́�Á�¨̧É¥�Á�}�̧�Îµ Á�}��o�

(9)  »i�¨³°°�
 »i�¨³°°�Â¨³°�»£µ��¸ÉÂ�ª�¨°¥°¥¼nÄ��¦¦¥µ�µ« �È�n°Ä®oÁ�·��ªµ¤ÁºÉ°¤

£µ¡Å�o®¨µ¥¦¼�Â�� Ä��¸É�¸É¤̧¨¤Â¦� »i�¨³°°��¸É� ·̈ª¤µ�´�¨¤°µ�Â�È�¡°�¸É�³�́�̧�·ª�°�ª́��»Ä®o
¹��¦n°�¨�Å�Á¦ºÉ°¥Ç Ä��¦·Áª��¸É̈ ¤�´� »i�¨³°°��³³¤¡°�¡¼�°¥¼n��ª́��» �ÎµÄ®oÁ�·��¦µ���¦�
Ä��¦·Áª��¸É¤̧�ªµ¤�ºÊ�¼�®¦º°Á�e¥��ºÊ� »i�¨³°°�Á® n̈µ�¸Ê�³¦ª¤�ª́�´��ÊÎµ ®¦º°Å°�ÊÎµ Â¨³�³�¨µ¥Á�}�
µ¦¨³¨µ¥�°��¦� �nµ� ®¦º°Á� º̈° �¹É��Îµ��·�·¦·¥µÁ�¤̧�´�ª́��»Å�o®¨µ¥¦¼�Â��  »i�¨³°°��µ��¦³Á£�
Á�n� Á�¤nµÂ¨³�ª́� �¹É�¤̧΅�¬�³Á�}�ª́��»Á®�¥̧ªÇ �·�°¥¼n���·ª�°�ª́��» �ÎµÄ®oÂ¨�¼��¦� �Îµ�ªµ¤
³°µ�¥µ� Â¨³¥�́Á�}�Â® n̈�³¤ »i�¨³°°��¦³Á£�°ºÉ�Ç ¦ª¤�´Ê��°¦r�nµ�Ç Ä®o¤µÁ�µ³�·�Â�n�°¥¼n
���·ª�°�ª́��»¤µ��¹Ê�Á¦ºÉ°¥Ç  »i�¨³°°��µ��¦³Á£��¼��ªµ¤�ºÊ�Å�o� ̧ �¹��ÎµÄ®o�·ª�°�ª́��»�ºÊ��¹Ê� Â¨³
�ÎµÄ®o�ÊÎµ¤̧Ã°�µ�Îµ��·�·¦·¥µ�´�ª́��»Å�o¤µ��¹Ê�

(10) Á� º̈°
Ä�·É�Âª� ö°¤¤̧Á� º̈°�³��°¥¼n¤µ�¤µ¥®¨µ¥��·� Á�n� Ä�¡ºÊ��¸É�¸É°¥¼nÄ� ö��́

�³Á¨�³¤̧Á� º̈°Â���³��°¥¼nÄ��¦¦¥µ�µ«¤µ� �Îµ�°�Á�¥̧ª��́Ä�¡ºÊ��¸É�¸É�´Ê�°¥¼n��Â® n̈�Á� º̈°·�Á�µªr
�È�³¤̧Á� º̈°Â���³��°¥¼nÄ��·� Ä��ÊÎµÄ�o�·� Â¨³Â® n̈��ÊÎµ�nµ�Ç ¤µ�¤µ¥ Á� º̈°Á® n̈µ�¸Êµ¤µ¦��Îµ
��·�·¦·¥µ��́Ã�¦µ��µ�Â¨³Ã�¦µ�ª́��»Å�o°¥nµ�¦ª�Á¦Èª �¹É���·�·¦·¥µ�³Á�·��¹Ê�Å�oÁ¦Èª¥·É��¹Ê�®µ�¤̧
�ªµ¤�ºÊ�¦nª¤�oª¥ Á� º̈°nª�Ä®�nµ¤µ¦�¨³¨µ¥�ÊÎµÅ�o� ̧ Â öª�¨µ¥Á�}�µ¦¨³¨µ¥�°�Á� º̈°�¹É�
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µ¤µ¦�Â�¦��¹¤Á�oµÅ�Ä�Á�ºÊ°�°�ª́��»�¸É¤̧¦¼¡¦»� Á�n� ®·� Á�¦ºÉ°�Á� º̈°� Á�¦ºÉ°��{���·�Á�µ °·� �¼��{��
²¨² Â öª³¤°¥¼nÄ��n°�ªnµ�Á È̈�Ç £µ¥Ä�Á�ºÊ°ª́��» Á¤ºÉ°Ä��¸É¤̧�ªµ¤�ºÊ�¨�¨��ÊÎµ�³¦³Á®¥°°�Å��¦�
�·ª�°�ª́��» nª�Á� º̈°�³��� ¹̈�°¥¼n£µ¥Ä�Á�ºÊ°ª́�»�´Ê�Ç �µ¦��� ¹̈��³Á�·�¤µ��¦��·ª�°�ª́�»�¸É¤̧
°́�¦µ�µ¦¦³Á®¥¼� Á¤ºÉ°Ä��¸É¤̧�ªµ¤�ºÊ�¼��¹Ê�Á� º̈°�³�¼��ªµ¤�ºÊ�Â öª�¨µ¥Á�}�µ¦¨³¨µ¥°̧� Â¨³
��� ¹̈�Á¤ºÉ°�ªµ¤�ºÊ�¨�¨�®¦º°Á¤ºÉ°�ÊÎµ¦³Á®¥°°�Å� �³Á�}�Á�n��¸Ê�ÊÎµÂ öª�ÊÎµÁ n̈µ�¨°�Áª¨µ � ¹̈�Á� º̈°
�³¤̧�¦·¤µ�¦Á¡·É¤�¹Ê��¸¨³�o°¥Ç ��Ä��¸É»��³�¥µ¥��µ���́Ä®o�n°�ªnµ�Â¨³¦¼¡¦»�£µ¥Ä�Á�ºÊ°ª́�»Â��
°°� Ã�¦µ��µ�Â¨³Ã�¦µ�ª́��»�³Á�·��µ¦Á�¨̧É¥�Â�¨�°¥nµ�Á®È�Å�o�´� � n̈µª�º°�³Á®È�Á�}��»¥Á� º̈°
��� ¹̈�°¥¼n���·ª�°�ª́�»�¦�nª��¸É¤̧�µ¦¦³Á®¥�°��ÊÎµ¤µ�Ç �µ��¦́Ê�¡�� ¹̈�Á� º̈°°¥¼n£µ¥Ä�Á�ºÊ°ª́�»
�µ��´Ê��·ª�°�ª́�»�³Á�g~°¥¥»n¥® »̈�¦nª�°°�¤µÁ�}���Ç �¦µ���µ¦�r�¸ÊÁ®È�Å�o��́�����́Ã�¦µ��µ�
�¹É�¤̧�ªµ¤�ºÊ��µ�Ä�o�·��ÎµÁ� º̈°�¹Ê�¤µ��� ¹̈����·ª�°���´�nª��¸É¤̧�ªµ¤�ºÊ�¦³Á®¥°°�Å�o� ̧ Â¨³��
Ã�¦µ�ª́��»�¸ÉÅ�o�µ�Ä�o�·�®¦º°Ä�o�³Á¨ �¹É�Á� º̈°�µ�Ä�o�·�®¦º°�µ��ÊÎµ�³Á¨Á�oµÅ�³¤°¥¼nÄ�Á�ºÊ°ª́�»
Á�}�Áª¨µ�µ� ®µ��Îµ�¹Ê�¤µªµ��·Ê�Ä®oÂ®o��³¡�� ¹̈�Á� º̈°°¥¼n���·ª�°�ª́�»�oª¥Á¤°

2.5.2 �µ¦��́�¦n°� Â¨³��·�·¦·¥µ�µ¦��́�¦n°�
�µ��µ¦�¦ª�°��oª¥ª·�¸�µ�ª·�¥µ«µ�¦r ¡�ªnµµÁ®�»�¸É�ÎµÄ®oÁ�·��¦µ���µ¦�r�oµ��o��´Ê�

Á�·��µ�Á� º̈°Â¨³�ªµ¤�ºÊ� Á� º̈°�¸É¦oµ��{�®µ¤µ��º°Á� º̈°�¸É̈ ³¨µ¥�ÊÎµÅ�o (soluble salts) Á� º̈°Á® n̈µ
�¸ÊÅª�n°��·�·¦·¥µ®¦º°¡¦o°¤�¸É�³�Îµ��·�·¦·¥µ°¥¼n�¨°�Áª¨µ ®µ�¤̧�ÊÎµ®¦º°�ªµ¤�ºÊ�¦nª¤°¥¼n�oª¥��·�·¦·¥µ
�³Á�·�Å�oÁ¦Èª¥·É��¹Ê�

�pµ�®¨µ¥��·� Á¤ºÉ°Á�oµ�Îµ��·�·¦·¥µ�´��ÊÎµ ®¦º°Å°�ÊÎµÄ�°µ�µ« �³�¨µ¥Á�}��¦� �¹É�Á¤ºÉ°�¦��Îµ
��·�·¦·¥µ��́ª́�»�n°¦oµ��È�³�¨µ¥Á�}�Á� º̈° Ã�¥�pµ��¸ÉÎµ�´�Å�oÂ�n �µ¦r�°�Å�°°�Å��r (CO2) Â¨³
�´̈ Á¢°¦rÅ�°°�Å��r (SO2) �¹É�Á¤ºÉ°�Îµ��·�·¦·¥µ��́�ÊÎµ ®¦º°Å°�ÊÎµ �³Á�·�Á�}��¦��µ¦r�°�·� (H2CO3)
Â¨³�¦��Îµ¤³��́ (H2SO4) �µ¤ Î̈µ��́ ��́¤�µ¦

CO2 + H2O        H2CO3              (2.12)
(�µ¦r�°�Å�°°�Å��r) (�ÊÎµ) (�¦��µ¦r�°�·�)

SO2 + H2O        H2SO3              (2.13)
(�´̈ Á¢°¦rÅ�°°�Å��r) (�ÊÎµ) (�¦��´̈ ¢dª¦́)
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H2SO3 + O2        H2SO4              (2.14)

     (�¦��´̈ ¢dª¦́)       (°°��·Á��)        (�¦��´̈ ¢dª¦·�®¦º°�¦��Îµ¤³��́)

Á¤ºÉ°�¦�Á® n̈µ�¸Ê �Îµ��·�·¦·¥µ��́ª́�»�n°¦oµ��¸É¤̧µ¦�¦³�°��µ¦r�°Á��Á�}�°��r�¦³�°��³
Á�·��µ¦Á�¨̧É¥�Â�¨� �ª́°¥nµ�Á�n�

CaCO3 + H2CO3     Ca(HCO3)2              (2.15)
(Â�¨Á�¥̧¤�µ¦r�°Á��)      (�¦��µ¦r�°�·�)         (Â�¨Á�¥̧¤Å��µ¦r�°Á��)

MgCO3 + H2SO4        MgSO4              (2.16)
(Â¤��Á̧�¥̧¤�µ¦r�°Á��)      (�¦��Îµ¤³��́)          (Â¤��¸Á�¥̧¤�´̈ Á¢�)

�µ¦Á�¨̧É¥�Â�¨���́�ª́°¥nµ��oµ��� ¤̧���µ�Îµ��́¤µ�Ä��µ¦ÁºÉ°¤£µ¡�°�ª́�»�n°¦oµ�
Ã�¥Á�¡µ³°¥nµ�¥·É�Ä��¦³Á�«�¸É¤̧�ªµ¤Á�¦·��µ�°»�µ®�¦¦¤ � ��¦�� �ÎµÄ®oª́�»�n°¦oµ�¹��¦n°�
�»¡´�Â¨³¤̧�¦µ���¦��nµÁ�¨̧¥� ¦oµ��{�®µÄ®oÂ�n��́°�»¦́�¬r°¥nµ�®��́ Îµ®¦́�Ä��¦³Á�«Å�¥
�¦·¤µ� � ��¦�� ¥�́Å¤n¼�¤µ���́ �¹�¥�́Å¤nÁ�}��{�®µÎµ��́ °¥nµ�Å¦�È�µ¤��·¦·¥µÁ® n̈µ�¸ÊÁ�·��¹Ê�Å�o
�¨°�Áª¨µ�¦µ�Ä��¸É¤̧�pµ��µ¦r�°�Å�°°�Å��r�³��°¥¼nÄ�°µ�µ« Â¤oÄ��¦¦¥µ�µ«�¸É�¦·»��·Í�È¤̧�pµ�
Á® n̈µ�¸Ê°¥¼nÂ�n¤̧Á¡¸¥�Á È̈��o°¥ ��·¦·¥µ�¹�Á�·�°¥nµ��oµÇ �¸¨³�o°¥Ç Á¤ºÉ°Áª¨µ�nµ�Å��µ�Á�oµª́�»�n°¦oµ�
�³¹��¦n°�Â¨³�¦·¤µ�Á� º̈°�³¼��¹Ê�Á¦ºÉ°¥Ç

�¦³�ª��µ¦ÁºÉ°¤£µ¡�¸É¤̧Á� º̈°Á�}��o�Á®�» °µ�Á�}��µ¦Á�¨̧É¥�Â�¨� �µ��µ¥£µ¡ ®¦º°
�µ�Á�¤̧ ®¦º°°µ��´Ê�°�°¥nµ��¤�µ���́ �¨�¸ÉÁ�·��µ��µ¦Á�¨̧É¥�Â�¨��ÎµÄ®oª́�»�n°¦oµ�¹��¦n°�
�µ��ªµ¤Â�È�Â�¦n� Â��®�́ ®¦º°® »̈�¦n°�°°�Á�}��� Á¡¦µ³�µ�Â¦�¥¹�Á®�¸É¥ª¦³®ªnµ�Â¦n�µ�»�¸ÉÁ�}�
°��r�¦³�°��°�ª́�»�n°¦oµ��´Ê�Ç ª́�»�¦³µ�°µ��ÎµÄ®o��·�·¦·¥µÁ�¤̧��́Á� º̈°Â öª¨³¨µ¥®µ¥Å�
�ÎµÄ®oª́�»�n°¦oµ�Ã�¦n�¡¦»�Â¨³°n°�¥»n¥ Á� º̈°�µ���·��ÎµÄ®oÁ�·��¦µ�Á�g�°��nµ�Ç Â�n�µ¦Á�¨̧É¥�Â�¨�
�¸É¤̧�¨�n°�µ¦�»Á�g~°¥�°�ª́�»�n°¦oµ�¤µ�°¥nµ�Á®È�Å�o��́ �º°�µ¦�¸ÉÁ� º̈°Â�¦��¹¤Á�oµÅ�³¤°¥¼nÄ�
�n°�ªnµ�Á È̈�Ç ®¦º°¦¼¡¦»��°�Á�ºÊ°ª́�» Ã�¥¤̧�ÊÎµÁ�}��ª́�Îµ¡µ �ÊÎµ�¸É¤̧°¥¼nÄ�ª́�»�n°¦oµ��³¦³Á®¥�¦��·ª
�°�»��°�ª́�» Á¡¦µ³Á�}�nª��¸É¦o°��¸É»�Â¨³Å�o¦́�°·��·¡¨�µ�¨¤�nª¥�ÎµÄ®o�ÊÎµ¦³Á®¥°°�Å� Á¤ºÉ°�ÊÎµ
�¸É�·ª�°�»�¦³Á®¥°°�Å� �ÊÎµ�µ�nª��¸É°¥¼n�´�Á�oµÅ��oµ�Ä��È�³Á� º̈É°��´ª¤µÂ���¸É�ÊÎµ�´�� n̈µª�³¡µ
Á� º̈°�¸É¨³¨µ¥�ÊÎµÅ�o¤µ�oª¥ Á¤ºÉ°�ÊÎµ¦³Á®¥Å�Á� º̈°¦³Á®¥Å¤nÅ�o�¹�¤̧�ªµ¤Á�o¤¼��¹Ê�Á¦ºÉ°¥Ç ���¹�¦³�´�
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®�¹É�Á�}��»�°·É¤�´ª�°�µ¦¨³¨µ¥�°�Á� º̈°�´Ê� Á� º̈°�³��� ¹̈�°°�¤µ£µ¥Ä��n°�ªnµ�Á È̈�Ç ®¦º°¦¼¡¦»�
�°�Á�ºÊ°ª́�» Â�nÁ�ºÉ°��µ��ªµ¤�ºÊ�Ä�ª́�»Å¤n���¸É Â¨³�ªµ¤�ºÊ�́¤¡�́�r�°��¦¦¥µ�µ«�ÈÅ¤n���¸É
Á¡¦µ³�³�´Ê�Ä��µ���³�ªµ¤�ºÊ�¦³Á®¥°°�Å�Å�o¤µ���ª́�»Â®o� Á� º̈°�³��� ¹̈� Â¨³Ä��µ���³
�ªµ¤�ºÊ�¦³Á®¥°°�Å�Å�o�o°¥ Á�ºÊ°ª́�»Á�e¥�Á� º̈°�³¨³¨µ¥�ÊÎµ�¨µ¥Á�}�µ¦¨³¨µ¥ �¹É�Ä�ª́�®�¹É�Ç
°µ�¤̧�µ¦Á�¨̧É¥�Â�¨���́� n̈µª�΅�Å�¤µ®¨µ¥·��¦́Ê� �µ¦�¸ÉÁ� º̈°��� ¹̈��ÊÎµÂ öª�ÊÎµÁ n̈µ°¥¼n£µ¥Ä�
Á�ºÊ°�¸É�Îµ��́ � ¹̈��°�Á� º̈°�¸É¤̧�¦·¤µ�¦Ã��¹Ê�Á¦ºÉ°¥Ç Ã�¥Á�¡µ³°¥nµ�¥·É��¦�¤»¤�³�¥µ¥��µ��¹Ê� ��
Ä��¸É»�� ¹̈��¸ÉÃ��¹Ê�Á¦ºÉ°¥ Ç �³�ÎµÄ®oÁ�·�Â¦���́�¦����́�°��n°�ªnµ�Á È̈�Ç £µ¥Ä�Á�ºÊ°ª́�» Â¨³�³¦³Á�·�
Ä®o��´��°��n°�ªnµ�£µ¥Ä�Á�ºÊ°ª́�»Â��°°� ª́�»�n°¦oµ��´Ê�Ç �³¤̧£µ¡Á�g~°¥¥»n¥® »̈�¦nª�°°�¤µÁ�}�
�»¥�� �¦µ���µ¦�rÁ�n��¸ÊÁ�·��¹Ê�¤µ��¦��¦·Áª��¸É�ÊÎµ¦³Á®¥°°��µ�ª́�»�n°¦oµ�Å�o¤µ��¸É»� Á¤ºÉ°�Îµ
��ª́�»�¸É® »̈�¦nª�Á® n̈µ�¸ÊÅ�ª·Á�¦µ³®r�³¡�Á� º̈°�¸É¨³¨µ¥�ÊÎµÅ�o°¥¼nÁ¤°

Á� º̈°�¸ÉÁ�·��¹Ê��¸ÊÁ�}�Á� º̈°�¸É¨³¨µ¥�ÊÎµ �¹��¼� ��³ öµ�°°�Å�Á¦ºÉ°¥Ç ��Á® º̈°Â�nª́�»�n°¦oµ��¸É
¹��¦n°��»¡´�¨�Å��»��¸ Á¡¦µ³Á¤ºÉ°�·ªÁ�·¤�»Á�g~°¥Â¨³�¼� ��³°°�Å� nª��¸É°¥¼n ¹̈��´�Á�oµÅ��È�³�¨µ¥
Á�}��¸É¤̧Á� º̈°¤µ³¤°¥¼n Â¨³�³�»Á�g~°¥® »̈�¦nª�®µ¥Å��¸̈ ³�´Ê� Á�}�Á�n��¸ÊÁ¦ºÉ°¥Å�

�{��¥́Îµ��́�¸É�ÎµÄ®oª́�»�n°¦oµ�Á�·��µ¦Á�¨̧É¥�Â�¨�Á�n��¸ÊÅ�o�È�º° �µ¦�¸Éª́�»�n°¦oµ�Â���»�
��·�¤̧Á�ºÊ°¡¦»�¥°¤Ä®o°µ�µ«Â¨³�ÊÎµ�nµ�Á�oµ°°�Å�o¦¼¡¦»�Ä�Á�ºÊ°ª́�»�n°¦oµ�Á¦̧¥�ªnµ capillary tube
¤̧Áo��nµ«¼�¥r�¨µ��o°¥�ªnµ 0.1-10 Å¤Ã�¦Á¤�¦ ª́�»�n°¦oµ��´ÉªÅ�¤̧¦¼¡¦»���µ��nµ�Ç �¦³��́�¦³�µ¥
°¥¼n�´ÉªÅ�Ä�Á�ºÊ°ª́�»�n°¦oµ�

�{��¥́°̧�°¥nµ�®�¹É��¸É�nª¥�´��»�Ä®oÁ�·��¦µ���µ¦�r�¸ÊÅ�o��̧¹Ê��º° °��r�¦³�°�nª�Ä®�n
�°�ª́�»�n°¦oµ�Á�}��µ¦r�°Á�� �·̈ ·Á�� °³ ¼̈¤·Á�� °°�Å��r ²¨² �¹É� öª�Â öªÂ�n¤̧ °°��·Á�� ®¦º°
Å±�¦°��·̈  (hygroxill) Á�}�°��r�¦³�°��¸ÉÎµ�´� °°��·�Á��¤̧�́ÊªÅ¢¢jµ¨� Â¨³Å±�¦°��·̈ ¤̧�´Ê��́Êª
Å¢¢jµ�ª�Â¨³¨� �́ÊªÅ¢¢jµ�ª�Â¨³¨��¸Êµ¤µ¦��¹��¼�µ¦Á�¤̧°ºÉ�Ç �¸É¤̧�́Êª�ª�Â¨³�́Êª¨�°¥¼n�oª¥ Á�n�
�ÊÎµ �´��´Ê��·ª®�oµ�°�¦¼¡¦»�Ä�ª́�»�n°¦oµ��¸É�¹É�¤̧�́ÊªÅ¢¢jµ�ª�Â¨³¨�°¥¼n¤µ�¤µ¥ �¹�µ¤µ¦��¹��¼�
Ã¤Á¨�»̈ �°��ÊÎµÅ�o ª́�»¡ª��¸Ê�¹�¤̧�ºÉ°Á¦̧¥�ªnµ water-loving material ®¦º° hydrophelic ®΅��µ��´Ê�
Ã¤Á¨�»̈ �°��ÊÎµ�È�³�¹��¼��ÊÎµ°̧�®¨µ¥Ç Ã¤Á¨�»̈ Á�oµ¤µÁ¦ºÉ°¥Ç ���¦³�´É��ÊÎµµ¤µ¦�Â�¦��¹¤°¥¼nÁ�È¤
£µ¥Ä�¦¼Á È̈�Ç £µ¥Ä�Á�ºÊ°ª́�»Å�o �¸É�º°�Îµ°�·�µ¥ªnµÁ®�»Ä�ª́�»�n°¦oµ��¹�Á�e¥��ÊÎµ®¦º°�ºÊ�Å�o

�ÊÎµ®¦º°�ªµ¤�ºÊ�Á�}��{��¥́�¸ÉÎµ�´�¥·É�Ä��µ¦ÁºÉ°¤£µ¡�°�Ã�¦µ��µ� �ÊÎµ ®¦º°�ªµ¤�ºÊ�
�nª¥Ä®o��·�·¦·¥µ�nµ�Ç Á�·�Å�oÁ¦Èª�¹Ê� Ã�¥�ÊÎµ®¦º°�ªµ¤�ºÊ�°µ�Á�oµÅ��Îµ��·�·¦·¥µ��́ª́�»�n°¦oµ�Ã�¥�¦�
®¦º°�Îµ®�oµ�¸ÉÁ�}��ª́�¨µ�Ä���·�·¦·¥µ¦³®ªnµ�ª́�»�n°¦oµ��´�·É�Âª� ö°¤ �´Ê��¸Ê��·�·¦·¥µÁ® n̈µ�¸Ê°µ�
Á�¨̧É¥�Â�¨�°��r�¦³�°�Â¨³�»�¤��́·�°��·��¸ÉÁ�}��µ�¦µ��°�Ã�¦µ��µ� Â¨³�°�ª́�»�n°¦oµ�
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Á°� Á�n� �ÎµÄ®oª́�»�n°¦oµ�¤̧�ªµ¤�����n°£µª³Âª� ö°¤�ÉÎµ¨� ¤̧¦¼¡¦»�¤µ��¹Ê� Â¨³�¸ÉÎµ�´��º°
�ÎµÄ®o¤̧� ¹̈�Á� º̈°°¥¼n£µ¥Ä�Á�ºÊ°ª́�»�n°¦oµ�

Â¦��¹��¼�£µ¥Ä�¦¼¡¦»��°�ª́�»�n°¦oµ�¤̧�nµ�nµ�Ç �´� �¹Ê�°¥¼n�´�Áo��nµ«¼�¥r�¨µ�¦¼¡¦»��´Ê�Ç
¦¼¡¦»��¸É¤̧��µ�Á È̈��³¤̧Â¦��¹��¼�¼� Ã�¥�´ÉªÅ�¦¼¡¦»��¸É¤̧��µ�Áo��nµ«¼�¥r�¨µ��ÉÎµ�ªnµ 1 Å¤Ã�¦Á¤�¦
Â¦��¹��¼��³¼�¤µ� Â¦��¹��¼��¸Ê�¨°¥nµ�¥·É��n°�µ¦Á� º̈É°��¸É�°��ÊÎµ£µ¥Ä�Á�ºÊ°ª́�»�n°¦oµ�

�µ¦��� ¹̈��°�Á� º̈°Ä�¦¼¡¦»��°�ª́�»Á�·��¹Ê�Á¤ºÉ°¤̧µ¦¨³¨µ¥Á� º̈°³¤°¥¼nÄ�Á�ºÊ°ª́�» Â¨³¤̧
�ÊÎµ¦³Á®¥°°�Å� Á� º̈°�³��� ¹̈�°¥¼n£µ¥Ä��n°��´Ê� �oµ¦¼¡¦»��°�ª́�»¤̧��µ�Ä®�nÂ¨³Á È̈�����́
µ¦¨³¨µ¥�°�Á� º̈°�³°¥¼nÄ�¦¼¡¦»���µ�Á È̈�Ç ¤µ��ªnµ¦¼¡¦»���µ�Ä®�n Ç Â¨³� ¹̈�Á� º̈°�¸ÉÁ�·��¹Ê��³¤̧
��µ�Á È̈�Ç Ä��¦��̧¸Ê�³Å¤n¤̧Â¦��´�Ä®oÁ�ºÊ°ª́�»Â��®�́¤µ���́ Â�nÄ��µ��¦���́�oµ¤ �oµ¤̧¦¼¡¦»��¸É¤̧
��µ�Á È̈��o°¥Â¨³¤̧¦¼¡¦»���µ�Ä®�n°¥¼n¤µ� ��µ��°��¨� ¹̈��³Ã�¤µ��¹Ê� �ÎµÄ®oÁ�·�Â¦��´�£µ¥Ä�
�n°�ªnµ�£µ¥Ä�Á�ºÊ°ª́�»�n°¦oµ�Â��®�́�»Á�g~°¥Á�}���Å�o

�°��µ��¸Ê Á� º̈°®¨µ¥��·�¤̧�»�¤́��·�¼�Â¨³�µ¥�ªµ¤�ºÊ�Å�oÁ¤ºÉ°·É�Âª� ö°¤¤̧�ªµ¤�ºÊ�¼�
Á� º̈°Á® n̈µ�¸Ê�³�¼��ªµ¤�ºÊ�Á�oµ¤µÂ öª�¨µ¥Á�}�µ¦¨³¨µ¥ Á¤ºÉ°�ªµ¤�ºÊ�Ä�·É�Âª� ö°¤¨��ÉÎµ¨� Á� º̈°
�³�µ¥�ªµ¤�ºÊ�°°�Å� Â¨³��� ¹̈��»�¤��́·�o°�¸Ê�nª¥Ä®oª́�»�n°¦oµ��¼�Â¨³�µ¥�ªµ¤�ºÊ�Å�o�¸�¹Ê�¥�́
�¨Ä®oÁ�·��µ¦��� ¹̈��ÊÎµÂ öª�ÊÎµÁ n̈µ°¥¼n£µ¥Ä�Á�ºÊ°ª́�»¤µ��¹Ê� ¤µ��ªnµÁ� º̈°�¸ÉÅ¤n�¼�Â¨³�µ¥�ªµ¤�ºÊ�
�´ª°¥nµ�Á�n� Ã�Á�¥̧¤�¨°Å¦�r �³�¼��ÊÎµÁ�oµ¤µÄ�Ã¤Á¨�»̈ Å�oÁ¤ºÉ°�ªµ¤�ºÊ�́¤¡´��r¼��ªnµ 75 Á�°¦rÁ���r

Â¦��´�£µ¥Ä�¦¼¡¦»��°�Á�ºÊ°ª́�»Á�·��µ��¨Å� 2 °¥nµ� �´��¸Ê
1) Á� º̈°�¸ÉÁ�·��µ�°»�®£¼¤·¼� Á¤ºÉ°¼�Á̧¥�ÊÎµÅ� �³¤̧�¦·¤µ�¦Á¡·É¤�¹Ê�
2) Á� º̈°�¸ÉÁ�·��µ�°»�®£¼¤·�ÉÎµ �³�¼��ÊÎµÁ�oµÄ�� ¹̈�Á� º̈°Â¨³�ÎµÄ®o¤̧�¦·¤µ�¦Á¡·É¤�¹Ê�

� ¹̈�Á� º̈° Á® n̈µ�¸ÊÁ¦̧¥�ªnµ Á� º̈°�¸É¤̧�ÊÎµ� ¹̈� (hydrated crystal) �ÊÎµ�¸É� ¹̈��¼�Á�oµ¤µÄ�Ã¤Á¨�»̈  Á¦̧¥�ªnµ
�ÊÎµ� ¹̈� (water of crystallization) Á¤ºÉ°°»�®£¼¤·Á¡·É¤�¹Ê�®¦º°�ªµ¤�ºÊ�́¤¡´��r̈ �¨� � ¹̈�Á® n̈µ�¸Ê�³�µ¥
�ÊÎµ°°�¤µÁ�}�Á� º̈°�¸É�¦µ«�µ��ÊÎµ� ¹̈� (anhydrous crystal) �¹É�¤̧��µ�Á È̈�¨��ª́°¥nµ��°�Á� º̈°�¸É¤̧
�ÊÎµ� ¹̈� Â¨³Á� º̈°�¸É�¦µ«�µ��ÊÎµ� ¹̈��¸É¡��n°¥��Ã�¦µ��µ�Å�oÂ�n

Na2SO4.10H 2O Na2SO4              (2.17)

Na 2CO3.10H 2O Na 2CO3              (2.18)

CaSO4.2H2O CaSO4              (2.19)

MgSO4.7H2O MgSO4              (2.20)
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�µ¦�¼��ÊÎµÂ¨³�µ¥�ÊÎµ�°�� ¹̈�Á� º̈°Á® n̈µ�¸Ê �ÎµÄ®oÁ�·��µ¦Á�¨̧É¥�Â�¨��¦·¤µ�¦ Á�n� Á� º̈°�°�

Ã�Á�¥̧¤�´̈ Á¢� �¸É¤̧°»�®£¼¤·�ÉÎµ�ªnµ 32.4 °�«µÁ�¨Á�¥̧ �³°¥¼nÄ�¦¼��°� Na2SO4.10H2O Â�nÁ¤ºÉ°
°»�®£¼¤·¼��ªnµ 32.4 °�«µÁ�¨Á�¥̧ �³°¥¼nÄ�¦¼��°� Na2SO4 �µ¦Á�¨̧É¥�Â�¨��µ� Na2SO4 Å�Á�}�
Na2SO4.10H2O �ÎµÄ®o� ¹̈�¤̧�¦·¤µ�¦Á¡·É¤�¹Ê� 308 Á�±¦rÁ���r Â¨³Ä��Îµ�°�Á�¥̧ª�´��¸Ê Á� º̈°�°�
Â¤��Á̧�¥̧¤�´̈ Á¢��³°¥¼nÄ�¦¼��°� MgSO4.7H2O �¸É°»�®£¼¤·¦³®ªnµ� -3.9 �¹� 1.8 °�«µÁ�¨Á�¥̧
Â�nÁ¤ºÉ°°»�®£¼¤·¼��¹Ê� �º°°¥¼n¦³®ªnµ� 1.8 �¹� 48.3 °�«µÁ�¨Á�¥̧ �³°¥¼nÄ�¦¼��°� MgSO4.H2O �µ¦
Á�¨̧É¥�Â�¨��µ� MgSO4.H2O Å�Á�}� MgSO4.7H2O �ÎµÄ®o� ¹̈�¤̧�¦·¤µ�¦Á¡·É¤�¹Ê� 170 Á�°¦rÁ���r

�µ¦Á�·�Á� º̈°¤̧Å�o®¨µ¥Â�� Á�n�
1) Á�·��¸É�·ª�°�ª́�»�n°¦oµ� �¦µ���µ¦�rÁ�n��¸ÊÁ�·�Á¤ºÉ°¤̧°́�¦µ�µ¦¦³Á®¥Å¤n¼�¤µ�

�´� Â¨³�¸É�·ª�°�ª́�»¥´�Á�e¥��ºÊ�°¥¼n�oµ��ÎµÄ®oÁ�·��µ¦��� ¹̈��¸É�·ª �°��µ��¸Ê¦¼¡¦»��°�Á�ºÊ°ª́�»�¸É¤̧Á�ºÊ°
Â�n�®¦º°¤̧¦¼¡¦»���µ�Á È̈�Ç Á�n� °·��¸É¤̧Á�ºÊ°Â�n� ®·�Á�ºÊ°¨³Á°̧¥� ²¨² �³¤̧Â¦��¹��¼�Ä�¦¼¡¦»�¼� �ÎµÄ®o
�ÊÎµ ®¦º°µ¦¨³¨µ¥�°�Á� º̈°¤µ°°��´�°¥¼n�¸É�·ª�°�ª́�»¤µ� Á¤ºÉ°�ÊÎµ¦³Á®¥Å�Á� º̈°�¹���� ¹̈�°¥¼n�¸É�·ª

2) Á�·�Ä�Á�ºÊ°�°�ª́�»�n°¦oµ� �oµ¤̧¨¤¡´�Â¦� ®¦º°¤̧Â�Â���¸É¦o°� �³�ÎµÄ®o°́�¦µ
�µ¦¦³Á®¥Á¦Èª�¹Ê� �¸É�·ªª́�»�¹�Â®o��¦µ«�µ��ªµ¤�ºÊ� Á� º̈°�¹���� ¹̈�°¥¼n£µ¥Ä�Á�ºÊ°ª́�»�n°¦oµ� ®¦º°
°µ�Á�·��µ��µ¦�¸Éª́�»�n°¦oµ�¤̧Á�ºÊ°®¥µ� ¤̧¦¼¡¦»�Ä®�n �¹É�¤̧Â¦��¹��¼��ÊÎµ®¦º°µ¦¨³¨µ¥�°�Á� º̈°Å¤n
¤µ���́ �ÊÎµ®¦º°µ¦¨³¨µ¥�°�Á� º̈°�¹�³¤°¥¼n£µ¥Ä�¤µ��ªnµ�¸É�·ª Á¤ºÉ°�ÊÎµ¦³Á®¥°°�Å��nµ�¦¼¡¦»��¸É
�·ª Á� º̈°�³��� ¹̈�°¥¼nÄ�o�·ª®�oµ�°�ª́�»�n°¦oµ��¹É�nª�Ä®�n�³¤°�Å¤n�n°¥Á®È�� ¹̈�Á� º̈° Â�nª́�»
�n°¦oµ�¤̧°µ�µ¦�»Á�g~°¥

�µ��¦́Ê�¡�ªnµ¤̧Á� º̈°Á�·��¹Ê��¦³��́�¦³�µ¥Á�}�Â®n�Ç Å¤n¤ÉÎµÁ¤° Á�n� °·� �µ�nª�¤̧� ¹̈�
Á� º̈° �µ�nª�Å¤n¡�� ¹̈�Á� º̈° �´Ê��¸ÊÁ¡¦µ³��µ��°�¦¼¡¦»��oª¥Á�n��´� °·�nª��¸É¤̧Á�ºÊ°Â�n�Á� º̈°�³��
� ¹̈��¸É�·ª nª��¸É¤̧Á�ºÊ°®¥µ�¤̧¦¼¡¦»���µ�Ä®�nÁ� º̈°�³��� ¹̈�°¥¼n�oµ�Ä� Ä��¦��̧¸É¤̧�¼��n° �oµ�¼��n°
Á�ºÊ°Â�n��ªnµ°·�®¦º°®·� �ÊÎµ�³¦³Á®¥°°��¸É�·ª�°�°·�®¦º°®·�¤µ��ªnµ�¸É�¼��n° �ÎµÄ®o°·�®¦º°®·��»Á�g~°¥
nª��¼��n°�³¥�́��£µ¡�¸°¥¼n Ä��µ��¦���́�oµ¤ �oµ°·�®¦º°®·�Á�ºÊ°Â�n��ªnµ�¼��n° �³Å¤n¥°¤Ä®o�ÊÎµ
¦³Á®¥�nµ� �ÊÎµ�¹��o°�¦³Á®¥�¸É�¼��n° �ÎµÄ®oÁ�·�� ¹̈�Á� º̈°���¼��n° Ä��¦��̧¸Ê�¼��n°�³�»Á�g~°¥Ä���³�¸É
°·�®¦º°®·�¥�́��Â�È�Â¦��¸°¥¼n �°��µ��¸ÊÄ��µ��¦́Ê��³¡�ªnµ®·��¦µ¥�µ���·��»Á�g~°¥® »̈�¦nª�°°�Á�}�
�´Ê�Ç � öµ¥��́�°��¦³® É̈Îµ�¨̧ µÁ®�»Á�·��µ��µ¦Á�e¥�Â¨³Â®o�΅��´� Á¤ºÉ°Á�e¥��ÊÎµ �ÊÎµ�³Â�¦��¹¤
Á�oµÅ�Ä�Á�ºÊ°®·����¹��ªµ¤ ¹̈�¦³��́®�¹É� �ÊÎµ�¸É�¹¤Á�oµ¤µ�³¨³¨µ¥µ¦�¸Éµ¤µ¦�¨³¨µ¥�ÊÎµÅ�o Â¨³�́�
°¥¼n£µ¥Ä� Á¤ºÉ°�ÊÎµ¦³Á®¥°°��¸É�·ª µ¦¨³¨µ¥�¸Ê�³Á� º̈É°��¸É¤µ°¥¼nÄ� öÇ �·ª®�oµ Á� º̈°�³��� ¹̈�°¥¼n
�oµ�Ä� �µ¦Á�e¥�Â¨³Â®o�΅��´��µ�Ç �´Ê� �³�ÎµÄ®oÁ� º̈°��´Ê��°�Â�È�Â¦��ªnµnª��¸É°¥¼n�´Ê�Ä� Á¡¦µ³
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�¸É�´Ê�Ä�ª́�»�¦³µ� (cementing material) ¨³¨µ¥°°�Å�Á¦ºÉ°¥Ç Â¤oÂ�n�·̈ ·�µ�È�¼�¨³¨µ¥Å�oÄ�
�¦³�ª��µ¦��́� n̈µª Á¤ºÉ°Áª¨µ�nµ�Å��µ�Ç Á�oµ �¦·Áª��¸É¤̧�µ¦��� ¹̈��ÊÎµÂ öª�ÊÎµÁ n̈µ�³°n°�¥»n¥�»Á�g~°¥
Ä���³�¸ÉÁ� º̈°��´Ê��°�¥�́Â�È�Â¦� �ÎµÄ®o®·�® »̈�¦n°�°°�Á�}��´Ê�Ç �¹É�¡�ªnµÁ� º̈°Â�¨Á�¥̧¤�´¨Á¢�
¤̧���µ�Îµ��́Ä��¦µ���µ¦�rÁ�n��¸Ê Ã�¥Á�¡µ³°¥nµ�¥·É�Ä�®·��¸É¤̧Â�¨Á�¥̧¤�µ¦r�°Á��°¥¼n�oª¥

�µ¦�¸ÉÅ¤n¡�� ¹̈�Á� º̈°���·ªª́�»�n°¦oµ�Å¤nÅ�o®¤µ¥�ªµ¤ªnµÄ�ª́�»�n°¦oµ��´Ê�Ç Å¤n¤̧Á� º̈°
Â�nÁ� º̈°�¸É��� ¹̈�Â öª°µ��³�¼� ��³°°�Å� ®¦º°Á� º̈°°µ��¼��ªµ¤�ºÊ��¨µ¥Á�}�µ¦¨³¨µ¥ Â öª
Â�¦��¹¤�΅�Á�oµÅ�Ä�ª́�»�n°¦oµ�Ä®¤n �oµ ����·��n°�´�Á�}�Áª¨µ�µ�Á� º̈°�³Â�¦��¹¤Á�oµÅ�Å�o ¹̈�
¤µ� Á¤ºÉ° �®¥»��ÊÎµ�³Á¦·É¤¦³Á®¥°°��¸É�·ª Á� º̈°�³Á� º̈É°��¸É¤µÄ� öÇ �·ª Ä�§�¼Â ö��¹�¡�� ¹̈�Á� º̈°°¥¼
���·ªª́�»�n°¦oµ�¤µ��ªnµÄ�§�¼ � ¥�Áªo�Ä�nª��¸ÉÅ¤nÃ�� �µ��³¡�Á� º̈°Å�oÄ��»�§�¼�µ¨

�ªµ¤¥µ��nµ¥Ä��µ¦��� ¹̈� �¹Ê�°¥¼n�´�¦¼�¦nµ��°�� ¹̈� Â¨³nª��¤�°�µ¦¨³¨µ¥�°�Á� º̈°
Á� º̈°�µ���·��´Ê��³Å¤n�n°¥��� ¹̈�°°�¤µÄ®oÁ®È� Á�n� Ã�Á�¥̧¤Å±�¦°�Å��r Ã¡Â�Á�¥̧¤Å±�¦°�Å��r
Á¡¦µ³�¼��ªµ¤�ºÊ�Å�o�¸¤µ�¤́�°¥¼nÄ�¦¼��°�µ¦¨³¨µ¥ Á� º̈°Ã�Á�¸¥¤�´̈ Á¢� Â¨³Â¤��Á̧�¥̧¤�´̈ Á¢�
��� ¹̈�Å�o�nµ¥ Â¤o¤̧�¦·¤µ��o°¥�·�Á�¥̧ª�È��� ¹̈�Å�o Á� º̈°Ã¡Â�Á�¥̧¤�´̈ Á¢���� ¹̈�¥µ� �³��� ¹̈�
�È�n°Á¤ºÉ°¤̧Á� º̈°°ºÉ�Ç ¦nª¤°¥¼n�oª¥ � ¹̈�Á� º̈°Á�·�Å�o®¨µ¥¦¼�Â�� ΅�¬�³� ¹̈�°µ�Á�}�¦¼�Á�È¤ ¦¼�Â�n�
¦¼�Á®¨̧É¥¤ ²¨² �¹Ê�°¥¼n�´���·��°�Á� º̈°�´Ê�Ç Â¨³�{��¥́°ºÉ�Ç Å�oÂ�n °��r�¦³�°� Â¨³·É�Â�¨��¨°¤Ä�
µ¦¨³¨µ¥ £µª³°·É¤�´ª¥·É�¥ª� �ªµ¤�ºÊ� �ªµ¤¡¦»��°�ª́�»�n°¦oµ� °́�¦µÁ¦ÈªÄ��µ¦¦³Á®¥ Á�}��o�

Á� º̈°��·�Á�¥̧ª�´�£µ¥Ä�o£µª³Âª� ö°¤�nµ��´� °µ���� ¹̈�¦¼�¦nµ��nµ��´� �µ��¦́Ê�¡�ªnµ
Â¤oÄ��»�Á�¥̧ª��́� ¹̈��¸ÉÁ�·��¹Ê�Ä��°�Â¦�Ç ¤̧¦¼�¦nµ��nµ��µ�� ¹̈��¸ÉÁ�·��¹Ê�Ä�¦³¥³Áª¨µ�n°¤µ ®¦º°
Á� º̈°�¸É��� ¹̈�Ã�¥¤̧¦¼�¦nµ�Â��®�¹É�Â öª Á¤ºÉ°£µª³Âª� ö°¤Á�¨̧É¥�Â�¨�Å� Á� º̈°�´Ê�Ç �³��� ¹̈�
Ä®¤nÂ¨³¤̧¦¼�� ¹̈�Â���nµ�Å��µ�Á�·¤ Á¡¦µ³�³�´Ê��µ¦�¼¦¼�¦nµ��°�� ¹̈��¸É�¦µ����ª́�»�n°¦oµ� Å¤n
°µ��°�Å�oªnµÁ�}�Á� º̈°��·�Ä�

� ¹̈�Á� º̈°�¸ÉÁ�·��¹Ê�¤́�°¥¼n¦ª¤��́Á�}��¦³�»� ®¦º°Á�}��¦µ�®�µÇ ���·ªª́�»�n°¦oµ� ®¦º°£µ¥
Ä�¦¼¡¦»��°�ª́�»�n°¦oµ� ¤́�¡��n°¥��ª́�»�n°¦oµ��¸É�ºÊ�Â�³ Á�n� ���́�¸É�ºÊ��µ��ªµ¤�ºÊ��µ�Ä�o�·�
(rising damp) nª��¸É¤̧°́�¦µ�µ¦¦³Á®¥�ÉÎµ Á�n� nª��¸É°¥¼nÄ��¸É¦n¤ ®¦º°���́£µ¥Ä�°µ�µ¦ Â¨³¤́�¡���
nª� n̈µ��°����́¤µ��ªnµnª����¸É¼��¹Ê�Å� �´Ê��¸ÊÁ¡¦µ³���́�oµ� n̈µ�¤́��ºÊ��ªnµ�oµ��� Â�n�oµ�ªµ¤�ºÊ�
¤µ�Á�·�Å��ÈÅ¤n¡�� ¹̈�Á� º̈° Á¡¦µ³�ªµ¤�ºÊ�¼��ÎµÄ®oÅ¤nÁ�·�£µª³°·É¤�´ª¥·É�¥ª� (supersaturated)
Á� º̈°Å¤nµ¤µ¦���� ¹̈�¨�¤µÅ�o �µ¦��� ¹̈��³Á¦·É¤�¹Ê��n°Á¤ºÉ°ª́�»Á¦·É¤Â®o� �ÊÎµ�³¦³Á®¥°°�Å� �ÎµÄ®o
µ¦¨³¨µ¥�°�Á� º̈°¤̧�ªµ¤Á�o¤�o�¼��¹Ê��¸¨³�o°¥Ç ���¹��»�°·É¤�´ª¥·É�¥ª� Á� º̈°�¹�Á¦·É¤��� ¹̈�¨�¤µ
�oµ°́�¦µ�µ¦¦³Á®¥Å¤n¼�¤µ�Á�·�Å� Á� º̈°�³��� ¹̈�Å�o� ¹̈��¸É¤̧¦¼�¦nµ�Â�� isometric Á¤ºÉ°ª́�»�n°¦oµ�
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Á¦·É¤Â®o��¹Ê� (Â�n¥´��ºÊ�°¥¼n) �³¡�� ¹̈�Á� º̈°΅�¬�³Á�}�Â�n� Á È̈�Ç ®¦º°� öµ¥Ç ��®¦º°Âo ���·ª�°�
»��°�ª́�»°µ�°¥¼n���¦³�»�Á� º̈°�¸ÉÁ�·��¹Ê� �°�Â¦�Ç ���·ª�¸ÉÁ�º°��³Â®o� �³¡�� ¹̈�Â���¸Ê¤µ��¹Ê�
��µ��°�� ¹̈��³Á È̈�Â¨³�µ��ªnµ� ¹̈��¸É¡����·ª�¸É¥´�Å¤nÂ®o� ΅�¬�³Á�}�Áo�Á È̈�Ç ¥µªÇ Á�}�Áo��¦�
®¦º°Ã�o��°Á È̈��o°¥ � ¹̈�Â�n̈ ³Áo�¤̧΅�¬�³Á�}�� ¹̈�Á�¸É¥ª ¤̧��µ��°�Áo��nµ«¼�¥r�¨µ� �¦³¤µ� 1
Å¤Ã�¦Á¤�¦ �¹� 10 Å¤Ã�¦Á¤�¦ �ªµ¤¥µª�¦³¤µ� 1 Á���·Á¤�¦ ®¦º° ¤µ��ªnµ � ¹̈��³¥·É�Á È̈�
Â¨³�µ�¤µ� Á¤ºÉ°°́�¦µ�µ¦¦³Á®¥Å¤n¼�¤µ�ª́�»�n°¦oµ��¹Ê�Á¡¥̧�Á È̈��o°¥ Â¨³�·ª�°�ª́�»�n°¦oµ�¤̧
�ªµ¤®�µÂ�n�¼� Á�n� ��´��¸É�µ̧ ®¦º°�µ��¼��Á̧¤��r Ä��µ��¦��oµ¤�oµ°́�¦µ�µ¦¦³Á®¥�¸É�·ª¼�
ª́�»�n°¦oµ��n°��oµ��ºÊ� Â¨³�·ª�°�ª́�»�n°¦oµ�¡¦»� � ¹̈��¸ÉÁ�·��¹Ê��³¤̧��µ�Ä®�nÂ¨³®�µ�ªnµ

�µ��µ¦́�Á���°��µ¦Ã��°�� ¹̈�Á� º̈°��ª́�»�n°¦oµ��¸É¤̧Á�ºÊ°¡¦»� Á�n� °·� �¦³Á�ºÊ°��·�Á�µ
¡�ªnµ Á¤ºÉ°�ªµ¤�ºÊ�́¤¡�́�r�ÉÎµ�ªnµ 32 Á�°¦rÁ���r µ¦¨³¨µ¥�°�Á� º̈°nª�Ä®�n��� ¹̈�Á�}�� ¹̈� Á È̈�Ç
°¥¼n¦ª¤�´�Á�}��¦³�»�®¦º°Á�µ³�·���́Á�}�Â�� Â¨³�n°¤µÁ¤ºÉ°ª́�»Â®o�¨�Á¦ºÉ°¥Ç �³¤̧�µ¦��� ¹̈� Á�}�
� ¹̈�Á È̈�Ç ¦¼�¦nµ�Á�}�Â�n�Ç ®¦º°� öµ¥Áo��¤ �´Ê��µ���́�·ª�°�ª́�»Â¨³¤́�¤̧� ¹̈�Á È̈�Ç ¦¼�Á�È¤ Â�¦�
��°¥¼n�oª¥ �µ¦��� ¹̈��³Ä�oÁª¨µ�o°¥¤µ�Â¨³�³¡�Á� º̈°¤µ� £µª³Á�n��¸ÊÁ�·��¹Ê�¤µ�Ä�§�¼¦o°�
�¹É�°µ�µ«¦o°�Â¨³Â®o� Ã�¥Á�¡µ³°¥nµ�¥·É���ª́�»�n°¦oµ� ®¦º°Ã�¦µ��µ�nª��¸É¦́�Â��Â¨³¨¤
¤µ��ªnµnª�°ºÉ�Ç Â�n�oµ�ªµ¤�ºÊ�́¤¡´��r¼��ªnµ 69 Á�°¦rÁ���r �³Å¤n�n°¥¡�� ¹̈�Â�� isometric
Â¨³� ¹̈�Â��Â�n�°¥¼n���·ª Á¡¦µ³Ä�£µª³Á�n��´Ê��³Å¤nÁ�·��µ¦°·É¤�ª́¥·É�¥ª� �¹É��µ��¨�µ¦Îµ¦ª�
¡�ªnµ� ¹̈�Á� º̈°�¸É¤́�¡���Ã�¦µ��µ�¤̧Å�o�»�Â���¸É� n̈µª¤µ�oµ��o� � ¹̈�Â�� isometric ¤́�¡�
£µ¥Ä��n°�ªnµ�®¦º°¦¼¡¦»�£µ¥Ä�Á�ºÊ°ª́�»�n°¦oµ� Ã�¥Á�¡µ³°¥nµ�¥·É�Ä�°·��³Á®È�Å�o�´��¸É»� nª�� ¹̈�
¦¼�Á�È¤®¦º°¦¼�Â�n�¤́�¡����·ª�°�»��°�ª́�»�n°¦oµ� nª��¸É®´�¦́�Â��Â¨³¨¤

�³Á®È�Å�oªnµ Á� º̈°Â¨³�ªµ¤�ºÊ� �nµ��È¤̧���µ��n°�µ¦ÁºÉ°¤£µ¡�°�ª́�»�n°¦oµ�Á�nµÁ�¥̧¤
�´�°¥nµ�Å¤nµ¤µ¦�Â¥��µ���́Å�oÁ�È��µ� Â¨³¤́�¡��¦µ���µ¦�r�´�� n̈µª�ª��¼n�´�Á¤° �oµ¤̧Á� º̈°
°¥¼nÃ�¥�¦µ«�µ��ªµ¤�ºÊ� Á� º̈°�È�³Á� º̈É°��¸ÉÅ¤nÅ�oÅ¤nµ¤µ¦��n°Ä®oÁ�·��{�®µ �oµ¤̧Á¡¥̧��ªµ¤�ºÊ�Â�n
�¦µ«�µ�Á� º̈° ª́�»�n°¦oµ���Å¤n�»¡´�°n°�¥»n¥�¹�¦³�´��¸Ê

�°��µ��¸Ê�ªµ¤¡¦»��°�ª́�»�n°¦oµ�Á�}��{��¥́Îµ�´�Ä��¦³�ª��µ¦�»Á�g~°¥��́� n̈µª ®µ�
Ã�¦µ��µ��¦³�°��oª¥ª́�»�n°¦oµ�®¨µ¥��·��¤�´� Á�n� °·��¸É°Â¨³�µ��oª¥�¼��Á̧¤��r ���́�¸É
�¦³�´��¼��{�� �¦³�� �¦³Á�ºÊ°� Á� º̈°� ®·�°n°� ®·��́� ²¨² �ÊÎµ�³Â�¦��¹¤Á�oµ¤µ¦³Á®¥�¸É�·ª�°�
ª́�»�n°¦oµ��¸É¡¦»�Å�o¤µ��ªnµª́�»�n°¦oµ��¸É¤̧�ªµ¤®�µÂ�n�¼�¤µ� Á¡¦µ³�³�´Ê�Á� º̈°�¹�¤µ³¤Ä�
Á�ºÊ°ª́�»�¸É¡¦»��ªnµÅ�o¤µ��ªnµ Â¨³�ÎµÄ®oª́�»nª��´Ê��»Á�g~°¥Å�Ä��¸É»� nª�ª́�»�¸É¤̧�ªµ¤®�µÂ�n�¼�
Á�n� ®·�°n°� �¦³Á�ºÊ°�Á� º̈°� ®·��́� �¼��Á̧¤��r ²¨² �³¥�́£µ¡Â�È�Â¦� �ª́°¥nµ��¸É¡�Á¤°Ç �º°
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�µ¦�¸É�¼��µ�Â¨³£µ¡�·�¦�¦¦¤ µ��´�Ä�ª́�ªµ°µ¦µ¤�nµ�Ç �»Á�g~°¥® »̈�¦nª� °°�Å�Á�}�Â��Ç �µ¤
Â�ª¦³�´��¸É�ªµ¤�ºÊ��µ�Ä�o�·�Â�¦��¹¤�¹Ê�¤µ

�¦µ���µ¦�rÁ�n��¸Ê ¡�¤µ���Ã�¦µ��µ��¸É�nµ��µ¦�¼¦�³�n°¤Â�¤Ä�°��̧ Ã�¥�µ¦Ä�o
�¼��Á̧¤��r�°¦r�Â¨��rÁ�}��¼��n°Â���¼��µª�¹É�Á�¥Ä�o�´�¤µÂ�nÃ�¦µ� �¼��Á̧¤��r�°¦r�Â¨��r¤̧�ªµ¤
®�µÂ�n�Â¨³Â�È��ªnµ°·� �¼��µª �¼��{�� Â¨³®·��¦µ¥¤µ� �ªµ¤�ºÊ��¹�¤́�¤µ¦³Á®¥�¸É�·ª�°�ª́�»
Á® n̈µ�¸Ê�¸É¡¦»��ªnµ �ÎµÄ®o¤̧Á� º̈°¤µ³¤¤µ� �´Ê��¸ÉÁ�}�°��r�¦³�°��°�ª́��»�·��¸ÉÄ�oÄ��µ¦� ·̈� Â¨³
Á� º̈°�¸ÉÁ�·¤¨�Å�Ä�¦³®ªnµ��¦³�ª��µ� ·̈� Á�n� Á� º̈°¥·��´¤ (CaSO4.2H2O) Ä�o�¤Ä��¼��Á̧¤��r Á¡ºÉ°
®�nª�Á®�¸É¥ªÄ®o�¼��¸Á¤��rÂ�È��´ª�oµ¨� �³Å�o¤̧Áª¨µÄ��µ¦��·�´�·�µ�¤µ��¹Ê�

Á� º̈°�¸É¨³¨µ¥�ÊÎµÅ�oÁ® n̈µ�¸Ê�¹�¨³¨µ¥°¥¼nÄ��¼��Á̧¤��r µ¦¨³¨µ¥�°�Á� º̈°Á® n̈µ�¸Ê�¹�Â�¦��¹¤
Á�oµÅ�Ä�Á�ºÊ°°·� ®·� �¼� ²¨² Å�o°¥nµ�¦ª�Á¦ÈªÄ�¦³®ªnµ��µ¦�n°®¦º°�µ� �ÎµÄ®o°·� ®¦º°®·� nª��¸É°¥¼n
Ä� ö�´��¼��Á̧¤��r¤̧Á� º̈°�¸É¨³¨µ¥�ÊÎµÅ�o³¤°¥¼n¤µ��ªnµnª�°ºÉ�Ç �¹��»Á�g~°¥°¥nµ�Á®È�Å�o��́ Ä���³�¸É
�¼��Á̧¤��r¥�́��£µ¡Â�È�Â¦��¸

Á� º̈°�¸É¡�¤µ���Ã�¦µ��µ� Å�oÂ�n gypsum (CaSO4.2H2O), halite (NaCl), thenardite
(Na2SO4), calcite (CaCO3) Â¨³mirabillite (Na2SO4.10H2O)

Á� º̈°�¸É¡��oµ�Á È̈��o°¥��Ã�¦µ��µ� Å�oÂ�n hexahydrite (MgSO4.6H2O), epsomite
(MgSO4.7H2O), darapskite (Na3(NO3)SO4.H2O), bloedite (Na2Mg(SO4.4H2O) Â¨³ sodanitre
(NaNO3)

�´��´Ê��¹�¦»�Å�oªnµ �µ¦�¸ÉÁ� º̈°��Ã�¦µ��µ��³Á�}���·�Ä��´Ê��¹Ê�°¥¼n��́
1) °��r�¦³�°��°�ª́�»�n°¦oµ�
2) £µ¡Âª� ö°¤

Ã�¦µ��µ��¸É�´Ê�°¥¼nÄ� ö�»¤��¤̧�¦·¤µ�Á� º̈°�¸É¨³¨µ¥�ÊÎµÅ�o¼� Â¨³¥�́�¦³�°�Å��oª¥Á� º̈°
®¨µ¥��·� Á¡¦µ³�°��µ��³¤̧Á� º̈°�¸ÉÁ�}�°��r�¦³�°��°��·�Â öª ¥�́¤̧Á� º̈°°ºÉ�Ç �¸ÉÁ�·��µ��·��¦¦¤
�°�¤�»¬¥rÂ¨³·É�¤̧�ª̧·�°̧�¤µ�¤µ¥ �¹�¤̧Ã°�µ¡�Á� º̈°��·�Â�¨�Ç ®¨µ¥��·�

�¦µ���µ¦�rÁ® n̈µ�¸Ê�³¦»�Â¦�¥·É��¹Ê��oµ®µ�Ã�¦µ��µ���́� n̈µª�´Ê�°¥¼n¦·¤Â¤n�ÊÎµ Î̈µ�¨°� ®¦º°
Â® n̈��ÊÎµ°ºÉ�Ç ¦³�´��ÊÎµÄ�o�·��¦·Áª���́� n̈µª�³¼�¤µ� Â¨³¤́�Â�¦Á�¨̧É¥��¹Ê�Ç ¨�Ç �¨°�Áª¨µ �µ¤
°·��·¡¨�°��¦³Â�ÊÎµ Â¨³¦³�´��ÊÎµ�³Á¨ �ÎµÄ®oÁ�·��µ¦�Îµ¦»��»Á�g~°¥Á�}��¦·Áª��ªoµ��ªnµÃ�¦µ��µ�
�¸É°¥¼n®nµ�Å�¨Â¤n�ÊÎµ Î̈µ�¨°� �´ª°¥nµ��¸ÉÁ®È�Å�o�´� �º° ª́�ªµ°µ¦µ¤Á�nµÇ �¦·Áª�¦·¤ {~� Â¤n�ÊÎµÁ�oµ¡¦³¥µ
Â¨³ Î̈µ�¨°��nµ�Ç Ä��¦»�Á�¡¤®µ��¦ ���»¦̧ ����»¦̧ ��»¤�µ�¸ ¡¦³��¦«¦̧°¥»�¥µ ²¨² �³�¦µ��
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°µ�µ¦�´�� n̈µª�»�Â®n� Á� º̈°�¸É¤́�¡���Ã�¦µ��µ�Á® n̈µ�¸Ê ¤́�Á�}�¥·��´É¤ (CaSO4.2H2O), Â�¨Å��r
(CaCO3), thenardite (Na2SO4), Ã�Á�¥̧¤�¨°Å¦�r (NaCl) Â¨³ hexahydrite (MgSO4.6H2O)

Á� º̈° hexahydrite Â¨³ epsomite °µ�Á�·��µ��µ¦�¸ÉÄ�o�¼��µª�¸É¤̧Â¤��¸Á�¥̧¤�³��°¥¼n Á�n�
°µ�¤̧�µ¦Ä�o�¼��µª�¸É¤µ�µ��µ¦Á�µ®·��¼�Ã�Ã¨Å¤�r Ã�Ã¨Å¤�rÁ�}�®·��¼���·�¤̧Â¤��Á̧�¥̧¤�µ¦r�°Á��
�´�Â�¨Á�¥̧¤�µ¦r�°Á��°¥¼n¦nª¤��́ Á¤ºÉ°Â¤��¸Á�¥̧¤�µ¦r�°Á���Îµ��·�¦·¥µ��́µ¦¨³¨µ¥�¸É¤̧�´¨Á¢�
�³Å�oÂ¤��Á̧�¥̧¤�´̈ Á¢��¸É¤̧�ÊÎµ� ¹̈��nµ�Ç ��́ �¸É¡��n°¥Á�}� hexahydrite �¹É�¤̧�ÊÎµ� ¹̈� 6 Ã¤Á¨�»¨ Â¨³
epsomite �¹É�¤̧�ÊÎµ� ¹̈� 7 Ã¤Á¨�»̈

