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痦 1 畎 猰䪮罌〢♸俒暟⥂䫡嚋鶣 
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1. 猰䪮罌〢灇瑕ⰻ㺂 

罌〢㷖僽鸑鵂歊ꅿ罌〢䊨⡲蜦》灇瑕餴俱⟄ぐ猫麰鶺ㄤ麰暟涸䕎䙖ծ䚍餘⡲⚹ⴗⰆ挿
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䎾欽♸暋峸㣐㷖罌〢♸蒌助〷灇瑕㹊낉㹔涸䒊用⚹叻䘋涸կ猰䪮罌〢䭽撑Ⱖ灇瑕倰岁ㄤ灇瑕
ⰻ㺂ⴔ⚹⚙㣐碫կ♧碫僽ⵄ欽⚁꡶涸⟉㐼霃㢊㼆羟碫聘滚溏割ⵌ涸暵㹁㼆韌鵳遤确崵ծ崵
霚ㄤⴔ區䭽撑猰㷖涸⣜研䲿ⴀ猰㷖絕雿կ⢾㥵㼆㖑♴麰鶺ㄤ麰暟涸⹟确ծ䎃去崵㹁ծ〢
DNA 灇瑕ծず⡙稇灇瑕⿺剣纸婎殆暟ⴔ區瘝կ〥♧碫僽㼆♸〢去➃碫崞⸓湱Ⱒ涸㼆韌鵳遤
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2. 俒暟⥂䫡灇瑕ⰻ㺂 
俒暟僽宋〷♳ぐ⚡傞去涸➃又㖈欰❡ծ欰崞ㄤ爢⠔㹊騨务❡欰䎇麰殆♴勻涸Ⱘ剣ꅾ銳宋
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䪮助♸䊨蒌կ㔋僽灇瑕俒暟⥂䫡涸倝绚俱կ㖈俒暟⥂䫡灇瑕务俒暟绚俱㣐⡤〳ⴔ⚹偽纸绚
俱俒暟♸剣纸绚俱俒暟Ⱘ⡤㥵♴ 

 
 

3梡➿⟉㐼ⴔ區㖈猰䪮罌〢♸俒暟⥂䫡涸ⴔ區䎾欽 
鵛劍㕂⸉ꤎ⸅Ⱆ⾍封ⴀⰢ✵⽪封շ⼧㔋❀俒暟⥂䫡ㄤ猰䪮⴯倝錞够ո涸鸑濼կ鵯妃

俒暟곭㚖封㾝錞够껷妃⼮紩⚹㕂㹻紩⚁고錞够罜⚂猰䪮⴯倝♧霒껷妃湬䱹ⱗⰆ✫錞
够곿湡ず傞䭷ⴀ銳鵘欽欰暟㷖ծⴔ㶩欰暟㷖ծ⻊㷖ծ㖑㷖ծ暟椚㷖瘝⵸屠㷖猰涸剒倝䪮助
ⴔ區䧮㕂〢去麰㶸涸俒暟կꥥ满梡去⟉㐼䪮助涸封㾝倝涸⟉㐼霃㢊ծ倝涸錜㻋䩛媯ㄤⴔ區
倰岁割倗嶑梡⚹猰䪮罌〢♸俒暟⥂䫡刿㥩涸⥂끻䫡菔կꛏ㼆俒暟绚餘涸割ず劥俒鷥》鿈
ⴔ俒暟绚俱鵳遤ⴔ區倰岁涸➝絏կ 

3.1 偽纸勞俱俒暟 
偽纸绚俱俒暟⚺銳⺫䭍ぐ猫ꤲ櫘㐼ծꆄ㾩ծ桪瀖瘝绚餘涸俒暟կ㼆✵偽纸绚俱涸ⴔ區

ⴔ區㢴Ⱒ岤✵绚俱涸⯋稇絆䧭ծ兪⡤絕匬ծ⯋稇⟟䙖瘝倰꬗涸⥌䜂կ 

3.1.1 ꤲ櫘㐼碫俒暟 
湡⵸䌢欽涸ꤲ櫘㐼俒暟ⴔ區ⰻ㺂㣐荝〳⟄䔱紵⚹⻊㷖絆䧭ⴔ區ծ儑䗎絕匬♸暟湱ⴔ區ծ

暟椚䚍腊崵霚♸掔䧭庛䏞ⴔ區ծ汚鶺錜㻋⿺垷䬾霚낉灇瑕瘝倰꬗կ⻊㷖絆䧭ⴔ區⚺銳崵㹁呋
ㅷ涸⚺ծ妃ꆀ⯋稇ㄤ䗎ꆀ⯋稇ꅷ欽剣䰀ㄤ偽䰀⚙猫ⴔ區倰䒭կ剣䰀ⴔ區》呋倰岁⚺銳⢪欽
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ꤲ櫘㐼烱晙呋ㅷ唬崵⟉㐼剣歏䠭羒ざ瘝猌㶩⡤⾲㶩封㼘⯕靶⟉(ICP-AES)ծ歏䠭羒ざ瘝猌㶩
⡤餘靶⟉ICP-MS瘝կ偽䰀ⴔ區〳⟄⥂霆呋ㅷ涸模侮䚍䌢欽涸倰岁剣腊ꆀ蒀侔 X 㼘絁蚃
⯕⯕靶⟉EDXㄤ X 㼘絁⯕歏㶩腊靶⟉XPS瘝䩛媯կ儑䗎絕匬ⴔ區䌢欽歏㶩确ꛏEPMA
㼆櫘㐼婎晙胢ꅹ涸䗎錜絕匬ծ䗎⼓䧭ⴔ⿺⯋稇ⴔ䋒暵䖄鵳遤✫邍䖄կꤲ櫘㐼涸掔䧭庛䏞僽ꤲ
櫘餘ꆀㄤぐ고䚍腊涸ꅾ銳Ɀ㹁㔔稇⛓♧〳 ⟄⢪欽넞庛芲胆⟉鵳遤崵㹁կꤲ櫘㐼汚鶺錜㻋〳
⟄⢪欽 X 㼘絁撑湱ㄤ䊨⚌ CT 唬叅䊨⚌ CT 〳⟄唬叅ꤲ櫘ⰻ鿈絕匬錜㻋勇餘⿺孞岙緃ꤴկ 

3.1.2 ꆄ㾩碫俒暟 
ꆄ㾩俒暟⺫䭍ꆄծꜾծꜤծ꜈ծꝩ瘝绚餘鵮⺫䭍鵯❈绚餘絆䧭涸ざꆄկⰦⴔ區ⰻ㺂⺫

䭍ꆄ湱ⴔ區ծ䧭ⴔⴔ區ծ䕎䙖ⴔ區瘝կꆄ湱ⴔ區⢪欽涸⚺銳⟉㐼⚹⯕㷖儑䗎Ꞥ♸歏㶩儑䗎Ꞥկ
䧭ⴔⴔ區ꅷ欽涸ⴔ區䩛媯剣歏䠭羒ざ瘝猌㶩⡤⾲㶩封㼘⯕靶⟉(ICP-AES)ծ歏䠭羒ざ瘝猌㶩
⡤餘靶⟉ICP-MSծ腊ꆀ蒀侔 X 㼘絁蚃⯕⯕靶⟉EDXㄤ X 㼘絁⯕歏㶩腊靶⟉XPS瘝
䩛媯Ⱖ务 ICP-AES ♸ ICP-MS ⚹剣䰀倰岁鷓ざ✵唬崵罌〢梡㖞涸ꆄ㾩烱晙EDX ♸ XPS
⚹偽䰀倰岁鷓ざ✵ぐ猫罌〢♸俒暟呋ㅷկ䕎䙖ⴔ區⺫䭍邍꬗䕎䙖♸ⰻ鿈䕎䙖邍꬗䕎䙖〳ꅷ
欽䪊䲽歏㶩儑䗎ꞤSEM♸歏㶩确ꛏ儑䗎ⴔ區EPMAⰻ鿈䕎䙖〳ꅷ欽 X 㼘絁撑湱ㄤ䊨
⚌ CT 瘝ⴔ區䩛媯կ 

3.1.3 桪瀖碫俒暟 
桪瀖碫俒暟ⴔ區涸ꅾ挿♸ꦼ挿ⰻ㺂僽❡㖑涸彷彂ⴔ區鵯껷⯓꨽銳烁㹁桪㐼涸⻊㷖䧭ⴔ

♸瀤暟絕匬կ桪㐼涸⻊㷖䧭ⴔⴔ區〳⟄ⴔ⚹偽䰀ㄤ剣䰀⚙碫偽䰀唬崵⚺銳⢪欽 X 㼘絁蚃⯕
ⴔ區XRFծ歏㶩确ꛏ儑䗎ⴔ區EPMA瘝䪮助㼆灇瑕㼆韌尵剣䰀⠟կ剣䰀唬崵䗳곢㖈
灇瑕㼆韌♳》呋⢪欽歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶(ICP-AES)ծ歏䠭羒ざ瘝猌㶩⡤餘靶⟉ICP-
MS瘝鵳遤唬崵կ鸑鵂鵯❈唬崵腊㢿蜦濼桪㐼涸⚺銳䧭ⴔㄤ䗎ꆀ⯋稇䧭ⴔ鸑鵂♸割ず
❡㖑桪㐼涸䧭ⴔ嫱鳅㽠腊烁㹁Ⱖ❡㖑կ 

3.2 剣纸勞俱俒暟 
剣纸绚俱俒暟䧴麰㶸⺫䭍紺餘ծ怚㐼ծ紼絉ㅷ瘝俒暟ㄤ偽纸绚俱俒暟湱嫱剣纸绚俱

俒暟䧴麰㶸僒✵꣭鍒割僒⥂㶸⠛絡涸灇瑕ꦼ⟄➢务》䖤剣佪⥌䜂䗳곢⦶⸔⟉㐼ⴔ區鵳
遤灇瑕կ 

3.2.1 紺餘俒暟 
紺餘俒暟涸ⴔ區㼆韌割➑⺫䭍紺䓎紦絶鵮⺫䭍倶脸绚俱ծ㞅俱ծ㟯ծ⽪岞ծ괃俱瘝紺

䓎欰❡♸⢪欽鵂玐务覆⿺涸绚俱կ儑䗎ⴔ區岁僽紺餘俒暟䌢欽涸ⴔ區倰岁ⵄ欽厩蒀⵫ⵖ㢊
紦絶霚晙㖈儑䗎Ꞥ♴錜㻋紦絶ッ蒀ծ䕎䙖絕ざ崵ꆀ湱䎾紦絶涸Ɤ䏞ծ㺈䏞〳ⴼ倗紦絶
猫碫鵳罜⨞ⴀ紺䓎⾲俱涸ⴼ㹁կ⡎霪岁ꬋ䌢⣜饆ⴔ區罏涸絑낉㼆✵絕匬碫⡃嗃暟紦絶涸
鳹ⵆ嫱鳅㔮ꦼկ紤㢪⯕靶ⴔ區岁〳⟄导僥紺䓎涸紦絶稇ծ⼱紦絶稇ㄤ加餘稇瘝⻊㷖絆ⴔ鸑
鵂罈⻊⵸た紺䓎紤㢪⯕靶侨研涸㼆嫱ⴭ〳⟄㹁䚍确雭紺䓎ⰻ鿈⻊㷖絕匬涸尊⻊կ㼆✵紺䓎
⿺湱Ⱒ绚俱刿⚹礵絈涸⻊㷖䧭ⴔⴭ〳ꅷ欽孞湱蒀靶餘靶♸巊湱蒀靶餘靶岁鵯⚙猫倰岁Ⱘ
剣鳅㥩涸ⴔ猌腊⸂♸鳅넞涸唬崵⾝併䏞ず傞㼜掚鄬鍒鄳縨♸孞湱蒀靶餘靶翫欽ⴭ〳㣐㣐皍
⻊呋ㅷ涸⵸㢅椚ず傞〫꨽䗎ꆀ呋ㅷ㹊梡䗎䰀ⴔ區կ 
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3.2.2 怚㐼俒暟 
怚㐼俒暟涸ⴔ區割➑⺫䭍ⵌ怚芘劥魧鵮⺫䭍怚㐼ⵖ⡲䊨蒌覆⿺ⵌ涸㖑➯㽻ծ괃俱ծ䎁

䚍屘⟄⿺♧❈鄳껑欽ꆄꜾ瘝䧭ⴔ鵯❈䧭ⴔ傁⺫ゎ剣纸䧭ⴔ⛲⺫ゎ偽纸䧭ⴔկ唬崵鵯❈䧭ⴔ
覆⿺ⵌ涸唬崵⟉㐼⺫䭍錜㻋䗎錜䕎䙖欽涸⯕㷖儑䗎Ꞥծ䪊䲽歏Ꞥⴔ區⯋稇絆䧭涸 X 㼘絁
腊靶⟉ծX 㼘絁蚃⯕⯕靶⟉ⴔ區剣纸䧭ⴔ涸䬘削⯕靶⟉ծ紤㢪⯕靶⟉瘝鵯❈⟉㐼鿪〳⟄
㹊梡㼆呋ㅷ鵳遤偽䰀唬崵կ鵛䎃勻♧❈㷖罏㼜掚鄬鍒-孞湱蒀靶餘靶岁Py-GC/MS欽✵怚
㐼俒暟涸ⴔ區掚鄬鍒Py涸⾲椚僽㼜呋ㅷ㖈넞庛♴澕ꢂ鄬鍒鄬鍒❡欰涸㼭ⴔ㶩〳⟄鸑
鵂孞湱蒀靶餘靶GC/MS鵳遤ⴔ區姼倰岁➑꨽銳䗎ꆀ呋ㅷ乼⡲皍⽀㼆俒暟呋ㅷ㹊梡
䗎䰀ⴔ區ず傞〳⟄䖤ⵌ刿⚪㺢涸呋ㅷ⥌䜂կ 

3.2.3 紼絉ㅷ俒暟 
紼絉ㅷ俒暟䭽撑紼絉紦絶㣐碫〳ⴔ⚹嗃暟紦絶♸⸓暟紦絶կ嗃暟紦絶⺫䭍猫㶩紦絶涸唼

蔄♸藎紦絶涸蔻띿ծ㣐띿ծ랕띿ծ千띿⸓暟紦絶⺫䭍⚏紦絶涸趄⚏♸嬁紦絶涸繙嬁ծ⯨嬁ծ
暋嬁ծ끹嬁瘝կ紼絉ㅷ俒暟涸ⴔ區⺫䭍紦絶絕匬ⴔ區ծ紦絶绚餘ⴔ區ծ絉暟厩蒀⵫ⴔ區կ紦
絶絕匬ⴔ區♧菚ꅷ欽䌢錞儑䗎Ꞥⴔ區紦絶绚餘ⴔ區〳ꅷ欽紤㢪⯕靶⟉ⴔ區紦絶涸䧭ⴔ⥌
䜂㼆✵嗃暟紦絶紼絉ㅷ〳⟄碫⡃✵紺餘俒暟ꅷ欽 Py-GC/MS ⴔ區㼆✵⸓暟紦絶ⴭ〳ꅷ欽
跗涯餘ⴔ區⟉ծ欰暟餘靶ծ巊湱蒀靶餘靶瘝䩛媯鵳遤ⴔ區絉暟厩蒀⵫ⴔ區♧菚ꅷ欽巊湱蒀
靶HPLC䧴巊湱蒀靶餘靶LC-MS/MS鵳遤ⴔ區կ 

邍  割ず碫㘗俒暟涸ⴔ區倰岁 
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4猰䪮罌〢♸俒暟⥂䫡涸灇瑕倰岁 
   侮⡤罜鎊䧮㕂罌〢偽纸餘绚俱ⴔ區封㾝鳅粉灇瑕涸⛲鳅⚹Ⰼ꬗ծ禹絡罜剣纸餘绚
俱ⴔ區ⴭ湱㼆词たկ䧮㕂涸〢ꤲ櫘ծ〢ⲅꆄ瘝곭㚖涸灇瑕㢅✵㕂꣢곭⯓㖑⡙⡎剣纸餘ⴔ區
倰꬗♸㕂꣢♳鵮剣♧㹁涸䊵騄կ㥵⡦㼜刿㢴涸⟉㐼ⴔ區倰岁䎾欽ⵌ猰䪮罌〢ㄤ俒暟⥂䫡务
➢䎾欽涸倰䒭錭䏞皍⽀勻霹〳ⴔ⚹♲猫կ 

 痦♧僽⾲映⴯倝灇瑕䙼騟կ䧮又封梡꡼곿ⵖ㹁灇瑕䙼騟荈⚺霃雦㹊낉罜䕎䧭
涸♧㤛ⴔ區倰岁կ痦✳僽倰岁涸獴嗃灇瑕䪮助㼜荈搬猰㷖⵸屠涸ⴔ區倰岁ざ椚涸獴
嗃ⵌ猰䪮罌〢곭㚖կ㖈荈搬猰㷖곭㚖⟉㐼ⴔ區僽䧮又灇瑕涸ꅾ銳䩛媯ず呋涸㖈猰䪮罌
〢ㄤ俒暟⥂䫡务绚俱僽历⛎ծ剣㢴㼱䖃䖃⛲僽灇瑕涸饰挿⟄⿺䗳곢蜦》涸㛇劥⥌
䜂կ痦♲僽㕂㢪⯓鵳倰岁涸䒸鵳エ佐ㄤ筒鸣㖈猰䪮罌〢ㄤ俒暟⥂䫡倰꬗㕂㢪饰姿嫱
鳅粉确程ㄤ䕎䧭✫湱Ⱒ涸ⴔ區倰岁㥵嗃炊⡤ծ巤磋磜ծ㷋磋瘝ⴔ區倰岁鵯㽠⚹䧮㕂
䒓㾝湱Ⱒ䊨⡲䲿⣘✫剣渤涸⦶ꊹկ 
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痦 2 畎 ꤲ櫘㐼俒暟 
ꤲ櫘㐼猰䪮罌〢僽确雭ꤲ櫘㐼涸饰彂ծ⾲俱ծⵖ⡲䊨蒌⿺䪮助封㾝鵂玐雩霋倝瀖㐼傞去ꤲ㐼涸封僈ㄤ

⢪欽㼆➃碫欰崞❡欰涸䕧ㆇծ櫘㐼涸封僈♸割倗⴯倝㼆爢⠔鵳姿涸⡲欽灇瑕ꤲ櫘㐼涸饰彂ծ⾲俱ㄤⵖ⡲䊨
蒌导僥涸➃碫遤⚹暵䖄刿㥩㖑䳶爙〢去ꤲ櫘㐼涸猰䪮♸俒⻊ⰻ巑կ 

湡⵸䌢欽涸ꤲ櫘㐼猰䪮罌〢灇瑕倰岁㣐荝〳⟄䔱紵⚹⻊㷖絆䧭ⴔ區ծ儑䗎絕匬♸暟湱ⴔ區ծ暟椚䚍腊
崵霚♸掔䧭庛䏞ⴔ區ծ汚鶺錜㻋⿺垷䬾霚낉灇瑕瘝倰꬗կ⻊㷖絆䧭ⴔ區⚺銳崵㹁呋ㅷ涸⚺ծ妃ꆀ⯋稇ㄤ䗎ꆀ
⯋稇ꅷ欽剣䰀ㄤ偽䰀⚙猫ⴔ區倰䒭կ剣䰀ⴔ區》呋倰岁⚺銳⢪欽ꤲ櫘㐼烱晙呋ㅷ唬崵⟉㐼剣歏䠭羒ざ瘝
猌㶩⡤⾲㶩封㼘⯕靶⟉(ICP-AES)ծ歏䠭羒ざ瘝猌㶩⡤餘靶⟉ICP-MS瘝կ偽䰀ⴔ區〳⟄⥂霆呋ㅷ涸模侮
䚍䌢欽涸倰岁剣腊ꆀ蒀侔 X 㼘絁蚃⯕⯕靶⟉EDXㄤ X 㼘絁⯕歏㶩腊靶⟉XPS瘝䩛媯կ儑䗎絕匬ⴔ
區䌢欽歏㶩确ꛏEPMA㼆櫘㐼婎晙胢ꅹ涸䗎錜絕匬ծ䗎⼓䧭ⴔ⿺⯋稇ⴔ䋒暵䖄鵳遤✫邍䖄կꤲ櫘㐼涸掔
䧭庛䏞僽ꤲ櫘餘ꆀㄤぐ고䚍腊涸ꅾ銳Ɀ㹁㔔稇⛓♧〳⟄⢪欽넞庛芲胆⟉鵳遤崵㹁կꤲ櫘㐼汚鶺錜㻋〳⟄
⢪欽 X 㼘絁撑湱ㄤ䊨⚌ CT 唬叅䊨⚌ CT 〳⟄唬叅ꤲ櫘ⰻ鿈絕匬錜㻋勇餘⿺孞岙緃ꤴկ 
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EPMA ⴔ區〢櫘㐼婎晙 

䶰 銳〢櫘㐼Ⱘ剣匧넞涸蒌助ծ➃俒⿺猰灇⟟⧩կ劥俒ⵄ欽䀙峸歏㶩确ꛏ㼆羟㖑ⴀ㕼涸〢櫘㐼婎晙胢ꅹ涸
䗎錜絕匬ծ䗎⼓䧭ⴔ⿺⯋稇ⴔ䋒暵䖄鵳遤✫邍䖄䎇⣜研ꅹ㽻涸ⴔ㽻梡韌⿺NaծK⯋稇涸㺢꧋暵䖄㼆Ⱖ倶
ꅹ䊨蒌鵳遤✫雭雿崵霚絕卓㼆✵〢櫘㐼傞去ծ璙〡涸彷彂ծ掔ⵖ䊨蒌涸确瑕Ⱘ剣ꅾ銳涸䭷㼋䠑⛐կ 
 

Ⱒꝶ霒俒暟 〢ꤲ櫘 婎晙  EPMA  
 

䪮助暵挿 
 䀙峸歏㶩确ꛏ⡲⚹♧猫偽䰀ծ⾲⡙ⴔ區䩛媯鷓ざ✵〢櫘㐼瘝棇獺俒暟涸ⴔ區 
 鸑鵂NaծK⯋稇㺢꧋暵䖄雭雿✫櫘㐼倶ꅹ䊨蒌կ 
 

务㕂〢櫘㐼⟄Ⱖ鸣㘗礵繠ծꅹ㥵ⳕ腒ծ庛嶹㥵桪涸暵蒀ꢉぜ麚鶑Ⱖ⼾馊涸ⵖ櫘䪮助ㄤ鳋摕涸蒌助䧭㽠
㼆雽㢴㕂㹻涸櫘㐼欰❡㖲❡欰鵂帿鵴䕧ㆇկ〢櫘㐼割➑Ⱘ剣匧넞涸蒌助⟟⧩鵮Ⱘ剣匧넞涸➃俒ծ爢猰⟟
⧩㥵䪋䊜巨㙹麰㖧剎ⴀ㕼鵂Ⳝ⟝巨去䊯⿦璙涸ꫬ蔄櫘晙赡搬➑剣Ⳝ⟝婎晙⡎㼆灇瑕ꫬ蔄涸饰彂剣ꅾ銳
涸䠑⛐կ 

ꅹ䌢鄄䕎韌涸獦⨞櫘㐼⛓邆僽瀤暟⾲俱䭽♧㹁ꂁ嫱幊ざ䎇絈熋䧭崰倶✵胢⡤邍꬗絑璙抠揬
掔た䕎䧭涸梯槴餘謭㽻կꥥ满爢⠔㹎繠錜涸尊鴲⿺ⵖ櫘䪮助涸封㾝割ず傞劍涸櫘㐼㖈胢餘ծꅹ餘ծꅹ䕙⿺
紻껑倰꬗剣满僈儑涸傞去暵䖄կ㥵⽂㸢傞劍륫屮璙ꫬ櫘胢謭ꅹ⾩ꅹ蒀帿⚂ꫬ⡎㔔⚹❡ㅷ胢낧絈謭ծ⾩ꅹ
㣟鷳㔔罜⻌㸢傞劍渿遤涸ⵠծ够蔄鄳껑割ⱄ鷓欽》罜去⛓涸僽㛜㝕ㄤ嵥ꧧ䪮岁կず♧傞劍割ず璙〡
㔔胻ծꅹ⾲俱⿺掔ⵖ䊨蒌割ず⛲剣满ぐ荈涸暵䖄㥵ꛮ璙禹❡ㅷ㿋銯崻彂璙涸紤俤㖈烽ⰻ㢴⚹㼆獦涸⼧
㶶䕎Ⱖ➭璙〡涸紤俤ⴭ割錞ⴭ罜嵄寐꜈䏅璙ⴭ胢謭㗏炽♸Ⱖ➭璙〡涸毜匠涸抪涯胢剣僈儑⼓ⵆկ 

⠛絡涸〢櫘㐼ꊹ㹁⽰僽ꊹ㹁罏ⵄ欽荈魧㼆〢櫘㐼Ɤ劍灇瑕䖤ⴀ涸絑낉鸑鵂㼆胢ꅹծ鸣㘗ծ紻껑涸
湡崵䩛䷫㼆櫘㐼涸傞去ծ璙〡ծ溫⠦鵳遤ꊹ㹁⡎ꦼ⯝「ⵌꊹ㹁罏絑낉ծ宐䎂瘝⚺錜㔔稇䕧ㆇ⸈⛓
湡⵸㼿偽絡♧僈烁涸ꊹ㹁叻ⲥ欨荛䌢䌢ⴀ梡割ず涸ꊹ㹁罏⠔絛ⴀ䨔搬湱导涸ꊹ㹁絕雿կ㔔姼絕ざ⯓鵳涸
ⴔ唬崵⟉㐼鵳遤猰㷖涸崵㹁ծⴔ區㽍⚹䗳銳կ 

䀙峸歏㶩确ꛏ儑䗎ⴔ區⟉ⵄ欽⾓綫ⵌ紵碛㽯䏞涸歏㶩勲㖈呋ㅷ♳慨封ⴀ歏㶩⿺暵䖄 X 㼘絁瘝暟椚⥌
〿➢罜㹊梡⾲⡙儑䗎䕎頗錜㻋⿺䗎⼓䧭ⴔⴔ區䎇⚂崵霚鵂玐㼆呋ㅷ偽䰀⠟㔔姼〳 ⟄⡲⚹〢ꤲ櫘ꊹ㹁ծ
彷彂ծ灇瑕涸剣佪ⴔ區䩛媯կ 
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1⟉㐼 
䀙峸EPMA-1720H歏㶩确ꛏ儑䗎ⴔ區⟉ 

    

2絕卓♸雭雿 
ⵄ欽䀙峸歏㶩确ꛏ䎛㚖䪊䲽垷䒭㼆羟㖑ⴀ㕼涸〢櫘㐼婎晙鿈ⴔ䨔꬗鵳遤䧭⫸⼓㚖㣐㼭⚹5.3×

4.0mm錛㕃1✳妃歏㶩⫸ծSEIկ 

 
㕃 1 婎晙埇䨔꬗✳妃歏㶩⫸ 

㕃1儑爙婎晙㢪ꅹ㽻⾩䏞紨⚹1.1mm胢⡤⾩䏞紨⚹2.7mmⰻꅹ㽻⾩䏞紨⚹1.0mm鳅㢪ꅹ㽻殜謭կ
ꅹ㽻务僈儑〳錛㣐㼭割♧涸㕐㗄㽯㼄➝✵60~200μm⛓ꢂ䎾⚹ꅹ㽻务涸孞岙胢ꅹ㖈넞庛掔ⵖ鵂玐务霽
㥵剣纸暟餘ⴔ鍒ծ焫ꃑ渮ⴔ鍒ծ宐ⴔ襒封瘝❡欰涸孞⡤㔔勻割⿺➢ꅹ巊务鹟ⴀ➢罜⟄孞岙涸䕎䒭鄄⺫醙✵
ꅹ㽻务կ 

ꅹ㽻务涸孞岙涸䕎䙖ծ㣐㼭ծ毜㺙ծⴔ䋒⠔⢪鵳Ⰶꅹ㽻涸⯕絁封欰割ず涸侔㼘佪䎾➢罜㖈㢪錜♳ッ梡
ⴀ割ず涸餘䠭կ㖈割ず涸宋〷傞劍ծ割ず涸ꅹ㽻⾩䏞ծ割ず涸璙〡ծ割ず涸掔ⵖ䊨蒌ծ割ず涸敍俱抠搞孧㔵
ꅹ㽻务孞岙涸Ⱘ剣割ず涸暵䖄⽰⢪僽ず♧璙欨荛ず♧⟝櫘㐼歋✵㖈璙务䨾㢅⡙縨涸割ず⟄⿺劊ぢ涸割ず
⛲鿪駈⟄㼋荝孞岙㣐㼭涸割ずկ㔔罜孞岙涸暵䖄㼆倗㹁櫘㐼涸䎃去ㄤㅷ餘剣♧㹁涸䌐⸔ㄤ⡲欽կ㥵Tian 
Wang瘝➃鸑鵂㼆罆䊜璙割ず傞去涸ꫬ櫘ꅹ㽻务孞岙㽯㼄鵳遤絡雦㼆嫱䖤ⴀ✫㸢ծ⯋傞去ꫬ櫘ꅹ㽻务涸孞
岙湱㼆✵巨去㽯㼄刿㣐涸絕雿[1]կ 
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ⴔⵆ㖈胢⡤⿺ꅹ㽻鷥挿㕃 1 务랕蒀⼧㶶僤叻霋㢅鵳遤䗎⼓䧭ⴔⴔ區㹁䚍靶㕃ⴔⵆ錛㕃 2ծ㕃 3
㹁ꆀ絕卓宨䚪✵邍 1. 

       
㕃 2 胢⡤䗎⼓䧭ⴔ㹁䚍靶㕃                            㕃 3 ꅹ㽻䗎⼓䧭ⴔ㹁䚍靶㕃 

邍 1 胢⡤⿺ꅹ㽻䗎⼓䧭ⴔ㹁ꆀ絕卓mass% 
 Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 FeO 

⡙縨 1 0.08 0.92 44.9 47.87 0.16 0.74 2.16 1.74 1.43 

⡙縨 2 0.46 2.86 22.22 57.98 1.43 1.09 10.4 1.07 2.48 

ꅹ㽻涸䧭ⴔ絆䧭⚺銳》Ɀ✵Ⱖ⾲俱ꂁ倰罜割ず㖑⼓ծ割ず傞去涸櫘ꅹ歋✵⢪欽涸⾲俱ꂁ倰Ⱘ剣♧㹁涸
䊵䒗䚍ㄤ錞䖒䚍㔔姼㼆胢ꅹ务涸⯋稇絆䧭鵳遤〳ꬑ剣佪涸ⴔ區㼆✵确瑕〢櫘㐼涸勻彂ծ䊨蒌ㄤ怵尊錞䖒
Ⱘ剣ꅾ銳涸䭷㼋䠑⛐կ㥵랕⛐ⱙ[2]鸑鵂⻌倰巨㸢涯櫘ծ⽂倰❀去㸢涯櫘ㄤꫬ涯櫘⻊㷖絆䧭鵳遤㼆嫱崵霚封
梡⽂倰涯櫘♸㸢去ꫬ涯櫘㖈ꅹ俱⻊㷖絆䧭♳嫱鳅䱹鵛⡎♸⻌倰涯櫘㶸㖈鳅㣐涸⼓ⵆ⚺銳邍梡㖈⵸罏ꅹ
务孻⻊ꛠ涸ゎꆀ兜麑嫱た罏넞կ勚㕂咒ծ尺㸪僈[3]瘝㼆鸑鵂⽂㸢륫屮璙ꫬ櫘涸ꅹ俱䧭ⴔծꅹ꬗ッ蒀涸灇瑕䊨
⡲⾦幡✫霪傞劍ꫬ櫘ꅹ俱涸⻊㷖絆䧭♸ⵖꅹ⾲俱涸勻彂䎇鸑鵂䊨蒌㹊낉鵮⾲✫⽂㸢傞劍륫屮ꫬ櫘倶ꅹծ
掔ⵖ瘝䊨蒌կ 

 
㕃 4 婎晙埇䨔꬗胜侔㼘歏㶩⫸ 

胜侔㼘歏㶩⫸♳僈冝玐䏞割ず涸邔䏞去邍䎂㖲⾲㶩䎸侨涸䊵䒗㕃 4 埇䨔꬗胜侔㼘歏㶩⫸儑爙ꅹ㽻务
僈儑㶸㖈ⴔ㽻梡韌㥵鵛胢⡤㢅刿⚹僈❭涸謭㽻㕃 4 랕蒀盪㣢叻爙㢅絕ざ㕃 5 ⯋稇꬗ⴔ䋒㕃〳濼霪
謭㽻㺢꧋刿넞ゎꆀ涸 K ⯋稇罜 Na ⯋稇㺢꧋⼓♸ⴭ♸ K ⯋稇㺢꧋⼓⟄⿺♸ Al ⯋稇㖈ꅹ㽻务涸㺢꧋⼓㛇劥
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ꅾざ䲀崵櫘ꅹ⾲俱务〳腊幑⸈剣ꛧծ꜅Ⱏ欰Ɤ瀖䒊雳絕ざⰦ㸐䩛媯鵳♧姿烁雩劥俒割ⱄ㾝䒓կ 

 

 
㕃 5 婎晙埇䨔꬗⯋稇꬗ⴔ䋒㕃 

䔲⵸㷖歲㼆Ɤ瀖ꅹ涸饰彂➠㶸㖈ⴔ娂鿈ⴔ㷖罏雩⚹粉㖈巨㸢傞劍务㕂㽠溶絑欽Ɤ瀖ⵖꅹ罜鿈ⴔ㷖
罏雩⚹巨㸢傞劍涸ꅹ俱务赡搬ゎ剣Ɤ瀖瀤暟䧭ⴔ⡎䎇割僽剣䠑䒸Ⰶ罜僽⠶ꥥⰦ㸐㛇炄ꅹ俱幊Ⰶ涸[4]կ罜劥
俒务NaծK ⯋稇㺢꧋⼓謭㽻鵛⛖䎂湬ծ䎂遤✵胢⡤涸錞ⴭⴔ䋒暵䖄邍僈霪㽻䎾⚹➃⚹ծ剣䠑涸ⵖ㢊罜
䧭⽰〳腊ꅷ欽✫㼜㺢ゎꟋ瀖瀤暟涸ꅹ俱껷⯓嶃銻✵胢⡤⡲⚹映㽻ꅹ涸㢴妃倶ꅹ䊨蒌鵯㼆确瑕Ɤ瀖ꅹ䊨
蒌饰彂⿺封㾝宋〷偽毟Ⱘ剣ꅾ銳涸䭷㼋䠑⛐կ  

3. 絕雿 
劥俒ⵄ欽䀙峸歏㶩确ꛏ㼆羟㖑ⴀ㕼涸〢櫘㐼婎晙鵳遤✫ⴔ區䗎錜絕匬錜㻋絕卓邍僈婎晙㢪ꅹ㽻⾩

䏞紨⚹1.1mm胢⡤⾩䏞紨⚹2.7mmⰻꅹ㽻⾩䏞紨⚹1.0mmꅹ㽻务ⴔ䋒剣㽯㼄➝✵60~200μm⛓ꢂ涸孞
岙⯋稇꬗ⴔ區絕卓邍僈ꅹ㽻㶸㖈ⴔ㽻梡韌 NaծK⯋稇涸㺢꧋謭㽻邍僈霪櫘㐼〳腊ꅷ欽✫㼜㺢ゎꟋ瀖
瀤暟涸ꅹ俱껷⯓嶃銻✵胢⡤⡲⚹映㽻ꅹ涸㢴妃倶ꅹ䊨蒌կ䀙峸歏㶩确ꛏ꧋䧭剣ⰯⰨ넞ⴔ鳹桧ㄤ넞⾝併䏞涸
歏㶩䧭⫸禹絡⿺岚靶䧭ⴔⴔ區禹絡〳 㹊梡偽䰀ծ⾲⡙涸儑䗎䕎頗錜㻋⿺䗎⼓䧭ⴔⴔ區湱鳅✵ꂁ縨✵䪊䲽
歏Ꞥ♳涸腊靶⟉䀙峸歏㶩确ꛏⰨ剣刿㥩涸⾝併䏞ծ刿⡛涸唬ⴀꣳ⟄⿺刿넞涸㹁ꆀⲥ烁䏞〳 ⟄⚹〢ꤲ櫘涸
ꊹ㹁ծ彷彂ծ帿Ⰶ灇瑕䲿⣘刿⚹猰㷖ծ〳ꬑ涸侨研佅丒կ 

4. ⿬罌俒柄 
[1] T. Wang P. Chen M.Wang et al. Micro-structural study of Yaozhou celadons (Tang to Yuan  
Dynasty): probing crystalline and glassy phases[J]. Journal of the European Ceramic Society 2020 40(13). 
[2] 랕⛐ⱙ. 巨㸢⛓꣢⽂倰涸涯櫘欰❡♸ꫬ涯櫘涸❡欰[J]. ⼶㢙罌〢2008(01):113-119. 
[3] 勚㕂咒瘝. 륫屮ꫬ櫘ꅹ涸灇瑕[J].շ炊ꃑ渮㷖䫣ո1964(01). 
[4] 嬁紫尿. 〢ꤲ櫘ꅹ餘ꊹ㹁[J].շ佐诡㹻ո2009(05). 
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SMX-225CT 錜㻋ꛮ櫘ⰻ鿈絕匬 

䶰 銳劥俒➝絏✫♧⚡鵘欽 inspeXio SMX-225CT FPD HR Plus 䗎送挿 X 㼘絁 CT 鄳縨唬叅ꛮ櫘ⰻ鿈絕匬
ꛏ㼆櫘㐼涸ⰻ鿈腊㢿幡兠錜㻋⢪欽 CT 鷥ꂁ鄳縨〳錜㻋勇餘⿺孞岙緃ꤴկ 
 

Ⱒꝶ霒䗎送挿X㼘絁CT鄳縨  CT  ꛮ櫘  櫘㐼 

 
ꛮ璙僽㸢去❀㣐璙⛓♧⡙✵屎⽂雽僅猇䊜

牟㘧ꞏ㞯ⰻ㣐륫㿋ծ굥织㿋猥㣔㖑⛓⾝孞䖤荈搬
⛓鸣⻊荈䧭❀蒀櫘㕼ծ⼧蒀ꅹ蚋䨾掔ⵖ涸ꛮ櫘胢
餘礵紱㗏㹊絈艓ꅹ蒀崻搬㣔䧭✌⯕兪蜨絜⚽
㢴䕙匧㺢霜䞔歘䠑կꛮ櫘映✵巨渿✵㸢 务㕂⠛
絡ꤲ櫘掔ⵖ䊨蒌涸獺⚆棇ㅷꛮ璙⚹务㕂衼ぜ涸❀
㣐ぜ櫘⛓♧僽务㕂宋〷♳涸ぜ璙㣼棇騄➚溶剣

♧⼪♲涰㢴䎃涸宋〷鄄钚⚹㕂⛓槔㹈կ 
鸑鵂㼆ꛮ櫘櫘晙⢪欽䊨⚌CT 鵳遤鍒區〳 ⟄

封梡Ⱖⰻ鿈涸絕匬ⴔ䋒䱹〡鿈ⴔ涸䞔ⲃㄤ姻䌢胢
⡤涸絕匬կ䧮又㹊낉鸑鵂inspeXio SMX-225CT FPD 
HR Plus〳⟄偽灶㗁䚍涸䘯鸟唬叅ꛮ櫘涸ⰻ鿈絕匬
䎇封梡緃ꤴկ劥俒➝絏✫♧⚡鵘欽inspeXio SMX-
225CT FPD HR Plus㼆ꛮ櫘櫘晙涸㹊⢾錜㻋կ 

1㹊낉鿈ⴔ 

1.1 ⟉㐼 
InspeXio SMX-225CT FPD HR Plus 䗎送挿 X 㼘絁 CT
鄳縨 

 

1.2 ⴔ區勵⟝  

X 㼘絁鷳錠唬叅ⴔ區勵⟝ 

崵霚歏⾓:90KV 

崵霚歏崨160μA 

錜㻋錭䏞0° 

CT 崵霚傞ꢂ20 ⴔꛦ 

2絕卓♸雭雿 

2.1 X 㼘絁鷳錠錜㻋 
㕃 1 儑爙✫♧⚡ꛮ櫘櫘晙㢪錜㕃鸑鵂 inspeXio SMX-225CT FPD HR Plus 䗎送挿 X 㼘絁 CT 鄳縨㘌湬

錜㻋〳⟄䖤ⵌ㕃 2 涸鷳錠㕃➢㕃晙务〳⟄錜㻋侮⚡呋ㅷ涸㣐荝鲰䐸鵮剣Ⱖ㺙䏞割ず罜儑爙涸割ず涸
랱涯괃蒀蒀䊵կ㺙䏞㣐涸儑爙괃蒀嫱鳅帿㺙䏞㼭涸儑爙괃蒀崯կ 
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㕃 1  ꛮ璙櫘晙㢪錜㕃 

 
㕃 2  ꛮ櫘櫘晙 X 㼘絁鷳錠㕃宐䎂錜㻋 

 

2.2 X 㼘絁 CT 
⢪欽CT⸆腊〳 㼆ꛮ櫘櫘晙鵳遤CT崵霚錜㻋❡ㅷⰻ鿈絕匬㕃3-1〳錜㻋ꛮ櫘櫘晙涸ⰻ鿈朐䙖♲絶㕃

⛲㽠僽姻錠㕃⥟錠㕃ㄤ⣩錠㕃♲絶㕃〳⟄湬䱹儑爙ⴀⰻ鿈涸絕匬匬鸣鵮剣〳⟄靈侮綁蒀絁⡙縨〳⟄
錜崵ⵌ割ず㽻涸ⰻ鿈絕匬㕃3-2 〳錜㻋ꛮ櫘櫘晙涸VG鲱⟝㢅椚割ず㽻ꢂ涸佪卓㕃㕃3-3 ꛮ櫘櫘晙䏀鿈鷳
僈涸佪卓㕃3-4 僽䪾櫘晙涸䏀鿈鵳遤ⴗⶶ䧭倗꬗㕃㕃3-5 ꛮ櫘櫘晙涸㽷鿈䨔㕃կ 



13 

 
㕃 3-1  ꛮ櫘櫘晙涸♲絶㕃 
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㕃3-2  ꛮ櫘櫘晙涸VG鲱⟝㢅椚割ず㽻ꢂ涸佪卓㕃 

 
㕃3-3 ꛮ櫘櫘晙䏀鿈鷳僈涸佪卓 

 
㕃 3-4 ꛮ櫘櫘晙䏀鿈涸倗꬗㕃 
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㕃3-5ꛮ櫘櫘晙涸㽷鿈䨔㕃 

3絕雿 
ꅷ欽䀙峸涸 inspeXio SMX-225CT FPD HR Plus 䗎送挿 X 㼘絁 CT 鄳縨唬叅ꛮ櫘櫘晙ⰻ鿈絕匬䒊用♲

絶用⡤㕃〳⟄靈蒜ⵌ割ず⡙縨錜崵ⰻ鿈涸㕃⫸㕃⫸幡兠⟣⡦乼⡲➃プ鿪〳⟄鲽匠錜㻋կ⢪欽 VG 㢅椚
鲱⟝〳⟄䪾ꛮ櫘櫘晙涸ⰻ鿈絕匬儑爙ⴀ割ず涸괃蒀鵮〳⟄靈侮割ず涸錭䏞鵳遤㽷鿈ⴗⶶ湬䱹錜崵
䧮又꨽銳錜崵涸⡙縨կ⢪欽 CT 鄳縨〳湬錜錜㻋ꛮ櫘櫘晙ⰻ鿈絈蒜腊幡兠錜㻋ⰻ鿈勇餘ծ灶䰀瘝緃ꤴկ 
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痦 3 畎 ꆄ㾩碫俒暟 
ꆄ㾩俒暟錛霆✫➃碫俒僈涸封㾝宋玐謉ゎ满⚪㺢涸⟟⧩♸ⰻ巑կ♧⚡㕂㹻䧴字偛涸ꆄ㾩俒暟导僥✫

Ⱖ俒僈封㾝鵳玐կ嫱㥵务㕂㉁ワ傞劍涸ꫬꜤ㐼⢪欽✫杝暵涸薴Ꝁ䪮助⟄姼䕎䧭杝暵涸蒌助鸣㘗⟄⿺籖撑
礵繠涸紻껑կ鵯⢪䖤䔲傞涸ꫬꜤ㐼Ⱘ剣僈儑⼓ⵆ✵Ⱖ➭㖑⼓涸Ⱙ㘗暵䖄կ 

ꆄ㾩俒暟⺫䭍ꆄծꜾծꜤծ꜈ծꝩ瘝绚餘鵮⺫䭍鵯❈绚餘絆䧭涸ざꆄկⰦⴔ區ⰻ㺂⺫䭍ꆄ湱ⴔ區ծ䧭
ⴔⴔ區ծ䕎䙖ⴔ區瘝կꆄ湱ⴔ區⚺銳⢪欽涸⟉㐼⚹⯕㷖儑䗎Ꞥ♸歏㶩儑䗎Ꞥկ䧭ⴔⴔ區ꅷ欽涸ⴔ區䩛媯剣歏
䠭羒ざ瘝猌㶩⡤⾲㶩封㼘⯕靶⟉(ICP-AES)ծ歏䠭羒ざ瘝猌㶩⡤餘靶⟉ICP-MSծ腊ꆀ蒀侔 X 㼘絁蚃⯕⯕靶

