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 ᪥ ➨ ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨ ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨  ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨  ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨  ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨  ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨  ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨  ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨  ᅇởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨ ᅇᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝ
 ᪥ ➨ ᅇᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝᖿ
 ᪥ ➨ ᅇᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝᖿ
 ᪥ ➨ ᅇᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝᖿ
 ᪥ ➨  ᅇ㣗ရᏳጤဨ㸦ሗ࿌㸧
 ᪥ ࡼࡾ  ᖺ  ᭶  ᪥ ᅜẸࡽࡢᚚពぢ࣭ሗࡢເ㞟
 ᪥ Ꮫ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝᗙ㛗ࡼࡾ㣗ရᏳጤဨጤဨ
㛗ሗ࿌
 ᪥ ➨  ᅇ㣗ရᏳጤဨ㸦ሗ࿌㸧
㸦ྠ᪥࡛ཌ⏕ປാ⮧㏻▱㸧

4

㸫➨  ∧㛵ಀ㸫 
 ᖺ  ᭶
 ᪥ ཌ⏕ປാ⮧ࡼࡾ㣗ရᏳᇶᮏἲ➨  ᮲➨  㡯ᇶ࡙ࡁ⡿
ࡢ࢝ࢻ࣑࣒࢘ࡢᡂศつ᱁ᨵṇಀࡿ㣗ရᗣᙳ㡪ホ౯ࡘ
࠸࡚せㄳ㸦ཌ⏕ປാ┬Ⓨ㣗Ᏻ➨  ྕ㸧ࠊ㛵ಀ᭩㢮ࡢ᥋
ཷ
 ᖺ  ᭶
 ᪥ ➨  ᅇᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝởᰁ≀㉁㒊
 ᖺ  ᭶  ᪥ ➨  ᅇᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝởᰁ≀㉁㒊
 ᖺ  ᭶  ᪥ ➨  ᅇᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝᖿ
 ᖺ  ᭶  ᪥ ➨  ᅇ㣗ရᏳጤဨ㸦ሗ࿌㸧
 ᖺ  ᭶  ᪥ ࡼࡾ  ᖺ  ᭶  ᪥ ᅜẸࡽࡢᚚពぢ࣭ሗࡢເ㞟
 ᖺ  ᭶  ᪥ Ꮫ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝᗙ㛗ࡼࡾ㣗ရᏳጤဨጤဨ
㛗ሗ࿌
 ᖺ  ᭶  ᪥ ➨  ᅇ㣗ရᏳጤဨ㸦ሗ࿌㸧
㸦ྠ᪥࡛ཌ⏕ປാ⮧㏻▱㸧

᭶
 ᭶
 ᭶
 ᭶
᭶
᭶
 ᭶
 ᭶
᭶
᭶
 ᭶
 ᭶
᭶
᭶
᭶
᭶
᭶

 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ
 ᖺ

㸫➨  ∧㛵ಀ㸫
 ᖺ  ᭶

㸺ᑂ㆟ࡢ⤒⦋㸼

-4-




㸦 ᖺ  ᭶  ᪥ࡲ࡛㸧
Ᏻ⸨ṇ
ཱྀ ᘯ
ᅭ⸨㝧Ꮚ
๓ᖾ
㤶ᒣ㞝
ᕝᮧ Ꮥ
బ⸨ ὒ㸦ᗙ㛗㸧
༓ⴥⓒᏊ
ὠ㔠୍ᫀ㑻
㐲ᒣ༓
ᗈ℩᫂ᙪ
๓ᕝᙪ

㸦 ᖺ  ᭶  ᪥ࡽ㸧
ぢୖ ᙭㸦ጤဨ㛗㸧
ᑠἨ┤Ꮚ㸦ጤဨ㛗௦⌮ 㸧
㛗ᑿ ᣅ
㔝ᮧ୍ṇ
⏿ỤᩗᏊ
ᘅ℩㞞㞝 
ᮏ㛫Ύ୍

㸸 ᖺ  ᭶  ᪥ࡽ
㸸 ᖺ  ᭶  ᪥ࡽ

㸦 ᖺ  ᭶  ᪥ࡲ࡛㸧
Ᏻ⸨ṇ
ཱྀ ᘯ
๓ᖾ
㤶ᒣ㞝
ᕝᮧ Ꮥ
బ⸨ ὒ㸦ᗙ㛗㸧
Ⳣཎኵ
༓ⴥⓒᏊ
ὠ㔠୍ᫀ㑻
㐲ᒣ༓
ᐩỌ♸Ẹ
๓ᕝᙪ

5

㸺㣗ရᏳጤဨởᰁ≀㉁ᑓ㛛ㄪᰝᑓ㛛ጤဨྡ⡙㸼


㸦ᖺ᭶᪥ࡽ㸧
 ᑠἨ┤Ꮚ㸦ጤဨ㛗㸧 
ぢୖ ᙭㸦ጤဨ㛗௦⌮ 㸧
 㛗ᑿ ᣅ
㔝ᮧ୍ṇ
⏿ỤᩗᏊ
ᘅ℩㞞㞝
ᮧ⏣ᐜᖖ
㸸 ᖺ  ᭶  ᪥ࡽ






㸦 ᖺ  ᭶  ᪥ࡲ࡛㸧 㸦 ᖺ  ᭶  ᪥ࡲ࡛㸧
ᑎ⏣㞞㸦ጤဨ㛗㸧
ᑎ⏣㞞㸦ጤဨ㛗㸧
ᑎᑿඔ⏨㸦ጤဨ㛗௦⌮㸧
ぢୖ ᙭㸦ጤဨ㛗௦⌮㸧
ᑠἨ┤Ꮚ
ᑠἨ┤Ꮚ
ᆏᮏඖᏊ
㛗ᑿ ᣅ
୰ᮧ㟹ᙪ
㔝ᮧ୍ṇ
ᮏ㛫Ύ୍
⏿ỤᩗᏊ
ぢୖ ᙭
ᮏ㛫Ύ୍

㸺㣗ရᏳጤဨጤဨྡ⡙㸼








㤶ᒣ㞝㸨
ᕝᮧ Ꮥ㸨
Ἑ㔝බ୍
బࠎᮌஂ⨾Ꮚ
㇂ ῟
༓ⴥⓒᏊͤ㸨
ὠ㔠୍ᫀ㑻㸨











㐲ᒣ༓ͤ㸨
Ọ ❶
㛗㇂ᕝ㝯୍ͤ
ᗈ℩᫂ᙪ㸨
๓ᕝᙪ㸨
Ᏻ᫂⨾
㪭ῲⱥᶵ

6

ᡃࡀᅜࡢ⡿୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡣࠊᅜẚ࡚㧗࠸ഴྥ࠶ࡾࠊ⡿ࡽࡢ࢝ࢻ࣑
࣒࢘ᦤྲྀ㔞ࡣࠊ㣗ရయࡢ⣙༙ศࢆ༨ࡵ࡚࠸ࡿࠋ⡿୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡣࠊ1970 ᖺࡢ
㣗ရࠊῧຍ≀➼ࡢつ᱁ᇶ‽㸦 34 ᖺཌ⏕┬࿌♧➨ 370 ྕ㸧ࡢ୍㒊ᨵṇࡼࡾࠕ⡿
࢝ࢻ࣑࣒࢘ཬࡧࡑࡢྜ≀ࡀ Cd ࡋ࡚ 1.0ppm ௨ୖྵ᭷ࡍࡿࡶࡢ࡛࠶ࡗ࡚ࡣ࡞ࡽ࡞࠸ࠖ
ᐃࡵࡽࢀ࡚࠸ࡿࠋࡲࡓࠊ0.4ppm ௨ୖ 1.0ppm ᮍ‶ࡢ⡿ࡣࠊ1970 ᖺ௨㝆ࠊ㎰ᯘỈ⏘┬
ࡢᣦᑟࡼࡾ㠀㣗⏝ฎ⌮ࡉࢀ࡚ࡁࡓࠋ୍᪉ࠊᅜ㝿ᶵ㛵࠾࠸࡚ࡣࠊ1989 ᖺࡢ➨ 33 ᅇ
FAO/WHO ྜྠ㣗ရῧຍ≀ᑓ㛛ᐙ㆟㸦JECFA㸧࡛ᬻᐃ⪏ᐜ㐌㛫ᦤྲྀ㔞ࡀ 7g/kg య㔜/
㐌タᐃࡉࢀࠊ2003 ᖺࡢ➨ 61 ᅇ JECFA ࡛ࡶࡇࡢ್ࡀ⥔ᣢࡉࢀࡓࠋࡲࡓࠊ2006 ᖺࡢ➨
29 ᅇࢥ࣮ࢹࢵࢡࢫጤဨ⥲࡛ࡣࠊ㣗ရ୰ࡢᇶ‽್ࡋ࡚⢭⡿ࡀ 0.4mg/kg㸦ppm㸧ࠊ
ᾏ⏘ᯛ㈅㸦࢝࢟ཬࡧ࣍ࢱࢸ࢞ࢆ㝖ࡃ㸧ཬࡧ㢌㊊㢮㸦ෆ⮚ࢆ㝖ཤࡋࡓࡶࡢ㸧ࡀ 2.0mg/kg
㸦ppm㸧ࡉࢀࡓࠋ
ࡇࡢࡼ࠺࡞ᅜ㝿≧ἣࡽࠊ⋞⡿ࢆྵࡵࡓ㣗ရ࠾ࡅࡿつ᱁ᇶ‽ࢆᅜ㝿ᇶ‽㐺ྜࡉ
ࡏࡿࡇࡀồࡵࡽࢀࠊ2003 ᖺ 7 ᭶ཌ⏕ປാ┬ࡽ㣗ရᏳᇶᮏἲ➨ 24 ᮲➨ 3 㡯ᇶ
࡙ࡁࠊࠕ㣗ရࡽࡢ࢝ࢻ࣑࣒࢘ᦤྲྀࡢ⌧≧ಀࡿᏳᛶ☜ಖࡘ࠸࡚ࠖಀࡿ㣗ရ
ᗣᙳ㡪ホ౯ࡀ㣗ရᏳጤဨ౫㢗ࡉࢀࠊ2008 ᖺ 7 ᭶⪏ᐜ㐌㛫ᦤྲྀ㔞ࢆ 7g/kg య㔜
/㐌タᐃࡋࡓࠋ
2009 ᖺ 2 ᭶ࠊࡇࡢ⪏ᐜ㐌㛫ᦤྲྀ㔞ᇶ࡙࠸࡚⡿㸦⋞⡿ཬࡧ⢭⡿㸧ࡢ࢝ࢻ࣑࣒࢘ࡢᡂ
ศつ᱁ࢆ 1.0ppm ࡽ 0.4ppm ᨵṇࡍࡿࡓࡵࠊཌ⏕ປാ┬ࡽ㣗ရᏳᇶᮏἲ➨ 24 ᮲
➨ 1 㡯ᇶ࡙ࡃ㣗ရᗣᙳ㡪ホ౯ࡀ౫㢗ࡉࢀࡓࠋࡑࡢᚋࠊ2009 ᖺ 3 ᭶⪏ᐜ㐌㛫ᦤྲྀ
㔞ࢆ 2.5g/kg య㔜/㐌ࡍࡿ EFSA ࡢホ౯ࡀබ⾲ࡉࢀࡓࠋࡑࡇ࡛ࠊᮏホ౯࠾࠸࡚ࡣࠊ
EFSA ࡢホ౯ࢆ୰ᚰ᪂ࡓ࡞▱ぢࡢ☜ㄆ࣭ᩚ⌮ࢆ⾜࠸ࠊࠕởᰁ≀㉁ホ౯᭩ ࢝ࢻ࣑࣒࢘
㸦➨ 2 ∧㸧ࠖࡋ࡚ࡲࡵࡓࠋ