�o°¤¼¨Á® n̈µ�¸Êµ¤µ¦��nª¥Ä®o�ªµ¤�¦³�nµ�Á�¸É¥ª�´�µÁ®�»�¸É�ÎµÄ®oª́�»�n°¦oµ��Îµ¦»� �»Á�g~°¥ ªnµ
Á�·��µ��µ¦�¦³�Îµ�°�Á� º̈°Â¨³�ªµ¤�ºÊ� ¤·Ä�nÁ�·��µ��µ¦�¸Éª́�»�n°¦oµ��´Ê�Ç ®¤�£µ¡ ®¦º°®¤�
°µ¥»Å�Ã�¥�´ª�°�¤́�Á°��µ¤�ªµ¤Á�ºÉ°�°��nµ�Ä�°��̧

2.5.3 �´ª°¥nµ��µ¦��́�¦n°�
Á�ºÉ°��µ��¦³Á�«Å�¥Á�}��¦³Á�«�¸É¤̧Ã�¦µ��µ�°¥¼n¤µ�¤µ¥ Â¨³�¦³��́�¦³�µ¥�´ÉªÅ��µ¤

£µ��nµ�Ç �°��¦³Á�« Á�ºÉ°��µ� öª�Â�nÁ�¥Á¤º°��¹É�¤̧°µ¦¥�¦¦¤�¸ÉÁ�nµÂ�n�´Ê�·Ê� ��́�´Ê�Ä��µ¦��́�µ¦
�j°��´�Â¨³Â�oÅ��µ¦�´��¦n°��¸ÉÁ�·��¹Ê��µ��o°�Ä�oª·�¸�¸ÉÂ���nµ��´�°°�Å� Â¤o�µ¦��́�¦n°��¸ÉÁ�·��¹Ê�
°µ�Â��°°�¤µÄ�΅�¬�³�¸É� öµ¥�´��È�µ¤ �´��´Ê��¹��ÎµÁ�}��¸ÉÁ¦µ�³�o°�«¹�¬µ®µµÁ®�» Â¨³�Îµ�µ¦
�n°¤Â�¤ Â�oÅ� ®¦º°�j°��´��°�Ã�¦µ��µ��´Ê�Ç Ã�¥Á�¡µ³�µ¦��́�¦n°�Á�·��¹Ê�¤µ�¤µ¥Â¨³Á�}�
�{�®µ��́Ã�¦µ��µ�¤µ� ��́�³�o°¥��´ª°¥nµ��°��µ¦��́�¦n°��¸ÉÁ�·��¹Ê�Ä�Ã�¦µ��µ��nµ�Ç �°�
��́®ª́�¡¦³��¦«¦̧°¥»�¥µ

¦¼��¸É 2.6 £µ¡��´��°�Á¤¦»°��r¤»¤�oµ��·«Ä�oÄ��{��»��́Å¤n¤̧®΅��µ� »̈¤
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(�)
(�)

¦¼��¸É 2.7 £µ¡�¼��{��Á n̈µÁ¦ºÉ°�¡»���¦³ª́�·�¦·Áª��ÎµÂ¡��°�Á¤¦»
(�) £µ¡�¼��{��Á�È¤°��r
(�) £µ¡�¼��{��nª� n̈µ��¹É�Á�·��µ¦�´��¦n°���Å¤nÁ®È�¨ª�¨µ¥�°�£µ¡

�µ�¦¼��¸É 2.6 Â¨³¦¼��¸É 2.7 Á�}�£µ¡�¼��{���¸É°¥¼nÄ��¦·Áª��°�ª́�Å�¥ª́��µ¦µ¤ �¹É��´Ê�°¥¼n¦·¤ {~�
Â¤n�ÊÎµÁ�oµ¡¦³¥µ �°�Á���ÎµÂ¡�Á¤º°�Á�nµ�oµ��³ª́����¸É �Îµ�¨�oµ��j°¤ °ÎµÁ£°¡¦³��¦«¦̧°¥»�¥µ
��́®ª́�¡¦³��¦«¦̧°¥»�¥µ �´ªª́��´Ê�®´�®�oµÅ��µ��·«�³ª́�°°� �ÎµÄ®o®�oµª́�®�́¨�¼nÂ¤n�ÊÎµÁ�oµ¡¦³¥µ

¦¼��¸É 2.8 ¡¦³¡»��¦¼��¸É¦oµ��¹Ê�¤µ�µ�«·̈ µÂ¨� �¹É��¼��Îµ¨µ¥�´Ê�Ã�¥¤�»¬¥r�µ��µ¦Á�µ�Îµ¨µ¥�¦»��¦́Ê�
�Îµ��¦µ¤��́¡¤nµ Ä���¦µ¤Á�oµ�´¡ Â¨³�µ��µ¦��́�¦n°��»¨µ¥�µ��¦¦¤�µ�·
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�¹É��³Á®È�ªnµ�µ��¸É��́� n̈µª�oµ��o��¸Ê ¤̧£µ¡�Îµ¦»� Â¨³ÁºÉ°¤Ã�¦¤¤µ� �´Ê�¦¼��¼��{���°�

ª́�Å�¥ª́��µ¦µ¤ ®¦º°�¦·Áª��ÎµÂ¡��°�ª́�Å�¥ª́��µ¦µ¤ Â¨³ª́�®�oµ¡¦³Á¤¦» �¹É��³Á®È�ªnµ�¼��´Ê�
¤̧΅�¬�³¦n°�®¦º°® »̈�°°���Á�¥Ä®oÁ®È�°·�£µ¥Ä� �¹É�Å¤nªnµ�³Á�}�°·�£µ¥Ä� ®¦º°°·��n°�¸ÉÁ¦µÁ®È��´Ê�
�È¤̧£µ¡�¸ÉÂ��®´� �Îµ¦»� �¦»�Ã�¦¤¨� Á�n���́

2.5.4 �µ¦�¼Â¨¦́�¬µ®¨�́�µ¦Îµ�́�Ä��µ¦�¼Â¨¦́�¬µ«·̈ �³Ã�¦µ�ª�́�»
Á�ºÉ°��µ�«·̈ �³Ã�¦µ�ª́��»Á�}�¤¦���µ�ª́���¦¦¤ Â¨³¥´�Á�}�ª́��»®΅��µ��¸Éµ¤µ¦�Â��

�¹� ª·��̧¸ª·� ́��¤ �¦³Á¡� ̧ ª́���¦¦¤ �¨°���Á��Ã�Ã¨¥�̧°��»¤��Ã�¦µ�Ä�¥»�¤́¥�nµ�Ç �¸É°µ«´¥
°¥¼n���º�Â�n��·��¸Ê¤µÂ�nÃ�¦µ� �¹É��»�ª́��¸Ê «·¨�³Ã�¦µ�ª́��»nª�Ä®�n�¸ÉÁ¦µ¤̧°¥¼n�³°¥¼nÄ�£µ¡�¸É
�Îµ¦»��¦»�Ã�¦¤ Á�ºÉ°��µ�«·̈ �³Ã�¦µ�ª́��»�´Ê�¤̧°µ¥»¥µª�µ�®¨µ¥¦o°¥®¨µ¥¡�́�e «·¨�Ã�¦µ�ª́��»
�µ�nª�Á�¥�nµ��µ¦Ä�o�µ�¤µ°¥nµ�®�´� �¦³�°���́�µ¦�µ��µ¦�¼Â¨¦́�¬µ�oª¥ª·�¸�¸É�¼��o°�¤µÁ�}�
Áª¨µ�µ� £µ¡�Îµ¦»��¹��ª̧�ªµ¤¦»�Â¦�Á¡·É¤¤µ��¹Ê�Á¦ºÉ°¥Ç ���µ�nª��¹��´��»¡´�¼�¨µ¥Å� nª�
«·¨�Ã�¦µ�ª́��»nª��¸É¥´���°¥¼nÄ�£µ¡�¸É¤́É���Â�È�Â¦�°¥¼nÄ���³�¸Ê �´�ª́��È¥·É�¤̧Â�ªÃ�o¤�¸É�³�Îµ¦»�
ÁºÉ°¤£µ¡�n°�Áª¨µ°́��ª¦Á�n���́ ®µ��µ¦Á�È�¦́�¬µ �µ¦�¼Â¨ ®¦º°�µ¦�´�Â���oª¥ª·�¸�¸ÉÅ¤n�¼��o°�
�°��µ��¸Ê «·¨�³Ã�¦µ�ª́��»¤̧®¨µ¥��·�ÁºÉ°¤£µ¡¨�Å��»���³Á�ºÉ°��µ�µÁ®�»£µ¥Ä��ª́Á°� ª́�»
�µ���·�Á¦·É¤¤̧�µ¦ÁºÉ°¤£µ¡�´Ê�Â�n¤̧�µ¦� ·̈� Á�ºÉ°�¤µ�µ�°��r�¦³�°��µ�°¥nµ�Ä��´ªÃ�¦µ�ª́��»
Á°� �n°Ä®oÁ�·�£µ¡�µ¦�Îµ¦»�ÁºÉ°¤£µ¡Å�o Á�n� �¦³�µ¬�µ���·��¸É� ·̈��µ�ª́��»�·��¸É�ÎµÄ®oÁ�·��¦�
Ä�Á�ºÊ°�¦³�µ¬ Á¡¦µ³µ¦Á�¤̧�µ���·��¸ÉÄ�oÄ��¦³�ª��µ¦� ·̈��ÎµÄ®o�¦³�µ¬Á�g~°¥ �¦°� Á�¨̧É¥�̧
�ÊÎµ®¤¹� ®¦º°̧�¸ÉÄ�oÄ��µ¦¡·¤¡r���¦³�µ¬Â¨³�oµ¤̧§��·Íµ¤µ¦��´��·�Áo�Ä¥ ��Á�·��µ¦�µ��³ »̈Å�o
Á�}��o� «·̈ �Ã�¦µ�ª́��»�¸É�Îµ΅��Îµ¦»�ÁºÉ°¤£µ¡Á�ºÉ°��µ�µÁ®�»Ä��ª́Á°�Á® n̈µ�¸Ê �È�³�o°��Îµ�µ¦�¼Â¨
¦́�¬µ°¥nµ�¦³¤́�¦³ª́�Á�}�¡·Á«¬ Á¡ºÉ°�nª¥Ä��µ¦�³¨°°́�¦µ�µ¦�Îµ¦»�ÁºÉ°¤£µ¡Ä®o�oµ¨�¤µ��¸É»�
Á�nµ�¸É�³�ÎµÅ�o �´��´Ê�®´ªÄ��¸ÉÎµ�´�Ä��µ¦°�»¦́�¬r«·¨�Ã�¦µ�ª́��» �º° �µ¦���j°� �»o¤�¦°� �j°��´�
Å¤nÄ®o«·¨�Ã�¦µ�ª́��»¼�®µ¥ ®¦º°�Îµ¦»�ÁºÉ°¤£µ¡°̧��n°Å� �´��´Ê��»�¨µ�¦�¸É�Îµ®�oµ�¸É�¼Â¨¦́�¬µ
«·¨�³Ã�¦µ�ª́��» �ÎµÁ�}��³�o°�¤̧�ªµ¤¦¼o�ªµ¤Á�oµÄ�Á�¸É¥ª�´���·�Â¨³�»�¤��́·�°�«·¨�Ã�¦µ�ª́��»
�¨°����¦³�ª��µ¦�Îµ¦»�ÁºÉ°¤£µ¡�°�«·¨�³Ã�¦µ�ª́��»Â�n¨³��·��oª¥ Á¡ºÉ°�³µ¤µ¦�¡·�µ¦�µ
®µ�µ��j°��´�Â¨³®¨̧�Á¨̧É¥��µ��{��¥́�¸É�ÎµÄ®oÁ�·��µ¦ �Îµ¦»��¦»�Ã�¦¤

�´��´Ê�Ä��{��»��́Â�ª�ªµ¤�·�Ä��µ¦°�»¦́�¬r«·̈ �³Ã�¦µ�ª́��»�¹�Á�¨̧É¥�Å��µ�Á�·¤ Ä�¦³¥³
20-30 �e�¸É�nµ�¤µ �´�°�»¦́�¬r�·¥¤Ä�oµ¦Á�¤̧�µ�µ��·�Ä��µ¦Â�o�{�®µ nª�Ä®�nÂ öª�³Á�}��µ¦Ä�o
µ¦Á�¤̧¤µ�Á�·��ªµ¤�ÎµÁ�}� Â¨³�µ��µ¦«¹�¬µª·�´¥Á¡ºÉ°�¦³Á¤·��¨Á̧¥Ä�¦³¥³¥µª�¸ÉÁ�·��µ�µ¦Á�¤̧
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�¸É�Îµ¤µÄ�o�¸Ê Â�n�µ��ªµ¤�oµª®�oµÄ��µ�Á��Ã�Ã¨¥�̧¸É¤̧¤µ��¹Ê�Ä��{��»�´��¹�¤̧nª��nª¥��́ª·�¥µ«µ�¦r
Â¨³�´�°�»¦́�¬rÄ®oµ¤µ¦�«¹�¬µª·�¥́Å�o¤µ��¹Ê� Á¡ºÉ°�³Å�o¡´��µª·�¸�µ¦°�»¦́�¬r«·¨�Ã�¦µ�ª́��»Å�o
°¥nµ��ªoµ��ªµ� Â¨³ ¹̈��¹Ê�¤µ��¹Ê� �¨�µ¦«¹�¬µª·�¥́�ÎµÄ®oÅ�o�¦µ�ªnµª·�¸�µ¦°�»¦́�¬r«·̈ �³Ã�¦µ�ª́��»
�¸É�Îµ¤µÄ�o�´Ê�Ä®o�¨Á̧¥Â�n«·̈ �³Ã�¦µ�ª́��» ®¦º°Å¤n �´É��º°¡¥µ¥µ¤Á º̈°�Ä�oª·�¸�¦¦¤�µ�·Ä®o¤µ��¸É»�
Â¨³®µ��ÎµÁ�}��³�o°�Ä�oµ¦Á�¤̧�È�³¡¥µ¥µ¤Á º̈°�Ä�oµ¦Á�¤̧�¸ÉÅ�o�Îµ �µ¦«¹�¬µª·�´¥¤µÂ öªªnµÅ¤n�n°
Ä®oÁ�·��¨Á̧¥Â�n«·¨�³Ã�¦µ�ª́��»�´Ê�Ä�¦³¥³́Ê�Â¨³¦³¥³¥µª �¹É��´Ê��¸Ê�³Á�}��µ¦�nª¥¥º�°µ¥»�°�
«·¨�³Ã�¦µ�ª́��» °°�Å�Ä®o¥µª�µ��¸É»� Ã�¥Ä®o¤̧·É�Â�¨��¨°¤°¥¼nÄ��ª́«·¨�³Ã�¦µ�ª́��»�o°¥�¸É»�
�µ¦Á�¨̧É¥�Â�¨�£µ¡®¦º°°��r�¦³�°��°�«·̈ �³Ã�¦µ�ª́��» Ã�¥�µ¦Â���¸É®¦º°Á�·¤Â�n� �¨°���
�µ¦°́��̧� �µ¦�µ� Á� º̈°�µ¦Á�¤̧�Îµ�ª�¤µ�¨�Å���«·̈ �Ã�¦µ�ª́��» Á�}��µ¦�Îµ¨µ¥®¦º°�·�Á�º°�
®΅��µ�Îµ��́°́��ª¦Á�È�¦́�¬µÅªoÄ®o°�»��¦»n�®΅��°�Á¦µÅ�o«¹�¬µ�o��ªoµ�n°Å� �´��´Ê�Á¦µ�³Á®È�Å�oªnµ
ª·�¸�µ¦°�»¦́�¬r«·¨�³Ã�¦µ�ª́��»�¸É�¸�¸É»� ¤̧�¦³·��·£µ¡¼��¸É»� �º°�µ¦�j°��´�Å¤nÄ®o«·¨�³Ã�¦µ�ª́��»
Á�·��µ¦�Îµ¦»�ÁºÉ°¤£µ¡¤µ��¹Ê� �¸É�º°�µ¦Â�o�{�®µ�¸É�o�Á®�» Å¤nÄ�n� n̈°¥Ä®oÁ�·��µ¦�Îµ¦»�ÁºÉ°¤£µ¡
�n°��¹��Îµ �µ¦�ª�¦́�¬µ�n°¤Â�¤ �¹É�Á�}��µ¦Â�o�{�®µ�¸É�¨µ¥Á®�» (�·¦µ£¦�r °¦́�¥³�µ�, 2539)

�´��¸É� n̈µª¤µÂ öªªnµÄ�«·̈ �³Ã�¦µ�ª́��»�³�¦³�°�Å��oª¥ª́�»��·��nµ�Ç ®¨µ¥��·��oª¥��́
Ã�¥ª́�»Â�n̈ ³��·��È�³¤̧�»�¤��́·�nµ���́ Â¨³¤̧�¦¦¤ª·�¸Ä��µ¦� ·̈��¸ÉÂ���nµ��´� �µ�ª·�¥µ«µ�¦rÅ�o
Â�n�ª́�»�¸ÉÁ�}�°��r�¦³�°��°�«·̈ �³Ã�¦µ�ª́��»°°�Á�}� 2 �¦³Á£�Ä®�nÇ �º° °·��¦̧¥ª́��» Â¨³
°��·��¦̧¥ª́��» �´��´Ê��¹�µ¤µ¦�Â¥�¡·�µ¦�µ�µ¤°��r�¦³�°��°�ª́�»Á¡ºÉ°®µµÁ®�» Â¨³�Îµ�µ¦
°�»¦́�¬r�n°Å�Å�o

«·¨�³Ã�¦µ�ª́��»�¸É¤̧°��r�¦³�°�Á�}�¡ª�°·��¦̧¥ª́��» �³Å¤n�n°¥�����n°£µª³Âª� ö°¤
Á¡¦µ³Ã�¦�¦oµ��°��µ�Â¨³�¦³�°��oª¥Á�¨Á�}�nª�Ä®�n �¹�Á�·��µ¦Á�¨̧É¥�Â�¨�Å�o�nµ¥Á¤ºÉ°�Îµ
��·�·¦·¥µ��́·É�Âª� ö°¤ �°��µ��¸Ê°·��¦̧¥ª́��»¥´�Á�}�°µ®µ¦�¸É�¸�°�́�ªr Á�n� ®�¼ �¨°��� Â¤¨�
Â¨³�»̈ ·��¦̧¥r�nµ�Ç �ÎµÄ®o°·��¦̧¥ª́��»¤̧Â�ªÃ�o¤�¸É�³Á�·��µ¦�Îµ¦»�Á̧¥®µ¥�oª¥°́�¦µÁ¦Èª¼�¤µ� �µ¦
�¼Â¨¦́�¬µª́��»Á® n̈µ�¸Ê�¹��o°��µ¦�ªµ¤Á°µÄ�ÄnÁ�}�¡·Á«¬

nª�«·¨�³Ã�¦µ�ª́��»�¦³Á£��¸É¤̧°��r�¦³�°�Á�}�°�·��¦̧¥ª́��» nª�Ä®�n�³Â�È�Â¦����µ�
�n°£µª³Âª� ö°¤Å�o� ̧ Á�n� Á�¦ºÉ°��{���·�Á�µÂ¨³Â�oª �³Å¤n�n°¥¤̧�µ¦Á�¨̧É¥�Â�¨�¤µ���́Á¤ºÉ°Å�o¦́�
�ªµ¤¦o°� �ªµ¤�ºÊ� ®¦º°Â�ªnµ� Á�}��o� Â�n¤́�Á�¦µ³Â��®�́�nµ¥ Ã¨®³ª́��»nª�Ä®�nÂ�È�Â¨³Á®�¥̧ª
���n°Â¦��� Â¦��¹�Å�o�¤̧µ� Â�nÁ�·��µ¦Á�¨̧É¥�Â�¨�Å�o�nµ¥Á¤ºÉ°�Îµ��·�·¦·¥µ��́�ªµ¤�ºÊ� Á� º̈° �·�
�pµ��nµ�Ç Ä��¦¦¥µ�µ«  »i�¨³°°� ²¨² �¹É�°µ��³Á�·��·¤�°�Ã¨®³ �¸É¡��n°¥Å�oÂ�n Á�¦ºÉ°�Á�·�¤́�¤̧
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�µ¦®¤°�� Ê̈Îµ Îµ¦·�Á�·��·¤�´��¦n°� Á® È̈�Á�}��·¤ Á�}��o� Â�n�È¤̧Ã¨®³�µ���·��¸ÉÅ¤nÂ�È�¡°�¸É�³
¦́�Â¦��́�̧Å�o Á�n� �°� �³�´Éª �³®�́�° Â¨³¤̧¦°¥�¼��̧�Å�o�nµ¥

�³Á®È�Å�oªnµª́��»Â�n¨³��·��nµ�¤̧�»�Á�n��»��o°¥�¸ÉÂ���nµ��´�°°�Å� �´��´Ê��¹�¤̧�ªµ¤�o°��µ¦
Ä��µ¦�¼Â¨¦́�¬µ�¸ÉÂ���nµ��´�Å�Á�}�¡·Á«¬ �µ¦�¸É�³°�»¦́�¬r«·̈ �³Ã�¦µ�ª́��»Ä®o°¥¼nÄ�£µ¡��̧¨°�
Áª¨µ �¹É��¼o�¸É�Îµ®�oµ�¸É�¼Â¨¦́�¬µ�ÎµÁ�}��o°��Îµ�ªµ¤¦¼o��́�»o�Á�¥ �»�¤��́· Â¨³�»�°n°��nµ�Ç Ä��´ª�°�
«·¨�³Ã�¦µ�ª́��»Ä®o�n°�Â�oÁ̧¥�n°� �́Ê��n°Å��¹��Îµ�µ¦Á¦̧¥�¦¼o®µµÁ®�»�¸É�ÎµÄ®o«·̈ �³Ã�¦µ�ª́��»
Á�·��µ¦�Îµ¦»�ÁºÉ°¤£µ¡�n°�Áª¨µ°́��ª¦ Â öª�¹�«¹�¬µª·�¸�j°��´�Å¤nÄ®o«·̈ �³Ã�¦µ�ª́��»Á�·��µ¦�Îµ¦»�
ÁºÉ°¤£µ¡�n°Å�Å�o°̧� �¹É� 3 �́Ê��°��¸Ê�º°Á�}�·É�Îµ�´�¤µ�Ä��µ¦°�»¦́�¬r«·¨�³Ã�¦µ�ª́��»Ä®o�¦¦ »̈
ª́��»�¦³��r

�´Ê��¸Ê�ªµ¤ÎµÁ¦È�Ä��µ¦�¼Â¨¦́�¬µ«·̈ �³Ã�¦µ�ª́��»�¹Ê�°¥¼n�´� �¦³·��·£µ¡�°�£́��µ¦́�¬r
Â¨³Á�oµ®�oµ�¸É¡·¡·�£́��rÄ��µ¦��·�´�·�µ��µ¤�́Ê��°��nµ�Ç �´��n°Å��¸Ê

1) �µ¦¦́�¬µ�ªµ¤�¨°�£́¥ Á¡ºÉ°Á�}��µ¦�nª¥���j°��»o¤�¦°�«·¨�³Ã�¦µ�ª́��»Ä®o¦°�¡o��µ�
Ã�¦£́¥ °́��¸£́¥ °»��£́¥ ªµ�£́¥ Â¨³£́¥¡·�´�·°ºÉ�Ç

2) �ª¦¤̧�ªµ¤µ¤µ¦�Ä��µ¦�¸É�³Â¥�Â¥³Â¨³ª·Á�¦µ³®r ��·� �»�¤��́· �»�°n°� �»�Â�È��°�
«·¨�³Ã�¦µ�ª́��» Â¨³µÁ®�»�¸É�ÎµÄ®oÁ�·��µ¦�Îµ¦»�ÁºÉ°¤£µ¡

3) �ªµ¤�́�ÅªÄ��µ¦Â�oÅ��{�®µÁ�¡µ³®�oµ
4) �µ¦��́�o°�Á� º̈É°�¥oµ¥«·̈ �³Ã�¦µ�ª́��»�oª¥ª·�¸�µ¦�¸É�¼��o°�
5) �µ¦��́Â��Â¨³Á�È�¦́�¬µ«·̈ �³Ã�¦µ�ª́��»�oª¥ª·��̧µ¦�¸É�¼��o°�
6) �µ¦�ª��»¤£µª³Âª� ö°¤Ä®oÁ®¤µ³¤
®µ�«·̈ �³Ã�¦µ�ª́��»Å�o¦́��µ¦�¼Â¨¦́�¬µÁ�}�°¥nµ��¸�µ¤Â�ª�µ��¸ÉÅ�o� n̈µª¤µÂ öª °́�¦µ�µ¦

�Îµ¦»�ÁºÉ°¤£µ¡�³¨�¨�°¥nµ�¤µ� �´É�®¤µ¥�ªµ¤ªnµ«·¨�³Ã�¦µ�ª́��»°́�Á�}�¤¦���µ�ª́���¦¦¤�¸É
Ê̈Îµ�nµ�°�Å�¥�³µ¤µ¦��Îµ¦���°¥¼n�n°Å�Å�o°̧�¥µª�µ�

2.6 �µ�ª·�́¥�̧ÉÁ�¸É¥ª�o°�
«·¨�ª́��»Ä�¥nµ��¸É¤̧Â® n̈�°»�µ®�¦¦¤ ®¦º°Ä��¦·Áª�Á¤º°�Ä®�n ¤́��³Å�o¦́��¨�¦³���µ�

�pµ�¤¨¡·¬�¸É�¼�� n̈°¥°°�¤µ �pµ�Á® n̈µ�¸Ê¤̧�µ¦¦ª¤�ª́�´��ªµ¤�ºÊ��³�¨µ¥Á�}��¦��¸Éµ¤µ¦���́�¦n°�
Á�ºÊ°ª́��» ®¦º°�µ��¦́Ê��Îµ��·�·¦·¥µ��́�´�Â¦n�µ���·�Â öª�ÎµÄ®oÁ�·�Á�}�µ¦�¦³�°���·�Ä®¤n�¹É�¤̧�ªµ¤
Â�È�¤µ��ªnµÁ�·¤ Â¨³µ¤µ¦��¼��ªµ¤�ºÊ��µ��¦¦¥µ�µ«Å�o�¸ �ÎµÄ®o¤̧�¦·¤µ�¦Á¡·É¤�¹Ê�Â¨³Á�·�¦°¥¦oµª
Á È̈�Ç �¹Ê�Ä�£µ¥®΅� �¹É���·�·¦·¥µ�µ¦��́�¦n°�Á�}���·�·¦·¥µ �¸ÉÁ�·��¹Ê��oµ °µ�Á�}�Á�º°� �e ®¦º°®¨µ¥�e



51
Â�n�µ¦��°��µ¦��́�¦n°��o°��µ¦�¨£µ¥Ä�Áª¨µ¦ª�Á¦Èª Á¡¦µ³�³�´Ê��¹��o°�¦n�¦³¥³Áª¨µ�°��µ¦
Á�·��µ¦��́�¦n°� Ã�¥�µ¦Ä�o�´ªÁ¦n���·�·¦·¥µ ®¦º°�µ¦Á¡·É¤�ªµ¤Á�o¤�o��°�µ¦�´��¦n°�Ä®oÁ�o¤�o�¤µ�
�¹Ê�®¨µ¥Á�nµ (�´���µ �¦³�¼̈ �¼ , 2530)

µÁ®�»�¸É�ÎµÄ®oÃ�¦µ��µ��Îµ¦»�ÁºÉ°¤£µ¡ ¤µ�µ�µÁ®�»£µ¥Ä�Ã�¥¤́�Á�·��µ���·�Â¨³
�»�£µ¡�°��·��¸É�µ�¦µ� ��·�Â¨³ª́�»�n°¦oµ� Â¨³µÁ®�»£µ¥�°�Á�·��µ�£µª³Âª� ö°¤ Á�n�
�ªµ¤¦o°�, �ªµ¤�ºÊ�, ¤¨¡·¬Ä��¦¦¥µ�µ« Â¨³Á� º̈° Á�}��o� �µ��µ¦�¦ª�°��oª¥ª·�¸�µ�
ª·�¥µ«µ�¦r¡�ªnµ �¦µ���µ¦�r�¸É�ÎµÄ®oÁ�·��µ¦�»�¦n°��°�Ã�¦µ��µ��´Ê�Á�·��¹Ê��µ�Á� º̈° Â¨³
�ªµ¤�ºÊ� Ã�¥Á� º̈°µ¤µ¦��Îµ��·�·¦·¥µ��́Ã�¦µ��µ�Å�o°¥nµ�¦ª�Á¦Èª Ã�¥Á�¡µ³Á� º̈°�¸É¨³¨µ¥�ÊÎµ
Å�o� ̧ Ã�¥�³Â�¦��¹¤Á�oµÅ�Ä�Á�ºÊ°�°�ª́��»�¸É¤̧¦¼¡¦»�Â öª³¤°¥¼nÄ��n°�ªnµ�Á È̈�Ç £µ¥Ä�Á�ºÊ°ª́��»
Á¤ºÉ°Ä��¸É¤̧�ªµ¤�ºÊ�¨�¨��ÊÎµ�³ ¦³Á®¥°°�Å��¦��·ª�°�ª́��»nª�Á� º̈°�³��� ¹̈�°¥¼n£µ¥Ä�Á�ºÊ°ª́��»
�´Ê�Ç �µ¦��� ¹̈��³Á�·�¤µ��¦��·ª�°�ª́��»�¸É¤̧°́�¦µ�µ¦¦³Á®¥¼� Á¤ºÉ°Ä��¸É¤̧�ªµ¤�ºÊ�¼��¹Ê�Á� º̈°�³�¼�
�ªµ¤�ºÊ�Â öª�¨µ¥Á�}�µ¦¨³¨µ¥°̧� Â¨³�³��� ¹̈�Á¤ºÉ°�ªµ¤�ºÊ�¨�¨� Á�}�Á�n��¸Ê�ÊÎµÂ öª�ÊÎµÁ n̈µ�¨°�
Áª¨µ� ¹̈�Á� º̈°�³¤̧�¦·¤µ�¦Á¡·É¤�¹Ê��¸̈ ³�o°¥Ç ��Ä��¸É»��³�¥µ¥��µ���́Ä®o�n°�ªnµ�Â¨³¦¼¡¦»�£µ¥Ä�
Á�ºÊ°ª́��»Â��°°� Ã�¥Á� º̈°¤̧Â® n̈��¸É¤µ�µ�Á� º̈°�¸ÉÁ�}�°��r�¦³�°��°�Á�ºÊ°�·�Á°� Á� º̈°�¸É¤µ�µ�
�ÊÎµÄ�o�·� Á� º̈°�¸É¤̧°¥¼nÄ�Á�ºÊ°ª́��» Â¨³Á� º̈°�¸É¤µ�µ�·É�Âª� ö°¤ Ã�¥Á�¡µ³�pµ�¤¨¡·¬ �pµ��¸É¤̧���µ�
Îµ�´�Ä��¦³�ª��µ¦ÁºÉ°¤£µ¡�°�«·¨�Ã�¦µ�ª́��» Å�oÂ�n �pµ��´̈ Á¢°¦rÅ�°°�Å��r �´É��º°Á¤ºÉ°�Îµ
��·�·¦·¥µ��́�ÊÎµÄ�°µ�µ«�³�¨µ¥Á�}��¦��Îµ¤³��́ (H2SO4) Á¤ºÉ°�Îµ��·�·¦·¥µ�´�ª́��» Ã�¥Á�¡µ³�¸É¤̧
µ¦�¦³�°��µ¦r�°Á���³�¨µ¥Á�}�Á� º̈°�´¨Á¢� �¹É��µ¦Á�¨̧É¥�Â�¨��¸ÊÎµ�´�¤µ�Ä��µ¦ÁºÉ°¤£µ¡
�°�ª́��» ��·�·¦·¥µ�¸ÊÁ�·��¹Ê�Å�o�¨°�Áª¨µ�¦µ�Ä��¸É¤̧�pµ��´̈ Á¢°¦rÅ�°°�Å��r�³��°¥¼nÄ�°µ�µ« Â¨³
��·�·¦·¥µ�¸Ê�³�ª̧�ªµ¤¦»�Â¦�Ä��¸É�¸É¤̧�pµ��´̈ Á¢°¦rÅ�°°�Å��r�³��°¥¼n¤µ� Á�n�Ä�Á¤º°��¸É¤̧�µ¦�¦µ�¦
�´��´É� ®¦º°Â¤oÄ�°µ�µ«�¸É�¦·»��·Í�È¤̧�pµ�Á® n̈µ°¥¼nÂ�n¤̧Á¡¥̧�Á È̈��o°¥ ��·�·¦·¥µ�¹�¥�́��Á�·�°¥nµ��oµÇ
�¸¨³�o°¥Ç °¥nµ��n°Á�ºÉ°� Á¤ºÉ°Áª¨µ�nµ�Å�ª́��»�³¹��¦n°� �¦·¤µ�Á� º̈°�È�³¼��¹Ê� (�·¦µ£¦�r
°¦́�¥³�µ�, 2544)

Á¤ºÉ°�Îµ�µ¦«¹�¬µ��·�·¦·¥µ¦³®ªnµ��¦�Å��¦·�Ä�£µª³�pµ� ®¦º°Å�Ã�¦Á��°°�Å��r (NOx)
Â¨³��Â�¨Å��r (Calcite) £µ¥Ä�o�ªµ¤�´��ÉÎµ�´Ê� ¡�ªnµ�¦�Å��¦·��³�¼��¼���́��¡ºÊ��·ª�°�Â�¨Å��r
Å�o�¸¤µ� Â¨³�³�¨µ¥Å�Á�}� Á� º̈°, Å°�ÊÎµ Â¨³�pµ��µ¦r�°�Å�°°�Å��r (CO2) �ÎµÄ®o�¦·¤µ��°�
��Â�¨Å��r (Calcite) ¨�¨� Ã�¥�¦³·��·£µ¡�°���·�·¦·¥µ�¸ÉÁ�·��¹Ê�Å�o«¹�¬µ�¼�µ��ªµ¤Á�}�Å�Å�o�°�
�µ¦����́�°��pµ�Â¨³Â�¨Å��r Á�nµ�´� (10 + 2) x 10-2 (Fenter, Calos and Rossi, 1995)
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Ä��¦³Á�«�»¦�¸ Å�o�Îµ�µ¦«¹�¬µ�¹��¨�¦³��Â¨³�µ¦��́�¦n°�Ã�¥�´̈ Á¢�Å°°°� �¹É�¤µ�µ�

�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ« �¸É¤̧�n°�°��¦̧��¸ÉÄ�o�n°¦oµ���´�£µ¥�°��°�°µ�µ¦�´ÉªÅ�
¡�ªnµ°́�¦µ�µ¦�´��¦n°��°���´�£µ¥�°�°µ�µ¦�´Ê�¤̧¼�Á¡·É¤¤µ��¹Ê� �¹É�¡�ªnµ�´¨Á¢��°�Ã�Á�¥̧¤,
�´̈ Á¢��°�Ã¡Â�Á�¥̧¤, �´¨Á¢��°�Â¤��Á̧�¥̧¤ Â¨³�´̈ Á¢��°�Â°¤Ã¤Á�¥̧¤ Á�}�µÁ®�»Îµ�´��¸É
�ÎµÄ®oÁ�·��ªµ¤Á̧¥®µ¥�n°�¸Á¤��r Portland �¸É¤̧�ªµ¤�ºÊ� �°��¦̧�Á�·��µ¦�»�¦n°�Ä��¸É»� �¹É�Á�}�
µÁ®�»�¸Éµ¤µ¦�°�·�µ¥�¹��µ¦Â��®�́ Â¨³¦°¥¦oµª�°���´�°µ�µ¦�¸ÉÁ�·��¹Ê��¸ÊÅ�o (Demirbas, Öztürk
Â¨³Karatas, 2001) Â¨³Ä��e�n°¤µ Å�o¤̧�µ¦«¹�¬µ��·�·¦·¥µ¦³®ªnµ��pµ��´̈ Á¢°¦rÅ�°°�Å��r
Â¨³®·�°n°� Ã�¥Ä®o�¦·Áª�¡ºÊ��·ª�°�®·�°n°�́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��rÃ�¥�¦� �¸É�ªµ¤Á�o¤�o�
1000 nª�Ä� öµ�nª� �¸É°»�®£¼¤· 25 °�«µÁ�¨Á�¥̧ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r 90 Á�°¦rÁ���r
Á�}�¦³¥³Áª¨µ�µ� 540 �´ÉªÃ¤� Å�o¡�ªnµ �pµ��´̈ Á¢°¦rÅ�°°�Å��r Ä�°µ�µ«�³�Îµ��·�·¦·¥µ��́Â�¨Å��r
(CaCO3) �¹É�Á�}�°��r�¦³�°�£µ¥Ä��°� ®·�°n°� �³Å�o�¨� ·̈�Á�}� Calcium Sulphite Hemihydrate
(CaSO3.0.5H2O) Â¨³¥·��´É¤ (CaSO4.2H2O) �¹É�¤̧�ªµ¤µ¤µ¦�Ä��µ¦¨³¨µ¥Å�o�¸�ªnµÂ�¨Å��r
�´��´Ê��¹��¼��³¨³¨µ¥°°��µ�®·�°n°�Å�o�nµ¥ �ÎµÄ®oÁ�}�Á®�»�°��µ¦�Îµ¨µ¥¡ºÊ��·ªÂ¨³Ã�¦�¦oµ��°�
®·�°n°���Á�·��µ¦�´��¦n°��´É�Á°� (Böke, Göktürk Â¨³Saltik, 2002)

�°��µ��¸Ê �µ��µ¦«¹�¬µª·�¥́�°� Sramek (°oµ��¹�Ä� Levy, 1998) Á�¸É¥ª��́�¨�°��pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�·��¹Ê���́®·��¼���·�®�¹É��oª¥ª·� ̧ Infra-red Reflection Spectrography Ã�¥�µ¦
Ä�o�´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o�¼� �¹É�Á�µµ¤µ¦�¦»���ª��µ¦�¸ÉÁ�·��¹Ê��nµ���́ 2 ��ª��µ¦
Å�o�´��¸Ê ��ª��µ¦Â¦� Á�·��¹Ê����·ª®·��¸ÉÂ®o� Ã�¥�pµ��´̈ Á¢°¦rÅ�°°�Å��r�³�¼��¼���́�¸É�·ªÂ¨³Á�·�
��·�·¦·¥µ°°��·Á��´É��¹Ê� Ã�¥¤̧°°�Å��r�°�Ã¨®³�¦µ��·�´É�Á�}��ª́Á¦n���·�·¦·¥µ �¹É���·�·¦·¥µ�¸ÉÁ�·��¹Ê��¸Ê
Á�}���·�·¦·¥µ¦³®ªnµ��pµ�Â¨³�°�Â�È� Â¨³�¨� ·̈�»��oµ¥Á�·�Á�}�Â�¨Á�¥̧¤�´̈ Á¢� (CaSO4) �¹Ê� Â¨³
��ª��µ¦�n°¤µ �º° Á�·�Ä�£µª³�¸É�·ª�°�®·��¹É�¤̧Â�n�¢d̈ r¤�°��ÊÎµ�¦µ��°¥¼n Á�}���·�·¦·¥µ�¸ÉÁ�·��¹Ê�Ä�
£µª³�°�Á®¨ª�°��ÊÎµ, �´¨Á¢°¦rÅ�°°�Å��r Â¨³Â�¨Á�¥̧¤�µ¦r�°Á�� (CaCO3) �´Ê��¸ÊÃ�¥�pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�³�Îµ��·�·¦·¥µ��́Â�¨Á�¥̧¤�µ¦r�°Á�� �¸Énª��¦³�°�®΅��°�®·��¦³Á£�®·��¼�
®·�°n°� ®¦º°Ä��¼��{�� Â¨³�¼��µ� Å�oÁ�}�Â�¨Á�¥̧¤�´̈ Å¢�r ®¦º° Å��´¨Å¢�r (Calcium sulphite or
Bisuljphite) �¹É��³µ¤µ¦�Á�¨̧É¥�Á�}�Â�¨Á�¥̧¤�´̈ Á¢�Å�o°¥nµ�¦ª�Á¦Èª Ã�¥Â�¨Á�¥̧¤�´̈ Á¢��¸ÉÁ�·��¹Ê��¸Ê
Á°� µ¤µ¦�® »̈�¦n°�°°��µ�Á�ºÊ°®·�Ä®o¤̧�µ¦¹��¦n°�Á�·��¹Ê� (Levy, 1998)

�µ��o°¤¼¨°��r�¦¡·�´�¬r·É�Âª� ö°¤�¦³Á�«®¦́�°Á¤¦·�µ (United States Environmental
Protection Agency : US.EPA) � n̈µªªnµ�µ¦��³¤Â®o��°�µ¦�¦³�°��´̈ Á¢°¦r �ÎµÄ®oÁ�·��µ¦
¹��¦n°��°�®·�Å�oÃ�¥�µ¦Á�¨̧É¥�¦¼�Á�}�¥·��´É¤���·ª�°�®·� �¹É�¥·��´É¤�³¤̧΅�¬�³Á�}�̧�µª ®¥µ�
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Á�}�°��r�¦³�°�®΅��°�Â�¨Á�¥̧¤�´̈ Á¢�Å�Å±Á�¦� �¸ÉÁ�·��¹Ê��µ���·�·¦·¥µ�°�Â�¨Á�¥̧¤�µ¦r�°Á��
®¦º°Â�¨Å��r�¸É¤̧°¥¼nÄ�®·���́�´̈ Á¢°¦rÅ�°°�Å��rÂ¨³�ªµ¤�ºÊ�Ä��¦¦¥µ�µ« �¹É�¥·��´É¤µ¤µ¦�¨³¨µ¥
�ÊÎµÅ�o�¸�ªnµÂ�¨Å��r Â¨³�³Á�·��¹Ê���®·��¼� ®·��¦µ¥ Â¨³®·�°n°�Á¤ºÉ°Å�o¦́��pµ��´̈ Á¢°¦rÅ�°°�Å��r
�µ��µ¦��¨°�Á¡ºÉ°«¹�¬µ �¹��¨�¦³���°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³°�»£µ� »i�Ä��¦¦¥µ�µ«�¸É¤̧
�n°®·���·��nµ�Ç ¡�ªnµÁ¤ºÉ°®·�Á® n̈µ�¸Ê¤µ°¥¼nÄ�£µª³�°��¦¦¥µ�µ«�¸É¤̧°°�Å��r�°��´¨Á¢°¦r Â¨³
°°�Å��r�°�Å�Ã�¦Á�� ¦ª¤�´Ê�°�»£µ� »i� Á�}�°��r�¦³�°� Á¤ºÉ°Áª¨µ�nµ�Å��³¤̧nª��°�Á�ºÊ°®·�
¹��¦n°�®µ¥Å���¨°���́®·��¼� (Limestone) Ã�¥��́Ä®o°¥¼nÄ�£µª³�¸ÉÅ�o¦́��pµ��´̈ Á¢°¦rÅ�°°�Å��r
1.4-2.4 nª�Ä�¡�́ öµ�nª� (3.7-53.4 Å¤Ã�¦�¦́¤�n° ¼̈��µ«�rÁ¤�¦) �pµ�Å�Ã�¦Á��°°�Å��r 4.1-14.1
nª�Ä�¡�́ öµ�nª� �pµ�Å�Ã�¦Á��Å�°°�Å��r 2.4-17.4 nª�Ä�¡�́ öµ�nª� (4.5-32.7 Å¤Ã�¦�¦́¤�n°
¼̈��µ«�rÁ¤�¦) Â¨³Ã°Ã�� 10.1-25.6 nª�Ä�¡�́ öµ�nª� (19.8-5.02 Å¤Ã�¦�¦́¤�n° ¼̈��µ«�rÁ¤�¦)
Á�}�Áª¨µ 70 �¹� 1,065 ª́� ¡�ªnµ�ÊÎµ®��́�°�®·��¼��³¨�¨�Á¤ºÉ°�¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r
Á¡·É¤�¹Ê� Â¨³Á¤ºÉ°�Îµ�µ¦�¦ª�ª́�nª��¸É®µ¥Å� Á�ºÉ°��µ���·�·¦·¥µ�¸ÉÁ�·��¹Ê�¡�ªnµ¤̧�nµ�¦³¤µ� 24
Å¤Ã�¦Á¤�¦�n°�e Â�n�³¨�¨��oµ�Á È̈��o°¥�oµÁ¡·É¤¦³¥³Áª¨µÄ®o�µ��¹Ê� Â¨³Á¤ºÉ°�Îµ�µ¦��¨°�Ã�¥¤µÄ�o
®·�°n°��¦³Á£� Marble sandstone Ã�¥�µ¦ ª·Á�¦µ³®r�¹��¨�¸ÉÁ�·��¹Ê�Á¤ºÉ°¥¼nÄ�£µª³ ��� �¹É�¡�ªnµ
�µ¦¹��¦n°��¸ÉÁ�·��¹Ê��ÎµÄ®oÁ�ºÊ°®·�°n°�®µ¥Å��¦³¤µ� 15-30 Å¤Ã�¦Á¤�¦�n°�e Â¨³�oµ�Îµ�µ¦��¨°�
Ã�¥Ä�o®·��¼��¦³Á£� Portland limestone Massangis Jaune Roche4 limestone Â¨³ White
Mansfield dolomitic Ã�¥�µ¦Ä®o�´¨Á¢°¦rÅ�°°�Å��r Å�Ã�¦Á��°°�Å��r Â¨³Å�Ã�¦Á��Å�°°�Å��r �¸É
10 nª�Ä� öµ�nª� �´Ê�Ä�£µª³�¸É¤̧Â¨³Å¤n¤̧�pµ�°°��·Á�� Â¨³Ä�£µª³�¸ÉÂ®o�Â¨³Á�e¥� Á�}�Áª¨µ 30
ª́� ¡�ªnµÄ�£µª³�¸É�µ��ªµ¤�ºÊ�µ¤µ¦�Á�·���·�·¦·¥µÅ�oÁ È̈��o°¥ Ã�¥�pµ��´¨Á¢°¦rÅ�°°�Å��r�³�¼�
°°��·Å�rÁ�}��´̈ Á¢�Ä�£µª³�¸É¤̧�ªµ¤�ºÊ� Â¨³�³Á�·��¨¤µ��¹Ê��oª¥Á¤ºÉ°°¥¼nÄ�£µª³�¸É¤̧°°��·Á��
�°��µ��¸ÊÁ¤ºÉ°Ä�o®·�°n°��¦³Á£� Carara marble, Travertine Â¨³ Tranistone Ä��µ¦��¨°�Ã�¥Ä®o
¤̧�pµ��´̈ Á¢°¦rÅ�°°�Å��r 3 nª�Ä� öµ�nª� Â¨³�ªµ¤�ºÊ�́¤¡´��r 95 Á�°¦rÁ���r Á�}�Áª¨µ 150 ª́�
Ã�¥Á�¦̧¥�Á�¥̧��¨�¸ÉÁ�·��¹Ê�¦³®ªnµ��µ¦Å�o¦́��pµ��µ���ª��µ¦Á�µÅ®¤o Á�ºÉ°��µ�¤̧°�»£µ��°�Ã¨®³
Á�}�°��r�¦³�°� (US.EPA, 1999)

�°��µ��³¤̧�µ¦¹��¦n°��¸É�·ª�°�®·�Â öª �pµ��´̈ Á¢°¦rÅ�°°�Å��r¥´�µ¤µ¦��¹¤�nµ�¨�Å�Ä�
Á�ºÊ°®·�Å�o�µ¤¦°¥Â�� Â¨³�µ¤¦¼¡¦»��°�Á�ºÊ°®·� Á¤ºÉ°¤̧�ÊÎµÁ�}��ª́�´��»��È�³Á�·���·�·¦·¥µ��́
Â�¨Á�¥̧¤�µ¦r�°Á�� �ÎµÄ®o�µ¦¹��¦n°�Å�oÁ�n��´� �µ��µ¦��¨°��°� Perry Â¨³ Duffy (1997)
¡�ªnµÂ¤o�³°¥¼nÄ�£µª³�¸ÉÅ¤n¤̧ ���®¦º°�ªµ¤�ºÊ����·ª�°�®·��ÉÎµ��·�·¦·¥µ�µ¦�¼���́ Â¨³°°��·Á��´É�
�Èµ¤µ¦�Á�·��¹Ê�Å�o �¹É�Á�µÅ�o�Îµ�µ¦��¨°�Ã�¥Ä�o®·��¸É¤̧Â�¨Á�¥̧¤�µ¦r�°Á��Ä��¦·¤µ�Á�nµ��́ Â¨³
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Ä®o�´¨Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o� 600 nª�Ä� öµ�nª� �¸É°»�®£¼¤· 20 °�«µÁ�¨Á�¥̧ Ä�£µª³�¸É
¤̧¦³�´��ªµ¤�ºÊ�́¤¡´��r�nµ�Ç �µ��¨�µ¦��¨°�¡�ªnµ�¸É¦³�´��ªµ¤�ºÊ�́¤¡´��r¤̧�nµÁ�}�«¼�¥r �µ¦
�¼���́�³�¼�¦��ª�®΅��µ�Áª¨µ�nµ�Å� 72 �´ÉªÃ¤� Ä���³�¸É¦³��́�°��ªµ¤�ºÊ�́¤¡´��r°ºÉ� �µ¦�¼��´�
�³Á�·��¹Ê��´Ê�®¤� Ã�¥°́�¦µ�µ¦Á�·��¹Ê���́�nµ�ªµ¤�ºÊ�́¤¡�́�r�¸ÉÄ�oÄ��µ¦��¨°� Â¨³Â¤oªnµ�pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�³�Îµ��·�·¦·¥µ��́Â�¨Á�¥̧¤�µ¦r�°Á�� �¹É�Á�}�µÁ®�»�ÎµÄ®oÁ�·��µ¦¹��¦n°�Å�o Â�n
Ä��µ¦��¨°��°�¡ª�Á�µ�È¡�ªnµÂ�¨Á�¥̧¤�µ¦r�°Á�� �¹É�µ¤µ¦�¨���·�·¦·¥µ�µ¦�Îµ¨µ¥�¸É�·ª�°�
®·�Å�o Ã�¥°́�¦µ�µ¦�¼���́ Â¨³��·�·¦·¥µ°°��·Á��´É��¸ÉÁ�·��¹Ê� �¹É��³¤̧�o°¥�ªnµª́��»�ª́°¥nµ��¸ÉÅ¤n¤̧
Â�¨Á�¥̧¤�µ¦r�°Á�� (Perry and Duffy, 1997)

�µ��µ¦«¹�¬µ�°� Junge Â¨³ Ryan (°oµ��¹�Ä� Skiotis, Paradellis and Katselis,1979)
¡�ªnµ��·�·¦·¥µ°°��·Á��´É��³Å¤nÁ�·��¹Ê�£µª³Å¤n¤̧�´ªÁ¦n���·�·¦·¥µ Â¨³��·�·¦·¥µ �³®¥»�¨�Á¤ºÉ°�nµ�Å�
�¹É�°µ�Á�}�Á¡¦µ³�nµ¡¸Á°� Ä�µ¦¨³¨µ¥¨�¨� Á�µÅ�o«¹�¬µ�¹�¦³���°� SO2-NH3 Ä��ÊÎµ Â¨³¡�ªnµ
Â°¤Ã¤Á�¥̧�³�j°��´��µ¦®¥»��µ¦¦ª¤�ª́�°��´¨Á¢��µ��µ¦�ÎµÄ®o�¦��´̈ ¢¼¦·�¤̧£µ¡Á�}��¨µ� �¹É�
Ä��ªµ¤�¦·�Â öªÄ��¦¦¥µ�µ«¥�́¤̧µ¦�¦́�Á�¥̧¦°ºÉ�°̧� Á�n� Calcitic Â¨³ Dolomitic Ä�°�»£µ� »i�
Ã�¥µ¦Á® n̈µ�¸Ê�³�Îµ®�oµ�¸ÉÁ®¤º°���́Â°¤Ã¤Á�¥̧Ä��µ¦�j°���́�µ¦¨��nµ�°�¡¸Á°� Â¨³�µ¦¨³¨µ¥Å�o
�°��´¨Á¢°¦rÅ�°°�Å��rÄ�µ¦¨³¨µ¥ Â¨³Ä�£µª³°»�®£¼¤·®o°� ��·�·¦·¥µ°°��·Á��´É��¸ÉÁ�·��¹Ê�Ä��¸É¤º�
�³Á�·�Å�o�oµ¤µ� Â�n�³Á�·�Å�o�¸Ä�£µª³�¸É¤̧Â�Â�� �¹É��³�ÎµÄ®oÁ�·���·�·¦·¥µÃ¢Ã�Á�¤̧�°¨ Â¨³¤̧
�´ªÁ¦n���·�·¦·¥µ�ÎµÄ®o��·�·¦·¥µÁ�·�Å�o�¸�¹Ê� �°��µ���·�·¦·¥µÃ¢Ã�Á�¤̧�°¨�³Á�}��ª́Á¦n�Ä®oÁ�·���·�·¦·¥µ
°°��·Á��´É�Å�o¤µ��¹Ê�Â öª �¦¦¥µ�µ«¥�́¤̧�´ªÁ¦n���·�·¦·¥µ°ºÉ�Ç �¸É¤̧°¥¼nÄ�°�»£µ� »i�°̧��oª¥ Å�oÂ�n Á® È̈�
(Fe) Â¤��µ�̧ (Mn) ́��³̧ (Zn) �³�´Éª (Pb) Â¨³�°�Â�� (Cu) Á�}��o� (Skiotis, Paradellis and
Katselis,1979)

�µ��µ¦«¹�¬µÂ¨³�µ�ª·�¥́�nµ�Ç �´�Å�o� n̈µª¤µ�oµ��o��¸Ê �ÎµÄ®o�¦µ�ªnµ°́�¦µµ�µ¦�¼���́ Â¨³
��·�·¦·¥µ°°��·Á�´É� �¸ÉÁ�·��¹Ê���nª��nµ�Ç �°�ª́��» ®¦º°�¸É�·ª�°�¦¼��{���´Ê� �³¤̧°́�¦µ�µ¦Á�·��¸ÉÂ���nµ�
�´�°°�Å� Ã�¥�¹Ê�°¥¼n�´��{��¥́�nµ�Ç �oª¥�´� Á�n� �ªµ¤Á�o¤�o��°��»�¤��́· Â¨³�ªµ¤Á�o¤�o��°�
�´ªÁ¦n���·�·¦·¥µ °»�®£¼¤· �ªµ¤�ºÊ�́¤¡´��r �nµ�ªµ¤Á�}��¦��nµ� Â¨³�»�¤��́·�°�ª́�»Á°�



���̧É�3
�µ¦�ÎµÁ�·��µ¦ª·�́¥

3.1 «¹�¬µ�{�®µÁ�ºÊ°��o�

3.1.1 «¹�¬µ£µ¡�°��{�®µ
�Îµ�µ¦¦ª�¦ª¤�o°¤¼¨� �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ���́®ª́�¡¦³��¦«¦̧°¥»�¥µ

�µ��o°¤¼¨�°��¦¤�ª��»¤¤¨¡·¬� Á¡ºÉ°�¦µ��¹�£µ¡¡ºÊ��µ��°��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É
Á�·��¹Ê�

3.1.2 «�¹�¬µ¡ºÊ��̧É�µ�°¥»�¥µ¤¦��Ã¨�
Îµ¦ª�Ã�¦�¦oµ�Â¨³�·��¦¦¤�°��µ�°¥»�¥µ¤¦��Ã¨� �µ¦��́�´Ê�°»��¦�r�µ¦Â���nµ�Ç

Á�ºÉ°��µ���́®ª́�¡¦³��¦«¦̧°¥»�¥µ�³¤̧�µ¦�´��µ�Â� Á̧¥� � �¦·Áª�Ã�¦µ��µ��°�Á�µ³Á¤º°�
Á�}��¦³�Îµ�»��e �´Ê��¸Ê�³¤̧�µ¦Â��Â� Á̧¥� �¨°���¤̧�µ¦�»��°�Å¤oÅ¢ Á¡ºÉ°�¦³�°��µ¦Â��
Â¨³Á¡ºÉ°Á�}��µ¦Á� ·̈¤�¨°� �´��´Ê��¹�Å�o�Îµ�µ¦�¦ª�ª́��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r Á¡ºÉ°Ä®o�¦µ�
�¹��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�·��¹Ê��µ��µ���́� n̈µª Á¡ºÉ°�µ¦«¹�¬µ�{�®µ�n°Å�

3.1.3 ª·�¸�µ¦Á�È��ª́°¥nµ�
1) �¦·Áª��»��·��´Ê�Á�¦ºÉ°�¤º°Á�È��´ª°¥nµ��pµ��´̈ Á¢°¦rÅ�°°�Å��r
�Îµ�µ¦«¹�¬µ¡ºÊ��¸É«¹�¬µ�¹��»��µ¦�´Ê��·��¦¦¤�µ¦Â��� Â¨³°»��¦�r�nµ�Ç� �¸ÉÄ�o

�¦³�°��µ¦Â��� Á¡ºÉ°Ä®o�¦µ�ªnµ�nµ�³¤̧�µ¦�¨�� n̈°¥�pµ��´̈ Á¢°¦rÅ�°°�Å��r°¥¼nÄ��»�Ä�� Â¨³
«¹�¬µ�¹�°·��·¡¨�°�¨¤¤¦»¤� �¨°����ÎµÂ®�n��°��´ª�¼o¦́�� (recepter) Á¡ºÉ°Ä�oÄ��µ¦Á º̈°��ÎµÂ®�n�
�¸É�´Ê��°�Á�¦ºÉ°�¤º°�¦ª�ª́�°µ�µ«

2) ª·�¸�µ¦Á�È��´ª°¥nµ�
Ã�¥�Îµ�µ¦�¦ª�ª́��¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �¸ÉÁ�·��¹Ê��µ��µ¦��́�µ�

°¥»�¥µ¤¦��Ã¨� Ä��µ��¸É�´��µ��¦·Áª�Á�µ³Á¤º°� �´�®ª́�¡¦³��¦«¦̧°¥»�¥µ �oª¥ª·�¸¡µ¦µÃ¦�µ�·¨̧�
(Pararosaniline method) �¹É�Á�}�ª·�¸�¦ª�ª́��µ¤¤µ�¦�µ��µ¦�¦ª�ª́��»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«
(µ¤µ¦��¼�́Ê��°�Â¨³ª·�¸�µ¦°¥nµ�¨³Á°̧¥��¸É £µ���ª� �)

(1) Á�¦ºÉ°�¤º°Â¨³°»��¦�r��µ¦Á�È��ª́°¥nµ�
(1.1) Sample Inlet
(1.2) Impinger
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(1.3) Silica gel
(1.4) Rotameter Â¨³ªµ r̈ªÎµ®¦́��ª��»¤°́�¦µ�µ¦Å®¨�°�°µ�µ«

Ä®o�°¥¼nÄ��nª��180-220 ¤·¨ ·̈¨�¦/�µ�¸
(1.5) Air pump
(1.6) �¦ª¥¡¨µ�·�

(2) µ¦Á�¤̧�¸ÉÄ�oÄ��µ¦Á�È��ª́°¥nµ��Å�oÂ�n
(2.1) �ÊÎµ�΅É�� Ä�o�ÊÎµ�΅É��¸É�Îµ�µ¦�o¤Ä®oÁ�º°�� Â¨³Á¥È�Â öª� Â¨³Å¤n¤̧

µ¦°°��·Á���r
(2.2) �¦°��¨°Å¦�r�(Mercury Chloride, HgCl2)
(2.3) °̧�¸�¸Á°�(Ethylene Diamine Tetra Acetic Acid, EDTA)
(2.4) Ã��´Á�¥̧¤�¨°Å¦�r�(Potassium Chloride, KCl)

3) �µ¦Á�¦̧¥¤µ¦¨³¨µ¥Îµ®¦́��µ¦Á�È��´ª°¥nµ�
Îµ®¦́�µ¦¨³¨µ¥�¼�� º̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r (Absorbing Solution for

Sulfurdioxide) ®¦º° TCM Absorbing solution Ä�o 0.04 Ã¤¨µ¦r TCM Á�¦̧¥¤Ã�¥ ¨³¨µ¥
�¦°��¨°Å¦�r (HgCl2)  10.86 �¦́¤ °̧�¸�Á̧° (EDTA) 0.66 �¦́¤ Â¨³ Ã��´Á�¥̧¤�¨°Å¦�r (KCl) 6.0
�¦́¤ Ä��ÊÎµ�΅É� Á�º°�µ���Å�o�¦·¤µ�¦ 1,000 ¤·¨ ·̈ ·̈�¦

4) �́Ê��°��µ¦Á�È��´ª°¥nµ�
(1) �¹�µ¦¨³¨µ¥�¼�� º̈�� (Absorbing Solution) 0.04 Ã¤¨µ¦r� �°�� TCM

�Îµ�ª�� 50 ¤·¨ ·̈ ·̈�¦� ¨�Ä�®¨°��¦ª���́� ¡¦o°¤�´Ê��Îµ�µ¦®»o¤®¨°��ª́�´�� �oª¥Â�n�� ° ¼̈¤·Á�¥̧¤
Á¡ºÉ°�j°��´�Â�Â¨³�j°��´��µ¦¨µ¥�ª́�°�� �´¨Á¢°¦rÅ�°°�Å��r� Â¨³Ä���³�¸ÉÁ�È��´ª°¥nµ��³�o°�
�ª��»¤°»�®£¼¤·Ã�¥¤̧nª��Îµ�ªµ¤Á¥È��(Cooling Unit)

(2) �¦³�°��»�Á�¦ºÉ°�¤º°Ä®o¡¦o°¤�(�´�Â��Ä�¦¼��¸É�3.1)
(3) Á�d��{�¤�¼�°µ�µ«�Â¨³�¦́�°́�¦µ�µ¦Å®¨°µ�µ«Ä®o°¥¼nÄ��nª��180 - 220