⟉EDXծX 㼘絁⯕歏㶩腊靶⟉XPS瘝䩛媯Ⱖ务 ICP-AES ♸ ICP-MS ⚹剣䰀倰岁鷓ざ✵唬崵罌〢梡㖞
涸ꆄ㾩烱晙EDX ♸ XPS ⚹偽䰀倰岁鷓ざ✵ぐ猫罌〢♸俒暟呋ㅷկ䕎䙖ⴔ區⺫䭍邍꬗䕎䙖♸ⰻ鿈䕎䙖邍
꬗䕎䙖〳ꅷ欽䪊䲽歏㶩儑䗎ꞤSEM♸歏㶩确ꛏ儑䗎ⴔ區EPMAⰻ鿈䕎䙖〳ꅷ欽 X 㼘絁撑湱ㄤ䊨⚌
CT 瘝ⴔ區䩛媯կ 
 

 
  



17 

EPMA 㖈峫꣉桬⡲렳⥝㢕⚥涸䎾欽 

䶰 銳歏㶩确ꛏ⡲⚹♧猫䗎⼓偽䰀唬崵䪮助〳欽✵俒暟涸礵烁䧭ⴔⴔ區ㄤ⯋稇ⴔ䋒ⴔ區կ劥俒ⵄ欽䀙峸
歏㶩确ꛏ儑䗎ⴔ區⟉㼆峫꣉ⴀ㕼涸桬⡲렳婎晙鵳遤✫䗎⼓㹁䚍ծ㹁ꆀ⿺⯋稇꬗ⴔ區絕卓邍僈呋ㅷ绚餘⚹
ꫬꜤざꆄ⯋稇꬗ⴔ區絕卓儑爙 Pb ⯋稇Ⱘ剣⨊區梡韌կ崵霚絕卓〳⚹桬⡲렳⥂䫡⥝撑倰呩涸ⵖ㹁♸㹊倶䲿
⣘猰㷖⣜研կ 
 

Ⱒꝶ霒 俒暟唬崵ծ桬⡲렳ծꫬꜤ렳ծ歏㶩确ꛏ 
 

  
峫꣉桬⡲렳封䱡婎晙⿺⥝撑模䧭㕃 

歋✵俒暟㙵诡梠㞯⠶ꥥ满宋〷涸尊鴲ծ劊去涸刿鶛ծ荈搬梠㞯涸怵尊⿺➃⚹涸灶㗁ⴀ㕼俒暟㣐㢴㶸
㖈鳅ꅾ玐䏞涸䰀㗁た絯㼆灶䰀俒暟鵳遤猰㷖禹絡涸⥝撑僽割〳䧴緃涸梠蒜կ 

俒暟涸⥝撑㢅椚䗳곢⣜研⚚呔涸猰㷖⾲椚黽䗄割筒尊俒暟⾲頗涸⾲ⴭ傁銳剣佪㖑幡ꤑ俒暟悶㖈涸
⽭㹲㔔稇⿶銳剒㼭ꣳ䏞㖑䎁覆俒暟ⴔ區灇瑕俒暟涸⻊㷖絆䧭ծ俒暟臱赤䞔ⲃㄤ臱赤❡暟瘝〳⚹俒暟
涸⥂䫡⥝撑䲿⣘猰㷖⣜研㔔姼㖈㼆俒暟㹊倶⥂䫡⥝撑涸㢅椚⵸鵳遤禹絡涸ⴔ區唬崵ꬋ䌢䗳銳կ 

ꥥ满礵㺙⟉㐼涸割倗封㾝梡去ⴔ區䪮助溶䎛岌䎾欽✵俒暟⥂䫡곭㚖偽䰀唬崵ⴔ區䪮助⡲⚹棇餥俒
暟⥂䫡䩛媯⛓♧㼆俒暟涸⥝撑♸㾝꣥剣满⼧ⴔꅾ銳涸䠑⛐կⰦ务㖈䗎⼓ⴔ區곭㚖歏㶩确ꛏ
EPMAⴔ區僽偽䰀唬崵务涸♧고剣去邍䚍涸䪮助կ 

歏㶩确ꛏ儑䗎ⴔ區岁僽ⵄ欽翸送歏㶩勲鲲ⴁ㔿⡤呋ㅷ邍꬗呏研䗎⼓ⰻ䨾慨封ⴀ涸暵䖄 X 㼘絁岚Ɤㄤ
䔂䏞鵳遤⯋稇㹁䚍㹁ꆀ涸ⴔ區倰岁〳欽✵俒暟涸礵烁䧭ⴔⴔ區ㄤ⯋稇ⴔ䋒ⴔ區կ 

2002 䎃✵峫꣉䋑銯䊨⼓痦✳⼧剧务㷖吥㔩ⰻ涸⚎ワ㟌ⴀ㕼涸桬⡲렳㐼㘗넞㣐ⵖ⡲罌瑕렳ⰻ
Ꝁ剣桬⡲㹈㼣䕇❀㶶ꜵ俒僽峫꣉㖑⼓鴺➚⚹姺封梡涸㈔♧涸ワ桬荈⡲涸ꫬꜤ㐼կ⡎㔔霪㟌剎㢴妃鄄
游桬⡲렳䰀㗁鳅ꅾկ 

劥俒ⵄ欽䀙峸歏㶩确ꛏ儑䗎ⴔ區⟉㼆桬⡲렳涸婎晙鵳遤✫偽䰀ⴔ區崵霚絕卓〳⚹桬⡲렳⥂䫡⥝撑倰
呩涸ⵖ㹁♸㹊倶䲿⣘猰㷖⣜研կ 
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1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸歏㶩确ꛏ儑䗎ⴔ區⟉ EPMA-1720 

 
 

1.2 ⴔ區勵⟝ 
⸈鸟歏⾓ 15 kV 
勲   崨 㹁䚍ⴔ區 100nAծ꬗ⴔ區 100nAծ㹁ꆀⴔ區 20nA 
崵霚傞ꢂ 㹁䚍ⴔ區 6minծ꬗ⴔ區 50ms/pointծ㹁ꆀⴔ區 10s 
䔂䏞⽀⡙  Counts 

2呋ㅷ㢅椚  
ꫬꜤ烱晙呋ㅷ絑鵂䩧熋ꪪⴀ涸ꫬꜤ㛇⡤ⵄ欽堩淼岞醙銻た㔿㹁✵呋ㅷ〵䎇欽㼋歏脸䌄磨餤翫

鸑♳纸崵霚կ 

 
3. 絕卓♸雭雿 

㕃 1 ⚹霪桬⡲렳烱晙呋ㅷ㹁䚍ⴔ區靶㕃歋㕃 1 〳錛呋ㅷ⚺⯋稇⚹ CuծSnゎ剣䗎ꆀ涸 FeծPbծ
SծCaծC 瘝⯋稇կ 
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㕃 1 桬⡲렳烱晙呋ㅷ遥㼘靶㕃 

㹁ꆀ絕卓錛邍 1絕卓儑爙 CuծSnծPb ⯋稇ゎꆀⴔⵆ⚹ 79.247ծ13.342ծ5.638邍僈僽ꫬꜤ
ざꆄկ 

邍 1 桬⡲렳婎晙㹁ꆀ崵霚絕卓 

Content C S Pb Sn Fe Cu Total 

Wt% 1.041 0.06 5.638 13.342 0.324 79.247 99.652 
At% 5.853 0.126 1.837 7.59 0.391 84.203 100 

㼆㕃 2 㹊暟㕃务랕蒀倰呥⼓㚖㼆 CuծSnծPb ⯋稇涸꬗ⴔ䋒䞔ⲃ鵳遤ⴔ區絕卓錛㕃 3կ 

 
㕃 2 呋ㅷ㹊暟㕃⿺⯋稇꬗ⴔ區⼓㚖 

 



20 

  
㕃 3 ✳妃歏㶩⫸⿺⯋稇꬗ⴔ䋒㕃 

꬗ⴔ區絕卓导僥✫ PbծCuծSn ⯋稇涸ⴔ䋒䞔ⲃⴔ區絕卓儑爙 Pb ⯋稇Ⱘ剣⨊區梡韌կ 
絕ざⰦ➭崵霚䩛媯絾ざⴔ區Ꝑ赤❡暟⚺銳剣覰Ꜥ瀤ծ㶰ꦿ瀖ծ守Ꜥ瀤ծ涯꜍瀤瘝瀤暟䕎䙖Ⱖ务綁Ꜥ

瀤⚹剣㹲ꝐⰨ剣⠛厩䚍㾩⽭㹲㔔稇㔔姼鵯❈Ꝑ赤꨽銳㖈⥝撑⥂䫡鵂玐务⿡ꤑկ 
䠭靧껷鿪⽇暟껧齽蔉罈䋗䲿⣘涸撑晙ㄤ侨研 

4絕雿 
劥俒ⵄ欽䀙峸歏㶩确ꛏ儑䗎ⴔ區⟉㼆桬⡲렳涸婎晙鵳遤✫䗎⼓偽䰀ⴔ區㹁䚍崵霚絕卓儑爙呋ㅷ⚺⯋

稇⚹CuծSn絕ざ㹁ꆀ絕卓邍僈呋ㅷ绚餘⚹ꫬꜤざꆄ⯋稇꬗ⴔ區絕卓儑爙Pb⯋稇Ⱘ剣⨊區梡韌絕
ざⰦ➭崵霚䩛媯絾ざⴔ區〳㼆Ꝑ赤❡暟碫㘗鵳遤ⴼ㹁崵霚絕卓〳⚹桬⡲렳⥂䫡⥝撑倰呩涸ⵖ㹁♸㹊倶
䲿⣘猰㷖⣜研կ 
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EDX ⴔ區ꫬꜤ㐼䧭ⴔ 

䶰 銳〢ꫬꜤ㐼僽〢去猰䪮俒⻊涸絕兪傁剣熊넞涸蒌助妇餿⟟⧩⛲剣熊넞涸猰㷖灇瑕⟟⧩կ务㕂䱍䳣
ꫬꜤ㐼涸ⵖ鸣䪮助剣 5000 㢴䎃宋〷✫㖈Ɤ劍㹊騨务溶絑雩霋ⵌざꆄ䧭⼝♸ꫬꜤ涸䚍腊欽鸀⛓ꢂ涸Ⱒ禹կ
劥俒⢪欽 EDX-7000 㘗 X 㼘絁蚃⯕ⴔ區⟉确程✫ꫬꜤ㐼䧭ⴔ涸ⴔ區倰岁⚹ꫬꜤ㐼涸罌〢灇瑕䲿⣘鳇⸔霆
研կ 
 

Ⱒꝶ霒ꫬꜤ㐼  䧭ⴔⴔ區  腊ꆀ蒀侔㘗X㼘絁蚃⯕ⴔ區⟉ 
 

Ꜥ僽➃碫剒粉雩霋涸ꆄ㾩⛓♧ꫬꜤ㐼僽Ꜥ♸ꝩծ꜍瘝涸ざꆄկꫬꜤ擧挿⡛擧巊崨⸓䚍㥩ⳕ㔿傞佐
綫桧㼭Ꝁ鸣䚍腊⢕կꫬ Ꜥ俒⻊㖈⚆歲ぐ㖑⼓鿪剣封㾝务㕂〢去➃熊粉㽠䱍䳣✫⟄ꫬꜤ⡲⚹⾲俱ⵖ⡲䊨Ⱘ
ㄤ㐼渓涸倰岁կ务㕂罌〢封梡剒粉涸ꫬꜤ㐼騄➚溶剣 5000 㢴䎃կ务㕂ꫬꜤ㐼ⵖ⡲礵繠蒌助⟟⧩넞㖈
⚆歲ꫬꜤ㐼俒暟务❧剣匧넞涸㡮钚կ 

紤Ꜥ炽䏞⡛割鷓✵ⵖ⡲䊨Ⱘկ㖈紤Ꜥ务⸈Ⰶꝩ捃䧭ꫬꜤざꆄた炽䏞䖤ⵌ✫䲿넞ꫬꜤ涸炽䏞♸ꝩ涸
幑⸈ꆀ剣Ⱒ禹կշワ爞·罌䊨雵ոꅽⰙⴔⰦꆄ岁霫絈雵鲿✫割ず欽鸀ざꆄ涸ꂁ倰կ꜍ 涸⸈Ⰶ〳⟄꣭⡛ざꆄ擧
巊擧挿䲿넞Ꝁ鸣傞涸崨⸓䚍Ⲹ㼱孞岙筒㊤䧭㘗䚍腊㼆✵㣐㘗㐼渓ծ謭㠗㐼渓礵㺙紻껑㐼渓涸Ꝁ鸣
剣ⵄկꫬꜤ㐼务涸ꝩծ꜍幑⸈ꆀ僽〢⻠➃Ɤ劍㹊騨絑낉䚪絕⿺⠛䪬涸絕卓ꫬꜤ㐼涸䧭ⴔ䌄剣ぐ⚡宋〷傞
劍⿺㖑㚖涸暵䖄〳⟄⚹ꫬꜤ㐼涸罌〢灇瑕䲿⣘ꊹ㹁⿬罌霆研կ 

ꫬꜤ㐼涸䧭ⴔⴔ區㢴ꅷ欽偽䰀涸 X 㼘絁蚃⯕ⴔ區⟉鵳遤ⴔ區劥俒⢪欽䀙峸 EDX-7000 㘗 X 㼘絁蚃⯕
ⴔ區⟉㼆ꫬꜤ㐼涸䧭ⴔ鵳遤ⴔ區〳⚹ꫬꜤ㐼涸罌〢ꊹ㹁䲿⣘猰㷖涸霆研կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

䀙峸 EDX-7000 腊ꆀ蒀侔㘗 X 㼘絁蚃⯕ⴔ區⟉կ 

 
㕃 1  EDX-7000 

1.2 ⴔ區勵⟝ 
孧  㔵 㣐孞 ⲥ湬㐼 10 mm 
ꬶ  绚 Rh 応⯕晙 None 
歏  ⾓ 15 kVծ50 kV 歏  崨 Auto 
DT     30% ⴔ區傞ꢂ 100 s 
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1.3 㹊낉呋ㅷ 
ꫬꜤ㐼㹊낉呋ㅷ錛㕃 2կ 

 
㕃 2 ꫬꜤ㐼㹊낉呋ㅷ 

1.4 呋ㅷ⵸㢅椚 
〢ꫬꜤ㐼僽絑宋✫傞ꢂ小巤涸俒暟邍㽻㶸㖈Ꝑ赤㽻կX 㼘絁蚃⯕ⴔ區⟉僽邍꬗ⴔ區⟉㐼Ꝑ赤㽻涸

㶸㖈㼆 X 㼘絁ⴔ區⟉涸ⴔ區絕卓㶸㖈䕧ㆇկ䗳銳傞〳鷥㹁ⴔ區⼓㚖鿈⡙㼆ⴔ區邍꬗鵳遤幡裂㢅椚ꤑ⿡
ⴔ區⼓㚖涸Ꝑ赤㽻㢅椚た涸呋ㅷ湬䱹佞縨㖈呋ㅷ㹔务⢪欽ⴔ區⟉㐼荈䌄涸䶑⫸禹絡㼆呋ㅷ鵳遤㹁⡙ⴔ
區կ 

 

2. 絕卓♸雭雿 
2.1 ⴔ區絕卓 

ꅷ欽⟉㐼荈䌄涸㹁䚍㹁ꆀⴔ區勵⟝㼆ꫬꜤ㐼呋ㅷ鵳遤ⴔ區ⴔ區⼓㚖ⴔⵆ鷥》呋ㅷ㢅椚⼓㚖ㄤ呋ㅷ
劢㢅椚⼓㚖嫱鳅Ꝑ赤㽻㼆ⴔ區絕卓涸䕧ㆇⴔ區絕卓錛邍 1կ 

                     邍 1 㹁䚍㹁ꆀⴔ區絕卓                 ⽀⡙wt / % 

呋ㅷぜ獦 Cu Sn Pb Si Fe 
劢㢅椚⼓㚖 36.067 30.923 26.558 3.580 2.872 

㢅椚⼓㚖 78.005 13.802 8.147 - 0.046 

  岤ꅺ邍务-邍爙㹁䚍㹁ꆀⴔ區务劢唬ⴀկ 

 
ꅷ欽 EDX-7000 ⴔ區⟉㹁䚍㹁ꆀⴔ區勵⟝㣐孞梠㞯♴㼆ꫬꜤ㐼呋ㅷ涸㢅椚鿈⡙鵳遤ⴔ區⢪欽⟉㐼

荈䌄涸넞幡兠䏞䶑⫸禹絡鵳遤㹁⡙ⴔ區侨研涸靶㕃錛㕃 3կ 
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㕃 3 ꫬꜤ㐼呋ㅷⴔ區靶㕃 

2.2 絕卓雭雿 
ꫬꜤ㐼 EDX ⴔ區絕卓儑爙ꫬꜤ㐼呋ㅷ劢㢅椚⼓㚖涸ⴔ區絕卓务ⴀ梡鳅넞涸꜈ㄤ炊ゎꆀꫬꜤ㐼剣넞

ゎꆀ涸꜈ㄤ炊僽割䌢錛涸㢴⚹ꫬꜤ㐼Ꝑ赤鵂玐䱹鍘㢪歲暟ㅷ涸导䎾❡暟կꝐ赤㽻涸㶸㖈㼆ꫬꜤ㐼呋ㅷ涸
䧭ⴔⴔ區䕧ㆇ鳅㣐㖈⺫ゎꝐ赤㽻涸劢㢅椚⼓㚖Cu ⴔ區ゎꆀ㣐䌴䏞⡛✵㢅椚た涸ざꆄ㛇⡤SnծPb ⴔ
區ゎꆀ僈儑넞✵㢅椚た涸ざꆄ㛇⡤կ俒柄雵鲿㖈ꫬꜤ㐼 CuSnPn ざꆄ务Pb ⟄康猌朐䙖㶸㖈ゎ Sn 鳅⡛
傞CuSn ざꆄ湱僒「ⵌ梠㞯臱赤Cu 嫱 Sn 刿㺂僒崨㣟➢罜䕎䧭Ꝑ赤㽻 SnPb ⯋稇ゎꆀ涸鄄⸓㟞⸈1-

3կ割ず傞劍ծ㖑㚖涸ꫬꜤ㐼䧭ⴔ㶸㖈䊵䒗剣傞⚹鴪ⵌ礵絈涸ꜵ俒ծ紻껑瘝涸Ꝁ鸣佪卓䖃䖃㖈 SnծPb
䧭ⴔ♳⨞䱽ⵖ⟄鴪ⵌ꣭⡛ꫬꜤ擧巊涸擧挿ծ筒尊ꫬꜤ擧巊涸崨⸓䚍ծ䲿넞䧭㘗佪桧鴪ⵌ礵絈Ꝁ鸣涸佪
卓կ鵯❈Ꝁ鸣涸⥌䜂暵䖄〳➢ꫬꜤ㐼涸䧭ⴔ侨研务䖤ⵌッ梡կ 

 

3. 絕雿 
ⵄ欽䀙峸腊ꆀ蒀侔㘗 X 㼘絁蚃⯕⯕靶⟉㹁䚍㹁ꆀⴔ區ꫬꜤ㐼涸䧭ⴔⴔ區皍⽀ծ鵂玐偽䰀ծ偽꨽撑

勇涸⵸㢅椚ծ䘯鸟䖤ⵌꫬꜤ㐼⯋稇䧭ⴔ〳⚹ꫬꜤ㐼罌〢灇瑕涸䲿⣘鳇⸔涸ꊹ㹁霆研僽ꫬꜤ㐼罌〢ꊹ㹁
䌢欽涸倰岁䩛媯⛓♧կ 
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EDX ꊹⵆ溫⧺Ꜿ⯋ 

䶰 銳⢪欽 X 㼘絁蚃⯕岁㼆邿㣐㣢䧭ⴔ鵳遤ⴔ區絕ざ䧭ⴔ♸ꅾꆀ瘝⥌䜂㼆⚙卐邿㣐㣢鵳遤✫溫⠦
鳹霋կ 
 

Ⱒꝶ霒X㼘絁蚃⯕ Ꜿ⯋ ꊹⵆ 偽䰀ⴔ區  
 

邿㣐㣢㖈餗䋏佐诡歲鄄獦⚹Ꜿ⯋⛓㹈㸐僽务㕂鵛⼪猫鵛去Ꜿ䋏务崨⠛剒䎛ծ䕧ㆇ剒㣐涸Ꜿ⯋ㅷ
猫⛲僽鵛去务㕂䋏ⵖ尊ꬠ务涸♧⚡ꅾ銳錭蒀կ歋✵邿㣐㣢鷶幯䖤ⵌ佐诡䋑㖞涸雩〳割⛘⠍㢴鸣⧺罏
⚹鷅鷶ⵄ渤⠦鸣䧴⟬鸣邿㣐㣢割㼱佐诡罏割㼭䗱㽠⚹✫邿㣐㣢罜獺ꅽ祍嶃䧭✫ⱨ㣐㣢կ邿
㣐㣢涸ꊹⵆ倰岁剣Ꜿ餘鳹⠦ծゑ갉鳹⠦ծ⺫崰鳹⠦ծꝐ蒀鳹⠦ծ鴝뤼鳻⠦ㄤꅾꆀ鳻⠦瘝կ 

鳹霋Ꜿ⯋涸溫⧺껷⯓➢鳹霋Ꜿ餘涸溫⧺霹饰կꜾ割僒孻⻊厫䚍㥩կꜾ⯋务Ꜿ涸䧭蒀馊넞Ⱖ峂䏞馊涯
溫Ꜿ⯋幡峤たꨓ涯撑➃կꜾ⯋炽䏞⡛⚙㗌Ꜿ⯋湱〜种亭剣屘嶹䠭ゑ割ⵌꆄ㾩煬焥㡮갉կ⧺Ꜿ⯋剣欽ꛩ
꜈⨞胻ծꜤ꜍⨞胻ծ䧴ꜥꝩ⨞胻䧴ꆄ㾩磋劣宐岞ざ䧭⨞胻Ⱖ蒀䏞⨊冝偽⯕峂կ鳹霋Ꜿ餘僽佐诡Ꜿ⯋涸
⵸䲿կ 

劥俒⢪欽腊ꆀ蒀侔㘗X㼘絁蚃⯕⯕靶㼆⚙㗌Ꜿ⯋涸䧭ⴔ鵳遤✫ⴔ區呏研ゎꆀ⥌䜂絕ざꅾꆀ鳹⠦㼆
⚙㗌Ꜿ⯋涸溫⠦鵳遤✫鳹霋կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 EDX-8000 腊ꆀ蒀侔㘗 X 㼘絁蚃⯕⯕靶⟉ 
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1.2 呋ㅷⵖ㢊䧴呋ㅷ⵸㢅椚 
 

 
 
 
 
 
 

㕃 1 呋ㅷ 

鷥䭊䎂侮꬗湬䱹ⴔ區嫦㗌Ꜿ⯋鷥䭊⚙㢅崵霚挿կ 

 
             1# 崵霚挿 1            1# 崵霚挿 2            2# 崵霚挿 1              2# 崵霚挿 2 

㕃 2 崵霚朐䙖爙䠑㕃 

1.3 ⟉㐼⿬侨 
     ꬶ 绚Rh 
     歏 ⾓50kV 
     孧 㔵㣐孞 
     応 ⯕ 晙none 
     獤 ⴔ 傞 ꢂ30s 
     㹁 ꆀ 碫 㘗㹁䚍㛇劥⿬侨岁 

 

2絕卓雭雿 
2.1 崵霚絕卓 

⢪欽㛇劥⿬侨岁㼆ぐ崵霚挿鵳遤䧭ⴔⴔ區絕卓㥵邍1. 邍务侨研儑爙2#呋ㅷ务Agゎꆀ넞鴪94%
罜1#呋ㅷ⚺銳䧭ⴔ⽲⚹Fe⯋稇կ嬗偽毟꡼1#呋ㅷ僽⟄ꛩ꜈⨞胻涸⧺Ꜿ⯋կEDX⢪欽X㼘絁⡲⚹慨封彂
腊确崵ⵌ䌢錞ꆄ㾩邍㽻50~100um紷帿薴㔵涸䧭ⴔ絕卓կ㔔姼赡搬1#呋ㅷ务⛲唬ⴀゎ剣㼱ꆀ涸Ag⡎⽲
僽邍꬗⚹✫⟄⧺包溫涸ꞈꜾկ罜2#呋ㅷ务Ag䧭蒀넞⡮♴⚺銳⚹Cu⯋稇僽Ꜿざꆄⵖㅷ务涸䌢錛ざꆄ⯋
稇կ㕃♲涸靶㕃絕卓务⛲腊僈儑溏ⵌ⚙⚡呋ㅷ务Agゎꆀ涸儑衼䊵䒗կ 

邍1 䧭ⴔⴔ區絕卓 

䎸⴩〿 ⯋    稇  (%) Ag Cu Fe Ni S Mn As Si Pb 
1 1# 崵霚挿 1 0.37 0.31 95.21 3.64 0.32 0.15 0.03 ˋ ˋ 
2 1# 崵霚挿 2 0.46 0.31 94.52 4.23 0.29 0.15 0.02 ˋ ˋ 
3 2# 崵霚挿 1 93.59 4.16 0.18 ˋ 0.10 ˋ ˋ 1.39 0.006 
4 2# 崵霚挿 2 94.00 3.74 0.18 ˋ 0.16 ˋ ˋ 1.51 0.006 
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㕃 3 呋ㅷ涸 EDX 崵霚靶㕃 

⢪欽ꅾꆀ岁㼆⚙⚡呋ㅷ涸ꊹⵆ絕卓♸EDX涸絕雿模Ⰼガざկ1#呋ㅷ餘ꆀ⚹19.69g2#呋ㅷ餘ꆀ⚹26.78g. 
呏研ꅾꆀ岁ꊹ㹁絑낉邿㣐㣢溫䋏ꅾꆀ叻ⲥ䎾㖈26.86⯘䊩〸絑鵂涰䎃崨鸑❡欰熋䰀⛲䎾鴪ⵌ26.5⯘㔔
罜♧菚㖈26.5~26.6⯘կ2#呋ㅷ餘ꆀ痗ざ邿㣐㣢涸暵䖄罜1#呋ㅷ劢鴪ⵌ叻ⲥ餘ꆀ薴㔵կ 

 

3絕雿 
⢪欽䀙峸EDX-8000㼆⚙㗌邿㣐㣢Ꜿ⯋鵳遤✫ꊹⵆկEDXⴔ區偽꨽呋ㅷ⵸㢅椚䘯鸟偽䰀鷓ざ〢䋏ծ

〢梖碫呋ㅷ涸ꬋ灶㗁䚍ⴔ區կ  

1#呋ㅷ 

2#呋ㅷ 
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X 㼘絁鷳錠鄳縨灶鍒ꓥꆄ⡱⫸ⰻ鿈涸㤵㦪 

䶰 銳 劥俒畎ⵄ欽䀙峸涸 X 㼘絁鷳錠鄳縨㖈割灶㗁ꓥꆄ⡱⫸涸侮⡤絕匬♴〳⟄唬崵ⵌ⡱⫸ⰻ鿈涸絕
匬封梡Ⱖⰻ鿈ꥧ诡涸鿈ⴔ⚎銯➢罜〳⟄⢪〢袙佐诡歲㢴✫♧猫〳⟄㖈割灶㗁〢袙涸⵸䲿♴㼆Ⱖⰻ
鿈鵳遤唬崵封梡ⰻ鿈帿诡涸猽㺙涸倰岁կ 
 

Ⱒꝶ霒SMX-3100M 䗎送挿 X 㼘絁鷳錠唬崵鄳縨 ꓥꆄ⡱⫸  XRAY 偽䰀唬崵  ⰻ鿈ⴔ區 
 

ꓥꆄ⡱⫸映錛✵⚙宪渿遤✵꥛巨䒁絯荛僈幡荛➚佐诡⟟⧩䊭㣐կ鵛劍剣佐诡罏䖤✫♧㼣诡⠛
⡱侅务㊤葻ꆄ⴮涸ꓥꆄꜤ⫸Ꜥ⫸㽯㼄140mm*80mm*160mmկ姼⡱⫸㢪䕎⡤獤ㄤ绚俱♸ず呋錞呔涸
Ꜥ⫸湱嫱㖈ꅾꆀ♳䊵騄熊㣐佐诡罏䙕毟霪⡱⫸〳腊ⰻ诡桡纸劥俒ⵄ欽䀙峸偽䰀唬崵⟉㐼錜崵ⵌ⡱
⫸ⰻ鿈桡纸灶鍒ꓥꆄꜤ⫸ⰻ鿈涸㤵猽կ 

 

 
ꓥꆄ⡱⫸㊤葻ꆄ⴮ 

梡㖈猰㷖䪮助涸封㾝〳⟄⢪欽XRAY 偽䰀唬崵鄳縨㖈割灶㗁㹊暟涸⵸䲿♴鸑鵂XRAY㼘絁涸撑
㼘㹊傞錜崵ⵌⰻ鿈涸㹊暟兞韌կ䀙峸SMX-3100M偽䰀唬崵霃㢊Ⱘ剣넞歏⾓넞歏崨䗎送挿⯕勲偒鲮
ㄤ⧫俷瘝⸆腊〳⟄靈侮割ず涸歏⾓歏崨封㼘XRAY 㼘絁瑬鷳〢袙ⰻ鿈靈侮割ず涸䧭⫸倰䒭〳⟄幡
兠僈✫邍鴪䨾唬崵ⵌ涸〢袙㹊꣢ⰻ鿈兞韌կ 

 
䀙峸X㼘絁鷳錠唬叅鄳縨SMX-3100M 
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㼆〢袙涸ⴔ區剒岤ꅾ㼆呋ㅷ涸⥂䫡XRAY 㼘絁歋✵Ⱖ模Ⰼ偽䰀涸暵挿㽍Ⱖ鷓ざ霪곭㚖涸ⴔ區կ劥妃
崵霚歋䀙峸♸♳嵳佐诡㹻ざ⡲Ⱏず雭ꓥꆄ⡱⫸ⰻ鿈涸猰㷖ꊹⵆ䩛媯կ㖈崵霚务䧮又㖈⡱⫸♳鷥䭊㔋㢅
崵霚挿⢪欽靈侮歏⾓⧩歏崨⧩靈侮瑬鷳腊⸂㼆ぐ崵霚挿鵳遤ⰻ鿈ⴔ區կ 

 

唬崵倰岁 
 ⵄ欽 XRAY 偽䰀鷳錠涸⸆腊䧮又䪾〢袙宐䎂佞縨㖈霃㢊涸鲿暟〵♳XRAY 封㼘僽➢䊩鴝封ⴀ〸鴝

剣䎂匣䱹佐㐼勻䱹佐ⵌ瑬鷳〢袙涸 XRAY鸑鵂⯕歏鲮矿〳⟄湬䱹䪾ⰻ鿈絕匬儑爙㖈歏腰儑爙㾓♳꬗կ䧮
又〳⟄鸑鵂靈蒜歏⾓歏崨⧩涸㣐㼭勻䪪ⴀ剒鷓ざ涸勵⟝〳⟄䪾〢袙模Ⰼ瑬鷳䎇儑爙ⴀ幡兠涸絕卓կ 

 

㹊낉絕卓 

 
崵霚挿涸ⴔ䋒㕃涸霹僈 

  

2 

1

4 

3 
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1#古董测试点 2#古董测试点 3#古董测试点 4#古董测试点 

2#古董测试点放大图 
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嫦⚡崵霚挿涸ⰻ鿈䞔ⲃ㥵♴ 
1 㖈 1 〿鿈⡙⡱⫸職㶩ꅽ封梡✫碫⡃⚏絺ㆁ鴪涸窚朐暟ꅽ꬗〳腊⺫醙满暟ㅷկ 
2 㖈 2 〿鿈⡙剣♧⚡湬䖈 10mm*Ɤ䏞 60mm 涸㕐叙⡤碫⡃⡱낧䧴罏桪瀖鵯碫暟ㅷկ 
3 㖈 3 〿鿈⡙⡱⫸職㶩ꅽ封梡✫碫⡃⚏絺ㆁ鴪涸窚朐暟ꅽ꬗〳腊⺫醙满暟ㅷկ 
4 㖈 4 〿鿈⡙Ꜥ⫸ꆄ⴮낏涸繙た艙剣倗鄬汚鶺ㄤ孞岙㶸㖈կ 

 

絕雿 
姼妃偽䰀鷳錠㹊낉⚹佐诡罏灶鍒✫ꓥꆄ⡱⫸ⰻ鿈涸㤵㦪⛲⚹碫⡃涸〢袙ⰻ鿈ⴔ區䲿⣘✫鍒Ɀ倰呩կ⢪

欽䀙峸 SMX-3100M ⟉㐼㼆〢袙⡱⫸鵳遤ⴔ區偽꨽呋ㅷ⵸㢅椚䘯鸟偽䰀鷓ざꜤ⫸〢袙碫呋ㅷ涸ꬋ灶㗁
䚍ⴔ區կ  
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痦 4 畎 桪瀖㹈瀖碫俒暟 
桪僽务㕂⠛絡俒⻊涸♧⚡ꅾ銳絆䧭鿈ⴔ⟄桪⚹务䗱鲿⡤涸桪俒⻊餟瑬✫务⼶俒僈〷帿帿㖑䕧ㆇ✫

〢➃涸䙼䟝錜䙁䧭⚹务㕂俒⻊割〳緃㼱涸♧鿈ⴔ⛲僽务⼶俒僈剣ⵆ✵⚆歲Ⱖ➭俒僈涸♧⚡叻䘋կ呏研罌
〢㷖㹻ㄤ宋〷㷖㹻罌霆务㕂桪㐼霣欰✵⾲映爢⠔倝瀖㐼傞去粉劍荛➚剣剧ծⰓ⼪䎃涸宋〷կ 

ⵌ湡⵸⚹姺ⴀ㕼桪㐼涸❡㖑灇瑕➠搬㾩✵桪㐼猰䪮罌〢涸ꦼ곿⛓♧կ銳鍒Ɀ鵯⚡ꦼ곿껷⯓꨽銳烁㹁
桪㐼涸⻊㷖䧭ⴔ♸瀤暟絕匬կ桪㐼涸⻊㷖䧭ⴔⴔ區〳⟄ⴔ⚹偽䰀ㄤ剣䰀⚙碫偽䰀唬崵⚺銳⢪欽 X 㼘絁蚃
⯕ⴔ區ծ歏㶩确ꛏ儑䗎ⴔ區瘝䪮助㼆灇瑕㼆韌尵剣䰀⠟կ剣䰀唬崵䗳곢㖈灇瑕㼆韌♳》呋⢪欽歏䠭羒ざ
瘝猌㶩⡤封㼘⯕靶瘝鵳遤唬崵կ鸑鵂鵯❈唬崵腊㢿蜦濼桪㐼涸⚺銳䧭ⴔㄤ䗎ꆀ⯋稇䧭ⴔկ 
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EDX 㖈紤㹈瀖ծ覰㹈瀖ծざ䧭㹈瀖ծ㢅椚紤㹈瀖ꊹ㹁⚥涸䎾欽 

䶰 銳紤㹈瀖ㄤ覰㹈瀖⚙罏鿪㾩✵⚆歲Ⱆ雩涸㔋㣐㹈瀖⡤禹կ紤㹈瀖ㄤ覰㹈瀖涸⚺銳䧭ⴔ僽孻⻊ꜥ(Al₂O₃)
㾩✵⴮桪涸♧猫紤㹈瀖ㄤ覰㹈瀖涸괃蒀♸䨾ゎ䗎ꆀ勇餘⯋稇割ず剣Ⱒ禹կ㣔搬紤㹈瀖鄬ꥴ封肫Ⲹ㼱✫⯕
涸ⰻ导㼘罜䕧ㆇ㢪錜佪卓㢅椚紤㹈瀖鸑鵂䖃鄬ꥴ务埋㞅꜍梯槴涸倰岁䲁渷鄬ꥴ筒㊤⯕涸ⰻ导㼘佪卓
鴪ⵌ筒㊤紤㹈瀖㢪錜涸湡涸կ➃䊨ざ䧭㹈瀖涸䪮助馊勻馊䧭擿䧭⚹㣔搬㹈瀖剏去ㅷ涸⚺銳勻彂կ⴮桪㹈瀖
涸碫㘗割ず㢅椚倰䒭㶸㖈䊵ⵆ㹈瀖务ゎ剣涸䗎ꆀ⯋稇⛲邍梡ⴀ䊵䒗կX 㼘絁蚃⯕⯕靶⟉⚹偽䰀唬崵⟉㐼
腊䘯鸟ⴔ區紤㹈瀖ծ覰㹈瀖ծざ䧭㹈瀖ծ㢅椚紤㹈瀖瘝呋ㅷ务涸⯋稇絆䧭⚹ꊹ㹁䲿⣘猰㷖涸㹐錜⣜研կ 

 

Ⱒꝶ霒紤㹈瀖 覰㹈瀖 ざ䧭㹈瀖 㢅椚紤㹈瀖 腊ꆀ蒀侔㘗X㼘絁蚃⯕ⴔ區⟉ 

 
紤㹈瀖ծ覰㹈瀖ծ꜂瀖ծ牏嫢綁僽⚆歲Ⱆ雩涸㔋㣐㹈瀖կ紤㹈瀖ծ覰㹈瀖涸⚺銳䧭ⴔ僽 Al2O3㾩✵⴮

桪涸♧⚡猫碫կ㕂꣢棟㹈歲⣜研괃蒀㼜⴮桪㹈瀖ⴔ⚹紤㹈瀖ㄤ覰㹈瀖⚙㣐ㅷ猫կ1989 䎃㕂꣢剣蒀㹈瀖⼸⠔
ICA䲿ⴀ䪾Ⱘ剣紤蒀蒀靈涸⴮桪㹈瀖够⚹紤㹈瀖Ⱖ➭괃蒀涸⴮桪㹈瀖獦⚹覰㹈瀖2կ 

⴮桪㹈瀖䨾ゎ䗎ꆀ⯋稇㼋荝괃蒀涸割ず紤㹈瀖涸紤蒀勻荈✵Ⱖ务涸Ꜵ(⟄ Cr2O3 荝蒀)Cr2O3 ゎꆀ馊
넞ⴭⰦ紤괃蒀馊帿㥵뚟過紤㹈瀖⚹됮蒁涸過紤蒀կ䔲㹈瀖务ゎ剣 FeծTi 瘝䗎ꆀ⯋稇傞㹈瀖ッ梡ⴀ
覰蒀կ䔲㹈瀖务ゎ剣割ずゎꆀ涸 FeծNiծVծCo 瘝䗎ꆀ⯋稇傞㹈瀖鵮〳腊ッ梡랕ծ綁ծ釅ծ랱瘝괃蒀կ 

㣔搬紤㹈瀖鄬ꥴ封肫Ⲹ㼱✫⯕涸ⰻ导㼘罜䕧ㆇ㢪錜佪卓㢅椚紤㹈瀖鸑鵂䖃鄬ꥴ务埋㞅꜍梯槴涸倰
岁䲁渷鄬ꥴ筒㊤⯕涸ⰻ导㼘佪卓鴪ⵌ䲿⼮紤㹈瀖鷳僈䏞ㄤ❭䏞涸湡涸꜍梯槴埋㞅紤㹈瀖㢪錜僈儑筒
㊤㉁ㅷ⟟⧩䖤ⵌ䲿넞կ㣔搬⴮桪㹈瀖㔔餴彂ꬋ䌢獺緃罜馊儑棇餥➃䊨ざ䧭⴮桪㹈瀖涸䪮助馊勻馊䧭擿
ざ䧭⴮桪㹈瀖溶䕎䧭㉁⚌⻊⡛䧭劥ざ䧭㹈瀖䧭⚹㣔搬⴮桪㹈瀖⟬ⱎㅷ涸ꅾ銳勻彂կ⟄♳割ず猫碫ㄤ勻彂
涸㹈瀖崨鸑✵㹈瀖㉁ㅷ䋑㖞꨽銳㖈㹈瀖㉁ㅷ唬崵务⡲⨞ⴀ⿺傞ծⲥ烁ծ偽䰀涸ꊹ㹁կ㣔搬紤㹈瀖ծ覰㹈瀖
务鿪〳錛ゎ剣 Ga ⯋稇Ga ⚹㣔搬⴮桪㹈瀖涸䭷紻暵䖄⯋稇կざ䧭㹈瀖ⴭ緃㣟ゎ剣暵䖄⯋稇 Ga3կ꜍
梯槴埋㞅紤㹈瀖僈儑ゎ剣 Pb ⯋稇㣔搬㹈瀖务割ゎ剣 Pb ⯋稇4կ㢪錜湱⡃✵紤覰㹈瀖涸Ⱖ➭ㅷ猫㹈瀖
㥵焗梮ծ瀖囤瀖瘝⻊㷖⯋稇絆䧭♸⴮桪㹈瀖㶸㖈熊㣐涸䊵䒗կ 

䀙峸 EDX-LE Plus 腊ꆀ蒀侔㘗 X 㼘絁蚃⯕⯕靶ⴔ區⟉腊䘯鸟ⴔ區⴮桪㹈瀖呋ㅷ务涸絆䧭⯋稇鸑鵂
㼆⴮桪㹈瀖暵䖄⯋稇 Gaծ꜍梯槴埋㞅暟⺫ゎ⯋稇 Pb 涸ⴔ區⚹⴮桪㹈瀖涸ꊹ㹁䲿⣘㹐錜⣜研կ 

1 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 EDX-LE Plus 腊ꆀ蒀侔㘗 X 㼘絁蚃⯕ⴔ區⟉կ 
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1.2 ⴔ區勵⟝ 
ꬶ绚    Rh                   応⯕晙   4# 
ⲥ湬㐼  3mm                 歏⾓    50kV 
歏崨    Auto                 ⴔ區傞ꢂ 50s 

1.3 呋ㅷ 
㹈瀖㹊낉呋ㅷ呋ㅷ⺫ゎ剣㣔搬紤㹈瀖ծ㣔搬覰㹈瀖ծ➃䊨ざ䧭紤㹈瀖ծ꜍梯槴埋㞅紤㹈瀖⟄♴⚹㹊

낉呋ㅷ㕃晙կ 

 

1.4 呋ㅷ⵸㢅椚 
呋ㅷ邍꬗幡裂偽꨽暵ⵆ㢅椚佞Ⰶ呋ㅷ缅务唬崵呋ㅷ缅鄳剣鵄䬘芘կ 

2. 絕卓♸雭雿 
2.1 ⴔ區絕卓 

㼜㹈瀖呋ㅷ佞縨㖈呋ㅷ缅务呋ㅷ缅⢪欽鵄䬘芘EDX-LE Plus ⟉㐼꣡䌄涸 CCD 鷥䭊崵霚鿈⡙⢪欽㹈
瀖崵霚勵⟝ⴔ區ⴔ區絕卓⿺靶㕃㥵♴㕃կ 

 

铅玻璃充填宝石 人工合成宝石 天然蓝宝石 天然红宝石 

天然宝石含有特征元素 Ga 特征峰 
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2.2 絕卓雭雿 

ⴔ區絕卓务 Al ⟄⴮桪㹈瀖涸⚺銳䧭ⴔ Al2O3 邍爙կ㣔搬㹈瀖务〳錛 AlծSiծCrծFeծTiծGa 瘝⯋稇㶸
㖈կAl ⚹⴮桪㹈瀖涸⚺銳絆䧭⯋稇CrծFeծTi 瘝⚹䗎ꆀ荝蒀⯋稇Ga ⚹㣔搬⴮桪㹈瀖涸䭷紻暵䖄⯋稇
ざ䧭紤㹈瀖务緃㼱 Ga ⯋稇㶸㖈կ㣔搬紤㹈瀖䌢錛ゎ剣 FeծCrծGa ⯋稇4㣔搬覰㹈瀖ⴭ㢴ゎ剣 FeծTi 瘝
勇餘䗎ꆀ⯋稇2կ꜍梯槴埋㞅涸紤㹈瀖僈儑〳錛 Pb 涸暵䖄油㶸㖈5Pb ⯋稇涸㶸㖈⚹㢅椚紤㹈瀖꜍梯槴
埋㞅涸暵䖄絕卓կ 

2.3 遥㼘䂽涸⼓ⴔ 
紤㹈瀖ㄤ覰㹈瀖㾩✵♲倰兪禹碫兪⡤暟餘㖈 EDX 瘝蚃⯕ X 㼘絁ⴔ區⟉崵霚傞剣䋒䬘呔侔㼘油㶸㖈

❡欰涸遥㼘油䕧ㆇ⯋稇靶油涸霋ⵆꊹ㹁꨽銳姻烁霋ⵆ⼓ⴔ遥㼘油կ〳⟄㼜呋ㅷ⵸た鲮⸓ 90 䏞崵霚㼆嫱
靶油嶊㣟䧴罏僈儑Ⲹ䓳涸⚹遥㼘油կ♴㕃务崵霚靶油僈儑ꅾ〜涸⚹呋ㅷ䨾ゎ剣⯋稇涸暵䖄油կ僈儑劢腊
ꅾ〜涸靶油鿪㶸㖈遥㼘油涸䕧ㆇկ唬崵傞〳⟄鲮⸓呋ㅷ》剒ざ鷓⡙縨ⴔ區嶊ꤑ䧴罏Ⲹ䓳遥㼘油涸䕧ㆇկ 