㸺ࡇࢀࡲ࡛ࡢ⤒⦋㸼

㸦 ᖺ  ᭶  ᪥ࡽ㸧
బ⸨ ὒ㸨㸦ᗙ㛗㸧
❧ᯇṇ⾨㸦ᗙ㛗௦⌮㸧

㜿㒊ᏹ႐
Ᏻ⸨ṇ㸨
ཱྀ ᘯ㸨
ᅭ⸨ྫྷྐͤ
ᅭ⸨㝧Ꮚ㸨
ኴ⏣ᩄ༤
๓ᖾ㸨
ዟ⏣ᬕᏹ

ͤ㸸ᖿ
㸨㸸ởᰁ≀㉁㒊

㸺㣗ရᏳጤဨᏛ≀㉁࣭ởᰁ≀㉁ᑓ㛛ㄪᰝᑓ㛛ጤဨྡ⡙㸼
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࢝ࢻ࣑࣒࢘ࡣࠊཎᏊ␒ྕ 48ࠊඖ⣲グྕ CdࠊཎᏊ㔞 112.411ࠊᐦᗘ 8.65g/cm3㸦25Υ㸧
ࡢ㖟ⓑⰍࡢ㔜㔠ᒓ࡛࠶ࡾࠊᅵተ୰ࠊỈ୰ࠊẼ୰ࡢ⮬↛⏺ᗈࡃศᕸࡋ࡚࠸ࡿࠋࡇࡢ
ࡓࡵࠊࢇࡢ㣗ရ୰⎔ቃ⏤᮶ࡢ࢝ࢻ࣑࣒࢘ࡀከᑡ࡞ࡾࡶྵࡲࢀࡿࠋ㐣ཤࠊᡃ
ࡀᅜ࠾࠸࡚ࡣࠊ㖔ᒣࢆởᰁ※ࡍࡿ࢝ࢻ࣑࣒࢘ởᰁᆅᇦࡀᩘከࡃᏑᅾࡋࠊࢱࢱ
ࡢⓎ⏕ࢆዎᶵࠊ୍⯡⎔ቃ࡛ࡢ࢝ࢻ࣑࣒࢘᭚㟢㛵ࡍࡿᏛㄪᰝࡀᩘከࡃᐇࡉ
ࢀࡓࠋࡇࢀࡲ࡛ࡢ▱ぢࡽࠊ࢝ࢻ࣑࣒࢘ࡢ㛗ᮇప⃰ᗘ᭚㟢࠾ࡅࡿ㣗ရᗣᙳ㡪ホ౯
ࡢࡓࡵࡣࠊᅉᯝ㛵ಀࡀド᫂ࡉࢀ࡚࠸ࡿ⭈⮚࡛ࡢ㏆ᒀ⣽⟶ᶵ⬟㞀ᐖࢆᣦᶆࡍࡿࡇ
ࡀࡶࡗࡶ㐺ษ࡛࠶ࡿࠋ
ࡋࡓࡀࡗ࡚ࠊᅇࡢࣜࢫࢡホ౯࠾ࡅࡿ⪏ᐜ㐌㛫ᦤྲྀ㔞ࡣࠊᅜෆእ࠾ࡅࡿከࡃࡢ
Ꮫㄪᰝࡸື≀ᐇ㦂ࡼࡿ▱ぢࡢ࠺ࡕࠊ≉୍⯡⎔ቃ࠾ࡅࡿ㛗ᮇప⃰ᗘ᭚㟢ࢆ㔜ど
ࡋࠊ᪥ᮏᅜෆ࠾ࡅࡿ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡀ㏆ᒀ⣽⟶ᶵ⬟ཬࡰࡍᙳ㡪ࢆㄪࡓ 2 ࡘ
ࡢᏛㄪᰝ⤖ᯝࢆࡓࡿ᰿ᣐࡋ࡚タᐃࡉࢀࡓࠋࡍ࡞ࢃࡕࠊ࢝ࢻ࣑࣒࢘ởᰁᆅᇦఫẸ
㠀ởᰁᆅᇦఫẸࢆᑐ㇟ࡋࡓᏛㄪᰝ⤖ᯝࡽࠊࣄࢺࡢᗣᝏᙳ㡪ࢆཬࡰࡉ࡞࠸
࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡋ࡚⟬ฟࡉࢀࡓ㔞ࡣ 14.4g/kg య㔜/㐌௨ୗ࡛࠶ࡗࡓࠋࡲࡓࠊูࡢ
Ꮫㄪᰝ⤖ᯝࡽࠊ㠀ởᰁᆅᇦࡢᑐ↷⩌ẚ㍑ࡋ࡚ 7g/kg య㔜/㐌๓ᚋࡢ࢝ࢻ࣑࣒࢘᭚
㟢ࢆཷࡅࡓఫẸ㐣࡞㏆ᒀ⣽⟶ᶵ⬟㞀ᐖࡀㄆࡵࡽࢀ࡞ࡗࡓࠋࡇࢀࡽࡢࡇࡽࠊ
࢝ࢻ࣑࣒࢘ࡢ⪏ᐜ㐌㛫ᦤྲྀ㔞ࡣࠊ⥲ྜⓗุ᩿ࡋ࡚ 7g/kg య㔜/㐌タᐃࡋࡓࠋ
⌧ᅾࠊ᪥ᮏேࡢ㣗ရࡽࡢ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡢᐇែࡘ࠸࡚ࡣࠊ1970 ᖺ௦ᚋ༙௨㝆ࠊ
ᖜῶᑡࡋ࡚ࡁ࡚࠾ࡾࠊᑟࡁฟࡉࢀࡓ⪏ᐜ㐌㛫ᦤྲྀ㔞ࡢ 7g/kg య㔜/㐌ࡼࡾࡶప࠸ࣞ
࣋ࣝ࠶ࡿࠋࡲࡓࠊ㏆ᖺࠊ㣗⏕άࡢኚࡼࡗ࡚㸯ேᙜࡓࡾࡢ⡿ᾘ㈝㔞ࡀ 1962 ᖺࡢࣆ
࣮ࢡẚ࡚༙ῶࡋࡓ⤖ᯝࠊ᪥ᮏேࡢ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡶῶᑡࡋ࡚ࡁ࡚࠸ࡿࠋࡋࡓ
ࡀࡗ࡚ࠊ୍⯡ⓗ࡞᪥ᮏே࠾ࡅࡿ㣗ရࡽࡢ࢝ࢻ࣑࣒࢘ᦤྲྀࡀᗣᝏᙳ㡪ࢆཬࡰࡍ
ྍ⬟ᛶࡣప࠸⪃࠼ࡽࢀࡿࠋ

せ ⣙

ཎᏊ␒ྕ 48ࠊඖ⣲グྕ CdࠊཎᏊ㔞 112.411ࠊ12㸦2B㸧᪘ࠊྠయ㸦106㸦1.25%㸧ࠊ
108㸦0.89%㸧ࠊ110㸦12.49%㸧ࠊ111㸦12.80%㸧ࠊ112㸦24.13%㸧ࠊ113㸦12.22%㸧ࠊ114
㸦28.73 %㸧ࠊ116㸦7.49%㸧㸧ࠊᐦᗘ 8.65g/cm3㸦25Υ㸧ࠊ༢య࡛㖟ⓑⰍࠋ༢యࡢ⼥Ⅼ
ࡣ 320.8ΥࠊἛⅬࡣ 765Υ࡛࠶ࡾࠊ࠸ࡎࢀࡶ㔠ᒓඖ⣲ࡢ୰࡛ࡣప࠸㸦ᩥ⊩ 1̺1㸧ࠋ
 Ẽࡋࡓ࢝ࢻ࣑࣒࢘ࡣࠊẼ୰࡛㏿ࡸ㓟ࡉࢀࠊࣇ࣮࣒ࣗ1ࢆ⏕ࡌࡿࠋ

 ࢝ࢻ࣑࣒࢘ࡣࠊ⮬↛⏺࡛⣧ᗘࡢ㧗࠸㖔▼ࡋ࡚ࡣぢᙜࡓࡽࡎࠊள㖄㖔▼୰ள㖄ࡢ
1/200 ⛬ᗘࡢ⃰ᗘ࡛ྵࡲࢀ࡚࠸ࡿࠋ㏻ᖖࠊள㖄⏕⏘ࡢ⏘≀ࡋ࡚⏕⏘ࡉࢀ࡚ࡁࡓࠋ
1817 ᖺࡣࡌࡵ࡚Ⅳ㓟ள㖄ࡽ⢭〇ࡀ⾜ࢃࢀࠊ1920 ᖺ௦௨㝆ࠊ࢝ࢻ࣑࣒࢘㟁Ẽ㘡㔠
ࡢⓎᒎࡶ࡞ࡗ࡚ၟᴗ⏕⏘ࡢ㔜せᛶࡀ㧗ࡲࡾࠊᛴ㏿⏕⏘㔞ࡀቑࡋࡓ㸦ᩥ⊩ 2̺
1㸧ࠋ
 ࢝ࢻ࣑࣒࢘ࡢ࡞⏝㏵ࡣࠊ࣏ࣜሷࣅࢽࣝ㸦PVC㸧ࡢᏳᐃࠊࣉࣛࢫࢸࢵࢡ࣭࢞
ࣛࢫ〇ရࡢ╔Ⰽᩱࠊࢽࢵࢣ࣭ࣝ࢝ࢻ࣑࣒࢘㟁ụࡢ㟁ᴟᮦᩱࠊᵝࠎ࡞ྜ㔠ࡢᡂศ࡞
ࡗ࡚࠸ࡿࠋ


3.1 ⮬↛⏺࠾ࡅࡿᏑᅾᚠ⎔
 ࢝ࢻ࣑࣒࢘ࡣࠊᆅ⌫ࡢᆅẆᗈࡃศᕸࡍࡿࡀࠊࡑࡢᖹᆒ⃰ᗘࡀ⣙ 0.1mg/kg ࡛࠶ࡾࠊ
ࢡ࣮ࣛࢡᩘ2ࡀẚ㍑ⓗᑠࡉ࠸ඖ⣲࡛࠶ࡿࠋሁ✚ᒾ୰ࡋࡤࡋࡤ㧗⃰ᗘ✚ࡉࢀࠊᾏᗏ
ࡢࣜࣥ㖔ᒾ 15mg/kg ⛬ᗘྵࡲࢀ࡚࠸ࡿ㸦ᩥ⊩ 3̺1㸧ࠋ㢼స⏝ࡼࡾᖺ㛫 1  5
༓ࢺࣥࡢ࢝ࢻ࣑࣒࢘ࡀᾏὒὶධࡍࡿ᥎ ࡉࢀ࡚࠸ࡿ㸦ᩥ⊩ 3̺2㸧ࠋẼࡢ࢝ࢻ
࣑࣒࢘ᨺฟ※ࡣࠊⅆᒣάື࡛࠶ࡾࠊᆅ⌫つᶍ࡛ࡢᨺฟ㔞ࡢ᥎ィࡣᅔ㞴࡛࠶ࡿࡀࠊ
ᖺ㛫 500 ࢺࣥ⛬ᗘぢ✚ࡶࡽࢀ࡚࠸ࡿ㸦ᩥ⊩ 3̺3㸧ࠋ
ᾏὒࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡢᆶ┤ศᕸࡣࠊ⾲ᒙ࡛పࡃࠊ῝ࡃ࡞ࡿࡘࢀ࡚㧗ࡃ࡞ࡿࠋࡇ
ࢀࡣࠊᰤ㣴ሷ㢮ࡢ⃰ᗘศᕸࣃࢱ࣮ࣥᑐᛂࡋ࡚࠸ࡿ㸦ᩥ⊩ 3̺4㸧ࠋ࢝ࢻ࣑࣒࢘ࡣࠊᰤ
㣴ሷ㢮ྠᵝ⾲ᒙࡢ᳜≀ࣉࣛࣥࢡࢺࣥ྾ࡉࢀࠊ⏕≀ࡢṚ㧁࡞ࡢ᭷ᶵ≀ࡋ࡚
῝ᒙ㍺㏦ࡉࢀࡿࠋࡇࢀᑐ↷ⓗ᪼ὶࡀⓎ⏕ࡍࡿᾏᇦ࡛ࡣࠊ῝ᒙࡽ㍺㏦ࡉࢀࡿ
ᰤ㣴ሷ㢮ྠᵝ⾲ᒙࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡀቑຍࡍࡿ㸦ᩥ⊩ 3̺4ࠊ3̺5ࠊ 3̺6㸧ࠋࡇ
ࡢࡼ࠺ᾏὒ࠾ࡅࡿ࢝ࢻ࣑࣒࢘⃰ᗘࡢ㖄┤ศᕸࡣࠊ᭷ᶵ≀ࡢỿ㝆ࡸ᪼ὶࡢᙳ㡪ࢆ
ཷࡅ࡚ኚࡍࡿ⪃࠼ࡽࢀ࡚࠸ࡿࠋ

2

1
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ࣇ࣮࣒ࣗ㸸࢞ࢫ≧࡞ࡗࡓ≀㉁ࡀ✵Ẽ୰࡛ᚤ⣽⢏Ꮚ࡞ࡗࡓࡶࡢࠋ᭷ᶵ≀ࡢሙྜࡣࠊ⇞↝ࡼࡾⓎ⏕ࡍࡿ⢏Ꮚ
࢞ࢫࡢΰྜయࡣ↮ࡤࢀࠊࡇࡢ⢏Ꮚࡀࣇ࣮࣒ࣗ┦ᙜࡍࡿࠋ
ࢡ࣮ࣛࢡᩘ㸸ᆅ⌫ࡢᆅẆ୰Ꮡᅾࡍࡿඖ⣲ࡢᖹᆒ㔜㔞ࣃ࣮ࢭࣥࢺࠋ

3.3 ᅵተࡽ᳜≀ࡢ྾
 ᅵተ୰ࡢ࢝ࢻ࣑࣒࢘ࡣࠊ᳜≀྾ࡉࢀࡿࠋ㸦ᩥ⊩ ̺10ࠊ̺11㸧ࠋ᳜≀ࡢ࢝ࢻ࣑

3.2 Ỉ⣔ࡽᅵተࡢሁ✚
 ࢝ࢻ࣑࣒࢘ࡣࠊ㒊ศࡀᅵተ⢏Ꮚ➼ᛴ㏿྾╔ࡉࢀࠊ୍㒊ࡀỈ⁐ゎࡍࡿࠋ㖔ᕤ
ᴗᆅ࡞ࡽἙᕝὶฟࡋࡓ࢝ࢻ࣑࣒࢘ࡣࠊἙᕝὶᇦᗈࡀࡗ࡚ᅵተởᰁᆅᇦࢆᣑ
ࡍࡿࠋ࢝ࢻ࣑࣒࢘ࡼࡿᅵተởᰁࡣࠊὥỈࠊ℺₅⏝Ỉࠊὼ ࡉࢀࡓሁ✚≀ࡢฎศ➼ࢆ
㏻ࡌ࡚᭦ᣑࡍࡿ㸦ᩥ⊩ 3̺7ࠊ3̺8ࠊ3̺9㸧ࠋ

