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ȣNO2−-NȤ]ƙȂėƧƲȣNO3−-NȤHƧƲ

PW1Ǽ #D�8H®ƃ"'?3-1D�

 3ĮšHƃ2'àÄ���3ÀĕĈ1ď2

ƧƲ7Ȏ¾!ED .7ßË!E,2D[7]� 
NO3
+ 1.1S + 0.4 CO2 + 0.76 H2O + 0.08 

NH4+ → 0.08 C5H7O2N + 0.5 N2 + 1.1 SO42


+ 1.28 H+ 

05�~ǢÀĕĈ1AD.�ƚȠǂƧ-4
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ư·ÄŸ3®ƃHŎǡ"'�05�ŤǶ",

2DųȂnSeULoư·ÄŸ4�çŶ3ȅ

Ÿ;'4Ŧś6BÄę!E�.?1áÝHÈ

;02 .HŹĒ.#DnSeTKaȣ±ǀ

HçŶnSeTKa�ĎǀHÄęnSeTK

a.ơ#Ȥ.�ŦśH½Ĭ.",áÝHÈĹ

#D .HŹĒ.#DáÝĖųȂnSeU

Lo1æ­!ED�% -�ǦȞ1-4 E

B�ǦÍ3�-ĹƃƤHǻï#D .HƏ

Ǝ."�ǦȞ2-4�ǦȞ1-Ǩ[BE'ęƽ

3ÿƊ3ŕą1+2,Ŏǡ#D .HƏƎ

."'� 
�

ĿĬ5A6Įš�

ȧȦǺŗǯĿ3ǻïǦȞ 

ȣȧȤĿĬ 
ƮĽƚȠȣƚȠ¬ 99.5%�150 p^Urh

WȤHm{W1�ę¬ƴę3Ɗ0DÃƤJu

Ot².ƈȕţĖ²HȁÄ"ūƼŕ-ǩǙ

#D .-�5 ƤȜ3ƚȠǂƧƃǯĿȣAȤ
ȬȣEȤH�Ǚ"'�05�Ã½Ĭ3ȁÄ³

Ä4�ƮĽƚȠ 48.5%�JuOt² 48.5%�

ƈȕţĖ²3%."'� 
ȣAȤáÝĖųȂnSeULoȁÄƚȠǯĿ 

MgO .", 40Ȭ43%�cKPKáŏŉ

Ĉ�Ɲ�ƮĽ 
ȣBȤáÝĖųȂnSeULoȁÄƚȠǯĿ 

MgO .", 36Ȭ44%�ƞü·íþŏŉ

Ĉ�Ɲ�șƯ 
ȣCȤçŶnSeTKaȁÄƚȠǯĿ 

MgO .", 40Ȭ50%�ZjMRv{ŉ

Ĉ�Ɲ�ƮĽ 
ȣDȤÄęnSeTKaȁÄƚȠǯĿ 

MgO .", 36Ȭ44%�ƞü·íþŏŉ

Ĉ�Ɲ�ƮĽ 
ȣEȤųȂOuULoȁÄƚȠǯĿ [2] 

CaO.",53%�~�ıŃƮ·þŏŉĈ

�Ɲ�ƮĽ 
 
ȣȨȤǦȞĮš 
ȝǬŞśªſįǣ6BĢ«!EDţĖŞ

ŢªſśHǦȞ3½ś.",�1L ôȄ3i

{O{¨1 900mL $+ğ¤"�%E1ö"

,ÃǯĿH 450g $+¡â", 5 +3ǦȞ¸

Hǣ�'�ÃǦȞ¸4PsWĦĠŋ-½ś.

ǯĿHĦĠūÄ"'ĎȔƾ",�ƵǸıĩ1

�3 NO3−-N 3�ŬµŅ1+2,Ŏǡ"'�

ǦȞ4ºǍƒƉƂƹÄƖƦYy\{ðȞñ

¨3ñŭ�-ðį"�śŭ¯đ]ƚȠȂ·ǂ

ƧƳǌ3ōƤ4ǓG06*'�05�pH .

NO3−-N 3Ůï1+2,4�ïĻƎ1i{O

{¨ŨƐHTyktyS"�ÃTyku- 1
Ò."''[�Ã�3ƸǠƎ0řǲ4ǓG0

6*'�;'�ǦȞ�3śŭ4�ǯĿE3Ũ
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ƐǿHȋś`V\uŭĆǠȣCT-320WPȫO

