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Ȑ1ȏ ȫɢ 

 

1-1� ßǁʇɶƠB%+VȪȵB;"= 

� ɹļ�ʸŹȻȤǡ÷�QǤĎ¹Ã�ĄĐŰȼaʕɓŔ'ʿMV¢�ĄąZʒ´NVɶƠ

CT�ª!VĄąZ¹Ã/;;ÐǧNVɶƠIaɱŪ'ɻTW="V�5aŜƮa�;?

/=Ȫȵ'Ť,TW="V� 

� ĄĐZȵƷÞNVǴǯ>ƝĈKW�ĄBN(ɸMWV³ǝZȪȵ³ǝ?"#(Ʀǜ� 2007)��

ȪȵE�Ą<)U 8+>A)�ĄĐǬĥaʢʤQ®ʟąaɏɔA@Bǆ)ʡY:=%U�

N(ɸkBSVƋƧǝQȵŹŚËaɐȤBÙ$=�ǬĥɊQʪɁaŞÑ�ɃƛɃA@aƋ

ǧŏǥǝaďÙ�ĄĐ¶ʸʢƩ�ǤĎɨɂɲǉA@aĔʱǯÛƕ'ƌŉKW="V(�g�

�þɶŝɌŖċɟ!*UL�?� 2009)��  

ăČÕǦǝaȈYT�ˀYTȑPȪȵ³ǝ?õMƋƧǝɫƏ>E!V'�ĄĐ¢>a¾

(Q³ǝBĬNVÛƕ'ǫAV�ȪȵżǧaǞŐ?/=E�ƂËɖŔȎȠ'ďĖNV-?

>!V�M7�h�j�n���o���nȑaƂËɖŔǔȠÞôǝ'Ĕ"7OËɖ'ʀ

"�5a7OȪȵBøMWVȎȠEűÊ'ʀ)�žƌBŊ³ǝBùïKWV×ô'ʿ"�

�Ż�YTʵEȎȠøƋǡ'ơO=±)�£AƣŚǝɬ>!Vo���n��h{�Eʬ

ËɖŔ>�C;�C/N ư'ʿ"7O³ǝ'ȎȠʹʻBʥVČôP!V(ßǁʇɶŲʎ� 1994)� 

ßǁʇɶƠ>EńÎ�Ȫȵǧa��g'£²>!:7'�5aŊ�ƛǝ³ǝaĖŶ>!

Veq|hk�o�s�_ZŞÑNVa��gʖǥȇa�^b�u'Ɔì/=":7(Ʀǜ�

2007)�M7êĊȵaɐĠǯŇ×ēBP�ec�l?":7ƇɕȪȵEec�l��y?

/=ƋöBAU�ɶƐƇɕaŅŚ?/=aŇ×Pƕ7/="V�ąćÏaȪȵĮÂǟƹE�

áÜůĽȔÅ'ƉPĔ)ÃʇʱȊa 32 %ZæO�ƨ">ȧɭůĽ 26 %��ĵůĽ 17 %�

ȍǷůĽ 8 %?Ȧ"="V�ȪȵaƝĈŅŘÏa×ôE�Ŋ³Ȫȵ 65.4 %�®ʟȪȵ 25.5 %

?A:="V(ɶƔƳǦǶ� 2009)��  



5 
 

1-2� ǺȌǴǯ 

� Óɼa?%U�ȪȵEĄĐǝǣŔQÞĞŔZŰȼ/�M7³ǝaǬĥŞÑBħ¡NVȑ

ĔŻʱBY7VƧȷBS:=�³ǝïʗaďĖBɩǠ/="V� 

5->ƎǺȌ>E�ßǁʇ>PǥǦ'ǲ[Ar^j�ZƝĈ/�ïʗaɕǕCT8+>

A)�ïȋǝaɣŚË(Åʎüɬ)aËƓQƝĈÓŊaĄĐËƓZɿ/=�Ȫȵ'r^j�Ɲ

ĈB¡$VņʲZȩôǯBƟɛ/�M7Ȫȵaȇʵ%SHÐǧƻaʉ"BSVÛƕaĶǫ

ZƟɛNV-?ZǴǯ?/7� 
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Ȑ 2 ȏ ɝŹ?Żƻ 

 

2-1� ĢʽăČB;"= 

ĺľǩǦĖĞÅșĨăČaȒƍǎųŦËăČZĢʽăČ?/��v�ŻƜƻBÒ:=�

�aĂaS#B 9 ;aàZʏȯ/7� 

 

 

Ă 1.� ăČʏȯĂ 

 

7ĬǙà˂"OWaȪȵPƝĈ/A"à˃ 

� �tsà˂ǪʠB�\���tsZƝĈNVà˃ 

� a��gà˂ǪʠBa��gZƝĈNVà˃ 

 

�
����

���

�
�
�

���

	����

���

	����

�
����

��

��

	����

�
����

���
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1 àǨ!7UǪʠ 65 cm ʠʧ> 9 ;ǪZÌU�ó 3 ǪO;Ŭȇ�ƝĈƄƌaǫAVr^j

� 3 üȇZƝĈ/7� 

Ɏ 1.� żȵʗ 

� � £ŚË� żȵʗ ŚË�� ȵŹżȵʗ�

 Ǫ � ���

!7U�

�����e� ȎȠ ��� 0�)�54�%�3� �
�
�54�%�3� ���54�

ȿĄʕǘ��� 2	1) (���� 2	1)���54�%�3� 	��54�%�3� ��%(�54�

ǽʓc�� .	1 )���� .	1���54�%�3� %�54�%�3� ��%	%�54�

ȿĄǹǓ�
/41 ����

�31 (����

/41�(���54�%�3�

�31�
���54�%�3�
���54�%�3� ��(�54�

7ßǁʇżȵƥǌSU 

 

 

2-2� µɝȪȵB;"= 

A� �\���ts 

MOÚ˂ʭçȇȾƚŀ¯Ȁ˃ 

� ŌƑa�\���ts?ǫAU�žǥüȇ>ǥȶ'ƀǲ>ą�ʎaɏɔ'ž)�\��

�l�Ûƕ>ʪɁZS)ŞÑNV�a��g?ưɳ/=ȎȠQc�l_�A@aȵŹŚË

'ɦĩ>�M7ǔȠǡ' 10ˆ15 ?±"7OèÛǯ� 

 

B� a��g 

|hk�q^m˂qe^ȇȾƚŀ¯Ȁ˃ 

$[ˀaʖǥȇ>!U�Èǅą>E 5ˆ8 Ɗ�ſBŬȇNV�eq|hk�o�s�_Q

enm}�~�laĨĿZŞÑ/�ɀɆ'ȡ)�N(ɸkŊBĄĐ¢>ËɖKWQN"�

Îƌǥȶ'ƀǲ>�Ë+;'Ĕ"�ăČa EC ½Z±�KPVŒɓ'!VČô�ȵŹEżK

A"� 
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2-3� ȪȵaÐǧŅŘB;"= 

A� ���h��s 

� Ȫȵ³«+¢B³«+NV-?BSVÛƕE�ƛaǥȶB°#ƛłU³ǧ�ą�ʎaǥ

ȶB°#ʺËùï³ǧ?ĄĐɎʱaɏɔ³ǧ'!V�ƛłU³ǧE�ƛȰǮʈBSVŏǥ

ǝaŰý�āȗƣʁaŅŚ?ȘĜʨʗaďĖBSVɿƲ�ɿƳŔa÷�A@�ʺËùï³

ǧE�ĄĐʺË�ǞBǼʓŘȎȠaƳțIaƿ¨ŞÑ�ʆÖʺËaʤë˂ʤč˃A@�ʤ

čB;"=EżɚĄ>?)BÛƕ'Ė("�ĄĐɎʱɏɔ³ǧE�ʶʸaŞÑQąʱIa

ɾÁǡ±�BSVʪɁŞÑA@>!V�(ßǁʇɶŲʎ� 1994) 

� ƎǺȌ>E���h��s?/=ÐǧNV7O�r^j�³«+Zɋ# 10 ŽÓBǪʠB

ȪȵZŬȇ/�r^j�ʠ³Zɋ:7� 

 

B� ÍU¼/ 

� ƎǺȌ>Eȉ���ƌBK/CC:7a��gZƛ¿CTʝ>ÍðU�ǪʠBŷ"=Ɩ

ƬKP7��\���tsE5aMMƖƬKP7� 

 

C� N(ɸk 

� N(ɸkBSVÛƕE�ƋƧǝȻ²BSVǵũǯ³ǧ?ƋƧǝËɖBSVʠũǯ³ǧ'