㸱㸬ศᕸ⛣ື



㸰㸬᥇㖔ࠊ⢭⦎ཬࡧ⏝㏵



㸯㸬≀⌮ࠊᏛⓗ≉ᛶ
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⫢⮅⮚㸸⠇㊊ື≀ࡸ㌾యື≀ࡢᾘ⟶ࡢ୰⭠㒊ศ㛤ཱྀࡍࡿ┣ᄞ≧ࡢჾᐁࡢࡇ࡛ࠊ୰⭠⭢ࡶࡤࢀࡿࠋ࢝ࢽࡢ࠸
ࢃࡺࡿ⽣ჯࡸ࢝ࡢሷ㎞⏝࠸ࡿ࣡ࢱ࡞ࡀࡇࢀ┦ᙜࡍࡿࠋ
㣧ᩱỈᇶ‽㸸ᚋ㏙ࡢࠕ7.3 WHO 㣧ᩱỈỈ㉁࢞ࢻ್ࣛࣥ㸦➨ 2 ∧ཬࡧ➨ 3 ∧㸧ࠖཧ↷ࠋ

4.2.1 㣧ᩱỈࡽࡢ᭚㟢
 㣧ᩱỈࡽࡢ࢝ࢻ࣑࣒࢘᭚㟢㔞ࡣࠊ⾲ᒙỈࡲࡓࡣᆅୗỈࢆ⏝ࡋ࡚࠸ࡿሙྜࠊᆅẆ
ཬࡧᅵተࡢ࢝ࢻ࣑࣒࢘ࣞ࣋ࣝࡁࡃᕥྑࡉࢀࡿࠋ≉ࠊ㖔ᒣࡢᗫᆙࠊ㖔㈓␃ሙᡤ
࡞ࡽࡢᆅୗỈࡸ㞷ゎࡅỈࡋ࡚ࡋࡳฟࡋ࡚ࡃࡿ⾲ᒙỈࢆ㣧ᩱỈࡍࡿሙྜࠊࡑࡢ
Ỉࡣୡ⏺ಖᶵ㛵㸦WHO㸧ࡢ㣧ᩱỈᇶ‽4ࢆ㉸࠼ࡿሙྜࡶ࠶ࡿࠋ
⡿ᅜ࣡ࢩࣥࢺࣥᕞ࢜࢝ࣀ࢞ࣥ㒆ࡢᗫᆙࡽࡢỈࡣࠊ࢝ࢻ࣑࣒࢘ࡀ 0㹼5g/Lࠊࣄ⣲
ࡀ 1㹼298g/L ྵࡲࢀ࡚࠾ࡾࠊࡇࡢỈ※ࢆ⏝ࡍࡿேࡢⓎࡀࢇࣜࢫࢡཬࡧࡑࢀ௨እࡢ
ᗣ㞀ᐖࡢࣜࢫࢡࡀ㧗࠸ࡢሗ࿌ࡀ࠶ࡿ㸦ᩥ⊩ 4̺1㸧ࠋ㡑ᅜࡢ㔠㖟㖔ᒣࡢᗫᆙࡢୗὶ

4.2 ⤒ཱྀ᭚㟢

4.1 ྾ධ᭚㟢
྾ධ᭚㟢࡛ࡣࠊ࢝ࢻ࣑࣒࢘ࡀ⢊ࡌࢇࡸࣇ࣮࣒ࣗࡋ࡚྾ჾ┤᥋ධࡗ࡚྾ࡉ
ࢀࠊ⾑ᾮ୰⛣ືࡋ࡚యࢆᚠ⎔ࡍࡿࠋ྾ධ᭚㟢ࡣࠊ⫋ᴗ᭚㟢ႚ↮ࡼࡿ᭚㟢ࡀ࠶
ࡿࠋ⫋ᴗ᭚㟢ࡢሙྜࠊ㖔ᒣࡸ⢭㘐ᕤሙ࡞ࡢປാ⎔ቃ࡛⢊ࡌࢇࡸࣇ࣮࣒ࣗࢆ྾ධࡍࡿ
ࡶࠊࡢ㔜㔠ᒓࡶ」ྜⓗ᭚㟢ࡉࢀ࡚࠸ࡿ⪃࠼ࡽࢀ࡚࠸ࡿࠋ
ႚ↮ࡼࡿ᭚㟢ࡢሙྜࠊࡓࡤࡇࡢ↮ࡢ୰࢝ࢻ࣑࣒࢘ࡀከࡃྵࡲࢀ࡚࠸ࡿࡇ
ࡽࠊႚ↮ࡍࡿேࡣႚ↮ࡋ࡞࠸ேࡼࡾࡶ࢝ࢻ࣑࣒࢘᭚㟢㔞ࡀከࡃ࡞ࡿ⪃࠼ࡽࢀ࡚࠸ࡿ
㸦4.3.1 ႚ↮ࡽࡢ᭚㟢㔞ࢆཧ↷㸧ࠋ

㸲㸬ࣄࢺࡢ᭚㟢⤒㊰᭚㟢㔞

࣒࢘✚ᙳ㡪ࢆཬࡰࡍ㔜せ࡞せᅉࡋ࡚ࡣࠊᅵተࡢ࢝ࢻ࣑࣒࢘⃰ᗘ pH ࡛࠶ࡿ㸦ᩥ
⊩ 3̺12㸧ࠋᅵተࡢ pH ࡀୖ᪼ࡍࡿࠊᅵተ⢏Ꮚࡢ࢝ࢻ࣑࣒࢘྾╔ᛶࡀࡁࡃ࡞ࡾࠊᅵ
ተ⢏Ꮚ୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࢆቑࡉࡏࠊ㏫ᅵተ⁐ᾮ୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࢆῶᑡࡉࡏ
ࡿࡇࡽࠊ᳜≀ࡢ࢝ࢻ࣑࣒࢘྾ࡣపୗࡍࡿࠋ
 ᅵተᅵተ⁐ᾮ୰ࡢ࢝ࢻ࣑࣒࢘ศ㓄ᙳ㡪ࢆཬࡰࡍࡢせᅉࡋ࡚ࡣࠊ㝧࢜ࣥ
ᐜ㔞ࡸࠊ࣐ࣥ࢞ࣥࡸ㕲ࡢỈ㓟≀ࠊ᭷ᶵ≀ࠊⅣ㓟࢝ࣝࢩ࣒࢘ࡢྵ᭷㔞࡞ࡀ⪃࠼ࡽ
ࢀ࡚࠾ࡾࠊỈ⏣࠾࠸࡚ࡣࠊᅵተࡢ㓟㑏ඖ㟁ࡀᙳ㡪ࢆཬࡰࡍࡇࡶሗ࿌ࡉࢀ࡚࠸
ࡿࠋ

3.4 Ỉ୰ཬࡧᆅୖ⏕≀ࡢ⛣⾜
 Ỉᅪ⏕ែ⣔࠾࠸࡚ࠊ᪼ὶࡀⓎ⏕ࡍࡿᾏᇦ࠾ࡅࡿ᳜≀ࣉࣛࣥࢡࢺࣥ୰ࡢ࢝ࢻ࣑
࣒࢘⃰ᗘࡣ㧗ࡃ㸦ᩥ⊩3̺5㸧ࠊ࢝ࢻ࣑࣒࢘ởᰁࡀᑡ࡞࠸ἢᓊᇦ࠾ࡅࡿࣉࣛࣥࢡࢺࣥ
㣗ᛶࡢ㌾యື≀ࡶ㧗⃰ᗘࡢ࢝ࢻ࣑࣒࢘ࢆ✚ࡋ࡚࠸ࡿࡶࡢࡀ࠶ࡿ㸦ᩥ⊩3̺13㸧ࠋ
࠼ࡤࠊࢽ࣮ࣗࢪ࣮ࣛࣥࢻࡢ࢝࢟࠾࠸࡚ࠊ8mg/kg ‵㔜㔞ࡢ࢝ࢻ࣑࣒࢘ࡢ✚ࡀグ
㘓ࡉࢀ࡚࠸ࡿ㸦ᩥ⊩3̺14㸧ࠋࡲࡓࠊ࢝ࢽࡸࣟࣈࢫࢱ࣮ࡢࡼ࠺࡞㣗⏝ࡢ⏥Ẇ㢮ࡢ⫢⮅
⮚3࡞࠾࠸࡚ࡶࠊ㧗⃰ᗘࡢ࢝ࢻ࣑࣒࢘ࡀ✚ࡉࢀ࡚࠸ࡿࡶࡢࡶ࠶ࡿ㸦ᩥ⊩3̺15㸧ࠋ
 ᾏ㫽ࡸᾏ᳇ங㢮ࡢ⭈⮚ࡸ⫢⮚࠾ࡅࡿ࢝ࢻ࣑࣒࢘⃰ᗘࡣࠊⴭࡋࡃ㧗࠸㸦ᩥ⊩3̺
16ࠊ 3̺17ࠊ3̺18㸧ࠋࡇࢀࡽࡢỈᅪ⏕≀ࡣࠊᦤ㣵⩦ᛶᑑࡀ㛗࠸ࡇࡼࡾ࢝ࢻ
࣑࣒࢘ࢆయ୰✚ࡍࡿ⪃࠼ࡽࢀ࡚࠸ࡿࠋ
 㝣ୖࡢࢥࢣᆅ⾰㢮ࡣࠊẼ୰ࡢ㔠ᒓࢆಖᣢࡍࡿ⬟ຊࡀ㧗࠸ࡇࡽࠊࡇࢀࡽࡢ᳜
≀୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࢆ ᐃࡋࠊ࢝ࢻ࣑࣒࢘ࡼࡿẼởᰁࡢศᕸࢆ♧ࡍᆅᅗࢆసᡂ
ࡍࡿࡓࡵࢃࢀࡓ㸦ᩥ⊩3̺19㸧ࠋ
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4.2.2 㣗ရࡽࡢ᭚㟢
᪥ᮏ࠾ࡅࡿ㣗ရྵࡲࢀࡿ࢝ࢻ࣑࣒࢘ࡘ࠸࡚ࠊ㎰ᯘỈ⏘┬㸦2002㸧ࡀ⾜ࡗࡓ
ᅜㄪᰝࡢ⤖ᯝ㸦ᩥ⊩4̺3ࠊ4̺4㸧ࡼࡿࠊ≉㈅㢮ࠊ㢌㊊㢮࡞ࡢෆ⮚ࡣ࢝ࢻ࣑
࣒࢘ࡀከࡃྵࡲࢀࡿ㸦⾲㸧ࠋ᪥ᮏேࡣ⡿㣤ࡢᦤྲྀ㔞ࡀከ࠸ࡓࡵࠊ⡿ᦤྲྀࡼࡿ࢝ࢻ
࣑࣒࢘᭚㟢㔞ࡢྜࡀ㧗࠸ࠋᅗྛᅜ࠾࠸࡚50௨ୖࡢࢥ࣓ࡢ࢝ࢻ࣑࣒࢘ࢆศᯒࡋ
ࡓ⤖ᯝࢆ♧ࡋࡓࠋ᪥ᮏ⏘ࡢ⡿1kg୰ྵࡲࢀࡿ࢝ࢻ࣑࣒࢘㔞ࡣࠊᖹᆒࡋ࡚0.06mg (ppm)
࡛࠶ࡾࠊእᅜ⏘ࡢ⡿1kg୰ྵࡲࢀࡿ࢝ࢻ࣑࣒࢘㔞ࡣࠊᩥ⊩ሗࡼࢀࡤࠊᖹᆒࡋ࡚
0.01㹼0.2 mg࡛࠶ࡿ㸦ᩥ⊩4̺5㸧ࠋ
㣗ရ୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡣྛᅜ࡛ㄪࡽࢀ࡚࠸ࡿ㸦⾲㸧ࠋ⡿ᅜ࠾ࡅࡿ㠀ởᰁᆅ
⏘ࡢᮍຍᕤ㎰స≀ࡢ࢝ࢻ࣑࣒࢘ᅜㄪᰝࡢ⤖ᯝ㸦ᩥ⊩4̺6ࠊ4̺7㸧ࠊ࢝ࢻ࣑࣒࢘ࡀ
ࢇࡢ㣗ᮦྵࡲࢀࡿࡇࡀ᫂ࡽ࡞ࡗࡓ㸦⾲㸧ࠋ
࢝ࢻ࣑࣒࡛࢘ởᰁࡉࢀࡓᅵᆅ࡛⫱ࡗࡓ㎰స≀ࡣ㏻ᖖࡢࡶࡢẚ㍑ࡋ࡚㧗࠸⃰ᗘࡢ
࢝ࢻ࣑࣒࢘ࢆྵࢇ࡛࠸ࡿࠋⱥᅜࡢ㸱ởᰁᆅᇦ࡛⫱ࡗࡓ㔝⳯ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࢆẚ㍑ࡋ
ࡓࡇࢁࠊᅵተࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡀⴭࡋࡃ㧗࠸Shipham࡛㧗࠸ᩘ್ࢆ♧ࡋ࡚࠸ࡿ㸦⾲
㸧ࠋ㣗࡞ࡿࢪࣕ࢞ࣔࡣ㸱ởᰁᆅᇦ࡛ྠᵝࡢᩘ್ࢆ♧ࡋࠊࡇࢀࡽࡣࠊ⾲ཬࡧ⾲
ࡢㄪᰝ⤖ᯝࡼࡾ⣙㸳ಸ㧗ࡗࡓࠋ