W\o�Ń�ȤHƃ2,ěïı1Ã1ÒŮï

"� 3�HÃǦȞ¸§Ƕ3śŭ."'� 
ľǦȞ4 2017 ă 9 ĸ 1 ı6B 2017 ă 10

ĸ25ı;-354ıȊðį"'� 
 
ȨȦųȂnSeULoư·ÄŸ15�DáÝ

3Ĺŵ7ǂƧ1¿:#čȖ 
ȣȧȤĿĬ 
nSeTKa.áÝĖųȂnSeULo

-4Ďǵ3A31ǂƧţĖ7æ8�Ɗ0*

'� 3Ɛǹ3½ÓHƛǨ#D'[�çŶn

SeTKaȁÄƚȠǯĿȣ±ǵ3CȤ.�á

ÝĖųȂnSeULoȁÄƚȠǯĿȣ±ǵ3

AȤ5A6ǯĿC HȃȄř 1:2 -ūÄ"'ƚ

ȠǯĿF32ƤȜ3ǯĿ1+2,ǂƧǦȞH

Ǔ*'� 
 
ȣȨȤǦȞĮš 
ȝǬŞśªſįǣ6BĢ«!EDţĖŞ

ŢªſśHǦȞ3½ś.",�1L ôȄ3i

{O{¨1 800mL $+ğ¤"�%E1ö"

,ǯĿCH250g�ǯĿFH375gȣǯĿAȪ
125g�ǯĿCȪ250gȤ%E&E¡â",2+
3ǦȞ¸Hǣ�'��¸4ÅȄ3çŶnSe

TKaHÈ<�6+ǯĿFH¡â"'¸-4

!B1áÝę¬HÈ= .7ŹĒ-1D�Ǧ

Ȟ4ºǍƒƉƂƹÄƖƦYy\{ðȞñ¨

3ñŭ�-ðį"�śŭ¯đ]ƚȠȂ·ǂƧ

Ƴǌ3ōƤ4ǓG06*'�ÃǦȞ¸4Ps

WĦĠŋ-½ś.ǯĿHĦĠūÄ"��Ď4

Ȕƾ"'�ïĻƎ1i{O{¨ŨƐHTyk

tyS"�pH�JyqdJėƧƲȣNH4
+-NȤ�

NO3−-N5A6ƚȂKNyȣSO4
2−Ȥ3Ůï4

ÃTyku-1Ò."''[�Ã�3ƸǠƎ

0řǲ4ǓG06*'�05�śŭ4�ǯĿ

C5A6F3ŨƐǿHȋś`V\uŭĆǠH

ƃ2,ěïı1Ã1ÒŮï"'� 
ľǦȞ42017ă11ĸ2ı6B2017ă11

ĸ29ı;-327ıȊðį"'� 
 
ȩȦ¬ńĮš 

pH 4PsWȓŐš�ƁŸ·íƎȂƲǛŝ

ȄȣBODȤ4ǅ¶ŮïǘƾȣBOD Trak�ȫ

Hach Company, USAȤ-%E&EŮï"'�

NO3−-N�NO2−-N�NH4
+-N�SO4

2−4�%E

&ERwqaw{kȂš�VJ[·š�Tt

]uȂš�ƚȂgtLo/řűš1AC�É¢

ĆĈåȗƏśǰŮïÑȣPhotoFlex STDȫYy

asuƠí�Ń�Ȥ1ACŮï"'� 
 

ƶŅ5A6ƿõ 
ȧȦǦȞ1� ǺŗǯĿ3ǻïǦȞ 
½ś3NO3−-N 4 236.8mg/L -1*'�

ǦȞȉë�ȍ�ÃǦȞ¸-NO3−-N4�Ŭ"

ë[�12 ıƏ14ǯĿA -132.0mg/LȣȎ

¾ȄȪ104.8mg/L�44.3%Ȏ¾Ȥ�ǯĿ B -

194.4mg/LȣȎ¾ȄȪ42.4mg/L�17.9%Ȏ¾Ȥ�

ǯĿC-128.8mg/LȣȎ¾ȄȪ108.0mg/L�
45.6%Ȏ¾Ȥ�ǯĿD-99.2mg/LȣȎ¾ȄȪ

137.6mg/L�58.1%Ȏ¾Ȥ�ǯĿE-44.0mg/L
ȣȎ¾ȄȪ192.8mg/L�81.4%Ȏ¾ȤHƜ"

'ȣÖ1Ȥ�#8,3ǯĿ-NO3−-N4�Ŭ#

D�Æ11*'7�Ź1ǯĿC�D5A6E
-ǈê0ƨ)~7CHƜ"'�'("�ǦȞ

ȉë54ıƏ14�ǯĿC-5.4mg/LȣȎ¾

ȄȪ231.4mg/L�97.7%Ȏ¾Ȥ�ǯĿ D -

60.4mg/LȣȎ¾ȄȪ176.4mg/L�74.5%Ȏ¾Ȥ�

ǯĿE-47.2mg/LȣȎ¾ȄȪ229.6mg/L�
97.0%Ȏ¾Ȥ.NO3−-N4ő2ŧé"'?3

3�ǯĿ A -4 145.6mg/LȣȎ¾ȄȪ

91.2mg/L�38.5%Ȏ¾Ȥ�ǯĿ B -4

221.6mg/LȣȎ¾ȄȪ15.2mg/L�6.4%Ȏ¾Ȥ

.� E�~3ǂƧµŅHƛǨ#D .7- 

Ö1 
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806*'� 3 .6B�nSeTKaȣç

Ŷ;'4ÄęȤ4ųȂOuULo3�Ķ."