!V�ǵũǯ³ǧE�ȘĜʨʗaďÙ?³ĄaȺɰÞBSVɿƲ�ɿƳŔa÷�>!V�

/C/ŧƳ'ɇ/) ȼAĄĐ>E�ĄĐaʍ¿Þ(ʓȠ ɯ)Z¸ʄNVČô'!V7OƼ

ŗNV�M7ǝǣŔaŰýEǵ9BÛƕ'ɎWVPa>EA)ʞƌʠBY7V³«+aî

Ŏ'Œɓ?KW="V�ʠũǯ³ǧE�ȎȠA@aȭÛŔʺËaµȤ�ğġȹƞ?ŏǥǝ
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ËƺǝɬaďÙBSVĄĐǝǣŔŰý?5WB°#ǻĄ�ƂȴŔa÷��ğġȹƞaďÙ

BSV¹Ƴ�¹ȵØa÷�A@>!V�(ßǁʇɶŲʎ� 1994) 

ȪȵaN(ɸkaĉƎEs�t��>aȡźŊ���_>N(ɸk���q��Cwn

g>ŵąNV�(Ʀǜ� 2007)� ƎǺȌ>Er^j�Ŭȇ 2 ʃʠÓ�ȉ���ƌBK/CC:

7a��gZƛ¿CTʝ>ÍðU�10~15 cm ȆĿBAVS#ŠÌƧ>ȡź/7��\��

�tsPõƤaÉǣZż/7�ȡź/7ȪȵEʜ>ɲ)N(ɸ[8Ŋ�1 CƊŊB~�yx

�gq�>KTBN(ɸ[8� 

 

 

2-4� µɝ³ǝB;"=� (r^j� 3 üȇ) 

;Qʶ˂qe^ȇȾƚŀ¯Ȁ˃ 

� ƅš>±ǊȵĖŔBN*WV�1 Ɗ�ſˆ3 ƊM(ax�|�ƝĈ�%SHÈǅąa 5 Ɗ

M(BĚʋ�x�|�ƝĈ>Eƛʞ 38 cm�ƛň 8 cm ȆĿ>5X"'S)�nÂUPʅ"

7O�ȁüǡ'ʿ)ĸČŔ'ʿ"�M7�ɄˁǬA@aǬĥBŃ)�ùȵØ'ğġ/="

V7OĄĐʋœŔ'ľ)³UQN"�ʿǊƌaƝĈEǥȶŊâaȵĖZʙTPV7Oʋƌ

M(>ž@UZCT#a'ȼ"� 

 

Ă 2-1.� ;Qʶ� ƥǌƝĈʋƌ 
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ȳǬȩĘU˂qe^ȇȾƚŀ¯Ȁ˃ 

� ȼɬaʯʼȩĘUr^j�a¬öɜ�³UQN)�ǞBnÂU'ʅ"�ȂaʋƌƝĈ>

Eƛʞ 38 cm�ƛň 8 cm ȆĿBAV�ùȵØEưɳǯƀǲ>�ĔȵƝĈQɽȵaʅÛ(E

ɆÜ9QȍƾǭaǮǥB;A'V7O�³ĆBœM7żȵZɋ#� 

 

Ă 2-2.� ȳǬȩĘU� ƥǌƝĈʋƌ 

 

Ȫɴ˂qe^ȇȾƚŀ¯Ȁ˃ 

� ɁÝƀǲ>ȳĪŔBN*W7�ǸOaʯʼȩĘUĆr^j��ȂˆÇ@U>nÂUEʅ

"�ʋƌƝĈ>Eƛʞ 32 cm�ƛň 8.5 cm ȆĿBAU�ĳ<MUEȼĚ�ȂažM(EɆ

Ü9BAUQN"7O�ĉȵZİA)/�ɽȵʕǕ?NV� 

 

Ă 2-3.� Ȫɴ� ƥǌƝĈʋƌ 
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2-5� ɝʽƌʠ 

Ɏ 2.� ³Ơƫ 
 

���h��s� � � � � �

˂;Qʶ˃ 

ÍU¼/� � � � � �

˂ȳǬȩĘU˃ 

N(ɸk 

˂Ȫɴ˃ 

żȵ 2015 ļ 5 Ɗ 8 Ž 2015 ļ 6 Ɗ 19 Ž 2015 ļ 7 Ɗ 26 Ž 

Ů³ ÃȪȵŬȇ a��gÍU¼/ ȪȵN(ɸk 

2015 ļ 5 Ɗ 23 Ž 2015 ļ 7 Ɗ 24 Ž 2015 ļ 7 Ɗ 28 Ž 

(1 ĀǴ�ʜBSVŜ³Ơ) 
  

2015 ļ 8 Ɗ 29 Ž 

(2 ĀǴ�~�yx�gq�) 

Ŭȇ 2015 ļ 6 Ɗ 2 Ž 2015 ļ 7 Ɗ 3 Ž 2015 ļ 8 Ɗ 14 Ž 

ïȋ 2015 ļ 8 Ɗ 7 Ž 2015 ļ 9 Ɗ 29 Ž 2015 ļ 10 Ɗ 27 Ž 

 

 

2-6� ʳǴ?Żƻ 

 

A� ǥȶɕī 

� �ʃʠƯB�óà¢ęǪaʂȦNV 10 ƚar^j�aɁ�Zɗǋ/ɘʛ/7�r^j�

1 ƚ>ƉPʞ"ɆZɁ�?/�şĲZǧ"=ɗǋ/7� 

� ǊĿɘʛ�d��%[@?U� TR-52 BSU�șĨăČaƲǊ?ąǊZǋġ/7� 
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B� r^j�üɬƟƗ 

(1) ēɕüɬƟƗ 

� 3 Ǫa#9¢ęʎ>ƝĈKW7ʂȦNV 10 ƚar^j�Zïȋ/�ēɕüɬƟƗa

k���?/=ǧ"7� 

 

1) ɀƛʞ 

� r^j�aɀʎ�£ƛʎaʞKZķĲ>ɗǋ/7� 

 

2) ƛň 

� £ƛʎaƉPĘ"ʎËZ}fn>ɗǋ/7� 

 

3) Ɇʞ 

� Ng=aɆZM?O�ƉPʞ"Ɇaƛ¿CTɆÀM>aʞKZķĲ>ɗǋ/7� 

 

4) ȩʕʗ 

� ƖƬ/7ɆQɊZɅ?/�Ɇʎ?ɀƛʎBÌUË+7ŊʮěėȅB¤Pɗǋ/7� 

 

5) ɀƛʕ 

� ȩʕʗZɗǋNVʩBÌUË+7ɀƛʎZʮěėȅB¤Pɗǋ/7� 

 

6) Ɇʕ 

� ÀBɗǋ/7ȩʕʗCTɀƛʕZĶ/Ł(Ɇʕ?/7� 



13 
 

 

 

(2) ÅʎüɬƟƗ 

� ēɕüɬƟƗBǧ"7 10 ƚCT 5 ƚZǗ³ǖBʌH�5W6Wɀƛʎa¢őʎË%

%S5 5 cm Z�ǰZÔ"7Ŋ���nstgɑ%X/ʘ>NU%X/7�5a%X/

r^j�ìHƵZÅʎüɬƟƗBǧ"7� 

 

1) ȚĿ 

� � � � %X/r^j�?ūƵZS)Ǉ47Ŋ�ūƵZİʗ(0.3 ml)?U�itxȚĿɗ

(ATAGO ɑ PAL-1)>ǋġ/7� 

 

 

2) ���`}��ǑĿ 

��nstgʊőȔB%X/r^j�ìHūƵ 10 g ZÂW�5-BȝƳ 10 ml

ZǈÙ/ɲ)ťUǇ4ɝŹǄ?/7� 

 

ǮȽŮ³ 

ɝŹǄZ2ml�^g�s���(KUBOTAv���xt��^g�ʊőȔ3500)Zǧ

" 15,000 rpm aʊőËʫŊ�25 µl Zw]n�o�¢B?U��`}��ɝɉ 0.4 ml�

20 %ǔʓzx�_�ǍǄ 2 ml ZǈÙ�30 ËʠʰȯŊ 765 nm aùÁĿZǋġ/7� 

 

ƟʗȬ 

���h�l}��(1,2,5-trihydroxybenzen) 0 , 48.6 , 97.2 , 145.8 , 194.4 , 243ppm

ƥǌǄ>³Ś/7� 
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ɝɉ 

(a) �`}��ɝɉ 

elrÞĞɑq��gġʗǧ�`}��ɝɉ(2 N)ZȝƳ> 2 »Ĺʔ/�1 N ǍǄ?

/7� 

 

(b) ǔʓzx�_�ĹʔǄ 

20 %ǑĿ 

� � � �  

 

3) ƳǍŔ K 

���`}��ǋġBǧ"7ɝŹǄCTʋʗ?U K+j��gx^b���q�

LAQUAtwin B-731 K+ (HORIBA ɑ)>ǋġ/7� 

 

 

4) ƳǍŔ Ca 

���`}��ǋġBǧ"7ɝŹǄCTʋʗ?U Ca2+j��gx^b���q

�LAQUAtwin B-751 Ca2+ (HORIBA ɑ)>ǋġ/7� 

 

 

5) �q�� C˂\nj���ʓ˃ǑĿ 
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��nstgʊőȔB%X/r^j�ìHūƵ 10 g ZÂW�5-B 10%�q�

�ʓ 10 ml ZǈÙ/ɲ)ťUǇ4V�-WZɝŹǄ?NV�ɝŹǄZ 2ml �^g�

s���B?U15,000 rpm>ʊőËʫŊRQ��tgn��n 10(ʡƒÞĞƚŀ¯

Ȁɑ)>\nj���ʓǑĿZǋġ/7�ɝʽȞBE Reflect Quant Ascorbic Acid 

Test Zǧ"7� 

 
 

C� ĢʽăČa³ĄĴB%+VĄĐÞĞŔađÞ 

(1) ƝĈÓĄĐ 

� �g��ŀŨĄÿZǧ"=óà 5 ȓś(úɷ 4 ȓś�¢ę 1 ȓś)CT�ǆK 20cm M

>aĄĐZŨð�Ũð/7ĄĐZȳǚx�^Bľ, 508a¦ǛƧ¢> 1 ʃʠ¦ǛKP

ʶ¦ĄB/7Ŋ�2 mm a��^ZɿʆKP7� 

� �aĄĐËƓEÃ=�ŽƎĄĐȵŹĞ¯ǳº�ĄĐǤĎËƓƻ (åíȀ� 1997)B

ǌţ/=ɋ:7� 

 

1) ĄĐ pH(H2O)˄d�nʮơƻ 

��nstgʊőȔBk���ĄĐ 10 g Z?Uȸ^b�Ƴ 25 ml ZǈÙ/7�

30 Ëʠť?#Ŋ�ä�Ć pH ��q�LAQUA F-72L (HORIBA ɑ)>ǋġ/7� 

 

 

2) ĄĐ pH(KCl)˄d�nʮơƻ 

��nstgʊőȔBk���ĄĐ 10 g Z?U 1N KCl 25 ml ZǈÙ/7�30

Ëʠť?#Ŋ�ä�Ć pH ��q�LAQUA F-72L (HORIBA ɑ)>ǋġ/7� 
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3) ĄĐ EC˄ƳǂÊƻ 

��nstgʊőȔBk���ĄĐ 6 g Z?Uȸ^b�Ƴ 30 ml ZǈÙ/7�1

Ƅʠť?#Ŋ�ʰȯ/��ʎřǐǄa EC Z EC ��q�(Eutech ɑ Cyber Scan 

CON110 )Zǧ"=ǋġ/7� 

 

 

4) ��ʓùï·Ŵ˄��ʓ\��{_�Ǆƻ 

��nstgʊőȔBk���ĄĐ5 gZ?U��ʓùïéǄ10 mlZǈÙ/7�

1 Ƅʠť?#Ŋ 1 Žʰȯ/7��ǏkǄCT 2 ml Z�^g�s���B?U 15000 

rpm >ʊőËʫ/7��^g�s���CT 1 ml ZÏa��nstgʊőȔB?

U�ȸ^b�Ƴ 49 ml ZËƼÿCTǈÙ/ 50 »ĹʔǄZ³:7� 

 

ǮȽŮ³ 

50 »ĹʔǄCT 0.6 ml Zw]n�o�¢B?U��zy���w�ʓ 4 »ĹʔǄ 2.4 

ml ZǈÙ/�30 ËʠʰȯŊ�440 nm aùÁĿZǋġ/7� 

 

ƟʗȬ 

P2O5� 0 , 80 , 160 , 240 , 320 , 400 mg/L ƥǌǄZ KH2PO4>ɡŵ/��ɘ?õƤa

ǮȽŮ³BSUƟʗȬZ³Ś/7� 

 

ɝɉ 
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(a) �zy���w�ʓ 4 »ĹʔǄ 

Ǟȟ�q�zm�ʓ\��{_� 1.35 g ZƸʾƳ 250 ml BǍC/�ģǊM>űÈ

Ŋ�ǞȟǼʓ 250 ml ZÙ$V��Ż�Ǟȟ���w�ʓ\��{_� 25 g ZǚƳ

400 ml BǍC/�ģǊM>űÈŊ�ÓȲaǄBƼ*�KTBȸ^b�ƳZÙ$= 1 

L ?/�ɒȽH[B¹ĝNV�-aǄZ¿B 4 »ĹʔǄZ³Ś/7� 

 

 

5) òȤŘ��ʓ˄Bray No.2 ǌƻ 

��nstgʊőȔBk���ĄĐ 1 g Z?U���^šÊǄ 20 ml ZǈÙ/ 1

ËʠŭŢŊN*BXȞ>Xʆ/7�XǄCT 1 ml Z 50 ml �n��nj¢B?U�

�_ʓǄ20 ml�ǇôǮȽǄ8 mlZǈÙ�ȸ^b�Ƴ> 50 mlBɡŵ/ǮȽKP7� 

 

ǮȽŮ³ 

ǮȽǄZ 30 ËʠʰȯŊ�w]n�o�B?U 710nm aùÁĿZǋġ/7� 

 

ƟʗȬ 

2 ppmP2O5ƥǌǄZ 0 , 1 , 2 , 3 , 4 , 5 ml O; 50 ml �n��nj¢BŨð/�ɝŹ

Ǆ?õƤBǮȽKP7� 

 

ɝɉ 

(a) ǇôǮȽǄ 

Ǟȟ L-\nj���ʓ 1.76 g Zȸ^b�ƳBǍC/ 100 ml B/7�ı-aǍǄE

�ŽÅB´ǧ/7� 
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2.5 M ǽʓ 100 ml B 4.44 %���w�ʓ\��{_�Ǆ 30 ml ZǈÙ�ǇôŊ�

1.76 %\nj���ʓǍǄ 60 ml�0.28 %ʐǹʓ\�s�{�c�_�Ǆ 10 ml Z

ǈÙ�Ǉô/³Ś/7� 

 

(b) ��^ƻšÊǄ 

�tÞ\��{_� 1.11 g ? 1 N čʓ 100 ml Zȸ^b�Ƴ 1 L BǍɖ/=³Ś� 

          

 

6) ©ŪŔʦ^b�ašÊ 

!TCMO��nstgʊőȔaȍaʕKZǋUɘʛ/7�0.05 M ʑʓ\��{

_� 0.0114 M SrCl2ǇǄBG7/=%"7ȨǢ�XȞ���Z���tg˅c��

BɞOʑʓ\��{_� 5 ml ZƼÂ/7�5-Ik���ĄĐ 1 g ZÂWXʆ�5

aŊʑʓ\��{\ 5 ml ƼÂZȥȦ/= 3 Āɋ"�Ȝ 20 ml aʑʓ\��{_�

šÊǄZō7�šÊǄŨðŊa��nstgʊőȔaʕKZP#�Ŀǋġ/�Ũð

/7šÊǄaʕʗZƪǾBƶO7� 

 

©ŪŔ Mg ġʗa7OaǮȽŮ³ 

šÊǄCT 0.5 ml Zw]n�o�¢B?U�Dr.p^� Mg Ɵġɝɉ A Z 1.5 ml ǈ

Ù�ɲ)ťUǇ4�Dr.p^� Mg Ɵġɝɉ B Z 0.5 ml ǈÙŊÆHťUǇ47� 

5 ËʠʰȯŊ 550 nm aùÁĿZǋġ/7� 

 

ƟʗȬ 
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Mg� 5 , 10 , 15 , 20 , 25 ppm ƥǌǄ>³Ś/7�-WTaƥǌǄEéěùÁËƓǧ

Mg ƥǌǄ(1000 ppm)Z 0.05 M ʑʓ\��{_��0.0114 M SrCl2ǇǄ>Ĺʔ/=ɡ

ŵ/7� 

 

 

 

ɝɉ 

(a) 0.05 M ʑʓ\��{_� 0.0114 M SrCl2ǇǄ 

ʑʓ\��{_� 3.85 g�SrCl2�6H2O 3.04 g Zȸ^b�Ƴ 1 L BǍɖ/³Ś/7� 

 

�  

7) K+ǑĿ 

K+j��gx^b���q�LAQUAtwin B-731K+ (HORIBA ɑ)>ǋġ/7�̂

b���q�E 0.05 M ʑʓ\��{_��0.0114 M SrCl2ǍǄBǍɖ/=ɡŵ/

7 150 ppm %SH 2000 ppm K+ƥǌǄZǧ"=ƙƪ/7� 

 

 

8) Ca2+ǑĿ 

Ca2+j��gx^b���q�LAQUAtwin B-751Ca2+ (HORIBA ɑ)>ǋġ/

7�^b���q�E 0.05 M ʑʓ\��{_��0.0114 M SrCl2ǍǄBǍɖ/=

ɡŵ/7 150 ppm %SH 2000 ppm Ca2+ƥǌǄZǧ"=ƙƪ/7� 

 

 

9) CEC ġʗ˄^�y�`}��ƻ 
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k���ĄĐ 1 gZl������d6ƻBS:= 1 Nʑʓ\��{_�ǍǄ 20 

ml�80 %aq}�� 10 ml >ƽǀ/7Ŋ�Ȝ 20 ml a 10 % KCl šÊǄZō7�Ũ

ðÓŊa��nstgʊőȔaʕʗCT�Ũð/7 10 % KCl šÊǄaʕʗZƶO

7�šÊǄCT 0.5 ml Z 50 ml �n��nj¢B?Uȸ^b�ƳZÙ$ 50 ml Bɡ

ŵ(100 »Ĺʔ)/�ɝŹǄ?/7� 

 

ǮȽ³ǧ 

ɝŹǄ 0.5 ml Zw]n�o�¢B?U�^�y�`}��ƻǧȭɍǄ 1.5 ml�k�

s�ʓ�{x���ltyɝɉ 0.5 ml ZǈÙ/�308Bɚġ/7ŕǊÿ¢B 10 Ëʠʰ

ȯ/7�5aŊ�ƨ§čȠʓzx�_�0.2 mlZǈÙ�258�>30 ËʠʰȯŊ660nm

aùÁĿZǋġ/7� 

 

ƟʗȬ 

NH4+� 0 , 1 , 2 , 3 , 4 , 5 ppm ƥǌǄ>³Ś/7� 

 

ɝɉ 

(a) ^�y�`}��ƻǧȭɍǄ 

Na2HPO4 1.42 g�NaOH 1.4 g�ʐǹʓc�_�zx�_� 5.08 g Zȸ^b�ƳB 

Ǎɖ/= 100 ml B/7� 

-a×ô>ŒɓʗaȭɍǄZ³Ś/7� 

 

(b) k�s�ʓ�{x���ltyɝɉ 

k�s�ʓzx�_� 20 g�{x���ltyzx�_� 30 mg Z 100 ml aȸ^

b�ƳBǍɖ/³Ś/7� 
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(c) ƨ§čȠʓzx�_� 

ĸɪaPa(ƋÛčȠ 5.2 %)Z´ǧ/7� 

 

 

 

10) ĄĐƋƧǔȠ˄ºƪƻ 

¥ʚZǧ"=k���ĄĐZS)Ȗǻ/�0.2 mm a��^ZɿʆKP7�--

CT 100 mg Z|mƘ;(ɝʽȔBŨð/7�0.167 M K2CrO7 2 ml�18 M 

H2SO4(Ǒǽʓ) 4 ml ZɝʽȔBÙ$�Vortex �ek�> 10 ȄʠŭŢŊ�1358B

ɡȕ/7��tg��q��> 30 ËʠÙǚ/7� 

űÈŊ�14 ml aȸ^b�ƳZÙ$ĦʗZ 20 ml Bɡŵ/�ǇôŊÆHűÈ/7�

Vortex �ek�>S)ŭŢ/7Ŋ��ǏkǄZ 12000 rpm >ʊőËʫ/7� 

 

ǮȽŮ³ 

�ǏkǄZw]n�o�B?U�625 nm aùÁĿZǋġ/7� 

 

ƟʗȬ 

h�j�n� 0 , 2 , 4 , 6 , 8 , 10 g Zȸ^b�ƳBǍɖ/��n��nj> 100 ml B

ɡŵ/7ǍǄZƥǌǄ?/�--CT 0.1 ml ZŨð/=��ɘ?õƤBǮȽŮ³Zɋ

:7�78/ƉŊBÙ$Vȸ^b�ƳaʗE 13.9 ml ?/7�-WBSU�óɝʽȔB

E 0 , 0.8 , 1.6 , 2.4 , 3.2 , 4.0 mg aǔȠ'ǈÙKW7-?BAV� 

 

ɝɉ 
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(a) 0.167 M K2CrO7 

Ǟȟ K2CrO7 49.03 g Z�n��nj¢> 1 L aȸ^b�ƳBǍɖ/7� 

(b) 18 M H2SO4(Ǒǽʓ) 

 

 

 

11) ÃȎȠ 

300 ml x����c�BŏȖǻ/7k���ĄĐȜ 100 mg ZECUð:7�(-

aʗEĄĐaȎȠøƋʗ'Ȝ 0.3 %aČôaǴğaǖ�ȎȠøƋʗaĔİBSUŨ

ðʗZɡȕ/7�) 

ȸ^b�Ƴ 1 ml >k���ĄĐZǒT/�Ǒǽʓ 4 ml ZǈÙ/Ã²B/k-M

P7�ʆʓÞƳȠ 2 ml ZǈÙ/���c�BƄɗǱ>ɈZ/=�y��x¢a�t

x���x�Bȯ(�ŪƲZ/A'T 30063508>Ùǚ/7�Ȝ 1 ƄʠÙǚŊ�

�c�Z�tx���xCTʣX/=űÈ/7Ŋ�ʆʓÞƳȠ 2 ml ZǈÙ/7�Ƚ

'ǃ$VM>�õMŮ³Z 2 ĀȮUɺ/7�ƉŊBƄɗǱZOT/=ƭ:7ʆʓÞ

ƳȠZS)ʷF/7� 

� -aËɖǄBȸ^b�ƳȜ 50 ml ZǍɖKP7Ŋ�pH ��qZǧ" 2.5 M 

NaOH M7E 2.5 M H2SO4ZǈÙ/= pH 6~7 B¢û/7�¢ûŊaǍǄE

Advantec No.6 ġʗXȞ>Xʆ/�100 ml �n��nj>ñ+=ĦʗZ 100 ml ?

/7� 

 

 

12) C/N ư 

�ɘaŻƻ>P?O7ĄĐƋƧǔȠa½ZÃȎȠa½>ʤ/7� 
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13) NO3-ǑĿ 

� ĄĐ(ʶ¦Ą) 6 g Bȸ^b�Ƴ 30 ml ZǈÙ/ 1 Ƅʠť?#/7�-a�ǏǄZ

NO3-j��gx^b���q�LAQUAtwin B-742 NO3- (HORIBA ɑ)BSV NO3-

ǑĿaǋġBµɝ/7�5aʩo�k�ʎËZĭǧXȞ>¹ɥ/7� 

� ^b���q�aƙƪE�ĭǧa 30 ppm %SH 300 ppm ƥǌǄ(Horiba Model 

Y044 %SH Y042)>ɋ:7� 

 

 

(2) ƝĈŊĄĐ 

�g��ŀŨĄÿZǧ"=�ȪɴƝĈZɋ:7ǪaǪʠCT 6 ȓś�ǆK 20cm M>

aĄĐZŨð�Ũð/7ĄĐZȳǚx�^Bľ, 508¦ǛƧ¢> 1 ʃʠ¦ǛKPʶ¦

ĄB/7� 

� �  

� � ʣŮ³EƝĈÓĄĐ?õM 
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Ȑ 3 ȏ� Ȣƕ?ȱī 

 

3-1� ƝĈƌʠaƲɧaƢɓ 

� ȳǬȩĘUZŬȇ/7 7 Ɗ 3 Ža%%S5 1 ʃʠŊCTŋ�BƲǊ'�Ɓ/�Ž¢ 35ˆ

408«ɹaĒŽ'Ȧ"7��Ŀ 308«ɹM>�':7Paa�8 ƊÎſBÆH��g'ə

W�5WB°"r^j�aȇě'!VąɎ 10 cm ąǕaąǊPŽ¢ 258«ɹZǿ/�M7

ƃĕʠ>ǊĿĶ'Ė("ǟŘ'Ȧ"="7�ƉÎaN(ɸkZɋ:7 7 Ɗ 28 ŽʣP/F

T)ąǊ 258'Ȧ"="7' 8 Ɗ¢ſBEǊĿ'�':="7� 

� ȪɴZŬȇ/7 8 Ɗ 14 ŽBE 308Zɮ$A"ưɳǯǅ/"Žû'Ȧ"="7�M7ą

Ɏ 10 cm ąǕaąǊB%"=P 208ÓŊ>ğġ/�ĒŽ'Ȧ"="7 7 Ɗˆ8 ƊÎſ?ư

ɳ/=ƃĕʠ>aǊĿĶPįK)A:7�8 Ɗ�ſʣEƲǊ�ąǊÄBŋ�B�':=R

(�ȪɴZïȋ/7 10 Ɗ 27 ŽBEŽ¢>P 208��ĕʠEƴǕ�?A:="7�ąǊ

B;"=E 10 cm ąǕ>ƉP±)�40cm ąǕ>ƉPƈC"Ȣƕ?A:7�M7�ǆ)AV

K@ƃĕʠ>aĶPįK)ğġ/="7�-WTa-?CT�ąɎCT 10 cm EƲǊaņ

ʲZñ+QN)�ǆ)AVB;W=ņʲZñ+B))A:="V-?'YCV�



 
� 3-1.� 	� ��� 
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� 3-2.� 	� ��� 



3-2� ZGQy-ƛǥȨƻ 

 

A� &;ɐ 

� &;ɐ,�'�7Ő 22Ň6(.ÑÀȽ(ɎǶ+Č.Ȁ>A+�%"��7Ő 29Ň-ȏ

Ş(.JycNÀ��-À)Ųț�'ǲ~-ƛȺȵ���+%'"� 
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B� ǚȜ 

ǚȜ,�'.ǚǤ-őƌ,=@ǲ~-ɎǶ+ȫ.Ȁ>A+�%"��A.ǚǤD±

?¡�""9�*-À:Î©�¶,ȫ�+�%""9)ǡ�>A@� 
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3-3� ZGQy-ôȂØȗ 

� ��-]{Y-ǖȅƙ,�"%'.�ª'|§ȱǟ¯Ŀ¯Ś) Tukey-Kramer -

HSDťāDƝ"�ǖȅXf^. JMP10DƝ"� 

 

A� &;ɐ 

� ǚǤDueyOnv[)�'µƝ�"íÒ�ZGQy.ĈƎÀ�iFu{j\[À�J

ycNÀ-Ɍ,Ċè¾�'%"�)�>(á 5-1~6)�ZGQy-ƛǥ�ǚǤ,=%'ɀĄ

�A"�)�ǡ�>A@�ƛǥȂĆ-ǔŜ(á 4-1)�>¯�@=�,�ǲ~,�'.À�

)-ČƤ.�6?Ȁ>A+�%"��ǵȺ(á 5-3)�ǵȴ(á 5-6).ĈƎÀɞj\[ÀɞJy

cNÀ-Ɍ,Ƕ��ſċ�'"�ǱšȰ-ƛǥ1-ĚɊ.Ǳšȴ(á 5-5),Ȁ>A@=�

,�ǵȰ=?:�>,Ƕ��%"��-�)�>��,ƛǥĝŒ-ǱšȰ-ǤöDǚǤ�

ɀĄ�":-)ǡ�>A@�ȂĆ�'@)�Ɣ,JycNÀ.JycN-ǲ~�ɓ�%

"�)�>Ňė"?�Ǭù).���ĈƎÀ)Ųț�'ZGQy-ǵ.ǒ���,Ô�

%'�0'"�ŇƎƶ�D¦¨)�""9ǱšȰ-ƛǥ�+��?,�A"�)�ǡ�

>A@�ƛǥȂĆ-ǔŜ(:ŇƎ�β�ƛǥĝŒ,ĚɊ�":-)�@� 
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B� ǢƥǙ÷? 

� ǚǤD±?¡�zŝů� "íÒ,:�ueyOnv[Óũ�ǚǤŢéÀ(ZGQy

�Ċè¾�@¤Ô�7>A"(á 6-1~6)�Ɣ,ǵȰ,&'.j\[À(.ĈƎÀ)Ųț�

'ǵȺ�ư��ǵȴ,Ⱦ�'.JycNÀ(Ċ��+%'"�Ǳšȴ.j\[À(Ċ�

�+%'"�)�>�Ǚȴȵ�j\[zJycNÀ«,�"=�+ǔŜ)+%":-)

ǡ�>A@�JycNÀ,�'JycND±?¡�"-.�ǢƥǙ÷?DĺƼ�" 7Ő 3

Ň�> 21Ňĝ- 7Ő 24Ň(�%"�(ǻ 2)�JycNÀ-ǱšȰ�j\[À=?ö��+

%"-.�ƛǥĝÃŒ,��@©ȭȻ�JycND±?¡�"�),=%'Ė6%"�)

�ÇÝ)�'ǡ�>A@�ĈƎÀ,��@]{Y-/>&��ǚǤŢéÀ)Ųț�'ö�

�%"ǾÝ)�'�ZGQy-³ŒƛǥōŒ(�%" 7Ő�ŉɠ�ŉ, 40 ȠóŇ�Ǘ

'�?�ƦǮ�ƛǥ,/>&��ƛ6A"�)�ǡ�>A@�ĈƎÀ-ä��Ɛ�'

")��ǚǤ.6#±?¡�·(�%""9ǚǤ-ƣȽ-ä.ƃ%'"�!�%"ã

íǼǿ,=@�ƃ¸-Č��/>&�-ƻĒ,ĚɊD���ǚǤÀ(.ZGQy-ƦǮ�

=0³Œƛǥ�Ķ%":-)ǡ�>A@�6"��Ɛŗ��(.ZGQy-šȴ.Ċ���

Ǎ�eYoy C�ɓ�+@(Park>� 1984))�ƳƿǔŜ��?�ĂɃ�ǱšȺ(á 6-1)�

ǵȺ(á6-3))eYoyC(á 9-4)-ɋƪ(ĈƎÀ)ǚǤŢéÀ-Ƚ-őĨČ�+�+%'

"� 
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C� ǚȜ 

� ǚǤD��ȟE#íÒ�ǚǤŢéÀ-ZGQy�õċĊè¾�":--�ueyOn

v[;±?¡�+*��-µƝŷ)Ųț�'!-Č.Ċ��%"(á 7-1~6)�"#���ȟ

7-íÒ:JycNÀ.ǵȴ�Ċ��+@¤Ô��%""9(á 7-6)�JycNDĺƼ�"

íÒ�µƝŷ,��C>��ZGQy-ǵȴ,�>�-ĚɊDÉ4�"�)�ǡ�>A@�

ƛǥȂĆ(ǲ~)-ǔŜ,�'.�ǚǤ,=@ĚɊ.Ȁ>A+�%"(á 4-2)�6"�Jy

cN,&'.�JycNǚǤ-��ȟ7,=@ZGQy-ƛǥ�ȧ»Ŝ.ö��+)

�ƳƿǔŜ:�@(Ƿ�>� 2006)�ŔƳƿ,�'.iFu{j\[,�':Óũ-¤

Ô�Ȍ9>A"� 

 

 � � �  
 

0

5

10

15

20

25

30

35

Ĉ
Ǝ
À

j
\
[
À

J
y
c
N
À

cm
 / 
Š

á7-1. ǚȜ-ǱšȺ

a            ab           b

0

1

2

3

4

5

6

7

8

Ĉ
Ǝ
À

j
\
[
À

J
y
c
N
À

cm
 / 
Š

á7-2. ǚȜ-šě

a            a            a



36 
 

 � � �  

 � � �  
  

0

10

20

30

40

50

60

Ĉ
Ǝ
À

j
\
[
À

J
y
c
N
À

cm
 / 
Š

á7-3. ǚȜ-ǵȺ

a            a            a

0

200

400

600

800

1000

1200

1400

1600

Ĉ
Ǝ
À

j
\
[
À

J
y
c
N
À

g 
/ Š

á7-4. ǚȜ-Ǚȴȵ

a            ab           b

0

200

400

600

800

1000

1200

Ĉ
Ǝ
À

j
\
[
À

J
y
c
N
À

g 
/ Š

á7-5. ǚȜ-Ǳšȴ

a            a            a

0
50

100
150
200
250
300
350
400
450

Ĉ
Ǝ
À

j
\
[
À

J
y
c
N
À

g 
/ Š

á7-6. ǚȜ-ǵȴ

a            a            b



37 
 

3-4� ZGQy-¬ȰØȗ�=0ZGQyȚǨƥƦƛ)-Ⱦ�,&' 

