
    ✲◊✲◊✲◊✲◊ࡿࡍࡿࡍࡿࡍࡿࡍ㛵㛵㛵㛵࡟࡟࡟࡟ᙳ㡪ᙳ㡪ᙳ㡪ᙳ㡪ࡍࡰࡍࡰࡍࡰࡍࡰཬཬཬཬ࡟࡟࡟࡟㢮⏕㛗⸴㢮⏕㛗⸴㢮⏕㛗⸴㢮⏕㛗⸴ࡢࡢࡢࡢ἟†἟†἟†἟†ࡀࡀࡀࡀἙᕝỈἙᕝỈἙᕝỈἙᕝỈࡢࡢࡢࡢỈ฼⏝ᙧែỈ฼⏝ᙧែỈ฼⏝ᙧែỈ฼⏝ᙧែࡿ࡞ࡿ࡞ࡿ࡞ࡿ࡞␗␗␗␗

 

ᮾ໭኱Ꮫ⎔ቃಖ඲࣮ࢱࣥࢭ  ṇ఍ဨ ○∾㔝 ⫱௦ 

Ⱚᾆᕤᴗ኱ᏛᕤᏛ㒊  㠀఍ဨ  ▮స ⿱ྖ 

ᮾ໭኱Ꮫ⎔ቃಖ඲࣮ࢱࣥࢭ  㠀఍ဨ  ኱஭ ⚽୍ 

 

㸯㸯㸯㸯㸬㸬㸬㸬࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ    

 ከᦶᕝ᭱ୖὶᇦ࡟఩⨨ࡿࡍዟከᦶ†㸦Ỉ㐨Ỉ※࣒ࢲ

㈓Ỉụ㸧࡛ࠊࡣ㏆ᖺࠊỈ㉁ở⃮໬⌧㇟࡚࠸࡚ࡌ⏕ࡀỈ

㉁ࡢᝏ໬ࡀᠱᛕࡢࡑࠋࡿࢀࡉỈ㉁ở⃮໬ࡢᣑ኱ࡣ୺࡟

ᇶ࡟Ⓨ⏕㔞ࡸኚ໬ࡢ✀ᵓᡂࡿࡅ࠾࡟ࣥࢺࢡࣥࣛࣉ≀᳜

ࡿ࠶࡛✀ᙧᡂࢥ࢜࢔ࠊࡣ࡟ලయⓗࠊ࡚ࡗ࠶࡛ࡢࡶࡃ࡙

㸦Anabaena㸧ࢼ࣋ࢼ࢔࡜㸦Microcystis㸧ࢫ࢕ࢸࢫ࢟ࣟࢡ࣑

ࡢ࡜ 2 ኚ໬ࡃࡁ኱ࢆỈ㉁ࡢ†ዟከᦶࡀ⏕Ⓨࡢ⸴⸛ࡢ✀

Ỉ㉁ၥ㢟ࡢ†ዟከᦶ࡞࠺ࡼࡢࡇࠋࡿࢀࡽ࠼⪄࡜ࡓࡏࡉ

ዟከࠊࡢࡢࡶࡿ࠸࡚ࢀࡉሗ࿌ࡃከࡣ✲◊ㄪᰝࡿࡄࡵࢆ

ᦶ†࡟ὶධࡿࡍἙᕝ㸦௨ୗࠊὶධἙᕝ㸧Ỉ㉁ࡢᙳ㡪ࢆ

ᑐ㇟ࡓࡋ࡜ㄪᰝ◊✲ࠊࡣዟከᦶ†ࡢỈ㉁ᙧᡂ࡟኱ࡃࡁ

㛵୚ࡋ㔜せ࡛ࡢࡢࡶࡿ࠶ᑡࠋ࠸࡞ᮏ◊✲ࠊࡣỈ㐨Ỉ※

㈓Ỉụࡢᶵ⬟ࢆ᭷ࡿࡍዟከᦶ†ࡢỈ㉁ಖ඲ࡢ❧ሙࠊࡽ࠿

ࣉ≀᳜ࡢ἟†ࡀἙᕝỈࡿࡍ⨨఩࡟Ỉ฼⏝ᙧែୖࡿ࡞␗

ࡓࡋ✲◊ㄪᰝ࡚࠸ࡘ࡟ᙳ㡪ࡍࡰཬ࡟㛗⏕ࡢࣥࢺࢡࣥࣛ

 ࠋࡿ࠶࡛ࡢࡶ

㸰㸰㸰㸰㸬㸬㸬㸬ㄪᰝ᪉ἲㄪᰝ᪉ἲㄪᰝ᪉ἲㄪᰝ᪉ἲࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂ᡭἲᡭἲᡭἲᡭἲ        

 ὶධἙᕝࡢㄪᰝࠊࡣᅗ-1 ᐃⅬほ ᆅⅬ࡟࠺ࡼࡍ♧࡟

ࡢ㢖ᗘ࡛ヨỈࡢᗘ୍࡟⣙㸯ࣨ᭶ࡾࡓࢃ࡟2ᖺ㛫ࠊࡅタࢆ

᥇Ỉ࡜⌧ᆅほ ࡢࢀࡎ࠸ࠋࡓࡗ⾜ࢆㄪᰝᆅⅬࡶἙᕝ࠶

1-⾲ࠊ࡚࠸࡚ࡋ⤖┤࡟἟†ࡣ࠸ࡿ ࡀ฼⏝ᙧែ࡟࠺ࡼࡢ

ࡶ࡜࡜Ỉ㉁ศᯒࡢ࡝࡞㕲ࠊࣥࣜࠊ⣲❅ࠊࡓࡲࠋࡿ࡞␗

࠾࡟†ዟከᦶࡣ࡚ࡋ࡜ヨ㦂≀⏕ࠋࡓࡗ⾜ࢆヨ㦂≀⏕࡟

ࢺࢡࣥࣛࣉ≀᳜ࡿ࠶୺せᅉᏊ࡛ࡢ㇟⌧Ỉ㉁ở⃮໬࡚࠸

ࡿࡍホ౯ࢆቑṪ⬟ຊࡢࣥ AGP ヨ㦂㸦Algal Growth 

Potentials; ⸴㢮⏕⏘₯ᅾ⬟ຊ㸧ࢆヨࠋࡓࡳヨ㦂ᑐ㇟ࡍ࡜

࡞࡜ၥ㢟ࡋዟከᦶ†࡛ඃ༨✀໬ࡣࣥࢺࢡࣥࣛࣉ≀᳜ࡿ

ࡧࡼ࠾✀Microcystisࡿ࠸࡚ࡗ Anabaena✀ࠋࡓࡋ࡜ᮏ

ヨ㦂࡛ࡣᇶᮏⓗ࡞ヨ㦂᪉ἲୖࡣ࡚࠸ࡘ࡟Ỉヨ㦂᪉ἲ࡟

༢✀⸴㢮ቑṪヨ㦂࡜ΰྜ⸴㢮ቑṪヨ㦂࡟ࡽࡉࠋࡓࡌ‽

 ࠋࡓࡋ࡟⪄ཧࢆ᪉ἲࡢࡽᶓᒣࡣ࡚࠸࠾࡟

    

㸱㸱㸱㸱㸬㸬㸬㸬Ỉ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝ࡜࡜࡜࡜⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ    
 ᅗ-2࡟❅⣲ࠊࢆᅗ-3ࡢࣥࣜࡣ࡟Ỉ㉁ศᯒ⤖ᯝࡢᖹᆒ

୹࡟ࡶ࡜ࣥࣜࠊ⣲❅࡚࠸࠾࡟ேⅭⓗᙳ㡪ୗࠋࡍ♧ࢆ್

ἼᕝࡾࡼᑠⳢᕝ᳨࡛ฟ⃰ᗘࡀ㧗ࠊࡃ†἟ὶධ㒊(t0ࠊk0)

࡛ῶᑡࣥࣜ࡟≉ࠋࡿ࠸࡚ࡋ㓟ែࣜࣥࡣ࡚࠸࠾࡟ ᐃ㝈

⏺್௨ୗ(<0.003)୍࡛ࠋࡓࡗ࠶᪉ࠊୗỈฎ⌮ሙୗ(t1ࠊk1)

ࡇࠋࡓࡋ♧ࢆ኱್᭱ࡢ್ྠࡰ࡯ࡣ࡛(k2ࠊt2)ᇼୗࡾ㔮࡜

᳜ࠊ࡜ࡿࡍ៖⪄ࢆἙᕝᙧែࡢほ ᆅⅬࠊࡣࡽ࠿ᯝ⤖ࡢ

ࡣ౪⤥ᆅⅬࡢᰤ㣴ሷ㢮࡞ᚲせ࡟ቑṪࡢࣥࢺࢡࣥࣛࣉ≀

἟ὶධ†ࠊࡓࡲࠊࡾ࠶ୗỈฎ⌮ሙ࡛ࠖࠕ࡜ᇼࠖࡾ㔮ࠕ

㒊࡛ࡢࡑᰤ㣴ሷ㢮ࡾྲྀ࡟ࣥࢺࢡࣥࣛࣉ≀᳜ࡣ㎸ࢀࡲᾘ

ᅗ-4ࠋࡿࢀࡉ ᥎ࡀ࡜ࡇࡿࢀࡉ㈝ ᐃⅬほ ᆅⅬヨỈ࡟

ࠊྠࢆᾋ㐟ᛶ≀㉁⃰ᗘ(SS)ࡢฟỈ᫬࡜ᖹỈ᫬ࡿࡅ࠾࡟ ᵝ

ᅗ-5࡟ ᅗ-6ࡓࡲࠊࢆ඲㕲⃰ᗘ(T-Fe)ࡣ࡟ Ꮡ㕲⃰ᗘ⁐࡟

(D-Fe)ࠋࡍ♧ࢆSS ࡜ T-Fe ୖࠋࡓࡗ࡜ࢆᣲືࡌྠࡰ࡯ࡣ

ὶ࡟᳃ᯘᆅᖏࢆ᭷ࡿࡍἙᕝࡢฟỈ᫬ࠊࡣ࡟᳃ᯘࡢࡽ࠿

ᅵተ⢏ᏊࡀἙᕝ࡟ὶධࡢࡑࠊ࡛࡜ࡇࡿࡍ SS㉳※(ᅵተ⢏

Ꮚ)ྵ࡟᭷ࡿࡍᡈࡣ࠸⾲㠃࡟྾╔ࡢࣥࣜࡿ࠸࡚ࡋቑຍࡀ

ぢ㎸ࡢࡑࠋࡿࢀࡲ㝿ࡸ࣒࢘ࢩࣝ࢝ࡣࣥࣜࠊ㕲ࡋྜ⤖࡜ 

 

 

 

to 
◎ 

 

● t3 ● 
t2 

● 
k1 

◎ 
ko ● 

k2 

● k3 

⮳ ዟከᦶ† 

● 
t4 

● 
t1 

ᅗ-1 ㄪᰝὶᇦ࡜ヨỈ᥇ỈᆅⅬ 

 
ㄪᰝᆅⅬ グྕ Ἑᕝᙧែ

୹Ἴᕝ㈓Ỉụὶධ㒊 t0 ୹Ἴᕝ䛾ୗὶ䛻఩⨨䛩䜛ዟከᦶ†䛾ᓊ

බඹἙᕝほ ᆅⅬ t1 ୹Ἴᕝ䛾ୗὶ

୹Ἴᒣί໬䝉䞁䝍䞊
䠄ୗỈฎ⌮ሙ䠅ୗ

t2 ୗỈฎ⌮Ỉ䛜ΰὶ䛧䛯Ἑᕝᇦ

୹Ἴᒣ㔮䜚ᇼୗ t3 㔮䜚ᇼ䛾Ỉ䛜ΰὶ䛧䛯Ἑᕝᇦ

୹Ἴᒣ᳃ᯘ῱ὶ t4 ேⅭⓗ䛺Ỉ㉁䜈䛾ᙳ㡪䛾☜ㄆ䛥䜜䛺䛔Ἑᕝᇦ

ᑠⳢᕝ㈓Ỉụὶධ㒊 k0 ᑠⳢᕝ䛾ୗὶ䛻఩⨨䛩䜛ዟከᦶ†䛾ᓊ

ᑠⳢί໬䝉䞁䝍䞊
䠄ୗỈฎ⌮ሙ䠅ୗ

k1 ୗỈฎ⌮Ỉ䛜ΰὶ䛧䛯Ἑᕝᇦ

ᑠⳢ㔮䜚ᇼୗ k2 㔮䜚ᇼ䛾Ỉ䛜ΰὶ䛧䛯Ἑᕝᇦ

୹Ἴᒣ᳃ᯘ῱ὶ k3 ேⅭⓗ䛺Ỉ㉁䜈䛾ᙳ㡪䛾☜ㄆ䛥䜜䛺䛔Ἑᕝᇦ

⾲-1 ㄪᰝᆅⅬࡢᴫせ 

ฟỈ᫬ヨỈฟỈ᫬ヨỈฟỈ᫬ヨỈฟỈ᫬ヨỈ䛾䛾䛾䛾Ỉ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝ

0
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0.06

t0 t1 t2 t3 t4 k0 k1 k2 k3

ㄪᰝᆅⅬㄪᰝᆅⅬㄪᰝᆅⅬㄪᰝᆅⅬ

(m
g/
l)

TP

PO4-P

ᅗ-2 ᖹỈ᫬ࡿࡅ࠾࡟❅⣲ែ⃰ᗘ 

ᖹỈ᫬ヨỈᖹỈ᫬ヨỈᖹỈ᫬ヨỈᖹỈ᫬ヨỈ䛾䛾䛾䛾Ỉ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝỈ㉁ศᯒ⤖ᯝ

0

0.5
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2.5
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3.5

t0 t1 t2 t3 t4 k0 k1 k2 k3

ㄪᰝᆅⅬㄪᰝᆅⅬㄪᰝᆅⅬㄪᰝᆅⅬ

(m
g
/l
)

TN

NO3-N

NO2-N

NH4-N

ᅗ-3 ᖹỈ᫬ࣥࣜࡿࡅ࠾࡟ែ⃰ᗘ 

 ἙᕝỈ฼⏝ᙧែ㸪⏕≀ヨ㦂㸪Microcystis㸪Anabaena㸪ᅵተ⢏Ꮚ ࢻ࣮࣮࣡࢟
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SSࠊ࡚ࡗࡀࡓࡋࠋࡿࡍቑຍࡶࡽࢀࡑ࡚ࡋ࡜ᯝ⤖ࠊࡃ᫆

࡜ T-Fe ࡔࡓࠋ࠸↓ࡣ┪▩࡟࡜ࡇࡿྲྀࢆᣲືࡌྠࡰ࡯ࡀ

D-Feࠊࡋ ࡽ࠿࡜ࡇࡿ࡞␗ࡀᣲືࠊࡣ࡚࠸ࡘ࡟ SS㉳※࡛

 ࠋࡿࢀࡽ࠼⪄ࡀ࡜ࡇ࠸࡞ࡣ

㸲㸲㸲㸲㸬㸬㸬㸬⏕≀ヨ㦂⤖ᯝ⏕≀ヨ㦂⤖ᯝ⏕≀ヨ㦂⤖ᯝ⏕≀ヨ㦂⤖ᯝ࡜࡜࡜࡜⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ    
ᇵ㣴ヨ㦂ࡓ࠸⏝࡟ヨỈࡣฟỈ᫬࡟᥇Ỉ࠶࡛ࡢࡶࡓࡋ

ࡀὶධἙᕝỈࠊ࡚ࡋῧຍ࡟἟⾲ᒙỈ†ࢆヨỈࡢࡑࠋࡿ

†἟ࡢ⸴㢮ቑṪ࡟ཬࡍࡰᙳ㡪࡚࠸ࡘ࡟ㄪᰝࠋࡓࡋᅗ-7

㹼ᅗ-8 ῧຍࢆᐃⅬほ ᆅⅬヨỈ࡟἟⾲ᒙヨỈ†ࠊࡣ࡟

ࠊ࠾࡞ࠋࡍ♧ࢆᯝ⤖ࡢ༢✀⸴㢮ᇵ㣴ヨ㦂ࡓࡋᇵ㣴࡚ࡋ

ẚ㍑ࠊࡵࡓࡢ†἟⾲ᒙỈࡢ 100㸣ཎỈ(r1)ࡧࡼ࠾ 100㸣

ℐ㐣ᾮ(r2)ࡶ࡚࠸ࡘ࡟ᇵ㣴ࠋࡿ࠸࡚ࡋMicrocystis㸦ᅗ-7㸧ࠊ

Anabaena㸦ᅗ-8㸧ࠊ࡟ࡶ࡜†἟⾲ᒙỈࡢᖹỈ᫬࡜ฟỈ

᫬ࡢヨỈ࡟ᇵ㣴㔞ࡢᕪࡣぢ࡟ࢀࡑࠋ࠸࡞ࢀࡽᑐ࡚ࡋᐃ

Ⅼほ ᆅⅬ࡛ࠊࡣฟỈ᫬࡛㧗ࠊࡃᖹỈ᫬ࡣẚ㍑ⓗప࠸

ᅗ-4ࠋࡓࡋ♧ࢆ್ ࡣ࡟ฟỈ᫬࡟࠺ࡼࡓࡋ♧࡟ SS(⃮㉁)
ࡢ㉁⃮࡚࠸࠾࡟Ἑᕝࡢ᳃ᯘᆅᖏࠋࡿࡍቑຍࡀὶධ㔞ࡢ

ቑຍࡣ྾╔ࡢࣥࣜࡿ࠸࡚ࡋቑຍࡶព࿡ࡢࡽࢀࡑࠋࡿࡍ

஦㇟ࢆ⪃៖ࠊ࡜ࡿࡍἙᕝࡣ࡚࠸࠾࡟Ἑᗋࡢᕳࡁ㎸ࡸࡳ

᳃ᯘᅵተ⃮ࡢࡽ࠿㉁ࡢὶධ㔞ࡢᕪࡀ⸛⸴㢮ࡢቑṪࡢ⛬

ᗘ࡟ᙳ㡪୍ࠊࡀࡿࡍ᪉†἟⃮ࠊࡣ࡚࠸࠾࡟㉁ࡢὶධࡀ

ᙳ㡪ࠊࡢࡢࡶࡿ࠸࡚ࡋᖹỈ᫬࡜ฟỈ᫬ࢆẚ㍑ࡉ♧࡚ࡋ

࡞ࡁㄆ࡛☜ࡀ౫Ꮡࡓࡋ࡜ࡾࡁࡗࡣ࡟ᕪࡢ㔞ࡢ㉁⃮ࡿࢀ

ὶࠊࡣ἟࡛†࡜Ἑᕝࠊࡣ࡚࠸ࡘ࡟ᯝ⤖࡞࠺ࡼࡢࡇࠋ࠸

య⌧㇟ࡀ࡜ࡇࡿ࡞␗ࡀᙳ㡪ࡢࡶࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ

 ࠋࡓࡗ࠿࡞ࡁ࡛✲㏣ࡣ࡛✲◊ᮏࠊࡢ
Microcystis㸦ᅗ-7㸧ࠊࡣAnabaena㸦ᅗ-8㸧2ࠊࡶࡾࡼ

ಸ⛬ᗘⓎ⏕㔞ࡀపࡣࢀࡑࠋࡿ࠿ࢃࡀ࡜ࡇ࠸ᇵ㣴᮲௳ࡀ

Anabaenaࠊ᥇Ỉ᫬Ⅼ࡛࡜ࡿࡍ៖⪄ࢆ࡜ࡇࡿ࠶࡛ࡌྠ
ࡽ࠼⪄࡜ࡢࡶࡍ♧ࢆ࡜ࡇࡓࡗ࠶Ỉ㉁࡛ࡓࡋ㐺࡟㛗⏕ࡢ

ᖹࡣ࡚࠸࠾࡟ὶධ㒊ࡧࡼ࠾Ἑᕝࡣࡽ࠿ᅗࠊࡓࡲࠋࡿࢀ

Ỉ᫬ࡾࡼฟỈ᫬ࡢヨỈ࡛₯ᅾ⬟ຊࡀ㧗ࢀࡉ♧ࡀ࡜ࡇ࠸

Microcystisࠊࡣ࡟ࡽࡉࠋࡓ ࠊὶධ㒊(k0ࡽࡀ࡞࠿ࡎࢃࡣ

t0)࡛㧗ࠊࡃAnabaenaࡣὶධ㒊࠿࡯ࡢ㔮ࡾᇼ(k2ࠊt3㸧࡛

㧗ࠊࡃ୧⸛⸴࡟ࡶ࡜ୗỈฎ⌮ୖࡢࡽ࠿ᨺὶỈࡶࡾࡼἙ

ᕝෆࡢ㔮ࡾᇼࡢỈࡾࡼࡀMicrocystis࡜ Anabaenaࡢ⏕㛗
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