处理红宝石含有 Pb 元素特征峰 

合成宝石缺失特征元素 Ga 特征峰 
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3. 絕雿 
䀙峸 X 㼘絁蚃⯕ⴔ區⟉ EDX-LE Plusⴔ區⴮桪㹈瀖务涸⯋稇䧭ⴔ鸑鵂㼆暵䖄⯋稇涸ꊹ㹁ⴔ區〳⟄

ꊹⵆ㣔搬紤㹈瀖ծ㣔搬覰㹈瀖ծざ䧭㹈瀖կ鸑鵂㼆꜍梯槴⺫ゎ⯋稇 Pb 涸ⴔ區ꊹⵆⴀ㢅椚紤㹈瀖կⴔ區鵂
玐䘯鸟ծ偽䰀ծ梠⥂涸⠏挿痗ざ棟㹈碫呋ㅷ㼆⟉㐼唬崵涸銳宠僽ꊹⵆ⴮桪㹈瀖㹊欽剣佪涸鳇⸔ⴔ區倰岁կ 
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EDX ꊹⵆ♧猫⟬ⵖ綁匠瀖 

䶰 銳綁匠瀖僽♧猫ゎ宐涸Ꜥꜥ熧ꃑ渮碫瀤暟⻊㷖䒭⚹ CuAl6(PO4)4(OH)8·5H2O僽帿「➃又㋐昶涸⠛絡
㹈瀖碫㘗ꥥ满綁匠瀖涸䋑㖞掚䏞ㄤ⟟呔♧騟饥넞䋑㖞♳ⴀ梡✫㢴猫⟬ⱎ綁匠瀖넞⟬溫䏞偽岁➢㢪錜⼓
ⴔկ劥俒⢪欽䀙峸 EDX-7000 ⟉㐼ⴔ區綁匠瀖䧭ⴔ封梡♧猫⟬ⵖ綁匠瀖䧭ⴔ务剣熊넞涸 BaծSծSr ⯋稇
ゎꆀ♸綁匠瀖涸⚺銳絆䧭⯋稇 AlծCuծP 㶸㖈熊㣐䊵䒗䚍կ絑鵂癃叅嫱㼆ⴔ區封梡♸ꅾ兪瀖涸䧭ⴔㄤ
靶㕃ガざ䏞넞ꊹ㹁霪猫綁匠瀖僽⟄ꅾ兪瀖 BaSO4 瘝⚹⚺銳⾲俱涸⟬ⵖㅷկ 

Ⱒꝶ霒⟬ⵖ綁匠瀖  腊ꆀ蒀侔㘗 X 㼘絁蚃⯕ⴔ區⟉ 

綁匠瀖僽♧猫⠛絡㹈瀖剣满䝐⛉涸⢪欽ㄤ⢆䨥宋〷帿「➃又㋐昶կ綁匠瀖僽♧猫ゎ宐涸Ꜥꜥ熧ꃑ渮
碫瀤暟⻊㷖䒭⚹ CuAl6(PO4)4(OH)8·5H2O⻊㷖䒭絆䧭涸椚雿䧭ⴔ P2O5 ⚹ 34.12%ծAl2O3 ⚹ 36.84%ծCuO
⚹ 9.57%ծH2O ⚹ 19.47%կ荈搬歲❡ⴀ涸綁匠瀖♸椚雿䧭ⴔ〳腊㶸㖈䊵ⵆկ綁匠瀖餘㖑割熊㖲⺣괃蒀剣
帿剣崯綁匠瀖〳錛㣔覰蒀ծ帜覰蒀ծ綁覰蒀ծ綁蒀ծ䌄綁涸蔺涯蒀կꜤ㼋荝✫覰蒀꜈㖈⻊㷖䧭ⴔ务〳⟄
剏去鿈ⴔꜥ⢪綁匠瀖ッ梡綁蒀կ䔲Ꜥ涸ゎꆀ鳅㢴꜈涸ゎꆀ鳅㼱傞䖃䖃ッ梡覰蒀䔲Ꜥ涸ゎꆀ鳅㼱꜈
涸ゎꆀ鳅㢴傞䖃䖃ッ梡覰綁蒀ծ崯綁蒀瘝կꤑ✫Ꜥㄤ꜈綁匠瀖涸⻊㷖䧭ⴔ务鵮剣Ꝕ涸㶸㖈կ 

歋✵䋑㖞掚䏞涸䭯絯饥넞綁匠瀖涸⟟呔⛲僽♧騟♳䪋կ䋑㖞♳ⴀ梡✫㢴猫䕎䒭涸⟬ⵖ綁匠瀖⟬ⵖㅷ
⚺銳剣⚙㣐碫㣔搬湱⡃桪瀖ㄤ➃䊨⟬ⵖㅷկ➃䊨⟬ⵖㅷꤑ✫梯槴ծꤲ櫘ծ㝕脸㢪剒⚹䌢錛涸僽欽ぐ猫瀤
暟磋劣⾓絕罜䧭涸1կ鵯猫⟬ⵖㅷ⟬溫䏞匧넞➢㢪錜偽岁⼓ⴔ꨽銳⦶⸔⟉㐼ⴔ區䩛媯勻鵳遤ꊹ㹁կ䀙
峸 EDX 禹⴩⟉㐼곫鄳剣㹁䚍㹁ꆀⴔ區勵⟝割⣜饆叻呋涸 FP 岁⛲〳⟄㹊梡呋ㅷ涸䘯鸟䧭ⴔⴔ區⼓ⴔㄤ
ꊹ㹁呋ㅷ绚餘涸䊵䒗䚍կ 

1 㹊낉鿈ⴔ 
1.1 ⟉㐼 

䀙峸 EDX-7000 腊ꆀ蒀侔㘗 X 㼘絁蚃⯕ⴔ區⟉կ 

 
1.2 ⴔ區勵⟝ 

ꬶ绚    Rh                    応⯕晙   None 
ⲥ湬㐼  3mm                  歏⾓     15kV 50kV 
歏崨    Auto                  ⴔ區傞ꢂ 50s 
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1.3 㹊낉呋ㅷ 
㹊낉呋ㅷ⺫䭍1#⚹⟬ⵖ綁匠瀖呋ㅷ㢪錜ッ崯覰蒀邍꬗Ⱘ剣割錞ⴭ랱蒀勵紻կ2#⚹䋑㈒綁匠瀖껑

ㅷ邍꬗䫘⯕㢅椚ッ崯覰蒀կ3#⚹剣ⴗⶶ꬗涸綁匠瀖⾲瀖ッ崯覰蒀կ4#⚹ꅾ兪瀖⿬撑呋ㅷկ 
 
 
 

 
 
 

㕃1 㹊낉呋ㅷ㕃晙 

1.4 呋ㅷ⵸㢅椚 
呋ㅷ邍꬗幡裂偽꨽暵ⵆ㢅椚呋ㅷ佞㖈鵄䬘芘♳湬䱹崵霚կ 

2. 絕卓♸雭雿 
2.1 呋ㅷ崵霚絕卓 

䀙峸EDX-7000腊ꆀ蒀侔㘗X㼘絁蚃⯕ⴔ區⟉⢪欽綁匠瀖㹁䚍㹁ꆀⴔ區勵⟝ⴔ區1#呋ㅷⴔ區絕卓⚺銳
ゎ剣BaծSծSr瘝⯋稇䧭ⴔ緃㼱綁匠瀖䧭ⴔ䌢錛ゎ剣涸AlծP⯋稇䧭ⴔCu䧭ⴔゎꆀ匧⡛割ず✵綁匠瀖
⚹Ꜥꜥ熧ꃑ渮碫瀤暟涸⯋稇䧭ⴔկ 

 
㕃 2 㹊낉呋ㅷ崵霚絕卓ㄤ靶㕃 

⢪欽綁匠瀖㹁䚍㹁ꆀⴔ區勵⟝ⴔ區2#ㄤ3#呋ㅷⴔ區絕卓务⺫鿪ゎ剣AlծPծCu瘝Ꜥꜥ熧ꃑ渮涸絆䧭⯋
稇Al2O3ծP2O5䧭ⴔⴔ區絕卓♸Ꜥꜥ熧ꃑ渮椚雿ゎꆀ䱹鵛綁匠瀖⾲瀖务⺫ゎ鿈ⴔZn涸⯋稇䧭ⴔկ 

 

3#：绿松石原石 2#：绿松石饰品 1#：仿制绿松石 4#：重晶石 
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㕃 3 㹊낉呋ㅷ崵霚絕卓ㄤ靶㕃 

俒柄䫣麤棟㹈䋑㖞剣♧猫⟄瀤暟ꅾ兪瀖磋劣⚹⚺銳⾲俱涸⟬ⵖ綁匠瀖1կ瀤暟ꅾ兪瀖⚺銳ゎ剣BaSO4
〳⠶欰ゎ剣SrծSiծCa瘝䧭ⴔկ》4#ꅾ兪瀖呋ㅷꅷ欽湱ず涸ⴔ區勵⟝ⴔ區絕卓务〳錛BaծSծSrծSi涸⯋
稇䧭ⴔㄤ1#⟬ⵖ綁匠瀖⯋稇絆䧭Ⱘ剣♧荝䚍կ 

 
㕃 4 㹊낉呋ㅷ崵霚絕卓ㄤ靶㕃 

2.2 呋ㅷ崵霚㕃靶ⴔ區 
綁匠瀖껑ㅷㄤ綁匠瀖⟬ⵖㅷ䧭ⴔⴔ區絕卓㶸㖈鳅㣐䊵䒗⟬ⵖ綁匠瀖务緃㼱綁匠瀖暵䖄涸 AlծP 靶油

Cu 暵䖄油割駈⚙罏涸靶㕃㢴㢅㶸㖈鳅㣐涸䊵䒗䚍կ 
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㕃 5 綁匠瀖껑ㅷㄤ⟬ⱎ綁匠瀖涸嫱鳅㕃靶 

綁匠瀖껑ㅷㄤ綁匠瀖⾲瀖絆䧭⯋稇㛇劥♧荝綁匠瀖⾲瀖〥㢪ゎ剣 Zn ⯋稇կ⚙猫呋ㅷ涸靶㕃务綁匠
瀖涸 AlծPծCu 暵䖄靶油僈儑靶㕃ガざ䏞넞կ 

 
㕃 6 綁匠瀖껑ㅷㄤ綁匠瀖⾲瀖涸嫱鳅㕃靶 

⟬ⵖ綁匠瀖ㄤꅾ兪瀖䧭ⴔⴔ區絕卓♧荝靶㕃务僈儑〳錛 BaծSծSr 瘝⯋稇暵䖄靶油⟬ⵖ綁匠瀖ㄤ
ꅾ兪瀖涸靶㕃ッ梡熊넞涸♧荝䚍կ 

Zn 特征谱峰 

缺失 Al、P 特征峰 Cu 特征峰不足 
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㕃 7 綁匠瀖⟬ⵖㅷㄤꅾ兪瀖涸嫱鳅㕃靶 

研俒柄䫣麤♧猫綁匠瀖⟬ⵖㅷ⚺銳⟄ꅾ兪瀖磋劣⚹⚺幊ざ剣纸暟⚹磨絕⵫絑鵂㔿⻊䧭㘗罜ⵖ䖤2
〳⟄呏研꨽銳幑⸈割ず괃俱靈侮⟬ⵖㅷ괃蒀կ⟄♳ⴔ區絕卓邍僈綁匠瀖⟬ⵖㅷㄤꅾ兪瀖䧭ⴔ靶㕃Ⱘ剣♧
荝䚍霪綁匠瀖㾩✵⟄ꅾ兪瀖⚹⚺銳⾲俱ⵖ鸣涸⟬ⵖㅷկꅾ兪瀖ゎ剣勇餘傞㢴⚹抪涯蒀霪綁匠瀖⟬ⵖ
ㅷ絑鵂✫厩蒀㢅椚⚹崯覰蒀靈կ㣔搬綁匠瀖ゎ偽纸 Cu ⯋稇ッ梡覰蒀蒀靈綁匠瀖⟬ⵖㅷ务 Cu ⯋稇緃㼱割
駈割僽覰蒀蒀靈䕎䧭涸⾲㔔ⴔ區侨研务劢錛Ⱖ➭瑲ⴀ涸荝蒀偽纸⯋稇䲀崵霪綁匠瀖⟬ⵖㅷ僽幑⸈✫
剣纸괃俱䕎䧭涸覰蒀կ 
 

3. 絕雿 
䀙峸 X 㼘絁蚃⯕ⴔ區⟉ EDX-7000⢪欽偽叻呋 FP 岁勵⟝ⴔ區綁匠瀖涸䧭ⴔ封梡♧猫綁匠瀖呋ㅷ涸

⯋稇絆䧭♸綁匠瀖椚雿⻊㷖䒭䊵䒗熊㣐կ絑♸ꅾ兪瀖⿬撑呋ㅷ涸嫱㼆ⴔ區ꊹ㹁霪呋ㅷ僽⟄ꅾ兪瀖磋劣⚹
⚺銳⾲俱涸⟬ⵖㅷկEDX 禹⴩腊ꆀ蒀侔㘗 X 㼘絁蚃⯕ⴔ區⟉Ⱘ剣ⴔ區鸟䏞䘯ծ偽䰀絑崸ծ梠㞯对㥩涸暵
挿鷓欽✵綁匠瀖瘝棟㹈碫呋ㅷ涸䧭ⴔꊹ㹁ⴔ區կ 
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楉梵ⰻ鿈絕匬鍒區 

䶰 銳 劥俒➝絏ⵄ欽䀙峸涸X㼘絁鷳錠CT鄳縨㖈割灶㗁楉梵涸侮⡤絕匬♴〳 ⟄唬崵ⵌ楉梵ⰻ鿈涸絕匬
封梡Ⱖⰻ鿈ꥧ诡涸⚎銯鵯猫倰䒭〳⟄㖈割灶㗁暟⟝涸⵸䲿♴㼆Ⱖⰻ鿈鵳遤唬崵封梡ⰻ鿈絕匬涸倰岁կ 

 

Ⱒꝶ霒SMX-225CT 䗎送挿 X 㼘絁 CT 鄳縨 楉梵  XRAY 偽䰀唬崵  ⰻ鿈ⴔ區 

 
楉梵⡲⚹梡去佐诡歲嫱鳅崨遤涸诡ㅷ剣⼪䎃涸楉梵♰䎃涸蹓蹙⛓霹կ楉梵涸䕎䧭僽歋⽼腒㖈넞庛♴

很鍒搬たㄤワ㔵涸嗃暟䧴罏㼭⸓暟瘝♧饰㖈ⲇ⽲鵂玐务ざ✳⚹♧絑鵂熊㢴䎃涸䲁㙵た勻鄄䮔䱡ⴀ勻
絑鵂侮椚た䕎䧭✫梡㖈楉梵㕃1կ楉梵㽯㼄50mm*20mm*7mmկ➢㢪邍㢅溏ⴀ姼楉梵蒀峂㕐嶹
ꧧⵠ礵絈⡎僽➢㢪邍桬ꅽ꬗溏ꅽ꬗剣⚡碫⡃緃ꤴ涸㖑倰㶸㖈⢪欽䩛歏瘲䩧⯕錜崵⛲溏割ⴀ剣⟣⡦Ⱘ
⡤榡氛劥俒ⵄ欽䀙峸偽䰀唬崵⟉㐼ⵄ欽Ⱖꬋ灶㗁暵䚍⵸䲿♴〳⟄錜崵ⵌ楉梵ⰻ鿈꡼곿կ 

 
㕃1 楉梵呋ㅷ 

梡㖈猰㷖䪮助涸封㾝〳⟄⢪欽XRAY 偽䰀唬崵鄳縨㖈割灶㗁㹊暟涸⵸䲿♴鸑鵂X㼘絁涸撑㼘㹊
傞錜崵ⵌⰻ鿈涸㹊暟兞韌ず傞㖈䬝䶑涸鵂玐务〳 ⟄佐꧋䪊䲽⥌䜂鵳遤雦皾た䪾雦皾涸絕卓鵳遤ꅾ絆
鵯呋〳⟄䖤ⵌ♲絶用⡤涸佪卓㕃կ䀙峸inspeXio SMX-225CT偽䰀唬崵霃㢊㕃2Ⱘ剣넞歏⾓넞歏崨䗎
送挿3D 䪊䲽瘝⸆腊〳⟄靈侮割ず涸歏⾓歏崨封㼘XRAY 㼘絁瑬鷳楉梵ⰻ鿈靈侮割ず涸䧭⫸倰䒭〳
⟄幡兠僈✫邍鴪䨾唬崵ⵌ涸楉梵㹊꣢ⰻ鿈兞韌ず傞⛲〳⟄䪾楉梵ⰻ鿈涸用⡤絕匬㕃⫸㾝爙ⴀ勻✫鍒ⰻ
鿈涸絕匬猽㺙կ 
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㕃2 䀙峸䗎送X㼘絁CT鄳縨 inspeXio SMX-225CT 

 

唬崵倰岁 

ⵄ欽XRAY偽䰀鷳錠涸⸆腊䧮又䪾〢袙宐䎂佞縨㖈霃㢊涸鲿暟〵♳X㼘絁封㼘僽➢䊩鴝封ⴀ〸鴝剣
䎂匣䱹佐㐼勻䱹佐ⵌ瑬鷳〢袙涸X㼘絁鸑鵂FPD涸⯕歏鲮矿䪾⯕⥌〿鲮矿䧭歏㶩⥌〿鵯呋㽠〳⟄㹊傞
䪾楉梵涸ⰻ鿈絕匬儑爙㖈歏腰儑爙㾓կ 

䧮又〳⟄鸑鵂靈蒜歏⾓歏崨⧩涸㣐㼭勻䪪ⴀ剒鷓ざ涸勵⟝〳⟄䪾〢袙模Ⰼ瑬鷳䎇儑爙ⴀ幡兠涸絕
卓կ 

㹊낉絕卓 
1鷳錠佪卓㕃㕃3㽠僽⽀杝ⵄ欽X㼘絁鷳錠⫸⼕ꤎ⨞脽鷳䬝撑♧呋鵯呋〳⟄溏ⵌ楉梵涸ⰻ鿈絕

匬⡎僽鵯呋➑➑〫僽溏ⵌⰻ鿈涸㕃⫸偽岁ⴼ倗ⴀ梡涸緃ꤴⰨ⡤⡙縨կ 
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㕃3 楉梵涸鷳錠佪卓㕃 

  2ⵄ欽䀙峸涸CT 霃㢊〳⟄鸑鵂♲絶䧭⫸㕃4鵯呋〳⟄溏ⵌ楉梵涸ⰻ鿈緃ꤴ涸Ⱘ⡤⡙縨䎇⚂鵮
〳⟄鵳遤㼆緃ꤴ涸㽯㼄崵ꆀ叻岤㹊꣢侨研կ 
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㕃 4 楉梵涸 CT ♲絶佪卓㕃 

  3⢪欽 VG 㕃⫸㢅椚鲱⟝鵮〳⟄㼆呋ㅷ鵳遤♳蒀㢅椚䎇㼆緃ꤴ鿈ⴔ鵳遤割ず괃蒀叻岤㕃 5
〳⟄雮錜崵♧湡✫搬կ 

裂纹 



46 
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㕃 5 ⢪欽 VG 㕃⫸㢅椚鲱⟝㢅椚た佪卓㕃 

絕雿 
姼妃偽䰀鷳錠CT㹊낉灶鍒✫楉梵ⰻ鿈涸㤵㦪⛲⚹碫⡃涸〢袙俒梖⛓碫涸暟ㅷⰻ鿈絕匬緃ꤴⴔ區

䲿⣘✫鍒Ɀ倰呩կ⢪欽䀙峸inspeXio SMX-225CT ⟉㐼㼆碫⡃涸暟⟝鵳遤ⴔ區偽꨽呋ㅷ⵸㢅椚䘯鸟偽䰀
鷓ざ鵯碫呋ㅷ涸ꬋ灶㗁䚍緃ꤴⴔ區կ  
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痦 5 畎 紺餘俒暟 
鸣紺僽䧮㕂〢去㔋㣐封僈⛓♧荈銯宪⟄勻ぐ㖑麰殆ㄤ⥂㶸✫㣐ꆀ涸紺餘宋〷俒柄⿺㕃⛼咓呩կ紺餘

俒暟⺫䭍⛼硂ծ咓呩ծ俒柄ծ絑⽷ծ⛼歘ծ烵䋫ծ䫣紺瘝鵯❈俒暟雵鲿✫宋〷♳ぐ⚡割ず宋〷傞去涸欰❡ծ
欰崞ծ俒⻊ծ蒌助ծ❜鸑ծⱙ✲ծ爢⠔崞⸓涸宋〷⿺封㾝䞔ⲃ僽➃碫匧Ⱖ㹈餥涸俒⻊麰❡ㄤ餒㺢僽灇瑕
➃碫爢⠔涸封㾝ㄤ猰㷖䪮助涸鵳姿涸ꅾ銳俒㶶餴俱剣⼧ⴔꅾ銳涸⟟⧩կ 

紺餘俒暟涸ⴔ區㼆韌割➑⺫䭍紺䓎紦絶鵮⺫䭍倶脸绚俱ծ㞅俱ծ㟯ծ⽪岞ծ괃俱瘝紺䓎欰❡♸⢪欽鵂
玐务覆⿺涸绚俱կ儑䗎ⴔ區岁僽紺餘俒暟䌢欽涸ⴔ區倰岁ⵄ欽厩蒀⵫ⵖ㢊紦絶霚晙㖈儑䗎Ꞥ♴錜㻋紦絶
ッ蒀ծ䕎䙖絕ざ崵ꆀ湱䎾紦絶涸Ɤ䏞ծ㺈䏞〳ⴼ倗紦絶猫碫鵳罜⨞ⴀ紺䓎⾲俱涸ⴼ㹁կ⡎霪岁ꬋ䌢⣜
饆ⴔ區罏涸絑낉㼆✵絕匬碫⡃嗃暟紦絶涸鳹ⵆ嫱鳅㔮ꦼկ紤㢪⯕靶ⴔ區岁〳⟄导僥紺䓎涸紦絶稇ծ⼱紦絶
稇ㄤ加餘稇瘝⻊㷖絆ⴔ鸑鵂罈⻊⵸た紺䓎紤㢪⯕靶侨研涸㼆嫱ⴭ〳⟄㹁䚍确雭紺䓎ⰻ鿈 ⻊㷖絕匬涸尊
⻊կ㼆✵紺䓎⿺湱Ⱒ绚俱刿⚹礵絈涸⻊㷖䧭ⴔⴭ〳ꅷ欽孞湱蒀靶餘靶♸巊湱蒀靶餘靶岁鵯⚙猫倰岁Ⱘ剣
鳅㥩涸ⴔ猌腊⸂♸鳅넞涸唬崵⾝併䏞ず傞㼜掚鄬鍒鄳縨♸孞湱蒀靶餘靶翫欽ⴭ〳㣐㣐皍⻊呋ㅷ涸⵸㢅椚
ず傞〫꨽䗎ꆀ呋ㅷ㹊梡䗎䰀ⴔ區կ 
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Py-GC/MS 絕ざ㢴⯋侨研ⴔ區ꊹ㹁⚎❇⠛絡䩛䊨紺 

䶰 銳劥俒䲿ⴀ✫♧猫㛇✵掚鄬鍒-孞湱蒀靶餘靶翫欽⟉Py-GC/MS㢴⯋侨研ⴔ區涸ⴔ區倰岁ⵄ欽㖈
紺䓎呋ㅷ Py-GC/MS ⴔ區鵂玐务唬崵ⵌ涸欰暟叻䘋暟ꊹⵆ⼓ⴔ割ず紦絶绚俱勻彂涸⚎千⠛絡䩛䊨紺կ껷
⯓⟄䚪猌㶩蒀靶TICㆇ䎾⚹鳕Ⰶ尊ꆀ搬たⵄ欽䲿》猌㶩蒀靶EICs⟄䲿넞⚺䧭ⴔⴔ區(PCA)涸佪卓կ
灇瑕鵮ⴔ區✫割ず侨研곫㢅椚倰岁⾲映ㆇ䎾♸叻ⲥ⻊⧩㼆⚺䧭ⴔⴔ區涸䕧ㆇ⺫䭍尊ꆀ涸割ず勉ꅾ勉
ꅾ⚹ 1 vs 勉ꅾ⚹ 1/stdⰦ务 std 去邍叻ⲥ⨊䊵կ絕卓邍僈♸䌢欽涸儑䗎ⴔ區䪮助湱嫱Py-GC/MS 䪮
助腊㢿ꊹⵆⴀⰨ剣湱⡃䗎錜䕎頗暵䖄涸䩛䊨鸣紺绚俱㥵呹猰♴呹㾩ㄤ匬㾩嗃暟紦絶կ侨研곫㢅椚䕧ㆇ✫
⚺䧭ⴔⴔ區垷㘗涸䒊用絕卓儑爙㛇✵䔱♧⻊⧩涸ⴔ區刿鷓ざ⼓ⴔ呹猰鸣紺紦絶涸⼓ⴔꊹⵆկぐ⻊ざ暟絆
ⴔ勉ꅾ⚹ 1 涸 PCA ⴔ區务䖤ⴔ㕃score plot♳割ず䩛䊨紺涸⡙縨ⴔ䋒「ⵌ鲿蚚㕃loading plot务
Ⳝ⚡넞崽䏞欰暟叻雵暟涸䕧ㆇ罜䔲㼜勉⚹ 1/std 傞PCA ⴔ區务䖤ⴔ㕃♳割ず䩛䊨紺涸⡙縨ⴔ䋒「ⵌ鲿
蚚㕃务Ⳝ絆⻊ざ暟㣐鿈ⴔ崽䏞鳅⡛涸䕧ㆇկ姼㢪暵䖄 EICs 〳䲿⣘侨研瀃꣋欽✵絡雦ⴔ區♸➢ TIC
蜦䖤涸侨研瀃꣋湱嫱腊㢿鼙⯝Ⱏ峤膴⻊ざ暟ㄤ胜兞涸䎁䪓կ㔔姼劥灇瑕껷妃䲿ⴀ✫♧猫㛇✵ PCA 垷㘗
涸䘯鸟 Py-GC/MS 䩛䊨紺ꊹⵆ倰岁欽✵⚎千⠛絡䩛䊨紺涸ꊹⵆկ鵯♧ⴔ區崨玐腊㢿⸔渤俒⻊麰❡绚俱涸
ⴔ區կ 

 

Ⱒꝶ霒掚鄬鍒-孞湱蒀靶餘靶翫欽⟉ ⚎千⠛絡䩛䊨紺 ꊹⵆ 

 
䩛䊨鸣紺溶剣⚙⼪㢴䎃涸宋〷䧭⚹➃碫俒僈务䪬鲿ㄤ⥂㶸⥌䜂涸⚺銳鲿⡤կ鸣紺⾲俱涸尊⻊♸筛屛䧴

爢⠔涸尊⻊㺙ⴗ湱Ⱒ⚹宋〷灇瑕䲿⣘✫⚪㺢涸⥌䜂կ儑䗎Ꞥ僽剒粉欽✵䩛䊨紺⾲俱ⴔ區涸䪮助կJulius 
Ritter von Wiesner ㄤ Charles-Moïse Briquet䒓⴯✫䩛䊨紺紦絶䗎錜錜㻋ⴔ區⛓⯓屎կ鸑鵂♸叻ⲥ暟餘涸
紦絶㕃靶㼆嫱ⴔ區㖈⯕㷖儑䗎Ꞥ錜㻋ծ⻊㷖崵霚ㄤ紦絶绚俱ꊹ㹁倰꬗鷶幯䒊用饰㼆紺䓎涸猰㷖ⴔ區կ搬
罜儑䗎Ꞥ錜㻋剣傞割駈⟄僈烁霉⠮紦絶涸椚⻊䚍餘暵ⵆ僽䔲䨾覆⿺涸嗃暟紦絶Ⱘ剣湱鵛涸邍꬗䕎頗䕎
䙖暵䖄Ⱘ剣넞䏞湱⡃䚍傞儑䗎Ꞥ錜㻋剣傞偽岁剣佪㼆紦絶勻彂鵳遤ꊹ㹁ⴼⵆկ 

掚鄬鍒-孞湱蒀靶餘靶翫欽䪮助Py-GC/MS溶䎛岌䎾欽✵蒌助ㅷㄤ罌〢呋ㅷ务剣纸暟涸邍䖄ⴔ區♸灇
瑕կ姼㢪Py-GC/MS僽灇瑕紦絶稇绚俱剒䌢欽涸䪮助⛓♧㔔⚹㸐腊㢿䲿⣘剣ⰢⰦⴔ㶩絕匬涸⥌䜂կ搬罜
掚鄬鍒鵂玐务⠔❡欰㣐ꆀ⻊ざ暟絕ざ⚺䧭ⴔⴔ區PCAㄤ⨊剒㼭✳⛧ⴼⵆⴔ區PLS-DA瘝⻊㷖雦ꆀ㷖
倰岁㼆Py-GC/MS侨研涸㢅椚ㄤ鍒ꅺⰨ剣熊㥩涸佪卓կ 

⚹✫帿Ⰶ灇瑕Py-GC/MS㖈⚎千䩛䊨紺ꊹ㹁务涸⡲欽㖈嗃暟叻雵⼓㹁⛐⚹䠭Ⱓ馰⼓ ROI涸灇瑕务
崵霚✫PCAⴔ區务割ず涸侨研곫㢅椚嫱鳅✫Py-GC/MS侨研ㄤ㸐又㼆䩛䊨紺ꊹⵆ涸佪桧կ劥俒껷妃㼜Py-
GC/MS♸㢴⯋侨研ⴔ區湱絕ざ㼆⚎千䩛䊨紺涸紦絶ꊹ㹁鵳遤✫ⴔ區灇瑕կ 
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1㹊낉鿈ⴔ 

1.1 ⟉㐼 
⟉㐼PY-2020iD+GCMS-QP2010 Plus 

 
Py-GC/MS 分析系统 

PY 鄬鍒庛䏞500°C 

蒀靶叙DB-5MS30 m×0.25 mm×0.25 µm) 

叙庛玐䎸40˫(1 min)_5˫/min_325˫(10 min)

鲿孞He 

鲿孞䱽ⵖ倰䒭䛎絁鸟䏞 ⴲ映崨ꆀ 1.0 mL/min 

鵳呋〡庛䏞280˫        

鵳呋倰䒭ⴔ崨鵳呋        

ⴔ崨嫱10:1  

猌㶩⻊倰䒭EI 

猌㶩彂庛䏞200˫      

䱹〡庛䏞300˫ 

ꅷ꧋倰䒭Scan 

餘ꆀ薴㔵50~500 amu 
1.2 呋ㅷ勻彂 

邍 1 劥灇瑕鵂玐务⢪欽涸溶濼勻彂涸崵霚呋ㅷ 
No. 紦絶勻彂 嗃暟猫㾩 鸑欽ぜ ❡㖑 
S1 褐呹 呹猰 呹淼紺 务㕂 
S2 呹⽼ 呹猰 呹淼紺 务㕂 
S3 匬⽼  呹猰 匬淼紺 务㕂 
S4 匬⽼ 呹猰 噢淼紺 傈劥 
S5 匬⽼  呹猰 ꯺紺 ꯺㕂 
S6 ꫬ塚  嚑猰 ꫬ塚紺 傈劥 
S7 絕껺 榰껺猰 ♲咐紺 傈劥 
S8 虳蔄 榰껺猰 ꧁淼紺 傈劥 
S9 珨虊 猒劥猰 珨虊紺 傈劥 

S10 畾  猒劥猰 畾紺 傈劥 
S11 㣐띿 㣐띿猰 띿紺 傈劥 
S12 千띿  千띿猰 띿紺 傈劥 
S13 蔻띿  蚄띿猰 띿紺 傈劥 
S14 랕띿 Ꝯ裈猰 띿紺 傈劥 
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㕃 1 鿈ⴔ崵霚呋ㅷ涸紦絶㕃靶呋ㅷ S1ծS2 

 

1.3 呋ㅷ⵸㢅椚 
獦》 20~50 µg 紺呋ㅷ佞Ⰶ鄬鍒缅务䖉掚鄬鍒ⴔ區կ 

 

2. 絕卓雭雿 
2.1 14 ⚡紺呋ㅷ靶㕃 



52 

  

㕃 2 淼紺呋ㅷ涸掚鍒蜦䖤涸䚪猌㶩崨㕃I⟄⿺呋ㅷ S1 ⵌ S8IIㄤ S9 ⵌ S14III⢪欽 Py-GC/MS ⴔ區蜦䖤涸湱䎾䠭
Ⱓ馰⼓㚖ROI涸佞㣐㕃 
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2.2 䠭Ⱓ馰⼓㚖ROI⻊ざ暟⥌䜂 
邍 2 䠭Ⱓ馰⼓㚖ROI⻊ざ暟⥌䜂 

油〿 ⥂殆傞ꢂ
min 暵䖄猌㶩 ⴔ㶩䒭 务俒ぜ  

1 44.86 
82 57 97 

55 
C15H30O 姻⼧❀ꄏ  

2 45.35 115 69 
143 73 C15H28O4 22-✳歌㛇寺1-歌㛇⚋㛇䧥✳ꃑꂾ  

3 45.85 55 69 83 
97 C18H33N 屘薅腂  

4 46.45 82 57 96 
43 C18H36O 炽腒ꄏ  

5 48.10 82 57 96 
83 C19H38O 2-䏊掬  

6 48.90 57 71 85 
99 C20H42 ✳⼧焫掬  

7 49.50 82 57 96 
83 NA ꟋꝆꄏ  

8 50.01 81 91 145 
55 NA 胐⻘掬遥欰暟  

9 50.38 97 57 83 
55 C27H56O 1-䏊祪ꃫ  

10 50.43 57 71 85 
99 C27H56 2-歌㛇䊹掬  

11 51.50 133 81 
131 107 NA 胐⻘掬遥欰暟  

12 51.82 57 71 85 
99 C29H60 2-歌㛇⼧Ⱃ掬  

13 51.90 81 105 91 
147 C27H44 胐⻘掬遥欰暟  

14 52.23 74 87 57 
75 C27H54O2 䊹✳ꃑ歌ꂾ  

15 52.80 81 145 95 
105 NA 鞝⻘掬遥欰暟  

16*-1 53.13 135 81 
143 380 NA 胐⻘掬遥欰暟  

16*-2 53.12 57 97 83 
71 NA ꟋꝆ掜捎䧴ꟋꝆꃫ  

17 53.75 218 203 
189 95 C30H48 屘ꃑ-212-✳掜  

18 53.99 105 95 91 
203 NA 胐⻘掬遥欰暟  

19 54.12 105 91 95 
396 NA 鞝⻘掬遥欰暟  

20 53.66 82 57 96 
83 NA ꟋꝆꄏ  

21*-1 54.32 218 189 
119 95 C30H48 ⛔蔼掬-212-✳掜  

21*-2 54.26 135 394 
81 143 C29H48O 鞝⻘掬-46-✳掜-3-ꃫ  

22 54.43 218 95 
119 189 C30H48 ♲蠂⛔蔼掬絕匬  

23 54.46 57 71 85 
99 NA ꟋꝆ掬捎  

24 54.53 141 142 
128 81 NA 胐⻘掬遥欰暟  

25 54.59 147 81 
105 396 C29H50O 鞝⻘掬-3-ꃫ  

26 55.26 107 93 95 
109 C30H48 ♲蠂⛔蔼掬絕匬  

27 55.89 123 95 
105 107 C29H48O 胐⻘掬遥欰暟  

28 56.23 57 82 96 
71 

C16H32O/C18
H36O ꟋꝆꄏ  

29 56.67 412 136 
95 394 C29H48O 鞝⻘掬䧴胐⻘掬遥欰暟  

30*-1 56.81 424 255 
95 69 C30H48O ⛔蔼-9(11)12-✳掜-3-ꃫ  

30*-2 56.84 95 55 412 
81 NA 鞝⻘掬遥欰暟+ ⛔蔼掬遥欰暟  

31 56.93 57 71 85 
99 NA ꟋꝆ掬捎  
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32 57.39 107 283 
414 329 C29H50O 鞝⻘掬-5-掜-3-ꃫ靽⻘ꃫ  

33 57.48 95 424 
135 109 NA 鞝⻘掬絕匬  

34 57.85 
218 203 

95 189 
C30H50O 屘ꃑ-12-掜-3-ꃫβ-䧥ꃫ  

35*-1 58.10 95 109 
218 93 C30H48O ⛔蔼掬-12-掜-3-ꂼ424+Ⱏ峤膴⻊ざ暟466  

35*-2 58.12 218 95 
122 412 NA ♲蠂遥欰暟  

36 58.40 
218 95 
107 109 

C30H50O ⛔蔼掬-12-掜-3-ꃫα-䧥ꃫ  

37 58.57 174 159 
161 410 C29H46O 鞝⻘掬-35-✳掜-7-ꂼ  

38 58.67 466 255 
95 69 C32H50O2 屘ꃑ-1214-✳掜-3-⛩ꃑꂾ  

39 58.83 95 105 
135 91 C32H50O2 ⛔蔼掬-1214-✳掜-3-⛩ꃑꂾ  

40 58.96 109 95 
189 218 NA ♲蠂遥欰暟  

41*-1 59.06 
218 203 

189 95 
C32H52O2 屘ꃑ-12-掜-3-⛩ꃑβ-䧥ꂾ  

41*-2 59.07 124 95 
229 109 C29H48O 鞝⻘掬-4-掜-3-ꂼ  

42 59.45 410 136 
95 174 C29H46O 鞝⻘掬-46-✳掜-3-ꂼ  

43 59.58 
218 95 
107 189 

C32H52O2 ⛔蔼掬-12-掜-3-⛩ꃑꂾα-䧥孲⛩ꃑꂾ  

44 61.40 207 57 71 
267 NA 腒肘ꃑ遥欰暟  

45 62.60 
273 135 

232 95 C32H50O3 ⛔蔼掬-12-掜-11-ꂼ-3-⛩ꃑ  

 

岤䌄*絆ⴔ⚹Ⱏ崨ⴀ⻊ざ暟 

2.3 㢴⯋侨研ⴔ區 
ꅷ欽割ず涸侨研䲿》倰岁TIC♸EICծ侨研곫㢅椚⾲映ㆇ䎾♸叻ⲥ⻊⧩ㄤPCA䒊垷涸割ず勉ꅾ勉

ꅾ⚹1♸勉ꅾ⚹1/STD㼆㹁⛐涸ROI务涸欰暟叻雵暟ⴔ䋒鵳遤✫灇瑕կ 
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㕃3 EIC㕃靶涸PCAⴔ區絕卓 

 

3絕雿 
劥俒灇瑕✫♧猫㛇✵掚鄬鍒-孞湱蒀靶餘靶翫欽⟉侨研㢴⯋ⴔ區涸ⴔ區倰岁欽✵ꊹⵆ割ず绚俱勻彂涸

⠛絡⚎千䩛䊨紺կ㼆 14 ⚡割ず⾲俱涸䩛䊨紺㖈䠭Ⱓ馰⼓㚖ROI涸靶㕃鵳遤✫ⴔ區ⴔ區ⴀ 45 猫⻊ざ暟կ
ꅷ欽割ず涸侨研䲿》倰岁TIC ♸ EIC絕卓邍僈TIC ⧩ㄤ EIC ⧩㖲〳欽✵䩛䊨紺䓎涸ꊹⵆ⡎ EIC ⧩〳
⟄䱗ꤑ胜兞䎁䪓ㄤ〳腊涸⻊ざ暟Ⱏ峤膴欽✵ PCA 䒊垷刿皍⽀ծ䘯鸟ծ〳ꬑկ 
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㕃 4 紦絶䕎頗껧诡♸掚鄬鍒ⴔ區㼆䕎頗湱鵛鸣紺紦絶⼓ⴔꊹ㹁涸ꦼ僒玐䏞 

 

岤湱Ⱒ䊨⡲⿬錛 Identification of traditional East Asian handmade papers through the multivariate 
data analysis of pyrolysis-GC/MS dataAnalyst 20191441230-1244.  
俒畎Ꝇ䱹https://pubs.rsc.org/en/content/articlelanding/2019/an/c8an01898g#!divAbstract 
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Py-GCxGC/MS 㼆⚎❇⠛絡䩛䊨紺涸ⴔ區邍䖄 

䶰 銳劥灇瑕䧭⸆㖑筒鵳✫♧猫㛇✵掚鄬鍒涸䗎䰀ⴔ區倰岁ⵄ欽掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽䪮助
㼆⠛絡涸⚎千䩛䊨紺鵳遤✫邍䖄ⴔ區կ䧮又崵霚✫掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽⟉涸䚍腊䎇㼜Ⱖ♸⯓
⵸鸑鵂掚鄬鍒-孞湱蒀靶餘靶翫欽⟉岁蜦䖤涸⠛絡⚎千䩛䊨紺涸暵䖄㕃靶鵳遤✫嫱鳅灇瑕կ㼆鵯⚙猫倰岁涸
霉⟟⺫䭍唬崵油涸侨湡ծ⻊ざ暟涸ⴔ猌佪卓ծ唬崵⾝併䏞ㄤ叻雵⻊ざ暟涸ꊹ㹁崨玐կ絕卓邍僈㖈傈劥噢
淼紺♳唬崵ⵌ涸嗃暟叻雵暟♲蠂碫ㄤ嗃暟⻘⡤ꃫ碫⻊ざ暟涸侨ꆀ㖈掚鄬鍒䭷紻㕃靶♳䖤ⵌ✫䲿넞կ⽇
暟껧껧诡呋ㅷ鸑䌢곢銳䗎䰀䧴偽䰀ⴔ區㼜掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽岁欽✵껧诡呋ㅷⴔ區〳⟄㖈
Ⲹ㼱呋ㅷ欽ꆀ涸⵸䲿♴蜦䖤刿넞涸⾝併䏞㖈唬崵ⴔ區⽇暟껧诡ㅷ呋ㅷㄤ罌〢呋ㅷ♳剣鳅㣐涸䎾欽⵸
兞կ 
 

Ⱒꝶ霒掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽⟉  ⚎千䩛䊨紺  䗎䰀ⴔ區 
 

务㕂封僈鸣紺助溶絑剣2000㢴䎃涸宋〷կ䖤渤✵紺涸䲀䎛ㄤ㣐ꆀ⢪欽䧮又䔲⵸⥂剣㣐ꆀ涸紺餘俒
柄ծ絚歘ㄤ⛼岁⡲ㅷ鵯❈⟄紺䓎⚹鲿⡤涸俒暟剣匧넞涸宋〷ㄤ罌〢灇瑕⟟⧩կ⽰⤑梡㖈➃又㣐ꆀ⢪欽纸
唒ⵖ鸣涸紺䓎⠛絡䩛䊨鸣紺㖈俒⻊ծ蒌助ㄤ繠㷖务➠Ⱘ剣ꅾ銳涸㖑⡙կ 

紺餘俒暟涸灇瑕껷⯓꨽銳㼆紺餘呋ㅷ绚餘絆䧭鵳遤ⴔ區⟄ꊹⵆ鸣紺鵂玐务⢪欽涸嗃暟紦絶⾲俱ㄤ
Ⱖ➭绚俱կ䔲⵸儑䗎Ꞥ♴紦絶錜㻋ⴔ區➠搬僽⼓ⴔ紺餘呋ㅷ绚俱勻彂涸⚺銳倰岁կ搬罜紦絶錜㻋偽岁
埋ⴔ霉⠮紦絶涸椚⻊暵䚍կ掚鄬鍒-孞湱蒀靶餘靶翫欽䪮助Py-GC/MS溶䧭⚹俒⻊麰❡곭㚖涸鸑欽䪮
助欽✵割ず绚俱涸邍䖄⟄⿺暵䚍灇瑕⡎㼆䩛䊨紺涸湱Ⱒ灇瑕暵ⵆ僽㼆⚎千〢去紺䓎涸Py-GC/MSⴔ
區䒓㾝涸灇瑕鳅㼱կ 