⾲ ᪥ᮏ࠾ࡅࡿ㣗ရྵࡲࢀࡿ࢝ࢻ࣑࣒࢘ࡢᐇែㄪᰝ

  
                     
                     ࢝ࢻ࣑࣒࢘⃰ᗘ㸦mg/kg ‵㔜㔞㸧 
 㣗ရ         ᳨యᩘ   ᭱ᑠ್   ್᭱  ᖹᆒ್     
⡿㸦⋞⡿㸧         㸦୰ኸ್㸧
   ᑠ㯏                
㇋              
ᑠ㇋              
࣍࢘ࣞࣥⲡ
࢟ࣕ࣋ࢶ 
ⓑ⳯   
ࣞࢱࢫ             
⋢ⵄ   
ࢪࣕ࢞ࣔ        
ࡉࡘࡲ࠸ࡶ        
ࡉ࠸ࡶ         
ࡈࡰ࠺             
ࢽࣥࢪࣥ         
᰿   
࡞ࡍ   
ࢺ࣐ࢺ          
ࣆ࣮࣐ࣥ         
࢟ࣗ࢘ࣜ         

ࡢ㎰ᴗ⏝ᆅࡢᅵተ୰ᖹᆒ㔜㔠ᒓ⃰ᗘࡣࣄ⣲ 230mg/kgࠊ࢝ࢻ࣑࣒࢘ 2.5mg/kg ࡛࠶ࡾࠊ
㖔ᒣ㏆㎶ࡢᑠᕝࢆỈ※ࡍࡿ㣧ᩱỈ୰ࡢ⃰ᗘࡣࠊࣄ⣲ 246μg/Lࠊ࢝ࢻ࣑࣒࢘ 161μg/L
࡛࠶ࡾࠊ᫂ࡽᇶ‽ࢆ㉸࠼ࡓởᰁࡀᏑᅾࡋ࡚࠸ࡿ㸦ᩥ⊩ 4̺2㸧ࠋ
Ỉ※࡞ࡿᆅୗỈࠊ㞷ゎࡅỈࠊᆅ⾲Ỉࡢ࢝ࢻ࣑࣒࢘ởᰁࣞ࣋ࣝࡢ㐪࠸ࡼࡾ᭚㟢㔞ࡀ
␗࡞ࡿࡀࠊ୍⯡ⓗ㣧ᩱỈ୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡣప࠸ࠋᡃࡀᅜࡢࡼ࠺ἲᚊࡼࡗ࡚
Ỉ㉁ᇶ‽ࡀタᐃࡉࢀࠊỈ㉁᳨ᰝ࡞ࡢ⟶⌮ࡀ⩏ົ࡙ࡅࡽࢀ࡚࠸ࡿᅜࡸᆅᇦ࡛ࡣ㣧ᩱỈ
ࡼࡿ࢝ࢻ࣑࣒࢘᭚㟢ࡀၥ㢟࡞ࡿࡇࡣ࡞࠸ࠋ
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ࡰࡕࡷ         
ࣈࣟࢵࢥ࣮ࣜ       
࣓ࣟࣥ             
࠸ࡕࡈ          
࡞ࡋ           
∵⫗   
㇜⫗   
㭜⫗   
࣡ࣅ           
࣡ࣅ㸦ෆ⮚㸧       
࣍ࢱࢸ㸦㈅ᰕ㸧       
࣍ࢱࢸ㸦࠺ࢁ㸧       
࣐࢞࢟           
ࢧࢨ࢚          
ࢧࢨ࢚㸦ෆ⮚㸧       
ࢩࢪ࣑           
ࣁ࣐ࢢࣜ          
ࢧࣜ           
࣐ࢲࢥ          
ࢫ࣓ࣝ࢝         
ࢫ࣓ࣝ࢝㸦⫢⮅⮚㸧    
࢝ሷ㎞          
࢝ࢶ࢜             
࢝ࢶ࢜ሷ㎞         
࣐࣡ࢩ         
࢞ࢨ࣑          
࢞ࢨ࣑㸦ෆ⮚㸧      
ࢡ࣐࢚ࣝࣅ        
ࢣ࢞ࢽ          
ࢣ࢞ࢽ㸦ෆ⮚㸧      
࣋ࢽࢬ࣡࢞ࢽ      
࣋ࢽࢬ࣡࢞ࢽ㸦ෆ⮚㸧  
࣍ࢵࢥࢡ࢚࢝ࣅ     
࢘ࢽ           
࢘ࢽሷ㎞         
                         
ͤ ࠕ㎰ᯘỈ⏘┬㸦2002㸧㎰స≀➼ྵࡲࢀࡿ࢝ࢻ࣑࣒࢘ࡢᐇែㄪᰝࡘ࠸࡚ࠖཬࡧ
ࠕỈ⏘ᗇ㸦2003㸧Ỉ⏘≀ྵࡲࢀࡿ࢝ࢻ࣑࣒࢘ࡢᐇែㄪᰝࡘ࠸࡚ࠖࡽᘬ⏝
㸦ᩥ⊩ 4̺3ࠊ4̺4㸧
ͤ 㣗ရ୰ࡢ࢝ࢻ࣑࣒࢘㛵ࡍࡿሗ㸦ᩥ⊩ 4̺5㸧ࡼࡾᘬ⏝

e

d

c

b

a

12

Bucke et al.㸦1983㸧ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺8㸧
Koivistoinen㸦1980㸧ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺9㸧
Jorhem et al.㸦1984㸧ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺10㸧
Andersen㸦1979㸧ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺11㸧
RIVM㸦1988㸧ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺12㸧

㸦༢㸸g/kg ‵㔜㔞㸧
㣗 ရ
 ⱥᅜ a ࣇࣥࣛࣥࢻ b ࢫ࢙࣮࢘ࢹࣥ c ࢹ࣐࣮ࣥࢡ d ࢜ࣛࣥࢲ e
㺨㺽㺻㺂㺚㺶㺏㺷         
⫗㢮     
ෆ⮚➼
 ㇜ࡢ⭈⮚                
 ㇜ࡢ⫢⮚                
㨶㢮                    
༸                        
ங〇ရ        
◁⢾࣭㺚㺼㺊㺯                  
ᯝ≀                    
㔝⳯
 㺕㺊㺫㺼㺠                
 㺔㺶㺪㺵㺺㺎          
 㺬㺑㺸㺻ⲡ           
 㺪㺼㺹㺍㺘㺶㺎        
 ㇋㢮         
 ࣞࢱࢫ          
 㺚㺼㺊㺔㺼㺐㺱         
 㺤㺻㺚㺼㺻          

ᅗ  ᪥ᮏ⏘እᅜ⏘ࡢ⡿୰࢝ࢻ࣑࣒࢘ྵ᭷㔞㸦ᖹᆒ್㸧


⾲  ᅜู㣗ရ୰࢝ࢻ࣑࣒࢘⃰ᗘ 
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13

ࢺ࣮ࢱࣝࢲ࢚ࢵࢺࢫࢱࢹἲ㸦TDS ἲ㸧㸸ᗈ⠊ᅖࡢ㣗ရࢆᑠᗑ➼࡛㉎ධࡋࠊᚲせᛂࡌ࡚ᦤྲྀࡍࡿ≧ែຍᕤ࣭
ㄪ⌮ࡋࡓᚋࠊศᯒࡋࠊ㣗ရ⩌ࡈᏛ≀㉁ࡢᖹᆒྵ᭷⃰ᗘࢆ⟬ฟࡍࡿࠋࡇࢀ≉ᐃࡢ㞟ᅋ࠾ࡅࡿ㣗ရ⩌ࡢᖹᆒⓗ
࡞ᾘ㈝㔞ࢆࡌࡿࡇࡼࡾࠊᏛ≀㉁ࡢᖹᆒⓗ࡞ᦤྲྀ㔞ࢆ᥎ᐃࡍࡿࠋ࣐࣮ࢣࢵࢺࣂࢫࢣࢵࢺ᪉ᘧࡶࡤࢀࡿࠋ

4.3.2.1 ᪥ᮏ࠾ࡅࡿ㠀ởᰁᆅᇦࡢ୍⯡ఫẸ
㠀ởᰁᆅᇦ࡛ࡢ୍⯡ఫẸࡢ᭚㟢㔞ࡘ࠸࡚ࡣࠊ1977ᖺࡼࡾ WHOࡼࡿ Global
Environmental Monitoring System㸦GEMS㸧ࡢ୍⎔ࡋ࡚ࠊᅜ❧་⸆ရ㣗ရ⾨⏕◊✲ᡤ
ࡀᆅ᪉⾨⏕◊✲ᡤ8㹼12ᶵ㛵༠ຊࡋ࡚㣗ရ୰ởᰁ≀㉁ࡢࢺ࣮ࢱࣝࢲ࢚ࢵࢺࢫࢱࢹ
ἲ㸦TDSἲ㸧5ࡼࡿᦤྲྀ㔞ㄪᰝࢆᐇࡋ࡚࠸ࡿࠋࡇࡢㄪᰝ⤖ᯝࡼࡿࠊ࢝ࢻ࣑࢘

4.3.2 㣗ရࡽࡢ᭚㟢㔞

4.3.1 ႚ↮ࡼࡿ᭚㟢㔞
ࡓࡤࡇ㸯ᮏ⣙1㹼2gࡢ࢝ࢻ࣑࣒࢘ࡀྵࡲࢀ࡚࠾ࡾࠊࡑࡢ⣙10%ࡀ⫵྾ධࡉࢀࡿ
㸦ᩥ⊩4̺14㸧ࠋႚ↮ࡼࡗ࡚྾ධࡉࢀࡿ࢝ࢻ࣑࣒࢘ࡢ⣙50%ࡀయෆ྾ࡉࢀࡿ㸦ᩥ
⊩4̺15㸧௬ᐃࡍࡿࠊ1᪥20ᮏႚ↮ࡍࡿேࡣࠊ⣙1㹼2gࡢ࢝ࢻ࣑࣒࢘ࢆ྾ࡍࡿ
᥎ᐃࡉࢀࡿࠋ
ႚ↮ࡼࡗ࡚⾑ᾮ୰࢝ࢻ࣑࣒࢘⃰ᗘཬࡧ⭈࢝ࢻ࣑࣒࢘⃰ᗘࡀቑຍࡍࡿࠋࢫ࢙࣮࢘ࢹ
࡛ࣥࡣࠊႚ↮⪅ࡢ⾑ᾮ୰࢝ࢻ࣑࣒࢘⃰ᗘཬࡧ⭈࢝ࢻ࣑࣒࢘⃰ᗘࡣࠊ㠀ႚ↮⪅ࡢ4㹼5ಸ
ཬࡧ2㹼3ಸ࡛࠶ࡿሗ࿌ࡉࢀ࡚࠸ࡿ㸦ᩥ⊩4̺16ࠊ 4̺17ࠊ 4̺18ࠊ4̺19㸧ࠋ

4.3 ᭚㟢㔞

⾲  ⡿ᅜࡢ㎰స≀୰࢝ࢻ࣑࣒࢘⃰ᗘ

  ࢝ࢻ࣑࣒࢘⃰ᗘ㸦mg/kg ‵㔜㔞㸧
㎰స≀
  ᳨యᩘ 
  ୰ኸ್    ᭱ᑠ್    ್᭱ 
⡿                  
ࣆ࣮ࢼࢵࢶ                 
   ㇋                    
   ᑠ㯏                  
   ࢪࣕ࢞ࣔ                 
   ࢽࣥࢪࣥ                  
   ⋢ⵄ                    
   ࣞࢱࢫ                   
   ࣍࢘ࣞࣥⲡ                 
ࢺ࣐ࢺ               
ͤ Wolnik et al㸦1983, 1985㸧ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺6ࠊ4̺7㸧


⾲  ⱥᅜࡢởᰁᆅᇦ࡛⏕⫱ࡋࡓ㔝⳯୰ࡢᖹᆒ࢝ࢻ࣑࣒࢘⃰ᗘ
㸦g/kg ‵㔜㔞㸧
ሙ ᡤ   ࢝ࢻ࣑࣒࢘ởᰁ※    ࢟ࣕ࣋ࢶ  ⴥ≀㔝⳯  ࢪࣕ࢞ࣔ
Shipham   ள㖄㖔ᒣ        㸨       
Walsall   㖡⢭㘐ᡤࡽࡢẼ  
         
