
    

 

᪥኱⏕⏘ᕤ  ○㧗  ʟ 㔛ె  㧗ᶫ ᒾோ  ኱ᮌ ᐅ❶  㛵᰿ ᏹ 

   

㸯㸬࡟ࡵࡌࡣ 

ୗỈ㐨ࡣᆅᇦఫẸࡢᏳ඲࡞⏕ά✵㛫ࢆႠ࡛ୖࡴ

Ḟ࠸࡞ࡏ࠿බඹ᪋タ࡛ࡾ࠶㸪ࡢࡑᬑཬ⋡ࡣᖺࠎቑ

኱ࡋ࠿ࡋࠋࡿ࠸࡚ࡋ㸪ࡢࡇᬑཬ⋡࡟క࠸㸪ୗỈฎ

⌮᫬࡟኱㔞Ⓨ⏕ࡿࡍởἾࡢฎ⌮࣭ฎศၥ㢟ࡣ㔜せ

ㄢ㢟࡛ࠋࡿ࠶ 

୍᪉㸪㒔ᕷ໬ࡢ㐍⾜࡟క࠸㸪ୗỈฎ⌮ሙࢆᕷ⾤

ᆅ㏆㑹࡟㓄⨨ࢆࡿࡊࡏᚓ࠸࡞≧ἣࡽ࠿㸪ୗỈฎ⌮

㐣⛬ࡽ࠿Ⓨ⏕ࡿࡍ⮯Ẽᑐ⟇ࡶ㔜せ࡞ㄢ㢟࡛ࠋࡿ࠶

ቃᑐ⎔ࡵࡓࡿࡍ⏕ⓎࡀẼ⮯ࡢࠎ✀㸪ࡣ࡛⛬㐣ࡢࡇ

 ࠋࡿ࠼࠸࡜タഛࡢᚲ㡲ࡣタഛ⮯⬺࡚ࡋ࡜⟇

ᮏ◊✲ࡣ㸪ୗỈởἾࡢฎ⌮ࡽ࠿෌㈨※໬ࡢ࡛ࡲ

୍㐃ࡾ࠶࡛✲◊ࡓࡋ㸪ୗỈởἾࢆ㟁ゎฎ⌮ࡾࡼ࡟

ᛶ≧ᨵ㉁ࢆᅗࡾ㸪᭷ຠ฼⏝ࢆ࡜ࡇࡿࡍ┠ⓗ࡚ࡋ࡜

⌮Ⓨ⏕⌧ሙ࡛ฎࡣ≀ᗫᲠࡓࡋ⏕㸪Ⓨ࡛ࡇࡑࠋࡿ࠸

ࡓࡋ⌮㸪㟁ゎฎ࡟ᇶࢆ࠼⪄࠺࠸࡜ࡿࡍ⏝㸪෌฼ࡋ

ୗỈởἾ㸦௨ᚋ㸪㟁ゎởἾ࡜グࡍ㸧ࢆୗỈ⮯Ẽࡢ

⬺⮯ᮦ࡚ࡋ࡜฼⏝᳨ࡃ࡭ࡍウࠋࡓࡗ⾜ࢆ᪤࡟㸪◊

✲ᐊෆࡿࡼ࡟ᇶ♏ᐇ㦂ࡽ࠿㸪㟁ゎởἾࡢ⬺⮯ᛶ⬟

య⳦ࡧࡼ࠾⏝྾╔సࡣ࣒ࢬࢽ࣓࢝ࡢࡑ㸪ࡋㄆ☜ࢆ

 ࠋࡓࡋㄽ⤖࡜ࡢࡶࡿࡼ࡟⏝Ẽศゎస⮯ࡿࡼ࡟

㸪ࡋ⏝ᛂࢆ⾡ᢏࡓࢀࡽ㸪ᇶ♏ᐇ㦂࡛ᚓࡣ࡛ࡇࡇ

‵ᗘ࣭ ᗘ㸪࡟ࡽࡉ」㞧ᛶࢆᴟࡿࡵཎ⮯Ẽࡢ࡝࡞

እ㒊᳨ウせᅉࡀከᩘࡿ࠶ཝ࠸ࡋ⎔ቃୗࡢୗỈởἾ

ࡗᅗࢆࣉࢵ࢔࣮ࣝࢣࢫ㸪࡚࠸࠾࡟ᕤሙࢺࢫ࣏ࣥࢥ

ࡀ㟁ゎởἾ࡚ࡋ࡜㸪⬺⮯ᮦ࠸⾜ࢆሙᐇドヨ㦂⌧ࡓ

ᐇ⏝ྍ⬟᳨࡛࠿ࡿ࠶ウࠋࡓࡋ 

㸰㸬ᐇ㦂᮲௳ࡧࡼ࠾᪉ἲ 

㸰㸬㸯 㟁ゎởἾస〇᪉ἲ 

ヨᩱࡣ N ᕷୗỈฎ⌮ሙࡽ࠿᥇ྲྀࡓࡋవ๫ởἾ

⸆ࠋࡓ࠸⏝࡚ࡋ⌮㟁ゎฎࢆࢀࡇ㸪ࡋῧຍࢆ๣⸆࡟

๣ῧຍࡧࡼ࠾㟁ゎࡢฎ⌮᮲௳ࡣởἾࡢ඲⵨Ⓨṧ␃

≀㔞㸦T-SS㸸5900㹼7200 mg/ℓ㸧࡟ᑐࡋ㸪FeCl3

ࢆ 15 %㸪CaCO3ࢆ 10 %㸪ࡓࡲᴟᯈಖㆤ࡜ởἾࡢ

Ᏻᐃ໬ࡵࡓࡢ CaF2ࢆ 10 %ῧຍࡋ㸪ฎ⌮㔞 30 ℓ

㟁ὶࡋᑐ࡟ 10 A㸪㟁ᅽ 12 V࡛ 1᫬㛫ฎ⌮ࡗ⾜ࢆ

࠿ᯝ⤖ࡢᇶ♏ᐇ㦂ࡣ⋠Ỉྵࡢ㸪㟁ゎởἾ࠾࡞ࠋࡓ

 ࠋࡓࡋ࡜㸣 80ࡿ࠶࡛⋠㐺ྵỈ᭱ࡽ

㸰㸬㸰 ཎ⮯Ẽ⃰ࡧࡼ࠾ᗘ ᐃ 

ᐇドヨ㦂ࡣ G ᕤࢺࢫ࣏ࣥࢥୗỈởἾࡿ࠶࡟┴

ሙࠋࡓࡗ⾜࡚࡟෗┿ ᕤሙࢺࢫ࣏ࣥࢥୗỈởἾ࡟1

ࢺࢫ࣏ࣥࢥࡾࡼ࡟㸪ዲẼᛶⓎ㓝ࡣ࡛ࡇࡇࠋࡍ♧ࢆ

ฎ⌮ࡾ࠾࡚ࡗ⾜ࢆ㸪ࡢࡇ㐣⛬࡛Ⓨ⏕ࡿࡍ⮯Ẽࡣከ

✀ከᵝ࡛ࡓࡲࠋࡿ࠶㸪⮯Ẽࡢࡑࡣᛶ㉁ࡽ࠿」㞧ᛶ

ࡿࡍ࡜ᐃᑐ㇟⮯Ẽ ࢆ඲࡚ࡽࢀࡇ㸪ࡾ࠾࡚ࡵᴟࢆ

࡟Ẽᛶ≧ែ᎘ࡀ㏻ᖖ㸪ởἾࠋࡿ࠶࡛⬟୙ྍࡣ࡜ࡇ

H2S㸦◲໬Ỉ⣲㸧㸪CH3SH㸦࣓ࡢ≀㯤໬ྜ◲࡜ࡿ࡞

㸪pHࡃ㧗ࡀ⏕Ⓨࡢ㸧ࣥࢱࣉ࣓࢝ࣝࣝࢳ ࢝ࣝ࢔ࡀ

ࣜᛶ࡜ࡿ࡞࡟NH3㸦࢔ࢽࣔࣥ࢔㸧㸪R-NH2㸦࣑࢔

ࣥ㢮㸧࢞⃰ࢫᗘࡀ㧗࡛ࡇࡑࠋࡿ࡞ࡃ㸪 ᐃᑐ㇟⮯

Ẽࢆ௦⾲ⓗ࡞ୗỈ⮯Ẽ࡛ࡿ࠶H2S㸪CH3SH㸪NH3㸪

(CH3)3N࡟㝈ᐃࡋ ᐃࠋࡓࡗ⾜ࢆ 

⾲ ≀ࡢཎ⮯Ẽࠋࡍ♧ࢆ㉁⃰ᗘ≀ࡢཎ⮯Ẽྛ࡟1

㉁⃰ᗘࡣẼ ࣭᫬㛫ᖏࡀࡿ࡞␗ࡾࡼ࡟࡝࡞㸪ዲẼ

ᛶ≧ែ࡛ࡵࡓࡿ࠶㸪NH3㸪(CH3)3Nࡢ≀㉁⃰ᗘࡀ

ࢀࡒࢀࡑ㸪ࡃ㧗࡟≉ 100㹼180 ppm㸪180㹼300 

ppm࡛࠾࡞ࠋࡓࡗ࠶㸪H2S㸪CH3SH࡟㛵ࡣ࡚ࡋ

 ࠋࡓࡋ㝖እࡽ࠿ᐃᑐ㇟⮯Ẽ ࡵࡓࡓࡗ࠿࡞ࢀࡉ▱᳨

㏻ᖖ㸪᳨▱⟶ศࡣᐃ ࡢ㉁⃰ᗘ≀ࡢ㸪⮯Ẽ࠾࡞

㟁ゎฎ⌮ởἾࡓ࠸⏝ࢆୗỈ⮯Ẽ㝖ཤࡢᐇ⏝໬᳨ࡢウ㟁ゎฎ⌮ởἾࡓ࠸⏝ࢆୗỈ⮯Ẽ㝖ཤࡢᐇ⏝໬᳨ࡢウ㟁ゎฎ⌮ởἾࡓ࠸⏝ࢆୗỈ⮯Ẽ㝖ཤࡢᐇ⏝໬᳨ࡢウ㟁ゎฎ⌮ởἾࡓ࠸⏝ࢆୗỈ⮯Ẽ㝖ཤࡢᐇ⏝໬᳨ࡢウ 

Examination of Practical Use of the Electrolytically Treated Examination of Practical Use of the Electrolytically Treated Examination of Practical Use of the Electrolytically Treated Examination of Practical Use of the Electrolytically Treated     
Sewage Sludge as Sewage DeodrizationSewage Sludge as Sewage DeodrizationSewage Sludge as Sewage DeodrizationSewage Sludge as Sewage Deodrization    

RikaRikaRikaRika    TAKAHASHI,TAKAHASHI,TAKAHASHI,TAKAHASHI,    Iwahito TAKAHASHIIwahito TAKAHASHIIwahito TAKAHASHIIwahito TAKAHASHI,,,,    Takaaki OHKITakaaki OHKITakaaki OHKITakaaki OHKI    and Hiroshi SEKINEand Hiroshi SEKINEand Hiroshi SEKINEand Hiroshi SEKINE 

෗┿-1 䝁䞁䝫䝇䝖ᕤሙ 

ཎ⮯Ẽ⃰ᗘ䠄ppm䠅

NH3 100䡚180

(CH3)3N 180䡚300

CH3SH ND

H2S ND  

 

⾲-1 ྛ⮯Ẽ䛾ཎ⮯Ẽ⃰ᗘ 



ᯒ㸦JISK0804㸧࡛⾜ࡀࡓࡗ㸪NH3 ࢙ࣇࢻࣥ࢖ࡣ

㟷྾ගගᗘἲ㸦JISK0099㸧࡛࣮ࣝࣀ ௚⮯ẼࡣGC

ἲ㸦⎔ቃᗇ࿌♧➨ 47 ྕ㸧⃰ࡾࡼ࡟ᗘ⿵ṇࡗ⾜ࢆ

 ࠋࡓ

㸰㸬㸱 ᐇ㦂᮲௳ࡧࡼ࠾᪉ἲ 

 ᅗ-1࡟⌧ሙᐇドヨ㦂⿦⨨ᅗࠋࡍ♧ࢆᐇ㦂᪉ἲࡣ

྾ᘬ࡛ࣉ࣏ࣥࢆẼ⮯ࡓࡋ⏕Ⓨࡽ࠿⛬㐣ࢺࢫ࣏ࣥࢥ

ࡾࡼᵴୗ㒊⮯⬺ࢆᵴෆ⮯⬺ࡓࡗධࡢ㸪㟁ゎởἾࡋ

㐃⥆㏻㐣ࡏࡉ㸪㏻㐣ᚋࡢṧᏑ≀㉁⃰ᗘࢫ࢞ࢆ᥇ྲྀ

ᏍBࡾࡼ᥇ྲྀ࡚ࡋ⤒᫬ⓗ࡟ ᐃࡓࡲࠋࡓࡋ㸪ཎ⮯

Ẽࡢ≀㉁⃰ᗘࡣ᥇ྲྀᏍAࡾࡼ᥇ྲྀࡋ㸪ẚ㍑ᑐ㇟࡜

ࡿࡺࢃ࠸᥋ゐ᫬㛫㸪ࡢ࡜Ẽ⮯࡜㸪ヨᩱ࠾࡞ࠋࡓࡋ

⮯Ẽ᥋ゐ᫬㛫࡟⮯⬺ࡣ㔜せ࡞ᅉᏊࢆ୚ࠋࡿ࠼᪤ 

࡛⮯⬺ࡓ࠸⏝ࢆ㸪㟁ゎởἾࡾࡼᯝ⤖ࡢᇶ♏ᐇ㦂ࡢ

ࡢ㸪⳦యࡢࡢࡶࡿࢀࡉ⮯⬺࡟㛫ⓗ▐ࡣ࡟㸪ᐇ㝿ࡣ

⮯Ẽศゎ཯ᛂࡓࡲヨᩱᛶ≧࡟୚ࡿ࠼ᙳ㡪ࢆ࡝࡞⪃

៖ࡋ㸪᭱㐺⮯Ẽ᥋ゐ᫬㛫ࢆ 60 ࡢࡑ㸪ࡋุ᩿࡜⛊

㸪ཎࡓࡲࠋ㸦⾲-2㸧ࡓࡋタᐃࢆࡉヨᩱ㧗࡞ᚲせ࡟್

⮯Ẽࡣ‵ᗘ࣭ ᗘඹ࡟㧗ࡃ㸪ヨᩱᛶ≧࡟ᙳ㡪ࢆཬ

ᗘㄪ⠇⿦⨨㸪‵࡟๓ࣉ㸪࣏ࣥࡵࡓࡿ࠶ࡀࢀᜍࡍࡰ

⬺⮯ᵴᑟධ๓ࡣ࡟ ᗘㄪ⠇⿦⨨ࢆタ⨨ࠋࡓࡋ 

㧗ࡽ࠿㸪ᐇ㦂ึᮇẁ㝵ࡾࡼ㸪ணഛᐇドヨ㦂࠾࡞

⃰ᗘࡢ⮯Ẽ࡜ࡿ࠸⏝ࢆ㸪྾╔స⏝ࡿࡼ࡟⬺⮯ຠᯝ

࡞ࢀࡉㄆ☜ࡣẼศゎ⮯ࡿࡼ࡟㸪⳦యࡀࡿࢀࡽぢࡣ

㧗⃰ᗘࡽ࠿๓ࡿࢀࡉ⮴㥆ࡀ㸪⳦యࡣࢀࡇࠋࡓࡗ࠿

⮯Ẽࢆᑟධࡾࡼ࡟࡜ࡇࡓࡋ㸪⳦యࡢ⮳㐺⎔ቃࡀᔂ

ቯࡋ㸪⬺⮯࡟㛵୚ࡿࡍ⳦యࡀṚ⁛࠼࠸࡜ࡵࡓࡓࡋ

⮯⬺ࡾࡼ࡟ప⃰ᗘ⮯Ẽࡣᐇ㦂ึᮇ࡛ࠊ࡛ࡇࡑࠋࡿ

ࡿࡏࡉάᛶࢆ㸪⳦య࠸⾜ࢆ⮴㥆ࡢయ⳦ࡿࡍ㛵୚࡟

㸪ึ࠼⪄࡜ࡿࢀࢃ⾜ࡀ⮯⬺࡞㸪㛗ᮇⓗࡾࡼ࡟࡜ࡇ

ᮇẁ㝵࡛ࡣ㸪ప⃰ᗘ⮯Ẽ㸦NH3㸸4.5 ppm㸪

(CH3)3N㸸15 ppm㸧࡟タᐃࡋ㸪⳦యࡢ㥆⮴ࢆ☜ㄆ

 ࠋࡓࡗᅗࢆ⮯⬺࡞㛗ᮇⓗࡋ⾜⛣࡟ᚋ㸪㧗⃰ᗘࡓࡋ

ヨᩱ୰ࡢ⳦యࡢάᛶᗘྜࡣ㸪ヨᩱࡢ pHࡧࡼ࠾

ATP㸦ࣥࣜ୕ࣥࢩࣀࢹ࢔㓟㸧㔞ࡾࡼ࡟☜ㄆࠋࡓࡋ

※࣮ࢠࣝࢿ࢚࡟୰ࡢ⬊⣽ࡓࡁ⏕㸪ࡣ࡜㸪ATP࠾࡞

㠃άᛶ⏺࡟ࢀࡇ㸪ࡾ࠶࡛ࡢࡶࡿࡍᏑᅾࡎᚲ࡚ࡋ࡜

๣ࢆస⏝࡜ࡿࡏࡉ ATP ࡑ㸪ࢀࡉᢳฟࡽ࠿⬊⣽ࡀ

࡜ࡿࡏ࠿ാࢆ㸦Ⓨ㓝㓝⣲㸧ࢮ࣮࢙ࣛࣇࢩࣝ࡟ࡇ

ATPࡢ㔞㸪ࡕࢃ࡞ࡍ⣽⬊ᩘ࡟ẚ౛ࡓࡋᙉ࡛ࡉⓎග

࠶ከ✀ከᵝ࡛ࡣయ⳦ࡢởἾ୰ࡣ࡛✲◊ᮏࠋࡿࢀࡉ

 ࠋࡓࡋATP㔞࡛グ㏙ࡃ࡞ࡣ㸪⳦యᩘ࡛ࡵࡓࡿ

㸱㸬ᐇ㦂⤖ᯝ᳨ࡧࡼ࠾ウ 

㸱㸬㸯 ᐇドヨ㦂⤖ᯝ 

ᅗ4࡟⌧ሙᐇドヨ㦂ࡿࡅ࠾࡟ṧᏑ⃰ᗘࡢ⤒᫬ኚ

໬㸪ᅗ ᫬ኚ໬㸪ᅗ⤒ࡢヨᩱpH࡟5 ヨᩱATP࡟6

㔞ࡢ⤒᫬ኚ໬࠾࡞ࠋࡍ♧ࢆ㸪ᅗ ኚࡢṧᏑ⃰ᗘࡣ4

໬ࢆぢࡵࡓࡿࡍࡃࡍࡸ㸪⦪㍈ࡣᑐᩘ┠┒࡛ࡾ⾲♧

 ࠋࡓࡋ

ᅗ ࡋ⮴ప⃰ᗘ⮯Ẽ࡛㥆ࡢ㸪ᐇ㦂ึᮇẁ㝵ࡾࡼ4

NH3 ࡛0.026ppm㸪࡟㸪ᐇ㦂㛤ጞ1᫬㛫ᚋࡣᮇ㛫ࡓ

(CH3)3N࡛0.078ppm࡜୧⮯Ẽࡶ࡜྾╔స⏝࠸࡜

ቑῶࡢᚋ㸪ከᑡࡢࡑ㸪ࢀࡽぢࡀ⮯⬺࡞㛫ⓗ▐ࡿ࠼

 ࠋࡓࢀࡽࡵㄆࡀຠᯝ⮯⬺ࡓࡋ㸪Ᏻᐃࡢࡢࡶࡿ࠶ࡣ

㸪ྠ࡛ࡇࡇ ᫬ᮇࡿࡅ࠾࡟ヨᩱpH࡜ATP㔞ࡢ⤖

ᯝࡽ࠿⳦యࡢάᛶᗘྜࢆ☜ㄆࠋࡓࡋඛࡎ㸪ᅗ ࡟5

ࡢ᫬ᮇྠࡓࡋ♧ pHࡢ⤖ᯝࡽ࠿㸪ὀධ⮯Ẽࡢᙳ㡪

ࡾࡼ࡟ 6᫬㛫ᚋ࡛ࡲpHࡢࡢࡶࡓࡋ᪼ୖࡣ㸪ࡢࡑ

ᚋ㸪᭷ᶵែ❅⣲࢔ࢽࣔࣥ࢔ࡢ໬࡜◪໬స⏝ࡀ㡰ḟ

㐍⾜ࡿࡼ࡟࡜ࡇࡿࡍ◪㓟ែ❅⣲ࡢ⵳✚࡜㸪⳦యࡢ

⮯Ẽศゎࡿࡼ࡟๪⏕⏘≀ࡢ⏕ᡂࡿ࠼࠸࡜పୗഴྥ

㸪ᅗ࡟ࡽࡉࠋࡓࢀࡽぢࡀ ࡶࡽ࠿6 ATP㔞ࡢቑṪ

ࢃ⾜༑ศࡀ⮴㥆ࡢయ⳦ࡿࡍ㛵୚࡟⮯⬺㸪ࢀࡽぢࡀ

⛣࡟ཎ⮯Ẽࡢ㧗⃰ᗘࡾࡼ㸪14᫬㛫ᚋࡋุ᩿࡜ࡓࢀ

⏕๪ࡿࡍ⏕Ⓨࡽ࠿Ẽศゎ⮯ࡢ㸪⳦య࠾࡞ࠋࡓࡋ⾜

 ࠋࡿࢀࡉᚓ࡚⏕ᡂࢆ⛬㐣ࡢ௨ୗࡣ≀⏘

NH3→HNO2㸩H2O→HNO3 

(CH3)3N→HCHO→CO2㸩H20 

ཎ⮯Ẽࡓࡋ⾜⛣࡟ᚋࡣ㸪80᫬㛫࡛ࡲ୧⮯Ẽࡶ࡜

ཎ
⮯
Ẽ
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φ䠖150mm

ヨ
ᩱ

㧗
䛥

䠖
2
1
0
m

m
ᅗ-1 ⌧ሙᐇドヨ㦂⿦⨨ᅗ 

⮯ Ẽ ᥋ ゐ ᫬ 㛫  (sec) 60

⬺ ⮯ ᵴ ෆ ᚄ  (cm ) 15

㢼 ㏿  (cm/sec) 0.35

㢼 㔞  (cm
3
/sec) 62

ヨ ᩱ 㧗 䛥  (cm ) 21  

⾲-2 ᐇ㦂᮲௳ 



࡟ 90 %௨ୖࡢ㧗࠸㝖ཤ⋡࡛⬺⮯ࡋ࠿ࡋࠋࡓࢀࡉ㸪

ᚎ࡟ࠎṧᏑ⃰ᗘࡀ᪼ୖࡢぢࢀࡽ㸪120᫬㛫ᚋࡣ࡟

NH3 ࡛⣙ 1ppm㸪(CH3)3N࡛⣙ 3ppm᪼ୖ࡛ࡲ

㸪ࡋపୗ࡟ᛴ⃭ࡣpHࡿࡅ࠾࡟᫬ᮇྠ࡟ࡽࡉࠋࡓࡋ

ウ᳨ࢆせᅉࡢࡇࠋࡓࡋᛴῶࡶ㸪ATP㔞࠸క࡟ࢀࡑ

࡟㸪⮯Ẽศゎࡵࡓࡿ࠶㧗⃰ᗘ࡛ࡀ㸪ཎ⮯Ẽ࡜ࡿࡍ

㸪pHࡋ⏕Ⓨ࡟኱㔞ࡀ≀⏘⏕๪ࡿࡼ పୗ࡞ᛴ⃭ࡢ

⳦㸪ࡋᔂቯࡀ㐺⎔ቃ⮳ࡢయ⳦ࡾࡼ࡟ࢀࡇ㸪ࡁᣍࢆ

యࡢ⮯Ẽศゎస⏝ࡀపୗࠋࡿ࠼࠸࡜ࡢࡶࡓࡋ 

㸪ࡋ⾜⛣࡟෌ᗘ㸪ప⃰ᗘࡽ࠿㸪120᫬㛫ᚋ࡛ࡇࡑ

⳦యࡢ㥆⮴ࢆヨࡢࡑࠋࡓࡳ⤖ᯝ㸪୍᫬ⓗ࡟ṧᏑ⃰

ᗘࡀపୗࡵࡓࡓࡋ㸪160᫬㛫ᚋ࡟෌ᗘ㸪㧗⃰ᗘ࡟

ࡢࡇ㸪ࡎࢀࡽぢࡣάᛶࡢ㸪⳦యࡋ࠿ࡋࠋࡓࡋ⾜⛣

Ẽศゎస⮯ࡢయ⳦ࡣ⮯⬺࡞᫬ⓗ୍ࡢ㸪ඛࡽ࠿࡜ࡇ

ࢀࡇࠋࡿ࠼࠸࡜ࡢࡶࡿࡼ࡟⏝㸪྾╔సࡃ࡞ࡣ࡛⏝

ࡽ࠿㸪120᫬㛫ᚋࡣ 160᫬㛫ᚋࡢ㛫࡛ ATP㔞ࡀ

0.01

0.1

1

10

100

1000

0 20 40 60 80 100 120 140 160 180 200

᫬㛫 (hour)

ṧ
Ꮡ

⃰
ᗘ

 (
pp

m
)

ṧᏑ⃰ᗘ䠖NH3ཎ⮯Ẽ䠖(CH3)3N ཎ⮯Ẽ䠖NH3 ṧᏑ⃰ᗘ䠖(CH3)3N

5.00

6.00

7.00

8.00

0 20 40 60 80 100 120 140 160 180 200

᫬㛫 (hour)

pH

0

100

200

300

400

0 20 40 60 80 100 120 140 160 180 200

᫬㛫䚷(hour)

A
T
P
 (

R
L
U

)

ᅗ6 ヨᩱATPࡢ⤒᫬ኚ໬ 

ᅗ5 ヨᩱpHࡢ⤒᫬ኚ໬ 

ᅗ4 ṧᏑ⃰ᗘࡢ⤒᫬ኚ໬ 

ప⃰ᗘ⮯Ẽ 㧗⃰ᗘ⮯Ẽ ప⃰ᗘ⮯Ẽ 㧗⃰ᗘ⮯Ẽ 

ప⃰ᗘ⮯Ẽ 㧗⃰ᗘ⮯Ẽ ప⃰ᗘ⮯Ẽ 㧗⃰ᗘ⮯Ẽ 

ప⃰ᗘ⮯Ẽ 㧗⃰ᗘ⮯Ẽ ప⃰ᗘ⮯Ẽ 㧗⃰ᗘ⮯Ẽ 



ኚ໬ࡎࡏ㸪ప್࡛࠸᥎⛣ࡶࡽ࠿࡜ࡇࡓ࠸࡚ࡋ☜ㄆ

 ࠋࡿࡁ࡛

ࡀ᪼ୖࡢṧᏑ⃰ᗘࡿ࠼࠸ࡶ࡜⏺ᚋ㸪⬺⮯㝈ࡢࡑ

ぢࡵࡓࡓࢀࡽ㸪⣙ 200 ᫬㛫ᚋ࡟ᐇ㦂ࢆ୰Ṇࠋࡓࡋ

㸪᭱࠾࡞ ⤊ⓗ࡟pHࡧࡼ࠾ATP㔞ࡓࡋ᪼ୖࡀ⌮⏤

㸪pHࡣ࡚ࡋ࡜ ศゎࡀཎ⮯Ẽ࠸ᙉࡢᛶࣜ࢝ࣝ࢔ࡣ

ᩋ⭉ࡣ㸪ATPࡾ࠶࡛ࡵࡓࡓࡋ╔྾࡟ヨᩱ࡟ࡎࢀࡉ

 ࠋࡿ࠼࠸࡜ࡿ࠶࡛ࡢࡶࡿࡼ࡟ቑṪࡢ⳦

๓㏙ࡓࡋ᪤ ࡢᇶ♏ᐇ㦂࡛400ࡣ᫬㛫⬺⮯ᛶ⬟

࡜ࡿ࡭ẚ࡟ࢀࡑࡣ㸪⌧ሙᐇドヨ㦂࡛ࡀࡓࡋ⥆⥅ࡀ

ᣢ⥆ᛶࡋ࠿ࡋࠋ࠸▷ࡣ㸪1gࡢࡾࡓ࠶ởἾࡋ⮯⬺ࡀ

㸪࡜ࡿࡍᇶ♏ᐇ㦂࡛ẚ㍑࡜ᐇドヨ㦂ࢆ㉁⃰ᗘ≀ࡓ

ᐇドヨ㦂ࡢ᪉ࡀ 15 ಸ௨ୖ⬺⮯࠾࡞ࠋࡿ࠸࡚ࡋ㸪

pH ྥࢆ㸪ᣢ⥆ᛶࡾࡼ࡟࡜ࡇࡿࡍ࣮ࣝࣟࢺࣥࢥࢆ

㸪⏝㈝ࡢ࡝࡞㸪pHㄪᩚ๣ࡀࡿࡁ࡛ࡶ࡜ࡇࡿࡏࡉୖ

㸪ᇶ♏ᐇࡶࡽ࠿ほⅬࡢ⏝᭷ຠ฼ࡢୗỈởἾ࡟ࡽࡉ

㦂ࡽ࠿ᚓ࡟࠺ࡼࡿ࠸࡚ࢀࡽ㸪ᐃᮇⓗ࡟㥆⮴ࡓࡋ㟁

ゎởἾ࡜஺᥮ࡾࡼ࡟࡜ࡇࡿࡍ㸪ᣢ⥆ᛶࡏࡉୖྥࢆ

 ࠋࡿࢀࡽ࠼⪄࡜࠸ࡋࡲᮃࡀ࡜ࡇࡿ

㸱㸬㸰 ㈝⏝ᑐຠᯝ࡚࠸ࡘ࡟ 

๓㡯࡛ࡣ㸪㟁ゎởἾࡿࡼ࡟⬺⮯᪉ἲࡣୗỈởἾ

㸪ᐇࡀࡓ࡭㏙࡜࠸ࡋࡲᮃࡶࡽ࠿ほⅬࡢ⏝᭷ຠ฼ࡢ

⏝໬ࢆᅗࡣ࡛ୖࡿ㈝⏝ᑐຠᯝ࡚࠸ࡘ࡟⪃ᐹࡅ࡞ࡋ

࡟⏝㈝ࡿ࠿᥃࡟⌮㸪㟁ゎฎ࡛ࡇࡑࠋ࠸࡞ࡽ࡞ࡤࢀ

 ࠋࡓࡗ⾜ࢆࡾ✚㸪ぢࡀࡿ࠶ࡣ࡛⟭ᴫ࡚࠸ࡘ

⾲ 3 ࡁ࡜ࡓࡋ⌮㟁ゎฎࢆୗỈởἾ㸦1.0m3㸧࡟

CaCO3࡜㸪FeCl3࠾࡞ࠋࡍ♧ࢆ㈝⤒ࡢရ⸆ࡿ࠿᥃࡟

ሷ໬㕲࡜⅊▼ࡿ࠸࡚ࢀࢃ౑࡟㸪ୗỈฎ⌮ሙ࡛୺ࡣ

࡛௦⏝࡛ࡁ㸪ࡓࡲ⌧ᅾ㸪ୗỈฎ⌮ሙ࡛౑⏝࡚ࢀࡉ

ࡋ⟭༢౯࡛ィࡢࡑ㸪ࡵࡓࡿ࠶࡛ࡢࡶ࡞ⓗ⯡୍ࡿ࠸

ࡣ㸪㧗౯࡛࡭ẚ࡟ရ⸆ࡢ௚ࡀ㸪CaF2ࡾࡼࢀࡇࠋࡓ

⣙ࡣィྜࡢ㈝⤒ရ⸆ࡶ࡛ࢀࡑ㸪ࡀࡿ࠶ 878෇࡞࡜

౑⏝㟁ࡿ࠿᥃࡟ࡢࡿࡍ⌮ฎࢆ㸪ྠởἾ㔞ࡓࡲࠋࡿ

ຊࡣ⌮ㄽⓗ࡟⣙3kWh࡛ࡾ࠶㸪ࢆࢀࡇ኱ཱྀ㟂せࡢ

11෇/kWh࡛ィ⟬࡜ࡿࡍ㸪33෇ࢆࡽࢀࡇࠋࡿ࡞࡜

ྜィ࡜ࡿࡍ 1m3ᙜࡾࡓ⣙ 910෇࡛ฎ⌮ࠋࡿࡁ࡛ࡀ

㸪1m3࠾࡞ ᙜࡢࡾࡓ㟁ゎởἾ㔞ࡣయ✚࡛⣙

30000cm3ࡾ࡞࡜㸪௒ᅇ౑⏝ࡓࡋởἾ㔞ࡣ⣙3700 

cm3࡛ࡵࡓࡿ࠶㸪8 ಸ௨ୖࡢ㟁ゎởἾࡀసᡂࢀࡉ

 ࠋࡿ࡞࡜࡜ࡇࡿ

୍᪉㸪ୗỈฎ⌮ሙ࡛࡝࡞୺୍ࡿ࠸࡚ࢀࡽ࠸⏝࡟

⯡ⓗ࡞άᛶⅣࡢ༢౯800ࡣ㹼1000෇/kg⛬ᗘ࡛࠶

ࡣάᛶⅣ࡛ࡓࡋሬᕸࢆ࡝࡞㸪⸆ရࡾ 1700෇/kg࡜

࡝࡞Ẽ⃰ᗘ⮯ࡿࡍ⏕つᶍ㸪ⓎࡢୗỈฎ⌮ሙࠋࡿ࡞

㟁ゎở࡟㸪୍ᴫࡵࡓࡿ࡞␗ࡀ࡝࡞㸪ᣢ⥆ᛶࡾࡼ࡟

Ἶ࡜ẚ㍑ࡀ࠸࡞ࡁ࡛ࡣ࡜ࡇࡿࡍ㸪ヨᩱ㔞࡚ࡋ࡜ẚ

㍑࡜ࡿࡍ㸪㟁ゎởἾࡢ᪉40ࡀಸ㏆ࡃᏳ౯࡛ࠋࡿ࠶

ࡶ࡝࡞Ỉᛶ⬺ࡢୗỈởἾࡿ࠶㸪㞴⬺Ỉᛶ࡛࡟ࡽࡉ

ᨵၿࡵࡓࡿࢀࡉ㸪ୗỈฎ⌮࡟ࢫࢭࣟࣉ㟁ゎฎ⌮ἲ

኱ࢆ⛬ᕤࡢ࡝࡞㸪⃰⦰㸪ᾘ໬㸪⬺Ỉࡤࡵ㎸ࡳ⤌ࢆ

ᖜ࡟๐ῶ࡛ࡁ㸪㈝⏝ᑐຠᯝࡶ࡚࠼⪄ࡽ࠿ᐇ⏝ྍ⬟

㸪ึᮇ㈝⏝㸪㐠࠾࡞ࠋࡿ࠼࠸࡜ࡿ࠶᪉ἲ࡛⮯⬺࡞

㌿ࡣ࡚࠸ࡘ࡟ࢺࢫࢥ㸪⬺⮯ࡢ࣒ࢸࢫࢩ㠃ࡽ࠿ぢ࡚

 ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛➼ྠࡰ࡯ࡶ

㸲㸬ࡵ࡜ࡲ 

ᮏ◊✲࡛ࡣ㸪኱㔞࡟Ⓨ⏕ࡿࡍୗỈởἾࢆ㟁ゎฎ

ࢆ࡜ࡇࡿࡍ⏝෌฼࡚ࡋ࡜㸪⬺⮯ᮦࡋᨵ㉁ࡾࡼ࡟⌮

┠ⓗ࡟㸪ཝ࠸ࡋ⎔ቃୗ࡛ࡿ࠶ୗỈởἾࢺࢫ࣏ࣥࢥ

ᕤሙ࡚࠸࠾࡟ᐇドヨ㦂࠸⾜ࢆ㸪௨ୗࡢ▱ぢࢆᚓࠋࡓ 

1) ᐇ㦂ึᮇ࡟ప⃰ᗘࡢ⮯Ẽ࡛㥆⮴࡛࡜ࡇࡿࡍ㸪

㧗⃰ᗘ࡞ཎ⮯Ẽࡓࡋ⾜⛣࡟ᚋࡶ㸪㝖ཤ⋡

90㸣௨ୖࡢ㧗࠸⬺⮯ຠᯝࠋࡓࡋ♧ࢆ 

2) ཎ⮯Ẽࡀ㧗⃰ᗘࡢ」ྜ⮯Ẽ࡛ࡵࡓࡿ࠶㸪⮯Ẽ

ศゎࡿࡼ࡟๪⏕⏘≀ࡾࡼ࡟ pH ప࡟ᛴ⃭ࡀ

ୗࡋ㸪⳦యࡢ⮳㐺⎔ቃࡀᔂቯࡿ࠼࠸࡜ࡓࡋ

ATPࡢపୗࡀぢࠋࡓࢀࡽ 

3) ⳦యࡢ⮳㐺⎔ቃᔂቯᚋ㸪ప⃰ᗘ⮯Ẽࡾࡼ࡟෌

ᗘ㥆⮴ࢆヨࡀࡓࡳ㸪྾╔స⏝࡜ࡢࡶࡿࡼ࡟⪃

㸪⳦యࡢࡢࡶࡓࡗ࠶ࡣຠᯝ࡞᫬ⓗ୍ࡿࢀࡽ࠼

 ࠋࡓࡗ࡞࡜⏺㸪⬺⮯㝈ࡎࢀࡽぢࡣάᛶࡢ

4) ヨᩱ 1gࡢࡾࡓ࠶⥲⬺⮯㔞ࡣ㸪ᇶ♏ᐇ㦂࡟ẚ

 ࠋࡓࡗ࠶㸪15ಸ௨ୖ࡛࡭

5) ㈝⏝ᑐຠᯝ࡛ࡣ㸪㟁ゎởἾࡓ࠸⏝ࢆ⬺⮯ἲࡣ

ᚑ᮶ࡢ⬺⮯ἲ࡜ẚ㍑ࡶ࡚ࡋ༑ศ㸪ᐇ⏝ྍ⬟࡛

኱ᖜࡢࢫࢭࣟࣉ⌮ୗỈฎ࡟ࡽࡉ㸪࠼࠸࡜ࡿ࠶

 ࠋࡿࢀࡽᅗࡀ๐ῶ࡞

௨ୖࡢ⤖ᯝࡾࡼ㸪ᐇドヨ㦂࡛ࡣ㸪⳦యࡢ⮳㐺⎔

ቃࡀᔂቯࡾࡼ࡟ࢁࡇࡓࡋ㸪ᇶ♏ᐇ㦂࡟ẚ࡭ᣢ⥆ᛶ

㸪ヨᩱࡢࡢࡶࡓࡗ࠿࡞ࢀࡽぢࡣ 1g ⬺⥲ࡢࡾࡓ࠶

⮯㔞࡟࠿ࡿࡣࡣከࡃ㸪ࡓࡲᐃᮇⓗ࡟᪂ࡃࡋ㥆⮴ࡋ

⬟ྍࡀ⮯⬺࡞ⓗ⥆⥅࡟ࡽࡉ㸪ࡤࢀࡍ஺᥮࡬ヨᩱࡓ

ࡿ࠶࡛┈᭷ࡶ࡚࠸ࡘ࡟㸪㈝⏝ᑐຠᯝࡓࡲࠋࡿ࠶࡛

ୗỈởἾࡿࡍ⏕Ⓨ࡟㸪኱㔞ࡽ࠿࡜ࡇࡢࡇ㸪࠼࠸࡜

⮯⬺ࡓ࠸⏝ࢆ㸪㟁ゎởἾࡾࡀᣑࡶ㐨ࡢ⏝᭷ຠ฼ࡢ

ἲࡣ኱࡟࠸ᐇ⏝ྍ⬟࡛ࠋࡿ࠼࠸࡜ࡿ࠶ 

⾲3 ୗỈởἾ㸦1m3㸧ࢆ㟁ゎฎ⌮ࡢࡁ࡜ࡓࡋ 

⸆ရ⤒㈝ 

౑⏝⸆ရ
౑⏝㔞䠄༢౯䠅

䠄T-SS䠖7000mg/䉭䛾᫬䠅
㔠䚷䚷㢠

䠄ᑠᩘⅬ௨ୗᅄᤞ஬ධ䠅

CaF2 0.70 kg䚷䠄1170 ෇/kg䠅 81㻥䚷෇

▼⅊ 0.70 kg䚷䠄28 ෇/kg䠅 20䚷෇

ሷ໬㕲 1.05 kg䚷䠄37 ෇/kg䠅 3㻥䚷෇