� 3)E*-ǚǤµƝŷ,�'�ªǍzeYoyɟ-ðö)ZGQyǱšȰ-Ċè¾)

-Ƚ,ȾȥĤ�Ȁ>A"��-�)�>Ċè¾,=@¬Ȱī¯-ƈǝ��@.öè¾,

��¬Ȱī¯-čȳǅ-ƙƟ�ǡ�>A@�ueyOnv[-íÒ.JycNÀ-7,�

'�±?¡�zŝů-íÒ.j\[ÀzJycNÀ,�'mufIb{v-ðö�7

>A"(á 8-5,9-5,10-5)���ȟ7-íÒ.JycNÀ-7(ųƅĤ Ca -ðö�7>A"

(á 10-3)� 

ŔƳƿ(.�Ɣ,&;ɐ�=0ǢƥǙ÷?-Ţéō,ZGQy-ȚǨƥ-Ʀƛ�Ȁ>A

"(ǻ 3)�ȚǨƥ.ɓƁō;äñƃĒ�ɓƚï(Ʀƛ�;�)�A'@�§	j\[

À.JycN)Ųț�'ǼǿĤ�¦A'@"9��-À)Ųț�'ų.��Ħ�%"�

!A�ȘÝ�'��&;ɐ,�'.j\[ C À(ŏ³-ǠƥŠ�7>A�!-ĝ-Ǣƥ

Ǚ÷?-Ţé(.ĈƎ BzC�JycN BzC(ǠƥŠ�7>A"����ǻ 3=?�ȚǨ

ƥǠƥŀ�Į�>A"À)�¬ȰØȗťŞ,=%'ǱšȰ-mufIb{v-Õȵ�ɓ�

%"À�|Ǫ�'�?�6"�� 2 ØƼ)Ųț�'ØƼǩ�-mufIb{vÕȵ�õ�

%"ǚȜ(.ȚǨƥ-Ʀƛ�Į¶�@¤Ô�Ȍ9>A"�ȚǨƥ,İįĤ-ØƼ.�š¬

Ȱ,mufIb{vÕȵ�ɓ)�¤Ô�7>A�İįĤƦƘ)-Ⱦȥ�ĵĆ�A@)

�@ƳƿǔŜ:�@�)�>(Ċř>� 2004)�JycN-Ƚ�;�j\[zJycN-ŝů

µƝŷ�ZGQy-mufIb{vDðö� �ȚǨƥDĮ¶�")��):ÏǦĤ)

�'ǡ�>A@�"#ŔƳƿ(.�ɘµƝŷ�"?ÑÀɚƣ)ƣ-ŀ�ċ+�%"�)�

>�ƶȉDĞ@"9,.ƣ-ŀDð;�'ĂɒDǸ�ǚǤ,=@mufIb{vðö)

ȚǨƥ-ƦƛƗ-ƫȾD�>,ťȆ�@ĢǾ��@� 
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3-5� ZGQyŢé·ĝ-äñ¾ÿĤ-ò¾ 

ÑÀäñ¾ÿĤ]{Y-ǖȅ¯Ś-ǔŜ�ǚȜŢé·ĝ,=@ pH(H2O)-�Ŋ�EC�u

yȲÖÌ�ŀ��ĸĤ K -ſċ�Ȍ9>A"��ǚǤDŢé����ȟE#�)-ĚɊ.

.Ȍ9>A+�%"����Ó�ĈƎÀ-+�(: ABC 3²(-ŢéÀ-�ǟ-ȫ,=

@¯ŚǔŜ-Č:�?�!$>-ȫ,&':ǡĆ�@� 

 

1) pH(H2O) 

� ªÀ(Ţéĝ,�Ŋ�7>A"(á 11-1~4)��A.uyȲǤł-ǰäȴƍuy;FvL

uȕŕ-ǰäƲƉDņǤ�"�)�!-ÇÝ)ǡ�>A@�ǰäƲƉ.:$BE�ǰäȴ

ƍuy.uyȲ�ô,nOaSHp;LvSHp�PGȲDÕE(�?�uyȲǤł(�

?+�>�ȲĤäñ-äñļǬȕŕ)�'-»Ŝ:�@� 
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2) pH(KCl) 

� pH(KCl).�î¾LuHpDƝ'äñQxG_,ÖƮ�A'@ųǑGKy�=0Fv

o`HpGKyDǟĸ�ƅ®��äñ-Fvo`Hp+*-ȲĤƓȗ-ȵ,Ⱦ��@¢D

Ʒ�)�A'@�ŔƳƿ(.ª²«ȣ�'JycNÀ(�Ŋ�7>A"(á 12-1~4)�ņ

Ǥȵ.ÑÀ):Ó�(�@�)�>�JycN-Ţé)��ȟ7,=%'äñ-ȲĤ¾�

Į¶�A"�)DƷ�'@�JycN,=@Fvo`HpGKy-ÖÌ�@.�Jy

cN-š�>¯Ŷ�A"ī¯,=@Fvo`HpGKy-ȸ�¾+*-ÏǦĤ�ĵĆ�A

@� 
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3) EC 

EC.34ªÀ(Ţéĝ,ſċ�7>A"(á 13-1~4)�ŔƳƿ(.ņȇŢé)Ųț�'î

ɏɄƾ�Ș�?,�ɈæŢé#%"�);�EC D�Ŋ� ,�őūǤł(d{vs{

M)-ņƝ��Ǥ¸(CEC)-ɓɔlNääñ�!�'LuǤł)�'ņǤ�"ƵȲLu.

ƵȲî(�?�î¾Luǅ-î¾Ɠ=? ECDɓ9,�)�A'@��-=�, EC�

�Ŋ�,�ǾÝ�ȴ+%"�))�ǚǤ)ZGQy,=@îɏ-ÖÌ,=%'�EC�ſ

ċ�")ǡ�>A@�ǚǤŢéÀ)ĈƎÀ)-Ƚ(Č�ƌ�%"-.�Nu{`yONx

\h-=�,îɏDǚǤ,ÖÌ� 'ãíô,ı$®�-(.+����ȟE(ãí,Ȯ

§�'@�>#)ǡ�>A@� 
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4) uyȲÖÌ�ŀ 

ŔĂɒ(�Ɲ�"ãí-äñ.żǭɔlNä,¯ɏ�A�ŸĤFvo`HpDõ�ÕE

(@�)�>�uyȲÖÌ�ŀ�ďç 1500)ɓ¢DƷ�"��Ţéĝ-äñ(.ªÀ

(uyȲÖÌ�ŀ-ſċ�7>A"(á 14-1~4)�!-ÇÝ)�'ŸĤFvo`Hp-ſċ

�ǡ�>A@�ŔĂɒ(.Ţéĝª'-À( pH(H2O)��Ŋ�'"�)�>�pH-�Ŋ

,=?ŸĤFvo`Hp-þåĘĪ�=0ǳɇƕĪ�ò¾��uyȲDÖƮ�,��+%

"�)�ĵĆ�A@� 
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5) ÏǕĪuyȲ(Bray No.2Ƅŷ) 

� ɔlNääñ(-ZGQyŢé,��@ÏǕĪuyȲ-ȬĤǇà. 5-50 mg/100g(^v

K{Oŷ))�A'@(ÂǵƭzÂǵƭȞśĭǹ�Ȓ� 2002)�Ţé·,ȬĤǇà��#%

"À(.ſċ�!A��#%"À(.ð¹��ǚǤŢé-őƌ,ȾC>��*-À: 45-55 

mg/100g-¢,ÌŖ�'"(á 15-1~4)����ŔƳƿ(.ÏǕĪuyȲD Bray No.2Ƅ

ŷ(Ƃā�'�?��-Ņŷ(.^vK{Oŷ=?: 5~10 ɓÏǕĪuyȲ-¢)+@

�)�Ư>A'@(äñɑ¯¯Śŷ)�!-"9�^vK{Oŷ(Ƃā�A/ÏǕĪuyȲ

. 10 mg/100g��(�%")ĵĆ�A�uyȲ-ņǤ.Ǹ%",:��C>��uyȲ,

&'.�wjv-ƚï(ŢéDǸ%"�),+@� 
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6) �ĸĤ Ca 