㽠孞湱蒀靶ⴔ猌罜鎊㼆✵絆ⴔ撑勇涸呋ㅷ䌢錞♧絶孞湱蒀靶䖃䖃偽岁㹊梡ぐ⚡絆ⴔ涸剣佪ⴔ猌
㔔姼䖃䖃㶸㖈Ⱏ峤膴⻊ざ暟կⰌ✳絶孞湱蒀靶禹絡ꅷ欽⚙⚡鸑鵂靈ⵖ禹絡鵶䱹涸嬁絈盗叙勻⠏⻊⿺匹邉
割ず匧䚍叙涸ⴔ猌腊⸂կ幑⸈餘靶⟉⡲⚹唬崵㐼⢪䖤〳⟄鸑鵂餘靶ⴔ區ꊹ㹁Ⰼ✳絶禹絡ⴔ猌涸⻊ざ暟կ㔔
姼Ⰼ✳絶孞湱蒀靶餘靶翫欽⟉GC×GC/MS禹絡⚹䮦封䚍剣纸⻊ざ暟涸ⴔ區䲿⣘✫刿넞涸ⴔ鳹桧ծ油
ⴔ猌腊⸂ծ鷥䭊䚍ㄤ刿⡛涸唬崵ꣳ⢪Ⱖ䧭⚹䔂㣐涸蒀靶ⴔ區禹絡կ 

劥俒确雭✫Py-GC×GC/MS鸑鵂唬崵♲蠂碫ㄤ嗃暟⻘ꃫ碫嗃暟叻雵暟㼆傈劥⠛絡䩛䊨紺鵳遤✫ꊹ㹁ㄤ
邍䖄կ➢唬崵油侨ծ⻊ざ暟ⴔ猌ծ叻雵⻊ざ暟涸⾝併䏞瘝倰꬗㼆霪倰岁鵳遤✫霉⟟կ鸑鵂㼆岁㕂し繠⽇暟껧
Musée Guimet)껧诡涸♧䌴侚摕〢歘涸邔紺绚俱勻彂涸ⴔ區ꢞꅺ✫Py-GC×GC/MS倰岁㖈罌〢呋ㅷⴔ區
务涸悶㖈䎾欽կ 

 

1㹊낉鿈ⴔ 

1.1 ⟉㐼 
PY-2020iD+GCMS-QP2010-Ultra +ZOEX Ⰼ✳絶靈ⵖ㐼 
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1.2 ⴔ區勵⟝ 

PY 鄬鍒庛䏞500°C 

蒀靶叙♧OPTIMA-5 HT30 m×0.25 mm×0.25 µm) 

蒀靶叙✳Zebron ZB-50 (2.8 m×0.1 mm×0.1 µm) 

叙庛玐䎸100˫(1 min)_2˫/min_325˫(25 min)

鲿孞He 

鲿孞䱽ⵖ倰䒭䛎⾓ 300 kPa 

鵳呋〡庛䏞280˫ 

靈ⵖワ劍10 sec  

鵳呋倰䒭ⴔ崨鵳呋  

ⴔ崨嫱30:1 

猌㶩⻊倰䒭EI 

猌㶩彂庛䏞200˫      

䱹〡庛䏞280˫ 

ꅷ꧋倰䒭Scan 

餘ꆀ薴㔵50~500 amu 

1.3 呋ㅷ⵸㢅椚 
獦》 20~50 µg 紺呋ㅷ佞Ⰶ鄬鍒缅务掚鄬鍒ⴔ區կ 

 

2. 絕卓雭雿 
2.1 傈劥噢淼紺Ⰼ✳絶靶㕃 

 
㕃 1 傈劥噢淼紺Ⰼ✳絶靶㕃务ぐ碫暟餘蒀靶油ⴔ䋒 
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靶㕃务ぐ碫暟餘〳⟄ⴔ⚹♲⚡⼓㚖Ⱖ务㕃务叻岤涸嗃暟叻雵暟⼓僽ꊹⵆ紺呋ㅷ嗃暟勻彂涸Ⱒꝶ⼓㚖
ROIRegion of Interest鸑鵂㼆霪⼓㚖涸蒀靶油鵳遤獤ⴔ䎇䒊用垷匣(template)〳⟄㹊梡㼆紺呋猫
碫涸䘯鸟ꊹⵆկ 

2.2 ♧絶靶㕃♸Ⰼ✳絶靶㕃涸嫱鳅 

 
㕃 2 Py-GC/MS ㄤ Py-GCxGC/MS ⴔ猌佪卓嫱鳅 

♳㕃僽ⴔⵆꅷ欽 Py-GC/MS ㄤ Py-GCxGC/MS ⴔ區湱ず涸傈劥噢淼紺呋涸靶㕃➢㕃务涸䳃㕃〳⟄僈儑
溏ⴀ♧絶靶㕃劢腊㹊梡熊㥩涸ⴔ猌ROI ⼓〫腊唬崵ⴀ 3 ⚡蒀靶油罜✳絶靶㕃ⴭ〳唬崵ⴀ 6 ⚡蒀靶油կ
ROI ⼓唬崵ⴀ涸暵䖄⻊ざ暟蒀靶油馊㢴䠑㄂满〳⟄欽勻ꊹⵆ涸⥌䜂馊㢴㼆呋ㅷ涸ꊹ㹁絕卓⛲㽠馊〳ꬑկ 
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2.3 〢歘呋ㅷ Py-GCxGC/MS ⴔ區 

 

㕃 3 崵霚呋ㅷ(岁㕂し繠⽇暟껧껧诡侚摕〢歘邔紺)涸♧絶崵霚(I) ✳絶崵霚(II)⟄⿺♸梡去噢淼紺呋涸㼆嫱(III)  

呋ㅷ㖈♧絶唬崵务〫剣 5 ⚡暵䖄油〳⟄鄄僈儑唬崵ⵌ㖈✳絶ⴔ猌务㣐鿈ⴔ暵䖄油〳⟄鄄唬崵ⵌ
䎇〳⟄倰⤑涸♸叻呋鵳遤㼆嫱ⴔ區կ㕃务紤蒀鿈ⴔ⚹叻ⲥ紺呋涸蒀靶鲰䐸油⧩⼓㚖綁蒀鿈ⴔ⚹呋ㅷ涸蒀
靶鲰䐸油⧩⼓㚖랕蒀⚹⚙罏ꅾ〜鿈ⴔ絑暵䖄油嫱㼆ⴔ區絕卓儑爙呋ㅷ⚹噢匬碫⾲俱涸紺䓎կ 

邍 1 噢淼紺鿈ⴔⰩ㘗暵䖄油⴩邍 

油〿 暵䖄猌㶩 ⴔ㶩䒭 ⻊ざ暟ぜ 务俒ぜ 

4 
406 255 

95 
C30 H46 oleanane-2912-triene 룅揭卓-2912-♲掜 

6 
218 203

189 
C30 H48 oleanane-212-diene 룅揭卓-212-✳掜 

8* 
218 189 

95 
C30 H48 urs-212-diene 擔卓-212-✳掜 

9 
147 81 

396 
C29 H50 O stigmasta-3-ol 鞝⻘-3-ꃫ 

12 
218 203 

189 
C30 H50 O oleanane-12-en-3-one 룅揭卓-12-掜-3-ꂼ 

13* 
218 203 

189 
C30 H50 O beta amyrin (Olean-12-en-3-ol) β-껺⽼腒ꃫ 
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14 
218 95 

107 
C30 H48 O urs-12-en-3-one 擔卓-12-掜-3-ꂼ 

15 
218 55 

81 
C30 H50 O alpha-amyrin (urs-12-en-3-ol) α-껺⽼腒ꃫ 

16 
174 410 

91 
C29 H46 O stigmasta-35-dien-7-one 鞝⻘-35-✳掜-7-ꂼ 

17* 
466 255 

95 
C32 H50 

O2 
oleanane-1214-diene-3-acetate 

룅揭卓-1214-✳掜-3-⛩ꃑ
ꂾ 

18 
95 69 

466 
C32 H50 

O2 
urs-1214-diene-3-acetate 擔卓-1214-✳掜-3-⛩ꃑꂾ 

19* 
218 203 

189 
C32 H52 

O2 
beta-amyrin acetateoleanane-12-ene-3-

acetate  
β-껺⽼腒ꃫ⛩ꃑꂾ 

20* 
218 189 

95 
C32 H52 

O2 
alpha-amyrin acetate (urs-12-ene-3-acetate) α-껺⽼腒ꃫ⛩ꃑꂾ 

i 
145 81 

95 
C29 H48 stigmasta-35-diene 鞝⻘-35-✳掜 

n 
135 143 

394 
C29 H48 O stigmasta-46-dien-3-ol 鞝⻘-46-✳掜-3-ꃫ 

w 
135 273 

407 
C30 H48 

O2 
oleanane-12-ene-11-one-3-ol 룅揭卓-12-掜-11-ꂼ-3-ꃫ 

z 
124 229 

55 
C29 H48 O stigmasta-4-ene-3-one 鞝⻘-4-掜-3-ꂼ 

*껧诡呋ㅷ♧絶唬ⴀ油 

 

3絕雿 
劥灇瑕䒊用✫♧猫⢪欽 Py-GCxGC/MS 邍䖄⠛絡⚎千紺涸䗎䰀ⴔ區倰岁կ⟄傈劥⠛絡䊨蒌ⵖ㢊涸䩛䪴紺

⚹⢾ⵄ欽 Py-GCxGC/MS 禹絡ㄤ Py-GC/MS 禹絡㼆呋ㅷ鵳遤✫崵霚낉霆✫ Py-GCxGC/MS 禹絡㖈呋ㅷ䗎
䰀ⴔ區倰꬗⠏馊涸油㺂ꆀծ⾝併䏞ㄤⴔ鳹桧կ赡搬鵯⚙猫倰岁鿪唬崵ⵌ✫⚺銳涸嗃暟叻雵⻊ざ暟⚹ꊹ㹁暟
餘勻彂䲿⣘✫暵䖄䭷紻⡎ Py-GC/MS ꦼ✵ⴔ區Ⱏ崨ⴀ⻊ざ暟ㄤゎꆀ⡛涸⻊ざ暟罜 Py-GCxGC/MS 〳⟄ⴔ
猌ㄤ唬崵鵯❈蒀靶油կ㼆껧诡〢歘呋ㅷ唬崵絑暵䖄油嫱㼆ⴔ區絕卓儑爙呋ㅷ⚹噢匬淼碫⾲俱涸紺䓎կPy-
GCxGC/MS 䲿⣘涸叻ⲥ呋ㅷ唬崵靶㕃〳⟄⡲⚹䘯鸟剣佪涸呋ㅷ嫱鳅ㄤꊹⵆ涸垷匣կ歋✵罌〢呋ㅷ䖃䖃〳蜦
䖤涸呋ㅷꆀ鳅㼱Ⰼ✳絶孞餘䨾㾝爙ⴀ涸⠏馊䚍霹僈Ⱖ〳⟄熊㥩涸䎾欽✵鵯♧곭㚖կ 

 
岤  湱 Ⱒ 䊨 ⡲ ⿬ 錛 Py-GCxGC/MS in cultural heritage studies: An illustration through analytical 
characterization of traditional East Asian handmade papersJournal of Analytical and Applied Pyrolysis
1222016458-467.  
俒畎Ꝇ䱹https://www.sciencedirect.com/science/article/abs/pii/S0165237016304806 
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LC-MS/MS 欽✵〢➿紺䓎厩俱涸㹁䚍ⴔ區 

䶰 銳劥俒⢪欽䀙峸♲ꅾ㔋匧勍巊餘翫欽⟉䒊用✫♧猫 LC-MS/MS 㹁䚍ⴔ區〢去紺䓎务 14 猫厩俱涸倰岁կ
呏研湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄⿺猌㶩㼆⚪䏞嫱⥌䜂㹊梡㼆湡叻厩俱涸㹁䚍癃叅絕ざ✳紩餘
靶䎽社程⸆腊〳鵳♧姿烁雩癃叅絕卓կ 
 

Ⱒꝶ霒♲ꅾ㔋匧勍巊餘翫欽⟉   紺䓎  厩俱     

 

〢去⛼硂雵䔶✫〢去爢⠔涸筛屛宋〷ծ㸺侅⥌⟓ծ俒⻊⠛䪬ㄤ欰崞⡲䜂瘝倰꬗僽梡去➃✫鍒〢去宋〷
封㾝涸ꅾ銳⣜研կ〢⛼ꤑ✫ꅷ欽䌢錛涸랕蒀紺⛼ⱗ⛓㢪剣傞鵮⠔ꅷ欽䕙蒀涸紺䓎䧴罏絚剣蔄紻涸紺䓎կ䌢
錛涸䕙蒀紺䓎♧菚剣紤蒀ծ磋蒀ծ覰蒀瘝鵯❈괃蒀鸑䌢僽欽㣔搬嗃暟䲿》涸蒀稇⚹⚺銳厩俱厩ⵖ罜䧭կ 

〢⛼㖈⥂㶸鵂玐务僒「ⵌ梠㞯㔔稇涸䕧ㆇ罜「ⵌ䰀㗁俒暟⥂䫡䊨⡲罏㖈㼆灶䰀涸〢⛼硂鵳遤⥝撑涸
鵂玐务꨽銳㽴〳腊欽ㄤ⾲勻绚餘⿺괃蒀湱⡃涸紺䓎鵳遤⥝邉կ㔔姼✫鍒紺䓎厩俱涸猫碫ㄤ勻彂㼆✵紺ⵖ
ㅷ俒暟涸⥝撑ㄤ⥂䫡剣⼧ⴔꅾ銳涸䠑⛐կ 

劥俒⢪欽䀙峸馄넞佪巊湱蒀靶⟉ㄤ♲ꅾ㔋匧勍餘靶翫欽禹絡䒊用✫♧猫㼆〢去紺䓎务14猫厩俱鵳遤
㹁䚍ⴔ區涸倰岁կ霪倰岁ⲥ烁〳ꬑ〳⚹〢去紺ⵖㅷ厩俱灇瑕䲿⣘䌐⸔կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

鳕  巊  岹 LC-30AD×2 禹絡䱽ⵖ㐼 CBM-20A 
膴  孞  纸 DGU-20A5R 唬  崵  㐼 LCMS-8045 ♲ꅾ㔋匧勍餘靶⟉ 
荈⸓鵳呋㐼 SIL-30AC 蒀靶䊨⡲畀 LabSolutions Ver. 5.96 
叙  庛  盲 CTO-20A   

 

1.2 ⴔ區勵⟝  
巊湱蒀靶勵⟝

蒀 靶 叙 Shim-pack GISS C18 (100 mm x 2.1 mm I.D. 1.9 μm  
P/N:227-30048-02䀙峸♳嵳㹊낉㐼绚剣ꣳⰖ尽 

崨 ⸓ 湱 A 湱-0.1%歌ꃑ宐    B 湱-⛩臟 
崨    鸟 0.3 mL/min  
鵳呋⡤獤 5 μL 
叙    庛 40˫ 
峤膴倰䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 30%傞ꢂ玐䎸錛邍 1կ 
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邍 1 傞ꢂ玐䎸 

Time(min) Module Command Value 

0.80 Pumps Pump B Conc. 30 
9.00 Pumps Pump B Conc. 90 

10.00 Pumps Pump B Conc. 90 
10.10 Pumps Pump B Conc. 30 
13.00 Controller Stop 

 

餘靶勵⟝ 
猌 㶩 彂 ESI+/- 膴 很 ⵫ 盗 庛 䏞 250˫ 
䱹 〡 歏 ⾓ 4KV/-3 KV ⸈ 掚 垷 㗌 庛 䏞 400˫  
꨺ ⻊ 孞 宆孞 3.0 L/min 䱹 〡 庛 䏞 300˫  
䎁 斕 孞 宆孞 10 L/min 䪊 䲽 垷 䒭 MRM 
⸈ 掚 孞 瑟孞 10 L/min M R M ⿬ 侨 錛邍 2 
焥 中 孞 孿孞   

邍 2  MRM ⿬侨 

䎸〿 ぜ獦 CAS No. ⵸⡤猌㶩 ❡暟猌㶩 Q1 Pre Bias(V) CE(V) Q3 Pre Bias(V) 

1 渮ꃑ蚋呏焦 6681-15-8 338.15+ 

322.05 -24.0 -30.0 -38.0 

323.10 -24.0 -25.0 -36.0 
294.05 -26.0 -28.0 -32.0 
279.10 -26.0 -42.0 -30.0 
265.05 -26.0 -48.0 -28.0 

2 䊼끩宝 3486-67-7 352.20+ 

336.10 -26.0 -31.0 -36.0 

308.15 -26.0 -29.0 -34.0 
337.10 -24.0 -24.0 -24.0 
278.00 -28.0 -55.0 -30.0 

3 랕䀈稇 491-67-8 271.10+ 

123.00 -20.0 -34.0 -22.0 

95.00 -20.0 -42.0 -20.0 
103.05 -32.0 -35.0 -40.0 
69.00 -32.0 -50.0 -28.0 

4 藥稇 72-48-0 241.10+ 

157.10 -30.0 -26.0 -28.0 

139.10 -28.0 -38.0 -26.0 

185.20 -28.0 -20.0 -32.0 

127.95 -30.0 -43.0 -24.0 

5 ꬂ桪紤 479-41-4 263.10+ 

219.20 -20.0 -26.0 -24.0 

190.10 -20.0 -37.0 -20.0 

235.05 -28.0 -26.0 -26.0 

217.20 -20.0 -28.0 -24.0 

  



 

64 

6 ꬂ覰 482-89-3 263.10+ 

77.05 -30.0 -48.0 -32.0 

235.10 -28.0 -24.0 -26.0 

219.10 -28.0 -24.0 -26.0 

131.95 -28.0 -31.0 -28.0 

206.05 -28.0 -33.0 -24.0 

7 诡紤蔄ꃑ 27876-94-4 263.10+ 

311.20 -24.0 -9.0 -24.0 

293.20 -24.0 -12.0 -22.0 

265.20 -24.0 -14.0 -28.0 

197.10 -26.0 -24.0 -24.0 

8 䊼銯蔼加稇 474-07-7 285.05- 

163.05 22.0 24.0 26.0 

135.15 22.0 30.0 20.0 

121.10 22.0 33.0 20.0 

229.10 22.0 31.0 40.0 

227.00 24.0 30.0 36.0 

9 勿哆稇 529-44-2 317.05- 

151.00 20.0 28.0 26.0 

179.00 24.0 22.0 32.0 

137.05 22.0 29.0 22.0 

109.10 20.0 41.0 40.0 

10 怚랕稇 528-48-3 285.00- 

135.05 22.0 23.0 22.0 

121.15 20.0 30.0 40.0 

163.05 24.0 19.0 24.0 

90.95 22.0 35.0 32.0 

228.90 24.0 25.0 32.0 

11 稘꜎蔄稇 487-52-5 271.05- 

135.05 20.0 19.0 22.0 

91.05 20.0 30.0 30.0 

107.05 20.0 46.0 38.0 

89.15 22.0 53.0 26.0 

12 㿋㣽ꂛ 520-18-3 269.10- 

185.15 20.0 29.0 40.0 

238.95 22.0 29.0 20.0 

104.95 22.0 30.0 36.0 

93.00 22.0 46.0 30.0 

117.15 22.0 49.0 20.0 

13 歌㛇䒗藥虊稇 117-02-2 253.00- 

225.00 20.0 28.0 40.0 
209.00 20.0 25.0 40.0 
224.05 20.0 35.0 38.0 
223.05 20.0 45.0 38.0 
208.05 20.0 31.0 36.0 
195.05 20.0 55.0 30.0 
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14 ⛩ꃀ稘虊稇 24502-78-1 329.10- 

269.10 24.0 15.0 26.0 
251.05 22.0 23.0 22.0 
241.10 24.0 25.0 20.0 
225.15 22.0 40.0 36.0 
254.10 26.0 25.0 24.0 
186.10 26.0 35.0 34.0 

1.3 呋ㅷ⵸㢅椚 
㼜紺ⵖㅷ俒暟鄳鵳㼭櫕⸈Ⰶ 1 mL ゎ 5%歌ꃑ涸歌ꃫ很巊70˫宐嵮⸈掚 20 min⸈Ⰶ 200 

µL ⛩臟很鍒婎序猌䗱》♳幡巊湬䱹鵳遤 LC-MS/MS ⴔ區կ 

2絕卓♸雭雿 
2.1 叻ⲥ呋ㅷ涸 MRM 蒀靶㕃 

  
渮ꃑ蚋呏焦 䊼끩宝 랕䀈稇 

   
藥稇 ꬂ桪紤 ꬂ覰 

   
诡紤蔄ꃑ 䊼銯蔼加稇 勿哆稇 

4.24e4Q 338.15>322.05 (+)
RT=2.423

1 2 3
0.0e0

2.0e4

4.0e4

1.42e5Q 352.20>336.10 (+)
RT=3.059

2 3 4
0.0e0

5.0e4

1.0e5

1.5e5

6.27e4Q 271.10>123.00 (+)
RT=4.196

3 4 5
0.0e0

2.0e4

4.0e4

6.0e4

4.09e4Q 241.10>139.10 (+)
RT=4.773

4 5 6
0.0e0

2.0e4

4.0e4

4.71e4Q 263.10>219.20 (+)
RT=5.901

5 6 7
0.0e0

2.0e4

4.0e4

2.28e5Q 263.10>77.05 (+)
RT=5.624

5 6
0.0e0

5.0e4

1.0e5

1.5e5

2.0e5

1.41e5Q 329.15>311.20 (+)
RT=6.289

5 6 7
0.0e0

5.0e4

1.0e5

1.45e6Q 285.05>163.05 (-)
RT=1.469

1 2
0.0e0

5.0e5

1.0e6

1.5e6

2.31e5Q 317.05>151.00 (-)
RT=2.306

1 2 3
0.0e0

1.0e5

2.0e5
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怚랕稇 稘꜎蔄稇 㿋㣽ꂛ 

  

 

歌㛇䒗藥虊稇 ⛩ꃀ稘虊稇  
㕃 1 14 猫厩俱⻊ざ暟涸 MRM 蒀靶㕃 

2.2 〢➿紺ⵖㅷ俒暟呋ㅷ涸唬崵絕卓 
⿬撑 1.2 务涸ⴔ區勵⟝㼆〢去紺䓎俒暟䲿》巊鵳遤ⴔ區呏研ぐ湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍

猌㶩㼆⟄⿺猌㶩㼆⚪䏞嫱⥌䜂㼆湡叻厩俱鵳遤㹁䚍癃叅կ㹊꣢呋ㅷ务癃叅ⵌꬂ覰ㄤꬂ桪紤⚙猫厩
俱絕卓㥵㕃 2 䨾爙կ 

  
ꬂ覰 ꬂ桪紤 

㕃 2 〢去紺䓎俒暟䲿》巊务湡叻暟涸 MRM 蒀靶㕃 

 

2.3 ✳紩餘靶䎽䵂程絕卓 
㖈 LabSolutions Insight 鲱⟝务⢪欽 MSn 靶䎽社程⸆腊靈欽溶匬䒊涸厩俱⻊ざ暟癃叅餘靶侨

研䎽霃縨湱䎾涸社程⿬侨㼆〢去紼絉ㅷ䲿》巊务涸厩俱䧭ⴔ鵳♧姿鵳遤㹁䚍癃叅կ㕃 3 ⚹〢去
紺䓎俒暟䲿》巊务ꬂ覰ㄤꬂ桪紤涸✳紩餘靶社䎽絕卓կ歋社䎽絕卓〳濼俒暟呋ㅷ务 2 猫厩俱涸㹊
崵✳紩餘靶㕃♸靶䎽务ꅷ꧋ⵌ涸✳紩餘靶⥌䜂社程⼐ꂁ湱⡃䏞〳鴪 95%⟄♳կ㕃 4 僽ꬂ覰〳腊涸
鄬鍒烱晙絕匬կ 

 

6.83e5Q 285.00>135.05 (-)
RT=2.372

1 2 3
0.0e0

2.0e5

4.0e5

6.0e5

3.74e6Q 271.05>135.05 (-)
RT=3.704

3 4 5
0.0e0

2.0e6

9.09e4Q 285.00>93.00 (-)
RT=4.056

3 4 5
0.0e0

2.5e4

5.0e4

7.5e4

3.91e5Q 253.00>225.00 (-)
RT=6.311

5 6 7
0.0e0

2.0e5

4.0e5

3.62e5Q 329.10>269.10 (-)
RT=7.540

7 8
0.0e0

1.0e5

2.0e5

3.0e5

5.61e5Q 263.10>77.05 (+)
RT=5.548

RT (min)
4.5 5.0 5.5 6.0 6.5

0.0e0

2.0e5

4.0e5

3.28e5Q 263.10>219.20 (+)

RT=5.857

RT (min)
4.5 5.0 5.5 6.0 6.5 7.0

0.0e0

2.0e5

4.0e5
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㕃 3 俒暟呋ㅷ务 2 猫厩俱涸✳紩餘靶㕃社䎽絕卓 

3絕雿 
劥俒⢪欽䀙峸 LCMS-8045 ♲ꅾ㔋匧勍巊餘翫欽⟉䒊用✫♧猫 LC-MS/MS 㹁䚍ⴔ區〢去紺䓎务

14 猫厩俱涸倰岁կ呏研湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄⿺猌㶩㼆⚪䏞嫱⥌䜂㹊梡㼆湡叻厩俱
涸㹁䚍癃叅絕ざ✳紩餘靶䎽社程⸆腊〳鵳♧姿烁雩癃叅絕卓կ霪倰岁ⲥ烁〳ꬑ〳⚹〢去紺ⵖ
ㅷ厩俱灇瑕䲿⣘䌐⸔կ 

㕃 4  ꬂ覰〳腊涸鄬鍒烱晙絕匬 



 

68 

Py-GC/MS ㄤ Py-GCxGC/MS ⴔ區銯诡呹羴㼈涸〢诡紺婎晙 

䶰 銳劥俒ⵄ欽掚鄬鍒-孞湱蒀靶餘靶翫欽岁⟄⿺掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽岁㼆銯诡痦♧䏠
诡⠛⡱侅㼈ꤎˋˋ呹羴㼈封梡涸〢去诡紺婎晙鵳遤✫ⴔ區կ⚙猫倰岁㼆诡紺婎晙涸紦絶䧭ⴔ鵳遤✫
ⴔ區鸑鵂♸梡去⿬罌紺呋㖈暵䖄叻雵⼓蒀靶油涸嫱鳅烁㹁✫姼诡紺婎晙涸ⵖ⡲⾲俱⚹榰껺杵嫫
紦絶կꅷ欽掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶岁ⴔ區婎晙䖤ⵌ涸Ⰼ✳絶靶㕃靶㕃ⴔ䧭 4 ⚡⼓㚖鿈ⴔ㼆
Ⱖ务涸✳ꂼㆆ㍟⼓㚖鵳遤ⴔ區霆㹊✫霪婎晙务幑⸈涸跗涯餘勻彂✵暋㥗涸⧺霃ず傞䖤ⵌ跗涯餘
絆㷖ⴔ區絕卓涸⽪霆կ鵯❈灇瑕⡤梡✫掚鄬鍒-孞湱蒀靶餘靶⟉⿺掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶⟉㖈
〢紺灇瑕务剣满䎛ꢢ涸䎾欽⵸兞կ 

 

Ⱒꝶ霒掚鄬鍒-孞湱蒀靶餘靶⟉  掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶⟉  诡紺婎晙 

 
鸣紺助涸封僈㼆⚆歲俒僈涸封㾝❡欰✫䊭㣐䕧ㆇկ诡紺僽诡偛翸㾀㖑⼓䨾❡紺涸絡獦诡

紺割➑僽诡俒⻊涸鲿⡤⛲僽诡俒⻊涸ꅾ銳絆䧭鿈ⴔ诡偛鸣紺䪮蒌僽2006䎃㕂㹻Ⱆ䋒涸痦
♧䪠㕂㹻紩ꬋ暟餘俒⻊麰❡կ搬罜诡紺涸饰彂ㄤ封㾝䎇割幡兠縁剣俒㶶雵鲿ㄤ罌〢㹊霆ⴔ
區կ 

〢诡紺涸猰䪮ⴔ區䊨⡲⚺銳歋妍崍㷖罏䒓㾝⺫䭍倝毐ㄤ歊㸝鶓㼷〢㙹诡紺ㄤ侚摕诡絑峯
诡紺ⴔ區կ20⚆紬ⴲ倛㗞㔔㖈倝毐ㄤ歊㸝鶓㼷〢㙹游䱡涸俒暟务⺫ゎⰖ⯋8⚆紬涸〢诡紺
絶⛲紵㣐㷖嗃暟㷖㹻㪭倛紵ꊹ㹁嗃暟紦絶勻彂⚹榰껺猰嗃暟⚂嶃䬀㣐ꆀ劢絑祍⻊涸㣐碛巤磋կ
2012䎃⵸た䗞㕂峿㜃㣐㷖Agnieszka瘝㷖罏㼆63⟝侚摕诡絑峯Ⱆ⯋9~13⚆紬劢絑崵䎃诡
紺呋ㅷ鵳遤紦絶ⴔ區封梡紦絶勻彂〳⟄ⴔ⚹♲碫띿碫蔻띿ծ㣐띿ծ榰껺猰榰껺㾩ծ
絕껺㾩⟄⿺匬淼կⰦ务⟄蔻띿ㄤ㣐띿⚹⾲俱涸诡紺鄄雩⚹僽侚摕劥㖑ⵖ⡲⟄榰껺㾩ծ絕
껺㾩ծ匬淼紦絶⚹⾲俱涸诡紺ⴭ彂✵诡⼓կ儑搬溶剣涸诡紺ⴔ區蜦》涸⥌䜂䎇割埋ⴔկ 

务㕂猰㷖ꤎ㣐㷖➃俒㷖ꤎ罌〢㷖♸➃碫㷖禹勿渤字侅䱇靃곿絆♸銯诡⽇暟껧㫞し⸈灇瑕
プծ务猰ꤎ〢腤嗅䨾껗䢴蔔⽇㡦ծ⟄⿺岁㕂㕂㹻荈搬宋〷⽇暟껧ծ傈劥ぜ〢㾋㣐㷖ծ륫靽㣐㷖
瘝⽀⡙涸㷖罏ざ⡲㼆銯诡痦♧䏠诡⠛⡱侅㼈ꤎˋˋ呹羴㼈封梡涸〢去诡紺婎晙䒓㾝✫絾ざⴔ
區⚺銳䩛媯⺫䭍C14崵䎃䪮助ծ儑䗎Ꞥ⟄⿺歏Ꞥ-腊靶ծX㼘絁遥㼘ծ掚鄬鍒-孞湱蒀靶餘靶翫
欽ծ掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽ㄤ跗涯餘絆㷖ⴔ區瘝կ俒畎封邍㖈շJournal of 
Archaeological Science: Reportsո痦♧⡲罏⚹务㕂猰㷖ꤎ㣐㷖暵ⵆ灇瑕⸔椚꯺㺉⽇㡦կ劥俒
蒜鷥䎇侮椚✫Ⱖ务掚鄬鍒-孞湱蒀靶餘靶⟄⿺掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽ⴔ區诡紺婎晙涸
ⰻ㺂霆㹊✫霪诡紺婎晙涸ⵖ⡲⾲俱⚹榰껺杵嫫紦絶幑⸈涸跗涯餘ⴭ彂✵暋㥗կ霪灇瑕⡤梡
✫掚鄬鍒-孞湱蒀靶餘靶⟉⿺掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶⟉㖈〢紺灇瑕务剣满䎛ꢢ涸䎾欽⵸
兞կ
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1㹊낉鿈ⴔ 
1.1 ⟉㐼 
掚鄬鍒-孞湱蒀靶餘靶PY-2020iD+ GCMS-QP2010 Plus 
掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶PY-3030D+ GCMS-QP2010 Ultra +ZOEX Ⰼ✳絶靈ⵖ㐼 

1.2 ⴔ區勵⟝  

掚鄬鍒-孞湱蒀靶餘靶勵⟝

鄬鍒庛䏞500°C 

蒀靶叙DB-5ms30 m×0.25 mm×0.25 µm 

叙庛玐䎸40˫(3 min)_2˫/min_325˫(25 min)

鲿孞He 

鲿孞䱽ⵖ倰䒭䛎絁鸟䏞ⴲ映崨ꆀ 1 mL/min 

鵳呋〡庛䏞280˫ 

鵳呋倰䒭ⴔ崨鵳呋  

ⴔ崨嫱10:1 

猌㶩⻊倰䒭EI 

猌㶩彂庛䏞200˫      

䱹〡庛䏞300˫ 

ꅷ꧋倰䒭Scan 

餘ꆀ薴㔵42~500 amu

掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶勵⟝

鄬鍒庛䏞500°C 

蒀靶叙♧OPTIMA-5 HT30 m×0.25 mm×0.25 µm) 

蒀靶叙✳Zebron ZB-50 (2.8 m×0.1 mm×0.1 µm) 

叙庛玐䎸100˫(1 min)_2˫/min_325˫(25 min)

鲿孞He 

鲿孞䱽ⵖ倰䒭䛎⾓ 300 kPa 

鵳呋〡庛䏞280˫ 

靈ⵖワ劍9 sec  

鵳呋倰䒭ⴔ崨鵳呋  

ⴔ崨嫱30:1 

猌㶩⻊倰䒭EI 

猌㶩彂庛䏞200˫      

䱹〡庛䏞300˫ 

ꅷ꧋倰䒭Scan 

餘ꆀ薴㔵50~500 amu

1.3 呋ㅷ⵸㢅椚 

獦》♧㹁ꆀ紺呋ㅷ掚鄬鍒-孞湱蒀靶餘靶岁⚹ 80~110 μg掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶岁⚹ 70 μg

佞Ⰶ鄬鍒缅务掚鄬鍒ⴔ區կ 

 

2絕卓♸雭雿 

2.1 紺呋暵䖄叻雵⼓ⴔ區 
⚎千紺呋掚鍒❡欰涸蒀靶㕃㣐荝〳ⴔ⚹♲⚡⚺銳鿈ⴔ紦絶稇䭷紻⼓㚖♧⚡ゎ剣焫孲⻊ざ暟ㄤ腒肘

ꃑ遥欰暟涸务ꢂ⼓㚖⥂殆傞ꢂ馄鵂 45 ⴔꛦ涸鿈ⴔ僽嗃暟叻雵暟⼓㚖獦⚹䠭Ⱓ馰⼓㚖ROIկ邍 1 㾝
爙✫呹羴㼈〢诡紺婎晙涸 ROI ⼓㚖涸⻊ざ暟կꛏ㼆 ROI ⼓㚖㼜诡紺婎晙♸梡去杵嫫紦絶诡紺紺呋鵳遤✫
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嫱鳅䎇♸♲咐mitsumata紺呋ㄤ꧁淼gampi紺呋㖲㾩✵榰껺猰嗃暟猰鵳遤✫的㾝嫱鳅㥵㕃
1 䨾爙㕃务⚙猫诡紺呋ㅷ㕃 1aծbⰨ剣鳅넞涸湱⡃䚍䎇♸〥㢪⚙猫♲咐紺㕃 4cㄤ꧁淼紺㕃 4d
剣碫⡃涸鄬鍒❡暟絆ざկ⚹✫鵳♧姿霉⠮〢诡紺呋ㅷㄤ榰껺猰嗃暟紺呋ㅷ涸湱⡃䚍㼆〢诡紺呋ㅷㄤ♲咐
⿺꧁淼紺紺呋ㅷ鵳遤✫ Py-GCxGC/MS ⴔ區㥵㕃 2 䨾爙կ鵯♲⚡呋ㅷ涸 ROI 霆㹊✫ Py-GC/MS 务錜㻋ⵌ
涸叻雵⻊ざ暟ⴔ䋒涸湱⡃䚍կ鸑鵂♸梡去榰껺杵嫫䩛䊨紺涸嫱鳅呹羴㼈〢诡紺婎晙Ⱘ剣榰껺杵嫫紦絶暵
䖄䭷紻邍僈Ⱖⵖ⡲⾲俱⚹榰껺杵嫫紦絶կ 

邍 1 Py-GC/MS ⴔ區紺呋暵䖄叻雵⼓ROI⻊ざ暟 

No. 
⥂殆傞ꢂ
min 

烱晙猌㶩 ⴔ㶩ꆀ ⴔ㶩䒭 ⻊ざ暟ぜ獦 

1 49.11 95/123/93/81/107 412 NA 〳腊梠孻鞝⻘掬絕匬 

2 51.27 69/81/95/93/121 410 C30H50 錭됺掜 

3 53.21 81/145/105/95/121 396 C29H48/C28H44O 鞝⻘-35-✳掜 

4 54.31 105/91/79/93/95 398 C28H46O 〳腊鞝⻘掬絕匬 
5 54.54 105/91/95/81/106 396 C29H48 鞝⻘-35-✳掜䒗匬⡤ 
6 54.71 135/81/95/143/119 412 C29H48O 鞝⻘-46-✳掜-3-ꃫ 
7 54.91 141/142/81/128/95 378 C26H50O 〳腊鞝⻘掬絕匬 
8 54.99 81/105/147/91/145 396 C29H48 鞝⻘掬-3-ꃫ 
9 57.06 136/121/95/79/93 412 C29H48O 鞝⻘-57-✳掜-3-ꃫ 

10 57.79 105/95/107/81/91 414 C29H50O 鞝⻘-5-掜-3-ꃫβ-靽⻘ꃫ 
11 58.96 174/91/159/410/81 410 C29H46O 鞝⻘-35-✳掜-7-ꂼ 
12 59.43 124/95/109/93/229 412 C29H48O 鞝⻘-4-掜-3-ꂼ 
13 59.82 43/136/95/55/81 410 C29H46O 鞝⻘-46-✳掜-3-ꂼ 

NA邍爙劢蜦䖤⥌䜂կ 

 
㕃 1 Py-GC/MS ⴔ區 ROI ⼓㚖涸䚪猌㶩崨蒀靶㕃a⿬罌杵嫫紦絶诡紺b呹羴㼈〢去诡紺c⿬罌♲咐紺d
⿬罌꧁淼紺 
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㕃 2 Py-GCxGC/MS ⴔ區 ROI ⼓㚖嫱鳅a呹羴㼈〢去诡紺b⿬罌♲咐紺呋c⿬罌꧁淼紺呋կ㕃务涸叻皊侨㶶㼆
䎾✵呏研湱䎾餘靶䲀倗ⴀ涸嫦⚡叻雵暟涸곫劍ⴔ㶩ꆀMWկ 

2.2Py-GC×GCMS ⴔ區跗涯䧭ⴔ 
诡紺婎晙涸Py-GCxGC/MS㕃靶〳⟄ⴔ⚹4⚡⼓㚖鿈ⴔi紺䓎涸紦絶稇䭷紻ii呋ㅷ务跗涯餘暟餘

涸孽㛇ꃑ掚꣭鍒❡欰涸✳ꂼㆆ㍟DKPiii♧禹⴩ꟋꝆ掬捎/掜捎腒肘ꃑ遥欰暟ㄤⰦ➭⻊ざ暟ꂾծ
ꃑiv榰껺杵嫫嗃暟叻雵暟⼓ROIկⴔ區跗涯䧭ⴔ〳㼜ꅾ挿佞㖈ii⼓㚖Ⱒ岤DKP碫暟餘邍2㾝
爙✫蒀靶务烁㹁涸⚺銳DKP⟄⿺烁㹁⚹ꂶ跗涯叻雵暟涸⻊ざ暟㕃3僽〢诡紺婎晙涸Ⰼ✳絶靶㕃կ㖈DKP⼓
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㚖⸓暟脸⾲跗涯涸䭷紻暵䖄䧭ⴔPro-HypծGly-HypծLeu-LeuծLeu-Ileu緃㣟♸姻䌢涸⸓暟脸⾲䭷紻㕃靶
湱嫱Hyp涸ゎꆀ僈儑⨊⡛կ呋ㅷ务唬崵ⵌ鳅넞ゎꆀ涸Pro碫㘗涸DKP罜Pro㖈暋㥗务涸ゎꆀ鳅넞կ呏研鵯
❈絕卓䲀崵䩛䊨鸣紺务幑⸈涸跗涯餘勻彂✵暋㥗罜霪灇瑕䊨⡲务涸跗涯餘絆㷖涸ⴔ區絕卓⛲霆㹊✫鵯♧
䲀崵կ 

邍2 Py-GCxGC/MSⴔ區诡紺䖤ⵌ涸DKPsㄤꂶ跗涯叻雵 

No. 
♧絶⥂殆傞ꢂ

min 
✳絶⥂殆傞ꢂ

sec 
⚺銳烱晙猌㶩
䔂䏞꣭䎸 

ⴔ㶩ꆀ ⴔ㶩䒭 ⻊ざ暟ぜ獦 

1 2.90 1.40 
110ծ53ծ109ծ

51ծ52 
110 C6H6O2 2-歌ꃀ㛇-5-歌㛇ト㊢ 

2 3.95 2.15 
126ծ55ծ69ծ

83ծ111 
126 C6H6O3 䒗띌蔠ꂛ涸䒗匬⡤絕匬 

3 4.25 2.65 
55ծ111ծ126ծ

83ծ98 
126 C6H6O3 䒗띌蔠ꂛ 

4 5.15 4.35 
126ծ71ծ55ծ

97ծ69 
126 C6H6O3 띌蔠ꂛ 

5 9.50 3.05 
108ծ126ծ55ծ

154ծ80 
154 C10H8O NA 

6 14.60 4.45 
154ծ153ծ

111ծ85ծ139 
NA NA NA 

7 18.20 5.50 
154ծ139ծ96ծ

93ծ111 
NA NA NA 

8 18.95 4.20 
154ծ139ծ

111ծ65ծ53 
NA NA NA 

9 36.65 3.50 
167ծ196ծ

168ծ123ծ197 
196 C10H12O4 NA 

10 36.80 3.35 
54ծ70ծ137ծ

151ծ108 
NA NA NA 

11 39.80 6.15 
182ծ181ծ

111ծ183ծ96 
182 C9H10O4 ♨ꄏ 

12 42.65 6.15 
186ծ93ծ65ծ

130ծ64 
226 C10H14N2O4 Hyp-Hyp 

13 42.65 6.10 
186ծ93ծ65ծ

64ծ130 
186 NA 

Glu-Gly Asp-Ala 
Ser-Val 

14 42.95 8.60 
70ծ69ծ97ծ

68ծ168 
168 C8H12N2O2 Pro-Ala 

15 44.45 8.85 
70ծ69ծ97ծ

168ծ68 
168 C8H12N2O2 Pro-Ala 

16 45.05 4.90 
181ծ210ծ91ծ

182ծ121 
NA NA NA 

17 45.95 1.15 
111ծ83ծ70ծ

69ծ154 
154 C7H10N2O2 

Pro-Gly+Ⱏ峤膴⼧㔋
ꃑ MW228 
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18 46.4 5.55 
167ծ210ծ

168ծ123ծ53 
210 C11H18N2O2 NA 

19 48.8 6.85 
70ծ154ծ72ծ

125ծ69 
194 C10H14N2O2 Pro-Val 

20 49.55 5.05 
181ծ210ծ

182ծ65ծ153 
210 NA NA 

21 50.45 7.15 
70ծ154ծ125ծ

69ծ72 
196 C10H16N2O2 Pro-Val 

22 52.25 8.25 
70ծ55ծ180ծ

151ծ110 
NA NA NA 

23 52.40 8.10 
70ծ180ծ55ծ

135ծ151 
NA NA NA 

24 53.3 5.05 
111ծ83ծ136ծ

55ծ121 
228 NA 

Hyp-Asp Ala-Val 
Leu-Asp 

25 54.05 6.45 
70ծ154ծ69ծ

86ծ71 
244 NA Glu-Asp 

26 54.35 5.80 
210ծ167ծ77ծ

121ծ149 
NA NA NA 

27 54.95 6.20 
154ծ70ծ86ծ

69ծ55 
210 C11H18N2O2 

3-䒗♨㛇Ⱉ孲ぼㅜ䎇
[12-a]ぼ㍟-14-✳

ꂼ  

28 55.55 6.50 
70ծ154ծ125ծ

69ծ55 
210 C11H18N2O2 Pro-Leu 

29 55.70 8.35 
70ծ194ծ69ծ

96ծ68 
194 C10H14N2O2 Pro-Pro 

30 55.85 6.65 
154ծ70ծ125ծ

69ծ155 
210 C11H18N2O2 梠❭⚋ꃀ㛇  

31 58.4 6.05 
210ծ167ծ77ծ

154ծ149 
210 NA NA 

32 58.55 5.90 
210ծ167ծ77ծ

154ծ149 
210 NA NA 

33 68.75 6.35 
186ծ117ծ

116ծ90ծ228 
NA NA NA 

34 73.4 6.15 
186ծ117ծ91ծ

187ծ57 
NA NA NA 

35 74.6 6.15 
186ծ117ծ

118ծ90ծ187 
NA NA NA 

NA邍爙劢蜦䖤⥌䜂կ 
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㕃3 诡紺婎晙涸Py-GCxGC/MS㕃靶 

 

3絕雿 
劥俒➝絏✫ꅷ欽掚鄬鍒-孞湱蒀靶餘靶岁⿺掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶岁㼆銯诡痦♧䏠诡⠛⡱侅㼈ꤎ

ˋˋ呹羴㼈封梡涸〢去诡紺婎晙涸ⴔ區䊨⡲կ⚙猫倰岁㼆诡紺婎晙涸紦絶䧭ⴔ鵳遤✫ⴔ區鸑鵂♸梡去⿬罌
紺呋㖈暵䖄叻雵⼓蒀靶油涸嫱鳅烁㹁✫姼诡紺婎晙涸ⵖ⡲⾲俱⚹榰껺杵嫫紦絶կꅷ欽掚鄬鍒-Ⰼ✳絶孞湱
蒀靶餘靶ⴔ區婎晙䖤ⵌ涸Ⰼ✳絶靶㕃靶㕃ⴔ⚹ 4 ⚡⼓㚖鿈ⴔ㼆Ⱖ务涸✳ꂼㆆ㍟⼓㚖鵳遤ⴔ區霆㹊✫
霪婎晙务幑⸈涸跗涯餘勻彂✵暋㥗涸⧺霃霪⧺霃䖤ⵌ跗涯餘絆㷖ⴔ區絕卓涸⽪霆կ鵯❈灇瑕⡤梡✫掚鄬
鍒-孞湱蒀靶餘靶⿺掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶㖈〢紺灇瑕务剣满䎛ꢢ涸䎾欽⵸兞կ 
 
岤湱Ⱒ䊨⡲⿬錛 Paper fragments from the Tibetan Samye Monastery: Clues for an unusual sizing recipe implying wheat 
starch and milk in early Tibetan papermakingJournal of Archaeological Science: Reports 36 (2021) 102793 
俒畎Ꝇ䱹https://www.sciencedirect.com/science/article/abs/pii/S2352409X21000055?via%3Dihub 
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痦 6 畎 怚㐼俒暟 
务㕂僽⚆歲♳剒粉封梡䎇⢪欽㣔搬怚涸㕂㹻կ怚㐼涸ⴀ梡騄➚溶剣 7000 㢴䎃涸宋〷կ1978 䎃㖈嵄寐

⡮㩈⿦屎㨖庋勠⾲映爢⠔麰㖧务封䱡ⴀ㕼✫騄➚溶剣 7000 㢴䎃涸㣐ꆀ加㐼ㄤ加胢怚烽ծ怚瘲կ㉁去溶ⴀ
梡剣礵繠俒껑涸怚㐼կ㥵屎⽂㸝꣉娀㸽勠㣐㟌务ⴀ㕼✫雽㢴赡加胢加㐼溶臱勁偽㶸⡎⽪㖈㕼♳涸级怚蔄
紻➠熊됮蒁կ 

怚㐼涸唬崵割➑⺫䭍ⵌ怚芘劥魧鵮⺫䭍怚㐼ⵖ⡲䊨蒌覆⿺ⵌ涸㖑➯㽻ծ괃俱ծ䎁䚍屘⟄⿺♧❈鄳껑欽
ꆄꜾ瘝䧭ⴔ鵯❈䧭ⴔ傁⺫ゎ剣纸䧭ⴔ⛲⺫ゎ偽纸䧭ⴔկ唬崵鵯❈䧭ⴔ覆⿺ⵌ涸唬崵⟉㐼⺫䭍錜㻋䗎錜䕎
䙖欽涸⯕㷖儑䗎Ꞥծ䪊䲽歏Ꞥⴔ區⯋稇絆䧭涸腊靶⟉ծX 㼘絁蚃⯕⯕靶⟉ⴔ區剣纸䧭ⴔ涸䬘削⯕靶⟉ծ
紤㢪⯕靶⟉瘝鵯❈⟉㐼鿪〳⟄㹊梡㼆呋ㅷ鵳遤偽䰀唬崵կ鵛䎃勻♧❈㷖罏㼜 Py-GC/MS掚鄬鍒-孞湱蒀
靶餘靶岁欽✵怚㐼俒暟涸ⴔ區掚鄬鍒Py涸⾲椚僽㼜呋ㅷ㖈넞庛♴澕ꢂ鄬鍒鄬鍒❡欰涸㼭ⴔ㶩〳⟄
鸑鵂孞湱蒀靶餘靶GC/MS鵳遤ⴔ區姼倰岁➑꨽銳䗎ꆀ呋ㅷ乼⡲皍⽀㼆俒暟呋ㅷ㹊梡䗎䰀ⴔ區ず
傞〳⟄䖤ⵌ刿⚪㺢涸呋ㅷ⥌䜂。 
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Py-GC×GC/MS 㖈❇崍怚ꊹ㹁⚥涸䎾欽 

䶰 銳劥俒䒊用✫掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽⟉Py-GC×GC/MSⴔ區怚㐼涸倝倰岁䎇㼜霪倰岁
䎾欽✵千崍怚猫碫涸ꊹⵆկ割ず❡㖑涸怚⽼Ⱖ实巊ⰻ涸⚺銳⻊㷖䧭ⴔ割ず鸑鵂ⴔ區割ず怚⽼怚芘务涸⻊
㷖䧭ⴔ〳⟄ꊹⵆ怚巊勻彂կꊹⵆ怚涸ㅷ猫傁腊✫鍒〢去俒⻊⿺䊨蒌䪮助⿶腊⚹怚㐼⥂䫡⥝撑䲿⣘䗳銳⥌
䜂կ鸑鵂㼆傈劥怚ծ务㕂怚ծ馊⽂怚ծ綇歒怚瘝怚芘呋ㅷ涸崵霚ⴔ區㼆Ⱖ⚺銳䧭ⴔ掬捎ծ掜捎ծ掬㛇薅ծ
ꂛㄤ⯄蘡ꂛ鵳遤ⴔ猌ծⴔ區⿺ꊹ㹁确程✫ Py-GC×GC/MS 㼆千崍怚涸邍䖄⿺❡彂ꊹ㹁կ 
 

Ⱒꝶ霒掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽⟉  千崍怚  ꊹ㹁 
 

怚⽼Toxicodendron vernicifluum 涸实巊⟄怚ꂛ⚹⚺銳䧭ⴔ鵯猫怚⽼⚺銳欰Ɤ㖈傈劥务㕂ㄤ꯺
㕂Toxicodendron succedaneum ⟄赈怚ꂛ⚹⚺銳䧭ⴔ欰Ɤ㖈馊⽂ㄤ务㕂〵弩㖑⼓; Gluta usitata ⟄綇
怚ꂛ⚹⚺銳䧭ⴔ欰Ɤ㖈綇歒岲㕂罈䮞ㄤ叐㚅㻠կ割ず❡㖑涸怚⽼Ⱖ实巊ⰻ涸⚺銳䧭ⴔ割ず鸑鵂ⴔ
區割ず怚巊䧭芘た怚芘务涸⻊㷖絆ⴔ〳⟄ꊹⵆ怚巊勻彂կ 

湡⵸怚㐼ⴔ區䌢欽涸⟉㐼僽Py-GC/MS♸Py-GC/MS 掚鄬鍒♧絶孞湱蒀靶湱嫱掚鄬鍒-Ⰼ✳絶孞湱蒀
靶餘靶翫欽⟉Py-GC×GC/MS剣刿넞涸鷥䭊䚍ㄤ油⧩㺂ꆀ刿넞涸⾝併䏞罜⚂〳⟄ⴔ猌ⴔ區暟♸㛇餘
䎁䪓ㄤず禹暟䎇〫꨽匧㼱涸呋ㅷꆀ(䗎⯘紩)㼆✵怚芘务涸叻䘋暟㖈靶㕃♳刿㺂僒ⴔ鳹կ鵯❈⠏⸷䲿넞✫
霋ⵆ劢濼⻊ざ暟涸腊⸂剣⸔✵帿Ⰶ㖑✫鍒怚⽼怚芘掚鄬鍒❡欰涸掚鍒❡暟⟄⤑霋ⵆծ⼓ⴔծꊹ㹁♸ⴔ區կ 

劥俒䒊用✫掚鄬鍒-Ⰼ✳絶孞湱蒀靶餘靶翫欽⟉Py-GC×GC/MSⴔ區怚㐼涸倝倰岁䎇㼜霪倰岁䎾
欽✵千崍怚猫碫涸ꊹⵆկ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

⟉㐼PY-2020iD +GCMS-QP2010 Ultra +ZOEXⰌ✳絶靈ⵖ㐼  

 
1.2 ⴔ區勵⟝ 

PY 鄬鍒庛䏞500°C 

蒀靶叙♧ OPTIMA-5 HT 30 m×0.25 mm×0.25 µm) 

蒀靶叙✳Zebron ZB-50 (2.8 m×0.1 mm×0.1 µm) 

叙庛玐䎸70˫(1 min)_3˫/min_300˫(20 min) 鲿孞He 
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鲿孞䱽ⵖ倰䒭䛎⾓ 300 kPa 

鵳呋〡庛䏞280˫ծ250 ˫湬䱹鄬鍒ծTMAH 岁 

靈ⵖワ劍10 sec            

鵳呋倰䒭ⴔ崨鵳呋        

ⴔ崨嫱50:1  

猌㶩⻊倰䒭EI 

猌㶩彂庛䏞200˫      

䱹〡庛䏞280˫ 

ꅷ꧋倰䒭Scan 

餘ꆀ薴㔵45~600 amu 

1.3 呋ㅷ⵸㢅椚 
ぐ》傈劥怚ծ务㕂怚ծ馊⽂怚ծ綇歒怚㔋碫怚芘 50 µg 佞Ⰶ鄬鍒缅务鵳遤湬䱹鄬鍒ㄤ TMAH 遥欰⻊

鄬鍒կ遥欰⻊鄬鍒岁㖈鵳呋⵸⸈Ⰶ 5 µL 涸繿歌㛇㔋歌㛇ꜽTMAH鵳遤掚鄬鍒ⴔ區կ 
 

2. 絕卓雭雿 
2.1 傈劥怚涸 Py-GCXGC/MS 涸✳絶蒀靶㕃 

 
㕃 1 傈劥怚芘呋ㅷ涸✳絶蒀靶㕃⚺銳鄬鍒❡暟1捎碫2蔉捎碫3薅ꂛ碫4龇薅✳ꂛ碫ㄤ⻊ざ暟 

2.2 ❇崍怚涸 Py-GCXGC/MS 涸鷥䭊猌㶩蒀靶㕃EIC 㕃 
⚹刿湬錜涸䳶爙呋ㅷꢂ涸䊵䒗㼆㕃 1 务涸Ⳝ⚡偛碫涸⻊ざ暟涸⟄♴烱晙猌㶩涸 EIC 蒀靶鵳遤✫ⴔ區

灇瑕m/z 55ծ57ծ67ծ107ծ108ծ123ծ151ծ152ծ320ծ326ծ328ծ346 ㄤ 354կ剒た㼆 m/z: 55( 掬
捎ծ掜捎ծ✳掜)ծ91掬㛇薅ծ107掬㛇ꂛծ123掬㛇⯄蘡ꂛծ152歌㛇⻊掬㛇⯄蘡ꂛ鵳遤暵䖄
⻊ざ暟㶸㖈䚍낉霆կ⟄♴➑㾝爙⟄ m/z: 107掬㛇ꂛծ152歌㛇⻊掬㛇⯄蘡ꂛ千崍怚⛓ꢂ涸䊵䒗涸 EIC
㕃կ 
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㕃 2 傈劥 JP ㄤ綇歒 MY 怚芘务烱晙猌㶩 m/z 107 涸䲿》猌㶩蒀靶㕃 
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㕃 3 傈劥 JP ㄤ务㕂 CN 怚芘务烱晙猌㶩 m/z 152磦⡤涸䲿》猌㶩蒀靶㕃 
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邍 1 㔋猫欰怚掚鍒鵂玐务涸⚺銳⻊ざ暟偛傈劥怚JPծ务㕂怚CNծ馊⽂怚VNծ綇歒怚MY 

 JP CN VN MY 

掬㛇薅⻊ざ暟 
A1–9 15 A1–9 A1–11 A1 3–13 

A′6–9 A′6–9 A′6–11 A′6–13 

掬㛇ꂛ⻊ざ暟 

p6–9 15 p6–9 15 p6–13 15 17 

p7–10 15 17; 

pP10 12 

P15 P15 P6–11 13 15 17 P1517; PP10 12 

掜㛇薅ꂛ⻊ざ暟 

p′15 17; p′15 17; p'17 p′17; p′′17 

p′′15 p′′15   

P′15; P′15; P′17 P′17; P′′17 

P′′15 P′′15   

掜㛇龇薅✳ꂛ⻊ざ暟 

C6–8 15 C6–8 15 C7–10 17 C15 17 

C'9 15 C'9 15 C'17 CP10 12 

A掬㛇薅 A'掜㛇薅; p: 龇掬㛇薅ꂛ P: ꢂ掬㛇薅ꂛp': 龇掜㛇薅ꂛP': ꢂ掜㛇薅ꂛ p'': 龇掜㛇薅ꂛ P'':ꢂ掜㛇
薅ꂛpP:龇-ω-薅㛇掬㛇薅ꂛPP: ꢂ-ω-薅㛇掬㛇薅ꂛC龇薅✳ꂛC''掜㛇龇薅✳ꂛCP:ω-薅㛇掬㛇龇
薅✳ꂛկ 

 

3絕雿 
欽 Py-GCxGC/MS 㼆〢俒暟务涸怚涸唬崵⾝併䏞熊넞鸑鵂⼓ⴔ怚ꂛծ赈怚ꂛㄤ綇怚ꂛ䲿넞✫千崍怚

巊涸ⴔ區佪桧կ㖈 GCxGC 蒀靶涸痦✳絶ⴔ猌务怚芘涸嫦⚡⚺銳絆ⴔ偛碫鸑鵂㸐又涸匧䚍ⴔ猌⢪䖤怚芘
务嫦⚡叻雵暟⥌〿油涸霋ⵆ尊䖤㺂僒կ2D ⴔ猌湬錜儑爙✫ EIC 蒀靶㕃务ぐ絆ⴔ涸暵䖄䕎朐剣ⵄ✵➢錠錣
♳⼓ⴔ割ず怚碫呋ㅷկ 

 
㕃 4 割ず怚⽼怚巊/怚芘掚鄬鍒-Ⰼ✳絶孞餘翫欽ⴔ區崨玐㕃կ 

岤:湱Ⱒ䊨⡲⿬錛Application of pyrolysis-comprehensive gas chromatography/mass spectrometry for 
identification of Asian lacquersTalanta 2018189:315-323.  
俒畎Ꝇ䱹https://www.sciencedirect.com/science/article/abs/pii/S0039914018306817 
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Py-GC/MS ⴔ區罌〢怚芘呋ㅷ 

䶰 銳劥俒ⵄ欽 PY-3030D+GCMS-QP2020 NX唬崵✫ 4 ⼝罌〢怚芘呋ㅷկⴔⵆꅷ欽湬䱹鄬鍒岁♸遥欰⻊
鄬鍒岁㼆呋ㅷ鵳遤✫㢅椚կ鸑鵂ⴔ區湬䱹鄬鍒岁靶㕃务涸掬㛇薅ꂛ䲀倗鵯Ⳝ⚡怚芘㖲勻彂✵务㕂䧴傈劥怚
⽼鸑鵂ⴔ區遥欰⻊鄬鍒岁靶㕃务涸腒肘ꃑ䧭ⴔ䲀倗鵯Ⳝ⚡怚芘㖲幑⸈✫䎁䚍屘䧭ⴔկPy-GCMS 倰岁呋ㅷ
⵸㢅椚皍⽀蜦䖤⥌䜂⚪㺢僽ⴔ區怚芘瘝剣纸罌〢呋ㅷ涸♧猫剣佪䩛媯կ 

Ⱒꝶ霒掚鄬鍒  孞湱蒀靶餘靶翫欽⟉  罌〢  怚芘 

 
怚㐼僽䭷欽怚嶃㖈ぐ猫㐼暟涸邍꬗䨾ⵖ䧭涸傈䌢㐼Ⱘ⿺䊨蒌ㅷծ繠助ㅷ瘝կ怚㐼Ⱘ剣罣惐ծ罣넞庛ծ罣

臱赤瘝暵婋⸆腊կ歋✵怚〳⟄ꂁⵖⴀ割ず涸괃蒀鵯⢪䖤怚㐼ꬋ䌢繠錜♧❈罌〢ⴀ㕼涸怚㐼赡宋絑⼪䎃
⣜搬⯕䕙㣫湡կ 

ⵖ⡲怚㐼䨾欽涸怚僽勻彂✵♧碫〭⨞怚⽼涸嗃暟կⶶ》鵯猫嗃暟㽠〳⟄䖤ⵌⰦ㣔搬巊实鵯㽠僽欰怚կ
⚆歲♳涸怚⽼猫碫籖㢴⡎⚺銳ⴔ䋒㖈⚎千⟄⿺⚎⽂千㖑⼓割ず猫碫涸怚⽼䨾❡怚Ⱖ⚺銳䧭ⴔ僽割ず涸
⢾㥵欰Ɤ㖈傈劥ծ务㕂ㄤ꯺㕂涸怚⽼䨾❡怚涸⚺銳䧭ⴔ僽怚ꂛ欰Ɤ㖈馊⽂涸怚⽼䨾❡怚涸⚺銳䧭ⴔ僽赈
怚ꂛ欰Ɤ㖈綇歒ծ岲㕂ծ罈䮞ㄤ叐㚅㻠涸怚⽼䨾❡怚涸⚺銳䧭ⴔ僽綇怚ꂛկ 

⚹✫㟞⸈怚㐼涸蒀峂䏞ծ䲿넞怚芘涸炽䏞㖈ⵖ⡲怚㐼傞䖃䖃⠔⸈Ⰶ䎁䚍屘կ䎁䚍屘Ⱘ剣鳅넞涸割껒ㄤ
䏞僒✵㖈瑟孞务孻⻊➢罜䕎䧭鳅炽涸怚芘鸑䌢䎁䚍屘⺫䭍呸屘ծ千띿碰ծ稘蔼碰屘瘝կ 

㼆怚涸猫碫♸䧭ⴔ涸ꊹ㹁ㄤ䊵䒗⻊ⴔ區剣⸔✵椚鍒〢去涸怚㐼俒⻊♸館僒կ姼㢪ずⰦ➭俒暟♧呋怚
㐼俒暟⛲⠔封欰罈⻊⚹⥂䫡♸䛪撑怚㐼꨽銳⢪欽♸䔲ⴲⵖ鸣傞湱ず涸绚俱կ㔔姼㼆罌〢麰鶺务涸怚㐼呋
ㅷ鵳遤ⴔ區ꊹ㹁㽠熊剣䗳銳կ 

怚芘僽♧猫㣔搬翸ざ暟掚鄬鍒孞湱蒀靶餘靶岁Py-GCMS僽♧猫鷓ざ✵ⴔ區怚芘涸倰岁霪倰岁〫
꨽銳㼱ꆀ呋ㅷ⛲㛇劥割꨽銳⵸㢅椚կ怚芘务♧❈匧䚍鳅넞⻊ざ暟歋✵㺂僒㖈蒀靶禹絡务封欰エ꣡➢罜䕧
ㆇ唬崵⾝併䏞կ⚹鍒Ɀ鵯♧꡼곿〳⟄ぢ呋ㅷ务⸈Ⰶ㔋歌㛇孲孻⻊ꜽTMAH⡲⚹遥欰⵫鵯呋㽠腊꣭⡛
湡叻暟匧䚍䲿넞唬崵⾝併䏞կ 

劥俒ꅷ欽PY-3030D+GCMS-QP2020 NX㼆4⼝罌〢怚芘呋ㅷ鵳遤✫唬崵鸑鵂鄬鍒❡暟涸ⴔ區䖤ⵌ✫怚
芘呋ㅷ涸♧❈⥌䜂կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
PY-3030D 掚鄬鍒鵳呋㐼 
孞餘翫欽⟉ GCMS-QP2020 NX  

1.2 ⴔ區勵⟝  

PY 勵⟝ 

鄬鍒拝庛䏞600˫0.2 min 

GCMS 勵⟝ 
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蒀靶叙Ultra AlLLOY+-5 

30 m×0.25 mmID×0.25 μm 

鵳呋〡庛䏞300˫ 

叙庛玐䎸40˫(3 min)_20˫/min_ 320˫(14 min) 

崨鸟䱽ⵖ倰䒭䛎絁鸟䏞倰䒭 

絁鸟䏞31.2 cm/s 

鵳呋倰䒭ⴔ崨鵳呋 

ⴔ崨嫱10:1 

猌㶩⻊倰䒭EI 

猌㶩彂庛䏞230˫ 

蒀靶餘靶䱹〡庛䏞300˫ 

ꅷ꧋倰䒭Scan  

䪊䲽薴㔵29~800 amu 

 

2呋ㅷ⵸㢅椚 
2.1 湬䱹鄬鍒岁 

獦》呋ㅷ紨0.25 mg佞Ⰶ鄬鍒缅务搬た佞Ⰶ掚鄬鍒荈⸓鵳呋㐼ⴔ區կ 

2.2 遥欰⻊鄬鍒岁 
獦》呋ㅷ紨0.25 mg佞Ⰶ鄬鍒缅务ぐ⸈Ⰶ20 µL涸20%㔋歌㛇孲孻⻊ꜽTMAH宐很巊搬た佞Ⰶ

掚鄬鍒荈⸓鵳呋㐼ⴔ區կ 

 

3絕卓♸雭雿 

3.1 湬䱹鄬鍒岁䚪猌㶩崨㕃 

 
㕃 1 㔋⚡怚芘呋ㅷ涸湬䱹鄬鍒岁䚪猌㶩崨㕃 

3.2 掬㛇薅ꂛⴔ區 
掬㛇ꂛ碫暟餘僽怚鄬鍒た涸暵䖄暟餘霪暟餘涸絕匬⚹薅ꂛ涸ꢂ⡙剣♧⚡掬㛇》去㛇割ず❡㖑涸掬

㛇猫碫僽剣⼓ⵆ涸➢TIC㕃务䲿》掬㛇ꂛ涸暵䖄猌㶩m/z108〳⟄䖤ⵌ掬㛇ꂛ碫暟餘涸暵䖄靶㕃կ㕃3僽俒
柄[1]务务㕂ծ傈劥ծ馊⽂ծ綇歒怚涸掬㛇薅ꂛ暵䖄靶㕃㕃4⚹㔋⼝怚芘呋ㅷ涸掬㛇薅ꂛ暵䖄靶㕃կ鵯㔋⚡
呋ㅷ㖲唬崵ⴀP15⼧❀掬㛇薅ꂛ鸑鵂㼆嫱〳⟄䲀倗鵯㔋⼝怚芘呋ㅷ涸怚巊勻彂〳腊僽务㕂䧴傈劥怚
⽼կ 

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0

0.0

0.5

1.0

1.5

2.0

2.5
(x10,000,000)

呋ㅷ 1 
呋ㅷ 2 
呋ㅷ 3 
呋ㅷ 4 
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㕃2 俒柄[1]务务㕂ծ傈劥ծ馊⽂ծ綇歒怚涸掬㛇薅ꂛ暵䖄靶㕃 

 
㕃3 㔋⼝怚芘呋ㅷ涸掬㛇薅ꂛ暵䖄靶㕃Pn邍爙掬㛇薅ꂛn邍爙掬㛇焫侨 

 

3.3 遥欰⻊鄬鍒岁䚪猌㶩崨㕃 

 
㕃 4 㔋⚡怚芘呋ㅷ涸遥欰⻊鄬鍒岁䚪猌㶩崨㕃 

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0

0.00

0.25

0.50

0.75

1.00

1.25

1.50
(x100,000,000)

呋ㅷ 1 
呋ㅷ 2 
呋ㅷ 3 
呋ㅷ 4 
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3.4 腒肘ꃑⴔ區 
腒肘ꃑ碫暟餘僽屘腒鄬鍒た涸暵䖄暟餘割ず屘腒鄬鍒❡欰涸腒肘ꃑ猫碫僽割ず涸➢TIC㕃务䲿》腒

肘ꃑ涸暵䖄猌㶩m/z74〳 ⟄䖤ⵌ腒肘ꃑ碫暟餘涸暵䖄靶㕃կ㕃6⚹㔋⼝怚芘呋ㅷ涸腒肘ꃑ暵䖄靶㕃邍1⚹
ぐ呋ㅷ涸腒肘ꃑ絆䧭կ鵯㔋⚡呋ㅷ㖲唬崵ⴀ♧❈瀊Ꝇ腒肘ꃑ⟄⿺✳⯋腒肘ꃑ呏研湱Ⱒ俒柄[2]鵯僽䎁䚍屘涸
暵䖄鄬鍒❡暟䲀崵鵯❈怚芘务㖲幑⸈✫䎁䚍屘կ 

 
㕃5 㔋⼝怚芘呋ㅷ涸腒肘ꃑ暵䖄靶㕃An去邍掬㛇ꃑan去邍掜㛇ꃑ2An去邍✳⯋ꃑn去邍焫侨 

邍1 怚芘呋ㅷ鄬鍒❡暟涸腒肘ꃑ絆䧭 

No. 腒肘ꃑ猫碫 
⥂殆傞ꢂ ꬗獤涰ⴔゎꆀ% 
min M218 喘 1-1 喘 8 MS:81 

1 A5 䧥ꃑ 5.586 8.55 3.58 4.09 5.01 
2 a6 䊹掜ꃑ 6.765 7.05 2.97 2.14 2.92 
3 A6 䊹ꃑ 6.905 13.67 7.61 9.18 10.3 
4 a7 䏊掜ꃑ 7.897 6.37 3.57 3.13 4.23 
5 A7 䏊ꃑ 7.976 16.66 8.87 10.22 11.64 
6 a8 鳟掜ꃑ 8.796 3.65 2.14 2.08 3.07 
7 A8 鳟ꃑ 8.867 13.47 9.34 9.92 10.32 
8 a9 㡧掜ꃑ 9.604 1.04 0.68 0.65 0.82 
9 A9 㡧ꃑ 9.662 4.16 3.19 3.35 3.85 

10 a10 涧掜ꃑ 10.348 0.67 0.43 0.45 0.37 
11 A10 涧ꃑ 10.398 1.36 1.04 1.07 1.3 
12 2A7 䏊✳ꃑ 10.550 1.17 0.28 0.23 0.49 
13 2A8 鳟✳ꃑ 11.241 2.11 1.51 1.3 2 
14 2A9 㡧✳ꃑ 11.887 2.47 3.54 3.75 4.66 
15 2A10 涧✳ꃑ 12.498 0.68 0.52 0.43 0.67 
16 A14 ⼧㔋掬ꃑ 12.930 2.07 1.57 0.76 1.2 
17 A15 ⼧❀掬ꃑ 13.484 1.46 1.49 0.97 1.37 
18 A16 腐嚔ꃑ 14.012 7.7 32.66 26.93 21.65 
19 A17 ⼧剧掬ꃑ 14.515 0.7 0.82 0.71 0.73 
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20 a18 屘ꃑ 14.892 0.29 0.98 0.76 0.57 
21 A18 炽腒ꃑ 14.998 3.14 11.42 13.48 10.22 
22 A20 ✳⼧掬ꃑ 15.902 0.29 0.97 2.75 1.38 
24 A22 ✳⼧✳掬ꃑ 16.736 0.3 0.39 1.08 0.63 
25 A23 ✳⼧♲掬ꃑ 17.131 0.28 ˋˋ ˋˋ ˋˋ 
26 A24 ✳⼧㔋掬ꃑ 17.529 0.69 0.4 0.57 0.59 

 

4絕雿 
劥俒ⵄ欽 PY-3030D+GCMS-QP2020 NX唬崵✫ 4 ⼝罌〢怚芘呋ㅷկⴔⵆꅷ欽湬䱹鄬鍒岁♸遥欰⻊鄬鍒

岁㼆呋ㅷ鵳遤✫㢅椚կ鸑鵂ⴔ區湬䱹鄬鍒岁靶㕃务涸掬㛇薅ꂛ䲀倗鵯Ⳝ⚡怚芘㖲勻彂✵务㕂䧴傈劥怚⽼
鸑鵂ⴔ區遥欰⻊鄬鍒岁靶㕃务涸腒肘ꃑ䧭ⴔ䲀倗鵯Ⳝ⚡怚芘㖲幑⸈✫䎁䚍屘䧭ⴔկPy-GCMS 倰岁呋ㅷ㢅
椚皍⽀蜦䖤⥌䜂⚪㺢僽ⴔ區怚芘瘝剣纸罌〢呋ㅷ涸♧猫剣佪䩛媯կ  
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Py-GC/MS ⴔ區䕙絚괃俱㽻⚥脸絕勞俱 

䶰 銳ꅷ欽 PY-3030D ♸ GCMS-QP2020 NX 翫欽ⴔ區✫♲⼝䕙絚괃俱㽻务脸絕绚俱⿺♧⼝㼓䫡绚俱呋ㅷ
ⴔ區倰䒭⚹遥欰⻊鄬鍒岁遥欰⻊鄬鍒岁靶㕃䖤ⵌ✫呋ㅷ暵䖄絆ⴔ⥌䜂鸑鵂叅霧俒柄ꆄ呋ㅷծ紤䕙ծ覰
䕙呋ㅷ〳腊剣跗涯餘碫脸絕绚俱⚂♲⼝呋ㅷ务㖲唬ⴀ♧⯋ꃑծ✳⯋ꃑծ膴孲紷ꃑ⿺Ⱖ遥欰暟䲀崵呋ㅷ务
〳腊幑⸈✫䎁䚍屘⿺匠껺⽼腒կ㼓䫡绚俱务〳腊剣跗涯餘碫脸絕绚俱⡎呋ㅷ务劢唬ⴀ膴孲紷ꃑ⿺Ⱖ遥欰
暟霹僈呋ㅷ务割ゎ剣匠껺⽼腒կ 

Ⱒꝶ霒掚鄬鍒孞湱蒀靶-餘靶翫欽岁  䕙絚괃俱  脸絕勞俱         

䕙絚碫俒暟♧湬僽俒暟⥂䫡涸ꅾ挿⛓♧罜脸絕绚俱刿僽䕙絚碫俒暟涸ꅾ銳絆䧭鿈ⴔ㼆Ⱖ氻㹲⿺⥂
㶸朐ⲃ⠔❡欰ꅾ銳䕧ㆇ㔔姼ⴔ區脸絕绚俱涸䧭ⴔ割➑僽灇瑕俒暟䊨蒌〷涸꨽銳罜⚂㼆✵憄⽭俒暟氻㹲
纸椚涸灇瑕⟄⿺霃雦ㄤ㹊倶⸈㔿⥂䫡䲃倶⛲鿪Ⱘ剣⼧ⴔꅾ銳涸䭷㼋䠑⛐կ 

俒暟务涸脸絕绚俱⣜研Ⱖ⻊㷖䧭ⴔ〳够ⴔ⚹跗涯餘ծ腒碫(屘腒ㄤ碫腒)ㄤ祪碫(焫宐⻊ざ暟)瘝կ跗涯餘
脸俱涸⼓ⴔ倰岁⚺銳剣⻊㷖ⴔ區岁ㄤ⟉㐼ⴔ區岁կ⻊㷖ⴔ區岁⚺銳僽鸑鵂錜㻋导䎾鵂玐务괃蒀涸尊⻊ծ
很鍒䏞瘝䚍餘勻ꊹⵆ俒暟务剣纸暟涸Ⱘ⡤䧭ⴔ霪倰岁㼆俒暟灶㗁䚍鳅㣐暵䒗䚍䊵偽岁㹊梡脸俱絈蒜
⥌䜂涸ꊹⵆկ梡㖈⚺銳䎾欽涸僽⟉㐼ⴔ區岁㥵孞餘翫欽䪮助(GCMS)ծ넞佪巊湱蒀靶岁(HPLC)ծ紤㢪⯕靶
岁(FTIR)瘝կ掚鄬鍒-孞湱蒀靶-餘靶(Py-GCMS)ⴭ僽㖈孞餘翫欽䪮助GCMS)㛇炄♳䎾鵘罜欰涸♧猫唬崵䪮
助㼜跗涯餘呋ㅷ㖈⚚呔䱽ⵖ涸梠㞯务⸈掚⢪⛓鄬鍒䧭⚹〳䮦封涸㼭ⴔ㶩ꅷ欽翫欽涸孞湱蒀靶-餘靶鄳
縨ⴔ猌ㄤ唬崵湱㼆✵孞餘翫欽䪮助(GCMS)涸呋ㅷ⵸㢅椚皍⽀㔔姼劥俒㼜⚺銳鷥》Py-GCMS䪮助㼆跗涯
餘碫脸俱鵳遤ⴔ區灇瑕կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
掚鄬鍒PY-3030D 
孞湱蒀靶餘靶⟉GCMS-QP2020 NX 

1.2 ⴔ區勵⟝  
Py 勵⟝ 
鄬鍒拝庛䏞600˫ (0.2 min) 
GCMS 勵⟝ 
蒀靶叙SH-Rxi-5Sil MS30 m×0.25 mm×0.25 µm 
叙庛玐䎸40˫ (3 min)_8˫/min_320˫(14 min) 
鵳呋〡庛䏞300 ˫ 
鵳呋垷䒭ⴔ崨鵳呋 
ⴔ崨嫱10:1 
䛎絁鸟䏞31.2 cm/sec 
猌㶩彂EI 

猌㶩彂庛䏞230˫ 
蒀靶餘靶䱹〡庛䏞300˫ 
歏猌腊ꆀ70 eV 
䪊䲽倰䒭Scan 
餘ꆀ䪊䲽薴㔵29~800 m/z 
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2呋ㅷ⵸㢅椚 
獦》ぐ呋ㅷ紨 0.50 mg佞Ⰶ鄬鍒缅务ぐ⸈Ⰶ 5 µL 涸 20%繿歌㛇㔋歌㛇ꜽ宐很巊TMAH㹔庛佞

縨 1 h た絑 PY-GCMS ⴔ區կ 

 

3絕卓♸雭雿 
3.1 ꆄ呋ㅷ脸絕勞俱涸唬낉 

㼆ꆄ呋ㅷ脸絕绚俱鵳遤唬낉Ⱖ䚪猌㶩崨㕃ծ暵䖄䧭ⴔⴔⵆ㥵㕃 1ծ邍 1 䨾爙 

 
㕃 1 ꆄ呋ㅷ脸絕绚俱䚪猌㶩崨㕃 

邍 1 ꆄ呋ㅷ脸絕绚俱䧭ⴔ邍 

No. ⻊ざ暟ぜ獦 薉俒ぜ獦 CAS 〿 
⥂殆傞ꢂ 
min 

湱⡃䏞 
% 

꬗獤涰ⴔ嫱 
% 

1 1-歌㛇ぼㅜ 1-methylpyrrole 96-54-8 4.417 93 0.11 
2 䧥ꃑ Valeric acid 624-24-8 6.340 92 1.89 
3 欥孽ꃑ Glycine 7148-06-03 6.697 95 23.69 
4 䊹ꃑ Caproic acid 106-70-7 8.712 95 0.68 
5 6-䏊掜ꃑ 6-heptanoic acid 1745-17-1 10.760 93 0.50 
6 㺢끩ꃑ Fumaric acid 624-49-7 10.933 90 0.93 
7 ♨✳ꃑ Succinic acid 106-65-0 11.158 96 1.05 
8 薅歌ꃑ Benzoic acid 93-58-3 12.512 88 0.77 
9 3-鳟掜ꃑ 3-octenoic acid 69668-85-5 12.856 88 0.34 

10 鳟ꃑ octoic acid 111-11-5 13.045 88 1.57 
11 䧥✳ꃑ Glutaric acid 1119-40-0 13.282 95 0.51 
12 24-✳歌㛇䧥✳ꃑ 24-dimethylglutaric acid 2121-68-8 14.587 91 0.35 
13 㡧ꃑ Nonanoic acid 1731-84-6 14.982 88 0.82 
14 䊹✳ꃑ adipic acid 627-93-0 15.298 95 0.79 
15 䏊✳ꃑ Heptanoic acid 1732-08-7 17.097 89 1.93 
16 鳟✳ꃑ Octanoic acid 1732-09-8 18.805 94 4.75 
17 ⼧✳ꃑ Dodecanoic acid 111-82-0 20.083 92 0.26 
18 㡧✳ꃑ Azelaic acid 1732-10-1 20.404 96 14.07 

19 2-歌㛇㡧掬-19-✳歌ꃑ 
2-methylnonane-19-

dicarboxylic acid 
36186-93-3 20.880 90 0.45 
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20 涧✳ꃑ Sebacic acid 106-79-6 21.904 93 1.50 
21 ⼧㔋ꃑ Tetradecanoic acid 124-10-7 23.034 97 0.96 
22 ⼧♧掜✳ꃑ Undecylene diacid 4567-98-0 23.329 90 0.46 
23 ⼧❀掬ꃑ Pentadecanoic acid 7132-64-1 24.401 97 0.61 
24 6-⼧Ⱃ掜ꃑ 6-octadecenoic acid 2777-58-4 25.402 91 0.35 
25 ⼧Ⱉꃑ palmitic acid 112-39-0 25.709 97 16.51 
26 䏊ꃑ Heptanoic acid 1731-92-6 26.941 97 0.27 
27 9-⼧Ⱃ掜ꃑ 9-octadecenoic acid 1937-62-8 27.833 96 3.19 
28 11 ⼧Ⱃ掜ꃑ 11 octadecanoic acid 1937-63-9 27.901 94 0.56 
29 炽腒ꃑ stearic acid 112-61-8 28.134 97 12.63 

30 导䒭 3-鳟㛇梠孻鳟ꃑ 
Trans 3-octyl epoxy octanoic 

acid 
6084-76-0 29.843 92 0.47 

31 ✳⼧焫掜ꃑ Eicosenoic acid 1120-28-1 30.352 95 0.47 
32 膴孲卖ꃑ Dehydroabietic acid 1235-74-1 30.630 91 3.02 

33 7-歌孻㛇㔋膴孲卖ꃑ 
7-methoxytetradehydroabietic 

acid 
- 31.717 90 2.94 

34 15-歌孻㛇膴孲卖ꃑ 
15-methoxydehydroabietic 

acid 
25236-86-6 32.301 84 0.34 

35 ✳⼧✳焫掜ꃑ Docosaenoic acid 929-77-1 32.401 93 0.24 

岤ꅷ欽 NIST20 靶䎽鵳遤唬程邍务㾝爙⚹⼐ꂁ䏞㣐✵ 85 涸⻊ざ暟⥌䜂 

歋絕卓〳濼ꆄ呋ㅷ脸絕绚俱务ゎ剣 1-歌㛇ぼㅜ(1 〿油)ծ欥孽ꃑ3 〿油霪⻊ざ暟⚹跗涯餘碫脸絕
绚俱涸掚鄬鍒暵䖄⻊ざ暟歋俒柄〳䲀崵霪呋ㅷ务〳腊剣跗涯餘碫脸絕绚俱霪呋ㅷ鵮唬崵ⵌ腐嚔ꃑ(25
〿油)ㄤ炽腒ꃑ(29 〿油)瘝♧⯋腒肘ꃑ⟄⿺鳟✳ꃑ(16 〿油)ծ㡧✳ꃑ(18 〿油)瘝✳⯋腒肘ꃑ鸑鵂雦皾腐
嚔ꃑ(P)♸炽腒ꃑ(S)涸嫱⧩(P/S)絕ざ㡧✳ꃑ(A)♸腐嚔ꃑ(P)涸嫱⧩(A/P)勻烁㹁屘俱猫碫կ霪呋ㅷ涸 P/S 涸
⧩⚹ 1.31A/P 涸⧩⚹ 0.59歋俒柄〳⟄䲀崵ⴀ霪呋ㅷ务ゎ剣䎁䚍屘կ姼㢪鵮㖈呋ㅷ务唬崵ⵌ✫匠껺⽼
腒涸掚鄬鍒暵䖄⻊ざ暟膴孲紷ꃑ⿺Ⱖ遥欰暟(32-34 〿霹僈呋ㅷ务〳腊剣匠껺⽼腒涸㶸㖈կ 

3.2 紤䕙脸絕勞俱涸唬낉 
㼆紤䕙脸絕绚俱鵳遤唬낉Ⱖ䚪猌㶩崨㕃ծ暵䖄䧭ⴔⴔⵆ㥵㕃 2ծ邍 2 䨾爙 

 
㕃 2 紤䕙呋ㅷ脸絕绚俱䚪猌㶩崨㕃 
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邍 2 紤䕙呋ㅷ脸絕绚俱䧭ⴔ邍 

No. ⻊ざ暟ぜ獦 薉俒ぜ獦 CAS 〿 
⥂殆傞ꢂ 
min 

湱⡃䏞 
% 

꬗獤涰ⴔ嫱 
% 

1 1-歌㛇ぼㅜ 1-methylpyrrole 96-54-8 4.434 95 0.48 
2 䧥ꃑ Valeric acid 624-24-8 6.349 95 2.32 
3 欥孽ꃑ Glycine 7148/6/3 6.774 95 13.77 
4 5-䊹掜ꃑ 5-hexenoic acid 2396-80-7 8.423 95 0.45 

5 2-歌㛇-2-歌孽㛇⚋ꃑ 
2-methyl-2 - (methylamino) 

propionic acid 
53617-94-0 8.480 89 0.18 

6 䊹ꃑ Caproic acid 106-70-7 8.718 89 2.22 
7 6-䏊掜ꃑ 6-heptanoic acid 1745-17-1 10.764 93 1.04 
8 ♨✳ꃑ Succinic acid 106-65-0 11.170 96 0.77 
9 薅歌ꃑ Benzoic acid 93-58-3 12.515 92 0.94 

10 4-鳟掜ꃑ 4-octenoic acid 1732-00-9 12.857 88 0.62 
11 鳟ꃑ octoic acid 111-11-5 13.046 82 2.95 
12 䧥✳ꃑ Glutaric acid 1119-40-0 13.289 95 0.55 
13 㡧ꃑ Nonanoic acid 1731-84-6 14.981 92 0.77 
14 䊹✳ꃑ adipic acid 627-93-0 15.302 96 0.70 
15 涧ꃑ Capric acid 110-42-9 16.788 93 0.24 
16 䏊✳ꃑ Heptanoic acid 1732-08-7 17.098 90 1.75 
17 鳟✳ꃑ Octanoic acid 1732-09-8 18.806 94 5.49 

18 2-歌㛇鳟掬-18-✳歌ꃑ 
2-methyloctane-18-

dicarboxylic acid 
36186-92-2 19.332 86 0.44 

19 ⼧✳ꃑ Dodecanoic acid 111-82-0 20.086 92 0.28 
20 㡧✳ꃑ Azelaic acid 1732-10-1 20.407 96 15.93 

21 2-歌㛇㡧掬-19-✳歌ꃑ 
2-methylnonane-19-

dicarboxylic acid 
36186-93-3 20.883 90 1.13 

22 涧✳ꃑ Sebacic acid 106-79-6 21.906 94 1.65 
23 ⼧㔋ꃑ Tetradecanoic acid 124-10-7 23.036 97 1.14 
24 ⼧♧掜✳ꃑ Undecylene diacid 4567-98-0 23.331 94 0.49 
25 ⼧❀掬ꃑ Pentadecanoic acid 7132-64-1 24.402 97 0.70 
26 ⼧Ⱉꃑ palmitic acid 112-39-0 25.710 97 17.84 
27 䏊ꃑ Heptanoic acid 1731-92-6 26.943 96 0.43 
28 9-⼧Ⱃ掜ꃑ 9-octadecenoic acid 1937-62-8 27.835 95 3.07 
29 炽腒ꃑ stearic acid 112-61-8 28.136 97 13.00 

30 곡䒭 3-鳟㛇梠孻鳟ꃑ 
CIS 3-octyl epoxy octanoic 

acid 
2566-91-8 29.844 92 0.41 

31 ✳⼧焫掜ꃑ Eicosenoic acid 1120-28-1 30.355 96 0.69 
32 膴孲卖ꃑ Dehydroabietic acid 1235-74-1 30.633 92 4.93 

33 7-歌孻㛇㔋膴孲卖ꃑ 
7-methoxytetradehydroabietic 

acid 
- 31.718 89 1.82 

34 15-歌孻㛇膴孲卖ꃑ 
15-methoxydehydroabietic 

acid 
25236-86-6 32.302 85 0.55 

35 ✳⼧✳焫掜ꃑ Docosaenoic acid 929-77-1 32.402 94 0.26 
岤ꅷ欽 NIST20 靶䎽鵳遤唬程邍务㾝爙⚹⼐ꂁ䏞㣐✵ 85 涸⻊ざ暟⥌䜂 
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歋絕卓〳濼紤䕙脸絕绚俱务ゎ剣 1-歌㛇ぼㅜ(1 〿油)ծ欥孽ꃑ3 〿油霪⻊ざ暟⚹跗涯餘碫脸絕绚
俱涸掚鄬鍒暵䖄⻊ざ暟歋俒柄〳䲀崵霪呋ㅷ务〳腊剣跗涯餘碫脸絕绚俱霪呋ㅷ鵮唬崵ⵌ腐嚔ꃑ(26 〿
油)ㄤ炽腒ꃑ(29 〿油)瘝♧⯋腒肘ꃑ⟄⿺鳟✳ꃑ(17 〿油)ծ㡧✳ꃑ(20 〿油)瘝✳⯋腒肘ꃑ鸑鵂雦皾腐嚔
ꃑ(P)♸炽腒ꃑ(S)涸嫱⧩(P/S)絕ざ㡧✳ꃑ(A)♸腐嚔ꃑ(P)涸嫱⧩(A/P)勻烁㹁屘俱猫碫կ霪呋ㅷ涸 P/S 涸⧩
⚹ 1.37A/P 涸⧩⚹ 0.89歋俒柄〳⟄䲀崵ⴀ霪呋ㅷ务ゎ剣䎁䚍屘կ姼㢪鵮㖈呋ㅷ务唬崵ⵌ匠껺⽼腒涸
掚鄬鍒暵䖄⻊ざ暟膴孲紷ꃑ⿺Ⱖ遥欰暟(32-34 〿霹僈呋ㅷ务〳腊剣匠껺⽼腒涸㶸㖈կ 

3.3 覰䕙脸絕勞俱涸唬낉 
㼆覰䕙脸絕绚俱鵳遤唬낉Ⱖ䚪猌㶩崨㕃ծ暵䖄䧭ⴔⴔⵆ㥵㕃 3ծ邍 3 䨾爙 

 
㕃 3 覰䕙呋ㅷ脸絕绚俱䚪猌㶩崨㕃 

邍 3 覰䕙呋ㅷ脸絕绚俱䧭ⴔ邍 

No. ⻊ざ暟ぜ獦 薉俒ぜ獦 CAS 〿 
⥂殆傞ꢂ 
min 

湱⡃䏞 
% 

꬗獤涰ⴔ嫱 
% 

1 4-䧥掜ꃑ 4-pentenoic acid 818-57-5 6.016 88 0.65 
2 䧥ꃑ Valeric acid 624-24-8 6.347 95 1.77 
3 欥孽ꃑ glycine 7148-06-03 6.666 95 23.1 
4 2-繿㛇-3-♨掜ꃑ 2-hydroxy-3-butenoic acid 5837-73-0 7.591 82 1.05 
5 5-䊹掜ꃑ 5-hexenoic acid 2396-80-7 8.425 95 0.91 
6 䊹ꃑ Caproic acid 106-70-7 8.717 88 1.53 
7 6-䏊掜ꃑ 6-heptanoic acid 1745-17-1 10.765 94 1.81 
8 ♨✳ꃑ Succinic acid 106-65-0 11.155 96 1.13 
9 歌㛇♨✳ꃑ Methyl succinic acid 1604-11-1 11.829 87 0.4 

10 薅歌ꃑ Benzoic acid 93-58-3 12.515 87 0.58 
11 3-鳟掜ꃑ 3-octenoic acid 69668-85-5 12.857 89 0.89 
12 鳟ꃑ octoic acid 111-11-5 13.047 87 1.8 
13 䧥✳ꃑ Glutaric acid 1119-40-0 13.284 96 0.46 
14 8-㡧掜ꃑ 8-nonenoic acid 20731-23-1 14.820 94 0.24 
15 䊹✳ꃑ adipic acid 627-93-0 15.303 95 0.53 
16 10 ⼧♧掜ꃑ 10-undecanoic acid 111-81-9 16.641 87 0.21 
17 ⼧♧ꃑ Undecanoic acid 1731-86-8 16.788 92 0.11 
18 䏊✳ꃑ Heptanoic acid 1732-08-7 17.101 92 2.12 
19 鳟✳ꃑ Octanoic acid 1732-09-8 18.815 95 6.32 
20 ⼧✳ꃑ Dodecanoic acid 111-82-0 20.087 94 0.18 
21 㡧✳ꃑ Azelaic acid 1732-10-1 20.426 96 18.68 
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22 2-歌㛇㡧掬-19-✳歌ꃑ 
2-methylnonane-19-

dicarboxylic acid 
36186-93-3 20.886 91 1.46 

23 涧✳ꃑ Sebacic acid 106-79-6 21.909 94 1.86 

24 2-歌㛇涧掬-110-✳歌ꃑ 
2-methyldecane-110-

dicarboxylic acid 
36186-94-4 22.365 88 0.15 

25 ⼧㔋ꃑ Tetradecanoic acid 124-10-7 23.038 97 0.42 
26 ⼧♧掜✳ꃑ Undecylene diacid 4567-98-0 23.334 93 0.63 
27 ⼧❀掬ꃑ Pentadecanoic acid 7132-64-1 24.403 96 0.22 
28 ⼧✳掬✳ꃑ Dodecanedioic acid 1731-79-9 24.690 93 0.19 
29 ⼧Ⱉꃑ palmitic acid 112-39-0 25.714 97 10.37 
30 ⼧♲掬✳ꃑ Tridecanoic acid 1472-87-3 25.975 87 0.15 
31 䏊ꃑ Heptanoic acid 1731-92-6 26.943 95 0.18 
32 9-⼧Ⱃ掜ꃑ 9-octadecenoic acid 112-62-9 27.837 95 1.48 
33 炽腒ꃑ stearic acid 112-61-8 28.140 97 8.6 

34 곡䒭 3-鳟㛇梠孻鳟ꃑ 
CIS 3-octyl epoxy octanoic 

acid 
2566-91-8 29.849 93 0.57 

35 ✳⼧焫掜ꃑ Eicosenoic acid 1120-28-1 30.356 94 0.51 
36 膴孲卖ꃑ Dehydroabietic acid 1235-74-1 30.638 93 4.56 

37 7-歌孻㛇㔋膴孲卖ꃑ 
7-methoxytetradehydroabietic 

acid 
- 31.726 90 3.57 

38 15-歌孻㛇膴孲卖ꃑ 
15-methoxydehydroabietic 

acid 
25236-86-6 32.305 87 0.42 

39 ✳⼧✳焫掜ꃑ Docosaenoic acid 929-77-1 32.403 92 0.21 
岤ꅷ欽 NIST20 靶䎽鵳遤唬程邍务㾝爙⚹⼐ꂁ䏞㣐✵ 85 涸⻊ざ暟⥌䜂 

覰䕙脸絕绚俱务劢唬ⴀぼㅜ⻊ざ暟⡎唬ⴀ剣欥孽ꃑ3 〿油歋俒柄〳䲀崵霪呋ㅷ务〳腊剣跗涯
餘碫脸絕绚俱霪呋ㅷ鵮唬崵ⵌ腐嚔ꃑ(29 〿油)ㄤ炽腒ꃑ(33 〿油)瘝♧⯋腒肘ꃑ⟄⿺鳟✳ꃑ(19 〿油)ծ
㡧✳ꃑ(21 〿油)瘝✳⯋腒肘ꃑ鸑鵂雦皾腐嚔ꃑ(P)♸炽腒ꃑ(S)涸嫱⧩(P/S)絕ざ㡧✳ꃑ(A)♸腐嚔ꃑ(P)涸
嫱⧩(A/P)勻烁㹁屘俱猫碫կ霪呋ㅷ涸 P/S 涸⧩⚹ 1.21A/P 涸⧩⚹ 0.80歋俒柄〳⟄䲀崵ⴀ霪呋ㅷ务ゎ剣
䎁䚍屘կ⛓㢪鵮㖈呋ㅷ务唬崵ⵌ✫㣐ꆀ匠껺⽼腒涸掚鄬鍒暵䖄⻊ざ暟膴孲紷ꃑ⿺Ⱖ遥欰暟(36-38
〿霹僈呋ㅷ务〳腊剣匠껺⽼腒涸㶸㖈կ 

3.4 㼓䫡勞俱涸唬낉 
㼆㼓䫡绚俱鵳遤唬낉Ⱖ䚪猌㶩崨㕃ծ暵䖄䧭ⴔⴔⵆ㥵㕃 4ծ邍 4 䨾爙 

 
㕃 4 㼓䫡绚俱䚪猌㶩崨㕃 
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邍 4 㼓䫡绚俱䧭ⴔ邍 

No. ⻊ざ暟ぜ獦 薉俒ぜ獦 CAS 〿 
⥂殆傞ꢂ 
min 

湱⡃䏞 
% 

꬗獤涰ⴔ嫱 
% 

1 ♨ꃑ butyrate 
623-42-

7 
4.191 93 0.65 

2 3-䧥掜ꃑ 3-pentenoic acid 
36781-

66-5 
5.766 87 0.16 

3 2-千歌㛇♨ꃑ 2-methylene butyric acid 
2177-
67-5 

5.928 95 2.77 

4 4-䧥掜ꃑ 4-pentenoic acid 
818-57-

5 
6.09 92 0.39 

5 4-䧥掜ꃑ⛩ꂾ Ethyl 4-pentenoate 
1968-
40-7 

6.709 85 0.21 

6 欥孽ꃑ glycine 1916948 6.907 93 3.8 

7 4-䧥掜ꃑ⛩ꂾ Ethyl 4-pentenoate 
1968-
40-7 

7.459 85 1.65 

8 2-歌㛇-2-♨掜ꃑ⛩ꂾ Ethyl 2-methyl-2-butenoate 
55514-

48-2 
7.605 94 0.93 

9 2-千歌㛇-4-䧥掜ꃑ 2-methylene-4-pentenoic acid 
51122-

89-5 
7.762 89 1.03 

10 2-歌㛇-2-⚋掜ꃑ 2-methyl-2-acrylic acid 79-41-4 8.279 97 2.14 

11 4-歌㛇-4-䧥掜ꃑ 4-methyl-4-pentenoic acid 
2258-
59-5 

8.348 97 0.88 

12 4-歌㛇-2-䧥掜ꃑ 4-methyl-2-pentenoic acid 
50652-

78-3 
8.934 85 0.14 

13 ✳孲-3-歌㛇-23H-ト㊢ꂼ 
Dihydro-3-methyl-2 (3H) - 

furanone 
1679-
47-6 

9.469 85 0.36 

14 24-䊹✳掜ꃑ 24-hexadienoic acid 
1515-
80-6 

9.744 89 0.6 

15 25-✳孲-35-✳歌㛇-2-ト㊢ꂼ 
25-dihydro-35-dimethyl-2-

furanone 
- 10.617 92 0.1 

16 24-✳歌㛇-4-䧥掜ꃑ 24-dimethyl-4-pentenoic acid 
34998-

29-3 
10.673 86 0.73 

17 Ⱉ孲-135-♲歌㛇-135-♲㍟ 
Hexahydro-135-trimethyl-

135-triazine 
108-74-

7 
10.921 94 0.34 

18 䧥✳ꃑ Glutaric acid 
1119-
40-0 

13.375 96 1.01 

19 2-歌㛇䧥✳ꃑ 2-methylglutaric acid 
14035-

94-0 
14.08 96 0.56 

20 24-✳歌㛇䧥✳ꃑ 24-dimethylglutaric acid 
2121-
68-8 

14.165 92 0.9 

21 12-梠♨✳續ꃑ 
12-cyclobutanedicarboxylic 

acid 
3396-
20-1 

14.507 97 2.38 
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22 24-✳歌㛇䧥✳ꃑ 24-dimethylglutaric acid 
2121-
68-8 

14.685 92 1.15 

23 L-㣔Ⱶ孽ꃑ L-aspartic acid - 15.091 88 0.26 

24 邆䐀ꃑ✳⛩ꂾ Diethyl itaconic acid 
2409-
52-1 

15.155 93 0.45 

25 2-歌㛇䧥✳ꃑ 2-methylglutaric acid 
14035-

94-0 
15.321 85 1.57 

26 ⼧Ⱉꃑ palmitic acid 
112-39-

0 
25.778 96 1.21 

27 ꢂ薅✳歌ꃑ Isophthalic acid 
121-91-

5 
26.95 87 0.61 

28 9-⼧Ⱃ掜ꃑ 9-octadecenoic acid 
1937-
62-8 

27.91 94 1.25 

29 11-⼧Ⱃ掜ꃑ 11-octadecenoic acid 
52380-

33-3 
27.977 86 0.61 

30 炽腒ꃑ stearic acid 
112-61-

8 
28.205 96 1.14 

31 ✳⼧焫掜ꃑ Eicosenoic acid 
1120-
28-1 

30.425 88 0.46 

32 18-歌㛇䒗㿋唄ꃑ 18-methylisosorbic acid - 31.184 89 0.6 

岤ꅷ欽 NIST20 靶䎽鵳遤唬程邍务㾝爙⚹⼐ꂁ䏞㣐✵ 85 涸⻊ざ暟⥌䜂 
歋絕卓〳濼㼓䫡绚俱呋ㅷ务ゎ剣欥孽ꃑ6 〿油霪⻊ざ暟⚹跗涯餘碫脸絕绚俱涸掚鄬鍒暵䖄⻊ざ

暟歋俒柄〳䲀崵霪呋ㅷ务〳腊剣跗涯餘碫脸絕绚俱ず傞㖈霪呋ㅷ鵮唬崵ⵌ腐嚔ꃑ(26 〿油)ㄤ炽腒ꃑ
(30 〿油)瘝♧⯋腒肘ꃑ⡎呋ㅷ务劢唬ⴀ膴孲紷ꃑ⿺Ⱖ遥欰暟霹僈呋ㅷ务割ゎ剣匠껺⽼腒կ 

 

4絕雿 
ꅷ欽 PY-3030D ♸ GCMS-QP2020 NX 翫欽ⴔ區✫♲⼝䕙絚괃俱㽻务脸絕绚俱⿺♧⼝㼓䫡绚俱呋ㅷⴔ區

倰䒭⚹遥欰⻊鄬鍒岁遥欰⻊鄬鍒岁靶㕃䖤ⵌ✫呋ㅷ暵䖄絆ⴔ⥌䜂鸑鵂叅霧俒柄ꆄ呋ㅷծ紤䕙ծ覰䕙呋
ㅷ〳腊剣跗涯餘碫脸絕绚俱⚂♲⼝呋ㅷ务㖲唬ⴀ♧⯋ꃑծ✳⯋ꃑծ膴孲紷ꃑ⿺Ⱖ遥欰暟䲀崵呋ㅷ务〳腊
幑⸈✫䎁䚍屘⿺匠껺⽼腒կ㼓䫡绚俱务〳腊剣跗涯餘碫脸絕绚俱⡎呋ㅷ务劢唬ⴀ膴孲紷ꃑ⿺Ⱖ遥欰暟霹
僈呋ㅷ务割ゎ剣匠껺⽼腒կ 
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痦 7 畎 紼絉ㅷ俒暟 
䧮㕂僽⚆歲ꢉぜ涸⚏絺〢㕂維⚏絉絺僽䧮㕂〢去⸣⸓➃字涸⠚㣐封僈⛓♧粉㖈 5000 䎃⵸溶ⴀ梡嗃

呹Ⱞ趄維⚏ծ絉絺կⵌ 2500 䎃⵸涸ワ去䧮㕂涸紼絉⚌溶絑䱍䳣✫絉絤ㄤ䲿蔄䪮助կⰖ⯋⵸ 3 ⚆紬䧮
㕂涸紼絉⚌溶鴪ⵌ湱䔲넞涸宐䎂ⴀ梡✫絉䋒纸ⴀ㕼涸紼絉ㅷ俒暟⺫䭍✫絤ծ紳ծ縄ծ絰ծꝮծⵞ絥ծ띿
䋒瘝㢴猫㢴呋涸⚏띿紼絉ㅷկ巨ծ㸢ծ⯋ծ僈ծ幡傞劍涸紼絉⚌ꥥ满爢⠔涸封㾝ծ猰㷖䪮助涸鵳姿紼絉
⚌鵳♧姿封㾝麰㶸♴勻涸紼絉ㅷ俒暟侨ꆀ㢴䊨蒌礵絈ծ蒀䕙絜⚽⚹灇瑕䧮㕂紼絉〷ծ剪껑ծ紼絉䊨蒌
䲿⣘✫⼧ⴔ棇餥涸㹊暟餴俱կ 

紼絉ㅷ俒暟䭽撑紼絉紦絶㣐碫〳ⴔ⚹嗃暟紦絶♸⸓暟紦絶կ嗃暟紦絶⺫䭍猫㶩紦絶涸唼蔄♸藎紦絶涸
蔻띿ծ㣐띿ծ랕띿ծ千띿⸓暟紦絶⺫䭍⚏紦絶涸趄⚏♸嬁紦絶涸繙嬁ծ⯨嬁ծ暋嬁ծ끹嬁瘝կ紼絉ㅷ俒暟
涸ⴔ區⺫䭍紦絶絕匬ⴔ區ծ紦絶绚餘ⴔ區ծ絉暟厩蒀⵫ⴔ區կ紦絶絕匬ⴔ區♧菚ꅷ欽䌢錞儑䗎Ꞥⴔ區紦絶
绚餘ⴔ區〳ꅷ欽紤㢪⯕靶⟉ⴔ區紦絶涸䧭ⴔ⥌䜂㼆✵嗃暟紦絶紼絉ㅷ〳⟄碫⡃✵紺餘俒暟ꅷ欽 Py-GC/MS
ⴔ區㼆✵⸓暟紦絶ⴭ〳ꅷ欽跗涯餘ⴔ區⟉ծ欰暟餘靶ծ巊湱蒀靶餘靶瘝䩛媯鵳遤ⴔ區絉暟厩蒀⵫ⴔ區♧
菚ꅷ欽巊湱蒀靶䧴巊湱蒀靶餘靶鵳遤ⴔ區կ 
 

 



 

95 

LC-MS/MS 欽✵〢➿紼絉ㅷ厩俱涸㹁䚍ⴔ區 

䶰 銳劥俒⢪欽䀙峸 LCMS-8045 ♲ꅾ㔋匧勍巊餘翫欽⟉䒊用✫♧猫 LC-MS/MS 㹁䚍ⴔ區〢去紼絉ㅷ务 12
猫厩俱涸倰岁կ呏研湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄⿺猌㶩㼆⚪䏞嫱⥌䜂㹊梡㼆湡叻厩俱涸㹁䚍癃
叅絕ざ✳紩餘靶䎽社程⸆腊〳鵳♧姿烁雩癃叅絕卓կ 
 

Ⱒꝶ霒♲ꅾ㔋匧勍⚮翫餘靶  紼絉ㅷ  厩俱     

 

䧮㕂涸紼絉ㅷ厩蒀封㾝宋〷䝐⛉Ⱖ务⟄㣔搬嗃暟厩俱涸䎾欽剒⚹䎛岌կ剣〢俒柄雵鲿銯ワ傞劍➃又
溶絑封梡✫㢴猫〳⟄厩蒀涸嗃暟Ⱖ务藥虊〳⟄厩紤蒀觴虊〳⟄厩覰蒀稘虊〳⟄厩稘蒀蚅虊〳⟄厩랕
蒀կ㼆〢去紼絉ㅷ务⢪欽涸紦絶ㄤ厩俱䧭ⴔ涸ꊹ㹁〳⟄䌐⸔䧮又帿Ⰶ✫鍒〢去俒⻊宋〷⠛乄✫鍒〢去厩
蒀䊨蒌ず傞㼆✵宋〷俒暟涸⥝撑ㄤ⥂䫡鿪Ⱘ剣⼧ⴔꅾ銳涸䠑⛐կ 

劥俒⢪欽䀙峸馄넞佪巊湱蒀靶⟉LC-30Aㄤ♲ꅾ㔋匧勍餘靶LCMS-8045翫欽禹絡䒊用✫♧猫㼆〢去紼
絉ㅷ务12猫厩俱鵳遤㹁䚍ⴔ區涸倰岁կ霪倰岁ⲥ烁〳ꬑ〳⚹〢去紼絉ㅷ厩俱灇瑕䲿⣘䌐⸔կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

鳕  巊  岹 LC-30AD×2 禹絡䱽ⵖ㐼 CBM-20A 
膴  孞  纸 DGU-20A5R 唬  崵  㐼 LCMS-8045 ♲ꅾ㔋匧勍餘靶⟉ 
荈⸓鵳呋㐼 SIL-30AC 蒀靶䊨⡲畀 LabSolutions Ver. 5.96 
叙  庛  盲 CTO-20A   

1.2 ⴔ區勵⟝  
巊湱蒀靶勵⟝
蒀 靶 叙 Shim-pack GISS C18 (100 mm x 2.1 mm I.D. 1.9 μm  

P/N:227-30048-02䀙峸♳嵳㹊낉㐼绚剣ꣳⰖ尽 
崨 ⸓ 湱 A 湱-0.1%歌ꃑ宐    B 湱-⛩臟 
崨    鸟 0.3 mL/min  
鵳呋⡤獤 5 μL 
叙    庛 40˫ 
峤膴倰䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 30%傞ꢂ玐䎸錛邍 1կ 

邍 1 傞ꢂ玐䎸 

Time(min) Module Command Value 

0.80 Pumps Pump B Conc. 30 
9.00 Pumps Pump B Conc. 90 

10.00 Pumps Pump B Conc. 90 
10.10 Pumps Pump B Conc. 30 
13.00 Controller Stop 
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餘靶勵⟝ 
猌㶩彂 ESI+/- 膴很⵫盗庛䏞 250˫ 
猌㶩彂䱹〡歏⾓ 4KV/-3 KV ⸈掚垷㗌庛䏞 400˫  
꨺⻊孞 宆孞 3.0 L/min 䱹〡庛䏞 300˫  
䎁斕孞 宆孞 10 L/min 䪊䲽垷䒭 MRM 
⸈掚孞 瑟孞 10 L/min MRM ⿬侨 錛邍 2 
焥中孞 孿孞   

邍 2  MRM ⿬侨 

ぜ獦 ⵸⡤猌㶩 ❡暟猌㶩 Q1 Pre Bias(V) CE(V) Q3 Pre Bias(V) 

蒔랕稇 389.15+ 

331.20 -28 -33 -36 
372.95 -20 -27 -26 
359.10 -28 -29 -26 
313.00 -28 -36 -34 
356.20 -28 -27 -40 
297.05 -20 -38 -32 

ꬂ覰 263.10+ 

77.05 -30 -48 -32 

235.10 -28 -24 -26 
219.10 -28 -24 -26 
131.95 -28 -31 -28 
206.05 -28 -33 -24 

㩍랕稇 369.10+ 

177.05 -26 -20 -20 

285.10 -28 -16 -22 
145.00 -26 -33 -30 
117.05 -26 -45 -24 
245.10 -28 -10 -28 
89.10 -28 -55 -36 

厩俱加랕ꂼ 271.10+ 

153.00 -20 -28 -30 

91.05 -20 -40 -36 

65.10 -20 -55 -26 

215.00 -30 -25 -24 

115.15 -20 -51 -22 

242.90 -20 -23 -28 

繿㛇藥虊稇 257.05+ 

187.00 -20 -24 -36 

229.05 -20 -24 -26 

159.00 -28 -30 -34 

127.05 -30 -45 -24 

77.10 -20 -55 -32 

103.05 -20 -43 -20 
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㼭墈焦 336.10+ 

320.05 -24 -30 -36 

292.10 -24 -30 -32 

321.10 -24 -23 -36 

278.10 -24 -44 -30 

坞淼稇 301.10- 

151.10 22 23 24 

179.10 22 20 32 

107.10 22 30 36 

65.15 22 41 20 

121.10 22 27 40 

83.00 34 45 30 

ꭶ蔄ꃑ 301.10- 

145.10 22 41 20 

229.20 22 28 20 

185.20 22 31 38 

200.90 24 32 30 

284.25 24 33 28 

蔼加礵 301.15- 

179.10 22 21 32 

137.10 22 28 24 

123.25 22 35 20 

108.95 20 43 34 

164.05 20 28 28 

161.05 24 30 24 

㣐랕稇 269.10- 

225.10 20 27 20 

241.10 20 29 20 

182.15 20 37 32 

197.10 20 32 36 

195.10 20 46 32 

210.05 20 31 40 

脋呠ꃴ 173.10- 

145.30 30 20 26 

117.15 30 26 36 

89.05 26 37 32 

稘虊稇 287.15- 
218.10 20 14 40 

190.10 20 26 34 
161.00 22 43 24 

1.3 呋ㅷ⵸㢅椚 
㼜紼絉ㅷ佞Ⰶ㼭櫕务⸈Ⰶ 37%HCl/歌ꃫ幊ざ很巊v:v=1:11 mL䌢庛嵵岙 2 h》♳幡巊鵂 0.22 

µm 応芘た鵳呋唬崵կ 
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2絕卓♸雭雿 
2.1 叻ⲥ呋ㅷ涸 MRM 蒀靶㕃 

   
蒔랕稇 ꬂ覰 㩍랕稇 

   
厩俱加랕ꂼ 繿㛇藥虊稇 㼭墈焦 

   
坞淼稇 ꭶ蔄ꃑ 蔼加礵 

   
㣐랕稇 脋呠ꃴ 稘虊稇 

㕃 1 12 猫厩俱⻊ざ暟涸 MRM 蒀靶㕃 
 

2.2 〢➿紼絉ㅷ俒暟呋ㅷ涸唬崵絕卓 
⿬撑 1.2 务涸ⴔ區勵⟝㼆〢去紼絉ㅷ䲿》巊鵳遤ⴔ區呏研ぐ湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄

⿺猌㶩㼆⚪䏞嫱⥌䜂㼆湡叻厩俱鵳遤㹁䚍癃叅կ㹊꣢呋ㅷ务癃叅ⵌꬂ覰絕卓㥵㕃 2 䨾爙կ 

7.53e5Q 389.15>331.20 (+)

R1 67.19% (100.44)

RT (min)
5.0 5.5 6.0 6.5 7.0

0.0e0

2.0e5

4.0e5

6.0e5

2.97e4Q 263.10>77.05 (+)

R1 84.22% (96.52)

RT (min)
4.5 5.0 5.5 6.0 6.5

0.0e0

1.0e4

2.0e4

6.69e5Q 367.20>217.10 (-)

R1 89.10% (99.47)

RT (min)
4.5 5.0 5.5 6.0 6.5 7.0

0.0e0

2.0e5

4.0e5

6.0e5

1.34e5Q 271.10>90.95 (+)

R1 96.04% (104.16)

RT (min)
2.5 3.0 3.5 4.0 4.5 5.0

0.0e0

2.5e4

5.0e4

7.5e4

1.0e5

1.3e5

7.44e5Q 257.05>187.00 (+)

R1 85.41% (103.09)

RT (min)
4.0 4.5 5.0 5.5 6.0 6.5

0.0e0

2.0e5

4.0e5

6.0e5

2.22e6Q 336.10>320.05 (+)

R1 75.93% (101.61)

RT (min)
2.0 2.5 3.0 3.5 4.0 4.5

0.0e0

5.0e5

1.0e6

1.5e6

2.0e6

3.23e5Q 301.10>151.05 (-)

R1 45.51% (108.29)

RT (min)
2.0 2.5 3.0 3.5 4.0 4.5

0.0e0

1.0e5

2.0e5

3.0e5

2.96e4Q 301.10>284.10 (-)

R1 97.11% (98.99)

RT (min)
0.5 1.0 1.5 2.0 2.5

0.0e0

1.0e4

2.0e4

1.09e5Q 301.15>179.10 (-)

R1 47.89% (104.9)

RT (min)
0.5 1.0 1.5 2.0 2.5

0.0e0

2.0e4

4.0e4

6.0e4

8.0e4

1.0e5

8.04e5Q 269.10>225.10 (-)

R1 33.51% (103.78)

RT (min)
5.0 5.5 6.0 6.5 7.0 7.5

0.0e0

2.0e5

4.0e5

6.0e5

8.0e5

1.35e4Q 173.10>145.30 (-)

R1 23.23% (100)

RT (min)
3 4 5

0.0e0

2.0e3

4.0e3

6.0e3

8.0e3

1.0e4

1.2e4

1.27e6Q 287.15>218.10 (-)

R1 3.67% (96.53)

RT (min)
5.0 5.5 6.0 6.5 7.0 7.5

0.0e0

2.5e5

5.0e5

7.5e5

1.0e6

1.3e6
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㕃 2 〢去紼絉ㅷ䲿》巊务ꬂ覰涸 MRM 蒀靶㕃 

 

2.3 ✳紩餘靶䎽䵂程絕卓 
㖈 LabSolutions Insight 鲱⟝务⢪欽 MSn 靶䎽社程⸆腊靈欽溶匬䒊涸厩俱⻊ざ暟癃叅餘靶侨研䎽

霃縨湱䎾涸社程⿬侨㼆〢去紼絉ㅷ䲿》巊务涸厩俱䧭ⴔ鵳♧姿鵳遤㹁䚍癃叅կ㕃 3 ⚹紼絉ㅷ俒暟䲿》巊
务ꬂ覰涸✳紩餘靶社䎽絕卓կ歋社䎽絕卓〳濼俒暟呋ㅷ务ꬂ覰涸㹊崵✳紩餘靶㕃♸靶䎽务ꅷ꧋ⵌ涸✳紩
餘靶⥌䜂社程⼐ꂁ湱⡃䏞〳鴪 90%⟄♳կ 

 

㕃 3 俒暟呋ㅷ务ꬂ覰涸✳紩餘靶㕃社䎽絕卓 
 
 
 
 
 
 
 
 

 

4.81e5Q 263.10>77.05 (+)

R1 82.12% (94.12)

RT=5.527

RT (min)
4.5 5.0 5.5 6.0 6.5

0.0e0

1.0e5

2.0e5

3.0e5

4.0e5
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m/z  263.10                                       m/z  235.10 

 
 
 
 

            
m/z  219.10                                       m/z  206.05 

㕃 4 ꬂ覰〳腊涸鄬鍒烱晙絕匬 

2.3 珘㹁䚍㹊낉 
㼜幊ざ叻ⲥ䊨⡲巊鵶絯鵳呋 6 妃欽✵罌㻋⟉㐼涸礵㺙䏞⥂殆傞ꢂㄤ油꬗獤涸ꅾ撑䚍絕卓㥵邍 3 䨾

爙կ絕卓儑爙⥂殆傞ꢂㄤ油꬗獤涸湱㼆叻ⲥ⨊䊵ⴔⵆ㖈 0.053~0.560%ㄤ 0.681~3.854%⛓ꢂ⟉㐼礵㺙䏞
葻㥩կ 

邍 3 ⥂殆傞ꢂㄤ油꬗獤ꅾ撑䚍絕卓n=6 

ぜ獦 
RSD% 

R.T. Area 

蒔랕稇 0.075 3.816 
ꬂ覰 0.075 3.107 

㩍랕稇 0.053 3.007 
厩俱加랕ꂼ 0.061 3.791 
繿㛇藥虊稇 0.074 0.681 

㼭墈焦 0.064 3.854 
坞淼稇 0.067 3.245 
ꭶ蔄ꃑ 0.146 1.568 
蔼加礵 0.067 0.689 
㣐랕稇 0.063 2.890 
脋呠ꃴ 0.560 1.916 
稘虊稇 0.057 3.139 

3絕雿 
劥俒⢪欽䀙峸 LCMS-8045 ♲ꅾ㔋匧勍巊餘翫欽⟉䒊用✫♧猫 LC-MS/MS 㹁䚍ⴔ區〢去紼絉ㅷ务 12 猫

厩俱涸倰岁կ呏研湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄⿺猌㶩㼆⚪䏞嫱⥌䜂㹊梡㼆湡叻厩俱涸㹁䚍癃叅
絕ざ✳紩餘靶䎽社程⸆腊〳 鵳♧姿烁雩癃叅絕卓կ霪倰岁ⲥ烁〳ꬑ〳 ⚹〢去紼絉ㅷ厩俱灇瑕䲿⣘䌐⸔կ 

HCO 

NH2 

CO 
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LC-MS/MS 欽✵〢➿絤絉暟厩俱涸㹁䚍ⴔ區 
䶰 銳劥俒⢪欽䀙峸馄넞佪巊湱蒀靶ㄤ♲ꅾ㔋匧勍巊餘翫欽⟉䒊用✫♧猫 LC-MS/MS 㹁䚍ⴔ區〢去絤絉暟
务 11 猫厩俱涸倰岁կ呏研湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄⿺猌㶩㼆⚪䏞嫱⥌䜂㹊梡㼆湡叻厩俱涸㹁
䚍癃叅絕ざ✳紩餘靶䎽社程⸆腊〳鵳♧姿烁雩癃叅絕卓կ 
 

Ⱒꝶ霒♲ꅾ㔋匧勍⚮翫餘靶  紼絉ㅷ  厩俱     

 

⚏絺⡲⚹♧猫ぜ餥涸䋒俱Ⱘ剣餘㖑鲽謭ծ鷳孞莞鷓涸暵挿帿「鴪㸽餥➃又涸ꫬ滸կ呏研絉蔄䊨蒌涸
割ず⚏絺〳⟄ⴔ⚹絤ծꝮծ綐瘝㢴⚡猫碫կ粉㖈Ⳝ⼪䎃⵸䧮又涸牏⯓㽠䒓映欽㣔搬蒀稇㼆䋒俱鵳遤厩蒀կ
〢去紼絉ㅷ♳涸厩俱⚺銳⟄㣔搬嗃暟䲿》涸蒀稇⚹⚺銳厩俱կ鵯❈嗃暟厩俱〳⟄勻荈✵嗃暟涸蔄尺ծ呏藎
瘝鿈⡙鸑鵂割ず涸厩蒀䊨蒌㽠〳⟄ッ梡割ず涸蒀䕙կ 

㼆〢去紼絉ㅷ俒暟嗃暟厩俱猫碫涸ꊹ㹁僽猰䪮罌〢䊨⡲涸ꅾ挿կ✫鍒✫俒暟厩俱涸猫碫ㄤ勻彂㼆✵宋
〷俒暟涸⥝撑ㄤ⥂䫡鿪Ⱘ剣⼧ⴔꅾ銳涸䠑⛐կず傞鵮〳⟄䌐⸔䧮又✫鍒〢去俒⻊宋〷⠛乄⟄⿺厩蒀䊨蒌կ 

劥俒⢪欽䀙峸馄넞佪巊湱蒀靶⟉ㄤ♲ꅾ㔋匧勍餘靶翫欽禹絡䒊用✫♧猫㼆〢去紼絉ㅷ务11猫厩俱鵳
遤㹁䚍ⴔ區涸倰岁կ霪倰岁ⲥ烁〳ꬑ〳⚹〢去紼絉ㅷ厩俱灇瑕䲿⣘䌐⸔կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

鳕  巊  岹 LC-30AD×2 禹絡䱽ⵖ㐼 CBM-20A 
膴  孞  纸 DGU-20A5R 唬  崵  㐼 LCMS-8045 ♲ꅾ㔋匧勍餘靶⟉ 
荈⸓鵳呋㐼 SIL-30AC 蒀靶䊨⡲畀 LabSolutions Ver. 5.96 
叙  庛  盲 CTO-20A   

1.2 ⴔ區勵⟝  
巊湱蒀靶勵⟝
蒀 靶 叙 Shim-pack GISS C18 (100 mm x 2.1 mm I.D. 1.9 μm  

P/N:227-30048-02䀙峸♳嵳㹊낉㐼绚剣ꣳⰖ尽 
崨 ⸓ 湱 A 湱-0.1%歌ꃑ宐    B 湱-⛩臟 
崨    鸟 0.3 mL/min  
鵳呋⡤獤 5 μL 
叙    庛 40˫ 
峤膴倰䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 30%傞ꢂ玐䎸錛邍 1կ 
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邍 1 傞ꢂ玐䎸 

Time(min) Module Command Value 

0.80 Pumps Pump B Conc. 30 
9.00 Pumps Pump B Conc. 90 

10.00 Pumps Pump B Conc. 90 
10.10 Pumps Pump B Conc. 30 
13.00 Controller Stop 

 

餘靶勵⟝ 
猌㶩彂 ESI+/- 膴很⵫盗庛䏞 250˫ 
猌㶩彂䱹〡歏⾓ 4KV/-3 KV ⸈掚垷㗌庛䏞 400˫  
꨺⻊孞 宆孞 3.0 L/min 䱹〡庛䏞 300˫  
䎁斕孞 宆孞 10 L/min 䪊䲽垷䒭 MRM 
⸈掚孞 瑟孞 10 L/min MRM ⿬侨 錛邍 2 
焥中孞 孿孞   

邍 2  MRM ⿬侨 

ぜ獦 ⵸⡤猌㶩 ❡暟猌㶩 Q1 Pre Bias(V) CE(V) Q3 Pre Bias(V) 

α-诡蔄稇 999.20+ 

675.10 -38 -43 -20 
346.95 -38 -55 -24 
351.00 -22 -55 -40 
583.05 -30 -45 -30 
365.20 -22 -51 -28 

繿㛇藥虊稇 257.05+ 

187.00 -20 -24 -36 

229.05 -20 -24 -26 
159.00 -28 -30 -34 
127.05 -30 -45 -24 
77.10 -20 -55 -32 

103.05 -20 -43 -20 

㔋孲㼭墈焦 340.05+ 

176.10 -24 -26 -20 

149.10 -24 -30 -30 
91.10 -24 -53 -20 

119.05 -24 -46 -24 
161.05 -26 -50 -30 

㩍랕稇 369.10+ 

177.05 -26 -20 -20 

285.10 -28 -16 -22 

145.00 -26 -33 -30 

117.05 -26 -45 -24 

245.10 -28 -10 -28 

89.10 -28 -55 -36 
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㼭墈焦 336.10+ 

320.05 -24 -30 -36 

292.10 -24 -30 -32 

321.10 -24 -23 -36 

278.10 -24 -44 -30 

ꬂ覰 263.10+ 

77.05 -30 -48 -32 

235.10 -28 -24 -26 

219.10 -28 -24 -26 

131.95 -28 -31 -28 

206.05 -28 -33 -24 

234.10 -20 -30 -26 

2-繿㛇-14-蟼ꃴ 173.05- 

145.05 20 19 24 

77.00 20 29 26 

101.05 20 26 38 

脋呠ꃴ 173.10- 

145.30 30 20 26 

117.15 30 26 36 

89.05 26 37 32 

蓧♨ 609.05- 

300.05 22 39 26 

271.00 22 55 26 

254.90 22 54 24 

151.00 30 53 20 

243.05 26 55 20 

呹蒀稇 300.95- 

150.95 20 21 22 

149.05 20 30 24 

125.05 22 20 24 

107.00 24 28 38 

㣐랕稇 269.10- 

225.10 20 27 20 

241.10 20 29 20 

182.15 20 37 32 

197.10 20 32 36 

195.10 20 46 32 
210.05 20 31 40 

1.3 呋ㅷ⵸㢅椚 
㼜覰蒀絤絉暟鄳鵳㼭櫕⸈Ⰶ 1 mL ゎ 5%歌ꃑ涸歌ꃫ很巊70˫宐嵮⸈掚 20 min⸈Ⰶ 200 µL ⛩臟

很鍒婎序猌䗱》♳幡巊湬䱹鵳遤 LC-MS/MS ⴔ區կ 
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2絕卓♸雭雿 
2.1 叻ⲥ呋ㅷ涸 MRM 蒀靶㕃 

   
α-诡蔄稇 繿㛇藥虊稇 㔋孲㼭墈焦 

   
㩍랕稇 㼭墈焦 ꬂ覰 

   
2-繿㛇-14-蟼ꃴ 脋呠ꃴ 蓧♨ 

  

 

呹蒀稇 㣐랕稇  
㕃 1 11 猫厩俱⻊ざ暟涸 MRM 蒀靶㕃 

2.2 〢➿絤絉ㅷ俒暟呋ㅷ涸唬崵絕卓 
⿬撑 1.2 务涸ⴔ區勵⟝㼆〢去絤絉ㅷ䲿》巊鵳遤ⴔ區呏研ぐ湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄

⿺猌㶩㼆⚪䏞嫱⥌䜂㼆湡叻厩俱鵳遤㹁䚍癃叅կ㹊꣢呋ㅷ务癃叅ⵌ㼭墈焦ծꬂ覰ծ㣐랕稇♲猫厩俱絕卓
㥵㕃 2 䨾爙կ 

4.49e5Q 999.20>346.95 (+)

R1 79.47% (103.66)

0 1 2

0.0e0

1.0e5

2.0e5

3.0e5

4.0e5

2.02e5Q 257.05>187.00 (+)

R1 79.58% (97.05)

5 6

0.0e0

5.0e4

1.0e5

1.5e5

2.0e5

4.12e5Q 340.05>91.10 (+)

R1 73.73% (102.34)

5.0 5.5 6.0 6.5

0.0e0

1.0e5

2.0e5

3.0e5

4.0e5

4.20e6Q 369.10>177.05 (+)

R1 61.81% (96.72)

5 6 7

0.0e0

1.0e6

2.0e6

3.0e6

4.0e6

2.65e6Q 336.10>320.05 (+)

R1 75.08% (97.96)

2 3 4

0.0e0

5.0e5

1.0e6

1.5e6

2.0e6

2.5e6

5.89e4Q 263.10>77.05 (+)

R1 89.67% (94.59)

5 6

0.0e0

2.0e4

4.0e4

2.67e6Q 173.05>145.05 (-)

R1 9.27% (99.66)

2.0 2.5 3.0

0.0e0

5.0e5

1.0e6

1.5e6

2.0e6

2.5e6

1.07e5Q 173.10>145.30 (-)

R1 28.45% (99.88)

3.5 4.0 4.5

0.0e0

2.0e4

4.0e4

6.0e4

8.0e4

1.0e5

4.21e5Q 609.05>300.05 (-)

R1 37.68% (100.54)

1 2

0.0e0

1.0e5

2.0e5

3.0e5

4.0e5

9.86e5Q 300.95>150.95 (-)

R1 58.61% (93.45)

2 3

0.0e0

2.0e5

4.0e5

6.0e5

8.0e5

1.26e6Q 269.10>225.10 (-)

R1 34.07% (98.77)

5 6 7

0.0e0

2.5e5

5.0e5

7.5e5

1.0e6

1.3e6
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㼭墈焦 ꬂ覰 㣐랕稇 

㕃 2  〢去紼絉ㅷ䲿》巊务ꬂ覰涸 MRM 蒀靶㕃 

 

2.3 ✳紩餘靶䎽䵂程絕卓 
㖈 LabSolutions Insight 鲱⟝务⢪欽 MSn 靶䎽社程⸆腊靈欽溶匬䒊涸厩俱⻊ざ暟癃叅餘靶侨研䎽

霃縨湱䎾涸社程⿬侨㼆〢去紼絉ㅷ䲿》巊务涸厩俱䧭ⴔ鵳♧姿鵳遤㹁䚍癃叅կ㕃 3 ⚹絤絉ㅷ俒暟䲿》巊
务㼭墈焦ծꬂ覰ծ㣐랕稇涸✳紩餘靶社䎽絕卓կ歋社䎽絕卓〳濼俒暟呋ㅷ务♲猫厩俱涸㹊崵✳紩餘靶㕃
♸靶䎽务ꅷ꧋ⵌ涸✳紩餘靶⥌䜂社程⼐ꂁ湱⡃䏞〳鴪 90%⟄♳կ㕃 4 僽㼭墈焦〳腊涸鄬鍒烱晙絕匬կ 

 

 

 

㕃 3  俒暟呋ㅷ务♲猫厩俱涸✳紩餘靶㕃社䎽絕卓 

3.28e5Q 336.10>320.05 (+)
RT=3.178

RT (min)
2 3 4

0.0e0

1.0e5

2.0e5

3.0e5

5.34e5Q 263.10>77.05 (+)

RT=5.633

RT (min)
5 6

0.0e0

2.0e5

4.0e5

6.0e5

8.0e5

3.18e4Q 269.10>225.10 (-)
RT=6.319

RT (min)
5 6 7

0.0e0

1.0e4

2.0e4

3.0e4
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m/z  336.10                                   m/z  321.10 

 

 

 
 

 
 
 
 
 
 

m/z  320.05                              m/z  278.10 
 

 

 
 

 
 
 
 
 
 

m/z  292.10 
 

㕃 4 㼭墈焦〳腊涸鄬鍒烱晙絕匬     

3絕雿 
劥俒⢪欽䀙峸 LCMS-8045 ♲ꅾ㔋匧勍巊餘翫欽⟉䒊用✫♧猫 LC-MS/MS 㹁䚍ⴔ區〢去絤絉ㅷ务 11 猫

厩俱涸倰岁կ呏研湡叻⻊ざ暟涸⥂殆傞ꢂծ㹁䚍猌㶩㼆⟄⿺猌㶩㼆⚪䏞嫱⥌䜂㹊梡㼆湡叻厩俱涸㹁䚍癃
叅絕ざ✳紩餘靶䎽社程⸆腊〳鵳♧姿烁雩癃叅絕卓կ霪倰岁ⲥ烁〳ꬑ〳⚹〢去紼絉ㅷ厩俱灇瑕䲿⣘
䌐⸔կ 
  

CO 

-CH3 
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LCMS-Q-TOF 䘯鸟㹁䚍癃叅〢➿絤絉暟涸厩俱 

䶰 銳劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ⚮翫餘靶⟉䒊用✫〢去絤絉暟务 16 猫厩俱涸ꊹⵆ
ㄤ烁雩倰岁կ⢪欽 LabSolutions insight 䒊用✫ 16 猫蒀稇넞ⴔ鳹✳紩餘靶䎽呏研⥂殆傞ꢂ⿺礵烁餘ꆀ侨
鵳遤ꊹⵆ䎇⢪欽✳紩餘靶䎽⿺Ⱙ㘗✳紩烱晙猌㶩⚪䏞嫱鵳遤烁雩կ鸑鵂♧ꛏ鵳呋ず傞模䧭湡叻暟涸㹁䚍
癃叅〳䘯鸟烁雩〢去絤絉暟务〳腊ゎ剣涸厩俱碫ⵆկ 

Ⱒꝶ霒LCMS-Q-TOF  〢去絤絉暟  厩俱  

⚏絺⡲⚹♧猫ぜ餥涸䋒俱Ⱘ剣餘㖑鲽謭ծ鷳孞莞鷓涸暵挿㖈〢去帿「鴪㸽餥➃又涸ꫬ滸կ呏研絉蔄
䊨蒌涸割ず⚏絺〳⟄ⴔ⚹絤ծꝮծ綐瘝㢴⚡猫碫կ粉㖈Ⳝ⼪䎃⵸䧮又涸牏⯓㽠䒓映欽㣔搬蒀稇㼆䋒俱鵳
遤厩蒀կ〢去紼絉ㅷ♳涸厩俱⚺銳⟄㣔搬嗃暟䲿》涸蒀稇⚹⚺銳厩俱կ鵯❈嗃暟厩俱〳⟄勻荈✵嗃暟涸蔄
尺ծ呏藎瘝鿈⡙鸑鵂割ず涸厩蒀䊨蒌㽠〳⟄ッ梡割ず涸蒀䕙կ 

㼆〢去紼絉ㅷ俒暟嗃暟厩俱猫碫涸ꊹ㹁僽猰䪮罌〢䊨⡲涸ꅾ挿կ✫鍒✫俒暟厩俱涸猫碫ㄤ勻彂㼆✵宋
〷俒暟涸⥝撑ㄤ⥂䫡鿪Ⱘ剣⼧ⴔꅾ銳涸䠑⛐կず傞鵮〳⟄䌐⸔䧮又✫鍒〢去俒⻊宋〷⠛乄⟄⿺厩蒀䊨蒌կ 

劥俒⢪欽䀙峸LCMS-9030馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ⚮翫餘靶⟉䒊用✫♧猫㼆〢去紼絉ㅷ务16
猫厩俱鵳遤㹁䚍ⴔ區涸倰岁կ霪倰岁ⲥ烁〳ꬑ〳⚹〢去紼絉ㅷ厩俱灇瑕䲿⣘䌐⸔կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 LCMS-9030 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉Ⱘ⡤ꂁ縨⚹ 

鳕 巊 岹 : LC-40B X3 禹 絡 䱽 ⵖ 㐼 : CBM-40 
荈 ⸓ 鵳 呋 㐼 : SIL-40C X3 굷 遤 傞 ꢂ 餘 靶 ⟉ :LCMS-9030 
叙 庛 盲 : CTO-40S  
蒀 靶 䊨 ⡲ 畀 :LabSolutions Ver. 5.99; LabSolutions Insight Ver. 3.7 

 

1.2 ⴔ區勵⟝ 

巊湱蒀靶勵⟝ 
蒀  靶  叙 Shim-pack Velox C18 ( 100 mm×2.1 mm I.D., 1.8 μm 䀙峸♳嵳㹊낉㐼绚剣

ꣳⰖ尽P/N: 227-32007-03 ) 
崨  ⸓  湱 A 湱-0.05%歌ꃑ宐+2 mM 歌ꃑꜽB 湱-⛩臟 
崨     鸟 0.3 mL/min 
鵳 呋 ⡤ 獤 10 µL 叙   庛 40˫ 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹5%峤膴玐䎸錛邍1կ 
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邍 1 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 
15 Pumps B.Conc 95 

15.01 Pumps B.Conc 5 
20.00 Controller Stop

餘靶勵⟝ 
猌  㶩 彂 ESI+/ ESI- ⸈ 掚 垷 㗌 庛 䏞 400˫ 
꨺ ⻊ 孞 崨 鸟 3.0 L/min D L    庛    䏞 250˫ 
⸈ 掚 孞 崨 鸟 10.0 L/min 䱹 〡 庛 䏞 

䎁 斕 孞 崨 鸟 10.0 L/min 䪊  䲽  垷  䒭 

300˫ 
    MS Scan(m/z 100 -1200)& 

DDA MS/MS (m/z 50 -1000) 

1.3 呋ㅷ⵸㢅椚 
㼜覰蒀絤絉暟鄳鵳㼭櫕⸈Ⰶ 1 mL ゎ 5%歌ꃑ涸歌ꃫ很巊70˫宐嵮⸈掚 20 min⸈Ⰶ 200 µL ⛩臟

很鍒婎序猌䗱》♳幡巊湬䱹鵳遤 Q-TOF ⴔ區կ 

2絕卓♸雭雿 
2.1 ✳紩넞ⴔ鳹餘靶䎽䒊用 

ꂁⵖ 16 猫蒀稇涸⽀叻很巊鷶♧♳纸ⴔ區կ鵳遤♧紩 MS 䪊䲽⟄⿺ MS/MS(DDA)䪊䲽蜦䖤割ず焥
中腊10Vծ20Vծ30Vծ40Vծ50Vծ5-55V♴涸✳紩餘靶㕃⢪欽 LabSolutions insight 鲱⟝鵳遤✳紩餘
靶䎽涸䒊用կ16 猫蒀稇涸넞ⴔ鳹✳紩餘靶䎽佐鲿✫ 96 䓎✳紩餘靶㕃⟄⿺⻊ざ暟涸务薉俒ぜծⴔ㶩䒭ծ⥂
殆傞ꢂծ蒀靶勵⟝♧紩넞ⴔ鳹餘蚚嫱瘝⥌䜂կ 

㕃 1 16 猫蒀靶✳紩餘靶䎽곫錢 

2.2 㹁䚍癃叅絕卓 

2.2.1 呋ㅷ䲿》䖤ⵌ涸厩俱蒀稇 
䭽蒀稇侨研䎽癃叅⴩邍务 m/z 䲿》ⵌ 3 猫厩俱蒀稇 EIC 靶㕃㥵㕃 2 䨾爙կ絑烁雩⥂殆傞ꢂ♸侨研

䎽务♧荝կ 

：
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㕃 2 呋ㅷ EIC 㕃 

2.2.2 MS1 餘ꆀ侨ⲥ烁䚍霉⟟ 

鸑鵂 MS1 餘ꆀ侨ⲥ烁䚍霉⟟絕卓儑爙邍 2癃叅䖤ⵌ涸 3 猫厩俱蒀稇涸餘ꆀ侨♸椚雿餘ꆀ侨涸湱
㼆霴䊵㖲㖈 2 ppm ⟄ⰻ霹僈唬崵ⲥ烁䚍葻㥩㹁䚍絕卓〳ꬑկ 

邍 2 癃叅䖤ⵌ蒀稇涸餘ꆀ侨湱㼆霴䊵ㄤず⡙稇⼐ꂁ䏞 

䎸
〿 

⻊ざ暟ぜ獦 
⥂殆傞ꢂ
min 

椚雿 m/z 㹊崵 m/z 
湱㼆霴䊵 
ppm) 

ず⡙稇⼐ꂁ䏞 
% 

1 渮ꃑ㼭墈焦 5.483 336.12303 336.12297 -0.179 97.54 
2 ꬂ覰 8.409 263.08150 263.08130 -0.760 98.58 
3 㣐랕稇 9.489 269.04555 269.04566 0.409 100.00 

2.2.3 ず⡙稇ⴔ䋒霉⟟ 

2.5 5.0 7.5 10.0 12.5 15.0 17.5 min

0
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75000
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1:336.1230(+)
1:263.0815(+)
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09
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20000
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㕃 3 ず⡙稇ⴔ䋒霉⟟絕卓 

⢪欽 Formula Predictor 鲱⟝鵳遤ず⡙稇ⴔ䋒霉⟟ꬂ覰ծ渮ꃑ㼭墈焦ծ㣐랕稇涸㹊崵♸椚雿ず⡙稇ⴔ
䋒⼐ꂁ䏞ⴔⵆ⚹ 98.79%ծ97.33%ㄤ 100.0%կFormula Predictor 鲱⟝䨾곫崵涸䱗ぜ痦♧涸⻊ざ暟ⴔ㶩䒭ⴔⵆ
♸ꬂ覰ծ渮ꃑ㼭墈焦膴渮ꃑ⚹㼭墈焦ծ㣐랕稇♧荝կ霫錛邍 2 ㄤ㕃 3կ 

渮ꃑ㼭墈焦 

㹊崵ず⡙稇ⴔ䋒 

ꬂ覰 

㹊崵ず⡙稇ⴔ䋒 

椚雿ず⡙稇ⴔ䋒 

㣐랕稇 

㹊崵ず⡙稇ⴔ䋒 

椚雿ず⡙稇ⴔ䋒 

椚雿ず⡙稇ⴔ䋒 
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2.2.4 ✳紩餘靶䎽䵂程⼐ꂁ霉⟟ 

  

 

 

㕃 4 ✳紩餘靶䎽社程⼐ꂁ霉⟟ 

絑鵂䀙峸蒀稇✳紩餘靶䎽社程呋ㅷ务唬ⴀ涸♲猫蒀稇厩俱ꬂ覰ծ渮ꃑ㼭墈焦ծ㣐랕稇Ⱖ MS2 餘靶㕃
♸靶䎽务割ず CE 腊ꆀ涸餘靶㕃湱⡃䏞〳鴪 85%⟄♳կ霫錛㕃 4կ 

絾ざ⥂殆傞ꢂծMS1 餘ꆀ侨ⲥ烁䏞ծず⡙稇ⴔ䋒ծ✳紩餘靶䎽⼐ꂁ瘝霉⟟絕卓〳 ⴼ㹁絑䀙峸 Q-TOF 蒀稇
餘靶䎽癃叅⴩邍䲿》ⴀ涸蒀靶油♸㼆䎾涸蒀稇ㅷ猫♧荝կ呋ㅷ务ゎ剣ꬂ覰ծ渮ꃑ㼭墈焦ծ㣐랕稇♲猫蒀稇կ 

 

 

 

ꬂ覰 

渮ꃑ㼭墈焦 

㣐랕稇 
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3絕雿 
劥俒ⵄ欽䀙峸 LCMS-9030 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉䒊用✫♧猫䘯鸟㹁䚍癃叅〢去⚏

絺务ゎ剣蒀稇厩俱涸倰岁կ絕卓儑爙霪倰岁ⴔ區鸟䏞䘯㹁䚍腊⸂䔂餘ꆀ侨ⲥ烁䚍⠏䒗♧紩餘靶餘ꆀ侨
ⲥ烁䏞㼭✵ 2 ppmず⡙稇ⴔ䋒溫㹊ⲥ烁✳紩靶䎽⼐ꂁ䏞넞կ霪倰岁鸑鵂♧ꛏ鵳呋〳䘯鸟模䧭湡叻暟涸㹁
䚍癃叅ⴼ㹁〢去絤絉暟务〳腊ゎ剣涸厩俱碫ⵆⰨ剣㹊꣢䎾欽⟟⧩կ 
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儑䗎紤㢪禹絡ⴔ區〢➿紼絉ㅷ 

ぐ猫碫㘗涸ⴔ區⟉㐼馊勻馊㢴涸䎾欽ⵌ俒暟涸ⴔ區唬叅⿺⥝撑鵂玐紤㢪⯕靶僽ⴔ㶩䮷⸓エ佐⯕靶ⵄ
欽暟餘ⴔ㶩㼆紤㢪鳒㼘涸エ佐䖤ⵌ♸ⴔ㶩絕匬湱䎾涸紤㢪⯕靶կ㖈俒暟倰꬗霪⟉㐼暵ⵆ鷓ざ✵ꊹ㹁ぐ猫
⸓嗃暟紦絶⺫䭍紼絉ㅷㄤ⛼歘ծ嬁封ծ怚加㐼ծ厩俱ծ㹈瀖瘝կ紤㢪儑䗎Ꞥ翫欽禹絡Ⱘ剣㕃⫸佞㣐ծ礵
烁㹁⡙涸⠏挿霪䪮助⾝併䏞넞㹊梡✫䗎⼓ծ䗎ꆀ呋ㅷⴔ區㖈俒暟⥝撑곭㚖䖤ⵌ✫䎛岌涸䎾欽կ 

 
㕃 1 IRTracer-100ծAIM-9000 紤㢪儑䗎禹絡 

 
㕃 2 麰㖧ⴀ㕼涸紼絉ㅷ 

〢去紼絉ㅷ涸俒⻊ⰻ巑巑渷✫〢去宋〷ծ猰䪮ծ絑崸ㄤ㼆㢪❜崨瘝霽㢴倰꬗կ䧮㕂僽⚆歲㔋㣐俒僈〢㕂
⛓♧〢去紼絉ㅷ僽灇瑕〢去俒僈涸ꅾ銳㹊暟〷俱Ⱖ勻彂⚺銳剣⚙碫♧僽⠛⚆涸✳僽ⴀ㕼涸կⰦ务ⴀ
㕼涸紼絉ㅷ歋✵Ɤ劍㙵诡✵㖑♴⠔「ⵌ㙵诡梠㞯涸庛弪䏞尊⻊涸䕧ㆇ㖑♴宐㕼㡝务ꃑ焦䏞ծ㽭⡤臱
⻊ծꆄ㾩孻⻊瘝暟餘涸嵵赤寓厩կⴀ㕼た筒尊✫⾲剣湱㼆䎂邂⠔⸈ⶢ絉暟⸌尊կ 

껷鿪⽇暟껧羟⟝⯋去ⴀ㕼俒暟膴衅⽀呏紦絶絑紤㢪儑䗎Ꞥ䪮助唬崵僽歋⸓暟紦絶絆䧭ㄤ梡去呹趄⚏
涸㕃靶ガざկ呹趄⚏歋跗涯餘絆䧭鍒區㕃靶涸⚺銳エ佐油絕卓㥵♴3278 cm-1 ⚹ N-H 涸⠽綫䮷⸓油ν
N-H1618 cm-1 ⚹ C=O 涸⠽綫䮷⸓油νC=O ⽰ꃀ腂 I 䌄1514 cm-1 ⚹ N-H 涸䓮刼䮷⸓油δN-H ꃀ腂 II 䌄
1232 cm-1 ⚹ C-N 涸⠽綫䮷⸓油νC-N ꃀ腂 III 䌄կ 

 荈⸓⻊玐䏞넞 
 㣐錠ꅿ湱纸䘯鸟㼊䪪䖉崵呋ㅷ 
 넞⾝併䏞 
 ꂁ⟝⚪㺢 
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㕃 3 膴衅紦絶紤㢪⯕靶                        㕃 4 梡去趄⚏紤㢪⯕靶 

〥㢪㖈紼絉ㅷ紦絶㕃靶㕃3务1697cm-1㢅ⴀ梡♧⚡倝⣩䬥挿油霹僈㛇㔙-C=O-鿈ⴔ封欰尊⻊❡欰✫倝涸
エ佐⽰紦絶鿈ⴔ鄄孻⻊կ㔔姼㖈⥝邉傞꨽銳呏研俒暟紦絶㖈紤㢪靶㕃♳邍梡涸罈⻊玐䏞㼆梡去涸⥝撑ꂁ俱⨞
鷓䔲罈⻊⢪Ⱖ罈⻊玐䏞♸俒暟湱痗鵯呋⢪⥝撑涸俒暟刿⸈繠錜Ⱘ剣妇餿⟟⧩կ  
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痦 8 畎 ⴀ㕼婎殆暟 
⯓字㖈⸈䊨ㄤⵄ欽欰暟餴彂涸鵂玐务♧❈暟餘〳腊婎殆䧴小獤㖈湱Ⱒ㐼暟ⰻծ㕼㡝务䧴麰鶺♳կ㖈

Ɤ劍涸㙵诡鵂玐务赡絑「暟椚⻊㷖ㄤ欰暟⡲欽涸䕧ㆇ➠搬䧴㢴䧴㼱涸⥂㶸♴勻կ鵯❈婎殆暟〳ⴔ⚹⚙
猫〳錛婎殆暟㥵巊⡤ծ挦⻊暟瘝ㄤ割〳錛䗎ꆀ婎殆暟㥵ꤲ晙エ꣡涸腒碫ծꂊ瀖ꃑㄤ⽼腒ꃑ鵮⺫
䭍嗃炊⡤⿺巤磋㖈ⰻ涸嗃暟䗎⡤⻊瀖瘝կ鵯❈婎殆暟涸猫碫♸䚍餘䊵ⵆ熊㣐唬崵倰岁꨽銳呏研Ⱘ⡤暟
餘䚍餘♸灇瑕湡涸勻鷥䭊կ 
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LC-MS/MS 岁崵㹁罌〢婎殆暟⚥涸 9 猫剣纸ꃑ 

䶰 銳劥俒䒊用✫♧猫⢪欽䀙峸♲ꅾ㔋匧勍餘靶⟉崵㹁罌〢婎殆暟务涸 9 猫剣纸ꃑ涸倰岁կ罌〢婎殆暟絑
㢅椚た欽馄넞佪巊湱蒀靶ⴔ猌♲ꅾ㔋匧勍餘靶⟉鵳遤㹁䚍㹁ꆀⴔ區կ絕卓儑爙 9 猫剣纸ꃑ碫⻊ざ暟絁
䚍葻㥩叻ⲥ刼絁湱Ⱒ禹侨㖲0.99ⲥ烁䏞㖈 88.5%~112.3%⛓ꢂ⡛崽䏞涸幊叻很巊鵶絯ⴔ區 6 妃⥂
殆傞ꢂ RSD< 0.470%油꬗獤涸 RSD< 4.001%⡛ծ넞崽䏞⸈叻呋ㅷ㔐佐桧㖈 86.5%-112.7%⛓ꢂ湱㼆叻
ⲥ⨊䊵<3.51%倰岁ⲥ烁〳ꬑ唬ⴀꣳ㖈 0.002~0.568 μg/mL ⛓ꢂ㹁ꆀꣳ㖈 0.007-1.895 μg/mL ⛓ꢂկ
霪倰岁ꅾ撑䚍㥩ⲥ烁䏞넞〳欽✵罌〢婎殆暟务 9 猫剣纸ꃑ碫⻊ざ暟涸崵㹁կ 

 

Ⱒꝶ霒♲ꅾ㔋匧勍巊湱蒀靶餘靶翫欽⟉ 罌〢婎殆暟 剣纸ꃑ 

 
罌〢务涸婎殆暟僽䭷⯓字㖈⸈䊨ծⵄ欽荈搬餴彂涸鵂玐务齡❈婎㶸䧴小獤✵湱Ⱒ㐼暟ծ㕼㡝䧴Ⱖ㸐

麰鶺麰暟务宋絑Ɤ劍㙵诡鵂玐罜⥂殆♴勻涸〢去暟餘Ⱖ䶀䌄✫⯓字굹靶ծ㐼暟⸆腊ծ䪮助䊨蒌瘝㣐ꆀ⾲
映⥌䜂㼆鵯❈⥌䜂涸ⴔ區ㄤ鍒靀〳⟄㼆侮⚡麰㖧䨾㖈涸〢梠㞯⿺爢⠔欰❡朐ⲃ涸撑⾲灇瑕䲿⣘⚪㺢涸
罌〢㷖⣜研㔔罜Ⱘ剣ꅾ銳䠑⛐կ 

㼆罌〢婎殆暟务剣纸ꃑ涸ⴔ區〳⟄⚹ⴼ㹁ⴀ㕼㺂㐼务涸巊⡤䧴㔿⡤暟餘僽や⚹ꂊ涸婎殆暟䲿⣘湱Ⱒ
⣜研⚂割ずꂊ碫涸⚺⡤剣纸ꃑ剣䊵ⵆ鸑鵂㼆Ⱖ务涸剣纸ꃑ鵳遤㹁ꆀⴔ區㼆ꂊ碫涸㹁䚍ꊹⵆⰨ剣ꅾ銳䠑
⛐կ湡⵸㼆✵罌〢呋ㅷ务涸剣纸ꃑⴔ區⚺銳僽ꅷ欽剣넞佪巊湱蒀靶HPLC岁⡎⢪欽HPLC岁ⴔ區罌〢婎
殆暟务涸剣纸ꃑ傞㔔Ⱖ稘㢪エ佐岚Ɤ鳅⡛婎殆暟务涸勇餘䎁䪓嫱鳅㣐⠔鸣䧭㹁䚍涸割ⲥ烁կ 

劥俒⢪欽䀙峸♲ꅾ㔋匧勍餘靶⟉LCMS-8045 䒊用✫崵㹁罌〢婎殆暟务涸9猫剣纸ꃑ涸倰岁㹁䚍㹁ꆀⴔ
區倰岁霪倰岁乼⡲皍䰦ծꅾ撑䚍㥩〳欽✵罌〢婎殆暟务剣纸ꃑ碫⻊ざ暟涸崵㹁կ 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
劥㹊낉⢪欽䀙峸馄넞佪巊湱蒀靶⟉ LC-20ADXR ♸♲ꅾ㔋匧勍餘靶⟉ LCMS-8045 翫欽禹絡Ⱘ⡤ꂁ縨⚹ 

禹 絡 䱽 ⵖ 㐼  CBM-20A 膴 孞 纸  DGU-20A5R 
鳕 巊 岹  LC-20ADXR×2 荈 ⸓ 鵳 呋 㐼  SIL-30ACMP 
叙 庛 盲  CTO-20AC 蒀 靶 䊨 ⡲ 畀  LabSolutions Ver. 5.99 

1.2 ⴔ區勵⟝ 
巊湱勵⟝ 

蒀 靶 叙 
InertSustain C18 (150 mm × 3.0 mm I.D. , 2 µm; P/N: 5020-14365䀙峸♳嵳㹊낉㐼
绚剣ꣳⰖ尽 

崨 ⸓ 湱 A0.1%歌ꃑ宐很巊   B⛩臟      

崨 鸟 0.3 mL/min 
叙 庛 40˫ 
鵳 呋 ꆀ 1 µL 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 0%傞ꢂ玐䎸錛邍 1կ 
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邍 1 峤膴玐䎸 

Time(min) Module Command Value 

6.00 岹 B.Conc 0 

10.00 岹 B.Conc 90 

10.01 岹 B.Conc 0 

17.00 䱽ⵖ㐼 Stop 

餘靶勵⟝ 
猌㶩⻊垷䒭   ESI- 焥   中   孞 孿孞 
꨺ ⻊ 孞   宆孞 3.0 L/min 䱹 〡  庛 䏞 300˫ 
䎁 斕 孞   瑟孞 10.0 L/min D L   庛  䏞 200˫ 
⸈ 掚 孞   宆孞 10.0 L/min ⸈掚垷㗌庛䏞 400˫ 
䪊 䲽 垷 䒭  㢴导䎾港崵(MRM)MRM ⿬侨錛邍 2կ 

邍 2  MRM ⿬侨 

ぜ獦 Mol. Wt. CAS No. ⵸⡤猌㶩 ❡暟猌㶩 Q1 Pre Bias (V) CE (V) Q3 Pre Bias (V) 

ꂊ瀖ꃑ 150.09 526-83-0 149.00 
87.20* 24.0 13.0 30.0 

73.20 10.0 20.0 26.0 

♨껺ꃑ 198.17 530-57-4 197.15 
182.15* 12.0 16.0 11.0 

123.10 14.0 21.0 22.0 

薜卓ꃑ 134.09 6915-15-7 133.15 
115.10* 14.0 16.0 12.0 

71.15 14.0 15.0 13.0 

楉梵ꃑ 118.09 110-15-6 117.10 
73.15* 12.0 13.0 25.0 

98.90 21.0 22.0 18.0 

虊ꃑ 90.03 144-62-7 89.05 
45.00* 10.0 15.0 11.0 

61.00 19.0 14.0 16.0 

✌ꃑ 90.08 50-21-5 89.00 
43.20* 13.0 13.0 16.0 

45.00 19.0 14.0 16.0 

㺢끩ꃑ 116.07 110-17-8 115.05 71.00* 12.0 10.0 13.0 

厾墰ꃑ 192.13 77-92-9 190.95 
111.10* 13.0 12.0 10.0 

87.10 13.0 16.0 30.0 

⚋ꂼꃑ 88.06 127-17-3 87.20 
43.10* 12.0 16.0 15.0 

58.90 10.0 16.0 15.0 
*邍爙㹁ꆀ猌㶩

1.3 呋ㅷ⵸㢅椚
》罌〢婎殆暟 1 mL猌䗱纸 5000 r/min 猌䗱 5 min》♳幡鵂 0.22 μm 応芘た♳纸崵㹁。 

1.4 叻ⲥ刼絁ⵖ㢊 
欽⿡猌㶩宐ꂁⵖ 1 mg/mL ꂊ瀖ꃑծ♨껺ꃑծ薜卓ꃑծ楉梵ꃑծ虊ꃑծ✌ꃑծ㺢끩ꃑ厾墰ꃑ⚋ꂼꃑ 

涸⽀叻⪰㢊巊欽⿡猌㶩宐獺ꅺ䧭禹⴩幊叻叻ⲥ很巊Ⱖ务ꂊ瀖ꃑծ♨껺ꃑծ薜卓ꃑծ楉梵ꃑծ㺢끩ꃑ崽䏞 
ⴔⵆ⚹ 0.1ծ0.5ծ1ծ1.5ծ2ծ4 μg/mL✌ꃑծ⚋ꂼꃑ崽䏞ⴔⵆ⚹0.5ծ2.5ծ5ծ7.5ծ10ծ20μg/mL虊ꃑ 
涸崽䏞⚹ 2.5ծ12.5ծ25ծ37.5ծ50ծ100 μg/mL♳纸崵㹁կ 
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2絕卓♸雭雿 
2.1 叻ⲥ呋ㅷ㹁ꆀ鸑麤 MRM 蒀靶㕃 

 
酒石酸（0.5ppm)       丁香酸（0.5ppm)         苹果酸（0.5ppm) 

 
                          琥珀酸（0.5ppm)           草酸（12.5ppm)         乳酸（2.5ppm) 

 
富马酸（0.5ppm)            柠檬酸（0.5ppm)         丙酮酸（2.5ppm) 

㕃 1. 叻ⲥ呋ㅷ涸 MRM 蒀靶㕃 

2.2 絁䚍薴㔵 
㼆禹⴩幊ざ叻ⲥ刼絁很䭽 1.2 务涸ⴔ區勵⟝鵳遤ⴔ區⟄꬗獤⚹紷㗂叻崽䏞⚹埇㗂叻鵳遤絁䚍䬾ざկ

叻ⲥ刼絁絕卓錛邍 3絁䚍湱Ⱒ禹侨 r0.99ⲥ烁䏞㖈 88.5%~112.3%⛓ꢂ忘駈崵㹁꨽宠կ 
邍 3 叻ⲥ刼絁⥌䜂 

⻊ざ暟 絁䚍倰玐 絁䚍薴㔵μg/mL 湱Ⱒ禹侨 r ⲥ烁䏞% 

ꂊ瀖ꃑ Y = (70070.6)X + (-2531.41) 0.1-4 0.999 95.5-105.4 

♨껺ꃑ Y = (119849)X + (4424.81) 0.1-4 0.998 88.5-107.9 

薜卓ꃑ Y = (129646)X + (-3050.41) 0.1-4 0.999 96.3-104.9 

楉梵ꃑ Y = (107688)X + (-1465.52) 0.1-4 0.999 97.5-102.1 

虊ꃑ Y = (12251.6)X + (-2260.13) 2.5-100 0.998 94.3-112.3 

✌ꃑ Y = (6486.69)X + (452.761) 0.5-20 0.999 89.7-106.8 

㺢끩ꃑ Y = (43032.9)X + (2954.39) 0.1-4 0.999 98.9-101.6 

厾墰ꃑ Y = (443465)X + (-10778.4) 0.1-4 0.999 96.8-103.2 

⚋ꂼꃑ Y = (23744.2)X + (2332.47) 0.5-20 0.999 89.4-107.7 

 

7.50e3Q 149.00>87.20 (-)

线性-500ppb_2021226_006

A=32028
RT=2.779

2.5 3.0 3.5

0.0e0

5.0e3

1.0e4

1.5e4

1.33e4Q 133.15>115.10 (-)

线性-500ppb_2021226_006

A=60930
RT=3.615

3.4 3.6 3.8 4.0

0.0e0

5.0e3

1.0e4

1.5e4

2.0e4

2.5e4

7.58e3Q 117.10>73.15 (-)

线性-500ppb_2021226_006

A=63465
RT=7.755

7.0 7.5 8.0 8.5

0.0e0

5.0e3

1.0e4

1.5e4

2.78e4Q 89.00>45.00 (-)

线性-500ppb_2021226_006

A=169737
RT=2.487

2.0 2.5 3.0

0.0e0

1.0e4

2.0e4

3.0e4

4.0e4

5.0e4

3.46e3Q 89.00>43.20 (-)

线性-500ppb_2021226_006

A=17586
RT=4.630

4.0 4.5 5.0 5.5

0.0e0

2.0e3

4.0e3

6.0e3

3.11e3Q 115.05>71.00 (-)

线性-500ppb_2021226_006

A=24252
RT=7.445

7.0 7.5 8.0

0.0e0

2.0e3

4.0e3

6.0e3

3.15e4Q 190.95>111.10 (-)

线性-500ppb_2021226_006

A=218029
RT=5.954

5.5 6.0 6.5

0.0e0

2.0e4

4.0e4

6.0e4

8.52e3Q 87.20>43.10 (-)

线性-500ppb_2021226_006

A=69120
RT=3.474

2 3 4 5

0.0e0

5.0e3

1.0e4

1.5e4
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2.3 唬ⴀꣳ⿺㹁ꆀꣳ 
鷥》叻刼絁䚍薴㔵涸剒⡛挿崽䏞涸叻ㅷ鵳呋ⴔ區烁㹁Ⱖ唬ⴀꣳ⿺㹁ꆀꣳⴔⵆ⟄ 3 ⦔⥌㐾嫱 (S/N=3)

ㄤ 10 ⦔⥌㐾嫱(S/N=10)烁㹁Ⱖ唬ⴀꣳㄤ㹁ꆀꣳ雦皾䨾䖤剣纸ꃑ碫⻊ざ暟涸唬ⴀꣳㄤ㹁ꆀꣳ錛邍 4կ 
邍 4 唬ⴀꣳㄤ㹁ꆀꣳ 

⻊ざ暟 唬ⴀꣳμg/mL 㹁ꆀꣳμg/mL 

ꂊ瀖ꃑ 0.007 0.023 
♨껺ꃑ 0.002 0.007 
薜卓ꃑ 0.012 0.041 
楉梵ꃑ 0.007 0.023 

虊ꃑ 0.568 1.895 
✌ꃑ 0.142 0.474 

㺢끩ꃑ 0.022 0.074 
厾墰ꃑ 0.025 0.008 
⚋ꂼꃑ 0.121 0.404 

2.4 礵㺙䏞㹊낉 
㼆⡛崽䏞涸幊叻很巊幊叻务ꂊ瀖ꃑծ♨껺ꃑծ薜卓ꃑծ楉梵ꃑծ㺢끩ꃑ崽䏞㖲⚹ 0.1 μg/mL✌ꃑծ

⚋ꂼꃑ崽䏞⚹ 0.5 μg/mL虊ꃑ崽䏞⚹ 2.5 μg/mL鵶絯ⴔ區 6 妃雦皾⥂殆傞ꢂㄤ油꬗獤涸 RSDկ絕卓
錛邍 59 猫剣纸ꃑ碫⻊ざ暟涸⥂殆傞ꢂ RSD< 0.470%油꬗獤涸 RSD< 4.001%⟉㐼ꅾ撑䚍葻㥩կ 

邍 5 ⡛崽䏞幊ざ叻ⲥㅷ很巊ꅾ撑䚍崵霚絕卓 

⻊ざ暟 ⥂殆傞ꢂ RSD(%) ꬗獤 RSD% 
ꂊ瀖ꃑ 0.080 3.388 
♨껺ꃑ 0.032 3.924 
薜卓ꃑ 0.076 2.854 
楉梵ꃑ 0.058 3.865 

虊ꃑ 0.273 3.697 
✌ꃑ 0.065 3.927 

㺢끩ꃑ 0.089 4.001 
 厾墰ꃑ 0.097 3.907 
⚋ꂼꃑ 0.470 3.274 

2.5 ⸈叻㔐佐 
》罌〢婎殆暟⸈Ⰶ⡛ծ넞崽䏞叻ㅷ嫦⚡崽䏞ꅾ撑♲妃䭽撑 1.3 务倰岁ⵖ㢊鸑鵂雦皾崵䖤ꆀ♸

⸈Ⰶꆀ涸嫱⧩雦皾㔐佐桧㔐佐桧侨研錛♴邍 6割ず崽䏞♴剣纸ꃑ碫⻊ざ暟涸⸈叻㔐佐桧薴㔵㖲㖈 86.5%-
112.7%⛓ꢂ湱㼆叻ⲥ⨊䊵3.51%倰岁ⲥ烁〳ꬑկ 
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邍 6 ⸈叻㔐佐㹊낉絕卓n=3 

务俒ぜ獦 
       ⡛宐䎂  넞宐䎂 

⸈叻崽䏞 
0.1μg/mL 

⸈叻㔐佐
桧% 

⸈叻㔐佐桧 RSD% 
⸈叻崽䏞 

1ng/mL 
⸈叻㔐佐桧% ⸈叻㔐佐桧 RSD% 

ꂊ瀖ꃑ 0.1 112.5 2.17 1 88.7 1.76 
♨껺ꃑ 0.1 86.9 0.72 1 107.5 0.89 
薜卓ꃑ 0.1 112.7 0.94 1 93.6 1.44 
楉梵ꃑ 0.1 99.9 0.51 1 93.8 1.75 

虊ꃑ 2.5 104.9 2.23 25 101.5 1.58 
✌ꃑ 0.5 86.5 3.48 5 98.7 2.60 

㺢끩ꃑ 0.1 86.5 1.25 1 94.6 3.51 
 厾墰ꃑ 0.1 101.2 2.80 1 94.3 1.59 
⚋ꂼꃑ 0.5 88.5 0.30 5 94.0 1.09 

2.6 㹊꣢呋ㅷ崵㹁 
》罌〢婎殆暟䭽俒务倰岁㢅椚կ♳纸崵㹁崵㹁絕卓錛邍 7կ 

邍 7 罌〢婎殆暟呋ㅷ崵㹁絕卓 

䖉崵呋ㅷ ꂊ瀖ꃑ ♨껺ꃑ 薜卓ꃑ 楉梵ꃑ 虊ꃑ ✌ꃑ 㺢끩ꃑ 厾墰ꃑ ⚋ꂼꃑ 

1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

2 0.42 N.D. 0.68 1.80 95.9 15.12 0.22 N.D. 1.73 

3 0.70 N.D. 0.89 2.47 N.D. 5.35 0.24 N.D. 2.24 

4 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

N.D.邍爙劢唬ⴀ 

3. 絕雿 
劥俒䒊用✫♧猫⢪欽䀙峸♲ꅾ㔋匧勍餘靶⟉ LCMS-8045 崵㹁罌〢婎殆暟务涸 9 猫剣纸ꃑ涸倰岁կ㢪叻

岁㹁ꆀ絁䚍湱Ⱒ禹侨割⡛✵ 0.99⡛崽䏞涸幊叻很巊幊叻务ꂊ瀖ꃑծ♨껺ꃑծ薜卓ꃑծ楉梵ꃑծ㺢끩ꃑ
崽䏞㖲⚹ 0.1 μg/mL✌ꃑծ⚋ꂼꃑ崽䏞⚹ 0.5 μg/mL虊ꃑ崽䏞⚹ 2.5 μg/mL鵶絯ⴔ區 6 妃⥂殆傞
ꢂ RSD< 0.470%油꬗獤涸 RSD< 4.001%⡛ծ넞崽䏞⸈叻呋ㅷ㔐佐桧㖈 86.5%-112.7%⛓ꢂ湱㼆叻ⲥ⨊
䊵3.51%倰岁ⲥ烁〳ꬑ唬ⴀꣳ㖈 0.002~0.568 μg/mL ⛓ꢂ㹁ꆀꣳ㖈 0.007-1.895 μg/mL ⛓ꢂկ霪
倰岁乼⡲皍䰦ծꅾ撑䚍㥩〳 欽✵罌〢婎殆暟务涸 9 猫剣纸ꃑ涸崵㹁⚹罌〢婎殆暟涸ꊹ㹁䲿⣘胜兞⥌䜂կ 
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猌㶩蒀靶岁唬崵罌〢呋ㅷ婎殆暟⚥涸 7 猫꣊猌㶩 

䶰 銳劥俒⢪欽䀙峸 HIC-SP 猌㶩蒀靶⟉䒊用✫猌㶩蒀靶岁崵㹁罌〢呋ㅷ婎殆暟务 F-ծCl-ծNO2-ծBr-ծNO3-ծ
PO43-ծSO42-剧猫꣊猌㶩涸倰岁կ剧猫꣊猌㶩㖈 0.05~15 mg/L 涸崽䏞薴㔵ⰻ叻ⲥ刼絁涸絁䚍湱Ⱒ禹侨 R 㖲
넞✵ 0.99կ剧猫崽䏞⚹ 0.5 mg/L 涸꣊猌㶩䎂遤ⴔ區 6 妃⥂殆傞ꢂ RSD 薴㔵⚹ 0.13%~0.29%油꬗獤 RSD
薴㔵⚹ 0.08%~1.67%ꅾ撑䚍葻㥩կ剧猫꣊猌㶩涸唬ⴀꣳ⚹ 0.0004~0.0221 mg/L㹁ꆀꣳ⚹ 0.0014~0.0737 
mg/L⾝併䏞葻㥩կ罌〢呋ㅷ婎殆暟幑⸈ 0. 25 ㄤ 2 mg/L 剧猫꣊猌㶩㔐佐桧⚹ 86.9%։112.6%絕卓邍
僈倰岁〳ꬑկ 

Ⱒꝶ霒猌㶩蒀靶  罌〢呋ㅷ婎殆暟  ꣊猌㶩 
 

鵛䎃勻猌㶩蒀靶岁㖈ⴀ㕼俒暟⿺Ⱖ꣡满暟务僒很渮ゎꆀ涸ⴔ區崵霚务鄄䎛岌䎾欽կⰦ䘯鸟ծ⾝併ծⲥ
烁涸暵挿剣ⵄ✵俒暟⥂䫡䊨⡲罏㼆ⴀ㕼俒暟氻㹲䧭㔔ㄤ⟄た⥂㶸梠㞯筒㊤瘝涸ⴔ區灇瑕䊨⡲կ鸑鵂猌㶩蒀
靶崵㹁俒暟⥂㶸梠㞯⿺꣡满暟务涸꣊꣉猌㶩 〳烁㹁渮涸猫碫ㄤゎꆀ 灇瑕俒暟氻㹲❡欰涸纸椚 ⚹俒
暟⥂㶸梠㞯涸筒㊤䲿⣘⣜研 ず傞⢪俒暟䖤ⵌ刿㥩涸⥂䫡ㄤ剣佪涸⥝撑կ姼㢪鸑鵂㼆俒暟꣡满暟涸꣊꣉
猌㶩崵㹁〳⟄剣⸔✵䱍䳣婎殆暟涸Ⱘ⡤䚍餘⚹䲀倗ⴀ㕼俒暟涸Ⱘ⡤⸆腊䲿⣘猰㷖涸⿬罌⣜研կ 

劥俒䒊用✫♧猫䀙峸 HIC-SP 猌㶩蒀靶禹絡ꂁ㢊䫈ⵖ㘗歏㼋唬崵㐼䘯鸟唬崵罌〢呋ㅷ婎殆暟务 F-ծCl-ծ
NO2-ծBr-ծNO3-ծPO43-ծSO42-剧猫꣊猌㶩涸倰岁կ劥岁乼⡲皍⽀ծ䘯鸟ծⲥ烁ծꅾ梡䚍㥩⾝併䏞넞〳
欽✵罌〢呋ㅷ婎殆暟务꣊猌㶩涸唬崵կ 

 

1㹊낉鿈ⴔ 

1.1 霚⵫♸⟉㐼 
1.1.1 霚⵫ 
宐馄紱宐կ 
焫ꃑꛧ傈劥 WAKO 
焫ꃑ孲ꛧ傈劥 WAKO 
F-ծCl-ծNO2-ծBr-ծNO3-ծPO43-ծSO42-剧猫꣊猌㶩⪰㢊巊1000 mg/L 紱宐ꂁⵖկ 
1.1.2 ⟉㐼HIC-SP⺫䭍 CBM-20A 禹絡䱽ⵖ㐼LC-20ADSP 넞礵䏞很巊鳕鷐岹DGU-20A3 㖈絁膴孞纸
SIL-20AC XR 荈⸓鵳呋㐼CTO-20AC 叙庛盲CDD-10Avp 歏㼋唬崵㐼꣊猌㶩歏⻊㷖荈ⱄ欰芘䫈ⵖ㐼 ICDS-
40Aկ 

1.2 ⴔ區勵⟝  
蒀 靶 叙Shim-pack IC-SA2250 mm x 4.0 mmI.D. 
崨 ⸓ 湱0.6 mmol/L 焫ꃑꛧ12 mmol/L 焫ꃑ孲ꛧ綕Ȿ巊 
唑䏞倰䒭瘝䏞峤膴 
崨    鸟1.2 mL/min  
叙    庛45˫ 
䫈ⵖ㐼庛䏞㹔庛 
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唬 崵 㐼歏㼋唬崵㐼 
唬崵㐼庛䏞48˫ㆇ䎾1.0 sec匧䚍+㟞渤1 
䫈 ⵖ 㐼꣊猌㶩歏⻊㷖荈ⱄ欰芘䫈ⵖ㐼 
鵳呋⡤獤50 μL 
1.3 呋ㅷ㢅椚 

1.3.1 叻ⲥ很巊涸ꂁⵖ 
》 7 猫꣊猌㶩叻ⲥㅷ⪰㢊巊欽馄紱宐獺ꅺꂁⵖ䧭崽䏞⚹ 0.05ծ0.25ծ0.5ծ1.0ծ2.0ծ5.0ծ10.0ծ

15.0 mg/L 涸禹⴩叻ⲥ很巊✵ 4˫ⱺ盲务㶸佞կ 

1.3.2 罌〢婎殆暟涸ⵖ㢊 
罌〢婎殆暟猌䗱た》♳幡鵂 0.22 μm 涸応芘⿡猌㶩宐獺ꅺ 100 ⦔♳纸崵㹁կ 

 

2. 絕卓♸雭雿 
2.1 叻ⲥ靶㕃⿺叻ⲥ刼絁 

崽䏞⚹ 0.5 mg/L 涸剧猫꣊猌㶩叻ⲥ很巊蒀靶㕃㥵㕃 1 䨾爙կ叻ⲥ刼絁⥌䜂錛邍 1կ㹊낉絕卓儑爙剧
猫꣊猌㶩㖈 0.05~15 mg/L 涸崽䏞薴㔵ⰻ絁䚍湱Ⱒ䚍葻㥩絁䚍湱Ⱒ禹侨 R 㖲넞✵ 0.99կ  

 
㕃 1 剧猫꣊猌㶩 0.5 mg/L 叻ⲥ很巊蒀靶㕃 

邍 1 ぐ絆ⴔ䊨⡲刼絁⿺湱Ⱒ禹侨 

N0. ぜ獦 絁䚍薴㔵mg/L 絁䚍倰玐 湱Ⱒ禹侨 

1 F- 0.05~15 Y = (38563.8)X + (780.532) 0.9968 

2 Cl- 0.05~15 Y = (63318.7)X + (2268.67) 0.9918 

3 NO2- 0.05~15 Y = (17295.5)X + (-160.856) 0.9987 

4 Br- 0.05~15 Y = (10448.5)X + (-162.955) 0.9995 

5 NO3- 0.05~15 Y = (15490.1)X + (1053.00) 0.9963 

6 PO43- 0.05~15 Y = (6503.63)X + (105.041) 0.9997 

7 SO42- 0.05~15 Y = (34986.4)X + (1980.27) 0.9967 
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2.2 ꅾ㢕䚍罌㻋 

㼆崽䏞⚹0.5 mg/L涸剧猫꣊猌㶩叻ⲥ呋ㅷ鵳遤6妃ꅾ撑䚍㹊낉Ⱖ务⥂殆傞ꢂRSD薴㔵⚹0.13%~0.29%
油꬗獤RSD薴㔵⚹0.08%~1.67%ꅾ撑䚍葻㥩宨䚪㥵邍2䨾爙կ 

邍2  0. 5 mg/L 叻ⲥ呋ㅷ涸⥂殆傞ꢂㄤ油꬗獤涸ꅾ撑䚍 

꣊猌㶩猫碫 F- Cl- NO2- Br- NO3- PO43- SO42- 

⥂殆傞ꢂRSD% 0.13 0.14 0.14 0.15 0.15 0.29 0.29 

油 ꬗ 獤 RSD % 0.15 0.08 0.14 0.30 0.18 1.47 1.67 

2.3 唬ⴀꣳㄤ㹁ꆀꣳ 
㼆崽䏞⚹ 0. 05 mg/L 涸剧猫꣊猌㶩叻ⲥ呋ㅷ很巊鵳呋ⴔ區歋⥌㐾嫱雦皾ぐ湡叻絆ⴔ⟉㐼涸唬ⴀꣳ⿺㹁

ꆀꣳLOD S/N=3; LOQ S/N=10絕卓㥵邍 3 䨾爙կ 

邍3 剧猫꣊猌㶩涸唬ⴀꣳㄤ㹁ꆀꣳ 

No. ぜ獦 唬ⴀꣳ(mg/L) 㹁ꆀꣳ(mg/L) 

1 F- 0.0006 0.0020 
2 Cl- 0.0004 0.0014 

3 NO2- 0.0035 0.0116 

4 Br- 0.0075 0.0248 

5 NO3- 0.0019 0.0063 

6 PO43- 0.0221 0.0737 

7 SO42- 0.0031 0.0102 

2.4 㔐佐桧 

䭽撑1.3.2䨾鶣姿낢㢅椚罌〢婎殆暟呋ㅷ唬崵Ⱖ务剧猫꣊猌㶩涸ゎꆀկ⸈叻崽䏞ⴔⵆ⚹0. 25 mg/L♸2 
mg/L嫦⚡崽䏞鵳遤3妃䎂遤䎇㼆崵霚絕卓鵳遤絡雦ⴔ區(邍 4)կ➢邍4〳⟄溏ⴀ7猫꣊猌㶩涸⸈叻㔐佐
桧㖈86.9%։112.6%⛓ꢂկ 

邍4 罌〢呋ㅷ⸈叻割ず崽䏞㔐佐桧絕卓n=6 

No. ぜ獦 ⸈叻崽䏞(mg/L ) 
⸈叻㔐佐桧% 

㔐佐桧㖲⧩ 
ꅾ撑1 ꅾ撑2 ꅾ撑3 

1 F- 
0. 25 86.0 86.4 88.4 86.9 

2 99.0 100.8 100.4 100.0 

2 Cl- 
0. 25 89.2 90.0 90.0 89.7 

2 95.6 97.1 96.3 96.3 

3 NO2- 
0. 25 91.6 91.6 93.6 92.3 

2 97.5 99.5 99.0 98.7 

4 Br- 
0. 25 93.2 94.4 95.6 94.4 

2 97.6 99.3 98.9 98.6 
0. 25 94.8 95.2 96.8 95.6 
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5 NO3- 
2 113.6 113.6 110.8 112.6 

6 PO43- 
0. 25 98.8 104.8 102.4 102.0 

2 94.5 97.2 96.5 96.0 

7 SO42- 
0. 25 88.4 88.8 90.8 89.3 

2 100.2 101.7 102.7 101.5 

2.4 㹊꣢呋ㅷⴔ區 

㼆罌〢婎殆暟鵳遤唬崵կⰦ务 F-ծNO2-ծBr- 猌㶩劢唬ⴀ Cl-ծNO3-ծPO43-ծSO42-涸崽䏞ⴔⵆ⚹0.183ծ
12.368ծ0.260ծ1.876 mg/Lկ蒀靶㕃錛㕃2կ 

 

 
㕃2 罌〢呋ㅷ婎殆暟蒀靶㕃 

3. 絕雿 
劥㹊낉务⢪欽䀙峸猌㶩蒀靶⟉HIC-SP䵨鲿꣊猌㶩歏⻊㷖荈ⱄ欰芘䫈ⵖ㐼䒊用✫♧猫㼆罌〢婎

殆暟务꣊猌㶩ゎꆀ涸崵霚倰岁կ㹊낉絕卓邍僈霪倰岁吥ⲥ刼絁絁䚍ծ⟉㐼⥂殆傞ꢂ⿺油꬗獤涸ꅾ梡䚍ծ
⾝併䏞㖲葻㥩〳⟄⚹㹁䚍ծ㹁ꆀⴔ區罌〢婎殆暟务涸 7 猫꣊猌㶩䲿⣘ⲥ烁ծ剣佪涸唬崵倰岁կ 
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痦 9 畎 ⽇暟껧梠㞯 
⽇暟껧僽⥂㶸ծ㾝錢俒暟涸㖞䨾կ⽇暟껧涸梠㞯䎾湱㼆珘㹁剣渤✵俒暟涸⥂㶸腊㢿꣖姺䧴䒁綕诡ㅷ荈搬

䰀㹲鵂玐կ䕧ㆇ껧诡俒暟餘ꆀ涸⽇暟껧梠㞯㔔稇剣熊㢴⚺銳⺫䭍㹔庛ծ弪䏞ծ瑟孞寓厩ծ⯕鳒㼘ծ傹赈⽭
㹲ծ䗎欰暟涸欰Ɤ⿺去靧❡暟涸⽭㹲կ俒暟涸䰀㗁䎇ꬋ羟♧猫⽀㔔稇涸⡲欽罜䌢䌢僽Ⳝ猫㔔稇湱匹❜⿸
䕹姼䕧ㆇկ⚹✫俒暟涸⥂㶸꨽銳㼆⟄♳䕧ㆇ⽇暟껧梠㞯涸㔔稇鵳遤Ⰼ꬗ծ帿Ⰶծ禹絡涸灇瑕կ 
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TD-GC/MS 岁崵㹁㹔ⰻ瑟孞⚥䚪䮦封䚍剣纸暟TVOC 

䶰 銳劥俒ⵄ欽䀙峸 TD-30R 掚膴꣡鵳呋禹絡絕ざ GCMS-QP2020 NX 孞湱蒀靶-餘靶翫欽⟉䒊用✫㹔
ⰻ瑟孞务䚪䮦封䚍剣纸暟TVOC涸崵㹁倰岁կ絕卓邍僈㖈 25~1000 ng 涸餘ꆀ薴㔵ⰻ 22 猫暵䖄湡叻
⻊ざ暟叻ⲥ刼絁絁䚍Ⱒ禹葻㥩湱Ⱒ禹侨 R 㖲㖈 0.994 ⟄♳կ䎂遤 6 妃崵㹁ぐ絆ⴔ油꬗獤 RSD 㖲㖈 9.0%
⟄♴կ瑟孞ꅷ呋ꆀ⚹ 5 L22 猫暵䖄湡叻⻊ざ暟唬ⴀꣳ㖈 0.002~ 0.031 μg/m3 ⛓ꢂ㹁ꆀꣳ⚹ 0.008~ 

0.102 μg/m3 ⛓ꢂկ霪倰岁〳⟄忘駈 GB/T 18883-2022 շ㹔ⰻ瑟孞餘ꆀ叻ⲥո꣡䔶 D 㼆 TVOC 涸唬崵銳
宠կ 

Ⱒꝶ霒掚膴꣡鵳呋禹絡  孞湱蒀靶餘靶翫欽⟉  㹔ⰻ瑟孞  TVOC 

 
䮦封䚍剣纸暟䌢欽VOCs邍爙呏研⚆歲⽡欰

絆絉WHO涸㹁⛐VOCs僽㖈䌢庛♴屗挿㖈50˫
~260˫涸ぐ猫剣纸⻊ざ暟կ鵯❈暟餘䭽Ⱖ⻊㷖絕匬
〳ⴔ⚹掬捎ծ掜捎ծ蔉껺捎ծ⽖去捎ծꂼ碫ծꄏ碫ծ
腂碫瘝կ♧菚㼜㖈孞湱蒀靶ꬋ匧䚍叙♳⥂殆傞ꢂ㖈
姻䊹掬ㄤ姻⼧Ⱉ掬⛓ꢂ涸溶濼♸劢濼VOCs䚪獦⚹
䚪䮦封䚍剣纸暟欽TVOC邍爙կ 

鵛䎃勻➃又涸㾀⡞ㄤ⸅Ⱆ勵⟝割倗筒㊤ぐ
猫倝㘗鄳껑鄳⥝绚俱㹻Ⱘ㣐ꆀ嶑Ⰶ㹔ⰻꥥ⛓罜
勻涸㹔ⰻ瑟孞VOCs꡼곿⛲馊勻馊「ⵌ➃又涸ꅾ錠կ
㹔ⰻ涸TVOC⚺銳僽歋䒊瘰绚俱㹔ⰻ鄳껑绚俱⿺欰
崞ㄤ⸅Ⱆ欽ㅷ瘝侔封ⴀ勻կ灇瑕邍僈⽰⢪㹔ⰻ瑟

孞务⽀⚡VOCゎꆀ鳅⡛⡎㢴猫VOCs涸幊ざ㶸㖈⿺
Ⱖ湱匹⡲欽⠔鸣䧭⽭㹲䔂䏞㟞㣐䒸饰㣢儱ծ㣢汥ծ
㍄漖ծ脽ꢅ瘝氿朐⚚ꅾ傞〳䰀⠟聽腮ㄤ鸣過禹絡կ 

⚹⸈䔂㼆㹔ⰻ瑟孞餘ꆀ涸港䱽2022䎃7剢11
傈㕂㹻䋑㖞港漛盗椚䚪㽷♸务㕂㕂㹻叻ⲥ⻊盗椚㨼
プ⠔翫ざ封䋒✫GB/T 18883-2022 շ㹔ⰻ瑟孞餘ꆀ
叻ⲥոⰦ꣡䔶D䚪䮦封䚍剣纸暟TVOC涸崵㹁
⴩ⴀ✫22猫暵䖄湡叻⻊ざ暟⿺TVOC涸模侮唬崵倰
岁կ劥俒⿬撑霪倰岁ⵄ欽䀙峸TD-30R掚膴꣡鵳呋
禹絡絕ざGCMS-QP2020 NX孞湱蒀靶-餘靶翫欽⟉
䒊用✫㹔ⰻ瑟孞务TVOC涸崵㹁倰岁կ霪倰岁忘駈⵸
鶣叻ⲥ㼆TVOC涸唬崵銳宠կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
GCMS-QP2020 NX 孞湱蒀靶-餘靶翫欽⟉TD-30R 掚膴꣡⟉ 

1.2 ⴔ區勵⟝  
TD 勵⟝ 
膴꣡庛䏞250˫ 
掚膴꣡崨ꆀ60 mL/min 
膴꣡傞ꢂ8 min 
翸送盗ⲇ⽲庛䏞-20˫ 

翸送盗⸈掚庛䏞260˫ 
翸送盗膴꣡傞ꢂ3 min 
ꢎ庛䏞260˫ 
⠛鳕絁庛䏞260˫ 

GCMS 勵⟝

蒀靶叙: SH-Rxi-5Sil MS30 m×0.25 mm×0.25 µm 

叙庛玐䎸40˫(15 min)_10˫/min_320˫(7 min) 崨鸟䱽ⵖ倰䒭䛎崨倰䒭 
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叙崨鸟0.8 mL/min 

鵳呋倰䒭ⴔ崨鵳呋 

ⴔ崨嫱20:1 

猌㶩⻊倰䒭EI 

猌㶩彂庛䏞240˫ 

蒀靶餘靶䱹〡庛䏞300˫ 

唬崵㐼歏⾓靈靕歏⾓+0.1 kV 

ꅷ꧋垷䒭Scan䪊䲽薴㔵 40-300 amu 

2呋ㅷ⵸㢅椚 
叻ⲥ刼絁很巊ꂁⵖ㼜1000 µg/mL涸ゎ22猫暵䖄湡叻⻊ざ暟叻ⲥ很巊欽歌ꃫꂁ縨䧭2.5ծ5ծ10ծ20ծ

50ծ100 µg/mL涸叻ⲥ⢪欽巊㢊欽կ 
㹔ⰻ瑟孞ꅷ꧋ⵄ欽孞⡤ꅷ呋岹ծTenax TAꅷ呋盗⟄100 mL/min涸䬄鸟ꅷ꧋瑟孞50min搬た㼜

ꅷ呋盗✵♳鶣ⴔ區勵⟝♴ⴔ區ꅷ呋盗㖈ꅷ呋⵸꨽埋ⴔ罈⻊կ 

3絕卓♸雭雿 

3.1 22 猫暵䖄湡叻⻊ざ暟叻呋蒀靶㕃 
ぢ Tenax-TA 盗务幑⸈♧㹁ꆀ涸 22 猫暵䖄湡叻⻊ざ暟幊ざ叻ⲥ很巊霪幊ざ叻ㅷ蒀靶㕃錛㕃 1湱Ⱒ

⻊ざ暟⥌䜂錛邍 1鿈ⴔ⻊ざ暟餘ꆀ蒀靶㕃㥵㕃 2 䨾爙կ 

㕃 1  22 猫暵䖄湡叻⻊ざ暟叻ⲥㅷ蒀靶㕃幑⸈餘ꆀ1000 ng 
邍 1 22 猫暵䖄湡叻⻊ざ暟⥌䜂 

No. ⻊ざ暟ぜ獦 薉俒ぜ獦 CAS 〿 
⥂殆傞ꢂ

(min) 
㹁ꆀ猌㶩 㹁䚍猌㶩 

m/z (m/z) 

1 姻䊹掬 n-Hexane 110-54-3 2.366 57 41ծ86 
2 ⛩ꃑ⛩ꂾ Ethyl Acetate  141-78-6 2.469 43 61ծ45 
3 ♲守歌掬 Trichloromethane  67-66-3 2.568 83 47 
4 薅 Benzene  71-43-2 2.967 78 77 
5 㔋守⻊焫 Carbon Tetrachloride 56-23-5 3.008 117 78 
6 梠䊹掬 Cyclohexane  110-82-7 3.009 84 56 

7 姻䏊掬 Heptane  142-82-5 3.52 43 71 

8 ♲守⛩掜 Trichloroethylene  79-01-6 3.526 60 95 

9 歌㛇梠䊹掬 Methylcyclohexane 108-87-2 4.042 83 55 

10 歌薅 Toluene  108-88-3 5.16 91 92ծ65 

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0

0.0

0.5

1.0

1.5

2.0

2.5
(x10,000,000)
TIC (1.00)

3  

4/5/6 

1 
2 

7/8 

9 

10 
11 

12 
13 14 15

16 17 18/19 

20 

22 

21 
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11 姻鳟掬 Octane 111-65-9 6.482 85 43ծ57 

12 㔋守⛩掜 Tetrachloroethylene  127-18-4 6.653 166 129 

13 ⛩ꃑ♨ꂾ Acetic acid butyl ester  123-86-4 7.249 56 43 

14 守薅 Benzene chloro-  108-90-7 8.861 77 112 

15 ⛩薅 Ethylbenzene 100-41-4 9.944 91 106 

16 ꢂ✳歌薅 m-Xylene  108-38-3 10.672 91 106 

17 㼆✳歌薅 p-Xylene 106-42-3 10.774 91 106 

18 薅⛩掜 Styrene 100-42-5 12.562 104 103 

19 龇✳歌薅 o-Xylene 95-47-6 12.643 91 106 

20 姻㡧掬 Nonane 111-84-2 14.043 43 57 

21 14-✳守薅 14-Dichlorobenzene 106-46-7 20.195 146 111 

22 姻⼧Ⱉ掬 n-Hexadecane  544-76-3 29.864 57 71 

 

 
♲守歌掬                          薅                           梠䊹掬 

 
歌㛇梠䊹掬                        歌薅                        㔋守⛩掜 

 
薅⛩掜                        龇✳歌薅                      姻㡧掬 

㕃 2 鿈ⴔ暵䖄湡叻⻊ざ暟餘ꆀ蒀靶㕃幑⸈餘ꆀ25 ng 

6.73e4Q 83.00 (+)

2.0 2.5 3.0
0.0e0

2.0e4

4.0e4

6.0e4

1.75e5Q 78.00 (+)

2.0 2.5 3.0 3.5
0.0e0

5.0e4

1.0e5

1.5e5

3.16e4Q 84.00 (+)

2.5 3.0 3.5
0.0e0

1.0e4

2.0e4

3.0e4

6.73e4Q 83.00 (+)

3.5 4.0 4.5
0.0e0

1.0e4

2.0e4

3.0e4

1.52e5Q 91.00 (+)

4.5 5.0 5.5 6.0
0.0e0

5.0e4

1.0e5

1.5e5

3.01e4Q 166.00 (+)

6.0 6.5 7.0 7.5
0.0e0

1.0e4

2.0e4

3.0e4

6.16e4Q 104.00 (+)

12.0 12.5 13.0
0.0e0

2.0e4

4.0e4

6.0e4

1.52e5Q 91.00 (+)

12.0 12.5 13.0
0.0e0

2.0e4

4.0e4

6.0e4

8.0e4

1.78e5Q 43.00 (+)

13.5 14.0 14.5
0.0e0

2.0e4

4.0e4
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3.2 叻ⲥ刼絁ㄤ唬ⴀꣳ 
㖈Tenax TAꅷ呋盗务岤Ⰶ10 µL♳鶣ꂁ縨㥩涸ぐ叻ⲥ很巊⟄100 mL/min涸崨ꆀ鸑宆孞10 min㺙㼓ꅷ

呋盗⚙畮կⵖ㢊䧭暵䖄湡叻⻊ざ暟ゎꆀⴔⵆ⚹25ծ50ծ100ծ200ծ500ծ1000 ng涸叻ⲥ禹⴩盗✵♳鶣1.2
ⴔ區勵⟝♴ⴔ區կ⟄崽䏞⚹埇㗂叻⟄暟餘涸ㆇ䎾⧩⚹紷㗂叻䒊用叻ⲥ刼絁鿈ⴔ絆ⴔ涸叻ⲥ刼絁㥵㕃3
䨾爙⟄♲⦔㛇絁㐾갉⡲⚹暟餘涸唬ⴀꣳ⼧⦔㛇絁㐾갉⡲⚹暟餘涸㹁ꆀꣳぐ暟餘涸湱Ⱒ禹侨ծ唬ⴀꣳ⿺
㹁ꆀꣳ錛邍2կ 

 
♲守歌掬                        薅                           梠䊹掬 

 
歌㛇梠䊹掬                      歌薅                        㔋守⛩掜 

 
薅⛩掜                       龇✳歌薅                       姻㡧掬 

㕃 3 鿈ⴔ暵䖄湡叻⻊ざ暟吥ⲥ刼絁 

邍 2 ぐ暵䖄湡叻⻊ざ暟湱Ⱒ禹侨ծ唬ⴀꣳ⿺㹁ꆀꣳ 

No. ⻊ざ暟ぜ獦 湱Ⱒ禹侨 
唬ⴀꣳ 㹁ꆀꣳ 

μg/m3 μg/m3 
1 姻䊹掬 0.9977  0.012 0.039 
2 ⛩ꃑ⛩ꂾ 0.9997  0.024 0.079 
3 ♲守歌掬 0.9995  0.009 0.031 

Conc. (ng)
0 250 500 750

Area

0.0e0

1.0e6

2.0e6

3.0e6

4.0e6

5.0e6

6.0e6

7.0e6

8.0e6
三氯甲烷
y = 8379.749x + 39717.52
R² = 0.9990738    R = 0.9995368

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

5.0e6

1.0e7

1.5e7

2.0e7

苯
y = 23697.54x + 196153.1
R² = 0.9997406    R = 0.9998703

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

5.0e5

1.0e6

1.5e6

2.0e6

2.5e6

3.0e6

3.5e6

环己烷
y = 3785.378x + 20864.26
R² = 0.9995618    R = 0.9997809

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

1.0e6

2.0e6

3.0e6

4.0e6

5.0e6

6.0e6

甲基环己烷
y = 6404.252x + 33973.53
R² = 0.9994769    R = 0.9997384

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

5.0e6

1.0e7

1.5e7

2.0e7

2.5e7
甲苯
y = 26081.00x + 124009.0
R² = 0.9994443    R = 0.9997221

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

1.0e6

2.0e6

3.0e6

4.0e6

5.0e6

6.0e6 四氯乙烯
y = 5761.098x + 16348.82
R² = 0.9996203    R = 0.9998101

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

2.5e6

5.0e6

7.5e6

1.0e7

1.3e7

1.5e7

1.8e7
苯乙烯
y = 18472.78x + 6337.946
R² = 0.9993691    R = 0.9996845

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

5.0e6

1.0e7

1.5e7

2.0e7

2.5e7 邻二甲苯
y = 24345.61x + 41385.50
R² = 0.9996118    R = 0.9998059

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)

Conc. (ng)
0 250 500 750

Area

0.0e0

2.0e6

4.0e6

6.0e6

8.0e6

1.0e7

1.2e7

1.4e7 正壬烷
y = 13629.68x + 113980.3
R² = 0.9999261    R = 0.9999630

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Line to Level #1)
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4 薅 0.9999  0.004 0.013 
5 㔋守⻊焫 0.9979  0.017 0.057 
6 梠䊹掬 0.9998  0.018 0.061 
7 姻䏊掬 0.9999  0.028 0.092 
8 ♲守⛩掜 0.9980  0.031 0.102 
9 歌㛇梠䊹掬 0.9997  0.009 0.030 

10 歌薅 0.9997  0.002 0.008 
11 姻鳟掬 0.9997  0.008 0.025 
12 㔋守⛩掜 0.9998  0.009 0.030 
13 ⛩ꃑ♨ꂾ 0.9999  0.014 0.045 
14 守薅 0.9999  0.009 0.031 
15 ⛩薅 0.9997  0.005 0.017 
16 ꢂ✳歌薅 0.9991  0.009 0.030 
17 㼆✳歌薅 0.9996  0.010 0.035 
18 薅⛩掜 0.9997  0.005 0.016 
19 龇✳歌薅 0.9998  0.008 0.025 
20 姻㡧掬 0.9999  0.016 0.054 
21 14-✳守薅 0.9998  0.003 0.009 
22 姻⼧Ⱉ掬 0.9946  0.006 0.020 

3.3 ꅾ㢕䚍㹊낉 
㖈100 mL/min涸宆孞崨ꆀ♴岤Ⰶ10 µL叻ⲥ很巊崽䏞10 µg/mL✵Tenax TAꅷ呋盗务22猫暵

䖄湡叻⻊ざ暟餘ꆀ㖲⚹100 ng䎂遤㢅椚6呏ꅷ呋盗鵳呋ⴔ區た䖤ⵌ油꬗獤ꅾ撑䚍絕卓錛邍3կ 

邍 3. 22 猫暵䖄湡叻⻊ざ暟油꬗獤ꅾ撑䚍絕卓 

No. ⻊ざ暟ぜ獦 1 2 3 4 5 6 RSD% 

1 姻䊹掬 787476 793489 860424 769489 740598 756345 5.35  
2 ⛩ꃑ⛩ꂾ 1545227 1606242 1686733 1558369 1544317 1509255 4.00  
3 ♲守歌掬 885442 893410 997308 893542 937170 798430 7.27  
4 薅 2460892 2538612 2692780 2453552 2468266 2448723 3.79  
5 㔋守⻊焫 421203 418784 487429 410915 431061 382589 8.13  
6 梠䊹掬 424161 416660 494681 409349 410704 386316 8.74  
7 姻䏊掬 1110326 1129059 1184272 1092878 1084731 1095514 3.30  
8 ♲守⛩掜 220145 227606 238670 224970 221891 218030 3.29  
9 歌㛇梠䊹掬 682355 686710 805994 687355 684133 646637 7.83  

10 歌薅 2443786 2577409 2667494 2498230 2443239 2646310 3.89  
11 姻鳟掬 738959 780527 810100 749491 736761 796339 4.07  
12 㔋守⛩掜 523497 559314 574540 536684 526882 574089 4.22  
13 ⛩ꃑ♨ꂾ 760514 815320 843962 785375 765115 838594 4.54  
14 守薅 1023355 1096380 1129743 1046449 1030730 1160135 5.22  
15 ⛩薅 2495645 2661290 2800263 2573533 2553767 2764619 4.62  
16 ꢂ✳歌薅 1950156 2065273 2096747 1994205 2080785 2133306 3.33  
17 㼆✳歌薅 2359733 2548251 2690802 2458242 2302935 2625042 6.06  
18 薅⛩掜 1602238 1706964 1761987 1640630 1608077 1776592 4.56  
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19 龇✳歌薅 2197222 2294749 2380697 2256447 2214116 2376015 3.45  
20 姻㡧掬 1315457 1358665 1431752 1326230 1302158 1475370 5.12  
21 14-✳守薅 948922 1014670 1038723 961384 946445 1065998 5.11  
22 姻⼧Ⱉ掬 1791995 1915812 1908343 1811132 1763463 1915851 3.78  

3.4 㹔ⰻ瑟孞呋ㅷ崵霚 
ꅷ欽Tenax-TAꅷ呋盗ꅷ꧋羟㹔ⰻ瑟孞ꅷ欽⵸鶣崵霚倰岁鵳遤崵㹁TVOC涸雦皾鵂玐㥵㕃4䨾爙կꤑ

鵯22猫暵䖄湡叻⻊ざ暟⛓㢪涸Ⱖ➭忘駈TVOC㹁⛐銳宠涸VOCs⟄歌薅⟄TIC㹁ꆀ涸吥ⲥ刼絁鵳遤雦皾կ
䭽撑GB/T 18883-2022շ㹔ⰻ瑟孞餘ꆀ叻ⲥո꣡䔶D涸錞㹁TVOC崽䏞䎾ざ䎇暵䖄湡叻⻊ざ暟ㄤ崽䏞㣐✵2 
µg/m3涸劢吥姻⻊ざ暟⟄歌薅雦崵霚絕卓錛邍4կ

 
䒊用叻絁 

 
㼆呋ㅷ务鵳遤荈⸓㹁䚍獤ⴔ䎇㼆暵䖄湡叻⻊ざ暟⿺Ⱖ➭忘駈TVOC銳宠⻊ざ暟鵳遤霋ⵆ 
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⢪欽雦皾䊨ⰨGCMS_TVOC_CalculationTool雦皾䖤ⵌ呋ㅷTVOC絕卓 

㕃4 TVOC雦皾鵂玐 
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邍 4 㹔ⰻ瑟孞呋ㅷ崵霚絕卓µg/m3 

No. ⻊ざ暟ぜ獦 崵㹁絕卓 No. ⻊ざ暟ぜ獦 崵㹁絕卓 

1 姻䊹掬 19.22  13 ⛩ꃑ♨ꂾ N.D. 

2 ⛩ꃑ⛩ꂾ 3.34  14 守薅 N.D. 

3 ♲守歌掬 2.19  15 ⛩薅 1.99  

4 薅 2.70  16 ꢂ✳歌薅 5.69  

5 㔋守⻊焫 N.D. 17 㼆✳歌薅 N.D. 

6 梠䊹掬 N.D. 18 薅⛩掜 2.93  

7 姻䏊掬 N.D. 19 龇✳歌薅 1.95  

8 ♲守⛩掜 N.D. 20 姻㡧掬 N.D. 

9 歌㛇梠䊹掬 N.D. 21 14-✳守薅 N.D. 

10 歌薅 17.51  22 姻⼧Ⱉ掬 2.59  

11 姻鳟掬 N.D. 23 劢吥姻⻊ざ暟 94.74  

12 㔋守⛩掜 N.D. 24 TVOC 䚪ꆀ 154.8  

岤N.D.邍爙劢唬ⴀ 

 

4絕雿 
劥俒ⵄ欽䀙峸 TD-30R 掚膴꣡鵳呋禹絡絕ざ GCMS-QP2020 NX 孞湱蒀靶-餘靶翫欽⟉䒊用✫㹔ⰻ瑟

孞务䚪䮦封䚍剣纸暟TVOC涸崵㹁倰岁կ絕卓邍僈㖈 25~1000 ng 涸餘ꆀ薴㔵ⰻ 22 猫暵䖄湡叻⻊ざ暟
絆ⴔ叻ⲥ刼絁絁䚍Ⱒ禹葻㥩湱Ⱒ禹侨 R 㖲㖈 0.994 ⟄♳կ䎂遤 6 妃崵㹁ぐ絆ⴔ油꬗獤 RSD 㖲㖈 9.0%⟄
♴կ瑟孞ꅷ呋ꆀ⚹ 5 L22 猫暵䖄湡叻⻊ざ暟唬ⴀꣳ㖈 0.002~0.031 μg/m3 ⛓ꢂ㹁ꆀꣳ⚹ 0.008~0.102 μ
g/m3 ⛓ꢂկ⢪欽姼倰岁崵霚羟㹔ⰻ瑟孞 TVOC ⧩⚹ 154.8 μg/m3կ霪倰岁〳⟄忘駈 GB/T 18883-2022շ㹔
ⰻ瑟孞餘ꆀ叻ⲥո꣡䔶 D 㼆 TVOC 涸唬崵銳宠կ  
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猌㶩蒀靶岁崵㹁⽇暟껧瑟孞⚥瀊Ꝇ腒肘ꃑ 

䶰銳劥俒䒊用✫♧猫⢪欽猌㶩蒀靶岁崵㹁⽇暟껧瑟孞务瀊Ꝇ腒肘ꃑ涸倰岁կ㖈ꅷ呋挿ⵄ欽ꃑ䚍孞⡤⚺⸓
岁㹊㖑ꅷ呋欽 IC-16 鵳遤㹁䚍㹁ꆀⴔ區կ絕卓儑爙歌ꃑ⛩ꃑ絁䚍葻㥩叻ⲥ刼絁湱Ⱒ禹侨㖲0.999
100 ng/mL 幊叻很巊鵶絯ⴔ區 6 妃⥂殆傞ꢂ RSD< 0.064%油꬗獤涸 RSD< 0.62%⡛ծ넞崽䏞⸈叻呋
ㅷ㔐佐桧㖈 99.8%։113.8%⛓ꢂ湱㼆叻ⲥ⨊䊵2.59%倰岁ⲥ烁〳ꬑ唬ⴀꣳ㖈 1.605-2.849 ng/mL
⛓ꢂ㹁ꆀꣳ㖈 5.351-9.496 ng/mL ⛓ꢂկ霪倰岁ꅾ梡䚍㥩⾝併䏞넞〳欽✵⽇暟껧瑟孞务瀊Ꝇ腒肘ꃑ
涸崵㹁կ 

Ⱒꝶ霒 猌㶩蒀靶 ⽇暟껧瑟孞 瀊Ꝇ腒肘ꃑ  
鵛䎃勻猰灇➃プ灇瑕封梡孞䙖寓厩暟僽⽇暟껧诡梠㞯♴⽭㹲剒㣐涸♧⚡㔔稇Ⱖ务瀊Ꝇ腒肘ꃑ僽♧碫

⚺銳涸ꃑ䚍寓厩孞⡤կ瀊Ꝇ腒肘ꃑ务剒䌢錛涸⚹歌ꃑ⛩ꃑկ罜俒暟䎽䨻涸俒暟㢅✵Ɤ劍㼓꡻朐䙖刿⢪䖤
寓厩暟割倗㺢꧋⚂Ɤ⛉⠶ꥥ俒暟⽭㹲⚚ꅾկ㔔姼㼆剣㹲孞⡤鵳遤唬崵䎇⚂䪪ⴀ俒暟⥂㶸剒⢕涸㣐孞勵
⟝僽俒暟⥂䫡⽀⡙❑䖉鍒Ɀ涸꡼곿կ 

⽇暟껧䗎梠㞯务涸⚺銳ꃑ䚍寓厩孞⡤〳鸑鵂⚺⸓ꅷ呋倰岁鸑鵂孲孻⻊ꛧエ佐巊エ佐ⱄꅷ欽猌㶩
蒀靶崵㹁ㄤ雦皾エ佐巊务歌ꃑծ⛩ꃑ涸崽䏞կ劥俒ⵄ欽猌㶩蒀靶⟉ IC-16 䒊用✫崵㹁⽇暟껧瑟孞务涸⚺銳瀊
Ꝇ腒肘ꃑ歌ꃑծ⛩ꃑ涸㹁䚍㹁ꆀⴔ區倰岁霪倰岁乼⡲皍䰦ծꅾ撑䚍㥩〳 蜦䖤⽇暟껧♧❈Ⱙ㘗㾝厷ㄤ䎽䨻
瑟孞务歌ꃑ⛩ꃑ孞⡤崽䏞侨研⚹⽇暟껧俒暟⥂㶸梠㞯霉⟟䲿⣘⣜研կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
劥㹊낉⢪欽 Essentia IC-16 禹絡Ⱘ⡤ꂁ縨⚹ 

禹 絡 䱽 ⵖ 㐼 CBM-20Alite 膴 孞 纸 DGU-20A3R 
鳕 巊 岹 Essentia LC-16i 荈 ⸓ 鵳 呋 㐼 Essentia SIL-16i 
唬 崵 㐼 CDD-10A vp 䫈 ⵖ 㐼 AS-1000 
叙 庛 盲 Essentia CTO-16L 蒀 靶 䊨 ⡲ 畀 LabSolutions Essentia 

1.2 ⴔ區勵⟝ 

巊湱勵⟝ 

蒀 靶 叙 Shodex IC SI-36 4D (150 mm×4.0 mm I.D.  3.5 µm; P/N: F6999361 

崨 ⸓ 湱 8 mM 孲孻⻊꜅      䫈 ⵖ 歏 崨15 mA 

唬 崵 㐼 33˫ 叙 庛30˫ 
崨 鸟 0.7 mL/min 鵳 呋 ꆀ50 µL 
峤 膴 倰 䒭 瘝䏞峤膴ꅷ꧋傞ꢂ 14 min 
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1.3 呋ㅷ⵸㢅椚 
㖈껧诡梠㞯涸ꅷ呋挿ꅷ欽エ佐巊エ佐ꅷ꧋瑟孞呋ㅷ䖤ⵌꅷ呋エ佐巊鵂 0.22μm 応芘♳纸崵㹁կ 

1.4 叻ⲥ刼絁ⵖ㢊 
欽⿡猌㶩宐ꂁⵖ 10 μg/mL 歌ꃑծ⛩ꃑ涸⽀叻⪰㢊巊欽⿡猌㶩宐獺ꅺ䧭禹⴩幊叻叻ⲥ很巊Ⱖ务幊

叻崽䏞ⴔⵆ⚹ 10ծ50ծ100ծ500ծ1000ծ2000 ng/mL♳纸崵㹁կ 

 

2. 絕卓♸雭雿 
2.1 叻ⲥ靶㕃⿺叻ⲥ刼絁 

歌ꃑ⛩ꃑ叻ⲥ很巊蒀靶㕃㥵㕃 1 䨾爙կ叻ⲥ刼絁⥌䜂錛邍 1կ㹊낉絕卓儑爙⚙猫瀊Ꝇ腒肘ꃑ㖈 10~2000 
ng/mL 涸崽䏞薴㔵ⰻ絁䚍湱Ⱒ䚍葻㥩絁䚍湱Ⱒ禹侨 R 㖲넞✵ 0.999կ  

  
㕃 1 剣纸ꃑ幊叻很巊歌ꃑ⛩ꃑ崽䏞⚹ 100 ng/mL蒀靶㕃 

邍 1 ⚙猫剣纸ꃑ䊨⡲刼絁⿺湱Ⱒ禹侨 

N0. ぜ獦 絁䚍薴㔵ng/mL 絁䚍倰玐 湱Ⱒ禹侨 

1 歌ꃑ 10~2000 Y = (33.9637)X + (383.024)) 0.9999 
2 ⛩ꃑ 10~2000 Y = (17.2233)X + (465.925) 0.9998 

2.2 ꅾ㢕䚍罌㻋 

100 ng/mL涸剣纸ꃑ幊叻很巊鵶絯6ꛏ鵳呋Ⱖ务⥂殆傞ꢂRSD薴㔵⚹0.064%~0.072%油꬗獤RSD薴
㔵⚹0.62%~1.69%絕卓涸ꅾ撑䚍葻㥩宨䚪㥵邍2䨾爙 

邍2 剣纸ꃑ幊叻很巊⥂殆傞ꢂㄤ油꬗獤涸ꅾ撑䚍n=6 

⻊ざ暟 ⥂殆傞ꢂ RSD(%) ꬗獤 RSD% 
歌ꃑ 0.064 1.69 
⛩ꃑ 0.072 0.62 

2.3 唬ⴀꣳㄤ㹁ꆀꣳ 
㼆湡叻暟崽䏞⚹ 10 ng/mL 叻ⲥ很巊鵳呋ⴔ區ⴔⵆ⟄ 3 ⦔⥌㐾嫱 (S/N=3)ㄤ 10 ⦔⥌㐾嫱(S/N=10)烁㹁

Ⱖ唬ⴀꣳㄤ㹁ꆀꣳ絕卓㥵邍 3 䨾爙կ 

邍3 ⚙猫剣纸ꃑ涸唬ⴀꣳㄤ㹁ꆀꣳ 

No. ぜ獦 唬ⴀꣳ(ng/mL) 㹁ꆀꣳ(ng/mL) 

1 歌ꃑ 1.605 5.351 
2 ⛩ꃑ 2.849 9.496 

0.0 2.5 5.0 7.5 10.0 12.5

0.00

0.25

0.50

mV
检检检A
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乙

甲
乙



 

136 

2.4 㹊꣢呋ㅷ崵㹁⿺㔐佐桧 

䭽撑1.3 佐꧋呋ㅷ㼆ꅷ呋エ佐巊鵳遤唬崵կⰦ务劢唬ⴀ歌ꃑծ⛩ꃑկ蒀靶㕃錛㕃2կぢꅷ呋エ佐巊务
⸈Ⰶ歌ꃑ♸⛩ꃑ涸幊叻կ⸈叻崽䏞ⴔⵆ⚹50 ng/mL♸2000 ng/mL嫦⚡崽䏞鵳遤3妃䎂遤䎇㼆崵霚絕卓
鵳遤絡雦ⴔ區(邍4)կ➢邍4〳⟄溏ⴀ⚙猫剣纸ꃑ涸⸈叻㔐佐桧⚹99.8%։113.8%劥倰岁ⲥ烁䏞㥩կ 

 
㕃2 ꅷ呋エ佐巊蒀靶㕃 

邍4 ꅷ呋エ佐巊⸈叻割ず崽䏞㔐佐桧絕卓n=3 

No. ぜ獦 ⸈叻崽䏞(ng/mL ) 
⸈叻㔐佐桧% 

㔐佐桧㖲⧩ 
⸈叻㔐佐
桧RSD% 

ꅾ撑1 ꅾ撑2 ꅾ撑3 

1 歌ꃑ 
50 112.7 114.4 114.4 113.8 0.83 

2000 101.8 102.0 101.8 101.9 0.10 

2 ⛩ꃑ- 
50 97.3 100.1 102.5 100.0 2.59 

2000 99.4 99.9 100.0 99.8 0.34 

 

3. 絕雿 
劥㹊낉务⢪欽䀙峸猌㶩蒀靶⟉IC-16䵨鲿꣊猌㶩歏⻊㷖荈ⱄ欰芘䫈ⵖ㐼䒊用✫♧猫㼆⽇暟껧瑟孞

务⚺銳瀊Ꝇ腒肘ꃑ歌ꃑծ⛩ꃑ涸崵霚倰岁կ㹊낉絕卓邍僈霪倰岁吥ⲥ刼絁絁䚍ծ⟉㐼⥂殆傞ꢂ⿺油꬗獤涸
ꅾ梡䚍ծ⾝併䏞㖲葻㥩〳⟄⚹㹁䚍ծ㹁ꆀⴔ區⽇暟껧瑟孞务⚺銳瀊Ꝇ腒肘ꃑ歌ꃑծ⛩ꃑ䲿⣘ⲥ烁ծ剣佪涸
唬崵倰岁կ 

  

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
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꣡䔶 1 俒暟呋ㅷ唬崵고湡ㄤ䀙峸⟉㐼䎾㼆♧錢邍 
唬崵곭㚖 唬崵고湡 䀙峸䎾㼆⟉㐼 곜瀦 

ꤲ櫘㐼俒暟 
〢櫘㐼婎晙儑䗎䕎頗ㄤ䗎⼓䧭ⴔ EPMA-1720H P7~P10 

ꛮ璙櫘晙ⰻ鿈絕匬 inspeXio SMX-225CT FPD HR Plus P11~P15 

ꆄ㾩俒暟 

峫꣉桬⡲렳䧭ⴔⴔ區ㄤ⯋稇ⴔ䋒 EPMA-1720 P17~P20 

〢ꫬꜤ㐼䧭ⴔⴔ區 EDX-7000 P21~P23 

溫⧺Ꜿ⯋ꊹⵆ EDX-8000 P24~P26 

ꓥꆄ⡱⫸ⰻ鿈絕匬 SMX-3100M P27~P30 

桪瀖㹈瀖俒暟 

紤㹈瀖ծ覰㹈瀖ծざ䧭㹈瀖ꊹⵆ EDX-LE Plus P32~P35 

⟬ⵖ綁匠瀖ꊹⵆ EDX-7000 P36~P40 

楉梵ⰻ鿈絕匬 inspeXio SMX-225CT FPD HR Plus P41~P47 

紺餘俒暟 

⚎千⠛絡䩛䊨紺ꊹⵆ PY-2020iD+GCMS-QP2010 Plus P49~P56 

⚎千⠛絡䩛䊨紺ⴔ區邍䖄 
PY-2020iD+GCMS-QP2010 Ultra 

+ZOEX Ⰼ✳絶靈ⵖ㐼 
P57~P61 

〢去紺䓎厩俱㹁䚍ⴔ區 LCMS-8045 P62~P767 

〢诡紺婎晙ⵖ⡲⾲俱⿺幑⸈䧭ⴔ 
PY-3030D+ GCMS-QP2010 Ultra 

+ZOEX Ⰼ✳絶靈ⵖ㐼 
P68~P74 

怚㐼俒暟 
千崍怚猫碫ꊹⵆ 

PY-2020iD +GCMS-QP2010 Ultra 
+ZOEX Ⰼ✳絶靈ⵖ㐼 

P76~P80 

罌〢怚芘猫碫ꊹⵆ⿺䎁䚍屘ⴔ區 PY-3030D+GCMS-QP2020 NX P81~P85 
䕙絚괃俱务脸絕绚俱 PY-3030D+GCMS-QP2020 NX P86~P93 

紼絉ㅷ俒暟 

〢去紼絉ㅷ厩俱㹁䚍 LCMS-8045 P95~P100 
〢去絤絉暟厩俱㹁䚍 LCMS-8045 P101~P106 
〢去絤絉暟厩俱㹁䚍 LCMS-9030 P107~P112 

〢去紼絉ㅷ紦絶ꊹⵆ AIM-9000 P113~P114 

ⴀ㕼婎殆暟 
罌〢婎殆暟务 9 猫剣纸ꃑ LCMS-8045 P116~P120 
罌〢婎殆暟务 7 猫꣊猌㶩 HIC-SP P121~P124 

⽇暟껧梠㞯 
⽇暟껧瑟孞务䚪䮦封䚍剣纸暟 TD-30R+GCMS-QP2020 NX P126~P133 

⽇暟껧瑟孞务瀊Ꝇ腒肘ꃑ Essentia IC-16 P134~P136 

 



北京市朝阳区朝外大街16号中国人寿大厦14层
邮政编码： 100020
电话： (010)8525-2310/2312        传真： (010)8525-2531

广州市天河区高唐路230号广电智慧大厦
邮政编码： 510656
电话： (020) 3718-3888            传真： (020) 3718-3804

沈阳市青年大街167号北方国际传媒中心11层
邮政编码： 110016
电话： 024-23255577                   传真： (024)2325-5577

成都市锦江区创意产业商务区三色路38号博瑞•创意成都写字楼
邮政编码： 610063
电话： (028)8619-8421/8422          传真： (028)8619-8420

昆明市青年路432号天恒大酒店 908室
邮政编码： 650021
电话： (0871)6315-2986/2987  传真： (0871)6315-2991 

西安市锦业一路56号研祥城市广场A座501
邮政编码： 710065
电话：029-62737878                     传真： (029) 6273-7879

邮政编码： 210005
电话： (025)8689-0258                   传真： (025)8689-0237

乌鲁木齐市中山路339号中泉广场14H座
邮政编码： 830002
电话： (0991)230-6271/6272         传真： (0991)230-6273

重庆市渝中区青年路38号重庆国贸中心1702座
邮政编码： 400010
电话： (023)6380-6068/6058          传真： (023)6380-6551

郑州市中原路220号裕达国际贸易中心A座20层2011室
邮政编码： 450007
电话： (0371)8663-2981/2983       传真： (0371)8663-2982

北京 广州

沈阳 成都 昆明

西安 南京
深圳市福田区天安数码城天展大厦1楼 F2.6-1C
邮政编码： 518040
电话： (0755)8340-2852           传真： (0755)8389-3100

深圳

湖南省长沙市芙蓉区解放西路188号国金中心T1大楼3115室
邮政编码： 410005

长沙乌鲁木齐 重庆

香港九龙尖沙咀海洋中心1028室
SUITE 1028,OCEAN CENTRE,HARBOUR CITY,
TSIM SHA TSUI, KOW LOON,HONG KONG 
电话： (00852)2375-4979         传真： (00852)2199-7438

香港
郑州 武汉

武汉市武昌区临江大道96号武汉万达中心31层3112室
邮政编码： 430060
电话： (027) 5908-0488                  传真：(027) 5908-0470

B座12层

南京市鼓楼区汉中路2号亚太商务楼27层B座

上海市徐汇区宜州路180号华鑫慧享城B2栋
邮政编码： 200233
电话： (021)3419-3888                   传真： (021)3419-3666

上海

岛津企业管理 (中国) 有限公司/岛津 (香港) 有限公司 http://www.shimadzu.com.cn

用户服务热线电话：800-8100439 本产品样本所宣传的内容，以本版本为准
日本总公司工厂已通过ISO质量·环境管理体系的认证

注：此样本所有信息仅供参考，如有变动恕不另行通知
样本中的试验数据除注明外为本公司的试验数据400-6500439