¼̈��µ«�rÁ���·Á¤�¦�n°�µ�¸�Ã�¥Ä�oªµ r̈ªÁ�}��´ª�ª��»¤°́�¦µ�µ¦Å®¨
(4) Á�d��{�¤�·��n°��́�µ��24 �´ÉªÃ¤���´��¹�Áª¨µ�¸ÉÁ�È�Á�}��µ�¸
(5) �¦��24 �´ÉªÃ¤��ª́��nµ�°�°́�¦µ�µ¦Å®¨�°�°µ�µ«®΅��µ¦Á�È��´ª°¥nµ�
(6) �d�®¨°�Ä®oÂ�n�� �d��¨µ�� Â¨³Â�n®¨°��´ª��́Ä�΅��ÊÎµÂ�È�� Á¡ºÉ°¦°�µ¦

ª·Á�¦µ³®r�n°Å�
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¦¼��¸É�3.1 �»�Á�È��ª́°¥nµ�°µ�µ«��n°Á�ºÉ°��24 �´ÉªÃ¤�
�¸É¤µ : �¦¤�ª��»¤¤¨¡·¬ (2540)

3.1.4 ª·�¸�µ¦ª·Á�¦µ³®r�ª́°¥nµ�
3.1.4.1 Á�¦ºÉ°�¤º°Â¨³°»��¦�r��µ¦Á�È��ª́°¥nµ�

1) Spectrophotometer� �´Ê��nµ�ªµ¤¥µª� º̈É��¸É� 548 �µÃ�Á¤�¦� Ã�¥Ä�oÁ�¨
��µ��1 Á���·Á¤�¦

2) Á�¦ºÉ°��´É�Å¢¢jµ°¥nµ�¨³Á°̧¥���«�·¥¤�4 �ÎµÂ®�n�
3) Volumetric Flask ��µ��25, 50, 100 Â¨³�1,000 ¤·¨ ·̈ ·̈�¦
4) Pipette ��µ��ªµ¤�»�1, 5, 10 Â¨³�50 ¤·¨ ·̈ ·̈�¦
5) Beaker ��µ��500 Â¨³�1,000 ¤·¨ ·̈ ·̈�¦
6) Erlenmeyer Flask ��µ��500 ¤·¨ ·̈ ·̈�¦
7) �oª¥�´É�µ¦Á�¤̧
8) Â�n�Â�oª��µ¦¨³¨µ¥
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3.1.4.2 µ¦Á�¤̧Â¨³�µ¦Á�¦̧¥¤µ¦¨³¨µ¥Îµ®¦́��µ¦ ª·Á�¦µ³®r

1) µ¦Á�¤̧Îµ®¦́��µ¦ª·Á�¦µ³®r
(1) �¦��´̈ ¢µ¤·��(Sulfamic Acid, H3NO3S)
(2) µ¦¨³¨µ¥¢°¦r¤́¨�Å̧±�r�(Formaldehyde, HCHO)
(3) µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·̈ ¸��¨°Å¦�r�(Pararosaniline Chloride

0.2% in 1 M Hydrochloric acid, C19H18ClN3)

2) µ¦Á�¤̧Îµ®¦́�Á�¦̧¥¤µ¦¨³¨µ¥¤µ�¦�µ�
(1) Å°Ã°�¸��(Iodine, I2)
(2) µ¦¨³¨µ¥�ÊÎµÂ�j��(Starch Soluble, (C6H10O5)n)
(3) Ã�Á�¥̧¤Å�Ã°�´¨Á¢��(Sodium thiosulphate, Na2S2O3.5H2O)
(4) Ã�Á�¥̧¤�µ¦r�°Á���(Sodium Carbonate, Na2CO3)
(5) Ã�Á�¥̧¤Å°Ã°Á���(Sodium Iodate, NaIO3)
(6) Ã��́Á�¥̧¤Å°Ã°Å��r�(Potassium Iodide, KI)
(7) �¦�Å±Ã�¦�¨°¦·��(Hydrochloric Acid, HCl)
(8) �¦°�Å°Ã°Å��r�(HgI2)
(9) Ã�Á�¥̧¤Á¤�µÅ��´̈ Å¢�r(Sodium Metabisulfite, Na2S2O5) �®¦º°

Ã�Á�¥̧¤�´̈ Å¢�r�(Sodium Sulfite, Na2SO3)

3) �µ¦Á�¦̧¥¤µ¦¨³¨µ¥Îµ®¦́��µ¦�¦ª�ª·Á�¦µ³®r
(1) µ¦¨³¨µ¥�¦��´̈ ¢µ¤·���ªµ¤Á�o¤�o��0.6 Á�°¦rÁ���r
¨³¨µ¥�¦��´̈ ¢µ¤·��0.6 �¦́¤�Ä��ÊÎµ�΅É��100 ¤·¨ ·̈ ·̈�¦�(µ¦¨³¨µ¥

�¸Ê�o°�Á�¦̧¥¤Ä®¤n�»��¦́Ê��¸É�Îµ�µ¦ª·Á�¦µ³®r)
(2) µ¦¨³¨µ¥¢°¦r¤́¨�Å̧±�r��ªµ¤Á�o¤�o��0.2 Á�°¦rÁ���r
µ¦¨³¨µ¥¢°¦r¤́¨�¸Å±�r� �¸É�ªµ¤Á�o¤�o��36 � 38 Á�°¦rÁ���r� ¤µ� 5

¤·¨ ·̈ ·̈�¦�Á�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦�1,000 ¤·¨ ·̈ ·̈�¦�(µ¦¨³¨µ¥�¸Ê��o°�Á�¦̧¥¤Ä®¤n�»��¦́Ê�)
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(3) µ¦¨³¨µ¥�p°��°�Å°Ã°�¸���ªµ¤Á�o¤�o��0.1 �°¦r¤́¨
�´É�Å°Ã°�¸�� 12.7 �¦́¤� Ä���̧Á�°¦r��µ�� 250 ¤·¨ ·̈ ·̈�¦� Â öªÁ�·¤

Ã��´Á�¥̧¤Å°Ã°Å��r� 40 �¦́¤� Â¨³�ÊÎµ�΅É��¦³¤µ�� 25 ¤·¨ ·̈ ·̈�¦� ����µ¦�»��ª́¨³¨µ¥®¤�
Â öªÁ�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦�1,000 ¤·¨ ·̈ ·̈�¦

(4) µ¦¨³¨µ¥°·��·Á�Á�°¦r�°�Â�j��(��·��Soluble Starch)
¨³¨µ¥Â�j�� 0.4 �¦́¤� Â¨³�¦°�Å°Ã°Å��r� 0.002 �¦́¤� Ä�

�ÊÎµ�΅É��Îµ�ª�Á È̈��o°¥� Â öª�n°¥Ç� Á�·¤�ÊÎµ�΅É��¸É¦o°�¨�Å���Å�o�¦·¤µ�¦� �¦³¤µ�� 200 ¤·¨ ·̈ ·̈�¦
�ÎµÅ��o¤�n°��µ¦�¸ÉÅ�o¨³¨µ¥®¤���·Ê�ÅªoÄ®oÁ¥È��n°�Á�È�Än�ª�Â�oª�Â öª�Îµ�µ¦�d��»�°¥nµ��¸

(5) µ¦¨³¨µ¥Å°Ã°�¸���ªµ¤Á�o¤�o��0.01 �°¦r¤́¨
�Îµµ¦¨³¨µ¥�p°�Å°Ã°�¸���ªµ¤Á�o¤�o��0.1 �°¦r¤́¨  50 ¤·¨ ·̈ ·̈�¦

Â öª�Îµ�µ¦Á�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦�500 ¤·¨ ·̈ ·̈�¦
(6) µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢���ªµ¤Á�o¤�o��0.1�°¦r¤́¨
¨³¨µ¥Ã�Á�¥̧¤Å�Ã°�´̈ Á¢�� 25.0 �¦́¤� Ä��ÊÎµ�΅É��¸ÉÁ¡·É��o¤Ä®¤n� Â¨³

�·Ê�ÅªoÄ®oÁ¥È�Â öª�1,000 ¤·¨ ·̈ ·̈�¦�Â öªÁ�·¤Ã�Á�¥̧¤�µ¦r�°Á���0.1 �¦́¤�¨�Å���´Ê��·Ê�Åªo�1 ª́���n°��¦ª�
Á�È��nµ�ªµ¤Á�o¤�o��¸ÉÂ�o�¦·�� Ã�¥ª·�¸�µ¦�¦ª�°��ªµ¤Á�o¤�o��¸ÉÂ�o�¦·�� �°�µ¦¨³¨µ¥�p°��°�
Ã�Á�¥̧¤Å�Ã°�´¨Á¢���¹É��ÎµÅ�o�´��¸Ê

(6.1) �´É�Ã��´Á�¥̧¤Å°Ã°Á��� �¸É�Îµ�µ¦°�Ä®oÂ®o��¸É� 180
°�«µÁ�¨Á�¥̧��µ��1 � 2 �´ÉªÃ¤�� �Îµ�ª��1.5 �¦́¤� (�´É�°¥nµ�¨³Á°̧¥��¹��«�·¥¤��ÎµÂ®�n��¸É�4) Â öª
¨³¨µ¥Ä��ÊÎµ�΅É���Å�o�¦·¤µ�¦�500 ¤·¨ ·̈ ·̈�¦

(6.2) �dÁ��µ¦¨³¨µ¥Ã��́Á�¥̧¤Å°Ã°Á��� �Îµ�ª�� 50
¤·¨ ·̈ ·̈�¦� ¨�Ä��ª�¦¼��¤¡¼n� ��µ�� 500 ¤·¨ ·̈ ·̈�¦� Â öªÁ�·¤� Ã��´Á�¥̧¤Å°Ã°Å��r� 2.0 �¦́¤� Â¨³
Å±Ã�¦�¨°¦·��Á�o¤�o��1 �°¦r¤́¨��Îµ�ª��10 ¤·¨ ·̈ ·̈�¦��µ¤ Î̈µ�´�

(6.3) �d��»�Â¨³�´Ê��·Ê�Åªo�5 �µ�¸
(6.4) �Îµµ¦¨³¨µ¥�¸ÉÅ�o�¤�oµ��o��¸Ê�¤µ�Îµ�µ¦Å�Á�¦���́

µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´̈ Á¢�� ��Å�oÁ�}�̧Á® º̈°��µ�� Á�·¤�ÊÎµÂ�j�¨�Å�� 5.0 ¤·¨ ·̈ ·̈�¦� �³Å�o
µ¦¨³¨µ¥̧�ÊÎµÁ�·���Îµ�µ¦Å�Á�¦���n°��̧�ÊÎµÁ�·�®µ¥Å�

(6.5) �Îµ�ª�®µ�ªµ¤Á�o¤�o��¸ÉÂ�o�¦·��°�µ¦¨³¨µ¥�p°�
Ã�Á�¥̧¤Å�Ã°�´¨Á¢��Ã�¥Ä�o¤�µ¦
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N =          x 2.80              (3.1)

Á¤ºÉ° N = �ªµ¤Á�o¤�o�Á�}���°¦r¤́¨��°�µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢��¸É�o°��µ¦�¦µ�
V = �¦·¤µ�¦Á�}��¤·̈ ·̈ ·̈�¦��°�µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢��´Ê�®¤��¸ÉÄ�oÅ�Á�¦�
W = �ÊÎµ®��́Á�}���¦́¤��°�Ã��´Á�¥̧¤Å°Ã°Á���¸ÉÄ�oÁ�¦̧¥¤µ¦¨³¨µ¥

          2.80 = Á�}��ª́Á¨��¸ÉÅ�o�µ�     103 x 0.1

(7) µ¦¨³¨µ¥Ã�Á�¥̧¤Å�Ã°�´¨Á¢���ªµ¤Á�o¤�o��0.01 �°¦r¤́¨
�Îµµ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�� �Îµ�ª�� 100 ¤·¨ ·̈ ·̈�¦� ¤µ

Á�º°�µ��oª¥�ÊÎµ�΅É��¸ÉÁ¡·É��o¤Ä®¤nÂ¨³�·Ê�ÅªoÄ®oÁ¥È�Â öª���Å�o�¦·¤µ�¦�1,000 ¤·¨ ·̈ ·̈�¦
(8) µ¦¨³¨µ¥�´̈ Å¢�r
¨³¨µ¥Ã�Á�¥̧¤Á¤�µÅ��´̈ Å¢�r�0.30 �¦́¤�®¦º°�Ã�Á�¥̧¤�´̈ Å¢�r�0.40

�¦́¤� Ä��ÊÎµ�΅É��¸É�o¤Ä®¤nÂ¨³Á¥È�Â öª� �Îµ�ª�� 500 ¤·¨ ·̈ ·̈�¦� Ã�¥�¸Éµ¦¨³¨µ¥�¸Ê�³¤̧�¦·¤µ��°�
�´̈ Á¢°¦rÅ�°°�Å��r�Ä��nª��320 � 400 Å¤Ã�¦�¦́¤/ ¤·¨ ·̈ ·̈�¦

(9) µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤�(Sulfite - TCM)
�dÁ��µ¦¨³¨µ¥�´̈ Å¢�r� �Îµ�ª�� 2 ¤·̈ ·̈ ·̈�¦� Än¨�Ä��ª��¦́�

�¦·¤µ�¦��µ��100 ¤·¨ ·̈ ·̈�¦�Á�º°�µ��oª¥µ¦¨³¨µ¥��̧¸Á°È¤�0.04 Ã¤¨µ¦r���Å�o�¦·¤µ�¦�100 ¤·¨ ·̈ ·̈�¦
Â öª�¦ª�Á�È��¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��rÄ�µ¦¨³¨µ¥�´̈ Å¢�r� - ��̧¸Á°È¤� �oª¥ª·�¸�µ¦Å�Á�¦�¥o°��΅�
(Back Titration)

�µ¦�Îµ�ª�� ®µ�¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��rÄ�µ¦¨³¨µ¥�´̈ Å¢�r� -
�¸�Á̧°È¤�Ã�¥ª·�¸�µ¦Å�Á�¦�¥o°��΅�

(9.1) �dÁ��µ¦¨³¨µ¥Å°Ã°��̧� Á�o¤�o�� 0.01 �°¦r¤́¨� Än
¨�Ä��ª�¦¼��¤¡¼n���µ��500 ¤·¨ ·̈ ·̈�¦�2 Ä��Ä�¨³�50 ¤·¨ ·̈ ·̈�¦

(9.2) �ª�Ä��¸É� 1 (A) Á�·¤�ÊÎµ�΅É�¨�Å�� 25 ¤·¨ ·̈ ·̈�¦� �ª�
Ä��¸É�2 (B) Á�·¤�µ¦¨³¨µ¥�´̈ Å¢�r�¨�Å��25 ¤·¨ ·̈ ·̈�¦

(9.3) �d��»��ª��´Ê�°��Â öª�´Ê��·Ê�Åªo�5 �µ�¸
(9.4) Å�Á�¦�µ¦¨³¨µ¥�´Ê� A Â¨³� B �oª¥µ¦¨³¨µ¥

Ã�Á�¥̧¤Å�Ã°�´¨Á¢��0.01 �°¦r¤́¨� ��Å�o̧Á® º̈°��µ�� Á�·¤�ÊÎµÂ�j�� �Îµ�ª�� 5.0 ¤·¨ ·̈ ·̈�¦� ¨�Ä��ª��´Ê�
°���³Å�oµ¦¨³¨µ¥̧�ÊÎµÁ�·���Îµ�µ¦Å�Á�¦��n°��Å�oµ¦¨³¨µ¥�¸ÉÅ¤n¤̧̧

W
V

35.67
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(9.5) �Îµ�µ¦�Îµ�ª�� ®µ�¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��rÄ�
µ¦¨³¨µ¥��´̈ Å¢�r�- �¸�Á̧°È¤�Ã�¥Ä�o¤�µ¦�3.2

Å¤Ã�¦�¦́¤SO2 /¤·̈ ·̈ ·̈�¦.Ä�µ¦¨³¨µ¥�´̈ Å¢�r-�¸�Á̧°È¤�= (A - B)(N)(32,000) x 0.02             (3.2)

Á¤ºÉ° A = �¦·¤µ�¦Á�}��¤·¨ ·̈ ·̈�¦��°��0.01 �°¦r¤́¨�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�
�¸ÉÄ�oÄ��µ¦Å�Á�¦��ª��A

B = �¦·¤µ�¦Á�}��¤·¨ ·̈ ·̈�¦��°��0.01 �°¦r¤́¨�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�
�¸ÉÄ�oÄ��µ¦Å�Á�¦��ª��B

N = �ªµ¤Á�o¤�o��°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢��¸ÉÄ�o�¤̧�nµ�= 0.01 �°¦r¤́¨
32,000 = ¤·¨ ·̈�¦́¤¤¤¼̈ �(Milligramequivalent) �°��´̈ Á¢°¦rÅ�°°�Å��r
0.02 = °́�¦µnª��°�µ¦¨³¨µ¥�´¨Å¢�r�Ä�µ¦¨³¨µ¥�´̈ Å¢�r- ��̧¸Á°È¤
25 = �¦·¤µ�¦�Á�}��¤·¨ ·̈ ·̈�¦��°�µ¦¨³¨µ¥�´̈ Å¢�r�¸ÉÄn°¥¼nÄ��ª��B

µ¦¨³¨µ¥�´̈ Å¢�r-��̧¸Á°È¤�Á�È�ÅªoÅ�o�µ��30 ª́���¸É�5 °�«µÁ�¨Á�¥̧
Â�n�oµÅ¤nÅn�¼oÁ¥È���¸É  5 °�«µÁ�¨Á�¥̧���o°�Á�¦̧¥¤Ä®¤n�»��¦́Ê��¸ÉÄ�o

(10) µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·̈ ¸�
�Îµ� 0.2 Á�°¦rÁ���r� �°�µ¦¨³¨µ¥ÎµÁ¦È�¦¼��°�¡µ¦µÃ¦�µ�·¨̧�� Ä�

1.0 Ã¤¨µ¦r� �°��¦�Á� º̈°� �Îµ�ª�� 20 ¤·¨ ·̈ ·̈�¦� Än¨�Ä��ª��¦·¤µ�¦� ��µ�� 250 ¤·¨ ·̈ ·̈�¦� Á�·¤�¦�
¢°¢°¦·���ªµ¤Á�o¤�o��3 Ã¤¨µ¦r��Îµ�ª��25 ¤·¨ ·̈ ·̈�¦�¨�Å��Â öª�¹�Á�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦
250 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·̈ ¸��¸ÉÁ�¦̧¥¤Å�o�¸Ê�³¤̧°µ¥»�µ¦Ä�o�µ��µ��9 Á�º°�

3.1.4.3 �́Ê��°��µ¦ª·Á�¦µ³®rµ¦�´ª°¥nµ�
1) �nµ¥�ª́°¥nµ��¸ÉÁ�È�Än�ª��¦·¤µ�¦� ��µ�� 50 ¤·¨ ·̈ ·̈�¦� öµ�®¨°��´ª��́

�oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦�50 ¤·¨ ·̈ ·̈�¦
2) �´Ê��·Ê�Åªo�20 �µ�¸�Á¡ºÉ°Ä®oÃ°Ã��¨µ¥�ª́Å�
3) �dÁ��µ¦¨³¨µ¥�ª́°¥nµ�� �Îµ�ª�� 5 ¤·¨ ·̈ ·̈�¦� ÄnÄ��ª��¦·¤µ�¦� ��µ�

25 ¤·¨ ·̈ ·̈�¦�Â öªÁ�·¤ TCM ¨�Å��5 ¤·¨ ·̈ ·̈�¦�Â öªÁ�¥nµÄ®o�Á�oµ�´�
4) Á�·¤�0.6 Á�°¦rÁ���r� �°��¦��´̈ ¢µ¤·�� ¨�Å��Îµ�ª�� 1 ¤·̈ ·̈ ·̈�¦� Â öª�´Ê�

�·Ê��Åªo�10 �µ�¸�Á¡ºÉ°Ä®oÅ�Å�¦�r¨µ¥�ª́

25
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5) Á�·¤�0.2 Á�°¦rÁ���r��°�µ¦¨³¨µ¥¢°¦r¤́¨�¸Å±�r��Îµ�ª��2 ¤·̈ ·̈ ·̈�¦
6) Á�·¤µ¦¨³¨µ¥�¡µ¦µÃ¦�µ�·¨̧��5 ¤·̈ ·̈ ·̈�¦��´Ê��·Ê�Åªo�30 �µ�¸
7) �¦́��¦·¤µ�¦�oª¥�ÊÎµ�΅É���Å�o�25 ¤·¨ ·̈ ·̈�¦��·Ê�Åªo�30 � 60 �µ�¸
8) ª́��nµ�µ¦�¼�� º̈�Â��oª¥Á�¦ºÉ°�Á�¸¥�̧��¸É�ªµ¤¥µª� º̈É��548 �µÃ�Á¤�¦

�´��¹���nµ�¸É°nµ�Å�o�(A)
9) Á�¦̧¥¤� Blank� Ã�¥Ä�o TCM� �Îµ�ª�� 10 ¤·¨ ·̈ ·̈�¦� (Â��µ¦¨³¨µ¥

�´ª°¥nµ�) Â öªª·Á�¦µ³®r�oª¥ª·�¸�µ¦Á�n�Á�¥̧ª��́�´��ª́°¥nµ��Â¨³�Îµ�µ¦�´��¹���nµ�µ¦�¼�� º̈�Â��(AO)
3.1.4.4 �µ¦Á�¦̧¥¤�¦µ¢¤µ�¦�µ��(Standard Calibration Curve)

1) �dÁ��µ¦¨³¨µ¥�´̈ Å¢�r� - ��̧¸Á°È¤� ¨�Ä��ª��¦́��¦·¤µ�¦� ��µ�� 25
¤·¨ ·̈ ·̈�¦� Ä��¦·¤µ�¦�nµ�Ç�Â¨³� Á�·¤µ¦¨³¨µ¥�0.04 Ã¤¨µ¦r�TCM ¨�Å�Ä��ª��Â�n̈ ³Ä�Ä®o�¦·¤µ�¦
¦ª¤�°�Â�n¨³Ä��´Ê�Á�nµ��́� 10 ¤·¨ ·̈ ·̈�¦� �´��´Ê��³Å�o�µ¦Á�¦̧¥¤� µ¦¨³¨µ¥�´¨Å¢�r� - �¸�Á̧°È¤� �µ¤
�µ¦µ��¸É�3.1 �´��¸Ê

�µ¦µ��¸É�3.1 �¦·¤µ�¦µ¦¨³¨µ¥�´¨Å¢�r-�¸�Á̧°È¤�Â¨³�0.04 M TCM �¸ÉÄ�oÁ�¦̧¥¤µ¦¨³¨µ¥¤µ�¦�µ�

Î̈µ�´��¸É �¦·¤µ�¦µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
(¤·̈ ·̈ ·̈�¦)

�¦·¤µ�¦µ¦¨³¨µ¥�0.04 Ã¤¨µ¦r�TCM
(¤·̈ ·̈ ·̈�¦)

�ª�Ä��¸É�1
�ª�Ä��¸É�2
�ª�Ä��¸É�3
�ª�Ä��¸É�4
�ª�Ä��¸É�5
�ª�Ä��¸É�6

0.0
0.5
1.0
2.0
3.0
4.0

10.0
9.5
9.0
8.0
7.0
6.0

 
 �µ��´Ê��Îµ�ª�Ä��¸É�1 �¹��6 �¸Ê�¤µÁ�·¤µ¦¨³¨µ¥Á®¤º°���́�µ¦ª·Á�¦µ³®rµ¦

�´ª°¥nµ��»��́Ê��°�

2) �Îµ�nµ�¸ÉÅ�o¤µ�Îµ�µ¦Á�̧¥��¦µ¢Â���ªµ¤́¤¡´��r� Ã�¥�µ¦¡ È̈°��¦µ¢
¤µ�¦�µ� Ä®oÂ���X = �ªµ¤Á�o¤�o��´̈ Á¢°¦rÅ�°°�Å��r�Ä�®�nª¥Å¤Ã�¦�¦́¤

Â¨³ Ä®oÂ���Y = �nµ�µ¦�¼�� º̈�Â�
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Ã�¥�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��r�®µÅ�o�µ�¤�µ¦�3.3

Å¤Ã�¦�¦́¤�SO2 =        Å¤Ã�¦�¦́¤�SO2 / ¤·̈ ·̈ ·̈�¦         X �������¤·¨ ·̈ ·̈�¦�°�µ¦¨³¨µ¥��������   (3.3)
�����Ä�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤ ���´¨Å¢�r�- ��̧Á̧°È¤��¸ÉÁ�·¤¨�Å�

3.1.4.5 �µ¦�Îµ�ª�®µ�¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r

(1) �Îµ�ª�®µ�¦·¤µ�¦°µ�µ«�¸ÉÁ�È�Å�o��µ�¤�µ¦�3.4

Á¤ºÉ° V =     �¦·¤µ�¦°µ�µ«�( ·̈�¦) �´Ê�®¤��¸ÉÁ�È��ª́°¥nµ�
          F1 Â¨³�F2 =    ��nµ°́�¦µ�µ¦Å®¨�°�°µ�µ«�n°�Â¨³®΅��µ¦Á�È��ª́°¥nµ��(¤·¨ ·̈ ·̈�¦/�µ�)̧

tS =     ¦³¥³Áª¨µ�(�µ�)̧ �¸ÉÁ�È��´ª°¥nµ�
10-3 =     �´ªÁ¨��¸Ä�oÁ�¨̧É¥�®�nª¥�µ��¤·̈ ·̈ ·̈�¦�Á�}�� ·̈�¦

(2) Á�¨̧É¥��¦·¤µ�¦°µ�µ«�¸ÉÁ�È��´ª°¥nµ�Á�}��¦·¤µ�¦�¸É�STP �µ�¤�µ¦�3.5

Ã�¥�¸É VS = �¦�·¤µ�¦°µ�µ«�( ·̈�¦) �¸É�STP (25 °�«µÁ�¨Á�¥̧, 1,013.25 ¤·¨ ·̈�µ¦r)
P = �ªµ¤�´��¦¦¥µ�µ«�(¤·̈ ·̈�µ¦r, mb) ��³�Îµ�µ¦Á�È��´ª°¥nµ�
V = �¦·¤µ�¦°µ�µ«�¸ÉÁ�È��´Ê�®¤��( ·̈�¦)
t = °»�®£¼¤·�(°�«µÁ�¨Á�¥̧) ��³Á�È��´ª°¥nµ�

(3) �Îµ�ª�®µ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��rÄ��ª́°¥nµ��Ä�®�nª¥
Å¤Ã�¦�¦́¤�SO2 / ¼̈��µ«�rÁ¤�¦

310xstx2
2F1F V 

 ......... (3.4)

  1,013.25
K298xK273t

PVsV  .......... (3.5)

    DxsV
sB310oAAÅ¤Ã�¦�¦́¤�SO2 / ¼̈��µ«�rÁ¤�¦  = ��� (3.6)
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Ã�¥�¸É A = �nµ�µ¦�¼�� º̈�Â��°��´ª°¥nµ��¸Éª́�Å�o
AO = �nµ�µ¦�¼�� º̈�Â��°��Blank �¸Éª́�Å�o

BS = nª��΅��°��Slope �°��¦µ¢¤µ�¦�µ��= 







slope

1

D = �nµ�Dilution Facter (D = 1 Îµ®¦́��´ª°¥nµ��¸ÉÁ�È��30 � 60 �µ�¸, D = 10
Îµ®¦́��ª́°¥nµ��¸ÉÁ�È��24 �´ÉªÃ¤�)

103 = �´ªÁ¨��¸ÉÄ�oÁ�¨̧É¥�®�nª¥�µ���n° ·̈�¦�Á�}���n° ¼̈��µ«�rÁ¤�¦

(4) �Îµ�ª�®µ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��r�Ä�®�nª¥�¡¸¡¸Á°È¤�(ppm)
®¦º°nª�Ä� öµ�nª���µ�¤�µ¦�3.7

¡¸¡¸Á°È¤��SO2 =      (Å¤Ã�¦�¦́¤�SO2  / ¼̈��µ«�rÁ¤�¦)  x  (3.82 x 10-4)              (3.7)

3.2 �µ¦¡�́�µª·��̧µ¦
Ä��µ¦ª·�´¥nª��¸ÊÅ�o�Îµ�µ¦¡�́�µª·�¸�µ¦�¹Ê�¤µ� Á�ºÉ°��µ�Å¤n¤̧Á�¦ºÉ°�¤º°�¹É�µ¤µ¦��Îµ¤µÄ�o

«¹�¬µ�µ¦��́�¦n°��°�ª́�»�¸ÉÁ�·��µ��µ¦́¤�́�pµ�¤¨¡·¬Ã�¥�¦�Å�o� �¹�¤̧�ªµ¤�ÎµÁ�}��o°��Îµ
�µ¦¡´��µ�»�Á�¦ºÉ°�¤º°�¹Ê�¤µÁ¡ºÉ°Ä�oÄ��µ¦«¹�¬µ�µ¦��́�¦n°��°�ª́�»�´ª°¥nµ�� Å�oÂ�n� °·�Á�nµ,
°·��{��»�´�, �¼��{��Á�nµ�Â¨³�¼��{���{��»�´��Ã�¥�Îµ�µ¦́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r

3.2.1 �µ¦Á�¦̧¥¤�µ¦
Ä��́Ê��°��°��µ¦Á�¦̧¥¤�µ¦�¤̧�́Ê��°���́�n°Å��¸Ê

1) «¹�¬µ°��r�¦³�°��°�Á�¦ºÉ°�¤º°�¸É�Îµ�µ¦¡�́�µ�Ã�¥«¹�¬µ�¹��ªµ¤µ¤µ¦�Ä�Â�n
¨³°��r�¦³�°���¹�ª·�¸�µ¦�®¦º°Á�¦ºÉ°�¤º°��¸Éµ¤µ¦��Îµ¤µ¡´��µÅ�o��¹É�°��r�¦³�°��nµ�Ç��¸Ê�Å�oÂ�n

(1) ®�nª¥� ·̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(2) ®�nª¥�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(3) ®o°���°�
(4) Á�¦ºÉ°�¤º°�nµ�Ç��¸ÉÄ�oÄ��µ¦ª·Á�¦µ³®r�¨�µ¦��́�¦n°�

2) �·��n°®�nª¥�µ��nµ�Ç� Á¡ºÉ°�°�ªµ¤¦nª¤¤º°Ä��µ¦�°Ä�oÁ�¦ºÉ°�¤º°�¸Éµ¤µ¦��Îµ¤µ
Ä�oÄ��µ¦¡�́�µÁ�¦ºÉ°�¤º°
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3) ¦»�®΅��µ¦�°�Á�¦ºÉ°�¤º°
Ã�¥�¼�µ��ªµ¤Á�}�Å�Å�o�µ��µ¦«¹�¬µ°��r�¦³�°��µ��o°� 1) Â¨³�µ�ª·�¸�µ¦� ®¦º°

Á�¦ºÉ°�¤º°��¸É¤̧®¦º°�·��n°�°Ä�oÅ�oÄ��o°�2)

3.2.2 �µ¦��°�
Á�}��µ¦��°�Á�¦ºÉ°�¤º°�¸É�Îµ�µ¦¡´��µ� Á�n�� °»�®£¼¤·, �ªµ¤Á�o¤�o�� Â¨³�ªµ¤�ºÊ�́¤¡´��r

Á¡ºÉ°Ä�oÄ��µ¦«¹�¬µ�µ¦��́�¦n°��¸ÉÅ�o�µ��o°�3.2.1 �¸É�Îµ�µ¦¦»�®΅��µ¦�Â¨³ª·�¸�µ¦Â öª�Ã�¥¤̧�́Ê��°�
�´��¸Ê

1) ª́�»�¸ÉÄ�oÄ��µ¦��°�
(1) ª́�»�´ª°¥nµ�
ª́�»�´ª°¥nµ��¸ÉÄ�oÄ��µ¦��°�Á�¦ºÉ°�¤º°� Å�oÂ�n� °·��{��»�´�� Ã�¥�Îµ¤µ�¦́�

Â�n���µ� Ä®o¤̧��µ��¦³¤µ� 2.5 X 2.5 X 2.5� Á���·Á¤�¦� Â öª�Îµ�µ¦��́Á�È�ÅªoÄ�Ã��¼��ªµ¤�ºÊ�
Á¡ºÉ°�ÎµÅ�Ä�oÄ��µ¦��¨°��Â¨³Á�}�ª́�»°oµ�°·���n°Å�

(2) ª́�»�»�Á�¦ºÉ°�¤º°
(2.1) �¦³�°��̧�¥µ�(syrynge)
(2.2) �ª�Â�oª� ·̈��pµ�
(2.3) �¦³�°��̧��pµ��(gas syrynge)
(2.4) ®o°���°��(test chamber)
(2.5) Á�¦ºÉ°��MultiRAE IR (Multigas Monitor)
(2.6) Á�¦ºÉ°��Micrologger
(2.7) Á�¦ºÉ°��´É��ÊÎµ®�´�°¥nµ�¨³Á°̧¥��(�«�·¥¤�4 �ÎµÂ®�n�)

(3) µ¦Á�¤̧
(3.1) �¦�Å±Ã�¦�¨°¦·��(6M HCl)
(3.2) Ã�Á�¥̧¤Å��´̈ Å¢�r�(NaHSO3)
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2) ª·�¸�µ¦��°�
ª·�¸�µ¦��°��¤̧�´��n°Å��¸Ê

(1) �Îµª́�»�´ª°¥nµ��¸ÉÁ�¦̧¥¤Åªo� �´É��ÊÎµ®��́�oª¥Á�¦ºÉ°��´É��ÊÎµ®��́°¥nµ�¨³Á°̧¥�
(�«�·¥¤� 4 �ÎµÂ®�n�) Â öªªµ�ª́�»�ª́°¥nµ�¨�Ä�®o°���°�� Â öª�Îµ�µ¦�d� µÄ®o�·�� �Îµ�µ¦
�¦ª�ª́�°»�®£¼¤·�Â¨³�ªµ¤�ºÊ���´Ê�£µ¥�°�Â¨³£µ¥Ä�®o°���°��Ã�¥Á�¦ºÉ°��Micrologger

(2) Á�¦̧¥¤�pµ��´̈ Á¢°¦rÅ�°°�Å��r� Ã�¥ÄnÃ�Á�¥̧¤Å��´̈ Å¢�r� (NaHSO3) 1.7
�¦́¤� ¨�Ä��ª�� ·̈��pµ�� �d��»�Á���¤́� (septum) Â öª�̧��¦�Å±Ã�¦�¨°¦·�� (6M) 5 ¤·¨ ·̈ ·̈�¦� ¨�Å�
�³́�Á��Á®È�¢°��pµ��°��´¨Á¢°¦rÅ�°°�Å��rÁ�·��¹Ê�£µ¥Ä��ª�

(3) �Îµ�¦³�°��̧��pµ��¼��pµ��´̈ Á¢°¦rÅ�°°�Å��r��µ��ª�� ·̈��pµ�Ä��o°�2)
Â öª�̧��pµ��´̈ Á¢°¦rÅ�°°�Å��r� ¨�Å�Ä�®o°���°�� �Îµ�ª�� 0.1 ¤·¨ ·̈ ·̈�¦� (�µ�¤�µ¦� 3.8) Á¡ºÉ°Ä®o
Å�o�pµ��´̈ Á¢°¦rÅ�°°�Å��r�50 nª�Ä� öµ�nª�

�¦·¤µ��SO2 (¤·̈ ·̈ ·̈�¦) = �ªµ¤Á�o¤�o��pµ��SO2 (¡¡̧¸Á°È¤) x �¦·¤µ�¦®o°���°��(¤·¨ ·̈̈ ·�¦)  ...(3.8)
  1,000,000

(4) �Îµ�µ¦�¦ª�ª́��ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÅ�o� £µ¥Ä�
®o°���°��Ã�¥Á�¦ºÉ°��MultiRAE

(5) ®΅��µ��¦�� 2 ́��µ®rÂ öªÁ�d� µ®o°���°�� Â öª�Îµª́�»�´ª°¥nµ�¤µ
�Îµ�µ¦«¹�¬µªnµ¤̧�µ¦��́�¦n°��¸Éµ¤µ¦�́�Á��Å�oÁ�·��¹Ê�®¦º°Å¤n� Ã�¥�µ¦�´É��ÊÎµ®��́�oª¥Á�¦ºÉ°��´É�
�ÊÎµ®��́°¥nµ�¨³Á°̧¥�� (�«�·¥¤� 4 �ÎµÂ®�n�) ¤µÁ�¦̧¥�Á�¥̧���́�ÊÎµ®�´��¸É�´É�Åªo�n°��Îµ�µ¦́¤�́��́
�pµ��´̈ Á¢°¦rÅ�°°�Å��r

3.2.3 �µ¦ª·Á�¦µ³®r�¨�µ¦��°�
�Îµ�µ¦ª·Á�¦µ³®r�¨�µ¦��°��¸ÉÅ�o��´��¸Ê

1) �ªµ¤�ºÊ�́¤¡´��r�Â¨³°»�®£¼¤·
�Îµ�µ¦��°�Á�¦ºÉ°�¤º°�¸É¡´��µ� Ã�¥�¼�nµ�ªµ¤�ºÊ�́¤¡´��r� Â¨³°»�®£¼¤·

Ã�¥Á�¦̧¥�Á�¥̧��nµ�ªµ¤�ºÊ�́¤¡�́�r� Â¨³°»�®£¼¤·� �¸É�¦ª�ª́�Å�o�´Ê�£µ¥Ä�Â¨³£µ¥�°�®o°���°�
Ã�¥Ä�oª·�¸�µ¦�µ��·�·
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2) �ªµ¤Á�o¤�o��°��´¨Á¢°¦rÅ�°°�Å��r
�Îµ�µ¦��°��nµ�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�¦̧¥¤�¹Ê�Ä�®o°���°�

�´��nµ�¸ÉÅ�o�µ��µ¦�Îµ�ª��ªnµµ¤µ¦�Á�ºÉ°�º°Å�o®¦º°Å¤n�Ã�¥Ä�oª·�¸�µ¦�µ��·�·
3) �µ¦��́�¦n°��¸ÉÁ�·��¹Ê�
Á�}��µ¦��°�Á¡ºÉ°«¹�¬µ�¹��µ¦Á�·��µ¦�´��¦n°� Ä��́Ê��¸Éµ¤µ¦��Îµ�µ¦ª·Á�¦µ³®r

�n°Å�Å�o®¦º°Å¤n Ã�¥�¼�µ��µ¦®µÁ�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å� (%Weight Loss) �°�ª́�»�´ª°¥nµ�

3.3 �µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦��́�¦n°�
Ä��µ�ª·�¥́nª��¸Ê� Á�}�nª��¸É«¹�¬µ�¹��µ¦�´��¦n°�� Â¨³°́�¦µ�µ¦��́�¦n°�� �°�ª́�»�ª́°¥nµ�

Å�oÂ�n� °·�Á�nµ, °·��{��»��́, �¼��{��Á�nµ� Â¨³�¼��{���{��»��́� �¸É�Îµ�µ¦́¤�́�´��pµ�� �´̈ Á¢°¦rÅ�°°�Å��r
Ã�¥�»�Á�¦ºÉ°�¤º°�¸ÉÅ�o�Îµ�µ¦¡´��µ¤µÂ öª�oµ��o��Ã�¥¤̧�́Ê��°���́�n°Å��¸Ê

3.3.1 ª´�»Â¨³°»��¦�r�̧ÉÄ�oÄ��µ¦«¹�¬µ
1) ª́�»�´ª°¥nµ�

�Îµ�µ¦Á�¦̧¥¤ª́�»�´ª°¥nµ��Å�oÂ�n�°·�Â¨³�¼��{����´��n°Å���¸Ê
(1) °·�
�Îµª́�»�ª́°¥nµ�°·�� �¹É�Å�oÂ�n� °·�Á�nµ� Â¨³°·��{��»�´�� ¤µ�¦́�Â�n���µ�Ä®o

¤̧��µ��¦³¤µ� 2.5 X 2.5 X 2.5� Á���·Á¤�¦� Â öª�Îµ�µ¦�´�Á�È�ÅªoÄ�Ã��¼��ªµ¤�ºÊ�� Á¡ºÉ°�ÎµÅ�Ä�o
Ä��µ¦��¨°��Â¨³Á�}�ª́�»°oµ�°·�

(2) �¼��{��
�Îµª́�»�ª́°¥nµ� Å�oÂ�n� �¼��{��Á�nµ Â¨³�¼��{���{��»�´�� ¤µ�¦́�Â�n���µ�

Ä®o¤̧��µ��¦³¤µ� 2.5 X 2.5 X 2.5�Á���·Á¤�¦�Â öª�Îµ�µ¦��́Á�È�ÅªoÄ�Ã��¼��ªµ¤�ºÊ�Á¡ºÉ°�ÎµÅ�Ä�oÄ�
�µ¦��¨°��Â¨³Á�}�ª́�»°oµ�°·��n°Å�

2) °»��¦�r��°��»�Á�¦ºÉ°�¤º°�¹É�Å�o�Îµ�µ¦¡�́�µ�¹Ê�¤µÁ¡ºÉ°�µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³
°́�¦µ�µ¦�´��¦n°��¤̧�´��n°Å��¸Ê

(1) °»��¦�r
(1.1) �¦³�°��̧�¥µ�(syrynge)
(1.2) �ª�Â�oª� ·̈��pµ�
(1.3) �¦³�°��̧��pµ��(gas syrynge)
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(1.4) ®o°���°��(testing chamber)
(1.5) � ö°��»̈ �¦¦«�r°·Á È̈��¦°�Â��n°��¦µ��(Scanning

Electron Microscope, SEM)
(1.6) Á�¦ºÉ°�ª·Á�¦µ³®rÃ�¦�¦oµ��oª¥Á���·��µ¦Á¨̧Ê¥ªÁ���°�

¦́�̧Á°È��r�(X-ray diffraction, XRD)
(1.7) Á�¦ºÉ°��´É��ÊÎµ®�´�°¥nµ�¨³Á°̧¥��(�«�·¥¤�4 �ÎµÂ®�n�)

(2) µ¦Á�¤̧
 (2.1) �¦�Å±Ã�¦�¨°¦·��(6M HCl)
 (2.2) Ã�Á�¥̧¤Å��´̈ Å¢�r�(NaHSO3)

3.3.2 ª·�¸�µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦��́�¦n°�
1) «¹�¬µ�»�¤��́·�°�°·�Â¨³�¼��{��

(1) �ªµ¤®�µÂ�n�
�Îµª́�»�ª́°¥nµ��´Ê�� 4 ��·�� Å�oÂ�n� °·�Á�nµ, °·��{��»�´�, �¼��{��Á�nµ

Â¨³�¼��{���{��»�´�� ¤µ�Îµ�µ¦®µ¤ª¨� (®�nª¥Á�}��¦́¤) Ã�¥�µ¦�´É��ÊÎµ®�´�� Â¨³�Îµ�µ¦®µ�¦·¤µ�¦
(®�nª¥Á�}� ¼̈��µ«�rÁ���·Á¤�¦) Ã�¥�µ¦Â���¸É�ÊÎµ�oª¥�¦³�°�¥¼Á¦�µ�Â öª�Îµ�µ¦�Îµ�ª��µ¤¤�µ¦�¸É
3.9 Á¡ºÉ°�Îµ�µ¦®µ�ªµ¤®�µÂ�n�

D     =     M              (3.9)
   V

Á¤ºÉ°� D  =  �ªµ¤®�µÂ�n�, �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦
M =  ¤ª¨�(�¦́¤)
V  =  �¦·¤µ�¦�( ¼̈��µ«�rÁ���·Á¤�¦)

(2) «¹�¬µ°��r�¦³�°��°�ª́�»�´ª°¥nµ�
�Îµª́�»�ª́°¥nµ��´Ê�� 4 ��·�� Å�oÂ�n� °·�Á�nµ, °·��{��»�´�, �¼��{��Á�nµ

Â¨³�¼��{���{��»�´�� �Îµ�µ¦«¹�¬µ°��r�¦³�°��oª¥Á�¦ºÉ°�ª·Á�¦µ³®rÃ�¦�¦oµ��oª¥Á���·��µ¦Á¨̧Ê¥ªÁ��
�°�¦́�̧Á°È��r�(XRD)
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2) �µ¦��¨°���µ¦��́�¦n°��Â¨³°́�¦µ�µ¦��́�¦n°�
Ä��µ¦��¨°�Á¡ºÉ°«¹�¬µ�µ¦��́�¦n°��Â¨³°́�¦µ�µ¦��́�¦n°��µ¤µ¦��Îµ�µ¦��¨°�

Ã�¥ª·�¸�µ¦��́�¸Ê

(1) �Îµª́�»�´ª°¥nµ��´Ê�� 4 ��·�� Å�oÂ�n� °·�Á�nµ, °·��{��»��́, �¼��{��Á�nµ� Â¨³
�¼��{���{��»�´�� �¸ÉÅ�o�Îµ�µ¦Á�¦̧¥¤ÅªoÂ öª� ¤µ�Îµ�µ¦�´É��ÊÎµ®�´�� �oª¥Á�¦ºÉ°��´É��ÊÎµ®�´�°¥nµ�¨³Á°̧¥�
(�«�·¥¤� 4 �ÎµÂ®�n�) Â öªªµ�ª́�»�ª́°¥nµ�Á® n̈µ�¸Ê� ¨�Ä�®o°���°�� �´Ê�� 5 °́�� Â öª�Îµ�µ¦�d� µÄ®o
�·�� Ã�¥ª́�»�´ª°¥nµ��´Ê�� 4 ��·��³�Îµ�µ¦��¨°�Á�}�Áª¨µ� 10 ́��µ®r� Ã�¥�ª́Â���°�Â�n¨³
́��µ®r�³Ä�o��·�¨³�3 �´ª°¥nµ��(®¦º°�3 �ÊÎµ)

(2) Á�¦̧¥¤�pµ��´̈ Á¢°¦rÅ�°°�Å��r� Ã�¥ÄnÃ�Á�¥̧¤Å��´̈ Å¢�r� (NaHSO3) 1.7
�¦́¤� ¨�Ä�� �ª�� ·̈��pµ�� �d��»�Á���¤́� Â öª�̧��¦�Å±Ã�¦�¨°¦·�� (6M) 5 ¤·¨ ·̈ ·̈�¦� ¨�Å�
�³́�Á��Á®È�¢°��pµ��°��´¨Á¢°¦rÅ�°°�Å��rÁ�·��¹Ê�£µ¥Ä��ª�

(3) �Îµ�¦³�°��̧��pµ��¼��pµ��´̈ Á¢°¦rÅ�°°�Å��r� (SO2) �µ��ª�� ·̈��pµ�
Ä��o°�2) Â öª�̧��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¨�Å�Ä�®o°���°��Ã�¥�¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r
�¸É�³�Îµ�µ¦�̧�¨�Å�Ä�®o°���°�Â�n̈ ³®o°��´Ê�� Á�}�Å��µ¤�¸ÉÅ�oÂ��Ä��µ¦µ��¸É� 3.2 �¹É�ª·�¸�µ¦
�Îµ�ª�®µ�¦·¤µ� SO2�¤µ�µ�¤�µ¦�3.9

�µ¦µ��¸É�3.2 Â���¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�̧�Á�oµ®o°���°��Á¡ºÉ°Ä®oÅ�o�ªµ¤Á�o¤�o��nµ�Ç

®o°���°� �ªµ¤Á�o¤�o��°��pµ��SO2 �¸É�o°��µ¦
(¡¡̧¸Á°È¤)

�¦·¤µ��SO2 �¸É�̧�Á�oµ®o°���°�
(¤·̈ ·̈ ·̈�¦)

1 50 0.1
2 100 0.2
3 200 0.4
4 400 0.8
5 800 1.6

®¤µ¥Á®�»�: �¦·¤µ�¦�°�®o°���°�Á�nµ��́ 2,000 ¤·¨ ·̈ ·̈�¦
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 (4) ®΅��µ��¦��1 ́��µ®r� Ä®oÁ�d� µ®o°���°�� Â öª�Îµª́�»�´ª°¥nµ��°�
́��µ®r�¸É� 1 (�´��µ¦µ��¸É� 3.3) °°�¤µ�Îµ�µ¦«¹�¬µ�µ¦��́�¦n°�� Â¨³°́�¦µ�µ¦�´��¦n°�� Á¡ºÉ°
�µ¦ª·Á�¦µ³®r�n°Å��Â¨³�ÎµÁ�n��¸ÊÁ¦ºÉ°¥Å����¦��10 ́��µ®r��´É��º°Á¦·É¤�Îµ�ÊÎµ�´Ê�Â�n�o°�2 )

�µ¦µ��¸É�3.3 �µ¦µ�Â���µ¦�´�Á�È�ª́�»�´ª°¥nµ��µ�®o°���°�

́��µ®r®o°�
��
°�

�ªµ¤
Á�o¤�o�
(ppm)

1 2 3 4 5 6 7 8 9 10

1 50 * * * * * * * * * *
2 100 * * * * * * * * * *
3 200 * * * * * * * * * *
4 400 * * * * * * * * * *
5 800 * * * * * * * * * *
®¤µ¥Á®�»�* �Îµ°·�Á�nµ, °·��{��»���́, �¼��{��Á�nµ�Â¨³�¼��{���{��»�´��°°�¤µ�µ�®o°���°�

��·�¨³�3 �·Ê�

3.3.3 �µ¦ª·Á�¦µ³®r
�Îµª́�»�ª́°¥nµ��´Ê�� 4 ��·�� �¸ÉÅ�o�µ��µ¦��¨°�� Â¨³�Îµ�µ¦Á�È�Ä�Â�n̈ ³́��µ®r¤µ�Îµ�µ¦

ª·Á�¦µ³®r��´��¸Ê
1) �µ¦ª·Á�¦µ³®r�µ¦��́�¦n°��¤̧�oª¥��́�3 ª·�¸��´��n°Å��¸Ê

(1) �µ¦�¦ª�°�΅�¬�³ £µ¥�°��oª¥�µ
Á�}��µ¦�¦ª�°�΅�¬�³�µ¦��́�¦n°�£µ¥�°�� �¸Éµ¤µ¦�́�Á��Å�o�oª¥�µ

Á� n̈µ��´Ê��¸Ê�Å�o�Îµ�µ¦��́�¹��µ¦Á�¨̧É¥�Â�¨��®¦º°�µ¦��́�¦n°��¸ÉÁ�·��¹Ê���oª¥� ö°��nµ¥¦¼��·�·�°¨
(2) �µ¦�¦ª�°�Ã�¦�¦oµ�£µ¥Ä�
Ä�o� ö°��»̈ �¦¦«�r°·Á È̈��¦°�Â��n°��¦µ�� (SEM)� Ä��µ¦«¹�¬µ΅�¬�³

�µ¦�´��¦n°��°�Ã�¦�¦oµ�£µ¥Ä�ª́�»�´ª°¥nµ�� Ã�¥� ö°��»¨�¦¦«�r°·Á È̈��¦°�Â��n°��¦µ��¸ÉÄ�o
«¹�¬µÁ�}��°��JEOL ¦»n��JSM-5400 �¹É�«¹�¬µ�oª¥�Îµ΅��¥µ¥�1000 Á�nµ
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(�.) (�.)
¦¼��¸É�3.2 Scanning Electron Microscope �°��JEOL ¦»n��JSM-5400

(3) «¹�¬µ°��r�¦³�°��°�ª́�»�´ª°¥nµ�
Ä�oÁ�¦ºÉ°�ª·Á�¦µ³®rÃ�¦�¦oµ��oª¥Á���·��µ¦Á¨̧Ê¥ªÁ���°�¦́�̧Á°È��r�(XRD) ¦»n�

D8 Advance «¹�¬µ°��r�¦³�°��°�ª́�»�ª́°¥nµ�� �ÎµÄ®oµ¤µ¦��¦µ�Å�oªnµ¤̧°��r�¦³�°�Ä�Á¡·É¤�¹Ê�
¤µ�®¦º°Á�}�� ·̈�£́��r�¸ÉÁ�·��¹Ê�®΅��µ��¸Éª́�»�´ª°¥nµ�Å�o�Îµ�µ¦́¤�́�´��pµ��´¨Á¢°¦rÅ�°°�Å��rÂ öª

¦¼��¸É�3.3 X-ray diffraction (XRD) ¦»n��D8 Advance

2) °́�¦µ�µ¦�´��¦n°�
(1) �µ¦�´É��ÊÎµ®�´� ®µ�ÊÎµ®��́�¸É®µ¥Å� (weight loss)
Á�}��µ¦«¹�¬µ°́�¦µ�µ¦�´��¦n°�� Ã�¥�¼�µ�Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥Å�

(% Weight Loss) �¹É�Ä�oÁ�¦ºÉ°��´É�°¥nµ�¨³Á°̧¥��(�«�·¥¤�4 �ÎµÂ®�n�) �°��Sartorius ¦»n��BA210S



72

¦¼��¸É�3.4 Á�¦ºÉ°��´É�¨³Á°̧¥���°��Sartorius ¦»n��BA210S

(2) �Îµ�¨�µ¦��¨°��¸ÉÅ�o��´É��º°Á�°¦rÁ���r�°��ÊÎµ®�´��¸É®µ¥Å��¤µª·Á�¦µ³®r
Ã�¥Ä�oª·�¸�µ¦�µ��·�·� Å�oÂ�n� �nµÁ�¨̧É¥�µ���·�«µ�¦r� (mean), �nµ�·�·��°� T-Test,
�µ¦ª·Á�¦µ³®r�ªµ¤���°¥Â¨³®́¤¡�́�r (Regression Analysis and Correlation)

(3) �Îµ�ª�®µ¤�µ¦°́�¦µ�µ¦�´��¦n°�

3.4 �µ¦�¦³¥»��rÄ�o¤�µ¦°́�¦µ�µ¦��́�¦n°�
Ã�¥�µ¦�Îµ¤�µ¦°́�¦µ�µ¦�´��¦n°��¸ÉÅ�o ¤µ�Îµ�µ¦¡¥µ�¦�r�µ��µ¦�r�¹��µ¦�´��¦n°��¸É°µ�

�³Á�·��¹Ê�Ä�°�µ�� Ã�¥�¦³¥»��rÄ�o�´��o°¤¼¨�¸É�Îµ�µ¦�¦ª�ª́��¦·¤µ��pµ��´¨Á¢°¦rÅ�°°�Å��rÄ��µ�
°¥»�¥µ¤¦��Ã¨� Â¨³�o°¤¼¨�µ¦¡¥µ�¦�r�¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ���́®ª́�¡¦³��¦«¦̧°¥»�¥µ
Ã�¥Â���Îµ¨°��µ���·�«µ�¦r ISCST3 (Industrial Source Complex Short Term) Ã�¥Â�¨�¨
°°�¤µ�´��¸Ê

1) Á�°¦rÁ���r�µ¦��́�¦n°�
2) �ªµ¤ ¹̈��·ª®�oµª́�»�¸É�¼��Îµ¨µ¥



���̧É�4
�¨�µ¦ª·�́¥Â¨³�µ¦ª·Á�¦µ³®r�o°¤¼¨

4.1 ¨´�¬�³¡ºÊ��̧É«¹�¬µ

4.1.1 £µ¡�{�®µ
Å�o�Îµ�µ¦�Îµ�o°¤¼¨�µ��µ¦�¦ª�ª́��°��¦¤�ª��»¤¤¨¡·¬� Ä�¦³®ªnµ�ª́��¸É�13 - 21 �´�ªµ�¤

¡.«.2546 �´�Â��Ä��µ¦µ��¸É�4.1 �¹É�Á�}��nª��¸É¤̧�µ¦�´��µ�°¥»�¥µ¤¦��Ã¨��Â¨³�nª��Îµ�µ¦�¦ª�ª́�
�pµ��´̈ Á¢°¦rÅ�°°�Å��r�Ä��µ�°¥»�¥µ¤¦��Ã¨�

�µ¦µ��¸É�4.1 �¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�µ��µ¦�¦ª�ª́��°��¦¤�ª��»¤¤¨¡·¬

ª́��¸É �´̈ Á¢°¦rÅ�°°�Å��r
(nª�Ä�¡�́ öµ�nª�,ppb)

13 �.�. 2546 2.3
14 �.�. 2546 3.0
15 �.�. 2546 2.9
16 �.�. 2546 2.7
17 �.�. 2546 2.4
18 �.�. 2546 2.3
19 �.�. 2546 *
20 �.�. 2546 3.9
21 �.�. 2546 3.8
�nµ¤µ�¦�µ� 300

®¤µ¥Á®�» *  Å¤n¤̧�o°¤¼¨�µ¦�¦ª�ª́�
�¸É¤µ : �¦¤�ª��»¤¤¨¡·¬ (2546)

�¹É��µ¤¡¦³¦µ���́��́· n�Á¦·¤Â¨³¦́�¬µ�»�£µ¡·É�Âª� ö°¤Â®n��µ�· ¡.«. 2535 �Îµ®���nµ
¤µ�¦�µ��»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«�´ÉªÅ��°��¦³Á�«Å�¥ �°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÅªo�¸É 300
nª�Ä�¡�́ öµ�nª� �´��´Ê��nµ�¸ÉÅ�o�µ��µ¦�¦ª�ª́��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r �°��´�®ª́�
¡¦³��¦«¦̧°¥»�¥µ�´Ê� 9 ª́� ¤̧�nµÅ¤nÁ�·�¤µ�¦�µ��»�£µ¡°µ�µ«Ä��¦¦¥µ�µ«�´ÉªÅ��°��¦³Á�«Å�¥
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4.1.2 �µ�°¥»�¥µ¤¦��Ã¨�
1)�¡ºÊ��¸É��́�µ�
�µ�°¥»�¥µ¤¦��Ã¨����́����¦·Áª�ª́�¡¦³¦µ¤�¦³®ªnµ�ª́��¸É�13 � 21 �´�ªµ�¤�2546

�¹É�£µ¥Ä��µ��³¤̧�µ¦Â��Â�Á̧¥�Á�¸É¥ª��́�¦³ª́�·«µ�¦r�°��¦»�«¦̧°¥»�¥µ� Ã�¥Ä��µ¦Â���¸Ê�³¤̧
�µ¦�»�¡¦»�Â¨³�¦³��́��ª��¼nÅ��oª¥�µ¦Â��Ã�¥�³¤̧�µ¦Â��ª́�¨³�2 ¦°��¦°�¨³�30 �µ�¸

¦¼��¸É�4.1 Â���́��¦·Áª�Á�µ³Á¤º°���.¡¦³��¦«¦̧°¥»�¥µ

�¸É¤µ : �µ¦�n°�Á�¸É¥ªÂ®n��¦³Á�«Å�¥�Îµ��́�µ�£µ��¨µ�Á���6 (2547)

�µ��̧É�´��µ�
°¥»�¥µ¤¦��Ã¨�

N
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Ã�¥ª́�¡¦³¦µ¤�¸ÉÄ�oÁ�}��¸É�´Ê�Ä��µ¦Â���¸Ê�´Ê�°¥¼n��¡ºÊ��¸É�¨µ�Á�µ³Á¤º°�� �µ��oµ��·«
�³ª́�°°��°�¡¦³¦µ�ª́�Ã�¦µ�� Ä� ö�´��¹�¡¦³¦µ¤� (Ä�°��̧� �º°� ®�°�Ã�) �¹É�Á�}�®�°��ÊÎµ�¸É¤̧¤µ
�n°��µ¦¦oµ��¦»�«¦̧°¥»�¥µ� ¤̧�µ�³Á�}�¡¦³°µ¦µ¤®¨ª�Ä�¤́¥°¥»�¥µ� ¡¦³¦µ�¡�«µª�µ¦�°�
�¦»�«¦̧°¥»�¥µÅ�o¦³�»Åªoªnµ¤Á�È�¡¦³¦µÁ¤«ª¦� Ã�¦�²� Ä®o¦oµ��¹Ê��¦��¸É�ªµ¥¡¦³Á¡ ·̈�¡¦³�¦¤«¡�°�
¤Á�È�¡¦³Á�oµ°¼n�°��¼oÁ�}�¡¦³¦µ��·�µ�Á¤ºÉ°�¡.«. 1912 ¤µ£µ¥®΅��¦µ��Å�o¦́��µ¦�¼¦�³��·́��¦�r
�¦́Ê�Ä®�nÄ�¦́��µ¨¤Á�È�¡¦³�¦¤Å�¦Ã¨��µ��Â¨³¤Á�È�¡¦³Á�oµ°¥¼n®´ª�¦¤Ã�«

£µ¥Ä�ª́��¦³�°��oª¥�¦µ��r�¦³�µ���µ�Ä®�n�n°°·�°�·�� �´Ê�°¥¼n���µ�Å¡�¸
̧ÉÁ®¨̧É¥¤�¤̧�¦µ��r��µ�Á È̈��2 °��r�¦oµ���µ�°¥¼n�µ��oµ��·«Á®�º°Â¨³Ä�o�Â¨³¤̧Á��¥̧r�¦³�Îµ�¸É¤»¤�´Ê�̧É
�°��µ�Å¡��̧oª¥� ���́�¼®µÂ¨³���́�¦»�°��¦µ��r�¦³�µ�¤̧£µ¡�·�¦�¦¦¤ µ���́¤́¥°¥»�¥µ�°��o�
Á�}��£µ¡¡¦³°�¸�¡»���Â¨³¤̧£µ¡�»o¤Á¦º°�Â�oª�¦³�´��oµ�®΅��°�°��r¡¦³°�¸�¡»��

2) �µ¦Á º̈°��¸É�´Ê�Á�¦ºÉ°�¤º°
�¦·Áª��°��»��·��´Ê�Á�¦ºÉ°�¤º°Á�È��´ª°¥nµ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê�� Å�o�Îµ�µ¦�·��´Ê�

�¦·Áª�¡ºÊ��¸ÉÃ n̈��oµ�®΅�Á��¥̧rÄ®�n� Á�ºÉ°��µ��nª��¸É�Îµ�µ¦�¦ª�ª́��¦·¤µ��pµ��¸Ê� °¥¼nÄ��nª��°�
¨¤¤¦»¤�³ª́���Á�̧¥�Ä�o� �¹�Å�o�Îµ�µ¦�·��´Ê��»�Á�¦ºÉ°�¤º°�¦ª�ª́��pµ�Ä��·«�³ª́���Á�̧¥�Ä�o�°��´ª
�¼o¦́�� (recepter) �¹É�Ä��¸É�¸Ê�º°� Á��¥̧rÄ®�n� Â¨³�°��µ��¸Ê¥�́Á º̈°��·��´Ê�Ä�nª��¸ÉÁ�¦ºÉ°�¤º°�³Å¤nÅ�o¦́�
�ªµ¤Á̧¥®µ¥�µ��µ¦Â���oª¥��´�Â��Ä�¦¼��¸É�4.2
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N