LvSHp.äñ�(. 3 ȣ?-ĘĪ(þå�'@��äñƅŻ�(ųƅĤ Ca)� �ǌ

äǊýǅ,�ı(�ĸĤ Ca)� �ƊȲLvSHp+*ɅƅĤî(�?����ŤƓ,µƝ�

A@�LvSHpȕŕ.äñ1-ÖƮȁ×Ĥ�ɓ"9äñƅŻ�,ƅ®�,����ĸ

Ĥ Ca.ɓ9@��ųƅĤ Ca.ɓ9,��Ó�FvLuȕŕ-LuHp;nOaSHp

ȕŕ.äñƅŻƈĒ,ËŌ�A;�Ƌ�äñ-ȲĤƱŮȕŕ)�'LvSHp.ő»)

�A'@�LvSHp-ƔĤ���ĸĤ CaÕȵ-7(š�>ÖÌ�A@ CaȵD´Ń�

@-.ßɅ+íÒ�õ)�A'@�äñ¯Ś(.Ţé·.¯Ŀ�'"ŀ¢�Ţéĝ�

ªÀ 10 meq/100g �Ƞ,ÌŖ�'"(á 16-1~4)�ZGQy-¬ȰØȗťŞ(ųƅĤ Ca

ƈĒ�ɓ�%"JycNÀ.Ţé·ĝ(34ò¾�ƌ-,Ĉ��j\[ A;ĈƎ B. 10 

meq/100gƻĒſċ�'@,:ȾC>��ǱšȰ-ųƅĤ CaƈĒ.JycNÀ=?��

%"��-�)�>:�ĸĤ CaÕȵ(�Ɠ1-ÖÌȵDĵĆ�@�)�Ʌ��)�C�

@� 
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7) �ĸĤMg 

� nOaSHp:LvSHpÓũ�äñ�(. 3ȣ?-ĘĪ(þå�'@��äñƅŻ

�(ųƅĤMg)� �ǌäǊý,�ı(�ĸĤMg)� �|ŬȷƓ�,Õ6A@Mg(�?���

�ŤƓ,µƝ�A@�ŤƓ�¬(.ǵǚǑ-Ũī§Ǒ-¥�D�'@�ųƅĤMg�ÖÌ

�Aſċ�@)�äñQxG_,ÖƮ�ı�A'@�ĸĤMg�äñƅŻ)ďǺ,Ȫ�@

6(äñƅŻ�,�ĸzƅ®�'�@�JycNzj\[À(.²�),õċČƤ.�%

":--�Ţé·ĝ(34ò¾�+�%"(á 17-1~4)�ĈƎÀ(.ª²«ȣ(Ġȵ+�>

ſċ�7>A"��ĸĤMg-ſċ.äñƅŻ�-ųƅĤMg-ſċ�"�),=@�)�

>�ĈƎÀ(.ƾŧƧ,Mg�ÖÌ�A"�)�ǡ�>A@� 
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8) �ĸĤ K 

� LuHp:Óũ,�äñ�(. 3ȣ?-ĘĪ(þå�'@��äñƅŻ�(ųƅĤ K)�

�ǌäǊýǅ,�ı(�ĸĤ K)� �ȺƲ�ɆűǅȷƓ�ǌäȷƓ,â�ǔÒ(ɉ�ĸĤ K)(

�?����ŤƓ,µƝ�A@�·ȡȣ?�LuHp.nOaSHpÓũ�äñƅŻƈĒ

,ËŌ�A;��!-"9�ĸĤ K-ò¾.ÖÌȵ-ò¾))>�>A@)ǡ�@�Ŕ

Ƴƿ(.34ªÀ(�ĸĤ K-ſċ�Ȁ>A"(á 18-1~4)��(:ª²ȣ�'ĈƎÀ.ſ

ċȵ�ö���!A,Ĉ�'JycNÀ.ſċȵ�Ċ��%"�JycN C,"%'.

Ġȵ,ð¹�'"�j\[À.ĈƎÀ)JycNÀ-�Ƚ(�%"���ȟ7À(Ţé

�"ǚȜ,&'.�JycNÀ-Ǚȴȵ�=0ǵȴ�ĈƎÀ-¢=?:őĨ,��%"

(á 7-4,7-6)��-�)�>ĈƎÀ,�'.LuHpǅ-ÖÌ:JycNÀ=?:õ�%

":-)ǡ�>A@��>,ĈƎÀ,�'.äñ-Ǽǿ�ċ+�%"�)�>�ƅǧ,

=@�ĸĤ K-Ĺø:ö��%":-)ǡ�>A@� 
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9) ɂGKy�ĸąȵ(CEC) 

CEC.34ªÀ(Ţé·ĝ-ò¾.7>A+�%"(á 19-1~4)�CEC.ǌä;ǨŤ-ȵ

DËŌ�'@�|�-Ƚ,!A>-Õȵ,ö�+ò¾.Ș�?,��)�>�ò¾�

+�%"�).úė+ǔŜ)ǡ�>A@�ĈƎA-ŀ¢�ǀ®�'ö��),Ⱦ�'.�

Ó�ĈƎÀ-�-²;�ǚǤÀ-Ţé·äñ-ŀ¢� 20-25 me/100g(�@�)�>ȹ7

'ĂɒĻ��-ȍČ)ǡ�>A@� 
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10) äñ�őūƊǑ 

� äñǨŤÕȵ.äñőūƊǑÕȵ)34Ų��'@�6"·ȡȣ?�CEC .ǌä;Ǩ

Ť-ȵ,ƟŘ�@�ŔƳƿ(.ǚǤD��ȟ8�),=%'őūƊǑÕȵ�ðö�@�)

DŒĜ�'"��!-»Ŝ.Ó�À¬(:²�),/>&���?�A²(.ǚǤÀ(Ɣ

,ðö�":--�B²(.ĈƎÀ�ǚǤÀȽ(34»Ŝ,Č.+��C²,"%'.ǚ

ǤÀ(3)E*ò¾�ƌ��ĈƎÀ(ðö�'"(á 20-1~4)� 

ǚǤ.äñ,��ȟ6A@)¯ȃ�û6?�6�Ǎɏ�¯ȃ�A�Ŭ,Ǟǘȗ-Vvx

{U�ŏĝ,uO`y�¯ȃ�A�³9'ǨŤ�Ęī�A@��A>-¯ȃȤĒ.�äñ

ƁĒ�ų¯ŗ��ȲǑ�Ǖȵ�ǚǤ-ƊǑƗ(C/NŲ)(Ŵ6@�JycN(®ƽ)-ƊǑƗ.

28(ĢǾǨƏŒȽ� 2ȦȽ�j\[(69º)-ƊǑƗ. 12-"9JycN)Ųț�'¯ȃ

�ň�ĢǾǨƏŒȽ� 3ȦȽ)+@(ŪƑ� 2007)�JycN.ƊǑƗ�ɓ"9ǁǑǤł

Dõ9,ņƝ�¯ȃD�ȧ�@ĢǾ��@��ŔƳƿ(.Ǹ%'�>���>,¿Źȩ(

.ǚǤ-ǨŤ¾, 2ɠ3ȦȽ-ǨƏŒȽɖŒȽ�, 3ÜƻĒx{Yu{ǣDǸ¯ȃD�ȧ

� @ɗĢǾ��@��ŔƳƿ(.��ȟ7ĝ 2ȦȽ(ĺƼDǸ%""9JycN��=

0j\[-ǨƏ�β�ǡ�>A"�6"ĴÍ�"Ţéĝ-äñȊł�,ǚǤ-Űƀ.ǋö

+őūƓ)�'Žå�'""9�2 mm-fvG,��"Ƀ,ȣȨ�+�%"Ȱ¯:�@

)ǡ�>A@� 

 

  



63 
 

 

 

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

 

  

1.5

2

2.5

3

3.5

4

4.5

Ţé· Ţéĝ

ɕ

á20-1. äñ�őūƊǑ-
ò¾ ÑÀA²

1.5

2

2.5

3

3.5

4

4.5

Ţé· Ţéĝ

ɕ

á20-2. äñ�őūƊǑ-
ò¾ ÑÀB²

1.5

2

2.5

3

3.5

4

4.5

Ţé· Ţéĝ

ɕ

á20-3. äñ�őūƊǑ-
ò¾ ÑÀC²

1.5

2

2.5

3

3.5

4

4.5

Ţé· Ţéĝ

ɕ

á20-4. äñ�őūƊǑ-
ò¾ ÑÀďç



64 
 

11) äñ�ªǁǑ 

� C²-ĈƎzj\[ÀDɁ'�ªÀ(ªǁǑÕȵ�ſċ�@¤Ô�Ȁ>A"��(:J

ycNÀ-ſċ�ƪǂ%'"�äñőūƊǑÕȵ(·ȡ�"ȣ?�JycN.j\[)

Ųț�'ƊǑƗ�ɓ��¯ȃ,.õ�-ǁǑDźȔ�@�êǤ�ô,ƵĀ+*-ǁǑǤł

-ņǤDǸ%'+"9JycNÀ-ǁǑÕȵ�ƪǂ%'ſċ�")ǡ�>A@�j\

[À-ǁǑſċȵ�JycNÀ=?ǜ;��:��.ðö�'"-.�ƊǑƗ���

):�@�)+�>�nqƺƔő-šǊǴ,=%'äñ�,âā�A"ƌūĪǁǑ���

ȟ6A"�),=%'ðö�"�)�ǡ�>A@(á 21-1~4)�!�' BzC²-ĈƎÀ(

�6?ò½�ƌ�%"-.ǚǤD¯ȃ ��ǐǉ,�Ɠ-ÖÌ,=@ò½#�>#)ǡ�

>A@� 
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12) C/NŲ(ƊǑƗ) 

� Ţéĝ,õ�-À(ðö�7>A"(á 22-1~4)�ƊǑƗ.ƊǑ�ð¹�6"ǁǑ�ſċ

�@3*ðö�@"9�äñőūƊǑÕȵ�=0äñ�ǁǑÕȵ)ƫȾ��@�·ȡ-=

�,JycN- C/N. 28�j\[- C/N. 12(�?(ŪƑ� 2007)�Ţé·äñ- C/N=

?:ɓ"9���ȟ7,=? C/N-ðöD:">�":-)ǡ�>A@�C²-j\[

À,Ⱦ�'.��-²,��@¤Ô)Ƥ+%'ö��ſċ�""9��>�-Ƃā¢-�

ƶ��,=@:-)ǡ�>A@� 
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13) ƴȲĪǁǑ 

� ƴȲĪǁǑ.ƌūĪǁǑ-|Ƽ(�?�ŤƓ-š�ÖÌ(�@ǁǑ(�@�3�,Fy

r`FĪǁǑ��@��ơ�Ɠ.ƴȲĪǁǑDùE(ÖÌ�@�ǚǤÀ(.ƴȲĪǁǑ.

ſċ�@¤Ô�Ȁ>A"(á 23-1~4)��A.ǚǤD¯ȃ�@"9,źȔ�A":-)ǡ�

>A@�C²-j\[À(.äñ�ªǁǑ)Óũ,ð¹�7>A"�ĈƎÀ(. A²DɁ

'ð¹�@¤Ô�7>A"��ņǤ�"ǁǑī¯,=@ð¹#)ǡ�>A@�ŔƳƿ(

.ǁǑī¯DÕ8Ǥł)�'őūǤł(d{vs{M)D�Ɲ�""9�ǁǑ-ƌū¾�<%

�?)Ș�?�ĂɒǔŜ-=�,�|Ȱ-À(Ţéĝ-äñ-Ņ�Ţé·=?:ɓƴȲ

ĪǁǑƈĒDƷ�":-)ǡ�>A@� 
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Ǆ 4ǃ� ǾǏ 

� ǚǤ-ueyOnv[µƝŗ��(.�ǚǤŢéÀ(.©ȭȻ,=@ZGQy-Ċè¾

�ƪǂ%"����ĈƎÀ-ZGQy)Ųț�'�ªǍzeYoy CzmufIb{vÕȵ

�ðö�'"�±?¡�(ŝů)µƝŗ��(:�ǚǤŢéÀ-ZGQy.ǵȺzǙȴȵz

Ǳšȴzǵȴ�ĈƎÀ-ZGQyD�Ü%"����ªǍzmufIb{vÕȵ�ðö�

'"���ȟ7µƝŗ��(.�ueyOnv[�=0±?¡�µƝ-íÒ)Ų2'Č

.ċ+�+%":--�ǚǤŢéÀ-ZGQy-ǱšȺzǙȴȵzǵȴ.ĈƎÀ-ZGQ

yD�Ü%"����JycNÀ(.ªǍzųƅĤ CazeYoy C Õȵ�ðö�'"�

ªǍ�=0eYoy C Õȵ.�ZGQy-ö��).Ȣ-Ⱦ�DƷ��6"äñ��Ɛŗ

�,�%'ZGQy-Ǳšȴ�Ċ��+%"íÒ,.ðö�@¤Ô�Ȍ9>A"� 

äñ-¯Ś¢,&'.ǚǤD��ȟE#À�ĈƎÀ):, pH(H2O)zECzuyȲÖÌ

�ŀz�ĸĤ K -ɋƪ(ZGQyŢé-·ĝ,őĨČ�Ȍ9>A":--�ǚǤŢé,Ș

Ý�@ò¾.Ȍ9>A+�%"� 

ª'-µƝŗ��,�'�ǚǤŢéÀ(.ĈƎÀ)Ųț�'ZGQy-ǱšȰ,��

@mufIb{vÕȵ-ðö�Ȍ9>A"�6"�� 2 ØƼ=?:ØƼ)�'-mufI

b{vÕȵ�ɓ�%"ZGQyØƼ
ǚȜ�(.�ZGQyȚǨƥ�Į¶�A@¤Ô�7

>A"����ȚǨƥĮ¶DƪƧ)�"ǚǤµƝDķţ�@,.�ǚǤȽ�,=@ZGQ

y-Ċè¾Dȿŭ�@����ǎDȼƦ���ŦĤ-Ô�:.�@ĢǾ��@�6"�ǚ

ǤŢé,=@ZGQyǱšȰ-mufIb{vÕȵðö)ȚǨƥƦƛƗ-Ⱦȥ,&':

�>+@ȃŋ�ĢǾ(�@� 
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� ŔƳƿ6"ȐŁ-�ī,�"?�ûǓȬ°+ºȄDȖ?�6"}ć,Ĳĉ�'�#�%

"ĎđƢƜöÿƢƜÿȰǆœƆľĳ,�ġ�>ğƸƠ���6�� 

� 6"Ăɒãí(-�Ŧ+*�ĐĒ)+�Ĭ�%'�#�%"Ƴƿă-ƨũ,:ĩȑ-ģ

�"�6 E�Æ�ğƸƠ���6�� 

 

  



72 
 

ĕƝŁƖ 

 

ǶŎ 

ɘɗŪƑ£� 2007.� ńƒ� ǚǤD��+�,p1-2 , 84-85 , 107-116.� ȞŁÄ 

əɗ¿ŹȩȞĽȰ� 1994.� Nu{yȞŦ,Ⱦ�@ĭǹȕł� Ǆ 2Ð� ¿ŹȩǚǤ�ƓǅŢ

éµƝĲȶ,p1-4 , 7-8.� ¿ŹȩȞĽȰ 

ɚɗkNwy� 2009.� kNwyÛȞĭǹħìȋ� ��?5{) No.82,p1-3 

ɛɗäñƚï¯ŚŷǛɄüÙ�� 1997.� ŇŔäñǤłÿ�Ʃ�� äñƚï¯Śŷ� � �

ÅÊƹ 

ɜɗ|ǫȓÞŷ�� ŇŔäñľ�� 2012.� äñȈŃ)�ƓƛǥļÚ� äñÁťāÈǡŎ 

 

ȐŁ 

ɘɗǷ�ȩęzşƞƙĥzƲÇžŵ� 2006.� ǚǤ�Ɠ-Ƽɏ,=@äñļǬ»Ŝ,&' 

əɗĊř¼zǷ�Ƈŵzëƞŵȯ� 2004.� ZGQyȚǨƥ,Ĉ�@ØƼİįĤ-ă¬ťā

ŷ 

ɚɗƲ�Ƙƫzǽǈ�ē� 1987.� Ţéŗ��ZGQy-ªǍÉ0eYoy C Õȵ,�-Fo

t{WŸĤ,É4�ĚɊ 

ɛɗPARK, K. W. and D. FRITS.� 1984.� Effects of fertilization and irrigation on the 

quality of radish (Raphanus sativus L. var. niger)  grown in experimental pots.�  

Acta Horticulturae:227-230 

 

 

 

 



73 
 

HIgħì 

ɘɗYMGƼǯŠĔ�ƹHP 

aORwYGT� http://www.takii.co.jp/green/ryokuhi/enbaku/ 

ØƼLYxO� http://www.takii.co.jp/CGI/tsk/shohin/search.cgi 

əɗȞśųƜƬ� 2009.� ¿Źȩơ�,��@ņǤ-Ƙƕ)Ȏɍ� PDF 

http://www.maff.go.jp/j/seisan/kankyo/nenyu_koutou/n_kento/pdf/2siryo2.pdf 

 
 
 
  



74 
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+(3 (C ,3 *N2 +(N ,N
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