Heathrow 
ୗỈởἾ                
  㸨 ୰ኸ್
ͤ WHO (1992) Cadmium, Environmental Health Criteria 134.ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺13㸧

7

6

㻝㻥㻤㻜㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻝㻥㻤㻡㻌 㻌 㻌 㻌 㻌 㻌 㻝㻥㻥㻜㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻝㻥㻥㻡㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻞㻜㻜㻜㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻞㻜㻜㻡㻌 㻌
䠄ᖺ䠅
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ᖹᡂ 10 ᖺࡽᖹᡂ 12 ᖺᗘࡢᅜẸᰤ㣴ㄪᰝᇶ࡙ࡃ᪥ᮏேࡢᖹᆒయ㔜㸦ဨᖹᆒ 53.3kgࠊᑠඣᖹᆒ 15.8kgࠊዷ፬ᖹᆒ 55.6kg㸧ࠋ
ᬻᐃ⪏ᐜ㐌㛫ᦤྲྀ㔞㸦Provisional Tolerable Weekly Intake㸧ࡣࠊ⌧Ⅼࡢ᭱᪂ࡢ⛉Ꮫⓗ▱ぢ↷ࡽࡋ࡚ࠊேࡀ୍⏕ᾭ
ࢃࡓࡾᦤྲྀࡋ࡚ࡶᗣᑐࡍࡿ᭷ᐖ࡞ᙳ㡪ࡀ⌧ࢀ࡞࠸ุ᩿ࡉࢀࡿ⏝㔞ࢆࠊయ㔜 1kg ᙜࡓࡾࠊࡘ 1 㐌㛫ᙜࡓࡾࡢ
ᦤྲྀ㔞ࡋ࡚⾲♧ࡋࡓᩘ್ࡢࡇ࡛࠶ࡿࠋ

㣗ရ୰ࡢ࢝ࢻ࣑࣒࢘ࡣࠊ1970ᖺ㣗ရ⾨⏕ἲࡢ㣗ရࠊῧຍ≀➼ࡢつ᱁ᇶ‽࡛ࠕ⡿
࢝ࢻ࣑࣒࢘ཬࡧࡑࡢྜ≀ࡀCdࡋ࡚1.0ppm௨ୖྵ᭷ࡍࡿࡶࡢ࡛࠶ࡗ࡚ࡣ࡞ࡽ࡞࠸ࠖ
ᐃࡵࡽࢀ࡚࠸ࡿࡀࠊ0.4ppm௨ୖ1.0ppmᮍ‶ࡢ⡿ࡣࠊ1970ᖺ௨㝆ࠊ㎰ᯘỈ⏘┬ࡢᣦᑟ
ࡼࡾ㠀㣗⏝ฎ⌮ࡉࢀ࡚࠸ࡿࡇࡽࠊᐇ㉁ⓗࡣ0.4ppmᮍ‶ࡢ⡿ࡢࡳࡀᕷሙὶ
㏻ࡋ࡚࠸ࡿ≧ἣࠊࡍ࡞ࢃࡕࠊ0.4ppm௨ୖࡢ⡿ࡽࡢ࢝ࢻ࣑࣒࢘᭚㟢ࢆཷࡅ࡞࠸≧ἣࡀ
⥔ᣢࡉࢀ࡚ࡁ࡚࠸ࡿ⪃࠼ࡽࢀࡿࠋ⊂❧⾜ᨻἲேᅜ❧⎔ቃ◊✲ᡤ㸦2004㸧ࡣࠊᖹᡂ7
ᖺࡽᖹᡂ12ᖺࡲ࡛ࡢ6ᖺ㛫ࡢᅜẸᰤ㣴ㄪᰝࡼࡿᦤྲྀ㔞ࢹ࣮ࢱ㎰ᯘỈ⏘┬ࡢᐇែ
ㄪᰝࡼࡿ㣗ရู࢝ࢻ࣑࣒࢘⃰ᗘࢹ࣮ࢱࡽ☜⋡ㄽⓗ᭚㟢ホ౯ᡭἲ㸦ࣔࣥࢸ࢝ࣝࣟࢩ


ᅗ㣗ရࡽࡢ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡢ᥎⛣

ͤ ᪥ᮏ࠾ࡅࡿࢺ࣮ࢱࣝࢲ࢚ࢵࢺㄪᰝ㸦ᩥ⊩ 4̺20㸧ཬࡧ㣗ရ୰ࡢ᭷ᐖ≀㉁➼
 ࡢᦤྲྀ㔞ࡢㄪᰝཬࡧホ౯㛵ࡍࡿ◊✲㸦ᩥ⊩ 4̺21㸧ࡼࡾᘬ⏝

㻜

㻝㻜

㻞㻜

㻟㻜

㻠㻜

㻡㻜

䠄g/ே/᪥䠅

࣒ࡢᦤྲྀ㔞ࡣࠊ1970ᖺ௦ᚋ༙46g/ே/᪥࡛࠶ࡗࡓࡀࠊࡑࢀ௨㝆ࠊ࡞ࡾῶᑡࡋ࡚ࡁ
࡚࠾ࡾࠊ2007ᖺ21.1g/ே/᪥㸦య㔜53.3kg6࡛2.8g/kgయ㔜/㐌㸧࡞ࡗ࡚࠸ࡿࠋࡇࢀࡣࠊ
1989ᖺ㛤ദࡉࢀࡓ➨33ᅇFAO/WHOྜྠ㣗ရῧຍ≀ᑓ㛛ᐙ㆟㸦JECFA㸧࡛タᐃࡉ
ࢀࡓᬻᐃ⪏ᐜ㐌㛫ᦤྲྀ㔞㸦PTWI7㸧7g/kgయ㔜/㐌ࡢ40%࡛࠶ࡿ㸦ᅗ㸧ࠋࡲࡓࠊ14㣗ရ
⩌ࡽࡢ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡢྜࡣࠊ⡿㢮⏤᮶ࡢᦤྲྀࡀ37.2%ࠊ㔝࣭⳯ᾏⲡ㢮16.6%ࠊ
㨶㢮16.1%ࠊ㞧✐࣭Ⱎ㢮12.9%ࠊࡑࡢ17.2%࡛࠶ࡿ㸦ᩥ⊩4̺20ࠊ4̺21㸧ࠋ
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ᦤྲྀ㔞䠄g/kg య㔜/㐌䠅㻌

ᗘᩘศᕸ㻌

4.3.2.3 ࡑࡢ
ࢇࡍ࡚ࡢᅜࡢ୍⯡ⓗ࡞ᆅᇦ࠾ࡅࡿᖹᆒ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡣࠊJECFAࡢ
PTWI௨ୗ࡛࠶ࡿ㸦⾲㸧ࠋ

4.3.2.2 ᪥ᮏ࠾ࡅࡿởᰁᆅᇦࡢ୍⯡ఫẸ
⌧ᅾࠊᅜෆ࡛ࡶࡗࡶ᭚㟢ࡀ㧗࠸⪃࠼ࡽࢀࡿᆅᇦ࡛㣗ရࢧࣥࣉࣝࡀ㞟ࡉࢀࠊTDS
ἲ9࡛᭚㟢㔞ࡀ⟬ᐃࡉࢀࡓࠋྠ㝜⮃ἲ10ࡼࡿㄪᰝࡀ⾜ࢃࢀࡓࠋTDSἲ࡛ồࡵࡽࢀ
ࡓ⤖ᯝࡣࠊᖹᆒ್1.15 μg/kg య㔜/᪥ࠊࡍ࡞ࢃࡕ㸵᪥㛫⟬ࡋ࡚8 μg/kg య㔜/㐌࡞
ࡾࠊJECFAࡢPTWI࡛࠶ࡿ7 μg/kg య㔜/㐌ࢆ㉸࠼ࡿ⤖ᯝ࡞ࡗࡓࠋ㝜⮃ἲࡼࡿ୍᪥ᦤ
ྲྀ㔞ࡣࠊ0.44μg/kg య㔜 /᪥࡞ࡾࠊ㝜⮃ἲࡀTDSἲࡢ⣙༙ศࡢ⤖ᯝࢆ♧ࡋ࡚࠸ࡓࠋ㝜
⮃ἲ࡛ࡣࠊಶேࡢṇ☜࡞᭚㟢㔞ࢆᚓࡿࡇࡀฟ᮶ࡿࡀࠊ≉㨶㢮ࡸ᰿⳯㢮ࢆᦤྲྀࡋ
ࡓሙྜ㧗࠸್ࢆ♧ࡍ࡞ಶேෆࡢ᪥㛫ኚືࡀ⊩❧ࡼࡗ࡚ࡁࡃ࡞ࡿࡇࡀ▱ࡽ
ࢀ࡚࠸ࡿ㸦ᩥ⊩4̺23㸧ࠋ

ᅗ  ᪥ᮏேࡢ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡢศᕸ

ͤ ᪥ᮏேࡢ࢝ࢻ࣑࣒࢘᭚㟢㔞᥎ィ㛵ࡍࡿ◊✲ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺22㸧


㻜㻚㻜㻜㻜㻌

㻜㻚㻜㻜㻣㻌

㻌 㻜㻚㻜㻞㻝㻌
㻌
☜
㻜㻚㻜㻝㻠㻌
⋡㻌

㻜㻚㻜㻞㻤㻌

15

ࡇࡢᦤྲྀ㔞ศᕸࡣࠊィ⟬ୖࡢࡶࡢ࡛࠶ࡾࠊศᕸᅗࡢྑഃ㒊ศࡣࠊ⤫ィᏛⓗ㠀ᖖㄗᕪࡀࡁࡃࠊ㠀ᖖ☜⋡ࡀప࠸
ሙྜࡶ⪃៖ࡉࢀ࡚࠸ࡿ㡿ᇦ࡛࠶ࡿࠋࡋࡓࡀࡗ࡚ࠊᐇ㝿ࡣ PTWI ࢆ㉸࠼ࡿேࡣࠊࢇ࠸࡞࠸⪃࠼ࡿࡢࡀጇᙜ࡛
࠶ࡿࠋ
9 ࡇࡇ࡛ࡣࠊࡶࡗࡶ࢝ࢻ࣑࣒࢘᭚㟢ࡀ㧗࠸ᆅᇦࡑࢀ㞄᥋ࡍࡿᆅᇦ࡛㣗ရ 13 ⩌ࡽ 530 ࢧࣥࣉࣝࢆ᥇ྲྀࡋࠊ࢝ࢻ
࣑࣒࢘ࡢ⃰ᗘࡢ ᐃཬࡧᦤྲྀ㔞ࡢ᥎ᐃࢆ⾜ࡗ࡚࠸ࡿࠋ
10 㝜⮃ἲ㸸ㄪᰝᑐ㇟⪅ࡀ㣗ࡓ㣗ࡃྠࡌࡶࡢࡢ㸯᪥ศࢆ㣗ヨᩱࡋࠊ㸯᪥ࡢ㣗୰ྵࡲࢀࡿᏛ≀㉁ࡢ⥲㔞
ࢆ ᐃࡍࡿࡇࡼࡾࠊㄪᰝᑐ㇟⪅ࡀ㣗ࡓ㣗ရ⏤᮶ࡍࡿᏛ≀㉁ࡢᦤྲྀ㔞ࢆ᥎ᐃࡍࡿࠋࡇࡇ࡛ࡣࠊࡶࡗࡶ࢝ࢻ
࣑࣒࢘᭚㟢ࡢ㧗࠸ᆅᇦࡢ㎰ᐙዪᛶ 17 ྡࢆᑐ㇟ࠊᖹᡂ 15 ᖺ 12 ᭶୰᪪ 3 ᪥ࡢᮇ㛫࡛⾜ࢃࢀࠊᮅࠊࠊኤ㣗ཬࡧ㛫㣗
ࡢ㝜⮃ࡀసᡂࡉࢀࡓࠋ࡞࠾ࠊᑐ㇟⪅ࡣ㐣ཤᗣㄪᰝཧຍࡋࡓ⪅ࡀ㑅ࡤࢀ࡚࠸ࡿࠋ

8






࣑࣮ࣗࣞࢩࣙࣥ㸧ࢆ㐺⏝ࡋࠊ᪥ᮏேࡢ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ศᕸ8ࡢ᥎ィࢆ⾜ࡗ࡚࠸ࡿࠋࡇ
ࡢ⤖ᯝࠊ⌧≧ࡢ0.4ppm௨ୖࡢ⡿ࢆὶ㏻ࡉࡏ࡞࠸ሙྜ࠾ࡅࡿ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞ࡣࠊ⟬
⾡ᖹᆒ್3.44g/kgయ㔜/㐌ࠊ୰ኸ್2.92g/kgయ㔜/㐌ࠊ95ࣃ࣮ࢭࣥࢱ࡛ࣝ7.18g/kgయ
㔜/㐌࡛࠶ࡿሗ࿌ࡉࢀ࡚࠸ࡿ㸦ᅗ㸧㸦ᩥ⊩4̺22㸧ࠋ
15
13
31
48
49
35
49
59
43.9 (⏨ᛶ)
37.0 (ዪᛶ)
21
10
17
10-20 
41



ᖹᆒ㺔㺢㺼㺮㺑㺯ᦤྲྀ㔞(μg/᪥)

 Guthrie & Robinson (1977)
 Wester (1974)
 Kjellström (1977)
 Walters & Sherlock (1981)
 Mahaffey et al. (1975)

Buchet et al. (1983)
Koivistoinen (1980)
Yamagata & Iwashima (1975)
Suzuki & Lu (1976)
Ushio & Doguchi (1977)
Iwao (1977)
Ohmomo & Sumiya (1981)

Iwao et al. (1981a)
 Watanabe et al. (1985)
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5.1 ⭠⟶ࡽࡢ྾
⾲  ࣄࢺ࠾ࡅࡿ࢝ࢻ࣑࣒࢘ࡢ⭠⟶྾㛵ࡍࡿ࣎ࣛࣥࢸࢆᑐ㇟ࡋࡓㄪᰝ
◊✲ࡢ୍ぴࢆ♧ࡍࠋ࣎ࣛࣥࢸㄪᰝ◊✲ࡢ⤖ᯝࡣࠊձ࢝ࢻ࣑࣒࢘ࡢᨺᑕᛶྠඖ⣲
ࢆ⤒ཱྀᢞᚋࡢయෆṧᏑ⋡ ᐃ◊✲㸦⾲  ࡢࢱࣉḍ R ⾲♧㸧ࠊղᦤྲྀ㔞ἥ
㔞ࡢᨭ㸦ࣂࣛࣥࢫ㸧㛵ࡍࡿ◊✲㸦⾲  ࡢࢱࣉḍ B ⾲♧㸧ࠊճ⭠⟶ෆ࡛ࡢྲྀ
ࡾ㎸ࡳ⋡ࡢ᥎ᐃ㛵ࡍࡿ◊✲㸦⾲  ࡢࢱࣉḍ U ⾲♧㸧ࡢ㸱ࢱࣉศ㢮࡛ࡁࡿࠋ
యෆṧᏑ⋡ ᐃ◊✲࠾ࡅࡿ࢝ࢻ࣑࣒࢘ࡢṧᏑ⋡ࡣࠊ2㹼8%⛬ᗘࢆ♧ࡋ࡚࠸ࡿࡀࠊ
ᨺᑕᛶ࢝ࢻ࣑࣒࢘ࡢṧᏑᨺᑕ⥺㔞 ᐃࡀ⤒ཱྀᢞࡽᩘ㐌㛫௨ୖࢆ⤒࡚ᐇࡉࢀ࡚
࠾ࡾࠊࡑࡢᮇ㛫୰ࡢ࢝ࢻ࣑࣒࢘ࡢ⭠⟶ࡢἥࡸᒀ୰ἥࢆᫎࡋ࡚࠸࡞࠸ࡢ࡛ࠊ
┿ࡢ྾⋡ࢆ㐣ᑠホ౯ࡋ࡚࠸ࡿྍ⬟ᛶࡀ㧗࠸ࡢぢ᪉ࡶ࠶ࡿࠋ
ᦤྲྀ㔞㸦Cd-I㸧ἥ㔞ࡢᕪࢆᦤྲྀ㔞࡛㝖ࡋࡓᨭ◊✲ࡼࡿࣂࣛࣥࢫ⋡㸦௨ୗࠊ
ࣂࣛࣥࢫ⋡㸧ࡣࠊᦤྲྀ㔞ᖺ㱋ᙉࡃᙳ㡪ࡉࢀ࡚࠸ࡿࠋᅗ   Horiguchi ࡽ㸦2004㸧
㸦ᩥ⊩ 5̺1㸧ࡢᅗࢆ♧ࡋࠊᅗ  ⾲  ♧ࡋࡓྛሗ࿌ࡢᦤྲྀ㔞ᖺ㱋ࡢ௦⾲್ࢆ⏝࠸
ࡓሙྜࡢࣂࣛࣥࢫ⋡ࢆ♧ࡋࡓࠋࣂࣛࣥࢫ⋡ࡣࠊᖺ㱋౫Ꮡࡋ࡚పୗࡋࠊᦤྲྀ㔞౫Ꮡ
ࡋ࡚ቑຍࡋ࡚࠸ࡿࡇࡀ᫂ࡽ࡛࠶ࡿࠋࡇࡢ 2 ኚᩘࢆㄝ᫂ኚᩘࡋࠊࣂࣛࣥࢫ⋡ࢆ┠

㸳㸬ࣄࢺ࠾ࡅࡿືែཬࡧ௦ㅰ

࢝ࢻ࣑࣒࢘ᅵተởᰁᆅᇦ
᪥ᮏ  
M
211-245
Japan Public Health Association (1970)
᪥ᮏ  
D
180-391
ࠌ
᪥ᮏ(㸱ᆅᇦࡢᖹᆒ㸧 D
136
Iwao et al. (1981a)
ⱥᅜ      
M
36
 Sherlock et al. (1983)
ⱥᅜ
     D
29
 Sherlock et al. (1983)
⡿ᅜ
D
33
 Spencer et al. (1979)
 㸨 M 㸫 㣗ရࢧࣥࣉࣝࢆಶࠎศᯒ㸦㹒㹂㹑ἲ㸧
D 㸫 㝜⮃ἲ
ͤ WHO (1992) Cadmium, Environmental Health Criteria 134.ࡼࡾᘬ⏝㸦ᩥ⊩ 4̺13㸧

ࢽ࣮ࣗࢪ࣮ࣛࣥࢻ
D
ࢫ࢙࣮࢘ࢹࣥ
D
ࢫ࢙࣮࢘ࢹࣥ
M
ⱥᅜ        M, D
⡿ᅜ 
M

D
M
D
D
D
D
M
D
D

 㺙㺻㺪㺽㺶㺻㺖㺼᪉ἲ㸨

୍⯡ⓗ࡞ᆅᇦ
࣋ࣝࢠ࣮
 
ࣇࣥࣛࣥࢻ
᪥ᮏ  
᪥ᮏ 
᪥ᮏ 
᪥ᮏ 
᪥ᮏ

᪥ᮏ㸦㸱ᆅᇦࡢᖹᆒ㸧
᪥ᮏ

ᅜྡ  

⾲  ྛᅜ࠾ࡅࡿ㣗ရ୰ࡢ୍᪥࠶ࡓࡾࡢᖹᆒ࢝ࢻ࣑࣒࢘ᦤྲྀ㔞
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ⓗኚᩘࡋࡓሙྜࡢ㔜ᅇᖐศᯒ⤖ᯝࢆᅗ  ♧ࡋ࡚࠸ࡿࡀࠊᦤྲྀ㔞ࡢᐤ⋡ࡣ㧗ࡃࠊ
೫ᅇᖐಀᩘࡶ᭷ព࡛࠶ࡗࡓࠋ
⭠⟶࡛ࡢྲྀࡾ㎸ࡳ⋡᥎ᐃ◊✲ࡣࠊయෆ✚࢝ࢻ࣑࣒࢘ࡢ⭠⟶ෆἥࡢᙳ㡪ࢆ᭱ᑠ㝈
ࡋࡓ◊✲࡛࠶ࡾࠊయෆṧᏑ⋡ ᐃ◊✲ࠊᦤྲྀ㔞ἥ㔞ࡢᨭ◊✲ࡼࡾࡶ┿ࡢ྾
⋡㏆࠸⪃࠼ࡽࢀࡿࠋࡋࡋࠊ▷ᮇࡢ⭠⫢ᚠ⎔ࡢᙳ㡪ࢆศ㞳ࡋ࡚ホ౯ࡍࡿࡇࡣ࡛
ࡁ࡞࠸Ⅼ࠾࠸࡚┿ࡢ྾⋡ࡢ㞳ࡀ࠶ࡿࠋ
ࣄࢺ࡛ࡣࠊ㕲Ḟஈ࡛࢝ࢻ࣑࣒࢘྾ࡀቑຍࡋࠊ㧗⧄⥔㣗ࡀ࢝ࢻ࣑࣒࢘྾ࢆᢚไࡍ
ࡿ࠸࠺ሗ࿌㸦ᩥ⊩ 5̺1㸧ࡀ࠶ࡿࠋື≀ᐇ㦂࡛ࡣࠊప࢝ࣝࢩ࣒࢘ࠊపள㖄ࠊప⺮ⓑ㉁
࡞ࡢᰤ㣴᮲௳ୗࡸࠊࢡ࢚ࣥ㓟ࡢᦤྲྀ࡛࢝ࢻ࣑࣒࢘྾ࡀቑຍࡍࡿ࠸࠺ሗ࿌㸦ᩥ⊩
5̺2㸧ࡀ࠶ࡿࠋ㏆ᖺࠊ2 ౯㔠ᒓ࢜ࣥ㍺㏦య㸯㸦divalent metal transporter 1, DMT1㸧ࡀ
⭠ୖ⓶⣽⬊࠾ࡅࡿ 2 ౯㔠ᒓࡢ྾ࡁ࡞ᙺࢆᯝࡓࡋ࡚࠸ࡿࡇࡀ᫂ࡽ࡞
ࡾࠊ࢝ࢻ࣑࣒࢘ࡶ DMT1 ࢆࡍࡿ྾ࡀ࠶ࡿ᥎ᐃࡉࢀ࡚࠸ࡿࠋࡇࡢࡇࡽࠊ㕲ࠊ
ள㖄ࠊ࢝ࣝࢩ࣒࢘Ḟஈࡢ࢝ࢻ࣑࣒࢘྾ቑຍࡣ 2 ౯㔠ᒓ࢜ࣥࡢ➇ྜࡼࡾㄝ᫂ࡀ
ྍ⬟ࡶࡋࢀ࡞࠸ࠋ⭠ୖ⓶⣽⬊ࡽ₢⭷㸦⾑⟶㸧ഃࡣࠊ࢝ࢻ࣑࣒࢘-࣓ࢱࣟࢳ࢜ࢿ
ࣥ㸦Cd-MT㸧ࡸ㔠ᒓ㍺㏦⺮ⓑ㉁㸯㸦metal transport protein 1, MTP1㸧ࡼࡾ⛣㏦ࡉࢀࡿ
ࡇࡀ᥎ ࡉࢀ࡚࠸ࡿࠋ
࢝࢟ࢆ㢖⦾ᦤྲྀࡍࡿ㞟ᅋ࠾࠸࡚ࡣࠊ㈅ෆྵ᭷ࡍࡿ࢝ࢻ࣑࣒࢘ࡽண ࡉࢀࡿ
⾑ᾮ୰࢝ࢻ࣑࣒࢘⃰ᗘ㸦Cd-B㸧ࡸᒀ୰࢝ࢻ࣑࣒࢘ἥ㔞㸦Cd-U㸧ࡀቑຍࡋ࡞࠸
࠸࠺ሗ࿌ࡀ࠶ࡿ㸦ᩥ⊩ 4̺13㸧ࠋື≀ᐇ㦂࡛ࡣࠊ࢝ࢻ࣑࣒࢘ࢆྵࡴࣄ࣐࣡ࣜࡢோ㸦kernel㸧ࠊ
ࣄ࣐࣡ࣜࡢ✀య㸦seed㸧ཬࡧሷ࢝ࢻ࣑࣒࢘㸦CdCl2㸧ࡢྛࠎࡽࡢ࢝ࢻ࣑࣒࢘ᦤྲྀ
㔞ࡀྠ㔞࡞ࡿࡼ࠺⤒ཱྀᢞࡋࡓሙྜࠊோࡽࡢ࢝ࢻ࣑࣒࢘྾㔞ࡣࠊሷ࢝ࢻ࣑
࣒࢘ࡽࡢ࢝ࢻ࣑࣒࢘྾㔞ẚ 30%ᑡ࡞࠸ࡀࠊࣄ࣐࣡ࣜࡢ✀యࡽࡢ࢝ࢻ࣑࢘
࣒྾㔞ࡣ⣙ 2 ಸ࡞ࡿ࠸࠺ሗ࿌㸦ᩥ⊩ 5̺3㸧ࡀ࠶ࡿࠋࡇࢀࡽࡣࠊ࢝ࢻ࣑࣒࢘ࡢᏑ
ᅾᙧែ㸦⺮ⓑ㉁⤖ྜయࡸ㐟㞳య࡞㸧ࡸᏛᙧ㸦ሷ≀ࠊ◲≀ࠊ◲㓟ሷ࡞㸧ࡼ
ࡾ྾ᕪࡀ⏕ࡌࡿࡇࢆ♧၀ࡋ࡚࠸ࡿࠋ
ື≀ᐇ㦂࠾࠸࡚ࠊ࣓ࢱࣟࢳ࢜ࢿࣥ㸦MT㸧ࡀ࢝ࢻ࣑࣒࢘ࡢ⭠⟶྾㛵ࡍࡿ
ࡇࡸ Cd-MT ⤒ཱྀᢞ࡛࢝ࢻ࣑࣒࢘ࡀ⭈ከࡃ✚ࡍࡿ࠸࠺ሗ࿌ࡀ࠶ࡿࠋ୍᪉ࠊ
㣗≀୰ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࢆ 0.02㹼40 mg/kg ࡛ኚືࡉࡏࡓື≀ᐇ㦂࡛ࡣࠊᾘ⟶ࡢ MT
㔞ࡣኚ࡛࠶ࡗࡓࠋ
ᨺᑕᛶྠඖ⣲ࢆᢞࡋࡓື≀ᐇ㦂࡛ࡣࠊᗂⱝ࣐࢘ࢫ࠾ࡅࡿ✚㔞ࡀᢞ㔞ࡢ⣙
10%࡛࠶ࡾࠊᡂ⇍࣐࢘ࢫࡢ⣙ 1%ẚ࡚ከ࠸ࠋ
௨ୖࡢࡼ࠺࡞▱ぢࡽࠊᮏࣜࢫࢡホ౯࠾࠸࡚ࡣࠊᡂேࡢ⭠⟶྾⋡ࢆࣄࢺ࣎ࣛࣥ
ࢸᐇ㦂࠾ࡅࡿᨺᑕᛶྠඖ⣲ࡢṧᏑ⋡ྠࡌ 2㹼8㸣ࡍࡿࡇࡀጇᙜ⪃࠼
ࡽࢀࡿࠋࡓࡔࡋࠊᑠඣࡢሗࡘ࠸࡚ࡣ༑ศ࡛࠶ࡾࠊᚋࡶሗ㞟ࡢດຊࡣ⥅⥆
ࡉࢀࡿࡁ࡛࠶ࡿࠋ
14
25

F

3

F

F

M
23
F
34
F 23
17
⮬↛㣗ရ4᪥㛫

(30-70)

52±13

-24.5

4.4

పCd⡿䚹䠓᪥㛫

10.6±4.4

42,40,45

-15
(-188-32)
2
0
-1

2.7±0.9

4.6±4.0

(1.6-18.3)

14.4±5.8

16.87

11.1±4.2
16.0±7.1
27.8±17.6
18.81,17.84

8.6

24-166

25
(22-29)

25.44,
23.38
2.6±0.6
7.5±1.8

B

U

U

B

B

R

R

B

྾ᣦᶆ
䝍䜲䝥
䠄%䠅

SI113Cd䜢ྵ䜐䝞
䝍䞊䚹ᮅ㣗䠍ᅇ

106
32,46,51 SI Cd䜢ྵ䜐䝫
䝸䝑䝆䚹ᮅ㣗䠍ᅇ

⮬↛㣗ရ5᪥㛫

70-85

115m

RI
Cd䜢ྵ䜐
䛛䛻⫗ཬ䜃䛛䛻
䜏䛭䚹㣗䠍ᅇ

115m

RI
CdCl2
ᮅ㣗1ᅇ

37±7.4
36±8.4
37±7.9

(29-61)

48±11.7

ᦤ㣗㔞
䡃/᪥
ഛ⪃

ᐃ䚹᪥ᮏேཬ䜃ྎ‴ே䛾䝕䞊䝍䚹

ᐃ䚹
ᐃ䚹

5᪥┠䡚11᪥┠䛾ప⃰ᗘᏳᐃᮇ䜢table3䜘䜚ィ⟬䚹

Ᏻᐃྠඖ⣲113CdCl2䜢䜂䜎䜟䜚䛾ⰼ䛾䛡᰿㒊ศ䛻ὀධ
䛧䚸ோ䛷䜂䜎䜟䜚䝞䝍䞊䜢స䜚ᦤ㣗䚹21᪥㛫⣅౽᥇ྲྀ䚹

Ᏻᐃྠඖ⣲106Cd䜢⏝䛔䛶ᑠ㯏䜢Ỉ⪔᱂ᇵ䛧䚸䝫䝸䝑䝆䠄䛚
䛛䜖䠅䛸䛧䛶ᦤ㣗䚹5᪥㛫⣅౽᥇ྲྀ䚹

㝜⮃ἲ䛷㣗ရ୰Cd

㝜⮃ἲ䛷㣗ရ୰Cd

ᨺᑕᛶྠඖ⣲115CdCl2䜢䜶䝡⫗䛻ΰ䛬䛶䝨䝺䝑䝖䜢సᡂ䛧䚸
䛭䜜䜢䛛䛻䛻ᦤ㣗䛥䛫䚸䝪䝷䞁䝔䜱䜰䛜䛛䛻⫗ཬ䜃䛛䛻䜏䛭䜢
ᦤ㣗䚹26᪥ᚋ䛻115mCd䛾యෆṧᏑ㔞䜢䝇䜻䝱䞁䚹

Cr䜢ᾘ⟶䛛䜙㣗≀ἥ䛾ᣦᶆ䛻⏝䚹ἥ䠍㐌
㛫ᚋ䛻115mCd䛾యෆṧᏑ㔞䜢䝇䜻䝱䞁䚹

51

㝜⮃ἲ䛷㣗ရ୰Cd

12

㸨

46.53±7.21

ࣂࣛࣥࢫ⋡ࡣࠊᦤྲྀ㔞ἥ㔞ࡢᕪࢆᦤྲྀ㔞࡛㝖ࡋࡓࡶࡢࠋ

㧗Cd⡿䚹䠍᪥㛫

18

ͤ Horiguchi et al.㸦2004㸧ࡼࡾᘬ⏝㸦ᩥ⊩ 5㸫1㸧

ᅗ  ᖺ㱋ࣂࣛࣥࢫ⋡㸨






















䛣䛾⾲䛿Kikuchi et al. (2003)䚷䜢ཧ⪃䛻సᡂ䚹







F

23.9
12᪥┠䛻㧗Cd⡿ᦤ㣗䚸12䡚20᪥䛾䝞䝷䞁䝇ィ⟬䚹
(-4.0-37.7)
B
49.47±3.41䡚
23.7
Kikuchi et al.(2003)
20.8
㧗Cd⡿䚹䠏᪥㛫
12䡚14᪥┠䛻㧗Cd⡿ᦤ㣗䚸12䡚20᪥䛾䝞䝷䞁䝇ィ⟬䚹
6
52.24±0.68
(-8.2-56.9)
䠄ᩥ⊩5-11䠅
(20-23)
47.2
㧗Cd⡿䚹䠍᪥㛫 46.53±7.21
12᪥┠䛻㧗Cd⡿ᦤ㣗䚸㐣Cdศ䛾䜏ィ⟬䚹
12
(-9.4-83.3)
U
F
49.47±3.41䡚
36.6
㧗Cd⡿䚹䠏᪥㛫
12䡚14᪥┠䛻㧗Cd⡿ᦤ㣗䚸㐣Cdศ䛾䜏ィ⟬䚹
6
52.24±0.68 (-9.2-73.5)
8
20-39
44
Horiguchi et al.(2004)
⮬↛㣗ရ7᪥㛫
F 16
68.3±13.6
B 㝜⮃ἲ䛷㣗ရ୰Cd ᐃ䚹
40-59
1
䠄ᩥ⊩5-1䠅
14
60-79
-5.9
䝍䜲䝥䠖B䠗ᦤ㣗㔞䛸ἥ㔞䛾䝞䝷䞁䝇◊✲䚹䚷R䠗ᨺᑕᛶྠඖ⣲䛾యෆṧᏑ㔞◊✲䚹䚷U䠗యෆ✚Cd䛾ᾘ⟶ἥ䜢↓ど䛧䛯䛸䛝䛾྾ᣦᶆ䚹

䠄ᩥ⊩5-3䠅

Vanderpool & Reeves(200䠍)

䠄ᩥ⊩5-10䠅

Bunker et al.(1984)
䠄ᩥ⊩5-2䠅
Berglund et al.(1994) 䠃
Vahter et al.(1996)
䠄ᩥ⊩5-8䚸5-9䠅
Crew et al.(2000)

M

Newton et al.(1984)
䠄ᩥ⊩5-7䠅
7

24±1.1
29±3.2

M 10
F 12
M
14
F
21-61

35,37

2

⮬↛㣗ရ30᪥㛫 48.18, 46.92

ᑐ㇟䝪䝷䞁䝔䜱䜰 䜹䝗䝭䜴䝮※䛚䜘
䜃ᦤ㣗㢖ᗘ
䡊
ᖺ㱋

M

ᛶ

Suzuki and Lu(1976)
䠄ᩥ⊩5-4䠅
Flanagan et al.(1978)
䠄ᩥ⊩5-5䠅
McLellan et al.(1978)
䠄ᩥ⊩5-6䠅

ᩥ⊩

⾲  ᾘ⟶ࡽࡢ࢝ࢻ࣑࣒࢘྾㛵ࡍࡿ◊✲
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㻡㻜

㻜

㻜

㻝㻜

㻞㻜

㻠㻜
㻯㼐㻙㻵

㻡㻜

㻢㻜

㻣㻜

㻤㻜

㻜

㻞㻜

Balance(%) = 0.51Cd-I 㸫 0.49Age + 6.76

㻟㻜

㻙㻟㻜

㻙㻞㻜

㻙㻝㻜

㻜

㻝㻜

㻞㻜

㻟㻜

㻠㻜

㻡㻜

2

㻭㼓㼑

㻢㻜

(R = 0.597)

㻠㻜

㻤㻜

㻝㻜㻜

19

5.3 ✚࣭ศᕸ
ࣄࢺ࠾ࡅࡿ࢝ࢻ࣑࣒࢘ࡢ㛗ᮇప⃰ᗘ᭚㟢࡛ࡣࠊ㈇Ⲵ㔞ࡢ⣙1/3ࡀ⭈⓶㉁✚ࡋࠊ
⫢ࡸ➽⫗࡛ࡣࠊࡑࢀࡒࢀ㈇Ⲵ㔞ࡢ⣙1/4ࡀ✚ࡉࢀࡿࠋ⬻ࠊ⬡⫫⤌⧊ࠊ㦵ࡢ✚㔞
ࡣࠊ㠀ᖖᑡ࡞࠸ࠋ⭈⓶㉁ࡢ⃰ᗘࡣ㧗ࡃࠊ⫢ࡢ⃰ᗘࡢ10㹼20ಸ࡛࠶ࡿࠋႚ↮⪅ࡢ⭈⓶
㉁ࡢ✚⃰ᗘࡣࠊ㠀ႚ↮⪅ẚ10 mg/kg⛬ᗘ㧗࠸ࠋ⾲せ⮚ჾ୰ࡢ࢝ࢻ࣑࣒࢘
㈇Ⲵ㔞㛵ࡍࡿሗ࿌ࢆ୍ぴグࡋࡓࠋᑠἨ㸦1975㸧ࡼࡿࠊࣄࢺࡢ⫢ཬࡧ⭈࠾ࡅ
ࡿ࢝ࢻ࣑࣒࢘⃰ᗘࢆ ᐃࡋࡓࡇࢁࠊ20ṓ௨ୖࡢ⏨ዪ࡛ዪᛶ࠾ࡅࡿ࢝ࢻ࣑࣒࢘⃰ᗘ
ࡀ⏨ᛶࡢ࠾ࡼࡑ2ಸ㧗࠸್ࢆ♧ࡋࡓ㸦ᩥ⊩5̺13㸧ࠋᅗࡣࠊ1974ᖺࡽ1983ᖺ㸦ᩥ
⊩5̺14㸧ࠊ1992ᖺࡽ1994ᖺ㸦ᩥ⊩5̺15㸧ࡅ࡚⾜ࢃࢀࡓㄪᰝᇶ࡙ࡁ⭈⓶㉁⃰
ᗘࡢᖺ㱋ศᕸࢆ♧ࡋࡓࠋ᪥ᮏேࡢ⭈⓶㉁࢝ࢻ࣑࣒࢘㈇Ⲵ㔞ࡣከࡃࠊ50㹼60ṓ࡛ࣆ࣮ࢡ
࡞ࡾࠊ௨ᚋῶᑡࡍࡿࠋ⫢ࡘ࠸࡚ࡣࠊᖺ㱋౫Ꮡⓗቑຍࡋࠊ⭈⓶㉁ࡢࡼ࠺㧗㱋࡛
ῶᑡࡍࡿഴྥࡣ࡞࠸ࠋ
ᣢ⥆ⓗ࡞㧗⃰ᗘ᭚㟢࡛ࡣࠊ┦ᑐⓗ⫢ࡢ࢝ࢻ࣑࣒࢘⃰ᗘࡀቑຍࡍࡿ㸦ᩥ⊩ 4̺13㸧ࠋ
ࣄࢺ࡛ࡣࠊ࢝ࢻ࣑࣒࢘㉳ᅉࡍࡿ⪃࠼ࡽࢀࡿ⫢㞀ᐖࡢⓎ⏕ࡣሗ࿌ࡉࢀ࡚࠸࡞࠸ࠋ

5.2 ㍺㏦
Zalups ࡽ㸦2003㸧ࡢ⥲ㄝ㸦ᩥ⊩ 5̺12㸧ࡼࡿࠊ⭠⟶࡛྾ࡉࢀࡓ࢝ࢻ࣑࣒࢘ࡣࠊ
⺮ⓑ㉁⤖ྜࡋ࡚⾑ὶࡼࡗ࡚⫢㍺㏦ࡉࢀࡿࠋ⫢࡛ࡣ༑ศ㔞ࡢ MT ࡀㄏᑟྜᡂࡉࢀࠊ
࢝ࢻ࣑࣒࢘ MT ࡀ⤖ྜࡋ࡚ Cd- MT ࡞ࡗ࡚✚ࡋࠊ⾑ᾮ୰⛣ືࡍࡿࠋࡲࡓࠊࢢ
ࣝࢱࢳ࢜ࣥᢪྜࡼࡾ⫹⟶ἥࡉࢀࠊ㓝⣲ⓗࢩࢫࢸࣥ⤖ྜኚࡍࡿࠋ⾑ᾮ୰
࡛ࡣࠊ࢝ࢻ࣑࣒࢘ࡣࣝࣈ࣑ࣥࡸ MT ⤖ྜࡋࡓ≧ែ࡛⛣ືࡍࡿࠋ⣒⌫య࡛ℐ㐣
ࡉࢀࡓ Cd- MT ࡣ㏆ᒀ⣽⟶࡛྾ࡉࢀࠊ✚ࡍࡿࠋ࢝ࢻ࣑࣒࢘ࡣࠊ⫾┙ࢆࢇ
㏻㐣ࡋ࡞࠸ࡓࡵࠊ⫾ඣࡸ᪂⏕ඣࡢయෆ࢝ࢻ࣑࣒࢘㈇Ⲵ㔞ࡣ↓ど࡛ࡁࡿ࡛ࣞ࣋ࣝ࠶
ࡿࠋ

ᅗ  ᦤྲྀ㸫⣅୰ἥࣂࣛࣥࢫ  ᖺ㱋ࠊᦤྲྀ㔞 &G, ࡢ㛵ಀ 



㻙㻟㻜

㻙㻞㻜

㻙㻝㻜



㻝㻜

 㻞㻜

㻟㻜

 㻠㻜

㻮㼍㼘㼍㼚㼏㼑



㻮㼍㼘㼍㼚㼏㼑

⃰ᗘ䛿䚸g/g‵㔜㔞䚹

䠄ᩥ⊩㻡㻙㻞㻟䠅

㻿㼡㼙㼕㼚㼛㻌㼑㼠㻌㼍㼘㻚㻔㻝㻥㻣㻡㻕

䠄ᩥ⊩㻡㻙㻝㻟䠅

ᑠἨ㻔㻝㻥㻣㻡㻕

㻝㻡

㻝㻡

㻲

㻹

㻙
㻟㻜

ᖹᆒ㻟㻥

㻙

㻹
㻲

㻜㻙㻤㻜
㻝㻥

㻟㻢

㻡㻡

⭈㧊㉁䠖㻟㻟㻚㻡㼼㻞㻞㻚㻣
⫢䠖㻢㻚㻟㼼㻠㻚㻣
⭈⓶㉁䠖㻡㻠㻚㻡
⭈㧊㉁䠖㻞㻤㻚㻝
⫢䠖㻠㻚㻢
⭈⓶㉁䠖㻥㻢㻚㻟
⭈㧊㉁䠖㻠㻟㻚㻡
⫢䠖㻥㻚㻟
⭈䠖㻠㻣㼼㻞㻠
⫢䠖㻡㻚㻣㼼㻠㻚㻢
⮅⮚䠖㻞㻚㻣㼼㻝㻚㻣
⭈䠖㻝㻚㻡㼼㻝㻚㻜
ᑠ⭠䠖㻝㻚㻝㼼㻜㻚㻠㻠
⭈䠖㻟㻢
⫢䠖㻟㻚㻞
⮅⮚䠖㻞㻚㻞
⭈䠖㻜㻚㻥㻣
ᑠ⭠䠖㻜㻚㻤
⭈䠖㻡㻤
⫢䠖㻤㻚㻝
⮅⮚䠖㻟㻚㻞
⭈䠖㻞㻚㻜

ཎᩥ䛾༢䛷䛒䜛nmol/g䜢g/g䛻⟬䠄1nmol=112.4ng䠅

䠆

㻝㻥㻣㻝䡚㻝㻥㻣㻞
᪥ᮏ
රᗜ┴

᪥ᮏே
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ᖺ㱋༊ศ㻝㻜㻙㻝㻥㻘㻌㻞㻜㻙㻞㻥㻘㻌㻟㻜㻙㻟㻥㻘㻌㻠㻜㻙㻠㻥㻘㻌㻡㻜㻙㻡㻥㻘㻌㻢㻜௨ୖ䚹
⭈䛾䜹䝗䝭䜴䝮⃰ᗘ䛜ᖺ㱋䛸䛸䜒䛻ୖ᪼䚹

⫢㻯㼐䛿䚸ຍ㱋䛻క䛔ቑຍ䛧䚸㻟㻜㻙㻠㻜ṓ䛷᭱㧗್䚹

⭈⓶㉁㻯㼐䛿ຍ㱋䛻క䛔ቑຍ䛧䚸㻡㻜ṓ⛬ᗘ䛷䝢䞊䜽䜢♧䛧䚸
䛭䛾ᚋపୗ䛧䚸㏫㼁Ꮠ㛵ಀ䚹

⾲  ⮚ჾ୰࢝ࢻ࣑࣒࢘⃰ᗘ

⃰ᗘ䠄g/g‵㔜㔞䠅
ᖺ௦䞉ᆅᇦ
ᩘ
ᖺ㱋
ᛶ
ᖺ㱋䛸䛾㛵ಀ
 ᩥ⊩
㻻㼞㼘㼛㼣㼟㼗㼕㻘
༑ᣦ⭠䠖㻜㻚㻞㻤㼼㻜㻚㻝㻢
㻹㻞㻢
㻞㻥
㻠㻞㼼㻝㻟
⭠䛻䛚䛔䛶䚸㻠㻜㻙㻢㻜ṓ䛷᭱㧗್䚹
㻒㻌㻼㼕㼛㼠㼞㼛㼣㼟㼗㼕㻔㻞㻜㻜㻟㻕
䝫䞊䝷䞁䝗
✵⭠䠖㻜㻚㻞㻢㼼㻜㻚㻝㻡

㻲㻟
䠄ᩥ⊩㻡㻙㻝㻢䠅
ᅇ⭠䠖㻜㻚㻝㻟㼼㻜㻚㻜㻣
⭈⓶㉁䠖㻝㻡㻚㻠㻡

⫢㻌㻌㻌㻠㻝䡚㻡㻜ṓ㻌㻌㻌㻌㻝㻚㻠㻠
㻢㻝 ᖹᆒ㻟㻤㻚㻡
㻙 ⫢䠖㻜㻚㻥㻡
㻌㻌㻌㻌㻌㻌㻌㻡㻝䡚㻢㻜ṓ㻌㻌㻌㻌㻜㻚㻥㻝
㻔⠊ᅖ㻞㻙㻤㻥㻕
⫵䠖㻜㻚㻝㻟

㻌㻌㻌㻌㻌㻌㻌㻢㻝ṓ௨ୖ㻌㻌㻌㻌㻝㻚㻠㻢
⭈⓶㉁䠖㻝㻠㻚㻢
㻿㼍㼠㼍㼞㼡㼓㻌㼑㼠㻌㼍㼘㻚㻔㻞㻜㻜㻞㻕
㻝㻥㻥㻣䡚㻝㻥㻥㻤
㻹
㻠㻟
ᖹᆒ㻟㻣㻚㻜
⫢䠖㻜㻚㻣㻤
䠄ᩥ⊩㻡㻙㻝㻣䠅
䜸䞊䝇䝖䝷䝸䜰
⭈㻌㻌㻌㻠㻝䡚㻡㻜ṓ㻌㻌㻌㻌㻞㻡㻚㻥
⫵䠖㻜㻚㻝㻝
㻌㻌㻌㻌㻌㻌㻌㻡㻝䡚㻢㻜ṓ㻌㻌㻌㻌㻞㻞㻚㻡
⭈⓶㉁䠖㻝㻤㻚㻝

㻌㻌㻌㻌㻌㻌㻌㻢㻝ṓ௨ୖ㻌㻌㻌㻌㻞㻝㻚㻟
㻲 ⫢䠖㻝㻚㻟㻢
㻝㻤 ᖹᆒ㻟㻥㻚㻡
⫵䠖㻜㻚㻝㻣

⭈⓶㉁䠖㻝㻜㻚㻤
㻣㻤
㻡㻢㼼㻞㻜
㻙 ⫢䠖㻝㻚㻝㻜

⫵䠖㻜㻚㻜㻥
⭈⓶㉁㻯㼐䛿ຍ㱋䛻క䛔ቑຍ䛧䚸㻡㻜ṓ⛬ᗘ䛷䝢䞊䜽䜢♧䛧䚸
⭈⓶㉁䠖㻝㻡㻚㻡

㻳㼍㼞㼏㼕㼍㻌㼑㼠㻌㼍㼘㻚㻔㻞㻜㻜㻝㻕
㻝㻜ᖺ㛫௨ୖ䝇䝨䜲
䛭䛾ᚋపୗ䛧䚸㏫㼁Ꮠ㛵ಀ䚹
䞁䛾䝍䝷䝂䝘䠄ᕤᴗ
㻡㻣
㻹 ⫢䠖㻝㻚㻞㻟
⫵䠖㻜㻚㻝㻟
䠄ᩥ⊩㻡㻙㻝㻤䠅 ᆅᇦ䠅䛷⏕ά
⫢㻯㼐䛿䚸ຍ㱋䛻క䛔ቑຍ䚹
㻙
⭈⓶㉁䠖㻝㻣㻚㻠
㻞㻝
㻲 ⫢䠖㻜㻚㻣㻢

⫵䠖㻜㻚㻜㻡
⭈⓶㉁䠖㻝㻠㻚㻢㼼㻡㻚㻥䠄㻞㻚㻠䡚㻟㻝䠅 ⭈⓶㉁䛿㻡㻜㻙㻢㻜ṓ䜎䛷ୖ᪼䛧䚸௨ᚋపୗ䚹

㼀㼛㼞㼞㼍㻌㼑㼠㻌㼍㼘㻚䠄㻝㻥㻥㻡䠅
䝇䝨䜲䞁䞉䝞䝹䝉䝻
㻡㻜
㻝㻤㻙㻤㻜
䠉 ⭈㧊㉁䠖㻤㻚㻢㼼㻠㻚㻟䠄㻝㻚㻡䡚㻝㻢㻚㻣䠅
⫢䠖㻜㻚㻥㻤㼼㻜㻚㻡㻜䠄㻜㻚㻟㻞䡚㻞㻚㻟㻞䠅 ⫢㻯㼐䛿ᖺ㱋䛻౫Ꮡ䛧ቑຍ䚹
䠄ᩥ⊩㻡㻙㻝㻥䠅 䝘ᅾఫ⪅
ዷፎ㻝㻣䡚㻟㻢㐌䠄୰ኸ್䠅㻌㻌㻌㻌㻌⭈䠖㻌㻌㻜㻚㻜㻝㻌㻌㻌⫢䠖㻌㻜㻚㻜㻝㻌㻌⏥≧⭢䠖㻌㻜㻚㻜㻝

⏕ᚋ㻞䡚㻝㻠᪥䠄୰ኸ್䠅㻌㻌㻌㻌㻌㻌㻌⭈䠖㻌㻌㻜㻚㻜㻝㻌㻌㻌⫢䠖㻌㻜㻚㻜㻝㻌㻌⏥≧⭢䠖㻌㻜㻚㻜㻝
㻞䡚㻟㻜䜹᭶䠄୰ኸ್䠅㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌⭈䠖㻌㻌㻜㻚㻜㻠㻌㻌㻌⫢䠖㻌㻜㻚㻜㻟㻌㻌⏥≧⭢䠖㻌㻜㻚㻜㻞
䜸䞊䝇䝖䝸䜰
⭈䠄୰ኸ್䠅䠖㻜㻚㻜㻝䡚㻤㻚㻜㻡
㻝㻞䡚㻝㻤ṓ䠄୰ኸ್䠅㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌⭈䠖㻌㻌㻟㻚㻢㻤㻌㻌㻌⫢䠖㻌㻜㻚㻝㻢㻌㻌⏥≧⭢䠖㻌㻜㻚㻜㻤
ዷፎ㻝㻣㐌 㻹㻟㻟
㼀㼕㼞㼍㼚㻌㼑㼠㻌㼍㼘㻚㻔㻝㻥㻥㻡㻕㻖

㻞㻡䡚㻟㻢ṓ䠄୰ኸ್䠅㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌⭈䠖㻌㻌㻢㻚㻟㻠㻌㻌㻌⫢䠖㻌㻜㻚㻢㻞㻌㻌⏥≧⭢䠖㻌㻜㻚㻟㻥
㐺ᗘ䛻⏘ᴗ䛧䛯 㻢㻜
⫢䠄୰ኸ್䠅䠖㻜㻚㻜㻝䡚㻜㻚㻣㻥
䡚㻤㻣ṓ
㻲㻞㻣
㻿㼠㼥㼞㼕㼍ᆅᇦ
⏥≧⭢䠄୰ኸ್䠅䠖㻜㻚㻜㻝䡚㻞㻚㻣㻟 㻠㻡䡚㻡㻥ṓ䠄୰ኸ್䠅㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌⭈䠖㻌㻌㻡㻚㻤㻜㻌㻌㻌⫢䠖㻌㻝㻚㻡㻝㻌㻌⏥≧⭢䠖㻌㻝㻚㻡㻝
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