,�ƃÂǁ-1D7�áÝĖųȂnSeUL

o-4ţĖƌž7�¹¬-1D .7ƛǨ

!E'� 
ƚȠǂƧªſ-4�ǂƧ1�

2ƚȠȂ·ǂƧƳǌ1ACƚ

Ƞ7Ȃ·!E SO4
2−7Ɓę!E

D�%3'[ªſś4ȂĖ·#

D�Æ11D7�ľǦȞ-4½

ś3pH 76.3 -1*'31ö

",�ǦȞĻȊ�3ÃǦȞ¸3

pH47.4Ȭ8.83ƫÕ-ģƢ"

'ȣÖ2Ȥ� 3pH3~Ĳ4ǯ

Ŀ1ȁÄ"'JuOt²3č

Ȗ.ƿ4BED�}Į�ǯĿC
. E -4ȟ2ǂƧµŅHƜ"

'?33�pH 4��#D .

0��ªſś4ĉJuOtĖ-

ģƢ"'�ųȂOuULoÅ

œ�ųȂnSeULoư·ÄŸ

152,?ªſś3�Ì1µ

ŅHƌĤ#D .7Ɯ!E'�

;'�ǦȞĻȊ�3ǯĿA5A

6B3pH48.8ƣĆ-ģƢ"�

�3ǯĿ1ř8,ȟ2�HƜ

"'� 3pH3~Ĳ7ƚȠȂ

·ǂƧƳǌ3ţĖ1čȖH¿

:"'ÂǁĖ71D�ǦȞĻȊ

�3śŭ4 13.1Ȭ22.5�3ƫ

Õ-ģƢ"�%3ĂÛ419.4�
-1*'ȣÖ3Ȥ�±ǵ3Ɠǜ[6]
-4�ƚȠȂ·ǂƧƳǌ3ķǺ

ŭĆ430Ȭ40�.",2D7�

ȇǫý.Ƅ�[3]4śŭ 15��

~-ǈê0ǂƧµŅ7ĐBE

D .HƛǨ",2D�ǦȞĻ

Ȋ�3śŭ7ǂƧHȌò"'

ÂǁĖ4�2.ģõ!ED� 
 
ȨȦǦȞ2� ųȂnSeULoư·ÄŸ15
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経過日数 
A●：塩基性炭酸マグネシウム配合硫黄資材（粉末）    
B○：塩基性炭酸マグネシウム配合硫黄資材（顆粒） 
C■：天然マグネサイト配合硫黄資材 
D□：合成マグネサイト配合硫黄資材 
E△：炭酸カルシウム配合硫黄資材 
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½ś3NO3−-N 4 189.9mg/L

-1*'31ö",�ǯĿC -

4ǦȞȉë27 ıƏ116.2mg/L
ȣȎ¾ȄȪ173.7mg/L�91.5%Ȏ

¾Ȥ;-�Ŭ"'ȣÖ4Ȥ�}Į�

ǯĿ F -4ǦȞȉë 7 ıƏ1

150.3mg/LȣȎ¾ȄȪ39.6mg/L�
20.9%Ȏ¾Ȥ;-�Ŭ"'?3

3�%3ĎNO3−-N3�Ŭ4< 
BE06*'�05�ǯĿC -

4NO3−-N 3�Ŭ1�2�SO4
2−

3țǎ0ä´7Ɯ!E'ȣÖ5Ȥ�
½ś3 BOD�NO2−-N 5A6

NH4
+-N 49.I/Ŏ«!E,2

02 .6Bȣǖ1Ȥ�ǯĿC3

ǂƧµŅ7ƚȠǂƧƅł-1D

 .49:ƛð-1D� 
�Ò3ǦȞ-4pOdXo;

-4ǞĴ-8,202?33�

áÝĖųȂnSeULo4ǂƧ

HȌò#D .7ƜÎ!E'�

áÝĖųȂnSeULoH�ƃ

"'àÄ�ªſś3pH49.0ƣ

Ć1;-ȟ;*' .6B� 

E7ȌòǛÓ10*'ÂǁĖ?