®¤µ¥Á®�» : ́�΅�¬�r ®¤µ¥�¹���¦³��́
®¤µ¥�¹��£µ��³�Îµ�oª¥́��³̧
®¤µ¥�¹� ¡ »̈Á È̈���µ� 2 �·Êª
®¤µ¥�¹� ¡ »̈Ã¦¤́�
®¤µ¥�¹� ¡³Á�¥̧�Á È̈�
®¤µ¥�¹��¡ »̈Ä®�n��µ� 4 �·Êª
®¤µ¥�¹���»�� n̈°¥Ã�¤¨°¥

�¸É¤µ : �µ�´�¦µ�£́�¡¦³��¦«¦̧°¥»�¥µ�(2547)

¦¼��¸É�4.2 Â���́��ÎµÂ®�n��µ¦��́ªµ�¡ »̈��¦³��́�Â¨³Á�¦ºÉ°�¤º°�¦ª�ª́��pµ�

�µ�¦¼��¸É�4.2 �¸Ê�µ¤µ¦�Â��¦µ¥¨³Á°̧¥��°��°�Å¤oÅ¢�¸ÉÄ�oÄ��µ�°¥»�¥µ¤¦��Ã¨�
�µ�́�΅�¬�r�nµ�Ç��´��¸Ê

(1) �¦³��́�Ä�oÄ��µ¦Â��Â�� ¼̈��g��Ä®o¦³Á�·�Á¤ºÉ°¥·��g��Â¨³�g�Ä®�n
(2) £µ��³�Îµ�oª¥́��³̧� ��µ�� 0.5 x 2 Á¤�¦� Á¡ºÉ°Än�¦³°���ѫ��ÊÎµ¤́�

Â öª�Îµ�µ¦� Á�µÄ��µ�Á�µÁ¤º°�� Ã�¥Ä�o�¦³°��¦·¤µ�� 1 nª�� 4 �°�Á�ºÊ°�oµ�¦³°�� �°��µ¦Á�µ
Â�n¨³¦°�Â���Â¨³ªµ�®nµ��µ�Ã�¦µ��µ��3 Á¤�¦�¼��µ�¡ºÊ��1 � 1.5 Á¤�¦�(�´Ê�®¤�¤̧�6 �»�)

�»��¸É�´Ê�Á�¦ºÉ°�¤º°
Á�È��pµ� SO2

�¦·Áª�°�́�¦¦¥r �°��¼oÁ�oµ�¤�µ�°¥»�¥µ¤¦��Ã¨�
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(3) ¡ »̈Á È̈���µ��2 �·Êª� ªµ�®nµ��µ�Ã�¦µ��µ�� 3 Á¤�¦� ¥·��¹Ê����o°�¢jµ
�Îµ�ª��24 ��́��n°�1 ¦°��µ¦Â���(ªµ�°¥¼n�´�¡ºÊ��·�)

(4) ¡ »̈Ã¦¤́��Á�}�΅�¬�³�¦³�°��¦³�µ¬�Áo��nµ«¼�¥r�¨µ��1 Á�È��·Á¤�¦�¤̧
�µ¥�´ÉªÅ��Ä��1 �¦³�°��¤̧¡ »̈�60 �´��Ä�o�50 �¦³�°���n°�1 ¦°��µ¦Â���(ªµ�°¥¼n�´�¡ºÊ��·�)

(5) ¡³Á�¥̧�Á È̈����µ�Áo��nµ«¼�¥r�¨µ��4 �·Êª�¼��12 �·Êª�Á�}�΅�¬�³³Á�È�
Å¢¢»j�°°��µ��¦³�°�� Ä�o� 2 �¦³�°�� �n°� 1 ¦°��µ¦Â��� (ªµ�°¥¼n���´É�¦oµ�) Ä� ö�´�¡¦³�¦µ��r
°��rÄ®�n�®nµ��µ�¡¦³�¦µ��r�¦³¤µ��10 Á¤�¦

(6) ¡ »̈Ä®�n��µ��4 �·Êª�ªµ�°¥¼n�oµ�®΅�¡¦³�¦µ��r°��rÄ®�n�Ã�¥®nµ�°°�Å�
�¦³¤µ��100 Á¤�¦�Á�}�΅�¬�³¥·��¹Ê�Å�Â�����o°�¢jµ�Ä�o�50 �´���n°�1 ¦°��µ¦Â��

(7) �»�� n̈°¥Ã�¤¨°¥�Ã�¥Ã�¤¨°¥¤̧Áo��nµ«¼�¥r�¨µ��1 Á¤�¦�ÅoÃ�¤¨°¥�Îµ
�µ��¦³�µ¬�»�Á�¥̧��ÅªoÎµ®¦́��»�Å¢Ä®oÁ�·��ªµ¤¦o°�Ä®oÃ�¤¨°¥�¹Ê��Ä�o�50 Ã�¤��n°�1 ¦°��µ¦Â��

�¸É¤µ : Â�́��r ¡µ�·� (2545)

¦¼��¸É 4.3  �·«�µ��°�¨¤¤¦»¤�¸É¡´��nµ��¦³Á�«Å�¥
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3) �¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��r�µ��µ¦�¦ª�ª́��oª¥ª·�¡̧µ¦µÃ¦�µ�·¨̧�
Å�o�Îµ�µ¦Á�È��ª́°¥nµ��pµ��´̈ Á¢°¦rÅ�°°�Å��r��n°Á�ºÉ°��24 �´ÉªÃ¤��Á�}�Áª¨µ�3 ª́���º°

18-20 �´�ªµ�¤�2546 Ã�¥¤̧¦µ¥¨³Á°̧¥��Â¨³ª·�¸�µ¦�Îµ�ª�Â���¸É£µ���ª���.2
�µ��¨�µ¦�¦ª�ª́�¡�ªnµ� Ä�ª́��¸É�18, 19 Â¨³� 20 �´�ªµ�¤� ¡.«. 2546 ¤̧�¦·¤µ�

�pµ��´̈ Á¢°¦rÅ�°°�Å��r��¦·Áª�ª́�¡¦³¦µ¤�Á�}��7.0781, 10.2127 Â¨³�11.9822 nª�Ä�¡�́ öµ�nª�
�µ¤ Î̈µ�´����́�µ¦µ��¸É�4.2 �´Ê��¸ÊÄ�ª́��¸É�19 Â¨³�20 �´�ªµ�¤��´Ê��³¤̧�¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r
¤µ�� Á�ºÉ°�¤µ�µ�� 2 µÁ®�»�oª¥��́� �´É��º°¤̧�µ¦³¤�°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ��¦¦¥µ�µ«� Â¨³
Á�ºÉ°��µ�ª́��¸É�19 Â¨³�20 �´�ªµ�¤��¹É�Á�}�ª́�«»�¦r�Â¨³ª́�Áµ¦r��µ¤ Î̈µ�´���³¤̧�µ¦Â���Â�� Á̧¥�
Á¡·É¤Á�}��2 ¦°�

�µ¦µ��¸É�4.2 �¨�µ¦�¦ª�ª́��pµ��´¨Á¢°¦rÅ�°°�Å��rÄ�¡ºÊ��¸É«¹�¬µ

ª́��¸É �¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r *
18 �.�. 2546 7.0781
19 �.�. 2546 10.2127
20 �.�. 2546 11.9822
�nµ¤µ�¦�µ� 300

®¤µ¥Á®�» * ¤̧®�nª¥Á�}� nª�Ä�¡�́ öµ�nª� (ppb, 1/1,000,000,000)

�µ��nµ�µ¦�¦ª�ª́�Ä��¦·Áª�ª́�¡¦³¦µ¤�¸Ê Á¤ºÉ°Å�o�Îµ¤µÁ�¦̧¥�Á�¥̧���́�nµ�µ¦�¦ª�ª́��°�
�¦¤�ª��»¤¤¨¡·¬ ��́Â��Ä��µ¦µ��¸É 4.3 �ÎµÄ®o�¦µ�ªnµ�µ��·��¦¦¤�¸É��́�¹Ê�Ä��µ�°¥»�¥µ¤¦��Ã¨�
�ÎµÄ®oÃ�¦µ��µ��¦·Áª�ª́�¡¦³¦µ¤�´Ê� Å�o¦́��pµ��´̈ Á¢°¦rÅ�°°�Å��r¤µ��¹Ê� �¦³¤µ� 4 Á�nµ �°�Ä�
£µª³�¦¦¥µ�µ«���· �´��´Ê��¹�¦»�Å�oªnµ�µ��µ¦��́�·��¦¦¤�µ�°¥»�¥µ¤¦��Ã¨� �n°Ä®oÁ�·��µ¦
Á¡·É¤�¹Ê��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �´Ê��¸Ê�nµ�µ��µ¦�¦ª�ª́��´Ê�¥�́Å¤nÁ�·��nµ¤µ�¦�µ��°��»�£µ¡
°µ�µ«Ä��¦¦¥µ�µ«�´ÉªÅ��°��¦³Á�«Å�¥ Ã�¥�¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��rÅ�o¤̧�µ¦�Îµ®��Åªo�¸É
300 nª�Ä�¡�́ öµ�nª� �¹É�¤µ�¦�µ���́� n̈µªÅ�o�Îµ®��£µ¥Ä�o�µ¦Á�·��¨�¦³���¸ÉÁ�}�°́��¦µ¥�n°
¤�»¬¥r �¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ¡·É¤¤µ��¹Ê��¸Ê�¹�¥�́Å¤nn��¨�¦³���¸É¦»�Â¦��n°�¼o�¸ÉÁ�oµ¦nª¤�µ�
Â�nÄ�nª��¨�¦³���°�ª́�» ®¦º°Ã�¦µ��µ� ¥�́Å¤n¤̧�nµ¤µ�¦�µ��Îµ®��Åªo
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�µ¦µ��¸É� 4.3 �µ¦µ�Á�¦̧¥�Á�¥̧��¨�µ¦�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�¡ºÊ��¸É«¹�¬µ� Â¨³�µ��o°¤¼¨
�µ¦�¦ª�ª́��°���¦¤�ª��»¤¤¨¡·¬

�¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(nª�Ä�¡�́ öµ�nª�, ppb)

ª́��¸É

�¦¤�ª��»¤¤¨¡·¬
(�µ��µ¦µ��4.1)

�¦·Áª��µ�°¥»�¥µ¤¦��Ã¨�
(�µ��µ¦µ��4.2)

18 �.�. 2546 2.4 7.1
19 �.�. 2546 Å¤n¤̧�o°¤¼¨ 10.2
20 �.�. 2546 3.9 12.0
�nµÁ�¨̧É¥ 3.2 9.8
�nµ¤µ�¦�µ� 300

4.2 �µ¦¡�́�µª·��̧µ¦
�µ��µ¦«¹�¬µ�¹��ªµ¤�o°��µ¦Ä��µ�ª·�´¥�¸Ê �¹É��o°��µ¦«¹�¬µ�µ¦��́�¦n°��¸ÉÁ�·��¹Ê��µ��µ¦�¸É

ª́�»�´ª°¥nµ�Á�oµ́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o��nµ�Ç �´��´Ê�Ä�nª��°�ª·�¸�µ¦�¸É�³
�o°��Îµ�µ¦¡�́�µ�¹Ê�¤µ�´Ê� �³�o°��¦³�°�Å��oª¥ 2 nª�Ä®�nÇ �´��¸Ê

1) nª��°��µ¦��¨°� �¹É��¦³�°�Å��oª¥ nª��°��µ¦� ·̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r, �µ¦
�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³®o°���°�

Ã�¥nª��°��µ¦� ·̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r �³�o°�µ¤µ¦�� ·̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r°°�
¤µÂ öª�Îµ�µ¦�¦ª�ª́�Å�oªnµ �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÅ�o�¸Ê Á�}�Å��µ¤�¸É�o°��µ¦
��¨°�®¦º°Å¤n Â¨³®o°���°��³Á�}�nª��¸ÉÁ�·���·�·¦·¥µ�µ¦��́�¦n°� �´É��º°Á�}�nª��¸Éª́�»�³�o°�Á�oµ
́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o��nµ�Ç �´É�Á°�

2) nª��µ¦ª·Á�¦µ³®r�¨�µ¦��¨°���´É��º°Á¤ºÉ°Á¦µ�Îµ�µ¦��¨°�Á¦È�Â öª��³�o°��Îµª́�»�¸É�nµ�
�µ¦��¨°�¤µÂ öª�¤µ�Îµ�µ¦ª·Á�¦µ³�r�¹��¨�¸ÉÁ�·��¹Ê�

�´��´Ê�Á¤ºÉ°�Îµ�µ¦«¹�¬µ�¹��ªµ¤�o°��µ¦�°�Á�¦ºÉ°�¤º°�¸ÉÄ�oÄ��µ¦ª·�´¥Â öª� �́Ê��n°Å��º°�Îµ�µ¦
«¹�¬µ�ªµ¤Á�}�Å�Å�oÄ��µ¦¡�́�µ�ÎµÁ°µ°»��¦�r� ®¦º°ª·�¸�µ¦�nµ�Ç� ¤µ�¦³¥»��rÄ�oÄ��µ¦ª·�´¥� ��́
¦µ¥¨³Á°̧¥��n°Å��¸Ê
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¦¼��¸É�4.4 Â���́�nª��¦³�°��°�Á�¦ºÉ°�¤º°«¹�¬µ�µ¦��́�¦n°�

4.2.1 °��r�¦³�°��°�Á�¦ºÉ°�¤º°
�´��¸ÉÅ�o� n̈µª¤µÂ öª� °��r�¦³�°��°�Á�¦ºÉ°�¤º°�¹��¦³�°�Å��oª¥� �µ¦� ·̈��pµ�

�´̈ Á¢°¦rÅ�°°�Å��r, �µ¦�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��r, ®o°���°� Â¨³Á�¦ºÉ°�¤º°�¸ÉÄ�o«¹�¬µ�µ¦
�´��¦n°�

1) �µ¦� ·̈��pµ���´¨Á¢°¦rÅ�°°�Å��r
(1) ��́�pµ�
Å�o�Îµ�µ¦«¹�¬µ�¹��ªµ¤Á�}�Å�Å�o� �°��´ª� ·̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r� �µ�

�´��¦¦�»�pµ�� �¨�¦µ��ªnµ®µ��³�Îµ�µ¦� ·̈��pµ�Ã�¥�µ¦�¹É��¦¦�»Ä���́�pµ��´Ê�� �¦��¦·Áª��µ�°°�
�°��´��³�o°��Îµ�µ¦�·��´Ê�Á¦�¼Á¨Á�°¦r�(regulator) ÅªoÁ¡ºÉ°�¦́��ªµ¤�´��°��pµ��¸É°°��µ���́�Á�ºÉ°��µ�
£µ¥Ä���́�¦¦�»�pµ��´Ê�¤̧�ªµ¤�´��¸É¼�¤µ�®µ�Å¤n�Îµ�µ¦�·��´ªÁ¦�¼Á¨Á�°¦r� �³�ÎµÄ®o¤̧Â¦��´��pµ�¦³Á�·�
°°�¤µÅ�o� �µ��´Ê��³�o°�¤̧Ã¦�µ¤·Á�°¦r� (rotameter) �¹É�µ¤µ¦��¦́�� Â¨³ª́��¦·¤µ��pµ��¸É�nµ�
Ã¦�µ¤·Á�°¦r�n°��¸É�³Á�oµ¼n®o°���°��n°Å�

Â��nÁ�ºÉ°��µ�Å�o�Îµ�µ¦�·��n°́É��ºÊ°�pµ��´̈ Á¢°¦rÅ�°°�Å��rÂ öª��¦µ��ªnµ�pµ�
�´̈ Á¢°¦rÅ�°°�Å��rÁ�}��pµ�°́��¦µ¥�¸É�³�o°�́É�Â¨³�°°�»�µ��ÎµÁ�oµ�µ��nµ��¦³Á�«� �¨°���¤̧
¦µ�µ¼���¹É�Ä��µ¦��¨°�Ä�oÄ��¦·¤µ�Á¡¥̧��·�Á�¥̧ª��º°Ä�¦³��́nª�Ä� öµ�nª�Á�nµ�´Ê�� �¹�Å¤n�»o¤�¸É�³
�Îµ�µ¦� ·̈��oª¥ª·�¸�µ¦�¸Ê

(2) � ·̈��µ���·�·¦·¥µÁ�¤̧
�µ��{�®µ�oµ��o�� �¹�Å�o�Îµ�µ¦«¹�¬µ®µª·�¸�n°¤µ� Ã�¥«¹�¬µ�µ���·�·¦·¥µ

�µ�Á�¤̧�¸Éµ¤µ¦�Á�·��¨� ·̈�Á�}��pµ��´̈ Á¢°¦rÅ�°°�Å��r� ¡�ªnµµ¤µ¦�� ·̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r
Å�o�µ�¤�µ¦

�µ¦��¨°�

ª·Á�¦µ³®r�¨�µ¦��¨°�
®�nª¥� ·̈�
�pµ��́¨Á¢°¦r
Å�°°�Å��r

®�nª¥�¦ª�ª́�
�pµ��́¨Á¢°¦r
Å�°°�Å��r

®o°�
��°�
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NaHSO3 (s) + HCl (aq) SO2 (g)+ NaCl(s) + H2O(aq)              (4.1)

�´É��º°� �Îµ�µ¦Á�¦̧¥¤�pµ��´̈ Á¢°¦rÅ�°°�Å��rÅ�o�µ��µ¦�Îµ��·�·¦·¥µ¦³®ªnµ�
�¦�Å±Ã�¦�¨°¦·��(6M HCl) �Îµ�ª��5 ¤·¨ ·̈ ·̈�¦��Îµ��·�·¦·¥µ��́Ã�Á�¥̧¤Å��´̈ Å¢�r�(NaHSO3) 1.7 �¦́¤
Ã�¥µ¤µ¦�� ·̈��pµ��´̈ Á¢°¦rÅ�°°�Å��rÅ�o�¦³¤µ��50 - 55 ¤·¨ ·̈ ·̈�¦�(Department of ChemIstry,
CreIghton University, 1997) �¹É�µ¤µ¦�Á�¦̧¥¤Å�oÄ®¤nÁ¤ºÉ°�o°��µ¦�Îµ�µ¦��¨°��Â¨³µ¤µ¦�Á�¦̧¥¤
Ä��ª�Â�oª�¹É����n°�pµ��´̈ Á¢°¦rÅ�°°�Å��rÅ�o

2) �µ¦�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(1) Â�pÃ�¦¤µÃ��¦µ¢e
Á�}�Á�¦ºÉ°�¤º°�¸Éµ¤µ¦��¦ª�ª́�µ¦�¦³�°��nµ�Ç�Å�o�Ã�¥�ÎµÄ®oµ¦�¦³�°�

°¥¼nÄ�¦¼��°��pµ�� �¹É�Á�¦ºÉ°�¤º°��·��¸Êµ¤µ¦��¦ª�ª́��ªµ¤Á�o¤�o��°�µ¦�¦³�°�Ä�¦¼��°��pµ�Å�o�¸
Â¨³¤̧�¦³·��·£µ¡¤µ��Â�nÁ�ºÉ°��µ��pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�}��pµ��¸É°́��¦µ¥�Â¨³¤̧§��·Í�´��¦n°�¼�
µ¤µ¦�¦oµ��ªµ¤Á̧¥®µ¥Ä®oÂ�nÁ�¦ºÉ°�¤º°Å�o� �¹��ÎµÄ®o®�nª¥�µ��»��¸É�¸É�·��n°Å�Å¤nµ¤µ¦�Ä®o�ªµ¤
¦nª¤¤º°Å�o� �´Ê��¸ÊÁ�¦ºÉ°�¤º°�´�� n̈µª¤̧¦µ�µ�¸É¼�� �¨°���¤̧�Îµ�ª�Á�¦ºÉ°��o°¥� Â¨³¤̧��Ä�oÄ��µ¦«¹�¬µ
ª·�´¥�n°��oµ�¤µ���µ¦�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��r�oª¥ª·�¸�µ¦�¸Ê�¹�Å¤n¤̧�ªµ¤Á®¤µ³¤

(2) ¡µ¦µÃ¦�µ�·̈ ¸�
ª·�¸�µ¦��̧o�´��¸ÉÅ�o� n̈µª¤µÂ öª� ªnµÁ�}�ª·�¸�¸ÉÁ�}�¤µ�¦�µ�Ä��µ¦�¦ª�ª́�� Â�n

Á�ºÉ°��µ�ª·��̧µ¦�¸Ê�³�o°�¤̧�µ¦�¼�°µ�µ«Á�oµ¼n®¨°��´ª��́�pµ�Á�}��¦·¤µ�¦¤µ�� �¹É�°µ�µ«£µ¥Ä�®o°�
��°��´Ê�¤̧Å¤nÁ¡¥̧�¡°�¹�Å¤nµ¤µ¦�Ä�oª·�¸�µ¦�¸ÊÄ��µ¦®µ�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÅ�o

(3) Á�¦ºÉ°��¦ª�ª́�°µ�µ« MultiRAE
Á�}�Á�¦ºÉ°�¤º°�¦ª�ª́�Â�� Multigas Monitor �´É��º°Á�¦ºÉ°� MultiRAE Å�o

°°�Â��Ä®oµ¤µ¦�ª́��pµ�Å�o®¨µ¥��·�Ä�Áª¨µÁ�¥̧ª�´� ¤̧��µ� Walkman �µ¦ª́�Á�}�Â���n°Á�ºÉ°�
(real time) Â¨³Á�·�́��µ�Á̧¥�Á�º°���́��̧¸É�nµÁ�·��ªnµ�¸É�´Ê�Åªo �¹É��µ¦�´Ê��nµÁ�º°� Â¨³�µ¦°�Á�¥̧�
(Calibrate) �oª¥ standard calibration gas �³�´Ê�¤µ�µ�Ã¦��µ�� ·̈�Â öª Á¤ºÉ°�µ¦r�Å¢Á�È¤�³ª́��nµ
Å�o�´��¸

�¹É�¤̧΅�¬�³Ã�¥�´ÉªÅ��°��´ªÁ�¦ºÉ°� MultiRAE ¦»�Å�o�´�Â��Ä��µ¦µ� 4.4
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�µ¦µ��¸É 4.4 ΅�¬�³�´ÉªÅ��°�Á�¦ºÉ°� MultiRAE

Multi Gas Monitor Specification
��µ� ¥µª 4.65 �·Êª x �ªoµ� 3.0 �·Êª x ¼� 1.9 �·Êª
�ÊÎµ®��́ ¦ª¤Â��Á�°¦̧É�oª¥¤̧��µ� 10 °°��r (454 �¦́¤)
�µ¦ª́� ¤̧�¹� 5 ��·� (°°��·Á��, �pµ�Á�µÅ®¤o, �pµ�¤¨¡·¬ 2 ��·� Â¨³ VOC) �ª́

sensor Â�� Electrochemical Îµ®¦́��´ªª́��pµ�¤¨¡·¬ Â¨³°°��·Á��, �ª́
sensor Â�� Photo-Ionization Îµ®¦́�ª́� VOC, �ª́ sensor Â�� catalytic
Îµ®¦́�ª́��pµ�Á�µÅ®¤o

Â��Á�°¦̧É Ni-Cd battery µ¤µ¦��µ¦r�Å¢Å�o 4.8 V/1400mAh
Operating Time �Îµ�µ��n°Á�ºÉ°� 10 �´ÉªÃ¤� �ª��»¤�oª¥¦³�� Microcomputer
�µ¦°nµ��nµ °nµ��nµÅ�o�´�� ̧(�´Ê� 5 ��·�) Â���ª́ sensor, �nµ�ÉÎµ»�Â¨³¼�»�

�°��»��ª́�¦ª�ª́�, �nµ TWA Â¨³ STEL Îµ®¦́��pµ� ¤¨¡·¬ Â¨³ VOC,
battery voltage Â¨³Áª¨µ�´Ê�Â�nÁ�d�Á�¦ºÉ°����¹�Áª¨µ�{��»�´�

Calibration ¤̧°��»��¸É�Îµ Calibrate �º° fresh air Â¨³ standard reference gas
Sampling Pump °́�¦µ�µ¦Å®¨ 150 ¼̈��µ«�rÁ���·Á¤�¦�n°�µ�¸
Intrinsic Safety UL & cUL Class 1, Division I, Group A. B. C. D (US & Canada), Eex ia

IIC (T4 Europe)
Protection ¤̧¦®´�nµ� Á¡ºÉ°�j°��´��µ¦ Calibrate, �µ¦�´Ê� Alarm limit Â¨³�o°¤¼¨�nµ�Ç
EM Interference Å¤n¤̧�¨�¦³��
Data Storage °nµ��nµÅ�o 20,000 �nµ (64 �´ÉªÃ¤�, 5 �n°��¸ÉÁª¨µ 1 �µ�)̧
Datalog Interval µ¤µ¦�Ã�¦Â�¦¤Å�o 1 � 3,600 ª·�µ�¸
Communication �µ¦ down load �o°¤¼¨Å�¥´� PC Â¨³ up load �µ� PC �nµ�µ¥ RS � 232

Å��¸É serial port �°� PC
temperature -20 �¹� 45 °�«µÁ�¨Á�¥̧
�ªµ¤�ºÊ�́¤¡´��r 0 Á�°¦rÁ���r �¹� 95 Á�°¦rÁ���r
Configuration �pµ� 2, 3, 4 ®¦º° 5 ��·�, µ¤µ¦�Ä�o®¦º°Å¤nÄ�o�{�¤, ¤̧®¦º°Å¤n¤̧ Datalogger

�¸É¤µ : �¦·¬´� Á°�Á��·ª�¢̧Á�¦��·Ê� (2542)
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Â¨³�°��µ��¸ÊÁ�¦ºÉ°� MultiRAE µ¤µ¦�ª́��pµ�Ä�®¨µ¥Ç �pµ� Ä�Áª¨µÁ�¥̧ª�´�Å�o �¹É��pµ�
Â�n¨³��·��¸É�Îµ�µ¦ª́��´Ê��È¤̧�o°�Îµ��́�°��nª��µ¦ª́��¸ÉÂ���nµ��´� ��́Â��Ä��µ¦µ� 4.5

�µ¦µ��¸É 4.5 �o°�Îµ��́�°��nª��µ¦ª́��°��pµ�Â�n¨³��·� �°�Á�¦ºÉ°� MultiRAE

Gas Range Resolution Response Time
(t90 diffusion)

CO
H2S
SO2

NO
NO2

CL2

O2

VOC
VOC
LEL
HCN
NH3

0-500 ppm
0-100 ppm
0-50 ppm
0-250 ppm
0-20 ppm
0-10 ppm

0-30 %
0-200 ppm
0-2000 ppm

0-100 %
0-100 ppm
0-50 ppm

1 ppm
1 ppm

0.1 ppm
1 ppm

0.1 ppm
0.1 ppm

0.1 %
0.1 ppm
1 ppm

1 %
1 ppm
1 ppm

20 sec
30 sec
15 sec
20 sec
25 sec
60 sec
15 sec
10 sec
10 sec
15 sec
60 sec
150 sec

�¸É¤µ : �¦·¬´� Á°�Á��·ª�¢̧Á�¦��·Ê� (2542)

�´��´Ê�Ä��µ¦��¨°��µ¦��́�¦n°� Ä�nª��°��µ¦�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê�
�¹�Ä�oÁ�¦ºÉ°��¦ª�ª́�°µ�µ« MultiRAE Â�n�´Ê��¸Ê�È¥´�¤̧�o°�Îµ��́Ä��µ¦�¦ª�ª́�� �´É��º°µ¤µ¦��¦ª�ª́�
Å�oÄ���nª��0-50 ppm Á�nµ�´Ê�
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3) ®o°���°� (testing chamber)
Ä�nª��°�®o°���°��´Ê� Á�ºÉ°��µ�Á�}�nª��°��µ¦Á�·���·�·¦·¥µ�µ¦��́�¦n°�

¦³®ªnµ�ª́�»�ª́°¥nµ��´��pµ��´¨Á¢°¦rÅ�°°�Å��r �¹��³�o°��Îµ�µ¦«¹�¬µ�¹�ª́�»�¸É�³�Îµ¤µ¡�́�µÁ�}�
®o°���°� �´É��º°Ä��µ¦Á º̈°�ª́�»�¸ÉÄ�oÄ��µ¦��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê� �o°��¦³�Îµ
°¥nµ��¼��o°��´�°��r�¦³�°��°��pµ��¸É�³ª́� �¹��°°oµ�°·���·��°�ª́�»�¸ÉÄ�oÁ�}�®o°���°�Á�}���·�
Á�¥̧ª�´��n°Á�È��´ª°¥nµ��pµ� ��́Â��Ä��µ¦µ��¸É 4.6

�µ¦µ��¸É 4.6 �µ¦�ÎµÂ��ª́�»�¸ÉÁ®¤µ³¤�°��n°Á�È��ª́°¥nµ��pµ�Â¨³ª́�»�¦°�
�pµ��¸É�o°��µ¦ª·Á�¦µ³®r ª́�»�n°Á�È��ª́°¥nµ� ª́�»�¦°�
�µ¦r�°�¤°�°�Å��r
Â°¤Ã¤Á�¥̧
�Îµ¤³��́°°�Å��r¦ª¤Â¨³�´̈ Á¢°¦rÅ�°°�Å��r
Å�Ã�¦Á��°°�Å��r
µ¦�¦³�°�¢ ¼̈°°Å¦�r
�¨°¦̧�
Å±Ã�¦Á���¨°Å¦�r
Å±Ã�¦Á���´̈ Å¢�r
Å±Ã�¦Á��Å�¥µÅ��r

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

ª́�»�Îµ�n° ª́�»�¦°�
 Â�oªÂ�È�  Ä¥�°�Â�oªÅ¦o�nµ� ®¦º°Ä¥�·̈ ·�µ

(Non-Alkali Glass-Wool or Silica-Wool)
 �ª°¦r��r (Quartz)  Â�oªÁ�µ (Sintered Glass)
 Á® È̈�Á®�¥̧ª�¦¦¤�µ  �µ¦rÃ�¦́��¤́ (Carborundum)
 Á® È̈�Á®�¥̧ªÂ��Á¨
 Á�¦µ¤·�
 ¥µ�́�Á�¦µ³®r¢ ¼̈°°Ã¦ (Fluoro Resin)
 ¡¸ª̧� ̧(Polyvinyl Chloride)

�¸É¤µ : «·¦·�´¨¥µ »ª�·��µ���r Â¨³��³ (2542)



85

�´��´Ê�ª́�»�¸É�ª¦�Îµ¤µ¡´��µÁ�}�®o°���°��´Ê��¹��ª¦�Îµ¤µ�µ� Â�oªÂ�È�,�ª°¦r��r,
Á® È̈�Á®�¥̧ªÂ��Á¨, Á�¦µ¤·�, ¥µ�́�Á�¦µ³®r¢ ¼̈°°Ã¦ Â¨³¡¸ª̧�¸ Â¨³Á¤ºÉ°Å�o�Îµ�µ¦«¹�¬µ®µª́�»
�¸É�³�Îµ¤µ¡�́�µÁ�}�®o°���°��´Ê� �¹�Å�oÃ��¼��ªµ¤�ºÊ� (dessiccater) ¤µ¡´��µÁ�}�®o°���°�
Á�ºÉ°��µ�Ã��¼��ªµ¤�ºÊ�� ·̈�¤µ�µ�ª́�»��·�Â�oªÂ�È� �´��´Ê��¹�¤̧�ªµ¤�����n°�µ¦�´��¦n°��°��pµ�
�´̈ Á¢°¦rÅ�°°�Å�rÅ�o� ̧ Â¨³�°��µ��¸Ê�oª¥�»�¤�´�·�¸ÉÁ�}�»��µ�µ« �¹��ÎµÄ®o�¦��µ¤�ªµ¤�o°��µ¦
Ä��µ¦�¸É®o°���°��o°�Á�}�¦³���d� Á¡ºÉ°³�ª�Ä��µ¦�ª��»¤�¦·¤µ��pµ��´̈ ¢°¦rÅ�°°�Å��r

�°��µ��¸ÊÄ�nª��°�®o°���°��´Ê� �³�o°�µ¤µ¦��̧��pµ�Á�oµ°°�Ä�®o°���°�
Å�o Á¡ºÉ°Ä��µ¦Á�¦̧¥¤�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �¹�Å�o�Îµ�µ¦°°�Â��Ä�nª�®´ª ®¦º°
�µ�Á�oµ�oµ����°�Ã��¼��ªµ¤�ºÊ� Á�}��»�¥µ� (septum) Á�ºÉ°��µ�¤̧�»�¤��́·�¸É¥º�®¥»n�µ¤µ¦�Ä�o
Á�È¤�̧�¥µ�̧��pµ� ®¦º°�°�Á®¨ªÁ�oµ¼n£µ¥Ä�Ã��¼��ªµ¤�ºÊ�Å�o Â�n�pµ�£µ¥Ä�Å¤nµ¤µ¦�³ »̈�nµ�°°�
¤µÅ�o �´��´Ê��¹��¦���́�ªµ¤�o°��µ¦

4) Á�¦ºÉ°�¤º°�nµ�Ç �¸ÉÄ�o«¹�¬µ�µ¦��́�¦n°�
Å�o�Îµ�µ¦«¹�¬µ�µ��o°¤¼¨�µ¦ª·Á�¦µ³®r�µ¦�´��¦n°��°�Ã¨®³ Â öª�Îµ�µ¦«¹�¬µªnµ

Á�¦ºÉ°�¤º°��·�Ä�µ¤µ¦��Îµ¤µª·Á�¦µ³®r Á¡ºÉ°®µ�Îµ�°�Å�o�¦��µ¤ª́��»�¦³��r�¸ÉÅ�o�´Ê�Á°µÅªo �¹�Å�o
Á�¦ºÉ°�¤º°Ä��µ¦ª·Á�¦µ³®r�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦��́�¦n°� �´��¸Ê

(1) Á�¦ºÉ°��´É� Ä�oÁ¡ºÉ°�µ¦«¹�¬µª·Á�¦µ³®r®µ¤ª¨ ®¦º°�ÊÎµ®��́�¸É®µ¥Å� �¸ÉÁ�·�
�µ��µ¦��́�¦n°��¸ÉÁ�·��¹Ê� Ä��¸É�¸ÊÅ�o�·��n°�°Ä�o�µ�£µ�ª·�µª·�¥µ«µ�¦r�´ÉªÅ� �°Ä�oÁ�¦ºÉ°��´É�°¥nµ�
¨³Á°̧¥� (�«�·¥¤ 4 �ÎµÂ®�n�) �°��Sartorius ¦»n��BA210S

(2) � ö°��»¨�¦¦«�r°·Á È̈��¦°�Â��n°��¦µ�� (Scanning Electron
Microscope, SEM) Á¡ºÉ°Ä�oÄ��µ¦«¹�¬µÃ�¦�¦oµ�£µ¥Ä�ª́�»�´ª°¥nµ�� �¹É�Å�oÄ�o� ö°��»¨�¦¦«�r
°·Á È̈��¦°�Â��n°��¦µ��°�� «¼�¥rÁ�¦ºÉ°�¤º°ª·Á�¦µ³®rÂ¨³®o°���·�´�·�µ¦Á�¤̧� £µ�ª·�µª·«ª�¦¦¤
�»̄ µ¨��¦�r¤®µª·�¥µ΅¥��°��JEOL ¦»n��JSM-5400

(3) Á�¦ºÉ°�ª·Á�¦µ³®rÃ�¦�¦oµ��oª¥Á���·��µ¦Á¨̧Ê¥ªÁ���°�¦́�̧Á°È��r�(X-ray
diffraction, XRD) «¹�¬µ°��r�¦³�°��°�ª́�»�´ª°¥nµ��Ã�¥Ä�oÁ�¦ºÉ°�¤º°�°�£µ�ª·�µ�¦�ª̧·�¥µ
�»̄ µ¨��¦�r¤®µª·�¥µ΅¥�Ã�¥Ä�o�X-ray diffraction�¦»n��D8 Advance
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4.2.2 ®¨´��µ¦ �°�ª·�¸�µ¦�̧É¡´��µ
�µ�®΅��µ¦� Â¨³�{�®µ��́�¸ÉÅ�o� n̈µª¤µ�oµ��o��´Ê�� �ÎµÄ®o¦»�ª·�¸�µ¦�¸É�Îµ�µ¦¡�́�µÄ�oÄ�

�µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦�´��¦n°���´��¸Ê

®¤µ¥Á®�» : �. ®¤µ¥�¹� �¦³�°��̧�¥µ
�. ®¤µ¥�¹���ª�� ·̈��pµ�
�. ®¤µ¥�¹���¦³�°��̧��pµ�
�. ®¤µ¥��¹��®o°���°�

¦¼��¸É�4.5 Â���́�ª·�¸�µ¦�¸É�Îµ�µ¦¡´��µÁ¡ºÉ°Ä�oÄ��µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦�´��¦n°�

�µ�¦¼��¸É� 4.5 °»��¦�r�¸ÉÄ�o¡´��µª·�¸�µ¦� ¤̧¦µ¥¨³Á°̧¥��°�°»��¦�r� Â¨³®΅��µ¦�°�ª·�¸�µ¦
�´��¸Ê

1) �¦³�°��̧�¥µ�(syrynge) ��µ��10 ml Á¡ºÉ°�Îµ�µ¦�̧��¦�¨�Å�Ä��ª�� ·̈��pµ�
2) �ª�Â�oª� ·̈��pµ�� � �¹É�Á�}�nª��Îµ��·�·¦·¥µ¦³®ªnµ��¦�Å±Ã�¦�¨°¦·�� (HCl) ��́

Ã�Á�¥̧¤Å��´̈ Á¢�� (NaHSO3) Ã�¥�µ��ª��d��oª¥Á���¤́� (septum) Á¡ºÉ°Ä®oÁ�È¤�°��¦³�°��̧�¥µ
µ¤µ¦�Á�µ³Á�oµÅ�Å�oÃ�¥�pµ�Å¤nµ¤µ¦��nµ�°°�¤µÅ�o

3) �¦³�°��̧��pµ�� (gas syrynge) ��µ�� 1 ml �Îµ®�oµ�¸ÉÄ��µ¦�¼��pµ��¸ÉÁ�¦̧¥¤Å�o
�µ��ª�� ·̈��pµ��Â¨³�̧�Á�oµ®o°���°�

4) ®o°���°�� (testing chamber) ¤̧�¦·¤µ�¦� 2,000 ¤·¨ ·̈ ·̈�¦� Ã�¥¡�́�µ¤µ�µ�
dessiccater Ã�¥ µ�d��oµ����´Ê�Å�o�Îµ�µ¦Á�¨̧É¥�Á�}� µÁ���¤́� �¹É�Á�È¤�°��¦³�°��̧��pµ�µ¤µ¦�
Á�µ³�³ »̈̈ �Å�Å�o� Â¨³�pµ��¸É°¥¼n£µ¥Ä�®o°���°��¸ÊÅ¤nµ¤µ¦��nµ�°°�¤µÅ�o� �¹É�Á�}�nª��¸ÉÄ�oÄn
ª́�»�´ª°¥nµ��¸É�o°��µ¦��°�Ä®ó¤�́��́�pµ��¸É�ªµ¤Á�o¤�o��nµ�Ç� �¸É�Îµ®��Åªo� Á¡ºÉ°�¼�µ¦�´��¦n°��¸É
Á�·��¹Ê�

SO2

HCl

SO2

NaHSO3
���
���
�...

�.
�.

�.
�.
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Ä��µ¦�Îµ�µ¦��¨°��¸Ê� �o°��µ¦�¼�µ¦�´��¦n°��¸ÉÁ�·��¹Ê�Ã�¥�pµ��´̈ Á¢°¦rÅ�°°�Å��r� �¸É
�ªµ¤Á�o¤�o��nµ�Ç��¹É��Îµ�µ¦Á�¦̧¥¤�pµ��µ��¦�Å±Ã�¦�¨°¦·��(HCl) �Îµ��·�·¦·¥µ�´��Ã�Á�¥̧¤Å��´¨Å¢�r
(NaHSO3 ) Ä��ª�� ·̈��pµ�� �´�¤�µ¦�4.1 �oª¥�µ¦�̧��¦�Ä��¦³�°��̧�¥µ¨�Å�Ä��ª�� ·̈��pµ��¹É�
¤̧Ã�Á�¥̧¤Å��´̈ Å¢�r

NaHSO3 (s) + HCl (aq) SO2 (g)+ NaCl(s) + H2O(aq) (4.1)

Á¤ºÉ°Å�o�pµ��´¨Á¢°¦rÅ�°°�Å��r�¹É�Á�·��¹Ê�£µ¥Ä��ª�� ·̈��pµ�Â öª� Ä®o�Îµ�µ¦�¼��pµ�
�´̈ Á¢°¦rÅ�°°�Å��rÃ�¥�¦³�°��̧��pµ�� Â öª�̧��pµ�¨�Å�Ä�®o°���°��¹É�¤̧ª́�»�ª́°¥nµ��¸É�o°��µ¦
��°�°¥¼n£µ¥Ä�� Â¨³�d� µÁ¦̧¥�¦o°¥Â öª� �´Ê��¸ÊÁ�ºÉ°��µ�¦³���¸É��°��³�o°�Á�}�¦³���d�� Á¡ºÉ°
�ª��»¤�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r

4.2.3 �¨�µ¦��°�Á�¦ºÉ°�¤º°
1) �ªµ¤�ºÊ�́¤¡´��r�Â¨³°»�®£¼¤·
�Îµ�µ¦�¦ª�ª́�°»�®£¼¤·� Â¨³�ªµ¤�ºÊ�́¤¡´��r� �´Ê�£µ¥Ä�� Â¨³£µ¥�°��®o°���°�

Ã�¥Á�¦ºÉ°�¤º°�¦ª�ª́�°»�»�·¥¤ª·�¥µ�(Micrologger) Â öª�Îµ¤µ�Îµ�µ¦Á�¦̧¥�Á�¥̧�
¡�ªnµ°»�®£¼¤·Á�¨̧É¥� �°�£µ¥Ä�Â¨³£µ¥�°�®o°���°�� Á�}�� 29.67 Â¨³� 29.33

°�«µÁ�¨Á�¥̧��µ¤ Î̈µ��́�Â¨³�ªµ¤�ºÊ�́¤¡´��rÁ�¨̧É¥��°�£µ¥Ä�Â¨³£µ¥�°��®o°���°��Á�}��71.5
Â¨³�72.2 Á�°¦rÁ���r��µ¤ Î̈µ�´���´�Â��Ä��µ¦µ��4.7

�´��´Ê��µ��¨�µ¦�¦ª�ª́�°»�®£¼¤·� Â¨³�ªµ¤�ºÊ�́¤¡´��r� �nµ�ªµ¤Â���nµ��¸ÉÅ�o�°�
�nµÁ�¨̧É¥°»�®£¼¤·£µ¥Ä�Â¨³£µ¥�°�®o°���°�� Á�nµ�´��1.16 Á�°¦rÁ���r� Â¨³�nµ�ªµ¤Â���nµ��°�
�ªµ¤�ºÊ�́¤¡´��r£µ¥Ä�Â¨³£µ¥�°�®o°���°��Á�nµ�´��0.97 Á�°¦rÁ���r��¹É�µ¤µ¦�¥°¤¦́�Å�o
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�µ¦µ��¸É�4.7 °»�®£¼¤·Â¨³�ªµ¤�ºÊ�́¤¡´��r�¸ÉÅ�o�µ��µ¦�¦ª�ª́�£µ¥Ä�Â¨³£µ¥�°�®o°���°�

°»�®£¼¤·�(°�«µÁ�¨Á�¥̧) Á�°¦rÁ���r�ªµ¤�ºÊ�́¤¡´��r�¦́Ê��¸É
£µ¥�°�®o°���°� £µ¥Ä�®o°���°� £µ¥�°�®o°���°� £µ¥Ä�®o°���°�

1 29.33 29.67 73.0 72.0
2 29.33 29.67 73.0 72.0
3 29.33 29.67 72.5 72.0
4 29.33 29.67 72.0 71.5
5 29.33 29.67 72.0 71.5
6 29.33 29.67 72.0 71.5
7 29.33 29.67 72.0 71.0
8 29.33 29.67 72.0 71.0
9 29.33 29.67 72.0 71.0
10 29.33 29.67 71.5 71.0

�nµÁ�¨̧É¥ 29.33 29.67 72.2 71.5

�´��´Ê�Ä��µ¦��¨°�°́�¦µ�µ¦��́�¦n°��¹�µ¤µ¦�°oµ�°·�£µª³�¸É�Îµ�µ¦��¨°�� £µ¥
Ä�o£µª³�¦¦¥µ�µ«�´ÉªÅ�� �´Ê��¸Ê�µ�Á�¦ºÉ°�¤º°�¦ª�ª́�°»�»�·¥¤ª·�¥µ (Meteorological Monitoring
System)� ���µ�¢jµ�°��¹�£µ�ª·�µª·�¥µ«µ�¦r� �»̄ µ¨��¦�r¤®µª·�¥µ΅¥� Å�o�¦ª�ª́��nµ°»�®£¼¤·
Â¨³�ªµ¤�ºÊ�́¤¡´��r��¨°�¦³¥³Áª¨µ�µ¦��¨°��Å�o�´��¸Ê

°»�®£¼¤· 29.5 + 2 °�«µÁ�¨Á�¥̧
�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r
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2) �¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�¦̧¥¤�´��¸É�¦ª�ª́�Å�o
Å�o�Îµ�µ¦�¦ª�ª́��ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�Îµ�µ¦Á�¦̧¥¤�¹Ê�¤µ �¸É

�ªµ¤Á�o¤�o��nµ�Ç £µ¥Ä�®o°���°� Ã�¥Á�¦ºÉ°� MULTIRAE IR Á�ºÉ°��µ�¤̧�o°�Îµ�´��°�Á�¦ºÉ°�¤º° �¹É�
¤̧�ªµ¤�¼��o°�Ä��µ¦�¦ª�ª́��ªµ¤Á�o¤�o��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É 50 nª�Ä� öµ�nª� �¹�µ¤µ¦�
�Îµ�µ¦�¦ª�ª́���°��¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r£µ¥Ä�®o°���°� �¸É�ªµ¤Á�o¤�o�Å¤nÁ�·�
50 nª�Ä� öµ�nª� Á�nµ�´Ê� �´É��º°�Îµ�µ¦�¦ª�°��¸É 10, 20, 30, 40 Â¨³ 50 nª�Ä� öµ�nª�

�µ¦µ��¸É 4.8 �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�¦ª�ª́�Å�oÃ�¥Á�¦ºÉ°� MULTIRAE IR �µ��µ¦
Á�¦̧¥¤�pµ��¸É�ªµ¤Á�o¤�o��nµ�Ç

�pµ��´̈ Á¢°¦�rÅ�°°�Å��r (nª�Ä� öµ�nª�)�¦́Ê��¸É
10 20 30 40 50

1 8.7 18.2 29.1 38.9 48.7
2 10.0 19.5 29.6 39.8 49.7
3 10.1 19.9 30.2 40.7 50.5
4 10.4 21.3 30.5 41.6 51.8
5 11.5 22.2 32.4 41.9 52.9

�nµÁ�¨̧É¥ 10.14 20.22 30.36 40.58 50.72

�µ��¨�µ¦�¦ª�ª́��ªµ¤Á�o¤�o��pµ��´̈ Á¢°¦rÅ�°°�Å��r� ¡�ªnµ�ªµ¤Á�o¤�o��¸ÉÁ�¦̧¥¤
�µ��µ¦��¨°�� �º°� 10, 20, 30, 40 Â¨³� 50 nª�Ä� öµ�nª�� Á¤ºÉ°�Îµ�µ¦�¦ª�ª́�Ã�¥Á�¦ºÉ°�
MULTIRAE IR Å�o� 10.14, 20.22, 30.36, 40.58 Â¨³� 49.72� nª�Ä� öµ�nª�� �µ¤ Î̈µ��́� �´É��º°
¤̧Á�°¦rÁ���r�ªµ¤�¨µ�Á� º̈É°��¸É�1.40, 1.10, 1.20, 1.45 Â¨³�1.44 Á�°¦rÁ���r��µ¤ Î̈µ��́

�´��´Ê�µ¤µ¦�¦»�Å�oªnµ�ªµ¤Á�o¤�o��µ��µ¦Á�¦̧¥¤�µ¦��¨°� Á¤ºÉ°Á�¥̧���́�nµ�µ�
�µ¦�¦ª�ª́� ¤̧�nµ�ªµ¤�¨µ�Á� º̈É°�Á�¨̧É¥ 1.32 Á�°¦rÁ���r �¹É�µ¤µ¦�¥°¤¦́�Å�o
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3) �µ¦�´��¦n°��¸ÉÁ�·��¹Ê�
�¦ª�°��µ¦��́�¦n°��¸Éµ¤µ¦�́�Á��Å�o� Ã�¥�µ¦�´É��ÊÎµ®�´��oª¥Á�¦ºÉ°��´É��ÊÎµ®��́

°¥nµ�¨³Á°̧¥�� (�«�·¥¤� 4 �ÎµÂ®�n�) Á¤ºÉ°�Îµ¤µÁ�¦̧¥�Á�¥̧���́�ÊÎµ®��́�¸É�´É�Åªo�n°��µ¦́¤�́��́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��r� �¦µ��ªnµª́�»�´ª°¥nµ��¸É�Îµ�µ¦́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o�
50, 100, 200, 400 Â¨³�800 nª�Ä� öµ�nª��Á�}�Áª¨µ�2 ́��µ®r�¤̧�ÊÎµ®��́�°�ª́�»�´ª°¥nµ�®µ¥Å�
0.0061, 0.0063, 0.0072, 0.0077 Â¨³�0.0082 �¦́¤��µ¤ Î̈µ�´���´�Â��Ä��µ¦µ��¸É�4.9

�µ¦µ��¸É� 4.9 �¦·¤µ��ÊÎµ®��́�°�ª́�»�ª́°¥nµ��¸É®µ¥Å�®΅��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r� �¸É
�ªµ¤Á�o¤�o��nµ�Ç

�´̈ Á¢°¦rÅ�°°�Å��r
(nª�Ä� öµ�nª�)

�ÊÎµ®��́�n°�́¤�́
(�¦́¤)

�ÊÎµ®��́®΅�́¤�́
(�¦́¤)

�ÊÎµ®��́�¸É®µ¥Å�
(�¦́¤)

50 14.2179 14.2118 0.0061
100 7.5225 7.5162 0.0063
200  9.5770  9.5700 0.0072
400  9.7189  9.7112 0.0077
800  13.4424  13.4342 0.0082

�µ��¨�µ¦��¨°��¸Ê�ÎµÄ®o�¦µ�ªnµ Á�¦ºÉ°�¤º°Â¨³ª·�¸�µ¦�¸É�Îµ�µ¦¡�́�µ�¹Ê�¤µÁ¡ºÉ°
«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦�´��¦n°��´Ê� µ¤µ¦�ª·Á�¦µ³®rÂ¨³�Îµ�µ¦�¦ª�ª́��µ¦��́�¦n°��¸ÉÁ�·�
�¹Ê�Å�o �´É��º°¤̧�µ¦�´��¦n°��¸ÉÂ��Ä�΅�¬�³�°��ÊÎµ®��́�¸É®µ¥Å� �¹É��o°¤¼¨Á® n̈µ�¸Êµ¤µ¦��ÎµÅ�
�Îµ�ª�®µ°́�¦µ�µ¦�´��¦n°��n°Å�Å�o
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4.3 ¨´�¬�³�°�ª́�»�´ª°¥nµ�
4.3.1«¹�¬µ�»�¤��́·�°�°·�Â¨³�¼��{��

1) �ªµ¤®�µÂ�n�
®΅��µ��Îµ�µ¦ª·Á�¦µ³®r®µ�ªµ¤®�µÂ�n�� Ã�¥�µ¦®µ¤ª¨� (�¦́¤) �°�ª́�»�´ª°¥nµ�

�oª¥�µ¦�´É��ÊÎµ®�´�� Â¨³®µ�¦·¤µ�¦� ( ¼̈��µ«�rÁ���·Á¤�¦) Ã�¥Ä�o�µ¦Â���¸É�ÊÎµÄ��¦³�°�¥¼Á¦�µ� Â öª
�Îµ�µ¦�Îµ�ª��µ¤¤�µ¦�¸É�3.9 (Â��Ä�£µ���ª���) �¨�¦µ��ªnµ�°·�Á�nµ¤̧�ªµ¤®�µÂ�n�Á�nµ��´�
2.1 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦� °·��{��»��́¤̧�ªµ¤®�µÂ�n�Á�nµ��́� 1.8 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦
�¼��{��Á�nµ¤̧�ªµ¤®�µÂ�n�Á�nµ�´�� 1.9 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦� Â¨³Ä��¼��{���{��»��́¤̧�ªµ¤
®�µÂ�n�Á�nµ��́��2.0 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦���́Â��Ä��µ¦µ��¸É�4.10

�µ¦µ��¸É�4.10 �ªµ¤®�µÂ�n��°�ª́�»�ª́°¥nµ�

ª́�»�´ª°¥nµ� �ªµ¤®�µÂ�n��*
(�¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦)

°·�Á�nµ 2.1
°·��{��»�´� 1.8
�¼��{��Á�nµ 1.9
�¼��{���{��»�´� 2.0

�µ��¨�µ¦��¨°��¸ÉÅ�o�¸Ê� Á�}��µ¦®µ�ªµ¤®�µÂ�n��°�ª́�»�´ª°¥nµ��¸ÉÅ�o�Îµ¤µÄ�oÄ�
�µ¦ª·�¥́�¦́Ê��¸Ê� �¹É��´Ê��¸Ê°·�Â¨³�¼��{��Ä�Â�n̈ ³�¸É�³¤̧�¦¦¤ª·�¸Ä��µ¦� ·̈��¸ÉÂ���nµ���́°°�Å�� �´��´Ê�
�ªµ¤®�µÂ�n��°�°·�Â¨³�¼��{���¹�°µ��³Å¤nÁ�nµ�´�� ��́�´Ê��ªµ¤®�µÂ�n��¸ÉÅ�o�¸Ê�¹�Ä�o°oµ�°·�Á�¡µ³Ä�
�µ�ª·�¥́�¸ÊÁ�nµ�´Ê�
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2) «¹�¬µ°��r�¦³�°�£µ¥Ä��°�ª́�»�´ª°¥nµ�
�Îµª́�»�ª́°¥nµ��´Ê� 4 ��·� Å�oÂ�n °·�Á�nµ, °·��{��»�´�, �¼��{��Á�nµ Â¨³ �¼��{���{��»�´�

¤µ�Îµ�µ¦«¹�¬µ°��r�¦³�°��oª¥Á���·��µ¦Á¨̧Ê¥ªÁ���°�¦́�̧Á°È��r �oª¥Á�¦ºÉ°� X-ray diffraction
(XRD) ¦»n� D8 Advance

¡�ªnµ®΅��µ��Îµª́�»�´ª°¥nµ��´Ê� 4 ��·�¤µª·Á�¦µ³®r®µ°��r�¦³�°��oª¥Á���·�
�µ¦Á¨̧Ê¥ªÁ���°�¦́�̧Á°È��r (�µ¦µ� 4.11)

(1) Ä�°·�Á�nµ°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2) Â¨³
Å�Á�Å¦�r (Kieserite, MgSO4.H2O)

(2) °·��{��»�´�°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2)
(3) �¼��{��Á�nµ°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2),

Â�¨Å��r (Calcite, CaCO3) Â¨³Â°�Å±Å��r (Anhydrite, CaSO4)
(4) �¼��{���{��»�´�°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2),

Â�¨Å��r (Calcite, CaCO3) Â¨³ ¡°¦r�Â¨��rÅ��r (Portlandite, Ca(OH)2 )

�µ¦µ��¸É 4.11 °��r�¦³�°��°�ª́�»�´ª°¥nµ��n°��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r �¸Éª·Á�¦µ³®r¡�Ã�¥
Á���·��µ¦Á¨̧Ê¥ªÁ���°�¦́�̧Á°È��r

ª́�»�´ª°¥nµ� °��r�¦³�°�
°·�Á�nµ �ª°¦r�, Å�Á�Å¦�r
°·��{��»�´� �ª°¦r�
�¼��{��Á�nµ �ª°¦r�, Â�¨Å��r, Â°�Å±Å��r
�¼��{���{��»�´� �ª°¦r�, Â�¨Å��r, ¡°¦r�Â¨��rÅ��r

�´Ê��¸ÊÄ��µ¦ª·Á�¦µ³®r°��r�¦³�°�£µ¥Ä�ª́�»�ª́°¥nµ� �n°��¸É�³�Îµ�µ¦́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�¸Ê Á�}��µ¦ª·Á�¦µ³®rÁ¡ºÉ°�Îµ�µ¦«¹�¬µ�¹�°��r�¦³�°�£µ¥Ä��°�ª́�»�´ª°¥nµ�
Á¡ºÉ°�¸É�³�Îµ�¨�°��µ¦ª·Á�¦µ³®r�¸Ê Å�Á�¦̧¥�Á�¥̧���́°��r�¦³�°�£µ¥Ä��°�ª́�»�´ª°¥nµ��¸ÉÁ�·��¹Ê�
®΅��µ��Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ��µ¦ª·Á�¦µ³®r�n°Å�
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4.4 �¨�µ¦��́�¦n°�
4.4.1 �µ¦�¦ª�°�¨�́¬�³£µ¥�°��oª¥�µ¦�́Á��

Á�}��µ¦�¦ª�°�΅�¬�³�µ¦��́�¦n°�£µ¥�°�� �¸Éµ¤µ¦�́�Á��Å�o�oª¥�µÁ� n̈µ
�´Ê��¸ÊÅ�o�Îµ�µ¦��́�¹��µ¦Á�¨̧É¥�Â�¨��¸ÉÁ�·��¹Ê����́�¸Ê

1) °·�Á�nµ
ª́�»�´ª°¥nµ��¦³Á£�°·�Á�nµ�´Ê�� Á¤ºÉ°�Îµ�µ¦́�Á���n°�Á¦·É¤�µ¦��¨°�¡�ªnµ¡ºÊ��·ª

�°�°·�Á�nµ¤̧� ¹̈�̧�µª°¥¼n�n°�Â öª� �¹�Å�o�Îµ�µ¦�¦́�Â�n�� �Îµ�ªµ¤³°µ�°·�Á�nµ�n°��³�Îµ
�µ¦��¨°�Ä®o¤̧΅�¬�³Á®¤º°��´��»��o°��Ã�¥�µ¦��́Á°µ� ¹̈�̧�µª°°��´�¦¼��¸É�4.6

     (�) (�)

¦¼��¸É��4.6  ΅�¬�³�°�°·�Á�nµ�n°��Îµ�µ¦��¨°�
(�) °·�Á�nµ�n°��Îµ�ªµ¤³°µ�
(�) °·�Á�nµ®΅��Îµ�ªµ¤³°µ�

®΅��µ�Å�o�Îµ°·�Á�nµ�Îµ�µ¦́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o��50, 100,
200, 400 Â¨³� 800 nª�Ä� öµ�nª�� �¨�¦µ��ªnµÄ�́��µ®r�¸É� 1 - 10 �´Ê�� �³¡�ªnµ¤̧�µ¦
Á�¨̧É¥�Â�¨��¸É� öµ¥�´���º°�¸É�·ª�°�°·�Á�nµ�´Ê�¤̧� ¹̈�̧�µªÁ�·��¹Ê�

�µ��µ¦́�Á��°·�Á�nµ�¸É́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê� 5 �ªµ¤Á�o¤�o�
¡�ªnµ µ¤µ¦�́�Á��¡�� ¹̈�̧�µªÁ�µ³°¥¼n�¦·Áª��·ª�°�°·�Á�nµ �´Ê�Â�nÄ�́��µ®r�¸É 1 Ã�¥Á�¡µ³Ä�
°·�Á�nµ�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 400 Â¨³ 800 nª�Ä� öµ�nª� nª�
°·�Á�nµ�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 100 Â¨³ 200 nª�Ä� öµ�nª��´Ê� ́�Á��Á®È�
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� ¹̈�̧�µªÄ�́��µ®r�¸É 2 Â¨³°·�Á�nµ�¸É�Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 50
nª�Ä� öµ�nª� ́�Á��Á®È�� ¹̈�̧�µªÄ�́��µ®r�¸É 4

     (�) (�)

¦¼��¸É��4.7  � ¹̈�̧�µª��¡ºÊ��·ª�°�°·�Á�nµ�¸É́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(�) �¦·Áª�¡ºÊ��·ª£µ¥�°�°·�Á�nµ
(�) �¦·Áª�¡ºÊ��·ª£µ¥Ä�°·�Á�nµ

�µ�¦¼�� 4.7 (�) �º°�o°�°·�Á�nµ�¸É�Îµ�µ¦́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r� Ä�nª��¸É
ª��¨¤�º°� ¹̈�̧�µª�¸ÉÁ�·��¹Ê��¦·Áª��·ª�°�°·�Á�nµ�Ã�¥Á¤ºÉ°�Îµ�µ¦�¦³Á�µ³°·�Á�nµÁ¡ºÉ°«¹�¬µ��·ª£µ¥Ä�
¡�ªnµ¡ºÊ��·ª£µ¥Ä��°�°·�Á�nµ�È¡�� ¹̈�̧�µª�¸ÊÁ�n���́���́¦¼��¸É�4.7 (�)

2) °·��{��»�´�
ª́�»�´ª°¥nµ��¦³Á£�°·��{��»�´��´Ê�� �n°��Îµ�µ¦��¨°�¡ºÊ��·ª¤̧΅�¬�³Á¦̧¥�� Å¤n¡�

� ¹̈�̧�µª��´�¦¼��¸É�4.8

¦¼��¸É�4.8 °·��{��»�´��n°��Îµ�µ¦��¨°�
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�¨�µ��µ¦́�Á���ªµ¤Á�¨̧É¥�Â�¨��¸ÉÁ�·��¹Ê���°·��{��»�´��´Ê�� ¤̧΅�¬�³Á�n�Á�¥̧ª
�´���́°·�Á�nµ� �´É��º°Á�·�� ¹̈�̧�µª�¹Ê���¡ºÊ��·ª�°�°·��{��»�´�� ��́�¸ÉÄ�¦¼��¸É� 4.9 (�) �¹É�Å�oÂ��
� ¹̈�̧�µª�¸ÉÁ�·��¹Ê��¸É�·ª£µ¥�°�°·��{��»�´�� Ã�¥Å�oª��¨¤¦°�� ¹̈�̧�µª�¸ÉÁ�·��¹Ê�� Â¨³�°��µ��´Ê�
¥´�¡�ªnµ£µ¥Ä�°·��{��»�´�Á¤ºÉ°�Îµ�µ¦�¦³Á�µ³°°�¤µ�³¡�� ¹̈�̧�µªÁ�·��¹Ê�Á�n���́� �´�¦¼��¸É� 4.9 (�)
£µ¥Ä�ª��¨¤Â��� ¹̈�̧�µª�¸ÉÁ�·��¹Ê�

 (�)       (�)

¦¼��¸É��4.9  � ¹̈�̧�µª��¡ºÊ��·ª�°�°·��{��»�´��¸É́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(�) �¦·Áª�¡ºÊ��·ª£µ¥�°�°·��{��»�´�
(�) �¦·Áª�¡ºÊ��·ª£µ¥Ä�°·��{��»�´�

ª́�»�´ª°¥nµ�°·��{��»�´��¸Ê� �³µ¤µ¦�́�Á���oª¥�µÁ� n̈µ¡�� ¹̈�̧�µª®΅�́¤�́�´�
�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o�� 50 Â¨³� 100 nª�Ä� öµ�nª�� Ä�́��µ®r�¸É� 4 nª�� ¹̈�Á� º̈°
�¸Éµ¤µ¦�́�Á���oª¥�µÁ� n̈µ®΅�́¤�́�´��pµ��´¨Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o��200, 400 Â¨³�800
nª�Ä� öµ�nª��¡�Ä�́��µ®r�¸É�3, 2 Â¨³�1 �µ¤ Î̈µ�´�

3) �¼��{��Á�nµ
ª́�»�´ª°¥nµ��¦³Á£��¼��{��Á�nµ� ¤̧΅�¬�³¦nª��ÎµÄ®o�µ¦�¦́�Â�n�¦¼�¦nµ��n°��oµ�

Î̈µ�µ�� Â¨³¡�� ¹̈�̧�µª��¡ºÊ��·ª�°��¼��{��Á�nµ� �¹��o°��Îµ�µ¦�¦́�Â�n�� Â¨³�Îµ�ªµ¤³°µ�
ª́�»�´ª°¥nµ��Á�n�Á�¥̧ª��́°·�Á�nµ��´�¦¼��¸É�4.10
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     (�) (�)
¦¼��¸É��4.10  � ¹̈�̧�µª��¡ºÊ��·ª�°��¼��{��Á�nµ�¸É́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r

(�) �¼��{��Á�nµ�n°��Îµ�ªµ¤³°µ�
(�) �¼��{��Á�nµ®΅��Îµ�ªµ¤³°µ�

�µ¦Á�¨̧É¥�Â�¨��̧ÉÁ�·��¹Ê��°��¼��{��Á�nµ®΅��µ¦́¤�́�pµ��́¨Á¢°¦rÅ�°°�Å��r�´Ê�
�n°��oµ�Á®È�Å�o�́�Á�� �´É��º°Á�·�� ¹̈�̧�µª�¹Ê��¦·Áª��·ª�°��¼��{��Á�nµ �¹É�µ¤µ¦�́�Á��Å�o�oª¥
�µÁ� n̈µ�´Ê�Â�n�µ¦́¤�́�´��pµ��́¨Á¢°¦rÅ�°°�Å��r�́Ê� 5 �ªµ¤Á�o¤�o� Å�oÂ�n 50, 100, 200, 400 Â¨³
800 nª�Ä� öµ�nª� �´Ê�Â�nÄ�́��µ®r�̧É 1

(�) (�)

¦¼��¸É��4.11  � ¹̈�̧�µª��¡ºÊ��·ª�°��¼��{��Á�nµ�¸É́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(�) �¦·Áª�¡ºÊ��·ª£µ¥�°��¼��{��Á�nµ
(�) �¦·Áª�¡ºÊ��·ª£µ¥Ä��¼��{��Á�nµ
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�µ�¦¼�� 4.11 (�) Â���·ª�¼��{��Á�nµ�¸É�Îµ�µ¦́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r� Ä�
nª��¸Éª��¨¤�º°� ¹̈�̧�µª�¸ÉÁ�·��¹Ê��¦·Áª��·ª�°��¼��{��Á�nµ� �¹É��³Á®È�ªnµ� ¹̈�¤̧΅�¬�³Á�}�ª�� �ªoµ�
µ¤µ¦�́�Á��Á®È�Å�o�´�Á��� Â¨³Á¤ºÉ°�Îµ�µ¦�¦³Á�µ³�¼��{��Á�nµÁ¡ºÉ°«¹�¬µ�¦·Áª��·ª£µ¥Ä�
¡�ªnµ�¦·Áª��·ª£µ¥Ä��°��¼��{��Á�nµ�È¡�� ¹̈�̧�µª�¸ÊÁ�n���́��´�¦¼��¸É�4.11 (�)

4) �¼��{���{��»�´�
ª́�»�´ª°¥nµ��¦³Á£��¼��{���{��»�´��´Ê�� �n°��Îµ�µ¦��¨°�¡ºÊ��·ªª́�»¤̧΅�¬�³Á¦̧¥�

�o°�ª́�»¤̧Á�ºÊ°Â�n��Å¤n¦nª��Å¤n¡�� ¹̈�̧�µª��´��¸É¡�Ä��¼��{��Á�nµ��´�¦¼��¸É�4.12

¦¼��¸É�4.12 �¼��{��Á�nµ�n°��Îµ�µ¦��¨°�

�µ¦Á�¨̧É¥�Â�¨��̧ÉÁ�·��¹Ê� �°��¼��{���{��»�́�®΅��µ¦́¤�́�pµ��́¨Á¢°¦rÅ�°°�Å��r
�´Ê� Å¤n�́�Á��Á�nµ��́�¼��{��Á�nµ �´É��º°Á�·�� ¹̈�̧�µªÁ�}��»�Á È̈�Ç Å¤nÅ�o¤̧΅�¬�³Á�}�ª��ªoµ�°¥nµ�
�¼��{��Á�nµ Á�·��¹Ê��¦·Áª��·ª�°��¼��{���{��»�́� �́Ê��¸Êµ¤µ¦�́�Á��Å�o�oª¥�µÁ� n̈µ®΅��µ¦́¤�́
��́�pµ��́¨Á¢°¦rÅ�°°�Å��r�̧É�ªµ¤Á�o¤�o� 50, 100 Â¨³ 200 nª�Ä� öµ�nª� Ä�́��µ®r�̧É 3 �̧É
�ªµ¤Á�o¤�o� 400 nª�Ä� öµ�nª� ́�Á��¡�Ä�́��µ®r�̧É 2 Â¨³�̧É�ªµ¤Á�o¤�o� 800 nª�Ä� öµ�nª�
́�Á��¡��´Ê�Â�nÄ�́��µ®r�̧É 1
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(�)       (�)

¦¼��¸É��4.13  � ¹̈�̧�µª��¡ºÊ��·ª�°��¼��{���{��»�´��¸É́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r
(�) �¦·Áª�¡ºÊ��·ª£µ¥�°��¼��{���{��»�´�
(�) �¦·Áª�¡ºÊ��·ª£µ¥Ä��¼��{���{��»�´�

�µ�¦¼��4.13 (�) Â���·ª�¼��{���{��»�´��¸É�Îµ�µ¦́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�Ä�
nª��¸Éª��¨¤�º°� ¹̈�̧�µª�¸ÉÁ�·��¹Ê��¦·Áª��·ª�°��¼��{���{��»��́� �¹É��³Á®È�ªnµ� ¹̈�¤̧΅�¬�³Á�}��»�
̧�µª� Â¨³Á¤ºÉ°�Îµ�µ¦�¦³Á�µ³�¼��{���{��»��́Á¡ºÉ°«¹�¬µ�¦·Áª��·ª£µ¥Ä�� ¡�ªnµ�¦·Áª��·ª£µ¥Ä��°�
�¼��{���{��»�´�¡�� ¹̈�̧�µª�´�Á�n��¸É¡�Ä��¼��{��Á�nµ� Â�nÅ¤n��́Á��Á�nµ�¼��{��Á�nµ� �´�Â��Ä�� ¦¼��¸É
4.13 (�)
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4.4.2 ª·Á�¦µ³®r�¨¹��̧µª
�¨�µ¦��¨°���́�¸ÉÅ�o� n̈µª¤µ�¸Ê� (�µ�� 4.4.1) ¡�ªnµª́�»�´ª°¥nµ��´Ê�� 4 ��·�� Å�oÂ�n� °·�Á�nµ,

°·��{��»�´�, �¼��{��Á�nµ� Â¨³�¼��{���{��»�´�� ¤̧� ¹̈�̧�µªÁ�·��¹Ê��´Ê��¦·Áª��·ª£µ¥Ä�� Â¨³�¦·Áª�
�·ª£µ¥�°��°�ª́�»�´ª°¥nµ�� �¹�Å�o�Îµ�µ¦ª·Á�¦µ³®r�n°Á¡ºÉ°«¹�¬µªnµ� ¹̈�̧�µª�´�� n̈µª�´Ê�Á�}�� ¹̈��°�
°³Å¦� �´Ê��¸Ê�µ��§¬�̧�µ¦�´��¦n°��¸ÉÅ�o� n̈µª¤µ�ÎµÄ®oµ¤µ¦��µ�Á�µÅ�oªnµÁ�}�� ¹̈��´̈ Á¢�� ��́�´Ê�Á¡ºÉ°
Á�}��µ¦¥º�¥´��µ¦��¨°��¹�Å�o�Îµ�µ¦ª·Á�¦µ³®r®µ�´̈ Á¢����́�¸Ê

Å�o�Îµ�µ¦�Îµ� ¹̈�̧�µª�´�� n̈µª�µ�ª́�»�´ª°¥nµ�Â�n¨³��·�� �¹É�Å�oÂ�n� °·�Á�nµ, °·��{��»��́,
�¼��{��Á�nµ� Â¨³�¼��{���{��»�´�� ¤µ�Îµ�µ¦¨³¨µ¥Ä��ÊÎµ�΅É�� Â öª�Îµµ¦¨³¨µ¥�¸ÉÅ�o�¸Ê¤µ�ÎµÄ®oÁ�}�
�¦��oª¥�¦�Á� º̈°Á�o¤�o�� Â¨³®¥�Â�Á¦̧¥¤�¨°Å¦�r̈ �Å�� ¡�ªnµÁ�·��³�°�̧�µª�°�Â�Á¦̧¥¤�´̈ Á¢�
�´�¤�µ¦�4.2

Ba2+ (aq) + SO4
2- (aq) BaSO4 (s)              (4.2)

�µ��¨�µ¦��¨°��¸Ê�ÎµÄ®o¥º�¥�́Å�oªnµ� ¹̈�̧�µª�¸É¡����·ªª́�»�´ª°¥nµ��´Ê�� 4 ��·��¸ÊÁ�}�� ¹̈�
�°�Á� º̈°�´¨Á¢��¹É�Á�·��µ��µ¦́¤�́�´��pµ��´¨Á¢°¦rÅ�°°�Å��r

�µ��¨�µ¦��¨°�Ä��o°� 4.4.1 Å�o¡�� ¹̈�Á� º̈°�´¨Á¢��´Ê�£µ¥Ä�Â¨³£µ¥�°��·ª�°�ª́�»
�´ª°¥nµ��´Ê�� 4 ��·�� �´É�®¤µ¥�ªµ¤ªnµ� �pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê�µ¤µ¦�Â�¦��¹¤�nµ��·ª®�oµ�°�
ª́�»�´ª°¥nµ��´Ê�� °·�Á�nµ, °·��{��»�´�, �¼��{��Á�nµ� Â¨³�¼��{���{��»�´�� Á�oµÅ��Îµ��·�·¦·¥µ��́
ª́�»£µ¥Ä�Å�o� ��Á�·��µ¦��́�¦n°��¹Ê�� �¹É�Á� º̈°�´¨Á¢�Á® n̈µ�¸Êµ¤µ¦��Îµ¨µ¥Ã�¦�¦oµ��°�ª́�»��Á�·�
�µ¦Á̧¥®µ¥Å�o� Ã�¥®µ�� ¹̈�Á� º̈°�´¨Á¢�¤̧��µ�Ä®�n¤µ��ªnµ¦¼¡¦»�� ®¦º°�n°�ªnµ�� Ä�Ã�¦�¦oµ��°�
ª́�»Â öª� ¤́��³��́�n°�ªnµ�Ä®oÂ��°°�� Á�·��µ¦Á̧¥®µ¥� Â¨³�°��µ��¸Ê̈ ´�¬�³�°�¡ºÊ��·ª�°�
Á� º̈°�´¨Á¢�¥�́Å¤nÁ�µ³�·���́¡ºÊ��·ª�°�ª́�»Á�·¤�¹�¤̧�µ¦® »̈�°°�Ä�΅�¬�³��� »i��®¦º°Á«¬�·���¹��Îµ
Ä®oª́�»Á�·��µ¦Á̧¥�®µ¥�¹Ê�� �´Ê��¸Ê�¹�°µ��ÎµÄ®oµ¤µ¦�ª́��µ¦��́�¦n°��¸ÉÁ�·��¹Ê�Ä�¦¼��°��ÊÎµ®�´��¸É
®µ¥Å�Å�o
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4.4.3 «¹�¬µ¨�́¬�³Ã�¦�¦oµ�£µ¥Ä� Ã�¥�¨o°��»¨�¦¦«�r°·Á¨È��¦°�Â��n°��¦µ�
Å�o�Îµ�µ¦«¹�¬µÃ�¦�¦oµ��°�ª́�»�´ª°¥nµ� �¹É�Å�oÂ�n °·�Á�nµ, °·��{��»�´�, �¼��{��Á�nµ

Â¨³�¼��{���{��»�´� Á¡ºÉ°Á�¦̧¥�Á�¥̧�Ã�¦�¦oµ��°�ª́�»�´ª°¥nµ��n°� Â¨³®΅��Îµ�µ¦́¤�́�´��pµ�
�´̈ Á¢°¦rÅ�°°�Å��r Ã�¥� ö°��»¨�¦¦«�r°·Á È̈��¦°�Â��n°��¦µ� (Scanning Electron Microscope,
SEM) �°� JEOL ¦»n� JSM-5400 �¹É�«¹�¬µ�oª¥�Îµ΅��¥µ¥ 1000 Á�nµ

1) °·�Á�nµ
Á¤ºÉ°�Îµ�µ¦ª·Á�¦µ³®rÃ�¦�¦oµ�£µ¥Ä� Ã�¥� ö°��»¨�¦¦«r°·Á È̈��¦°�Â��n°��¦µ�

¡�ªnµÃ�¦�¦oµ��°�°·�Á�nµ�n°��Îµ�µ¦́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r ¤̧΅�¬�³Á�}�Á�ºÊ°Á�¸¥ª��́
Ã�¥� ¹̈�¤̧Á®¨̧É¥¤ �´�Â��Ä�¦¼� 4.14 (�) Â�n®΅��µ�́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r°·�Á�nµ¤̧
΅�¬�³�°�Ã�¦�¦oµ�Á�¨̧É¥�Â�¨�Å� �´É��º°Á®¨̧É¥¤�°�� ¹̈�®µ¥Å� Â¨³¤̧�n°�ªnµ�®¦º°¦¼¡¦»�Á¡·É¤¤µ�
�¹Ê� �´�¦¼��¸É 4.14 (�)

(�)          (�)

¦¼��¸É�4.14�΅�¬�³Ã�¦�¦oµ�£µ¥Ä��°�°·�Á�nµ
   (�) �n°�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
   (�) ®΅�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
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2) °·��{��»�´�
Ã�¦�¦oµ�£µ¥Ä��°�°·��{��»�´��n°� Â¨³®΅�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r Å¤n

µ¤µ¦�°�·�µ¥�¹��ªµ¤Á�¨̧É¥�Â�¨��¸ÉÁ�·��¹Ê��°�΅�¬�³� ¹̈�Å�o Á�ºÉ°��µ�¤̧΅�¬�³�¸É� öµ¥� ¹̈��´�
Â�n΅�¬�³Ã�¦�¦oµ��¸Éµ¤µ¦�Á®È�Å�o��́Á�� �´É��º°°·��{��»��́¤̧�n°�ªnµ�®¦º°¦¼¡¦»�¤µ��¹Ê�®΅��Îµ�µ¦
́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r

(�) (�)

¦¼��¸É�4.15�΅�¬�³Ã�¦�¦oµ�£µ¥Ä��°�°·��{��»�´�
   (�) �n°�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
   (�) ®΅�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r

3) �¼��{��Á�nµ
Ä�nª��µ¦Á�¨̧É¥�Â�¨��°�Ã�¦�¦oµ�£µ¥Ä��°��¼��{��Á�nµ �n°�Â¨³®΅��Îµ�µ¦

́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r ¡�ªnµ®΅�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�ºÊ°� ¹̈�¤̧�ªµ¤¨³Á°̧¥�¤µ�
�¹Ê� Â¨³¤̧�n°�ªnµ�®¦º°¦¼¡¦»�Á¡·É¤¤µ��¹Ê� ��́Å�oÂ��Ä�¦¼��¸É 4.16
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(�) (�)

¦¼��¸É�4.16�΅�¬�³Ã�¦�¦oµ�£µ¥Ä��°��¼��{��Á�nµ
 (�) �n°�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
 (�) ®΅�́¤�́�pµ��´¨Á¢°¦rÅ�°°�Å��r

4) �¼��{���{��»�´�
Á¤ºÉ°Á�¦̧¥�Á�¥̧�Ã�¦�¦oµ�£µ¥Ä��°��¼��{���{��»�´��n°� Â¨³®΅��Îµ�µ¦́¤�́�pµ�

�´̈ Á¢°¦rÅ�°°�Å��r ¡�ªnµÃ�¦�¦oµ�� ¹̈�¤̧�µ¦Â��°°� Â¨³¤̧�n°�ªnµ�®¦º°¦¼¡¦»�¤µ��¹Ê� �´�¦¼� 4.17

(�) (�)

¦¼��¸É�4.17�΅�¬�³Ã�¦�¦oµ�£µ¥Ä��°��¼��{���{��»�´�
 (�) �n°�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
 (�) ®΅�́¤�́�pµ��´¨Á¢°¦rÅ�°°�Å��r
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�µ��¨�µ¦��¨°��µ¦«¹�¬µÃ�¦�¦oµ�£µ¥Ä��°�ª́�»�´ª°¥nµ� Ã�¥� ö°��»¨�¦¦«r°·Á È̈��¦°�
Â��n°��¦µ� Ã�¥¦»��³¡�ªnµª́�»�´ª°¥nµ��´Ê� 4 ��·� Å�oÂ�n °·�Á�nµ, °·��{��»��́, �¼��{��Á�nµ
Â¨³�¼��{���{��»�´� ®΅��µ�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÂ öª΅�¬�³�°�Ã�¦�¦oµ��³¤̧�n°�ªnµ�®¦º°
¦¼¡¦»�¤µ��¹Ê� �´É��º°µ¤µ¦�°�·�µ¥Å�oªnµÃ�¦�¦oµ�£µ¥Ä��°�ª́�»Á�·��µ¦��́�¦n°��ÎµÄ®oÁ�·��n°�ªnµ�
�¹Ê�£µ¥Ä��¹É��³¤̧�¨�n°�ªµ¤Â�È�Â¦��°�� ¹̈�°̧��oª¥ Ã�¥Á¤ºÉ°¤̧�n°�ªnµ��°�� ¹̈�Á¡·É¤¤µ��¹Ê�¥n°¤�ÎµÄ®o
�ªµ¤Â�È�Â¦��°�ª́�»¨��o°¥¨� �nµ¥�n°�µ¦Â��®�́

�´Ê��¸Ê�n°�ªnµ�®¦º°¦¼¡¦»��¸ÉÁ�·�Á¡·É¤�¹Ê�¤µ�¸Êµ¤µ¦�°�·�µ¥�µ¤�§¬�̧Å�oªnµ Á� º̈°�´¨Á¢��¸ÉÁ�·��¹Ê�
�¸ÊÁ�ºÉ°��µ�Á�}�Á� º̈°��·��¸Éµ¤µ¦�¨³¨µ¥�ÊÎµÅ�o� ̧ �³�¨µ¥Á�}�µ¦¨³¨µ¥�°�Á� º̈°�¹É�µ¤µ¦�Â�¦�
�¹¤Á�oµÅ�Ä�Á�ºÊ°�°�ª́��»�¸É¤̧¦¼¡¦»��°�ª́�»�ª́°¥nµ� Â öª�³³¤°¥¼nÄ��n°�ªnµ�Á È̈�Ç ®¦º°¦¼¡¦»��°�Á�ºÊ°
ª́�» Ã�¥¤̧�ÊÎµÁ�}��ª́�Îµ¡µ �ÊÎµ�¸É¤̧°¥¼nÄ�ª́�»�´ª°¥nµ��³¦³Á®¥�¦��·ª�°�»��°�ª́�» Á¤ºÉ°�ÊÎµ�¸É�·ª�°�
»�¦³Á®¥°°�Å� �ÊÎµ�µ�nª��¸É°¥¼n�´�Á�oµÅ��oµ�Ä��È�³Á� º̈É°��ª́¤µÂ���¸É �¹É��ÊÎµ��́� n̈µª�³¡µÁ� º̈°
�´̈ Á¢��¸É̈ ³¨µ¥�ÊÎµÅ�o¤µ�oª¥ Á¤ºÉ°�ÊÎµ¦³Á®¥Å�Á� º̈°¦³Á®¥Å¤nÅ�o�¹�¤̧�ªµ¤Á�o¤¼��¹Ê�Á¦ºÉ°¥Ç ���¹�¦³��́
®�¹É�Á�}��»�°·É¤�´ª�°�µ¦¨³¨µ¥�°�Á� º̈°�´̈ Á¢��¸Ê Á� º̈°�³��� ¹̈�£µ¥Ä��n°�ªnµ�Á È̈�Ç ®¦º°¦¼¡¦»�
�°�Á�ºÊ°ª́�» Â¨³Á�ºÉ°��µ��ªµ¤�ºÊ�Ä�ª́�»�´ª°¥nµ�Å¤n���¸É Â¨³�ªµ¤�ºÊ�́¤¡�́�r�°��¦¦¥µ�µ«�ÈÅ¤n
���¸É Á¡¦µ³�³�´Ê�Ä��µ���³�ªµ¤�ºÊ�¦³Á®¥°°�Å�Å�o¤µ���ª́�»�´ª°¥nµ�Â®o� Á� º̈°�´¨Á¢��³��
� ¹̈� Â¨³Ä��µ���³�ªµ¤�ºÊ�¦³Á®¥°°�Å�Å�o�o°¥ Á�ºÊ°�°�ª́�»�´ª°¥nµ�Á�e¥�Á� º̈°�´¨Á¢��³¨³¨µ¥
�ÊÎµ�¨µ¥Á�}�µ¦¨³¨µ¥ �¹É�Ä�ª́�®�¹É�Ç °µ�¤̧�µ¦Á�¨̧É¥�Â�¨���́� n̈µª�΅�Å�¤µ®¨µ¥·��¦́Ê� � ¹̈�
Á� º̈°�´¨Á¢��³¤̧�¦·¤µ�¦Á¡·É¤�¹Ê��¸̈ ³�o°¥Ç ��Ä��¸É»��³�¥µ¥��µ���́Ä®o�n°�ªnµ�Â¨³¦¼¡¦»�£µ¥Ä�
�¹É�¤̧¡ºÊ��¸É�Îµ�´� �ÎµÄ®oÁ�ºÊ°ª́�»�ª́°¥nµ�Â��°°�Á�·�Á�}��n°�ªnµ�®¦º°¦¼¡¦»��¸ÉÄ®�n�¹Ê�

4.4.4 «¹�¬µ°��r�¦³�°��°�ª́�»�´ª°¥nµ� Ã�¥�µ¦ª·Á�¦µ³®rÃ�¦�¦oµ��oª¥Á���·�
�µ¦Á¨¸Ê¥ªÁ���°�¦́�¸Á°È��r

Å�o�Îµ«¹�¬µ�¨�µ¦��¨°�®΅��µ��¸É�Îµª́�»�´ª°¥nµ� Å�oÂ�n °·�Á�nµ, °·��{��»�´�, �¼��{��
Ã�¦µ� Â¨³�¼��{���{��»�´� ª́�»�´ª°¥nµ�Å�o�Îµ�µ¦́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r Ã�¥�µ¦ª·Á�¦µ³®r
°��r�¦³�°�£µ¥Ä� �oª¥Á�¦ºÉ°� X-ray diffraction (XRD) ¦»n� D8 Advance Á¡ºÉ°®µ� ·̈�£́��r�¸ÉÁ�·��¹Ê�

¡�ªnµ®΅��µ�ª́�»�´ª°¥nµ��Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÂ öª ¤̧°��r�¦³�°�£µ¥Ä�
�°�ª́�»�´ª°¥nµ�Á¡·É¤�¹Ê�¤µ Ã�¥°��r�¦³�°��¸Éª·Á�¦µ³®r¡� (�µ¦µ� 4.12) Å�oÂ�n
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Ä�°·�Á�nµ°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2) Â¨³ Å�Á�Å¦�r
(Kieserite, MgSO4.H2O)

°·��{��»�´�°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2) Â¨³ Å�Á�Å¦�r
(Kieserite, MgSO4.H2O)

�¼��{��Á�nµ°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2), Â�¨Å��r (Calcite,
CaCO3) Â¨³Â°�Å±Å��r (Anhydrite, CaSO4)

�¼��{���{��»�´�°��r�¦³�°��¸Éª·Á�¦µ³®r¡� �º° �ª°¦r� (Quartz, SiO2), Â�¨Å��r
(Calcite, CaCO3), Â°�Å±Å��r (Anhydrite, CaSO4) Â¨³ ¥·��´É¤ (Gypsum, CaSO4.2H2O)

�´Ê��¸ÊÄ��µ¦ª·Á�¦µ³®r°��r�¦³�°�Ã�¥Á�¦ºÉ°� X-ray diffraction (XRD) ¦»n� D8 Advance
�oª¥�o°�Îµ��́�°��o°¤¼¨µ¦�¦³�°�£µ¥Ä�®�nª¥�ªµ¤�Îµ�°�Á�¦ºÉ°��´Ê�¤̧�Îµ�´� ��́�´Ê�Ä��ªµ¤Á�}��¦·�
°µ�¡�°��r�¦³�°�°ºÉ�Ç Ä�ª́�»�´ª°¥nµ�Å�o°̧�

�µ¦µ��¸É�4.12 °��r�¦³�°��°�ª́�»�´ª°¥nµ�®΅��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r��¸Éª·Á�¦µ³®r¡�Ã�¥
Á���·��µ¦Á¨̧Ê¥ªÁ���°�¦́�̧Á°È��r

ª́�»�´ª°¥nµ� °��r�¦³�°�
°·�Á�nµ �ª°¦r�, Å�Á�Å¦�r
°·��{��»�´� �ª°¦r�, Å�Á�Å¦�r
�¼��{��Á�nµ �ª°¦r�, Â�¨Å��r, Â°�Å±Å��r
�¼��{���{��»�´� �ª°¦r�, Â�¨Å��r, Â°�Å±Å��r, ¥·��´É¤

Á¤ºÉ°�Îµ¤µÁ�¦̧¥�Á�¥̧���́ª́�»�´ª°¥nµ��¸ÉÅ�o�Îµ�µ¦ª·Á�¦µ³®r°��r�¦³�°�£µ¥Ä�� �n°�
Å�o¦́��µ¦́¤�́Ã�¥�pµ��´̈ Á¢°¦rÅ�°°�Å��r� (�µ��µ¦µ��¸É� 4.11) �³µ¤µ¦��¦µ�� ·̈�£́��r�¸ÉÁ�·��¹Ê�
®΅��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r� (�µ¦µ�� 4.12) �´�Â��Ä��µ¦µ�� 4.13 Á¡ºÉ°«¹�¬µ��·�·¦·¥µÁ�¤̧
�°��µ¦�´��¦n°��¸ÉÁ�·��¹Ê�� ¡�ªnµÄ�°·��{��»��́¤̧°��r�¦³�°��¸ÉÁ¡·É¤�¹Ê�¤µ� ®¦º°°µ�� n̈µªÅ�oªnµÁ�}�
� ·̈�£́��r�¸ÉÁ�·��¹Ê�®΅��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r� Å�oÂ�n� Å�Á�Å¦�r Â¨³� ·̈�£́��r�¸ÉÁ�·��¹Ê�®΅�
�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�°��¼��{���{��»��́ Å�oÂ�n�Â°�Å±Å��r Â¨³¥·��´É¤
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�µ¦µ��¸É� 4.13 Á�¦̧¥�Á�¥̧�°��r�¦³�°��°�ª́�»�´ª°¥nµ��n°�� Â¨³®΅�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
Â¨³� ·̈�£́��r�¸ÉÁ�·��¹Ê�

ª́�»�´ª°¥nµ� �n°�́¤�́
�pµ��´̈ Á¢°¦rÅ�°°�Å��r

®΅�́¤�́
�pµ��´̈ Á¢°¦rÅ�°°�Å��r

� ·̈�£́��r

°·�Á�nµ �ª°¦r�, Å�Á�Å¦�r �ª°¦r�, Å�Á�Å¦�r *
°·��{��»�´� �ª°¦r� �ª°¦r�, Å�Á�Å¦�r Å�Á�Å¦�r
�¼��{��Á�nµ �ª°¦r�, Â�¨Å��r,

Â°�Å±Å��r
�ª°¦r�, Â�¨Å��r,
Â°�Å±Å��r

*

�¼��{���{��»�´� �ª°¦r�,Â�¨Å��r,
¡°¦r�Â¨��rÅ��r

�ª°¦r�, Â�¨Å��r,
Â°�Å±Å��r, ¥·��´É¤

Â°�Å±Å��r, ¥·��´É¤

®¤µ¥Á®�» * ª·Á�¦µ³®rÅ¤n¡�°��r�¦³�°�°ºÉ��¹É�Á¡·É¤�¹Ê�¤µ�µ�°��r�¦³�°��¸Éª·Á�¦µ³®r¡��n°��¸Éª́�»
�´ª°¥nµ��³́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r

�´��´Ê��µ�� ·̈�£́��r�¸ÉÁ�·��¹Ê��¸Ê�ÎµÄ®o�¦µ�Å�oªnµ Ä�ª́�»�¦³Á£�°·� Å�oÂ�n °·�Á�nµ Â¨³
°·��{��»�´� �´Ê�� ·̈�£́��r�¸ÉÁ�·��¹Ê�Å�oÂ�n Å�Á�Å¦�r (MgSO4.H2O) �´É��º°Á�·�Á�}�Á� º̈°Â¤��¸Á�¥̧¤
�´̈ Á¢� µ¤µ¦�°�·�µ¥Á�}�¤�µ¦Á�¤̧�´�¤�µ¦ 4.2 �¹É�Ä�°·�Á�nµ�³¡�ªnµÅ�oª·Á�¦µ³®r¡�Å�Á�Å¦�r
®¦º°Á� º̈°Â¤��¸Á�¥̧¤�´¨Á¢��¸Ê�´Ê�Â�n�n°��Îµ�µ¦́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r �´É��ÎµÄ®oÁ¦µµ¤µ¦�
�µ��µ¦�rÅ�oªnµ °·�Á�nµ�¸ÉÄ�oÄ��µ�ª·�¥́�¸ÊÅ�o¦́��µ¦́¤�́�´��pµ��´¨Á¢°¦rÅ�°°�Å��r¤µ�n°�®�oµ�Îµ
�µ¦��¨°��¸ÊÂ öª �¹��ÎµÄ®o¡�°��r�¦³�°�£µ¥Ä��°�°·�Á�nµ�´Ê�¤̧Á� º̈°Â¤��Á̧�¥̧¤�´̈ Á¢�

    Mg2+     +    SO4
2-        MgSO4 (� ¹̈�̧�µª)        (4.2)

(Â¤��¸Á�̧¥¤Ä�°��r�¦³�°�°·�)    (�µ��¦��Îµ¤³�́�)              (Â¤��Á̧�̧¥¤�́¨Á¢�)

Ä�nª��°�ª́�»�¦³Á£��¼��{�� Å�oÂ�n �¼��{��Á�nµ Â¨³�¼��{���{��»�´��´Ê�� ·̈�£́��r
�¸ÉÁ�·��¹Ê� Å�oÂ�n Â°�Å±Å��r (CaSO4) Â¨³ ¥·��´É¤ (CaSO4.2H2O) �´É��º°Á�·�Á�}�Á� º̈°Â�¨Á�¥̧¤�´̈ Á¢�
�´É�Á°� �¹É�µ¤µ¦�°�·�µ¥Á�}�¤�µ¦Á�¤̧Å�o�´�¤�µ¦ 4.3 Ã�¥Ä��¼��{��Á�nµ¡�ªnµÅ�oª·Á�¦µ³®r¡�
Â°�Å±Å��r Â¨³¥·��´É¤  ®¦º°Á� º̈°Â�¨Á�¥̧¤�´̈ Á¢� °¥¼n�n°�Â öª �´É��ÎµÄ®oÁ¦µµ¤µ¦��µ��µ¦�rÅ�oªnµ
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�¼��{��Á�nµ�´Ê�Å�o¦́��µ¦́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r¤µ�n°�®�oµ�¸ÊÂ öªÁ�n�Á�¥̧ª��́ �ÎµÄ®o¡�
°��r�¦³�°�£µ¥Ä��°��¼��{��Á�nµ�´Ê�¤̧Á� º̈°Â�¨Á�¥̧¤�´̈ Á¢� ��́¤�µ¦ 4.3

Ca2+         +        SO4
2-   CaSO4   (� ¹̈�̧�µª)  �.(4.3)

(Â�¨Á�̧¥¤Ä�°��r�¦³�°��¼��{��)    (�µ��¦��Îµ¤³�́�)           (Â�¨Á�̧¥¤�́¨Á¢�)

4.5 °́�¦µ�µ¦��́�¦n°�
�µ��µ¦¡�́�µÁ�¦ºÉ°�¤º°Á¡ºÉ°Ä�o�Îµ�µ¦«¹�¬µ�µ¦��́�¦n°��¸ÉÁ�·��¹Ê�Ã�¥�pµ��´¨Á¢°¦rÅ�°°�Å��r

�´Ê� Å�o«¹�¬µ£µ¥Ä�o£µª³�¦¦¥µ�µ« �¸É°»�®£¼¤·Á�¨̧É¥ 29.5 °�µÁ�¨Á�¥̧ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r
70 Á�°¦rÁ���r (�µ��µ¦�¦ª�ª́��°�Á�¦ºÉ°�¤º°�¦ª�ª́�°»�»�·¥¤ª·�¥µ)

4.5.1 Á�°¦rÁ���r�ÊÎµ®�́��̧É®µ¥Å� (% Weight Loss)
Á�}��µ¦«¹�¬µ°́�¦µ�µ¦�´��¦n°��µ�Á�°¦rÁ���r�°��ÊÎµ®��́ª́�»�´ª°¥nµ��¸É®µ¥Å� ®΅��µ¦

́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r �¸É�ªµ¤Á�o¤�o� 50, 100, 200, 400 Â¨³ 800 nª�Ä� öµ�nª� �¸É
¦³¥³Áª¨µ 1 - 10 ́��µ®r Ã�¥ �µ¦�´É��ÊÎµ®�´��oª¥Á�¦ºÉ°��´É�°¥nµ�¨³Á°̧¥� (�«�·¥¤ 4 �ÎµÂ®�n�) �°�
Sartorius ¦»n� BA210S �¹É�Å�o�Îµ�µ¦Â���¨�°��µ¦�´É��ÊÎµ®��́°¥nµ�¨³Á°̧¥��¸É £µ���ª� �. Ã�¥
Å�o�¨�µ¦��¨°���́�¸Ê

1) Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°�°·�Á�nµ
ª́�»�´ª°¥nµ� Å�oÂ�n °·�Á�nµ ®΅��µ��Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤

Á�o¤�o��nµ�Ç �º° 50, 100, 200, 400 Â¨³ 800 nª�Ä� öµ�nª� Â öª�Îµ¤µª·Á�¦µ³®r®µ�ÊÎµ®�´��¸É®µ¥Å�
�°�ª́�»�´ª°¥nµ� Ä�Â�n̈ ³́��µ®r Á�}�¦³¥³Áª¨µ 10 ́��µ®r Â öª�Îµ�µ¦��́�¹��¨�µ¦��¨°�

�µ��¨�µ¦��¨°�¡�ªnµ �µ¦�´��¦n°�®¦º°Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥Å��°�°·�Á�nµ
Á�·�Å�o¤µ��¸É»�Á¤ºÉ°́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 800, 400, 200, 100 Â¨³ 50
nª�Ä� öµ�nª� �µ¤ Î̈µ��́ Â¨³Á�·�¤µ��¹Ê�Á¦ºÉ°¥Ç Á¤ºÉ°¦³¥³Áª¨µÄ��µ¦́¤�́�pµ��´¨Á¢°¦rÅ�°°�Å��r
Á¡·É¤¤µ��¹Ê�
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Á¤ºÉ°�Îµ�´ªÁ¨��µ��¨�µ¦��¨°��¸ÉÅ�o�¸Ê ¤µ�Îµ�µ¦¡ È̈°��¦µ¢Á¡ºÉ°®µ�ªµ¤́¤¡´��r
�°��µ¦�´��¦n°��¸ÉÁ�·��¹Ê� ��́¦¼��¸É 4.18 ¡�ªnµ�¸É�ªµ¤Á�o¤�o� 800 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í
�µ¦�´�·�Ä� (R Square) Á�nµ��́ 0.5380 �¸É�ªµ¤Á�o¤�o� 400 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦
�´�·�Ä�Á�nµ�´� 0.7891 �¸É�ªµ¤Á�o¤�o� 200 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´�
0.8687 �¸É�ªµ¤Á�o¤�o�100 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´� 0.8327 Â¨³�¸É�ªµ¤
Á�o¤�o� 50 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ��́ 0.7402

¦¼��¸É�4.18��ªµ¤́¤¡�́�r�°�Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥�´��ªµ¤Á�o¤�o��°�
��������pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́�°�°·�Á�nµ

�µ��¨�µ¦��¨°��oµ��o��¸Ê�³Á®È�Å�oªnµ °·�Á�nµ�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r 800
nª�Ä� öµ�nª� ¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�¤µ��¸É»� Â¨³¤̧Á�°¦rÁ���r̈ �¨�Á¤ºÉ°́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 400, 200, 100 Â¨³ 50 nª�Ä� öµ�nª� �µ¤ Î̈µ��́ �´É��º°
�µ¦�´��¦n°�®¦º°Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°�°·�Á�nµ�´Ê�Â�¦�́�Ã�¥�¦���́�ªµ¤Á�o¤�o��°��pµ��´̈ Á
¢°¦rÅ�°°�Å��r �º°�³Á�·�Å�o¤µ�Á¤ºÉ°°·�Á�nµ́¤�́�´��pµ��´¨Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o� ¤µ�
Â¨³Á�·��¹Ê�Å�o�o°¥®µ�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o��o°¥ �°��µ��¸Ê�µ¦�´��¦n°�
®¦º°Á�°¦rÁ���r�ÊÎµ®�´�®µ¥Å��°�°·�Á�nµ¥´�Â�¦�́�Ã�¥�¦���́Áª¨µ Á�ºÉ°��µ�Á�°¦rÁ���r�ÊÎµ®�´�®µ¥Å�
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¥´�¡�¤µ��¹Ê�Á¦ºÉ°¥Ç �µ�́��µ®r�¸É 1, 2, 3, 4, 5, 6, 7, 8, 9 Â¨³ 10 �µ¤ Î̈µ�´�  �´É��º°°·�Á�nµ
¥·É�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�}�Áª¨µ�µ�Á�nµÄ� �È¥·É�¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥ Å�¤µ��¹Ê�Á�nµ�´Ê�

2) Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°�°·��{��»�´�
ª́�»�´ª°¥nµ� Å�oÂ�n °·��{��»�´� ®΅��µ��Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤

Á�o¤�o��nµ�Ç �º° 50, 100, 200, 400 Â¨³ 800 nª�Ä� öµ�nª� Â öª�Îµ¤µª·Á�¦µ³®r®µ�ÊÎµ®�´��¸É®µ¥Å�
�°�ª́�»�´ª°¥nµ� Ä�Â�n̈ ³́��µ®r Á�}�¦³¥³Áª¨µ 10 ́��µ®r Â öª�Îµ�µ¦��́�¹��¨�µ¦��¨°�

�µ��¨�µ¦��¨°�¡�ªnµ �µ¦�´��¦n°� ®¦º°Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥Å��°�
°·��{��»�´�Á�·�Å�o¤µ��¸É»�Á¤ºÉ°́¤�́�´��pµ��´¨Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 800, 400, 200, 100
Â¨³ 50 nª�Ä� öµ�nª� �µ¤ Î̈µ�´� Â¨³�³Á�·�¤µ��¹Ê�Á¦ºÉ°¥Ç Á¤ºÉ°¦³¥³Áª¨µÄ��µ¦́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��rÁ¡·É¤¤µ��¹Ê�

Á¤ºÉ°�Îµ�´ªÁ¨��µ��¨�µ¦��¨°��¸ÉÅ�o�¸Ê ¤µ�Îµ�µ¦¡ È̈°��¦µ¢Á¡ºÉ°®µ�ªµ¤́¤¡´��r
�°��µ¦�´��¦n°��¸ÉÁ�·��¹Ê� ��́¦¼��¸É 4.19 ¡�ªnµ�¸É�ªµ¤Á�o¤�o� 800 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í
�µ¦�´�·�Ä� Á�nµ�´� 0.7991 �¸É�ªµ¤Á�o¤�o� 400 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´�
0.9530 �¸É�ªµ¤Á�o¤�o� 200 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´� 0.9534 �¸É�ªµ¤
Á�o¤�o� 100 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦��́·�Ä�Á�nµ�´� 0.7218 Â¨³�¸É�ªµ¤Á�o¤�o� 50
nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ��́ 0.8701
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¦¼��¸É�4.19��ªµ¤́¤¡�́�r�°�Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥�´��ªµ¤Á�o¤�o��°�
��������pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́�°�°·��{��»��́

�µ��¨�µ¦��¨°��oµ��o�Á®È�Å�oªnµ °·��{��»��́�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r 800
nª�Ä� öµ�nª�¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�¤µ��¸É»� Â¨³¨�¨�Á¤ºÉ°́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É
�ªµ¤Á�o¤�o� 400, 200, 100 Â¨³ 50 nª�Ä� öµ�nª� �µ¤ Î̈µ�´� �´É��º°�µ¦�´��¦n°�®¦º°Á�°¦rÁ���r
�ÊÎµ®��́�¸É®µ¥Å��°�°·��{��»�´��´Ê�Â�¦�́�Ã�¥�¦���́�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �º°�³
Á�·�Å�o¤µ�Á¤ºÉ°°·��{��»�´�́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o�¤µ� Â¨³Á�·��¹Ê�Å�o�o°¥
®µ�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o��o°¥ �°��µ��¸Ê�µ¦�´��¦n°�®¦º°Á�°¦rÁ���r�ÊÎµ®�´�
�¸É®µ¥Å��°�°·��{��»��́¥´�Â�¦�́�Ã�¥�¦���́Áª¨µ Á�ºÉ°��µ�Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�¥�́¡�¤µ��¹Ê�
Á¦ºÉ°¥Ç �µ�́��µ®r�¸É 1, 2, 3, 4, 5, 6, 7, 8, 9 Â¨³ 10 �µ¤ Î̈µ�´�  �´É��º°°·��{��»�´�¥·É�́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��rÁ�}�Áª¨µ�µ�Á�nµÄ�¥·É�¤̧Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�¤µ��¹Ê�Á�nµ�´Ê�

3) Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°��¼��{��Á�nµ
ª́�»�´ª°¥nµ� Å�oÂ�n �¼��{��Á�nµ ®΅��µ��Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É

�ªµ¤Á�o¤�o��nµ�Ç �º° 50, 100, 200, 400 Â¨³ 800 nª�Ä� öµ�nª� Â öª�Îµ¤µª·Á�¦µ³®r®µ�ÊÎµ®�´��¸É
®µ¥Å��°�ª́�»�ª́°¥nµ� Ä�Â�n̈ ³́��µ®r Á�}�¦³¥³Áª¨µ 10 ́��µ®r Â öª�Îµ�µ¦�´��¹��¨�µ¦��¨°�

0.0000

0.0500

0.1000

0.1500

0.2000

0 2 4 6 8 10 12

week

%Weight Loss

50ppm

100ppm

200ppm

400ppm

800ppm



110

�µ��¨�µ¦��¨°�¡�ªnµ �µ¦�´��¦n°� ®¦º°Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥Å��°�
�¼��{��Á�nµ Á�·�Å�o¤µ��¸É»�Á¤ºÉ°́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 800, 400, 200, 100
Â¨³ 50 nª�Ä� öµ�nª� �µ¤ Î̈µ�´� Â¨³�³Á�·�¤µ��¹Ê�Á¦ºÉ°¥Ç Á¤ºÉ°¦³¥³Áª¨µÄ��µ¦́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��rÁ¡·É¤¤µ��¹Ê�

Á¤ºÉ°�Îµ�´ªÁ¨��µ��¨�µ¦��¨°��¸ÉÅ�o�¸Ê ¤µ�Îµ�µ¦¡ È̈°��¦µ¢Á¡ºÉ°®µ�ªµ¤́¤¡´��r
�°��µ¦�´��¦n°��¸ÉÁ�·��¹Ê� ��́¦¼��¸É 4.20 ¡�ªnµ�¸É�ªµ¤Á�o¤�o� 800 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í
�µ¦�´�·�Ä� Á�nµ�´� 0.9672 �¸É�ªµ¤Á�o¤�o� 400 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´�
0.9503 �¸É�ªµ¤Á�o¤�o� 200 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´� 0.9685 �¸É�ªµ¤
Á�o¤�o� 100 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦��́·�Ä�Á�nµ�´� 0.9754 Â¨³�¸É�ªµ¤Á�o¤�o� 50
nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ��́ 0.9244

¦¼��¸É�4.20��ªµ¤́¤¡�́�r�°�Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥�´��ªµ¤Á�o¤�o��°�
��������pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́�°��¼��{��Á�nµ

�µ��¨�µ¦��¨°��oµ��o��³Á®È�Å�oªnµ �¼��{��Á�nµ�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r 800
nª�Ä� öµ�nª�¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�¤µ��¸É»� Â¨³Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��³¨�¨� Á¤ºÉ°
́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 400, 200, 100 Â¨³ 50 nª�Ä� öµ�nª� �µ¤ Î̈µ��́
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�´É��º°�µ¦�´��¦n°�®¦º°Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°��¼��{��Á�nµ�´Ê� Â�¦�́�Ã�¥�¦���́�ªµ¤Á�o¤�o�
�pµ��´̈ Á¢°¦rÅ�°°�Å��r �º°�µ¦�´��¦n°��³Á�·�Å�o¤µ�Á¤ºÉ°�¼��{��Á�nµ́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r
�¸É¤̧�ªµ¤Á�o¤�o�¤µ� Â¨³Á�·��¹Ê�Å�o�o°¥®µ�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤ Á�o¤�o��o°¥
�°��µ��¸Ê�µ¦�´��¦n°� ®¦º°Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å��°��¼�´Ê�Ã�¦µ�¥�́Â�¦�́�Ã�¥�¦���́Áª¨µ
Á�ºÉ°��µ�Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�¥´�¡�¤µ��¹Ê�Á¦ºÉ°¥Ç �µ�́��µ®r�¸É 1, 2, 3, 4, 5, 6, 7, 8, 9 Â¨³
10 �µ¤ Î̈µ�´�  �´É��º°�¼��{��Á�nµ¥·É�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�}�Áª¨µ�µ�Á�nµÄ�¥·É�¤̧Á�°¦rÁ���r
�ÊÎµ®��́�¸É®µ¥Å�¤µ��¹Ê�Á�nµ�´Ê�

4) Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°��¼��{���{��»�´�
ª́�»�´ª°¥nµ� Å�oÂ�n �¼��{���{��»�´� ®΅��µ��Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É

�ªµ¤Á�o¤�o��nµ�Ç �º° 50, 100, 200, 400 Â¨³ 800 nª�Ä� öµ�nª� Â öª�Îµ¤µª·Á�¦µ³®r®µ�ÊÎµ®�´��¸É
®µ¥Å��°�ª́�»�ª́°¥nµ� Ä�Â�n̈ ³́��µ®r Á�}�¦³¥³Áª¨µ 10 ́��µ®r Â öª�Îµ�µ¦�´��¹��¨�µ¦��¨°�

�µ��¨�µ¦��¨°�¡�ªnµ �µ¦�´��¦n°� ®¦º°Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥Å� �°�
�¼��{���{��»�´�Á�·�Å�o¤µ��¸É»�Á¤ºÉ°́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 800, 400, 200,
100 Â¨³ 50 nª�Ä� öµ�nª� �µ¤ Î̈µ�´� Â¨³�³Á�·�¤µ��¹Ê�Á¦ºÉ°¥Ç Á¤ºÉ°¦³¥³Áª¨µÄ��µ¦́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��rÁ¡·É¤¤µ��¹Ê�

Á¤ºÉ°�Îµ�´ªÁ¨��µ��¨�µ¦��¨°��¸ÉÅ�o�¸Ê ¤µ�Îµ�µ¦¡ È̈°��¦µ¢Á¡ºÉ°®µ�ªµ¤́¤¡´��r
�°��µ¦�´��¦n°��¸ÉÁ�·��¹Ê� ��́¦¼��¸É 4.21 ¡�ªnµ�¸É�ªµ¤Á�o¤�o� 800 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í
�µ¦�´�·�Ä� Á�nµ�´� 0.9420 �¸É�ªµ¤Á�o¤�o� 400 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´�
0.9539 �¸É�ªµ¤Á�o¤�o� 200 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ�´� 0.8589 �¸É�ªµ¤
Á�o¤�o�100 nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦��́·�Ä�Á�nµ��́ 0.9225 Â¨³�¸É�ªµ¤Á�o¤�o� 50
nª�Ä� öµ�nª� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�Á�nµ��́ 0.9559
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¦¼��¸É�4.21��ªµ¤́¤¡�́�r�°�Á�°¦rÁ���r�°��ÊÎµ®��́�¸É®µ¥�´��ªµ¤Á�o¤�o��°�
��������pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́�°��¼��{���{��»�´�

�µ��¨�µ¦��¨°��oµ��o��³Á®È�Å�oªnµ �¼��{���{��»�´��¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
800 nª�Ä� öµ�nª� ¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�¤µ��¸É»� Â¨³�³¨�¨�Á¤ºÉ°�Îµ�µ¦́¤�́�´��pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 400, 200, 100 Â¨³ 50 nª�Ä� öµ�nª� �µ¤ Î̈µ��́ �´É��º°�µ¦
�´��¦n°�®¦º°Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°��¼�´Ê��{��»�´��´Ê� Â�¦�́�Ã�¥�¦���́�ªµ¤Á�o¤�o��°��pµ�
�´̈ Á¢°¦rÅ�°°�Å��r �º°�³Á�·�Å�o¤µ�Á¤ºÉ°�¼��{���{��»�´�́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤
Á�o¤�o�¤µ� Â¨³Á�·��¹Ê�Å�o�o°¥®µ�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o��o°¥ �°��µ��¸Ê �µ¦
�´��¦n°�®¦º°Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°��¼��{���{��»�´�¥�́Â�¦�́�Ã�¥�¦���́Áª¨µ�oª¥ Á�ºÉ°��µ�
Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�¥�́¡�¤µ��¹Ê�Á¦ºÉ°¥Ç �µ�́��µ®r�¸É 1, 2, 3, 4, 5, 6, 7, 8, 9 Â¨³ 10
�µ¤ Î̈µ�´�  �´É��º°�¼��{���{��»�´�¥·É�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�}�Áª¨µ�µ�Á�nµÄ�¥·É�¤̧Á�°¦rÁ���r
�ÊÎµ®��́�¸É®µ¥Å�¤µ��¹Ê�Á�nµ�´Ê�
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4.5.2 �µ¦ª·Á�¦µ³®r�nµ�µ��·�·
�µ¦ª·Á�¦µ³®r�nµ�µ��·�·�¸Ê Á�}��µ¦�Îµ�o°¤¼¨�¸É�Îµ�µ¦Á�È�¦ª�¦ª¤¤µ�Îµ�ª�®µ�nµ�µ��·�·

Á¡ºÉ°�Îµ¤µÄ�o��°��·�·Á�ºÊ°��o� ��°�¤¤�·�µ�Â¨³�°�ª́��»�¦³��r�¸ÉÅ�o�Îµ®��Åªo
1) �nµÁ�¨̧É¥
Ä��µ¦®µ�nµÁ�¨̧É¥ Å�o�Îµ�µ¦«¹�¬µ�nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å��°�ª́�»

�´ª°¥nµ� Å�oÂ�n °·�Á�nµ, °·��{��»��́, �¼��{��Á�nµ Â¨³�¼��{���{��»��́ �¸ÉÁ�·��¹Ê�Ä��µ¦́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��rÄ�Â�n̈ ³�ªµ¤Á�o¤�o� (�µ¦µ��¸É 4.14) Â¨³�nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�
�¸ÉÁ�·��¹Ê�Ä��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�Â�n̈ ³́��µ®r (�µ¦µ��¸É 4.15) �´��¸Ê

�µ¦µ��̧É 4.14 �nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®��́�̧É®µ¥Å��n°�pµ��́¨Á¢°¦rÅ�°°�Å��r �̧É�ªµ¤Á�o¤�o��nµ�Ç
Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�

�ªµ¤Á�o¤�o��́¨Á¢°¦rÅ�°°�Å��r
(nª�Ä� öµ�nª�)

°·�Á�nµ °·��{��»�´� �¼��{��Á�nµ �¼��{���{��»�´�

50 1.9973E-02 0.4913E-02 0.2166 0.0565
100 2.8557E-02 0.8927E-02 0.3238 0.1192
200 3.7730E-02 1.0960E-02 0.3690 0.1770
400 6.4523E-02 1.3377E-02 0.4443 0.2547
800 9.0963E-02 2.2037E-02 0.8410 0.4581
�nµÁ�¨̧É¥ 4.8349E-02 1.2047E-02 0.4389 0.2131

�µ��µ¦µ��¸É 4.14 �¸É�ªµ¤Á�o¤�o��pµ��´¨Á¢°¦rÅ�°°�Å��r 50 nª�Ä� öµ�nª� �¼��{��Á�nµ
Á�·��µ¦��́�¦n°�¤µ��¸É»� ¦°�¨��º° �¼��{���{��»��́, °·�Á�nµ Â¨³°·��{��»��́ �µ¤ Î̈µ�´� �º°¤̧
Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�Á�nµ�´� 0.2166 Á�°¦rÁ���r, 5.6460 x 10-2 Á�°¦rÁ���r, 1.9973 x 10-2

Á�°¦rÁ���r Â¨³ 0.4913 x 10-2 Á�°¦rÁ���r �µ¤ Î̈µ�´�
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�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 100 nª�Ä� öµ�nª� �¼��{��Á�nµÁ�·��µ¦��́�¦n°�
¤µ��¸É»� ¦°�¨��º° �¼��{���{��»�´�, °·�Á�nµ Â¨³°·��{��»�´� �µ¤ Î̈µ��́ Ã�¥¤̧Á�°¦rÁ���r �ÊÎµ®��́�¸É
®µ¥Å�Á�nµ�´� 0.3238 Á�°¦rÁ���r, 0.1192 Á�°¦rÁ���r, 2.8557 x 10-2 Á�°¦rÁ���r Â¨³ 0.8927 x 10-2

Á�°¦rÁ���r �µ¤ Î̈µ�´�
�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 200 nª�Ä� öµ�nª� �¼��{��Á�nµÁ�·��µ¦��́�¦n°�

¤µ��¸É»� ¦°�¨��º° �¼��{���{��»�´�, °·�Á�nµ Â¨³°·��{��»�´� �µ¤ Î̈µ��́ Ã�¥¤̧Á�°¦rÁ���r
�ÊÎµ®��́�¸É®µ¥Å�Á�nµ��́ 0.3690 Á�°¦rÁ���r, 0.1770 Á�°¦rÁ���r, 3.7730 x 10-2 Á�°¦rÁ���r Â¨³
1.0960 x 10-2 Á�°¦rÁ���r �µ¤ Î̈µ�´�

�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 400 nª�Ä� öµ�nª� �¼��{��Á�nµÁ�·��µ¦��́�¦n°�
¤µ��¸É»� ¦°�¨��º° �¼��{���{��»�´�, °·�Á�nµ Â¨³°·��{��»�´� �µ¤ Î̈µ��́ Ã�¥¤̧Á�°¦rÁ���r
�ÊÎµ®��́�¸É®µ¥Å�Á�nµ��́  0.4443 Á�°¦rÁ���r,  0.2547 Á�°¦rÁ���r,  6.4523 x 10-2 Á�°¦rÁ���r Â¨³
1.3377 x 10-2 Á�°¦rÁ���r �µ¤ Î̈µ�´�

�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o� 800 nª�Ä� öµ�nª� �¼��{��Á�nµÁ�·��µ¦��́�¦n°�
¤µ��¸É»� ¦°�¨��º° �¼��{���{��»�´�, °·�Á�nµ Â¨³°·��{��»�´� �µ¤ Î̈µ��́ �º°¤̧Á�°¦rÁ���r
�ÊÎµ®��́�¸É®µ¥Å�Á�nµ��́ 0.8410 Á�°¦rÁ���r,  0.4581 Á�°¦rÁ���r,  9.0963 x 10-2 Á�°¦rÁ���r Â¨³
2.2037 x 10-2 Á�°¦rÁ���r �µ¤ Î̈µ�´�

�´��´Ê�µ¤µ¦�¦»�Å�oªnµ �nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å� ®΅��Îµ�µ¦́¤�́�´��pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�´Ê� 5 �ªµ¤Á�o¤�o��´Ê� �¦µ��ªnµ�¼��{��Á�nµÁ�·��µ¦��́�¦n°�¤µ��¸É»�Á�n��´�
¦°�¨��º° �¼��{���{��»��́, °·�Á�nµ Â¨³°·��{��»��́ �µ¤ Î̈µ�´� �º°¤̧Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å� Á�nµ�´�
0.4389 Á�°¦rÁ���r,  0.2131 Á�°¦rÁ���r,  4.8349 x 10-2 Á�°¦rÁ���r Â¨³ 1.2047 x 10-2 Á�°¦rÁ���r
�µ¤ Î̈µ�´�

®΅��µ��Îµ�µ¦«¹�¬µ�nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®�´��̧É®µ¥Å��̧ÉÁ�·��¹Ê� �µ��µ¦́¤�́�pµ�
�́¨Á¢°¦rÅ�°°�Å��r�̧É�ªµ¤Á�o¤�o��nµ�Ç �°�ª´�»�ª́°¥nµ�Â öª Å�o�Îµ�µ¦«¹�¬µ�nµÁ�¨̧É¥�°�Á�°¦rÁ���r
�ÊÎµ®��́�̧É®µ¥Å��̧ÉÁ�·��¹Ê�Ä�Â�n̈ ³́��µ®r �°�ª´�»�ª́°¥nµ�Â�n¨³��·�Ã�¥�Îµ�µ¦Á�¦¥̧�Á�̧¥��´�Å�o
Â�� Ä��µ¦µ��̧É 4.15
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�µ¦µ��̧É 4.15 �nµÁ�¨̧É¥¤µ�¦�µ��°�Á�°¦rÁ���r�ÊÎµ®�´��̧É®µ¥Å� �̧ÉÁ�·��¹Ê�Ä�Â�n̈ ³́��µ®r ¦³¥³Áª¨µ
́��µ®r�̧É 1-10

Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�
Áª¨µÄ��µ¦́¤�́

�́¨Á¢°¦rÅ�°°�Å��r (́��µ®r)
°·�Á�nµ °·��{��»�´� �¼��{��Á�nµ �¼��{���{��»�´�

1 2.6227E-02 0.9040E-02 0.1642 9.7187E-02
2 3.1580E-02 1.0920E-02 0.2375 0.1476
3 4.7573E-02 1.1147E-02 0.2951 0.1615
4 5.0640E-02 1.1667E-02 0.3850 0.1762
5 5.2000E-02 1.2140E-02 0.4211 0.2040
6 5.3653E-02 1.2507E-02 0.4869 0.2193
7 5.4507E-02 1.2627E-02 0.5298 0.2576
8 5.5527E-02 1.3300E-02 0.5663 0.2846
9 5.5720E-02 1.3447E-02 0.6117 0.2876
10 5.6067E-02 1.3633E-02 0.6918 0.2952
Á�¨̧É¥ 4.8349E-02 1.2043E-02 0.4389 0.2131

�µ��µ¦µ��¸É 4.15 Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�Ä��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�Â�n̈ ³
́��µ®r�´Ê� �ÎµÄ®o�¦µ�ªnµÂ�ªÃ�o¤�°��µ¦��́�¦n°�¤̧Á¡·É¤¤µ��¹Ê�Á¦ºÉ°¥Ç �µ¤¦³¥³Áª¨µ�°��µ¦ ́¤�́
�´É��º° Ä�́��µ®r�¸É 1 �³¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å��o°¥�¸É»� Â¨³�³Á¡·É¤¤µ��¹Ê�Á¦ºÉ°¥Ç
Ã�¥¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�¤µ��¸É»�Ä�́��µ®r�¸É 10 �´��¸Ê

°·�Á�nµ ¤̧Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�Á¦̧¥� Î̈µ��́�µ� ́��µ®r�¸É 1 �¹�́��µ®r�¸É 10 �º° 2.6227 x
10-2 Á�°¦rÁ���r, 3.1580 x 10-2 Á�°¦rÁ���r, 4.7573 x 10-2 Á�°¦rÁ���r, 5.0640 x 10-2 Á�°¦rÁ���r,
5.2000 x 10-2   Á�°¦rÁ���r, 5.3653 x 10-2   Á�°¦rÁ���r, 5.4507 x 10-2   Á�°¦rÁ���r, 5.5527 x 10-2

Á�°¦rÁ���r, 5.5720 x 10-2 Á�°¦rÁ���r Â¨³ 5.6067 x 10-2 Á�°¦rÁ���r
°·��{��»�´� ¤̧Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�Á¦̧¥� Î̈µ��́�µ� ́��µ®r�¸É 1 �¹�́��µ®r�¸É 10 �º°

0.9040 x 10-2 Á�°¦rÁ���r, 1.0920 x 10-2 Á�°¦rÁ���r, 1.1147 x 10-2 Á�°¦rÁ���r, 1.1667 x 10-2

Á�°¦rÁ���r, 1.2140 x 10-2   Á�°¦rÁ���r, 1.2507 x 10-2   Á�°¦rÁ���r, 1.2627 x 10-2   Á�°¦rÁ���r,
1.3300 x 10-2 Á�°¦rÁ���r, 1.3447 x 10-2 Á�°¦rÁ���r Â¨³ 1.3633 x 10-2 Á�°¦rÁ���r
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�¼��{��Á�nµ ¤̧Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å�Á¦̧¥� Î̈µ��́�µ� ́��µ®r�¸É 1 �¹�́��µ®r�¸É 10 �º°
0.1642 Á�°¦rÁ���r, 0.2375  Á�°¦rÁ���r, 0.2951 Á�°¦rÁ���r, 0.3850 Á�°¦rÁ���r, 0.4211 Á�°¦rÁ���r,
0.4869 Á�°¦rÁ���r, 0.5298 Á�°¦rÁ���r, 0.5663 Á�°¦rÁ���r, 0.6117 Á�°¦rÁ���r Â¨³ 0.6918
Á�°¦rÁ���r

�¼��{���{��»�´� ¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�Á¦̧¥� Î̈µ��́�µ� ́��µ®r�¸É 1 �¹�́��µ®r�¸É 10 �º°
9.7187 x 10-2 Á�°¦rÁ���r, 0.1476 Á�°¦rÁ���r, 0.1615 Á�°¦rÁ���r, 0.1762 Á�°¦rÁ���r, 0.2040
Á�°¦rÁ���r, 0.2193 Á�°¦rÁ���r, 0.2576 Á�°¦rÁ���r, 0.2846 Á�°¦rÁ���r, 0.2876 Á�°¦rÁ���r Â¨³
0.2952 Á�°¦rÁ���r

�µ��¨�µ¦��¨°��oµ��o��¸Ê µ¤µ¦�¦»�Å�oªnµ�nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å� ®΅�
�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê� 10 ́��µ®r �¦µ��ªnµ�¼��{��Á�nµÁ�·��µ¦��́�¦n°�¤µ��¸É»�
Á�n���́ ¦°�¨��º° �¼��{���{��»�´�, °·�Á�nµ Â¨³°·��{��»��́ �µ¤ Î̈µ�´� �º°¤̧Á�°¦rÁ���r�ÊÎµ®��́�¸É
®µ¥Å�Á�nµ�´� 0.4389 Á�°¦rÁ���r,  0.2131 Á�°¦rÁ���r,  4.8349 x 10-2 Á�°¦rÁ���r Â¨³ 1.2047 x 10-2

Á�°¦rÁ���r �µ¤ Î̈µ�´�

2) �µ¦ª·Á�¦µ³®r�µ¦���°¥
Ä��µ��·�·�µ¦¡¥µ�¦�r�´ªÂ�¦�µ¤�´Ê� Ä��µ¦�¸É�Îµ�´ªÂ�¦°·¦³�´ªÁ�¥̧ª¤̧�ªµ¤

́¤¡´��r�´��ª́Â�¦�µ¤¼�¤µ�¤µ¡¥µ�¦�r °µ��³Å�o¤�µ¦���°¥�¸ÉÁ®¤µ³¤ Â¨³¡¥µ�¦�rÅ�o
�¼��o°� Â¨³Ä� öÁ�¥̧���̧ªnµ�µ¦Ä�o�´ªÂ�¦°·¦³®¨µ¥Ç �ª́Â�¦ Â¨³®µ�¤�µ¦���°¥�¸ÉÅ�o¤µnª�
Ä®�n�³¡·�µ¦�µ�ªµ¤́¤¡´��r¦³®ªnµ��´ªÂ�¦°·¦³�´��ª́Â�¦�µ¤ Ä�¦¼�Â���ªµ¤́¤¡´��rÁ�·�
Áo��¦� (Linear) Â�n�oµ�ªµ¤́¤¡´��r�´�� n̈µª°¥¼nÄ�¦¼�Â��°ºÉ��¸ÉÅ¤nÄ�nÁo��¦��µ¦Ä�o¦¼�Â���°�
¤�µ¦Á�·�Áo��¦�Å�¡¥µ�¦�r �È�³�ÎµÄ®o¤̧�ªµ¤�¨µ�Á� º̈É°�¼� �´��´Ê��¹�Å�o�Îµ�µ¦Á�¦̧¥�Á�¥̧�
�´ªÂ��¦³®ªnµ�¦¼�Â���ªµ¤́¤¡´��rÁ�·�Áo��¦� ��́�ªµ¤́¤¡´��rÂ�� È̈°� (Logarithmic) Ä��µ¦
ª·Á�¦µ³®r�´ªÂ���¸ÉÁ®¤µ³¤ Á¡ºÉ°®µ¤�µ¦���°¥�¸ÉÁ®¤µ³¤�n°Å� �´��µ¦µ��¸É 4.16

�µ¦µ��¸É 4.16 �nµ�µ��·�·Á�¦̧¥�Á�¥̧��ª́Â��Ä��µ¦ª·Á�¦µ³®r�¨�µ¦��¨°�
�´ªÂ�¦�µ¤ �´ªÂ�¦°·¦³ �´ªÂ�� R square

Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å� �ªµ¤Á�o¤�o� SO2 Linear
Logarithmic

0.762
0.731

Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å� Áª¨µ Linear
Logarithmic

0.840
0.701
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Á¤ºÉ°¡·�µ¦µ�µ�nµ́¤�¦³·��·Í�µ¦�´�·�Ä� (R square) Á¡ºÉ°«¹�¬µ°·��·¡¨�°�
�´ªÂ�¦°·¦³�¸É°¥¼nÄ�Â�n̈ ³�ª́Â�� Ã�¥�¸É�´ªÂ��Ä��¸É¤̧�nµ́¤�¦³·��·Í�µ¦��́·�Ä�¼��ª́Â���´Ê�
µ¤µ¦��¸É�³Ä�o¡¥µ�¦�rÅ�o� ̧ �¹É��µ��µ¦µ��¸É 4.16 �¨�¦µ��ªnµ�nµ́¤�¦³·��·Í�µ¦��́·�Ä��°�
�´ªÂ��Ä�¦¼�Â���ªµ¤́¤¡´��rÁ�·�Áo��¦� ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä�¤µ��ªnµ �´Ê��ªµ¤́¤¡´��r
�°�Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å���́�ªµ¤Á�o¤�o��°��´¨Á¢°¦rÅ�°°�Å��r �º°¤̧�nµ 0.762 Â¨³�ªµ¤
́¤¡´��r�°�Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å��´�Áª¨µÄ��µ¦́¤�́ �º°¤̧�nµ 0.840 °̧��´Ê�Ä��µ¦ª·�´¥�¸Ê¥�́
�o°��µ¦«¹�¬µ�ªµ¤́¤¡´��r¦³®ªnµ��´ªÂ�¦�µ¤ �º°Á�°¦rÁ���r°́�¦µ�µ¦��́�¦n°� �´��ª́Â�¦°·¦³
®¨µ¥�ª́Â�¦ �º°�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��rÂ¨³Áª¨µÄ��µ¦́¤�́ �´��´Ê�Ä��µ¦ª·Á�¦µ³®r®µ
¤�µ¦���°¥�¹�¤�ª¦�¸É�³Ä�o�´ªÂ��¤�µ¦Áo��¦�¤µÄ�oÄ��µ¦¡¥µ�¦�r

®΅��µ��Îµ�µ¦ª·Á�¦µ³®r�ªµ¤���°¥Ä�¦¼�Â���ªµ¤́¤¡´��rÁ�·�Áo��¦�Â��¡®»�¼� Ã�¥
Ä�oÃ�¦Â�¦¤ÎµÁ¦È�¦¼� SPSS Áª°¦r��́ 11.0 Â öª Å�o¦»��nµ�µ��·�·�¸Éª·Á�¦µ³®rÅ�o �°�ª́�»�´ª°¥nµ��´Ê� 4
��·� �´�Â��Ä��µ¦µ��¸É 4.17

�µ¦µ��¸É 4.17 �nµ�µ��·�·�°�ª́�»�´ª°¥nµ�
ª́�»�´ª°¥nµ� R R Square std. Error of the Estimate sig.
°·�Á�nµ 0.920 0.846 1.16592E-02 0.000
°·��{��»�´� 0.863 0.745 3.39551E-03 0.000
�¼��{��Á�nµ 0.829 0.788 0.180265 0.000
�¼��{���{��»�´� 0.937 0.877 5.74250E-02 0.000

�µ��¨�µ¦ª·Á�¦µ³®rÄ��µ¦µ��¸É 4.17 �nµ́¤�¦³·��·Í�ªµ¤́¤¡´��r¡®»�¼� (R) Á�}��nµ�¸É
Â��¦³��́�ªµ¤́¤¡´��r¦³®ªnµ�� »̈n¤�´ªÂ�¦°·¦³�»��´ª Å�oÂ�n �ªµ¤Á�o¤�o��pµ��´̈ Á¢°¦rÅ�°°�Å��r
Â¨³Áª¨µÄ��µ¦́¤�́ ��́�´ªÂ�¦�µ¤ �º°Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å� �¹É��³Á®È�Å�oªnµª́�»�´ª°¥nµ��´Ê� 4
��·�¤̧�nµ́¤�¦³·��·Í�ªµ¤́¤¡´��r¡®»�¼�Á�oµÄ� ö 1 �´É��º° °·�Á�nµ¤̧�nµ 0.920 °·��{��»��́¤̧�nµ 0.863
�¼��{��Á�nµ¤̧�nµ 0.829 Â¨³�¼��{���{��»��́¤̧�nµ 0.937 �´É�®¤µ¥�ªµ¤ªnµÄ�ª́�»�´ª°¥nµ�Â�n
¨³��·��´ªÂ�¦�nµ�Ç ¤̧�ªµ¤́¤¡´��r��́¼� �¹É�Â��ªnµµ¤µ¦�Ä�o�´ªÂ�¦°·¦³�´Ê�®¤�¤µ¡¥µ�¦�r
�´ªÂ�¦�µ¤�º°Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�Å�o
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�nµ́¤�¦³·��·Í�µ¦�´�·�Ä� (R Square) Á�}��nµ�¸ÉÂ���¹�°·��·¡¨�°��´ªÂ�¦°·¦³�´Ê�®¤��¸É
¤̧�n°�´ªÂ�¦�µ¤ �µ��¨�µ¦ª·Á�¦µ³®rÄ�°·�Á�nµ¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä� 0.846 Â��ªnµ
�´ªÂ�¦°·¦³�´Ê�®¤�¤̧°·��·¡¨�n°�´ªÂ�¦�µ¤�º°Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å��¹� 84.60 Á�°¦rÁ���r nª�
°̧� 16.40 Á�°¦rÁ���r Á�}�°·��·¡¨�°��´ªÂ�¦°ºÉ�Ç �¸ÉÅ¤nÅ�o°¥¼nÄ��ª́Â�� ®¦º°°µ�� n̈µªÅ�oªnµ�´ªÂ�¦
°·¦³�´Ê�®¤�µ¤µ¦��Îµ�µ¥Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°�°·�Á�nµÅ�o�¹� 84.60 Á�°¦rÁ���r �°�
�Îµ�ª��o°¤¼¨Â�n¨³�¦³Á£��¸ÉÄ�oÄ��µ¦��°� nª�°·��{��»��́¤̧�nµ́¤�¦³·��·Í�µ¦��́·�Ä� 0.745
�´É��º°�´ªÂ�¦°·¦³�´Ê�®¤�µ¤µ¦��Îµ�µ¥Á�°¦rÁ���r�ÊÎµ®�´�®µ¥Å��°�°·�Á�nµ 74.50 Á�°¦rÁ���r
Ä��¼��{��Á�nµ�nµ́¤�¦³·��·Í�µ¦�´�·�Ä� 0.788 �´É��º°�´ªÂ�¦°·¦³�´Ê�®¤�µ¤µ¦��Îµ�µ¥
Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°�°·�Á�nµÅ�o 78.80 Á�°¦rÁ���r Â¨³Ä��µ¦ª·Á�¦µ³®r�¼��{���{��»��́
¤̧�nµ́¤�¦³·��·Í�µ¦�´�·�Ä� 0.877 �´É��º°�´ªÂ�¦°·¦³�´Ê�®¤�µ¤µ¦��Îµ�µ¥Á�°¦rÁ���r�ÊÎµ®��́�¸É
®µ¥Å��°�°·�Á�nµÅ�o 87.70 Á�°¦rÁ���r

�nµ�ªµ¤�¨µ�Á� º̈É°�Ä��µ¦¡¥µ�¦�r (std. Error of the Estimate) �º°�nµ�¸ÉÂ��¦³�´��°�
�ªµ¤�¨µ�Á� º̈É°��¸ÉÁ�·��µ��µ¦Ä�o�´ªÂ�¦°·¦³�´Ê�®¤�¤µ¡¥µ�¦�r�´ªÂ�¦�µ¤ �µ��µ¦ª·Á�¦µ³®r�¸É
Å�o�¸Ê°µ�� n̈µªÅ�oªnµ �µ¦¡¥µ�¦�rÁ�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å��°�°·�Á�nµ�³¤̧�ªµ¤�¨µ�Á� º̈É°� ®¦º°
�ªµ¤�·�¡¨µ��¦³¤µ� 1.16592 x 10-2 �µ¦¡¥µ�¦�rÁ�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å��°�
°·��{��»�´��³¤̧�ªµ¤�¨µ�Á� º̈É°� ®¦º°�ªµ¤�·�¡¨µ��¦³¤µ� 3.39551 x 10-3 �µ¦¡¥µ�¦�r
Á�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°��¼��{��Á�nµ�³¤̧�ªµ¤�¨µ�Á� º̈É°� ®¦º°�ªµ¤�·�¡¨µ��¦³¤µ�
0.180265 Â¨³�µ¦¡¥µ�¦�rÁ�°¦rÁ���r�ÊÎµ®�´��¸É®µ¥Å��°��¼��{���{��»�´��³¤̧�ªµ¤�¨µ�Á� º̈É°�
®¦º°�ªµ¤�·�¡¨µ� �¦³¤µ� 5.74250 x 10-2

�nµ¦³�´��¥́Îµ�´� (sig.) Á�}��nµ�¸ÉÄ�oÄ��µ¦�¦ª�°�ªnµ�´ªÂ�¦°·¦³�¸É¤̧°¥¼nÄ��ª́Â��
µ¤µ¦�Ä�oÅ�oÄ��»��ª́Â�¦®¦º°Å¤n£µ¥Ä�o¤¤�·�µ��µ��·�·��́�¸Ê

H0 : �ª́Â�¦°·¦³�»��ª́Å¤nµ¤µ¦�Ä�o¡¥µ�¦�rÅ�o
H1 : �ª́Â�¦°·¦³µ¤µ¦�Ä�o¡¥µ�¦�rÅ�o
�¹É��nµ�ªµ¤�nµ�³Á�}��°�¦³��́�¥́Îµ�´��¸É�Îµ�ª�Å�o �°�ª́�»�ª́°¥nµ��´Ê� 4 ��·� �º° 0.000

�¹É�¤̧�nµ�o°¥�ªnµ  �¸É�Îµ®���º° 0.05 �´��´Ê��¹���·Á�¤¤�·�µ� H0 �¹�¦»�Å�oªnµ�´ªÂ�¦°·¦³Ä�
�´ªÂ��µ¤µ¦�Ä�o¡¥µ�¦�r�¸É¦³�´��¥́Îµ�´� 0.05
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�nµ�·�·�¸É�Îµ�µ¦ª·Á�¦µ³®rÄ��́Ê��n°¤µÅ�o�Îµ�µ¦ª·Á�¦µ³®r�µ¦���°¥ Á¡ºÉ°®µ¤�µ¦���°¥
Ä��µ¦¡¥µ�¦�r°́�¦µ�µ¦�´��¦n°� �´��¸Ê

(1) °·�Á�nµ
Á¤ºÉ°�Îµ�nµ�ªµ¤�nµ�³Á�}��°�¦³��́�¥́Îµ�´� Ã�¥�Îµ®���nµ  = 0.05 �°�

Â�n¨³�´ªÂ�¦ ¤µ�Îµ�µ¦ª·Á�¦µ³®rªnµ�ª́Â�¦Ä��¸Éµ¤µ¦��Îµ¤µÄ�o¡¥µ�¦�rÅ�o ¡�ªnµ�´ªÂ�¦°·¦³ Å�oÂ�n
�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́ ¤̧�nµ 0.000 (�µ¦µ��¸É 4.18) �´Ê� 2
�´ªÂ�¦ �¹É�¤̧�nµ�o°¥�ªnµ �nµ  �¸É�Îµ®�� �¹�¦»�Å�oªnµ �¸É¦³�´��¥́Îµ��́ 0.05 µ¤µ¦��Îµ �´ªÂ�¦°·¦³
�´Ê� 2 �nµ�¸ÊÅ�Ä�o¡¥µ�¦�r°́�¦µ�µ¦��́�¦n°�Å�o

�µ¦µ��¸É 4.18 �nµ�µ¦���°¥�°�°·�Á�nµ
B std.Error sig.

Constant 2.798E-03 0.002 0.230
Concentration SO2 (ppm) 9.419E-05 0.000 0.000
Time (week) 2.973E-03 0.000 0.000

�´��´Ê��µ��nµ́¤�¦³·��·Í�µ¦���°¥�°��ª́Â�¦°·¦³Â�n¨³�´ª �¸É�Îµ�ª�
Å�o�¸Ê µ¤µ¦��Îµ¤µ¦oµ�¤�µ¦Å�o�´��¸Ê

ŷ = (2.798 x 10-3) + [(9.419 x 10-5) Concentration  SO2 ] + [(2.973 x 10-3) Time]

�nµ�¦³¤µ��°��nµ�ªµ¤�¨µ�Á� º̈É°��°�́¤�¦³·��·Í�µ¦���°¥ Îµ®¦´�
�´ªÂ�¦ �ªµ¤Á�o¤�o��°��pµ��́¨Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́ Á�nµ��́ 0.00 Á�°¦rÁ�È��r

(2) °·��{��»�´�
Îµ®¦́�°·��{��»�´� �µ��µ¦µ��¸É 4.19 �nµ�ªµ¤�nµ�³Á�}��°�¦³��́ �´¥Îµ��́

 = 0.05  �´Ê� 2 �´ªÂ�¦ �º° �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦ ́¤�́
¤̧�nµ�o°¥�ªnµ�nµ  �¸É�Îµ®�� �º°¤̧�nµ 0.000 �¹�µ¤µ¦�¦»�Å�oªnµ �¸É¦³��́�´¥Îµ��́ 0.05
µ¤µ¦��Îµ�ª́Â�¦ °·¦³�´Ê� 2 �nµ�¸ÊÅ�Ä�o¡¥µ�¦�r°́�¦µ�µ¦��́�¦n°�Å�o
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�µ¦µ��¸É 4.19 �nµ�µ¦���°¥�°�°·��{��»�´�
B std.Error sig.

Constant 3.238E-03 0.001 0.000
Concentration SO2 (ppm) 2.055E-05 0.000 0.000
Time (week) 4.427E-04 0.000 0.000

�´��´Ê��µ��nµ́¤�¦³·��·Í�µ¦���°¥�°��ª́Â�¦°·¦³Â�n¨³�´ª �¸É�Îµ�ª�
Å�o�¸Ê µ¤µ¦��Îµ¤µ¦oµ�¤�µ¦Å�o�´��¸Ê

ŷ = (3.238 x 10-3) + [(2.055 x 10-5) Concentration SO2 ] + [(4.427 x 10-4) Time]

�nµ�¦³¤µ��°��nµ�ªµ¤�¨µ�Á� º̈É°��°�́¤�¦³·��·Í�µ¦���°¥ Îµ®¦́�
�´ªÂ�¦ �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́ Á�nµ�´� 0.00 Á�°¦rÁ�È��r

(3) �¼��{��Á�nµ
Îµ®¦́��¼��{��Á�nµ �µ��µ¦µ��¸É 4.20 �nµ�ªµ¤�nµ�³Á�}��°�¦³��́�´¥ Îµ��́

 = 0.05  �´Ê� 2 �´ªÂ�¦ �º° �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́
¤̧�nµ�o°¥�ªnµ�nµ  �¸É�Îµ®�� �º°¤̧�nµ 0.000 �¹�µ¤µ¦�¦»�Å�oªnµ �¸É¦³��́�´¥Îµ��́ 0.05 µ¤µ¦�
�Îµ�´ªÂ�¦°·¦³�´Ê� 2 �nµ�¸ÊÅ�Ä�o¡¥µ�¦�r°́�¦µ�µ¦�´��¦n°�Å�o

�µ¦µ��¸É 4.20 �nµ�µ¦���°¥�°��¼��{��Á�nµ
B std.Error sig.

Constant -1.080E-02 0.036 0.003
Concentration SO2 (ppm) 7.720E-04 0.000 0.000
Time (week) 5.590E-02 0.005 0.000

�´��´Ê��µ��nµ́¤�¦³·��·Í�µ¦���°¥�°��ª́Â�¦°·¦³Â�n¨³�´ª �¸É�Îµ�ª�
Å�o�¸Ê µ¤µ¦��Îµ¤µ¦oµ�¤�µ¦Å�o�´��¸Ê
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ŷ = (-1.080 x 10-2 ) + [(7.720 x 10-4) Concentration SO2 ] + [(5.590 x 10-2) Time]

�nµ�¦³¤µ��°��nµ�ªµ¤�¨µ�Á� º̈É°��°�́¤�¦³·��·Í�µ¦���°¥ Îµ®¦́�
�´ªÂ�¦ �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́ Á�nµ�´� 0.00 Â¨³ 0.50
Á�°¦rÁ�È��r �µ¤ Î̈µ�´�

(4) �¼��{���{��»�´�
�nµ�µ¦ª·Á�¦µ³®rÎµ®¦́��¼��{��Á�nµ �µ��µ¦µ� 4.21 �nµ�ªµ¤�nµ�³Á�}�

�°�¦³�´��¥́Îµ�´�  = 0.05  �´Ê� 2 �ª́Â�¦ �º° �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³
Áª¨µÄ��µ¦́¤�́ ¤̧�nµ�o°¥�ªnµ�nµ  �¸É�Îµ®�� �º°¤̧�nµ 0.000 Â¨³ 0.002 �µ¤ Î̈µ�´� �¹�µ¤µ¦�
¦»�Å�oªnµ �¸É¦³�´��¥́Îµ�´� 0.05 µ¤µ¦��Îµ�´ªÂ�¦°·¦³�´Ê� 2 �nµ�¸ÊÅ�Ä�oÄ��µ¦¡¥µ�¦�r°́�¦µ
�µ¦�´��¦n°�Å�o

�µ¦µ��¸É 4.21 �nµ�µ¦���°¥�°��¼��{���{��»�´�
B std.Error sig.

Constant -6.501E-03 0.011 0.000
Concentration SO2 (ppm) 5.059E-04 0.000 0.000
Time (week) 2.205E-02 0.002 0.000

�´��´Ê��µ��nµ́¤�¦³·��·Í�µ¦���°¥�°��ª́Â�¦°·¦³Â�n¨³�´ª �¸É�Îµ�ª�
Å�o�¸Ê µ¤µ¦��Îµ¤µ¦oµ�¤�µ¦Å�o�´��¸Ê

ŷ = (-6.501 x 10-3) + [(5.059 x 10-4) Concentration SO2 ] + [(2.205 x 10-2) Time]

�nµ�¦³¤µ��°��nµ�ªµ¤�¨µ�Á� º̈É°��°�́¤�¦³·��·Í�µ¦���°¥ Îµ®¦́�
�´ªÂ�¦ �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Â¨³Áª¨µÄ��µ¦́¤�́ Á�nµ�´� 0.00 Â¨³ 0.20
Á�°¦rÁ�È��r �µ¤ Î̈µ�´�
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4.5.3 °́�¦µ�µ¦��́�¦n°�
�µ��µ¦�Îµ�ª��nµ�µ��·�·�oµ��o� �ÎµÄ®oµ¤µ¦��Îµ�ª��nµ°́�¦µ�µ¦��́�¦n°��¸É

Á�·��¹Ê���́ª́�»��·��nµ�Ç Á�}�Á�°¦rÁ���r Ã�¥¤�µ¦�¸ÉÅ�o�¸ÊÁ�}�¤�µ¦�¹É��Îµ�ª�£µ¥Ä�o¤¤�·�µ�
�µ��µ¦Ä®oª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦ ́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É
�ªµ¤Á�o¤�o� 50, 100, 200, 400 Â¨³ 800 nª�Ä� öµ�nª� Ä�£µª³�¦¦¥µ�µ«�´ÉªÅ� �º°�¸É °»�®£¼¤·
29.5 + 2 °�«µÁ�¨Á�¥̧ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r µ¤µ¦�¦»�
Á�}�¤�µ¦Å�o��́�n°Å��¸Ê

1) °·�Á�nµ

C.T. = (2.798 x 10-3) + [ (9.419 x 10-5) C ] + [ (2.973 x 10-3) T ]  �.(4.4)

Á¤ºÉ° C.T. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r

2) °·��{��»�´�

C.T. = (3.238 x 10-3) + [ (2.055 x 10-5) C ] + [ (4.427 x 10-4) T ]�.(4.5)

Á¤ºÉ° C.T. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r

3) �¼��{��Á�nµ

C.T. = (-1.080 x 10-2) + [ (7.720 x 10-4) C ] + [ (5.590 x 10-2) T ]�.(4.6)

Á¤ºÉ° C.T. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r
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4) �¼��{���{��»�´�

C.T. = (-6.501 x 10-3) + [ (5.059 x 10-4) C ] + [ (2.205 x 10-2) T ]�.(4.7)

Á¤ºÉ° C.T. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r

�µ�¤�µ¦�¸ÉÅ�o�¸ÊÁ�}�¤�µ¦�¸Éµ¤µ¦��Îµ¤µ�Îµ�ª�®µ°́�¦µ�µ¦�´��¦n°��¸ÉÁ�·��¹Ê� Ã�¥�Îµ
Ä®o�µ��µ¦�rÅ�o�¹��µ¦��́�¦n°��¸É°µ�Á�·��¹Ê�Á¤ºÉ°ª́�» �¹É�Å�oÂ�n °·�Á�nµ, °·��{��»�´�, �¼��{��Á�nµ
Â¨³�¼��{���{��»�´� ¤̧�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o��nµ�Ç Â¨³¦³¥³Áª¨µ�nµ�Ç �´�
Ã�¥°¥¼nÄ�¦¼��°�Á�°¦rÁ���r�°�°́�¦µ�µ¦��́�¦n°� �´��´Ê��µ�¤�µ¦�¸ÉÅ�oµ¤µ¦��Îµ¤µ�Îµ�ª�®µ
�µ¦�´��¦n°� Ä�¦¼��°��µ¦�´��¦n°�¡ºÊ��¸É�·ª�°�ª́�» ®¦º°�ªµ¤ ¹̈��°��µ¦�´��¦n°��¸É°µ�Á�·��¹Ê�
®µ�ª́�» ́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r Å�o�´��¸Ê (Â��ª·�¸�·�Ä�£µ���ª� �)

Á¤ºÉ° D.C. �º° �ªµ¤ ¹̈��°��µ¦��́�¦n°�, Á���·Á¤�¦
A.E. �º° ¡ºÊ��¸É�·ª�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r, �µ¦µ�Á���·Á¤�¦
V(ª́�») �º° �¦·¤µ�¦�°�ª́�», ¼̈��µ«�rÁ���·Á¤�¦
C.T(A.E) �º° Á�°¦rÁ���r°́�¦µ�µ¦�´��¦n°�Á�¥̧���́¡ºÊ��¸É́¤�́ A.E., Á�°¦rÁ���r

Ã�¥�Îµ�ª��µ�  C.T(A.E)   = C.T. x  A.E.
31.25 x 100

C.T. �º° °́�¦µ�µ¦��́�¦n°�Á�·¤, Á�°¦rÁ���r

D.C. =        V(ª´�») x C.T(A.E)

A.E. x 100
�.. (4.8)
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4.6 �µ¦�¦³¥»��rÄ�o°́�¦µ�µ¦��́�¦n°�
�µ�¤�µ¦°́�¦µ�µ¦�´��¦n°��¸É�Îµ�ª�Å�o�Îµ¤µ�Îµ�µ¦«¹�¬µ�n° Á¡ºÉ°�Îµ�µ¥®¦º°¡¥µ�¦�r

�¨�µ¦��́�¦n°��¸É°µ�Á�·��¹Ê��n°Ã�¦µ��µ� Á¡ºÉ°�µ¦Á jµ¦³ª́�Â¨³�j°��´��¸ÉÁ®¤µ³¤�n°Å� Ã�¥
�´Ê��¸ÊÁ�}�¤�µ¦°́�¦µ�µ¦��́�¦n°��¸É°¥¼n£µ¥Ä�o¤¤�·�µ��¸ÉÄ®oª́�»¦¼� ¼̈��µ«�r ��µ� 2.5 x 2.5 x 2.5
Á���·Á¤�¦ ́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�£µª³�¦¦¥µ�µ«�´ÉªÅ� �º°�¸É°»�®£¼¤· 29.5 + 2
°�«µÁ�¨Á�¥̧ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r �¸É�ªµ¤Á�o¤�o� 50 � 800 nª�Ä� öµ�nª�
Ä�¦³���d�

4.6.1 �Îµ�µ¥�nµ�µ¦��́�¦n°��µ��µ¦�́��·��¦¦¤ª�́°¥»�¥µ¤¦��Ã¨�
�µ��¸ÉÅ�o�Îµ�µ¦�¦ª�ª́��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�·��¹Ê� Ä��µ�°¥»�¥µ¤¦��Ã¨�

¡�ªnµ�µ¦��́�·��¦¦¤��́� n̈µªÁ�}��µ¦Á¡·É¤�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�°�Ã�¦µ��µ� Ã�¥
¦³¥³Áª¨µ�µ¦��́�µ��´Ê�·Ê�Á�}�Áª¨µ 9 ª́� Ã�¥¤̧�nµ�µ¦�¦ª�ª́��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r Á�¨̧É¥
Á�nµ�´� 9.7577 nª�Ä�¡�́ öµ�nª� �µ��o°¤¼¨�¸Êµ¤µ¦��ÎµÅ��Îµ�ª�®µÁ�°¦rÁ�È��r�µ¦
�´��¦n°��¸ÉÁ�·��¹Ê�Ä��nª�Áª¨µ��́� n̈µª Å�o�¨�µ¦�Îµ�ª� (Â���µ¦�Îµ�ª�Ä� £µ���ª� �.) ��́�¸Ê

Ã�¦µ��µ�Ä��¦·Áª�ª́�¡¦³¦µ¤ Ä��nª��°��µ¦��́�µ� 9 ª́� Á�·��µ¦��́�¦n°�Ã�¥
¡·�µ¦�µ�µ��ÊÎµ®��́�¸É®µ¥Å�Á�¥̧���́�ÊÎµ®�´�Á¦·É¤�o��°�ª́�»�´ª°¥nµ� Ä�nª�ª́�»��·�°·�Á�nµ �³
Á�·��µ¦��́�¦n°�Å� 6.6210 x 10-3 Á�°¦rÁ�È��r ®µ�Á�}�ª́�»��·��¼��{��Á�nµ �³Á�·��µ¦��́�¦n°�
6.1078 x 10-2 Á�°¦rÁ�È��r Â¨³Á�ºÉ°��µ�Ã�¦µ��µ�Ä��¦·Áª�ª́�¡¦³¦µ¤Ä��{��»��́�¸ÊÅ�o¦́��µ¦
�¼¦�³Ã�¥Ä�oª́�»�¸É�Îµ�µ¦� ·̈��¹Ê�¤µÄ®¤n ��́�´Ê��¹�µ¤µ¦��Îµ�ª��µ¦��́�¦n°�Ä�nª�ª́�»��·�°·�
�{��»��́Å�o 3.8070 x 10-3  Á�°¦rÁ�È��r Â¨³ª́�»��·��¼��{���{��»�´��³Á�·��µ¦��́�¦n°� 2.1854 x 10-2

Á�°¦rÁ�È��r
�µ��¨�µ¦�Îµ�ª�Á�°¦rÁ�È��r�µ¦�´��¦n°��¸ÉÅ�o�¸Ê Å�o�Îµ�µ¦�Îµ�ª��µ¦��́�¦n°�Ä�¦¼��°�

�ªµ¤ ¹̈��°�¡ºÊ��¸É�·ª�°�ª́�»�¸É�¼��µ¦��́�¦n°�Å� (Â���µ¦�Îµ�ª�Ä� £µ���ª� �.) Ã�¥¤¤�·Ä®o
ª́�»�°�Ã�¦µ��µ�Á�}�¦¼� ¼̈��µ«�r ��µ� 10 x 10 x 10 Á¤�¦ Ã�¥¤̧¡ºÊ��¸É�·ª�°�ª́�»́¤�́��́
�pµ��´̈ Á¢°¦rÅ�°°�Å��r Á�nµ�´� 100 �µ¦µ�Á¤�¦ �´��´Ê�ª́�»��·�°·�Á�nµ ¡ºÊ��·ª�³�¼���́�¦n°� ¹̈�¨� Å�
2.1188 x 10-3 Á���·Á¤�¦ ª́�»��·�°·��{��»�´� ¡ºÊ��·ª�³�¼��´��¦n°� ¹̈�¨�Å� 1.2184 x 10-3

Á���·Á¤�¦ ª́�»��·��¼��{��Á�nµ �¦·Áª�¡ºÊ��·ª�³�¼���́�¦n°� ¹̈�¨�Å� 1.9554 x 10-2  Á���·Á¤�¦ ª́�»
��·��¼��{���{��»�´� ¡ºÊ��·ª�³�¼��´��¦n°� ¹̈�¨�Å� 6.9933 x 10-3 Á���·Á¤�¦
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�°��µ��¸Ê ®µ��Îµ�nµ�µ��µ¦�¦ª�ª́�Ã�¥�¦¤�ª��»¤¤¨¡·¬�°��nª�Áª¨µÁ�¥̧ª��́��́�µ¦
��́�µ�°¥»�¥µ¤¦��Ã¨� �¹É�Á�}��nµ�¸É�¦ª�ª́�Ä�£µ¡�¦¦¥µ�µ«�´ÉªÅ��°��´�®ª́�¡¦³��¦«¦̧°¥»�¥µ
�¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸Éª́�Å�oÁ�¨̧É¥ 9 ª́� Å�o 2.9 nª�Ä�¡�́ öµ�nª� Á¤ºÉ°�Îµ¤µ�Îµ�ª�Ä�
¤�µ¦°́�¦µ�´��¦n°��¸É�Îµ�ª�Å�o�¸Ê �ÎµÄ®o�¦µ�ªnµ®µ�Å¤n¤̧�µ¦��́�µ���́� n̈µª Ã�¦µ��µ��¦·Áª�
ª́�¡¦³¦µ¤ �³Á�·��µ¦��́�¦n°�Ä�ª́�»��·�°·�Á�nµÁ�}� 6.6210 x 10-3 Á�°¦rÁ�È��r °·��{��»�´�Á�}�
3.8070 x 10-3 Á�°¦rÁ���r �¼��{��Á�nµÁ�}� 6.1074 x 10-2  Á�°¦rÁ���r Â¨³Ä�ª́�»��·��¼��{���{��»�´�
2.1850 x 10-2  Á�°¦rÁ���r ®µ�¡ºÊ��¸É�·ª�°�ª́�»�¸É¤̧�µ¦́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r Á�nµ�´� 100
�µ¦µ�Á¤�¦ ª́�»��·�°·�Á�nµ ¡ºÊ��·ª�³�¼���́�¦n°� ¹̈�¨�Å� 2.1186 x 10-3 Á���·Á¤�¦ ª́�»��·�
°·��{��»�´� ¡ºÊ��·ª�¼���́�¦n°� ¹̈�¨�Å� 1.2183 x 10-3 Á���·Á¤�¦ ª́�»��·��¼��{��Á�nµ ¡ºÊ��·ª�³�¼�
�´��¦n°� ¹̈�¨�Å� 1.9544 x 10-2  Á���·Á¤�¦ ª́�»��·��¼��{���{��»�´� ¡ºÊ��·ª�³�¼��´��¦n°� ¹̈�¨�Å�
6.9921 x 10-3 Á���·Á¤�¦

�µ��¨�µ¦�Îµ�ª��¸ÉÅ�o�oµ��o��¸Ê Å�o�Îµ¤µÁ�¦̧¥�Á�¥̧��¨�µ¦��́�¦n°��¸ÉÁ�·��¹Ê��µ��µ¦Á¡·É¤
¤µ��¹Ê��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r �´�Â��Ä��µ¦µ��¸É 4.22

�µ¦µ��¸É 4.22 Á�¦̧¥�Á�¥̧�°́�¦µ�µ¦�´��¦n°�Â¨³�ªµ¤ ¹̈��°��µ¦��́�¦n°� ¦³®ªnµ��¦·Áª�¡ºÊ��¸É
��́�µ�°¥»�¥µ¤¦��Ã¨� ��́�¦·Áª�¡ºÊ��¸É�´ÉªÅ�

°́�¦µ�µ¦�´��¦n°�
(Á�°¦rÁ���r)

�ªµ¤ ¹̈��°��µ¦��́�¦n°�
(Á���·Á¤�¦)

ª́�»�´ª°¥nµ� ¡ºÊ��¸É�´ÉªÅ� �µ�¤¦��Ã¨� ¡ºÊ��¸É�´ÉªÅ� �µ�¤¦��Ã¨�
°·�Á�nµ 6.6210E-03 6.6210E-03 2.1186E-3 2.1188E-3
°·��{��»�´� 3.8070E-03 3.8070E-03 1.2183E-3 1.2184E-3
�¼��{��Á�nµ 6.1074E-02 6.1078E-02 1.9544E-2 1.9554E-2
�¼��{���{��»�´� 2.1850E-02 2.1854E-02 6.9921E-3 6.9933E-3

®¤µ¥Á®�» : £µ¥Ä�o¤¤�·�µ��µ��µ¦Ä®oª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦Á¤�¦ ́¤�́�́��pµ�
�́¨Á¢°¦rÅ�°°�Å��r�ªµ¤Á�o¤�o� 50�800 ªn�Ä� öµ�nª� Ä�£µª³�¦¦¥µ�µ« �¸É°»�®£¼¤· 29.5 + 2
°�«µÁ�¨Á�̧¥ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r
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�µ��µ¦µ��ÎµÄ®o�¦µ�ªnµ�µ¦Á¡·É¤�¹Ê��°��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r �³�n°Ä®oÁ�·��µ¦
�´��¦n°�Á¡·É¤¤µ��¹Ê��oª¥

4.6.2 �Îµ�µ¥�nµ�µ¦��́�¦n°��µ�£µ¡�́ÉªÅ��°��́�®ª´�¡¦³��¦«¦̧°¥»�¥µ
�µ��o°¤¼¨�°��¦¤�ª��»¤¤¨¡·¬ �e ¡.«.2547 Å�o�Îµ�µ¦�¦ª�ª́�£µ¡°µ�µ«�°���́®ª́�

¡¦³��¦«¦̧°¥»�¥µ Ã�¥�nµÁ�¨̧É¥¦µ¥�e�°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�nµ��́ 4.0 nª�Ä�¡�́ öµ�nª�
�¹É��µ��nµ�¸ÉÅ�o�¸Ê®¤µ¥�ªµ¤ªnµÄ��e ¡.«. 2547 Ã�¦µ��µ��´Ê��³�o°�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
Á�¨̧É¥ª́�¨³ 4.0 nª�Ä�¡�́ öµ�nª� ��́�´Ê��µ��o°¤¼¨Á® n̈µ�¸Êµ¤µ¦��ÎµÅ��Îµ�ª�®µÁ�°¦rÁ�È��r�µ¦
�´��¦n°��¸ÉÁ�·��¹Ê�Ä��e ¡.«. 2547 £µ¥Ä�o¤¤�·�µ��¸ÉÄ®oª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5
Á���·Á¤�¦ ́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�£µª³�¦¦¥µ�µ«£µ¡�´ÉªÅ� �º°°»�®£¼¤· 29.5 + 2
°�«µÁ�¨Á�¥̧ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r �¹É�Å�o�¨�µ¦�Îµ�ª� ��́�¸Ê

Ã�¦µ��µ�Ä���́®ª́�¡¦³��¦«¦̧°¥»�¥µ �¸ÉÅ�o¦́��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�¨̧É¥ 4.0
nª�Ä�¡�́ öµ�nª� �¨°��e ¡.«. 2547 Á�·��µ¦��́�¦n°�Ã�¥¡·�µ¦�µ�µ��ÊÎµ®�´��¸É®µ¥Å�
Á�¥̧���́�ÊÎµ®�´�Á¦·É¤�o��°�ª́�»�´ª°¥nµ� Ä�nª�ª́�»��·�°·�Á�nµ �³Á�·��µ¦��́�¦n°� 0.1578
Á�°¦rÁ�È��r ®µ�Á�}�ª́�»��·�°·��{��»�´� �³Á�·��µ¦�´��¦n°� 0.0263 Á�°¦rÁ�È��r ª́�»��·��¼��{��Á�nµ
Á�·��µ¦��́�¦n°�  2.9040  Á�°¦rÁ�È��r Â¨³ª́�»��·��¼��{���{��»�´��³Á�·��µ¦��́�¦n°�  1.1433
Á�°¦rÁ�È��r

�µ��¨�µ¦�Îµ�ª�Á�°¦rÁ�È��r�µ¦�´��¦n°��¸ÉÅ�o�¸Ê  Á¤ºÉ°�Îµ�µ¦�¦³¥»��r®µ�µ¦��́�¦n°�Ä�¦¼�
�°��ªµ¤ ¹̈��°�¡ºÊ��¸É�·ª�°�ª́�»�¸É�¼��µ¦��́�¦n°�Å� �´É��º°®µ�¤¤�·Ä®oÃ�¦µ��µ�Á�}�¦¼�
¼̈��µ«�r ��µ� 10 x 10 x 10 Á¤�¦ Ã�¥¤̧¡ºÊ��¸É�·ª�°�ª́�»́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r Á�nµ�´�

100 �µ¦µ�Á¤�¦ �´��´Ê�ª́�»��·�°·�Á�nµ ¡ºÊ��·ª�³�¼���́�¦n°� ¹̈�¨�Å� 5.0502 x 10-2 Á���·Á¤�¦
ª́�»��·�°·��{��»�´� ¡ºÊ��·ª�³�¼��´��¦n°� ¹̈�¨�Å� 0.8423 x 10-2 Á���·Á¤�¦ ª́�»��·��¼��{��Á�nµ
¡ºÊ��·ª�³�¼���́�¦n°� ¹̈�¨�Å� 9.2928 x 10-1  Á���·Á¤�¦ ª́�»��·��¼��{���{��»�´� ¡ºÊ��·ª�³�¼�
�´��¦n°� ¹̈� ¨�Å� 3.6584 x 10-1 Á���·Á¤�¦

4.6.3 �¦³¥»��rÄ�o�´�Â���Îµ¨°��µ���·�«µ�¦�r
�µ��¨�µ¦��¨°��µ��µ¦�¦³Á¤·��¨�¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r Ã�¥Â���Îµ¨°��µ�

��·�«µ�¦r ISCST3 (Á�¥̧¤�µ¦µ, 2546) �¦·Áª��¨µ�Á�oµ¡¦¤ Á�µ³Á¤º°��´�®ª́�¡¦³��¦«¦̧°¥»�¥µ
°́�Á�}��¸É�´Ê��°�Â® n̈�Ã�¦µ��µ�Â¨³Â® n̈��»¤�� �¹É��¦°�� »̈¤�¹�Ã�¦µ��µ��¦·Áª�ª́�¡¦³¦µ¤
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Ã�¥¤̧�ªµ¤Á�o¤�o�¦³��́¡ºÊ��·�°¥¼nÄ��nª� 0.1-0.29 ¤·¨ ·̈�¦́¤/ ¼̈��µ«�rÁ¤�¦ ��́�´Ê��µ��o°¤¼¨�¸Ê
µ¤µ¦��ÎµÅ��Îµ�ª�®µÁ�°¦rÁ�È��r�µ¦�´��¦n°��¸ÉÁ�·��¹Ê�Ä��nª�Áª¨µ�nµ�Ç Ä��¦��̧¸É�ªµ¤Á�o¤�o�
�°��pµ��´̈ Á¢°¦rÅ�°°�Å��r���¸É Ã�¥Á º̈°�Ä�o�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�·�¤µ��¸É»�
�º° 0.29 ¤·¨ ·̈�¦́¤/ ¼̈��µ«�rÁ¤�¦ Á¡ºÉ°�µ¦�Îµ�µ¥ ®¦º°�µ¦�µ��³Á� �µ¦��́�¦n°��¸É°µ�Á�·��¹Ê�Ä�
°�µ�� �³Å�o�¨�µ¦�Îµ�ª�¦»��´��µ¦µ��¸É 4.23

�µ¦µ��¸É 4.23 Á�°¦rÁ���r�µ¦��́�¦n°��¸ÉÁ�·��¹Ê��µ��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r Ä��nª�Áª¨µ
�nµ�Ç �°�ª́�»�´ª°¥nµ�

°́�¦µ�µ¦�´��¦n°� (Á�°¦rÁ���r) **
¦³¥³Áª¨µÄ��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rª́�»

1 �e 5 �e 10 �e 50 �e 100 �e
°·�Á�nµ 0.1578 0.7779 1.5530 7.7538 15.5049
°·��{��»�´� 0.0263 0.1187 0.2341 1.1574 2.3116
�¼��{��Á�nµ 2.9041 14.5632 29.1371 T.D. T.D.
�¼��{���{��»�´� 1.1433 5.7423 11.4911 57.4811 T.D.

®¤µ¥Á®�» : T.D. ®¤µ¥�¹� ª́�»Á�·��µ¦�́��¦n°�®¤� °´�Á�ºÉ°�¤µ�µ��µ¦Á�·�Á� º̈°Â¨³�µ¦Â��
** £µ¥Ä�o¤¤�·�µ��µ��µ¦Ä®oª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦Á¤�¦ ́¤�́�́�
�pµ��́¨Á¢°¦rÅ�°°�Å��r�ªµ¤Á�o¤�o� 50�800 ªn�Ä� öµ�nª� Ä�£µª³�¦¦¥µ�µ« �¸É°»�®£¼¤·
29.5 + 2 °�«µÁ�¨Á�̧¥ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r

�µ��µ¦µ�®µ���́®ª́�¡¦³��¦«¦̧°¥»�¥µ¤̧�·��¦¦¤ Â¨³�µ¦Ä�o�¦³Ã¥��r¡ºÊ��¸É�°���́®ª́� �´�
Á�n��{��»�´��¸Ê Ã�¦µ��µ�Ä���́®ª́�¡¦³��¦«¦̧°¥»�¥µ�³Å�o¦́��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�
�¦·¤µ��¸ÊÅ�Á¦ºÉ°¥Ç ��́�´Ê�Á¤ºÉ°¦³¥³Áª¨µ�nµ�Å�Á¦ºÉ°¥Ç �º° 1 �e, 5 �e, 10 �e, 50 �e Â¨³ 100 �e
Ã�¦µ��µ��³¤̧Á�°¦rÁ���r�µ¦�´��¦n°�Á¡·É¤¤µ��¹Ê�Á¦ºÉ°¥Ç �´��¸Ê

£µ¥Ä�o¤¤�·�µ��µ��µ¦Ä®oª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦ ́¤�́�´�
�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�£µª³�¦¦¥µ�µ«�´ÉªÅ� �¸É°»�®£¼¤· 29.5 + 2 °�«µÁ�¨Á�¥̧ Â¨³�¸É
�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r Ä�nª��°�ª́�»��·�°·�Á�nµ Ä��e�¸É 1, 5, 10, 50 Â¨³ 100
�³Á�·��µ¦��́�¦n°� 0.1578 Á�°¦rÁ�È��r, 0.7779 Á�°¦rÁ�È��r, 1.5530 Á�°¦rÁ�È��r, 7.7538 Á�°¦rÁ�È��r
Â¨³ 15.5049 Á�°¦rÁ�È��r �µ¤ Î̈µ�´� ®µ�Á�}�ª́�»��·�°·��{��»�´��³Á�·��µ¦��́�¦n°� 0.0263
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Á�°¦rÁ�È��r, 0.1187 Á�°¦rÁ�È��r, 0.2341 Á�°¦rÁ�È��r, 1.1574 Á�°¦rÁ�È��r Â¨³ 2.3116 Á�°¦rÁ�È��r
�µ¤ Î̈µ�´� ª́�»��·� �¼��{��Á�nµÁ�·��µ¦��́�¦n°�  2.9040  Á�°¦rÁ�È��r, 14.5632 Á�°¦rÁ���r, 29.1371
Á�°¦rÁ�È��r Ä��e�¸É 1, 5 Â¨³ 10 �µ¤ Î̈µ�´� nª��e�¸É 50 Â¨³ 100 ¤̧�µ¦�´��¦n°�®¤� �·Ê�ª́�»
Â¨³Ä�ª́�»��·��¼��{���{��»�´��³Á�·� �µ¦��́�¦n°�  1.1433 Á�°¦rÁ�È��r, 5.7423 Á�°¦rÁ�È��r, 11.4911
Á�°¦rÁ�È��r, 57.4811 Á�°¦rÁ�È��r Â¨³ �e�¸É 100 Á�·��µ¦��́�¦n°�®¤�

�´��´Ê��µ��µ¦µ� 4.23 �µ��µ¦�Îµ�ª�Ã�¥�¦³¥»��rÄ�o�´�Â���Îµ¨°��µ���·�«µ�¦r
ISCST3 �¸Ê�³Á®È�ªnµ Ä�ª́�»�¦³Á£��¼��{��Á�nµÁ¤ºÉ°Å�o¦́��pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�}�¦³¥³Áª¨µ 50 �e
Â¨³ 100 �e Â¨³�¼��{���{��»�´�Á¤ºÉ°Å�o¦́��pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�}�¦³¥³Áª¨µ 100 �e �³¤̧
�µ¦�´��¦n°�®¤� ��́�´Ê��¹��Îµ�µ¦�Îµ�ª�Á¡ºÉ°®µ¦³¥³Áª¨µ�¸Éª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5
Á���·Á¤�¦ ¤̧�µ¦��́�¦n°�®¤� �¹É�¦»�Å�oªnµÄ�ª́�»�¦³Á£��¼��{��®µ�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
��Á�·��µ¦��́�¦n°��¹Ê� 100 Á�°¦rÁ���r ®¦º°Á�·��µ¦��́�¦n°���Å¤nÁ® º̈°Á�ºÊ°ª́�» �´Ê�Â�n�e�¸É 35
nª�ª́�»�¦³Á£��¼��{���{��»�´� �³Á�·��µ¦��́�¦n°� 100 Á�°¦rÁ���r Ä��e�¸É 87 Ä�nª��°�ª́�»
�¦³Á£�°·�Á�nµ Â¨³°·��{��»��́�´Ê� �³Á�·��µ¦��́�¦n°� 100 Á�°¦rÁ���r ®¦º°�´��¦n°���®¤��³Ä�o
¦³¥³Áª¨µ 646 �e Â¨³ 4332 �e �µ¤ Î̈µ�´�

Ã�¥�´Ê��¸Ê �¨�µ¦��¨°�Ä��µ�ª·�¥́�¸ÊÁ�}��µ¦�Îµ�ª��µ¦��́�¦n°��¹É�Á�·��¹Ê��µ��µ¦́¤�́
�pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ¡¸¥��{��¥́Á�¥̧ªÁ�nµ�´Ê�



���̧É 5
¦»��¨�µ¦ª·�́¥Â¨³�o°Á�°Â�³

5.1 ¦»��¨�µ¦ª·�́¥

�µ��µ¦ª·�´¥�¸ÊÅ�o�Îµ�µ¦¡�́�µÁ�¦ºÉ°�¤º°Á¡ºÉ°Ä�o�µ¦«¹�¬µ�µ¦��́�¦n°� Â¨³°́�¦µ�µ¦��́�¦n°�
�¨°����µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦�´��¦n°��¸ÉÁ�·��¹Ê��°�ª́�»�´ª°¥nµ� Å�oÂ�n °·�Á�nµ,
°·��{��»�´�, �¼��{��Á�nµ Â¨³�¼��{���{��»�´� Ã�¥�pµ��´̈ Á¢°¦rÅ�°°�Å��r �¹É�Å�o�Îµ�µ¦́¤�́�pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�¸É�ªµ¤Á�o¤�o��nµ�Ç Å�oÂ�n 50, 100, 200, 400 Â¨³ 800 nª�Ä� öµ�nª�
µ¤µ¦�¦»��¨�µ¦ª·�¥́Å�o�´��¸Ê

5.1.1 �µ¦¡´��µª·�¸�µ¦«¹�¬µ�µ¦��́�¦n°�
ª·�¸�µ¦�¸É�Îµ�µ¦¡´��µÁ¡ºÉ°«¹�¬µ�µ¦��́�¦n°� Â¨³°́�¦µ�µ¦��́�¦n°� �¸É°µ�Á�·��¹Ê�Å�o�´Ê�

µ¤µ¦��Îµ¤µÄ�oÄ��µ¦«¹�¬µ�µ¦��́�¦n°� Â¨³°́�¦µ�µ¦�´��¦n°�Å�o�¸ Ã�¥�³�o°�°¥¼n£µ¥Ä�oÁ�ºÉ°�Å�
�´��¸Ê

1) �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�³�o°�¤̧�ªµ¤Á�o¤�o�¦³®ªnµ� 50 �¹� 800
nª�Ä� öµ�nª�

2) �µ¦��¨°�Á�}�¦³���d� Á¡ºÉ°µ¤µ¦��ª��»¤�´ªÂ�¦�nµ�Ç Å�o�nµ¥ Ã�¥Ä��µ¦ª·�¥́
�¦́Ê��¸Ê Å�oª·�¥́£µ¥Ä�o£µª³°»�®£¼¤·�¸É  29.5 + 2 °�«µÁ�¨Á�¥̧ Â¨³�¸É�ªµ¤�ºÊ�́¤¡´��r 65 + 10
Á�°¦rÁ���r

Ã�¥µ¤µ¦�¦»�Á�}��o°� ̧Â¨³�o°Á̧¥ �°�ª·�¸�µ¦�¸É�Îµ�µ¦¡�́�µ Å�o�´��¸Ê

�o°�¸
1) �»�Á�¦ºÉ°�¤º°�¸É�Îµ�µ¦¡´��µ�´Ê� Å�o¡´��µ¤µ�µ�°»��¦�r¡ºÊ��µ�Ä�®o°���·��́·�µ¦

�µ�ª·�¥µ«µ�¦r �¹��ÎµÄ®o�´�®µÅ�o�nµ¥ Â¨³¦µ�µÅ¤nÂ¡�
2) �µ¦Á�¦̧¥¤�µ¦��¨°�Å¤n�´��o°� �¹�µ¤µ¦��ÎµÅ�o�nµ¥
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�o°Á̧¥
1) Å¤nµ¤µ¦��¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��rÅ�o�¨°��µ¦��¨°� Á�ºÉ°��µ��o°�Îµ��́

�°�Á�¦ºÉ°�¤º°�¦ª�ª́��pµ� �¹�Å¤nµ¤µ¦�«¹�¬µ�µ¦Á�¨̧É¥�Â�¨��ªµ¤Á�o¤�o��pµ��´̈ Á¢°¦rÅ�°°�Å��r
£µ¥Ä�®o°���°�Å�o

2) Å¤nµ¤µ¦��ª��»¤�ªµ¤�ºÊ�Ä®o���¸É�¨°��µ¦��¨°�Å�o Á�ºÉ°��µ�Å¤n¤̧Á�¦ºÉ°�¤º°
�¦ª�ª́��ªµ¤�ºÊ�£µ¥Ä�®o°���°� Â¨³°»��¦�rÄ��µ¦�ª��»¤�ªµ¤�ºÊ�£µ¥Ä�®o°���°�Ä®o���¸É

5.1.2 �µ¦��́�¦n°��̧ÉÁ�·��¹Ê�
�µ��µ¦ª·�´¥Á¤ºÉ°�Îµ�µ¦«¹�¬µ�µ¦��́�¦n°��°�ª́�»�´ª°¥nµ� Å�oÂ�n °·�Á�nµ, °·��{��»�´�,

�¼��{��Á�nµ Â¨³�¼��{���{��»�´� Á¤ºÉ°́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r ¡�ªnµ�µ¦�´��¦n°��¸ÉÁ�·��¹Ê�
µ¤µ¦�«¹�¬µÅ�oÄ� 2 ΅�¬�³ �º° «¹�¬µ�µ¦�Îµ¨µ¥Ã�¦�¦oµ��°�ª́�»�´ª°¥nµ� Á¡ºÉ°µ¤µ¦�°�·�µ¥
�¹��µ¦��́�¦n°��¸ÉÁ�·��¹Ê� �¨°���µÁ®�»�¸É�ÊÎµ®��́�°�ª́�»®µ¥Å� Â¨³«¹�¬µ�ÊÎµ®�´��¸É®µ¥Å��°�
ª́�»�´ª°¥nµ� Á¡ºÉ°�µ¦�Îµ�ª�®µ¤�µ¦°́�¦µ�µ¦�´��¦n°� Á¡ºÉ°�µ��µ¦�r�µ¦��́�¦n°��¸É°µ�Á�·��¹Ê�
Ä�°�µ��

¦¼��¸É 5.1 Â���́��¦³�ª��µ¦�µ¦��́�¦n°�

1) �µ¦�Îµ¨µ¥Ã�¦�¦oµ�ª́�»
µÁ®�»�¸É�ÎµÄ®oÁ�·��¦µ���µ¦�r�µ¦��́�¦n°��°�ª́�»�´Ê� Á�·��µ��pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ�oµ

�Îµ��·�·¦·¥µ�´��ÊÎµ®¦º°Å°�ÊÎµÄ�°µ�µ«�¨µ¥Á�}��¦��´̈ ¢¼¦·� ®¦º°Á�·��µ��µ¦�¸É�pµ��´̈ Á¢°¦rÅ�°°�Å��r

ª́�»

°·�Á�nµ
°·��{��»�́�
�¼��{��Á�nµ
�¼��{���{��»�́�

�pµ��́¨Á¢°¦rÅ�°°�Å��r

�µ¦�́��¦n°�

�Îµ¨µ¥Ã�¦�¦oµ��°�ª́�»
Á� º̈°�́¨Á¢�

�ÊÎµ®�́�ª́�»®µ¥Å�
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�¸É�¼��¨�� n̈°¥°°�¤µ¼nÄ��¦¦¥µ�µ«Á�·��µ¦��³¤��¡ºÊ��·ª�°�ª́�» Á¤ºÉ°�¦¦¥µ�µ«¤̧�ªµ¤�ºÊ�
®¦º°Á�ºÊ°ª́�»Á�·��ªµ¤�ºÊ��¹Ê��¹��ÎµÄ®o�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É³¤°¥¼n��ª́�» Â¨³Â�¦�°¥¼n�µ¤Ä�
¦¼¡¦»��°�ª́�»Á�·��µ¦Á�¨̧É¥�Â�¨��¨µ¥Á�}��¦��´̈ ¢¼¦·� �¹É�Á¤ºÉ°�¦��´̈ ¢¼¦·��Îµ��·�·¦·¥µ�´�ª́�»�È�³
�¨µ¥Á�}�Á� º̈°�´¨Á¢� �¹É�Á� º̈°�´̈ Á¢�Á�}�Á� º̈°��·��¸É̈ ³¨µ¥�ÊÎµÅ�o�¸ �ÎµÄ®oÅª�n°��·�·¦·¥µ®¦º°¡¦o°¤�¸É
�³�Îµ��·�·¦·¥µ°¥¼n�¨°�Áª¨µ®µ�¤̧�ÊÎµ®¦º°�ªµ¤�ºÊ�¦nª¤°¥¼n�oª¥ �µ¦�¸ÉÁ� º̈°Â�¦��¹¤Á�oµÅ�³¤°¥¼nÄ�
�n°�ªnµ�Á È̈�Ç ®¦º°¦¼¡¦»��°�Á�ºÊ°ª́�»Ã�¥¤̧�ÊÎµÁ�}��´ª�Îµ¡µ �ÊÎµ�¸É¤̧°¥¼nÄ�ª́�»�³Á�·��µ¦¦³Á®¥�¦��·ª
�°�»��°�ª́�» Á¤ºÉ°�ÊÎµ�¸É�·ª�°�»�¦³Á®¥°°�Å��ÊÎµ�µ�nª��¸É°¥¼n�´�Á�oµÅ��oµ�Ä��È�³Á� º̈É°��ª́¤µ
Â���¸É�ÊÎµ�´�� n̈µª�¹É��³¡µÁ� º̈°�´¨Á¢��¸É̈ ³¨µ¥�ÊÎµ¤µ�oª¥ Á¤ºÉ°�ÊÎµ¦³Á®¥Å�Á� º̈°¦³Á®¥Å¤nÅ�o�¹�¤̧�ªµ¤
Á�o¤¼��¹Ê�Á¦ºÉ°¥Ç ���¹�¦³�´�®�¹É�Á�}��»�°·É¤�´ª�°�µ¦¨³¨µ¥�°�Á� º̈°  Á� º̈°�´¨Á¢��³��� ¹̈�°°�¤µ
£µ¥Ä��n°�ªnµ�Á È̈�Ç ®¦º°¦¼¡¦»��°�Á�ºÊ°ª́�» Â�nÁ�ºÉ°��µ��ªµ¤�ºÊ�Ä�ª́�»Å¤n���¸É Â¨³�ªµ¤�ºÊ�́¤¡´��r
�°��¦¦¥µ�µ«�ÈÅ¤n���¸É Á¡¦µ³�³�´Ê�Ä��µ���³�ªµ¤�ºÊ�¦³Á®¥°°�Å�Å�o¤µ���ª́�»Â®o�Á� º̈°�³
��� ¹̈� Â¨³Ä��µ���³�ªµ¤�ºÊ�¦³Á®¥°°�Å�Å�o�o°¥Á�ºÊ°ª́�»Á�e¥� Á� º̈°�³¨³¨µ¥�ÊÎµ�¨µ¥Á�}�
µ¦¨³¨µ¥ �¹É�Ä�ª́�®�¹É�Ç °µ�¤̧�µ¦Á�¨̧É¥�Â�¨���́� n̈µª�΅�Å�¤µ®¨µ¥�¦́Ê� �µ¦�¸ÉÁ� º̈°��� ¹̈�
�ÊÎµÂ öª�ÊÎµÁ n̈µ°¥¼n£µ¥Ä�Á�ºÊ°�¸É�Îµ��́ � ¹̈��°�Á� º̈°¤̧�¦·¤µ�¦Ã��¹Ê�Á¦ºÉ°¥Ç ��Ä��¸É»�� ¹̈��¸ÉÃ��¹Ê�Á¦ºÉ°¥ Ç
�³�ÎµÄ®oÁ�·�Â¦��´��¦����́�°��n°�ªnµ�Á È̈�Ç £µ¥Ä�Á�ºÊ°ª́�» Â¨³�³¦³Á�·��ÎµÄ®o���́�°��n°�ªnµ�
£µ¥Ä�Á�ºÊ°ª́�»Â��°°� �Îµ¨µ¥Ã�¦�¦oµ� ª́�»�³¤̧£µ¡Á�g~°¥¥»n¥® »̈�¦nª�°°�¤µÁ�}��� �¹É��ÎµÄ®o
Á�ºÊ°�°�ª́�»®µ¥Å��µ�Á�·¤ ®µ��Îµ��ª́�»�¸É® »̈�¦nª�Á® n̈µ�¸ÊÅ�ª·Á�¦µ³®r�³¡�Á� º̈°�¸É¨³¨µ¥�ÊÎµÅ�o
°¥¼nÁ¤°

�´��´Ê��¹�µ¤µ¦��Îµ¤µ°�·�µ¥�µ¦��́�¦n°��¸ÉÁ�·��¹Ê���́Ã�¦µ��µ� �¹É��´Ê�°¥¼n�¦·Áª�¡ºÊ��¸ÉÃ n̈�
®¦º°�¨µ�Â�o�Á�}�Áª¨µ�µ� �µ¦�¸ÉÁ� º̈°�¸ÉÁ�·��¹Ê��¸ÊÁ�}�Á� º̈°�¸É¨³¨µ¥�ÊÎµ �¹��¼� ��³ öµ�°°�Å�Á¦ºÉ°¥Ç
��Á® º̈°Â�nª́�»�n°¦oµ��°�Ã�¦µ��µ��¸É¹��¦n°��»¡´�¨�Å��»�� ̧ Á¡¦µ³Á¤ºÉ°�·ªÁ�·¤�»Á�g~°¥Â¨³�¼� �
�³°°�Å� nª��¸É°¥¼n ¹̈���́Á�oµÅ��È�³�¨µ¥Á�}�Á� º̈°¤µ³¤°¥¼n Â¨³�³�»Á�g~°¥® »̈�¦nª�®µ¥Å��¸̈ ³�´Ê�
Á�}�Á�n��¸ÊÁ¦ºÉ°¥Å� ��·¦·¥µÁ® n̈µ�¸ÊÁ�·��¹Ê�Å�o�¨°�Áª¨µ�¦µ�Ä��¸É¤̧�pµ��´̈ Á¢°¦rÅ�°°�Å��r�³��°¥¼nÄ�
�¦¦¥µ�µ« Â¤oÄ��¦¦¥µ�µ«�¸É�¦·»��·Í�È¤̧�pµ�Á® n̈µ�¸Ê°¥¼nÂ�n¤̧Á¡¥̧�Á È̈��o°¥��·¦·¥µ�¹�Á�·�°¥nµ��oµÇ �¸¨³
�o°¥Ç Á¤ºÉ°Áª¨µ�nµ�Å��µ�Á�oµª́�»�³¹��¦n°�Â¨³�¦·¤µ�Á� º̈°�³¼��¹Ê�Á¦ºÉ°¥Ç �¦³�ª��µ¦��́�¦n°�
�¸ÉÁ�·��¹Ê��¸Ê°µ�Á�}��µ¦Á�¨̧É¥�Â�¨��µ��µ¥£µ¡ ®¦º°�µ�Á�¤̧ °¥nµ�Ä�°¥nµ�®�¹É� ®¦º°°µ�Á�·��µ�
�´Ê�°�°¥nµ��¤�µ���́ �¨�¸ÉÁ�·��µ��µ¦Á�¨̧É¥�Â�¨��ÎµÄ®oª́�»¹��¦n°� �µ��ªµ¤Â�È�Â�¦n�
Â��®�́ ®¦º°® »̈�¦n°�°°�Á�}��� Á¡¦µ³�µ�Â¦�¥¹�Á®�¸É¥ª¦³®ªnµ�Â¦n�µ�»�¸ÉÁ�}�°��r�¦³�°��°�
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ª́�»�n°¦oµ��°�Ã�¦µ��µ��´Ê�Ç nª�ª́�»�¦³µ�°µ��Îµ��·�·¦·¥µÁ�¤̧�´�Á� º̈°Â öª¨³¨µ¥®µ¥Å�
�ÎµÄ®oª́�»�n°¦oµ��°�Ã�¦µ��µ� Ã�¦n� ¡¦»� Â¨³°n°�¥»n¥

2) �ÊÎµ®��́ª́�»�¸É®µ¥Å�
�µ��µ¦°�·�µ¥�oµ��o� �ÊÎµ®��́�°�ª́�»�´ª°¥nµ��¸É®µ¥Å��´Ê�Á�·��µ��µ¦��́�¦n°��¸ÉÁ�·��¹Ê�

�ÎµÄ®oª́�»¤̧�µ¦ÁºÉ°¤£µ¡ Â¨³® »̈�¦nª�°°�¤µÁ�}���Á¡¦µ³�µ�Â¦�¥¹�Á®�¸É¥ª¦³®ªnµ�Â¦n�µ�»�¸ÉÁ�}�
°��r�¦³�°��°�ª́�»�´Ê�Ç

�µ��µ¦«¹�¬µ�ÊÎµ®��́�¸É®µ¥Å��°�ª́�»�´ª°¥nµ� Ã�¥�·�Á�}��nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®��́�¸É
®µ¥Å��°�ª́�»�ª́°¥nµ� �¹É�Å�oÂ�n °·�Á�nµ, °·��{��»�´�, �¼��{��Á�nµ Â¨³�¼��{���{��»�´� �¸ÉÁ�·��¹Ê�
Ä��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�Â�n̈ ³�ªµ¤Á�o¤�o� Â¨³�nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�
�¸ÉÁ�·��¹Ê�Ä��µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�Â�n̈ ³́��µ®r ¡�ªnµ�nµÁ�¨̧É¥�°�Á�°¦rÁ���r�ÊÎµ®��́
�¸É®µ¥Å�®΅��Îµ�µ¦́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê� 5 �ªµ¤Á�o¤�o� Å�oÂ�n 50, 100, 200, 400
Â¨³ 800 nª�Ä� öµ� öµ�nª� �´Ê� Á�}�¦³¥³Áª¨µ�´Ê�·Ê� 10 ́��µ®r �¦µ��ªnµ�¼��{��Á�nµÁ�·�
�µ¦�´��¦n°�¤µ��¸É»� ¦°�¨��º° �¼��{���{��»��́, °·�Á�nµ Â¨³ °·��{��»�´� �µ¤ Î̈µ��́
Ã�¥Á�°¦rÁ���r�ÊÎµ®��́�¸É®µ¥Å�Á�nµ�´� 0.4389 Á�°¦rÁ���r,  0.2131 Á�°¦rÁ���r,  4.8349 x 10-2

Á�°¦rÁ���r Â¨³ 1.2047 x 10-2 Á�°¦rÁ���r �µ¤ Î̈µ�´�
�´Ê��¸Ê�nµ�¨�µ¦��́�¦n°��¸ÉÅ�o�´Ê�®¤��µ��µ¦�Îµ�ª� �³°¥¼n£µ¥Ä�o¤¤�·�µ��µ��µ¦Ä®o

ª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦Á¤�¦ ́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r�ªµ¤Á�o¤�o�
50�800 nª�Ä� öµ�nª� Ä�£µª³�¦¦¥µ�µ« �¸É°»�®£¼¤· 29.5 + 2 °�«µÁ�¨Á�¥̧ Â¨³�¸É
�ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r

5.1.3 £µ¡¡ºÊ��̧É«¹�¬µ
�µ��µ¦�¦ª�ª́� Â¨³�µ¦��¨°�Ä��µ�ª·�¥́�¸Ê �ÎµÄ®o¡�ªnµ�µ��µ¦��́�µ�°¥»�¥µ¤¦���´Ê�

Á�·��¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÁ¡·É¤¤µ��¹Ê��µ�£µª³���· �º° �µ��µ¦�¦ª�ª́�Ä�£µª³
���·Ã�¥�¦¤�ª��»¤¤¨¡·¬Å�o 3.2 nª�Ä�¡�́ öµ�nª� Á�}� 9.8 nª�Ä�¡�́ öµ�nª� �´É��º°
Ã�¦µ��µ��¦·Áª�ª́�¡¦³¦µ¤ �³�o°�́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¤̧�ªµ¤Á�o¤�o�¤µ��¹Ê��¦³¤µ�
3 Á�nµ �¹É�n��¨Ä®oÁ�·��µ¦��́�¦n°�Å�o¤µ��¹Ê� Â¤oªnµÄ�ª́�»�´ª°¥nµ���·�°·�Á�nµ Â¨³°·��{��»�´��´Ê�
�³Å¤nµ¤µ¦�́�Á��Á®È�°́�¦µ�µ¦�´��¦n°�Á�}��nµ�´ªÁ¨�Å�o �º°¤̧°́�¦µ�µ¦��́�¦n°�Á�nµÁ�·¤ �º°
6.6210 x 10-3 Á�°¦rÁ�È��r Â¨³3.8070 x 10-3 Á�°¦rÁ���r Â�nÄ��¼��{��Á�nµ°́�¦µ�µ¦�´��¦n°�Á¡·É¤�¹Ê�
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�µ� 6.1074 x 10-2 Á�°¦rÁ���r Á�}� 6.1078 x 10-2 Á�°¦rÁ���r nª��¼��{���{��»�´�¤̧°́�¦µ�µ¦��́�¦n°�
Á¡·É¤¤µ��¹Ê��µ� 2.1850 x 10-2 Á�°¦rÁ�È��r Á�}� 2.1854 x 10-2 Á�°¦rÁ�È��r �¹É�°¥¼n£µ¥Ä�o¤¤�·�µ��µ�
�µ¦Ä®oª́�»¦¼� ¼̈��µ«�r��µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦Á¤�¦ ́¤�́��́�pµ��´̈ Á¢°¦rÅ�°°�Å��r
�ªµ¤Á�o¤�o� 50�800 nª�Ä� öµ�nª� Ä�£µª³�¦¦¥µ�µ« �¸É°»�®£¼¤· 29.5 + 2 °�«µÁ�¨Á�¥̧
Â¨³�¸É �ªµ¤�ºÊ�́¤¡´��r 65 + 10 Á�°¦rÁ���r

�´Ê��¸Ê �µ��ªµ¤́¤¡´��r�´�� n̈µª�¹�µ¤µ¦�¦»�Å�oªnµÄ�¡ºÊ��¸É«¹�¬µ�¸É¤̧�µ¦��́�µ�°¥»�¥µ¤¦��
Ã¨��´Ê� ¤̧�¨Ä®oÃ�¦µ��µ��¦·Áª�ª́�¡¦³¦µ¤�¹É�Á�}��µ��¸É�´��µ���́� n̈µª ¤̧�µ¦́¤�́�´��pµ�
�´̈ Á¢°¦rÅ�°°�Å��r�¦·¤µ�Á¡·É¤¤µ��¹Ê� Â�nÅ¤nÁ�·��nµ¤µ�¦�µ��»�£µ¡°µ�µ« �¹É�n��¨�¦³��Ä®oÁ�·�
�µ¦�´��¦n°�¤µ��¹Ê� �´É��º°Á�}�Å��µ¤¤¤�·�µ��¸Éªnµ �µ¦Á¡·É¤�¹Ê��°��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r
�³�n°Ä®oÁ�·��µ¦��́�¦n°�Á¡·É¤¤µ��¹Ê��´É�Á°�

�´��´Ê��¹�µ¤µ¦�¦»�Å�oªnµ �µ¦�´��¦n°� Â¨³°́�¦µ�µ¦��́�¦n°��³Á�·�Å�o¤µ�®¦º°�o°¥ �¹Ê�°¥¼n
�´� 3 °��r�¦³�°� ��́�¸Ê

1) �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r
®µ�¤̧�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r¤µ� �³�ÎµÄ®oÁ�·��µ¦��́�¦n°�Å�o¤µ�

Â¨³®µ�¤̧�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�o°¥ �È�³Á�·��µ¦��́�¦n°��¹Ê�Å�o�o°¥
2) ¦³¥³Áª¨µÄ��µ¦́¤�́

ª́�»�¸É�Îµ�µ¦́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�¦³¥³Áª¨µ�µ��ªnµ ¥n°¤�³�n°Ä®oÁ�·�
�µ¦�´��¦n°�Å�o¤µ��ªnµª́�»�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¦³¥³Áª¨µ́Ê��ªnµ

3) ��·��°�ª́�»
�µ��¨�µ¦ª·�´¥�ÎµÄ®o�¦µ�ªnµÄ�ª́�»Â�n¨³��·� �³Á�·�°́�¦µ�µ¦�´��¦n°��¸ÉÅ¤nÁ�nµ�´�

�¹��o°��Îµ�µ¦«¹�¬µ�¹��»�¤�´�· Â¨³�µ¦�´��¦n°�Â¥��µ¤Â�n̈ ³��·�°°�Å�

5.1.4 �µ¦�¦³¥»��r¤�µ¦°́�¦µ�µ¦��́�¦n°���́Â���Îµ¨°��µ���·�«µ�¦r ISCST3
�µ��µ¦�Îµ¤�µ¦°́�¦µ�µ¦��́�¦n°�¤µ�¦³¥»��rÄ�o��́Â���Îµ¨°��µ���·�«µ�¦r �ªµ¤

�¼��o°��°��µ¦�Îµ�µ¥�°��µ��³�¹Ê�°¥¼n�´��ªµ¤�¼��o°��°�¤�µ¦°́�¦µ�µ¦��́�¦n°�Â öª ¥´��¹Ê�
°¥¼n�´��ªµ¤�¼��o°��°�Â���Îµ¨°��µ���·�«µ�¦r�¸ÉÁ º̈°�Ä�o°̧��oª¥ �¹É��oµ®µ��ª́Â���Îµ¨°��µ�
��·�«µ�¦r�¸ÉÄ�o µ¤µ¦�ª·Á�¦µ³®r�¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��rÅ�oÄ� öÁ�¥̧���́�ªµ¤Á�}��¦·�
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®¦º°¤̧�ªµ¤�¼��o°�¼� �È�³�nª¥Á¡·É¤�ªµ¤�¼��o°�Ä®o�´�¤�µ¦°́�¦µ�µ¦�´��¦n°�Å��oª¥ Ä��µ¦ª·�´¥Å�o
Ä�oÂ���Îµ¨°��µ���·�«µ�¦r ISCST3 Ã�¥�Îµ�µ¥�¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r¦³�´�¡ºÊ��·�
�¦·Áª��¨µ�Á�oµ¡¦¤ Á�µ³Á¤º°� �´�®ª́�¡¦³��¦«¦̧°¥»�¥µ °́�Á�}��¸É�´Ê��°�Â® n̈�Ã�¦µ��µ�Â¨³
Â® n̈��»¤�� �¹É��¦°�� »̈¤�¹�Ã�¦µ��µ��¦·Áª�ª́�¡¦³¦µ¤ Ã�¥¤̧Â® n̈��ÎµÁ�·��pµ�¤¨¡·¬¤µ�µ�
�·�¤°»�µ®�¦¦¤Ä���́®ª́�¡¦³��¦«¦̧°¥»�¥µ�´Ê�®¤� 4 Â®n� Å�oÂ�n �·�¤°»�µ®�¦¦¤®¦́����¦,
�·�¤°»�µ®�¦¦¤Ã¦��³, �·�¤°»�µ®�¦¦¤�oµ�®ªoµ Â¨³�·�¤°»�µ®�¦¦¤�µ��³°·� Ã�¥¡�ªnµ
¤̧�ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É¦³�´�¡ºÊ��·�°¥¼nÄ��nª� 0.1-0.29 ¤·¨ ·̈�¦́¤/ ¼̈��µ«�rÁ¤�¦
�¹É�®µ��ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r���¸É�¸É 0.29 ¤·¨ ·̈�¦́¤/ ¼̈��µ«�rÁ¤�¦ Å�Á¦ºÉ°¥Ç Á�}�
¦³¥³Áª¨µ 1 �e �³�n°Ä®oÁ�·�°́�¦µ�µ¦�´��¦n°��n°°·�Á�nµ 0.1578 Á�°¦rÁ���r °·��{��»��́ 0.0263
Á�°¦rÁ���r �¼��{��Á�nµ 2.9041 Á�°¦rÁ���r Â¨³�¼��{���{��»�´� 1.1433 Á�°¦rÁ���r Â¨³¡�ªnµÄ�ª́�»
Â�n¨³��·� ��µ� 2.5 x 2.5 x 2.5 Á���·Á¤�¦ �³Á�·��µ¦�´��¦n°� 100 Á�°¦rÁ���rÄ�¦³¥³Áª¨µ
�¸É�nµ��´�°°�Å� �´��¸Ê °·�Á�nµ�³Ä�oÁª¨µ�¦³¤µ� 646 �e °·��{��»�´�Ä�oÁª¨µ�¦³¤µ� 4,332 �e
�¼��{��Á�nµÄ�oÁª¨µ�¦³¤µ� 35 �e Â¨³�¼��{���{��»�´�Ä�oÁª¨µ �¦³¤µ� 87 �e

5.2 �o°Á�°Â�³
1) Ä��µ¦«¹�¬µ�µ¦��́�¦n°��´Ê� Á�ºÉ°��µ��µ¦��́�¦n°��¸ÉÁ�·��¹Ê�¤̧¤µ�µ�µÁ®�» ®¦º°�{��¥́

�nµ�Ç ®¨µ¥�¦³�µ¦�oª¥��́ Á�n� �ªµ¤�ºÊ�, Â�ªnµ�, °»�®£¼¤· �¨°����{��¥́Ä��ª́ª́�»Á°� Á�}��o�
�´��´Ê��¹��ª¦¤̧�µ¦«¹�¬µ�n°�¹��{��¥́Ä��oµ�°ºÉ�Ç Á¡ºÉ°�µ¦¦oµ�¤�µ¦Ä��µ¦�µ��³Á��µ¦��́�¦n°�
�¸ÉÁ�·��¹Ê�Ä®o¤̧�ªµ¤Â¤n�¥Îµ¤µ��¹Ê�

2) �o°�Îµ�´��°�Á�¦ºÉ°�¤º°�¸É�Îµ�µ¦¡�́�µÄ��µ¦«¹�¬µ�µ¦��́�¦n°��¸Ê ¥�́¤̧�o°�Îµ�´�°¥¼n¤µ�
�ª¦Å�o¦́��µ¦¡´��µ�n°Á¡ºÉ°Ä®o¤̧�¦³·��·£µ¡¤µ��¹Ê� Á�n� µ¤µ¦��¦ª�ª́��ªµ¤Á�o¤�o��pµ�¤¨¡·¬�¸É
Ä�oÄ�®o°���°�Å�o�¨°�Áª¨µ ¤̧Á�¦ºÉ°�¤º°Ä��µ¦� ·̈�Â¨³�ª��»¤�ªµ¤Á�o¤�o��°��pµ� �¨°���
µ¤µ¦��Îµ®���nµ Â¨³�¦ª�°��ªµ¤�ºÊ�́¤¡´��r£µ¥Ä�®o°���°�Å�o Á�ºÉ°��µ��ªµ¤�ºÊ��ÈÁ�}�
°̧��{��¥́�¸É¤̧�ªµ¤́¤��́Ä��µ¦Á�oµ¦nª¤Á�·���·�·¦·¥µ�µ¦�´��¦n°�Ä®oÁ¦Èª�¹Ê�

3) �ª¦¤̧�µ¦«¹�¬µ�µ¦��́�¦n°�Â¨³°́�¦µ�µ¦�´�¦n°��µ��pµ�¤¨¡·¬°ºÉ�Ç �¸É¤̧§��·ÍÄ��µ¦
�´��¦n°�ª́�» Á�n� �pµ�Å�Ã�¦Á��°°�Å��r Á�}��o� �´Ê��¸ÊÁ�ºÉ°��µ�Ä��¦¦¥µ�µ«�³¤̧�pµ��nµ�Ç Á® n̈µ�¸Ê
�¤�´�°¥¼n �¹É��°��¨�µ¦��́�¦n°��¸ÉÅ�o°µ�¤̧§��·ÍÁ¦·¤��́ ®¦º°®´� öµ��´� �´Ê��¸ÊÁ¡ºÉ°�µ¦�Îµ�µ¥�¸É�¼��o°�
¤µ�¥·É��¹Ê�
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4) �ª¦¤̧�µ¦«¹�¬µ Â¨³�Îµ®���nµ¤µ�¦�µ��°��¦·¤µ��pµ�¤¨¡·¬ �n°Ã�¦µ��µ��nµ�Ç
Á�ºÉ°��µ�¤̧Ã�¦µ��µ��¸ÉÎµ�´�®¨µ¥Â®n��¸É�´Ê�°¥¼n�¦·Áª��»¤�� ®¦º°�¦·Áª�Á��Ã¦��µ�°»�µ®�¦¦¤
�´Ê��¸ÊÁ¡ºÉ°�µ¦�´��µ¦�¸ÉÁ®¤µ³¤�n°Å�

5) �ª¦¤̧�µ¦«¹�¬µ�¦·¤µ��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r�´Ê��µ��µ¦��́�µ�Á� ·̈¤�¨°� ®¦º°�µ�
¥µ�¡µ®�³�¸ÉÁ�oµÄ� öÃ�¦µ��µ� �¨°���°·��·¡¨�°�¨¤¤¦»¤ Â¨³¨¤�¦³�Îµ�·É� �¹É�¤̧�¨Ä��µ¦
�¦³�µ¥�ª́�°��pµ��´̈ Á¢°¦rÅ�°°�Å��r Á¡ºÉ°�µ¦ªµ�Â���µ¦��́�µ¦�¸ÉÁ®¤µ³¤ Á¡ºÉ°�nª¥¦́�¬µ£µ¡
Ã�¦µ��µ�
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Á�¬¤ �»��°�, ¤��¨ «¦̧Á¦º°� Â¨³ �{��µ «¦̧��́�¦r. 2537. �ªµ¤¦¼o¡ºÊ��µ�Á�¸É¥ª��́�µ¦��́�¦n°�
Â¨³ª·�¸�j°��´�. ªµ¦µ¦Ã¨®³ ª́�» Â¨³�µ¦��́�¦n°� 1 (¡§«�·�µ¥�): 9-17.

�ª��»¤¤¨¡·¬,�¦¤. 2540. �Ã¥�µ¥Â¨³Â����́�µ¦¤¨¡·¬. �¦»�Á�¡¤®µ��¦
�ª��»¤¤¨¡·¬,�¦¤ Â¨³�µ��́ª·�¥́£µª³Âª� ö°¤ �»̄ µ¨��¦�r¤®µª·�¥µ΅¥. 2543. Á°�µ¦
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¡·£¡ »��¦¤́¥. 2530. ª́�»ª·«ª�¦¦¤�n°¦oµ�. �¦»�Á�¡¤®µ��¦ : Á°�-Á°� �µ¦¡·¤¡r.
£µ�»¡�«r �°�¦«¦̧ª́�·Í. 2543. �¨�°�Å�Ã�¦Á���n°�ªµ¤�oµ��µ��µ¦��́�¦n°��°�Á® È̈�.

ª·�¥µ�·¡��rª·«ª�¦¦¤«µ�¦¤®µ��́�·� £µ�ª·�µª·«ª�¦¦¤Á�¤̧ �»¯µ¨��¦�r¤®µª·�¥µ΅¥.
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�µ�´�Å�¥ ��«̧¹�¬µ ¤®µª·�¥µ΅¥�¦¦¤«µ�¦r.
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�µ¦µ��¸É��.1 �´ª°¥nµ��¨�µ¦��¨°�®µÁ�°¦rÁ���r�°��ÊÎµ®�´��¸É®µ¥Å��(% Weight Loss)
(1) °·��{��»�´�

Weight (g.)code
before after

W.L %W.L Average %W.L

Week 1 111 11.5648 11.5646 0.0002 0.0017
112 14.5222 14.5196 0.0026 0.0179 0.0148
113 12.1248 12.1218 0.0030 0.0247
211 13.8802 13.8791 0.0011 0.0079
212 11.3744 11.3729 0.0015 0.0132 0.0125
213 12.1439 12.1419 0.0020 0.0165
311 10.9707 10.9694 0.0013 0.0118
312 10.7313 10.7304 0.0009 0.0084 0.0098
313 9.8540 9.8531 0.0009 0.0091
411 11.0949 11.0942 0.0007 0.0063
412 14.4457 14.4449 0.0008 0.0055 0.0060
413 13.2501 13.2493 0.0008 0.0060
511 16.0935 16.0929 0.0006 0.0037
512 12.3038 12.3037 0.0001 0.0008 0.0022
513 14.0014 14.0011 0.0003 0.0021

week 2 121 10.9365 10.9343 0.0022 0.0201
122 13.4788 13.4759 0.0029 0.0215 0.0207
123 11.8085 11.8061 0.0024 0.0203
221 13.6380 13.6367 0.0013 0.0095
222 10.1884 10.1866 0.0018 0.0177 0.0128
223 11.7521 11.7508 0.0013 0.0111
321 9.4880 9.4867 0.0013 0.0137
322 14.2818 14.2806 0.0012 0.0084 0.0098
323 12.3437 12.3428 0.0009 0.0073
421 12.0875 12.0858 0.0017 0.0141
422 16.3007 16.3002 0.0005 0.0031 0.0085
423 14.3873 14.3861 0.0012 0.0083
521 11.2113 11.2111 0.0002 0.0018
522 13.5208 13.5203 0.0005 0.0037 0.0029
523 12.4812 12.4808 0.0004 0.0032

week 3 131 13.1209 13.1182 0.0027 0.0206
132 9.8097 9.8076 0.0021 0.0214 0.0210
133 11.9107 11.9082 0.0025 0.0210
231 12.8039 12.8026 0.0013 0.0102
232 12.6595 12.6582 0.0013 0.0103 0.0129
233 11.4054 11.4033 0.0021 0.0184
331 12.8589 12.8587 0.0002 0.0016
332 12.2328 12.2311 0.0017 0.0139 0.0101
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Weight (g.)code
before after

W.L %W.L Average %W.L

333 10.0885 10.0870 0.0015 0.0149
431 8.0276 8.0269 0.0007 0.0087
432 14.6966 14.6956 0.0010 0.0068 0.0087
433 11.3547 11.3535 0.0012 0.0106
531 10.2130 10.2124 0.0006 0.0059
532 15.1760 15.1759 0.0001 0.0007 0.0029
533 13.3694 13.3691 0.0003 0.0022

week 4 141 9.0230 9.0215 0.0015 0.0166
142 13.8766 13.8734 0.0032 0.0231 0.0211
143 11.8940 11.8912 0.0028 0.0235
241 15.9898 15.9877 0.0021 0.0131
242 9.6848 9.6838 0.0010 0.0103 0.0130
243 12.8831 12.8811 0.0020 0.0155
341 15.0929 15.0911 0.0018 0.0119
342 11.4255 11.4245 0.0010 0.0088 0.0104
343 13.2153 13.2139 0.0014 0.0106
441 12.7859 12.7850 0.0009 0.0070
442 11.1444 11.1434 0.0010 0.0090 0.0087
443 11.8511 11.8499 0.0012 0.0101
541 15.2125 15.2113 0.0012 0.0079
542 10.6906 10.6905 0.0001 0.0009 0.0052
543 13.4513 13.4504 0.0009 0.0067

week 5 151 9.2084 9.2064 0.0020 0.0217
152 15.8924 15.8891 0.0033 0.0208 0.0222
153 12.0908 12.0879 0.0029 0.0240
251 14.5694 14.5679 0.0015 0.0103
252 12.9301 12.9284 0.0017 0.0131 0.0133
253 13.9701 13.9678 0.0023 0.0165
351 11.3854 11.3840 0.0014 0.0123
352 12.1826 12.1812 0.0014 0.0115 0.0112
353 13.4484 13.4471 0.0013 0.0097
451 12.7887 12.7876 0.0011 0.0086
452 11.5702 11.5693 0.0009 0.0078 0.0088
453 11.8513 11.8501 0.0012 0.0101
551 14.5798 14.5792 0.0006 0.0041
552 15.5845 15.5830 0.0015 0.0096 0.0053
553 14.8750 14.8747 0.0003 0.0020

week 6 161 13.3059 13.3021 0.0038 0.0286
162 10.4213 10.4194 0.0019 0.0182 0.0225
163 11.9862 11.9837 0.0025 0.0209
261 11.5332 11.5320 0.0012 0.0104
262 12.5372 12.5353 0.0019 0.0152 0.0137
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Weight (g.)code
before after

W.L %W.L Average %W.L

263 11.0031 11.0014 0.0017 0.0155
361 15.4848 15.4827 0.0021 0.0136
362 10.0492 10.0482 0.0010 0.0100 0.0111
363 13.1331 13.1318 0.0013 0.0099
461 15.0556 15.0543 0.0013 0.0086
462 11.2238 11.2228 0.0010 0.0089 0.0096
463 13.3071 13.3056 0.0015 0.0113
561 12.1234 12.1229 0.0005 0.0041
562 10.5705 10.5701 0.0004 0.0038 0.0055
563 11.6939 11.6929 0.0010 0.0086

week 7 171 11.7126 11.7098 0.0028 0.0239
172 14.6917 14.6885 0.0032 0.0218 0.0225
173 12.9184 12.9156 0.0028 0.0217
271 10.9438 10.9422 0.0016 0.0146
272 18.5838 18.5815 0.0023 0.0124 0.0136
273 15.1115 15.1094 0.0021 0.0139
371 11.6443 11.6431 0.0012 0.0103
372 14.0241 14.0223 0.0018 0.0128 0.0116
373 12.9684 12.9669 0.0015 0.0116
471 16.7911 16.7896 0.0015 0.0089
472 10.1544 10.1533 0.0011 0.0108 0.0095
473 13.8450 13.8438 0.0012 0.0087
571 11.0921 11.0915 0.0006 0.0054
572 15.2424 15.2415 0.0009 0.0059 0.0060
573 13.4345 13.4336 0.0009 0.0067

week 8 181 12.8290 12.8266 0.0024 0.0187
182 11.1557 11.1528 0.0029 0.0260 0.0252
183 11.9747 11.9710 0.0037 0.0309
281 9.6573 9.6559 0.0014 0.0145
282 16.5764 16.5738 0.0026 0.0157 0.0136
283 13.1229 13.1215 0.0014 0.0107
381 16.5597 16.5578 0.0019 0.0115
382 8.6061 8.6055 0.0006 0.0070 0.0117
383 12.5515 12.5494 0.0021 0.0167
481 9.2694 9.2693 0.0001 0.0011
482 13.3040 13.3018 0.0022 0.0165 0.0096
483 11.5684 11.5671 0.0013 0.0112
581 10.1265 10.1255 0.0010 0.0099
582 11.0901 11.0897 0.0004 0.0036 0.0063
583 10.9981 10.9975 0.0006 0.0055

week 9 191 10.3248 10.3214 0.0034 0.0329
192 10.5057 10.5034 0.0023 0.0219 0.0251
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Weight (g.)code
before after

W.L %W.L Average %W.L

193 11.7916 11.7892 0.0024 0.0204
291 14.2356 14.2335 0.0021 0.0148
292 8.5072 8.5064 0.0008 0.0094 0.0141
293 11.6049 11.6028 0.0021 0.0181
391 12.3276 12.3258 0.0018 0.0146
392 12.9952 12.9935 0.0017 0.0131 0.0118
393 13.2137 13.2127 0.0010 0.0076
491 10.4065 10.4056 0.0009 0.0086
492 11.8276 11.8262 0.0014 0.0118 0.0099
493 10.9123 10.9113 0.0010 0.0092
591 13.1761 13.1753 0.0008 0.0061
592 11.5241 11.5234 0.0007 0.0061 0.0064
593 12.6893 12.6884 0.0009 0.0071

week 10 101 10.4364 10.4339 0.0025 0.0240
102 13.2008 13.1974 0.0034 0.0258 0.0254
103 12.4528 12.4495 0.0033 0.0265
201 13.4457 13.4439 0.0018 0.0134
202 14.3723 14.3702 0.0021 0.0146 0.0142
203 13.7496 13.7476 0.0020 0.0145
301 10.9012 10.8999 0.0013 0.0119
302 10.0269 10.0257 0.0012 0.0120 0.0121
303 9.7836 9.7824 0.0012 0.0123
401 10.7874 10.7862 0.0012 0.0111
402 10.6721 10.6709 0.0012 0.0112 0.0101
403 11.3436 11.3427 0.0009 0.0079
501 13.6989 13.6982 0.0007 0.0051
502 9.8322 9.8314 0.0008 0.0081 0.0065
503 11.4601 11.4594 0.0007 0.0061



149

�µ¦µ��¸É� �.2 �µ¦®µ�ªµ¤®�µÂ�n��°�ª́�»�´ª°¥nµ�� Å�oÂ�n� °·�Á�nµ, °·��{��»��́, �¼��{��Á�nµ
Â¨³�¼��{���{��»�´�

�¦́Ê�
�¸É

�ÊÎµ®�´�
(�¦́¤)

�¦·¤µ�¦
( ¼̈��µ«�rÁ���·Á¤�¦)

�ªµ¤®�µÂ�n��*
(�¦́¤/ ¼̈��µ«�rÁ���·Á¤�¦)

�ªµ¤®�µÂ�n�
Á�¨̧É¥

°·�Á�nµ 1
2
3
4
5

32.6364
17.9176
13.0478
28.3851
25.3816

15.5
8.7
6.0
14.0
12.5

2.1056
2.0595
2.1746
2.0275
2.0305

2.0795

°·��{��»�´� 1
2
3
4
5
6
7
8
9
10

14.3116
11.8902
14.6016
11.6706
13.0813
11.3541
15.0878
10.2333
9.8857
10.5788

8.4
6.5
8.3
6.4
7.0
6.2
8.4
5.4
5.4
5.6

1.7038
1.8293
1.7592
1.8235
1.8688
1.8313
1.7962
1.8951
1.8307
1.8891

1.8218

�¼��{��Á�nµ 1
2
3
4
5

13.2414
15.0554
14.3595
9.7864
13.6671

7.0
7.8
7.3
5.4
7.0

1.8916
1.9302
1.9671
1.8123
1.9524

1.9107



150

�¦́Ê�
�¸É

�ÊÎµ®�´�
(�¦́¤)

�¦·¤µ�¦
( ¼̈��µ«�rÁ���·Á¤�¦)

�ªµ¤®�µÂ�n��*
(�¦́¤/ ¼̈��µ«�rÁ���·Á¤�¦)

�ªµ¤®�µÂ�n�
Á�¨̧É¥

�¼��{���{��»�´� 1
2
3
4
5
6
7
8
9
10

10.8418
11.1635
10.8966
12.1719
12.1210
12.2436
11.7753
10.7205
11.7606
11.4870

5.6
5.8
5.6
6.2
6.2
6.3
6.0
5.5
6.0
5.9

1.9360
1.9247
1.9458
1.9632
1.9550
1.9434
1.9626
1.9492
1.9601
1.9469

1.9486

®¤µ¥Á®�»  :  * �Îµ�ª��µ�¼�¦ D     =    M
  V

Á¤ºÉ°� D  =  �ªµ¤®�µÂ�n�, �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦
M =  ¤ª¨�(�¦́¤)
V  =  �¦·¤µ�¦�( ¼̈��µ«�rÁ���·Á¤�¦)
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�µ¦µ��¸É��.3 Â���o°¤¼¨�°��¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸É�Îµ�µ¦�¦ª�ª́�Ã�¥Á�¦ºÉ°��MultiRAE

Instrument: Multi-gas Monitor (IR)            Serial Number: 000198
User ID: 000      Site ID: 00000001
Data Points: 112       Data Type: Avg         Sample Period: 10 sec
Last Calibration Time: 08/23/2004 11:13
=========================================================================
===============================
Gas Type:  SO2(ppm) VOC(ppm)
High Alarm Levels: 50 15
Low Alarm Levels: 8 50
=========================================================================
===============================
Line# Date  Time  SO2(ppm) Alarm VOC(ppm) Alarm
=========================================================================
===============================

1 ######## 0.8 L 1
2 ######## 0.8 L 1
3 ######## 0.7 L 1.1
4 ######## 0.2 L 1.1
5 ######## 0.2 L 1.1
6 ######## 0.2 L 1.1
7 ######## 0 L 1.1
8 ######## 0.5 L 1
9 ######## 1.6 L 0.8

10 ######## 1.2 L 0.5
11 ######## 0.3 L 0.5
12 ######## 1.2 L 0.4
13 ######## 1.9 L 0.5
14 ######## 2.3 L 0.5
15 ######## 2.7 L 0.5
16 ######## 3.1 L 0.4
17 ######## 3.4 L 0.4
18 ######## 3.9 L 0.4
19 ######## 4.5 L 0.4
20 ######## 5.4 L 0.4
21 ######## 6.1 L 0.5
22 ######## 6.4 L 0.4
23 ######## 7 L 0.4
24 ######## 8 L 0.5
25 ######## 7.6 L 0.5
26 ######## 7.9 L 0.5
27 ######## 6.7 L 0.4
28 ######## 7.2 L 0.5
29 ######## 7.1 L 0.4
30 ######## 7.2 L 0.4
31 ######## 7.6 L 0.4
32 ######## 8.7 L 0.4
33 ######## 10 L 0.5
34 ######## 10.1 L 0.5
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35 ######## 10.4 L 0.4
36 ######## 11.5 L 0.2
37 ######## 11.8 L 0.3
38 ######## 10.2 L 0.5
39 ######## 10.1 L 0.5
40 ######## 9.4 L 0.6
41 ######## 8.6 L 0.6
42 ######## 7.7 L 0.6
43 ######## 6.5 L 0.6
44 ######## 5.1 L 0.5
45 ######## 4.2 L 0.4
46 ######## 2.1 L 0.7
47 ######## 0.4 L 1
48 ######## 0.8 L 1.1
49 ######## 0.5 L 1.1
50 ######## 0.9 L 1.1
51 ######## 1.4 L 1.1
52 ######## 2.9 L 1.1
53 ######## 10.4 L 0.5
54 ######## 12.6 L 0.5
55 ######## 12.9 L 0.4
56 ######## 14.5 L 0.4
57 ######## 17.9 L 0.6
58 ######## 18.2 L 0.6
59 ######## 19.5 L 0.5
60 ######## 19.9 L 0.5
61 ######## 21.3 H 0.4
62 ######## 22.2 H 0.4
63 ######## 17.4 L 0.4
64 ######## 14.2 L 0.4
65 ######## 13.1 L 0.3
66 ######## 10.6 L 0.4
67 ######## 8.7 L 0.4
68 ######## 7.4 L 0.3
69 ######## 4.7 L 0.3
70 ######## 0.9 L 1.1
71 ######## 0.8 L 1
72 ######## 0.8 L 1
73 ######## 3.1 L 0.7
74 ######## 8.2 L 0.5
75 ######## 9.1 L 0.2
76 ######## 13.3 L 0.2
77 ######## 16.9 L 0.3
78 ######## 17.4 L 0.3
79 ######## 18.1 L 0.3
80 ######## 19 L 0.3
81 ######## 20.7 H 0.5
82 ######## 21 H 0.6
83 ######## 21.8 H 0.7
84 ######## 21.9 H 0.6
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85 ######## 23.5 H 0.5
86 ######## 24.5 H 0.6
87 ######## 25.5 H 0.5
88 ######## 29.1 H 0.6
89 ######## 29.6 H 0.5
90 ######## 30.2 H 0.5
91 ######## 30.5 H 0.6
92 ######## 32.4 H 0.6
93 ######## 25.9 H 0.2
94 ######## 21.3 H 0.1
95 ######## 18.8 L 0.3
96 ######## 14.9 L 0.3
97 ######## 10.2 L 0.3
98 ######## 8.4 L 0.3
99 ######## 5.5 L 0.2

100 ######## 3.6 L 0.2
101 ######## 2.6 L 0.3
102 ######## 0.8 L 0.3
103 ######## 0.7 L 0.4
104 ######## 0.8 L 0.4
105 ######## 0.8 L 0.4
106 ######## 3.3 L 0.4
107 ######## 8.4 L 0.4
108 ######## 10.1 L 0.5
109 ######## 13.6 L 0.5
110 ######## 19.9 L 0.5
111 ######## 22.4 H 0.5
112 ######## 24.1 H 0.5
113 ######## 27.1 H 0.5
114 ######## 28.3 H 0.5
115 ######## 29.4 H 0.5
116 ######## 31.2 H 0.5
117 ######## 33.4 H 0.6
118 ######## 35.4 H 0.6
119 ######## 37.7 H 0.5
120 ######## 38.9 H 0.5
121 ######## 39.8 H 0.5
122 ######## 40.7 H 0.6
123 ######## 41.6 H 0.5
124 ######## 41.9 H 0.5
125 ######## 40.7 H 0.4
126 ######## 39.9 H 0.5
127 ######## 35.9 H 0.2
128 ######## 30 H 0.1
129 ######## 27.1 H 0.1
130 ######## 24.4 H 0.1
131 ######## 21.7 H 0
132 ######## 20.2 H 0
133 ######## 18.6 L 0
134 ######## 16.2 L 0.5
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135 ######## 11.3 L 0.4
136 ######## 10 L 0.4
137 ######## 8.4 L 0.5
138 ######## 6.3 L 0.6
139 ######## 3.3 L 0.5
140 ######## 2.1 L 0.3
141 ######## 2 L 0.1
142 ######## 1.1 L 0.1
143 ######## 1.1 L 0.1
144 ######## 4.5 L 0.1
145 ######## 7.8 L 0.1
146 ######## 9.6 L 0.2
147 ######## 10.1 L 0.2
148 ######## 17.1 L 0.2
149 ######## 18.4 L 0.2
150 ######## 18.9 L 0.2
151 ######## 19.2 L 0
152 ######## 22.8 H 0.3
153 ######## 25.1 H 0.4
154 ######## 28.7 H 0.5
155 ######## 29.8 H 0.3
156 ######## 33.1 H 0.5
157 ######## 36.6 H 0.4
158 ######## 37.1 H 0.5
159 ######## 40.8 H 0.4
160 ######## 44.1 H 0.5
161 ######## 45.1 H 0.6
162 ######## 46.7 H 0.2
163 ######## 47.5 H 0.1
164 ######## 48.7 H 0
165 ######## 49.7 H 0.1
166 ######## 50.5 H 0.5
167 ######## 51.8 H 0.4
168 ######## 52.9 H 0.4
169 ######## 49 H 0.3
170 ######## 47 H 0.3
171 ######## 40.1 H 0.2
172 ######## 37.7 H 0.3
173 ######## 34.1 H 0.2
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�µ¦µ��¸É �.4 Â���o°¤¼¨�µ¦�¦ª�ª́�°»�®£¼¤· Â¨³Á�°¦rÁ���r�ªµ¤�ºÊ�́¤¡´��r Ã�¥Á�¦ºÉ°�¤º°�¦ª�ª́�
°»�»�·¥¤ª·�¥µ MicroLog

Comment : MicroLog -  Fourier Systems LTD.    S/N : 503873

Alarm levels setup:
Temperature(°C)               low = -30.00   high = 50.00
Humidity(%)                   low = 0.00   high = 100.00

Date
(dd-mmm-yy)

Time
(hh:mm:ss)

Temperature
(°C)

Humidity(%) Alarm

######### 9:55:12 28 75.5
######### 9:55:22 28.5 75.5
######### 9:55:32 28.5 75.5
######### 9:55:42 28.5 75
######### 9:55:52 28.5 75
######### 9:56:02 29 75
######### 9:56:12 29 75
######### 9:56:22 29 74.5
######### 9:56:32 29 74
######### 9:56:42 29 73.5
######### 9:56:52 29 73.5
######### 9:57:02 29 73.5
######### 9:57:12 29.33 73
######### 9:57:22 29.33 73
######### 9:57:32 29.33 72.5
######### 9:57:42 29.33 72
######### 9:57:52 29.33 72
######### 9:58:02 29.33 72
######### 9:58:12 29.33 72
######### 9:58:22 29.33 72
######### 9:58:32 29.33 72
######### 9:58:42 29.33 71.5
######### 9:58:52 29.67 72
######### 9:59:02 29.67 72
######### 9:59:12 29.67 72
######### 9:59:22 29.67 72
######### 9:59:32 29.67 72
######### 9:59:42 29.67 72
######### 9:59:52 29.67 71.5
######### 10:00:02 29.67 71.5
######### 10:00:12 29.67 71.5
######### 10:00:22 29.67 71
######### 10:00:32 29.67 71
######### 10:00:42 29.67 71
######### 10:00:52 29.67 71
######### 10:01:02 29.67 66
######### 10:01:12 29.67 45
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�.1 �µ¦ª·Á�¦µ³®r�¦·¤µ��pµ��́¨Á¢°¦rÅ�°°�Å��r�oª¥ª·�¸¡µ¦µÃ¦�µ�·̈ ¸� (Pararosaniline)
1.1 ®΅��µ¦

�µ¦�¦ª�ª́��oª¥ª·�¸¡µ¦µÃ¦�µ�·̈ ¸� (Pararosaniline)� �¸Ê¤̧®΅��µ¦�º°� �pµ��´̈ Á¢°¦rÅ�°°�Å��r
(SO2) �µ�°µ�µ«�´Ê�� �³�¼���́ÅªoÄ�µ¦¨³¨µ¥�°�Ã��́Á�¸¥¤� ®¦º°� Ã�Á�¸¥¤Á��¦µ�¨°Ã¦Á¤°�·ªÁ¦�
(Potassium or Sodium Tetra Chloromercurate) �¹É�Á¦̧¥�¥n°Ç�ªnµ�TCM �¹É�µ¦¨³¨µ¥Á® n̈µ�¸Ê�³Á�oµ
�Îµ��·�·¦·¥µ�´���Å�oÁ�}�µ¦�¦³�°�Á�·��o°��°��1, 2 - Å��¨°Ã¦�´¨¢dÃ�Á¤°�·ªÁ¦��(1, 2 � Dichloro
Sulfitomercurate) �¹É�Á�¥̧¦Â¨³Å¤n�¼�°°��·Å�rÃ�¥°°��·Á��� ®¦º°°°��·Â���r�¸ÉÂ¦�� Á�n�� Ã°Ã��
Â¨³°°�Å��r�°�Å�Ã�¦Á��� µ¦�¦³�°�Á�·��o°��¸ÉÅ�o�¸ÊÁ¤ºÉ°Á�·¤¡µ¦µÃ¦�µ�·¨̧�� (p - Rosaniline) Â¨³
¢°¦r¤́¨�¸Å±�r� (Formaldehyde) �³Á�·�̧�°�µ¦�¦³�°��ºÉ°� ¡µ¦µÃ¦�µ�·¨̧�� Á¤��·̈ � �´̈ ¢°�·�Â°�·�
(Pararosaniline Methyl Sulfonic Acid) �¸Éµ¤µ¦�ª́��nµ�µ¦�¼�� º̈�Â�Ã�¥Á�¦ºÉ°�Á�¥̧�̧Å�o� �¸É
�ªµ¤¥µª� º̈É��(Wavelength) 548 �µÃ�Á¤�¦
1.2 ¡·́¥Â¨³�ªµ¤ªn°�Åª�(Range and Sensitivity)

1.2.1 �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r� Ä��10 ¤·¨ ·̈ ·̈�¦�°�µ¦¨³¨µ¥�TCM Á¤ºÉ°�Îµ
¤µ�¦ª�¤̧�nµ� 0.3 Å¤Ã�¦ ·̈�¦� �¹É�Á�¥̧�Á�nµ��́� 0.01 ¡¸¡¸Á°È¤� (26 Å¤Ã�¦�¦́¤/ ¼̈��µ«�rÁ¤�¦) �°�
�´̈ Á¢°¦rÅ�°°�Å��rÄ��ª́°¥nµ�°µ�µ«�30 ·̈�¦

1.2.2 ���°��Beer �³Ä�oÅ�o�¨�Á̧¤ºÉ°�ªµ¤Á�o¤�o��°��´¨Á¢°¦rÅ�°°�Å��r�¸Ê¤̧�nµ°¥¼nÄ���nª��°�
0.1 � 1.0 ®�nª¥�°��nµ�µ¦�¼�� º̈�Â�� (Absorbance Unit) ®¦º°�0 � 35 Å¤Ã�¦�¦́¤� Ä�µ¦¨³¨µ¥
�´ª°¥nµ��25 ¤·¨ ·̈ ·̈�¦
1.3 µ¦¦��ª��(Interference)

°°�Å��r�°�Å�Ã�¦Á���³�¼��Îµ��́Á¤ºÉ°Á�·¤�¦��´̈ ¢µ¤·��(Sulfamic Acid) Îµ®¦́�Ã°Ã���(O3)
�³¨µ¥�ª́Å�Á°�Á¤ºÉ°Áª¨µ�nµ�Å�� nª�Ã¨®³®��́°ºÉ�Ç� �Îµ��́Å�oÃ�¥�µ¦Á�·¤� EDTA (Ethylene
Diamine Tetra Acetic Acid, Disodium Salt)

µ¦¦��ª��nµ�Ç� �´�� n̈µª�¸Ê�ÎµÁ�}�°¥nµ�¥·É��¸É�³�o°��Îµ��́°°�Å�Ä®o®¤�� Á�ºÉ°��µ��³Å��ÎµÄ®o
�´̈ Á¢°¦rÅ�°°�Å��r� Á�·���·�·¦·¥µ°°��·Á��´É�� (Oxidation) Á�¨̧É¥��¨µ¥Á�}�¦¼�°ºÉ�Å�� ��́�´Ê��¹�Á�}��¨
Ä®o�¦·¤µ��°���´̈ Á¢°¦rÅ�°°�Å��r¤̧�nµ�ÉÎµ�ªnµ�ªµ¤Á�}��¦·�¤µ�
1.4 �ªµ¤Â¤n�¥ÎµÂ¨³�ªµ¤�¼��o°��(Precision and Accuracy)

�ªµ¤Â¤n�¥Îµ�¸É�nµ�95 % �°�¦³�´��ªµ¤Á�ºÉ°�º°� (95% Confidence Level) ¤̧�nµÁ�nµ�´��4.6
Á�°¦rÁ���r
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1.5 °»��¦�rÂ¨³Á�¦ºÉ°�¤º°
1.5.1 Á�¦ºÉ°�¤º°Îµ®¦́�Á�È��ª́°¥nµ�°µ�µ«
Á�¦ºÉ°�¤º°�¸ÉÄ�oÁ�È��´ª°¥nµ�°µ�µ«� Îµ®¦́��µ¦ª·Á�¦µ³®r�pµ��´̈ Á¢°¦rÅ�°°�Å��r� �³Ä�o°»��¦�r

Á�¦ºÉ°�¤º°�´��¸Ê
1.5.1.1 nª��°��n°Á�È��ª́°¥nµ�� (Sample Inlet) Á�}��n°�Îµ�oª¥Á�¢¨°�� (Teflon)

®¦º°�Â�oª� (Glass) �¨µ¥�oµ�®�¹É��n°�´�nª��°��´ª��́��¨µ¥�oµ��¸ÉÁ® º̈°�n°�´��¦ª¥� Ã�¥Ä®o�µ��¦ª¥
�ªÉÎµ Á¡ºÉ°�j°��´�Å¤nÄ®o�ÊÎµ �Á�oµÅ�Ä�®¨°�Á�È��´ª°¥nµ��(��́Â��Ä�¦¼��¸É��.1.1)

¦¼��¸É��1.1 24 Hour sampling system

1.5.1.2 nª��°��ª́�´�� (Absorber) Á�}�®¨°�Ã¡¨̧Ã¡¦¡¸¨̧� (Poly Propylene)
�ªµ¤¥µª�164 ¤·¨ ·̈Á¤�¦�Â¨³Áo��nµ�«¼�¥r�¨µ��32 ¤·¨ ·̈Á¤�¦� µ®¨°��Îµ�oª¥µ¦��·�Á�¥̧ª�´��Â¨³
¤̧�µ�°°�� 2 �µ�� (Å¤nÄ�o�»�¥µ�Á¡¦µ³�³Å�o�nµ� Blank� ¼�Â¨³Å¤n���¸É) nª��¸ÉÁ�}��µ�°°��³�o°�
ª¤¡°�¸�´�®¨°�Â�oª���µ�Áo��nµ�«¼�¥r�¨µ�£µ¥�°��8 ¤·¨ ·̈Á¤�¦�Â¨³Áo��nµ�«¼�¥r�¨µ� £µ¥Ä�
6 ¤·¨ ·̈Á¤�¦� �ªµ¤¥µª� 152 ¤·¨ ·̈Á¤�¦� �¨µ¥�oµ��¸ÉÁ® º̈°�°�®¨°�Â�oªÁ¦̧¥ªÁ�}��n°�Á È̈�Ç� ��µ�Áo�
�nµ«¼�¥r�¨µ�£µ¥Ä��¦³¤µ��0.3-0.6 ¤·¨ ·̈Á¤�¦��µ�°°�°̧��µ�®�¹É��³Á�}�nª��¸É �n°�´�nª��°��´ª
��́�ªµ¤�ºÊ��Á¤ºÉ°�³Á�È��ª́°¥nµ��o°�Änµ¦¨³¨µ¥�¼�� º̈��TGS�¨�Å�Ä� ®¨°��d� µ��¦ª��¼ªnµ�¨µ¥
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�n°®¨°�Â�oª°¥¼n®nµ��µ��o�®¨°��¦³¤µ�� 6 ¤·¨ ·̈Á¤�¦� Â¨³�o°� Å¤n¤̧¦°¥¦́Éª�¦�¦°¥�n°�°��»�nª�
�oª¥ �´�Â��Ä�¦¼��¸É��.2

¦¼��¸É��1.2  An absorber (24-hour sample) filled and assembled for shipment.

1.5.1.3 nª���́��́�ªµ¤�ºÊ�� (Moisture Trap) �´Ê�®¨°�Â¨³ µ®¨°�Á�}�Â��Á�¥̧ª
�´���́nª��°��ª́�´��Â�n�¦��µ�°°��¸É�n°��́�´Ê� ¤̧®¨°�Â�oª�¨µ¥�¦���µ�Á�nµ��́®¨°�Â�oª �¨µ¥
Á¦̧¥ªª¤°¥¼n£µ¥Ä�®¨°�¤̧Ä¥Â�oª� (Glass Wool) �¸É�ÎµÁ�}��o°�®¨ª¤Ç� ®¦º°¤̧�·̈ ·�µÁ�¨� (Siliga Gel)
�¦¦�»°¥¼nÁ¡ºÉ°�¼��ªµ¤�ºÊ�Å¤nÄ®o®¨�Á® º̈°�nµ�Å�¥�́nª��ª��»¤°́�¦µ�µ¦Å®¨Å�o� �´Ê��¸Ê�³�o°�Á�¨̧É¥�
Ä¥Â�oª®¦º°�·̈ ·�µÁ�¨Ä®¤n�»��¦́Ê��¸ÉÁ�È��ª́°¥nµ�

1.5.1.4 nª��°��ª́�¦°���·��¸ÉÁ�}�Â�n�Á¤¤Á�¦��(Membrane Filter) �³¤̧��µ��°�
Áo��nµ�«¼�¥r�¨µ�� 3 Á���·Á¤�¦� Â¨³¤̧��µ��°�¦¼¡¦»��¸É°�»£µ���µ�� 0.8-2.0 Å¤Ã�¦Á¤�¦� µ¤µ¦�
�nµ�Å�Å�o�Â�n��¦°�Á¤¤Á�¦��¸Ê�³�o°�Å¤n¦́Éª®¦º°�µ��Â¨³�ª¦Á�¨̧É¥�Â�n��¦°��¸Ê ®΅��µ�Á�È��ª́°¥nµ�
°µ�µ«�»�Ç� 10 �´ª°¥nµ�� Â�n��¦°��¸Ê¤̧®�oµ�¸É�¦°�°µ�µ«�°�Â�È��Îµ¡ª�°�»£µ� »i�¨³°°�� Á¡ºÉ°
�j°��´��µ¦°»��´��°�nª��ª��»¤°́�¦µ�µ¦Å®¨�°�°µ�µ«

1.5.1.5 nª��ª��»¤°́�¦µ�µ¦Å®¨�(Flow Control Device) �o°��µ¦Ä®o°́�¦µ�µ¦Å®¨
�°�°µ�µ«¤̧�nµ°¥¼n¦³®ªnµ�� 180-220 ¼̈��µ«�rÁ���·Á¤�¦�n°�µ��̧ �´ª�ª��»¤°́�¦µ�µ¦Å®¨�¸É�·¥¤ Ä�o
�º°� Á�È¤�̧�¥µ®¤µ¥Á¨�� 27 (Hypodermic Needle no.27) �ªµ¤¥µª� 10 ¤·¨ ·̈Á¤�¦� ®¦º°� 3/8 �·Êª
(�{��»�´�Ä�o�Critical Orifice Â��Á�È¤�̧�¥µ)
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1.5.1.6 nª��°�Á�¦ºÉ°��{�¤°µ�µ«�(Air Pump) Á�¦ºÉ°��{�¤°µ�µ«�¸É�o°��¼�°µ�µ«�nµ�
nª��ª��»¤°́�¦µ�µ¦Å®¨�¸É�ªµ¤��́�¦¦¥µ�µ«� 0.60 �¦¦¥µ�µ«� (atm) ®¦º°� 456 �°¦r� (torr)
(®¦º°¤·¨ ·̈Á¤�¦�¦°�)
®¤µ¥Á®�» : ®�nª¥�°��ªµ¤�´�

1 atm = 1,013.25 ¤·¨ ·̈�µ¦r
= 760 ¤·¨ ·̈Á¤�¦�¦°��(mm.Hg)
= 760 �°¦r
= 29.92126 �·Êª�¦°��(inch.Hg)

1.5.1.7 Á�¦ºÉ°�ª́�°́�¦µ�µ¦Å®¨� (Flow Meter) �¹É��³Ä�oÄ��¦ª�°�Á�¥̧�
(Calibrated) °́�¦µ�µ¦Å®¨�°�°µ�µ«Ä®o¤̧�nµ°¥¼n¦³®ªnµ�� 150-250 ¼̈��µ«�rÁ���·Á¤�¦� �µ¤�¸É
�o°��µ¦

1.5.1.8 ¤µ�¦�µ�Îµ®¦́��¦ª�ª́�°́�¦µ�µ¦Å®¨� (Flow Mesurements Standard)
Å�oÂ�n� Á�¦ºÉ°��Wet Test Meter ��·��¸É¤̧�ªµ¤Â¤n�¥ÎµÁ�}��¸ÉÁ�ºÉ°�º°Å�o�®¦º°Á�¦ºÉ°��Bubble Flow Meter
®¦º°Á�¦ºÉ°�¤º°�¸ÉÁ�ºÉ°�º°Å�o

1.5.2 Á�¦ºÉ°�¤º°Îµ®¦́��µ¦ª·Á�¦µ³®r
1.5.2.1 Á�¦ºÉ°�Á�¥̧�̧� (Spectrophotometer) ª́��nµ�µ¦�¼�� º̈�Â��¸É�ªµ¤¥µª� º̈É�

548 �µÃ�Á¤�¦�Ã�¥Ä�oÁ�¨��µ��1 Á���·Á¤�¦
1.5.2.2 Á�¦ºÉ°��´É�Å¢¢jµ°¥nµ�¨³Á°̧¥���«�·¥¤�4 �ÎµÂ®�n�
1.5.2.3 Á�¦ºÉ°�Â�oª

1) �ª��¦́��¦·¤µ�¦�(Volumetric Flask) 25, 50, 100 Â¨³�1,000 ¤·¨ ·̈ ·̈�¦
2) �dÁ���(Pipette) ��µ��ªµ¤�»�1, 5, 10 Â¨³�50 ¤·¨ ·̈ ·̈�¦
3) �oª¥�´É�µ¦Á�¤̧
4) �¸�Á�°¦r�(Beaker) ��µ��500 Â¨³�1,000 ¤·¨ ·̈ ·̈�¦
5) �ª�¦¼��¤¡¼n�(Erlenmeyer Flask) ��µ��500 ¤·¨ ·̈ ·̈�¦
6) Â�n�Â�oª��µ¦¨³¨µ¥

1.6 µ¦Á�¤̧
µ¦Á�¤̧�»��ª́�¸ÉÄ�o°¥nµ��o°¥�³�o°�Á�}�Á�¦��µ�ª·Á�¦µ³®r� (Analytical Reagants, AR

Grade, Reagent Grade)
1.6.1 �ÊÎµ�΅É��Ä�o�ÊÎµ�΅É��¸É�o¤Ä®oÁ�º°��Â¨³Á¥È�Â öª�Â¨³Å¤n¤̧µ¦°°��·Á���r
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1.6.2 �¦°��¨°Å¦�r�(Mercury Chloride, HgCl2)
1.6.3 °̧��̧¸Á°�(Ethylene Diamine Tetra Acetic Acid, EDTA)
1.6.4 Ã��´Á�¥̧¤�¨°Å¦�r�(Potassium Chloride, KCl)
1.6.5 �¦��´¨¢µ¤·��(Sulfamic Acid, H3NO3S)
1.6.6 µ¦¨³¨µ¥¢°¦r¤́¨�¸Å±�r�(Formaldehyde, HCHO)
1.6.7 Å°Ã°�¸��(Iodine, I2)
1.6.8 µ¦¨³¨µ¥�ÊÎµÂ�j��(Starch Soluble, (C6H10O5)n)
1.6.9 Ã�Á�¥̧¤Å�Ã°�´¨Á¢��(Sodium thiosulphate, Na2S2O3.5H2O)
1.6.10 Ã�Á�¸¥¤�µ¦r�°Á���(Sodium Carbonate, Na2CO3)
1.6.11 Ã�Á�¸¥¤Å°Ã°Á���(Sodium Iodate, NaIO3)
1.6.12 Ã��´Á�¥̧¤Å°Ã°Å��r�(Potassium Iodide, KI)
1.6.13 �¦�Å±Ã�¦�¨°¦·��(Hydrochloric Acid, HCl)
1.6.14 Ã�Á�¸¥¤Á¤�µÅ��´̈ Å¢�r�(Sodium Metabisulfite, Na2S2O5)
1.6.15 Ã�Á�¸¥¤�´̈ Å¢�r�(Sodium Sulfite, Na2SO3)
1.6.16 µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·¨̧��¨°Å¦�r� (Pararosaniline Chloride 0.2% in 1 M

Hydrochloric acid, C19H18ClN3)
1.6.17 �¦�¢°¢°¦·��(Phosphoric Acid, H3PO4)
1.6.18 �¦°�Å°Ã°Å��r�(HgI2)
1.6.19 Ã��´Á�¥̧¤Å°Ã°Á���(KIO3)

1.7. �µ¦Á�¦̧¥¤µ¦¨³¨µ¥Îµ®¦́��µ¦�¦ª�ª·Á�¦µ³®r
1.7.1 µ¦¨³¨µ¥�¼�� º̈��pµ��´̈ Á¢°¦rÅ�°°�Å��r�(Absorbing Solution for Sulfurdioxide)
µ¦¨³¨µ¥�¸ÉÄ�o�º°� 0.04 Ã¤¨µ¦r� �°�µ¦¨³¨µ¥Ã��´Á�¥̧¤Á��¦µ�¨°Ã¦Á¤°�·ªÁ¦�

(Potassium Tetra Chloromercurate)�Á¦̧¥�¥n°Ç�ªnµ�TCM Á�¦̧¥¤Ã�¥�¨³¨µ¥�¦°��¨°Å¦�r�(HgCl2)
10.86 �¦́¤� °̧��̧¸Á°� (EDTA) 0.66 �¦́¤� Â¨³� Ã��́Á�¥̧¤�¨°Å¦�r� (KCl) 6.0 �¦́¤� Ä��ÊÎµ�΅É�
Á�º°�µ���Å�o�¦·¤µ�¦�1,000 ¤·¨ ·̈ ·̈�¦

1.7.2 µ¦¨³¨µ¥�¦��´̈ ¢µ¤·���ªµ¤Á�o¤�o��0.6%
¨³¨µ¥�¦��´̈ ¢µ¤·��0.6 �¦́¤�Ä��ÊÎµ�΅É��100 ¤·¨ ·̈ ·̈�¦� (µ¦¨³¨µ¥�¸Ê�o°�Á�¦̧¥¤Ä®¤n�»��¦́Ê�

�¸É�Îµ�µ¦��¨°�)
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1.7.3 µ¦¨³¨µ¥¢°¦r¤́¨�¸Å±�r��ªµ¤Á�o¤�o��0.2%
�Îµµ¦¨³¨µ¥¢°¦r¤́¨�¸Å±�r��¸É¤̧�ªµ¤Á�o¤�o��36 � 38 %� �¤µ�5 ¤·¨ ·̈ ·̈�¦��Îµ�µ¦Á�º°�µ��oª¥

�ÊÎµ�΅É���Å�o�¦·¤µ�¦�1,000 ¤·¨ ·̈ ·̈�¦�(µ¦¨³¨µ¥�¸Ê�o°�Á�¦̧¥¤Ä®¤n�»��¦́Ê��¸É�Îµ�µ¦��¨°�)
1.7.4 µ¦¨³¨µ¥�p°��°�Å°Ã°�¸���ªµ¤Á�o¤�o��0.1 �°¦r¤́¨
�´É�Å°Ã°�¸��12.7 �¦́¤�Ä���̧Á�°¦r��µ��250 ¤·¨ ·̈ ·̈�¦� Á�·¤Ã��́Á�¥̧¤Å°Ã°Å��r� (KI) 40 �¦́¤

Â¨³�ÊÎµ�΅É��¦³¤µ��25 ¤·¨ ·̈ ·̈�¦�����µ¦�»��´ª¨³¨µ¥®¤�Â öªÁ�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦
1,000 ¤·¨ ·̈ ·̈�¦

1.7.5 µ¦¨³¨µ¥°·��·Á�Á�°¦r�°�Â�j��(��·��Soluble Starch)
¨³¨µ¥� 0.4 �¦́¤�°�Â�j�� Â¨³� 0.002 �¦́¤�°��¦°�Å°Ã°Å��r� (HgI2) Ä��ÊÎµ�΅É��Îµ�ª�

Á È̈��o°¥� Â öª�n°¥Ç� Á�·¤�ÊÎµ�΅É��¸ÉÁ¡·É�Á�º°�¨�Å���Å�o�¦·¤µ�¦�¦³¤µ�� 200 ¤·¨ ·̈ ·̈�¦� �ÎµÅ��o¤�n°
��µ¦�¸ÉÅ�o¨³¨µ¥®¤���·Ê�ÅªoÄ®oÁ¥È��n°�Á�È�Än�ª�Â�oª�Â öª�Îµ�µ¦�d��»�°¥nµ��¸

1.7.6 µ¦¨³¨µ¥Å°Ã°�¸���ªµ¤Á�o¤�o��0.01 �°¦r¤́¨
�Îµµ¦¨³¨µ¥�p°�Å°Ã°�¸�� �ªµ¤Á�o¤�o�� 0.1 �°¦r¤́¨� (�µ��o°� 7.4) ¤µ� 50 ¤·¨ ·̈ ·̈�¦� Â öª

�Îµ�µ¦Á�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦�500 ¤·¨ ·̈ ·̈�¦
1.7.7 µ¦¨³¨µ¥�p°��°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢���ªµ¤Á�o¤�o��0.1 �°¦r¤́¨
¨³¨µ¥Ã�Á�¥̧¤Å�Ã°�´̈ Á¢�� (Na2S2O3.5H2O) 25.0 �¦́¤� Ä��ÊÎµ�΅É��¸ÉÁ¡·É��o¤Ä®¤n� Â¨³�·Ê�Åªo

Ä®oÁ¥È�Â öª�1,000 ¤·¨ ·̈ ·̈�¦�Â öªÁ�·¤Ã�Á�¥̧¤�µ¦r�°Á���(Na2CO3) 0.1 �¦́¤�¨�Å���´Ê��·Ê�Åªo�1 ª́���n°�
�¦ª�Á�È��nµ�ªµ¤Á�o¤�o��¸ÉÂ�o�¦·�� Ã�¥ª·�¸�µ¦�¦ª�°��ªµ¤Á�o¤�o��¸ÉÂ�o�¦·�� �°�µ¦¨³¨µ¥�p°�
�°��Ã�Á�¥̧¤Å�Ã°�´¨Á¢��µ¤µ¦��ÎµÅ�o�´��¸Ê

1) �´É�Ã��´Á�¥̧¤Å°Ã°Á��� (KIO3) �¸É�Îµ�µ¦°�Ä®oÂ®o��¸É� 180oC� �µ�� 1 � 2 �´ÉªÃ¤�
�Îµ�ª��1.5 �¦́¤�(�´É�°¥nµ�¨³Á°̧¥��¹��«�·¥¤�ÎµÂ®�n��¸É�4) Â öª�ÎµÅ�¨³¨µ¥Ä��ÊÎµ�΅É���Å�o��¦·¤µ�¦
500 ¤·¨ ·̈ ·̈�¦

2) �dÁ��µ¦¨³¨µ¥Ã��́Á�¥̧¤Å°Ã°Á��Ä��o°� �) �Îµ�ª�� 50 ¤·¨ ·̈ ·̈�¦� ¨�Ä��ª�
¦¼��¤¡¼n� ��µ�� 500 ¤·¨ ·̈ ·̈�¦� Â öªÁ�·¤Ã��´Á�¥̧¤Å°Ã°Å��r� (KI) 2.0 �¦́¤� Â¨³� Å±Ã�¦�¨°¦·�
�ªµ¤Á�o¤�o��1 �°¦r¤́¨��Îµ�ª��10 ¤·̈ ·̈ ·̈�¦��µ¤ Î̈µ�´�

3) �d��»�Â¨³�´Ê��·Ê�Åªo�5 �µ�¸
4) µ¦¨³¨µ¥�¸É�¤Â öª�Îµ�µ¦Å�Á�¦���́µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�� ��

Å�oÁ�}�̧Á® º̈°��µ�� Á�·¤�ÊÎµÂ�j�¨�Å�� 5.0 ¤·¨ ·̈ ·̈�¦� �³Å�oµ¦¨³¨µ¥̧�ÊÎµÁ�·�� �Îµ�µ¦Å�Á�¦��n°��
̧�ÊÎµÁ�·�®µ¥Å�
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5) �Îµ�ª�®µ�ªµ¤Á�o¤�o��¸ÉÂ�o�¦·��°�µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�
Ã�¥Ä�o¤�µ¦

N =         x 2.80

Á¤ºÉ° N = �ªµ¤Á�o¤�o�Á�}���°¦r¤́¨��°�µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢��¸É�o°��µ¦�¦µ�
V = �¦·¤µ�¦Á�}��¤·̈ ·̈ ·̈�¦��°�µ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢��´Ê�®¤��¸ÉÄ�oÅ�Á�¦�
W = �ÊÎµ®��́Á�}���¦́¤��°�Ã��´Á�¥̧¤Å°Ã°Á���¸ÉÄ�oÁ�¦̧¥¤µ¦¨³¨µ¥

          2.80 = Á�}��ª́Á¨��¸ÉÅ�o�µ�     103 x 0.1

Á¤ºÉ° 103�Á�}��´ªÁ¨��¸ÉÄ�oÁ�¨̧É¥�®�nª¥�µ���¦́¤�Á�}��¤·̈ ·̈�¦́¤
0.1 Á�}��ª́Á¨�Â���¦·¤µ�Ã��́Á�¥̧¤Å°Ã°Á���µ�µ¦¨³¨µ¥�´Ê�®¤�
35.67 Á�}��ÊÎµ®��́¤¤¼¨�°�Ã��´Á�¥̧¤Å°Ã°Á��

1.7.8 µ¦¨³¨µ¥Ã�Á�¥̧¤Å�Ã°�´¨Á¢���ªµ¤Á�o¤�o��0.01 �°¦r¤́¨
�Îµµ¦¨³¨µ¥�p°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�� (Ä��o°� 7.7) �Îµ�ª�� 100 ¤·¨ ·̈ ·̈�¦� ¤µÁ�º°�µ��oª¥

�ÊÎµ�΅É��¸ÉÁ¡·É��o¤Ä®¤nÂ¨³�·Ê�ÅªoÄ®oÁ¥È�Â öª���Å�o�¦·¤µ�¦�1,000 ¤·¨ ·̈ ·̈�¦
1.7.9 µ¦¨³¨µ¥�´¨Å¢�r
¨³¨µ¥Ã�Á�¥̧¤Á¤�µÅ��´̈ Å¢�r� (Na2S2O5) 0.30 �¦́¤� ®¦º°� Ã�Á�¥̧¤�´̈ Å¢�r� (Na2SO3) 0.40

�¦́¤�Ä��ÊÎµ�΅É��¸É�o¤Ä®¤n�Á¥È�Â öª��Îµ�ª��500 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥�¸Ê�³¤̧�¦·¤µ��´¨Á¢°¦rÅ�°°�Å��r
Ä��nª��320 � 400 Å¤Ã�¦�¦́¤/ ¤·¨ ·̈ ·̈�¦

1.7.10 µ¦¨³¨µ¥�´¨Å¢�r�- ��̧¸Á°È¤�(Sulfite - TCM)
�dÁ��µ¦¨³¨µ¥�´̈ Å¢�r�(Ä��o°�7.9) �Îµ�ª��2 ¤·¨ ·̈ ·̈�¦�Än̈ �Ä��ª��¦́���¦·¤µ�¦��µ��100

¤·¨ ·̈ ·̈�¦� Á�º°�µ��oª¥µ¦¨³¨µ¥� TCM �ªµ¤Á�o¤�o�� 0.04 Ã¤¨µ¦r� (�o°� 7.1) ��Å�o� �¦·¤µ�¦� 100
¤·¨ ·̈ ·̈�¦� �Îµ�µ¦�¦ª�Á�È��¦·¤µ��´¨Á¢°¦rÅ�°°�Å��rÄ�µ¦¨³¨µ¥�´̈ Å¢�r� - �¸�Á̧°È¤� �oª¥ª·�¸�µ¦
Å�Á�¦�¥o°��΅�

1.7.10.1 �µ¦�Îµ�ª�®µ�¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��rÄ�µ¦¨³¨µ¥�´̈ Å¢�r� - �¸�Á̧°È¤
Ã�¥ª·�¸�µ¦Å�Á�¦�¥o°��΅��(Back Titration)

1) �dÁ��µ¦¨³¨µ¥Å°Ã°��̧� �ªµ¤Á�o¤�o�� 0.01 �°¦r¤́¨� (Ä��o°� 7.6) Än¨�Ä�
�ª�¦¼��¤¡¼n���µ��500 ¤·¨ ·̈ ·̈�¦�2 Ä��Ä�¨³�50 ¤·¨ ·̈ ·̈�¦

W
V

35.67
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2) �ª�Ä��¸É� 1 (A) Á�·¤�ÊÎµ�΅É�¨�Å�� 25 ¤·¨ ·̈ ·̈�¦� �ª�Ä��¸É� 2 (B) Á�·¤
µ¦¨³¨µ¥�´̈ Å¢�r�(Ä��o°�7.9) ¨�Å��25 ¤·¨ ·̈ ·̈�¦

3) �d��»��ª��´Ê�°��Â öª�´Ê��·Ê�Åªo�5 �µ�¸
4) Å�Á�¦�µ¦¨³¨µ¥�Ä��ª��´Ê�°��(A Â¨³�B) �oª¥µ¦¨³¨µ¥�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�

�ªµ¤Á�o¤�o�� 0.01 �°¦r¤́¨� (Ä��o°� 7.8) ��Å�o� ̧Á® º̈°��µ�� Á�·¤�ÊÎµÂ�j��Îµ�ª�� 5.0 ¤·̈ ·̈ ·̈�¦
¨�Ä��ª��´Ê�°���³Å�oµ¦¨³¨µ¥̧�ÊÎµÁ�·���Îµ�µ¦Å�Á�¦��n°��Å�oµ¦¨³¨µ¥�¸ÉÅ¤n¤̧�̧

5) �Îµ�ª�®µ�¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��rÄ�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧Á̧°È¤
Ã�¥Ä�o¤�µ¦

Å¤Ã�¦�¦́¤SO2 /¤·̈ ·̈ ·̈�¦. Ä�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤� =     (A - B)(N)(32,000) x 0.02

Á¤ºÉ° A = �¦·¤µ�¦Á�}��¤·¨ ·̈ ·̈�¦��°��0.01 �°¦r¤́¨�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�
�¸ÉÄ�oÄ��µ¦Å�Á�¦��ª��A

B = �¦·¤µ�¦Á�}��¤·¨ ·̈ ·̈�¦��°��0.01 �°¦r¤́¨�Ã�Á�¥̧¤Å�Ã°�´¨Á¢�
�¸ÉÄ�oÄ��µ¦Å�Á�¦��ª��B

N = �ªµ¤Á�o¤�o��°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢��¸ÉÄ�o�¤̧�nµ�= 0.01 �°¦r¤́¨
32,000 = ¤·¨¨�·�¦́¤¤¤¼̈ �(Milligramequivalent) �°��´̈ Á¢°¦rÅ�°°�Å��r
0.02 = °́�¦µnª��°�µ¦¨³¨µ¥�´¨Å¢�r�Ä�µ¦¨³¨µ¥�´̈ Å¢�r- ��̧¸Á°È¤
25 = �¦·¤µ�¦�Á�}��¤·¨ ·̈ ·̈�¦��°�µ¦¨³¨µ¥�´̈ Å¢�r�¸ÉÄn°¥¼nÄ��ª��B
µ¦¨³¨µ¥�´̈ Å¢�r�- �¸�Á̧°È¤��¸ÊÁ�È�ÅªoÅ�o�µ��30 ª́���¸É�5OC Â�n�oµ�Å¤nÅn�¼oÁ¥È��¸É  5OC

�o°�Á�¦̧¥¤Ä®¤n�»��¦́Ê��¸ÉÄ�o
(®¤µ¥Á®�» : �́Ê��°��µ¦Á�¦̧¥¤µ¦¨³¨µ¥�´̈ Å¢�r�- �¸�Á̧°È¤�(Ä��o°�7.10) Â¨³�µ¦�Îµ�ª�®µ�¦·¤µ�
�´̈ Á¢°¦rÅ�°°�Å��rÄ�µ¦¨³¨µ¥�´̈ Å¢�r�- �¸�Á̧°È¤�(Ä��o°�7.10.1) �o°��Îµ¡¦o°¤Ç��´��Á¡ºÉ°�³Å�o�nµ�°�
�¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��r��¸ÉÁ�}��´ªÂ���¸É°¥¼nÄ�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤��¸ÉÄ� öÁ�¸¥��¸É»�)

1.7.11 µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·¨̧�
�Îµ� 0.2 %�°�µ¦¨³¨µ¥ÎµÁ¦È�¦¼��°�¡µ¦µÃ¦�µ�·̈ ¸�Ä�� 1.0 Ã¤¨µ¦r�°��¦�Á� º̈°� (HCl)

�Îµ�ª�� 20 ¤·¨ ·̈ ·̈�¦� Än̈ �Ä��ª��¦́��¦·¤µ�¦��µ�� 250 ¤·¨ ·̈ ·̈�¦� Á�·¤�¦�¢°¢°¦·�� (H3PO4)
�ªµ¤Á�o¤�o�� 3 Ã¤¨µ¦r� �Îµ�ª�� 25 ¤·¨ ·̈ ·̈�¦¨�Å�� Â öª�¹�Á�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦� 250
¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·̈ ¸��¸ÉÁ�¦̧¥¤Å�o�¸Ê�³¤̧°µ¥»�µ¦Ä�o�µ��µ��9 Á�º°�

25
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(®¤µ¥Á®�» : Ä��¦��̧¸ÉÅ¤nÅ�oÄ�oµ¦¨³¨µ¥ÎµÁ¦È�¦¼��°�¡µ¦µÃ¦�µ�·̈ ¸�Ä�� 1.0 Ã¤¨µ¦r�°��¦�Á� º̈°
�´��oµ��o�Â öª�®µ�Â�nÄ�o��Pararosaniline Dye �o°��´�Á°µnª��°�¡µ¦µÃ¦�µ�·̈ ¸��¸É��¦·»��·Í°°�¤µ)
1.8 �µ¦°�Á�¸¥��(Calibration)

�n°��µ¦Á�È��´ª°¥nµ�Â¨³�n°��µ¦ª·Á�¦µ³®r� �ª¦�o°�¤̧�µ¦°�Á�¥̧�Á�¦ºÉ°�¤º°�¸É�Îµ¤µÄ�o�µ�
Å¤nªnµ�³Á�}�Á�¦ºÉ°�Á�È��´ª°¥nµ�°µ�µ«�Á�¦ºÉ°�ª́�°́�¦µ�µ¦Å®¨�®¨°��ª́��́�Â¨³Á�¦ºÉ°�Á�¥̧�̧

1.8.1 Á�¦ºÉ°�ª́�°́�¦µ�µ¦Å®¨�(Flow Meter)
1) �Îµ�µ¦°�Á�¥̧�Á�¦ºÉ°�ª́�°́�¦µ�µ¦Å®¨�°�°µ�µ«�oª¥Á�¦ºÉ°�¤º°¤µ�¦�µ�� Á�n�

Bubble Flow Meter ®¦º°Á�¦ºÉ°�¤º°°ºÉ��¸ÉÁ�ºÉ°�º°Å�o
2) �nµ°́�¦µ�µ¦Å®¨�°�°µ�µ«�¸ÉÅ�o� ¤̧®�nª¥Á�}�� ¼̈��µ«�rÁ���·Á¤�¦/�µ��̧ (�¸É� 25

°�«µÁ�¨Á�¥̧� �ªµ¤��́� 760 ¤·¨ ·̈Á¤�¦�¦°�) �nµ°́�¦µ�µ¦Å®¨�ª¦°¥¼nÄ��nª�� 180-220
¤·¨ ·̈ ·̈�¦�n°�µ�¸

1.8.2 ®¨°��´ª��́�(Absorber)
1) �Îµ�µ¦Á�¦̧¥�Á�¥̧�®¨°�Á�È�°µ�µ«� (®¨°�Ã¡¨̧Ã¡¦¡¸¨̧�) Ã�¥Ä�o�dÁ��Â��

�¦³Á�µ³Â�oª� (Volumetric Pipette) �¼��ÊÎµ�΅É��50 ¤·¨ ·̈ ·̈�¦� Än̈ �Ä�®¨°�Ã¡¨̧Ã¡¦¡¸¨̧�� �µ��´Ê��Îµ
Á�¦ºÉ°�®¤µ¥ �¸É¦³�´��ÊÎµÃ�¥�¼�µ�nª�Áªoµ

2) ®¦º°��·�´�·Ã�¥� Ä��µ¦Á�È��´ª°¥nµ�°µ�µ«� Ä�o�dÁ���¦³Á�µ³Â�oª�¼�µ¦¨³¨µ¥
�¼�� º̈��(Absorbing Solution) �»��¦́Ê��¸É�Îµ�µ¦�¦ª�ª·Á�¦µ³®r

1.8.3 Á�¦ºÉ°�Á�¥̧�̧�(Spectrophotometer)
Á�d�ª·��rÅ¢°»n�Á�¦ºÉ°�Åªo°¥nµ��o°¥� 15 � 30 �µ�¸� �n°��µ¦ª·Á�¦µ³®rÂ¨³�¦́�Á�¥̧�Á�¦ºÉ°�¤º°

Ä�®�nª¥�°��Transmittance Â¨³�Absorbance��µ¤�¼n¤º°�°�Á�¦ºÉ°�
1.9 �µ¦Á�¦̧¥¤�¦µ¢¤µ�¦�µ��(Standard Calibration Curve)

1.9.1 Á�¦̧¥¤µ¦¨³¨µ¥�´̈ Å¢�r�- �¸�Á̧°È¤�Än¨�Ä��ª��¦́��¦·¤µ�¦���µ��25 ¤·¨ ·̈ ·̈�¦��´��¸Ê
�ª�Ä��¸É�1 Á�·¤�0.0 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
�ª�Ä��¸É�2 Á�·¤�0.5 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
�ª�Ä��¸É�3 Á�·¤�1.0 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
�ª�Ä��¸É�4 Á�·¤�2.0 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
�ª�Ä��¸É�5 Á�·¤�3.0 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
�ª�Ä��¸É�6 Á�·¤�4.0 ¤·¨ ·̈ ·̈�¦�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
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�µ��´Ê�Ä®oÁ�·¤µ¦¨³¨µ¥� 0.04 Ã¤¨µ¦r� TCM ¨�Å�Ä��ª�Â�n̈ ³Ä��´Ê�Â�nÄ��¸É� 1 �¹�
Ä��¸É� 6 Ã�¥Ä®o�¦·¤µ�¦¦ª¤�°�Â�n¨³Ä�Á�nµ�´�� 10 ¤·¨ ·̈ ·̈�¦� �¹É��³Å�o�µ¦Á�¦̧¥¤µ¦¨³¨µ¥�´̈ Å¢�r� -
�¸�Á̧°È¤�(�µ¤�µ¦µ��¸É��.1.1) �´��¸Ê

�µ¦µ��¸É���1.1  �dÁ��µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤�Än¨�Ä��ª��¦́��¦·¤µ�¦���µ��25 ¤·¨ ·̈ ·̈�¦�Â öª
�¦́�Ä®o�¦·¤µ�¦¦ª¤�°�Â�n¨³Ä�Á�nµ�´��10 ¤·¨ ·̈ ·̈�¦��oª¥�0.04 Ã¤¨µ¦r�TCM

Î̈µ�´��¸É �¦·¤µ�¦µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤
(¤·̈ ·̈ ·̈�¦)

�¦·¤µ�¦µ¦¨³¨µ¥�0.04 Ã¤¨µ¦r�TCM
(¤·̈ ·̈ ·̈�¦)

�ª�Ä��¸É�1
�ª�Ä��¸É�2
�ª�Ä��¸É�3
�ª�Ä��¸É�4
�ª�Ä��¸É�5
�ª�Ä��¸É�6

0.0
0.5
1.0
2.0
3.0
4.0

10.0
9.5
9.0
8.0
7.0
6.0

�µ��´Ê��Îµ�ª�Ä��¸É�1 �¹��6 ¤µÁ�·¤µ¦��´��¸Ê
 0.6% �°�µ¦¨³¨µ¥�¦��´¨¢µ¤·���Îµ�ª��1 ¤·¨ ·̈ ·̈�¦
 �´Ê��·Ê�Åªo�10 �µ�¸�Á¡ºÉ°Ä®oÅ�Å�¦�r¨µ¥�´ª
 0.2% �°�µ¦¨³¨µ¥¢°¦r¤́¨�¸Å±�r��Îµ�ª��2 ¤·¨ ·̈ ·̈�¦
 µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·̈ ¸��5 ¤·¨ ·̈ ·̈�¦
 �´Ê��·Ê�Åªo�30 �µ�¸��¹�Á�·¤�ÊÎµ�΅É��(�¸É�o¤Ä®¤nÂ¨³Á¥È�Â öª) �¦́��¦·¤µ�¦Ä®oÅ�o�25 ¤·¨ ·̈ ·̈�¦
Â öª�´Ê��·Ê�Åªo°̧��¦³¤µ��30 � 60 �µ�¸

 �ÎµÅ�ª́��nµ�µ¦�¼�� º̈�Â��oª¥Á�¦ºÉ°�Á�¥̧�̧�¸É�ªµ¤¥µª� º̈É��548 �µÃ�Á¤�¦� Ã�¥Ä�oÁ�¨
��µ�� 1 Á���·Á¤�¦� Ä�o�ÊÎµ�΅É��¦́��»�� 0 �°�Á�¦ºÉ°�� Â¨³�o°��ª��»¤°»�®£¼¤·¦³®ªnµ�
�µ¦�¦ª�ª·Á�¦µ³®r�Ä®o¤̧�nµÁ�¨̧É¥�Â�¨�Å�oÅ¤nÁ�·��+ 2 °�«µÁ�¨Á�¥̧

�µ¦¡ È̈°��¦µ¢¤µ�¦�µ� Ä®oÂ���X = �ªµ¤Á�o¤�o��´̈ Á¢°¦rÅ�°°�Å��r�Ä�®�nª¥Å¤Ã�¦�¦́¤
Â¨³ Ä®oÂ���Y = �nµ�µ¦�¼�� º̈�Â�
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�ªµ¤Á�o¤�o��°��´¨Á¢°¦rÅ�°°�Å��r�®µÅ�o�µ�¤�µ¦

Å¤Ã�¦�¦́¤�SO2 = Å¤Ã�¦�¦́¤�SO2 / ¤·¨ ·̈ ·̈�¦    X ¤·¨ ·̈ ·̈�¦�°�µ¦¨³¨µ¥
Ä�µ¦¨³¨µ¥�´̈ Å¢�r�- �¸�Á̧°È¤ �´̈ Å¢�r�- �¸�Á̧°È¤��¸ÉÁ�·¤¨�Å�

1.9.2 �Îµ�nµ�ªµ¤Á�o¤�o��°��´¨Á¢°¦rÅ�°°�Å��rÄ�®�nª¥Å¤Ã�¦�¦́¤�¸É�Îµ�ª�¤µÂ öª�¸Ê� �´��nµ
�µ¦�¼�� º̈�Â��¸Éª́�Å�o�µ��µ¦ª·Á�¦µ³®r�°�µ¦¨³¨µ¥� �µ��ª�Ä��¸É� 1 � 6 Å�¡ È̈°��¦µ¢
�³Å�o�¦µ¢��¸ÉÁ¦̧¥�ªnµ��¦µ¢¤µ�¦�µ��(Standard Calibration Curve)

�µ��¦µ¢¤µ�¦�µ��´̈ Á¢°¦rÅ�°°�Å��r��nµ�¸É�ª¦Ä®o�ªµ¤Îµ�´�
 �nµ�µ¦�¼�� º̈�Â��¸É°nµ��µ�� Blank (AO) �o°�Å¤nÁ�·�� 0.170 Á¤ºÉ°Ä�oÁ�¨� ��µ�� 1
Á���·Á¤�¦�Â¨³��ª��»¤°»�®£¼¤·�¸É�22 °�«µÁ�¨Á�¥̧

 �¦µ¢¤µ�¦�µ��¸ÉÅ�o�o°�¤̧�nµ��0.03 + 0.002 ®�nª¥�°��µ¦�¼�� º̈�Â���¹É�®¤µ¥�ªµ¤ªnµ
µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·̈ ¸��¸ÉÄ�oÁ�·¤¨�Å��´Ê�¤̧�ªµ¤�¦·»��·Í¡°� �oµÅ¤nÁ�}�Å��µ¤�¸Ê�È�ª¦
Á�¦̧¥¤µ¦¨³¨µ¥�p°��°�¡µ¦µÃ¦�µ�·̈ ¸�Ä®¤n�®¦º°Å¤nÁ�n��´Ê��È�ÎµÁ�}��o°��Îµ�Blank �°�
µ¦Á�¤̧�(Reagent) �oª¥�»��¦́Ê��¸É�Îµ�µ¦ª·Á�¦µ³®r

 Ä��µ¦�Îµ�ª�®µ�ªµ¤Á�o¤�o��°��´¨Á¢°¦rÅ�°°�Å��r

�³Ä�onª��΅��°��ªµ¤��́ 







slope

1 ��µ��¦µ¢¤µ�¦�µ�¤µ�Îµ�ª�

�ªµ¤Á�o¤�o�Á�}�Å¤Ã�¦�¦́¤�°��SO2

¦¼��¸É��.1.3 �ªµ¤́¤¡�́�r¦³®ªnµ��nµ�µ¦�¼�� º̈�Â��¸É�548 �µÃ�Á¤�¦�Â¨³�ªµ¤Á�o¤�o�Á�}�Å¤Ã�¦�¦́¤
�°��´¨Á¢°¦rÅ�°°�Å��r

�½bBS = 







slope
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1.10 �́Ê��°��µ¦�ÎµÁ�·��µ¦Á�È�Â¨³ª·Á�¦µ³®r�ª́°¥nµ�
1.10.1 �µ¦Á�È��ª́°¥nµ��(Sample Collection)

1.10.1.1 �¦³�°�Á�¦ºÉ°�¤º°Ä®o¡¦o°¤��µ¦Á�È��pµ��´̈ Á¢°¦rÅ�°°�Å��r� �³�o°��ª��»¤
°»�®£¼¤·��³Á�È��´ª°¥nµ�Ä®o°¥¼n¦³®ªnµ�� 7 � 17 °�«µÁ�¨Á�¥̧� ��́�´Ê��¹��o°�¤̧nª��Îµ�ªµ¤Á¥È�
(Cooling Unit) Ä®oÁ�}��ª́�ª��»¤°»�®£¼¤·� Â¨³�ª¦�Îµ�µ¦®»o¤®¨°��ª́�´��oª¥Â�n�° ¼̈¤·Á�¥̧¤
(Aluminium Foil) Á¡ºÉ°�j°���́Â�Â¨³�j°���́�µ¦¨µ¥�ª́�°��´¨Á¢°¦rÅ�°°�Å��r

1.10.1.2 Ä�o�¦·¤µ�¦�°�µ¦¨³¨µ¥�¼�� º̈�� (Absorbing Solution) 0.04 Ã¤¨µ¦r
TCM �Îµ�ª��50 ¤·¨ ·̈ ·̈�¦��n°�1 �´ª°¥nµ���¸ÉÁ�È��´ª°¥nµ��µ��24 �´ÉªÃ¤��(®¦º°��Îµ�ª��25 ¤·¨ ·̈ ·̈�¦��n°
1 �´ª°¥nµ��µ��30 � 60 �µ�)̧ ¨�Ä�®¨°��¦ª���́

1.10.1.3 Ä�nª��°��´ªÁ�¦ºÉ°�� �� nª��¸É�n°�´��¦ª¥� Ä®o�n°Á�¦ºÉ°�ª́�°́�¦µ�µ¦Å®¨
Ã�¥� �¹��¦ª¥°°�� �µ��´Ê�Á�d��{�¤� ª́��nµ°́�¦µ�µ¦Å®¨�°�°µ�µ«� ��́�¹�ÅªoÁ�}�� F1 (�¦́�°́�¦µ
�µ¦Å®¨�°�°µ�µ«Ä®o°¥¼nÄ��nª��180-220 ¼̈��µ«�rÁ���·Á¤�¦�n°�µ�¸)

1.10.1.4 Á�d��{�¤�·��n°�´��µ��24 �´ÉªÃ¤���´��¹�Áª¨µ�¸ÉÁ�È�Á�}��µ��̧(ts)
1.10.1.5 ª́��nµ°́�¦µ�µ¦Å®¨�°�°µ�µ«®΅��µ¦Á�È��´ª°¥nµ�� Ã�¥ª·�¸Á�¥̧ª�´���́�µ¦

Á¦·É¤Á�È��ª́°¥nµ��´��¹��nµÁ�}��F2

1.10.1.6 �d�®¨°�Ä®oÂ�n���d��¨µ��n�Á�oµ®o°���·�´�·�µ¦Á¡ºÉ°ª·Á�¦µ³®r�n°Å�� (�oµÅ¤n
Å�o�Îµ�µ¦ª·Á�¦µ³®r��́�¸��ª¦Á�È��ª́°¥nµ�Åªo�¸É°»�®£¼¤·�5 °�«µÁ�¨Á�¥̧)

1.10.2 �µ¦ª·Á�¦µ³®r�(Analysis)
1.10.2.1 �oµ�´ª°¥nµ�¤̧�³�°��o°�Á�oµÁ�¦ºÉ°�Á®ª̧É¥��(Centrifuge) �n°�
1.10.2.2 �nµ¥�ª́°¥nµ��¸ÉÁ�È�Än�ª��¦́��¦·¤µ�¦���µ��50 ¤·¨ ·̈ ·̈�¦� öµ�®¨°��ª́�´�

�oª¥�ÊÎµ�΅É��¦³¤µ��1 � 5 ¤·¨ ·̈ ·̈�¦���Å�o�¦·¤µ�¦�¦��50 ¤·¨ ·̈ ·̈�¦� (Îµ®¦́�Ä��ª́°¥nµ��pµ���¸ÉÁ�È�
30 � 60 �µ�¸�Ä®o�nµ¥�ª́°¥nµ��¸ÉÁ�È�Än�ª��¦́��¦·¤µ�¦���µ��25 ¤·¨ ·̈ ·̈�¦)

1.10.2.3 �´Ê��·Ê�Åªo�20 �µ�¸�Á¡ºÉ°Ä®oÃ°Ã��¨µ¥�ª́Å�
1.10.2.4 �´ª°¥nµ�°µ�µ«�¸É�´Ê��·Ê�ÅªoÄ®oÃ°Ã��¨µ¥�ª́Â öª�Ä®o�Îµ�µ¦ª·Á�¦µ³®r��´��¸Ê

1) �dÁ��µ¦¨³¨µ¥�ª́°¥nµ�� �Îµ�ª�� 5 ¤·¨ ·̈ ·̈�¦� Än̈ �Ä��ª��¦́��¦·¤µ�¦
��µ��25 ¤·¨ ·̈ ·̈�¦��µ��´Ê��ÎµÁ�n�Á�¥̧ª�´��µ¦Á�¦̧¥¤�¦µ¢¤µ�¦�µ���º°

2) Á�·¤µ¦¨³¨µ¥�¼�� º̈�� �ªµ¤Á�o¤�o�� 0.04 Ã¤¨µ¦r� TCM ¨�Å�Ä®oÅ�o
�¦·¤µ�¦Ä��ª��10 ¤·¨ ·̈ ·̈�¦�Â öªÁ�¥nµÄ®oÁ�oµ�´�
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3) Á�·¤� 0.6%� �°��¦��´¨¢µ¤·�� ¨�Å��Îµ�ª�� 1 ¤·̈ ·̈ ·̈�¦� Â öª�´Ê��·Ê�Åªo� 10
�µ��̧Á¡ºÉ°Ä®oÅ�Å�¦�r¨µ¥�ª́

4) Á�·¤� 0.2% �°�µ¦¨³¨µ¥¢°¦r¤́¨�¸Å±�r� �Îµ�ª�� 2 ¤·̈ ·̈ ·̈�¦� Â¨³
µ¦¨³¨µ¥¡µ¦µÃ¦�µ�·̈ ¸��5 ¤·¨ ·̈ ·̈�¦��´Ê��·Ê�Åªo�30 �µ�¸

5) Á�º°�µ��oª¥�ÊÎµ�΅É���Å�o�¦·¤µ�¦� 25 ¤·¨ ·̈ ·̈�¦� �´Ê��·Ê�Åªo� 30 � 60 �µ�¸
�n°��ÎµÅ��ª́��nµ�µ¦�¼Ã� º̈�Â��oª¥Á�¦ºÉ°�Á�¥̧�̧�¸É�ªµ¤¥µª� º̈É��548 �µÃ�Á¤�¦

1.10.2.5 �´��¹��nµ�µ¦�¼�� º̈�Â��(A) �¸É°nµ�Å�o
1.10.2.6 �µ��´Ê��Îµ�nµ�µ¦�¼�� º̈�Â�� (A) �¸É°nµ��nµÅ�o�¸Ê� Å��Îµ�ª�®µ�ªµ¤Á�o¤�o�

�°��´¨Á¢°¦rÅ�°°�Å��rÄ��ª́°¥nµ��n°Å�
1.10.2.7 Á�¦̧¥¤�Blank�Ã�¥Ä�oµ¦¨³¨µ¥�¼�� º̈��0.04 Ã¤¨µ¦r��°��TCM��Îµ�ª��10

¤·¨ ·̈ ·̈�¦�Â öªª·Á�¦µ³®r�oª¥ª·�¸�µ¦Á�n�Á�¥̧ª�´���́�´ª°¥nµ���´��¹��nµ�µ¦�¼�� º̈�Â��(AO)

1.11 �µ¦�Îµ�ª�
1.11.1 �Îµ�ª�®µ�¦·¤µ�¦°µ�µ«�¸ÉÁ�È�Å�o

�µ�¤�µ¦
V =   F1 + F2   x   tS  x  10-3

2
Á¤ºÉ° V =     �¦·¤µ�¦°µ�µ«�( ·̈�¦) �´Ê�®¤��¸ÉÁ�È��ª́°¥nµ�
          F1 Â¨³�F2 =     �nµ°́�¦µ�µ¦Å®¨�°�°µ�µ«�n°�Â¨³®΅��µ¦Á�È��ª́°¥nµ��(¤·¨ ·̈ ·̈�¦/�µ�)̧

tS =     ¦³¥³Áª¨µ�(�µ�)̧ �¸ÉÁ�È��´ª°¥nµ�
10-3 =     �´ªÁ¨��¸Ä�oÁ�¨̧É¥�®�nª¥�µ��¤·̈ ·̈ ·̈�¦�Á�}�� ·̈�¦

1.11.2 Á�¨̧É¥��¦·¤µ�¦°µ�µ«�´Ê�®¤��¸ÉÁ�È��´ª°¥nµ�Ä®oÁ�}��¦·¤µ�¦�¸É�STP
�µ�¤�µ¦

VS  = PV    x     298 K
          (t - 273) K  1,013.25 ¤·¨ ·̈�µ¦r

Ã�¥�¸É VS = �¦·¤µ�¦°µ�µ«�( ·̈�¦) �¸É�STP (25 °�«µÁ�¨Á�¥̧, 1,013.25 ¤·¨ ·̈�µ¦r)
P = �ªµ¤�´��¦¦¥µ�µ«�(¤·̈ ·̈�µ¦r, mb) ��³�Îµ�µ¦Á�È��´ª°¥nµ�
V = �¦·¤µ�¦°µ�µ«�¸ÉÁ�È��´Ê�®¤��( ·̈�¦)
t = °»�®£¼¤·�(°�«µÁ�¨Á�¥̧) ��³Á�È��´ª°¥nµ�
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1.11.3 �Îµ�ª�®µ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��rÄ��ª́°¥nµ��Ä�®�nª¥
Å¤Ã�¦�¦́¤/ ¼̈��µ«�rÁ¤�¦
�µ�¤�µ¦

Å¤Ã�¦�¦́¤�SO2 / ¼̈��µ«�rÁ¤�¦  =    ( A � AO )( 103 )( BS )  x  D
     VS

Ã�¥�¸É A = �nµ�µ¦�¼�� º̈�Â��°��´ª°¥nµ��¸Éª́�Å�o
AO = �nµ�µ¦�¼�� º̈�Â��°��Blank �¸Éª́�Å�o

BS = nª��΅��°��Slope �°��¦µ¢¤µ�¦�µ��= 







slope

1

D = �nµ�Dilution Facter (D = 1 Îµ®¦́��´ª°¥nµ��¸ÉÁ�È��30 � 60 �µ�¸, D = 10
Îµ®¦́��ª́°¥nµ��¸ÉÁ�È��24 �´ÉªÃ¤�)

103 = �´ªÁ¨��¸ÉÄ�oÁ�¨̧É¥�®�nª¥�µ���n° ·̈�¦�Á�}���n° ¼̈��µ«�rÁ¤�¦

1.11.4 �Îµ�ª�®µ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��r�Ä�®�nª¥�¡¸¡¸Á°È¤�(ppm)
�µ�¤�µ¦

¡¸¡¸Á°È¤��SO2 =      (Å¤Ã�¦�¦́¤�SO2  / ¼̈��µ«�rÁ¤�¦)  x  (3.82 x 10-4)



171

�.2 �¨�µ¦�¦ª�ª�́�¦·¤µ��pµ��́¨Á¢°¦rÅ�°°�Å��r
�¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��r�µ��µ¦�¦ª�ª́��oª¥ª·�¡̧µ¦µÃ¦�µ�·¨̧�� Å�o�Îµ�µ¦Á�È��ª́°¥nµ��pµ�

�´̈ Á¢°¦rÅ�°°�Å��r�Ã�¥¤̧¦µ¥¨³Á°̧¥��°��µ¦�¦ª�ª́��´��¸Ê

�µ¦µ��¸É���2.1 Â���nµ�µ��µ¦Á�È��ª́°¥nµ�Ä�¡ºÊ��¸É«¹�¬µ�pµ��´̈ Á¢°¦rÅ�°°�Å��r

¡µ¦µ¤·Á�°¦r �nµ�µ¦�¦ª�ª́�
Á�È��n°Á�ºÉ°� 24 �´ÉªÃ¤�
°́�¦µ�µ¦Å®¨�n°�Á�È�, (F1) 185 ¤·¨ ·̈ ·̈�¦�n°�µ�¸
°́�¦µ�µ¦Å®¨®΅�Á�È�, (F2) 183 ¤·¨ ·̈ ·̈�¦�n°�µ�¸
°»�®£¼¤·Á�¨̧É¥��³Á�È�, (t) 27 °�«µÁ�¨Á�¥̧
�ªµ¤�´���³Á�È��´ª°¥nµ�, (P) 1,005 ¤·¨ ·̈�µ¦r

�µ¦µ��¸É � 2.2  Â���nµ�¸ÉÄ�oÄ��µ¦�Îµ�ª�®µ�¦·¤µ��´̈ Á¢°¦rÅ�°°�Å��rÄ� µ¦¨³¨µ¥ �´̈ Å¢�r-
�¸�Á̧°È¤

¡µ¦µ¤·Á�°¦r �nµ�µ¦�¦ª�ª́�
�¦·¤µ�¦�0.01 N�Ã�Á�¸¥¤Å�Ã°�´̈ Á¢���¸ÉÄ�oÄ��µ¦Å�Á�¦��ª��A , (A) 45.93 ¤·¨ ·̈ ·̈�¦
�¦·¤µ�¦�0.01 N�Ã�Á�¸¥¤Å�Ã°�´̈ Á¢���¸ÉÄ�oÄ��µ¦Å�Á�¦��ª��B , (B) 16.13 ¤·¨ ·̈ ·̈�¦
�ªµ¤Á�o¤�o��°�Ã�Á�¥̧¤Å�Ã°�´¨Á¢� (N) 0.01 �°¦r¤́¨

�µ���Å¤Ã�¦�¦́¤SO2 /¤·̈ ·̈ ·̈�¦.Ä�µ¦¨³¨µ¥�´̈ Å¢�r-��̧¸Á°È¤�= (A - B)(N)(32,000) x 0.02

  = (45.93 -16.13)(0.01)(32,000)(0.02)

  = 7.6288

�µ��¤�µ¦
Å¤Ã�¦�¦́¤�SO2 =        Å¤Ã�¦�¦́¤�SO2 / ¤·̈ ·̈ ·̈�¦         X �������¤·¨ ·̈ ·̈�¦�°�µ¦¨³¨µ¥

�����Ä�µ¦¨³¨µ¥�´̈ Å¢�r�- ��̧¸Á°È¤ ���´¨Å¢�r�- ��̧Á̧°È¤��¸ÉÁ�·¤¨�Å�

µ¤µ¦�¦»��nµÅ¤Ã�¦�¦́¤�°��´̈ Á¢°¦rÅ�°°�Å��rÁ�}��µ¦µ�Å�o��´��µ¦µ��¸É���2.3

25

25
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�µ¦µ��¸É���2.3 Â���nµÅ¤Ã�¦�¦́¤�°��´¨Á¢°¦rÅ�°°�Å��r

�ª�Ä��¸É Å¤Ã�¦�¦́¤�SO2 / ¤·̈ ·̈ ·̈�¦
Ä�µ¦¨³¨µ¥�́¨Å¢�r�- ��̧̧Á°È¤

¤·¨ ·̈ ·̈�¦��°�µ¦¨³¨µ¥�́¨Å¢�r�-
�¸�̧Á°È¤��¸ÉÁ�·¤¨�Å�

Å¤Ã�¦�¦́¤�SO2

1 7.6288 0.0 0.0000
2 7.6288 0.5 3.8144
3 7.6288 1.0 7.6288
4 7.6288 2.0 15.2576
5 7.6288 3.0 22.8864
6 7.6288 4.0 30.5152

Â öª�Îµ�nµ�¸ÉÅ�o�¸Ê¤µ¡ È̈°��¦µ¢�Å�o�´�¦¼��¸É���2.1

¦¼��¸É���2.1 �¦µ¢Â���ªµ¤́¤¡´��r¦³®ªnµ��nµ�µ¦�¼�� º̈�Â�Â¨³�nµ�ªµ¤Á�o¤�o��°�
�´̈ Á¢°¦rÅ�°°�Å��r

�´��´Ê���µ��¦µ¢�¹�Å�o�nµnª��΅��°��Slope Á�nµ��́�34.2086

y = 0.0292x + 0.0833

R2 = 0.997
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�µ¦µ��¸É���2.4 Â���nµ�µ��µ¦ª·Á�¦µ³®r�ª́°¥nµ�Ä�®o°���·�´�·�µ¦�Ã�¥�Spectrophotometer
�¸É�ªµ¤¥µª� º̈É��¸É�548 �µÃ�Á¤�¦

¡µ¦µ¤·Á�°¦r �nµ�µ¦�¼�� º̈�Â�
�nµ�µ¦�¼�� º̈�Â��°��Blank (AO) 0.0950
�nµ�µ¦�¼�� º̈�Â��°��´ª°¥nµ��(A) ª́��¸É17 �.�.2547 0.1090
�nµ�µ¦�¼�� º̈�Â��°��´ª°¥nµ��(A) ª́��¸É�18 �.�.2547 0.1152
�nµ�µ¦�¼�� º̈�Â��°��´ª°¥nµ��(A) ª́��¸É�19 �.�.2547 0.1187

�Îµ�nµ�µ¦�¦ª�ª�́�µ��µ¦µ��̧É �� 2.1 Â¨³�µ¦µ��̧É � 2.4 ¤µ�Îµ�µ¦�Îµ�ª�®µ�¦·¤µ�
�pµ��́¨Á¢°¦rÅ�°°�Å��r Å�o��́�¸Ê

(1) �¦·¤µ�¦°µ�µ«�¸ÉÁ�È��´Ê�®¤��(¤�µ¦�¸É�3.5)
V =   F1 + F2   x   tS  x  10-3

2
   =  185 + 183 x  (24 x 60) x 10-3

  2
   =  264.96  ·̈�¦

(2) Á�¨̧É¥��¦·¤µ�¦°µ�µ«�´Ê�®¤��¸ÉÁ�È��´ª°¥nµ�Á�}��¦·¤µ�¦�¸É�STP
(�µ�¤�µ¦�¸É�3.6)

VS  = PV    x     298 K
          (t + 273) K   1,013.25 ¤·¨ ·̈�µ¦r
     = 1,005 x 264.96   x         298

(27 + 273)             1,013.25
     =   258.47  ·̈�¦
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(3) �Îµ�ª�®µ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��rÄ��ª́°¥nµ�
(�µ�¤�µ¦�¸É�3.7) ¥��´ª°¥nµ��µ¦�Îµ�ª��°�ª́��¸É�17 �´�ªµ�¤�2547

Å¤Ã�¦�¦́¤�SO2 / ¼̈��µ«�rÁ¤�¦ =    ( A � AO )( 103 )( BS )  x  D 
     VS

=  (0.1090 - 0.0950)( 103 )( 34.2086) x 10
258.47

=  18.8970 Å¤Ã�¦�¦́¤�/ ¼̈��µ«�rÁ¤�¦

(4) �Îµ�ª�®µ�ªµ¤Á�o¤�o��°��´̈ Á¢°¦rÅ�°°�Å��r� Ä�®�nª¥� ¡¸¡¸�¸� (ppb)
®¦º°nª�Ä�¡�́ öµ�nª� �µ�¤�µ¦

¡¸¡¸��̧�SO2 =      (Å¤Ã�¦�¦́¤�SO2  / ¼̈��µ«�rÁ¤�¦)  x  (3.82 x 10-1)
= 18.8970 x  (3.82 x 10-1)
= 7.0781

�µ¦µ��¸É���2.5 �¨�µ¦�¦ª�ª́��pµ��´̈ Á¢°¦rÅ�°°�Å��rÄ�¡ºÊ��¸É«¹�¬µ

ª́��¸É �¦·¤µ��pµ��´̈ Á¢°¦rÅ�°°�Å��r(ppb)
18-Dec-03 7.0781
19-Dec-03 10.2127
20-Dec-03 11.9822
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�.1 �µ¦�Îµ�ª�Á�°¦rÁ���r�µ¦�´��¦n°�
Á�}��´ª°¥nµ��°��µ¦�Îµ�ª�®µÁ�°¦rÁ���r�µ¦�´��¦n°� �µ��nµ�¸ÉÅ�o�Îµ�µ¦�¦ª�ª́��¦·¤µ�

�pµ��´̈ Á¢°¦rÅ�°°�Å��r�¸ÉÁ�·��¹Ê� Ä��µ�°¥»�¥µ¤¦��Ã¨� Á�nµ��́ 9.7577 nª�Ä�¡�́ öµ�nª� Ã�¥
¦³¥³Áª¨µ�µ¦��́�µ� 9 ª́� �µ��o°¤¼¨�¸Êµ¤µ¦��Îµ¤µ�Îµ�ª�®µÁ�°¦rÁ�È��r�µ¦��́�¦n°��¸ÉÁ�·��¹Ê�
Å�o�¨�µ¦�Îµ�ª���́�¸Ê

1) °·�Á�nµ
�µ�¤�µ¦ C.R. = (2.798 x 10-3) + [ (9.419 x 10-5) C ] + [ (2.973 x 10-3) T ]  �.(4.4)

Á¤ºÉ° C.R. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r

Á¤ºÉ°Â���nµÄ�¤�µ¦�³Å�o
C.R. = (2.798 x 10-3) + [ (9.419 x 10-5) (9.7577 x 10-3) ] + [ (2.973 x 10-3) (

7

9 ) ]
= 0.006621 Á�°¦rÁ���r

�´É��º°°·�Á�nµ¤̧°́�¦µ�µ¦�´��¦n°� 6.6210 x 10-3 Á�°¦rÁ���r

2) °·��{��»�´�
�µ�¤�µ¦      C.R. = (3.238 x 10-3) + [ (2.055 x 10-5) C ] + [ (4.427 x 10-4) T ]  �.(4.5)

Á¤ºÉ° C.R. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r

Á¤ºÉ°Â���nµÄ�¤�µ¦�³Å�o
C.R. = (3.238 x 10-3) + [ (2.055 x 10-5) (9.7577 x 10-3) ] + [ (4.427 x 10-4) (

7

9 ) ]
= 0.003807

�´É��º°°·��{��»��́¤̧°́�¦µ�µ¦�´��¦n°� 3.8070 x 10-3 Á�°¦rÁ���r
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3) �¼��{��Á�nµ
�µ�¤�µ¦      C.R. = (1.080 x 10-3) + [ (7.720 x 10-4) C ] + [ (5.590 x 10-2) T ]   �.(4.6)

Á¤ºÉ° C.R. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r

Á¤ºÉ°Â���nµÄ�¤�µ¦�³Å�o
C.R. = (1.080 x 10-2) + [ (7.720 x 10-4) (9.7577 x 10-3) ] + [ (5.590 x 10-2) (

7

9 ) ]
= 0.061078

�´É��º°�¼��{��Á�nµ¤̧°́�¦µ�µ¦�´��¦n°� 6.1078 x 10-2 Á�°¦rÁ���r

4) �¼��{���{��»�´�
�µ�¤�µ¦      C.R. = (6.501 x 10-4) + [ (5.059 x 10-4) C ] + [ (2.205 x 10-2) T ]  �.(4.7)

Á¤ºÉ° C.R. = °́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
C = �ªµ¤Á�o¤�o��°��pµ��´̈ Á¢°¦rÅ�°°�Å��r, nª�Ä� öµ�nª�
T = Áª¨µ, ́��µ®r

Á¤ºÉ°Â���nµÄ�¤�µ¦�³Å�o
C.R. = (6.501 x 10-3) + [ (5.059 x 10-4) (9.7577 x 10-3) ] + [ (2.205 x 10-2) (

7

9 ) ]
= 0.021854

�´É��º°�¼��{���{��»��́¤̧°́�¦µ�µ¦�´��¦n°� 2.1854 x 10-2  Á�°¦rÁ���r
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�.2 �µ¦�Îµ�ª��ªµ¤ ¹̈��°��µ¦�´��¦n°�

(1) ¼�¦�Îµ�ª��ªµ¤ ¹̈��°��µ¦��́�¦n°��¸ÉÁ�·��¹Ê� µ¤µ¦�Â��ª·�¸�µ¦�Îµ�ª�Å�o�´��¸Ê

Ä��¦��̧¸Éª́��»�¸É��¨°�¤̧Á�ºÊ°Á�¥̧ª Â¨³¤̧¦¼��¦�Á�}� ¼̈��µ«�r
�·�Á�¥̧��µ�¡ºÊ��¸É�·ª́¤�́ = 2.5 x 2.5 x 5 = 31.25 �µ¦µ�Á���·Á¤�¦
�´��´Ê� ¡ºÊ��¸É́¤�́ 31.25 �µ¦µ�Á���·Á¤�¦ Á�·��µ¦��́�¦n°� C.T. Á�°¦rÁ���r
�oµ ¡ºÊ��¸É́¤�́ A.E.   �µ¦µ�Á���·Á¤�¦ �³��́�¦n°� = C.T. x  A.E. Á�°¦rÁ���r

   31.25 x 100

�³Å�oÁ�°¦rÁ���r�µ¦�´��¦n°�Á�¥̧���́¡ºÊ��¸É́¤�́ A.E.   (C.T(A.E))

Ä®o�ªµ¤®�µÂ�n� Á�nµ�´� D �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦
�´É��º° ª́�»�¦·¤µ�¦ 1 ¼̈��µ«�rÁ���·Á¤�¦ ¤̧�ÊÎµ®��́ D �¦́¤
�oµ ª́�»¤̧�¦·¤µ�¦ V(ª́�») ¼̈��µ«�rÁ���·Á¤�¦¤̧�ÊÎµ®��́ D x V(ª́�») �¦́¤

Á¤ºÉ°Á�·��µ¦��́�¦n°��³¤̧�ÊÎµ®�´�®µ¥Å� = D x V(ª́�») x C.T(A.E) �¦́¤
100

�´��´Ê�®΅��µ¦�´��¦n°��³¤̧�¦·¤µ�¦®µ¥Å� V(��́�¦n°�) ¼̈��µ«�rÁ���·Á¤�¦
�µ� D  =  m / v
Á¤ºÉ°Â���nµ �³Å�o D  = D x V(ª́�») x C.T(A.E)

          V(�´��¦n°�) x 100

�´É��º° V(��́�¦n°�) = V(ª́�») x C.T(A.E)

     100

C.T(A.E) = C.T. x  A.E.     Á�°¦rÁ���r
31.25 x 100
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�µ� �¦·¤µ�¦ ( ¼̈��µ«�rÁ���·Á¤�¦) = ¡ºÊ��¸É (�µ¦µ�Á���·Á¤�¦) x �ªµ¤¼� (Á���·Á¤�¦)

�´��´Ê� �ªµ¤ ¹̈��°��µ¦��́�¦n°� (D.C.) =  V(ª́�») x C.T(A.E)

          A.E. x 100

Á¤ºÉ° D.C. �º° �ªµ¤ ¹̈��°��µ¦��́�¦n°�, Á���·Á¤�¦
A.E. �º° ¡ºÊ��¸É�·ª�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r, �µ¦µ�Á���·Á¤�¦
V(ª́�») �º° �¦·¤µ�¦�°�ª́�», ¼̈��µ«�rÁ���·Á¤�¦
C.T(A.E) �º° Á�°¦rÁ���r°́�¦µ�µ¦�´��¦n°�Á�¥̧���́¡ºÊ��¸É́¤�́ A.E., Á�°¦rÁ���r

Ã�¥�Îµ�ª��µ�  C.T(A.E)   = C.T. x  A.E.
31.25 x 100

C.T. �º° °́�¦µ�µ¦��́�¦n°�Á�·¤, Á�°¦rÁ���r

D.C. =        V(ª´�») x C.T(A.E)

A.E. x 100
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(2) �´ª°¥nµ��µ¦�Îµ�ª��ªµ¤ ¹̈��°��µ¦��́�¦n°�
Á�}��´ª°¥nµ��°��µ¦�Îµ�ª�®µ�ªµ¤ ¹̈��¸É�¼��´��¦n°�Å� Ã�¥�Îµ�ª��n°�µ��nµ�¸ÉÅ�o�Îµ�µ¦

�Îµ�ª�Ä�£µ���ª� �.1 Ã�¥¤¤�·Ä®o ¡ºÊ��¸É�·ª�°�ª́�»́¤�́�´��pµ��´̈ Á¢°¦rÅ�°°�Å��r Á�nµ�´� 100
�µ¦µ�Á¤�¦ ®¦º° 1,000,000 �µ¦µ�Á���·Á¤�¦ �µ��o°¤¼¨�¸Êµ¤µ¦��Îµ¤µ�Îµ�ª�®µ�ªµ¤ ¹̈��°�
�µ¦�´��¦n°��¸ÉÁ�·��¹Ê� Å�o�¨�µ¦ �Îµ�ª���́�¸Ê

�µ�¤�µ¦ D.C.       =
D

1  x 
100

..1 RCx  x 
..

1

EA

Á¤ºÉ° D.C. �º° �ªµ¤ ¹̈��°��µ¦��́�¦n°�, Á���·Á¤�¦
A.E. �º° ¡ºÊ��¸É�·ª�¸É́¤�́�pµ��´̈ Á¢°¦rÅ�°°�Å��r, �µ¦µ�Á���·Á¤�¦
C.R. �º° Á�°¦rÁ���r°́�¦µ�µ¦�´��¦n°�, Á�°¦rÁ���r
D �º° �ªµ¤®�µÂ�n��°�ª́�», �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦

1) °·�Á�nµ
Á¤ºÉ° °·�Á�nµ ¤̧�ªµ¤®�µÂ�n� = 2.1 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦ Â¨³ C.R. = 0.006621 Á�°¦rÁ���r
Â���nµÄ�¤�µ¦Å�o D.C.     =  

1.2

1  x 
100

006621.01 x  x 
610

1

= 3.153 x 10-11  Á���·Á¤�¦
�´É��º°¡ºÊ��¸É�·ª�°�°·�Á�nµ�³�¼���́�¦n°� ®¦º°�¼��Îµ¨µ¥¨�Å� 3.153 x 10-11  Á���·Á¤�¦

2) °·��{��»�´�
Á¤ºÉ° °·�Á�nµ ¤̧�ªµ¤®�µÂ�n� = 1.8 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦ Â¨³ C.R. = 0.003807 Á�°¦rÁ���r
Â���nµÄ�¤�µ¦Å�o
Â���nµÄ�¤�µ¦Å�o D.C.     =  

8.1

1  x 
100

003807.01 x  x 
610

1

= 2.1152 x 10-11 Á���·Á¤�¦
�´É��º°¡ºÊ��¸É�·ª�°�°·�Á�nµ�³�¼���́�¦n°� ®¦º°�¼��Îµ¨µ¥¨�Å� 2.1152 x 10-11 Á���·Á¤�¦
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3) �¼��{��Á�nµ
Á¤ºÉ° °·�Á�nµ ¤̧�ªµ¤®�µÂ�n� = 1.9 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦ Â¨³ C.R. = 0.061078 Á�°¦rÁ���r
Â���nµÄ�¤�µ¦Å�o D.C.     =  

9.1

1  x 
100

061078.01 x  x 
610

1

= 3.2146 x 10-10 Á���·Á¤�¦
�´É��º°¡ºÊ��¸É�·ª�°�°·�Á�nµ�³�¼���́�¦n°� ®¦º°�¼��Îµ¨µ¥¨�Å� 3.2146 x 10-10 Á���·Á¤�¦

4) �¼��{���{��»�´�
Á¤ºÉ° °·�Á�nµ ¤̧�ªµ¤®�µÂ�n� = 2.0 �¦́¤�n° ¼̈��µ«�rÁ���·Á¤�¦ Â¨³ C.R. = 0.021854 Á�°¦rÁ���r
Â���nµÄ�¤�µ¦Å�o D.C.     =  

0.2

1  x 
100

021854.01 x  x 
610

1

= 1.0927 x 10-10 Á���·Á¤�¦
�´É��º°¡ºÊ��¸É�·ª�°�°·�Á�nµ�³�¼���́�¦n°� ®¦º°�¼��Îµ¨µ¥¨�Å� 1.0927 x 10-10 Á���·Á¤�¦



�¦³ª´�·�¼oÁ�̧¥�ª·�¥µ�·¡��r

�µ�µª ¡´�¦rªÅ¨ ¡�¬r¡µ�·�   Á�·�Á¤ºÉ°ª́��¸É 23 ¤̧�µ�¤ ¡.«.2521  �¸É�´�®ª́��°�Â�n�
���µ¦«¹�¬µ¦³��́�¦·��µ��́�·� µ�µª·�µª·�¥µ«µ�¦r·É�Âª� ö°¤ ��³ª·�¥µ«µ�¦r
¤®µª·�¥µ΅¥¦µ¤�ÎµÂ®� Á¤ºÉ°�e�µ¦«¹�¬µ 2544  Â¨³Á�oµ«¹�¬µ�n°¦³�´��¦·��µ¤®µ��́�·�
®΅�¼�¦®µ�µª·�µª·�¥µ«µ�¦r·É�Âª� ö°¤ ��³��́�·�ª·�¥µ΅¥ �»̄ µ¨��¦�r¤®µª·�¥µ΅¥
Ä��e�µ¦«¹�¬µ 2545
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