1D7�ƛǥ4ĐBE,202�

}Į�nSeTKaȣçŶ;'

4ÄęȤH�ƃ"'àÄ�ǈê

0ǂƧµŅHƛǨ#D .7-

8'�nSeTKa.áÝĖų

ȂnSeULo3ǹ24�İǵ

3A31ǯĿĘűŨ�-3áÝ

3Ĺŵ-1D .6B� E7

ǂƧHĞ¯"'ÂǁĖ71D�

 3 .6BųȂnSeULo

ư·ÄŸ3ðƃ·Hƿ4Dà

Ä�ǯĿ1ȁÄ#DJuOt²

14nSeTKaȣçŶ;' 
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4ÄęȤ7ĺ;"2.ƿ4BE'� 
�

;.[ 
�Ò3ǦȞ-ĐBE'Ɠǜ4��32Ŵ-

1D�1ȦƚȠǂƧƃǯĿ1ȁÄ#DJuO

t²4�ųȂOuULo.nSeTKaȣç

Ŷ;'4ÄęȤ32$E?ƚȠǂƧ3ƌžH

ƛǨ#D .7-8'�A*,�ªſ1�2

Ɣǃ7ċę!EDųȂOuULoAC?�n

SeTKaȣçŶ;'4ÄęȤ3�ƃ7ĺ;

"2.ģõ!ED�2ȦáÝĖųȂnSeU

Lo4ǂƧHȌò#D .6B��ƃ1�Ǻ

.ƶǪ!E'� 
 
� � � � � � � � ī� � ż 
����ȏĳũ�Ƅ�ćƆȣ2001ȤƚȠȂ·Àĕ

1ADƉǆŞś3ƧƲȎ¾.ǂǉȪƃś.Ģ

śȪ43Ȫ1053-1059. 
� ��ȇǫýǳĴ�Ʃ½Ì��Ƅ�ćƆȣ2016Ȥ
ȝǬĢś3ƚȠǂƧªſ1®ƃ#DȟĖǁ

ǯĿ3ȉƌȪıľƉƂƀãí��ǧȪ15(1)Ȫ
44-50. 
����ȇǫýǳĴ�Ƅ�ćƆȣ2015ȤƬĵ´ŭ

UW_oH�4'ÙƕşŘ¬Ȓ\yRǱƃ

tJR\{1ADȝǬĢśƃƚȠǂƧªſ

ĝǔ3ȉƌȪıľƉƂƀãí��ǧȪ14(1)Ȫ

47-55. 
�����îǊ}ǽ�ȟļĨČ�ƟŜÌ��ȇǫ

ý�Ŕȣ2011Ȥť·Ŀ�5A6ƙȂĖƧƲÈ

Ĺś3ť·ĮšȪŹǤ¦ȉ 2011-206674Ȫ¦

ȉŹǤ¦ß. 
����ƀãƑśzæŚƀãøȣ2017ȤĂę 28
ăĆÚ�śǰŮïƶŅȪƀãƑ�Ń�Ȧ 
����ĭıȆ·í|ĝǔȉƌľǿȉƌ�Ƈǿ

ƻȣ2004ȤƚȠOuULo²1ADǂƧĮ

šȪ·íþŏıßƝ�Ń�. 
����Sierra-Alvarez R, Beristain-Cardoso R, 
Salazar M, Gomez J, Razo-Flores E, Field 
JA (2007) Chemolithotrophic 
denitrification with elemental sulfur for 
groundwater treatmentȪWater ScienceȪ
41Ȫ1253-1262. 
�	��Ƅ�Ūì�Þƭ�Ĕ���»°�Ōú�

ì�Ȣǐ�ì�ƄüȔì��ŀ�ŗ�ŰƄȡ

ȣ1996Ȥ�Ěś7½Ó-ȟĆ3palqSw

iyǒƋHÊ"'ĭƁ£�Ȫ÷£ƠǄĄȪ

49Ȫ1661-1665. 
�
� Ĝü�Ǯ�śƄ}ņȣ2009ȤƚȠȥOu

ULoǯĿ5A6ŻƨňȝƳǌHƃ2'ǂ

ƧšȣSLADšȤ1ADƉǆĢś�3ƙȂĖ

ƧƲȎ¾ĝǔȪƟûƒǴŏƹÄǦȞàƖƦß

ËȪ28Ȫ79-83

��� ������	
�
��	���

L?9�+S@� L?9�	+S@� L?9�+S@� L?9�	+S@�

:3 +�	 +�( +�� -�� -��

/ 6 1 �9 8�4� 	�� . . . .

5 3 (
��5 �9 8�4� 
�� 
�� 
�) 
�( 	��

5 6 	
I�5 �9 8�4� 5 1 . . . .

5 6 

I�5 �9 8�4� ��-�- ����+ �
�	 �)��
 �)��	

76 (
	I�9 8�4� �(
 		+ �
( �	
 �+-

9<��� .

:H0g4>,DH(B*CNAGB7

��2g3O5=D,DHFC-#B70$EF8�.	";N !AGB7

0 2

�)�	 ���	

09

�


